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Pe3tome. [IpencraBnensr qaHHBIE O pacpeeIeHnH ONOMHINKATOPHBIX TEPMO(IIIFHBIX YTIIEBOIOPOIOKHUC-
JSIOMIMX MHKPOOPTaHU3MOB B TIOBEPXHOCTHOM CJIO0€ HE(TEra30HOCHBIX JOHHBIX OTIoxeHHd B Kapckom
MOpe M MX B3aMMOCBSI3H C cozxepxkanueM meraHa. OOHapyXeHHbIE B 30HE OTCYTCTBHS MOCTOSIHHOTO Te-
TUTOBOTO TIOTOKa KYJIETHBHPYEMBIE TePMO(HIbHBIE MHUKPOOPTaHU3MBI, CIIOCOOHBIE UCIIONB30BaTh B Kaue-
CTBE €IMHCTBEHHOTO UCTOYHWKA YTIIEPO/a YIIEBOIOPOALI HEPTH, MOTYT CITY>KUTh MHANKATOPAMH 3aJI€KEH
He(TH U raza. B pabore ObUIH CO3/1aHBI HAKOTIUTENBHEIE KYIBTYPhl OaKTEepHii, KOTOPbIE MHKYOUPOBAIH MTPH
temmeparype +5, +30 u +60 °C. YcTaHOBIEHO, YTO YIIIEBOJOPONOKHCISIOIIUN MUKPOOHMOM B OCHOBHOM
NpEICTaBIEH Me30- U MCUXPOQMILHBIMU MUKpOOpranu3Mamu. Ha craHnmsx ¢ Hanbosee BRICOKAM COAEp-
YKaHUEM MeTaHa mpeobiaamani Me30(IbHbIE He(DTEOKUCIIONMNE MUKPOOPTaHUu3MEL. TepModibHbIE Oak-
TEPHH TaHHOTO TPOQPHUECKOTO TUTIA OBLIN BEISBICHBI TOJIBKO Ha OTHOW M3 UCCIEAYEMBIX CTAHIIHIA, PACTIONO-
>KEHHOM B 10’kHOM yacTu HoBO3eMenbCKoi BaivHEI.

KniwueBsble ciioBa: MeTaH, TepMOQUIIBHBIC YITICBOAOPOAOKUCIIAIONINE OaKTepruH, OMOMHINKATOPHBIE MU-
KpOOpraHU3Mbl, MOPCKHE TOHHbIE OTIOKeHUs, Kapckoe mope
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Abstract. The article presents data on the distribution of bioindicator thermophilic hydrocarbon-oxidizing
microorganisms in the surface layer of bottom oil and gas bearing sediments in the Kara Sea and their inter-
relation with methane content. Cultivated thermophilic microorganisms capable of using oil hydrocarbons
as the only carbon source found in the zone of no constant heat flow are indicators of oil and gas deposits.
In the work, enrichment cultures of bacteria were created, which were incubated at the different temperatures
of +5, +30 and +60 °C. It was found that, the hydrocarbon-oxidizing microbiome is mainly represented by
meso- and psychrophilic microorganisms. The stations with the highest methane content were dominated by
mesophilic oil-oxidizing microorganisms. Thermophilic bacteria of this trophic type were identified only at
one of the studied stations, located in the southern part of the Novozemelskaya Depression.
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ME30 U TePMOQIIBHBIX YITICBOIOPOIOKHUCIISFOIIUX MUKPO-
OpraHu3MOB B JJOHHBIX OTIOKeHUsAX B Kapckom mope. [ eo-
cucmemul nepexoonvix 30m, 2021, 1. 5, Ne 4, c. 389-398.
https://doi.org/10.30730/gtrz.2021.5.4.389-393.394-398.

BaaronapuocTu u puHaHCHUpPOBaHME

mophilic hydrocarbon-oxidizing microorganisms in the Kara
Sea. Geosistemy perehodnykh zon = Geosystems of Transition
Zones, 2021, vol. 5, no. 4, pp. 389-398. (Russ. & Engl.).
https://doi.org/10.30730/gtrz.2021.5.4.389-393.394-398.

Hccnenosanue nogmepxano PODU (20-55-12010 «cToOIHUKY B UHAMUKA SMHCCHHA METaHA B JIBYX Pa3HBIX
ApPKTHYECKUX OKPAaUHHBIX MOpsx»). PaboTa BeimonHeHa mo npoekty KOHECKO «['eocuctembl 1 MUHEpabHBIC
peCypchI EPEeXOAHON 30HbI «KKOHTHHEHT—OKean» U oTKpbIToro okeana» ('EOMMUP, pyk. P.b. IllakupoB) B pam-
kax Jlecarunerns Hayk 00 okeane OOH (2021-2030 rr.).
ABTOpBI pU3HATENbHBI HAYYUHOMY cocTaBy skcnenuuuu 81 peiica HUC «Axkanemuk Mcrucnas Kenapiy» u BbI-
paXaroT 0co0yr0 OIaromapHOCTh HAYaTBbHHUKY dKCIIenuItny akaaeMuky PAH M.B. ®muHTY 332 COBMECTHYIO padoTy.

BBenenue

Kapckoe mope siBnseTcsi 4acThio ApKTHYE-
ckoro OacceifHa 1 UrpaeT BEeAYIIyIO poib B (op-
MUpOBaHUU cpelbl Bced ApkTuku [JIMcuipiH
u 1p., 1994; Momapos, Momapona, 2010]. Co-
[JIaCHO YCTOSBIIMMCS B3mIsgaM, menbd Kap-
CKOTO MOpsI MpEeACTaBIsieT coO0W OoraTrelmunii
pe3epB Uil OTKPBITHS HOBBIX He(]TerasoBbIX
MECTOPOXIEHUN B poccuiickoil ApkTuke [AHa-
HheB, 2010; AnanpeB, Kocenkona, 2010; KonTo-
posuy, Konroposuu, 2010; I'puropenko u np.,
2006]. Hons Kapckoro Mopsi, BKJItouasi CEBEpHbIE
yactu 3amagHo-Cubupckoii m bapenneBo-Ce-
Bepo-Kapckoii He(dTera3oHOCHBIX TPOBHUHITUH,
B OOLIEH CTPYKTYpe HaYaIbHBIX CyMMapHBIX re-
OJIOTHYECKUX PECYPCOB YIIIEBOJOPOJOB APKTH-
yeckoro menbda Poccun — 39 % [['puropenko
u ap., 2006]. Kapckoe Mope BKJIIOYaE€T TPU OC-
HOBHBIX TEKTOHUYECKHUX 3JIEMEHTa Pa3HOTO BO3-
pacta popMHUpOBaHUS, C PA3IMIHON BHYTPEHHEN
cTpykrypoit. C tora Ha ceBep 310 FOxHo-Kap-
ckuil ocanouHslii Oacceitn, CeBepo-Cubupckuii
nopor u CeBepo-Kapckuii ocanounsiii Oacceitn
[BepxOunkwmii u ap., 2012].

Mukpo6uom Kapckoro Mopst H3ydeH ¢ moMo-
LIBI0 MOJIEKYJISIPHO-TEHETUUYECKUX METOIOB JI0-
CTaTOYHO XOPOIIIO, HO MPU 3TOM HE OMHUCAHO pac-
MpeielIeHne YIIeBOAOPOAOKHUCTSIONINX OaKTepHii
B 3aBHCHMOCTH OT COJCpKaHHUs MeTaHa. B Oax-
TEPUATBHBIX COOOIIECTBAX JOHHBIX OTIOXKEHHM
HCCIIEAYEMOT0 PETHOHA, MO JUTEPATYpPHBIM JaH-
HBIM, JIOMUHUPYIOT TPEACTABUTEIN (HHITyMOB
Cyanobacteria, Verrucomicrobia, Actinobacteria,
Proteobacteria, Bacteroidetes. ApxeiiHbie co-
oOmiecTBa NpPEJCTaBICHbl B MEHbIIEH cCTeme-
HA ¥ BKJIIOYAIOT TPEACTaBUTENEH (PUIyMOB
Thaumarchaeota u Crenarchaeota [Suslova et al.,
2012; Mamaeva et al., 2016].

Ha pacrnipenencane Oaktepuil B JOHHBIX OT-
JIOXKEHUSIX BIMAET OONbIIOE YHCIO KOMOWHH-
pOBaHHBIX (DaKTOPOB, TaKHX, HaMpHUMep, Kak
MaCCUBHOE PACCPEIOTOYCHUE U IKOJOTUUYECKHUI
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oTOOp, HO BKIAQJ KWKIOTO U3 ATHX (hakTopoB
TpyaHo nuddepennuponars. Temneparypa nume-
eT (yHIaMEHTAJIbHOE BJIMSHHWE HAa MHKPOOHYIO
9KOJIOTHIO M CKOPOCTh METaboJm3Ma MHKpPOOp-
rann3MoB. [Tockonbky TepModuiIbHBIE OaKTepUH
HE MOTYT PacTH Ha XOJIOJJHOM MOPCKOM [THE, WX
HEaKTHBHbIC ()OPMBI HE MOJIBEPratoTCsl CENCKIUH
okpyxatomeir cpenpl. I[lpu 3TOM HaHHOE CBOM-
CTBO yIJIEBOJOPOIOKHCIISIONINX OaKTepuii MO3BO-
JSIET UM HIPaTh BAXKHYIO POJb B TOIICPKAHUU
MHUKpPOOHOTO MeTaboiau3Ma B IITyOOKOM Terioi
MOpCKO# 6rocdepe, B YaCTHOCTH B 3aJIexKax Hed-
tn [de Rezende et al., 2013; Hubert et al., 2010;
Robador et al., 2016]. IToaTomy TepMOPUITBHOCTH
B COYETAaHHH CO CIOCOOHOCTBIO MHKPOOPTaHU3-
MOB OKHCIISTH YTJIEBOAOPOIBI MOMKET SIBIISITHCS
rokasaresneM He(Tera3onposBIeHU.

B ApkTHueckoM perumoHe TepMOQUIbHBIC
OakTepur B OCHOBHOM BBIIENSAIOT B pailoHax
1100 maneo-, MO0 aKTUBHON THAPOTEPMAIBHOM
JEeATeIbHOCTU. B palioHax aKTMBHOW THUIAPOTEp-
MaJIbHOM J1EeATENIbHOCTU CYILIECTBYET OOJIbILIOE
pa3zHooOpa3ne HePTEOKUCISIIONHX U CyIbdarpe-
OyLHUPYIOIUX MHKpoopraHm3MoB [Jaeschke et
al., 2012; Steinsbu et al., 2011; McBee, McBee,
1956]. Bonpoc o Hanuuuu TepMOGUIbHBIX OaK-
TEpUil B Ta30BBIX CHIIAX U MPHUJICTAIONINX K HAM
aHOMAaJILHBIX T'a30BbIX MONsIX B KapckoM Mope u3-
y4eH KpaiiHe MaJIo.

Paiionbl ucciaexoBaHmus,
MaTepuaJIbl U MEeTOI

Hayunsle paboTsl npoBoaunuck Ha 6opty HUC
«Axkanemuk McrtucnaB Kenapiun» B peiice AMK-
81 (c 27 aBrycra o 25 centsiops 2020 r.). ['eorpa-
¢udecku palioH pabOT OXBATHIBAJI AKBATOPUIO OT
71° 12.973 N no 76° 56.873 N u ot 57°08.070 E
1o 72°13.863 E B Kapckom Mope, BKiItouasi paiioH
BocTOYHOTO ToOepexnsi HoBoit 3emmn u Hoso-
3eMenbCKyto Bnaauny (puc. 1). O6pasubl kepHa
OBLTH TIOJYyYEHBI METOAOM MaJorTyOMHHOTO Oy-
pEeHHs ¢ MOMOIIBIO TPABUTAIMOHHOTO MPOOOOT-
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OOpHHKA U3 HEPHKABEIOIICH CTallM C BHYTPCHHUM
nuametpom 130 mm u nunoit 600 cm. Beero non-
HSTO Y IPOAHAIU3UPOBAHO 6 TPYOOK.

[TpoObI TOHHBIX OCaTKOB OTOMpAId B COOT-
BercTBUuu ¢ TpeboBanusmu ['OCT 17.1.5.01-80.
Jns aHanu30B MCHOJB30BAIM OKUCICHHBIN (T10-
BEPXHOCTHBIN) CJION KEpHA. Y4YeT YHCIEHHOCTH
YITIEBOJOPOAOKHUCIISIIOIINX ~ MUKPOOPTaHU3MOB
MPOBOJIMIN METOJOM TMPEIENbHBIX Pa3BEICHUIA
(TuTpanmroHHbIi MeTon) [ AGakymoB (pexn.), 1983].
[ToceB mpousBoaunu B xkuakue cpeapl. Hanmuume
WIM OTCYTCTBHE POCTa OTMEYaIM BU3YaJIbHO IO
MIOMYTHEHHIO Cpe/ibl, 00pa30BaHUIO TUICHKU WIIH
ocanka. Haubonee BeposATHYIO YHCICHHOCTb
ycTaHaBnuBanu no tabnuie Mak-Kpenu [Eropos
(pen.), 1976].

HedTreokucnstonme OakTepun KyJIBTHBHPO-
BAJIM HAa IUIOTHOW MNHUTATEIbHOM MHMHEPaIbHON
cpene cuenyromiero cocrasa (B r Ha 1000 mn):
10 (NH,)SO,, 1.1 KCl, 30 NaCl, 0.28 FeSO,,
3.4KH,PO,,4.4K HPO,,0.7MgSO,*7H,O moc
0.5 M pacTBOpa MUKpoO31eMeHTOB. PacTBOp Mu-
KpoasieMeHTOB Bkirouaid (B r Ha 1000 mm):
0.29ZnS0O,,0.24 CaCl,, 0.25 CuSO,, 0.17 MnSO,.
pH cpensl paBen 7. B cpeny B kaueCcTBE UCTOYHHU-
Ka yriepoaa a06asmsiu 2 % cTepuiibHOM HEPTH.
KynbTuBupoBaHue NpOBOIMIM MPU TEMIIEpATYpax
+5, +30, +60 °C B Teuenue 7 qHel adpoOHO B KOJI-
6ax 100 mn Ha opOutanbHOM wIeiikepe «DSR-
2100D-N» co ckopocThio BpammeHus 150 06./MuH.

KoHnenTpanuu metaHa B MOPCKOM OCaJKe
onpenensann merogom Headspace. Ocamok 00b-
eMoM 12 mn oTOupanu U3 KepHA MPU MOMOIIH
HIMPUIEBOTO  MJIACTUKOBOTO MPOOOOTOOPHHUKA.
OtoOpaHHBIN 0CaJOK TEPEHOCHIN B CTEKJISH-
HYI0 BUAJTy €MKOCTbIO 43 MII, 3all0OJIHEHHYIO Ha-
CBILLIEHHBIM COJIEBBIM pacTBOpoM. Bmany He-
MEJIEHHO TEPMETHUYHO 3alUpalid IJIACTHKOBOM
MpPOOKOH ¢ PEe3MHOBOM CENTOW M MEAUIIUHCKOM
UIJION YyNamsuli W3JUIIKK BOABI U Bo3dyXxa. Bu-
aJbl PaBHOBECHO 3alONHUIMCH TenueM (12 mo)
IpHU MoMoly IulactukoBoro Mmeimka Tedlar Bag
Dual Valve (CHIA) ¢ nByms KiamaHaMmu: depes
NEPBBIM KJalaH 3allojHSIM I'eJIMeM MEIIOK, ye-
pe3 BTOPOH, C IOMOIIBIO UIVIbI, — BUATy ¢ 00pas-
oM. B kauectBe ra3oBoil (hazbl McHonb30BaICA
YUCTBHIN Teuil Mapku «6.0». 3areM coaepkumoe
BHAJIbl MHTEHCUBHO MEPEMEIINBAIIU BPYUHYIO JI0
MOJTHOM TOMOT€HM3AIMM OCajJKa BHYTPH BHAJIbI.
[lepen mpoBeneHueM aHaiM3a BUAJIbI C rOMore-
HU3UPOBAHHBIM OCAJIKOM BCTPSXMBAJIA B TCUCHUE
3.5 4 ¢ momomsto meikepa LOIPLS-110 (Poc-
cusi). Jlng ananusa 5 mut ra3oBoit ¢a3bl paBHOBEC-
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HO M3BJICKAJIM IIITPUIIEM W BBOJIWIN B WHKEKTOP
ra3oBoro xpomarorpada.

KoHmeHTparmu MeTana B ra30Boi ¢ase ormpe-
JesuM Ha Ta3oBoM Xpomarorpade «IXO-EW
Moa.2» (Poccus) ¢ mimaMeHHO-MOHU3AITMOHHBIM
JNETEKTOPOM M METAJNTMYECKON TOIUKANUIUIApP-
HOM KoJoHKOM (ymrHA 2 M, TommmHa 0.2—0.3 MM,
¢daza Hayesep SD). Pa3neneHue KOMITOHEHTOB
MPOUCXOUIIO B H30TEPMUYECKOM DPEKUME MpPH
temneparype kosnonku 50 °C. Temneparypa ne-
tekropa (ITM]]) cocrasnsina 190 °C. B kauectBe
ra3a-HOCUTENsl HUCIOJIb30BAJICS YUCTBIM TeIHi
Mapku «6.0». Jlns xamuOpoBku mpubopa mnpu-
MEHSUINCh  CepPTU(UIUPOBAHHBIE TOBEPOUHBIE
razoBsle cMecu (OO0 «III'C-Cepsuc», Poccus)
¢ 00bEeMHBIMU KOHIICHTPALUSIMU METaHa B TEIHH
0.001, 0.005 u 0.01 %. s pacueToB U cucrema-
TU3AIUA TIOJYYEHHBIX B peiice MaHHBIX MpUMe-
HSJTUCh AJIEKTPOHHBIE Tabmuibl Microsoft Excel.
ITomyyaeMble NaHHBIE HENOCPEICTBEHHO IIOCIE
00paboTKH BBOAUIU B TeOMH(GOPMAIIMOHHOE MTPH-
noxenne Ocean Data View 11 uHTEpripeTaIi.

Pe3yabrarsl M 00cy:KkI1eHHE

B okucneHHOM cJ0€ IOHHBIX OTJIOKEHUI
YIJIEBOJIOPOIOKHUCIISAONTNE OakTepun ObLIH 00-
Hapy>K€Hbl IPU COAEPKAaHMM MeTaHa OT 8.4 10
33.87 mu/n BIosb BocToyHOTO TToOepeskbs HoBoii
3eMuid 1 HoBo3zemenbekol Baguabel. Ha craHu-
sx 6877 m 6887 yrineBoAOPOAOKUCISIONINE MHU-
KPOOPTaHU3MbI HE BBIABIEHBL. O0€ 3TH CTaHIINH
XapaKTepU3yIOTCSI HEBHICOKUMH 3HAYCHHSIMHU CO-
neprxanus metana (8.3 u 5.3 M1/ COOTBETCTBEH-
HO) (CM. TabmuILy).

YucneHHOCTh Me30(UIIOB, OIpeesieHHAs Me-
togoM Mak-Kpeny, B HE3HAYUTENBHOW CTENEHU
3aBHcCeNa OT kojiebanuii conepkanust merana. Hau-
OOJIBIIYI0 YUCIEHHOCTh ATOM TpyHmbl (DUKCHUPO-
BaJIM Ha cTaHUMU 6879 ¢ BBICOKMM COZIEp)KaHUEM
Mertana (33.87 mu/n) m Ha craHiuu 6912, pac-
monokeHHout B Ho3zeMenbCckoil BnaguHe, Ha KO-
TOpO¥ ObLIa BBHISIBIICHA HU3Kasl KOHIEHTPAIUS
Metana (8.4 mu/i), — 4300 u 3500 xi1/T cooTBET-
ctBeHHO. Ha ctanuuu 6879 yncieHHoCTh Me30-
U TCUXPO(UIBHBIX YITIEBOIOPOAOKHUCISIONINX
6axtepuit 6bu1a conocrasuma (4300 u 3300 i/t
cooTrBeTcTBeHHO). Ha cranmum xe 6912 ko-
JUYECTBO Me30(UIBHBIX HEPTECOKUCISIOMINX
MHUKPOOPTraHU3MOB 3HAYUTEIBHO MPEBHIIIAJIO
TOT K€ ToKazaTedb s ncuxpoduibHbx (3500
u 100 x1/r coorBeTcTBeHHO). TOIBKO TCUXPO-
(GuIbHBIE MUKPOOPTaHU3MBI OBUIH 3a(UKCHUPO-
BaHbI Ha cTaHUuK 6919 1 6916.
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Tabnuya. YncaeHHOCTb TepMO-, Me30- U MCUXPOPUIBHBIX YIJI€BOAOPOAOKHUCISIONMNX MUKPOOPTaHU3MOB B MOBEPX-

HOCTHOM CJIO€ IOHHBIX 0TJ0:xkeHuii B Kapckom Mope

CTaJ;iHH I'mybuna, M ggfgﬁfiﬁ;ﬁ Hid;:)esgncrm:uouffamepf:,Oéﬂ/r MecTononoxeHue CTaHIINU
6877 85 8.3 - - - Axsaropus Kapckoro mops
6879 172 33.87 - 4300 3300 |2Keno6 CesToit AHHBI (F0XKHAS YacTh)
6883 183 13.2 - 800 - Keno6 Casitoii AHHBI (LIeHTpajIbHAs YacTh)
6887 528 53 - - - Keno6 CrsiToit AHHBI (CeBEepHAs 4acTh)
6919 195 9.4 - - 500 3ain. PycanoBa, Hosas 3emist
6912 300 8.4 - 3500 100 HoBosemenbckas BraguHa
6916 315 18.9 - - 600 Tam xe
6928 250 14.8 200 100 - HoBozemenbckast BagnHa (F0KHAS 9aCTh)

Tpumeuanue. IIpodepk — yrieBOAOPOIOKUCISIONNE OAaKTEPHU HE OOHAPYKEHBI.

TepmodupHBIE HEPTEOKUCIISAIONINE MUKPO-
opraum3mbl (200 k/r) OOHAapy>KEHBI TOJBKO
Ha oAHOM cTaHuu 6928, pacnoioKeHHON B F0XK-
HoM yacTu HoBO3eMEILCKON BIIaAUHEI C BLICOKUM
(14.8 min/m), HO HE MaKCUMAaJbHBIM JJIsl palioHa
HCCIIEIOBAHUI colepKaHueM MeraHa. Ha atoi
CTaHIIMH BBISABIEHBI TaKke Me30(hUIbHbIE He(Te-
okucsiromue (100 xi/r) Mukpoopranu3mel. Me-
30(WIBHBIC KYJIBTYPHI IPEICTABICHBI JITHHHBIMH
TOHKUMH TasioukaMu. TepmodunbHbie OakTepuu
OTHOCHUTEIIGHO OJIHOPOIHBI TI0 Mopdosioruye-
CKOMY COCTaBY U NpEACTaBIEHbl TOHKUMH W/WIH

75°N

70°N

50°E

60°E 70°E

He ObLIN OOHApPYKEHBI.
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Puc. 1. Kapra paitona uccienoBanuii ¢ 0003Ha4eHHBIMU HA HEH CTAHITUSIMHU OT-
00pa TOHHBIX OTIIOXKEHUH. Pactipenenenue conepxanus MeTaHa U MeCT 00Hapy-
KEHUsI TICUXPO-, ME30- M TePMOQDIIBHBIX YIIEBOAOPOIOKUCISIFONINX OaKTepHid
B IOHHBIX oTiOXKeHus1x Kapckoro mopsi. CTaHIMy, Ha KOTOPBIX OBbLIN BBISIBJICHBI
Oakrepun: 1 — ICUXPOIIBHBIC YIIICBOAOPOIOKHUCISIONINE, 2 — Me30(UILHBIC
YTIICBOJOPOIOKHUCIISIONINE, 3 — TepMO(HIbHEIC YIICBOAOpOIOKHCIstomue. He-
3aJIMThIE KPYXKKH — CTAHIIMH, HA KOTOPBIX YIIEBOAOPOAOKHCISIONINE OaKTepru

00YK000pa3HBIMHU TaJoukaMu. Hammuaue tepmo-
(UIBHBIX MUKPOOPTaHU3MOB MOXET OBITH CBS-
3aHO C TUAPOTEPMAIBHON AKTUBHOCTBHIO WJIH BbI-
XOIIOM ra3a ¢ TyOuH. JlaHHBIE MPEIIOIOKEHHSI
KOCBEHHO TOJTBEPKIAIOTCS TEM, UYTO OCAJOK Ha
CTaHIIUU OOHApYXEHHS TepMO(DHUIOB cepo-uep-
HBIH ¢ colepkaHueM cyab(huI0B, MIOTHBIHN, BOC-
CTaHOBJICHHBINA, C OOJIBIIUM COJEPKAaHUEM TH-
JPOTPOUJIIHTA.

Pe3ynbrarhl uccienoBaHus MOKa3alu, 4TO CO-
Jiep)KaHUe METaHa B JOHHBIX OTIIOKECHHSX B Pa3-
HOM CTEIEeHU BIUSIO Ha OOHApyKEHUE TICUXPO-,
Me30- ¥ TePMO(UIBHBIX YIJIEBO-
JTOPOJOKHUCIISIOIINX MUKPOOpra-
Hu3MOB. [lcuxpodunsHbie U Me-
30(MIbHBIE  MHKPOOPTaHHU3MBI
BCTPEYAIHNCh C OJUHAKOBOM ua-
croroii. Haumbonpiiee BiusHHE
cojiep)KaHUEe METaHa OKa3bIBAJIO
Ha YHUCJICHHOCTh NCUXPODUIE-
HBIX YTJIEBOJIOPOIOKUCISIONINX
MHUKPOOpPTraHu3mMoB. Me3o]uib
B MEHBIIEH CTENEHH pearupo-
BaJll Ha W3MEHEHHUE COJIepKa-
HUg MeTraHa. Tepmoduisl 00-
Hapy)XeHbl TOJIBKO Ha OIHOU
CTaHIUU C COJIEpKaHUEM MeTa-
Ha 14.8 mu/i, pacnoiioKeHHOH
BOM3M npos. Kapckue BoporTa.

Ocean Data View

BriBoabI

I1o maHHEBIM HAIIETO UCCIIENO-
BaHHs, HAHOOJIBIIIEE BIUSIHNIE Me-
TaH OKa3blBaJl HA TNCUXPO(UIH-
HbIE MUKPOOPTaHU3MBbI, KOTOPBIC
CIIOCOOHBI K POCTY B XOJOIHBIX
JOHHBIX OTJIOKEHUAX, YTO O00-
YCIIOBJIIEHO B OOJBIIEH CTENeHU



Feoakonorunsi/ GEOECOLOGY

FEOCUCTEMBI NEPEXOAHBIX 30H, 2021, 5(4)

071aronpUsTHBIMU YCIOBUSAMHU JUISI BBDKHUBAEMO-
CTH JIaHHOM IpyNIbl B OKUCJIEHHOM CJIO€ JOHHBIX
omtoxkennit Kapckoro mops. Ilcuxpoduibhble
YTJIEBOJOPOIOKHUCIISIONINE OaKTepuu ObUIN CBS-
3aHBI C CONEP’KAHUEM METaHa HE3aBUCHMO OT €T0
uctouHuka. Ha yncneHHOCTh Me30(pUIIbHBIX yTIIe-
BOJIOPOJIOKUCIISIFOIIMX OaKTepHii cofepx aHue Me-

TaHa OKa3bIBaJIO He3HAYMTEIbHOE BIUsHUE. Tep-
Mo(uITBI OBUTH 3a()UKCHPOBAHBI TOJIBKO HA OTHOM
CTaHLIUU U MOTYT ObITh OOYCIJIOBJIEHBI BBIXOJAMH
METaHa, YTO KOCBEHHO IOATBEP)KIAETCS TUIIOM
ocanka. IlosTomy TepmoduibHBIE YITIEBOAOPO-
JOKUCIISIIOIME MUKPOOPTaHU3MBbI MTOKa3aJli Hau-
OOJBIITYI0 OMOWHIMKAIIMOHHYIO 3HAYUMOCTbD.
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Abstract. The article presents data on the distribution of bioindicator thermophilic hydrocarbon-oxidizing
microorganisms in the surface layer of bottom oil and gas bearing sediments in the Kara Sea and their inter-
relation with methane content. Cultivated thermophilic microorganisms capable of using oil hydrocarbons
as the only carbon source found in the zone of no constant heat flow are indicators of oil and gas deposits.
In the work, enrichment cultures of bacteria were created, which were incubated at the different temperatures
of +5, +30 and +60 °C. It was found that, the hydrocarbon-oxidizing microbiome is mainly represented by
meso- and psychrophilic microorganisms. The stations with the highest methane content were dominated by
mesophilic oil-oxidizing microorganisms. Thermophilic bacteria of this trophic type were identified only at
one of the studied stations, located in the southern part of the Novozemelskaya Depression.
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in the overall structure of initial geological hydro-
carbon sources of the arctic shelf in Russia is 39 %

Introduction
The Kara Sea is a part of the Arctic Basin and

plays a leading role in formation of the environ-
ment of the entire Arctic [Lisitsyn et al., 1994;
Mosharov, Mosharova, 2010]. In the established
views, the shelf of the Kara Sea is a richest reserve
for discovering new oil and gas fields in the Rus-
sian Arctic [Ananiev, 2010; Ananiev, Kosenkova,
2010; Kontorovich, Kontorovich, 2010; Grigor-
enko et al., 2006]. Contribution of the Kara Sea,
including northern parts of the West Siberian and
Barents-North-Kara oil and gas bearing provinces,

[Grigorenko et al., 2006]. The Kara Sea includes
three main tectonic elements of different age of
formation, and with different internal structure.
From south to north, they are the South Kara sedi-
mentary basin, North Siberian sill and the North
Kara sedimentary basin [ Verzhbitsky et al., 2012].

Microbiome of the Kara Sea is studied with the
molecular genetic methods well enough, but the
distribution of hydrocarbon-oxidizing bacteria de-
pending on the methane content is not described.

Translation of the article published in the present issue of the Journal: [Tonomapesa A.JI., [Tonornuk H.C., O6xupos A.1.,
[akupos P.B., I'puropos P.A., llImane O., May C. B3auMoCBsI3b pacipeneieHust MeTaHa | IICHXPO-, M€30- K TePMO(UIBHBIX
YIIIEBOOPOIOKUCIISIOIINX MUKPOOPTaHU3MOB B IOHHBIX OTIOXeHUsIX B Kapckom mope. Translation by G.S. Kachesova.
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INTERRELATION OF METHANE DISTRIBUTION WITH PSYCHRO-, MESO- AND THERMOPHILIC HYDROCARBON-OXIDIZING MICROORGANISMS

According to the literary data, the phyla Cyano-
bacteria, Verrucomicrobia, Actinobacteria, Pro-
teobacteria, Bacteroidetes dominate in the bacte-
rial communities of the bottom sediments. Archean
communities are presented to a lesser extent and in-
clude the phyla Thaumarchaeota and Crenarchae-
ota [Suslova et al., 2012; Mamaeva et al., 2016].

The distribution of bacteria in the bottom sedi-
ments is affected by a large number of combined
factors, such as passive dispersal and ecological
selection, but it is difficult to differentiate the con-
tribution of each of these factors. Temperature has
a fundamental effect on microbial ecology and the
metabolic rate of microorganisms. Since thermo-
philic bacteria cannot grow on the cold seabed,
their inactive forms are not subject to the envi-
ronmental selection. At the same time, this feature
of hydrocarbon-oxidizing bacteria allows them
to play an important role in maintaining the mi-
crobial metabolism in the deep warm marine bio-
sphere, in oil deposits in particular [de Rezende
et al., 2013; Hubert et al., 2010; Robador et al.,
2016]. That is why thermophilicity along with the
microorganism ability to oxidize hydrocarbons
can be an indicator of oil and gas manifestations.

In the Arctic region, thermophilic bacteria are
mainly found in the areas of either paleo-, or active
hydrothermal activity. There is a wide variety of oil-
oxidizing and sulfate-reducing microorganisms in
the areas of active hydrothermal activity [Jaeschke
et al., 2012; Steinsbu et al., 2011; McBee, McBee,
1956]. The question of the presence of thermophil-
ic bacteria in gas seeps and adjacent anomalous gas
fields in the Kara Sea is poorly known.

Study areas, materials and method

Scientific research was carried out on board
the R/V Akademik Mstislav Keldysh during the
cruise AMK-81 (from August 27 to September 25
of 2020). Geographically, the study area covered
the water area from 71°12.973 N to 76°56.873 N
and from 57°08.070 E to 72°13.863 E in the Kara
Sea, including the area of the eastern coast of
Novaya Zemlya and Novozemelskaya Depres-
sion (see the Figure). Core samples were taken by
the method of shallow core drilling using stain-
less steel gravity corer with an inner diameter of
130 mm and a length of 600 cm. A total of six
tubes was pulled out and analyzed.

Bottom sediments samples were taken in
accordance with the requirements of GOST
17.1.5.01-80. An oxidized (surface) core layer
was used for analysis. The number of hydrocar-
bon-oxidizing microorganisms was counted by
the method of limiting dilution (titration method)
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[Abakumov (ed.), 1983]. Culture was drawn in
liquid media. The presence or absence of growth
was noted visually by the medium turbidity, the
formation of a film or sediment. The most prob-
able number was defined according to the Mc-
Cready table [Egorov (ed.), 1976].

Hydrocarbon-oxidizing bacteria were cultured
on the dense breeding mineral medium of the fol-
lowing composition (in g per 1000 ml): 10 (NH,)
SO,, 1.1 KCI, 30 NaCl, 0.28 FeSO,, 3.4 KH,PO,,
4.4 K HPO,, 0.7 MgSO, x7H,O plus 0.5 ml of the
micronutrients solution. The micronutrients so-
lution contains (in g per 1000 ml): 0.29 ZnSO,,
0.24 CaCl,, 0.25 CuSO,, 0.17 MnSO,. A pH of
the medium was equal to 7. A 2 % sterile oil was
added to the medium as a carbon source. Cultiva-
tion was carried out aerobically in 100 ml flasks
at the temperatures of +5, +30, +60 °C for 7 days
on a DSR-2100D-N orbital shaker with a rotation
speed of 150 rpm.

The methane concentration in marine sedi-
ments was determined by the Headspace method.
12 ml of sediment was withdrawn from the core
using a plastic syringe sampler. Withdrawn sedi-
ment was transferred into a 43 ml glass vial filled
with brine. The vial was immediately sealed with
a plastic stopper with a rubber septum. Excess
water and air were removed by a medical needle.
The vials were equally filled with helium (12 ml)
by means of the Tedlar Bag Dual Valve (USA)
plastic bag with two valves. The bag was filled
with helium through the first valve, and the vial
with a sample was filled through the second one
using a needle. Pure helium of 6.0 grade was used
as the gaseous phase. Then vial contents were in-
tensively mixed in manual way until the sediment
within the vial became completely homogenized.
The vials with the homogenized sediment were
shaken for 3.5 hours before carrying out the anal-
ysis using the LOIPLS-110 (Russia) shaker. For
analysis, 5 ml of the gaseous phase were equally
taken out using a syringe and put into the injector
of the gas chromatograph.

The methane concentrations in the gase-
ous phase were determined on the ECHO-EW
mod.2 gas chromatograph (Russia) equipped
with a flame ionization detector and metal poly-
capillary column (length is 2 m, width is 0.2-
0.3 mm, phase Hayesep SD). The components
were separated in isothermal mode at a column
temperature of 50 °C. A detector temperature
(FID) was 190 °C. Pure helium of 6.0 grade
was used as a carrier gas. Certified calibration
gas mixtures (OOO PGS-Service, Russia) with
the volume concentrations of methane in helium
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0.001, 0.005 and 0.01% was used to calibrate the
equipment. Microsoft Excel spreadsheets were
used to compute and organize the data obtained
during the cruise. The data obtained were en-
tered into the Ocean Data View geoinformation
application for interpretation immediately after
processing.

Results and discussion

Hydrocarbon-oxidizing bacteria were found in
the oxidized layer of the bottom sediments at the
methane content from 8.4 to 33.87 ml/l along the
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eastern coast of the Novaya Zemlya and Novo-
zemelskaya Depression. Hydrocarbon-oxidizing
microorganisms were not found at the stations
6877 and 6887. Both of these stations are char-
acterized with low values of the methane content
(8.3 and 5.3 ml/l, respectively) (see the Table).
The mesophiles count, determined by the
McCready method, insignificantly depended on
the methane content fluctuations. The maximum
count of this group was recorded at the stations
6879 with high methane content (33.87 ml/l)
and 6912 located in Novozemelskaya Depres-
sion, where a low methane content
(8.4 ml/l) was revealed, — 4300 and
3500 cells/g, respectively. Meso-
and psychrophiles hydrocarbon-ox-
idizing bacteria counts at the station
6879 were comparable (4300 and
3300 cells/g, respectively). But mes-
ophiles oil-oxidizing microorganisms
count at the station 6912 significantly
exceeded the same indicator for psy-
chrophilic ones (3500 and 100 cells/g,
respectively). Only psychrophilic mi-
croorganisms were recorded at the
stations 6919 and 6916.
Thermophilic oil-oxidizing bacte-
ria (200 cells/g) were found only at
one station 6928 located in the south-
ern part of Novozemelskaya Depres-
sion with a high (14.8 ml/l), but not
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Figure. Map of the study area with marked stations of the bottom sediments
sampling. Distribution of the methane content and places of psychro-, meso-
and thermophilic hydrocarbon-oxidizing bacteria in the bottom sediments of
the Kara Sea. The stations, where the bacteria were found: 1 — psychrophilic
hydrocarbon-oxidizing, 2 — mesophilic hydrocarbon-oxidizing, 3 — thermo-
philic hydrocarbon-oxidizing. Unfilled circles — the stations where hydrocar-
bon-oxidizing bacteria were not found.

maximum for the study area, meth-
ane content. Mesophilic oil-oxidizing
bacteria (100 cells/g) were also found
at this station. Mesophilic cultures
are represented by the long, thin rods.
Thermophilic bacteria are relatively

Table. Number of thermo-, meso- and psychrophilic hydrocarbon-oxidizing microorganisms in the surface layer

of the bottom sediments in the Kara Sea

Hydrocarbon-oxidizing bacteria,
Station no. | Depth, m Metharrlglj:lontent, cells/g Station location
+60°C | +30°C +5°C
6877 85 8.3 - - - Water area of the Kara Sea
6879 172 33.87 - 4300 3300 St. Anna Trough (southern part)
6883 183 13.2 - 800 - St. Anna Trough (central part)
6887 528 5.3 - - - St. Anna Trough (northern part)
6919 195 9.4 - - 500 Rusanov Bay, Novaya Zemlya
6912 300 8.4 - 3500 100 Novozemelskaya Depression
6916 315 18.9 - - 600 At the same place
6928 250 14.8 200 100 - Novozemelskaya Depression
(southern part)

Note. Dash — hydrocarbon-oxidizing bacteria are not found.
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homogeneous in morphological composition and
represented by thin and/or barrel-shaped rods.
The detection of thermophilic microorganisms
may be associated with hydrothermal activity and
gas release from the depth. These assumptions are
indirectly confirmed with the fact, that the sedi-
ment at the station, where thermophiles have been
found, is grey-black with sulfides content, dense,
reduced, with a high hydrotroilite content.

The study results showed, that the methane
content in the bottom sediments had influenced
to varying degrees on the detection of psychro-,
meso- and thermophilic hydrocarbon oxidizing
bacteria. Psychrophilic and mesophilic micro-
organisms occurred with similar frequency. The
methane content had the greatest effect on the
count of psychrophilic hydrocarbon-oxidizing
microorganisms. Mesophiles responded to change
in the methane content to a lesser degree. Ther-
mophiles were found only at one station with the
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Conclusion
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the greatest effect on psychrophilic microorgan-
isms able to grow in the cold bottom sediments,
which is mostly due to favorable conditions for
this group survivorship in the oxidized layer of
the bottom sediments of the Kara Sea. Psychro-
philic hydrocarbon-oxidizing bacteria were asso-
ciated with the methane content regardless of its
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carbon-oxidizing microorganisms have demon-
strated the greatest bioindication significance.
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