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Pedepar:

1. TokcnyHi cnosnyku KynpyMmy € ofHMMU 3 HANOiIbII IOMMUPEHMX Ta €KOJIOTIYHO He6e3IeYHUX 3a0pyIHIOBAUiB
IOBKiJIS. BOHM MOTPaNJIsAOTh y JOBKIJUIS SIK Y MiCIISIX POJIOBUII, TaK i BHACIIIIOK TPOMUCIIOBO] Ta TOGYTOBOI
IistpHOCTI JoauHu. 3abpynHeHHs KynpymMoMm 3ry6Ho fiie Ha ekocucteMu. Halbinbul NOTYXHUMU IKepeslamMu
3a0pynHeHHs KylipyMoM € ripHM4YHO-BUI00YBHI Ta ripHUYO-TIepepPOOHi MiJIIPUEMCTBA, @ TAKOXK CTiYHi BOguU
IIPOMUCJIOBUX MiAnpremcTs. Ha cborofHi, NomyK e(peKTUBHUX METO/IB OUUIIEHHSI €EKOCUCTEM Bifi crionyk Kynpymy
€ aKTyaJIbHUM J1J151 30€pe>Ke€HHS JOBKiJLIs. [IepCreKTUBHOIO € PO3p0OKa MIKDOOHUX METO/IiB 3HEMIKOIPKEHHS CIIOJIYK
Kynpymy. Lli MeTogu noTpe6yoTh BUAIiJIEHHS Ta BUBYEHHS MIKpOOPraHi3MiB, 1o CTiliKi 1o Kynpymy y BUcokux
KOHLIEHTPALigX Ta 3[JaTHi B3a€MOJiSITY 3 HUM (HAaKOMM4yBaTH, BiHOBJIIOBATH, OCAI>KyBaTH TOLO). CKPUHIHT
€KOCHCTEM Ha HasIBHICTb TAKUX MiKPOOPraHi3miB, po3yMiHHS iX MOJIEKYJISIPHUX i (i3i0I0TiYHNX MeXaHi3MiB

CTIMKOCTI Ta JeTOKCHKaLii Cr1osnyk KynpyMy MaroTe IPiOPUTETHE 3HAYEHHS [IJ1s1 OXOPOHMU [OBKisIs. Lli 3HaHHY €



HEOOXiIHUMU 1151 PO3POOKU IIPUPOJIOOXOPOHHUX GIOTEXHOJIOTIH OUNIIEHHS KYyIIPYMBMICHUX CTiYHUX BOJ, Ta
3a0pynHeHux Kyrnpymom rpyHTiB. Pe3ucTeHTHi Ta HeaganToBaHi 1o Kynpymy MikpoopraHismu MOXXyTb 6yTU
BUKOPUCTaHI JJ1s1 pO3POOKY ITPOMUCITIOBUX 6iOTEXHOJIOTIH. Briepiie ekcriepuMeHTaNbHO MiATBEPIKEHO MOJI0XKEHHS
TEPMOAMHAMIYHOTO IIPOTHO3YBaHHS [IPO MOXKJIMBICTb POCTY Ta B3a€MOJIii MiKpOOPTraHi3MiB 3 PO3YMHHUMU
cnostykamu Kynpymy(Il) 3a itoro HagBuCOKuX, 0IHOMOJISIPHUX (63546 Mr/n Cu2+) KOHLeHTpaliil. Briepie
IIPOBEIEHO CKPUHIHT IPUPOJHUX €KOCUCTEM ITSITU reorpadiuHux perioHiB 3eMHOi KyJii (YkpaiHu, AHTapKTUIH,
ApkTukuy, I3paimo Ta IliBgeHHOI AMEPUKN) Ha HAasIBHICTh KYIIPYMPE3UCTEHTHUX MiKpoopraHismis. [TokasaHo ix
MIVPOKE PO3MNOBCIOIKEHHS Ta BUBHAYEHO KiJIbKiCHI [TIOKa3HUKU CTiMKOCTI 40 TOKCUYHUX CIIOJNYK Kyrpymy.
BusiBnieHo, 10 y 3pa3kax I'PyHTY, IVIMHU i [IiCKy Y 3HauHil KisbKocTi (Big nx102 no nx104 KYO /r) npucyTHi
MiKpoopraHiamy, cTiliki 1o Kynpymy y HagBucokux KoHueHTpanisx (1000 - 15500 mr/i1) 3a KyJIbTUBYBaHHS Ha
arapu3oBaHOMY IIO>KMUBHOMY cepefoBulli. Buzineno 9 6akrepianbHUX KyIPyM-PE3UCTEHTHUX ITAMIB
(Pseudomonas lactis UKR1, P. panacis UKR 2, P. veronii UKR 3 i UKR4, Staphylococcus succinus Cop98, Pantoea
agglomerans Cop101, Bacillus mycoides Cop102, B. megaterium Cop99, B. velezensis Cop41) Ta 1 mrtam apixaxKiB
(Rhodotorula mucilaginosa UKR5), mo 3gaTHi pocTi y IPUCYTHOCTI 1 MOJIb /11, TO6TO 63546 Mr /i Cu2+ y pigkomy
IIOKMBHOMY CEPeOBUILi. Briepiie ceKBeHOBaHO T€HOMU 4YOTUPLOX TaMmiB Pseudomonas lactis UKRI, P. panacis
UKR 2, P. veronii UKR 3 i UKR4, mo critiki o 1 mosb /51 Cu2+ Ta nokasaHo 3naTHicTs Pseudomonas lactis UKR1
B3aeMOZiATH 3i crionykamu Kynpymy 3a ycima TepMOJMHaMIYHO JONYCTUMUMMU LUISIXaMU: iMMOGii3allis
(akymyJsiLlisl B KJIIITUHAX, BiATHOBJIEHHS 10 HEPO3YMHHUX CIIOJIYK Ta OCAIKEHHS 0€3 3MiHM BaJIEHTHOTO CTaHy) Ta
mobinizanisg. ['eHoMHI ocninoBHOCTI HagycTilikux no Kynpymy mramis Pseudomonas lactis UKR1, Pseudomonas
panacis UKR2, Pseudomonas veronii UKR3 ta Pseudomonas veronii UKR4 3apeecTpoBaHi y 6a3i ganux
DDBIJ/ENA/GenBank 3 Homepom goctyny 1o 6iormpoekty PRINA565195 Ta HoMepamu JOCTYILy O TEHOMIB —
VWXW00000000, VWXV00000000, VWXU00000000, VWXT00000000 BinnosigHo. IIpoBeeHO NOYaTKOBUI
CKPUHIHT I€HOMIB, 1[0 [10Ka3aB HasBHICTh T€HETUYHUX eTEPMiHAHT, SIKi KOLYIOTb CTIHKICTh 10 Kynpymy — 6inku A,
B, D, xkynpym-ekcnopryiouya AT®aza copA3, minHuiI manepoH copZ, a TakoX ABOKOMIIOHEHTHA PeryJsiTopHa
cucrema cusRS. JloBefieHO 30aTHICTh HeaaNnTOBaHOro 10 CuZ+ 06JliraTHO-aHaepOOHOrO BOJI€Hb-CUHTE3YBaJIbHOTO
mwramy Clostridium butyricum 92 immo6inizysatu Cu2+ 3 edpexruHicTIO 88,0-99,2% y KOHLIEeHTpaLiiiHOMY
nianazoHi 50 — 200 mr /i Cu2+. ITpoTe edexTuBHicTh iMMO6inizanii Cu2+ Hancrilikum no Kynpymy mramom P. lactis
UKRI cranoBuna aute 18-76,8% 3a BuxinHoi koHueHTpauii 200 mr /a1 Cu2+. Bniepiiie BCTaHOBIEHO MOXKJIUBICTh
peryssii BUniB B3aeMo[Iii MiKpOOpPraHi3MiB 3i criosykamu Kynpymy Ha npukiagi mramy P. lactis UKRL. JoBeneHo
BHCOKY edeKTUBHICTb iMMOOGinizanii Cu2+ 3a BifHOBIEHHS 40 Hepo3unHHOro Cu20n a Takoxx ocamkeHHs: Cu2+ 6e3
3MiHM BaJIEHTHOI'O CTaHy HEaJaNTOBaHUMU J10 Kynpymy HU3LKOIOTEHIiaJIbHUMU BOAEHbCUHTE3YBAJILHUM Ta
METaHOTE€HHUM yIPYyNOBaHHSIMU. T€OPETUYHO OOIPYHTOBAHO Ta MiATBEPIPKEHO €KCIIEPUMEHTAIBHO BUCOKY
eQeKTUBHICTb aKyMyJIALil pOCIMHAMY iOHIB TOKCUYHUX MeTaJIiB BHACIIOK iX cTepeoximMiuHoi aHasorii 3
MakpoeJeMeHTaMU. Y BereTalillHuX YMOBAxX JOBEIEHO €(EKTUBHICTh BUKOPHCTAHHS TIOTIOHY CIIPABXHbOTO
Nicotiana tabacum L. copty Djubek nyg Busy4yeHHs CIIOJIyK 3a3HaY€HNUX METAJIiB 3 KOHTAMiHOBaHMX I'PYHTIB 3a

BHCOKOI BUXiIHOI KOHIJeHTpalil KOXHOTro 3 MeTaiB — 500 MT/Kr IPyHTY.

2. Toxic copper compounds are one of the most spread and ecologically hazardous contaminants of the
environment. They are released into the environment in the places of its deposits and as a result of human
industrial and household activities. Environmental pollution with copper compounds has a detrimental effect on
ecosystems. The most powerful sources of copper pollution are mining sites, as well as wastewater of industrial
enterprises. Nowadays, the development of the effective methods of ecosystems purification is relevant for the
preservation of the environment. The development of microbial methods of toxic copper detoxification is
promising. These methods require the isolation and investigation of microorganisms that are resistant to copper in
high concentrations and are able to interact with it (accumulate, reduce, precipitate, etc.). Screening ecosystems
for the presence of such microorganisms and understanding their molecular and physiological mechanisms of
resistance and detoxification of hazardous copper compounds are of priority importance for environmental
protection. These knowledges are necessary for the development of environmental protection biotechnologies for
the purification of copper-containing wastewater and copper-contaminated soils. The position of the



thermodynamic prognosis about the possibility of growth and interaction of microorganisms with soluble
copper(Il) compounds at extremely high, one-molar (63546 mg/L) concentrations was confirmed experimentally
for the first time. The natural ecosystems of five geographical regions of the globe (Ukraine, Antarctica, the Arctic,
Israel, and South America) were screened for the presence of copper-resistant microorganisms. Their wide
distribution was shown and the quantitative parameters of resistance to toxic copper compounds were
determined. It was determined that there are microorganisms in the studied samples of soil, clay and sand,
resistant to copper in extremely high concentrations (1000 - 15500 mg/L) in a significant amount (from nx102 to
nx104 CFU /g) during cultivation in the agar nutrient medium. Nine new copper-resistant bacterial strains
(Pseudomonas lactis UKR1, P. panacis UKR 2, P. veronii UKR 3 and UKR4, Staphylococcus succinus Cop98, Pantoea
agglomerans Copl01, Bacillus mycoides Cop102, B. megaterium Cop99, B. velezensis Cop41) and 1 yeast strain
(Rhodotorula mucilaginosa UKR5) were isolated capable to grow in the presence of 1 M or 63,546 mg/L Cu2+in a
liquid nutrient medium. For the first time, the genomes of the four strains of Pseudomonas lactis UKR1, P. panacis
UKR 2, P. veronii UKR 3 and UKR4 resistant to 1 mol /L Cu2+ were sequenced. The ability of Pseudomonas lactis
strain UKRI to interact with copper compounds via all thermodynamically acceptable pathways (immobilization
(accumulation in cells, reduction precipitation to insoluble compounds and precipitation without valency
changing) as well mobilization) was shown. Genomic sequences of highly resistant strains of Pseudomonas lactis
UKR1, Pseudomonas panacis UKR2, Pseudomonas veronii UKR3 and Pseudomonas veronii UKR4 have been
deposited in the DDBJ/ENA /GenBank database with bioproject accession number PRINA565195 and genome
accession numbers - VWXW00000000, VWXV00000000, VWXU00000000, VWXT00000000, respectively. Initial
screening of the four genomes for genes encoding copper resistance mechanisms was shown the presence A, B, D
proteins, copper-exporting ATPase copA3, copper chaperone copZ, as well as the two-component regulatory
system cusRS. The ability of the unadapted to Cu2+ strict anaerobic hydrogen-synthesizing strain Clostridium
butyricum 92 to adapt and immobilize Cu2+ with the efficiency of 88,0-99.2% in the concentration range of
50-200 mg/L Cu2+ has been proven. However, the efficiency of Cu2+ immobilization by the highly resistant to
copper P. lactis strain UKR1 was 18.0-76.8% at the initial concentration of 200 mg/L Cu2+. For the first time, the
possibility of regulation of types of the microorganisms interaction with copper compounds was established on the
example of P. lactis strain UKRI. The high effectiveness of the copper immobilization via reduction to insolvable
Cu20n as well as precipitation of Cu2+ without valence changing by unadapted diversified hydrogen-synthesizing
and methanogenic microbial communities has been proven. The high efficiency of the toxic metals ions
accumulation by plants due to their stereochemical analogy with macroelements has been theoretically
substantiated and experimentally confirmed. The effectiveness of using tobacco Nicotiana tabacum L. variety
Djubek for the removal of specified metals from contaminated soils at a high initial concentration of each metal -
500 mg/kg soil has been proven in the vegetation conditions. The copper-resistant and unadapted
microorganisms can be used for the development of industrial biotechnologies.
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