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Himosea M.I. MikpoOionieHo3U 3a0pyJHEHUX TeKCaxJopOEH30J0M IPYHTIB
VYkpainu ta musxu ix 6iopemenianii. — KpamidikaniiiHa HaykoBa mpatisl Ha mpaBax

pYyKOIHUCY.

HNucepranis Ha 37400yTTS HAyKOBOTO CTymHeHs JokTtopa dutocodii 3a
cnenianbHicTIO 091 «biomoris» (09 — Bbionorist). — IacTutryT MikpoOGionorii i

Bipycosorii iM. JI.K. 3abonornoro HAH VYkpainu, Kuis, 2023 p.

JucepTatiitHy poOOTy MPHUCBIYEHO BU3HAYCHHIO BIUTMBY TeKCaXJIOPOEH30ITy
(I'’Xb) Ha MikpoOH1 yrpynoBaHHs 1 010J0T1YHY aKTUBHICTh PI3HUX THUIIIB IPYHTIB
VYkpainu, BUAUICHHIO Ta 11eHTUdIKallii MIKpOOpraHi3MiB, MOTEHIIHHO 3aTHUX /10
pO3KJIaly  LBOTO TOKCHUKAHTY, JOCTIIKEHHIO I1X aJanTUBHUX (Hi31070TTUHUX
peaxiiiii, po3podii HAyKOBO OOIPYHTOBAaHHMX KOMIUIEKCHUX 3aXOJ(iB OYHIICHHS
IPYHTIB BiJl XJOPOPTaHIYHOTO 3a0pyIHEHHS 3 BUKOPUCTAHHSIM JACCTPYKIIHHOTO
MOTEHITIaTy BUALICHUX IITaMIB 1 pOCIUH-(ITOpEeMeTiaHTIB.

[pyHTOBI MiKpOOHi yrpynoBaHHs OepyTh aKTUBHY y4acTh y 0i0reoXiMiuHuX
nporecax IPyHTy, a TaKOX BUCTYMNAIOTh 1HIUKATOPOM MOT0 €KOJIOT1YHOTO CTaHy.
[TpoGnema BiTHOBIICHHS 010JIOTIYHOT aKTUBHOCTI IPYHTIB, 3a0pyAHEHUX BHACIIIOK
IHTEHCUBHOTO 3aCTOCYBaHHSI XJIOPOPTaHIUHMX MECTUIUIIB, € AaKTYaJIbHOIO Y CBITI 1
B YKpaiHi. AKTyaJdbHUM HaANpsSMKOM JOCII/DKEHb € BHJIUICHHS 1 BUBUYCHHS
MIKPOOPTraHi3MiB, 3JaTHUX 1O NECTPYKIlli I[bOTO MOJIOTAHTY 1 MOJAJBIIOTO
3acTOCyBaHHS iX y 3axonax Oiopememiarii. Ha choromHi BIIIMB reKkcaxiopOeH301y
Ha  MIKpOOHI1 yrpymoBaHHs 1 O10JOTIYHY AaKTHUBHICTh PI3HMX THWITIB TPYHTIB
VYkpainu, agantuBHi (i31070TT4HI peakilii 10 HbOTO MIKPOOHHMX KIIITHH, a TaKOX
3MaTHICTh MIKPOOHMX MITaMIB PO3KJIaNaTH 1€l TEePCUCTECHTHUIN 3a0pyIHHUK
3aJTMIIAI0THCS HEBUBYCHUMH.

ong}f}pra HOBH3HA POOOTH MOJSITAE B TOMY, IIO BIIEPIIE BUSHAYEHO BIUIHB
ﬁéﬁc&m6gﬁaony HAa YHCEJBHICTh 1 AaKTUBHICTh IPYHTOBOi MIKpOOIOTH,
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YyTJIMBUMU A0 IOTO MeCTUUUAY. BuaineHo Tta i1eHTH(]IKOBAHO HOBI IITAMU
Comamonas testosteroni YKM B-400 i B-401, BuB4YeHO iX aJlalTUBHI peakilii, 1o
3yMOBIIOIOTH pe3ucTeHTHICTh a0 ['Xb. Bnepme nns npeacraBhukiB Buay C.
testosteroni BcTaHoBieHO 3AaTHICTH a0 jAectpykuii ['Xb. OtpumaHo HOBI aaHi
110JI0 TO3UTUBHOTO BIUIMBY BUAUICHUX IITaMiB Ha PO3BUTOK POCIHH 1 iX CTIHKICTb
JI0 3aXBOPIOBaHb 3a YMOB POCTY y 3a0pyJIHEHOMY TeKCaxJOpOEH30JI0M IPYHTI.
OtpumaHi pe3yibTaTd PO3IIMPIOIOTH 3HAHHS MPO B3aEMOJIII0 MIKPOOPTraHI3MIB 31
CTIMKMMHU XJIOPOPTaHIYHUMH TOJIOTAHTAMHU 1 € HAYKOBOIO OCHOBOIO JJI OLIBII
€(eKTUBHOTO 3aCTOCYBAaHHS MOTEHUIMHUX IITaMIB-IIECTPYKTOPIB y Olopememiaiii
IPYHTIB, 3a0pyIHEHUX XJIOPOPTraHIYHIUMH CTIOTYKaMH.

[TpoBeneHNMH JTOCITIHKSHHSIMH BIIEPIIIE BCTAHOBIICHO, IO MIKpOOiOIEeHO3U
YOPHO3EMHOTO, TEMHO-KaIlITAHOBOTO Ta JEPHOBO-MIA30JUCTOTO TPYHTIB UyTIHUBI
710 BIUTUBY rekcaxjopOen3ony. UucenpHICTh OakTepiil ekoa0ro-(yHKI[IOHATBHUX
rpyl 3a eKclepuMeHTadbHOro 3abpyaHeHHs no30t0 ['Xb 10 rpanuyHO
nomyctumux kKoHueHtpamii (I'’ZIK) 3umwxkyBamace Ha 10 — 15% mnopiBHsHO 3
He3a0pyTHEHUM KOHTPOJIEM y BCIX TPbOX THUIMAX IPyHTIB. OJHUMH 3 HAHOUIBII
YyTIUBUX JO BHUCOKHX 03 3a0pyaHEeHHS BHUSBWIHCS (PochaTMoOLTi3yBaIbHI
Oaktepii. 3a ymoB TokcuuHoro HaBaHTaxkeHHs 500 ['JIK I'Xb uyucenbHicTh i€l
rpynu 3Hm3mwiIach Ha 40 1 46% Big KOHTPONIO, BIANOBIAHO, y JI€PHOBO-
Mi30JIUCTOMY Ta TEMHO-KaIITAHOBOMY IPYHTax. 3a HaWBUIOI 103U 3a0pyIHEHHS
(10 000 T'IK) 3MeHIIEHHS YHCETBHOCTI Y TPhOX THIMAX IPYHTIB ckianano 47,9 —
82,7% Bim xoHTpomto. CTpPEenTOMINETH TaKOX BUSBUIUCS Ty>X€ UYTIUBHUMH 10
I'XB, 3a ngii no3u 500 I'JIK uucenpHicTh 3MeHITyBanacs Ha 52 — 56%, a 3a 103u
I'Xb 10 000 TAK wa 70 — 90% Bix xoHTpOmt0. UyTnuBi rpynu MiKpoopraHizMiB
3apOTIOHOBAHO BHUKOPHWCTOBYBAaTH, SIK IHAWKATOPHI Yy MIKPOOIONIOTIHHOMY
MOHITOPHUHTY.

VY rpyHTaxX TpbOX THUIIIB YUCENBHICTh aMUTONMITHYHUX, aMOHI(DIKYBATBHUX 1
oiroHiTporpopuux OakTepi 3MeHmryBanach 3a aii go3um 500 I'/IK ma 21 —
56,4%, a wmaiiBumioi go3u (10000 I'’IK) — wHa 46,8 — 74,4% Bim KOHTPOJIIO.

IpynToBi Mikpomineru Oynu Haibinbm crifikumu go I'XB. VYV dopHO3eMHOMY i
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JIEPHOBO-MII30JIUCTOMY TPYHTaxX IXHS 4YHcenbHICTh 3a Aii 103 ['Xb y Bchomy
nociikyBanomy aianasoni Big 10 qo 10000 T'JIK 3meHmryBanach He OUIbIIIE, HIXK
Ha 26,2 — 37% NopiBHSAHO 3 HE3a0PYTHEHUM KOHTPOJIEM.

3a gii 10000 I'IK I'Xb mBuakicTh 0a3adbHOTO JUXAHHS 3MEHIIYBajlach Y
YOPHO3EMHOMY, TEMHO-KAIITAHOBOMY Ta  JIEPHOBO-III30JIMCTOMY TPYHTaX
BinnoBiaHo Ha 50, 47, 36%. 3a momgaBaHHS €HEPreTHUUHOIO CyOcTpatry (TIFOKO3HM)
3pocTaja aKTHUBHICTh CyOCTpaT-iHAYKOBAHOTO JUXaHHS, IO  CBIAYWIO TIPO
OiABUIICHHS  (P1310J0T1YHOT aKTHUBHOCTI MIKpPOOpraHi3MiB. 3a HalOLIBIIOrO
3a0pynnenns 10000 TJIK  mBuakicte  cyOcTpaT-1HAYKOBAaHOTO  JUXaHHS
3HIDKYBAJIach MOPIBHSHO 3 KOHTPOJIEM y YOPHO3EMHOMY Ta TEMHO-KAIITAHOBOMY
IPYHTax BTpHUl, JEPHOBO-TIA30JIUCTOMY — Y 2,6 pa3u.

UytnuBicTh  rpyHTOBUX MikpoOioneHno3iB no ['Xb 3acBimummna mpo
HEOOXITHICTh POBEACHHS Ol0peMeTialliftHUX 3aX011B.

OgHuM 3 BaXJIMBHX €TamliB pO3pOOKHM HAYKOBHX OCHOB BHUPIIICHHS
npoOjeMu 3a0pyAaHEHHS IPYHTIB € BUJIUICHHS Ta 17eHTU(]IKAI HOBUX IITaMiB
OakTepiil, 3MaTHUX 1O MJECTPYKIIi  TOKCHYHHUX PEYOBHH, IS MMOAAJIBIIOTO
3aCTOCYBaHHSl iX y Ipoliecax OIOJOTIYHOTO BITHOBJICHHS IPYHTY. I3 TIpyHTY
MOJIITOHY 3aXOPOHEHHsI XJIOPOPTaHIYHUX BIAXOJIB XIMIYHOTO MiAIPHEMCTBA (M.
Kanym, [Bano-®pankiBcbkoi 001acTi) 0yo 130J1b0BaHO OakTepianbHi KyIbTypu Ne
46 1 47, pesucrentni no I'Xb i3marHi nmo #oro npectpykmii. TakcoHomiuHE
MOJIOKCHHS  130JIITIB~ OyJI0  BCTAaHOBJICHO, BHUKOPUCTOBYIOYHM  JIaHI  TPO
MOpdOIOTIUHI, ¢bizionoro-6ioxiMivHi BJIACTHUBOCTI, XeMOTaKCOHOMIUHY
XapaKTEPUCTUKY Ta nocnigoBHicTh TeHiB 16S pPHK. 3a mopdonoriunumu
o3Hakamu 130T Ne 46 1 47 € rpaMHETaTMBHUMHM ManudkamMu  po3mipamu 0,4 X
2,5 mxm 1 0,3 x 2,1 Mkwm, BignmoBimHOo. BcranomieHo HactymHi (izionoro-
010XIMIYHI BJIACTHUBOCTI JOCIIKYBAaHUX 130JIATIB: aepoOHi, KaTala30MO3UTHUBHI Ta
OKCHUJA30TIO3UTUBHI, 37aTHI O MITYKEHHS JIAKTaTy Ta CYKIIMHATY, MPOSBISIOTH
TIpO3UHApUIIaMiIa3HY, HNIpPOJIIOH-apUiIaMiJa3Hy  aKTUBHOCTI, HEe3/1aTHI1
aCMMUIIOBATH MaJIOHAT, LIUTPAT HATPis, TJIIOKO3Y, JIAKTO3Y, TpErajoly Ta I1HIII

IYKPH, BIICYTHS MPOAYKIIisl CIPKOBOJIHIO.



X€eMOTaKCOHOMIYH1 BJIACTUBOCTI OYyJI0 BU3HAYEHO 3a CHEKTPOM KUPHHUX
KHCJIOT 3arajbHUX KIITUHHHUX JHOIAIB. Y  JKUPHOKUCJIOTHHUX  CIIEKTpax
JocHpKyBaHuX 13075TIB Ne 46 1 47 BUSABIECHO >KMPHI KHUCIOTH 3 JOBKHHOIO
ByrieneBoro naHiory Bim Cip g0 Cig, a caMe: HEHAaCHMYEHI — TEKCaJCLEHOBY
(Ci6:1cis 9) Ta Cis-9 oxrtameneHoBy KUCIOTH (Cigi cis 9); HACHYCHI — JIOJACKAHOBY
(C120), TerpamexanoBy (Ciap), rekcamekaHoBy (Cieo), rentamekanoBy (Cizo),
okTazekaHoBYy (Cig0) KHCIOTH; OKCUKUCIOTH — 2-TiapokcurekcanekaHoBy (Ciso
oov) Ta 3-riagpokcuaekaHoBy (Cioo 30n). JlOMiHyOuMMH 3a KUIBKICTIO Y
KUPHOKHUCIIOTHUX CHEKTpax Oynu HeHacuueHi — rekcaneneHoBa (Cie:ics 9) 1 CIS-9
okTajnernenoBa KUciaoTu (Cig:1 cis 9) Ta HacuueHa — rekcagexkanoBa (Cie:0) KUCIOTH,
BMICT SIKUX Y JIMIJax KIITHH cTaHOBUB MoHaa 70%, 0 € XapaKTepHUM Jis POy
Comamonas. BusiBieHHs y >XUPHOKUCIOTHOMY CHEKTpl 000X 130JISTIB TaKUX
MapKepHHUX KHUCJIOT, SK 2-rigpokcurekcagexkanoBoi (Cieo 204) Ta 3-
rigpokcuaekanoBoi (Cioo 30H) Y Mexkax 2 — 5% Bia 3arajbHOrO BMICTY JKHPHUX
KHUCIIOT, MIATBEPAWIN iX NMPUHAJICKHICTh A0 TpeacTaBHUKIB poay Comamonas.
Xapakrepuum st Bugy C.  testosteroni e Bmict (2 - 7%) 2-
rinpokcurekcanekanoBoi (Cieo 20H), TeTpamekanoBoi (Cisao) (< 1%) xwucnor,
BiJICYyTHICTh TieHTafekaHOBO1 (Ci150) KUCIOTH, IIO BIIPI3HSAE 1IeW BUJ BiJ IHIIHAX
NpelCTaBHUKIB 1bOro poxay. Came Takuid BMICT MapKEpHHUX >KUPHUX KHUCIIOT
BUSIBJICHO Y KIIITHHHUX JIMIiAaX JOCTIKYBaHHUX 130JIATiB.

dinoreHeTnuHMii aHani3 TeHiB mociimoBHocTi 16S pPHK moxkasas, mio
130T Ne 47 mae noniOHicth Ha 98,05 mo mramy Comamonas testosteroni LMG
1800 (memonoBanmii pedepenTHuii mram y 6a3zi GenBank ), a i3omsar Ne 46
cropimaenuit 7o Comamonas testosteroni LMG 1800 na 97,77%, 1110 nae mijicTaBu
BIIHECTH IIi JIBa HOBO BHJIUICHI mtamMu J10 BuAy Comamonas testosteron;. Illtamu
3apeecTpOBaHO B YKpPATHCHKiM KOJIEKIIiT MikKpoopraHi3MmiB min Homepamu YKM B-
400 ta B-401, nmemonoBano y 0a3i GenBank mim womepamu MWS861636 Ta
MW861637.

Ockuibky 11 mTaMu OyJIM TOJEpaHTHUMHU 10 Bucokoro Bmicty I'Xb y

CepelIOBHINl KYJIbTUBYBaHHS, OyJO NPOBEICHO BHBYEHHS 1X 37aTHOCTI [0
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AecTpykuii uporo nectuuuay. Ilicns 7-mu 1000BOro KyJbTUBYBAaHHS Yy PIIKOMY
cepepounli LB 3 pomaBanusm 10, 20 1 50 mr/n I'Xb, #ioro koHieHTparlii
3MEHIIWINCh BiMOBIHO y KynbTypanbiii pinuai C.testosteroni YKM B-400 na
70,2%, 64,0%, 58,5%, a C.testosteroni YKM B-401 — na 70,1%, 68,7%, 56,2%.
OTmxe, HAMU BIIEpIlie BCTAHOBJICHO 3JaTHICTh NpezcTaBHUKIB Buay C.testosteroni
3HIKYBaTu KoHUeHTpauito ['Xb. ExcnepumenTanbHe miATBEpKEHHS MOTEHUIHHOT
JNECTPYKIIHHOI aKTUBHOCTI HOBOBHJIUICHUX IITaMIB JIO3BOJISIE BITHECTH IX JI0
KYJIbTYp, SKi MalOTh TIEPCIICKTUBY BUKOPUCTAHHS Y 3aX0J1aX BIIHOBJICHHS IPYHTIB
BiJl XJIOpopraHigyHoro 3a0pynHenHs. [Ipore ang nporo HeoOXiqHO OyJI0 BUBUYUTH
¢i13ion0riyH1 aganTuBHI peakuii mramis 10 aii ['Xb.

Opniero 3 HAWOUIBII MOMIMPEHUX (I310JIOTIUHUX peakiii OakTepi mo mii
TOKCUYHHMX PEUYOBHH € 3MIHA KUIBKICHOTO CKJIaJy 1 CIIBBITHOIIEHHS >XUPHUX
KHUCJIOT MEMOpPaHHUX JIMiAIB MUISIXOM 30UIBIICHHS BITHOCHOTO BMICTY HACUYCHUX
KHUCIIOT, 10 MPU3BOJUTH 0 3MEHIIEHHS MPOHUKHOCTI MeMOpaHu. Y Oakrtepii C.
testosteroni YKM B-400 i B-401 y BiamoBias Ha npucytHicts I'Xb B cepenoBuiiii
KyJIbTUBYBaHHS OyJI0 Big3Ha4eHO 30UIbIIEHHS BimHOcHOro BMmicty C17-
IIUKJIONPONAHOBOT (2-TeKCHII-IIMKIONPOTIaHOKTAHOBOT) KUCIOTU. Byno mpoBeneHo
PO3paxyHOK 1HJEKCIB HEHACHUYCHOCTI JIIiIB, IUIMHHOCTI Ta CEPeIHbOI JOBKUHU
KapOOHOBOTO JIAHITIOTA KUPHOI KHUCJIOTH, SKI XapaKTePU3YIOTh JIMITHUA CKIald
MeMOpaH. IHaekc HeHacHuYeHOCTI JimimiB MemOpanu mis mramiB C. testosteroni
YKM B-400 1 B-401 y unctomy koHTpoii KynbTypu ctanoBuB 0,52 1 0,6, a 3a mii
no3u 20 mr/n I'Xb 3uu3uBcs Biamosigao a0 0,36 1 0,56. Ile cnpusiio 3HMKESHHIO
TUTMHHOCTI ITUTOIIAa3MAaTHYHOI MEMOpPaHH, IO 3MEHINYBAJIO TOKCUYHHUI BILUINB
I'Xb. HaitGinbImn BUpaXkeHo 1HJIEKC HEHACHYEHOCTI JIITiTIB 3MIHHMBCS 3a 1ii 1031 20
mr/n I'Xb, nmpu 11boMy BMICT T€KCaJ€KaHOBOI KHCIOTH 30uTbImBCsA Ha 8,4 % y
mramy B-400 1Ha 4,5% y mramy B-401, mopiBHSIHO 3 KOHTPOJIEM.

HasBricts ['Xb y cepenoButli KyIbTUBYBaHHS CIIPUYMHSIA OKCHIATHBHHM
CTpeC y JOCHIIPKYBaHUX INTaMiB, MPO IO CBIAYMIM TOKa3HUKU TEPEKUCHOTO
okucHeHHs JimigiB. dizionoriuna peakiis C. testosteroni B-400 i B-401 Ha

npucyTtHicTh ['Xb Bizipi3Hsnacs OUIbII BUCOKUM MOPIBHSHO 3 KOHTPOJIEM BMICTOM
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y OakTeplaJbHUX KIITUHAX TEPBUHHUX MPOAYKTIB MNEPEKUCHOTO OKHCHEHHS
JMiIB — J1€HOBUX KoH’toraTiB (3a go3u 20 mr/n I'Xb y mramy B-400, a 'y
mramy B-401 — y Bcix gocimiHuxX BapiaHTax). BMICT BTOpUHHHMX MPOJAYKTIB —
TPUEHOBUX KOH’IOTaTiB 1 TPETMHHUX MNpOAykTiB — ocHOB Iludda OyB 3HAUHO
3HAYHO HIHKYMM 332 TOKCUYHOTO HaBaHTakeHHS ['Xb, 1110 cBIAYUTH PO aKTUBAIIIIO
MEXaHI3MiB pe3UCTeHTHOCTI. BmicT manonoBoro miansaeriny (MIAA) y mramy B-
400 OyB HMXYMM, HDK y YUCTOMY KoHTpomi. Hamu Oyno mokazaHo, mo 3a
npucytHocTi ['XB iHAEeKC HeHacuueHOCTi JimiaiB MemOpanu y mramy B-400
3HAYHO 3MCHIIMBCS, MOPIBHSIHO 3 YUCTHUM KOHTpoJieM, a MJIA yTBOPIOETBCS TIPH
B3a€MO/Iii BUTbHUX paaukaiiB 3 CHs-KiHIIIMU HEHACHUEHUX YKHPHUX KHUCIIOT, TOMY
BMicT MJIA 3HayHO 3HM3MBCS. Taki >k (i310J70TIYHI peakifii crnocTepiraiu i y
mramy B-401. Jlnst ominku anTHOKcHAaHTHOT Bianosiai Ha 'Xb y mramiB B-400 1
B-401 Oyno nmocnimkKeHO aKTHUBHICTh KaTaja3W Ta MNEePOKCHAa3h. AKTHUBHICTh
katanmasu y C. testosteroni B-401 Oyma 3HayHo BHINOIO, HiXK y mramy B-400.
[TopiBHSIHO 3 YKMCTUM KOHTPOJIEM Yy BCIX BapiaHTaxX 3 JOJaBaHHSM alleTOHY (K
po3uunHuka ['Xb), a Takox 10 mr/m I'Xb kaTtama3zHa akTUBHICTh 3pocTalia Maiixke
y 2,5 pasu. 3a BBy n03u 20 mr/a I'Xb akTuBHICTH KaTama3zu Oyna Jemnio
HUKYOIO, IO MOJKHA TIOSICHUTH IIJBHINCHHSM pIBHI HACHYCHOCT1 JIITiJiB,
BIZHOCHO YMCTOr0 KOHTpOJt0. Ilepokcraa3zna aktuBHICTh y mrtamiB C.testosteroni
B-400 i B-401 ©Oyna HEBHCOKOI, B TIOPIBHSAHHI 3 aKTHBHICTIO KaTaJla3W.
AKTHUBHICTB TIepokcuaasu y mramy B-400 3a yMOB pocTy y CepeloBHIIl 3 BMICTOM
10 1 20 mr/n I'Xb Gyna B 1,4 pa3u BUIIOIO, HK Y YUCTOMY KOHTPOJIi. AKTUBHICTh
nepokcuaasu y mramy B-401 Oyna Bumoro y 6,5 i 4,8 pasiB, HDK y KOHTPOII,
BiamoBimHO A1t 703 10 120 mr/n I'Xb. 3HmkeHHs piBHSA aKTUBHOCTI IIEPOKCHIa3H
3a no3u 20 mr/m I'’XD, BIAHOCHO YHCTOTO KOHTPOJIIO, CBIAYMIIO MPO AKTUBHICTH
IHITUX MEXaHI3MIB PE3UCTEHTHOCTI, a came, MIABUINCHHS PIBHA HACHYCHOCTI
MeMOpaHHUX JiMiAiB. AKTUBHICTh (DEPMEHTIB aHTHOKCHIAHTHOTO 3aXUCTy Oymna
OuteIn BHpakeHoto y mramy C.testosteroni B-401.

BioayrmeHnraiiss rpyHTy mITaMamu OakTepiid, MOTEHUIMHUX JECTPYKTOPIB

[JTbOBUX TTOTIOTAHTIB, € €PEKTUBHUM MI1AXO0JA0M JIsl 03I0POBIICHHS 3a0pyIHEHOTO
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NEeCTUUUAAMHU CEpeloBUIIA. Y BEreTaliiHUX J0CIIJaX 3 E€KCIEPUMEHTaIbHUM
3a0pyIHEHHSAM TPYHTY OyJO0 TOKa3aHO, 110 BHECEHHS KYIbTYpPalIbHOI PiIUHU
JOCJIIJPKYBAHUX IITaMIB MO3UTUBHO BIUIMBAJIO HA PO3BUTOK POCIMH TOMATIB, IO
MIATBEPIXKYBAJIOCS MIIBUIICHHIM YyCiX O10METpUYHUX MOKa3HUKIB. IlopiBHSIHO 3
pPOCJIMHAMHU, 110 PO3BUBAIMUCS y 3a0pyJHEHOMY I'PYHTI (Z103a 3a0pyaHeHHst 30 mr
I'Xb/kr rpyHTy), IpH 3actocyBanHi mTamis B-400 ta B-401 3pocTanu BiANOBIIHO:
Mmaca pociauH — Ha 17,5 ta 20,0 %, maca xopenst Ha 19 Ta 24,4%. ¥V Toli yac gx y
pociuH, BUpoIlyBaHWX Yy 3abpymHeHomy ['XB r1pyHTI, cmnocrepiramocs
NPUTHIYEHHS HAKOMUYEHHS Macu pociuH A0 46%, MOpIBHIHO 3 He3a0pyIHEHUM
BapiaHTOM. Bukopucranns imramy C. testosteroni YKM B-401 copusiio
NiABUIIEHHIO Macu KopeHiB y BapianTi 3 30 mr/kr I'Xb na 24,4%, a y BapiaHTi 31
100 mr/kr I'Xb ua 14,6%.

bioayrmenTanis mramamu C. testosteroni YKM B-400 i B-401 cnopusiia
MiABUIICHHIO CTIKKOCTI J0 (ITOMATOTEHIB POCIWH TOMATiB. 3acTOCYBaHHS
KyJIbTypaiabHOi pimuuau 1mramiB C. testosteroni migBHIIyBalio CTIHKICTH [0
¢ironatorenis Clavibacter michiganensis YKM B-629 y pociuH, BUPOIyBaHHX Y
He3a0pyaHEeHOMY TPYHTI Ha 28 — 36% TOpIBHAHO 3 KOHTPOJIEM, J€ IITaMU He
3actocoByBaiMch. Y Bapiantax 13 ['Xb 3a0pyaHeHHsSM 3 TOJAJBIIOO
IHTPOAYKIIIE€I0 KyIbTypalbHOI piguau Oaktepiii cridikicte g0 Clavibacter
michiganensis YKM Ac-629 nigsurnyBaiack Ha 8 — 16%. CrilikicTh TOMATIB 110
Alternaria alternata YKM F-16866 y Bapiantax 3 0ioayrMeHTAIli€lO
He3a0pyIHEeHOTO TPYyHTY 3poctana Ha 32%, BiJl KOHTPOJIO 3 He3a0pyTHEHUM
IpyHTOM. PiBeHb ypa’KeHHS MIKO30M JIMCTS TOMATIB y BapiaHTax 13
OioayrmenTariero 3abpynnenoro ['Xb r1pyHty 3menmmBcs Ha 20 — 28%,
MOPIBHSIHO 3 3a0pyTHEHUM KOHTPOJIEM, JI€ IITaMU He 0yJI0 3aCTOCOBAHO.

VY nmonboBUX yMOBax OyJio MiATBEpKEHO Oiopememiariiiny epekTuBHICTh C.
testosteroni YKM B-400, sik MOHOKYJBTYPH TakK 1 y KOMIUIEKCI 3 KYKYPY/3010
(Zea mays L.) copty Onena. BHaciigok 3aCTOCYBaHHs KOMILIEKCHOT Oiopemeiarii
Ha OCHOBI KYKypyJI3U-peMejliaHTa Ta KyJIbTypaibHoi piguau mrtamy C. testosteroni

YKM B-400 mpotsirom BeretaniitHoro rnepioay, 3umxeHHs Bmicty ['Xb y rpyHTI
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cTaHoBuIO 82%, y BapiaHTi 3 IHTPOAYyKOBaHOI MOHOKyJIbTyporo C. testosteroni
YKM B-400 — 70%, a 3actocyBaHHs (ditopemenianta 0e3 OakTepiil nano
3HKeHHsT TUbku Ha 27,3%. Konnentpanis I'Xb y 3a0pyaHeHoMy Bapianti 0e3
peMeiaHTIB 3MIHWJIAcs Ha PiBHI cTaTUCTHMYHOI noxuOku. ILli pesynbratu
MIAKPECIWIIA  KIIOYOBY pOJIb  MIKPOOPTaHI3MIB Y 3MEHIIEHHI TOKCHYHOIO
HABAaHTAKEHHS TPYHTY.

IIpakTnyHe 3HaYeHHS OTPUMAHMX pe3yJbTaTiB. BuspieHo HalOUIbII
gyyruBi 10 ['Xb  rpynu rpyHTOBUX MIKPOOPraHi3MiB, SKi 3alpOIIOHOBAHO
BUKOPHUCTOBYBATH Yy  MOHITOPHHTY  €KOJIOTIYHOTO  CTaHy 3a0pyIHEHUX
necTUlUAaMH IpyHTiB. Ha mifcTaBi OTpUMaHUX €KCTIEpUMEHTAIBHUX PE3YNIbTaTiB
Opo 3JaTHICTh BWAUIGHHX IITaMiB 3HUXKYBAaTH BMICT TIeKcaxJaopOeH30Iy 1
MO3WTHUBHO BIUTMBATH Ha PO3BHTOK POCIWH B YMOBaX 3a0pyAHEHHS PO3pOOJICHO
HAyKOBl OCHOBM MPAaKTHUYHHUX 3aXO/A1B KOMILIEKCHOI MIKpOOHOI 1 ¢itopemeniaiii
rpyHtiB, 3a0pyanenux ['Xb. Buaineni mramu C.testosteroni YKM B-400 ta B-
401 momoBHMWIM YKpPaiHCHKY KOJICKI[IF0 MiKpoopraHi3MiB [HCTUTYTY MikpoOioJorii
1 Bipycosorii iM. JI.K.3a6omotHoro HAH VYxkpainu, a mocnigoBHIicTh reHiB 16S
pPHK 3anenonoBano y 6a3i GenBank.

Kiarw4oBi cioBa: MiKpoopraHiaMu, rekcaxyiopOeH30J1, CTPECH, AECTPYKITif,
MIKpOOioIeH03, ineHTudiKalis, >kupHi kucyiotd, Comamonas testosteron; YKM B-
400 1 B-401, 6iopemMeniariisi, aHTHOKCUAHTHA CUCTEMA 3aXUCTY, (DITOTOKCHYHICTD,
CTpecoBa  TOJIEPAHTHICTb, KOHCOPITiyM TPYHTOBUX  MIKPOOPTaHI3MIiB,

MIKpO0O10JIOT19HA aKTUBHICTh, CUTHCHKOTOCTIOAAPCHKI POCITUHHU.

SUMMARY

Dimova M.l. Microbiocenoses of hexachlorobenzene contaminated soils in
Ukraine and its bioremediation measures. — Qualifying scientific work on
manuscript rights.

Dissertation for obtaining the scientific degree of Philosophy Doctor in
specialty 091 "Biology" (09 - Biology). — Institute of Microbiology and Virology
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named after D.K. Zabolotny National Academy of Sciences of Ukraine, Kyiv,
2023.

The dissertation is devoted to the determination of the hexachlorobenzene
effect on the microbial communities and biological activity of different soil types
in Ukraine, the isolation and identification of microorganisms potentially capable
of degrading this toxicant, the studying its adaptive physiological reactions, the
development of scientifically based comprehensive measures to clean soils from
organochlorine pollution using the destructive potential of the selected strains and
plant-phytoremediators.

Soil microbial communities take an active part in the biogeochemical
processes in soil, and also act as a clear indicator of ecological soil state. The
problem of recovering the soil biological activity due to the active using
organochlorine pesticides is relevant in Ukraine and in the world. The biochemical
potential in microorganisms of individual taxa for the pollutant destructions and
their subsequent using in bioremediation measures are promising for study.
Currently, the hexachlorobenzene impact on soil microbial communities and the
microbial cell resistance mechanisms to it, as well as the ability of microbial
strains to degrade this persistent pollutant, remain unexplored. The obtained results
expand the knowledge about the interaction of microorganisms with persistent
pollutants and will be useful for more effective using destructor strains in the
bioremediation of soils contaminated with organochlorine compounds.

Scientific novelty. It was found for the first time that the HCB influence on
the number and activity of soil microbiota was determined, it was established that
the microbial communities of the three most common types of soils in Ukraine
(chernozem,  dark-kastanozem and  sod-podzolic) are  sensitive to
hexachlorobenzene. New strains Comamonas testosteroni UCM B-400 and B-401
resistant to this pesticide were isolated and identified. For the first time, the ability
to destroy hexachlorobenzene was established for representatives of the species C.
testosteroni. New data were obtained regarding the positive effect of the selected

strains on the development of plants and their resistance to diseases under the
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conditions of growth in hexachlorobenzene contaminated soil. New approaches to
complex microbial and phytoremediation of soil contaminated with
hexachlorobenzene have been developed. The obtained results expand knowledge
about the interaction of microorganisms with persistent organic pollutants and are a
scientific basis for more effective use of potential destructor strains in the
bioremediation of soils contaminated with organochlorine compounds.

For the first time, it was established that the microbiocenoses of chernozem,
dark-kastanozem, and sod-podzolic soils are sensitive to the hexachlorobenzene
influence. The number of ecologically functional groups of bacteria was reduced
by 10-15% compared to the uncontaminated control in all three types of soil under
experimental contamination with HCB dose of 10 maximum permissible
concentrations (MPC). Phosphate-mobilizing bacteria turned out to be one of the
most sensitive. Under the toxic conditions of 500 MPC HCB load, the number of
this group decreased by 40 and 46%, compared to the control, respectively, in sod-
podzolic and dark-kastanozem soils. At the highest HCB dose of contamination
(10 000 MPC), the decrease in numbers in the three soil types were from 47.9 to
82.7% of the control. Streptomycetes also turned out to be very sensitive to HCB,
under the action of 500 MPC dose, the number decreased by 52 — 56%, and with
10,000 MPC HCB dose the number decreased by 70 — 90% of the control.
Sensitive groups of microorganisms are proposed to be used as indicators in
microbiological monitoring.

In soils of three types, the number of amylolytic, ammonifying, and
oligonitrotrophic bacteria decreased by 21 — 56.4% under the influence of a 500
MPC dose, and by 46.8 — 74.4% of the control at the highest dose (10,000 MPC).
Soil micromycetes were the most resistant to HCB. In chernozem and sod-podzolic
soils, their abundance decreased no more than by 26.2 — 37% under the influence
of HCB doses in the entire investigated range from 10 to 10,000 MPC compared to
the uncontaminated control.

Under the action of 10,000 MPC HCB, the rate of basal respiration

decreased by 50, 47, and 36%, respectively, in chernozem, dark-kastanozem, and
10



sod-podzolic soils. With the addition of an energy substrate (glucose), the
substrate-induced respiration activity increased, which indicated an increase in the
physiological activity of microorganisms. At the highest level of pollution with
10,000 MPC, the rate of substrate-induced respiration decreased three times
compared to the control in chernozem and dark-kastanozem soils, and 2.6 times in
sod-podzolic soils.

The sensitivity of soil microbiocenoses to HCB testified to the need for
bioremediation measures.

One of the important stages in the development of the scientific basis for
solving the soil pollution problem is the isolation and identification of new bacteria
strains capable of destroying toxic substances, for its use in the biological
remediation processes in soil ecosystems. Bacterial cultures 46 and 47 were
isolated from organochlorine wastes landfill of chemical enterprises in Kalush,
Ivano-Frankivsk region, to show resistance to HCB and the ability to decompose it.
The systematic position of the isolates using data on biochemical properties,
chemotaxonomic characterization and 16S rRNA gene sequence was established.
According to morphologycal properties, isolates # 46 and # 47 are aerobic gram-
negative rods with sizes 0.4 x 2.1 um and 0.3 x 2.1 um, respectively. Aerobic,
catalase-positive and oxidase-positive. The preliminary identification of
physiological and biochemical characteristics was carried out using API test
systems Bio-Mérieux. According to the results of testing, the strains were close to
representatives of the Comamonadaceae family. Further identification was carried
out in the Vitek 2 System Bio-Mérieux automated system and the following
biological properties were established: ability to alkalinize lactate and succinate,
tyrosine arylamidase, pyrrolidone-arylamidase activities, inability to assimilate
malonate, sodium citrate, glucose, lactose, trehalose and other sugars, inability to
hydrogen sulfide production.

Chemotaxonomic properties were determined by the fatty acid spectrum of
total cellular lipids. The fatty acids composition of total cellular lipids is important

for determining the taxonomic bacterial position. In the cellular lipids of the
11



studied isolates # 46 and # 47, fatty acids with a carbon chain length from C10 to
C18 were detected, namely: unsaturated — hexadecenoic (C16:1cis 9) and cis-9
octadecenoic acid (C18:1 cis 9); saturated — dodecane (C12:0), tetradecane
(C14:0), hexadecane (C16:0), heptadecane (C17:0), octadecanoic (C18: 0) acids;
hydroxy acids — 2 hydroxyhexadecanoic (C16:0 20H) and 3-hydroxydecanoic
(C10:0 30H) acids. Unsaturated hexadecenoic (C16:1cis 9) and cis-9 octadecenoic
acids (C18:1 cis 9) and saturated hexadecanoic (C16:0) acids were dominant in the
fatty acid spectra. Its content in cell lipids was over 70%, which corresponds to the
literature data on the fatty acid spectrum of the genus Comamonas bacteria.
Detection of such marker acids as 2-hydroxyhexadecanoic (C16:0 20H) and 3-
hydroxydecanoic (C10:0 30H) in the fatty acid spectrum of both isolates # 46 and
# 47 inthe 2 — 5% range from the total fatty acids content confirmed its belonging
to representatives of the genus Comamonas. Comamonas testosteroni is
characterized by the content (2 — 7%) of 2-hydroxyhexadecanoic (C16:0 20H),
tetradecanoic (C14:0) (< 1%) acids, and the absence of pentadecanoic acid
(C15:0), to distinguishe this species from other representatives of this genus.

Phylogenetic analysis of the 16S rRNA sequence genes showed that isolate
#47 is similar up to 98.05% to Comamonas testosteroni strain LMG 1800
(deposited reference strain in the GenBank database), and isolate #46 is related to
Comamonas testosteroni LMG 1800 to 97.77%, to give reasons to attribute these
two newly isolated strains belong to the species Comamonas testosteroni. The
strains are registered in the Ukrainian Collection of Microorganisms under
numbers UCM B-400 and B-401, deposited in the GenBank database under
numbers MW861636 and M\W861637.

Since these strains were tolerant to high levels of HCB in the culture
medium, its ability to degrade this pesticide was studied. As a research result, the
ability of C.testosteroni UCM B-400, B-401 to decompose HCB was revealed,
which is evidenced by this pesticide residual concentrations compared to the initial
content in the culture liquid. After 7 days cultivation in a liquid LB medium with

the HCB addition in the concentrations: 10, 20 and 50 mg/l, the corresponding
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decrease was for C.testosteroni UCM B-400 by 70.2%, 64.0%, 58.5 %, and for
C.testosteroni UCM B-401 — 70.1%, 68.7%, 56.2%. It should be noted, first time,
the ability of the C.testosteroni species to reduce HCB content was established by
us. Experimental confirmation of the potential destructive activity for newly
isolated strains makes it possible to relate its to cultures that have the prospect to
be used in measures to remediate soils from organochlorine pollution.

One of the most common physiological reactions of bacteria to the toxic
substances action is a change in the quantitative composition and ratio of fatty
acids in membrane lipids by increasing the relative content of saturated acids,
which leads to a decrease in membrane permeability. In the bacteria C. testosteroni
UCM B-400 and B-401, in response to the HCB presence in the culture medium,
an increase in the relative content of C17-cyclopropanoic (2-hexyl-
cyclopropanoctanoic) acid was noted. The indices of lipid unsaturation, fluidity
and average length of the fatty acid carbon chain, which characterize the lipid
composition of membranes, were calculated. The membrane lipid unsaturation
index for C. testosteroni UCM B-400 and B-401 strains in pure culture control was
0.52 and 0.6, and under the influence with 20 mg/l HCB dose decreased to 0.36
and 0.56 respectively. This contributed to the cytoplasmic membrane fluidity
decreasing, which reduced the toxic HCB effect. The most pronounced index of
lipid unsaturation changed under the influence of a dose of 20 mg/l HCB, while the
content of hexadecanoic acid increased by 8.4% in the B-400 strain and by 4.5% in
the B-401 strain, compared to the control.

The HCB presence in the cultivation medium caused oxidative stress in the
studied strains, which was evidenced by the lipid peroxidation indicators. The
physiological reaction of C. testosteroni B-400 and B-401 to the HCB presence
was higher compared to the control by the content of primary products of lipid
peroxidation — diene conjugates in bacterial cells (at a dose of 20 mg/l of HCB in
the B-400 strain, and in the B-401 strain — in all experimental variants). The
content of secondary products — triene conjugates and tertiary products - Schiff

bases were significantly lower than the toxic load of HCB, which indicates the
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activation of resistance mechanisms. The content of malondialdehyde (MDA) in
strain B-400 was lower than in the pure control. We showed that in the HCB
presence, the membrane lipid unsaturation index in the B-400 strain significantly
decreased, compared to the pure control, and MDA is formed by the interaction of
free radicals with the CH3 ends of unsaturated fatty acids, so the MDA content
significantly decreased. The same physiological reactions were observed for the
strain C. testosteroni B-401. To evaluate the antioxidant response to HCB in
strains B-400 and B-401, the catalase and peroxidase activities were investigated.
Bioaugmentation of soil with bacterial strains that destroy target pollutants is
an effective approach to remediate pesticide-contaminated environments. In
vegetation experiments with experimental soil contamination, it was shown that the
introduction of culture liquid of the studied strains had a positive effect on the
development of tomato plants, which was confirmed by an increase in all biometric
indicators. Compared to plants growing in contaminated soil (pollution dose of 30
mg HCB/kg soil), when strains B-400 and B-401 were used, they grew,
respectively: plant mass — by 17.5 and 20.0%, root mass by 19 and 24.4%. While
plants grown in HCB-contaminated soil showed inhibition of plant mass up to
46%, compared to the uncontaminated variant. The use of C. testosteroni UCM B-
401 strain contributed to an increase in root mass in the variant with 30 mg/kg
HCB by 24.4 %, and in the version with 100 mg/kg HCB by 14.6%.
Bioaugmentation of C. testosteroni UCM B-400, B-401 contributed to the
Increasing resistance to phytopathogens of tomato plants growing in contaminated
soil. Under the conditions of the using C. testosteroni strains, resistance to
Clavibacter michiganensis UCM B-629 increased to 28 — 36% compared to the
control, without strains applying. In variants with HCB contamination with the
subsequent introduction of bacterial culture liquid, an increase in resistance to
Clavibacter michiganensis UCM As-629 was observed to 8 — 16 %. Resistance to
Alternaria alternata UCM F-16866 in variants with bioaugmentation of
uncontaminated soil was up to 32%. It was also observed that the resistance of

tomato leaves in variants with bioaugmentation of HCB-contaminated soil also
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increased to 20 — 28%, compared to the contaminated control, without strains
applying.

In field conditions, the bioremediation efficiency of C. testosteroni UCM B-
400 was confirmed, both as a monoculture and in a complex with Zea mays L. As a
result of the application of complex bioremediation based on the remediator corn
variety Olena and the culture liquid of the strain C. testosteroni UCM B-400, the
decrease in the HCB concentration in the soil was 82%, in the variant with the
introduced monoculture of C. testosteroni UCM B-400 — 70%, and the using
phytoremediator resulted in a decrease to 27,3%. The concentration in the
contaminated version without remediantors changed at the level of statistical error.
These results emphasized the key role of microorganisms in reducing the toxic
load in the soil.

Practical significance of the obtained results. The most sensitive soil
microbial groups to HCB were identified, to be proposed for using in monitoring
the ecological state of soils. Based on the obtained experimental results about the
ability of the newly isolated strains to reduce the hexachlorobenzene content and
positively influence the plants growth in contaminated soil, the approaches
practical measures for soil bioremediation from organochlorine pollution have
been developed. The isolated strains Comamonas testosteroni UCM B-400 and
UCM B-401 addited the Ukrainian Collection of Microorganisms of the D.K.
Zabolotny Institute of Microbiology and Virology of National Academy of
Sciences of Ukraine, and deposited in the GenBank database under Comamonas
testosteroni MW861636 and Comamonas testosteroni MW861637.

Key words: microorganisms, hexachlorobenzene, stresses, destruction,
microbiocenosis, identification, fatty acids, Comamonas testosteroni UCM B-400
and B-401, bioremediation, antioxidant defense system, phytotoxicity, stress
tolerance, consortium of soil microorganisms, microbiological activity, agricultural

plants.
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