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BHYTPIIIHBOBUJIOBA MIH/IMBICTbh AKTUBHOCTI I CKUIAY
®EPMEHTIB AHTUOKCUJAHTHOI'O 3AXHCTY B'SI3A A3IMCBKOI'O
(ULMUS PUMILA L.), YPAJKKEHOI'O THYROSTROMA ULMICOLA

[IpoananizoBaHo cTaH GepMEHTaTUBHOI aHTHOKCHIAHTHOI CUCTEMH y JIUCTKAX 1
OpyHpKax iHTpomymeHTa — B's3a Huspkoro (Ulmus pumila), ypaxenoro paxoBum
3aXBOPIOBAHHAM (THPOCTPOMO30M), CrpuuuHEeHHM Tpmbom Thyrostroma ulmicola.
Ockineku Bci mepeBa U. pumila crapmioro Biky Oyim 3apaskeHi THPOCTPOMO3OM,
TOMUTBHAM OYJIO MPOBECTH BHYTPIITHHOBUAOBHUN TOIIYK IHAMBIAIB 3 IiIBHIIICHOIO
CTIMKICTIO 110 I KUTTEAISUIBHOCTI TaroreHy. Meroio pobOotu Oyno OIHUTH
iHAWBiAyaJIbHY BapiaOeNbHICTh aKTHBHOCTI 1 CKJIAAy aHTHOKCHIAHTHUX (EPMEHTIB
U. pumila, indixoBanoro T. ulmicola. [Tepokcunasu € Kino4oBUM GEepMEHTOM 3aXHCTY,
ITOB’SI3aHUM 13 3aXHCHUMH IIIITXaMH, Ta BilirPaloTh OCHOBHY pPOJIb Y BIOIOBIAL HA
KUTTEMISUTBHICTD TMATOTEHIB. Y JIUCTKAaX BCIX JIOCHIDKEHUX JIEPEB BHUSBIICHO
BiIMIHHOCTI B aKTUBHOCTI MEPOKCUIA3U MK 3pa3KaMu JIUCTKIB JOCTIKEHHUX IEpEB,
0 3aJleKajlo Bil CTYNEHA IMOIMIKOKEHHS POCIMH TPHOKOBOIO 1HQEKIIIEH0.
PisHOMaHITTS (GYHKIIN TEpOKCHAa3H TOACHIOE HAsABHICTh BEIUKOI KUTBKOCTI
MOJIEKYJISIpHIX (POPM €H3UMY, SIKi € HE TUIbKA MapKepaMu TeHOMY, aje i BU3HAYaroTh
010XiIMIYHUH cTaTyC i aJanTUBHUHA HOTEeHLian pociuH. [3o¢epmentHuil npodine BPx
OpyHBOK BHSBHB BiIMIHHOCTI y CKJIaJi BCIX IEpeB, 3a BUHATKOM 3pa3kiB Ne 2 i 3,
FCHOTUITHUN CKJIaJ] SIKUX OYB TOTOXHHM, ajie¢ BIJPI3HSBCS 3a IMHUTOMOIO Baror
MOJIEKYJSIpHUX (QopM eH3umy. IIpoananizoBani HaMu OpPYHBKH 3 CEMH JAEpeB B's3iB
CTapIIOTO BiKYy BUSBUJIMCH HEOTHOPIAHUMH 33 aKTUBHICTIO Ta KIIBKICTIO KOMITOHEHTIB
BPx i mpomemMoHCTpyBaiu miicTh TUMIB criekTpiB y U. pumila. Bimbiricte 0CHOBHUX
CMYT MEepPOKCUIa3HOI aKTUBHOCTI, po3auiennx [ED, nemoHcTpyBaiv 3HMKEHHS Ha T
ypaKeHHs TPHOKOBOIO 1H(]EKITi€r0.

Kniouosi crosa: Ulmus pumila, Thyrostroma ulmicola, aktusHicTs nmepoxcumasu
1 Karanasu, i30pepMEeHTH IEPOKCHUIA3H.
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INTRASPECIFIC VARIABILITY IN THE ACTIVITY AND COMPOSITION OF
ANTIOXIDANT DEFENSE ENZYMES IN ASIAN ELM (ULMUS PUMILA L.)
INFECTED WITH THYROSTROMA ULMICOLA

Due to the spread of a dangerous cancer disease caused by the fungus Thyrostoma
ulmicola in Asian elm trees (Ulmus pumila), the state of the enzymatic antioxidant
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system in the leaves and buds of the invasive elm species Ulmus pumila (Asian/small-
leaved/stumpy), affected by a dangerous cancer disease caused by the fungus
Thyrostoma ulmicola, was analyzed. Since all 50-year-old U. pumila trees were infected
with thyrostromaosis, it was advisable to conduct an intraspecific search for individuals
with increased resistance to biotic stress, since the survival of plants is determined by
their individual characteristics. The aim of the work was to assess the individual
variability of the activity and composition of antioxidant enzymes of U. pumila infected
with T. ulmicola. The study was conducted on the territory of the Dnipro National
University (DNU), Dnipro, Ukraine (ecologically favorable zone). The trees grew under
the same conditions of illumination, temperature and humidity. Bud samples were
collected in the second decade of March, and leaves in the third decade of July 2023.
Biochemical analysis of plant material was based on determining the activity of
antioxidant defense enzymes: benzidine and guaiacol peroxidase (BPx and GPx,
respectively) and catalase (CAT). The isoenzyme composition of BPx was performed
by isoelectric focusing (IEF) using the Phoretix ID computer program for processing
electrophoregrams. Peroxidases are key defense enzymes associated with defense
pathways and play a major role in the response to a wide range of pathogens. In the
leaves of all studied trees, differences in peroxidase activity were found between leaf
samples of the studied trees, which depended on the degree of plant damage by fungal
infection. The results were confirmed for benzidine peroxidase of tree No. 2 (30%
crown damage), where the activity level was significantly higher compared to other
trees (by 3.3; 2.1 and 2.4 times, respectively, for samples 1, 3, 4 and 5), in which the
degree of plant damage was higher (40-60%). The obtained data are consistent with the
isoenzyme composition of BPx, where it is shown that the greatest completeness of the
spectrum was inherent in sample No. 2, and the least in tree No. 4, in which the intensity
of components was reduced throughout the IEF profile. All major isoforms with Rf 0.37,
0.56 and 0.72 were observed in three leaf samples No. 2, 3 and 5. The studied trees
differed in resistance/susceptibility to T. ulmicola due to the significant variability of
the enzymatic antioxidant system of elm, the variability of which was 51%. The reduced
activity of GPx in leaf samples No. 1 and 4 was compensated by the increased activity
of guaiacol peroxidase, the role of which in plants is in strengthening the cell wall by
its lignosuberinization. The 38% variability of GPx activity among the studied trees
reflected the plasticity of the enzyme depending on the degree of damage to the elms,
as well as on the peculiarities of their metabolism. Catalase functions mainly in the
decomposition of hydrogen peroxide, which is formed as a result of the aerobic process
(photosynthesis, biosynthetic reactions, etc.) into water and molecular oxygen. The
combined action of catalase and peroxidase can ensure normal cell function by
neutralizing excess ROS. According to the data obtained, the activity of catalase in three
trees (No. 1, 3 and 5) was almost the same. It can be assumed that the catalase pathway
of hydrogen peroxide cleavage prevails in them, which is confirmed by the lower
activity of BPx due to the need to deactivate H,O,. In contrast, tree No. 2 had highly
activated both SAT and BPx. The diversity of peroxidase functions explains the
presence of a large number of molecular forms of the enzyme, which are not only
markers of the genome, but also determine the biochemical status and adaptive potential
of plants. The isoenzyme profile of the BPx buds revealed differences in the
composition of all trees, with the exception of samples No. 2 and 3, the genotypic
composition of which was identical, but differed in the specific gravity of the molecular
forms of the enzyme. The buds from seven older elm trees analyzed by us turned out to
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be heterogeneous in the activity and number of BPx components and demonstrated six
types of spectra in U. pumila. Most of the main bands of peroxidase activity, separated
by IEF, showed a decrease in the background of fungal infection.

Keywords: Ulmus pumila, Thyrostoma ulmicola, peroxidase and catalase activity,
peroxidase isoenzymes.

Beryn

B's3 mpibnomuctkoBuit (U. pumila) wanexwuts no poamuu Ulmaceae, sika
Bkmrouae Omm3pko 200 Bupais. lleit Buag Mae a3iaTChKe IMOXOMKEHHS, BBaXKACTHCS
1HBa3MBHMM Maiike y BCiX perioHax YKpaiHH, aje NepeBa)XHO MOMINPEHUH Y MiBISHHUX
obmactax kpaiam [11]. JlekoparruBHa IiHHICTH HEBHCOKA. HaToMicTh B'S3 a3ificbkmii €
IIHHOIO TIOPOJIOI0 3 TOYKH 30py WOr0 MOPO30CTIMKOCTi, ITOCYXOCTIHKOCTI,
HEBUMOTJIMBOCTI J0 POJIOYOCTI IPYHTY Ta BHHOCHTH CJIa0Ky 3aCOJIEHICTh IPYHTY.
Moske pocTH B MICBKHX pailoHax, 0COOJIMBO Ha IMIBICHHHUX CXHJIAX, IJIS 3aXUCTY Bin
eposii rpynry [9]. Ille oxHa 3 #oro mepeBar — CTIHKICTBH J0 TOJLIAHIACHKOI XBOPOOH
(DED), 3aBmsiku 4oMy BBEICHHI 10 MPOTrpaM PO3BEACHHS 3 METOI ITiBHIICHHS
criikocti B'13iB 1o DED [20-21]. OHak 3a ocTaHHI poku cepen Hacamkenb U. pumila
BUSIBIIGHO HOBUI BHJ 3aXBOPIOBAHHS, SIKMH BHUKIIMKA€ PaK TUIOK Ta iX BiIAMHUpAHHI,
30yIHUKOM SIKOTO € TpuOKoBa iH(ekuis Thyrostroma ulmicola, sikuit € HaiiHOBiIIIM
BBEJICHHAM 70 poay Thyrostroma pomunu Botryosphaeriaceae [16]. Taki cummromu
BHSIBJICHI y JaepeB crtapmoro Biky (50—60 pokiB). Y moganplioMy 3a JIOIOMOTOIO
(dbmyopectieHTHOTO OIHOKYIJIsIpa OyJia MiaTBEpKEHA HASBHICTH Ti) Tpubda 1 y MOIoaux
(15- 1 30-piuHOro BiKy) 0€3CMMITOMHHUX POCIIMH B'si3a a3iCHKOTO.

Bimomo, mo wmopdomnoriudi 3MiHM TICHO TIOB's3aHi 3 OIOXIMIYHUMHU B
iH}pikoBaHuX pocimHax [8]. OaHieo 3 HalmepmuX KIITHHHUX peakiiii poCciIvH Ha
naToreHHi iHQeKii € OCHIIeHHsI CHHTE3Y akTHBHUX (popM kucHio (ADK), y Tomy unci
MEPEeKUCY BOIHIO, SIKMM € HaiOinblm crabinpHOl crnomykoto cepen ADK i Bimirpae
CUTHAJIBHY POJIb y peaKiisix pociuH Ha ctpec [15]. Ilix yac aTaku maToreHiB y pociuH
IHAYKYIOTHCS TIE€BHI aHTHOKCHIAHTHI 3aXUCHI MEXaHi3MH, TaKi K 3MiHH B MeTabomi3mi
(eHoNbHUX CHoNyK Ta cuHTe3i hepmeHTiB [8]. OnHuM i3 KIOYOBUX (DepMEHTIB, L0
3a0€3MMevyoTh 3aXKMCT POCIHMH BiJl TMATOTeHIB, € MEpPOKCHa3a, sika BUKOHYE pi3Hi
¢yHKIIT B )KMBHX OpraHi3Max, TakMX SK KaTaji3 KoHAeHcamii (eHody B JITHIH, i
BiJlirpae BayKJIUBY POJIb Y TIMEPUYTIMBOMY CTPUMYBaHHI PO3MOBCIOKEHHS NaTOreHa.
[Tepokcuaasu TakoK KOHTPOJIOIOTH picT, qud)epeHIialiio Ta po3BUTOK POCIUH [6].
ToMy iX pO3MIANAIOTH SIK MapKepH CTPECOBOIO CTaHy POCIMHHOTO OpraHi3My.
Herokcukarisi HO2 BinOyBaeThecsi pa3oM 3 Karanasolo, sika aKTUBYETBCSI 33 BiJIHOCHO
OLIBIIOr0 HAKONMWYEHHS TOKCUKAaHTAa, HiX mnepokcupaza [5]. Takuil mepepo3momin
AKTUBHOCTI OKCHUIOpENyKTa3 3a [ii CTpPecopiB TOB’S3YIOTh 3 €(QEeKTHBHICTIO
AHTHOKCHIAHTHOTO 3aXUCTy Y POCIMHHUX KiTiTHHAX [12].

[Morigomsiiocs, 1o anionHa POD BkjroueHa y BiANOBIIL HA aTaKy MaTOTCHIB
[7]. Onnak mesxi mocmifpkeHHs MoKasanu, o kKaTionHa POD Ttakox mos's3aHa i3
PEaKINEr0 CTIHKOCTI 10 a0i0THYHOTO Ta O10TUIHOTO CTPECIB.

Marepiaju Ta MeTOAU AOCTiIZKEHHS

HocnimxeHHs mnpoBoawid Ha Tepuropii JIHIMPOBCHKOTO HAaliOHAJILHOTO
yHiBepcurety imeni Onecs ['onuapa (JHY) B HacapkeHHI, IpecTaBIeHOMY JepeBaMu
U. pumila piztoro Biky. I3 cuMITOMaMu rpuOKOBOTO 3aXBOPIOBAHHS BHSIBUIIMCH TiTBKH
nepeBa 50-piyHoro Biky. CTaH 340pOB’S KpOHHM B'i3a BU3HAUANIM 3a pe3yjbTaTaMH
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Bi3yaJIbHOI OITIHKH KiTPKOCTI BIIMEPIIUX TUIOK Y KPOHI 1 K BiZICOTOK BiJIMEPIIHMX TiJIOK
(Tabm. 1).

Tabruya 1
PiBeHb MOUIKOIKEHHSI KPOHM epeB B'si3a asiiicbkoro T. ulmicola
Ne nepeBa 1 2 3 4 5
Bincotok BiaMepaux 70 30 40 60 40

TJIOK Y KpOHI

Jluctss 1 OpyHbku nepeB S50-pidHOro BiKy i3 CHMITOMaMH 3aXBOPIOBAHHS
THpOCcTpoMo30oM Bimbupamu B 2023 pomi Ta 36epiramm npu 4 °C mo ekcTpakiii
¢depmenTiB 1 OukiB. [ns depmenraTuBHOi excTpakmii 0,3 T pOCIMHHOTO MaTepialy
romoreHizyBanu npu 4 °C npotsirom 30 cexyH7 3 6 MJI eKcTpakuiiHoro Oydepa, siKuid
mictuB 0,05 M tpuc-HCI, pH 7,4 3 0.5% mnomnisininmipoxizonom (PVP). Ilicas
uentpudyryBanas (14000 g mporarom 15 XB.) eKCTpakTH BHUKOPHCTOBYBAJH IS
010XIMIYHUX aHAJI3iB.

AxTtuBHicTh OeH3umuH-nepokcuaasn (BPOD, EC 1.11.1.7.) BusHauanu 3a
Gregory (1966) B mamiii moaudikarii. MeTom 6a3yeTbcs Ha BUMIPIOBaHHI T'yCTHHH
PO3YMHY OKMCHEHHS OCH3MIMHY 3a il MEpOKCHIY BOJHIO BIIPOAOBXK XBWJIMHHU IPH
490 uM. Peakuniiina cymim mictuia ouroBuit 0ydep, pH 6.0, 0.02 MM OeH3unuH i
0,2 mn 3paska. Pesymsrar BHpaxkamd B U/mg protein*min. I3odepMenTHMI CKan
OCH3UINH-TIEPOKCH/Ia31 BU3HAYAII METOIOM i30enekTpudyHoro ¢okycyBanns (IEF) na
npunani  Ultrophor (LKB, Bromma, Sweden), y niamazoni pH 3.5-6.0. [lns
3a0apBieHHs 130)OpM TEPOKCHIA3d BUKOPUCTOBYBAIM OCH3MOMHOBUI pPEaKTHB.
3alapBiieHi Teni CKaHyBajdM Ta aHANI3yBaJM 3a KOMIT IOTEpPHOIO mporpamoio 1D
Phoretix.

AKTHBHICTh TBasikoy-3anexxnoi nepokcuaasu (GPx, EC 1.11.1.7) ouixroBanu
srimHo 3 Ranieri et al. (2001) nuisixom BHU3HAYEHHSI OKUCY TBasikoiy mpu 470 HM y
peaxuiitHiil cymimri, sika Mmictina ouroBuii Oydep (PH 6.0), 2 MM po3unn rBasKomy,
0,2 mn ¢epmentHoro mpenapaty i 0.15% H»O,. Pesymbratn pospaxoByBamu 3
ypaxyBaHHSIM MOJISIpHOTO Koedimienta ekctunkii (26.6 MM™ cm™) i Bupaskamu B uM
TG/ mg protein*min.

Busnauennst aktuBHocTi Kartanasu (CAT, EC 1.11.1.6) ominrosainu 3rigHo 3 Goth
(1991) msixom BUMiproBaHHSI ONTUYHOI TycTUHM 1ipu 410 HM y peakuiiHiil cymimri 3
0.2 mi ensumHoro npemnapaty, 0,1% H202 i 4 % moniGmatom amonito. Pesynbratn
PO3paxoByBanu 3 ypaxyBaHHAM Koedinienta excrunkmii (22.2 M cm™) i Bupasanu
y MM H,0,/ mg protein*min. YmicT 0ijKy BU3HAYAIH KOJIOPUMETPUYHO B TPyOOMY
eKcTpakTi OinKoBoro mpemapary 3a mertogom Bradford (1976) [2] 3 GapBHUKOM
Coomassi brilliant blue G 250 (Serva, USA) BimHOCHO cTaHZapTy aib0yMiHy
cupoBatku Ouka (Serva, USA) i Bupaxkanu B MI/T.

AHami3 akTUBHOCTI (PEepMEHTIB MPOBOMWIH B 7 OIOJOTIYHMX TMOBTOPHOCTSIX
(n = 7; x £ SD). OnHodakropHUil AUCTIEPCIHHUN aHAaTi3 BUKOPHCTOBYBABCS JUISI
BU3HAYCHHS BiIMIHHOCTEH OlOXIMIYHMX peakiiid pi3HMX BIKOBHX KaTeropi pOCIHH
B'si3iB Ha iHQikyBanHs T. ulmicola. [{ns Bu3Ha4YeHHS IOCTOBIPHOI Pi3HUII IPYHOBUX
cepenHix 3acrocoByBaiu kpurepiii Thioki (Honestly Significant Difference), a piBenn
3HAYYIIOCTI BCTaHOBMOBanM Ha piBHI P < 0,05. Orpumani naHi aHamizyBanud 3a
JIOTIOMOTO10 TIporpamu Statistica (Bepcis 8, StatSoft, CILIA).
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Pe3yabTatu Ta ix 00roBopeHHs

Crpecu HalyacTille BHKIMKAIOTh 3MIHA B AaKTHBHOCTI TEPOKCHIA3U B
ACUMUTSILIHHUX OpraHax POCIHH, PiBEHb SKUX 3aJEKHUTh AK Bil CTYNECHS Ypa)KeHHS
MTaTOTEHOM, TaK i BiJl IHIUBITyaIbHOI peakilii OKpeMHX JepeB B's3a. Pe3yapTaTn aHami3y
akTuBHOCTI (hepmeHTiB B smctkax gepeB U. pumila 50-piunoro Biky, ypaxeHHX
TUPOCTPOMO30M, TOKa3aly TeHOTHUITHI BiIMIHHOCTI B aKTUBHOCTI IIUTOIIa3MaTHYHOI
OeH3UANH-TIEPOKCUIA3U OKpeMHUX fepeB. HalfHnmkui moka3HUKH BUSBWINCH Y JiepeBa 1
(116,06 + 1,7 U/g FW*mg pr.*min), a mait6inemn y mepesa 2 (381,06 +2,5 U/g FW*mg
pr.*min) (puc. 1, a).

150

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
No nepes
[MpumiTka. 3HaYCHHS B KOJIOHKAX BimMideHi pi3Humu OykBamu (a, 0), 3HauyIe BiIpi3HIIOTHCS
3a Tukey-test P < 0.05; BPx — 6ensunun-nepokcuaasa; GPX — reaskosn-nepoxcumaza; CAT —
Karasasa.

Puc. 1. AxtuBHicTh epmenTiB y JucTkax mepes U. pumila 50-piuroro Biky,
ypakenux T. ulmicola

GPx, meM H202/me protein * min
CAT, meh H20Yime protein * min
&

BPx, Ule FW * mg protein * min

AxtuBHicTs BPX y nmuctkax nepesa 2 Oyna B 3,3 pa3y OiibiIoto, HiX y Aepesa 1
(p = 3,22*10™), a nopiBHAHO 3 aKTHBHICTIO eH3uMy y 3 i 4 ocobun — y 2,1 pasy.
VcranoBena Ginbua BiaMiHHICTS (Y 2,4 pasy) TOpiBHAHO 3 aepeBoM 5 (p = 1,74*10°9).
[IpakTn4HO OJHAKOBUI piBEHb aKTHBHOCTI BUsBMIM AepeBa 314 (p =0,424)ta3i5
(» = 0,301). 3nauyma pi3HuLA criocTepirazack Mix aepesamu 4 i 5 (p = 2,03*1073). Sk
3a3Ha4a€eThes B psaAi podit [5, 3, 19], mopiBHAHO CTiliKi O OIOTHYHHX CTpECiB
TCHOTUNM, Ha BiAMIHY BiJi YyTJIMBUX, XapaKTEPH3YIOTHCS BUIIOK IMEPOKCHIA3HOIO
aKTUBHICTIO. MiHIuBicTh akTUBHOCTI BPX ckmagama 51,1 %.

BusiBiieHo Tako)X T€HOTHITHI BiqMIHHOCTI B akTHBHOCTI GPX y mmcTkax pisHHX
nepes B's3a (puc. 1, 6), MIHIUBICTb cepel sSkuX ckiaaana 38 %. BUcokor akTHBHICTIO
BUIUISITUCH AepeBa 1 i 4, pi3HHIS MK SIKUMH Oyjla CTaTUCTHYHO HE3HAUYIIOHO
(p = 0,424). CraTucTu4HMiA aHaIi3 HE MOKA3aB CYTTEBOI Pi3HUIN B akTHBHOCTI GPX y
nepes 2 i 5 (p = 0,386). Cepeniit piBeHb IOTO MMOKa3HUKA CIIOCTEPITaBCA y JiepeBa 3
(3,15 + 0,18 uM TG/mg pr.*min). Binbin Bucokwuii pierb GPX y mepes 1 1 4 moxe
CBIAYMTH TIPO ii OLNBII aKTHBHY y4acTh B YKPIIUICHHI KIITHHHOI CTIHKH IUISIXOM
Bimkmagenus jgirdina. I{i maHi y3romkyrooTbes 3 mociimkeHHsmu [4; 14], axumu
MPOJEMOHCTPOBAaHO, [0 BUCOKHMH piBeHb GPx Moxe OyTH sK pe3yiabTaroM
BKJIIOUEHHS! aHTHOKCHJAHTHOTO 3aXUCTY, TaK 1 HeclequQiqHOI0 peakli€o Ha CTpec,
MOB'A3aHOI0 3 HEOOXITHICTIO CTBOPEHHS (Hi3UYHOTO Oap'epy AJs MEPeIKoKaHHS 1
MOIIUPEHHS NAaTOTeHIB MO POCIIHHI.
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[nmuBigyansHUN aHai3 aKTUBHOCTI KaTalla3W TaKOXK MPOJACMOHCTPYBaB Pi3HY
peaKiilo Ha TJIi YpaKCHHs IMMaTOreHOM JaepeB B'siza (puc. 1, 6). BapiaGenbHicTb
aktuBHOCTI CAT cknanmana 46,7 %. MakcumanbHa akTHUBHICTH Oyna mpUTaMaHHA
nepeBy 2 (9,39 + 0,23 uM Hz0/mg pr.*min). ITopiBHSHO 3 IHIDUMH JepeBaMH
aktuBHICTE CAT nepeBa 2 Oymna J0CTOBIpHO BHIOIO Ha 65,9; 48,1 1 39,5 % nopiBHIHO
3 gepesamu 1, 3 i 5 BiamosigHo. Halimenium piBHeM aktuBHOCTI CAT BiApi3HSIUCS
nuctku nepesa 4 (1,67 = 0,06 uM H>O,/mg pr.*min). Sk BimoMo, kaTanasa Takox oepe
y4acTh y HeHTpaiizamii TokcHIHuX 1 HectadiutbHnX ADK 1 6e3mocepeIHbO ITepEeTBOPIOE
iX Ha KUCEHb 1 Boay 1, Ha BigmiHy Bin BPX, Oepe Oinbmy yuyacts y aetokcukanii H2Oo.

OCKiJIbKM MM CIIOCTEpirajgy 3MiHM B aKTHBHOCTI OCH3WAMH-TIEPOKCHAA3H, IO
Moxe OyTH HachigkoM Momudikariii depe3 BIUIMB JKUBJIEHHS (iTOmaToreHa, MH
monatkoBo  mochimkysann  [ED@  mpodimi  i3odepMeHTiB  HCTKIB. BuBYeHHS
i30pepMenTHOrO cKiIany BPx mo3Bonuino BUSBUTH Y JIMCTKAX JOCIIIKEHUX JiepeB 8 —
9 monekymsipaux Gpopm 3 Rey aiamazoni 0,37-0,75 (puc. 2, 6—¢).
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Puc. 2. IE® npodii (@) i neHcutorpamu (6—¢) GeH3UAMH-TIepoKcHaasu B uctkax U. pumila
50-piuHoro Biky; 1-5 No nepes

VYci 9 i3onepokcuas BizyanizyBajMch y JUCTKax JepeB 2,315, a 8 —y nepes 31 4.
Amnamiz i3odepmeHTHOTO aHamizy BPx JmcTKiB moOKaszaB, IO JOCITIKEHI BHIU
PO3PI3HAINCh HE TUTBKM 3a KUTBKICTIO KOMIIOHEHTIB, ajeé ¥ TPOSIBISIIN BHUCOKY
HECTaOLIBHICTh IIOJI0 AKTUBHOCTI BCiX 130MEpOKCHa3. MIHJUBICTh B aKTHBHOCTI
Mmostekyssipaux Gopm BPx y smcrkax U. pumila crocyBanacst sIK MiHOPHHX, TaK i
OCHOBHUX 30H. Oco0JIMBO BHALIIEThCS KOMIIOHEHT 3 R 0,37, MakcuMalibHAa aKTHBHICTh
sKoro 3adikcoBana y aepes 2 i 5 (puc. 2, 6, €), a Halimenma — y aepesa 1 (puc. 2, 6).
HeoaHno3HauHICTh 3MiH MUTOMOT Bard i30MEPOKCHIA3 Y JIMCTKAX YPaKEHHX I'PHOKOM
JiepeB B's3a a3iiichKOro Moke OyTH TIOB's3aHa 3 Pi3HUM piBHEM TidiB TpuOKiB, 110
MTOMIMPHINCH Y JINCTKAX. Y cTaHOoBJIEHO [13], 0 OLTBIT CTIHKHM A0 TPHOKOBOI 1H(EKIIIT
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Stagonosporopsis cucurbitacearum pocouan Watermelon HaxomuuyioTh OLTBIIOK0
MIpOI0 TepeKHC BOJHIO Yy MiclsX iH(QIKyBaHHS, HDX CIHpUHHATINBI. Take BHCOKe
HakonnueHHs H,O; xopenroBao 3 miIBUIICHHSIM aKTUBHOCTI MMEPOKCH/IA3U Y TIOMIPHO
CTIHKHX 3pa3KiB.

Crmparounch Ha pe3yJbTaTH 3 BUBUEHHS aKTHBHOCTI 130)OpM €H3WMY, MOYKHA
MPUIMYCTUTH, IO JepeBO 2 OuIbII cTilike 10 iHBa3il rprbKka yepe3 BUCOKY aKTHBHICTD
130MepoKcuaa3 MOPiBHAHO 3 AepeBaMu 1, 3—5, y JNMCTKax SKUX BUSBICHO HU3BKY
aAKTHBHICTH 1303uMiB. [ligBUINIeHa aKTHBHICTh Ta HAKONMUYCHHS Pi3HUX 130(hepMEHTIB
MEPOKCHIAa3M, L0 KOPENIOIOTh 31 CTIMKICTIO, OylM 3apeecTpoBaHi MpH Pi3HUX
B3a€EMOJIISIX POCJIMH 1 MAaTOTEHIB, HANPUKIIAM, y MIICHHLI, iH(pikoBaHOT Zymoseptoria
tritici [17], y mpoca, indikosanoro Sclerospora graminicola [18]. 3’scosano [13], mo
3aXUCT KaByHa BiJ KieWkoro (iropToposy cTedia CympoBOKYBaBCS MiABHILEHOIO
AKTUBHICTIO TICPOKCHU/Ia3H, @ TAKOX HAKOIMWYCHHSM KHCJIOI 130()0pMHU TEPOKCUIA3H 3
MOJIEKYJIApHOIO Macoto 45 x/la.

MiHTUBICTh KOMIIOHEHTHOTO CKJIQAy OKCHUIOPEAyKTa3 MOKe OyTH T€HETHIHO
JeTepMiHOBaHO0, a00 HACTiAKOM MoIudiKalii yepe3 BIUIMB YHHHHKIB a0iOTHYHOTO
a00 0I0THYHOTO MOXOJKESHHS, 1[0 XapaKTEePHO s acuMiIsIiiHOTO amapary [10]. s
BHBUYEHHS 130)€pMEHTHOTO CKIaJy TEPOKCHUAA3HOI CHCTEMH BUKOPHUCTOBYIOTH
JUCTKOB1 3a4aTKH TEPMIHATBHUX OpPYHBOK, OCKUIBKH Y HHUX CKJIaZ (epMEeHTIB
BijoOpaXkae iX reHOTUIHI 0ocobauBoCTi [1].

Pe3ynbraTi anamizy muTOMOi akTUBHOCTI BPX y OpyHBKaX B'SI3iB CTapIIoro BiKy,
3i0paHoro y Oepe3Hi, BHUSBHIM 3HA4YHY MIHJIMBICTH y niamasoni 41,75-157,8 Ulg
FW*mg pr. (puc. 3).

180

160 %

140
120+

100

60
40 H
204
1 2 3

Puc. 3. Akrusnicts BPx y 6pynskax U. pumila, ypaxernoro T. ulmicola

BPyx, Ujg FiW*mg protein*min
-
=
i

4 5 Ne nepeB

BigminnicTs akTrBHOCTI BPX Mik nepeBamu 1 1 4 ckiana 278 % (p = 1,41*10'10).
3Hauymoi pi3HMINI B aKTHBHOCTI TEpOKCHIa3n y aAepeB 2 1 5 He 3adikcoBaHO
(p = 0,142). TIpomixkHe 3Ha4eHHS akTHBHOCTI BPX Oyino mpuramaHHe aepeBy 3
(102,07 + 4,3 U/g FW*mg pr.*min U/g FW*mg pr.).

[IpoTtecToBaHi HaMu OpPYHBKH 3 CEMH JAEPEB B'sI31B CTapIIOro BiKy BHUSIBHIIMCH
HEOJTHOPIAHMMHY 3a aKTHBHICTIO Ta KiJbKicTIO MoJekymsapHux ¢opm (MdD) BPx i
NPOJEMOHCTPYBAII LIicTh THIIIB criekTpiB y U. pumila (puc. 4).

Bpyubku nepes U. pumila nokasanu Bix 8 10 15 monekynsipaux popm hepmeHTy
(M®D). Jlepesa 4—7 BusBWIM NOTIMOPGHI MATEPHH 1, TOJIOBHUM YHHOM, B JIiala3oHi
Rf 0,62-0,68. KinbkicTs i30opM y wiit obnacTi ckiagana 2—3 KOMIIOHEHTH 3 Pi3HOIO
MUTOMOIO Baroo.

30



ISSN 2073-8331. [InTaHHs CTENOBOIO JiCO3HABCTBA Ta JIicOBOI peKy/JbTHBaNii 3eMeb. Tom 54, 2025

b
A - 2] (] (=]
ENEY 5] IFl_I
i
] Wi
200
— — ——— — — — £ 1
= =2 ——-‘, — S @
— Eand 5 ]
i ' a : :
= 100
] ]
= ]
i - o ] v L
50 |
7 L
1 2 3 4 5 6 7 ] \_
0 T T T T T T T T T
0.0 0.1 02 02 0.4 05 0.€ 0.7 0g 0g 1.0
1 Rf
Hie i L) ;
3 T|3])E]7] 1
e HaE o] E v ; i
f., ¥ IR ] i
00 l \'\ 200 ] J 1 l‘
{Inhie : il
o
100 ' J\h ’\ 100 ] MW "‘ %
v i’”\
i 1 \
oy iL N If 0 { { J \
I [ | o |
0 - —T— 0 T T T —T 1
80 01 02 03 04 05 08 07 08 09 10 00 01 02 03 04 05 08 07 08 08 10 00 04 02 03 0% 05 08 07 0F 03 10
2 3
BB G [2] [2](e] [] Tmﬁ
1 7
[][_r ] [ \‘\T‘I !!
I ! : I
2004 200 200
150 o 150 150 -
100 = 100 o 100
0 50 0
SO RO N N N N N RO AN N B ¢ Mo 050 o0 040 040 00 Ovo 080 O Da-a‘a‘m‘a"n‘a‘an‘n!mlala‘a-‘a‘n‘wn‘ngnlnéal
000 0.10 020 0.30 040 050 080 070 0,80 050 000 010 0.20 0,30 040 0.50 0.£0 070 0.90 0.90 .00 010 020 0,30 0.40 0.50 00 070 0,50 0,
5 6 7

Puc. 4. IEF npodini BPx y 6pynskax nepes U. pumila: 1-7 — Ne nepes;
Rf — BigHOCHA eekTpoopeTHIHA PYyXOMICTh

bpynbku gepeB 4 i 6 mamu no tpu i3odpopmu (Rf 0,62; 0,65 i 0,68), siki
BIJPI3HSUIMCH 33 aKTUBHICTIO epMeHTy. Y OpyHBOK aepeB 5 1 7 3adikcoBaHo Mo
2 izomepokcuaasu: 3 R10,62 10,68 y nepera 510,5910,62 y nepesa 7. HaiiGinbmr Baromy
yactky B [E® npodini BPx manu komnonenTtu B giamazoni Ry 0,85-0,92, mutoma Bara
SIKUX Cepe]l TOCIiKEHUX JepeB KonuBanach Bif 42,2 no 54,9 %.

Orxe, pi3Hi mpodisni aKTUBHOCTI TEPOKCHAA3H BiOOPaKalOTh JAOMiIHYBAaHHS
MIEBHUX 130TIEPOKCHIA3, 110 MOXE CBIMYUTH PO iHAWBIAYaTbHY UYTIUBICTH POCITHH
B's3a O 3aXBOPIOBAHHS. BUBYEHHS TE€HETUYHOTO PI3ZHOMAHITTS MOXeE 3'SICYyBaTH
MIPUYUHH CTIHKOCTI/9yTIMBOCTI OKPEMHX POCIHH JI0 CTPECiB O10THYHOTO MTOXOJIKEHHSI.

BucHoBku

VY crarTi mpencraBieHo OiOXIMIYHMI aHami3 JAepeB B's3a MPU3EMKYBaTOTO
U. pumila L. IlpoanamizoBano BapiaOelbHICTh aKTHBHOCTI 1 CKiamxy OCH3MIMH-
NEPOKCHUIa3H, T'BAsSKOJI-TIEPOKCUAA3H 1 KaTana3u JIMCTKIB 1 OPYHBOK OKPEMHX JEpeB
U. pumila, ingikoBanux Thyrostroma ulmicola. Tloka3ano CyTT€BY MiHJIHBICTb
aKTHBHOCTI ()EPMEHTIB, 3yMOBICHY T'€HOTHIIOM OcoOWH B'a3a. IlpomemoHcTpoBaHO
BHCOKY T€TE€POTeHHICTh MEPOKCUAA3HOI CHCTEMH JIMCTKIB i OPYHBOK B'si3a a3iCHKOTO,
IO MiJTBEPIIKYE HOTO 3/IaTHICTh Al TYBaTHCS IO HECTIPHATIMBUX YMOB CEPEIOBHIIA.
IHauBinyanpHi BIAMIHHOCTI B 130€H3UMHOMY CKIIaJi OCH3MIMH-TICPOKCHAA3H OyJn
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MpUTaMaHHI JIAIE JIUCTKaM pociauH B's3a. Ha T1ii  iHbiKyBaHHS TpHOKOBHM
3aXBOPIOBAHHSM CIIOCTEPIraJIiCh B OCHOBHOMY KIJIbKICHI 3MIHHM B IHTEHCHBHOCTI
i30hopm BPx. YcTaHOBIEHO reHOTHITHI BIIMIHHOCTI B OKpemux pociunax U. pumila za
i3obepmenTHUM TIpodiieM BPX OpyHBOK, V SKHX BHSABJICHO IIICTh THITIB CIEKTPIB
IepeB. 3a  OTpUMAHUMH  JAaHWUMH  JIOCHIDKEHI  JepeBa  PI3HATBCS 34
CTIMKICTIO/4yTIUBICTIO 10 (¢iTonmaroreHa 3a paxyHOK 3HA4HOi BapiabembHOCTI
€H3UMATHYHOI aHTHOKCHJAHTHOI CHCTEMHU B'sS3a a3iiichbkoro. CTIMKICTh POCIMHHUX
KIITHH 10 OIOTHYHOTO CTPECYy BHU3HAYAETHCSI (DYHKIIOHYBAHHIM KOMIUICKCY
MeTa0O0IIYHUX PEaKIlil, IKi BKIFOUAIOTh SK HEOOXiTHIUI KOMIIOHEHT BUCOKY aKTUBHICTh
nepokcuaasu i karamazu. [lomanbimi JOCTIIKEHHS, IO CTOCYIOTHCS PI3HOMAHITTS
CKIIaAy i1 aKTUBHOCTI (hepMEHTIB-aHTHOKCHUIAHTIB Ta IX IHAYKITiT Y pOCITHHH-TOCTIONAPSI,
MOXXYTh HaZaTd HOBY IiHoOpMaIio Ui CHpPHSHHA [porpamMaMm OopoTbOM 3
¢iTonaroreHoMm.
Bidaiorpadgiuni nocunanus

1. Kopwiukoe I1I., Komoeé B.C., Muxeenxo ILII., Henamenxo A.A.,
Yepuviwosa JI.B. B3auMonelCTBHE PACTEHUN C TEXHOI'CHHO 3arpsA3HEHHON CPEIOH.
YcroitunBocts. @uronHaukanus. Onrumusanusa. Kuis, Haykosa gymka. 1995. 192 c.

2. Bradford M.M. A rapid and sensitive method for guantitation of microgram
guantities of protein utilizing the principle of protein dye binding. Anal. Biochem. 1976.
72. P. 248-254.

3. Cai G., Zhang Y., Huang L., Wang N. Uncovering the Role of PdePrx12
Peroxidase in Enhancing Disease Resistance in Poplar Trees. Journal of Fungi. 2023.
9(4). P. 410.

4. Caverzan A., Casassola A., Brammer S.P. Reactive oxygen species and
antioxidant enzymes involved in plant tolerance to stress. In: Shanker A., editor. Abiotic
and Biotic Stress in Plants-Recent Advances and Future Perspectives. In Tech; London,
UK. 2016. [(accessed on 22 September 2021)]. P. 463-480.

5. Huseynova I.M., Aliyeva D.R., Mammadov A.Ch., Aliyev J.A. Hydrogen
peroxide generation and antioxidant enzyme activities in the leaves and roots of wheat
cultivars subjected to long-term soil drought stress. Photosynthesis Research, 2015. 125
P. 279-289.

6. Kmieé K., Kot L., Rubinowska K., Gorska-Drabik E., Golan K., Sytykiewicz H.
The Variation of Selected Physiological Parameters in Elm Leaves (Ulmus
glabra Huds.) Infested by Gall Inducing Aphids. Plants (Basel). 2022. 18;11(3). P. 244.

7. Lagrimini_L.M., Rothstein S. Tissue Specificity of Tobacco Peroxidase
Isozymes and Their Induction by Wounding and Tobacco Mosaic Virus Infection. Plant
Physiology. 1987, 84 (2). P. 438-442.

8. Lebeda A., Luhovd L., Sedldifova M., Janéova D. The role of enzymes in
plant-fungal pathogens interactions / Die Rolle der Enzyme in den Beziehungen
zwischen Pflanzen und pilzlichen Erregern. Zeitschrift fiir Pflanzenkrankheiten und
Pflanzenschutz. Journal of Plant Diseases and Protection. 2001. 108(1). P. 89-111.

9. Lee H., Han Il G., Cheong E.J. Effect of different treatments and light quality
on Ulmus pumila L. germination and seedling growth. Forest Science and Technology.
2021. 17(3). P. 162-168.

10. Mahmoud A.F., Abd El-Fatah B.E.S. Genetic Diversity Studies and
Identification of Molecular and Biochemical Markers Associated with Fusarium Wilt
Resistance in Cultivated Faba Bean (Vicia faba). Plant Pathol. J. 2020. 36(1). P. 11-28.

32


https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.3390/jof9040410
https://doi.org/10.3390/jof9040410
https://doi.org/10.3390/jof9040410
https://doi.org/10.1007/s11120-015-0160-7
https://doi.org/10.1007/s11120-015-0160-7
https://doi.org/10.1007/s11120-015-0160-7
https://doi.org/10.1007/s11120-015-0160-7
https://doi.org/10.3390/plants11030244
https://doi.org/10.3390/plants11030244
https://doi.org/10.3390/plants11030244
https://doi.org/10.1104/pp.84.2.438
https://doi.org/10.1104/pp.84.2.438
https://doi.org/10.1104/pp.84.2.438
https://doi.org/10.1080/21580103.2021.1968960
https://doi.org/10.1080/21580103.2021.1968960
https://doi.org/10.1080/21580103.2021.1968960

ISSN 2073-8331. [InTaHHs CTENOBOIO JiCO3HABCTBA Ta JIicOBOI peKy/JbTHBaNii 3eMeb. Tom 54, 2025

11. Meshkova V.L., Kuznetsova O.A., Khimenko N.L. Occurrence of Ulmus L.
in the different forest site conditions of eastern Ukraine. Forestry and Forest
Melioration. 2022, (140), P. 9-11.

12. Mika A4., Minibayeva F., Beckett R., Liithje S. Possible functions of
extracellular peroxidases in stress-induced generation and detoxification of active
oxygen species. Phytochemistry Reviews. 2004. 3. P. 173-193.

13. Nga N.T.T., de Neergaard E., Jorgensen H.J.L. Infection Biology of
Stagonosporopsis cucurbitacearum in Watermelon and Defence Responses in the Host.
Agriculture. 2024. 14. P. 380.

14. Ninkuu V., Yan J., Fu Z., Yang T., Ziemah J., Ullrich M.S., Kuhnert N.,
Zeng H. Lignin and Its Pathway-Associated Phytoalexins Modulate Plant Defense
against Fungi. Journal of Fungi. 2023. 9(1). P. 52.

15. Rajput V.D., Harish, Singh R.K., Verma K.K., Sharma L., Quiroz-
Figueroa F.R., Meena M., Gour V.S., Minkina T., Sushkova S., Mandzhieva S.
Recent Developments in Enzymatic Antioxidant Defence Mechanism in Plants with
Special Reference to Abiotic Stress. Biology (Basel). 2021. 10(4). P. 267.

16. Senwanna C., Wanasinghe D.N., Bulgakov T.S., Wang Y., Bhat D.J.,
Tang A.M.C., Mortimer P.E., Xu J., Hyde K.D., Phookamsak R. Towards a natural
classification of Dothidotthia and Thyrostroma in Dothidotthiaceae (Pleosporineae,
Pleosporales). Mycosphere. 2019. 10. P. 701-738.

17. Shetty N.P., Kristensen B.K., Newman M.-A., Moller K., Gregersen P.L.,
Jorgensen H.J.L. Association of hydrogen peroxide with restriction of Septoria tritici
in resistant wheat. Physiol. Mol. Plant Pathol. 2003. 62. P. 333-346.

18. Shivakumar P.D., Geetha H.M., Shetty H.S. Peroxidase activity and isozyme
analysis of pearl millet seedlings and their implications in downy mildew disease
resistance. Plant Sci. 2003. 164. P. 85-93.

19. Shupranova L., Holoborodko K., Zhukov O., Shulman M., Loza I,
Seliutina O., Ivanko I. Antioxidant activity and resistance traits of Aesculus species
against Cameraria ohridella Deschka & Dimié infestation in the Ukraine steppe
Dendrobiology,2024. 92. P. 89-100.

20. Solla A., Martin J.A., Corral P., Gil L. Seasonal changes in wood formation
of Ulmus pumila and U. minor and its relation with Dutch elm disease. New Phytologist.
2005. 166 (3): P. 1025-1034.

21. Zalapa J.E., Brunet J., Guries R.P. Patterns of hybridization and
ntrogression between invasive Ulmus pumila (Ulmaceae) and native U. rubra. American
J of Botany. 2009. 96(6). P. 1116-28.

Haoiwuna oo peoxoneeii 01.11.2025 p.

33


https://doi.org/10.33220/1026-3365.140.2022.3
https://doi.org/10.33220/1026-3365.140.2022.3
https://doi.org/10.33220/1026-3365.140.2022.3
https://doi.org/10.3390/agriculture14030380
https://doi.org/10.3390/agriculture14030380
https://doi.org/10.3390/agriculture14030380
https://doi.org/10.3390/jof9010052
https://doi.org/10.3390/jof9010052
https://doi.org/10.3390/jof9010052
https://doi.org/10.3390/biology10040267
https://doi.org/10.3390/biology10040267
https://doi.org/10.3390/biology10040267
https://doi.org/10.3390/biology10040267
https://doi.org/10.5943/mycosphere/10/1/15
https://doi.org/10.5943/mycosphere/10/1/15
https://doi.org/10.5943/mycosphere/10/1/15
https://doi.org/10.5943/mycosphere/10/1/15
https://doi.org/10.12657/denbio.092.007
https://doi.org/10.12657/denbio.092.007
https://doi.org/10.12657/denbio.092.007
https://doi.org/10.12657/denbio.092.007
https://doi.org/10.1111/j.1469-8137.2005.01384.x
https://doi.org/10.1111/j.1469-8137.2005.01384.x
https://doi.org/10.1111/j.1469-8137.2005.01384.x
https://doi.org/10.3732/ajb.0800334
https://doi.org/10.3732/ajb.0800334
https://doi.org/10.3732/ajb.0800334

