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BEAOPYCCKUU U3O0OAAT SCLEROTINIA SCLEROTIORUM KK-1:
OAKTOPHBI ITATOTEHHOCTU U YYBCTBUTEABHOCTbD
K TEPBULIUAY TANDOCATY

E. B. KVJIHK", M. A. IIYKIIUHA", A. H. EBTYIIIEHKOB"

YBenopycckuii 2ocydapemeennviii ynusepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, Benapyco

[Ipoanann3upoBaHbl pOCT MHLENHS, (POPMUPOBAHKE CKIIEPOLIMEB, & TAKKE MOJIUTaJaKTypOHa3Hasl, O-aMHJIa3Hast ¥ 1e-
JIFONIa3Hast aKTUBHOCTH y Oeopycckoro usonsta rpuda Sclerotinia sclerotiorum KK-1, BeIieneHHOTO M3 WHPHUIIUPOBAH-
HOW TKaHW KOpHeIuIofa MopkoBH (Daucus carota subsp. sativis). YCTaHOBJIEHO, YTO TPOIYKIHS ITOJUTaJIaKTypOHA3bI
WHAYIHPYETCS NEKTHHOM U TIoABepraeTcs karabomutHoi penpeccun. C ucnoibp3oBanueMm PDA-cpensl, conepikarieii nH-
TUKATOPHBIN peakTHB OpoM(EHOIOBEIN CHHIH, BBIABICHA CEKPEINS IIABEIIEBOH KHUCIOTHI, KOTOpast SBISETCS 3HAUNMBIM
¢akTopom maroreHHoCcTH TpHda. [Tokazano, uro mmdocar (koMmepaeckuii ananor — « TopHamzo), 100aBIECHHEIH B Cpexy
KyJIETUBUPOBaHMSI B MUHUMAJIBHOM M3 UCTIONB3YeMbIX 7103 (200 MI/I1), BbI3bIBAJI CYIIECTBEHHOE HHIMOMPOBAHHUE KaK pOCTa
MUIIENHNs, TaK ¥ (POPMUPOBAHUS CKIEPOIHEB. YCTAHOBIEHO, YTO TPOAYKIMS O-aMMJIa3bl U IIEJUIIONa3bl, B OTIMYHE OT
CHHTE3a MOJIMTrallaKTypOHa3bl, HHTHOUpyeTCcs TIU(OocaTom.

Knioueswle cnosa: Sclerotinia sclerotiorum; ¢popMupoBaHue CKIEpPOLUEB; MOINUTANAKTYPOHA3HAsI AKTUBHOCTD; OL-aMH-
JIa3Hast aKTUBHOCTb; LEJUII0Ia3Hasl aKTUBHOCTD; I ocar.
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In the presence work, mycelial growth, sclerotia formation, polygalacturonase, o-amylase and cellulase activities of
a Belarusian fungal isolate Sclerotinia sclerotiorum KK-1 collected from infected carrot (Daucus carota subsp. sativus)
were analyzed. It was established that polygalacturonase was induced by pectin and subject to catabolite repression by
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glucose. The ability of the isolate to produce oxalic acid, an important factor of pathogenesis, was observed throughout fun-
gus incubation on PDA medium amended with bromophenol blue. Glyphosate (commercial counterpart «Tornado») starting
from its level in the medium of 200 mg/L caused a significant inhibition of mycelial growth and sclerotia formation. It was
observed that o-amylase and cellulase activities were inhibited by glyphosate unlike polygalacturonase activity.

Keywords: Sclerotinia sclerotiorum; sclerotia formation; polygalacturonase activity; a-amylase activity; cellulase acti-
vity; glyphosate.

BBenenue

Sclerotinia sclerotiorum — IMUPOKO pacpoCTPaHEHHBIN (PUTONMATOTEeHHBIN IPUO, KOTOPBIN MopakaeT Oosee
400 BUIOB pacTeHUH W BBI3bIBACT 3a00JICBAHME I10]I HA3BAHUEM «CKIICPOTHHHO3Y», WU «Oenas rHHIbY [1].
BonbmmHCTBO pacTeHuid, MOBEPKEHHBIX 3aPaKEHUI0, OTHOCSATCS K JIBYJIONBHBIM, XOTS BBISIBJICHO 3HAYUTEIb-
HOE KOJTMYECTBO CEIBCKOXO3SMHCTBEHHBIX BUIOB OJHOMOIBHBIX PACTeHHA, TOpakaeMbIx S. sclerotiorum. Oco-
OCHHO CHIIBHYIO YIpo3y CKJIEPOTHHHO3 MPEACTABISET [UIsl COEBBIX 0000B, (hacoiu, MOICOTHEYHHKA, parca,
apaxuca. Kak B nporiecce KynIbTUBUPOBaHUS PACTEHUH Ha TOJSIX, TaK U MPH pa3MENIeHUH WX B XpaHWINIIAX
rpu0 MOXKET 3apaskaTh MOJIOJbIE CAXKEHIIBI, B3POCIbIe PACTEHHs, IIOAbI, KOPHEIIonkl. biaronaps cnocodHoctn
S. sclerotiorum BbDKMBATh HA MH(OUIIMPOBAHHBIX TKAHSX, B [TOYBE, HA )KUBBIX PACTEHHSIX 3a00J€BaHUE MOXKET
OBICTPO PACHIPOCTPAHATHCS OT PACTEHUS K PACTEHHUIO.

JlanHbIe, HAKOTUIEHHBIE B TEYCHHE TTOCTEIHUX JIET, YKa3hIBAIOT HAa TOHKOE B3aMMOJIEHCTBHE ITOTO arpec-
CHUBHOTO HEKPOTPO(HOTO MMaTOreHa ¢ €r0 MHOTOYHCICHHBIMH X035ieBaMU. Y CKJIEPOTHHUHU OBLIN UACHTU(DU-
UPOBaHbl HEOOJbIINE CEKPETOPHBIE OCNIKM, (QYHKIHMS KOTOPBIX 3aKJIIOYaeTCsi HE TOJBKO B MOJABICHHUU 3a-
HIMTHBIX MEXaHW3MOB XO35MHA, HO M B MHAYKIWHU rudenu ero kietok [2; 3]. Kpome Toro, xapakrepucTuka
TCHOB, YYaCTBYIOIIMX B OMOCHHTE3€ U JIerpajialliy [IaBEIeBOH KHUCIIOTHI, MOKa3aja, YTO BHICOKHI ypOBEHB
BHPYJICHTHOCTH TIOJZIEPXKUBAETCS Oiarofapsi ITMHAMHUYECKOMY KOHTPOJIO HAKOTUICHHS IaBEJIEBOM KHCIIOTHI,
OCYIIECTBIISIEMOMY ITOCPEACTBOM Pa3HOOOpa3HBIX MEXaHU3MOB. Pe3ylnbTaThl SKCIIEpUMEHTOB C MyTaHTaMHU
¢duTonaroreHa, y KOTOPBHIX OTCYTCTBOBaJIa IaBeeBast KMCIOTa, yKa3bIBall Ha BOBMOXKHYIO €€ POJIbh Kak (hak-
TOpa KooHU3auuu [4].

duronaroreHHbIit TpUO S. sclerotiorum — onuH U3 Hanbosee HeCTeU(UIHBIX PACTUTEIBHBIX MATOTCHOB.
Ha navyanpHbIX 3Tamax MHQEKIMOHHOTO MpoIiecca OH CEKPETHPYET OOJbIIOE KOMHMUECTBO THIPOIUTHICCKIX
(hepMEHTOB, YUACTBYIOIIHNX B JETPaaIlii KIICTOYHOW CTEHKH PaCTeHUH, — MOIATaJIaKTypOHA3kI [S5; 6], metro-
nassl [ 7], mirokaHassl, keuwinaHasbl [8—10], amunaser [11; 12].

Cpeny pa3in4HBIX THAPOJA3 TOJIMTATaKTypOHa3a SBISETCS 3HAYMMBIM (DEPMEHTOM MEKTOIUTUYECKOTO
KOMIUIEKCA CKJICPOTUHHUU M CUUTACTCS OJHUM M3 OCHOBHBIX (PaKTOPOB MAaTOTCHHOCTH, KOTOPBIA HEOOXOAUM
JUISl BHEIPEHUsI Tpr0a B KIJIETKU XO35MHA. Pe3ynbrarsl MOJICKYISPHO-TEHETUYECKUX HCCIICIOBAHUHN TTOKa3alH,
4qTO 0OpaszoBaHue y S. sclerotiorum MHOKECTBEHHBIX (HOPM SHIOIIOIUTATIAKTYPOHA3 OOBSICHSIETCS TTOCTTPAHC-
JSAIAOHHON (TITMKOJIM3UPOBAHNE) WIIH TTOCTCEKPEIMOHHON (TIpoTeonn3) Momudukanue GepmenTa. AbTep-
HATUBHOM MPUYUHON TaKOTO Pa3HOOOPA3Hs SHIOTOIUTATAKTYPOHA3 MOKET OBITh IPHHAICKHOCTh KOIUPYIO-
IIMX UX F€HOB K MYJIBTUTEHHOMY ceMeWcTBy [5; 6]. Becbma BepoATHO, YTO HaaMunue MHOXECTBEHHOCTH
MICKTUHA3HBIX TCHOB y rprba odecrieurnBaeT ruOKOCTh U aJIalTall|Io IIATOTCHA K IIUPOKOMY CIICKTPY Mopakae-
MBIX PaCTEHU.

DU3HOIIOTHYECKUE UCCIIeIOBAHHS TTaTOreHe3a, BBI3BAHHOTO S. sclerotiorum, BBIIBIUIIN TECHYIO CBSI3b C EI-
JFONONUTHIEeCKUME epmeHTamu [7]. Habmomaemas mocieoBarenbHas erpaianys Kak HAaTHBHOM, TaK M pac-
TBOPUMOI IIEIUTIONIO3bI YKA3bIBACT HA TO, YTO ATOT IPpUO 00JIa/1aeT MOTHOH EIUTIOIONUTUYECKO CUCTEMO. YcTa-
HOBJICHO, UTO IIeJUTIoNasa S. sclerotiorum mpeacTapieHa KOMILIEKCOM U3 Tpex (hepMeHToB: (hakTopa HaOyXxaHus,
MHHUIMHPYFOIIETO MOATOTOBKY K JAajbHEHIIIEMY paclIeIICHUIO IEJUTIONO03b], TEPMOCTa0MITbHOM «BUCKO3BUMETPH-
YECKOM» IEJUTIONA3hbl U TePMOJIAOHITBHON B-TIIFOKO3MIa3bI.

Awmmiaza — KOHCTUTY THBHBIA (P€PMEHT, BCTPEUAIOITUICS Y IIPEACTABUTENICH pa3TNIHBIX TAKCOHOMHYCCKUX
rpymi. OHa ecTh He OvH (DepPMEHT, a KOMIUIEKC YH3UMOB, THJIPOIU3YIONINX KpaxMall, — Ol-aMUIa3bl, TEKCTPH-
Ha3bl 1 IIIOKOaMUIasbl. B KynbTypanbHOH KHUIKOCTH KOJIEKIMOHHOTO mTamma S. sclerotiorum (Tynuc), Beipa-
HICHHOTO Ha OBCSHOH MyKe, OblIM OOHapy KeHbI ABe (GOpMBbI (-amuasbl (1,4-0-D-DoKkaHIIOKaHOT UAPOIIa3bl)
¢ MoeKyJsipHOit Maccoit 43 u 54 x/la [11; 12]. BeisiBnennas y o-amuiia3bl MEHbIIEH MOJIEKYISIPHON Macchl
CMOCOOHOCTH 00Pa30BHIBATH MATTBTOTPHO3Y B KAYECTBE OCHOBHOTO KOHEYHOTO MTPOILYKTa OTKPHIBAET MEPCIEK-
THBBI €€ UCTIONB30BaHUS B PA3IMIHBIX OMOTEXHOIOTHYECKUX MPOIIEccaXx.

Ha ceropnsimauii 1eHb IIIaBHBIM CIIOCOOOM 3aIllUThI CEITbCKOX03HCTBEHHBIX PACTEHUH OT CKIEPOTHHHO03a
ocTaercsi mpuMeHeHne QYHIHuuaoB. B psige HaydyHO-MCCIeq0BaTelnbcKuX paboT ObUIO MOKa3aHo, YTO yHH-
KaJbHBIA TepOnIua mudocar, MUIICHBIO IEHCTBUSI KOTOPOTO ABJSIETCS JEPMEHT S-CHONMUPYBHIIINKAMAT-
3-ocdarcrHTaza MUKAUMATHOTO MYTH CHHTE3a apOMATHYeCKHX aMUHOKHUCIIOT Y pacTeHHid, 00ialaeT aHTHu-
(hyHTATBFHOM aKTUBHOCTBIO in Vivo | in Vitro B OTHOIICHHWH OOJBIIOTO CIIEKTpa (PUTOMATOTCHHBIX TPHOOB:

55



Kypnaa Besopycckoro rocyiapcrseHHoro ynusepcurera. buonorus. 2020;3:54-63
Journal of the Belarusian State University. Biology. 2020;3:54—63

Phytophthora cinnamomi (Bo30yauTelIb KOPHEBOW THIUIA COCHBI IYUIHUCTOH ), Septoria nodorum (Bo30OynuTens
cenTopuo3a Kojoca), Puccinia striiformis f. sp. tritici (Bo30yanTenb KeATOH pKaBUMHBI MIIEHUIIBI), P, triticina
(BO30YIUTEND JTMCTOBOM prKaBUMHEI MIIECHUIIBI), Phakopsora pachyrhizi (BO30yIUTENb a3MaTCKON PrKaBUNHBI
com) [13-17].

Ienb aHHOM PabOTHI COCTOSIIA B BBIABICHHUH Y Oetopycckoro usoisita S. sclerotiorum KK-1 nonuranakrypo-
Ha3HOM, O-aMHUIIA3HOM, a TaKXKe IIEJUTF0JIa3HONW aKTHBHOCTH KaK OCHOBHBIX (DAKTOPOB MATOTCHHOCTH M OICHKE
€ro YyBCTBUTEIBHOCTH K TepOonnuay rudocary.

MaTepI/IaJ'IbI U METOAbI HCCJICAOBAHUSA

OObeKTOM HcCIeJoBaHUS SIBISUICS OeNOPYCCKHA M30JAT (huTonarorenHoro rpuda S. sclerotiorum KK-1,
BBIJICJICHHBIH 13 IOPAKCHHON TKaHU KOPHEII0Aa MOpKoBU (Daucus carota subsp. sativus).

OreHKa YyBCTBUTEIBHOCTH M30JI5ITA K JIeHCTBYIOLIEMY BelecTBy repounmaa « TopHanoy» (rmudocat — u30-
nponuiaaMuHHas coiib N-GochOHOMETHIIINIMHEA) TPOBOANIACE B Halkax Ilerpu Ha kapToQeabHO-III0K03-
Ho# arapmu3oBanHO# cpene PDA (Fluka Biochemika, l1IBetinapust) 6e3 repOunmma (KOHTPOIB) U C €r0 JI0-
OasienueM B auanasoHe koHueHtpauui 200—1000 mr/n. Ha cpeny BBIKIaIbIBaIuCh arapu30BaHHBIC TUCKH
JUaMEeTPOM 5 MM C aKTUBHO PACTYIIMMH KOJOHUsAMH rpuba. Ilocne mHKyOanuu B yCIOBHAX TEMHOTHI IIPU
temneparype 20—22 °C Ha 5-# 1eHb OCYLIECTBIISIICS yUeT Pe3yJbTaToB: U3MEPEHUE AMaMeTpa 30HbI MOKPHI-
TSI MULIEJIMEM CPEZbl M TOZCUET KosnuecTBa ckieponueB. [IponenT uarubuposanus (/) paccauThiBajcs 1o
dhopmyne [18]

_C-F
C

rae C — quaMeTp (B CAaHTUMETPAx) 30HBI TOKPBITHS MHULIEIAEM CPeAbl (MU KOJTMYECTBO CKIEPOLMEB) HA KOHT-
PosbHOM yarke 0e3 1odaBneHus repOuunaa; /' — aHalornYHbIe TapaMeTpbl, aHaIM3UPpYyEeMble Ha YalllKe ¢ Tep-
OUIUIOM. DKCIIEPUMEHT MPOBOIMIICS B TPEXKPATHOM MOBTOPHOCTH.

Jst monmyvyeHus mpenapara mojMrajakTypOHa3bl OCYIIECTBISUIOCH KYJIBTUBUPOBAHUE IPr0a B KHUIKOM MUHHU-
MaJbHOH COJIEBOM Cpesie, COCTaB KOTOPOH IpecTaBiieH B padbote [9], ¢ nobarienuem 1 % MUTPyCcOBOTO MEKTHHA
i 2 % tmoko3sl ipu 28 °C 1 HenpepbhIBHOM MEepeMEIIUBaHIN co ckopocThio 150 o06/mun. TTocne nnkyba-
LMW B TEYCHHE BPEMEHH, OTPENEIIEMOr0o SKCIIEPUMEHTOM, BBITTONHSUH IeHTpudyruposanue (6000 o6/mMuH,
20 MuH) 1 0TOOp CylepHaTaHTa, K KOTOpoMYy J00aBIsuid 2 oObeMa aneToHa Juis ocaxaeHus Oenkos. [locne
nHKyOauuu npu —20 °C B Teuenue 18 4 6enxu ocaxkaanu nentpudyruposanuem (6000 06/mun, 20 Mun), ate-
TOH BBITTAPUBAJIH, OCITKOBEIN Mperapar pacTBopsutu B arietatHoM Oydepe (0,1 momns/m, pH 5,0).

[TonuranakTypoHa3HYyI0 aKTUBHOCTb ONPEAEISUI METOAOM, OCHOBAHHBIM Ha MCIIOIb30BaHUH 3,5-AHHU-
tpocamummioBoit kuciaotel (JAHC) [19]. IIpeaBapurensHo HarpeTas Ha BoasHOM 6aHe 10 50 °C peaknuoHHas
cmecs (400 mk) comepxana 1,1 % momuranakTypoHOBOM KHCIIOTHI B atieraTHoM Oydepe (0,1 mouns/n, pH 5,0).
[Tocne BBenenus 100 mxa pepmenTHOTO Tipenapara u MHKyOupoBanus ipu 50 °C B Teuenne 30 MUH peakIuio
ocTtaHaBiuBaiH nobapneHueM 1,5 mi peakruBa ¢ JJHC u mociemyrommm HEMEIJICHHBIM TTOMEIIEHUEM TIPO-
OMPOK Ha KUIISIIYI0 BoAAHY0 OaHio Ha 10 MuH. KoHTposbHBIE TPOOUPKH COEPIKAIIN TE KE KOMIIOHEHTBI, YTO
U OTIBITHBIE 00OPa3Lbl, HO B HUX HE MIPOILIA PEeaKLUsl THAPOJIN3a OJIUraIakTyPOHOBON KMCIOThI. CBETOIOIIO-
HICHUE B OXJIXKJCHHBIX MPOOHPKaX U3MEPSIIH MPH JuInHE BOJMHBI 520 HM. 3a HOJIb IPUHUMAJIACh ONTHYECKAs
IUIOTHOCTh CMecH cyOcTpara U HaTpuii-aueratHoro Oygepa nocne peakunu ¢ JJHC, 3a equHNIly aKTUBHOCTH
MOJIMTAJIAKTYPOHA3bl — KOJINYEeCTBO (pepMeHTa, KOTOpOe MPUBOAWIO K 00pa3oBaHui0 | MKMOJIB/JT MOHOTalaK-
TYPOHOBOM KHCIOTHI 32 1 MuH peakunu npu 50 °C B mepecyere Ha 1 MIT KyJIBTypalbHON KUIKOCTH WK | Mr
Oenxa. [Jnsa pacuera 3Ha4eHUI AKTUBHOCTH I10JIb30BAJIMCH KAJIMOPOBOYHBIM I'PapUKOM 3aBUCUMOCTH MHTEH-
CHUBHOCTH MOIVIOMICHHSI OT KOHIICHTPALUK MOHOTAIaKTYPOHOBOH KHUCJIOTHI.

st monmyyeHus npenapara O-aMuiIas3bl rpud KyIbTHBUPOBAIN B KHJIKOH MUHUMAJIBbHOM COJIEBOM cpere,
COCTaB KOTOPO# mpencTaBicH B cTarhe [11], ¢ mobaBnenunem 1 % pactBopumoro kpaxmarna mpu 28 °C u Hempe-
PBIBHOM IIE€PEMEIIUBAHNN CO CKOPOCThIO 150 06/mMuH. Criyctst 7 qHel MHKyOMpOBaHUS IPOBOAMIM LECHTPH-
dyruposanue (6000 06/muH, 20 MUH) JUTS OTACICHUS MHUIETUSI OT CyIIepHATaHTa, K KOTOPOMY TOOaBIISIH
2 oObeMa areToHa Jiis ocaxaeHust OenkoB. [locne nakyoanuu rpu —20 °C B TeueHue 18 4y Oenku ocaxaanu
nentpudyruposanuem (6000 06/muH, 20 MIH), alleTOH BhITAPUBAIIY, OSITKOBBIN TperapaT pacTBOPSUIA B arle-
tataHoM Oydepe (0,02 mons/i1, pH 4,7).

Onpenenenye O-aMUIa3HOH AKTUBHOCTH TAK)KE MPOBOJMIIM METOAOM, OCHOBAHHBIM Ha HCIIOJIb30BAaHUH
JHC [19]. [IpensapurensHo HarpeTast Ha BozsHOM 6ane 70 50 °C peakimonnas cmech (400 MxiT) comeprkana
1,1 % pactBopuMoro kpaxmaia B auetatHoM Oydepe (0,02 mons/mn, pH 4,7). Peakiuto HaunHamu 100aBieHrEM
100 Mk pepmentroro npenapara. [locne nakyOuposanus mpu 50 °C B Teuenue 30 MUH peakInio OCTaHAB-
nuBanM jpodasienueM 1,5 mn peakruBa ¢ JHC u mocneayrommM HEMEJICHHBIM TTOMEIEHHEM MTPOOHPOK Ha
KUTISIIIYIO0 BozsiHYt0 Oanto Ha 10 MuH. KOHTpOJIbHBIE IPOOHPKH CONEPIKaIN TE e KOMIIOHEHTBI, YTO U OITBITHBIC

1 100,
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00pasIfpl, HO B HUX HE MPOIUIa peakius THIponnu3a Kpaxmana. CBETONONIONIEHNE B OXJIKICHHBIX POOUp-
Kax M3Mepsud Tpu JnnHe BOIHBI 540 HM. 3a HOJMB MPUHUMAIIACh ONTHYECKas IJIOTHOCTh CMECH cyOcTpara
" HaTpui-amerarHoro Oydepa mocie peakmwu ¢ JJHC, 3a eqMHAITy aKTUBHOCTH O-aMHJIa3bl — KOJIMIECTBO (ep-
MEHTa, KOTOPOE MPUBOIMIIO K 00pa30BaHUIO 1 MKMOJIB/JT ITIOKO36I 3a 1 MuH peakiuu mipu 50 °C B epecuere
Ha 1 mr Oenka. [l pacuera 3HaueHUI aKTHUBHOCTH TTOJTH30BAIACH KATMOPOBOYHBIM TPAPUKOM 3aBUCUMOCTH
WHTEHCUBHOCTH TOTJIOIIEHHUS OT KOHIICHTPAIHH TITFOKO3HI.

KonuuectBeHHOE coneprkaHue Oenka B 00pasiiax onpeaessiu metogoM bpendopaa [20].

KauecTBenHnoe onpesesienue maBesieBol KUCIOTHI IPOBOAMIN C HCIIOIB30BAaHUEM Kpacutelss OpoMdeHo-
JIOBOTO CHHETO B KOHIIeHTparuu 50 Mr/i1, KOTOpbI BBOAWIN B cpey KynbruBupoBanus PDA. VMcxonHoe 3Ha-
yenue pH cpezpt qosoauu 10 7,0, nodassis 0,1 mons/m NaOH. M3MeHeHne okpacku Cpelibl ¢ CHHEH Ha KEITYHO
CBUJICTEIHCTBOBAJIO O CEKPEIIUH IIaBEeTIeBON KUCIOTHI [21].

Jy1s1 BBISIBIIEHUS! BIMSHUS Drdocara Ha HEeJUTIOIOIMTHYECKYI0 aKTUBHOCTS S. sclerotiorum KK-1 rpu0 kysib-
THBHPOBAIM HA MUHUMAJIBHON arapu3oBaHHOU cpeme Yameka ¢ 0,1 % xapOokcumermnmemtionosoi (KMLI)
B MIPUCYTCTBUH KOMMEPYECKOT0 TepOUIMIHOTO Tpernapara « TopHao» B quana3oHe KOHIICHTPAIU 1eHCTRYIO-
miero BemecTBa 20—1800 mr/m. [Tocne S-maeBHO# mHKYyOarny pu 22 °C Ha TOBEPXHOCTH CPEIBl HACIanBaIN
0,1 % BOIHBIN pacTBOP KOHIO KpacHOTO. Pe3ynbrar B3auMOIEeHCTBUS PEAKTHBA C LEIUTIONI030M OLIEHUBAIH IIOCTIE
15 MuH HHKYOAIMX TPU KOMHATHOM Temrieparype. Busyamzanuro 301 runponmnza KML] ocymiecTsisim mocie ot-
mbiBaHuA cpeabl 10 % NaCl. DxcniepuMeHT NpOoBOAMIN B TPEXKPATHOH MOBTOPHOCTH.

Pe3y.]'[bTaTbI U UX 06cyme1me

CoBpeMeHHBIE TIOAXObI K CO3JAaHHUIO arpOKYJIBTYpPbI, YCTOWIHBON K 3a00JI€BaHUAM, BKIIOYAIOT KaK Kiac-
CUYCCKUEC MCTOJbI CCIICKIINHN, HAIIPABJICHHBIC HA MMOJTYYCHUC PEZUCTCHTHBIX COPTOB, TaK U KOHCTPYHUPOBAHUC
TeHHO-MOIN(UITNPOBAHHBIX CENTbCKOXO3SHCTBEHHBIX PACTEHNH, 00N af0OINX OMPEIEeICHHBIMI CBOWCTBAMH.
OpHAM U3 HamnpaBJIeHUH B 00IACTH TPAHCTEHHBIX PACTEHHI SBISETCS MPUIaHNE UM CBOHCTBA YCTOWYHBOCTH
K repounmaam. B psge cTpaH B XO3SHCTBEHHOH NIEATEIBHOCTH IIMPOKO HCIIONB3YIOTCS TPAHCTEHHBIE COpTa
TaKHUX CEIhCKOXO3IMCTBEHHBIX PACTEHUM, KaK paric, XJIOMYaTHUK, KyKypy3a, COsl, caXxapHasi CBEeKIla, KOTOpPbIS
00I1aIal0T PE3UCTEHTHOCTBIO K repbumuny rudocary' . B Pecniy6muke benapych Takxke CO3IaHbI U 3aperi-
CTpUpOBaHbI B MexayHapoaHoi 6aze BCH (Biosafety Clearing-House) TpaHcreHHbIC JIMHUM parica (Brassi-
ca napus subsp. oleifera (Moench) DC.) u kaptodens (Solanum tuberosum L.), uMeronue BhIllIeyKa3aHHYIO
YCTOﬁqHBOCTL. Ky.]'H)TI/IBI/IpOBaHI/IC TaKuX paCTeHI/If/'I IIO3BOJILICT B TCUCHUE BEI€TAallN UCII0JIb30BaTh I‘Cp6I/IHI/II[,
CEJIEKTUBHO YHUYTOXKAIOIINH BCIO COPHYIO PACTUTEIHLHOCTH 0€3 MOBPEXICHNS arpoKyabTyphl. [epounm-
HOE CBOMCTBO TmQocara 00yCIOBICHO MHUIICHBIO €ro ACUCTBHS — (DEPMEHTOM S5-CHOJIMUPYBWIITHKAMAT-3-
(hocdarcrHTa30# MIUKUMATHOTO ITyTH CHHTE3a apOMaTHISCKUX aMHHOKHUCIIOT Y pacTeHuii. Kpome Bo3zaeii-
cTBUs TiMocara Ha PACcTEHUs, B Psijie UCCIEAOBAaHUI OBLTO YCTAaHOBIEHO, YTO OH OKa3bIBa€T YrHETAOIIEe
neiicTBre Ha GUTONMATOTeHHBIE TPUOBI HA YPOBHE POCTA MHUIIEIHS, 00pa30BaHUs U MPOPACTAHUS CIIOpP, CHHTE3a
AMUHOKHUCJIOT, BUpYJIeHTHOCTH [13—17].

B nannO# paboTe MpoBOIMIIACE in Vitro OIIEHKA YyBCTBUTEIILHOCTH Oelopycckoro u3onsta S. sclerotiorum
KK-1 k neiictByromemy BemiecTBy reponnuna « TopHago» — mmdocary (n3onponmiamMuHHas coib N-pocdono-
MeTwiruimHaa). Ha 5-if nens uHKyOanmu rpuda B KOHTPOJIHOM YalllKe MPH MOBEPXHOCTHOM KYJIBTHBHPO-
BaHHMU Oe3 100aBJIeHUs repOulaa ObUT 3aperUCTPUPOBAH MAKCUMAIIbHBIA POCT MHIIEHS 110 BCEH MIIONIAIH
cpensl. lobaBnenue rudocaTa B MUHUMaJIBHOW M3 UCTIOIB3YEMBIX KOHLEHTpauui (200 Mr/i1) mpuBOAHIO
K MHTMOMPOBAHMIO KaK POCTa MHLENHS, TaK U (POPMHUPOBAHHS MTOKOAIIMXCSI 00pa30BaHUH — CKIEPOIMEB, YTO
coctasuyo (66,3 + 1,7) u (79,4 = 7,1) % coorBeTcTBeHHO. [0 Mepe yBenMUeHUS M03bI TEPOUITHIA B Cpee
10 1000 mr/1 IpOTIeHT HHTHONPOBAHMSI COXPAHSJICS Ha BRICOKOM ypoBHE (Tab. 1).

BrusBriennbrit pyHrumuaaeid 3G dexT mmdocara, BEIpaKarOMUicS B TOJABICHAN 00pa30BaHMs CKIEPO-
[IM€B, MOXET YUYHUTHIBATHCS MPHU MPOBEACHUH 3aIUTHBIX MEPOTPUITHIA OT CKIEPOTHHNO3a, MOCKOIBKY 3TH
[MMTMEHTUPOBAHHBIE CTPYKTYPHI HTPAIOT BXKHYIO POJIb B IIUKIJIAX 3aPAXKCHHS U MO3BOJSIOT TPHOY OCTaBaThCs
YKU3HECTIOCOOHBIM B TEUEHHE UTHUTEIHHOTO BPEMEHHU NPU HEOIAropHsITHBIX U POCTa YCIOBHUAX. B pe3yib-
TaTe BIUTHIBAHUS BOJBI U3 MOYBHI IPOMCXOJUT MPOPACTAHHUE CKIEPOLIMEB C 00pa30BaHUEM allOTELUEB, B KOTO-
PBIX HOPMHUPYIOTCS ACKOCIOPBI, SBISIONUINECS UCTOYHUKOM HH(EKIIH.

OcHOBHBIM OapbepoM ISl pacnpocTpaHeHust THPEKIUH, BEI3BAHHOH S. sclerotiorum, CIy)KUT pacTUTEIbHAS
KJIETOUHasl CTeHKa, kotopast Ha 30 % cocTouT n3 nekThHa. 1715 MpeofoeHus 9Toro 6apbepa CKIepOTHHHS CHH-
TE3UPYET Pa3/IMIHBIC TUIIBI HEKTUHOJIUTUYCCKUX @epMeHTOB, TaKHUEC KaK S3HIO0- U SK30I10JIMTaJIaKTypOHas3bl, ICK-
TUHMCETHUIIDCTEPA3a, NICKTUHIINA3bl, KOTOPBIC BBI3bIBAIOT Mall€palliiO PACTUTEIbHBIX TKaHeH u HCKPO3. HOKa3aHO,
YTO UMEHHO HadaJbHOE NEHCTBUE MEKTHHOINUTUYECKUX (PEPMEHTOB HA KJIETOYHYIO CTEHKY MH()HIIMPOBAHHOU
PaCTHTENBHOM KJIETKH OTIPENENSIeT JOCTYITHOCTh €€ COCTABHBIX KOMIIOHEHTOB JIJIST OCTAIBHBIX YH3UMOB [22].

1Biosafety Clearing-House [Electronic resource]. URL: http://bch.cbd.int/ (date of access: 21.03.2020) ; ISAAA [Electronic re-
source]. URL: http://www.isaaa.org/ (date of access: 21.03.2020).
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Tabonuma 1

Bausinue repounmaa riudocara («Topuamo») Ha pocT MuLe U
U o0pa3zoBaHue ckjepounes y S. sclerotiorum KK-1

Table 1
Effect of glyphosate («Tornado») on mycelial growth
and sclerotial production of S. sclerotiorum KK-1

KoHLeHTpauus Wurubuposanue, %
mdocara, Mr/i Poct munenus O6pazoBaHue CKIEPOIHEB

200 66,3+ 1,7 794+7.1"

400 77,8 £4,7" 84,1£3,1"

500 76,3+3,6" 88,6 £3,0"

700 76,7 +3,8 83,2128

900 793+ 1,3 89,6 +4,3"

1000 80,7 +3,4" 97,9+3,6"

*p < 0,05 — 1I0CTOBEPHOCTH PA3INUMiA M0 CPABHEHUIO C KOHTPOJICM.

B pesynbrare uccienoBaHui, HAIIPABICHHBIX Ha BBIIBJICHHE POJIM IOJIMTAJIAKTYPOHA3 B MH()EKLIMOHHOM
mporecce, ObUI0 YCTaHOBJICHO, YTO MPOAYKLMS MOJUTATaKTypOHa3bl HHAYLHUPYETCS NEKTHHOM WM HEKTHU-
HOBBIMH MOHOMEpaMH, B YACTHOCTH TaJaKTypOHOBOM KHCIIOTOW, U MOJBEPraeTcsi KaTabOIUTHON perpeccuu
B IIPUCYTCTBHUH DIOKO3BI [23]. OHAaKO coracHo ApyruM paboTam OTHeNbHbIE TIEKTHHOIUTHYECKUE (epMeH-
THI S. sclerotiorum He CUHTE3UPYIOTCS CUHXPOHHO, YTO ONPEAEISETCS KOHCTUTYTUBHON M MHAYIHUOCITBHON
JKCIIpecCcHell TeHOB, AETePMUHUPYIOINX 3TH (epMeHTsl. Hanpumep, y mTaMMOB CKIEPOTUHUM OBLIM BBISB-
JICHBI HK30I0JIMTAJIAKTYPOHA3a M SK30METUIIIIOIUTAJIAKTYPOHA3a, CHHTE3 KOTOPBIX HE PErYJIUPYETCsl IIIOKO301
WJIA COOTBETCTBYIOLIMMU cyOcTparamu [24].

B mensix ycraHOBiIeHUS cioco0a peryssiiuy CHHTE3a MOJUraIakTypoHassl y Oesopycckoro uzossra S. scle-
rotiorum KK-1 mpoBoamioch ero KyIbTHBUPOBAHUE B MUHUMAJILHOM COJIEBOM cpere ¢ modasnenueM 1 % mek-
TrHA Wik 2 % TIoKo3bl. B TedeHne 12-mHEBHOTO TMeprona WHKYOAIluy HauWHAs ¢ 3-TO JHS Yepe3 ompere-
JICHHBIE NTPOMEXKYTKH BPEMEHH BBIIIOJIHSIICS OTOOP MPOO KYJIBTypalbHON KUAKOCTH, B KOTOPOH HM3MepsIach
(epMeHTaTHBHAS AKTUBHOCTh. B pe3yibrare npoBeseHHON padoThl, KaK ITOKa3aHO Ha pHC. 1, MOIUraakTypo-
Ha3Hasi akTUBHOCTb Tpuda B cpejie ¢ J00aBICHNEM eKTHHA JOCTHIIa MaKCcUMyMa Ha 5-i IeHb KyJbTUBUPOBa-
HUs 1 coctaBuia (6,7 + 1,3) en./min. B cpene, comeprkaiieil B kKauecTBe HCTOYHHUKA YITIEPOAA TOJIBKO TIIOKO3Y,
(hepMeHTaTHBHAS aKTHBHOCTh OCTAaBAJIaCh MPAKTHYECKN HA OJIHOM YPOBHE Ha MPOTSKEHUH BCETO Teproja
nHKyOaruu u paBHsuiack (1,40 = 0,26) ex./mir, 94T0 yKa3bIBaeT HA SBICHUE KaTaOOIUTHOU PETIPECCHH.

B pa3Butun nH(EKUNOHHOTO MIpoLiecca, BEI3BIBAEMOIO CKIEPOTHHUEH, KpOME I'HIIPoJia3, BAXKHOE 3HAYCHUE
HMeeT ceKpeTupyemMas LiaBeseBas KuciaoTa. HecMoTpst Ha IpocTyr0 XUMHUECKYIO CTPYKTYPY U OTpaHHUECHHOE
XMUMUYECKOE B3aHMMOJCHCTBHUE, OHA, KaK (PaKTOp MaTOTCHHOCTH, SIBIISETCS 3HAYMMBIM KOMIIOHEHTOM MOJIEKY-
JISIPHOTO MEXaHM3Ma, YYacTBYIOLIUM B MpoIecce 3apakeHus pacTeHui. Koppensius Mex 1y TaToreHHOCThIO
U CHHTE30M OKcaJiaTa ObLia MMOATBEPKICHA B OMBITAX, IJIe MyTaHTHI S. sclerotiorum, nedeKTHBIE TT0 CITOC00-
HOCTHU €r0 CHHTE3UPOBATh, HE BBI3bIBAJIN 3a00JIEBAHUS, B TO BPEMsI KAK PEBEPTaHTbI CHOBA CTAHOBUJIMCH BUPY-
JeHTHBIMHU [4]. IIpennonoKuTenbHo, CyIECTBYIOT TPU MEXaHU3Ma YCHIICHHSI BUPYJICHTHOCTH € IIOMOILBIO OK-
casara. [IepBblil MEXaHI3M OCHOBAH Ha TOM, YTO HEKOTOpBIE ()epMEHTHI TPHOHOTO MAaTOTreHa, BHIACISIEMbIEC BO
BpeMsI BTOP)KEHHSI B TKaHH PAaCTEHUH (HalmpuMep, MOJIMTajJaKTypoHa3a), HIMEIOT MaKCUMAaJbHYIO0 aKTUBHOCTh
pu HU3KKX 3HaueHusx pH. Bropoli Mexann3M o0ycioBieH TOKCHYHOCTBIO OKcasaTa JJisl KJIETOK pacTeHHH-
X035€B, TIO-BUNMOMY, U3-3a €r0 KUCIOTHOCTH, YTO MPUBOIUT K OCIAOJICHUIO PACTEHHS, TEM CAMBIM CII0CO0-
CTBYs BTOp)KEHMIO atoreHa. CoriacHO TpeTbeMy MEXaHH3MY OKCajlaT-aHHOHBI XEeJIaTUPYIOT HOHbI KaJIbLus,
KOTOpbIE HaXOMSTCSl B KIETOYHOM CTEHKE PACTCHHMH. XOTs Kaxkaas M3 NEPEUUCICHHBIX THIIOTE3 UMEET CBOIO
JIOTHKY M IPUBJICKATEIbHOCTD, IIOATBEPIKIAIOIINE UX JaHHBIC SIBISIOTCS HETIOJHBIMHU.

Hecmotpst Ha To 4TO maBeneBast KUCIOTa — (DAaKTOP MATOTeHHOCTH CKIEPOTHHUH, OBUIO YCTaHOBIIEHO, YTO
TaMMBI Tpr0a pa3INdaoTCcs MO0 €€ KOIMYeCTBEHHOMY HAKOIUIEHHUIO B YCIOBUSX i1 Vivo H in vitro [22]. B ne-
JISIX BBISIBJICHUS y M3y4aeMOro OeopyCCKOro M30JIsITa CIOCOOHOCTH K 00Pa30BaHUIO U CEKPELUH LaBeIeBOI
KHCJIOTHI B IaHHOH padoTe MpOBOAMIICS KaueCTBEHHbIN aHaIu3 n3MeHeHusl pH araprn3oBaHHON cpelbl KyJIbTH-
BUPOBaHUs rpruda ¢ UCIOIb30BAHUEM HHANKATOPHOTO PeakTUBa OPOMQEHOIOBOTO CUHETO, KOTOPBIM U3MEHSET
OKpacKy ¢ chHel Ha kentyro npu 3HaueHusx pH 3,0—4,6. Kak nokasano Ha puc. 2, Ha 7-i IeHb KyJbTHUBHPO-
Banus S. sclerotiorum KK-1 4eTko BU3yan3npoBaioch OKpAIIMBAaHUE CPEJIbI B JKENITHIN [IBET, YTO CBUACTEIIb-
CTBYET O CEKPELINH IaBEIeBON KHUCIIOTHI.
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HccnenoBanue MMHAMUKU CEKPEIIMU LIABEICBOI KHUCIOTHI, IPOBOIUMOE IyTeM u3MepeHus: pH-mpodus
JKUJIKOM MUHUMATBHOU COJICBOM cpelbl ¢ mobasnenrneM 1 % MUTPycOBOTO MEKTHHA B mpoliecce 12-nHeBHON
WHKyOaImu rpuba, moxasano, 4yTo K 5-My JHIO KyJIbTHBHpOBaHUs 3HaueHue pH cpenpl cunzuiocs ¢ 6,0 mo 4,0
u gocturio 3,5 Ha 12-i gens (puc. 3).

TakuMm 00pa3oMm, MOJTyYeHHBIC IAHHBIC YKA3bIBAIOT HA TO, YTO OEIOPYCCKUI U30JISIT CKIICPOTHHIH 00J1a1aeT
CIOCOOHOCTBIO CEKPETHPOBATH IIaBEJIEBYIO KHUCIIOTY, KOTOpasi, CHIbKas pH, comeiicTByeT BEICOKOM Maliepupyro-
1IeH aKTUBHOCTH, 00ecIieunBaroIieh 3pPEKTUBHOE Pa3pyLICHUE KIICTOYHON CTEHKH PACTECHUM.

[pu n3yuennn anTrdyHraIsHOTrO OTEHIIAA TepOuIH/Ia TITudocaTa B OTHOIICHUH H30JIATa CKICPOTHHUN
HaM¥ OBIJIO YCTaHOBJICHO, UTO €ro JICHCTBHE MPUBOJIHT K TIO/IABIICHUIO POCTa MHILICJINS K 00pa30BaHuUsl CKIIEpPO-
nuueB. B nensax BersiBienus peakunu S. sclerotiorum KK-1 Ha Bo3neiicTBue repOounna Ha ypoBHE aKTUBHOCTH
CEKPETUPYIOLIUXCS THIPOIUTHICCKIX (PEPMEHTOB, YUaCTBYIOIINX B [aTOTC€HE3€e, OIICHMBAIACH MTOJIHTAIAKTY-
poHa3Has, (i-aMHJIa3Has ¥ LEJUTIONOINTHIECKast aKTUBHOCTD.

1 OIleHKH (-aMHJIA3HOW W MTOJUTATIAKTYPOHA3HOM aKTUBHOCTH TPUO KYJIBTHBHUPOBAIIN B KUAKON MUHH-
MaJIbHOM COJICBOH cpejie B MPUCYTCTBUU repOUIMIa B JUaNa30He KOHIEHTPAILMH JIEHCTBYIOIIETO BEIIeCTBa
20-1800 mr/n ¢ noOaBIeHNEM IUTPYCOBOIO TIEKTHHA B Ka4€CTBE MHJYKTOPA CHHTE3a IMOJHUTaIaKTyPOHA3bI
WJIM Kpaxmalia, ABJISIOIIeTrocs CyOCTpaToM JUTsl Ol-aMHIIaskl.

Kak cnenyer u3 pe3ynpraTtoB SKCIIEpUMEHTA, IPEJCTABICHHBIX HA PUC. 4, OTMEYAETCA CTAaTUCTUYECKH 3HA-
grmoe (p < 0,01) Mo cpaBHEHUIO ¢ KOHTPOJILHBIM BapUaHTOM (KYJIBTHBHpOBaHHE Tprba B cpene 0e3 100aB-
JIeHWsI TepOUINIa) CHIDKEHHE O-aMHJIa3HON aKTUBHOCTH B OTJIMYHE OT IOJINTAIAKTYPOHA3HON aKTUBHOCTHU

(p > 0,05).

—e— ['moko3a (2 %)
—0— IlextuH (1 %)

AKTHUBHOCTb, €1I./MII

0 ! ! ! ! !
2 4 6 8 10

Bpewms unky6aruu, 1HU

14

Puc. 1. llponykuus monuranaktyponassl S. sclerotiorum KK-1
[IpU KyJIBTUBUPOBAHUM B MUHUMAJIBHON COJIEBOH cpefie
¢ no6asnenneM 1 % MUTPYCOBOrO MEKTHHA WK 2 % TIIFOKO3bI

Fig. 1. Expression of polygalacturonase activity by S. sclerotiorum KK-1
in minimal salts medium containing 1 % citrus pectin or 2 % glucose

/.

Puc. 2. Cexpenust maBeneBoil KHCIOTH H305sToM S. sclerotiorum KK-1,
KyJIbTUBHPYeMbIM Ha cperie PDA ¢ 6poMdeHOI0BBIM CHHUM

Fig. 2. Oxalic acid production of the S. sclerotiorum KK-1 isolate
on PDA medium amended with bromophenol blue
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Puc. 3. pH-ITpodhuns MUHUMABHOI CONIEBOI Cpe/Ibl KyTbTHBHPOBAHHS
S. sclerotiorum KK-1 ¢ nobasnennem 1 % nuTpycoBOro meKTHHA

Fig. 3. The pH of the minimal salts medium containing
1 % citrus pectin after incubation S. sclerotiorum KK-1
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Puc. 4. o-Amunassas (@) ¥ moJauragakTypoHasHas (0 ) akTHBHOCTb
n3oisita S. sclerotiorum KK-1, KynsTHBHpYyeMOro B MUHUMAJIBHOM COJIEBOI cperie
¢ nobasnenneM 2 % kpaxmaina win 1 % IUTPYCOBOTO NEKTHHA COOTBETCTBEHHO
B nipucyTcTBuM repounmaa « Topaano» (rmudocar 20—1800 mr/m): 0 — KOHTPOIBHBIN 0Opa3ell.
J10CTOBEPHOCTD pa3yINyuMii pacCUUTHIBAJIACK 110 OTHOILICHHIO K KOHTpomo: * — p < 0,01; ** — p > 0,05

Fig. 4. o-Amylase (a) and polygalacturonase (b) activity of S. sclerotiorum KK-1 isolate
in minimal salts media with 2 % starch or 1 % citrus pectin and containing
herbicide «Tornado» (glyphosate 20—-1800 mg/L): 0 — control.

The significance of differences was calculated to the control: * —p < 0.01; ** —p > 0.05
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HHH BBIAABJIICHUS BIIUSITHUA I‘J'II/I(i)OcaTa Ha OEJUIFOJIOJIUTUYCCKYI0 aKTUBHOCTH HUCCICAYEMOI'0 M30JIATa UC-
TIOJIb30BAJICS YaIIeYHBI METO/, KOTOPBIM 3aKiItovascss B MHKyOalnu rprda Ha MOBEPXHOCTH MHUHHUMAIbHON
arapu3oBaHHOM cpensl Yaneka ¢ go6asnenuem 0,1 % KMILL B mpucyTcTBUH KOMMEPYECKOTO TepOUIIHIHOTO
npenapara « TopHaIo» B inamna3oHe KOHIEHTpanui aeicTByromero Bemectsa 20—1800 mr/n. Tlocne 5-nnes-
HOW mHKyOaruu npu 22 °C mist Busyanu3anuu 30H ruaponunza KML| Ha moBepXHOCTH cpenbl HacIanBaJICs
0,1 % BOAHBII pacTBOP KOHTO KPAcHOTO.

B pesynbrare npoBeIcHHOTO aHalli3a YCTaHOBIICHO, YTO MPH JOOABICHUHU B CPely KyJIBTHBHPOBAHHS IJIH-
(ocara B 1o3e 710 200 MI/11 BKITIOYUTENLHO TPOAYKIUS LEJIT0Na3bl HE MHTMOUPOBANIACh, B TO BPEMsI KaK KOH-
teHTpanus repournaa 800 MI/i1 1 Bhlilie ClIOCOOCTBOBAJIA ITOJIHOMY TIO/IaBJICHHUIO CHHTE3a (hepMeHTa (Tal. 2).

Tabnuma 2

Mponykuus uewtionassl S. sclerotiorum KK-1
B NIpucyTcTBUHM repounuga riudocara («Topramo»)

Table 2

Production of S. sclerotiorum KK-1 cellulases
in the presence of glyphosate («Tornado»)

KonuenTpanus JuameTp 30HbI
oudocara, Mr/i ruaponusza KMII, cm
0 2,63 +£0,29
20 2,56 £ 0,29
100 2,30+ 0,18
200 2,45+ 0,28
800 0
1800 0
3akiiloueHue

[IpuHuMasi BO BHUMaHUE TIOJIYUYCHHBIC JJAHHBIC, MOXKHO 3aKJIFOUUTh, UTO Oesopycckuil u3oist S. sclero-
tiorum KK-1 mposiBiisieT 4yBCTBUTEIBHOCTD K JCHCTBUIO TepOuIuaa rmgdocara, KOTopas BBIPaKaeTcs B TI0-
JIABJICHUU KaK pOCTa MUIICIIUS, TaK U 00pa30BaHUs MOKOSIIUXCS CTPYKTYP — CKJICPOLIMEB, & TAKIKE B CHUXKE-
HUU (-aMHJIA3HOW W 1[SJUTFOJIA3HOW aKTHBHOCTHU. BBISBIICHHBIN aHTU(YHTAJIbHBIN TOTSHIIMA TepOulinuia, 1mo
BCEH BEPOSATHOCTH, OOYCIIOBIICH €r0 B3aUMOJICUCTBUEM C KITFOUEBBIM (DePMEHTOM IITMKUMATHOTO MyTH CHUHTE3a
apOMaTHYCCKUX aMHUHOKHUCIIOT S-CHOJIIUPYBWIIMKIUMAT-3-(oCcharcuHTa30i, 4TO HE TOIBKO MPUBOIAMT K Mac-
MTa0HOMY HapyIICHUIO POPMHUPOBAHUS MOP(OIOTHUSCKUX CTPYKTYP Irprbda, HO U MOJABIISIET AKTUBHOCTh €TI0
(hepMEHTHBIX CHCTEM, HEOOXOAMMBIX I PeaU3allui MaTOTCHHOCTH.
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