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MIKPOOPTI'AHI3MU MOPCBKHUX XOJIOAHUX
IMPOCOYYBAHb BYIJIEBOJHIB

Mopcoki 8yenesoonesi npocoyy8anHs (cuni) 3a60aKu C80IM YHIKATbHUM 2eoqi-
SUYHUM Ma 2e0XIMIYHUM XAPAKMePUCMUKAM (DOpMYyOms VHIKATbHI YMOBU O
PO36UMKY CHeYU@iYHUX MIKPOOHUX CNITbHOM, DI3HOMAHIMHA MA 63AEMONO8 ‘5-
3ana mMemadoniyna OisANbHICMb AKUX JIEHCUMb 8 OCHOBI 200ANbHUX eKONO2IUHUX
npoyecig. B kopomxomy 02na0i posenanymi eeoizuuni ma Ximiuni nepedymosu
dopmysanus cunie ma 8y2ne8o0HesuUx Garidie — docepen enepeii ma cyocmpamie
0711 MemaboNiuHUX Npoyecis, Wo onocepeoKo8aHi MiKpOOP2aHi3MaMU, K iCHY-
1omb 8 0aHux exonociunux Hiwax. Hasedeno ingoopmayiro npo piznomanimuicmo
MIKpOOp2anizmMi6 6 XONOOHUX B8Y21eB00HEBUX NPOCOYYBANHAX, IX MemadoniuHull
NOMeHYian 8 yMo8ax OUHAMIYHO20 PO3GUMKY CepedosULYd.

Knwuosi cnosa: mikpodue biopiznomanimms, memanocenes, memanompoqghu,
8Y2/1€800He8I NPOCOYYBAHHS, OKUCHEHHS 8Y2Ne800HI8, CYIbDampeoyKyis.

I'eodizuyni Ta ximiuHi nepegymoBu popmyBaHHSI

BYIJIEBOIHeBUX ()IIOi/TiB

ByrneBonHi B KOpUCHUX KOMAJIMHAX ICHYIOTh y pi3HUX (hopmax 1 iX ckiaj-
HICTb Bapilo€ BiJl HAHMPOCTIIIOI — METaHy JI0 YUCIEHHUX PI3HOMAaHITHUX CKJIaJ0-
Bux HagTH. OcakeHHs 6araTux OpraHikol MarepiajiB B3/I0BK KOHTHHEHTAIBHUX
OKOJIUI[b CTBOPIOIOTH YMOBH JUUISI ITOJIAJIBIIIOTO YTBOPEHHS! BYTJIEBO/IHIB 32 paXyHOK
010JIOT1YHHUX 1 TEPMOT€HHUX MPOLIECIB, SIKI TPUBAIOTH MPOTATOM MIJIBHOHIB POKIB.
Y MITKOBOJHHMX O€3KMCHEBUX BIJKJIaaX METAH YTBOPIOETHCS JIUIIIE IUISIXOM MeTa-
HOTEHE3Yy OMOCEPETKOBAHOTO MIKpOOpraHizMaMu. 31 301IbIIIEHHAM TJTHOUHU B TOB-
111 0caJliB 3a paXyHOK I€0TepMIUYHOIO TpaJlleHTy (TeMIieparypa MiJBHIY€EThCS Ha
20-50 °C 3 ko)XHUM KiToMeTpoM, a Ha nbuHi 2500-5000 M Temmneparypa cTaHo-
BUTH Oistbiie 150 °C) CTBOPIOIOTHCSI ONTHUMAaIbHI YMOBH JIJISI YTBOPEHHS TEPMOTEH-
HUX ByIIeBOMHIB: C5-aJikaHiB 1 OUTBIIT BaKKHUX CIIONYK — H-aJIKaHIB, IIMKJIOATKAHIB,
apoOMaTHUYHUX CHOJIYK Ta, 3 pemroro, HapTH [1, 36].

VY BinkJIaaax BYIVIEBOJHI HAKONMUYYIOTHCS B MOPUCTUX YTBOPEHHSAX IOPO-
JI1 - KOJIEKTOpax, a IPaJieHT KOHIEHTpaLlii B CepearHI KOJIEKTOpa MPU3BOAUTH 10
BUCXIJTHOTO TIOTOKY BYIJIEBOJHIB 31 HIBHJIKICTIO, SIKa BH3HAYA€THCS MOPHCTICTIO
kosekropa [1]. BymieBogHi pyXaroThCsl 4epe3 Mepeky pO3JIOoMiB, sIKi 3’€IHYIOTh
rIOOKI pe3epByapH IiJi MOPCHKUM JTHOM 1 T/ Yac IIi€i MOoJ0poKi BiOyBa€eThCs
iX OKMCHEeHHs Ta MiHepasizauis. [IpocouyBaHHs ByIJIEBOJHIB HA MOPCHKOMY JIHI
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MIKPOOPTAHI3MHM MOPCBKUX XOJIOAHUX ITPOCOYYBAHbDb BYTJIEBO/JIHIB

3yMOBJICHO HAIJTMIIKOBUM THUCKOM, SIKUH iICHY€ B pe3epByapax, i MOBTOPHO BBOAMTH
HadTy Ta ra3 y ByIJIeLeBUN KOJ0OOIr. BUKUIM BYIMIEBOAHIB 3 TNIMOOKUX PE3EpPBY-
apiB MOXXYTh MaTH IMITYJIbCHUI a00 MOCTIHMIA XapaKTep 1 TPUBATU MPOTITOM KO-
poTkoro abo TpuBaoro nepiony 4acy [36].

B ocanoBux OaceifHax Ha Mirpaifiro ByIJICBOJIHIB Yepe3 CUCTEMY PO3JIOMIB
Ta MOp BIUIMBAE PO3MOALUT coiisiHUX cTpykTyp [41]. Cinb € mmacTuyHoro 1 11 pyx
CTBOPIOE 1 MOCTIMHO 3MIHIOE CTPYKTYPY 1 peibed ByIIIeBOIHEBOTO OaceiiHy B3IOBK
MOPCBKOTO JHS Ta MEPEXKi PO3JIOMIB, SIKi CIIYTYIOTh MariCTpasiIMH, 10 HAIPaBJIs-
I0Th BUCXIJHHUI MOTIK BYIJIEBOAHIB. B mporeci mirpaiii ByriieBoJHeBUX (ITIOIIIB 3
DIHOOKHX JKEPEN Yepe3 PO3JIOMH Ta COIbOBI CTPYKTYPU XIMIYHUM CKI1aa (UIroiIiB
3MIHIOETBCSI, TAKUM YHHOM CTBOPIOIOYH YiTKi T€OXIMi4HI O3HAKU — miamucu [12,
41]. 3a paxyHOK T€0XiMIYHUX Ta MIKpOOHHUX 3MiH HaTH Ta ra3y miJ 4ac Mmirpamii
4epes3 Mapy BiAKIaAiB yTBOPIOOTLCs Kinnesi npoaykru (CO,, CH, ) ta opraniuni
MPOMIXKHI IPOIYKTH. B3aeMomist 3 COMSTHUMHU CTPYKTYpaMu e OiJIbIIe 3MiHIOE Pi-
JIMHY, YTBOPIOIOUM PO3COJIH, HAMOBHEHI Ha(hTOO Ta razoM. B3aemonist i3 po3conom
Ta 0caJoM 30arayye BYITICBOAHEBI (uioiqn amoHieMm, (ocdarom, cumikaramMmu Ta
po3unHenuMu opraniyaumu pedoBuHamu (POP) [11,38]. Ha mopcbkoMy 1Hi aaHi
GuroinuU CIyTyIOTh JKEPEIIOM €HEeprii Uil MIKpOOPraHi3MiB, 1110 BUTBHO iCHYIOTH 1
XEMOCHHTETUYHO-CUMOIOTHYHHX acowialiidi TBapuH [36]. TakuMm 4nMHOM, y3IOBK
YChOTO KOHTHHEHTAJILHOTO HIETb(y CBITOBOTO OKEaHy BYIVIEBOJHI, IIIO MPOCOUY-
IOTBCS Yepe3 JIOHHI MOPOJIU, MAIOTh BUPIIIAJLHUI BIUIMB HA 010JIOTIYHY pi3HOMA-
HITHICTB, XIMIUHY CKJIaJIOBY Ta I'€OJIOTIIO0 JAaHUX CepPEeIOBHUII iICHYBaHHS [35].

[ToBepxHEBi MPOSIBU MPOCOYYBAHb BYIJIEBOJIHIB — BYIJICBOJAHEBI CHUIIU IPE/I-
CTaBIISIIOTh COOOIO JUISHKA MOPCBHKOTO JHA, /€ BUTIKAIOTh (IIPOCOYYIOTHCS) Te-
omroinu 3 rmbokux mxepen: Hadra Ta/abo ra3 MepeMillyIOThCs Ta CKUAAOTHCS
MPUPOAHUM HUISIXOM Y BOASHHUN MOTIK. JIOHHI BIIKITaJ€HHS B MICHSX TPOCOYCHHS
BYIJICBO/HIB YacTO HACHUYEHI Ha()TOIO Ta ra3oM. Y XOJOJHHMX curax (uiroinu, mo
MIPOCOYYIOTHCS, € MPOXOJOAHUMHU — TeMIeparypa HaBKOJIMIIHHOTO CEpEeIOBUINA
piako nepeBuirye 10 °C, He KUTUIATH 1 MatoTh pH Onu3bKe 10 HEUTPATBHOTO, B TOM
yac sk pH rigporepmanbaux pinuH (temmeparypa > 350 °C) e kucnum (pH < 4).
XiMIYHUN CKJIaJ BUKUIHUX (IIIOINIB TAKOXK BIAPIZHAETHCS: TIAPOTEPMAbHI JIXKe-
pelia BUKHIAIOTh PiIUHH, 30aradeHi reOrTeHHUM METaHOM, CIPKOBOJIHEM, BOJAHEM 1
BIJIHOBJICHUMH METaJIaMH, TOJI1 SIK XOJIOJIHI CHITH BUKHU/IAtOTh P1IMHU, 30aradeHi Oi-
OTCHHHUMH Ta TEPMOTEHHUMU Ta3aMu, HA()TOIO Ta pO3COJIOM (BUCOKOKOHIICHTPOBA-
Hi PO3YMHH COJICH METaIiB) Pi3HOTO CKIIady. I, HapemTi, IBUAKICTh BUKUIY PIAMHU
y XOJIOAHUX CHIAaX, SIK MPABUJIO, HIDKYA, HIXK MIBUIKICTh BUKH]LYy PIIUHH Y TiApO-
TepMaNbHUX OTBOpax [61]. Sk ByrieBomHEBI CUIH, TaK 1 TiAPOTEPMAaIIbHI JHKepea
CTBOPIOIOTH YHIKaJIbHI T€0010JI0T14HI 03HAKH MICIIEBOTO cepeaopuina [35].

ByrieBogHeBi ¢uiroinyg B KOMIUIEKCI 3 MICIIEBUM MIiKpOOiOMOM IMpEICTaBIIs-
I0Th COOOI0 MOTYKHI 610peaKTOpH, sIKi MIATPUMYIOTh Ta peai3yloTh O0e3miu Giore-
OXIMIYHUX IMPOIECIB Ta PEaKIliid, 30KkpemMa aHaepoOHe OKHCHEHHS MeTany (AOM),
cynb(harpeayKiis, MeTaHOreHe3 [6], 1, TAKMM YUHOM, € 1/1eaTbHUM CEepeIOBHUILEM
JUTSI BUBYCHHS MIKpOOHHUX B3aeMoJIiii Ta cum0Oio3y [20].

XonoauM cumnam, SIK 1 IHIIMM BOJHUM CEPEOBUIIAM ICHYBaHHS, XapaKTep-
Ha OKHCHO-BIJJHOBHA 30HAJIbHICTh — BEPTHKAJIbHA CTpAaTU(IKAIlis 0i0reoXiMivHIX
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npoiieciB Tpanchopmarlii opraHiyHOi pEUOBHHHU Y BiJIKJIa1aX, 110 3yMOBIICHO Bij-
MIHHOCTSIMH y KIHETHIII Ta TEPMOIMHAMIYHOMY BUXOJIi €HEprii peakiiil 3a1exHO
BiJl HA/IXOJKCHHS JOHOPIB 1 aKIENTOPIB €JIEKTPOHIB 1 pe:KUMY (Pi3UUHOTO 3MilTy-
BaHHs. Pa30M 11l YUHHUKH TUKTYIOTh TOCTIIOBHE CIIOKUBAHHS TOCTYITHUX aKIIeTI-
TOPIB €JEKTPOHIB 1 MOCTIiiHE HAKOMMYEHHSI IPOIYKTIB PEaKIIii B NTIUOMHHOMY TO-
PHU30HTI Ta HA TMOMHHUX TIPpodiIsIX [63].

BioreoximiuHa OKHCHO-BiIHOBHA 30HAJIbHICTh MPU MPOCOYYBaHHI BYTJIEBOI-
HIB 3QJIOKUTh BiJ| MPUPOJN Ta KOHIICHTpaLii BiJHOBICHUX CyOCTpaTiB y piauHI
(manpuknaza, HagTH Ta ra3zy, POP, amoHito, cynbdiny), a TakoXK BijJ BETMYUHH Ta
MiHJIMBOCTI IIBUIKOCTI BUKUAY [67]. 3a paXyHOK aepOOHOT0 TUXaHHS T€HEPYEThCS
HaiO1bIIe eHeprii, MPOTe KUTbKICTh KMCHIO B TAKMX YMOBaX HE3HAuHa i BiH IIBU/I-
KO BUTpavaeThes. HiTparpeaykiis BiOyBaeThCs 3a paXyHOK BiTHOBJICHHS HITpaTy
JI0 HITPUTY, a MOTIM JJO OKCHJY a30Ta a00 MOJIEKYJSIpHOTO a30Ty. [laii 3a eHeproe-
(EKTUBHICTIO W1 BITHOBJICHHS OKCHJIIB METaJIiB (3aji3a ab0 Maprasiito). BimHos-
JICHHS Cy/Ib(aTiB TICHO OB’ A3aHO 13 OKUCHEHHSM CIPKH B O10THYHHX 1 a010THIHHUX
nporecax cyinbparpeaykiii. CHHTE3 MeTaHy y XOJIOJHHX CHIIaX BilOyBaeThCs 3a
PaxyHOK PI3HOMaHITHUX MEXaHi3MiB, IPOTE HMOBIPHO HAMBAXIIUBILINM CEPE HUX
€ metunorpoduuit Meranorenes [37]. [ocmiioBHICTh TaHUX MPOLIECIB OB’ si3aHa
OJTUH 3 OJIHUM 1 MOXe BiJOyBaTHCs OJHOYACHO. MeTaboJ1i3M BYIVICBOIHIB, 110 3a-
JSTaloTh TTUO0KO, a00 1HIIKMX 0araThx Ha €HEepriro cyOCTpaTiB y MIJIKOBOIHUX Bif-
KJIQJICHHSX 1 TOOMU3y MEXi 0Ca/i-BOJla CTBOPIOE CKIIAJHE T€OXIMIYHE CEPEIOBUIIIE,
sKe Kepye MeTabomizMoM MikpoopraHi3miB [35]. Tak, BUCOKI HIBHIKOCTI MPOLECY
cynbdarpenykuii (CP) renepytoTs cynb(hia, B HACIiJJOK YOTO CTUMYIIOETHCS HOTO
OKHCHEHHS MiKpOOpTraHi3MaMu, 110 BUIBHO ICHYIOTh Ta CUMOIOTUYHUMHU MIKPOOD-
ranizmamu [17]. Takum unHOM, 610r€0oXiMivHI MPOLECH Y CUMaX JTyXkKe TiCHO 3B’s-
3aHi MiX CO0OI0, a CUCTEMHU NPOCOYYBaHHs BYIVIEBOTHEBUX (iroiniB 3abesmedy-
I0Th O/IHI 3 HAWBUIIKX MMOKA3HUKIB MIBUJIKOCTI METa00Ii3MYy, 33 JTOKYMEHTOBAHUX Y
npupoaHomy cepenouii [ 10], Xxodua BOHU € JOCUTH BapiaOEIbHUMU 1 3aJI€XkKAaTh BiJl
Oararbox reodizmunux (akropiB cepeponua [35, 61].

Jlxepesia eHeprii Ta cyOcTpariB AJ1s1 MeTa001iYHUX NPOLECiB,
onocepeIKOBaHUX MiKPOOpPraHisMaMu

Bucoki 3amacu eHeprii Ta cyOCTpariB y BUDIISIII BYTJICBOJAHIB POOISITH CUITH
I7ICaTbHAMH CEPEIOBUINAMU 1ICHYBaHHS JUIsl PI3HOMAaHITHUX MIKPOOPTaHI3MIB 1,
BIJIMTOBIHO, 3pYYHUMH MOJIEIISIMU JIJI1 BUBYCHHSI 3aKOHOMIPHOCTEH 1 peryIsiii Mi-
KpOOHOT TMHAMIKH, TIPOTIECIB 1 010T€OXIMIYHUX IUKITIB, & TAKOXK € MICIIEM BIJIKPHT-
TS HOBUX TaKCOHIB MIKpOOPTaHI3MiB 1 HOBUX METaOOIIYHUX MUISIXIB.

3aBasSKM HasBHINA MIMPOKiN PI3HOMAHITHOCTI MIKPOOPTaHi3MiB CHIH CIIPH-
SFOTh TJI00QJTBHUM IIPOIIecaM eJIEMEHTApHOTO KOJI0O00ITy, 30KpeMa BYIVICIIO, 1 pe-
TYJTIOIOTH OOMIH MIX CTapOJIaBHIM BYIJICIIEM 13 TIIMOOKUX BYIJICBOJIHEBHX pe3ep-
ByapiB, i akTHBHUM Cy4YaCHUM. B peakIiisx OKHCHEHHsS MeTaHy, HapTH Ta iHIIHMX
QJIKaHIB ByIJICIlb BUCTYIIA€ OCHOBHUM JIOHOPOM €JICKTPOHIB. AKIIENTOPOM Haidac-
TillIE B XOJIOJHUX CHUIAX CIYTYIOTh Cyab(aTH 3aBIIKH X BUCOKIA KOHIICHTpAIlii B
MopchKiit Bomi (10 28MM) [9, 10, 32, 60]. He 3Bakaroun Ha Te, M0 BYIJICBOIHI €
EHEePreTUYHO OaraTuMu CyOCTpaTaMu, iX eJIeMEHTapHHUH CKJIaJ] TOCTAaTHHO O1THUM,
1 11e, B CBOIO Yepry HakKJIagae psj oOMeXeHb Ha peastizailifo MeTaboIiYHUX CIIeHA-
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piiB. A30T i pochop SABIAIOTHCS YNHHUKAMH, SIK1 IMiIBUIIYIOTH PiBeHb METa0O0Ii4-
HO1 akTUBHOCTI. bionoriyna ¢ikcartist a30Ty IPUCYTHS B XOJIOAHUX MPOCOTYBAHHSIX
[15, 16, 47], € BaxJIMBOIO 1 HE PiKO 3ycTpivaeTbest. [1o GizionoriyHux rpym Mikpo-
OpraHi3MiB, IO OIIOCEPEAKOBYIOTh (ikcaliro N, y BUTOKaX, BKIIOYarOTh OTEHIIiH-
HO METAaHOTEHHI apxei, MeTaHOTPOdHI apxei Ta cyab(aTBiTHOBIIOBAIbHI OaKTepii
[3, 15]. ®ochop morparuisie Ha MOPChKE JTHO JI0 BiJIKJIAJCHD MUISXOM OCIJTaHHS 3
MOBEPXHI Y BUIVISIII OpPraHiYHOTO/HEOpraHivHoro ¢ocdopy abo uepe3 CKUAAHHS
PO3COJIIB i3 MIMOWHHKUX KOJIEKTOPiB. BioMO, II0 BUKKT PO3COIIB € BAXKIMBHM JIXKE-
penom N i Py mmboke Mope, xo4a perioHaibHa Ta o0aibHa BEIMYMHA HOTO HA-
XOJUKEHHS He oOMexeHa. Y Takux paioHax, sik [lepchka 3aToka, /i MpocouyBaHHs
BYIJICBOAHEBUX (DIIFOI/IIB y BUIVISIII PO3COIY € MOIIUPEHUM SBHILEM, HAIXOKESHHS
dhochopy MoxkyTh OyTH 3HauHUMU. Takuii ochop Moxe Oyt ikcoBaHMIA 1 KOH-
LEHTPOBAHUN MIKPOOPraHi3MaMu y BUIVIsIL MoJTiocdaris, sSKi OKUCHIOIOTH CIpKY,
HaIPHKIIAJl, TIraHTChKI CIPKOOKHMCHIOBaIBbHI Oaktepii Beggiatoa 1 Thiomargarita,
10 6€3CYMHIBHO BiJlirpae BasJIHMBY pOJib Y K0s0o0iry gocdopy [33].

IIpouecu, onocepenkoBaHi IiIbHICTIO MiKPOOPraHi3MiB

B Xo0nomHuX cHmax BHACIIIOK IIBUIKOTO CIIOKUBAHHS KMCHIO O1TbIIA YaCTH-
Ha 0CajJly € aHOKCUYHOIO, JIe MEPEeBAXKAIOTh aHAePOOHI METabO0Ii3MU: OKUCHEHHS
BYIVICBO/IHIB (METaHy, aJIKaHiB), SIKE YaCTO MOEIHYETHCA 13 cynbdarpenykuieto [27,
34]. KuceHb mIBUAKO CHOXHBAETHCS MIKpOOPraHi3MaMmH, SIKi JKUBYTh Y BEPXHIX
mrapax (Kibka MM) ocaay abo (GyHKIIOHYIOTh y cuMO0i03i 3 TBApUHAMH HA MEXi
ocan-Boaa [6]. LlIBuake crio)kMBaHHS KUCHIO BiZOYBa€ThCSI TAKOXK BHACIHIJOK Jii-
SITBHOCTI MIKPOOPTaHi3MiB, IO iICHYIOTh BUILHO Ta CUMOIOTHYHHX TIOTPO(QHUX i
METaHOTPOGHUX MIKpoOpraHi3mia [6, 20].

MertaH, 110 TPOCOYYETHCS 3 BYIJICBOIHEBUMHE (DIIFOIIaMU MOXKE MaTH Oi0TeH-
HE Ta TEPMOTCHHE MOXO/DKEHHS. BioreHHUI MeTaH yTBOPIOETHCS TPhOMa CIIocoda-
MU: TiIPOreHOTPOPHUM (BiTHOBIICHHs OiKapOOHATy 70 METaHy 3 BUKOPUCTAHHSM
BOJIHIO SIK BiJIHOBHHUKA), alleTOKIacTM4HMM (auerarne Opominna mae CH, i CO,)
1 MEeTUIOTPOGHUM (METAHOJ, METAHTION, AUMETHIICYNIb(Din abo iHII MpocTi cyo-
CTpaTH) MeTaHOTeHe3oM [42, 45]. TepmoreHHi Ta Oi0reHHI JKepelia MeTaHy MOJKHA
PO3PI3HUTH 3a JIOTIOMOTOI0 BUMIpIOBaHHS CTAaOUIFHOTO 130TOMHOTO CKJIaay BYIJIe-
o (8'°C) 1 xeitrepito (6D). Metan Ma€e nyke HU3bKUH MOKa3HUK 0'°C: GioreHHUI
MeTaH nopsiaky — 60 %o, TepMmoreHHui — 6mu3bko — 40 %o. [53]. He 3Baxkaroumn
Ha Te, [0 METAaHOT€HE3 B XOJIOJAHUX MPOCOYYBAHHAX BiZIOYBa€THCS 3a JOIOMOTOIO
BCIX BIIOMHX MEXaHi3MiB, METHJIOTPO(HI MporecH € HalOUIbII 3HaYymmuMu [ 14,
64, 70]. Lle Mmo>xe OyTH OB’ S3aHO 3 TUM, IO OLIBII HU3bKA TEMIIEpATypa OOMEKye
nepeOir riIporeHoTpo(HOTo Ta aAETOKIACTUYHOTO METAHOTeHE3Y, B TOM Yac SK Ha
METHJIOTPO(HUI MeTareHe3 Hu3bKa TeMIeparypa Maixe He BIUIUBac [ 14].

AHaepoOHe okucHeHHs1 MeTaHy (AOM) — neHTpajibHUi MpoLeC y ByIiIeLe-
BOMY IIMKJIi 32 aHAEPOOHHUX YMOB, SIKHH 3MEHIIY€ KUTbKICTh METaHy, 110 BUBLJIbHSI-
€THCS 3 TPYHTIB Ta BIAKIAJACHb Yy BOAOWMH 1, IK HacHigoK, B atMmocdepy [10, 40].
MertaH € KJIIMaTUYHO aKTUBHUM MTAPHUKOBUM T'a30M, & MOPCHKi BiJIKJIaICHHS MicC-
TATHh BEJIMYE3HI 3aMlaCl METaHy y BUIISAI PO3YMHEHOTO ra3y Ta ra3oBOTO Tipary.
JIaGoparopHi eKkcriepuMEeHTH 3 OaraTMMU Ha METaH 0Ca/IaMU BUSBUIN CUHTPO(HUN
3B’A30K MK MIKpOOpraHi3aMaMu, BiJllOBinadbHUMU 3a cynbdarpenykuiro (CP) ta
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AOM. Ilpu oKUCHEHHI MeTaHy CyJIb(aTh CIYTYIOTh aKIENTOPaMH €JICKTPOHIB, 10
1 IPU3BOUTH JI0 BiAHOBICHHS CyNb(dariB 10 cyabdinis [36]:

CH, +8S0O,”— HCO,; + HS + H,O (AG = —17 xlx/Monb)

3a yMOB BHCOKUX KOHLIEHTpaliii Merany y ¢uoinax AOM Mmoxe nocsiraTu
Ha/I3BUYAfHO BUCOKUX PiBHIB, IO HMOBIPHO MOB’S3aHO 3 BUKOPUCTAHHSM aKIIETITO-
PiB €TEKTPOHIB, BIIMIHHHX BiJl CyabdariB i, TakuM 4nHOM, AOM 0HOUACHO MOXKeE
NPOXOAUTH JieKimbkoma nuisixamu [10, 11]. IIBuaka peuupkyssiis Cipku Ba)JInBa
JUTSL IATPIMKK BUCOKHMX Toka3HuKiB CP, moB’s3aHoi 3 AOM, siKi CIOCTepIrarTh-
cs1 32 BYIVICBOJIHEBUX MpocouyBaHs [ 10, 44]. BaxxmuBUME TSI T ITPUMKH BUCOKOT
mBHIKOoCcTI AOM € Takox MpoIecH BiTHOBJICHHS a30Ty Ta METaliB (3aji30, Mapra-
Herp) [11]. Jocmigaukamu Oyino BUSBJICHO, IO B XOJIOAHUX MOPCHKHUX BiIKJIaaax
cynb(haTpeayKTOpy MOXKYTh OyTH 3ailyueHi B HE3HauHIl Mipi B mpoliecax MiHepa-
Ji3aii OpraHivHoT PEeYOBUHH, TO1 SIK MIKPOOPTaHi3MH — BIIHOBHHKHU METAJIiB Tie-
peBakaroTh. TyT KaHOHIYHI CyIb(aTrpeyKTOpy Halal0Th IepeBary aBTOTPOPHOMY
croco0y iCHYBaHHSI, BAKOPUCTOBYIOYHM BOJICHB SIK JJOHOP €JIEKTPOHIB, B TOH 4Yac
K METaJIOpeAyKyBaJlbHI OakTepii OepyTh y4yacTh B TeTepoTpo(HOMY LUK opra-
HiYHO1 peyoBHHU [68]. TakuM YMHOM, MOXKJIMBICTh BUKOPUCTAHHS PI3HUX aKIIeTl-
TOPIB 1 IOHOPIB €IEKTPOHIB 3aJICKHO Bif iX HasBHOCTI AOM cTaloTh €)eKTUBHUM
1 IEBUM MEXaHi3MOM YTHIII3allii METaHy MPHU BYIJIEBOJHEBUX MPOCOYYBAHHSIX 32
pi3HUX eKonoriyHux ymosB [11, 52].

MikpoGHe 0iopi3HOMAHITTS X0JIOIHUX CHITIB

[TpocodyBaHHS BYIJICBOHIB B XOJOJHUX CUTIAX CTUMYITIOE (DOpPMyBaHHS Pi3-
HOMAaHITHUX MIKpOOHHX CIIJIBHOT, IKi € TTOCEPEIHUKAMUA B METAHOTCHE31, OKHC-
HEHHI BYIJICBOJHIB, Cyibdarpemykiii i 0e3mivi iHIMX B3a€EMOIIOB’SI3aHUX IPO-
1eciB. 3a JOMOMOTO0 METareHOMHUX JOCIIKCHb OYyJIO BHUSBJICHO BIIMIHHOCTI Y
cKJaai MikpoOioMy Ta iX pPO3MOAiII B MICISX BYIICBOAHEBUX MPOCOYYBaHb Ta Y
dboHOBHX 30HAX [54, 56, 57, 59]. KpiM TOTO CriocTepiraroTh BiIMiHHOCTI Y MeTabo-
JIOMHOMY CKJIaJli Ta METa0OJIIYHOMY TIOTEHITiajIi B XOJIOAHHUX Ta TiApOTepMaTbHIX
POCOYYBaHHSIX.

st 6aceiiny ['yaiimoc KamidopHilicbkoi 3aToku (Mekcuka) Oysiu mpoBeieH1
METareHOMHI JTOCTIDKEHHS 1 pEKOHCTPYHOBaHI TeHOMH MiKpOOHHUX CITUTBHOT 3 T1JI-
pPOTEepMaTbHUX BYIJIEBOIHUX MTPOCOYYBAHb 1 HAHOIMKIMX IO HUX XOJIOJHHUX CHUIIIB
[7]. Ha BigmiHy BiJ pe3yJbTariB, OTPUMaHUX 13 XOJOAHHUX BYIJICBOJHEBUX CHIIIB,
MIKpOOHI CITUTBHOTH TiAPOTEpMaTbHHUX O1IBIT PI3HOMAHITHI 3a CKJIAJIOM 1 apXei TyT
nepeBakaroTh Haj Oakrepismu [30].

JlocaimKeHHST OCHOBHUX METa0OIIYHUX T'eHIB ITOKA3aJI0 HasBHICTh ICHIB 3a-
TaJIbHOTO KOJIOOOITY BYIJICIIO B YCIX TOCHTIKYBaHHX Micisx. [Ipore renu hepmen-
TiB, 3aJTy4€HUX B KICHEBOMY JTMXaHHI XapaKTEPHIIIIl XOJIOIHUM TIPOCOYyBaHHSIM, a
y (DOHOBHX 30HAX Ta TiJPOTEPMAILHUX CUIIAX BOHU BUSBISIOTHCS Y 3HAYHO MCH-
MMX KUTBKOCTSX. [eHM hepMeHTIB, 3aiTydeHi B mporiecax ¢pepMeHTaltii Oyau 3Haii-
JIeH] SIK B 30HaX BYIJICBOJHEBUX MPOCOUYBaHb, TaK 1 y poHOBUX. ['eHn pepmeHTIB
JeHITprdiKallii HaifgacTiIne 3yCTpivaroThCS B XOJIOIHUX MTPOCOUYBAHHSIX Ta HETJIH-
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OOKHUX JIISHKAX, a TeH mcrA OyB MOBHICTIO BiACYTHIN Yy IUISTHKAX, J€ BYTJICBOIHEBI

npocouyyBaHHs He ¢ikcyBamucs [17].

dinoreHeTUYHHUIA PO3MOALT OCHOBHUX TPYIT MiKPOOPTaHi3MiB, IO € MEIITKaH-
ISIMU BYIJICBOJTHEBUX IMPOCOYYBaHb, 3AJIEKHO BiJl iX (DyHKIIOHATBHOTO HAaBaHTa-
KEHHs1, IpeicTaBieHo Ha puc. 1 [36]. [Ipore nani npeacTaBieHi Ha PUCYHKY HE €

IIOBHUMU, MMOCTIHHO JOINOBHIOKOTBHCS Ta YTOYHIOKOTBHCH.

rd-
F’?‘:eo\a TACK
bt - —X

B Methane oxidizers
Oil oxidizers
B Oil and methane oxidizers

b S :
g g .D-rore:;ﬁo
m ) 3 a0
Proy, 'al;;’"" £ 2, = ] ¢ “*‘a,,
oo, oy e % %?‘ g 3 00 v
a ' 0 r : .0
Drnte?s:tm\a %% % 3 g {f\?
. 5 = &
o
3
c ) ?’erm:node'sr}ﬂfov.’bn'u 2
a2
| -
& : a
$ 7 : |
@7 tr. 2§ g |
& L G Te g E
£ AT S 2
5 U |
& ) |
Mer.‘:onosor(ma ak
. nn("‘.'o
8l oiderio 3
10 Bur = %, M Sulfate reducers
) e W Sulfide oxidizers
Co s
ace, -
L
&,
Desulfo %
., %bacteria
A
AR
£ &
20
6‘00
¢
M Nitrogen fixers
W Iron reducers
I Iron reducers and nitrogen fixers
A
(R o

Puc. 1. ®inoreHeTu4He pisHOMAaHITTA MiKpoOpraui3Mis, mpeacTaBIeHUX
B XOJIOIHHX BYIJIEBOIHEBHUX cunax [36]

Fig. 1. Phylogenetic diversity of microorganisms of cold hydrocarbon seeps [36]
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AnaepoOHi OKHCHIOBaYi ByriieBoAHIB Hadtu, merany (ANME) Ta opranis-
MU, SIKI MOXKYTh OyTH MOCEpeIHUKaMU OKUCHEHHS SIK HaTH, TaK 1 METaHy, Ipe/-
CTaBIIEHO Ha puC.la. 3aaTHICTh MeTa0OI3yBaTH METaH, HAQTY Ta aJKaHH BUSBJICHA
y BEJIMYE3HOI KUIBKOCTI MIKPOOPTaHi3MiB y BCIX BiioMHX (iymax, siKi IIUPOKO
NPEACTaBICHI B MOPCHKUX CEPEJOBHINAX, BKIOUAIOUN CUCTEMHU XOJIOJHHUX MPOCO-
4yBaHb, FAPOTEPMATBHUX JDKEpeNlaX Ta OaraTux Ha OpraHiKy Ta MeTaH BiJKJIagax
[5, 8]. OCHOBHUMH YMHHHMKAMH, 10 KOHTPOIIOIOTH po3noBciomkeHHss ANME sB-
JSIETHCSL HASIBHICTh METaHy Ta Cyiabdary, ad0 1HIIKUX KiHIEBHX aKIENTOPIB €lIeK-
TPOHIB, sIKIi MOXKYTh miaTpuMyBatd AOM. Sk i st Oynb-sSKUX MiKpOOpraHi3MiB
BOXJIUBUMH TAKOXK € 1HII YUHHUKY HAaBKOJIUIITHBOTO CEPEIOBUINA, TAKi K TEMIIe-
parypa, COJIOHICTh, piBeHb pH.

Ha ocnoBi ¢inorenernunoro anamizy rexis 16S pPHK ANME 0Oymnu 3rpy-
noBaHi B Tpu okpemux kinagn ANME-1, ANME-2 ta ANME-3 [39, 49]. VYci me-
TaHOTPO(U (ITOreHETHYHO IMOB’sI3aHi 3 PI3SHUMHU TPyIaMu METAHOTEHHHX apXxeu
[40]. ANME-2 ta ANME-3 00’eqnani B nopsinok Methanosarcinales, a ANME-
| HaneXUTh 0O HOBOTO TOPSIKY, SKHA Ma€ BiAJaleHi 3B S3KH 3 TMOPSIKaMU
Methanosarcinales 1 Methanomicrobiales [40]. Cepen ycix Tppox kiaag ANME-
2 i ANME-3 nalivacrinie 3HaXOASTh B XOJOJAHHMX CHIIAX, TOMAI SK MPEACTaBHUKU
ANME-1 MemkaroTh B CEpeIOBUILAX 13 IUPOKUM Jiara3oHOM TeMIIepaTyp Ta Cco-
J0HOCTI [5]. 3aBIsKM BENUKIH KUTBKOCTI MOPCBHKHX P00, 310paHuX 3 YChOTO CBITY,
Ta 3a JOMOMOTOI0 MOJICKY/ISIPHO-T€HETUYHOTO aHai3y OTPHUMAHO BEITUYE3HY Kijlb-
KicTh mociigoBHoctel reHiB 16S pPHK ta mcrA apxeit (MmeTuin-koM-peaykTasu
— KJIIIOUOBHIA (DEPMEHT METaHOTEHE3Y, TAKOK MOXKe KaraiizyBatu AOM uepes 3Bo-
POTHi# MeTaHoreHe3) [58], 1m0 103BOIMIO PO3ALTUTH METAHOTPODH HA MiATPYIIHU:
ANME-1 - Ha ANME-1a i ANME-1b, ANME-2 — Ha wotupu niarpynu ANME-2a,
ANME-2b, ANME-2c i ANME-2d, a nins ANME-3 miarpynu noci He BU3HaueHi
[5].

I3 pO3BUTKOM METAareHOMHHUX OCIiIKEHb CIIMCOK YYaCHUKIB, IO OepyTh
y4acTh y pI3HUX METa0OIIUHUX MPOLIECaX, IKi BiJOYBaIOTHCS B MICLISX BYIJICBOTHE-
BUX MPOCOYYBaHb, MOCTIHHO PO3MIUPIOETHCS, TA CTAE 3PO3YMIIOO X POJIb 1 Micie
y nanux npouecax [13, 18, 26, 29]. Merarene3 Ta AOM uyepe3 metun-koM-peayk-
Tazy (K KIIOYOBOTO (pepMEHTY) OyJIH 3arpoIOHOBaHI IK OCHOBHI HUISXH METa00-
7i3my B apxeil. MeTa0oi3M ajlkaHiB Ha OCHOBI 1aHOTO ()ePMEHTATUBHOTO arapary
y pi3Hux rpyn apxei (Archaeoglobi, Hadesarchaeota, apxei cynepdinyma TACK,
BKItouatoun Nezhaarchaeota, Korarchaeota ta Verstraetearchaeota) Mir eBOIOLI-
OHYBATH IIiJ] JIi€F0 HABKOMUINHIX (hakTopiB [66]. Y npencraBuukiB Hadesarchaeota
ta Archaeoglobi meTnn-koM-peayKTa3a CHIBHO BiIPi3HIETHCS Bil pEIyKTa3 IHIITUX
apxei, 1110 JT03BOJISIE M ICHYBaTH Ha HEMETAaHOBHX alikaHax. Y apxei Archaeoglobi
1 Korarchaeota BusBIIeHa 3IaTHICTh SK 0 METAaHOTCHE3Y, TaK 1 JO Cyab(arpe-
IYKIIii, 10 T03BOJISIE 3pOOUTH MPUITYIIIEHHS, 1110 BOHU BOJIOJIIOTH MOTEHIIAJIOM 110
MO€ETHAHHS 000X IUIAXIB METa00II3My B OKpeMHX oprasizmax [66]. Oxpim mo0pe
BigoMux Metanotpodis, okrcHioBauiB HapTH (ANME) Ta cynbdarpenykropis (3a-
3aBuuail Deltaproteobacteria), 3MaTHICTh 10 OKUCHEHHS BYIJIEBOJIHIB Ha(TH 3Ha-
H/IeHa TaKOX Yy MPEICTaBHUKIB QinyMiB Actinobacteria Ta Gammaproteobacteria.
Jlo iHIIMX TOUMIMPEHHX apXeHHHWX JiHIM — OKUCHIOBAYiB BYIJICBOAHIB BiTHOCSATH

12 ——  ISSN 2076-0558. Mixpobionozis i Giomexnonozis. 2024. Ne 2. C. 6-27



MIKPOOPTAHI3MHM MOPCBKUX XOJIOAHUX ITPOCOYYBAHbDb BYTJIEBO/JIHIB

MOpPCBKY OeHTOCHY Tpymy B ta Bathyarchaeota, a Taxox nporeodaxrepii (Delta-,
Epsilon- i Gammaproteobacteria), Bacteroidetes ta Chloroflexi [19].

MeTtanoTpodu 3a3BHuaii € 00JIraTHUMH OpraHi3MaMu, TOOTO 371aTHI CITOXKHU-
BaTH JIUIIIE METaH, a HE 1HINI ajJKaHW 3 OUTBII JOBTUM JIAHIIOTOM. 3/IaTHICTH JI0
OKHCHEHHS BYIJICBOJIHIB HA)TH Ta METaHy HECIIOiBaHO Oyiia BUSBIICHA y METAHO-
reHux apxeu Bathyarchaeota [24]. bakrepii, 1o MeTa0oi3yI0Th 1HIII ra30Mmoio-
Hi aJIKaHU — KOMIIOHEHTH TPUPOIHOTO Ta3y, HANPUKJIAJ, MPOIaH, TAKOXK BiOMI i
OXapaKTepU30BaHi, IPOTE BOHU HE OKUCHIOIOTh METaH. AJie HEIIOIaBHO OyB BUSIB-
neHuii (akyapTaTUBHUN MeTaHOTpod Methylocella silvestri, sskuil OKpiM MeTaHy
3MaTHUH CHOKMBATH 1HINI KOMIIOHEHTH MPUPOAHOTO razy — eraH i mpomal [25].
OTxe, LIJIKOM BipOTiHO, 0 aHAePOOHI OKMCHIOBAaYl METaHy Ta ajKaHiB € Habara-
TO OUIBII MOIIMPEHUMHU, HI’K BBAKAIOCS paHiIIe.

JlouHi ctpyktypu HYopHOTO MOpsi € OCOOIMBHM CEPEIOBHIIEM JUIsI METa-
HoTpo(hiB ANME-1 i ANME-2, ski iCHYIOTh TYT y BUIJISIAI TOBCTHX MiKPOOHHX
MaTiB TOBIIMHO 2—10 cM, CKpIIIEHUX KapOOHATHUMH BiKJIa1aMH (JIMMOXOIaMH )
Ha mbuHi 35-2000 M [50, 62]. B HopHomMy Mopi Oynia BUsIBJICHA BEeJIHUYE3HA Kap-
OoHaTHa TpyOa BUCOTOIO 4 M Ta IIMPUHOIO /10 1 M, sika MicTHIIa MIKpOOHHIA MaT po-
KEBOTO KOJIbOpY 3 nepeBaxkanHsM ANME-1 y MikpoOHOMY CK1ajli Ta HAWBUIIIUMU
Ha TOH MOMEHT nokazHukamMu AOM B npupoaHux cucremax [46].

Xemo0aBTOTpodHI Ta reTepoTpodHi MPOLECH TYT TICHO B3a€EMOIIOB’S3aHi:
BiJIOyBAa€ThCSI OKUCHEHHSI Ta TpaHC(OpMALlis BYIJICBOJHIB, IO MOEIHYE BYIJIE-
BOJTHEBHUI MeTa0O0i3M 3 HITUMH MPOILIECAMH, SIKi 31IHCHIOIOTh MIKPOOPTaHi3MH —
cynbharpeaykiieto, ikcariero a3oty oo (puc. 1 b, ¢), i, Takum yuHOM, BiJ0yBa-
€THCS MiPKUBJICHHS! BUCOKOIIPOAYKTUBHHX Ta PI3HOMAHITHUX €KOCHCTEM.

Apxei rpynu ANME-1 6epyTh yuacTh y KPHUIITUYHOMY KOJIOOOITYy METaHY,
KU ICHY€ 32 paXyHOK IMOCTIHHOI Cyab(aTrpenyKIlii, 10 BiI0yBa€ThCS B MEKaXx Ie-
pexony cynbdar-mMeraH ocajoBoro ropu3oHTy. st peanizaiii 1boro mporecy 3a-
Jy4eHi apxei, sKi BOJOAIIOTh epPMEHTATHBHHUM aIlapaToM SIK JIJIsl CHHTE3Y, TaK 1 IS
cniokuBaHHs MeTany [4]. KpiM TOro, B XOJIOJHUX BYTJIEBOJHEBHX MPOCOTYBAHHSIX
MeKCcHKaHChKOT 3aTOKH Oyiy BHUSIBIICHI Ta 1IEHTU(HUKOBaHI HOBI CylTb(aTpeyKTo-
pH, SIKi 3/1aTHI JerpadyBaTH, JUIIE MpomnaH i OyraH. BoHu amantoBaHi 10 HU3bKOL
TEMIIepaTypyu Ta AEMOHCTPYIOTh HAHOLIbINI MIBUAKOCTI BIAHOBJICHHS Cyibdary
npu 16-20 °C. Anaini3 6i6miorek reniB 16S pPHK moka3aB nepeBakaHHs YHIKaIb-
HOTO (UTOTHITY, TOB’s13aHOTO 3 KiactepoM Desulfosarcina-Desulfococcus y Mexax
Deltaproteobacteria [31, 60]. CynbdhaTBiIHOBIIOBAILHI 1 CY/Ib(iTOKHCHIOBAIBHI
Oakrtepii mpeacTaBiIeHI B OCHOBHOMY Oakrtepisimu kKiaciB Epsilonproteobacteria,
Gammaproteobacteria ta Deltaproteobacteria, ane npencraBuuku Clostridiales
TaKOX 37aTHi 10 cynbdarBigHOoBIeHHS [65]. CynbdarpenyKiiisi mpuTaMaHHa Haii-
OlbIIIe AETBTAIpPOTEO0aKTEPIsIM, TOJII SIK B MPOIECaX OKHMCHEHHS CipKU 3aiIydeHi
B OCHOBHOMY ramampoteobakrepii Ta erncuioHnporeobakrepii [57]. Hainomm-
peHimri cynb(higHl OKHCHIOBaUI HaJIeXkaTh JI0 MPEACTaBHUKIB POAiB Beggiatoales,
Thioploca ta Thiothrix ponunau Thiotrichaceae. JIOCTIDKEHHS CIIUIBHOT Cyibda-
TPEIYKTOPIB B JEIKUX MOPCHKUX Ta30BUX Ta HAPTOBUX BUTOKAX BUSBUIIO LIHPO-
Ky PO3IMOBCIO/DKEHICTh Ta PI3HOMAHITTS alleTaT-OKUCHIOBATBHUX OaKTepiil poliB
Desulfosarcina i Desulfococcus, siki TakoX BIUTMBalOTh Ha KOJI000ir Byriero [51].
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Kpim Toro, 3natHicTh (ikCyBaTd a30T 1 BiJHOBIIOBATH OKCHJIM 3aii3a TyxKe
MOLIMPEHA Y XOJOAHUX CHIIAX, IO MiAKPECIIOE iX MOTEHLIHHY BaXIIUBICTh B YMO-
BaX iICHyBaHHsI BYIVICBOJHEBUX MpocodyBaHb [69]. 3a ominkamu B mporeci AOM,
10 CYIPOBOKYETHCS CyNb(haTpeayKIiero, OKUCHIOEThCs 10 90 % ychoro merany,
110 YTBOPIOETHCS B MOPCHKUX BiJKJIa/1aX 1 TOJIOBHUMH YHHHUKAMU [IbOTO BUCTYTIA-
10Th MeTaHoTpo(dHi apxei (ANME) ta cynbdarpenykysanbHi 6akrepii. [Tpumycka-
I0Th, 10 HWKYE 30HH CYIIb()aT-METaHOBOTO NIEPEXOAY 32 YMOB BHCOKOI KOHIIGHTPA-
i1 PO3YMHEHOTO 3aJli3a, HU3bKOi KOHIIEHTpALii Cynb(aTiB i BHCOKOT KOHLIEHTpAIi1
METaHy, a TAaKOX Y MPUCYTHOCTI OKCHIIB 3aJ1i3a, YACTHHA LIbOTO METaHy OKHCHIO-
etbcsi B AOM, e ocHOBHUM akienTopoM enekrponiB Buctymae Fe(Ill) [2, 43].
Taki cepenoBuIla MUPOKO POMOBCIOKEHI B MUJTKOBOIHUX BiJIKJIaAax BiJ mpuode-
PEeKHUX MIeNb(}iB 10 MMOOKOBOAHUX MOPCHKHX JTUITHOK KOHTUHEHTAJIBHUX OKPaiH
(Banriiiceke, Yopue mope) [21, 22].

Xova goci He imeHTU(IKOBaHI MIKpOOPraHi3MH, BiJIINOBIJaJIbHI 3a JaHUN
nporiec, OyJIo MOKa3aHo, IO 32 YMOB MPHUTHIYEHHS CyJIb(haTpeayKiii OKUCHEHHS
METaHy BiI0OyBa€ThCS 3a PaXyHOK BIJHOBJICHHS PI3HUX OKCHJIIB 3aJ1i3a, aje He Map-
ramto. [Ipu nboMy BUSBISETHCS 3HAYHE 30UIBIICHHS KUTBKOCTI apxeii ANME-2a
[2].

Mertanotpodu, siKi BUKOPUCTOBYIOTh HITPHUT (IBi crienu@iyHi Tpymu ap-
xeit Methanoperedens nitroreducens (nigrpynma ANME-2d)) a6o nitpar (6akte-
pii Methylomirabilis oxyfera) sik akuenTopu €JIEKTPOHIB HAHUACTIIIE BUSBIAIOTH
B aHaepOOHMX MPICHOBOAHUX Bimkianax [23, 28]. [lig wvac AOM nenitpudikarop
M. oxyfera BIZHOBIIOE HITPUT 10 OKCHJY a30Ty 3 MOJAJBIIUM IEPETBOPECHHSIM B
Monekynsapuui a3ot (N,) Ta kucenb (O,). OcTanHiii BUKOPHCTOBYETHCS IIPH OKHC-
HEHHI MeTaHy A0 Bymiekucioro raszy [23]. Apxei ANME-2d MoxyTb 3nilicHIOBaTH
nenitpudikyBaibHe AOM 06e3 CHHTPOQHUX MAPTHEPIB, JI€ HITPUT MOXKE OyTH Bif-
HoBieHu# 10 asoty (N,). Amoniii, npucytHiii B POP, Moxe OyTH oxuCHeHui 10
azory (N,) mopcekumu Oakrepismu poaa Scalindua (Annamox) [48]. Ilpu ubomy
OyJ10 TOKa3aHo, 110 B y BYIICBOJAHEBUX CHUIAX KUIBKICTh JCHITPUQIKATOPIB AyKe
HE3HAYHAa, a OKUCHIOBAYi aMOHII0 (Annamox) 3yCcTpidatoThCs CKopimie y pOHOBHX
TUISTHKAX TOHHHUX BiTKIaJeHb [69].

OTxe, HEe 3BaKAOYM HA BCl MPOBEACHI TOCIIDKESHHS, BKIIOYA0YN MeTare-
HOMHI Ta MeTabO0JIOMHI, BCE TIE y’Ke OOMEKEHUM € PO3YMIHHS ITPOCTOPOBOTO Oi-
OpI3HOMAHITTS, (PYHKIIIOHYBaHHS B YMOBaxX JMHAMIYHOTO PO3BHUTKY CEpEIOBHIIA
Ta METabOJIYHOTO TOTEHITIaTy MiKpoopraHi3mis. [IpocodyBaHHS BYIJIEBOIHIB €
MOCTIHHOIO O3HAKOI CXMJIOBHX 1 MIENb()OBUX CEPENOBHII MO BCii 3eMHIN Ky,
SIK1 HaJIal0Th yHIKaJIbHI T€OJIOTIYHI, 010reoXiMigHI Ta Te0010I0TIYHI 03HAKH MOP-
chKOoMYy JTHY [55]. T'eororisi, 110 JISKUTH B OCHOBI, CTBOPIOE (DI3MKO-XIMiUHI YMOBH,
CTPYKTYpY 1 KOHTPOIIIOE TUHAMIKY BYIJTICBOAHEBUX ()IIOIIB 1, TAKUM YHHOM (HOp-
MY€ CEepEIOBHUIIE ICHYBaHHS /IS IEPBUHHUX MEIITKAHIIIB — MIKPOOPTaHi3MiB, SIKi B
CBOIO UepPry € JBUTYHOM KOJI000iry pedoBHH Ta €Heprii 1 pyHIaMeHTOM TII00aITh-
HOT €KOJIOT19HOT TTipaMiJIu.

CriemianizoBaHi MiKpOOHI CITUTBHOTH, IO ICHYIOTh Y MICIISIX BYTJICBOJIHE-
BHX TPOCOYYBaHb T0OpE HAJIAMTOBAHI Ha MICIeBi (DI3MYHI Ta TEOXIMIUHI PEKUMHU.
VY 3B’s13Ky 31 HIBUJIKUM CIIOKMBAHHSIM KHUCHIO TTOOIH3Y MEXi 0caa—Boa MiKpOOHH-
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MU CIJIBHOTaMH, 110 BUILHO ICHYIOTh Ta CUMOIOTHYHHMH, a TAKOXK JUXAHHSIM TBa-
pUH, aHaepOOHUI MeTaboII3M € TIepeBaKaJIbHUM y BYIJIEBOJHEBHX MPOCOYYBaH-
HAX, a Cyab(daTpeayKIlis Ta aHaepoOHEe OKUCHEHHSI METaHy € MIKpoOiOoJIOTTYHUMU
mpolecamH, sIKi IPUBEPTAIOTh BEJIMKY yBard MOCHiTHHUKIB. HasBHI jaHi cBigyarh
TaKOX PO TicHHI 3B’ 5130k AOM 3 iHIIMMH 010T€0XIMIYHUMU TMPOIECaMHU, IO Bij-
OyBalOThCS B MICLSIX BYIJIEBOAHEBHUX MPOCOYYBAaHb, TAKMMH SIK BiJHOBJICHHS HIT-
parie/nitpuriB, okcuaiB meraniB (Fe(Ill) ta Mn(IV)), siki, iIMOBipHO, € HE MEHIII
BOXIJIMBUMHU, HIXK CyTb(aTpeyKIIis.
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Odesa 1. I. Mechnikov National University,
2 Dvorianska St, Odesa, 65082, Ukraine
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MICROORGANISMS OF MARINE COLD
HYDROCARBON SEEPS

Summary

Marine hydrocarbon seeps, due to their unique geophysical and geochemical
characteristics, form unique conditions for the development of specific microbial
communities. Diverse and interconnected metabolic activities of them underlie
global ecological processes. In this review were considered the geophysical and
chemical conditions for the formation of seepages and hydrocarbon fluids - energy
sources and substrates for metabolic processes mediated by microorganisms that
exist in these ecological niches. It was presented the information about microbial
biodiversity in cold hydrocarbon seeps, its metabolic potential in conditions of
dynamic environmental development.

Key words: hydrocarbon seeps, anaerobic oxidation of methane (AOM), sul-
phate reduction, methanogenesis, microbial biodiversity.
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BUKOPUCTAHHSA MIKPOOPTAHI3MIB
Y BIOPEMEJIALII I'PYHTIB, .
3ABPYJHEHUX BHAC/IIIOK BOMOBUX AINU

Buacniook 6otiosux 0itl y pyHmu nompanisiroms pedosuHy 3 6uOYXieKu ma me-
XaHI3MI8 802HENANIbHOI 30pOl, NATUBHO-MACTUIbHI MAMeEPIanu i 8aXiCKi MemaJ,
AKI Hecymb 32YOHUll 6NIUE HA eKocucmemu. Y cmammi npoananizoeano 0CHOGHI
cnocobu biopemediayii makoeo IpyHmy. Buxopucmanns winamosux peaxmopis,
3eMebHOI 0OPOOKU, KOMNOCMYBAHH:, Olocmumynayii, Oiozdazauents ma imooi-
N308AHUX MIKPOOP2AHIZMIE 0036075€ no30ymucs 00 99% moKcuuHux peuosun 3a
PAXYHOK npupoonoi abo npusreceroi mikpobiomu. Tepmin ouuiyenns Koueacmo-
¢ 810 0eKIIbKOX MUMICHIE 00 OeKIIbKOX POKI 3aledCHO 8I0 cnocoby pemediayii,
KAIMAMU4HUX YM0O8 ma pieHs 3a6pyonenns. I[lepcnekmuenumu € 6UKOPUCTNANHSA
KomOinosanux memoois. Ouuiyerts 30IUCHIOEMbCA 30 PISHUMU MEXAHIZMAMU, KL
nonA2aioms y NOGHOMY AO0 YACMKOBOMY PO3WENIEHHI PeYOsUr 3 Mpanchopma-
yiero ix y Hemoxcuuni gpopmu (6ubyxiska, Hagpmonpooykmu), bioaxymynsayii, 6io-
copbuyii, bionpeyunimayii ma 0i08I0HO81eHHI (8axcki memanu). V biopemediayii
bepymu yuacms K aepobHi, max i aHaepoOHi MIKpOOp2auizmu, i Hattyacmiuie y Ji-
mepamypi Onucano 3acmocy8anHs nPeoCcmasHUKie makux podis sk Pseudomonas,
Clostridium, Bacillus, Serratia, Stenotrophomonas, Arthrobacter, Rhodococcus,
Cellulomonas ma inwux. HeoOXioHum € nooansuiuii NOULyK wimamie, 30amHux 0o
O0OHOUACHO20 OYUUeHHS 2DYHIY 810 OEKIIbKOX MUnie 3a0pyoHo8auis.

Knwuosi cnoea: 3ab6pyonenns rpyHmy eHaciiook 6otiosux Oill, biopemediayis,
aepobHi ma anaepooOHi 0ecmpyKmopu, 8UBCOEHHs 8ANCKUX MEMAie 3 IPYHMY.

BbotioBi aii HECyTh 3ryOHMIA BIUTMB ISl YCIX MEMIKAHIIIB €KOCHCTEM 1 MpH-
3BOMSTH JI0 KaTacTPO(igHOTO MOTIPIICHHS CTaHy IPYHTIB, BOJIU Ta MOBITPs [4, 22].
[TepBUHHMI BILTUB MOJIATAE B HACIIKAaX 0OCTPLTIB Ta BUOYXIB — MOKEkKaX Ta BHOY-
XOBUX XBUJISIX, & JOBTOTPUBAINN — Y HAKOTIMYCHHI Y HABKOJIMIITHBOMY CEPEIOBHILI
TOKCHUYHUX BHUKHJIIB, BAKKAX METaTiB, HAQTOMPOMYKTIB, BUOYXIBKH 1 MPOTYKTIB
sropsiaHs [76, 86]. OkpeMoro MpoOIeMOI0 MTOCTAE PyHHYBaHHS €KOJIOTIYHO HeOe3-
TIEYHUX BUPOOHHIITB — KOKCOXIMIUYHUX, HahTOTIepepoOHUX 3aBOAIB Ta iH. [5].

3rigHo 3 manuMmu JlepaBHOI €KOJIOTIYHOI 1HCTEKINT YKpaiHu, IJioma 3a-
OpyIHEHHX I'PYHTIB BHACHIIOK 30poitHOi arpecii P® Ha Tpetio aexamy 2024 poky
csarayna 859,3 tuc. M2, a IIIoIma 3acMideHnX 3emMenb — 19,8 MIIH. M2, 10 CKJIao
3araibHi 30uTKU Ha 16,5 Mmuipa i 1,12 TpiH rpuBeHb BiamosigHo [3].
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CinbChKOTOCTIONAPCHKI yTigas 3aiMaroTh OJU3bK0 69% Teputopii YkpaiHu.
Hapniero y BiIHOBJIEHH] IPYHTIB Ta 0310POBJIEHH] €KOCUCTEM, TIOCTPAKIAINX BHAC-
JJ0K OOWOBHUX MiH, IOCTa€ 3aCTOCYBAaHHS METOJIB Oiopemeniallii Ta BiTHOBIIIO-
BaJIbHOTO 3emiiepoOcTBa [40].

CydacHi JIOCATHEHHSI O10TEXHOJIOTIi JIO3BOJISIFOTH BIJHOBHTH POJIOYICTh
arpolLeHO31B 3 BUKOPUCTAHHIM MPEICTaBHUKIB KOPHUCHOT MikpobioTn. Mikpoopra-
HI3MH 3aCTOCOBYIOTh SIK areHTH 0101eCTPYKIii, SKi PO3IIEIUIIOITH MOBHICTIO 200
YaCTKOBO TOKCHYHI PEYOBUHU Y IPYHTI, a00 kK TpaHcHOopMyIOTh iX y Oe3mneuni Gop-
Mmu [8, 44]. OkpeMHUM HaNpPSIMKOM € CTBOPEHHS OakTepiadbHUX O10CEHCOPIB AJIs
BUSIBJICHHSI MiH, 30KpeMa — TPUHITPO- Ta TUHITPOTOTYEHOBHX Ha OCHOBI IITaMiB
Escherichia coli 3 penoprepHUMHU Te€HaMH, sIKi 3a0€31eUy0Th O10IOMIHECIICHIIIIO
3a MPUCYTHOCTI OoenpuIaciB y rpyHri [85].

Meroro maHoro orsiy OyB aHaii3 JaHUX JITEpaTypu IIOJ0 MOXJIUBOCTEH
Olopemeniallii IPyHTIB, TOCTPAXKIAINUX BiJ OOHOBHX ii.

J10 3aBaHb JIITEPaTYpPHOTO aHaJIi3y BXOJMIN KOPOTKE BUKIIAICHHS OCHOBHUX
MeTo/IiB Oiopemertialii 3 BUKOPUCTAHHSIM MIKPOOPTaHi3MiB, IX TIOPIBHSIHHS Ta Mep-
CTIIEKTHBH 3aCTOCYBAHHS B OYHILEHHI IPYHTIB Ta BiIHOBJICHHI X POIIOYOCTI.

1. 3a0pyaHeHHsI TPYHTIB BHACJi10K 00iioBUX Jiii

V paiionax 60H0BUX Jili IPYyHT 3a0pyIHIOETHCS BHACIIITOK BHOYXiB Ta 00CTpi-
niB. B ocHOBiI BUOYXiBKH Ta y MeXaHi3MaX BOTHENAIbHOT 30p0i BUKOPUCTOBYETHCS
rekcariapo-1,3,5-rpunirpo-1,3,5-rpuasun (“Royal Demolition Explosive”, RDX),
2,4,6-tpunitporonyon (TNT), oxrarigpo-1,3,5,7-terpanirpo-1,3,5,7-Terpazouun
(“High Melting Explosive”, HMX), nitpormiuepun (NG), nirpouemntonoza (NC),
HITpOTyaHiIuH, nepxiopar, 1,3,5-tpuHiTpoOeH3eH, nuHiTpoOeH3eH, 2,4,6-TpuHi-
tpodenon, 2,4-munirporonyeH (DNT), N-metun-N,2,4,6-TerpaHiTpoaninain (Te-
Tpun) [40, 73]. HaiiGinbm yacto yxxuBani — RDX ta TNT, € moTeHUiiHUME KaHIIe-
pOreHaMu, CIIPUYUHSIOTH KOHBYJIBCII, XBOPOOH IMeviHKH Ta aHeMito. [lepxioparu
3aBa)KaIOTh HOPMAJILHOMY MOTPAIUITHHIO MOy Y KJIITHHH LIUTOMOAIOHOI 3a7103H,
a noerotpuBaiuii BIuinB NG MOXKe CIPUYMHUTH I[1aHO3, TATIONUHALIT Ta BUCUITN
[73].

VY rpyHTi, 3a0pyIHEHOMY HITPOAPOMATUYHHMHU CIIOJyKaMH, BIDKUBAIOTH Mi-
KpOOpraHi3Mu, HaiOLIbIl MPUCTOCOBAHI A0 JaHUX YMOB. 3MIHIOETHCS BUIOBUUN
ckian Mikpobiotu. Tak, 26% 3paskiB JJHK, BupineHux 3 Takux IUISHOK, Haje-
xanu npencraBHukam Acidobacteria [26, 38]. YacTka NmpenCTaBHUKIB POAMHU
Burkholderiaceae y neopanomy rpyHTi, 3a0pynaeHomy TNT, cknamana 79,7%, a'y
30paHOMY T'pYHTI nipeBamoBanu Alcaligenaceae — 54,7% Bin ycix 3pa3KiB BULIe-
noi JIHK [45].

[pyHTH TakoxX 3a0pYAHIOIOTHCS BHACIIIOK PO3JIMBY NATMBHO-MACTHILHHX
cyminel [34] Ta nOTparUIsTHAS BAKKUX METAIIIB 31 30p0i Ta BUKOPUCTAHUX OO€MpH-
MaciB y HAaBKOJIMIIHE cepenoBuiie [76, 86]. Ouinka BILTUBY BaKKUX METAJIiB Ta Ha-
(GTONPOMYKTIB HA PICT MAPOCTKIB BiBCA Y KOHIICHTPALIAX, IPUTAMAHHUX IPYHTaM Y
paiioHax 00iOBUX JIili, TOKa3aia HAlOLIbIIY (hiITOTOKCUYHICTH CaMe HAQTOIPOYK-
TiB, IPUCYTHICTh SIKUX HE JJO3BOJISIE POCIMHAM OTPUMYBATH HEOOXiAHY KUIBbKICTh
BoJjiorH [6].
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HeraTuBHMIi BIJTMB BaXKKUX METAJIIB HA PICT 1 PO3BUTOK POCIHH, 30KpeMa —
MIICHUII, TPOSIBISIETHCS Y 3MEHIIIEHHI MacH POCIUH, KUTBKOCTI 3€peH y KOJIOCi Ta
ix cepenHiit Maci, o OyJI0 IOKa3aHO y BUIAKy HUHKY Ta Kynpymy [7]. ITigBure-
Ha KOHIICHTPALlis IUHKY 3MEHIITyBaJla KUTbKICTh BOJIOTH Y pOCIIHHAX [6].

Baxxki MeTanu noTparvisiioTh y IPYHTH, B TOMY YHUCIIi — IPU3HAYCHI IS CiJTb-
CBKOTOCIIOAAPCHKOT JisUIBHOCTI, BHACHTIJIOK 3aCTOCYBaHHSI apTUJIEPIHCHKOI 30poi
[1]. Tak, nocnimkeHHs IpyHTy bydancbkoro paifony KuiBchkoi o0macti yepes pik
ICJIS BEICHHS OOMOBUX JIii MOKA3aJIo IMiIBHIECHHS KOHIICHTpAIlil BA)KKUX METa-
7B (LMHKY, IUTFOMOYMY, XpOMY, HIKEII0, KynpyMy, kaamito) y 3—9 pasis. [Ipudomy
BUCOKHIA PiBEHb 3a0pyAHEHHS CIIOCTEPIraBcs HE TUTbKU Y BUPBaX Micisi 00CTPiIiB,
a ¥ Ha Bigcrani 30 M BiJ HUX BHACJIII0OK PO3CIIOBaHHS Yepe3 BUOyXoBi xBmii [1].

VY rpynTtax Cymcbkoro ta Oxtupcebkoro paiiony CyMmcbekoi obnacti, 3a0py-
HEHHMX BHACJIJOK MaJiHHS aBiabom0 Ta pyiiHamii TexHiku, y 2022 poui (oHOBa
KOHIIEHTpAIlis IIroMOyMy Oyria repeBuiieHa y 5,4, uaky —y 3,9, kynpymy —y 4,6,
kaamiro — y 1,4, manrany —y 4,8, kaamiro —y 1,4, Hikemo —y 1,2 pasu [2].

KoHnenTparnisi TuTany y BUpBIi Bij cHapsay nepeBuinyBaia goHoBy y 150
pasiB. Takox Oyno 3adikcoBaHO MOSIBY BaHAJIIO, SIKUH y KOHTPOJIBHHUX AUISTHKAX
IpyHTY OyB BiacyTHiid. Ha okpemiii qinsHIi Oyiio BUSBICHO MEPEBHUILEHHS KOHIICH-
Tpauii cTpoHio [5].

TocTporo mpobIeMOor0 MOCTaE HAKOIMYCHHST BAKKUX METAJB Yy POCIHHAX.
Tak, Ha mapocTKax BiBca OyJ0 MOKa3aHo, IO 3a EPEBUIIICHHS KOHLIEHTPALIiT TFOM-
Oymy y IpyHTi y 2—10 pasiB Bij JOIyCTUMOI, HOTO BMICT Y POCIIMHAX 30UIBIITY€ETHCS
Ha 20% — 150% BiamosigHoO [6].

2. MeTtonu Oiopemenianii rpyHTy, 3a0pyIHEHOr0 y pe3yJbTari 60iH0BUX
i

B ouurienHi rpyHTIB BiJl BUOyXOBHUX PEYOBUH, TAIMBHO-MACTUIILHUX MaTepi-
aJiB 1 BAYKKMX METaJiB BUKOPUCTOBYIOTh METOIU IIUIAMOBOTO PEAKTOPY, 3eMEIbHOT
00poOKH, Ol0CTHMYJIAIII, KOMIIOCTYBaHHs Ta 0io30aradeHHs, BKIIIOUAIOUM Bapi-
aHTH 3 iIMoOLUTIZaIlier0 MikpoopraHisMmis [16, 27, 35, 57, 67, 91]. Tak, npukiaaom
YCIIIIHO TPOBEJCHOI Olopemenialiii, OMMCaHUM Yy JiTeparypi, OyJa0 OYMIICHHS
TpyHTY 30pOMHOTO 3aBOAY BiJ BUOYXOBUX pedoBHH. J{Jisl 1IbOT0O OYJI0 3aCTOCOBAHO
JIBa METOAM OiopemMerialiii, a caMe MeTOAH IIJIaMOBOro peaktopy (“soil slurry
reactor”) i meToj 3emMesibHOI 00poOku (“land farming technique™) [44].

2.1. lllnamoBui#i peakTop a00 peakTop HA OCHOBi 3MilIAHUX CycHeH3ii
3aCTOCOBYEThCS y Oiopemenialii Uit OYMIICHHS 3a0pyJHEHOTO IPYHTY a00 BiIXO-
IiB. Y 1IbOMY METOI 3a0pyJIHEHUN TPYHT 3MIIIYETHCS 3 BOAOKO Ta 1HOI 1HIIUMU
nobaBkamMu (MOKMBHUMHU PEUOBHHAMH, Cyp(aKkTaHTaMu) 715l CTBOPEHHSI CyCIIeH3ii
— rycroi cyMimii. [{ro cycreH3iro moTiM MOMIIIaiTh y peakTop, Jie BOHA MOCTIHHO
NEPEMINIYEThCS 1 AePYETHCS ISl ONTUMI3AIl YMOB JUUIsl MIKPOOPTaHi3MiB, SIKi PO3-
KJ1a/1al0Th 3a0pynHioBaui [35, 74, 91].

Ki1r0uoBi XapakTepUCTHKY IUTAMOBOTO PEaKTOPa BKIIOYAIOTh:

1. [TepeminryBaHHS: IPYHT 1 BOJ]a PETEIBHO MEPEMIIIYIOThCS, 00 3a0e3me-
YUTH PIBHOMIPHUI PO3MOiT 3a0pyIHIOBAYiB 1 MIKPOOPTaHi3MiB y CyCIeH3ii.

2. Aeparisi: oBITpsi a00 KUCEHb YaCTO BBOMSATH y PEAKTOP ISl CTUMYIIIO-
BaHHS POCTY a€pOOHUX MIKPOOPTaHi3MiB, fKi €()EKTUBHO PO3KIIAJAI0Th OpraHivHi
3a0pyaHIOBAYI.
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3. KoHTponb: yMOBH B peakTopi, Taki sk TeMreparypa, piseHb pH i piBeHb
MOXMBHHUX PEYOBHH, MOJKHA KOHTPOJIFOBATH ISl ONTHMI3allii mporiecy 6ioaecTpyk-
mil.

[IImamoBi peakTopu 0COOIUBO €(PEKTUBHI It OOPOOKH IPYHTIB i3 BHCOKOIO
KOHLIEHTPAII€I0 3a0pyIHIOBaUiB, SIKi CKJIaJHO PO3KJIATAOTHCS y MPUPOIHIX YMO-
Bax, a00 JUIS TUIIIB IPYHTIB, fKi Ba)KKO OYMIIATH iHIIMMM METOAAMH. IX MOXHa
BHUKOPHUCTOBYBATH JJIsl peMeiiallii IUPOKOTo CIIeKTPpa OpraHiyHUX 3a0py/IHIOBaUIB,
BKJTIOYAI0YH HATONPOIYKTH, IECTULIUAM Ta IIPOMUCIIOBI XiMikaT [35, 74, 80].

2.2. 3emesibHA 00pO0OKa — 11e MeTOA OiopeMeiaitii, KUt BUKOPUCTOBYEThCS
JUIs. OYUIICHHS 3a0pYIHEHOTO IPYHTY LUIIXOM MiABHIIEHHS MPUPOIHOTO MIKpOO-
HOTO pO3KJIalaHHs 3a0pyaHIoBaviB. Bin nepenbavyae po3noais 3a0pyIHEHOTO IPyH-
Ty Ha BEJIMKIiH, PiBHIA MOBEpXHi (3a3BMYail Ha BIAKPUTOMY II0JIi) Ta MEPiOAUYHE
PO3MyIIyBaHHS JUIsl aepallii IPYHTY Ta CTUMYJIIOBAHHS MIKPOOHOT akTUBHOCTI [57,
80, 94].

Merton nepenbayae HACTYIHI €TaIH:

1. ITinroToBKa IpyHTY: 3a0pyIHEHUN IPYHT BUIOOYBAETHCS Ta TPAHCIIOPTY-
€THCS HA AUISTHKY /17151 00pOOKH, sIKa 4aCTO MiJICTUIAETHCS HEMPOHUKHUM 0ap'epoM,
100 3armo0irTy MPOHUKHEHHIO 3a0py/IHIOBAYiB Y IPYHTOBI BOJIH.

2. Po3mnofin rpyHTY: 3a0pyIHEHUI TPYHT PO3NOAUISETHCS TOHKUMU HIapaMu
Ha miArotoBieHid moBepxHi. e 3a0e3neuye Kpaie MPOHUKHEHHS MOBITPS Y BH-
MaJIKy BUKOPUCTAHHS IECTPYKTUBHUX a€pOOHUX MPOIIECIB.

3. Po3mymryBanHst abo aeparlisi: IpyHT PeryJisipHO PO3IYIIYEThCs a00 Mexa-
HIYHO aepyeTbes AJs MOKPALICHHS MPOHUKHEHHS KUCHIO, IO MiJBHUILYE aKTHB-
HICTh aePOOHHUX MIKpPOOPTaHi3MiB.

4. MOHITOPUHT 1 KOHTPOJIb: MPOTATOM YCHOTO TIPOILECY XapaKTEPUCTUKH
IPYHTY, TaKi sik BOJIOTiCTb, pH, piBeHb MOKUBHUX PEUYOBUH 1 TEMIIEPATYypa, KOHTPO-
JIIOIOTHCS TA KOPUTYIOTHCS JJIsl ONTUMI3allii MiKpOOHOT aKTUBHOCTI. Y NESKUX BH-
najKax MOXKyTh OyTH JIOJIaHI TIOXKUBHI PEYOBHHH a00 JOIATKOBI MIKpOOpTraHi3Mu
JUIsL IPUCKOPEHHS MIPOIECY PO3KIIaIaHHSI.

5. 3aBepieHHS Ta BiAHOBJICHHS: MICIs TOTO sK 3a0pyaHIOBa4i OyIyTh po3-
KJIa/ICHI Ha MEHII MIKiAJIUBI PEYOBUHH, OOPOOJICHHUN TPYHT MOXHA 3aJUIIUTH Ha
MicIli 200 TTePeHECTH Il BAKOPUCTAHHS Ha 1HIIN autsHi [ 16, 23, 80].

3BUYAHOIO MPAKTHKOK OYUIICHHS TIPYHTY, 3a0pyJHEHOTO0 BHOYXIBKOIO, €
BUKOPHUCTAHHS MeTOAIB OiocTUMYyJIsiii Ta 6io30arauenns, siki OyJiu 3aCTOCOBaHO,
Hanpukian, 1t nectpykuii RDX [46] ta DNT [9].

2.3. BiocTumyuisinist — 1ie meroy Oiopemeniartii, o nepeadavyae MOKpaiieH-
HSl YMOB JUIS TIPUPOJHOTO POCTY Ta aKTUBHOCTI MIKPOOPIaHi3MiB-IeCTPYKTOPIB.
Le#t MmeTon mocTae y qOAaBaHHI MEBHUX PEUOBHH 0 3a0pYIHEHOTO CepeIoBUINA
JUIsL CTUMYJTFOBAHHSI IPUPOHOTO MiKpoOHOTO po3kiaay [16, 19, 80].

OcHOBHI eTanu 010CTUMYJISIIIT:

1. OuiHka yMOB: TIepIl HiK MOYaTH, OL[IHIOIOTH YMOBH B 3a0pYy/IHEHOMY Ce-
penoBwuILi (IPyHT, BOJA, TOBITPs) Ta BU3HAYAIOTh, SIKI YAHHUKU OOMEXKYIOTh JTisiIb-
HICTh MIKpOOPTaHi3MiB (HAIPHUKIIA[, HECTaya MOKHUBHUX PEUYOBHH, HU3bKHUI PiBEHb
KHUCHIO).

2. JlomaBaHHS TOXMBHHUX PEYOBHH: JUISI CTHUMYJIIOBAHHS POCTY MIKpOOp-
TaHi3MiB JI0IAI0Th MOXHMBHI PEYOBUHH, SIKI MICTSTh HIiTpoOreH, ¢ocdop ado iHmIi
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€JIEMEHTH, B TOMY YHCIIi — OpraHiKy, HeoOXiiHi /i iXHbOro pocty. Hanpukmnan,
JUist 301IbIIEeHHS €PEeKTUBHOCTI NeCTPYKLii HAPTH METOAOM 3eMeNbHOI 00pOOKH Yy
IPYHT BHOCHIIU cTeOina 6aBoBHH [94].

3. Aepauisi: BBOIATh KHCEHb a00 MOBITPS ISl MIATPUMKH META0O0i3My Mi-
KPOOPraHi3MiB, SKIIIO BUKOPUCTOBYIOTh I€CTPYKTOPH-aE€POOH.

4. KoHTpOJIb YMOB: MOHITOPHUHT 1 PEryJIIOBaHHS Temreparypu, pH Ta iHmmx
YMHHUKIB, 1100 3a0€3MeYnTH ONTHMAJIbHI YMOBH JJ1s1 MiKpoOHOI akTuBHOCTI [ 10, 16].

Onucane Ha MOYaTKy PO3IUTY OYMILEHHS TPYHTY 30pOWHOrO 3aBOAY BiX
BUOYXOBHUX PEYOBUH, NpUCYTHIX y KoHIeHTpauisax 4000-10000 mr/kr mist TNT,
800—1900 mr/kr nns RDX 1 600-900 mr/kr s HMX, nmoka3zano 0inbiny eheKkTus-
HICTh [IUIAMOBOTO peakTopy. MeTon noeaHyBaitu 3 610CTUMYIISILIEIO, 110 MOJIsATaa
y J0IaBaHHI MEJISCH SK JOAaTKOBOTO JpKepena kapoony [44]. Ha 182-i aenb 99%
TNT y rpynri Ginblie He BHABIIOCA, npuioMy 23% Oyno mepeseneno y CO,,
24% BUKOpPUCTAHO AJisi MOOYIyBaHHS KIITHHHUX CTPYKTYp, a pemTa Oyna TpaH-
chopMoOBaHa y HU3KY MOX1ITHUX, B TOMY YHUCIIi — 4-MeTHII-3,5-TUHITPOAHLITIH, 2-Me-
THI-3,5-TUHITPOAHUTIH, 6-METHJI-5-HITpOOCH3eH-1,3-muamMiH, KUPHI KUCIIOTH, a
Takok HeineHTudikoBani meradomitu. [ectpykuis RDX i HMX He BusiBunacs
HACTUTBKU €(EKTUBHOIO Yepe3 CKIAIHINTLY CTPYKTYpY HUX MOJeKyl. KiabKicTh Mi-
Kpooprasi3miB y peakropi 3pocrtaina BiJ 81 x 10 KOJIOHI€yTBOPIOBAILHUX OJMHUIIb
Ha cm® (KYO/em?®) mo 121 x 10°KYO/em? 3a 182 nni 6iopemenianii. Bukopucranss
MeTOny 3eMeNbHOT 00poOKu cipusiio aectpykuii 82% TNT y rpyHTi, i Maibke He
3miHroBaj0 BMicty RDX 1 HMX [44].

2.4. KomnoctyBanHs crpusuio ounieHHto rpyHty Big TNT, RDX ta HMX
JI0 HEJICKTOBAHOTO piBHS Bripomorxk 10—12 muiB [27, 65, 93].

KommnocTyBaHHs — 11e Mpolec po3KIalaHHs MIKpOOpraHi3MamMH BiJXOMIB i
3a0pyIHIOBaYiB, 3MIIIAHUX 3 OPTaHiKOI. Y KOHTEKCTi OiopeMeiallii KOMITIOCTYBaH-
HSl BUKOPUCTOBYETHCS ISl PO3KIIaAy Ta TpaHchopMallii opraHiyHuX 3a0pyaHIOBa-
YiB, TAKUX SIK HAQTOMPOIYKTH, NMECTULIUIN Ta 1HIIE OPraHiYHE CMITTS, 10 MCHII
HIKiATMBUX a00 Oe3MeYHuX pedoBUH [65]. Y meBHOMY CEHCi KOMIIOCTYBaHHS Biji-
HOCHTBCS 10 METOAY 010CTUMYJIALII.

ETanu xoMnocrtyBaHHSI:

1. Bubip cupoBHHU 1 3MillTyBaHHS: KOMIIOCTYBaHHS IMIOYUHAETHCS 3 BHOOPY
OpraHiYHHX MaTrepialiB, sIKi MOXYThb BKJIOYATH 3a0pyJHEHHUH IPYHT, CLIbCHKO-
rOCIIOIapChKi BIAXOAM, Xap4oBi BiaXoau abo iHII opraHiuyHi MaTepiaau. Marepia-
JIY 3MINTYIOThCS, 00 3a0e3neunT 30amancoBanuii ckian [71].

2. TIporiec KOMIIOCTYBaHHS: MIKPOOPTraHi3MH PO3KJIaIal0Th 3a0pyaHIOBaYI,
MEPETBOPIOIOYX iX Y MEHII TOKCHYHI peuoBHHU. DOpMYyBaHHS T'yMycONOAIOHOTO
NPOIYKTY MOXKE TPUBATH KiTbKa THKHIB a00 MICSIIIB, 3aJI€KHO Bl YMOB Ta THILY
CHUPOBHHH.

3. KoHTpoub: miATpUMY€EThCS aJIeKBaTHUN PIBEHb BOJIOTOCTI JUIS MiATPUMKH
MiKpoOHOi akTUBHOCTI. Temmeparypa KOMIOCTy OBUHHA csratu 55—-65°C.

4. BUKOpUCTaHHS: TOTOBUI KOMIIOCT MOXe OyTH BUKOPUCTAHUU 5K JOOPUBO
a0o0 17151 BiTHOBIIEHHS 3a0pyqHEeHO1 3emuti [65].

AepoOHe KOMITOCTYBaHHSI 3 BHECEHHSIM 3a0pyaHeHoro rpyHTy (30% Bix cy-
mimri), 21% kopoB’siaoro nocminy, 18% nepeBnoi tupeu, 18% 3eneHoi macu Jto-
uepHu, 10% kaprormisHuX BiaxoniB Ta 3% Kypsdoro Nociiay 103BOIUIO 3MEHIIIH-
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TH KOHIICHTPAILliI0 BUOYXIBKH J0 HEJIEKTOBAHOTO piBHA [65, 93]. AHaepoOHE KOM-
noCTyBaHHA cnpusiyio Oiogectpykuii 94% RDX 3a 26 TwkHIB, ane AaHUNH METO.
OyB e(peKTHBHUM JHIIIE 32 CEPEIHBOTO PiBHS 3a0pyaHeHHs. [Ipu npoMy y cymimn
3 rpyarom noxasanu Fe(0) (0,5%) ta 2% komepuiitHOro mponykry «Jlapamenm,
MPU3HAYEHOTO ISl MOKPAIIEHHSI IPOLIeCy KOMIIOCTYBaHHs [33].

PesynbraTi OUMINEHHS TPYHTY BiJl BUOYXiBKM Ta BaXXKUX METAJIiB KOMIIO-
CTYBaHHSIM TIPEJICTABIICH] y JIITEpaTypi JUIE HEBEINYKOK KUIBKICTIO poOiT [27,
33, 79, 93], HaroMiCTh JaHWI METOJ YacTillle 3aCTOCOBYEThCS I Oiopememiaril
TUISTHOK, 3a0pyaHeHux HadTonponykramu [52, 53, 58]. Tak, BHECEHHS KOPOB’siU0-
ro, Kyps'9oro Mmociigy Ta KaHai3aliiHOro 0caay CHpUSIIO peMeiaii IpyHTy Bil
HadTH Ha 67%, 79% Ta 62% BianoBigHO poTsirom 35 nHiB [58]. KoMmmocTyBaHHS 3
XapYOBHMH BIJIXOIaMHU CIIPHSUIO ecTpyKitii 90-92% nuzento y rpyHTi [53].

2.5. Bio36arauenHsi — e Meroxn OiopeMemialii, Mpu SAKOMYy y 3a0pyaHeHe
CepeAOBUIIIe JOAAIThH NIEBHI MITAaMH MIKpOOPTaHi3MiB, 31aTHI PO3KJIaaaTu 3a0py/-
HroBayi [16, 64, 80].

OcHoBHi eTanu 6i030araueHHs:

1. BuGip MikpoopraHi3MiB: BiIOMparOTh MiKpOOPTaHi3Mu abo iX mTaMH, sKi
MAalOTh 3/IaTHICTh JI0 PO3KJIalaHHS KOHKPETHUX 3a0pyJAHIOBAYiB, MPUCYTHIX y Ce-
peIoBHIIII.

2. IlinroToBKa i BHECEHHS: BiiOpaHi MiKpOOPraHi3MHu y BUIISII MOHO- a00
3MIIIAHUX KYJIBTYP AOAAIOTh Y 3a0pyIHEHE CepeIOBHILIE.

3. MOHITOpHHT: KOHTPOJIOIOTh X BIYKUBAHHS, PO3MHOXXCHHS Ta aKTHBHICTb
y cepenoBuili. [lepeBipstoTh, 4 MIKpOOpraHizaMu €(EeKTUBHO PO3KIANAIOTh 3a-
OpynHtoBaui [16, 64].

2.6. bioz0arayeHHs MiKpoopraHi3mamu, iMo0JIi30BAHMMH HA HOCISIX

Imobinizaniss mikpoopraui3miB nossirae y npukpimieHsi ado ¢ikcamii mi-
KpOOPTaHi3MiB Ha TBEpAUX a00 resieBuX HocisgX. Ller miaxix J03BOJISE iABUIIATH
e(EKTUBHICTh PO3KIIaay 3a0pyIHIOBAYiB, 30KpeMa B CKIIQJHUX EKOJOTIYHHX YMO-
Bax, JIe MiKpOOpraHi3MH, 1110 BIJILHO ICHYIOTh, MOXKYTh MaTl 0OMEXEHY aKTHBHICTb
a00 BKUBaHICTH [67, 72, 81].

ETanu imo0imi3zamii MikpoopraHi3mis:

1. Bubip MikpoopraHi3MiB i HOCisl: MIKpPOOpPTaHi3MH ITiIOMPAIOThCS BiAIO-
BiTHO A0 THIy 3a0pyaHroBada. Hocii BKIIIOYAIOTH TIIMHU, MICOK, LIENTIONO3Y, Je-
PEBHY THPCY, ByJIKaHIUHUI KaMiHb a0o0 iHII npupoaHi martepianu. [ITydni HOCIi
BKJIIOYAIOTh CUHTETHYHI MOJIMEpH, aKTUBOBAaHE BYT1LIS, OIOIUIACTUKU a0o iHIII
Marepiaiu, sKi MOXYTh OyTH CHEIialbHO CTBOPEHI ISl 3a0e3MeUeHHs KPalioro
MPUKPITUICHHST MIKPOOPIaHi3MiB Ta MIATPUMKH iX akTUBHOCTI [49, 97].

2. Metoau iMo0ii3anii:

- AxcopOrisi: MIKpOOpraHi3sMy MPUPOAHUM YHHOM MPHUKPITLTIOIOTHCS 10 MO0-
BEPXHi HOCIisl 32 paxXyHOK (Di3MKO-XIMIYHUX B3a€MOJIiH, TAKUX SIK TiApoPOoOHi 3B 513~
KM 200 eJeKTpoCTaTuyHi cuiu [72].

- Koarymsist 1 ¢prokysisiiisi: BUKOPUCTOBYIOTBCS XIMIUHI PEUOBUHH, SIKI BH-
KIIUKAIOTh arperaiito MiKpOOpraHi3MiB 1 X MPUKPITUICHHS JO HOCIS.

- [HKancynsimisi: MIKpOOpPTraHi3MU 3aXOIUTIOIOTHCS BCEPEIUHI MaTpulli (Ha-
MIPUKIIAM, Y T, albriHati abo momiMepi), o yTpuMye iX Ha MiCIIi Ta 3aXHUILNAE BiJl
HECHPUATIMBUX YMOB CEPEIOBUIIA.
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- KoBanenrtHe 3B’s3yBaHHS: MIKPOOPTaHi3MHU XiMIUHO 3B'S3yIOThCS 3 HOCIEM
Yyepe3 KOBAJICHTHI 3B’ SI3KH, 1110 3a0e3redye iX cTiike MPUKPITUICHHS.

3. BHeceHHs y cepefoBUIIIe, sike MOTPeOye OUMIICHHS: iIMOO1II30BaHi MiKpO-
OpraHi3MH JIETKO BBOJSITHCSI B CHCTEMH OUYHIIICHHS IPYHTY, 1 IX JIET1IIe KOHTPOJIIOBA-
TH TIOPIBHSHO 3 KYJIBTYPaMH, 110 BUTBHO iCHYIOTH [97].

IMOO6ini30BaHi MIKpPOOpraHi3MH Kpalie BUTPHUMYIOTh HECTPHUSTINBI yMO-
BU HaBKOJIMIIIHBOTO CEPEIOBUINA, TaKi SIK 3MiHU TeMrieparypu, pH abo HasBHICTh
TOKCUYHHMX PEUOBHH, 1 MIATPUMYIOTH BHCOKY METaOOJIIYHY aKTHBHICTh MiKpO-
OpraHi3MiB MpOTATOM TpHUBasoro yacy [59, 67, 78]. Tak, Gaxrepii Arthrobacter
subterraneus, iMOOLTI30BaHl Ha YacTKax O10BYTi/UIsI, BYDKMBAIU 10 6 MICAIIB i
3aificHoBann OiogecTpykiito 85,98% RDX i 80,4% HMX y 3a0pynHeHOMY TPYHTI
3a 30 nHiB [84].

SIK1110 MOPIBHIOBATH BUIIIE3a3HAYCHI METOIU, MOYKHA 3ayBaXKUTH, 110 O10CTH-
MYJISILIS MUISTXOM JTOJaBaHHS IMOKUBHUX PEYOBHH a00 JpKepes KapOOHy MOKa3zyBa-
J1a BUCOKY €()EKTHBHICTh Y IMOE€THAHHI 3 ITHIIUMH METO/IaMH, TAKUMHU SIK IJTAMOBHI
peakTop abo 3emenbHa 00poOka [44]. KommocTtyBaHHs € €(hEKTUBHUM ITiIXO0M
JUIS TIBHJIKOTO OYMIICHHS TIPYHTY BiJl OPTaHIYHHMX 3a0pyaHIOBauYiB 1 BHOYXOBHUX
PEUYOBHH, aje MOXKe OyTH MEHII €(EKTHUBHUM JUIsl BAXKKUX METAJB Ta 1HIIUX He-
opraniyHux 3a0pynHioBauiB [52, 58]. MeToq NUIaMOBOTO peakTOpy MOXKHA PEKO-
MEH/IyBaTH Ui IPYHTIB i3 BUCOKOIO KOHIICHTpPAIIi€l0 3a0pyIHIOBAUiB, 10 BAXKKO
PO3KIIaJIAI0ThCs y IPUPOAHHUX yYMOBax [35, 74]. Metox 3eMenbHOT 00poOKH Kpaiie
MIXOTUTH JIJISL OYUIIEHHS Bl JICTKO PO3KJIAHUX OPTaHIYHUX PECUOBUH 1 ITiIBUIILYE
e(heKTUBHICTh MIKPOOHOT aKTUBHOCTI 3aBISIKU MPHUPOAHiii aepaii [94]. bio30ara-
YeHHs 3 IMOOLTI3aIi€r0 MIKPOOPTaHi3MiB JI03BOJISIE 3HAYHO MiABUIIUTH €(EKTHUB-
HICTh Olopemenialii 3aBIsIKH BBEJCHHIO CICIIaIbHO BiIOpaHUX IITaMiB MiKPOOP-
rani3miB [67, 72, 84]. [y o4YHIEHHS NMEBHUX IUISTHOK IPYHTY AOLIBHUM MOXE
OyTH NO€HAHHS ICKUTBKOX BUIIE3a3HAYCHUX METO/IIB.

3. Mikpooprani3mu, 31aTHi 10 1ecTpyKUii BUOYXOBUX Pe4YOBHH

MikpoopraHi3mMu 37aTHi BUKHBATH Yy 3a0pyIHEHUX I'PYHTaxX 1 MPUCTOCOBY-
BaTHUCS JI0 JECTPyKuii BHOyXOBUX pedoBHH. Tak, cepen OakTepili B aHAEPOOHHX
yMOBax NOBHY a00 uacTkoBy Oionmerpanauito TNT saiiicarotore Clostridium sp.
[12] 1 Desulfovibrio sp. [31], Escherichia coli, Methanococcus sp., Veillonella
alcalescens [82, 83].

3a aepoOHMX yMOB Lieii mporec BinOyBaeThcsi 3a ydacTio Bacillus sp.,
Enterobacter sp., Mycobacterium sp., Pseudomonas sp., Rhodococcus erythropolis,
Stenotrophomonas maltophilia, Methylobacterium sp., Serratia marcensens,
Sporolactobacillus kafuensis [83], Serratia plymuthica [31]. Tak, nocnigHukaMu
Oys0 nokazano 3meHmeHHs koHrenTpanii TNT B maboparopuux ymoBax Ha 46% 1
59% 3a BHeCEHHs KylbTypH Pseudomonas aeruginosa i NEpBUHHUX KOHLIEHTPAIIH
3a0pyauroBada 50 mr/m i 75 mr/n [60].

MinepamnizyBaru i TpanchopmyBatu TNT 37aTHI Takok Aeski O6a3umio- Ta
MIKpOMILIETH, HANPUKIAN, Trametes modesta, Agrocybe praecox, Alternaria sp.,
Aspergillus terreus, Mucor mucedo, Penicillum sp. [44, 68, 73].

bionerpamanis RDX kpamie BinOyBaeThCsi 32 aHaepOOHHX yMOB 200 YMOB
3MEHIICHOT KOHIEHTpAIlll KUCHIO, 1 MOXE 3IIHCHIOBATUCS TAaKUMHU OaKTepisimMH,
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sk Clostridium bifermentans, Morganella morganii, S. marcescens, Prevotella
ruminicola, Anaerovibrio lipolyticus [21, 32, 39, 46, 73]. Koncopitiym, 1o ckia-
JIaBCsl TEPEeBAXHO 3 TPEACTaBHUKIB poniB Sporolactobacillus, Clostridium,
Paenibacillus, Pseudomonas ycninsHo 3aiicHoBaym Oionerpanaiito RDX 3a no-
JIABaHHS y CEPEIOBUILE KPOXMAIIO B KOHIICHTpAIIii 2,5 T/ 3 BUCOKOIO MIBHJIKICTIO
nerpanaarii 0,015 MM Ha aenb [46]. Kpoxmainb qo7a€Tbest He TUTBKU I TTOKpa-
IICHHSI POCTY MEBHUX TPyl MIKPOOPTaHi3MiB, aje W JUIsl IMiJICUJICHHS BiJHOBIIO-
BaJILHOTO MOTEHIIIATy CepeIOBHUIIA JIJIS 3AIMCHEHHSI HITpaT-peaykKiii [46].

3a aepoOHHX yMoOB Oiomerpagamito RDX 3miliCHIOIOTh TpPEICTaBHUKH
Actinobacteria, 1 BiepIe 1o BIacTUBICTh Oyi10 orucano st Corynebacterium [73].
HemonaBuo nocnigaukaMu Oyio moka3zaHo, IO MPEICTaBHUKU POy Actinomyces,
BUJIUICH] 3 TUISTHOK, 3a0py/IHEHNX BUOYXOBHMHU PEYOBUHAMM, 3/IaTHI 3/[IHCHIOBATH
Oiomectpykuito He Timbku RDX, a it TNT [41].

Bionerpananis NG BinOyBaeTbest 3a aepoOHUX 1 aHAEPOOHHMX YMOB, 1 Kpa-
1Ie — 3a MPUCYTHOCTI JpKepesa kapooHy. Jlo Takoro mporecy 31arHi 6araro Oakre-
piit — npencraBHUKIB poniB Bacillus, Pseudomonas, Arthrobacter, Agrobacterium,
Rhodococcus, Klebsiella, a Takox mikpomineru [55, 73, 90].

3nmaTHICTh A0 Aerpaialii nepxyioparis Bizoma s 6akrepiit pony Citrobacter
[69].

Biogerpamaniro TNT i RDX Oyno mokazaHo aJis IITaMiB MIKpOMIIICTIB
Phanerochaete chrysosporium, BUAUIEHUX 3 TPYHTY BiiCbKOBOTO ToJirony. Cepen
OakTepili MOTCHIIIMHMMK arcHTaMu Oilopemeniallii, BUIIJICHUMH 3 WX JUISHOK,
Oymu Bacillus sp. (B Tomy uucii — B. subtilis), Escherichia coli, Enterobacter sp.,
Klebsiella pneumonia [70].

Byno nokazano nocunenns tpanchopmariiii DNT npupogHumMu KoHCOPIIiy-
MaMH{ MIKpOOpraHi3miB Ha 82% 3a BHECEHHs KOMEPIIIHHUX CIIOJIYK CylIbpypy Ta
docdopy. [Ipu 1bOMY y IPUPOIHUX TOMYJISIIISIX 301TBITYBAJIACS YACTKA TPEICTaB-
HUKIB poaiB Burkholderia, Rhodanobacter, Acidovorax, Pseudomonas, 3aBasiku
SIKUM OLTBIIIOI0 MipOIO ¥ 3/1iMCHIOBABCs Olopemeiamiiauii mpouec [9].

tam Planomicrobium flavidum, BunineHu 3 IpyHTIB, 3a0py/THEHUX BUOY-
xiBKor0, po3kiagas 70% HMX 3a 20 auiB [66].

He3Ba)karoun Ha JOCIDKEHUH MOTEHIIal 0ararboX MiKpOOpraHi3MiB, came
Oakrepii pony Pseudomonas € HaHOLIBII MIMPOKO NPEACTABICHUMHU SIK areHTH
OilomecTpykiii BUOYXOBUX PEYOBUH — MMOBIPHO, 32 PaXyHOK HECKJIQJHUX YMOB
KyJIBTUBYBaHHS JaHUX MIKpPOOPTaHi3MiB, a TAKOXK iX MPHCTOCOBAHOCTI J10 Oararbox
YMOB HaBKOJIMIIHBOTO cepeoBuina [26, 55]. Jlns ycninHoi pemeniaiii 3a0pyaHe-
HUX IPYHTIB Ma€ OyTH JOCIIPKEHUM MOTEHITIaJ iIHIIUX MIKpOOPTaHi3MiB 3 HaroJo-
COM Ha BUKOPUCTAHHSI KOHCOPIIIYMiB.

4. Mikpoopranizmu, 31aTHi 10 AeCTPYKUii NaTUBHO-MAaCTHJIBLHUX MaTe-
piaxais

Ipynr aBiaGasu y IMonbmi, 3a6pyaAHEHHH KEPOCHHOM Ta BaXKUMHU (paKili-
SIMU JIU3€JIBHOTO TMMaiBa, OyJI0 YCHIIIHO OYHUIIEHO y HUIAMOBHX PEAKTOpax 3 BH-
KOPUCTAHHSIM MPHUPOAHOT MIKpOOIOTH JaHUX IPYHTOBUX TUISTHOK. Byrno 3BiIbHEHO
90% TpyHTY BiJ JOMIIIOK MaJKBa 3a JACKUIbKa MicsiiB [48].
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[TopiBHSIHHS pe3yabTaTiB O10CTHUMYISAIIT 3 JOAaBaHHIM a30THHX, KaJiHHUX
ta GochopHUx DOOPUB, Ta MPUPOTHOTO OUUIICHHS Y IPYHTI TUISTHOK BiICHKOBUX
MOJIITOHIB, po3TamoBanux B Anbnax, [liBnennuit Tiposb, [Tamis, mokaszano OiLIbII
e(heKTUBHE OUMIICHHS BiJl MAJMBHO-MACTUILHUX MaTepiaiiB 32 BHECEHHS JOOpUB
1 migBumeHHs Temneparypu a0 20 °C [87]. [lix yac Giopemenialii cnoctepiraim-
Csl 3MiHM Y MIPHUPOAHINA MOMyMsIii MIKpOOpraHi3miB. Tak, pa3oM 3 THM, SIK BMICT
NajvBa y IPYHTI 3MEHIIYBaBCs, CKJIaJ MIKpOOIOTH CTaBaB yce OibIIe rOMOTEH-
HuM. [Ipu npomy 30iIbIIyBaTUCS YacTKHU NMpEACTAaBHUKIB Gammaproteobacteria
Ta Bacteroidetes, cepen HUX HaWOUIBIIOW Mipoto — Pseudomonas sp. [25, 29,
87] AK THUIOBMI TPUKIAA TaK 3BAHOTO «raMa-IIU(TY», SKUH CIIOCTEpPIraeThb-
csi Ha cyOcTparax, 3a0pyqHEHUX HA(PTOI Ta MOXiTHUMH HAJUBHUMH Marepia-
namu [30, 87]. Kpim nceBgomMoHaja, y AaHOMY JOCIIIKEHHI MMPEBAIOBAIM TaKi
npencrtaBuukun Gammaproteobacteria, sixk Lysobacter, Povalibacter, Solimonas,
Pseudoxanthomonas, Ta npencraBHUKU Bacteroidetes — Mangrovibacterium,
Paludibacter, Petrimonas, Mariniphaga [87].

Y 3a0pynHEHUX NAJIMBOM I'PyHTax OyII0 BIIMIYEHO yKe HU3bKY KUTBKICTh ap-
Xel mopiBHsHO 3 HeKoHTamiHOBaHuMU [87]. [IpencraBuuku Archae (Methanosaeta,
Methanoculleus, Methanolinea), sxi MoxXyTh ckiaaatu 45—50% BHIIOBOTO CKJIaTy
METaHOT€HHUX CITIBTOBAPHUCTB Yy CyOCTparax 3 BEJIMKUM BMICTOM I'eKCaJCKaHIB Ta
OKTaJIeKaHIB, BIAIrparOTh CyTTEBY POJIb B OYMILIEHHI IPYHTY Bil HadTH juiie 3a
aHaepoOHUX ymMOB [36].

Takox 3a aHaepoOOHUX YMOB HalaKTUBHIIIUMU AECTPYKTOpaMH Ha(TH i 1o-
X1IHUX CHIOJYK BUCTyNanu npeactaBHuku poxny Clostridium, siki cknaganu 30,4%
BiJl BUJIOBOTO CKJIa/Ty MIKpOOHUX MOMYJIALIN Ha cyOcTparax 3 HadToro, 42-43% Ha
cyOcTparax 3 reckajiekaHaMH i OKTajiekaHamu, 52,1% — 3a HassBHOCTI MajabMiTary,
160,4% — Ha cyOcTparax, 3a0pynHeHX creaparamu [36].

Biopemeniarisi IpyHTY BiiCBKOBOTO MOMIroHy miBHIYHOT [ pennanii, 3a0pya-
HEHOTO JU3eNieM, MoKa3aia, Mo y XOJOAHOMY KJIiMaTi OyJ0 MOXKIUBUM M030aBH-
Tucs 64% nU3ero 3a MepIIUi PiK eKCIIEPUMEHTY METOIOM 3eMEeIbHOT 00pOOKH Ta
OlocTuMyIALi a30THUMH, KaliiHUMH Ta GochopHUMEU 10OpUBAMU 3 JOMIIIKAMU
MikpoeneMeHTiB. [IpH oMy TOMyJISIist MiIKpOOPTaHi3MiB-IECTPYKTOPIB 301IbITY-
Basiacst 10 1,2 x 10° KYO/r rpynty. 3aiuianucs y IpyHTi Iie MPOTIroM 5 POKiB
18% crilikux ¢pakuiii uzemnto [42].

VY rpyHTax, 3a0pyIHEHUX AU3ENIEM, MATPUMYIOThCS 3HAYHI MOMYJIALIT JiMo-
miTuyHUX Ta pocdar-comobinizyBabHUX OaKTepild, K 11e OyJI0 MOKa3aHo s Ii-
JsiHOK Yy Mekeutti. 3arajibHa KUTbKiCTh MIKPOOPTaHi3MiB Y 3a0pyJHEHUX IPYHTaX Ha
24-58% Oyna HIDKYOIO 32 TaKy Ha KOHTPOJBHUX JAISTHKAX, aJle Cepe/l HUX BUILISA-
JIMCS aKTUBHI JIECTPYKTOPHU AM3EIt0 — TaKi sk S. marcescens, Citrobacter freundii,
Raoultella ornithinolytica, Stenotrophomonas maltophilia, Stenotrophomonas
pavanii, BAIUICHI AOCTITHUKAMU Ta BiiOpaHi 3a 37aTHICTIO 10 MPOYKYBaHHS Cyp-
(akTaHTIB Ta BIAMOBIIHOTO eMY/IbTYBaHHS AU3EIIO 3 HACTYITHOIO HOTO IeCTPYKIIi-
ero. Haiikpaiili moka3HUKH JeMOHCTpPYBaB LITaM S. marcescens, piBeHb eMYIbIry-
BaHHS JTU3EJII0 IKUM CKJaaaB 74,2%, mo cripusiio aectpykiii 96% manusa. KoH-
COpIIiyM 3 IISCTH MITaMiB BUIIE3raJIaHUX BHUJIIB 3MIHCHIOBAaB Oiomerpanariro 97%
nuzento [62].
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3a nectpykuito HaTH y MiIAHOMY IpyHTI Oy BianoBinansHi Nocardioides,
Dietzia (ocobnuBo D. papillomatosis), Microbacterium, Micrococcus, Arthrobacter,
Pseudomonas, Cellulomonas, Gordonia [15]. Baktepii mramy Burkholdaria
cepatia, BUIICH] 3 KOHTAMIHOBAHOTO TPYHTY, OyH 31aTHUMHU 110 nectpykuii 80%
Ha(TOBUX ByreBOAHIB [13].

[IpencraBauku pony Bacillus Oynu 3aaTHIMHE 10 €(DEKTUBHOI 1€CTPYKLIi TU-
3emo — B. subtilis [29, 43] ta nadtu — Bacillus cereus, Bacillus licheniformis [25,
37].

5. Mikpooprani3mu, 31aTHi 10 6iopeMenianii IpyHTIB, 3a0pyIHEeHUX BaXK-
KHMHU MeTaJIaMH

Biopemenianis rpyHTIiB, 3a0pyIHEHUX BOXKKMMHU METalaMu, 0a3yeTbcs Ha
30aTHOCTI JIESKUX MIKPOOPraHi3MiB MOIIMHATH, OCAJKYBaTH YW BiJHOBIIOBATH
Ba)KKi METaJH, 110 JJO3BOJISIE 3HMKYBATH 1X KOHIICHTPAIIIIO B IPYHTI 0 O€3Me4HOr0
piBHsa. OCHOBHI MeXaHI3MHU OiopeMe/iallii BKIFOYaloTh dioakymy asiniio, 6iocopo-
uito, dionpenuniraniio ta GioBinHoBIeHHs [&, 11, 56, 79].

3a mpouecy dioakymyasinii MiKpoOpraHi3MH MONIMHAIOTH BaKKI METAIH 3
IPYHTY Ta HAaKOMUYYIOTh iX BCepenuHi cBOiX KiiTuH. Hampukman, Oakrepii pomy
Bacillus — a came, ipeicTaBHUKY BUIIB B. cereus, B. megaterium, B. coagulans,
B. aryabhattai 3naTtHi IOTIMHATHA KaJMiH, ITIOMOYM, IIUHK, apceH, Xpom [20, 63,
88, 95]. B. licheniformis akTHBHO aKyMyroBasu Kyrpym [11].

Bakrepii P. aeruginosa i Cupriavidus taiwanensis, BUAUIECHI 3 ITUHKOBHX
IaXT, 3MIHCHIOBAJIA 010aKyMYJISIII0 KaJMito Ta IMHKY [S1]. Exiguobacterium sp.
Oynu 371aTHUMH 10 cOpOLii Ta aKyMyusmii KaaMito, HIKEII0, KypyMy Ta IIHHKY
[14].

[Ipouec GiocopOuii BinOyBaETHCS 3aBASKH TOMY, IO METaIU 3B'S3YIOTh-
csl 3 KJIITHHHUMH CTiHKamM# a00 30BHIIIHIMHU IMOJiMEpaMU MIKpOOpPTraHi3MiB, IO
3MEHIIIY€E TXHIO PyXJIMBICTh 1 TOKCUYHICTh y IpyHTi. Hanpuknan, B. thuringiensis,
B. cereus 3natHi ancopOyBaTH KaaMiid, HiKeNb, XpOM, KyIpyM, ILTFOMOYM, IHHK,
rigpapripym [17, 89, 95]. B. pumilis 1 B. subtilis, cTiiiKi 10O MiIBUIIEHUX KOHIICH-
Tpauiii Kynpymy, 3aiiicHioBanu 0iocop6iiro Cu?* [28].

Omnucano 3natHicTh 10 cop6uii Cr(VI) y mrama Shewanella putrefaciens
[77]. bakrepii mramy Pseudescherichia vulneris, BUliaeHOTO 13 3a0py/JTHEHOTO Ka-
JIMIiEM TPYHTY 1 HQA3BUYAWHO CTilKi 10 BIUIMBY IIbOTO METaly, Oy 31aTHUMU JIO
copoii 71% xaamiro [92].

Biocopbuiro 71% miromMOymy Oyno 37iHiCHEHO KOHCOPLIyMOM IITaMiB
Pseudomonas stutzeri ta Cupriavidus metallidurans [75].

Bionpenumniranisi nossirae B Tomy, 10 JesKi MIKPOOPTaHi3MU MOXYTb Iie-
PETBOPIOBATH PO3YMHHI HOHU BOKKUX METAJIB Y HEPO3UMHHI (POPMH, SIKi OCAIKY-
IOTBCS 1 3aIMIIAIOTHCS B IPYHTI B cTablibHOMY cTaHi. Hanpukian, okpemi mraMu
B. thuringiensis 3natui HpeLlI/IHITYBaTI/I HJ'IIOM6yM y (bOC(baT nmomOymy Pb (PO,),
[24]. llItam Rahnella sp. 30iACHIOBaB NPELHMITITALIID KyIPyMy y HPHCYTHOCTI
KaJIbIII0 y MiHepabHy (ocharHy (bopMy CuCa, (PO,),, a mmoMOyM y npuCyTHO-
CTi KanpLito — y pocdaru Pb(H,PO ) iCu (PO ) [50].

Sporosarcina pasteurii, Biomi 3a 3aarhicTio npenumnitysaru Ca** y CaCO,,
MOXYTh TaKOK 1MOOLITI3yBaTH Ba)KKi METaJH, HANIPHUKIIAM, [IUHK, KaaMill i HJ'IIOM-
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OyM, 3/11CHIOIOUH 1X TPEIUITITALII0 Y BIMOBITHI KApOOHATH, BHACIIIJOK YOTO KOH-
LEHTpAIlis METaJiB y IPyHTI 3MeHInyeThest Ha 30—86% [54].

CynbdarBiTHOBIIOBANIbHI 0aKTepii, BUKOPUCTOBYIOUU CYIb(haTHY TpyIy
SO,> sK aKkUenTop eIeKTPOHIB, BIIHOBIIOIOTH 1i 10 cymbhianoi S*, sKa y cBoio
4epry MOKe YTBOPIOBATH HEpO3uMHHI cynbdinu, Taki sk PbS abo SbS [56, 96].

IIpouec OGioBinHOBIeHHSI BiAOYBAa€ThCS 3a PaxXyHOK TOTO, IO MIiKpOOp-
ra”i3MH{ BIJHOBIIIOIOTH TOKCHYHI MOHU METaIiB JO MEHII TOKCHYHUX a00 HaBITh
HETOKCHMYHUX (opM. Hampukinan, MOXKyTh BiIHOBIIOBAaTH IIECTUBAICHTHUH XpOM
Cr(VI) no tpusanentnoro xpomy Cr(IIl), skuii € MEHIII TOKCUYHUM 1 MEHIII PyXJIH-
BUM y IpyHTi. Hanpuknan, Bacillus sp. y koHcopiiyMmi 3 Microbacterium sp. akTUB-
HO 3/1MCHIOBAJIM 1IeH mpoIec 3a aepoOHUX YMOB, a 32 aHAepOOHUX YMOB BiJTHOB-
JICHHS B1IOyBasIOCs IITaMaMu BUIIB Enterococcus, Arthrobacter, Paenibacillus ta
Oceanobacillus [61, 95].

Binnosnenns kynpymy 3 Cu** go Cu’ 3aiiicHioBanocs mramom Pseudomonas
Sp., BUALICHUM 3 TPYHTY, 3a0pynHeHoro miao [18].

Iramu Geothrix, Azospira i Cellulomonas Oynu 3MaTHUMH BiJHOBIIOBATH
Cu** no metaniunoro kynpymy Cu(0), a B mprucyTHOCTI 0i0reHHOTO Cynbdiay — 10
Cu S, i ui ComyKM yTBOPIOBAIHM HAHOYACTKM, K1 IOTIM NPELUIIITYBaIucs OaKre-
piasibHUMU KiniTuHamu [47].

Jesikum MikpoopraHizmam, Harpukiaz, 6akrepism poxny Bacillus nmpuramaH-
Ha 3JIaTHICTh JI0 ACKLIBKOX MPOIIECIB — Ol0akyMyIisiii, 6iocopOrii Ta Oionperuiti-
tamii [95].

Takum urHOM, Oiopemenialilo IPYHTIB, 3a0pyIHEHUX BHACIIIOK OOMOBUX
Il 3MIACHIOIOTh 3 BUKOPUCTAHHIM IIUIAMOBHX PEAKTOPIB, 3eMEIbHOI 00pOOKH 1
KOMIIOCTYBAHHS, 10 SKMX 3a1y4al0Th JONOMIKHI METOAM OiocTUMYyIIsLii, 01030a-
radyeHHs Ta imMoOimizamii MikpoopraHi3MiB. [lepCrIECKTUBHUMHU € JIOCIIIKESHHS
MOXJIMBOCTEW BUKOPHUCTAHHS KOMOIHOBAaHMX METOMIB, SIKi MOXKYTh 3HAUHO Ii/IBH-
muTy eEeKTUBHICTD Olopemenialii, 3a0e3neuyoun Kpamli yMOBH A MIKPOOHOT
akTUBHOCTI. OYHIEHHS TPYHTY BiJl BUOYXiBKH, NMaJTMBHO-MACTUIBHUX MarepiajiB
Ta BOKKHUX METATIB BiIOyBA€THCS SIK 32 a€pOOHMX, TaK 1 aHAEPOOHUX YMOB 3 BU-
KOPHCTaHHSM TPUPOAHOI ab0 IITYYHO BHeceHoi Mikpobiotu. Haituacrime BuKo-
PHUCTOBYIOTH IPEACTABHUKIB poniB Pseudomonas, Clostridium, Bacillus, Serratia,
Stenotrophomonas, Arthrobacter, Rhodococcus, Cellulomonas ta inmmx. Heo0xin-
HUM € TIO/IaJTIbIINHI MOIIYK IITaMiB, 3JaTHUX JI0 OAHOYACHOTO OYHILIEHHS TPYHTY BiJl
JEK1TBKOX THITIB 3a0pyIHIOBAYIB.
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USE OF MICROORGANISMS IN BIOREMEDIATION
OF SOILS CONTAMINATED AS A RESULT
OF MILITARY ACTIONS

Summary

As a result of military activities, soils are contaminated with substances from ex-
plosives and firearm mechanisms, fuel, lubricants, and heavy metals, all of which
have detrimental effects on ecosystems. This article analyzes the main methods of
bioremediation for such contaminated soil. The use of soil slurry reactors, land
farming technique, composting, biostimulation, bioaugmentation, and immobi-
lized microorganisms can eliminate up to 99% of toxic substances through natural
or introduced microbiota. The duration of the cleanup process ranges from several
weeks to several years, depending on the remediation method, climatic conditions,
and the level of contamination. The use of combined methods is promising. The
remediation is achieved through various mechanisms, including the complete or
partial breakdown of substances with their transformation into non-toxic forms
(explosives, petroleum products), bioaccumulation, biosorption, bioprecipitation,
and bioreduction (heavy metals). Both aerobic and anaerobic microorganisms
participate in bioremediation, with representatives from the genera Pseudomo-
nas, Clostridium, Bacillus, Serratia, Stenotrophomonas, Arthrobacter, Rhodococ-
cus, Cellulomonas and others most frequently described in the literature. Further
search for strains capable of simultaneously cleaning the soil from multiple types
of pollutants is necessary.

Key words: contamination of soil due to military actions, bioremediation, aero-
bic and anaerobic decomposers, removal of heavy metals from soil.
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CHARACTERIZATION OF LACTOBACTERIA FROM
THE BLACK SEA WATER AND MUSSELS WITH
THE POTENTIAL TO PRODUCE ANTIBACTERIAL
COMPOUNDS

Aim. Characterization of lactic acid bacteria (LAB) from water and mussels of
the Black Sea with the potential to produce antibacterial compounds. Methods.
The isolation of lactobacteria from water and mussels, their enumeration were
performed by standard microbiological methods. Determination of their morpho-
logical, tinctorial, cultural, and biochemical characteristics were performed by
Gram staining with immersion microscopy, describing the growth in liquid MRS
media with and without 6.5% NaCl, catalase test. Genus-specific classic PCR
was used for identification of isolated bacteria. To study the antagonistic interac-
tions of the strains the perpendicular streak method was used. Results. In water
of the Black Sea from Odesa bay, collected in winter period, 2x10-4.8x10° CFU/
mL of lactobacteria were found, while only in three mussels from seven (42.9%)
LAB were detected (1.7 %10+0.7 CFU/mL). Thirteen new strains of lactobacteria
were isolated and characterized — eight strains from water and five from mussels.
Among them, nine strains were identified as Enterococcus sp., one strain — as
Lactobacillus sp., and three LAB strains remained unidentified. The new strains
Enterococcus W1.1, Enterococcus W1.2, Enterococcus W1.3, Enterococcus W2.3,
and Enterococcus M7.1 exhibited antagonistic activity against other closely re-
lated strains and Lactobacillus sakei subsp. sakei JCM1157. Conclusions. The
Black Sea water and mussels tissue liquor in winter period contain 2*10-4.8%10?
CFU/mL and 1.7 x10+£0.7 CFU/mL of LAB, respectively. The strains Enterococcus
W1.1, Enterococcus W1.2, Enterococcus W1.3, Enterococcus W2.3, and Entero-
coccus M7.1 are potential producers of antibacterial compounds.

Key words: lactobacteria, the Black Sea water, Enterococcus, Lactobacillus,
mussels, bacteriocins.

The group of lactic acid bacteria (LAB) includes Gram positive, catalase- and
oxidase negative, non-spore-forming microorganisms producing lactic acid as the
main compound as well as other organic acids. The majority of lactobacteria are safe
and they have huge biotechnological potential. Recently, lactobacteria of marine
origin especially gained attention because it is supposed that these microorganisms,
as well as their metabolic products, are attractive for pharmaceutical, cosmetic, and
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food industry, for obtaining of biopolymers and application in aquaculture [6, 11,
14].

Despite that a lot of scientific information on terrestrial lactobacteria is
available, data on representatives of this group from water sources are scarce.
Moreover, there are only several scientific papers about lactobacteria namely
from Odesa bay of the Black Sea. Ukrainian scientists have showed presence of
lactobacteria in such hydrobionts as sponges, sea bass, cod, mackerel, dolphins,
mussels, algae [1, 3, 4]. Thus, it was established that in sponges of Haliclona
genus only representatives of Lactobacillus were observed: L. bifermentans,
L. parabuchneri, and L. vaccinostercus [3]. It was established by Yamborko et al.
that LAB of Lactobacillus, Streptococcus, and Enterococcus genera are present in
intestine of bottlenose dolphins (Tursiops truncatus), mackerel (Scomber scomber),
sea bass (Perca fluviatilis) and cod (Gadys morhya morhya). Representatives of
Enterococcus genus were isolated only from intestine of dolphins in amount 10—
10° CFU/sm?[4]. Vasylieva et al. have showed the presence of LAB of the genera
Enterococcus, Streptococcus, Pediococcus, Lactococcus, and Leuconostoc in Black
Sea mussels (Mytilus galloprovincialis) and on surface of algae Enteromorpha,
Ulva, Cladophora, Porphyra, and Polysiphonia. By using fatty acids composition
analysis, Enterococcus faecalis, Streptococcus bovis, Pediococus pentosaceous,
and Leuconostoc mesenteroides species were identified [1].

Despite the conducted research on isolation, characterization, and
identification of LAB from hydrobionts from Odesa bay of the Black Sea, there is
not enough information on lactobacteria strains isolated specifically from marine
water in winter time. Biotechnological potential of the Black Sea strains of LAB, in
particular their ability to produce antimicrobial compounds including bacteriocins,
is even less researched.

The aim of this work was to characterize LAB from water and mussels of
Black Sea with potential to produce antibacterial compounds.

Materials and methods

Samples of water and mussels were collected by Dr. Kovtun O.0O. in January
2023 from the Odesa Bay of the Black Sea near the hydrobiology station of the
Odesa I. I. Mechnikov National University. A total of nine samples were analyzed
— two water samples and seven samples of mussels.

For the isolation of lactobacteria, medium-sized mussels with closed, intact
shells were selected and processed to collect tissue liquor according to the literature
[10]. Undiluted samples as well as tenfold serial dilutions were inoculated in a
volume of 100 pL on MRS-agar with pH 5.7 (MERCK, Germany) and on such
the medium with neutral pH, which was prepared according to [8]. The inoculated
plates were incubated in a thermostat at 37 °C and microanaerobic conditions for
48 hours.

At the same time, in order to determine the total microbial number (TMN) for
calculation of the percentage of LAB among the total microbiota, inoculation was
carried out on nutrient agar (NA) provided by the Himedia company (India) and the
plates were incubated at 37 °C for 48 hours.
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The colonies number was counted and calculated per 1 mL in a standard
manner. Statistical data processing was carried out in the Microsoft Office Excel
program. The mean value, standard deviation, and confidence were calculated.

To isolate pure cultures of lactobacteria, colonies similar in morphology to
LAB were selected and inoculated again on new plate using the streak method. Cell
morphology, tinctorial properties, and absence of spore formation were determined
by Gram staining followed by microscopy using a MICROmed microscope
(Ukraine) with a total magnification of 1600X. The study of cultural properties
involved determining the morphology of colonies on MRS agar, the growth in MRS
broth, gas formation, and the presence of growth in liquid MRS medium containing
6.5% NaCl. Among the biochemical properties, the presence of catalase enzyme
was determined using 3% hydrogen peroxide [18].

Classical polymerase chain reaction (PCR) was carried out in order to
identify the isolated LAB to the genus level. The heat lysis method using a solution
of 1% Triton X-100 and 0.25% sodium azide was used to isolate DNA from the
studied marine bacteria [21]. The presence and concentration of the obtained DNA
was determined by gel electrophoresis and spectrophotometry using the UV5Nano
device (Mettler Toledo, USA).

In order to identify Enterococcus bacteria, PCR was performed with primers
El (5'-TCAACCGGGGAGGGT-3") and E2 (5'-ATTACTAGCGATTCCGG-3")
[7]. The reaction mixture for PCR was of the following composition: 5 units of
Taq DNA polymerase — 0.45 pL, primer 1 — 1.25 pL, primer 2 — 1.25 pL, 8 mM
mixture of deoxynucleotide triphosphates — 0.56 pL, 10X Taq buffer + NH4 — 2.25
uL, DNA — 1 uL, 25 mM MgCl, aqueous solution — 2.7 pL, deionized water — 13
uL. The final volume of the mixture was 21.46 uL [7, 13, 16, 21]. DNA of the
strain Enterococcus italicus ONUS547 was used as a positive control. Amplification
parameters are listed in Table 1.

Table 1
Parameters of amplification which were used for genus specific PCR in order to identify
Enterococcus and Lactobacillus according to the literature data [9, 13]

For Enterococcus For Lactobacillus
Initial denaturation 95 °C for 4 min Initial denaturation 95 °C for 5 min
. 95 °C . 95 °C
Denaturation for 30 sec Denaturation for 30 sec
Primer annealin 35 °C . 30 Primer annealin 35°C 30
& for 1 min cycles g for 30 sec | cycles

. 72 °C . 72 °C
Elongation for 1 min Elongation for 30 sec
Final elongation 72 °C for 7 min Final elongation 72 °C for 7 min

For identification of microorganisms belonging to Lactobacillus genus the
following primers were used: LBLMAT1 (5’-CTCAAAACTAAACAAAGTTTC-3)
and R16-1 (5’-CTTGTACACACCGCCCGTTCA-3") [9].

The reaction mixture contained the following components: 5 units of Taq
DNA polymerase — 1.16 puL, primer 1 —2.77 pL, primer 2 — 2.77 uL, 10X PCR buf-

58 —— ISSN 2076-0558. Mixpobionozis i 6iomexnonoeis. 2024. Ne 2. C. 5668 —



XAPAKTEPUCTHKA JJAKTOBAKTEPI 3 BOIIW TA MIJIIH ...

fer — 5 uL, 10 mM mixture of deoxynucleotide triphosphates — 1 uL, DNA- 2 uL,
25 mM MgCl, aqueous solution — 6 pL, deionized water —25.3 pl. The total volume
of the mixture was 50 uL [9, 13, 15, 21]. The DNA of the E. italicus ONU547 strain
was used as a negative control. Amplification was carried out according to the pa-
rameters listed in Table 1.

After the PCR, the presence of amplification products was determined by
electrophoresis in a 1% agarose gel with 1X Tris-acetic buffer [9]. After the elec-
trophoresis, the staining with ethidium bromide was performed and photographed
using the Gel Doc video system (Bio-Rad, USA) in the "Trans UV" mode.

Study of antagonistic interactions of lactobacteria was carried out by the per-
pendicular streak method according to [19]. Five strains of isolated bacteria (W1.1,
W1.2, W1.3, M4.1, M5.2) were used as test cultures, as well as the indicator strain
Lactobacillus sakei subsp. sakei JCM1157. The presence of zones of growth inhi-
bition from 2 mm to 30 mm was noted indicating the production of antimicrobial
compounds [19].

Results and discussion

Isolation of lactobacteria from the marine sources

As a result of the inoculation of nine samples collected in the Odessa bay of
Black Sea (two water and seven mussel samples) on nutrient media, microorgan-
isms growing on MRS with an acidic or neutral pH value were isolated from most
of them (Table 2). No LAB-like colonies were isolated from Mussel Nel and Mus-
sel Ne3 samples. The number of microorganisms on these media after inoculation
of other samples ranged from 1x10 CFU/mL to 3x10° CFU/mL.

In average, the TMN of seawater was 1.7x10°+0.3 CFU/mL, which is in
agreement with the data of other scientists, who found 1.1x10° CFU/ml of microor-
ganisms in the Black Sea water sampled in October when cultured on the NA [2].

In contrast to the water samples, the TMN of the tissue liquor of mussels
fluctuated in a wide range depending on the studied mussel — from 4.11x10° to
1.085x10” CFU/mL.

Table 2
Results of inoculation of samples of marine water and mussels collected
in winter time on solid media

CFU/mL
Sample MRS with pH | MRS with pH 7 NA

5.7 (TMN)
Water Nel 4.8x10? 3x10? 1.6x10°
Water Ne2 3x10 1.1x10? 1.89x10°
Mussel Nel 0 0 5.5%10°
Mussel Ne2 0 1x10 1x10°
Mussel Ne3 0 0 2.52x10°
Mussel Ned 0 1x10? 1.08x10°
Mussel Ne5 0 9%x10 5.23x10°
Mussel Ne6 0 7x10 4.11x10°
Mussel Ne7 0 2x10 1.085%107
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All colonies that grew on MRS media and visually resembled LAB were
transferred to new Petri dishes to obtain pure cultures and were subsequently char-
acterized by a complex of tinctorial, morphological, cultural, and biochemical fea-
tures.

By the Gram staining, determining the absence of spore formation and cata-
lase activity, the presence of a sour smell [7, 18] it was established that part of the
cultures we isolated belonged to the LAB group. After that, we recalculated their
content in 1 mL of test samples and calculated the percentage of lactobacteria from
the TMN (Table 3). It was established that LAB were isolated from both samples of
sea water, but in different numbers: in the first sample, 4.8x10> CFU/mL of lacto-
bacteria were found, and in the second one — only 2x10 CFU/mL. They composed
only 0.03% and 0.001% of the TMN, respectively.

Table 3
LAB bacteria number in samples of marine water and mussels
Sample CFU/mL of % of LAB among
lactobacteria other microbiota
representatives
Water Nel 4.8x10? 0.03
Water Ne2 2x10 0.001
Mussel Nel 0 -
Mussel Ne2 0 -
Mussel Ne3 0 -
Mussel Ne4 1x10 0.0009
Mussel Ne5 2x10 0.4
Mussel Ne6 0 -
Mussel Ne7 2x10 0.0002

And even smaller number of lactobacteria was found in the Black Sea mus-
sels collected in winter. Indeed, LAB were found in only three mussels out of seven
(42.9%). The average number of LAB in the studied hydrobionts, among those
where they were detected, was 1.7x10+0.7 CFU/mL. The detected lactobacteria
composed a very low percentage of the total microbiota of mussels — from 0.0002
to 0.4%. To our knowledge, this is the first report on the composition of lactic acid
microbiota of the water and mussels of the Odessa Bay of the Black Sea in winter.

The number of LAB in seawater and mussels in our study was significantly
lower when compared to studies of Kranga et al., which showed that in October the
number of lactobacteria in the Black Sea water was 1.42x10* CFU/mL, and inside
mussels — 1.33x10* CFU/mL [2]. This difference can be explained by the lower wa-
ter temperature in January, when our samples were collected, compared to October.
As for the number of lactobacteria in mussels, it was also significantly lower than
that shown in other works. Thus, in the publication of Bulgarian scientists who also
isolated LAB from Black Sea mussels, but from the Bulgarian water area, it was
reported that 83x10® CFU/mL of lactobacteria were isolated [12]. This difference
can also be explained by the different seasonality of sampling.
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Study of morphological, tinctorial, cultural properties and identification of
the isolated strains

As a result of the conducted staining and microscopy of the preparations, it
was established that the studied bacteria of all the strains were stained positively by
Gram. Most of them had a rounded shape, except for W2.4, which was rod-shaped.
The cells in the preparations were placed singly, in pairs, in clusters, in chains, or in
tetrads. No spores was observed in the cells of the studied microorganisms.

Among the cultural characteristics, the morphology of colonies on the solid
MRS medium, growth in MRS broth without and with 6.5% NaCl were studied.
All the isolated strains on MRS medium with neutral pH formed round, small colo-
nies with smooth surfaces, convex profiles, and regular edges. They were white or
white-gray in color, shiny and opaque, had a uniform structure and a soft or slimy
consistency. None of the strains produced a pigment.

As a result of the conducted research, it was found that bacteria of all the
strains, with the exception of M 5.1, gave turbidity when growing in MRS broth.
None of the strains formed films and was capable of gas formation. All samples
had a sediment. Most cultures, with the exception of M 5.1, had a pronounced sour
smell.

Intensive growth of the majority of bacterial isolates was also observed in
MRS broth in the presence of 6.5% NaCl, which can indicate that they belong to
the genus Enterococcus [18]. Only M5.2 strain showed weak growth, while M5.1,
M4.1, and W2.4 showed no growth at all. Probably, these bacteria belong to other
taxonomic groups. The morphology of cells of the strain W2.4 indicates the possi-
bility of their belonging to the genus Lactobacillus.

As a result of the PCR with E1/E2 primers, we found that in the case of nine
strains, namely W1.1, W1.2, W1.3, W1.4, W1.5, Wl.dc, M5.2, M7.1, and W2.3,
amplification products with a size of approximately 700 base pairs (b. p.) were
formed (Fig. 1), which indicates that the studied strains belong to the genus Entero-
coccus [13].

Bacteria of the genus Enterococcus in mussels of the Odesa Bay of the Black
Sea were also detected by Vasilyeva et al., however, the characteristics of their
strains, besides of sensitivity to antibiotics, were not published [1]. In the works of
other scientists LAB, which were isolated from the Black Sea mussels of the Bul-
garian coast, belonged to the genera Lactobacillus, Sporolactobacillus, and Strep-
tococcus (L. plantarum, L. sakei, L. brevis, Sporolactobacillus kofuensis, Strepto-
coccus gallolyticus ss gallolyticus) and enterococci were not found among them
[10, 11].

In order to identify the rest of the strains that showed a negative reaction
with the E1/E2 primers, the PCR was performed with primers for the genus Lacto-
bacillus. As a result of the PCR, we found the presence of amplification products
with a size of approximately 250 b. p. in the case of only one strain — W2.4 (Fig. 2)
indicating its belonging to the Lactobacillus genus [9].

Thus, among the microbiota of seawater and mussels, collected in winter
time, we found cultivable Enterococcus and Lactobacillus bacteria. However, for
a more detailed study of the composition of lactobacteria — representatives of the
microbiota of water and mussels of the Black Sea, further research is needed. It is

— ISSN 2076-0558. Mixpobionoeia i biomexnonoeia. 2024. Ne 2. C. 5668 —— 61



A. T. Mepuiy, O. 0. Kaasuunska, M. B. lllytniao, O. O. Koeryn, B. O. IBannus
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Fig. 1. Electrophoregram of the amplification products obtained by the classic PCR
with the primers E1 and E2
Footnote: 1 — molecular weight marker GeneRuler 50 bp DNA Ladder
(Thermo Scientific, USA), 2 - W1.1,3-W1.2,4-W1.3,5-W14,6-WI1.5,7-Wl.dc,
8 —MS5.1, 9 — M5.2, 10 — negative control (solution for isolation DNA), 11 — positive control
(E. italicus ONU547)

Fig. 2. Electropherogram of amplicons obtained by the PCR with the primers LbLMA1
and R16-1
Footnote: 1 — M7.2, 2 — W2.4, 3 —negative control (DNA of E. italicus ONU547),
4 — molecular weight marker GeneRuler 50 bp DNA Ladder (Thermo Scientific, USA)
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known that the MRS medium is suitable for cultivation of limited range of lacto-
bacteria (only Enterococcus, Lactobacillus, Lactococcus, and Pediococcus), and
in order to isolate a wider spectrum of them, it is necessary to use M17 medium
and others [5, 8], that is planned in our further works. Moreover, by standard mi-
crobiological methods, which consist in the use of culture media to isolate micro-
organisms from the environment, less than 1% of them can be detected. That is
why, in order to expand our ideas about the composition of the microbiota of any
hydrobiont, in addition to cultivation methods, molecular biology approaches are
needed [5, 20].

Study of antagonistic interactions of the isolated strains of marine lacto-
bacteria and their potential to produce bacteriocins

As a result of the conducted experiments, it was observed that the strains of
Enterococcus W1.1, Enterococcus W1.2, Enterococcus W1.3 showed antagonistic
activity only against the test strain L. sakei subsp. sakei JCM1157 (Table 4). Such
the specificity of antimicrobial activity can indicate the production by these strains
of specific factors of active antagonism, such as bacteriocins. The sensitivity of
L. sakei subsp. sakei JCM1157 to bacteriocins of LAB is well known [17]. We plan
further studies to confirm this hypothesis.

Table 4
Results of determination of antagonistic interactions by perpendicular streak method
Strain Test culture Presence Strain Test culture Presence
antagonist of inhibitory |antagonist of inhibitory
activity (+/-) activity (+/-)
Enterococcus |W1.2 Enterococcus |W1.1 n
WI.1 W13 - W1.5 W1.2 N
M4.1 - W1.3 N
M5.2 - M4.1
L. sakei subsp. - M5.2 B
sakei JCM1157 + L. sakei subsp. J'r
sakei JCM1157
Enterococcus |W1.1 Enterococcus |W1.1 "
W1.2 W13 - Wl.dc W1.2 4
M4.1 - W1.3 "
M5.2 - M4.1 n
L. sakei subsp. - Ms5.2
sakei JCM1157 + L. sakei subsp. N
sakei JCM1157
Enterococcus |W1.1 Enterococcus |W1.1 n
W1.3 W1.2 - M7.1 W1.2
M4.1 - W1.3 ;_
M5.2 - M4.1
L. sakei subsp. - M5.2 )
sakei JCM1157 + L. sakei subsp. ]
sakei JCM1157 B
Enterococcus |W1.1 Enterococcus |W1.1
W1.4 W1.2 : W2.3 W1.2 —_k
W1.3 " W1.3 "
M4.1 M4.1
M5.2 _; M5.2 :
L. sakei subsp. " L. sakei subsp. )
sakei JCM1157 sakei JCM1157
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The Enterococcus M7.1 and Enterococcus W2.3 strains did not inhibit
L. sakei subsp. sakei JCM1157, however, they showed inhibitory activity against
other marine lactobacteria, that can also suggest the bacteriocin production. The
other three producers — Enterococcus W1.4, Enterococcus W1.5, and Enterococcus
W1.dc inhibited the growth of more than two test strains used in the work that can
indicate a non-specific mechanism of antimicrobial action, such as production of
organic acids (active non-specific antagonism). The Enterococcus M5.2 did not
show an inhibitory activity against any of the test culture used in the work.

The composition of metabolic products of the studied LAB strains with anti-
microbial properties will be studied by using chromatography-mass spectrometry.
This is important for their further use in medical purposes or in aquaculture.

The new lactobacteria strains of the genera Enterococcus and Lactobacillus
from water and mussels of the Black Sea were isolated and their basic tinctori-
al, morphological, and cultural properties were determined. It was established that
representatives of lactobacteria group can be found in water of the Black Sea in
winter time in low number that is 2x10 — 4.8x10> CFU/mL. In tissue liquor of three
mussels from seven, LAB were found in average number of 1.7x10+0.7 CFU/mL,
which composed 0.0002 — 0.4% from their total microbiota. The strains Enterococ-
cus W1.1, Enterococcus W1.2, Enterococcus W1.3, Enterococcus W2.3, Entero-
coccus M7.1 have a potential to produce antibacterial compounds.

A. I. Mepaiu, O. 0. Kanbuuuska, M. B. lllyTuao,
0. O. KoBtyH, B. O. IBanuus
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XAPAKTEPUCTHUKA JJAKTOBAKTEPIN
3 BOIU TA MIJIM YOPHOI'O MOPSI
3 HOTEHLIAJIOM J0 NPOIYKIIII
AHTUBAKTEPIAJIBHUX CIIOJIYK

Pedepar

Mema. Xapaxmepucmuxa monounokuciux oaxmepiu (MKB) 3 6o0u ma mi-
oiil Yoproeo mopsi 3 nomeHyianom npooyKysamu AHmMuOAKmepiaibHi CHOLYKU.
Memoou. Buoinenns nakmobaxkmepiii i3 600u ma Mioill, ix niOpaxyHok 6y10 6uKo-
HAHO CMAHOAPMHUMU MIKPODIONo2iuHUMU Memodamu. Busnauenns mopgonoziu-
HUX, MUHKMOPIATbHUX, KVIbMYPATbHUX MA OIOXIMIYHUX O3HAK NPOGOOUNU UIAXOM
sabapenenns 3a I pamom 3 imepcilinoio mikpockonieio, onucanmsa pocmy 6 MRS
oynviioni 3 6,5% NaCl ma 6e3 nvbozo, nposedenns kamanasnozo mecmy. s ioen-
mucpikayii euoineHux OGaxkmepit SUKOPUCMOBYBANU POOOCNeYUDIuHY KIACUUHY
HUJIP. J{ns eusyeHHs aHmMazoHicCmuyHol 63aEMOOIl wmamie GUKOPUCHOBY8AIU Me-
moo nepnenouxyasprux wmpuxis. Pezynomamu. ¥ 600i Yoprozo mopa 3 Odecnb-
Kol 3amoku, 3iopaniu y 3umosuil nepioo, eusigieno 2x10 — 4,8x10° KYO/ mn
nakmobaxkmepiu, mooi Ak auwe y mpbox midiax iz cemu (42,9%) oynu 3uavioeni
MKGF (1,7x10+0,7 KYO/mn). Budineno ma oxapaxmepusosano mpunaoysams Ho-
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BUX wmamie raxmoodaxkmepiu — icim wmamie 3 600u ma n’amo 3 mioiu. Cepeo
HUX 0eg’samb wmamie oynu ioenmugpixogani ax Enterococcus sp., oOun wmam —
sk Lactobacillus sp. ma mpu wmamu 3aruwunucs neioenmugixoeanumu. Hosi
wmamu Enterococcus Bl.1, Enterococcus Bl.2, Enterococcus B1.3, Enterococcus
B2.3 ma Enterococcus M7.1 eusaguiu anmaconicmudny akmugHicms wooo iHuux
bausbrocnopionenux wmamie ma Lactobacillus sakei subsp. sakei JCMI1157.
Bucnoeku. Yoprnomopcoka 600a ma mxanunHuil 1ikeop Mioitl y 3uMo8utl nepioo
micmame 2x10 — 4,8x10° KYO/mn ma 1,7x10+0,7 KYO/mn MKB, 6ionogiono.
LImamu Enterococcus Bl.1, Enterococcus Bl1.2, Enterococcus B1.3, Enterococcus
B2.3 ma Enterococcus M7.1 € nomenyitinumu npooyyenmamu aumuoaxmepiaib-
HUX CHOTYK.

Knwuogi canosa: naxkmobaxmepii, 6oda Yopnoco mops, Enterococcus,
Lactobacillus, mioii, 6baxmepioyunu.
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ANTAGONISTIC ACTIVITY OF ACTINOBACTERIA
ISOLATED FROM SPONGES HALICLONA SPP.
ODESA BAY

The marine ecosystem is a promising source for discovering the producers
of totally mew bioactive compounds. Among the significant biodiversity,
actinobacteria also are known by huge antagonistic potential. Aim. To study
the antagonistic activity of actinobacteria isolated from marine sponges
Haliclona spp. against the strains of indicator prokaryotic and eukaryotic
microorganisms. Methods. Antagonistic activity of actinobacteria isolated from
marine sponges Haliclona spp. against Staphylococcus aureus ATCC 25923,
Micrococcus luteus ATCC 4698, Enterococcus faecalis ATCC 29212, Bacillus
subtilis ATCC 6633, Kocuria rhizophila DSM 348, Escherichia coli ATCC
25922, Proteus vulgaris ATCC 6896, Salmonella enterica NCTC 6017, Klebsiella
pneumoniae ATCC 10031, Pseudomonas aeruginosa ATCC 27853, Pseudomonas
putida KT 2440 and Candida albicans ATCC 18804 were determined in vitro
by the block method. Results. Thirteen from fourteen strains of actinobacteria
inhibit the growth of at least one strain of the indicator microorganism. The most
active strains of actinobacteria were Hal 2 and Hal 14, that significantly inhibit
the growth of fifth strains of indicator microorganisms, the spectrum of which
were differed. Strain Hal 2 has ability to inhibit the growth of S. aureus ATCC
25923, M. luteus ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM 348,
P aeruginosa ATCC 27853 and C. albicans ATCC 18804, strain Hal 14 inhibit
all Gram-positive bacteria, including B. subtilis ATCC 6633. K. rhizophila DSM
348, M. luteus ATCC 4698 and P. aeruginosa ATCC 27853 shown the impressive
sensitivity to the studied strains of actinobacteria. The growth of P. aeruginosa was
inhibited by ten strains of actinobacteria. Four strains of actinobacteria (Hal 2,
Hal 4, Hal 5 and Hal 6) inhibit the growth of C. albicans ATCC 18804 with different
intensity. All the indicators of the family Enterobacteriaceae and P. putida KT 2440
were resistant to the studied strains of actinobacteria. Conclusions. Strains of
actinobacteria isolated from marine sponges Haliclona spp. inhibit the growth of
indicator strains of prokaryotic and eukaryotic microorganisms. S. aureus ATCC
25923, M. luteus ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM 348,
P aeruginosa ATCC 27853 and C. albicans ATCC 18804 are the most sensitive
to the antagonistic action of actinobacteria. Strains of actinobacteria Hal 2, Hal 4
and Hal 14, which suppressed the ability to grow of-the large quantity of indicator
microorganisms with significant zones of inhibition of the growth, were chosen
for further studies of the spectrum and properties of their secondary metabolites.

Key words: actinobacteria, antagonistic activity, indicator microorganisms,
marine sponges Haliclona spp.
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Discovering and “introduction” to the medical practice of new antibiotics
and synthetic antibacterial and antiviral drugs remains one of the main problems
of medicine, since infectious diseases occupy a leading place in human pathology
[13]. Despite significant progress in medicine, diagnosis and treatment of infectious
diseases, pathogenic microorganisms are still pose a serious threat to human health.
This is happened due to the rapidly developing resistance to new antibiotics in
the majority of both Gram-positive and Gram-negative pathogenic microorganisms
[12]. Therefore, there is a problem of new antibiotic substances necessary to
counteract and stop the spread of resistant pathogens. The strategy of creating new
synthetic antibiotics by modifying existing natural ones does not “justify itself”:
as occurs, the pathogenic microorganisms are quickly adapts to the new drugs [9].
A number of promising strategies for the searching the new antibiotic substances
are connected with the use of metabolic products of marine microorganisms [15].

Actinobacteria plays a significant role in the production of various
antimicrobial agents. Actinobacteria have an ability to synthesized a wide range
of biologically active compounds with various chemical structures. Today,
actinobacteria are the producers of more than 65% of the antibiotics used in
pharmacology [7]. The most producers were isolated from terrestrial ecosystems,
while actinobacteria, from marine sources, have not been sufficiently studied in this
aspect. The marine environment conditions differ significantly from the terrestrial
environment, and marine actinobacteria, they have characteristics that differ from
the terrestrial representatives. Therefore, there is good reason to believe that they
may produce compounds with different chemical structures and mechanisms of
action [6, 12]. In recent years, there have been quite a lot of publications about
studding the secondary metabolites activity of actinobacteria isolated from the
marine environment [5, 6, 7, 8, 12].

The aim of this work was to study the antagonistic activity of actinobacteria
isolated from marine sponges Haliclona spp. against the strains of indicator
prokaryotic and eukaryotic microorganisms.

Materials and Methods

Fourteen strains of actinobacteria were studied of their antagonistic activity.
The strains were isolated from marine sponges Haliclona spp. (Class Demospongiae,
Order Haplosclerida, Family Chalinidae), collected using scuba gear at a depth of
5-6 m in the Odesa Bay of the Black Sea (46°27 01 'N 30°46 14 E) at a distance
0f 300400 m from the shore by a PhD Kovtun O. O. in 2022.

The antagonistic activity of actinobacteria against indicator strains of
prokaryotic and eukaryotic microorganisms was determined in vitro by the block
method, which is based on the ability of the producer's metabolites to diffuse into
agar media and inhibit the growth of sensitive microorganisms [1].

Actinobacteria were grown on Gause2 agar medium in Petri dishes for 12
days at 30 °C. Indicator strains of Gram-positive bacteria: Staphylococcus aureus
ATCC 25923, Micrococcus luteus ATCC 4698, Enterococcus faecalis ATCC
29212, Bacillus subtilis ATCC 6633, Kocuria rhizophila DSM 348, Gram-negative
bacteria: Escherichia coli ATCC 25922, Proteus vulgaris ATCC 6896, Salmonella
enterica NCTC 6017, Klebsiella pneumoniae ATCC 10031, Pseudomonas
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aeruginosa ATCC 27853, Pseudomonas putida KT 2440 and yeast-like fungus
Candida albicans ATCC 18804 were used as test cultures. Indicator bacterial
strains were grown in nutrient broth (GranuCult® Nutrient Broth, Merck KGaA,
Darmstadt, Germany) at 37 °C, Candida albicans strain in liquid Sabouraud
nutrient medium (NutriSelect® Plus Sabouraud-2% Dextrose Broth, Merck KGaA,
Darmstadt, Germany) at 30 °C.

To prepare lawns of indicator microorganisms, 200 ul of daily culture
(10° cells/ml) was added to 20 ml of molten semi-liquid medium nutrient agar
(0.7% agar-agar) or, in the case of C. albicans, semi-liquid Sabouraud nutrient
medium (with the same concentration of agar-agar), mixed and placed in a Petri
dish. After solidification of the appropriate media with indicator microorganisms,
agar blocks were cut from the 12-day cultures of actinobacteria and were placed
on their surface. On each inoculated dish, 6 blocks of the studied actinobacteria
were placed at the same distance from each other and from the edge of the Petri
dish. As the controls the dishes inoculated with appropriate strains of indicator
microorganisms without overlaying blocks with actinobacteria were used. The
results were observing after cultivation at temperatures optimal for each group of
microorganisms after 24 h (for bacteria) and 48 h (for C. albicans), every time
checkoff the presence of inhibition zones of growth of the indicator strains [1, 2].

The experiment was carried out in triplicate. To analyze the results, descriptive
statistics were carried out using the Microsoft Office Excel-2016 program.

Results and Discussion

One of the sources of new natural biologically active compounds can be sea
sponges, which includes many microbes in their tissues. It is widely believed that a
large number of bioactive compounds of sponges are the result of the joint action of
symbiotic microorganisms, among which there are also actinobacteria [14].

The study of the antagonistic properties of 14 strains of actinobacteria (Hal 1
— Hal 14) isolated from sponges Haliclona spp., collected in the waters of the
Odesa Bay of the Black Sea, showed that 13 studied strains inhibited the growth of
at least one strain of indicator microorganisms. The growth of only one indicator
microorganism was inhibited by 4 strains of actinobacteria, which accounted for
28.6% of all tested strains (Fig. 1).

Five (35.7%) strains prevented the growth of 3 indicators, two strains
(14.3%) were the most active and prevented the growth of 5 strains of indicator
microorganisms.

Not all studied strains of actinobacteria were equally active, which was
visualized in the size of zones of no growth of sensitive indicator test-strains (Table).

As can be seen from the Table of the results, the sizes of the zones of inhibition
of the growth of indicator microorganisms ranged from 11.3+0.1 mm (under the
influence of the Hal 13 strain on S. aureus ATCC 25923) to 27.4+0.2 mm (under the
influence of the Hal 2 strain on P. aeruginosa ATCC 27853).

The sizes of the zones of growth inhibition depended on the specific strain
of both actinobacteria and the indicator microorganism. The most active against
indicator microorganisms were Hal 2 and Hal 14 strains, which prevented
the growth of 5 indicator microorganisms, the spectrum of which differed.
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5 test strains 14.3%
4 test strains 7.1%
3 test strains 35.7%
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1 test strain 28.6%
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Fig. 1. The proportion of antagonistically active strains of actinobacteria isolated
from marine sponges Haliclona spp.

So, if the Hal 2 strain suppressed the growth of Gram-positive (S. aureus ATCC
25923, M. luteus ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM
348), Gram-negative (P. aeruginosa ATCC 27853) bacteria and yeast-like fungus
C. albicans ATCC 18804, the Hal 14 strain inhibited only Gram-positive bacteria,
including B. subtilis ATCC 6633. In addition, the zones of no growth of sensitive
strains of indicator microorganisms under the action of these two strains of
actinobacteria exceeded 17.0 mm, that is, these strains are quite antagonistically
active. In addition to strains Hal 2 and Hal 14, the strains Hal 13 and Hal 7 attract
attention, which inhibited the growth of S. aureus ATCC 25923 and E. faecalis
ATCC 29212, respectively, as well as the Hal 4 strain, which inhibited the growth of
4 indicator microorganisms, including P. aeruginosa ATCC 27853 and C. albicans
ATCC 18804.

Among the tested indicator microorganisms, K. rhizophila DSM 348,
M. luteus ATCC 4698 and P. aeruginosa ATCC 27853 manifested the greatest
sensitivity, the growth of which was inhibited with varying intensity by more than
half of the investigated actinobacteria strains (Fig. 2).

The most sensitive occurred strain P. aeruginosa ATCC 27853, the growth
of which was inhibited by 10 strains of actinobacteria, and the zones of absence
of its growth ranged from 13.2+0.1 mm to 27.4+0.2 mm (Table). And if the
detected antagonistic activity of actinobacteria against Gram-positive bacteria is
quite predictable and is confirmed by the results of many publications [10, 11], the
high sensitivity of P. aeruginosa ATCC 27853 is to some extent an unexpected
and encouraging result and may be indirectly may indicate the synthesis of
new bioactive compounds by actinobacteria isolated from marine sponges. Our
assumptions are confirmed in relevant publications. In particular, in their research,
Goel N. et al. (2023) showed that secondary metabolites of a rare halophilic

72 —— ISSN 2076-0558. Mixpobionozis i 6iomexnonoeis. 2024. Ne 2. C. 69-78 —



AHTAT'OHICTUYHA AKTUBHICTb AKTUHOBAKTEPIY, ...

73

0 0 0 0 0 0 0 1'0FS61 | TOFO'LT | TOFOVT | €0F6°0C | T0F9°61 71 [BH
0 0 0 0 0 0 0 I'0OFE 1T | T'0FY'61 | TOFC0T 0 0 ¢1 [eH
0 0 1'0FCEl 0 0 0 0 0 COFLYT | T0F88I 0 0 ¢l [BH
0 0 C0F6'ST 0 0 0 0 0 0 0 0 0 1T TeH
0 0 CO0FI9C 0 0 0 0 0 0 0 0 0 Ol lBH
0 0 COFSYT 0 0 0 0 0 ['0FC6l | T'0FFII 0 0 6 [eH
0 0 0 0 0 0 0 0 0 0 0 0 8 [eH
0 0 0 0 0 0 0 0 0 0 C0F8€C 0 L TeH
1'0FC ¢l 0 C0F8'8I 0 0 0 0 0 0 0 0 0 9 [eH
1°0FF'81 0 CTOFELT 0 0 0 0 0 ['OFLET 0 0 0 ¢ [eH
T0FCET 0 1'0FS'81 0 0 0 0 0 COFI'CC | TOFCI1 0 0 ¥ [eH
0 0 COFSPC 0 0 0 0 0 0 0 0 0 ¢ [eH
COFPET 0 COFPLT 0 0 0 0 ['0FCLT | TOFS'ST | TOF8'CC 0 0 CIeH
0 0 0F$0TC 0 0 0 0 0 COF8IT | TOF9°0C 0 0 [ TeH
> 2 | g > S > > = | = >
= ¢ =N = s A 5 > = = th Sz = = I 5w
Qs S Qg R A s =5 Am Qg a ) A Ao
aOF o S o as Aas Qs Qg Qs aOF =& ag Aas
=8 = 2 N, o S R as NS 3 NS wS 29 Py
g5 Ry 23 S3 &3 =S 8= o= 2= £ 3 S & N
£ 22 b = | 7§ | 8 87 =" *F | 8° h
K « ] 8 BLId)IBQOUN)IR
jo ureng

ISSN 2076-0558. Mixpo6ionoeis i 6iomexnonoeis. 2024. Ne 2. C. 69-78

dds puoponyvpy sa3uods durrew w0} PIe[OSI BLIIIIEQOUNIE JO UONIE ) JopUN (W) SWISIUBSI00.II[W 10JBIIPUI JO YIMO.ISUOU JO SIUOZ

J1qeL



1. B. CrpamnoBa, A. K. Mamkosa, I. B. Jliciorin, T. B. IBannus

C. albicans
P. aeruginosa
S. aureus

M. luteus

K. rhizephila
E. faecalis

B. subtilis

0 2 4 6 8 10 12 14

Number of actinobacteria strains that inhibit growth of
indicator microorganisms

Fig. 2. The number of actinobacteria strains that shown the antagonistic effect against
indicator microorganisms

actinobacterium, Nocardiopsis [lucentensis EMB25, inhibited and destroyed
biofilms of the P. aeruginosa PseA museum strain and clinical P. aeruginosa
isolates [4]. The bioactivity of metabolites from actinobacteria isolated from the
Red Sea against a wide range of microorganisms, including P. aeruginosa ATCC
9027, is discussed in the publication Osman M. E. et al. (2022) [10]. At the same
time, another member of the family Pseudomonadaceae, P. putida KT 2440, was
resistant to the investigated strains of actinobacteria. All representatives of the
family Enterobacteriaceae, taken for the study, were also resistant (Table). Instead,
the eukaryotic microorganism C. albicans ATCC 18804 turned out to be sensitive
to the antagonistic action of actinobacterial strains Hal 2, Hal 4, Hal 5 and Hal 6.
At the same time, the zones of absence of its growth due to the influence of strains
Hal 2 and Hal 4 were quite large and amounted to 23.4 £0.2 mm and 23.2 + 0.2 mm,
respectively. Taking this into account, we can assume that there are the presence of
metabolites with antibacterial and antifungal activities in the metabolic profile of
the investigated strains of actinobacteria. The obtained data are combine with the
results of Chakraborty B. et al. (2022), which detected significant antimicrobial
activity in the Streptomyces filamentosus KS17 strain against a wide range of human
pathogens, including C. albicans. This strain was isolated by the authors from a
marine ecosystem in the Indian region [3]. In our previous studies on determining
the antimicrobial potential of actinobacteria isolated from the biological fouling of
natural shell rock and mussels of the Odesa Bay of the Black Sea, their significant
activity against a wide range of indicator microorganisms was also established,
especially in strains isolated from mussels [2].

Thus, taking into account the obtained results, the following conclusions can
be made:

1. The investigated strains of actinobacteria, isolated from marine sponges
Haliclona spp., are antagonistically active against indicator strains of prokaryotic
and eukaryotic microorganisms.
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2. Indicator strains of Gram-positive bacteria, as well as P. aeruginosa ATCC
27853 and C. albicans ATCC 18804, were most sensitive to the antagonistic effect
of actinobacteria.

3. The most visualized antagonistic activity was identified in the strains of
actinobacteria Hal 2, Hal 4 and Hal 14, which inhibited the growth of a large number
of indicator microorganisms with significant zones of nongrowth. These three
strains (Hal 2, Hal 4 and Hal 14) were chosen for further studies of the spectrum
and properties of their secondary metabolites.
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AHTAI'OHICTUYHA AKTUBHICTb
AKTUHOBAKTEPIA, BUIVIEHUX 13 I'YBOK
HALICLONA SPP. OJECBKOI 3ATOKHA

Pedepar

Mopcwre cepedosuwe € nepcnekmueHum 0dicepenom OJiss NOULYKY NPOOYYeHMI8
Hosux bioakmuerux cnoayk. Ceped 3HauH020 OIOPIZHOMAHIMMSL AKMUHOOAKMepIl
suoinaiomocs  ceoim  memaboniunum — nomenyiarom. Mema. Jlocrioumu
AHMA2OHICMUYHY AKMUBHICMb AKMUHOOAKMepIll, UOLICHUX 3 MOPCOKUX 2YOOK
Haliclona spp., w000 wumamie iHOUKAGMOPHUX NPOKAPIOMUYHUX | eYKAPIOMUYUHUX
Mikpoopeanizmis. Memoou. Anmaconicmuuny axmueHicms akmunobakmepill,
i30106anux 3 mopcokux 2yoox Haliclona spp. wooo Staphylococcus aureus ATCC
25923, Micrococcus luteus ATCC 4698, Enterococcus faecalis ATCC 29212,
Bacillus subtilis ATCC 6633, Kocuria rhizophila DSM 348, Escherichia coli ATCC
25922, Proteus vulgaris ATCC 6896, Salmonella enterica NCTC 6017, Klebsiella
pneumoniae ATCC 10031, Pseudomonas aeruginosa ATCC 27853, Pseudomonas
putida KT 2440 ma Candida albicans ATCC 18804 susznauanu in vitro memooom
onoxis. Pesynemamu. Tpunaoysme i3 14 docriodcenux wmamie akmurnodaxmepiu
npueHivysanu picm xoua 6 00HO20 WMAMY IHOUKAMOPHO2O MIKPOOP2AHIZMY.
Haubinow axmusnumu 6ynu wmamu akmunodoaxmepiu Hal 2 and Hal 14, sxi
SHAYHO NPUSHIYYSaAmu picm 5 wmamis IHOUKAMOPHUX MIKPOOP2AHIZMIE, CNeKmp
saxux eiopiznaecs. [lImam Hal 2 npueniuysas picm S. aureus ATCC 25923, M. luteus
ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM 348, P. aeruginosa ATCC
27853 ma C. albicans ATCC 18804, wumam Hal 14 npueniuysas yci epamnosumueHi
bakmepii, y momy uucni B. subtilis ATCC 6633. Haubitowy uymausicms 00
docnioncenux wmamie akmunodaxempiu euseunu K. rhizophila DSM 348,
M. luteus ATCC 4698 i P. aeruginosa ATCC 27853, picm sikoeo npueniuysaiu
10 wmamie axmunobaxmepin. Yomupu wmamu akmunobaxkmepit (Hal 2, Hal 4,
Hal 5 ma Hal 6) 3 pisnoio inmencusnicmio nepewkooicanu pocmy C. albicans
ATCC 18804. Vci inoukamopni npedcmasnuxu poounu Enterobacteriaceae ma
P. putida KT 2440 6ynu newymaugi 00 0ii 00CHiONCEHUX WMAMIE AKMUHOOAKMEPIL.
Bucnoexu. [lImamu axmunobaxmepitl, suoineni iz mopcokux 2yoox Haliclona sp.,
NPUSHIYYIOMb picm [HOUKAMOPHUX WMAMI6 NPOKAPIOMUYHUX MA eYKAPIOMUYHUX
mikpoopeanizmis. S. aureus ATCC 25923, M. luteus ATCC 4698, E. faecalis
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ATCC 29212, K. rhizophila DSM 348, P. aeruginosa ATCC 27853 i C. albicans

HImamu akmunobaxmepin Hal 2, Hal 4 i Hal 14, sxi npueniuysaniu picm enuxoi
KITbKOCMI THOUKAMOPHUX MIKPOOP2AHIZMIG 31 3HAYHUMU 30HAMU BIOCYMHOCI
pocmy, Gidibpani 0151 NOOANLUUX OO0CAIOJCEHb CNeKmpYy i eracmugocmell ix
BMOPUHHUX MEMADONIMIS.

Knwouogi crnoea: axkmunobaxmepii, aumacoHicmuyna akmueHicmy, HOUKA-
MopHi Mikpoopeanizmu, mopcoki 2yoxu Haliclona spp.
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TH®OPMAIIMHE MMOBIJOMJIEHHS JIJISI ABTOPIB

Hayxosuii srcypnan «Mikpobionozis i 6iomexnonozisay 3anpoutye Bac oo cni-
8npayi 3 NUMaHb BUCBIMIEHHS Pe3VIbMAaAmi6 HAYKOBUX OO0CHIONCEHb V 2any3i Mi-
Kpobionoeii i 6iomexnonozii.

IIporpamui uijii BUAaHHsI: BUCBITICHHS PE3yJIbTaTIiB HAYKOBUX JOCIIKEHb
y raxy3i Mikpo61010rii Ta 610TeXHOIOr11, 00'€eKTaMH SKHX € MPOKapioTHI (6akTepii,
apxebakrepii), eykapioTHi (MiKpOCKOIIYHI TprOU, MIKPOCKOITIYHI BOZOPOCTI, Hali-
MIPOCTIIlli) MIKPOOPTaHi3MU Ta BipyCH.

TeMaTH4yHA CHPSIMOBAHICTh: MIKpOO10JI0Tis1, BIpYCOJIOT IS, IMyHOJIOT151, MOJIe-
KyJIsipHA O10TEXHOJIOTISl, CTBOPEHHS Ta CEJIEKI[isl HOBHX IITaMiB MIKPOOPTaHi3MiB,
MIKpOOHI IpernapaTy, aHTUMIKpOOHi 3aco0u, 610CEHCOPH, 1IarHOCTUKYMH, MIKpPOO-
Hi TEXHOJIOTIi B CLTILCHKOMY TOCIIOIAPCTBI, MiKpOOHI TEXHOJIOTIi y Xap4yoBiii Ipo-
MUCJIOBOCTI; 3aXHCT Ta O30POBJICHHS HAaBKOJMIIHBOTO CEPEIOBHUINA; OTPUMAHHS
€HEProHOCIiB Ta HOBUX MaTepialliB TOIIO.

Mogsa (MOBM) BUJAHHS: YKpaiHCbKa, aHIVIIICbKa.

Pyopuxu skypHaiay: «OmsiIoBi Ta TECOPETUYHI CTaTT», «EKCIIepuMeHTab-
HI npani», «Juckycii», «KopoTki noBioMiIeHHs», « XpOHIKa HAyKOBOTO KUTTS»,
«Ctopinku icTopiin, «FOBinei i matny, «Penensii», « KHImKKoBa mMoAIIs».

Jlo craTTi 10oJaeThesl PEKOMEHalllsl YCTaHOB, OpraHi3alliid, y sSIKHX BUKOHY-
Bajacsi poboTa, 3a MiAMMCOM KEepiBHHKA Ta MMCHhMOBA 3T0jla KEPIBHHUKIB YCTAHOB,
oprasi3ariii, Jie mpaIrTh aBTOPH.

Bumorn 10 odopmiieHHs cTateil, sIKi NOAKTHLCS A0 PelaKUil ;KypHAJy:

CrarTs Mae BIAMOBIAATH TEMAaTUYHOMY CIIPSIMYBAaHHIO JKypHATY 1, BiIIOBIi/I-
HO 10 1. 3 TloctanoBu BAK Vkpainu Bin 15.01.2003 p. Ne7-5/1, Bkitouatu Taxi
CTPYKTYpHI €JIEeMEHTH: ITOCTAaHOBKA MPOOIeMH y 3araJlbHOMY BHUIJISIAL Ta 1i 3B’ S30K
13 BOKJIMBUMHU HAYKOBUMH UM MPAKTUYHUMH 3aBJaHHSIMU; aHAJI13 OCTaHHIX JTOCII]I-
KCHb 1 TyOJTiKaIliid, B SKUX 3all09aTKOBAHO BUPIIICHHS aHOI MPOOJIeMH 1 Ha sIKi
OIMPAETHCS ABTOP; BUOKPEMIICHHS PaHIIIe HE BUPINICHUX YaCTUH 3arajibHOi Mpo-
OneMU, KOTPUM TIPUCBSIUYETHCS CTATTS; (POPMYITFOBaHHS METH CTATTI (ITOCTaHOBKA
3aBJaHHs); BUKJIAJ OCHOBHOTO MaTepially JIOCHTI[HKEHHS 3 MOBHUM OOTPYHTYBaH-
HSIM HAayKOBHX PE3YJIbTATIB; BUCHOBKU 3 JAHOTO JOCIIIKEHHS 1 MEPCIIEKTUBH I10-
JANBIINX TONIYKIB y TAHOMY Harpsimi.

Jlo nmpyKy npuiiMaroThCst pyKOTTUCH (2 IpUMIpHUKH) 006csaroM 710 18 cTopiHOK
(3 ypaxyBaHHSIM PHUCYHKIB, TaOJNHWIb 1 MINKUCIB 10 HHUX, aHOTAIlii, pedeparty, cru-
CKy JiTepatypH), orsian — 10 30 ctop., pereHsii — 10 3 cTop., KOPOTKi MOBIIOM-
JIeHHS — 710 2 cTop. BigxuieHi pykormucH He TOBEPTAIOThCSI.

Jlo pyxonucy 1oAa€eThCsl €1eKTPOHHUM BapiaHT pykonucy mpudt Times New
Roman, kerne 14, inTepBan aBroMaTHaHui, He Oibie 30 psAAKIB HA CTOPIHIT, OIS
o 2 cMm).

IIpu HanucaHHI cTAaTTi HEOOXIIHO JOTPUMYBATHCH TAKOIO ILVIAHY:

* ingexc YK y niBoMy BEpXHbOMY KyTKY MEpIIOTO apKyla;

* Pepepar moBOIO OpHriHaity cTarTi:

— Ha3Ba CTATTi BEJTMKUMHU JIITEpaMU;

— Mpi3BUIIA Ta 1HILIAJTU aBTOpa (aBTOPIB);

— Mic1ie poOOTH KOJKHOTO aBTOpa; MOBHA TIOMITOBA aJpeca YCTaHOBH (32 MiX-
HApOJIHUMHM CTaHAApPTaMu); TeJIe(OH, eICKTPOHHA ajapeca (e-mail);
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— Mpi3BUIIA aBTOPIB Ta HA3BH YCTAHOB, JIE BOHU MPAIIOIOTh, TO3HAYAIOTh O]I-
HUM 1 TUM CaMUM IU(PPOBUM 1HAECKCOM (Bropi);

— pedepar i3 3a3HaYCHHIM HOBU3HH IocipkeHHs (200-250 coiB);

— KJTFOUOBI cJIoBa (HE OLjIbIIe M'TH).

* Pepepar anmiiicbkor MOBOIO:

— Ha3Ba CTATTi BEJIMKUMH JITEPAMU;

— Mpi3BUIIA Ta 1HIIiaau aBTopa (aBTOPIB), TPAHCIITEPALlis;

— MicIie poOOTH KOXKHOTO aBTOPA; MMOBHA TIOMITOBA aJpeca YCTAaHOBH (32 MiX-
HApOJAHUMHU CTaHJapTaMu); TenedoH, enekTpoHHa aapeca (e-mail);

— Mpi3BUIIA aBTOPIB Ta HA3BU YCTAHOB, JIe BOHU MPAIIOIOTh, TO3HAYAIOTh OI-
HUM 1 TUM CaMUM IIU(PPOBUM 1HAEKCOM (Bropi);

— pedepar i3 3a3HaYeHHAM HOBU3HH fociimkeHHs (200-250 ciiB);

— KJIFOYOBI CJIOBa (He OibIne Mm'siTh);

* [ToBHMIA TEKCT CTaTTI MOBOIO OPHUTIHAITY.

TekcT cTaTTi Ma€ BKJIIOYATH TaKi CKJIAA0BI:

BCTYTI; MaTepiaji i METON; pe3yJIbTaTh Ta iX 00TOBOPEHHS; BUCHOBKH; CITH-
COK BUKOPHCTAHOI JIiTepaTypy MOBOIO OPUTIHATY IIUTOBAHOI CTATTi, CIICOK BUKO-
puctanoi miteparypu (Referens) aHrmiiicbkoro MOBOIO (32 BUMOTH Mi>KHApPOIHHX
HayKOMETPUYHUX 0a3).

J10 KO’KHOTO MPUMIPHUKA CTATTI AOMAEThCS pedepar MOBOIO OPUTIHATY CTATTI
Ta YKpaiHCHKOIO/aHTIIIHCHKOIO MOBOIO.

Bpaxosyroun, 1m0 pedepar BinoOpakae OCHOBHUI 3MICT CTaTTI 1 BUKOPUCTO-
BYETHCS B iHQOpMAIIHHUX, B TOMY YHUCIII aBTOMaTH30BAHUX CHCTEMaXx ISl ITONIYKY
JIOKYMEHTIB Ta 1H(popMallli, He0OX1IHO JOTPUMYBATUCS NEBHUX BUMOT IIPU HOTO
HaMWCaHHi:

— pedepar mae OyTu iHPOpMATUBHUM (HE MICTUTH 3aliBUX CJIIB);

— CTPYKTYPOBaHUM, TOOTO MICTUTH PO3IIJIN: METAa; METOH, 1[0 BUKOPUCTAHI

B p0o0OTI Ta/ab0 METOI0JIOTIs POBEACHHS A0CIIPKEHb; Pe3YJIbTaTH Ta cde-
pa iX 3aCTOCyBaHHS; BUCHOBKH;
— aHIIiichbKa Bepcis pedepary Mae OyTH HanmucaHa SIKiCHOK aHIIIIHCHKOIO MO-
BOIO (32 MOTpeOu JOLIIBbHO KOPUCTYBATUCS MOCIyTraMu KBali(piKoBaHUX
CHELiaiCTIB-JIIHTBICTIB 3 TOAAJBIINM HAyKOBUM pellaryBaHHSIM TEKCTY aB-
TOPOM), 3 BUKOPUCTaHHSM TEPMIHOJIOTI], sIka BUKOPUCTOBY€ETHCS B aHIVIO-
MOBHHUX MEIUKOOI0JIOTIYHUX JKypHAJIaX, YHUKATH BUKOPUCTAHHS TCPMIHIB,
K1 € TIPSIMOIO YKPaTHCHKOIO/POCIHCHKOIO KaJIbKOIO;

— xommnaktHuUM (200-250 cmiB);

— KJTFOYOBI €J10Ba (He OUTbIIe 5-TH) pO3MILIYIOThCS 3 a03alty Micist pedepary.

V KiHIIl TEKCTy CTaTTi yKa3aTu Mpi3BHIIA, IMEHA Ta MO-0aThKOB1 YCiX aBTOPIB,
MOILITOBY a/ipecy, TenedoH, gakc, e-mail (U1 KOpeCoHACHIIIT).

CratTst Mmae OyTH mianucana aBTopoMm (yciMa aBTOpaMi) 3 3a3HAYCHHSIM JaTh
Ha OCTaHHIHN CTOPIHIII.

ABTOpHY HECYTh MTOBHY BiIOBIIAIBHICTh 32 Oe340raHHE MOBHE O(OPMIICHHS
TEKCTY, 0OCOOJIMBO 32 MPaBUIIbHY HAyKOBY TepMiHOIOTO (11 cI1ij 3BipsATH 3 (haxoBH-
MU T€PMIHOJIOTITYHUMH CIIOBHUKAMH).

JlatuHCBKi 0107I0T14HI HA3BU BUIB, POJIIB MOJAIOTHCS KyPCHBOM JIATHHHILICIO.
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THOOPMALIIHE MOBIJIOMJIEHHS JIJTsI ABTOPIB

SIKI10 9acTO MOBTOPIOBaHI y TEKCTI CIOBOCIIONYYEHHS aBTOP BBaXKae 3a IO-
TpiOHE CKOPOTHUTH, TO abpeBiaTypH 3a MEpIIOro BXKHUBAHHSI OOYMOBIIOIOTh Y JyXK-
kax. Hanpukiana: momimepasHa nanmrorosa peakiis (ITJIP).

[Tocunanus Ha niTepaTypy MOJAIOThCA Y TEKCTI CTATTi, LUppaMu y KBajapar-
HUX JTy’KKaX, 3T1HO 3 MOPSIIKOBUM HOMEPOM Yy CIMCKY JITepaTypu.

Po3nin «Marepianu i meToau»:

— Metoau NOCTIHKEHHS Ta CXEeMHU eKCIIEPUMEHTY MaroTh OyTH Ipe/CTaBIeHi
Tak, mo0 X MOKHA OyJIO BIATBOPHUTH.

— JInst BUKOpHCTAaHUX PEaKTHBIB Ta MaTepianiB BKa3aTH HA3BY KaMIIaHii Ta
KpaiHu-BUPOOHUKA.

— OuHHMLI BUMiprOBaHHS BKa3at B cuctemi Cl.

— KonnenTpariro po3unHiB npeactaiiatd B M, MM, MKM (MossipHa KOHIIEH-
Tparis).

— Monekynsapay Macy (Mwm) — Jla (mansTonn) a6o x/la.

— IIpu BukopucTanHi (hepMEHTIB HABECTH iX HOMEHKJIATYPHY CUCTEMAaTHUHY
Ha3By Ta mWu@p.

— AKTUBHICTh (DEPMEHTIB BUPaKalOTh B MKMOJISIX BHKOPHCTAHOTO CyOCTpa-
Ty a00 YTBOPEHOTo MPOAYKTY 3a 1 XB Ha 1 Mr mporeiny abo BUKOPUCTATH
cranmaptHy omuHUIO akTHBHOCTI U (IU) 1 Karanm (CKOpodeHo Kar), MATO-
Ma aKTHBHICTh €H3UMY BHPAXXa€ThCSI B MMOJISIX/XB Ha 1 Mr mpoTeiny abo B
OJI.aKT/MI, KaT/KT.

— Bxazatu ymoBU mpoBezicHHsT (hepMEHTaTUBHOI peakilii (Temneparypa, pH,
KOHIICHTpAITis CyOCcTpary).

— Bkazaru BUKOpHCTaHI METOOM CTATHCTUYHOTO aHAI3y, MpOTrpamy CTaTH-
CTHKH.

Tabnmuii MaroTh OyTH KOMITAKTHUMH, MaTH MOPSAKOBUI HOMEp; Tpadu, Ko-
JIOHKHM MaroTh OyTH TOUHO BU3HAUYE€HUMHM JIOT1YHO 1 rpadiuyHo. Matepian Tabnuib
(K 1 pUCYHKIB) Ma€ OyTH 3pO3yMUIMM 1 He myOmroBat TekcT crarTi. [udposuit
MarepiaJ TabIUILb CJIiJ] OIPALOBATH CTATUCTUYHO.

PucyHnku BUKOHYIOTBCS Y BUIVIS/IL YiTKUX KPECIEHb (32 JOTOMOTOI0 KOMIT TO-
TepHoro rpagiunoro penakropa y ¢opmari Word, TIF, JPG). Oci koopaunar Ha
rpadikax MaroTh OyTH IMO3HAYCHI. PUCYHKH pO3MIIIYIOTHCS Y TEKCT1 CTATTI.

Jlo pucyHkiB MarOTh OyTH MiANMKCH HE 3TPYNOBaHI 3 HUM 1 HE BCTaBJICHI B
00’ €KT pUCYHKa.

[To3Ha4yeHHs1 Ha pUCYHKY MArOTh OyTH IHTEIPOBaHi B HHOTO, TOOTO KOTIFOBATH-
Csl pa30M 3 PUCYHKOM, @ HE OKPEMUMH YaCTHHAMH.

Bci imocTpartii MaroTh OyTH po3MileHi B (aiiii pyKOIHCY, TAKOXK 000B’SI3K0-
BO JI0/IaHI JI0 €JIEKTPOHHOIO BapiaHTy y BUIIIAI QaitniB popmary JPEG.

[Tiamucu, a TaKoXK MOSICHEHHS, IPUMITKH JI0 TaOJIHIb Ta PUCYHKIB ITOIAIOTHCS
MOBOIO OpHUTIHAJTY Ta aHIIHCHKOIO MOBOIO.

Po3nin «Pe3yabTaTn 10Cai1zKeHb Ta iX 00roBOpeHHs» Mae OyTH HallMCaHUM
KOPOTKO: HEOOX1THO YiTKO BUKJIACTH BHUSBICHI €(DEKTH, TOKa3aTH MPUIHHHO-PE-
3yJAbTAaTUBHI 3B S13KM MIXK HUMM, TTIOPIBHATU OTpUMaHy 1H()OpMAIIiIo 3 JaHUMU JIiTe-
parypw, JaTd BiJlMOBiAh Ha MATAHHS, TIOCTABIICHI y BCTYTII.
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Cnmcoxk BUKOPHCTAHOI JiTepaTrypu

1. Criucok BUKOpHMCTAHOI JiTepaTypu B OpHUTiHAJl IIMTOBAHOI CTaTTi CKJIa-
JaeThest 3a an(aBiTHO-XPOHOIOTIYHUM MOPSIKOM (CIIOYATKY KHPWIIULS, TIOTIM Jia-
TUHUI). SIKIIO MepIImii aBTOp y ACKUIHKOX Mpalsix OIWH 1 TOW CaMHid, TO mparli
PO3MIIIYIOTECS Y XPOHOJIOTTYHOMY MOpsAAKY. CIIHCOK MOCHIIaHb Tpeda MpoHyMepy-
BaTH, a y TEKCTI MOCUJIATUCS HA BIAMOBIIHUNA HOMED JKepena JiTeparypu (y KBa-
JIPATHUX JTy’KKax).

VY nocuiaHHI MUITYTh TPi3BHIA YCiX aBTOPIiB. B eKCiepuMeHTaIbHUX MPALISIX
Mae OyTu He OuThIe 15 mocumans JTiTepaTypHUX JHKEped.

[TaTeHTHI TOKYMEHTH PO3MIILYIOTECS Y KiHIlI CIIUCKY TOCHJIAHb.

2. Criucox BUKOPHCTAHOI JTiTepaTypH aHmiicbkoro MoBoto (Referens), 3a Bu-
MOTaMH MDKHAPOJHHX HAYKOMETPUYHHX 0a3.

Cruns mpudta — NLM (National Library of Medicine).

[Ipi3Buia, iMeHa Ta MO-0aTHKOBI aBTOPIB, HAa3BY IIUTOBAHOTO BUIAHHS (3Kyp-
Haj, MoHorpadis, 30ipHUK TOIO) HABOJATH IMOCIYTOBYIOUHCH OE3KOIITOBHUMU
caiitamu (http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.
com/, https://www.citethisforme.com/), 1110 103BOJISAIOT 3AIMCHUTH TIEPEKIIA] 3 BU-
KOPUCTAHHSIM OJHIET 3 MIKHAPOIHUX CHCTEM TPAHCIITEPAIIii.

Ha3Bu crareit HaBOIATh aHIVIIHCHKOIO MOBOIO.

[Topsimok momanHs mocwianb Referens (crucok 2) Mae MOBHICTIO CITiBITAaTH
31 CIUCKOM BUKOPUCTAHOI JIITEpaTypH (CIUCOK 1).

3pa3ku NOCWIAHHS JiTepaTypu
Bumorn nmo odopmienns OiomiorpadiyHUX TOCHIAaHb MOBOIO OpPHTIHATY
(B TOMy YHCIIi IIUTOBaHI aHIIIOMOBHI JIKepea)

Ha knuzu

Bexipuux K. M. Mixpob6iomnoris 3 ocHoBamu Bipycodorii. — K.: JIubine, 2001.
-312c.

Ilamuxa B. I1., Tuxonosuu I. A. MikpoopraHi3MH i aJbTepHAaTUBHE 3eMJIEPOO-
ctBo. — K.: Ypoxkaii, 1993. — 176 c.

Ipomviunennas muxpoduomnorus / Ilon pen. H. C. Eroposa. — M.: Beicm.
mk., 1989. — 688 c.

Memoowr obweti bakmepuonoeuu: B 3 1./ Ilon pen. ®. I'epxapara. — M.: Mup,
1983.-T.1.—536¢.; T.2.—470c.; - T. 3. - 263 c.

Inecens I O6mas Mmukpobuonorus. — M.: Mup, 1987. — 566 c.

Bergey's Manual of Systematic Bacteriology. — 9™ ed. — Baltimore; London,
1986. — Vol. 2. — 1599 p.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. — London;
New York: Fcfd. Press, 1980. — 364 p.

Ha sicypnanvni cmammi

Iloozopckuii B. C. CucteMaTndeckoe IMOJ0KEHHE, YKOJIOTHUECKUE aCTIEeKThI
U (QHU3HOIOT0-OMOXUMHYECKHE 0COOCHHOCTH MUKPOOPTaHU3MOB, HMEIOIMINX IPO-
MBILIUIEHHOE 3HaueHue // Mikpobioin. sxypH. — 1998. — 60, Ne 5. — C. 27-42.

Aunoperwx E. U., Kosnosa U. A., Poxcanckas A. M. Mukpobuonorndeckas
KOPpPO3Us CTPOUTENILHBIX MaTepHaioB // BUOTIOBpeXIeHUS B CTPOUTEILCTBE. — M.
Crpoiinznar, 1984. — C. 209-221.
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Ioba JI. I, Tlooopsan H. 1. B10TeXHOJIOTisI OYMINIEHHS 3a0pY/THEHOT IPUPOJI-
ol Boau // Bicank OHY. —2001. — 1. 6, B. 4. — C. 65-67.

Eaton R. W., Ribbons D. V. Utilization of phtalate esters by micrococci // Arch.
Microbiol. — 1982. — 132, Ne 2. — P. 185-188.

Ha me3u oonogioeii

Mayeniox B. I1. Po3poOxka 6ioTexHomorii onep>kanHs nanaoMituny E // Mixk-
HapoaHa HaykK. KoH}. «MikpoOHi 6ioTexHomorii» (Omeca, Bepecens, 2006 p.): Tes.
noi. — O.: «Actponpunty, 2006. — C. 17.

Ha oenonosani naykogi pooomu

1. Jlonamuna H. B., Tepenmves A. H., Hamanuu JI. A., Aneynos I11. V. Onru-
MU3alUs [UTATEIbHOM Cpebl JUIsl KyJbTHBUPOBAHHS BAaKLIMHHOIO IITAMMa 4yM-
HOTO MUKpOOa ¢ MPUMEHEHHEM METO[a MaTeMaTHYeCKOTO TUIAHUPOBAHUS JKCIIe-
pumenta / Peakon. «Mukpobuoin. xypu.» — K., 1991. — 7 c. — llen. 8 BUHUTHU
03.01.92, Ne 1-B92.

Ha cmanoapmu

I'OCT 20264.4-89. Ilpenapatsl pepMeHTHbIE. MeTOIbI ONpeIesIeHUs] aMHUIIO-
JIUTAYECKON akTUBHOCTH. — M.: 31-Bo ctannapTos, 1989. — 17 c.

Ha asmopeghepamu oucepmauiii

Onuwenxo O. M. TakcoHOMis 1 aHTHO10THYHA aKTUBHICTH Alteromonas-moio-
Hux Oakrepiit YopHoro mopsi: ABroped. muc. ... kana. 6ion. Hayk. K., 2003. — 21 c.

3pa3ku NocWJIaHb JiTepaTypu B pOMaHChKii adeTui
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JlaToro HaJXOMKEHHS CTAaTTl BBAXAIOTh JIEHb, KOJIH JIO PEIKOJErii HaiiIIoB
NepIInid BapiaHT TEKCTy CTaTTi.

[Ticns opeprkaHHs KOPEKTYPU CTATTI aBTOP MOBUHEH BUIIPABUTH JIUIIIE TIOMUJI-
KU 1 TEpMIHOBO BiiCIaTH CTATTIO Ha aJipecy peAKoserii abo MoBiIOMUTH PO CBOT
IPaBKH 110 Tele(OHY UM €IEKTPOHHOIO MOILITOO.

V pasi 3aTpuUMKH pefaxiiis, J0ACPKYIOUUCh rpadika, 3aauIiae 3a codoro mpa-
BO 3/1aTH KOPEKTYpPY A0 ApyKapHi (y BUpOOHUIITBO) O€3 aBTOPCHKHUX MPABOK.

[Tignuc aBTOpa y KIHLI CTAaTTI O3HAYAE, 1110 ABTOP Iepe/ae IpaBa Ha BUIAHHS
CBOE€I CTaTTI pefakiii. ABTOp rapaHTye, 1110 CTATTsl OPUriHAJIbHA; Hi CTATTS, HI pU-
CYHKH 110 Hei He Oynu onyOniKoBaHi B IHIIUX BUJIAHHSIX.

84 —— ISSN 2076-0558. Mixpo6ionozis i Giomexnonozis. 2024. Ne 2. C. 79-84 _—
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