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Hccenedosanusn npoeoounu ¢ yenvio uzyuenus MoaeKyiapHbIX MEXAHUIMOB CEA3bI6AHUA 2epOuud0e (nunoKcaden, Kkeusanogon-P-
meghypun, npomempun, mempudy3un, memcynvyypon-memun) c oenkamu-wumwenamu (ayemun-KoA-kapooxcunasza, ayemonaxmam-
cunmasa, yumoxpom P450, 4-2udpoxcughenunnupysam ouoxcuzenasa) copuvix mpaes, npouspacmarouiux ¢ Cudupu: 06croz 00bIk-
Hoeennwlii (Avena fatua L.), nvipei nonzyuuii (Elymus repens (L.) Gould), wjupuya 3anpoxkunymas (Amaranthus retroflexus L.),
maps denasn (Chenopodium album L.), wiemunnux 3enenwuii (Setaria viridis (L.) P. Beauv). Pabomy evinonnsanu ¢ Hosocubupckoii oonacmu
6 20222023 z2. C ucnonv3osanuem 0UOUHDOPMAUUOHHBIX MENO0006 DbIU CO30AHbL UPMYATIbHDIE MPEXMEPHble KOMNIEKChl NeCIULUO008
u ux muweneii. Ilpeonoscen Ho6blii NOOX0O K 8bIAGIEHUI0 NAPAMEMPOE NOTOCHU CAIIMOB CA3bIGAHUSl, KOMOPbLIl 3aKI04AEMC 8 CO-
6MeueHUU MEno0a GbIPAGHUBCANUSA U MEXHON0ZUU MAWUHNHO020 00yuenus. IIposedena cmoikoska necmuynoos ¢ munensamu. Pacuem
IHEPUU CA3LIGAHUS YKAZBIBACH HA BbICOKYIO CHENEHb YCMOUYUBOCHU KOMNIIEKCo8 1uzand-oenok. Ilpeonoicennviit nooxoo in silico
Modicem Gvlmb none3eH 013 bIACHEHUsl NOGEOCHUs 2epOULU006 NPU Ceés3bl6anuu ¢ hepmenmamu copnakos. I1o0ooHbLIL 1OOX00 no3607151-
em 2rydiice NOHAMb MEXAHUZM OelicCIEUs U IKOMOKCUKO02UYeCKUe ACHeKmbl npumenenus necmuyudos. Hccnedosannvle Komniekcsl
2epounu006 u 6enKos 0onNadarom ROMEHYUANLHOU 6bICOKOI CMAOUTILHOCHIBIO 68UOY HU3KOU IHEPSUN C6A3bIGAHUA C PEUEnMOPAMU, KO-
mopas eapvupyem om —5,60 00 —13,24 kxan/monvy. Benuuuna snepeuu césasvieanusn ne noKazana RPAMON 3a6UCUMOCIU O KOIUYECHmed
AMUHOKUCTIOMHBIX OCHAMKO8 TU2AHO-Céa3bl6aloue2o catima. B yenom uccnedosanue 0ononnuno nekomopole acneKkmol MOaeK)IAPHBIX
MEXAHUIMOB CEAZBIBAHUS 2€POULUO0E C DETKAMU-MUUIEHAMU COPHBIX MPA8, OOHAKO mpedyemcs npogedeHue doee 2yd0Ko2o uzy4enus
C YeIbI0 JIOKATIU3AUUN KPUMUYECKUX AMUHOKUCTIONMHBIX MOYEK, YHACHEYIOUIUX 8 OUON02UYECKUX YHKUUAX OETIKOG-MULUEHell.
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The aim of this study was to study of the molecular mechanisms of herbicide binding (pinoxaden, quizalofop-P-tephuryl,
prometryn, metribuzin, metsulfuron-methyl) to target proteins (acetyl-CoA carboxylase, acetolactate synthase, cytochrome P450,
Pp-hydroxyphenylpyruvate dioxygenase) of the weed species growing in Siberia: wild oat Avena fatua (L.), wheatgrass Elymus repens (L.),
amaranth Amaranthus retroflexus (L.), common lamb's quarters Chenopodium album (L.), bristlegrass Setaria viridis (L.). The work was
carried out in the Novosibirsk region in 2022-2023. Using bioinformatic methods, virtual three-dimensional complexes of pesticides and
their targets were created. A new approach has been proposed to identify the parameters of the cavity of binding sites, which consists in
combining the alignment method and machine learning technology. Docking of pesticides with targets was carried out. The calculation of
the binding energy indicates a high degree of stability of the ligand-protein complexes. The in silico approach we proposed may be useful
for elucidating the behavior of herbicides when bound to weed enzymes. This approach allows a deeper understanding of the mechanism
of action and ecotoxicological aspects of the use of pesticides. The studied complexes of herbicides and proteins have a potential high
stability due to the low binding energy with receptors, which varies from—5.60 to—13.24 kcal/mol. The binding energy value did not show
a direct dependence on the number of amino acid residues of the ligand-binding site. In general, the study supplemented some aspects
of the molecular mechanisms of binding herbicides to target proteins of weeds, however, a more in-depth study is required in order to
localize critical amino acid points involved in the biological functions of target proteins.
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CopHBIe pacTeHHs BBICTYIIAIOT Ba)KHBIM OMOJIOTHYE-
CKHM NPENATCTBUEM U1 BhIpalllMBaHUA KYJIBTYP 1O BCEMY
mupy. [IpoTnB HEX 3P YEKTHBHO UCTIONB3YIOT PA3ITHYHbIC
JIOBCXOJIOBBIE M ITOCIEBCXO/I0BBIE TEPOUIINIBI HA OCHOBE
XMMHUUECKHX COCMHEHHUH Pa3IMYHBIX KJIAcCOB ((heHMINu-
PasoIibl, apUITOKCH()EHOKCUITPOTIMOHATHI, TPHA3UHEI U JIP. ).
Tak, muHOKCaaeH B 103€ 20 T 1.B./Ta B CEPHH HKCTIEPUMEHTOB
He3aBUCUMO OT (hasbl pa3Butus (3...4 wim 6...7 IUCTHEB)
MOJIHOCTBIO MOAABIISLT pocT oBctora [1]. B ombiTe mo us-
YYEHHUIO PE3UCTEHTHOCTH K repounmaam Echinochloa crus-
galli (L.) P. Beauv nuHOKcaieH B O3UPOBKE 55 r/ra mnpu
TIOSIBJICHUH Ha PACTCHUSIX TPEX-IISITH SI3bIYKOBBIX JIMCTHEB
mpoaeMoHcTprupoBai Ha 30-i geHp mocie 00paboTKN KOH-
TPOJIb HaJl BCCMU IIECTHIO 6I/IOTI/IHaMI/l €)KOBHUKA B CPCAHEM
Ha 99 %, 4TO TakKe BBIPAKAIOCh B HAUMEHbIIEH CyXoi
6romacce [2]. B TeTHYHBIX YCIOBHUIX MTHOKCA/ICH B 103aX
10 T 1.B./ra ¥ BBIIIE CO CMECHIO TTOBEPXHOCTHO-aKTHBHBIX
BEIIECTB (METHWIIOBBIN 3(pUp KUPHBIX KHUCIIOT, STOKCHIIAT
cnupTa 1 He(pTSHbIE AUCTHILIATHI) TOBpeaai 6omee 95 %
pacrenuit Setaria pumila (Poir.) Roem. & Schult [3].
B moceBax coum Ha pasNMYHBIX THIIAX [TOYB METPHUOY3UH
KoHTponupoBan Setaria spp. ot 5 % 1o 83 %, a ero co-
BMECTHOE IIPUMEHEHHUE C M30KCa(IIyTOIOM B HU3KUX H CPe/l-
HUX 7103aX MPHUBOJIIIO K CHHEPI€THYECKOMY HOBBIIICHHIO
3 PEeKTUBHOCTH KOHTPOJS YHUCICHHOCTH COpHAKa [4].
3HAYUTENIBHO MEHbIIIast INIOTHOCTh Chenopodium album (L.)
ObuIa 3aperucTpUpoBaHa IMPH ITOCIEBCXOI0BOM ITPUMEHE-
HUH CyTbQOCyIbpypoHa B 103€ 25 1/Ta ¢ MeTCynb(ypoH-
MeTHIIOM B J103¢€ 4 r/ra [5]. MeTtcynb(ypoH-MeTHII B 03¢
4 r/ra Ha 89,7 % obecneunBan nonasienue C. album (L.)
Ha IMIIIEHIYHBIX TOJIX [6]. B IByXJIeTHEM OIThITE ITOCIEBCXO-
JIOBOE TPUMCHEHHE METCY Ib(PYypOH-METHIIA B 103€ 3...4 r/ra
B coyetanuu ¢ 0,2 % MOBEPXHOCTHO-AaKTUBHOT'O BeEIIe-
CTBa CHIDKAJO YUCIEHHOCTH Momynsaun (3¢ dexTnBHOCTH
1m0 70 %) u oburyro cyxyto maccy C. album (L.) Ha 45-ii
neHs [ 7]. O6paboTka MeTCynb(hypoH-METHIIOM B j103€ 4 r/Ta
B TedeHne 3 Hemenb obecreunia 71 % momaBieHne pac-
tenudd C. album (L.), BBICAXKCHHBIX B FOPLICYHBIH IPYHT
Ha ocHoOBe Topda [8].

B T0 e BpeMs MHOTHE COpPHSAKH CIIOCOOHBI BBIpaOaThI-
BaTb Pa3JIMYHbIC MCXaHU3MbI yCTOFI‘lPIBOCTH K Fep61/IL[I/I[laM.
Hanpumep, mo pe3yibprataM J0303aBHCHMOTO 3KCIIEPH-
MEHTa M aHajJu3a aKTHUBHOCTH (epMmeHTa aneTmi-KoA-
kapOokcuiasbl (nanee ACC), BbISIBIIEHAa YCTOWYUBOCTD
K MMHOKCajieHy y Onortuna oscrora u3 Ynim (cobpaH B 1o-
ceBax 03UMoii mieHuITs B Temyko) [9]. Toueunas mytanus
oOHapy»eHa B TPUILIETE acrnapariHOBOW KHUCIIOTHI B T10-
JIOKEHUN aMMHOKHUCIOTEI 2078, 4TO MPUBENO K TPUILIETY
rumHa. Taxke coodmanocs, 9o neneBoit pepment ACC
B yCTOI‘/II‘lI/IBI)IX GI/IOTI/IHaX COACPKUT HCUYBCTBUTCIIbBHYIO
K repounuaam gopmy.

DKCHEpPUMEHTHI B TEIUTUIIE C AUKUM OBCOM TIO CXEMe
no3a-peaknus (0, 6, 18, 60, 180 u 360 r 11.8./ra, 00paboTKa
B (haze 4 ucTa) MoKas3ajiH, 9To MO CPABHEHHUIO CO CPETHUMHU
3HAQUEHMSAMH [UIS IByX BOCTIPHMMYUBBIX S-TIOMYJISIIAN TI0-
myssiimu R3 1 R4 (coOpaHbl ¢ POU3BOICTBEHHBIX TTOJIEH SI4-
MeHs) OblH B 7 pa3 Gosee yCToHIMBEI K mMHOKcaaeHy [10].
ABTOpHI HEe OOHAPYKWJIH C WCHOJIB30BAHUEM CEKBEHHPO-
Banus JIHK u amnens-cnenuduueckux IMI[P-ananu3on
B PAaCTeHUSIX R ToueuHble MyTaIiy caifTa-MHIIIEHH, KOTOpHIE
MPUJIAIOT YCTONYNBOCT K HHTHOUTOPAM alleToIaKTaTCHHTa-
36l (nasiee ALS) min ACC. DTo 03BOJUIIO NPEATIOIOKUTH
ydacTHe MeXaHH3Ma yCTOMYMBOCTH, HE BHICTYMAIONIETO
CalTOM-MHUIIEHBIO.

B YCIOBUAX TEIIMLBI Yy NATH U3 HICCTU HOHyJ’I}II_lI/lI‘/II
OBCIOTa, COOpaHHBIX B CEBOOOOPOTAX ¢ MpeodiajaHueM
3makoB, oTMedeHa B 11...30 pa3 Oonee BbICOKast yCTOWYH-
BOCTb K TMHOKCAJICHY, 10 CPABHECHUIO C BOCIPUNMYNBBIMU

nomysnusmi [ 11]. B memom necneqoBanme mokasano, 9To
HEJI0OCTaTOYHOE pa3HooOpa3ue BHIPAIMBAEMBIX B CEBOO-
6opoTe KyJIbTyp U MOBTOPHOE UCIIOJIb30BAHIE FepONII/IOB
C aHAJIOTHUYHBIM MEXaHM3MOM JICHCTBUS IPUBOJIAT K 0TOOPY
ycroituuBsix hopMm Avena fatua (L.), KOIAIECTBO KOTOPHIX
B TIOJICBBIX MOMYJISIIUSAX YBEINUINBACTCSL.

B termune nmpu 06paboTke muHOKCameHOM (¢ 1 Y%-HbIM
PacTBOPOM ajbIOBaHTa KJIOKBUHTOIETA) B 03¢ 30 r/ra nBe
n3 tpuanaTtu nomyisiuuii A. fatua (L.), cobpaHHBIX ¢ 3a-
COPEHHBIX TOJIEH, MPOJIEMOHCTPUPOBAIH TEPEKPECTHYIO
ycroituuBocTs [ 12]. EnuHCcTBEHHAs BOCIPUMMYHBAsI MOITY-
JISIIMS TIOJTHOCTBIO KOHTPOJIMPOBANIACH TUHOKCAAEHOM. Jlist
TOTO YTOOBI TOHATH MEXaHU3MBI PE3UCTEHTHOCTH MyTaIUi
TSR u NTSR BeiieicTBre yCHICHHOTO METa00IM3Ma HHH-
6uropamu iuroxpoma P450 (nanee CYP450) ¢ ncrnonbs3oBa-
HHEM ITHHOKCA/IeHa, aBTOPBI IPOBEIH CCIIEOBAHMS HA IBYX
pe3ucteHTHbIX nomyJssinusix afl 1 u af28, koropsle nokazanm,
YTO OINPHICKMBAHNE MaJaTHOHOM C IMHOKCAJCHOM OO
KOHTPOJUPOBAIIO, MO0 TOHABISIIO 00€ MOMYJSAIHHA. DTH
pe3yJIbTaThl MOATBEPKAAIOT Hanune Mexanu3mMoB TSR u/
nmu NTSR.

B skcnepumente Ha nmomyssimnn AXXZ-2 (R, Hanmune
myTtaimu Ala-205-Val) u JLGY-3 (S) nuHOKCaeH HaHOCHIIH
B OIIPE/ICIICHHBIX JI03aX M Yepe3 JIBE HEeIH H3MEPSUIN Hal-
3eMHYI0 Maccy B cBeskeM Buae [13]. [omymsmusas AXXZ-2
okazaiach B 15,1 pa3za 6osnee ycroitunsoii. [Tpu atom B ACC
4 nonymsiuun AXXZ-2 6bita oOHapy)keHa HyKJICOTHIHAs
3ameHa (GAT na GAG) B monoxxenun 2078, KoTopast OTBe-
yaeT 3a MyTaruio Asp2078-Glu. [{pyrux aMMHOKHCIIOTHBIX
3aMEH, OTBETCTBEHHBIX 33 YCTOHYMBOCTH K MHTHOMUTOpamM
ACC, He BBISIBICHO. BBIUMCANTENBHBIN aHAIN3 BIUSHUS
mytauuu Asp-2078-Glu na appunnocTs cBsizbiBanus ACC
c uarnouropamu ACC noATBEpANI HATMYHUE YCTOHIHBOCTH
E. cruss-galli (L.) P.Beauv x nuHOKCageHy. Y cTaHOBIE-
HO, uTo reHbl ACC nomyisiiun AXXZ-2 npu o0padboTke
MTUHOKCAJICHOM aKTHBUPOBAINCH B 2,7 pa3a CHIbHEE, YeM
y JLGY-3.

B npyrom uccnenoBaHMM MOKa3aHO, YTO MOMYJISIIUA
E. crus-galli (L.) P.Beauv, coOpanHast ¢ pUCOBBIX MOJIEH
TIPSIMOTO TIOCEBA, MPOSIBIISIIA BBICOKYIO YCTOHUHBOCTB K PSLY
repounuaos [14]. B yacTHOCTH, IO CPAaBHEHUIO C MOIYJIs-
el S (BOCIpUUMYHNBAs), €€ yCTONYMBOCTh K TMHOKCA/ICHY
Oputa BRIIE B 6,4 pa3a. [lo pe3ympTaTaM BBIpaBHHBAHUS
10CJIe CEKBEHUPOBAHUS CXOJCTBO HYKJICOTHJIHBIX IO-
cnenoBatenbHocTet ACC 1 u ACC 6 npesbiiano 99 %.
B 10 ke Bpems HE B OTHOM U3 TIecTH TpaHckpuntoB ACC
nonyysauuu R He oOHapy»KEHO M3BECTHBIX MYTAIlMOHHBIX
CaliTOB, OTBETCTBEHHBIX 32 YCTOWYMBOCTH K TepOHInIam,
YTO yKa3bIBaeT Ha BO3MOKHOE yuacTue Mmexann3MoB NTSR.

YcTaHoBIIEHO, UTO Yepe3 28 aHel mocie NPUMEHEHHs
¢drydenanera n merpubdy3uHa KOHTpob Setaria viridis (L.)
P.Beauv cocrasisin 88...95 %, uepes 56 nueii—Ha 80...92 %.
[Tpu sToM ux ucnosb3oBaHue B 103e meHee 0,84 kr/ra ObuI0
HEJIOCTAaTOYHBIM JUIS ITOTyYEeHUsI CTAOMIIBHOTO KOHTPOJIS Hal
COPHSIKOM Ha MPOTSDKEHUH BCero ce3oHa. [15].

Pa3BuTHE yCTOWYMBOCTH MOXKET OBITH O0YCIIOBJICHO
HETPaBWJIBHBIM TI0A00POM M HCITOIb30BAHUEM T'epOHIIU-
JIOB, HapyIICHNEM arpOTEXHHUKH, a TAaKXK€ CIIOCOOHOCTHIO
pacTeHui Ha FTeHETHYECKOM YPOBHE BhIPa0aThIBAaTh HEBOC-
puuMYKBBIEe (HOPMBI HEIeBBIX (epMeHTOB. Hampumep,
coo0rmaercs, 9To ycroiunBbie K ”HrHOnTOpy ACC OHOTHTIBI
COPHSIKOB, CKOpPE€ BCET0, PA30BBIOT MEPEKPECTHYIO YCTON-
YUBOCTb K MUHOKcaAeHy [3]. B To ke BpeMs, oTMeuaercs,
YTO pacTeHus ¢ 0ojee 4eM IByMs KOTTUSIMU T€HOB [EJIEBOTO
yuyacTka, Kak MpaBuo, He IPHOOPETA0T NPU3HAK yCTOM-
YMBOCTH K TepOMIIN/IaM, HECMOTPS Ha HAJIHYHE MyTallUH
ycroitunBoctH [13].

Pa3paboTka HOBBIX IECTUIH/IOB ¥ HOBBIX ITOJIX0/IOB B HX
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Puc. 1. Tpexmepnvie eupmyansvhsie mooenu 2epouuudos:
A — keuzanogpon, B — memcynvpypon, C — mempuoysun,
D — nunokcaoen, E — npomempun. Macuwimaé ycnoenutii.

MIPUMEHEHNH BBICTYAIOT BAKHBIMU 33Jja4aMH ITPOJI0BOJIb-
CcTBeHHOH Oe3zomacHocTH. OUYEBUIHO, YTO TPAJAUIIHOHHBIN
METO/ CJIy4aifHOro 0TO0pa pH CO37IaHMU HOBOT'O ITECTHIIM/IA
HE MOXET COOTBETCTBOBATH TPEOOBAHHSIM COBPEMEHHOM
3TOXH, YTO JENacT emie 0osee BaKHBIM MOCTOSHHOE H3-
YYEHHUE TOCTHKEHHI B CMEXKHBIX 00JacTsx [ 16]. biaromaps
TCHOMHKE, NTPOTCOMHKE, TEXHOJIOTHIM OMOMH(OPMATHKH
1 OMOXNMHHN HACHTH()UIMPOBAHO MHOKECTBO CTPYKTYP IO-
TEHLUAJIBHBIX MOJICKYJISIPHBIX MHUIIECHEH 1151 BRICOKOAKTHB-
HBIX TiecTUUIoB [17]. HabuparoT momyasipHOCTh METOIBI
CTPYKTYPHO-OPHEHTHPOBAHHOT'O MOJIEKYJIIPHOTO JH3aiiHa
W ONTUMH3ALUH NPU pa3paboTKe 1 N3yYEHUH MEXaHU3MOB
JICWCTBHS TIECTHIIU/IOB.

Llens mccaenoBaHM — BBIABICHHE MOJIEKYJISIPHBIX Me-
XaHU3MOB CBSI3bIBAHUS TePOUIINI0B C OCIKaMU-MHUILICHIMH
COPHBIX TpPaB, Mpou3pacraronmx B Cuonupu.

Metoauka. Paboty Bemonusim B 2022-2023 rr. Us-
y4aJIi ClIeIytolue 5 repOrInI0B: MMHOKCaIeH (pinoxaden),
kBu3zanogon-P-repypuin (quizalofop-P-tefuryl), npomerpun
(prometryn), metpuOy3un (metribuzin), mercynbdypoH-
metmi (metsulfuron-methyl). Bei6op ObL1 cie1an Ha OCHOBE
nHGOPMAIMK U3 OIBITHO-IPOU3BOACTBEHHBIX XO3SHCTB
HoBocubupckoir ob6nacTu, rae mpeamapaTtsl Ha OCHOBE
MEPEUUCIICHHBIX JICHCTBYIOMINX BELIECTB MPUMEHSIOT JIJIs
6G0pBOBI ¢ COPHBIMHU TPaBaMH B OCHOBHOM IIPH BBIPAIINBA-
HHUM KapTO(EeIs U 371aKOBBIX KYJIbTYP.

Bce onu nipeicTaBIisitoT co00i JOBCXOI0BBIE U TIOCIIEBC-
XOJIOBBIC CHHTETHYECKHE TepONINIbI, pa3padoTaHHbIE IS
60pBOBI C OHONIETHUMH 3JIAKOBBIMHU M IIUPOKOJIUCTHBIMH
COPHSIKAMH Ha Pa3JIMYHBIX CEJILCKOXO3SHCTBEHHBIX KYJIb-
Typax. [TnHOKCaneH 3T0 (QEeHMIITNPA30IBHBINH TepOuIIH/,
narnourop ACC n cuHTe3a KUPHBIX KUucIoT. KBuzanodor-
[1-redypust OTHOCUTCS K TpyIIe apUIOKCU(PEHOKCHITPO-
nuonaroB, naruoutop ACC. IlpomerpuH, MeTpuOy3uH
1 METCYIb(yPOH-METHII 3TO TPUA3HHBI U UX TPOU3BOJIHBIE,
(OTOCHHTETHYECKHE UHIMOUTOPBI TPAHCIIOPTA AJIEKTPOHOB
Ha y4yacTke penenropa ¢orocucremsi II.

HanOomnpmme mpoOIeMbl ISl CEMTbCKOTO XO03SHCTBA
pEernoHa CO3Jal0T CJIEAYIOUIME COPHBIC BHJIbI: €KOBHHK
oObikHOBeHHBIN (E. crus-galli (L.) P. Beauv), oBcior
(A. fatua L.), meTnHHUK cU3bIH (S. Pumila), EeTHHHUK 3e-
nenbiit (S. viridis (L.) P. Beauv), nsipeit nosyuunit (Elymus
repens (L.) Gould), mupuna 3anpoxunyras (Amaranthus
retroflexus L.), TUKyTbHUK OOBIKHOBEHHBIH (Galeopsis
tetrahit L.), maps 6enast (C. album L.), roper] BBIOHKOBBII
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(Fallopia convolvulus (L.) A.Léve). Jlns usyuenns oto-
OpaJiv BUIIBI, IJIsI KOTOPBIX OCJIKHM ObUTH HAN0O0JIee aHHOTH-
POBaHBI B CIICUATM3UPOBAHHBIX 0a3ax JaHHBIX.

Januble 00 M3BECTHBIX W MOTEHIMAJIBHBIX MUIICHIX
MECTUIMJIOB Opaii U3 HAy4YHOH IUTEepaTyphbl U 0a3 JaHHBIX
Pesticide Target Interaction Database [18] u Pesticide
Properties DataBase [19]. B nayunoil nutepaTtype npea-
CTaBJICHO MaJlo I/IHq)OpMa]_[I/II/I O MUIICHAX HUCCICAYCMBbIX
repounnnoB. CBeIEHUS O CTPYKTYpPHO-(QYHKINOHATHHOM
ycTpoiicTBe 6eIK0B ObITH B35 THI 13 062361 JaHHBIX UniProtKB
(https://www.uniprot.org/). B 6a3e oCymeCTBISIIH TOUCK
crpykryp ACC (EC 6.4.1.2) nns E. repens n A. fatua (L.),
ALS (EC 2.2.1.6) nns A. fatua (L.), A. retroflexus (L.) n
C. album (L.), CYP450 u 4-ruapokcudeHunnupysar
nuokcurenassl (HPPD, EC 2.2.1.6) ans S. viridis (L.)
P. Beauv (ta6um. 1).

MonenupoBanue 00pa3oBaHUsl KOMILJIEKCOB O€JIOK-
repOumu Tpedyer 3HAHUS MPUMEPHOTO PACTIOTIOKCHHS
MOJIOCTH JINTAH/I-CBA3BIBAIOIIETO caliTa OEIKOB-MHUIIIEHEN.
Jist ux oricka BHavasie ObUIA CMOICITMPOBAHBI BUPTYalb-
HbIE MOJEJIM MUHOKcaaeHa, kBu3aitodon-P-redypuina,
MIpOMETpHUHA, METpHOY3WHA U METCyTb()ypOH-MEeTHIA
(puc. 1).

Janee ans ocylIecTBIEGHUS! JOKHHTA JIMTAHIOB C UX
HETIOCPEICTBEHHBIMHU MHIIICHAMHE OBITa pa3paboTaHa aBTOp-
CKasl MCTOJUKAa MPOrHO3UPOBaHUsA JIMT'aHI-CBA3BIBAIOIINX
caifiToB OeNKOB-MHIICHEH, coBMeNaromas B cede mpea-
cKazaHue ux monocteil anroputMom P2Rank (PrankWeb)
U TOCNIEAYIOIIYIO BAJIUIAIMIO 3TUX pe3yiabTatoB BLAST-
BBIpAaBHUBaHHEM pe(epeHCHBIX OEIKOB C aHHOTHPOBAH-

E Mowck nuraxg-cessbiBatowymx caitos (LBS') 6enkos-MuweHei ‘

1)
C Plastid ACCase

(A. fatua)
1D: G3G400

synthase
(A. fatua)
ID: C5J4A5

synthase
(A. retroflexus)
1D: Q93XN6

synthase
(C. album)
1D: ADASBIA0D2

Acetyl-CoA
carboxylase

(E. repens)
1D: TIVZT3

[ |

2
C' [ Mo AHHOTHMPOBaHHOMY romonory ‘

4-Hydroxyphenylpyruvate
dioxygenase
(S. viridis)
1D: AOA4UEWSV3

Cyt P4SO
(S. viris)
1D: ADA4V6DIW4

C nomoubio ML-anroputma ‘

2

BbiGop anroputma

N

L 2
0T60p romonoros*

P2Rank via PrankWeb

Mowck romonoros
(BLAST-sbipashusatue)
N
Annotation score: 3-5/5
Protein existance: At protein level
At transcript level

Sequence identity. Hausbicuias B0MOXHa
Binding/active site: Tonsko An cy6cTpaTa

salenlen

(pocket based) ‘

J
[ BLAST-BblpaBHMBaHHe pedepeHcHOro ‘

6enka C roMoN0rom
T
ConocTaBnexne aMUHOKUCNOTHBIX
0CTaTKOB aHHOTUPOBAHHbIX LBS ‘ [NlanHble LBS (apxve .zip)
roMosIora ¢ 0CTaTKaMy pedyepeHcHoro
Genka )

® n

(kpocc-Banupauus pesynbratos PrankWeb);
2. ToyHocTb NpepcKa3aHus nonoctu LBS;
3. KoopauHaTbl nonoctu LBS (Gridbox);
4. A THbIE 0CTaTKH, nonocts LBS;

LBS 6enka

pasytouy

Puc. 2. Obwaa cxema anzopumma noucka
JIU2AHO-C8A3BIEAIOWUX CAIIMO08 De/IK06-MunieHell
(*npedocmaenennvie odbugue Kpumepuu omoopa 20Mo10204HbIX
0e11K06 6 OMOeLHBIX CYUAAX KOPPEKMUPOBATIUCD
3a HeUMEHUEM 20M010208, OMEEUAIOUUX MPEOOBAHUAM;
1—om anen.—ligand-binding site; 2 — caiimul, céazvigaroujue
UOHBL U KOPAKMOPBL He YUUMBIEATIUCY, 3A UCKTIOUEHUEM
0moenvHyIX cyuaes).
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HBIMH TOMOJIOTHYHBIMH CTPYKTypaMH. DTa METOJUKA
(puc. 2) mo3BoJIAET ONTUMHU3UPOBATH BBIYMCICHUS U TIOBBI-
IIaTh TOYHOCTH PE3YJIETATOB MTPOTHO3UPOBAHMUSL.

Meto/1 aHHOTHPOBaHHBIX TOMOJIOTOB (CM. PHC. 2, CIIeBa)
OCHOBaH Ha 1oj00pe 0oJiee aHHOTHPOBAHHOW T'OMOJIOTHY-
HOU CTPYKTYpHI ¢ ucnonb3oBanueM BLAST-BbipaBHUBaHUS
T10 aMUHOKHCIIOTHOH ITOCTIEI0BATEEHOCTH OENKOB (BBINTOIHE-
Ho Ha pecypce UniProtKB). CHavaia npoBoanu riiobaisHoe
BBIPaBHHUBAHHUE IS IOMCKA ITyJ1a TOMOJIOTHYHBIX CTPYKTYP,
a3aTeM U3 HUX OTOMpaH OEJIKH 110 HECKOIBKUM KPHTEPHSIM:
3HAUCHHE OYKOB aHHOTAIMH (annotation score)—B repeieiax
3-5/5; nammuue Gernka (protein existence) — MOATBEPKIACTCS
Ha ypOBHE ITPOTEOMa/TPAHCKPUNITOMA; HAEHTHYHOCTD TOCTIe-

JOBaTEIBHOCTH (sequence identity) — HaWBBICIITAsT M3 TIPE-
JIO)KEHHBIX (IIPU yJIOBJIETBOPEHHH OCTAJILHBIX KPUTEPHUEB);
Haymaue cBs3bIBaronux caidtos (binding site) cybcrpara
(nouHbIe U KO-(akTopHble LBS He yuutsBanm). B HekoTophIx
cilydasiX TOMOJIOTH, YJIOBJIETBOPSIOIINE NEPEUNCIICHHBIM
rapaMeTpam, HaiiTH He yAaBaJloCh, TOATOMY KPHUTEPHH KOp-
PEKTHPOBAIN B COOTBETCTBUH C MMEFOILIIIMHUCS CTPYKTYPAMH.
Taxk, ayist romosora ID BOFK 36 ObL1 cKOppeKTUPOBAH TOJIBKO
napameTp «protein existance» Ha «inffered from homology».
Hus romomora ID Q6K2ES ckoppekTiupoBaH KpUTEPHA OT-
60pa LBS (B3sTbI CaiiThl, KOTOPBIE CBA3BIBAIOT THAMUHIU(OC-
¢ar u ¢paBuHaMuaIeHUH quHYKiIeotHa(ocdar). ['omomor
ID P17597 6b11 BBIOpaH B CBSI3M C TeM, YTO B aHHOTAIUU

Tao6xa.1. MuieHu repoMImMIOB

I'epOunuy, rpymnma BemecTs |

Dopmyna

MuiieHb | BriOpaHHbIil BUjI COpHSIKA

ITunokcaneH,
(heHUITITHPA30JIBI

Ksusanodon-IT-repypu, apuiokcupeHokcH-
MIPOITHOHATHI

ACC [20], ALS [21] OBCIOT

A. fatua (L.)

ACC [22] nbIpeit mon3y4nit

E. repens (L.) Gould

IIpomeTpuH, TpHa3HHbI

Metpulys3uH, Tpua3auHsl

MertcyabbypoH-MeThI,
[IPOU3BOHOE CYIIb(HOHUIMOYEBHHBI

CYP450 [23]

\ HPPD [24]
N\ N—NH,
o
—o0 ALS [25]
o
O\g
\O
H
(0]

IIETUHHUK 3€JIEHBIA
S. viridis (L.) P. Beauv

LIETUHHUK 3€JICHBII
S. viridis (L.) P. Beauv

IMPHULA 3aAIPOKUHYTAs
A. retroflexus (L.),
Mapb Oemnast
C. album (L.)
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JIUTaHJ-CBSI3BIBAIONINX CAalTOB KPOME HEMOCPEICTBEHHBIX
CyOCTpaToB MMENOCH OIIMCAHKE YCISIIHOTO B3aUMO/ICHCTBHS
9TUX CalWTOB C JPYTMMH MHIMOUTOpaMu (MMHIA30JIMHOHOM
1 Cymb(paHMIMOYEBUHON ).

Crnenyromum 3TarnoM ObUIO JIOKAJIbHOE BbIPaBHUBA-
HUE U COIOCTaBJICHHE aMHHOKHCIIOT, aHHOTHPOBAHHBIX
B KaueCTBE JINT'aH[-CBA3BIBAIONINX CAlTOB, Y TOMOJIOTOB
U pedepeHCHBIX CTPYKTYp. B cityuae eciiu aHHOTHpOBaHHbBIE
TOMOJIOTH OEJIKOB OTCYTCTBOBAIIM, MCHOJIB30BAIH TOJIBKO
naaHeie ML-anroputMma (MammHHOE 0Oy4eHHE, C aHTIL.
machine learning), Tak Kak MCHOJb30BAHUE CIYYaHHOTO
rOMOJIOTa BBIIAET MaloOWH(GOPMATUBHBIN PE3yJIbTAT MPH
BBIPAaBHUBAHUY 110 IEPBUYHOM CTPYKTYpE.

Meton ML-anroput™Ma ajiss nmoucka JHUTaHJ-
CBSI3BIBAIOIIETO caifTa Oelika OCHOBAH Ha HMCIHOJIBb30BAHUH
web-cepsepa PrankWeb [26]. On ObiT BEIOpaH Ha OCHOBAaHHUH
HECKOJIbKUX KPUTEPHUEB: BBICOKOMH(OPMATHBHBIH Pe3yJbTaT
TIPOTHO3UPOBAHUSL, OTKPBITHIN JJOCTYII K pecypcy, YA0OHBII
naTepdeiic. Kpome Toro, aBTOpHI cepBrca OTMEYAIOT, YTO
TIOJIOCTHAsI MOJIEIIb [TOUCKA JIMTaH/-CBSI3bIBAIOILETO caiTa
6oiee 3(hpexTrBHA (BBIIACT OOJIBIIIE BEPHO ONPECICHHBIX
CaiiTOB NPU CPABHEHUH C IKCIEPHUMEHTAIBHO YCTaHOBJICH-
HBIMH), B CPAaBHEHHH C aHAJIOTAMH, a TAK)KE MUHUMHU3UPYET
MIPOTHO3UPOBAHNE CITYy YA HBIX JINTaH/I-CBA3bIBAIOIINX aMHU-
HOKHCIIOTHBIX ocTaTKOB. CyTh ML-anroputma 3akirodaercs
B 3arpy3Ke CTPYKTYpbI pedepercHoro oemnka B pdb-dpopmare
1 yKa3aHUM KeJlaeMoH enu. BeIXxoHOH pe3ynbTaT npen-
CTaBIIIET COOOH apxWB C (aiiaMH, OMHUCHIBAIONIUMH KaK
YHCIIOBBIE, TAK U rpaduueckue naHHbie. Cpeiu Moy YeHHbIX
JIAaHHBIX OTOMPAJIH CIICAYIONIHE MapaMeTphl: PaHT IPOTHO3a
(oTOupamy HAMBBICIIHIT ); BEPOSATHOCTH/TOYHOCTD ITPOTHO3a
(oTOMpaK HAaUBBICUIYIO); KOOPAMHATHI LIEHTPA MOJICKYJISIP-
Ho#t nosoctu (Gridbox); aMHHOKHCIIOTHI, 00pa3yIoue 3Ty
MOJIEKYJISIPHYIO TIOJIOCTb.

[IpumeHeHne ABYX pa3sHBIX METOJOB OIpPEACIICHHUS
JINTaH/-CBA3BIBAIOIINX CAHTOB B paMKax oOIIeld MeToJo-
JIOTMM OCHOBAHO Ha WX B3aMMOJIOTOJHSIONIEM XapaKTepe.
AMMHOKHCITOTHBIE OCTaTKH CBSI3BIBAIONIETO CaiTa, ompe-
JICTICHHBIC METOJIOM T'OMOJIOTUH, MOTYT HaXOJIUThCS B CO-
CTaBe M0JIOCTH, CIPOrHO3UPOBaHHON ML-anropurmMom, 4o
B CBOIO O4YE€pEe/b CIYXKHUT JOMOJHUTEIBHBIM yTOUHEHUEM
PacIoI0KEHHS JINTaH/1-CBS3bIBAIOIIETO CaiTa.

Ha ocHOBe pe3y/bTaToB MOMCKA BBIYMCIISUIN KOOPANHATHI
MOJIEKYJISIPHOU MOJOCTH NOTEHIHAIBHOTO CBSI3bIBAIOIIETO
caifra (Gridbox) jurs ocneyromnen CThIKOBKH.

ITockomnbKy mepes HagaIoM HCCIIEJOBAaHNS HEBO3MOXKHO
OBLIO ONPENIENTUTh C KAKUMH aMUHOKHCIIOTHBIMH OCTaTKaMU
OeJKa-MHIIEHH JT0JDKEH CBSI3aThCS JIMTAH/T, JJIsl MOJICIINPO-
BaHMS XUMUIECKOTO B3aUMOJICHCTBHUS 1 TPOBEPKH adPpuH-
HOCTH IOTEHIMAIBHBIX JIMTAH/IOB K BHIOPAHHBIM MHIICHSIM
BBIOpAH METO/]] KECTKOI'0 MEKMOJICKYJISIPHOTO CIICIIOTO
JOKHUHTA. J[JIs1 eT0 peann3aliy NCTIOIb30BalIN CIIEHAIbHbIC
aBTOHOMHbIE mporpammbl AutoDock u MGLtools [27].
MGLtools (Bepcust 1.5.6) npencrasisier codoi rpaduaecknii
uHTepdeiic, odreryarormii padoty ¢ AutoDock (Bepcus 4.2).

Ha nepBom ararie Oes0K-MHUIIEHb 3arpysKaiii B padouee
noiie MGLtools, ynansinm octaTouHyro Boay ¥ JOOABISUTH
MIPOTOH K aMMHOKHCIIOTHBIM OCTAaTKaM B MECTaxX MOTEHIIU-
IBHOI CBsI3M ¢ auranaaMu. Ha BTopoMm srarne no0aBisuim
nuraHa u HakiaaaeBaiau cetky (Gridbox) mis ykazaHus
oOmactu pokuHra. Ilocie yka3aHusl KOOPJUHAT CETKH 3a-
IIyCKaJIi NPOLIECC HAIOKEeHHUs ceTKu — B autogrid. Pe3yiib-
TaTOM HAJIOKEHUS CIYXHJIa HHPOPMAIUSI O CTPYKType
OenKa-MHIIICHN C YKa3aHHEM O0JaCTH CTBHIKOBKH. TpeTnit
9TaN 3aKJI0Yalcs B NMPOBEJSCHUH CaMOro AOKHHTra. J{is
9TOTO YKa3bIBAJIM MUIICHb M JIUTAH/I, 3aTEM yCTaHABINBAIN
KOJIMYECTBO MOMBITOK CTHIKOBKH B yKa3aHHOU obmactu (5
IOTIBITOK JIJIsl KaXK1oit 00actu). [1o pe3ynbrataM JOKUHra
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coznaincs (aiin B dlg-hopmare ¢ moapodHoit nHDOopManmei
00 00pa3oBaHHBIX KOMIUIEKCAX (KOOPAMHATHI PACIIONIOKE-
HUSI KOMIIIEKCA, SHEPTHs CBSI3bIBAHMS, CPE/THEKBAIPATHIHOC
OTKJIOHEHHE aTOMOB U JIp.).

Bce nonydeHHbIe KOMILJIEKCHI ObUTH CKOHCTPYHPOBA-
HBI C HCIIOJIb30BAHUEM MPOTrPAMMHOTO OOECIIEUEeHUS JUIs
Bm3yanmzanun PyMol Bepcun 2.5.4 [28], mocie 4ero um-
HOPTUPOBAHBI M BU3YAIM3UPOBAHBI B JIBYXMEPHBIE U TPEX-
MepHbIe n300paskeHus ¢ ucrosp3oBanueM Discovery Studio
Visualizer (Bepcust v21.1.0.20298) [29].

PesyabTaThl n o6cyxnenne. B xone onpenenenus
JIUTaH/I-CBSA3BIBAIOIINX CAlTOB OBUIH TTOJTyYECHBI PE3yJIbTa-
THI IBYX Kateropuii (tabi. 2). K mepBoii U3 HUX OTHOCATCA
koopauHathl neHTpa Gridbox, KOTOpBIH MpeCTaBIIET CO-
6011 cBO€OOpa3HyIO MOJOCTh B (hOpMe HapaulesIeHIIe 1a,
OYEPUUBAIOIIYIO JINTAH/I-CBSA3BIBAOIINE CAITHI OEIKOB.

Ko BTOpoOil KaTteropuu OTHOCATCS aMUHOKHCIIOTHBIC
OCTaTKH, 00pa3yIonye IOJIOCTH JIMTaH/I-CBI3bIBAIONINX
CalTOB, KOTOPBIE MIEPEKPHIBAIOTCS KAK 110 METOAY F'OMOJIO-
TUH, TaK U ¢ ucnoiab3oBanueM ML-anropurma. [lepekpoitue
AMUHOKHCIIOTHBIX OCTaTKOB OBLIO BBISIBIICHO Y 4 13 7 Oe/IKoB
(oxoo 57 %). D10 CBSI3aHO C XOpOIIIel aHHOTAIEeH TOMO-
JIOTHYHBIX CTPYKTYP, @ TAKKe C HAINYUEM OTHOCHTEIIBHO
TOYHBIX Mozenel OenkoB B 0ase gqaHHBIX UniProtKB. s
Tpex OEeTKOB yCTAaHOBJCHO IO OJHOW IepeKpBIBAOIICHCS
AMHMHOKHUCIIOTE, JUIs OJHOro Oesika — JB€ aMUHOKHCIIOTHI.
OtpunaresbHbIe Pe3yIbTaThl IEPEKPBITHS IS IBYX APYTHX
0EJIKOB B OCHOBHOM CBSI3aHBI C OTCYTCTBHEM AaHHOTAIUH
CaliTOB CBSI3BIBAHUSI Y TOMOJIOTUYHBIX CTPYKTYP JIOO € OT-
CYTCTBHEM KaKHX-JIMOO TOMOJIOTOB B 0a3e JaHHBIX. YUH-
TBIBasI, UTO AJISI IBYX O€JIKOB aHHOTHPOBAHHBIX TOMOJIOTOB
HE Hal{/ICHO, PE3YJIbTATHI B 1IEJIOM TTOJITBEPIKIAI0T OOBEKTHB-
HOCTb M Pe3yJIbTaTUBHOCTh Pa3pab0TaHHOTO MOIX0/a IS
OroMH(pOPMATHKH.

Tao6a. 2. Pe3yabraTsl onpeejeHus JJUTAH/I-CBI3bIBAIOIINX
caiiToB 0€JIKOB-MHIIEHEi

Koopamuatsl nientpa 1o- | [Tepexphi-
. JIOCTH JIMTAaHA-CBA3bIBA- | garommecs

ID UniProtKB iita (Gridbox) o
romero caiita (Gridbox) | ampnokwmc-

romoJjora

JIOTBI

(Am*,
HOMEp)

Pedepencusrii
6enok, ID
UniProtKB,
BHUJI COPHSIKa

X_cent | y_cent |z cent

ACC

ID: G3G400
A. fatua (L.)
ALS

ID: C5J4A5
A. fatua (L.)
ACC

ID: TIVZT3
E. repens (L.)
Gould

CYP450

ID:
A0A4V6DIW4
S. viridis
HPPD

ID:
AOA4U6WSV3
S. viridis (L.)
P.Beauv

ALS

ID: Q93XN6
A. retroflexus (L.)

ALS ID: P17597 -12.354 5431 1396 D,373
1D: W,570
AO0ASBY9AOD2
C. album (L.)

ID: BO9FK36 10.759 -17.808 -6.127 —

ID: Q6K2E8 -4.595 0.530 11.679 R,148

ID: Q38970 -4.860 -4.956 -9.717  R,89

orcyrcTByeT** 3.797  -0.702 -4.594 —

oTcyTcTBYeT** -12.448  6.496 22.544 —

ID: P17597 1.162 7.183 9.926  R,241

*amuHokucioma peghepencrozo benka 6 popmame fasta;
**AHHOMUPOBAHNBITL 20MOTI02 OMCYMCMBYen (KOOPOUHAMbL X, V, z ObLiu

cnpoznosuposanvl ML-aneopummonm).
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Jlns kaxxmoro Gernka mocpeactBoM Prank Web 65110 omica-
HO HECKOJIBKO MOJIEKYJISIPHBIX TOJI0CTeH (Tabu1. 3), B TOM umc-
e st anetnin-KoA xapookennassl A. fatua (L.)—5 nonocrei,
E. Repens (L.) Gould—3; aneronaxrat cunTas A. fatua (L.)—4,
A. retroflexus (L.)—3, C. Album (L.)—3; uuroxpoma P450—5;
4-rupOKCUPEHMITITUPYBAT JUOKCUTEHA3bl — 5 TOJIOCTEH.
s moxwHTa 0TOOpAIH MOIOCTH C MAKCUMAIBHOH TOYHO-
CTBIO IPOTHO3A.

TouHOCTH MPOTHO3UPOBAHUS JTUTAHA-CBI3BIBAIOIINX
caiitoB coctaBuia 4,6...99,3 %, a KOJIMYECTBO AMHHOKHC-
JIOTHBIX OCTaTKOB caiiTa paBHo 10...60. [{ns 4 u3 7 mutnenei
TOYHOCTH TpeBbicuna 38,8 %, 4TO CIyXKHUT yIOBIETBOPH-
TEJNbHBIM PE3YyJIbTaTOM B paMKax OMOMH(OpMATHUECKHX
uccienoBaHuid. Hanbosbime KOJIMYECTBO OYKOB PE3yJib-
Tata OUEHKU U TOYHOCTh MPOrHo3a ormeuensl 1t CYP450
(ID AOA4V6DIWA4, S. viridis (L.) P. Beauv), y koToporo
paHee He 0OHAPYKUJIM aHHOTUPOBAHHOTO romoJora. bomee
TO4HOE nporHosuposanue nonoctu y CYP450 npenno-
JIOKHUTEIBHO CBSI3aHO C KOHCEPBATUBHOCTBHIO TPETHUHOMN
CTPYKTYpPBI BCEro ceMeiCTBa LIMTOXPOMOB B PE3yJbTaTe
Yero ajrOpuTMy OBLIO MPOIIE PEIIUTh 3a/1ady Kiaccudu-
karuu. Kpome Toro, y rccieayeMoro uToxpoma mnojaocTb
HaxXoauTcCs B rny614He MOJICKYJIbI, @ JOCTYII K HEl BO3MOXKEH
yepe3 KaHall.

Ta6a. 3. XapakTepHCTHKH MOJIOCTEH JIMTAH/I-CBA3bIBAIOMINX
caiiToB, CiporHo3upoBannbix ML-aaropurmom

Ouku K
OJIMYECTBO aMH-
Mutiens, ID Panr pT?}(;J:Igi' TouHOCTH HOKHCJIOTHBIX
UniProtKB, Bux MIPOTHO34a, | OCTATKOB MOJOCTH
MOJIOCTH|KH (Score o o
COpHsIKa function % caliTa CBSI3bIBAHNA
resulf) (aminoacid position)
ACC 1 2.08 4,6 10
ID: G3G400
A. fatua (L.)
ALS 1 5.23 25,5 20
ID: C5J4A5
A. fatua (L.)
ACC 1 8.30 48,8 12
ID: TIVZT3
E. repens (L.)
Gould
CYP450 1 78.36 99,3 60
ID:
A0A4V6DIW4
S. viridis (L.)
P.Beauv
HPPD 1 17.31 79,8 17
ID:
A0A4U6WSV3
S. viridis (L.)
P.Beauv
ALS 1 6.89 38,8 18
ID: Q93XN6
A. retrofiexus (L.)
ALS 2 3.85 15,8 16
ID: AOASB9AOD2
C. album (L.)

Ha ocHOBaHMM CITPOTHO3MPOBAHHBIX MOJIEKYISIPHBIX
KapMaHOB, ObIIO MPOBE/ICHO MOJICTMPOBAHHE MEKMOJIEKY-
JSIPHBIX B3aUMO/ieHcTBH (Tab. 4), B pe3yabpTaTe KOTOPOTro
OBUTH MOJTYYEHBI KOMIIEKCHI JTUTaHA-PELETTOP.

MopenupoBaHue 0Ka3ajlo, YTO MUHUMAaJIbHAS SHEPT U
CBSI3BIBAHMS Bapbupyer oT —5,60 1o —13,24 kxan/mons. Ta-
K€ 3HaUCHMS yKa3bIBAIOT HA BBICOKYIO CTAOMIBHOCTD BCEX
CMO/ICJIMPOBAHHBIX KOMILJICKCOB TepOUIHI-PepMEHT. DTO
MOXHO OOBSICHUTB TIOJIOKEHUEM JINTaH/1a B OTHOCUTEIHHO
MOJUIENTUHON L[EeNU MHUIIEHH U HYJICBBIM 3HaUCHHEM
CpETHEKBaAPATUIHOTO OTKJIOHEHUS aTOMOB JINTaHa.

Ta6a. 4. Pe3yabTaTbl MeKMOJIEKYJISIPHOTO

B3aUMOJEHCTBUSA
Penerrrop, ID par | owep
UniProtKB, Jlurann P
KOH(MOPMAIMH| CBA3BIBAHUS
BUA copHika (KKaJI/MOJIB)
ACC MMHHOKCAICH 1 -7,81
ID: G3G400 2 -7,40
A. fatua (L.) 3 -7,01
ALS 1 -9,83
ID: C5J4A5 2 -9,43
A. fatua (L.) 3 -8,78
ACC kBuzanogporn-I1- 1 -7,30
ID: TIVZT3 Tedypu 2 -6,09
E. repens (L.) Gould 3 -5,60
CYP450 MPOMETPHUH 1 -6,31
ID: AOA4V6DIW4
S. viridis (L.) P.Beauv
HPPD MeTpuOy3UH 1 -7,68
ID: TIVZT3
S. viridis (L.) P.Beauv
ALS MeTcyIb(ypoH- 1 -13,24
ID: Q93XN6 METHIT
A. retroflexus (L.) 2 -12,27
ALS 2 -10,45
ID: AOASB9AOD2 3 -9,85
C. album (L.) 4 2973

PesynbraThl pacdera MOJICKYIISIPHOTO B3aMMOACHCTBHS
MOKa3aiu, 9To (pepMeHT KapOoKchia3a MOAABISIOT pas-
HBIC TePOUIUJIBI, YTO MOXKHO OOBSICHUTH OCOOCHHOCTSIMHU
KoH(popmanuu. Panee ObTIO OTMEUYCHO, YTO KOH(POPMALIUS
AMHHOKHMCIIOTHBIX OCTAaTKOB, KaK ONM3KHX, TaK U yAaJeH-
HBIX OT calTa CBS3BIBAHUS rep61/1u1/m013, AJanTUupyeTCsa
JUTSL CBSI3BIBAHUS PA3IMYHBIX XUMHYCCKUX KIACCOB TAKHX
coenuuenuit [30].

[IpennoyioXuTEeNIbHO NPOMETPUH, METPUOY3UH
1 MeTCyIb()ypOH-METHI, pa3paboTaHHBIC B Ka4eCTBE
(hOTOCHHTETHYECKNX HMHTHOUTOPOB TPAHCTIOPTA SIEKTPOHOB
Ha y4acTke perentopa GorocucreMsl I, criocoOHbI Takke
BBIP)KCHO TOJABIISATH aKTUBHOCTH TaKMX (PEPMEHTOB, KaKk
CYP450, HPPD, ALS. B gactHOCTH, CXOKHE PE3yIbTaTHI
MOJIYYEHBI M0 B3aMMOJCHCTBUIO METCYJIb(ypOH-METHIIA
u apoxoxkeBoir ALS (cumraercss BEBICOKOKAYECTBCHHOMN
MOJIENBIO PacTUTEIbHOTO (epmenTa). [Ipu mccnenoBannu
9TOr0 KPUCTAIUTMYECKOTO KOMILIECKCA IIOKA3aHO, YTO apoMa-
THYECKOE KOJIBIIO CIOCOOHO K HEOOIBIIIOMY ITIePEMEIICHUTO
13 CTOPOHBI B CTOPOHY, HO MOCTHK M3 CyTTh(OHUIMOYEBUHBI
TUIOTHO TIPUJIETAaeT K OKpYKaroleMy KapMany MutieHu [31].

CortacHO pacdyeraMm JOKWHTa, CMOJCITHPOBAHHBIC KOM-
IJIEKCHI 00JIa1aI0T BEICOKOM ITOTEHIIMAIBHOM CTA0MIBHOCTEIO,
KOTOpasi 00YCJIOBJICHA TAKUMH B3aMMOJCHCTBUSAMH, KaK
cribl Ban-niep-Baanbca, BogopoabIe 1 rupodoOHbIe CBA3H

B3aumopeiicTens

Ban-pep-Baanbcoso
B3auMofeicTBHe

- 06b1yHan H-ceasb

HeBbirogHas A0HOpHO-
[OHOPHas CBA3L

P oo
- ANKnNbHaRA CBA3L

ARG §
A:386 D TE-anKuNbHas CBA3L

ASN
A:384

Puc. 3. IIpumep 08yxmepHoii uzyanuzayuu Komniekca
npomempun-CYP450.
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06bi4Hble BOAOPOAHbIE
CcBA3MN

RG167

AmuHokucnoTa
aKTUBHOTO LieHTp Benka,
Haii|eHHas N0 aHHOTUPOBAHHOMY
romonory

Puc. 4. lIpumep susyanuzayuu komnaexca ACC u xeusanogon-II-meghypun 6 mpexmepnom npocmpancmee: A — auzano
u amunokucnommuwte ocmamxu (ARG89 u op.) 6enxka-mumwienu, yuacmeyioujue ¢ c6A3vl6aHUU (YUPpamu noKazana ONUHA C6A3U
6 anzcmpemax), B — o6uwuii 6ud komnaexkca c omoopasricenuem oouiell MoOIEKYIAPHOU NOBEPXHOCHIU DeNKA-MULLEHUL.

(puc. 3 n4). 3T0 KOCBEHHO ITOATBEPIKIACT CHIIHHBIA HHTHOH-
pyrommit 3hGEeKT UCCIIeAyeMbIX TePOUIIUIOB U COTIIACYETCS
C 3KCIEpPUMEHTAIBHBIMU TAHHBIMH U3 JIUTEparypbl. ['epou-
IIA/TBI TIOKA3aJTM TTIOTSHITHA HHTMONPOBaHHS (PEPMEHTOB B OC-
HOBHOM OJ1arofiapst 00pa30BaHUIO MPOYHBIX B3aUMO/ICHCTBHI
MEXJy OOKOBBIMH IIETISIMH aMUHOKHCIOT. [Tomyuennsle
Ppe3yIbTaThl MOXKHO CUUTATh OTHOCHUTEIILHO O0BEKTHBHBIMH,
MOATOMY MX MOTYT HCIIOJIb30BaTh U JIPyrHe HCCIIEe0BATEIH
B CBOMX OMOMH(pOPMATHUECKNX SKCIIEPUMEHTAX.

BeiBoasl. IlpemioxeHHblil 10AX0A BBISIBICHUS Napa-
METPOB IOJIOCTH CAaWTOB CBSI3BIBAHUS in silico, KOTOPBIH
3aKJIFOYACTCs B COBMEIICHHH METO/1a BBIPABHUBAHUS U TEX-
HOJIOTUM MAMIMHHOTO OOYy4YeHHs, MOKHO HCIIOIb30BaTh
JUIA BBIACHCHMUSA IIOBECICHUA rep61/1u1/1}1013 IIpU CBA3bIBAHUU
¢ pepMeHTaM1 COPHSIKOB C TOYHOCTBIO TPOTHO3a 710 99,3 %.

HccnenoBaHHBIE KOMITIIEKCH TepOUIIHIOB U OEIKOB 00-
JIaJIaf0T NOTEHIHAIbHON BBICOKOW CTaOMIBHOCTBIO BBULY
HH3KOH SHEPTUH CBS3BIBAHNS C PELIEITOPAMH, KOTOPAsi BapbH-
pyet oT 5,60 10 —13,24 xKxay/Monb. BenmanHaa sHEpTUn CBSI-
3bIBaHMSI HE [T0Ka3aJia NPsIMON 3aBUCHMOCTH OT KOJIMYECTBA
AMHWHOKHCIIOTHBIX OCTaTKOB JINTaH/I-CBS3bIBAIOIICTO CalTa.

B 11e110M nccnenoBaHue JIOMOTHMIO HEKOTOPBIE acTieK-
ThI MOJICKYJIAPHBIX MEXaHU3MOB CBA3bIBAHUA Fep6I/IHI/II[OB
¢ OenKaMHU-MHUIICHSIMH COPHBIX TPaB, OJTHAKO TpeOyeTcs
MIpoBeIeHHE Ooiee TTy0O0KOT0 H3YUIEHHSI C IIEITBIO JIOKAJH3a-
WU KPUTUYECKUX aMUHOKHUCJIIOTHBIX TOUCK, YHACTBYIOIIUX
B OMOJOrMYECKUX QYHKINAX OCIKOB-MUIICHEH.
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