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BBEAEHUWE

B TeyeHure XXKU3HEHHOTO LIMKJIa PACTeHMS CTAIKU-
BAlOTCA C pa3IMYHBIMU aOUOTUYECKUMU CTpecC-
daxkTopamu (3acyxa, 3acojieHue, IeiCTBUE HU3KUX U
BBICOKUX TEMITEpaTyp, TSKEJIbIX METAJUIOB U JIP.), KO-
TOpbIe OrPaHUYMBAIOT UX Teorpaduyeckoe pacnpo-
CTpaHEeHUEe W CHIXAIOT ypOXaHOCTb. B ycrnoBusx
100aJIbHOTO U3MEHEHMS KJIMMaTa U Bo3pacTaroliei
AHTPOIIOTEHHOI HATPY3KU CO30AETCS TOMOTHUTEILHOE
JIaBJIcHHE Ha OMOLICHO3HI, a pACTeHUSI BCIISICTBUE TTPU-
KPEIJICHHOTO 00pa3a XN3HU SIBJISTIOTCST HanboJiee ys3-
BUMBIMHU MX KOMITOHeHTamMuU. B xoze aBomonum pacre-
HUS c(POPMUPOBAIM Psif, 3allIMTHBIX CUCTEM, OOecIIe-
YUBAIOIIMX UX CTPECCOYCTOMUMBOCTh. OmHA M3 HUX
MpeAcTaBieHa MHOTOKOMIIOHEHTHON aHTUOKCHUIAHT-
Hoii cucteMoii (AOC), koTopasi BEITOIHSET (PYHKIIUIO
YHUBEPCAIBHOTO LIIUTA OT OKUCIUTEILHOTO CTpecca —
HEOThEMJIEMOI COCTABJISIIONIE JIFOOOr0 aGUOTUYEe-
ckoro BosueiictBug [1, 2]. dust ¢pOTOCUHTE3UPYIO-
II1X OPraHU3MOB 3P (PeKTUBHO GYHKIIMOHUPYIOIIAS
AOC 0cobeHHO BaxkHa, TTOCKOJIBKY UMEHHO XJIOPO-
IUTACTHI SIBIISIIOTCSI OMHUMM U3 OCHOBHBIX MCTOYHU-
KOB akTUBHBIX ¢popM Kuciaopona (ADK) — B3aumMHo
MpeBpallAOINXCI PEaKUUOHHOCIIOCOOHBIX (HopM
KUCJIOpOoAa, TaAKUX KaK, CYIIepOKCUIHbBII aHMOH-pa-

Cokpamennsi: AOC — anTuokcuaaHTtHas cuctema, HY — Ha-
HOYACTUIIEI.
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mukan (O ), rMapokcwibHbIi pagukai ("OH), ne-
poxcun Bogopona (H,0,) u np. [3—5]. Eciu B ontu-
MaJlbHBIX ycaoBuUsX reHepanuss AD®K mnpencrasisger
0001 HEOTHEMJIEMYIO YaCTh XKM3HEHHOTO TTpoliecca
PaACTUTEILHOTO OpraHU3Ma, TO TIOJ, BIUSTHUEM abuo-
TUYECKUX CTpecc-(PaKkToOpoB UX YPOBEHb B KJIeTKax
MOXET PE3KO BO3pACTU U BbI3BATh PA3BUTUE OKUCIIM -
TeJIbHOTO CTpecca, CIeICTBUEM KOTOPOTO SIBJISIOTCS
MHTeHCU(UKALIUS TIEPEKMCHOTO OKMCIICHUS JTUITMIOB
(ITOJI), moBpexneHusT opraHesl, MeMOpaH, CTPYK-
TYpbl HYKJIEUHOBBIX KHCJIOT, JeHATypaiusi OGejKOB
u ap. [5, 6]. [ToaToMy M3yyeH1Ie MEXaHU3MOB PETYJIs -
1 pabotsel AOC, BO3BMOXHOCTEN ee TOMOIHUTEIb-
HOTO CTUMYJIMPOBaHUS, a TakXke TodIepXKaHus
CTPECCOYCTOMUYMBOCTH PACTEeHUI B MOCTOSIHHO Me-
HSIIOLLIMXCS YCJIOBUSIX BHEIITHEN Cpelibl SIBJISIIOTCST aK-
TyaJIbHOI OMOJIOTUYeCKOi MpoOIeMOit.

MolrHoe pa3BUTHE HAHOTSXHOJIOTUI IIPUBEIIO K
MOSIBJICHUIO B >KM3HU JIIOAEH OONBIIIOro KOJIMYecTBa
pa3Ho00pa3HbIX HaHOMaTepruanoB. C OTHOI CTOPOHEI,
MaJibie pa3mepsl (1o 100 HM), BeICOKas peaKIIMOHHAs
CIIOCOOHOCTb, YHMKAJIbHbIE (PU3UKO-XUMUIECKUE,
ONTHUYECKHUE U BJIEKTpUUeCcKUe CBOMCTBa [7, 8] nipen-
I10JIararoT oIpeacaeHHBIC PUCKU OT B3aUMOICHCTBUS
HaHouactull (HY) c xxuBbiMu opranuzmamu. C apy-
roii CTOpOHHBI, MaTepuranbl Ha ocHoBe HY yxe mmpo-
KO MCHOJIb3YIOTCS B CEJIbCKOM XO3SIMCTBE B KaueCTBE
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HaHOYHOOpEHUIi, PETYIsITOPOB POCTa W Pa3BUTUS
pacTeHuii, a TaKKe BEIECTB C MEeCTULMIHOM U Tep-
OMIIMIHOM aKTUBHOCTHIO [7, 9]. B cBs3u ¢ aTM, iep-
CIIEKTUBBI AajbHEMINEro BHEAPESHUsS HaHOMAaTepua-
JIOB B OMOJIOTMYECKME HAYKU U CEILCKOE XO3SCTBO
MPENCTaBJISIIOT OCOOBI MHTEpEC.

M3BectHO, uTo HY MeTamioB u nx OKCHIOB CITOCO0-
HBI BIIMSITh Ha Pa3JIMYHbIC ACIIECKThI >KU3HEACATECILHO-
CTU PACTUTEIBLHOTO OpraHM3Ma Ha BCEX YPOBHSIX €ro
opranuszaumu. [Iponukast BHyTpb pacteHuit, H4 name-
HSTIOT X METabO0JIM3M, YCUIMBAIOT WIM YTHETaIOT PO-
CTOBBIE IIPOLIECCHI, (POTOCUHTE3, BoAHbI 00MeH, AOC,
BJIMSTIOT Ha YJIBTPACTPYKTYPY KJIETOK 1 IKCITPECCUIO Te-
HOB [7, 8, 10—12]. IlpencraBisieTcss aKTyaJIbHBIM IIPO-
BeIEHUE KOMIUIEKCHBIX MCCJIEIOBaHUM, KOTOPhIE Obl
HEe TOJIbKO OTpaxkajn oCHoBHbIe 3¢ddekTsi HU Ha
pacTUTENIbHbIE OPraHU3Mbl, HO U PACKPBIBAIM MX
pOJIb B CTPECCOBOM OTBETE pAacCTeHMI Ha NeHCTBUE
pa3IuYHBIX abuoTuyeckux (akTopoB. Borpockl o
Bkiage HY B pa3zBuTHe OKUCIUTEIBHOIO CTpecca 1
BustHUSA ux Ha AOC, KaKk OCHOBHYIO HecIieluduye-
CKYIO CHUCTEeMY 3alllUThI PACTEHMI1, 1O CUX IIOpP HE CO-
BCEM SICHBI, TOCKOJIbKY UMEIOIIMECS B COBPEMEHHOM
JINTepaType MHOTOUYMCIICHHbIE 3KCIIepUMEHTaIbHbIE
JIaHHbIE YacTO NpoTuBopedyuBhl. llenbio gaHHOTrO
aHAJIMTUYECKOrOo 0030pa SIBJISIETCS CHUCTeMaTHU3alus
JaHHBIX MOCJEAHUX JIET 00 ydyacTuM HauboJiee HucC-
nonb3yeMbix HY MeTa/ioB 1 MX OKCUIOB B PEryJisi-
MU TIPpO-/aHTUOKCUJIAHTHOTO OajaHca y BBICIINX
pacTeHuM.

BJIMAHUE HAHOYACTULL METAJIJIOB U UX
OKCHAOB HA ITPO-/AHTMOKCHUIAHTHbIN
BAJIAHC PACTEHHWHA

IToctynnenue u pacopeneineHue HY B kieTkax u
TKaHsIX pacTeHul, a Takxke acddexkrel HY Ha pacTu-
TeJIbHBI OpraHu3M, KaK U3BECTHO, 3aBUCHT OT 1IeJIO-
ro psina ¢akTopoB: TUIIA, Ppa3MEPOB, A3€Ta-TIOTEHIIM-
ana HY, ux no3bl (KOHLIEHTpalM|1 KOJJIOMIHOTO pac-
TBOpa), BUJA pacTeHUsI, criocoda oOpabOTKM U Ap.
[13, 14]. MBI IpoaHaIM3UPOBaAIY JaHHBIE O BIMSIHUN
HY Ha npo-/aHTUOKCUIAHTHBIN OaJaHC BBICIINX
pacteHuit, yuutbiBasg Tun HY, KOHIIEHTpallMOHHBI
addexT u crieduky oobekTa (Tad. 1). AHaIU3 1o-
Kasajl, YTO HauboJjee YacTo B 3KCIIEPUMEHTATbHBIX
HCCeIOBAHUSIX C pacTeHUsIMU ucnoiab3yiorcs HY
cepeopa (HY Ag), 3onora (HY Au), a Takke OKCHUIIOB
uepus (HY CeO,), memn (HY CuO), xenesza (HY
Fe,0; u Fe;0,), Tutana (HY TiO,) u unaka (H4 ZnO).
BonblIMHCTBO uccienoBareyneil OTMedYaloT, 4YTO
npaktuyecku Bce 3Ti HY BbI3bIBAIM OKUCIUTEb-
HbI cTpecc, CTUMYJIUPYS FeHepaluio U HaKOTLIeHUe
A®K u nponykroB ITOJI B TKaHsix pacteHuit [15—
43]. Takoro pona 3ddexThl HabaI0gaIN HE3aBUCUMO
OT KOHIIEHTpalu1it ucnojb3yeMbix pacTBopoB HY Ha
IIMPOKOM pPSIIe PacTUTENILHBIX 00BeKTOB (Tadi. 1).
Hanpuwmep, non snussauem HY TiO, yBennuuBanoch

conepxxanue H,O, B nucthsix ropomika [38], a HY
ZnO cTUMYIUPOBAJIM HAKOIUIEHWE KOHEYHOIO Mpo-
nykra I1OJI — mamonoBoro muanpaeruma (MIA) B
JUCThsIX MmiueHulbl [43]. OToenbHO clieayeT OTMe-
™Th HY Au, KoTOphIe B HU3KNX KOHIEHTPAIUIX (10
25 Mr/71) BBI3BIBAIK 0OpaTHBIN 3PP eKT — CHUXKEeHUE
conepxxanust AOK u nponykros ITOJI [22, 44, 45].

Onnako HY MerayioB U UX OKCUIOB CIIOCOOHBI
He TOJIbKO MHAYLIMPOBATh Pa3BUTHUE OKUCIUTEIbHO-
ro crpecca, Ho u BausATh Ha AOC pacrenuii [17, 19,
21, 23, 24, 27, 31, 33, 36—38, 42—55] (Ta6xa. 1). YBe-
JIMYEHVE aKTUBHOCTUM aHTUOKCUIAHTHBIX (pepMeH-
TOB OMHOBPEMEHHO C YCUJIEHUEM OKHUCJIUTEIbHOIO
cTpecca Haomonaau nox sausgaueM HY Ag y pacre-
HUiT MHOTOKOpEeHHUKA 1 KapTodens [17, 19], HY Au —
y ropuulibl 1 apoy3sa [23, 24], HY CeO, — y KyKypy3bl
[27] u T.o. (Tabna. 2). CHUXKeHUE aKTUBHOCTHU (ep-
MeHTOB AOC Habmomanocsk mon BaussHuem HY Ag,
ZnO u Fe;0, [42, 56, 57]. MOXHO KOHCTaTUPOBATh,
4yTO Bce HanboJiee n3yuyeHHble HY MeTaioB u ux ok-
CUIOB B OITUMAJIbHBIX YCJIOBUSAX (0e3 neicTBUs
cTpecc-(akTopa) BOBIeYeHBI B 00a IIpo1ecca — BbI-
3bIBAIOT OKUCJIUTEIBHBIN CTPECC, C OMHOMU CTOPOHHI,
U TIOBBIIIAIOT aKTUBHOCTH ¢pepmeHTOB AOC, ¢ mpy-
roii (tabiu. 1). B psne cayyaes aeiictBue HY Ha aTu
MPOLIECChl UMEJIO MPSIMYI0 KOHUEHTPALMOHHYIO 3a-
BucumocTb. Hanpumep, HY CuO B HU3KOI KOHIIEH-
tpamuu (10—50 Mr/n) cTUMyIMpoOBaId aKTUBHOCTh
depmenToB AOC, a B BBICOKOM KOHIIEHTpalUU
(100—1000 mr/n) IpUBOAMIN K Pa3BUTUIO OKUCIIM-
TEJILHOTO cTpecca y puca [36]. CxonHble 3 heKThHI
ob6Hapyxenbl non Biusinuem HY Fe,O; y ocnuHHM-
ka [37].

Cruenyer OTMETUTD, 4TO HeKoTOophle HY MeTasuion
U X OKCUJOB CTUMYJIMPOBAIU HAKOIIJIEHUE B TKAHSIX
pacTeHUil HU3KOMOJEKYJISIDHBIX aHTUOKCUIAHTOB
(tabn. 1). Tak, oopadborka HY Ag mpuBomuia K cy-
IIECTBEHHOMY YBEJIMYEHUIO COMEPKaHUS MPOJIMHA Y
mieHuLb! [21] 1 DIyratmoHa y MHOroKopeHHUKa [17]
Ha poHe ycreHHoro HakoruieHust ADK B TUCTBSIX B
000HX CIyJasx.

B mutepatype nmerorcs cBenenus o Bausgsan HY
METaJUIOB M X OKCUIOB Ha YPOBEHb SKCIIPECCUU Te-
HOB, KOOMPYIOIIMX pasmyHble KOMIIOHeHTH AOC
(tabn. 1). Hampumep, HY Ag yBennuuBaiu ypoBeHb
TPAHCKPUIITOB T€HOB, YYaCTBYIOIIMX B CUHTE3€ CYy-
MEPOKCUAAMCMYTa3bl, KaTaja3bl M1 acKOpOaTIIEpOK-
cunassl y Arabidopsis thaliana n puca [18, 58], a HY
CeO, U3MEHSUIM IKCIIPECCUI0 T€HOB, KOAUPYIOIINUX
mryraTuoHcuHTeTasy [28]. Cxoxue 3¢hdeKTs 00Ha-
pyxeHnb! nion BiustHuemM HY Au [45] u Ti [59].

IIpoBeneHHEBI aHATIN3 YOS AUTEILHO JEMOHCTPU-
pyeT, 4TO B ONTUMAJILHBIX yciaoBusgx HY Mmerannos n
UX OKCHUIOB, IIPEUMYIISCTBEHHO CTUMYJIUPOBAIU
Hakorienue AP®K u npoaykroB ITOJI, ycuimBas
OKUCJIMTEJIbHEIE IIPOLIECCH B TKAHSIX PAacTeHUIA, HO
MpHY 3TOM MOBBIIIANIN aKTUBHOCTE AOC, BIMSS Kak
®U3UOJIOTUS PACTEHUN Ne 2
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Tab6muna 1. YuacTrie HaHOYACTUIL METAJIJIOB U X OKCUIOB B pETyIAIINU HpO-/aHTI/IOKCI/I,ZlaHTHOI"O OayaHca y paCTeHI/Iﬁ

Tun HaHOYaCTHUIL Jloza* OOBeKT Ccplika
Hakorutenne ADK, ycunenue ITOJT
Ag 20—80 M1/ Allium cepa [15]
1—10 Mr/n Lemna gibba [16]
1—10 mr/n Spirodela polyrhiza [17]
0.5—1 mr/n Oryza sativa [18]
2—20 mr/n Solanum tuberosum [19]
500-3000 mr/n Arabidopsis thaliana [20]
10 MM Triticum aestivum [21]
Au 50—100 mr/n Brassica juncea [22]
300—400 mr/n Brassica juncea [23]
50—200 mr/ Citrullus lanatus [24]
10 mr/n Allium cepa [25]
500—1000 mr/n Oryza sativa [26]
CeO, 400 u 800 mr/KT Zea mays [27]
1000 mr/ix Arabidopsis thaliana [28]
500 mMr/n Oryza sativa [29]
10 u 100 mr/n Brassica rapa [30]
CuO 0.025—5 mr/n Elodea densa [31]
500 mr/xr Triticum aestivum [32]
0.5—1.5 MmMmonb Oryza sativa [33]
5—20 Mr/n Arabidopsis thaliana [34]
20—500 mr/n Vigna radiata [35]
100—1000 mr/x Oryza sativa [36]
Fe,0O5 1r/n Oenthera biennis [37]
TiO, 2—4% Vicia narbonensis [38]
ZnO 100, 500, 1000 mr/n Cucumis sativus [32]
500 mMr/KT Pisum sativum [39]
1600—3200 mr/KT Zea mays [40]
25—100 Mr/kr Triticum aestivum [41]
1000 mr/kT Solanum lycopersicum [42]
100—300 MKMOJTb Triticum aestivum [43]
Cawmxenue conepxxanusg ADK u nmpoxykros ITOJI
Au 25 Mr/n Brassica juncea [22]
5 mr/n Phaseolus vulgaris [44]
10 mr/n Arabidopsis thaliana [45]
VYcunenue aktuBHocTH (hepmeHToB AOC
Ag 1000 mr/n Lycopersicon esculentum [46]
1—10 mr/n Spirodela polyrhiza [17]
2—10 mr/n Solanum tuberosum [19]
5 mr/n Phaseolus vulgaris [44]
10—40 mr/n Oryza sativa [47]
Au 10 u 80 mr/n Arabidopsis thaliana [48]
100—400 mr/n Brassica juncea [23]
20—200 mr/n Citrullus lanatus [24]
5 MKT/MJI Phaseolus vulgaris [44]

OU3HUOJOTUA PACTEHUM  Tom 70  Ne2 2023
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Tun HaHOYACTHUIL Jloza* OOBeKT Ccplika
CeO, 400 u 800 mr/kr Zea mays [27]
400 MKT/MI Triticum aestivum [49]
CuO 0.025—5 mr/n Elodea densa [31]
1.0 1 1.5 MmMmoaB Oryza sativa [33]
10—50 mMr/n Oryza sativa [36]
Fe, 0, 0.2u0.5r/n Oenthera biennis [37]
TiO, 2—4% Vicia narbonensis [38]
10—50 mr/n Allium cepa [50]
5wMmr/n Cicer arietinum [51]
100 mr/n Zea mays [52]
ZnO 1, 10 m 100 mr/n Fagopyrum esculentum [53]
25—100 Mr/Kkr Triticum aestivum [42]
3,6u9r/n Crocus sativus [54]
25—100 mr/n Triticum aestivum [55]
100—300 MKMOIB Triticum aestivum [43]
CHuxeHue akTUBHOCTU pepMeHTOB AOC
Ag 3mMM Mustard (Brassica sp.) [56]
Fe;04 200 mr/n Triticum aestivum [57]
ZnO 300, 600, 1000 mr/kT Solanum lycopersicum [42]
HaxkoruieHre HU3KOMOJIEKYJISIPHBIX aHTUOKCHIIAHTOB
Ag 1—10 mr/n Spirodela polyrhiza [17]
10 MM Triticum aestivum [21]
Au 100—400 mr/n Brassica juncea [23]
CuO 10—20 mr/n Arabidopsis thaliana [34]
100—500 mr/n Vigna radiata [35]
100—1000 mr/x Oryza sativa [36]
TiO, 0.2—4% Vicia narbonensis [38]
W3meHeHne ypoBHS TPAHCKPUIITOB T€HOB, KOMUPYIOMNX 31eMeHTh AOC
Ag 0.5—-3 mr/n Arabidopsis thaliana [58]
0.5—1 mr/n Oryza sativa [18]
Au 10 mMr/n Arabidopsis thaliana [45]
CeO, 1000 mr/n Arabidopsis thaliana [28]
Ti 0.25% Vigna radiata [59]

ITpumeuanue. JIoza — koHueHTpanus:s HY B KoJsmonmHOM pacTBope.

Ha ¢epMEHTAaTUBHBIN €€ KOMIIOHEHT, TaK M Ha CO-
JIepXXaHue HU3KOMOJIEKYISIPHBIX aHTUOKCHUIAHTOB.
Takoe nBoiicTBeHHOE neiictBue HY Ha r1po-/aHTHOK-
CUIAHTHBII OajlaHC pacTeHWiIl 3HAYMTEIBLHO 3aTpYd-
HSIET IIPEICTABICHMUSI O BO3MOXHBIX MEXaHHU3Max U
JalbHEHIIIEM WCIOJIb30BaHUM HaHOMAaTepUaloB B
omnojioruu. B cBg3m ¢ 3TMM OOABIITOI MHTEPEC TIpe/ -
CTaBJISIIOT JaHHEKIE O BiustHuY HY MeTaioB 1 X OK-
CUIOB Ha OKMCJIMTEJIbHbBIE MPOIECChl U MPO-/aHTH-
OKCHUIAHTHBII OajaHC pacTeHU B YCJIOBUSIX OCii-
CTBUSI aOMOTHUYECKUX CTpecc-(PaKTOPOB.

Hawmu ripoaHanm3upoBaHbl CBeASHUS 00 yJacTUH
HY MeTtannoB U UX OKCUIOB B PETYISLIMN OKUCIV-
TEJILHOTO CTpecca, BRI3BAHHOTO I€iICTBUEM Ha pacTe-
HUSI aDMOTUYECKUX CTpecc-(aKTOPOB, B YaCTHOCTH,
HU3KMX Temmneparyp [51, 60, 61], 3aconenus [62—69],
3acyx# [55, 70—75] u TseKenbIx MeTayutoB [41, 76—87].
IlpencraBmenHbie B Tabnuiie 2 JaHHBIE OTpPaXkaloT
s dextst HY MeTamioB 1 UX OKCUAOB Ha PAaCTEHUS,
HaXOISIIUECS B YCIOBUAX NEHCTBUS aOMOTUYECKOTO
cTpecc-(akTopa 1o cpaBHEeHHUIO ¢ 3(PdeKTaMu TOro
Xe cTpecc-dakropa 6e3 oopadborkn HY. Kak MmoxHO
®U3UOJIOTUI PACTEHUN Ne 2
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Tab6muna 2. BausHue HaHOYACTUIL METAJIJIOB M X OKCUIOB Ha HpO—/aHTHOKCHI[aHTHbIﬁ OGayaHc paCTeHI/Iﬁ B YCJIOBUAX

IeCcTBUS aOMOTUYECKUX (DAKTOPOB

Tun
HAHOMACTHIL Jloza* OO0BeKT Db dekT Ccblika
Huskas remnepatypa
TiO, 5wmr/n Cicer arietinum CHuxeHue conepxanust MJIA [60]
5 Mr/n Cicer arietinum Chuxenue conepxanusa APK ycunenue [51]
akTMBHOCTH hepmMeHTOB AOC
ZnO 20—100 Mr/n Oryza sativa CHmxenue coaepxxanusg MJIA, ADK, [61]
ycusieHue akTuBHOCTU (pepMeHTOB AOC,
CHIKEHME YPOBHSI TPAHCKPUIITOB I'€HOB,
koaupyomux ¢pepmeHTs AOC
3acoiieHue
Ag 300 mr/n Triticum aestivum CHuxeHue conepxanust MJIA, AOK [62]
Au 300 mr/n Triticum aestivum Hakorutenne ADK, ycuneHre akTUBHOCTH [62]
depmenToB AOC, HaKOIJICHHUE TIPOIMHA
Fe, 0, 10—30 MKMoIb Mentha piperita CHuxeHue conepxxaHust MJIA, [63]
akTuBHOCTH (pepmeHTOB AOC
60—90 mr/n Dracocephalum moldavica | HakoruieHue aHTUOKCUIAHTOB, [64]
ycuyieHue akTUBHOCTU (pepmeHTOB AOC
TiO, 100 mr/n Dracocephalum moldavica | CHuxeHue conepxanus APK [65]
60 MKT/MJI Zea mays CHuxeHue conepxanust MJIA, ycuieHue [66]
akTuBHOCTH (pepmeHTOB AOC
ZnO 60 mMr/m Lupinus termis CHmxeHne cofepxanuss MJIA, ycuineHue [67]
akTuBHOCTH hepmMeHTOB AOC
10 mr/n Abelmoschus esculentus Ycunenue aktuBHOCcTH (hepMeHTOB AOC [68]
10—100 mr/n Lycopersicon esculentum Ycunenue aktuBHoctu hepmeHToB AOC [69]
3acyxa
CeO, 10 M/ Sorghum bicolor CHuxeHue comepxxanust MJIA, AOK [70]
Cu 52,69.4 1 86.8 Zea mays CHuxenue conepxanust ADK, ycuienue [71]
MKMOJIb akTuBHOCTU (pepmeHTOB AOC
Fe,03 5—40 MKMOJIb Melissa officinalis CHuxenue comepxanust MJIA, ADOK, [72]
akTuBHOCTH (pepmeHTOB AOC
0.5—1 mr/mn Brassica napus CHmxeHne cogepxanust MJIA [73]
TiO, 10—500 mr/n Linum usitatissimum CHuxenue copepxxanuss MJIA, AOK [74]
ZnO 100 mr/n Zea mays IMoBbiiieHue cogepxkanus MJA, ADK, [75]
yCWIeHNUE SKCIPECCUU TEHOB, KOIMPYIOIINX
depmenter AOC
25—100 M1/ Triticum aestivum CHuxenue comepxanust MJIA, AOK, [55]
ycuaeHne akTuBHOCTH pepmeHTOB AOC
Tsoxenble MeTaslTbl
Au 100 mr/n Oryza sativa CHmxenune cogepxxanusg MJIA, ADK, [76]
ycuyieHue akTuBHOCTU (pepmeHTOB AOC
200 MKMOJTIb Oryza sativa CHuxeHue conepxaHust MJIA, ycuneHue [77]
akTMBHOCTH (hepMeHTOB AOC
Fe 1u2% Helianthus annuus Ycunenue aktuBHOCTU (hepMeHTOB AOC [78]
25—50 mr/n Oryza sativa CHuxxenue conepxanust MJIA, ycuneHue [79]
akTuBHOCTH (pepmeHTOB AOC
FeO 100 mr/kr Triticum aestivum CHuxeHune copepxanuss MJIA, ADK, [80]
akTuBHOCTH (pepmeHTOB AOC
Fe, 0, 50 u 100 Mr/kr Oryza sativa CHuxeHune copepxanuss MJIIA, ADK, [81]
ycuaeHne aktuBHOCTH (pepmeHToB AOC
OU3NOJIOTUA PACTEHUM  ToMm 70 Ne 2 2023
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Ta6mma 2. OkoHUaHUe

Tun
HAHOYACTHLL Hoza* OO0BeKT DddekT Ccblika
Fe;0, 2.0r/n Triticum aestivum CHuxeHue conepxanust MJIA, ycuieHue [82]
akTuBHOCTU hepmeHTOB AOC
TiO, 100—300 mr/kr Glycine max [ToBeilieHue coaepxxanust MIA [83]
10, 15, 20 mr/n Oryza sativa CHmxeHue cogepxxanus MJIA, [84]
ycuaeHne akTuBHOCTH pepmeHTOoB AOC
ZnO 25 mr/n Leucaena CHuxeHue conepxanust MJIA, ycuieHue [85]
leucocephala akTuBHOCTU hepmMeHTOB AOC
25—100 Mr/kr Triticum aestivum Yceunenue aktuBHoctu hepmeHTOB AOC [41]
25—100 mr/n Triticum aestivum Ycunenue akTuBHOCTH (hepMeHTOB AOC [86]
100 mr/n Glycine max TToBeiueHue cogepxkanust MJIA, AOK [81]
25—50 mr/n Glycine max IToBbiiieHue cogepxanusgs MJA, ADK, [87]
HaKOTUIeHWe HU3KOMOJIEKYJISIPHBIX aHTHOK-
CHIIAHTOB 1 UI3BMEHEHE YPOBHS SKCIIPECCUU
KOIUPYIOIINX UX TEHOB

ITpumeuanue. J;Ioza — koHuieHTpausi HY B KojismoumHOM pacTBope.

BUIIETh, pacTeHus, oopadboTtanHble HY, oTinyanuch
0oJiee BHICOKOI CTPECCOYCTOMYMBOCTBIO K ACUCTBY-
IOIIMM Ha HUX a0MOTHMYECKUM (haKkTopaMm, YeM KOH-
TpoibHbIe (HeoOpaboTtaHHbsle HY) pactenusi. Ha6mo-
JlaeMoe yBeJTNYEHE CTPECCOYCTOMYMBOCTH pPACTEHU B
OOJIBIIMHCTBE CIIydaeB ObLIO COMPSIKEHO C MPEIoTBpa-
IIEHWEM Pa3BUTHSI OKHUCIMTEIHLHOTIO CTPECCa M yCUJie-
HUE€M aHTUOKCUIAHTHOM 3amuThl (Tada. 2). Tak, y
pacTteHuit HyTa, obpadboranHbsix HY TiO, 1 moasepr-
HYTBHIX MOCJIEOYIOIIeMY OXJIAXXACHUIO, aKTUBHOCTh
KaTajia3bl, aCKOpPOATIIepOKCUIA3hl U TBASIKOIIIEPOK-
cuia3bl ycuiuBaiachk, a conepxanvue MIA u H,0, B
JIMCThSIX CHUKAJIOCH 110 CPaBHEHUIO ¢ HeoOpaboTaH-
HBIMHU PacTeHUSIMU B TeX Xe ycaoBusax [S1]. YV mpo-
pocTKOB puca, oopaboranueix HU ZnO, npu neii-
CTBMU HM3KHUX TeMIIepaTyp HaOJIogaiu CHUKEHUE
conepxanusit MIA u H,O, B TkaHsix Ha hoHE ycuie-
HMSI aKTUBHOCTHU CYIIEPOKCUIINCMYTa3bl U KaTajla3bl
1 UBMEHEHMS YPOBHS TPAHCKPUIITOB T€HOB, KOIVPY-
fo1mx ux [61]. B ycnoBusix 3acojieHUs MO BAUSTHUEM
HY Au oTMedyeHO CHUXXEHME CKOPOCTU T'eHepalluu
ADK Hapsany ¢ yBeIMYeHUEM aKTUBHOCTU (hepMeH-
ToB AOC 1 HaKOIUIEHHMEM IIPOJIMHA B JIUCTHSIX IIIIIE-
Huel [62]. KopHeBas 06paboTKka pacTeHUI prca Ha-
HOKoMITo3uTamMu, cogepxamumu HY Au, cHuxana
TOKCHYeCKUi 3¢pheKT KaaMusl, IPEISITCTBYSI ero ad-
COpOLIMM KJIeTKaMU KOPHEN ¥ HUBEJIMPYS PUCKH pa3-
BUTHS OKHUCINUTEIBHOTO cTpecca [76, 77]. O6paboTka
pacTeHuil MOICOHEYHNUKA, COM, pUCa U MILIEHUIIbI
HY Fe, Ti, Zn 1 ux oKCUIOB MPUBOAWIA K CHUXKE-
HHUIO OKHCIWUTEIBHOIO CTpecca, BBI3BAHHOTO MCHi-
CTBUEM TSXKEIBIX METAJUIOB [78—86].

an/IBGI[eHHI)IC JaHHBIC ITO3BOJIAIOT ITpEATIOIaraTb
BO3MOKHOCTDb MCITOJIb30BaHHA Ppa3IMYHBIX HY Mme-
TAJIJIOB 1 X OKCHUIOB B KAYE€CTBC aJaIlITOr€HOB, YCHU-

JIMBAIOIINX YCTOMUYMBOCTb pacTeHUil K abuoTUye-
CKHM CTPECCOBBIM (haKTopaM, HCUCTBUE KOTOPBIX,
KaK MpaBUJIO, COMPOBOXAAETCS TOBBILIEHHOMU T'eHE-
paumeit ADK u, Kak ciaeIcTBUe, pa3BUTHEM OKHUCTU-
TenbHOTO cTpecca. Mexanusmel aeiictBusgs HY Ha
pacTeHUsI aKTUBHO OOCYXKIAIOTCsI, OOHAKO B 3HAYM-
TEJbHOW CTEIEHM OHM HOCST TUIIOTETMUYECKMUM Xa-
pakTep.

MEXAHW3MbI BJIIMAHWA
HAHOYACTHUL METAJIJIOB 1 UX OKCHIOOB
HA OKMCIIUTEJBHBIE [TPOLECCHI
B PACTEHUAX

I1pencraBieHnss 0 BO3MOXHBIX MEXaHU3MaX BIIMSI-
Hust HY MeTaioB 1 X OKCUIOB Ha pa3BUTHUE U PETYJIsI-
LIMI0 OKMCJIUTEIBHOTIO CTpecca y pacTeHuil B 000011eH-
HOM BHIE IIpeACTaBJIeHbI Ha puc. 1. YcTaHOBJIEHO, YTO
B onTuMaiabHbIX yciaoBusix HY cnocoOGHBI, ¢ omHOM
CTOPOHEBI, BBI3BIBATh pPa3BUTHE OKMCIMUTEIHLHOIO
cTpecca, a ¢ IPYroii, peryJimpoBaTh €ro 3a CUeT BIIUSI-
Hus Ha KomrmoHeHTH AOC. PaccMoTpuM oTnenbHEIS
acCIeKThl 3TUX ITPOLIECCOB.

IIpexne Bcero, ycuineHue reHepauuu APK u no-
clieylolliee pa3BUTUE OKMCIIMTEILHOIO CTpecca I0I
BiusiHueM HY meTannoB 1 MX OKCUIOB — 3TO TUITAY-
Hasl OTBETHAsI peakldsl PacTUTEIBHOTO OpraHM3Ma
Ha MOCTYIUICHUE B HETO YYKEPOTHOTO XMMUUECKOTO
BelectBa [88, 89]. MoHbI MeTaLIOB MOTYT BBICBO-
ooxnarecs n3 coctaBa HY u HemocpencTBeHHO T10-
BpeXXAaTh KJIETKU U UX CTPYKTYPHBIE KOMITOHEHTHI 1
ycunuBaTh oopazoBanue ADK. Kpome Toro, HY Mo-
I'yT BCTYIATh B KOHTAKT ¢ OMOMOJIEKYJIaMU, HATIPU-
Mep, O0eakaMu U aunuaamMu, GOpMUPYST HOBBEIE TIO
CBOEI MpUpoJe OMOXMMUNYECKIE KOMILUIEKCHI C BBI-
COKOII XMMHYECKOM akTUBHOCTBIO [88, 89]. BHyTpu
®U3UOJIOTUS PACTEHUN Ne 2
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Hanouactuiisl MeTasIoB ¥ X OKCHUIOB

PazBurtue
OKMCJIUTEJIBHOTO CTpecca

YcuieHne aHTUOKCUIAHTHOMI
3alIuThbI

1. [ToBpexneHue KJIeTOK U UX
CTPYKTYpPHBIX KOMITOHeHTOB HY 1
0CBOOOXIAIOLLUMUCS U3 HUX
MOHAMU METAJLJIOB

2. O6pazoBaHue BHYTPU KJIETOK
OMOXUMUYECKUX KOMILJIEKCOB C
BBICOKOI XMMUYECKOM
AKTUBHOCTBIO

3. l'enepanusg APK yepes
CUTHAJIbHBIE MYTH

(NO, Ca®* u mp.)

1. AktuBanus AOC yepe3
curHasibHble pyHKIK ADK u
nponyktoB [1OJI

2. Perynsaumst poTOCMHTETUYIECKUX
TMPOLIECCOB 3a CYET MIa3MOHHOTO
pe3oHaHca

3. Karanutuueckast aktuBHocTh HY
4. Uagykums HecrieUIeCKIX
3alIMTHBIX MEXaHN3MOB

5. BaustHue Ha KCIIpeccuio TeHOB
AOC, ®CA, cTpeccoBOro orsera
n MukpoPHK

Puc. 1. MexaHU3MBbI BIUSIHUSI HAHOYACTULL METAJUIOB M MX OKCUIOB Ha Pa3BUTHUE U PETYIALNIO OKUCIUTEILHOIO CTPpECCa 'y pac-

TEHUI.

3TUX KOMILUIEKCOB BO3MOXHO OOpa3oBaHWE OTHOCU-
TEJILHO CTaOMJIBHBIX CBOOOMHBIX PagyKaIbHBIX MHTEP-
MeIMAaToB, yJacTByIOIIMX B MHULIMKMpoBaHuu ADK.
MMmeHHO BhIcOKast xummnyeckast aktTuBHOoCTh HY 00y-
cioBnuBaeT ycuiaeHue reHepanuun ADK, Bxiroyas

TaKK1e BbICOKOpeakKIIMoHHbIe opmbl Kak O; u “OH,
KOTOpbIC HaNpsSIMYIO0 WIKA IIOCPEICTBOM aKTHBAIlUU
¢depMEHTATUBHBIX IPOLIECCOB UHAYLUPYIOT Pa3BU-
THE OKUCJIUTEJIbHOIO CTpecca B KJETKax pacTeHMId
[88,90].

Kpowme Toro, B iutepaType aKTUBHO 00CYKIaeTCs
cnocobHocth HY MeTanoB 1 UX OKCUIOB 3aycKaTh
KJacCUYeCKUe CTPECCOBBbIC CUTHAJbHBIE peaKIMU,
Hanpumep, Ca?" — accOLMMPOBAHHBII CUTHAJIBHBLIA
nyThb. Tak, HY Ag nosbliuanu koHueHTpauuto Ca?™ B
muro3oiie [20], a TakKe CBSI3BIBAJINCH HEIIOCPEI-
ctBeHHO ¢ Ca’'-CBA3BIBAIOIIMMU OEJIKAMU, YCUIU-
Bast ADK-curnanunr [90], a HY Co u Fe Bnusinu Ha
YPOBEHb TPAHCKPUIITOB IeHOB, Konupyomux Ca’*-
cBs3biBaronue 6enku [90]. Ectb cBemeHMsI, 4TO He-
kotopele HY wuHOyLupoBaiu CHUHTE3 CTPECCOBOI
curHajibHoit MoJiekynbsl NO [91, 92], 3anyckawoleit
KackaJl 3alllMTHBIX peakiuii B opranusme [93]. Ipen-
nonararot, yto HY mMoryr “mmmmkpupoBaTh” Mo
CUTHAaJIbHbIE MOJIEKYJIbI, CBSI3bIBASIChH C OEJIKaMU U 3a-
MycKast pa3JIMYHbIe TPOLIECCHI B KJIIETKAX, B TOM YHC-
ne, reHepanuio ADPK [90].

CrienyeT OTMETHUTb, UTO CUTHAJbHBIE (DYHKIUU
A®DK u mpoaykTos ITOJI oyeHb BaXKHbBI U peIN3YIOTCS

OU3HUOJOTUA PACTEHUM  Tom 70  Ne2 2023

yepe3 peryssilivio KalblMeBOIO CTaTyca, TOpMOHAJb-
HYIO CUTHAJIM3ALUIO U CUTHAIM3ALIMIO C yYacTUeM pe-
JIOKC-CUTHAJIBHBIX CUCTEM, a TakxXe (haKTOpOB TpaH-
CKPUITLIMU U PETYJISITOPOB 3KCIPECCUU HEKOTOPBIX
XJOPOIJIACTHBIX W siIepHbIx reHoB [4]. MIMeHHO
A®DK BEICTYITAIOT B Ka4eCTBE CBOEOOPA3HOI0 “cueT-
yrKa” CTPECCOBOI Harpy3ku 1 B ONpeieIeHHbBIM MO-
MeHT “3amyckaior” padory AOC [3, 4]. [Toatomy HY
METaJIJIOB U UX OKCUIIOB, BBICTYIIAsl B KAYECTBE TPUTTE-
DPOB OKHMCIIUTENIBHOTO CTpecca, OMHOBPEMEHHO YCUJIU -
BalOT aHTMOKCUJIAHTHYIO 3allIUTy pacTeHuit (puc. 1).

XapakTtep BnusgHusgs HY metamioB 1 MX OKCHUOIOB
Ha pa3BUTUE U PETYJISILUIO OKUCIUTEIbHOTO CTpecca
B ONITUMAJIbHBIX YCJIOBUSIX U TIPU AEUCTBUU aOUOTH-
YeCcKUX cTpecc-(hakTopoB oTpaxkeH B Tabauie 3. Ec-
JIM B onTUMaibHbIX ycioBusx HY, 3a HeOoiblIMM
HUCKJIIOUEHUEM, YCUJIMBAIU OKUCIUTENbHBIN CTpecc,
TO B YCJIOBUSIX AEMCTBUSI aOMOTUYECKUX cTpecc-(dak-
TOPOB — CHMXXaJIu ero pucku. [1pu 3ToM Kak B ONTH-
MaJIbHBIX, TaK U B HEOJArompusITHLIX (CTPECCOBBIX)
yciaoBusx HY MeTanioB 1 uX OKCUAOB CTUMYJIUPOBA-
mu aktuBHOCTh AOC (Tab6a. 3). CiaenyeT OTOEIBHO
MOAYEPKHYTh, UTO TaOIMIIA 3 SIBJISIETCS CXEMaTUIECKOM,
1 OTMEYEHHbIE CcTpeiKaMu 3 (hEKThI TTPOSIBISTIOTCST HE
BCEIIa, OMHAKO JOCTAaTOYHO YAaCTO OTMEYAIOTCsl BO MHO-
rux paborax. Eiie pa3z ormetuMm, uto acdextst HY 3a-
BUCST OT 1IeJIOTO psila mapaMeTpoB, BKJItOYas Kak
TUI, pa3Mep, KOHLIEHTPALMIO KOJUIOUIHOTO pacTBO-
pa HY, Tak 1 0co0eHHOCTH OOBEKTOB U YCIOBUIA ITO-
CTAaHOBKU OTIbITA.
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Ta6muna 3. XapaKTep BJIIMAHUA HAHOYACTUILL METAJIJIOB 1 UX OKCHUIOB HA PETYJIALINIO HpO—/aHTI/IOKCI/II[aHTHOFO OanaHca
B ONITUMAJIBHBIX YCJIOBUAX U ITPU NeiCTBUM aOMOTUYECKUX CTpECCOB

OnTuMajbHbIe YCTOBUSI AOMOTHYECKYE CTPECCHI
z >
20 20
5 Q = O 5 Q = O
Tun < @) = < < @) = <
< = < E =
HaHOYACTHULI 2 2 @ EE 2 2 @ S E
o S o) I T T S o) = T
5 g E DR 5 2 E [SIED)
= T = I = z = = I
= m o Q = n 2 a9
o) IS = o B o = = o E
5 c 8 53 < 5 o2
T < B T ¥ T < B T ¥
Ag T Tl T T - -
Au T 2 T T T T
CeO, T \2 — T T -
Cu, CuO T l T T T —
Fe, FeO, Fe,0; Fe;0, T T - T T -
Ti, TiO, T T T T T -
ZnO T \2 — T T T
ITpumeuanue. DpheKThl HAaHOYACTHII: T— CTUMYJIMPYIOIINA, - MOAABIISIIOLINIA, “—” — He HaOIIOOaIN.

JlormaHo BO3HMKaeT BOIIpoc — 3a cueT yero HY B
YCJIOBUSIX NECTBUSI aOMOTUYECKUX CTpecc-(haKTopoB
CITIOCOOHBI CHIKATh PUCKU Pa3BUTHSI OKUCIUTEILHOTO
cTpecca U YBeJIMYMBATh CTPECCOYCTOMYMBOCTh pacTe-
anit? ToaBKO JIM TIOCPEACTBOM CUTHAIBHBIX (PYHKIIWIA
ADK u npoaykroB ITOJI ocylecTBiasieTcs peryJsi-
st AOC pacrenuii noxn BimstHreM HY B ycimoBusx
JIeMCTBUS CTPECCOPOB?

Jnsg maorux HY MeraninoB 1 mx OKCHIOB Xapak-
TEPHO SIBJICHHE ITOBEPXHOCTHOIO IJIA3MOHHOIO pe-
3oHaHca [94]. CyTb addeKTa 3aKiIr09aeTcs B TOM, 4TO
61aromapsi BLICOKOMY OTHOIIIECHUIO IUTOIIAAN IIOBEPX-
HOCTH YaCTHUIIBI K €€ 00bEMY aKTUBHOCTD 3JIEKTPOHOB
B coctaBe HY MHOroKpaTHO yBEJIMYMBAETCS IO, BJIM-
STHUEM CBeTa OIIPEeACJCHHOI [JIMHBLI BOJHBI [94].
HMmenHo ¢ 3TuM 3 eKTOM CBI3BIBAIOT CIIOCOOHOCTD
HY perynmmpoBaTh MHTEHCMBHOCTB ITpoliecca (poTo-
cuHTe3a — ocHoBHOro ncrounnka AMK. Tak, BeIicKa-
3aHa ruroTe3a o cnocooHocty HY “ynmaBnmuBarth” o-
TOHEBI CBETa 1 00JIeryaTh nepeaady HepIru B CBETO-
cobouparomieM komiuiekce (CCK) [95]. TIpu atom B
npucyrctBun HY oTMedaloT ycujieHHe CKOPOCTU
3JIEKTPOHHOTO TPaHCIOPTa, peakinuy Xuijia, U3MeHe-
HHE napaMeTpoB (yopeclieHIuu xjtopoduiria [95].

C 3(pdpeKTOM MOBEPXHOCTHOTO IMJIa3MOHHOTO pe-
30HaHCa, BUIUMO, CBSI3aHbl KaTAJIUTUYECKUE CBOII-
crBa HY [ 14, 96]. BriepBbie 3TOT TepMUH OBLJI IIpUME-
HeH B 2004 r. JIsT HAHOKJIACTEPOB 30JI0Ta CO CBOI-
crBaMu puboHykieasdbl [97]. B kadecTtBe IepBOro
“HaHOBH3MMA” C AHTUOKCUIAHTHOII aKTUBHOCTLIO

onucanbl HY CeO,, criocobHble 06e3BpekuBaTh 05
3a cyeT 6bicTporo nepexona Mexay Ce*t u Ce*t B co-

craBe HY, a Takxe paznarats H,0, [98]. Cxoxue aH-
TUOKCUIAHTHBIE CBOMCTBa oTMeuyeHbl Ligd HY Au
[99, 100], HY okcumos Co [101] u Fe [102]. Hamrpu-
mep, Gao ¢ coaBropamu [102] ormucanu POD-1mmomo6-
Hyto aktuBHocth HY Fe;0,, koTopbie CrocoOHBI
BcTymnarb B peakuuio ¢ H,O,, mpeobpasys ee B ruji-
pPOKCUJIbHBIE paauKaibl (peakiust @eHToHa). bbuio
MMoKa3aHO, 4YTO KaTajJuTudeckas akTuBHocTb HY
Fe,O, yBennunBaeTcs ¢ yMEHbIIIEHUEM pa3Mepa ya-
CTHUII U IIposiBIIsieTcs B Kucioii cpede (pH 4.8) [14, 98,
102]. Ocoboe 3HaYeHnEe NMeIa CIIOCOOHOCTh aTOMOB
B coctaBe HY ObICTpO MEHSTH CTEIIEHb OKMCIIEHUS B
CBSI3U C BBICOKOI ITOJBUKHOCTBIO JIEKTPOHOB [96].
IIposiBieHue karanutudeckoil aktuBHoctu HY 3a-
BHMCEJIO OT UX THUIIA, (POPMBI, pa3MEPOB, KOHLIEHTpa-
Uit 1 3Kcro3ulu. IToCKOJIbKY B CTPECCOBBIX YCIIO-
BUsX akTuBHOCTh HY Kak “HaHO®H3MMOB” MOXKET
yCUJIMBATbhCS, B McclenoBaHUsIX o AeiictBuio HY Ha
pacTeHusl B YCJIOBUSIX aOMOTUYECKOTO CTpecca OHM,
KaK IpaBUJIO, CHUXKAJIM OKUCIIUTEIbHBIE PUCKU.

Hekoropble aBTOpbI TPUACPKUBAIOTCS TOUKU
3peHUs, coriacHo KoTopoil HY neiicTByrOoT KakK MH-
IYKTOpBI Hecrieuduyeckux (YHUBEpCaJbHBIX) 3a-
IIIATHBIX MEXaHU3MOB, aKTUBUPYS T'€HbI, KOAUPYIO-
1€ IMPOTeMHKMHA3bl, aHTUOKCUIAHTHI, OCMOJIMTHI
U IpyTUe MOJIEKYJIbI C IPOTEKTOPHBIMMU CBOMCTBAMU
[103]. Harmpmmep, HY Ag peryimpoBain 3KCHpeCcCHio
TEHOB, KOIUPYIOLINX OEJTKU-MIEPEHOCYMKNA AaHUOHOB, U
¢depMEHTBI, BOBJICUEHHBIC B IIPOTCOIUTUYECCKIE IIPO-
neccol [104], a Takke M3MEHSIIA 9KCIIPECCUIO T€HOB,
Koaupyolux akBarnopuHsl [58]. [TokazaHo yyacTtue
MHorux HY B unnykuuu Ca?™-3aBUCUMBIX CUTHAJIb-
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HeIx 1yteit [20, 90, 91]. CnocoOCTBYsd MHIYKIIAA
CTPECCOBBIX CUTHaJbHBIX myTeit, HY “Bximiouaror”
acCOIMMPOBAaHHBIE C HUMU TIC€HBI, YyBEIWYMBAs
CTpeccoyCTOMYMBOCTb pacteHult [91]. Tak, B iutepa-
Type MMeIOTcs cBeneHns o ToMm, yto HY Ag perymm-
pOBaJIU BKCIIPECCUIO TeHOB, BOBJICUEHHBIX B CTpeC-
COBBIN oTBeT Ha 3acoyieHue [104], 3acyxy [105], a HY
ZnO U3MEHSUTU DKCIPECCUIO TEHOB XOJIOJOBOTO OT-
Beta [61]. IToka3aHo BausiHue MHorux HY Ha skc-
IIPECCUI0 TCHOB, KOAUPYIOIINX CUHTE3 OCMOJIUTOB U
depmenToB AOC [18, 28, 45, 58, 59]. BaxxHo Takke
OTMeTUTh, uTo MHOTHe HY, Takme kak Cu, Fe, Ni,
Mn, Si, Co, Se u Zn, MOTYT aKTUBUPOBaTh (pepMEHTEI 1
Oenku, a MOHBI, ocBoOoauBIIMecs u3 HY, cnocoGHEBI
3aMellaTh METaJUIbl B COCTaBe HEKOTOPHIX (hepMEHTOB
[106]. Tak, nousl Mn?* 3¢p(peKTUBHO aKTUBUPOBAIN
PHK-nonumepasy xnopormiactoB, @EIl-kapbokcu-
K1Ha3zy 1 Mn-cynepokcunaucmyTasy [107], a HU Zn
1 Se cTUMyIUpoBai akTUBHOCTHL Na*/K*-AT®-
aspl 1 Ca?"/Mg?t-ATd-a3bl y pacTeHMiA B YCIOBHAX
abuoruueckoro crpecca [87].

bonee Toro, ycraHoBieHO, 4To oA BiaussHuemM HY
U3MEHSIJICS ypOBeHb 3Kcrpeccum psnga mMukpoPHK.
Tak, HY Au Bnusuin Ha akcrpeccuio miR398, miR408,
miR164, miR167 u miR169 y pacrenuii A. thaliana B
ONTUMANBHBIX YCIOBUSIX. [Ipu 3TOM 3KcIpeccus
miR398 6b11a cBsI3aHa ¢ paboTOI TeHOB, PETYJIMPYIO-
X IIpOpacTaHue CeMsH W POCT PACTEHMIA, 3a CUET
BJIMSIHUS Ha MYTU Nepedayd ayKCMHOBOIO CHUTHaIa.
HMamenenune skernpeccur miR169, miR368 1 miR408
BJIMSIIO Ha pa3Mephl IIPOPOCTKOB, Pa3BUTHUE UX KOPHE-
BOM CUCTEMBI, X ObUIO IIPUYMHON paHHETO LIBETCHUS
pacTeHUIi 1 YCKOPEHHOTO co3peBaHus ceMsiH [48].

VYnomuHawTcs Takxke ¢daktel BausiHus HY Ha
ASKCIPECCHUIO TEHOB, KOOUPYIOIINX OeNK1 (POTOCHUH-
tetuueckoro anmnapara (OCA). Hanpumep, HY TiO,
U3MEHSUIN BKCITPECCUIO TEHOB, YYaCTBYIOIINUX B CUH-
te3e PBDK/O [108] u kogupyromux 6enku CCK [94,
109], a HY ZnO — reHOB, KOAUPYIOIIUX OEIKU CUH-
Te3a xnopoduitos [40]. YunTeiBas Bce mepeumnciaeH-
Hble (PaKThl, MOXHO Mpearnoarath, uto HY cnoco6-
HBI “TIeperporpaMMHUpoOBaTh”’ OHTOIeHE3 pacTeHUIA,
yCUIMBasl WM YTHETasi SKCIPECCUI0 TeHOB U MUK-
poPHK, BOoB/IEUeHHBIX B PETYIISILIMIO POCTa U pa3BU-
Tusi, mOpoiecca (OTOCHMHTE3a, AaHTUOKCUIAHTHOIO
cTaTyca M CTPECCOBOIO OTBETa.

Takum o6pazom, HY mMeranioB m mxX OKCHUIOB
NeCTBYIOT KaK CTPECCOBbIE CUTHAIbHbBIE MOJIEKYJIbI,
KOTOpBIE B PacTUTEJILHOM OpraHmM3Me “BKII0YAIOT”’
MOJIEKYJIIpHbIE MEXaHU3Mbl alalTallMOHHBIX MPO-
1IECCOB, HE3aJelCTBOBAHHBIE OOBIYHO B HOpPMaslb-
HbIX ycnoBusx [89, 110]. [Ton BausHueM abuoTuye-
CKUX CTpPecCOBBIX (haKTOPOB MOXET HaOJI0maThCs
HEKOTOpOEe HaIOXEHUE MpOorpaMMbl, 3amylleHHOM
HY, Ha nporpamMmy ajganTtaliiu pacTeHM K KOH-
KPETHOMY CTPECCOPY, 1 3TO BbI3bIBAET NOTIOTHUTEb-
Hble aganTalMoHHbIe 3 dekThl. B Halrem ucciaeno-
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BaHUM ¢ ucnojbp3oBanneM HY Au Ob110 ycTaHOBIIE-
HO, YTO B YCJIOBUSIX IEHMCTBUS HU3KUX TEMIIEpaTyp
OHU YCWIMBAJIU IIPOrpaMMy XOJOIOBOM amarTaliuu
03MMOI MIIEHUIIbI, THTUOUPYSI POCTOBBIE IIPOILEC-
ChI, TIOAAEPXK1Basi HA BBICOKOM YPOBHE (DOTOCUHTE-
TUYECKYIO aKTUBHOCTh 1 HAKOIUICHUE PACTBOPUMEIX
caxapoB, BBIMOJHSIONINX MHOTOUMCIIEHHbIE TIPOTEK-
topHble ¢hyHkuuu [110]. U3yuas snusinue HY TiO,
Ha pacTeHUS HyTa B YCIIOBMSIX oxjIaxaeHust, Moham-
madi ¢ coaBT. [51] caenanu BbiBoA, uTo HY BKITIOUa-
0T “KOH(MPOHTALIMOHHBII MeTabomm3M” (confronta-
tion metabolism), CTUMyAUpPYST AOMOJHUTEIbHYIO
WHIYKIIUIO CTPECCOBOIO OTBeTa pacreHuii. Otme-
THM, 4TO B LIEJIOM psilic OO30pHBIX MCCJeIOBaHUIA
yOenuTebHO Moka3zaHa poib MHorux HY kak agam-
TOTE€HOB, YCUJIMUBAIOIINX YCTOMYMBOCTh PACTEHUM K
pa3In4YHBIM abuotudeckum daktopam [14, 90, 91,
94, 105]. Pemaroiiiee 3HaYeHUE B 3TOM IIPOILIECCE UT-
paia cnocooHocts HY BeICTYIATh B KaueCcTBE JE€TOK-
cupukaropoB ADPK, unnykropoB AOC u perysito-
pos pa6botel ®CA [14, 91].

SAKJIIOYEHHME

AHanu3 JmTepaTyphbl IIOCIAEOHUX JIET CBUIETEIIb-
CTBYET O ABOMCTBeHHOI poin HY MeTannoB u nx okcu-
JIOB B PEryJsiliiM IPO-/aHTUOKCUIAHTHOIO OajaHca,
MpUYeM ¢ OIHOI cTopoHbl, HY ycunuBaiu reHepaiuio
A®DK, BbI3bIBast THTEHCU(UKALIUIO OKHUCITUTEIBHBIX
MIPOLIECCOB B KJIETKAaX M TKAHSIX pacTeHU, a ¢ Apy-
roii, peryJMpoBaId UX MHTEHCUBHOCTb, aKTUBUPYSI
komnoHeHTBI AOC. BaxHo, 4TO Iom BIMSIHHUEM
abuoTnyecKmnx crpeccoBbiX pakTopoB HY nmeiicTBo-
BaJIM KaK aJalTOTreHbl, YCUJIMBAasI aHTUOKCUIAHTHYIO
3aIIUTy pacTeHM. XOTs B LIEJIOM psifie MCCIAeO0Ba-
HUI TTOKa3aHO MO3UTHUBHOE BiaussHue MHorux HY Ha
CEJIbCKOXO3SICTBEHHBIE OOBEKTHI, IIIMPOKOE MX MC-
MMOJb30BaHME B arpoOMOJIOTMM OrpaHUYEHO, IIO-
ckoJibKy 3¢ dektel HY 3aBucHUMBI OT psiga (pakTopoB
(Tur, pa3zMep, 3apsia u noza HY, cmocod o6padboTku
pacTeH’il 1 IJINTEIbHOCTh SKCIIO3UIINK, OCOOEHHO-
CTU OOBEKTOB, COIMYTCTBYIOILIMX YCIIOBUIT), a 3TO yBe-
JIMYMBAET SKOJIOTUYECKHE PUCKU OT UX IPUMEHEHMSI.
Heo6xonumel panpHeiiune uccaegosanuss HY c ue-
JIbIO pa3pabOTKM YEeTKMX PEKOMEHIALWii IO MX HC-
MOJIb30BAHUIO HE TOJBKO KaK MHAYKTOPOB pOCTa U
pa3BUTHUs pacTeHMil, HO M KaK aHTHUCTPECCOBBIX
aJanToreHoB. JJist 3Toro BaxkHO MPOAO/KUTh U3yde-
Hre Mexanu3MoB neiicteusg HY u ¢pakTopos, omnpe-
nensioinux ux 3¢ dekTol Ha pacteHus. [ToguepkHeMm,
yTo MexaHu3MblI AcevictBust HY Ha pacTeHus ucciemy-
IOTCSI, OMHAKO MOKa HOCSAT TMIOTETUYECKUI Xapak-
Tep. MU3ydeHne BO3MOXHOCTEI TEHETUIECKOTO “Tie-
pernporpaMMHUpOBaHus” PacTeHUM IION BIMSHUEM
HY MoxeT cTath OTHUM 13 TIEPCIEKTUBHBIX HalIpaB-
JIEHVWII COBPEMEHHOI 3KCIIepUMEHTAIbHOW OMOJO-
ruu. BaXXHBIM acneKToM [OJDKHO OBITh M3YyYeHUE
0COOEHHOCTeil HakoIUIeHMsl pa3Hbix TunoB HY B
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pacTUTEIILHOM OpraHM3Me M BO3MOXHOW WX TpaHC-
JIOKAlLlMY MO MUILEBBIM LiensM. Takoro poga ucclie-
IOBaHUI HEOOXOOUMBI OIS OLIEHKN TOKCUKOJIOTHUYE-
CKUX PUCKOB OT ucnojib3oBaHusa HY B Guosoruu n
CEJIbCKOM XO034dICTBE KaK agaIlITOT€HOB.

Pabora BeImoIHEHA B paMKax ToCygapCTBEHHOTIO 3a-

JaHuss MUHHUCTEPCTBA HAYKU U BBICIIIETO OOPa30BaHUST
Poccuiickoit @eneparmm (Tema Ne 122042700044—6).

Hacrosiiast ctathst He COAEPKUT KaKMUX-JIU00 UC-

cJIeJOBaHM C yyacTUeM JII0JIei U XKMBOTHBIX B Kaue-
CTBE OOBEKTOB. ABTOpPBI 3asBISIOT 00 OTCYTCTBUU
KOH(MJIMKTa MUHTEPECOB.
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