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CIIUCOK COKPAILIEHUN

ABK — abcun3zoBas Kucinora

ATlb — anun-nepeHocsmi 6e10K

[KX-MC — razo-xuakoctHast xpomaTorpadus / Macc-CieKTpOMETPHUSI
AU — quranakTo3wiuauirIuuepuH

KK — »xupnas xkuciora

HNH — nanekc HEHACBHIIIEHHOCTH

MI'JII" — MOHOTaaKTO3UIIUALAIITIIALIEPUH
MK — MeTuimxacMoHaT

M3XKK — MeTr10BbIX 3(hUPOB KUPHBIX KUCIOT
[TJO — naneMUTOMNI-AECATYPA3ZHOE OTHOIIIEHHE
[IL[P — monuMepa3Has nenHas peakiuus

PBOK — pubynozobudocharkapbokcunaza
PBU — poraniioHHbIM BaKyyMHBIN UCITAPUTEND
P®K — peaktuBHbBIC (HOPMBI KHCIOPOIA

CIO — creapoun-gecarypa3sHoe OTHOLICHUE
CKAI — cynbhOKMHOBOZWITAALIMIITIUIEPOJT
CK — camumuioBast KUCJIOTa

CO/I — cynepokcuaaucmyrasa

TCX — ToHKOCIOHAs XpomaTorpadus

@I — pochaTuanriniepux

OIIP — sHI0IIIA3MaTHYECKUNA PETUKYIUTYM

GFP — green fluorescent protein, 3encHslii hyopeciieHTHBIN O€T0K
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BBEJAEHHUE

AKTYaJIbHOCTb T€MbI

OgHuM U3 MEXaHW3MOB aJalTHUBHOTO OTBETAa PACTEHHM Ha abMOTUYECKHE U
OWoTHYeCKHe CTpeccoBble  (DAaKTOPBI  SBISCTCA MOMYJSAIUS  HEHACBHIIIEHHOCTH
MEMOpaHHBIX JHUMOUAOB. DTOT MPOIECC peaTu3yeTcsi MO CPElCTBaM JiecaTyparuu
wupHbix kucior (KK) cneuuduueckumu depmentamu necatypazamu. [lecatypass
KaTanm3upyloT npespaimienue oauHapHoil (C-C) cBsi3u Mexay aToMaMmH yriepoja B
alWIbHBIX — HemsX KUpHbIX kuciaor B aBovHyo (C=C) (Jlocs, 2014) wu
npeoOpa3oBBIBAIOT, TakuM oOpa3om, HachilleHHble KK B HeHacwimenHsie. Hamuuue
HEHACHIIIICHHBIX JKAPHBIX KHUCIOT B COCTaBE MEMOpPAHHBIX JIMIHIOB TPUBOIUT K
Pa3KKEHUIO JIMITUIHOTO OWCIIOST M TpenoTBpamiaer ero (asoBwiii mepexom B Oolee
tBepaoe cocrosaue (Macartney et al., 1994). Takoit (a3oBbIi TEpexo] MOXKET
MPUBECTU K OOpa30BaHUIO OTBEPCTUM B MeMOpaHe, HapyIICHUIO (PYHKIIMOHATIBLHOCTHU
MeMOpaHHBIX OEJKOB WJIM IMOJHOMY pa3pylIeHHI0O MeMOpaHbl, 3TO B CBOIO O4Yepeib
MoskeT npuBecty k rudenu kinetku (Alberts et al., 2015).

B pacturenbHOM kinetke 3a aecarypauuto JKK oTBedaroT pacTBOpHUMBIE aluil-
Allb-necatypa3sl 1 MeMOpaHOCBSI3aHHBIC allWII-IMIKIHBIC aecatypasbl (Los et al.,
2013). KnroueByto poib B mporiecce oopazoBaHusi HeHachleHHBIX JKK, He00X0IUMBbIX
JUIST  TIOAJIEPKAHHST ONTHUMAIBHOW >KUJIKOKPUCTAJUIMUECKOW CTPYKTYypbl MeMOpaH
pacTUTeNbHOU KIeTKH, wurpaetr genbra-9-anmn-Allb necatypasa, MHOCKOJBKY OHa
oOpasyeT nepByto aBoiHyto cBa3b B renu JKK (Lopez Alonso et al., 2003). [denbra-9-
anun-Allb  necarypaza (A9 amun-Allb necatypaza, A9 necarypasa) mnpeBpaiaet
cteapuHoByo kucioty (18:0) (mepas nmdpa o003HAYAET KOJIMYECTBO aTOMOB
yraepojia B MOJICKYJIe KUPHOM KHUCIIOTHI; BTOpas Hudpa — KOIMYECTBO JBOWHBIX
cBsi3eii) B ojienHOBYIO (18:1) BBOAS IBOMHYIO CBsI3b MexaAy 9 u 10 atomoMm yriepojia B
armbHoM e JKK (Troncoso-Ponce et al., 2016) u obecrieunBaeT, TakuM 00pa3oM,
cyOcTpaToM Jpyrue jaecarypasbl, KOTOPBIE IOCJIEIOBATEILHO OO0pa3ylT BTOPYIO
(monoxenune Al2), tperbio (Al5) m mocnemyromue apoinbie cBs3u (Napier, 2007).

Cunraercs, yto amwi-Allb necaTypassl pacTeHui, JOKaJIM30BaHbl B XJIOPOILIACTaX
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(mnactupax), TOrAa Kak MeMOpaHOCBSI3aHHbIE —alWJI-IMIUAHBIE JecaTypas3bl B
MHKpOcOMax 3Haorua3mMaruyeckoro perukyiayma (DIIP) (Los et al., 2013; Lou et al.,
2014; Napier, 2007).

B kauectBe yn00HOM MOJENM B UCCIENOBAHUU POJIM JiecaTypa3 B MeXaHU3Max
ajanTalMy PacTEeHU YacTO MCHOJB3YIOT JKCIPECCHUI0 TE€TEPOJIOTHYHBIX T'€HOB
necatypas. Mcrnonb3oBaHHE B HMCCIENOBAHUSX XOPOILIO HM3YyYEHHBIX TETEPOTIOTHUYHBIX
necarypas, Hampumep A9 amuI-IMOUAHON Jecatypasbl  Synechococcus vulcanus
(I'epacumenko u coant., 2015; Orlova et al., 2003; Popov et., 2006), oOycioBieHO B
MEPBYIO OYepelb TEM, YTO B PACTUTEIBHON KIIETKE MMEETCs OOJbIIoe KOJIUuecTBO A9
aimn-Allb necarypa3 (Los et al.,, 2013; Zhang et al.,, 2009), onu HemoOCTaTOYHO
U3Y4YEeHbl, 1 HE JI0 KOHIAa IMOHSATHA POJb 3THX Jecarypa3 B Ipolecce 00pa3oBaHMs
HeHachlmeHHbIX JKK.

XOTsI TeTepoIOTUYHAsT KCIPECCUsi TEHOB HEKOTOPHIX JecaTypa3 B pPacTCHHUSX
OblJla paHee YXe OIucaHa, OJTH HCCIENOBaHUA B OOJBIIMHCTBE CBOEM HE
MO/Ipa3yMeBalId  HAMpPABJIEHHYI0 TPAaHCIOPTUPOBKY TMPOJIYKTOB IE€JOr0 TEHAa B
cnenuuUecKknii KOMIapTMEHT KieTku. VccrmegoBarean B OCHOBHOM HCHOJB3YIOT
BEKTOPHBIE KOHCTPYKITUU oe3 crienuuuecKux MOCJIEIOBATEILHOCTEH,
00EeCTIeUNBAIOIINX JIOKATH3AIUIO0 OCIKOBBIX MPOAYKTOB IEIEBHIX T'€HOB B TOM WU
MHOM KOMIApTMEHTE KJIETKM. Takum o0pa3om, oOecrneunBas JIOKAJIU3ALMIO
TeTepOJIOTHYHBIX JlecaTypa3 B nuroruiazme. OmaHaKo, UCXOIS U3 JAHHBIX O CHUHTE3€
XKUPHBIX KUCIOT U JIMNUI0B B pacteHusix (Dar et al., 2017), MOXHO peanonokuTh, 4TO
XJIOPOIUIACTHI  BO3MOXKHO Oojiee TOIXOonfAIIee MecTo [  (DYHKIIMOHUPOBAHUS
reTepOoJIOTUYHBIX (B TOM uucie u A9) gecaTypa3, MOCKOJbKY B XJIOPOIUIACTaX €CTh
cyOcTpar mjig peakiuu (CTeapuHOBasi KUCJIO0Ta), a TaK B XJIOPOIUIACTaX JIOKAJIM30BaHbI
JecaTypasbl BBOJSIINE BTOPYIO M TPETHIO JBOWHBIC CBS3U B IIEMU KUPHBIX KHUCIOT.
Kpome Ttoro, mpoaykt peakiuu (OJEMHOBAas KHUCJIOTa) U CcyOcTpaT sl peakiuu
JnecaTypauuMud  (cTeapuHOBas — KucCioTa)  Katanuzupyemod A9  pecarypasoit
TpaHcnoptupytoTcss B OIIP, tme oHm MoryT OBITH HCHOJB30BaHBI IS CHHTE3a
dbochonunuIoB U TPUALUITIIULEPUHOB MIPU YYaCTUU PYTUX J€caTypas, B TOM YUCIE U

rereposiornyabix (Dar et al., 2017; Los, Murata, 1998).
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Ha cerognsimiHuil 1eHb MMEETCS HEIOCTATOYHO JAHHBIX TOM, KaK JOKaIM3alus
JiecaTypas B pa3IMYHbIX KOMIIAPTMEHTAX PACTUTEIHHOM KJIETKHM B3aMMOCBSI3aHA C UX
¢byHKIIMOHATBPHOW  3(PPEKTUBHOCTHIO, a UMEHHO, C TMPOLECCOM HW3MEHEHUs
HeHacklmeHHoctn KK meMOpanHbix aunuaoB. s TOoro 4toObl MPOSCHUTH 3TOT
BOIIPOC B JIAHHOM MCCJICIOBAHUU OLICHEHO BIUAHUSA JIOKanu3auus A9 anui-JIMnugHou
necarypasbl Synechococcus vulcanus. ma KK coctaB cymMMapHBIX JHITUAOB, a TaKKe,
OTIpeJIeNieH KOMITApTMEHT pactutenbHou kiaetku (DI1P, xmopomiacTsl U uTomiasma) B
KOTOpOM oOHa Oynaer Jjydiie ¢(YHKIIMOHUPOBATh C MO3UIUUA  (PU3HOJIOTHYECKON
00OCHOBAaHHOCTH JIOKAJIM3allMM M BOCTPEOOBAHHOCTH MPOAYKTA PEaKUUU APYTUMHU

Jecatypazamu.

eab ucciaenoBanus
N3yuenne ¢usmonormdeckon pomm A9 amI-TUOUAHONW — JaecaTypasbl B
MOJICKYJSIPHOM ~ MEXaHU3ME€  MOJYJISALMH  HEHACBIIMICHHOCTH  JKUPHBIX  KHUCIIOT

MeM6paHHI)IX JINIIM 0B paCTeHHﬁ, B 3aBHUCHUMOCTH OT €€ JIOKaJIM3allluH B KJICTKC.

3amaum uccie0BaHUSA

1. CKOHCTpYyHpOBaTh BEKTOPHI, HECYIIHEe PeKOMOMHAHTHBIA TeH desC, B KoTopom
reH A9 amur-TunuaHON JecaTypasbl UMEeT TPAHCKPUIITMOHHO-TPAHCIISITMOHHOS
CIIMSHUE C TIOCJIEIOBATEIBHOCTRIO peropTepHoro reHa egfp, xomupyrorei
3encHbId GuryopectieHTHBIH Oenok (GFP), a Takke ¢ IMocCiieI0BaTeIbHOCTSIMH,
00eCIEeYNBAOIINMH  CTICIIU(PUICCKYIO JIOKAIH3AIMI0 OENKOBBIX MPOIYKTOB
I[EJICBOTO T€HA B PA3IMYHBIX KOMIMApTMEHTaX KJeTku (B xiyoporiactax, JIIP u
IATOIJIA3ME).

2. CKOHCTpPYUpOBaTh BEKTOPBI, HECYIIME HATHUBHYIO IIOCJIEIOBATEILHOCTh TEHA
desC A9  ammn-TunuAHOM — JecaTypasbl, CIMTYO C  CHTHAJIBHBIMHU
TIOCJICIOBATEIBHOCTSIMH, KOTOPbIC HANPAaBISIOT OenKoBbIi mpoaykT reHa desC B
TaKMe€ KOMIIAPTMEHTBHI PACTUTEIBHOM KJIETKH Kak: XJjopomuactel, OIIP u

OUTOILIaA3MY.
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3. OlueHuTh JIOKAIU3aAIUI0 OCIKOBBIX MPOAyKTOB rudpuaHoro rexHa desC-egfp B
xyopomactax, JIIP u nuronnasme pacTUTENBHOW KIETKA B 3aBUCUMOCTH OT
VCIIOJIb30BaHHOM CUTHAJIBHOM NOCJIEN0BATENBHOCTH.

4. YCTaHOBUTb, KaK HW3MEHSETCS COCTaB M MaccoBas JOJS HAaCBIIEHHBIX U
HEHACBIIICHHBIX KUPHBIX KHUCIOT CYMMAapHBIX JIMOUAOB B TKAHAX JIUCTHEB
MOJICTIbHBIX pAacTeHUM Tabaka 3a cueT dSKcmpeccuu TeHa A9 anun-IunugHou
JecaTypasbl W pa3jM4YHOM KOMMapTMEHTanu3auuu  (xsoporiactel, OIIP,
UTOIIa3Ma) €€ OEJIKOBOTO MPOAYKTa B PACTUTEILHON KIIETKE.

5. BhISICHUTH B KaKuX KOMIApTMEHTAaX PacTUTENIbHOW KIIETKH HanbOojee BhIpa)keHa
byHKIHOHATBHAS aKTUBHOCTh A9 aluiI-TUNUIHON JiecaTtypasbl  (BBEACHHE
Jecatypa3or TBOMHOW CBSI3M B OCTATOK CTEAPUHOBOM KHCJIOTHI) 32 CUET OLICHKHU
COOTHOIIICHHMSI TIPOJTyKTa (OJIEMHOBOM KUCTOTHI, 18:1) K cyOcTpary (cTeapuHOBOM
KuCca0ThI, 18:0), a Takke 3a CYET OIEHKU MHAeKca HeHackimeHHoctu (MH).

6. OnpenenuTh HAWITYUIIYIO KJIETOUHYIO JIOKAJIU3AIMIO TeTepojoruyHon A9 armi-
JUTUAHONW JiecaTypa3bl OKa3bIBAIOIIYI0 HAWOOJNbIIEE BIMSHUE HA JIMITHIHBIN
MEeTa0o0JIM3M pAcTEeHUH B 3aBUCHUMOCTM OT BHUJOBOM MPUHAMJICHKHOCTH, Ha
npuMepe AByX BHIOB pacteHuit tabaka (Nicotiana benthamiana u Nicotiana

excelsior).

Hay4ynasi HOBU3HA MCCJIeI0BAHUS

BnepBble co3/1aHBl  AKCIPECCUOHHBIE BEKTOPHBIE KOHCTPYKIMU, HECYIIUE
HATUBHBIA W peKOMOMHAHTHBIN reH desC (sABaseTcs rOMOJOrOM PacTHTEILHOTO IeHa
FAD Arabidopsis thaliana) nnano6aktepuii Synechococcus vulcanus ¢ peryasTopHsIMU
MOCJIEIOBATEIHHOCTSIMU, OOECIEYMBAIOIIUMH JIOKAJU3AINI0 OCIKOBOTO TPOIYKTa
[[EJIEBOr0 T'€Ha B Pa3JIMYHBIX KOMIIAPTMEHTAX pPacTUTEJbHOW KieTKU. Pa3paborana
CHUCTEMa TPAH3UEHTHOW SKCIPECCHU TEHOB, yIOOHAs KakK JJIsi OIEHKH CUTHAJIBHBIX
MOCJIe0OBaTEILHOCTEH, TaK W IS HW3YUYCHHS JIOKAIM3alUM 3aJaHHBIX OEJIKOB B
pactutenbHOU KieTke. [loka3zaHo, 4TO CUTHAJIbHBIE MOCIEI0BATEILHOCTH HAIPABIISIOT
OENKOBBIC TMPOMYKTHI IEJIEBOTO TE€HA CTPOTO B CHCIU(PUIECKHE KOMITAPTMEHTHI

paCTHTCHBHOﬁ KJICTKH. HpO,Z[CMOHCTpI/IpOBaHO, qTO JIOKAJIM3allus OCIKOBOTrO IMpOAYKTa
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rena desC B muromnasme, xiopormiactax u OIIP mpuBoguT K JOCTOBEPHOMY
WU3MEHEHUIO COCTaBa M MAacCOBOM JIOJIM HACBHIIICHHBIX M HEHACBIIIECHHBIX JKUPHBIX
KHMCJIOT CYMMApHBIX JIMIUAOB B JIMCTOBOM TKaHM pacTeHui. [losydeHsl npruopuTeTHBIE
JaHHbIE O BIMSHUM DKCIPECCUU TeTEPOIOTMYHOW A9 anui-IunuaHoM JecaTrypasbl B
3aBUCHMOCTH OT €€ JIOKAIN3alMU B PACTUTEIILHON KJIETKE U B 3aBUCUMOCTH OT BUJIOBOM
NPUHAJIEKHOCTH PAaCTEHUI, HA MIPUMEPE JIBYX BUIOB PACTEHHUI Tabaka Ha JIMIIHMIHBIA

MeTabO0JIM3M PaCTEHUH.

Teopernueckasi M NpaKTU4ecKasi 3HAYUMOCTD

CoznmaHbl  BEKTOpBI, OOECHEYMBAIOIIME TOYHYIO JIOKAJIU3aLKI0 OEIKOBOTrO
MPOYKTa IEJEBOro reHa B xyopomiactax, 1P u nuromnasme. PazpaboTana npocras u
HaJIe’)KHAsE CUCTEMAa TPAH3UEHTHOM JKCIIPECCHMM TE€HOB, MEPCIEKTUBHAs KakK s
XapaKTEPUCTUKN CUTHAIBHBIX MOCIEI0BATENBHOCTEHW, TaK U JJI1 OLEHKHU JIOKAIU3aluU
IEJeBbIX OETKOB B PACTUTEIBHOW KIETKE, OOBEIWHAIONIAs MPEUMYIIECTBA JBYX
METO/IOB TPAH3UEHTHON OKCIPECCMM TEHOB B PACTEHUSAX: arpoMH(PWIbTPALUA U
TpaHC(HEKIIMU NPOTOIIACTOB.

[TokazaHo, 4TO JOKanM3anus OENKOBBIX MPOAYKTOB reHa 0esC B 1uroruiasme,
xjopomiactax u  OIIP npuBOAMT K CYIIECTBEHHOMY W3MEHEHUIO JIUMHUIHOTO
MeraboivM3mMa y JABYX BHIOB Ta0aka. YBEJIMYMBAECTCS 3HAYEHHE OTHOLUEHUS
MPOJYKT/CyOCTpaT peakiuu JecaTypalud Karaausupyemon A9  anui-aunuaHon
JecaTtypasbl, Bcaeactsue 3toro ypenumuupaercs nois KK 18:1, 18:2 u 18:3, u, kak
CJIEICTBME YBEIIMUMBAETCS UHJIEKC HeHachleHHocTh XKK.

MeTton TpaH3WEHTHOM SKCHPECCHMH MOXXET OBITh MPEMJIOKEH [JIi HU3y4eHUS
BKJIaJla JlecaTypa3 B MOAYJISIUIO >KMPHOKHCIOTHOTO COCTaBa MEeMOpaHHBIX JIMIUOB
pacTeHul, Tak Kak TpeOyeT MEHBIINX MaTEepPHAIbHBIX W BPEMEHHBIX 3aTpaT, I0
CPAaBHEHHUIO C METOJOM CTaOMJIBHOM JKCIPECCUHU, KOTOPBIM TpeOyeT NOJydeHHs U
oTOOpa TPAHCTEHHBIX PACTEHUM.

IlonydeHHbIE NaHHBIE, CTAHYT OCHOBOM IIPU CO3JaHUM TPAHCTEHHBIX PACTEHUU,
YAOOHBIX JUIsl MCHOJB30BAHUS B KaueCTBE MOJENEH MpU HM3YyYEHUU POJIM MOAYJSLUU

HCHACBIIIICHHOCTH KK B 3alllUTHBIX OTBE€TAX Ha HC6J’IaFOHpI/I${THBIe YCJIOBUA
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OKPY)I(aIOIHCﬁ Cp€anbl, a TAKIKC CO3JaHUU XO3SIMCTBEHHO Ba)KHBIX paCTCHI/Iﬁ YCTOI>’I‘II/IBBIX
K CTpECCOBBIM BOB,ZIGI\/'ICTBI/ISIM )41 paCTGHI/Iﬁ C M3MEHCHHBIM METa00JIM3MOM JJIA
MMOJYUYCHUA PACTUTCIIbHBIX MACCI C 3aJJaHHbIMH CBOﬁCTBaMH, KOTOpPBIC MOTIYT OBITH
BOCTp€60BaHBI B IMIPOMBIIIJIICHHOCTH, IMPOU3BOACTBC IMpOAYKTOB IIMTaHU:I,

dbapmareBTUKe U MEIUIIHHE.

MeToa0/10THSl M METOALI HCCJICI0OBAHUS

DkcnepuMeHTalbHas padoTa mpoBoawiiach Ha pacteHusx N. benthamiana u N.
excelsior. B kadecTBe 1IeiIeBOro reHa wWcmoib3oBaH reH 0esSC  mmaHoOakTepuit
Synechococcus vulcanus, kKoTopbIil SBIsSETCS TOMOJIOTOM pacTUTeabHOro rena FAD A.
thaliana, n komupyet A9 anuI-TUIHIHYIO JecaTypasy.

[Ipy  KOHCTPYHPOBAaHHHM  JKCIPECCHOHHBIX  BEKTOPOB  HCIOJIH30BAINCH
CTaHJApTHBIE  MPOUEAYpPhl  MOJEKYISPHOTO  KJIOHHUPOBAaHUS U IPOTOKOJIBI
nosmMepaszHoi nenHoi peakuuu (I1LP). Ilpu arponHuiabTpanuu JUCTHEB PACTEHUI
N. benthamiana u N. excelsior wucmons3oBanmu mrTamm GV3101 arpobakrepwii
Agrobacterium tumefaciens, mnpenBaputTensHO TpaHCHOPMUPOBAHHBIN BEKTOPAMHU,
HECYITUMH 1IeJIeBOM TeH. BpileiaeHne NpOTOMIacTOB s TMOCIEIYIOMICH OIICHKH
JIOKAMU3aluy OEJIKOBBIX MPOJYKTOB IEJEBLIX T€HOB, MPOBOAMIM 10 MeToay NOSoV et
al. ¢ ueOompmmmu pononHeHusMu (Nosov et al., 2014). OueHky JOKaau3aluu
OeKOBBIX MPOAyKTOB rOpuaHOro reHa desC-egfp B TkaHsIX arpoupUIBTPUPOBAHHBIX
JUCTHEB MPOBOJAWIM C TMOMOINBIO JIA3EPHOW CKaHMpYOIIEH MUKpocKomuH. OLEHKY
JOKaau3auu OCTKOBBIX TPOAYKTOB TruOpuaHoro reHa desC-egfp B mpotoruracrax
OPOBOAMIU C TOMOIIBI0 (IIyOpEeCcUEeHTHOM MHUKpockonuu. Bmnusaue A9 ammn-
JUMHUIHON JiecaTypa3bl Ha COCTaB U MACCOBYIO JOJIO HACHIIIICHHBIX U HEHACHIIIEHHBIX
KUPHBIX KHCJIIOT CyMMapHBIX JUIUIOB TKaHEW TpaHC(POPMUPOBAHHBIX JIUCTHEB
OLICHMBAJIM [0 H3MEHEHHUIO COCTaBa >KUPHBIX KHUCJIOT, MPOAHAIU3HUPOBAHHOTO C

MTOMOIIIBIO Ta30-KUJIKOCTHOM XpomaTorpaduu/mMacc-CieKTpOMETPHHU.

HOJ]O)KCHI/IH, BBIHOCUMBIC HA 3aIIIUTY
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Coznmana cepusi BEKTOPOB, 00ECIICUMBAIOIINX TOYHYIO JIOKAIM3AIMIO OEIKOBOTO
IPOAYKTa IIeJIeBOro reHa B xjoporiactax, JI1P u nuromnnasme. Paspaborana mpoctas u
HaJeKHAS CHUCTEMa TPAH3WEHTHOW OKCIPECCHU TEHOB, TEPCICKTUBHAS KakK IS
XapaKTePUCTHKN CUTHAIBHBIX MOCICIOBATEILHOCTEH, TaK U JUIS OIEHKU JIOKAJIM3aIUN
I[EJICBBIX OETKOB B PACTUTEIBHOW KIETKE, OOBEIUHSIONIAs MPEHMYIECTBA JIBYX
METOJIOB TPAH3WEHTHON OKCIPECCHH TEHOB B PACTEHUSAX: arpoOMH(PWIbTPAUA U
TpaHC(EKITUHN MPOTOILIACTOB.

OrneHeHa JoKamu3alysi OCTKOBBIX NpOAyKTOB TuOpuaHoro rena desC-egfp B
xymoporuiactax, OIIP w 1mmTOIIa3Me pacTUTENBHONH KIETKH B 3aBUCHUMOCTH OT
WCTIOJIb30BAaHHOW CHUTHAJILHOW IMOCIICIOBATEILHOCTH. BEKTOpPHI HampaBisuid OEITKOBBIC
MIPOJIYKTHI IEJIEBOTO T€HA CTPOTO B OXKUIAAEMbIC KOMITAPTMEHTHI PACTUTEIBLHON KIETKU
(uuToruta3zma, xaoporutactel U JI1P).

[TokazaHo, 4TO JOKanM3amus OENKOBBIX MPOAYKTOB reHa desC B muToruiazme,
xyoporactax W OIIP  nmpuBOgUT K  CYIIECTBEHHOMY M3MEHEHHUIO JIUIUIHOTO
MeTabosM3Ma y AByX BUJIOB Tabaka.

OnpeneneHa Hawiydlias KIETOYHas Jiokanu3auuss A9  anui-nunuaHon

necarypasbl i N. excelsior (3ITP) u N. benthamiana (xsopormiactsr).

CreneHb J0CTOBEPHOCTH Pe3yJabTATOB U ANIPO0ALUA Pe3y/JIbTATOB PA0OTHI

Jlns  omnpeneneHus — JIOKAIM3alldd  IIEJIEBBIX  OCIKOB B IMPOTOILIACTaX
npoaHanu3upoBano He MeHee 100 Owuomormdeckux oOpas3ioB. [IpoBeaeHo miecTh
HKCIIEPUMEHTOB 110 TpaHC(OpMaIIHH JTUCTheB Tabaka BekTopamu, HecyinuMu red desC ¢
JTaJIbHEUIIIMM aHaJIM30M COCTaBa, MAaCCOBOM JIOJM HACHIIIICHHBIX M HEHAchIMeHHBIX JKK
CYMMAapHbIX JIMIHUOB, & TaK)KE OLIEHKA COOTHOIIEHHUS MPOIYKT/CyOCTpaT M WHJIEKca
HeHacelmeHHoctn JKK. [l wmccnemoBaHuii OBLIO  HMCIOJIB30BAaHO COBPEMEHHOE,
cepTugUIMPOBaHHOE 000pYyI0BaHWE W peareHThl. [Ipyu MpoBeICHHH SKCIIEPUMEHTOB
WCIIOJB30BAIMCh  KJIACCUYECKHME M COBPEMEHHBIE MOJEKYJISIPHO-OMOJIOTHYECKHUE,

OMOXMMHYECKHE MECTOObI 1 MCTOAbI (bI/IBI/IOJ'IOFI/II/I paCTeHI/Iﬁ, a TaKKC MCTOAbI aHaJIn3a



12

DKCIEPUMEHTAJIBHOIO  MaTepuajga U CTAaTUCTUKH, KOTOpbIE  MOATBEPKIAIOT
00OCHOBAaHHOCTb U JOCTOBEPHOCTb MOJIYYEHHBIX SKCIIEPUMEHTAIIBHBIX PE3YJIbTATOB.
Pesynbratel paboThl Obutn mipencTaBieHsl Ha 18-it Beepoccuiickoit koHpepeHu
MOJIOIBIX y4YeHbIX «bHOTEXHONOrMS B pPACTEHUEBOJACTBE, JKUBOTHOBOJCTBE U
BerepuHapunm» (MockBa, 19-20 ampens 2018 r.), 2-ii HayuHo-mpakTtuueckoin
koH(pepenuuu «Knetounas 6uonorust u OnoTexHosnorusa pactenuitny (Munck, 28-31 mas
2018 r.), Ha MexayHapoiHOM HayuyHOU KOH(pepeHUun «PacTeHust 1 MUKpOOPTIaHU3MBI:
ouorexnonorust Oyaymero» PLAMIC2018, (Yda, 13-17 wurwons 2018 r.);
Bcepoccuiickoli Hay4HOM KOH(EpEeHIMH € MEXIyHAPOJHBIM YyYacTUEM U IIKOJIbI
MOJIOZIBIX YYeHbIX «MexaHU3Mbl YCTOMYMBOCTH PACTEHUH U MHUKPOOPTaHU3MOB K
HeOnaronpusTHeIM ~ ycioBusiM — cpennsl» (Mpkyrck, 10-15 wurons 2018 r1.), Ha
MEXHHCTUTYTCKOM HAyYHOM MOJIOAECKHOM CEMHUHape «AKTyallbHble MPOOJIeMbl

(bU3M0JIOTUHY, MOJICKYJISIPHOU OMOJIOTHU M OnoTexHoyioruu pacteHuin» (Mocksa, UOP

PAH, 11 anpens 2019 r).

Myoiaukanuu

[To maTepuanam guccepranuu onyOoJuKOBaHbl 4 HAYYHBIX paOOThI, B TOM 4ucie 3

CTaThH B )KypHanax, pekomeHaoBaHHbIX BAK PO, u 8 Te3uca kondepenuuii.

JIMYHBIN BKJIAJ aBTOPA

ABTOp CaMOCTOSATEILHO TIPOBEJI aHAJIU3 HAYYHOM JIMTEpaTyphl II0 TEME
JUCCepTalii. ABTOp HEMOCPEICTBEHHO Yy4YaCTBOBAJ B IOCTAHOBKE NEJICH W 3aaay
HACTOSIIETO HCCIIEIOBAHMS, CaMOCTOSITEIBHO TIPOBOINI OCHOBHBIE
9KCIIEpUMEHTAIbHbIE Pa0OThI, CBsA3aHHBIE C arpouHuiIbTpanueii pacteHuii  N.
benthamiana u N. excelsior, mocneayromeii MPOOONOATOTOBKON OHOJOTHYECKHX
00pa3loB ISl MCCIICIOBAHUS JIOKAIM3AIMU OCJIKOBBIX MPOIAYKTOB THOPHIHOTO TeHa
desC-egfp B npotormnacrax tpanchopmupoBaHHbIX JucTheB N. benthamiana, a Tak ke
aHaJM3a COCTaBa M MacCOBOM JOJIM, HACBHIIICHHBIX M HEHACBIIIEHHBIX JKUPHBIX KUCIIOT
CYMMapHBIX JIUIIUJIOB TKaHEH TpaHC(OPMUPOBAHHBIX JINCTHEB C IOMOIINBIO Ta30-

KUJIKOCTHOM xpomartorpaduu/mMacc-CieKTpOMETPHUH. AHanu3 MOJIYYeHHBIX
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PE3YyJbTATOB, a TaKXC M3JT0KCHHUC IIOJIYUYCHHBIX PCE3YyJIIbTATOB B BHAC HAYYHBIX
Hy6JIHKaHHﬁ dBTOpD IIPOBOIUII COBMCCTHO C HAaY4YHBIM PYKOBOJIUTCIIEM

JTUCCEPTAIIMOHHON PaOOTHI.
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CtpykTypa H 00beM HAYYHO-KBAIU(PUKANNOHHON PadoThI

JuccepranioHHass paboTa COCTOUT U3 CIUCKAa CKOpAIIEHUH HCIOJIb30BAaHHBIX B
pabote, BBeAEHMs, 0030pa JIUTEPATyphl 1O TEME HCCIEIO0BaHMS, OMMCAHUS METOJOB
WCCJIEI0BAHNM, PE3yIbTAaTOB MCCIEIOBAHUNA U UX OOCYXIECHMS, 3aKJIFOUECHHUSI, BBIBOJIOB
U CIHCKAa UCHOJb3yeMoW Jureparypbl. PabGota wuznoxkena Ha 102 cTpaHune
MAIIMHOMUCHOTO TEKCTa, coaepkut 6 Tabmui u 13 pucynkos. bubmuorpaduueckuii

CIUCOK BKJto4aeT 146 ucrtounuka, u3 Hux 140 Ha ”THOCTPAHHOM SI3BIKE.
BbaaroxapuocTu

ABTOp BbIpaxaeT TJyOOKYI0 NPHU3HATEIBHOCTh HAy4dHOMY pykoBoauteno I.B
['onnenkoBoil-I1aBnoBOM 3a BHHMAHHE W TMOMOIIP HA BCEX OJTamax BbIIOJHECHUS
JUCCEPTAINK, a TAaKKe COTPYIHUKAM rpylima (pyHKInoHanbHo renomukun UOP PAH
Tropuny A.A., IlaBnenko O.C. u Canosckori H.C. 3a moanepkKy W LIEHHBIE COBETHI.
OtaenbHO aBTOp OJaroJapuT BEAYLIETO HAYYHOTO COTPYJAHHUKA J1abopaTtopus

aunuaHoro ooMena CumopoBa P.A. 3a moOMOIIb B aHANM3€ U UHTEPIIPUTAIINH JTaHHBIX.
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I'maa 1. OB30P JIUTEPATYPbI

1.1 PacTuTesibHbBIE IeCaTypPa3bl ;KUPHBIX KHCJIOT

buonornmueckne MeMOpaHbI ¥ WX JIMIHIHBIE KOMIIOHEHTBI  SIBIISIOTCS
€CTECTBCHHBIM 0aphepoM M OOECICUMBAIOT 3aIUTy KJIETKH OT MPAKTHUYECKH JHOOO0TO
crpeccoBoro ¢akropa. B 1973 romy (Lyons et al., 1973) Obura mnpemnoxena
MeMOpaHHasi TEOPHsl YCTOWIMBOCTH, B COOTBETCTBHH C KOTOPOW THOENh pacTeHU Tpu
HU3KAX TEMIIEpaTypax M ajanTanuss K HAM CBs3aHa C KHUIKOCTHBIMH CBOWCTBAMHU
JMITUAHBIX OMCIIOEB BHYTPUKIETOUYHBIX MEMOpaH.

TemmepaTypHbIii 1 OCMOTHYECKUN CTPECCHI, a TAK)KE HEXBATKA BOJIbI BBHI3BIBAIOT
WU3MEHCHHS (PU3MYECKUX CBOMCTB KJICTOYHBIX MEMOpaH KUBBIX OpraHU3MOB. JIumuaHas
CTPYKTypa MeMOpaH ompenenseT (pU3NKO-XMMUYECKOe COCTOSHHE MeMOpaHbl, TOTAa
KaK TPOCTPAHCTBEHHAs] YIMAKOBKA JIUIHKIOB, OMpEAeNseT ee TeKydecTb. CHUKEHHE
TEMIIEpaTypbl, KaK M IOBBIIICHAE KOHIICHTPAIMM OCMOTHYECKH AKTHUBHBIX BEIIECTB
NPUBOJAUT K YMEHBIIEHHIO TEKy4eCTH MEMOpaHbl  BCICJACTBHE W3MEHEHHUS
MIPOCTPAHCTBEHHOW OpraHMU3aIy JUMUI0B. i moaaep kaHus OnpeaeeHHOrO YPOBHS
TEKy4eCcTH MeMOpaHbl, MPHU HHU3KUX TEMIIepaTypax, HEOOXOIWMBbI HEHACHIIICHHBIC
KHUPHBIE KHCIIOTHI, TOCKOJIBKY TeMIepaTypa ux (a30BOro rnepexojja 3HaYuTEIbHO HUKE
¢dusnonornueckux 3Hauenuii (Los et al., 2013).

OCHOBHYIO pOJb B TMpoliecce MOANEPKAHUS TEKy4yeCTH MeMOpaH HWIrparoT
Jecartypa3bl JKHUPHBIX KHCIOT. JlecaTypas3bl JKMPHBIX KHCJIOT OBUTM HaWJICHBI
NpaKTHUYEeCKH BO BceX opranm3max. OHH OTHOCATCA K Kiaccy (EepMEHTOB
okcugopenykras (Stuart, 1979). Jlna paboTel necatypazam TpeOyeTcs MOJCKYJISPHBIN
KHUCTIOPOJl U JIBa dJIEKTpoHa. JlecaTypasbl MCMOIB3YIOT MOJICKYJISIPHBINA KUCIOPOI, IJIs
TOTO YTOOBI OTOPBaTh ABa aroma Bomopona B cBsi3u C-C cos3maBas, TakuM 00pas3oM,
nBoiiHy0 cBsi3b C=C W mpeBpainas HACBIIICHHBIC )KUPHBIC KUCIOTHI B HCHACHIIICHHBIE.
B kauecTBe MOOOYHOTrO MPOAYKTa PEaKIMU AecaTypaiuud o0pa3yrTCsl JBE MOJCKYIbI
BobI (Chalupsky et al., 2014).

[lepBoiii 3Tam B kackame peakmuu Aecarypanuu JKK B pacTUTENbHON KIeTKe

MPOUCXOJIUT B CTPOME XJIOpoIuiacToB 3a cueT npeppaiienus KK 18:0 B 18:1, A9 anun-
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AIIb necatypazoii. KK 18:1 saBnsiercss mpeaecTBEHHUKOM BCEX MOJUHEHACHIIIEHHBIX
KK (umeromux nBe (nueHoBble JKK) unmu tpu (tpuenoBsie JKK) mBoitHbIE CBSI3M) C
JumHHOM Tlern B 18 atomoB yrirepona (Li-Beisson et al. 2010). Ona Moxer OBITH
UCIIOJIb30BaHA B KayecTBE cyOcTpara 6 aecarypa3aMH XJIOpPOIUIACTOB (KOJIUPYIOTCS
reHamu cemeiictBa FADG) mis cuaTesa smHoseBoi JKK (18:2) wim TpancnopTpoBaHa
B OIIP, roe 3a obpazoBanue KK 18:2 oTBevyaroT coOCTBEHHbIE MUKpPOCOMAJIbHBIE 6
necarypasbl (koaupyrorcs reHamu cemeiictBa FADZ2). KK 18:2 3aTem, MOXET OBITH
IpeBpalleHa B O-IMHOJIEHOBYIO KHUCIOTY (18:3), B 3aBUCHMOCTH OT JIOKaJU3alHH, ®3
JecaTypasamM  XJoporuiactoB (kKogaupyrorcst reHamu cemeiictBa FAD3) wmm DI1P
(komupyrotcs reHamu cemericte FAD7 u FADS) (Dar et al, 2017). KK 18:1, 18:2 u 18:3
HEOOXOJMMBI IJI1 CUHTE3a CTPYKTYPHBIX U 3allaCHBIX JUIHUAO0B, KPOME TOTO JIMHOJEBAs
U 0-JINHOJICHOBAs! )KUPHBIE KUCIOTHI OYEHb BaXKHBI JUIsl 3JJ0POBOTO NMMUTAHUS YEJIOBEKA U
YKUBOTHBIX, KOTOpPbIE HE CIIOCOOHBI K UX CHHTE3Y.

B pactenuss uaeHTUPUIMPOBAHO OOJBIIOE KOJIMYECTBO TI'EHOB JecaTypa3. B
4acTHOCTH, B pacTeHusx A. thaliana maentudunmpoBano 25 reHoB aecatypas sKUPHBIX
KHUCJIOT, U3 KOTOPBIX 7 TeHOB KOAUPYIOT A9 anmn-Allb necatypasel u 3 rena A9 anun-
munuaaeie  aecarypasel (Los et al., 2013). B pacrenmsx N. benthamiana na
CErOJHSAUIHUI JeHb 00HapyKeHO 28 reHOB JecaTypas >KUPHBIX KUCIOT U KaK MUHUMYM
Tpu nu3  Hux  komupyror A9  ammn-Allb  pecatypasel  XJIOPOILIACTOB
(https://www.uniprot.org/uniprot/?query=stearoyl 9-desaturase AND
organism:%22nicotiana%?22&sort=organism&desc=no; Wesley et al., 2001).

[loutn Bce TeHBI, KOAMPYIOIIKME JecaTypasbl, AaKTUBUPYIOTCS HHU3KUMHU
TeMriepaTypaMu. MCKiroueHHe cocTaBistoT TeHbl A9 necaTypas, oTBedaromue 3a
oOpa3zoBaHu€ TEepBOM ABOWHON cBs3u. ['eHbl, konupyromue A9 necatypasbl, Bceraa
paboTtaroT Ha oHOM mocTossHHOM ypoBHeE (Los, Murata, 2004), mockoJibKy MeMOpaHbl,
COCTOSIIUE U3 JTUMUIOB C MOJHOCTHIO HACBHIIEHHBIMU KUPHBIMU KUCIOTAMH, HE MOTYT
(GyHKIMOHUPOBaTh, IO MPUYMHE Mepexoaa MeMOpaH B ¢azoBoe cocTostHue rens. s
TOrO 4YTOOBI OHM HAXOAWINCh B JKHJIKOKPUCTAIIIMYECKOH (opme (ecTecTBEHHO

dbopme), HeobxoauMa X0Ts Obl OJHA ABOWHAS CBSI3b.
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[TapameTppl ~ TeKyyecTM  MeMOpaH, SABISAIOTCS  ONPEACISAIOIUMHU  JUIS
(YHKIIMOHMPOBAHUS MHOXECTBA MEMOPAHHO-CBS3aHHBIX OEJIKOB. YBEIUYEHUE YPOBHS
HEHACHIIIICHHOCTH JKUPHBIX KHCIOT MEMOpPaHHBIX JIMIUAJOB, T.€. YBEJIUYCHHUE
coJiepkaHusl AMEHOBbIX M TpueHOBbIX JKK, cnocoOcTByeT ajmanTanmuu pacTeHUH K
HU3KUM TemneparypaM. Ilomumo storo, KK 18:3 sBusercs mnpeamecTBEHHUKOM
KACMOHOBOM KHCJIOTBI, KOTOpPasl 3allMILAET PACTEHHS] OT HACEKOMBIX M MAaTOTEHOB 3a

CYeT aKTHBAILIMK dKCIIpeccHu reHoB 3amuTHoro oTeeTa (Carvalhais et al., 2013; Smith et
al., 2009).

1.2 Knaccudukanus necatypas, UX CTPYKTypa, MeXaHU3M (YHKIIHOHUPOBAHUS U
JIOKAJIU3AIuUs

CoryacHo TeKyleMy MHEHHUIO, MPEJIJIO’KEHbI, KaK MUHUMYM TPH KJIaccupuKanuu
necarypas: (1) mo cocTosiHuO (pacTBOpUMbIE U MEMOpPAHOCBSI3aHHBIC JiecaTypassl); (2)
nmo mepeHocunky cyoctpara (amwi-Allb), amun-kosm3um A (ammi-KoA) u amwur-
JUnUAHBIe AecaTypasbl) U (3) MO MecTy BBEIEHHs JIBOMHON CBsi3U ((PpoHTANBHO-
KOHLIEBbIE (nenbTa - A) M MeTWwi-KoHLeBble (omera - ). Ilpu paccmorpenumn
CYIIECTBYIOIMUX KIacCU(UKAIUN CIIeIyeT OTMETUTh WX B3aMMOCBs3b. Hampuwmep,
arui-Allb, amun-KoA, ami-munugHbie MOXHO OTHECTH Kak K (DPOHTAIBHO-

KOHIICBBIM, TaK ¥ METHJI-KOHIIEBBIM (Pucynok 1).

PacTeopumble [ecartypasbl MembpaHocBa3aHHbIe

Auun-Allb

MeTun-KoHLUeBbIE

Aunn-KoA
®DpPOHTaNbHO-KOHLIEBbIE

Aunn-nunuaHsle

Pucynox 1. BzanmocBsi3b kitaccudukanuii qecatypas
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1.2.1 PacTBOopuMBIe JecaTypa3bl

PactBopuMbIe ecaTypasbl Yalle BCEro JIOKAJIM30BaHbl B CTPOME XJIOPOIUIACTOB
Beiciiux pactenuii (Lou, Shanklin, 2010; Lou et al., 2014). 1 GyHKIIMOHHPOBAHHMS
pPacTBOPUMBIX Jiecatypa3 HEOoOXOAuMO, YTOObI cyOcTpaT (KUpHas KHUCIOTa) ObLI
srepuduiupoBad ¢ Allb, mosTomy Takue aecaTypasbl yalle BCEro Ha3bIBAIOT AllMJII-
AIlb necarypazamu (JIocs, 2014).

PactBopumeble necatypa3bl oOpazoBanbl 11 GenkoBbiMu a-crimpanimu. Cemb o-
cnupasied  GOpMUPYIOT IMYYOK, BHYTPU KOTOPOrO pacroyiaraercsi cyocTpar-
CBSI3bIBAIONIAsl MOJIOCTh. YeThipe OenkoBbie o-crupain (GopMupyOT CyOCTpart-
cesaspiBatomyro mosnocts (Guy et al., 2007; Moche et al., 2003). /IBa BbICOKO
KoHcepBaTuBHBIX MOTHBAa E/DxxH cBsI3pIBalOT /1Ba aromMa TPEeXBaJECHTHOTO >Keje3a, U
TakuM 00pa3oM, 00pa3yrloT KATAIUTHYECKUM KOMILUIEKC, B KOTOPOM OJMH U3 aTOMOB
Kese3a B3auMOJICUCTBYET C TIIIOTAMMHOBOW KHCIIOTOM B monoxkenuu 143 (E143) u
TUCTUAMHOM B mojnoxkenuu 146 (H146), npyroii — c TJIFOTAMUHOBOW KHUCJIOTOW B
nojiockeHnu 229 u ructuauHoM B mosioxkeHun 232 (Pucynok 2) (Shanklin, Cahoon,
1998; Moche et al., 2003).

Katanutuyeckuii KOMIUIEKC HAXOIUTCS B MecTe M3ruba ruapodoOHOro kaHana,
YXOJSIIETO OT TOBEPXHOCTH BIIIYyOb KPHUCTAIIMYECKON CTPYKTYphl (epMeHTa, B
KOTOpbIN BXOAUT cyOcTpaT. M3MeHeHuss B pacmpeneieHuu 3apsiioB B ruapodoOoHOM
KaHaje omnpenenser rayouHy npoHukHOBeHHs JKK. DT u3MEHEHHs BIUSIOT Ha
cnenuUIHOCTh JecaTypasbl U TMOJIOKEHUE, B KOTOPOM 00pa3yeTcsl TBOWHAs CBS3b, B
sapucuMoctH oT aiuuHbl XKK nenu (Lindqvist et al., 1996).

Mexanu3M (PYyHKIMOHMPOBAHUS PACTBOPUMBIX JecaTypa3 BO MHOTOM CXOX C
JIPYTUMU HETeMOBBHIMU (epMEHTAMH, aKTUBHBIH CAMT KaTAIMTUYECKOTO KOMILJIEKCa
KOTOPBIX COAEPKUT JiBa aroMma sxenesa (2Fe-caiit). [yisi akTUBalMyM aTOMOB KHCJIOPOJa
B 2Fe-caiite HeoOXxoauMbl goHOPHI 3aekTpoHoB (Shanklin et al., 2009). Bce usBecTHbIC
pactBopuMble anui-Allb necarypassl mosywator snektpoHbl oT HAJIOH uepes

dbeppenokcunnl (Chazarreta-Cifre et al, 2011; Moore, 2018). Tem He MeHee, IyTh 110
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KOTOPOMY 3JICKTPOHBI TIEPEHOCATCS OT (heppeIOKCMHOB K 2Fe-caiiTy B KaTaIMTHYECKOM
KOMILJIEKCE JlecaTypas, 10 KOHIIAa He N3y4eH.

AHanmu3 KpHUCTAIUIMYECKON CTPyKTypbl pactBopuMbix auuia-Allb necarypas
1OKa3aJl, YTO OHU UMCIOT TUMEPHYI0, YeTBePTHUYHYIO CTPYKTYpY (PucyHok 2) (Moche et
al., 2003; Guy et al., 2007). [IomONHHUTEIHHO YCTAHOBJICHO, YTO BO BpeMs
(epMEHTATUBHOTO IIUKIIA, B PE3YJIbTATE OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHA B
WOHAX METAJUIOB B KXKJOW CYOBCAMHUIIE, TIPOUCXOIAT KOHPOPMAIIMOHHBIC U3MEHCHHUS

AMHHOKHUCIIOTHBIX OCTaTKOB B KaTamuTHueckoMm meHTpe ¢epmenta (Shanklin et al.,

2009)

H146
E143

H232
H232

Pucynok 2. Kpucramimyeckas cTpykrypa pactBopumbix aimi-Allb gecatypas Ha
npumepe A9-creaponi-(18:0)-Allb necarypassl KiieieBUHBI 0OBIKHOBCHHOM.

A) Crpykrypa cyobenunuibl A9-creapown-(18:0)-Allb necarypassl coctosias u3 11
0-CIHpaJIe, Ha CXeMe OTOOPaKEH KaTATUTHICCKUN KOMILICKC.

b) Humep A9-creapoun-(18:0)-AIlb necaTypa3bl KaTaJUTHYECKHE KOMILIEKCHI

oTMmeueHsbl nuppamu 1 u 2.
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1.2.2 Mem0OpaHOCBsI3aHHBbIE 1eCAaTypPa3bl

CeMelicTBO MEMOpPaHOCBSI3aHHBIX JecaTypa3 SBISETCS HAMHOTO OOJNBIIUM U
Oornee pa3HOOOpa3HBIM IO CPaBHEHHIO C CEMEHCTBOM pacTBOPHUMBIX jecarypas. B
KJIETKaX dyKapuoT oHM oOHapykeHbl B DIIP, mimazmarnyeckoit MmemOpane u MeMOpaHax
xnoportactoB (Yadav et al.,, 1993; McCartney et al., 2004). Y mnpokapuotr OHH
JIOKAJIM30BaHbl B IUIa3MaTHUecKol MemOpane u mMemOpane Tuiakoujos (Diaz et al,
2002).

MemOpaHOCBsI3aHHBIE — JlecaTypa3bl  MPEICTaBISIIOT  COOOW  MHTETpalIbHBIC
MeMOpaHHbIC OENKH, KOTOpBIC JOBOJILHO CIIOKHO BBUICIHTH, a WX CTPYKTYpY
oxapakTepu3oBaTh. Ha CeropHsIIHMI JeHb CYIIECTBYET MHEHHUE, YTO OOJBIINHCTBO
MEMOpPaHOCBSI3aHHBIX JecaTypa3 HMEIOT YeThIPEeX-ITOMEHHYIO CTPYKTYpy (Zauner et al.,
2012), omnako cyiiecTBYIOT MckitodeHus. Hampumep, A9 nmecarypasa Pseudomonas
coctout u3 Tpex momenoB (Garba et al., 2018), a ctpykrypa A5 anuia-IunugHON
necarypasbl Bacillus subtillis, A8 necarypassl cunronunumos Brassica rapa u A6
necarypasbl Monilesaurus rouxii Bkio4aer mectb TpaHcMeMOpaHHBIX JoMeHOB (Diaz
et al, 2002; Na-Ranong et al., 2006; Li et al., 2011).

MemOpaHOCBsI3aHHBIE ~ JlecaTypasbl  COAEpPKAaT  TPU  KOHCEPBATHUBHBIX
THCTUIUHOBBIX MOTHBA, KOTOpPBIE, KaK IIOJIaTal0T, OTBETCTBEHHBI 3a OOpa30BaHHE
KJIacTepa M3 JIByX aTOMOB METaJlIa B KATAIUTHICCKOM KOMIUIEKCE, HEOOXO0UMOTO IS
HoJIICpKaHUs KaTamTuyeckor aktuBHOcTH (pepmenTta (Dar et al., 2017; Hernandez et
al., 2016).

HemaBHO  ompenereHa  CTpyKTypa  MeMOpaHOCBS3aHHOW  cteapomi-KoA
necarypasbl 1 denoseka u mbinm (Pucynok 3) (Bai et al., 2015; Wang et al., 2015),
MOJTy4EHHBIC JaHHBIE COIVIACYIOTCS CO CTPYKTYpHOW MOJEIBIO, OIMCAHHON paHee.
CornacHo paHHbIM, cTeapowsi-KoA paecarypasa COCTOMT M3 LUTOIIA3MATHYECKOTO
JOMEHa W YeTBIpEeX TPaHCMEMOpPaHHBIX JoMeHOB. OIMHHAIIATH O-CIUPATHHBIX
cermeHTOB (y creapomn-KoA gecatypa3bl 1 denoBeka JeCsTh O-CIUPATbHBIX
CETMEHTOB) OO0pa3ylT IMTOIUIA3MaTHUECKUd JIOMEH Jecarypa3bl H  IYYOK,

dbopmupyronMi CyOCTpaT-CBA3BIBAIOILYIO IMOJIOCTh JecaTypasbl, B TIyOWHE KOTOPOTO
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HAXOJIUTCS  KAaTAJUTHUYCCKUH  KOMIUICKC, BKIIOYAMOIIMN JBa aToMa  I[MHKA.
KaTtajuTiuuecknii KOMILIEKC PAcIioIoKeH B MeCTe U3ruda ruipooOHOro KaHaia, Kak u
y pPacTBOPUMBIX JecaTypa3, HO H3rHMO KaHajga HETrIyOOKO IOTPYXKEH B IyYOK,
dbopMupyromuii cyocTpar-cBa3biBaronyo mojocts (Bai et al., 2015; Wang et al., 2015).
AHAJIOTHYHO PACTBOPHMBIM Jecarypa3aM (opMa U CrnenupuIHOCTh CyOCTpaT-
CBSI3BIBAIOIIEH IIOJOCTH MEMOpPaHOCBSI3aHHBIX JecaTypa3 OMNPEACIsICTCS MEeCTOM
pacrionokenust  arppuibHOM  rpymnmbl JKK.  OjpHaKo —KaTaJIMTHUYECKUH  KOMILICKC,
COCTOSAIIMIA M3 [OBYyX aTOMOB MeTalla, y MEMOpPaHOCBA3aHHBIX JecaTypas
KOOPJUHUPYETCS TPeMsi KOHCEPBATHMBHBIMH THCTHIWH-OOTaThIMA MOTHBAMH M paHEe
Hen3BeCcTHBIM NxxXH rtuctunuHoBbiM MoOTHBOM (y creapomn-KoA paecarypassr |1
MBIIIIH), JTOKAJW30BaHHBIMHA B LIUTO30JbHOM aoMene (Bai et al., 2015; Wang et al.,
2015).

HecmoTpss Ha pasmuuus B METAUI-KOOPAMHUPYIOIIMX MOTHBAX, MEXaHU3M
(YHKIIMOHMPOBAHUS KATAJIUTHYECKOTO IICHTpa MEMOpPaHOCBS3aHHBIX Jecarypas
AHAJIOTHYCH MEXaHHU3My (DYHKIIMOHUPOBAHMS KAaTAJIUTHUYECKOTO IEHTPa PacTBOPUMBIX
necarypas (Bai et al., 2015). B oTiimune oT pacTBOPUMBIX JecaTypas, HCIOIb3YIOIIHX
dbeppenokcunnl B kadectBe AonopoB (Chazarreta-Cifre et al, 2011; Wada et al., 1993),
muToXpoM b5 sBisercss HambOosiee PacIpOCTPaHEHHBIM IOHOPOM 3JEKTPOHOB IS
MeMOpaHocBsi3aHHbIX JecaTypa3 (Chazarreta-Cifre et al, 2011; Wada et al., 1993;
Gostincar et al., 2010; Guillou et al., 2004; Napier et al., 2003; Wang et al., 2015.
Braaromaps ~ 0ojee  JOCTYIIHOMY  PACIOJOXKEHHIO  KaTaJIUTHYECKHX  CaiTOB
MEMOpaHOCBSA3aHHBIX ~JlecaTypa3 BO3MOXKEH MPSIMON MEPEHOC 3JEKTPOHOB  OT

uToxpoma b5 k mecarypase (Bai et al., 2015; Wang et al., 2015).
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Pucynok 3. Ctpykrypa u Tonojorus creapomin-KoA mecarypasel 1 memmu (Bai et al.,
2015).

A) Kpucrammuueckas ctpykrypa cteapowi-KoA necatypassl 1 MbIM mokaszaHa o
OTHOIIEHUIO K TEPHEHANKYJISPHO OPUEHTUPOBAHHOM MeMOpaHe, MUTOIUIa3Ma KIIETKU
pacmnonaraetcs cBepxy. J[Ba MOHA IIMHKA, CBSI3aHHBIE C IIUTOIIA3MATUYECKUM JJOMEHOM
necaTypasbl TOKa3aHbl Kak cepble cdepsl. Ha pucynke T™M 1, 2, 3, 4 -
TpaHCMEMOpPaHHBIC JOMEHBI.

b) Cxema pacnonoxeHus coupajied aecaTypasbl, I[BeTa CHOUpaleil aHaJIOTHYHbIC
pucyHky cneBa. OpamxkeBble cdepamMu 0003HAYCHBI KOHCEPBATUBHBIE OCTaTKU
TUCTUJIMHA YYacCTBYIOIIME B KOOpPJWHAIIMM CcaiWTa M3 JBYX AaTOMOB MeTajlla B

KATAJIMTUYECKOM LIEHTPE JIecaTypasbl.

1.2.3 Auuna-Allb, anun-KoA u anmi-aiunuaHblie 1ecaTypasbl

Eme onna xnaccudukarus aecarypas — pasJielieHue Jiecarypas B 3aBUCUMOCTH
OT MepeHocyrnKa cyoctpara. Mcxoas u3 3Toi kinaccuuKaim, aecarypasbl MOTYT OBIThH
paszenensl Ha Tpu kinacca: auui-Allb, anun-munupnsie n anuin-KoA necarypasbl
(JTocw, 2001). Atmn-Allb mecatypasbl 0OHApyKEHBI TOJBKO B XJIOPOILIACTaX PACTECHHIMA,
rae npoucxoauT de novo omocuuTtes XK, cyOctparom st 3TOro Tuma aecatrypas
ciyxart KK, cessannsie ¢ AIIb (Schultz et al., 2000; Zhang et al., 2015). Auuin-KoA
JiecaTypasbl, Kak MpaBUilo, CBSI3aHbl ¢ MeMOpaHOil u pacrnosioxkensl B D[P sykapuor.

Aunn-KoA necatypasbl HCHONB3YIOT B KadyecTBE cyOcTpaTa >KUPHbBIE KHCIIOTHI,
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cBs3aHHbIe ¢ KopepmenTtom A (Bai et al., 2015; Wang et al., 2015). Cybcrpatom s
alUI-TUIUIHBIX JecaTypa3 sBistroTcss KK, BXoasImMe B COCTaB CIIOXKHBIX JIUITHJIOB,
TaKUX KaK TIMKOTJIMIICPOIUIUABI, (dochormmmeponumuasl u chuaromunmuasl (Jlocs,
2001). Amwr-nunugHeie aecaTypasbl JOKaau30BaHbl npeumyiiectsenno B DIIP Chen,
Thelen, 2013; Mori et al., 2016). CymiecTByeT MHEHHE, YTO BCE H3BECTHBIC JIeCaTypa3bl

MIICKOITUTAIOMINX SBISFOTCS ari-KoA necarypaszamu (Nakamura, Nara, 2004).

1.2.4 JleabTa ¥ oMera aecatypasbl

OcHOBBIBasICb Ha CalT-crielU(PUYIHOCTH (BBEIEHHE HOBOOOPA30BAHHOW CBSI3U
C=C no ornomennto Kk koHuam JKK nenn u panee BBea€HHbM B mMoiekyiry KK C=C
CBA35IM), JiecaTypasbl AT Ha ABE rpyIIbl: A necatypasbl WM GPOHTATBLHO-KOHIEBHIE
Jecatypasbl, W ® JecaTypasbl WM METHJI-KOHIIEBbIe necarypasbl (Aitzetmiille,
Tsevegsiiren, 1994; Buist, 2004; Hitz et al., 1994; Lopez Alonso et al., 2003; Reed et
al., 2000; Sperling et al., 2003; Yadav et al., 1993). A mecatypa3sl 00pa3yrOT Kak
nepByto cBi3b C=C B mosoxxenuun A9 amunbHoM nenu XK, Tak u cBsizu Mexay
cymectBytoneid C=C cBs3bl0 U KapOOKCUIIBHBIM KOHILIOM cyOcTpata. [Ipeamnonararor,
yto A9 necatypasbl SBISIOTCS HanOoliee NpEeBHUMH (DepMEHTaMM U3 BCEX Jlecarypas,
MOCKOJIbKY TMPEJICTaBICHBI BO BceX KMBBIX opranusmax (Lopez Alonso et al., 2003).
Hpyras rpynna gecaTypa3, KOTOpasi TakK€ M3BECTHA KakK (0 JecaTypa3bl WJIM METHII-
KOHIIEBBIE JlecaTypasbl, KaTanusupyer oOpazoBanue cBsizu C=C wMexay yxe

cymectByromuMu C=C cBs3siMHU U MeTHIIbHBIM KOHIIOM JKK menmu.

1.3 Dkcnpeccus U peryJsiliusi reHOB, KOAMPYIOIIUX IecaTypasbl

BoNBIIMHCTBO  KUPHBIX  KHCIAOT B MeMOpaHax  pacTCHHH  SBIISIOTCS
HCHACBINICHHBIMU. WX ypOBEHb HEHACHIIIEHHOCTH CHIIbHO 3aBHCHUT OT H3MEHEHHUS
TEMIIEpaTypbl, MHTCHCHBHOCTH OCBEIICHHS, AMETHI, KOHIIEHTPAIMH OCMOTHYECKUX
BertectB u cojeit (Iba, 2002; Kim, Ntambi, 1999; Kis et al., 1998; Los, Murata, 1998;
Nishida, Murata, 1996; Somerville, Browse, 1991). MccrnenoBanus mokasaiiu, 4TO I€HbI,

KOJIUpYIOIe OCJIKK JlecaTypa3 UMEIOT OOJIbIIIOE 3HAUYCHHE JJIS aJlalTalliid PacTeHHM,
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KOTOpbIE  MOCTOSIHHO  CTaJKMBAIOTCS  C  pPa3JMYHBIMU  HEOJAronpusiTHbIMU
BO3JICUCTBUSIMU OKPYXKAIOIIEH CPEJIbl.

Cpenu TeHOB JecaTypa3 JKUPHBIX KUCIOT BBICIIMX PACTCHHM, HanOoiee U3y4eHbI
rensl A. thaliana. B dacTHOCTH, OHUM U3 MEPBBIX KIOHUPOBAHHBIX T'CHOB JecaTypas
obur xnonupoBan ren FAD2 A. thaliana, xoropeiii komupyer Al2 anmun-TUNUIHYIO
necarypasy OIIP (Okuley et al., 1994). B manpHetitiem oprosioru reHa FAD2 Obutn
KJIOHUPOBAHBI U OXapPaKTEPU30BaHBI IS MHOXKECTBA JIPYTUX BHUJIOB BBICIIUX PACTEHUH,
Bkioyas coro (Lakhssassi et al., 2017; Schlueter et al., 2007), panc (Jung et al., 2011;
Yang et al., 2012), xnmomuatauk (Liu et al., 1999; Zhang et al., 2009), apaxuc (Pandey et
al., 2014), nen (You et al., 2014) u mouepny (Zhang et al., 2018).

Jlecatypasbl KUPHBIX KHUCIOT PACTCHUN KOIUPYIOTCS SACPHBIMH T€HAMH, OJHAKO,
B OCHOBHOM, ocymecTBistoT Aecarypauuto JKK nununos B OIIP u xnopomnacrax. [pu
3TOM TE€Hbl, KOJMUPYIOUIME JecaTypas3bl, HSKCIOPECCUPYIOTCS B  OOJBIIMHCTBE
PacCTUTENBHBIX TKaHEW, OJJHAKO YPOBEHb MX IKCIPECCUU MOKET OBbITh pa3ivueH. JTO
yOeIuTeNbHO MPOJIEMOHCTPUPOBAHO B psifie paboT JUisi reHOB ®3 U w6 necarypas, U
A12, A9, A3, AT necarypas (Chi et al., 2017; Dong et al., 2016; Zhang et al., 2012).

CornacHo 3KCIEpUMEHTaJIbHBIM JaHHBIM, SKCIIPECCHUSI T€HOB JlecaTypa3 KUPHBIX
KUCTIOT MOXET ObITh WHAYIUMPOBaHA TOPMOHAMH, a TaKkKe OWOTHUYECKUMU
(puTomaroreHsl pa3NUYHOTO MPOUCXOXKACHUS) U aOMOTHYECKUMHU  (PaKTOpamu
BO3/ICICTBUS (TeMIEparypa, OCBEIIEHHOCTb, KOHIIEHTPALUsl OCMOTHYECKH AKTHUBHBIX
BeriectB u cosneit) (Chi et al., 2017; Harwood, 1998; Sui et al., 2018; Xue et al., 2018;
Zhang et al., 2018) (PucyHnok 4).
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dakTopbl aKTUBaALMM IKCNIpeccun reHoB agecaTtypas

ABunotunyeckue BuoTtuyeckue
KoHueHTpauua
0CMOTUHECKUX
aKTUBHbIX BELUECTB FOpMOHBLI M aToreHHble MHheKuMn
Temnepatypa OcBelleHHOCTS 1 coneu ¢pakTopbl pocTa W paHeHusa

& &
o & 6 6 6 66D

DZ FAD3 FAB2 FAD4 FADS FAD6 FAD7
A12 w3 A9 A3 A7 w6 w3

YpoBHM perynsaumm akcnpeccum gecartypas

TpaHCKPUNLUOHHDIMA MocTTpaHCKPUNLUOHHDIN MocTTPaHCAALMOHHDIMA

A3, A4, A7, A8, A9, Al2, w3, we Al2, w3 gecatypasbl w3 pecartypasa
pecartypasbl YBenu4yeHune Konuyectsa 1) M3MeHeHMA aMMWHOKMCIOTHOM
1) CcHUXeHMe TemnepaTypbl — AMeHOBbIX MK 6e3 yBenudeHWA nNocnedoBaTeNbHOCTM YBeNW4YMBaET
yBennyeHue yposHa MPHK ypoeHa MPHK. aKTUBHOCTb U BpemMa MONYKU3IHU
2) yBenuueHwe TemMepaTypbl — MexaHu3m perynsuMu noka He MpPOAYKTOB reHa;
CHMeHue ypoBHA MPHK M3yyeH 2) cneunann3MpoBaHHbLIA Y4acTOK

C-KoHueBoM obnactm peryavpyet
aKTMBHOCTb AecaTypasbl

Pucynoxk.4. Cxema perymsiuu skcrpeccur reHoB necarypas. FAD, FAB, SAD, SLD u
DES — renst necatypas. Al12 u ®3 u. T. 1 — necarypasbl. Kaxaomy daktopy akTUBaluu

AKCTIPECCUU TEHOB JecaTypa3 COOTBETCTBYET COOCTBEHHBIN 3HAK.

B Hacrosiiiee Bpemsi yOeIUTENBHO J0Ka3aHa B3aMMOCBS3b MEXIY M3MEHEHHEM
TEMIIEpaTypbl, KOHLEHTpAUMEeW OCMOTHYECKUX BEUIECTB U COJIEM C DKCIpPEeCcCUeH
HEKOTOPBIX T'€HOB JIecaTypa3 y BBICHIMX pacTeHuil. Harpumep, npu n3y4eHuu BIHMSIHUSA
TEeMIIepaTypbl Ha 3KCIPECCHI0 T'€HOB JlecaTypa3 MpOJEMOHCTPUPOBAHO, YTO OHA, B
OOJBIIMHCTBE CIy4yaeB, YBEIMUYMUBACTCA B OTBET Ha BO3JICHCTBUE HU3KUX TEMIEPATyp
(Dong et al., 2016; Feng et al., 2017; Liu et al., 2015; Zhang et al., 2018), Torga kak
IIpY MOBBIIIICHUU TEMIIepaTyphbl OTMeueHa oopaTtHas peakius (Dong et al., 2016; Zhang
et al., 2018). Tak, y mouepusl (Medicago truncatula) mom naeiicTBueM HU3KHX

temnepatyp okcnpeccuss reHoB FAD3 u FAD7 (xoaupyroT 3 gecaTypashbl,
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nokanu3oBanbl B DIIP u xjmoporiactax COOTBETCTBEHHO) 3HAYUTEIBHO YBEIMUYUBACTCS
110 CPAaBHEHUIO C PACTEHUSIMU, BBIPAIIEHHBIMU B HOPMaJIbHBIX ycioBusiX. Ha ocHoBaHuu
THX PE3yJbTAaTOB BBICKA3aHO MPEIOJIOKEHHE, YTO 3THU JecaTrypa3bl MOTYT HIpaTh
KJIFOYEBYIO POJIb B PEaKkIMU PAaCTCHUN Ha HHU3KOTEeMIepaTypHbIi ctpecc (Zhang et al.,
2018). CxomHble pe3ysbTaThl IIOJYYCHBI IPU KCCISAOBAHWM TEHOB JiecaTypas
xnmormuatauka. ['en FAD7/8-1, komupyromuit ®3 necarypasy, JOKIW30BaHHYIO B
XJIOPOILJIACTaX, MPOJIEMOHCTPUPOBAI MOBBIIIEHHBIN MPOGUIL IKCIPECCUd B OTBET Ha
HU3KHE TemrepaTypsl. [Ipy 3ToM, TOBBIIIIEHHE IKCIPECCUU 3TOTO TeHa HAOII0JAN0Ch U
B orBeT Ha 3acyxy (Yurchenko et al., 2014). Dkcmpeccusi OOJBIIMHCTBA TE€HOB
JiecaTypas KUPHBIX KUCJIOT OTyplia YCUJIMBAETCS B OTBET Ha XOJOJ M IMOAABISETCS
BBICOKOHM TemmepaTypoii. Tak skcnpeccust renoB necatypaz FAD2 u FAD3 (koaupyroT
A12 u ®3 necarypa3bl COOTBETCTBEHHO), OEITKOBBIE MPOAYKTHI KOTOPBIX JIOKAJTHU30BaHbI
B OIIP, u renoB aecarypaz FAD4, FADS, FAD6, FAD7 (xkomupyrot A3, A7, ©6 1 ®3
JecaTypasbl COOTBETCTBEHHO), OCJIKOBBIE TMPOAYKTHl KOTOPBIX JIOKAQJIU30BaHbI B
XJIOPOILIACTaX, TOBBIMIACTCA TPH CHWIKEHUU TeMmreparypbl. llpu 3TOM BBICOKHE
TEMIEPAaTypbl  BBI3BIBAIOT  PENpPECCHI0  JKCIPECCMM Kak TEHOB  JlecaTypas
nokanu3oBaHHbIX B xjoporuiactax (FAB2, FAD4, FADS, FAD6 (A9, A3, A7 u w6
necaTtypasbl)), Tak u necarypa3d FAD2, FAD3 (A12 u ®3 necarypassl), TOKAIM30BaHHBIX
B OI1P (Dong et al., 2016).

Kak ykazano Bblllle, HE TOJIBKO TEMIIEPATYPHBbIE U3MEHEHHS, HO M COJIEBOM CTPeCC
TaK)Ke OKa3bIBACT BIMSHHE Ha SKCIPECCHIO TEHOB JecaTypa3. Hampumep, y apaxuca
(Arachis hypogaea) nipu coneBom ctpecce (MHKyOarust apaxuca B npucytctBun NaCl B
KoHIleHTparuu 250 MM B TeueHue 4 CyTOK) HAOJIOMACTCS CHUKEHUE DKCIPEecCuu 3
JiecaTypas3bl U €€ BOCCTAHOBIJICHHE TOCIIE CHATHS CTPECCOBOTO BO3ACHUCTBUA. Tak, MpH
coneBoM crpecce usMmenserca JKK cocraB, a HMEHHO, IOCTOBEPHO CHUXKAETCA
cogepxkanne KK 18:3 (Sui et al., 2018), mapsay co CHMXCHHEM aKTHBHOCTEU
cynepokcuaaucmytassl (COJl) u ackopOarnepokcuaassl (All) u, BcrmeacTBue 3Toro,
YBEIIMYCHUEM CoJiepKaHus cyrnepokcua anroHa (O2-¢) u nepekucu Bogopoaa (H,0,).
Ponw skcnpeccuun rena, kogupyromiero o3 aecarypasy (LeFAD3), nokann3oBaHHYO B

OIIP, B TOJNEPAaHTHOCTH PACTEHUNl K COJIEBOMY CTPECCy MPOJIEMOHCTPUPOBAHA Ha
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SKCIIEPUMMEHTAIbHBIX MOJEIAX TpaHCreHHBIX pacteHuii TomaroB (Wang et al., 2014).
Tak, coneBoil cTpecc HE CKa3bIBa€TCsl HA POCTOBBIX XapaKTEPUCTHUKAX TPAHCTCHHBIX
pPacCTeHHI TOMAaTOB B OTJIMYME OT PACTEHUH IUKOTO THIIA U TPAHCTEHHBIX PACTECHHM,
KOTOPbIE DKCIPECCUPOBAIIA aHTUCMBICIIOBYIO MocieaoBaTenbHOCTh TeHa LeFAD3. Otu
pe3yapTaThl MOTYT OBITh OOBSCHEHBI TEM, UYTO TPAHCTEHHBIC PACTEHHS TOMATOB C
KOHCTHUTYTHUBHOM 3Kcmpeccueit reHa aecarypasbl LeFAD3 ciocoOHbBI K MOAAEepKaHUIO
LEJIOCTHOCTH MeMOpaH Mpu JACUCTBUU CTPECCOBOro (PakTopa, YTO MOATBEPKICHO
METOJIOM TPAHCMHCCHOHHOH 3j1ekTpoHHOUW Mukpockonuu (Wang et al., 2014). Takum
00pa3oM, FKCIIEpUMEHTaJIbHbIE JAHHBIE CBUAECTEIBCTBYIOT O BAXKHOM POJIM JecaTypaluu
MEMOpaHHBIX JIMIIMJOB, KOTOpas OOYyCJOBJIEHAa OHKCIIpecCHel TI'eHOB JecaTypas, B
PEryJIALNUN TeKy4eCTH MeMOpaH U aJanTaliyd PacTeHUH K U3MEHEHHIO TEMIIEPaTyphl U
KOHIIEHTpAIUU COJIEH B MOYBE.

B wuccnemoBaHusiX OSKCHpecCHH TEHOB JecaTypa3 BBIACHEHA BaKHas pOJIb
MOCTTPAHCKPUIIIIMOHHBIX Y TOCTTPAHCISIIIUOHHBIX  MOJU(DUKAIUNA B  PETyJNALHH
dbynkuuonupoBanusi necarypad (Pucynok 4). CormacHo TeKylieMy MHEHHIO,
n3meHenne KK cocraBa nMNUAOB KIETOYHBIX MEMOpaH pacTEHUH NpPU CHUKEHUU
TEeMIIepaTyphl, MO BCEH BUAMMOCTH, MPOUCXOAUT TAKKE U 33 CUET TAKUX MOJIUDHUKAIINH,
a He TOJbKO 3a cueT yBenmueHus ypoBHs MPHK necarypas (Dar et al., 2017). Ha
pUMepe YKCIPECCUU B APOXKIKAX ceMsi-criennuanbix uzopopMm necarypas FAD2-1A u
FAD2-1B w3 pacteHuii cou, oTiauyarommxcs 24 aMHUHOKHCIOTHBIMH OCTaTKaMH,
poIeMOHCTpUpoBaHo, 4To uzoopma FAD2-1B Gonee crabuiibHa MpU MOBBIIIEHHBIX
temneparypax (Tang et al., 2005). ¥V o mecarypas FAD3 xmomuatauka (GOSSypium
raimondii) u A. thaliana, mokanu3oBanubix B DIIP, Takke OTMEUEHO PEryJIMpOBaHUE
aKTUBHOCTH HH3KOH TeMIepaTypoil Kak Ha YypOBHE TPAHCKPUIIIWK (CHU)KCHHE
Temreparypel  npuBogur K yBenmuenutro MPHK, a 3arem  HakoreHwuto
cootBeTcTBytomero ¢epmenra (Liu et al., 2015; Wang, Xu, 2010)), tak u Ha
MOCTTPAHCKPUIIIIMOHHOM M TOCTTPAHCISIIIMOHHOM  YPOBHSIX (WM3MEHeHHss B 5°-
HeTpaHcimpyemoir  obmactu MPHK  rema mecarypassl wnm  aMUHOKHCIOTHOM

IIOCJICA0BATCIIBHOCTH B N-KOHHGBOﬁ obnactu (i)GpMCHTa YBCIMYNBAOT AKTUBHOCTDb
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rena FAD3 u Bpemsi MoOJy>KM3HU MPOJIYKTOB 3TOTO I'eHa MpPU HU3KHUX TEeMIlepaTypax
(Tang et al., 2005; Wang, Xu, 2010)).

Matsuda et al. wmccnemoBasm TOCTTPaHCHSIIMOHHBIE MEXAHU3MBI PETYIISIIIHA
akTUBHOCTH ®3 aecarypa3sl FAD8 A. thaliana B oTBeT Ha M3MEHEHHE TEMIIECPATYPHI.
Tax, yOenuTenbHO MPOJEMOHCTPUPOBAHO, YTO aKTUBHOCTD JI€CAaTypasbl PErylupyercs
3a cueT C-KOHIIEBOM 00J1acTH, @ UMEHHO, aKTUBHOCTh TOM JiecaTypas3bl CHUXKACTCS MpU
BBICOKOM TeMmmepaType TOJBKO B TOM clydae, €Clu JecaTypa3a COJCPKHUT
cnenuduaeckyio C-koHreByro oonacts (Matsuda et al., 2005).

CoriacHO  IKCIEPUMEHTAILHBIM  JaHHBIM, (UTOTOPMOHBI  TaKXe€ MOTYT
peryaupoBaTh dKCIPECCUIO TEHOB JecaTypas, U B psAJie CIydyaeB B TKaHECTICIU(PUIHON
Manepe. Tak, mpu 00paboTke pacteHuid apaxuca adcumu3oBoit kuciorod (ABK),
YPOBEHb TPAHCKPUIITOB ®3 jecarypasbl (JIoKanu3amus B XJoporuiactax), Al2
necatypasbl  (nokammzamus B OIIP), A8 wu A4 necarypaz cQUHroaunuaoB
yBenuuuBaercss Toinbko B kopHsax (Chi et al, 2017). IIportuBomosoxHas
3aKOHOMEPHOCTh oOTMedeHa npu jAchictBud ABK Ha ypoBeHb 3Kcmnpeccuu o3
necarypassl una (Salvia hispanica) u nepumier (Perilla frutescens): skcnpeccust 3Tux
TCHOB MEPBOHAYAIILHO PEMPECCUPYETCs, a 3aTeM BOCCTaHABIMBAETCs 4epe3 48 4acos.
BozneiictBue canummnosoit kucnotot (CK) n metmmkacmonarom (MXK) Ha pactenus S.
hispanica u P. frutescens mpuBoIUT K YBEIMYCHHUIO DKCIPECCHU T'C€HOB M JiecaTypas
(FAD3, FAD7, FAD8) (Xue et al., 2018). Y06emuTenbHOe SKCIEPUMEHTAIBLHOE
MOJITBEPXKICHUE PETYIHPOBAHUS JKCIPECCHHM TEHOB Jecarypa3 (PUTOrOPMOHAMU
NPOJEMOHCTPUPOBAHO TMpH HM3y4YeHHu mpomortopa reHa FAD2 A. thaliana,
koaupytomero Al2 gecatypazy. B 3ToM uccieoBaHuM C UCHOIb30BAaHUEM CTPATETHH
pPENOpPTEPHBIX T'€HOB MPOJIEMOHCTPUPOBAHO, YTO AKTUBHOCTH Mpomoropa rena FAD2
CHW)KAETCS B JIUCTBSAX U KOPHsIX nipu AeiictBum 24-smmbpaccunonuna, AbK u CK. ITpu
ATOM 3TOT 3(PPEKT rOPMOHOB MPOSBIISIICA B J0303aBUCUMON MaHepe. Tak, OTMEUYEHO
CHIDKEHHME aKTUBHOCTH Tpomoropa TreHa FADZ2, xoTopoe ObUIO MPOMOPIMOHAIBHO
yBenuueHuto  KoHneHTpaiuu CK. Beicokune konnentpauuu ABK  wmm  24-
AMUOPACCUHOINAA CHUXKAJIM aKTUBHOCTH NPOMOTOpA B JIUCTHSIX U KOPHSX, HO MaJible

KOJIMICCTBA OTUX T'OPMOHOB BbISBIBAJIM CHHKCHHC AKTHBHOCTHU IIPOMOTOpPA TOJIBKO B
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kopusx (Yuan et al., 2012). Takum 00pa3oM, BBIIMIEH3I0KEHHOE CBHICTEIBCTBYET O
TOM, 4TO 3KCIIPECCHUsI TEHOB JlecaTypa3 pacTEHUI PETyIUpPyeTcs TOPMOHAMH, IIPH STOM
peryianus OSKCOPEeCCHH ATHX TEHOB TKaHecmenu@uuHa W  TPOSBIAETCA B
J10303aBUCUMON MaHepe.

B0O3MOXHOCTD pEerymsiiuu 3KCIPECCHH TEHOB JecaTypa3 (UTOTOPMOHAMH B
MEPBYIO OYEpeab TOBOPUT O BO3MOKHOM YYacTHM JecaTypa3 B Mpolleccax Iepeaadu
curHajioB. Tak, Jaecarypas3bl BOBICYCHBI B OMOCHHTE3 MPOMEKYTOYHBIX COCTUHCHHIA,
nampumep, KK 18:3, HeoOxoaumoil s OMOCHMHTE3a >KacMOHaTa — TOPMOHa
UTPAIOLIETO BaXKHYIO pOJIb B Pa3BUTUU PACTEHUI M B pEaKIMsIX PACTEHUH Ha CTpecc
(Xue et al., 2018). [To-BuarMoMy, peryJIsius SKCIPECCUU TEHOB JiecaTypa3 TOPMOHAMHU
HEOOXO0MMa HE TOJBKO IS MOAJEp)KaHUs TEKydyeCcTH MEeMOpaH MOoJ BO3ICHCTBUEM
cTpecca, HO U JJIs 3allyCKa JOIMOJIHUTENIbHBIX KJIETOUYHBIX MEXaHU3MOB, HEOOXOIMMBIX
JUIS afialTalliyd PacTeHUM K JIEHCTBUIO CTPECCOBBIX (PAKTOPOB Kak aOMOTHUECKOTO, TaK
¥ OMOTHYECKOTO IPOUCXOKICHUS.

CornacHo TekylieMy MHEHUIO, Takhe OHoTHYeCcKre (HaKTOphl Kak (PUTOMATOTEHBI,
a TaKXKe TOpaHEHHWS WHAYIUPYIOT SKCIPECCHI0 TeHOB necaTypa3. B 3ToT mporecc
VHAYKIIUUA B KAYECTBE CUTHAJIBHBIX MOJIEKYJ MOTYT ObITh BOBJICUEHBI M PACTUTEIbHBIC
ropmonbl (Harpumep, MK, ABK, stunen), onurocaxapuasl u oymronentuasl (Xue et
al., 2018), a taxke takue KK, xak 18:2 m 18:3 (Dar et al.,, 2017). Monynsuus
HKCIIPECCUU TEHOB JlecaTypa3 B OSTOM CIIy4a€ MOXKET WIrpaTh poOJib 3alUTHOrO
MEXaHH3Ma B OOECIEYCHHH YCTOWYMBOCTH PACTEHUH K OWOTHMUYECKHM CTPECCOBBIM
dakTopaM, 4yTO yOEIUTEIbHO MOATBEPAKACHO B PAJE MCCIEIOBAaHHUM, B TOM YHUCIE U C
UCIIOJIb30BaHUEM Mojieneit TPAaHCTEHHBIX pacTeHHid, HKCIPECCUPYIOLIUX
reTepoJIOTUYHbIE TeHBl Jecarypa3. Hampumep, TpaHCTeHHBIE pacTeHHsl ToMara,
9KCIPECCUPYIOIINE TeH CTeapomI-fecarypassl rpudHoro npoucxoxaenus (Flammulina
velutipes), mposBIISIOT MOBBIIICHHYI0 YCTOWYMBOCTh K BO3JICHCTBHIO (PUTOMATOTEHOB 3a
cueT yBeJuueHHs BbiesieHus BockoB (Kamthan et al., 2012). TpancreHHbie pacTeHHSs
kapTodens, sxcnpeccupyromnme Al2 anui-TMNUIHYIO JecaTypasy M3 HUuaHOOAKTEpHid
Synechosystis sp. PCC 6803, momMuMoO yBelIHYEHHS OTHOCHUTEIBHOIO COJEPIKAHHUS

nonuHeHachieHHbIX KK (KK 18:2 u 18:3) xapakTepu3yroTcs BHICOKUM MOKa3aTeleM
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yCTOHYMBOCTH K Bo30yauteiio ¢putodroposa (Phytophthora infestans) o cpaBuenwuio ¢
ucxonHoi hopmoii (FOpbeBa u coasr., 2014).

Yb6enuTenbHbIe AKCIEPUMEHTAJIbHBIC TMOATBEPXKACHUS pOJIU Jecarypa3 B
3aTUTHBIX MEXaHW3MaX pPACTeHUWH TMOJIY4YeHBI C HCIOJb30BAaHUEM TPAHCTEHHBIX
TEXHOJIOTMA Ha MYTAaHTHBIX PACTEHUSAX C Je(DUIIMTOM SKCIPECCHH PAa3HBIX TEHOB
necatypas. Hampumep, skcmpeccusi rena T1aSSI2 xomupyromero creapoun-Allb
Jecarypasy miieHuIsl B pactenusx A. thaliana, puca, com, MyTaHTHBIX IO TE€HY
creapomwsn-Allb necarypasbl (ssi2-MyTaHThI), MIPUBEJIa K MOBBIIMICHUIO YCTONYMBOCTH
pacTeHuil K MUPOKOMY KPYTy (PMTONATOr€HOB, B TOM YHCJIC U K MydHHUCTO# poce (Hu et
al., 2018; Song et al., 2013). TToMuMO YCTOMYHMBOCTH K OHMOTHYECKUM (haKTOpam,
MepeHoc M JKcrmpeccuss reHa 1aSSI2 B TpaHCTEHHBIX PACTCHHSIX MOXKET OBITh
MEPCIEKTUBHBIM MOJIX0JI0OM U K CO3/JaHUIO0 PACTEHUM YCTOMYMBBIX K 3aCyXe, MOCKOIbKY
creapomn-Allb necarypasa yaactByeT B OnocunTte3e Bocko (Hu et al., 2018).

CornmacHO COBpPEMEHHBIM JKCIIEPHUMEHTAIbHBIM JIAHHBIM, TOPAaHEHUS TaKXKe
YBEJIMYMBAIOT IKCIIPECCUIO TEHOB JiecaTypa3 y pacTEeHUM, MPUBOJS B MECTE MTOPAHCHUS
K HaKOIUICHHIO TPUCHOBBIX KHUCIIOT M JacMoHata B Xioporutactax (Jloce, 2014).
TpueHoBbIE KUCIOTHI B XJIOPOIUIACTaX, Takue Kak, Harpumep, KK 18:3, urparot posb
IPEIIIIECTBCHHUKOB B OMOCHHTE3€ YKaCMOHATa, KOTOPHIHA, B CBOIO OYEpelb, SIBISIETCA
OJTHAM W3 KIIFOUYEBBIX YYACTHHUKOB B 3aIyCKe 3aIllMTHBIX MEXaHH3MOB pacTeHuid. J[is
WUTIOCTPAIIMA TIPOLIECCOB YCUJICHHUSI DKCIPECCHMH TEHOB JecaTypa3 MpH TMOPAHCHHUH
mMoxxHO nipuBectd TeH FAD7 moprynaka (Portulaca oleracea), kotopsiii koaupyeT ®3
necatypazy xsopormiactoB. OH UWHAYNHpPYETCS TIOPAaHEHHEM C IapajuIebHBIM
yBenuuenuem conaepkanust KK 18:3 (Teixeira et al., 2010). JlocroBepHoe yBeaHUUeHHUE
skcnpeccuu cteapowi-Allb gecatypasbl, kogupyemoit renom CSSAD, oTMedeHo u npu
nopaHeHusx pacrenuit yas (Ding et al., 2016). Dkcmpeccus ®3 naecarypas y S.
hispanica u P. frutescens Takxe ycuiauBangach IpH paHeBOM BozjaedcTBuu. [Ipu sTOoM
YBEJIMYEHHUE IKCIIPECCUU TEHOB ® JIecaTypa3 KOPpeIupyeT C akTUBaleld OMOCHHTE3a
NPUBOJIUT K JIOCTOBEPHOMY HaKOIUICHHUIO )xacMonara (Xue et al., 2018).

Takum 00pa3oM, B HacTosIIee Bpemsl YOCIUTEIbHO MPOJAEMOHCTPUPOBAHO, UTO

AKCHpECCUsi TEHOB Jecarypa3 peryjJupyercss IeWCTBUEM Pa3JIMUHBIX CTPECCOBBIX
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q)aKTOPOB U T'OPMOHOB, YTO IMO3BOJIACT BKIIOYUTDb UX B CIIMCOK KIIHOYUCBLIX YHACTHHKOB,
KaK IMpOHCCCOB CUTHAJIM3alWH, TAK U MCXAHU3MOB 3alIHUThI U aJdallTalluH paCTCHI/Iﬁ K

OMOTUYECKUM U a0MOTHYECKUM (haKTOpaMm.

1.4 Poan Aaecarypa3 B NOAACPKAHUN TOME0OCTa3a KJICTOYHBIX MeMﬁpaH

NuayuupyeMble okpyxaroiei cpeiod TMHaMUYeCKre U3MEHEHUS B KOMITO3ULIUN
JUMHUIOB, COOTHOLICHUH JIUMUIOB M OEITKOB, a TakKe MPHUCYTCTBUE PACTUTEIbHBIX
CTEpOJOB B  MeMOpaHax  pacTeHHUH,  SBISIOTCS ~ BaXHBIMH  (paKTOpamH,
KOHTPOJHUPYIOIIUMH TOMEOCTa3 KieTouHbix MemOpan (Espenshade, Hughes, 2007;
Mullineaux, Kirchhoff, 2009). [lecatypa3bl wurparoT B 3TOM IIpOIECCE OJHY W3
KJIIOUEBBIX POJIEH, TaK KaK OTBEYAIOT 3a MOMIYJSIIUIO HEHACBHIIIEHHOCTH >KUPHBIX
KUCTOT. MOIyNALNsS HEHACHIIIEHHOCTH JKUPHBIX KHUCIOT B CBOIO OUEpeNb OMpeeisieT
U3MEHEHUs B TeKydecTu MeMOpaH. [lox Bo3zaeiicTBMEM BHEIIHUX (PaKTOPOB, TAKUX Kak
TEeMIEepaTypa, OCMOTHYECKUI CTpece, 3acyXa, MPOUCXOAT U3MEHEHHUS B OpraHU3alluu
JUTIATHOTO OHMCIOsT MEMOpaHbl, BBI3BIBAsI JMOO pazKIKEHUE MeMOpaHbl, OO

yBeJIMYEHHUE €€ KeCcTKOoCTH (PucyHnok 5).
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BnusgHue u3MeHeHHs TeMIiepaTypbl Ha TEKy4ecTh MeMOpaHbl ObLIM BIEpPBBIC
MPOJIEMOHCTPUPOBAHBI C MOMOIIBIO MOJsIpU3auu (hiyopecueHIuu (iIyopecieHTHOTO
3oura DPH (1.6-mudenun-1.3.5-rekcarpuer). DPH Bxirouaercs B MeMOpany
napajielbHO alMIbHBIM IEMsIM MeMOpaHHbIX JunuaoB. Ero ¢uyopecuenuus ciabo
JETOJIAPU3YETCS TpU CTAOMILHOM B3aWMOJICHCTBUU C KECTKUMH MEMOpaHaMH, M
YBEIMYHUBACTCS MPH pazkrkeHrnn MemOpansl (Los, Murata, 1998).

Texydectb MeMOpaHbl 3aBUCHUT OT ABYX KJIIOYEBBIX (DaKTOPOB: COCTAB JIUIUJIOB
(cTemeHh HEHACHIMIEHHOCTH amwiIbHBIX Tpynn KK B Monekyne Taulepoaunuaa) u
COOTHOIIICHHE JINIUIAOB Pa3IMnYHbIX KjaaccoB B jumuaHoM oucioe (lba, 2002; Vigh et
al.,, 1998). VYMeHbllleHHE JIOJIM HACHIIEHHBIX JKUPHBIX KHCJIOT TMPEAOTBpAIAcT
Ype3MepHOE 3aTBEep/IeBaHHEC MEMOpPaHBI TPHU MOHKCHUH TEMITEpaTyphbl. Y MEHBIIICHUE
TEKy4eCTH MeMOpaHbl MOXET ObITh CKOMIIEHCHMpOBaHa myTem jecarypanuu KK
MEMOpaHHBIX JHUIUAOB. B TPOTHBOIOIOXKHOCTH 3TOMY, TOBBIIMICHUE TEMIIEPATyPhI
npuBOAUT K prronnnzanuu MemOpan (Pucynoxk 5). [{ns nmpeaoTBpariieHust 4pe3aMepHoro
pazKuKeHUsT MeMOpaHbl, KJIETKa CUHTE3UPYET MEMOPAHOCTAOMIU3UPYIONIUE OCNKH U
OCYIICCTBIISICT 3aMEIICHNE HEHACHIMICHHBIX JKHUPHBIX KHUCIOT MEMOpaHHBIX JUIHUIOB,
BHOBb CHHTEe3MpoBaHHbIME HackiieHHbIME JKK (Los, Murata, 1998; Ohlrogge, Browse,
1995).

Ha ceromssimiamii 1€Hh B3aUMOCBS3h TEKYYECTH KICTOYHBIX MEMOpaH, CTETICHU
HeHachlmeHHOCTh KK B MeMOpaHHBIX JUNUAAX W W3MEHEHUs JUMUIHOTO COCTaBa B
KJIIETKE JIOCTAaTOYHO XOpOIIO H3yyeHa. Tak, NpU HU3y4YEHUH BO3ACHCTBUS HU3KUX
TeMrepaTyp Ha MyTaHTHbIe pacteHus A. thaliana, y koTopsix ObUT HHAKTHBHPOBAH I'eH
ADS1, xomupyrommii amui-KoA necarypa3sy, Obu10 BBISIBICHO, 4TO cojepskanue KK
18:1 B myrantHbiXx pacteHusix ADS1 6wuto Ha 20% HUXKe, YeM y JIMKOTO THIIA.
JInmmmnHeI aHajus3 MoKazan, KOHIIEHTpaLUs Pa3HOBUIHOCTEN
MoHoranakrozunauamirauiaepusa (MIAIY) ¢ pnouHHOM 1enu B 34 yriiepoAHBIX
aToMOM B MyTaHTax adsl ObUTO HWXKE, YeM y AMKOTO TUTA. JIMMUIHBIN TO3UITMOHHBINA
aHAIM3 BBISBWI CHIDKCHHUE KOJIMYECTBO KUPHOW KHUCIOTHI 18:1 B monokeHuu sn-2

MI'AI'. Tlomumo »3TOro, y MYyTaHTHBIX pacTeHUM HAOIIOJATIOCh TIOBBIIIIEHUE
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COZICpKaHUs IIMTO30JILHOTO KaJbIMs B OTBET Ha CHWXKeHue Temmepatypsl (Ding et al.,
2016).

[MToewimennas sxcnpeccus reHa COFAD3, o3 necarypassr Chorispora bungeana, B
pacTeHusix Tabaka, criocoOCTBOBaNIa MOAJEPKAHUIO TEKYYECTH MEMOpaH, 3TO B CBOIO
ouepenb MPUBEIO K YBEIWYEHUIO YCTOMYMBOCTH PACTEHUH K XOJOIy, 3acyxe |
coieBoMy crpeccy. YBenunuenue coaepxkanus JKK 18:3 B TpaHCreHHBIX pacTEHMSX,
uHIynuposano aktupanuio Ca2'-ATda3bl MIa3MaTUYECKOH MeMOpAaHBI, TeM CaMbIM
M3MEHss MHIYLMPOBAHHYIO cTpeccoM curHanmmsaiuio Ca2’. B TpaHCreHHBIX JTHHUSIX
TaK)K€ aKTUBHUPOBAIACh CHCTEMa MHAKTUBAIIMS PEaKTUBHBIX GopMm kuciopona (POK)
(Shi et al., 2018).

Cpenyn MHOTOUYMCIIEHHBIX KIIETOYHBIX IPOIIECCOB, HAa KOTOPHIC MOXKET BIIASATH
BapUATUBHOCTh COCTaBa MEMOpPAHHBIX JIMIUJOB, (OTOCUHTE3 BEPOATHO HamboJee
YyBCTBUTEJICH K TakKuM m3MeHeHusM. KoppekTupoBka ypoBHS HeHachiieHHOCTH KK,
BXOJISIIUX B COCTaB JIMIHUAOB TUJIAKOWJIHBIX MeMOpaH oOecleuuBaeT MOAJepKaHUE
TEKy4eCTH MeMOpaH Ha JOCTATOYHOM i (PYHKIIMOHUPOBAHUS (POTOCHHTETUUECKOTO
ammapara YpOBHE, 4YTO B CBOI OYepeab BIMSAET HA CIHOCOOHOCTh PACTCHHI
ananTHUPOBAThCA K TemreparypHoMy crpeccy (Popov et al., 2017).

JlunmuaHas OCHOBa THJIAKOWIHBIX MEMOpaH COCTOST B OCHOBHOM W3 YETHIPEX
TUIIOB raJJakTOJIUIIHUJIOB: MOHOJIAKTO3WJIAUALIUIITIIMLEPUHA (MI'ar),
muranaktoswinnanunrauuepuna  (ACAD),  docharumunrmunepuna  (OI) wu
cynbdokuroposunauanuariumnepoia (CKAN). Ha MIAI u AI'II' nmpuxoauTcs OKoJio
70-80% ot o0miero xoianyectBa JUIKUIOB. COOTHOIIEHUS OCHOBHBIX TaJIAKTOJIHIINIOB
TUJAKOUIHBIX MeMOpaH CTaOWJIBbHBI, YTO YyKa3blBaeT HA HAJUYHE MEXaHU3MOB,
00eCITeYnBaOIINX TOMEOCTa3 MEMOpaHHBIX JUIUIAOB B THiakouaax. OCHOBHBIC
0COOCHHOCTH 3TOr'0 TOMEOCTa3a 3aKII0YarTCs B KOHTpoJie cooTHomernuidn MIAT/ AT AT
u CKIAI'/OI' B TMiiakonax nuaHoO0akTepuil U XJoporiactoB, U otHowmeHus AT A1/®I
Ha YpPOBHE BCel KJIETKH XJoporuiacTcojaepkamnmx sykapuot (Boudiere et al., 2014).
Crnennduieckuii cOCTaB BHYTPECHHUX M HAPYKHBIX MeMOpaH XJIOPOILJIACTOB MEHSETCS

noja Bo3jaecTBUEM Temneparypbl. [lpu CHUXEHUMM TemmIeparypbl HaOIIOdaeTCs
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camwkennss MI'II" u AU, Torna kak nmpu ee MOBBIIMICHUH MPOUCXOIUT OOpaTHBIN
nporiecc (Han, 2016).

Knetounsle MeMOpaHbl CIyKaT MPENATCTBUEM IS MPOXOKICHUS OONBIINHCTBA
MOHOB U KPYITHBIX MOJIEKYJ Oylarojiapsi CBOEMY CTPOEHMIO. MI3MEHEHHEe OCMOJIIPHOCTH
BHEILIHEN CpeJbl MOJKET BBI3BATh KaK BBIXOJ BOJbI U3 KJIETOK M YMEHBIIEHHE O0OBbEMa
LIUTOIUIa3Mbl M KaK CJEJCTBUE CHWXEHUE Typropa KIETOK, TaK W IPUBECTH K
HaKalJIMBaHUIO BOJBI, Pa30yXaHHIO KIETKH M B KOHEYHOM HTOT€, MOXKET BbI3BATh
ru0eIb KIETOK.

YBenu4yeHne COJIEHOCTH MOYBBI, BO3HUKAIOIIAS B OCHOBHOM 3a CUET MOBBILICHUS
koHUeHTpauuu NaCl, sBasercs OAHUM M3 PaclHpOCTPAHEHHBIX AO0MOTHYECKUX
(aKkTOpOB, KOTOPBIN BIUSAET HA POCT U YPOKAMHOCTh CEIBCKOXO3SUCTBEHHBIX KYJIbTYP
BO MHOIHMX permoHax Mmupa. IIpu wm3ydeHum BIMSHUE OCMOTHYECKOIO CTpecca Ha
pacrenusix Arabidopsis ObLIO BBISBICHO, YTO 6 Aecarypasa, jJokanu3oaHHas B DIIP,
HEOoOXOoJMMa JUIs TOJAJCP)KaHHMsT YCTOWYMBOCTH K BbICOKMM KoHIeHTparusm NaCl.
DU3NOJIOrMYECKOE BIIMSIHUE OCMOTHYECKOTO CTpecca IPOSIBISUIOCH B ITOBBIIICHUH
KOHLIEHTpauu MoOHOHEHAchlleHHbIX JKK M CHMKEHMHM KOHLEHTpauuu JAHEHOBBIX
YKUPHBIX KUCJIOT Y MYTaHTHBIX PACTEHUN CO CHMKEHHOM aKTUBHOCTBIO 06 Jlecarypasa.
Kpome Toro, akTuBHOCTH MOH-TpaHcnoptupytouieii cuctemsl (Nat+/H+ antunoprep)
ObLJIa CHM)KEHA, BCJIEICTBUE YEro MPOUCXOIUIIO HAaKAIJIMBaHWE HOHOB Na B IUTOILIa3Me
KJIETOK KOPHSI pacTEHUs, YTO JENajio pacTeHUsl 0ojiee UyBCTBUTEIBHBIMU K COJIEBOMY
CTpecCy BO BpeMsi IPOPACTAHHS CEMSH M HaYaJIBHBIX CTaJuil pocTa mpopocTkoB (Zhang
etal., 2012).

[ToBpienne koHmeHtpauu NaCl B mnouBe NPUBOAUT K 3HAYUTEIBHOMY
CHI)KEHUIO ypOoxkalHOCTH pacTeHuid. Kpome Toro, moj Bo3iedcTBHEM COJIEBOTO CTpecca
IPOUCXOJUT HM3MEHEHHE COCTaBa JKUPHBIX KHUCJIOT. B 4YacTHOCTH, KOHLEHTpAalus
NETPOCETMHOBOM M JIMHOJEBOM  KHUCIOT MPOMNOPLHMOHAIBHO  YMEHBIIAETCS C
yBenuueHrueM KoHueHtpamuu NaCl, Torga kak A0 NaJlbMUTUHOBOM KHCIIOTHI
YBEJIMYUBACTCS. Y MEHBIIACTCS OOIIMK YPOBEHB BBIX0JIa PACTUTENBHBIX Maces U3 CEMsIH
Cuminum cyminum u yxynmaeTcs MX KadecTBo. [lo aHanoruum c TeMmepaTypHBIM

CTPECCOM, COJIEBOM CTpecC BBI3BIBAET H3MEHEHHs B paboTe MHOTUX (DepMEHTOB,
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BKJIIOYAs JiecaTypasbl )KUPHBIX KUCIOT. Hapyimaercs MeTabonu3M JTUMUI0B BCIEACTBUE
HakorieHust Na, u Cl,. YMeHbllleHre akTUBHOCTH JiecaTypasbl MPUBOJUT K CHIDKEHHUIO
coneprkanusi meMOpanHbix nojuHeHachimeHHbix KK (ITHXKK), Torna kak KoauyecTBo
BHOBb CHHTE3UPOBAHHBIX HACHIIICHHBIX JKHPHBIX KHCJIOT yBenauuuBaeTcs (Bettaieb
Rebey et al., 2017).

Eme onHrM aOMOTHYECKMM CTPECCOM, OKa3bIBAIOIIMM CYIIECTBEHHOE BIIMSHUE
Ha POCT W Pa3BUTHs pacTeHUi, siBlsieTcsa 3acyxa. [loBpexkaeHue KIETOYHbIX MeMOpaH
BO BpeMs 3acyXud OOYCJIOBJIEHO BBICBIXAaHUEM JIUCThEB, U oOpazoBaHuemM POK B
xJyioporiactax. [logmepxanue 1EIOCTHOCTH M CTaOMIIBHOCTH KJIETOYHBIX MeMOpaH
KM3HCHHO BaXKHO JUIS aJanTalliy pacTeHuid k 3acyxe (Rebougas et al., 2017). YposeHb
CTaOMJIBHOCTH KJIETOYHOM MeMOpaHbl BO BpEMs 3aCyXH BO MHOT'OM 3aBHCHUT OT COCTaBa
U COJIep KaHMs )KUPHBIX KUCJIOT B JIUMUIHOM OUCIIO€ KJIETOYHBIX MEMOpaH.

Bo Bpems 3acyxu pacTeHuss MOAUPUIMPYIOT JUIUAHOTO COCTaB KJIETOYHBIX
MeMOpaH TakuM oOpa3oM, 4YTOObI COXpPAaHUTh HX IEJIOCTHOCTh U TEKYYECTb.
PemonenupoBanne coctaBa MEMOpPaHHBIX JIMIHJIOB CBSI3AHO C JIBYMs THIIAMU
M3MEHEHUI: N3MEHEHNE COOTHOIIEHHUS MOJSPHBIX TUNUA0B, Takux kak MI'II" u AU T,
U U3MEHEeHUs YpoBHS HacklmeHHoctyd u anunbl nenu JKK. Hanpumep, y pacrenmii A.
thaliana camxenne orHomenus MIAT/AT I B MemOpaHax XJIOpOIUIACTOB MPHBEIIO K
YBEIMYECHHUIO YCTOMYMBOCTH PACTEHUI K 3aCyX€ M CHIKEHHIO TeMIeparypsl. B ciayuae
MIa3MaTUYeCcKod MeMOpaHbl, Ha IEJIOCTHOCTh JUMUIHOTO OWCIIOS BIUSIET U3MEHEHUE
nomu pochatuaunxonuHa u docharuanIdTaHOJIAMUHA. DTH TMPOIECCHl OKa3bIBAIOT
OonbIIOE  BIWSHUE HA TOJAepkaHue (QYHKIUN TpaHCMEeMOpaHHBIX O€IKOB U
akTuBHOCTH (poTocucteM pacrenwmii (Perlikowski et al., 2016).

Bo3zaeiicTBUE TUIIOOCMOTHYECKOTO CTpecca Ha TEKy4eCTh MEMOpPaHbl U3Y4YEHO
HEJ0CTAaTOYHO, HO OBbUIO BBICKA3aHO MPEANOJIOKEHHE, YTO THIOTOHHMYECKHH CTpecc
MOKET MPUBOJUTH K PABKIKEHUI0 MeMOpaHbl aHAJIOTMYHO BBICOKON TeMmImeparype.
[ToMmuMo yBenuyeHUs: TEKydecTH MeMOpaHbl TaKoW BHJI CTPECCOBOTO BO3ACHCTBUS
MOBBIIIAET AKTUBHOCTH MMPOTOHHBIX HACOCOB, a TaKXKe MHAyLHpYyeT oOpa3oBanue POK,

4TO MOJKET BbI3BaTh JIONOJHHUTENBbHOE MOBpexacHue meMOpanbl (Hyskova, Ryslava,

2018).
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TemnepaTypHbIii 1 OCMOTUYECKHI CTPECCHI, @ TAK)KE HEXBATKA BOJBI BbI3bIBAIOT
U3MEHEHUs (PU3MUECKUX CBOWCTB KJIETOUHBIX MEMOpaH >KUBBIX OpraHu3MoB. Knetounas
MeMOpaHa HIpaeT poJib CEHCOpa, C IOMOLIbKD KOTOPOro KIJETKa BOCIPUHUMACT
U3MEHEHUsl OKpyXkaroliel cpenpl. Ee nunuuHas CTpyKTypa SBISETCS KIHOYEBBIM
dakTopom, omnpenensonmM (U3NKO-XUMHUECKONH COCTOSTHUE MeMOpaHbl, TOrja Kak
POCTPAHCTBEHHAs yIIAKOBKA JIMIIUOB, OMpPEEsIeT TeKydecTb MeMOpanbl. CHIKEHHUE
TEMIEPATYpPbl, KaK W TOBBILIEHHE KOHLEHTPALUW OCMOTHMYECKH AKTHUBHBIX BEIIECTB
(TMIIEpOCMOTUYECKHI IIOK) MPUBOAUT K YMEHBUICHUIO TEKYy4eCTH MeMOpaHbI
BCJIEZICTBUE U3MEHEHHUsI IPOCTPAHCTBEHHON OpraHU3alyy JUNUA0B. sl moaaepKaHus
OIPE/IETIEHHOIO YPOBHS TEKy4e€CTH MeMOpaHbl, HEOOXOJUMbl HEHACBILICHHBIE )KUPHBIE
KHCJIOTBl. B MPOTHBOMNO0KHOCTh 3TOMY, HACBIIICHHBIE XUPHBIE KUCIOTHI KU3HEHHO
BAXKHO JUISl KJIIETKM B YCJIOBHUSX BBICOKHX TEMIIEPATyp M T'MIIOOCMOTHYECKOTO IIOKA,
MOCKOJIbKY ~OCTAalOTCA IUIOTHO YIAKOBAHHBIMU M COXPaHSAIOT 0oJiee BBICOKYIO
Temneparypy IuiaBieHus. CregoBaTenbHO, TEKyd4ecTb MEMOpaHbl OINpeAesseTcs

CJI0’KHBIM 0aJJaHCOM MCXKAY HACBIMICHHBIMU U HCHACBIIIICHHBIMHU JKUPHBIMH KHCJIOTAMMH.

1.5 BruoTexHO0J0rH4ecKuil MOTEHIMAJ IPUMEHEHHUE AecaTypa3 AJsl CO3aHusA

pacTeHuid, TOJIEPAHTHBIX K A0MOTHYECKHUM CTpeccam

UccnenoBanus (yHKIMOHUPOBAHUS JecaTypas, a TakKe MX JIOKaIW3allud U
OCOOCHHOCTEH IKCIPECCUU X T€HOB ChIrPai BaXKHYIO POJIb B IOHMMAHUU MIPOIIECCOB
apanranuu pacteHnil. OyHIaMEHTAIbHBIE 3HAHUA, ITOJIYYEHHBIE B PE3YJIbTATE€ TaKUX
WCCJICIOBAHUM, WCIIOIB3YIOTCS W MOTYT OBITh HCIOJB30BAHBI B JadbHEUIIEM IS
MOJYYEHUS CEIbCKOXO3AMCTBEHHBIX KYJIBTYp C VYIYYIICHHBIMA MUTATEIbHBIMU
CBOWCTBAM M yCTOMYMBBIX K PpPa3HOr0 poJa CTPECCOBBIM  BO3ICHCTBUSM.
KoHcTpyrpoBaHue Takux pacTEHUM CTAJI0 BO3MOXXHO HE TOJIbKO OJjlarojaps TaHHBIM O
CTPYKTYpE U DKCIPECCHU TEHOB JecaTypa3, HO M pa3pabOTKe T€HHO-WUHKEHEPHBIX
MOJAXO0/0B, B TOM YHCJIE U TEXHOJIOTHI T€EHOMHOTO PEAAKTUPOBAHHSL.

IIpu co3ganum pacTeHuil, HEBOCHPUUMYHUBBIX K CTPECCOBBIM BO3JACHCTBHSAM, U

paCTCHI/Iﬁ C YIYUYIICHHBIMHW HHUTATCIIbHBIMU CBOMCTBaAMH YUYCHBIMHU MOTI'YT OBITH
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UCIIOJIb30BaHbl HECKOJIKO CTpATETUil IS TOCTHXKeHHs moctaBieHHOH 1enu (Tabmmna
1).

Cample TONyJISIPHBIE W, MOXKHO CKa3aTh, CTABIIINE YK€ KIACCUIECKUMHU CTPATETUN
3TO:
1. mytarene3 (oOpaboTka ceMsH MyTareHamu (HampuMmep, STHIMETAaHCYJIb(POHATOM) C
MOCJEAYIONIMM OTOOPOM PacTEHUM, COOTBETCTBYIOIINX UCKOMBIM CBOMCTBAM);
2. UHCEpPUUOHHBIA MyTareHe3 (BBEACHHE B IEJIEBOM TI'€H HYKICOTHUIHBIX
MIOCJICAOBATEALHOCTEH MOOMIBHEIX T'eHeThdeckux nsiaeMmeHToB u T-JIHK ¢ membro
MOJIYYCHUS IMHUN C U3MEHEHHOM AKCIpeccrue 1eIeBOro reHa — HOKayT, 3aMOJIKAaHUE
reHa, YBEJIUYCHHE OKCIPECCHH C TMOMOIIbI0 CHEIUATU3UPOBAHHBIX MTPOMOTOPOB,

AOIOJIHHUTCIIbBHOC BBCIACHHUC I'CHOB, B TOM YHCJIC TI'CTCPOJIOIMYHBIX (FCHOB APYyrux

BHJIOB)).
Ta6nuna 1. buotexHosornueckuii moTeHIMAN AecaTypas
Hecarypa3a | Pacrenue Crparerus CaoiictBa u3MeHéHHOro | CcbliIka
Moaupukanuu pacreHust
®3 Arabidopsis | Hampasnennsiii | Camkenne XK 16:3 wu | (Routabou
thaliana MyTareHes 18:3 yBenuumio | let al.,
(HOKayT) BBIKMBAEMOCTh npu | 2012)
30°C.
A9 Arabidopsis | Uacepumonnbiit | Camxenne KK 18:1. | (Chen,
thaliana MyTareHes Mopo30ycTOYUBOCTH Thelen,
(HOKayT) 2016)
®3 Lycopersico | ITonaBnenue VYeemnuenne KK 18:2, | (Wang,
n esculentum | sxcnpeccun camwkenne KK  18:3.| Xu, 2010)
Cv. Hwuzkas
Zhongshu 4 BOCTIPUUMYHBOCTE K 30-
40°C
®3 Solanum [ToctTpanckpumi | YBeIHUECHUE (Nakamur
esculentum | nonnoe MOHOTaJIaKTO3WIAUaiIr | aet al.,
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cv. Micro- | 3amomnkaHue nmunepuHoB 36:4 u 34:4.| 2016)
Tom, Block | renos Huskas
BOCIIPUUMYHBOCTh K 30-
40°C
®3 Lycopersico | YBenuuenue VYeemnuenne XK 18:3, | (Wang et
n esculentum | sxcripeccun camwkenne KK 18:2.]al., 2014)
CV. CoJieyCTOMYNBOCTh
Zhongshu 4
®3 Lycopersico | YBenuueHwue Veemunuenne JKK 18:3,| (Yu et al.,
n esculentum | sxkcnpeccun camwkenne KK 18:2.|2009)
Cv. Mopo30yCTOMYUBOCTD
Zhongshu 4
A9 Sapium | Brassica ['ereposiornunas | Yeenuuenue KK 18:2,| (Peng et
sebiferum napus IKCITPECCHSI KK 18:3. | al., 2018)
Mopo030yCTOMYMBOCTH
®3 Nicotiana ['ereposornunas | Yeenuuenue KK 18:3. | (Shi et al.,
Chorispora | benthamiana | sxcnipeccus YcToWunBOCTh K X050y, | 2018)
bungeana 3acyxe, COJICBOMY
cTpeccy
A9 Solanum | Solanum ['ereponornunas | Yeenuuenue KK 18:2. (Li et al.,
commersonii | lycopersicu | skcrpeccust YcroitunBocTh K Xonoay | 2015)
m Cv.
Zhongshu 8
®3 Brassica | Solanum I'eteponornunas | YBenuuenue KK 18:2, | (Domin-
napus esculentum | sxcmpeccus KK 18:3. | guez et
cv. Micro- Mop030yCTOMYNBOCTH al., 2010)
Tom
A9, 412 Nicotiana I'ereponornunas | Yeenuuenue XK 18:3.| (I'epacu-
Synechococc | tabacum IKCITPECCHSI Camxenne XK 18:2. | meHKO W




40

us vulcanus YCTOHYMBOCTh K XOJIONY, | COABT.,
COJICBOMY cTpeccy, | 2015)
naToreHam
Al12 Arachis PenaktupoBanue | Ypemmuenue KK 18:1.|(Wen et
hypogaea L | renoma (TALEN) | Bruodoptuduxarms al., 2018)
Al12 Glycine max | Pegaktupoanne | Yenmuuenue KK 18:1.| (Demorest
(L.) Merr renoma (TALEN) | Camxenue KK 18:2, XKK | et al.,
18:3. buodoprudukarus | 2016)
durtoeH Musa cv. | PemaktupoBanue | AnpOuHm3M u nu3menenwue | (Kaur et
necarypasa | Rasthali TeHOMa OKpPAaCKH al., 2018)
(CRISPR/Cas9)
Al12 Brassica PenaktupoBanue | Yeenmuenue KK 18:1.| (Okuzaki
napus reHoma buodopTudukamms et al.,
(CRISPR/Cas9) 2018)

MyTareHe3 NpuMEHSIOT, KaK MPAaBUIIO, Ul MOJy4YeHUsl pacTeHUil Ne(eKTHhIX 1O
OJIHOMY WJIM HECKOJbKMM TeHaMm, Koaupytoumm paecatypasbl (Tabmuna 1). Tak,
UCITIOIb30BaHNE MyTarcHes3a IMO3BOJWIO MOJyduTh MyTaHThl A. thaliana nedexTHbie
cpa3dy no tpem reram aecarypasz FAD3-2, FAD 7-2 u FADS8. ¥ myTtanToB Ha0/101a510Ch
camkeHHoe coaepxkanue KK ¢ tpems aBoitHeiMu cBsizsimu (16:3 u 18:3). Ilpu sTtom
yMeHbIlIeHHe KojudecTBa HeHachlmeHHbIX KK  ymyummio ¢oTtocunTeTHueckue
CBOMCTBA THJIAKOWIHBIX MEMOpaH W YBEIWYWIO BBDKHBAEMOCTh PACTECHHH TIpH
temneparype cBoime 30°C. OpHako wuccieoBaTeNsIM HE  YJaloCh TOJIYYUTh
CTaOMIIbHOM JIMHUY C IIEHHBIM MyTaHTHBIM mpu3HakoM (Routaboulet al., 2012).

WNHcepunoHHBIA MyTareHe3 TOCTENIEHHO BBITECHAET TaKue TPAIUIIMOHHBIC
CHOCOOBI MOJTYYEHHs] pAaCTEHUM C 3aJaHHBIMHU CBOMCTBAMH KaK CEJEKIUS U MyTarcHes.
Ota cTpareruss NOJIy4YWIa IIUPOKOE MPUMEHEHHE Ui CO3JIaHUS pPACTeHUH C
U3MEHEHHbIM METa00JIM3MOM M HEBOCIPUUMYMBBIX K CTPECCOBBIM BO3ACHCTBUSIM
(Tabmuua 1). Tak, HanpuMmep, NaHHAsl CTpaTeryds MO3BOJWIA MOJYYUTh MYyTaHThl A.

thaliana ¢ nokaytHeiM reHom ADS1 (amun-KoA necarypasa xiopormiactoB (A9)),
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KOTOpbIE JEMOHCTPUPOBAIM HEBOCHPUUMYHMBOCTh K TMOHM)KEHHBIM TEMIIEpaTypaM IO
CPaBHEHUIO C KOHTPOJBHBIMHU pacTeHUsIMHU, KpoMme Toro, aHanu3 JKK cocraBa mokazan
camwkenne Ha 20% coxepxxanust KK 18:1 mo cpaBaenuro ¢ xontposiem (Chen, Thelen,
2016). Jlpyro#t momxoj 3aKirvaeTcs B H30HMpaTebHOM IIOJABIACHHHM DKCIPECCHU
[[EJIEBOTO T'eHa. DTO MOXKET OBbITh JOCTUTHYTO 3a CYET IKCIPECCHHM AHTHUCMBICIOBBIX
MOCIeI0BATEIBHOCTEN TEeHOB, KOAUPYIOIMHUX AecaTypasbl. C MOMOIIBI0 JaHHOTO METO/Ia
MOJTyYeHBbl PAacTeHMs] TOMaTa ¢ BHIKIIOYeHHBIM reHoM LeFAD3 ®3 necatypasbl. s
ATUX pacTeHu xapaktepHo usmenenue B KK npoduiie (yBenuuenHoe komuyectBo KK
18:2 u camxkennoe kommuectBo KK 18:3), yTo mpuBeno Kk HU3KOH BOCIIPUUMYUBOCTH K
NoBBIIIEHHBIM ~ Temneparypam  (30-40°C) (Wang et al, 2010). 3a cuer
MOCTTPAaHCKPUIIIIMOHHOTO 3aMoiKkaHus reHa FAD7 monydena npyras IMHUS TOMAaTOB C
takuMmu ke cBorictBamu (Nakamura et al., 2016).

Hcnonp30BaHne s JKCOPECCHHM TEHOB Jecarypas CHEHUaTn3UpOBAHHOTO
MPOMOTOPA C LIETBI0 YBEIUYEHHUS HKCIPECCUU T€HOB JiecaTypa3 MO3BOJIMIIO MOIYYUTh
pacTeHusi CrOCOOHBIE MPOM3pacTaTh Ha 3acoyieHHbIX mouBax (Tabmuma 1). JlaHHbIN
MOIXO/T TIPUMEHEH TIPU CO3/IaHUHM TPAHCTCHHBIX TOMATOB C TMOBBIMICHHON JKCIIPECCUEH
rena LeFAD3 ®3 pecatypassbl, jokanmmzoBaHHoW B OIIP. TpaHcreHHble pacTeHUs
o0namany JIydIIUMU POCTOBBIMH XapaKTEPUCTHUKAMHU IO/ BO3JCUCTBHEM COJIEBOTO
cTpecca 1o CpaBHEHHIO ¢ HeTpaHchopmupoBanHbiME pactenusmu (Wang et al., 2014).
YBenuueHue IKCIPECCUU TOTO K€ CaMOT0 TeHa Y TOMAaTOB YJIy4IIIaeT UX BEIKUBAEMOCTh
IpY HU3KHX TEMIIepaTypax 3a CYET TOBBINICHUS cojaepkaHus o-auHojeHoBo JKK.
W3meHeHust B cocTaBe JIMIMHUIOB OOECMIEYWIIO MOJACpKaHue TEKydecTh MeMOpaH. ITo
HAMpsIMyI0 TIOBIUSUIO Ha  (PYHKIIMOHUpOBaHWE (OTOCHUHTETUYECKOTO armapara
pactenuii (Yu et al., 2009).

['eTeponorudnasl dKCIpeccuss TEHOB JiecaTypa3d MOXET TIO3BOJUTh TMOIYYUTh
OOJBIIIOE KOJIMYECTBO BHUIOB YCTOMYMBBIX K aOMOTHYECKMM cTpeccaM. K mpumepy,
reTepoJiornuHas skcnpeccusi rea SSSAD, koaupyromiero creapoun-Allb necarypasy
(A9) canmpHOTO nepeBa (Sapium sebiferum), B pacrenusix parca (Brassica napus L.)
MO3BOJIMJIA WM3MEHUTh JIMMHMIHBIA MeTaboau3M TakuM oOpa3zoMm, uro y B. napus

yBenunuuBasioch conepxanue KK 18:2 u 18:3. Takoe yBennueHre MOJTMHEHACHIITIEHHBIX
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KK mpuBeso K CyIiecTBEHHOMY MOBBIIICHHIO MOPO30YCTOWYMBOCTH pacTenuii (Peng et
al., 2018). Shi et al. yganocs nonyuuts pactenus Tpancrennoro tadbaka N. benthamian,
skcnpeccupyromue reH CbFAD3 wmukpocomanmpHONW 3 necarypasbl  KpHopuUTa
Chorispora bungeana. Dxcnpeccust rena COFAD3 B pacTeHusIX Tabaka KOHCTUTYTHBHO
YBEIIMUYMBAJIA COJIEp)KaHUE 0-TIMHOJIEHOBOM JKK Kak B JNUCTBSIX, TAK U B KOPHSX, 3TO
o0ecneunsio TOoJJepKAaHUE TEKydecTh MeMOpaH M MOHMKaJ0 BOCHPUUMYHBOCTD
pacTeHMd K XOJIOay, 3acyxe M coyieBomy ctpeccy (Shi et al., 2018). TpancreHubie
pacteHusi kapTodensi ¢ MOBBILIEHHOW 3Kkcnpeccuer reHa ammi-Allb necarypassl (A9)
(ScoSAD) macnéna (Solanum commersonii) mpoAeMOHCTPHUPOBAIN YCTOHYHUBOCTD K
3aMOpO3KaM, KOTOopas OOyCIIOBJIEHA BBICOKHUM COJIEpKaHUEM JIMHOJEBOM KHUCJIOTHI B
pacrenusix (Li et al., 2015). Beenenune reHoB aByx ®3 necarypas (XJIOPOILIACTHOM
FAD3 u supomnazmarudeckoit FAD7, kaTtanuzupyromux npespaiienue JnHoiaeBoi KK
B 0-JIMHOJICHOBYIO) parica B pacTECHHS TOMaTa MPUBEJNO K MOBBIIIEHHON YCTOMYHUBOCTU
nocjaeqHUX K Hu3kuM Temmeparypam (Dominguez et al., 2010). OxHoBpeMeHHas
reTepOJIOrnYHast SKCIPECCHs TeHOB JBYX Apyrux aecarypas A9 u A12 S. vulcanus B N.
tabacum, npuBena K yBEIMYCHHIO JOJH O-JTHHOJICHOBOW KHCIOTHI C OJTHOBPEMEHHBIM
YMEHBIICHUEM YpPOBHS JUHOJEBOW KucinoTel. [lanneie n3menenus B KK cocrase
pacTeHU MOTYT YJIYYIIUTh YCTOWYMBOCTH PACTEHUNM K aOMOTHUUECKUM CTpeccaM H
natoreHamM. Kpome TOro, y TpaHCT€HHBIX pACTEHUH, OKCIPECCUPYIOMUX TEHBI
necatypas, yBenuwuuBaiach aktuBHocTh COJl, 95TO Takke MOXET OKa3aTh
TIOJIOXKHUTEIBHOE BO3JICHCTBHE HA YCTOWYMBOCTH K cojieBoMy cTpeccy (['epacuMeHKko u
coaBT., 2015) (Tabmuma 1).

HoselimuM  moaxomoMm, KOTOPBIA  MOXKET OBITh NPUMEHEH Kak  Juis
onodoptudukanuu (yJaydlIieHUs] TUTATEIBHBIX CBONCTB CEIHLCKOXO3SIMCTBEHHBIX
KyJIbTYp) PAacCTeHHMH, TaK W Il CO3JaHUS KyJIbTYpP CHOCOOHBIX MPOU3PACTATH B
YCIOBUSX TOCTOSIHHOTO BO3JCWUCTBUS PA3MUYHBIX CTPECCOBBIX (DAKTOPOB, SIBISETCS
HAIPaBJIEHHOE pPENAKTUPOBaHWE TeHoma. Ha cerogHsmHud JeHb  YCIEIIHO
MPUMEHSIOTCSI CUCTEMBl PEIaKTHPOBAHUS T€HOMA MPU MOMOIIU CaNT-CrernupuIecKux
Hykiea3. Caiir-cieuuduueckue Hykjiea3bl BOCCTAHABIMBAIOT —JABYXIENOYEUHbIE

paspeiBel JIHK B Mecrtax, rne Heobxoanma momudukarus mocinenoBarensaocta JTHK.
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Ha nannbiii MOMEHT pa3paboTaHbl TpU CHUCTEeMbl penakTupoBanHus reHoma TALEN
(Transcription Activator-Like Effector Nuclease), ZFN (Zinc finger nuclease) u
CRISPR/Cas9 (clustered regularly interspaced short palindromic repeats/ CRISPR
associated protein 9) (Gaj et al., 2013; Osakabe, Osakabe, 2015). J/laHHbIe TEXHOJIOTHH
CTaJIM MOIIHBIM MHCTPYMEHTOM JIJI1 BHEIPEHHUSI MOJE3HBIX T€HETUUYECKUX U3MEHEHUHN B
pa3IMyYHBIE CEIBCKOXO03UCTBEHHBIE KyIbTYphl (Tabmuma 1).

Ha panHBII MOMEHT B JMTEPATYypHBIX HCTOYHHUKAX HEJOCTATOYHO JAHHBIX O
NPUMEHEHUU CalT-cnelu(pUUYECKUX HyKJea3 HENOCPEICTBEHHO I LEeJed CO3AaHus
CEIIBbCKOXO3SIMICTBEHHBIX KYJBTYpP, YCTOMYUBBIX K CTPECCOBBIM BO3JCHCTBUSIM, HO
MMEIOIIMECS JIaHHBIE TOBOPAT O NPUMEHHMOCTH JaHHOTO moxona. OJIHAKO €cThb
HEKOTOpbIE JOCTUKEHUS B 00JIACTM HAIIPABJICHHOTO PEAAKTUPOBAHUS T€HOB JecaTypas
B IesIX OumodopTtudukanuu pacTeHUd W YBEJIUYEHHUS CPOKOB XpaHEHHUS MPOIYKTOB
MUATAaHUS, B YaCTHOCTH Macel, MOJIydeHHbIX U3 Takux pacteHuid (Haun et al., 2014;
Demorest et al., 2016; Wen et al., 2018; Abe et al., 2018) (Ta6mumua 1).

Texnonoruss TALEN Oplna micniosib30BaHa 11l BBeJAeHUsS MyTanuid B TeH FAD2
(A12 necatypasza) coum M apaxuca C L0 €ro BBIKIIOYEHUS, U YIYUIIEHUS, TaKUM
o0pa3oM, HMX TUTATEIbHBIX CBONCTB W Y/UIMHEHHUS CPOKOB XPAaHEHHS MPOAYKTOB
MUTaHMS, MPOU3BEAEHHBIX HAa OCHOBE JAHHBIX pacTeHuil. HokayT reHoB mpuBen K
3HaunTeabHOMY yBenumdeHuto coaepxanus KK 18:1, camkennro KK 18:2 u KK 18:3
(Haun et al., 2014; Demorest et al., 2016; Wen et al., 2018). Hokayt rena OsFAD2-1
puca, TNPOU3BEIEHHBIM TOM K€ TEXHOJOTMEN, IIO3BOJIMJI TOJIYYUTh T'€HETUYECKU
cTabuibHBIE pacTeHus ¢ yBenudeHHBIM B (.5—2 paza conmep:kanuem osenHoBoit KK mo
CpPaBHEHUIO C KOHTPOJbHBIMU pacTeHusiMu (Abe et al., 2018).

HemnaBno Bonawitz ¢ koiuieramMu MpOJEMOHCTPUPOBAT  MPUHIMITHAIBHYFO
BO3MOKHOCTh HCIONb30Banusa ZFN nns momudukanuu reHOB JecaTrypa3 pacTeHUi
(Bonawitz et al., 2018). B cBoeii paboTe OHHM YCHEIIHO WHTETPUPOBAIHA HECKOJIBKO
TpaHCreHoB B JIokyc reHa FAD2-la xynbTypbl KJIETOK TKaHU U 3MOpUOHOB cou. U
IIPOIEMOHCTPUPOBAIA BO3MOYKHOCTh NMPUMEHEHHs TEXHOJIOrMU ZFN mis yimydiieHus
MATATEIbHBIX CBOMCTB CEIBCKOXO031CTBEHHBIX KYJIBTYD NOCPEICTBOM

LIEJICHAITPABIICHHON MHTETPALIMU TPAHCTEHOB.
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CRISPR/Cas9 — TexHoyiorus 3koHOMU4ecku 0osiee 3pPpeKTUBHASA IO CPABHEHHUIO
C IpYrUMHU METOJaMHU pPEJaKTHUPOBAaHUS T'€HOMa M B MOCIEAHEE BpeMs HaXOJIUT BCE
Oonee mmpokoe mpuMeHeHue. VccnenoBaHus MO PeIaKTUPOBAHMIO TEHOMA PACTCHHM
OBLIIM BBITOJIHEHBI KAaK JJIsi OJHOJOJBHBIX, TaK U JABYJIOJbHBIX pacTeHUM, Takux kak N.
benthamiana (Li et al., 2015), N. tobaccum (Gao et al., 2014), A. thaliana (Li, Zhang,
Sheen, 2014), Oryza sativa (Shan et al., 2014), a Takxe copro (Jiang et al., 2013). Ha
ceroaHamuuii  geHp wucrnonb3oBanrne CRISPR/Cas9 s pemakThpoBaHHs T'€HOB
JecaTypa3 OTPaHUYMBACTCSA, B OCHOBHOM, MOJICIBHBIMHU JKCTIEpUMEHTaMH. {71 3THx
nesneil ynoOHoW MHIIEHbIO OKaszaycs TeH ¢uToeH aecarypasbl PDS. Drta necarypasa
BBOJIUT JBE TPAHC JIBOMHBIC CBSI3M MEX]Y OJIMHHAIIATHIM M JIBEHAALATHIM aTOMaMHu
yraepoja (utoeHa (BaKHOTO COEAMHEHHS B OMOCHMHTE3€ KapOTMHOMWJIOB) IMpeBpaias
ero B (-xapotuH. Ilpu BBIKIIOYEHUU [AHHOTO TE€HA pACTEHUS NPUOOPETAIOT
XapakTepHbIe (PCHOTUITHMYECKHE MPU3HAKU: AIbOWHU3M WM CYIIECTBEHHOE M3MEHEHUE
okpacku pactenuil. C momompto CRISPR/Cas9 mnomyudeHbl MoOjeiIbHBIE pacTCHUS
OaHaHa ¥ MaHUOKa, C HOKAyTOM 10 reHy ¢utoeH aecatypassl (Kaur et al., 2018; Odipio
etal., 2018).

CRISPR/Cas9 ynoOHa eiie 1 TeM, YTO MOXKET OBITh UCIIOJIH30BaHA ISl PACTCHUIA,
y KOTOPBIX OTPAHWYCHBI BO3MOYKHOCTH MOJIU(DHKAIIMKA BCICICTBUE CIOXHOCTH WX
pa3MHOXeHus1 ceMeHaMu. JlecepTHbiii 6anan copta KaBenaum Obul MoauuuupoBaH
cuctemoit CRISPR/Cas9. B pe3ynbrare BoikitoueHus reHa PDS u3MeHnunace He TOIbKO
OKpacka pacTeHHWH, HO W POCTOBBIC XapaKTEPUCTHUKHA, B YACTHOCTH, Y PACTCHHH
HaOro1ascst KapiukoBbiid penorun (Naim et al., 2018).

CRISPR/Cas9 ycmemno ompoOoBana Ha Jpyrom reHe npecarypaz — FAD2.
Okuzaki et al. ymamock mnonyuynth cTaOWiIbHYH JUHHIO B. napus, wumeromnryro
moaudukamuu B rene FAD2 B Bunie ynanenus 4 map OCHOBaHUMN B MOCJIEI0BATEILHOCTH
reHa. OJrta MoauduKanus TpUBEa K 3HAYUTCIBPHOMY HW3MEHEHHUIO COJICpKaHUs
onenHoBoi JKK (Okuzaki et al., 2018).

Co3nmanue pacTeHWd, TPUTOAHBIX ISl CEIIbCKOXO3SMCTBEHHOTO HAa3HAYCHUS,

06J'IaI[aI-OH_II/IX YIY4YIICHHBIMU aJallTUBHBIMHU WU IIUTATCIIbHBIMU CBOfICTB&MPI, C KaXXJbIM
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roJIoM MpuoOpeTaeT Bce OO0MbIIyI0 HEOOXOAUMOCTh. JlecaTypasbl >KMpPHBIX KHUCIOT B

JaHHOM CJIY4ac ABJISIOTCA y,Z[06H01>i MHUIICHBIO OJIA T'CHHO-NHXCHCPHBIX MaHI/IHYJIHHI/IfI.
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I'masa 2. MATEPHUAJIBI U METO/bI NCCJIEJOBAHUA

2.1. MartepuaJbl 4 000pya10BaHHUE

Peaxmueswt

JIHK-nuraza T4 (Eporen, Poccus);
Taq-AHK-nommmepasa (Esporen, Poccust);
Pfu-Tag-/IHK-monumepasa (EBporen, Poccus);
[Tpaitmep F1 -GGGCCCACATCATCCTTAGAA;
[Tpaiimep R1 - GAATTCGGACAACGCTTTGGG;
[Tpaitmep F2 - GAATTCGTGAGCAAGGGCGAG;
[Tpaitmep R2 - CCCGGGCTTGTAGTACAGCTCGT;
[Tpaitmep F3 - GGTACCATGGCTTCTATGATATC;
[Tpaitmep R3 — GGGCCCCTGATATTCAACTATAT,
[Tpaitmep F4 - GGTACCATGTCCAAACCTTTTCT,
[Tpaitmep R4 — GGGCCCTGCTAAACATGTGCT;
[Tnasmuna pVIG-T 2D;

[Tnazmuga PQE-desC;

[Tnazmunaa pPGG;

[Tnasmupa pVIG-T 1A,

[Tnasmuna pVIG-S2B;

Mramm GV3101 arpobaktepuit Agrobacterium tumefaciens (u3 kosutekuuu HOP
PAH);

Cpena LB (MP Biomedicals, CIIIA)

Pudamnunun (Fisher Scientific, CILIA);,

I'entamurua (Thermo Fisher Scientific, Gibco, CIIA);
Kanamunmu (Thermo Fisher Scientific, Gibco, CIIIA);
MES (Sigma-Aldrich, CIIIA);

Amnerocupunron (Abcam, CIIA);

N3onponunossii ciupt (Dxoc 1, Poccus);

n-T'ekcan (Oxoc 1, Poccus);
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I'uapokcun xamus (KOH) (Xummen, Poccust);

Crupt >TrnoBbi 96% (Xummen, Poccus);

Mertanon (Oxoc 1, Poccus);

bensoun (Oxoc 1, Poccus);

Hustunossiit 23¢gup (Oxoc 1, Poccus);

Anermnxnopun (Jkoc 1, Poccus);

Cpena MS (Sigma-Aldrich, CIHIA);

Caxaposa (Xummen, Poccus);

Copoburon (Xummen, Poccus);

Xnopun kanbius (CaCl,) (Xummen, Poccus);

Tris-HCI (Sigma-Aldrich, CIIIA);

Xnopun Harpus (NaCl) (Xummen, Poccus);
Juruapooptodocdar ammonnst (NH4H,PO,) (Xummen, Poccus);
Juruapooprodocdar kamus (KH,PO,) (Xummen, Poccus);
Cynbdat maraus (MgSO,) (Xummen, Poccus);

Xaopun xenesa (FeCls) (Xummen, Poccus);

Cepnas xucnota (H,SOy4) (Oxoc 1, Poccus);

[emmonaza Onozuka R10 (Kinki Yakult, SImonus);
[Mextnnaza Macerozyme R10 (Kinki Yakult, Snonwus);
I'emunemtronasa Driselase (Fluka, CIIIA);

[TnacTuHKM JUIs MIpenapaTUBHOM TOHKOCIOMHON xpoMarorpaduun Kieselgel 60 (Merck,
CHIA);

Lentpudyxusie npodupku Ha 50mi (Falcon, CIIA);
Mukporentpudyxusie npooupku (Eppendorf, I'epmanus);

Oobopyoosanue
Tpancummomunatop ETX (Vilber Lourmat, I'epmanus);
Mukpockon LSM 780 NLO (Zeiss, I'epmanms) Ha 6a3ze AxioObserver Z1 (Zeiss,
['epmanus), cHaOxenHbili 00bekTHBOM LD Plan APOCHROMAT 63x/0.75, nabopom
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¢mieTpom Set 10 (BP 450-490, FT 510, BP 515-565), nazepom Argon — 458, 488, 514
HM ¢ nudposoii kamepoit AXioCam MRm;

Muxkpockon Axio Imager Z2 (Zeiss, I'epmanus) ¢ uudposoii kamepoir AxioCam MR u
osnokamu ¢uasTpoB: GuiabTp Ne 38 (Aex BP 470 um/40 um; Aem BP 525 um/50 uMm, T11€
ex — Bo30yxaeHue, em - amuccus (ayopecnennus)), Ne 45 (Aex BP 560 am/40 uHM;
Aem BP 630 am/75 am);

Monyne ApoTome (Zeiss, ['epmanus);

Jlab6oparopnas Llentpudyra ELMI (JIlatBus);

Awmmnpukarop C1000 (Biorad, CIIIA);

Mukporentpudyra Minispin (Eppendorf, I'epmanus);

XoJIoAHILHUK ¢ MOpo3miIbHOM Kamepoi Ha —20°C (Indesit, Mtamus);

Moposunsauk Ha —80°C (Sanyo, Snonwus);

Hleiikep-unkybaTop ES-20 (Biosan, JIateus),

Xpomatorpad Agilent 7890AGC (Agilent Technologies, Inc., CIIA);

Potarmonnsiii uciapurenas RV-10 Basic (IKA, T'epmanusi)

Bonsinas 6anss MPC-208B (Huber, I'epmanmus);

Konbonarpesatens (Poccus).
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2.2. MeToabl HcCJIeI0BAHUSA
2.2.1 KoHcTpyupoBaHue pacTUTEIbHBIX IKCIPECCHOHHBIX BEKTOPOB

I[Ipy  KOHCTpYMpPOBAaHMHM  JKCIIPECCHOHHBIX  BEKTOPOB  HCIOJb30BAIUCH
CTaHJapTHBIE IPOLETYPHl MOJIEKYJISIPHOTO KIIOHUPOBAHUS U ITPOTOKOJIBI MOTUMEPAZHOM
nenHou peakuuu (IIL[P). Bce ¢epMenTsl, ucnonb3yemble MpU KOHCTPYHPOBAHHUH
BeKTOpOB (9HOOHYyKIea3sl pectpukmuu, 14 J[HK-nmwraza, Taq- u Pfu-JIHK-
noiumepasbl, (ocdarazpl) OBUIM  HCMOIB30BAaHBI  COIMVIACHO IMPOTOKOJaM  (UpM-
M3TOTOBUTEIIEH.

JUIsi  KOHCTPYUpOBaHUSI BCEX OKCIPECCHOHHBIX BEKTOPOB, IE€PBOHAYAIHHO
TpeOOBAJIOCh MONYYUTh mocienoBarenbHocTh deSC reHa, koxupyromero A9 arui-
JUIHUIHYIO JecaTypasy Synechococcus vulcanus. s 3Toro ObUIa HCHOJIb30BaHa
wiazmuga pQE-desC (Maali et al., 2007) B kauectBe Mmatpuibl u mpaimepsr Fl
(mpsmoii) -GGGCCCACATCATCCTTAGAA u R1 (oOpatHBIi1) -
GAATTCGGACAACGCTTTGGG (B mpsimoii 1 0OOpaTHBIN IpaiiMephbl BBEACHBI CAHTHI
pectpukiuu  Apal u  EcoRI, coorBercTtBenHo). Ilpoaykrter IIIIP 3atrem Obutm
kioHupoBanbl B pPGG Bektop (BsuecmaBoBa u coaBt., 2012), mpeaBapuTeabHO
TUAPOJIM30BaHHBIN 110 caiitam pecTpukiuu Apal u EcoRI. B pesynabpraTe Obut momyueH
BekTOp pPGG-desC Hecymuii mocienoBarelbHOCT A9 ampuI-TMIUIHON JIecaTypasbl.
Ha cnenyromem »dTame TOIy4ald MOCIeA0BaTeNbHOCTh egfp reHa, koaupyromryro
3eJIeHbIN (uIyopeclieHTHbIN Oenok. B kadecTBe marpuilbl ucmoib3ys 1uiazmuny pQE-
egfp wu npaiimeper F2 -  GAATTCGTGAGCAAGGGCGAG wu R2 -
CCCGGGCTTGTAGTACAGCTCGT (B mpsiMmoii m oOpaTHBIM TpaiiMepbl BBEICHBI
caiitel pectpukim EcoRI u Smal, coorBerctBenno) (Piruzian et al., 2002).
[Tonydyennsiii ¢ nomompto [P ¢parment knonupoBanu B pPGG-desC mnazmuny,
NpEABAPUTEIBLHO THAPOIU30BaHHYK0 M0 caitam pectpukiuu EcoRI um Smal, c¢
obpazoBannem pPGG-desC-egfp mnazmunbl. KoppekTHOCTh COOpKHM THOPUIAHOTO T'eHA
noaTBepxkeHa cekBeHupoBanueM (EBporen, Poccus).

YToObl MOTYYUTh pacTUTENbHBIN 3KcTpeccHoHHbIN BekTop pVIG-DIE, necymuit

ruOpuanbiii ren desC-egfp, npensapurensHo Bbeawin ¢dparment pPGG-desC-egfp
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BEKTOpa, COJEpKaIIero mnocienoBarenbHocTh 0esC-egfp, orpanuveHHyro canWTamu
pectpukiu Apal u Smal. 3atem, kimonupoBanu pparmeHt pPGG-desC-egfp mmazmupi
B Bektop pVIG-TIA (BsuecmaBoBa u coaBT., 2012), mnpeaBapuTeIbHO
TUAPOJIU30BaHHBIN N0 caiitaM pecTpukuuu Apal u Smal.

PacTutenbHBIN SKCIIpecCHOHHBIN BekTop, Hecymmii desC-egfp rubpunHsiii reH,
CIIUTHI C TIOCNEAOBATEIbHOCTHIO TPAH3UTHOTO TENTHIA Majoi CyObeIuHUIIBI
pudyno3obudocharkapookcunazsl (Lch) A. thaliana (rem atslA, NCBI, X13611),
noiyyanu ciaeayrouuM odpazom. C momomnsto TP momyuunu nocnenoBaTenbHOCTD
Lch, KOJUPYIOLLYIO TPaH3UTHBIN MENTH/]T Majnoi CyOBETUHUIIBI
pubynozoobudocharkapookcmnazsl  (PBOK), wucnonszys pVIG-S2B  mnazmugy
(BsiuecmaBoBa u coaBT., 2012) B KauecTBe MaTpuibl © mpaimepsl F3 -
GGTACCATGGCTTCTATGATATC u R3 — GGGCCCCTGATATTCAACTATAT (B
npsMOil W o0paTHbIM mpaliMepsl BBelIEHbl calThl pecTpukiuuu Kpnl u  Apal,
cooTBeTcTBeHHO). Jlanee, momyudenubiit II[P mnpomykr kinonupoBasiu B pVIG-DE
BEKTOp, MPEBAPUTEIBHO TUIPOIU30BaHHbIN 1o caiitam Kpnl u Apal, ¢ oO6pazoBanuem
pVIG-Lch-D9E Bekropa.

PacTuTesbHBIN SKCIIPECCHOHHBIA BekTOp, Hecymmi desC-egfp ruOpuaHblii TeH,
CIIMTBIA C TIOCIIEIOBATENbHOCTSIMH, OOECIEUNBAIOUIMMU TPAHCIIOPT O€lKa U €ro
yaepxanue B JIIP, monydanu B HeckonbKo 3TanoB. [lepBonayanbHo, ¢ nomoisio TP
MOJYYuIu TocieaoBaTenbHOCTh LeB4, koaupyloilyro TpaHCHOPTHBIA —TMENTH],
ucnoas3ysa pVIG-T2D mnasmuay (BsiuecnaBoBa u coaBTt., 2012) B KauecTBe MaTpUIIbl U
npaiMepbl F4 - GGTACCATGTCCAAACCTTTTCT u R4 —
GGGCCCTGCTAAACATGTGCT (B mpsiMoit 1 oOpaTHBINM TTpaiiMepbl BBEJCHBI CANTHI
pectpukuuu Kpnl u Apal, coorBercTBeHHO). [Tomyuennsiii TP npoaykT kiioHUpOBain
B pVIG-DE BekTop, npeaBapuTEIbHO TUAPOIU30BAaHHBIN 10 caiiTaM pecTpukiuu Kpnl
u Apal, B pesynbrare O0b11 noayuden BekTop pVIG-LeB4-DE. Ha cnenyromem srare,
dparment pVIG-T2D nnazmunel orpannyeHHbIi caiitamu pectpukuuu Smal u Xbal u
HECYLIUIl mocienoBaTelbHOCTh, koaupytonryto SRKDEL - curnan ynep:xanust 0eikoB

B OIIP u curnan mnonumaaeHunupoBanus, kionupoBaii B pVIG-LeB4-DE Bekrop,
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MpeABapUTEIbHO THAPOIM30BAaHHBIM 1Mo caitam pectpukiuu Smal u Xbal, ¢
oOpazoBanuem pVIG-LeB4-DIOE-ER Bekropa (Pucynox 6).

KoppekTHOCTh crnusiHuS THOPUIHOTO Te€Ha C COOTBETCTBYIOIIMMH JHACPHBIMU
CUTHAJIAaMHU B PACTUTENBHBIX dKCIpecCHOHHBIX BekTopax pVIG-Lch-DIE u pVIG-LeB4-
D9E-ER noareepxnaena ceksenupoBanuem (Esporen, Poccus).

AHanoruyHasi cxema MoJIlydeHus: paCTUTEIbHBIX SKCIIPECCHOHHBIX BEKTOPOB ObLIa
NpUMEHEHA JUIsl CO3/IaHusl BeKTOPHBIX KoHCTpyKIui pVIG-DE, pVIG-Lch-DE u pVIG-
LeB4-DE-ER wHCnoOnab30BaHHBIX MPU  HUCCIEIOBAHUM BIMSHHUS JoKanu3auuu A9
necaTypasbl Ha JKUPHOKHUCIOTHBIM COCTaB CYMMApHBIX JIUIUIOB TKaHEH JIMCTHEB.
OTnuure JaHHBIX BEKTOPHBIX KOHCTPYKIIUNA OT IKCIIPECCUOHHBIX BEKTOPOB, OMMCAHHBIX
BBIIIIE, 3aKJIIOYAIOCh TOJBKO B OTCYTCTBHU MOCIEAOBATEIHHOCTH KOAMPYIOMIUN TEH
egfp (Pucynox 7). KoppektHocTh chusiHus reHa 0esC ¢ MaepHbIMH
MOCIIEIOBATEIHHOCTSIMU HAMPABISIONUMHI MPOAYKT T€HA B PAa3IMYHbIe KOMIAPTMEHTHI
pacTUTENbHOM KIETKM Tak e ObLla MoaTBepxkaeHa cekBeHupoBaHueM (EBporen,

Poccus).

2.2.2 BpipamuBaHnue arpodakrepuii ux TpancopmManus U ceJeKIus

[MItamm arpobaktepuit A. tumefaciens GV3101 BeiceBamm B 5 mut cpensl LB ¢
pudammuiHOM (50 MKI/MJT) U TEHTAMHUITMHOM (25 MKI/MJT) ¥ BBIpAIlIMBAIA B TEUCHUE
HouM nipu 28°C. 3aTeM OaKTepHAIbHYIO KYIbTYpy nepeHocuian B 95 mu cpensl LB 6e3
aHTUOMOTUKA W HapalllMBaM KJIETKU 10 onTtudeckod miotHoctu OD600 = 0.5-0.6.
Knerku ocaxaanu npu 3500 g B Teuenne 5 mud. Ocagok pecycneHaupoBain B 20 mi
xojoaHoro (0°C) Oydepa coaepxaiero 150 MM NaCl u 10 MM Tris-HCI pH 7.0.
Jlanee KJIETKM OCaaAWIM W pecycrneHaupoBain B 2 mu Oydepa comepxkamero 20 MM
CaCl, u 10 MM Tris-HCI pH 7.0. ITonydeHnHble TakuM 00pa3oM KOMITETEHTHBIC KJICTKH
OBLITM Cpa3y MCITOIB30BaHBI IS TPaHC(HOPMAIIHH.

[Ipomecc  TpaHchopmamuu  OCYIIECTBISLICA  CICAYIOIMM  00pa3oM, K
KOMIIETEHTHBIM KJIETKaM OblIM J100aBieHbl JKcnpeccuoHHble BekTophl PVIG-DE,

pVIG-Lch-DE u pVIG-LeB4-DE-ER. Knerku mHkyOupoBaim Ha b1y B TeueHue 20
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MHUHYT, [0CJ€ YEro OCYIIECTBIISUIM HArpeB KyJbTYpbl B TeueHue 5 MUHYT npu 37°C,
3aTeM KJIETKM MHKYOMpPOBAJIU B T€UEHHE S MUHYT Ha JbJAY U JOOABISUIM MO 2 MJ CPE/bl
LB 0e3 anTHOMOTHKA W MHKYOMpoBaiu npu temreparype 28°C mpu nepeMenInBaHuH
Ha ckopoctu 160 06/MuH B TedeHHe ABYX yacoB. [lajiee KIETKM paccerBalld HA YallKU
[letpy Ha cpegy ¢ KaHaMUIMHOM. BbIpocimie KOJOHMM OBUIM BBIJECIECHBI U
pecycnenaupoBanbl  100-150 wmxn cpenst LB 06e3 aHTHOMOTHMKa, TMOCIE YEro

3aMOPOKCHEI.

2.2.3 BpipamuBaHue pacTeHUH

Pacrenust N. benthamiana u N. excelsior BeiparuBanu npu +20+2°C, 8-yacoBom
dboronepuone u oceemeHHocTd 100 MKMOIb KBaHTOB/(M?/C) Ha TUJIPOTIOHUKE, B

TeueHue 6 Henenb. B kauecTBe mUTaTebHBIN CpeIbl ObLUT UCTIOBL30BaH pacTBOp KHoma.

2.2.4 ArpoHpUIbTPaLUs PACTEHUH

TpanchopmupoBannsie kietkn A. tumefaciens, mramm GV3101, mocne
pa3MoOpo3ku BblpammBaiu B TedyeHue 48 wyacoB npu +27°C B cpeme LB ¢
anTuOnotukamu pudamnuimaom (50 MKr/mi), reHTaMUIMHOM (25 MKr/Mi)
KaHaMULIMHOM (50 MKT/MIT) ipu niepemMenuBanuu Ha ckopoctu 160 06/mMuH. Kaxasie 12
4acoB MPOBOAMIM OOHOBIICHHE cpenbl LB ¢ TeMu ke aHTHOHOTHKaMH, TOTOTHEHHOH 20
MKM anerocupunrona u 10 MM MES. KiieTku HapaimyBaiu 10 ONTAYECKOW MIIOTHOCTH
OD600 = 0.8. Knetku ocaxnanu npu 3000 g B TeyeHrne 5 MUHYT U PECYCIIEHIUPOBAIN
B Oydepe mns arpomHbuUIbTpaIu, CoaepskameM OIHOKpaTHyo cpexy MS, 10 mM
MES-KOH (pH 5.6), 2% caxapossl, 200 MkM areToCupuHIroHa, 10 ONTHYECKOU
mwiotHoctd OD600 = 2.4. [lanee kiaeTKH UHOUIBTPUPOBAIM B a0aKCHAIBHYIO SMHIEPMY
aucTa mectuHeneapusix pacrenuii N. benthamiana u N. excelsior ¢ momorpio mmpuiia
0e3 uribl, 00beMoM 5 M. Pe3ynbTaT TpaHchopmaluu OleHUBAIN Ha Y€TBEPThIC CYTKU
nocie arpouHpunsTparuu. OIEHKY KadyecTBa MPOBEASCHHOW TpaHchopMaIuu

MPOBOJIWIIN C TIOMOIIBIO BU3yaJH3allMK 30H dKcnpeccuu rudpuaHoro reHa desC-egfp B
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JUCThSIX pacTeHui Tabaka npu 312 HM, ucnons3ys TpaHncuumromuHaTtop ETX (Vilber

Lourmat, ['epmanus).

2.2.5 ITosryyeHue NPOTOIJIACTOB

[Tomydenuss mpOTOIMIACTOB M3 (PPAarMEHTOB JIUCTHEB C 30HAMH (PIyOpecleHIIUN
npoBoauin mo wmeroay Nosov et al. (Nosov et al., 2014) ¢ moauduKaUIMU.
@parMeHThl JMCTHEB OBUTM M3MEIBUYEHBI CKAJIBIIENIEM, TOCIE 4Yero J00aBIsUIA S5 M
pacTBopa, cojaepskaiero ¥» makpoconeii SH cpeast, 0.4 M copburona, 4 MM CaCl,,
12.5 MM MES-KOH (pH 5.7), 1% uemmona3sr Onozuka R10 (Kinki Yakult, SImonus),
0.15% nexturazsr Macerozyme R10 (Kinki Yakult), u 0.4% remumnertronassr Driselase
(Fluka, CILIA). PacTBOp TOTOBMIJIM MPEIBAPUTEIBHO, OCBETIISUIH HIEHTPUDYTUPOBAHHUEM,
u 3amopaxkuBanu. llpotommactel Beyaensuim mpu +15°C mpu mepeMemmBaHUM Ha
ckopoctd 50 o6/MuH B TeueHue 12 vacoB. CycneH3UI0 MPOTOILIACTOB (DUIBTPOBAIIU
yepe3 HEIMJIOHOBYIO CETKY ¢ pa3mepoM siueek 40 MM, nepeHocunu B 10 M mpobupku
Uil HeHTpudyrupoBanuss U neHTpudyrupoBasim npu 100 g B TeueHue 5 MHUH mpu
KOMHaTHOI TeMrieparype. OcaJlok NpoTOIIacToB pecycrenaupoBaiu B 10 M pactBopa
0.5 M copbuta u 2.5 MM CaCl,, nHKyOMpoBaJIn B TEUCHHE 5 MUH TPU KOMHATHOU
temneparype U ueHtpudyrupoBa npu 100 g B TeuyeHHe 5 MUH IPU KOMHATHOM
teMmriepatype  (mpouenypy — TOBTOpsuid  JBaxabl). Ocalok  MPOTOIIIACTOB

pecycnienaupoBanu B 1.5 mut pactBopa 0.5 M copouta u 2.5 MM CacCl,.

2.2.6 JIazepHas ckaHupywomas u GpJyopecueHTHAsE MUKPOCKONUS

JlazepHy0 CKaHHMPYIOUIYI0 MHUKPOCKOMHUIO TPOTOILUIACTOB  MPOBOJIWIN  C
ucnoias3oBanueM Mukpockona LSM 780 NLO (Zeiss, I'epmanusi) Ha 0a3e
AxioObserver Z1 (Zeiss, I'epmanusi), cHaOxkeHHoro oOwekTnBoM LD Plan
APOCHROMAT 63x/0.75, nabopom duistpom Set 10 (BP 450-490, FT 510, BP 515-
565), nmazepom Argon — 458, 488, 514 uM. Pe3ynbTaThl BU3YaTU3UPOBATIN C TTOMOIIBIO
nmudpoBoit  kamepsl AxioCam MRm wu mnporpammboro o6Oecneuenus ZEN.
®dyopeceHIni0 B MPOTOIUIACTaX PETHCTPUPOBATIN MPHU TOMOINA MHKpOCKoma AXio

Imager Z2 (Zeiss, I'epmanusi) ¢ 1udpoBori kamepoir AxioCam MR u Onokamu
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bunbtpoB: GuisTp Ne 38 (Aex BP 470 uam/40 um; Aem BP 525 um/50 HM, roe ex —
BO30YXKJeHue, em - sMUCCHS ((DIyOopecleHIMs)) MCIOJb30BaIN I PETUCTPALUH
dayopectenuun GFP; ¢punstp Ne 45 (Aex BP 560 am/40 am; Aem BP 630 aM/75 HM)
WCTIONIb30BAJIH ISl PETUCTPALUU aBTOQIIyopecIieHIInA XiIopodwmmia. [ perucrparuu
GbIyopecieHITM BUTAJIBHBIX MPENnapaToB HCHOIB30BAM MOAydb ApoTome (Zeiss,
["'epManust), KOTOPBI TTO3BOJISIET CHU3UTH BHE(POKYCHYIO (DITyOpPECIICHIINTO.
N3obpaxkennss oOpabaThiBaIu, HCIOIB3YysS Iporpammy AxioVision 4.8 (Zeiss,

['epmanus).

2.2.7 AHA/IU3 )KNPHOKHMCJIOTHOT0 COCTABA CYMMAPHBIX JIMIUA0B TKAHel JHCTheB
Tabdaka
Qukcayus mamepuana

ArpavHQuUIbTpaLUIO MPOBOAWIM MO ONMCAaHHOW BbILIE Mporeaype. Pesynbrar
TpaHcopMaIK OIEHUBAIN Ha CEAbMBIE CYTKH Mocie arponHuibTpanuu. [lomyuenue
MeTHJI0BBIX 3(upoB kupHbix kuciaor (MDXKK) u3 mucteeB N. benthamiana u N.
excelsior, TpaHchOpPMUPOBAHHBIX IKCHPECCHOHHBIMU BEKTOpPAMH, 00ECICUNBAIOIIMMU
JOKalIM3alnio OeNKOBOro MNpOAYyKTa TeHa B LuTomjazMe, xjiopormiacrax u OlIP,
MPOBOJMIN CleAyromuM oOpa3oMm. Ha mepBom srtame Oblia mpousBeneHa (uUKcarus
MaTepuana s JaJbHEMIEero WUCMoib3oBaHusA. [l 3Toro coOpaHHBIE JHCTbS,
TpaHC(OPMHUPOBAHHBIE HKCIPECCUOHHBIMUA BEKTOpPaMH, IOMEILAINM B CTEKJISHHBIC
OAHKU Y 3aJIMBAIIM U30-TIPONIAHOJIOM TaKUM 00pa30oM, YTOOBI TUCThs OBLIM MOJHOCTHIO B
HETO TMOTPY’KEHBI, TOCJIe YeTro, BBIACPKUBAIN B TeUeHUE 15 MHUHYT Ha BOJSHOW OaHe

npu +60°C. 3adukcupoBaHHbIe 00pa3Ilbl 10 aHAIM3a XpaHWIH npu Temmepatype -20°C.

THonyuenue MIKK
HenocpenctBenno mnonyduenne MOXK npousBoamnm mno  cieayromemMy
IPOTOKONY. ['OMOTE€HU3NPOBAHHBIE JHUCTHhSI BMECTE€ C U30-TIPOMAHOJIOM, B KOTOPOM
XpaHWINCh TPoObI, OB MEepeHeceH B Kpyriogonnyoo 50 mia koily. K pactBopy Obin
n00aBjIeH BHYTPEHHHMH cTaHaapT (remrajaekaHoBas kuciiora, 17:0), B KoJIMYECTBE HE

npeBbimarmmmM 7% ot obmero kosmuectsa JKK. Tlocne gero, pactBoputens B KOJoOe C
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oOpa3lioM OBl BBIIAPEH J10CyXa Ha POTAIMOHHOM BakyyMHOM wucnaputene. Konba
ObUIa MMOMEIICHAa B pOTAlMOHHBIN ucmaputeiab RV-10 Basic (IKA) mis BeimapuBaHus
U30BITKOB XuAKoCcTU Tipu TeMieparype 60°C u ckopoctu Bpamienus 130 o6/mun. Jlanee
K CyXOMY OCTaTKy B KoJioe qobaBuiu 25 mi pactBopa 4% KOH B 80% stanone, konly
NOMECTWJIM B KOJOOHarpeBaTellb M HArpeBaid NpPU TEMIIEPAType KHUIIEHUS CMECH
(~80°C) B TeueHume 1 wyaca, mociie YE€ro CKOHIIEHTPUPOBAIU COAECPKUMOE KOJIObI
OpUMEPHO B 5 pa3 Ha pOTAMOHHOM BakyymMHoM wucnaputene (PBU). 3arem
CKOHLEHTPUPOBAHHBIA B 5 pa3 pacTBOp pa30aBisiiM AUCTHWLIMPOBAHHOW BOJOH 10
ooveMa okojio 10 mu. HeomblnsieMble KOMIIOHEHTHI cMecH dKcTparupoBainu 10-15 M
NOpLUMSIMU  H-TeKcaHa Tpwkiabl. Jlns  yckopenust pasneneHus (a3, mpoObl
LHEeHTpU(PYrupoBai B TeuyeHue S5 MUHYT Ha ckopoct 20000 o6/MuH, mocie d4ero
BEpPXHIOIO (T€KCAaHOBYIO) a3y yaasiiu.

Hosenenne pH pactBopa mo 3HaueHus 2.5 ocymectBuin 20% pactBopom H,SO,.
K pactBopy moGaBunu paBHbIE 00beM H-T€KCaHa W LEHTPUDYTHUPOBAIU MOTYyUCHHBIN
pactBop Ha ckopocTtu 20000 06/MUH B TEYEHHE 5 MUHYT, 3aT€M MEPEHECTH TeKCAHOBYIO
¢da3zy B koi0y M BbIIApUBAIM JOCYyXa B POTAMOHHOM HCIApUTENE MPHU TEMIEepaType
60°C u ckopoctu Bpamenus 130 06/mun. K cyxomy ocratky B kosioe BHocuian 10 M
METaHoNa, Jjanee J00aBisUIM 1O KaisiM, 0OpPU TOCTOSHHOM M aKKypaTHOM
BCTpsixuBaHuu, | wMn anerwixiopuaa. [lodyyuBmmics pacTBOp TIOMECTUIN B
KojOoHarpeBaTenb, HarpeBanu mnpu Ttemmeparype 80°C B TeueHue 45 MHUHYT,
BBIITAPUBAJIA PACTBOP JOCYXa HA POTAMOHHOM HCIapurelie U d3kctparuposain MOKK

H-T'CKCaHOM.

Ouucmrka MIKK ¢ nomowwbio npenapamusHou
MOHKOCAOUHOU Xpomamozpaghuu
Ounctky MOXKK ocymecTBiasiam ¢ MOMOLIBIO NPENapaTUBHOW TOHKOCIOWHOU
xpomarorpadun (TCX) na mnactuakax Kieselgel 60 (Merck) pasmepamu 5x10 cM u
TONMIIMHON copOeHTa (cmiukarens) 200 mkm, mpeaBaputenbHo mpombIThix 0.001%
pactBopoM 2°7’-nuxnopdmroopecuienHa B 50% wMeranone. Ha craproByto 30HY

IUIACTUHKY MUKpoIpuueM HaHocuiau pactBop MOXKK B u-rekcane (~5-15 mr), nocie
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4yero MJIACTUHKY MoMeliaiiu B Xpomartorpaduueckyro kamepy. llonBmwxknas daza: u-
reKCaH, TUATWIOBBIA 3(hup B 00BEMHOM CcOOTHOIIEHHH 95:5. 30Hy, colepKaBIIyIO
MD3XK, obnapyxuBamm B YO A=365 am. CopOenr, conepxammiit MIXKK, nepenocunm
B Kkoi0y byHzena ¢ ¢uubTpyromei BopoHkoil, U OeHzonom smoupoBain MIXKK.
PactBoputens ynapusanu nocyxa Ha PBU u nepepactBopsmu MOXKK B 500 mMxn u-
reKcaHa

OnpedeneHue cooepicanus u cOCmMasa HCUPHuIX KUCTIOM

CocTaB METWJIOBBIX 3()HUPOB KUPHBIX KUCIOT OMPEAESSM C MOMOIIBIO Tra3o-
XKuAaKocTHOM xpomarorpaduu / macc-cnekrpomerpuun (IKX-MC) na npubope Agilent
7890AGC (Agilent Technologies, Inc., CIIIA) ¢ 60-m kanuuispHO# kKojoHkoi DB-23 ¢
BHyTpeHHUM  auametpoM 0.25 wmm ¢ nopuButon  (50%  umaHompormn)
METHUJITIOJIMCUIIOKCAHOBOM TOJISIpHOM >kujkoil ¢azo (tommmHa ciog 0.25 Mim).
VYcnoBus pazaenenus: pacxo]l raza-Hocutens (reiusi) 1 mu/muH; 00beM poObl 1 MKI;
nenutens notoka 1:20, temnepatypa ucmapurens 260°C. Ilporpamma rpaaueHTta
temriepatypbl kosoHKU: oT 130°C mo 170°C co ckopocthsio 6.5°C/mun, ot 170°C no
215°C co ckopocteio 2.75°C/muH, Beiepxkka npu 215°C B Teuenue 25 muH, ot 215°C
10 240°C co ckopocthio 40°C/mun u Beiepxkka npu 240°C B Teuenne 50 muH. Pabouas
temriepatypa MC-nerekrtopa (5975C MSD) cocraginsina 240°C, sHeprus nonuzauu 70
aB.

PesynbraThl xpoMarorpaduueckoro aHanusa Mmojydajid B BUJIE XPOMATOTPAMMBI.
Nnentudukamuo MIXKK ocymiecTBisiiiv myTeM CpaBHEHUS UX BPEMEHHU YAECpP>KaHUS CO
BpPEMEHEM yJIep)KaHHUsl CTaHIAPTHOIO COCIUHEHHUs (renTajekaHoBoW KuciaoTel, 17:0).
MaccoBeie momu (comepkanume) KK ompemensnu B mporeHTax OT HMX OOIIETO
COJIepKaHMs B UCCieyeMoM o0pasiie 1o ¢hopmylie:

M% = (Si/S17,0)*100%
rae S — miomanas nuka omnpeaensiemont KK, S;79 — miomans nuka CTaHAApPTHOTO
COEJIMHEHHSI.

Hnst onenkm cremenn HeHaceimeHHocTn JKK B mccmemyembix  obOpasmax

UCIIOJIb30BaIM MHJEKC HeHachieHHocTH (MH), xoTophlif paccuuThiBaIu MO METOLY

Lyons et al. (Lyons, 1964) no cienyroriei popmysie:
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HH = (M)+2*(1)+3*(T))/100
rne M — cymma MaccoBBIX Aojeil MoHoHeHachlmeHHbIX JKK, JI — cymMMa MaccoBBIX
nonent nuHeHachieHHbIx KK, T — cymma MaccoBbIX foJiel TpuHeHachlmeHHbIX JKK.
Omnenky aktuBHOCTH A9 mecaTypasbl TPOBOAWIN TIO OTHOIICHHIO MPOIYKTA
peakIuu JecaTypalun K ero cyocTpary mo gopmyiie:
[Tpomyxt/cyocTpar = (%18:1)/(%18:0)
rie %18:1—- maccoBast 1011 0JIeMHOBOM KHCIOTHI, %18:0— MaccoBas 107151 cTeapuHOBOM
KHUCTIOTHI.
Creapoun-aecarypasnoe otHomierue (CJ1O) onpenensuu o Gpopmye:
CHO = (%18:1)/(%18:0+%18:1).
[TanemuTomi- necarypasznoe otHomenue (I1J10) onpenensnu no dhopmyie:
MO = (%16:1)/(%16:0+%16:1)
rae %16:0 — maccoBas 0y NaJILMUATHHOBOM KUCIOTHI 16:0, %16:1 — maccoBas

JOJIA MaJIbMUTOJICUHOBOM KHUCJIOTHI.

2.3 CtaTucTHYECKUH aHAJIN3
Bce akcmepuMeHTBI M0 HM3YyYCHHIO CYOKJICTOYHOW Jokanmm3anmuu A9  anwmi-

JUNUAHOW JecaTypas3bl ObLIM MOBTOPEHBI HE3aBUCMMO HE MeHee Tpex pa3. s
OTIpEJICIICHHS JIOKAJIM3AIMK IIeJIEBBIX OENKOB B MPOTOIUIACTAX MPOAHATU3UPOBAHO HE
Menee 100 Ononornueckux oOpasIoB.

Bce akcnepumenTsl Mo TpaHchOpMaIui JIHCTHEB KaXKJIOTO U3 BUIOB Tabaka ¢
nanpHemmM  aHamm3oM KK coctaBa cyMMapHBIX JMOWAOB OBUIM  TTOBTOPEHBI
HE3aBUCHUMO HE MeHee I1iectTu pa3. CTaTUCTHUUECKYI0 O00pabOTKy pe3yJbTaToB
NPOBOJMIIA C UCIOIBb30BaHUEM mporpaMmsbl Statistica v. 9.0 u Microsoft Office Excel
2007. J1OCTOBEpHOCTh pa3duMsl 3HAYCHUW OMPEICIIOCh C IMOMOIIBI0 MapHOro t-
kputepusi CterofeHta (mpumensiu t-xputepuit Cthiogenta, pP<0.05). Ha rpadwukax,
MOCTPOEHHBIX TIO TIOJYYCHHBIM JaHHBIM, TPEICTABICHBI CpeaHUE apu(METHUSCKHE

SHAYCHUA U UX CTAHAAPTHBIC OIITHOKH.
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In1asa 3. PE3YJIbTATHI UCCJIEJOBAHUI

3.1 KoHCTPpYHpPOBaHHE PACTUTEIBHBIX IKCIPECCHOHHBIX BEKTOPOB

JIBe cepuu SKCIPECCHOHHBIX BEKTOPOB OBLIM CKOHCTPYHWPOBAaHBI. B mepBoi
cepun BekTopoB - PVIG-DIE, pVIG-Lch-D9E u pVIG-LeB4-D9E-ER — ucnonbs3oBan
desC-egfp ruGpumHbIiA TeH, KOTOPHIH MmoTydeH ciausareM desC rena, koaupyromero A9-
necarypasy IuaHoOaktepuii, u egfp, OeNKOBBIM MPOIYKTOM KOTOPOTO SIBJISCTCS
OTNITUMHU3UPOBAHHBIN JIJII SKCIPECCUH B KIIETKAX JdYKAPUOT 3€JCHBIA (PIIyOpeCIIeHTHBIN
oemok (Pucynox 6). OrmeTwM, 9TO B THOPHIHOM TE€HE CTApTOBBIA KOJOH JIJIS
dayopeciieHTHOro Oenka yJajieH BO H30ekaHWE albTepHATHUBHOM TpaHcisaiuu. Bo
BTOpOii cepun BekropoB - PVIG-D9, pVIG-Lch-D9 u pVIG-LeB4-D9-ER —

HCIIOIB30BaH TOJIEKO HaTUBHEINA deSC rex HHaHO6aKTCpHﬁ.

a 35 desC INEGDNE mws
5 (355110 desC m-"j

B 355j leBd| desC -ERMW
"y 1o >Ih@jJ

Pucynok 6. Cxema BEKTOPHBIX KOHCTPYKIIMH, WCIONB30BAHHBIX  JJIS

uccienoBanus Jiokanuzanuu A9 necatypa3bl B KOMIAPTMEHTAaX KJIETOK JUCThEB N.
benthamiana: pVIG-D9E (A); pVIG-Lch-D9E (b) u pVIG-LeB4-D9E-ER (B), o6rmas
4acTh BEKTOpHBIX KOHCTpyKMil (I'). Kaxkmas KOHCTpyKIusi colepKUT OOLIYIO 4YacThb,
IpEICTaBICHHYIO TOJIbKO Ha maHeau «I'», m Hecer red Bupyca Cymbidium ringspot
(CymRSV), komupyroommuii Oelok-cynmpeccop «3aMoyikaHus» TeHoB (pl9) moxg
KOHTPOJIEM MPOMOTOpa TeHa, KOJIUPYIOHIEro OENOK TPAHCIAIMOHHOTO KOHTPOJIS

onyxoiu (TCTP) u TepMUHUPYIONIEH MOCIIEIOBATEIIBHOCTH F€HA OKTOMUH CUHTETa3bl
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(OCS). O603nauenus Ha cxeme: LB u RB — neBas u mpaBas rpanuna T-JIHK obnacru;
oriV — Touka Hayaia peruiukanuu aias Agrobacterium tumefaciens; Ampr — kaccera
ycroitunBocTy K amnuimianay; 1 pUC ori — Touka Havana perutukarmu uist Escherichia
coli; 35S — CaMV 35S npomotop; poly-A — curHan nojuaacHupoBanus; egfp — rew,
KOJIUPYIOIMUNA 3eleHbIi  ¢uryopectieHTHbIH Oenok; desC — rTeH, komupyrommid A9
necarypaly Synechococcus sp.; Lch — muaepHblid curHAJ, TeHa Majlol CyOheTHHHUIIBI
PB®K A. thaliana; LeB4 — nmunepusiii curaan reda LeB4 (merymuna tuma B4) ropoxa
(Vicia faba); ER — mocienoBarensnocth (SKDREL) B 3’-K0HIICBOM 00aCTH IIEIEBOTO

I'CH4, KOOJUPYHOIIasa aMHUHOKHUCIIOTBI C-KOHHGBOﬁ oOyacTH OeiKa.

A r355 1 desC

5 [~ 355 1 Lch desC :pucon\'

puc ori_rl

Amp’

'™ pl19 --l ori Vj

Pucynok 7. CxeMa BEKTOPHBIX KOHCTPYKIMH, MCIIOJIB30BAHHBIX [JISl HCCIIEIOBAHUS

B o 355 ileBd desC

jgokanu3anmu A9 ecarypasbl B KOMIapTMEHTax kietok juctheB N. benthamiana:
pVIG-D9 (A); pVIG-Lch-D9 (B) u pVIG-LeB4-D9-ER (B), o01iast yacth BEKTOPHBIX

koHcTpykiui (I'). OO03HaueHNs aHATIOTUYHBI PUCYHKY O.

B pVIG-Lch-D9 u pVIG-Lch-D9E Bektopax natuBHbIi (deSC) u ruOpumHbIi
(desC-egfp) ren, cooTBeTCTBEHHO, MMEET B 5’-001aCTH XOPOIIO OXapaKTePU30BAHHBIM
CUTHaJ, 00eCreYnBAIONINIA JTOKATU3aIlMIO TIEJIEBBIX OCNKOB B XJIoporuiacTel (PucyHok
6b, 7b) (I'epacumenko u coart., 2015). B skcnipeccuonnsix Bekropax pVIG-LeB4-D9-
ER u pVIG-LeB4-D9E-ER B 5'-o0mactu meneBbix reHoB (desC u  desC-egfp)
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KJIOHUPOBAHA MOCJEI0BATEIbHOCTh, COOTBETCTBYIONIAsI CUTHAIbHOMY mnentuay LeB4
JUTsL Tokanmu3anuu OenkoBoro npoaykra B DIIP, a B 3'-o0mactu goGaBiieH ¢parMeHr,
Komupyromuii curHan yaepxkanus OenkoB B OIIP — ER (Pucynox 6B, 7B)
(BstuecnmaBoBa u coasrt., 2012; Alanen et al., 2011). B Bektopax pVIG-Lch-D9, pVIG-
Lch-D9E, pVIG-D9-ER u pVIG-D9E-ER ununumpyrommii Tpancisanuio AUG kogxo0H
BBEJICH B 5'-00J1aCTh MOCIEN0BATENIbHOCTH, KOJUPYIOMEH cUrHanbHbIi nentua Lch u
LeB4, u ynaneH y 1ieieBbIX IeHOB, BO 30€KaHUE aJbTEPHATUBHON TPAHCIISAIUY.

B pVIG-D9 u pVIG-DIE skcnpeccrnoHHBIX BekTopax meneBble reHbl (desC u
desC-egfp) He coaeprkaT TOMOTHUTENBHBIX CUTHAIBHBIX MOCIE0BATEILHOCTEH HU B 5'-,
HU B 3'-00J1aCTH, U UX DKCIPECCHUs KOHTPOIHUPYETCs Toybko mpomoTopom 35S PHK
CaMV, 4ro He mnpennoiaraer Kakou-mmOo cnenupuyeckoid KoMIapTMEHTAIW3AIuU
OENKOBBIX MPOAYKTOB 3TUX TeHOB (Pucynok 6A, 7A). Bce BEKTOpHI cO3/1aHbl HA OCHOBE
pPVIG-T koHCTpyKkuuu, pa3paOOTaHHOW HAMHU paHee CHEHHaTbHO IS d()PEeKTUBHON
TPAH3UEHTHOM SKCIIPECCHM TETEpOJOrMYHBbIX TIe€HOB B pacTeHusx (BsudecnaBoBa u
coaBT., 2012). T-JIHK o6xacTs 3TOro BEeKTOpa HECET IMOCIEeN0BATEILHOCTh TeHa pl9,
BHUpYyCa TOMAaTOB, KOTOPBI KOAUPYET CYNPECCOP NOCTTPAHCKPUIILIMOHHOTO 3aMOJIKAHUS
redoB, moa kontposieM TCTP mpomoropa (Pucynox 6I°, 7T") (BsiuecnaBoBa u coaBT.,
2012). IlepBas cepusi BEKTOPOB ObLa KCIIOJIb30BaHA JJISI M3Yy4YCHHs] CYOKJICTOYHON
JIOKaIU3aluy TeTEPOJIOTUYHON JlecaTypas3bl B PACTUTENbHBIX KJIETKaX, BTOpas cepust —
JUIs  cpaBHUTeNbHOTro aHanmu3a wmonymsauuu KK cocraBa MeMOpaHHBIX JIMIHIOB
pacTeHUil B 3aBUCUMOCTH OT CYOKJETOYHOM JIOKalW3aluyd TeTeposioruuHor A9-

Jecatypasbl.

3.2 ArpouHuibTpanus pacTeHuil Ta0aKa U OLEeHKA IKCIPEeCCHH THOPUIHOTO
reHa B pacTUTEJbHBIX TKAHAX
Jlns arpounduiabTpanuu pacrenuit N. benthamiana Obutn mosydeHs! mraMmmsr A.
tumefaciens GV3101, necymue skcnpeccuonnbie Bektopbl PVIG-DIE, pVIG-Lch-D9E
u pVIG-LeB4-D9E-ER. DddexTuBHOCTh TpaH3MEHTHOM HJKCIPECCHH B PACTEHUSIX
oleHMBaNH 110 ¢ryopecieHnuu penoprepHoro 6enka eGFP. Uepes nBa-tpu aHs mocie

uHpunbTparuu, oueBuaHsli  GFP  curmam  MoxHO ObUIO  HAOMIOJAATH B
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arpoMH(PUIBTPUPOBAHHBIX YyYacTKaxX JIMCTheB, a NHUK duyopecueHuu e€GFP  Obin

OTMEYCH Ha YCTBEPTHIA-TIATHIN AcHb (PrcyHOK 8).

Pucynox 8. ®nyopecuenmmst GFP B arpoundunbrpupoBaHHBIX JHCTHSIX N.
benthamiana: ArpoGakrepun, Hecymue KacceThl dKcrpeccuu ciauThix ¢ GFP Oenkon
Oobutn  uHbuUIbTpUpoBaHbl B smcThad N. benthamiana u  ¢ayopecuennuio GFP
HaOmonanu 4vepe3 4 naHa mocie arpouHpuibTpanmu npu Y® cere. OOnactu

q)nyopecueHuHH OTMCUYCHBI TYHKTUPHBIMHA JIMHUAMMU.

3.3 BoiiesieHHe NPOTOIVIACTOB M OLIEHKA JIOKAJIM3aIHH 0eJIKOBBIX IPOYKTOB

B stor mepuon (4-5 nHel mocie arpouHGUIbTpalMu) ObUIM B3SThl YYacTKU
JUCTBEB C MAaKCUMaJbHBIM YypOBHEM (IYyOPECICHIIMU IS TTOCJICAYIONMEH OICHKH
JIOKAIN3aliy OCJIKOBBIX MPOAYKTOB METOAOM Ja3epHON KOH(POKATHHOW MUKPOCKOIHH.
Opnako BU3yalu3alys JIOKaJIW3alMu THOpUIHOrOo Oenka 1o (IyopecleHIM B
cnenupuIecKnX KOMIAPTMEHTAaX KJIETKU C UCIIOJIb30BAaHUEM arpOUMH(PUIHTPUPOBAHHOM
TKaHW 3aTpPyJHEHA W UACATHHBIX OTOOPAKEHUN JOKanu3anuu OeTKoB, KaKk B

xJjoporuiactax, Tak u OI1P e yaanocs noayuuts (PucyHok 9).
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Pucynok 9. JlazepHas ckaHupyromas KOH(QOKaJIbHAs MHKPOCKOMHS: (piryopecueHnus
GFP. ArpobGaktepun, Hecymue oskcnpeccuonHbie Bektop pVIG-Lch-DOE  Gbiam
uHpmIsTpupoBanbl B ymcths N. benthamiana u dayopecnennuto GFP Habiromanm
yepes 4 nHa nocie arpouHunsTpanuu. Pazmepnocts 50 pm. Ob6nactu dhayopecieHImu

OTMCYCHBI ITYHKTUPHBIMHU JIMHUAMHA.

BeposiTHO, 3TO OOYCIIOBJIIEHO CIIOKHBIMH OUYEPTAHUSMH KJIETOK, a TaKXKe CIIOKHOU
NPOCTPAHCTBEHHOW CTPYKTYpOM CaMHUX pPACTUTCIBHBIX KOMIIAPTMEHTOB M UX
JOKamu3aueld BHYTpU KIeTKH. CX0KHe OTpaHWYCHUS [T BH3YAIH3alUN JIOKAIU3aIUH
OEJIKOB B PACTHUTEIBHBIX KIIETKAX IMPH KCIOJB30BAHUH METOJAa arpoWHQWIBTPALUU
oTMe4eHbI u npyrumu uccienosatensmu (Wang et al., 2015; Xu et al., 2014).

JIi1st TOTO 4TOOBI IPEOIONIETh TPYTHOCTH B BU3YaTU3AIMH JIOKATU3aIUN OEIKOB B
crieuQHUYECKUX KOMIIAPTMEHTaX PACTHUTENBHOW KIETKH TPH arpOHH(UIBTPAINH,

IMPOBCIIN SKCIICPUMCHTBI, JAOIIUC BO3MOKHOCTb IPOBECPUTH, MOTI'YT JIM IIPOTOIIACTHI,
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NOJy4eHHbIE U3 KJIETOK arpoMH(UIBTPUPOBAHHON 00JaCTU JIUCTHEB, MCIIOJIB30BATHCS
JUIs  TOYHOW OIEHKH CYyOKJIETOYHOM  JIoKanu3anmud  OenkoB.  B03MOXHOCTH
UCIIONIb30BAaHUSI TAKOTO MPOTOKOJA Oa3upyeTcs Ha TOM, UYTO (PIIyOPECIICHTHBIE CIIUTHIC
Oenku, Oynyuyd WACaTbHBIMM MapKepaMu s BU3yalU3allMl  CyOKJIETOYHOMN
JOKalu3alud  OENKOB, XapaKTepU3YIOTCS CTAOMIBHOCTBIO M, KakK CIEICTBUE,
CTaOMIBHOMN (hITyOpECHEHIUEH B )KUBBIX KIIETKaX.

[TepBoHauanbHO, MBI ONTHMH3HPOBAIN MPOTOKOJ BBIIEICHUS MPOTOILIACTOB M3
TabaKa, 9TO MO3BOJIMIO OOECIEUUTh AOCTATOYHO OOJIBIION BBIXOJ KHU3HECIOCOOHBIX
IPOTOIJIACTOB MPUTOJHBIX i (hIyopecleHTHOW Mukpockonuu. llpu ontumuzanuu
IPOTOKOJIA BBIACJEHUS MPOTOIUIACTOB M MOCIEAYIOLIEr0 €ro IMpPUMEHEHUs MJis
CyOKJIETOUHOW  JIOKaJdW3alluhd TUOPUIHBIX OEIKOB METOA0M  (hIIyOpEecleHTHOM
MHUKpPOCKOIIMH HCIIONb30Bain ydacTku nuctbeB N. benthamiana ¢ makcumanbHBIM
ypoBHeM ¢uryopectieHimu (PucyHok 8).

[Tony4yeHune MPOTOIIACTOB M3 PACTUTENBHOW TKAaHU, arpOMH(UIBTPUPOBAHHOM
mTaMMaM# arpoOakTepuil C pa3HbIMU JKCIPECCHOHHBIMH BEKTOpaMHU, W UX aHalU3
METOJIOM (ITYyOPECUEHTHOW MHKPOCKOMUH, TOKa3aldh, 4TO (IyOpecUeHIUsl Bceraa

oOHapy KUBaJIach B MPeICKa3aHHbIX opraHeiax nporomiacto (PucyHok 10).
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O0BemMHEHHEE@ XoponsaacTbl GFP
KaHaMB]

Pucynok 10. Anamu3 cyOkietoyHou mokamm3ammu ciauteix ¢ GFP OenkoB B
npoToryiacTax Tabaka, MOJYYEHHBIX W3 KIETOK arpoMH()UILTPUPOBAHHOW oO0JacTu
muctheB. TpansuentHas skcrnpeccuss pVIG-Lch-D9E, pVIG-LeB4-DOE-ER u pVIG-
D9E BekxtopoB mokaseiBaeT, uto GFP cnuthlil 6enok jgokanu3oBan B xyoporiactax (1),
B OIIP (II) u muromnasme (III), coorBercTBeHHO. OOBEAMHEHHBIC PUCYHKH (TIEpBas
KOJIOHKA)  BKJIIOYAeT  3€JIeHbIM  KaHail  (MOCNemHss  KOJOHKA) W KaHaj

aBTO(IIyOpECIICHIIMU XJIOPOIIacTOB (cpeaHsis kojioHka). PazmepHocts 40 MKM.

Tak, B mpoToriacTax, MOJYyYEHHBIX IMOCTE arpoOMH(WIBTpAIMK IITAMMOM, HECYIIUM
pVIG-Lch-DO9E mnnasmuay, MpakTHYECKH BCE XJIOPOIIACTHI IMPOIEMOHCTPHUPOBAIU
dbayopectenuio B xéntoit yactu crekrpa (Pucynok 10, 1), uto cBuaeTenbcTByeT O
xyopormiactHoil nokanmuzanuu DesC-EGFP cautoro 6enka, KOTOpbI NepeHOCUTCS B
OTH KOMIAPTMEHTHI 3a CYeT CUTHalIbHOM mocienoBarenpHOocTH (Lch) manoi
cyobenuuuiiel PBOK A. thaliana.

Jlo6aBienne N-KOHIIEBOIO CHUTHaJIbHOTO mentuaa LeB4 uHaynmupyer mnepeHoc

xumepHoro 6enka DesC-EGFP uepe3 memOpany DI1P, a C-xonnesoii curnan SRKDEL
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y XxuMmepHoro Oenka yzaepxkuBaer ero B OIIP, B pe3ynbprare 3TOro, CUrHai
¢nyopecueHmu OT ciauToro Oenka Obul ycnemHo BbisiBieH B OIIP mporomuactos,
MOJyYEHHBIX TOCJe arpoMHMIbTpanuu ImTamMmoM, HecymuM pVIG-LeB4-DI9E-ER
Bektop (Pucynok 10, I1).

[IporomnacTel, MOMyYEeHHBbIE U3 ArpOMH(YHIBTPUPOBAHHBIX JIMCTHEB IITAMMOM,
HecyuM pVIG-D9IE Bekrtop, mokazanu curnan ¢uayopecueHiuu ciauroro 6enka DesC-
EGFP B nuromnasme (Pucynoxk 10, 111).

Takum o0Opa3om, TMOJNydYE€HHBIE PE3YJIbTAaThl MPOJEMOHCTPHUPOBAIHM, YTO B
IpOTOIJIaCTaX W3 arpoMH(QUIBTPUPOBAHHBIX YYaCTKOB PACTEHUH MOXKHO YETKO

AUCKPHUMUHUPOBATH JIOKAJIN3alIUIO CIIMTBIX OCJIKOB B OXKHMIAaCMbIX KOMITAPTMCHTAXx.

3.4 Ananns KUPHOKHUCJIO0THOIO coCTaBa CYMMAapHLIX JIMIIKT0B TKaHeH JIUCTheB

Nicotiana benthamiana u Nicotiana excelsior

Ananuz HCUPHOKUCTIONTHO20 cocmaed CYyMMAPHbIX JUNUO0E mKaHell tucmoes N.

benthamiana u N. excelsior mpanc@opmuposannvix 6eKmopom, Hecywum et egfp

CnenyeT OTMETHUTH, YTO METOJ TPAH3UCHTHOW DKCIPECCHM B PACTEHUAX IS
OLIEHKH (PYHKIIMOHAIBHON aKTUBHOCTH JecaTypa3 paHee He ObLI MCIOIb30BaH. DTOT
METOA CONPSDKEH XOTh M C HE3HAYUTECIBHBIM, HO TIOPAaHEHHEM JIMCTHEB IIPU
arponH(uasTpanud. Ha ceromHsmHuii ACHH HM3BECTHO, YTO JKCIPECCHS aecaTypas
JKHPHBIX KUCIIOT pacTeHuil, B ToM uncie u A9 mecarypasbl, MOXKET aKTHBUPOBATHCS B
orBer Ha mopanenme (Dar et al.,, 2017; Xue et al., 2018). B cBs3u ¢ stuwMm,
IICPBOHAYAILHO MbI IOMBITAIMCH BBIICHHTH, MOXKET JIM HM3MEHHMThCS npoduias KK
10CjIe MPUMEHEHHS MPOLEAYPhI arpOMH(PUILTPAIIUH, U TAKUM 00pa3oM MOJyYUTh OTBET
0 BO3MOYKHOCTH TPUMCHEHHUS METOAa TPAH3MEHTHOW SKCHPECCHH I MOCCIYIOIeH
OlLIEHKU (PYHKIIMOHAIBHON aKTHBHOCTH J€CATypasbl.

Jliis aToro mpoBenar cpaBHHTEIbHBIN aHanu3 JKK cocraBa, a Takke paccUMTau
WH, cootnomenue KK 18:1 x 18:0 (CAO) u KK 16:1 x 16:0 (ITJO) B KOHTPOIBHBIX,

HeTpaHchOpMHUPOBaHHBIX JTUCThIX pactenuit N. benthamiana u N. excelsior (manee
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obo3nauenbl kak HT-pacrenus), a tak ke B JuCThsax pacteHuit N. benthamiana u N.
excelsior, k KoOTOpbIM TpHUMEHCHAa arpoMHQUIBTPALUS IITAMMOM arpoOaKTEepHid,
HECYIIMM JKcrnpeccuoHHbI BekTop PpVIG-E, ¢ KOHCTUTYTMBHOW 3KCIpeccuei
penoptepHoro egfp rena (nanee o6o3HaueHbI Kak T-pacTeHus).

[Tocne arponnduasTparuu y N. benthamiana otmedeHo mocToBEepHOE CHMKEHHE
tosbko KK 18:1 u 16:3, a takke CJIO (Tabymna 2). B orHomennn kommosuiuu KK B
JMCThAX KOHTPOJIBHBIX M arpoMH(MILTPUPOBaHHBIX pacTeHuit N. excelsior, namwu
OTMEUEHO JI0cTOoBEpHOE cHIkeHue conepxkanusa KK 18:1, 16:3 u CHO, Tak u
cratucTruecku 3Haunmoe yBeauuenue JKK 16:1 (Tabmawuma 3).

B nenoM nomyyeHHbIE pe3ynbTaThl JTEMOHCTPUPYIOT, UTO arpOMH(pUIbTpAIUs,
KaK MOTEHLHAIBHO BO3MOXKHBIA CTPECCOBBIM (hakTOp (IIOpaHEHHE), O-BUAUMOMY, HE
BBI3bIBACT 3aMETHYIO aKTUBALIMIO 3KCIIPECCUU PACTUTENBHBIX JIecaTypas, BKiIrodas 1 A9
necarypasy, MocKoJIbKy npoduinu ymHoeBok (18:2), muHoneHoBo# kuciotel (18:3), u
3HaueHuns MIH ocTanick HEeM3MEHHBIMHU, a COJIEpXKAHUE OJICMHOBON KUCIOTHI (18:1) u
CJ1O mocroBepHO cHU3MWIKCH npu arpouHpuibTpanuu, kak N. benthamiana, tak u N.
excelsior (Ta6muua 2, 3).

Taxum o0pa3om, MOTy4YeHHbIE JaHHbIE, B LIEJIOM, IO3BOJISIOT MPEANONI0KHUTH, YTO
TpaH3UEHTHASI SKCIPECCUSI TEHOB B PACTCHHUHU 3a CUET arpOMH(UIBTPALUN MOAXOIUT
JUIsL OLIEHKHM (PYHKIMOHAJIbHOW aKTUBHOCTH A9 necaTypa3 W arpouH(UIbTpanus
mramMMoM, HecylmiuM BeKTOp pVIG-E ¢ KOHCTUTYTHBHOM 3KCHpECCHEN penopTepHOTO
egfp rena, MoXxeT OBITH MPUMEHEHA KaK 00OCHOBAHHBIN U HAJIC)KHBIN KOHTPOJTb.

JIOTIOJIHUTEIBHO, OCHOBBIBAsICh Ha mosydeHHbIX naHHbIX KK mpodwuns y HT-
pacrenuit N. benthamiana u N. excelsior, cpaBaunu cootHorrenus KK 18 k KK 16
(C18/C16) y »oTux nByX BHAOB Ta0aka, M BBIICHWIHM, YTO 3TO COOTHOIIEHHUE
3HaunTeNnbHO oTanyaercd. Tak, mist N. benthamiana C18/C16 cocrasuno 2.4:1, a musa N.
excelsior - 1:1. TTomumo 3toro, ormeueHsl u pasauuus B MH u 110, xotopsie y N.
benthamiana moctosepro Beime mo cpaBHeHuto ¢ N. excelsior (TaGmuma 4). Takum
oOpa3oM, /Ba BHUJa Tabaka, BHIOPAHHBIX HAMU B KAa4e€CTBE MOJEIBHBIX PACTCHUN IS

OLICHKH (l)YHKHHOHaHBHOfI AKTUBHOCTH F@TCpOHOFI/I‘IHOﬁ Accarypasbl, B OTHOLICHUU
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XK cocraBa MoryT ObITH OTHECEHBI K pa3HbIM THraM pactenuii: C18 — N. benthamiana

u C16 - N. excelsior.



Tabmauma 2. XK cocraB muctheB HeTpanchopmupoBanubix (HT) m tpanchopmupoBannbix (T) pacrenuii N. benthamiana.

3HaueHue + craHgapTHAs OMMOKa 6 SKCIEPUMEHTOB.

N. 16:0 | 16:1 | 16:3 | 18:0 | 18:1 | 18:2 18:3 HUH | CA0 | 110

benthamiana

HT 20.15 | 2.75+ [4.30+ | 3.73+ | 2.60+ | 8.74+ |49.36+ | 1.94+ |0.40+|0.12+
+0.82 |0.31 |0.18*|0.28 0.10* | 0.38 |1.70 0.08 0.06* | 0.01

T 22.16 |2.40+ | 3.27+|3.15+ | 0.79+ | 742+ |52.74+ |1.94+ |0.22+ | 0.10+
+1.74 {035 [0.68 |0.25 |0.17 [0.25 |154 0.03 0.01 |0.01

* nocroBepHbie oTinuus (P<0.05) B 3HAYEHUSX 110 CPABHEHUIO C JUCTHSIMU IKCIPECCUPYIOIIUMHU
eGFP Genok

Tabmuma 3. )KK cocras nmuctbeB HeTpanchopmupoBanubix (HT) u tpanchopmupoBannbix (T) pactenuit N. excelsior. 3nauenue +

CTaHAapTHAas OIIMOKa 6 SKCTIEPUMEHTOB.

N. excelsior | 16:0 | 16:1 | 16:3 | 18:0 | 18:1 | 18:2 | 18:3 HUH | C10 | 110

HT 39.56 |1.85+ [4.89+ |9.05+ |5.08+ |12.7+ |23.38+ |1.18+ |0.34+ | 0.04=+
+0.93 | 0.42* |0.21* |0.24 |0.86* [042 |11 0.06 |0.04* |0.02
T 38.73 |3.54+ | 3.84+ | 10.2+ |1.40+ |14.4+ |23.61x |1.19+ |0.12+ | 0.08+

+1.53 | 0.49 0.17 |0.57 0.20 0.57 ]0.88 0.05 0.02 |0.02
* nocroBepubie oTiHuns (P<0.05) B 3HAYCHUAX 10 CPABHECHUIO C JIUCTHIMHU SKCIIPECCUPYIOIIHMHU
eGFP 6enok




Tabmuua 4. KK cocraB snmcteeB HerpaHnchopmupoBanubix (HT) pacrenuit N. benthamiana u N. excelsior. 3naueHue

CTaHOapTHas omoOKa.
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16:0 16:1 | 16:3 | 18:0 | 18:1 | 18:2 18:3 HH | C10 | 1110
N. 20.15+ | 2.75+ | 4.30+ | 3.73+ | 2.60+ | 8.74+ | 49.36+ | 1.94+ |0.40+ |0.12+
benthamiana | 0.82 0.31 [0.18 [0.28 0.10 | 0.38 |1.70 0.08 0.06 0.01
N.eexcelsior |39.56+ |1.85+ |4.89+|9.05+ |5.08+ | 12.7+ | 23.38+ | 1.18+ | 0.34+ | 0.04=+
0.93 042 (021 (024 (086 |042 |11 0.06 0.04 0.02

+



Ananus dHcupHOKUCIOMHO20 COCMABA CYMMAPHBIX TUNUdoe mraneu aucmoes Nicotiana
benthamiana u N. excelsior sxcnpeccupyrowux een desC 6 paznuunvix komnapmmenmax

Kllemku

Jlnis OlleHKH (PYHKIIMOHATBHON aKTUBHOCTU TeTepojiorTMyHOM A9 necaTypassl B
3aBUCUMOCTH OT €€ JIOKQJIU3allud B PACTUTEIbHOW KIIETKE ObUIM HCIOIb30BaHbI
HITaMMbl arpo0akTepuii, HECYIIMX BTOPYIO CEpPUI0 BEKTOPOB, B KOTOPBIX TI'€H
reTepoJiornyHol A9 necatypasbl HE UMEET CUTHAIbHOW mnocienoBarenbHoctu (pVIG-
D9, Pucynok 7A), WM CIMTBHIA ¢ CHTHAJIBHBIMU mocienoBaTeabHocTsIMH (pVIG-Lch-
D9 - Pucynok 7b, m pVIG-D9-ER — Pucynokx 7B), mns Toro, 4roObl 00ecmeunTh
JOKAIIM3alMI0 [IETIEBOTO OelKa B Pa3HBIX CYOKJIETOYHBIX KOMIIAPTMEHTAX PaCTEHHM
(xmoporutact u JIIP). DkcnepuMeHT ObUT MPOBENEH Ha JIBYX BHIAX MOJEIBHBIX
pacrenuii Tabaka N. benthamiana u N. excelsior. B sTux skcnepuMeHTax B KauecTBe
KOHTPOJISI HCIIOJIb30BAIM  arpOMH(DUIBTPAIIMI0O MOJIETBHBIX PACTEHUH IMITAMMOM,
HecymuM BekTop pVIG-E (koHCTHTYTHBHAS SKCHIpeccHs penopTepHoro egfp rena).

OYHKIMOHANBHYIO aKTUBHOCThH JIecaTypasbl HCCIEAOBaIN IyTEM CpPaBHEHUS
npodueit xKupHeIX kuciaor. CpaBaurenbhbii ananmu3 XK cocrasa, CJ1O, I1J10 u 1H,
MoKa3aJy J0CTOBEpHOE yBenuueHune coaepxanne Toiabko KK 18:2 u 18:3, a takxke UH B
JHMCThAX arpouHmIbTpupoBaHHbix pacteHuit N. benthamiana um N. excelsior mo
cpaBHeHHIO ¢ KOHTpoJsieM. IIpu stom yBemmnuenune KK 18:3 m MUH He 3aBuceno ot
Jokanu3zamuu A9 necaTypa3bl B KOMIAPTMEHTAX PACTUTEIBHOW KIIETKH, TOTJA Kak
yBenuuenue KK 18:2 xapaktepHo TOJIbKO mpH Jokaim3auuu A9 necarypasbl B
xjoporuiactax u JIIP, Ho He B uuromnazme. [lomumo storo, comepxkanue KK 16:1
OCTaJIOCHh 0€3 U3MEHEHHI Y BCEX BapHaHTOB arponHmibTpupoBanHbix N. benthamiana
u N. excelsior, B ormuune or XK 16:0 u KK 16:3. Tak, misa KK 16:0 ormedeHo
JIOCTOBEPHOE CHW)KCHHE Y BCEX BApUAHTOB PACTEHUH, 32 MCKIIOUEHHUEM BapHaHTa C
xJoporiacTHo# Jokanusarnert st N. benthamiana, Ho mpm sToM criexyer 0cobo
OTMETHTh, 4YTO Bce BapuaHThl N. excelsior xapakTepu3yroTCs 3HAYUTEIbHBIM
camkennem coxaepxkanus KK 16:0 (B cpennem B 10 pa3z). Conepxanue XK 16:3
JOCTOBEPHO YBEJIMUYEHO y BCeX arpouH(mibTprpoBaHHbIX BapuaHToB N. benthamiana,

Ho He N. eXCQISiOr, A1 KOTOPOro AOCTOBCPHOC YBCIIMYCHUC OTMCUYCHO TOJBKO IIpHU



71

gokanu3aumu A9 gecarypa3dbl B IMTOINIa3Me MW XJoporacrtax, HO He B OIIP.
CpaBuurenpsubiii anamu3 KK 18:0 u KK 18:1 y Bcex arpomHpUiIbTpupOBaHHBIX
BapuantoB N. benthamiana u N. excelsior mo3Bonun BEISIBUTE HEKOTOPBIE 0COOEHHOCTH
sTuX mnokaszareneil. Tak, komuuectBo KK 18:0 10CTOBEpHO yBEIMYEHO Yy BCEX
arponHmIsTpupoBanHbIX BapuanToB N. benthamiana u N. excelsior, 3a uckirodenuem
Bapuanta N. benthamiana c mokammsanueit rereposornynoit A9 nmecatypassl B
muroruiazme. OjHako, Bce BapuaHThl N. excelsior xapakTepu3yrTcs CyIIeCTBCHHBIM
yBenunueHuem konmdectBa KK 18:0 (6onee uem B 3 paza). Conepxxkanue XK 18:1 umeet
MPOTUBOIOJIOXKHBIE  TEHJICHIMM Y  arpoMHOWIBTPUPOBAHHBIX  BapuaHToB  N.
benthamiana u N. excelsior: eciau mas BceX BapHaHTOB JOKAIM3AIMK TETEPOJIOTHIHOMN
A9 necarypasel y N. benthamiana ormedeno nocroseprnoe yBenmmdenne KK 18:1, To y
N. excelsior — nocroBepubix u3meneHuit JKK 18:1 He BbIIBIICHO.

IIpn cpaBrenunn 1110 n C/1O Takke oTMEYEHBI NPOTHUBOIOJIOKHBIE TEHACHINN
i arpouHuIbTprpoBaHHbIX BapuanToB N. benthamiana u N. excelsior. Tak mist Bcex
BApUAHTOB JIOKAMW3allMK TeTeposioruyHor A9  necarypasbl, 3a HCKIIOYECHUEM
nokanu3aruu B OIIP, y N. benthamiana ormeueno nocroBeprnoe yBenmuenue CJO, u
TOJIBKO sl BapuaHTa ¢ jokanuzauueit B 1P — nocroBepnoe yBenuuenue I10. s
N. excelsior — CJIO cumxkaercs, B omimune oT I1J10, koTopoe IEeMOHCTpUPYET
cyliecTBeHHOe yBenudeHue (B cpeaneM B 10 pa3) (Tabawma 5, 6).

Takum o00pa3om, OTHU PE3yNbTAThl JAEMOHCTPUPYIOT, YTO TepMOUIbHAsS
uaHoOakTepuanbHas A9 nmecaTypasa, TPaH3UEHTHO JKCIIPECCHpPOBAHHAS B JIBYX BHJAX
Tabaka, BBI3bIBACT 3HAYUTEIHHBIC W3MEHEHHUS B JIMIUIHOM METaOOIM3ME JINCTHEB B
CTOPOHY YBEJIMYCHHS HEHACBHIIIEHHOCTH >XUPHBIX KHUCIOT U €€ (PyHKIIMOHAIbHAS
aKTUBHOCTH MOYET 3aBUCETh KaK OT MCIOJIB30BAHHOTO BUA MOJENBHOTO pacTeHus - N.

benthamiana u N. excelsior, Tak u ot Jokanu3aru DesC B pacTUTEIBHON KIIETKE.



Tabmuuer 5. KK cocraB tpancdopmupoBanubix smctheB N. benthamiana wa 7 cyrtkm mocne tpanchopmaruu. 3HAYCHUS

CTaHOapTHas omunoOKa 1o 6 OKCIICPUMCHTAaM.

N. 16:0 16:1 16:3 | 18:0 | 18:1 | 18:2 18:3 HNH Cca0 | 1mao
benthamian
d
pVIG-E 22.16+ | 240+ |3.27+ |3.15+ | 0.7+ | 7.4+ 5274+ | 194+ |0.22+ |0.10+
1.74 0.35 |0.68 025 ]0.17 |0.25 1.54 0.03 ]0.01 0.01
[Mutomnasma | 18.36+ | 2.37+ |5.79+ |3.19+ |19+ |7.7+ 57.00+ |2.05+ |0.35+ |0.12+
0.9* 040 |0.65* |0.81 |0.28* |0.23 1.12* 10.03* |0.05* |0.01
Xnaopomnact | 20.87+ | 2.28+ |5.35+ | 3.84+ | 1.44+ | 8.0+ 5739+ |2.02+ |0.27+ |0.11+
BI 0.86 056 [0.94* |0.17* | 0.21* |0.13* |1.43* |0.02* |0.02* |0.02
OITP 18.5+ |2.60+ |5.87+ |4.01+ |1.24+ |8.56+0.|56.10+ |2.06+ |0.22+ |0.13+
1.26* |0.57 |0.55* |0.25* | 0.12* | 31* 1.16* |0.04* |0.04 0.01*
* nocroBepHbie oTiung (P<0.05) B 3HAYEHUSIX 110 CPABHEHUIO C JIUCTHSIMU, TPAaHCHOPMUPOBAHHBIMHU
BekTopoM PVIG-E u sxciipeccupyromumu eGFP 6enok

=+
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Tabmuuer 6. KK cocraB tpancdopmupoBanHbix juctheB N. excelsior ma 7 cyrkm mocie TpaHchopMmanuu. 3HAYeHUsS *

CTaHOapTHas omunoOKa 1o 6 OKCIICPUMCHTAaM.

N. 16:0 16:1 |16:3 18:0 18:1 18:2 18:3 NH Ca0 | mao

excelsior
pVIG-E 38.73+ | 3.54+ | 3.84+ |10.2+ |1.40+ 144+ |23.61+ |1.19+ |0.12+ |0.08+
1.5 0.49 0.17 0.57 0.20 0.57 0.88 0.05 0.02 0.02

[Murorurasm | 0.40+ | 3.48+ |4.35+ |34.6+ |1.19+ 14.14+ | 29.80+ | 1.40+ | 0.03+ |0.90+

a 0.18* [0.41 0.12* [1.32* ]0.18 0.63 0.87* |0.04* |0.02* |0.03*
Xnoporutac | 0.29+ | 3.67+ |[4.70+= | 37.2+ |1.19+ 16.3+ |29.28+ | 1.33+ |0.03+ |0.92+
TBI 0.05* 10.80 0.27* [1.33* ]0.28 0.55* |190* |0.04* |0.01* |0.05*
OIIP 038+ |4.39+ |3.28+ |42.7+ |1.52+ 16.6+ |27.23+ | 137+ |0.03+ |0.92+

0.07* |1.66 0.66 3.84* |0.66 0.70* |0.81* |0.06* |0.01* |0.02*
* nocroBepHbie oTiuud (P<0.05) B 3HAYEHUSX 110 CPABHEHUIO C JIUCTHSIMU, TPAaHCPOPMUPOBAHHBIMHU
BekTopoM PVIG-E u sxciipeccupyromumu eGFP 6enok




MWHUMYM MaKkCUMym

16:0 16:1 16:3 18:0 181 18:2 18:3 |[16:0 16:1 16:3 18:0 18:1 18:2 18:3

B @ : . : 1.0 @113.4 338.0

N. benthamiana N. exelsior

Pucynok 11. Tennosas kapta usmenenuii coaepxanus XKK B nuctbsx
tpaHnchopmupoBaHHbIX pacterui N. benthamiana u N. excelsior B mporieHTax ot
koHTpos (PVIG-E) nmpunsitoro 3a 100%, Ha 7 neHp nocine TpanchopManuy npu

nokanuzanuu A9 necarypasbl B nutormiasme (A), xmopomiacrax (b), u OI1P (B).

3.5 OnpenesieHue ONTUMAIBLHOM BHYTPUKJIETOUYHOI JoKkaau3anuu A9 necarypasbl

[To mamemy MHeHHIO, HauboJiee HATJISAHBIM IMAPAMETPOM OILICHKH BEITUYMHBI
aKTUBHOCTU TreTeposiornyHor A9 necatypaspl, B TOM WM HHOM KOMIApTMEHTE
pacTUTENbHOM KJIETKH, SIBJISETCS 3HAUEHHE OTHOLUEHUs MNPOAYKT/CyOCTpaT peakuuu
necatypanud. J[aHHBIA TTapaMeTp HEMOCPEICTBEHHO OTPAXKaeT BEIMYHUHY aKTUBHOCTHU
A9 necatypasbl, nockoyibky A9 necatypasza crnenuupuyHa B OTHOIICHUU CTEAPUHOBOM
KHUCIIOTHI (BBOJUT JBOMHYIO CBA3h Mexay 9 u 10 aromom yriepoja B allUiIbHOM IenH
KUPHOU KHUCIOThI). CpaBHEHHE OTHOIICHUS TMPOAYKT/CyOCTpar TMOKa3ano, dYTO
HauOobIass aKTHBHOCTh rereposiioruunoit A9 gecarypassl y N. benthamiana
HaOmromaercs B xmoporiactax (p<0.01) (Pucynok 11), a 'y N. excelsior B DITP (p<0.05)
(Pucynox 12).
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Pucynok 11. OtHomieHue mHpoayKT/cyOCTpar B TpaHCHOPMUPOBAHHBIX JUCTBAX N.

benthamiana. A - «koutposms (PVIG-E, oskcnpeccus eGFP ©Oenka). b —
HUATOIUIa3MaTHyecKas Jiokanuszanus A9 nmecatypasel. B — xyoponiactHas JoKaIM3anus
A9 necarypaszbl. I — nokamm3zanuss A9 necarypasel B OIIP. 3nauenne + cranmaptHas
omunbka Mo 6 SKCIepUMEHTaM. * — JIOCTOBEPHOE OTJIMUME 3HAYCHHS] OT KOHTPOJIS

(pVIG-E, skcnpeccust eGFP 6enka), p<0.01 (t-kputepuii CThIO/ICHTA).
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Pucynok 12. OtHoiieHHe MpOIyKT/cyOcTpar B TpaHCHOPMUPOBAHHBIX JUCTBIX N.
excelsior. A — xontpoisb (PVIG-E, skcnipeccust eGFP 6enka). b — nuroriazmaTiaeckas
nokanu3anusa A9 necatypasbl. B — xnopormnacthas nokanuzamus A9 necarypassl. [T —
nokanmu3anusa A9 necatrypasst B OIIP. 3nauenwe + cranmaptHas ommbOka 1o 6
SKCIIEpUMEHTaM. *, ** — nocToBepHOE OTIMUWe 3HaueHuss oT KoHTpoias (PVIG-E,

skcnpeccus EGFP 6enka), p<0.01 u p<0.05 cooTtBercTBeHHO (t-KpuTepnii CThIOEHTA).
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I'maea 4. OBCYKJIEHUE PE3YJBTATOB UCCJIEJOBAHUSA

B nacrosBuieit pabotre Obuia Mpou3BEACHA MOMBITKA OTBETUTh HA CIEAYIOLINE
BOIPOCHI:

® MOXHO JM B NPUHIUIIEC TPUMEHUTH MOIXOJ] TPAH3UEHTHOW HDKCIPECCUU
TCHOB B MOJICJIBHBIX pACTEHUAX Tabaka s W3ydeHHs ()yHKIIMOHATHHOU
aKTUBHOCTHU JiecaTypas, Ha MpuMepe reTeposiornuHoil A9 necatypassi;

e ecTh JM mpedepeHInH y OJHOTO U3 BBHIOPAHHBIX KOMIAPTMEHTOB
pacTUTENbHOM  KJIeTKM (uuroriazma, xjoporact u  OIIP)  ans
(GYHKIIMOHUPOBAHUS TeTeposIoTuUHOM A9 necatypassi;

® 3aBUCUT JiM (PYHKUMOHAJIbHAs AaKTHUBHOCTb TETEPOJIOTMYHOU A9
Jecarypasbl OT HCIOJB30BAaHHOTO BHAa MojAenbHOro pacteHus - N.
benthamiana u N. excelsior.

[{uanoOakrepuanbHas A9 necatypasa S. vulcanus Obuta BeIOpaHa ¢ OMOpOW Ha
paHee TIONyYeHHBbIC TPEJCKa3aHusd M OKCIIEPUMEHTaIbHbIe JaHHbIE. M3BeCTHO O
romoJiornu auui-KoA necarypas (ADS) pacrenuit u A9 anun-IMnuaHbIX JIecarypas
mmaHoOakrepuii (Bryant et al., 2016; Chen, Thelen, 2016; Smith et al., 2016; Los et al.,
2013). TepmodunabHass A9 anuiI-IMnUaHAsS —Jecarypasa IMPd  KOHCTUTYTHBHOU
9KCIPECCHH B TPAHCTCHHBIX pacTeHusix Tabaka (Nicotiana tabacum) u ¢ nokanuzanueit
B ruroriasme (Orlova et al., 2003) wim xmoporutactax (I'epacumenko u coaBT., 2015)
s dexTuBHO TpeBpaiaet creapuHoByro Kucioty (18:0) B onennoByto kucioty (18:1) u
BBI3BIBACT 3HAYWTEIBHBIC HW3MCHCHHS B JIMIIKUAAX MeMOpaH JIMCTHEB B CTOPOHY
YBEJIUYCHHUSI HECHACBIIIICHHOCTH JXUPHBIX KUcioT (['epacumenko u coart., 2015; Orlova
et al., 2003). 1 nakonemn, TepmoduabHas A9 anuiI-IMNUIHAS AecaTypa3a MOXKET
pacrno3HaBaTh U JiecaTypHpOBaTh Ba cyOcTpaTa - JTUMHA-CBSI3aHHBIC KUPHBIE KHUCIOTHI
16:0 u 18:0 (Kiseleva et al., 2000), nposiBisist npeanourenue kK creapuroBoit KK (18:0)
Y HE3HAYUTENbHYIO crielu(duuHOCTh B oTHOLEHUU naibMUTHHOBOM KK (16:0) (1% no

cpaBaenuto ¢ JKK 18:0) npu skcnpeccun B N. tabacum (I'epacumenko u coast., 2015;

Orlova et al., 2003).
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Hns  wu3ydeHus (PU3MOIOTHYECKOW POJM TEHOB, a TaKXke [JIS OLEHKU
(GYHKIIMOHATFHOW aKTHBHOCTH MPOYKTOB IIEJIEBBIX T€HOB MCCIICIOBATEIN UCTIOIB3YIOT
pa3HoOOpa3Hble TEHHO-WH)KCHEPHBIC TIMOAXOJbI, BKIIOYAs CO3JaHUE TPAHCTECHHBIX
PaCTeHHMIA C IKCIIPECCHEl TeJIEBBIX TEHOB U BBIKITIOYEHHE YKCITPECCHUH TEIEBBIX TEHOB 3a
cuer npumenenuss TexHonorun PHK-untepdepenmmu. CnemyeT OTMETUTb, YTO
CHCTEMBbI CTAaOWIBHON TpaHchoOpManuu IUIsl MHOTUX PACTCHHU JOCTATOYHO CIIOXKHO
pa3zpaboTaTh, a CTpaTerMl HAa OCHOBE JKTONMMYECKOW AKCIPECCHH, HECMOTPS Ha HX
NPUMEHUMOCTbh, JaKe B MOJCIBbHBIX pacteHusx A. thaliana, TpeOyroT 3HaYMTENHHBIX
BPEMCHHBIX M MaTepUAIbHBIX 3aTpaT. YUHTHIBas, 4TO JUIA psga BUIOB Tabaka, W, B
gactHocTH, Js N. benthamiana u N. excelsior, pa3paboranbl BbICOKO3(EKTHBHBIC
CHCTEMBI TpaH3MeHTHOU 3kcnpeccun (Gerasymenko et al., 2019), B HacTosiee BpeMs
GYHKIIUM MHOTHX OEJIKOB, B TOM YHCIE W B PACTCHHSX, HUIACHTH(QHUIMPOBAHBI U
NPOSICHEHBI HA OCHOBE JAHHBIX O TPAH3UCHTHOW JKCIPECCUM IEIECBBIX TEHOB B ATHX
pactenusx Tabaka (Anwar et al., 2018; Ji et al., 2018; Li et al., 2019; Sheludko et al.,
2018; Thodberg et al., 2018).

PacTeHuss mMer0T MHOTO JecaTypa3 HPHBIX KHCJIOT, KOTOPhIE OTBEYAIOT 3a
cunte3 Oompiieit yactu [THXKK. Mx BaxkHas poib il U3MEHEHUSI COCTABOB KUPHBIX
KHCJIOT B CEMEHAX MACIMYHBIX KYJIbTYp, @ TAKXKE B KU3HEACATSIEHOCTH PACTCHUN TIpH
JEHCTBUN OMOTHYECKMX U a0MOTHYECKHX CTPECCOB TMOATBEPIKIICHA SKCIIEPUMEHTAILHO
(Craig et al., 2008; Los et al., 2013; Orlova et al., 2003; Shi et al., 2018; Smith et al.,
2013; Zhang et al., 2014).

OnmHako MHOTHE TIPEACTABUTENIM JTOTO Kiacca (PEPMEHTOB OCTAIOTCS, HE
OXapaKTePU30BaHbl C TOYKH 3pEHUS UX (PYHKIMOHAIBHONW aKTHBHOCTH, CyOCTpaTHOU
CieUU(UIHOCTH, W WX (PHU3UOJOTHYSCKOW POJM B PACTUTCIBHBIX KJIETKAaX. OITO
3a9acTyl0  OOYCJIOBJICHO  TPYJOEMKOCThIO  T€HHO-WH)KEHEPHBIX  TOJXOJO0B |
JUIMTEBHOCTHIO TPOBOJAMMBIX MaHHUMYJISIUN, KaK MPaBUIIO, HUCIOJb3YEMBbIX B TaKHX
UCCIICIOBAHMSIX. B CBSI3M C BBINICH3/I0)KEHHBIM, BOSHUKAET BOIIPOC MOKHO JIA OICHHUTH
(YHKIIMOHANBHYIO aKTUBHOCTh T€TEPOJIOTMYHON JecaTypasbl, HCHOIb3YsS METO[
TPAH3UEHTHON SKCIPECCUH TEHOB B PACTCHHSIX, KaK HAJICKHBIA U TIPOCTON TOIXOM IS

u3y4eHus (PyHKUINU TeHHBIX TPOAYKTOB?
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Coxpanenue, B 1enom, npoduis XKK B nuctesax pacrenuit N. benthamiana u N.
excelsior npu ux tpancopmaiuu BektopoM VIG-E 1m0 cpaBHEHHIO ¢ pacTCHHIMHM
nukoro tuna (Tabmmma 2 u 3), mo3BOJIMIIO clieslaTh 000CHOBAHHOE 3aKIIOYEHHUE O TOM,
YTO METOJI TPAaH3UEHTHOMN PKCIIPECCUU I'€HOB B PACTCHUSIX MOXKET ObITh MPUMEHEH ISt
OLICHKM aKTUBHOCTU TereposiornuHoi A9 necarypasbl. [lpu 3TOM arpoumHuiasTparus
mraMMoM, HecyuM BekTop PVIG-E, onpenenena kak KOPPEeKTHBIA KOHTPOIb JIJIS 3TUX
HUCCIIEeI0OBaHUMH.

Kak ormedeno Beime, A9 anmn-nmunuaHas AecaTypa3a MOKET KaTalUu3HpOBATH
necarypaiuio 1Byx cyoctparos - KK 16:0 u 18:0 (Kiseleva et al., 2000). Pe3ynbTaTh!
cpaBuuTenbHOro ananusa JKK npoduns y pacrenuit aukoro tuna N. benthamiana u N.
excelsior, mamu BO3MOXHOCTh OTHECTH STH MOJCIbHBIC PACTEHUS K JBYM pa3HBIM
tuniam B oTHomreHud JKK kommosurmm, a wummenHo, N. benthamiana smnsercs
npenacrasutesieM C18 tuma, a N. excelsior - C16 (Tabnuma 4). B cBsi3u ¢ 3THM, MOYKHO
OKMJaTh, YTO B 3TUX JBYX MOJEIBHBIX pPacTEHUsAX rerepojornyHas A9 necartypasa
OyzeT UMETh pa3Hoe MPEANOYTeHHE K oJHOMY U3 cyocTpatos, KK 16:0 - y N. excelsior
u XKK 18:0 — y N. benthamiana.

Jis Toro 4ToOBl BBISICHUTH NPUMEHUMOCTb TPAaH3UEHTHOM SKCIPECCHUH B
MOJICJIBHBIX PACTEHHUSIX Tabaka I U3ydyeHUs (PYHKIMOHAIBHOW AKTUBHOCTH W/WIIU
cyoctpatHoit  cnenuduyHOCTH  reTepojormuHo A9 gecaTypasbl, pOBEICH
CpaBHUTENbHBIA aHanu3 komno3uimu KK y pactenuit arpomHUIBTPUPOBAHHBIX
mTaMMamu, HecymuMHu BekTop pVIG-E u Bekropamu, HECYIIMMHM LEJIEBOW TEH
nuanobaxkTepranbHoi A9 necarypassl (nanee, Oyayt o6o3HaueHbl kKak DesC pactenusi)
(Tabmuma 2 u 3). Hamu otMeueHsl pa3ubie 3Q(PEeKTh y IBYX MOJEIBHBIX BUJIOB Tabaka
oka3biBaeMbIe Ha coctaB u conaepxkanue JKK. Tak, netaibHbI CpaBHUTEIBHBIN aHAIN3
coctaBa xupHbIX kuciaoT y N. benthamiana mokaszan cienyroriee: ypoBeHb OHON U3
OCHOBHBIX HACBIIMIEHHBIX KUCIOT - 16:0 cHu3mics, a apyrou - 18:0 — yBenuuuics. [pu
9TOM KoJimuecTBO MoHOHeHachIIeHHoi JKK 16:1 e m3mMenmnoch, a koanmdecTtBo 18:1
nocroBepHo yBenuuuiioch (Tabmuua 5, Pucynok 11). Ilomumo 3toro, y pacteHuit
TPaH3UEHTHO 3KcIpeccupyromux A9 aecarypazy OTMEUEHO 3HAUUTENILHOE YBEJIMUEHUE

U OCHOBHBIX TPHEHOBBIX >KHMPHBIX KuciaoT - 16:3 m 18:3, a Takxke wuHHAEKcCa
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HeHacoimennoctu (MH) (Ta6bnuna 5, Pucynok 11). CiaegoBarensHo, BeCbMa BEPOSITHO,
YTO TpaH3WEHTHAs DKCIpecCHs rereposiorndyHol A9 necatypasel IpuBena K
HAaKOIUICHWIO  KOHEYHBIX  MPOAYKTOB  BCJIEACTBUME  OONBIIEH  JOCTYIHOCTU
MPOMEKYTOUHBIX MPOJYKTOB W/WIM TPSMOW aKTUBAIMK (PEPMEHTOB, KOTOpHIC
BBIIIOJIHAIOT MOCIEAYIOIIUE CTaguu Jecarypalud. OTO SBJICHHE OTMEYEHO U B
TPAHCTEHHBIX PACTCHH, CTAaOMIBHO OKCIPECCHPYIOMIUX reTeposornynsie A9
necarypasbl, B ToMm uuciie u u3 S. Vulcanus (I'epacumenko u coaBt., 2015; Bryant et al.,
2016; Craig et al., 2008; Dar et al., 2017; Los et al., 2013; Zhao et al., 2015).

[Tpu cpaBuenun npoduist KK y N. excelsior mokasaHo, 4To mpu TpaH3MEHTHOMN
AKCIpPECCUU TeTepojorndyHor A9 gecaTypa3bl HU3MEHSIOTCS YPOBHM OCHOBHBIX
HaCBICHHBIX KucaoT (rmo cpaBHeHmio ¢ N. benthamiana) (Pucynok 11). Tak,
kommuectBo KK 16:0 m 18:0 pgpamaTuueckoe CHUXKAeTCsl W YBEJIMYHMBAETCH,
COOTBETCTBEHHO, HO MPH 3TOM JOCTOBEPHO YBEJIMYMUBAECTCS TOJBKO KOJUYECTBO
MoHoHeHacbineHHon KK 16:1, a konuuectBo 18:1, B 11e710M, COXpaHsSeTCs HA YPOBHE
koHTpos (Tabmumna 6, Pucynok 11). ITomuMo 3T0r0, Mpu 3KCNPECCHH TETEPOJTOTHUHON
A9 necarypasbl y N. excelsior Taxke 3HaYUTEIHHO U3MEHIIIOCH cooTHoeHne C18/C16
(1.3 — mna HT-pacrenuit u pVIG-E pactennii u 10:1 — ams DesC pactenuit).
VBenuuenne cootHomeHuss C18/C16, a takxke yBeaudyeHHE aOCOJIIOTHBIX KOJUYECTB
xupHbIX kuciaor C18, ¢ coorBercTBeHHbIM cHMWkeHHeM KK C16, B mucteax DesC
pacTeHul MOTEHIUAIBFHO MOXET ObITh BBI3BAHO MOBBINIEHHOW aKTUBHOCTBIO CHHTA3bI
KUpHBIX Kkuciot II, koTopas, BeposSTHO, MPOUCXOAUT IO MPUUMHE YBEITUUYCHUS
NOTpeOICHUST CTEApUHOBOM KHCIIOTHI 3a CUET BBICOKOW skcmpeccun A9 pecaTypasbl
(Orlova et al., 2003). DToT MexaHHW3M KJIETOYHOW PETYJAIUH, 1O BCEH BUIAMMOCTH,
HEOOXOAMM i TOJJIep)KaHUs OOIIero YpPOBHS HEHACHIIIEHHOCTH, C IIEJIbIO
COXpaHEHUS ONTUMAJIBHONW TEKydecTH MeMOpaH TIpU HOPMAIBHBIX  YCIOBHSIX
xu3HenesaTenpHoct pacrteHuid (Los et al., 2013). OtMeTrm, 4TO coaepKaHHUE IPYTUX
POICTBEHHBIX HEHACHIIICHHBIX )KUPHBIX KUCIIOT, B TOM uucie 16:3 u 18:3, a takxke MH,
Ipu dKCIpeccun rerepojornyHon A9 necarypassl B muctbax N. excelsior mo nexoropoii
creneHu yBeanumiuch (Tabmauna 6, PucyHok 11). OTu pe3ynbTaThl CBUAETENBCTBYIOT O

TOM, 4TO reTeposiornuHass A9 necaTypasza, oOTBe4ass 3a CHHTE3 OJICMHOBOM W
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NaJIbMUTOJICMHOBON KHCIIOT, B 3HAYUTEIBHOM CTENEHH CIIOCOOCTBYET U HAKOIICHUIO
[THXK.

[TomydyeHHBIE naHHBIE TaKXKe MPOJEMOHCTpPUpoBaiu, uTto A9 necarypasza S.
vulcanus mnpu TpaH3MEHTHOW OSKCIPECCMM B PACTCHUAX, B IEJIOM, MPOSBISCT
cyoctparnyro cienuduanocts 1 k JKK 16:0, u x 18:0, kak y N. benthamiana, tak n y N.
excelsior (Tabymma 5 u 6, Pucynok 11), X0Ts, kKak ObUTO MPOJIEMOHCTPUPOBAHO paHEe,
IpY CTaOMIIBHOM SKCITPECCHH 3Ta JKE JiecaTypas3a B TpaHCTeHHBIX pacTeHusx N. tabacum
nposiBisieT npeanourenue k KK 18:0 (I'epacumenko u coat., 2015; Orlova et al.,
2003).

Takum 00pa3oM, COBOKYNHOCTb IIOJIYYEHHBIX pE3yJlbTaTOB IO3BOJSET C
YBEPEHHOCTBIO YTBEpKIaTh, UYTO (PYHKIMOHAIbHAS AaKTHBHOCTh U CyOCTpaTHas
CHEM(PUUHOCTh TeTepoJOoruuHbIX A9 necarypa3 MoxeT ObITh TPOSICHEHA C
MCTIOJIb30BaHUEM TPAH3UEHTHOM IKCIPECCHUU IIETIEBBIX TEHOB JlecaTypa3 B MOJEIbHBIX
pactenusix Tabaka N. benthamiana u N. excelsior.

Kak ymomsHyTO BBINIE, TETEPOJOTHYHBIE JecaTypasbl, KaTaIU3UPYIOIINE
koHBepcuto KK 18:0 B 18:1 sdpdexkTnBHO PYyHKIMOHUPYIOT B PACTEHUSIX KaK MpHU
nokanu3anuu B ruroriazme (Orlova et al., 2003; Zhao et al., 2015), Tak u B mactuaax
(Tepacumenko u coart., 2015; Craig et al., 2008), ¢ mocnenyromum 00pa3oBaHHEM
[THKK 3a cuetr akTUBHOCTH CIEHU(PUUECKUX JecaTypa3 pacTEHUH, JIOKATU30BAHHbBIX B
OINIP m mactumax.

B sTOoM nccnenoBaHu#M MBI Tak)Ke TIOTMBITATUCH BBIICHUTH €CTh JIU MpedepeHIInn
y pa3HbIX KOMIIAPTMEHTOB PacTUTEIbHOM KIIETKU (uuToruiasma, xjopomiact u JIIP)
Ui (YHKIIMOHUPOBAaHUS TeTeposiornyHo A9 necaTypasbl, M, MPEXIE BCEro, B
orHowmennu konnuectsa [THKK n MH. [Ins storo onpenenmnim XKK coctaB B IUCThsIX
N benthamiana u N. excelsior skcnpeccupyronux desC ren nuaHobGakTepuil B
Pa3IMYHBIX KOMIIAPTMEHTA PACTUTENHHON KIeTKH. CpaBHEHHE MOTYYCHHBIX JAHHBIX C
KOHTPOJILHBIMU ~ PACTCHHSIMH  (dKCIpecCUpyroIUMU TeH egfp), mno3Bomwim Ham
ompenenuTh, 9to A9 necarypasa S. vulcanus mpu TpaH3MEHTHON KCIIPECCHUU B PAa3HBIX
KJIETOYHBIX KOMIApPTMEHTaX pACTUTENbHOW KIJIETKH, B 1EJIOM, OOeCreuyrBacT

noctoBeproe yBenuuenue [THXKK, MH (Tabauma 5 u 6, Pucynok 11) u oTHOmeHus
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npoaykr/cyocrpar (Pucynok 11 m 12) y aByx BumoB Ttabaka N. benthamiana u N.
excelsior. CpaBHeHHE OTHOIICHHS NPOAYKTa pEaKIUH Jecaryparuu (OJCHHOBAs
KHCJIOTAa) K cyOcTpaTy (CTeapuHOBas KHUCJIOTA) MOKa3ajio— HauOoJiblllas aKTUBHOCTH
rereposiorndroii A9 necarypasel y N. benthamiana nabmogaercs B Xjoporiacrax, a y
N. excelsior B OI1P.

HoctoBepHoe yBenmuuenue [THXKK 3a cuer nokamuzanuu rereposiorudHoirlt A9
JiecaTypasbl B IJIACTUAAX XOPOIIO apryMEHTHUPYETCS HAJIUYMEM B 3TOM KOMITAPTMEHTE
pacTUTENIbHONW KIIETKHM cTeapuHOBOM kucioThl (18:0) kak cyOcTpata mjis 3TOrO
dbepMmeHTa, U MOCIEAYIONIEeH JlecaTypalel mpoayKTa peakiuu (OJEHHOBOW KHUCIOTHI
(18:1)) B TIHXK 3a cuer cneuuduyeckux Jecarypad pacTeHHH, Takxke
JOKaJIN30BaHHBIX B 3ToM KommnaptMente (Dar et al., 2017) (Pucynok 13).

B OIIP XK 18:0 (kak cyOctpaT mjis rerepojioruyHor A9 amui-munuHou
necarypasbl), nocrasisgemas ¢ myiqoMm KK cBszannbix ¢ kodH3umMoM A (OKK-KoA) us
[IUTOTIa3MBbI (KaK MpaBuiio, U3 TMNUAHBIX Tex) B DIIP, MoxeT ObITh nipeBparnieHa B KK
18:1, ¢ mampuedmeit npespamenueM B [THXKK 3a cuer cnemuduueckux gecartypas
pactenuid, jokaau3oBaHHbIx B DI1P (Dar et al., 2017; Los et al., 2013) (Pucynoxk 13).

He cmoTps Ha mody4yeHble JlaHHbIE O TMPUOPUTETHOM  JIOKAIM3alUU
rereposiornynoii A9 necatypasel (N. benthamiana — xmopornacter (rumactumer), N.
excelsior — DOIIP) Henp3s HE OTMETHTH TOrOo (hakra, 4TO TpU JoKamu3anuu A9
JiecaTypasbl B IUTOIIA3ME TAK)KE MTPOUCXOJIUT CYIIECTBEHHOE N3MEHEHUE B JIUTIHIHOM
MeTabonu3Me, BbIpakeHHOe B yBenuueHuu coaepxkanus [THXK. B orHomenuun
JTaHHOTO (heHOMEHA MOXKET OBITh MPEJIOKEH CICAYIONINH MEXaHH3M, MOCPEICTBOM
kotoporo yBennuuBaetrcsi koiumdectBo I[ITHXKK. Ilockonbky A9 anun-nunuaHas
JecaTypa3a OTHOCUTCS K KJaccy MEMOpPAaHOCBSI3aHHBIX JlecaTypa3 M HE MOXKET
(GYHKIIMOHUPOBATh, HEe OyAy4uM HHTErpupoBaHHOW B MemOpany (Chintalapati et al.,
2006). Ilo-Bummmomy, A9 amui-numnugHas [gecaTypa3a BCE K€ BCTpaMBacTCsS B
MeMOpaHHbIe CTPYKTYpbI, He cBsizaHHble ¢ DIIP u xnopomnacramu. Bo3moxxHO, B 3TOM
Cllydae HCIIOJB3YETCS MEXaHW3M OOMEHa KHUPHBIX KHUCJIOT MEXIYy MeMOpaHamu
mwiactua u OIIP, T.e. rereponoruynas necarypasza katanusupyer aecarypanuio KK

18:0, mnpexncraBnenHyro B wurominamarudeckom nyne JKK-KoA, a npogykr
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necaryparuu KK 18:1, no-Buaumomy, gaibliie MOKET UMIOPTUPOBATHCS B IJIACTUIBI
u/mwmu OIIP, rne mpoucxomutr oOpazoBanue [THXKK 3a cuer gecarypas pacteHwuid,

cnenupuIecKux A Kaxaoro komnaprMmenta (Pucynox 13).
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Pucynox 13. [Ipeanonaraemasi cxema (pyHKIIMOHUPOBAHUS T€TEPOJIOTUYHBIX JIecaTypas

B Pa3IUYHBIX KOMIAPTMEHTaX pacTUTENbHON KileTkH. PL — mmactunbr; ER — OI1P; OB —
munuaHoe teno; desC — A9 necarypasa; desP0, P1, P2 — pactutenbHble 1ecaTypasbl
BBOJSILIIAE MIEPBYIO, BTOPYIO U TPETHIO IBOMHYIO CBS3b B anmiibHOM 1enu KK
cootBercTBeHHO (A9, A12, A15); C18:0 (cTeapunosas), 18:1 (onennosas), 18:2

(muHOMEBas), 18:3 (MHOIEHOBAS) YKUPHBIC KUCIIOTHI.

Bmecte ¢ 3THM, MOMy4YeHHBIE PE3YJNbTaThl MO3BOJISIIOT peKoMeHnoBaTh N.
benthamiana u N. excelsior B kadyecTBe MOJAEIBHBIX PACTCHHUH B HMCCICAOBAHUAX TIO
OlleHKe  (YHKIMOHAJIBHOM aKTUBHOCTH W/WIM CyOCTpaTHOM  Crelu(UUIHOCTH
TeTEPOJIOTUYHBIX JecaTypas, He TOJbKO A9 necarypasbl, HO U JlecaTypas3bl, KOTOPHIC
katanusupytot npespatieHue KK 18:1 B [THXK. ITockonbky anpoOupoBaHHbIC HAMU B
3TOM HcCeaoBaHMM MozenbHble pactenus N. benthamiana u  N. excelsior
XapaKTepU3yrOTCs cymecTBeHHbIMU pazauumsimMu B KK cocraBe, a Takke
cootHomenremM C18/C16, BbIOOP MOJEIBLHOTIO pacTeHUs, OE3YCIOBHO, Oy/IE€T 3aBUCETH
OT KOHKPETHOM II€TTH UCCIICIOBAHNUS.

Heobxoaumo MOAYEpKHYTHh MPEUMYILIECTBO HCMOIb30BAHHBIX B JIaHHOM

HUCCIICAOBAHUN JSKCIIPCCCHOHHBIX BCKTOPOB IJIA TpaH?)I/ICHTHOI\/’I 9KCIIPECCHUM LECIICBLIX
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I'€HOB B PACTEHHUAX, KOTOpbIE OBbLIM CKOHCTPYMpPOBaHbI HaMu paHee (BsdyecnaBoBa u
coanT., 2012). OHo 3akiroyaeTcsi BO BKJIIOUCHHH B COCTaB BEKTOPOB JOMOJHUTEILHON
KacCeThl DJKCIpecCHMH il TeHa Oenka pl9 Bupyca TOMaTtoB — cympeccopa
MOCTTPAHCKPUIIIIUOHHOTO  3aMOJIKAHUST ~ I'€HOB,  KOHTPOJHMPYEMON  CHJIbHBIM
KoHCTUTYTUBHBIM TCTP mpomMoTopom. DTO AaeT BO3MOXHOCTb MPOTHUBOAECHCTBOBAThH
MEXaHU3My  IOCTTPAHCKPHUIIIIMOHHOIO  3aMOJIKAHUS  TPU  CBEPXAKCIPECCUU
rE€TEPOJIOTUYHBIX TE€HOB B PACTEHMSX, KOTOPBIM, KakK MPaBWIO, 3aIllyCKaeTcs IMpu
TPAH3UETHOMN IKCIPECCUU U MPEMATCTBYET 3P (HEKTUBHOMN IKCIPECCUH T€TEPOTOTUYHOTO
rena (Gerasymenko et al., 2019). Tax:ke 3TO MO3BOJIIET HCIOJIL30BaTh TOJIBKO OIHH
mTaMM OakTepui IS arpoMH(PUILTpAlMd B OTIMYHE OT JPYTUX BEKTOPOB, IS
KOTOPBIX HEOOXOAMMO UCIIOIb30BaTh MPONEAYPY KoTpaHchOpMaIuy IBYMs ITaMMaMu
arpo0akTepuii, OJIMH U3 KOTOPHIX HECET BEKTOp C reHoM Oenka pl9, a npyroi BEKTop ¢
neneBbiM renoM (BsiuecnaBoBa u coaBt., 2012; TropuH u coast., 2017).

Takum oOpa3om, HaMHU TIPEIOKEHA U alpOOMpPOBaHA TPAH3UEHTHAS YKCIIPECCHUs
I€HOB B PACTCHUSX, KOTOpask MPOJAEMOHCTPUPOBAJIA CBOIO MPUMEHUMOCTD ISl U3yUYECHUS
(YHKIIMOHATBLHOM AKTUBHOCTH M CYOCTpaTHOM CHenu(pUYHOCTH TeTePOJIOTHUHBIX
necarypas. TpaH3ueHTHas IKCIPECCHs - 00Jiee MPOCTOM MOIX0/I, TPEOYIONTUNA MEHBITUX
BPEMEHHBIX M MAaTEpHAIbHBIX 3aTpaT, MO CPABHEHUIO C TEXHOJIOTHEH MOJydeHUs
TPAHCTEHHBIX PACTEHUM KaK JJisi CTaOWJIBHOM SKCOPECCHUU, TaK M JJISI 3aMOJIKAHUS
reHoB. Mcnonb3ysd TpPaH3WEHTHYIO OKCIPECCHI0, B YaCTHOCTH, [Jisi OIICHKHU
JoKanu3auuy, (YHKIMOHAJIBHOM AaKTUBHOCTM M CYOCTpaTHOW cCHeuu(pUUIHOCTH
Jecarypa3 pa3jMyHOrO MPOUCXOXKICHUS, BO3MOXKHO, MOJJAEPKATh MOJIEKYJISIPHOE
Pa3MHOKEHHE  HOBBIX  T€HOTHIIOB, colepKalmmx  Jydide — KOMOWHAITUU
COOTBETCTBYIOIIMX aJljieJieH U 3aJI05KUTh OCHOBBI HOBOTO MTOKOJICHUS TPAHCTEHOB, B TOM
YHCJIE U C UCTIOJIb30BAHUEM TEXHOJIOTHM T€HOMHOTO peIaKTUPOBAHUS, U KaK CJICICTBUE,

IPUHECTHU OOJIBILYIO MOJIb3Y YETOBEUECTBY.
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1. CKOHCTPpYMpPOBaHbI 3KCIPECCUOHHBIE BEKTOPHBIE KOHCTPYKIMH, HECYLIUME TI'EH
desC [IHaHOOAKTePHI Synechococcus vulcanus C PEryISATOPHBIMU
MOCJIEIOBATEIBHOCTSIMU, OOECIEUMBAIOIIMMY JIOKAJU3ALMNID OEJIKOBOr0 MIPOIYKTa
[EJEBOT0 I'eHa B Pa3JIMYHBIX KOMIAPTMEHTAaX PACTUTEIHHON KIETKH (LUTOIUIa3Ma,
xyoporutactel u DI1P).

2.  Pazpaborana u anpoOupoBaHa CHUCTEeMa TpPAH3UEHTHON OSKCIIPECCHUH TEHOB,
NOAXOMSIAs KaK JUlsl OLEHKA CUTHAIBHBIX IIOCIEAOBATENBHOCTENH, TaKk W JUISA
MCCJIEIOBAHMS JIOKAJIM3ALMH HCKOMBIX OEJIKOB B KJIETKaX PaCTEHU.

3. [loka3aHo, YTO CHUTHAJbHBIE MOCIIEIOBATEIBHOCTH HAMPABISAIOT OEJIKOBBIE
IPOAYKTHI 11EJIEBOTO T'€Ha B CHEU(PUUECKHE KOMIIAPTMEHThI PACTUTEIbHOM KIIETKH.

4. [IpoaeMOHCTPUPOBAHO, YTO NIPU TPAH3UEHTHOM DKCIIPECCHH rereposniornyHas A9
JecaTypasa, OTBeYas 3a CHHTE3 OJIEMHOBOM M NAJIBMHUTOJIEMHOBOW KHUCIOT, B
3HAUUTEITBHOM cTeneHu cnocodcTByeT U HakoreHuto [THXKK.

S. [lony4yeHHble pe3yabTaThl yOEIUTENBbHO CBUIETEIBCTBYIOT, 4TO A9 anui-
JUMNHUHAs JlecaTypa3a, TPAaH3UEHTHO OHKCIIpeCCUpOBaHHas B JBYX BHAaX Tabaka,
BBI3BIBAECT 3HAUMTEJIbHBIE M3MEHEHHUS B JIMIIMIHOM META0O0JU3ME JIUCTHEB B CTOPOHY
YBEIMYEHMS HEHACBIIEHHOCTH )KUPHBIX KUCIIOT.

6. @yHKIMOHAJIbHASL AKTUBHOCTH JI€CaTypa3bl 3aBHCUT KaK OT HCIIOJIb30BAaHHOIO
Buaa MojeiabHoro pactenus - N. benthamiana u N. excelsior, Tak u ot JokanM3aIUu
(dbepMeHTa B paCTUTEIBHOM KJIETKeE.

7.  HaumOonplnmas akTUBHOCTH rereposiorndHori A9 necarypasel y N. benthamiana

HaOo1aeTes B xjoporiactax, a y N. excelsior B OI1P.
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