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W3BecTHO, 4TO MHOTHE M3MEHEHHsI OKPYXKaloIleil cpeibl, B TOM 4YHCIe 3arps3HEHUE TSDKEIBIMU METaIIaMH,
NPUBOAAT K O0Opa30BaHHIO M3OBITOYHOTO KOJIMYECTBA AKTHUBHBIX (POPM KHCIOPOAA, KOTOpPBIE BBI3BIBAIOT
Jerpajanuio 6MOMOJIEKYN M Pa3BUTHE OKHCIUTENBHOTO cTpecca. B Hameil paboTe olieHeHa HMHTEHCHBHOCTb
Pa3BUTHS OKUCIMTEIBHOTO CTpecca B KajuTycax JibHa MHoroseTHero (Linum perenne L.) npu nelictBun meau,
KaKk HeOJarompusITHOro sKoyiorndeckoro ¢akropa. Iloka3zaHo, 4TO HOHBI MeAM NPH KOHIEHTPALUU
300-1000 uM cuabHO UHTHOUPYIOT POCT KAIYCOB M NMPHUBOAAT K YBEIUYEHHIO COJEPIKAHUS MAJIOHOBOTO
muamsneruia  (MIA) — WHOMKaTOpa NEPEKUCHOTO OKHCICHHS JIMIHJIOB, YTO CBHICTENIBCTBYET O
BO3HUKHOBEHHHU OKHCIIUTENBHOTO CTpecca. B pe3ynpTaTe MpOBECHHBIX SKCIIEPUMEHTOB OBLIO YCTAaHOBJIEHO,
YTO paHee OTOOpaHHAs Ha IapakBaTe (areHT, BBI3BIBAIOIIMM OOpa30BaHME AaKTHBHBIX (OPM KHCIOPOAA)
KJIETOYHasl JIMHUA JbHa, oOyiajayia Goiiee BBICOKOI YCTOWYMBOCTBIO K HOHAM MeEJAH, YEM KOHTPOJBHEBIC
KaJlTyCBlI.

Knrwouegwle cnosa: Linum perenne L., kajutyc, Mellb, OKUCIUTENBHBINA CTpecc.

BBEJIEHUE

B cBa3m ¢ OBICTpEIM pOCTOM H Pa3BUTHEM TOPOACKON HHPPACTPYKTYPHI
(TPOMBIIIJIEHHOTO MPOU3BOJACTBA, TPAHCIOPTHOM CHUCTEMBI) HapacTaeT aHTPONOT€HHOE
JIaBJICHUE HA OKPYXAIOUIyI0 CPEAy, B TOM YHCIIC YBEIUYUBACTCS COJACPKAHUE TSHKEIBIX
METaJUIOB, KOTOPBIE B HACTOSALIEE BPEeMs SBISIOTCS OJHUMH U3 OCHOBHBIX 3arps3HUTENCH
TOpoACKUX 3KocucTeM [1]. 3arps3HeHre TSHKEIBIMH METaJNIaMH OKa3bIBaeT HETaTHBHOE
BIUSHHUE Ha PACTCHUS: WHTUOUPYET UX POCT, MPOAYKTUBHOCTh M CYIIECTBEHHO CHUXKACT
JIekopaTuBHble KadecTBa [2, 3]. CTemeHb HEraTUBHOTO NEUCTBUSA TSKEIBIX METaJUIOB,
JTaXKe TeX, KOTOPBIC B HEOOIBIMX KOJUIECTBAX HEOOXOIUMBI PAaCTCHUIO JJIT HOPMATBHOMN
JKU3HEICATCTLHOCTH, 3aBUCHUT OT WX KOHIIGHTparuu. lIpw BBICOKOM cofepKaHWUU
TSDKEIIBIX METAJIOB MPOUCXOJUT WHTUOUPOBAHKE aKTUBHOCTH (DEPMEHTOB, B PE3yJIbTaTe
CBSI3BIBAHUS UX MOHOB C (PYHKIIMOHAILHBIMU TPYIIIIaMU OCIIKOB; MHAKTHBANUS (DEPMEHTOB
U Apyrux OMOMOJIEKYJI, ITyTeM MPSAMOTr0 3aMEIIECHUS KATHOHOB M3 CHCHU(PUUSCKUX CANTOB
cBsi3bIBaHMs (HampuMep, 3amermenne Mg®* ma Cd** B pubymnoszoaudocdarkapbokcuase)
[4—6]. OnHako MHOTHE MCCICAOBAHMS TOCIEIHUX JIET YKA3bIBAIOT, YTO CYIIECTBEHHYIO
pOJIb B TIOBPEKICHUN PACTUTEIBHBIX KJIETOK WUTPaeT OKUCIHTEILHBIN cTpecc. Tsokenpie
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METAJJIbl C TIEPEMEHHOW BaJICHTHOCTBHIO (M€llb, XPOM, J>K€JIe30) OTHOCAT K ‘“‘peloKc-
aKTUBHBIM~ METalUlaM, TEHEpUPYIOIMM 00pa3oBaHWe THIPOKCHUIBHBIX DPaTUKaJIOB,
KOTOpBIE SIBISIIOTCSI HanOoJiee arpecCUBHBIM THIIOM aKTUBHBIX ¢opM kuciopoaa (ADK)
[7, 8]. dpyrue TsKenble METAIIbl, TaKWE KaK KaJMWW, CBUHEL, HUKEIb U IIUHK, MOTYT
omocpesoBaHO BIUATHL Ha oOpazoBanme ADK 3a cuer BBI3BIBACGMBIX MMM HapYIICHUI
npouecca ¢orocunresa [9, 10]. Meas — oauH U3 OCHOBHBIX 3arpsA3HUTENCH OKpYyKatouen
Ccpelbl, MOCKOJbKY OHa IIUPOKO UCIHOJB3YETCS B IPOMBIIUICHHOCTH U CEJIbCKOM
xo3siictBe [11, 12]. Meap OmWH W3 OCHOBHBIX HEOJIArONMPHSITHBIX JKOJIOTHYSCKHX
(haKTOpOB I PaCTeHUI TOPOACKUX SKOCUCTEM, H3-3a BHICOKOI'O COJicprKaHus B rouBe [1]
U (DUTOTOKCHYHOCTH, HAMpPUMEpP JJIsi HEKOTOPBIX HCCIIEIYyeMBIX BHJOB PACTCHHU Ps
TOKCHYHOCTH BBITJISIINT cienyromuM oopasom Cu> Ni> Cd> Pb> Hg> Fe> Mo> Mn [13].
Bricokoe comepkaHme Meaum B 1ouBe OOYCIOBIEHO HE TOJBKO BBIOpOCAMHU
MPOMBIIUICHHBIX ~MPEANPUATANH, HO U JBIKCHHEM aBTOTpaHcmopTa. B coctaBe
3arps3HUTENEN Yy aBTOMarucTpaneil MpucyTcTByeT Meab [14].

B mpsmeIx skcmepuMeHTax OBIIO TMOKa3aHO, YTO KAaTHOHBI MEIU BBI3BIBAIOT Kak
YBEIUYCHHUE COJEPKaHUsS MaNOHOBOTO auanbaeruaa (MJIA), cBHUIETENBCTBYIOIIEE O
MIEPEKUCHOM OKHWCJICHUW JIUNHIIOB, TaK M TIOBBIIICHUE aKTUBHOCTU psiaa (EpMEHTOB
AHTUOKCHUIAHTHOM 3aIUTHI, B TIEPBYIO0 odepend cynepokcummucemyTtasel (COJ) [15, 16].
CrnemoBaTenbHO, CYIIECTBYET BEPOATHOCTD, YTO KIETOYHbIE MEXaHHU3MbI, OTBEYAIOIINE 32
YCTOHYHMBOCTh KIJIETOK K OKHCIUTEILHOMY CTPECCY, MOTYT TaKKe CIIOCOOCTBOBATH U X
TOJIEPAHTHOCTH K TTOBBIIIIEHHBIM KOHIIEHTPAIIHSIM HOHOB MEJIH.

Jlen MHOTOJIETHHI — pacTeHHe, IMHUPOKO UCTIOIh3yEMOE B IIBETOBOJICTBE U TOPOACKOM
O3CJICHEHUH I CO3JaHusl pabdaToK, aJbIIMHAPUEB W MaBPUTAHCKHUX ra30HOB. OJHAKO B
HACTOSIIIMM MOMEHT CYLIECTBYET MajlO CBEICHHUHM O €r0 PEeaKklUu Ha JEUCTBUE TIKEIBIX
MeTaiioB. KynbTypel in vitro ABISAIOTCS yAa4HOW CUCTEMOW NJisi M3YHYEHUS BIIUSHUS
cTpecca HEMOCPEACTBEHHO Ha KJIETKU M MOJYYEHHUS YCTOMUYUBBIX KJICTOYHBIX JTUHUN U
pactenmii. [loaToMy B KadecTBE OOBEKTa WHCCICAOBAHUS B Hamleld paboTe ObUIH
MCTIOJI30BaHbl KAJUTyCHI IbHA MHOTOJIETHETO.

Lenpro Hamiel paboTel OBUIO M3Y4Y€HHE MHTEHCHUBHOCTH Pa3BUTHUS OKHCIHTEIHHOTO
cTpecca B KyJIbTUBUPYEMBIX in Vifro KJE€TKaxX JIbHA MHOTOJIETHErO MpU JEHCTBUU HOHOB
MY U OIICHKA TOJICPAHTHOCTU K HUM JMHHUM YCTONYMBBIX K OKHCIUTEIBHOMY CTpeccy,
KOTOpBIE OBUTH paHee MOIYYECHBI C TOMOIIBIO KIIETOYHON CENEeKIIHH.

MATEPUAJIBI U METO/IbI

B xauecTBe 00BEKTa HCCIIETOBAHNS HCIIOIR30BAH JIEH MHOTOJICTHHH (Linum perenne
L., copr “Cunmit ménk”’). CemeHa JbHA CTCPUIN30BaIN 7 % PAcTBOPOM THITOXJIOPHUTA
HaTpus B TedeHue 20 MHH, C TOCIENYIOIIEH TPEXKPAaTHOW NMPOMBIBKON CTEpUIBHOMN
JUCTUIMPOBAHHOM BO0M B TeueHue 10 MuH.

Jns momydeHns: KaJuTyCHOM TKaHU CEMSIIONIA CTEPUIbHO BBIPAIIEHHBIX 14-ITHEBHBIX
MIPOPOCTKOB MOMEITAIM Ha MOAUGUIIPOBaHHYIO cpeny Mypacure-Ckyra [17] ¢ 2 mr/n
HYK, 4 wmr/n xunetnna, 0,1 mr/n 2,4-J1. Mcione3yemas cpena Oblia moo0paHa B HaIeM
npeapiayeM uccienopann [18]. KyapTuBHpOBaHHE MOYICHHBIX KATYCOB TIPOBOIIIIN
mpu  Temmeparype +25°C u 16-uacoBom ¢ortonepruoae. LUk KyJbTHBHPOBAHUS
COCTaBJISUT YETHIPE HEMICIH.
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Jlns OIleHKM peaklny KJIETOK Ha CTPECC, BBI3BAHHBIA MOHAMHU MEJH, KaJuTyChl ObLIH
MIOMEIIEHBl Ha CTEPUIbHYIO (DMIBTPOBAIBHYIO OyMary, MPONHUTAaHHYIO KUAKOW CPEIOH,
conepxkarniei cynbgpat memu (CuSO4:5H,0) ¢ KOHEUHBIM copep)KaHuEeM Cu** - 300 uM,
600 uM, 1000 uM. B kauecTBe KOHTpOJIS HMCIIOJIB30BAIM KaJUTyChl, BBIpAIllUBaEMbIE Ha
TOH ke cpeze, HO 6e3 M00aBICHHUS MEIH.

Jlis XapakTepUCTUKH POCTa KYJIBTYPHI HCIIOJIB30BaM [MOKA3aTeNb «HHICKC POCTa»
(I). Beruncnenne npoBoannu 1o cunenyromeit popmyne: I = (X .x—Xo)/Xo,

rae X p.x — HanOoJIbIlIee JOCTUTHYTOM KyJIbTypO# 3HAUCHHUE CBHIPOH Macchl (T), Xo —
HadaJbHAs ChIpasg Macca KyabTyphl (T). MHAEKC pocTa BhIpakanw B % OTHOCHTEIHHO
KOHTPOJISL.

Conepxxanme MJIA B KamIycax ONpeAelsiId 10 TBETHOM peakmuh ¢
trnobapoutypoBoit kucimoroit (TBK), ocHoBaHHOMY Ha 00Opa3oBaHWM B KHCIIOW cpene
OKpAIIEHHOTO TPUMETHHOBOT'O KOMIUIEKCa, IMEIOIIEr0 XapaKTEePHBIN CTIEKTpP MOTJIOMICHHUS
¢ MmakcuMyMoM A = 532 um [19]. KonnuectBo MJIA BbIpaskajii B MKMOJIB/T CHIPOH MacCCHl.
Ompenenenne mMpoBoauiau Ha 3, 7 u 14 CyTKHW IOCIIE TIOMEIIEHUS KaJUTyCOB Ha CPEIblI C
Pa3TUYHBIM KOHIICHTPAITUSIMH MEIH.

B bskcrepuMeHTaX, CBS3aHHBIX C HM3YyYCHHEM YCTOMUMBOCTA K MEIU KaJLTyCOB
TOJIEPAHTHBIX K OKHCIUTEIFHOMY CTpECCy, HUCIONB30BAIM JIMHUH, ITONYYCHHBIE paHee
[18].

Bce skcmepuMeHTHI MPOBOIWIM B TPEXKPaTHOW MOBTOPHOCTU. CTaTUCTUYECKYIO
00paboTKy MaHHBIX MPOBOIWIN C TIOMOIIBI0 KOMITBIOTEPHON MporpaMmel Microsoft®
Excel. B Tekcre u Tabnumax TMpUBENEHBI CpenHHe apuPMeTHUeCKHe BEITUIHHBI
MapaMeTpoOB U WX JOBEPHUTEIBbHBIE WHTEPBAIBI NpU 95%-HOM YpOBHE BEPOSTHOCTHU IO
t-kputeputo CtprogeHTa. Ha guarpamMmax yKka3aHbl BEJIHYUHBI JIOBEPUTEIIBHBIX
WHTEPBAJIOB.

PE3YJIBTATBI 1 OBCYXJIEHUE

JI1s OIIEHKHM peaklvy Ha CTPECC, BBI3BAHHBIM MOHAMU MEW, UCIOIB3YIOT IIUPOKUN
muanazoH koumeHtparui (ot 0,1 uM mo 1000 mM w BbImE), TOCKOJBKY
YYBCTBUTEIBHOCTh PACTEHHA M KaJUTyCOB K HOHAM JaHHOTO METaJla 3HAYUTEIHHO
3aBUCHT OT BHJAa pacTeHus. Hampumep, A KaTycOB Tabaka MPUMEHSUIH KOHIICHTPAIUN
1-100 uM [20]; mia xamrycoB pemuca — 10—1000 uM [21]; mms Ta30HHBIX TpaB OT
1000 uM wu BoImIE [22].

B mouBeHHBIX yCIOBUSX HEOONBIIOE WHTHOMPOBAHHWE POCTa TOOCTOB B IOYBE
(marHOMpoBanue O6omnee 20 %, MO CPaBHEHUIO C KOHTPOJIEM — PACTCHHSAMH, PACTYIITUMHU B
mouse 0e3 menn) Habmomanock mpu koHmneHTpanuy 300 uM , npu comepkannu 600 uM
MPOSBIISUIOCH OOJNbIIIee HETaTUBHOE JCHCTBHE MEIN — POCT moberos coctapisin 62 % ot
KoHTpoyiss. TakuM o00Opa3oM, MOKa3aHO OOJbIliee WHTHOMPOBAHHE POCTa IMOOETOB IPU
TIOBBIIICHUN COEPIKAHKSI MEJIH.

Opmnako, HaUOOJBINEH YYBCTBUTEIHLHOCTHIO K JCHCTBHIO MEIAW 00JamaeT KOpHEBas
cuctema. VcciiejoBaHus B BOJHBIX PAacTBOPax MOKAa3ald OOJBIIYH) TOKCUYHOCTh MEIU
IUIs KopHE#, pu conepkannu 600 uM mMeaum mmHa riiaBHOTo KopHs coctaBisuia 10 % ot
KoHTpoJis, KoHmeHTpamus 1000 uM memm Oblla TIPaKTHYECKH JieTaabHOW. [loaToMy
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JlaHHas KOHIIEHTpaIus Menud ObUla WCIOJh30BaHA B KAadeCcTBE MAaKCHUMAaJbHOW s
JAJbHEHIINX UCCIIEI0BaHUM.

Ha crnenytomem stamne ObIIO OLIEHEHO BIMSHUE Pa3HBIX KOHIEHTPALUi MEIH Ha POCT
KaJuTycoB JibHA. Panee Opun pa3zpaboTtanbl MoguduuupoBanHsie cpeasl Mypacure-Ckyra
u ['ambopra 1 MoTy9IeHHsI KaJUTyCOB Pa3IMIHBIX BHUIOB IEKOPATHUBHOTO JIbHA [19, 23].

Hamu 6p110 yctaHoBieHo, uto Ha cpene ¢ 300 pM meau mpoucxXoauiio NoAaBiIeHNE
pocra kxamrycoB Ha 60 % otHocutrenbHO KoHTponsa. Ilpm 600 u 1000 uM wmeam
JKA3HECTIOCOOHOCTh COXPAaHSIACh TONBKO Y 13 1 5 % KaJuTycoB, COOTBETCTBEHHO (pucC. 1).
IlommydeHnHsle AaHHBIE CBHAETENBCTBYIOT O TOM, YTO KYJIBTHBHPYEMbIE KIETKH JIbHA
o0ajgaroT cpeHel TONEePaHTHOCTBIO K MEAH: OHM 00NafaroT OONbLIel yCTOWYHBOCTEIO,
geM KaJuTychl peauca u tabaka [19, 20], HO MeHbIIeH, YeM KaJUTyChl Ta30HHBIX TpaB [21].
BeposiTHO, 3TO CBSI3aHO C TeM, YTO OJHONOJIbHBIE PACTEHHS MEHEee WyBCTBUTEIBHBI K
MEJIH, YeM JBYAOJbHBIE.
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Puc. 1. BiusiHue pa3nanyHbIX KOHUEHTPALMK MeJIM Ha pOCT KayutycoB Linum perenne L.

B pesynbrare mepekHCHOrO OKWCIICHHS JIMMHUIOB B KJIETKAX PAaCTEHUH MPOUCXOAUT
obpazoBarre MJIA, MOATOMY YpOBEHb €T0 COACPXKAHUS B PACTHTEIHLHOM MaTepHale
UCIIOJIB3YIOT B KauecTBE MOKa3aTeNss MHTEHCUBHOCTH OKUCIIUTENILHOTO cTpecca. B Hamem
uccienoBaHuu conepkanne MJIA Bo Bcex BapuaHTaX, BHIPAIIMBAEMBIX B MPUCYTCTBUU
Menu, ObUT BBIIIE, YeM B KOHTpoJie (puc. 2). Yike yepe3 3 CyTOK mocie MepeMenieHUs
KaJUIyCOB Ha Cpelbl C MOBBIIIECHHBIM COICPKAHUEM MEIH OBLJIO OTMEYEHO IIOCTEIIEHHOE
pa3BUTHE OKHUCIUTENBbHOrO crpecca. I[lpm 3tom copepxanne MJIA Ha 3 CyTkH
KOpPPEIHPOBAJO C KOHICHTpallue HOHOB Meau B cpeze. ClaenyeT OTMETUTb, YTO Ha Cpesie
¢ 1000 uM Memm Ha 7 CYTKH OMBITa OBLJIO 3apErUCTPUPOBAHO HEKOTOPOE CHIDKCHUE
coxepxanusi MJIA, koropoe Ha 14 cyTku eme OoOJbIIE COKpamaiock. BeposTHO, 3TO
CBSI3aHO C TMIOCTENEHHOW THOEeNbl0 KJIETOK B JaHHOM BapHaHTe onbiTa. llpu 3TOM
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MakcUMalibHOe coaepxkanue MJIA Ha 14 CyTKH dKcIiepuMeHTa OBLIO 3apeTHCTPUPOBAHO
Ha cpeme, comepxkameii 300 uM wmexn. Takum obpasom, mpu BosxeiictBuu Cu™ y
KaJUTyCOB JIbHA pPa3BUBACTCS OKHUCIUTEIBHBI CTPECC, CHiIa KOTOPOTO 3aBHCHUT OT
KOHIICHTPAI[H NOHOB U MPOJIOJKUTEILHOCTH BO3ICHCTBYSI.
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Puc. 2. Bousaue pa3nmnaHBIX KOHIIGHTpAIMi Menu Ha HakorwieHrne MJIA B kamrycax
Linum perenne L.; cepble KOTOHKH — 3 CYT, YepHbIe — 7 cyT, Oenbie — 14 cyT

bruta mpoBeneHa oOIeHKAa KJIETOYHBIX JIMHUM, TOJYYEHHBIX paHee C ITOMOIIBIO
KIJICTOYHOW CENEKIIMUA U 00JaIarouX BeICOKOH akTUBHOCTEIO COJl, Ha yCTOHYMBOCTH K
Mean. Mcnonp3oBaHue Tapakpara IS MOJTYYCHUS KICTOYHBIX JIMHUN C TOBBINICHHON
YCTOHYHMBOCTBIO K OKHCIMTEIIEHOMY CTpPECCY CBSI3aHO C TE€M, YTO OH BBHI3BIBACT
00pazoBaHME CYMEPOKCHI paavKana W MPOBOMHPYET THOETh UyBCTBUTEIHHBIX K ADK
KIETOK M OTOOpY ycToW4mBBIX. Hamu OBUTO TOKa3aHO, YTO JMHWUU, OTOOpaHHBIE Ha
mapakBare, 3HaUYUTEIbHO Jydine pociaum Ha cperae ¢ 300 uM menu, KH3HECTIOCOOHOCTH
OTOOpaHHBIX KJICTOYHBIX JIMHUH ObLIa B 2,5 pa3a BBIIIE, YeM Y KOHTPOJIBHBIX KaJLTyCOB.

Takum o00pa3oM, KJIETOYHBIC JIMHUM C 0OJE€e BBICOKOW YCTOWYMBOCTBIO K
OKHUCIIUTEIBHOMY CTPECCY, BBI3BAHHOMY IapakBaTOM, MOTYT OBITb OCHOBOW IS
MONTyYEHUs PACTEHUH, YCTOWYHMBBIX K 3aTPSA3HEHUIO MEbIO.

3AK/IIOYEHHUE

B nameii pabote OblIa OIlCHEHA peakius KAJUTYCHBIX KJIETOK JIbHA MHOTOJIESTHETO Ha
CTpecC, BBI3BAHHBIN TOBBIMICHHBIME KOHIIEHTparusaMu woHoB Meaum (300-1000 uM).
[TokazaHo, 4TO BO BCEX BapUaHTAX MPOUCXOAWIO 3HAYMTEIbHOE MOBBIMIcHHE MJIA,
YKa3bIBAIOIICe Ha Pa3BUTUC OKUCIHTEIBHOTO crpecca. Hambolee BBICOKOE COjepkKaHKe
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MJIA OpIm0 3aperucTpupoBaHo Ha cpeae ¢ mobasimenneMm 300 uM memu Ha 14 CyT.
VIMeHHO 3Ty KOHIIEHTPAIIMIO Mbl UCTIOJIB30BAJIM JJIsI IaJIbHEHIIEH TPOBEPKU JIUHUM, paHee
0oToOpaHHBIX Ha MapakBaTe (repOHLnAe, OCHOBHOE MOBpEKIAOIIee ACHCTBHE KOTOPOTO
CBSI3aHO C MPOAYLHMPOBAaHHEM OKHCIHMTENBHOTO crpecca). KH3HECHIOCOOHOCTh
OTOOpaHHBIX KIETOYHBIX JIMHUA ObUTa B 2,5 pasza BeIIIE, 9eM B KOHTPOJE, YTO
CBUJCTCILCTBYET O TMEPCICKTUBHOCTH  WCIIOJIB30BAHUS  arcHTOB,  BBI3BIBAIOIINX
obpazoBanusa ADK ais momyyeHns: yCTOHUMBBIX K MeAH (POPM pacTEHHH.
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THE RELATIONSHIP BETWEEN COPPER RESISTANCEAS (AN ADVERSE
ECOLOGICAL FACTOR) AND OXIDATIVE STRESS IN CALLUSES OF
PERENNIAL FLAX (LINUM PERENNE L.)

Stepanova A. Yu., Solov'eva A. L., Tashlieva I. I., Gladkov E. A.

K. A. Timiryazev Institute of Plant Physiology RAS, Moscow, Russian Federation
E-mail: step_ann@mail.ru

The heavy metal pollution has a negative effect on plants — it inhibits their growth,
productivity and significantly reduces their decorative qualities. Recent studies indicate
that oxidative stress plays a significant role in cell damage under heavy metal. Indeed,
several heavy metals such as Cu, Cr, Fe are redox-active metals producing hydroxyl
radicals, which are the most toxic form of ROS (reactive oxygen species), as a result of
the Haber-Weiss reaction. Copper is a one of the major environmental pollutants of the
environment due to its widespread use in industry and agriculture.

Direct experiments it was shown that copper cause the formation of hydroxyl radicals.
However, studies on cross-resistance to heavy metals and oxidative stress have not been
conducted. The aim of our work is to study the intensity of oxidative stress development
in flax cells cultivated in vitro under the action of copper and to evaluate the possibility of
obtaining cell lines that are resistant to both oxidative stress and copper using cell
selection.

As an object of study used Linum perenne L. cv. "Blue silk". To obtain callus,
cotyledons of sterile grown 14-day-old seedlings were placed in a modified MS medium
with 2 mg/l of NAA, 4 mg/I of kinetin, 0.1 mg/l of 2.4-D. Evaluating the cell response to
stress caused by copper, the callus were transferred on filter paper impregnated with a
liquid medium containing CuSO4*5H,0 with a final Cu** content of 300 uM, 600 uM,
1000 uM. To analyze the level of oxidative stress induced by Cu treatment in calluses the
MDA content was measured. The plant material was incubated at photoperiod of 16/8 h
and the temperature was set to 24 + | °C. To assess the viability used the indicator
"growth index", as the difference between the final and initial mass divided by the initial
and expressed in % relative to the control, which was taken as 100 %.
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The first stage of work was to evaluate the influence of different concentrations of
copper on callus growth. It was shown that Cu concentration of 300 uM significantly
decreased callus growth (about 60 % compared to the control), which indicates a strong
inhibitory effect of this concentration. With increasing Cu content to 600 and 1000 uM,
viability was sustained only at 13 % and 5 % of calluses compared to the control,
respectively (See Figure 1).

The MDA content in all flax calluses that was grown under Cu stress is higher than in
the control. The maximum MDA content on 14-day-growth was observed in a medium
containing 300 uM of copper (See Figure 2). Thus, under the influence of heavy metals on
flax callus there is an increase in the level of MDA, which indicates the development of
oxidative stress. The next stage of the work was the evaluation of cell lines with high
activity of SOD for resistance to Cu. The lines with high activity of SOD were selected at 1
uM paraquat as an agent causing oxidative stress. It is shown that the lines selected on the
paraquat showed higher resistance to Cu compared to the control calluses.

Thus, oxidative stress plays an important role in the damage of plant cells in the
conditions of Cu pollution. Cell lines with higher resistance to oxidative stress caused by
paraquat can be the basis for the producing of plants resistant to heavy metal
contamination

The paper contains 2 Figures and 23 References

Keywords: Linum perenne L., callus, copper, oxidative stress.
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