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PE®EPAT

JunuiomHas padora: 58 ctp., 2 Tabn., 17 puc., 75 HICTOUHUKOB.

KmroueBbie caoBa: TSXKEJIBIE METAJIJIbI, AKTUBHBIE ®OPMbI
KHNCJIOPOJA, POCT, OSKCITPECCHUA 'EHOB, HAJ®-OKCUIA3bI

AKTYyaJIbHOCTB: B HacTosImee BpeMst akTyaJIbHON MTPOOIEMOM HHTYCTPHAIBHO
Pa3BUTBIX PETHOHOB CTAJI0 3arpsA3HCHHE TSDKCIBIMH MeTalaMu. [loBBINICHHBIC
YPOBHH METaJlJIa B OKPY’KAOIIICH CpeJie HAHOCAT yIiepO eCTECTBEHHOM (hjIope, a TAKKe
BPEIAT CEIBCKOMY XO3SHCTBY. Y PacTCHHI B OCHOBE MEXaHHW3MOB YCTOWYHUBOCTH K
MeTajlIaM BO MHOTHX CITyYasiX JICKHT UHIYIIUPOBAHHBIN CHHTE3 OCIIKOB, CBSI3aHHBIH C
SKCIIPeCCHell OMpeAeICHHBIX TeHOB (WM TPy TE€HOB) M CHHTE30M (€ Novo
CTPECCOBBIX (DEPMEHTOB, MPUHUMAIOITUE HETIOCPEACTBEHHOE YYacTHE B MEXaHU3MaxX
aJanTalyy pacTeHUN K TSDKENBIM MeTallaM U UX O0E3BPEKMBAHHUIO B OpraHU3ME.
[ToaToMy BaskHOE (pyHIaMEHTaIBLHOE U MPUKJIAAHOE 3HAUCHUE UMEET U3yUYCHHUE POJIH
pa3MYHBIX OEJIKOB B OTBETHBIX PEAKIUAX PACTCHUN HA TOBBIIICHHBIE YPOBHU
KOHKPETHBIX TSKEITBIX METaJIOB.

OobekT nccaenoBanusi: Arabidopsis thaliana L. Heynh.

Hean padoTbl: TpOaHATU3UPOBATH BO3ACHCTBUS TSDKEIBIX METAJIOB Ha
POCTOBBIE MPOLIECCHI Y MOJCIBHBIX pacTenuii Arabidopsis thaliana.

MeTtoabl uccieq0BaHUsI: POCTOBBIE TECThI, (IYOPECIICHTHAsT MUKPOCKOIUS,
[TI{P-ananus3.

B pe3yabTaTe padoThl OBLJIO TOKA3aHO, YTO BBEJICHHUE B CPEly BhIpAIIUBAHUS
TSDKEIIBIX MeTa/uioB B KoHIeHTparuu 0,1-1 MMoJIb/JI OKa3bIBaJlo MHTHOUPYIONTUN
s dekT Ha pocT KOopHE# apadbuporncuca. [Ipu o6padorke 0,1 mmons/nm CuCl, npupoct
JUTMHBI OCHOBHOT'O KOpHS cHIbkancs Ha 61%, 0,3 mmois/1 CuCl,; — Ha 68%, 1 MMmoItb/in
CuCl; — na 85%. IMpu nericteum 0,1 Mmmomb/i NiCl, npupOoCT KOpHS HMHTHOUPOBAICS
Ha 39%, 0,3 mmouw/a1 NiCl, — na 44%, 1 mmons/n NiCl, — Ha 72%. IIpu 06paboTtke
0,1 mmons/1 CoCl; otmedanock cHuxkeHnne pocta Ha 8%, 0,3 Mmos/1 CoCl, —Ha 32%,
1 mmoiw/nm CoCly, — Ha 49%. o6asnenue 10 mxmons/in DPI (uarudutopa HAJI®H-
OKCHJa3) OKa3bIBaJIO MPOTEKTOPHOE JEWCTBHE HAa POCT KOpHEH apabujoricuca B
YCIOBHSIX TSDKEIIOMETAINTUYECKOTO CTPecca, YTO OCOOCHHO ObUIO 3aMETHO B Cllydae
menn. O6paboTtka TsokeapiMu Metaiamu (1 mmoss/im CoCly, NiCl,, CuCl,) Bei3biBaia
HakorieHue ADK B xopHsix apadujorncuca, B MEPBYIO o4epeib YyBCTBUTEILHOCTD K
JTAHHOMY CTPECCY MPOSBISIACh B 30HE aeneHus. [Ipu aToM npookcuaanTHbINA dHPexT
yBennuuBaincs B pagy Co?* < Ni?* < Cu?*. [lo6asnenne DPI coBmecTrO ¢ CU?* cHIDKIIO
ypoBenb ADK. Ilpu BeipammBanuu Arabidopsis thaliana na cpeme ¢ CuCl; B
KOHIIEHTpaIuu | MMOJIb/1 ycunuBanack dkcrpeccust reHoB HAJ[®D-okcunas B 2.4, 2.6
u 6.2 pa3 mist RBOHC, RBOHD u RBOHF cooTBeTCTBEHHO, YTO CBUICTENHCTBYET O
BOBJICYCHHUH JaHHBIX ()EPMEHTOB B OTBET PACTEHUI HA TSKEIOMETAJUTMUECKHI CTpecC.
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POD®EPAT

JpinjiomHasi paéora: 58 crap., 2 tabin., 17 man., 75 KpbIH.

KmouaBbisi  ciaosbr: 1[SDKKIS METAJIbI, AKTBIYHBII ®OPMBI
KICJIAPOZY, POCT, DKCITPOCII TEHAY, HAJI®-AKCIJA3BI

AKTyajbHacub: Y ISMEpaliHi 4yac akTyajdbHail mpalnemail 1HAyCTpbIsUIbHA
pa3BIThIX poari€Hay crana 3abpy/KBaHHE ISDKKIMI MeTanami. [laBblmanbis Y3poyHi
MeTally ¥ HaBaKOJbHBIM acsApOA31 HAHOCALD IIKOAY HaTypanbHail (hJIopel, a TakcaMa
IIKO/I3A1Ib CEJIbCKal racmagapipl. Y paciiH y acCHOBE MexaHi3May yCTOWJIiBacii aa
MeTajiay y MHOTIX BBIMAJKaX JISDKBIIb 1HIYKaBaHbl CIHT?3 OSJIKOY, 3BsI3aHBI 3
OKCIIPICITA TYHBIX TeHay (abo Tpym TeHay) i ciHtd3am de NOvVO cTp3caBbhIX
(dbepMmeHTay, sKis NphIMAIOLb HENACP3IHBI YI3€) Y MEXaHI3Max aJanTaubli paciiH J1a
ISDKKIX MeTanay 11X adsACIIKOIKBaHHIO ¥ apranizme. TaMy BaxkHae (hyHIaMeHTalbHae
1 IPBIKIJIAHOE 3HAYIHHE MA€ BBIBYUIHHE POJII PO3HBIX OSUIKOY Y 3BAPOTHBIX PIAKIBISIX
pacIIiH Ha MaBBIIIAHBISA Y3POYHI KAHKPATHBIX LSHKKIX MeTasay.

A0'ext nacaenaBanns: Arabidopsis thaliana L. Heynh.

MbTa pabGoThl: NpaaHaii3aBallb V3A3€IHHS ISDKKIX MeTajgay Ha pPOCTaBBIS
Ipardchl ¥ MaJRIbHBIX pacitin Arabidopsis thaliana.

Metaabl JgaciaeABaHHSI: POCTaBbIS TACTHI, (Iyap3CUIHTHAs MIKpacKaris,
[111P-anamis.

Y BbIHiKY pa0oThI ObLIO MaKa3aHa, ITO YBIA3EHHE ¥ acspoAaK BHIPOLIYBAHHS
ISDKKIX MeTasay y KanipHTpaiibii 0,1-1 MMoJib/i aka3Bana iHrioipyrodsl 3¢eKT Ha pOCT
kapan€y apabigomncica. Ilpsr ampamoyust 0,1 mmons/n CuCly, mpeipocT nayxKbiHi
acHOYHara kopass 3Hikaycs Ha 61%, 0,3 mmomaw/n CuCl; — Ha 68%, 1 Mmonbs/n CuCl,
— Ha 85%. IIps1 a3esuu1 0,1 mmons/a NiCl, npeipocT KopaHs iHri0ipaBaycs Ha 39%,
0,3 mmonws/n NiCl, — na 44%, 1 mmons/n NiCl, — Ha 72%. Ilpsl anpanoyisi
0,1 mmoune/nt CoCl, an3navanacs 3HbKIHHEE pocTy Ha 8%, 0,3 mmons/1 CoCl,; —Ha 32%,
1 mmons/n CoCl, — Ha 49%. lananne 10 mxmouts/n DPI (inrioitapy HA JId®H-akcinas)
aKka3Baja MpaTdIKTapHae [3€siHHE Ha pOCT KapaHEy apalijorcica Ba YMoBax
IsDKKaMeTalliuHara CTpacy, ITo acabiiBa ObUIO MPBIKMETHA Y BBIMAAKY MeEM3l.
Ampanoyka mspkkimi Mmetanami (1 mmonbe/nm CoClp, NiCl,, CuCly) Beikiikana
HazanamBanHe ADK ¥ kapansx apabigoricica, y mepiiyr 4apry ajadyBajibHAcCIlb Ja
Ja73eHara CTpaACy BhIAYIsAnacsa ¥ 30HE 3suieHHS. [Ipbl r3ThIM MpaakcigaTHbl 3QeKT
nassutiuBaycs ¥ mopary Co?" < Ni?* < Cu?*. lananue DPI cymecna 3 Cu?* 3nixana
y3posenbr ADK. Ilpsr BeiporruBanni Arabidopsis thaliana wa acsaponnsi 3 CuCl, ¥
KaHIPHTpaIkll 1 MMob/a y3manHsuiacs sxcrnpacia reHay HAJId-akcigas ¥ 2.4, 2.6 1
6.2 pa3 s RBOHC, RBOHD 1 RBOHF anmaBeana, mto cBeaubiih a0 yIsSTBaHHI
Jan3eHbIX epMeHTay y ajaKa3 paciiH Ha IsKKaMeTaliuHbl CTPAC.



ABSTRACT

Graduate work 58 p., 2 table, 17 fig., 75 sources.

Keywords: HEAVY METALS, REACTIVE OXYGEN SPECIES, GROWTH,
GENE EXPRESSION, NADPH-OXIDASES

Relevance: Heavy metal pollution has become an urgent problem in
industrialised regions. Elevated metal levels in the environment damage natural flora
and also harm agriculture. In plants, the mechanisms of resistance to metals in many
cases are based on induced protein synthesis associated with the expression of certain
genes (or groups of genes) and de novo synthesis of stress enzymes, which are directly
involved in the mechanisms of plant adaptation to heavy metals and their neutralisation
in the organism. Therefore, the study of the role of various proteins in plant responses
to elevated levels of specific heavy metals is of great fundamental and applied
importance.

Object of research: Arabidopsis thaliana L. Heynh.

Purpose of work: to analyse the effects of heavy metals on growth processes in
model plants Arabidopsis thaliana.

Research methods: Growth tests, fluorescence microscopy, PCR analysis.

As a result of the work, it was shown that the introduction of heavy metals into
the growing medium at a concentration of 0.1-1 mmol/l had an inhibitory effect on the
growth of Arabidopsis roots. When treated with 0.1 mmol/l CuCl,, the the length of
the main root decreased by 61%, 0.3 mmol/l CuCl, — by 68%, 1 mmol/l CuCl, — by
85%. Under the action of 0.1 mmol/l NiCl,, root growth was inhibited by 39%, 0.3
mmol/l NiCl; — by 44%, and 1 mmol/l NiCl; — by 72%. When treated with 0.1 mmol/I
CoCl,, growth decreased by 8%, 0.3 mmol/l CoCl;, — by 32%, 1 mmol/l CoCl, — by
49%. The addition of 10 mmol/l DPI (NADPH oxidase inhibitor) had a protective
effect on the growth of Arabidopsis roots under conditions of heavy metal stress, which
was especially noticeable in the case of copper. Treatment with heavy metals (1 mmol/I
of CoCly, NiCl,, CuCl,) caused the accumulation of ROS in the roots of Arabidopsis,
primarily sensitivity to this stress was manifested in the fission zone. At the same time,
the prooxidant effect increased in the range of Co?* < Ni?* < Cu?*. The addition of DPI
together with Cu?* reduced the level of ROS. When Arabidopsis thaliana was grown
on a medium with CuCl; at a concentration of 1 mmol/l, the expression of NADPH
oxidase genes increased by 2.4, 2.6 and 6.2 times for RBOHC, RBOHD and RBOHF,
respectively, which indicates the involvement of these enzymes in the plant response
to heavy metal stress.



