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Momusayusa u yenv. PacTUTENbHBIA TUITOKCUTEHA3HBIM KAacKaJl SBISIETCS UCTOYHUKOM
Pas3INYHBIX PETYJSITOPHBIX OKCHIMIIMHOB, KOTOPBIE YYacTBYIOT B Ie€peade CUTHAJIOB,
amanTalid K CTPECCOBBIM (akTopaM W 3amMTHBIX peaknmsx [1, 2]. Perwo- m
cTepeocniennpuIecKasl JUOKCUTEHAUS YKUPHBIX KHUCIOT MPU y4acTUU JIMIIOKCHI'CHA3
(JIOI') Bo MHOTOM OTIpenessieT HalpaBJICHUs MIPEBPAICHUN THAPOTIEPEKUCEH KUPHBIX
KHUCIIOT B Pa3/IMYHbIE OKCHUJIMIUHBL. XOPOIIO H3BECTHO, 4TO pacturenabHbie JIOI
OKHUCJISIIOT JINHOJIEBYIO M O-TMHOJIEHOBYIO KHCIOTHI A0 9- u 13-ruaponepekuceit [2].
[lpyn w3ydeHun npoduiIeH OKCHIMIWHOB pPAcTCHUIl oOrypua Mbl OOHAPYXWIH
3HaYUTENBHOE coiepkanne 1 6-Tuaponepekncu o-mnHoeHoBoH kucnoTsl (16-I'TIOT), a
Tak)Ke MPOAYKTOB €€ MpeBpalleHus, Takux Kak 15-ruapokcu-9,12-neHranexkaamueHoBas
KHCIIOTa. DTO COCIUHEHHWE SIBISIETCS TMPOAYKTOM BOCCTaHOBIEHHS 15-okco-9,12-
MEHTAJCKaUCHOBOM KHCIIOTBI, OOpa30BaHHON MNpPH y4YacTUH THIPONEPOKCHIIHA3HI
(I'TLT).

I'TUI mpunamiexxuT K HekinaccuueckuM nuroxpomaMm P450 cemeiictea CYP74,
KOTOpble, B OTJIMYME OT OONBIIMHCTBA MOHOOKcHreHas P450, mns cBoeit
KaTQINTUYECKOH AaKTUBHOCTH HE HYXIAIOTCI B MOJIEKYSIPHOM KHCIOpOAE H
OKHCITUTEIBHO-BOCCTAHOBUTEIBHBIX MapTHepax. CyOcTpaThl — THAPONEPEKUCH OJTH-
HEHACBHIIIEHHBIX JXUPHBIX KUCIIOT — SBJSIOTCS JTOHOPAMH KHCIOpOJa UM 3JIEKTPOHOB.
I'TUI un JIOT” obpazyrot I'TJI-BetBb JIOI myTH, npusoasityto k oopasoBanuto C6 u C9
ANbJETUI0B U CIIMPTOB, a TAKXKE (-OKCOKUCIOT [3]. DTH COeANHEHHS UTPAIOT BaXKHYIO
pOJIb BO B3aMMOJEMCTBUSAX PACTEHUE-PACTEHHE U PACTCHHE-TPABOSIIHBIC, BBITTOJHSSA
CUTHQJIBHYIO POJIb B aKTHBALIMH 3aLIUTHBIX CUCTEM PAcTEHHS, U Y4aCTBYIOT HETIOCpea-
CTBEHHO B 3aIlIUTE PACTEHUH, IPOSBIISISL AaHTUMUKPOOHYIO M (YHTULMIHYIO aKTUBHOCTD
[4, 5]. HexoTopble U3 3TUX COEAMHEHWH MOIYYHMIIH CIEeNHaTbHOE Ha3BaHUE «IETydue
BEIIECTBA 3€JIEHBIX JUCThEB». OHU BBI3BIBAIOT XapaKTEPHBIM 3amax, KOTOPBHIA BO3HU-
KaeT, KOrjaa MPOUCXOIUT MOBPEXICHNUE JINCTHEB. JTO LECHHbIE XMMUYECKUE COEINHE-
HUSI, KOTOPBIE UCTIONB3YIOTCS B TIUIIEBOH W Map(IOMEPHOH MPOMBIIIICHHOCTH. TakuM
00pazowm, 1eNbIo Hallel padoTsl ObLIO BhIsiBIeHUE pepmenToB Onocuntesa 16-I'TIOT u
00pa3yromuxcs U3 Hee OKCHIINITMHOB.

Memoowvr u anzopummoi: OTKpBITBIE PAMKH CUUTHIBAHHMS 1IE€JIEBBIX T'€HOB OBUIH
KIIOHUPOBAHbI B BEKTOpax JJsl dKcrpeccun OenkoB cuctembl pET. PekomOnHaHTHBIE
Oenku ounIany MeToAaamMu MetaoadGpuHHON ¥ aHHOHOOOMEHHOW XpOoMaTorpadum.
[IponykThl (OKCHIMIHKHBI), oduiieHHble ¢ nomouisio BOXX, mpentndunuposanu c
MOMOIIBIO Ta30Boit xpomaro-macc-crekrpomerpur (IX-MC) u SIMP, Bxiouas H-
SAMP, 2D-COSY, HSQC u HMBC.

Peszynomamur: TlpodunupoBanue 3HAOTEHHBIX OKCHIJIMIIMHOB JIMCTHEB, IIBETKOB M
KOKypbI 10108 orypia (Cucumis sativus L.) meromom ['’X-MC BBISIBIIIO 3HAUUTEIEHOE
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conepxkanue 16-ruapoxcu-9,12,14-okragekarpuenoBoii kucnotel (16-I'OT). Ilpu
WHKYOaluyu TOMOT€HATOB 3THX OPraHoOB C O.-TMHOJICHOBOM KHCJIOTOH MPeoOIaaatonium
npoaykrom Obuta 16(S)-I'TIOT. IeneHanpaBieHHBIH MPOTCOMHBIH aHAIN3 3THX TKaHEH
BBISIBHJI HAJTUYHE HECKOJIBKUX BBICOKOTOMOJIOTUYHBIX U30(opM mpemnonaraemon «9S-
JIOT' Ttum 6». Omgur w3 stux wu3odepmentoB (CsLOX3, mnomunentuy IIMHON
877 aMHHOKHCIIOTHBIX OCTATKOB) OBUI ITOJYYCH B FETEPOJIOTMYHOM CHCTEME SKCIIPECCHU
¢ ucnonb3oBanueM kietok E. coli m mpossmsn 16(S)- u 13(S)-nmunokcureHasHyro
AKTUBHOCTH [0 OTHOWICHHWIO K O-JTMHOJICHOBOM W  JIMHOJEBOH  KHCIOTaMm
cooTBeTCTBeHHO. [IpH S5TOM o-TMHONEHOBas KUCIOTa ObUTa MPEANOYTUTEIbHBIM
cyoctparom. Mosekyssipabie ctpykTypbl 16(S)-I'OT u 16(S)-T'TIOT (Me wiu Me/TMC)
ObLIM MOATBEPKIECHBI AaHHBIMM Macc-criektpos H-SIMP, 2D!H-'H-COSY, TOCSY,
HMBC u HSQC, a Takxe MetomoMm xupanbHO-(pazoBoii BOXKX. Takum oOpazom,
nunokcurenaza CsLOX3, karammsupytomas ob6pazoBanue 16(S)-I'TIOT, sBusercs
nepBoit ooHapyxenHoit 16(S)-JIOI (w3-JIOT) [6].

[ monTBepKISHHUS TMPEANONIOKEHUS] O KaTalU3UPyeMOM THUAPONEPOKCHIIHA30M
npespamennd 16(S)-I'TIOT, 16(S)-ITIOT unkyOupoBanu ¢ pexomOuHantHoi ['TIJT
orypua (CYP74B6). CYP74B6 obnaman BICOKOI aKTHBHOCTBIO 110 OTHOIICHHUIO K 16-
I'TIOT. IIpoaykt BoccTanoBnenuss NaBHs (Me/TMC) 6611 naenTruduuupoBan kak 15-
ruapokcu-9,12-nenranexaquenonas kuciora. Takum oopa3zom, pekomOuHanTHas ['TIJT
orypua (CYP74B6) obnamaer OecnpenenenTHoi aktuBHOCTRIO 16-I'TLI, pacmerniss
16-ITIOT na d¢parment CI15, 15-okco-9,12-neHTanekagueHOBYI0 KHCIOTY U
KOMILIEMEHTapHbIH JeTyunii pparment C3, mponmuoHOBI anpaerua. Kpome toro, 3tn
COCIMHEHUSI OBUIM BBISBICHBI M TPU MPOQWINPOBAHUM OKCWIMIIMHOB JHCTHEB U
KOXKYPHBI TUTOJIOB OTYypIIa.

Buvisoowi: Hamu oOHapyeHa HOBasi BETBb METa0OJU3Ma O-JIMHOJECHOBON KHCJIOTHI, a
umenHo 16-JIOI'/TTIJI BerBb. Pactenuss orypma, a Takke pEeKOMOMHAHTHAs
runpornepokcummaza CYP74B6  orypua obmamamu  OecnipenieneHTHON  16-1'TIJT
aktuBHOCTBIO. 16-JIOT/T'TIJI myTe OMOCHHTE3a OKCHIIMITMHOB TPEACTAaBISET COOOM
HOBYIO BETBb PACTHTEJIBHOIO JIMTTOKCUTEHA3HOT'O KacKa/a.

Qunancuposanue. buonHGOpPMATHYECKUHA aHAIW3 TNPOBOAWICA TpH (HUHAHCOBOI
MOJICPIKKE TOCYIApCTBEHHOTO 3a7aHus DeepaabHOro0 MCCIeI0BATEIbCKOrO IEHTPA
«KasHL] PAH». MccnenoBanusi pekOMOMHAHTHBIX (DEpPMEHTOB TOAJIEPKAHBI TPAaHTaAMHU
PH® 23-14-00350 (I'TIJT) u 24-14-00418 (JIOT).
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Motivation and Aim: The plant lipoxygenase cascade is a source of various regulatory
oxylipins that play a role in cell signaling, stress adaptation, and immune response [1, 2].
Regio- and stereospecific dioxygenation of fatty acids by lipoxygenases (LOXs) largely
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determine the directions of conversion of fatty acid hydroperoxides to various oxylipins.
Plant LOXs are well known to oxidize linoleic and a-linolenic acids to 9- and 13-
hydroperoxides [2]. When studying the oxylipin profiles in cucumber plants, we found
a significant content of 16-hydroperoxide of a-linolenic acid (16-HPOT), as well as its
conversion products, such as 15-hydroxy-9,12-pentadecadienoic acid. This compound is
a product of the reduction of 15-0x0-9,12-pentadecadienoic acid, formed by
hydroperoxide lyase (HPL).

HPL belongs to the non-classical cytochromes P450 of the CYP74 family, which, unlike
most P450 monooxygenases, do not require molecular oxygen and redox partners for
their catalytic activities. Substrates, hydroperoxides of polyunsaturated fatty acids, act
as donors of oxygen and electrons. HPL and LOX form the HPL-branch of the LOX
pathway, leading to the formation of C6 and C9 aldehydes and alcohols, as well as o-
oxoacids [3]. These compounds play important roles in plant-plant and plant-herbivore
interactions, function as signals activating systemic defense, and are involved directly in
plant defense as antimicrobials and fungicides [4, 5]. A number of these compounds are
specifically named Green Leaf Volatiles (GLVs). They cause a characteristic odor that
occurs when leaves are crushed or otherwise injured. They are valuable chemicals that
are used in the food and perfume industries.

Thus, the purpose of our work was to identify enzymes for the biosynthesis of 16-HPOT
and the oxylipins formed from it.

Methods and Algorithms: The open reading frames of target genes were cloned into
expression vectors of the pET system. Recombinant proteins were purified by
immobilized metal-affinity and anion-exchange chromatography. Products (oxylipins)
purified by HPLC were identified by GC-MS and NMR data, including *H-NMR, 2D-
COSY, HSQC, and HMBC.

Results: The GC-MS profiling of the endogenous oxylipins (Me/TMS) from cucumber
(Cucumis sativus L.) leaves, flowers, and fruit peels revealed a remarkable abundance
of 16-hydroxy-9,12,14-octadecatrienoic acid (16-HOT). Incubations of homogenates
from these organs with a-linolenic acid yielded 16(S)-hydroperoxide (16-HPOT) as a
predominant product. Targeted proteomic analyses of these tissues revealed the presence
of several highly homologous isoforms of the putative “9S-lipoxygenase type 6”. One of
these isoenzymes (CsLOX3, an 877 amino acid polypeptide) was prepared by
heterologous expression in E. coli and exhibited 16(S)- and 13(S)-lipoxygenase activities
toward a-linolenic and linoleic acids, respectively. Furthermore, a-linolenate was a
preferred substrate. The molecular structures of 16(S)-HOT and 16(S)-HPOT (Me or
Me/TMS) were unequivocally confirmed by the mass spectral data, *H-NMR, 2D *H-
!H-COSY, TOCSY, HMBC, and HSQC spectra, as well as enantiomeric HPLC
analyses. Thus, the vegetative CsLOX3, biosynthesizing 16(S)-HPOT, is the first 16(S)-
LOX and ©3-LOX ever discovered [6].

To confirm the proposed HPL chain cleavage, the 16(S)-HPOT was prepared and
incubated with the recombinant cucumber HPL CYP74B6 enzyme. The CYP74B6
possessed high activity towards 16-HPOT. The NaBHa-reduced product (Me/TMS) was
identified as 15-hydroxy-9,12-pentadecadienoic acid. Thus, the cucumber plants, as well
as the recombinant cucumber HPL CYP74B6, possessed unprecedented 16-HPL
activity, cleaving 16-HPOT into a C15 fragment, 15-0x0-9,12-pentadecadienoic acid,
and a complementary volatile C3 fragment, propionic aldehyde.

Conclusion: We have discovered a new branch of metabolism in the transformation of
a-linolenic acid, namely the 16-LOX/HPL branch. The cucumber plants as well as the
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recombinant cucumber HPL CYP74B6 possessed unprecedented 16-HPL activity. The
16-LOX/16-HPL route of oxylipin biosynthesis presents a novel facet of the plant LOX
pathway.

Funding: Bioinformatic analysis was carried out with financial support from the state
assignment of the Federal Research Center “KazSC of RAS”. Studies of the recombinant
enzymes were supported by grants 23-14-00350 (HPL) and 24-14-00418 (LOX) from
the Russian Science Foundation.
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