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ABSTRACT

Relevance: The increasing introduction of new mutagenic factors into the human environment increases the frequency of hereditary
human diseases associated with exposure to environmental mutagens. In the case of radiation exposure, the problem arises of the
need to identify risk groups of people with hypersensitivity since the effect of radiation on the body, in addition to direct effects on its
functional subsystems, induces or activates protective systems (repair, adaptation). If the DNA repair system is damaged, the risk of
induction of mutation frequency increases. The above highlights the relevance of the research topic and the results obtained.

The study aimed to assess the impact of radiation pollution on the stability of the genome and human health, considering the long-
term genetic consequences.

Materials and methods: Field and laboratory methods were used, such as creating a system of sites for sampling environmental ob-
Jects, human peripheral blood samples, methods for measuring the radiation activity of objects, and cytogenetic and molecular genetic
methods.

Results: Gamma activity measurements showed that the radiation level in the surveyed territory of the landfill and adjacent settle-
ments was 0.6 to 0.14 mSv/h. Of particular importance in this regard is the study of the mechanisms of individual sensitivity to radiation
and the role of the DNA repair system. Molecular genetic studies of the DNA of blood cells and cytogenetic analyses of people living in
the zone of influence of the radioactive waste landfill revealed the spread of several mutant genotypes, which indicates the likelihood of
an increased risk of environmental diseases in persons with pronounced genome instability.

Conclusion: The radiation level on the territory of the landfill and adjacent settlements was 0.6 to 0.14 mSv/h. The analysis of the
dis-tribution of people by genotypes in the examined groups showed an increase in the frequency of heterozygous alleles of the XRCCI
repair gene to 35% compared with the control group (10%), and the frequency of homozygous alleles for the Trp/Trp allele does not
exceed the control level (3%). In turn, for the XRCC3 gene, there is a slight excess in the frequency of heterozygotes, and the homozygous

Thr/Met allele remains at the control level — 21% compared with the control of 2%.
Keywords: mutagens, radiation, environment, genes, hereditary diseases, genome.

Introduction: Remote genetic consequences of ra-
diation factors pose a real danger to biota humans and
are important for environmental protection and hu-
man health. Knowledge of the mechanisms of radia-
tion exposure is associated with individual radiosensi-
tivity of organisms and the activity of the DNA damage
reparation system (repair). In this regard, the increased
frequency of human diseases associated with environ-
mental mutagens determines the need to identify risk
groups of people with increased sensitivity to radiation
exposure. In addition to direct exposure, radiation also
has an indirect effect on the body, particularly through
protective systems, which in most cases leads to disrup-
tions in the structure and function of the DNA molecule
[1]. If the reparation systems do not work properly, the
risk of mutation increases sharply [2]. The above empha-
sizes the relevance of the research topic and the results
obtained.

The study aimed to assess the impact of radiation pol-
lution on the stability of the genome and human health,
considering the long—term genetic consequences.

Materials and methods: The types of radiation sources
are given in Tables 1-4: these are settlements adjacent to
the radioactive waste disposal site and located, taking into
account the wind rose, on the leeward side, mainly in the
Munaylinsky district and partially in the Tupkaragansky
district, from whose territories soil, plant and water sam-
ples were taken (Figure 1).

The names of the surveyed settlements are also provid-
ed in Tables 1-4. The locations with elevated radiation lev-
els are indicated in the description of the results of radio-
ecological studies.

The studies of radioactivity of soil and vegetation sam-
ples were carried out by the gamma spectrometric meth-
od using the Multirad-gamma device (TD Avtomatika,
Smolensk, Russian Federation) MKS-OTA No. 1935 (VA.17-
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04-46889 dated September 15, 2023) and laboratory stud-
ies - molecular genetic analysis of DNA by the RAPD and
ISSR methods on human peripheral blood samples [3]. The
selected soil and plant samples in rural areas of the Munay-
li district of the Mangistau region were examined by the
gamma spectrometric method in the radiological laborato-
ry of the branch of the RSE on the Right of Economic Man-
agement “National Center of Expertise” of the State Public
Enterprise of the Ministry of Health of the Republic of Ka-
zakhstan for the Mangistau region following the Order of
the Minister of Health of the Republic of Kazakhstan dated
August 2, 2022 No. KR DSM-71 “On approval of the research
procedure.” Water samples were analyzed using the radi-
ometric method on the UMF-2000 radiometer No. 1169, ver-
ification certificate No. A.17-04-46969 dated September 11,
2023, and also in the radiological laboratory of the branch
of the RSE on the Right of Economic Management “Nation-
al Center for Expertise” of the Ministry of Health of the Re-

public of Kazakhstan in the Mangistau region. Blood sam-
ples were taken from 60 residents of settlements adjacent
to the landfill (38 women and 22 men). The control group
consisted of 55 Almaty region residents with no contact
with radiation. Genomic DNA was isolated from peripheral
blood samples using a genomic DNA purification kit (Gene-
JET, Thermo Fisher Scientific, USA). Quantitative and qual-
itative assessment of the isolated DNA was performed us-
ing spectrophotometry (NanoDrop One, Thermo Scientific,
USA) and agarose gel electrophoresis. Then, specific prim-
ers for the genes XRCC1 Arg194Trp, XRCC1 Arg399Gin, and
XRCC3 Thr241Met were synthesized. The primers were syn-
thesized on an automatic synthesizer ASM-800 (RF). The
synthesized primers were tested in test reactions of PCR
genotyping. The finished lyophilized primers were stored in
freezers (-20°C) for PCR analysis. The polymerase chain re-
action methods included restriction fragment length poly-
morphism (PCR-RFLP) and gel electrophoresis.

Lake Koshkaf-At3

Figure 1 - Overview map of the current state of the tailings storage facility

Results: Below are the results of radiological studies of
the total radioactivity of soil, plant, and water samples (ta-

Tables 1-4 indicate the sampling points of soil, water,
and plants and the results of the determination of the lev-

bles 1-4). el of radiation activity.
Table 1 - Specific effective (total) activity of soil from the solid waste landfill
No. of Sample ; ;
samples description Sampling point Cs-137 Ra-226 Th-232 K-40 Sr-90
1 Soil Solid waste 1.241.1 23.4+3.9 10.542.5 382474 e

Note: * - the activity was below the device sensitivity
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Table 2 - Specific effective (total) activity of soil with plants from the flour terminal area

No. of Sample ] ;
samples description Sampling point Cs-137 Ra-226 Th-232 K-40 Sr-90
P From the flour .
10 Soil with plants terminal area <5.9 <8.8 <20 820+230 -

Note: * - the activity was below the device sensitivity

Table 3 - Total effective activity of drinking water

No. of S | ; 3 L .
sar%p?es des%rrTi]Sti%n Sampling point Activity indicators, Bg/L Detected value Permissible value
4 Decentralized | Mangistau region, rural Total alpha activity 0.044+0.012 0.2
drinking water area— 1 Total beta activity 0.062+0.014 1.0

Table 3 - Total effective activity of sea water

sgl;b?gs dessé(l:rrrilgtlieon Sampling point Activity indicators, Bg/L Detected value Permissible value
Sea water from ) ) Total alpha activity 0.15+0.034 not rated
7 the channel, |Mangistau region, coastal
entrance to sea zones Total beta activity 0.09+0.018 not rated
MAEK, point 1

Site No. 1: Akshukyr Village. Coordinates: N 43° 0’
46.089", E 51° 0’ 5.311". The elevation of the region is 7 me-
ters. Ground radiation level: 65 nanosieverts per hour.

Site No. 2: Baskudyk Village, Biotope 1. The elevation
of the region is 15 meters. Coordinates: N 43° 0’ 41.960", E
51° 0" 12.232". Ground radiation level: 67 nanosieverts per
hour. The radiation level at the sampling site is 103 nanos-
ieverts per hour.

Site No. 3: Mangystau-1 Village. Site No. 4. Coordinates:
N 40°0'42.529”, E 51° 17’ 707". The elevation above sea lev-
el is 10 meters.

Site No. 4: Mangystau-5 settlement, coordinates: N 43°
0’ 41.649", E 51° 0" 17.797". The elevation of the region is 14
meters. Radiation level: 68 nanosieverts per hour.

Site No. 5: Mangistau Nuclear Power Complex - Chem-
ical and Hydrometallurgical Plant (CHMP) located in the
southern region of Aktau. The radiation level in the wa-
ter samples from the discharge channel of the Mangys-
tau Nuclear Power Engineering Plant is 0.08-0.09 mSv/h.
Unusually high levels of gamma radiation were record-
ed near CHMP and the Aktau Foundry Limited Liabili-
ty Partnership (LLP). The absolute maximum recorded is
1.98 uSv/h near CHMP [4]. Numerous investigations have
demonstrated that the levels of radionuclides in environ-
mental components collected from identical locations
in areas surrounding the contamination source (radioac-
tive waste disposal site) conform to sanitary and hygien-
ic norms. The data about the buildup of radionuclides
in plant samples aligns with the documented total al-
pha and beta activity in the assessed villages around the
dump. The study area exhibits a negligible background
radiation level, with an average environmental radia-
tion dosage of 0.12 pSv/h. The peak measurement of 1.98
puSv/h was documented at site No. 5.

According to the results from the radiological survey
of the area, essential preparatory work was conducted for
molecular genetic research to evaluate the effects of radi-
ation exposure on public health [5].

Blood samples from 60 individuals residing near
the test location were utilized to assess the condition

of the body'’s repair mechanisms in the Mangystau re-
gion occupants. The polymorphisms of the XRCC1 Ar-
g194Trp (rs1799782), XRCC1 Arg399GIn (rs25487), and
XRCC3 Trp241Met (rs861539) genes were examined. Ta-
ble 5 presents the exact primers for the examined re-
pair genes, including the sequences of the primers and
the endonucleases utilized for analysis. A commercial
GenelET kit (ThermoScientific, USA) was employed for
DNA isolation. A qualitative evaluation of the extract-
ed DNA was conducted by agarose gel electrophore-
sis (Figure 2).

IHK wp

Figure 2 - Electrophoregram of DNA isolated from human pe-
ripheral blood: 1-7 - genomic DNA samples

Figure 2 illustrates the electrophoregrams of various
DNA samples, showing that the electrophoretic analysis
confirmed the isolated DNA's high quality and absence of
degradation throughout the isolation procedure.

Table 5 presents the sequences of specific primers for
the analyzed genes, the name of the restriction endonu-
clease used in restriction analysis, and the corresponding
fragment sizes.

The diversity of the XRCC1 Arg194Trp, XRCC1 Arg-
399GIn, and XRCC3 Thr241Met repair genes was exam-
ined in individuals residing in places adjacent to radia-
tion-contaminated sites to assess the condition of the
body’s repair mechanisms. The polymorphism induction
of the XRCC1 Arg194Trp, XRCC1 Arg399GiIn, and XRCC3
Thr241Met genes was assessed using the PCR-PDRF
method. The DNA repair gene polymorphism frequent-
ly influences individual susceptibility to environmental
stressors, such as radiation.
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Table 5 - Primers used and conditions for amplification, restriction, and target products of XRCC1 and XRCC3 repair genes

: . Restriction | Restriction products
Gene Primers PCR conditions enzyme (polynucleotides)
. . . a4 Arg/Arg: 89+59
(F) 5°-CAA GTA CAG CCA GGT CCT AG-3 40 cycles: 94°C - 15's : :
XRCC1 Arg399GIn | (R) 5~ CCT TCC CTC ATC TGG AGT AC-3° 55°C-30s72°C-45s | Noll | AIOGIn: 248+159+89
40 cycles: .
. . o Arg/Arg: 490
F)5-GCC CCG TCC CAG GTA-3 94°C-15s .
XRCC1 Arg194Trp ( . . o Pvull Arg/Trp: 490+294+196
(R) 5°-AGC CCC AAG ACCCTT T-3 %08 - ig : Trp/Trp: 294+196
(F)5'-GCC TGG TGG TGG TCA TCG ACT C-3' 40 cycles: 94°C - 15's Thr/Thr: 136
XRCC3 Met241Thr | (R) 5'-ACA GGG GGG CTC CTC TGG AAG GCA 60°C—-30s Ncol Thr/Met: 136+97+39
CTG CTC AGC TCA CGC ACC-3' 72°C—45s Met/Met: 97+39

Note: M is a molecular DNA marker. Heterozygotes for XRCC3 241Thr/Met - 1-3, 5, 7-15; homozygotes for mutant allele XRCC3 241 Met/Met - 4

1000

Figure 3 - Electrophoregram of restriction products at the 241Thr/Met polymorphic site of the XRCC3 gene

Figure 3 illustrates the outcomes of the electropho-
retic analysis. The genotypic distribution of DNA repair
genes - XRCC1 (Arg194Trp) and XRCC3 (Thr241Met) was
assessed. For the XRCC1 gene (Arg194Trp): homozygous
genotype 194Arg/Arg - 44.8%, heterozygous genotype
194Arg/Trp — 48.3%, and homozygous mutant genotype
194Trp/Trp — 6.9%. The XRCC3 (Thr241Met) gene analy-

sis showed no presence of the homozygous genotype
241Thr/Thr, while the heterozygous genotype 241Thr/
Met was observed at a frequency of 73.4%. The homozy-
gous genotype for the 241 Thr/Thr mutant allele consti-
tutes 26.6%.

Figure 4 displays the findings of electrophoretic anal-
ysis of restriction products following PCR-PDXRF analysis.

M 16 1718 1920 212223 24 25262728 29 30

248
159
89

Note: M - molecular DNA marker; homozygous Arg/Arg (89+159) - 1, 2, 5-10, 12, 16,
19, 21, 24, 26 and 28; heterozygous Arg/Gln (248+159+89) - 3, 4, 11, 13-15, 17, 18, 20,
23, 25,27,29 and 30; homozygous GIn/GlIn (248) - 22

Figure 4 - Electropherogram of restriction products at the polymor-
phism site of the XRCC1 gene - Arg399GIn

The allele frequencies and genotypes of the studied
polymorphic markers in the human samples adhered to
the Hardy-Weinberg equilibrium (p>0.05). For the XRCC1
gene, the Arg194Trp variant in the control group exhibits

X2=0.243, p=0.622; in the “case” group, X2=0.398, p=0.427.
For the XRCC3 gene, Trp241Met exhibits ¥2=3.491 in the
control group (p=0.062) and x2=0.203 in the case group
(p=0.382).
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The subsequent analysis focused on the distribution of
genotypes for the XRCC1 Arg194Trp and XRCC3 Trp241Met
genes in the studied (Mangistau region) and control (Al-
maty region) groups. The distribution is represented as the
percentage of individuals with a specific genotype within
the group (Table 6).

The analysis of genotype distribution demonstrated
that in the study group for the XRCC1 gene, the frequency
of Arg/Arg homozygotes was 62%, Arg/Trp heterozygotes
constituted 35%, and Trp/Trp minor allele homozygotes

accounted for 3%. In contrast, the control group exhibited
frequencies of 90%, 10%, and 0%, respectively. The distri-
bution of donors by genotypes for the XRCC3 gene was ob-
served as follows: Thr/Thr — 77%, Thr/Met - 21%, Met/Met —
2% in the study group, and 67%, 33%, and 0%, respective-
ly, in the control group. The data indicates that there are no
people with homozygous genotypes for the minor alleles
of both genes (XRCC1 Trp/Trp and XRCC3 Met/Met) among
the examined population in the Almaty region. It may result
from an inadequate sample size for the study.

Table 6 - Distribution of the XRCC1 and XRCC3 gene genotypes in the examined groups

“Case” le (9 “Control” le (9
Qs Genotypes ase gro'\l:fégeop e (%) ontro gr'il):gépeop e (%) 2 P
XRCO1 Arg/Arg 62% 90%
Arg194Trp Arg/Trp 35% 10% 20.728 0.000
Trp/Trp 3% 0
XRCC3 Thr/Thr 77% 67%
Trp241Met Thr/Met 21% 33% 4.849 0.089
Met/Met 2% 0

Discussion: A mutation in the genes of the DNA repair
mechanism has significant implications for both the indi-
vidual cell and the organism overall [5]. Microsatellite poly-
morphism in repair genes is correlated with increased radi-
osensitivity and some malignancies. Specifically, variation
in this gene influences the risk of lung cancer [6]. The sig-
nificant function of this gene is further underscored by the
observation that homozygous mutations in XRCC1 when
inactivated, result in embryonic lethality in mice. Polymor-
phism in this gene has been conclusively demonstrated to
cause substantial deficiencies in DNA repair mechanisms,
which markedly elevates the risk of early-onset carcinoma
of the colon when combined with urban living. Mutations
in this gene present a specific hazard to smokers and indi-
viduals with continuous radiation exposure [6]. The classi-
fication of surveyed groups into categories to assess the
actual risk of radiation exposure to the population will be
conducted via a questionnaire after the project, under the
Work Schedule in 2025.

Moreover, single nucleotide polymorphisms (SNPs)
in DNA repair genes might influence the efficacy of tran-
scription and translation processes and predisposition to
various diseases. Consequently, the analysis and identifica-
tion of the distribution of DNA repair genes by genotypes
is critically significant [7, 8].

Generally, the study indicates that radiation risk assess-
ment relies on diversity in individual radiosensitivity [9, 10].
International scientists assert that the threshold dose for
assessment of the acute effects of radiation exposure is 0.2
Gy. Consequently, when evaluating the findings regard-
ing the potential effects of radiation on the human body
in the study area, at lower doses, the sole radiation effects
are stochastic (delayed) effects [11, 12]—oncological and
hereditary diseases observed within the population of the
study area. Nonetheless, disparities exist in evaluating out-
comes attributable to the interaction of dosage functions

[13]. Numerous research studies have thoroughly exam-
ined hyperradiosensitivity to low radiation doses follow-
ing in vitro irradiation of cells with charged particles and
its correlation with adaptive response and induced radi-
oresistance [14]. All knowledge regarding the long-term
consequences of human exposure to low doses of radia-
tion has been derived either by extrapolating experimen-
tal data from animals or direct radiation-epidemiological
studies. The primary origin of the latter is acute, singu-
lar exposure to elevated doses resulting from nuclear ca-
tastrophes (Hiroshima and Nagasaki, Chornobyl, Fukush-
ima, etc.) [15-17]. The quantitative parameter “probability
of stochastic effects from low doses of radiation” is de-
fined by multiple significant radiobiological factors; how-
ever, due to insufficient specific data, these effects have
not been accurately established and continue to be con-
tentious. The results can inform the implementation of
strategies to enhance the region’s environmental quality
and the population’s health.

The influence of detrimental environmental factors in
ecologically unfavorable regions on the human body can
be assessed through clinical examination, incorporating
both quantitative and qualitative assessments of minor
developmental anomalies, which also stem from altera-
tions in the overall genetic equilibrium of the body. Conse-
quently, evaluating the genetic impacts of external factors
on human somatic cells may serve as a valuable adjunct to
observing clinical outcomes.

Conclusion: A genomic study of persons residing in re-
gions with significantly elevated gamma radiation levels
(sites 1-5) demonstrated the development of mutations
characterized by the amplification of DNA repair genes, re-
sulting in gene polymorphism among those exposed to
radiation.

The analysis of genotype distribution among the stud-
ied groups showed an increase in the frequency of hete-
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rozygous alleles of the XRCC1 repair gene to 35%, in con-
trast to the control group’s 10%, while the frequency of
homozygous alleles for the Trp/Trp allele remained at or be-
low the control level of 3%. For the XRCC3 gene, there is a mar-
ginal increase in the frequency of heterozygotes (21%) relative
to the control, whereas the homozygous Thr/Met allele per-
sists at the control level (2%).

The findings of this study align with existing literature re-
garding the genetic impacts of radiation exposure on the hu-
man genome in instances of nuclear power plant accidents
and nuclear weapons testing. Upon completion of the design
study, these results can be utilized to evaluate the actual risk
for the specific population under investigation.
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AHJIATIIA

JIACTAHY KO3IHE IPTEJIEC AYMAKTAPJIAH INONIYJIALINA 'EHOMBIHBIH
TYPAKTBIJIBIFBIHA PAJIMALIUAHBIH OCEP ETY 3APJJABBIH BAFAJIAY

A.B. Buzanues', b.0. Bekxmanoé®, T.I. l'onuaposa®, K.3. lHlanabaesa', A.H. Koscaxmemosa', A. M. Mvipzamait*

1«On-Gapabu atbiHparbl Kasak ynTTelk yHusepcuteTi» KEAK, Anmarsl, KasakcTan Pecnybnukacs!;
KP FXXBM FK "TereTuka Xore dusmonorus UHctutyTsl" LXKK PMK, Anmatsl, KasakctaH Pecnybnvkacsl;
3«Kasak OHKONOrYsi xaHe paauonorus FuinbIMU-3epTTey MHCTUTYThI» AK, Anmatel, KasakcTaH PecnyGnmkach

O3exminizi: adamubvly MIPWIniK emy opmaceina Heaya Mymazenoix gaxmoprapowly kebeioi Kopuiaean opma MymazeHoepiniy ocepine
Oaiinanblcmbl A0AMHbIY MYKbIM KYALAUMblH AybIPIAmamult aypyiapblHblH Jcuinieiniy apmybina oxenedi. Paouayusnvik acep emy srcazoativi-
0a ce3iMmanovlebl Jco2apbl a0amMoapobly mayekesl Mmonmapbli aHbIKMAay Kajicemminiei mysinoaobl, oUmKeni paouayusansly daazaea ocepi,
OHbIY PYHKYUOHANObL WK JiCYllesiepiHe miKkeliell ocep emyoen 0acKa, KOP2auvlic JHeyliesiepin UHOYKYUAIauobl Hemece benceHoipedi (penapayusi,
oetiimoeny). IHK penapayus sucyiieci 3axpimoanzan Kezoe Mymayus Jcuiniein uHOyKyuaay Kayni apmaowl. JKoeapwioa aiimviieanoap 3epm-
mey maxwipblObIHbIY HCOHE AIbIH2AH HOMUICEePOiH 03eKMINI2iH Kopcemeol.

3epmmeyoin MaKcamol — CO3bLIMANbL 2EHEMUKANbLK dCepiiepOi ecKepe Omblpbln, KOpUuLazan Opmansly paouayusiblk 1aCmanybiHblH 2eHOM-
HblH MYpAKmbliblebl MeH a0aM OeHCAYIbleblHA dcepin 6azanay.

Aoicmepi: 0ananvly dcone 3epmXananblk 90icmepoi KoN0aHOblL: KOpuiaean opma 00beKmilepiniy ColHamaiapbli aiy YWin ailayoap scytie-
CIH KYpY, A0aMHblH nepudepusiivlk KaHbIHbIY Ya2iaepi, 00bekminepoiy paouayusiivlk 6ejiceHOiniciH eauley s0icmepi, Yumo2eHemuKaiblK HCoHe
MONEKYNATbIK-2eHeMUKAIbIK, d0icIep.

Homuoicenepi: eamma-oencendinikmi enuley NOTUSOHHLIH 3epmmencet ayMAasblHblH JCoHe 02aH ipeenec el MekeHO0epOiH paouayus oexee-
ui 0,6-0,14 mx36/caz weeinde exenin kopcemmi. Kan dcacywanapvinoiy [JHK monexynanviK-eenemukansly sepmmeynepi scone paouoaKxmuemi
KaI0bIKMAap NONTUSOHbIHLIH 9cep eny atlMagblHOa mypamuvli a0amoapobly, YUMO2EeHeMUKAIblK maioayiapsl OipHeue Mymanmmol 2eHOmMun-
mepoiy mapaiybli aHblKMaobl, Oy 2eHOMHBIY AUKbIH MYPAKCHI30bl2bl 0ap adamoapod dKON02UILIK AypyAapobly 0aMy KAYRIHIY Jco2apblidy
bIKMUMATLObI2bIH KOPCemeOl.

Kopoimuinowl: nonucon aymazvinoaebl dscone o2an ipeenec endi mexkenoepoezi paouayus oeneetii 0,6-0,14 mx36/caz wezinde. 3epmmencen
monmapoazel adamoapoviy cenomunmik mapanyvin manoay XRCCI penapayus ceHiniy cemepo3ucomavl aiiebOepiniy HCUiNiciHig baKbliay
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mobwvimen (10%) canvicmvipeanoa 35%-2a deiiin scozapuvinaeanvin kopcemmi, an Trp/Trp anneni botivinuia 20M03U20MAbl ANNETLOEPOIH HCUli-
niei 6axwvlnay deneetiinen (3%) acnaiiovl. O3 kesezinde, XRCC3 ceni ywin cemepo3ucomanap HCuiniciHiy wamaisl acein kemyi oaukanaosl, Thr/
Met comozucomanwl annenv 6axwiiay oeneetiinde Kanaowvl — 21% baxwiiaymen carvicmuvipeanoa — 2%.

Tyuinoi co30ep: mymazenoep, paouayus, KOpula2an opma, 2eHoep, MyKblM Kyaiaumslx aypyiap, 2eHOM.

AHHOTALUA

OIIEHKA MOCJEJACTBUM BJIUSHUA PAIUAIIMA HA YCTOMUYMNBOCTHh TEHOMA
HACEJIEHUS TEPPUTOPUM, TPUJIETAIOIIIAX K UICTOUYHUKY 3ATPASHEHUS

A.B. Buzanues', B.0. Bekxmanoé®, T.I. l'onuaposa®, K.3. lllanabaesa', A.H. Koscaxmemosa', A.M. Mvipzamai*

'HAO «KasaxcTaHckuit HaumoHanbHbIi YHuepeuteT um. anb-Gapabuy, Anmatel, Pecnybnuka Kasaxcrah,
2PI Ha MXB «MHCTUTYT reHeTukv 1 chuanonoruny Komuteta Hayku MuHucTepcTBa Hayky 1 BbicLuero obpasosanus Pecnybnukv Kasaxcrar, Anmarel, Pecnybnuka Kasaxctah,
A0 «Kasaxckuit Hay4HO-MCCTIE0BATENbCKUIA UHCTUTYT OHKONOTMK U paauonorny, Anmarsl, Pecrybnnka Kasaxcrat

Axkmyanvnocme: Bcé 6o3pacmaiowee ssedenue 6 cpedy 0OUMAHUs 4el08eKd HOBbIX MYMALEHHbIX hPaKMopos NPUusoOUm K y8eaudeHuo
4aAcmomol HACIE0CMBEHHO-0MALOWEHHBIX 3A001e6aAHUIL YeN08EKA, CEA3AHHBIX C B030€lCMBUEM MYMA2eHo8 OKpydcaruell cpedsl. B ciyuae
PaouayuoHHo20 8030elicmaus scmaem npooaema HeobxXo0UMOCmMuU 8bIABIEHUs SPYAN PUCKA H00€ll C NOBLIUEHHOU YYECHEUMETbHOCMbIO, MAK
Kax eausHue paouayu Ha OpeaHus3m, NOMUMO NPAMO20 8030€UCMEUS HA €20 (YHKYUOHATbHBIE NOOCUCEMbl, UHOYYUPYem U aKmugupyenm
3awumnvle cucmemsl (penapayuio, adanmayuro). Illpu nospexcoenuu cucmemot penapayuu JJHK eospacmaem puck unOyKyuu vacmomol my-
mayuu. Belweusnooicennoe noouepkugaenm akmyaibHOCMy membl UCCIe008AHUSL U NOYUEHHBIX Pe3VIbMAmos.

Llens uccnedosanun — oyenka 6030eUcmeus paouayUOHHO20 3A2PA3HEHUS OKpYIcaroujell cpedsbl Ha CMAOUTbHOCb 2eHOMA U 300P08be
yenoeeKd ¢ yuemom omoaneHHbIX 2eHemUu4eckux nocie0Cmeuil.

Mamepuanst u memoovi: Hcnonv3o6anucy nonesvie u 1a60pamopHsie Memoobl: cO30aHUe CUCTEMbl NIOWAOOK 0 83Amus npod 06vek-
mos oKkpyaicaroujeti cpedvl, 00pa3ybl nepudepuieckoll Kposu Yer08exd, MemoouKu usMepenus paouayuoHHOU aKmugHoOCmu 00beKmos, Yumo-
2enemuiecKue u MONeKyIApHO-2eHemuueckie Memoobl.

Pesynomamer: Hzmepenusn eamma-akmugHoCmu ROKA3ANU, YMO YPOGeHb paduayu 00C1e008aHHOU Meppumopuu NOIUSOHA U NPULe2ar-
WUX HacereHHblX nyHKmos naxooumcs ¢ npedenax 0,6-0,14 mx36/4. Ocoboe 3nauenue 6 23Mom OMHOUEHUY UMEem U3YUEeHUE MEXAHUSMOB UH-
OUBUOYATLHOU YYBCMBUMETbHOCIU K paduayuu u poau cucmemsl penapayuu JTHK. Morexynapuo-eenemuyeckue ucciedosanus JJHK knemox
KpO6U U yumozenemuieckue aHaiu3sl 1100etl, nPoNCUSAIOWUX 6 30He 6IUAHUS NOAUSOHA PAOUOAKMUBHBIX OMX0006, GblAGUNIU PACKPOCIpPALe-
HUe HeCKONbKUX MYMAHMHBIX 2EHOMUNOG, YMO CEUOCMENbCMBYem 0 8ePOSMHOCTIU NOBLIUMEHUU PUCKA IKOIO2UYECKUX 3a001e8anuil y Iuy ¢
BbIPAINCEHHOU HECMAOUILHOCMbIO 2EHOMA.

3akniouenue: Yposenv paouayuu Ha meppumopu noAUSOHA U NPUTIE2AIOWUX HACECTICHHBIX RYHKMO8 Haxooumcsi 6 npedenax (),6-0,14 vk 36/u.
Ananus pacnpedenenus 1100etl no 2eHOMUNAM 6 00C1e008ANHBIX 2PYNNAX NOKA3AI YEeNUYeHUe YACTOMbl 2eMePO3USOMHBIX dlNeNel 2eHd pend-
payuu XRCCI 0o 35% no cpasnenuio ¢ konmponvroul epynnoti (10%), a vacmoma comoszucommuvix anneneii no annento Trp/Trp He npesviuiaem
ypogenv konmpoas (3%). B ceoro ouepedn, ons cena XRCC3 ommeuaemces nesnauumenvHoe npesblulenue 4acmomsl 2emeposucon no cpaghe-
nuto ¢ konmponem — 21%, a comozucomnviii annenv Thr/Met ocmaemcs na yposne konmpons — 2%.

Knwuegvie cnoga: mymaezensl, paouayus, okpysicaowas cpeod, 2eHsl, Hacie0cmeennvie 3a001e6aHsl, 2eHOM.
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