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CrocoOHOCTb paCcTEHUI afanTUPOBATHCS K HEOJIArONMPUSATHBIM YCIOBUSM CYLLIECTBOBAHUS SIBJISIETCS] HE-
00XOOMMBIM YCJIOBUEM BBDKMBAHUSI PACTEHUWI, COXpaHEHMSI T€HOTUINA U MOIIepKaHUsl pa3zHOOOpas3us
dnopsl. TlepcneKTUBHBIM MOAXOAOM ISl pellleHUs] MPOOIeMbl MOBBIILIEHUS] YCTOUMYMBOCTU PACTEHUA SIB-
JISIeTCSl U3yYeHUEe MEXaHU3MOB CTPECCOBOM YCTOMYMBOCTU “3KCTPeMOMUIIOB”, B TOM UYMCJIE MXOB — BbIC-
LIUX HECOCYOUCThIX pacTeHuil. OTHOCUTENbHAS MPOCTOTA AaHATOMUYECKOTO CTPOEHUSI U CITIOCOOHOCTh K
BBDKMBAHUIO B HEOJIATOTIPUSATHBIX YCJIOBUSIX CPEIbl IEAIOT 3TU 3BOJIIOLIMOHHO-IPEBHUE PACTEHUS UJIE-
aJIbHBIMU MOJEJISIMU IS U3y4YeHUs] MeXaHU3MOB aganTtauuu. M3BecTHO, 4TO (PyHKIIMOHAJIbHASI aKTUB-
HOCTb (hOTOCMHTETUUECKOTO arllapaTta CIocoOHa TMHAMMYHO M3MEHSIThCS TIPU EUCTBUM CTPECCOBBIX
dakTopoB. B HacTos11Iell paboTe ObUIO MPOBEASHO MCCAEA0BaHUE CTPECC-MHAYLIMPOBAHHBIX U3MEHEHU I
colepXaHus KApDOTMHOUAOB B JIECCHOM MXe TMJIoKoMuyM Onectsaiuii (Hylocomium splendens Hedw.) B
YCJIOBUSIX TeMIlepaTypHoro crpecca. Hamu ObutM uMaeHTUGUUMPOBAHBI OCHOBHBIE KapOTUHOUIbI MXa
H. splendens. YcTaHOBJIEHO, YTO OTHOCHUTEIBHOE COMEPKAHME JIIOTEVHA, J-KapOTHHA U 3eaKCaHTHHA BO3-
pacTajio npu AeMcTBUU OTPULIATENBbHOM U MOBBILLIEHHOI TeMIIEpaTyp, TOrIa Kak o0lee coaepxXaHue Kapo-
TUHOUIOB MPU TeMIIepaTypHOM cTpecce cCHUXanoch. [lokazaHo, 4yTo 1 4 BO3neicTBUS HEOJIaroMmpusITHBIX
TeMmIiepaTyp NpUBOIUII K TOCTOBEPHOMY CHMXXEHUIO HE(OTOXMMUYECKOTO TyllIeHUs (PiyopeclieHIMHU XJ10-
podwuia a, mpuuemM 6oJiee CUIbHbBIE U3MEHEHUST HAOII0NaIiCh TIPU BO3IEICTBMUM OTPULIATEILHOMN TeMIIe-
paTypbl. AHaiIU3 ypoBHS TpaHCKpunToB HsLUT I, omHOro 13 KII0YeBbIX T€HOB OMOCUHTEe3a JIIOTEHA, IIPU
TeMIIEpaTypHOM CTpecce MoKa3ajl ero 10CToBepHoe yBeanueHue B 4—5 pa3. Takum o6pa3oM, MoayyeHHble
HaMU JaHHbIE MTO3BOJIMJIU BbISIBUTH, YTO U3MEHEHMS SKCIIPECCUN TeHa OMOCUHTe3a KApDOTUHOUIOB COTPO-
BOXIIAIOTCS UBMEHEHUSIMU UX COJIEP>KAaHUSI IIPU TeMIlepaTypHOM cTpecce. [TojlyueHHbIe JaHHbIEe pacIIupsI-
0T Hallle 3HaHMe O MeXaHU3MaX YCTOMUYMBOCTU Y MOXOOOpPa3HbIX U OyIyT CrIOCOOCTBOBATh MOHUMAHUIO
9BOJIIOLIMOHHBIX U3MEHEHU I CTPECCOBOI YCTOMYMBOCTU BBICIIMX PACTCHUIA.

KimoueBble cinoBa: Hylocomium splendens, aboTUdeCKMii CTpecc, KApOTUHOWIBI, IIMTMEHTHI, (OTOCUHTE3
DOI: 10.31857/S0015330323601000, EDN: BELXXA

BBEAEHUWE

KaporuHouabl — 3TO IIMPOKO paclpoCTpaHEH-
HbIE IPYIIBI U3OMPEHOMIHBIX MUTMEHTOB, 00pa3yto-
1uMecs B pesysibTaTe KOHAEeHCAalluu BOCbMU U30Mpe-
HOUOHBIX €AWUHUILI. 1o Hanuyulo 3aMecTUTENEN UX
MOApAa3ae/sIiOT Ha IBE TPYIIbl: MPOCThIE YIJIEBOIO-
POIHBIE COENUMHEHMSI — KAPOTUHBI U UX OKMCJIEHHbIE

Cokpamennsi: Buo — Buonakcantus; BKII — BuosakcaHTMHO-
BoIi nuki; JPIT — 2,2-nudenwn- 1 -nukpuiaruapasmi; 3ea —
3eaKCaHTHH; O.-Kap — 0.-KapoTuH; B-kap — B-kaportuH; Jlror —
motenH; Heo — HeokcanTuH; CCK — cBeTocobuparonie Kom-
mwiekcol; GCI, OCII — dpotocucrema I u 1I; NPQ — HedoTo-
XUMHWYECKOe TyIIeHre (PIIyopeclieHITNH XJIopodhHILIa.
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MMPOU3BOAHBIE — KCAHTOMWLIBI, COASPXKAIIUE OKCHU-,
BIIOKCH- M KeTorpyniibl. OHM CUHTE3UPYIOTCSI BO
BceX (DOTOCHMHTE3UPYIOLINX OPTAHW3MAX, a TaKXKe B
HEKOTOPBIX HE(POTOCHMHTE3UPYIOIINX OaKTepUsIX M
rpudax. ConracHO HEMHOTUM JTaHHBIM, IallOPOTHM-
KW 1 MXU COIEPXKAT, B OCHOBHOM, T€ € CaMble Kapo-
TUHOMWIBI, UTO U BBICIIIE pacTeHUs [1].

buonornyeckass aKTUBHOCTb KapOTUHOWIOB
ornpeaessieTcss UX BBICOKOW aHTMOKCUIAHTHOM ak-
TUBHOCTEIO [2]. KapoTHHOMIBI SBIISIIOTCS aKTUBHBIMU
MOMIOTUTEJISIMU CUHIJIETHOTO KMCJIOPOAA B PACTEHUSIX,
4YTO 00YCIaBIMBAET UX BAXKHYIO OMOJIOTMYECKYIO PYHK-
1110 — 3aIIUTY KJIETOUHBIX KOMIIOHEHTOB, TAKMX KaK



NM3MEHEHUA COOEPXAHUA KAPOTUHONIOB

xaopodmiuTel, TMNUAE, 0enku, JHK n np., ot okmc-
JIMTEIBHOTO MOBpexXaeHUs1. KapoTMHOMIBI CUHTE3U -
PYIOTCSI B TECHOM KOOPAMHALIMU C XJIOpOpUIaMu, 1
MX COCTaB KOHCEpPBAaTWMBEH Y BBICIIIMX pacTeHUi [3].
B 3eeHbIX TKaHSIX pacTeHUI KapOTUHOMIBI y4aCTBY-
IOT B MeXaHM3MaX (hOTO3aIIUTEl ¥ CTA0MIM3auuu po-
TOCMHTEeTHYeCcKoro armrapara [4]. WU3BecTtHO, 4YTO
KCAaHTOMWJIJIOBBIA IIMKJI, WIW BHOJAKCAHTUHOBBIMN
uuki (BKII), BeimoaHsIeT (pyHKIIMIO 3a1IUThl (POTO-
CHMHTETUYECKOTIO aIllrapara oT U30bITKa YHEPIUM IIPU
TMOBBILIEHHON MHCOJISIUUUA U MOBPEXIAIOIIETO eH-
CTBUSI CUMHIJIETHOTO Kuciaopoda. [luki BkiaouaeT B
ce0s1 (pepMeHTaTUBHbBIC B3aUMOIIPEBPAIIEHUS MEXIY
BuosiakcaHTUHOM (Buo) u 3eakcanTuHoM (3ea)
(TTPOMEXXYTOYHBII TTPOMYKT — aHTEPOKCAHTHH) |5, 6].
IIpu sTOoM TIMaBHYIO (POTOPOTEKTOPHYIO (PYHKIIUIO
BBIMOJHSIET 3€a, Ha KOTOPbIA IEPEHOCUTCS SHEPIHUS
BO30YyXIeHUs xJIopoduiiia 1 gajiee nmpeoopasyercs B
TEIUIOBYIO. DTOT MEXaHM3M U3BECTEeH KaK He(pOTOXU-
MUYecKoe TymieHue GIyopecleHINN XJIopoduiiia
(NPQ) [7]. ¥ xapOoTMHOMIOB BBIICISIOT U APYyrue
Oouosiornyeckue yHKIUU, UX HAKOIJIEHME BO MHO-
rMX LBETKaX M IUIoAax oOecleuyrBaeT IPUBJICYCHUE
ONBIINTEJIeil, CIIOCOOCTBYET pacCeUMBAHUIO CEMSH
nTuiamMu. HakoHen, KapOTUHOUIBI CIIyXKaT ITpem-
IIECTBEHHUKAMHU IJIsI CUHTE3a PACTUTEIbHBIX TOp-
MOHOB — abc11M30Boii KuciaoTel (ABK) u ctpuronak-
TOHOB, a TaKKe JPYTUX allOKAPOTUHOUIOB, KOTOPbIE
YYaCTBYIOT BO MHOTHX TIPOIIECCaX Pa3BUTHUS U CTPEC-
COBBIX peakuusx [8, 9]. B cBsI3U ¢ BaXKHOCTBIO Kapo-
TUHOMAOB 111 (DU3UOJIOTUH, Pa3BUTHUSI, SKOJIOTUN U
9BOJIIOLIMU pACcTCHU, U3yYyeHUe UX MeTaboJiM3Ma U
GYHKIIMII TIpeACTaBIIsIeT 3HAUNTEIbHBI MHTEpEC.

ITyth 6MOCHUHTE3a KapOTUHOUIOB ILIMPOKO M3Y-
YeH Ha BBICIIMX PACTCHUSIX, U TIOYTHU BCE BOBJICUCH-
HBIE TeHBI BBIACIICHBI N oxapakTepnu3oBansl [10, 11].
YV BbICIIMX pacTeHUIT HEKOTOPbIE Te€Hbl OMOCUHTE3A
KapOTMHOUIOB SIBJISTIOTCSI M30BITOYHBIMH, YTO I103-
BOJISIET MIPEAIIONOXUTD, YTO 3TU T€HbI ObLIN AyOIM-
pOBaHbI U (PyHKIIMOHAJILHO Pa30IUIMCh B XOJ€ 3BO-
JIIOLIMU PACTEHUM.

B otnmume ot BBICHIMX COCYIMCTBIX PACTeHUIA, B
JIMTepaType UMeeTcss Majlo MHGOpPMAlIMM O COCTaBe
KapOTUHOUJIOB U UX POJIM B CTPECCOBOI YCTOMYMUBO-
CTH Y MOX000pa3HbIX, KOTOPbIE CUMTAIOTCSI DBOJIIO-
MOHHO paHHUMM Ha36MHBIMUI HECOCYIMCTHIMU pac-
TeHUusIMU. 11 TTIOHMMaHUs 3BOJIOLIMU OMOCHHTE3a
KapOTMHOMIOB B PACTEHUSIX U3yUYeHME JAHHOTO ITPO-
Iecca y MOXOO0Opa3HbBIX SIBJISIETCSI BeChbMa aKTyajlb-
HOI 3agadeii. AHaJIU3 TUTEPaTyphl BEISIBUI HAJTUUME
JIMIITb eAMHUYHBIX paboT IT0 UCCIEIOBAaHUIO COCTaBa
KapOTMHOMUIOB U WASHTU(hHUKAIIMKY TeHOB MX OMO-
CUHTEe3a Y MOXO00pa3HbIX, B YaCTHOCTU, Physcomitri-
um patens 1 Marchantia polymorpha [12, 13]. Kak u
BBICIIINE COCYIMCTBIE pACTEHUS, TOOETM MXOB COIEP-
KaT B Kauye€CTBE OCHOBHBIX KapOTUHOUWIOB JIOTEUH
(JTrot) u B-kaporun (B-kap) [12]. Panee HamMu ObLT
MPOBeIeH aHAIN3 aHTUOKCUIAHTHOM aKTUBHOCTU Op-
FAaHUYECKHUX DKCTPAKTOB HECKOJBKUX BUIOB MXOB —
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Dicranum scoparium, Pleurozium schreberi, Hylocomi-
um splendens, Sphagnum magellanicum. bbuio ToKa-
3aHO, YTO Cpelu 3KCTPAKTHMBHBIX BEIIECTB UMEHHO
KapOTUHOMABI 00JamaloT HAWOOJBIIEN aHTUpPaAIHN-
KaJIbHOI aKTUBHOCTBIO B OTHOILIEHUU 2,2-T1U(eHUII-
1-tukpunruapasuna (JAPII). [Ipu a3TomM camoe BbI-
COKO€ KOJIMYECTBO KApOTUHOWIOB COAEPXKaIOoCh B
aKcTpakTe Mmxa H. splendens (HeolyOIMKOBaHHBIE
naHHble). HecMoTpsi Ha IMPOKYIO pacrpocTpaHeH-
HoCTb H. splendens B necax CeBepHOTO MOIyIIapus 1
TOPHBIX MECTHOCTSIX, MHpopMalMs O CTPEeCCOBOM
YCTOMYMBOCTU JaHHOTO OpuoduTa OTCYTCTBYET.
B yactHOCTH, OCTalOTCS MPAKTUYECKU HEU3YUYEHHbI-
MU U3MEHEHUSI KapOTUHOMITHOTO COCTaBa 3TOT0 MXa
B CTpPECCOBBIX ycloBUsiX. Ha ocHOBaHUM BbIlIeCKa-
3aHHOTO, UCCJIeAOBaHME U3MEHEHUS MPOodUIIs Kapo-
TUHOUIOB 1 TeHOB UX OMOCUHTE3a MaJOM3y4YeHHOIO
JiecHoro mxa H. splendens B ycnoBusiX TeMIepaTypHO-
ro CTpecca SBSIeTCSl aKTyaJIbHbIM M MOXET AaTh He-
JIOCTaIONIyI0 MH(MOPMAIIUIO O POJIM KAPOTUHOUIIOB B
CTPECCOBBIX OTBETaX y MOXOOOPa3HbBIX.

MATEPHAJIBI U METO/bI

O0bekT uccaenoBannsa. B kauectBe o0ObeKTa MC-
cllemoBaHUSI OBLI MCIIONB30BaH Mox Hylocomium
splendens Hedw., coOpaHHBIli B Jlecax AWIIIMHCKOTO
JecHnyecTBa Pecrry6nuku Tatapcran (55°53 21.3 c.i
48°38 14.3 B.1) B Mae 2022 1. [1ocne npeaBapuTeib-
HOM OYMCTKM CyXUe MOoOern Mxa XpaHUJIMCh B KOH-
TPOJIMPYEMBIX MPOXJIAAHBIX YCIOBUSIX B TEMHOTE.
OCHOBBIBASICh Ha TTOJTyYeHHBIX paHee pe3yIbTaTax o
OLleHKEe (POTOCHMHTETUYECKOI AaKTUBHOCTU pPa3HBIX
spycoB mxa H. splendens Ha Bo3neiicTBUe HeOJIaro-
IIPUATHBIX TeMIlepatyp [14], 1iug ananmsa HamMu ObLUIa
HMCMOJIb30BaHa BEPXHSS 4YacTbh Moodera (mepBhIe IBa
sipyca), B KOTOpoii MeTaboudecKre NpoLecChl UIYT
WHTEHCUBHEE, B T. U. OTBETHBIE PEaKIIMU Ha CTPECCO-
BbI€ BO3JICUCTBUS.

CrpeccoBas oopadoTka. [Todern mxa H. splendens
TUAPATUPOBAIN TUCTUJIMPOBAHHOM BONOIT B Teue-
Hue 24 14 npu temneparype 10°C B yCIIOBUSIX TEMHO-
THI. Jlajiee TumpaTupoBaHHBIE 0Opa3Ibl MXa MHKYOM-
poBaJiu B TeuyeHUe 1 4 B KIMMAaTUYECKOU Kamepe ¢
KOHTpoaupyeMoit orpuniarebHoi (—20°C) U MOBHI-
meHHoi (30°C) TeMmmiepaTypaMu. J1j1s OLleHKU CTpec-
COBOTI'0 OTBETa MXa MaTepuall OTOMpaJiu cpasy ke Mo-
cjie BO3AEMCTBUSI HEOMArONPUSITHBIX TeMIlepaTyp, a
Takke gepe3 1, 3, 5, 24 4 BeIAepXKMBAHUSI MXa NPHU
KOMHATHOM TeMIlepaType II0CJie CTPECCOBOIO BO3-
neiictBusi. OBOMHEHHOCTh 00pa3lOB MXa OmNpeaess-
JIX B KaXKI0 BPEMEHHOI TOYKE BBICYLUIMBAHUEM OO
MOCTOSTHHOTO Beca Ha aHanu3arope BiaaxkHoct ABI-60
(“Tocmetp”, Poccust).

Anamm3 npodumiaa kaporuHouaon. McciemoBaHue
CcOoCTaBa M ColepXKaHUsI KApOTUHOMIOB IIPOBOAMIIM C
IMOMOIIIBIO BEICOKOA(M®MEKTUBHOM KUIKOCTHOM XpO-
matorpadpuu (BDXKX) Ha xpomatorpade LicArt 62
(“JIabkoHnuent”, Poccust). IIpo6onoaroroBKy u pas-
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JIeJeHre TMTMEHTOB OCYIIECTBIISIIIN coracHo [15] ¢
HebonbmuMu MogudukamusaMu. Obpasell Mxa pac-
TUpaIU B XXUIKOM a30Te, U3 IIOJIY4EeHHOTIO IMOPOIIKa
oTOoupanm HaBecky Maccoii 0.1 T 1 mepeHOCHIIN B 311-
neHpopd, nodasisiu 0.5 Mut atieToHa. 11t MHTEHCH -
duKaly U3BICYCHUST KADOTUHOMOIOB CMEChH B SIIIICH-
nopde momBepra 00paboTKe 5 MUH YIBETPa3BYKOM
(BaHHa yabTpa3BykoBas “Cancoup”, Poccus), naiee
neHTpudyruponaiu 5 muH mnpu 10000 06/muH. Cra-
VW DKCTparupoBaHUS IIOBTOPSUIM 10 MaKCUMAaJILHO
IMOJTHOTO M3BJIEUEHUSI IMUTMEHTOB M3 HaBECKU MXa
(5—6 ctammii). [Toay4eHHBIE 3KCTPAKThI 0OBEIUHSLIIN
W BBICYIINBAJIM Ha pOTOpHOM wmciaputene RV 8
(“IKA”, Tepmanus). Husa BOXKX wucnonb3oBaiu:
SIMIOEHT A — alIETOHUTPWII : MeTaHo : Boga (75 : 12 : 4),
smoeHT B — MeTaHon : atmmarerar (68 : 32). Bricy-
IIIEHHbIE JKCTPaKThl MNMUIMEHTOB pPaCTBOPSIIM B
400 Mk sm0eHTa A, LeHTpUdyrupoBaiu 5 MUH
npu 10000 06/mMuH, 20 MKJI cyniepHaTaHTa OTOMpaIn
1 xpoMartorpadupoBalii Ha KOJOHKE C oOpalleH-
Hoit ¢dazoii Inertsil ODS-3, 3 MM, 4.6 X 100 Mm
(“GL Sciences”, Anonus). CoenuHEeHUsT XpOMaTO-
rpaupoBaJIv MPU TPAIUEHTHOM PEXMME CO CJIEMylo-
el MOCJIeAOBATEIbBHOCThIO MOeHTOB: 0 MUH A —
100%; 0—15mMuH A — 0% 1 B — 100%; 15—40 Mmuu B —
100%. Cxkopocth mnotoka smwoeHTta 0.5 MJI/MUH.
TemmepaTypa xpomarorpadupoBaHUs COCTaBIIsIa
25°C. KapoTuHOMIbI OETEKTUPOBAIN C ITOMOIIBIO
IMOIHO-MaTpuuHoro gerekropa DAD-62 (“JIaGkoH-
uent”, Poccust) mpu 440 HM. YnpasieHue paboToii
xpomarorpada, mpuemM M o0pabOTKy ITOJIyYEHHBIX
JaHHBIX TIPOBOAWJIM C TIOMOIIBIO CIIeLIMaTN3UPOBaH-
HOM KOMITBIOTEPHOI ITporpaMMbl “LicArt WSV”,

Mnoentudukalvio KapoTUMHOMAOB B 3IKCTpaKTax
MXa OCYIIECTBJISIIM MO 3JIEKTPOHHBIM CIEKTpam B
obustactu 300—700 uMm [16, 17] 1 myTeM corocTasie-
HUSI ¢ BpeMEHaMU BbIXO/a CTaHAAPTOB KapOTHUHOU-
noB — P-kapormHa u motenHa (“Sigma-Aldrich”,
CHIA, cTeneHb YMCTOTHI He MeHee 95%), xpomaTo-
rpaupyeMbIX TIPU aHAJTOTUYHBIX YCIOBUSIX.

AHAJIM3 OTHOCHTEILHOTO YPOBHS IKCIPECCUU TE€HOB.
AHanM3 3KCNpeccUur reHa KapoTUH €-MOHOOKCUTe-
Ha3el (HsLUTI1) ocymectBnsun ¢ moMmoipio I11P B
peansHoM BpemeHu (ITLIP-PB). Toramenyto PHK
H. splendens Buinensiiu ¢ iomolibio Habopa RNeasy
Plant Mini Kit (“Qiagen”, 'epmaHust), corlacHO MH-
CTpyKUMHU npousBoautesis. KoHlleHTpalluio U 4u-
croty PHK onenuBanu Ha cnektpodoTtomeTpe Nan-
oDrop® ND-1000 (“Thermo Scientific”, CIIIA), 1ie-
JIOCTHOCTb TMPOBEPSUIM C MOMOIIBIO 3ieKTpodope3a B
1% araposHoM Treile. Peakimio oGpaTHOI TpaH-
ckpurmyun (OT-ITLP) mpoBommim Ha TepMOLUKIIEpe
C1000 Touch™ (“Bio-Rad”, CIIA) c¢ Habopom
MMLV RT (“EBporen”, Poccusi) B peakKliMOHHOM
o0beMe 25 MKJI TT0 CTaHAAPTHOMY MPOTOKOJIY TPOU3-
poautens. ITIIP-PB npoBonuiu ¢ ucrojib30BaHUEM
cuctemMbl CEX Connect Real-Time PCR (“Bio-Rad”,
CIHIA). Ouenky ypoBHs 3kcnpeccuu reHa HsLUT1
OCYIIECTBJISUIM OTHOCUTENIbHO peepEHCHBIX T€HOB:

PEHKOBA u np.

18S pPHK (18S), rmuuepanbaerun-3-dochataerui-
poreHasa (GAPDH?2), o.-tyoynuna 1 (TUBI), o.-TyOy-
mmHa 2 (TUB2) [18].

AHamm3 (pOTOCMHTETHYECKMX NapamMeTpoB. Momy-
JIMPOBaHHYIO hiIyopeceHIUIo XJIopoduiiia a u3Me-
psi Ha 6a3e cucteMbl PAM (ot anmt. Pulse Amplitude
Modulation) npu momomu ¢dayopumerpa FMS1+
(“Hansatech Instruments”, BenukoOputaHusi) co
CTAaHIAPTHOM JIMCTOBOM KIIUIICOM C MCIIOJIb30BAHUEM
KpacHoro cBeroauona. Ilocie mepuoma TeMHOBOI
aganTaiuy NpoAOJLKUTEIbHOCThIO He MeHee 10 MuH
MIPOM3BOAMIM BCIIBIIIKY HACHIIIAIOIIETO CBETa B
85 en. mpomomkutenbHOCTRIO 0.7 ¢ (MakcMMaIbHAsK
WHTEHCUBHOCTL 10 13000 MKMOIb GOTOHOB/M? C) U
U3MEPSUIM MaKCUMallbHYI0 diyopecueHuuo (Fy).
IMTocne cHukeHUsT YypoBHST (JIyOpPECHEHLUUMU 10 MC-
XOAHOIO TEMHOBOIO 3HaueHus1 (F;,) BKIIOYaIU He-
TIPEPBIBHBIN IEMCTBYIOIINIA CBET C INIOTHOCTBIO IOTOKA
105 Mkmonb GoTOHOB/M? ¢, U uepe3 40 ¢ BKIIIOYAIN
BTOPOIA HACBILLIAIOLIWA UMIYAbC IJsI ONpEacICHUS

MaKCUMaJIbHOTO BbixoAa (uyopecueHuuu (Fy) B
aJanTUPOBAHHOM K CBeTy cocTosiHuM. 1o moydeH-
HBIM 3HauyeHUsIM paccuuTbiBaiau NPQ o ¢popmyiie:

NPQ = (R, — )/ Ry

Cratucrudeckasi 00padoTka JaHHbIX. OTIBITHI TPO-
BOIWIN B 3—6 OMOJIOTMYECKUX ITOBTOPHOCTAX 1 3—14
aHAJIMTUYECKUX MOBTOpHOCTSX. [lojydeHHBbIe maH-
HBIC IIPEICTaBJICHbI B BHUAEC CPEOHUX apudMeTrnye-
CKMX 3HAYE€HUI CO cTaHAApTHBIMU omnokamu (SE).
Bce skcniepuMeHTaNbHBIE JAHHBIE UMEIOT HOPMAaJlb-
HOEe pacmpeneicHUe IIpu3HakKa. Jjis1 cpaBHEHUST UX
CpemHuX apuPMETUISCKIX 3HAYCHUI NCII0Ib30BaIN
onHOMAKTOPHBIN nucrnepcuoHHbIN aHaau3 ANOVA
C OLICHKOI1 IIOIIapHBIX pa3IMUMii C TIOMOIIBIO KpUTE-
pueB Treioku, boudepponu. Paznnmuns B skcripeccnn
reHOB OLICHWBAJIM IO HOPMaJIU30BaHHOM 3KCIIpec-
cun (AACq) B Bio-Rad CFX Maestro, noctoBep-
HOCTB aHAJIM3UPOBAJIM ¢ ncttonb3oBanneM ANOVA n
10 TeCTY Ha HOpMaIbHOCTh 1o Illanupo—Yuiky.

PE3VJIBTATDBI

Cocmae u ouHamuka u3meHeHUll co0epIucanus
KapomuHouooe 6 nobe2ax mMxa 8 ycao8usx
memnepamypHo2o cmpecca

B Hacrosgieit pabote MpoBeIeHO UCYEPITLIBAIO-
1Iee SKCTparupoBaHUe U aHAJIM3 COCTaBa U ColepXKa-
HUSI KapOTUHOUIOB U3 ToberoB mxa H. splendens.
YcTaHOBIEHO, YTO B COCTaBe KAPOTUHOUIOB MPe00-
nmagaor kcantodpuasl (80—85%), cpeay KOTOPBIX
OCHOBHYIO J0J10 3aHuMaeT JIoT (B cpemHeM 46—
50%) (ta6m. 1). CTOUT OTMETUTD, YTO U3 KCAHTODIII-
JoB, Bxoasiux B BKII, mpeo6nanaet Buo, conepxa-
HUE KOTOPOTO MOYTH B 4 pasa BbIllE COAECpXKaHUS
3ea. AHTEpOKCAHTUH, SIBJISIOLIMICS MPOMEXYTOU-
HBIM MPOIYKTOM B3auMoIpeBpaiieHuit Buo n 3ea B
®U3UOJIOTUS PACTEHUN Ne 7
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Ta6muna 1. CocTtaB 1 TMHAMHMKA M3MEHEHUSI OTHOCUTEIBHOTIO COAepKaHUSI KapOTUHOMIOB B IToberax mxa H. splendens

B YCJIOBUSIX TEMIIEPATYPHOIO CTpecca.

OTHOCUTeNbHOE cofepKaHue, % (pacyeT Mo TUTOIAAN TTKOB)
KapoTtuHouabt CTpeccoBoe MOCTCTPECCOBBII NEPUOJL NTOCIIE CTPECCOBOTO BO3AECHCTBUS
KOHTPOIb BO3IENCTBUE lu 3yq 54 244
—20°C
H.H. | 3.17 £ 0.01 2.46 £ 0.04*** | 3.551+0.16 1.69 + 0.10%** 1.99 £ 0.22%** 1.74 £ 0.04***
Heo 5.33£0.01 6.30 £ 0.11%** 5.38 £0.23 4.74 £ 0.08** 4.67 £ 0.09** 5.14+0.12
Buo 12.4+0.01 3.34 £ 0.06%** | 5.94 + 0.16%** 5.08 £ 0.37%** 4.81 £ 0.11%** 2.97 £ 0.20%**
Jlot 50.5 £0.02 52.5+0.78 53.6 £ 0.07*** 51.8 £ 0.13%** 51.9 + 0.45* 54.5 £ 0.08***
3ea 2.78 £ 0.08 5.25 £ 0.09%** 5.51 & 0.13%** 4.76 = 0.11%** 4.91 £ 0.1%** 5.16 £ 0.39**
H.W. 2 2.85+0.04 4.09 + 0.03%** 4.53 £ 0.01%** 4.15 £ 0.01%** 4.14 + 0.02%** 4.33 £ 0.17***
H.U. 3 3.25+0.02 3.94 £ 0.07*** 4.03 £+ 0.02%** 4.16 £+ 0.00*** 4.08 £ 0.01*** 4.20 £ 0.02%**
o-Kap 1.16 £ 0.01 1.27 £ 0.02** 1.58 £ 0.02%** 1.10 £ 0.04 1.00 £ 0.03** 0.94 + 0.01***
B-xap 18.3 £ 0.02 20.6 + 0.37** 15.9 £ 0.40** 22.5 £ 0.46%** 229+ 0.06*** | 20.9 £ 0.20%**
O6uiee conepxkaHue 100 76.0 £ 0.1%** 78.9 £ 0.7%** 51.2 & 0.5%** 42.2 £+ 2.5%%* 44.9 £ 1.1%**
30°C
H.U. | 6.96 + 0.02 3.73 £ 0.07%*** 4.48 £ 0.11%** 3.47 £ 0.31%** 3.21 £ 0.08%** 4.86 £+ 0.07***
Heo 6.03 £0.36 5.22+0.18 5.23+£0.01 5.16 £ 0.34 5.04 £ 0.04* 5.08 £0.09*
Buo 11.7 £ 0.09 6.16 £ 0.25%** 6.34 £ 0.51%** 5.67 £ 0.78%** 5.40 £ 0.10%** 4.45 £ 0.66***
Jhot 46.4 £ 0.10 52.2 £ 0.85%* 50.9 £ 1.21* 50.5 £ 0.82** S1.1 £ 0.43%** 51.3 £ 0.98**
3ea 3.93+0.36 5.94 +0.27 5.38 £ 0.03 5.61 £0.07 5.63+0.20 7.24 £ 0.05*
H.W. 2 3.72£0.09 4.27 £ 0.04** 4.27 £ 0.06%* 4.25+0.01** 4.24 + 0.05** 4.33 £0.01**
H.M. 3 3.27£0.02 3.60 £ 0.03%** 3.58 £ 0.05** 3.70 £ 0.08** 3.89 + 0.01%** 3.32+0.18
o-Kap 1.38 £0.04 1.11 £ 0.04** 1.30 £ 0.01 1.29 £ 0.04 1.23 £0.09 1.30 £ 0.10
B-xap 14.6 £ 0.57 17.8 £ 0.35%* 18.5 £ 0.92* 20.3 £ 0.04%** | 20.2 & 0.05%** 17.9 £ 0.27**
O6uiee cogepxaHue 100 58.3 £ L.1¥** 59.2 £ 1.2%** 32.5 & 1.2%** 46.2 + 0.1%*+* 36.8 £ 1.7%%*

Ipumeuanue. Heo — HeokcanTuH; Buo — Buonakcantus; JIIot — siotenH; 3ea — 3eakKCaHTHH; O.-Kap — O-KapoTuH; B-kap — [3-Kapo-
THUH; H. M. — HEe UIEHTU(DULUUPOBAHHBIN KapoTUHOUA. B Tabnuiie npencrapieHbl cpeaHue aprdMeTUIecKre 3HaYeHUSI U CTaHAapTHBIS
oun6bku (SE) ipu n = 3. JloCTOBEpHOCTb pa3anuyuil ONpeaessuivi ¢ MOMOLIbIO OMHOMAKTOPHOTO AUCIiepcuOHHOro aHanu3a ANOVA

ipu P < 0.05 (*); P< 0.01 (**); P < 0.001 (***).

BKII, e nerektmpoBaiicsa ¢ momomibio BOXKX, gro,
BEPOSITHO, CBUIETEJIBCTBYET 00 OYEeHb HU3KOM CO-
JIep>KaHUU 3TOro KcaHTo(uUIIa B 0OIIIEM MyJie Kapo-
TuHOMAOB Mxa H. splendens. Cpeny KapOTMHOB Hau-
Goutbliryto noJto 3aHumMaeT B-kap (15—18%). Tpu ka-
poTuHOMIa, OOHApYyXXEHHBIX B OKCTpakTe Mxa,
uaeHTUGULIMpPOBaTh He yaaiock. [Ipu 3ToM aBa u3
HUX (H.M. 2 1 H.1. 3) 10 Bp€MEHMU BbIXOJIa U MAKCUMY-
MaM TTONIOIIEHUS Ha 3JIEKTPOHHBIX crieKTpax [ 16, 17]
MOTYT ObITb OTHECEHBI K O.-KPUTITOKCAHTUHY U 3-KpHII-
TOKCaHTHUHY, COOTBETCTBEHHO. CoaepKaHUE BTUX
KapOTMHOB B IT0Oerax Mxa coroctaBumo (Taon. 1).

IIpu Bo3meiicTBMM HEOJIATOIIPUSITHBIX TEeMIIepa-
TYp COCTaB KapOTUHOMAOB MXa H. splendens coxpaHsi-
JICSI, OTHAKO UX CYMMapHOE KOJIMYECTBO CHUXAJIOCh
B cpenHeM Ha 25—40% (ta6a. 1). Cpenu KapOTUHOU-
JIOB TOCTOBEPHO CHIXaach 1oJist Buo, B cpenHem B 4
¥ 2 pasa 1pu BoanelictBun otpuuiarebHoil (—20°C) u
noBbIeHHOM (30°C) TeMIteparypbl, COOTBETCTBEHHO.
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B yc10BUSIX TEMITEPATYPHOTO CTPECCa YBEIMYMBAIOCH
conepxaHue 3ea u B-kap npumepHo Ha 2% u 3%, co-
orBeTcTBeHHO. Conepxkanue JIIOT JOCTOBEPHO yBe-
JIMYUBAJIOCH TOJBKO ITPY BO3AENCTBUM MMOBLILLIEHHOM
(30°C) TemmepaTyphbl.

YcraHoBIeHO, YTO Yyepe3 1 4 1mociie BblaepXKuBa-
HUS NIPU KOMHATHOM TemIieparype B roberax Mxa, Moj-
BEPIrHYTBIX BO3IeiCTBIIO oTpuLiaTesbHol (—20°C) Tem-
reparypbl, HaOJIOmaeTCs MajeHue moau [-kap B
1.3 pa3za, HO yBenmmumBaeTcsd B 1.8 pasa comepkaHue
Buo. B nocneayiouuii mocTCcTpeccoBblii Meproa B
TedeHue 24 4 oOlIee coaepkaHWe KapOTUMHOWIOB B
noberax mxa H. splendens nagasno mouru B 2 pa3a I1o
CpaBHEHUIO ¢ KOHTposeM (Tadia. 1). [Tpu aToM yxe
yepe3 3 4 BOCCTAaHOBJIEHUS TT0OETOB Mxa IOoCJie TEM-
repaTypHOTo cTpecca comepkaHue 3-kap Bo3pacra-
JIO IpUMEPHO Ha 6.5% 1o cpaBHEHUIO ¢ moberaMu,
TMOIBEPTHYTHLIMHU XOJIOIOBOM 00paboTKe, 1 Ha 4% 110
cpaBHeHUIO ¢ KoHTpoJieM. Conepxkanue JI1oT B mobe-
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Puc. 1. Yposensb tTpanckpuntoB reHa HsLUT1 B H. splen-
dens TIpu IefiCTBUM HU3KOM OTPULIATEIBHOM U TTOJIOXKK-
TEeJIbHOW TemIiepaTyp. YpPOBEHb TPAHCKPUNTOB KOH-
TPOJIbHBIX BAPUAHTOB MPUHSIT 32 eNMHULLY. Tpu 3BE3004-
KM IPEACTaBISIOT 3HAUMTeIbHYI0 padHulty rpu P<0.001.
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Puc. 2. Hedortoxummueckoe Tymenue (NPQ) B moGerax
mxa H. splendens ipu neficTBUM HEOIATOTIPUSITHBIX TEM-
niepatyp: —20°C (crutonrHas suHusT) ¥ 30°C (1uTpuxoBast
JMHUS). | — KOHTPOJIb; 2 — CTPECCOBOE BO3/ACiCTBIE; 3 —
1 9 OCTCTPECCOBOro Mepuoa Mocjie CTPeCCOBOrO BO3-
nevictBusi; 4 — 24 4 MOCTCTPECCOBOTO Teproia IMocie
cTtpeccoBoro BozaeicTBusi. Ha pucyHke mnpenacTaBiieHbI
cpenHue apudMeTUYecKHe 3HAYeHMUS] M CTaHAapTHbIC
ommboku (SE) mpu n = 14. JIoCcTOBEpHOCTh pa3Inynii
OTpeeIIsIA C TOMOILBIO OMHO()AKTOPHOTO AUCTIEPCUOH-
Horo aHanu3a (ANOVA) ripu P < 0.05 (*); P<0.001 (¥**).

rax Mxa JJOCTOBEPHO YBEJINYUBAJIOCH TOJILKO K 24 4 B
MOCAEAYIOLINHA MOCTCTPECCOBBI MEPUO TOCE BO3-
JIEWCTBHST OTPUILIATEILHON TeMIepaTyphbl: Ha 2% To
CpaBHEHUIO C IT00eraMu, MOABEPIHYTBIMU XOJIOO-
BOIT 00paboTKe, 1 Ha 4% MO CPAaBHEHUIO C KOHTPO-
neM. ConepxaHue Buo B mmoberax Mxa MOCTEIIEHHO
CHIZKAJIOCh, M Yepe3 24 U ITOCJIe CTPECCOBOIO BO3Ieii-
CTBMSI €r0 KOJMYECTBO I1aAajio OO0 YPOBHSI, OOHapy-

JKMWBAeMOro B Imoberax cpasy Xe IIOCJIe CTPECCOBOIA
ob6paboTtku (Tab. 1).

O6paboTka nobderos mMxa H. splendens TIOBbIILIEH-
HOM TeMIIEPATYPOM, TaK XK€, KaK 1 IPU BO3IECUCTBUU
OTpUILIATEJIbHOI TEMIIEpaTyphl, MIPUBOAMIIA K 3aMET-
HOMY CHIXEHUIO COIEp>KaHUs KapOTMHOWIOB, MX
KOJIMYECTBO YMEHBIIIAJIOCh IIOYTH B 3 pa3a II0 CpaB-
HEHMIO ¢ KOHTpojeM (Tabia. 1). ITpu aToM 3aMeTHBIX
U3MEHEHU# B CcoAep>KaHUM OCHOBHBLIX KapOTHMHOU-
noB — JItoT u B-kap He Habmoaan0Ch. JJ0CTOBEPHO
yBEJIMUMBAJIOCh cojepkaHue 3ea, yepe3 24 4 B I10-
CJIEIYIOIIUIA TTOCTCTPECCOBBINA TEPUOI €T0 KOJIMYe-
cTBO OBLIO BHIMIE Ha 1.3% 10 cpaBHEHMIO C Mobera-
MU, TTIOJBEPTHYTHIMU 00paboTKe, 1 Ha 3.3% no cpaB-
HEHUIO ¢ KoHTpoJieM. CHMXeHue coaepkaHue Buo,
00yCJIOBJIGHHOE TeMIIEpaTypHBIM CTPECCOM, HAOJIIO-
JIaJIOCh U B ITOCTCTPECCOBEIN nepuoa. Yepes 24 9 BbI-
JIep>KUBaHUS Mxa MpPU ONTUMAILHOI TeMmmeparype
€ro KOJIMYeCTBO ObLIO Ha 1.7% MeHBbIIe, 0 CpaBHe-
HUIO C €ro YpOBHEM B Ioberax mMxa cpasy Xke Iocje
BO3JCICTBYS TTOBBILLIEHHOM TeMmepartyphl (Tab. 1).

Ircnpeccus eena buocurnmesa atomeurna HsLUT1
6 nobeeax mxa H. splendens e ycrosusix
memnepamypHoeo cmpecca

Panee HaMu ObLIM KIIOHMPOBAHBI U CEKBEHNPOBa-
Hbl AECSITh T€HOB OMOCHMHTE3a KapOTUHOMWIIOB MXa
H. splendens [18]. B HacToseit paboTe MbI IIpoaHa-
JIM3UPOBAIM M3MEHEHHE OTHOCHUTEJIBHOTO YPOBHS
TPaHCKPUIITOB OCHOBHOTIO TeéHa OMOCUHTE3a JI0TEU -
Ha HsLUTI tipy neiiCTBUM HU3KOM OTPUILATEILHOM
(=20°C) u monoxwurenbHoit (30°C) Temmeparyp
(puc. 1). Tak, nocToBepHOE S-KpaTHOE€ YBEJIUUYECHUE
OTHOCHUTEJILHOTO YPOBHS TpaHCKpunToB HsLUT I Ha-
omonanock npu geiicteum —20°C B Teuenue 1 9. [1pu
neiictBumn 30°C TakKe NPOMCXOAUIO JOCTOBEPHOE
MOBBILIIEHE OTHOCHUTEJIBHOTO YPOBHSI TPAaHCKPUII-
ToB HsLUTI, HO B MeHBbIIIEli CTeIIeHU, B 4 pa3a.

HUzmenenus chomocunmemuueckux napamempos
6 nobeeax mxa H. splendens e ycrosusx
memnepamypHo2o cmpecca

brino nokazano, uro 1 4 Bo3nelicTBue Hebaro-
MPUSITHBIX TEMIIEPATyp IMPUBOINIIO K JOCTOBEPHOMY
camikeHnio NPQ, mpnuem Oosee cHMiabHBIE U3MEHE-
HUsI HaOJIONaIMCh MPU BO3ACHMCTBUM OTPULIATEIIb-
HOM TemmepaTyphbl (puc. 2). Pa3HoHarpaBieHHEIE
n3MmeHeHst NPQ Habmonaamch B TOCTCTPECCOBBIN
nepuon. Tak, yepe3 1 4 BelIep>KMBaHUS MXa IPU OIT-
TUMAaJIbHOI TeMIepaType I10Cje BO3IeHCTBUS OTPU-
HaTeJIbHOI TeMnepaTypsl ypoBeHb NPQ mosbImacs
B 8 pa3, BOCCTaHABIUBASICh 1O KOHTPOJBbHOIO YPOB-
HsI, a TIpY BO3[CICTBUM MOBBIIIEHHOI TeMITepaTyphl
OH TIpaKTHUYeCKN HEe M3MEHsUICSA. B mociemyroiiem
yepes 24 4 IMOCTCTPECCOBOIO Mepruoaa IMocjie Bo3aAei-
CTBUS 00erx HeOJIaronpUsTHEIX TeMIIepaTyp 3Haue-
Hus NPQ cymiecTBeHHO He U3MEHSIJINCH (puc. 2).
®U3UOJIOTUS PACTEHUN Ne 7
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OBCYXIEHUE

B TedyeHue cBoero XW3HEHHOTO IIUKJA PaCTeHUS
HCITBITBIBAIOT BO3AEUCTBUE Pa3IMYHbBIX BUIOB CTpeC-
COBBIX BO3[IEICTBUIM, TAKMX KaK 3acyXa, 3aCOJICHUE 1
BBICOKAasI TeMIlepaTypa. 3HaHHE O MeéXaHu3Max 4yB-
CTBUTEJIbHOCTU U/WUJIM YCTOWYMBOCTU BUIIOB pacTe-
HHUI K U3MEHSIOIMMCS YCIIOBUSIM BHEIIHEI Cpembl
SIBJISIETCSI HEOOXOOUMBIM YCJIIOBUEM [JISI oOecriede-
HUS BBDKMBAHUS PaCTEHUM, COXpaHEHUS UX TEHOTU -
ma v IoaaepXaHus pazHooopasus dnopel. Pactenus
BbIpaOOTaIM pa3IMYHbIC MEXaHU3Mbl YCTOMUYMBOCTHU
K CTpeccy, BKJIo4Yasi peryasinuio (poTocuHTe3a; ne-
TOKCHKAIINIO aKTUBHBIX popM Kuciopona (ADK) 3a
CUET YCWJICHUST aKTUBAlIMM aHTUOKCUIAHTHBIX bep-
MEHTOB U HaKOTUICHUSI HU3KOMOJIEKYISIPHBIX aHTH-
OKCHJIAaHTOB; a TAKXKE HAKOIJICHMSI BTOPUYHBIX METa-
00JIMTOB, B YaCTHOCTHU, KapoTuHou10B [19]. Cornac-
HO COBpPEMEHHBIM TIpeICTaBIEHUSIM, OCHOBHBIMU
OMoa0rnYecKMMU (yHKIMSIMU KapOTUHOMIOB SIBJISI-
IOTCSI CBETOCOOMparoiiasi, aHTUOKCHUIaHTHasI, (poTo-
MPOTEKTOPHAsI W CTPYKTypHast dyHkumu [19, 20].
MHOroYrciaeHHBIMU MCCIIENOBAaHUSIMU JT0Ka3aHo,
YTO YpPOBE€Hb KApOTMHOUIOB B PACTCHHUSIX MOXKET
OBITh CBSI3aH CO CTPECCOBOI ycToiuuBOCThIO. Ha-
IpHUMeEpP, YCTOMYMBOCTD K COJIEBOMY CTpeccy y 0000B
TECHO KOPPEIUPYET C yCTOMIMBBIM YPOBHEM KapOTH -
HOUMJOB, a CaXapHbIi TPOCTHUK MOBBIIIAET CBOIO CO-
JIEYyCTOMYMBOCTh 3a CYET CHIXKCHUSI COAEpPKaHUS
xjaopoduiia ¥ CTAOMIIBHOTO YPOBHSI KapOTUHOMWIOB
[19]. ITpu mpouspacTaHUM XXMBYYKU MOI3y4Yeit B OT-
KPBITBIX MECTOOOMTAHUSIX, 1 COOTBETCTBEHHO, B YCIIO-
BUSIX BBICOKOM MHCOJISILIUY, aIallTUBHBIMU PeaKIIsI-
MU B paCTEHUSIX SIBJISTUCh YMEHBIIIEHUE COIepPXKaH 1S
XJI0pO(UIIIOB B JINCThSIX U CBETOCOOMPAIOIINX KOM-
miekcoB (CCK) dorocucteM, aKkTUBUPOBAHUE KOH-
Bepcun nurMeHToB B BKII ¢ HakorieHuem 3ea (ne-
smoKcuaanuu noaseprajgochk 10 80% nyna Buo) [6].
B pa6orte Arroniz-Crespo ¢ coaBT. HASCHTUDHUIIUPO-
BaH COCTaB KapOTMHOUIOB Mxa H. splendens n noka-
3aHBI U3MEHEHUSI B X COACPKAHUM IIPU BO3ACHCTBUU
Y®-b o6ayuenus [21].K coxajieHuio, B 1uTepaType
uMeeTcsl KpaiiHe orpaHuYeHHast nHGopMauus od 13-
MCHEHMSIX ITyJla KapOTMHOMIOB B PAaCTCHUSIX IIpU
JIeMCTBUM HEONIAaronpusITHBIX TeMIIepaTyp. B cBs3m ¢
STUM OCHOBHOM LieJIbI0 HacToOsIel padoThl ObLIa
OlleHKa M3MEHEeHUN Mpodniass KapOTUHOUIOB B IO~
Oerax mxa H. splendens tipyu Bo3neicTBUU HeOJaro-
MPUSITHBIX TeMmIiepaTyp. CocTaB KapOTUHOUAOB MXa
H. splendens cooTBeTCTBYeT UMEIOIIMMCS JINTEPATyP-
HBIM JaHHBIM [21], 3a MCcKTIO9eHEM AHT, HE IETEKTH-
pyeMbIM B 3KCTpakTax Mxa. MoXHO rnoJjiaraTb, 4TO CO-
JIep>KaHWe 3TOro KCaHTO(W/Ia BO MXE OYE€Hb MaJlo.
OCHOBHBIMHU KapOTHUHOMIAMH SIBJIsTIOTCs1 JTIOT 1 B-Kap.
JomnoaHUTENbHO B COCTaBe KapOTUHOMIOB MXa IO-
Ka3aHO HaJn4ue O-Kap, Ha JOJI0 KOTOPOTO IPUXO-
nutes B cpenreM 1%. Tpu kapoTnHOMIA, OOHAPYXKEH-
Hble B BKCTpaKTe Mxa, TOYHO UACHTUMUIIMPOBATh HE
yIajoch, OOHAKO, OCHOBBLIBAsICh Ha JIUTEPATypPHBIX
JaHHbIX [ 16, 17], kapoTuHOUOB! (H.U. 2 ¥ H.X. 3) MOTYT
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OBITh OTHECEHBI K ({-KPUMTOKCAHTUHY U [3-KPUTITOK-
CaHTHUHY, COOTBeTCTBeHHO.Iloka3zaHo, 4TO BO3meii-
CTBHE 00eMX HeOJIarOIIPUSITHBIX TEMIIEPATypP BbI3bI-
BaeT CYILIECTBEHHOE CHIKEHME OOIIEro CoaepKaHUsI
KapoTtuHouAoB. I1pu 3ToM aHaIN3 MHAVBUAYATLHBIX
KapOTUHOMIOB IO3BOJMJI YCTAHOBUTh, YTO MMEHHO
comepxkaHne Buo pe3ko magaeT Ipu CTpeccoBO 00-
paboTKe, U Jaxe dyepe3 24 9 BEIACPXKUBAHUS MXa IIPU
ONTUMAJIbHOI TeMIIepaType IOCJIe BO3NCICTBUS €0
YPOBEHb HE BOCCTAHABIMBACTCS OO KOHTPOJIBHOIO
YPOBHsI, a, HAIpOTUB, CTAHOBUTCS eIll¢ MEHbIIE
(Tabs. 1). O6IIMM U3MEHEHUEM B ITpodue KapoTu-
HounoB mxa H. splendens mpu BO3NEUCTBUU O00EUX
HeOJIarONpUsTHBIX TEMIIepaTyp SIBJSETCS yBeJIUYe-
Hue conepxanus Jlot, 3ea u B-kap, HabIOHaAEMOE
HETIOCPENCTBEHHO ITOCJIC CTPECCOBOM 00pabOTKM 1 B
MocTcTpeccoBoM mnepuone (depe3 24 4). Ha pwuc. 3
MpeAcTaBlieHa cxeMa ITyTh OMOCHMHTE3a KapOTUHOM-
OB y pacTteHuii. TunmuHble KapoTUHOMAKI (TeTpa-
TEePIIEHBI) CUHTE3UPYIOTCS U3 TIEPBOTO KAaPOTUHOMI -
HOro ¢uToeHa, KOTOPEIII 0oOpa3yeTcs B pe3yJibTaTe
KOHIEHCAIUM OBYX MOJEKY1 TepaHWIrepaHWIIN-
docdara. Kak BUZHO 13 CXeMBl OMOCUHTE3a KapOTH-
HouaoB, JIror oOpasyercsa m3 o-kKap. CopepxKaHue
3TOro KcaHrodwuiia Haubonbiiee B (OTOCUHTETH-
YeCcKOM amIapare BEICIIMX pacTeHU. OH BBIITOJIHSI-
eT Takue BaxXHble (YHKIUM, KaK CTaOWUJIu3alus
CTPYKTYPBI aHTEHHBIX O€JIKOB, CBETOCOOUparoIas v
doronporekTopHas pyHKUuM [6, 7]. YBeaudeHune
cogepxkaHus JI1oT B moderax Mxa npu IeiCTBUU He-
OJrarornpusATHLIX TeMIiepaTyp (Tabii. 1) Koppeaupyer
¢ JaHHBIMHU [23], TIe moka3aHo, YTO P HU3KUX IT0-
JIOXUTENbHBIX TEMIIEPATypPax B CBSI3U C POCTOM BEPO-
arHoctu obpaszoBaHusgs ADPK B CCK doTocuHTEeTH-
YeCcKOro arapara HaOmomaeTcss HakoruieHue JIioT,
BBITIOJTHSIIONIETO B 3TOM ciiydae (PyHKIIMIO aHTHUOK-
cunanTa. B cBs3u ¢ TeM, uto JII0T ABisieTcs mpeoba-
JalomM KapoTuHoumoM mxa H. splendens, mpen-
CTaBJISIJIOCH 11€JIECOO0PAa3HBIM ITPOAHATU3UPOBATH U3-
MEHEHUsI SKCIIPECCUY FeHa ero OMOCUHTEe3a B OTBET Ha
JeiicTBre HebIaronpusTHbIX Temnepatryp. OCHOBHBIM
¢depMEeHTOM OMOCHHTE3a JTI0TEHHA SIBJISIETCSI KApOTUH
e-moHookcureHasza — CYP97C1 unmu LUTI [24]. B10
depMeHT, KaTaJu3upYIOIIUA cTepeocnennduae-
CKYIO peaKklnIO, SIBJISICTCS IIpeICcTaBUTEIeM CeMeli-
crBa 97 uutoxpoma P450 — Hanbosee npeBHUX pac-
TuTenbHBIX P450. Panee coob1m1anock, 4To B cTapero-
mux JCThIX A. thaliana skcripeccust AtCYP97C1
3HAYUTEJIBbHO CHMKalach, 4YTO COIIPOBOXKIAIOCH
CHIMZKEHHMEM COJIepKaHMsI KAPpOTUHOUIOB O-KapOTH-
HOBOM BETBU ITyT OMocHHTe3a [25]. B Hammx skcme-
pUMeHTaX MoKa3aHo, 4To 3Kcrpeccuss HsLUTI npu
NEUCTBUM OTPULIATEBbHONW U MOJIOXUTEIbHOU TEM-
Ieparyp yBeJIUUMBaeTC B 5 1 4 pa3a, COOTBETCTBEHHO
(puc. 1), 4TO comtacyeTcsi ¢ JAHHBIMU IO CTPECC-UH-
IyLUUPOBAHHOMY YBEJIWUYECHUIO COAEPKAHUSI Kapo-
TUHOUIOB Ol-KapOTUHOBOM BETBU IyTU OMOCHUHTE3a
(o-xap u JIoT) (Ta6a. 1). Takum ob6pa3zoM, MOXHO
nojarath, yro HsLUTI BoBjeYeH B peakllMU Mxa
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15-Cis-¢putoeH

9,15,9'-Tpu-cis-C-kapoTUH

9,9'-Au-cis-C-KapoTuH

7,9,7',9'-Terpa-cis-muKOIMH

e-Kaporun -Kaporun
a-KapoTtun 3eakCcaHTUH
LUTI
o-Kpunrokcantux AHTEpaKCaHTUH
Jlroteun Buonakcantun
Heoxkcantun

Puc. 3. Cxema 1yt OMOCHMHTE3a KApOTUHOMUIOB y pacTe-
Huit. [TpsSIMOYroJIbHUKOM MOKa3aHbl METa0OJIUTBI, KOTO-
pble KOJIMYECTBEHHO ObLIM OINpenesieHbl B TaHHOM UC-
cnenoBaHuu. [Tokazan depment LUT1 — kapoTuH €-mo-
HOOKCHTeHa3a, aHaJM3 reHa KOTOPOro IPOBOAWICS B
JTAaHHOM MCCJIeIOBAHUM.

H. splendens Ha TemnepaTypHbIii cTpecc. Ilpu rua-
pokcuirpoBaHuu B-kap obpasyetcs 3ea, KIOUeBOi
yayactTHUK BKII. ITockonbKy B 0011I€ii cymMMe Kapo-
TUHOMIOB MXa yBEJMYMBAETCSI colepxKaHue -Kap 1
3ea, MOXXHO MPEATOJOXUTD, YTO B YCIOBUSIX TEMIIe-
paTypHOIO CTpecca aKTUBUPYETCSI OMOCUHTE3 HEIIO-
CpeICTBEHHO 3-Kap, Toraa Kak mpupocT 3ea, Mo-Bu-
JIUMOMY, OOYCJIOBJIEH CTETNeHbIO Ne3MOKCUIALNN
Buo. JleilicTBUTEIBHO, €T0 COIepKaHUE pe3KOo IMajaa-
€T, KaK IpH ASCTBUU OTPULIATEIbHOI, TaK 1 ITOBBI-
LIeHHOM TemriepaTyp (Ta6.1). IToBbllLIeHUE YPOBHS
B-kap B mobGerax Mxa, 06J1a1al01Ier0 BBICOKUMU aH-

TUOKCUJAHTHBIMU CBOMCTBAMU, MOXET obecrneyu-
BaTh 3amuty MembpaH, JJTHK 1 npyrux kKjieTouHbIX
CTPYKTYP OT OKHWCJIUTEIbHOTO TOBPEXIEHUS, BbI-
3BaHHOTO BO3AEWCTBMEM HEOJIAaronpusiTHBIX TeMIIe-
paryp. Kpome Toro, B-kap, BXOIASIIUI B CTPYKTYpY
peakiuMoHHEIX 1IeHTpoB poTtocucTeMsbl [ u I (OCI u
DCII), MoxeT crmocoOCTBOBAThL COXPAHECHUIO 3TUX
koMmrniekcoB [20]. He MeHee BaxKHBIM SBJISIETCS T10-
BBILIIEHME YPOBHs 3ea B moberax mxa (tabna. 1). U3-
BECTHO, YTO OH MIpaeT pojib aHTMOKCUIAHTa U CTa-
ounr3aTopa CTPYKTYypbl MEMOpaH, y4acTBYS B 1€TOK-
cukanuu A®K u nomapisis MepeKUCHOE OKUCIeHUE
Junuaos [7]. Hamo otMeTuTsb, uto 3ea urpaet K-
yeBylo posb B 3amute @ CII ot hoTonHrnO6MpoBaHus
BCJIENCTBUE YBEJIMWUYEHUSI TEIUIOBOTO pacceuBaHUs
TOM YacTu dHEPTUHU, KOTOpasi He UCMOJIb3yeTCs s
(OTOCUHTETUYECKOTO 3JEKTPOHHOIO TpaHCIOpTAa.
OOBIYHO yBeJIMUYEHUE ITyJ1a 3ea MPU CTPECCOBBIX BO3-
JIEUCTBUSIX HAXOAUTCS B IPSIMOU 3aBUCUMOCTH C IO~
kazarejseM NPQ [7]. B Hallux skcnepuMeHTax, He-
CMOTpSI Ha yBeJWUeHMe coiepxkaHusl 3ea, Mmokasza-
telb NPQ cymecTtBeHHO ITamaeT, IpudeM OoJjiee
BBIPaXK€HHO TPU BO3IEeHCTBUN OTPULIATETBLHOM TeM-
nepartypsl. Jlajgee, B TOCTCTPECCOBBIN MEPUO MTOCTE
BO3IECUCTBUS OTPULIATEJILHOM TEMIIEPATYPhI, OH BOC-
CTaHaBJMBAETCS 10 KOHTPOJIBLHOTO YPOBHSI, a MOCTe
BO3IEUCTBUU TIOBBILIEHHOMA TeMIlepaTypbl YPOBEHb
NPQ He uzmensercs (puc. 2). O0bsICHUTb HabIOAa-
eMblii 3(pPeKT CITOXHO, MOKXHO TOJIbKO MPEAIoo-
KUTb, YTO TOBBIIIEHUE YPOBHS KapOTUHOWUIOB B
YCJIOBUSIX TEMIIEpaTypHOTro cTpecca, IJIaBHbIM obpa-
30M, O0YCJIOBJIEHO HEOOXOIMMOCTBIO “TYIIIUTH” CUH-
MIETHBIN Kuciiopon. M3BecTHO, yTo 3ea urpaeTt Bax-
HYIO pOJIb B CTPECCOBOM YCTOMUYMBOCTU PACTEHUI K
xonony. Hanpumep, B pabote Tang ¢ coaBT. ObLIO TTO-
Ka3aHo, YTo MpenBapuTeabHasi 00padoTka 3ea MoBbI-
IIaeT yCTOWYMBOCTb MPOPOCTKOB Tieplia K XOJIOAdY,
CHUXaeT TOBPEXIEHUE JIUCTbEB OT OXJAKICHWUS,
YBEJIMUMBAET OHMOMAacCy pacTeHUU U colaepxKaHue
(OTOCUHTETUYECKUX TTMTMEHTOB B YCJIOBUSIX XOJIO-
JloBoro crpecca. bblio Takke yCTaHOBJIEHO, YTO K-
30T€HHBIN 3ea MOBBIIIAET YCTOMYUBOCTh K XOJIOIY,
WHAYLMPYsI HaKOIUIeHWe sHmoreHHoro 3ea [26].Ta-
KUM 00pa3oM, ObLIIO BBISIBJIEHO, YTO U3MEHEHUST DKC-
npeccuu reHa HsLUT1 ripu TeMnepaTypHOM CTpecce
COMPOBOXIAIOTCS U3BMEHEHUSIMU COJIep>XKaHUS Kapo-
TuHOUIOB. [lonydeHHbIE NPUOPUTETHBIE IaHHbIE
paclIupsIOT Hallle 3HaHUWEe O MeXaHU3MaX yCTOW4YU-
BOCTH Y MOXOOOPa3HBIX M OYIyT CITOCOOCTBOBATH ITO-
HUMaHUWIO 3BOJIOLIMOHHBIX U3MEHEHUI CTPEeCCOBOM
YCTOWYMBOCTHM BBICIIMX pacTeHuil. ABTophl A.I. PeH-
koBa 1 B. P. XabubpaxmaHoBa BHECIMU OOMHAKOBBIMI
BKJIaJ1 B JaHHY10 paboty.PaboTa BbInojiHeHa mpu pu-
HaHCOBOI TojiepxKe rpaHTa Poccuiickoro HaydHoO-
ro ¢oHga (Ne 22-24-00595).Hacrosiiias cratbsi He
CONEPKUT KaKUX-JIMOO HCCIeNOBaHUN C ydacTuem
JIIONEN M XKUBOTHBIX B KauyeCTBE OOBEKTOB. ABTODHI
3asIBJISTIOT 00 OTCYTCTBUM KOH(MINKTA UHTEPECOB.
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