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ABSTRACT. A culture of irregular cocci with a diameter of 0.7-1.5 um, capable of producing methane
when growing on a mixture of H,/CO, gases, methanol, mono-, di- and trimethylamines, was isolated
from the bottom sediments of the Bolshaya Zelenovskaya oil-methane seep. On the basis of physiologi-
cal-biochemical, phenotypic and genetic characteristics, it was found that the microorganism obtained
in pure culture is a new strain of Methanosarcina spelaei LB-BZ-1, which has differences from the type
strain in a number of parameters, including the ability to produce methane from acetate
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1. Introduction

Lake Baikal is located in a tectonically active
zone, which determines the presence of methane and
oil seeps, as well as gas hydrate deposits in its sedi-
mentary strata. The microbial communities of oil sat-
urated bottom sediments of Baikal are characterized
by the highest relative abundance of methanogenic
archaea in comparison with sediments of deep-water
background areas and mud volcanoes (Zemskaya et
al.,, 2024 in press). This provides an opportunity to
isolate from them microorganisms that constitute a
minor part of the methanogenic component of the com-
munities tending to higher concentrations of organic
matter. One of such microorganisms are mixotrophic
archaea of the genus Methanosarcina, new strains of
which were previously isolated from Baikal bottom
sediments sampled in the area of the Gorevoy Utyos
oil-methane seep (Zhilina et al., 2017). Members of the
genus Methanosarcina are widely distributed in a vari-
ety of ecotopes including anaerobic digesters, bottom
sediments of freshwater and marine ecosystems, active
layers of permafrost soils, and underground oil reser-
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voirs (Liu and Whitman, 2008; De Vrieze et al., 2012;
Oshurkova et al., 2020). Due to their ability to uti-
lize different types of substrates as carbon and energy
sources, they are often tolerant to specific inhibitors of
certain methanogenesis pathways (fluoroacetate and
methyl fluoride), and have a high tolerance to stress
factors typical of ecotopes with high organic matter
content, including ammonium toxicity, high concentra-
tions of volatile fatty acids, elevated salinity and pH
stress (De Vrieze et al., 2012). All this makes them a
promising object for biotechnological application, and
together with the significantly increased need to fill the
All-Russian Collection of Microorganisms with biotech-
nologically important strains, determines the relevance
of their search and production in pure culture.

In this paper we present an initial description of
the genetic and physiological-biochemical character-
istics of a new methanogenic strain LB-BZ-1, isolated
from the bottom sediments of the oil- methane sip
Bolshaya Zelenovskaya (Middle Baikal) and assigned to
the genus Methanosarcina.

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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2. Materials and methods

Strain LB-BZ-1 was isolated from the surface layer
of bottom sediments (10 cm) of the deep-water (420
m) oil-methane seep Bolshaya Zelenovskaya (52.64668
N, 107.330563 E) sampled in July 2021 from the R/V
“G.Y. Vereshchagin”.

The isolation of the strain into pure culture and
the study of its physiological and biochemical prop-
erties were carried out on medium of the following
composition: (g/L): NaCl: 0.5, KH,PO,: 0.33, NH,CL:
0.33, MgCl, X 6H,0: 0.33, CaCl, x 2H,0: 0.33, NaHCO,;:
0.15, Na,S: 0.25, L-Cysteine-HCIL: 0.25, vitamin solu-
tion (Wolin et al., 1963): 10 ml, micronutrient solu-
tion (Kevbrin and Zavarzin, 1992): 1 ml, resazurin
(0.1%): 0.5 ml. The strain was isolated by sequential
culturing on medium supplemented with different anti-
biotic drugs (vancomycin hydrochloride (125 mg/L),
kanamycin sulfate (200 mg/L), ampicillin (500 mg/L))
and methanol (5 g/L) as carbon and energy source.
The purity of the culture was confirmed by light
microscopy, denaturing gradient gel electrophoresis
(D-Code System, Bio-Rad), and no growth on Schedler’s
medium (g/L): trypticasein-soy broth: 10, dextrose: 5,
Tris(thydroxymethyl)aminomethane: 3, L-cystine: 0.4,
peptone mixture: 5, yeast extract: 5, hemin: 0.01 and
glucose-peptone agar (g/L): glucose: 4, yeast extract:
2, peptone: 2.

During the determination of physiological and
biochemical parameters of the strain, growth was
evaluated by measuring CH, concentrations in the gas
phase by gas chromatography. When evaluating the
utilization of different carbon sources, cultivation was
performed at 29°C for 21 days (90 days at 4°C). All tests
were performed in three replications.

To obtain data on the genome structure of strain
LB-BZ-1, total DNA was isolated from the culture by
a modified enzymatic lysis method followed by phe-
nol-chloroform extraction. Library preparation and
sequencing on the MGISEQ DNBSEQ-G400RS platform
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in 2 x 150 bp format were performed at the Institute of
Genomic Technologies LLC (Moscow, Russia). Contig
assembly and subsequent annotation of genomic data
using SPAdes v.3.15.5 genomic assembler (Prjibelski et
al., 2020) and SqueezeMeta v.1.6.3 software package
(Tamames and Puente-Sanchez, 2019) were performed
according to the algorithm described in (Chernitsyna
et al., 2024). The taxonomic classification of the strain
was determined using the GTDB v.09-RS220 complete
genome database based on sequence comparisons of 53
marker genes. The genome assembly obtained in this
study was deposited in the NCBI database under project
number PRINA875570.

3. Results and discussion

The LB-BZ-1 strain was represented by immobile
coccoid cells with a diameter of 0.7-1.5 pum, often com-
bined into sarcine-like packages and their conglomer-
ates (Fig. A). The cells were Gram-negative stained.

When growing on a medium with methanol (5
g/1), the isolate showed no signs of psychrophilicity -
the optimal growth temperature was 29 °C (estimated
range 4, 20, 22, 25, 27, 29, 32, 37° C), however, it was
able to grow over a wide temperature range, including
4°C, which corresponds to the native temperature of
the bottom sediments from which it was isolated (3.8
°C). According to preliminary data, the optimum salin-
ity was in the range of 0-0.01M NaCl (estimated range
0, 0.01, 0.02, 0.05, 0.1, 0.2, 0.3M NaCl), optimum pH
7.5-8.0 (estimated range of initial pH of the medium
5.0-9.0), which is also close to the parameters of bot-
tom sediments of the oil-methane seep.

The strain was able to utilize H,/CO, (80:20 v/v,
110 kPa), methanol (5 g/L), monomethylamine (1 g/L),
dimethylamine (1 g/L) and trimethylamine (1 g/L) as
carbon and energy sources. Formate (1 g/L), acetate
(0.1, 0.5, 1 g/L) and dimethyl sulfide (0.186 g/L) not
used.
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Fig. Cell morphology of strain LB-BZ-1 in the light epifluorescence microscopy image (A) and its position on the phyloge-

nomic tree of representatives of the genus Methanosarcina (B).
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Table. Physiological, biochemical and genetic characteristics of strains

Characterization M. spelaei MC-1 51 (Ganzert et al., 2014) LB-BZ-1
Source of isolation Floating biofilm, cave lake. Surface layer of bottom sediments, Lake Baikal
Cell dimension (um) 2.0-4.0 0.7-1.5
Gram stain - -
Temperature range for 0-54 4-37 (requires clarification)
growth (°C)
Temperature optimum (°C) 33 29
pH range for growth 4.1->9.9 5.0-8.5 (requires clarification)
Optimum pH 6.6 7.5-8.0
Tolerance of NaCl (M) 0.02->0.6 0-0.3 (requires clarification)
Optimum NaCl (M) 0.02 0-0.01
Substrates used
H,/CO, + +
Methanol + +
Acetate + -
Formate - -
Dimethyl sulfide - -
Monomethylamine + +
Dimethylamine + +
Trimethylamine + +
Characteristics of genome assemblies
Size (bp) 5088600 4553458
N50 25064 179504
Completeness according to 99.90 99.98
CheckM2 (%)
Contamination according to 1.62 1.51
CheckM2 (%)
GC content (%) 38.75 39.04
Coding density (%) 71.27 71.90
Number of genes according 4374 3819
to PGAP
Number of protein-coding 4310 3757
genes
Number of rRNA genes 1;1;1 1;1;1
(5S;168;23S)
Number of tRNA genes 59 56

The results of sequencing data processing for the
strain yielded a genome assembly with a total length
of 4553458 bp, an estimated completeness of 99.97%
and a contamination of 1.5% according to CheckM2
(Chklovski et al., 2023). Taxonomic analysis showed
that the obtained isolate has the highest similarity to
the strain Methanosarcina spelaei MC-15" (Ganzert et
al., 2014) and forms a single clade with it on the phy-
logenomic tree (Fig. B). In terms of average nucleo-
tide identity (ANI), the similarity between strains was
within the accepted limits of intraspecific variability
(95%) and amounted to 97.13%. The average amino
acid identity (AAI) and DNA-DNA in silico hybridiza-
tion were 97.42% and 71.70%, respectively, which also
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indicated that the strains belonged to the same species.

Despite the fact that both strains were isolated
from ecotopes located at the boundary between oxidized
and reduced environmental conditions, comparison of
their physiological, biochemical, and genetic character-
istics revealed a number of differences (Table). Thus,
the Baikal isolate is characterized by smaller cell sizes,
lower temperature optimum for growth, and a shorter
genome with fewer protein coding genes. However, the
main difference is that LB-BZ-1 lacks the ability to grow
on medium with acetate as the only source of carbon
and energy. It should be noted that this feature is not a
consequence of global genetic changes - all key genes
of the acetoclastic pathway of methanogenesis were
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found in the genome of LB-BZ-1 strain. In this regard,
the suppression of the ability to produce methane from
acetate probably occurs at the level of transcription reg-
ulation and is a consequence of living in conditions of
low concentrations of acetate ion (below the detection
threshold of 0.01 mg/1) and high competition for this
substrate from other microorganisms, including aceto-
clastic methanogens of the genus Methanotrix, which
have a large relative abundance in the community of
bottom sediments of oil methane seep (Zemskaya et al.,
2024 in press).

4. Conclusions

A mixotrophic methanogenic strain LB-BZ-1 has
been isolated from the oil-saturated bottom sediments
of Lake Baikal, capable of growing in a wide range
of temperatures, salinity and pH. Taxonomic analysis
confirmed its belonging to the species M. spelaei. The
assessment of physiological, biochemical and genetic
characteristics showed the presence of moderate evolu-
tionary adaptations of LB-BZ-1 to the conditions of exis-
tence in the sediments of a cold-water oligotrophic res-
ervoir in comparison with the typical strain of MC-15T"
isolated from a mesophilic, sulfide ecosystem. The lack
of the ability to produce methane via the acetoclastic
pathway and the level of DNA-DNA hybridization sug-
gest that the Baikal strain is a representative of the new
subspecies Methanosarcina spelaei subsp. baikalica.
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1. BBeaenue

Osepo Dbaiikan pacnosioxxeHO B TeKTOHUYeCKU
aKTHBHOI 30He, YTO o0ycJaBjMBaeT Hajuuue MeTa-
HOBBIX U He(TAHBIX CHUIIOB, a TakXxe 3ajlexeil raso-
BBIX THMApPaTOB B €ro OocafoyHOM ToJie. MukpoGHble
coobiiecTBa HeTeHACHII[EHHBIX JOHHBIX OTJIOXEHUN
Batikana xapakTepusynTcs HauboJIblIell OTHOCUTEJTb-
HOHM YMCJIEHHOCTHI0 METaHOTeHHBIX apXeil B CpaBHe-
HUU C 0CaJKaMU TJIyOOKOBOIHBIX (POHOBBIX PAliOHOB U
Ipsi3eBHIX BYJIKAHOB (Zemskaya et al., 2024 B nevarn).
ODTO mpefocTaBjAeT BO3MOXHOCTD BbJIeJIEHUSA M3 HUX
MHMKPOOPraHN3MOB, COCTaBJIAIONMX MUHOPHYIO 4YacTb
MeTaHOT'€HHON KOMIIOHEHTH! COO00OIeCTB, TATOTEIONYI0
K [TOBBIIIIEHHBIM KOHIIEHTpalsAM OpraHUu4ecKoro Bele-
cTtBa. OJHUMU K3 TaKUX MUKPOOPraHU3MOB ABJIAIOTCA
MUKCOTpOGHbIe apxen poaa Methanosarcina, HOBbIE
mITaMMBl KOTODHIX paHee yXe BBIJeJUIMCh U3 Oaii-
KaJIbCKUX JIOHHBIX OTJIOXEHUH, OTOOpPaHHBIX B palioHe
HedTe-MeTaHoBoro cuma I'opesoii Y1éc (KunuHa u ap.,
2017). Ipencrasutenu poma Methanosarcina mupoxo
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pacnpocTpaHeHbl B Pa3jIMYHBIX 3KOTONAX BKJIIOYas
MeTaHTEeHKU, [IOHHBbIe OTJIOXKEeHUs MPEeCHOBOAHBIX U
MOPCKUX 3KOCHUCTEM, aKTHUBHBIE CJION BEYHOMEP3JIBIX
MOYB, a TakXe Ioji3eMHble HedTsAHBIE pe3epByaphl (Liu
and Whitman, 2008; De Vrieze et al., 2012; Oshurkova
et al., 2020). Biiarogaps cmoco6HOCTU MCIOJIb30BATh B
KayecTBe NCTOYHUKOB yIJIepojia U SHEPIUU pa3InyHble
TUMBI CyOCTPAaTOB OHU 3a4acTyI0 TOJIEPDAHTHHI K CIell-
UPUYHBIM UHTMOUTOpaM OTJIeIbHBIX MyTell MeTaHore-
He3a (propauerat u MeTUIDTOPUL), a TAKXKe 061aJAI0T
OoJIblllell YCTOMYMBOCTBIO K CTpeccoBbIM (dakTopawm,
XapaKTePHBIM [IJIs1 3KOTOIOB C BBICOKUM COJlepXaHueM
OpraHUYeCcKOro BelllecTBa, BKJII0Uas aMMOHUINHYIO TOK-
CUYHOCTb, BBICOKHE KOHIIEHTpPAI[UM JIETYUUX >XUPHBIX
KHCJIOT, TOBBIIIEHHYI0 cojiéHocTh U pH-ctpecc (De
Vrieze et al., 2012). Bce 3T0 fesiaeT UX NePCIEKTUBHBIM
00BbeKTOM A1 OMOTEeXHOJIOTMYECKOro NMpUMeHeHUs, a
B COBOKYITHOCTM CO 3HauyWTeJIbHO BO3poclieil moTpes-
HOCTBIO IO HaloJIHEHUI0 Bcepoccuiickoil KoJuIeKIuu
MUKPDOOPTraHU3MOB  OHOTEeXHOJIOIMYeCKU-3HAUMMbIMU

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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mTaMMaMy, o0ycjiaBiuBaeT aKTyaJbHOCTh MX IOKCKA
Y NOJIy4eHUA B YUCTOH KyJIbType.

B naHHOI1 paboTe MBI IPUBOAYM [IePBUYHOE OIIHU-
caHMe TeHeTHYecKHX M (U3N0JIOro-0MOXUMHUYeCKUX
XapakTepUCTHUK HOBOI'O MeTaHOreHHoro mraMmmMa LB-BZ-
1, BBIIEJIEHHOT0 M3 JOHHBIX OTJIOXKEeHUI HedTe-MeTaHo-
Boro cumna bosbmas 3eneHoBckas (CpegHuii Batikan),
U, OTHECEHHOTO K poxy Methanosarcina.

2. MaTepuanbl U MeTOADI

MItamm LB-BZ-1 6bL1 BhIfjeJIeH M3 MOBEPXHOCT-
HOro cJIoA JTOHHBIX oTjoxeHui (10 cMm) ryiyGoKoBO-
aHoro (420 M) HedTe-MeraHoBoro cuma boJbiias
3esnenoBckas (52.64668 N, 107.330563 E), otobpasn-
HbIX B utoJie 2021 r. ¢ 6opra HUC “T.10. Bepemaruu”.

BoifeseHue mTaMMa B UYUCTYI0 KyJIbTYypy U
n3yyeHue ero (pusanojaoro-6MOXMMHYECKHUX CBOMICTB
NpOBOAWJIM Ha cpefe cJenyiomero cocrasa: (r/J):
NaCl: 0.5, KH,PO,: 0.33, NH,Cl: 0.33, MgCl x6H,0:
0.33, CaCl,x2H,0: 0.33, NaHCO,: 0.15, Na,S: 0.25,
L-Lluctenn-HCL: 0.25, pactBop ButamuHoB (Wolin et
al., 1963): 10 mu1, pacTBOp MUKpO3JieMeHTOB (KeBOpUH
u 3aBap3uH, 1992): 1 mu, pesasypuH (0.1%): 0.5 M.
[itamMM OBLT KM30JIMPOBAH METOJOM IIOCJIeJOBATeJIb-
HOI'0 KyJIbTUBHPOBAHUA Ha cpefle ¢ JoOaBjieHUeM pas-
JIMYHBIX aHTUOMOTUYECKUX [IpenapaToB (BaHKOMULIHA
ruapoxiopuf (125 mr/i), kaHamuiuHa cyybdat (200
mr/mn), amnuiuuinH (500 mr/m)) u metanosioM (5 r/m)
B KauecTBe MCTOYHHMKA yIjiepoja W sHepruu. Yucrora
KyJIbTypH OblIa NOATBEpXJeHa MeTOJaMHu CBETOBOH
MHKDOCKOIIMY, JeHaTypUpyollero rpaJueHTHOro
resib-3siekTpodopesa (D-Code System, Bio-Rad), a
TakXe OTCyTCTBHeM pocTa Ha cpefie Illlensepa (r/in):
TPUNTHUKA3enHO-coeBbIll OysboH: 10, mekcrposa: 5,
Tpuc (TUApoKCcUMeTIs1 aMmuHoMmeTaH): 3, L-uucrtus: 0.4,
MIEeNITOHOBAs CMeCh: 5, JPOXKKEBOM SKCTPAKT: 5, TeMUH:
0.01 u ryroko3omenTOHHOM arape (T/m): IJloko3a: 4,
JPOXCKEBOM SKCTPAaKT: 2, MEeNTOoH: 2.

B xonme ompepnesieHusa (usnoJioro-6noxmumuye-
CKUX IlapaMeTpOB HITaMMa pPOCT OIleHHMBayd IyTEM
usMepenust KoHunenTpauuii CH, B razosoi1 pase meto-
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oM raszoBoil xpomarorpaduu. Ilpu oleHKe HCIOJIb-
30BaHUA pa3jIMYHBIX MCTOYHMKOB yIjepoja KyJIbTU-
BUpOBaHue nposoauau npu 29°C B TeueHnu 21 cyTok
(90 cytok npu 4°C). Bce TecThl NMPOBOAUINCH B TPEX
IIOBTOPHOCTSX.

JnA mosyyeHHs AaHHBIX O CTPYKType reHoMa
mramma LB-BZ-1 cymmapayw JHK u3 KyJabTyphl
BBIIEJIATIA MOAUGULIMPOBAHHEIM MeToAOM (epMeH-
TaTUBHOTIO JM3HcCa C HocJjeAyioleidl (eHoI-XJI0po-
¢opmHOI1 skcTpakiueii. [logroToBky 6ubamMoTeku u
cekBeHUpoBaHMe Ha Iutatgopme MGISEQ DNBSEQ-
G400RS B ¢opmate 2x150 nH npoBoaunu Ha Oase
OO0 MWHcTtuTyT reHOMHBIX TexHomoruil (Mocksa,
Poccusa). COOpKy KOHTHIOB M IOCJIEAYIOIIyI0 aHHOTa-
I[1I0 TEHOMHBIX JaHHBIX C UCIIOJIb30BaHUEM e HOMHOI'O
coopmumka SPAdes v.3.15.5 (Prjibelski et al., 2020) u
mporpaMMHoOro nakera SqueezeMeta v.1.6.3 (Tamames
and Puente-Sanchez, 2019) ocymiecTBIs/IM MO aJiro-
putmy, omucaHHomy B pabore (Chernitsyna et al.,
2024). TakcOHOMMYECKYI0 KJjaccUpUKAIMI0 MITaMMa
omnpefesANd C HCIOJIb30BaHHeM 0a3bl MaHHBIX IIOJI-
HeIXx reHoMoB GTDB v.09-RS220 Ha ocHOBe cpaBHe-
HUA [OcjlefoBaTeJIbHOCTe 53-X MapKepHBIX T'eHOB.
l'enomHas cbopka, nojIyuyeHHas B JaHHOL paboTe Jierno-
HHpoBaHa B 6a3e ganHeix NCBI nog HoMepoMm mpoekTa
PRJNA875570.

3. Pe3yAabTathbl M 06Ccy)xpeHue

Oitamm LB-BZ-1 6bL1 mpencTaBjieH HENMOABUX-
HBIMU, KOKKOBUJHBIMU KjleTkamu guamerpom 0.7-1.5
MKM, 4YacTo O0beAVWHEHHBIMU B CapIHHONOAOOHEIE
[aKeThl ¥ UX KoHrJioMepaThl (Puc. A). KieTku okpamu-
BaJIMCh N0 I'paMy oTpuIiaTesbHO.

[Ipu KyJIbTUBMPOBAaHUM Ha cpefie C MeTaHOJIOM
(5 r/71) U30JAT He NPOABUJI NPU3HAKOB NCUXPOQUIIb-
HOCTHU - ONTHMaJIbHaA TeMIlepaTypa pocTa COCTaBHJIa
29°C (oueHéHHBIN Auama3oH 4, 20, 22, 25, 27, 29, 32,
37°C), oHako OH ObL1 criocobeH pa3BUBAThCA B HIMPO-
KOM Jiana3oHe TeMIlepartyp, Bkjtodas 4°C 4To COOTBeT-
CTByeT HaTHMBHOI TeMIlepaType JOHHBIX OTJIOXKeHUH, U3
KOTOPBIX OH ObL1 BhiAesieH (3.8°C). Ilo mpenBapuresib-

—_—

b 0.1

S Methanosarcina sp. MSH10X1 (GCF_004099695)

s Methanosarcina sp. UBA402 (GCA_002509325)
s__Methanosarcina sp. UBA293 (GCA_002499445)

S Methanosarcina thermophila TM-1 (GCF_000969885)
S Methanosarcina flavescens E03.2 (GCF_001304615)

S Methanosarcina sp. (GCA_024280975)

s Methanosarcina sp. UBA289 (GCA_002496565)
s__Methanosarcina sp. UBAS (GCA_002505485)

S Methanosarcina vacuolata Z-761 (GCF_000969905)

S Methanosarcina barkeri Wiesmoor (GCF_000969985)
S Methanosarcina sp. OH_SBrB_19 (GCA_023399215)
S Methanosarcina barkeri MS (GCF_000970025)
LB-BZ-1

s Methanosarcina spelaei MC-15 (GCF_002287235)

s Methanosarcina barkeri 3 (GCF_000970305)

S Methanosarcina sp. (GCA _937906725)

Puc. Mopdosorus kietok mramma LB-BZ-1 Ha cHUMKe cBeTOBOM anudJiyopecieHTHON MUKpockonuu (A) U ero mojioxeHre
Ha GQUIJIOTeHOMHOM JIpeBe TpecTaBuTesiel poga Methanosarcina (B).
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Ta6suna. ®1310JI0ro-6MoXUMHUYECKU U reHeTUYecKre XapakTepUCTUKY ITaMMOB

XapakTepuCTHKA M. spelaei MC-15" (Ganzert et al., 2014) IlItamm LB-BZ-1
W cTOYHUK BBHIZIEIEHUA [InaBatomasn OMOIIEHKA, HelepHoe 03epo [ToBEepXHOCTHEIN CJION JJOHHBIX
OTJIOXKeHUH, 03epo Barikai
Pa3smep kJieTok (MKM) 2.0-4.0 0.7-1.5
Oxkpacka no I'pamy - -
TemmepaTtypHsbIi quana3oH pocta (°C) 0-54 4-37 (TpebyeT yTOYHEHUs)
TemmepartypHbiii ontumyM (°C) 33 29
Huanazon pH 4.1->9.9 5.0-8.5 (TpebyeT yTOUHEHNS)
OntumyMm pH 6.6 7.5-8.0
Huamazon NaCl (M) 0.02->0.6 0-0.3 (TpebyeT yTOUHEHNS)
OntumywMm NaCl (M) 0.02 0-0.01
Hcnonb3yemble cyOCTpaTh
H,/CO, + +
Metanout aF +
Arnerat + -
®opmuar - -
Jumetnicyabdun - -
MonoMeTr1aMIH ar IF
JAumeTuiaMuH + +
Tpumetrunamus TF TF
XapaKTepuCTUKU I'eHOMHBIX COOPOK
Paswmep (11.H.) 5088600 4553458
N50 25064 179504
IToaHota corsiacHo CheckM2 (%) 99.90 99.98
Konramunaius corsiacio CheckM2 (%) 1.62 1.51
GC (%) 38.75 39.04
[TmoTHOCTD KOupoBaHus (%) 71.27 71.90
KomnmuecTtBo renos corsiacHo PGAP 4374 3819
KomnmuecTBo 6€10K-KOAVPYIOMINX [eHOB 4310 3757
KonmngectBo renos pPHK (5S;16S;23S) 1;1;1 1;1;1
Kosmuectso renos TPHK 59 56

HBIM JIaHHBIM, ONTUMYM COJIEHOCTH HaXOOWJICA B Ipe-
nenax 0-0.01M NaCl (omenénnsiii auamnasoxn 0, 0.01,
0.02, 0.05, 0.1, 0.2, 0.3M NacCl), ontumym pH 7.5-8.0
(oueHéHHBIN AMana3oH HavaapHOro pH cpensl 5.0-9.0),
YTO Takxe OJIM3KO K IMapaMeTpaM JOHHBIX OTJIOXKEeHUI
He(dTe-MeTaHOBOIO CHIIa.

B kauecTBe HCTOYHUKOB yIjepofa M 3HEPIuu
mramm OblT criocoGen ucnosb3osath H,/CO, (80:20
v/v, 110 kIla), metanon (5 r/m), MmoHoMmeTuaMuH (1
r/n), qumetuinamuH (1 r/i), TpuMmetunamud (1 r/mn).
®opwmuar (1 r/n), auerar (0.1, 0.5, 1 r/1) u AUMeTUNI-
cynpdun (0.186 r/mn) He ucnoab30BaJlL.

[To pesynpraTam 0OpabOTKU JAaHHBIX CEKBEHU-
poBaHusA [JiA LITaMMa I[OoJIyieHa TeHoMHasa cOopka
obmieii mmHHON 4553458 mnap HYKJIEOTH[IOB, OIle-
HOYHOM IIOJIHOTOM 99.97% U KOHTaMUHAI[MIOHHBIM
nokasaresieM 1.5% corsiacHo CheckM2 (Chklovski et
al., 2023). TakCOHOMMYECKUI aHaJM3 IOoKasaJl, 4YTo
MOJIYYEHHBIN U30JIAT UMeeT HauboJblllee CXO/ICTBO CO

mraMmMoM Methanosarcina spelaei MC-15" (Ganzert et
al., 2014) u ob6pa3yer ¢ HUM eIUHYIO KJIaAy Ha Quiio-
reHoMHOM JipeBe (Puc. B). [lo mokasaresio cpenHeil
UAEHTUYHOCTH HykjeoTuAoB (ANI) cxoncTBo mexnay
mITaMMaMU He BBIXOJIUJIO 3a MIPUHATHIE pAMKU BHYTPU-
BU0BOM BapuabenbHOCTU (95%) u coctaBusio 97.13%.
[TokazaTenu cpegHell aMUHOKHCJIOTHOM WIAEHTUYHO-
ctu (AAI) u JHK-OHK ruGpuausanuu in silico cocra-
B 97.42% u 71.70% COOTBETCTBEHHO, YTO TaKXe
yKa3blBaeT Ha NPUHAJJIEXHOCTh IITaMMOB K OJHOMY
BULY.

HecmoTps Ha TO, uTO 06a mTamMMa BhIieJIeHbl U3
3KOTOIIOB, pacloJiaralouxcs Ha TpaHulle MexX Ay OKUC-
JIEHHBIMU U BOCCTAaHOBJIEHHBIMM YCJIOBUSAMU Cpe[ibl,
cpaBHeHHe UuX GU3NOJIOrO-OMOXMMHUYECKUX U TeHe-
TUYEeCKUX XapaKTEepUCTUK BBIABUJIO PAA WMEIONUXCA
paznuunii (Tabmuna). Tak A 6alikaabCcKOro U3oJATa
XapaKTepHBI MeHbIIINe pa3Mephl KJIeTOK, 6ojiee HU3KUI
TeMIlepaTypHBII ONTUMYM POCTa, & TakXe reHOM MeHb-
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el AJIMHHEI C MeHbIINM KOJIMYecTBOM 6eJI0K-KOUpy-
I0IKX reHoB. OJHAKO OCHOBHBIM OTJIMYHEM ABJIAETCA
oTcyTcTBUe y LB-BZ-1 crmocobHOCTH K poCTy Ha cpefie
C aleraToM, B KaueCTBe eOWHCTBEHHOTO HCTOYHHKA
yrjiepoga u sHepruu. CieyeT OTMeTUTh, YTO JaHHAaA
0COOEHHOCTh He ABJIAeTCA CJIeICTBUEM IJI00aJbHBIX
reHeTUYeCKUX M3MeHeHHUH - y 0aliKaJbCKOro ITaMma
oOHapy>eHBI Bce KJII0YeBble I'eHbl al[eTOKJIaCTUYeCKOro
IIyTU MeTaHoreHe3a. B cBA3M ¢ 3TUM yrHeTeHUe CIIO-
coOHOCTH 00pa3oBHIBaTh MeTaH U3 alerara, BepOsATHO
IIPOMCXOAUT Ha YPOBHE peryJiAllid TPaHCKpUNLUHU U
ABJIAETCA CJIeICTBeM OOMTaHWA B YCJIOBUAX HU3KUX
KOHIIeHTpaliil areTaT-uoHa (HuXe mopora JeTeKIuu
- 0.01 Mr/n) 1 BBICOKOM KOHKYPEHIMU 3a aHHBIN CyO-
CTpaT CO CTOPOHBI APYTUX MUKPOOPraHU3MOB, BKJII04as
aIeToKJIACTUYeCKUX MeTaHOTeHOB pona Methanotrix,
UMeIOINX OOJIbIIyI0 OTHOCUTEJIBHYIO UYHCJIEHHOCThb B
coofIecTBe JOHHBIX OTJIOXKEHUI HedTe-MeTaHOBOTO
cumna (Zemskaya et al., 2024 B neuaTn).

4. BoiBOADI

W3 HedTeHaCHIEHHBIX MAOHHBIX OTJIOXKEHUN
o3epa Dbaiikanm BblAesleH MHMKCOTPOGHBIE MeTaHO-
reHHbpii mramMm LB-BZ-1, crmocoOHBINI pacTu B HIUPO-
KOM JMala3oHe TeMIlepaTyp, CoJIEHocTu u  pH.
TakcoHOMHUYeCKUI aHa/JIu3 NOATBEpPANJI ero NnpuHai-
JIexXHocTh K Buay Methanosarcina spelaei, a oreHka
$u3noI0ro-6MOXMMUYECKUX W TeHeTUYeCKUX Xapak-
TEPUCTUK ITOKa3alla HaJuyue YMepeHHBIX 3BOJIIOLNOH-
HBIX afjalTalliii K yCJIOBUAM CyIleCTBOBaHUA B OcafKax
XOJIOAHOBOJHOI'O OJINTOTPO(PHOIO BOJI0EMa B CpaBHe-
HUU ¢ TUNOBBIM mTamMMoM MC-15", BeiesieHHEIM U3
Me30pUIBbHON, CyJabOUIHON 3KOCUCTEMBI. AHaIN3
MOJIYYEHHBIX pe3yJibTaToB U ypoBeHsb JJHK-THK ru6pu-
JAu3anuy M03BOJIAIT IPeAIoJI0XUTh, YTO HOBBIN MeTa-
HOIeH sABJIAETCA IpeJCTaBUTeJIeM HOBOIO IOJABHAA
Methanosarcina spelaei subsp. baikalica.
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