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Abstract: Environmental pollution with oil and petroleum products leads to a decrease in animal
biodiversity and human diseases. Due to the intense pollution of Kazakhstan’s water bodies located
on the territory of oil producing regions, the purpose of this study was to study the effect of different
concentrations of water-soluble fraction of oil (WSFO) on the growth and development of green
toad (Bufo viridis). This species of anuran amphibians is widespread in Kazakhstan, which is
especially important given the aridity of the lands of the oil-producing regions. A subchronic and
chronic exposure to three concentrations of WSFO on the tadpoles of the green toad (Bufo viridis)
was carried out. The results of the study revealed suppression of growth (size and weight) and a
developmental delay in tadpoles from experimental groups by 1.6-1.8-fold. Moreover, developmental
malformations such as axial curvature, edema,tail malformation, head malformations, pigmentation
alteration were observed. Thus, exposure to WSFO suppresses the growth and development of the
green toad Bufo viridis).
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Introduction. Decline in amphibian populations has become a global problem and attention of
many researches is focused on search of the causes of this decline [1]. The reasons may be various
from habitat deterioration to the increase in the level of UV radiation [1, 2]. Anthropogenic activ-
ities such as oilproductionresult in contamination of natural habitats [3]. Petroleum hydrocarbons
have negative effects on ecosystems including aquatic habitats [4]. The economy of Kazakhstan is
based on oil production [5] and development of this industry leads to deterioration of the ecosys-
tems [3].Petroleum contamination is one of the reasons of thedecreases in animal populations and
biodiversity [6]. National ecological reports |7| show significant pollution of many water bodies of
Kazakhstan with petroleum hydrocarbons. However, toxicological studies of oil and petroleum prod-
ucts in Kazakhstan are usually limited to investigation of rodents [8-12]. Thus, there is a need in
studying effects of petroleum contamination on animals of the aquatic ecosystems, such as amphib-
ians. They are a convenient model for ecotoxicological studies as they live both in water and on land
during their life cycle[13, 14]. Moreover, their biological features make them sensitive to chemical
contamination especially in their embryonic and larval stages [15]. The green toad (Bufo viridis)
is one of the widespread amphibian species in Kazakhstan. It inhabits most areas of Kazakhstan,
including oil producing regions [16].Its wide distribution on Kazakhstan territory makes it suitable
model for assessing environmental effects of petroleum products.

There are many studies worldwide devoted to investigation of oil and petroleum influence on
amphibian larvae.Various chemicals affect survival and growth rate, and induce malformationsin
developing amphibians [17]. High mortality rates and significant delay in growth and development
of L. sylvaticus was observed following exposure to naphthenic acids [18|. Exposure to fluoranthene
(PAH) resulted in occurrence of severe malformations and low survival rate in X. laevis and L.
pipiens|19]. However, there are few studies on the effects of petroleum products on larvae of green
toad (Bufo viridis). Further, little research was conducted to determine the effects of oil from
Kazakhstan on amphibians.

The aim of this study was to examine the growth and development of green toad (Bufo viridis)
in water contaminated with petroleum products by means of subchronic and chronic exposure to
various concentrations of water-soluble fraction of crude oil.

100



Materials and methods

Preparation of Water-Soluble Fraction of Oil. Preparation of water-soluble fraction of oil
(WSFO)was carried out according to [20], taking into account the recommendations of [21].Crude
oil from the Zhanazhol oil field (Aktobe region of the western part of the Republic of Kazakhstan)
was mixed with water in a 1:9 ratio (100 ml oil per 900 ml distilled water).The resulting mixture was
placed in a 1 L flask with a tightly closed stopperand stirred on a magnetic stirrer in the dark for
18 hr avoiding deterioration of the oil film integrity and emulsification.After stirring, the resulting
mixture was allowed to stand at room temperature for 6 hr. Further, the water-soluble fraction was
extracted using a separatory funnel and stored at 4° C. Before use in exposure experiments, the
water-soluble fraction was acclimated to room temperature (21-23° C).

Obtaining the eggs of B. viridis. Six mature specimens of B. viridis (4 males and 2 females)
were caught from the river Emba (Aktobe region, The Republic of Kazakhstan) and brought to
the Ecotoxicology Laboratory of the Faculty of Biology and Biotechnology of the Al-Farabi Kazakh
National University. Adult males and females were placed separately in 100 L aquaria with dry
surface and smaller reservoir with water. The air temperature was maintained at 24 + 2° C. Toads
were fed crickets and kept for two weeks to acclimatize before induction of spawning. For this purpose
both males and females were injected (5 pl/g of body weight) with the AMPHIPLEX mixture of
a gonadotropin-releasing hormone agonist (0.4 pg/g) and metoclopramide (10 pg/g) according to
the procedure described by Trudeau et al. [22] except drugs were dissolved in saline. Adult frogs
were divided into groups of 3 individuals (2 males and 1 female) into separate 50 L aquaria with
algae and branches to simulate natural spawning conditions (2 aquaria in total). After 2-3 days, the
fertilized eggs were obtained. For experiments on embryotoxicity of WSFO, the eggs were placed in
Petri dishes after they reached the Gosner stage (Gs) 8-11. For a chronic experiment, the tadpoles
were moved to the 18 L aquaria, when they all began to feed and swim independently (Gs 26).

Subchronic Exposure Experiments. To examine the effects of petroleum products on early life
stages of B. viridis its eggs were exposed to three concentrations of WSFO (0.05 mg/L, 0.5 mg/L,
and 1.5 mg/L). The concentrations were chosen according to maximum permissible concentrations
of oil hydrocarbons in water (MPCW) accepted in the Republic of Kazakhstan [23]. In our study, we
used concentrations equal to MPCW (0.05 mg/L), and exceeding it by 10-fold (0.5 mg/L) and 30-fold
(1.5 mg/L). B. viridis embryos were divided into 8 groups: control (declorinated water), WSFO and
o-xylene at concentrations of 0.05 mg/L, 0.5 mg/L, and 1.5 mg/L. Each group consisted of 15 eggs at
the Gs 8-11 stage in a Petri dish containing 15 ml of the corresponding medium: declorinated water
(control), ethanol (solvent control), WSFO. Four replicates were set for each group (60 embryos
in total for each group of the experiment). Embryos in each group were incubated at 23+2°C
for 7 days. The dishes were examined every 24 hours to identify and remove dead embryos and
larvae, and to replace the media. The mortality was recorded daily. On day 7, the surviving larvae
were euthanized in a buffered solution of the MS-222 anesthetic (Tricaine Methane Sulfonate; Sigma
Aldrich) and fixed in formalin, and then examined for developmental disorders using a stereoscopic
microscope (Motic DM 143, China).

Chronic Exposure Ezxperiments. Chronic effects of WSFO on tadpoles of B. wiridis were
performed for 60 days. For the experiment, tadpoles capable of independent swimming and feeding
were selected which corresponds to Gs 26 stage. Tadpoles were exposed to control (dechlorinated
water)and 0.05 mg/L, 0.5 mg/L, and 1.5 mg/L WSFO. There were three replicates for each treatment
group, each containing fifteen tadpoles. The tadpoles were placed into 18 L aquaria filled with 15
L of aerated dechlorinated water (t=23 £2° C), and the appropriate concentrations of WSFO were
added. The tadpoles were fed boiled lettuce and seaweed each day, ad libitum, and feces and
food waste were removed daily. The water was replaced every two days, followed by the addition of
appropriate concentrations of WSFO and o-xylene. At the end of the experiment (60 days), tadpoles
were euthanized in a buffered solution of the MS-222 anesthetic (Tricaine Methane Sulfonate; Sigma
Aldrich), weighed, photographed using a stereoscopic microscope (Motic DM 143, China) to measure
the morphometric parameters (snout-vent length (SVL), and total body length). In addition, the
occurrence of morphological abnormalities was also noted.

101



JI.H. 'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2019, 2(127)

Statistical analyses. Data were analyzed for statistical significance with Fisher’s exact test and
one-way ANOVA using SPSS version 23 (IBM Inc., Chicago, USA), with « set as 0.05. To compare
the survival rates in the control and experimental groups the Fisher’s exact test was used. The
morphometric measurements (SVL, total body length), and developmental stage (Gs), at the time
of sampling were analyzed with one-way ANOVA followed by post-hoc test. The data were normally
distributed (Levene’s test). All data are presented as mean £ SEM.

Results

SubchronicExposure to WSFO

Exposure to WSFO caused high mortality of B. wiridis embryos (Figurel)compared to control.
Mortality of embryos in groups 0.05, 0.5, and 1.5 mg/L at the end of the experiment (168 hr) was
23, 37 and 52%, respectively.
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FiGURE 1 — Survival rate of B.viridis embryos exposed to WSFO for 7 days

Survived tadpoles in treatment groups had multiple morphological alterations (Figure 2). Dose-
dependent effect was observed where the number of tadpoles with malformations raised from low
(0.05 mg/L) to medium (0.5 mg/L) and high (1.5 mg/L) concentration groups (Figure 3). The most
frequent observed malformations were axial curvature and edema.

Tadpoles from 0.05 mg/L group had the lowest level of abnormalities among treatment groups,
and that level did not differ markedly from control. In 0.5 mg/L treatment group 38% of tadpoles
had axial curvature, 21% of which also had edema and 7% had gut malformations, 13% had visceral
edemas, 11% had different types of head malformations, including microphthalmia, mouth malfor-
mation, and eye malformation. There were also a few tadpoles with pigmentation alteration (Figure
2f). In 1.5 mg/L treatment group 14% of tadpoles had no malformations, 57% had axial curvature
combined with edemas, 23% of which also had gut malformations, 19% had head malformations.
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Ficure 2 — Morphological abnormalities in B. viridis tadpoles subchronically (7 days) exposed to WSFO: a
-axial curvature (0.5 mg/L); b - axial curvature (0.05 mg/L); c - axial curvature and edema (1.5 mg/L); d —
tail malformation and edema (1.5 mg/L); e — severe visceral edema (0.5 mg/L); f - pigmentation alteration
(1.5 mg/L)

ChronicExposure to WSFO

Survival rate was high among all experimental groups, except the highest concentration group
(1.5 mg/L). Mortality was found to be 3% in control, 5% in 0.05 mg/L, 9% in 0.5 mg/L, and 22% in
1.5 mg/L. However, there were alterations in weight, SVL, total body length, developmental stage
between treatment groups and control, especially when high concentration groups.

Similarly to results of subchronic experiments tadpoles from 0.05 mg/L WSFO group were not
markedly different from controlin all examined parameters. Tadpoles exposed to 0.5 or 1.5 mg/L
WSFO during 60 days demonstrateda significantly lower weight compared to control (Figure 3).
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FiGURE 3 — Weight of B. viridis tadpoles chronically (60 days) exposed to WSFO. Stars indicate p < 0.01

SVL and total body length measurements (Figure 4a, b) exhibited a noticeable decrease in the
WSFO compared with control. Tadpoles from0.5 or 1.5 mg/Lgroups were markedly smallerl.4-
fold and 1.8-fold compared tocontrol, respectively. Developmental rate of tadpoles in 0.5 and
1.5 mg/Ltreatments was delayed by 5 and 8 stages, respectively(Figure 4c).
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Ficure 4 — SVL (a), total body length (b) and developmental stage (c) of B. viridis tadpoles chronically
(60 days) exposed to WSFO. Stars indicate p < 0.01

Moreover, several tadpoles with axial curvature and visceral edema were observed (Figure 5).
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Ficure 5 — Tadpole with axial curvature

Discussion. Our data revealed that environmentally relevant concentrations of WSFO lead to
a dose-dependent increase in mortality rate in B. viridis embryos. It was shown that PAHs, such
as fluoranthene induce mortality in X. laevis, L. pipiens and A. maculatum tadpoles [19]. Low
concentrations of commercial naphthenic acids also caused decrease in survival rate in L. sylvaticus
tadpoles [24]|. Different pollutants demonstrate simliar effects in other aquatic animals, such as
amphipods [4]; mollusks [25], crustaceans [26], and fish [27, 28]. The sensitivity of B. viridis embryos
petroleum products impact may be due to the fact that this specieslay eggs in small ponds, and
embryos and tadpoles are not able to escape from a water body with unfavorable conditions [29].
The morphological deformities of B. wiridis larvae detected in the present study are similar to
those that found in other species of amphibians. In all species the most common malformations are
developmental delay, axial curvature, gut deformities and edema [30-33|. There were several tadpoles
in chronic experiment with axial curvature and edemas. Those tadpoles could not swim normally,
mostly floated at the surface, and in case of fear they could only swim in circles. In nature tadpoles
with this kind of abnormalities would become prey much earlier than healthy ones.Furthermore, it
is notable that negative effects became more pronounced with growth of treatment concentrations.
Moreover, it should be marked that tadpoles from chronic experiments were more resistible to WSFO
contamination than those from subchronic experiments which can be seen from the results of survival
rate measurement. It was shown that embryos and larvae of fish are more sensitive to toxic action
of pollutants than juvenile and adult individuals [34]. Our data indicate similarity in amphibians.

The dose-dependent delay of B. wiridis in growth was observed in chronic experiment where
tadpoles demonstrated decrease in weight and linear parameters (SVL, total body length) between
0.05 and 1.5 mg/L WSFO.Furthermore, tadpoles in groups 0.5 and 1.5 mg/L showed developmental
delay by 5-8 stages. Growth inhibitionis one of the first response to contamination in aquatic
organisms as a need to compensate increased stress. This is not a specific indicator for petroleum
products effects, but it is believed to be one of the most sensitive markers [33, 35, 36]. Moreover,
some species may be more sensitive, and the composition of particular oil may play a significant role.
Hydrophobicity is the main factor for availability of oil components for hydrobions [29].According
to Erickson et al. [35],highly soluble hydrocarbons with low hydrophobicity are most accessible
to aquatic organisms, while hydrocarbons with higher hydrophobicity exhibit a greater affinity for
organic substances contained in sediments, which results in secondary water contamination.

The results of this work show that disruption of growth and development of amphibians tadpoles
is an important indicator of environmental pollution. The increased mortality frequency is a gen-
eral response of embryos and larvae to contamination with petroleum products, which indicates an
adverse effect attributed to contaminants.
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Conclusions. Data obtained in this work showed embryotoxic and teratogenic effects of WSFO

from the Zhanazhol oil field (Aktobe region, Kazakhstan) on green toad (B. viridis). Subchronic ex-
periments (7 days) demonstrated that B. viridis embryos and larvae are highly sensitive to petroleum
contamination which is proved with high mortality and morphological deformities rate. Chronic ex-
posure to WSFO (60 days) resulted in growth inhibition and developmental delay.
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36 Richards S.M., Kendall R.J. Physical effects of chlorpyrifos on two stages of Xenopus laevis // Journal of Toxicology
and Environmental Health A. - 2003. — Vol. 66. — P. 75-91. doi: 10.1080/15287390390155769.

JL.P. CytyeBa, T.M. IITamaxmeTroBa

Kasazcruil nayuonasvholi yrwusepcumem um. Aav- Papabu, Aamamol, Kazaxrcman
Mopdooruyeckne HapylleHUsl FOJIOBACTUKOB 3ejieHoH >kabbl (Bufo viridis), Bbi3BaHHbIe HeTENPOLYKTAMU

Ansoranus: 3arpsisHeHHe OKPyKarolleil cpeibl HePTHIO U HedTENPOLYKTaMU IPUBOIUT K CHUKEHHWIO OHOpPa3HOOOpa3usi
JKUBOTHBIX U 3ab0JIeBaHUsM 4eOBeKa. DB CBSA3M C MHTEHCUBHBIM 3arpsi3HeHueM BogoeMoB KasaxcraHa, pacIlOJIO’KEHHBIX Ha
TeppuTopun HedTeTOOBIBAIOIINX PEFMOHOB, IEJIbIO JJAHHOTO MCCJIEI0BaHUs OBbLIO U3yUYeHNEe BIIUSHNSA PA3JINIHBIX KOHIEHTPAIU
BogopacropuMoii ¢dpakimu nedrn (BPOH) ma pocr u passurue 3esenoii xabpt (Bufo wviridis). Tor Bmj 6eCXBOCTBIX
3eMHOBOJIHBIX IINPOKO pacnpocTpaHed B KasaxcraHe, 4T0 0COGEHHO BasKHO C y4€TOM 3aCyIIMBOCTH 3eMesb HedTeJ00bIBAOIINX
paiionoB. Brpuio mposeneno ucciienoBanue MO CyOXPOHHYIECKOMY M XPOHHYIECKOMY BO3AeHCTBHIO Tpex KoHieHTtparuii BPOH na
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rOJIOBACTUKOB 3eJieHoi »kabbl (Bufo viridis). Pesynbrarhl ncciie1oBaHus BBISIBUIN TOJABJICHHE POCTa (Pa3Mep U BeC) U 3a/1EPXKKY
Pa3BUTHS y FOJIOBACTUKOB U3 3KCIIEpUMEHTAIBHBIX Ipynn B 1,6-1,8 pasa. Kpome Toro, HabGr01a/1Mch HOPOKN Pa3BUTHUsI, TAKUE
KaK MCKPHUBJIEHUE MO3BOHOYHMKA, OTEK, HAPYIIEHWE PAa3BUTHUsl XBOCTA, I'OJIOBbI, M3MEHEHHME NMUIMEeHTaluu. Takum obpasom,
Bozzeiicreue BPOH nopasiisier poct u passutue 3eseHoi xabbl (Bufo viridis).

KurroueBbie ciioBa: BojopacTBopuMas dpaknus vedtu, Bufo viridis, poct, paszsutue, MOPQOIOrnIecKue 1eOpMAIIH.

JI.P. Cyryena, T.M. IITanaxmeTroBa
Anv-Dapabu amovimdazv, Kasax yammow ynusepcumemsi, Aamamos x., Kasaxcman

Mynaiil enimaepiven Kosapipburan 6akabacrapabiy, (Bufo viridis) mopdosorusibik 6y3yIbLIBIKTAPEI

Apparna: Kopmaran opraHblH MyHall »KoHe MyHall eHiIMIepiMeH JiacTaHybl YKaHyapJjap OHOoayaHTYPJIJIKTIH TOMeHAeY1
MeH aJlaMIap/IblH aypyFa yiublpaybiHa akeseai. Ocbl 3epTreyiig MakcaTsl KazakcTaHHBIH MYHAH IbIFapaThIH aiiMaKTapblH CY
aliIHAAPBl KYPT JacTaHyblHA GalJIaHBICTBI, dPTYPJIi KOHIEHTpanusiapia MyHaiaby cy epirim dpaxiusaapaby (MCE®D)
xacbl1 GaxkaublH (Bufo viridis) ecyl MeH maMmyblHa ocepiH 3epTTey. DByJsl aca MaHBI3ABI MYHA#l MIBIFAPATHIH Ay IaHIap/IbIH
KYPFaKIIbUIBIFBIH €CKEPTe OTBIPBIN, KYWPBIKCHI3 KOC MeKeHIep Typi KasakcTanma KeH TapaJjiraH. 3epTTEy KaACBHLI
Kypb6axamapasiy, (Bufo viridis) nrmabakrapeina MCE® ymr KOHIEHTpaius CyOXpOHUKAJIbI YKOHE XPOHUKAJIBI 9cepi GOMbIHIIA
>Kyprisingi. 3eprreynin HoTHxKesepi 6akabacTapiAblH SKCIEPHUMEHTAIBIK TONTAp OCIMIHIH »KoHe JaMybIHBbIH (MeuIepi »KoHe
canmarsl) 1,6-1,8 ecere geitin kemiryi anbikTasabl. Byran Koca, »KyJIBIHHBIH, KHCAIOBI, iCiHy, KYHPBIK, 6ac JaMyHBIH Oy3bLIybI
JKOHE IMUIMeHTalUsIarel o3repicrep Gaitkanabl. Ocbutaiima, MCE® ocepi xkacbur 6akabacrapabiy, (Bufo viridis) ecyine »xoHe
JaMybIHa KeJlepri kesripeai .

TvyiiH ce3aep: MyHailablH cysa epuTid dppaknusicel, Bufoviridis, ecy, mamy, Mmopdoaorusiabik, gedopMalysiiap.
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«JI.H. 'ymuaeB arpingarsl Eypasusi yaTTeIK yHuUBepcuteTiHiH Xabapuibickl. Buosiornsanbik FeIIBIMIOAP
CepUsChI» >KYPHAJIBIH/IA MaKaJia X»Kapusjiay epe>keci

1. 2KypuaJsa makcaTbl. Buoxumust, MoJIEKyJIa/IbIK OHOJIOrUsl, OUOTEXHOJIOTHS, bHONHMOPMATHKA, BUPYCOJIOT s, OHOdU3NKA,
OuounH>KeHepusi, usnosiorusi, OGOTAHUKA, 300JIOTHsI, 3JBOJIOIUSIBIK OWUOJIOTHS, TeHETHKa, MUKPOOHOJIOrusi, OUOMEIUIIHA
caJjiajiapbl OOMBIHIIIA MYKHUAT TEKCEPYIEH OTKEH FHIJIBIMHU KYHJBLIBIFBI 6ap MakaJjaJap Kapusay.

2. 2Kypuanga Makajia KapusiiayIlibl aBTOPp MaKaJIAHBIH KOJI KOWbLIFaH 1 JaHa Kara3 HYCKACBIH I'bUIbIMu 6achLIBIMIAD
Gesimine (penakuusra, mekemxkaib: 010008, Kasakcran Pecnybaukacer, Hyp-Cynran xanacer, K. Cor6aes kemeci, 2, JI.H.
Iymunes arbimarbl Eypasusi yiarTolK yHuBepcureri, Bac rumapar, 409 kabumer) »koHe eurjourbio@enu.kz 3JI€KTPOHJIBIK,
nomrackina PDF, Tex dbopmaTrTapbiagarsl HycKaJapbiH 2Kibepy KaxkeT. MakajaHyH MOTIHIHIH Kara3 HYCKachl MEH 3JIEKTPOHIbI
HycKacyMeH Oipmeit 6osybl Kaker. Makajajgap Ka3ak, OpBIC, aFbUINIBIH TijJAepiHge KabObuimaHaibl.  MakajiaHblH Tex
dapmarsigarst yirici bulbio.enu.kz xxypras caitpirsiaga 6epinren. ConbiMeH KaTap, aBToOp(Jap) leciie XaT yChIHYbl KEPEK.

3. ABTopabiH, KoJika3zbaHbl penaknusira Kibepyi wmakananeiy JI.H. T'ymuneB areinzgarsl Eypasus
VIITTBIK, yHUBepcuTeTi XabapmbIicblHAa bacyra >koHe, LIeTeJl TijJliHe ayaapbliblll KalTa GacblilyblHa KeJjiciMin
6inaipeni. ABTop MakaslaHbI peJaKIUsFra >Kibepy apKbLIbl aBTOP TYPaJibl MIJIIMETTiH AYPBICTBIFbIHA, MaKaJja
KellipiiMereHairine (marnaTThbil >KOKTBIFBIHA) »KOHEe 6acKa [a 3aHCBI3 KelllipMeJsepAil »KOKTBIFbIHA KelijgeMe
Oepeni.

4. Maxkasanbiy keseMi 18 Gerren acnayra tuic (6 Gerren Gacram).

5. MakaJiaHbIH KYPbIJIBIMbI

FTAMPK http://grnti.ru/

Aemop(nap)doiy, amui-stconi

Mexemerin, moavi, amayst, Kaaacsvl, memaexemi (erep aBTopsap 9pTypJi MEKeMeJe KYMBIC »KacalTeiH 6osica, OHJA
Sp aBTOP MEH OHBIH »KYMBIC MeKeMeci KachlHia 6ipeii 6eri KORbILy Kepek)

Aemop(aap)dvr, E-mail-vt

Maxanaa amayvt

Andamna (100-200 ces; dopmynachis, MakajaHbIH aTayblH MeiiHIIe KaiiTamaMmaybl Kaxker; omebuerrepre ciaremesep
GosMaybl KayKeT; MaKaJaHbIH KYPbUIBICHIH (Kipiclie /MaKajlaHbIH, MakcaTbl/ MIHZETTEepl /KapacThIPLUIBII OTHIPFAH CYPAKTbIH
Tapuxbl, 3€PTTEY OAIiCTepPl, HOTHIKEJEp/TalKbliIay, KODPBITBIHIBI) CaKTall OTBHIPBII, MaKAJIAHBIH KbICKAIIA MasMyHbl Gepiiayi
KaKer).

Tyin ceadep (6-8 ce3z me ces tipkeci. TyifiH cesmep Makasa MasMYHBIH KODPCETil, MeH/iHIIE Makaja araybl MeH
aHHOTAIUSIAFbl CO3Aepal KalTajgaMail, Makaja Ma3MyHBIHIArbl ce3depii KosmaHy KaxkeT. COHBIMEH KarTap, aKlapaTThIK-
ismectipy Kyiesepinje MakaJgaHbl *KEeHia Tabyra MYMKIHIK GepeTiH FhUIbIM cajlajapblHbIH TEPMHUHJEPIH KOJIJAHY KayKer).

Hezizei maomin MakKaJaHBIH MakcarTbl/ MiHAeTTepi/ KapacCTBIPBUIBII OTBIDFAH CYPaKTBIH TapuXbl, 3epTTey oicTepi,
HOTHXKeJIEP / TAJIKBLIAY, KOPBITHIH/IBI 6O/IIMIEpIiH KAMTYBI KasKeT.

Tabauua, cypemmep — arajaraHHaH KeiliH OpHAJIACTLIPBIIAALL. Op Tabynna, CypeT KachblHIa OHBIH aTaJIybl OOIYbl KarKeT.
Cyper aliKbIH, CKAaHED/IEH OTIIEreH OOJIYbl KEPEK.

Makanagarbl popmyaaaap TeK MITIHIE OJlapFa ciireMe Gepijice FaHa HOMIpJIEHEI].

2Kaunner KosimanbicTa 6ap abbpesuamypanap MeH KblcKapmyaapdar Gackaaapbl MIHIETTI Typle ajFall KoJaHFaHIa
Tycinaipinyi 6epinyi kaxker. Kapotcoinall Komex mypaas, aknapat 6ipinini 6erre KepceTiiei.

Odebuemmep Midimi

Morinze o1ibuerTepre ciremesniep TiKXKakIIara ajablHa b, MoTiHgeri ojebuerrep TisiMiHe cirremesniep/iiH HOMepJIeHy1 MOTiH e
KOJIZIAHBLITY bIHA KATBICTBI XKYPrisiiige: MoTiHIe Ke3eckeH snebuerke agramkpl ciareme [1] apkpuibl, exinmi cinreme [2] apKpLibt
T.c.c. »kyprisieni. Kiranka »kacajaThlH ciaTeMesiepie KOJJAaHBUIFAH Oerrep e Kopcerinyli kepek (mbicansl, [1, 45 Ger]).
?Kapusnanbaran enbekrepre ciiremesep kacanMaiinsl. COHBIMEH KaTap, PEleH3UsIaH OTIEHTIH 6achlIbIMIapra Ja cliremesuep
»KacaaMaiiapl (omebuerTep TisiMiHiH o3ipJsey yirisepin TeMeHeri MakaJaHbl POCiMEY YIrICIHEH KapaHbi3).

Makasia coHpIHIATBI duebuerrep TidiMiHeH KeiliH 6ubauoepaPuanviy, MaALMEMMEDP OPBIC XKOHE AFbLINIBIH Tulinge (erep
Makaja Ka3ak TiTiHIe Ka3blica), Kasak *KoHe arblINbIH TiaiHge (erep Makasa OpBIC TiMiHJE »Ka3bliIca), OPBIC YKOHE Ka3ak
Tiniage (erep MakaJa aFbUIMIBIH TiTiHIE *Ka3bUIFaH Gosica) Gepineni.

Asmopaap mypaast Maaimem: aBTOPIBIH ATbI-?KOHI, FHIIBIMA aTarbl, KbI3METI, YKYMBIC OPHBI, YKYMBIC OPHBIHBIH MEKEH-
2Kaifbl, TesiedoH, e-mail — Ka3aK, OPBIC 2KOHE AFBLIMIBIH TiIAEPIHAE TOJTBIPBLIALEL.

6. Komkazba MYKHAT TeKcepinreH 0osybl KaxkeT. TexHUKaJIBIK TajalTapra cail KeJMereH KoJskadbaJsiap KaiiTa eHIeyre
Kafitapsuiansl. Kosrkasbanbly KafTapblIybl OHBIH 2KypHAaIAa 6acbuIyblHa »Kibepityin 6inmipmeiini.
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ITosio>keHMEe O PYyKONNCSIX, IIPEACTABJIsIEMbIX B >KypHas «BectHuk EBpasuiickoro HanjMOHAJIBHOTO yHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Buosiornyeckue Haykum»
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2. Aspropy, KejaoleMy OIyOJIMKOBATbH CTATHIO B 2KypHaje HEOOXOAMMO IPEJCTaBUTH PYKOINUCh B TBEPIOH Komuu
(pacneuaTaHHOM BapHaHTE) B OJHOM 3K3eMIUIApE, MOLIHCAHHOM aBropoM B Otries HayuHbIX u3ganuit (mo agpecy: 010008,
Kaszaxcran, r.Hyp-Cyaran, ya. CarnaeBa, 2, Eppaswuiickmii manmmonanbubii yuusepcurer um. JLH.I'ymunesa, Yuebuo-
aJIMIHUCTPATUBHBIA KopItyc, Kab. 349) u mo e-mail eurjourbio@enu.kz B dpopmare Tex u PDF . Ilpu s10M JOKHO GBITH CTPOrO
BBIJIEP?KAHO COOTBETCTBHE Mex 1y Tex-daitiom, PDF-daitnom u TBepoit konueii. [11abon crarsu B popmare tex npuBeieH HA
caiire »xypHaJa bulbio.enu.kz. Takxke aBropy(am) HEOGXOAUMO NPEJIOCTABUTH CONPOBOJUTENLHOE IIUCHMO.

SI3bIk myGauMKanUil: Ka3aXCKuil, pyCCKuil, aHTJINACKAN.

3. OrnopaBieHue craTeil B peJaKIMI0O O3HAYaeT coIvilacue aBTOpOB 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
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[IOCTaBUThH OJINHAKOBBIN 3HAYOK OKOJIO (DaMHUJIMK aBTOPA U COOTBETCTBYIOIIECH OPraHU3aIN)

E-mail asropa(os)

Hassanue cmamvu

Annomayus (100-200 ci0B; He MOKHA COAEPXKATh (DOPMYJIbI, HE JOJKHA IIOBTOPATH II0 COAEPYKAHHWIO HA3BAHHE
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HCIIOJIb30BATH TEPMUHBI M3 TEKCTa CTATbU, & TAKXKE TEPMUHBI, ONPEJEJISIONINe IPEIMETHYIO O0JaCTh U BKJIIOYAIONIUE IPYyrue
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Tabaruysbl, pucyHKy HEOOXOIUMO PACIOJaraTh MOCIe YIOMUHAHNS. KarKI0il MIIIOCTPAIUN JOJIXKHA CIeJ0BATh HAIINUCh.
Pucynku nosi>KHbI ObITH 9€TKUMU, YUCTBIMU, HECKAHUPOBAHHBIMU.

B crarbe Hymepyrorcs siniib Te hOPMYABL, HA KOTOPHIE IO TEKCTY €CThb CCHLJIKH.

Bce abbpesuamyps u cokpauerHus, 3a UCKIIOUEHUEM 3aBEJOMO ODOIIEU3BECTHBIX, JOJIXKHBI OBITH paciiudpoBaHbl IIPU
IIEpBOM YIIOTPEOJIECHUN B TEKCTE.

Ceenenus 0 purarcosoti noddepotcke paboThl YKA3LIBAIOTCI HA IIEPBOI CTPAHUIE B BHAE CHOCKH.

Cnucox aumepamypuvt

B Tekcre ccbuiku 06GO3HAYAIOTCA B KBAJIPATHBIX CKOOKax. CCbUIKHM JOJIKHBI OBITH NPOHYMEPOBAaHbLI CTPOrO IO MOPSIKY
YIOMUHAHHSA B TeKcTe. [lepBast cChIIKa B TEKCTE Ha JIATEPATypPy JOJKHA MMeTb HoMep [1], Bropas - [2] u T.a. Ccruika Ha KHUTY
B OCHOBHOM TEKCT€ CTATBbU JIOJI?)KHA COIPOBOXKIATHCS yKA3aHUEM HCIOIb30BAaHHBIX cTpanul (Hanpuwmep, [1, 45 crp.]). Ccbuikn
Ha HeOIyOIMKOBaHHBIE PaGOTHI He JOIYCKAIOTCA. IHerKesaTebHBI CCBIKM Ha HEPENEH3UPyeMble M3JaHUs! (IIPHMEDBI OIMCAHUS
CIHCKA JINTEPATYPbI, ONUCAHUS CIIMCKA JIUTEPATYPbI CM. HUXKe B obpasie odOPMIIEHUS CTATbH).

B koHIIe cTaThy, MOCIIE CIIUCKA JIUTEPATyPbl, HEOOXOIUMO yKa3aTh bubauoepagPuueckue 0aHHble Ha PYCCKOM U aHTJIMHCKOM
a3blkax (ecam craTbsa oOPMIIEHA Ha Ka3aXCKOM fA3bIKe), Ha Ka3aXCKOM M AHIJIMHCKOM f3bIKax (ecyau crarbs odopMmieHa Ha
PYCCKOM 9I3BIKe) 1 Ha PYCCKOM M Ka3aXCKOM A3BbIKAX (eCJ'II/I CTaTbsA O(bOpl\/IJIeHa Ha aHTJINHCKOM HBBIKG).

Cesedernus 06 asmopax: damuaus, UMs, OTIYECTBO, HAYIHAS CTENEH, JOJKHOCTb, MECTO PabOTHI, MOIHBIA CIIyKEOHBIH
azapec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIJIMACKOM SI3bIKAX.

6. Pykomnmuce noskHa ObITH TIHATEJIBHO BBIBEPEHA. PyKomucu, He COOTBETCTBYIOIIUE TEXHUYECKUM TpeOOBaHUAM, OYIyT
BO3BpaIleHbl Ha 10paboTKy. BosBpalnenue Ha opaboTKy He O3HAYAET, YTO PYKOIUCH IIPUHATA K OILyOJIHMKOBAHIIO.

7. Pabora ¢ 3JIeKTPOHHOI KOPPEKTYPOIi. Crarpu, nocrynusmme B Otaen HaydHbIX wu3ganuil (pegakims),
OTIIPABJAIOTCA Ha aHOHUMHOE PEIIEH3NPOBaHUE. Bce PEeneH3un 110 CTaTbe OTIIPABJIAIOTCA aBTOPY. ABTOpaI\/I B TedeHue Tpex AHGI‘/JI
HEOOXOIMMO OTIIPABUTH KOPPEKTYPy crarbu. CTaTbu, MOJIyYHUBIINE OTPUIIATEIbHYIO PEIEH3UI0, K MOBTOPHOMY PaCCMOTPEHUIO
HEe IIPUHUMAaIOTCHA. I/ICHpaBJIeHHbIe BapuaHTBI cTaTei U OTBET aBTOpPa PEIEH3CHTY IIPUCHIJIAOTCA B PEIAKITUIO. (jTaTbI/I7 HUMeEIoIue
IIOJIOXKUTEJIbHBIE PEIeH3UH, IIPEJICTABIISIIOTCS PEIKOJIJIETUH XKYPHAJIA JJIst OOCYK/ICHUS ¥ YTBEPXKIEHUS JJIsd I1yOTUKAIIH.

ITepuomgunyHocTs >KypHaJsa: 4 pa3a B rof.

8.Omata. ABTopaM, MOJIYYUBIIUM IOJOXKUATEIHHOE 3aKJIOUCHUE K OIlyOINKOBAHUIO HEOOXOIUMO IIPOU3BECTH OILIaTy (s
corpyauukoB EHY — 4500 renre, 151 cropoHHux opraxusaiumii — 5500 Tewre).
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.

TEXT OF THE ARTICLE

- The main text of the article should be divided into clearly defined and numbered sections
(subsections). Subsections must be numbered 1.1, 1.2, etc. Required sections of the article:

1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.

Ethics approval Manuscripts reporting animals and /or human studies must that relevant Ethics
Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.
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Figures

Figures must be saved individually and separate to text. All figures must be numbered in the order
in which they appear in the article (e.g. figure 1, figure 2). In multi-part figures, each part should
be labeled (e.g. figure 1(a), figure 1(b)). Figures must be of sufficiently high resolution (minimum
600 dpi). It is preferable to prepare figures in black-and-white or grey color scale. Figures should
be clear, clean, not scanned (PS, PDF, TIFF, GIF, JPEG, BMP, PCX).
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2 Ucnanusnos yammo sepmmey urncmumymon, T'panada, Hcnanus

Solanum lycopersicum ecimairinge pe3ucTeHTTiIIK >kayanTeiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Anvoranmsa. Tomato bushy stunt virus (TBSV) supycbimen kogramarsin P19 akybsI3or
PHK wunaTepdepennsannie, KyaTThl CyIHIpeccopbl OoJibil TabbLiambl koHe Nicotiana benthami-
ana ecCiMJIKTepiHiH BUPYCIEH KYKTBIPBLIYBIHIA MAaHBI3IbI POJI aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIAHYBI aflKbIH KOPIiHIC Oepemdi Jie, ©CIMIIKTIH TOJBIK KOJIIAICHIHA
okeyin cokThipabl. CoHbIMeH Karap cympeccopdibik P19 akybrser Nicotiana tabacum ecimiriame
TUIIEPCE3IMTANIIBIK, PEAKITUICHIH Oesicenmipyre xkayanTsl. Bupycroin P41 kamncuaTik akybIi3bl BUPHOH
KYPBLIBIMBIH KAJIBIITACTBIPHII, OCIMIIK OOHBIMEH TapaJiayblH KaMTaMachl3 eTeii. AJIbIHFaH 3epTTey
woruzkesepi TBSV Bupycbinbiy kabaiibl Tuninin undexuscsl Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJITIHE BUPYCKA KAPChl TO3IMIUIK KayaOblH TYJIbIPDATHIHBIH AHBIKTAIBI.
OCIiMIIKTIH TaMblp KOHE >KAIBIpaK yJrmachkiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMacTaH
BUpPYCIEH 3aKbIMJIAJYALIH CBHIPTKBI KepiHici Hamap Oaiikaamsl. Agaiina, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramacel BUpyCIieH 3aKbIMIAIFAH OCIMIIKTEP/IE YKACY ALK
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MeTabOM3MIHIH @3repyiH aHBIKTaAbl. AJT BUPYCTBIH, KAMCHATIK aKybI3bl SKCIPECCUIIAHOANTHIH
MyTaHTIIEH WHMEKIUS TYAbIPFaH/a, KbI3aHAK OCIMJIKTEP] KOFaphl Ce3IMTaJIIbIK, KOPCETil, XKyhesik
HEKPO3Fa YIIbIPaJIbl. 3epTTey HOoTUXKeyepi KbizanakToiH Money maker cypeiobraga TBSV Bupycbina
KapChl KOPFaHbIC MEXaHU3MIEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-1i TaHy apKbLIbl OeJICeH i piIeTiHiH
KOpceTei.

Tyitin ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kancuarik akysi3, BupuoH, Solanum
lycopersicum, pesucrentriiik, PHK-unTepdepenius.

I.C. Mykusinosa ', A.2K. Ak6acosa', M.X. ITozo?, P.T. Omapos !

! Bepasutickuti navyuonarvronti yrnueepcumem umerw JI. H. Tymunesa
2 Henanckuti mayuonaionsid ucciedosamenverut yenmp, I'panada, Henanus

Karnicugusrit 6e1ok p41l Bupyca tomato bushy stunt virus (tbsv) akTuBupyer
PEe3UCTEeHTHOCTh Yy pacTeHuil Buja solanum lycopersicum

Awnnoranms. Komupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 sisisiercs
MorabiM cynpeccopom PHK wmaTepdepennun u urpaer BaXKHYIO POJib IpU WHMEKIUU PACTEHUI
Nicotiana benthamiana, koropasi xapakTepusyercsi SPKO BbIPAYKEHHBIMHU CHMIITOMAME 3a00/I€BaHUS
U CHCTEMHBIM KoJutaricoM. Kpome Toro, 6esok P19 spisiercs 3/ucuTOpOM THIIEPUyBCTBUTETHEHOTO
orBera y Nicotiana tabacum. Kamncupgnsrit 6esok Bupyca P41 dpopMupyer BUPDHOHBL U CIIOCOOCTBYET
pasBuTuio cucreMuoit uudeknuu. [lojgydeHHbple HaMU JAHHBIE IMOKA3aJMd, YTO UPU HHMEKIUU
mukuM turnoM TBSV y pacrennit suna Solanum lycopersicum (copr Money maker) akrusupyercs
pe3ucTeHTHBIN oTBeT. HecMmorpst Ha cucTeMHYIO akKKyMyJsiuio Oejika cyrpeccopa P19 B simcrbax
U KOPHSX, Y PACTEHUil He MPOSBJSIIOTCS BUJIUMBIE CUMIITOMBI 3aboJieBaHus. (OJHAKO aHaIN3
Chlorophyll Fluorescence Imaging system (Chl-FI) nokaszasn, 4ro B mHDUIMPOBAHHBIX BHPYCOM
PACTEHUSIX MPOUCXOAT 3HAYNTEIbHbIE U3MEHeHnsT MeTabom3Ma. Bostee Toro, mHMEKIUs pacTeHwi
myranTom TBSV no kancugunomy OesikKy HIPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pPACTeHHIA.
[Toyuenmbie qaHHble YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3aIINTHBIE MEXAHU3MBI B OTBET
Ha, 9KCIIpeccrio Kamncuanoro denka P41 supyca TBSV.

KuroueBbie cioBa: Tomato bushy stunt virus (TBSV), xancumustit 6esok, supuon, Solanum
lycopersicum, pesucrentnoctsb, PHK-unrepdepentus.
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