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CucreMHO-01M0/10rHYeCKHi N0AX01 K H3YYEHHIO A1aNTAIHH PACTEHHH K
NePHUHTY KHCJA0POAA H NOCJIEAYIOIEMY OKHCIHTEIBHOMY CTpeccy

Emenbsinos B. B.A*
1 Canxm-Memeptvpecxuit 2ocydapemeennsiil ynusepcumem, kageopa cenemuxu i Guomex-
noroeuu, Caukm-Ilemepbype, Poccua. *E-mail: bootikai@mail ru

BrisicHeHHe MeXaHH3MOB aJ1anTallid PaCTHTEILHEIX OPraHu3MOB K H3Me-
HAKOLLIMMCS yCJIOBHAM Cpejibl OOMTAHMUS SBISETCH BaXKHOH nmpo0aemMoil coBpe-
MEHHOK Ononorun, PacTenus aBisoTen 00NUraTAbIMU a3pobamu. TeM He Me-
HEeE, 4acTO OHH MOTYT 0OKa3aThCs B CPeJie ¢ NOHMKEHHOH KOHUEHTpalHel Kuc-
J0poja (rMIOKCHS) MK €ro NoJHBIM OoTcYTCTBHEM (aHokcus). Ot nedmumra
KHCJIOpO/la HepelKo CTPalaloT MOCEBBl O3MMBIX KYILTYP B 3HMHE-BECEHHHI
HJIH OCEHHHH 1MepHOABI. | HIMOKCHA BO3HHKAET TaK/e MpH BECEHHHMX I1aBOIKaX
¥ B 1IEPHO/L NETHEH BereTaluH o1 BeinajaeHds 00MAbHBIX 0caakoB. B aTHx ycio-
BHAX MOCAAKH KYJAbTYPHBIX PACTEHHH YACTO CTPAIAIOT OT KMCIOPOHON He10-
ctatoyHocTH. CornacHo BeeMupHoi TPOIOBONBCTRERHON W CENLCKOXO3SH-
CcTBeHHOH opraHu3zauvd OOH, cpeaHeMHpOBBIE NOTEPH YpOKAs OT THIIO- H
aHOKCHH cocTaB/saT o1 15 10 50% B roja. PacteHus npupoiHbIX coobuecTs,
oDHTalOIIHE B YCIOBHSIX [IOCTOSHHOIO MEpeyBIaKHEHHS HWIH Herocpell-
CTBEHHO B BOJIHOH cpelle, TaKkKe CTAIKHBAIOTCA ¢ MPo0JIeMOi HeJI0CTaTKa KHC-
nopona. B ecrectrennol cpene ofMTanms BCAEA 32 NEPUHOADM KMCIOPOIHOH
HEJIOCTATOYHOCTH 00BIYHO clieayeT BOCCTAHOBJIEHHE a’poOHBIX YCIIOBHIi, H
pacTeHHs OKA3bIBAKOTCS B YCIIOBHUAX IMOCTAHOKCHYECKOTO OKHCIHTENBEHOTO BO3-
JICHCTBUA, KOTOPOE MOKET CI10COOCTBOBATE TMOEIM PACTEHHS JAXKE B TOM CJIY-
yae, ec/IM OHO NMEPEXNII0 yC/I0BUS aHOKCHH. [loaTtomy M3ydyeHHe MexaHH3MOB
NPHCHIOCODICHA PacTennil K YCI0BHAM KHC/I0POIHON HEIOCTATOMHOCTH H 110-
CTEIYHOILEH pea’dpaldHt Npe/CTaBIsIeTCs BAKHBIM KakK JIJ11 BRISCHEHHs Teope-
THYECKHX OCHOB OMOJIOIHHM PACTCHUH, TaK W JUIS PEIICHUSA [IPOONEM Ce/lbCKOra
XO3AHCTBA C Le/TbI0 CHHIKEHHSA 0Tepb YpoKas U YMeHbIIeHHs HeOaronpusr-
HOI'0 aHTPONOIrEHHOTO BO31eHCTBHUS Ha (opy.

CnocobHOCTh ananTupoBaThes K KHCJIIOPOAHOH HEIOCTATOYHOCTH CBA3aHA
¢ HAIMYMEM pas/IM4HBIX MopdoreHeTHYecknX, Mopdosornyeckux, GH3uoIo-
FHYECKUX M OHOXHMUMECKUX NPUCTHOCOOICHWH, MHOIHE W3 KOTOPBIX Onocpe-
JIOBAHBI CYLUIECTBEHHBIMH H3MEHEHHWAMH 00MeHa BEUIECTB MPH AHOKCHH H pe-
a’parnuu. DTH U3MEHEHHS MO3BOJAIOT YCTOHYMBBLIM PAcTEHHAM BhIpabATLIBATh
JOCTATOHHOE KOJIHYECTBO IHEPTHH, [TOIEPHKHUBATD BOJTHOC H MHHEPATLHOE TTH-
TAHWE W Jlake PacTH B JeQULUHUTHOH 1o Kucaopoay cpefe [1]. boasmuHcTso
IHAHMK O MeTAlOAKMYLCKIX IEPECTPOIKAX 1IPH THIIO/AHOKCHH NOJIYYEHBl METO-
JAMH KOHBCHITMOHAJIbHOH OMOXHMHH, KOTr/a LEJEBhIM CIIOCOOOM HM3y4alochk
coJiepaKaHie Toro HIIM HHOTO MeTaboInTa, Oe/Ka HiIM UX KOHKPETHOMH IPYIILbL.
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[TAMK-1yHTa M NMOCTENEeHHOH CTUMYISALMH JIMIWAHOIO 00MEHa, 10CTHIaK-
Iero MaKCHMYMa MpH NpO/I0/IKHTE/IbHOM JI€HCTBHH AHOKCHH.
: CXO/IHBIE ¢ PUCOM M3MEHEHHsl MeTadoI0Ma OBUIH MPOJAEMOHCTPHPOBAHI
"M JUIA JIMKOPACTYILHX PacTeHUi-ruapo(HTOB, OOMTAIOMNX B YCIOBHAX Je(H-
nura Kuciopojaa. MerabonoMHoe npodHIHpOBaHHE NMPOBOAHIIM B JIMCTBAX
OJIN3KOPOJICTBEHHBIX NAp BHJAOB, H3 KOTOPLIX OJIHH — MPEACTABHTENL THPO-
buTHOMH (OpBI, & APYIOH — HEYCTOMYHBBINA K 3aTOMJICHUIO ME30(HUT, OOHTA-
FOLIMH B yCl10BUAX HOpMOKCHH. | Ipoananusupoano 0Oosiee S0 BH10B pacTeHHH.
Metabonuueckue npoduau auctbeB HacuuTbiBaan o1 100 1o 400 meTabonuTos
MpeACTAB/IAIONINX OCHOBHBLIE I'PYIIbI BELIECTB IIEHTPAIILHOTO META00IHM3Ma.
Buael ruapodguros, odUTaONIME B YCIOBUAX MEPEYBIAKHCHHS WIIM 3aTOILIe-
HHSl, HAKAIUTHBAJIM AMMHOKHUCIIOTHI, B TOM YHCIIe 00pa30BaHHbIC H3 HHTEPME/IH-
aToOB IJIMKONK3a, MpoauH W MetadonuTel | AMK-wynTa (ananuH, riayramMar,
["AMK, 4-ruapoxkcudyTupar), rimuepus, kKapooHoBsle KHCIOTH IMKIa Kpedca
((hbymapar M CyKUMHAT ), TJIMKOIM3a (rIMiepar, NMpyBar) i OpokeHHH (J1akrar),
TO €CTh MPOABISIM XapakTepHble 4YepThl aHa’pobHoro meradonusma [2].
Haunbonee pamHOH rpynnoi metadonnToB ObUIM KapOOKCHIIATBI: CYKIIHHAT,
dymapar, nupysar, riiMKosar u jgakrar. X yposenb Obll1 HU3KUM Y OONBIITHH-
CTBa Me30()MTOB M MOBLIIEHHLIM Y OOJIBIIHHCTBA THAPOMUTOB. OHAKO, Pl
rHAPOGUTOB, TAKUX KAk pAECTbl M HEKOTOpble OO0JIOTHBIE BEPECKOBLIE
(Empetrum nigrum w Ledum palustre) OTIHYaINCh 1TOHHKEHHBIM YPOBHEM
3THX BemtecTB. Ha npumepe BuioB Ranunculus nokaszano, 4to npoguinposa-
HUE LEHTPAIBHOTO MeTad0I0MA [103BOJIAET BBIABIATL POJACTBEHHBIE CBA3H H,
HaApAJAY C KJIACCHYECKMMH METOJaMH BbIYMCIUTEIBHON (DHIONEHETHKH, HC-
MOJB3YHOIIEH MOJEKYJISPHO-I€HETHYECKHE METO/Ibl, MOKeT OBITh BOCTpeDO-
BAHO MPH NOCTPOSHUH (UIOreHEeTHYECKUX JeHaporpamm. Cieayer 3aMeTHTh,
YTO B MNPEAECTBYIOUIHX XEMOTAKCOHOMHYECKHX HCCIICI0BAHUAX H3Yy4alld
[IPEHMYIIIECTBEHHO BTOPHYHBIE META0O/IHUTHI.

[TockonbeKy BO3BpAllleHHE YCI0BHH HOPMAILHOU a’palliid — KOMITIOHEHT
BO3/IEHCTBHS TMIO/AHOKCHH B IIPHUPOIHBLIX IKOCHCTEMaX [3], Mbl M3y4allH €ro
3pdexTs Ha MeTaboI0MBI IPOPOCTKOB MIIEHHLIBI U pHca. KpaTkocpouHas (1 4)
peaspallis MOYTH HEe OKa3blBala JACHCTBHS Ha METadOJIOMBI ODOHX PacTEHHMH,
KOTOPBIE KIACTEPH30BAIHCH BMECTE C AHOKCHYECKUMH, 0COOEHHO IIPH NIPOA0JI-
JKHTETBHBIX CPOKAX IPEALLIECTBYIONIEH aHOKCHH, 24 4 peadpaliks C/IBHIana Me-
Tab0JIOM B CTOPOHY HOPMBI, 0COOEHHO Y pHuca nociie 6 4 aHOKCHH, OIHAKO MOJI-
HOT'O BO3BpAILIEHHs! HE MPOMCX0AMI0. bonblias oT3bIBYMBOCTL TOCHE 6 U Dec-
KHCJIOPOHOTO BO3AEHCTBHS MOTJIa OBITE CBA3aHA C TEM, YTO B 3TOT NEPHO]I Te-
pexoj1 K OoJiec Mo3aHeMy aHAIPOOHOMY OTBETY elllE OKOHYATE/IbHO HEe 3aBep-
mweH U OBIJIO BO3MOKHO YacTHYHOE BO3BpAlllEHHE MeTaboIM3Ma K J10CTPECCo-
BoMy cocTtosHuio. [locie 24 u 72 4 GecKMCIOpPOAHOrO BO3ACHCTBHS MOCTAHOK-
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CHYECKHE METabOJIOMBI IPYIIIMPOBATHCE ¢ AHOKCHYECKUMH. Y TIIEHHIBI Pe-
d3palius NMPHBOIHIIA K MOBBIIIEHUK) YPOBHS caxapoB, KapOOKCHIATOB (BKIIHO-
4as ackopOar W JjaKTar), riavuepHHa U amMmuHoB. [IpeacTaBieHHOCTS [UTpara,
AMHHOKHCIIOT, a30THCTBIX OCHOBAHHH M JKHPHBIX KHCJIOT, HA0DOPOT, CHHKA-
nack. Y pHca peajpaiMs BbI3bIBAJa aKKyMYISIMIO rexcosodocdaros, caxa-
PO3bI, AMHHOKHC/IOT, CTEPHHOB M JKHPHBIX KHCJIOT, TOI/Ja KaK YPOBHH Kap-
OOKCHIIATOB, KaK HHTEPMEIHATOB IJIHKOIH3A H OPOkKeHHil (IMHpyBart, naKrar),
TaK 1 urukna Kpebca (cykuunar, Manar), IeHTO3 M reKco3 MOHHKAIHC. Peaspa-
[HA TIPHBOJINNIA K TOHMXKEHHIO ypoBHeH ananuHa u 'AMK u akkymynisuuum ac-
llaprata M riayraMara, 4To yKa3blBaeT Ha CABHI'M MeTabO0/M3Ma K JI0CTPecco-
BOMY COCTOsAIHHIO. HakoneHune 5-0KconpoinHa u MajloHaTa MOKET CBHIIETEb-
CTBOBATH 00 YCHICHHH OKHCIINTEIBHOIO CTPecca MpH JeHCTBHH MOCTAHOKCHH.
OKHCIIMTE/IbHBIH CTPECC SBJISETCS TJIABHBIM KOMIIOHEHTOM [MOCTAHOKCH-
YecKoro Bo3ieMcTBHs [3]. Ilpn peaspaimu npoaykims nepokcuia BO0pO/1a,
NEPEKHCHOE OKMCIICHHE JIMITHJIOB M KapOOHWIMPOBAHHE OEJIKOB Yy IMIIEHHUIIb]
CTUMYJIHPOBAIMCH B DOJIBLICH CTENEHH, YeM Yy pHca. [Toa BIusHHeM aHOKCHH U
peaspaiuu y prca Hadmoaanock ObICTpoe NOBHIIEHHE AKTHBHOCTH KATAA3b,
4 TAKIKC BHYTPH- H BHEKJICTOYHBIX rBaskoianepokcHaas. MepMeHTs ackopdar-
IJTyTaTHOHOBOTO LIMKJIA Takke HPPEKTHBHO PYHKITMOHHPOBAIH y PHCA B YCII0-
BHAX MOCTAHOKCHH. Y [LICHHIIBI CTUMYIISAIMH KaTanasbl He [IPOUCXOIHIIO, 4 Ie-
POKCH/1a3a aKTHBHPOBAJIACh TOJILKO B 110Oerax nocjie Kparkocpo4HOH aHOKCHH
H NPOIOJKUTENLHON peaspaiun. depMenTs acKopOar-riyTaTHOHOBOTO HK/IA
HHAKTHBHPOBAIHCH. CTHMYJISALHS aHTHOKCHIAHTHBIX (DEPMEHTOB y puca co-
[TPOBOK/1AJIACH YCHICHHEM YKCIIPECCHH COOTBETCTBYIOIHUX I'€HOB.
lIporeomubiii ananus metonamu 1ByMepHOIi reeBoil NPOTEOMUKH ¢ MO-
Cacayoumm TpuncHHonu3oM 1 MALDI-TOF-macc-cnextpoMerpueii BeisiBun
B IPOPOCTKaX puca 82 aHHOTHPOBAHHBIX Oeska, U3 HUX 13 YHHKAIBLHBIX GEIKOB
B noderax u 8 — B KOpHAX. XapakTep U3MEHEHHI OT/IeJBHBIX OEIKOB MO3BO-
JIAJI BBLACJINTE 4 IPYNNBI ¢ PasiauyHOil AuHaMHKo#. B nepsoii rpynmne 6buin
OesikH, cojiepaHne KOTOPBIX YMEHBIAAOCh B CTPECCOBBIX YCIIOBHSIX, TAKHE
Kak manas cyobemunnua PybucKO, dpykroso-6uchocdar-anpaonaza u psan
ApYTHX (epMeHTOB (hoTocHHTe3a. Bo BTOpOii rpynme 6buin Genkn, aKTHBHpY-
CMBIC TIDH aHOKCHH, CPeH KOTOphIX — Oonbinas cydoweaunnua PybucKO,
bTIII70 u PR-bl Genok (pathogenesis-related protein). HanGosnee untepecuoi
ABJIACTCS TPEThA rPyINa 0e/IKoB, HAKOMN/IEHHE KOTOPBIX HAYUHHAIOCH TIPH aHOK-
CHH W JIOCTHTAJIO [MHKA BO Bpems peadpauuu. K takoseim otHocHuck OEE] u
2 (oxygen-evolving enhancer proteins 1&2), mansie BTIL u PR-6enkn, cs3an-
HBIC C 3AIIMTON OT OKHCIIHTEIBLHOTO CTpecca u marorenos. Kpome Ttoro, mpo-
MOTOPEI I'€HOB, KOJAUPYIOLIHX 3TH 0elKH, ObUTH 000TalleHbl caliTaMH NMOCAIKH
TPaHCKPHIIIHOHHBIX (pPaKTOPOB, CBA3AHHBIX CO CTPECCOM, B yacTHocTH, WRK Y,
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ERF u MYB. YerBéptyio rpyiniy cocTaBisiu O€/IKH, yPOBEHb KOTOPBIX CHH-
AKQUICS IPH AHOKCHH M CHOBA BO3PACTal TIPH peadpauiy, B 4aCTHOCTH, IIEPOK-
CHpE/IOKCHH W apaOuHa3a. BecbMa J11000IBITHO, YTO He ObLIO BbIABICHO DEn-
KOB, CrieliM(PHUYHBIX TOIBKO JUIS [IOCTAHOKCHH. bosee Toro, Tak e, KaK ¥ B Cly-
yae MeTadoJIOMOB, MPOTEOM 110¢/1€ 24 4 AHOKCHH KJIACTEPHU30BAJICS 10 Pe3yJib-
TaTam aHaIH3a METO0M IJIABHBIX KOMITOHEHT BMECTE C MOCTAHOKCHYECKHM (24
4), HO HE C HOPMOKCHYECKHM TTpOTeoMOM. PesynbTaTel METabOJIOMHOIO H 11pO-
TEOMHOI'0 aHAJIH3a MO3BOJAIOT 3aKII0YHTh, YTO MOCTAHOKCHA HE sABJISETCSA Cca-
MOCTOSTEABHBIM CTPECCOPOM, M €€ CIIeyeT CUMTATh IPOJ0JKEHHEM BO3/ICH-
cTBUSA (mocneaeicTBUeM) aHOKCHH. PacTenus, ycToiunBbBIE K JE(PHLHTY KHC-
1opoja, 001a1aT YCTOHYMBOCTBIO H K [TOCTAHOKCHYECKOMY OKHCIMTEIBHOMY
BO3/ICHCTBHIO.

Mccnenosanue BbinojiHeHo npu nomaepkke PODOU (npoekt Ne 18-04-
00157) u PH® (npoekt Ne 22-24-00484). YuacTue B CHMIIO3HYME ITOU1EPKAHO
Cankr-IlerepOyprckum rocy1apcTBEHHBIM YHHBEPCHTETOM (IPaHT HA HCXOA-
myo akajgemudeckyto moounsHocts CII6IY CONF2024 2 ID: 120787805).
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NMuddepeHunanbHas IKCNPECCHN NEHOB CTPECCOBOIo 0TBETA B
aumaiiauke Xanthoria parietina npy AeruapaTaudy 1 perapaTauuu
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JIumaliHuK — CMMOMOTHYECKAas accolMalis, OCHOBHBIMHA KOMIIOHEHTAMH
KOTOpO# ABJIsiIOTCS (POTOOMOHT H MUKOOHOHT. JIHIaHHHKH OTHOCAT K IKCTpE-
modunam Gaarogaps uX crocoOHOCTH BBIKHBATHL B YCIOBHAX, Kpaiite Heda-
FONPUATHBIX JUIS OOJIBIIMHCTBA APYTHX OPraHn3MOB. B 4YaCTHOCTH, DHHU obna-
K0T BLICOKOH YCTOHUHBOCTBIO K 00€3BOKMBaHHIO. MeXaHU3Mbl YyCTOHYHBO-
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