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Abstract. The use of modern bioinformatic approaches for the solution of environmentally oriented tasks
provides new data that can be used for spot control anthropogenic ecosystems and ecosystem rebuilding of their
violation obtained from adverse factors of natural and antropogenical genesis. This work aims at demonstrating
and identifying metal binding proteins in dominant species of plants and microorganisms of agrocenosis that
allows you to create an information database for accumulating and processing information about the regularities of
the functioning of agro-ecosystem in arid conditions, leading to the growth of economic efficiency of the farming
system and increase the success of environmental management.

The main purpose of the work was to study the presence of metal binding proteins included in the proteome, the
dominant species of plants and microorganisms from three typical agrocenoses of the Volgograd region. Metal
binding proteins were distributed not only in their functional features, participation in photosynthesis, salt resistance,
but also in the degree of their dependence on specific metals: manganese, zinc and copper. The results of the
proteinaceous analysis of metal binding proteins in plants and microorganisms showed that the main dominant
species annotated a small amount of proteins, the most prominent representative is barley ordinary it described 246
metal-dependent proteins of which 115 annotated, in other plants the number of proteins is much lower, or not studied
atall proteome. The soil microbiota of the considered agrocenosis is also characterized by a sufficiently large number
of metal-dependent proteins, 4874 for representatives of the Genus Actinomyces and 5727 for Bacillus subtilis, of
which about 45-50 % are annotated. According to the results, the concentration of metals in the soil of agrocenosis,
namely in the arid zone, has a very strong impact on the livelihoods of crops and microorganisms in the soil.

The use of the obtained results can be used as a basis for the implementation of targeted high-precision
management of biocenoses in order to improve the sustainability of natural communities and the economic efficiency
of agrocenoses.

Key words: agrocenoses, proteome, metal binding proteins, agricultural nature management, management of
ecological communities, database.
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NCCIEJOBAHUE METAJIVI3ABUCUMBIX BEJIKOB
JTOMHMHUPYIOIIUX BUJOB PACTEHU U MUKPOOPITAHU3MOB
B APUJHBIX ATPOBUOIIEHO3AX BOJIT'OI'PAJICKOM OBJIACTH!
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AnHoTanus. Vcnons30BaHNe COBPEMEHHBIX OMOMH(POPMAITHOHHBIX MTOAXOI0B IS PEIICHHS SKOJIOr0-OpHEH-
THPOBAHHBIX 3a]1au 0OCCIICYMBACT MOMYICHHUE HOBBIX JaHHBIX, KOTOPBIC MOXKHO UCIIOIB30BAThH I MMITAKTHOTO
yIpaBIIEHUs arPOIIEHO3aMH M SKOCHCTEMaMH, BOCCTAHABJIMBAs UX HapyIIEHHs, 00yCIIOBJIEHHbIE IEWCTBUEM Helma-
TOIPUATHBIX (PaKTOPOB €CTECTBEHHOM U aHTPOTIOreHHO# cpenbl. JlaHHas paboTa HampaBJIcHA Ha BBIABICHHUE U OII-
pelneNieHre MeTallI3aBUCUMBIX OCJTKOB B IOMUHHUPYIOIIHNX BUAAX PACTCHUI 1 MEKPOOPTaHU3MOB B 3¢PHOBOM arpo-
LIEHO3€, YTO MO3BOJISIET CO3/1aTh MH(OPMALMOHHYIO 0a3y JJ1sl HAKOIIJICHHUs M 00pabOTKH CBEIEHHH 0 3aKOHOMEPHO-
CTAX (PYHKIIMOHHUPOBAHHMS CEITLCKOXO3SMCTBEHHBIX CHCTEM B apHIHBIX YCIIOBHUSX, 4TO OYAET CIIOCOOCTBOBATD ITOBBI-
IeHU0 3 (HEKTUBHOCTH MPUPOIONIOIH30BAHIS.

OCHOBHOM 11€J1610 Pa0OTHI SBIUIOCH H3y4YeHUE HATNY S METAIUI3aBUCHMBIX OSITKOB, BXOJISIIIIMX B IIPOTEOM JOMH-
HUPYIONIUX BUJIOB PACTCHUI M MUKPOOPTaHM3MOB TUITMYHBIX arpOIIeHO30B Bomrorpasckoii odnactu. Metasui3aBucu-
MBI OEJIKU PacIIpeessUINCh He TOIBKO M0 UX (PYHKIMOHAIEHBIM OCOOCHHOCTSIM, YYaCTHIO B (JOTOCHHTE3E U COJIEyC-
TONYMBOCTH, HO U I10 CTENCHU UX 3aBUCUMOCTH OT KOHKPETHBIX META/UIOB — MapraHiia, IHHKa 1 MeIy. Pe3yisrarsl
MPOTEOMHOTO aHAJIM3a METAJII3aBUCUMBIX OEIKOB Y PACTEHUI N MUKPOOPTaHH3MOB CBUJIETEIBCTBYIOT O HE3HAYUTEb-
HOM KOITHYECTBE OCJIKOB Y OCHOBHBIX JOMHUHUPYIOIIMX BUIOB. HarOOIBIINM KOTHYECTBOM METAJUI3aBUCUMBIX OCITKOB
ormnmmuaetcs Hordeum vulgare L. (14MeHb OOBIKHOBEHHBIH ) KAK OCHOBA arpoICHO3a, TSI KOTOPOro OHucaHo 246 0el-
KOB, B TOM uncie 115 aHHOTHpOBaHHBIX. Y COMYTCTBYIOLIMX [IEHO3000pa30BaTEN0 COPHBIX PACTEHUI KOITUYECTBO
0eJIKOB 3HAYMTEIIHHO HIKE JIMO0 IPOTEOM He n3ydaiics. [1ist MouBeHHO MHUKPOOHOTHI PACCMOTPEHHOTO arporieHo3a
TaKKe XapaKTEPHO JOCTATOYHO OOJIBIIOE KOJIMUECTBO METAIII3aBUCUMBIX OeIKOB: 4 874 — myts nipencraButeneit Pooa
Actinomyces u 5727 — nns Bacillus subtilis, n3 xoropsix npumepno 45-50 % anHorupoBaHsl. [lomyueHHbIE pe3yibra-
ThI CBUJICTEIILCTBYFOT, YTO KOHIICHTPAIHS METAJIJIOB B TTOUBE arpoICHO3a SBIISICTCS 3HAYMMbIM (DAKTOPOM BO3ICHCTBUS
Ha KU3HEEATEIBHOCTD CENTbCKOXO3SMCTBEHHBIX KY/IBTYP U MEKPOOPTaHU3MOB B IIOYBE.

[Mony4yenHble pe3yasTaThl MO’KHO UCTIONB30BATh KaK OCHOBY JIJISl OCYILIECTBIICHHS aJ]PECHOTO BBICOKOTOYHOTO
yIpaBJIeHHs1 OMOLIEHO3aMH C LEIBI0 IOBBIIIEHHS] yCTOWYMBOCTH IIPHPOIHBIX COOOIECTB U SKOHOMHY ECKOU 3 dek-
TUBHOCTH arpoLeHO30B.

KoaroueBble ciioBa: arporeHo3bl, IPOTEOM, METaIII3aBUCUMBbIE OCIIKH, CETbCKOX03IHCTBEHHOE TPUPOAOTIONb-
30BaHUE, YIIPaBJICHUE arpolCHO3aMu, 0a3a TaHHBIX.
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Beenenne. B Hacrosiiee Bpems Hanbo-
Jiee aKTyalbHBIM MoaxoaoM B pas3Butuu AlIK
SIBIISIETCST DKONOTHUECKUI CHCTEMHBIN ITOIXO0 K
yIpaBJIeHHUIO arpoueHo3amu [1; 2; 3]. Monudu-
Kallysl TAKoro IMOAX0Ja BO3MO)KHA C HCIIONB30-
BaHHEM OMOTEXHOJIOTHIECKUX PEIICHNH, B 4acT-
HOCTH, YIPaBJIEHHUE ITyTeM BHEAPEHHS B arporie-
HO3 HOBBIX DJIEMEHTOB — OMOTHYECKUX (OaKTe-
pHH U TPUOBI) WK K€ AOMOTHYECKUX (XUMHYEC-
Kue BemectBa) [4; 6; 8; 12; 14; 15; 17]. 3aBucu-
MOCTh AMHAMHKH BEIIECTBA M SHEPTUHU B arpo-
OMOIIeH03aX OT BIIMSHUS TTOYBEHHO-KJIMMaTHYeC-
KHX yCJIOBHUH pacCMOTpEHa B psAAe JOCTATOYHO
oOmmpHBIX uccnenoBanwmii [3; 10; 13].

Ocoboe MecTo B TMHAMHKE arpoOHOIICHO-
30B 3aHMMAIOT B3aUMOJIEHCTBHUSA C IPUIIETAIOIIN -
MU MIPUPOJHO-aHTPOIIOTEHHBIMH CHCTEMaMH, KO-
TOpBIE IPU AKTUBHOM BO3/IEHCTBUU Ha HUCKYCCT-
BEHHBIE OMOIIEHO3bI IPUOOPETAIOT XapaKTep HH-
Tpy3Uii C IUIOTHBIM NEPEXOIOM HJIM YaCTUYHOM
3aMEeHOW TEPPUTOPUH UCKYyCCTBEHHOr 0 OHOIIEH03a
[9; 14]. s y9aCTKOB TEXHOTEHHBIX BTOPYKEHUM
B arpoleH03bl ONTUMAIBHO TOYEUHOE yIIpaBJe-
Hue [4; 6; 16], 9T0 IPUBOAUT K HETAaTUBHBIM H3-
MEHEHUSIM arpolieHo3a 1 CHIKeHHIo 3 dexTus-
HOCTH €T0 MCIOIb30BaHUA JUISl PEIIEHUs IKOHO-
MUYECKHUX 3a7[a4 B LIEJIOM, a TaK)Ke Ha TePPUTO-
puu Bonrorpackoii obmacti. ArporeHo3bl 3Toi
TEePPUTOPHU XapaKTEPU3YIOTCS KOMIIJIEKCOM
CTPECCOBBIX (PAKTOPOB, OKA3bIBAIOIINX 3HAYH-
TEJIbHOE BJIMSHHME Ha MEPECTPONKY MeTadoJn3-
Ma pacTeHH U MUKPOOPTaHU3MOB, OOMTAIOIIHX
Ha 3TuX Tepputopusx [3; 5; 10; 11]. Bee ato mon-
TBEPKIAeT HEOOXOMUMOCTh M3YUCHHS MOJIEKY-
JIIPHOTO YPOBHS OpTaHU3aIlNK arporenosa. Mzy-
YeHUE METAJUI3aBUCHMBIX OCIIKOB, BXOISIINX B
IIPOTEOM CEJIbCKOXO35IICTBEHHBIX PACTEHUN U
MHUKpPOOPTaHU3MOB B ITOYBE, [TO3BOJIUT BBISIBUTH
OeIKH, y4acTBYIOIINE B PEryITHPOBaHUU METa00-
nmu3ma. [lomydeHHble JaHHBIE MOKHO OyJeT HcC-
MOJIB30BATh JIJI51 BBICOKOTOYHOTO YIIPaBIEHU 3a
cuer MOAYISAIMK MeTabonu3Ma Kak pacTeHHi,
TaK ¥ MUKPOOPTaHM3MOB B arpoOuoIieHose [7].

Lens pabOThl — IOMCK M M3YYCHHE METall-
JI3aBUCUMBIX OCITKOB JIOMHHUPYIOIINX BUJIOB pac-
TEHW 1 MpeJcTaBuTeNel MOYBEHHOH MUKPOOHO-
THI arporeHo30B Bonrorpanckoii obnactu.

Marepuajbl M MeTOAbL. {1 U3yueHus
MIPOTEOMAa U METAJLI3aBUCUMBIX OCITKOB OBLITHA OTO-
OpaHbl TOMUHHUPYIOIINE BUJBI PACTEHUH B Tpex
arporeHo3ax, TePPUTOPHATIHHO JIOKAJTM30BaHHbIX:
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Tlopomumienckuii (anmest Pakyruna) u Ceetiosipe-
Kuil (arpoxo3siiicTBeHast 30Ha) MyHHULIMTTAIBHbIE paii-
oHbl Bonrorpackoit oonactu u CoBeTcKHii paitoH
r. Bonrorpana (I'opaas nonsaa). CreayronmM dTa-
TIOM CTAJIO TIPOBeZIeHHE OMOMH(OPMAITIOHHOT O aHA~
JIM3a C UCTIONB30BAHNEM BUPTYaIbHOTO CKPUHHHTA
0a3b1 UniProt (www.uniprot. org) u GeneOntology
(http://geneontology.org). [IpenBapurtenbHO ObLTH
BBIOpPaHbI METaJLIbl: MapraHell, HUKE/b, KOOAJIbT,
Meb U TUHK. CKPUHUHT OCYIIECTBIISUICS TI0 ClIe-
JYFOLIM KPUTEpHUsIM: HaJIMuKe B COCTaBe Oeka
HCKOMBIX METAJIJIOB 1 BOBHUKHOBCHHEC BSaHMOﬂeﬁ-
CTBUS ¢ MeTaiuioM. J[iis oMcKa NCTIONb30BaIHCh
CHHOHUMHWYECKHE KOHCTPYKTHI CIICIYFOIIErO THITA —
zincANDorganism:  “Artemisiaabsinthium
(Absinthwormwood) [72332]”. [Ipou3Boauics mo-
HCK T10 MeTaJlIaM, BXOSIIIUM B KO(aKTop, a Tak-
K€ 110 aTOMaM — B METAJIJICBA3BIBAIOIIINX camrax.
Takum 00pazoM IpoBOIHMIICS OTOOp BCEX MeETai-
JI3aBHCHMBIX OCITKOB, KOTOPBIE CONEPKAT METasll
B CBOGH CTPYKType JIMOO CBSI3BIBAIOTCSI C METaJ-
JIOM JIJIs TIPOSIBJIEHUS CBOeH aKTUBHOCTU. CTpyK-
Typa 0a3bl 3HaHHH O META/UI3aBUCHMBIX OeIKax
crpounack ¢ nomornibio MicrosoftExel (CLHA) u
BKJIFO4asa B ce0sl CIIGIYIOIINE CTPOKHU: 10 TOPH-
30HTAJIM Ha3BaHWC BHa, Ha3BaHWA MCTAJIJIOB, I10
BepTUKaIH (DYHKIMH OCITKOB B OpraHu3Me, Ha3Ba-
Hus O0enkoB, id 6enkoB B UniProt. Takske 1o BepTH-
KaJIM BKJIIOUCHBI AaHHble U3 GeneOntology, koTo-
PpBIC MO3BOJISIOT OOJIEE MOAPOOHO OTPA3UTh PYHK-
LIMOHUPOBAHKE OCNIKa, STH CBEICHUS ObUIH Haiijie-
HBI 1 17151 OCITKOB, Y KOTOPBIX HE aHHOTHPOBAHO (PyH-
kit B UniProt. ¥ MerayuizaBuCHMbIX OEITKOB ObLITH
BBIOpaHbI OCHOBHBIE (DYHKIMH: PoTocunTe3 (PoTo-
cucrema II), coneycToianBOCTh, MbIXaTebHAS
1erb. Y MHKPOOPraHW3MOB: (POTOCHHTE3, AbIXa-
TebHAsH eMb, TPAHCIIOPT B MeTabom3M. OKOH-
YaTenbHasi CTPYKTypa 0a3bl 3HAaHWH O MeTaiI3a-
BHUCHMBIX O€ITKaX MOET ObITh pacliMpeHa 3a cueT
BKJITOYCHU HOBBIX ITAPpaMETPOB, TAKUX KaK COCTAB
Ko(akTopa WM METaJICBA3BIBAIONIECIO CaiTa,
CCHUIKH Ha IyosKarmy B PubMed.

Pe3yabTarel u ux odcy:xaenue. [Ipousse-
JEH ITOMCK METAJJIa3BHUCUMBIX OEIIKOB npeacraBu-
TeJlel JOMUHUPYIOIIMUX BUAOB PACTEHUI U MUKPO-
OpraHM3MOB arpoOMoIeH030B Bonrorpaackoii 00-
nactu B UniProt. [Touck npoBoauiics o Ha3BaHH-
sAM OpPraHM3MOB, MCTAJIbI PETUCTPUPOBAJIUCH B
rpadax o Functions / Cofactors u Function / Sites
/ Metalbinding. Bce Oenkwu, comepkaniye v CBsI3bI-
BalOIIKE METALIbI, ObLTH pa3/ieICHbI 110 BXOISIIM
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B HHMX METajlaM U BBHITIONHSIEMBIM (DYHKIIHASM.
B nporiecce u3ydenns nporeoma pacTeHHi ObLIO
BBISICHEHO, UTO CPE/IM BCEX MPEICTABUTENIEH arpo-
OMOIIEH03a METAII3aBUCHMBIE OETIKM aHHOTHPOBA-
HBl y 6 BuOoB: Amaranthus retroflexus L.,
Medicago sativa L., Melilotus officinalis L. Pall.,
Polygonum aviculare L., Convolvulus arvensis L.,
Hordeum vulgare L. (taGm. 1).

He aHHOTHPOBAaHBI METAII3aBHCUMBIE O€IT-
KM 110 CJIEAYIONIMM IPEACTaBUTEISIM arpoOrorie-
Hoza: Atriplex tatarica L., Lactuca tatarica L.,
Xanthium albinum (Widd.) H. Scholz &
Sukopp, Vincetoxicum scandens (Kusn.) Litv.,
Descurainia sophia L., Lycopsis arvensis L.,
Tripleurospermum inodorum Sch. Bip., Rumex
confertus W., Crepis tectorum L., Artemisia
absinthium L., Cichorium intybus L.,
Delphunium dictyocarpum DC, Euphorbia
seguieriana Neck., Lepidium perfoliatum L.,
Convolvulus arvensis L., Elytrigia repens (L.)
Nevski, Euphorbia helioscopia L., Consolida
regalis L., Artemisia austriaca Jacq., Artemisia
lercheana Web. ex Stechm., Tragopogon
dubius Scop., Delphinium consolida L.,
Achillea micrantha Willd., Stipa capillata L.,
Silene wolgensis Willd., Bromopsis inermis
Holub., Bryum argenteum Hedw., Bromus
inermis Leyss. , Filago arvensis L., Achillea
millefolium L., Salvia aethiopis L., Centaurea
ruthenica Lam., Poa pratensis L., Euphorbia
seguieriana Neck, Scorzonera mollis M. Bieb.,
Lolium perenne L., Centaurea diffusa Lam,
Onobrychis arenaria Kit.,, Medicago falcate L.,
Thlaspi arvense L., Turgenia latifolia L.,
Raphanus raphanistrum L.

MertajuizaBucUMbIe OCIKH aHHOTHPOBAaH-
Heix B UniProt nmpencraBureneii arpodroreHo3a
OTBEYAIOT 32 BBIMOIHEHHE PYHKIIUH, TAKMX KaK
¢dorocunte3 (porocucrema II), perymsmus kie-
TOYHOI'0 IMKJIa ¥ MeTaboanu3Ma, OHOCUHTE3 ITHUT -
MEHTOB, y4acTHE B JIbIXaTenbHol nernu. Cpenu
pacTeHuM HaWJIEHBl TaKUE METAJJI3aBUCHMBIE
O€JIKH, KaK MapraHell, Meb ¥ IIHHK.

Y Amaranthus retroflexus L. kak u
Convolvulus arvensis L. mo MapraHily aHHOTH-
poBaHbI 2 Oenka, OTBeYaroue 3a (OTOCHHTES,
wis Amaranthus retroflexus L. Takxe BbLaeie-
HbI 2 OeJKa 110 [IMHKY ¢ HeU3BECTHON (PyHKIIHEH.
Y Medicago sativa L. aHHOTUPOBaHO HAUOOIIb-
niee KOJMYECTBO METANI3aBUCUMBIX OCIKOB —
27, 6 U3 KOTOPBIX CBA3aHBI C MapraHIEeM U OT-
BETCTBEHHBI 3a QyHKIHIO QoTOCHHTE3a, 1 1 Oe-
JIOK, coliep Kallluidi Me/lb, y4acTBYIOIIUHI B AbIXa-
tenpHOM nenu. Ocransupie 10 GEIKOB, CBsI3aH-
HBIX C IIUHKOM, OTBEYAIOT 38 YHHUTOKEHHE pa-
JIMKAJIOB B KJIETKAX, COJICYyCTONYUBOCTD, TPOTE-
OJIMTUYECKYIO AKTUBHOCTD, TUTHU(PHUKAIHUIO, Pe-
TYJSIUI0 MeTaboIi3Ma U ydacTue B 00paTUMOit
THJIpaTallii YIIIEeKUCIIOTO ra3a.

Y Melilotus officinalis L. Pall. nafineHst
6 OenKoB, colepKaluX Melb W MapraHell, oTBe-
Yaromux 3a (OTOCHHTE3 U KIIETOYHOE JIBIXaHHE.
Y Polygonum aviculare L. Halinensl 2 Oenka,
BKJTFOYAIOIIIE MEIlb M YYaCTBYIOIIHE B IIXaTEIb-
Ho# pyHKIMU. B BereraTuBHBIX opranax Artemisia
absinthium L. MeTai3aBUCHMBIX OSITKOB OOHApY-
JKeHo He 0bu10. Hordeum vulgare L. umeer 246 Me-
TaJJI3aBUCUMBIX Oenka, 3 KOTopbix 115 aHHOTH-
poBaHbI 1o Maprauity (22), menu (3) u uusaky (90).
Benkwu, conepxarniye IUHK, BBIIOMHSIIOT MeTabo-

Tabnuya 1

MeTanja3aBucuMble 66.]'[1(1/1, BXOJIAIIHE B IMPOTEOM JOMUHUPYIOUIUX BHUI0B paCTeHI/lﬁ

U NMOYBEHHOM MHKpOﬁI/IOTbI B

arpoueno3ax Bojarorpaackoi ob6aactu (mo ganasiM UniProt)

O6uiee Kom- MerannzaBucuMble Merann3aBucumsble
Bun pactenuns,
4eCTBO Me- 0enKy ¢ aHHOTUPOBAH- Oenku 6e3 aHHOTHPO-
IPOU3PACTAIOLIETO o
B arpolieHo3e TaJJI3aBUCH- HBIMH (D YHKITHUSIMH BaHHBIX QYHKIMH
MBIX O€NKOB Mn | Cu [ Zn Mn | Cu | Zn
Pacrenus
Amaranthus retroflexus L. 4 2 — — — — 2
Medicago sativa L. 27 9 4 10 2 — 2
Melilotus officinalis L. Pall. 6 4 2 — — — —
Polygonum aviculare L. 2 — 2 - - - -
Convolvulus arvensis L. 2 2 — — - - -
Hordeum vulgare L. 246 22 3 90 11 13 107
[TouBeHHast MUKpOOHOTA
Bacillus subtilis 5727 659 175 2045 574 301 1973
Poo Actinomyces 4874 404 30 1906 545 246 1743
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Jdeckue QYHKIMY, a TAKKES YYaCTBYIOT B YOUK- HBIE C MapraHIieM, OTBETCTBEHHBI 32 00pa3oBaHUE

BUTHHUPOBAHHUH U TIOCIICIYIONICH MpOoTeacoMab- S-angeHo3uIMETHOHMHA U3 MeTHOHMHA U AT D, yJa-

HOU JIerpaiaIiiuu 1elieBeIx 6enkoB. benku, crs3zan- CTBYIOT B 3aIlIUTHBIX MEXaHU3Max (Tadi. 2).
Tabnuya 2

Onucanue MeTaNJI3aBHCUMBIX 0eJIKOB, BXOASIIIMX B MPOTEOM
AOMHMHHMPYIOUIMX BMIOB pacTeHMil B arpoueHo3ax Boarorpaackoii o0iaactu

Amaranthus retroflexus L.

MeTammt DyHKIIUN
erat ®dorocunre3 (Porocucrema II)
Mn QO09JCS / Photosystem II protein D1, Q09JC4 / Photosystem II protein D1
Cu -
Zn E3VW74 /Pollen allergen MetE, AOAOG2URO02 / 4,5-dioxygenase-like protein

Medicago sativa L.
®dorocunres (Porocucrema I1)
Mn AO0A1B3TO069 / Photosystem II CP43 reaction center protein, AOA109RT53 / Photosystem 11 CP43 reaction
center protein, AOA109RSW1 / Photosystem II protein D1, AOA1J0I0J9 / Photosystem II protein DI,
AO0A1JOIOH6 / Photosystem II CP43 reaction center protein, P04998 / Photosystem II protein D1

Cu —
Zn -
JpIxaTenpHas Henb
Mn -
Cu AO0A110BEAS8 / Cytochrome c oxidase subunit 1
Zn -
ConeycToHuuBOCTh
Mn -
Cu —
Zn 082515 / Probable mannitol dehydrogenase
Polygonum aviculare L.
JlpIxaTenbHas Henb
Mn —
Cu BSLE17 / Cytochrome c oxidase subunit 1, BSLE18 / Cytochrome ¢ oxidase subunit |
Zn

Melilotus officinalis L.

®dorocunTes (Porocucrema II)
Mn AOAOKOLTI4 / Photosystem II CP43 reaction center protein, AOAOKOLTP9 / Photosystem II protein D1,
AO0AOKOLUG62 / Photosystem II protein D1, AOAOKOLTJS / Photosystem II CP43 reaction center protein

Cu —
Zn —
JlpixaTenbHas Henb
Mn -
Cu AO0A110BC78 / Cytochrome c oxidase subunit 1, AOA109RU10 / Cytochrome c oxidase subunit 1
Zn -
Convolvulus arvensis L.
| ®dorocuntes (Porocucrema II)
Amaranthus retroflexus L.
Mn Photosystem II CP43 reaction center protein, Photosystem II protein D1
Cu —
Zn -
Hordeum vulgare L.
®dorocunTes (Porocucrema II)
Mn Photosystem II CP43 reaction center protein, Photosystem II protein D1
Cu —
Zn -
JlpIxaTenpbHas Henb
Mn S-adenosylmethionine synthase, S-adenosylmethionine synthase 2, S-adenosylmethionine synthase 3
Cu Cytochrome ¢ oxidase subunit 1, Cytochrome c oxidase subunit 2
Zn -
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YCTaHOBIEHO, YTO MeNajljicoAep Kaline
OeNKY OTBEYAlOT 32 pa3InyHble QYHKIIUU, TAKHUE
Kak ydacTve B (OTOCHHTE3¢ (MPeHMYIIeCTBEH-
HO OEITKH, CoziepXKalllue MapraHel), B IbIXaHUH
(Menbconeprkamiue Oenku). benku, cogepxarnime
IUHK, yYaCcTBYIOT B BBITIONIHEHUH TAKHX CIIEIU-
¢duuecknx QpyHKINHN, KaK IUTHUDUKALHS, CHHTE3
JYIIUCTBIX BEIIECTB PACTEHUS, a TAKXKE MOJACp-
KaHHUE CONEYCTOMYMBOCTH, PETYISALNU CHHTE3a
KHUPHBIX KHCIIOT.

B 6a3e UniProt o Actinomyces weissii xak
OCHOBHOMY TIPEICTaBUTENIO pona Actinomyces
HalieHsl 2 OelKa — IanepOHHHBI, KOTOphIe HE
BKITIOUAIOT B ce0si MeTaibl. B memom aiist pona
Actinomyces, o0HapyxeHbl 1906 ITUHK3aBUCUMBIX
0eITKOB C AaHHOTHPOBAHHBIMU (PYHKITHSIMH U €IIIe
1 743 GenkoB, CBA3AHHBIX C IMHKOM, 0€3 aHHO-
TUPOBaHHBIX QYHKIUH. Bonbias yacTs GenkoB,
BKITIOYAIOIIINX [TUHK, BHITIONHSET QYHKITUIO pery-
JSIAH dKcnpeccuu reHoB. Cpenn OenKoB, CBSI-
3BIBAIONUX MeNb, HalieHbl 30 ¢ aHHOTHPOBAH-

HbIMH (pyHKIHSAMH U 246 6e3 aHHOTHPOBAHHBIX
¢ynkuuit. OcHOBHAS YacTh OCIKOB, BKITIOUYAIO-
IIMX B COCTaB MEJlb, y4aCTBYET B JbIXaTElbHOI
ICTTH U CBSI3bIBAHUH MEJIH.

VY npezacraBuTenel MOYBEHHON MUKPOOHO-
Thl aHHOTUPOBAHHBIC METAJI3aBHCUMBIC OCIIKU
obHapyxensl y Bacillus subtilis, nist xoroporo
OHH yYaCTBYIOT B PEr'YJIMPOBAHUH psia QYHKIIUIA:
y4acTHe B MeTaboJIn3Me, PEryisiius TPaHCIop-
Ta, orocunTe3 (Taba. 3). YV npeacraBuTenei
Bacillus subtilis pyHkuuy B OONBIIMHCTBE CITY-
4aeB CBS3aHBI C OCJIKaMH, COICPKAIUMH Me-
Tajuibl. 3a QYHKIMIO MeTa00IM3Ma OTBETCTBCH-
HO OOJIBIIMHCTBO OEJIKOB, CBA3aHHBIX CO BCEMH
TpeMsi MeTaJlllaMH, CPEIN KOTOPBIX LUHK SIBJISI-
ercs HamOoliee 3HAYMMBbIM. Mapraser; B 00Jb-
IICH CTEMEHN BOBJIICUCH B MPOIIECCHI THIPOIU3A
Y pa3pylleHus: OMOIOrMYECKUX MOJICKYI, ME/Ib B
OCHOBHOM Y4YacCTBYET B JIbIXaHUH, KaK U y pacTe-
HUH, a IMHK B OOJBIIICH CTEIICHHN — B IIpeBpalle-
HUH BEIIECTB, CHHTE3e. B mpoTeonuTryeckoii ak-

Tabnuya 3

Onucanue MeTAJJI3aBUCUMBIX 0€JIKOB, BXOASIIUX B MPOTEOM
JAOMUHHUPYIOIIUX NMpeAcTaABUTe/eil MOYBEHHOH MHKPOOMOTHI arpoleHo30B
Boarorpaackoii odaactu

Pon Actinomyces

Meranibt DyHKIUH

JlpIxarenpHas enb

Mn -

Cu Cytochrome c oxidase subunit 1

Zn -

Metabonusm

Mn 2-succinyl-5-enolpyruvyl-6-hydroxy-3-cyclohexene-1-cartboxylate ~ synthase, Probable cytosol
aminopeptidase, D-alanine--D-alanineligasa

Cu —

Zn 3-isopropylmalate dehydrogenase, ATP-dependent zinc metalloprotease FtsH, Ribonuclease J.

Bacillus subtilis
Metabonusm

Mn Riboflavin biosynthesis protein RibBA, GTPcyclohydrolase-2, 2,3-bisphosphoglycerate-independent
phosphoglycerate mutase, Putative ADP-ribose pyrophosphatase YjhB, Alpha-galacturonidase,
Inososedehydratase, 4-hydroxy-2-oxovalerate aldolase, 2-succinyl-5-enolpyruvyl-6-hydroxy-3-cyclohexene-
1-carboxylate synthase, Tyrosine-protein phosphatase YwqE, Arginase, 1-deoxy-D-xylulose 5-phosphate
reductoisomerase, 3-isopropylmalate dehydrogenase, Phosphopentomutase, Oxalate decarboxylase OxdC,
Probable cytosol aminopeptidase, L-arginine-specific L-amino acid ligase, Methionine aminopeptidase 2,
Ribonuclease HII, Putative peptide zinc metalloprotease protein YydH, Isoleucine-tRNA ligase, UvrABC
system protein

Cu —

Zn HTH-type transcriptional repressor CzrA, 50S ribosomal protein L31 type B, Zinc-specific metallo-
regulatory protein, Queuine tRNA-ribosyltransferase, Endoribonuclease YbeY, Primosomal protein N',
Transcriptional repressor NrdR, Alanine--tRNA ligase, Threonine--tRNA ligase, Glutamate--tRNA ligase,
DNA primase, Small ribosomal subunit biogenesis GTPase RsgA, 30S ribosomal protein S14 type Z, ComE
operon protein 2, Ribonuclease Z, Phosphomethylpyrimidine synthase, Formamidopyrimidine-DNA
glycosylase, Methionine-tRNA ligase, Cytidine deaminase, Ribonuclease J2, Ribonuclease J

—_— |78
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Oxonuanue mabauyvl 3

JlpIxarenpHas ienb

Mn Formimidoylglutamase, Putative 8-oxo-dGTPdiphosphatase

Cu Cytochrome ¢ oxidase subunit 1, Quinol oxidase subunit 1, Copper-sensing transcriptional repressor
CsoR, Cytochrome ¢ oxidase subunit 2, Copper homeostasis protein CutC, Copper transport protein
Yecnl, Polyphenol oxidase, Multidrug efflux protein YfmO

Zn Molybdopterin-synthase adenylyltransferase, Allantoate amidohydrolase, 7-cyano-7-deazaguanine
synthase, Phosphoribosyl-AMP cyclohydrolase, Protein translocase subunit SecA, Probable fructose-
bisphosphate aldolase, Adenylate kinase, 5S-methylthioadenosine/S-adenosyl homocysteine deaminase,
tRNA-specific adenosine deaminase, Methylthioribulose-1-phosphate dehydratase, 4-deoxy-L-threo-5-
hexosulose-uronate ketol-isomerase, Phosphoheptose isomerase, Acetyl-coenzyme A carboxylase
carboxyl transferase subunit beta, Metal-dependent carboxypeptidase, N-formyl-4-amino-5-
aminomethyl-2-methylpyrimidine deformylase, Guanine deaminase, L-threonine 3-dehydrogenase

Tpancnopr

Mn Sporulation protein, Manganese efflux pump MntP, Membrane protein, Putative membrane protein,
Integral inner membrane protein, Divalent metal cation transporter MntH, Manganese transport
system ATP-binding protein MntB,

Pon Actinomyces

Cu Copper-exporting P-type ATPase, SCO1 protein homolog, HTH-type transcriptional repressor YcnK,
Copper chaperone CopZ, HTH-type transcriptional regulator YfmP,

Zn High-affinity zinc uptake system binding-protein ZnuA, Zinc-transporting ATPase

doTocuHTE3

Mn —

Cu Plastocyanin

Zn —

THBHOCTH HE YYacTBYIOT OCIIKH, CBSI3aHHBIC C
MapraHiieM 1 Mezbto. benku, cogeprkarniye HuHK,
Y4acTBYIOT B TPAaHCIOPTHOM cucteme Bacillus
subtilis B KauecTBE pacHpeieauTeicii SHEepruu
AT®. B TpaHcmopTe BEIIECTB TaKXKe y4acTBY-
10T OeIlKH, coziepKalue Mapraden 1 meab. bern-
KM, cofieprKallliie [IMHK, yYaCTBYIOT TaKXe B 3a-
IIUTHBIX MEXaHU3MaX, B OTIMYHE OT OCTATHHBIX
MeTaJlI3aBUCUMBIX OelkoB. B obecrieuenuu ¢o-
TOCHHTE3a Y4aCTBYET TOIBKO OJJTH AHHOTHPOBAH-
HBIM MeIbCOICPIKAIIMK OSTOK — IJIACTOIIMAHUH.

CpaBHHMBasi MeTaI3aBUCUMbIE OCIIKH J10-
MUHHPYIOITUX BUJOB PACTCHUN U MPEICTaBUTE-
JICH TIOYBEHHON MUKPOOHOTBI, MO)KHO OTMETHTb,
YTO METaJIJIcoep Xk aliue OeNKH OTBEYaroT 3a
(dhopMupoBaHuEe 3N THBIX MEXaHU3MOB (coJiey-
CTOMYMBOCTH U JIMTHU(PHUKAIUS KJIETOK) OTHOCH-
TENbHO BHEIIHUX CTPECCOBBIX (DaKTOpPOB, Xapak-
TEPHBIX JJISl apUHOMN 30HBI.

B ¢dorocunTese u sHEpTETHUECKUX 00Me-
HaX y pacTeHHH, KaK U y ipeacTaButeneit Bacillus
subtilis, npeobIalaloT comepiKalue MapraHell
U Mezib ONKH, YTO CBS3aHO C MPOM3BOJICTBOM
AT® u ero UCHONb30BaHUEM. DTO MOXKET OBITh
CBSI3aHO KaK € aJlaliTaliiel K yCIOBUSIM OKpYKa-
OIIEeN cpefbl Ha YHEPTeTHUYEeCKOM YPOBHE, TaK U
C TPaHCIIOPTOM BellecTB uepe3 MemOpany. Oc-
HOBHBIMH aIalITal[MOHHBIMH (DYHKIIUAMH, UCXOJIS
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M3 aHHOTUPOBAHHUS METAJNI3aBUCUMBIX OCIIKOB,
SIBJIAFOTCS. TPAHCIOPTHAS W METabOInYecKasl.

3akJtouenue. [Tonck u aHanu3 Meramiza-
BHCHUMBIX OCJIKOB, BXOISIIUX B IMPOTEOM JIOMH-
HUPYIOIIMX PACTCHUN U TOYBEHHON MUKPOOHOTHI,
MOKa3aJIH, YTO Ha CETOAHSIIHUNA MOMEHT OCJIKO-
BBIH COCTaB HE M3YYEH y OOJBIIMHCTBA MPOU3-
pacTaroIux pacTeHUM, BXOMSIINX B COCTaB TH-
MMUYHBIX arpOIICHO30B apUIHOM 30HBI Ha TEPPH-
Topuu Bonrorpanckoii oonactu. lanubie, momy-
YECHHBIC B XOJIC UCCIICIOBAHMSI, MOT'YT OBITh HC-
MOJIb30BAHBI IS BEICOKOTOYHOTO YITPABIICHHS
pPa3BUTHEM arpOIICHO30B ITyTeM BO3ICHCTBHUS Ha
METaJUI3aBUCUMBIE MEXaHU3MBI PACTCHUU U
MpeNCTaBUTENICH MOYBEHHOH MHKPOOHMOTHI IS
obecrniedeHus] HeOOXOMMMOro YpoBHS 3 dexTus-
HOTO TIPUPOJIOTIOIE30BAHUSI M JOCTIKEHUS OIITH-
MaJIbHOIO 3KOHOMHUYECKOro 3¢ dekra.

ITPUMEYAHUE

! [TyOnuKanus OAroTOBICHA MPH HHHAHCOBO#
nonaepskke ['ocynapcTBeHHOro 3a1anns MuHoOpHay-
ku PO no Teme «Pa3paboTka 3K0JI0roOpUeHTHPOBAH-
HBIX OMOTEXHOJIOTMi ONTUMHU3AIMN APUAHBIX arpoou-
oueno30B FOra Poccun Ha ocHOBe pocTmkeHuit puzn-
KO-XUMHUECKOW OHOIOruy ¥ OMOMH(pOPMATHKID (TIPO-
ekt Ne 40.7534.2017/8.9).

. 2018. Vol. 20. No. 4 179



IKOJOTI'us

CIIHCOK JIHTEPATYPbI

1. dymuenko, JI. B. DddexrnBublii Ononornyec-
KMl CIIOCO0 TIOaBJICHHSI COPHBIX PACTECHHH B TIOJIE3a-
IIUTHBIX JICCHBIX HacaxkaeHwsx / JI. B. dymuenko // [lo-
cTKeHUs Hayku U TexHuku AIIK. —2012. — Ne 7. —
C. 37-38.

2. 3y0koB, A. ®. ArpoOuoreHoornuecKas Mo-
JiepHU3aIys 3auThl pactennii / A. @. 3yokos. — CII0. :
BU3P, 2014.— 116 c. — (IIpunoxenue k xxypHaity «Bect-
HMK 3aIIUTHI pacTeHuii», Ne 12).

3. Mymaesa, K. b. OrieHxa coBpeMeHHOro cocTo-
SIHUSI arPONACTOMIIHBIX JTaHIIA(TOB TOMYITYCTHIHHOM
30HbI peciryonukn Kamvbikust ¢ npumenernem I IC-Tex-
nonoru#i / K. b. Mymaesa // Bectauk Bonrorpanckoro
rocynapctBeHHoro yausepcurera. Cepust 11, Ecrectsen-
Hble Hayku. —2015. —Ne 1. — C. 103-110.

4. CHWXeHHe HEraTUBHOTO BO3/ICHCTBUS Ha ar-
POIICHO3bI ITyTEM YIIPABICHHS TPUMBIKAIOIIUMH MPH-
poaHo-aHTponoreHHbIMH cicteMamu / E. A. VBanio-
Ba [u zp.] // BectHuk Bonrorpaackoro rocynapcrBeH-
Horo yHuBepcurera. Cepust 3: DKOHOMUKA. DKOIOTHS. —
2017.—T. 19,Ne 4 (41).—C. 138-146.—DOI: 10.15688/
jvolsu3.2017.4.15.

5. Tpudonosa, T. A. MonenupoBaHue cTaiuo-
HAPHBIX COCTOSIHUH CHCTEMBI (PUTOIIEHO3-1104Ba (Ha
npumepe Oacceiina p. Kisizema) / T. A. TpudoHoBa,
JI. A. Illupkun, H. B. Mumenko // [TouBoBenenue. —
2012.—Ne8.—C. 889.

6. A functional trait perspective on plant invasion
/R.E. Drenovsky [etal.]// Ann. Bot. —2012. — Vol. 110,
Ne 1.—P. 141-153. —=DOI: 10.1093/a0b/mcs100.

7. Biochemical and molecular mechanisms of
plant-microbe-metal interactions: relevance for
phytoremediation / Y. Ma [et al.] // Front Plant Sci. —
2016.—Vol. 7.— DOI: 10.3389/fpls.2016.00918

8. Biotic and abiotic drivers of intraspecific trait
variation within plant populations of three herbaceous
plant species along a latitudinal gradient / K. Helsen,
[etal.]// BMC Ecol.—2017. —Ne 17.—P. 38.

9. Ecological aspects of phytosanitary
optimization of arid agrobiocenoses of the south of
Russia / E. A. Ivantsova [et al.] // Bulgarian J. Agric.
Sci.—2017.—Vol. 23, Ne 5. — P. 834-842.

10. In vitro antagonistic activity, plant growth
promoting traits and phylogenetic affiliation of
rhizobacteria associated with wild plants grown in arid soil
/W.S. El-Sayed [et al.] / Front. Microbiol. —2014. — Vol. 5.

11. Influence of life form, taxonomy, climate, and
soil properties on shoot and root concentrations of
11 elements in herbaceous plants in a temperate desert
/M. Heletal.]// Plantand Soil. —2016.—Vol. 398, Ne 102.—
P.339-350.

12. Invasive plants rapidly reshape soil properties
in a grassland ecosystem / S. M. Gibbons [et al.]
// mSystems. —2017. —Vol. 2, Ne 2.

13. Leaf nitrogen and phosphorus of temperate
desert plants in response to climate and soil nutrient
availability/ M. He [et al.] // Scientific Reports. —2014. —
Ne 4.—P. 6932. —DOI: https://doi.org/10.1038/srep06932.

14. Phylogenetic plant community structure
along elevation is lineage specific/ C. Ndiribe [et al.]
/! Ecology and Evolution. — 2013. — Vol. 3, Ne 15. —
P.4925-4939.

15. Plant communities in harsh sites are less invaded:
a summary of observations and proposed explanations
/E. Zefferman [etal.]/ AoBPlants. —2015.— Ne 7.

16. Synergistic effects of the components of
global change: Increased vegetation dynamics in open,
forest-steppe grasslands driven by wildfires an d year-
to-year precipitation differences / M. Kertész,
R. Aszalos, A. Lengyel, G Onodi / PLoS One. —2017. —
Vol. 12, Ne 11.

17. The database of the PREDICTS (Projecting
Responses of Ecological Diversity In Changing
Terrestrial Systems) project /L. N. Hudson [etal.] //Ecol.
Evol.—2017.—Vol. 7,Ne 1.—P. 145-188.

REFERENCES

1. Dudchenko L.V. Effectivniy biologicheskiy
sposob podavleniya sornykh rasteniy v
polezashchitnykh lesnyh nasazhdeniyahh
[The Effective Biological Way of Suppressing the
WeedPlants under Forest Belts]. Dostizheniya nauki
i tekhniki APK [Achievements in Science and
Technology of AIC], 2012, no. 7, pp. 37-38.

2. Zubkov A.F. Agrobiocenologicheskaya
modernizatsiya zashchity rasteniy
[Agrobiocenological Modernization of Plant
Protection]. Saint Petersburg, VIZR Publ., 2014. 116 p.

3. Mushaeva K.B. Otsenka sovremennogo
sostoyzniya agropastbishchnyh landshaftov
polupustinnoy zony respubliki Kalmykiya s
primeneniem GIS-tekhnologiy [Assessment of the
Current State of Agropastoral Landscapes in Semi-
Arid Areas of the Kalmykia Republic with Application
of GIS-technologies]. Vestnik Volgogradskogo
gosudarstvennogo universiteta. Seriya 11,
Estestvennye nauki, 2015, no. 1, pp. 103-110.

4. Ivantsova E.A., Onistratenko N.V.,
Kholodenko A.V., Tikhonova A.A., Novochadov V. V.
[Reduction of the Negative Impact on Agrocenoses by
Managing Adjacent Natural and Anthropogenic
Systems]. Vestnik Volgogradskogo gosudarstvennogo
universiteta. Seriya 3, Ehkonomika. Ehkologiya, 2017,
vol. 19, no. 4 (41), pp. 138-146. DOI: 10.15688/
jvolsu3.2017.4.15.

5. Trifonova T.A., Shirkin L.A.,
Mishchenko N.V. Modelirovanie statsionarnykh
sostoyaniy sistemy fitotsentoz-pochva (na primere

180 Becmuux Boal'V. Cepus 3, Dxonomuka. dxonoeus. 2018. T. 20. Ne 4



basseyna r. Klyazma) [Simulation of Stationary States
of a Phytocenosis Soil System (the Case of the Klyazma
River Basin]. Pochvovedenie [Pedology], 2012, no. 8,
pp. 793-801.

6. DrenovskyR.E., Grewell B.J., D’ Antonio C.M.,
Funk J.L., James J.J., Molinari N. et al. A functional trait
perspective on plant invasion. Ann. Bot.,2012,vol. 110,
no. 1, pp. 141-153. DOLI: 10.1093/a0b/mcs100.

7. Ma Y., Oliveira R.S., Freitas H., Zhang C.
Biochemical and molecular mechanisms of plant-
microbemetalinteractions:  relevance  for
Phytoremediation. Front Plant Sci., 2016, no. 7. DOI:
10.3389/1p1s.2016.00918

8 Helsen K., Acharya K.P., Brunet J.,
Cousins S.A.O., Decocq G., Hermy M., et al. Biotic
and abiotic driversof intraspecific trait variation within
plant populgradient. BMC Ecol.,2017,no. 17, p. 38.

9. Ivantsova E.A., Onistratenko N.V.,
Kholodenko A.V., Tyutyuma N.V. Ecological aspects
of phytosanitary optimization of arid agrobiocenoses
ofthe south of Russia. Bulgarian J. Agric. Sci.,2017,
vol. 23, no. 5, pp. 834-842.

10. El-Sayed W.S., Akhkha A., El-Naggar M.Y.,
Elbadry M. In vitro antagonistic activity, plant
growthpromoting traits and phylogenetic affiliation of
rhizobacteria associated with wild plants grownin arid
soil. Front. Microbiol., 2014, no. 5.

11. HeM., Dijkstra F.A., Zhang K, Tan H., Yang Z.,
Li X. Influence of life form, taxonomy, climate, and soil
properties on shoot and root concentrations of

I/ICCJ'ICZ[OBaHI/Ie METalI3aBUCUMBIX OEJTIKOB JOMUHUPYIOIIHUX BUIOB paCTeHI/Iﬁ 1 MUKpPOOPraHnu3MoB

11 elements in herbaceous plants in a temperate desert.
Plant and Soil, 2016, vol. 398, no. 102, pp. 339-350.

12. Gibbons S.M., Lekberg Y., Mummey D.L.,
Sangwan N., Ramsey P.W, Gilbert J.A. Invasive
plantsrapidly reshape soil properties in a grassland
ecosystem. mSystems, 2017, vol. 2, no. 2. DOI: 10.1128/
mSystems.00178-16.

13. He M., Dijkstra F.A., Zhang K., Li X., Tan H.,
GaoY. et al. Leafnitrogen and phosphorus oftemperate
desert plants in response to climate and soilnutrient
availability. Scientific Reports, 2014, no. 4. DOL:https:/
/doi.org/10.1038/srep06932.

14. Ndiribe C., Pellissier L., Antonelli S.,
Dubuis A., Pottier J., Vittoz P. et al. Phylogenetic plant
communitystructure along elevation is lineage specific.
Ecol. Evol,2013, vol. 3, no. 15, pp. 4925-4939.

15. Zefferman E., Stevens J.T., Charles G.K.,
Dunbar-Irwin M., Emam T., Fick S., et al. Plantcommunities
in harsh sites are less invaded: a summaryof observations
and proposed explanations. AoB. Plants, 2015, no. 7.

16. Kertész M., Aszalés R., Lengyel A., Onodi G.
Synergistic effects of the components of global
change:Increased vegetation dynamics in open, forest-
steppegrasslands driven by wildfires and year-to-year
precipitationdifferences. PLoS One, 2017, vol. 12, no. 11.

17. Hudson L.N., Newbold T., Contu S., Hill S.L.L.,
Lysenko I., De Palma A., et al. The database ofthe
PREDICTS (Projecting  responses of
ecologicaldiversity in changing terrestrial systems)
project. Ecol. Evol.,2017,vol. 7,no. 1, pp. 145-188.

Information about the Authors

Valeriy V. Novochadov, Doctor of Sciences (Medicine), Professor, Director of the Institute
of Natural Sciences, Volgograd State University, Prosp. Universitetsky, 100, 400062 Volgograd, Russian
Federation, novochadov.valeriy@volsu.ru, https://orcid.org/0000-0001-6317-7418

Elena A. Ivantsova, Doctor of Sciences (Agriculture), Associate Professor, Head of Department
of Ecology and Nature Management, Volgograd State University, Prosp. Universitetsky, 100, 400062
Volgograd, Russian Federation, ivantsova@volsu.ru, https://orcid.org/0000-0003-4265-9703

Pavel A. Krylov, Assistant of Department Bioengenering and Bioinformatic, Volgograd State
University, Prosp. Universitetsky, 100, 400062 Volgograd, Russian Federation, p.krylov.volsu@yandex.ru,

https://orcid.org/0000-0001-9587-5886

Nikolay V. Onistratenko, Candidate of Sciences (Biology), Associate Professor, Department of
Ecology and Nature Management, Volgograd State University, Prosp.Universitetsky, 100, 400062
Volgograd, Russian Federation, onistratenko@volsu.ru, https://orcid.org/0000-0003-1533-1462

Anna V. Kholodenko, Candidate of Sciences(Geography),Associate Professor, Departmentof
Ecology and Nature Management, Volgograd State University, Prosp.Universitetsky, 100, 400062
Volgograd, Russian Federation, kholodenko@volsu.ru, https://orcid.org/0000-0001-9053-9373

Nudopmanus 06 apTopax

Banepuii BanepreBuu HoBo4anoB, TOKTOp MEIUIIMHCKUX HAYK, Tpodeccop, AUPEKTOp HHCTH-
TyTa €CTECTBEHHBIX HayK, Boirorpaackuii rocyiapcTBEHHbIM YHUBEPCUTET, IPOCH. YHUBEPCUTETCKUM,

Science Journal of VolSU. Global Economic System. 2018. Vol. 20. No. 4 181




IKOJOTI'us

100, 400062 r. Bosirorpan, Poccuiickas denepanus, novochadov.valeriy@volsu.ru, https://orcid.org/0000-
0001-6317-7418

Enena AnaronbeBHa UBaHIOBA, TOKTOp CEINBCKOXO3IHCTBEHHBIX HAyK, JOIEHT, 3aBEAyOIIast
Kaderpoi SKONOTHH U TIPHPOIONIONE30BaHus, Bonrorpaackuii rocyaapcTBeHHBIN YHUBEPCHUTET, POCT. YHH-
Bepcuterckuii, 100, 400062 r. Bonrorpan, Poccuiickas ®enepanus, ivantsova@volsu.ru, https://orcid.org/
0000-0003-4265-9703

IMaBen AngpeeBnu KpbLioB, accucteHT Kadenapsl OMoMHKeHepun 1 OnonHpopmatuku, Bo-
TOrpaJICKuii roCyJapCTBEHHBIN YHUBEPCUTET, poctl. YHuBepcuterckuii, 100, 400062 1. Bonrorpan, Poc-
cuiickas ®enepanus, p.krylov.volsu@yandex.ru, https://orcid.org/0000-0001-9587-5886

Huxonaii BragumupoBuy OHHCTpaTeHKO, KaHIUIAT OHONOTMYECKUX HAYK, OUEHT Kadenphl
3KOJOTMH W TPUPOAOINOIb30BAHUSA, BoArorpaickuii rocyaapCTBEHHBIM YHHUBEPCUTET
npocit. Yausepcurterckuid, 100, 400062 1. Bonrorpan, Poccutickas ®enepaiius, onistratenko@volsu.ru,
https://orcid.org/0000-0003-1533-1462

AHnna BuktopoBHa X0J101€HKO0, KaHAUAT TeorpaduuecKux HaykK, JOIEHT Kadeaphl IKOIOTHH
Y IPUPONOIOIB30BaHNUsI, Bonrorpaickuili rocyaapCTBEHHBIA YHUBEPCUTET, IPOCH. YHUBEPCUTETCKUH,
100, 400062 . Bonrorpan, Poccuiickas ®enepanus, kholodenko@volsu.ru, https://orcid.org/0000-0001-
9053-9373

Becmuux Boal'V. Cepus 3, Dxonomuka. dxonoeus. 2018. T. 20. Ne 4



