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C ucnonvsosanuem xeramopa uonog xanvyus I TA u uneubumopa gocpamuourunozumoacneyu-
puunoii pocgponunaser C — neomuyuna — uccredosanu yuacmue Ca’* 6 mpancoykyuu cueHanios 3K302eHHbIX
opaccurnocmepoudog (bC) (24-snubpaccunonuda — 24-OBJ1 u 24-snuxacmacmepona — 24-OKC), evizvisaio-
WuUX noGvlueHUe MenioyCmoudueocmuy Kiemox koreonmuaeu nuenuysl (Triticum aestivum L.). 24-uacosas
obpabomka ompesros koneonmuieil 24-ObJ1 u 24-OKC ¢ konyenmpayuu 10 nM evizvisana mpanzumopHoe
Yyecunenue eeHepayuil CynepoKcuOH020 AHUOH-pAOUKANA KIeMOYHOU NOBEPXHOCHIBIO U NOCTedYIoujee nosbliie-
HUe aKmugHOCmU CynepoKcuooucmymassl u kamanasel. llpeosapumenvras oopabomra xoreonmuneu 1 TA
U HEOMUYUHOM 8 3HAYUNENbHOU CIMeneHy yeHemaua dmu 3¢ghexmul u Hugeaupogana, gvizvieaemoe bC nogul-
weHue menioycmonyueocmu Koreonmuael nuenuysl. Q6CYHcOaomces: 603MONCHbLE MEXAHUZMBL B0GIEHEHUs
KAIbyuesoeo cueHalutea 8 00pazosanue akmuHvlx (popm Kuciopooa 68 pacmumenbHulX KIemKkax u uHoyyu-
posanie menioycmouyusoCmu pacmumenbHulx Kiemox npu deticmauu sxkzozennvix bC.

Knwouegvie cnosa: opaccunocmepoudvl, akmushvle Gopmol KUCIOPOOQA, KATbYUL, AHMUOKCUOAHMHbLE
aH3umbsl, Triticum aestivum L.

TIOCIIETHAE TIOJITOPa JECSITHICTHS MHTEH-
CHBHO HWCCIEAyIOTCA (DU3HONOTHUYECKHE
¢dbyuxmun 6paccuaocteponnoB (bC) — ot-

JIETHFHOTO KJjacca pacTUTEILHBIX TOpMOHOB [1, 2].

ITokazaHna ux pojib B ajanTaluyd pacTEHUM K Aeil-

CTBHIO HEOJIArONPUATHBIX (AKTOPOB pPa3THIHOU

MPUPOABI, B T. 4. CTPECCOBBIX Temmeparyp. llpu

obpabotke bC 3aperncTpupoBaHO KakK ITOBBIIIIC-

HH€ BBDKMBAHHS PACTEHUH IOCIE MOTEHITHATHHO

JIETAJIBHOTO JEHCTBUS THHEpTepMHUHU [3—6], Tak U

COXpaHEHHE CITOCOOHOCTH K POCTY TIPH CyOJIeTab-

HBIX BBICOKOTEMITEPATYPHBIX BO3ICUCTBUAX [7, 8].

B To e BpeMs poJb CHTHaIBHBIX MOCPE-

HHKOB, 3aJICiCTBOBAHHBIX B pEaJM3aIlMU CTpPecc-

MpoTeKTOpHEIX 3¢ dekToB bC, ocTaercs HemocTa-

TOYHO HM3Yy4YEHHOH. YCTaHOBJIEHO y4acTHE OKCHIA

azoTa, akTUBHEIX (opm kucimopona (ADK) u MAP-

KWHa3HOTO (Mmitogen-activated protein kinase) kac-

kafga B mHaynupoBanun bC peakiunii, HeoOOX0oaH-

MBIX JIJTSl pa3BUTUS yCTOMYMBOCTH PACTEHUH Orypiia

K xoJjony u mapakBaty [9, 10]. B skcriepumenTax ¢

WCTIOJB30BAaHNEM KOJIEONTHUJICH MIIEHUIIBI BBISBIIE-
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HO, 4TO 7K30reHHble bC HMHAynHMpoBadu TpaH3U-
TopHoe ycusnenue renepanuu AOK u nocneayrouiee
pa3Butue TernoycroitunBoctu [11]. IIpu 3ToM mpo-
TekTopHoe neiictBue bC yrueranock aHTHOKCUJaH-
TOM HoHOJIOM U nHTrHOHTOpoM NA DPH-0KCH 12361 —
umuaazonoM. Ha yuactue NADPH-okcupasel B
TPaHCIYKIMU CUTHAJIOB 9K30reHHbIX bC yka3biBa-
€TCsI ¥ B MCCIICZIOBAHUSIX, BBIIIOJTHEHHBIX HA IPYTOM
00BeKTe — MPOpPOCTKax orypma [9].

W3BecTHO, 4TO MOHBI KaJbLUSl UIPAIOT OCO-
Oyro pons B perymsuuun aktuBHoctd NADPH-
okcuaassl [12]. TlokazaHo ycuiaeHue MOCTYIICHUS
Ca?" B IMTO30J1b PACTUTEIBHBIX KJIETOK Yepe3 Kalb-
[[MEBbIE KaHAJIBI IJIa3MaJIeMMBI 1071 BIusgHueM bC
[13]. B To xe Bpems yyacTue€ KalbliUsi B CTpecc-
npoTeKTOopHBIX 3P dexTax bC ocraercs mpakTuie-
CKH{ HE UCCIICTOBAHHBIM.

Lenbio paboOTHI SIBUIOCH BBISICHEHUE POJIU HO-
HOB KaJIblIMs B HHAynHpyemMoM bC ycunenuu rexe-
paunn ADK KoJeONTUISIMH MIIEHULBI U PA3BUTHHI
UX TETIOYCTOMYNBOCTH.
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EKCITEPUMEHTAJIBHI POBOTU

MarepuaJibl 1 METOAbI

HccrenoBanns poOBOIUIN C HCIIONB30BaHU-
€M OTpe3KoB KojeonTtuied mnmenuns (7riticum
aestivum L.), KoTOpBIE, KaKk OBLIO TIOKa3aHO paHee
[11], ABASAFOTCST IYBCTBUTEIIHHON MOJCIIBIO JIJTSI U3Y-
yenus s3¢pdextoB bC. Kpome Toro, Ha KoneonTuiIsax
MIIEHUTIBI YI00HO mccnenoBath d(M(eKTh renepa-
nun ADK KIeTOYHON OBEPXHOCTHIO 0€3 pa3pyliie-
HUS pACTUTEIBHBIX TKaHel [14, 15].

OTpe3Ku KOJCOMTHUIICH MIIEHUITBI copTa IJie-
TUS OTACISAIU OT 4-CyTOYHBIX ITHOJIUPOBAHHBIX
MIPOPOCTKOB, BBIPAIIEHHBIX TMPH TEMIEpaType
20 °C. KoneonTuiam MHKyOMpOBaddM Ha MpPOCTe-
puin3oBaHHOM 2%-0OM PACTBOPE caxaposbl C J10-
OasiienneM nenunmiuinaa (Na-cosb, 100 000 en.)
(koHTpOIB). BC — 24-3tbpaccunonun (24-0ObJ1) u
24-smukacractepon (24-OKC), cuHTe3npoBaHHBIE
B J1a0OpaTOpUN XUMHUH CTEPOUA0B MHCTUTYyTA OHO-
opranuyeckord xumuu HAH benapycu, npensapu-
TEJIBHO PacTBOPSIU B HEOOIBIIOM 00bEME dTaHOJIa
Y BHOCWJIM B CpeAy MHKyOaIluu KOJCONTHIIeH CO-
OTBETCTBYIOIINX BapHAHTOB (KOHEYHAs KOHIICH-
tpanus 10 HM). DddexTuBnble KoHIIEHTpauu bC,
MaKCHMAJIGHO TOBBIIIAIOIINAE TETIOYCTOHYUBOCTh
KOJICOTITUJICH MIIEHUIbI, ObUIM YCTaHOBIICHBI HAMH
panee [11]. B BapunanTax 6e3 bC B nHKyOanimoHHY 10
cpeny 100aBIIsIM SKBUBAJIEHTHOE KOJMYECTBO ITa-
HOJIa.

Ha pactBopax bC koneonTiinm nHKyOHpoBain
B TeueHue 24 4. B cinyuae mpenobpaborku OI'TA
Y HEOMHUIIMHOM 3TH COEAMHEHHS B KOHIICHTpAIIH-
six 50 u 40 MKM COOTBETCTBEHHO BHOCHIIU B CPEIY
WHKYyOaluu KoJIeonTHIIeH 3a 3 4 10 mo0aBIeHUS B
nHee bC, mo ucredeHnn 3TOro BpeMeH! B Cpeay A0-
6asnsin BC u mpopoikany MHKyOaLMIO KOJIEOM-
Tuiel B TeueHue 24 4. B oTJeiabHBIX BapuaHTax
OLIEHUBAJIM BIIMSTHUE HEOMUIIMHA Ha HCCIEeTyeMble
ITOKAa3aTeJu IIPU €r0 BHECEHUH B CPely HHKYOAInu
KOJICONTHIIEH vepe3 3 4 mocie Hadajla o0paboTKu
BC (moctobpaboTka). B aTom ciydae 1o uctreueHUU
21 9 uHKyOanuu KOJICONITHIICH Ha pPacTBOpPAX, CO-
nepxkamux bC B cmMecu ¢ HEOMHULIMHOM, UX Tepe-
HOCHIIM elle Ha 6 4 B Cpelly MHKYOAINH C OTHUM
HEOMUITMHOM. TakuM 00pazom, BpeMsi BO3JCHCTBUS
BC Ha xojeonTuiIu BO BCEX BapHaHTax OIBITa CO-
crapisiio 24 4, a Heomunuaa — 27 4. KoHmnenTpa-
uuu OI'TA 1 HeomuuHa ObLITN BBIOpPAaHBI HA OCHO-
BaHHH MPEIBAPUTEIBHBIX OIBITOB.

INocne mHKyOaMKU KOJICONTHIICH Ha pacTBO-
pax mcclenyeMblX COCQUHEHUH 4YacTh OTPE3KOB
KaKJIOTO BapHaHTa IMOJBEPrajd IOTEHIIUATHHO
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JIeTallbHOMY TPOTPEBY B BOISHOM YIBETPAaTEPMO-
cTare B CTEPHJIBHON TUCTUIUIMPOBAHHOW BOJE IPU
temmneparype 43 = 0,1 °C B treuenue 10 muH. 3atem
OTpe3KH ToMenain B yamku [letpu ¢ mpocrepu-
JMU30BaHHBIM 2%-bIM PacTBOPOM Caxapo3bl C J0-
OaByieHHEM MEeHUIMILTMHA. Yepe3 1Boe CyTOK mocie
IporpeBa OLECHUBAIN MX HMOBPEXKIACHUS MO MOTEPE
Typropa M HOSIBJICHHIO CIIEHU(PHUECKOTO OTTECHKA,
00yCIIOBIICHHOTO HHUIBTpaLeil TKaHEeH.

[eHepanuio CyNepOKCHAHBIX aHHOH-PaJIH-
KaJIOB WHTAaKTHBIMU KOJICONITHIISIMU OIPENESIN
M0 BOCCTAHOBJICHUIO HHUTPOCHHETO TETPA30JIHS
(HCT) mo mertonuke, mogpoOHO ONMHMCAaHHOW paHee
[16]. Jlmst mpoBepKH CHENH(PUIHOCTH TCHEPAIHH
Oz" B CICIUATBHEIX OMBITaX B MPOOBI M00aBISAIN
cynepokcupaucmyTasy (COM) (50 em./mi), koTopas
WHTUONpOBaa TEHEPAIHNIO CYHEePOKCHIHOTO aHU-
oH-panukajia He menee yeMm Ha 90%. IIpu sTom mo-
Jlarajy, 4To KoJimdecTBo BoccraHoBiieHHoro HCT
onpenensercs renepanuein O,”. Cynepokcuanpo-
OYIHUPYIONYI0 aKTHBHOCTh OLIEHUBAIM KaK M3Me-
HEHHE CBETOIOTJIONICHUSI PEaKIIMOHHON CMeCH Tpu
530 uM 3a 1 4 uHKyOAIMU B pacyeTe HA OJUH OT-
PEe30K KOJICONTHIISL.

Hns onpenenenus aktuBnoctu COJL (1.15.1.1)
n xatanassl (1.11.16) HaBecKy pacTUTEIBHOTO Ma-
Tepuaja TOMOTEHU3UPOBAIM IPU TeMIEparype
2—4°C B 0,15 M K,Na-hocdarnom Oydepe (pH 7,6)
¢ noo6asnenuem JJITA (0,1 MM), nuTHOTpenTONa
(I MM) u nmereprenra Tputona X-100 (koHewHas
konnentpanus 0,1%) [17]. lnsg aranusa ucnomnb3o-
BaJld CyTNIEPHATAHT TOCIe eHTpU(yTHPOBAHUS TO-
morenara npu 8000 g B reuenue 10 mun nipu 4 °C.
AxtuBHOCTE COJl ompenemnsin, UCTONb3ysI METO,
OCHOBAHHBIN Ha CITIOCOOHOCTH YH3MMAa KOHKYPHPO-
Bath ¢ HCT 3a cymepoKkcuaHbIe aHHOHBI, 00pa3yto-
IIMecs BCIEACTBHE al’pOOHOTO B3aUMOICHCTBHS
NADH u ¢enazunmeracynbdara. AKTHBHOCTH Ka-
Tayasbpl onpenensyii npu pH peaknnoHHONW cmecu
7,2 10 KOJNWYECTBY pa3JIOKMBILETOCS MEPOKCHUIA
BOJIOPO/Ia 32 €ITUHUILY BPEMEHH.

Coneprxanue mpoTenHa yCcTaHaBIMBAJIN METO-
nom Bpendopna, ucrnone3ys B KauecTBe CTaHAapTa
BCA [18].

DKCHEPUMEHTBI BOCIIPOU3BOIUIIN HE3aBUCHMO
TPH pasa Ipu TPEXKPaTHON MOBTOPHOCTH B Ipefe-
JaxX KaxJOoro OTIAEIBHOro ombiTa. Ha pucyHkax
TIPUBE/ICHBI CPEHIE 3HAYCHHS M MX CTaHIapTHHIC
omunOKu. JloCTOBEpHOCTh pa3NU4YUil MEXIy Ba-
pUaHTaMU OlLEHUBaNU Mo f-KpuTepuio CTBIOJeH-
ta. O6cyxnatorcs >hQGeKThl, JTOCTOBEPHBIE IIPU
P <0,05.
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B ombITax ucnonb30Baiu HEOMUIIUH U HUTPO-
cuHUU TeTpaszonuii mpousBonctsa Sigma (CIIA),
NADH - Oriental yeast (Anonus), OI' TA u Tpuron
X-100 — AppliChem GmbH (I'epmanusi), octanbHbIe
peaKTUBbl — KBaJIH(PUKAIMM X4 MM 4YIa OTede-
CTBEHHOT'O ITPOM3BOJICTBA.

Pesyabrarsl U 00cy:Kk1eHHE

Kak 0b110 ycTaHOBIJIEHO paHee, 00paboTKa KO-
neonTtuiei nmeHuisl bC BbI3bIBaIa TpaH3UTOPHOE
YCUJICHHE TEHEepaluu CYNEPOKCHIHOTO aHWOH-pa-
JIMKaJia, MaKCUMaJbHbINH 3¢ ekt Habmomancs ue-
pe3 2-5 u mocne Hawana Bo3xaeiictBus bC [11]. B
CBSI3M C 5THM B HacTosmel padore renepanuio O,
perucTpupoBaiy uepes 2 U 5 4 nocie Hayana oopa-
0otku koneontuiei bC nubo yepes 5 u § 4 mocie
Hauaja Bo3aercTsus DI TA i HeOMHUIIUHA.

Xenatop «BHemHero» Kanpius I TA cam 1o
ce0e I0CTOBEPHO He B Ha oOpasoBanue O, Ko-
JICONITUIISIMU TIIeHu1bI (puc. 1). B To e BpeMs ox
B 3HAYMTEIBHON cTereHn yMeHbIan dpGeKT ycu-
JICHHsI TeHepaIiy CyTIepOKCUIHOTO aHHOH-PaIuKa-
n1a, BeI3bIBaeMbIi 24-2OBJ1 n 24-OKC.

B kauwecTtBe Ipyroro aHTaroHWCTa KallbIUs
MBI UCTIOJIb30BAJTH HEOMHUIIUH, KOTOPBIH, CBSI3bIBAS
docharuaununosuronoudocdarsl, MOXKET HHTH-
OoupoBaTh  (hocHaTHAMIMHOZUTOJICICITUPHIHY O
dhochonunazy C (GU-DJI C) [19] u Tem caMbIM Tipe-
MATCTBOBATh HAKOIUICHHIO TPOIYKTa PEaKIUH —
uno3uton-1,4,5-pocdpara (IP,), KoTopbiii BiUSET
Ha MOCTYIJICHHE KaJbIMs B IIUTO30Jb U3 BHYTPH-
KJIETOYHBIX KOMIIAPTMEHTOB ¥ aKTUBUPYET MHOTHE
KaJbluii3aBucuMbie Tipotiecchl [20]. B Hamux sxc-
MEPUMEHTaX HEOMHUIIMH HE OKa3bIBaJl CYIIECTBEH-
HOTO BIIUSIHUS HA TEHEPAIUIO CYTIEPOKCHTHOTO aHU-
OH-paJiiKajia KOJCONTHJISIMU MieHuIs! (puc. 1). B
TO K€ BpeMsl Mpeao0paboTKa KOJEONTHIICH ITHM
COCIMHEHHEM CHUMajla yCHJIeHHe 00pa30BaHUs
O,", BeI3bIBaEMOE JIByMs uccnenyembiMu bC.

OnHO3HAaYHO HMHTEPIPETUPOBATH HaOIOAae-
MBI HaMU 3()(EeKT HUBEIUPOBAHUS HEOMHIIHOM,
BbI3bIBaeMoro 24-0ObJ1 u 24-OKC ycunenus reHepa-
i ADK kiieTkaMu KOJICONTHICH, CII0KHO. DPeHo-
MEHOJIOTHYECKOE CXO/ICTBO 3PPEKTOB HEOMHIIMHA C
neiictBueM DI TA KOCBEHHO yKa3bIBaeT Ha BO3MOXK-
HOCTB €T0 BIIUSIHUS Ha KaJIbIIUEBBIN roMeocTas. Kak
HU3BECTHO, B KJIeTKaxX )XUBOTHBIX PU-DJI C, kaTanu-
3upys npouecc oopaszosanus [P, u auanunriunepo-
na (DAG), ctuMynupyeT NMOCTYIUICHHE KaJibIUs B
LUTO30JIb. DTO CBS3aHO C OTKPHIBAHUEM I10]] BIIHSI-
HueM [P, BHYyTPHKIJICTOUHBIX KaJIbLMEBBIX KAHAJIOB,
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Puc. 1. I'enepayus cynepokcuoHulX aHUOH-pAOU-
Kano8 Koieonmuaamu nueHuyst (% K KOHMpOIo
6 nauane sxcnepumenma). I, Il — coomeemcmeen-
HO uepe3 2 unu 5 4 nocie Hauana uHKyoayuu Ha
pacmeopax BC unu uepez 5 u 8 u ma pacmeope
neomuyuna. 1 — xommpoaw, 2 — II'TA (50 mxM);
3 — neomuyun (40 mxM); 4 — 24-snubpaccunonuo
(10 uM); 5 — 24-snuxacmacmepon (10 nM); 6 —
24-snubpaccunoruo (10 uM) + 2I'TA (50 mxM); 7
— anuxacmacmepon (10 nM) + II'TA (50 mxM); 8 —
24-snubpaccunoruo (10 uM) + neomuyun (40 mxM,
npedoopabomka); 9 — 24-snuxacmacmepon (10 uM)
+ neomuyun (40 mxM, npeoodopadbomra). IloopodHo
YC08Usl 06pabomxu Kojeonmuiell Ucciedyemoblmu
coeOuHeHUAMU CM. 8 paszodene «Mamepuansl u me-
moowwy. * P <0,05

a takxke ¢ aktuBanuedr DAG mporemkmnaser C,
y4acTBYIOIIEH B PeryJsiliuu MOTEHLIHAI3aBUCHMbIX
KaJIbL[UECBBIX KaHAJOB I1a3MajieMMbl. HecMoTps Ha
TO, UTO B PACTEHUSX JI0 CUX IOP HE OOHAPYKEHBI
TOMOJIOTY MUIIIEHEHN IP3, M3BECTHO, YTO HEOMUILIMH
MOYKET YMEHbBIIATh MOCTYTUIEHNE KaJIbIUs B IIUTO-
30JIb PAaCTUTENIBbHBIX KieTok. Hampumep, 3To coe-
IWHEHHEe CHUMAJIO 3((EKT TOBBIMICHUS KOHIICH-
TpalMM KanbLUs B KJEeTKaxX Tabaka, BbI3bIBAEMBIH
JeiicTBueM anucutopa Kpunrorenna [21]. Cnenyer
OTMETHUTH, UTO JAPYTrol MOCPEAHUK, 00pa3yronuii-
cs ¢ yaactuemM OU-OJI C — DAG B pacTUTENBHBIX
KJIETKaX B HAaCTOAILIEE BPEMs pacCMaTpPUBAETCs KaK
MIpeAecTBEHHUK GochaTnIHON KUCIOTHI [22], KO-
TOpasi HapsiAy C KaJbLIUEM MOXKET CBS3BIBATHCS C
NADPH-okcu1a30if 1 TeéM caMbIM y4acTBOBaTh B
yeunenuu renepannn ADOK [23]. Kpowme Toro, doc-
daruaunuHO3uTONONpOCHAT, KOTOPBIN CBSI3BIBACT-
Cs1 HEOMHITUHOM, SIBJIsIETCST KodakTopoM dhocdoru-
nas3sl D. M3BeCTHO, 4YTO HEOMHUIIMH MOXKET BIIHATH
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BbiknBanue, %

1 2 3 4 5 6 7 8 9

10 11

Puc. 2. Buiorcusanue xoneonmuneii nueHuyvl (%)
nocne nogpesicoaroujeco npoepesa. Tym u na puc. 3:
1 — koumponv; 2 — DI'TA (50 mxM); 3 — Heomuyun
(40 mxM); 4 — 24-snubpaccunoaruo (10 uM); 5 —
24-snuxacmacmepon (10 M), 6 — 24-snubpaccuro-
aud (10uM) + DI'TA (50 mxM); 7 —snuxacmacmepon
(10 uM) + OI'TA (50 mxM); 8 — 24-snubpaccuro-
aud (10 uM) + neomuyun (40 mxM, npedobpabom-
ka); 9 — 24-snuxacmacmepon (10 uM) + neomuyun
(40 mxM, npedobpabomka); 10 — 24-snubpaccuro-
aud (10 kM) + neomuyun (40 mxM, nocmobpabom-
ka); 11 — 24-snuxacmacmepown (10 M) + neomuyun
(40 mxM, nocmobpabomka). Iloopodono yciosus
00pabomku Koleonmuael UcciedyemviMu coeou-
HeHusMU cM. 6 pasoene «Mamepuanvl u memoouvly.
*P <005

1 Ha oOpa3oBaHue GpochaTuIHON KUCIOTHI, 3aBUCH-
Moe oT (ocdosunaszsr D [24].

O06paboTka koneontuiieii 0ooumu bC BbI3bIBa-
Jia IOBBIIIICHUEC UX BBIDKUBAHUS IOCJIC MMOBPEIK A0~
iero nporpesa (puc. 2). [Ipu atom a¢pdpext 24-O6J1

11 S A

10 A

*

f/

S
=

SN

npoTenHa
©
L

21
2

AxTuBHOCTb CO[l, ycn. eq./MuH-Mr

i

1 2 3 4 5 6

7 8 9 10 11

OBLT HECKOJIBKO BBIIIIE 110 CPaBHEHUIO C AP PEeKTOM
24-3KC, X0Tst 9TH pa3auydus He OBbIIH JOCTOBEPHBI
npu P < 0,05. Ilox Bnussauem Ol TA u HeoMuinHa
TEINIOYCTOMYMBOCTD KOJICONTUJICH MIIEHULBI JI0-
CTOBEpHO HE M3MeHsIach. OMHAKO MpeaBapUTEIh-
Has 0OpaboTtka koneonTuiel kak DI TA, Tak u Heo-
MUIIMHOM MPAKTUYECKU MOTHOCTHIO HUBEIUPOBAIA
nojoxuTenbHoe BiusiHue bC Ha X TernoycTolyu-
BOCTb (pHuc. 2).

OnHO# U3 32U THBIX CUCTEM KIIETOK, HHTYIIH-
pyembix bC, siBnsieTcs aHTHOKCHAaHTHas [25, 26].
B Hamux skcrnepuMeHTax 0TMEYajaoch MOBBIIICHUE
aktuBHoctu COJl m xatanassl 1oJ BIUsSHUEM 24-
OBbJI u 24-3KC (puc. 3). O6padorka DI TA cama no
cebe He cka3wpiBasiach Ha akTuBHOCTH CO/] M Kara-
na3el. [lox BusTHUEM HEOMHITITHA TIPOUCXOIUIIO HEe-
3HauUUTENbHOE yBeanueHue aktuBHoctu CO/, a ak-
TUBHOCTH KaTalla3bl HE U3MEHsIachk. B TO ke BpeMst
npenodpadoTka koneontuiaet DI TA cHumana mo-
BeitieHne akTuBHOCTH COJl u kaTtanasbl, BEI3bIBaC-
moe BC. Tlox BIuMsSHMEM HEOMHIIMHA OTMEUYAIIOCH
YaCTUYHOE HUBEIHNPOBAHHE IMOBBIIICHHUS aKTHBHO-
ctu COJI u kaTanasbl, BeizbiBaeMoro bC.

J1nst TOro 4TOOBI BBISICHUTH, HACKOJIBKO CIICIH-
(uuHbI 3¢ GEeKTH HEOMHUIIMHA Ha NTepeady CUTHaa
BC, maaynupyomero aHTHOKCUIAAHTHBIC YH3UMBI
Y pa3BUTHE TEMJIOYCTONUYUBOCTU KOJICONTHUIIEH, MBI
TaKXe€ HWCCIeOBAIM BIHMsHUE WHTHOUTOpa DU-
@®JI C Ha 5TH oKa3aTesu Npu ero BBEJICHUU B Cpe-
Jly MHKyOaIluu KOJICONTHIICH 4Yepe3 3 4 TMocie Ha-
yana ux oopadbotku BC. B aToM ciyuae HEOMUIIMH
MOYTH HE BJIMSUT Ha BbI3bIBaeMblidi bC ekt mH-
JYLIUPOBAHUA TEMJIOYCTOMYMBOCTH KOJIEONTHIICH
TMIIICHUIIB (PHUC. 2) U TOBBIIIICHHS B HUX aKTHBHOCTH
CO/l u xaranassl (puc. 3). DTU NaHHBIE TIO3BOJIS-
I0OT TOBOPUTH O JCUCTBUU HECOMUIIMHA MPEUMYIIIE-

0.9 5

AKTUBHOCTb KaTanasbl, MMOIb
H,O,/MuH-Mr npoTenHa

0,6 -

1 2 3 4 5 6 7 8 10 11

Puc. 3. Akmuenocmo COJ{ (vea. ed./murme npomeuna) () u kamanasot (mmono H,O /munme npomeuna) (b)
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CTBEeHHO Ha Tpancaykuuto curnana bC. [Tobounbie
ero 3¢ ¢eKThl Ha aKTUBHOCTh AHTHOKCHIAHTHBIX
SH3UMOB U TEIJIOYCTOWUYMBOCTH KOJIEONTHIIEH B yC-
JIOBUSIX HAIIUX JKCIIEPUMEHTOB, MO-BUIUMOMY, HE
CTOJIb 3HAUUTCITHHBL.

Takum oOpazom, cxogabie d3pdexTsl I TA n
HeoOMUIIMHA Ha mposiBieHue Bausaus bC Ha reHe-
panuio ADOK KOIEONTUIISIMU MIICHUITBI, UX TEIIO-
YCTOMYMBOCTh M AKTHUBHOCTH AHTHUOKCHIAHTHBIX
SH3WMOB YKa3bIBAIOT Ha BOBJICUCHUE KaJbIHS B
TpaHcaykiuio curuanoB bC. Ilpu aTom nanubsie 00
yraereHnu d¢p¢pexto bC HEOMUIIMHOM OJHO3HAY-
HO HWHTEPIPETHUPOBATH HE MPEICTABIISICTCS BO3-
MOXHBIM. OHO MOXET OBITH CBSI3aHO KaK C BIIHS-
HHEM HEOMHIIMHA Ha KaJIBIIUEBBIN TOMEOCTa3, Tak
W Ha coniepkanne GocdaruiHoi KucnoTel. Kak yxe
O0TMEYaJioCh, MOCIEAHSS, HApAAy C KaJbI[MeM, MO-
xeT akTtuBHpoBaTh NADPH-okcunasy [23] u Tem
caMbIM BIHATH Ha (popmupoBanue ADK-curnana.

CregyeT OTMETHTBH, YTO B TOCIICAHUE TOMIBI
MOJIY4eHBI CBefeHus o crmocobnoctu bC akTuBm-
poBath (ocharuaunxonnncnenuduaasie hocdo-
numnasel C [27], 9TO Takke BBI3BIBACT IMOBBIIICHHE
conepxanus DAG, KOTOpBIH MOKET MpeBpaIaThCs
B hocharunnyro kuciaory [22]. Kak HoHBI Kaibius,
tak ¥ (QocharuaHas KUCIIOTa, 3aJCHCTBOBAHBI B
aktuBaiun NADPH-okcuaasel n ¢opMupoBaHuu
A®K-curnanos [23]. Takum oOpa3oM, B peaiu-
3anuu d¢¢exto BC, mo-BHINMOMY, Y4YacCTBYIOT
noHbI Kanpius, AOK u psii KOMIIOHCHTOB JIMITH/I-
HOT'O CUTHAJIMHTa, HAXOSIIUXCS B CIIOXKHOM (PYHK-
IIMOHAJIBHOM B3anMMOJiciicTBUHU. BnioiHe ecTecTBEH-
HO, YTO JIJIS1 BBISICHCHHS BKJIaJa dTUX TTOCPETHUKOB
U TIPOIIECCOB UX B3aUMOJICHCTBHS B (hOpMHUpOBaHUE
uHAYIUpyeMbIX bC KOHKPETHBIX aJalTUBHBIX pe-
aKIU{ pacTeHUH HEOOXOAUMBI CHEIHAJbHEBIC HC-
CJIEZIOBAHUS.
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POJIb IOHIB Ca BIHAYKYBAHHI
TEILJIOCTIMKOCTI KOJIEOIITUJIIB
MIIEHUII BPACHHOCTEPOITAMHU

IO. €. Konynaes', A. O. Batinep',
T. O. Acmped, O. I. Obosnuil!, B. O. Xpunaw’

"XapkiBChbKHUil HALIOHANBHUH arpapHuit
yHiBepeuteT iM. B. B. JlokyuaeBa, Ykpaina;
e-mail: plant_biology@mail.ru;
HctuTyT Gioopranivuoi ximii HAH Binopyci;
e-mail: khripach@iboch.bas-net.by

I3 BUKOPHUCTAaHHIM XeNnaTopy iOHIB
kambrito EI'TA  Tta inmribitopa docharummi-
inosuToncrnenudigHoi docdomnimazu C — Heomi-
LUHY — J0CHipKyBanu yyacts Ca’’ B TpaHCAYKIT
CUTHAIB €K30TeHHHX OpacmHOCTEpOiTiB
(bC)  (24-emibpacwnominy —  24-EBJI i
24-emnikactactepony — 24-EKC), mo cipnunHIOI0TH
HIABUIEHHS TEIJIOCTIMKOCTI KJIITUH KOJIEOIITHIIB
mmennmi (Triticum aestivum L.). 24-roguHHa 00-
poOka Biapi3kiB koieonTtumniB 24-EBJI i 24-EKC B
koHIeHTpamii 10 HM crnpudmHIOBana TpaH3UTOP-
HE TOCHJICHHSI TeHepawii cyNnepOKCHIHOIo aHiOH-
panvKaia KIITUHHOIO IIOBEPXHEI0 Ta IOJablie
I IBUIIIEHHSI aKTHBHOCTI CYTIEPOKCHUCMYTA3Hu i
karanasu. [lormepenus 06podka koneontunis EI'TA
1 HEOMIIIMHOM 3HAaYHOI0 MIpOI0 TIPUTHIYyBaja
mi edexTn Ta HiBemoBana crnpuuyuHioBaHe bC
i ABUINCHHS TEIIOCTIHKOCTI KOJICOIITHJIIB
mmeHuI]i. OOroBOPIOIOTHCS MOXIIHBI MEXaHI3MHU
3aJIy4eHHS KaJbli€BOTO CUTHAJIHTY B yTBOPEHHS
AaKTUBHUX (OPM KHCHIO B POCIMHHHUX KJIITHHAaX K
IHIYKYBaHHSI TEIUIOCTIHKOCTI POCIWHHUX KIITHH
3a aii ek3oreaHux BC.

KnaouyoBi cmoBa: OpacuHOCTEpOinH,
KaJIbLlii, akTUBHI (DOPMH KUCHIO, aHTHOKCHIAHTHI
ensumu, Triticum aestivum L.
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ROLE OF Ca IONS IN THE
INDUCTION OF HEAT-RESISTANCE
OF WHEAT COLEOPTILES

BY BRASSINOSTEROIDS

Yu. E. KolupaeV', A. A. Vayner', T. O. Yastreb',
A. I. Oboznyi', V. A. Khripach’

'V. V. Dokuchaev Kharkiv National
Agrarian University, Ukraine;
e-mail: plant_biology@mail.ru;
Institute of Bioorganic Chemistry, National
Academy of Sciences of Belarus;
e-mail: khripach@iboch.bas-net.by

The involvement of Ca*" into the signal trans-
duction of exogenous brassinosteroids (BS) (24-epi-
brassinolide — 24-EBL and 24-epicastasterone —
24-ECS) causing the increase of heat resistance of
the cells of wheat (7riticum aestivum L.) coleoptiles
was investigated using calcium chelator EGTA and
inhibitor of phosphatidylinositol-specific phospholi-
pase C — neomycin. Twenty-four-hour treatment of
coleoptile segments with 10 nM solutions of 24-EBL
and 24-ECS led to a transient increase in the genera-
tion of superoxide anion radical by cell surface and
the subsequent activation of superoxide dismutase
and catalase. Pretreatment of coleoptiles with EGTA
and neomycin depressed to a considerable extent
these effects and leveled the increase in heat resist-
ance of wheat coleoptiles that were caused by BS.
Possible mechanisms of involvement of calcium
signaling into the formation of reactive oxygen spe-
cies in plant cells and induction of heat resistance of
plant cells by the action of exogenous BS have been
discussed.

Key words: brassinosteroids, phospholi-
pase C, reactive oxygen species, calcium, antioxidant
enzymes, Triticum aestivum L.
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