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denepanbHOE FOCYAAPCTBEHHOE OFOKETHOE 00Pa30BaTENbHOE YUPEIKIACHUE
BBICLIETO MTPO(ECCHOHAIBHOTO 00pa30BaHus
«MIpKyTCKUH TOCYIapCTBEHHBIA TEXHUYECKUN YHUBEPCUTET

AKTHUBalIMsl 3aIIUTHBIX pPEAKIUM pacTeHHs] NpU KOHTAKTE C IAaTOI€HAaMHU MOXKET
IPOUCXOIUTh IOCPEACTBOM PA3JIMYHBIX CUTHAIBHBIX IYT€H, 4TO BBIPAXKAETCA B U3MEHEHHUU
YPOBHEW SKCIPECCHU DPA3JIMYHBIX T'eHOB, Komupyrommx PR-6enxu. OxapakrepuszoBansl PR-
OenKu pacTeHU M UX poJib B UMMYHHMTETE IpU OMOTHYECKOM M aOMOTHYECKOM BO3JIEHCTBUU.
OcHoBHOE BHMMaHue B cTathe yaeneHo PR-Oenkam cemeiictB: PR-1, PR-2, PR-3, PR-4, PR-5;
UX CTPOCHHI0O M MeXaHHW3MaM (QYHKUHOHMpOBaHUSA. OTMeuaeTcs TIeTeporeHHas HHIYKIUS
cunte3a PR-OenxkoB mnpu OakrepuasbHOM mnaroreHeze. HaOmromaercs pasHULIla MeEXay
skcnpeccued PR-reHoB mpu BO3AEHCTBUM BHUPYJIEHTHBIMH U aBUPYJICHTHBIMHU IITaMMaMU
OaxTepuii. PaccMoTpeHa posib OakTepraibHbIX XapIUHOB B MHAYKLIKUK PR-0enkoB pacTeHui.

Knwwuesvte cnosa. PR-Oenxu, pacmenus, rapmoghenn, Pseudomonas syringae,
Arabidopsis thaliana, ycmotiuusocmes, sxcnpeccus 2enos.
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Activation of plant’s protective reactions in contact with pathogens can proceed through
different signal ways, that expressed in changing levels of expression of various genes, that
encode PR-proteins. Plant’s PR-proteins and their role in immunity characterized in biotic and
abiotic influence. The primary attention of the article is paid to the PR-proteins family: PR-1,
PR-2, PR-3, PR-4, PR-5; described structure and mechanism of function of these proteins. Is
observed heterogeneous induction of synthesis PR-proteins in bacterial pathogenesis. In the
article is considered the difference between expression PR-genes during influence of virulent and
avirulent bacteria’s strains. Also is presented the role of bacterial harpins in induction of plant’s
PR-proteins.
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PR-6enku  (pathogenesis-related proteins) — skcTpakieTOYHBIC OCNKH,
CUHTE3UPYEMbIC B PACTUTEIBLHON KJICTKE IMPH aTake IMaTOreHOM. BriepBbie 3TH
Ocenku ObLTM  OOHApPYXKEHBI y pacTeHU Tabaka, NPOSBISIONIMX PEAKIIHIO
CBEPXUYBCTBUTEILHOCTH B OTBET Ha HMHOKYJISAIUIO BUPYCOM TabadyHON MO3aMKH
[3]. Tlo3nHee Oblna moka3aHa HMHAYKIUS PR-0elkoB B OTBET Ha IOpaKCHHE
pacTeHuii rpubaMu, BUPyCaMH U BUPOUIAMH, a TAKXKE B OTBET Ha MMPOHUKHOBEHUE
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HEMATOJl M HAaceKOMbIX. B Hacrosilee BpeMsi HaMMEHEe HW3y4YeHa WHAYKIUs
cunte3a PR-06enkoB pactenuil npu OakTepuaqibHOM TaTtoreHese. JlaHHbie Oenku
SBJIAIOTCS. OJIHUM M3 3BEHBHEB B MEXaHU3MaX Hecleuu(puueckorl ycToM4YMBOCTU
pactenuii. Pons PR-0enkoB npu maroreHe3e 3HauuTeNbHA U pa3HOOOpa3Ha. OHU
SBJIAIOTCS. YYaCTHUKAMU CUTHAJBHBIX cucTeM (nunookcureHasHou, NO-
CUHTA3HOM), KaTaIU3UPYIOT 00pa30BaHUE MOJEKYJ - BTOPUYHBIX MECCEHIKEPOB
(canuuuioBasi, XKacMOHOBasi W a0CHUCCOBasi KHUCJIOTA, OTWIEH, SBISIOTCS
AHTUMUKPOOHBIMA KOMIIOHCHTAMH, YKPEIUIAIOT KJIETOYHBIE CTEHKH PACTCHHSI
(mepokcuiasa, Kajmio3a)) U CIoCOOHBI BBI3BIBATH MOBPEKIACHUS KIIETOYHBIX CTEHOK
¥ IHTOIUIa3MaTHUYSCKUX MeMmOpaH maroreHoB [4, 16]. PR-OGenkm peanmsyror
MEXaHU3M 3alUThl KJIETOK CBS3aHHBIA C TMOBBIIMICHHEM OOpa30BaHMsI aKTHBHBIX
dopm kucnopona (ADK) B pactutenpHOU KieTke. Tak, M3BECTHO, YTO OJWH U3
MEXaHU3MOB O0O0pa30BaHMs MEPEKUCH BOJIOPOoJia (YHKIMOHUPYET HAa YPOBHE
BHEIIIHEH MMOBEPXHOCTU IUIa3MEHHOM MeMOpaHbl U omnocpenoBaH PR-Oenkom —
depmentom NADPH-3aBucumotii okcuaszoi [9].

PR-0enku mompaszaenstorces Ha 17 cemeiicte (ot PR-1 go PR-17) [19]. B
pPa3HBIX UCTOYHMKAX ynmomMuHaeTcsi, 4To PR-0enku comepxarcss B MEKKICTHUKAX,
mia3MojiecMax, IHUTOIIa3ME€ M B BaKyOJISIX KJIETKH, BCTPEYAIOTCS B KCHIJIEMHOM
coke [7], TyTTallMOHHOW >KHUIKOCTH, HE TPAHCIOPTHPYIOTCs 1o pactenuto [3]. B
UH(HUIIMPOBAHHBIX KJIETKAX PACTCHUS MICT CHHTE3 JaHHBIX OenkoB de novo. Kak
npaBuio, PR-0enku BBIACISIOTCS B amnloIUIacT U JIEWCTBYIOT KOOMNEPATHUBHO,
paspylias KJIETOYHYIO CTCHKY rmaroreHa [8].

Muorue PR-Genku sBistorcs ruaponazamu. Tak, Oenku cemeiictBa PR-2
aBisroTCs  B-1,3-9HA0TIIOKaHa3aMy, OHM  HAKaITUBAIOTCS  BOKPYr  odYara
uHpeKnn, SBIAIOTCA  MEAUMATOPOM, OOECIEUYUBAIOUIMM  B3aWMOJICHCTBUE
MH(UIMPOBAHHBIX KJIETOK CO 3J0POBBIMH, O0JaNa0T Takxke (YHTUIUAHON
aktuBHocThlO. benku cemeiicte PR-3, PR-4, PR-8 u PR-11 o6nagator
OHIOXUTUHA3HOW AaKTUBHOCTBHIO, CIOCOOHBI PACHICIUISTh KIETOYHYIO CTEHKY
rpu0OB ¥ MENTHAOTIIOKAHbI OaKkTepuil, WX MYJ TOBBIIIACTCS TPHU 3apaAKEHUHU.
Unenwsr cemeiictB PR-7, PR-8, PR-9 m PR-10 mnposBisioT mnpoTeHHA3HYIO,
JU30IMMHYIO0, TIEPOKCUA3HYI0 U pUOOHYKIICa3HYI0 aKTUBHOCTH COOTBETCTBEHHO.
benku cemeiictBa PR-6 — wHruburopsl mporerHas. AKTUBHOCTh apyrux PR-
OEJIKOB CBsi3aHA C YBEJIMYECHUEM MPOHUIIAEMOCTH MeMOpaH (cemeiicTBa PR-5, PR-
12, PR-13, PR-14), a Taxxke ¢ mMpOM3BOJCTBOM IMEPOKCHIA BOJOpoaa (cemelcTBa
PR-15 u PR-16), cuHTe3 [aHHBIX OEJIKOB 3HAYUTENBHO YCHIIMBAETCS MpHU
obpabotke amucuropamu [2, 13, 18, 19]. PR-6enku ydacTByroT B (hOPMUPOBAHHH
nproOpeTeHHON crucTeMHOM ycToiunBocT SAR (Systemic acquired resistance).
[Tokazano, yto mHorue PR-Oenku obGmamaroT QyHrunuaHon u OakTEpUIIUIHON
akTuBHOCTSAIMH IN vivo u in planta [6]. Hexotopeie PR-Genku o6Gnagaror
aHTU(HPU3HON aKTUBHOCTHIO [1].

PR-0enku CHHTE3UPYIOTCST B PACTUTENBHOW KJIETKE KOHCTUTYTUBHO U
CTpeCC-UHIYIMOETbHO, B TOM YHCJIC TOJ] BIUSHUEM XUMHUYECKUX COCIMHCHHM
[20]. U3BectHO, uTO cuHTe3 OenkoB PR-3, PR-4 m PR-5 unaymupyercs mpu
cosieBoM ctpecce [3]. CumTaercs, 4TO 3HAYUTEIBHOE YBEJIMYECHUE KOJIMYECTBA
MPHK PR-0enkoB mpu NOBBILIEHWHM KOHLEHTPAMU COJIM B CPEIE MOMKET
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yKa3bIBaTh Ha MX YYacTHE B PEry/sillMd OTBETa KIJIETOK HA PAHHIO CTaJIuI0
COJIEBOT'O CTpECcCca WJIM Ha OCMOTHYECKUH CTPECC, CBSI3aHHBIM C OTTOKOM BOJIbI U3
kieTok. Cunre3 PR-0enkoB MOXeT MHAYLMPOBATHCA MPU 00pabOTKE pacTeHUs
9K30TCHHOW CaJMIIMIOBON KucioTor [13], mpu oOpaboTke pacTeHUil TKEIbIMU
metauiamu [7]. Vmerorcs wuccrnenoBanus skcrpeccun PR-reHoB B yclioBHSIX
kocMoca.  Meronom  JIHK-mukpouurnoB  (microarray) — aHaIM3WpOBAIU
tpaHckpunitom  sumens  (Hordeum  vulgare), BelpaimeHHoro Ha  OopTy
MexayHapoIHOM KOCMHYECKOW cTaHIMu. He HaOmoganu MHAYKIMU 3KCIPECCUU
reHoB PR-0eikoB B ycioBHsIX kKocMudeckoro mojera [11].

Ha kaprodene (Solanum tuberosum) Owiio moka3aHo, YTO YCTOWYHMBOCTH
copta kaptodens kK Bo3OyauTearo Mokpoir THuiau (Pectobacterium carotovorum)
CBsI3aHA C MHTEHCUBHOCTHIO cuHTe3a PR-0enkoB, y kapTodens ycToiiunBoro copra
«Ckap0» okcmpeccuss reHa PR-3  Obputa  3HAYMTEIBHO  BBINIE, YEeM VY
BOCIIPUMMYHUBOTO copTa «BecHsHka» [5].

[Ipu 3apaxenun TomaroB (Lycopersion esculentum) mnaToreHHOM
Clavibacter michiganensis spp. michiganensis (Cmm) B pacTeHHe H3MEHsIACH
sKkcrpeccus 122 reHoB, B TOM YHUCJIE MOBBIIANICS CUHTE3 O0EIKOB, OTHOCAIIUXCS K
cemelictBy PR-6enkoB. Oto Oenku - 1,3-B-rmoko3upaza (PR-2), sHmoxutunasza
(PR-3), reBenn-nono0ubiii 6enok (PR-4), taymatun/ocmotuH (PR-5), KyKyM3uH-
nonoOHasi cepuHoBasi mnpoTeasza [17]. Taxke npu 3apakeHUH MATOTE€HHOM
MOBBIIIAJIOCH KOJUYECTBO JIMIIOOKCUTE€Ha3bl 1, CHOCOOCTBYIOIIEH —3alluTe
pacTteHuii oT maroreHoB [17]. AKTUBaIUsl SKCIPECCUU 3alllUTHBIX I'€HOB TOMAaTa
3aBHCHUT OT MPUCYTCTBHS OCTPOBa MatoreHHocTH B reHome Cmm. Ilokazano, uTto
sKcmpeccusi TreHa xutuHaszbl kjacca Il u PR-5 HaOmomamach TOJIBKO B
NPUCYTCTBUU OCTPOBA MaTOreHHOCTH [12].

Okcnpeccusi PR-0enkoB akTUBHO HcCClieqyeTcsl HAa MOJEIBHOM OOBEKTe
Arabidopsis thaliana. Tlpu o00paboTke CceMsSH pa3IUYHBIMA TOPMOHAMH,
u3Mensiercst skcnpeccus PR-1 apabunoncuca, ocooeHHo mpu 00paboTKe 36aTHHOM
(Ha ocHoBe pesynbraToB Christian K. Widmer, ¢ ucnonbs3oBanremM 0a3bl JaHHBIX
AtGenExpress http://jsp.weigelworld.org/expviz/expviz.jsp). Takxke HHIYKIHS
cunte3a PR-0enkoB ompezensieTcss NMpu aOMOTHYECKUX CTpeccax pa3inuHON
NpUpobl, TaK, Hampumep, sKkcmpeccusi Oenka PR-2 B kopusx A. thaliana
NOBBILIAETCS MPU OCMOTHYECKOM cTpecce, oOpabotke Y@ syyamu, oOpaboTke
TOKCUYHBIMH BEIIECTBAMU U MOHIDKAETCS TIPU XOJOJOBOM U TEIIOBOM CTpeccax.
Cunre3 PR-5 B kopHsx apaOujoncuca MOBBIIIAETCA MPU OCMOTHYECKOM CTpECCE,
oOpabotke Y® nydamu, TEIJIOBOM CTpPECCE, HO CHIDKACTCS TPU TOPAHCHUSX
(cornmacuo manueM Christian K. Widmer).

[Tokazano, uro B A. thaliana Hemocratox Heopranudeckoro ¢ocdara u
nopaneHue WHAYHHpYT skcnpeccuto PR-10 (S-PHKaza), takke HEKOTOpHIi
YPOBEHb IKCIPECCUH ITOI0 T'eHa HaOII01aeTCsl IPH CTapeHUH JUCTheB [15].

NHayKiys 3aluTHRIX PEeaKIui pacTEHUs MPU KOHTAKTE C MaTOTeHaMu (WIH
e ¢ MperapaTamMu MPOAYIIUPYEMbIX dTUMH MAaTOTEHAMH — DJIUCUTOPAMHU) MOXKET
MPOUCXOJIUTHh TOCPEICTBOM DPA3IUYHBIX CHUTHAJBHBIX MyTE€H, YTO B KOHEYHOM
UTOTE BBIPAKAETCS B M3MEHEHWHM YPOBHEHW SKCIpeccud paznudyHbix PR-TeHOB
pactrennii [9]. CornacHo aHanM3y M3MEHEHUs 3Kcnpeccud PR-TeHOB B TUCTBIX A.
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thaliana npu 3apaxxennu Pseudomonas syringae (mannsie Christian K. Widmer)
MPOUCXOIUT clienyromiee. Jkcnpeccus reHa PR-1 npu 3apaxeHuu BUPYJICHTHBIM
mramMmmMoM P.  Syringae TOCTENEHHO YBEJIMYMBACTCS IMOCIE  3apaKeHUs,
MaKCUMaJIbHOE YBEIMUYEHHUE PETUCTpUpYeETCs crycTs 24 v nocnie 3apaxkenus. [Ipu
WH(UIIMPOBAHUU aBUPYJICHTHBIM IITaMMOM P. Syringae skcmpeccus 3TOro reHa
U3MEHSETCS BOJHOOOpa3HO: cmycTs 2 W 6 4 mocie oOpaboTKH, 3KCIpPEcCHs
CHU)KAETCs, CIyCTA 24 4 — 3HAUUTENIbHO YCUIIMBAETCS.

Okcnpeccust reHa PR-2 ycunuBaetcst B 2 pas3a Mo MPOUIECTBUH 2 Y TMOCIE
3apakeHus, CIycTs 6 4 mocie 3apaxeHus HaOIofaeTcs B 3aBHUCUMOCTH OT
YCIIOBUI MHKYOAIIMH HEKOTOPOE CHIXKCHUE WU YBEJIMYEHUE IKCIPECCHH, OJTHAKO,
cycTsl 24 4 mocie 3apakeHHs dKCIpeccHsi JaHHOro Oenka ycunuBaercs B 3-10
pa3. Ilpu wmHpummpoBanmu A. thaliana aBupyJICHTHBIM IITAMMOM IPOUCXOIMT
3HAUUTEIbHOE yCWiIeHHE cuHTe3a Oenka PR-2, cnycts 6 4 mocne 3apaxeHus
OTMEYaeTcsl MUK, a coycTs 24 41 HaOMoJaeTcss MOHMKEHHE SKCIPECCUU
COOTBETCTBYIOIETO T'€HA.

Okcnpeccusi reHa PR-4 npu 3apaxeHUU Kak BUPYJICHTHBIM, TaK H
aBUPYJICHTHBIM IITaMMoM P. Syringae u3MeHsieTcsi BOJIHOOOPA3HO TakK, CIyCTs 2 4
CHW)KAeTCs, a 3aTeéM HauyWHaeT 3HA4YuTeNlbHO YycwimBaThes (B 10-xku pas).
Okcnpeccus reHa PR-5 npu 3apakeHnn Kak BUPYJICHTHBIM, TaK U aBUPYJIECHTHBIM
mrammoM P. syringae camxaercs (corsiacHo manabiM Christian K. Widmer).

[Tpu 3apaxenun A. thaliana Bo3oymutenem durtodroposa (Phytophthora
Infestans) mporcxoauT 3HAYMTEILHOE CHIDKEHUE dKCIpeccuu TeHoB PR-0emkoB B
JuCThsIX, Takux kak PR-1, PR-2 u PR-5, skcmpeccusi rena PR-4 usmensercs
BOJJHOOOpa3HO, CHadayia ycwimBaercs (2 4), 3a TeM mamaeT (24 4) (corsacHo
nanaeM Christian K. Widmer).

XapnuHBl — KJacC BHEKJIETOYHBIX XENMEPHBIX OCJIKOB CEKPETOPHOU
cuctembl [II tuma (CCTT) duromatoreHHbIX OakTepuil — H3HAYAIBHO OBLIN
OXapaKTEepU30BaHbl HMMEHHO Kak O€JIKM, WHAYIHUPYIOIIUE 3alllUTHBIE PEaKINH
pacrenuil. Hekortopele xapnuHbl 00J7a1al0T CIOCOOHOCTHIO AKTUBHUPOBATH
CUCTEMHYIO YCTOWYUBOCTb Y 00paOOTaHHBIX PACTEHUM, YTO B EPCIIEKTUBE MOMKET
MPUBECTU K CO3JIaHUIO MPEnapaToB OUOJIOTHYECKON 3aIUTHI OT (PUTOMATOTCHHBIX
MuKpoopranu3Mos [10].

[Tpu ob6paboTke auctheB A. thaliana smmMcuTOpOM XapHmHHOM SKCHPECCHS
reHoB PR-1, PR-2 u PR-4 3HaunTeNbHO MOMABISIETCS, a dKcmpeccus rena PR-5
yepe3 1 4 mocine oOpabOTKH CHMKaeTcs, a cnycTs 4 4 mocie o0paboTKu
noBeIaetcs (anueie Christian K. Widmer),

CyllecTBYIOT HCCIICIOBaHMs 110 BIUSHUIO XapnuHOB Pectobacterium
carotovorum Ha 3Kcrpeccuro TeHOB, Koaupyoomux PR-6enku B pacTeHusIX ToMara.
OreHrBaNIM aKTUBH3AIMIO 3allMTHOTO OTBETa KJIETKHM C MPUMEHEHHWEM MeTojna
konmuectBeHHOU [P ypoBHel skcnpeccun Heckonbkux PR-reHoB Tomara uepes
24 u 72 4 mocne oOpabOTKU TpemapaTaMyd SIUCUTOPOB. BbUIO mMOKa3aHO, YTO
HauOoJIbIIIee BIUSHUE 00paboTKa MpernapaTaMy XapImMHOB OKa3aia Ha KCIPECCHIO
reda PR-2, ypoBeHb 3Kcnipeccuu 3TOro reHa okas3ajcs MOBBIIIeH B 5—7 pa3. MeHee
3HAYUTENIbHOM, OKa3alach MHIYKIUS TeHOB U3 cemeiictBa PR-1, ona Oblia Belie B
TP pa3za IO CpaBHEHUIO C KOHTposeM. OOpaboTka XapnHUHAMHM CHMYKaa
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skcrpeccuto reHa PR-6. ['ereporennsiit 3 ekt xapnuHOB Ha SKCIPECCUIO TEHOB,
Koaupyromux PR-0enku, aBTOphl OOBACHSAIOT aKTHUBAIMECH CATUIIUIATHOTO IYTH
(BmusiHMe Ha skcrpeccuro reHoB PR-1 u PR-2) m unrnbupoBaHueM CHHTE3a
’KaCMOHOBOM KHCIIOTHI (BIMSHHE Ha 3Kcrpeccuio rena PR-6) [10].

3akiaouenue. PR-0enku SBASIOTCS BaKHBIM 3BEHOM, YYAaCTBYIOIIMM B
3alIUTe KJICTKH PAacTEHHUS OT MOCIEACTBHHM OMoTHUeckoro crtpecca. K mx umcmy
OTHOCSITCSI TPOTEas3bl, XWTUHA3bl, TIIOKOHA3bl, TPOTEa3bl, AHTUMHKPOOHBIC
BEILIECTBA. DJKCIIpecCUsi T€HOB, koaupyromux PR-Oenku HaOmogaeTcs Kak mpu
nmaToreHe3e, Tak M MpH 00pabOTKe KIETOK XapHmUHAMH, YIbTPapuOIECTOBHIMU
Jy4amH, TPU 3aCOJCHHUH, TEIJIOBOM M XOJOJOBOM BO3JCWUCTBUM HA PACTCHUS.
Okcnpeccusi PR-0enkoB mpu ctpecce SBISETCS TETEPOTeHHOM, YTO MOXET OBITh
CBSI3aHO C OTPAaHUYEHHBIM ITyJIOM aMHUHOKHCIIOT B KIIETKE.
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