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CHARACTERISTICS OF miRNA INTERACTION
WITH mRNA GENES OF T. AESTIVUM C2H2, ERF, GRAS
TRANSCRIPTION FACTORS FAMILIES

Abstract. The molecular mechanisms for increasing plant productivity remain poorly understood. Genes of
C2H2, GRAS, ERF transcription factors (TFs) families play a key role in the physiological processes of plants,
including wheat. In recent years, the important role of miRNAs in the regulation of the expression of many genes
involved in the formation of productivity has been established. Wheat miRNA (mRNA-inhibiting RNA) target genes
are involved in the regulation of the development of flowers, seeds, root, shoots, and responses to abiotic and biotic
stresses. The miRNAs binding sites in mMRNAs of C2H2, ERF, GRAS TFs families were performed using the
MirTarget program, which calculates the free energy of miRNA binding with mRNA, the schemes and positions of
nucleotide interactions with binding sites. Wheat genes were used as the object of the study, since wheat is one of
the main grain crops in Kazakhstan and in many other countries. The presence of miRNA binding sites with high
nucleotide complementarity in mRNA of C2H2, ERF, GRAS TF genes of wheat was shown. All binding sites of
these miRNAs were located in the CDS of mRNA target genes. Of the 125 miRNAs of T. aestivum, miR319-3p
efficiently bound with mRNA of C2H2 family genes with the value of AG/AGm equal 91 %. miR7757-5p interacted
with mRNA of ERF and GRAS family genes with the value of AG/AGm equal to 92 % and 90 % respectively.
miR9778-5p bound with mRNA of C2H2, ERF, GRAS family genes to varying degrees. Each of the miR408-3p,
miR9780-3p, and miR9778-5p had four target genes with the value of AG/AGm equal to 87 % and 89 %. These data
indicate the dependency of C2H2, GRAS, ERF TFs families expression on miRNA. The obtained results expand the
fundamental ideas about the regulatory mechanisms of miRNA in the process of plant growth and development.

Key words: T. aestivum, transcription factor, gene regulation, miRNA, mRNA.

Introduction. The present work is aimed to study the participation of miRNA (mRNA-inhibiting
RNA) in the growth and development of wheat plants, and to study the characteristics of the interaction of
miRNA with mRNA of target genes of C2H2, GRAS, ERF transcription factor (TF) families.
C2H2 proteins are transcription factors containing «zinc fingers». They are responsible for the processes
of embryogenesis, regulate the development of flowers, shoots and seeds, control the flowering time and
the formation of nodules [1, 2]. C2H2 genes are significantly involved in drought, heat and salt response
[3]. AP2/ERF (ethylene response factor) — transcription factors family is involved in the regulation of
flower and seed development and responses to environmental stresses [4-7]. GRAS TF family is involved
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in the regulation of root and shoot development, in responses to gibberellins, and in the transmission of
the phytochrome signal [8-11]. Currently, there is limitted information available on the interaction of
miRNA with the expression of these genes. miRNAs play an important role in the regulation of many
biological processes of plants [12, 13]. The identification of miRNA targets will improve understanding
of miRNA-mediated mechanisms of wheat growth and development. This is important for increasing
wheat productivity. Most miRNAs affect various plant development processes by regulating the
expression of transcription factors [14]. Therefore, it seems important to study the effect of miRNA on the
expression of the C2H2, GRAS, and ERF genes involved in all key processes of plant cells.

Materials and methods. The nucleotide sequences of T. aestivum genes of the C2H2, ERF, GRAS
families were borrowed from Plant Transcription Factor Database v4.0 (http://planttfdb.cbi.pku.edu.cn/).
The nucleotide sequences of MiIRNAs were taken from miRBase v.22 (http://www.mirbase.org/). The
mMiRNAs binding sites in mMRNA of several genes were predicted using the MirTarget program [15]. This
program defines the following features of miRNA binding to mRNA: a) the start of the initiation of
mMiRNA binding to mRNAs from the first nucleotide of the mMRNA's 5'UTR; b) the localization of miRNA
binding sites in 5’'UTRs, CDSs and 3'UTRs of the mRNASs; ¢) the free energy of interaction miRNA and
the mRNA (AG, kJ/mole); d) the schemes of nucleotide interactions between miRNAs and mRNAs. The
ratio AG/AGm (%) was determined for each site (AGm equals the free energy of miRNA binding with its
fully complementary nucleotide sequence). The MirTarget program found hydrogen bonds between
adenine (A) and uracil (U), guanine (G) and cytosine (C), G and U, A and C. The distances between A
and C (1.04 nanometers nm), G and U (1.02 nm) were similar to those between G and C, A and U, and
equal to 1.03 nm [16]. The numbers of hydrogen bonds in the G-C, A-U, G-U and A-C interactions were
found to be 3, 2, 1 and 1, respectively.

Results and discussion. As a result of studying the interaction of several families of miRNAs with
MRNA of T. aestivum genes, it was found that only 38 genes were targets for these miRNAs. The miRNA
binding sites were located in the protein coding region (CDS) of mRNA target genes (table).
We selected miRNA targets genes, with which mRNA bound with AG/AGm value of 86 % or more.
The mMRNA of Traes 5AL 903412779.2, Traes 5BL_C3F3A871A.1, Traes 5DL_3FBCCA4C48.1,
Traes 5BL_7FOFD1538.2 genes had binding sites with miRNAs with the value of AG/AGm higher than
90 % and in the remaining mRNAs, AG/AGm value was 86-90 %. Such criterion indicates a high
probability of miRNAs binding to mMRNA genes of C2H2, ERF, GRAS TF families. It was found that
miR10520-5p, miR1127b-3p, miR398-3p, mMiR1119-3p, mMiR5200-3p, mMiR9674a-5p, MiR9677hb-5p,
miR399-3p, miR530-3p, miR9672a-3p had only one target gene. The miR9657h,c-3p and miR408-3p had
similar binding sites in the mRNA of the Traes_2BL_58A855C7B.2, Traes_2DL_540050272.2 genes, and
miR408-3p had two more interaction sites in the mRNA of the Traes 2AL_7ABA7B7C8.1 and
Traes 5BL_D53A846BE.1 genes of C2H2 family and one binding site in the mRNA of
Traes 2BL_88A78AT71E.1 gene of GRAS family. Each of miR1128-5p and miR319-3p had three target
genes of C2H2 family with value of AG/AGm from 87 % to 91 %. This indicates a strong interaction of
mMRNA with miRNA. Traes 5BL_7F0FD1538.2 gene of ERF family was the target for miR5200-3p and
miR7757-5p. The miR7757-5p bound to mMRNA of Traes 5BL_7FO0FD1538.2 gene completely
complementary and AG/AGm value was 92 %, which indicates a strong interaction of these RNAs. The
possibility of binding of several mMiRNAs to one mMRNA or one miRNA at sites of different mMRNAs
indicates an increased control of the expression of the corresponding genes by miRNAs. The miRNA
analysis of target genes showed that miR9778-5p, miR9780-3p, and miR7757-5p had binding sites in the
studied families, which indicates a high probability of their significance for the regulation of mRNA
translation of the corresponding genes. The targets for miR9778-5p were mRNA of four genes in the CDS
regions of three studied families: Traes_1DS 75AF80583.1 (C2H2), Traes 4AS 19FA06316.1 (GRAS)
and Traes 1AL 08BAD7CD3.1 (ERF), Traes 1BL_09D8BE2C9.1 (ERF) with the value of AG/AGm
equal 87 % and 89 % respectively. miR9780-3p had three binding sites in the mMRNA genes of ERF family
(Traes 2AL_OF08552FB.1, Traes 2BL_984787AC0.1, Traes 5BL_199A847E4.1) and one binding site
in the mMRNA TRAES3BF064300010CFD_t1 gene of C2H2 family, while miR7757-5p had three binding
sites in mMRNA of GRAS genes (Traes 5BL_1E751EF1F.1, Traes 5BL_A7C4DAE11.2,
Traes 5DL_B89CD8432.1) and one binding site in mRNA of Traes 5BL_7FOFD1538.2 gene of ERF
family. The miR156-5p, miR171b-3p and miR531-5p had two binding sites in the mMRNA genes of GRAS
and ERF transcription factors families. The miR156-5p and miR171b-3p bound to mRNA of
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Traes_6AL_4084532FC1.1, Traes_6DL_26DDCA106.1 and Traes_4AS_19FA06316.1
Traes 4DL_5B3B57371.1 genes, respectively, of GRAS TF family with the value of AG/Am equal 87%.
miR531-5p interacted with mRNA of Traes_4AS_D20DF472E.1 and Traes_4DL_6EBD74330.2 genes
with value of AG/AGm equal 88%.

Characteristics of miRNA binding sites in the coding region mRNA
of C2H2, ERF, GRAS transcription factors genes of T. aestivum

Gene miRNA Start of site, nt AG, kJ/mole AG/AGm, % Length, nt
C2H2 transcription factor family
TRAES3BF064300010CFD_t1 miR9780-3p 1366 -110 87 21
Traes_1DS_75AF80583.1 miR9778-5p 480 -98 87 21
Traes_2BL_58A855C7B.2 miR9657b,c-3p 132 -102 87 21
Traes_2DL_540050272.2 miR9657b,c-3p 132 -102 87 21
Traes_4AS_D20DF472E.1 miR531-5p 270 -108 88 21
Traes_4DL_6EBD74330.2 miR531-5p 360 -108 88 21
Traes_2AL_7ABA7B7C8.1 miR408-3p 1631 -104 87 21
Traes_2BL_58A855C7B.2 miR408-3p 1625 -104 87 21
Traes_2DL_540050272.2 miR408-3p 1625 -104 87 21
Traes_5BL_D53A846BE.1 miR408-3p 297 -104 87 21
Traes_5BL_C3F3A871A.1 miR398-3p 2846 -104 87 21
Traes_5AL_903412779.2 miR319-3p 2343 -104 91 21
Traes_5BL_C3F3A871A.1 miR319-3p 3231 -104 91 21
Traes_5DL_3FBCC4C48.1 miR319-3p 2409 -104 91 21
Traes_4BL_3B919C814.1 miR1128-5p 335 -98 87 21
Traes_4BS 6BEE72C38.1 miR1128-5p 335 -98 87 21
Traes_4DL_AA51A43E7.1 miR1128-5p 332 -98 87 21
Traes 5BL_46BDE583B.1 miR1127b-3p 356 -96 87 21
Traes_1BL_4026DC5011.2 miR10520-5p 373 -91 88 20
ERF transcription factor family
Traes_2AL_0F08552FB.1 miR9780-3p 360 -110 87 21
Traes 2BL_984787AC0.1 miR9780-3p 357 -110 87 21
Traes 5BL_199A847E4.1 miR9780-3p 128 -110 87 21
Traes_1AL_08BAD7CD3.1 miR9778-5p 435 -100 89 21
Traes_1BL_09D8BE2C9.1 miR9778-5p 435 -100 89 21
Traes 2BL_FCOF8A3DC.1 miR9677b-5p 304 -110 90 21
TRAES3BF051200070CFD_t1 miR9674a-5p 89 -96 87 21
Traes 5BL_7FO0FD1538.2 miR7757-5p 2096 -102 92 22
Traes 5BL_7FOFD1538.2 miR5200-3p 3396 -96 88 21
Traes_4DS_9C01B536B.1 miR1119-3p 786 -115 86 24
GRAS transcription factor family
Traes 4AS_19FA06316.1 miR9778-5p 1382 -98 87 21
Traes_ 1AL _FB0OC83DD9.1 miR9672a-3p 402 -96 87 21
Traes 4AL_04B7D5758.1 miR9657b-5p 888 -98 87 21
Traes 4DS_258687ACC.1 miR9657b-5p 888 -98 87 21
Traes 5BL_1E751EF1F.1 miR7757-5p 1799 -100 90 22
Traes 5BL_A7CADAE11.2 miR7757-5p 1811 -98 88 22
Traes 5DL_B89CD8432.1 miR7757-5p 1823 -98 88 22
Traes_4BL_86941BB78.1 miR530-3p 6 -98 88 21
Traes 2BL_88A78A71E.1 miR408-3p 1171 -104 87 21
Traes 4AL_C217A20A1.2 miR399-3p 1469 -91 90 19
Traes_4AS_19FA06316.1 miR171b-3p 432 -98 87 21
Traes_4DL_5B3B57371.1 miR171b-3p 420 -98 87 21
Traes_6AL_4084532FC1.1 miR156-5p 774 -96 87 21
Traes_ 6DL_26DDCA106.1 miR156-5p 774 -96 87 21
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Figure shows examples of the interaction of some miRNAs with mRNAs of their target genes, which
illustrate hydrogen bonds between interacting nucleotides. With full complementarity and high interaction
of free energy, the probability of miRNAs interaction with mRNA molecules increases. The data
presented demonstrate the important role of non-canonical A-C and G-U pairs in increasing the free
energy of interaction between miRNAs and mRNAs of the C2H2, ERF, GRAS genes that control various
processes of wheat development. For example, when miR319-3p interacted with the mRNA of the
Traes_5DL_3FBCC4C48.1, Traes 5BL_C3F3A871A.1, Traes 5AL_903412779.2 genes, two non-
canonical G-U pairs and one A-C pair were formed. When miR7757-5p and miR399-3p interacted with
MRNA of Traes_5BL_7F0FD1538.2 and Traes_4AL_C217A20A1.2 genes, respectively, two A-C pairs.
These schemes demonstrate the advantage of the MirTarget program over other commonly used programs
when determining the free energy of interaction between miRNA and their target genes in animals and
plants, which is calculated taking into account the formation of non-canonical pairs of nucleotides A and
C, Gand U [17-20].

Gene, miRNA _ start of site, characteristics of binding
ATraes ?BL, FCOF8A3DC 1; miR9677b-3p; 304; -110; 90; 21
5 ' -CCUCCGCCOCAUGGUGCCGGER—3 " 5'-GCOCCRCCUGCUGCCCOCOECCOGE—3"

FEEETEEET et PP rrrrrert |l
2" -GEAGGCAGGEUAUVUAULLTCTI-5" 3" - COGEUGGACAL - GGEECGEGRT-5"
® Traes ?2BS ACA3S2BCO08.1; miR1137a-3p; 778; -87; 87; 20 & Traes 1AL 08BAD7CD3.1; miR9778-5p; 435; -100; 89; 21
5 ' -GLCGACUCAGCUCUGUUCCE-3" 5 ' -CGRCGUGTUCEAGRTGCCGCG—3 "
FEEErrrrerrrerer 1l LEEEE Frrrrrrert reet
3" - CUACUGAGUUGARALCAUGATT-5" 3" -GCUGCUCARGCUCUACUACGU-5"
oTraes 5DL_3FBCC4C48.1; miR319-3p; 2409; -104; 51; 21 A Traes 1BL _0SDEBE2CS9.1; miR9778-5p; 435; -100; 89; 21
5 ' -CEEEAGCUGCCCUCCGEUCCAG—3" 5 ' -CERCGURUTUCEAGATGCCECG—3 "
FEEEEET brrrrrererrnd LEEEE Frrrrrrert reet
3 ' -UCCCUCGA-GGGRAGUCAGETU-5" 3'-GECUGCUCALGCUCTACUACGU-5"
®Traes 5BL C3F3A871A1; nuR319-3p; 3231; -104; 91; 21 m Traes SBL 1E7351EFIF.1; muR7757-5p; 1799; -100; 90; 22
5'-CEGEAGCUGCCCUCCEEUCCAG-3" 5 ' -ALUGEGUUGCUGREGEUTUTAT-3 "
FEEEEET brrrrrererrnd FEEEEEE Trererrrrerrrl
3 ' -UCCCUCGA-GGERAGUCAGETU-5" 3 ' - CUACCUAUCGACUUCCARRATR-5"
® Traes SAL 903412775.2; muR319-3p; 2343;-104; 51; 21 m Traes 4AT C217A20A1.2; muR399-3p; 1469; -91; 90; 19
5 ' -CEGEEAGCUGCCCUCOGEUCCRG-3 " 5" -GEEUARCUCUCCUCCAGGCA-3"
FEEEEET brrrrrererrnd FEEEEET e rrl
3 ' -UCCCUCGA-GGERAGUCAGETU-5" 3'-CCCeUUARGAGGRARA-CCGI-5"

Gene, miRNA  start of site, charactenistics of binding
®Traes 4BL. 381E788ED.1; miR1122c-3p; 48; -93; 86; 21

ATraes SBL_7FOFD1538.2; muR7757-5p; 2096; -102; 92; 22
5 ' -ARUGGAUAGCUGLARAGUUUUAU-3 "
Lrrrerrrrrerrrrrerrnnl
3 ' —CUACCUAUCGACUUCCRAARUR-5"

m Traes 5DL B89CDS3432.1; muR7757-5p; 1823; -98; 88; 22
5 ' -ALUGEGUCGECUGALGEUTUCAT-3 "

Frrreer rreerrrrrernnd
3 ' —CUACCURUCGRCUUCCARARUR-S"

Note: The upper and lower nucleotide sequences of mRNA and miRNA respectively. The bold type indicates the nucleotide of
non-canonical pairs U-G, A-C. ® - C2H2 TF family, A - ERF TF family, m - GRAS TF family.

Schemes of miRNASs interaction
with CDS mRNAs of C2H2, ERF, GRAS transcription factors genes in T. aestivum

Conclusion. It can be concluded from the study that most miRNAs regulate plant development by
controlling the expression of transcription factors, which play an important role in the growth and
development process. The binding sites of miRNAs with mRNA genes involved in the growth and
development of wheat were characterized by high complementarity. Establishing the properties of mMiRNA
binding sites with mRNA genes of C2H2, ERF, GRAS transcription factors significantly expands the
understanding of the role of miRNA in the regulation of plant gene expression. The data obtained will
contribute to the creation of new varieties of wheat in order to increase their productivity and resistance to
stress factors.
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C2H2, ERF, GRAS T. AESTIVUM TPAHCKPUITLHIUOHAbI ®AKTOPJIbI TYKBIMJAC 'EHAEPIHAETT
MPHK-MEH muPHK-HBIH O3APA OPEKETTECYJIEPIHIH CUITATTAMAJIAPBI

AHHOTAIUsA. OCIMIIKTEpIiH OHIMAUNIIH apTTHIPYIBIH MOJIEKYNANbIK MEXaHM3MJEpl oyl Jie  IKaKChl
3eprrenmered. Tpanckpunuus dakropiaapsiabiy (T®P) rengix Tykeimaacrapsl C2H2, GRAS, ERF ecimaikrepais,
OHBIH imIHAEC OMAANIBIH (U3UONOTHSIIBIK TPOLECTEPiHIe MaHBI3IBI poil aTkapaibl. COHFBI KbULIAphl OHIMALTIKTI
KaITBITACTBIPYFa KATHICATBIH KONITEreH reHaepaiy skcnpeccusichin perreyaeri MIRNA (MRNA-inhibiting RNA)-HbIH
MaHBI3IbI pori aHbIKTanabl. bumait MIRNA -HbIH HbIcaHa TeHIEPi TYJIAEPAiH, TYKBIMIAP/IBIH, TAMBIPIAP/IBIH KOHE
OpKEHCPIIH NaMYbIH PETTeyre, COHAal-aK ©CIMIIKTIH OWOTHKANBIK JKOHE aOMOTHKAJBIK CTPECCTEPIH PETTEyre
kateicazpl. MirTarget OarmapmamachiabiH kemeriMmeH miRNA-weiH C2H2, ERF, GRAS TF TyKeIMIapbIHBIH
MRNA-MeH OaifaHpicaThiH  caiiTTap aHBIKTaIAbl. barmapimama miRNA-mer mRNA  OaitmaHBICTBIPATHIH
yuackenepIiH 0acTanybiH, OpHalacKaH sxepid, miRNA -HbIH 00c¢ sHepruscsl MeH MRNA-NIbIH 63apa opeKeTTeCYiHiH
(AG, xIlx/Monp) xoHe miRNA-meH mMRNA-IbIH HYKICOTHATEPIHIH 63apa opeKeTTeCy CXeMallapblH aHBIKTAHIbL.
Bupaii reHiHiH HYKJICOTHATIK Ti30eri 3epTTey OOBEKTICI peTiH/Ae KOJIaHbUIAbI, oiTKeHi ounai Ka3zakcranaa sxoHe
KOTTEreH eNfiepae Heri3ri DoHAI JaKplIAapabiH Oipi Oombin TabbiIansl. bumaineiy TO reninin MRNA-ma xxorapsl
HYKJICOTUATI KoMIuieMeHTapibl mMiRNA-MeH OaiinaHbICTBIpaThIH — ydackenepAiH Oomysl  kepceriiai.  Ochl
MiRNA-napasiy, OapiblK OaillaHBICTRIPATHIH calTTapbl HbicaHa TreHaepaiH MRNA-HbIH O€TOKTH KOATAWTHIH
Gemirinae opHanackan. T. aestivum C2H2 tykeimaaceiasi 125 MiIRNA-#b1H 211 reanig MRNA-MeH opekeTTecyin
seprrey HoTmkecinme MIRNA vy Tek 16 HbicaH asbikramael. miR10520-5p, miR1127b-3p, miR1128-5p,
miR319-3p, mMiR398-3p, miR408-3p, miR531-5p, MiR9657h, c-3p, MiR9778-5p, MiR9780-3p ocel HbIcaHa
renaepain MRNA-Men Gaiinmaneicagel. 125 miRNA iminen T. aestivum miR319-3p AG/AGmM moni 91%-ra TeH
C2H2 T® renpmepinin MRNA-men Ttuimai Oaiinanbicagpl. Exi miRNA TRes Traes_2BL_58A855C7B.2,
Traes 2DL_540050272.2 sxone Traes SBL_C3F3A871A.1 rennepinin MRNA-men Gaitnanbictbl. ERF TykpIMaachr-
ubiH 169 reninmepinin MRNA-men on MiIRNA-nap GaiimaHpIcaTbIH caTTap aHBIKTAJIBI, ONAPIBIH MOHI 85% -maH
acanpl. Traes SBL 7FOFD1538.2 reninin MRNA-HbIH OaiiiaHbICThIpaThiH caiTTapbl yiiiH miR319-3p sxoHe
miR398-3p 0O0JIIBL. bip miRNA-meH Traes_1AL_08BAD7CD3.1, Traes_1BL_09D8BE2C9.1,
Traes_2AL_O0F08552FB.1, Traes 2BL _984787AC0.1, Traes 2BL_FCOF8A3DC.1, Traes_4DS 9C01B536B.1,
Traes SBL _199A847E4.1, TRAES3BF051200070CFD t1 renaepinin MRNA-napsr Gaitnanbictel. GRAS TykpIM-
JachIHbIH 169 reHiH KOMIBIOTEPIiK Tanmay HoTmwkeciHae Tek 13 renmepain MiR156-5p, miR156-5p, miR171b-3p,
mMiR399-3p, MiR408-3p, MiR530-3p, MiR7757-5p, miR9657b-5p, MiR9672a-3p, MiR9778-5p-MeH HbIcaHa eKEHAIT1
anbIkTasael. Traes 4AS 19FA06316.1 reninin MRNA-1a miR171b-3p xone miR9778-5p yuiin e3apa apekerrecy
caiitrapsl aubIKTanAbl. Keii6ip MiRNA-napapiH 3eprrenrer GipHele TYKbIMAACTApBIHIa OaillaHBICATBIH calTTap
GosraHbIH aTam eTy Kepek. MiR7757-5p T® ERF sxone GRAS rernepinin MRNA-men 92% xone 90%-1a AG/AGmM
colikeciniie OainanpicTel. MiR9778-5p op Typmi newreitne Td rempnepi C2H2, ERF, GRAS mRNA-men
OaiimanpicTel Oomasl. miR408-3p, MiR9780-3p sxone miR9778-5p 87 % u 89 %-ra ten AG/AGm TepT reHHiH
Hbicanbl Oonbin TaObuIAbl. MIRNA xone T® C2H2, ERF, GRAS renaepinin MRNA-napel e3apa opekertecy
cxeMaiapbl HYKJICOTHATEPAiH CYTEKTIK OaiaHpicTaphlH aHBIK Kepceremi. MiR1122c¢c-3p, miR7757-5p-mapmsin
Hykieotuarik Tiz0ekrepi Traes 4BL S81E788ED.1 xone Traes SBL 7FOFD1538.2 rennepinin MRNA-HbIH
0apiblK Y3bIHABIKTApPBIMEH ©3apa coiikeciniie apekertecTi. byn moamimerrep Td skcnpeccustapsinbiy C2H2,
GRAS, ERF tykemmaapsiabiE MIRNA-Fa Toyenmitirin kepceresi. ANBIHFAH HOTIKEIEP OCIMAIKTEPIiH oCyi MeH
nmamysl poreciaae miRNA-HBI peTTey MexaHu3MIaepi Typajsl TYOeTei uuesmapasl KeHeUTe .

Tyiiin ce3nep: 7. aestivum, TpaHCKPUIIIMOHHI (hakTOp, reH peryisimusicel, MuPHK, MPHK.
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XAPAKTEPUCTUKHU B3AUMOJIEACTBUS muPHK C MPHK TEHOB CEMENCTB
TPAHCKPUIIIIUOHHBIX ®AKTOPOB C2H2, ERF, GRAS T. AESTIVUM

AHHOTausA. MONEKyIsIpHBlE MEXaHH3MBl MOBBILICHUS INPOIYKTHBHOCTH DACTEHHH OCTaroTCi ci1ado
n3ydeHHbIMH. CeMeiicTBa TeHOB TpaHCKpHITIHOHHBIX (akTopoB (Td) C2H2, GRAS, ERF urparor kmodeByio poib
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B (PM3MOJIOTHMYECKUX MTPOIIECCaX pacTeHUi, B TOM YHCie Y NMIIEHHUIB. B TocietHre To/Ibl yCTaHOBIIEHA Ba)KHAs POJIb
MIRNA (mRNA-inhibiting RNA) B perymsiuuy 3KCIpecCHd MHOTHMX TEHOB, yYacTBYIOUIMX B (HOPMHUPOBAHUH
MIPOAYKTUBHOCTH. I 'eHbI-Mumenn miRNA NineHnIsl y9acTBYIOT B PErySIUN Pa3BUTHS IIBETKOB, CEMSIH, KOpPHEH 1
moOeroB, ¥ OTBETa pacTeHWs Ha OMoTHYeckue W abmormueckue crpecchl. Caifrel cBs3piBanns miRNA B mRNA
reroB cemeticte C2H2, ERF, GRAS T® onpenensiiu ¢ momomrsio nmporpammer MirTarget. [TporpamMMa omnpenernset
Hadano caitoB cBszbiBaHMs MIRNA ¢ mRNA, pacronoxkeHue caiToB, CBOOOJHYIO SHEPTHIO B3aHMMOIECHUCTBUS
miRNA u mRNA (AG, x/[)x/Mo1nb) u cxembl B3auMoneiicTBus HykieotunoB miRNA ¢ mRNA. B kadectBe 00bekTa
WCCIIEIOBAHMS HCTIONB30BAIH HYKICOTHIHBIE ITOCIIEOBATEIHHOCTH T€HOB MIIEHUIIBI, TaK KaK MIICHUIA SBISETCS
OJTHOM M3 OCHOBHBIX 3€pHOBBIX KynbTyp Kazaxcrana n Bo MHOrux cTpanax. B pabore mokasano Hanmnune B mRNA
reHoB T® mmreHunpl caidToB cBsizbiBaHMd MiRNA ¢ BBICOKOH KOMIUIEMEHTapHOCTHIO HYKIEOTHIOB. Bce caiTh
cBs3biBanus 3TuX MIRNA pacmonoxensl B Oenok-komupyromeid vactu mRNA reHoB-muineHeil. B pesynbrate
usydenus: B3aumonenctBus 125 miRNA ¢ mRNA 211 renoB cemeiictea C2H2 T. aestivum Gbuto 0OHapyKeHO
ToJbKO 16 MumeHei it miRNA. miR10520-5p, miR1127b-3p, miR1128-5p, miR319-3p, miR398-3p, miR408-3p,
miR531-5p, miR9657h,c-3p, MiR9778-5p, MiR9780-3p ces3biBamiick ¢ MRNA 3tHX reHoB-muineHed. M3 125
mMiRNA T. aestivum miR319-3p addexriBHo cBszbiBanace ¢ MRNA resop T® C2H2 ¢ Bennuunnoit AG/AGm
paBHoit 91%. ITo nee miRNA cBszpiBanucs ¢ mMRNA renor Traes_2BL_58A855C7B.2, Traes 2DL 540050272.2 u
Traes_5BL_C3F3A871A.1. B mRNA 169 renor cemeiictBa ERF, ObUIO BBISABICHO NECATh CAWTOB CBS3BIBAHUS
mMiRNA, ¢ Benmununnoii AG/AGM paBueiM Gonee 86%. mRNA rena Traes 5BL_7FOFD1538.2 umena caiTel
ces3biBanms s MiR319-3p u miR398-3p. Tlo omnoii miRNA  ces3bBamuce ¢ mMRNA  reHos
Traes_1AL_08BAD7CD3.1, Traes_1BL_09D8BE2C9.1, Traes 2AL_O0F08552FB.1, Traes 2BL_984787AC0.1,
Traes_2BL_FCOF8A3DC.1, Traes_ 4DS_9C01B536B.1, Traes_5BL_199A847E4.1, TRAES3BF051200070CFD_t1.
B pe3ynbrare kommbloTepHOro ananusa u3 169 renoB cemeiictBa GRAS Obuto 00HapyxeHO, YTO TONBKO 13 reHoB
ObuTH MumeHsIMA st MiIR156-5p, MiR171b-3p, miR399-3p, miR408-3p, miR530-3p, miR7757-5p, miR9657b-5p,
mMiR9672a-3p, miR9778-5p. Caiitsl B3aumozeiicTust s MiR171b-3p u miR9778-5p 6sumn 06Hapyxersl B mMRNA
reda Traes_4AS_19FA06316.1. BaxxHo OTMETHTh, 4TO HeKOTOphIe MiRNA UMeTH caliThl CBSI3bIBAHUS B HECKOJIBKUX
U3yYeHHbIX cemeiictBax. MIR7757-5p ces3piBatack ¢ MRNA reso T® ERF u GRAS co 3nagennem AG/AGm
paBHBIM 92% u 90% cootBercTBeHHO. MIR9778-5p B pasHoii cremenu ces3biBaiuch ¢ MRNA renos T® C2H2,
ERF, GRAS. miR408-3p, miR9780-3p u miR9778-5p umenu 1o deTpipe reHa mwiineHd co 3HaueHHeM AG/AGM
paBHbIM 87% u 89 %. Cxembl B3aumozericteusi miRNA u mRNA reno T® C2H2, ERF, GRAS ueTko noka3biBatoT
o0pa3oBaHHe BOMOPOAHBIX CBs3eil MeXIy HyKiIeoTHaamu. HykieoTwaHsle mociemoBaTenbHOCTH MiR1122¢-3p,
MiR7757-5p  B3aumopeiictBoBanun mo  Bceid  guuHe mMRNA  remoB  Traes 4BL _581E788ED.1 wu
Traes 5BL_7FOFD1538.2, cooTBeTCTBEHHO. JTH JaHHbIE CBUIETEILCTBYIOT O 3aBHCHMOCTH JKcrpeccun T
cemeiictB  C2H2, GRAS, ERF or miRNA. IlonyueHHble pe3yabTaThl pacHIUPSIOT (yHIAMEHTAJIbHbIC
NpeNCTaBIICHHUS O PETyIATOPHBIX MexaHn3Max miRNA B mporiecce pocta U pa3BUTHS PACTCHHUH.
KunroueBbie ciioBa: T. aestivum, TpaHCKpHUITnOHHBIN (akTop, peryssiws reaa, MuPHK, MPHK.
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INFLUENZA D VIRUSES - PATHOGENS FORMING
A NEW GENUS IN THE ORTHOMY XOVIRIDAE FAMILY

Abstract. Influenza pathogens belong to the Orthomyxoviridae family and are divided into genera:
Influenzavirus A, B, C, D, as well as Quaranjavirus, Thogotovirus, and Isavirus. For the first time, the influenza
D virus was isolated from swine nasal swabs in 2011 in the United States, and its widespread distribution among
cattle in France, China, Italy, Ireland, Japan, and several African countries, as well as its ability to infect ferrets,
guinea pigs, is further shown. Antibodies to influenza D virus are found in the blood serum of horses, sheep, goats,
and in people who have been in contact with cattle. The RNA genome of the influenza D virus is represented by
seven fragments responsible for the synthesis of nine proteins. The longest three segments encode for polymerases
PB2, PB1, and P3; the fourth and fifth segments encode for hemagglutinin-esterase fusion protein — HEF and
nucleoprotein — NP, respectively. The sixth fragment is involved in the synthesis of membrane polypeptides DM1
and DM2, which, in accordance, lines the viral membrane from the inside and performs the function of proton
channels. The seventh segment encodes the non-structural protein NS1 and the nuclear export protein NEP;
NS1 helps to neutralize cellular interferon and NEP mediates the nuclear export of ribonucleoprotein. Three
phylogenetic lines of the influenza virus D are described — D/OK, D/660, and D/Japan, which must be taken into
account when preparing vaccines. It is concluded that from its epidemiological, pathological and biological
characteristics, the potential ability to cause disease in humans and be transmitted from person to person, new, more
in-depth studies are required using ecological-virological and molecular genetic methods.

Key words: virus, influenza D, genome, variability, cattle, phylogenesis, clade, HEF fusion protein, serology.

Characteristics of the Orthomyxoviridae family. Influenza occupies one of the first places among
infectious diseases in terms of the number of species involved in the infectious process and is
characterized by global distribution and high economic and social significance [1].

All currently known influenza pathogens belong to the family Orthomyxoviridae and are divided into
genera: Influenzavirus A, B, C, D, as well as Quaranjavirus, Thogotovirus and Isavirus; the last two infect
rabbit-like mammals and salmon fish [2,3,4]. Representatives of Quaranjavirus found among both
invertebrates (ticks) and vertebrates (water birds) hosts [5].

Influenza A viruses are widespread in the environment and infect humans, mammals and birds. The
global spread of influenza A pathogens is due to unique variability, which is based on point mutations and
recombinations of eight segments of the genome. The classification of influenza A viruses is determined
by a combination of the known subtypes of surface antigens of hemagglutinin (HA) and neuraminidase
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(NA) — HIN1, H3N2, H5N1, H7N7, etc. [6]. In Kazakhstan, as a result of long-term studies of influenza
A virus ecology, eight different subtypes of this pathogen were identified [7,8,9,10,11,12,13].

The causative agents of influenza A along with influenza B viruses, cause annual epidemics,
accompanied by 3-5 million cases of severe morbidity and about 300,000 deaths, with a mortality rate
reaching 16 % and 10 %, respectively [14,15].

Modern epidemic influenza B viruses are phylogenetically and antigenically divided into two lines -
Yamagata-like and Victoria-like, which are easily differentiable in the hemagglutination inhibition assay
(HI) [16]. The natural host of influenza B virus is human but sporadic infections of pheasants, horses, and
dogs have been reported in 1960-1980 [17,18,19]. Further, this virus was isolated from a seal (Phoca
vitulina) in the Netherlands in 1999, the B/Seal/Netherlands/1/99 [20]. Antibodies to influenza B virus
were detected in pig sera in China in 2015, their sensitivity to experimental infection was also shown [21].

Representatives of the genus C predominantly infect the children’s contingent and differ significantly
in structural characteristics from A and B viruses. They possess an RNA genome consisting of seven
fragments, one of which encodes hemagglutinin-esterase (HEF) synthesis, which combines the functions
of HA and NA in the virion. Another feature of the influenza C virus (ICV) is the ability to infect pigs,
which was first demonstrated in China in 1982 [22], in addition to this, antibodies to it were detected in
2015 in the horse sera of in the USA [23].

The Orthomyxoviridae family is represented by the so-called newly emerging infectious diseases, the
number of which is growing in the world, and many of them pose a serious threat to wildlife, domestic
animals, and public health [24,25].

In April 2011, B.M. Hause et al. [26] in Oklahoma (USA), during the virological study of nasal
swabs from pigs, isolated an influenza virus with an RNA genome consisting of 7 fragments that are
50% structurally similar in amino acid sequence to ICV. Originally designated as
C/Oklahoma/1334/2011, it diverged from ICV in phylogenetic analysis to the same extent as influenza A
viruses differ from representatives of genus B. No cross-reactivity was observed between the new isolate
and ICV in HI. Antibodies to this strain were found in 9.5 % and 1.3 % of pig sera and staff, respectively;
in addition, it was transmitted to healthy animals through direct contact and was able to infect pigs,
ferrets, and guinea pigs in the experiment. Cell tropism of the new virus was superior to that of ICV,
while conservative enzymatic and divergent receptor-binding sites were detected in the HEF fusion
protein. In experiments with two human ICVs and two newly isolated swine and cattle viruses, no
reassortment and production of viable generation were found. In experiments with specific polyclonal
antibodies, cross-recognition was not observed in agar gel immunodiffusion. Based on the data obtained,
the isolated virus was assigned to the new genus D [27], which was adopted by the decision of the
International Committee on Taxonomy of Viruses (ICTV) in 2018 [28]. Subsequent molecular genetic
studies have identified several characteristics of the causative agent of influenza D.

Structural features of the influenza D virus. The RNA genome of the influenza D virus (IDV) is
represented by seven fragments responsible for the synthesis of 9 proteins. The longest three segments
encode polymerases PB2, PB1, and P3, the fourth — protein HEF, the fifth — NP. The sixth fragment is
involved in the synthesis of membrane polypeptides DM1 and DM2, one of which underlines the viral
membrane from the inside, the other performs the function of proton channels [29]. The seventh segment
encodes the non-structural protein NS1, and the nuclear export protein NEP; NS1 helps neutralize cellular
interferon, NEP mediates the nuclear export of ribonucleoprotein [30]. IDV, like ICV, uses cellular
9-O-acetylated sialic acid as its receptor but exhibits a broader cellular and host tropism [31]. The reason
for this lies in the structural features of the molecule of the HEF monomer, consisting of two subunits
HEF1 and HEF2, As revealed by comparative X-ray crystallographic study and following the domain
nomenclature previously used for ICV, H. Song et al. [31] divided the structure of IDV HEF into three
domains: a receptor-binding domain (R), an esterase domain (consisting of subdomains E1, E' and E2)
and a fusion domain (consisting of subdomains F1, F2, and F3). The general structure and structural folds
of the individual HEF subdomains of both viruses were similar. E domains are the most conserved; the F1
and F2 subdomains are less identical, while the F3 subdomain contains the fusion peptide, which is
essential for the viral membrane fusion.

The E domain of IDV HEF, harboring the receptor-destroying enzyme (RDE) activity, has a
hydrolase fold that is highly similar to that of ICV HEF. The active-site architecture of the HEF
sialate-9-O-acetylesterase is fully conserved in ICV and IDV HEF and has oxyanion hole. The pocket is
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extremely conserved not only in IDV HEF and ICV HEF but also in some nidovirus hemagglutinin-
esterase (HE) proteins such as bovine coronavirus, porcine torovirus and bovine torovirus HE [32].
Phylogenetic analysis also shows the relationship between HEF and HE to be much closer than the
relationship between HEF and HA or hemagglutinin-neuraminidase (HN) proteins, implying common
ancestral origins.

Epidemiology of influenza D. Following the first report on the isolation of IDV in 2013,
L. Ferguson et al. [33] in 2014 recovered 15 IDVs from surveillance of bovine herds in Mississippi
belonging to two genetic lines. Based on the serological analysis of “archived” sera, it was shown that the
pathogen has been circulating in cattle stock in this region since at least 2014. Active transmission of the
virus has been detected in places where newborn, weaned, and comingled calves were maintained. The
detection rate of IDV in RT-PCR was 2.4 % of 82 healthy calves, which was significantly higher than in
Chinese Shandong — 0.7 % of 453 calves [34], which indicates its possible participation in the etiology of
respiratory cattle disease, as an infection with many potential pathogens. Continuing his research,
L. Ferguson et al. [29] conducted an experimental intranasal infection of three dairy calves with the
influenza virus D/bovine/Mississippi/C00046N/2014 followed by replanting of a seronegative contact
calf. Seroconversion and the presence of the virus in the respiratory tract were detected in all animals. The
infection of ferrets with nasal discharge from calves has not yielded results. These data are consistent with
Koch's postulates and confirm the hypothesis that cattle are a natural reservoir of the virus.

In subsequent years, IDVs were found in cattle in France, China, Italy, and Japan [35,34,36,37].
E. Collin et al. [38] studied 208 biological samples from cattle from 12 US states in real-time PCR and
found 10 positives for IDV samples, using passages on cell cultures, they isolated six IDV strains.

O. Flynn et al. [38] examined 320 “archival” samples in the form of nasal swabs taken from cattle in
Ireland during 2014-2016. Using RT-PCR on IDV and Sanger sequencing, five partial RNA sequences
suitable for phylogenetic analysis were obtained from 18 positive samples.

In Japan, according to a national serological study, the average level of seropositivity in cattle for the
influenza virus is 30%, and the values vary depending on the region [37,40]. At the same time, a
molecular epidemiological analysis of cattle samples with symptoms of respiratory disease collected from
23 different farms in this country revealed 2.1 % (8/377) influenza D infection [41].

E. Salem et al. [42] conducted a serological search for antibodies to influenza C and D viruses among
ruminants and camelids in Africa in 1991-2015, and for this purpose, they collected 2083 blood serum
samples from a cattle, pigs, small ruminants, and dromedary camels in Morocco (n=200), Togo (n=540),
Cote d'Ivoire (n=203), Benin (n=308) and Kenya (n=1231). The percentage of positive samples from
cattle in Morocco was 35 %, Togo — 10.4 %, Cote d'Ivoire — O %, Benin — 1.9 %, Kenya — 0 %.
Noteworthy is the high percentage (99 %) of positive blood serum from camels in Kenya (287 out of 293),
but the serum was not pre-adsorbed by ICV in this test. The results indicated a wide circulation in Africa
of IDV, and its significant tropism to all the hosts studied.

H. Nedland et al. [23] examined 364 serum samples from horses of 141 farms in the Midwestern
United States and showed that animals are susceptible to two IDV lines represented by
D/swine/Oklahoma/1334/2011 (D/OK line) and D/bovine/Oklahoma/660/2013 (line D/660), as 12 % and
11 % of sera, respectively, were seropositive in HI.

The hosts of the influenza D virus. IDV can be transmitted
between cattle and also between pigs as indicated by the
solid line. Antibody specific for IDV were also detected in
sera from small ruminants (sheep and goat), horses, camels
and humans, especially in people with cattle exposure, but
no virus was isolated (indicated by the broken line),
indicating that IDV may be transmitted from cattle to
humans (broken line)
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M. Quast et al. [43] in a serological analysis of 648 sheep and goat blood serum samples collected in
2014 in the USA and Canada, detected antibodies to IDV in 5.2 % (29/557) of the studied sheep from
13.5 % (17/126) of farms. In turn, 8.8 % (8/91) of goats from 13.3 % (2/15) of the tested farms also
contained antibodies against IDV.

IDV was first isolated from pigs and then from cattle. Since cattle seropositivity is much higher than
that of pigs, it is believed that it is the main natural reservoir. Currently known IDV hosts are shown in
figure. In addition, the ability of D/OK to infect ferrets, guinea pigs, and transmit them to native animals
by direct contact is shown [26,44], which allows them to be used as models in the study of IDV.

Phylogenesis of influenza D. viruses. With the accumulation of IDV strains of various origins and
places of isolation, the possibility of their comparative antigenic and phylogenetic studies appeared.
E.A. Collin et al. [38] performed full genome sequencing and phylogenetic analysis of 7 viral RNA
segments of six new strains and four previously registered IDVs and revealed two different circulating
lines — D/OK and D/660, which often reassorted with each other. Antigenic analysis using representative
viruses D/swine/Oklahoma/1334/2011 and D/bovine/Oklahoma/660/2013 and their antisera in the
HI showed an approximately 10-fold loss of cross-reactivity. An important finding was that one of the
isolates (D/bovine/Texas/3-13/2011) belonged to the D/bovine/Oklahoma/660/2013 cluster, but was
characterized by high titers with a serum to the heterologous variant D/swine/Oklahoma/1334/2011.
Molecular modeling of the HEF fusion protein of strain D/bovine/Texas/3-13/2011 made it possible to
identify the mutation at position 212 responsible for unusual serological test titers. The obtained data
indicate the widespread prevalence of at least two genetically different IDV lines in cattle, and also the
vital role of lysine (K212) in antigenic recognition of D/swine/Oklahoma/1334/2011-like viruses.
IDVs related to D/bovine/Oklahoma/660/2013 clade carried arginine in this position (R212).

Phylogenetic analysis of the HEF sequence of the USA IDV isolates performed by L. Ferguson et al.
[26], aligned them into two genetic clusters: viruses D/bovine/Mississippi/C00046N/2014 and
D/bovine/Mississippi/C00030P/2014 were genetically close toD/swine/Oklahoma/1334/2011 (D/OK),
while D/bovine/Mississippi/C00013N/2014 and D/bovine/Mississippi/C00014N/2014 were genetically
related to D/bovine/Oklahoma/660/2013 (D / 660).

O. Flynn et al. [39] found that five IDV strains isolated in Ireland in 2014-2016 were grouped in the
same clade together with the virus from Europe D/swine/OK/1334/2011.

S. Murakami et al. [37] using reverse transcription-PCR successfully amplified the complete genome
sequence of the first Japanese IDV strain (D/bovine/lbaraki/7768/2016), sequenced its seven segments
and built their phylogenetic trees. The results indicated that it occupies a separate position from strains
from other countries, and only the M gene is included in one cluster with isolates from France
(D/bovine/France/2986/2012) and China (D/bovine/Shandong/Y127/2014,
D/bovine/Shandong/Y217/2014, D/bovine/Shandong/Y125/2014). Later on, in Japan, from a cow with
signs of respiratory disease, the D/bovine/Yamagata/10710/2016 strain  highly related
D/bovine/lbaraki/7768/2016 according to the HEF gene was isolated, the homology of the nucleotide and
amino acid sequences was 99.8 % and 100 %, respectively [45]. H. Mekata et al. [41] performed analysis
of 46 nasal swabs from cattle with signs of respiratory disease from 26 different farms in Japan, using the
Next Generation Sequencing, the nucleotide sequence of the complete IDV genome was determined, and
it was shown that it forms a separate cluster. According to the authors, the virus could develop uniquely
over a long period, and its pathogenic properties differ from the strains found in other countries. In 2018
T. Odagiri et al. [46] studied IDV phylogenesis and established the presence of three genetically distinct
lines: D/OK, D/660, and D/Japan. In addition, in the cross-linked HI, it was found that representatives of
three lines in the composition of the surface protein HEF present both common for all and line-specific
antigens.

The most conserved PB1 viral protein gene is often used to evaluate the evolutionary relationships of
influenza viruses. S. Su et al. [2] based on the nucleotide sequences of the PB1 genes of influenza A, B,
C, and D viruses, constructed a phylogenetic tree to determine the relationship between them.
IDV clusters turned out to be the most closely related to ICV, which suggests their common ancestor.
Sequence analysis of the PB2, P3, NP, M, and NS genes also confirmed the origin of IDV from human
ICV [26]. To study the origin and evolutionary history of IDV, the authors conducted a Bayesian analysis
of the HEF ICV gene sequences, indicating 1896 as the average time (t-MRCA) of the most recent
common ancestor, which is consistent with previously obtained data [47]. For the HEF genes of ICV and
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IDV, the t-MRCA value was 482 A.D. It is shown that two IDV lines — D/OK and D/660 had the last
common ancestor (t-MRCA) about 44.6 years ago. The average frequency of substitution for the HEF
IDV gene was calculated using Bayesian analysis and amounted to 1.54 x 10, which exceeds the
frequency of ICV [47]. From this point of view, the causative agent of influenza D has great epidemic
potential, and in the future, it is necessary to monitor its development constantly.

Conclusion. To date, an intensive study of IDV has shown that it infects pigs, cattle, and small
ruminants, but the full spectrum of its susceptible hosts remains to be determined. To better understand
the causative agent of influenza D from epidemiological, pathological and biological characteristics, in
particular, the ability to cause disease in humans and be transmitted from person to person, new, more in-
depth studies using molecular genetic tools are required. A significant stock of broad species range of
susceptible farm animals needs a study of IDV prevalence in Kazakhstan.

Taken together, the epidemiological and metagenomic data, as well as experimental infection of
animals, showed that the influenza virus D is the causative agent of respiratory disease of cattle, and
therefore there is the task of appropriate vaccination. Moreover, the antigenic heterogeneity of HEF IDV
explains the need to take into account which strains of which line circulate in a given region to prepare the
most effective vaccine against this infection.

, A. . Kpiabipmanos, M. X. CasaToB

MHuKpOOHOJIOrUY KOHE BUPYCOJIOTHS FBUIBIMU OHIIIPICTIK OpTaibIFbl, AiMaThl, Kazakcran

T¥MAY D BUPYCBI — ORTHOMYXOVIRIDAE TYKBIMJIACBIHJIATFBI
KAHA TYP KAJIBIIITACTBIPATBIH ITATOI'EH/IEP

Annatna. Tymay kozmeiprbiitapsl Orthomyxoviridae TykeiMaaceiHa xkartaael xkoHe A, B, C, D Tymaysl
Oonbin, conpaii-ak Quaranjavirus, Thogotovirus sxoHe Isavirus TybicThiKTapbiHa OemniHesni. D Tymaybl BUPYCHI alFalil
per 2011 »x. AKII-Ta momKaHbIH KEHCIPIK MIalbIHABICEIHAH O6JiHiN anbiHIpl, Kedinipek @paniwms, Keiraii,
Wranus, Upnannust, XKanonwus, Oipkarap Adpuka enjepinie ipi Kapa MaJIZIbIH apacblHIa KeH TaparaHbl, COHBIMEH
KaTap OHBIH KY3€HAEp MEH TEeHi3 IIOIIKaJapblHa )KYFAaThIHbI aHbIKTanFaH. D TymMaysl BUpYChIHA KapChl aHTUJICHENIEep
JKBUIKbLIAPBIH, KOW MEH elIKUIEpiH KoHe MajMeH OaiinaHbpicTa OONFaH ajaMIapAblH KaH CapbICyblHAH Ke3/IeCe/i.
D tymaysl BupychinbiH PHK renoMbr 9 akysl3 cuHTe31HE jkayan OepeTiH ket pparmenTrer Typaisl. EH y3bH yin
cerment PB2, PB1 xone P3 momumepasanapsin konraiael, Teprinmrici — HEF remarrmoriHun-3cTepa3a tyracy
aKyb3bl, Oecinmn — NP HykneonporeunHi. AnThiHIIBI pparmMeHT MemOpaHa nonunentuarepiniy DM1 sxone DM2
CHHTE31HEe KaTbICaJbl, ONapiAblH Oipi BUPYCTHIK MeMOpaHaHbl INIIHEH KanTam >KaTajJbl, EKIHIIICI MPOTOH
apHaJIApBIHBIH KbI3METIH OpbiHAaiabl. XKerinmi cermeHT NS1 KypbUIBIMABIK eMec akybi3nbl xxoHe NEP smpomnbik
9KCIOPT aKybI3bIH Koaraiasl; NS1  kacymiansik uHTepdepoHIpl OelTapantaHipipyra kemekreceni, NEP
PUOOHYKIICONPOTEUHHIH SAPOJIBIK AKCIOPTHIH XkKy3ere achipansl. Tymay D BupychinbiH ymr — D/OK, D/660 xone
D/Japan ¢unoreHeTuKaNbIK JKeJici CHIATTANFaH, ONap BakKMHA JAaiiblHOay Ke3iHie eckepinyi kepek. OHBIH
SMUAEMHUONOT HSUTBIK, NTAaTOJIOTHSIIBIK KOHE OHONOTHMSIIBIK CHIIATTaMallapbl TYPFBICBIHAH, afaMIapaa aypy TYABIPYbBI
JKOHE aJjaMHaH ajamfa Oepilyi MYMKIH OOJaThlH Ka3ipri 3aMaHFbl 3KOIOTHSUIBIK-BUPYCOJIOTHSIIBIK JKOHE
MOJIEKYJANIBIK-TeHETUKAIIBIK SMICTEpAl KOJNIaHa OTBHIPHIN, JKaHA, TEPEHIPEeK 3epTTeyiep KaKeT IETeH TY KBIPhIM
Kacanael. Aca KOHCEpBAaTHBTI BHPYCTHIK PB1 akybl3 reHi Tymay BHUPYCTapbIHBIH SBOJIOLMSUIBIK KaThIHACTAPHIH
Oaranay ymriH >xui Kongaaemaasl. S. Su et al. [2] A, B, C sxone D Bupycrapsiasie PB1 reniniH HyKI€OTHATIK Tiz0eri
HETi31HAe ONapIbIH apachblHIAFbl OalIaHBICTHI AHBIKTAY YIIIH (MIOTEHETHKAJBIK Napak KypacTeIpbuigpl. IDV
knacrepiepi ICV-MeH eH kakplH OaitmaHpicTa OONIBI, OYIT onapiplH ata-O6abamapbIHBIH OpPTAK €KeHiH Oinmipeni.
PB2, P3, NP, M, NS renznepiniy Ti30eria tanmay HoTmxecine, onapasie agam [CV-aen IDV mbIKKaHBIH pacTaibl
[26]. IDV-HBIH maiima GONYBl MEH SBONIOIMSUIBIK TapuxsiH 3eprrey ymriH aBropiap HEF ICV remmik Tizberide
0aifecOBCKUH TangayblH XYpri3ai, o6yt 1896 x., opTak TyBICTaCTHIKTHIH opTama yakeITHl (t-MRCA) nen kepcereni,
Oyt anabIHFBL AepekTepMeH coiikec kenmeni [47]. HEF renumepi, ICV xone IDV ymin t-MRCA moni 482 H.T., GONIHL
Exi muans IDV-D/OK sxone D/660 mramamen 44.6 >xpu1 OypBIH COHFBI JKaimbl aTa-60abamapsr (t-MRCA) 6onraHsH
kepcereni. HEF IDV reni anmacysiHblH opraina kuiniri baiiec ananu3siniy kemerimMeH ecentenmi sxone 1,54x10-3
kypansl, Oyn ICV sxuimirinern acem Tycti [47]. Ocbl TYpFBIIaH anmfadga, D TyMaybIHBIH KO3IBIPFBIOIBI YIIKCH
SMUASMUSIIBIK MTOTSHIMAIFa e JKOHE 3aMaHayH dKOJIOTHSUIBIK-BUPYCOJIOTMSIIBIK JKOHE MOJIEKYJIaIbIK-TeHETHKAIBIK
omicTepi KoNIaHy apKbUTBI OoamakTa OHBIH TaMYBIH YHEMi OaKpliay KakeT.

Tyiiin ce3aep: Bupyc, Tymay D, reHOM, ©3TeprimTik, My#i3ai ipi kapa, (uioreHes, Kiaim, TYTacy aKybI3bl
HEF, ceponorust.
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BUPYCBI I'PUIITIA D — ITATOI'EHBI,
OBPA3YIOIIUE HOBBII PO/l B CEMEMCTBE ORTHOMY XOVIRIDAE

AnHoTtamus. Bo3Oymutenu rpumma oTtHocarcs k ceMeiictBy Orthomyxoviridae w pasfessioTcs Ha POBL:
Influenzavirus A, B, C, D, a takxke Quaranjavirus, Thogotovirus u Isavirus. Briepereie Bupyc rpumia D Beienmm u3
HazanbHbIX cMBIBOB cBUHEN B 2011 1. B CIIIA, B nanpHelilem mokazaHa ero MIMPOKas pacpoCTPaHEHHOCTb Cpean
KpynHoro poratoro ckora Bo ®panuunu, Kurae, Uranun, Upnanauu, Srnonuu, psae appuKkaHCKUX CTpaH, a Takxke
CHOCOOHOCTHh MH(PUIIMPOBATH XOPHKOB, MOPCKUX CBHHOK. AHTHUTEINA K BUPYCY rpunmna D oOHapyXeHbI B CBIBOPOTKax
KpOBM JIONIaZIeH, OBEll, KO3 W Y JII0Jel, KOHTaKTHPOBaBIIMX C KPYMHBIM porathiM ckoToM. PHK-reHom Bupyca
rpunma D mpencraBieH cemMbio (parMeHTaMH, OTBETCTBEHHBIMH 3a cuHTe3 9 OenkoB. Camble JUIMHHBIE TpU
cerMeHTa KoJupyloT nonuMepassl PB2, PB1 u P3, 4erBepThiii — Oenok chnusiHUS remMarriaroTuHuH-3cTepasy HEF,
Tl — Hykieonporend NP. Illecroii ¢pparMeHT yyacTByeT B CHHTE3e MeMOpaHHBIX nonunentuaos DM1 u DM2,
OMH M3 KOTOPBIX BBICTHJIAET BHPYCHYIO MeMOpaHy H3HYTPH, JOPYrod OCYIIECTBISET (QYHKIMIO MPOTOHHBIX
kaHajoB. CeIpbMOIl CErMEHT KOIMPYeT HEeCTPyKTypHbIA Oenmok NSI u Oenmok smepHoro skcropra NEP; NSI
crocoOCTByeT — Helrpanuzauuu  kierodyHoro  umHTepdepoHa, NEP  omocpenyer — simepHblii  SKCHopT
pubonykneonporenHa. Onucanbl Tpu (unoreHeTnueckue TuHuM Bupyca rpunmna D — D/OK, D/660 u D/Japan, uto
HCO6XOJII/IMO YYUTBIBATh IIpHU ITPUIOTOBJICHUM BaKIUH. HCHaCTCH BbBIBOJ O TOM, 4YTO C TOYKHU 3pECHHUA €TI0
SIMMUACMHUOJIOTHYCCKHUX, IIaTOJIOTHYCCKHX H 6I/IOHOFI/I‘ICCKI/IX XapaKTCpUCTUK, HOTCHHHaﬂBHOﬁ CHOCO6HOCTI/I
BBI3BIBATH 3a00JI€BaHNE Yy JIIOJIEH U TepeaBaThCs OT YeJIOBEKa YelIOBEKY TPeOYIOTCs HOBBIE, Oojee yriyOJaeHHbIe
uccienoBanusi. Haunbonee koHCepBaTHUBHBIM TeH BHpycHOro Oenka PB1 wacro ucmonb3yercs misl OLIGHKH
SBOJIIOIIMOHHBIX ~ B3aMMOOTHOIIICHHH BUpycoB rpumma. S.. Su et al. [2] Ha oOcHOBe HYKICOTHIHBIX
nocnenoBarenbHocreii reHoB PB1 BupycoB rpumma A, B, C u D mnocrponnu ¢unorenernieckoe ApeBO UL
orpesielieHusi B3amMocBsi3n Mexay HumH. Kiacreper IDV okazanuchk Haubonee tecHo cBsizanbl ¢ ICV, uto
Ipe/nosaraer ux oduero npenka. AxHanus nocienoarensHocT reHoB PB2, P3, NP, M u NS rtaxke nmonrsepauni
npoucxoxaeHue IDV u3 ICV uenoseka [26]. YUToObI M3y4UTh MPOUCXOXKACHHE U 3BOIIOIMOHHYIO UcTopuio IDV,
aBTOPBI IIpOBeIu OaiiecoBckuit ananu3 nocienosatenabHocteit reHoB HEF ICV, ykazaB 1896 rox kak cpenHee Bpemst
(t-MRCA) camoro mocieiHero o0Iiero mpeaKa, 4To COriacyeTcsi ¢ paHee MoMyIeHHBIMU JaHHbIMU [47]. JIyist reHoB
HEF ICV u IDV 3nauenne t-MRCA 6b110 482 H.3. Ilokazano, uro ase aunuu IDV — D/OK u D/660 mmenu
nocneanero oouiero npeaka (t-MRCA) okono 44,6 ner Hazan. Cpennsist yactora 3amenienus reua HEF IDV Obuia
paccuuTaHa ¢ UCIOJIb30BaHUEM 0alieCOBCKOro aHanmu3a u coctaBuia 1,54 x 10-3, uro npebimaer yacrory ICV [47].
C 3T0M TOUKM 3peHus Bo30yauTens rpumnna D obnagaer orpoMHBIM SMUIEMHYECKHM ITOTEHILHAIOM, H B OyIyIieM
HE00XOMMO ITOCTOSTHHO CIIEHUTH 33 €r0 Pa3BUTHEM. UCIOIb30BAaHUEM COBPEMEHHBIX 3KOJIOr0-BUPYCOIOIHYECKHX U
MOJIEKYJISIPHO-TEHETHUECKUX METOI0B.

KunaroueBsbie ciioBa: Bupyc, rpunm D, reHoM, W3MEHYMBOCTH, KPYIHBIA POraThlii CKOT, (PUIOTeHe3, KiacTep,
oenoxk ciusausg HEF, ceponorus.
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CONSTRUCTION, EXPRESSION AND PURIFICATION OF BRUCELLA
SPP. RECOMBINANT PROTEINS L7/L12 AND SODC IN E. COLI

Abstract. Brucellosis is still an important public health problem as long as natural reservoirs of infection exist.
Currently, live attenuated vaccines based on strains S19, RB51 and Rev1l are used for the prevention of brucellosis in
animals, the main disadvantage of which is virulence for humans. However, animal immunization programs should
be implemented to reduce the incidence of humans. The development of safe and effective new generation vaccines
using “omix” technology is a promising direction of vaccinology. A number of immunogenic Brucella proteins that
elicit both a humoral and cellular immune response has been identified. The aim of these research was to optimize
the expression and purification conditions of the Brucella spp. recombinant proteins L7/L12 and SodC. As a result,
expressing plasmids pET/Br-L7/L12 and pET/Br-SodC were obtained. The parameters of target genes expression in
E. coli were established and the method for purification of recombinant proteins was optimized. Purification of the
L7/L12 protein was performed under hybrid conditions on HisPur agarose using a binding buffer containing 6 M
guanidine hydrochloride, a wash buffer with 20 mM imidazole and an elution buffer with 300 mM imidazole.
Protein SodC was purified under denaturing conditions with the addition of 1 % Triton X-100 and 1 % sodium
deoxycholate to the lysis buffer. Inclusions were solubilized with a buffer containing 8 M urea and 5 mM imidazole.
The target protein was eluted from HisPur agarose with buffer containing 8 M urea and 100 mM imidazole. The use
of modified purification protocols made it possible to obtain purified recombinant proteins with a yield of 13 mg/L
for the L7/L12 protein and 10 mg/L for the protein SodC, respectively. The specificity of the proteins was confirmed
by a Western blot. Immunization of mice with recombinant proteins led to the production of specific antibodies, the
titer of which in ELISA was 1:20480 and 1:20480, respectively.

Key words: Brucella spp., ribosomal protein L7/L12, superoxide dismutase, expression, protein purification.

Introduction. Brucellosis is one of the widespread zoonotic diseases causing great economic damage
to agriculture. According to the Joint FAO Expert Committee, brucellosis of livestock is prevalent in
almost the whole world and since animals with brucellosis are a source of infection for humans, this
disease is a high degree of danger [1-4]. The annual identification of farm animals and people reacting to
brucellosis in certain regions of Kazakhstan indicates an extremely unstable situation for this infection
and the real possibility of forming foci of brucellosis with varying degrees of activity of manifestations of
epizootic and epidemic processes in farms [5,6]. In this regard, this infection is a serious problem for
veterinary and medical science.

—— 20 ——
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Today, recombinant proteins having antigenic and immunogenic properties are widely used in the
development of prophylactic and diagnostic preparations, as well as candidates for vaccine against various
zoonotic diseases. A lot of work has been devoted to the study of immunogenic proteins of Brucella spp
and a number of proteins have been discovered, such as: L7/L12, SodC, BP26, BCSP31, Omp16, Omp19,
Omp31, which have immunogenic properties that can be used for diagnostic purposes. These proteins are
conserved and their identity is 100 % between Brucella species [7-12].

In the study of Brucella antigens capable of inducing cellular immunity, a 12 kDa protein was
detected that causes lymphocyte proliferation and is a L7/L12 ribosomal protein. It was shown that
purified recombinant L7/L12 protein produced in E. coli stimulates CD4 T cell immunity in mice infected
with B. abortus. It was also shown that immunization of mice with the recombinant ribosomal protein
L7/L12 protects them from control infection with B. abortus. According to published data, L7/L12 is an
immunodominant B. abortus protein that elicits a cellular immune response (Thl and CD8 + T cells) [13-15].

The periplasmic protein SodC (Cu-Zn superoxide dismutase) is one of the main enzymes of the
antioxidant system of microorganisms, which is considered as one of the universal mechanisms of the
pathogenesis of infectious diseases, and indicators reflecting shifts in the levels of antioxidant enzymes
are key factors in predicting the outcome of the disease. The researchers determined the protective effect
of the antioxidant enzyme SodC B.abortus, expressed in significant induction of T-cell proliferation and
production of gamma-interferon in infected mice. Thus, vaccination of mice with E. coli cells expressing
the SodC B.abortus enzyme formed a defense against brucella infection. The use for this purpose of
plasmid DNA, including the SodC gene B.abortus, also induced a humoral and cellular immune response
against the causative agent of brucellosis [8,16].

The purpose of these studies was the construction of expression vectors, the expression and
optimization of the purification conditions of the recombinant Brucella spp L7/L12 and SodC proteins, as
well as the production of specific sera to them. Recombinant proteins and their specific sera will be used
in the development of a vector anti-brucellosis vaccine based on sheep pox virus.

Materials and methods. Bacterial strains. The studies used the vaccine strain B.abortus S19
obtained from the laboratory of the collection of microorganisms of the Research Institute of Biological
Safety Problems RK ME&S - Science Committee, Kazakhstan. B.abortus S19 genomic DNA was
isolated using the PrepMan Ultra kit (Applied Biosystems, USA). For manipulation with plasmid DNA,
E. coli strain TOP10 (Invitrogen, USA) was used. For bacterial expression, E. coli T7 express strain (New
England Biolabs, USA) was used.

Construction of expression cassettes and obtaining producer strains. The Brucella genes L7/L12 and
sodC were amplified with the genomic DNA B.abortus S19 wusing pairs of primers
FP-L7/L12-5-CGCATATGGCTGATCTCGCAAAGATCGT-3, RP-L7/L12-5-CGCTCGAGCTTGA
GTTCAACCTTGGCGCCA-3 and FP-SodC-5’-CGCCATGGTTAAGTCCTTATTTATTGC-3’,
RP-SodC-5’-CGCTCGAGTTCGATCAC GCCGCAGGCAAAA-3’, respectively.

Amplification was performed in 50 pl containing 5 pl of 10 x PCR buffer (Qiagen), 1 pl of 10 mM
dNTPs (New England Biolabs, USA), 0.1 pl of DNA, 1 pl of each primer (20 pMol/ul), 0.5 ul of Taq
DNA polymerase (2.5 units, Qiagen). Amplification conditions: 94 °C 5 min; then 30 cycles of 94 °C, 1
min, 50 °C, 1 min, 72 °C, 2 min, and 1 cycle of 72 °C, 7 min.

The obtained products were digested with respective enzymes Ndel — Xhol (L7/L12), Ncol — Xhol
(SodC) and cloned into the plasmid vector pET28b(+) (Novogen, USA).

As a result, recombinant plasmids pET/Br-L7/L12 and pET/Br-SodC were obtained containing the
sequence coding the SodC protein fragment (1-173 aa) and the C-terminal peptide LEHHHHHH; and the
sequence encoding the L7/L12 protein fragment (21-144 aa), the N-terminal peptide MSSHHHHHHSS
and the C-terminal peptide LEHHHHHH. Plasmids were sequenced to verify the integrity of the inserts.

Plasmids were transformed into E.coli cells, strain T7 express (New England Biolabs, USA). As the
result E. coli clones, producers of the recombinant proteins SodC and L7/L12, were obtained.

Gene expression. To expression the genes of the target proteins L7/L12 and SodC, bacterial cells
were grown in LB-kan (Luria-Bertani broth, containing 50 pg/mL of kanamycin) at 37 °C on a shaker
(250 rpm) to optical density OD600 = 0.6-1.0. Gene expression was induced by addition IPTG to final
concentration 1 mM to the bacterial suspension with subsequent incubation for 4 h at 37 °C. The cells
were harvested by centrifugation at 5000 x g for 15 min and stored at - 70 °C until further use. Aliquots
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selected before and after induction were examined by PAGE electrophoresis. The solubility of the
recombinant protein was determined using a BugBuster master mix reagent (Novagen, USA) according to
the manufacturer's instructions.

Protein L7/L12 purification. Cell pellet was resuspended in NB buffer (50 MM NaH,PO,, 300 MM
NaCl, 6 M guanidine hydrochloride, 10 MM imidazole, pH 7,4) at the rate of 5 ml of buffer per 1 g of
crude cell pellet. Suspension was incubated in ice for 30 min and sonicated. Cell lysate was clarified by
centrifugation at 3000 g for 15 min. The supernatant (soluble protein fraction) was filtered through a
0.22 pm membrane and uploaded to HisPur ™ Cobalt Superflow (Thermo Scientific, USA) agarose pre-
equilibrated with NB buffer. The agarose resin was washed using NW buffer (50 mM NaH,PO,,
300 mM NaCl, 20 mM imidazole, pH 7.4), the protein was eluted with NE buffer (50 mM NaH,PO,,
300 mM NacCl, 300 mM imidazole, pH 7.4). The pure protein fraction was dialyzed against 10 times the
volume of the buffer (20 mM PBS, 300 mM NacCl, pH 7.4) overnight at 4°C.

Protein SodC purification. Protein purification was performed as [17] with modifications. Cells were
resuspended in buffer 1 (100 mM Tris HCI pH 8.0, 150 mM NaCl, 1 % Triton X-100, 1 % Sodium
deoxycholate) at the rate of 15 ml per 1 g of crude cell pellet. Lysozyme was added to the resulting
suspension to a final concentration of 1 mg/ml. Cell lysis was performed by freezing twice at - 70 °C and
thawing at 37 °C of the suspension. The cell lysate was incubated at 4 °C overnight, then centrifuged at
4 °C for 15,000 x g for 15 min. The pellet was washed successively with buffer 2 (100 mM Tris HCI, pH
8.0, 150 mM NacCl, 1 % Triton X-100), buffer 3 (100 mMTris HCI, pH 8.0, 1 M NaCl), buffer 4 (50 mM
Tris HCI, pH 7.5). The pellet was resuspended in buffer 5 (20 mM PBS, pH 7.4, 300 mM NacCl, 8 M urea,
5 mM imidazole, pH 7.4) and incubated at 4°C overnight to completely solubilize. The dissolved
inclusion fraction was filtered through a 0.22 um membrane. Protein purification was carried out using
HisPur ™ Cobalt Superflow agarose. After sorption of protein, resin was washed with DW buffer (50 mM
NaH,PO,4, 300 mM NacCl, 8 M urea, 5 mM imidazole, pH 7.4). Protein was eluted with DE buffer (50 mM
NaH,PO,, 300 mM NaCl, 8 M urea, 100 mM imidazole, pH 7.4). Refolding of the protein was performed
by dialysis sequentially against buffer 7 (20 mM PBS, 300 mM NaCl, 4 M urea, pH 7.4), buffer 8 (20 mM
PBS, 300 mM NaCl, 2 M urea, pH 7.4), buffer 9 (20 mM PBS, 300 mM NaCl, 1 mM DTT
(dithiothreitol), pH 7.4) and buffer 10 (20 mM PBS, 300 mM NaCl, pH 7.4). Protein concentration was
determined by the method of Lowry et al. [18], using BSA as a standard.

Polyacrylamide gel electrophoresis and Western blot. Electrophoretic analysis of polypeptides was
performed in 12 % SDS-PAGE under denaturing reducing conditions according to Laemmli [19]. For
visualization of proteins, Coomassie G-250 staining was used. For Western blot analysis, proteins were
transferred onto a nitrocellulose membrane and detected as described in [20] using anti-His (Cterm)/AP
antibodies (Invitrogen, USA) and sera from sick cattle.

Obtaining specific serum to recombinant proteins. Animal experiments were carried out in
accordance with applicable national and international legislation. The protocol was approved by the
Bioethics Commission of the RIBSP RK ME&S of the Republic of Kazakhstan (No. 6 dated
September 25, 2017).

To obtain specific sera, outbred white mice (females, 6-8 weeks old, weight 18-20 g) were
immunized with a target protein. Proteins were prepared as follows: purified protein was mixed with
Montanide Gel 01 (SEPPIC, USA) in a ratio of 9:1 (v/v). The final protein concentration was 150 pg/ml.
Before administration of the drug, animals were bled to obtain normal serum. Immunization was carried
out subcutaneously four times in a dose of 30 pg of protein. 14 days after the last injection, the animals
were bled. The serum was tested in ELISA (enzyme-linked immunosorbent assay).

ELISA. 96-wells plates were coated with the 2 mg/ml of affinity purified recombinant proteins in
0.05 M carbonate-bicarbonate buffer, pH 9.6 (100 uL/well), and incubated overnight at 4 °C. Plates were
washed four times with TBST buffer (150 MM NaCl, 20 MM tris-HCI, pH 7.5, 0,1 % tween-20) and
blocked with TBST containing 5 % fat free dry milk for 1 h at 37 °C. Double dilutions of test sera in the
blocking buffer, were added to wells (100 pL/well). Plates were incubated for 1 h at 37 °C and washed
three times with TBST. Anti-mouse immunoglobulin IgG conjugated to alkaline phosphatase (1:5000)
was added (100 pL/well) and the plates were incubated for 1 h at 37 °C. After washing, the substrate for
alkaline phosphatase (pNPP, Sigma, USA) was added into each well (100 uL). The plates were incubated

— 29 ——



ISSN 2224-5308

Series of biological and medical. 2. 2020

for 30 min. Optical density was read at 405/630 nm on ELISA plates reader ImmunoChem-2100. Cut-off
values were determined using the mean optical density values from negative control sera plus three

standard deviations.

Results and discussion. Construction of recombinant plasmids. A comparative analysis of the amino
acid sequences of the L7/L12 and SodC proteins showed their high identity (95-100 %) for Brucella spp.
Using the SignalP [21] and TMHMM2.0 [22] software, the signal peptide was established for the SodC
protein, while transmembrane domains were absent in both proteins (figure 1).
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Figure 1 — The results of the analysis of the amino acid sequences of the target proteins
for the presence of signal peptides and transmembrane domains: A — L7/L12, B — SodC

Amplified DNA fragments encoding the L7/L12 and SodC genes were cloned into the pET28b(+)
vector. As a result, plasmids expressing recombinant proteins flanked at the N- and/or C-terminus by
6HIS oligopeptides were obtained (figure 2). The predicted molecular weights of SodC and L7/L12
proteins were 19.87 and 15.77 kDa, respectively. The obtained plasmids were transformed into E. coli

T7 cells.
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Figure 2 — Prediction and analysis of amino acid sequences of recombinant proteins L7/L12 (A) and SodC (B)

The expression of genes encoding recombinant proteins. Induction of target genes expression
resulted in the production of L7/L12 (figure 3A) and SodC (Figure 3B) proteins. The molecular weight of
the recombinant proteins corresponded to the calculated values (figures 2, 3). As a result of gene SodC
expression, two protein products were formed (figure 3B, Tot), which is associated with the presence of a
signal peptide in the sequence of the recombinant protein. Modified protein (without signal peptide) was
in the soluble protein fraction (figure 3B, So), while unmodified protein formed inclusions bodies
(figure 3B, IN).
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IN — inclusions. Recombinant proteins are
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The expression of the target Brucella L7/L12 and SodC proteins was confirmed by the Western blot
using anti-His-antibodies (figure 4). Recombinant proteins also interacted with sera from brucellosis sick
cattle, which confirms their specificity (figure 5).

1 2 M M 1 2
35
25 Figure 4 —
Immunoblotting of proteins of the cell
’ 25 lysate of E. coli strain T7, transformed with

recombinant pET plasmids, using serum to
polyhistidine. A:1 — cell lysate prior to

—— induction of L7/L12; 2 — after induction of
w ’ IPTG; B:1 — cell lysate prior to SodC
15

S—— induction; 2 — after induction of IPTG
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A — serum from cattle with
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B. abortus Cu-Zn cynepokcummucmyrasa (SodC) Obuia uaentuduuuposana Beck et al. (1990) [23].
Using western blot, Betsy et al. (1990) proved that superoxide dismutase is found in most Brucella strains
and species except B. neotomae and B. suis biovar 2 [24]. Both SodC and L7/L12 are immunodominant
proteins and induce antibody production. Rajagunalan et al. (2014) in their studies, found antibodies to the
recombinant protein L7/L12 of B. melitensis 16M in the sera from patients with acute brucellosis [25].
Proteins SodC and L7 / L12 were used in the development of DNA and vector vaccines. Recombinant
vaccines elicited an immune response in animals [13, 14, 26].

Protein purification L7/L12. At the first stage, the purification of L7/L12 protein was carried out
under native conditions (figure 6).

B |

Figure 6 — Electrophoretic analysis of the recombinant protein L7/L12 during the cleaning process:
M — molecular weight marker; 1 —total cell lysate; 2 — cell lysate after treatment with lysozyme;
3 — cell lysate after filtration through 0.22 um; 4 — flow-through; 5-8 — wash fraction;

9-14 — fractions of purified protein. Recombinant proteins are marked with asterisks

As seen in the figure 6, lane 4, the cell lysate was not completely adsorbed onto resin. Washing the
agarose with a buffer containing both 20 mM imidazole (figure 6, lane 7, 8) and 10 mM imidazole (figure
6, lane 5, 6) resulted in the loss of the target protein. The target protein eluted with a buffer containing
both 300 mM imidazole (figure 6, lane 11-14) and 100 mM imidazole (figure 6, lane 9, 10) contained cell
protein impurities. Purification of the protein under standard native conditions according to the
recommendations of the resin manufacturer did not give satisfactory results. The protein purification
protocol was optimized.

Hybrid conditions were selected for purification (see the Materials and Methods section), which
made it possible to obtain a protein preparation with a high degree of purification without significant
losses at intermediate stages (figure 7). The yield of recombinant protein L7/L12 was 13 mg per 1 liter of
culture.
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Figure 7 — Electrophoretic analysis of the recombinant protein L7/L12 during the purification process using optimal
(hybrid) conditions. M — molecular weight marker; 1 — cell lysate after treatment with lysozyme; 2 — flow-through;
3-5 —washing fractions; 6-15 — fractions of purified protein. Recombinant proteins are marked with asterisks

SodC Protein Purification. Protein purification was performed under denaturing conditions (figure 8).
When purifying the recombinant SodC protein, there were also problems with its adsorption to agarose.
Only a small amount of protein was bound to the resin (figure 8, lane 2). Washing the resin led to the loss
of the target protein (figure 8, lane 3-6), and the protein eluate contained a significant amount of
impurities of cellular proteins (figure 8, lanes 7-10). An optimized purification protocol (see the Materials
and Methods section) made it possible to obtain a SodC protein preparation with a high degree of purity
(figure 9).

Figure 8 —
Electrophoretic analysis of recombinant SodC protein
during purification under denaturing conditions.
M — molecular weight marker;
1 — cell lysate after treatment with lysozyme;
2 — flow-through; 3-6 — wash fraction;
7-12 —fractions of purified protein.
Recombinant proteins are marked with asterisks

Figure 9 —

Electrophoretic analysis of recombinant SodC protein
during purification under optimal denaturing
conditions: M — molecular weight marker;

1 — cell lysate after treatment with lysozyme;

2 — flow-through; 3-4 — washing fractions;

5-10 — fractions of purified protein.
Recombinant proteins are marked with asterisks

15

As seen in the figure 9, a slight loss of the target protein was observed upon binding to agarose
(lane 2). Loss of the target protein during resin washing was not detected (lanes 3-4). There were no
impurities of cell protein in the eluate (lanes 5-9), which confirms the high purity of the obtained
recombinant protein preparation. The yield of purified SodC protein was 10 mg per 1 liter of culture.

In addition, mouse specific sera for recombinant SodC and L7 / L12 proteins were obtained. For this,
mice were immunized with triply recombinant proteins mixed with Montanide 01 gel (seppic, USA).
Recombinant proteins induced the production of specific antibodies in animals. The antibody titer in
ELISA for both SodC and L7 / L12 proteins was 1: 20480.

Purified recombinant proteins and their specific sera are suitable for use in the development of
specific diagnostic and prophylactic agents against Brucella spp.

Conclusion. As a result of studies, purified preparations of recombinant proteins SodC and L7/L12
were obtained. Optimal protocols have been developed for the expression and purification of recombinant
proteins in E.coli. The specificity of the obtained purified recombinant proteins was established using the
western blot with sera from animals with brucellosis. Highly active specific sera for recombinant proteins
were obtained, an antibody titer was 1:20480 for both the SodC and the L7/L12 proteins. Proteins and
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serums for them will be further used in the development of specific diagnostic and prophylactic agents
against Brucella spp.

Acknowledgments. This work was supported by the Ministry of Education and Science of the
Republic of Kazakhstan (grant No. AP05133746) for 2018-2020.

J. T. Tainakoa, C. O. Caguxkaauena, I'. O. llIsinbI0eKko0BA,
A. K. Adybakuposa, K. T. Cyarankyaosa, O. B. UeppsikoBa

BHOIOrusITBIK Kayirci3aik mpobiieMaiapbiH FEUTBIMU 3€pTTEY HHCTUTYTHI,
I'sapneiickuii, Kopnait aynansl, XKamObut 00bIck], Kazakcran

E. COLI-AE BRUCELLA SPP. L7/L12 ’)KOHE SODC PEKOMBHUHAHTTBI BEJIOKTAP/bI
KOHCTPYHUPJIEY, DKCIIPECCUSAJIAY KOHE TA3AJIAY

AnnoTtanus. bpyuenne3s uHGEKIUIHBIH TaOUFH pe3epByapiiapbl O0ap OONFaHIBIKTAH, ACHCAYIIBIK CAKTay IbIH
MaHBI3/IbI TIpodJieMackl OOoNbIn Kana Oepeni. KasakcTaHHBIH KeKe aymaHIapbIHAA JKbUI CAalbIH aTaMIap.IbIH JKOHE
aybul IIApYalIbUIBIFBIHIAFEl MaJIap[aH OpyLelule3/liH aHBIKTalybl 1HIET OOWMBIHINA TYPaKCh3, KYOBLIMAJbI
JKaFIai/ibl JKOHE IIAPYyallbUIBIKTApAAFbl STMHU300THSUIIBIK KOHE SMHUIEMUSUIBIK MPOLECTEPiH OpTYpii JeHrenaeri
OenceHnl KepiHicTepiMeH Opyleiie3 OIAKTApbIHBIH KaJIbIITACTHIPYBIHBIH HAKThl MYMKIHZITIHIH 0Oap eKeHiH
6inaipeni. OckiFaH OailyIaHBICTBI, OYJI 1HIET BETEpUHAPHUS JKOHE MEIMIMHA FHUIBIMBI YIIIH YJKEH Macesie OOJbII
oteip. Kazipri Tanaa Opyuemies3ai Man mapyalibUIbIFbIHAA albiH any yiriH S19 xone RB51 mrampapsr Herizinne
QJIBIHFAaH Tipi aTTEHYUpJICHTeH BaKIMHANAp KojjaHbuiaabl. OnapablH 0acThl KEMIIUIrT — ajJaMjapra TUTri3eTiH
xyknanbel ocepi. CoHzma Aa agamMaapiblH Oyl iHAETIIEH aypyblH TOMEHIETY YILIIH aybll MIapyIIbUIbIFbIHIAFbI
MaJliapAbl UMMYHIay OaFmapriamaiapbl XKy3ere achbIpbulybl KakeT. OMHUKCTI TeXHONOTHsIIapAbl KONJaHa OTBIPHII,
KayiIlCi3 jkoHe THiM/Ii OO0JaThIH XKaHa J9yip BaKI[MHAJIAPBIH JKacaKTay — BaKLIIMHOJIOTHSHBIH TEPCHEKTUBTI OAFbITHI.
Byrinri kyHl angpiH any »xoHe Oanay, mpenapaTrapibl d3ipiiey Ke3iHAe, COHBIMEH Karap OpTYpJi 300HO3/bI
aypyJapra Kapchl BaKIMHA jkacay OapbIChIHAA KOJIAHBUIATHIH, aHTHI'CH/IK )KOHE MMMYHOIEHJIIK Kacuerrepi Oap
PEKOMOMHAHTTBI OENOKTap KEHIHEH KOJNJAaHbLIa/bl. ['yMOpasusl jKoHE jKacylla JeHrediHIe HMMMYHIBI JKayan
KaWTapaThlH Opyle/UIaHbIH OipKaTap MMMYHOTEHJI OEJOKTapbl aliKpIHIalFaH OOJNAThIH. By MakanaHbl jka3yablH
makcatel Brucella spp. L7/L12 xone SodC pekoMOWHAHTTBI OENOKTapiabl SKCIPECCHsUIAY JKOHE Tasajay
OapbICHIHIAFBl  JKargalnapipl OHTaimaHAblpyMeH OaimaHblcTbl. JKacanraH O KYMBICTApAbIH — HOTWDKECIHIE
skcnpeccusuTaiTei wiasMuaansik JJHK pET/Br-L7/L12 sxone pET/Br-SodC anbiamel. Tyrtac renaepain E.coli -me
SKCIIpecCHUsIay MapaMeTpliepl aHBIKTalAbl XKOHE PEKOMOWHAHTTHI OENOKTapAbl Ta3ajgay oIici OHTalIaHIBIPBUIABL.
Hotmxecinge L7/L12 OenokTsl Tazanay yHIiH Kejecified TMOpPHITI Kardald TaHIAJbL JKACyIIANapibl JH3HUCTEY
OapbIChIHAA KypaMbiHIa 6M TyaHHIUH TUAPOXJIOpuAl 6ap Oydepai KoiaHy, KybIN-ar OapbIChIHIA KYpPaMbIH/A
20 MM umunazon 6ap Oydepai konaany, HisPur araposasan tyrac OeloKTHI 3iroupiiey OapbIChIHIA, KYpaMbIHIA
300 MM umuzpazoxn 6ap Oydepai konmany. SodC OenoKTH AeHaTypalusuIbl XKarnaiina ausuc Oydpepine 1 % TpuToH
X-100 >xone 1 % HaTpuil Je30KCHXONATHl KOCBUIBI Ta3alaHIbl. AJBIHFaH TyHOamap KypambiHaa 8 M ModeBnHa
xoHe 5 MM mmupazon Oap Oydepai kKomgaHa OTeIpbIN, epitimin anbiHasl. HisPur araposamaH Tyrac O€NOKTHI
KypambiHaa 8 M moueBuHa xoHe 100 MM uMumo3on 0ap Oydepai KonaaHa OTBIPHII, IMIOUpICT aabiHabl. Tazanay
OapBICBIHBIH ©3TEePTUITCH JKAFJaillapblH KOJJAaHAa OTBIPHIN, Ta3apThUIFAaH PEKOMOWHAHTTHI OENOKTap Kelecimein
Meuiepae anbiaabl: L7/L12 mbirbiMapuibirbl 13 mr/i, SodC mbirbiMabuibEbl 10 Mr/in. BernokTapaslH TemiMIiir
BecTp OJNOTTBI KONJaHA OTHIPBIT pacTalibl. PeKOMOMHAHTTHI OENOKTapMEH THIMIKAHIAPABl €Ty HOTIXKECiHIe
NDA-ne tutpnepi 1:20480 sxome 1:20480 coiikec TemiMal aHTHUACHENEpHiH TMaiima OONYBl aHBIKTAJIBIL.
PexomMOvHAHTTEI O€NOKTap MEH ONapfa albIHFaH CaphICyllap Opylemie3re Kapchl KOW IIemieri BHPYCH HETi3ze
BEKTOPJIBIK BaKIMHAHBI jKacayna KOJIaHbLIATHIH O0JaIbl.

Tyiiin ce3mep: Brucella spp., pubocomansik 6emok L7/L12, cymepoKcHImeMyTasa, SKCIIPECcCHs, Ta3aay.
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KOHCTPYUPOBAHMUE, SKCIIPECCHUA 1 OYUCTKA PEKOMBUHAHTHBIX BEJIKOB
L7/L12 1 SODC BRUCELLA SPP. B E. COLI

AHHoOTanus. Bpyiemies npomommkaeT ocTaBaThesl BAXKHON MPOOIEMON 37paBOOXPAHCHHsI, TIOKA CYIIECTBYIOT
€CTECTBEHHBIC pe3epByapbl HWH(EKIMH. EjXerojHoe BBIABICHHE DPEArdHpyIONMX Ha Opyle/e3 CenbCKOXO03sii-
CTBEHHBIX JXMBOTHBIX W JIIOCH B OTACNbHBIX paitfonax KaszaxcraHa CBHIETENBCTBYET O KpallHEe HEYCTOWYHBOI
CHUTYaIIUH MO 3TOH MH(MEKIMU U O PeaabHOI BO3SMOKHOCTH (OPMUPOBAHHUS OUaroB OpyIiensies3a ¢ pa3HOi CTENeHbO
AKTUBHOCTH TMPOSBICHUS SIMHU300THYSCKUX U SMUIEMHYESCKHX MPOIIECCOB B XO3fCTBaX. B CBA3M ¢ 3TUM JaHHAs
HHDEKIIUS MPECTABISET CEPHE3HEUTITYIO TPOOIEMY TSl BETEPHHAPHOI U MEMUIIMHCKOM HayKku. B HacTosIee Bpemst
JUs PO UIAKTHKY OpyIie/ie3a Y )UBOTHBIX UCIONB3YIOT )KUBBIC aTTCHYHPOBAHHBIC BAKIIMHBI HA OCHOBE [IITAMMOB
S19 u RB51, rnaBHBIM HEAOCTaTKOM KOTOPBIX SBJISETCS BUPYIEHTHOCTD IS UeloBeKa. TeM He MeHee, IPorpaMMbl
UMMYHH3AIIMN )KUBOTHBIX JOJDKHBI TPOBOIUTHCS, YTOOBI CHU3HUTH 3a00J1€BaeMOCTh Jitojiei. Pa3paboTka Oe30macHbIX
n 3¢)¢)CKTI/IBHBIX BAaKIIMH HOBOT'O ITOKOJICHUA C UCIIOJIB30BAHHEM OMHKCHBIX TEXHOJIOTUH SBJISIETCS MEPCHECKTUBHBIM
HarpapjeHueM BakiuHoioruu. CeromHs mpu pa3paborke Mpo(UIAKTHYECKUX U JUAarHOCTHUECKHUX IIPErnaparoB, a
TAaKX€ B Ka4YCCTBC KaHAWAATOB Ha BAaKIUHY MNPOTHUB Pa3JIMIHBIX 300HO3HBIX 3a6OJ'IeBaHI/II‘/II HIUPOKO HCTIOJIB3YIOTCA
pCKOM6I/IHaHTHBIC 6CJ'IKI/I, 06.]'18.)18.}01_[11/16 AHTUTCHHBIMH W HWMMYHOI'CHHBIMHU CBOMCTBAMHU. Y CTaHOBJIEH paa
MMMYHOTCHHBIX O€JIKOB OpyIesl, HHIYIMPYIOIIHUX KaK I'yMOPaJbHBIi, TaK U KI€TOYHbIH UMMYHHBIH OTBeT. Llenbio
JIAHHBIX MCCIICJIOBAHUIN SBISIACH OMTHMH3AINS YCIOBUI SKCIIPECCHU U OYHUCTKH PeKOMOWHAHTHBIX OenkoB L7/L12
u SodC Brucella spp. B pe3ynbrare mpoBeeHHBIX HCCICIOBAHHUI TIOMYYEHBI SKCIpeccupyrolie miasmuanbie JJTHK
PET/Br-L7/L12 u pET/Br-SodC. YcraHoBieHBI TapaMeTphl SKCIPECCHH IEIEBBIX TeHOB B E.COli n omTumu3npoBan
METOJ OYHMCTKA PEKOMOWHAHTHBIX OenKoB. B pesymprate mpoBemeHHBIX pabor mis oumctku Oemka L7/L12
nozxoOpaHsl THOPUIHBIE YCIOBUS C MCHONB30BaHKeM Oydepa comeprkaniero 6M ryaHuiiHa THAPOXIIOpUIA Ha JTale
nu3uca Kietok, 20 MM uMuzaasona Ha sTane orMbeIBKE M 300 MM mMmpzaszona Ha 3Talie IIOUPOBAHHS IIETIEBOTO
Oenka c¢ araposbl HisPur. benok SodC ouminanu B AEHATYpPUPYIOIIMX YCIOBHSI C J00aBJICHHEM B JIM3UPYIOIINI
Oydep 1 % tpuron X-100 u 1 % ne3okcuxonata Hatpus. Brimrouenns comoOunu3nposanu Oydepom, copepxanum
8 M moueBHHBI U 5 MM UMHK03071a. DIIOUPOBAIH 1eIeBOit Oenok ¢ arapossl HisPur Gydepom conepxanmm 8§ M
MoueBuHbl W 100 MM wmmuposona. Mcnonb3oBaHue MOIU(MHLIMPOBAHHBIX IPOTOKOJIOB OYHCTKH IO3BOJIMIIO
MONTYYHUTh OYHIIICHHBIC PEKOMOHHAHTHBIE OeNKH ¢ BhIxogoM 13 mr/m s 6enka L7/L12 u 10 mr/n mis 6enka SodC,
coorBeTcTBeHHO. CrienupuuHOCT, O€IKoB ObUla MOATBEPXkIEHA B BecTepH Onore. MMMyHM3aIus Mblen
PEKOMOMHAHTHBIMU O€JIKaMU NPHBOIMIA K BEIPAOOTKE cHEeM(UYECKUX aHTUTEN, TUTP KOTophiXx B MDA cocraBmia
1:20480 u 1:20480 coorBercTBeHHO. PexoMOMHaHTHBIE OenKM M crienu(UUEecKHe CHIBOPOTKH K HUM OyayT
HCIIONB30BAHbI P Pa3paboTKe BEKTOPHOU MPOTUBOOPYLIEIIE3HOM BAKIIMHEI HA OCHOBE BUPYCa OCIIBI OBEII.

KunroueBnie cioBa: Brucella spp., pubocomampusii Gemoxk L7/L12, cymepokcummmcMyTasa, 3KCIPECCHS,
OYHCTKA.
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OXIDATIVE STRESS AND MITOCHONDRIAL DYSFUNCTION

Abstract. The process of cell damage resulting from the action of free radicals — reactive oxygen species
(ROS) — is called oxidative stress. Most ROS are constantly formed in the cell — about 5 % of the oxygen consumed
by tissues is converted into free radicals, but their level is normally so small that the cell inactivates them with the
help of an antioxidant system. Different organs and tissues are exposed to different degrees of ROS and demonstrate
different stability during the implementation of oxidative stress. The mechanisms of ROS formation by mitochondria
under oxidative stress are still unclear.

At the same time, it was found that mitochondrial dysfunction and the accumulation of mitochondrial mutations
in tissues make a significant contribution to the aging process, as well as to the pathogenesis of a number of diseases
characterized by neurodegeneration. Mutations lead to increased generation of free radicals, reduced ATP levels, and
energy failure of cells.

Coenzyme Q10 is a component of the mitochondrial respiratory chain. Violation of the biosynthesis of
coenzyme Q10 can lead to a number of mitochondrial diseases. When coenzyme Q10 is deficient, sulfide
metabolism plays a critical role. Sulfide metabolism in mammalian cells includes trans-sulfuration (biosynthetic) and
hydrogen sulfide oxidation (H,S) (catabolic). Violation of H,S oxidation may contribute to oxidative stress in
coenzyme Q deficiency or may play a synergistic role with oxidative stress in the pathogenesis of tissue specificity
in coenzyme Q deficiency.

Key words: oxidative stress, reactive oxygen species, mitochondria, mitochondrial diseases, coenzyme Q10,
glutathione.

Mechanisms of oxidative stress.

The processes of free radicals and the body's responses are roughly balanced. It is easy enough to
shift this relative balance in favor of radicals. As a result, the cell's biochemistry is disrupted and oxidative
stress occurs. Most elements are able to tolerate a moderate degree of imbalance. This is due to the
presence of reparative structures in cells [1]. They identify and remove damaged molecules. New
elements take the place of the latter. In addition, cells have the ability to increase protection by responding
to oxidative stress [2].

Oxidative stress is an imbalance between oxidants (active forms of oxygen) and antioxidant
protection in the body towards oxidants. In cells, oxidants actively interact with biomolecules
(phospholipids, proteins, and nucleic acids). As a result, these biomolecules are irreversibly damaged,
which leads to cellular dysfunction and, as a result, various pathologies in the body and cell death [3].

However, oxidative stress cannot be unequivocally considered as absolutely harmful to the body. In
some cases, oxidative stress is used by the body as a defense mechanism. The immune system uses it to
fight antigens [4].

Oxidative stress is the process of cell damage as a result of the action of free radicals-reactive
oxygen species (ROS). Most ROS are constantly formed in the cell — about 5 % of the oxygen consumed
by tissues is converted into free radicals, but their level is normally so small that the cell either inactivates
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them with the help of an antioxidant system (reduced glutathione, vitamins C and E, coenzyme Q,
neutralizing short — lived ROS free radicals, while turning into long-lived or stable radicals in which the
unpaired electron is delocalized-oxidized glutathione, ascorbate-radical, tocopheroxyl radical, coenzyme g
radicals), or replaces damaged molecules. Thus, ROS formed as byproducts of normal cellular
metabolism in the respiratory chain of mitochondria, as well as other cytoplasmic reactions, do not cause
cell damage [5, 6].

Oxidative stress and its consequences for the body.

The level of ROS that exceeds the protective capabilities of the cell causes serious cellular disorders
(for example, ATP depletion). As a result, one of the least ROS, superoxide, becomes more aggressive
(hydroxyl radical, etc.), which can cause oxidation and destruction of many cellular components —
proteins and lipids of membranes, DNA [7]. The cells can return to their original state with small
abnormalities. However, more severe oxidative stress causes cell death. When necrosis occurs, the cell
membrane is destroyed and the cell contents are released into the intercellular space, which can result in
damage to the surrounding cells and tissues and cause a cascade of pathological processes.

Exposure to ionizing radiation, high temperatures, and certain chemicals (nitrates, etc.) triggers
oxidative stress as a pathological process, increasing the formation of ROS. It is known that different
organs and tissues are exposed to different degrees of ROS and demonstrate different stability during the
implementation of oxidative stress (figure 1) [8].

Figure 1 — Oxidative stress and mitochondrial dysfunction

Since the formation of oxygen derivatives and the level of the antioxidant defense system are
approximately balanced, it is easy to shift the balance in favor of oxygen derivatives and disrupt the cell's
biochemistry. Most cells can tolerate a moderate degree of oxidative stress due to the fact that they have a
reparative system that detects and removes molecules damaged by oxidation, which are then replaced
(figure 2).

In addition, cells can increase their antioxidant defense in response to oxidative stress. For example,
rats placed in an atmosphere of pure oxygen (and the air contains 21 % oxygen) die after a few days. But
exposure to animals with gradually increasing oxygen concentrations over a few days can increase the
activity of the antioxidant defense in the lungs, and ultimately they can tolerate 100 % oxygen content.
However, severe oxidative stress can damage or destroy cells [9-11].
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Figure 2 — Diseases associated with oxidative stress

In a healthy human body, there is a normal balance between the formation of oxygen derivatives and
antioxidant protection. It follows that there are at least two reasons for the development of oxidative
stress: a decrease in the number of antioxidants or an increase in the formation of oxygen derivatives in
such a way that antioxidants can no longer cope with protection [12].

Physiological role of reactive oxygen species.

The action of ROS in the body is actually directed at 3 types of cell targets: proteins, nucleic acids,
and lipids. Normally, they are actively involved in their metabolism, and in pathological conditions — in
their oxidative destruction.

Various stimuli, such as ionizing radiation, inflammation, increased oxygen stress, ozone, and aging
processes contribute to the formation of increased concentrations of ROS. Ozone, ozonides and industrial
pollutants contained in the air activate the processes of radical formation in the lung tissues [13].

Oxidative maodification of proteins, nucleic acids, and lipids with the participation of ROS is
constantly observed in tissues and plays an important role in the breakdown of these compounds. This is
one of the stages of updating the chemical composition of tissues. ROS cause oxidative modification of
nucleotides and nucleic acids, especially DNA. This leads to the formation of ROOH hydroperoxides (for
example, 5-CH,OOH-uracil is formed from thymine), and then the hydroxy derivatives ROH or R(OH)5,,
the main of which are 8-OH-2'-deoxyguanosine and timinglicol (their determination in tissues and urine is
used as indices of oxidative DNA modification). ). Of ROS, only NO+ causes DNA damage (oxidation of
bases, their modifications, chain breaks, chromosome damage), while it is now believed that ROS cause
more mutations than another class of mutagens — alkylating substances. Mutations can lead to pathology
and death of cells or their malignant degeneration (cancer, leukemia, etc.), and mutations in the DNA of
germ cells — to inherited diseases. High concentrations of ROS and lipid hydroperoxides inhibit DNA
synthesis and cell division and can activate apoptosis [14,15].

Lipid peroxidation is carried out in the presence of metals of variable valency and is accompanied by
the formation of a group of radical products — Re, RO, ROOs, cytotoxic aldehydes of the 4-hydroxy-2,
3-trans-nonenal type, or less toxic, as Malon dialdehyde.




News of the National Academy of Sciences of the Republic of Kazakhstan

Reactive oxygen species have not only cytotoxic properties, but can also act as secondary
messengers, participating in maintaining the physical and chemical properties of biological membranes,
regulating the state of intracellular redox systems, protein kinase activity, and regulating cellular reactions
such as proliferation, differentiation, and apoptosis.

Generation of moderate amounts of ROS is an absolutely necessary element of the physiological state
of cells of all types. Active oxygen forms take part in the cellular immune system, providing the function
of all phagocytes in the fight against infection. Regulation of prostaglandin, thromboxane, and leukotriene
synthesis. Oxidative destruction of xenaobiotics (exogenous substances foreign to the body), destruction of
own damaged or abnormal cells. Regulation of cell growth, proliferation and differentiation. Participation
in cell membrane renewal and modification [16-18].

The role of mitochondria in the development of oxidative stress.

Mitochondria are cellular organelles that perform important functions: supplying cells with energy in
the form of ATP, generating and regulating calcium ions in the cytoplasm, and initiating apoptosis.
Violations of the function of these organelles play a leading role in the origin and clinical manifestations
of mitochondrial diseases caused by mutations of mitochondrial or nuclear DNA genes that encode energy
metabolism.

At the same time, it was found that mitochondrial dysfunction and the accumulation of mitochondrial
mutations in tissues make a significant contribution to the aging process, as well as to the pathogenesis of
a number of diseases characterized by neurodegeneration [19]. Mutations lead to increased generation of
free radicals, reduced ATP levels, and energy failure of cells.

The mechanisms of ROS formation by mitochondria under oxidative stress are still unclear.
Numerous data obtained in experiments with isolated mitochondria and submitochondrial particles
indicate that the main superoxide-forming components of the respiratory chain are NADH: ubiquinone-
oxidoreductase (complex 1) and ubiquinone-cytochrome C reductase (complex I11). However, it is not
clear which component of complex | serves as a single-electron donor for oxygen recovery. Moreover,
under physiological conditions, cells maintain a high level of NADH, which can prevent the formation of
superoxide by complex I. Probably for this reason, experiments on cell cultures give conflicting results
about the role of complex | in the generation of ROS. Inhibition of complex | activity in cell culture can
lead to both an increase and a decrease in ROS levels, depending on the cell type and the stimulus that
causes oxidative stress. This ambiguity indicates the complexity of the mechanisms of ROS generation by
mitochondria in physiological conditions [20].

The role of coenzyme Q10 as a biomarker of oxidative stress.

Coenzyme Q10 is a component of the mitochondrial respiratory chain. In recent years, the
antioxidant properties of its reduced form have been actively studied. In its reduced form, coenzyme
Q10 is found in all cell membranes, blood plasma, and lipoproteins. Coenzyme Q10 successfully protects
membrane phospholipids and low-density lipoproteins from peroxidation, as well as mitochondrial
membrane proteins and mitochondrial DNA from damage by free radicals. These properties of coenzyme
Q10 are not related to the action of exogenous antioxidants, although coenzyme Q10 is able to enhance
the effects of vitamin E by restoring it from the oxidized form. The content of Q10 in tissues increases
with oxidative stress and decreases with age, primarily in the myocardium.

Coenzyme Q10 (Q10) is a fat — soluble vitamin-like substance. Q10 is found in the human body
literally everywhere, which is why its second official name — "ubiquinone” (from lat. ubique-everywhere,
everywhere). Inside cells, Q10 is mostly found in mitochondria (40-50 %). There is twice as much of this
substance in the heart muscle as in any other organ or tissue.

Two main functions of Q10 in living organisms are known today. Q10 is involved in the production
of energy in any of the cells. Coenzyme Q10 in mitochondria is involved in the synthesis of ATP as an
electron Transporter that interacts with the processes of electronic transport and oxidative
phosphorylation. It is a necessary link for the transfer of electrons from complexes | and Il to complex Il
of the respiratory chain. With a lack of Q10 (difficulty in transmitting electrons through the respiratory
chain), complexes | and 111 become the main generators of superoxide radicals (figure 3) [21].

Violation of the biosynthesis of coenzyme Q10 can lead to a number of mitochondrial diseases.
Mitochondrial diseases are a complex heterogeneous group of hereditary diseases and pathological
conditions caused by violations of the structure and function of mitochondria and tissue respiration. One
of the most well-known diseases is Leigh Syndrome.

—— 34 ———
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Figure 3 — Electron transport chain

Leigh syndrome (SL) or subacute necrotizing encephalomyelopathy is a rare progressive disease of
the Central nervous system that manifests in early childhood and is characterized by symptoms of gray
matter damage to the brain the prevalence of SL at birth is approximately 1: 36,000 cases. Leigh
syndrome is a genetically heterogeneous disease: it is caused by mutations in genes encoding energy
exchange proteins, including proteins of complexes I, Il, 11, 1V, V of the mitochondrial respiratory chain,
which are involved in oxidative phosphorylation and ATP generation, as well as components of the
pyruvate dehydrogenase complex.

This syndrome can be inherited by an autosomal recessive type. It is known from literature data that
the onset of the disease occurs in early childhood and is characterized by progressive neurological
disorders, lactate acidosis and characteristic neuroradiological changes. To date, there is no etiotropic
treatment for Li syndrome.

Pathogenetic and symptomatic treatment is performed. Therapy is carried out with energotropic
drugs, which include: cofactors of energy exchange (b vitamins, PP, L-carnitine), antioxidants (vitamins
C, E), substances that transfer electrons (coenzyme Q, succinic acid) [22].

Antioxidant role of coenzyme Q10.

Another important function of Q10 is antioxidant. Q10 is the only fat-soluble antioxidant that can be
synthesized in humans and animals. The direct (direct) antioxidant effect of Q10 is to capture free
radicals. Due to its ability to dissolve in fats, Q10 is most represented in lipid structures-membranes,
liposomes, and low-density lipoproteins (LDL). The plasma concentration of Q10 is proportional to the
LDL concentration. Plasma LDL oxidation is one of the starting points in atherogenesis (development of
atherosclerosis) and other diseases associated with increased formation of free radicals. Q10 is able to
prevent the development of chain reactions of free radical oxidation, including peroxidation of cell
membrane phospholipids and plasma lipoproteins.

Another unique property of coenzyme Q10 is the constant regeneration of its oxidized form with the
help of the body's enzyme systems and non-enzymatic antioxidants (ascorbate, alpha-tocopherol), which
returns its antioxidant activity.

The indirect antioxidant effect of Q10 is to prevent the formation of phenoxyl radicals of
a-tocopherol, that is, to prevent the possible Pro-oxidant action of a-tocopherol [23].

Vitamin E or a-tocopherol is another fat-soluble antioxidant (human blood plasma), along with
Q10 is present in large quantities in the inner membrane of mitochondria. With a lack of coenzyme Q10,
a-tocopherol in the reduced form begins to act as a prooxidant, triggering lipid peroxidation reactions,
including the oxidation of atherogenic LDL.
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Thus, Q10 as an antioxidant inhibits the development of atherosclerosis in two ways (through two
mechanisms), catching free radicals and preventing the Pro-oxidant effect of vitamin E. one of the causes
of Q10 deficiency in the body may be changes in the genes involved in the synthesis of Q10. For example,
changes in the COQ2 and PDSS2 genes were detected in children with encephalomyopathies, cerebral
ataxia, and pure myopathy. Rapid depletion of Q10 reserves is observed during intense physical or
psychoemotional loads, severe diseases and operations, taking cardiotoxic cytostatics (doxorubicin,
adriamycin), as well as taking such widely used drugs in the clinic as statins. Very low levels of Q10 were
observed in hyperthyroidism. Given the involvement of oxidative stress in the pathogenesis of Parkinson's
disease (PD) and other neurodegenerative diseases, the use of Q10 in therapy to slow the progression of
the disease is of great interest. A factor that contributes to the development of PD is also a decrease in the
Q10 content with age.

BP is associated with progressive loss of dopamine neurons in the black substance of the brain. In
most cases, the disease manifests itself after the age of 60. Typical symptoms of PD — tremor at rest, gait
instability, muscle rigidity, and bradykinesia occur when about 80% of dopamine neurons are lost. One of
the main hypotheses for the development of PD is oxidative stress caused by violations of dopamine
metabolism or neurotoxins that enter the body from the environment, such as rotenone, MANEB or
paraquat (organic pesticides). It was found that the activity of complex | of the respiratory chain of
mitochondria was reduced by 30-40 % in the black substance of the brain in PD, which is not observed in
other areas of the brain [24].

Role of sulfide metabolism in coenzyme Q10 deficiency.

Sulfide metabolism in mammalian cells includes TRANS-sulfuration (biosynthetic) and hydrogen
sulfide oxidation (H,S) (catabolic). H,S catabolism involves several pathways: oxidation in mitochondria,
methylation in the cytosol, and binding to hemoglobin. Oxidation proceeds sequentially through the
formation of intermediate products (thiosulfate and sulfite), and at the end there is a main product —
sulfate. The result of methylation is dimethyl sulfide, and binding to heme iron gives sulfhemoglobin.

Cystathionine-y-lyase catalyzes the conversion of cystine to thiocysteine, pyruvate, and ammonia;
thiocysteine is then non-enzymatically converted to cysteine and H,S. Cystathionine-B-synthase
condenses homocysteine with cysteine, and cystathionine and H,S are formed. Cysteinaminotransferase
converts cysteine and a-Ketoglutarate to 3-mercaptopyruvate, which is further metabolized by the enzyme
3-mercaptopyruvate sulfotransferase to form H,S and pyruvate. Oxidation of H,S to thiosulfate is a non-
enzymatic process associated with the respiratory electronic chain in mitochondria. Thiosulfate is
converted to sulfite through a series of reactions, and then to sulfate.

The second way of H,S metabolism is methylation with the formation of dimethyl sulfide. Finally,
H.S binds to hemoglobin, forming sulfhemoglobin. H,S can modify protein molecules: restore disulfide
bonds (S = S), attach to thiol groups (—SH), as a result of which they turn into-SSH [25].

The evolution of living nature on Earth since the appearance of oxygen in the atmosphere was
accompanied by the formation of a biochemical system of antioxidant protection in cells. One of its most
important components is reduced glutathione (GSH), which is a Tripeptide L-y-glutamyl-L-cysteinyl-
glycine. The small size of the molecule and the presence of a sulfhydryl group in the cysteine side chain
make glutathione a universal participant in the vast majority of reactions, aimed at preventing the
damaging effects of reactive oxygen species (ROS) and free radical processes. GSH plays a key role in
maintaining redox status in the cell, determined by the ratio of concentrations of oxidative and reducing
equivalents It exists in two redox forms, reduced and oxidized. Most of the biological functions of
glutathione are performed by converting the reduced GSH to the oxidized form (GSSG) using the enzyme
glutathione peroxidase and then returning to the reduced form (GSH). Glutathione can affect the process
of cell death by modulating the level of mitochondrial ROS. Loss of GSH by mitochondria leads to an
increase in the level of ROS and active nitrogen, dysfunction of these organelles, and leakage of ATP,
which can lead to the transfer of the cell death process from apoptosis to necrosis. One of the most
important functions of GSH is to store and preserve cysteine, since this amino acid is extremely unstable
in extracellular conditions and is very quickly oxidized to cystine in processes that produce potentially
toxic ROS. There is a gamma-glutamic acid cycle that allows GSH to be used as a continuous source of
cysteine [26,27].

In mammals, CoQ is a fat-soluble component of the mitochondrial respiratory chain present in all cell
membranes and involved in many metabolic functions. One of these functions is the transfer of electrons
in the first H,S oxidation reaction catalyzed by SQOR. Several in vitro and in vivo evidence shows that
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Coq deficiency causes disruption of the regulation of H,S oxidation and accumulation of H,S, which can
affect multiple physiological processes, possibly through modification of s-sulfhydration of the protein.
Violation of H,S oxidation may contribute to oxidative stress in CoQ deficiency or may play a synergistic
role with oxidative stress in the pathogenesis of tissue specificity in CoQ deficiency. The role of
H,S metabolic disorders in CoQ deficiency deserves further study, as it may have therapeutic impli-
cations [28].
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TOTBII'Y CTPECI ’KOHE MUTOXOHJAPUAJIBIK TUCOYHKIUAIAP

AHHoTanus. boc pagukangapabiH, SFHU OTTETiHIH akTHBTI GopmanapsiHbiy (OAD) ocepiHeH kacymiagapabiH
3aKbIMJIaHy TPOIIECi TOTHIFY CTPECi JIeN aTanaibl.

XKacymana xenteren OA® yHeMi KalbIITACHI OTHIPAJbL, TIHIEpP TYTHIHATBIH OTTETiHIH mamameH 5 % 0oc
panukanaapra aiiHajajpl, OipaK oNapblH JIeHreil KalbINThl XKaFiaiira Kaparanaa a3 0ojalbl, COHABIKTAH JKacylla
oJap/bl aHTHOKCHIAHTTHIK KYHEHIH keMeriMeH Oenceni erneiii. YKacylaHblH KOpFaHbIll KabiieTTepiH apTThipa-
ToiH OA®D neHreiii, acymajiblK aybITKyJapAbl Tyablpansl (Mbicanbsl, AY®-H a3arobl). HoTmxkecinae oTTerinig
OenceHpi TypIiepiHiH Oipi — CymepoKcua arpeccuBTi ¢opManapra (THAPOKCHI palvKalapbl KoHe T.0.) ailHanapl,
OyJ1 KOITereH >KacyllalblK KOMIIOHEHTTEp/IH — aKybl3nap MeH MeMOpaHa smnuarepidid, JJHK-HBIH TOTBIFybIHA
*oHEe OY3bUTybIHA 9KETyl MYMKIH.

Op typmi wmymenep MeH Tinaepre OA®D oprTypii Jopexene ocep erelli KoHe TOTBIFY CTpecc MpoleciHe
OpPTYPJIi TYPaKTBUIBIKTHI KepceTe i. TOThIFY MPONeciHIH XKaFaaibiHIa MUTOXOHAPHS apKpuibl OAD Ty3iny MexaHu3-
Mi 911l Jie TYCIHIKCI3.

Ortreri TYbIHIBICBIHBIH TY31Iyl KOHE aHTUOKCHIAHTTHIK KOPFAHBIC )KYHECIHIH JIeHrell IamMaMeH TeHIecTipii-
TeHJIe, OTTEri TYbIHABLIAPBIHBIH TeMe-TeHAIrH JKbUDKBITY jKOHE JKacyLIaHbIH OMOXMMUSCHIH Oy3bUTYBl OHall G0Mabl.
XKacymangap/blH KOMIIUIIrT penapaTHBTi kKydere ue OONFaHABIKTaH TOTBIFY CTPECTIH OpTalla JOPEKeciHe MIbIIai
ayajipl, TOTBIKKAH MOJIEKYJIaJapblH aHBIKTAIl aJblll TACTaiIbl, COOaH KeWiH omapisl ayblcThIpabsl. COHBIMEH Katap,
JKacyliajgap TOTBIFY CTPECIHE yKayarl PeTiHJIe aHTUOKCHIAHTThI KOPFAHBIII KYHECIH KYIIeHTe anabl.

MuToxoHApUIapAbIH AUCHYHKIMACH JKOHE TiHIEepIeri MUTOXOHAPHSIBIK MYyTalUsUIapAblH IKUHAKTaIybl
KapTalo IpoLEeciHe, COHBIMEH KaTap HeWpoJlereHepalusMeH CHIIATTAIATBhIH OipKartap aypylap/blH IaToreHe3iHe
afiTapJbIKTall yJec KOCATBIHIBIFBI aHBIKTANIbl. MyTtanmsuiap 6oc pamukaimapibiH keOewine, AY®D nenreiiinin
TeMeHeyiHe JKoHe JKacyIlalapAbIH SHEePrHsl TalIbUIbIFbIHA OKeNe/.

Kosnzum Q10 MUTOXOHAPHSHBIH THIHBIC aly Ti30eriHiH Kypampaac Oemiri 6onsin Tabbutansl. COHFBI XKbUIIAPHI
OHBIH TOTBIKCBI3ZIaHFaH (OPMACHIHJAFbl AHTHOKCHIAHTTHIK KalOinmerrepi OenceHnl Typae 3eprrenyne. KosH3um
Q10-H TOTHIKCBHI3ZAHFaH Typi OapibIK jKacyllla MeMOpaHalapblHIa, KaH IUIa3MachlHAA JKOHE JIMIIONPOTEHATEPIE
6onanel. Kosmsum Q10 memOpaHaibik (ochomunuarep MEH TOMEH THIFBI3JIBIKTAFbl JIMIONPOTEHATEPIl aCKbIH
TOTBIFYAAH CaKTaiIpl, COHAali-aK MUTOXOHIPHUIBIK MeMOpaHa aKybI3gapsl MeH MuTOXOHApusIbIK JIHK-HEI Goc
paIvKanIapIbH ocepiHeH KOpFalibl.

Kosusum Q10 OuocuHTe3iHIH Oy3bUTybl OipKaTap MUTOXOHAPHSIIBIK aypynapra okenyl MyMkiH. KosH3um
Q10 >kericnieymiinirinae CynbOUATEPAIH alIMacybl HIeHIyin pen arkapajabl. CyTKOPEeKTiIepIiH jKacyllalapblHaa
Cynmb-QUITEPIIH anMacybl TPaHC-KYKIipTTeHymi (OMOCHHTETHKAIBIK) >KoHE KyKiprcyTekTiH (HS) TOTBIFYBIH
(kaTabGoMMKa-JIBIK) KaMTHIBL. HyS TOTBIFYBIHBIH OY3bITybl KOOH3UM Q TamIIBUIBIFRI KaFJalbIHIa TOTEIFY CTPECiHIH
JKOFapbl-layblHA BIKIAT €Tyl MYMKIH HeMece KOIH3MM (Q IKeTICHeyNIUNriHAe TIHASPAIH Crenu(UKaIbIK
MATOreHe31HAe CHHEPTeTHUKAIIBIK POJl aTKapybl MYMKIiH.

Cytkopekrinepae COQ MHUTOXOHIPUSIHBIH THIHBIC a1y Ti30€TiHIH Maiiia epUTIiH KOMIIOHEHTI OOJBIN TaObLIAIbI,
OapnpIK Jkacyma MemOpaHanapblHOa OoOJambl KoHE KONTEreH MeTa0ONHKablK KbI3MeTTepre KaTbicamsl. Ochl
GbyHKImsapasiy 0ipi - H,S anfanikel TOTBIFY peakUsIChIHAAFbI OiPiHII ATEKTPOH/IbI CYIb(PHUI-XHHOH OKCHIOPAYK-
TazachiIMeH KaranusfeHemi In vitro skoHe in vivo karmaibiana CoQ skericmeymimiri HpS toteirysr Men H,S
KMHAKTAJYbIHBIH JKOFapbUIayblH TYBIHAATAIBI, S-CyIb(QHUAPAaTANUS ApPKbUIBI KONTereH (U300 MSIIBIK IIPOIIeCTepre
acep eTyi MyMKiH. HyS aKkybI3 MonekynagapblH e3repre aiajpl: TUcyabuari OainaHbicTap bl KalblHA KENTipe/l
(S =9S), Tnonmap TobsHA KockLTansl (—SH), HoTmKeciHe onap —SSH Gomasr.

I'nyratnon (GSH) TOTBIFy >KOHE TOTBIKCHI3AHY 3KBHBAJCHTTEPIHIH KOHICHTPAIMSIIAPHIHBIH KATHIHACHI
apKBUTBl aHBIKTAJATBIH JKacyllagarbl TOTBIFY KYHiH cakTayga MaHBI3ABI pest aTkapaipl. O TOTBIFY >KoHE
TOTHIKCBI3MaHy TypiHme Oomanpsl. GSH OmOIOrWsIbIK (DYHKIMSUTAPBIHBIH KOTIIUIT TIYTATHOH IEPOKCHIA3aCHI
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(epMEeHTIH KOJIJAaHBIM, TOTHIKCHI3/IaHFaH TIIyTaTHOHABI TOTHIFAThIH (opmara (GSSG) aitHaNIBIpy apKBUIBI XKY3€ere
acCBIPBUTAJIBI, COMaH KeliH TOThIKChI3manFaH kyiine (GSH) kememi. [myratnon muroxoHmpusiiblk OA®D neHreiiniH
MOJYIISIMACH apKbUIBI XKacylIaJapAblH eniMiHe acep eTyi MyMmKkiH. Murtoxonapusamen GSH sxoramysr ROS men
OernceHi a30T JeHreHiHIH KOFapbUIayblHa, OCHI OpraHeagapAblH JUChYHKIMICHHA KoHe AY D azaroblHa oKesei,
OyJ1 JKacymia eJiMiH arlonTo37[aH HEKpO3Fa OTKi3yre okenyl MyMkiH. GSH-HBIH MaHBI3OB! (DYHKIMSIIAPBIHBIH Oipi
LUCTEHHAl caKTay OOJBII TaObUIabl, OMTKEHI OYJI aMUH KBIIIKBLIBI JKacylllaJiaH ThIC )aFaaiiapaa eTe TYPaKChI3
koHe eHimzepi yiapl OA® OonaThiH TporecTepie MUCTHHII Te3 TOTBHIKThIpanmsl. CoQ skericmeymrmiriame HpS
MeTa0OU3MIHIH PeJli KOCBIMIIA 3ePTTEY/Il KaKeT eTe/li, OUTKEH] OHbIH TePansuIbIK ocepi O0Iybl MYMKIH.

Tyiiin ce3mep: TOTBIFY cTpeci, OTTETiHIH aKTHUBTI (OpMayapbl, MUTOXOHJPHS, MHUTOXOHJPHS aypynapebl,
kosH3uM Q10, TITyTaTHOH.
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OKHCJIMTEJBHBIA CTPECC U MUTOXOHIPUAJIBHBIE JIMC® YHKIIUH

AnHotanus. Ilponecc moBpexIeHHs] KIETKH B pe3ysbTaTe JCHCTBUS CBOOOJHBIX PaMKaIOB — aKTHBHBIX
¢dbopm kuciopona (ADPK) — Ha3pIBaeTCsA OKUCIUTEIBHBIM cTpeccoM. bombimHcTBO ADPK MOCTOSHHO 00pa3yroTcs B
KJIETKE — OKOJIO 5 % moTpeOsieMoro TKaHsIMHU KHCIOpO/a MpeBpalaeTcs B CBOOOAHbIE PAUKaIIbl, HO UX YPOBEHb B
HOpME€ HACTOJIBKO He6OJ'II>IHOI‘/II, YTO KJIETKAa HHAKTUBUPYET UX C IIOMOIIBIO aHTHOKCH}IaHTHOﬁ CUCTCMBI.

VYpoBenb A®K, mnpeBblmamuyii 3allUTHBIE BO3MOXKHOCTH KIIE€TKH, BBI3BIBAET CEPhE3HbIE KJIETOUHBIE
Hapyuienusi (Hanpumep, ucroimeHne AT®). B pesynbrare oquH u3 akTUBHBIX (HOPM KHCIOpOIA - CYHEPOKCHI
npeBpaiaercs B 0ojee arpeccuBHbie (HOPMBbI (THAPOKCUIBHBIN PaguKal U T.I.), YTO MOKET BbI3BaTh OKHCJICHUE H
paspylieHre MHOTHX KJIETOUHBIX KOMIIOHEHTOB — OEJIKOB ¥ 0B MeMOpaH, JJHK.

Pa3znuuHble OpraHbl U TKaHU B pa3HOM CTeneHH moaBepkeHbl AeicTBHI0 ADK 1 1eMOHCTpUPYIOT pa3nuIHyIO
YCTOHYMBOCTB B IIPOLIECCE PeaIU3alMi OKUCIUTENBHOrO cTpecca. Mexanu3Mel oopazosanust AQK MutoxoHapusaMu
B YCJIOBUSIX OKHMCIIUTEIBHOI'O CTPECCa J0 CUX IOP OCTAIOTCS HESCHBIMH.

INockonbky oOpa3oBaHME NPOM3BOOHBIX KHCIOPOAA M YPOBEHb AHTHOKCHIAHTHOM 3aIlUTHOH CHCTEMBI
NPUOIM3UTEIBHO cOANaHCUPOBAHBI, TO JIETKO COBMHYTH OallaHC B IOJIB3Y MPOU3BOIHBIX KHCIOpOAa M HAPYLIUTh
OMOXMMUIO KJIETKH. BOJBIIMHCTBO KIETOK MOXKET NEPEHOCHTh YMEPEHHYIO CTEHEeHb OKHCIUTENBHOTO CTpecca
Onaromapst TOMy, YTO OHHM OOJIQJIAIOT pErapaTUBHOW CUCTEMOM, BBUIIBISIONIEH M YAQISAIONICH MOBPEXICHHbIE
OKHCJIGHHEM MOJIEKYJIbl, KOTOpbIE 3aTeM 3aMeHsoTca. Kpome TOro, KIETKM MOTYyT IOBBICHTH CBOIO
AHTHOKCHJAHTHYIO 3aIlUTy B OTBET HA OKUCIIHUTENBHBII cTpecc.

B TO X BpeMs yCTaHOBJIEHO, YTO AUCQYHKIMI MUTOXOHAPHH M HAKOIUIEHHE B TKAHAX MUTOXOHAPHAIBHBIX
MyTallMil BHOCST CYLIECTBEHHBIN BKJIaJ B TIPOLECCHl CTapeHMs, a TaKXKe B IaTOreHe3 psAna 3aboreBaHUH,
XapaKTepu3ykolnuxcsi HelpoaereHepalmeil. Myranuu BeAyT K YCHUIICHHOW TeHepalud CBOOOIHBIX paUKaloB,
CHIDKEHHIO YpoBHSI AT® 1 sHepreTuyecKoil HeJOCTATOYHOCTH KIIETOK.

Koomzum Q10 sBriseTcs KOMIIOHEHTOM [BIXaTENbHOM LeM MUTOXOHApHA. B mocrnemrne roasl aKTUBHO
U3y4alOTCsl AHTUOKCHIAHTHBIE CIIOCOOHOCTH €ro0 BOCCTAaHOBJICHHOW (OpMBI. B BOCCTaHOBICHHOM BHAE KOPH3UM
Q10 Bcrpewaercst BO Bcex KIETOYHBIX MeMOpaHax, mia3Me KpoBu W junorporenHax. Kosmsum Q10 ycmermHo
npenoxpanser Gochoaunuabl MeMOpaH M JIHIONPOTEHHB! HU3KOW IUIOTHOCTH OT MEPEKUCHOI0 OKUCIICHHS, a TaKkKe
Oenku MeMOpaH MUTOXOHIpUi 1 MuTOXOoHApHanbHYI0 JJHK oT moBpekaeHus cBOOOIHBIME paJiKaIaMu.

Hapyuienne 6uocunte3a kosuzuma Q10 MOXKeT MpHBECTH K Py MHUTOXOHAPHAJbHBIX 3aboneBanuii. [lpu
nedunmre koduzuma Q10 cymbdumHbii MeTabonu3M urpaer BakHeHmyo ponb. CynbGuuHblii MeTabonu3M B
KJIETKaX MJICKOITMTAIOMINX BKIFOYAET TpaHC-CyIbdypario (OHoCHHTETHIECKni) U OKucIeHre cepoBopoponaa (H,S)
(xarabomuueckuii). Hapymenue okucienus H,S MokeT crocoOCTBOBATh OKHCIUTEILHOMY CTpECCy MpH JIedUIuTe
KodH3MMa (Q WJIM MOXET WIPaTh CHHEPreTHYECKYI0 POjb B MATOreHe3e TKaHECeUU(PUYHOCTH TpU AeuImTe
KodH3UMA Q.

VY wmexonutatomux CoQ sSBISETCS KUPOPACTBOPUMBIM KOMIIOHEHTOM [IBIXAaTEIbHOW IIEMTH MHUTOXOHJAPHH,
MIPUCYTCTBYET BO BCEX KIETOYHBIX MEMOpaHaX M yd4acTBYeT BO MHOTMX MeTabonndeckux (GyHKiumsx. OnHa U3 3TUX
(yHKIWH 3aKTIOYaeTcs B IEPEHOCE DIIEKTPOHOB B MEPBOM peakmuu OKucieHus H,S, katammsupyemoit cyasguo-
xunon oxcudopedykmaswi. B ycnosusx in Vvitro u in vivo ycrasosieno, uro ne¢punur CoQ BBI3BIBAET HapyIICHHE
perymsamun okucneHus H,S m Hakomienme H,S, KkoTopoe MOXKET BIMATH HA MHOXECTBEHHBIE (PH3MOIOrMYECKHE
MPOILIECChI, BO3MOXKHO, Yepe3 Moaudukaiuioo S-cynsdruaparaiuu Oenka. H,S Moxer MonupuiuupoBats OSIKOBbIC
MOJIEKYJIBI: BOCCTAHABJIHMBATH IUCYIb(QUIHBIE CBsi3U (S=S), NMPHUCOCOUHATHCA K THONOBBIM Tpynmam (—SH), B
pe3ynbTare 4yero oHu mpesparatTcs B —SSH.
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GSH (rnyraTroH) uWrpaeT KIIOYEBYIO pOJbh B IMONICPKAHUU PEIOKC-CTaTyca B KIETKE, OMPEACIICMOro
COOTHONIEHNEM KOHIEHTPAIMH OKHCIUTEIbHBIX M BOCCTAHOBUTEIBHBIX JIKBHBaJCHTOB. OH CYIIECTBYET B JBYX
penokc-popmMax, BOCCTAHOBJICHHOW M OKHCICHHOH. bonbmas wacte Ononornueckux (YHKUMH TIIyTaTHOHA
OCyIIECTBIISIETCSl ITyTeM IpeBpamieHus: BoccraHoBieHHoro GSH B okmcnennyio ¢opmy (GSSG) ¢ momorsio
(epMeHTa IIIyTaTHOHIEPOKCUIA3bl U TIOCIIETYIOIIEro BO3BpallleHns] B BoccTaHOBiIeHHYO popmy (GSH). ['myratnon
MOXET BIHUATH Ha IMPOIECC I'MOeNy KIETKH depe3 MoAyisiiuio ypoBHS muroxoHapuanbHeix ADK. IMoreps GSH
MUTOXOH/IPHSIMH BeJIeT K pocTy ypoBHS ADK u akTHBHOro a30Ta, AMCHYHKINH 3THX opraHem u yreuke AT, uro
MOXET IIPUBOJAUTH K IMEPEBOAY Ipolecca IMOeny KISTKW W3 arnonrto3a B Hekpo3. OnHOM n3 Hamboiiee Ba)KHBIX
¢ynxmit GSH sBisieTcst 3amacaHie U COXpaHeHUE [TUCTEHHA, ITOCKOJIBKY 3Ta aMHHOKHCIIOTa KpaiiHe HecTaOHIbHA
BO BHEKJETOYHBIX YCIOBHAX M OYEHb OBICTPO OKHMCISIETCS /0 IMCTHHA B IPOLECccaxX, MPOAYKTaMH KOTOPBIX
SIBIISTFOTCSI TIOTCHIMATBHO TokcuuHbie ADK. Pones Hapymenuit metadbonusma HpS ipu nedummnre CoQ 3acimyxuBaet
JTAJIBHEHIIIETO N3Y4eHUs], TOCKOJIBKY OH MOXKET UMETh TePaNeBTUYECKHE TOCIEACTBHUS.

KnwoueBble ciloBa:  OKUCIHMTENBHBI  CTpecc, aKTUBHbIE  (OpPMBI  KHCIOPOAA,  MHUTOXOHJIpUS,
MUTOXOHIpHAIbHBIC 3a00eBanuil, kooH3UM Q10, TIyTaTrHoH.
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MATERIALS FOR THE HEMIPTERANS FAUNA (HETEROPTERA)
OF KOLSAI KOLDERY STATE NATIONAL NATURE PARK

Abstract. As a result of the research performed at SNNP “Kolsai Koldery”, we noted 26 species of
hemipterans, belonging to 3 families. According to nutrition connections the identified hemipterans are 6 species are
phytophages: polyphages (4 %), wide oligophages (22 %), 1 species - zoophytophage (4 %), the remaining
16 species are mycetophages (70 %). By confinement to the habitats, the hemipterans of SNNP “Kolsai Koldery”are
divided into several groups: dendrobionts (15 species), hortobionts (6 species), herpetobionts (2 species). On the
territory of SNNP “Kolsai Koldery”according to ecological features, all identified species are mesophiles. For the
true bugs of SNNP “Kolsai Koldery” all known types of voltinism are characteristic: monovoltinism (6 species),
bivoltinism (1 species), acyclic species (16 species).

Key words: Hemiptera, Heteroptera, “Kolsai Koldery” National Nature Park.

Introduction. The unique landscape diversity of SNNP “Kolsai Koldery” many natural and
historical monuments determines the intensified development of tourism, both domestic and international.
Also, this zone is interesting from the point of view of species diversity of insects, as it is a plain and
mountains and is influenced by mesofauna of various biotopes.

Hemipterans (Heteroptera) are a group of insects that inhabit a wide variety of biotopes and play an
important role in biological processes in biogeocenoses. Among the above-ground hemipterans, some live
openly on plants, others under bark, and others in plant bedding or soil. Many species are serious plant
pests. These are, for example, pine submissive bugs , harmful turtle, cruciferous bugs and many others.

The purpose of the study is to identify the biodiversity of hemipterans insects that inhabit the territory
of the study, to study the ecological, biological characteristics and spread of hemipterans species in the
territory of the SNNP “Kolsai Koldery”.

In the natural park “Kolsai koldery” despite the important economic importance of hemipterans, their
species composition, biology, ecology, vertical belt distribution and economic importance are not
sufficiently studied, which determines the relevance of the present study.

The basis for this work was the authors collected material and field observations. Collections of
material were carried out from June to August 2018-2019 in various biotopes of SNNP “Kolsai Koldery”.
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Field work was carried out in the gorge: Kurmeti, Saty, Karabulak, Kok-Zhazyk, Sary-Naua,
Kayyndy, Taldy, Zhaman-bulak, Lake Kolsali, the species composition of hemipterans insects was studied.

Methods of researches. In the course of research, conventional techniques [1-4] with original
modifications were used to collect field faunistic entomological materials.

Results of researches. The following are the species found in the territories studied and an analysis
of this material is given.

Class: Insecta

Order: Hemiptera

Family: Aradidae

Aneurus avenius avenius (Dufour, 1833). Almaty region, Rayymbek district, SNNP “Kolsai
Koldery”, 12.06.2018, 5 @, 4 J; 20.07.2019, 39, 4J; gorge Sata, flood plain of the Saty River,
25.06.1919, 3 @, 2 & the surroundings of Kaiynda Lake. 18.07.2018, 32, 4J; 22.07.2019, 3 @, 2 &.
Dendrobiont (under the lagging behind bark of stubs and trees and in crevices of wood of deciduous trees,
in bark cracks on branches and thin trunks); mezofit; there is no narrow food specialization; Feeds on
possibly phloem juice, there is an indication of the juice nutrition of Coriolus fungi [5]; acyclic; winters
imago and larvae of all stages.

Aradus angularis J. Sahlberg, 1886. Almaty region, Rayymbek district, SNNP “Kolsai Koldery”,
06/12/2018, 24; Kurmeti cordon, 06/19/2019, 29, 1J; Sary-Nahua cordon. 08/07/2019.29, 3J.
Dendrobiont (inhabits under the bark of coniferous trees, in cracks of the bark on branches and thin
trunks); mesophile, mycetophagus (on tinder fungus); acyclic; winters imago [5, 6].

Aradus aterrimus Fieber, 1864. Almaty region, Rayymbek district, SNNP “Kolsai Koldery”, gorge
Karabulak, Kok-Zhazyk cordon. 06/14/2018, 29, 3J; Kurmeti cordon, 06/19/2019, 29, 2J; 1st lake
Kolsay. 07/21/2019, 19, 24. Dendrobiont (on Pinus pine); mesophile (in the mountains rises to a height
of 2300-2500 m above sea level); mycetophage; eats mushroom juice; acyclic; winters imago and larvae
of all stages [5].

Aradus betulae (Linnaeus, 1758). Almaty region, Rayymbek district, SNNP “Kolsai Koldery”, lake
Kayyndy. 06.15.2018, 29, 3J; 06/23/2018, 39, 3J; 07/23/2018, 4%, 3J; 06/17/2019, 22, 243.
Dendrobiont (inhabits on sick and dead birch trees and other deciduous trees affected by trutovitics from
the polyporacea group [7]; mycetofage; mesophil; acyclic; winters imago and larvae of all stages.

Aradus bimaculatus Reuter, 1872. Almaty region, Raiymbek district, SNNP “Kolsai Koldery”, gorge
Saty, 06/25/2018, 19, 23; gorge Karabulak. 07/17/2018, 39, 24; 07/21/2019, 19, 2&. Dendrobiont (on
the dying bark of white and silver poplars, as well as on aspen, oak, alder, etc. affected by mushrooms);
mesophyll, mycetophagus, feeds on mushroom juice; acyclic; winters imago and larvae of all stages.
Rare. It was found under the bark of Picea excelsa [8].

Aradus cinnamomeus Panzer, 1794. Almaty region, Raiymbek district, “Kolsai kolderi”SNPP, Kok-
Zhazyk cordon. 06/14/2018, 39, 43'; Kurmeti cordon, 06/19/2019, 19, 27; 1st lake Kolsai. 07/21/2019,
29, 24. Dndrobiont (inhabits on young pines); mesophil; mycetofag, eats mushroom juice; acyclic;
winters imago and larvae of all stages [9].

Aradus corticolis Linnaeus, 1758. Raiymbek district, SNNP “Kolsai Koldery”, 1st lake Kolsai.
05/16/2018. 3%, 24; gorge Taldy. 07/17/2019. , 22, 23; gorge: Karabulak, Sary Nahua. 08.24.2019.19,
24 Dendrobiont [under the bark of trees and in the folds of the tinder fungus Fomesmarginalis (on pines
and other trees) and Daedaleaquercina (on oak and conifers); mesophyll; eats the juice of fungus- trutoviki
(mycetophagus); acyclic; winters imago and larvae of all stages [10].

Aradus crenaticollisR.F.Sahlberg, 1848. Almaty Region, Raiymbek District, SNNP “Kolsai
Koldery”, gorge Karabulak, Sary-Nahua. 12.06.2018, 29, 13; 07/20/2019, 12, 2J; gorge Saty, the Saty
river floodplain, 06/25/1919, 29, 2J&; gorge Taldy. 07/18/2018, 39, 2J; 07/22/2019, 3%, 2J.
Dendrobiont (lives on conifers, pines on fungus- trutoviki); mesophil, mycetophague, eats mushroom
juice; non-cyclic; winters imago and larvae of all stages [11].

Aradus distinctusFieber, 1860. Almaty region, Raiymbek district, SNNP “Kolsai Koldery”, gorge
Karabulak, Sary-Nahua. 12.06.2018, 29, 24; 07/20/2019, 3%, 243'; gorge Saty, the Saty river floodplain,
06/25/1919, 29, 17; gorge Taldy. 07/18/2018, 12, 24; 07/22/2019, 32, 24. Herpetobiont (in detritus on
dry and moist soils; in oak forests near rivers, on sand dunes near Populusnigra); mesophyll;
mycetophagus, feeds on fungi growing among plant debris); acyclic; winters imago and larvae of all
stages [5]. West Eurasian species.

—— 4 ——
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Aradus flavicornis Dalman, 1823. Almaty region, Raiymbek district, SNNP “Kolsai Koldery”, gorge
Karabulak, 06/14/2018, 29, 1J'; Kurmeti cordon, 06/19/2019, 19, 23; gorge Taldy. 07/18/2018, 39, 2J;
07/22/2019, 2%, 2&. Dendrobiont (inhabits on deciduous); mesophil, mycetophague, eats mushroom
juice; acyclic; winters imago and larvae of all stages [12].

Aradus pictus Baerensprung, 1859. Almaty region, Raiymbek district, SNNP “Kolsai Koldery”, Kok-
Zhazyk cordon. 06/14/2018, 39, 24'; Kurmeti cordon, 06/19/2019, 29, 2J); 1st lake Kolsay. 07/21/2019,
29, 34. Dendrobiont (on the fungus- trutoviki on conifers); mesophyll, mycetophagus, eats on mushroom
juice; acyclic; winters imago and larvae of all stages [13].

Aradus hieroglyphicus J. Sahlberg, 1878. Almaty region, Raiymbek district, SNNP “Kolsai
Koldery”, gorge Karabulak, 06/14/2018, 2%, 23'; Kurmeti cordon, 06/19/2019, 19, 22; gorge Taldy.
07/18/2018, 39, 24; 07/22/2019, 39, 24; gorge Zhaman-bulak. 06/15/2018. 19, 2J3. Dendrobiont (on
tinder-stands on aspen and willow, as well as under the bark of pyramidal and other poplars and white
acacia; mesophile, mycetophage (eats on mushroom juice); acyclic; winters imago and larvae of all stages [7].

Aradus lugubris Fallen, 1807. Almaty region, Raiymbek district, SNNP “Kolsai Koldery”, Kok-
Zhazyk cordon. 06/14/2018, 39, 24'; Kurmeti cordon, 06/19/2019, 29, 3J); 1st lake Kolsay. 07/21/2019,
49, 3. Dendrobiont (lives on coniferous trees in the mountains); mesophil, mycetophagus, feeds on
juice of mushrooms [4]; acyclic; winters imago and larvae of all stages

Aradus obtectus Vasarhelyi, 1988. Almaty region, Raiymbek district, SNNP “Kolsai Koldery”, 1st
lake Kolsay. 05/16/2018. 29, 23; gorge Taldy. 07/17/2019. 3%, 23; gorge Karabulak, Sary Nahua.
08/24/2019. 129, 2J'; Lake Kayyndy. 06/15/2018, 29, 23; 06/23/2018, 39, 23. Dendrobiont (on Pinus,
Betula, Acer); usually on the fungus- trutoviki on conifers; growing on stumps of birch; mesophile,
mycetophagus, feeds on the juice of fungi-tinder fungi; acyclic [5]; winterslarvae.

Avradus ribautiE.Wagner, 1956. Almaty Region, Rayymbek District, SNNP “Kolsai Koldery”, gorge
Karabulak, 06/14/2018, 29, 2J; 06/21/2019, 39, 2J; gorge Taldy. 07/18/2018, 19, 24; 07/22/2019, 39,
24, gorge Zhaman-bulak. 06/15/2018. 39, 2&. Dendrobiont (on Populus tremula and other Populus);
mesophile, mycetophagus, feeds on the juice of fungus- trutoviki; acyclic; winters imago and larvae of all
stages [7].

Aradus setiger Kiritshenko, 1913. Almaty region, Raiymbek district, SNNP “Kolsai Koldery”, gorge
Karabulak, 06/14/2018, 22, 2d; 06/21/2019, 19, 24; gorge Taldy. 07/18/2018, 3%, 2d. Dendrobiont (on
the fungus- trutoviki, on aspen and willow, as well as under the bark of poplars and white acacia [11];
mesophilus, mycetophage, feeds on mushroom juice; acyclic; winters imago and larvae of all stages.

The Berytida Family — Berytidae.

Berytinus clavipes (Fabricius, 1775). Almaty region, Rayymbek district, SNNP “Kolsai Koldery”,
gorge Karabulak, 06/14/2018, 22, 3J3; Kurmeti cordon, 06/19/2019, 29, 1J; gorge Taldy. 07/18/2018,
39, 24 07/22/2019, 29, 23; gorge Zhaman-bulak. 06/15/2018. 39, 24. Hortobiont; mesophil (inhabits
in forest steppe, rarefied forests, forest edges and forest glades, parks, mesophite meadows, in the middle
belt of mountains); wide oligophythofag (feeds on grassy legumes: Ononis, etc. [5]; monovoltine; winters
imago.Kazakhstan it is ubiquitous.

Berytinus crassipes (Herrich-Schaeffer, 1835). Almaty region, Rayymbek district, SNNP “Kolsai
Koldery”, gorge Karabulak, 06/14/2018, 2%, 13; Kurmeti cordon, 06/19/2019, 29, 22; gorge Taldy.
07/18/2018, 39, 24; 07/22/2019, 22, 3J&; gorge Zhaman-bulak. 06/15/2018. 29, 2. Hortobiont;
mesophil (lives in rarefied forests, forest edges and forest glades, parks); polyphitofag (easts legumes,
sedge, cereals, seeds ([5]; monovoltine; winters imago.

Berytinus distinguendus (Ferrari, 1874). Almaty region, Rayymbek district, SNNP “Kolsai Koldery”,
gorge. Karabulak, 06/14/2018, 29, 13; Kurmeti cordon, 06/19/2019, 29, 27; gorge Taldy. 07/18/2018,
39, 24; 07/22/2019, 29, 33; gorge Zhaman-bulak. 06/15/2018. 29, 2J. Hortobiont; mesophyll (in
places of growth of stunted alfalfa: Medicago rigidula, M. minima [5]; narrow oligophytophage;
monovoltine; winters imago.

Berytinus hirticornis Brulle, 1835. Almaty Region, Raiymbek District, SNNP “Kolsai Koldery”,
Kok-Zhazyk cordon. 06/14/2018, 19, 24; Kurmeti cordon, 06/19/2019, 29, 23; gorge Karabulak,
06/14/2018, 22, 3J&; Kurmeti cordon, 06/19/2019, 39, 2J; gorge Taldy. 07/18/2018, 12, 2J;
07/22/2019, 29, 1&; gorge Zhaman-bulak. 06/15/2018. 29, 3J&. Hortobiont; mesophyll; wide
oligophytophage (on legumes); monovoltine; winters imago [5].
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Berytinus minor minor (Herrich-Schaeffer, 1835). Almaty region, Raiymbek district, SNNP “Kolsai
Koldery”, Kok-Zhazyk cordon. 06/14/2018, 39, 22; Kurmeti cordon, 06/19/2019, 29, 2J; gorge
Karabulak, 06/14/2018, 29, 1J'; Kurmeti cordon, 06/19/2019, 39, 27; gorge Taldy. 07/18/2018, 39, 2J;
07/22/2019, 29, 13'; gorge Zhaman-bulak. 06/15/2018. 39, 33. Hortobiont (On and under different-level
vegetation); mesophile (sparse forests, forest edges and forest glades, parks, hillsides and river terraces,
meadows: numerous in the middle mountain belt); wide oligophytophage (on legumes: Trifolium,
Medicago, Ononis); monovoltine; winters imago [5,14].

Berytinus montivagus (Meyer-Dur, 1841). Almaty region, Raiymbek district, SNNP “Kolsai
Koldery”, Kok-Zhazyk cordon. 06/14/2018, 29, 2&; Kurmeti cordon, 06/19/2019, 3%, 2J; gorge
Karabulak, 06/14/2018, 39, 3J'; Kurmeti cordon, 06/19/2019, 39, 4J; gorge Taldy. 07/18/2018, 19, 2J;
07/22/2019, 29, 33; gorge Zhaman-bulak. 06/15/2018. 29, 3J. Hortobiont; mesophile (dry slopes of
hills, river terraces and other places covered with Medicago lupula and other types of low alfalfa); wide
oligophytophage (Medicago and Trifolium); monovoltine [5]; winters imago.

Redbug Family — Pyrrhocoridae.

Pyrrhocoris apterus (Linnaeus, 1758). Almaty region, Raiymbek district, SNNP “Kolsai Koldery”,
Kok-Zhazyk cordon. 06/14/2018, 39, 4J; Kurmeti cordon, 06/19/2019, 5%, 6J; gorge Karabulak,
06/14/2018, 49, 3J; Kurmeti cordon, 06/19/2019, 49, 4J; gorge Taldy. 07/18/2018, 69, 5J;
07/22/2019, 3%, 5&; gorge Zhaman-bulak. 06/15/2018. 49, 33; 07/12/1920, 42, 6J. Herpetobiont;
mesophil (lives in forests and clearings, forest strips, parks, protective plantations and other mesophilic
biotops; among detritus; often feeds on plants, small insects and ticks, dead insects, fallen seeds and juice
of green parts of plants (Malvaneglecta, Alcea rosea, Lavatera thuringiaca, Caragana arborescens); up to 2
generations per year; winters imago, in groups among plant residues [5,15,16].

Table 1 — Taxonomic composition of hemipterans in the SNPP “Kolsai Koldery”

Family Species name number of species %

Aneurusaveniusavenius (Dufour, 1833)

Aradus angularis J.Sahlberg, 1886

Aradus aterrimus Fieber, 1864
Aradusbetulae(Linnaeus, 1758)
Aradus bimaculatus Reuter, 1872

Aradus cinnamomeus Panzer, 1794

Aradus corticolis Linnaeus, 1758

. AraduscrenaticollisR.F.Sahlberg, 1848
Aradidae — - 16 70
AradusdistinctusFieber, 1860

AradusflavicornisDalman, 1823

Aradus pictus Baerensprung, 1859

Aradus hieroglyphicus J.Sahlberg, 1878
Aradus lugubris Fallen, 1807
AradusobtectusVasarhelyi, 1988
AradusribautiE.Wagner, 1956
AradussetigerKiritshenko, 1913
Berytinus clavipes (Fabricius, 1775)

Berytinuscrassipes(Herrich-Schaeffer, 1835)

. Berytinus distinguendus (Ferrari, 1874)
Berytidae - — - 6 27
Berytinushirticornis Brulle, 1835

Berytinus minor minor (Herrich-Schaeffer, 1835)

Berytinus montivagus (Meyer-Dur, 1841)

Pyrrhocoridae Pyrrhocoris apterus (Linnaeus, 1758) 1 3
In total: 23 100

—— 4 ——
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As can be seen from the data presented in table 1, representatives of the Aradidae family —
16 species, and Berytidae — 6 species predominate in species diversity from the identified bugs.

The seasonal development of the hemipterans is heterodynamic. Voltinism of the population reflects
the number of annual generations realized by the population in a certain part of the species range. For the
hemipterans of SNNP “Kolsai Koldery” all known species of Voltinism are characteristic:

— monovoltinism (one generation per year) — 6 species;

— bivoltinism (two generations per year) — 1 species;

— acyclic species have a stretched life cycle, i.e. throughout a year there are different phases and
stages of development — 16 species.

The nutrition of hemipterans is extremely varied. There are mycetophages, phytophages and

zoophythages on the SNNP “Kolsai Koldery” area (table 2).

Table 2 — Food specialization of hemiptera of “SNNP “Kolsai Koldery”

Species groups Number of species %

Zoophytophages 1 4

mycetophages 16 70

ohytophages - poly-phages 1 4
wide oligophages 5 22
In total: 23 100

According to nutrition connections the identified hemipterans — 6 species are phytophages:
polyphages (4 %), wide oligophages (22 %), 1 species — zoophytophage (4 %), the remaining 16 species
are mycetophages (70 %).

According to habitat, the hemipterans in the SNNP “Kolsai Koldery”are divided into several groups:
dendrobionts (15 species), hortobionts (6 species), herpetobionts (2 species).

On the territory of the SNNP “Kolsai Koldery”, according to ecological features, all identified
species are mesophiles.

Conclusion. As a result of the research conducted at SNNP “Kolsai Koldery”, we noted 26 species of
hemipterans, belonging to 3 families. According to nutrition connections the identified hemipterans are 6
species are phytophages: polyphages (4 %), wide oligophages (22 %), 1 species - zoophytophage (4 %),
the remaining 16 species are mycetophages (70 %). By confinement to the habitats, the hemipterans of
SNNP “Kolsai Koldery” are divided into several groups: dendrobionts (15 species), hortobionts (6
species), herpetobionts (2 species). On the territory of the SNNP “Kolsai Koldery”, all identified species
are mesophiles according to environmental features. For the hemipterans of SNNP “Kolsai Koldery”, all
known species of Voltinism are characteristic: monovoltinism (6 species), bivoltinism (1 species), acyclic
species (16 species).

J. . AKHM)KaHOBl, II. A. EcendexoBa®, A. M. KemlceraJmeB3, B. K. Exuk6aen’

1Ka3a1< ¥YarTeiK Arpapislk YHEBEpcuTeTi, AnMatel, KasakcraH;
2KP BfM FK «3o00morust uHCTUTYTE, AnMarel, Kazakcran,
K. KuemGaes atsinars! «Kazak ociMIik KOpFay oHE KapaHTHH FhUIBIMU 3€PTTEY HHCTUTYTBD),
Anmatsl, Kazakcran

«!‘(OJICAIX KOJAEPD MEMJUIEKETTIK YJITTBIK TABUT'H ITAPKI
KAPTBIUIAU KATTBIKAHATTBIJIAP (HETEROPTERA) ®PAYHACBIHA MATEPUAJIJAP

Amnnoranus. «Kemncait xemaepi» MYTII-Hig kaiitananbac maHAmadTTBIK adyaH TYPILIITi, KONTereH TaOuFu
JKOHE TapUXH ECKEePTKIIITep iMIKi yKOHE XaJbIKapalblK TYpU3MHIH JaMYBIH alKpIHAAWAbl. by aitMak >koHIIKTepaiH
alyaH TYPJUTTi TYpPFBICBIHAH Ja KBI3BIKTHI, OWTKeHI OyFaH Xa3blK Taynap JKOHE OpTYpii OmoromTapiblH
Me30(ayHACHI 9Cep eTei.

Kapreumait karteikanatrTeiiap (Heteroptera) — GumoreorieHo3mapaa OHOIOTHSIIBIK TIPOIIECTEPIE MAHBI3AB PO
aTKapaThIH JKOHE dPTYPIIi OHoTonmTapAbl MEKEHICHTIH KOHIIKTep TOOBI. JKep yCTi &apThuiail KaTTRIKaHATTHUIAPIBIH
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apacbIHIa, Oipeyl eciMaikrepzae, Oackamapbl ©ciMaiK KaOBIKTapbIHBIH ACTHIHAA, YIIIHIIICI — ©CIMIIK TOCEHIIIiHAEe
HeMece TOIbIpaKkTa amblK eMip cypeni. Kemnreren Typrep — eciMaikTepaiH MaHBI3Ab! 3UsHKecTepi. by, mblcansl,
Kaparaii Ty0eri, 3usH/IbI TacOaKayiap, KpecT I'yJl IIOFBIPHI JKOHE Tarbl OacKaiap.

3eprTeyniH MaKcaThl — 3epTTey ayMarblH MEKESH/ICHTIH KapThUlail KaTThIKaHATTHI JKOHIIKTEPiH OHOMOTHSIIBIK
anyaH Typinunirin aseikray, "Kemncail kemmepi" MYTII aymarbiHga >kapTbulail KaTTBIKAHATTBUIAD TYPJIEPiHIH
9KOJIOTHSUTBIK, OMOJIOTHSUIBIK, €PEKIICIKTEPiH KOHe TapalyblH 3epTTeY.

"Kesncaii kenaepi" Tabury NapKiHIe >KapTbUlail KaTThIKAHATTHUIAPABIH MaHBI3Jbl INapyallbUIbIK MaHBI3bIHA
KapaMacTaH, OlapiblH TYPIK KypaMbl, OMONOTHSCHI, SKOIOTHICHI, Oernueynep OoibIHIIa 06y )KoHe IapyallbUIbIK
MaHBI3BI )KETKIUTIKTI TYpZe 3epTTeIMEreH, 3epTTEeYNiH 63EKTUIIrT OCBIMEH aHBIKTaJIa IbI.

Byn xymbIC aBTOpnapAblH JKeKe XHUBIHAAphl MEH JajlalblK OakpUiaynapbl HerisiHnme sxaszpuiibl. "Kescaii
kenzaepi" MY TII oprypini 6uoronrapsiaa Matepuanps xuHay 2018-2019 xpuimapsl xyprizinai. Jana »yMbicTapbl
— Kypmeri markansl, Catsl matkainsl, Kapadynak, Kek-xka3bik, Capsi-Haya matkansl, KaibHIb! maTkamel, Tamisl,
XKaman-oynak, Kypmer, Kesncaii xennepi aymarblHIa »apThulail KaTTBIKAHATTHI JKOHIIKTEPAIH TYPIIK Kypambl
3epTTEN/Ii.

«Kemcait xenmepi» MYTIl TteppuTopwsiChIHAAa JKYPri3UIreH 3epTTeyliep HOTIDKECIHAE JKapThulai
KaTTHIKAHATTBUIAPIBIH 3 TYKbIMJIAChIHA JKaTaThlH 26 TYp aHbIKTajabl. TaObUIFaH KapThiiail KaTThIKAHATTHLIAP
KOpEKTiK OaiiaHbichl karbiHaH ¢urodarrap — 6 Typ: monmudarrap (4 %), ken omurodarrap (22 %), 1 Typ —
3ooputodar (4 %), 16 Typ — munerodarrap (70 %). «Keincaii kenmepi» MY TII skapTbutaii KaTThIKaHATTHLIAP
TIPIILTIK €Ty OpTachiHa OailyIaHBICTHI OipHeIIe Torka OesiHeni: aeHapoouonTTap (15 Typ), XopToduoHTTap (6 TYP),
repreroOroHTTap (2 TYp). 3epTTeNreH aiiMak *apThUlail KaTThIKAHATTHUIAPHI KOOI HSUIBIK ePEeKIIeNiKTepi KaFbIHAH
— mezoduibaep. Oxapra BOIBTHHU3MHIH Oenrisii 6ap THII TOH: MOHOBONBTUHHM3M (6 TYp), OuBonsTHHU3M (1 TYp),
arukiasl Typaep (16 typ).

Tyiiin ce3mep: >xapThulail KaTThIKaHATThLIAp, Heteroptera, «Kecait kenmepi» MEMICKETTIK YITTHIK TaOHFU
napki.

JI. 1. Aknvakanos’, I1. A. Ecen6exoBa®, A. M. Kemxerammes®, B. K. Ennkoaes’

'Kasaxckuit HanmonansHslii Arpapssiii Yausepentet, Anvarsi, Kasaxcran;
ZI/IHCTI/ITYT 3oonoru KH MOH PK, Anmatsl, Kazaxcran;
*Kazaxckuit HUM 3amuThl i KapaHTHHA pacTennii nvenn YK JKuemGaesa, Anmarsi, Kazaxcran

MATEPHAJIBI K ®AYHE MTOJYKECTKOKPBLIBIX (HETEROPTERA)
T'OCYJAPCTBEHHOI'O HAIMOHAJIBHOI'O IPUPOJHOI'O ITAPKA «KOJICAU KOJITEPI»

AHHOTanus. YHuKanbHoe nanqmadtHoe paznoobpasue [HIII «Kemncaii kennepi», MHOKECTBO MaMsATHUKOB
NPUPOIBI ¥ UCTOPUH OOYCIIOBIMBAET YCWJICHHOE pa3BHTHE TypHU3Ma KaK BHYTPEHHEro, TaK M MEXKIyHapOTHOIO.
Taxxe 5Ta 30Ha MHTEPECHA C TOYKH 3PEHHUsS BHAOBOIO Pa3’HOOOpA3Ws HACEKOMBIX, TaK Kak SBJISETCS PAaBHUHOW U
ropaMH U HCIIBITHIBAET HA ceOe BIUsHIE Me30(]ayH pa3InyHbIX OHOTOIIOB.

[Nomy>xeCTKOKpBUIbIE — TpyNIla HACEKOMBIX, 3aCEAIOIINX CaMble Pa3sHOOOpa3Hble OHOTOIBI M HIPAIOIINX
Ba)KHYIO pOJIb B OMOJIOTMYECKHX Ipoleccax B OnoreoueHo3ax. Cpean Ha3eMHBIX MONY)KECTKOKPBUIBIX OIHH JKUBYT
OTKpPBITO Ha PACTEHHAX, APYrHe IOA KOPOH, TPETbU — B PACTUTENBHOM MOJCTUIKE WM B MOouBe. MHOrue BHUIBI —
CepbE3HBIC BPENUTENN pacTeHUil. To, HaNpUMep, COCHOBBIM TIOJKOPHBIN KJION, BpegHAas uyepernalika,
KPECTOIBETHBIE KIIOMBI U JP.

lens wuccnenoBaHust — BBUIBICHHE OHOPa3HOOOpa3usl MONYKECTKOKPBUIBIX HACEKOMBIX, HACEISIOIINX
TEPPUTOPUIO HCCIEAOBAHUS, M3YUHTh JKOJOTMYECKUE, OMOIOTHYECKHE OCOOEHHOCTH W PACHpPOCTPAaHEHHE BHIOB
IOy Ke CTKOKPBUTBIXHACEKOMBIX Ha Tepputopuu [ HIIIT «Kemcait kemmepi».

B THIII «Kexncait kemmepi», HECMOTpS Ha Ba)KHOE XO3SHCTBEHHOE 3HAYEHHE IMONYKECTKOKPBUIBIX, HX
BHAOBOI cocTaB, OHMOJOTHS, SKOJNOTHWS, pAcIpelesieHHe 10 BEPTHKAIbHBIM II0SCaM M XO3SHCTBEHHOE 3HAYECHHE
N3y9EHBI HEOCTATOYHO, YTO U ONPEIEISIET aKTYalIbHOCTh HACTOSIIETO UCCIIETOBAHMS.

COopsl MaTepuana mpoBoAWIHCH ¢ uioHA 1o aBrycT 2018-2019 rr. B pasmumunsix 6woromax ['HIIIT «Kemcaii
kenepi». [loneBrie padorsl mpoBommuch B yiI. Kypmern, Carsl, Kapabynak, Kok-XXa3sik, Capsi-Haya, Kalsrampr,
Tamget, Kamanbynak, Kypmern, o3. Koncait, m3ydancs BUIOBON COCTaB MONYKECTKOKPBLUTBIX HACECKOMBIX.

B pesymprare mpoenenubix uccienoBanuii B ['HIII «Kemcait xenmepi» Hamu OBUTO OTME4eHO 26 BHIOB
MTOTY>KECTKOKPBIIBIX, OTHOCSMmMXcA K 3 cemeiictBaM. [lo mWImeBbIM CBs3SIM M3 HHX — 6 BHJIOB SBISIOTCA
¢durodaramu: momubaru (4 %), wupokue omurodparu (22 %), 1 Bux — 300durodar (4 %), ocransusie 16 BUmoB —
munerodaru (70 %). Ilo mpuypodenHocTn k Mectam obmranus nomyxecTkokpsutbie [HIIIT «Kemncaii kemmepi»
TTOAPA3IETIOTCS Ha HECKONBKO TPYHIL: JeHIpOOWOHTH (15 BMIOB), XOPTOOHMOHTHI (6 BHUIOB), TepIIETOOMOHTHI
(2 Bupma). Ha Teppuropum mapka IO 3KOIOTHYECKMM OCOOEHHOCTSIM BCE€ BBISBICHHBIE BHUABI — Me30(mibl. Jlis

—— 4 ——
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noykectkokpbeutbix 'HIIIT «Kerncaii xemnmepi» XxapakTepHbl BCe M3BECTHBIE THUIIBI BOJIBTHHU3MA: MOHOBOJIBTHHHU3M
(6 BunoB), 6uBonsTHHM3M (1 BHN), anuknnaHbe BUAbI (16 BUaOB).
KaroueBble cioBa: momyxecTKOKpbUIbIe, Heteroptera, HarmoHnansHbIM npupoaHsi mapk «Kecaii kemnepi.
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PLANT BIODIVERSITY OF MONITORING POINTS
V.AMANGELDY ALMATY REGION

Abstract. The article provides a systematic analysis of the species composition of plants of the flora of
v. Amangeldy, Almaty region.

The comprehensive study of regional floras is becoming increasingly important in connection with the
implementation of the solution to the problem of studying and preserving biological diversity. Complete information
about the composition of the flora of a territory is of great theoretical importance, it allows establishing the structure
and Genesis of its components, to identify individual characteristics, to restore the history of formation and trends.
This ultimately is the basis of rational use of plant resources and protection of rare and endangered plants, as well as
to solve many important economic problems - identifying new sources and resources of medicinal, food, fodder,
ornamental and other plants.

One of the main characteristics of any flora is its systematic structure, namely the ratio of families, genera and
species, on the one hand, and the quantitative indicators of these taxa that determine its wealth, on the other. These
indicators are components of a systematic analysis of flora in general and coenoflora in particular, the data obtained
using such analysis are important material for comparative floristry. From this point of view, the systematic structure
of the flora acquires the significance of one of the essential indicators that characterize the flora in the regional plan.

The study of the species composition of the flora is of great importance both for understanding the history of
flora and landscapes of the region as a whole, and for finding ways to conserve and use biodiversity under conditions
of increasing anthropogenic pressure.

Research was carried out by route-reconnaissance method in combination with a detailed study of experimental
sites. In the study area — V. Amangeldy was first identified: 112 species from 88 genera and 29 families, with the
dominance of the families Asteraceae (24 species or 21.4 %, 17 genera), Rosaceae (15 species or 13.39%,
11 genera), Brassicaceae (11 species, or 9.82 %, 9 genera) from Dicotyledons, and Poaceae (11 genera, 12 species,
or 10.71 %) from Monocotyledonous plants. The dominant families account for 62 species, which is 55.36 % of the
total number of plant species growing in this territory. Leading genera Artemisia, Potentilla and Rumex. On the
territory of the study, 33 forage plant species were identified: Bromus inermis (Leyss.) Holub., Rumex confertus
Willd., Trifolium pratense L., Poa bulbosa L., etc. In connection with the degradation of the vegetation cover
number of weed plants was 75 species, among which are: Rumex crispus L., Capsella bursa-pastoris (L.) Medik.,
Cannabis ruderalis Janisch., Lathyrus tuberosus L. and other. Endemic and rare species were not found.

The results of the research will serve as a basis for the rational use of the flora of Amangeldy village in Almaty
region, as well as for the conservation of biodiversity. Obtained as a result of a systematic analysis of the flora of
Amangeldy, it will help to identify the centers of endemism and relict, as well as to solve the issues of the place and
role of this flora in a number of other adjacent floras.

Key words: village Amangeldy, systematic analysis, species composition, species, genus, families.

Introduction. Vegetation cover is an organized system whose components, ranging from the
organismic to the population-species or even phytocenotic, are more or less evolutionarily adapted to the
set of abiotic and biotic environmental conditions, functional and structural units. The above seems to us
to be true with regard to the vegetation cover as a whole in its relations with the relief-landscape structure
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of the natural historical region within which it is formed. In this regard, each natural flora and
phytocenoses formed by its species is not just a random set of plant species in a certain area, but a
multitude of them, which has its own internal patterns of addition, geographical and genetic relationships
[1]. The most important aspect of geobotanical research is the study of the species diversity of the
vegetation cover [2].

One of the most important problems of our time is the conservation of biological diversity, both of
natural populations and by placing species in artificially created reserves. Kazakhstan, as a modern state,
has ratified the Convention on Biological Diversity (1994) over the years of independence. However, to
carry out the tasks set in the Convention, it is necessary to take an inventory of floristic diversity in order
to determine its main components, which can be further balanced and used [3].

Biodiversity is by no means the only, or even the primary, driver of ecosystem functions [4,5,13].
Both biodiversity and ecosystem functions have been known to be driven by common drivers of
contemporary environments, such as climate and biotic and abiotic attributes [6-9, 13]. Biodiversity could
be also shaped by long-term drivers, such as geological processes, which impart lasting legacies on
contemporary environments [10-14].

A standard analysis of the flora is the basis of any floristic study, since it allows you to determine the
specifics of the studied flora, its difference from the border flora and flora of remote territories. A
systematic analysis aims to identify the taxonomic structure of the studied flora, which is necessary to
determine its specificity and place in the phytogeographic hierarchy of large land regions. Each flora has
its own quantitative characteristic and, in addition to the total number of species, a certain set of genera
and families, which can significantly differ from other floras [15].

The analysis of flora occupies a leading position in comparative floristry and forms the basis of its
study. The analysis reveals the taxonomic, coenecological, and chorological parameters of the flora, on
the basis of which conclusions are drawn about its wealth, origin, and the role of individual taxa of the
rank of a family, genus, and species, including endemic and relict species, of ecological, coenotic, and
biomorphological nature components of the flora, the basis is being created for conducting fractional
botanical and geographical zoning of the territory and making recommendations for the protection and
rational use of certain species [16].

The study of flora is the basis for solving many theoretical and practical issues of taxonomy,
Botanical geography, resource studies, as well as to clarify the history of flora and predict its further
changes. The inventory of flora is important for the implementation of environmental measures. Intensive
human impact on nature leads not only to the loss of many native species, but also to the degradation of
vegetation in large areas [17].

The study of the species composition of flora is important both for the knowledge of the history of
flora and landscapes of the region as a whole, and for the search for ways to preserve and use biodiversity
in the conditions of increasing anthropogenic pressure. In recent years, a number of scientific works have
been devoted to the study of biodiversity of terrestrial plants in the Almaty region and numerous field
studies have been carried out [18-22].

In recent years, all studies on flora and vegetation have been aimed at preserving biodiversity at
different levels of its structural organization (species, population, coenotic, ecosystem, landscape).

Materials and methods. The objects of research are flora and vegetation of Amangeldy village
(N 43°17.951’E 077°12.509"), Almaty region. The research was conducted by route-reconnaissance
method in combination with a detailed study of experimental sites. To solve the tasks in each region, three
typical experimental plots of 10 m? were selected. At each site, three sites with an area of 1 m? were
selected by random sampling. The main research methods were geobotanical and floristic [23]. Floral lists
were compiled during walking tours.

When determining plant species, a geobotanical description of the communities of Amangeldy was
originally made. According to the geobotanical method: the laying of sites was carried out in tenfold
repetition. The species were identified according to the collections of Flora of Kazakhstan, Volume 1-9
[24]. The refinement of the Latin names took place according to the summary of S.K. Cherepanov [25].

Results and Discussion. The systematic list of flora of v. Amangeldy village that we have compiled
includes 112 plant species belonging to 88 genera and 29 families. Table 1 provides information on the
number of species and genera in the families of the studied flora of the Amangeldy territory.
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Table 1 — Species wealth of the families of Amangeldy

Ne Families Number of genera Number of species
1 Asteraceae Dumort. 17 24
2 Rosaceae Juss. 11 15
3 Poaceae Barnhart 11 12
4 Brassicaceae Burnett 9 11
5 Fabaceae Lindl. 5 6
6 Chenopodiaceae Vent. 4 6
7 Lamiaceae Lindl. 3 3
8 Caryophyllaceae Juss. 2 2
9 Polygonaceae Juss. 2 4
10 Malvaceae Juss. 2 2
11 Balsaminaceae A. Rich. 2 2
12 Boraginaceae Juss. 2 2
13 Cyperaceae Juss. 2 2
14 Ranunculaceae Juss. 1 1
15 Hypecoaceae (Dumort) Willk. 1 1
16 Fumariaceae DC. 1 1
17 Amaranthaceae Juss. 1 2
18 Salicaceae Mirb. 1 1
19 Cucurbitaceae Juss. 1 1
20 Ulmaceae Mirb. 1 1
21 Cannabaceae Endl. 1 1
22 Urticaceae Juss. 1 1
23 Euphorbiaceae Juss. 1 2
24 Apiaceae Lindl. 1 1
25 Rubiaceae Juss. 1 1
26 Solanaceae Juss. 1 2
27 Convolvulaceae Juss. 1 2
28 Scrophulariaceae Juss. 1 2
29 Plantaginaceae Juss. 1 2

In the study area of Amangeldy, 112 species were identified from 88 genera and 29 families, with the
dominance of the families Asteraceae (24 species or 21.4 %, 17 genera), Rosaceae (15 species or 13.39%,
11 genera), Brassicaceae (11 species or 9.82 %, 9 genera) from dicotyledons, and Poaceae (11 genera,
12 species, or 10.71 %) from monocotyledonous plants. The dominant families account for 62 species,
which is 55.36 % of the total number of plant species growing in this territory (figure 1). Leading genera
Artemisia, Potentilla and Rumex. No endemic species have been identified. The ratio of the main
taxonomic groups shows that all species belong to the Department Angiospermae (angiospermae) —
112 species.

Table 2 — Distribution of plants of Amangeldy in systematic groups

Systematic group 01[\l fgr:]ti)ﬁ‘res o’:‘l l;]:qnbeer; o’;lgge]z?:?;s o tgf str?tteili :Sumber
Angiosperms:
1) dicotyledonous 27 75 98 87,5%
2) monocotyledonous 2 13 14 12,5%
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EMNumber of genera
OMNumber of species

Figure 1 — 10 leading Amangeldy point families

The flora of v. Amangeldy has 28 families, out of 4 (13.79 % of the total) with the largest number of
species, which are the head part of the spectrum of flora families. In the remaining 25 families, the
number of species is represented by a smaller number.

The top 10 families comprise 85 species (75.89 % of the total), more than half of all species in the
region. The first three families include 51 species (45.5 % of the total).

The richest in the number of species is the family, significantly "breaking away" in the number of
species from all others: Asteraceae Dumort-24 species (21.4 %).

At the point of Amangeldy, plants were harvested in a dandelion-motley community. The projective
coverage of the community is 70-80 %. A change of grass stand was also observed. Fodder species
(cereals, wormwood) in some places were replaced by weeds, plants of low value in terms of forage
qualities (gingerbread - Xanthium strumaruim) and poisonous (brunets — Sophora alopecuroides).

¢ — Bromus inermis (Leyss.) Holub d — Rumex confertus Willd

Figure 2 — Variety of plants at the monitoring point of Amangeldy village
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The following dominant and fodder species were collected for analysis in the dandelion-herb
community: Artemisia annua L. (figure 2 a) — annual wormwood from the family Asteraceae Dumort,
Trifolium pratense L. (figure 2 b) - meadow clover from the family Fabaceae Lindl. In the second
community taken — Bromus inermis (Leyss.) Holub. (figure 2 c) — boneless bonfire from the family
Poaceae Barnhart, Rumex confertus Willd. (figure 2 d) - horse sorrel from the family Polygonaecae Juss.

On the territory of Amangeldy, 33 forage plant species grow. The following plants are
representatives of fodder species: Bromus inermis (Leyss.) Holub., Rumex confertus Willd., Trifolium
pratense L., Poa bulbosa L., Artemisia scoparia Waldst. & Kit., Stipa capillata L., Lathyrus tuberosus L.,
Chenopodium album L., Carex physodes Bieb., Achillea millefolium L., etc.

The degradation of the natural vegetation cover was also observed, and now fodder plants were
replaced by weedy species of little value. On the territory of Amangeldy, 75 weed species of plants were
identified. These include the following plant species: Rumex crispus L., Capsella bursa-pastoris (L.)
Medik., Cannabis ruderalis Janisch., Lathyrus tuberosus L., Artemisia vulgaris L., Xanthium strumarium
L., Stipa capillata L., Inula britannica L., Hypecoum parviflorum Kar. &Kir.and etc.

Conclusion. Based on the research and analysis of the results, the data obtained, the following
conclusions are made:

— based on the analysis of literature data, as well as our own research on the study and collection

of plants at the monitoring point v. Amangeldy compiled a list of plants, including 112 species
belonging to 88 genera and 29 families.

— the first ten leading families contain 85 species and make up 75.2 % of the total species

composition of the flora of the study area. The leading families in this taxonomic composition are
Asteraceae (24 species, or 21.2 % of the total number of species, 17 genera), Rosaceae (15 species or
13.2%, 11 genera), Poaceae (12 species, which is 10.6 % of the total, 11 species).

— leading of the genus Artemisia, Potentilla and Rumex.

No endemic species have been identified.

Funding. This work was carried out within the framework of the program and targeted funding:
“Comprehensive assessment of unutilized and banned pesticides impact on genetic status and health of
population of Almaty region” (IRN BR05236379), Contract No. 206 dated March 19, 2018.
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Lon-Dapabu atiHmars Kasak yaTTsIK yHEBepcuTeTi, AnMaThl, Kasakcran;
*Typan YHuusepcuteti, AnMaThl, Kasakcran

AJIMATBI OBJIBICBIHAAFBI MOHUTOPUHI'TI HYKTE,
AMAHI'EJIII AYBIJIBIHBIH O CIMAIKTEPIHIH AJTYAHTYPJILJIIT'T

AHHoOTanus. Makanaga AnMatbl 0ONbICkl, AMaHTeNIl aybUibl (pIOPACHIHBIH OCIMIIKTEPIHIH TYPIIK KypaMbIHA
KYHeI Tangay Kyprisinmi.

AWNMaKTHIK (DIIOpaHBI JKaH-KAKTHl 3€pPTTEy OMOJOTHSIBIK OPTYPILIIKTI 3epTTEY JKOHE CakTay HpoOiIeMachiH
IIemTy i JKy3ere achlpyra OaiIaHbICTBI aca MaHBI3IBI Oombim Kenmemi. benrimi Oip aymak (hiIopachIHBIH KypaMbl
Typasibl TOJBIK MOIIMETTEP MAaHBI3ABI TEOPUSUIBIK MOHre we, cebebi OHBIH KOMIIOHEHTTEpPiHIH KYPBUIBIMBI MEH
TeHe3WCIH OpHATYFa, JKEKE epEeKIICTIKTepiH aHBIKTayFa, KAJBIITAaCy TapUXbIH XOHE ©3repy YPHICiH KailbHa
KeNTipyre MYMKiHIIK Oepemi. Bysm eciMIik pecypcTaphlH YTHIMIBI MaiAalaHyIBIH XOHE OCIMIIKTEPIiH CHPEK
KE3JIECETiH JKOHE JKOMBUIBIT Oapa KaTKaH TYPIEpiH KOpFayasl YHBIMAACTHIPYABIH HETi31 OOINBINT caHaIambl, COHIall-
aK KeNTereH MaHBI3Ibl MapyallbUIBIK Ipo0ieManap sl ISy YIIiH A9PTiK, TaFaMAbIK, )KEMIIK, COHIIK XKoHEe 0acKa
J1a 6CIMIIKTEp/IiH KaHa Ke3Jepi MEH PecypCcTapblH aHBIKTAY YIIiH MaHBI3/IbL.

Kes xenren ¢mopaHbIH HETi3Ti cHOaTTaMaNapbiHBIH Oipi — OHBIH JKYWeNli KYPBUIBIMBI, aTam aWTKaHaa, Oip
JKarblHaH, TYKBIMIACTAPJbIH, TEKTEP MEH TYpJIEPHiH apakaThIHACHI JKOHE CKIHII jKarblHaH, OChI TaKCOHAAPIBIH
OaliJTBIFBIH AHBIKTAUTHIH CAaHMBIK KepceTKimTepi. by kepceTkimrep, TyTac anFaHaa, GJopaHbl KyHell TainayabpiH
Kypammac Oemiri OONBIT TaOBUTIABl XKOHE MYHIAW TalIaynblH KOMETIMEH aJlbIHFaH ACPEKTep CallbICTHIPMAIIBI
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(ytopHCTHKa YIIiH MaHBI3IBI MaTepra Ooisin ecenTernesi. Ochl TYpFbIIaH anFanaa, (JIOpaHbIH XKYHem KYpbUIBIMBI
aliMaKTBIK Jkocrapza (JIopaHbl CHIIATTAWTBIH MaHBI3 bl KOPCEeTKITepiH OipiHe ne Ooapl.

@dnopaHBIH TYPIIK KYpPaMbIH 3€pTTEY >KalIbl alMakThIH (uiopackl MeH JaHMIATTapbIHBIH TAPUXBIH TaHY
YIIH JIe, 6Cill Kejie XKaTKaH aHTPOIOICHIIK KBICHIM JKaFJaibIHIa OHOATyaHTYPIUTIKTI cakTay JKOHE MaiinanaHy
JKOJIZIAPBIH 13/1eY YILIiH e MaHbBI3/Ibl MOHTE €.

3epTTeynep SKCIIEPUMEHTTIK ydacKenepl erKe-Ter kel 3epTTeyMeH YIITACThIpa OTBIPHIN, MapIIPYTTHIK-
PEKOTHOCIIMPOBKAIIBIK, 9/IICIIEH XKYpri3inai. 3epTrenerin AMaHrenai aymarbiHaa airam per: Asteraceae (24 typ He-
mece 21,4 %, 17 typ), Rosaceae (15 typ nemece 13,39 %, 11 typ), Brassicaceae (11 typ nemece 9,82 %, 9 Typ) KocC
KapHaKThI eciMIikTepaeH xoHe Poaceae (11 typ, 12 typ memece 10,71 %) napa >kapHaKThl ecimaikrepaeH 112 Typ
aHBIKTAIIBL. BackM TYKpIMAAacTapIblH YieciHe 62 Typ Kenemi, Oy OChl ayMaKTa ©CETiH OCIMIIKTePIiH KaJIIIbI
cabiHbIH 55,36 %-biH Kypaiimsl. JKertekumni Tysictap: Artemisia, Potentilla xone Rumex. 3eprrey aymarbinma
ecimaiktepiH 33 xemaik Typi aHsikTammsl: Bromus inermis (Leyss.) Holub., Rumex confertus Willd. ©cimmix
KAMBUTFBICHIHBIH TO3YbIHA OailTaHBICTBI apaMIIIONTIH CaHbl 75 TYpAi Kypajbl, onapibiH imidge: Rumex crispus I.,
Capsella bursa-pastoris (L.) Medik., Cannabis ruderalis Janisch., Lathyrus tuberosus L. »one T.6. Gap. DHiaem
JKOHE CHUPEK KE3JIECETIH Typiiep TaObUIFaH JKOK.

XKyprizinren 3eprTeyiaepAiH HOTWXKelepi AJMaThl OOJBICH, AMaHIeNJi aybUIBIHBIH ()IOpachbiH THIMII
naiananyra, CoHlai-aK OMOapTYPIIUIIKTI caKTayFa Heri3 Oonaapl. AMaHrenai KeHTiHIH (IopacklHa Xyheni Tanaay
JKYPri3y HOTHKECIHJIE aJIbIHFaH YHIEMHU3M JKOHE PEIIMKTIIIK OPTANBIKTAPbIH aHBIKTayFa, COHal-aK oChl (hIOpaHbIH
Oacka >kaKbIH (uiopanap KaTapbIHIarbl OPHBI MEH PeJIi MOCeeNepiH Ienyre MyMKiH/IiK Oepeii.

Tyiiin ce3mep: AMaHTen i aybUIbl, CHCTEMATHKAIBIK aHAJIN3, TYPIIK KYPBUIbIM, TYP, TYBIC, TYKbIMJAC.

3. A. MuesnoBa’, M. V. Aiitxkan’, E. . 3anapuna’, I. K. Epy6aesa’

'Kasaxcknit HanponanbHbii yHHBepCHTET HM. anb-Dapabu, Anmatsl, Kasaxcra;
*Yunsepcuter Typan, Anvatsr, Kasaxcran

BUOPA3ZHOOBPA3UE PACTEHUI MOHUTOPUHIOBOM TOUKHA
C. AMAHT'EJIIbI AJIMATUHCKOM OBJIACTH

AHHoTanus. B crathe npuBeneH CHCTEMAaTHYECKHH aHAIW3 BUJIOBOIO COCTaBa PAacTEHUH (IIophl C. AMaH-
renbabl ATMaTHHCKON 00JIacTH.

BcectopoHHee H3ydeHHe perMoHaNbHBIX (GJiop nprodperaeT BcE Ooibllee 3HAYCHHE B CBA3U C pean3alueil
pelIeHus npoOIeMbl H3YdeHHsI M COXPaHeHUsI OMOJIOrnueckoro pazHooopasus. [lonHele cBeneHus o coctae (IOpHI
TOW WM MHOW TEPPUTOPUH UMEIOT BaXKHOE TEOPETUIECKOE 3HAUEHHE, I03BOJISIIOT YCTAHOBUTH CTPYKTYPY U T'€HE3HUC
€€ KOMIIOHEHTOB, BBISIBUTh MHIMBUIyaJIbHbIE OCOOCHHOCTH, BOCCTAHOBUTH MCTOPUIO (DOPMHUPOBAHUS U TEHACHLUUH
HU3MEHEHMs. DTO, B KOHEUHOM HUTOTeE, SBJISIETCSI OCHOBOM PallMOHAIBHOTO UCIIONB30BaHHUS PACTUTENBHBIX PECYPCOB U
OpraHM3allMM OXPaHbl PEJKUX M HCUC3AIOUIMX BUAOB PACTEHMH, a TaKKe I PEIICHHS MHOTUX XO3SHCTBEHHO
BaXHBIX NPOOJEM — BBIABICHHUS HOBBIX HCTOYHHUKOB M PECYPCOB JICKAPCTBEHHBIX, IHUINEBBIX, KOPMOBBIX,
JICKOPaTUBHBIX U JIPYTHX PAaCTCHHUH.

OnHOM M3 OCHOBHBIX XapaKTepUCTHK Jr000H (mopsl sBmseTca e€ cucreMaTHdeckasl CTPyKTypa, a MMEHHO
COOTHOIIIEHUE CEMEHCTB, POZOB M BHUJIOB, C OJHOI CTOPOHBI, M KOIMYECTBEHHBIC IIOKA3aTEIW 3THX TAKCOHOB,
omnpezaersonye e€ 00rarcTBo — ¢ ApPYroi. DTH MOKA3aTENH SBISIOTCS COCTABIIIONIMMYI CHCTEMATHIECKOT0 aHAIIH3a
¢op B 1enoM u HEHO(IIOp B YACTHOCTH, IOJMyYEHHBIE IPH MOMOLIM TaKOro aHAJHM3a JaHHBIE SBISIOTCS Ba)XKHBIM
MaTepHalioM Ul CPaBHHUTEIBbHOH (uopuctHkd. C 3TOH TOYKM 3pEHHs CHCTeMaTHdecKas CTPYKTypa (iopbl
MIpHOOpETaeT 3HaUYeHNE OHOTO U3 CYIIECTBEHHBIX ITOKa3aTeNleH, XapaKTepU3yIOMmuX (UIopy B PETHOHAIBHOM IIJIaHE.

W3zydyenne BHIOBOro cocraBa (uUIOpsI MMeEET OOJBIIOE 3HAYEHWE Kak JUId TO3HAHUS HCTOpHU (DIIOpHl U
maHAmAapTOB PErnoHa B IIENOM, TaK M JJIs MOKMCKA ITyTeH COXpaHEHHs W HCIONb30BaHWS OMOpa3zHOOOpasus B
YCIOBUSIX HApACTAIOIIEr0 aHTPOIIOT€HHOTO JABIICHUSL.

HccnenoBannst NPOBOAWIM MapHIPYTHO-PEKOTHOCIMPOBOYHBIMH METOIOM B COYETAaHWH C JETalbHBIM
HCCIIEIOBAaHUEM JKCIIEPUMEHTANBHBIX yIacTKOB. [lo pesymbraTam uccienoBanuii Gpropsl B ATMAaTHHCKON 00JacTH,
cenma AMaHTeNb/pl, C MCHONb30BAaHWEM MapIIPyTHOIO METOoJa M METOJa 3aKIaJbIBaHUs IPOOHBIX IUIOMANOK B
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100 M2, ompenerneHO KOTMYECTBO BHIOB. Ha wWcciieqyeMoil TeppUTOpHHA AMAHTENBIBl BIICPBBIC BEISBICHO:
112 BumoB u3 88 ponoB u 29 cemeiicTB, ¢ JoMHHUpOBaHHEM cemericTB Asteraceae (24 suma wiu 21,4 %, 17 pomos),
Rosaceae (15 BumoB miu 13,39 %, 11 pomos), Brassicaceae (11 BumoB wiu 9,82%, 9 pomo) u3 JIByd0NbHBIX, U
Poacea (11 pono, 12 BumoB wmu 10,71 %) m3 OxHOmONbHBIX pacTeHuil. Ha nomro JOMHHUpYIOMHX CeMEHCTB
MpUXOAUTCA 62 BHUIA, YTO cocTaBisieT 55,36 % OT oOImero KoJMM4YecTBa BHIIOB PACTECHHMA, MPOH3PACTAIOIINX Ha
naHHO#M Teppuropun. Benmymme poma Artemisia, Potentilla m Rumex. Ha Teppuropun uccieqoBaHHs BBISBICHO
33 kopMOBBIX BHIOB pacteHuid: Bromus inermis (Leyss.) Holub., Rumex confertus Willd., Trifolium pratense L.,
Poa bulbosa L. u ap. B cBsi3u ¢ aerpajaimeil paCTUTENFHOTO TOKPOBA KOJIMYECTBO COPHBIX PACTEHUS COCTABUIIO
75 BumoB, cpeau KoTtopeix: Rumex crispus L., Capsella bursa-pastoris (L.) Medik., Cannabis ruderalis Janisch.,
Lathyrus tuberosus L. u 1p. DHIAEMUYHBIX U PEIKUX BHIOB HE OOHAPYXKEHO.

Pe3ysnbTaThl MPOBEIEHHBIX MUCCIIEIOBAHUHN MOCITYXaT OCHOBOH ISl PallMOHAILHOTO MCIIONB30BaHMs (IIOPHI C.
AmaHrenpapl  AJMaTHHCKOH oOnacTu, a Takke coxpaHeHusi OuopasHooOpasusi. [lomydeHHble B pe3ynbraTe
MIPOBEACHUSI CUCTEMAaTHUECKOro aHanm3a ¢uopbl C. AMaHrenb/bl, MO3BOJAT BBISBUTH IEHTPHI JHAEMH3Ma U
PEIMKTOBOCTH, a TAK)KE PElIaTh BOIIPOCHI MECTa U POJIH AaHHOH (IIOPHI B psLY APYTUX NPUIISKAIIUX (QIIOp.

KnaroueBsie ciioBa: c. AMaHrenb/ibl, CHCTEMaTHUECKUI aHAIN3, BUJOBOI COCTaB, BUII, PO, CEMENCTRA.
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SARCOCYSTIS IN SOME RODENTS AND BIRDS

Abstract. Sarkosporidiosis is a chronic animal disease that often results in death. In animals with severe
damage to the body by sarkosporidiosis, weakness, tissue depletion and hydremia are observed. Sarcocyst
development occurs in muscle cells and tissues.

It is known that in vivo predators become infected by eating meat from animals affected by sarcocysts.
Sarcocysts secrete toxic substances, sarcocystin and sarcosporiocin, which lead to the death of animals within
5-20 hours.

In chronic conditions in animals, salt deposits form around numerous sarcocysts and pronounced skeletal
muscle hydremia is also observed. Sarcocystosis can be detected only after the death of animals. The corpses of
animals must be examined microscopically, severely damaged corpses should be buried to a depth of 2 meters.
When conducting microscopic studies of slices taken from samples of affected animal meat, a diagnosis is
established.

The proposed work is devoted to study the fauna and cycles of the development of micromorphology of
representatives of the genus Sarcocystis of some rodents and birds. To achieve this research, an experiment was
conducted with small vertebrates. The goal of our work is to identify the distribution of sarcosporidia of some
species of rodents and birds, to study the morphology of the detected sarcosporidia, and their life cycle. The results
of the study can be used for the epizootological characterization of sarcocystosis of rodents and birds. The study of
the life cycle and specific structure is necessary for the diagnosis of species of the genus Sarcocystis. Yellow ground
squirrel, house mouse and chukar can serve as a laboratory example in the study of mammalian and bird
sarcocystosis. Ultrastructure materials and the life cycle of sarcosporidia can be used in studying the courses
“Parasitology” and “Invertebrate Zoology”. There are 5 articles that were published on materials of this work.

Key words: sarcocyst, sarcosporidiosis, fauna, development cycle, micromorphology, definitive host,
schizogony, gametogony, sporogony, merozoite.

Introduction. Sarcosporidia — parasitic species belonging to genus Sporozoa, class Sarcocystis and is
widespread in wildlife. It is found in various mammals species, including humans, birds, and reptiles in
the different parts of the globe. Contamination of farm animals by sarcosporidia has reached 60 %.

Infection by Sarcocystis is more common in the relatively immotile animals (in marmots — 41 %, in
alectoris — 2-5.7 %). Sarcosporidia in wild animals are studied to a lesser extent than in farm animals.
Bearing in mind the detriments to farm animal, it can be used to predict that they control the wild animals’
population number.

Life cycle of Sporocystis depends on its intermediate and terminal hosts and is related to its trophic
connections.

Materials and Research Methods. Research was conducted in 2018-2019 in the research complex-
laboratory of the Institute of Geography and Natural Sciences and in the laboratory of invertebrate
zoology in the Faculty of Biology.

—— 5§ ——
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Target of the research is the Southeastern part of Kazakhstan, in other words, Almaty region. Species
found in the studied areas and brief information about each species are shown below.

While samples were studied by the compressive method, Darling’s method was used to extract
Sporocysts from the intermediate hosts. Skeleton, diaphragm, and cardiac muscles were used in the
samples. By compressive method, muscles with the volume of 3x3x10 mm were pressed by two glasses;
then, cysts were counted.

Cystozoids were studied in the drops of sterile physiologic solution; then, preparations were stained
according to Romanowsky-Giemsa staining and placed in methanol smears.

For the experimental study of the life cycle of Sarcosporidia, we used the following animals as the
final host: a cat (Fells catus). During the study of sexual reproduction of Sarcosporidia, it was found by
the samples taken from the final hosts that they were infected by preying on intermediate hosts. During
the electro-microscopic examination of the cystic phase of Sarcosporidia, yellow ground squirrel, house
mice, and bird muscles, which were slaughtered on the 27th, 40th and 120th days after being infected by
sporocysts, were used as a special study material [2].

Results and discussion. Life cycle and fauna of the sarcocysts in yellow ground squirrel
(Spermophilus fulvus).

Table 1 — Research results of sarcocysts in yellow ground squirrel

Infected Infected Infected Identified In one
Year Studied Studied Studied season
% % %
S.cv | S.cb | S.ev, Sich

2018 379 28(7.4) 181 13(7.2) 198 15(7.6) 26 - 2
2019 192 17(8.8) 105 12(11.4) 84 5(5.9) 13 3 1
Total 571 45 286 25 282 20 39 3 3

Note: S.cv — Sarcocystis citellivulpes.

S.ch — Sarcocystis citellibuteonis.

Yellow ground squirrels were caught in their natural habitats. In the muscles of yellow ground
squirrel , slaughtered on the 27™ day, tiny 14.4x7 pm cysts with intermediate cells, metrocytes, and a few
merozoits were found. On the 40th day, a large, 8-14x16-32 um, with the same types of cells, cysts were
found. After infection on the 138™ day, 28-420x140-840 pum, large, thin-walled, mature sarcocysts were
found. These sarcocysts were further investigated under the electron microscope [3].

As shown in the results of the research, Sarcocystis citellivulpes (5.6 %) is most common species in
yellow ground squirrels, it is mainly transmitted by Canidae(dogs), but Sarcocystis citellibuteonis is seen
rarely.

Life cycle and fauna of the sarcocysts in house mice (Mus musculus).

Investigation of house mice, which were caught in different parts of Almaty, revealed the variety of
their infection. It was due to the density of house mice population and cats being the definitive host [4].

Table 2 — Research results of the sarcocysts in house mice (Mus musculus)

Studied

Infected
%

Studied

Infected
%

Studied

Infected
%

52

59, 3)

28

2(8,7)

30

3(10)

In ‘native’ preparations, parasites appeared to be like wide thread, with the value of 150-630x10500-
11000 pm. Little amount of cysts were found in the muscle samples. The size of the wall is 2.8-3.5 pm.
Merozoits with the value of 2.8-4, 9x14.0-14.5 um resembling banana and half of Sun emerge from
cysts [5,6].
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Table 3 — Comparative information of sarcocysts in house mice

Tvpe Definitive Cyst size cSItZ\?vgrls _ Value Authors,
yp host (um) yS Merozoits Sporocysts year
(pm) (um) (um)
7.5-9,0x 8,7 Ruiz, Frenkel,
S. murus Cat 500-600 - 4-6x14-16 -11.7 (8.5x10.3) 1976
20-130x 3.9-6.5x .
S.murus Cat 4230-8500 0.5-15 10.7-16.9 7.2-8.7x8.7-11,6 Levitt, 1984
Pak,
. 150-630x 2.8-4.9x 9-9.8x 12.2-12.6 Orazalinova,
S.musmustellis | Weasel 1000-10500 | 2835 | 140.145 (9.6x12.6) Fedoseenko,
1993
S.disperse Owl 80-90x20-30 8-9x4 11-14x8-12 Cerna, 1977
Enzeroth,
. Chobotar,
S.crotali Rattlesnake 500-4000 7.9x10.8 Scholtyseck,
1985
Matuschka,
S.murivi Palestinian 150-400x 3,5 7x13 9.6x12.2 (8.8- Heydorn,
pera viper 5000-8000 * ' 10.5)x(11.7-12.9) Mehihorn, et.al.,
1987

Sarcocysts in chukars (Alectoris chucar).

Adult chukars, which were accidentally infected with sarcosporidia, in hunting business in lle Alatau,
Almaty region in 2018-2019 were studied.

To identify the sarcocysts in chukars, ‘native’ preparations of thigh, chest, and cardiac muscles were
used with the light microscope in low magnitude. To identify the life cycle of sarcosporidia in the muscles
of chukars, predators were fed by them; then, via analysis, presence of sarcosporidia was determined.

Research results of sarcocysts in chukars are depicted in table 4. As it is shown in the table, infection
by sarcocysts was high for chukars. Males were more prone to infection; thigh muscles were especially
damaged, but they were absent in cardiac muscles [8,9].

Table 4 — Research results of sarcocysts in chukars

. Infected : Infected , Infected Identified In one
Year Studied Studied Studied season
% % %
S.av | S.ab | S.av, S.ab
2018 45 4(9,5) 20 2(10) 10 2 (20) 16 - -
2019 22 2(9,8) 9 2(10,5) 12 1(10,2) 4 1 3
Total 67 6 29 4 22 3 20 1 3
Note: S.av — Sarcocystis alectorivulpes.
S.ab — Sarcocystis alectoributeonis.
Table 5 — Comparative information of sarcocysts in chukars
. Size of cyst Value
Type Definitive host C(yitrrsll)ze walls Merozoits Sporocysts
(um) (pm) (pm)
Sarcocystis 20-560x 2.1-42x 8.4-9.8x
alectorivulpes Fox, Corsac fox 530-9750 2.0-28 9.8-14.0 119-13.3
Sarcocystis 52-130x 1.4-2.1x 8.4-10.5x
alectoributeonis Buzzard 260-2600 05-1.0 7.08.4 I1.2-14.7

Conclusions. As a result of the research, two types of sarcocysts Sarcocystis citellivulpes,
Sarcocystis citellibuteonis were identified. Sarcocystis citellivulpes (5.6%) was more common, its main
carrier was Canidae (dogs), while Sarcocystis citellibuteonis was seen rarely (0.5%).
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5 types of sarcocysts were found in house mice. They are Sarcocystis murus, Sarcocystis
musmustellis, Sarcocystis disperse, Sarcocystis crotali, Sarcocystis murivipera. Definitive hosts are: cat,
weasel, owl, rattlesnake, and Palestinian viper.

Research results of sarcocysts in chukars are depicted in Table 4. As it is shown in the table, infection
by sarcocysts was high for chukars. Males were more prone to infection; thigh muscles were especially
damaged, but they were absent in cardiac muscles. Two types of sarcocysts (Sarcocystis alectorivulpes,
Sarcocystis alectoributeonis) were found in chukars.

1. V. CexcenoBa', B. K. Ecumos’, 3. A. U6parnvosa’
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KEWBIP KEMIPTTIITEP MEH KYCTAPIAFbBI SARCOCYSTIS

AnHotanus. CapKoCIOpUIN03 — JKaHyapiapAblH JKHI ©JIMMEH asKTaJaThIH CO3bUIMaibl aypybl. Opranusm
CapKOCIMCTAIApMEH KAaTThl 3aKbIMJAIFAH YyaKbITTa, >XaHyapiapjaa oJCI3AiK, a3y, YInajgaplIblH THAPEMUSCHI
Oaiikanaapl. CapkolycTanapablH AaMybl OYJIIIBIKET JKacyllaiapbl MEH YiNaJlapblHIa OTe.

TaOuru >xarnaiiaa KbIPTKBIII JKaHyapiiap CapKOILMCTaJapMeH 3aKbIMJalFaH aypy *KaHyapiapAblH €TiH jKereH
Ke371e KYKThIpaThiHbl Oenrini. CapKolmcTanap CapKOLMCTHH OHE CApKOCIIOPUOLMH JIeT aTalaThlH YNkl 3aTTap
Oeueni, onap sxanyapiap/sl 5-20 carar iliHae eyimMre Iymap eTei.

CapkonucranapMeH CYTKOpEKTiJep, aTam aircak enmikrep, Oyrbuiap, KabaHgap, KOsSHAAp, ereyKyMpbIKTap,
THIIKAHAAP, YW KaHyapiapbl JoHe Kycrap (kabaiibl yiipekrep) 3akbiMiaHazapl. JKaOaiibl >kaHyapiapablH
CapKOLMCTO3IapbIHBIH ATHOJOTHUACHIHIA OChl MAapa3uTTepAiH OipHele Typnepi Oenriii, onap enmikre (KYTKBIHIIAK
OYJIIIBIKETIH/IE, TIJT TAMBIPJIaphIHAa); KabaHma (0apiiblK KeJZCHEH callajibl OVJIIIBIKETTepiHae, kobiHece nquadparma
OYJIIIBIKETIH/E, TIIIIH YIIBIHIA, KYpcaK KaOblpFalapbiHaa, )KypeK OYINIbIKEeTiHAe); KosHAapaa (KaHKaHbIH OapiIbIK
OYIIBIKETTEpiHEe); YipekTepae (KaHKaHbIH OyJIIbIKeTTepiHAe) Ke3neceni. Llucranap OynmibIKeTapaliblk JToHEKEp
YINachIHAa OpHAJIaCKaH.

CapkouucranapMeH 3ajiajlaHFaH ipi Kapa MaJlJIblH jKOHE IONIKAHBIH IIHKI €TiH )KEreHHEH KeiliH, Ne(uHUTUBTI
ueci HoxicrepiMeH Oipre cropouucranapisl Oejie Oactaiiibl. Agamaap jKaHyapiaplblH IIHKI CapKOLUCTO3]BIK
eTTepiH MaiJajaHFraH Ke3/e, COHJal-aK IIMKI eTIeH >KaHAaCKaH jKarjaiija Hemece jKeKe 'MIMEHaHbI CaKkTaMaraH
Ke37e, CAapKOCIIOPUANO3 aypYbIH KYKTHIPYbl MYMKiH.

Capkonucro3 Ke3iHge HMHKYOAIMsUIBIK KE3eH OT€ Y3aK YaKbIT JXKypeli, jKaHyapiap KaTThl 3aKbIMIalfaH
Karjaina, eH OipiHini GaiikanaTeiH Oenrici — a3y. JKak acThl oHE KOKIpeK alMaKTapbIH/Ia iCiHyep aikpiH Oaiika-
JIaJibl, JKaHyapiapblH KO3FAIIBICHl HAIAPJIaIbl, KOl jxata Oepesi, Keldip karaaiia exiMre oKemell, erepae aypy
JKaHyapjap CapKOCIOPUINO3 aypybIMEH JJICI3 3aKbIMIAIFaH JKaFmaia, aypyAblH KIMHUKAJIBIK OENriiepiH KbUT
00iibl TaChIMANIAYbl MYMKIH.

Capkocriopuano3 aypybIMEH eNreH jkaHyapiapla, €H ajupIMeH, a3y kesre Tycenmi. OnapIblH iMKiI mapeH-
XMMAaTO3/Ibl MYIUIENEpiHAe KYpT aliKblH KOpiHeTiH e3repicrep Oaikaimaiipl, Oipak MyIIeNepiHiH KeJeMAepiHiH
Kilmpe#reHid aHbIK Oalikayra Oonansl. Juadparmana, Kypcak OemiMiHae, TUIIIH TaMBIPIapBIH/IA, XKYPEK OYIIIIBIKET-
TepiHJe CoMaKIIa KeJIreH aK HeMece CYp KOCBUIBICTapbl, SSFHH CapKOLUCTaIapbl Kepyre Oomaupl.

CozpuIMalel OOJFaH JKaraiila KONTETeH CapKOLMCTANIapMEH KaTap OJaplblH alHAIAChIHAA oK TY3IapAblH
meriHmici maiima Ooxamel JKOHE COHIAH-aK KaHKAa OYIIIBIK eTTepiHAC AaWKbBIH THAPEMHUS OpBIH ajajbl.
CapkomucTo3 bl TeK JKaHyapiiap eJITeHHEH KeiiH FaHa aHbIKTai amambi. OmapIslH eJIeKCeNepiH MIHIETTI Typle
MHUKPOCKOIHSUTBIK TYPJIE 3€PTTEY KaKeT, KATTHI 3aKbIMIAJIFaH OJIEKCENep i 2 METPIiK TePEHIIKTEe KOMY KepeK.

3akpIMIanFaH Mall €TiHIH ChIHaMalapblHAH ANBIHFAH KECIHIUIepre MHUKPOCKOIILUIBIK 3EpTTEYNep KYPrizy
apKBUTBl AWAarHo3 Kodbutaasl. CapKomUcTadapblH OYJIIIBIKET TAJIBIKTAPBIHAA JKOHE OYINIBIKETapalblK AoHEKep
YImajapelHAa OKIIAyTaHATHIHBIH aHBIKTan Kepaik. CapKommcTo30eH Kypec XKYpridy Iapaiapbl oii e 6oica OH
HOTIDKENEpiH OepMeid Kemeri.

Y CBIHBUTBIT OTBIPFaH JKYMBIC KeHOip KeMiprimTep MEeH KycTapIarbl Sarcocystis TYBICH OKiIIepiHiH (ayHaChIH,
JaMy IHKIIapBIH JKOHE MHUKPOMOPQOIOTHACHIH 3eprreyre apHamraH. OCBI 3epTTeyre KON JKETKi3y YIIiH, Ycak
OMBIPTKAJIBI JKaHyapiIapMeH OJKCIIEPUMEHT XYPTi3inmi. Bi3miH >KyMBICBIMBI3IBIH MaKcaThl — KEMIpriliTep MeH
KYCTapAbIH Keibip TypiepiHme capKOCTOPHIMSIIAPABIH TapaiyblH aHBIKTay, TAaOBUIFaH CapKOCIOPUINSIIAPIBIH
MOP(OIOTHACHIH, ONAPBIH TiPIIiIIK IUKIBH 3epPTTEY.

3eprTey HOTHXKeNepi KeMiprimTep MeH KYCTapIblH CapKOIMCTO3IAPBIHBIH SMH300TONOTHSUIBIK CHITATTaMACHI
YIIiH MaiganaHpuUTybl MYMKiH. J[aMy IUKJIBI MEH HAKTHl KYPBUIBIMABI 3epTTey SarcocystiS TYBICHIHBIH TYPJIEpiH
JIMarHOCTUKAJAY YINIH KaXeT. 30pMaH, YH TBHIIKAHIAPbI, KEKUTIKTEp CYTKOPEKTiJiep MeH KYCTapAblH CapKOLMCTO3-
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JapbIH 3€pTTey Ke3iHZe 3epTXaHajiblK YATi peTiHge anbiHaabl. "[lapasutomorus” sxone "OMBIPTKachi3Iap 300I10-
TUsACH" KypCHIH OKBINl YHpeHy OapbIChIHIA YIBTPAaKYpBUIBIMBI MEH JaMy LWKIbl OOWBIHIIA MaTepHajiapibl
naiinananyra 6onaael. OCkl )KYMBIC HETI3iHAE 5 MaKana >KapblK Kep/ii.

Tyiiin ce3mep: capkommcra, capKoCHOpuano3, QayHa, [gaMy LWKJIbI, MHKPOMOPQOIOTH, MEpO30uT,
Jne(UHUTHUBTI Heci, ITU30TOHMSI, TAMETOTOHUS, CIIOPOTOHHSI.
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SARCOCYSTIS Y HEKOTOPBIX I'PbI3YHOB U IITHUIL]

AnHotanus. CapKoCIOpUaNO3 SIBISETCS XPOHMYECKMM 3a00J7€BaHHEM >KUBOTHBIX, KOTOPOE 4YacTO 3aKaH-
YHMBAETCS JIETAIBHBIM HCXOJOM. Y JKMBOTHBIX NMPU CHIBHOM IMOPAYXEHWH OpraHW3Ma CapKOCIOPHIAMO30M HaOIIo-
Jaercs cnabocTh, UCTOLIEHUE W THIpeMUs TKaHed. Pa3BUTHE CapKOIMCTOB MPOUCXOIHUT B MBIIIEYHBIX KJIETKAX H
TKaHSIX.

W3BecTHO, 4TO B €CTECTBEHHBIX YCJIOBHUSIX XHIIHBbIE J>KHBOTHBIE 3apakaloTcs NpU yHNOTpeOJIeHuHn Mmsica
JKUBOTHBIX MOPa)KEHHBIX capkoructaMu. CapKOIMCTHI BBIACNISAIOT SAOBUTHIE BELECTBA, CAPKOLMCTHH U CapKOCIO-
PHOLIMH, KOTOPBIE ITPUBOJIAT K JIETAJIbHOMY UCXOAY KHUBOTHBIX B TeueHne 5-20 4acos.

CapkonucramMy TIOpa)katoTcsi KOCYJIH, OJICHH, KaOaHbl, KPOJHMKH, KPBICHI, MBIIIH, JOMAIIHHE >KUBOTHBIC H
JMKUE yTKU. B 3THOIOrMU CapKOIMCTO30B TUKUX )KUBOTHBIX W3BECTHBI HECKOJIBKO BHJIOB ATHX Mapa3uTOB, KOTOphIE
BCTPEUYAIOTCS y KOCyab (B MBINIAX TJIOTKH, B KOPHSX si3bIKa), y KabaHa (BO BCel IMOMEPEYHONOIOCATOM
MYCKYJaType, MPerMYIIECTBEHHO B MbINIIAX JuadparMbl, KOHUMKaX s3bIKa, OPIOIIHOW CTEHKE, U B CEpJACHHOU
MBIIIIE), Y KPOJIMKOB (BO BCEX CKEJETHBIX MBIIINAX), Y YTOK (B CKEJETHBIX MbIIax). LIucThl pacnonoxeHsl B
MEXMBIILIEYHON COEAMHUTEIbHON TKAHU.

[Tocne mpuema chIporo Msica KpPYIHOTO POraToro CKoTa M CBHUHEHW, 3apaKeHHBIX CapKOLUCTaMU, JIe()UHUTHB-
HBI XO035IMH C (heKaTUsIMA HAYMHAET BBIJEIATh CIIOPOLMCTHL. YeIOBeK MOXET 3apa3uThesl CApKOCIOPUAMO30M MPH
YHOTPOOJIEHHHU CBIPOTO MsICa, 3apaXKEHHOT'O CapKOLMCTO30M XKMBOTHBIX, ¥ IIPU He- COOTIOCHUN JIMYHON THI'HEHBL.

Ilpn capxomucro3e MHKYOAUMOHHBIA MEPUOA HMPOAOIDKAETCS OYEHb UIMTENbHOE BpeMs, M NpU CHIIBHOM
MIOPa)KeHUH JKMBOTHBIC IIOBEPraroTcs MCTOLIEHHIO. JKHBOTHBIE IUIOXO II€PEABUraloTcs, OOJbIIe HAaxXomaTcs B
COCTOSIHHU JIeXKa, B MOMYENIOCTHOM M IPYIHOH 0ONAacTH OTMEYaloTCs OTeKH. B HEKOTOpBIX ciydasx 3aboieBaHHe
NPUBOIUT K ruOenn xuBoTHOro. Ilpu cmabGoM nopakeHun OONbHBIE KMBOTHBIE MOTYT NEPEHOCHTH KIMHUYECKHE
NPU3HAKH 3200JIeBaHUS B TEUCHHUE TO/A.

Ipu Gone3Hn capkoCHOPUIMO30M B IIEPBYIO odepenb HaOIromaeTcss MCTOLICHHE OpraHM3Ma >KUBOTHBIX. Bo
BCEX BHYTPEHHHUX IAPEHXMMATO3HbIX OpraHaxX pEe3KO BBIPAKEHHBIX M3MEHEHMH HE HAOIIONAeTCsi, HO MOXKHO
3aMETHTh YMEHBIIECHHE Pa3MepOB OPTaHOB )KUBOTHBIX. MOKHO YBUETh CAPKOLUCTHI — OBAJIbHbIE O€NbIe HIH Cephble
coeuHeHus — B auadparme, B OPIONIHOM YacTH, B KOPHSIX A3bIKA M B MBIIIIIAX CEPALA.

ITpn XpOHMYECKUX COCTOSHUSIX Y KUBOTHBIX BOKPYT MHOTOUYHMCIEHHBIX CapKOIIUCT 00pa3yroTcsl OTJIOKEHUS
colel U Taxke HabIrogaeTcs BhIpaskeHHask TUIAPEMHUS CKEIEeTHBIX MBI, CapKOIHCTO3 MO)KHO OOHAPYKUThH TOJIBKO
TI0CJIE CMEPTH KUBOTHBIX. TPYIIBI JKUBOTHBIX HEOOXOJUMO MUKPOCKOINYECKH UCCIIEI0BATh, CHIIBHO ITOBPEXKICHHBIE
TPYIIBI CIIEAYET MOrpedaTh Ha TITyOHHY 2 METPOB.

IIpu mpoBeaeHNH MUKPOCKOIMYECKUX MCCIEIOBAHUN CPE30B, IPUTOTOBIEHHBIX U3 MPOO MOPAKEHHOTo Msica
KHMBOTHBIX, YCTaHABJINBAETCS AUArHO3. MOXXHO yBHUANTH, YTO CAPKOLMCTHI U30JIMPOBAHO HAXOIITCSA B MBIIICYHBIX
BOJIOKHaX M MEXKMBIIICYHBIX COCAMHHUTENBHBIX TKaHSIX. Mepsl 1Mo 60pbOe ¢ CapKOIMCTO30M BCE €IIe HE JaroT
TIOJIOKUTEIBHBIX PE3YIBTATOB.

[Npennaraemas pabora npeaHa3HaYeHa IS U3ydeHUs (ayHBI, IIMKIIOB Pa3BUTHS X MUKPOMOP(]OIOruHy mpeacTa-
BUTEJEH poma SarcocystiS HEKOTOPHIX TPBI3YHOB M NTHL. [l ZOCTHKEHMS 3TOrO HCCIEeNOBaHMSA OBLT NPOBEICH
9KCIICPUMEHT C MEJIKHMH I[03BOHOYHBIMU JKMBOTHBIMH. llenpro Hamel paOoTel sIBIsETCA  BBISBICHHE
pacIIpoOCTpaHEHUsI CAPKOCTIOPUINHA B HEKOTOPBHIX BHIAX I'PHI3YHOB U ITHIL, M3Y4CHHE MOPQOIOTHH OOHAPYKEHHBIX
CapKOCIOPUANH, NX )KU3HEHHOT'O IUKJIA.

Pesynsratel  MccienoBaHUsT MOTYT OBITH  HCHONB30BAaHBI TSI ATHM300TONOTHUECKOM  XapaKTEpPHCTHKH
CapKOIMCTO30B TPBI3YHOB W NTHI. V3ydeHne mWKIa pa3BUTHS M KOHKPETHOH CTPYKTYpbl HEOOXOOMMO JUIS
JMarHOCTHKH BUIOB poxa Sarcocystis. JXKenTslil Cycnuk, moMallHue MBIMIHN, KEKJIUK MOTYT CIYKHTh JJAOOPaTOPHBIM
TIPUMEPOM TIPH MCCIIEOBAaHUN CapKOIMCTO30B MJIEKONMHTAaromuX 1 nTull. [1pn m3ydennn kypca «Ilapasutomorusi» n
«3o0morust OECIIO3BOHOYHBIX» MOXKHO HCIONB30BATh MAaTEpPHANbI 10 YIBTPAcCTPYKType M LUKITy pa3Butus. Ha
OCHOBE 3TOH paOOTHI OITyOJIMKOBAHO 5 CTaTei.

KnroueBble cjioBa: capkoliicTa, CapKOCIOpPHINO3, (ayHa, HUKJI pa3BUTHS, MHKPOMOPQOIOTHS, MEPO3OUT,
Jne(pUHUTHUBHBIA XO341H, IIN30TOHNS, FAMETOTOHHS, CIIOPOTOHUSI.
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BIOLOGICAL AND ECOLOGICAL FEATURES OF THE
SAXAUL-EATING SHEEPSHANKS (COLEOPHORIDAE)

Abstract. Within pests (insects), Lepidoptera, by species composition and harmfulness, are in the front row. As
you know, one of the biogenic factors in nature, they have a serious impact on the yield of natural pasture grasses
and saxaul. They feed on leaves, stems, roots, flowers and seeds of plants, and prevent the reproduction of saxaul. In
this regard, it is now necessary to study the biological characteristics of shells that feed on saxaul, determine the
phenology, harmfulness, and organize measures to protect against pests. For many reasons (seed production,
agricultural engineering, etc.), it is connected with the fact that in the desert zone of South-Eastern and southern
Kazakhstan, issues of increasing the area of the saxaul and protecting it from pests are being solved. One of the main
reasons is an incomplete study of the species composition of insects-insects that feed on saxaul. Therefore, the study
of bioecological features of pest species and their harmfulness and measures to protect the saxaul from pests is one
of the urgent problems. The article deals with the study of biological features of shells that feed on saxaul,
determining the phenology, harmfulness and organization of measures to protect against pests.

Key words: saxaul, insects, scapulars, insect pests, Lepidoptera.

Introduction. For many reasons (seed production, agricultural engineering, etc.), it is connected with
the fact that in the desert zone of South-Eastern and southern Kazakhstan, issues of increasing the area of
the saxaul and protecting it from pests are being solved. One of the main reasons is an incomplete study of
the species composition of insects-insects that feed on saxaul. Therefore, the study of bioecological
features of pest species and their harmfulness and measures to protect the saxaul from pests is one of the
urgent problems.

The article deals with the study of biological features of shells that feed on saxaul, determining the
phenology, harmfulness and organization of measures to protect against pests.

Brief description of the parent. The sesame crustacean family (Coleophoridae) is a small butterfly
belonging to the relatives of Gelechioidea (1700 species of the family 1425 families in this Taxon are
included in the international register) [1,2].

Morphological feature. The margins of the front wing of butterflies are 7-40 mm., the wings have
thin, toning, white stripes along the crests and long hair. In the course of life is closely Gldata decides
boxes. Fruit carriers are wrapped in silk and made from various plant residues. Some species develop
within a class or within a breed, inside a gall (node). Aesthetes spend feeds and plants [3].

Range. It is most commonly found in temperate regions of the Northern hemisphere, desert and
desert areas in the Palearctic. In southern Africa, South America, and the continents of Australia
[4,5,6,7,8,9,10].

More than 1,000 sesame species are known in the countries of the former USSR, including pests of
agricultural crops, forest and fruit trees, and pasture plants [5,6]. The following species of kunduars are
found in saxaul: Characia haloxyli (Flkv).), Coleophora captiosa (Flkv.), lonescumia saxauli (Flkv.),
Casignotella gallivora (Flkv.), Coleophora galligena, Coleophora calligoni [7].
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Research materials and methods. As a result of a taxonomic survey conducted by scientists around
the world recently, it was proved that the kunduna springs are divided into 11 families. Currently, the
taxonomic degrees are as follows: family name — arthropods (Arthropoda); only branch — tracheae
(Trachiata); class — hexagons (Hexapoda); herd — bunt (Insecta); tap — wings (Pterygota); infratap —
janacanates (Neoptera); group — scaly (Lepidoptera); group — nasal (Lepidoptera); group — nasal
(Lepidoptera). glossata); related is gelechiidae fracker, 1915; related-Coleophoridaec Hiibner,
1825 families: Augasma, Coleophora, Corythangela (Batrachedridae), Enscepastra (Batrachedridae),
Goniodoma, Iriothyrsa (Agonoxeninae), Ischnophanes, Ischnopsis (Agonoxeninae), Metriotes,
Nasamonica; Porotica (agonoxeninae) [9,10].

The largest species of the sesame family genus is in the Coleophora family. Most of the seeds that
live in saxaul belong to this breed.

I. seed-a General characteristic of the Coleophora family (Hiibner, 1825).

The number of species belonging to the sesame family is 95 % of all known species of the
Coleophoridae family, and there are 1,350 known species worldwide that belong to this breed. As a result
of subsequent taxonomic studies, on morphological features, many species of the family were again
included in this breed. Many continents of the world are inhabited mainly by near-Arctic and Palearctic
zoogeographic zones [11,12].

The results of research and analysis. In the desert regions of our South-Eastern Kazakhstan in
2014-2016. as a result of research, it was found that there are 2 types of sesame seeds in the saxaul, living
mainly with generative and vegetative members of the saxaul. Information was obtained about the
features of their biological development, nutritional relationship and harmfulness. For the phenological
development and control of mass species, the stages of their optimal development were determined.
Below, we focus separately on species that feed on various members of the saxaul.

1.Saxaulnik-Coleophora haloxyli (Flkv.)

Synonyms: Characia haloxyli (Flkv.)

Morphological feature. The area of the front wing of butterflies is 10-12 mm. the Ink is thin, covered,
the outer side is covered with husks. The forewing is white or light grey matting, and has red-brown
scales on which the top group is found. The hindwing is dark white, the hair of the fore and hind wings is
light. The ink is thin, the outer side is framed with light brown silk. The 2nd chain is covered with short
husks (figure 1).

Figure 1 — Saxaul sesame-Coleophora haloxyli (Flkv.) [12]

Distribution. Turkmenistan, Uzbekistan [13], in the desert regions of South-Eastern Kazakhstan.

Biology. Star seeds are made from saxaul. It lives in the White saxaulnik. The length of the shell is
8-9 mm., the color is brown-yellow.

Cereal asterisks are found in September-October [14]. The flight of butterflies will begin in early
June. At this time, they also feed on saxaul shoots. In the summer, it falls into the estivation. Inside
kundak winter starlets. 1 generation per year.

2. Captiosa (Coleophora captiosa (FIkv.), 1972) morphological and biological features.

Types: Coleophora captiosa captiosa, Coleophora captiosa maior Baldizzone, 1994.

Synonyms. Tritemachia capitosa (FIkv.)

Distribution. Turan-Gobial species: Mongolia, Turkmenistan, Uzbekistan [13, p.817], settlement of
saline lands in the desert regions of South-Eastern Kazakhstan.
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Morphological feature. The area of the front wing of butterflies is 10-12 mm. the Ink is thin, covered,
the outer side is covered with husks. The forewing is white or light grey matting, and has red-brown
scales on which the top group is found. The rear wing is Matt white. The hair of the front and rear wings
is light. The ink is narrow, the outer side is framed by light brown scales. The 2nd chain is covered with
short husks [12, p.50].

The length of the fruit is 5-6. 5 mm., the saxaul leaf is a tubular shape made on shoots, with a well-
developed valve, the color is dark brown.

Biology. Butterflies fly in June. Parsley feeds on black saxaul shoots in spring and seeds in autumn.
1 generation per year.

3. The seed of the Haloxylon — Coleophora saxauli (Flkv.) morphological and biological features.

Synonyms. lonescumia saxauli (FIkv.)

Distribution. Turan-Gobalyk: Mongolia, Turkmenistan, Uzbekistan [13, p.820]. In the desert regions
of South-Eastern Kazakhstan, there are lands overgrown with white saxaul.

Morphological feature. The margins of the front wing of butterflies are 11-12 mm. the Ink is thin,
covered, and the outer side is covered with husks. The forewing is white or light grey matting, and has
red-brown scales on which the top group is found. The rear wing is Matt white. The brushes of the front
and rear wings are light. The ink is thin, the outer side is framed with light brown silk. The 2nd chain is
covered with short husks (figure 2) [12, p.47]. The length of the sprockets is 6.5-7.5 mm., the saxaul leaf
is a tubular shape made on shoots, the rear valve of the kung is well developed, the color is dark brown.

Figure 2 — Coleophora saxauli (FIkv.1972) features of the structure of whiskers and scoops [12, p.89]

Biology. Star worms in kunduk overwinter on the surface of plant residues or soil. Butterflies fly in
August. Saxaul shoots feed on stars in the spring, and saxaul seeds in the autumn. 2 generations per year.

1. Calligraphy of Casignotella-Casignotella gallivora (FIkv.)

Distribution. Turan-Gobalyk: Mongolia, Turkmenistan, Uzbekistan. It lives in the desert zones of
South-Eastern Kazakhstan.

Morphological feature. The margins of the front wing of butterflies are 8-10 mm the Rollers are
white, 2 of which are covered with bugs, without a brush, 1.5 times smaller than the ink of the 3rd chain
of the guardrail, twice as large as themselves. Peas at the guardrail-simple, with a white, brown ring. The
top of the wings are framed by small, scattered scales, which are often found in some places. The wing
shells of females are frequent and dense. The hindwings are dark grey and the hair is light [15].

Threads are knitted with dense silk threads, with a bumpy top, with a back valve three hinged,
6-7 mm long.

Biology. Star worms in kunduk overwinter on the surface of plant residues or soil. In the spring, at
the beginning of April, it is fried there. Butterflies of the 1st generation fly in the second half of April,
when the eggs are placed in the young shoots of the saxaul (tube leaves). The asterisks of the egg are leaf
buds (Psylidae: Caillarida azurea C.), which affect the shoots of the saxaul (Psylidae: Caillarida azurea C.)
penetrate inside the galls, feed the core of the shoots. 1 Galle is home to 1 star. The roasting of this
generation takes place inside the gall. Butterflies of this generation fly in July, the Gauls have a round
hole.

The second-generation asterisks appear from the second half of August to the first days of
September. They are located in a tubular droplet, only the head and chest are visible, and when threatened,
they get stuck inside the kung. After the first cold, when the saxaul seeds fall out, they go to winter. In the
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autumn months, saxaul seeds are eaten from the inside, causing significant damage to the seed yield. In
one village, their number reaches 50.

In addition to saxaul, with seeds of eggplant and Circassian, and stars of the 1st generation-
inquisitors in the galls of leaf buds in numerous shrub and shrub plants, eat inside the shoot [14, p. 869],
and living in two relatives of the breed alabota-the only species [15].

Saxaul shoots feed on stars in the spring, and saxaul seeds in the autumn. 2 generations per year
(table) (figure 3).

Figure 3 — Casignotella gallivora (Flkv.) ildiri

As a result of the conducted research, 15 star stands were found out of each saxaul breed of this type,
collected 1 kg, and the damage reached 5.

1. galligena Kungei-Coleophora galligena (Flkv.)

Distribution. Turan-Gobilyk: Mongolia, Turkmenistan, Uzbekistan, [13, p. 820], Jordan and Pakistan
[16]. In the desert regions of South-Eastern Kazakhstan, the saxaul lives.

Morphological feature. The margins of the forewings of butterflies are 12-14 mm the Pockets are
white, toning, 2 times longer, 2 of which are covered with burnt husks, without hair, the 3rd chain of the
guardrail is shorter than 2. The lower sides of the basal (substep) chain of the guardrail are covered with
scales, shaped tassels. The color of peas is White, several chains are covered with husks, in the middle
part of the ring is light brown-yellow. The head, back and wings are light yellow [17, p.825]. The length
of adult stars of the pest is 4-5 mm, the body is light yellowish, the head is black.

Biology. Asterisks are found in spring in April and may, in autumn from the end of August and in
September. The thin branches of the saxaul are white, including the gall. The galls (nodes) are 15 mm
long. Two generations per year. The spring generation of saxaul feeds on vegetative, and the autumn
generation on seeds.

This species is very similar to the species mentioned above in the striking, nutritional, and biological
features of the saxaul. Young and adult starlets hibernate inside a thin elephant, inside plant remains.
From seed leaves that are in the breed [18,19].

Casignotella gallivora (FIkv.) phenological calendar. (Almaty region, Balkhash district)

Stage of Months

development | 11l v \Y VI-VII VI IX X
(I e e e v (i (e [

Caterpillars | (e
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Imago + | + |+

Egg °

Caterpillars — e — — ] —
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Imago + +
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Caterpillars — | | (e | ()
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Symbols: - egg, + - senior butterfly, - star, ( - ) - Star in the winter range, 0-doll, VVV-the
timing of the control measures.
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Conclusion. As a result, as a result of the conducted research in the desert regions of South-Eastern
Kazakhstan, there are 2 types of sesame seeds that live in saxaul forests, which mainly feed on generative
and vegetative members of the saxaul. Information was obtained about the features of their biological
development, nutritional relationship and harmfulness. For the phenological development and control of
mass species, the stages of their optimal development were determined.

H. T. Tymen6aera’, b. K. Momo6aesa', /1. O. CmanymBaz, A. C. MenguranmneBa’

1 : : .
M. X. lynatu aTeiHAarsl Tapa3 MeMieKeTTiK yHuBepcurTeTi, Kazakcran;
2 : .
Kazax ynTTeIK arpapislk yHuBepcuTeTi, Anmartsl, Kazakcran;
*Barbic KazakcTan MHHOBALMSUTBIK-TEXHOTOTHSUTBIK yHIBepeuTeTi, Opa, Kazakcran

CEKCEYIVIMEH KOPEKTEHETIH KYHJIAKTBIJIAP (COLEOPHORIDAE) TYBICTACBIHBIH
3UAHKEC TYPJEPIHIH BUOJIOTI'UAJBIK )KOHE 3KOJOT'UAJBIK EPEKIIEJIIKTEPI

AnHoTamus. 3usHkec — OyHakaeHeninepaiH (Oexxekrep) immHAe KaOBIpIIAKKAHATTBIIAPFA JKATaIbl, TYP
KypaMBbl JKoHE 3USTH/IBUIBIFBI JKaFbIHAH aJIFaH/a, allAbIHFBI KaTtapaa Typ. TaburatTarsl OMoreH ik Gpaxkropuapasy Oipi
periHze, onapAplH TaOWFW JKaHbUIBIM IIONTEepi MEH CEKCeYUIIiH OHIMIUIriHe KEeNTeyip BIKMAIbIH TUTi3eTiHi
6enrini. Onap eciMIiKTepAiH >KamnblparbiMeH, cabarbIMEH, TaMBIPHIMEH, T'YJIIMEH JKOHE TYKbIMBIMEH KOPEKTEHIIl,
CeKceyuIliH ecin-eHyiHe Kkezaepri jkacaiapl. OcbkiFaH OailylaHBICTBI Ka3ipri yakbITTa CEKCeyiIMEeH KOPEKTEHETIH
KaObIpIIaKKAaHATTHUIAP/IbIH OMOJIOTHSUTBIK €PEKIICTIKTEPiH 3epTTey, (PeHONTOTHICHIH, 3USH/BUIBIFBIH aHBIKTAY JKOHE
3USHKEC TYPJIEPJCH KOpFay WIapajapblH YHWbIMAACTBIPY KaKeTTuniri TybiHman otelp.OHTycTiK-1BIFBIC KoHE
Onrycrik KazakcraHHBIH 111611 aiiMaFbIHIa KOJIJIaH eTUINeH CEKCeYUIIIH KOJIeMiH YIIFalTy )KOHE OHbI 3USHKECTEpICH
KOpFay uIapajapbl KenTereH cedentepre (TYKbIM IIapyallbUIbIFBL, arpoTeXHUKachl T.0.) OainanbicThl. Herisri
ceOenrepiiH Oipi: CEKCEyIJIMEH KOPEKTEHETIH 3HsSHKEeC-KaObIPIIAKKAHATTHUIAPBIH TYP KYPaMBIHBIH TOJBIK
3eprrenmMeyi. COHIBIKTaH 3USHKEC TYPJICPiHIH OMOIKOIOTHSIIBIK ePEKIISTIKTePl MEH OJapAbIH 3USHABUIBIFBIH JKOHE
ceKceyiil 3UsHKeC KaObIpIllaKKaHATThUIAp/aH KOpFay LiapaliapblH 3epTTey — 63eKTi Macenenep/in Oipi. Makanana
CEKCeyUJIMEH KOPEKTEHETIH KaObIPIIAKKAHATTHIIAPABIH OWOJOTHSUIBIK EPEKIICTIKTEPIH 3epTTey, (EeHONOTHACHIH,
3HUAHIBUIBIFBIH aHBIKTAY JKOHE 3UAHKEC TYPJIEpACH KOpFay LIapanapblH YHBIMIACTBIPY Maceneepi KapacThIpbUIFaH.

CoHFBI yaKbITTa oJI€M FalbIMAApPBIHBIH JKYPIi3TeH TaKCOHOMMSUIBIK TEKCEepy HOTIKECIHAE, KYHIAKThbUIap
TybicTachiHbIH 11 TykbIMAacka OemiHeriHmiri monennenmi. Kazipri ke3geri TaKCOHOMUSUIBIK —Idpexeriepi
TeMeHzeriaeit: Teri — OypiHaskTeUTap (Arthropoda); Tex tapmarst — KeHipaek ToiHbICTRITap (Trachiata); Tamracer —
antelaskTeuiap (Hexapoda); tabsr — Gynakaeneninep (Insecta); Tam Tapmarsr — kanatTeitap (Pterygota); uadparam —
xaHakanatteutap (Neoptera); To6sr — kaObipmakkanateitap (Lepidoptera); Tom TapMarbl — TYMCBIKTBLIAP
(Glossata); Tysicractapsr — Gelechioidea Fracker, 1915; tysictacst — Coleophoridae Hiibner, 1825 TyKpIMIOacTapsl:
Augasma, Coleophora, Corythangela (Batrachedridae), Enscepastra (Batrachedridae), Goniodoma, Iriothyrsa
(Agonoxeninae), Ischnophanes, Ischnopsis (Agonoxeninae), Metriotes, Nasamonica; Porotica (Agonoxeninae).

KyHnakTeiiap TybIiCcTachIHbIH immiHgeri e kem Typ Coleophora tykeiMaaceiHa skataasl. Cekceyinmge Tipuritik
€TeTiH KYHAAKThUIAPIbIH 0aChIM KOTIIIITT OChl TYKBIMIACKA KATa/Ibl.

KyHmakTbiap TYKbIMIAChIHA »KaTaTeiH Typsepain cadbl Coleophoridae Ttysictaceinbi Gapisik  Gemrimi
Typrepain 95 %-vIH Kypaiinpl, oneM OoOMbIHIIA OCBI TYKbIMIacka >kataThiH 1350 Typ Oenrimi. Keiinri ke3neri
KYPTI3UITeH TaKCOHOMUSUIBIK 3€PTTEYIEpPIiH HOTIDKECiHAE, MOP(OIOTHIIBIK epeKIeTiKTepl OOMbIHIIIa KONTereH
TYKBIMJACTapIaFel TYpJEp OCHI TYKbIMAAcKa KaiTtamaH eHrizinmi. JXKep mapbHBIH KeNTereH KOHTHHEHTTEpIiH,
HETi31HeH HeapKTHKAJIBIK JKOHE MMaIeapKTHKAIBIK 300reorparaliblK aiiMaKTapblH MEKSHICH]TI.

Onrycrik-Ierreic KazakcTanusiH men aiimaxrapsiaaa 2014-2016 sKputnapsl KYpri3iiren 3epTreyaepiMi3aia
HOTIDKECIHE CeKCeyUIIe TIPIIIiK eTeTiH KYHAAKThUIApAsIH 2 Typi Ke3[ecCTi, olap HeTi3iHeH CeKCeyiIniH reHepa-
TUBTI JKOHE BETreTaTHBTI MyllenepiMeH KopekreHeni. OmapAplH OHWONOTHAIBIK IaMy EpeKIIeTKTepi, KOPeKTiK
OaiiaHbICHl KOHE 3USAHABUIBIFBI TYpaibl MAJIMETTEep ayibIHIbL. DEHONOTHSIIBIK JaMybl )KOHE JKalllai Ke3leceTiH
TypJepiMeH Kypecy YVIIiH ONapAblH OHTAWIBl AaMy caTbUIapbl aHBIKTAIARL. Makanmaja CeKCeyuUlmiH opTypii
MYIIeNepiMeH KOPEKTSHETIH TYpIepAiH CHITaMMaMachl KeNTipisireH.

Kynpmaktemapasie Tapairy aitmarsl CONTYCTIK KapThl IMapAblH KOHBIpXKail aiMakrapbeiHaa, [lameapKkTukamarbl
e XoHe IIeIIeHT xeprepae kebipek kesmeceni. Appukansiy oHrycririnne, OHTYCTiK AMeprKkana xoHe ABCTpa-
TS KYpIIbIKTapbIHIa a3 Ke3Iecei.

Bypeinret KCPO enpepinne kynaakrbuiapasiy 1000-nan aca Typiepi Oenrini, onapslH ilIiHAe aybuiiapya-
IIBUTBIK JaKBUIIaPBIHBIH, OPMaH JKOHE KEeMiC aFralliTapbIHBIH JKOHE KAWBUIBIM ©CIMIIKTEPIiHIH 3UIHKEC Typiepi Oap.
Cekceyimme TIpHITIK eTeTiH KYHIAKTBUIApIBIH TeMeHmerimed typrepi kesmecemi: Characia haloxyli (Flkv.),
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Coleophora captiosa (Flkv.), lonescumia saxauli (Flkv.), Casignotella gallivora (Flkv.), Coleophora galligena,
Coleophora calligoni.

Onrycrik-Isrpic Ka3zakcTaHHBIH 1671 aiiMaKTapbIHAa XKYPri3TeH 3epTTeYNIepiMi3IiH HOTIKECIHIIE CeKceyine
TIPIIUTIK €TeTiH KYHIAKTbUIApAbIH 2 TYpi Ke3IecTi, ojap HEri3iHeH CEKCeyUIiH TeHEepaTHBTI KOHE BETETaTHBTI
MymienepiMeH KopekTeHei. Onap sl OHONOTHSIIBIK 1aMy epeKIIeTiKTepi, KOPEKTIK OailJIaHBICHI )KOHE 3HSTH/IBLIBIFbI
Typajbl MaJIIMETTEp allbIHABL. DEHOJIOTHUSUIBIK 1AMyl KOHE Kalllai Ke3/IeCeTiH TYpJIepiMeH KYpecy YILIiH Onap. by
OHTAWIIBI JaMy CaThljIapbl aHBIKTAJIJIBL.

Tyiiin ce3nep: Cekceyin, OyHaKIeHeIIep, KYHAAKThLUIAp, 3USHKeC-00)KeKTep, KaObIpIIaKKaHATTHLIAP.

H. T. Tromen6aeBa’, b. K. Mom6aesa’, JI. A. CMarmeBaz, A. C. Menaurannesa®

1Tapa301<1/1f/'1 rocynapctBeHHbId yHuBepcuteT uM. M. X. lynatu, Kazaxcran;
’Ka3axCKHii HALHOHATbHBIH arpapHslii yHuBepcureT, Anmarsl, Kasaxcran;
*3ama 1H0-Ka3axCTaHCKHil HHHOBALMOHHO-TEX HHYECKHUIA yauBepcuteT, Opan, Kazaxcran

BUOJIO'NYECKHE U SKOJOI'MYECKHUE OCOBEHHOCTHU YEXJIOHOCKHA
(COLEOPHORIDAE), MUTAIOIIUXCSA CAKCAYJIOM

AHHoTanus. BHytpu BpeauTened (HacekoMble) 4YelIyeKpbUIble, MO BHIOBOMY COCTaBy M BPEIHOCTH,
HaxOJATCsI B niepeiHeM psiny. Kak u3BecTHO, OIHMM U3 OMOTeHHBIX ()aKTOPOB B IPUPOJIC OHU OKA3bIBAIOT CEPhE3HOE
BJIIMAAHHE Ha y'pO)KaI‘/IIHOCTI) MpUPOJHBIX l'IaCT6I/IIJ_IHI>IX TpaB U CaKCayJIbHUKOB. OHU MUTAIOTCS JINCTBbSMU, CTC6J’IHMI/I,
KODHSIMH, IIBETaMU M CEMEHaMHU pACTeHWH, NPEIsTCTBYIOT BOCHPOM3BOICTBY cakcayna. B cBs3M c 3TUM B
HacToslIllee BpeMsi Haspena HEOOXOAMMOCTh W3Y4YEHHS OHMOJOrMYecKMX OCOOEHHOCTEi PAaKOBHH, IMUTAIOIIUXCS
cakcaysaom, onpesneneHus (EHOJIOTHH, BPEAHOCTH M OpraHM3allid MEpONpUSITHH 10 3aluTe OT BpeauTenei. B
NYCTHIHHOW 30HE 10ro - BocrouHoro u lOkHoro Kazaxcrana Mepbl MO YBENMUEHHIO 00bEMa HCKYCCTBEHHOTO
cakcayna U 3alUTe ero OT BPeIuTeNel 3aBUCAT OT MHOTUX MPUYHH (CEMEHOBO/ICTBO, arpOTeXHUKA U 1p.). OxHOI 13
OCHOBHBIX TPHYHH SBJIETCS HEMOJHOE H3YyYEHHE BHJOBOIO COCTaBA HACEKOMBIX-HACEKOMBIX, MHUTAIOIIMXCS
cakcaynoM. IloaTomy m3ydeHne OMOIKOIOTMYECKHX OCOOCHHOCTEH BHIIOB BpeIuTeNed M HMX BPEAOHOCTH M Mep
3alIUTHl cakcayja OT BpEIUTeNel SBIIAeTCS OOHOW M3 aKTyalbHBIX HpoOieM. B craThe paccMOTpeHBI BONPOCHI
n3y4eHHs OHONIOTMYECKHX OCOOCHHOCTEH pPAKOBMH, IIMTAIOIIMXCA CaKCcayloM, ONpeneneHHs (EeHOIorHy,
BPEJOHOCTU U OpPraHM3al1 MEPONPUATHI O 3aILUTE OT BpeAUTEICH.

B pesysibprare TakCOHOMHYECKOro 0o0OCIeOBaHMs, NPOBEICHHOIO YUYEHBIMH MHpA B IIOCIEAHEE BpeMs, ObLIO
JIOKa3aHoO, YTO YEXJIOHOCUKM Jeinsrcss Ha 11 cemelictBo. B Hacrosiiee BpeMsi TaKCOHOMHMYECKHE CTEHNEHU
crepymonme: poj — wienucronorue (Arthropoda); noapoxn — tpaxeu (Trachiata); kiacc — mecrunorue (Hexapoda),
nmonkiacc — Hacekomoe (Insecta); mamkmacc- KaHarteutap (Pterygota); mnbppakmacc — HoBokpsuisie (Neoptera);
otpsax — vemyekpoiibie (Lepidoptera). glossata); momotpsim — Gelechioidea Fracker, 1915; namcemeiictBo -
Coleophoridae Hiibner, 1825 cemeiictBa: Augasma, Coleophora, Corythangela (Batrachedridae), Enscepastra
(Batrachedridae), Goniodoma, lIriothyrsa (Agonoxeninae), Ischnophanes, Ischnopsis (Agonoxeninae), Metriotes,
Nasamonica; Porotica (agonoxeninae).

Camplif KpYNHBIA BHI poia ceMeiicTBa YeXJIOHOCOK Haxomautcs K cemeiictBy Coleophora. BombmmHCTBO
YeXJIOHOCOK, OOUTAIONIUX B CaKCcayle, OTHOCATCS K TOMY BUAY.

KonmnuectBo BHIOB, OTHOCALIMXCA K CEMEHCTBY YEXJIOHOCOK, COCTaBsieT 95% Bcex H3BECTHBIX BHIOB
cemeiictBa Coleophoridae, mo Bcemy mMupy m3BecTHO 1350 BHIOB, OTHOCSIIMXCS K TAHHOMY BHay. B pesymbrate
MIOCJIEAYIONIUX TAKCOHOMHYECKNX HCCIEJOBAaHUHN, IO MOP(OIOTHIECKHM OCOOEHHOCTSIM, MHOTHE BHIBI CEMENCTBA
BHOBb OBLTH BKJIIOYEHBI B 3TOT BHJA. Ha MHOTMX KOHTHHEHTAX 3€MHOT'O IIapa OOMTAa0T B OCHOBHOM HEapKTHUYECKHE
U MaJieapKTHYeCKHe 300reorpaduueckue 30Hbl.

B nycteiaHBIX peruoHax KOro - Bocrounoro Kaszaxcrana B 2014 - 2018 rr. B pe3ynbTaTe MpOBEACHHBIX HCCIIE-
JIOBaHMI yCTaHOBJICHO, YTO B CaKcayje BCTPEYAIOTCS 2 BHUJA YEXJIOHOCOK, MUTAOMINXCS B OCHOBHOM C I'€HEpaTHB-
HBIMH W BET€TaTUBHBIMH OpraHaMH cakcayna. [lomydeHsl cBeJeHUSI 00 OCOOEHHOCTSX HMX OHOJIOTHYECKOro
pa3BUTHS, UTATEIBHON CBA3M M BpeaHOCTH. st (heHOomormyeckoro pa3BuTHA M OOpHOBI ¢ MAaCCOBBIMH BHJIAMH
OBLTH ONpEeIeNIeHbI CTaINH X ONTUMAIBHOIO Pa3BUTHSL. B cTaThe mpuBeneHa XapaKTepHCTHKA BUIOB, MUTAOIINXCS
Pa3IMYHBIMH OPTaHAMH CaKcayIa.

Apeal 4eXJIOHOCOK BCTPEUYAaeTCsl B yMEpeHHBIX paiioHax CeBepHOro MomyIIapus, MyCTBIHHBIX M ITyCTBHIHHBIX
Mecrax B [laneapkruke. Ha rore Adpuxu, B FOxHOM AMeprke 11 Ha KOHTHHEHTaX ABCTpaIMU BCTPEUAETCS MAJIO.

B crpanax OpBmero CCCP wm3BectHo ©Oomee 1000 BHAOB UYEXIIOHOCOK, CpPEOW KOTOPBIX BPEIUTEIH
CEITbCKOXO3SICTBEHHBIX KYIBTYp, JIECHBIX M IUIONOBBIX JICPEBHEB M MACTOMINHBIX pACTEHWH. Y cakcayna
BCTPEYAIOTCS CIIEIYIONINE BUIBI YEXJIOHOCOK, oburaromux Ha cakcayme: Characia haloxyli (Flkv).), Coleophora
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captiosa (Flkv.), lonescumia saxauli (Flkv.), Casignotella gallivora (Flkv.), Coleophora galligena, Coleophora
calligoni.

B PE3YIbTATEC HAIIUX I/ICCJ‘IGILOBaHI/If/'I, MPOBCACHHBIX B MMYCTBIHHBIX PCTUOHAX IOro - Bocrounoro Ka3aXCTaHa,
BCTPCYAIOTCA 2 BuJa 4YCXJIOHOCOK, 06I/ITaIOIIII/IX Ha CaKcCayJi€, KOTOPbIC IMMUTAIOTCA MPCUMYHICCTBCHHO I'€HCPATUB-
HbIMHU W BEICTATUBHBIMU OpraHaMMu cCaKcayla. HOJ‘Iy‘IeHLI CBCIICHUA 00 0COOEHHOCTAX HX OHOJIOTHYECKOIO
pa3BuTHA, MMUTATEILHOM CBSI3U M BpPEIOHOCTH. 21.1'[5[ Q)CHOHOFI/IHCCKOFO pa3BuUTHUA U 60pL6BI C MaCCOBbIMH BHJaMH
ObLIN OIPCACIICHBI CTAANU UX ONTUMAJIBHOI'O pa3BUTHS.

KaroueBble ciioBa: CaKcCayJl, HACCKOMBIC, YCXJIOHOCKHU, HACECKOMBIC-BPECANUTECIIN, YCITYCKPBLIbIC.
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EXPERIMENTAL RESEARCH FOR TECHNOLOGICAL
PREPARATION OF ARTEMIA (ARTEMIA)
ARTIFICIAL CULTIVATION IN SALT LAKES

Abstract. An integral part of the technological preparation of artificial cultivation of brine shrimp in saline
water is a set of preliminary experimental work to assess the quality of cysts. It has been shown that during the
winter period, activation of Artemia cysts occurs from the initial hatching values of 5-10 % to 72-99 %. The most
optimal salinity range for hatching nauplii is a salinity of 20-30 g/l. With an increase in salinity above these
indicators, hatching decreases. The size of hatching of Artemia depends on the salinity of a natural reservoir. In
reservoirs with salinity of 50-80 g / I, higher hatching rates were obtained than with salinity of 150-160 g/I. Higher
hatching rates are observed when using natural lake water for incubation. During incubation of cysts in a standard
solution and fixed salinity and temperature conditions, the development rate of various stages of nauplii from the
beginning of the opening of cysts (breaking stage) and pre-nauplius to active nauplii is shown. After 1.5-2 h after the
mass appearance of pre-nauplii, they completely change into the nauplius stage.

Key words: Artemia, cysts, nauplii, hatching, salinity.

The valuable crustacean Artemia parthenogenetica Barigozzi 1974 (Anostraca, Artemiidae) inhabits
the salt lakes located on the territory of the Irtysh plain and the Kazakh Uplands [1].

Depending on the water content of the year in lakes with different salinity, 1 to 4 generations are
born. Significant variability of climate and water regime is reflected in the species diversity of aquatic
organisms, forage availability, productivity, and, as a consequence, in the volumes of cysts extraction. In
order to maintain a stable state of Artemia populations in lakes under the conditions of changing
environmental factors, there is a need to carry out measures to artificially increase their numbers and
create favorable conditions for the reproduction and development of crustaceans.

Currently, there are a number of methods and technologies for artificially increasing the productivity
of salt lakes. At the same time, it is proposed to use incubation workshops, special pools and artificial
ponds for obtaining juveniles or adult crustaceans [2,3,4,5,6,7]. At the same time, a very promising
direction is obtaining of planting material of different ages directly in the lake without using incubation
equipment.

To carry out work on experimental reservoirs as part of the technological preparation for the
production of juvenile Artemia, a number of laboratory studies was carried out. The material for the
experiments was collected in salt ponds of Pavlodar region during expedition trips. This report presents
the results of experimental work carried out using artemia cysts collected in lakes with different salinity
during the period from March to October.

Analysis of cyst samples from various lakes showed that in the fall thick-celled cysts have a low
percentage of hatching nauplii. During the winter period, cysts are activated and in spring the eggs reach a
high degree of maturation, hatching reaches 72-99 % (figure 1).
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Figure 1 — Breaking of Artemia nauplii in different seasons

Carrying out special works on the activation of cysts from various reservoirs allows you to select
Artemia strains with high maturation rates (size, efficiency, production and hatching rate) for use in
growing processes.

Due to the fact that the lakes have different salinity values, it is advisable to find out the optimal
salinity range for hatching nauplii. Laboratory studies in incubation media with artificial salinity (water +
NaCl + NaHCO3) and with cysts collected from lakes with different salinity showed that the highest hatch
rates are observed within the salinity of 20-30 g / | (table 1). With an increase in salinity above these
indicators, hatching decreases.

Table 1 — Hatching of Artemia nauplii with different salinity of the artificial environment

Salinity of lake water, Salinity, g /|
g/l 20 30 50 60 70
50 82+1,3 84+1,2 68+8,7 24+1,5 8+0,9
80 66+4,8 70+1,2 35+3,5 26+0,3 14+4,1
150 3243,5 29+1,5 3+0 1,8+0,8 0
160 3942,0 30+2,1 8+0,9 4,5+1,5 0,06+0,01

At the same time, the experiment showed that the hatching rate of Artemia depends on the salinity of
the natural reservoir from which the cyst sample was extracted. So, cysts collected in less saline lakes
(50-80 g / 1) had higher hatching rates than cysts from a reservoir with salinity of 150-160 g/ I (figure 2).
Thus, obtaining such preliminary data will allow you to plan the collection of material for use in
technological processes of cultivation, taking into account the salinity of the mother lake.

80 -
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Figure 2 — Breaking of nauplii from lakes with different salinity in different incubation environments




ISSN 2224-5308 Series of biological and medical. 2. 2020

Due to the fact that the artificial medium used in the experiments differs from natural waters in
chemical composition, an experiment was conducted to assess the effect of natural water on the hatch rate.
The experiments used natural water from Lake Axor (salinity during the season 55-85 g / I, pH 8.5,
chloride water, type Il). The results of the experiments showed that when using natural water from Lake
Axor for incubation (it was diluted to the required concentration), a similar tendency for hatching to
decrease with increasing salinity was observed. In the experiments, the number of embryos that left the
cyst and hung under an empty shell was separately taken into account (the inner membrane, still attached
to the shell — the «parachute» stage). In natural water, hatching at high salinity was higher than in artificial
solution (table 2). The number of «parachutes» with increasing salinity of the solution also increases,
which indicates a decrease in the rate of hatching in more salty water and the need for a longer time to
rupture the egg shell and release the embryo.

Table 2 — Change in the amount of hatching nauplii and «parachutes» in various incubation media, %

Salinity, Standard solution Water from Axor lake
g/l hatching «parachutes» hatching «parachutes»
20 82+1,3 0,0 75+2,5 2,5+0,2
50 68+8,7 6,2+1,5 59+14,5 5,6£1,6
60 24+1,5 21,345,1 35440 17,942.8
70 8+0,9 12,7£2,5 34+1,0 6,9+0,1
80 - - 40+13,0 10,8+0,2

In order to quickly assess the rate of hatching of nauplii during the observation of the incubation
process, an experiment was carried out (salinity 20 g / I, 20-22 °C, activation of 3% H,0,) with constant
fixation of the time of appearance of «parachutes», pre-nauplii and nauplii. According to its results,
periods of the appearance of postembryonic stages of development of the crustacean were revealed:
1.5 hours after the beginning of the opening of the cysts (breaking stage), the first «parachutes» appeared,
which, after 40 minutes, began to separate and go into the stage of pre-nauplius (figure 3). Over the next
hour, pre-nauplii pass into the stage of active nauplii. After 1.5-2 h after the mass appearance of pre-
nauplii, their complete transition to the nauplius stage occurs.
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Figure 3 — Dynamics of changes in the initial stages of nauplii development

Thus, the conducted experimental studies indicate that in technological preparation for the cultivation
of brine shrimp in salt lakes, it is necessary to conduct laboratory studies of the quality of the cysts used,
take into account the influence of salinity of water on the hatching rate of brine shrimp, and select strains
of brine shrimp that are most tolerant to the chemical composition of the recipient reservoir water.

The studies were supported by the grant of the State Committee «Science Committee of the Ministry
of Education and Science of the Republic of Kazakhstan» No. AP05132859.
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C. TopaiirsipoB aTbiHAaFs! [1aBnonap MemiieKTeTTiK yHUBepcuTeTi, Kazakcran

TY3bl KOJJAEPAE APTEMUSHBI (ARTEMIA) dKACAH/bI ) KOJIMEH O6CIPY I
TEXHOJIOT MSLJIBIK TAMBIHJIAMA YIITH SKCIIEPUMEHTAJ/IbI 3EPTTEY.JIEP

Annoramus. EpTic karamaysl MEH Ka3aKTbIH YCaK HIOKBICHI ayMaKTapblHIa OpHAJIACKAH TY3IbI KeJJepre
Artemia parthenogenetica Barigozzi 1974 Garansl masHbl MekeH el 1. [1IassHHBIH OHOIOTHSUTBIK JKOHE SKOJIOTASITBIK
cUMaTTaMaliapbl KIIMMATTBIH KSHE Cy PeKUMIHIH e3repyiHe alTapibIKTai Toyeli.

ApTeMusi TOMy/SIMSUIaPBIHBIH JKaFIaifblH TYPaKThl YCTay MaKCaTbIHIA KeJAep/e IMIasH/Ibl )KacaH bl >KOJIMEH
MOJIBIKTBIPY OOMBIHINA iC-IIapajap KYprizy Kaxer.

Ty3nel Kenaepae apTeMUsIHBI JKacaH/Abl ©CIPYAiH TEXHOJOTWSUIBIK JANBIHIBIFBIHBIH Kypamjaac Oesiri masH
LUCTaJIapbIHBIH CanachlH Oaranay OOMBIHINA aJIABIH ajla SKCIIEPHUMEHTTIK )KyMbICTap KemleHi Oonbin tabbutagsl. Keic
KE3CHI Ke3iHIe apTeMusl IMCTaJapbIHBIH OCICEHAUIIrT TYBUIYABIH Oactamkbl MediepiepineH 5-10%-man Oacram
72-99%-ra neliiH KepCeTiUIreH. OPTYPIi Cy KOMMalapblHAH MUCTAIap bl OCICEHAIICHIIpY OOUBIHIIA KYMBICTAPIBI
XKYpri3y onapIbl TEXHOJOTHSUIBIK ©cipy YpJicTepiHlIe KONJaHy YLIH apTeMHusl ITaMAapblH TaHAayFa MYMKIiHZIIK
oeperi.

HaymmycrapaslH TyBUTYBI YIIIH TY3ABUTBIKTBIH aca THiMI meri 20-30 r/;1 60Nk TaObUTATBIH TY3IBLUTBIK, OCHI
KOPCETKIIITEP/IeH TY3IbUIBIKTHIH apTYBIMEH TYBUIBIMHBIH TOMEHJIEY1 KYPE/i.

ApTeMusi TybUIBIMBIHBIH MeJIelIepi TAOUFH Cy KOHMAaCBIHBIH TY3IbUIbIFbIHA Toyen i. Ty3mputbirsl 150-160 r/n
Ccy KoWManapblHa KaparaHna, Ty3ApuibiFbl 50-80 r/m GonaThlH Cy KoWManapblHAA TYBUIBIMHBIH aca JKOFapbl
KOPCETKIIITEPI aTbIH/IBI.

Toxipubene KONTAHBLIATHIH JKacaHAbl OpPTa XUMMSUIBIK Kypambl OOMBIHIIIA TaOWFH Cy KOWMajapblHaH
epeKILeNIeHe i, OChIFaH 0alIaHbICThI TYBUTBIMHBIH KOPCETKIIIIHE TAOUFU CY/BIH dCep eTyiH Oaraay YIIiH ToxXipuoe
xyprizingi. Toxipubene AKcop KediHEH OKENIHIeH Cy KOJNIAHBUIABI (MaychlM Ke3iHJe TY3IBUIBIK MeJiepi
55-85 /1, pH 8.5, cy xuopuari, II tunti). XKyprizinreHn 3eprreynepiH HOTHKeNepi AKCOpP KOJIHEH OKETiHI'eH
TaOUFU CyJIbl UHKYOAIMsFa KOJJAHFaH Ke3J/e, TY3/bUIBIKTBIH apTybIMEH TYBUIBIMHBIH TOMEHJEYIHIH yKcac ypaici
OaiiKasabl.

Toxipubenepye LMUCTANAH IIBIKKAH YPBIKTAPABIH CaHBI MEH 00C KaOBIKIIAHBIH aCTHIHIA acHaibuIapAbiy (i
KaObIKIIaFa )kaObICKaH 11IKi MEMOpaHa — «IapalloT» CaThIChl) MOJIIIEPIIeP] JKEKe eCenTelIi.

TaOuru cyzma TYBUIBIMHBIH MOJIIEpl TY3[bUIBIKTBIH KOFapbl MeJIIepiepi Ke3iHIe »acaHIbl epiTiHIire
KaparaHja orapbl Oosjpl. EpiTiHAIHIH TY3IbUIBIK MOJIIEPIHIH KOFapiaybIMEeH «apallloTTepAiH» MeIIIepi e
yrFasasl, Oyl TY3IbUIBIFBL aca JKOFaphl Cyda TYbUIBIM KapKbIHABUIBIFBIHBIH TOMCHACYIH JKOHE >KYMBIPTKAHBIH
KaOBIFbIH JKapy MEH YPBIKTHIH 00CaThITYbIHA aca Y3aK YaKbIT KaXeT eKeHiH mnonenzeiini. [lucramapasiy cTaniapTThl
epiTiHAI MEH TY3[BUIBIK IIeH TeMIlepaTypaHblH TypaKTaHIBIPbUIFAaH MAapTTapa HHKYOAIMACHl Ke3iHAe [UCTaIapablH
amsiTybiHaH (breaking stage) Oacran, anael-Haymumyctap (pre-nauplius) mMeH OenceHIl HaymiMycTapra JeiiH
HAYIUINYCTap AAMYbBIHBIH SPTYpPJl Ke3eHIep KapKbIHIBUIBIFEI KOPCeTireH. ANAbI-HAayIINyCTapAblH XKalmail naina
OonybiHaH 1,5-2 caFaTTaH COH OJap/bIH HAYIUIMYC JCHreiliHe OTyl )Kypei.

Tyiiin ce3gep: apreMus1, nucTanap, HAyIILYCTap, TYbUIBIM, TY3IBUIBIK,

A. B. Y6acbkun, K. . AxmetoB, A. U. JIyHbKOB,
H. T. Ep:xanos, T. 7K. A0bL1xacaHoB, A. Y. A0bLJIXacaHOBa

[TaBnomapckwmii rocygapcTBeHHbIi yHUBepcuTeT uM. C. TopalireipoBa, Kazaxcran

3KCHEPUMEHTAJIbHBIE UCCJIEAOBAHMSI 111 TEXHOJIOT'MYECKOM MOJArOTOBKH
HNCKYCCTBEHHOT O BHIPAIIIUBAHUSI APTEMHUU (ARTEMIA) B COJTEHBIX O3EPAX

AHHOTanus. B coneHpIX 03epax, pacnojaokeHHbIX Ha Teppuropusix IIpuupTelinickoil paBHuHBI U Ka3axckoro
MEJIKOCOTTOYHNKA, OONTAET IIeHHBIN padok Artemia parthenogenetica Barigozzi 1974.

Buonornueckne u 3KOIOrHIECKHE XapaKTePUCTUKN Padka B 3HAYUTEIEHON CTETIEHU 3aBHCAT OT M3MEHUNBOCTH
KIUMaTa ¥ BOAHOTO pexnma. C menplo MOAepKaHWsS CTaOWIBHOTO COCTOSHHS TOMYJISIMA apTeMHHd B 03epax
CYIIECTBYET HEOOXOMUMOCTD B TIPOBEACHUI MEPOIPHUATHH 10 UCKYCCTBEHHOMY BOCIIPOM3BOICTBY padKa.

CocraBHOW YaCThIO TEXHOJOTHYECKOH IOATOTOBKH HMCKYCCTBEHHOTO BBIPAIMBAHUE APTEMHU B COJICHBIX
03epax SBISAETCS KOMIDIEKC MpPEABAPUTEIHHBIX SKCIIEPUMEHTAIBHBIX paboT MO OIEHKE KadecTBa IMCT padka.
[TokazaHo, 9TO B TEUEHUE 3UMHETO MIEPHOIa TIPOUCKXOAUT aKTUBAIWIS ICT APTEMHUH C HAYAIBHBIX OCCHHHUX BEITMYHUH
BeIKIIEBa 5-10% mo 72-99% BecHoii. [IpoBenenne paboT MO aKTHBAIMK IWICT U3 PA3IMIHBIX BOIOEMOB IO3BOJISET
mo0UpaTh MITAMMBI APTEMHHX JJIS WCHONB30BAHMS WX B TEXHOJIOTMYECKHX IpOIeccax BhIpamuBaHus. Hambomee
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OINITHMAJBHBIM JTHANA30HOM COJIEHOCTH JUIS BBIKJIEBAa HAyIUIMycoB siBisieT coneHocThb 20-30 1/1. C yBennueHueMm
COJIGHOCTH BBIIIE 3THX ITOKa3aTeNneil MpONCXOIUT CHIKEHHE BBHIKJIEBA. BennuinHa BBIKJIEBA apTEMHU 3aBHCHUT OT
COJIGHOCTH IPUPOJHOTO BOJIOEMA.

B Bogoemax ¢ conenoctrio 50-80 /71 momyueHs! Goee BRICOKHE ITOKA3aTe ! BBIKIIEBA, YEM C CONIEHOCThI0 150-
160 r/n. VickyccTBeHHas cpenia, MCIoNb3yeMasl B 9KCIIEPUMEHTaX, OTIMYAeTCs OT MPUPOAHBIX BOJ 10 XUMHYECKOMY
COCTaBY U TIOATOMY OBLT IPOBEAEH SKCIIEPUMEHT JJIsl OLICHKH BIIMSHHS IPUPOIHOM BOJIBI HA MTOKa3aTelb BhIKIEBa. B
OIBITaX MCIOJIBh30BANIACh MPHUPOIHAS Boja U3 o3epa AKcCop (COIEHOCTh B TeueHHe ce3oHa 55-85 1/m, pH 8.5, Bona
xyopuaHasi, I1 Turm).

Pe3ynpTaThl IPOBEIEHHBIX 3KCIIEPUMEHTOB MOKA3aJIM, YTO MPHU HCHONB30BAaHUM Ul WHKYOALMK MPUPOIHON
BOJIBI M3 03epa AKcop HaOJtoanack CXOIHas TEH/ICHIIUS CHU)KEHHS BBIKJIEBA C YBEJIMUEHUEM COJIEHOCTH. B ombiTax
OTAEIBHO YYUTHIBAJM M KOJUYECTBO SMOPHOHOB TOKMHYBIIMX IMCTY W BHUCALIMX MOA IYyCTOH O0OOJOYKOM
(BHYTpeHHss1 MeMOpaHa, ellle MPUKpEeIUIeHHas K 000I04Ke — CTaus «IapalioTa»). B npuponHoii Boje BennmyrHA
BBIKJIEBA TPU BBICOKHMX IIOKa3aTeNsX COJEHOCTH, ObUI BBINIE, YeM B HCKYCCTBEHHOM pactBope. KomnmuectBo
«TIApalIlOTOBY C YBEIMYEHHEM COJICHOCTH pacTBOpa TAKKE YBEIMYMBAETCS, YTO CBUJETEIBLCTBYET O CHIDKCHHU
TeMIIa BBIKJIEBa B Ooliee COJICHOH BOJE M HEOOXOJMMOCTH TPH 3TOM Oojiee MpPOJODKHTENFHOIO BPEMEHU ISt
pa3psiBa 000JIOUKH STHIIa U OCBOOOXKICHUS SMOpPHOHA.

[lpy mHKyOarMu IMCT B CTAaHIAPTHOM PAacTBOpE M (MKCHPOBAHHBIX YCIOBHUSX COJEHOCTH W TEMIIEPaTyphI
MOKa3aH TEMIT Pa3BHUTHs Pa3JIMUHBIX CTaJMH HAyIUIMYCOB OT Hauyana packpwitus ImcT (breaking stage) m mpen-
HayIInycoB (pre-nauplius) 10 aKTHBHBIX HAYIUTHYCOB.

Crycrs 1.5-2 9 mocie MaccoBOro MOSBICHUS MPe-HAYIUINYCOB MPOUCXOIUT UX IMOJHBIN MEepexo] B CTaAUIO
HayIuInyca.

KuioueBble ci10Ba: apTeMus, IUCThI, HAYIUTUYCHI, BHIKJIEB, COJIEHOCTb.
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CHANGES OF VERTEBRATE FAUNA IN GREEN AREAS
OF ALMATY CITY DUE TO THE URBANIZATION

Abstract. Currently, there are serious changes in the environment in Almaty due to the accentuated
urbanization processes. The fauna of wild-living vertebrates of the city is experiencing serious stress pressure in this
regard, which forces the animals to adapt to new conditions or leave this territory. The last fundamental research on
the species composition of the city's fauna was conducted about 3 decades ago, and therefore there is a necessity for
repeated research. The aim of the research is to identify patterns of the vertebrates species composition formation
within some Park zones of the southern part of Almaty in the context of the last 30 years. The main methods used in
the study are route records of vertebrate fauna and bioindication. An analysis of the data from the research centers,
as well as the authors' own bio-indicative studies, revealed an unfavourable state of environmental quality. Based on
data from the own records (from February to December), it can be concluded that the species diversity of Almaty
fauna has decreased or has undergone a considerable territorial redistribution since the end of the twentieth century.

Key words: fauna, vertebrates, birds, Almaty, urbanization, green zones, pollution.

Introduction. The animal component is most susceptible to dynamic changes under the influence of
external factors, and in urban conditions [1], where there is a high degree of mosaic of landscapes, a lower
level of ecological sustainability of ecosystems, as well as many other specific environmental conditions,
processes occurring inside animal populations differ significantly in intensity from natural, and animals
are even more sensitive to environmental factors than they are under natural conditions. Until the middle
of the 20th century, the city of Alma-Ata was mainly occupied by one-story buildings, abundantly
alternating garden and parking spaces. Now the main part of the territory of Almaty, especially this
concerns the central districts, is occupied by multi-story new buildings. The area of the green areas has
declined sharply. To date, the area of green plantations is as high as 4.8 m? per person at a rate of 13 m?
(not less than 10m?) [2,3] and this indicator continues to decrease. Negatively affect the quantity and
species diversity of vertebrates not only insufficient array of woody vegetation, but also the violation of
the level of park plantations. Recently, the number of shrubby and herbaceous plant species that served as
a shelter and food source for many wild animals has sharply decreased within the city.

In the case of Almaty, the mosaic and characteristic features of the habitats included are the most
pronounced because of the nature of the urban development that has been historically established, as well
as the natural conditions of the area. Also, every urban environment is more or less zoned from the central
to the periphery. Different combinations of these conditions lead to the formation of specific zoocenoses
in selected areas of the city. In this regard, in an urban landscape, it is most appropriate to use route
methods for registering animals, which allows taking into account the difference in biotopes and the
spatial distribution of organisms. Bioindication methods are also used in this work. Data from chemical
and environmental analyses do not provide objective data on the impact of environmental quality on
living organisms, in contrast to biotesting methods that take into account the direct reactions of organisms
to environmental factors.
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The main purpose of our research was to determine some faunistic changes in wild birds,
amphibians, reptiles and mammals in certain green areas of the Almaty city in response to the growing
urbanization of the environment. The objectives were:

- To study the development of the urban landscape and its socio-economic and environmental
characteristics;

- To clarify the modern species composition of bird fauna, amphibians, reptiles and mammals in the
green areas of Almaty;

- Identify possible causes of changes in the population of vertebrate fauna within the green zones of
southern Almaty.

Material and Methods. The studies were conducted in 2019, from 24 January to 20 December on
the territory of the Main Botanical Garden of Almaty (hereinafter — MBG), the Park of the First President,
the Gandhi Park, Park of the 28 Panfilovs Guards. In the MBG area studies were conducted from
February to June 2010. There were 116 counts in total (44 of them were conducted in MBG). The length
of the routes was 5 km in the MBG, 1.52 km in the park of 28 Panfilovs Guards, 0.88 km in Gandhi Park,
4 km in the Park of the First President. Periodicity of counting was 1-2 times a week for 40-180 minutes.
All counts were made in the morning, mostly from 9.00 to 12.00. In the course of the study, the authors
used the following methods:

1. Route method of bird population accounting;

2. Observation of behavioral features of birds on model areas;

3. Route method of accounting for amphibians and reptiles;

4. Route method of accounting for mammals;

5. The method of bioindication by measuring fluctuating asymmetry.

The method of route-count is as follows. The recorder moves along the route and marks all members
of the counting class that he sees or hears. For each encounter, the species, the number of individuals met
and the distance from the record-keeper to the animal at the moment of detection shall be indicated. In
addition, the starting and ending times and distance travelled are noted. Weather conditions,
characteristics of biota are also recorded [4].

The bio-indication method by measuring the fluctuating asymmetry consists in measuring the
asymmetry of the width of the sheet or the length of the hull on the right and left sides [5,6]. Then, using
the formula (1) given in the text of the article, the asymmetry coefficient is calculated and the pollution
level is determined by comparison with the table values.

Results. The structure of the biotopes of the city is very heterogeneous, with different architectures,
nature and density of the greenery, presence of water bodies, etc. The natural landscapes adjacent to the
city’s boundaries are also very different from each other. From the south side, which has been studied, the
pre-mountain areas with tree and shrub vegetation predominate.

In the history of the formation of the city, researchers distinguish three main periods [7]. Having
traced the history of Almaty urban architecture, construction trends and landscape changes, there is a
visible movement from a military settlement to a large metropolis. And during the period of its
development, the city has undergone a wave-shaped change in the living conditions for wildlife,
sometimes for the worse or for the better from the middle of the XVIII century to the present day [8-11].
Accordingly, over three quarters of a century, the population of the city reached 952,000, and since then
has increased by 2 times (to 1,854,656 people) [12]. Today, we can talk about the beginning of a new,
fourth stage of urban transformation, which is characterized by a significant increase in the anthropogenic
load on the landscape. First of all, we should note the significant advance of the city's borders to the South
and the inclusion of the territories of mountain stalls in its composition [13]. In this regard, there is a
further displacement of wild fauna from natural habitats. The height of residential, industrial and other
buildings has increased significantly. Also, due to the increase in the density of the city's population, the
appearance of a large number of private vehicles and housing plots, the increase in the capacity of thermal
power plants and boiler houses that provide the city with heat and electricity, the level of physical (noise,
electromagnetic, vibration and light) and chemical pollution of the environment continues to grow. In the
bulletins of "Kazhydromet" on the state of the environment, Almaty always has the status of a city with a
very high level of atmospheric pollution [14]. According to the National center of expertise dated
November 22, 2019 [15], as a result of planned laboratory monitoring of the atmosphere in Almaty, the
MPC was found to exceed many substances (in 431 samples out of 1,576), including NO, by 2.2 times,
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SO, by 1.2 times, and CO by 1.4 times. According to the mayor's office of Almaty, in 2019, the volume of
emissions of pollutants into the atmosphere amounted to 123 thousand tons, and APls (M3As) ranges
between 7-9 units and higher [14-16]. Data from research centers confirm the authors' own research based
on the study of fluctuating asymmetry of plant leaves — an indicator used for monitoring environmental
quality not only by chemical indicators, but also in connection with its impact on biological systems [17].
Fluctuating asymmetry is random deviations from the ideal symmetry of plants, caused, among other
things, by negative deviations from the norm in the quality of the environment.

For this study, 10 leaves were selected from 7 trees of the birch (Betula spp.) from different parts of
the city. The following parameters were measured for the research: width of half of the leaf; length from
the base of the second vein of the second order; the distance between the bases of the first and second
veins of the second order (each side); distance between the ends of the first and second veins of the
second order; the angle between the main vein and the second vein from the base of the second order.

The leaf asymmetry values were calculated. For this purpose, an integrative indicator showing the
average relative difference per topic was found using formula (1):

X = Y4 _ ZitZotZy

- - ),
where, X — degree of asymmetry of the organism; Z — the average relative difference between the sides
per feature of each leaf; n - is the number of leaves.

To determine the quality of atmospheric air, the values were compared with table data for deviations
from the norm. To determine the quality of the atmosphere by fluctuating asymmetry, a five-point scale
was developed, in which 1 point is a conditional norm, and 5 points is a critical state. Based on the results
of the analysis, it can be concluded that the Central and densely populated areas of the city are subject to
extremely serious anthropogenic pressure. The calculation results are shown in table 1.

Table 1 — Results of rapid assessment of the state of the environment by bioindication

Sampling location Ind;(szs:grrngra;vggartgszr:%?gve Point Characteristics of pollution
Timiryazev street, KazNU 0.231 5 Critical condition
s / t Dzerzhinsky 0.022 1 A conditional norm
Kalkaman microdistict 0.035 1 A conditional norm
Koktem 2 microdistict (Park) 0.03 1 A conditional norm
Sairan lake 0.061 3 Dirty
Vesnovka, Bukhar Zhyrau street 0.041 2 Contaminated
Ozhet microdistict 0.12 5 Critical condition

By the end of the last century (1980-1990), about 185 species of birds (including nesting, wintering,
migratory and flying species) were regularly recorded in Almaty. Of these, the most common in the spring
was a Collared Dove, the Laughing Dove, Pheasant, Great Spotted Woodpecker, Masked Wagtail,
Blackbird, Great Tit, Starling, Magpie, Tree and House sparrows, Greenfinch, Chiffchaff and others [8].

In the spring of 2005, the following species were recorded in the territory of the city: Peregrine
Falcon, Laughing Dove, Tree Pipit, Masked Wagtail, Isabelline Red-tailed Shrike, Common Mynah,
Lesser Whitethroat, Chiffchaff, Stonechat, Blue-headed Redstart, Bluethroat, Blackbird, Great tit, House
Sparrow, Chaffinch, Greenfinch [18].

Currently, the study of such green areas of the city as the main Botanical garden of Almaty, the Park
of 28 Panfilov guards, the Park of the first President did not reveal a significant number of previously
ordinary representatives of the city's avifauna. So, when in the 80 - 90s the spring population of green
zone birds numbered 38 species (March-27 species) [8], according to studies of 2019, 18 species were
registered in March, 15 in April and 19 in May: mallard (Anas platyrhynchos) — March-April; marsh
harrier (Circus aeruginosus) — March, single occurrence; common buzzard (Buteo buteo) — March;
pheasant (Phasianus colchinus); Wood Sandpiper (Tringa glareola) — April, single occurrence; Common
Mynah (Acridotheres tristis); Woodpigeon (Columba palumbus) — April-May; Rock Dove (Columba
livia); Collared Dove (Streptopelia decaocto); Swift (Apus apus) — May; Magpie (Pica pica); rook
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(Corvus frugilegus) — March; Carrion Crow (Corvus corone); Hooded Crow (Corvus cornix) — March;
Syke's Warbler (Hippolais rama) — May; Chiffchaff (Phylloscopus collybitus) — April-May; Blackbird
(Turdus merula); Coal Tit (Parus ater); Great tit (Parus major); Grey tit (Parus bokharensis); House
Sparrow (Passer domesticus); chaffinch (Fringilla coelebs) — March-April; Brambling (Fringilla
montifringilla) — March; Red-fronted Serin (Serinus pusillus) — March; Greenfinch (Chloris chloris) —
May; Siskin (Spinus spinus) — May; Scarlet Rose Finch (Carpodacus erythrinus) — May.

The summer population of birds is represented by 31 species based on the results of surveys
conducted in the model plots: Mallard (Anas platyrhynchos), Common Buzzard (Buteo buteo), Pheasant
(Phasianus colchinus), Woodpigeon (Columba palumbus), Stock Dove (Columba oenas), Turtle Dove
(Columba livia), Collard Dove (Streptopelia - decaocto), Long-eared owl (Asio otus), Swift (Apus apus),
hoopoe (Upupa epops), House Martin (Delichon urbica), white wagtail (Motacilla alba), masked wagtail
(Motacilla personata), Isabelline Red-tailed Shrike (Lanius isabellius), Mynah (Acridotheres tristis),
magpie (Pica pica), rook (Corvus frugilegus), Carrion Crow (Corvus corone), Whitethroat (Sylvia
communis), Lesser Whitethroat (Sylvia curruca), Chiffchaff (Phylloscopus collybitus), Spotted Flycatcher
(Muscicapa striata), Black Redstart (Phoenicurus ochruros), blackbird (Turdus merula), Coal tit (Parus
ater), Azure tit (Parus caeruleus), Great tits (Parus major); house sparrow (Passer domesticus),
greenfinch (Chloris chloris), siskin (Spinus spinus), Scarlet Rose Finch (Carpodacus erythrinus).

During the autumn surveys 22 species were recorded: Mallard (Anas platyrhynchos), Common
Buzzard (Buteo buteo), Mash Harrier (Circus aeruginosus), Hobby (Falco subbuteo), Lesser Kestrel
(Falco naumanni), pheasant (Phasianus colchinus), Woodpigeon (Columba palumbus), Turtle dove
(Columba livia), Collard dove (Streptopelia decaocto), Mynah (Acridotheres tristis), Magpie (Pica pica),
rook (Corvus frugilegus), Carrion crow (Corvus corone), Hooded crow (Corvus cornix), Lesser
Whitethroat (Sylvia curruca), Chiffchaff (Phylloscopus collybitus), Goldcrest (Regulus regulus), Spotted
flycatcher (Muscicapa striata), Blackbird (Turdus merula), Coal tit (Parus ater), Great tit (Parus major),
house sparrow (Passer domesticus).

Table 2 — Results of counting the number of birds in the Botanical garden, 2019.

] . Number (unit)
Birds species -
February March Avpril May June

Magpie 36 71 56 62 66
Great tit 68 76 52 57 58
House Sparrow - 23 20 24 27
Blackbird 21 18 27 27 25
Woodpigeon — - 13 10 11
Chiffchaff ~20 ~20 ~20 ~20 ~20
Mynah — - - 8 12
Pheasant — - - 5 8

Among other classes of vertebrates, there is much less species diversity in the study areas. A total
only 5 species of wild-living mammals and 1 species of reptiles were recorded using route records:
Central Asian (steppe) turtle (Testudo horsfieldi Gray); Weasel (Mustela nivalis), Shrew (Sorex araneus),
House mouse (Mus musculus), grey rat (Rattus norvegicus), Squirrel (Sciurus vulgaris). Amphibians were
not found in the parks. At the same time, in the period of 1980-1990, scientists of the Institute of Zoology
registered 10 species of reptiles and 3 species of amphibians on the territory of Almaty: Green toad (Bufo
viridus Laur.) lake frog (Rana ridibunda Pall.), Siberian frog (Rana amurensis Boul.), colorful lizard
(Eremias argute Pall.), fast lizard (Eremias velox Pall.), Asymblepharus alaicus Elpatjewsky, dice snake
(Natrix tessellate Laur.), grass shake (Natrix natrix L.), Agkistrodon halys Pall., steppe viper (Vipera
ursini Bonap.), patterned skid (Elaphe dione Pall.), Psammophis lineolatum Brandt.

According to studies conducted in European cities in the early 1980s, amphibians in the urban
environment are more susceptible to death as a result of anthropogenic factors. On roads at that time,
about 50 % of all dead vertebrates were amphibians [19]. The result of anthropogenic impact in the case
of batrachofauna is also a change in the quantitative ratio of species, location (where the main factor is the




News of the National Academy of Sciences of the Republic of Kazakhstan

xerification of the environment), the age composition of the population, as well as morphological
characteristics of individuals [8].

Discussion. Among the potential reasons for the changes in the species diversity and population
decline it is possible to indicate climate change, namely the increase the number of dry and hot days 1-3
every decade over the last seventy years, a decline in precipitation during the summer period, the increase
in average annual temperature since 1950, a decrease in ice mass by 15-20 % [20]. Also, a significant
impact is caused by the anthropogenic factor, which is manifested in an increase in technogenic pressure
on the fauna, a reduction in diversity and area of green spaces, as well as violations of their tiers. An
important aspect of the avifauna formation is a sufficient abundance of food and conditions necessary for
the reproduction of populations, as well as features of the placement of animals in the spatial and temporal
aspect [21]. According to our observations, the number of visitors to certain green areas also significantly
affects the occurrence of birds.

Based on the data that was collected as a result of accounting (from February to December), we can
conclude that the species diversity of the avifauna of Almaty has decreased in comparison with the end of
the XX century. According to research in 1988:

— 37 species of birds were observed in the green (Park) areas of the city in winter: Accipiter nisus,
Falco columbarius, Phasianus colchinus, Streptopelia decaocto, Streptopelia senegalensis, Bubo bubo,
Asio otus, Dendrocopos major, Picoides tridactylus, Acridotheres tristis, Pica pica, Corvus monedula,
Corvus frugilegus, Corvus corone, Corvus cornix, Troglodytes troglodytes, Prunella atrigularis, Regulus
regulus, Leptopoecile sophiae, Turdus atrogularis, Turdus pilaris, Turdus merula, Turdus viscivorus,
Parus ater, Parus cyanus, Parus major, Passer domesticus, Passer montanus, Fringilla coelebs, Fringilla
montifringilla, Serinus pusillus, Spinus spinus, Carduelis carduelis, Carpodacus rhodochlamys, Uragus
sibiricus, Mycerobas carniceps;

— up to 47 species of birds were observed in spring: Phasianus colchinus, Streptopelia decaocto,
Streptopelia senegalensis, Asio otus, Dendrocopos major, Sturnus vulgaris, Anthus trivialis, Motacilla
alba, Motacilla personata, Acridotheres tristis, Pica pica, Corvus monedula, Corvus frugilegus, Corvus
corone, Corvus cornix, Prunella fulvescens, Regulus regulus, Phoenicurus phoenicurus, Phylloscopus
collybitus, Phylloscopus trochiloides, Phylloscopus inornatus, Phylloscopus griseolus, Phoenicurus
erythrogaster, Luscinia svecica, Saxicola torquata, Phoenicurus caeruleocephalus, Phoenicurus
erythronotus, Turdus atrogularis, Turdus merula, Turdus viscivorus, Parus ater, Parus cyanus, Parus
major, Passer domesticus, Passer montanus, Fringilla coelebs, Fringilla montifringilla, Chloris chloris,
Serinus pusillus, Spinus spinus, Carduelis carduelis, Carpodacus rhodochlamys, Uragus sibiricus,
Mycerobas carniceps, Emberiza cia;

— the summer population was represented by 45 species: Milvus migrans, Accipiter nisus, Falco
subbuteo, Falco tinnunculus, Phasianus colchinus, Crex crex, Streptopelia decaocto, Streptopelia turtur,
Streptopelia orientalis, Streptopelia senegalensis, Cuculus canorus, Otus scops, Coracias garrulus,
Merops piaster, Upupa epops, Hirundo rustica, Hirundo daurica, Delichon urbica, Motacilla cinerea,
Motacilla personata, Lanius collurio, Lanius minor, Oriolus oriolus, Acridotheres tristis, Pica pica,
Acrocephalus dumetorum, Passer montanus, Sylvia nisoria, Sylvia communis, Sylvia curruca,
Phylloscopus collybitus, Phylloscopus trochiloides, Muscicapa striata, Luscinia luscinia, Turdus merula,
Remiz pendulinus, Parus cyanus, Parus major, Passer domesticus, Chloris chloris, Carduelis carduelis,
Carduelis caniceps, Carpodacus erythrinus, Emberiza bruniceps;

— and the autumn population — 46 species: Accipiter nisus, Falco tinnunculus, Phasianus colchinus,
Columba palumbus, Streptopelia decaocto, Streptopelia orientalis, Streptopelia senegalensis, Merops
apiaster, Dendrocopos major, Hirundo rustica, Motacilla cinerea, Motacilla personata, Sturnus vulgaris,
Acridotheres tristis, Pica pica, Corvus monedula, Corvus frugilegus, Corvus corone, Corvus cornix,
Prunella atrigularis, Phylloscopus collybitus, Phylloscopus trochiloides, Phylloscopus inornatus, Regulus
regulus, Muscicapa striata, Phoenicurus erythronotus, Luscinia svecica, Turdus atrogularis, Turdus
viscivorus, Remiz pendulinus, Parus ater, Parus cyanus, Parus major, Passer domesticus, Coracias
garrulous, Passer montanus, Fringilla coelebs, Fringilla montifringilla, Serinus pusillus, Chloris chloris,
Carduelis carduelis, Carduelis caniceps, Carpodacus erythrinus, Uragus sibiricus, Mycerobas carniceps,
Emberiza cia

According to the results of our surveys we can conclude that the habitat conditions of the above—
mentioned representatives of the avifauna have changed, which has led to their disappearance, or a sharp
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reduction in the number within urban areas, or a redistribution of habitats within the city. It should be
borne in mind, however, that the author's research does not cover all the green areas of the city, based on
which it is impossible to draw an unambiguous conclusion about the Park areas of the city as a whole.
These studies need to be supplemented with materials from studies of ornithologists (as well as specialists
in other classes of vertebrates) and birdwatchers. It is important to note that only 2-5 km South of the
upper observation site (the first President's Park) there are already species that were not marked by the
author of the work in the model areas (Grey Goldfinch(Carduelis caniceps), Waxwing(Bombycilla
garrulus), Scops Owl (Otus scops), Roller (Coracias garullus), Black Kite (Milvus migrans), Rufous
Turtle Dove (Streptopelia orientalis), Golden Jackal(Canis aureus), European Badger (Meles meles),
Alaian Lidless Skink (Asymblepharus alaicus), frogs (Ranidae), etc.), which suggests the presence of
significant anthropogenic pressure on the species composition of the fauna.

Thus, at this stage of research, we concluded that the active processes of urbanization, reflected in the
increase in the number and density of population of the city, the deterioration of environmental quality, as
well as changing quantitative and qualitative indicators existing parks have a significant negative impact
on the modern condition of fauna in Almaty.

P. B. Hmemcol, A. T. Feii)sz, M. B. Tacrbi6aii’
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YPEAHUBALIUAFA BAUJTAHBICTBI AJIMATHI KAJTACBIHBIH,
JKACBLT AMUMAKTAPBIHJIAFbI OMBIPTKAJIBI JKAHYAPJIAP ®AYHACBIHBIH O3I'EPYI

AnHoTanus. by Makanana ypOaHu3zanus nporectepiiy AJIMaThl KaJIaChbIHBIH KeHOip *achll aiiMakTapbiHia
(ayHa cumaTTaManapbiHbIH 63repy AMHAMHUKAchIHa dcepi KapacThIpbUIabI, aTall alTKaHga, AlIMaThl KajacklHbIH bac
OoTaHHMKAJBIK Oarbl, 28 rBapAUSUIBIK—TIaHGUIOBIIbLIIAp napki, TyHreim [Ipe3unenT casbarbl. Makanaza KopiiaraH
OpTaHBIH JIACTaHYBI, JAJIpeK aTMOC(epanblK ayaHbIH JaCTaHYbl XKOHE OHBIH KycTap MeH 0acKa Ja jkaHyapiapIblH
KaybIMJIaCTBIFBIHA OCepi Ie KO3Falapl.

MyHzait 9KoXKYyHeNlepAiH KaIbINTacy KoHe KYMBIC iCTey MPOLIECTEPiH 3epTTey Ka3ipri SIKOJOTHIHBIH €H 03€KTi
MoceJielepiHe KaTajbl. 300JOTHSUIBIK DIIEMEHT CHIPTKBI (aKTOpIap/blH OCEpiHEH JWHAMUKAIBIK e3repicrepre
YIIBIPAWAbBI, an Kana »KarmaiblHAa JanamadrapAblH MO3aiiKalublK JEHTeHiHIH JKOFapbhl OONybl, IKOXKYHenepaiy
SKOJIOTHSUIBIK  TYPAKTBUIBIFBIHBIH TOMEH MHEHredi, COHIaii—aK OpTaHblH Oacka Ja epeKule Karmaiimapsl,
nomysuusHelH JKaHyapnap imiHIe eTeTiH HpolecTep TaOWFH JKaFnaiinapHaH KapKbIHIBUIBIFBI JKaFbIHAH YIJIKEH
JKarblHa Kapall epeKIeseHe i xKaHe )KaHyapiap TaOUFH KaFfainapra KaparaHaa OpTaHBIH CHIPTKbI (PaKTOpIapbIHBIH
ocepiHe aca ce3iMTAaJIbIK TAHBITAIBI.

KymbicTbiH MakcaTbl coHFBI 30 KbUiIa AJMaThl KallaChIHBIH OHTYCTIK OOIriHIH Keibip casbak aiiMakTapbi
LIETiHIEe OMBIPTKAJIBI JKaHyapJIapAbIH TYPJIiK KYPaMbIH KaJbIITACTHIPY 3aHABUIBIKTAPBIH aHBIKTay OOJBII TaObLIaIbL.
3eprrey OapbpIChIHAA Kenmeci MiHAeTTep memrimi: 1) Kamanmslk JaHAMAQTTHH JaMy MpPOIECTepiH >KOHE OHBIH
QJICYMETTIK—IKOHOMUKAJIBIK JKOHE SKOJNOTHSUIBIK CHIATTaMajapblH 3epTTey; 2) AJMaThl KaJachbIHBIH KaChbUI
aliMaKTapBIHBIH ayMarblHAAa MEKSHIACHTIH KycTap, aM(puOmsiap, penTuinsiiap *KoHe CYTKOPEKTiIep (ayHaCHIHBIH
Ka3ipri 3aMaHFBI TYp KYpPaMbIH HaKThUIAY; 3) AJNMaTHl KAJIACHIHBIH OHTYCTIK O6JITiHIH JKachll alMaKTaphl IIETiHIe
OMBIPTKAJIbI JKaHyapiap (ayHAChIHbIH ©3TepyiHIH MYMKIH CEOCHTEPiH aHBIKTAY.

3epTTey Kyprizy OapbIChIHIA aBTOpIIAp Keleci omicTepl mainasans:

1. Kycrapns! ecenke axyIblH MapIIPYTTHIK SIiCI.

2. AmpubOUsIapapl ecernke amy/IblH MapIIPYyTTHIK diC.

3. CyTKOpeKTiIep/i ecernKe anyablH MapIIPyTThIK 9/IiCi.

4. ®OnykTyHpIeyIT aCHMMETPHUSIHEI OIICY KOIBIMEH OMOWHINKAIIHAS dICi.

OMBIpTKANEI KaHyapiapapl ecermke axy 2019 KemablH KaHTap aiiblHAH JKENTOKCAH aWblHA JEHiH AJMAaThI
KanmaceiHbIH, bac Oortanmkaneik OarpiHma, Tywremm [lpesument casOarpiHma, 28 rBapIusIIb-TIaH(IOBIIBLIAD
aTBIHAAFBl casOarpiHAa, ['aHmM casgOarplHIA KYPTi3UreH. Aya camacblHa OWOJOTHSIIBIK TECTiIey JKYpPri3y YIIiH

MaTepuajaapabl lleTey KaJIaHbIH, OpPTAJIbIK ayAaHAAapblHAa KATbICTbl aBTOMArvucCTpajbJapta KIHC reorpa(i)mmbm
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Oeiryre >KaKbIHABIK Oenrici OOHBIHINIA capaliaHFaH Kajla ayMarbIHIarel 7 HYKTEAE JKYpri3inmi. ATMocdepa canackiH
aHBIKTAaybIHA PECMU 3epPTTEY JIepeKTepi NMaiJaJaHblI/IbL.

XKyprizinren ecentep TYpPJIIK OpPTYPJUIIKTIH TeMeHAEYiH (MOIENBAIK YydacKenep UIETiHAe) aHBIKTayFa
MYMKIHAIK Oepi, O aHTPOIOreHAIK MPECTiH Y3MIKCi3 KYIIeliHe OaiiaHbIcThl AJIMAThl KalaChbIHBIH OMBIPTKAJIBI
xabaifbl (hayHaCBIHBIH TYpaKThl MEKEHIEHTIH »XepJiepiHiH Kaiita OejiHyiHe OaliaHBICTBI OOMYbI MYMKIH, O
OpTaHBIH XUMMSUIBIK JKOHE (PU3MKaNBIK JIaCTaHYBIHBIH NIaMachlHa, COHIAl—aK Kajla XaJIKbIHBIH THIFBI3JIBIFEI MEH
CaHBIHBIH ocyiHe OainaHbicThl. CoHJali—aK QayHa cHIaTTaMalapblHBIH €3repy ceOenTepiHiH Oipi KIMMaTThIK
KOPCETKIIITEpAiH 63repyi OONBIN TaObUIAABI: COHFBI JKETIIIC KbUI INIHIE Op OHXBUIABIKTa KYPFAK JKOHE BICTBIK
KYHIEp CaHBIHBIH 1-3-Te apTybl, JXKa3Fbl Ke3eHAE >KayblH—INAIIbIH MOJIIEPiHIH a3afobl, OpTalla KBULABIK
TeMIIepaTypaHbIH apTysl, 1950 KbUIMEH cajbICThIpFaHga My3 MaccachiHblH 15-20 %-ra temenneyi. Conpaii—ax,
JKachlI JKENEKTEePiH alyaH TYPJUIri MEeH ajaHblH TOMEHJETY, COHbIMEH Karap oNlapJblH KaOaTThUIBIFBIH Oy3y
(dakTopbl eJeyi ocep eTemi, OMTKeHI (ayHaHBIH KaJbINTACYBIHBIH MAaHBI3NbI ACICEKTICI TaFaMHBIH JKETKUTIKTI
MOJIJIBIFBI JKOHE TIOMYJISIUSIIAP Il )KaHFBIPTYFa KAXKETTI yKaraaiiap Oobin Tadbuiaabl. ABTOPIIAp/bIH OaKpuIayIapsl
OoiibIHIIA, COJ Hemece 0acka Ja KerajJaHIbIpbUIFaH aiiMakKa KeNylliiep CaHbl Ja OMBIPTKAIbUIAPABIH TYPI
TYpJICPIHIH Ke3aecylepiHe alTapibIKTai ocep eTei.

Ochbinaiiina, OHOSPTYPIUTIKTIH TOMEHJCYiHIH KaJaHblH ypOaHM3alus YAEpiCTepiHIH KapKblHIaybIHaH Oenrimi
0ip Toyenminiri aHbIKTaJIAbl. Byl Macene ockl KepceTKimTepi Koppensuusuiay (pakTopyiapblH oaH opi a3ipieyai
XKOHE HaKThUIAY/Ibl TaJIaIl eTeNl.

Tyiiin ce3nep: dayHa, oMbIpTKaNIBIIAP, KYcTap, AIMarsl, ypOaHHU3alus, Kackll aiiMakTap, JacTaHy.
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U3MEHEHUE ®AYHBI I03BOHOYHBIX B 3EJEHBIX 30HAX I'OPOJIA AJIMATHI
B CBSI3U C YPBAHU3ALIMEN

AHHoOTanusA. B crathe paccmaTpuBaeTcss BIMSHHME MPOLECCOB YpOAaHU3alMU Ha [UHAMHUKY W3MCHEHHUS
XapaKTepUCTUK (ayHbl B HEKOTOPBIX 3€JIEHBIX 30HAX ropofa AJMAaThl TaKHMX, KaK IJIaBHbIM OOTaHWMYECKHH caf
r.AnmMatel, apk 28 reapjeiies—nanduiosies, napk [lepBoro IIpesuaenTa. B crathe Tarke 3aTparuBaercs Tema
3arpsi3HEHUS OKpYXKaroIiel cpepl, a IMEHHO aTMOC(EpHOro BO3LyXa M ero BIMSHHE Ha COOOLIECTBA NITHI] U IPYIHX
KHUBOTHBIX.

HccnenoBanue nporeccoB GOpMUPOBaHUA M (YHKIMOHHPOBAHHS TaKHX PKOCHCTEM OTHOCHUTCS K Hamboiee
aKTyaJIbHBIM BOIIPOCAM COBPEMEHHOM 3KOIOTMHU. 300JI0TMUECKUI 3JIEMEHT 00JIee BCEro IMOABEPKEH JUHAMHUYECKUM
nepeMeHaM IO BIHMSHHEM BHEIIHUX (JaKTOpPOB, a B YCIOBUSAX TOpoja, TAe HaOJIofaercs BBICOKas CTENeHb
MO3aMYHOCTH JaHAA()TOB, MEHBIINH YPOBEHb 3KOIOTHUECKON YCTONYMBOCTH YKOCHCTEM, a TaKKe MHOTHE APYTUE
crienu(pUIecKue YCIOBUS CpeIpl, MNPOLECCh, MNPOTEKAIOIINE BHYTPH JKHBOTHBIX IOMYISAHMH 3HAYUTEIBHO
OTIMYAIOTCS B OONBIIYI0 CTOPOHY IO MHTEHCHBHOCTH OT €CTECTBEHHBIX, M JKUBOTHBIC IPOSBIIIIOT €Ie OOJIBIIYI0
YYBCTBUTEIBHOCTH K BO3JICHCTBHIO BHEITHHUX (DAKTOPOB CPEbI, YEM B €CTECTBEHHBIX YCIOBHUSX.

Ienpo paOoTHI SIBISETCS BBIIBICHHWE 3aKOHOMEPHOCTEH (DOPMHPOBAHUS BHIOBOTO COCTaBa ITO3BOHOYHBIX
KHUBOTHBIX B IPEJETax HEKOTOPHIX MAPKOBBIX 30H IOJKHOI yacTH ropoaa AnmMartsl B paspese nocneanux 30 sner. B
XOJIe MCCIIEOBAHUS PEIIAINCEH CIEAYIONHe 3a1a4n: 1) H3Y4HTh MPOLECCH Pa3BUTHS TOPOICKOro JaHAmadTa U ero
COLMATPHO—3KOHOMHYIECKUX U IKOIOTMYECKUX XapaKTEPHCTHUK; 2) yTOYHUTh COBPEMEHHBIH BHIOBON COCTaB (payHBbI
nTan, aMmuOuid, penTWINd W MIICKONMTAIONINX, OOWTAIONIMX HA TEPPUTOPHM 3€NEHBIX 30H T.AJIMATHI;
3) ycTaHOBHUTH BO3MOXKHBIE PUYMHBI M3MEHEHHI HACETICHUS (payHBI TTO3BOHOYHBIX B MPEIENaX 3€IEHBIX 30H FOXKHOM
YacTH I.AJIMaThI.

B nporiecce mpoBeneHns HecaeI0BaH aBTOPAMH HCTIONB30BANINCH CIIEAYIOIINE METO/IBL:

1. MapmpyTHBIit METOJ] y9eTa HaCeICHUS IITHII,

2. MapupyTHbli MeTo/] yueTa aMm(puOuil 1 penTuiunii;

3. MapmpyTHbIi METO/] y4eTa MIIEKOITHTAIOIINX;
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4. Meron OMOMHAVKALINK ITYyTEM U3MEpEHHs (QIIYKTYHPYIOIEH aCHMMETPHH.

VY4eTsl M03BOHOYHBIX JKUBOTHBIX ITPOBOAMINCH C sIHBaps 1o aekadbps 2019 roma Ha teppuropuu [maBHOrO
O6oraHndeckoro cana r. AnMarthl, napka [lepsoro Ilpesunenra, mapka uM. 28 rBapaeiliieB—aH(UIOBIEB, MapkKa
I'angu. O1O0p MaTepuana Juid MPOBEICHUs OMOJIOIMYECKOro TeCTUPOBAHMA KauecTBa BO3JyXa IPOU3BOIUIOCH B
7 TouKax Ha TEPPUTOPUH Topoja, TUPQepeHIIMPOBAHHBIX 110 MPU3HAKY NPUOIMKEHHOCTH K aBTOMArHCTPAIISIM U
reorpaUueckoMy paclpeleleHHI0 OTHOCUTENBHO ILEHTPAJbHBIX pailoHOB ropoga. lcrionb3oBaHbl JaHHBIE
ouIMaIbHBIX UCCIE0BaHUH KadecTBa aTMOChepBbI.

[IpoBeneHHbIE y4eThl MO3BOJIIN BBIBUTH CHIDKCHHE BHJIOBOTO pa3HOOOpasus (B Ipeaenax MOJENbHBIX
y4acTKOB), KOTOPOE, BEPOSITHO, BEI3BAHO INepepacpeielIeHHneM MECT MOCTOSIHHOTO OOMTaHUs TUKOXKUBYILEH (hayHbI
MIO3BOHOYHBIX T.AJIIMaThl B CBA3M HEMPEPHIBHBIM YCHJIEHHEM aHTPOIOI€HHOrO Ipecca, KOTOPBIN BbIpaXkaeTcs B
YBEIMYECHUH POBHSI XUMHUUYECKOTO M (PU3MUYECKOTO 3arps3HEHHs CPelibl, a TaKKE POCTOM IUIOTHOCTH U YUCIEHHOCTH
HaceleHus ropoja. Takke OJHOW W3 NMPUYMH HM3MEHEHHs XapaKTepPUCTUK (payHbI MOXKET CIY)KUTb W3MEHEHHUs
KJIMMaTUYECKUX MTOKa3aTeNleil: IMEHHO yBeIHUeHHE KOJIMYEeCTBA CyXHUX M KapKuX JHeH Ha 1-3 xaxkjaoe necsiTuiaeTue
B TEYEHHUE IIOCIEIHUX CEMHUIECATH JIET, COKpallleHHe KOJIMYECTBAa OCAJKOB B JIETHUI NepHOA, YBEIUYECHUE
CpEIHEr0J0BOI TeMIepaTyphl, CHIDKEHHUE JIeTHUKOBON Macchl Ha 15-20% mo cpaBHeHuto ¢ 1950 r. Ilo pesynpratam
aHaJM3a 3arps3HeHus] aTMOC(EpHOro BO3JyXa IOCPEICTBOM OWOMHIMKALMM M HM3Y4EHHs IaHHBIX DPa3IMYHBIX
BEJIOMCTB, MOXKHO CJI€/IaTh BBIBOJ, YTO IIGHTpPajJbHbIE U I'yCTOHACENIEHHbIC pallOHBI TOPOAA MOABEPraloTCs KpaiiHe
CepbE3HOMY aHTPOINOreHHOMY JaBieHHI0. Takke 3HAYMTENbHOE BO3JCHUCTBHE OKa3biBaeT (PAKTOp CHIDKEHHS
pa3Hoo0pa3us M IUIOLIAIH 3€IeHbIX HACAXKICHH, a TaAK)Ke HAPYLICHUH UX SIPYCHOCTHU, TaK KaK Ba)KHbIM acCleKTOM
(dbopmupoBanust (ayHbl SBISETCS AOCTATOUYHOE OOWJIME MHINM W YCIOBHH, HEOOXOAMMBIX Ul BOCHPOU3BEACHHUS
nonynsiuid. [To HaOnmroneHHsM aBTOPOB, KOJIMYECTBO IOCETHTENEH TEeX WIM HWHBIX O3€JICHEHHBIX 30H TaKKe
3HAYUTENHHO BIUSET Ha BCTPEYAEMOCTh Pa3INYHBIX BHIOB TO3BOHOYHBIX.

TakuM 00pa3oM, BBISIBIIEHA ONpe/elieHHAs 3aBUCUMOCTh CHIDKEHHST OMOpa3zHO0Opasusi OT MHTEHCH(HKALUH
npoleccoB ypoaHuzauuu ropona. JlaHHbIl Bompoc TpeOyeT nanbHeWiiedl pa3paOoTku M yroyHeHHs (aKTOpOB
KOpPpeJISILIUM JaHHBIX ITOKa3aTeleH.

KnroueBbie cioBa: dayHa, T03BOHOUYHBIE, NITULBI, AJMaThl, ypOaHU3aLus, 3eJICHbIC 30HbI, 3arPA3HEHHE.
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[Tamsmu y4eHbIx

Kymartos Kaiinap Xam3aeBuu

20 depanms 2020 roga Ha 66-M TOXY JKU3HHU CKOPOIOCTIKHO CKOHYAJICS W3BECTHBIM YUCHBIMN-
BHUPYCOJIOT, JOKTOP OHMOJIOTMYECKHX HayK, Tpodeccop, TIaBHBIA HaydHbBIH coTpyaHuk TOO «Haydano-
TIPOU3BOICTBEHHBIN IIEHTP MUKPOOWOIOTUN 1 BUpyconorum» JKymatos KaiiHap XamM3aeBud.

Kymarop K.X. pomuiics 10 HostOpst 1954 r. B r. Anmate. B 1977 r. OH OKOHYMJI OHOJIOTHYECKUI
¢akynprer Kazaxckoro rocymgapcrBeHHoro yausepcurera uM. C.M. KupoBa u Obu1 puHAT Ha paboTy B
WNuctutyr mMukpoduonorun n Bupyconornn AH Kasaxckoit CCP Ha HOMKHOCTH cTapiiero jabopaHTa.
B 1978-80 rr. XKymaros K.X. mpomen craxupoBky B MHCTHUTYTE SKCHEPUMEHTAIBFHOW METUITIHBI
AMH CCCP B r. Jlenunrpazne. B 1980 r. oH moctynui B acnupantypy npu MHCTUTyTe BHPYCOIOTUU
nMm. JI.1. UBanosckoro AMH CCCP, roe nmox pykooactsom akamemuka AMH CCCP Kocskosa I1.H.
3alUTIT  KaHIUAATCKYH JHCCEpTallMI0 Ha TeMy «AHTHUTEeHHas HM3MEHUYHMBOCTh I'€MarTJIIOTUHHHOB
BupycoB rpunma B». B 1998 r. XKymaros K.X. 3ammrun nuccepTanuio Ha COMCKAaHWE YICHOH CTeleHU
JIOKTOpa Ouomoruyeckux Hayk Ha TeMmy «CTpyKTypa MNONyMsOUM M aHTHICHHAs W3MEHYHBOCTD
SAMUAEMHUYECKHX BUpycoB rpumma A u B, numpkymupyromux B KazaxcraHne» (Hay4HBI KOHCYIbTaHT
akamemuk HAH PK M.X. CasrtoB). ABTOp &OucCepTanil BIEpBBIE IMPOBEN aHAIW3 OCOOEHHOCTEH
Pa3BUTHS SIUAEMHUYECKOT0 Tporecca mpu rpumme A u B cpenn nacenenns PK B mepuoz ¢ 1990 mo 1998
IT. U MOKa3al, 4To Haubosee akTUBHBIM ObLT Bupyc A(H3N2), sSBUBHIMIICS OCHOBHBIM BO30YIHTEIEM
smuaemMun B 1990, 1992, 1996, 1997 rr. Omugemun 1993 m 1995 r1r. ObuM OOYCIIOBIEHBI
MPEeUMYIIEeCTBEHHO BUpycamu cepotuna B, a 1994 u 1998 rr. — Bupycamu A(HINI1). B couerannyio
snuaemMuio ce3oHa 1992 r. corppkynuposanu Bupychel rpummma A(H3N2) u B.

B cocraBe remarriroTHHMHA 3MUAEMHYECKH akTyaldbHbIX mramMMmoB JKymaroB K.X. ¢ momoruipo
MOHOCHEM(PHUUECKUX aHTUTEN M HMMYHOCOPOLIMOHHOTO aHaiW3a ONpeNeNiyl HOBBIC AHTUTECHHBIE
nerepmunanTel: H3.18; H3.20, 21, 22; H3.26; H3.27 y supycos A(H3N2) u I11.19, 11120, 11122 y BupycoB
ceporuna B.

[lo maHHBIM ero wWcclenoBaHUM, aHTUTEHHBIN apelid BupycoB rpumma A u B mposBisercs B BHJE
HENpepBIBHOTO Mporiecca OOHOBJICHUS COCTaBa aHTUTEHHBIX JETEPMUHAHT reMarriIlOTHHIHA, CBI3aHHOTO
KaK C TOSBJICHHEM OPUTHHAJIBHBIX IITAMMOCHEHU(UIECKUX CAaHTOB, TAK M HOBBIMH COUYECTAHHUSIMHU paHeEe
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UAEHTH(PULIUPOBAHHBIX MapKepoB. [lokazaHo, YTO HEKOTOpPHIC U3 BHOBb BOSHUKAIOUIUX ILITAMMOCTENN (U -
YEeCKUX JIETEPMHHAHT MOMY4YaroT HAauOOJbIlee PacpoOCTpaHEHHE B MOCIEAYIOIUX SIUAEMUIX H B XOJe
SBOJIOIMY CTAHOBATCS TPYMIIOCHEHN(PUICCKIMH.

B nociienaue rosipl OCHOBHBIMH HaTpaBiIeHHsIMU HccinenoBanmii JKymaTtoBa K.X. sSBisIHCh 3KOIOTUS
W DBOJIIOIMOHHAS W3MEHYMBOCTh OPTO- U TapaMHKCOBHUPYCOB. B XoJe 3KOJIOro-BHpPYCOJOTHYECKHX
uccnenoanuit Kymarosa K.X. ¢ coaBTropamu BnepBble Ha Tepputopuu PK BeimeneHo 189 uzonsaToB
BHUPYCOB rpumia A otT ntur oTpsaos [lorankooOpasueie, Becnonorue, ["onenacteie, @namMuHroodpasHsie,
I'yceobpasnbie, Kypoobpasnsie JKypapneodpasHsie, PxankooOpasusie, BopoosrHooOpa3Hbie. B cocraBe
Ka3axXCTaHCKMX BHPYCOB TpHINA NTUL HACHTU(QUIMPOBAHBI BapWaHTHl ¢ 14 KOMOMHAIUSAMU
noBepxHOCTHBIX aHTUreHoB — HIN1, HIN2, H3N3, H3N6, H3N8, H4N6, HSN1, H5N3, HION2, HION7,
HIONS, H11N2, H13N6, H16N3. Ot npencraButeneii otpsaoB ['yceoOpa3Hbix U PixaHK00OpazHBIX
BBIJICNICHBI TIApaMUKCOBUPYCHl mTHI] cepotunoB [IMB-4, TIMB-6, [IMB-8. Muorue wu3ydeHHbIE
KymatoBeim K.X. kazaxcTaHckue H30JISTHI BHPYCOB TpHUIINA JICMIOHHPOBAaHB B HarumoHamsHOMN
KOJUIGKIIMM BHPYCOB M 3allMINEHHl MNpPEANaTeHTaMH W aBTOPCKMMHU CBHJIETEIBCTBAMH MATEHTHOTO
BemomcTBa PK, HyKIICOTHIHBIE MMOCIIENOBATEIBHOCTH MX T€HOB 3apErMCTPUPOBAHBI B MEKAYHAPOIHOM
Oanke na"nubix GeneBank.

XKymator K.X. — aBrop Gosee 230 HayuHbIX paboT, 17 aBTOPCKUX N300pETEHUI 1 TATEHTOB, COABTOP
MEPBOr0 PYCCKO-Ka3aXCKOr0 TEPMHHOJIOTMYECKOTO CIIOBAPS IO BUPYCOJIIOTHH, HMMYHOJIOTUH, TEHETHKE U
Monekyispaoi ouonoruu (1993). B 2011 r. ymocroen ['ocymapcTBEHHOH CTHUIIEHIWUW A YYCHBIX U
CIIEIUAITMCTOB, BHECIIIMX BBIJAIONIUICS BKJIAJ B Pa3BUTHE HAYKH TI0 CIICIIMAIBHOCTH BUPYCOJIOTHSI.

Csernas namsath 0 XKymarose KaitHape Xam3aeBrude, OONbIIIOM ydeHOM, OnecTsiie 00pa3oBaHHOM H
00asTeIbHOM 4YellOBEKe, HABCET/Ia COXPAHHUTCSA B CEp/Ilax ero Y4EHHKOB, Jpy3ed, KOJUIET, POJHBIX U
OIM3KUX.

Axaoemux HAH PK Casmose M. X.,
0okmop eemepunapHuvix Hayk Keiovipmarnos A. 1.
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