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Toxic and signaling effects induced by Ni?* and complexes of Ni%* with histidine in roots
of higher plants

Mackievic V.4, Kozhevnikova A B, Seregin 1.B, Yu M.€, Huang X.©, Demidchik V.A¢*
ABelarusian State University, Minsk, Belarus

BTimiryazev Institute of Plant Physiology, Russian Academy of Sciences, Moscow, Russia
CInternational Research Centre for Environmental Membrane Biology, Foshan University,
Foshan, China

*E-mail: dzemidchyk@bsu.by

In response to excess nickel content in the soil, many plants synthesize and excrete histidine
(His), which binds Ni?* and forms complexes. In the present work, the hypothesis was tested
according to which the formation of Ni-histidine complexes causes activation of the redox-
and Ca?*-signaling systems, contributing to the recognition of Ni?* excess in the environment.
Arabidopsis thaliana L. Heynh. root growth inhibition was observed beginning from 3 to
30 uM Ni?* depending on cultivation method (sterile gel systems or hydroponics), plant
development stage, and treatment techniques (germination or medium exchange). The
addition of Ni?* with His at a ratio of 1:2 had a protective effect against the toxic effects of
Ni%*. His stimulated the accumulation of nickel in the roots, but inhibited the translocation of
this metal into the aboveground organs. Using EPR spectroscopy, it was shown that the
treatment with 0.01-3 mM Ni?* did not cause the formation of hydroxy! radicals (HO®) under
standard conditions, in the presence of 1 mM of L-ascorbate and 1 mM of H2O,. At the same
time, the introduction of nickel together with His induced the synthesis of HO®. Similar
effects were found when registering ROS using fluorescent ROS-sensitive probes. ROS
synthesis under Ni?*-His, treatment was inhibited by dimethyl sulfoxide (free radical
scavenger), suggesting that it was related to hydroxyl radacals. In aequorin-transformed
plants, the addition of 0.01-3 mM Ni?* did not cause changes in the level of cytosolic Ca?*
([Ca*"]eyt), but a significant Ca?* signal was generated after addition of Ni%*-His,.
Hypothetically, in the presence of His, nickel formed ROS-generating complexes causing
redox-dependent activation of Ca?*-permeable cation channels and a transient increase in
[Ca?"]eyt. The work also revealed expression of genes responsible for the processes of signal
transduction, DNA repair, and antioxidant protection to be stimulated in the presence of Ni?*,
but not in the presence of Ni%*-His;. Experiments with agricultural species showed high
sensitivity to nickel of wheat and sunflower and low sensitivity of pea plants (pea growth was
observed until 10 mM Ni?* in the medium).
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Jluma — ogHO W3 Hamboee pacHpOCTPAHEHHBIX JEPEBHEB B TOPOJACKUX HACAKICHUSX.
Benenue cenekuuoHHOW pa0OTHI, COXpaHEHHE I[IEHHBIX TEHOTHIIOB U TMPOHW3BOICTBO
KaueCTBEHHOr'0 I10CaJI0YHOI0 MaTepuajia OIpeAeNsioT MEepCIeKTUBHOCTh pa3paboTKu U
BHEJPEHUS OMOTEXHOJOTHYECKHX METOJOB PA3MHOXKEHHSI TPEBECHBIX PACTCHUMU, BKIIOYAs
npenacrasuteneii Tilia spp. M3yduena mpmKUBaeMOCTh MHKPOKJIOHAIBHBIX pacTeHuit Tilia
cordata Mill. u Tilia platyphyllos Scop. na srtame anmanTanuu, yKOPEHEHHE KOTOPBIX
MPOBOJMUIIOCH HA WIECTHM BapUaHTaX MHUTATENbHBIX CpPel Pa3IMYHOTO MHUHEPAIbHOTO M
TOPMOHAIBHOTO cocTaBa. HamOosbias NPWIKMBAEMOCTh IJisi OOOMX BHJIOB OTMEYEHA Y
pacTeHul, pU30reHe3 KOTOPBIX OCYIIECTBISJICS Ha MHUTATENIbHOM cpele cocTtaBa 2 MS,
0,3 mr/n HYK, 10 r/n caxapossi (T. cordata — 74,29%, T. platyphyllos — 90,00%) u "2 MS 6e3
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arapa, CTepHIbHBIA cyOcTpar nepauT : BepMukyauT (1:1),10 r/n caxapossl (73,88 u 81,25%
COOTBETCTBEHHO). BO BTOpPOM cllydae MHKPOKIOHAIBHBIE DPACTEHUS XapaKTEPU30BAJIKCH
00JIee MHTEHCUBHBIM POCTOM M pa3BUTHEM. BrICOKas IprKuBaeMOCTh pacTenumii T. cordata, B
orimmuue ot T. platyphyllos, ycranosnena mis Bapuanra 2 MS, 0,3 mr/n UMK,10 r/n
caxapo3bl (80,56 u 42,86% COOTBETCTBEHHO).

Ceccus 8

HN3ydyeHnue B3aUMOCBA3M I'eHeTHYECKON peryjsiiiui HAKONJIeHUs (pJ1IaBOHOUI0B U
KAPOTHHOM/IOB B 32aBHCHUMOCTH OT AJJIeJIbHOTO COCTABA T€HOB, ONpeIe/IAI0IIUX
KAa4eCTBO IJIO0B TOMATA
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Boinonnen OMOXMMUYECKHI aHAIM3 HAKOIUICHHS KAapOTUHOHMAOB M aHTOLMAHOB y (opm
TOMaTa B 3aBUCUMOCTH OT aJUIETbHOTO COCTaBa CTPYKTYPHBIX M PETYJSITOPHBIX TE€HOB
KauecTBa IJIOJIOB Ha IIUPOKOW KOJIEKUMU 00pa3noB MHCTUTYyTa F€HETUKH W IMUTOJIOTHHU U
BUP. JJHK-ckpunuHT (hOpM TOMaTa OCYIIECTBIISLICS IO LEIEBBIM ajuiessaM: rin, nor, r, at, t,
0g, og°, B, gf-3, gf-5, hp-1, hp-2dg, u, gs, SIMyb12, Antl. Ha ocHOBe COMOCTaBICHHS TaHHBIX
MOJICKYJISIPHOM OLIEHKH M OMOXMMHMYECKOTO aHallu3a MOJyYeHbI CIEAYIOUINE Pe3yJbTaThl:
MOKa3aHO TIOBBIIIEHWE KOHIIEHTPAIlMM MUTMEHTOB B IUIOAAX IPU HAJUYUM B TEHOTHIIE
amneneit: U, hp-2%, ammeneii gf; moaTBepKIeHbl 3aKOHOMEPHOCTH HAKOIUICHHS (GOPM
KapOTHMHOB B IUJIOJaX TOMara B 3aBUCUMOCTH OT ajulelieil TeHa JIHMKOMHH-[-IIUKIa3bl:
MaKCHMAaJIbHOE HaKOIUICHWE JIMKOMHMHA Y (OpPM C codeTaHHeM ajutesieil 0Q°, KapoThHa — ¢
autenieM B, mpenmylileCTBEHHOE HAKOIUICHHE JMKOMMHA — Y GopM ¢ amieneM D; BoisBieH
XapakTep B3aMMOCBSI3M TEHETHMYECKOM  PEeryJialMd  HAKOIUICHUS  (DIaBOHOUIOB U
KapOTHHOMJIOB: MAaKCHMaJbHOE HAKOIUICHHE AaHTOIIMAHOB B IUIOAAX TOMara, B TEHOTHUIIC
KOTOpBIX MpUCYTCTBYIOT amutenu Antl, Y, U, compsikeHO ¢ yMEHbIIEHHEM KOHIEHTpPAIluU
JUKOMHWHA B TUIOJAX; HAJIMYUE aJUlelisi y TeHa XaJIKOHCHHTa3bl YBEJIWYMBAET HAKOIUICHUE
JMKOMKMHA B TUI0Aax ToMara. OToOpansl 00pasibl S. lycopersicum ¢ pa3auyHbIM COYETaHHEM
aysenel reHOB HAKOIUICHUS ()JIaBOHOHJIOB U KAPOTHUHOUIOB KaK IS TadbHEHUIIEro u3y4eHus
TEHETUYECKON perysiliid HaKOIUJICHUS MHUTMEHTOB B IUIOJAX U  HCIOJIB30BaHHUS B
CEJIEKIIMOHHOM TIPOIlECCe, HAMpaBICHHOM Ha co3JlaHue (opM C BBICOKHM ypPOBHEM
AQHTUOKCUJIAaHTHON aKTUBHOCTH.

Kosnexuus 6opoaareix kopHeii «hairy rootsy», kak ocHoBa 1Jisi PyHAaMEHTAJIBHBIX H
NPpUKJIAAHBIX HCCJIB}IOBaHHﬁ
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B cBsa3u ¢ POCTOM HACCIICHM, HECTaOMIIBHOCTHIO KINMATHYECKUX yCJ'IOBI/Iﬁ 1 YMCHBIICHHUEM
TEPPUTOPUIN, BO3HUKAET HEOOXOIMMOCTh B TMPHUBJICUYCHUH COBPEMEHHBIX TI'€HETHUECKUX
MOAXOAOB JUIsl TOJIYYEHHS BBICOKOMPOJIYKTUBHOTO PACTUTENbHOrO Marepuana. JlaHHoe
YTBEPKACHHUEC OTHOCUTCA KaK K CO3JaHHIO COPTOB paCTeHI/If/'I, TaK W IIOJTYYCHHIO HOBOI'O
(apMarieBTUYECKOTO ChIpbs. ['eHeTHueckass TpaHCPOpPMALUs PACTUTENBHBIX KJIETOK C

47



