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Pedepar:

1. Y puceprauiiiHiii po60Ti BCTAHOBJIEHO B3a€MO3B'I3K1 Mi’K BMiCTOM IIPOAYKTIB [Iii MPOOKCUIAHTHUX (PaKTOPiB
(rizponepokcyay JimifiB, Ai€HOBI KOH'IOTaTH, Tio6apOiTypaT-aKTUBHI IPOAYKTH, KAPOOHIJNbHI IPyNy y 6isIKax) i
AHTUOKCUJAHTHUMU NOKa3HUKAMU (aKTHMBHICTb €H3MMIB CUCTEMU aHTUOKCUAAHTHOTO 3aXUCTY, BMICT TiOJIiB Ta
NO3aKJITHUHHUX M0JiMEPiB) BUAINEHNUX i3 pi3HUX 6iOTOIIB 3 €KCTpEMaJIbHUMU YMOBAaMHU iCHYBaHHS
METAJIOPE3UCTEHTHUX MIKPOOPTraHi3MiB, SKi HaJeXaTh A0 Pi3HUX POZiB, 32 YMOB 3pOCTaHHS MOIIKOIKYBaJIbHOI il
Ha KJITUHU 6aKTepill, 3yMOBJIEHO] BIIJIMBOM CIIOJIYK B&KKUX MeTaiB. JloCipKeHO 3MiHMY, 5IKi BUHUKAIOTh Y 6aKTepiit

Rhodopseudomonas yavorovii IMB B-7620, BupineHux 3 o3epa SIBopiBcbke (JIbBiBCbKa 0671aCTh, YKpaiHa), 3a BILJIUBY



depym(IIl) uutpaty, kobanst(I) xopuny, kynpym(Il) xnopuny Ta kaniit 6ixpomaty; Ochrobactrum rhizosphaerae
IMB B-7956, Bupninenux 3 ¢pinbrpaTis JIbBiBCHKOIO NOJIrOHY TBEpIUX IOOYTOBUX Binxonis, Ta Paenibacillus tundrae
IMB B-7915, Bupinenux 3i 3paska, 1110 MiCTUB I'PDyHT, MOX, Deschampsia antarctica (0. Bapcesot, Mopcbka
AHTapkTuKa), 3a BBy Kynpym(Il) xsopuay Ta Kasiii 6ixpomary. BusiBiieHo, o HarpoMapKeHHs 6iomacu R.
yavorovii IMB B-7620 Haii6inbime npursidytots CoClI2 Ta CuCl2. P. tundrae IMB B-7915 Ta O. rhizosphaerae IMB B-
7956 uyTausii go BrauBy K2Cr207, nopiBHsaHo 3 CuCl2. Cosi MeTasiB BIJIMBAIOTh HA MUTOMY IIBUJKICTb POCTY B
eKCIIOHeHIIilHii1 ¢asi Ta TpuBanicTs sar-dasu R. yavorovii IMB B-7620, P. tundrae IMB B-7915 Ta O. rhizosphaerae
IMB B-7956, i xapakTep uux 3miH € mramocnenudivaum. FeC6H507, CoCl2, CuCl2 i K2Cr207 3yMOBIOIOTh
BiZIbHOpAaMKaJIbHI IOLKOKEHHS y KiiTuHax R. yavorovii IMB B-7620, CuCl2 tTa K2Cr207 - y P. tundrae IMB B-7915
ta O. rhizosphaerae IMB B-7956, 1110 BUsIBJISIIN 32 3pOCTaHHSIM BMICTY IPOJYKTiB IEPEKUCHOTO OKUCHEHHS JIMiAiB i
KapOOHiNBbHUX TpyN Yy 6inkax. Y 3axuct 6akrepiii R. yavorovii IMB B-7620 3a BBy FeC6H507, CoCl2, CuCl2 Ta
K2Cr207, P. tundrae IMB B-7915 i O. rhizosphaerae IMB B-7956 3a BBy CuCl2 Ta K2Cr207 3anyuyeHi eH3umu
CUCTEMHU aHTUOKCUJIAHTHOTO 3aXUCTY (3MiHIOIOThCS KaTajaa3Ha, CylepoKCUAANCMYTa3Ha, IIyTaTiOHIIEepPOKCHA3Ha,
ryIyTaTioH-S-TpaHcdepasHa Ta IyTaTiOHpeyKTa3Ha aKTUBHOCTI). YIeplle BUSBJIEHO, 10 BaXKKi MeTaIn
CTUMYJIIOIOTh YTBOPEHHSI I03aKJIITUHHUX N0JIiMepiB y 6akrepiit R. yavorovii IMB B-7620, P. tundrae IMB B-7915 Ta
O. rhizosphaerae IMB B-7956, a Tako>X BIIJIMBAIOTh Ha SIKICHUH i KijIbKicHMII ckap nirmeHTiB R. yavorovii IMB B-
7620, 110 € BaXKJIMBUM [J151 BDKMBAHHS [IUX 6aKTepiil. 3a BUKOPUCTaHHS PAaKTOPHOI'O aHasli3y Ta 3 BpaXyBaHHIM
BiIXWJIEHD Bifl KOHTPOJIIO AOCJiI)KEHNX [TOKA3HUKIB BUSIBJICHI B3a€MO3B’513KM MK BMiCTOM IPOJYKTiB Aii
IIPOOKCUIAHTHUX (PAKTOPIB I aHTMOKCUIAHTHUMU [TOKA3HUKaMU OAKTepill 3a BILIMBY Pi3HUX COJIEN METaJIiB.
BcraHoBsieHo, mo 3a BruBy ¢pepym(Ill) uurpary, kobanst(Il) xnopuny i kynpym(Il) xsiopuny B kitiTuHax R. yavorovii
IMB B-7620 noumkoAXxeHb 3a3HaBaJIY JIMiY, a 1151 3aXUCTy OyJIM 3ajlydeHi KaTasnasHa, CyllepOKCUAAUCMYTa3Ha,
IJIyTaTiOHNEPOKCUAA3HA, IMyTaTiOH-S-TpaHCchepasHa, [NIyTaTiOHPeAyKTa3Ha aKTUBHOCTI, @ TaKOX JIiKOIIiH,
aHrinpoponoBibpuH i 6akTepioxynopodin a. IIns BuxkuBaHHs 6akTepiii P. tundrae IMB B-7915 3a BruBy Kaii
6ixpoMaTy BaXJIMBUMHU € €K30I10J1icaxapyuiy i akTUBHOCT] €H3MMIB CUCTEMMU IIyTaTioHy. EH3MMU 3 IepOKCUIa3HOI0
aKTMBHICTIO 6€pyTh y4acTh y 3axucTi KiiTuH O. rhizosphaerae IMB B-7956 Biz, IpsSIMOro 41 OIIOCEPEIKOBAHOTO
BIUIMBY [TPOJYKTiB 1I€PEKMCHOIO OKUCHEHHSI JIiMliZiB, yTBOPEHUX YHACINOK Aii KynpyMm(Il) xsiopuny um Kastii
6ixpomary. [IpoIeMOHCTPOBAHO MO3UTUBHUIA BILIUB JOCJiIPKYBaHUX OAKTEPill y 1a60paTOPHUX YMOBAX Ha
[IOKa3HUKY POCTY IIIEHUILi: 3pOCcTaja CXOXICTb HACiHHS, 301/bLIyBaINCS JOBXKUHYU KOPEHIB i IaroHis, NiJiBUAILYBaBCS

BMICT XJIOpPO(isly B IMCTKaX IPOPOCTKIB.

2. In the dissertation, the relationships between the content of products of the prooxidants action (lipid
hydroperoxides, diene conjugates, thiobarbituric acid reactive substances, carbonyl groups in proteins) and
antioxidant indicators (activity of antioxidant defense system enzymes, thiols and extracellular polymers content)
was established for metal-resistant microorganisms belonging to distinct genera, that were isolated from different
biotopes with extreme conditions of existence, under conditions of increasing damaging effect on bacterial cells
caused by exposure to heavy metal compounds. The study of changes occurring in the bacteria
Rhodopseudomonas yavorovii IMV B-7620, isolated from the Yavorivske Lake (Lviv region, Ukraine), under the
influence of ferric(Ill) citrate, cobalt(Il) chloride, copper(Il) chloride, and potassium dichromate; Ochrobactrum
rhizosphaerae IMV B-7956, isolated from filtrates of Lviv solid waste landfill, and Paenibacillus tundrae IMV B-7915,
isolated from a sample containing soil, moss, Deschampsia antarctica (Berthelot Island, Maritime Antarctica),
under the influence of copper(II) chloride and potassium dichromate were conducted. It was found that the
biomass accumulation of R. yavorovii IMV B-7620 was most inhibited by CoCl2 and CuCI2. P. tundrae IMV B-7915
and O. rhizosphaerae IMV B-7956 are more sensitive to the effects of K2Cr207 than CuCl2. Metal salts affect the
specific growth rate in the exponential phase and the duration of the lag phase of R. yavorovii IMV B-7620, P.
tundrae IMV B-7915 and O. rhizosphaerae IMV B-7956, and patterns of these changes were strain-specific.
FeC6H507, CoCl2, CuCl2, and K2Cr207 cause free radical damage in R. yavorovii IMV B-7620 cells, CuCI2 and
K2Cr207 - in P. tundrae IMV B-7915 and O. rhizosphaerae IMV B-7956 cells, which was detected by the increase in
the content of lipid peroxidation products and carbonyl groups in proteins. In the protection of bacteria R.
yavorovii IMV B-7620 under the influence of FeC6H507, CoCl2, CuCl2 and K2Cr207, P. tundrae IMV B-7915 and O.



rhizosphaerae IMV B-7956 under the influence of CuCl2 and K2Cr207, the enzymes of the antioxidant defense
system are involved (catalase, superoxide dismutase, glutathione peroxidase, glutathione S-transferase and
glutathione reductase activities were changed). For the first time, it was found that heavy metals stimulate the
formation of extracellular polymers in the bacteria R. yavorovii IMV B-7620, P. tundrae IMV B-7915, and O.
rhizosphaerae IMV B-7956, and also affect the qualitative and quantitative composition of pigments in R. yavorovii
IMV B-7620, which is important for the survival of these bacteria. Using factor analysis and considering the
deviations from the control of the studied parameters, the relationships between the content of products of
prooxidants action and antioxidant indicators of bacteria under the influence of various metal salts were revealed.
It was found that under the influence of ferric(III) citrate, cobalt(II) chloride, and copper(II) chloride in R. yavorovii
IMV B-7620 cells, lipids were damaged. Catalase, superoxide dismutase, glutathione peroxidase, glutathione S-
transferase, glutathione reductase activities, as well as lycopene, anhydrorhodovibrin, and bacteriochlorophyll a
were involved in the defense of R. yavorovii IMV B-7620 cells. For the survival of P. tundrae IMV B-7915 bacteria
under the influence of potassium dichromate, exopolysaccharides and the activity of the glutathione system
enzymes are important. Enzymes with peroxidase activity are involved in the protection of O. rhizosphaerae IMV
B-7956 cells from direct or indirect effects of lipid peroxidation products formed as a result of the action of
copper(Il) chloride or potassium dichromate. The positive effect of the studied bacteria in the laboratory
conditions on wheat growth was demonstrated: increased seed germination, the length of roots and shoots, and
the chlorophyll content in the leaves of seedlings.
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Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

VII. BizomocrTi npo odiniliHuX OIIOHEHTIB Ta PEI€H3E€HTIiB
OdiuiiiHi OIOHEHTH

BiacHe IIpisBuie Im'sa I1o-6aThKOBI:

1. Cronap Okcana bopucisHa

2. Oksana B. Stoliar

KBasidikamis: 1. 6. 1., npodecop, 03.00.04

Inentudikarop ORCHID ID: 0000-0002-8579-2881

JoparkoBa iHpopMamisi: Scopus Author ID: 57219844778; Web of Science Researcher ID: 1-7397-2018;
https://scholar.google.com.ua/citations?user=J0-Ux38AAAA]

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: TepHOMINbCHKNUIT HALLIOHAJIBHUIL TIEJaroriYHmii yHIBEpCUTET

imeHi Bosogumupa I'HaTioka

Kopg, 3a €IPIIOY: 02125544

Micue3HaxoaKeHHS: By M. KpuoHoca, 6y, 2, TepHorinb, TepHOMiNbChKUI p-H., 46027, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEpPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. KpuBuoBa Mapuna BanepiiBHa

2. Maryna V. Kryvtsova

KBasigikanis: 1. 6. u., npodecop, 03.00.07
InenTudikarop ORCHID ID: 0000-0001-8454-2509

JoaparkoBa iHpopMauisi: Scopus Author ID: 57211549409; Web of Science Researcher ID: V-1814-2019;
https:/ /scholar.google.com /citations?user=9WBUsdwAAAAJ

TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [lepkaBHUIi BULIVII HABYAJIbHUI 3aK/Iaj] "YKrOPOZICHKHIA

HalliOHAJIbLHUH YHIBEpPCUTET"
Kopg 3a €IPIIOY: 02070832
Micue3HaxoaKeHHS: By [TinripHa, 6ya. 46, Yxropoa, Y>xropoacekuii p-H., 88000, Ykpaina

dopma ByracHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cubipna Haranis OnexkcaHnapiBHa

2. Nataliia O. Sybirna
KBasigikamis: 1. 6. u., npodecop, 03.00.04
InenTudikarop ORCHID ID: 0000-0002-9217-3931

JoaparkoBa iHdopMauisi: Scopus Author ID: 8388760700; Web of Science Researcher ID: L-1343-2017,
https:/ /scholar.google.com /citations?user=IHh4uEcAAAAJ

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOH: JIbBiBChbKUIl HAL[IOHAbHMI yHiBepcUTeET iMeHi IBana Gpanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHiBEpCUTETCHKA, Oy, 1, JIpBiB, 79000, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. fIBopceka 'annnHa BacuniBHa

2. Halyna V. Yavorska
KBasigikanis: . 6. u., no,, 03.00.07
InenTudikarop ORCHID ID: 0000-0002-0641-0794

JoaarkoBa iHpopManist: Scopus Author ID: 6504394102; Web of Science Researcher ID: L-4607-2017,
https:/ /scholar.google.com /citations?user=aJ9CBxsAAAA]J

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: JIbBiBCHKMIT HalliOHAbHKIT yHiBEpCUTET iMeHi IBaHa PpaHka
Kog, 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: BYyJI. YHiBEpCUTETCHKA, 6y, 1, JIbBiB, 79000, Yxpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHiBEPCUTETChHKUI

VIII. 3ak/1104Hi BiZOMOCTI



Bnacue IlpisBume Im'a [T0-6aTbKOBI Ickpa Pycnana fipociasiBHa

TOJIOBH paju

Biacue IpizBume Im's Ilo-6aThKOBI Ickpa Pycrniana fIpocnasisna

TOJIOBYIOYOrO Ha 3acCimaHHi

BigmoBiganbHuMii 3a MiZrOTOBKY Kax Osbra Bosiopumupisna

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




