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Pedepar:

1. Y nuceprauiiiHiil po60Ti BUKJIAIEHO PE3YIbTaTA KOMIIJIEKCHOTO NOCIIKEHHS CTPYKTYPH Ta (PYHKIil yTpyIOBaHb
MIKpPOOpraHi3miB BOJHOI TOBIII Ta JOHHUX 0CaliB YOPHOTro MOPS Ta IPOBELEHO OLIHKY MOXKJIMBOCTEN 3aCTOCYBaHHS
JAHUX METar€HOMHOTI'O aHajli3y y BCTAHOBJIEHHI €KOJIOTIYHOTO CTaHy MOPSI 3rilHO BUMOT PaMKOBOi JJUpEeKTHBU NIPO
Mopceky Crparerito €C Ta Mopcbkoi npupogooxopoHHoi Ctparerii Ykpainu. Kpim Toro, gociifskeHo Bianosigb
MiKpOOHUX yIPyIIOBaHb Ha QHTPOIIOT€HHE HABAHTAKEHHS, & CaMe MOTEHLINHY Ta peali30BaHy aKTUBHICTb 010
PO3KJIaNly KCEHOOIOTHKIB, a TAKOX iX POJIb Y IEpeHeCEeHH] reHiB CTIMKOCTi 70 aHTUOI0THKIB Y BOJHOMY CepeIOBHII.
Brniepue s YopHOro mops 6yJ10 MpOBeI€HO MACIITA6HUI aHaJjIi3 TAKCOHOMIYHOTO, PYHKI[iOHAJIbHOTO CKJIaly Ta
PO3MOAiNy yrPyIIOBaHb MiKpOOPraHi3MiB METOAMN METAT€HOMHOTI'O aHaJIi3y Y PI3HUX PETiOHaX. Y pe3yJbTari
IIPOBEJIEHNX HaMU JOCTiIpKeHb BU3HAYEHO, 110 TAKCOHOMIUHNI Ta (PYHKIIOHAILHUI CKJIAZ, yTPYIIOBaHb

MikpoopraHizamiB HopHOro Mopsi 3MiHIOETBCS i3 BEpTUKAIBLHOI cTpaTUdiKallielo BOAHOTO CTOBIIA Y Bif[IOBiIHOCTI 10



rpagieHTy ¢isMKO-XiMiYHMX YMOB CE€pPeIOBUIIA. 3TiIHO OTPUMAHMX HAMU JAHUX, 3PA3KU 3 IOBEPXHI Ta TEPMOKJINHY
YTBOPIOBaJIM €MHUI KilacTep i3 nepeBakaHHAM Flavobacteriaceae, Rhodobacteraceae, Synechococcaceae. ¥V
CyO6OKCHYHIi1 30Hi HOpHOro Mopst Hamu 6YJI0 BUSIBJIEHO TEHAEHIiIO O 3POCTaHHS YaCTKU 3€JIEHUX CipYaHUuX
(Chlorobia (7%)) Ta necipuanux (Anaerolineae (1%)) 6akrepiii, 10 31aTHI O POCTY B YMOBax 6€3KUCHEBOTO
cepenoBUIa 3 HU3bKOIO iIHTEHCUBHICTIO OCBiT/IeHHs. OTpUMaHi HaMu J1aHi CBifjuaTh Ipo Te, 0 6€3KNCHEeBa 30Ha
YOpHOro MOps € EKOTOHHUM CEPENIOBUIIEM, 110 XapaKTEPU3YETHCS 3HIDKEHHSIM OCBITJIIEHOCTI Ta 3pOCTaHHSIM
KOHLIEHTpallii CipKOBOJHIO 3 IIu6uHol0. [Tofanpmnii KopessauiiHui aHasli3 3aCBifuMB IPUCYTHICTb JOCTOBIPHOTO
3B'I3KYy Mi’K TAKCOHOMIYHMM, (PYHKLIOHAJILHUM Pi3HOMAHITTS JOCiIPKyBaHUX YIPYIIOBaHb Ta rpagieHTOM (i3UKO-
xiMivHUX apaMmeTpiB cepenosuia. Po3noxin npencraBuukiB A714017, Pisciricketsiaceae, Chlorobiaceae,
Helicobacteraceae, Desulfobacteraceae, Desulfarculaceae xapakTepusyBaBcs IO3UTUBHOIO KOPEJIALI€IO i3 4aCTKOIO
(PYHKLiOHAJIBHMX KOMIIOHEHTIB aHOKCUT€HHOTO (POTOCUHTE3Y, NeHUTpUdikallii Ta AUCUMIJISLINHOIO BilTHOBJIEHHS
cynbdariB. 3 METOIO AOCIiIKEHHS €KOJIOTIYHOI pOoJli yTPyNOBaHb MiKpOOpraHisamiB HopHOro Mopst 6yJ10 IPOBEAEHO
aHasli3 akTUBHOCTI 6aKTepill BOAHOI TOBLIi Ta JOHHUX OCaLiB y Ipolecax 6ioTpaHcdopmallii KCeHOOI0TUKIB. Y
IYCepTaLiHOMY NOCJIiIKEHHI 0yJI0 I0Ka3aHO NPUCYTHICTb NOTEHLIMHOI 34aTHOCTI O PO3KJIaJy KCEHOOIOTHKIB B
YIpyNoBaHHi MiKpOOpraniamis YopHOro Mops. 3 METOIO BCTAHOBJIEHH IIOKA3HMKIB Peasi30BaHOi aKTUBHOCTI
MiKpoopraHiamis HopHOTro Mopsl y Npolecax po3kiaany KCeHOOIOTUKIB 6YyJI0 TPOBEIEHO OLiHKY TPaHCKPUIILi
KaTaboJliyHuX reHiB. Hamu 6yJ10 okazaHO NPUCYTHICTb BiIMiHHOCTEN Y KOMIHOCTI Ta TPaHCKPUIILLii reHiB
PO3KJIaly OJ1IapOMATUYHUX CIIOJIYK MK TPaMIIO3UTUBHUMY Ta FPAMHEraTUBHUMU OaKTepiaMu. Y LIiIOMy aHai3
€KOJIOTIYHOI POJIi yrpynoBaHb MiKpOOpraHi3amiB YOpHOro MOp# MOKa3aB NPUCYTHICTb, K MOTEHLINHOI, TaK i
peasizoBaHOi aKTUBHOCTI 1100 PO3KJIaLy 3a0pyIHIOIUMX peyoBrH. Hamu 6ys10 IpoBeeHO AOCiIPKEHHS
NIOIIMPEHHS I'€HiB CTIMKOCTI 1O aHTUOIOTHKIB, 1110 Y MDKHAPOJHUX €KOJIOTTYHUX AOCIIPKEHHSIX IPUPIBHIOETHCS 1O
“nosmoTaHTiB”. Hamu 10Ka3aHo NPUCYTHICTb €KOJIOTiYHOI NpOo6JieMH NOMUPEHHS CTIMKOCTI 10 aHTUGIOTUKIB B
akBaTopii YopHoro mops. ByJsio nokazaHo, 110 TeHU CTIMKOCTi 10 6eTasakTaMiB, BAHKOMIIIMHY, MaKpOJIifiiB Ta
KOJIICTUHY IIOIIMPEH] ¥ Pi3HMX YaCTUHAX aKBaTOpii YOPHOro MOPS 3 TEHNEHLIEIO 1O 3MEHUIEHHS KOIIIMHOCTI Bif
mes1b(POBUX 30H [0 BiIKpUTUX BOJ,. OTpUMaHi HAMM NOKA3HUKU KOIIMHOCTI FeHiB aHTMOiOTUKOPE3UCTEHTHOCTI €
BHMCOKMMHM i 3HAXOISTHCS B MEXKax Iiana3oHy KOMINHOCTI reHiB cTifikocTi 1o 6etanakramis (blaOXA), sikuii 6yy10
BU3HAYeHO 151 6aceliny piuku JyHail — 2,4 x 10-8 - 3.1 x 10-2 xomii1 /Mkj1. Hamu 1okasaHo NpUCYTHICTb
€KOJIOTiYHOI NP0o6JIeMU NOMUPEHHS CTIMKOCTI 0 aHTU6i0THKIB B akBaTopii HopHoro mopsi. [TomupeHicTs rexis
CTIilIKOCTi 10 aHTUOGIOTHKIB MOXE PO3TJISIIATUCH Y SIKOCTi OGHOTO 3 iHIMKATOPIB €KOJIOTiYHOI OLiHKM YOPHOTO MOpS Y
MaKrOyTHbOMY. 3a pe3ysbTaTaMU JOCJiI)KeHHS] TAKCOHOMIYHOI Ta PyHKIIOHAJIbHOI CTPYKTYypU yIPYIIOBaHb
MiKpoopraHiamis HopHOro Mopsl, a TakoX iX poJii B eKocucTeMi Hamu 6yJI0 IIPOBEJEHO aHali3 MOXKJIMBOCTI
BUKOPUCTaHHS OTPUMAaHMX JAHUX [IJIS €KOJIOTIYHOI OL[iHKY. 3a pO3paxOBaHMMM HAMU 3HAYE€HHAMU MicrogAMBI
€KOJIOTiYHUI1 cTaH Bog, YOPHOro Mopsi nepeBaskHO “nodpuit” (microgAMBI = 1,47 - 2,34) (kareropii 3rigHo BogHoi
PamkoBoi Jupextusu €C). Po3paxoBaHi Hamu 3HaueHHs! microgAMBI nokazasny, o JoHHi ocagu YopHOro mops
XapaKTEPU3YyIOThCS TipHUIMM €KOJIOTIYHUM CTaHOM, HDK BOJHE cepefloBuIIe. Byi0 BCTaHOB/IEHO NIE€BHI PO30DKHOCTI
MiX OLiHKOIO €KOJIOTIYHOTO CTaHy CEPEeIOBUILA 3a XiMiUYHMMU NTapaMETPaMU Ta 3a CTPYKTYPOIO MIKPOOHNX
yrpynoBaHb. OlHaK, MO>KHA CTBEPIKYBaTH, 0 microgAMBI 103BoJIsI€ YTOUYHIOBATH BUCHOBKU LIOI0 €KOJIOTIYHOTO

CTaHy, 5K BOJ, TaK i JOHHUX OCaiB.

2. A comprehensive study of structure and function of the Black sea microbial communities inhabiting the water
column and sediments is presented in the thesis. Additionally, microbial metagenomic data is tested for its
potential applicability in the Black sea ecological status assessment according to the requirements of the EU
Marine Strategy Framework Directive and the Ukrainian Marine Conservation Strategy. Additionally, the response
of microbial communities to anthropogenic pressure, particularly their potential and realized activity in
xenobiotics degradation, as well as their role in the antibiotic resistance genes dissemination in the aquatic
environment, were investigated. A comprehensive analysis of microbial communities’ taxonomic and functional
composition and their distribution in different Black sea regions was conducted for the first time using
metagenomic methods. The results of our research have revealed that the taxonomic and functional composition
of Black Sea microbial communities varies with the vertical stratification of the water column in accordance with



the gradient of physicochemical environmental conditions. According to our data, samples from the surface and
thermocline formed a single cluster dominated by Flavobacteriaceae, Rhodobacteraceae, and Synechococcaceae.
The suboxic zone of the Black Sea was characterized by a trend towards an increased proportion of green sulfur
bacteria (Chlorobia (7%)) and non-sulfur bacteria (Anaerolineae (1%)), which are capable of growing in oxygen-
depleted environments with low light intensity. Our data indicate that the anoxic zone of the Black Sea is an
ecotone environment characterized by a decrease in light availability and increase in hydrogen sulfide
concentration with depth. Subsequent correlation analysis revealed a significant relationship between the
taxonomic and functional diversity of the investigated microbial communities and the gradient of physicochemical
parameters in the environment. The distribution of A714017, Piscirickettsiaceae, Chlorobiaceae, Helicobacteraceae,
Desulfobacteraceae, and Desulfarculaceae showed a positive correlation with the proportion of functional
components related to anoxygenic photosynthesis, denitrification, and dissimilatory sulfate reduction. Analysis of
bacterial activity towards xenobiotics’ degradation was conducted with the purpose to investigate the ecological
role of microbial communities in the Black sea water column and sediments. Our study demonstrated the presence
of potential capability for xenobiotic degradation in the microbial communities of the Black Sea. The transcription
of catabolic genes was assessed in order to determine the realized activity of the Black sea microorganisms in
xenobiotics degradation processes of xenobiotics. The differences in the abundance and transcription of genes
involved in the degradation of polycyclic aromatic compounds (PAHs) between gram-positive and gram-negative
bacteria were demonstrated. In general, the analysis of the Black sea microbial communities’ ecological role
revealed the presence of both potential and realized activity directed at the degradation of pollutants. We
conducted research on the dissemination of antibiotic resistance genes, which are known to be treated as
"pollutants” in international ecological studies. We have demonstrated the presence of an ecological problem
regarding the spread of antibiotic resistance in the Black Sea. It has been shown that genes coding for the
resistance to beta-lactams, vancomycin, macrolides, and colistin are prevalent in different parts of the Black Sea
water column, with a decreasing abundance trend from the shelf zones to the open waters. The calculated
abundance of antibiotic resistance genes is high and falls within the range of beta-lactam resistance genes’
(blaOXA) abundance determined for the Danube River basin, which was 2,4 x 10-8 - 3,1 x 10-2 copies/uL. We have
demonstrated the presence of an ecological problem regarding the spread of antibiotic resistance in the Black Sea.
The prevalence of antibiotic resistance genes can be considered as one of the indicators for the ecological
assessment of the Black Sea in the future. The data obtained on the studied Black sea microbial communities’
taxonomic and functional structure and their role in the ecosystem was analyzed for the potential to be used for
ecological assessment. According to the calculated microgAMBI values, the ecological status of the Black Sea
waters is predominantly "good" (microgAMBI = 1,47 — 2,34), based on the categories defined in the EU Water
Framework Directive. Certain discrepancies were identified between the assessment of the environmental status
based on chemical parameters and the structure of microbial communities. Certain discrepancies were identified
between the assessment of the environmental status based on chemical parameters and the structure of microbial

communities.
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rOJIOBYIOYOTO Ha 3aCiflaHHi

BigmoBizasibHU 32 MiATOTOBKY Bosipuyk Cepriit BacniboBud

00JIiIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




