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BNOJIOI'M A

MPHTMW 34.25.23

A.Zh. Akbassova', R.Zh. Yermukhambetova, G.S. Mukiyanova, Zh.B. Tleukulova,
S.M. Kassenova, A.B. Dildabek, B.B. Ilyasova, Z.B. Stamgaliyeva, R.T. Omarov

L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
(E-mail: ' a.j.alua@gmail.com,)

TBSV P19 protein as a trigger of salicylic acid-induced resistance of
Solanum lycopersicum

Abstract: Interaction between a virus and a host plant is of great current interest. In light of this,
given article attempts to determine the role of virus proteins in an activation of defence mechanisms
associated with salicylic acid in Solanum lycopersicum (tomatoes) during Tomato Bushy Stunt Virus
(TBSV) infection. The influence of TBSV on tomatoes Money Maker cultivar and the tolerance of
the cultivar to an infection were studied. No symptoms were observed during TBSV amplification in
Money Maker. Protein P19 was identified as one of the signaling proteins in response to which plants
activate a salicylic acid-induced defense mechanism. It might indicate the role of TBSV P19 protein
as an initiator of salicylic acid-induced resistance. The obtained results might help to elucidate
defence mechanisms of plants from viruses.

Keywords: I'TBSV, P19 protein, Solanum lycopersicum, Salicylic acid, PR-proteins.

INTRODUCTION.Plant resistance to viruses is determined by salicylic acid (SA)-induced
defence mechanisms or an activation of RNA-interference (RNAi) process [2|. An activation of
SA-induced mechanisms initiate several defense reactions including a generation of reactive oxygen
species (ROS), hypersensitive response, synthesis of PR-proteins (pathogenesis-associated proteins)
and apoptosis [2, 3|. An infection of Nicotiana tabaccum with tobacco mosaic virus (TMV) leads to
the significant elevation of SA, as well as to the increased expression of PR-genes in both inoculated
and apical leaves [5]. Moreover, there was determined a synergetic interrelation between RNAi and
SA-induced defence of plants during a viral infection |5, 6]. Interestingly, virus suppressors Cucumber
mosaic virus (CMYV) 2b and Potyvirus P1-HcPro interfere with SA-induced defence system of plants.
Furthermore, RNA-dependent RNA-polymerase involved in RNAi is induced by a salicylic acid
during an infection with Tobacco mosaic virus [7]. Thus RNA-interference and SA-induced resistance
can functionally interact. Additionally this resistance mechanism can either directly or indirectly be
activated by RNA-interference. Virus suppressors also might play a key role in SA-induced resistance
8]

MATERIALS AND METODS.Plant and virus materials Nicotiana benthamiana and
tomato(Solanum lycopersicum) plants were grown in 250 ml pots in a growth room. Growing
conditions are 16/8 h photoperiod under white-fluorescent lamps and temperature regime of 25
20(day /night) with relative humidity of 80%. For inoculation with virus material carborundum (d
= 0,037mMm) was applied to the surfaces of 3 middle leaves of 30 days old plants and they subse-
quently were mechanically inoculated with 50 41 of material per plant (50 ul of virus per 200 ml
of 10 mM sodium phosphate/biphosphate buffer pH 6.9). Virus-infected and mock-inoculated (with
10 mM sodium phosphate/biphosphate buffer pH 6.9) plants were separated and grown under the
same conditions.

Western blot analysis.Protein samples extracted from mock-inoculated and TBSV infected
plants were separated by 12% SDS-polyacrylamide gel electrophoresis (PAGE). Separated proteins
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in the gels were electrophoretically blotted onto nitrocellulose membrane (Osmonics, Westborough,
MA). Protein transfer efficiency was verified by staining the membranes with Ponceau S (Sigma, St.
Louis, MO). The membrane was subsequently used for immunoblotting with the specific antibody
raised against P19 TBSV protein. Primary antibodies were diluted 5000-fold and secondary anti-
bodies (alkaline phosphatase conjugated goat anti-rabbit antiserum; Sigma) were diluted 3000-fold.
The blots were visualized by hydrolysis of tetrazolium-5-bromo-4-chloro-3-indolyl phosphate as the
substrate.

RNA isolation. Extraction of total RNA was performed according to the protocol set of Total
RNA Mini SI Isolation Spin-Kit (AppliChem). Total RNA was isolated from leaves according to
the protocol set of Total RNA Mini SI Isolation Spin-Kit (AppliChem).The yield and quality of
the RNA was determined by spectral photometry at 260 and 280 nm using the NanoDrop system
(Germany).

gPCR. For qRT-PCR, 10 ug of total RNA was used. Oligo-dT primers (5ug/ul ) were used for
first strand cDNA synthesis. Reverse transcription was carried out at 40 using M-MuLV RNase H+
(plus) Reverse Transcriptase (M-MuLV RT) according to the manufacturer’s instructions (Phusion
RT-PCR Kit, Thermo Scientific, Lithuania). Following RT-PCR, the cDNA was treated with ri-
bonuclease H and RNase solution A (Thermo Scientific, Lithuania). The obtained cDNA was diluted
1:10, and PCR was performed in a volume of 15.5 u1 of Sybr Green PCR kit (Abgene, Hamburg,
Germany) and 9.5 ul of diluted cDNA, using the Applied Biosystems (Darmstadt, Germany) 7500
RealTime PCR System. The PCR conditions were as follows: 1 cycle at 50 ° Cfor 1 min, 1 cycle at
9° C for 3 min, 40 cycles at 90° C for 10 s, 60° C for 40 s, 72° C for 5 min .

In order to find an internal standard for normalization, we generated specific primer sets with
Primer Express 2.0 (Applied Biosystems). Primers were constructed on the Oligo7 software (Table
1). Probes were constructed using SYBR Green and passive reference dyes ROX, FAM.

TABLE 1 — Primer sequences for real-time PCR

Gene Primer sequence, 5’ —3’

pl9 - F CGGCTACATAACGATGAGAC
pl9- R GCATAGTTAACCGAATCTCCC
prp6 —F GTACTGCATCTTCTTGTTTCCA
prp6 -R TAGATAAGTGCTTGATGTGCC
p33-F CACGAGCACACATGGAGGAT
p33-R GTGGACGCGATCACCTTAGT
Ubiquitin- F | AGGGATCCCACCAGATCAAC
Ubiquitin - R | GCAGCACACAGGACATTCAC

DISCUSSION. Middle level of leaves of 35 days old tomatoes cv. Money Maker were rub-
inoculated with WT-TBSV virions as described previously. During 35 dpi (days post inoculation)
of an experimental period all plants did not show any symptoms of viral infection such as curling,
yellowing of leaves and stunting (Fig 1). Viral protein accumulation was analyzed by Western blot
assay of P19 protein (Fig 2).

Four plant categories are distinguished based on the degree of resistance: sensitive, tolerant,
supersensitive and extremely resistant. The diagnosis of a viral infection by western blotting assay
of the viral protein P19 was carried out in order to determine a category of above-mentioned cultivars
of tomatoes. The suppressor protein P19 is an indicator of a viral infection. Western blot analysis
was performed according to the protocol using polyclonal antibodies against P19 (Fig. 2). Apical
leaves of tomatoes were used for an experiment.

On the left - TBSV-infected N. benthamiana (positive control); on the right TBSV-infected toma-
toes cv. Money maker

Note — an equal amount of proteins (20ug/ml) was loaded into an each well. Comparative
intensity values correspond to the respective formazan bands of the protein P19 (upper row — 38
kDa proteins, lower row — P19). Images were processed using ImageJ software.

9
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FiGUure 1 — Symptom development of TBSV infection on tomatoes cv. Money Maker
A — Plants before inoculation. B — Plants after 21 days post inoculation (dpi). On the left mock - inoculated plant, on the
right TBSV- inoculated plant

P15

Intensity
of bands L 2
48 6

Fi1GURE 2 — Western blot analysis of P19 protein

The results of experiments demonstrate a tolerance of Money maker cultivar of tomatoes to an
infection since despite an accumulation of the protein P19 in TBSV-infected plants, no apparent
symptoms were detected.

An influence of TBSV infection on N. benthamianaand Money maker tomatoes cultivar was
studied by mechanically inoculating 30 days old plant leaves.

Balachandran S. et al. (1997) showed that an early activation of defence mechanisms of N. tabacum
against tobacco mosaic virus (TMV) leads to local damages of photosynthetic apparatus, resulting
in a malfunction of photosynthetic parameters [9]. Moreover, a viral infection inhibits an expression
of genes associated with functions of chloroplasts and photosynthesis [10].

Due to the fact that in the previous experiment during TBSV infection no visible symptoms and
changes in the level of phytosynthesis were observed, whereas the virus protein P19 was expressed,
it was decided to study other parameters of the photosynthesis. Virus-infected plants demonstrate
pronounced morphological and physiological changes in the form of symptoms, such as leaf chlorosis
and necrosis, associated with alterations in the structure and function of the chloroplast [11].

In previous studies Chl-FI were used for an early diagnosis of a tobacco mosaic virus (TMV)
infection in virus-infected N. tabacum. It has been shown that the early sign of an infection is
the reduction in the level of fluorescence intensity and the light-dependent development of the

10
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chlorotic-mosaic symptoms [12]. Similar results were obtained by M.L. Perez-Bueno (2006) by
studying the effect of Pepper mild mottle virus (PMMo-V) on N. benthamiana [13]. According to
the study, changes in the structure of the chloroplast and a corresponding decrease in the efficiency
of photosynthesis have been established.

To date, more than 100,000 individual compounds of secondary metabolism have been identified.
The secondary metabolism compounds, in contrast to primary metabolites, have a functional sig-
nificance not at the cell level, but at the level of the whole plant. Secondary metabolites include
alkaloids, terpenoids, phenolic and many other compounds. The group of phenolic compounds con-
tains a couple of dozen members, including a salicylic acid [14]. Salicylic acid is one of the important
signalling molecules in plants involved in the antiviral defense mechanism. Thus, it is of interest to
study the effect of viral proteins on the accumulation of salicylic acid in plants during viral infec-
tion. For this purpose, an experiment was performed using in vitro synthesized transcripts of TBSV
mutants (Fig. 3):

1. Mutant TBSV — RMJ, which does not express the capsid protein due to a complete elimi-
nation of the translatable sequence of its gene and with the incorporated gene of the GFP-

reporter protein;
2. Mutant TBSV — 157, which does not express the protein P19.

30-35 days old Money maker (MM) tomatoes plants were inoculated with TBSV- RMJ, TBSV-
WT, TBSV-157 transcripts. Control plants were inoculated with phosphate buffer without viral
RNA. Total RNA was extracted at 14 dpi according to the protocol (Fig. 4) and cDNA was synthe-
sized using RT-PCR. RNA concentration was measured on the NANO Drop spectrophotometer.

Replicase Capsid MP*
- I WP 22> Tesvwiyoe
Suppressor**
Replicase apsid MP_
g GFP — pii —3'  TBSVRMJ
Suppressor
Replicase Capsid  MP*

Su@gssor

FicuURE 3 — schematic representations of genomes of wild-type TBSV and modified mutants obtained by
site-directed mutagenesis

Note - TBSV (Tomato Bushy Stunt Virus) encodes the conservative suppressor protein P19.
TBSYV is a typical representative of the Tombusviridae family and contains a sense single-stranded
molecule of 4800 nucleotides enveloped in the 41 kDa capsid of 180 identical protein subunits.
The virus encodes five proteins: replicases P33 and P92 are translated by genomic RNA (gRNA), a
capsid protein P41 by sub-genomic RNA1 (sgRNA1), suppressor protein of nuclease activity P19 and
protein responsible for the movement of the virus in the host P22 by sub-genomic RNA2 (sgRNA2)
[15].

M — 100 kB molecular marker; 1 - a control plant; 2 - a plant inoculated with WT virus; 3 - a plant inoculated with
RMJ-mutant; 4 - a plant inoculated with 157-mutant

FiGURE 4 — A detection of total RNA of Money Maker on 1% agarose gel
11
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Real-time PCR was performed for 3 genes: two viral — p19 (a factor of pathogenicity), p33 (a viral
replicase) and prp-6 (a marker gene of SA). A housekeeping gene ubiquitin was used as a positive
control. The experiment was repeated twice. The results of PCR analysis of control samples are
shown below (Fig. 5).

20-21 nucleotides long forward and reverse primers with an annealing temperature interval of
0,6° C (54,9 - 55,5° C) for genes p19, p33 and prp-6 were selected on the Oligo7 software. Products
of selected primers were verified using the BLAST software. A synthesis of real-time PCR primers
and PCR analysis were conducted at the laboratory of organic synthesis of the National centre of
biotechnology in Astana.
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Fi1GURE 5 — Accumulation of proteins in the control samples of MM tomatoes

As expected, control samples did not express p19, p33 and prp-6 but only a housekeeping gene
ubiquitin. Further TBSV-infected samples were analysed.

The results for the samples inoculated with WT-TBSV transcripts are shown below (Fig. 6).

All of the viral proteins including PRP-6 are expressed in the WT-TBSV-infected samples.

The results for the RMJ-infected tomatoes samples are shown below (Fig. 7).

All of the viral proteins including PRP-6 are also expressed in the RMJ-infected MM tomatoes
samples. An expression of viral proteins in these samples indicates an accumulation of viral infection.
From obtained data it can be seen that the marker gene of SA-induced defence mechanisms prp-6
is accumulated during viral infection.

The results for the samples inoculated with 157-TBSV transcripts are shown below (Fig. 8).

All of the viral genes except prp-6 are expressed in the samples inoculated with 157-TBSV tran-
scripts. It is known that RMJ-mutant does not express the capsid protein due to a total elimination
of the translatable sequence of its gene but contains a complete sequence of protein P19. Whereas
157-mutant does not express the protein P19 due to the presence of a stop-codon after an initia-
tion site of p19 gene. Therefore although PCR analysis demonstrates an expression of p19 gene,
functional protein P19 is not synthesized.

12
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From these two mutants RMJ has greater ability of infecting N.benthamiana. It is determined
by the total absence of capsid protein. The result of the lack of expression of protein P19 in the
157-mutant is the inability to suppress the mechanism of RNA interference of the host due to the
weakened interaction with siRNA. This leads to a rapid recovery of the plant.

Amplification Amplification

Cycles [ Log Scale Cycles [] Log Scale
Amplification B
' : 4 T
wod: .. oo s s o .Agz.é‘.‘“_ )
e ; W
B4+ KEEETTERT PR e f/h -------------
6l ..ot . e f ................
: : /-
O R T ferasirrsiieaaaan SETITRETIREEY 5 efiieseiaesenasanndeend
P T T b / G T |
: : 4 :
0 -:&ﬁﬁ—&—&—h—&—ﬁ—h—é—ﬁ—b—b&—ﬁ—&—é—ﬁ—ﬁ—éﬁﬁ'a’{i
0 10 20 30 40
Cycles D Log Scale

A - Accumulation of p19; B- Accumulation of p33; C- Accumulation of PRP-6; A - ubiquitin; o - an analysed gene

FicURE 8 — The results of real-time PCR. An accumulation of proteins in the 157-TBSV-infected samples
of MM tomatoes

According to real-time PCR data obtained from an analysis of a viral protein expression, it
was found that the protein replicase P33 and the protein-suppressor of RNA interference P19 are
expressed in all virus-infected samples, but not in the control plants inoculated with phosphate
buffer. And the marker gene of the SA-dependent defence pathways PRP-6 is expressed only in the
samples inoculated with transcripts of WT-TBSV and RMJ-TBSV which contain the P19 protein,
but not in the samples with the lack of the protein P19.

Our results demonstrate that the protein P19 is one of the signalling proteins in response to which
plants activate a SA-induced defense mechanism. That is, one of the functions of the TBSV protein
P19 can be an initiation of SA-induced resistance.

The results of several studies support our obtained data. Plants developed a multifaceted im-
mune system, including an effector-triggered immunity (ETI), to protect themselves from fungal,
bacterial and oomycete pathogens [16, 17]. Many studies have shown that the SA serves as a key
signalling molecule for the activation of the PAMP-triggered immunity (PTI) after infection with
these various types of pathogens [18, 19|. For comparison, the mechanism by which plants resist the
virus infection is less known. Because the viruses are intracellular pathogens and do not generate
extracellular PAMP, they cannot initiate PTI, which is activated by PAMP-recognising receptors
with extracellular recognition or binding domains. However, a number of plant resistance proteins
(R-proteins) have been identified that recognize specific viruses. Similar to many of the R-proteins
that recognize pathogens like bacteria, fungi and oomycetes, antiviral R-proteins belong to the class
of nucleotide-binding site-leucine-rich repeat (NBS-LRR). They initiate the ETT and SAR via SA-
dependent pathways that are identical to pathways activated by non-viral pathogens [20, 21].
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In addition to these R-protein-mediated resistance reactions, plants use RNA to combat viral
infection. Activation of this cellular process by viral double-stranded RNA leads to a targeted
destruction of transcripts generated by both RNA and DNA viruses [22|. There have been some
observations that the expression of RNA-dependent RNA polymerase 1, a critical component of the
RNA suppression mechanism, is induced by SA in many plants [23] and the expression of the SA-
induced gene is suppressed by some of the viral suppressor proteins [24]. Other studies have shown
that resistance to various viruses, but not to bacteria or fungi, is mediated via the SA-induced
activation of the mitochondrial alternative respiratory pathway [238], although this mechanism has
not yet been determined. Together, these data show that the ability of SA to suppress all three major
stages of a viral infection, including replication, cell-to-cell movement and long-distance movement
[25], depends on its parallel activation of several antiviral defence mechanisms.
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A.2K. AkbGacosa, P.2K. EpmyxamberoBa, I.C. Mykusinosa, 2K.B. Taneykysnosa, C.M. Kacenosa,
A.B. dinpa6bek, B.B. UabsicoBa, 3.B. Cramraauesa, P.T. Omapos
JI. H. lymunes amovindaev. Eypasusa yammows yHusepcumemsi, Acmana, Kasaxcman

TBSV P19 akysi3sl Solanum lycopersicum eciMairidiy, canunmi KbIIIKBIIBIMEH 6ejiceHIeHaipijieTiH KOpFaHbIC
MeFaHU3MiHiH Tpurrepi periHae

AnHOTauus:Byringe BUpyC 1eH OHBIH, KOXKaWbIH ©CIMJIrT apachlHJIaFbl ©3apa 9PEKETTECYIH 3ePTTey YJIKEH KbI3BIFYIIBLIBIK,
ryapipaabl. Coa cebernri ocbl Makanaga TBSV-nnadexnuscer kesinge Solanum lycopersicum (kpizanak) eciMzirinin cammnm
KBIIIKBUIBIMEH OallJIaHbICTBI KOPFAHBIII MeXaHU3MIEpPiHiH OesiceHaipiayinge BUpPYCTHIK, P19 aKybI3BIHBIH, POJIH 3€pTTesiIi.
TBSV undexknuscor kesinge Solanum lycopersicum Money Maker cypoibbinma emkanjaii aybipy 6esrisgepi 6aiflkajran KOK.
P19 akyb3biabiH, Solanum lycopersicum Money Maker cypbIObIHAA CAJIMIUI KBIIIKBLIBI APKBLIBI TYBIHAAWTBHIH KOPFAHBIC
MEXaHU3MiH GeJICeHIIPEeTIH KOCBHIMINA POJIi AHBIKTAJAbI. AJIBIHFAH HOTUXKEJIED BUPYCKA TO3IMII ©CIMIIKTED CYPBINTAPBIH aJly
YIIIIH KOMEKTECE]T].

Tyiting cesnep: TBSV, P19 akysi3br, Solanum lycopersicum, caymmmi kpinksuisl, PR nporensaepi.

A.2K. Akbacosa, P.2K. Epmyxamb6eroBa, I.C. Mykusinosa, 2K.B. Tneykysnosa, C.M. Kacenosna,
A.B. dinpabek, B.B. UabsicoBa, 3.B. Cramranuesa, P.T. Omapos
Eespasutickutl nayuonarvhowli ynusepcumem um. JI. H. lymunesa, Acmana, Kasaxcman

P19 6enok TBSV B kavdecTBe TpuUrrepa MHAYIUPOBAHHON CAJUIINJIOBOI KUCJIOTONH PE3UCTEHTHOCTU
Solanum lycopersicum

AmnHoTtanus: V3yuenne B3anMOAeiiCTBUS MEXK/Iy BUPYCOM U PACTEHUEM-XO3sUHOM IIPEICTaBIIsAeT OOoJbIoit nurepec. B cBere
JIaHHAsI CTaThsl IOCBSIEHA U3YyYEHUIO POJIM BUPYCHBIX OEJIKOB B aKTHUBAILMM 3AIUTHBIX MEXaHU3MOB, CBS3aHHBIX C CAJIUIIIIOBOM
kucsoroit B Solanum lycopersicum (tomarer) Bo Bpemsi TBSV -undunuposanus. Msyueno smusane TBSV ma TOMaThl copra
Money Maker u omnpejesieHa TOJEPAHTHOCTb copTa K uHdeknuu. Bo Bpemss TBSV-undunuposanuss B Tomarax copra Money
Maker me HabsomaaoCh HUKAKUX CHMITOMOB. Besnok P19 6bl1 maenTudunupoBaH Kak OZUH U3 CUTHAJILHBIX OEJIKOB, B OTBET
Ha KOTOpBbIE PACTEHHs AKTUBUDYIOT 3AIUTHBIA MEXaHW3M, BBI3BAHHBIN CAJIMIUJIOBON KHCJIOTOH. DTO MOXKET yKa3blBATb Ha
JOTOJTHUTEIBHY 0 posib P19 Gesika TBSV B kauecTBe nHUIMATOPA 3AIUTHBIX MEXAHU3MOB PACTEHUN, CBSI3AHHBIX C CAJIAIIIOBOM
KHUCJIOTO# 1pu BUpycHO#N mHbeKnuu. IlosmyyeHHble pe3yabTaThl MOTYT IIOMOYb IIOHSTH CIIOCOOBI 3aIlUThl PACTEHUN OT BHUPYCOB
JIJIsl CO3JaHUs BUPYCOYCTOMYINBBIX COPTOB PACTEHUH.

Kuarouessbie ciaoBa: TBSV, P19 6esok, Solanum lycopersicum, caynunuinosasi Kuciaora, PR-6esku.
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The emulsifying activity of several hydrocarbon-degrading microorganisms

Abstract: It is known that biosurfactants are capable of increasing the bioavailability of hydro-
carbons in oil and petroleum products, as well as modifying the external surfaces of bacteria by
hydrophobizing providing direct contact with hydrocarbon molecules. In this study the index of
emulsification index was studied for four hydrocarbon-degrading strains of microorganisms such as
Achromobacter zylosoxidans, Bacillus subtillus, Tessaracoccus flavescens, Acinetobacter calcoaceti-
cus. Diesel fuel and hexadecane were used as hydrophobic substrates.

It is shown that for all members of natural hydrocarbon-degrading microorganisms are charac-
terized by high rates of emulsification index. The highest index of emulsificationis has shown for
Acinetobacter calcoaceticus - 80-87%. Microorganisms having an emulsification index bigger than
50% are considered promising producers of surfactants. Since the microbial cell oxidizes hydrocar-
bons by adsorbing on their surface, as a result, the oil-oxidizing activity of the crops depends on its
ability to utilize the hydrocarbon substrate. This could indicate adestructive activity of microor-
ganisms.

Keywords: hydrocarbon-degrading microorganisms, emulsifying activity, hydrophobic sub-
strates.

Introduction. Contamination of soil by petroleum hydrocarbons and their derivatives is a serious
environmental problem all over the world.

Bioremediation is effective and environmental friendly but it often takes time and is not cost-
effective on treating large volumes of polluted materials.

The primary mechanism for elimination of hydrocarbons from contaminated sites is biodegra-
dation by the natural populations of microorganisms [1]. The enhancement of natural biological
degradation processes in what is termed “bioremediation” can be a preferred cost-effective method
of removing contaminant hydrocarbons from oil-contaminated environments [2]. Bioremediation,
which is the use of microorganism’s consortia or microbial processes to degrade and detoxify envi-
ronmental contaminants, is also amongst these new technologies, which derives its scientific justifi-
cation from the emerging concept of Green Chemistry and Green Engineering [3]. The success of
bioremediation of oil spill not only depends on the ability of the strains but also on the physical,
chemical and biological conditions of the contaminated environment [8].

One of the main problems that limit the effectiveness of this process is very low solubility and
high hydrophobicity of oil pollutants. These compounds strongly bind to soil particles, and thereby
they are poorly available for bacterial cells [5].

A large number of bacteria, yeast and fungi are able to metabolize one or more compounds in
crude oil. A few species of microorganisms, in particular bacteria, are able, by de novo synthesis, to
produce surface active compounds, so called biosurfactants. Crude oil emulsifying microorganisms
are able to transform crude oil into an oil-in-water emulsion, often by a combination of production
of biosurfactants and generation of surface active degradation products through their metabolism of
crude oil components [6].

Biosurfactant reduces surface tension or interfacial tension of an interface, depending whether it
is a water/air or water/oil interface. In water/oil interface, biosurfactant molecule generates a new
surface area by forming a surfactant oriented monolayer around the hydrocarbon particle with hy-
drophobic tail of the surfactant pointing out to the liquid phase [6]. This leads to increase in surface
area of hydrocarbon substrate and facilitates emulsification. The entire phenomena enhances the
bioavailability of contaminants for microbial degradation through better solubilization of hydrocar-
bons in water or water in hydrocarbons [7]. Due to the lower toxicity and biodegradable nature
in comparison to their synthetic counterparts, biosurfactants are considered to be more suitable
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for environmental applications such as hydrocarbon remediation. The biosurfactant molecules en-
hance the solubility of these sparsely soluble hydrophobic pollutants through emulsification, thereby
leading their better bioavailability for the existing micro-flora (8|

The aims of the study were to characterize emulsifying activity of natural hydrocarbon oxidizing
microorganisms.

Materials and methods

Microbial strains: The bacterial cultures were selected from samples of sludge. Day cultures
of microorganisms were transferred from agar medium on a standard medium.

Hydrophobic substrates: Diesel fuel and hexadecane were used as hydrophobic substrates.
Diesel fuels consist primarily of C9-C20 hydrocarbons.

Hexadecane (also called cetane) is an alkane hydrocarbon with the chemical formula C16H34.
Hexadecane consists of a chain of 16 carbon atoms, with three hydrogen atoms bonded to the two
end carbon atoms, and two hydrogens bonded to each of the 14 other carbon atoms. Cetane is often
used as a shorthand for cetane number, a measure of the detonation of diesel fuel. Cetane ignites
very easily under compression; for this reason, it is assigned a cetane number of 100, and serves as
a reference for other fuel mixtures. It has one of the lowest octane ratings, at < —30.

Emulsification index: Emulsification index (E24) In this study, diesel fuel and hexadecane
were added to the cell free supernatant in a ratio of 1:1 and vortexed vigorously for two minutes.
After 24 hours of incubation at room temperature, the height of the emulsified layer was measured.
The emulsification index (E24) was estimated as: E24 (%) = (HEL/HS) x 100 Where, E24 is the
emulsification activity after 24 hours, HEL is the height of the emulsified layer, and HS is the height
of the total liquid column [2].

Results and Discussion. In this study, as natural strains used strains isolated from sludge.
Natural strains of the following microorganisms are - Achromobacter xylosoxidans, Bacillus subtillus,
Tessaracoccus flavescens, Acinetobacter calcoaceticus.

All selected natural strains were able to grow in synthetic medium with addition of diesel fuel and
crude oil.

Emulsification activity is one of the criteria to determine the potential of biosurfactants. When
evaluating the surface-active properties of microorganisms, an emulsifying activity indicator is used
which is based on the property of surfactants to form an emulsion of a culture fluid of microorgan-
isms with a hydrocarbon. Experiments were conducted to determine the ability of natural to form
stable emulsions with an oil phase (emulsifying activity). Emulsifying activities (E24) determine the
productivity of bioemulsifier and given as a percentage of the height of the emulsified layer divided
by the total height of the liquid column.

Emulsification index of 30% or more was considered as significantly positive emulsification activity.

Our study revealed that all natural hydrocarbon-degrading microorganisms showed high rates of
emulsification index.

The potential of emulsifying activity in the culture liquid as the hydrophobic substrate of hex-
adecane (% E24) of 80-87% was obtained from Acinetobacter calcoaceticus. In the supernatant, the
index of the emulsification index was 45-50% (Fig.1, 2).

It is shown, that as a hydrophobic substrate used a diesel fuel, the emulsion index values for
Acinetobacter calcoaceticus were 50-77% in the culture liquid and 40-50% in the supernatant.

When Bacillus subtilis used a diesel fuel as a hydrophobic substrate, the index of the emulsification
index was 20-30%. In the supernatant, the index of the emulsification index was 4-5%.

It is shown, that as a hydrophobic substrate used a hexadecane, the emulsion index values for
Bacillus subtilis were 30-40% in the culture liquid and 6-9% in the supernatant.

In this study, as a hydrophobic substrate used a hexadecane, the emulsion index values for Tes-
saracoccus flavescens were 40-42% in the culture liquid and 11-13%.in the supernatant.

The potential of emulsifying activity in the culture liquid as the hydrophobic substrate of diesel
fuel (% E24) of 30-35% was obtained from Tessaracoccus flavescens. In the supernatant, the index
of the emulsification index was 10-14%. (Fig.1, 2).
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FicureE 1 — Emulsifying activity of hydrocarbon degrading microorganisms in a culture liquid using hex-
adecane as a hydrophobic substrate

1 - Achromobacter xylosoxidans, 2 - Bacillus subtilis, 3-Tessaracoccus flavescens, 4 —Acinetobacter calcoaceticus
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FiGURE 2 — The rates of emulsification index of hydrocarbon degrading microorganisms

1 - Achromobacter zylosoxidans, 2 - Bacillus subtilis, 3-Tessaracoccus flavescens, 4 —Acinetobacter calcoaceticus

The lowest values of the emulsification index of the culture liquid when used as a hydrophobic
substrate for diesel fuel are shown for bacteria of the species Achromobacter xzylosoxidans. The
emulsification index was 10-20%. In the supernatant, the emulsification index values were 3-5%.

However, when using hexadecane as the hydrophobic substrate, the emulsification index values
were 60-64% (Fig. 1, 2). In the supernatant, the index of the emulsification index was 40-45%.

The ability of biosurfactants to create emulsions of hydrocarbon compounds, and thereby increase
their bioavailability, often used as a basis for determining their effectiveness in environmental biore-
mediation of hydrophobic contaminants. The biosurfactant produced showed a high hydrocarbon
emulsification index.

According to the literature, it is known that cultures with an emulsification index of more than
30% are considered promising producers of surfactants.

All bacterial cultures had a high destructive activity, and this is due primarily to the oxidation
of hydrocarbons. The availability of the hydrocarbon substrate is possibly provided by the syn-
thesis of biosurfactants. Microorganisms isolated in this study could be a valuable source of novel
environmentally friendly biosurfactants for the future replacement of synthetic surfactants.
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SMyJ'Ibl"PIpyIOIJ.IaH AKTUBHOCTBb psiga yTJI€eBOAJOPOJOKUCJIAINNX MUKPOOPraHu3MoB

Amnnortanus: l13BectHo, 1T0 6H0CypPaKTAHTEI CIIOCOOHBI IOBLIIIATE OUOJIOIHYECKYIO JOCTYIHOCTD YIJIEBOAOPOLOB HeDTH U
HeTENPOJYKTOB, a TaKyKe MOIMMUIMPOBATH BHEIIHNUE MTOBEPXHOCTH OakTepuil ImyTéM ruapodobusanun obecrednBasi MPsiMOil
KOHTAKT C MOJIEKYJIAMHU YTJIEBOJOPOIOB.

B pabore 6611 ncciIe10BaH HHIEKC SMYJIbIMPOBAHUS YIVIEBOIOPOIOKHUCIISIONINX MUKPOOPraHu3MoB Bu10B Achromobacter xy-
losoxidans, Bacillus subtillus, Tessaracoccus flavescens, Acinetobacter calcoaceticus. B kadecrBe ruapodoGHBIX cybGCTpaToB
WCIOJIb30BAJIH [IU3€JIbHOE TOIIMBO U T'€KCAEKaH.

HOKa3aHO, qTO OJId BCEX Hpe,ILCTaBI/ITeJ'IeI‘/‘I OPUPOAHBIX YTJIEBOAOPOJOKUCIAOIINX MUKPOOPraHU3MOB XapaKTEPHbI BBICOKUE
roKasaTeJd HHJEKCa SMyJIbrupoBanus. Hambosbmnili MHIEKC SMyJbrupoBaHusi mokasaH st Acinetobacter calcoaceticus —
80-87%. MuKpOOpraHU3Mbl, MMEIONME HHJIEKC MyJIbrupoBanus Gosbire 50%, CIUTAIOTCA NEpCHEeKTUBHBIM IIPOJYIEHTAMU
[IOBEPXHOCTHO-aKTUBHBIX BelIeCTB. I10CKO/IbKY MUKPOOHASI KJIETKA OKHUCJISIET YIVIEBOAOPOIbI, aJlCcOPOUPYsICh Ha UX IOBEPXHOCTH,
BCJIEJICTBHE 9TOrO HE(MPTEOKUCISIONasi aKTUBHOCTb KYJIBTYP 3aBHCHUT OT €€ CIIOCOOHOCTH YTUJIU3UPOBATH YIJIEBOAOPOHBIN
cy6erpar. Ciie[1oBaTeIbHO IIPUBE/IEHHBIE JIAHHBIE MOIYT CBUJIETEIbCTBOBATH O BBICOKOW JECTPYKTHBHOW aKTUBHOCTU
MUKPOOPTaHU3MOB.

KiirogyeBble cjoBa: yIyeBOJOPOJOKHUCIISIONIIE MUKPOOPIaHU3MbI, SMYJIbIUPYIOIias aKTUBHOCTE, r'uipodobHbIe CyOCTpaThI.

A.2K. Bekryposa , ¥.3. Carsinasikos , 2K. K. Macanumos
JILH. I'ymunes amwundaev, Eypasus yammok yrusepcumemi, Acmana, Kazaxcman

Keiibip KeMipCyTeKTOTBIKTHIPYLUIBI MUKPOAF3ajapAblH, 3MyJbrupJieyiai 6esceHainiri

Buocypdakranrapabiy MyHall »KoHe MyHall ©HIMIEp/IiH KOMipCyTeKTipiHiH OHOJIOrUsIIBIK, YKETKUIKTIrH yiaraiTy Kabizeri
OeJrrisi. ConbiMeH 6ipre KeMIpCyTeKTI MoJieKyJajapMeH Tikeseil Gaiiianbicta GosaTbiH TruApodOobU3ausanay apKbLIbl
OaKTepusiIap/AblH, ChIPTKBI Oerrepin e3repryi. Achromobacter xylosoxidans, Bacillus subtillus, Tessaracoccus flavescens,
Acinetobacter calcoaceticus Taburu KOMIpCYyTEKTOTBIKTBIPYIIIbI MUKDPOAF3AJAPAbIH OKUIIEPIHIH 3MyJIbrUpJey WHJIEKCIHI
3epTTeNI]. T'unpodobreik, cybeTpaTrTap peTiH/e TeKCaJeKaH »KOHE [IM3ejIbJibl OTBIH Iail1alaHIbl. Anbiaran  Taburn
KOMIPCYTEKTOTBIKTBHIPYIIIBI MHKpOAr3ajap OKUIJIEepiHiH SMyJbrupjey WHIEKCIHIH KOFaprbl KODPCETKIIITepiHe ToH OOJIFaHbL
KepCeTiai. DMyIbrupiiey/iis eH x)oraprbl unaekci Acinetobacter calcoaceticus ymin kopcerineni - 80-87%.

SOmynbraTopisik, uHaekci 50% -maH acaTblH MUKpoar3ajap GeTTiK-6esiCeH i 3aTTap/blH EePCIEeKTUBTI OHIIpYITiiepl 60IbII
TabbLIAIbI. MuKpoOTHIK, »Kacyllla KeMipcyTeri cyObCTpaThIHBIH Naiijansany Kabijerine O6ailjlaHBICTBI OHBIH €pITiHICIHIK
MYHa-TOTBIKTBIDFBIII OeJICeHiIirine 6allaHbICTBI KOMIpCYTeKTepAl OeTiHe CiHipill TOTBIKTBIPaJbl. ByJsl MUKpoOar3a/ap/iblH
JEeCTPYKTUBTI GeJICeH T HIH KoFapbl 60JIyblHa 6ail/IaHbICTHI.

TyiiH ce3aep: KoMipCyTeKTOTBIKTBIPYIIBI MUKPOaF3aiap, SMyJIbIupieyini 6ejce ik, rubpodobThIK cybcTparrap.
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Ilpumenenne mpoOGMOTUKOB B OTHOIIEHUHN BO30yauTe el nHMEKIMOHHBIX 3a00JieBaHUN
pbIO

Awnnoramusi: UudexknnonHbie 0oJie3HU PBIO HAHOCAT OMPOMHBIN yIIepd WHIyCTPUAIBHOIM
AKBaKyJIbType, CHUXKasl ee Pe3yJbTaTUBHOCTH W BBIXOH pPhIOGOmpoayKinun. (OCHOBHBIM CIIOCOGOM
0opBOBI ¢ 6osIe3HAMU PBHIO B AKBAKYJIBTYyPE SBASICTCI AHTUOMOTUKOTEPAIUsl, B PE3yJIbTaTe KOTOPOU
y JIEKAPCTBEHHO YCTONMYMBBLIX IITAMMOB BO30yIuTes el ITPOSABIIETCI AHTUOMOTUKOPE3UCTEHTHOCTD.
B crarbe mnpuBeneH JUTEpATYPHBIH aHAJIUM3 O NPUMEHEHWW U BJUAHUN AHTUOMOTUKOB HA
JKU3HECIIOCOOHOCTD M yCTONUIUBOCTD BO3OYyuTe el nHbeKIMOHHBIX 3a60/1eBaHuil puiO (6aKTepUO3bi).
ITokazanbl HamboJiee dYacTO BCTpedaloluecs ollacHble OaKTepuajbHble 3ab0jieBaHusl  PbIO,
BO3OYIMTEISIMU  KOTOPBIX SBJSIOTCS  Oakrepuun poga  Aeromonas, Pseudomonas, Flavobac-
tertum. Takum obOpazom, B HACTOsIIEE BpeMs HADJIOMAETCS 3aMEHa XUMUYECKUX IPErnapaToB
buosiornaeckumMu rpenaparamu. OTMeUeHbI ePCIeKTUBBI CO3/[aHUs U TPUMEHEHUST ITPOOMOTUIECKUX
[IpenaparoB Jjis JiedeHusi WHQEKIUOHHBIX Oosie3neit ppid. OHM HE TOKCUYHBI, HE BBI3BIBAIOT
MOOOYHBIX SIBJICHUM, OOJIAJIAIOT AHTATOHUCTHYECKUM JEHCTBAEM B OTHOIIEHWH IUPOKOrO CIEKTPa
BO30OyiuTeIelt nHMEKIIMOHHBIX 00JIe3HEH PhID.

KuaroueBbie cJsioBa:  poIObI, aKBaKyJbTypa, BO30yauTenn, MNTPOOHMOTUYIECKUN IIPEHapar,
baxTepuaabHble OOJIE3HN PBIO, AHTUONOTUKOPE3UCTEHTHOCTD.

AKBakyJIbTypa - BayKHelIlee HapaBjeHne, 00eCIeInBaroIiee IPoI0BOJILCTBEHHYIO OE30IIaCHOCTh
CTpAHBI. PasButre axBaky/JbTypbl pellraeT BajkKHEHIne OOIIErocyIapCTBEHHbIE — 3aJatdu:
obecrieumBaeT HaceJIeHWE PBIOOH W JIPYTUMHU THAPOOMOHTAMH, CHUXKAET HUMIIOPTO3aBUCUMOCT,
COXpaHsieT 3amachl BOJHBIX Guopecypcos u 6uopasnoobpasue [1-2].

PaszBuTtne nHycTpuasibHON aKBAKYILTYPBI CIIEPKUBACT PsiJi, (DAKTOPOB, K UUCTY BaKHEUNIUX U3
KOTOPBIX 9KCIIEPTHI OTHOCAT 60Jie3HN PbIO. 3adacTyio pa3Burue 0oJie3HEN PBIO B MHIYCTPUAIBHOM
AKBaKYyJIbType 00yCJIOBJIEHO BBICOKOI INIOTHOCTBIO MOYJISIIUHI Ha €INHUILY 00beMa. B 3Tux ycjioBusix
OTMEYAETCs BBICOKUN YPOBEHb OPraHUYeCKOI'O 3arps3HEHUsi CPeJibl 0OUTaHUs PHIO MPOJLyKTAMEI
cobcTBeHHOTO MeTabosm3Ma. BBICOKOe CojiepyKaHne OPTaHWKH CO3/IA€T YCJOBUS JIJIS DPA3BUTHUS
YCJIOBHO-IIATON€HHON M ATOreHHOI MUKPOOHOTHI, BbI3bIBatolieil 6osesnu poib [3-7]. Bosesnu poib
B IIPOMBIIIIEHHON aKBaKyIbType XapaKTEPU3YIOTCH MACCOBOCTBIO, HAHOCH HEBOCIIOJHUMBIH yIepO
orpacin [8].

Nudeknmonnbie 3a60/IeBAHNAST OTHOCSITCS K HanmboJIee OMaCHBIM OOJIE3HSIM PBIO U COITPOBOXK IAIOTCSI
OosibIIuMK  TIOTEpPsIMU  phIOOTIpOAyKIuu.  Jlannast mpobjema CyIecTByeT BO MHOTHX CTPaHAX,
3aHMMAIONIUXCS aKBAaKY/IbTYPOil, IOITOMY 3aIlUTa PbIO OT GAKTEPUAIHHBIX 3aD0JIEBAHNI SABJISIETCS
AKTYaJIbHBIM BOIIPOCOM MXTHOIATOJIOTHYECKON Hayku [9-12].

Hecmorpst Ha OOJBINION apceHaJ XUMHOTEPAIEBTUUECKUX CPEICTB, Oophba ¢ OakTeprosaMu
pPBIO IIpEeICTaB/ISIET 3HAUUTENbHYIO MpOOJeMy. JTa CHTYAIMss BO MHOIOM CBSI3aHA C PA3BUTUEM
y BO30yauTeseil aHTUOMOTUKOPE3UCTEHTHOCTH. [TosiByienwe yCTOMYHUBBIX IMITAMMOB OTMEYEHO
y MHAPOKOTO Kpyra OaKTepuajibHLIX I[ATOICHOB pPbIO, IOSBUJINCH COODINEHUST O IIOSIBJICHUU
JIEKAPCTBEHHO YCTOYMBBIX IITAMMOB GaKTEpHil B TOBAPHOM PbIOOBOJICTBE, akBapuymucTuke [13-15].
VeroitunBocTh K aHTHOMOTUKAM (DOPMUPYETCS ¥ MIUPOKOr0 Kpyra 0aKTepUabHBIX MATOICHOB PhIO:
a’pPOMOHA/I, TICeBIOMOHA]T, (braBobakTepuil, MuKcobakTepuil 1 HeKOTOphIX Jipyrux [16-18|. TlosTomy
aKTyaJIbHBIM {ABJISACTCA SHAHUE U IIPDUMEHEHNE COBPEMEHHBIX IIPUEMOB 3alllUThI pr6 OT MHBA3NMOHHBIX
boJie3Helt.

Bosoydumenu ungeryuonnvix 6oresneti pubd. Bbakrepun poma Aeromonas UrpaioT CyIeCTBEHHYIO
poJib B MH(PEKITMOHHON MXTHONATOJOIHH. A3POMOHO3BI PHIO — 9TO 3a00JIeBaHUe, BCTPEYAIOIIEeCs
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B PBIOOBOUECKUX XO3HCTBaX W BBI3bIBaeMoe Oakrepusimu: Aeromonas salmonicida, Aeromonas
hydrophila, Aeromonas caveae, Aeromonas sobria [19-21|. Aspomonajsl (B mepByto oudepeb A.
hydrophila HG1, A. veronii cepoapmantoB Sobria HG8 / 10 A. caviae HG4) moryr BbI3BaTH
ucrolieHne, auapero, ocobenno y gereit [22].  Cemcuc y desoBeka, BBI3BaHHBIH OaKTEpUSIMU
Aeromonas, ouennb onace [23|. To 8,1% cirydaeB ocTpbix KuliedHbIX 3a00s1eBanmii y 458 narueHTon
B Poccun 6butn BesBanbl Aeromonas |24).

Nudekimonnas aneMusi JIOCOCEBBIX — OCTPOE, TsXKEJIO IIPOTEKAIONee BUPYCHOE 3aboJieBaHue,
KOTODOE COIPOBOXKJIAETCsl PAa3BUTHEM CHUJIBHO BBIPDAXKEHHOII AHEMHM U BbI3BIBAET BBICOKYIO
CMEPTHOCTD JIOCOCEBBIX PBIO y2Ke Yepes 7-10 jiHell ocJie MosBIeHUS TEPBBIX KINHUIECKIX TPU3HAKOB
zabosieBanusi. BozOyauresab 9Tol 0OJIE3HM CUUTAECTCS OIHAM M3 HaWbOJee OMACHBIX IIATOINE€HOB,
KOTOPBIN TPEJICTABISET YyIPo3y KOMMEpUecKoil akBakynbType B CeBeprnowm mosyrmapuu. bBosesHb
BBI3BIBAET BUPYC, KOTOPBIA 110 CTPOEHUIO I'€HOMa U I'€HETUYECKUM OCODEHHOCTSIM ObLI OTHECEH K
cemeiicTBy oproMuKcoBupycoB [25]. Ha ocHOBaHUM IeHETHYECKHMX JIAHHBIX, IIPHYyPOYEHHOCTH K
X03sieBaM W Psijia JPYTUX CBONCTB BHUpyca WHQEKIINOHHON aHEeMHUH JIOCOCEBBIX OBLIO IPEII0KEHO
060CHOBATD JIJIsl HETO HOBBIN pos Aquaorthomyzovirus B npejenax cemeiicrsa [26].

Baxrepuu F. psychrophilum sapnsiorca Bo3OyauTensMu ¢aBobakTepro3a — 00JIe3HN PbIO,
KOTOPOU TIOJIBEP2KEHBI BCE JIOCOCEBBIE, & TaKKe JApyrue Buibl pbid. Hawmbosiee wacro 6oJie3ub
BcTpedaercss npu Temreparype Boabl 4-12 °© C. OTxXom MAJIBKOB, CErOJIETKOB U T'OJOBUKOB IIPU
danasobakrepuosze gocruraer 10-20 %. @uaBobakrepun, Kak u Apyrue Bo3OyuTesm 6aKkTepraabHbIX
6oJie3Hel pbIb MOTYT UIPATh POJIb CEKYHIAPHON NHQEKINH, TOpayKasi OTKPBIThIE PAHBI U ITPOHUKAS
B MBIIIIBI TejIa 0csabJIeHHbIX U TPaBMUPOBaHHBIX PbIO [27-30).

Cpenu MUpoOKO pPaCIpaCcTPAHEHHBIX MMATOJOTUU OCETPOBBIX B YCJIOBUSX YCTAHOBKAX 3aMKHYTOTO
BojlocHabxkenust (Y3B) siBiisiercsi 11ceBIOMOHO3, HAHOCAIIMI 3HAYUTE/IbHBIN yIepd PhIGOBOIIECKUM
xozsiictBam [31-32|. IIpu octpom Tedenun undeKImE poIObl Bsijible, CJ1ab0 PearupyroT HA BHEIIHUE
Pa3IpaXKUTe/Id, XAOTUYIHO ILIABAIOT y IOBEPXHOCTH BOmbl. Ha OpromiHo#l cTeHKe, IJIaBHUKAX,
2KabepHBIX KPBIIIKAaX, B CKJIepe IJIa3 — KPOBOUBJIUSIHUSI; HA Tejie 09aroBoe ujin quddysHoe eporreHne
qenryn. BPIOIKo yBeandeHo B 00beMe, MiArKoit Koucuctennun. OTMeYaroT OJHO- WU JIBYCTOPOHHEE
nyderjiazue. AHaJbHOE OTBEPCTHE OOBIYHO BOCHAJIEHO WM BBIMIAYEHO. [ICEBJIOMOHO3BI BBIZLIBAIOT
rubesb OTIEJbHBIX 0cO0ell, a 3a49acTyIO0 U MAacCOBBI MOp pBIObI [33].

MukcobakTeprno3bl — IMIHPOKO PACIPOCTPAHEHHBIE OOJIE3HU y MHOIMX BUJIOB ITPECHOBOIHBIX
U MOPCKHX pPbIO, BbI3bIBAEMbIE CKOJIB3AMUME OakTepusmu rpyiabl  Flexibacter- Cytophaga.
[lepBonaganbuo 3aboJieBaHus ObLIN 3aPETUCTPUPOBAHBI B PBIDOBOJIHBIX XO3AHCTBAX, & TaKXKe
COJIOHOBATHIX Bomax u Mopsax Cesepuoit Amepuku. B wmactositiee Bpemsi onnm nambosee 20
pacIpOCTPAaHEHbl BO MHOI'UX TEIJIOBOJIHBIX PBIDOBOMHBIX XO3SHCTBAaX, BBIPAIUBAIONINX (HOPEJIb,
Kaplia 1 OCeTPOBBIX 110 UHJLYCTPUAJIbHOI Texnomoruu [34].

[Ipobmema JsederHnss w TPOPUIAKTUKH  KEIYJTOUHO-KHUIIETHBIX 3a00jeBaHnll  YKUBOTHBIX,
BO3OYIUTEIAMH KOTOPBIX SBJIAIOTCH YCJIOBHO-IIATOTEHHBIE KHINEYHbIE MHUKPOOPIaHU3MBI HMeeT
COIMATILHO-IKOHOMUYECKOE 3HAYEHNE.

Buonpenapamo. kax asvmepramuea xopmosvim armuodbuomuram. B H0-X TT. MPOIIIOro Beka
napasieibHo B crpanax CHI' m 3a pybexkom ObLin paspaboTaHbl METOAUKHA IIPUMEHEHUS JIJIst
pbI0 aHTHOAKTEPUABLHBIX XUMUOTEPAIIEBTUIECKUX IIPEapaToB, MpodjIeMa Ka3aiach MPaKTUIECKU
pemennoit.  OJgHAKO ee AKTyaJbHOCTb C TEYEHHEM BPEMEHH TOJBKO YBEJUINBAETCS.  IDTO
CBSI3aHO KaK € MHTeHCHUKaIeil pPhIOOBOIHBIX IIPOIECCOB, TaK W C Pa3BUTHEM y BO30ymUTEsEi
OakTeprabHBIX 0O0JIe3HEN PBIO PE3UCTEHTHOCTH K XUMUOTEPAITEBTUYIECKUM IperaparaM, UTo
3aTPYAHUT NPODUIAKTAKY U JeueHrne 6aKTepruo30B PLI0 B YC/IOBUAX XO3UCTB.

B 3apy0e:KHBIX MCTOYHHUKAX OTMEYAETCsl, UTO BCe 0oJiee JacTO PEruCTPUPYETCsl yCTOWIUBOCTH
bakrepuit poma Aeromonas Kk anTuOMoTHKaM dTOpXHHONIOHOBOrO psiga 1 mokosenmsi |35
CroxkuBmiasicst cuTyalidsi TpedyeT MOMCKa HOBEHIIX CIIocOHOB JiedeHnsi DAaKTEPUO30B PA3HBIX BUJIIOB
PBIO AJIBTEPHATUBHBIMU AHTHOMOTUKAM MPEIIAPATAMI.

Boznaukinast B mocjieiaue rojibl HEOOXOIUMOCTb PA3BUTHUsI ITPOU3BOJICTBA IKOJOTHIECKHA UUCTOM,
Oe3omacHOl W OOJIAJAONIEH XOPOIIMME BKYCOBBIMH KAIECTBAMU PBIOOIPOIYKIIMA OTKPBIBAET
IIIPOKYIO MEPCIEKTUBY HUCIOJb30BAHUS B MHUPOBOIl HUXTHONATOJOTUYIECKON MPAKTUKE ITPEIapaToB
HOBOrO mOKoJieHus:. OJIHUM #3 OCHOBHBIX IPENApaToB SIBJSIOTCs mpobmoruku. [Ipobmoruku
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HAXOJIAT MIUPOKOE IIPUMEHEHUE B MPOMIIAKTHKE JucOaKTepro30B MoJiou peib [36]. OcHoBOit Takmx
[PENAPATOB SBJISIOTCS MITAMMbI OAKTEPUil, HMEIOIIIE AHTATOHUCTHIECKY IO AKTHBHOCTD B OTHOIICHUH
STHOJIOTNIECKUX areHTOB GakTepHaJbHbIX OostesHeil puib [37].

B ycioBusix BBICOKOMHTEHCUBHBIX DPBIOOBOJIHBIX XO3SHCTB U AHTPOIOTEHHOTO 3arpsi3HEHUS
€CTEeCTBEHHBIX BOJOEMOB BO3HHUKAIOT HOBbLIE, paHee He BCTpedaBIinnecs OakTepuo3bl pbid. U3
[MapPEeHXUMATO3HBIX OPraHOB OOJIBHBIX PBIO BCE Yallle BBLIEISIOTCS HE TOJILKO BBICOKOBUDPYJIECHTHDBIE
BO30OYy/IUTEJIM, HO U HPEJCTABUTENN CANPOMUTHON (JIOPBI, YTO CBUJIETEILCTBYET O 3HAUYUTEIHLHOM
CHIKEHUN OOIeil pe3sncTeHTHOCTU. [y mMpodMIakKTUKN TaKNX OAKTEPUO30B IPEIIOUTHTETEHBIM
SBJISIETCsl  [PUMEHEHUE KOJOIMYECKH YHUCTBIX IIPErapaTroB, OCHOBAHHOE Ha  IIOBBINIEHUN
crenududeckoii u Hecrenuduueckoil pesucrenTHocTH poib [38]. PbIObI, Kak U Jpyrue *KUBOTHBIE,
[O/IBEPZKEHBI 3a00/IEBAHUAM PA3JINTIHOM STHOJOHN (ITapa3uTapHBbIM, OaKTEpUATIBHBIM, BUPYCHBIM,
MHKO3HBIM, He3apasubiM) [39]. Bakrepuasbhble nHbeknuu HamboJee ONACHBI, MOCKOJIbKY MOLYT
BbI3BaTL 100% rubesb poIo.

B ycioBusix H”HTEHCUBHOTO IIPOU3BOJICTBA, KOTJA HA OIPAHUYIEHHBIX ILJIOMIASX KOHIIEHTPUPYETCSI
0OJIBIIIOE KOJIMYECTBO PHIO, BO3HHUKAET Yrpo3a HHQMUIMPOBAHUSI WX MHUKPOOPTaHU3MAaMHU, UTO
BBIHY?KJIA€T HCIOJIB30BaTh JieueOHbIe MpenapaTbl, B TOM YHC/Ie W KOPMOBbIE AHTUOUOTUKU. DTO
Hen30€KHO TTPUBOJIMT K CEJIEKIINN W MOCJIEIY IOl IUPKYJISIIUN B XO3HCTBaX yCJIOBHO-ITATOTEHHBIX
¥ TIATOTEHHBIX MUKPOOPTaHU3MOB C IIOBBIIIEHHOI PE3UCTEHTHOCTHIO K aHTHOMOoTHKaM [40].

Jlisi KOppeKIH IMOJM0OHBIX COCTOsSTHUI HauboJiee MHTEPECHBIM U OHOJIOTMYECKU OIIPaBIAHHBIM
SIBJISIETCsT TIPUMEHEHUE IPEeraparoB, CHOCOOCTBYIOMNX CTAOUJIU3AINN JIESITEIBHOCTH YKEJTyI0THO-
KUIIEYHOTO TPAKTA U MOBBIIIEHUs] KMMYHHOT'O CTATYCA.

B macrositiiee Bpemsi ¢ paclipoCTpaHEHWEM YCTOWYMBOCTH MUKPOOPTAHM3MOB K AHTUOMOTUKAM
IIOUCK HOBBIX AHTUMWKPOOHBIX CPEJICTB CTAHOBUTCS BCE Oojiee akTyaJibHbIM.  VH(DEKITMOHHBIE
00JIe3HU, KOTOPhIE CUUTAJNCH MTOOEYKIEHHBIMU, CTAHOBITCS CUJIbHBI KAK HUKOIJA. DMOPEKTUBHBIE
ceffyac aHTUOMOTHUKU CO BPEMEHEM TEPSIOT CBOK CUJIy. AHTHOMOTUKU B OI'POMHBIX KOJHUUIECTBAX
[IPUMEHSIOT IIPYU BBIPAIUBAHUYI CKOTA, ITUIbI, PBIOBI.

K macrosimeMmy MOMEHTY pa3pabOTaHbl JECATKUA MOJIEKYJ aHTUOMOTHKOB, HA OCHOBE KOTOPBIX,
M3rOTABJIMBAIOTCS COTHU JIEKAPCTBEHHBIX (POPM, B TOM HUHCJE U IPEIHA3HAYEHHBIX CIEIUATIbHO
st Jtedenuss peid. Ho BMmecrte ¢ Tem 3a 9TO BpeMsi BO3HHUKJIU CEPbEe3HBbIE HPOOJEMBI. YIKe B
Hadaje 80-X ro/IoB PsiJIOM ABTOPOB OTMEUYEHO CHUXKEHHUE 3(MD(MEKTUBHOCTH XUMHUOTEPAIIEBTUIECKUX
MeponpusTuit. B jmreparype HOSBUINCH COOOIIEHHUS O MOSIBJIEHUN JIEKAPCTBEHHO YCTONIUBBIX
ITaMMOB OaKTepuii B TOBAPHOM PBIOOBOJCTBE, akBapuymuctuke. PopMupoBaHue yCTOWIUBOCTH K
AHTUOMOTUKAM OTMEYEHO y IIEJIOr0 Psijia, BayKHEHIINX OaKTepuabHbIX IATOIE€HOB PHIO: adpPOMOHAT
(Aeromonas spp.), ncesnomonas (Pseudomonas spp.), mukcobakrepuit (Flexibacter spp., Cytophaga
$pp.) M HEKOTOPBIX Apyrux. Bce garie pedb 3aX0nUT 0 IPUMEHEHNHN AJIBTEPHATHBHBIX IKOTOTHICCKUX
[41] u ummyHOIPOdUIAKTHIECKHX METOI0B GOpLObI [42-44].

B nacrosimiiee Bpemsi B Mupe HaOJII0/Ia€TCsl TEHJIEHINS TTOCTEIIEHHOIO OTXO0JIa OT IPUMEHEHUS B
PBIOOBOJICTBE XUMHYECKUX IIPENapaToB U 3aMeHbl uX Ouosiorndeckumu. lIporpeccuBHBIM METOIOM
mpoduaakKTHKN OAKTEPHO30B SIBJISIETCSI MCIOJIb30BaHHe TpoOnOoTUKOB. IIpobnoTukm HaxomaT Bce
6oJee MUPOKOE TPUMEHEHNEe B MUPOBOI aKBAKYILTYype. ITH OHOMPENapaThl MPETHASHATCHBI I
NpOPUIAKTUKI U JiedeHnsl 3ab0jieBaHmii OaKTEPUAIBHON 3STUOJIOIMH, HOPMAaJIU3alliid KHUIIEeTHO
MHUKPOMJIOPHI IPU AuCOAKTEPUO3ax PA3/JIUIHON HPUPOIbI. VX BaKHOI OCODEHHOCTBIO SBJISIETCS
CIOCOOHOCTH CMSITYaTh CTPECCHI, IOBBIMATH TPOTUBOMH(MEKIINOHHYIO yCTOWINBOCTH OPraHU3MA,
pPeryJmpoBaTh W CTUMYJHMPOBATH muileBapenne. Haubosiee 6J1arOTBOPHO BJIUSIIOT HA OPraHU3M
PBIOBI, MIOBBIIIAS €ro O0IIYI0 PE3UCTEHTHOCTD. VI3BecTHBI 3apyberKHble MUKPOOHDbIE OHOIIpernapaTh:
A30TMJINH, JIAKTOOAKTEPUH, CyOaJiH, 300HOPM U Ap. [45-47].

Ucrnonp3oBaire aHTUOMOTUKOB HPUBOJAUT K HAKOIJIEHWIO OCTATOYHBIX KOJUYIECTB IIPEapaToB
B npoayknuu pbiboBoscTBa.  (CoBpeMeHHbIe TpebOBaHWS K KAdeCcTBY U 0OE30MACHOCTU PBHIOHOIM
MPOJYKIINA UHUIUUPYIOT HUCCJEI0BAHUS 110 CO3JAHUI0 SKOJOTUYECKU O€30IMaCHBIX CPEJICTB st
npodUIaAKTUKN U JiedeHus Oosesneir pouidb. Hawbosiee pammonaabHbIM criocobom B 60pbbe ¢
BO30OyIUTEISIMI OAKTEPUO30B SIBJISIETCSI UCIIOJIB30BAHUE TPOOUOTHIECKUX IPENapaToB Ha OCHOBE
6akrepuit pona Bacillus [48].
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3a pybOexkoM B KadecTBe Je4eOHOrO CPEJCTBA, IMOBBIMIAIONIEI0 PE3UCTEHTHOCTh PBIO IIpH
paccTpoiicTBax IUIIEBAPEHNUs], MOBPEXK/IEHUU MOBEPXHOCTEH Tejia, BBI3BIBAEMBIX OAKTEPUAJBHBIM
3arpsi3HEHNEM BOJIbI U KOPMOB HCIIOJIB3YIOT Ipernapar «AKBajgakT» Ha OCHOBe JakTobakTepuii [49].
OcnoBy npemnapara M-30 cocrasmnsior 6akrepun Lactobacillus acidophilus 6b1cTPO pPa3MHOKAIOIIAECS
IpUA TONAJAHUA B KHUIIEYHUK pbIO, CO3/aBas B HEM OWOIEHO3, OB/ POCT IATOT€HHOM
MUKpOdIophl.  JlakTobGaKkTEpUU OKA3BIBAIOT AHTANOHUCTUYECKOE JIEWCTBUE II0 OTHOIIEHUIO K
[IATOTE€HHBIM U YCJIOBHO-IIATOI'€HHBIM MUKPOOPraHU3MaM, COXPaHseT U Peryaupyer hu3n0oI0rniecKoe
paBHOBECHE KHUIIEIHONH MUKPOMIIOPHL.

Haubosbmuii noJjioxkureabubliil apdekT okasbiBaer Baelenue 0,2% JjiakTobakTepuHa B KOpMa, s
MOJIOJIH OCeTPOBBIX pBI6 [50).

[IpobumoTuk azormimH, CO37aH HA OCHOBE KUBOW KYJAbBTYPHI a30TMUKCHPYIONUX OaKTepuit
Azomonas agilis. 1lpemapar XopoIirno 3apeKoMeH10Baj cebst mpu HOPHOE ¢ a3POMOHO30M B IIPYIOBBIX
xozsiicrBax [51]. OcuoBy npenapara Az-28 takke cocraBistior Azomonas agilis, BblieseHHbIE U3
BOJIbI U CIIOCOOHBIE MHI'MOMPOBATH HATOTEHHYIO MUKPOMJIOPY KUIIEIHNKA PbI0. Bblyckaercs B Buie
IPaHysI cO cJIaObIM 3aIllaXOM KHCJIOTBI — IpOoayKTa ¢depmenTarun Oakrepuii. Criopoobpasyroriue
IPOOMOTHUKY J1IJIsT PHIOOBOJICTBA - 9TO HOBOE HaIpaB/ieHne. B 1acTHOCTH, TPOBEIEHHDBIE UCC/IEIOBAHUST
BO3MOXKHOCTel mpuMeHeHusi npobuornka «CyOTmimcs Ha paHHUX CTAJUsIX BBIPAIUBAHUS PBIO,
[IOKa3aju, YTO 00paboTka MIPOOMOTUKOM WKPBI, SMOPHOHOB U JIMYUHOK (DOpen YBEIUINBACT
K03 DUINEHT BHIKUBAEMOCTA U CHUXKACT €CTECTBEHHYIO CMEPTHOCTH PBIO HA JIMIUHOYHON cTaguu
pa3BUTHUsI, CIOCOOCTBYET CTUMYJISIIAUA 2KU3HECTOMKOCTH PLIO HA PAHHUX 3STallax OHTOTeHe3a U
HAIIPSIZKEHHOCTH €CTEeCTBEHHOIO MMMyHuTeTa [52].

B Kazaxcrane B «Kazaxckom HUU nepepabaTbiBaroIneit 1 TUMIEBOH TPOMBIIIIIEHHOCTA CO3TaHBI
npobuoruveckue npenaparbl «Jlakrobapmaun» u «Buokoncy. Ilpemapar «JlakTobapmauns cosman
HAa OCHOBE KOHCOPIIMyMa MOJIOYHOKUCJBIX Oakrepuit Lactobacillus pontis 67, Lb.  casei 22,
Lb. paracasei 104, BBIICJICHHBIX W3 3epHA W aKTUBHBIX AHTArOHUCTOB K B. subtilis, rpubam
pomoB  Aspergillus, Mucor, Penicillum, FE. coli, S. aureus, S. reading, S. thyphimurium.
[IporuBOMUKpPOOHBIE CBOMCTBA KOHCOPIUYMa OOYCJIOBJIEHBI KUCJIOTHOCTBIO, (DEPMEHTATUBHOMN
AKTUBHOCTBIO U CHHTE30M TEPMOCTAOMJIBHBIX HU3KOMOJIEKYJISIDHBIX IENTUIO0B C MOJIEKYJISPHOI
maccoit 2,4-4,5 x/I. IIpobuormdeckuii mpenapar Ha OCHOBE STOIO KOHCOPIIUYMa MOJIOYHOKUCIIBIX
bakTepuii MOXKET OBITh MUCIOJIL30BAH B BETEPUHAPHUHU B KadecTBe TPOMUIAKTHIECKOTO U JI€IeOHOTO
CPeJICTBa OT CAJIbMOHEJLIE3a, KOJIMOAKTEPHo3a, AUCOAKTEpHO3a U JIPYTUX KEJIYI0THO-KHUIIEIHBIX
3a00J1eBaHUil MOJIOJTHSKA CEJIbCKOXO3ANCTBEHHBIX KUBOTHBIX, ITHUIL 1 PbIO [53].

B pesynbrare wucciieioBanmii aHTArOHU3Ma, KOHCOPIMYMa MOJIOYHOKUCJIBIX OakTepuit Lacto-
bacillus plantarum-2, Lactobacillus fermentum-104, Lactobacillus brevis-67, Lactobacillus ca-
set  wvar. alactosus-22, B ornomenun FE. coli, S. aureus, S. reading, S. Thyphimurium,
CO3/IaH TpernapaTr MPOOUOTUIECKOro JIeHCTBUS «BHOKOHC», KOTODPBI MOYXKeT OBITH HCIOJIH30BAH B
BeTepUHAPUU B Ka4decTBE MPOMDUIAKTUIECKOIO U JIe9eDHOI0 CPEJICTBA OT KEJIYJOYHO-KHUIIIEYHBIX
3a00JIeBAHUNl 1IPU KOPMJIEHUU MOJIOJHSIKA CEJIbCKOXO3SMCTBEHHBIX JKUBOTHBIX, IWTUIL U PBbIO.
IIpemnapar «Buokonc» xapakTepusyeTcs BbICOKONW aHTArOHUCTUYECKON M MMMYHHOCTUMYJIUPYIOIEi
AKTUBHOCTBIO, KOJIMYECTBO KUBBIX KJIETOK MOJIOYHOKHCJIBIX OaKTepuil B OJIHOM J103e Iperapara
cocrapiisier He MeHee 1 x 109 KOE [53]. Takum ob6pasoM, Ha OCHOBAHUM BBIIIEU3JI0KEHHOTO MOYKHO
CKa3aTh, YTO JOCTATOYHO IMUPOKO B MEIUINHE W BETEPUHAPUU IIPUMEHHAIOTCS MTPOOUOTUIECKUE
mpernapaTbl Ha OCHOBE JIAKTOOAKTEpUil, KOTOPBIE SIBJIAIOTCS OCHOBHBIMU IIPEICTABUTE/ISIMU
HOPMaJIbHOW MUKPOQJIOPHI KUIIeYHUKA. llepesr phIOOBOIHBIME XO3dWCTBAMU AKTyaJLHOM 3ajateit
CTOUT IIOMCK WJIM pa3paboTKa OWOIpenapaToB s JiedeHns U HTPOPUIAKTAKN OaKTepHabHBIX
nadeknmit ppid. VX npumeHeHne mo3BOIUT MOBBICUTH KAYECTBO PHIOBI U UCKJIIOYNTEL (DOPMUPOBAHIE
AHTUOMOTUKO-PE3UCTEHTHBIX MITAMMOB, IMATOIE€HHLIX KAaK JIJIs BBIPAINIUBAEMON PBIObI, TakK U JIJIs
JeJioBeKa. B 9Toil CBa3U, OTKPBIBACTCS IMEPCIEKTUBA WCIOJH30BAHUS B UXTHONATOJOTMYCCKOM
IpaKTUKe IPernaparoB W3 JIAKTODAKTEepHuil, KOTOPble HE TOKCHUYHBI, HE BBI3LIBAIOT I[TODOYHBIX
ABJIEHUU, 00JIaIAI0T AHTATOHUCTUIECKUM JIEHCTBUEM B OTHOIIIEHUH IITUPOKOIO CIIEKTPa BO30yuTe el
MHMEKITNOHHBIX 60J1e3Hell PBID.
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BanapIKThIH MH(MEKIUANBIK, aybIpy KO3bIFyJapblHA apHAJFAH IPOOUOTUKTEPAl KOJOAHY

AnHoTranusi: BanbIKThiH »KYKIAIBL aypysiapbl HHIYCTPUAJ AL aKBAKYJILTYPaFa YIIKEH 3UsH KeJITipe/ i, OHBIH THUIM/IIIr MeH
bauiblK eHiMAepiHiy exiMaimirin Temengereni. Basblk aypynapbiMeH Kypecymil 0acThbl »KOJIbI aHTUOHMOTHKAJIBIK, TEPAIA OOIBIIT
TabbLIabl, COHBIH CaJJapblHAH aHTHUOMOTUKTEPIH J9PLIiKKe TO3iM/1i mTaMMIapbl aHTUONOTUKAJIBIK, KAPCHUILIKTBI KOPCETEI].
MaxkaJsiaia aHTHOMOTUKTEPIiH, GAJIBIK KYKIIAJIbI areHTTepiniH (6aKTepHO3/bIH) OMIPIIEHIrT MEH TYPAKTBIIBIFBIHA KOJIJAHBLILYBI
MEH OHBIH 9Cepi TypaJsibl 9/ebu Tasgay 6ap. bBajbIKTbhIH el Kui KayinTi 6akTepuasibl aypyJsiapbl KOPCETLIIeH, OJiap/ibIH
KO3abIpFRIITapel  Aeromonas, Pseudomonas, Flavobacterium typaepiniy Gakrepusiiapbl 6osibin Tabbuiagsl.  Ocbuiaiimma,
Kasipri Ke3/le XUMUSJIBIK, [IperapaTTapibl OMOJIOTUsIBIK, IIpenapaTTapMer ajJMacThIpy OaliKasialbl. VHMeKIuAIbK 6aabKTap
aypyJapblH eMjieyre apHaJFaH TPOONOTHKAJIBIK IIPerapaTTapibl YKacay *KoHe Haiijajany nepcuekTuBaaapsl xabapiaanrad. Omap
YJIBI eMeC, YKaHaMa 9CepP eTIel i, OaIbIKThIH »KYKIIaIbl aypyJIapbIHbIH IaTOTeHIEPiHiH KeH ayKbIMbIHA KapChl OPEKET >KacailIbl.

TyiiiH ce3mep: 06aiblK, aKBaKyJIbTypa, KO3BIFyJIap, MPOOMOTHUKTI IpenaparT, OaJbIKTapAblH OaKTEPHUSIILIK, aypyJIapbl,
aHTHOMOTHKKE KAapPChl TYDY.

G.N. Bissenova, K.D. Zakarya, Z.S. Sarmurzina, M.S. Urazova, G.S. Shahabayeva, A.B. Rysbek
RSE on RD <«Republican collection of microorganismss> KN MES RK, Astana, Kazakhstan

The use of probiotics for infectious agents of fish

Abstract: Infectious diseases of fish cause huge damage to industrial aquaculture, reducing its effectiveness and yield of fish
products. The main way to combat fish diseases in aquaculture is antibiotic therapy, as a result of which antibiotic resistance
manifests itself in drug-resistant strains of pathogens. The article presents a literature analysis on the use and effects of antibiotics
on the viability and stability of infectious agents of fish (bacteriosis). The most frequently occurring dangerous bacterial diseases
of fish are shown, the causative agents of which are bacteria of the genus Aeromonas, Pseudomonas, Flavobacterium. Thus,
at present there is a substitution of chemical preparations with biological preparations. Prospects for the creation and use of
probiotic preparation for the treatment of infections fish diseases. They are non-toxic, do not cause side effects, have antagonistic
action against a wide range of pathogens of infectious diseases of fish.

Keywords: fish, aquaculture, pathogens, probiotic preparation, bacterial diseases of fish, antibiotic resistance.
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Metoapl reHoTHNINPOBaHUS ATOT€HHBIX MUKPOOPraHN3MOB

Awnunorarus: CymecTByOT  pasiudHble  (DEHOTHUIIMYECKHE  METOIbl  MJIEHTH(DUKAIAN
MUKPOOPIraHU3MOB, HEJOCTATKH KOTOPBIX IPHUBEIN K (POPMUPOBAHHUIO HOBEHINNX MHHOBAITMOHHBIX
CIIocob0B TUIIMPOBaHUS Ha ocHOBe mocyenoBareabuoctu JJHK Mukpoopranusmos, KOTOpbie CBOAAT
K MUHUMYyMY MpOOJIEMBI C JUCKPUMUHUPYIOMIEH CHJION U BOCIPOU3BOAUMOCTBIO U, B HEKOTOPBIX
caydasix, MO3BOJISIIOT CO3JaBaTh OOJIBIINE COBMECTUMbBIE 0a3bl JAHHBIX OXapaKTEePU30BAHHBIX
opram3MoB. B jgaHHOM 0030pe JaeTcsi XapaKTepPUCTUKA HEKOTOPBIX MOJIEKYJISPHO-T€HETUIEeCKUX
METOJI0B THUIHUPOBAHWS IMATOI€HHBIX MHUKPOOPTaHU3MOB, B TOM YHCJE€ ¥ OCHOBAHHBIX HA
nojuMmepasuoit menHoit peakrnuu:  MLVA, rep-PCR, WGS. IlpuBenenubie maHHBIE MOTYT OBIThH
UCIIOJTb30BAHBI UCCJIEIOBATEISIMIA B UX HPAKTHIECKON JIESITEJIbHOCTH, TAK KAaK JAI0T HEKOTOPBIE
JIAHHBIE O WX CBOWCTBAX W 3HAYMMOCTH. |IpuUMeHeHWe 3TUX METOJIOB IIO3BOJISIET POBOJUTH
JIOJITOCPOYHBIN SIHJIEMUOJIOTUIECKUN HAA30D HaJ, WHQEKIINOHHBIMU 3a00JI€BAHUSIMHU, YTO B CBOIO
oUepeib TOBJIEYET K CYNIECTBEHHOMY COKPAIIEHUIO YUC/Ia WHMUIIMPOBAHHBIX JIOJEH U yCTPaHEHUIO
ImyTeil paclpocTpaHeHust 3200 IeBAHMIA.

KimroueBbie cjioBa: TeHOM, MOJIEKYJISIpHAS JUATHOCTHKA, T€HOTUIINPOBAHIE, MUKPOOPTAHI3MBI,
nHQEKITNOHHBIE 3a00JeBaHNsI, TTOJINMEpa3Hasl IEMTHAsT PEaKIIHs, 3JIeKTPodopes.

CroeBpemeHHast nJIeHTU(DUKAINS U THTHPOBAHNE TATONEHHBIX IIITAMMOB MUKPOOPTaHIU3MOB NMEeT
0CcO0YI0 BazKHOCTH HE TOJIBKO JIJIsI JICUEHUsI JIIOJIEH W YKUBOTHBIX, HO TaKKe U I ODHAPYKEHU
UCTOYHUKA 3apakeHUusi, YCTpaHEHWs IyTeil paciupoCTpaHEHUsI U IIPOBEJIEHUs] MPOPUIAKTUIECKUX
MeponpusitTuit. HecMOTpss Ha OrpoMHOE KOJUYECTBO METOJOB TUIHMPOBAHHUS, WX MHOTOOOpasue
OIPABIAHO PA3JUYHBIMUA XapPAKTEPUCTHUKAMHU U TIEJIBIO0 MPOBOJIMMOrO WCCJeoBanus. Hawnbosee
ONTUMAJBHBIM METOJIOM SIBJISIETCS TOT, KOTOPbIA, HUMesi BBICOKYIO IUCKPUMUHUPYIONLYIO CUJIy U
BOCIIPOU3BOJINMOCTD, ITIPOCT B KCIIOJHEHUM U WMMeeT HU3KyK cebecrommocts [1]. B macrosmee
BpeMs JJIsI UJICHTU(DUKAIIMA MUKPOOPTAHU3MOB BCE YAIlle UCIIOJIb3YIOTCS MOJIEK YIS PHO-T€HETUI€CKUE
METO/bl UCCJIEJIOBAHUs, YTO CBA3aHO C OBICTPBIM DPA3BUTHEM WHHOBAIMOHHBIX TEXHOJIOTHIl B
HPAKTUIECKON renerrke. K Takum MeTo/1aM MOYKHO OTHECTU UCCJIe0BaHUs, OCHOBAHHBIE HA AHAJIN3E
mrasMuHoit nan xpomocomuoit JTHK [2].

[Mnasmunneiii anamn3 (ITA), wm aHaans3 mWIA3MHUIHOTO TPOMUMIIs, SBIISAETCS KIACCHICCKUM
PEHETUYECKUM METO/IOM, KOTODBI WCIIOJb3yeTCs Ha, IPOTSKEHUU MHOTUX JIET. Cyrs ITA
3aK/II0YaeTCd B aHaIu3e KapTUHBI 3J1eKTpodope3a IeJOCTHBIX ILUIa3MUJ[ WIn ux (GparMeHTosB.
OTO JlaeT BO3MOXKHOCTH M3YyUIUTHh KOJMYECTBO M MOJIEKYJISAPHYIO MAacCy IJIA3MHJIHOTO CIIEKTPA.
[lnazmu/ipl, He SBJISACH 005A3aTEIBHBIM KOMIIOHEHTOM KJIETKH, MOI'YT JIErKO Ipuobperarbcs Jubo
TEPATHCS B PE3YIbTATE TOPU3OHTAJBHOTO TepeHoca TeHoB. (OMHAKO, HEKOTOPBIE BHUJBI WMEIOT
cepoBapocrienndudecKre IJIa3MUbl, OTBETCTBEHHbIE 33 BHUPYJIEHTHOCTb NITAMMOB U HUMEIOIIUE
pasmbie pasmepbl. IIA xapakTepm3dyeTcsi Kak TPOCTOW B WCIOJHEHHM METOJ TMPU XOPOIIeit
BOCIIPOM3BOJIMMOCTH, HEBBICOKO CTOMMOCTH ¥ HEILIOXOii pasperatoiieii BosmMoxkHocTu [3].

[Tysbc-smekrpodopes (IID9P) npusHan <«30J0TBIM CTAHAAPTOM» TEHOTUIMPOBAHUSI, OH YaCTO
SIBJISIETCSI OCHOBOM It pa3pabOTKU HOBBLIX MeTos0B. HecomueHHBbIM HejocTaTkoMm [I19® spisiercs
pe3Koe M3MEHEHHUe 3JIeKTPOdOpeTHdecKoro npoduss BCEro JIMINb U3-3a OJHOI MyTanmu. Kpome
TOrO, JAHHBI METOJ sIBJIsIeTCsl JUINTeJdbHbIM (3-4 JHsl) u joctarodHo TpygoeMkuM. CyTb Meroja
cocTouT B pazuesnennu Kpynabix Mosekysn JIHK, npexsapurensno o6paboTaHHBIX pPECTPUKTA3AMI,
C TOMOIIBIO JIEKTPOdOpE3a € MEPUOJNYECKN MEHSIONUM HalpaBJieHHe TOKOM. Takum obpasoM,
0oJIbIIIE PECTPUKIIMOHHBIE (DPArMEHTBI PAa3/IeJIsOTC HE3aBUCUMBIM 00pPa30M, W 3TOT CHOCOO
JIaeT OTHOCHTEJIBHO HEMHOIO II0JIOC Ha Teje, 4TO obserdaer aHajgu3 pesyibraroB [4]. s
bosibmmuHaCcTBa OakTepuit [19® moxker kmactupuzoBarh dparmentsl JIHK pasmepom or 30 6
no Gosmee 1 M6 [5]. B Tteuenne wmuormx Jjer II9® Obl1 OCHOBHBIM HMHCTPYMEHTOM JIJIst
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TEHOTHUITUPOBAHUS B IITUPOKOMACIITAOHBIX STMUIECMUOJIOITIECKIX UCCIEOBAHUSX, & TAKXKe YCIEITHO
UCIIOJIB30BAJICA JIJIsI TEpeJiadn JIAaHHBIX MeXJy Jiaboparopusimu. Yciex [I9® obyciosien ero
[IPEBOCXOIHON JUCKPUMUHUPYIOIIE CHUJION, OTHOCHTENbHOW HU3KOM ce0eCTOMMOCTBHIO W OTJIUIHOMN
BOCIIPOU3BOIUMOCTRIO.  DButarojiapsi crangaprusanuu OpoTokosoB iy [I9®P crajgo Bo3MOXKHO
MekaabopaTopHoe cpasHenue (6.

[Monumopdusm jymH pecrpukimonabix dparmentos (IIIP®D) ocHoBan Ha cBOCTBE pecTpUKTa3
«pas3pes3arby» nejoctuyio JHK mna muorodmciienubie pparMeHTbl, KOJTUIECTBO U PA3MeEPbl KOTOPBIX
CUJIbHO OTJIMYAIOTCH Y Pa3HbIX IMTaMMOB. HecMoTpsi Ha IPOCTOTY BBIIIOJIHEHUS, METOJUKA CJI0KHA
JIJISI MHTEPIPETAIINN, YTO BLI3BAHO O0JbImmM KoamdecTBoMm ¢parmentoB JIHK. [Tostomy mannbrii
METOJ[, KaK IPABUJIO, MCIIOJb3yeTCsd B COYETAHUHM C MOJIEKYJISIDHBIMU 30HJIAMHU, U 9allle BCEro JJis
puGOCOMAJILHBIX MeHOB [7].

[Mosmumopdusm mmun amimdunuposanabix dbparmentos ([ITAD) Gasupyercst Ha JIUTEPOBAHUY
pacmemiennoit JITHK ¢ momombio aganrepoB. B magame toranmpayio /JIHK obpabarsiBator
JaCTOIIEISIITUMA U PEIKOIIEISIIIIIMA PECTPUKTA3AMHU, C IMTOCTELY oMM caMmo juruposanueM. [locite
aMILInUKAIIT ¢ PJIYOPECIIEHTHO-MEUECHHBIMHY ITPaiMepaMu IIPOBOIAT KAUJLIAPHBIN 3/1eKTpodope3
[8]. Ha sddexrurocrs [TTAD cuibHO BiusieT ajantop, IPU HEJOCTATOYHON ONTHUMU3AIMNA METO
MOXKET MMETb MEHBIIYI0 Pa3perarInyto crocobHocTh. [IJIAD onmchiBaeTCst KaK METOJ, UMEIOITHI
CTOJIb 7K€ BBICOKYIO JIMCKpUMUHHDPYoNLyio cuiay, aro u 19D [9]. Kpome roro, IIJAD spisiercs
BBICOKOITPOU3BOJIMMBIM METOJIOM M, KaK U Jpyrue Meroinl, ocHoBamuble Ha JIHK, moxker ObITh
apromarusuposat [10]. OcHOBHBIE OrpaHUYeHNUs BKIIOUYAIOT B cebst TOT PaKT, ITO METO/| TPY/I0EMKHIt
(TMOWYHBIN aHAJIM3 3aHUMAeT OKOJIO TPeX JiHell), a KOMILIEKThI jiist 9kcrparuposanus JTHK, cucrem
obHapyzKeHHst (PIIyOPECHEHIINY 1 aJIAlITEPOB SIBJISIFOTCS Joporocrosinmu [11].

ITIIP ¢ upoussoibHbiMEu mpaiiMepamu (RAPD) ocHoBan Ha HCHOJIB30BAHUYM [TPOU3BOJILHBIX
OJIMTOHYKJ/ICOTUIHLIX TpafiMepoB umHONW 9-10 HyKJIEOTHIOB, B pPE3YJIbTATe Uero NOJIydaeTcs
pasHoe koymmiecTBO dparmeHToB. RAPD-TunumpoBanue mmeer MHOXKECTBO JIOCTOMHCTB: OBICTPOTA
UCIIOJIHEHUS, HU3Kash Cce0eCTOUMMOCTb, BBICOKasl IOKa3aTeJbHAas CIOCOOHOCTD. Taxkxke 1pnu
UCIIOJIb30BAHUU JJAHHOT'O METO/[a He TPeOyeTcsi JOMOJTHUTEIBHO OI0UPATE IIpaAiMephl U CaM IIPOIECC
HEeJTb3s1 Ha3BaTh TpynoeMkuM.  OcHoBHbIM MuHycoM RAPD-TtunupoBamust siBjasiercss TO, 9TO
pPEe3YIbTAT UCCCIOBAHUS HAXOJUTCS B TECHOW 3aBUCUMOCTHU OT KavdecTBeHHOro Bhiiesenus JIHK u
nporokoJia iposejenust [P [12]. Merox RAPD ocnosan na napasiesnbhoit amimndukannn Habopa
dbparMeHTOB € HCIOIH30BAHUEM NpaiMEepOB, KOTODbIE HAIEJIEHbI HA HECKOJIBKO HEYTOUYHEHHBIX
TEHOMHBIX TOCIETOBATEIFHOCTEH. AMITIHQUKAIIIIO TTPOBO/ISIT IPU HI3KOM, HE CTPOTOit TeMIepaType
OTYKHUra, YTO MO3BOJIAET T'MOPUIN3UPOBATH HECKOJIHKO HECOOTBETCTBYIOIIUX IOCJIEIOBATELHOCTEIH.
Baxxno ormMeTuTh, YTO KOJUYECTBO W IOJIOYKEHHME CANTOB CBA3BIBAHUS IpaiiMepa YHUKAJIbHDBI JIJIs
KOHKPETHOTO OakTepmanbHOro mramMa. RAPD aMmMmimkoHbr MOryT OBITH TPOAHATM3HPOBAHBI
9JIEKTPOMOPE30M B arapo3HoM reje mim cekpennpopanmeMm /IHK B 3aBucmMocTH 0T MapKUPOBKH
paifiMepoOB COOTBETCTBYIOMIUMHI (DJIYOPECIIEHTHBIMEU Kpacureasmu. Xorss, RAPD u umeer Gostee
HU3KYIO JIUCKPUMUHUPYIOIILYIO CIIOCOOHOCTH, ITOT METO/I MIUPOKO UCIOJIB3YETCS B CJIydasiX BCIIBIIIEK
[13,14], 0CKOIBKY OH IIPOCT, HEJIOPOT, OBICTP U HPOCT B MCIOJIb30BaHMHU. K HemocTarkaMm MeToja
RAPD Tak ke MO)KHO OTHECTH €r0 HHU3KYI BHYTPHIADOPATOPHYIO BOCIPOU3BONUMOCTH, TaK KakK
HCIIOJIB3YIOTCST OUeHb HU3KME TeMmiepaTypbl oTxkura. bojiee Toro, RAPD ucnbITBIBaeT HEIOCTATOK
B MEXKJ/1a00paTOPHON BOCIPOU3BOANMOCTH, IOCKOJBKY OH UyBCTBUTE/JEH K TOHKUM DPA3JIAIUSIM B
peareHTax, IIpOTOKOJIAX 1 JiabopaTopHOM obopyrosanuu [15].

[IIIP ¢ mpaiiMepamMu Ha TOBTOPSIONINECS 3JIeMeHTHI Ha3biBaioT rep-PCR. YBenuuenune
KOJIMIECTBA HYKHBIX (PPArMEHTOB IIPOBOJUTCS C HCIIOJb30BAHUEM IMPAMEPOB K KOHCEHCYCHOM
[IOCJICIOBATEILHOCTH  IOBTOPAIOIIUXCS — JIEMEHTOB,  PACIOJOXKEHHBIX [0 BCEMY  T[E€HOMY.
COBOKYITHOCTh  aMILTH(DUIIMPOBAHHBIX —IOCJIEIOBATEILHOCTEl PA3HOW JJIMHBI, PACIOJIOXKEHHBIX
MEXKJIy MOBTOPAaMHU, BU3YAJU3UPYETCS C TIOMOIIBIO rejib-3jieKTpodopesa. M3 uncia moBTopsionuxcs
HYKJIEOTHTHBIX TI0CJIEIOBATEILHOCTEN MOYKHO OTMETUTH 3 TPYIIIBI: SKCTPAr€HHbBIE - TIOBTOPSIONINECs
najusapoMbl giunoit 35-40 m.u. REP, noBropsgionuecs MeXKTreHHbIE TTOC/IeI0BATEILHOCTH JJIMHOMN
124-127 wnu., ERIC u BOX-snemenrtst jymnoit 154 mu. [16]. ITockoiabKy 3T0oT HOAXOM K
reHoTunupoBanuo ocHoBaH Ha [IIP-amnnundurkamum u mociemyromem 3ekrpodopese JIHK,
pesyabraTel rep-PCR MoryT OBbITH MOJIy9eHBI 38 OTHOCHUTEIBHO KOPOTKHUI HEPHUOJ BPEMEHU. ITO
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TaKXKe SBJISETCs PUYUHON TOTO, UYTO JAHHBIN TOIXO0J, O4YeHb JerieB. Jljist MHOTHX OaKTepuaIbHbIX
opranusmoB rep-PCR MoxkeT mMeTh BecbMa BBICOKYIO JUCKPUMHHUPYIONLYIO CIIOCOOHOCTH |17,
18]. OcuoBubiM orpanndenuem rep-PCR B coderanun ¢ resib-s1eKTpodope3oM sIBJISETCsT TO, 9TO
MeTo/ He 00JIaJaeT JIOCTAaTOYHON BocmpousBoguMocThio. [Ipumepom rep-PCR moxer ciykuthb
ERIC-PCR. Dykapuorudeckuii T€HOM B CBOEM COCTaBe HMeeT OOJIbIIOoN 00beM HEKOJUPYIOIIeit
nndopmMaluu, B TOM 4YHuCJe MoBTOpsiomuecs nocaenopareabunoctu JIHK, dbynknus koropbix
OCTaeTCs B OCHOBHOM HeM3ydeHHO#. ['eHOM HpoKapuoT B IIPOIECCE IBOJIIOIMUOHHOTO JIABJIEHUS
JIJIst OBICTPON pPEaKINK Ha M3MEHEHUs! OKPYZKAIONedl CpeJibl CTaJ HAMHOI'O MEHbBIIE U B OCHOBHOM
nekojupyiomias JIHK B mux cBesnena K MuUHHMyMy, TakK y HPOKAPHOT OTCYTCTBYIOT HHTPOHBI,
TEHOM JIEMOHCTPHUPYET BBICOKYIO INIOTHOCTH TPAHCKPUOMPYEMBIX IOCjejoBarenbHocTeit.  Ecrb
Jlayke TPUMEPBI KOJIUPYIONUX 00JIacTell, Ile TEPMUHAJIbHBIA KOJOH OJIHOIO T'€Ha MEePEKPBHIBAETCS
C HaJaJbHBIM KOJIOHOM cjeaymomero reHa. Tem He Menee, B 1990 romy Sharples u Lloyd
COOOIMIN O TIOBTOPSIIOIIEMCST 3JeMeHTe ceMmelicTBa FEnterobacteriacae, KOTOpBINT ObLI Ha3BaH
SHTEPOOAKTEPUAIBLHON  [MOBTOPSIONMIENHCST ~ MEXKIE€HHONH  KOHCEHCYCHOW  II0CJIeOBATEILHOCTHIO
(ERIC). TTocnenoBarenbrocts ERIC mpescrasiser coboii amement jumHOil 126 bp, comepxxariuit
BBICOKOKOHCEPBATHUBHBIE MHBEPTUPOBAHHBIE ITOBTOPHKI, MpaiiMepbl Jjis KOTOPOTO ObLIN pa3pabOTaHbI
B 1991 romy Versalovic u apyrumu. Osmmronykieorunss ERICALL comepkuT 1eHTpaIbHbIH KOPOBBIil
uuaBeprupoBanubiit mopTop. Ilpaiimepsr ERICIR u ERIC2 6bliun CKOHCTPYHPOBaHBI M3 KaXKIO0i
nosioBrEbl ERICALL B IpOTHBOIIOJIOXKHBIX OPHEHTAIIASIX, TaK UTO 3’-KOHIIBI HAIIPABJIEHBI HAPYKY
or rentrpa sementa ERIC [19].

[TpuHIMI  MyJIBTHJIOKYCHOTO aHAJM3a YUC/Ia BapuabeabHbIX TaHaeMHbIX mnosropos (MLVA)
3aK/TII0UAETCS B BBISIBJIEHUU TAHJEMHO PACIIOJIOXKEHHBIX TTOBTOPSIIOIIIXCS TOCJIEI0BATEIbHOCTEI,
YUCJIO TOBTOPOB KOTOPBIX BAPBUPYET y PA3JUYHBIX IMTaMMOB. BapuabejgbHOE YUC/IO TAHJIEMHBIX
nosropos (VNTR) B 3aBucuMocTH OT JUIMHBI MOYXKHO pa3JeJIUTh Ha TpH Kjacca: Oosee 7

HYKJIEOTHJOB, 2-06 HYKJIEOTHJIOB WM OJIHOHYKJIEOTU/HbIe MMOBTOPHLI.  [locimemuwmit Twum orHOCAT
K aHaju3y ONHOHyKJeoTuaHbix 1oBTopoB (SNR), korma kak mnepsbie aBa - k MLVA-
TUMAPOBAHUIO. AHanm3upoBaTh TAHJIEMHBIE MMOBTOPHI MOXKHO HECKOJBKUMHU TEXHUYECKUMU

IpUeMaMu: C HCIOJb30BAHUEM IMOJMAKPUIAMUJIHOTO WJIM Arapo3HOro rejis, KallmJLISPHOTO
astekTpodopesa. I[IpumeneHne moJMAKPUIAMITHOIO WJIM Arapo3HOIO Iejisd HAMHOIO JOCTYIHEE U
JIETIEBJIE, OJIHAKO, UCIIOJb30BAHNE ABTOMATHICCKUX AHAJIU3ATOPOB IOBBIIIAET TOYHOCTb PE3YJIbTATA
[20].  IlpemmymiecTBO JaHHOrO METOZA COCTOMT B TOM, 9YTO BCsS MPOIEAypa MOXKET ObITbh
BBITIOJIHEHA B JTabopaTopun 6e3 ciaokHOro obopymoanus. Korma MLVA we mossossier ymo6mHO
U OJIHO3HAYHO BBIYUCJUTL KOJIMYIECTBO MOBTOPOB Ha JIOKYC, HEKOTOPBIE HCCJIEIOBATE/N HA3BIBAIOT
€ro MyJIBTUJIOKYCHBIM (DUHIEPIPUTHHIOM BapuabeabHbIX TaHgeMHbix mosropos (MLVFE) [21].
Henocratkom MLVF gpisieTrcsa To, 9TO TOJydeHHBIE JaHHbIE HE MOTYT CPABHUBATHCS HAIPAMYIO
MEK/Iy PA3JIUYHBIMU JIA00PATOPUAMHU. IDTO CBI3aHO C TEM, UYTO CI€HEPUPOBAHHBIE AMIITHKOHDI
TIpEeJICTaBICHBI KaK MMOJIOCH Ha arapOo3HBIX TeJIsTX ¢ HU3KUM paspertenneM. Oba MeTosa He TTO3BOJISIOT
OIIPEJIEJINTh TOYHOE KOJUYIECTBO IOBTOPOB B IOJYyYEHHBIX aMmIinKoHax. JlocrommcrBom MLVF
SIBJISIETCSl BO3MOXKHOCTD OIIPEJIEJIEHUS JIUINHBI HECKOJIBKUX IOCJIEI0OBATEILHOCTEH OJTHOBPEMEHHO 33
CUeT Pa3InIHbIX MEeTOK [22].

OHaKO HAWJIYYINIAM CIIOCOOOM BHYTPUBHIOBOIO TUIIUPOBAHUST CUNTAETCS METO]I CEKBEHUPOBAHMUSI
HYKJIEMHOBBIX KHUCJOT. VIMEHHO WCIOJIb30BAHME ITOrO0 METOJA IIO3BOJISET IIPOBECTU HE TOJIBKO
[EPBUYHYIO XapaKTEPUCTUKY, HO W OOHAPYKUTHb B3AWMOCBSI3b MEXKIY Pa3JIuIHBIMU OaKTEPUSIMHU.
B mporiecce ucmob3yercs Tak Ha3bIBaeMbIil «cycle sequencings, TO eCcTh IOJUMEpa3Has PEAKIIUSI,
B KOTODOII B KadecTBe Marpuilbl npumenserca oduumiennas JIHK u3z npemwviaymero TP, u
ncrosib3yercs ojul u3 npaiivepos (forward mim reverse). KommdaecTBo 1UKIIOB MOXKET BapbUPOBATH
B OTHOCHUTEJILHO MIUPOKUX IIpelesax, HO B OOJIBIIUHCTBE ciaydaeB coctapiser 25. IlpomykTom
peakiuu gBASIOTCsS nociaenosarenbuoctr JIHK pasaudaubix mjiuH, 9TO JOCTUTAETCS CJIydaitHON
OCTAHOBKON peakInu B X0Jie IPUCOEIMHEHNs] «TepMuHaTopay (crenuduaeckoe Me4eHHOE OCHOBAHUE).
BripaBHuBast oiydeHHbIE TTOCTIEI0BATEIbHOCTH MOXKHO cobpaTh Bcio JITHK, koTopyio u cpaBHHBaIOT
¢ 6ubsmorekaMu 6a3 JaHHBIX [23].

CpaBHuUTe/IbHAS TEHOMHAs TUOPUAM3AIUS IIPEJCTABIsieT CODOW MeTOH, B KOTOPOM JIJist
TUNUPOBaHUs uCHoJab3yiloT Mukpomarpuily JJHK - wmabop HdHK-zommoB, ymnopsmaoderHo
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MPUKPEIIEHHBIX K TBEPIOH MOBEPXHOCTH. DTU 30HIHI MOTYT OBITH MCIIOJIb30BAHDI )1 OOHAPYKEHMUST
KOMILIEMEHTAPHBIX HYKJICOTHIHBIX IIOCJIEI0BATEILHOCTENH, B YACTHOCTH DaKTepUaIbHBIX U30JIATOB.
Takum 00pa30oM, MHUKDPOYHIIBI IPEACTABJISIOT COOOI JIerkKue WHCTPYMEHTBI JId OOHApPY>KEHUsT
TEeHOB, KOTOPBIE CIyKAT MapKepaMn sl CIenudpuIecKuX OaKTepHUaJbHBIX IITAMMOB, WA JIJIst
obHapy KeHUsI aJJIEJIbHBIX BAPUAHTOB I'e€Ha, KOTOPBI IMPUCYTCTBYET BO BCEX IITAMMAX KOHKPETHOTO
BUJa. 3oHIaMu MOryT ObITh [II[P-aMIimkoHBI mim OJIMTOHYK/IEOTH/BI. B 3aBUCHMMOCTH OT
KOJIMYECTBA 30HJIOB, MOMEINEHHBIX HA TBEPAYIO OBEPXHOCTH, PA3JINYAIOT HU3KOILIOTHBIE (COTHU
30HJI0B) U BBICOKOIUIOTHBIE (coTHM Thicad 30H70B) JIHK-Mukpounner. Dkcrparnposannyio JJTHK
MeTSIT 00 XUMHUIECKUM, JN00 (pbepMEHTATUBHBIM CIIOCOOOM, ITOCTIE Uer0 MPOBOMAIT THOPUIM3AIIIO
¢ mukpouunom JITHK. He ceazasmyroca JTHK yransaoT Bo BpeMs MOCTIEAYIOMNX CTAINN, & CATHAI
oT rubpuansanun Mex 1y Medernroi JIHK-Mutmensbo 1 nMMOOUIN30BAHHBIM 30HI0M aBTOMATHIECKU
PEruCTPUPYETCsT CKAaHEpOM. 3aTeM 3TH JTaHHble aHAJIU3UPYIOTCS C HCIOJB30BAHUEM CIIEIINAIBEHOTO
IporpaMMHOro O6eCHeLIeHI/IH. B HacCcTOd1Iee BpeMsda MHUKPOYHUIIBI IITHPOKO I/ICHO.HB:BYIOTCH 1A
aHaJIn3a TeHOMHBIX MyTalluii, TaKuX Kak ojHOHyKJeoTuHble noauMopdusmel (SNP). Kpome Toro,
TEXHOJIOT'UA MUKPOYUIIOB fABJISACTCHA SCbeeKTI/IBHbHVI I/IHCprMeHTOI\A 1A O6Ha.py)KeHI/IH BHET'€HOMHBIX
9JIeMeHTOB |24, 25].

B HacToOdee BpeMsd IIPOUCXOJUT HACTOAIIAsA TpaHC(bOpM&HHﬂ MOHeKyJISIpHO—I‘eHeTI/ILIeCKI/IX

MeTOJ0B THUIINPOBAHUS. CexpenupoBanue Hooro nokosieaust (WGS), mnpexcrasisier cob6oi
9KOHOMUYECKN  3(M@PEKTUBHBIN  CIIOCOO  OlpedesieHus  HYKJIEOTUIHOW  MOC/IeI0BaTeIbHOCTH
BCEro TeHOMa.  SIBHBIM IIPEMMYIIECTBOM JaHHOI'O METOJ/a II0 CPABHEHUIO C TPaIUIIUOHHLIM

CEKBEHUPOBAHUEM SBJISIETCS CIIOCOOHOCTH TI'€HEPUPOBATH MUIJLIMOHBI UTEHUN B OJIMHOYHBIX
cepusiX MpU CPaBHUTEJTBHO HU3KUX 3aTparax. WGS CTaHOBUTCS MOIIHBIM U IIPUBJIEKATEBHBIM
UHCTPYMEHTOM JIjisl  SIMJIEMUOJOIMIECKUX HUCCaeoBannii  [26-29|, u BecbMa BEpPOSITHO, YTO
B Ommxkaitiem Oyayriem npumeHenwe TexHosioruss WGS B KJIMHUKE [O3BOJIAT — TOYHO
UIEHTU(DUIIPOBATE U XaPAKTEPU30BATh DAKTEPUATbHBIE U30JISITHI.

B mocsiename rogpl MBI CTaIM CBUIETEISIMU CYIIECTBEHHBIX OMOTEXHOJIOTMYECKUX VIIYUIIEHUH B
CYIIECTBYIOIIMUX [MO/IXOJAaX K T'€HOTUIINPOBAHUIO DAKTEPUAJBHBIX U30JISTOB, MOSBUJIUCH COBEPIIEHHO
HOBBIE TEXHOJIOTUH, KOTOPbIE CYIIECTBEHHO MOBJUSIOT Ha TO, KakK B Ojmkaiiiem Oyyrmem
MO2KHO OyJIeT OIpPEJEUTh W BBIICJUTH [TATOT€HHBIE MUKPOOPIaHU3MBbI. DTO CBHA3AHO C OOJIBIITIM
[IPOTPECCOM B ABTOMATHU3AIUN METO/OB, YIIYUIIEHUIO UX JUCKPUMUHUPYIOIIEH CIIOCODHOCTH, a TaK»Ke
pa3paboTKe HOBBIX U COBEPIIEHCTBOBAHUM CTapbIX HMHCTPYMEHTOB OuomHpopMmarTuku. I[locrosinHO
YBEJIMYUBAIONIEECs YUCI0 0a3 JaHHBIX TE€HOTUIUPOBAHUs Telepb I03BOJISET Jierde u ObicTpee
[POBOJIUTH MeKJIaDOpaTOPHBIE CPABHEHUS] U JIOJTOCPOYHBIN SIUIEMUOJIOIHYECKHUl HAJI30D 32
bakTeprabubiMu nHpeKIusAME. K coXKajeHuio, B HACTOsAIIEe BPeMsl HET €JIUHOI0 WJIeabHOTO
MeTOJia T'€HOTUIIMPOBAHUS, M KarKJIblil IIOAXOJ KMMeeT pPa3/IM4yHble IIpeuMyllecTBa U HeJOCTATKU.
ITosToMy, B 3aBHCUMOCTH OT I€JU HUCCJIEIOBAHUS HEOOXOIMMO HPUMEHSTH OJUH WM HECKOJIHKO
Pa3HBIX METO/I0B TUIIMPOBAHUA.
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A.K. 2Kantineyosa, T./I. YkbaeBa
JI.H.lymunes amwndaev, Eypasus yammuwk ynusepcumemi, Acmana, Kaszaxeman

ITaToreHzik MUKpOOPraHU3M/AepAi reHOTUIITey dJicTepi

AnHOoTanus: MukpoopranusMiep/ii aHbIKTay YIIiH TypJi ¢dpeHoTunTik saicrep 6ap. Ouapabiy kemurisiikrepi JTHK nerizinge

TUNTEY/IiH KaHa MHHOBAIUSAJIBIK, TOCIIIEPiHiH, KAJbIITACThIPpyFa OKeJAl. ByJ omicTrep KeMciTymIIik Kylr MeH KaiiTajlaHaThIH

Kabinmeri Mocesiesiepai azabitanpl. 2Kone, keilbip »karpmaiyiapfia, CHUIATTaJfaH OPraHU3MIEP/iH YJIKeH yiljleciMai mepekrep
KOPBIH 2KacayFa MYMKIHIIK 6epexai. Ocbl mosyaa maToOreHIiK MUKPOOPIaHU3MIAEPAIH T€HOTUNTEY YIIH MaiijalaHaThlH KeHbip

MOJIEKYJIAJIbIK-T€HETUKAJIBIK, d/IiCTEPiH cunarramachl 6episire. OHBbIH ilniHge mojmMepas/ibl Ti30eKTI peakIusra Heri3/iesireHn
amicrepi 6ap: MLVA, rep-PCR, WGS. Bepisren jiepekrep 3epTTeyIIijaepiH TPaKTUKAJbIK KbI3METIH/IEe ITai/1aJaHbLIybl MyMKIH,

cebebi OChI TEHOTHUIITEY DIICTEP/IiH, KaCUeTTEePI MEH MAaHBI3AbLILIFBI TYPaJbl MaJjiMeTTep Oepinei.
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Tennorunrey oxicrepai KoJsigany MHMEKIUSAIBIK, aypy/iapAbl y3ak Mep3iMi SMHAeMUOJIOIUsIbIK KaJarajaydbl *Kyprizyre
MYMKIiHIK Gepe/i, Oy ©3 Ke3erinjie »KYKThIPFaH aJaMIap CAaHbIHBIH TOMEHJEYiHe YKoHe aypyJIap/blH TapaJjly *KOJIIapbIH YKOKFa
oKeJIei.

TyitiH ce3mep: reHoM, MOJIEKYJISIPJIBIK, JUArHOCTUKA, PEHOTHUIITEY, MUKPOOPraHU3M/IED, YKYKIIAJIbl aypyJiap, MOJIUMePas3 bl
Ti36eKTi peakius, 3JieKTpodopes.

A.K. Zhantleuova, T.D. Ukbaeva
L.N.Gumilyov Eurasian National University, Astana, Kazakhstan

Methods of genotyping of pathogenic microorganisms

Abstract: There are various phenotypic methods for typing microorganisms, the deficiencies of which have led to the
formation of new innovative typing methods on the basis of microorganisms‘ DNA sequence. These methods minimize problems
with discriminating power and reproducibility and, in some cases, allow the creation of large compatible databases of specified
organisms. In this review a description of some molecular genetic methods of typing are given including those based on the
polymerase chain reaction: MLVA, rep-PCR, WGS. This data can be used by researchers in their practical activities, as they
provide some information on the content and properties of genotypic methods.

The application of these methods enables to carry out long-term epidemiological surveillance of infectious diseases, which in
turn will lead to a significant reduction in the number of infected people and elimination of the ways of spreading diseases.

Keywords: genome, molecular diagnostics, genotyping, microorganisms, infectious diseases, polymerase chain reaction,
electrophoresis.
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Biochemical Mechanisms of the Improvement of Plant Tolerance to the Salinity and
Frought by the Diatomite

Abstract: The present review describes the benefical effects of diatomite ( siliceous skeletons
of archaic microscopic algae — diatomei) application for improving the plant tolerance to drought
and salinity. There are numerous publications on the role of diatomite in mechanical and chemical
protection of plants against unfavorable environmental conditions, however, the mechanisms of such a
protective effect of diatomite are poorly understood. Diatomite application improved photosynthesis,
biosynthesis of soluble proteins, abscisic acid and proline, antioxidant-enzymes, superoxide dismutase
(SOD), catalase (CAT), peroxidase (POD) and polyphenol oxidase (PPO) as compared to both
control and stressed plants maintained at bothlevels of water regime.

Keywords: Diatomite, silica, reactive oxygen species (ROS), proline, abscisic acid (ABA), su-
peroxide dismutase (SOD), catalase (CAT), peroxidase (POD).

Soil salinity and drought are among the most critical threats to crop productivity and food security
worldwide. Approximately 700 x 108 million hectares (ha) of land is salt affected worldwide and
about 20% of the total arable area is affected by salinity with annual increase of 1-2 %[1]. In
Kazakhstan, about 6.3 million ha of land is affected by salinity. Drought is another unfavorable
condition for many regions of Kazakhstan. At present, from the 182 million hectares of pasture land
in Kazakhstan 14 million hectares are not being used and degradation of total soil area has exceeded
50 million hectares.

Nevertheless, these lands are actively being used in agricultural production although their pro-
ductivity is rather low. Due to the fact that agricultural products of the Kazakhstan are produced
in such regions, the unfavorable conditions of these regions endanger the state’s food security.

In agricultural production the main method of combating salinization is the melioration of saline
soils and the creation of reliable drainage and watering of the soil after harvest. These processes
are both extremely expensive and of little efficacy. Therefore, using natural fertilizers to increase
plants’ tolerance to salinity and drought is of great interesting to the agriculture. Among such
natural fertilizers a particularly promising one is the diatomite - a sedimentary rock consisting of
shells of diatom algae |2]|. Presently, diatomite is widely used in many countries. Diatomite, being
a formation of the marine and lake genesis of the Paleogene-Neogene period, is over 70% siliceous
skeletons of microscopic algae — diatomei [3]. It should be noted that large reserves of diatomaceous
rocks are located in the Mugolzhar district of the Aktobe region of Kazakhstan.This is, undoubtedly,
of great practical importance. The typical chemical composition of oven-dried diatomaceous earth
is 80 to 90% silica, with 2 to 4% alumina (attributed mostly to clay minerals) and 0.5 to 2% iron
oxide. Silicon is deposited in the form of SiO s in diatomites. In living organisms, silica occurs in
the form of amorphous silica (SiO 2 .H 2 O) and soluble silicic acid (Si(OH) 4 ).

It has been established that soluble silica has enhanced the growth, development and final yield of
many plant species. The content of silica in plants is equivalent to two or more times than the major
nutrients nitrogen, phosphorus and potassium supplied through fertilizers [4]. Thus, the main function
of silicon in the plants is the increase their resistance to unfavorable conditions, i.e.manifested in
the thickening of the epidermal tissues (mechanical protection),binding toxic compounds (chemical
protection) and increasing biochemical resistance to stresses (biochemical protection).The diversity
of plants demonstrating a positive response to the introduction of silicon compounds proves that all
these mechanisms are typical for both silicon silicates and non-silicophiles [5].

In practice, the most effective mean of plant protection against diseases and pests is the joint
use of silicon preparations and pesticides [6]. It is considered that the main protective role belongs
to silica which accumulate in the epidermal tissues |7] and external hairs on leaf plates [8]. It is
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assumed that orthosilicic acid (and oligosilicic acids) in the cell wall form orthosilicic ethers with
proteins and with polysaccharides (pectins) which determine the strenthen? Don’t understand the
word) thermal insulation of the cell.

Silica binds to the proteins either through free OH groups of hydroxy amino acids (serine, tyrosine
and threonine) or through N-Si bonds with amino groups of N-terminal amino acids [9]. Silica is
deposited beneath the cuticle to form a double layer of cuticle-silicon. This layer can mechanically
prevent fungi penetration, thereby avoiding the infection process. The protective effects of silicon
in pest damage could also be related to the mechanical barrier provided by silica deposition in the
cell wall which would make it difficult to penetrate into plant tissues [10].

Haijon Gong et al. (2012) demonstrated that silicon treated plants could maintain better water
status than those without silicon. In his opinion, water status has been linked to its effects on
accumulation of polar monosilicic acid or polymerized silicic acid in epidermal cell walls which may
form hydrogen bonds between Ho O and SiO 5 .nH 2 O making water less likely to escape from leaf
surface [11].

Matichenkov and Bocharnikova (2010) reported that diatomites have chemical ability to bind
toxic metals such as Cu, Pb, Cr, Ni and Co. Several mechanisms were responsible for neutralizing
the heavy metals: a weak physical or strong chemical adsorption heavy metals by the diatomite and
reaction between monosilicic acid and heavy metals [12].

The silica was found to have positive chemical interaction with nitrogenous (N),phosphoric (P) and
potassium (K) fertilizers and secondary micronutrients. Tavakkoli et al. (2011) observed beneficial
effects of silica application on phosphoric nutrition in rice crop. Silicon significantly increased P
uptake by 120 percent. Although silica application improved P uptake, crop increase was more
likely associated with the reduced manganese (Mn) toxicity, particularly with the increase of P/Mn
and P /Fe ratios following silica application [13]. Hydroponic experiments conducted by Yang et al.
(2008) showed that silica application to low P nutrient solution enhances P content in maize seedling
roots. Silica application also increased dry matter production and content of silica and P in different
parts of plants [14].

In some studies have shown that silica plays an important role in preventing different environmen-
tal stresses in plants [15]. Environmental stresses cause the damage in plant metabolism and also
oxidative injures by enhancing the production of reactive oxygen species (ROS). Plant resistance to
stress factors is associated with their antioxidant capacity and increased levels of the antioxidants
may prevent stress damage. One effect of ROS accumulation in plant cells under stress is lipid
peroxidation via oxidation of unsaturated fatty acids leading to membrane damage and electrolyte
leakage.

Recently, two genes (Lsil and Lsi2) encoding silica transporters have been identified in rice. Lsil
(low silicon 1) belongs to a Nod26-like major intrinsic protein subfamily in aquaporin, while Lsi2
encodes a putative anion transporter. Lsil is localized on the distal side of both exodermis and
endodermis in rice roots, while Lsi2 is localized on the proximal side of the same cells. Lsil shows
influx transport activity for Si, while Lsi2 shows efflux transport activity[16].

According to Arnon and Stout (1939) silica is not considered to be an essential element for the
higher plants, however, numerous studies in last decades show that it is a beneficial element for the
healthy growth and development of many higher plant species such as rice and wheat. Application
of silica improved the activity of photosynthetic pigments and dry matter content [17].Photosyn-
thesis is one of the first physiological processes affected by drought. Benefitial effects of silicon on
photosynthetic activity under drought and salinity have been studied in many plants. Hattori et al
(2005) reported that photosynthetic rate in sorghum plants treated by silicon was higher compared
with those of control plants under drought|[18].

Jafari et al. (2013) reported that increased fresh and dry weight, the content of chlorophyll a
and b, carotenoids and N, P, K in wheat plants at 70 days after planting with increased levels of N
with diatomite and K 9 SiO 3 as foliar application. It was observed that the application of 150 kg N
+ 5 per cent diatomite increased the biological yield, crop and harvest index compared to addition
of 50 or 100 kg N + 5 percent Ko SiO 4. Addition of 100 kg N with 5 per cent K4 SiO 4 as foliar
application had a remarkable effect on total and uptake of NPK and protein as compared with 50
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or 150 kg N with K9 SiO 4 as foliar application [19]. Indeed, diatomite-treated plants displayed
better morphological increments and physiological activity measured in terms of shoot and root
length, number of leaves, fresh and dry weights of shoots, chlorophyll a and b content as well as
total pigments, total soluble sugars, photosynthetic rate, leaf stomatal conductance, leaf relative
humidity and all nutrients’ concentrations as opposed to non-treated faba bean plants [19].

Abdalla (2011) conducted an experiment using a series of diatomite concentrations of 0, 1,5, 3
and 4,5 10 g kg ~!. Results indicated that diatomite was most effective at 3g/kg and 4,5g/kg.
Application of diatomite significantly offset the negative effects of salinity and increased tolerance
of clovers to salinity stress, the growth parameters, photosynthesis rate and total pigments [20].

Supplementation of silica increased the transcript levels of PsbY, a vital polypeptide involved
in photosystem II, however, at high silica concentrations PsbY expression was reduced. PsaH-is a
subunit of PSI located in the center of PS I dimer. The addition of silica to the control or the treated
plants increased the level of PsaH expression [21]. Chlorophyll content and photosynthetic activity
were significantly improved despite the unfavorable effects of salinity by the silicon addition. In the
absence of silicon application, the leaf ultrastructural organelles were badly damaged by salinity. It
can be explained by the damage to double membrane of the organelles [22].

Lobato et al (2009) indicated that the silicon increased the tolerance to water deficit, in which
the leaf relative water content, transpiration, stomatal conductance, chlorophylls ¢ and b, as well
as carotenoids were maintained in higher levels, as compared to stress plants|23].

Haijon Gong et al (2012) investigated the photosynthetic carboxylation activity in wheat
leaves.The ratio of RUBPC/PEPC was decreased under drought, whereas it was increased in silicon—
applied plants [11]. Adatia and Besford also reported that chlorophyl content and RUBPC activity
in cucumber were increased after silicon application [24].

In a few studies the quantitative real-time PCR (qRT-PCR) was used to analyze gene expres-
sion for key antioxidant enzymes including ascorbate peroxidase, catalase, superoxid dismutase and
enzymes of flavonoid biosynthesis.

The silicon-dependent expression of genes was first investigated by Watanabe et al. (2004) in rice
using microarray approach. According to their results silica addition up-regulated the abundance
of a zinc finger protein homolog. In general, the zinc finger proteins act as the major transcription
factors for stress response genes and the enhancement of their expression|25].

Dongyun Ma (2015) studied the level of expression of stress related genes after the treatment
with silicon. The contents of malondialdehyde and hydrogen peroxide (H2 O4) in well watered
plants without silicon treatment increased, but silicon application decreased both malondialdehyde
and Ho O 9 content in wheat leaves exposed to drought. Ascorbate levels increased by 5,7%. They
also noted that silicon application significantly decreased H 2 O 2 content in plants. The glutathione
content of wheat leaves in the moderate drought with silicon is increased by 3,2% compared with
the moderate drought without silicon.

The effects of silicon on relative expression levels of genes encoding antioxidant enzymes and
ASC-GSH were also studied. The relative expression level of the TaSOD gene in wheat leaves in
the moderate drought with silicon increased two fold compared to the control, and expression of the
TaCATgene increased 1.5-fold compared to the moderate drought without silicon treatment. Silicon
treatment can improve TaSOD and TaCAT gene expression levels, and the effect was more significant
as the drought stress progressed. In the absence of silicon application the expression levels of the
TaGR, TaDHAR and TaGS genes in stressed plants are decreased. The relative gene expression
levels in plants treated with silicon were significantly higher, which indicates that application of
silicon can improve the expression of genes involved in the ASC-GSH cycle [26].

Yongchao Liang et al.(1999) investigated the effects of silicon on enzyme activity and sodium,
potassium and calcium concentration in barley under salt stress. Similarly, in this study superox-
ide dismutase activity is increased by silicon addition, but the concentration of malondialdehyde
in leaves is decreased [27]. Xuefeng Shen (2010) observed that catalase and peroxidase activities
are stimulated, whilst superoxide dismutase activity is inhibited under drought stress. Also, the
ultrastructure of chloroplasts which were damaged by the added NaCl significantly improved [28].
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Helal R.M. (2006) determined the content and activity of catalase, superoxide dismutase, malon-
dialdehyde, prolinein maize after silicon treatment. These results are in accordance with those of
Liang (1999) and Al-aghabary et al.(2004). Addition of NaCl significantly increased the malondi-
aldehyde content under absence of silica application, however, its content was less increased by NaCl
addition in the presence of silica in nutrient solution. This study indicated that lipid peroxidation
induced by NaCl was significantly lower in the silica treated maize seedlings under salt stress than
that under salt stress without silica treatment. Thus, it is proposed that silica protects the lipid
membranes against ROS. Production of superoxide dismutase and catalase enzymes was significantly
higher with the addition of silica. Proline content in plants showed no remarkable increase with silica
application. Salt stress sharply increased the free proline content. However, silica treatment caused
a significant decrease in free proline content. The content of free proline and H5 O 5 concentrations
were significantly lowered with the supplemental silica than in silica untreated plants. It seems to
be that silica shows protective role in the preventing negative effects of environmental stresses in
maize [29].

In the absence of NaCl between barley roots treated with silica and without there of no significant
differences in ATPase activity were observed. This result supports the previous findings that under
salt stress, silica decresed the permeability of plasma membrane of leaf cells. Dramatic reduction
of ATPase activity was found in simultaneously salt-stressed and silica-treated barley roots. Whilst
NaCl decreased ATPase activity by 65.8% in the absence of silica, in the presence of silica this
reduction was equal to 33,1%[30].

In interesting experiments conducted on rice (Ma and Takahashi,1993), silica supplementation
decreased shoot Ca?T content by about 20% compared to rice without silicon. As a result the
transpiration rate was decreased. Galves and Clark (1991) reported that addition of Si significantly
reduced Ca 2t content of sorghum exposed to Al but had no effect on accumulation of Ca?* [31].

Application of metasilicic acid (0, 0,04,0,08, 0,20, 0,40 or 0,80 g L ™! ) to hydroponically-grown
Bradyrhizobium cowpea showed increased accumulation of silicon in roots and shoots, which triggered
a significant (p < 0,05) increase of root growth, but not shoot growth|32|. Stressful environment
can induce the expression of stress related genes. Among the stress related genes transcription
factors play important role in defense against biotic and abiotic stresses. TF are able bind the
cis-elements or regulons of genes located in promoter region [33]. Plants contain diverse number of
transcription factors responding to environment stress, for example dehydration responsive element
binding protein (DREB 2) triggered by temperature and drought stress. According Khattab et al
(2014) adding Si resulted in up-regulation of TFs involved in DREB2 expression in rice. DREB2
can stimulate a wide range of signal transduction pathways during the stress. The gene 0sDREB
in rice plays an important role in biosynthesis of abscisic acid. Radioimmunoassay of lateral roots
showed that abscisic acid stimulates hormonal signal and root growth is remarkably increased. The
concentration of abscisic acid in roots is increased as a result of silicon application. It is suggested
that this element might be an inducer of abscisic biosynthesis. In contrast, the concentration of a
cytokinine zeatin ribose, is deacreased with the increasing metasilicate supply [34].

Hassan Gh. (2011) reported that silica influences the expression of defense-related genes. Twelve
defense marker genes were investigated by qRT-PCR in response to silica application in plants
inoculated or not inoculated with R. solanasearum. In response to silica treatment and inoculation
with R. solanasearum,the expression of ethylene marker genes JERFS and FD-1 were significantly
up-regulated relative to the inoculated and the only silica-treated plants [35].

Silicon may be involved in metabolic and physiological activity in higher plants exposed to abiotic
and biotic stresses. This has not yet been determined due to the absence of direct evidence that it is
part of the molecule of an essential plant constituent or metabolite [36]. But there is evidence that
silicon can form bonds with organic substances. Such possible forms of compounds of silicon with
organic substances of vegetation are:

1) Silicon membrane of the protein layer of the cell membrane of the orthosilicic and oligosilicic
acids bond between silica with hydroxy groups of amino acids);

2) Silica forms a bond with amino group of amino acids;
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3) Silica serves as a cross-linking bridge in polysaccharides (Si-O-C with sugar residues). The
binding energy of silicon atoms with carbon atoms (57.6 kcal / mole) is approximately equal to the
binding energy of carbon atoms with each other. The Si-C bond seems to be practically covalent
[37].

Biological silicon has been found in a variety of biological organic molecules, such as peptides,
proteins, carbohydrates and amines. Metabolic stages that are crucial to biosilica formation include
Si uptake, storage and transportation. Biological silicification in vivo is the biomineralization of
inorganic silica into organisms [38].

Serine-rich proteins play an important regulatory role during gene expression in all plants, first
of all pree-mRNA splicing. Serine-rich proteins by the excision of introns generate multiple mature
messenger-RNAs which lead to encoding of proteins with different functions and structures [39].

Mahbod Sahebi(2014) investigated serine-rich proteins for silicon accumulation in mangrove. Real-
time qRT-PCR detected high expression level of the serine-rich protein gene in the root tissues of
transgenic plants in response to treatment with silicon (1,5mM SiO 9, 7 days) in comparison to the
wild type plants. Due to the role of serine-rich protein genes in pre-mRNA splicing the expression
of this gene in different parts of plants may lead to different characteristics. It was clear that the
high adaptability of mangrove plants to salinity, drought and moisture stresses is strongly related to
the amount of accumulated Si which is controlled by the expression level of the serine-rich protein
gene [40].

Thus, Si in diatomite has enormous benefits to plants to overcome biotic and abiotic stresses by
enhancing levels of the antioxidants which may prevent oxidative stress damage. Even if molecular
and biochemical influence of diatomite and Si is at rudimentary stage, based on the current publi-
cations it is evident that silicon possess the ability to regulate genes involved in photosynthesis and
stress related genes. In future, it is promising to investigate the influence of diatomite in Kazakhstan
as a source of Si for plants and it is also very important to define biochemical mechanisms of its
effects on plant growth, development and stress-tolerance.

References

1 Munns R, Tester M . Mechanisms of salinity tolerance// Annu. Rev.Plant. Biol-2002. -651-681p.

2 Koznos A.B. Bimsinme amaromMmTa Ha TPOLYKTUBHOCTH 3JIAKOBBIX KyJIbTYp // 3emieesme W €ro pecypcHoe
obecrieuenne B coBpeMeHHbIX ycsoBusx.Hosropog, "HI'CXA", 2010.

3 Murer AS, Mobil E, Mc-Clennen KL, Tk .Ellison. Steam injection project in heavy-oil diatomite//SPE Reserv.Eval-
2000. Eng 3.-P.2-12

4 Ma J.F., Takahashi E. Soil. Fertilizer, and Plant Silicon Research in Japan:Netherlands, 2002 . -281p.

5 MatbruenkoB B.B. Bzammnoe Biusinme KpueMHUEBBIX, (HOCGOPHBIX M a30THBIX YJAOOpEHWIl B CHUCTEME IOYBa-
pacrenue.PhD nucc. Mocksa- 2014.-26c¢.

6 Datnoff L.E., Snyder G.H., Deren C.W. Influence of silicon fertilizer grades on blast and brown spot development
and on rice yields // Plants Dis.-1992. V.76.- P.1011-1013.

7 Anermmmu H.E., Apakugan 2K.P. Hakomenne KpeMHe3eMa B Pa3JIMIHBIX 9aCTAX 3epHOBKE puca. // 3. Bysos CCCP.
[Iumesast Texnosorusi- 1985. -Ne2.- 12-14c.

8 Hodson M.J., Sangster A.G. Silica deposition in the influence bracts of wheat (Triticumaestivum). 1 Scanning
electron microscopy and light microscopy // Can. J. Botany -1988. V. 66.- Ne 5.- P. 829-837.

9 Kosecuukos M.P. ®opmbl kpemuust B pacrenusx/,/ Yemnexu 6uonorndeckoit xumun - 2001.- T.41.- 301-332p.

10 Moreas, J. C., Goussain, M. M., Basagli, M. A. B., Carvalho,G. A., Ecole C. C. and Sampaio, M. V.Silicon influ-
enceon the tritrophic interaction: Wheat plants, the greenbug Schizaphisgraminum (Rondani) (Hemiptera : Aphidi-
dae), andits natural enemies, Chrysoperlaexterna (Hagen) (Neuroptera :Chrysopidae) and Aphidiuscolemaniviereck
(Hymenoptera :Aphidiidae). Neotrop.Entomol-2004.-P. 619-624.

11 Haijun Gong. The regulatory role of silicon on water relations, photosynthetic gas exchange, and carboxylation
activities of wheat leaves in field drought conditions// Acta Physiologiae Plantarium-2012.V. 34.P. 1589-1594

12 Matichenkov, V. V. and Bocharnikova, E. A.Technology fornatural water protection against pollution from culti-
vated areas// 15th Annual Australian. Agronomy Conference- 2012.-P.-11.

13 Tavakkoli, E., Lyons, G., English, P. And Chris, N. G.Silicon nutrition of rice is affected by soil pH, weathering
and silicon Fertilization // Plant Nutr. Soil Sci-2012.- Ne174.-P.437-446.

14 Yang, Y., Li, J., Shi, H., Ke, Y., Yuan, J. And Tang, Z. Alleviation ofsilicon on low-P stresses maize (Zea may L.)
seedings under hydroponicculture conditions.// Agri. Sci-2008.-Ne4(2).P. 168-172.

15 Kaushik Das, Arya deep Roychoudhury. Reactive oxygen species (ROS) and response of antioxidants as ROS
—scavengers during environmental stress in plants//Frontiers in environmental science-2014.-P.1-13.

45



JI.H. I'ymuaes areiagarel EYY Xa6apueicer - Bulletin of L.N. Gumilyov, 2018, 2(123)

16 Ma, J. F., and Yamaji, N. Silicon uptake and accumulation in higher plants // Trends Plant Sci. Nell. 392-397.
doi: 10.1016/j.tplants.2006.06.007

17 Arnon D.I, Stout P.B. Plant Physiol-1939.-Ne 14.-P.371-375

18 Hattori T, Lux A, Tanimoto E, LuxovaM, Sugimoto Y, Inanaga S.The effect of silicon on the growth of sorghum
under drought// In: Morita S (ed) The 6thsymphosium of the International society of Root Research. Japanese
society for root research(JSRR), Nagoya, 2001. P. 348-349

19 Jafari, H., Madani, H., Dastan, S., Malidarreh, A. G. and Mohammadi, B. Effect of Nitrogen and Silicon Fertilizer
on Rice Growth in two Irrigation Regimes // Intl. J. Agron. Plant Prod-2013.-324.-P.3756-3761.

20 Abdalla, M. M. Beneficial effects of diatomite on the growth, the biochemical contents and polymorphic DNA in
Lupinus albus plants grown under water stress // Agric. Biol-2011.-Ne 2 (2).-P.207-220.

21 Song, A., Li, P., Fan, F., Li, Z., and Liang, Y. The effect of silicon on photosynthesis and expression of its relevant
genes in rice (Oryza sativa L.) under high-zinc stress.// PLoS ONE 9:e113782. doi: 10.1371/journal.pone.0113782

22 Moussa H.R. Influence of exogenous application of silicon on physiological response of salt-stressed maize (Zea
mays L.//)Inter.J. Agric.Biol- 2006.Ne 8-(2).P. 293-297.

23 Lobato AKS, Coimbra GK, Neto MAM, Costa RCL, Filho BGS, Neto CFO, Luz LM, Barreto AGT, Pereira BWF,
Alves GAR,Monteiro BS, Marochio CA Protective action of silicon on water relations and photosynthetic pigments
in pepper plants induced to water deficit // Res J Biol Sci-2009. Ne4.-P.617-623.

24 Adatia M.H, Besford R.T.The effects of silicon on cucumber plants grown in recirculating nutrient solution. //Ann
Bot-1986. Ne58.-P.343-351.

25 Watanabe, S., Shimoi, E., Ohkama, N., Hayashi, H., Yoneyama, T., Yazaki, J., et al. Identifica-
tion of several rice genes regulated by Si Nutrition//Soil Sci. Plant Nutr-2004. Ne50.-P.1273-1276. doi:
10.1080/00380768.2004.10408603

26 Dongyun Ma, Dexiang Sun Chenyang Wang. Silicon application alleviates drought stress in wheat through tran-
scriptional regulation of multiple antioxidant defense//J Plant Growth Regul-2016.Ne 35.-P.1-10.

27 Yongchao Liang . Effects of silicon on enzyme activity and sodium, potassium and calcium concentration in barley
under salt stress// Plant and soil-1999. Ne209.- P.217-224.

28 Xuefeng Shen,Yuyi Zhou, Liusheng Duan . Silicon effects on photosynthesis and antioxidant parameters of soybean
seedlings under drought and ultraviolet-B radiation // Journal of Plant Physiology - 2010.P. Ne167.-P.1248-1252.
29 Moussa H.R. Influence of exogenous application of silicon on physiological response of salt-stressed maize (Zea

mays L.)// Inter.J. Agric.Biol-2006. Ne8(2).-P.293-297.

30 Ma J. F and Takahashi E. Interaction between calcium and silicon in water —cultured rice plants//.Plant Soil-1993.
Ne148.-P.107-113.

31 Felix D., Dakora A.B. and Aziwe Nelwamondo. Silicon nutrition promotes root and tissue mechanical strength in
symbiotic cowpea//Functional Plant Biology -2003.Ne30.-P.947-953.

32 Nakashima K, Ito Y. Transcriptional regulatory networks in response to abiotic stress in Arabidopsis and
grasses//Plant physiology- 2009. Ne149.-P.88-95.

33 Mizoi J Shinozaki, K Yamaguchi. AP2/ERF family transcription factors in plant abiotic stress re-
sponses//Biochim.Biophys. Acta- 2012. P.86-89. doi:10.1016.

34 Khattab H.I Emam, M.A. Effect of selenium and silicon on transcription factors NAC5 and DREB2 involved in
drought responsive gene expression in rice//Biol. Plant-2014.Ne58.-P. 265-273.d0i:10.1017

35 Hassan Ghareeb, Zoltan Bozso, Peter G, Ott,CorneliaRepenning, Frank Stahl, Kerstin Wydra. Transcriptome of
silicon-induced resistance against Ralstoniasolanacearum in the silicon non-accumulator tomato implicates priming
effect// Physiological and molecular plant pathology-2011.-Ne 70.-P. 83-89.

36 Xuefeng Shen, Yuyi Zhou Liusheng Duan, Zhaohu Li,EgrinyaEneji, Jianmin Li. Silicon effects on photosynthesis
and antioxidant parameters of soybean seedlings under drought and ultra-B radiation// Journal of plant Physiology
-2010.-Ne167.- P.1248-1252.

37 Bopoukos M.2K., Bespuan. ['1I. Kpemunit n >xn3ub. Buoxumus, Tokcukosornst U (GpapMOKOJIOTHsT COEUHEHUs
kpemuns. M3m.2-oe.- 1978.- 558c¢.

38 Bauer C.A., Robinson D.B, Simmons B.A. Silica Particle formation in confined environments via bioinspited
polyamine catalysis at near —neutral pH.Small -2007.Ne3.-P.58-62.

39 BergetS.M., Moore C., Sharp P.A. Spliced segments at the 5’terminus of adenovirus 2 late mRNA// Proc. Nati.
Acad.Sci- 1977. Ne74.-P. 3171-3175.

40 Mahbod Sahebi Serine —rich protein is a novel positive regulator for silicon accumulation in mangrove.Gene-
2015.Ne556.-P.170-181.

C.K. HaekoBa, M.C. KynaraeBa, 3.A. AJuKyJiOB
JILH. I'ymunes amwvndaev, Eypasus yammo yrusepcumemi, Acmana, Kazaxcman

OcimaikTepaiH KyPFaKIIbUIBIKKA »K9HE TY3bLIBIKKA TO3iMailirine auaroMuTTiH OMOXUMUSIJIBIK, 9cepi

AnHoTanus: Onebu Tasngay HOTHXKeCI GOHBbIHIIA, qUaTOMHUT (€XKesri [uaToMIbl GasabIpIapAblH, KAHKACHI) OCIMAIKTep/IiH,
KYPFaKIIbUIBIKKA, TY3JbUIbIKKA TO3IM/IiIiriH aprTrhipajabl. Kazipri Tapia AuaTOMUTTIH MEXaHHKAJBIK >KOHE XHUMHUSJIBIK
ocepi 2KaKChl 3ePTTEJITeH, ajlaiifa ociMIiKTepre ocep eTy MeXaHU3Mi TOJIBIKTail 3epTTejIMEereH. HuaroMurTi KOJITAHY
(OTOCUHTETUKAJIBIK, BIPFAKThI, OEJIOKTAP/IbIH, CHHTE3/Ie/Iy JIeHIeiliH COHbIMEH KaTap, abCIu3 KBIIIKbBLIbI, ITPOJIUH, CYIEPOKCHU
aucMyTas3a, Karajasa, [IePOKCH/a3a KoHe MHOJIMGEHOJ OKCHIa3a MOJIIIEDIH e3repTe/li KoHe OakblLIayJdarbl ©CIMIiKTepMeH
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CaJIbICTBIPFaH/Ia »KOFaphl JleHreiae 6osanbl. DBy o1ebu mosyma CTpeccTiK »Karjaijga JUaTOMUT ©CIiMIIKTep/iH ecin eHyiHe
BIKIIAJI €TEeTIHAIr] *KallbIHaa aKnaparTap GepiireH.

TyitiH ce3mep: AuaTOMUT, KPEMHUMN, OTTEriHiH Gescen i popMasiapsl, NPOIUH, abCINU3 KBIIIKBUIBI, CYIIEPOKCU JUCMYTa3a,
KaraJiasa, [IepoKCH/1a3a.

C.K. HaekoBa, M.C. KyinaraeBa, 3.A. AnukKyJoB
Espasutickuti Hayuoraabhvill yrnusepcumem umenyu JI.H. Iymunesa , Acmana, Kaszaxcmar

BuoxumMmmndeckuii MexaHu3M BOB,E(eﬁCTBPIH AunaToMHuUTa Ha BaCyXOyCTOI‘/’I‘lHBOCTB n COJ’IeyCTOﬁ‘-IPIBOCTb paCTeHI{Iﬁ

AHHOTanUA: AHAIM3 JUTEPATYPHBIX JAHHBIX [IOKA3bIBAET YTO, JUATOMUT (OCTAHKHU JIPEBHUX JUATOMOBBIX BOJOPOCIIEH)
6JIarONPUSITHO BO3JEHCTBYET HA YCTOWYMBOCTH PACTEHUI K 3acyXe M K COJIEBOMY CTPeCCy. Ha ceropusmuunit j1esn
CYLIECTBYIOT IIyOJIMKAINMU, KOTOPbIe PAaCKPBIBAIOT MEXaHUYECKOE U XUMHUYECKOe BJIMSHHE JUATOMHTAa HA pPaCTeHus B
HeOJIArONPUSITHBIX YCJIOBUSIX OKPY2KAIOIIel Cpeibl, HO MEXaHU3M BO3JAeHCTBUs U3y4deH MaJjo. [IpuMeHeHne qUaToOMUTa YJIydIiaeT
bOTOCHHTETUYECKHIT PUTM, YPOBEHb CHHTE3a O€JIKOB, abCIM30BOI KHUCJOTHI, IIPOJIMHA, CYyHNEPOKCHJ IUCMYyTa3bl, KaTajla3bl,
[MEPOKCHIa3bl ¥ HOJU(EHOJI OKCHAA3bl IO CPAaBHEHUIO C KOHTPOJIBHBIMH pacTeHusMH. B o63ope nmpuseseHa wHOOpMAIus O
poJii IUATOMUTA Ha POCT U Pa3BUTHUE PACTEHUIl B CTPECCOBBIX yCJIOBUMAX.

KuaroueBble cJioBa: OMaTOMUT, KPEMHUN, aKTUBHbIE (DOPMBI KHUCJIOPOAA, IIPOJIUH, abCUU30Basi KHCJIOTA, CYIEPOKCUI

aucMyTasa, Karajasa, IePOKCHIA3A.
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The History of Donyztau flora and vegetation research

Abstract: The investigation of the modern content of vegetation is impossible without the anal-
ysis of the history of vegetational cover study. The article reveals the historical aspect of Donyztau
vegetational cover study and also scans the literature containing the information on the vegetation
and plant life of Donyztau, provides the analysis of the region"s vegetation species described by
different authors. Donyztau is located on the territory of Baiganinski raiyon of Aktubinskaya oblast.
Donyztau chink is regarded as a part of Usturt"s northern part and refers to floristic region 13.
Northern Usturt. The Donyztau plant life was being studied by a great deal of scientists but many
of them studied more immense areas of Usturt. As far as Donyztau separately taken there was no
special floristic research of the territory. Floristically Donyztau still refers to little studied areas of
the Republic. During the long period the regional plant life was not the subject for special research.
The present materials may serve as basis for the further study of the said district"s plant life.

Keywords: nature of Donyztau, flora, vegetation, history.

The study of vegetational cover effected by different factors is one of the directions of immediate
interest in modern botany.

The study of the flora modern content is impossible without the analysis of the vegetational cover
research history as just the histories of floristic studies reflect the completeness of studies and testify
to the scope of data collected from the given territory. Much importance is given to the review of
prominent national and foreign authors studies who contributed much to the exploration of flora of
Kazakhstan.

The work objective is the analysis of the Donyztau flora based on materials of works presented in
articles, monographs and collection of studies of national and foreign authors.

Literature sources were used as materials for the analysis of the Donyztay flora study, floristic
data on Donyztay territitory were summarized.

The exploration area — Donyztau — is located on the territory of Baiganin district of Aktobe region
and Zhylyoi district of Atyrau region and borders with the northern part of Ustyurt plateau and
Caspian lowland. The plateau stretches 90 km long and 20 km wide from the south-west to the
north-east and refers to the semidesert zone. Big salt lake (sor) Donyztau (more than 40 km long,
5 km wide) stretches along the cliff (chink). The maximum height of the chink is 180-190 m., up
to 215m., the minimum heights for the locality 13-15 m. below the sea are fixed on the sor at the
bottom of the chink [1].

The topography of the chink is mostly of slip-of and abrasive genesis. Though the chink is
not characterized with a sufficient catchment area there are occasional expudations and seepage of
subsoil waters and in longer and deeper valleys there are talwegs providing water stream flow at
least a season [2].

The exploration area is located on the steeply sloping and undulating surface of an accumulation-
denudation plain within Ustyurt plateau in the natural zone of arid steppes and semideserts with
harsh continental arid climate.

The climate of the region refers to the climatic type of steppes and semideserts of boreal type.
The general characteristics of this type of climate are sharp temperature contrasts, severe cold
winter and hot summer, rapid transition from winter to summer and short spring period, instability
and shortage of atmospheric precipitation, much aridity of air, intensive evaporation, instability of
(annual) climatic indexes and much solar warmth. The region is characterized with plenty of warmth
and dominance of fair dry weather. The annual scope of sunshine hours makes up 2300-2500.
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The coldest month is January with average air temperature 15,2 ¢C below zero, the absolute
minimum is 42,0 €C below zero. The hottest month is July with average air temperature 23,9 eC
above zero, the absolute maximum is 43,0 eC above zero.

Atmospheric precipitation is the main factor of groundwater recharge. The annual precipitation
amount changes all over the area within 195-262mm.

Much deficiency of humidity, high temeperatures determine huge evaporation of water surface.
The annual accumulative value of evaporation from water surface reaches 1200-1500mm., exceeding
the annual precipitation amount 5-6 times. Summer precipitation is completely off with evaporation
[3, 32p].

The Donyztau chink area is located in the natural zone of arid steppes and semideserts with
soil-plant associations characteristic for them.

The soil cover was being studied thoroughlly by V.V. Nikitin (1926), I.P.Gerasimov (1930), G.D.
Dolenko (1930), S.A.Shuvalov (1949, 1964) V.I.Nagornaya (1951). Steppe and semidesert, low-humic
grey soils (sierosems) and chestnut soils are generally solonetzic, occasionally strongly saline. The
mechanical composition of soils is of loamy character [4].

The history of Donyztau flora study is inseparably connected with the accumulation of actual
data on exploration of the Ustyurt flora in whole as the Donyztau chink is viewed as part of the
Usturt northern chink and in frames of floristic zoning accepted in the publication «The Flora of
Kazakhstan» is floristic zone 13. The northern Ustyurt |5, 32 p].

The study of the Usturt flora commenced in the first half of the XIX century when F.F. Berg and
E.A.Eversman (1825-1826 years) organized an expedition. E.A.Eversman describes the semidesert
zone of the Western Kazakhstan calling it «bare steppe». The main feature of «bare steppes» in
E.A.Eversman’s opinion is the distribution of wormwoods which «grow here much less, not so thick
as in northern steppes, grow in single units and do not cover soil. And bleak silt or clay gives the
steppes dreary and desertic view.» [6]. He was the first who made up the systematic description of
vegetation and fauna between the Urals, the Caspian and Aral seas. His works gave birth to the
floristic, faunal and ecological study of steppes, semideserts and deserts of the Western Kazakhstan.

In 1842 Baziner crossed Usturt along the westerm coast of the Aral sea and described the
vegetation of the region. In 1847 the expedition was organized to study the area located be-
tween the Caspian and Aral seas. The expedition included N.P.Barbot de Marty, V.D.Alekshin,
M.N.Bogdanov, O.A.Grimm, N.I.Andrusov. In 1857 Ustyurt plateau was visited by 1.G.Borschov
and N.A.Severtsev who were a part of complex expedition and gave the systematic description of
the vegetation |7].

In 1885 V.Zhilin described the Churuk haloxylon desert in his essay [8, 124p].

The data on the Usturt vegetation are presented in the works of I.G.Borschev (1865), V.Zhigalin
(1886), A.M. Nikolsky (1900), V.A.Dublyansky (1904,1906), M.G. Popov (1925, 1927), Ye. P.
Korovin, N.I. Granitov (1949). As per the investigations of I.V. Ovchinnikov (1957, 1971), V.V.
Blagoveschensky (1968), Ye.l.Rachkovskaya (1986) the type of the vegetation refers to the desertic
type of vegetation within the Iranian-Turanian desert subregion of xerophile, hyper-xerophile, micro-
and mesothermic plants’ community of various life forms - semishrubs, shrubs and also permanent
grasses and yearlings [9].

In 1913 geobotanist M.G.Popov visited Ustyurt plateau. In 1941 geobotanist N.T.Ageyeva worked
on study of pastures of Ustyurt huge sand massifs. In 1950 an expedition was organized under her
direction that resulted in the specification of the Ustyurt flora content [10].

According to S.V.Viktorov the vegetation cover of the North-Ustyurt disctrict (Viktorov, 1971)
is dominated with communities with predomination of polyn belozemelnaya or zhusan (Artemisia
teirae-albae) and itsigek (Anabasis aphylla) on high plains. Slopes are covered with types of mortyk
(Eremopyrum orientale, E.triticeum). Besides these communities are typical with polyn belozemel-
naya, ebelek (Ceratocarpus utriculosus), pieplant Tatarian (Rheum tataricum), and also a range
of ephemeroids, ephemeral plants and long term saltworts such as bulbous bluegrass (Poa bul-
bosa), rinopetalum (Rhinopetalum Karelinii), kruplodnik (Megacarpaea megalocarpa), klimokoptera
(Climocoptera brachiata), Shrenk*s tulip ( Tulipa Schrenkiana), the bottom is dominated with feather
grass tyrsik (Stipa sareptana), yerkek (Agropyron fragile) and other plants [11, 132 p|.
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According to results of B. Sarybayev’s research activities (1968-1989 rr) the flora of the region
has little horsetails, hymnosperms and ephedras. Attention is to be given to the ratio of dicotyledon
and monocotyledon plants in the Usturt flora that quite brightly reveals some important features.
The general number of dicotyledon plants in the Usturt flora makes up 15%, ferns and hymnosperms
make up only 1%. The dominating types are presented with Chenopodiaceae family, the variety
of huger families such as Fabaceae, Polygonaceae, Caryophyllaceae, Liliaceae, Asteraceae, Poaceae.
There are bright presentations of Artemisia, Salsola, Atriplex genus. B.Sarybayev (1994) notes in
his work that saltmarshes of the northern Usturt are characterized with presence of the lavender-
saltwort (Kalidium capsicum, Limonium suffruticosum), the kokpek (Atriplex cana), the camphor-
fume (Camphorosma monspeliacum). The zonule genus around saltmarsh depressions are dominated
with halostachys-saltwort (Kalidium foliatum, Halostachys caspica) communities with sufficient par-
ticipation of Salsola gemmascens. Large areas are covered with polyn belozemelnaya (Artemisia
teirae-albae) with itsigek (Anabasis aphylla), balancing with saxaul (biyurgun)-polyn belozemelnaya
communities. The content of belozemelnaya polyn and biyurgun communities of the given zone is
characterisitic with Rheum tataricum, general for desert steppes and northern deserts [12].

Among the works on the Northern Usturt flora the work of D.M.Tazhetdinov (2013) is of the most
interest that is devoted to the study of new forms the Ustyurt flora and it distinguishes the following
species: Tulipa schrenkii, Allium decipiens, Stipa capillata, Stipa lessingiana, Alopecurus aequalis,
Calamagrostis epigeios cpeau Agropyron repens, Puccinellia diffusa, Secale sylvestra. In his opinion
11 species of biyurgun are found on the Ustyurt plateau (Anabasis L.)[13].

Separate investigation is devoted to the study of wild counterparts of the Northern Ustyurt cul-
tivated plants by A.A.Imanbayeva, M.Yu.Ishmuratova. They gave the description of 51 species of
wild counterparts of cultivated plants, among them: Allium caspium, Allum sabulosum, Amaranthus
retre flexus, Asparagus bresleranus [14].

Analyzing the history of the Ustyurt-Donyztau flora and vegetation exploration we note that in
this respect the Ustyurt plateau and adjacent areas are more or less explored. As for Donyztau there
was not special floristic research work on the area.

Some available sketchy data referring to the southern part of the Donyztau area are taken as
the result of the Ustyurt and Caspian lowland flora study by different scientists. Most of these
results are out of date now and do not reflect sufficiently the modern state of the region’s flora and
vegetation. So we can state that Donyztau in the floristic respect is still underexplored area of the
Republic. That’s why the timeliness of having special studies of flora and vegetation of this unique
area is evident, it is imposed mainly by reasonable use of plant resources and protection of rare and
declining species of the Donyztau flora.
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JoxpizTay ¢diiopacsl MEH ©CiMOiKTEPiH 3epTTey TapUXbl

AnHOoTanms: OCiMIIK )KAMBUIFBICBIH 3€PTTEY TAPUXbIHA TAJJIAY YKacamaii, (popaHbly Ka3ipri KypPbUIBIMBIH 3¢PTTEY MYMKIH
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JHoupbizray Akrebe obsbichl, BaliraHuH ayqaHBIHBIH TEPPUTOPUSICHIHBIH, OHTYCTIK OeJIiriHie opHasmackal. JJOHBI3Tay MIOKBICHI
YcTipTTig CONTYCTIK MOKBLIAPBIHBIH 0OJIiri peTiHge KapaCThIPbUIBII, (DIOPUCTUKAJBIK, ayIaHaacTeipy 6oibiamma 13.Coarycrik
Ycripr aymambiHa »KaTanbl. KenTereH rajabIMIapAblH YcTipT ¢JIOpachlH 3epTTey »KYMBICTapbiHAa JIOHBI3TayabIH ©ciMIiK
2KaMBLIFBICHI TYPaJIbl 2KaJIIIbl MaJjIiMeTrTepi kepyre 6osnaasl. Bipak loHbl3Tayia apHailbl MIOPUCTUKAJIBIK 3€PTTEYJIED TOJIBIK,
Kyprizinmerern. Makasaga 6episreH mMostiMerTep Gosamak, *KyprisijeTin 3epTrey *KyMbICTapblHa Heri3 60s1a ajiagsl.
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Ucropus uzydenus: piopsl u pacrurejbHoctu JJoubizray

Annoranus: Vccnenosanme coBpeMeHHOrO cocTaBa (bJIOPbI HEBO3MOXKHO 0€3 aHAJIU3a UCTOPUHU HU3yYEHUs PACTUTEIHHOTO
MOKpOBa. B crarbe MOKazaHbl UCTOPUYECKUIN ACIIEKT W3Yy4YEeHWsI PAaCTUTEJBLHOrO IMOKpoBa JIOHBI3Tay, a TakKe IIPOBEIEH
0030p MmyOJIMKaIUK, KOTOPBIE CONEPXKUT MHAMOPMALNIO O (OJIOpe U PACTUTEIbHOCTH JIOHBI3TAY, IPOAHAIU3UPOBAHbI OIMCAHHbIE
Pa3JIMYHBIMKA aBTOPaMU BUbI (JIOPHI perroHa. JlOHbI3Tay HaXOAUTCS Ha TeppuTopuil BalraHwHCKOro paiioHa AKTIOOMHCKOM
obsractu. Yuuk doubizray paccMarpuBaeTca Kak 4acTb CeBepHOro YMHKa YCTIOPTa U OTHOCUTCH (DIOPUCTHYECKHM PaifioHOM
13.CeBepubiit Ycriopr. V3ydenue pacrurenbHOro mupa JloHBI3Tay BEIOCH OTPOMHBIM YHCJIOM YYEHBIX, HO MHOTHE W3 HHUX
uccaes0Bam 0ojiee OOIIMPHBIE TEPPUTOPUU YCTIOpTa. UTO Kacaercs oTAeabHO JJOHBI3Tay, TO TaM CIIeNHAJIbHBIX (DJIOPUCTUIECKIX
HCCIIEJOBAHUM He IPOBOAUINCE. JlOHBI3TAy B (DIIOPHUCTUYIECKOM OTHOIIEHUI BCE €II[e OTHOCUTCS K MaJIONCCJIENOBaHHOM 00IacTi
Pecny6iuku. Ha nporsizkenun nosiroro nepuozga ¢pJjiopa pPeruoHa He sBJIsIaCh MPEJIMETOM CIIeNUAJIbHOrO udydeHus. JlaHHble
MaTepuaJsibl MOI'YT CJIy>KUTh OCHOBOH JJIsl TIOCJIEYIOIIEro U3ydeHusl (pJIopbl yKa3aHHOIO paiioHa.

KirogyeBbie cioBa: npupoga Jousiaray, ¢dpJiopa, paCTHTEILHOCTD, HCTOPHSI.
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IIpobaema merckoro ayrusma

Anvoramusi: B crarbe uBJI0KEHBI JIUTEPATYPHBIE JaHHBIE O KJIACCU(PUKAIME, 3THOJOTHH,
IaToreHese M PaClpoCTPAHEHHOCTH ayTu3Ma B Mupe 1 B Peciiybinke Kazaxcrane (PK). 3a mocsennue
rOJIbI PE3KO BO3pOCa MpobJieMa, 3JI0POBbsl JIE€TCKOTNO HACEJIEHUsI, ITPOSIBJISIIONINECST HAPYIIEHUSIME
MOPGODYHKIIMOHATBLHOIO U IICUXO(PU3NOJTOITIECKOT0 COCTOsTHIS JieTeil, (DaKT KOTOPOI'o CBA3LIBAIOT
C BO3pACTAHUEM 3KOJIOIMYECKOTO W COIMAJIBbHOTO Hebjaromosyuusi. Bo BceM MHpe OTMedaeTcsl
yBeJmdeHue 3aboJieBaHusl paccTpoiicts ayrucrudeckoro cuekrpa (PAC). AyrusMm siBisiercst OfHEM
U3 CAMbBIX PACIIPOCTPAHEHHBIX JIETCKUX ICUXUYIECKUX PACCTPOUCTB. B mociientee Bpems mnpobiema
ayTu3Ma MPUBJIEKAET K cebe BHUMAHWE, B BHUJY TOIO, UTO CTaja PACIPOCTPAHATHCS WHMOPMAIUST
00 3TOll TmpobjieMe B MIMPOKUX CJIOSIX HACEJEHUsl, W POIUTEJH, UbWU JIETH HUMEIT ayTH3M,
cTajum o0pamaThbCd K CIEIUAJUCTAM, YTO IO3BOJSET u3ydaThb 3Ty mnpobsiemy B PK. B crarne
JIAHBI KJIACCU(DUKAIIAS ayTU3Ma, OCHOBHBIE CHMIITOMBI XapaKTEepPHBIE JJIs HEro, MOKa3aTesd ydeTa
3abosieBaemoctu ¢ 2011 rojia, KOTOphIE JeMOHCTPUPYIOT YBEJIUYIECHUE KOJUIECTBA JIETel C ay TU3MOM.

KunroueBbie cjoBa: ayTu3M, pacCTPONCTBA &y THCTUIECKOTO CIIEKTPa, KJIACCU(MUKAIINA, BIUIHIE
OKPY?KAIOIIe#l CpeJibl, 9aCcTOTa BCTPEIAEMOCTH.

AyTu3M - pacCTpoOWCTBO pa3BUTHS HEPBHON CHUCTEMBI, XapaKTEPU3YIOIIUEeCs PA3HOOOPA3HBIMUI

IPpOdABJICHUAMU B JAETCTBE. BHepBbIe CAMIITOMBI 3a0ojieBaHus ObLIM omucannl B 1943 roay
Jleo KaHHepOM, OCHOBHbBIE€ HapyIIeHUd 3aTparmBaioT chepy KOMMYHUKaIlU1 W COIIUaJIN3alluu,
Ha,6JHO,HaETCH KOT'HUTUBHbBIEC HapyHIICHH!A. H.KaHHep omucaa 11 KiImHHMYeCcKHx cjlydaeB, C

CUMIITOMAMU, XapPAKTEPHBIMU NI BCEX JeTell ¢ ayTU3MOM: CJIOKHOCTH B YCTAHOBJIEHUM KOHTAKTA
¢ JioabMu, win okpyxkaromnwmM mupoMm [1]. B 1911 romy ncuxumarp 3.Bueiisiep, BBen jauaruos
«mu30PeHnsty, JJisi OIMMCAHUS OJHOIO0 K3 CHUMITOMOB KOTOPOI'O, OH BBEJ TEPMHUH <«ayTH3M»,
OIHUCHIBAIONINN OCOOEHHOCTDb TOBEJCHUS — YXOJ[ B CBOIl BHYTPEHHWII MUD, MOTPYKEHHE B MUD
danTaznit, HapacTAIAsd U30JISIUs OT OKpyzKatomiero Mmupa. OTIuIueM OT MU30(PPEHUN SBJISIETCS
TO, 9TO JIETH C Yy TU3MOM CIIOCOOHBI HE YTPAUUBATH PAHHEE YCTAHOBJICHHBIC UMU IIPUBSI3aHHOCTU UJIN
criocobHOCTh K KOHTakTaM [2]. Cumnrowmsl, onucanubie JI. Kannepom HasBaim «IeTCKUNl ayTH3M»,
«cuugipoM Kanuepas, «ayTusms.

B 1944 ronmy T'amc Acmeprep, aBcrpuiicKuii mcuxumarp, OmyOJHKOBaJ pabory «AyTucTHuecKue
IICUXOIATHI B JIETCKOM BO3pacTe» IJe onucas 4 ciydas JileTell ¢ HEXBATKON HABBIKOB HeBepOAIbHOIT
KOMMYHUKAITUU, XOTS YPOBEHb HHTEJIJIEKTA U PA3BUTHE PeYH ObLIN HOPMAaJIbHBIMHE, CJIOBAPHBIH 3a1ac
ObLI B HOpME, MHOIJA JaKke MpesBocxojmii ee. [leTn, onucanuble UM, OTIMYAJINACH HEYKJIOKECTHIO
JIBUYKEHU, BO BpEMsi DPA3roBopa IPEJIOYUTANN OT/aBaTh BHUMAHHE KaKOW-JnbO OJHON TeMe,
KOTOpast HHTEPEeCoBaJsa TOJbKO UX, He oOpalnas BHUMAHUS Ha OKPYZKAIONUX. [JIABHBIM OTJIMYUEM OT
cunzpoma Kannepa sipisiercs: criocobnocts K smnaruu [3]. o 1981 roma paborst Acneprepa GbLin
He 3aMedeHbl, 1moka Jlopua Buur me omybinkoBaja paboTy, Ije ommcasia CEpUIo CIydaeB jeTeil co
CXOXKUMU CHMIITOMAMU.

Jlopra Bunr - 6puTaHCcKuil IIcuxuaTp, y J0Ueprd KOTOPOU NMArHOCTUPOBan ayTudM B 1956 romy
(B Bospacte 3 rozga). OHa cama craja OTMeYaTh OTKJIOHEHHsI B PA3BUTHE JI0OYEPH C IECTUMECSIHOTO
BO3pacTa, CpaBHUBAsI €€ CO CBepCTHUKaMU. M3ydast cuMmroMbl, oHa 0OHApYKuIa paboThl Actieprepa,
KOTOpble ObLIM MAJIOU3BECTHBI B DBpuranum, mepesejia UX € HEMEIKOrO $I3bIKa Ha AHTJIMICKUI,
¥ MMEHHO OHa Ha3Baja 3TH CHUMITOMBI «cHHIpoMoM Acmeprepas [4]. Jlopua Bunr srecsa
3HAYUTE/ILHBIN BKJIAJ B u3ydeHue aytusma: B 1972 romy ero chopmyairpoBaHa TprUaia HAPYIIEHUNH,
XapakKTepHas ayTU3My:

- HapyIeHus B cdepe COIUaAILHOTO B3aUMOJIEHCTBIUS;
- HapyIeHus B cdepe BepdaIbHON 1 HeBepOAIbLHON KOMMYHUKAINHU, B cpepe BOOOparKeHUs;
- CTEPEOTUITHOE TIOBEJIeHNsI, KpaiiHe y3kuii Kpyr unrepecos [5].
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Jnst kaccuduKamn ayTu3Ma UCIOJIb3YIOT JIBE MEeXK Ty HAPOIHbIE KIACCU(PUKAITMOHHBIE CUCTEMBI,
s10: JlmarHocrudyeckoe M CTATUCTUYECKOE PYKOBOJCTBO 110 MCUXUYECKUM PACCTPOHCTBAM ISITOTO
m3ganust -Diagnostic and Statistical Manual of Mental Disorders (DSM-V), paspaborannas
n mpunsaTas B 2013 romy AmepuKaHCKON TmcHXmaTpudecKol accormarmedt, n MexkayHaposHast
kinaccudukanus 6osesneit mecaroro nepecmorpa (MKB-X) omobpennas BO3, ucnonbsyemast st
muarnoctuku B Hameir crpane. Cornacno MKB-X, aytusm orHocuTcsi K obmiuM paccrpoiicTBam
[ICUXOJIOTUYECKOI0 PA3BUTHUS UJIU PACCTPONCTBA Ay TUCTUIECKOI'O CIIEKTPa, KOTOPOMY IIPUCBOEH KOJ
F84. B MKB- X, K cOOCTBEHHO ayTUCTUIECKUM PACCTPONCTBAM OTHOCSITCS:

- nerckuit aytusMm (F84.0) (ayTucrndeckoe paccTpoilcTBo, nHGAHTUIBHBI ayTu3M, HHOAHTHILHBIH
ncnxos, cuuapoM Kannepa);

- aTHOUYIHBI ayTH3M (¢ HadagoMm mocie 3 jer) (F84.1)

- cunzipom Perra (F84.2);

- cunzipom Acnieprepa — ayrucrudeckast neuxonarus (F84.5) [6].

Ha IIOCTCOBETCKOM IIPOCTPaHCTBE OJHUM M3 M3BECTHBLIX IICUXNATPOB, SaHI/IMaIOIL[I/IfICH nsyvdeHnmnem
aytusma, sipjsiercss Hukosbekast O.C., KoTopast ompeesnia 4 TPYIIbL geTeil ¢ ayTH3MOM:

I rpynma. Jletu mepBoii rpymibl UMEOT HamboJiee Tskesaoe Tedenue Oosiesnn. Hekoropoie
Ha9YMHaIOT paHO I'OBOPUTH, OHU MOTYT IIPOU3HOCUTDL CJIO2KHBIE CJIOBa U (1)[)&31)17 HO 9TO 4BJIAETCA
POSIBJIEHUEM 3XO0JIanK (T.e. GECKOHTPOJIbHOE TIOBTOPEHNE CJIOB YCJIBIIIAHHBIX B Uy:KOi pedun), HO
K 3 rojaM BC€ OHU MYTUYIHDBI (HaTOJIOI‘I/IH pedan, ¢ COXpaHeHueM CHOCO6HOCTI/I TOBOPUTDH U IMTOHUMATDH
peub). Takzke JieTH 3TON IPYIIIIBI IPOSIBJISIET HAUMEHBIITY IO (DU3MUECKYIO AKTUBHOCTD 110 CPABHEHUIO
C ApyruMu JeTbMKU C JUar'HO30M ayTU3M. y ATUX ,Z[eTefI HanMeHee BbIpazKE€HO CTpeMJieHue K
[IOCTOSTHCTBY U ODPA30BAHUIO CTEPEOTUINil. AyTHU3M MPOSIBISETCs] KAK IMOJIHASI OTPENIEHHOCTh OT
OKPY2KAIOIIEr0 MUPa, W HEeXKeJIaHHe yCTaHABJIUBATH KOHTAKTHI. AKTUBHBIMEU (DOPMAMU MTOBEJIEHUS
MOXKHO CUYUTATh MOMEHTBI CAMOATDECCHUH.

II rpynma. deru a0t rpymibl 60jiee aKTUBHBI 110 CPABHEHUIO C TIepBOi rpynnoit. OTimdauTe bHON
9epPTOil ABJISIeTCs HAJImane OOJIBIIOrO Ynucyia hobuil, 3T0 MPOSBIISETCS U3-38 HAPYIIIEHHOTO OILYIEHUSs
BPEMEHH, OHU CJIab0 Pa3jUYaloT IPOILIOE W HACTOsINEe, W3-3a ITOrO WCIIYT, IOJIyUYeHHbBIH paHee,
BaKpEIUISAeTCS Ha JJIUTEJbHOE BpEMs. OTO IPUBOIUT K CUJIbHOMY KOHCEPBATHU3MY B IIOJIOXKEHUE
Beleil OKpyzKaomux pebeHKa, HEeNPUHATHE KaKux-jinbo u3MmeHeHuii. HaOsogaercs MHOXKECTBO
9XO0JIAJINi, IePEeCTAHOBOK MECTOMMEHUHN, CO3/[aHNe HOBBIX CJIOB. MexaHW4YHOe BOCHPHUSATHE COOBITHIA,
OyKBaJIbHOE MOHUMaHWE Qpa3, HO, HECMOTPsS Ha BCE ITO HUMEHHO B ITOH TpyIle dYalle BCero
[POSIBJISIETCs] CABAHTU3M, T.€. HAJUYNE BBIJAIONINXCS CIIOCOOHOCTEN B KakoW-ubo obJiacTu, dale
BCEro 9TO My3bIKa 1 putosorusi. JleTn - ayTUCThI HY2KTAI0TCs B KOHTAKTaX ¢ OJTU3KUMU, IIPU PA3JIYKe
¢ HUMU HaDJIIO/IAETCS PErpecc.

III rpynmra. [leTw 9T0# rpyIIIbl OTJIMYAIOTCA HEYKIIOXKECTHIO IBUXKEHUH, OTJIMIUTETbHAS 9epTa, TO,
YTO OHM PAHO HAYUHAIOT FOBOPUTD, U pasroBapuBaioT MHoro. Ho pedn nx KaxKeTcs HeecTeCTBEHHOI,
CJIUIIIKOM CEPbE3HOI He M0 T'OJ[aM, MOYKHO CYUTATDH 3TO PA3HOBHUIHOCTHIO CTEPEOTUITHOTO MTOBEJEHUS.
CriocobbI 3aIUTEI TPOSIBIAIOTCS HE B CAMOATPECCUH, & B TMOUCKE BHHOBATBIX CPEIH OKPYIKAIOIIHIX.
JleTsim 9TOt TPYTIIBI CTABUTCS TUATHO3 «CHHIApPOM Acmeprepas.

IV rpymma. B pgamnoit rpyimie ayTHCTUYECKHEe HAPYIIEHWs BBIPAXKEHBI HaMOOJIee MSATKO.
HpOHBJIHIOTCH B TPYAHOCTHU OpraHnu3allu IIOBEJACHUA U YCTAHOBJIEHUA KOHTAKTOB C OKPY2KaIOIIIUMMU.
Peunr s3arpynmena B ormimume ot mereil Bropoit m Tperbeidr rpymnmn. Ho sTa peun nHampasieHa
Ha, YCTAHOBJICHHE KOHTaKTa, a He m3beranume ero. YacTo TaKuxX JeTeil CUNTAIOT OTCTAIOIMIUMU B
IICUXNYIECKOM Pa3BUTUH. I/IX KOHTAKTbI C OKPYXKaIlOIUM MUPOM YCTaHaBJJIUBAIOTCA TOJIbBKO Y€pPE3
B3POCJIBIX, OHHU 6yKBaJIbHO IIOHMMAIOT BbIpazK€HUd, HMX IIOBEJACHUE OYEeHDb <«IIpaBUJIbBHOE», OHU HE
MOTYyT OOMAHyTb WU CXUTPUTH. [J1aBHOE OT/mume WX OT JAeTeill NPYruxX TPyII 3TO CIOCOOHOCTH
YCTAHOBJIEHHE KOHTaKTa «IJIa3a B IJlazay. OITa Ipylla Haubojiee 3aBHCUMa OT MOIMOHAJBHOTO
KOHTAKTa ¢ GJIM3KUME JII0bME [7].

Kak nmpaBuio, ayTusm AMArHOCTUPYIOT B TPEXJIETHEM BO3PACTE, KOTa HAPYIIEHUS ICUXUIECKOTO
pasBUTUsI CTAHOBUTCsI sIBHBIMU. (OCHOBHBIM CHMIITOMOM, Ha KOTODBI OOpAIaOT POJUTENH -
9TO OTCYTCTBHsI KOHTAKTa C JIOJbME (BPOXKJIEHHAsI HECIIOCOOHOCTD yCTAHOBJIEHHsI SMOIMOHAIBHOIO
koHTakTa). C 1mmectu MecsileB MOXKHO HaOJIOJaTh CHUXKEHHE 3PUTEIbHONO KOHTAKTa, paHee
9TO CBSI3BIBAJIL CO CTPECCOM, KOTOPBI BO3HUKAET IPHU 3pUTETHHOM KOHTakTe. (OIHAKO, IIPHU
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HUCCJIEIOBAHUU STOTO CHUMITOMAa, B BbhIOOpKe u3 86 jsereit B Bo3pacrte 2 Jjer, 26 jereit ObLIn
C YCTAHOBJICHHBIM AayTH3MOM, 22 pebeHKa ¢ 3aJiepKKoil pa3Butus u 36 Jjereit ¢ HOPMAJIbHBIM
pasBuTHeM. B Xojie cepum 3KCIEPUMEHTOB, JETU CMOTPEIU HA KAPTUHKHA C M300parKeHUeM JIWII,
WX B3IV, HAIPABJIAJICS Ha IJla3a, JIUIO WIN Ha HE JIMIEBblE YACTH Tej; OBbLIO OTMEYEHO, UTO
CKOPOCTB OTBEJIeHUS B3IVISIa Y AeTell ¢ ay TH3MOM He OTJINYaJIach OT jJeTeil 6e3 ayTu3Ma, y HEKOTOPBIX
[IPOJIOJIKUTEJILHOCTh B3IVIsa B Ivia3a ObLIa Jloyibiie. Bo BTOpOM 3KcIepuMeHTe, MOKa3bIBaJIn
BHJIEO C M300paKeHHeM PA3JIMYHBIX IMOIUN, JE€TU C ayTH3MOM ObLIN 0e3Pa3/jinyuHbl K Pa3/IMIHbIM
COIMAbHBIM CHTHAJaM, B OTJUYHE OT jeTeil 06e3 ayTusma. Pe3ysibrarbl 3TOrO HUCCIIEI0BAHUS
[IO3BOJIAIOT TOBOPUTH O TOM, 9YTO JI€TU C ayTU3MOM He H30eraioT 3PUTEIbHOIO KOHTAaKTa, a He
HOHUMAIOT €r0 3HAYUMOCTH B COIUAIBLHOM B3auMojeiictsun [8].

Anomamy XapaKTepHBIE AayTH3My 3aTPATMBAIOT S3BIKOBOE W PEUYEBO€ PA3BUTHE AyTHIHOTO
pebenka. Peub He COOTBETCTBYET BO3pACTy, OHU HE U3/IAI0T XapaKTePHbIE 3BYKHU [IJIsi CBOET'O BO3PACTa,
TakMe KaK, HallpUMep IyJeHue, JeleT Wi MOUBITKH IOBTOPa CJI0B U T.J. Kak mpaBujo, mocje rojaa
HAPYIIEHUE PeYU COXPaHseTCs, HAOJIIOMAETCs X0JaJiusd, CO3/[aHhue COOCTBEHHBIX CJIOB, UI'Da CJIOB,
[IePECTAaHOBKA MECTOMMEHUN, B 0CODO TAXKEJIBIX CAYUAAX MPOABJIACTCS MYTHU3M.

BroiesnstiioT HeCKOIbKO TUMMMYHBIX BAPDUAHTOB HAPYIICHUS PA3BUTUS PEUN:

1. MyTusm ¢ poxKIeHus;

2. HopMmajbHOe pa3BuTue pedn 110 2-2,5 JIeT ¢ MOCTAEAYIONUM ITyOOKUM PacHaioM, IPUBOIAIIIIM
K MYTHU3MY;

3. Hanuyne sxonanuii B pedn, CTEPEOTUIHBIX (pPa3, HEIIPABUILHOE UCIIO/IH30BAHIE MECTONMEHMH.
IleTu cTapaioTcsi HE UCIOJ/IL30BATDL PEYb.

4. HopmasibHoe pasBuTue peun. Pedb ObICTpasi, «<KHUXKHAas», HeUeTKas, cMa3aHHas. CrocoOHBI
IIUTUPOBATH TEJIbIE CTPAHUIIBI;

5. VckazkeHHOe pa3BUTHE PeUr, pedb TUXasl, IUIIsIasl, Haauaue sxosasmit [9)].

Tara K TOCTOAHCTBY ¢ CAMOCTUMYJISIIIUM — SABJISIOTCS TaKXKe CHMITOMaMU — ayTU3Ma.
CaMOCTUMYJISITINA  WJIK CTHUMBI — 3TO TOBTOPSIIONIUECS JIBUXKEHUS] Tejla WU TOBTOPSIONIAECS
JIBUYKeHUsT ¢ 00bekToM.  Hampumep, C:KuMaHue KyJIaKOB, [TOKAYMBAHUE Teja W3 CTOPOHBI B
CTOPOHY, 3TO CIIOCOO HAIPABUTH CBOU CEHCOPHBIE CHUCTEMbl Ha Jpyrue OOBEKThI, KOTOPBIE
MeHee pa3/ipaKuTeJbHbl. KpaiiHuil KoHcepBaTU3M IPOSBIISETCS B TaK HA3BIBAEMOM <«(hEHOMEHE
TOXKJIECTBa» - CTPEMJIEHNN K COXPAHEHWIO IOCTOSIHCTBA B OKpy2KalomeM Mupe. lIpoTuBosmeiicTBue
MOXKET IIPUBECTU K ArPECCUBHOMY MOBEJEHUIO CO CTOPOHBI PEOEHKA, BCJIEJICTBUE YErO0 OH MOXKET
HaBpeIuTh cam cebe.  XoTs TakKoe IOBEJEHUs] XapakTepHo u g Japyrux lloBropstorimecs
[OBEJICHNsT MOXKET OBbITh YCJIOBHO TIOJPA3/I/IEHO Ha JBa MOATHIIA: BBICOKOrO MODsifKa (HAIpHUMED,
CTEPEOTHIINH) ¥ HU3KOIO MOPsIKA (CTpeMJICHHE K ITOCTOSHCTBY ), TAKXKE OTMEYAETCs 9TO B CIIydasx
C TOBTODPHIONIUMCS TOBEJIEHUEM BBICOKOI'O IIOPSIKA, ITO COCTOSIHUE OCTAETCS CTAOMJIBHBIM HAa
NPOTS2KEHNN BPEMEHU, & B CJIydae € MOBTOPSIONINMCS IMOBEJIEHNEM HU3KOTO IMOPSIKa, TO OHO CO
BPEMEHEM yBEJINYNBACT CTEIeHb cBoeil TsizkecTn [10].

®obun, MHAMBU/YATbHbBL JJI8 KAaXKJI0r0 OTIEJbHOro ciaydasd. Hampumep, runepayBCTBUTENBHOCTD
K CEHCOPHBIM BO3JEHCTBUAM — HEKOTODBIE JETU-ay TUCTHI OUY€Hb OYPHO PearupyioT Ha BHEITHUE 3ByKHU
u sipyiernst. CTpaxu MOTYT ObITDL TaK CHJIBHBI, 9TO OHU TMPOSBJISIOT ArPECCUIO IO OTHOIIEHUIO K cebe
- 9TO MOYKET CTATh MPUINHON TpaBM. JacTO CyIIeCTBYeT HECIIOCOOHOCTD UIEHTU(PUITTPOBATD T'OJIOCA
JIIOJIEN, OTJETUTD UX OT OKPY?KAIOIIUX 3BYKOB, Y HIUX 4acTO ObIBaeT 11pobJieMa ¢ CaMOOIIPe/IeJIEHIEM
rOBOPsI O cebe, OHU WCIOJIb3YIOT MECTOMMEHUs TPEThEro JINIa, W OYeHb PEJIKO UCIOJL3YIOT «»
o oTHomeHNIo K cebe. CyImecTByeT MOHITHE MEHTAJU3AINS - CIOCOOHOCTH PACIO3HABATL CBOU W
qyKUe MCUXUIECKUE COCTOSIHUS, B ITOM ILJIAHE AYTHUCTLI «CJIEIbI», OHU HE CIIOCOOHBI PaCIIO3HATH
9IMOIUHU OKPY?KAOIIUX, Y HUX ¢J1ab0 pa3BuTa SMIATHs. AYTHUCTBI «OTOPBAHBI» OT BHEIHEI'O MUpA,
OHM U30JIUPYIOTCA OT OKPY2KAIOIIEro MHUDA.

Panbmrie aytusm npuHuMaad 3a YMCTBEHHYIO OTCTAJOCTb, BBUJY CUMIITOMOB CBSI3aHHBIX C
3aJIep2KKOM pasBUTHUsI pedu, caaboil crmocobHoCTH K o0ydeHuto u T.A. llpu umcciieqoBaHun ypoBHS
MHTEJUIEKTYaJIbHOTO Pa3BUTHS IPU ayTU3MeE IT0Ka3aJso, 4TO U3 BBIOOpKM 156 mereil B Bo3pacre oT
10-14 sier 55 % umesnn vapymenust ymcreensoro passutus (1Q < 70), y 17% - 6bu1 HuxKe cpejHero
(IQ 70-84), 25% wmesu cpeauuit yposenb unreiekra (1Q 85-114), u y 3% ypoBeHb mHTEILIEKTA
Boimte cpeanero (1Q > 115) [11].
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[Ipusneyennem BHUMaHUS K HpobJieMe ayTuU3Ma HAYaJU PojuTesn fereil ¢ ayrusmom. VmeHnHO
OHM IHCAJU KHUTHM, COOMPAJU CTATBU C HCCJIECIOBAHUSMHU ayTU3Ma CO BCErO MUPA, I[IEPEBOIUIN
UX JJIS TOUCKa JIEUYEHUsl, CO3/aBaJii IEPBbIE€ JHEBHBIE IIKOJBI JJis ayTUYIHbIX jgereii. Hadgaman
CO3/1aBATh TECTHI JIJIsi JIMATHOCTUKHU, METOIUKHU peabuyiranuu u T.J. VIMEHHO pojauTesinn CO3MaIn
[I€PBbIE ACCOIMAIUH JIJIsI [TOMOIIHU JEeTSIM C ayTu3MOM. bepHapj Pumiienji, y KOToporo 6bLI ChIH,
C IWArHO30M ayTHW3M, Halmcajl KHUTY «PaHHUN meTckuii ayTm3Mm», B KOTOPOIl ONHUM W3 TEPBBIX
HA3bIBAJI IPUYUHAMU PACCTPONCTBA OMOXUMUYECKUE U NeHETUYEeCKUE HAPYIIIEHUS B TOJIOBHOM MO3Te.
[Tozzke oH co3/1a1 AMEPUKAHCKYIO aCCONUAIIUIO 110 ayTu3My [12].

[Mpubmmsurensao 90% ciaydaes ayTmsma KiaaccnpuIUpyOT Kak wmaumonarmdeckuii, a 10%
BBI3BIBAIOTCSL U3BECTHBIMU TeHHbIME MyTaiusvu [13]. Tenerndeckue dbakTopbl passBuTus ayTu3Ma
IIUPOKO M3Yy4YEHbl Ha OpraHn3Max 4YeJOBeKa M SKCIIEPUMEHTAJbHBIX JKHBOTHBIX, OTYACTH JIJIs
JIYUIIEro IOHUMAHUS UJUOIIATUIEeCKOro ayTu3Ma. [IpumepaMu MOTYT CIy2KUTh TyOepO3HbIH CKJIEPO3,
cunjipom Mapruna-Besuta, cuagpom Perra (Bxommn B uucio PAC B DSM-IV, ognako B DSM-
V 6bu1 uckmoven u3 cuucka PAC, xorst npu cunapome Perra nposiisiercss npushnaku PAC).
Tybepozubiit ckyiepo3 u cungapom Maprtuna-Beia aBASIOTCA AByMsT CAMBIME PACIIPOCTPAHEHHBIMU
3a00/IeBAaHUSIME, COITPOBOXKIAIOININE Ay TU3M.

CozanHble acconualii MPUBJIEKAIOT BHUMAHUS K JIAHHONW [pobjieMe, B pa3BUTBIX CTpPaHaAX
WCCJICIOBAHUIO AyTU3Ma yJAe/JsdeTcs OOJIbIIIOe BHUMAHUE. Hanpumep, I[lenTp 1m0 KOHTPOJIO
sabosiesaemoctu u npodunakruke CIIA (CDC) ony6sukoan oruer B 2014 rToiy, coriacHO
koTopoMy y 1 pebenka n3 68 ectb PAC. B 2013 romxy sro unciio cocrapisiio 1 n3 88. [lanHble
ocHoBaHbl Ha mposejeHHoit CDC oneHKe MeIUIIMHCKAX U 00pa30BaTebHBIX KAPT BOCBMUJIETHUX
nereit w3 11 amepukanckux mraroB. Cjydanm ayTusma B 9TUX IITATAX BAPHUPOBAJIUCH OT HU3KOTO
ypoBHss — 1 Ha 175 gereii B Ajrabame, ;10 BeicOKOTO — 1 Ha 45 nereit B Hbro-/Ixxepcu. Cortacao
oruery CDC, aytuszm Ob11 quarnoctupoBan y 1 u3 42 MajapaukoB, 910 B 4,5 pa3 0oJibllle, 9eM cpeu
neBouek (oxna geouka u3 189) [14]|. Takoit BeIcOKHUiT ypOBEHB CKOpEe CBsI3aH HE C PACIPOCTPAHEHUEM
9TOi 0OJIE3HU, a C COBEPIIEHCTBOBAHUEM JIUATHOCTHKHU JAHHOIO paccrpoiictBa. Takxke B CIIA
XOpoIIo paspaboTaHa peaOUJINTAIMOHHAS U KOPPEKIMOHHAs IIporpamMma i paboThl € JETbMU
ayTUCTAMU.

B Benukobpurannm, ncciemoBanus npopogmin ¢ 2004 mo 2010 rompl, Korjga u3ydaum JIeTeil B
Bozpacte oT 2 j0 8 jier. [0/0BBIE MOKa3aTe/n PACIPOCTPAHEHHOCTH B TEUEHUE KarXKJOr0 I0Jia
6butn ycroitunseiMu ipumepHo y 3,8 Ha 1000 masbunkoB u 0,8 Ha 1000 mesouek [15|. Tak, cpenn
MaJIBIUKOB, ayTU3M JUATHOCTUPYETCS MPUOIU3UTEIBHO B 4 pa3a Jalle, 9YeM CPeJu JIeBOYeK.

B Kurae nccaemoBano 154 473 vyenosek n3 l'onkonra, TaiiBans n marepukoBoro Kunrasi, cpemHsis
pacnpocTpaHeHHOCTb cocTaBiasgeT 12,8 Ha 10 000. B mccnemoBannm, rie MCKIIIOUNIN MaTEPUKOBBIN
Kurait, cpenusisi pacupocrpanennocts cocrasusia 24,4 wa 10 000 gesoBek u3 45 694 venosek . B
MaTepukoBoM Knrae pacnpocrpaneHHOCTS ayTusMa - 57,4 #Ha 10000 gestoek. OgHAKO, B IyOJIMKAIIT
Joseph F. ormewaercs, 4To mosiydeHHble JaHHbIE, MOIYT ObITH CMEIIEHHBIMUA 110 OTHOIIEHHWIO K
MarepukoBoMy Kuraio, Tak B Ipyrux myOIuKaIusax roBOPUTCs 0 60Jiee BHICOKUX TOKA3aTEAX JIOJIEi
c PAC [16].

Ha ceropnammuuit nenr B PK Takke oTmeuaercsi 3HAYUTENbHBIH POCT KOJIMYECTBA JIETEH C
ayrusmoM. CoracHo JaHHBIM KoMuTeTa craTuctukn Muuncrepersa 3apasooxpanennst PK (M3
PK) ¢ 2011 o 2016 rojpl, 6610 3aperucrpupoBano 2787 ciaydaes jgerckoro aytusma (Tabsauna 1),
U3 HUX JUArHO3 <ayTH3M» BIIEpBble ycTaHoBjaeH y 893 mereii, uro cocrasuio 32,04% or obmero
quciia JeTel, TO eCThb KaXKJIbIil TpeTuit OOJIbHOM ayTu3MoM ObLT BbisBjeH Biepsble. Fciam B 2011
romy w3 78 gmereii OOJBLHBIX ayTHU3MOM, BIIEPBbIE JIMArHO3 ayTU3M ObLI IOCTaBjeH y H6 mereit,
gro cocrasiger 71,79%. B mocmenyromue rogpr (2012-2016) ormedeHo HOBBIIEHUE abCOIIOTHBIX
rokazaTrejielt 60JIbHBIX ayTu3dMoM 10 640.

Tabsmra 1 KosmaectBo nereit ¢ aytusamom B PK 3a 2011-2016 rr
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Tona KonuuecTso 3abosesmux nereit
Beero (abc.) | U3 Hux, Buepsble 3aboJieBiime
Abe. M + m (%)
2011 78 o6 71,79 % + 5.09
2012 248 102 41,13 % + 3,12
2013 455 119 26,15 % + 2,06
2014 688 148 21,51 % £ 1,6
2015 678 204 30,09 % £ 1,8
2016 640 264 41,15 % £ 1,9
Beero 2787 893 32,04 % + 0,8

CaMpblil BBICOKHIi TIPOIEHT BBISABISEMOCTH OOMBHBIX ayTu3MoM - 71,79% 6but B 2011 romy, B 2012
roay — 41,15% ¢ panbueiimum nonmxkennem 10 26,15% B 2013 rogay. TakzKke 0TIeIBHO IPOBOIUIAC
OTYeTHOCTH TI0 TopojaM Acrana m Anmarsr ¢ 2015 roma, jganHble ykasanbl B JImarpamme 2. B
Acrane 3aperucTpupoBaHo jereii ¢ ayrusmom 6odibiie, uem B Asnmarst, 109 u 72 coorsercreento [17].

Huarpamma 2 KosmmuaecrBo jgereit ¢ ayrusmom B ropogax Acrana u Anmarer (2015-2016rr)
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Pacnpocrpanennocts meteit ¢ aytuzmoM B 2011 romy cocraBmia 0.4:10 000 mereit B Bo3pacte ot 0
10 14 jper. B 2014 roxy sror nmokasarens yseamumica 10 3:10 000. Ananus 9TUX JaHHBIX, TOKa3aJl,
9TO KOJIMYECTBO DOJIBHBIX ayTU3MOM BO3pOC/IO npubimsnutesibao B 10 pas 3a mocjegHue mecTb JieT.
DTOT 3HAYATETLHBII POCT ToKazaTeeil, MOYKHO, OObSICHUTD YIydIIeHHEM METOJ0B JTUATHOCTUKA U
[PABUJILHBIM ITOHUMAHUEM TAKOI'O TSXKEJIOro 3ab0JIeBAHNA KaK ayTU3M.

HecmoTpst ma TO, d9TO yiIydIimiach JUATHOCTHUKA ayTU3Ma, CYNIECTBYeT HpobieMa HU3KOi
nuOPMUPOBAHHOCTH HaCeJIeHUsl O JIAHHOM 3aboJieBaHuu.  PojuTesn He OCBEJIOMJIEHDBI, HYTO
Takoe ayTu3M, KaKhe Yy Hero IIPOSIBIEHUs, OOdATCH IPHUBOJIUTH CBOUX JieTell Ha JMATHOCTHUKY,
n30eraioT MOCTAHOBKHU HHBajuAHOCTH. Heobxomumo BMeNaTesbCTBO T'OCYJAPCTBEHHBIX OPraHOB
[IpA OKA3aHUKM MEJUIMHCKON M COIUAJILHON IIOMOINU JIETAM C ayTHU3MOM, IIOCPEJICTBOM CO3/IaHUE
peadUIINTAIIMOHHBIX IPOI'PAMM, CIIENNATU3UPOBAHHBIX IITKOJI, [IOJI'OTOBKH CIIEIINAJIICTOB, BHEIPEHUST
CHEIUAaJIbHBIX KJIACCOB B 00Ie00pa3oBaTeIbHbIE YUPEKICHUS JIJIsi UX COIUAJIN3AIMKE B ODIIECTBE.
B PK neficTByIoT HECKOJIBLKO COODIIECTB, OPraHU30BAHHDLIX POJIUTEISIMU IJIsi IIOMOIIU JIETIM C
ayrusmoM, Takue Kak <«Acbur Mupacy [18], «Ayrusm ITobemum!» [19], koropbie neiicTByoT B
HECKOJIbKUX Topojiax PK. DTu 1eHTpbl OpraHum3oBaHbI 3a cdeT OJIATOTBOPUTENBHBIX (DOHIOB U
HOYKEPTBOBAHUI.

Oo6cyxaeune.Pazsurue PAC mMoxkeT ObITH OOYCJIOBJIEHO HETUIMYHBIM CTPOEHUEM HEWPOHHBIX
CBsi3efl B MO3Te, T€HeTUYECKNMHU HAPYIIEHUSME, BJIUSHHEM (DAKTOPOB OKPYXKAIOIMIEH CpeJbl, HO
BO3MOXKHO JIJIsi BOSHUKHOBEHUSI ayTH3Ma HEOOXOUMBI U JIPYTHE YCJIOBHUs, KOTOPBIE HE OIPE/IEIEHbI
yueHbIMHU 70 cux mop. Ho pa3BuTue cOBpeMEHHBIX METOJIOB JMATHOCTUKH YJIYyUIIAeT IMOHUMAHUE
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storo paccrpoiicrBa. [locie 70X rogoB MPOIIIOTO CTOJIETUS YIEHBIE OTONLIN OT IICUXOIMHAMUIECKON
TEOpUH 1 OOPATHINCH K HEHPOOMOJIOIUN U TeHETHUKE JJIsl JUATHOCTUKU ayTUCTUIECKUX HapyIIeHUi.
Ha coBpemenHOM 3Tare MpoBOJIATCS HayIHbIE UCCIIEIOBAHNUS 110 BbISIBJIEHUIO TPUYNH BOSHUKHOBEHU S
PAC, koropble 1eMOHCTPUPYIOT, YTO ayTU3M - IOJUITHOJOIIIECKOe 3a00/IeBaHIE.

B PK mnabmromaercs yBelndeHHe KOJIUYIECTBA OMUIMAJIBHO 3apPerdCTPUPOBAHHBIX JeTeil ¢
ayTu3MoM. HeoOxommMo BcecTOpOHHee NpHUBJICYCHNE BHUMAHHUS K 9TOH mpobJieMe st TTOMOIIH
JeTIM WX CONMaJibHOM asmanTarnuun. Pemenne mpobsiembl aytnsma B PK Brimouaer mposemenue
HAYYHBIX HUCCJCIOBAHNNI, NOATOTOBKY CIICIIUAJIN3NPOBAHHBIX KaJIpPOB, COBEPIICHCTBOBAHUE METOIOB
paHHeill AWArHOCTHKHW, & TaKyKe Pa3BUTHE MEIWIINHCKONW M COIMAIbLHON peabuiaurannm mereil c
AyTUCTUYECKUMA HAPYITCHUSMU.
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Bananabik ayTusm npobJiieMacst

Anvoranms: Maxkamaga onemae koHe KazsakcraHza ayTH3MHIH JKIKTeJyl, STHOJIOIHSCHI, IIATOreHE3l >KOHE TapaJIybl
TypaJsbl 911ebu nepekrep ycbiHbUIFaH. COHFBI KbLIIApbl OaJianapAbll, MOPGOMYHKIMOHAJIABI KOHE IICUXO(DU3NOJIOTUIIBIK,
2KarIailbIHbIH Oy3bLIybIHA 6ailJIaHbICThI, HasIalapablH JeHCAYIbIFBIHBIH KYP/IeJIeHe TYCYl KobiHeCe KOOI HSIIBIK KOHE DJIEYMETTIK
pobsieMaIapAblH, ApTYBIMEH GaNIaHbICTBI. OJeMae ayTu3M cruekrpi 6ysbuibictapsl (ACB) aypybibiH apTybl Galikaaampl.

AytusMm - Oy GajasblK IIAKTaFbl [ICHXUATPUSUIBIK, Oy3bUIbICTapAbly, eH »kui Typi. 2KakpiHma ayTusMm mpobsieMachbiHa
Ha3ap ayJapblJbl, OUTKEHI OyJI Moceje TypaJibl aKIapaT XaJIbIKThIH, apacblH/Ia KEH TapaJlFaH, OMTKEHI ayTU3MMEH aybIPpaThbIH
GaJtasap/IblH aTa-aHaJIapbl capalllblIapra »KYTiH/l, OCBIHBIH apKachlHAa Kasipri tagga Kazakcrania ayTusm aypybIH 3epTTeyre
MYMKIHIIK TYyIbI.
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MakaJsiaga ayTU3MHIH 2KiKTeslyl, OHBIH Heri3ri cuMmiroMasiapbl, ayTu3Mi Oap GaJiajiap caHbIHBIH apTybl Kepceriiaren 2011
JKbUIIAaH Oepl aypy KOPCETKINIiHIH caHpl KeJITipijireH.
TyitiH ce3mep: ayTusM, ayTU3M CIEKTDPi Oy3bUIyJIaphl, XKIKTe/yl, KOpIllaran oprara acepi, naiimga 6oy »Kuisiri.

T.D. Ukbaeva, D.A. Djusembekova
L.N.Gumilyov Eurasian National University, Astana, Kazakhstan

The problem of childhood autism

Abstract: The article presents literature data on the classification, etiology, pathogenesis and prevalence of autism in the
world and in Kazakhstan. In recent years, the problem of the health of the child population has sharply increased, due to the
violation of the morphofunctional and psychophysiological state of children, often this fact is associated with the increase in
environmental and social unhappiness. An increase in the disease of autism spectrum disorders (ASD) is observed worldwide.
Autism is one of the most common childhood psychiatric disorders. Recently, the problem of autism has attracted attention,
since information about this problem spread among the general population, and parents whose children have autism have turned
to specialists, which makes it possible to study this problem in Kazakhstan. The article shows the classification of autism, the
main symptoms characteristic of it, gives the indicators of the incidence rate from 2011, there is an increase in the number of
children with autism.

Keywords: autism, autism spectrum disorders, classification, environmental impact, frequency of occurrence.
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Buosornyeckasi poyib CAaTUJIJIETHOTO BUPyCa B Pa3BUTHUU IIaTOreHe3a

Annorammsi: CoBpeMeHHasi HayKa HACIUTHLIBAET OTPOMHOE KOJIMYIECTBO BHUPYCOB. Bupyc —
9TO HEDOJIBIITOro pa3dMepa HHQEKITMOHHBIN aAreHT, KOTOPBI PA3MHOXKAETCS BHYTPU KUBBIX KJIETOK
JIpYTuX OpraHu3MoB. Bupychkl MOIYT 3aparkaTh BCe THUIBI (pOPM KU3HH, OT XKUBOTHBIX U PACTEHUI
JTI0 MUKpOOprann3mMoB. OHU BCTPEIAIOTCS MOUTH B KaXKIOH 9KOCHCTEMe Ha 3eMIe.

Bupycel-carmiiersr (anri.  Satellite viruses) — cyOBUpYCHBIE areHTHI, HECHOCOOHBIE CTPOHTH
KAICHJIBl CAMOCTOSITEJILHO, TaK KAaK UX N€HOMBI He COJIEPXKAT BCE HEOOXOIUMBIE I 9TOTO TEHBI.
st pa3MHOXKEHUsI BUPYCY-CATUIIIETY HEOOXOUMO 3apakKeHne KJIETKU-XO3SIMHA, JIPYTUM BUPYCOM,
[OCJIE Yero BUPYC-CaTHILIET, UCIOJIb3Yysl OeKN ((hePMEHTBI WJIU CTPYKTYPHbIE GEJIKH ), TPOU3BOUMbBIE
JIDYTHM BUPYCOM, 3aCTaBJIAET KIETKY-XO3sIMHA CO3/IaBATH CBOM HOBBIE BUPHUOHDI.

HexkoTopbie BUPYCHI-CATUJIJIETHI B MPOIECCE PA3MHOXKEHUSI YACTUIHO IOJIABJISIOT ITPOU3BOICTBO
BUPHUOHOB JIPYT'OT'0 BUPYCA, SBJSSCH 110 CYTU CBepXIapa3uTaMy, 3a 9TO ObLIN Ha3BaHbI BUpOodQaraMmu
(o anastorun ¢ 6akTeprodaramn).

B nmanHO# cTaThe npecTaBIeHbl PE3YIBTATHI, IPOBEJIEHHOTO UCCJIEIOBAHUN BIUSHUS KAIICUIHOTO
Gesika caTwiIeTHOrO Bupyca Mo3amku mpoca (Satellite panicum mosaic virus, SPMV) na ero
CHCTEMHOE PACIPOCTPAHEHHE M B3aUMOJIEHCTBUSI ¢ BCIIOMOraTeIbHBIM BHPYCOM MO3aUKH poca (pan-
icum mosaic virus, PMV). Pabora Bkirodaer B cebsi onmcanne B3aHMOOTHONIEHHH CATHILICTHBIX
BUPYCOB C XEJIIEPHBIMU BUPYCAME, CIIOCODBI PEILIMKAIIMYM CATHJLIETHBIX BUPYCOB, UX CBOWCTBA,
OMOXUMMS CTPOEHUsT W MOJIEKYJIsipHasi OmoJsiorust (PyHKINH KaIlCHIHOrO OejiKa B WHQMUIMPOBAHUN
pacrenust. B gactnocTu, 31ech paccmarpuBasicss 3OdeKT HHOUIUPOBAHUSA PACTEHUN JTUKIM TUIIOM
U MYTAHTOM, C M3MEHEHHBIM KAICUJIHBIM OejkoM caTuiuierHoro Bupyca SPMV. Ilens paborbr
3akjao9aaach B n3ydennu owmocnaTe3a CP Bupyca SPMV, Ttpancasmuio ero rena n 3ddekra oT

CP u 5-UTR B 3apaxenus SPMV.

KuaroueBsbie ciioBa: caTu/IeTHBII BUPYC, BCIIOMOTATEIbHBII BUPYC, KAIICHIHbII OEJI0K, BUPUOHHI,
9KcIIpeccust 6€JIKOB, MUKWl TUII BUPYyCa.

Carmmnerneiit Bupyc (satellite panicum mosaic virus [SPMV]) 3aBucut ot ero BcroMorareasHoro
Bupyca (panicum mosaic virus [PMV|) aias pemsmkanum u pacnpocTpaHeHHs B DPACTEHUSX-
xozsieBax. PHK SPMV komupyer kancuzmbiii 6eiok (coat protein [CP]) - 17 x/la, koropbrit
HEOOX0/IUM it 00pa30BaHus ero 16-HM BUPHOHOB. Pe3ysibTaThbl 3TOr0 MCCIEIOBAHUS TOKA3BIBAIOT,
9TO B JIONOJIHEHHE K 9Kcrnpeccun mojHopasmepHoro SPMV CP uz 5 craprosoro komona AUG,
PHK SPMV rakxke skcupeccupyer C-konmesoit 6Gesok (9,4 x/la) u3 Tperbero craproBoro
KoZoHa. Habmomgannch pasandus B PaCTBOPUMOCTH MEXKJYy MOJTHOpa3MepHbIM 1 C-KOHIEBBIM
beskamu. CyOkJierouHOe (PPaKIMOHHPOBaHNE HHQPUIIMPOBAHHBIX PACTUTEIBHBIX TKAHEH MTOKa3aJIo,
aro SPMV CP makammpaercss B IUT030j€, MEMOPAHHBIX (PPaKIUIX U (PpaKIUsIX, 000TaIeHHbIX
KJIeTouHOi creHkoit. OjHako 6emok 9,4 k/la KoppaKIMOHUPOBAH HUCKJIIOUUTENBHO C KJIETOIHBIMEI
u MeMOpaHHBIMU (paknuaMu. boJjiee paHHUE HUCCIEIOBAHUSA MMOKA3aJU, ITO 5’-HETPAHCIUPYEeMast
obaacte (5’-UTR) u3 mykseorn 108 ¢ 63 110 104 acconuupyercsi ¢ cucreMHoi nHMeKIHeli B pacTeHnsIx
mpoca. ITO HUCC/eOBaHUE IMOKA3bIBAET, YTO HYKJEOTHHBbIe jejerun u wmHcepnmu B 5-UTR
IJTIOC OJTHOBpeMeHHoe cokparienne N-konieBoil yacru CP samenisier pacrnpocrpanenne SPMV B
morape (foxtail millet), Ho He B 0ObIKHOBeHHOM 1poco. Hamporus, sKcIpeccusi HOJIHOPa3MEPHOIO
SPMV CP »sddekrusHo kKomieHcuposaso HeraruBHblil 3dderr 5-UTR  nenenum B morape.
I/IMMyHOHpeI_[I/HII/ITaL[I/IOHHbIe aHaJIN3bI BbIABUJIN HaJIN4YUE CHeIlI/I(bI/I‘IeCKOFO BBaI/Il\JO‘Z[eIU/ICTBI/IH MeKIy
karncuaabiM - 6esikom (CP) SPMV  u  ero BcmomorarenbhbiM  Bupycom (PMV). Pesynbrarst
nokaseiBatoT, uTo SPMV CP umeer HECKOIBKO OHOIOIHYECKHX (DYHKIUH, BKJIIOUAS TPOJBUXKEHUE
CaTUJIJIETHON BUDYCHON MH(MEKIMU U JIBUYKEHHE B pacTeHusx mpoca [1].
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CaruiiieTHble BUPYChl M HYKJIEHHOBbIe Kucjorbl caruieroB (carmwuierabie PHK u JIHK)
[PEJICTABJISIOT CODOM IPYIILY CyOBUPYCHBIX MOJIEKYJI HYKJICHHOBON KUCJIOTHI, KOTOPhIE HYKJIAIOTCS B
BCIIOMOTaTEJIbHOM BHUDPYCe JIJIst perInKaIyu u Aprkenus [2,3]. CarusuieTHbie BUPYChI OTJIHYAIOTC OT
catmiuteTHbix PHK u carnmerabix JIHK B ux ciocobHOCTH HAIIPSIMYTO TPAHCINPOBATH COOCTBEHHDIN
karcuaneiii 6es10k [CP|, crpykTypHBIil KOMIOHEHT, HeoOxo UMbt /115t ymakoBkun PHK 4epes c6opky
pupuona [1]. CarumserHble BHPYChl He MMEIOT CYIECTBEHHOIO CXOJICTBA IOCJIEI0BATEILHOCTEH €
UX BCHOMOIaTeJbHBbIM BUpycoM. OnHako crenududeckoe pacro3naBanune OejIKaMu, KOJUPYEeMbIMI
BCIIOMOTATEIbHBIM BUPYCOM, TAKAMH KaK PEIJINKa3a 1 OeJKU JIBU2KEHUs, JUKTYyeT BOBJIEUYEHUE
seiicrByiomnux semenToB B PHK carussernoro Bupyca; Bropudible CTPYKTYPbl B KOHEYHOM HTOTE
OTBETCTBEHHBI 33 Takue B3anMojielicrBus. Ha ceronusamninuit 1eHb 4eThipe CATU/IETHBIX BUPYCa ObLIN
OXapaKTEePU30BaAHbl B PACTEHHAX B CHEIU(PUIECKUX OTHOIIEHUHAX CO BCIOMOTIATEJHHBIM BUPYCOM
[2,3,4]. CarumierHslii BUpyC B GeCIIO3BOHOYHOM XO3sIMHE HEJABHO OBbLI OTMeYeH B KOMH(bEKIUH C
supycom «Macrobrachium rosenbergii» [5].

Carmuternpiit Bupyc (satellite panicum mosaic virus [SPMV]) nonmocthio 3aBucuT or ero
BCIIOMOTaTeJIbHOTO BUpyca (panicum mosaic virus [PMV], pox Panicovirus, cemeiicrsa Tombusviri-
dae) jyist perMKanum, a TakxkKe JIOKAJIHLHOIO M CHCTEMHOIO paclpoCTpaHeHusi B pacreHusx [6,7,8].
Her cymecrBennoro cxoncrsa nociaegosaresnsuocreil Mexxgy SPMV u PMV [8]. Bupuonsr PMV
3aKJIIOYAIOT B cebe CMBICIIOBYIO, ojHoIenodednyo reHomuyo PHK [9,10]. 4,326-uykieorunast (nt)
resomHasi PHK kopupyer mecrb OTKpPBITBIX paMOK cuuTbiBaHus |7,8] u siBiisiercst mMarpureil Jyist
sKcipeccnn 6esikoB pd8 u pll2; koropele HeoOXoMMBbL Jist perunkarun PMV u SPMV [11]. CP-
26 k/la u Tpu Genka (p6.6, p8 u plb) TpaHCcAMpyOTCH U3 HOJMIUCTPOHHON cybrenomuoii PHK.
Otu Gejku ObLIM (DYHKIIMOHAJIBLHO BOBJIEUEHBI B JIOKAJBHYIO U CHCTEMHYIO TpaHcjaokanuio PMV
[7]. Cwmemannbie undeknuun PMV u SPMV sgBisitorcsi CMHEPreTHYECKUMHU, BbI3bIBasl CEPbE3HbIE
CUMITOMBI Ha PACTEHUsIX Ipoca, BKdas 3acroil [6]. 17-x/la CP skcnpeccupyercs uz 824-ur
cMbicoBoit, omHonenodednoiit PHK SPMV [9,10|. CP ucnonbsyercs st ¢60pku chepudeckux
YaCTUI| caTUJLUIeTHOro Bupyca pasmepom 16 mm [10,12]. Kaxk u oxumanocs, SPMV CP umeer
BBICOKOE cpojicTBO K cBsisbiBanuio PHK SPMV [13]. B gonosnenne k nnkancugamuun PHK CPMV
CP yuacrByer B 060OCTpPEHMM CHMIITOMOB B pacreHusiX mpoca [6,14,15]. Kamncugubrii 6e0k Takxke
BBI3bIBaeT cuMITOMbI Ha pacrernn Nicotiana benthamiana [16], ocoberHOCTD, KOTOpast MOKET ObITH
cBsizaHa ¢ HeTpajuiuonHoil posibio SPMV CP B peryssiuum cynpeccopa Te€HHOrO cCailjIeHCHHTaA
[16]. SPMV CP He siBiisieTcsi CyIIeCTBEHHBIM JJisi PEIIMKAIIMA U cucTeMHOro mepemeniennss PHK
CaTHJIJIETHOrO BUPyca B pacTenusx npoca [17|. Onxnako orcyrcrsue CP-skempeccnn cTuMymmpoBasio
nakomieane SPMV-nedbekrunix unrepdepupyioniux PHK, 4yro ykasbiBaeT Ha JIONOJIHATETHHYIO
posb CP B nmogyepzkanun riestoctaoctu PHK SPMV [15]. Heckonbko nuc-aktuBHbIX 31emenToB PHK
SPMV neobxoaumbr st permkaimn SPMV u rpanciasnuu kancuanoro 6eska [17]. B wactHocTH,
ar 63-104 ma b5’-merpanciaupyemoii obmactu (UTR) Obumm cBs3aHBI € XO3AMHO-CHEIUMDIIHBIM
pacupocrparerreM SPMV. OpHako yoajleHne 3TOro CermMeHTa yHHYTOXMIIO 3Kcmpeccuio CP
mukoro tuna [17]. Ilenbio sToro wuccriegoBanus 6bLI0 u3yunTh TpaHcasnuio reda SPMV CP u
upoanasmsupoarh Bkiaag CP u 5’-UTR B undexknun SPMV [1].

Ounpenenuiun, dro 5’-UTR nenenun umenn cuenududnble s oprainsMa 3(p@deKThbl IBUKEHUSI,
HO 3TH 3P HEKTHI MOIJIN OBITh HENTPAJIM30BaHbI HaJMIHeM mojiHopasmepHoro SPMV CP ¢ 17 k/la.
Pesynabrarer Takke mokasasu, uro PHK SPMV moxker nanpasisite Tpancasnuioo Oenka 9,4 xlla.
Cyb6kyeTouHoe (ODpaKIMOHUPOBAHNE 3aparKeHHBIX PACTUTEJBHBIX TKaHel mokasajo, aro 17 klla CP
HaKaIJIMBaeTcs: B uro3oJie. A 6esok 9,4 x/la Ob11 0OHAPYKEH TOJIBKO B KJIETOUHBIX U MEMOPAHHBIX
dpakiusx.  beuto mokazano, yro CP takxke ob6/ajaer CIOCOOHOCTBIO K CIEMUMDPUIECKOMY
B3aUMOJEHCTBUIO C KAIlCHUIHBIM OEJIKOM BCIIOMOTATENbHOrO Bupyca. KoJIeKTUBHBIE pe3yabTaThl
[MOKA3BIBAIOT, YTO yHHUKaJbHbIE cBoiicTBa SPMV CP mnopbmmmamT KU3HECITOCOOHOCTD CATHJIJIETHOTO
BUPYCa, BKJIIOYasl €0 PacIPOCTPaHeHne U HakoluteHue |1].

Hagano Ttpancisaium B 3yKapuoT PEryJIUpPYyeTCs HECKOJbKUME (QakKTopamMu, BKJ/IOYas JJIUHY
MPHK, 5-UTR, crpykTypy CBsSI3M U HYKJEOTHUIHBIM OKpyKeHumeM crapr-kojgona AUG
[18,19,20,21,22]. B nesom, Tpanciasinus sykapuorndeckoit MPHK wuzger no mnpasusy cBsi3blBaHust
¢ nepBbiM AUG-KOIOHOM, KOTOPBIN IJIACUT, 9TO B OOJIBIIHHCTBE CJydaeB OJjmkaimmii K 5-
konity kKojoH AUG u siBiisiercst yHUKaabHbIM caiitom nauimanuu rpascssiun. (MARILYN KozAK)
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CoryiacHo, CKaHUPYIONIEH MOJENN WHUIMAIME TpaHcadanun y sykapuor, 40s pubocomasbHast
cyObeIMHUIA C ACCOIUUPOBAHHBIMU (hbakTOpamMu cBsi3biBaercst ¢ m7GpppG kamom Ha 5’-kouie MPHK
U 3aTeM IIPOJBUTAETCS 110 3’ HAIIPABJICHUIO BJOJIb IEIH JI0 TEX 10D, MOKA HEe BCTPETUTCS C IIEPBBIM
AUG-kozmonoM. B sror moment, dakrop naunumaryu Tpasciasinun 2 (elF2 ) conpoBoxkiaeT KoMILIEKC
TPHK-Met k xomony AUG , cest3biBaer ¢ 60s pubocoManbHOl CyObeIUHUIEH M HAYNHACTCS CHHTES
nosmnentuanoit nenw. (S. P. Dinesh-Kumar and W. Allen Miller)

Opmmako, OMUCAHBI CIyYad, OTIMIAIONMEcT OT JaHHo# mozenn, Korma komon AUG maxommrcs
B CyOONTHMAIBLHOM KOHTEKCTE (OKDY?KEHNH), WHUIHAIST TPAHCJSINUA MOXKET TakK K€ HAIaAThCs
co Broporo kojgona AUG, Tem cambiM cuHTesupyercs jsa Geska [23]. Coobianoch 0 TOM, 9TO
KaK KJeTounble, Tak u Bupycuble MPHK npomynupyior npa oTmesbHO WHUIMUPOBAHHBIX OejIKa
C MOMOIIBI0 KOHTEKCTHO-3aBHCUMOrO MyTu ckaHupoBanus [24]. Pesyubrarsr paborsr (1-Omapos)
HOKa3bIBalOT, 4To reH KancujaHoro Geska (CP) supyca SPMV nampasisier Tpancisiuio Gesika ¢
nepsoro (AUG1) u tperbero (AUG3) cTapToBBIX KOJOHOB, KOTOPbIe 00a HAXOJISITCSI B OJJHOM U TO 2Ke
TPAHCJISIIIUOHHON paMKe CYUTBIBaHUs. HyKjeoTwmaHasi MOCae10BaTe/IbHOCTE, okpyxkatomas AUGI
(CUCCUGAUGG), siBiisiercsi cyGONTUMAJIBHOl; ONTUMAJIBHBIM KOHTEKCTOM II0CJIEI0BATEIbHOCTH
qutst uautmanyy rpancisiun spiasercs GCCRCCAUGG, rie R — sTo mypuH.

PesynbraThl sKcIiepuMeHTAIBHBIX PabOT MTOKA3BIBAIOT, UTO 00JacTu Oorarbie G-HYKJIEOTHIAMIE,
pacriojioykeHHble HerocpeacTBeHHO Bbilie u HKe or AUG2, crmocobHBI HANPaBISATE PUOOCOMY
ckaaupoBaTh 10 KojoHa AUG3. Xorsa paborbl npoBomuiauch in planta, Tem He Menee AUGS3-
KOJIUPY€eMbIii 6eJIOK ObLI cjiabo TpaHcgupoBaH in vitro. C-TepMUHAJIBHBIN KOHEI[ KAICHIHOTO OeJIKa
SPMV BbI3bIBaeT TSZKEIYIO CUMIITOMATHKY 3aPaskeHHOro pacTeHus mpoca [15]. B obireit ciioxkHOCTH,
pe3yabTaThl JAHHOTO WCCJIEIOBAHUST IOKA3AJIM, 9YTO OTCyTCTBHE 3Kcrnpeccuun C-TepMUHATIBHOTO
npojaykra maccoit 9.4 k/la, B ciyuae myranrta SPMV/UAA-234, npuBoauio K JIerkoii Mo3anmke
Ha pacrTeHusx npoca 1o cpasheruto ¢ SPMV/U-91 u pukum tunom SPMV, skcnpeccupyrorue
C-KOHeIl, KOTOPBIE BBI3BIBAJINA TSKEIYID CHUMITOMATHKY B PACTEHUSIX.  ITO MOXKET TaK¥Ke
YKa3bIBaTh Ha OTJEIbHYIO posib ycedernnoro CP 6esnka ¢ maccoit 9,4 k/la 8 SPMV-accorunposannoit
MOJIYJISIIMA CUMIITOMOB.  bBoJjiee TOro, 3TO siBJIEHHE MOXKET OBbITh CJIEJICTBUEM OHOXUMUUIECKUX
cBoiicte  C-kownreroit vactu SPMV CP, nockombky 6emok 9.4 k/la, cBg3aH HCKIIOUUTEIHHO
¢ oDoraleHHO! KJIETOYHOI CcTeHKoit u Mmembpanoit dpaknueit PMV-+SPMV-undurupoBanubix
pacreruii. Vckaxkenne MeMOpaHbl KJIETKH-XO3sIMHA MOXKET UIDATh KJIIOUEBYIO POJIb B MEXaHU3ME
CUJIbHON WHJYKIIMU CHMIITOMOB, CBsi3aHHOU ¢ 3apaxkenmeM u PMV u SPMV, 1o cpaBaenuto
¢ obpazoBaHueM JIETKOH MO3amWKH, CBs3aHHOU ¢ uHeknueit Toapko PMV. Bosee monpobubie
MCCJIEIOBAHUsT 10 CYOKJIETOYHON JIOKAJIU3AINK OesiKa HEeOOXOAWMBI, YTOOBI TOYHO OIPEACIUTH
Mexanu3M onocpenoBantoii SPMV CP-mopysiiinn cuMITOMOB Ha pACTEHUSX-X03dMHAX Tpoca [1].

Henmasuue nccienoBanusi yka3blBaIOT Ha TO, 4TO caTusier Bupyca Macrobrachium rosenbergii —
HOJIABUPYC, KOTOPBI IMOPakaeT IIPECHOBO/IHbIE KPEBETKH, TpaHcaupyer jBa beska, CP maccoit 17-
k/la u N-TepmuHasibubiil yeeuennblit 6eok maccoii 16-x/Ja [5], ¢ ero oxHomenoueyHoro, cMbICJI0BOrO
PHK-remoma. Xorst 6umosiorndeckasi 3HAYNMOCTb 3TOIO SIBJIEHHWSI OCTAaeTCsl HesiCHOM, Bumama u
Bonamun (Widada and Bonami) [5] ormerwmin, uro N-KOHIEBOI JOMeH BCeX OEIKOB KAICHUIIHOIO
OeJIKa CATHJIJIETHOIO BUPyCa MMeeT ODIMUIl MOTHB, COJepKalluil ru/ipoduiibHble aMIHOKUCIOTHI 1
[TOJIOYKUTEJIBHO 3apsI?KeHHBII apruHUH. DTO HaOJIIOIeHNe, HAPSIAY C JAHHBIMU, [PEJICTABJIeHHBIMEI B
HacTodllel padbore, upeanonaraer, 4o N-koniesoil jomen CP obierdaer pacTBopuMocThb OesKa, U,
KaK Pe3yJIbTaT, JJOKAJU3YeTCsl B IUTOIIa3Me, Te COONPAIOTCS BUPUOHBI.

B nomnonuenune xk dpyukiuun cOopke BUPUOHOB KAIICHIHBIC OEJIKH MOTYT CHOCOOCTBOBATH IPYTHM
BUPYC-aCCOIUMUPOBAHHM OMOJIOTUIECKUM (PYHKIUSIM, B TOM YHCJE U PEIIMKAIWS, MOJLYJISIIIUSI
CHMIITOMOB, JBUXKeHHEe OT Kierku B kierky (cell to cell movement) u cucremnoe 3apazkeHue
[25,26,27).  Hampumep, kancmusblii Gejqok MozamdHblii Bupyc kKocrpa (Brome mosaic virus)
HEOOXO/IUM JIJIsI CHCTEMHOTO W MEXKKJIETOYHOIO TEPEIBUYKEHUsI, UTO SIBJISETCsT CIENU(PUIHBIM
JyUIsi onpejesieHHoro xossiura [28,29,30|.  Kamcuablii 6e10K POJICTBEHHOIO BHPYCa MO3aUTHON
ngTHICTOCTH KOpoBbero ropoxa (Cowpea chlorotic mottle virus) He cBsI3aH ¢ €ro MeXKKJIETOYHBIM
nepejprzkerneM [31]. Tem e menee, karcu bt 6es10k CCMV Bupyca nmeeT BazKHOe 3HAUEHUE JIJIsT
CHUCTEMHOT'O PACIPOCTPAHEHNUSI, HECMOTPsI Ha OTCyTCTBUE 00pa30BaHust BUPUOHOB. [lasioukoobpasHbie
BUPYCHI, TakKne Kak BUPYC Kaprodess X U BUPYC HEKPOTHUIECKOTO ITOXKEJTEHUS YKUJOK CBEKJIBI
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[32], Takxke Hyxk7ar0TCs B DYHKIIMOHAIBLHOM KAICUIHOM OeJIKe JIJIsi CHCTEMHOIO PAaCIpPOCTPAHEHS
B PACTEHUSIX.

[Ipencrasiennble B 3TO# cTaThe JaHHBIE MOKA3BIBAIOT, YTO KalcuaHblii 6esjok SPMV obserdaer
CUCTEMHOE PACIIPOCTPAHEHUE ITOTO caTuaeTHoro supyca. [lomasienne Tpancisanuu CP B MmyTanTax,
€ U3MEHEHHBIMU PaMKaMW CUYUTLIBAHUS U JIeJIeNInell, 3HAUUTEIbHO YMEHBIIAIO HAKOILJICHUE MOJIEKYI
PHK SPMV B BepxHUX, HEMHOKY/JIUPOBAHHBIX JINCThsIX pacTeHuil. Bosee Toro, Takxke ObLIO yKa3aHo,
qro KamcuAubelii 6emok SPMV B couerannm ¢ mebosbmoin dacteio 5-UTR obierdaer cucremuoe
nakorterne Mosekys PHK Bupyca SPMV. Cybkiaeroumnoe KodpaKImOHIPOBAaHIE KAIICHIHOTO OeTKa
SPMV na memOpanubie dpakiun u (ppakinuu, oDOralieHHble KJIETOTHOW CTEHKON IpenojaraeT
dbyHKIMOHATIBHOE yuacTue GeJIKa B CUCTEMHOM PaCIpPOCTPAHEHNN CATUJLIETHOroO Bupyca [1].

Ocraercst permuThb, TOYeMy B MTPOPOCTKAX MOTapa IKCIpeccus: N-KOHIEBOTO JTOMEHa KATICHUIHOTO
besika Bupyca SPMV kommeHcupoBaJa Jejelud U BCTaBKH HyKJaeoTunos B nmosunuu 5’-UTR, Torma
KaK B IIPOCO Te YK€ MyTallii He HapyIlaJii CHCTeMHOro pacupocrpaneHus SPMV HesaBucumo
oT Hajgumund KamcuaHoro Oenka.  BzammogeiicrBue ¢ Bupycmoii PHK saBnsercs eme omaum
XapaKTEePHBIM OMOXMMHUIECKUM IPU3HAKOM, CBSI3aHHBIM TPAHCIIOPTHBIM OEJIKOM BHPYCOB, KOTOPBIi
Tak »Ke CcooOIMaJics KaK KalCUIHBIA 6ejoK. Bo3MmoxkHO, cucTeMHOe pacipocTpaHerune SPMV
B pacreHusx Morapa TpebOyer B3ammojeiicTBusi mexay 5-UTR u N-repMuHaabHBIM J[IOMEHOM
KarcuHoro oeska. Hamporus, oTcyTCTBIE TAKOTO B3aUMOEHCTBUS B IIPOCO MOXKET OBITH 006ECIIeIeHO
elre HenJIeHTHMUIMPOBAHHBIM XOCTOM, OMOXUMUYIECKUMU U (husnosorndeckumu dpakropamu [1].

AsibrepHaTuBHO (MM JIONOJIHUTENIbHO) — KoMIileHcaTropHblii  addekr CP  wHa  cucremnoe
pacupocrpanenne SPMV B morape moxKer BriodaTh cueruduyeckoe CP-pzammopeiicrue ¢
KaIlCHJIHBIM OesikoM  BeriomoraresibHoro-pupyca (PMV), Torma kak takoe B3amMmojeiicrBue He
SIBJISIETCsT CYIIECTBEHHBIM JIJIsI CUCTEMHOTO II€pEMEIeHsI B PACTeHUsiX. B IMOJTBEpPXKICHUE STOit
TUIIOTE3BI OBLIN TTOJIyYeHbI JAHHBIE O KO-IIPEIUIUTAIINYN KalcuHoro 6esika PMV ¢ ucnosip3oBanuem
aaTuceiBoporku Kk CP SPMV, koropasi Habsofanack, UCKIOUATEIBHO, KOTIA ITOJHOPA3MEPHBIi
karcunubiii 6eok SPMV 6b11 skcipeccupoBan B MHMUIMPOBAHHBIX pacTeHusx. OrcyrcrBue
B3aUMOJIEHCTBUS MeXK/ly yKopodeHHbIM Oesikom SPMV ¢ maccoit B 9.4-k/la u KarcugabiM 6€JIKOM
PMV moxker 00bsicHsiTh 3¢ dekT yMeHbiieHus Komdectsa MosieKyja PHK SPMV B Bepxuux jimcrbsix
npoco u Jimrainuka, nadunupoBanubix Myrantamu SPMV /AUC no cpasuennto ¢ gukum tunom. CP
JIMKOTO Tuiia MoxKeT Takxke 3ammuiiars PHK or gerpamaruu nocpeactBom 3bHeKTHBHON yIIAKOBKI
PHK u obpasoBanust BuUproHOB. B 1e/ioM, MEXaHM3M XOCT-CIIEIU(PUIECKOIO0 CUCTEMHOIO 3aPasKeHUsT
SPMV, BeposTHO, BKJIIOYaeT B ceDsi CJIOXKHOE KpPOCC-CIENuUIECKOe B3aMMOJICHCTBAE MEXKITY
PHK SPMV, dbakTopamn xo3sduHa ¥ TPaHCHOPTHBIMEU Oesikamu xejrepuoro supyca. PHK SPMV
MOXKET HAIPaBJIATh CUHTe3 N-TePMUHAJBHBIX YCEUYEHHBIX OEJIKOB B KadeCTBE JIOMOJHHUTETbHBIX
dakTopoB s ycuiienus aktuBHoCcTH SPMV| BKIIIOUas PENJIMKAIUIO U IIEPEJIBUKEHNE, C TOMOIIHIO
Hanpasserust mosieky1 PHK na kierounyto crenky u MmemOpassl [1].

Takum o0Opa3oM, pe3yJAbTATHI HCCJEJOBAHHUSA ITOKA3BIBAIOT, YTO MHOIOMYHKITMOHATLHBIE
ocobenHocTH KarcugHoro Gejaka SPMV HeoOXOmuMBI s TOMJAEPXKAHUS €r0 YCTOWIMBOCTH IIPH
momoru  Xenamepuoro supyca PMV B pacrenun-xozsimie.  OmpenesieHHBIE aCCOTMAIIMN MEXKITY
KarcuaabIMI Oejikamu PMV 1 SPMV ¢cBHIeTEIBCTBYIOT O TOM, 9TO M€Ky CATHJIIETHBIM BHPYCOM
U BCIIOMOTaTeJIbHBIM BHPYCOM B PACTEHUH IMIPOUCXOJST BasKHBIE MOJIEKYJISIPHBIE B3aWMMOJIEHCTBUSI.
Crnemyer OTMETHTBH, 4YTO paHee JIOKyMEHTUDOBaHHAsl KapTUHA CYOKJIETOUHOHN JIOKAJIU3aIlnn
karncugaoro Oenka PMV mopasuTesbHO TOXOXKa HA PE3yJILTATHI, IPEICTABJICHHBIE B JIAHHOM
rccJie/loBaHun Ha (pakimoHnposanue Karcuaoro 6eska SPMV Ha cybkierounom yposue [7].
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ITaTorenesai JaMpITyia caTUJIETTEPAiH, BUPYChIHBIH, OMOJIOTUSJIBIK, POJIi

AnsoTauus: Kazipri reuibiMIa Kenreren Bupycrap 6ap. Bupyc - 6y 6acka arsajiapAblH Tipi »KacylajapbiHaa KebeideTin
HIaFBIH MOJIIIEPAeri »KYKIaJibl areHT. Bupycrap »kKaHyapJjap MeH oCIMIIKTEePAEeH MUKPOOPTaHU3MIAepre JAeiiHri 6apJiblk, TipIiaik
HBICAH/IAPBIH *KYKTBIpYbl MyMKiH. OJjiap »Kepgeri opbip Jepiiik 3KoxKyitee Ke3aecei.

Carmuter Bupycrap (Satellite viruses) esaepinin kancuarepin Kypyra Kabliercis cy6Bupasbai areHTrep 6oJbI TabbLIaIb,
ONTKEH] OJIapABIH PeHOMIAPHI OCHI YIIIIH 6apJIbIK KaXKeTTi PeHIepl KaMThIMaiabl. Bupycrapas! caruiserke KobeiTy yirin 6acka
BHUPYCIIEH XHPYPIHUAJIBIK KJETKAJAH 3apapChI3JaHablpy KEepeK, COJaH KeiliH 6acka BUpYC mblrapaThiH 6esokrap (depmentrep
HeMeCe KYPBIIBIMJIBIK aKybI3Jap) KOJJAaHATBIH BUPYCTBIK CATHJIIIET XOCTEP/IH »KaHa BUPUOHIAPBIH KypyFa cebern Gosabl.

Ocbl Makajaja CaTUJUIETTI BUPYCTBIH KAIlICUATI aKy3bIHBIH KYHeJiKk TapaJiybl MEH KaTap MO3aWK IIPOC BUPYCHIHBIH
KOMEKIIICIMEH ©3apa 9peKeTTeCyl »Kaljibl 3epTTey HoTHXKeci KesrTipiireHn. Bys »Kymbic eciMaikTi uHeKImsiay Kesinmgeri
KallCUATI aKybI3IbIH KAaJbIITACy OWOXUMUSICHI >KOHE MOJIEKYJISIPJIBIK, Ouosiorusi (YHKIUsIApbl MEH KaTap, CaTHULIeTTi
BUPYCTap/bIH XeJIepJi BHPYCTapMeH apa-KaTbhIHACHI, CATUJIETTI BUPYCTapPbIH DPEIIMKAIASIAHY >KOJIJAPhl KOHE OJIAp/IbIH
epeKIIesiKTepl TypaJjbl CHIIIaTaMaJaH Typaipl. Aran afiTKaH[a, MYHAA, MyTaHTTHI »koHe »Kabaiibl Tunti SPMV carmurerti
BUPYCBHIHBIH, ©3TE€PTIJINeH KAaICUATI aKybI3bl Ke3iHzeri eciMAikTepmaiH uHMEeKIusIaHy ocepi KapacThIpbLiaibl. 2K yMBICTHIH
maxcaTsl SPMV Bupyceinbiy CP 6nocunresi, SPMV Bupycemem CP sxome 5’-UTR pen nndexnusntamy kesimgeri ocepi men
OHBIH I'eHiHEe TPAHCJSIUSACHIH 3epTTey OOJIIbI.

TyiiiH ce3aep: caTUINTHKAIBIK BUPYC, KOMEKII BUPYC, KAIICUATI aKybI3, BAPDHOHIAD, aKybI3AbL O11AIpy, BUPYCTHIH, 2Kabaifbl
TYpi.
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R.T. Omarov

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Biological role of the satellite virus in the development of pathogenesis

Abstract: Modern science has a huge number of viruses. A virus is a small-sized infectious agent that multiplies within the
living cells of other organisms. Viruses can infect all types of life forms, from animals and plants to microorganisms. They are
found in almost every ecosystem on Earth.

Satellite viruses are subviral agents that are unable to build capsids on their own, their genomes do not contain all the
necessary genes for this. To multiply the virus-satellite it is necessary to infect the host cell with another virus, after which
the virus-satellite, using proteins (enzymes or structural proteins) produced by another virus, causes the host cell to create its
new virions. Some virus-satellites in the process of reproduction partially suppress the production of virions of another virus,
being in fact super-parasites, for which they were called virosophagi (by analogy with bacteriophages). This article presents the
results of a study of the effect of the capsid protein of the satellite panicum mosaic virus (SPMV) on its systemic distribution
and interaction with panicum mosaic virus (PMV).

The work includes a description of the relationship between satellite viruses with helper viruses, methods of replication of
satellite viruses, their properties, the biochemistry of the structure, and the molecular biology of capsid protein functions in
plant infection. In particular, the effect of infection of plants with a wild type and a mutant, with a modified capsid protein of
the SPMV, was considered here. The aim of the study was to study the biosynthesis of CP of SPMV, the translation of its gene
and the effect of CP and 5’-UTR in the infection of SPMV.

Keywords: satellite virus, helper virus, capsid protein, virions, protein expression, wild type of virus.
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Role of mesenchymal stem cells in the regulation of immune response

Abstract: Mesenchymal stem cells are used due to their inherent immunoregulatory properties in
the treatment of many immune diseases. Currently, mechanisms of their therapeutic effect are under
active investigation, and for their proper application, an obvious understanding of the interaction of
MSCs with immune cells is necessary.

This review is intended to examine the current progress in the mechanisms of interaction of MSCs
with immune cells and how they correlate with the immune response in both animal models and in
clinical trials.

Keywords: Mesenchymal stem cells, immunomodulation, immunosuppression, preclinical stud-
ies, clinical trials.

MSCs are a heterogeneous fibroblast-like cell population that can be isolated from nearly all hu-
man tissues and organs, such as bone marrow, adipose tissue, synovial membrane, skeletal muscle,
umbilical cord, etc. MSCs are usually characterized by the presence of positive expression of such
markers as CD29, CD44, CDb54, CD73, CD90, CD105, CD166, and Stro-1, and the negative ex-
pression of specific antigens such as CD34, CD45, CD14 or CD11b, CD79 or CD19 and HLA- DR
[4]. For the first time, a clonogenic potential of MSCs was identified by Friedenstein [2], and a first
clinical trial using MSCs was completed in 1995. [3|. Since this decade, clinical applications of
MSCs have been performed by many research groups, and currently, most of them are at the stage
of studying a biocompatibility. A number of studies are characterizing the important advantages of
MSCs, such as regenerative properties, easy cultivation, and high proliferation in in wvitro culture.
MSCs have attracted the attention of scientists and clinicians due to their multilineage differentia-
tion potential, low immunogenicity and active participation in tissue repair and regeneration after
migration to the site of tissue injury [17]. When stimulated by definite signals, MSCs are capable for
differentiating into a number of specialized cell types, such as adipocytes, chondrocytes, osteoblasts,
and, less frequently, endothelial cells and cardiomyocytes [18]. Moreover, recent studies have shown
that MSCs possess strong immunosuppression and immunomodulatory properties that are mediating
both by the cell to a cell contact and production of several signaling factors. Indeed, it has been
shown that MSCs are able to inhibit the activation of DCs, pro-inflammatory M1-like macrophages,
natural killers, T, and B cells, and induce the generation of immune cells with anti-inflammatory
phenotypes [19]. It was found that the immunomodulatory effect of MSCs was realized through the
production of growth factors, cytokines, and mediators of angiogenesis by a paracrine mechanism.
Importantly, MSCs produce a transforming growth factor 8 (TGF- ), a hepatocyte growth factor
(HGF), a prostaglandin E2 (PGE2), a soluble protein form HLA-G5, an indolamine-2,3-dioxygenase
(IDO), an inducible nitric oxide synthase (iNOS), etc. [20]. These remarkable features of MSCs
have attracted considerable interest for the future uses them for the treatment of autoimmune, in-
flammatory diseases and transplantation conditions. This paper focuses on how MSCs interact with
immune cells and how it affected on the regulation of immune responses.

Mechanisms of interactions of MSCs with immune cells.A number of studies have exam-
ined various treatment approaches to the treatment of inflammation in the host organism, and the
main problem was to find an effective way to eliminate the pathogen of inflammation and to reduce
the consequences of the disease in order to prevent its further progression. As a rule, in the begin-
ning, the innate immune system of the organism provides first protection in response to infection
or trauma which caused damage to cells and tissues. In addition, depending on the nature of the
damage, together with the innate immune response, the adaptive immune response is activated in
the following stages.
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In the first stage, after the cells and tissue were infected or damaged, cytokines are released
by activated macrophages and mast cells, in particular, the colony-stimulating factor (CSF). These
cytokines then promote the release of granulocytes and monocytes from the bone marrow. Along with
this, under the influence of other types of cytokines with the function of increasing the expression of
adhesion molecules, immune cells are localized near the endothelium of the site of infection/damage.
At the same time, a structure, permeability and elasticity of vascular tone and integrity of the
endothelial layer changes in response to cytokines, known as chemokines.

In the second stage, immune cells stimulate a phagocytosis (by opsonins) by recognizing specific
receptors or by binding of the proteins of antibody or complement pathway to the site of the infec-
tion/damage. Then, after phagocytosis, infected or damaged cells can be degraded by the actions
of defensins or antimicrobial enzymes of the cellular granules. In addition, high activity of immune
cells in the anti-inflammatory reaction stimulates the formation of an oxidizing environment and
production of reactive oxygen radicals, which are known to destroy normal cells. Thus, a cumu-
lative interaction of the chemical and cellular responses of immune system forms an inflammatory
response. It should be noted that the anti-inflammatory processes of the immune cells at the site of
infection/damage are directly related to the kinin system (responsible for the perception of pain),
with a cascade of coagulation and with a fibrinolytic pathway.

After the impact of the innate immune response which limits the first phase of infection or damage
in cells and tissues, an adaptive immunity of the organism begin to mediate their response functions.
Their importance consists in the specific recognition of the pathogen, and its destruction. At the
same time, T and B lymphocytes memory cells provide a rapid and significant immune response
when the initial antigen or pathogen will be re-exposed. The main feature of adaptive immunity
is the specific recognition of pathogens occurs due to the basic histocompatibility complex of genes
(MHC) on the cell membranes [75].

Reviewing subsequent and more recent literature have considered that MSCs are able to exert
their immunosuppression potential by the cell to a cell contact mechanism, by a condition of a local
microenvironment [69] and by paracrine action on immunocompetent cells [6].

An increasing number of studies have supported that the cell to a cell contact mechanism involved
in the interaction of MSCs with immune cells. According to literature data, there were identified
next mechanisms of the cell to a cell contact of the interaction of MSCs with immune cells: Fas/FasL
ligand-dependent pathway [70], PD-1/PD-L1 [71], notch pathway activation [72], CD73, TLR4 [73].
In the presence of proinflammatory factors, MSCs are able to secrete IDO and PGE2, known as
immunosuppression cytokines. Indeed, MSCs have generated CD4-+/ CD25%8" FoxP3+ /Tregs (T
regulatory cells) when were cultured with human peripheral blood mononuclear cells, which mecha-
nism was partially mediated by the interaction of CC chemokine ligand-1 (CCL1) of MSCs with its
receptors on T cells, namely CC-8 chemokine (CCRS) [44].

In another study, the phagocytic activity of neutrophils was stimulated by MSCs through the pro-
duction of chemotactic cytokines: IL-6, IL-8, GM-CSF, and MIF (macrophage migration inhibitory
factor). Unexpectedly, after infusion MSCs have migrated to the lymphoid organs at organism-
recipient and demonstrated the significant immunomodulatory effect in organs or tissues. Referring
with this data, Momynaliev et al. have suggested a concept that direct interaction of MSCs with im-
mune cells at inductive and effectors sites have resulted to antigen-specific T cells priming, antibody
synthesis by B lymphocytes and cytokine production by T lymphocytes, natural killer cells, and
macrophages. These preclinical studies proved that MSCs can be used as an alternative therapeutic
instrument for preventing the rejection of transplanted donor organs and tissues [48]. Evidence of
this statement was found in studies on the use of MSCs for leukemia and liver [49], and kidney [50]
transplantations at humans, in which there was observed the low incidence of episodes of acute graft
rejection and reduction in the risk of opportunistic infections and faster recovery of organ transplant
functions. It needs to note that some data examined that in limited cases there was an impairment
of kidney function, due to the activation of pro-inflammatory mediators [51-53].

The next component of the immune system, known as natural killer cells, which usually kills both
virus-infected, and tumor cells and play an important role in GVHD (graft and host diseases). Petri
et al. argues that the interaction of MSCs with natural killer cells occurs in two stages: first, MSCs
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are producing type 1 interferon to activate an effector function of NK cells and after a time interval
the TGF-b and IL-6, which attracted to inflammation site, are inhibiting the inflammatory processes
by inducing the polarization of regulatory phenotype NK [67].

According to the literature, activation of Thl cells occurs by CD4+ T cells in the presence of
IL-12, IFN-~, IL-27. It is well known that the efferent functions of Thl cells included the recruit-
ment of proinflammatory macrophages into the inflammatory region and the induction of synthesis
of immunoglobulin (Ig) G2a by B cells. In fact, the autoimmune conditions associated with Thl cells
are type 1 diabetes and Crohn’s disease. Duffy et al. suggested that MSCs directly or indirectly sup-
press disease-related Thl, Th2, and Thl7 cells, as well as cytotoxic T lymphocytes [56]. The author
reported that both in vitro and in vivo studies demonstrated examples of immunosuppression with
MSCs at cutaneous delayed-type hypersensitivity [57], experimental colitis [58] mice, and autoim-
mune Mellitus diabetes in rats, which are associated with deregulation of Thl cells. Moreover, the
mechanisms of this effect were associated with the modulation of antigen-presenting DCs and pro-
motion of naturally occurring or induced FOXP3-Tregs. Tang et al. showed that ICAM-1highMSCs,
after retroviral transfection, have inhibited the maturation of DCs and T cells and differentiation of
Thl cells, together with an increase of the number of Tregs, as was observed in the attempts of the
treatment of GVHD [63].

In some studies, researchers have used MSCs as a tool for priming the cells of immune system.
Indeed, Gazdic et al. found that administration of MSCs-primed Tregs significantly inhibited o« -
galactosylceramide-induced acute hepatic failure at mouse model. This MSCs-mediated effect was
explained by the presence of elevated levels of IDO and kynurenine (intermediate product of enzy-
matic decomposition of tryptophan and biosynthesis of nicotinic acid), which have induced apoptosis
of effector T cells by Fas/FasL ligand-dependent pathway [66] but activated the expression of tran-
scription factor FoxP3, which determine Tregs [65].

In recent literature data, it was revealed that a local microenvironment of inflamed cells and tissues
considerably impacted on the immunosuppression effects of MSCs. A number of preclinical and
clinical studies have recently been carried out taking into account the specific immunomodulatory as
well as immunosuppression effects of MSCs. The presence of soluble factors secreted by MSCs, such
as TGF- 51, PGE2, HGF, IDO, nitrogen oxide (NO) and interleukin-10 (IL-10) in the inflammation
area has been reported by many scientists [5|. Referring to this, Andreeva et al. have noted that
there is a third factor which impacted in the interaction of MSCs with the immune system, namely
the local microenvironment with a low concentration of oxygen and being existed in a normal or
inflammatory condition [69]. It has also been found that MSCs can exert their immunosuppression
effects on both innate and adaptive immune responses. In addition to the published data about the
potential use of MSCs, the understanding of the mechanisms of immunomodulation of MSCs is still
unclear. As reviewed by Rozenberg and colleagues, MSCs can modulate the immune responses of
Th17 cells while limiting Th1 cell responses, which were shown on the model of multiple sclerosis
[68]. As it was suggested, that immunosuppression function was mediated through the PGE2 activity
which has enhanced the Th17 level and has created the regulatory balance between Thl u Th17
responses in the presence of myeloid cells. Thus, many studies supported that condition or state of
the local microenvironment of inflamed cells and tissues may importantly affect on the consequence
of MSCs-immune interactions [68]. According to preliminary studies on MSCs, it is possible to
assume that changes in the expression of immunomodulatory genes of MSCs are occurring in the
area of inflamed or damaged tissue, leading to their enhanced immunosuppression response. In this
regard, Zhang et al. reported that increase of the secretion of anti-inflammatory cytokine - IL-10
by MSCs have modulated the lipid metabolism and have protected vessels against atherogenesis.
Indeed, studies on the effects of BM-MSCs which were conducted in vitro and at ApoE-KO mice
have demonstrated that MSCs are able to inhibit the formation of foam cells in atherosclerosis by
down-regulation of CD36 and SRA mutant receptors in response to the infusion of MSCs [26].

A number of studies have immunomodulatory effects by means of paracrine actions of MSCs.
Brown et.al showed that administrated bone-marrow mesenchymal stem cells (BM-MSCs) have
eliminated allergic inflammation in a model of passive cutaneous anaphylaxis by inhibiting the MCs’
degranulation, pro-inflammatory cytokine production, chemokinesis, and chemotaxis. Moreover, this
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study has revealed that suppression effects were mediated through a COX2-dependent mechanism
where up-regulation of the COX2 factor in BM-MSCs have been promoted activation of EP4 recep-
tors on MCs |76]. These data were confirmed by a number of preclinical studies for the treatment of
allergic asthma conditions, rheumatoid arthritis |5, 76]. It should be noted that umbilical cord blood
mesenchymal stem cells (UCB-MSCs) and BM-MSCs are currently using in preclinical and clinical
studies of this disease. The mechanism of the suppression by MSCs was potentially depended on
the cell to a cell contact and secretion of IDO, PGE2, TGF 81, HLA-G5, and activin A factors [7,
8]. It was noted that the effect of MSCs on dendritic cells (DCs) which normally regulate both the
innate and adaptive immune system can be mediated by inhibiting the maturation of monocytes,
CD34+ precursor cells and promoting the secretion of PGE2, IL-6, tumor necrosis factor-inducible
gene 6 (TSG-6), M-CSF through Jagged-2 signaling mechanism [9,10,11].

Several authors have attempted to define the impact of MSCs on Th2 cell-associated diseases.
Gen3s et al. reported about the suppression of CD4+ T helper cells by dental-derived MSCs in
patients with asthma disease and concluded that the mechanism of Th2 cell polarization toward
Th1 cells was mediated through IDO and TGF- 3 pathways [60]. Chan et al. demonstrated that
the injection of human UCB-MSCs to asthmatic mice have significantly suppressed the asthmatic
symptoms by Th2 cells pathway [61]. In another study, Luz-Crawford et al. in the mouse model of
autoimmune diseases encephalomyelitis showed that infused MSCs have suppressed the proliferation
and differentiation of CD4+ T cells on the high level, and also have promoted the differentiation into
Thl and Th17 cells. In addition, the authors have indicated that the positive effect of MSCs was
associated with an increase of the number of functionally active CD4+, CD25+-, Foxp3+ regulatory
T cells and IL-10 secretion [64].

Several studies have been published about the interaction of MSCs with Tregs. It has also been
shown that for induction of Tregs, MSCs require the cell to cell contact and secretion of PGE2 and
TGF (-1 or human leukocyte antigen-G5 (HLA-G5) by them [45, 46]. The effects of MSCs on colitis-
associated colorectal cancer were studied by Tang et al. The results of the study showed that injected
cells effectively have activated the differentiation of Tregs through Smad2 signaling and elevated
levels of TGF-/ [62]. Le Blanc et al. reported interesting findings on the interaction of MSCs
with immune system cells. According to the author, MSCs can activate the complement cascade
through all three known complement pathways (classical, lectin and alternative). However, as it was
suggested, an alternative pathway plays a major role in MSCs’ induced complement activation, in
which these cells suppressed the inflammatory processes by inducing the generation of Tregs and
active macrophages M2 in the inflammation site.

It is well known that macrophages react with antimicrobial immunity in mammals. The past
literature has indicated that M1 which is a pro-inflammatory, and M2 which is anti-inflammatory
macrophages are responding to this processes. Intriguingly, some studies have shown that MSCs
are able to induce a polarization of macrophages (M1 type) toward active anti-inflammatory
macrophages M2 [26]. These significant observations showed that MSCs are interacting with im-
mune cells through the cell to cell contact with subsequent release of both pro-inflammatory and
anti-inflammatory factors.

The analyzed data results of the interaction of MSCs with immune system cells are presented in
a Fig.1.
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FicUuRE 1 — Mechanism of interaction of MSCs with immune system cells.

MSCs in anticancer immunity

Several recent reports have demonstrated the role of MSCs in anticancer immunity. In the Pubmed
database, more than 45 studies on the "immunity of MSCs and cancer" term were found, which
indicates that the interest in this field of research began to increase in recent years. The tumor of
a neoplastic epithelium, which is probably associated with stromal mutations and other multiple
risk factors, has been studied by Houghton et al. They showed that the injection of p53-deficient
MSCs (p53MSCs) to mice with Apc Min/+ mutation have promoted neoplastic growth and tumor
formation, as well as negative immunity. However, the authors pointed to the unknown mechanism
of this evidence. Meanwhile, referring to other reports, they have suggested that secretion of MCP-1,
IL-6, MMP-2, MMP-9, and TNF-«a by p53MSCs in combination with mutations in epithelial cells
and stroma has contributed to avoidance of the immune dysregulation and have promoted growth
tumor [28|.

Ling W et al. have found that IDO-expressing humanized MSCs (MSCs-IDO) have suppressed
the proliferation of T lymphocytes, namely CD8+ T cells and B cells. In addition, the inflammatory
microenvironment in mice, transfected with MSCs-IDO, was formed under the influence of high
IDO expression and its immunomodulatory effect. Thus, MSCs-IDO in the melanoma model and
in in vivo lymphoma model has promoted the tumor growth, but this process can be reduced by a
1-methyl-tryptophan inhibitor. The authors suggested that IDO produced by MSCs has to lead to
tumor growth without the use of other adaptive immune cells. Ling W and others suggested that
MSCs have produced IDO in response to inflammatory cytokines in the tumor microenvironment,
and the tumor cells are able to capture these IDO molecules in order to avoid the immune observation
of the host organism.

Melzer et al. reported on the interaction of MSCs with tumor cells, indicating that the local
microenvironment of tumors is critical in the network of cytokines, chemokines, growth factors and
various metabolites in the body. According to the literature data, under normal conditions, MSCs
can migrate to the area of damage and mediate immunomodulation and recovery processes. Mean-
while, it was found that with the development of the tumor, MSCs showed similar functions to the
formation of the inflammatory site. However, the ability of MSCs to secrete paracrine factors can also
contribute to pro- and/or antitumor intercellular communication [30]. Several signaling mechanisms
have been implicated in MSCs-mediated stimulation of cancer cell growth, including Notch signaling,
nanotube formation, intercellular communication, and/or exchange of cytokines/chemokines, extra-
cellular vesicles and exosomes [31-32]. The MSCs-mediated release of factors as cellular modulator
was shown in association with CCL5 secreted by MSCs with cytokines: CCR1, CCR3 or CCR5
[33]. Previous results showed that PGE2 and IDO, secreted by MSCs, have released their stimula-
tion effect on the tumor microenvironment (TME) [34, 35]. In addition, some data suggested that
exosomes and microvesicles of MSCs which contain a large group of proteins, functional mRNAs
and regulatory miRNAs (miRs), can activate tumor cells by inducing matrix metalloproteinase or
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inhibiting the cell-cycle arrest, as described in the study on urinary bladder tumor [37]. It was found
that the direct interaction of MSCs with tumor cells can be mediated by trogocytosis and through
the process of the formation of hybrid MSCs cells and tumor cells [30]. Moreover, in some studies
it has been found that the interaction of MSCs with tumor cells was associated with such molecu-
lar mechanisms as increasing regulation of mitotic binding factors (MZT2A) and epithelial mitogens
(EPGN) in ovarian cancer cells; lowering regulation of factor TAL1, transcripts of the main family of
spiral-helical FOS and FOSB, HES1 and HES5 [32]; excessive expression of bone morphogenetic pro-
tein signals in adenocarcinoma; activation of genes of the KRT family [38]; epithelial-mesenchymal
transition (EMT) in cancer cells [31].

Lee et al. demonstrated the positive effect of exosomes produced by MSCs in the suppression
of angiogenesis in breast cancer cells. They found that the molecular mechanism of this inhibition
process is the transfer of mRNA and miRNAs containing exosomes of MSCs to tumor cells. In this
regard, miR-16 has reduced the expression of VEGF. Consequently, mRNA and miRNAs obtained
from the exosomes of MSCs had the ability to perform epigenetic reprogramming processes [39).

Previous reports suggested that MSCs are precursors of cancer-related fibroblasts (CAF), and
these cells are capable to express similar markers of the cell surface [41]. O’Malley G. et al. inves-
tigated the role of MSCs in the antitumor immune response of colorectal cancer. O’Malley G. and
others have found that the administration of MSCs have activated the tumor growth and demon-
strated the expression of CAF-determining markers by TGF- 8 /SMAD signaling. However, in some
studies, it has been established that TGF- 8 plays an important role in the activation of NF- k B,
PI3K, and STAT-1 pathways [37, 42|. Moreover, the molecules of CXCR4, MCP-1, and VCAM-1
facilitated the involvement of MSCs in TME through the NF- k B signaling pathway.

Application of MSCs in therapy.Discussion of the current preclinical studies considered in-
terest to examine the existing clinical trials of MSCs. To date, more than 820 clinical trials using
MSCs-based treatments of various diseases have been reported at the National Institutes of Health
of the United States (NIH). Among them, about 11 studies were reported as "recruiting," "com-
pleted," "intervention," and either clinically tested in phase I or phase II [27]. In addition, Gao et
al. [5] reported about 34 studies of the clinical trials using MSCs, which are currently conducting by
research groups around the world. It is important to note that among them only 15 passed either
phase I or II of testing procedures. On average, there is definite evidence that most of them were
aimed for the treatment of autoimmune, inflammatory diseases and conditions of transplantation.
As a rule, preclinical and clinical application of MSCs requires an accurate testing for identity, pu-
rity, safety, sterility, toxicity, pyrogenicity, viability, potency, dosage, stability properties by reliable
assays. Noting this, for many studies on MSCs therapy this is the main problem, and some difficul-
ties in this aspect are necessary to overcome. It is well known that autoimmune diseases are more
common immune disorder in the world among people. In this regard, MSCs derived from BM-MSCs
and other tissues have been widely used in the treatment of various conditions of those immune
disorders.

In recent years cell technologies have developed progressively resulting to investigation and im-
plementation of MSCs-based medical products. In this regard, Gao et al. in the review about the
current state of MSCs and their immunomodulation have noted that Cartistem, an MSCs- based
product were developed and approved for the treatment of arthritis. This means that nowadays
various attempts to find a therapeutic product from MSCs by researchers in this field are gradu-
ally increasing, and in fact, they have achieved definite and significant results. Moreover, about 27
preclinical studies of MSCs were found by name of “immunomodulation”. The mediating mecha-
nism of the MSCs’ effects was demonstrated in 13 of them [5]. One of them was the treatment of
asthma condition with the use of mouse BM-MSCs, which was explained by three different mech-
anisms: through IFN-dependent, by TGF-§ [14, 15] and by induction of Tregs [16] in 3 studies.
With regard to this coincidence, an interesting issue for further research will be the consideration
of all three mechanisms in one study of asthma. In another study, the effect of murine BM-MSCs
was mediated by IFN-~ -cytokine in experimental autoimmune encephalomyelitis [17]. In addition,
the aforementioned BM-MSCs have been used in other states, such as radiation proctitis, whose
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mechanism was indicated by activation of the glucocorticoid [18| and in experimental autoimmune
encephalomyelitis, which mechanism was designated by TGF- 5, IL-6 mediation [19].

At the same time, other scientists have used the MSCs from human adipose tissue for the treatment
of autoimmune hearing disorder, which mechanism was determined by IL-10 activation [22]; for the
treatment of immune thrombocytopenia, whose mechanism was mediated by T-helper cells [23]; and
for the treatment of rheumatoid arthritis whose mechanism was mediated through Tregs [24]. In
addition, the rare type of MSCs, namely gingival-MSCs were examined in experimental colitis, in
which the suppression effect was demonstrated by interaction with IL-10, IDO factors [10] and in
contact dermatitis disease in which the suppression effect was mediated by the secretion of the PGE2
factor [9].

In recent studies of MSCs-based therapies, scientists and clinicians developed medical products
such as Cupistem and Prochymal for the treatment of acute GVHD. Pre-clinical study of GVHD has
used human UCB-MSCs and mechanism of the treatment was associated with IDO, TGF- S factors
[20] and in rheumatoid arthritis with the mediation of IL-10, IDO, and TGF- 8 [21]. In detail, phase
I studies have used autologous BM-MSCs to treat multiple sclerosis, kidney transplantation, and
Crohn’s disease. In addition, these phase studies using MSCs from placenta have been conducted
for the treatment of multiple sclerosis, type II diabetes, and Crohn’s disease. Therefore, BM-MSCs
were used in Phase I/II study for the treatment of acute and chronic GVHD, multiple sclerosis, amy-
otrophic lateral sclerosis, and kidney transplantation conditions. Among them, as it was reported,
only several studies have proceeded to phase II (A) of clinical trials. Referring to them, autologous
BM-MSCs were used for the treatment of GVHD, multiple sclerosis, and Crohn’s disease.

The role of stem cells in the transplantation of kidney organs have been actively studied by Mo-
munaliev et al., who described the use of the technology based on “bioengineered immobilized cell
elements” in order to enrich the transplanted graft with hematopoietic stem cells and tolerogenic
cells in combination with non-myeloablative conditioning [47]. Moreover, authors indicated that two
types of tolerances: central and peripheral are developing in the recipient-organism. The studies on
the central tolerance have shown that manipulation with mobilized stem cells and non-myeloablative
conditioning represented a safe, practical and reproducible approach to create a sustained chimerism
(“simultaneous presence of living cells of different genetic nature (donor and recipient) in one or-
ganism”) and donor-specific tolerance. According to literature, peripheral tolerance is an activation-
induced cell death (AICD), which directed on restraining of the unlimited expansion of T cells,
due to antigenic stimulation during a physiological immune response. Momynaliev et al. reported
that the problem of the rejection of transplanted organ can be solved by administration of donor
mononuclear cells of peripheral blood or MSCs prior to transplantation. Moreover, as some studies
have shown, MSCs capacity to modulate the activity of T cells and DCs has contributed to de-
creasing the graft rejection or tolerance conditions. In particular, infusion of MSCs has induced the
tolerance of half-alveolar heart transplant in mice via the generation of Tregs [54|. Thus, many data
support the evidence that MSCs is a promising tool to reduce the levels of graft rejections in organ
transplantation studies [55].

Conclusion. Taken together, MSCs can mediate their immunomodulatory abilities by the cell to
a cell contact with immune cells and by secretion of the factors: TGF- 51, PGE2, HGF, IDO, NO,
IL-10. In support of this, the immunosuppression effect of MSCs exists in direct relation to the type
of immune cells and condition of the microenvironment at the site of inflammation or damaged cells
and tissues. However, in the study of cancer with connection to MSCs studies, it has been shown
that interaction of growth factors and cytokines, produced by MSCs with TME can contribute to the
activation or inhibition of tumor formation, which depended on the molecular mechanisms of cells.
It should be noted, that the majority of preclinical and clinical applications of MSCs were directed
for the treatment of autoimmune, inflammatory diseases and conditions of transplantation of tissues
and organs. In addition, reliable results of the therapeutic effects of MSCs have been demonstrated
in several I/II phase clinical trials. In summary, our findings on the mechanisms and approaches
that influenced on the regulation of immune responses by MSCs present a valuable source to improve
the understanding of immunomodulation and immunosuppression by MSCs and could be applied
for further investigation of therapeutic effect in in vivo and in in vitro studies.
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VIMMyHOBIK, >KayanTtapbl peTTeyZeri Me3eHXUMaJIAbl JiHreK >KacyllnajJapbIHbIH, PeJIi

Annoranms: Kenreren ayTonMMyH/IBIK aypyJIapabl EMIEYIE UMMYHOPETYIISIUSIBIK KACUeTTEPiHE ne 60JIFaH Me3EHXIMAJIIbI
nirek skacymasnap (MJI2K-map) xonpambuianer. Kaszipri kesme MBZK-7apblHblH TepaneBTHKAJBIK, 9CEpIHIH MexaHu3MIepi
GeJiceH 1l 3epTTeJIiI 2KAThIP *KoHe oJiapAbl Aypbic Kogany yinid MB2K-map Men mMMyHIBIK KacyliajJapMeH ©3apa 9PEeKeTTeCyiH
aHBIK TYCIHY Ka’KeT.

Byn mony makasacel in vivo »KaHyapJsiap YJITJIepiHJle MeH KJIWHHUKAJIbIK chlHaKTapaajarsl M/I2K-map MeH MMMyHJIBIK
2KaCyIIAJIaP/IbIH, ©3apa dPEKEeTTECY MEXaHU3M/IEPIH YKOHE e UMMYH/IBIK, 2KayallThl KaJail 0ailJIaHbICTBIDFAHbI TYPAJIbl aFbIM/IBIK,
6acbUIBIMIAP/bI 3epPTTEY YIIiH OaFbITTAJIFAH.

Tyitin ce3zmep: Mezenxumaisapl OaraHajbl 2KaCyllajgap, WMMYHOMOYJISINS, HWMMYHOCYIIPECCHUS], JTOKJIUHUKAJIBIK,
3epTTeyJIep, KIMHUKAJIBIK 3ePTTEYJIED.

A.E. Cekenosa ! , B.B. Oraii 2
1 Eepasutickuti nayuonarvhuti yrusepcumem umery JI.H. Dymunesa, Acmana, Kasaxcman
2 Jla6opamopus cmesonoevix kaemor PITT "‘Hayuorasonsil yenmp 6uomexnosoeuu”"’ KH MOH PK, Acmana, Kazaxcman

PoJsip Me3eHXuMaJIbHBIX CTBOJIOBBIX KJIETOK B peryndanumuu MMMYHHOI'O OTBeTa

Awnsoranms: Mesenxumanbable  crBosioBble  Kietku (MCK), obsamaomue HWMMYHODETyIATOPHBIME —CBONCTBaMH,
HCIIOJIB3YIOTCA IIPU JIEYEHUH MHOTMX MMMYHHBIX 3abosieBanuii. B HacTosiIiee BpeMsi MEXaHU3MBbI UX Te€PaIlleBTUYECKOro 3 deKTa
aKTUBHO M3y9alOTCs, M I UX HAUIEKAIEro NPHMEHEHHs HeOOXOAMMO odeBHAHOe mnoHmManme s3ammoseiictsuss MCK c
UMMYHHBIMU KJIETKaMH.

DroT 0630p ImpesHA3HAYUEH [JIsl U3YUeHUsI TeKyIX paboT mo MexaHumamam B3anMmoneiicrust MCK ¢ uMMyHHBIME KileTKaMu
M KaK OHHM COOTHOCSATCS C MMMYHHBIM OTBETOM KaK B MOJIEJISIX KMBOTHBIX N ViV0, TaK U B KJIMHUYECKHX HCIBITAHUAX.

Kuaro4yeBrle cioBa: MeseHXUMa/IbHBIE CTBOJIOBbIE KJIETKH, KMMMYHOMOJYJISAIMS, HMMYHOCYIIDECCHS, JIOKJIMHUYECKHE
HUCCIeIOBaHUA, KJINHAYECKUE UCIbITaAaHUSA.
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The primary school kids’ morphological status of Pavlodar city

Abstract: More attention is paid to the study of the peculiarities of physiological processes
occurring in the growing body, since the formation and protection of the health of children, ado-
lescents is the main task of any state. The purpose of this research is to study the features of the
morphological development of children of primary school age in Pavlodar city.

The study of anthropometric parameters of schoolchildren (boys and girls) 9-11 years of Pavlodar
was conducted. Studied were such variables as body length (BL), body mass (BM), circumference
of the chest (CC), calculated the Quetelet index (QI) and stenia index (SI).

Within the scope of research, differences in physical development between boys and girls were
revealed. For example, in terms of length, body weight, boys are superior to girls aged 9-10 years,
while at 11 years of age girls are more important in these parameters, which is explained by earlier
entry into the puberty period compared to peers. According to such indicators as the Quetelet and
stenia index, significant sexual differences were observed only at the age of 9.

Thus, the study of the physical development of boys and girls 9-11 years showed an increase in
the ontogenesis of anthropometric indicators. An increase in the Quetelet index in the compared age
of both sexes was revealed, which characterizes the growth processes. Stenia index in ontogenesis
decreased in both sexes.

Keywords: morphological development, anthropometric indicators, health of schoolchildren,
physical development, total body size.

It is well known that one of the direct indicators of health, the most reflecting the balance of
the body with the environment, is physical development. The close relationship between health and
physical development is especially pronounced in the school period, which determines the relevance
of the physical development study [1].

Introduction. With the long-term impact of negative factors, such as malnutrition, physical
inactivity, marked intensification of the educational process, which is expressed in increasing the
volume and complexity of educational material and the number of lessons per day, leads primarily
to disharmonious physical development, and thus to a decrease in the number of absolutely healthy
children |2]. In this connection, the main direction of the domestic policy of any state is the formation
and protection of the children’s health, adolescents and young people as the future of the country
[3;4]. In this regard, the most promising direction of work is the formation of a new hierarchy of
values in a person, where his own health is a necessary condition for the successful self-realization
of the individuals’ potential opportunities [5].

The purpose of this research is to study the features of the morphological development of
primary school age children’s in Pavlodar city.

Materials and methods. The survey of schoolchildren was conducted in February 2018. The
study involved 120 students of secondary school Ne 22 of Pavlodar (all of Kazakh nationality) aged
9-11 years. From them, 60 are boys and 60 are girls. All examinations were performed in the first
half of the day, as during this period the studied indicators are the most stable.

The total body size was measured using the standard anthropometric method [6]: body weight
(BW) was determined using medical scales, to measure the length of the body (LB) a wooden growth
meter was used, the measurement of the chest circumference (CC) was carried out using a centimeter
tape. Quetelet index (QI) is defined as the body mass (BM) divided by the square of the body height
(BH), and is universally expressed in units of kg/m2, resulting from mass in kilograms and height
in meters. Stenia index (SI) is body length (BL), cm divided by (2 x body weight, kg (BW)+ chest
circumference, cm (CC)) [7].

Statistical processing of the obtained data was performed using a standard program package
Statistica 6.0. Quantitative data are presented in the form of averages (M) and arithmetic mean
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error (m) in the normal distribution of indicators. The statistical significance of differences was
determined by the student’s paired t-test; the threshold of statistical significance was taken when
the criterion p <0.05 [8].

Results and discussion. Physical development is understood as continuous physiological pro-
cesses characterized by a complex of morphological and functional properties inherent to the body at
any given time and developing under the influence of genetic and environmental factors [9]. Physical
development is one of the few indicators that allows us to catch the changes in the health of not
only the population as a whole, but also its individual groups (age, sex, ethnic, etc.) [10].

The length of the body, as we know, 25% reflects genetic mechanisms, and less subject to the
influence of diet, physical activity and other anthropogenic factors [11].

In assessing the indicators of physical development, it was found that the length, body weight
among boys aged 9-10 years is higher compared with girls of the same age (Fig.1.2). However, at
the age of 11, the examined girls had a longer increase in length (by 3.3 cm), body weight (by 0.6
kg), which is understandable with an earlier entry into the puberty period compared to peers. Body
weight, in contrast to body length, is considered to be labile morphological index. Significant sexual
differences in body length among boys revealed in 10 years of age.

BL (em)

170
160
150
140
130
120
110
100

r

B boys

W girls

9 years 10 years 11 years

Ficure 1 — Body Length indicators (cm) of the surveyed children’s Note. Significant differences in mean
values for nonparametric independent samples: * - depending on sex

BW (ke)

i
41
38 7
35
32
29

B boys

| girls

9 years 10 years 11 years

FiGURE 2 — Body Weight (kg) of the surveyed school children

Comparison of chest circumference (Fig.3) revealed differences in the age of 9, boys outperform
peers by 4.1 cm. A t the age of 10-11 years of reliable sex differences were observed. The increase of
all morphological development indicators in ontogenesis was observed both among boys and girls.
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57 . . .
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FicURE 3 — Chest circumference (cm) Of the surveyed school childrenNote. Significant differences in mean
values for nonparametric independent samples: * - depending on sex

Certain value in the individual assessment of physical development has a method of indicators.
The value of the Quetelet index characterizes the obesity of the body and can assist in identifying
overweight, in the oriented assessment of somatic type and functionality of the cardio-respiratory
system. In our study (table.1) significant differences in the Quetelet index were found among 9-year-
old boys and girls, but in 10-11 years didn’t not show significant differences.

TABLE 1 — The indexes of Quetelet and stenia among surveyed students, M + m

Indicators 9 years 10 years 11 years

Number  of | Boys Girls Boys Girls Boys Girls
surveyed n=20 n=20 n=20 n=20 n=20 n=20
Quetelet 17,240,6 15,5+0,5% | 17,24+0,7 | 16,9+£0,5 | 17,64+0,8 | 17,2+0,5e
index

Stenia index | 1,08+0,02 | 1,174+0,03*| 1,07+0,03| 1,0940,02| 1,03+0,03| 1,034+0,02

Note. Significant differences in mean values for nonparametric independent samples: * - depending
on sex; o - depending on the age in relation to 9 years old children’s.

The value of the stenia index well reflects the degree of severity of linear or latitudinal growth
of the body and allows us to distinguish periodically the coming change in the direction of growth
of the child in the process of physical development [12|. As can be seen from table 1, the value
of the Quetelet index in ontogenesis increases, and the indices of the stenia index decreases, which
indicates an increase in the density of the body and decrease in the severity of dolichomorphia.

Conclusion. Thus, the comparison of morphological indicators of physical development among
boys and girls 9-11 years showed an increase in ontogenesis. An increase in the Quetelet index in the
compared age of both sexes was revealed, which characterizes the growth processes. Stenia index in
ontogenesis decreased in both sexes.
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HaBno,u;ap KaJiIaCbIHOAFbI TOMEHTI'l ChIHBIII OKYIIbIJIAPBbIHBIH MOpd)OJ'IOI‘I/ISIJ'ILIK )Kaf‘;[al‘/’lbl

AusoTanusi: Ocy ar3acblHIarbl (PU3NOJOTUSIIBIK, IPOIECTEPIH €PEeKINeIKTEePIiH 3epTTeyre Kon KoHUT Gesinerni, cebebi
Oaslaap MEH »KaceCHipiMIepaiH JeHCayJIbIFbIH KAJIBIITACTHIPY KOHE KOpFay Ke3-KeJIleH MeMJeKeTTiH 6acTtel Minmeri. Ocbl
3epTTey/IiH MakKcaThl - [laBiogap KaJiachl 2Kar1afiblH/1a TOMEHT1 OybIH MEKTEI »KaChIHIarbl OajIaIap/IiblH, MOPMOIOTUSIIBIK, JaMY
epeKIIeTiKTePiH 3epTTey GOJIBIT TaObLIAIbI.

IMasmogap kamacoiga 9-11 »Kac apasbIFBIHIATBI MEKTEN OKYIIBLIAPBIHBIH (YJIap MEH KbI3JApAbIH) AHTPOIOMETPHUSLIBIK,
napamerpiiepi 3eprresnai. Boiter /aene y3bmgaeirsi/ (YY), nene cammarsl (JIC), keyme KybicbiHblH aymarbiabig (KKA)
kepcerkimrepi seprreninai, Kerne unnexci (MK) xone crenun unnekci (CH) ecenreningi.

Ynmap MeH KbI3ZapAblH (GU3MKAIbIK, JaMybIHAAFEl afibIpMaIIbUIBIKTap aHbIKTaIabl. Ocblaaiinma, GOHBI MEH JeHe CaJIMarbl
KepceTKimrepi 60iibiHIIa 9-10 2Kac apaJibIFbIHIAA YD KbI31ap/Ibl 6ackiln 03a/1bl, 11 2KacTarbl KbI31ap HapaMeTpJiep KOpCceTKim
GoibIHIIIA KOIl MarblHa Oepejii, KaTapjapbIMEH CAJIBICTBIPFaH/Ia MyOepTAaTThl Ke3eHre oTe epre eTyiMeH Tyciuaipineni. Kertie
2KOHE CTEHHMH MH/IEKCI CUSIKThI KOPCETKIIITED YIIiH HAKThI *KBIHBICTBIK, allbIDMAIIBLIBIKTAD TeK 9 2KacTa raHa OailKaJiabl.

Ocpuraiima, 9-11 »kacrarbl yiagap MeH KbI3ZAP/IbIH (PU3NKAJIBIK JaMyblH 3€PTTEY AHTPOIOMETPUSIIBIK KOPCETKIIITEpIiK
OHTOreHE3IH/Ie YJIFAIOBIH KopceTTi. Ocy ImpomecTepin cCHIaTTalThIH €Ki 2KBIHBICTAFbl CAIBLICTEIPMAJIBL 2KacTarsl Ketiie nnnexcinin
ecyi aHbIKTa bl OHTOreHe3/1eri CTeHUU MHIEKCI €Ki YKBIHBICTA Ja TOMEHIE/I].

Tyiiin cesgep: MOPGONOrUsAIBIK daMy, AHTPOIIOMETPHUSIBIK, KOPCETKIIITED, OKYIILIIAPALIH, JEHCAYIbIFbI, (PUINKAJIBIK
JaMybl, JIeHe eJieMaepi.

I'.C. Tacbynarosa, 2K.M. MykaTaeBa
Eepasutickutll Hayuorasvol yrusepcumem um JI.H. lymunesa, Acmana, Kaszaxcman

Mopdosornueckoe CoCTOsiHME MJIAAIINX INKOJbHUKOB r.IlaBiiogapa

Amnnoranus: V3yuenuio ocobeHHOCTEH (HUIUOTOTUIECKUX IIPOLIECCOB IPOTEKAIOMINX B IIOAPACTAIOIIEM OPraHu3Me YAEeISIeTCs
MHOTO BHHMaHWe, TaK KakK (OpPMHpOBaHME U 3alluTa 3J0POBbdA JeTell, ITOJPOCTKOB $IBJISIETCsl IVIABHON 3ajadeil JIroboro
rocymapcrsa. llesp HaHHOIO HCCIEOBAHUS - U3YIUTH OCOOEHHOCTH MOP(OSIOrHIECKOrO PA3BUTHUS AE€TEH MJIAJIIETO MIKOJIHHOIO
BO3pacTa B ycsoBusX I. IlaBiogapa.

BBLIO NpPOBEZIEHO HCCIEOBAHUE AHTPOINOMETPUYIECKHX IMApAMETPOB IMKOJBHUKOB (MaJbuaukoB # fAeBoduek) 9-11 jer r
[TaBsogapa. Bouin u3yuens! Takue nokasaresu Kak gymHa reia (IT), macca rena (MT), okpyzkuocts rpyauoii kiaerku (OT'K),
paccunranu nunexc Kerne (UK) n nagexc crennn (MC)

BroisiBiens! otinuns B GU3NYECKOM PAa3BUTHU MEXK/Iy MaJb4UKaMU U JIeBOYKaMu. Tak, 10 IoKa3aTessiM JJINHbI, MacChl TeJa
MaJIBYMKHU IIPEBOCXOIST JIeBoYeK B Bo3pacte 9-10 sier, Torja Kak B 11-jileTHeM BO3pacTe J€BOYKHM MMEIOT OOJIBIINE 3HAYEHUS 110
JAaHHBIM [TapaMeTpaM, 4TO OObSICHUMO OOJiee pAaHHUM BCTYILJIEHUEM B IIyOEPTATHBII [I€PUOJ] [0 CPABHEHHIO CO cBepcTHUKaMu. [lo
TaKAM IIOKa3aTesIsIM KaK HHAeKC KeTiie 1 CTeHun CyIeCcTBEeHHBIE [TOJIOBbIE PAa3J/INIusl HAOIIO4AIOCh TOIBKO B 9-JIeTHEM BO3pacTe.

Takum obpasoM, usydenne (GHU3NIECKOIO Pa3BUTUSA MAJIBYUKOB U JeBodek 9-11 Jjrler mokasasio IPUPOCT B OHTOTEHE3e
aHTPOIOMETPHUIECKUX IMOKa3aTeseil. DBrisBieHo yBenmueHue muaekca KerTie B CpaBHHBaeMBIX BO3pacTaxX ODOEro IoJjia, 9ITO
XapaKTepHU3yeT POCTOBBIE IPOIECChl. VHIEKC CTEHNN B OHTOr€HEe3€ YMEHBIIAJICS Yy 060UX ITOJIOB.

KiroueBbie cJioBa: Mopd)onornquKoe pa3BuTHE, aHTPOIIOMETPpHUYIECKHE ITOKa3aTe/In, 3I0POBbE MKOJIbHUKOB, CbI/ISI/I“IGCKOG

pa3BuTHEe, TOTAaJIbHbIE pa3MeEphbl TeJa.
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Comparative analysis of immunoglobulins in case of combined exposure of
dust-radiation factors at remote period

Abstract: One of the most radiosensitive functions of human and animals body is immunological
reactivity. A characteristic feature of the radiation exposure is the long-term preservation of damages
in individual links of the immune system and associated remote effects and complications. Recently,
particular interest is the combined effect of radiation and non-radiation factors on the immune
system. In our example, coal dust and various doses of radiation in a remote period had been
considered. The aim of this research was to study the effect of low and sublethal doses of irradiation
and coal dust, as well as in separate and in combined effects to the immunoglobulin indices in animals
in experimental conditions at remote periods.

Six series of experiments had been performed on 60 male rats of Wistar line: group I - intact,
group II - rats that inhaled coal dust, group III — exposed to gamma irradiation in a dose 0.2 Gy,
IV — exposed to gamma irradiation in a dose of 6 Gy, V group — experienced the combined effect
of low dose of radiation and coal dust, VI group - exposed to the combined effect of sublethal dose
of radiation and coal dust. Analysis of the researsh results showed that rats exposed to combined
dust-radiation factor at remote period had significant changes, which were characterized with the
decrease of Ig A and Ig G and increase of Ig M. Ionizing radiation in combination with coal dust at
the remote period had more apparent effects, and dominant agent was ionizing radiation.

Keywords: radiation, coal dust, immunoglobulins, remote period, combined effect

Introduction. Essential factor of environmental pollution in certain regions of Kazakhstan is
connected with nuclear weapons tests, which were carried out on the territory of Semipalatinsk,
Pavlodar and Karaganda regions that covered the territory of 18,500 km 2. More than 450 powerful
nuclear tests had been carried out for 40 years in Semey nuclear test site. In comparison with
Hiroshima, the power of nuclear weapons had exceeded 2.5 thousand times [1,2]. Regardless the fact
that the test site had been closed 25 years ago, people, who were born in the period of radiation
tests and received different doses of radiation, still live and work in these regions. Ionizing radiation
at different doses at remote period leads to significant health disorders, especially the oppression
of congenital and acquired humoral and cellular immunity [3]. Radiation irradiation of the whole
body at doses >2 Gy causes various clinical symptoms, higher doses can be so severe that they
become life-threatening. The most dramatic effects of radiation exposure were caused by nuclear
weapon explosions [4]. The effects of high dose of radiation lead to late and secondary polyorganic
deficiencies, activate the systemic inflammatory response [5].

It was shown in animal experiments that radiation damages increased in doses from 2 to 10 Gy,
which led to severe hematopoietic damage, and in some animals the chances of survival were quite
small [4]. Low dose of radiation causes genetic changes, oncogenesis, as well as physiological changes
with decreased immune system [6] and increased cellular stress [7]. On the other hand, low dose of
radiation induces biopositive and bionegative effects, thereby reducing carcinogenesis, prolongs life
expectancy and enhances fertility [8,9,10].

Kurjane N. and his colleagues evaluated people who received a low dose of radiation during the
liquidation of the consequences of the Chernobyl Atomic Power Station. After 10-14 years the level
of IgM in workers was increased, and vice versa, IgG was reduced [11]. Decreased levels of IgA, IgM,
IgG were detected [12, 13] in another research work which conducted among radiology employees
exposed to low dose of radiation for a long time.

Coal mining is an important branch of the world and prolonged inhalation of coal dust during
production causes pneumoconiosis, silicosis and respiratory diseases, which are occupational diseases
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of the respiratory system of miners [14,15,16]. High concentrations of coal dust in the organism
cause changes at the molecular, cellular and histopathological level [17]. Clinical and experimental
studies of Fomenko D.V. and his colleagues showed a change in immune reactivity in animals with
prolonged exposure to coal dust, thereby causing a chronic inflammatory process [18|. Athracosis
- slowly developing lung fibrosis, may develop occasionally in people who constantly encounter free
silicon oxide, for example, in the mining and recycling of mountain ores, while not taking adequate
measures to protect themselves from dust. It is also necessary to take into account the peculiarity of
the Karaganda region, which suffered from the former Semipalatinsk nuclear test site. The problem
of the combined effect on the organism of ionizing radiation and production factors (dust with a high
content of free silicon oxide) has been studied extremely insufficiently. In the some of literatures
has date information about the effect of gamma radiation [19,20,21], and occupational dust on the
body separately [22,23]. The working conditions of workers in coal production are characterized by
a complex of the most unfavorable factors of the production environment, which needs further study
with the aim of developing health-improving measures, especially with the altered immune reactivity
of the organism (as the long-term consequences of gamma radiation).

That’s why, all of the above is the basis for studying the immunological indicator, in particular
immunoglobulins and altered immune reactivity (the long-term consequences of gamma radiation) of
the organism on harmful effects production aerosols (free silicon oxide - coal dust). The aim of this
work is to study effects of low and sublethal radiation doses and coal dust as well as in individual
and combined effects in the long-term period on the amounts of immunoglobulins in animals in case
of experimental conditions.

Materials and methods

Experimental animals. Experiments on animals were carried out in accordance with the re-
quirements of the Geneva Convention (1990) and the Helsinki Declaration on the Humane Treatment
of Animals and Ethical Standards of the Local Ethics Committee (protocol extract of the local ethics
committee of the State Medical Academy of Semey town, Protocol No. 2 of November 18, 2016).

To achieve of the setting goal experiments were conducted on 60 white laboratory male rats of
the Wistar line, weighing 220 4+ 20 g, which were divided into 6 groups: I group - intact, II group -
rats that inhaled coal dust of an average concentration of 50 mg/m3 in a seeding chamber daily (4
hours per day) for 12 weeks, III group - exposed to gamma irradiation at dose of 0.2 Gy, IV group -
exposed to gamma irradiation at a dose of 6 Gy, V group - experienced combined effect of low dose
of radiation and coal dust, VI group - experienced the combined effects of sublethal dose of radiation
and coal dust.

Gamma Irradiation. The animals were once irradiated 90 days before the research at the
radiotherapeutic apparatus TERAGAM Co60 (produced by ISOTREND spol. s.r.o., Czech Repub-
lic). Prior to the exposure, there was topometric and dosimetric preparation of the experimental
animals. To this end, the object was placed on an isocentric therapeutic desk of Terasix X-ray
simulator (Czech Republic), which is similar to the therapeutic desk of the - irradiator by its
construction and parameters. After displaying on a screen, the image slices of the irradiated an-
imals were directly input in the planning system through a computer network connection using a
digitizer. Isodoses were calculated using the “PlanW-2000” planning software, and the topometric
and dosometric map with technical parameters and planned radiation doses was obtained. The an-
imals underwent exposure to whole-body < -radiation in a single dose 0.2Gy: SSD — 97.2 cm, SAD
-100,0 c¢m, 40x40 cm field, t=13 sec, in a single dose 6Gy: SSD 97.2 cm, SAD 100.0 cm, 40 x 40 cm
field, t=352 sec (SSD is the distance from the source of ionizing radiation in the apparatus to the
conditional centre of the irradiated abnormal focus; SAD is the distance from the ionizing radiation
source to the nearest surface of the irradiated object). During the exposure, animals were placed in
a specially engineered organic glass cage, each rat in an individual compartment.

Inhalation exposure by Coal Dust. Inducing anthracosis in rat models using a specific in-
halation exposure chamber. The experimental animals were placed into cone-shaped compartments,
with their vertices attached to the side walls of the exposure chamber. The inhalation exposure
device allowed to uniformly disperse the coal dust in the breathing area and maintain the required
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dust concentration in the chamber with the help of an automatic analyzer. Coal dust used in the
experiment was preliminary comminuted on a vibratory disintegrator. The final disintegration to
the fractions, similar to aerosol dispersion in the working zones air, was performed manually in an
agate mortar.

Measurement of immunoglobulins. IgA, IgM, IgG immunoglobulin content was determined
in all animals by radial immunodiffusion on agar gel according to Mancini [24]. The obtained results
underwent statistical analysis differences were estimated using Student’s t-test.

Results and discussions. The results of studies are shown in Table 1, which shows that the
concentration of IgA in the peripheral blood is increased to 4.33 £+ 0.44 (p < 0.05) after exposure
to coal dust. In animals irradiated with ionizing radiation at dose of 0.2 Gy, on the contrary,
the concentration is significantly reduced, when compared with the second group, where the IgA
content of those exposed to low dose of radiation showed 2.96 + 0.15 (p < 0.05). Under the action
of a sublethal dose of radiation, the level reached 1.65 £+ 0.17 (p < 0,001), which tends to decrease
by 2 times, in comparison with the first group. The same case was observed with IgG, but more
pronounced changes in indicators. In coal-struck animals, IgG concentration was almost 2 times
higher than the control values, comparing with the indicator 8.89 +0.68 (p < 0.05). In animals in
the groups III and V, after radiation exposure with low and sublethal dose, the IgG level rapidly
decreased from 2.34 + 0.42 (p <0.05) to 2.0 + 0.13 (p <0.01) or almost 2.5 times compared with
the first group.

TABLE 1 — Indicators of immunoglobulins (Ig) in exposed animals in case of separate exposures of low,
sublethal radiation dose of coal dust in the long-term period (90 days)

Ne | Indicator | I group IT group I1I group IV group
Control Coal Dust ~-radiation 0,2Gy | v-radiation 6Gy

1 Ig A g/1 3,31+0,30 4,33+0,44 * | 2,964+0,15 ° 1,650,173 000

2 |IgMg/l 4,2740,30 4,36+0,34 3,30+0,35 * © 5,93+0,28 ** ©

3 |1gGg/l 5,27£0,72 8,80+0,68 * | 2,34+0,42 * ©° 2,040,13 ** 000

Note: Differences from group I are statistically reliable: * - p<0,05, ** - p<0,01, ***- p<0,001.
Differences from group II are statistically reliable: © - p<0,05, °° - p<0,01, °°° - p<0,001.

As for the level of IgM, in the II group, i.e. in animals after the coal seed, no significant changes
are observed, compared with the intact group. Under the influence of gamma irradiation at dose
of 0.2 Gy, the concentration of IgM was reduced in comparison with the indication of group I from
4.27 £+ 0.30 to 3.30 = 0.35 (p <0.05). In turn, the sublethal dose of ionizing radiation activated
the production of IgM, which increased the concentration to 5.93 £+ 0.35 or 1.4 times (p < 0.01).

Next, the combined effect of coal dust and ionizing radiation (small and sublethal) was studied
in the long-term period on the level of immunoglobulins in two groups (Table 2).

In animals with the combined effect of coal dust with low and sublethal dose, i.e. in the V and
VI groups, an opposite trend was observed in the content of immunoglobulins compared to each
other. It is necessary to note a special change in the level of IgM, which is significantly higher in
comparison with immunoglobulins A and G, where the ratio of IgA, IgM, IgG is about 1: 5: 3.
IgM level did not differ significantly with the combined effect of coal dust and low dose of radiation,
With the combined effect of coal dust and sublethal dose of radiation, an indicator of 6.15 + 0.68
(p <0.01) was established, which is increased by 37-44% compared to the other groups.

As for IgA and IgG, with the combined effect of dust-radiation factor, their content in the blood
serum is significantly reduced in comparison with other groups. If we compare the combination
of coal dust with low dose and sublethal dose of radiation, then when combined with low dose,
the IgG concentration is 4.70 + 0.32 (p <0.01), which showed a difference of 2.1 times. This is
more than combination of coal with high radiation dose, which in turn shows significant decrease in
concentration with respect to the intact group. It should be noted the comparative indicator of the
combined effect of coal dust and radiation with indicators of group II, in which the IgG concentration
was increased by almost 47.1% (8.89 + 0.68, p < 0.05) compared to the group V, and in the group
VI, ie, when coal was combined with sublethal dose of radiation, the indicators were reliably reduced
to 75.1% (2.21 + 0.19, p <0.001).
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TABLE 2 — Indicators of immunoglobulins (Ig) in exposed animals with combined effects of low and high
radiation dose and coal dust in the long-term period (90 days)

Ne | Indicator | I group II group V group VI group

Control Coal Dust Coal Dust+0,2Gy | Coal dust+6Gy -
~v-radiation radiation

T [TgAr/n | 3314030 | 4,3350,44 ¥ | 2,53%0,18 * 1,5240,10 *** 000

2 Ig Mr/n 4,2740,30 | 4,36+0,34 4,4940,34 6,1540,38 ** ©

3 |Ig Gr/n | 5,27+0,72 | 8,8050,68 * | 4,70+0,32 °° 9,2140,19 ** 000

Note: Differences from group I are statistically reliable: * - p<0,05, ** - p<0,01, ***- p<0,001.

Differences from group II are statistically reliable: © - p<0,05, °° - p<0,01, °°° - p<0,001.

If we compare the individual effect of low dose of radiation and its combination with coal dust,
then when combined, the IgG content decreased in 2 times. As for the comparative effect of sublethal
dose of radiation, which was acted on animals separately and combined with coal dust, there were
no significant changes between them.

The identical case was observed with IgA, in which the blood level was 1.7 times higher with the
combined effects of coal dust with low dose of ionizing radiation with respect to radiation at dose
of 6 Gy (1.52 £ 0.10, p <0.001). If we compare them with control animals, the IgA content in
their blood decreased from 1.1 times (group V ) to 2.4 times (group VI), which shows oppression of
IgA level in combined exposure to coal dust and radiation. It is necessary to note the comparative
data of IgA in the combined action of coal dust and ionizing radiation with other groups of animals
under study, where significant deviations in their level were detected. Comparative analysis of the
combined action of coal dust and radiation with separate effect of coal dust showed that in group V
there was pronounced suppression of production of IgA by 42% (2.53 + 0.18, p < 0.05), and in the
group VI, there was also significant decrease in IgA by 65% (1.52 + 0.10, p <0.001).

When assessing the individual effect of radiation in different doses, compared to them in combi-
nation with coal dust, IgA concentrations did not show any significant changes (8-14.5%).

According to the obtained data , there are significant changes in the state of the humoral link of
the immune system with respect to the combined effect of coal dust and radiation. IgA concentration
in blood serum was reliably reduced by the combined effect of coal dust with low dose of irradiation
by 23.6%, the lowest level was revealed when coal was combined with sublethal radiation dose to
54% compared to the control group. Animals exposed to radiation also showed tendency to decrease
the content of IgA in the serum of peripheral blood [25]. In the II group, i.e. in animals harvested
with coal dust, IgA is markedly increased. This is explained by the fact that serum IgA functionally
acts as the main protection on mucous surfaces, preventing the penetration of foreign material. In
patients with acute lung abscesses, its higher content is determined not by accident [26]. As for
IgG immunoglobulin, when it was exposed to coal, it increased significantly, in other cases there
was an active decrease in the level with respect to healthy animals, especially this can be explained
by the switching of production of IgG by B lymphocytes in patients with allergic diseases [27].
Radiation and combination of radiation with coal dust leads to the degradation of this class of
immunoglobulins up to 75.1%, which can be explained by the fact that IgG is about 75% of the
total amount of immunoglobulin, and its reduction proves the transition of the pathological process
to chronic. There is a slight change in IgG only in the group V.

Also, it is important to note that the level of immunoglobulin IgM had reliable tendency to
increase concentration in blood serum. Practically in all studied groups, except for the III group,
i.e. in irradiated animals with low radiation dose, a high IgM value was detected, especially when
combined exposure to coat dust and sublethal dose of ~-irradiation.

High level of IgM [28] was found in healthy individuals who lived for a long time in the Semi-
palatinsk region and were born before 1963. Characteristic feature of the increase inimmunoglobulins
in the blood are signs of the development of autoimmune reactions from effects of carbon-containing
dust, which in the next turn can lead to pneumoconiosis.

If we compare the concentrations of immunoglobulins with the combined effect of coal dust with
small and sublethal dose of radiation, then special changes are noticed. First of all, the combination
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of coal dust with low dose of radiation gave an indication closer to the control values, but different
from the combined effect of coal dust with sublethal dose. This is explained by the biopositive
property of low dose of radiation, which reduces the toxic properties of coal dust with combined
effect [29].

Secondly, we can note that in the late period there was significant oppression of the concentration
of immunoglobulins A and G in blood serum under the action of sublethal dose of gamma irradiation
alone and in combination with coal dust, and in turn IgM showed pronounced activation. Decrease in
the IgA and IgG content indicates immunodeficiency, which is accompanied by chronic inflammation
and high tendency to neoplasm with high irradiation with ionizing radiation. The tendency to
increase the concentration of IgM, which has the property of binding microorganisms, indicates the
readiness for rapid immune response. Significant increase in IgM content confirms this fact.

According to results of the study, it can be undoubtedly established that more pronounced acti-
vation of immunoglobulins (IgA and IgG) is observed after inhalation by coal dust, in comparison
with separate exposure to radiation in different doses. Similarly, there was an increase in IgA and
IgG levels and stable level of IgM in the work carried out among male workers in the coal mine,
which may have been systemic response of the body to dust particles [30]. In general, there was
tendency to lower levels of all immunoglobulins (IgA, IgM, IgG) only in group III. Decrease of IgM
level increases the resistance of B cells, but the body’s ability to resist infections decreases. Lowering
IgA and IgG complementary to IgM deficiency leads to immunodeficiency and forms autoimmunity
in group III of rats [31,32]. With regard to groups IV, V, VI, they demonstrated generalization of
IgM and content suppression of IgA and IgG. Increased level of IgM, reduced level of IgA and IgG
cause Hyper-IgM syndrome. In the most part genetic damage can cause hyperproduction of IgM,
the cause may also be infringement of B-cells [33,34]. Activation of humoral immunity occurs due
to an increase in the level of immunoglobulin M (IgM), which forms the primary immune respon
se to various pathogens. Thereby the humoral immunity [35] activates with inflammation of the
respiratory system and cancer diseases.

Conclusions. Thus, significant changes were detected in experimental rats subjected to com-
bined dust-radiation factor in the long-term period. Changes were characterized by decrease in IgA
and lgG and an increase in IgM. Ionizing radiation in combination with coal dust in the distant
period has more pronounced effect by the formation of the immunodeficiency syndrome. The domi-
nant agent in developing pathology was ionizing radiation in case of combined effect of two factors,
especially at high doses.

References

1 Grosche B. Semipalatinsk test site: Introduction // Radiation and Environmental Biophysics. - 2002. — Vol. 41, -
P. 53-55. d0i:10.1007/s00411-002-0141-z

2 Askarova U.B. Ecology protection of the environment. Almaty. - 2007. — P. 314. [in Russian]

3 Baranova O.V., Koroleva T.M., Shubik V.M. Some health indexes of chernobyl liquidators (delayed effects) //
Radiation Hygiene. — 2012. — Vol. 5. No 2. - P. 20-25. [in Russian]

4 International atomic energy agency // Radiation biology: a handbook for teachers and students.Vienna: Interna-
tional atomic energy agency. - 2010. — P. 151.

5 Azizova T V., Semenikhina N.G., Druzhinina M.B. Multi-organ involvement and failure in selected accident cases
with acute radiation syndrome observed at the Mayak Nuclear Facility // BJR supplement. — 2005. — Vol. 27, No
1. — P. 30-35. d0i:10.1259/bjr/84574102

6 Kirillova E.N., Muksinova K.N., Drugova E.D., Ryibkina V.L., Zaharova M.L., Uryadnitskaya T.I., Ezhova A.V.,
Sokolova S.N., Haritonov O.E. // Immune status of workers in Mayak and residents of Ozersk, Radiation safety
questions. — 2006. — Vol. S2. - P. 13-23. [in Russian]

7 Shimura N., Kojima S. Effects of low-dose-gamma rays on the immune system of different animal models of dis-
ease // Formerly Nonlinearity in Biology, Toxicology, and Medicine. Dose-Response. -2014. - Ne 12. — P. 429-465.
doi:10.2203 /dose-response.13-042.Shimura

8 Tang F.R., Loke W.K., Khoo B.C. Low-dose or low-dose-rate ionizing radiation—-induced bioeffects in animal models
// Journal of Radiation Research. — 2017. - Ne10. - P. 1-18. doi: 10.1093/jrr/rrw120

9 Kim R.K., Kim M.J., Seong K.M., Kaushik N.;, Suh Y., Yoo K.C., Cui Y.H., Jin Y.W., Nam S.Y., Lee S.J. Beneficial
effects of low dose radiation in response to the oncogenic KRAS induced cellular transformation // Scientific Reports.
—2015. - Ne 5. - P. 15809. doi: 10.1038/srep15809

93



JI.H. I'ymuaes areiagarel EYY Xa6apueicer - Bulletin of L.N. Gumilyov, 2018, 2(123)

10 Cuttler J.M. Health effects of low level radiation. When will we acknowledge the reality? // Dose Response. -
2007; - Vol. 5. No 4. - P. 292-298. d0i:10.2203/dose-response.07-015.Cuttler

11 Kurjane N., Bruvere R., Shitova O., Romanova T., Jaunalksne I., Kirschfink M., Sochnevs A. Analysis of the
immune status in latvian Chernobyl clean-up workers with nononcological thyroid diseases // Scandinavian Journal
of Immunology. - 2001. - Vol. 54. - P. 528-533. doi:10.1046/j.1365-3083.2001.00997.x

12 Oskouii M.R., Refahi S., Pourissa M., Tabarraei Y. Assessment of humoral immunity in workers occupation-
ally exposed to low levels of ionizing radiation // Life Science Journal. - 2013. - Vol. 10. No 5s. - P. 58-62.
doi:10.7537 /marslsj140817.01

13 Serhatliodlu S., O d ur E., Ozan A.T., Gersu F., Gudekmerdan A., Ayar A. Biochemical and immunological effects
of ionizing radiation in radiology staff members // Tanisal Ve Girisimsel Radyoloji. -2004. - Vol. 10. No 2. - P. 97-102.
Available at: http://www.dirjournal.org/sayilar/53 /buyuk/pdf TGR_4591.pdf (accessed date: 20.11.2017)

14 Laney A.S., Blackley D.J., Halldin C.N. Radiographic disease progression in contemporary US coal miners with
progressive massive fibrosis // Occupational and Environmental Medicine. — 2017. - Vol. 74. No 7. - P. 517-520.
doi:10.1136 /oemed-2016-104249

15 Suarthana E., Laney A.S., Storey E., Hale J.M., Attfield M.D. Coal workers’ pneumoconiosis in the United
States: regional differences 40 years after implementation of the 1969 Federal Coal Mine Health and Safety Act. //
Occupational and Environmental Medicine. - 2011. — Vol. 68. - P. 908-913. d0i:10.1136,/0em.2010.063594

16 "Coal Mine Dust FExposures and Associated Health Outcomes: A Review of Information Published Since
1995" // Current Intelligence Bulletin 64. - Retrieved August 18, USA: Centers for Disease Control
and Prevention National Institute for Occupational Safety and Health. - 2011. — P. 88. Available at:
https://www.cdc.gov/niosh/docs/2011-172/pdfs/2011-172.pdf (accessed date: 25.11.2017)

17 Caballero-Gallardo K., Olivero-Verbel J. Mice housed on coal dust-contaminated sand: A model to evalu-
ate the impacts of coal mining on health // Toxicology and Applied Pharmacology 294. - 2016. - P. 11-20.
doi:10.1016/j.taap.2016.01.009

18 Fomenko D.V., Ulanova E.V., Zoloeva P.V., Zaharenkov V.V., Burdeyn A.V., Panev N.I. Clinical and exper-
imental research of metabolic changes in an organism at long-term inhalation of coal dust // The Bulletin of
Siberian Branch of Russian Academy of Medical Sciences. — 2010. — Vol. 30. No 1. - P. 118-122. Available at:
https://elibrary.ru/download/elibrary 15619993 33596932.pdf (accessed date: 21.11.2017)

19 Zhetpisbaev B.A., Hamitova L.K. Immune disfunction of the irradiated organism. Almaty. - 2000. — P. 213.

20 Beysenbaev E., Orazgaliev B., Slazhenova T. i dr. Results of comprehensive studies of the impact of the Semi-
palatinsk nuclear test site // Healthcare of Kazakhstan. - 1997. — Vol. 1. - P.13-17. [in Russian]

21 Yarmonenko S.P. Medical consequences of the Chernobyl disaster: results: 15 years of research // Medical Radi-
ology and Radiation Safety. — 2001. - Vol. 46. No 5. - P. 27-33. [in Russian]

22 Artamonova V.G., Fishman B.B. Silicatoses: Features of occupational medicine, etiopathogenesis, clinic, diagnos-
tics, therapy, prevention. Moscow, - 2003. — P. 328.

23 Izmerov N.F., Dueva L.A., Milishnikova V.V. Immunological aspects of modern forms of pneumoconiosis // Oc-
cupational medicine and industrial ecology. - 2000. — Vol. 6. - P. 1-5. [in Russian|

24 Mancini G., Vaerman J P., Carbonara A O., Heremans J F. A singke radial diffusion method for the immunological
quantitation of proteins // (Peeters H, ed) Protides of biological fluids. — Amsterdam. The Netherlands: Elsever. -
1964. — P. 370-373.

25 Golubev A.G., Fedoseykin I.V. Changes in some parameters of humoral immunity in acute lung abscesses //
Human Physiology. - 2007. — Vol.33. No 4. — P. 126-127. [in Russian]

26 Golovko A.A.) Nerin I.N. Immunological characteristics of children and adolescents evacuated from the 30-kilometer
zone at the Chernobyl nuclear power plant. Results of the assessment of the medical consequences of the Chernobyl
acciden // Republican scientific practical conference. Ministry of Health. USSR, 1991, pp. 85-86.

27 General allergology. Red. G.B. Fedoseeva. St. Petersburg. - 2001. Vol. 1. — P. 815. [in Russian]|

28 Tokabaev A.K., Sagandyikov B.B., Shelehov V.G. Indicators of humoral immunity in healthy residents of the
Semipalatinsk region born before and after 1963 // International scientific conference. Ecology - radiation — health.
Semipalatinsk, 1993, pp.114-115.

29 Arenas M., Gil F., Gironella M., Hern6ndez V., Jorcano S., Biete A., Piquit J. M., Paniis J. Anti-inflammatory ef-
fects of low-dose radiotherapy in an experimental model of systemic // International Journal of Radiation Oncology,
Biology, Physics. — 2006. — Vol. 66. No 2. — P. 560-567. Available at: https://doi.org/10.1016/j.ijrobp.2006.06.004
(accessed date: 20.11.2017)

30 Robertson M.D.; Boyd J.E., Collins H.P., Davis J.M. Serum immunoglobulin levels and humoral immune compe-
tence in coalworkers // American Journal of Industrial Medicine. — 1984. — Vol. 6. — P. 387-393.

31 Boes, M., Esau C., Fischer M.B., Schmidt T., Carroll M., and Chen J. Enhanced B-1 cell development, but impaired
IgG antibody responses in mice deficient in secreted IgM // The Journal of Immunology. - 1998. — Vol. 160. No
10. — P. 4776-4787. Available at: http://www.jimmunol.org/content/jimmunol /160/10/4776.full.pdf (accessed date:
25.11.2017)

32 Ehrenstein M.R., Cook H.T., Neuberger M.S. Deficiency in serum immunoglobulin (Ig)M predisposes to develop-
ment of IgG autoantibodies // The Journal of Experimental Medicine. - 2000. — Vol. 191. — P. 1253-1258. Available
at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2193170,/pdf/992109.pdf (accessed date: 24.11.2017)

94



Chulenbayeva L.E , Kashanskiy S.V, Ilderbayev O.Z.

33 Davies E.G., Thrasher A.J. Update on the hyper immunoglobulin M syndromes // British Journal of Haematology.
—2010. — Vol. 149. No 2. — P. 167-180. doi:10.1111/j.1365-2141.2010.08077.x

34 Johnson J., Filipovich A.H., Zhang K. X-Linked Hyper IgM Syndrome // GeneReviews§[Internet]. Uni-
versity of Washington, Seattle. - 1993. - Retrieved 12 November 2016. update 2013. Available at:
https://www.ncbi.nlm.nih.gov/books/NBK1402/ (accessed date: 25.11.2017)

35 Ouchida R, Mori H, Hase K, et al. Critical role of the IgM Fc receptor in IgM homeostasis, B-cell survival, and
humoral immune response // PNAS. — 2012. — Vol. 109. No 40. - P. E2699-E2706. doi:10.1073/pnas.1210706109

Yyneubaena JI.E. ! , Kamauckuii C.B. 2, Mabnepbaes 0.3.1

1 Espasuticrkuti nayuonansroiti ynusepcumem um. JI.H. Dymuaesa, Acmana, Kasazcman
2 ®BYH «Examepunbypecruti meoutunckuti-naywioll 4enmp npoPuiakmuky U oTpans 300p06bs pabovut
npomnpednpuamuty Pocnompebradsopa, Poccus, 2. Examepunbype

E-mail: !laurache@mail.ru, ? skashansky@yandex.ru, ! oiz5@yandex.ru
CpaBHUTEJILHBIN aHAJIN3 UMMYHOIVIOOYJIMHOB IPU COYETAHHOM BO3AEMCTBUI MblLIb-PaJualMOHHOrO pakTopa B
OTAAJIEHHOM Iepuoie

Anvoranmsi:  Opsolt u3 Hambosiee pPagUOIYBCTBUTEIBHBIX (DYHKIUNA OpPraHM3Ma dYeJIOBEKA W YKUBOTHBIX SBJISIETCS
MMMYHOJIOTUYECKAsl PEAKTUBHOCTb. XapaKTEPHOW dYepTON paMalliOHHOIO BO3JEHCTBUS SABJISETCH JJIUTEJIbHOE COXPaHEHHE
MMOBPEXKIEHUI B OTHE/ILHBIX 3BEHbSIX CUCTEMbI UMMYHUTETA U CONPSI?KEHHBIX C HUM OTIAJIEHHBIX [TOCJIEICTBUI U OCoKHeHui. B
rocJjieJiHee BpeMsi 0COObIl MHTEPEC MIPECTABIISIET KOMOMHUPOBAHHBIE BO3IEICTBUS PAIMAIIOHHOTO U HEPAIUAIMOHHOTO (haKTOPOB
Ha IMMYHHYIO CHCTeMY. B HaleM npumepe pacCMOTPHUBAJIMCH YIOIbHAS IIbLIL U PA3HbIE JO3bI PAIAAIisl B OTAAJIEHHOM IIEPHOJE.

Ienbio uccienoBaHus SABISIOCH U3YUEHHUE BIIMSHAS MAJIOH U CyOJIeTaIbHON [O3bI OOJIyUEHHUSI W yTOJbHON IBLIH KaK U
B OTJEJIBHOM, TaK M COYETAHHOM BO3JEHCTBUM B OTJAJIEHHOM I[E€PHOJE Ha IIOKA3ATEJH HUMMYHOIVIOOYJIMHOB y »KUBOTHBIX B
9KCIEPUMEHTAIBHBIX yCJIOBUAX.

Broinosiaens! 6 cepun onbiToB Ha 60 Kpbicax-camiax juHud Bucrap: I rpynna - marakTasie, I rpynmna - Kpbicel, BabIxaBiie
yrosmpuyio mbLib, 111 rpymnmna — moaseprimmecs: ramma-obiaydenuio B nose 0,2 I'p, IV - mogseprimmecss ramMMa-o6iry<eHUIO B 103€
6 I'p, V rpynna - ucublTaBiire COYETAHHOE BO3EHCTBHE MAJION JO3bI PaJualiy U yroJbHOW nblid, VI rpymnma — ucnblraBiiie
CcodeTaHHOE BO3AeHCTBHE CyOIeTa IbHOM JO3bI PAJUAE U YTOJIbHOM IbLIN. AHa/IN3 Pe3y/IbTAaTOB UCCIEAOBAHUS [TOKA3aJI, ITO Y
KPBIC, [IOJIBEPraBIINXCS COYETAHHOMY IbLIIE-PAIUAIMOHHOMY (DAKTOPY, B OTJAJIEHHOM IEPHUOJE ObLIN BBISIBJIEHBI 3HAYNTEJIHLHBIE
M3MEHEHUsI, KOTOPbIe XapakTepu3oBajuchk camxkenneM [gA u IgG, u noseriunenuem IgM. Monunsupyromas pagualyst B COYeTaHUR
C YrOJIbHOW MBLIIO, B OTJAJIEHHOM IIE€PUOJIE OKa3bIBAJI 0OJiee BBIPAXKEHHOE BO3AEHCTBUE, JOMUHUDYIOUUM areHTOM SIBJISIACh
MOHU3UPYIOWIAsT PAJHAIIN.

KurroueBble cjioBa: pajualius, yroJbHas ObLIb, KMMYHOIJIOOYJIUHBI, OTJAJIEHHDBIN IepHO, KOMOMHUPOBAHHOE BO3AEHCTBHE.

Yynenbaena JI.E. ! , Kamauckuii C.B. 2, Ingep6aes 0.3.1

L JLH. Dymunes amovmdaewn. EYY, Acmana, Kasaxcman
2 OBTY «Examepunbype oHipic opotHOapbl HCY MOLCUDLAGPBIHOLE, OEHCAYABIZVIH KOPLAY HCIHE AAObIH QY MEOUUUHA-2OLABIMU
0PMANBL2LIHBLH S eHOEKMIH, CANAADL 2ULUEHACHL 6ONIMINIH orcemerwici, Examepunbype, Pecet

E-mail: ! laurache@mail.ru, 2 skashansky@yandex.ru, ! oiz5@yandex.ru
ITTan-paaguauusa (pakTOPbIHBIH, KOCAPJIbl 9CEPiHiH, KelliHri Ke3eHiHaeri UMMYyHOrJIOGYJINH-1EePAiH CAJIbICTBIPMAJIbL
capanTaMacsl

AnHOTa U Ajfam MeH JKaHyapJap af3achlHbIH  PaJMoCe3iMTaJbIILIFBIHBIH, ~ OaChIMBIDAK ~KbI3METTEpiHiH 6ipi
OOJIBIIl, MMMYHOJIOTHUSIJIBIK, DPAeKTHBTIIIK OoJbln TabbuLia/ibl.  ByHBIH e3repicTepiH coysiesik 3aKbIMIAJIyIblH KJINHUKAJIBIK,
CUMIITOMAPbIHBIH, Taiifga OoJiyblHa [eiliH, OOBEKTIBTI 9IicTepMeH aHBIKTayFa O00JIaJIbl. Pagnanmonapr ocepiin, e3iHAIK
epeKUIeTiKTepiHe, UMMYHHUTET XKYMeCiHiH »keke OybIHIAPBbIHIA 3aKbIMIAJIYIAbIH Y3aK CAKTAJIybl »KOHE COHBIMEH KOoca KeHiHri
Ke3€H 3apaanTapbl MEH acKbIHyIapbl karaabl. COHFBI yaKbITTapaa, PaJHalliOHIbl XKOHE PAJUIMOHIBI eMeC (haKTOPJIapIbIH
MMMYHJIBI JKyiere KocapJibl 9Cepi epekiile KbI3bIFYIIBUIBIK, TYAbIpyaa. bBi3jiiH >KYMBICTBIH YJrici, KeiliHri ke3enueri KeMip
[IaHBL YKOHE OPTYPJi [033aJarbl pajualusd. J3ePTTEYAiH MaKCcaTbl a3 KoHe CyOJeTasbIbl J03aJjIbl COYJIEJICHYAIH »KoHE KOMIp
HIaHBIHBIH, JIepOec »KoHe KOCapJibl OPEKEeTIHIH, KaHyapJiapAblH UMMYHOIIOOYINHIEP KOPCETKIIITepiHe Keiinri Mep3imMaeri ocepin
ToXKipubesmik Karjaiina seprrey OGousibin TabbLIAbl.  Toxkipube 60 Bucrap aranblk ereyKylpbIKTapbiHa 6 cepusi GoibIHIIIA
kyprizisnai: I tom - Gakpuiay, II Ton — kewmip maHbIMeH THIHBIC ajraH ereykyupswikrap, [II Tom — 0,2 I'p mozanbr ramma-
coyJtesleHyre yuislparal tor, IV tom - 6 I'p mosansl ramMma-coyseseHy KaObLIZaraH TOIN, V TOI - a3 J103ajbl PaIualiis MeH
KOMIp IIaHBIHBIH KOCAPJIbI 9CepiHe ChlHaKTajaraH Tol, VI Ton — cybieTab/ bl J03asbl paaualius MeH KOMIP MIaHbIHBIH KOCAPJIb
9CepiH ChIHAFaH TOI. 3epTTey HOTHXKEJEPIHIH capanTaMachl KOPCETKEHJeH, MaH-paauanus (aKTOPBIHBIH KOCapJibl dcepiHe
yIIbIpaFraH ereyKyipbIKTapaa, Keiinri Mepsimzae Manp3apl e3repicrep anbikTanaael. Ousap IgA »xone G Mmeusmepiniy TeMmeHgell,
IgM nenreitiniy »korapJiiaypIMeH cunarTTayabl. VoHIZaymIbl pajualiisHblH, KOMIp IIaHBIMEH KOCAPJIbI 9Cepi oTe allKbIH OpPEKeT
KOPCETTi, ocipece HOHIAYIIbI paguanus OACHIMIbI Ar€HT OOJIBII TaObLIIbL.

Tyitin cesmep: paauanysi, KOMIp IIaHbl, UMMYHOTJIOOYJIUHIED, KEHIHTT Ke3eH, KocapJibl 9cep.
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«JI.H. 'ymunaeB arpiHmarsl Eypa3susi yaTTeIK yHUBepcuTeTiHiH, Xabapmibicbl. BuosiorussbiK, FeIIBIMAAP
CepUusiChI» >KYPHAJIBIH/IA MaKaJja >Kapusijiay epexkeci

1. 2KypHaa makcarbl. buoxumusi, MOJIEKyJIaJIBIK OHOJIOrUsT, GHOTEXHOIOT U, OGNOMH(MOPMATHKA, BUPYCOJIOrUsI, bnodusnka,
OuouH>KeHepus, (PU3NOJIOTHs, OOTAHUKA, 300JIOTUSA, SBOJIOIUSJIBIK, OUOJIOrUsl, TE€HETUKa, MUKPOOHOJIOTHUs, OUOMEIUIIUHA
caJjiajapbl OOMBIHINIA MYKUSIT TEKCEPY/IEH O6TKEH FBUIBIMU KYHBLIBIFBI 6ap MakaJjajgap >Kapusijiay.

2. 2Kypnanga makasa »Kapusijlaylibl aBTOp MaKaJaHbIH KOJI KOHbLIFaH Oip JlaHa Kara3 HYCKAchIH I'buibiMu GachliabIMaap
Genimine (pemakuusra, Mexkemxkaitpr: 010008, Kasakcran Pecy6imkacer, Acrana kamnacel, K. Cornaes keuteci, 2, JI.H. I'ymunes
arbiHgarsl Eypasus yarTelk yHusepcureri, Bac rumapar, 408 xabumner) xkoHe eurjourbio@enu.kz 37JeKTPOHABIK IIONITACHIHA
PDF, Tex dbopmarTapblHaarsl HYCKaIapbIH XKibepy KaxkeT. MakaslaHyH MOTIHIHIH Kara3 HYCKAChl MEH 3JIEKTPOHIBI HYCKAJIaPbL
Oipieit Gosrynapsl KaxkeT. MakaJjianap Kasak, OpbIC, aFbUIIIbIH Tijjiepinge kabbliganaabl. MakaJsiaHblH TexX (apMaTbIHIAFbL
yarici bulbio.enu.kz »xypnas caifibITbiHga GepiareH.

3. ABTOpAbIH KoJI>ka30aHbl pelaknusira >kibepyi makasawubiyg, JI.H. 'ymnaeB arsiagarbl Eypasusi yiITTBHIK
yHuBepcuTeTiHig xabGapmibicbiHAa Oacyra KeJiciMmiz, mieres TisniHe aymapsuibill KaliTa GacbLIybIHaA KedjiciMmin
G6inaipeni. ABTOop MakaJiaHbI peJakKIusifa >KiGepy apKbliIbl aBTOP TypaJbl MAJIMETTiH OypPBICTBIFbIHA, MaKaJja
KeluipisiMereHnirine (marnarThlH >KOKTBIFBIHA) >KOHe GacKa Ja 3aHChI3 KelllipMeJsepAil »KOKTBHIFbIHA Kellijigeme
Gepeni.

4. Maxkasanbiy kesieMi 18 6erren acnayra Tuic (6 6erren Hacram).

5. MakaJjiaHbIH, KYPbIJIbIMbI

FTAMPK http://grnti.ru/

Aemop(nap)dvir, ambi-oHcons

Mexemenin, Mmoaviy, amayst, Kaiacvl, memaekemi (erep aBTopJsap opTYypJli MeKeMeJie KYMBIC »KacaiiTblH 6osica, oHJa
9P aBTOP MEH OHBIH, >KYMBIC MeKeMeci KachlHa Gip/eil 6esri KoibLLy Kepek )

Aemop(nap)dvir, E-mail-vt

Maxana amayvt

Annomayus (100-200 ce3; dopmMysacsi3, MakaIaHbIH aTayblH MeiliHIIe KaiiTasamaybl Kaxker; ogebuerrepre ciaremesep
GoMaybl KaykeT; MaKaJaHbIH KypPbUIBICHIH (Kipicle /MaKaJlaHbIH MakcaTbl/ MiHJETTepl /KapacThIPBUIBII OTHIPFAH CYPAKTHIH
TapUXbl, 3ePTTEY OJAIiCTepi, HOTUKEJIEP/TAJKbLIay, KOPBITHIHIBI) CAKTail OTBHIPHIN, MaKAJAHBIH KbICKAIIA Ma3MyHBI Oepiiayi
KaXKer).

Tytin coeadep (6-8 ces me ce3 ripkeci. TyiliH ce3mep Makasa Ma3MYHBIH KODCETIN, MeHJiHIIE MakKaja aTaybl MeH
AHHOTAIUSIAFBl CO3IEP/l KaliTajmamail, MakKajia Ma3MyHBIHIAFbl ce3nepii KoJigaHy kKaxkeT. COHBIMEH KaTap, akKIapaTThbIK-
i3nectipy »Kyitesiepinjie MaKaJaHbl *KeHiT Tabyra MYMKIH/IIK GepeTiH FhUIBIM cajlajapblHbIH TEPMHUHIEPIH KOJIJAHY KasKeT).

Hezizei wmomin MakaJaHbBIH MakcaTbl/ MiHJIETTEpi/ KapaCTHIPBUIBII OTBIPFAH CYPAKTBIH TapUXbl,  3€pPTTEY
oJIicTepi, HOTHKEIED / TAJIKbLIAY, KOPBITBIHIBI GOIIMIEPIH KAMTYbI KArXKeT.

Tabauya, cypemmep — aTajfaHHAH KeHiH OPHAJIACTBIPBLIAIBI. Op Tab/IuUIA, CyPeT KAChIH/A OHBIH, aTajIybl OOJIybl KAXKET.
Cyper aflKbIH, CKAHEP/IEH OTIIEreH OOJIYbI KEPEK.

Makasamgarsl pOpMYAaAGD TEK MITIHJE OJapFa ciireMe Gepisice raHa HOMIpJIEHE .

2Kanner konpaubicta 6ap abbpesuamypaaap MeH Kbickapmyaapodar Gackasapbl MIHIETTI Typle ajfall KOJIJAHFAHIA
Tycinaipinyi 6epinyi kaxker. Kapotcvinaalli kemerx mypaast aknapar Oipinmii 6erre Kepceriiei.

dodebuemmep Mmiszimi

Moringe oaibuerrepre ciaremesnep TiKXKakiara ajbiHaabl. MoTingeri ojebuerrep TisimMine ciaTemesnep/in HOMeEpPJIeHy1 MoTiH e
KOJIJaHBLILY bIHA KATBICTBI »KYPrisiige: MoTiHIe Ke3/ieckeH oaebuerke aramkpl ciareme [1] apKpuibl, exinimi cireme [2] apKbLibt
T.c.c. xyprisiseni. Kiranka zkacanaTslH cinTemesepne KOJZaHBUIFaH GeTTep fe Kepcerimyl kepek (mbrcamsi, [1, 45 Ger]).
Kapusianbaran enbexrepre ciiremesep xkacanMaiiapl. COHbIMEH KaTap, PEleH3us1al oTIeHTIH GachlIbIMIapra Ja cliremesnep
»KacayuMaiinbl (sgebuerrep Ti3iMiHIH 93ipiey yirisepin TeMeHzeri MakaJaHbl pociMey YIriCiHEH KapaHbI3).

Maxkasia CoHpIHAAFBI 9/1ebnerTep TiziMineH Keilin 6ubauozpaPuabiy, Maaimemmep OpbIC XKOHe arbLIIbIH TiaiHge (erep
Makala Kasak TUIHIe »Kas3blica), Ka3ak KoHe afbUIIIBIH TLTiHZe (erep Makasa OpBIC TLTIHZIE Ka3bLICA), OPBIC KOHE KA3aK,
Tiniage (erep MakaJsia arbUIIIBIH TLTiHIE XKa3bliran Gosica) Gepinesi.

Asmopaap mypaabl MaATMEM: ABTOPJbIH AThI-?KOHI, FBIJIBIMA aTafbl, KbI3METI, >KYMBIC OPHbI, KYMBIC OPHBIHBIH MEKEH-
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ITosio>keHMEe O PYyKONNCSIX, IIPEACTABJIsIEMbIX B >KypHas «BectHuk EBpasuiickoro HanjMOHAJIBHOTO yHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Buosiornyeckue Haykum»

1. Ieas >xkypHaJa. llybiukanus TImaTesbHO OTOOPAHHBIX OPUTMHAIBHBIX HAyIHBIX PabOT 1O HAIIPAaBJIEHUSIM OHOXMMUSI,
MOJIEKYJIsipHasi OuoJiorusi, OmoTexHoJIOrUsl, OMOMHMOpPMATUKA, BUPYCOJOrusi, OunodusnkKa, OHOMHI)KEHepUsi, (UINOJIOTHSI,
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Kazaxcran, r.Acrana, yi. CarnaeBa, 2, EBpasuiickuii HaIlMOHAJbHBIA YHUBEPCUTET WM. JIL.LH.I'ymunea, YdyebHo-
aJIMIHUCTPATUBHBIA KopItyc, Kab. 408) u mo e-mail eurjourbio@enu.kz B dpopmare Tex u PDF . Ilpu sT0M JOMKHO GBITH CTPOrO
BBIJIEP?KAHO COOTBETCTBHE Mex 1y Tex-daitiom, PDF-daitnom u TBepoit konueii. [11abon crarsu B popmare tex npuBeieH HA
caiite xxypHaJsia bulbio.enu.kz.

S3bik myGaukanumit: Kazaxckuii, pycckuii, aHTJIHACKAT.

3. OrnopaBieHue craTell B peJaKIMIo O3HAYaeT coIjlacue aBTOpOoB Ha mnpaBo Msnarensi, EBpasuiickoro
HanuoHaJbHOro yHuBepcurera umenu JI.H. 'ymuneBa, usgaHusi crareil B >KypHajie M MNEePEU3JAaHUsI UX Ha
Jao60oM mHOCTpaHHOM s3bIKe. IIpenacraBiasisi TekcT paboThl A nNyGauKanuy B >KypHaJie, aBTOpP rapaHTUpyeT
NPaBUJIBHOCTb BCEX CBeAeHUil o cebe, OTCyTCTBHE ILIarnara u Apyrux (popM HEeNpaBOMEPHOr'O 3aMMCTBOBAHUS B
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4. O6beM cTaTby HE JOJIKEH IpeBblnarh 18 crpanur (ot 6 crpaHu).
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INoaroe naumenosarue opzanusdayuu, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3ANUAX, HEOOXOIUMO
[IOCTaBUThH OJIMHAKOBBIA 3HAYOK OKOJIO (DaMHJIMM aBTOPA U COOTBETCTBYIOIIECH OPraHU3aIIN)

E-mail asropa(os)

Hassanue cmamvu

Annomayus (100-200 c0B; HE IOJKHA COAEPKATH (DOPMYJIBI, IO COAECPIKAHHUIO MOBTOPATH HA3BAHWE CTATHH; HE JOJIKHA
conepKarTh 6ubIHOrpadUIecKre CChUUIKH; JOJIKHA OTParXKaTh KPATKOE COJEPXKAaHUE CTaTbH, COXPaHsisl CTPYKTYyPYy CTaTbH —
BBeZleHNE,/ MOCTAHOBKA 3a1a4u, Iesy/ MCTOPUs, METOABI UCCJIEIOBAHNS, PE3YJIbTaThl/00Cy 2K IeHHs, 3aK/IIOUCHIE/ BEIBO/BL).

Karouesvie caosa (6-8 cios/cioBocoderanuii. KulrodeBble €I0Ba JOJXKHBI OTParkaThb OCHOBHOE COJEPYKAHUE CTATHH,
HCIIOJIb30BATH TEPMUHBI U3 TEKCTa CTATbU, & TAKXKE TEPMUHBI, OMPEIEIISIONIUE MPEIMETHYIO O0JAaCTh W BKJIIOYAIONIUE IPYTUE
BasKHbIE TIOHSTHUS, [TO3BOJIAIONIAE OOJIErYUTh U PACIHIMNPUTH BO3MOXKHOCTH HAXOXKJECHHS CTaTbU CPEJICTBAMU WH(MOPMAIMOHHO-
[IOMCKOBOM CHCTEMBI).

OcHoeHOT merem cmambvbu JJOJKEH COJEPXKATh BBe/leHHe/ TOCTAHOBKY 3a/adn,/ 11eJii/ NCTOPHIO, METObI UCCIIEOBAHNSI,
Pe3yJIbTaThl/ O6CY 2K I€HHE, 3aK/TIOUEHUE / BBIBOJIBI.

Tabauynbt, pucyrku HEOOXOAUMO PACIIOIAraTh Mmocye ynoMuHanus. C KaXXJol WILTIOCTpalueil TOJXKHA CII€JOBATDH HAJIIIKCD.
Pucysku 10/12KHBI OBITh YETKUMU, YUCTBIMY, HECKAHUPOBAHHBIMU.

B crarbe nHymepyrorcs numb Te DOPMYABL, HA KOTOPBIE TIO TEKCTY €CTh CCHLIKU.

Bce abbpesuamypur u coxkpauweHus, 3a UCKIIOYEHUEM 3aBeJIOMO OOIIEN3BECTHBIX, JOJIKHBI OBITH paciudpoBaHbl IIPU
IIEpBOM YTIOTPEOJIEHUN B TEKCTE.

Ceegenust o purarcosot noddepatcke paboThl YKA3bIBAIOTCS HA MEPBOI CTPAHUIE B BUAE CHOCKH.

Cnucox aumepamypot

B Tekcre ccplikn 0603HAYMAIOTCA B KBAAPATHBIX CKOOKax. CCBUIKM JOJIKHBI OBITH IIPOHYMEPOBAaHBLI CTPOTO IO MOPSIKY
YIOMHHAHUS B TeKcTe. lepBasi CChbUIKa B TEKCTE Ha JIUTEPATypPy JOJXKHA nMeTh HoMmep 1], Bropas - [2] u T.1. Ccblika Ha KHUATY
B OCHOBHOM TE€KCTe CTATBU JIOJIZKHA COIPOBOXKIATHCH yKa3aHHEM HCIOJB30BAHHBIX cTpaHun (Hampumep, |1, 45 crp.]). Ccpuikn
Ha HeoIlybJIMKOBaHHBbIE PAGOTHI He JOIycKaloTcs. HerkesraTeabHbl CCHUIKM Ha HEPEIEH3UpPyeMble U3aHus (IPUMEPbl OIMCAHWUS
CIIMCKA JIMTEPATyPhl, OUCAHUS CIINCKA JINTEPATYPHI CM. HHUXKe B 00pasie 0pOPMIIEHUS] CTATHH).

B komHIle cTaThH, MOCIE CIIUCKA JIATEPATYPbI, HEOOXOAMMO yKa3aTh bubauozpagpuueckue darHble Ha PYCCKOM U AHMTTUHACKOM
sa3bIKax (eciau craTbsi 0pOpMIIEHA Ha Ka3aXCKOM sI3bIKe), Ha Ka3aXCKOM U aHIVIMICKOM si3blKaxX (ecim crarbst odOpMIieHa Ha
PYCCKOM sI3BbIKE) M Ha PYCCKOM U Ka3aXCKOM fA3bIKaX (ec/in craTbs opopMIIeHa HA AHIVIMHCKOM SA3BIKE).

Ceedernus 06 aemopax: damuans, UMs, OTIECTBO, HAyIHAs CTEIEH, JOJKHOCTb, MECTO PabOTHI, ITOIHBIN CIIyKeOHBII
azapec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIVIMACKOM S3BbIKaX.

6. Pykomuch mosrkHa OBITH TINATEJIBHO BbIBEpeHA. PyKOmncH, He COOTBETCTBYIONINE TEXHUYIECKUM TPEOOBAHUAM, OYIyT
BO3BpallleHbl Ha 10paboTKy. Bo3BpalieHrne Ha JOpabOTKY HE O3HAYAET, YTO PYKOIVMCH IPUHSATA K OIyOJIMKOBAHUIO.

7. PaGora ¢ 3JIeKTPOHHOI KOPPEKTYPOI. Crarpu, nocrynusmme B OThen HaydHbIX u3gaHuil (pegakims),
OTIPABJIAIOTCS Ha AHOHUMHOE PEleH3npOBanue. Bce PeleHsnu 1o CTaTbe OTIPABIIAIOTCHA aBTOPY. ABTOpaM B TE€YEHHE TPEX JHEH
HeOOXOIMMO OTIIPABUTEL KOPPEKTYPY crarbi. CTaTbH, IOy YUBIINE OTPUIATEILHYIO PEIEH3NIO K IOBTOPHOMY PaCCMOTPEHHIO HE
NpUHUMAIOTCHA. VcnpaBiieHHbIE BADUAHTBI CTATEH W OTBET aBTOPA PEIEH3EHTY MPUCHUIAIOTCA B penakimio. CraTbu, uMeronme
[IOJIO’KUTEJIbHBIE PEIEH3HH, [IPEICTABIISIIOTCS PEAKOJIVIETHH YKy PHAJIA 11T OOCYXKIEHUST ¥ YTBEPXKICHUS JJIsl IIyOIUKAI[AHN.

IlepuonuyHoOCTh >KypHaJa: 4 pa3a B rof.

8.Omiata. ABTropaM, MOJIYYHBIINM IIOJIOXKUTEIBHOE 3aKJIIOUEHNE K OIyOIIMKOBAHUIO HEOOXOINMO IPOU3BECTH OILIATY IIO
cnexyomuM peksusutaM (s corpyaaukos EHY — 4500 Tenre, misa croponaux opranusanuii — 5500 Tenre):

100



Chulenbayeva L.E , Kashanskiy S.V, Ilderbayev O.Z.

MakaJjiaHbI paciMaey YJIrici
MPHTN 27.25.19
A.2K. XKy6anpimesa ! , H. Temupraaues?, A.B. Yrecos?

U nemumym meopemumeckoti mamemamury u nayumoix evucaernuti Bepasutickozo
HAYUOHAALHO020 Yrusepcumema umenu JI. H. lymunesa, Acmana, Kazaxcman
2 Axmaobuncrkuti pecuonasvol ocydapemeenioni ynusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)
Yucaennoe nuddepeniupoBanue pyHKIU B KOHTeKcTe KoMObOTEepHOro
(BBIYMCIATENBHOIO) IIONEPETHUKA
Ansoramusi: B pamMkax KOMIBIOTEDHOIO (BBIUUC/IUTENBHOIO) IIONEPEYHUKA  IIOJIHOCTHIO
perieHa  3ajiada npubnkeHHoro auddepeHiupoBanus (GyHKIUH, TPUHAIJIEKAIINX KJIACCAM
CobosieBa 110 HETOYHON MHMOPMAIUHN, MOJYUYEHHON OT MPOM3BOJBHOIO KOHEYHOI'O MHOYKECTBA
TpuroHomerpudeckux kKosbbuimentos Pypre-Jlebera nuddepennupyemoit dyukmuu... [100-200
cJioB|
KuaroueBbie caoBa: npubmmkennoe mudepeHnnpoBanne, BOCCTAHOBJIEHHE 110 HETOYHOM
na(OpPMAITIH, TPEIeIbHAsT HOTPENTHOCTb, KOMIBIOTEPHBIH (BBIYUCIUTENbHBIN) HOMepedHnK. [6-8
cJI0B/ citoBoCOUeTAHUI]]|

BBenenue

TekcT BBeIeHUA. ..
Apropam He ciielyeT MCHOIb30BaTh HecTaHgapTHble nakerbl LaTeX (ucmosb3yiiTe wX JMIIb B
citydae Kpaifueil HeoOXO0IIMOCTH )

3aroJioBOK CEeKIUU

1.1 3aro/i0oBOK NOJCEKIN
OkpykeHus.

Teopema 1. ...

JlemMma 1. ...

IIpennoxxkenue 1.

Onpenenenne 1. ...

Caencrsue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramaues H. [2]). Texcm meopemo.

JJoxkasaTenbcTsBo. Tekcr moka3aTenbCTBAa.

2. ®opmyJibl, TAGIUIBI, PUCYHKUI
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Tabsmrbl, pUCYHKH HEOOXOINMO pACIoJiaraTh mocje yrnoMmuHanus. C KaxKJio# WLTIOCTpanueil JoKHa
cJIeJ0BaTh HAJIINACh.

3. Ccbuiku u 6ubdaunorpadus
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Tabpiunia 3 — HaszBanue Tabauigbt

IIpoctrie He mpocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

PucyHok 1 — HazBaHue pucyHka

s cchLIoK Ha yTBepzKIeHus, (pOPMyJIbI U T. II. MOXKHO HCIIOJIb30BaTh MeTKu. Hampumep, Teopema 2,
Dopmya (1)

s pykosojicTBa o INTEX u B KauecTBe mpuMepa 0hOpMIIEHHS CChLIOK, CM., Harpumep, JIpBosckuit C.M.
Ha6op u Bepcrka B nakere KTREX. Mocksa: Kocmocurdopm, 1994.

Crucok guTepaTypbl 0QOPMIILETCS CJIELYIONUM 00PA30M.

Criucok smreparypsbl

1 Jlokyumesckuit O.M., l'aspurkos M.B. Hauana ynciaennoro anamuza. —M.: TOO "dAryc", 1995. =581 c. - kHura

2 Temupramues H. KoMubioTepHblit (BBIYUCIUTENBHBIN) IONEPEUHAK KAK CMHTE3 U3BECTHOIO M HOBOI'O B UUCJIEHHOM
anamuse // Becruuk Eppaswmiickoro nanmonanbaoro yHusepcurera umenn JI.H. Dymuinesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (upu HasMuNKM) - CTATHS

3 Kybaubimesa A.2K., A6ukenosa 1. O Hopmax npoun3BoaHbIX DYHKIUA C HyJIeBbIMYA 3HAYEHUSIMU 3aJAaHHOT0 HAbOPa
JINHEAHBIX (DYHKIMOHAJIOB U UX IPUMEHEHHs! K IIONEPEYHUKOBBIM 3ajadaM // PyHKIMOHAJIbHBIE IPOCTPAHCTBA
u Teopusi npubsmkenus yarnmit: Tesucbr qokmamoB MexayHapomHoit KoHpepeHun, mocesierrast 110-geTuro
co aus poxjenus akajgemuka C.M.Huxosnbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasl
KOHdepeHIuii

4 KypmykoB A.A. AHMHONIPOTEKTOPHAS U TUIOJUNUAEMUIECKasi aKTUBHOCTE jieykomusuta. —Anmarsr: Bacray, 2007.
—C. 3-5 - ra3zerHble cTaTHU

5 Ksipo B.A., Muxaiismaenko I.I. AHanuTudeckuii METOJ| BJIOKEHUS CUMILIEKTUIeCKO# reomerpun // Cubupckue
9JIEKTPOHHBIE MaTemaTudeckue uspecrust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenns: 08.01.2017). - JIeKTPOHHBIN Ky pPHAaJI

A.2K. XKy6ausimesa ! , H. Temiprasues ! , A.B. Vrecos 2

L JI.H.Nymunes amuvimdazol Eypasus yammork yHueepcumeming, meopuaiblk MamemamuKa JCoHe 2olablMU eCEnmeyiep
unemumymaot, Acmana, Kasaxeman
2 K. 2Kyb6anos amwmdaev, Axmebe onipaix memaexemmin yrnusepcumemi, Axmobe, Kazaxcmar

Kowmnsiorepiik (ecenreyim) guamerp MoHMOTiHIHAe DyHKUMsIapabl caHAbIK auddepeHnuanaay

Annoranus: Komnbiorepiik (ecenteyim) nuamerp monmoTininge Co6osieB KIAChIHIA YKATATHIH (DYHKIMATIAD/IBI OJIAPIBIH,
Tpuronomerpusiiiblk, Pypbe-Jleber koadduIMEHTTEPIHIY aKBIPJIBI >KUBIHBIHAH AJBIHFAH J19JI eMeC aKIapaT OONBIHINA YKYBIKTAY
ecebi TombrrbiMer mentiaai [100-200 ces|

Tyiin ce3gep: XywiKran auddepeHnnaniay, 197 eMec aklapaT OOWBbIHINA »KYybIKTay, IMIEKTIK Karejik, KoMmbooTepJik
(ecenreyim) nuamerp [6-8 ces/ce3 Tipkecrepil.

A.Zh.Zhubanysheva ! , N. Temirgaliyev !, A.B. Utesov 2

L Institute of Theoretical Mathematics and Scientific Computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-

ameter, massive limiting error. [6-8 words/word combinations|
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