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Microbial community analysis

Firstly, we performed 16S rRNA gene amplicon sequencing to determine the diversity of
the collected sulfidic water from 2,000 m depth. This contained 16S rRNA gene sequences
affiliated to the phyla Fusobacteriota, Cloacimonadota, Planctomycetota, Chloroflexota,
Desulfobacterota, Bacteroidota, Marinimicrobia, and Omnitrophica (Fig. 1A-i), in good
agreement with the microbial diversity previously reported [1-4]. Next, we used different
treatments to enrich specific microbes. The growth medium amended with simpler carbon sources
like acetate (Fig. 1A-ii) and pyruvate (Fig. 1A-iii) mostly supported enrichment of members of the
phyla Bacteroidota (55.4 and 84.4%, respectively) and Desulfobacterota (41.0 and 11.7%,
respectively), while amino acid mixtures supported Bacteroidota (79.0%) and
alphaproteobacterial members (18.9%; Fig. 1A-iv). A significant increase in the relative
abundance of Cloacimonadota (~17%) and Planctomycetota (~30-42%) was observed in the

growth media amended with propionate and chitin, respectively (Fig. 2).

The growth medium containing cellulose as the major carbon source promoted a much
greater range of microbial members affiliated with Bacteroidota, Clostridiales,
Alphaproteobacteria, Desulfobacterota, Epsilonproteobacteria, Spirochaetota, Ignavibacteriota,
and Cloacimonadota (Fig. 1A-vii-x) (BS1; see M & M for details). Growth of such a wide variety
of microbial members was expected, given that the gradual hydrolysis of cellulose gently generates
a myriad of carbon sources that function as substrates for diverse physiological groups of
microorganisms. Moreover, the gentle release of carbon sources in the medium is advantageous
since most of the uncultivated microorganisms are not ready to cope with the sudden exposure of
carbon sources [5-7]. Application of a diluted cellulose medium (BS2) incubated at a lower

temperature (10°C) and higher sulfide concentration (>2 mM) promoted the growth of an even
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broader range of bacteria, including Ignavibacteriota, Cloacimonadota, Chloroflexota, and
Planctomycetota (Fig. 1A-ix). Further relative increases in the abundance of members of
Ignavibacteriota, Cloacimonadota, and Planctomycetota (Fig. 1A-x) were observed in the
cellulose enrichments incubated at 10°C at even higher sulfide concentrations (4 mM; BS3
medium). An increase in the abundance of members of these phyla might be possible due to their
adaptation to in-situ conditions.
Physiology and metabolic properties of the Psychrilyobacter piezotolerans strain S5

Psychrilyobacter sp. strain S5 was isolated by repeatedly streaking on cellulose amended
medium (see M&M for details; Fig. 1B-i), and it was found to have a 100% 16S rRNA gene
sequence similarity with the Psychrilyobacter piezotolerans strains SD5T and BL5 of the phylum
Fusobacteriota previously isolated from the Black Sea [1] (Fig. S1A). The strain S5 was initially
rod-shaped and Gram-negative in growth medium containing 1 mM sulfide (Fig. S1C), but at
higher sulfide concentrations (>20 mM) its cell morphology transformed into a spherical shape, as
previously described [1]. While strain S5 shared similar physiology and metabolic properties with
P. piezotolerans strains SD5" and BL5 [1], it differs from them in its inability to use chitin,
differences in optimal growth temperature range (18-23 °C) and lipid profile (Table S42-S43; by
relatively lower abundance of hydroxy fatty acids). Based on phenotypic and genotypic analyses
this culture could represent as an additional strain of the Psychrilyobacter piezotolerans.
Genome characteristics, physiology, and metabolic properties of Clostridiales bacteria
strains A1T and A2

The genomes of Clostridiales bacteria strains A1T and A2 were 4,111,109 bp and
4,116,947 bp in length, respectively. These genomes were found to be almost complete and free

of contamination (Table S6). The G+C mol% of the A1T and A2 strains were 42.88% and 42.87%,
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respectively. Annotation of the genomes revealed that strain A1T had 3,889 coding sequences,
while A2 had 3,901. No CRISPR repeats were identified in either genome. Based on a BLAST
search analysis of the complete 16S rRNA gene sequences (1,541 bp), strains A1" and A2 showed
90.3% similarity with Fusibacter paucivorans SEBR 42117 of the order Clostridiales of the
phylum Bacillota. The genomes of both strains contained a complete set of genes encoding
enzymes of the Embden-Meyerhof glycolytic pathway (Fig. S14). The pentose phosphate pathway
was represented only by a non-oxidative branch, as the transaldolase gene was not found. The
tricarboxylic acid cycle was incomplete due to the lack of malate dehydrogenase and was likely
only used for biosynthetic purposes. Interestingly, an upper TCA cycle metabolite 2-oxoglutarate
was a key intermediate in the biosynthesis of some amino acids. Both strains possessed all the
genes involved in the 2-C-methyl-D-erythritol4-phosphate/1-deoxy-D-xylulose 5-phosphate
(MEP/DOXP) pathway of isoprenoid biosynthesis (Fig. S14). Hydrogen was a major fermentation
product in both strains and may be produced by [FeFe]-hydrogenase, which is known to couple
the oxidation of reduced ferredoxin to the evolution of H. during carbohydrate and protein
fermentation[8]. The reversible electron transfer between NADP(H) and ferredoxin could be
performed by ferredoxin-NADP” reductase. The presence of V-type ATPase indicates that strains
A1T and A2 may rely on substrate-level phosphorylation for ATP production.

Both strains (A1T and A2) were strict anaerobic bacteria and did not show catalase and
oxidase activity, which is consistent with their anaerobic lifestyle. However, they were able to
tolerate air exposure for about an hour, indicating some level of aerotolerance. This property was
supported by the presence of genes coding for superoxide reductase, superoxide dismutase,
rubredoxin, and rubrerythrin that might help in oxygen detoxification. Our observation suggests

that aerotolerance in these strains could be an adaptation to neutralize oxygen exposure in the
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upper water column of the Black Sea. The strains could use thiosulfate and sulfur as terminal
electron acceptors, but not sulfate. They were unable to oxidize sulfide but were able to grow at
sulfide concentrations up to 7 mM at pH 7.0, which is 17.5-fold higher than the natural
concentration. Under strict anaerobic conditions, both strains were able to grow at hydrostatic
pressures up to 50 MPa. However, growth at higher pressures (>20 MPa) was slower and the
doubling time was extended to 8-10 hours at 30 MPa. This observation suggests that these strains
are adapted to the extreme conditions of the deep sulfidic waters of the Black Sea.

Genome characteristics, physiology, and metabolic properties of novel species of the phylum
Spirochaetota (strains M1T, M2 and S2)

Oceanispirochaeta sp. strains M1 and M2 have similar genome sizes of 5.88 and 5.87 Mbyp,
respectively, with genome completeness of 99.73% and contamination levels of 3.73% and 4.13%,
respectively (Table S6). Both strains have a G+C content of 42.89% and 56 tRNA and 98 CRISPR
repeats. Strain M1" has 5440 CDS with 2333 functional proteins, while strain M2 has 5495 CDS
with 2,120 functional proteins. Sphaerochaeta sp. strain S2 has a genome size of 3.1 Mbp with a
genome completeness of 98% and 1.2% contamination (Table S6). It has a G+C content of 46.87%,
43 tRNA, 6 rRNA, and 14 CRISPR repeats, with 3368 genes, of which 1,589 have functional
assignments.

All three strains preferentially fermented glucose for their growth (Table S1, S3), which was
further supported by the presence of relevant genes in their genomes (Fig. S18). While the strains
possessed enzymes for the hydrolysis of polysaccharides like starch (glucoamylase), they could
not utilize starch or cellobiose for their growth (Table S1). Sphaerochaeta sp. strain S2 stopped
growing during repeated subculturing under laboratory conditions; therefore, we present the

relevant findings of organic matter degradation for this strain under the Candidatus option.
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The genomes of all three strains contained a complete set of genes encoding enzymes of the
Embden-Meyerhof glycolytic pathway (Fig. S18). However, the pentose phosphate pathway is
incomplete, lacking the transaldolase gene and only having a non-oxidative branch. The
tricarboxylic acid cycle is also incomplete due to the absence of the malate dehydrogenase gene,
and it is likely used only for biosynthetic purposes. The preferred carbon source for all three strains
was pyruvate, as evidenced by their ability to utilize it for growth and the presence of pyruvate-
formate lyase and pyruvate-ferredoxin oxidoreductase genes in their genomes (Fig. S18). Lactate
dehydrogenase was also present, indicating that lactate could be produced by fermentation, along
with acetate. The cytoplasmic [FeFe] group A hydrogenase can couple the oxidation of reduced
ferredoxin generated by pyruvate-ferredoxin oxidoreductase to the reduction of protons to
hydrogen during fermentative growth. V-type ATPase was found, indicating that these strains rely
on substrate-level phosphorylation for ATP production. They can hydrolyze protein (casein) and
ferment aspartate and glutamate for growth, as supported by the presence of peptidase and amino
acid fermentation genes in their genomes (Fig. S18). However, aerobic, or anaerobic respiration is
not possible due to the absence of related genes in the genomes. Hydrogen is a major fermentation
product in all three strains, likely produced by [FeFe]-hydrogenase, which is known to couple the
oxidation of reduced ferredoxin to the evolution of hydrogen during carbohydrate and protein
fermentation [8].

All three strains were found to be Gram-negative bacteria (Fig. S3) and exhibited negative
reactions for oxidase and catalase activities. They were able to tolerate oxygen exposure for up to
30 minutes, and the presence of superoxide reductase genes in strains M1" and M2 supported this
observation. Strain S2, on the other hand, contained catalase and superoxide dismutase genes in

addition to the aforementioned genes (Fig. S18). All three strains also contained genes encoding
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rubredoxin and rubrerythrin, which could act as oxygen scavengers. None of the strains could
utilize sulfate, sulfite, thiosulfate, nitrate, or elemental sulfur as electron acceptors, as evidenced
by the absence of the corresponding genes in their genomes. Sulfide oxidation was not possible in
any of the strains. However, they were able to grow at sulfide concentrations of up to 7 mM at pH
7.0, which was 17.5-fold the natural concentration. Under strict anaerobic conditions, all three
strains were able to grow at hydrostatic pressures of up to 50 MPa. However, they exhibited weak
growth at elevated hydrostatic pressures (>20 MPa), and their doubling time was extended to 8-10
hours at 30 MPa (strain M1T; Fig. 4C).

Genome characteristics, physiology, and metabolic properties of novel members of the
phylum Bacteroidota (strains S6, L6, B1T, B2, M2P and SYP)

We have isolated six bacterial strains (S6, L6, B1T, B2, M2P and SYP) affiliated with
phylum Bacteroidota from cellulose enrichments. The genome size of Lentimicrobium sp. strain
S6 was 5,722,269 bp with a genome completeness of 98.92%, 2.24% contamination, and a G+C
content of 35.04%. In comparison, Lentimicrobium sp. strain L6 had a smaller genome size of
5,144,386 bp with a genome completeness of 96.24%, 1.70% contamination, and a G+C content
of 35.03%. Based on a BLAST search analysis of the complete 16S rRNA gene sequences, strains
S6 and L6 showed 88.7% similarity with Lentimicrobium saccharophilum TBC1T, which belongs
to the family Lentimicrobiaceae of the phylum Bacteroidota. Due to the extremely slow growth
of strains S6 and L6, we could delay the deposition of these strains to recognized culture
collections. However, due to the high relevance of the findings reported here for OM degradation,

we chose to use the Candidatus option for strain S6.

Lutibacter sp. strain B1" had a genome size of 3,428,913 bp with a genome completeness
of 97.65%, 1.10% contamination, and a lower G+C content of 30.27%. It had 3110 genes and 1929

proteins with functional assignments, along with 1,251 hypothetical proteins, 39 tRNA, and 4
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rRNA. Interestingly, it also had 31 CRISPR repeats. Lutibacter sp. strain B2 had a slightly smaller
genome size of 3,240,965 bp with a genome completeness of 97.16%, 0.35% contamination, and
a G+C content of 30.83%. It had 3,155 CDS and 1,759 proteins with functional assignments, along
with 1396 hypothetical proteins and 86 tRNA. One copy of 16S rRNA gene sequences was
identified in the genome of strains B1" and B2. 16S rRNA gene sequence obtained from the draft
genome sequence was identical to the one retrieved with the 16S rRNA gene PCR on the DNA
extracted from the strain B1" and B2. 16S rRNA gene sequence similarity between strains B1T and
B2 was 100%. Strains B1T and B2 showed 96.25% 16S rRNA gene sequence similarity with

Lutibacter profundi LP1T and <95.8% with other members of the genus Lutibacter.

Ancylomarina euxinus strain M3P had a genome size of 4,351,206 bp with a genome
completeness of 100%, no contamination, and a higher G+C content of 35.8%. It have 3,643 genes
and 1,855 proteins with functional assignments, along with 1788 hypothetical proteins, 85 tRNA,

and 8 rRNA. Like Lutibacter sp. strain B2, it have 22 CRISPR repeats.

The genomes of all six strains contain the genes involved in both the 2-C-methyl-D-
erythritol 4-phosphate/1-deoxy-D-xylulose 5-phosphate (MEP/DOXP) and mevalonate pathways
of isoprenoid biosynthesis (Fig S25). Growth of all six strains was observed in medium amended
with either or both fosmidomycin (a pathway inhibitor of the MEP pathway) and simvastatin (a
pathway inhibitor of the mevalonate pathway), indicating that both pathways are functional for
isoprenoid biosynthesis. Under a microscope, flagellar motility was observed, and all six strains
grew chemoheterotrophically. Fermentation of various mono- and disaccharides (such as glucose,
galactose, xylose, and maltose) as well as pyruvate, lactate, and glycerol were observed (Table S8-
S9, S12). Genes for central metabolic pathways, including glycolysis, the TCA cycle, and the

reductive TCA cycle, were found in the genomes, supporting the capability of the strains to ferment
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glucose. However, autotrophic growth was not observed in physiological tests using H2/CO2 as an
electron donor and carbon source. Propionate was likely formed via the methylmalonyl-CoA
pathway. The ability to use pyruvate as a substrate was confirmed by the presence of a pyruvate-
formate lyase, which yields acetate and formate, and a pyruvate-ferredoxin oxidoreductase, which
yields acetate, CO», and H. (Fig. S25). Furthermore, fermentation of lactate and maltose was

confirmed by the presence of genes encoding their respective degradation pathways.

The physiological behavior toward oxygen differed among the strains. Strains B1" and B2
preferentially grew under microaerophilic conditions, while strains S6, L6, M2P, and SYP grew
well under strict anaerobic conditions. Moreover, the genomes of strains B1T and B2 encoded a
cbb3-type cytochrome c oxidase, which is comprised of three subunits and cytochrome c oxidase.
These enzymes function as terminal oxygen reductases and have been suggested to be associated
with microaerophilic growth[9,10]. Genes for oxygen detoxification (i.e., superoxide dismutase,
catalase, and cytochrome ¢551 peroxidase) were identified in the genomes of all six strains tested
(Fig S25). Reduction of sulfate to sulfide, nitrate to nitrite or nitrite was not observed in the
presence of glucose in all the tested strains. All the isolated strains utilized glucose, pyruvate,
acetate, threonine, lysine, glutamate, and aspartate (Table S4-S10, S12) for growth. However, no
growth was observed on cellulose, cellobiose, and chitin. No strains used sulfate, sulfite,
thiosulfate, nitrate, fumarate, and elemental sulfur as an electron acceptor. They were also able to
grow at sulfide concentrations up to 9 mM at pH 7.0, which was 22.5-fold the natural
concentration. All strains were able to grow up to 50 MPa of hydrostatic pressure (Fig. 5D-5E),

but they grew weakly when the hydrostatic pressure was increased beyond 20 MPa.



208
209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

Genome characteristics, physiology, and metabolic properties of novel members of the
phylum Desulfobacterota (strains S3™ and S3-i)

We have isolated two bacterial strains (Pseudodesulfovibrio sp. strains S37, and S3-i;)
affiliated with phylum Desulfobacterota. Whole genome sequencing of strains S3" and S3-i
yielded genomes of 3,706,001 bp and 3,705,660 bp in length, respectively after assembly (Table
S6). The G+C mol% of strains S3" and S3-i was 56.6 and 56.60%, respectively. Annotation of the
genome of strain S3Tand S3-i indicated 3,612 and 3,607 coding sequences, respectively. One copy
of 16S rRNA gene sequences was identified in the genome of strains S3"and S3-i. 16S rRNA gene
sequence obtained from the draft genome sequence was identical to the one retrieved with the 16S
rRNA gene PCR on the DNA extracted from the strain S3™ and S3-i. Based on BLAST search
analysis of the 16S rRNA gene sequences, strains S3T and S3-i showed 97.4% similarity with
Pseudodesulfovibrio indicus J2T of the family Desulfovibrionaceae of the phylum
Desulfobacterota.

Strains S3T and S3-i were sulfate-reducing bacteria grew on a limited number of organic
substrates, with lactate, pyruvate, and acetate (Table S5). In support of such activities, secreted
glycoside hydrolases were not detected in the genomes of these strains. The glycolytic pathway
probably operates in the direction of gluconeogenesis, as indicated by the presence of genes coding
phosphoenolpyruvate synthase and fructose-1,6-bisphosphatase which specifically perform the
reverse reactions (Fig. S24). Pyruvate could be reversibly decarboxylated to acetyl-CoA by
pyruvate: ferredoxin oxidoreductase. Furthermore, conversion of acetyl-CoA to acetate with the
production of ATP can be performed by acetyl-CoA synthetase. Oxidation of lactate to pyruvate
was probably facilitated by putative lactate dehydrogenases (LDH). The tricarboxylic acid (TCA)
cycle in strains S3" and S3-i are incomplete, lacking citrate synthase and succinyl-CoA synthetase.

This finding is consistent with the observed inability of strains S3" and S3-i to oxidize organic

10
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substrates completely. For example, growth of strain S3™ and S3-i with formate was only possible
in the presence of acetate as an auxiliary carbon source, consistent with the absence of known
pathways for autotrophic C1 fixation. In particular, the Wood-Ljungdahl (reductive acetyl-CoA)
pathway, frequently used by autotrophic sulfate reducers, is incomplete, lacking carbon monoxide
dehydrogenase/acetyl CoA synthase.

The genomes of S3™and S3-i contain all genes necessary for dissimilatory sulfate reduction
(Fig. S24). Another linkage of sulfate-reduction enzymes to the membrane is enabled by the sulfite
reductase-associated electron transfer complex DsrMKJOP with subunits DsrM and DsrP
containing transmembrane domains. Four hydrogenases of the [NiFe]-family and one formate
dehydrogenase are encoded by the strains S3™ and S3-i genomes. Consistently, like other members
of the family Desulfovibrionaceae, S3™ and S3-i grew with H; as an energy source in the presence
of acetate as a carbon source. The first hydrogenase is encoded by eight-gene operon. The [NiFe]
uptake hydrogenase, could oxidize Hz, by donating the electrons to the quinone pool via the third
cytochrome b subunits linking them to the cytoplasmic membrane. The electron transfer from this
soluble periplasmic complex to the cytoplasmic membrane may be facilitated by a pool of c-type
cytochromes present in the periplasm [11,12]. This electron transport pathway probably ends at
the membrane linked Hmc complex [13]. Cytochrome ¢, HmcA, may accept electrons from
periplasmic  cytochromes. Genes coding for cytoplasmic hydrogen: heterodisulfide
oxidoreductase, consisting of CoB-CoM heterodisulfide reductase (HdrACB) and methyl
viologen-reducing hydrogenase (MvhDGA) were also detected which catalyzes the endergonic
reduction of ferredoxin and the exergonic reduction of heterodisulfide, coupled to Hz oxidation by

electron bifurcation involving HdrA [14].
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Genomes of strains S3T and S3-i also contained four subunits of soluble cytoplasmic
hydrogenase. These hydrogenases are bidirectional and can re-oxidize the cofactors by using
protons as electron acceptors [15]. The presence of a NADPH-binding motif suggests that this
hydrogenase can use NADPH in hydrogen turnover reactions. The presence of formate
dehydrogenase explains the observed ability of strains S3™ and S3-i to use formate as an electron
donor. The presence of a N-terminal Tat signal peptide in FdhA suggests that it is in the periplasm.
Like the periplasmic uptake hydrogenase, formate dehydrogenase lacks a membrane subunit, and
electron transfer to the membrane is probably performed via the periplasmic cytochromes and Hmc
complex. Genomes of strains S3T and S3-i also contain several other membrane-linked
oxidoreductases that can contribute to the generation of transmembrane ion gradient and/or the use
of alternative electron acceptors to sulfate. Two putative complexes similar to the bacterial
NADH:quinone oxidoreductase are present. Both comprise the subunits like NuoA, B, C, D, H, I,
J, K, L, M, and N, while the genes for the subunits NuoEFG that form the NADH dehydrogenase
module are missing, indicating that NADH is likely not an electron donor. The first cluster is linked
to genes coding for two subunits of CISM oxidoreductases of the Psr/Psh family[16]: the
molybdopterin-binding catalytic subunit A and the iron-sulfur electron transfer subunit B. It is
possible that such an arrangement indicates coupling of transmembrane proton transfer, performed
by the core subunits of NADH: quinone oxidoreductase, with the oxidation or reduction of sulfur
compounds. Oxidation of pyruvate produces reduced ferredoxin that could provide electrons to
this oxidoreductase. Genes encoding molybdopterin family oxidoreductase consisting of all three
subunits: A, B and membrane subunit C of the NrfD family. The catalytic A subunit was predicted
to contain a N-terminal Tat signal peptide and is phylogenetically related to thiosulfate or

polysulfide reductases. The presence of putative thiosulfate reductase, capable of producing sulfide

12
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and sulfite from thiosulfate, explains the ability of strains S3T and S3-i to use thiosulfate as an
electron acceptor.

Despite the observed inability of strains S3" and S3-i to grow by nitrite reduction, its
genome contains cytochrome c nitrite reductase [17], comprising large NrfA and small NrfH
subunits with five and four hemes, respectively. The presence of an N-terminal signal peptide in
the large subunit suggests that this complex faces the periplasmic side of the membrane. The
physiological role of nitrite reductase could be detoxification of nitrite, which is known as an
inhibitor of sulfate-reducing organisms [18]. A similar function in detoxification of oxygen could
be assigned to the cytochrome bd ubiquinol oxidase. Furthermore, all three strains were able to
grow at sulfide concentrations up to 9 mM at pH 7.0, which was 22.5 -fold of the in-situ
environmental conditions. All strains were able to grow up to 50 MPa of hydrostatic pressure. A
significant improvement in the growth was observed in the glutamate amended medium at elevated
hydrostatic pressure (30 MPa; Fig. 5F).

Genome characteristics and metabolic properties of Mycoplasmatota bacterium strain
Izemo-BS

The MAG of ‘Ca Atrimarinoplasma cellobiosiphila’ strain Izemo-BS was 2,431,619 base
pairs in size and has a genome completeness of 97.33%. The MAG has a low contamination rate
of 1.3% and the G+C content was 31.1%. The genome contains 2,233 protein-coding genes, and
out of these, 930 have functional assignments, while 1,303 are hypothetical proteins. The MAG
contains 33 tRNA genes that are responsible for translating genetic information into proteins.
Various genes e.g., endoglucanase, alpha-amylase (EC 3.2.1.1), amylomaltase, beta-glycosyl
hydrolase, glycosyltransferase was detected in 1zemo-BS which are involved in the hydrolysis of
polysaccharides (cellulose and starch) supporting the capabilities to obtain energy by hydrolyzing

the polysaccharides. Furthermore, the genes responsible for the degradation of cellobiose
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(cellobiose phosphorylase) was also identified. Various genes involve in the glucose fermentation
(Fig. S16) are also present indication fermenting lifestyles in the sulfidic waters. Various genes
encoding endonuclease, exonuclease, and extracellular ribonuclease are also detected (Fig. S16)
in the MAG which further which is in line with the earlier report [19,20]. Genes involved in the
glycolysis were also present, however, complete absence of electron transfer chain involved in the
anaerobic respiration indicates that 1zemo-BS obtain their energy through the degradation of DNA
and sugars. Largely, the various genes detected in genome indicated that Izemo-BS might be
actively involved in the degradation of DNA and simpler carbon sources like cellobiose; a
component of the organic matter sinking from upper oxic zones of Black Sea.

Genome characteristics and metabolic properties of Cloacimonadota bacterium strain Cloa-
oY The MAG of the Cloacimonadota bacterium strain Cloa-SY6 was 3,336,172 bp in size.
The genome is estimated to be 98.84% complete with low contamination (1.1%). The G+C content
of the genome is 34.31%. The genome contains 2,981 protein-coding genes, of which 1,111 have
functional annotations and 1,870 are hypothetical proteins. There are 184 clustered regularly
interspaced short palindromic repeats (CRISPRs) in the genome, which suggests that the bacterium
may have the ability to defend against viral attacks. The genome also encodes 55 transfer RNA
genes a complete set of ribosomal RNA gene operon. The 16S rRNA gene sequence (1535 bp) is
identical to that obtained from 16S rRNA gene amplicon analysis. The Cloa-SY6 strain has
82.72%, 83.8% and 81.9% 16S rRNA gene similarities with ‘Ca Cloacamonas acidaminovorans'
strain Evry, 'Ca Syntrophosphaera thermopropionivorans', and bin40 (16S rRNA gene sequence
recovered from the bin40; Cloacimonadota MAG obtained from the Black Sea) respectively (Fig.
S8A). Comparative analysis of Cloa-SY6 along with 'Ca Cloacamonas acidaminovorans', 'Ca

Syntrophosphaera thermopropionivorans', and other MAGs obtained from the Black Sea (bin40,
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bin80, bin85 and bin108) showed distinct differences (Table S8). The genome sequence of Cloa-
SY6 is relatively larger than that of ‘Ca Cloacamonas acidaminovorans', '‘Ca Cloacamonas
acidaminovorans', 'Ca Syntrophosphaera thermopropionivorans', and other MAGs obtained from
the Black Sea (bin40, bin80, bin85 and bin108)[21] indicating their independent nature with
respect to various biosynthetic pathways (Fig. S21).

Members of the phylum Cloacimonadota have been frequently observed in both
engineered and natural habitats and are mostly known for their involvement in sugar
transformation[21-30]. However, the MAG of Cloa-SY6 contained a limited number of 64
CAZymes, most of which are GTs (n=45) involved in the initiation and elongation of glycan
chains[31]. Only 11 CAZymes were classified as GHSs, indicating limited carbohydrate utilization
capability. While the increased abundance in the propionate medium suggests a preference for
propionate, like 'Ca Syntrophosphaera thermopropionivorans'. Moreover, genome of Cloa-SY6
encoded most of the genes involved in the amino acid biosynthesis (Fig. S21) which further reflects
their independent nature. In contrast, Cloacimonadota MAGs (bin40, bin80, bin85 and bin108)
obtained earlier[21] from the Black Sea lacks several genes involved in the amino acid
biosynthesis.

Cloa-SY®6 encodes both a rudimentary respiratory and fermentative pathway for energy
generation. In the absence of a canonical electron transport chain (ETC) for generating a membrane
potential, we assume that Rnf electron transport complexes are likely sources of a transmembrane
ion gradient[32] in Cloa-SY6. Various enzymes related to anaerobic lifestyles were detected in the
MAG of Cloa-SY®6, including ribonucleoside triphosphate reductase, ferredoxin oxidoreductases,
and radical S-adenosylmethionine-dependent proteins, indicating that Cloa-SY6 is well adapted to

the permanently anoxic conditions of the Black Sea. However, the presence of genes related to
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microaerophilic growth (such as superoxide reductase; EC 1.15.1.2), ruberythrin, and thioredoxin
reductase (EC 1.8.1.9) in Cloa-SY®6 suggests an adaptation to survive in the suboxic zones of the
Black Sea.

Cloa-SY®6 differed from previously reported MAGs due to its relatively larger genome size,
presence of various genes involved in amino acid biosynthesis, and lack of many CAZymes.
Additionally, it exhibits low 16S rRNA gene sequence similarity and have distinct phylogenomic
differences (Fig. SBA-B), which suggests that Cloa-SY6 belongs to a novel taxon at the order level
within the phylum Cloacimonadota.

Genome characteristics and metabolic properties of Planctomycetota bacterium strain PlInct-
SY6

We recovered a high-quality metagenome-assembled genome (MAG) affiliated with this
phylum, as shown in Table S3. The MAG was 5,418,934 base pairs in size and had a genome
completeness of 97.66%, indicating that most of the expected genes were present in the genome.
The genome had a low contamination rate of 1.14%. The G+C content of the genome was relatively
high at 41.35%. The MAG contained 4,562 protein-coding genes, out of which 1,332 had
functional assignments, while 3,230 were hypothetical proteins whose function was not yet known.
The genome also contained 47 tRNA genes that were responsible for translating genetic
information into proteins. A complete 23S rRNA gene was present in the genome sequence,
showing 83.8% similarity with Phycisphaerae bacterium ST-NAGAB-D1 of the order
Sedimentisphaerales in the phylum Planctomycetota. Phylogenetic analysis confirmed their
affiliation with an uncultivated clade of this phylum thriving in deep marine habitats (Fig. S7A).
Additionally, the genome of the 'Ca Atrisphaera chitinolytica' strain PInct-SY6 had 79 CRISPR
repeats, which are commonly found in bacterial genomes and play a crucial role in the immune

system of bacteria against phage infection.
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The genes encoding metabolic pathways common for chemoorganotrophic bacteria, such
as glycolysis, the citrate cycle, the pentose-phosphate pathway, and oxidative phosphorylation are
present. The PInct-SY6 has the genomic potential for synthesis of all amino acids. Two fructose-
type sugar-specific subunits of the phosphotransferase system could be found in PInct-SY6. The
survey for genes related to cell division revealed that the FtsZ-encoding gene was absent, while
two copies of the gene coding for DNA translocase FtsK were present in the genome of Plnct-
SY6. The gene encoding the key enzyme for synthesis of N-methylated phosphorus-free ornithine
membrane lipids, N-methyltransferase (OIsG), is identified in the genome of PInct-SY6 which
might help their growth under phosphate limiting conditions. Genomic analysis revealed the
presence of the major components of electron transfer chain i.e., proton-translocating NADH-
dehydrogenase complexes, a membrane-bound succinate dehydrogenase/ fumarate reductase,
isoprenoid quinones, and a FoF1-type bacterial ATP synthase.

Genome characteristics and metabolic properties of Ignavibacteriota bacterium strain Igna-
SY6

The size of 'Ca Ponteuxinibacter sulfidophilus' strain Igna-SY6 was 4,731,990 base pairs,
with a genome completeness of 100%. The G+C content of the genome was 32.95%. The genome
contained 3,922 protein-coding genes, out of which 1,809 had functional assignments, while 2,113
were hypothetical proteins whose function was not yet known. The genome also contained 41
tRNA genes responsible for translating genetic information into proteins. Additionally, the MAG
of 'Ca Ponteuxinibacter sulfidophilus' strain Igna-SY6 has 112 CRISPR repeats, which are
commonly found in bacterial genomes and play a crucial role in the immune system of bacteria
against phages and other invading elements.

The Igna-SY6 genome encodes a complete set of genes for glycolysis, the TCA cycle, and

gluconeogenesis which indicates that it can grow with glucose or other oligosaccharides as sole
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carbon source (Fig. S22). The genome also includes genes for glycogen synthase and glycogen
phosphorylase, which suggests that glycogen is its major storage compound. Genes for
polyhydroxyalkanoate (PHA) synthesis and degradation were not detected, hence, it is assumed
that Igna-SY6 probably produces acetate and L-lactate as the main products when growing
fermentatively. Common pathways for fermentative production of propionate (via methylmalonyl-
CoA carboxyltransferase), ethanol (via alcohol dehydrogenase), and formate (via pyruvate formate
lyase) are present which indicate the fermentative growth mode. Igna-SY6 possesses genes
encoding two CO: fixing enzymes pyruvate: ferredoxin oxidoreductase (PFOR) and 2-
oxoglutarate: ferredoxin oxidoreductase (OFOR), which are essential for autotrophic CO fixation
in green sulfur bacteria [33]. Because the glyoxylate cycle is not present, PFOR is probably
essential for the assimilation of acetate by carboxylation of acetyl-CoA to pyruvate. The Igna-SY6
genome encode citrate lyase, which is a key enzyme required for autotrophic CO; fixation by the
reverse TCA cycle [34]. This enzyme catalyzes the cleavage of citrate to acetate and oxaloacetate,
and it is involved in citrate fermentation in some organisms [35]. The operation of the reverse TCA
cycle for CO; assimilation would also depend upon the availability of electron sources to produce
reduced ferredoxin. The genome of Igna-SY®6 includes genes necessary to take advantage of some
potential electron sources and to produce reduced ferredoxin from them. Thus, the gene repertoire
Igna-SY6 shows that the organism can probably grow mixotrophically. The Igna-SY6 genome
encodes different ferredoxins and a variety of electron transfer complexes, including the RNF
(Na+-translocating ferredoxin:NAD+ oxidoreductase) complex [36], two type-1 NADH
dehydrogenase complexes, and alternative complex 11 (ACIII). The presence of such a broad array
of electron transfer complexes likely reflects an ability of Igna-SY6 to utilize the different electron

carriers used by various redox enzymes as well as the various terminal electron acceptors that
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might be available in-situ conditions of the Black Sea. Genome sequence of Igna-SY6 does not
encodes the photosynthetic apparatus to produce the reduced ferredoxins required for carbon
fixation by the reverse TCA cycle.

The Igna-SY6 has three different oxygen-dependent terminal oxidases, including cbb3-
type heme-copper cytochrome c¢ oxidases and two different cytochrome bd-quinol oxidases (Fig.
S25). Both types of terminal oxidases could participate in aerobic respiration and/or protection
against reactive oxygen species [37]. The cbb3 cytochrome oxidase and cytochrome bd-quinol
oxidase typically have much higher affinity for O than the caa3 cytochrome oxidase[38], and
because of this, they are frequently involved in protecting anaerobes from reactive oxygen species.
The presence of all three types of complexes in Igna-SY6 strongly suggests that Igna-SY6
experiences varying O» concentrations in-situ conditions of the Black Sea. The presence of these
different terminal oxidases in Igna-SY6 would confer not only the ability to respire under oxic
conditions but also the ability to protect oxygen-sensitive enzymes such as hydrogenase under
microoxic conditions. 16S rRNA gene amplicon data analysis indicated that members of the
phylum Ignavibacteriota are also present in the suboxic zone of the Black Sea. Genome of Igna-
SY6 has genes encoding both catalase and superoxide dismutase, which protect organisms exposed
to oxygen from reactive oxygen species. The genome of Igna-SY6 also encodes an oxygen-
dependent protoporphyrinogen oxidase for heme biosynthesis, catabolic enzymes pyruvate
dehydrogenase and 2-oxoglutarate dehydrogenase, which are typically found in aerobes. The
presence of these genes in Igna-SY6 might be an adaptation to survive under oxic conditions. The
genome of Igna-SY6 also encode two different [FeFe]-hydrogenases. Fe-only hydrogenases are
often associated with H> evolution [15]. Thus, it appears likely that Igna-SY6 could use these

enzymes to establish redox balance during fermentation The genome encodes a sulfide-quinone
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oxidoreductases which indicates that Igna-SY6 | can use sulfide as an electron donor which
ultimately helps in the sulfide detoxification by formation of sulfur/polysulfide. The genome of
Igna-SY6 is missing key genes involved in the biosynthetic pathways for several amino acids.
Hence, it expected that it might obtains them from its environment. Here, we detected them in the
growth media containing yeast extract and tryptone which are rich in amino acids and
oligopeptides which confirms their involvement in amino acid utilization.

Genome characteristics and metabolic properties of Chloroflexota bacterium strain Chflx-
oY The Chloroflexota bacterium strain Chflx-SY6 has a genome size of 4,951,662 base pairs.
The genome completeness is 99.09%, and the percentage of contamination is 7.27%. The G+C
content of the genome is 43.12%. The genome contains 4,488 coding DNA sequences (CDS) and
1,705 proteins with functional assignments. Additionally, there are 2,783 hypothetical proteins, 40
tRNA, 1 rRNA, and 38 CRISPR repeats. The genome also has the mevalonate pathway of
isoprenoid biosynthesis.

Potential for aerobic respiration via cytochrome C oxidase and the tricarboxylic acid (TCA)
cycle were also identified in Chflx-SY6 (Fig. S23). However, we could not detect Chflx-SY6 in
the enrichment cultures grown under aerobic or microaerophilic conditions which suggest that
Chflx-SY6 could be a strict anaerobe. We identified a total of 146 genes coding for carbohydrate
active enzymes in the genome sequence (Table S35). Genes coding for the hydrolysis of cellulose,
xylan, and starch were present in the genome sequence, however, their low abundance in the
cellulose medium indicated that such polysaccharides could not be preferred carbon sources for
growth. All the genes involved in the Wood Ljungdahl (W-L) pathway were present in the genome

sequence which could be involved in the carbon dioxide fixation.
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Genomic analysis revealed the presence of the electron transfer chain i.e., proton-
translocating NADH-dehydrogenase complexes, isoprenoid quinones, and a FOF1-type bacterial
ATP synthase. Their presence indicates that Chflx-SY®6 in the sulfidic waters have the potential to
conserve energy via sugar fermentation/gluconeogenesis [39], the potentially reversible W-L
pathway, pyruvate ferredoxin oxidoreductase, ATP synthase and NADH-quinone oxidoreductase
(Fig. S23). Such energy metabolisms are also reported in the earlier studies from anoxic site
indicate fermentation and acetogenesis as potential metabolisms in the subseafloor
Chloroflexaeota [40,41]. Pyruvate ferredoxin oxidoreductase is also present which may provide a
link between the W-L pathway and other anabolic pathways in Chflx-SY6 as suggested previously
[19]. Genes coding ferredoxin and flavodoxin are likely involved as electron carriers in cellular
redox reactions [42]. Peptide transporters and peptidases were also present in the genome sequence
which indicate that Chflx-SY6 might be utilizing traces of proteinaceous components present in
the sulfidic waters of the Black Sea.
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Supplementary Figures
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Fig. S1: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of strains S5,
SD5T and BL5 within the phylum Fusobacteriota. The tree was reconstructed by the maximum-likelihood
method using MEGAX software and was rooted by using the 16S rRNA gene sequence of Pseudoleptotrichia
goodfellowii DSM 19756" (KI911785) as the outgroup. Numbers at nodes represent bootstrap value
(percentages, based on 1000 resamplings). GenBank accession numbers for 16S rRNA gene sequences are
shown between parentheses. Bar, indicated 5 nucleotide substitutions per 100 nucleotides.
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Fig. S1: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of Psychrilyobacter
piezotolerans strain S5, SD5T and BL5 (shown in red color) with other closely related members of the phylum

Fusobacteriota. Class names are indicated by a leading “c_,” order names by “o_,” family names by “f ,” and
genus names by “g ,”. The genome sequence accession numbers of the closely related taxa are shown. Black
circle at nodes represents bootstrap value (100). The length of the bar indicates ten nucleotide substitutions
per 100 nucleotides. (C) Cell morphology (phase contrast micrograph) of the Psychrilyobacter piezotolerans
strain S5 grown at optimal growth conditions. Most of the cells appear as rod shape at optimal growth

conditions while spherical cells are observed at increasing sulfide concentration.
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Fig. S2: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of Clostridiales
bacteria strains A1T and A2 within the phylum Bacillota. The tree was reconstructed by the maximum-
likelihood method using MEGAX software and was rooted by using the 16S rRNA gene sequence of Petrocella
atlantisensis 70B-AT (KY969626) as the outgroup. Numbers at nodes represent bootstrap value (percentages,
based on 1000 resamplings). GenBank accession numbers for 16S rRNA gene sequences are shown in
parentheses. Bar, 5 nucleotide substitutions per 100 nucleotides.
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Fig. S2: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of Clostridiales
bacteria strains A1T, and A2 (shown in red color) with other closely related members of the phylum Bacillota.
Class names are indicated by a leading “c_,” order names by “o_,” family names by “f ,” and genus names by
“g ”. The genome sequence accession numbers of the closely related taxa are shown. Black circle at nodes
represents bootstrap value (100). The length of the bar indicates ten nucleotide substitutions per 100
nucleotides. (C) Cell morphology (phase contrast micrograph) of the Clostridiales bacteria strains A1T (C),
and (D) A2 grown at optimal growth conditions. Terminal endospores are observed under phase contrast

micrograph after 5 days of incubation at optimal growth conditions.
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Fig. S3: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of
Oceanispirochaeta sp. strains M1T, M2 and ‘Ca Sphaerochaeta piezotolerans’ strain S2 within the phylum
Spirochaetota. The tree was reconstructed by the maximum-likelihood method using MEGA X software and
was rooted by using the 16S rRNA gene sequence of Lutibacter atrimaris B1T (JAZUI000000000) as the
outgroup. Numbers at nodes represent bootstrap value (percentages, based on 1000 resamplings). GenBank
accession numbers for 16S rRNA gene sequences are shown in parentheses. Bar, 5 nucleotide substitutions

per 100 nucleotides.



T
Oceanispirochaeta piezotolerans strain M1

o>

GCF 001936255.1

RS

e 1ESHTSTIO VOO 8D

GB GCA 011358125.1-----
1.0
Tree Scale F—

GB GCA 002238925 ...
1'S680£69T0 VOO €D+

Fig. S3: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of Oceanispirochaeta
piezotolerans strains M1, M2 and ‘Ca Sphaerochaeta piezotolerans’ strain S2 (shown in red color) with other
closely related members of the phylum Spirochaetota. Class names are indicated by a leading “c_,” order
names by “o_,” family names by “f ,” and genus names by “g ,”. The genome sequence accession numbers
of the closely related taxa are shown. Black circle at nodes represents bootstrap value (100). The length of the
bar indicates 100 nucleotide substitutions per 100 nucleotides. (C) Cell morphology (phase contrast
micrograph) of the Oceanispirochaeta piezotolerans strains (C) M1T, (D) M2 and (E) ‘Ca Sphaerochaeta
piezotolerans’ strain S2 grown at optimal growth conditions.
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Fig. S4: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of members of
the phylum Bacteroidota (Lutibacter sp. strains B1T, B2; ‘Ca Bradibacterium flavum’ strain S6, L6;
Ancylomarina euxinus M2P; Labilibaculum euxinus SYP) isolated from deep sulfidic waters of the Black Sea.
The tree was reconstructed by the maximum-likelihood method using MEGA X software and was rooted by



using the 16S rRNA gene sequence of Sphaerochaeta halotolerans 4-117 (MH456879) as the outgroup.
Numbers at nodes represent bootstrap value (percentages, based on 1000 resamplings). GenBank accession
numbers for 16S rRNA gene sequences are shown in parentheses. Bar, 5 nucleotide substitutions per 100
nucleotides.
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Fig. S4: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of various members of
the phylum Bacteroidota (‘Ca Bradibacterium flavum’ strains S6, L6; Ancylomarina euxinus strains M2P,
MIPT and M3P; Labilibaculum euxinus strain SYP, A4T and 44 (shown in red color) with other closely related
members of the phylum Bacteroidota. The genome sequence accession numbers of the closely related taxa are
shown. Black circle at nodes represents bootstrap value (100). The length of the bar indicates ten nucleotide
substitutions per 100 nucleotides. (C) Cell morphology (phase contrast micrograph) of the ‘Ca Bradibacterium
flavum’ strain S6 (D) Ancylomarina euxinus strains M2P and (E) Labilibaculum euxinus strain SYP grown at

optimal growth conditions.
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Fig. S5: (A) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of Lutibacter atrimaris
strain B1T (shown in red color) with other closely related members of the phylum Bacteroidota. The genome
sequence accession numbers of the closely related taxa are shown. The length of the bar indicates ten

nucleotide substitutions per 100 nucleotides. (B) Cell morphology (phase contrast micrograph) of the
Lutibacter atrimaris strain B1T grown at optimal growth conditions.
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Fig. S6: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of
Pseudodesulfovibrio sp. strains S3", S3-i and other closely related members of the phylum Desulfobacterota.
The tree was reconstructed by the maximum-likelihood method using MEGA X software and was rooted by
using the 16S rRNA gene sequence of Desulfovibrio gracilis DSM 16080 (FUYC01000042) as the outgroup.
Numbers at nodes represent bootstrap value (percentages, based on 1000 resamplings). GenBank accession
numbers for 16S rRNA gene sequences are shown in parentheses. Bar, 2 nucleotide substitutions per 100
nucleotides.
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Fig. S6: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of Pseudodesulfovibrio
turroides strains S3", S3-i and Maridesulfovibrio ferrireducens strain DF (shown in red color) with other
closely related members of the phylum Desulfobacterota. Class names are indicated by a leading “c_,” order
names by “o_,” family names by “f ,” and genus names by “g ,”. The genome sequence accession numbers
of the closely related taxa are shown. Black circle at nodes represents bootstrap value (100). The length of the
bar indicates ten nucleotide substitutions per 100 nucleotides. (C) Orange colored tower shape colony
morphology of strain S3T grown on agar medium (1.8%) after 1 month of incubation at 20 °C under strict
anaerobic conditions at atmospheric pressure. (D) Cell morphology of Pseudodesulfovibrio turroides strains
S3T (E) Pseudodesulfovibrio turroides strains S3-i grown at optimal growth conditions.
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Fig. S7: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of ‘Ca Atrisphaera
sulfidophila’ Plnct-SY6 and other closely related members of the phylum Planctomycetota. The tree was
reconstructed by the maximum-likelihood method using MEGA X software and was rooted by
using Phycisphaerae 16S rRNA gene sequence (JN538045) as the outgroup. Numbers at nodes represent
bootstrap value (percentages, based on 1000 resamplings). GenBank accession numbers for 16S rRNA gene
sequences are shown in parentheses. Bar, 5 nucleotide substitutions per 100 nucleotides.
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Fig. S7: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of ‘Ca Atrisphaera
sulfidophila’ Plnct-SY6 (shown in red color) with other closely related members of the phylum
Planctomycetota. The length of the bar indicates 10 nucleotide substitutions per 100 nucleotides. Taxa name
shown in blue color are also obtained from the Black Sea. CARD-FISH microscopic analysis of ‘Ca
Atrimarinobacter sulfidophilus’ strain Cloa-SY6 (C) DAPI (panel C) and CARD-FISH (panel D)
microscopical analysis of (C and D) the enrichment culture of ‘Ca Atrisphaera sulfidophila’ Plnct-SY6 using
0.02% chitin medium. All microbial cells were made visible by staining with DAPI, while cells of ‘Ca
Atrisphaera sulfidophila’ Plnct-SY6 were revealed by using the specifically designed fluorescent probe
PB1 Alexasss (see M&M for details).
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Fig. S8: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of ‘Ca
Atrimarinobacter sulfidophilus’ Cloa-SY6 and other closely related members of the phylum Cloacimonadota.
The tree was reconstructed by the maximum-likelihood method using MEGA X software and was rooted by
using the 16S rRNA gene sequence of Flintibacter butyricus BLS21T (MK613350) as the outgroup. Numbers
at nodes represent bootstrap value (percentages, based on 1000 resamplings). GenBank accession numbers for
16S rRNA gene sequences are shown in parentheses. Bar, 5 nucleotide substitutions per 100 nucleotides.
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Fig. S8: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of ‘Ca
Atrimarinobacter sulfidophilus’ Cloa-SY6 (shown in red color) within the closely related members of the
phylum Cloacimonadota. MAGs shown in blue color obtained from the Black Sea waters. The length of the
bar indicates 100 nucleotide substitutions per 100 nucleotides. CARD-FISH microscopic analysis of ‘Ca
Atrimarinobacter sulfidophilus’ Cloa-SY6 (B) DAPI (panel B) and CARD-FISH (panel C) microscopical
analysis of (B and C) the enrichment culture of ‘Ca Atrimarinobacter sulfidophilus’ Cloa-SY6 using 0.02%
propionate medium. All microbial cells were made visible by staining with DAPI, while cells of ‘Ca
Atrimarinobacter sulfidophilus’ Cloa-SY6 were revealed by using the specifically designed fluorescent probe
PB1 Alexadss (sce M&M for details).
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Fig. S9: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of ‘Ca
Ponteuxinibacter sulfidophilus’ Igna-SY6 and other closely related members of the phylum Ignavibacteriota.
The tree was reconstructed by the maximum-likelihood method using MEGA X software and was rooted by
using Phycisphaerae 16S rRNA gene sequence (JN538045) as the outgroup. Numbers at nodes represent
bootstrap value (percentages, based on 1000 resamplings). GenBank accession numbers for 16S rRNA gene
sequences are shown in parentheses. Bar, 2 nucleotide substitutions per 100 nucleotides.
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Fig. S9: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of ‘Ca
Ponteuxinibacter sulfidophilus’ Igna-SY6 (shown in red color) within the closely related members of the
phylum Ignavibacteriota. The length of the bar indicates ten nucleotide substitutions per 100 nucleotides.
CARD-FISH microscopic analysis of ‘Ca Ponteuxinibacter sulfidophilus’ strain Igna-SY6 (B) DAPI (panel
B) and CARD-FISH (panel C) microscopical analysis of (B and C) the enrichment culture of ‘Ca
Ponteuxinibacter sulfidophilus’ strain Igna-SY 6 using 0.02% cellulose medium. All microbial cells were made
visible by staining with DAPI, while cells of ‘Ca Ponteuxinibacter sulfidophilus’ strain Igna-SY6 were
revealed by using the specifically designed fluorescent probe PB1 alexadss (see M&M for details).
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Fig. S10: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of ‘Ca
Euxinilinea sulfidophila’ strain Chflx-SY6 and other closely related members of the phylum Chloroflexota.
The tree was reconstructed by the maximum-likelihood method using MEGA X software and was rooted by
using the 16S rRNA gene sequence of Flexilinea flocculi TC1T (DF968179) as the outgroup. Numbers at nodes
represent bootstrap value (percentages, based on 1000 resamplings). GenBank accession numbers for 16S
rRNA gene sequences are shown in parentheses. Bar, 2 nucleotide substitutions per 100 nucleotides.
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Fig. S10: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of ‘Ca Euxinilinea
sulfidophila’ Chflx-SY6 (labeled in red color) within the closely related members of the phylum Chloroflexota.
Black circle at the nodes represents the bootstrap value (100). The length of the bar indicates 10 nucleotide
substitutions per 100 nucleotides. CARD-FISH microscopic analysis of ‘Ca Euxinilinea sulfidophila’ strain

Chflx-SY6 (B) DAPI (panel B) and CARD-FISH (panel C) microscopical analysis of (B and C) the
enrichment culture of ‘Ca Euxinilinea sulfidophila’ strain Chflx-SY6 using 0.02% cellulose medium. All

microbial cells were made visible by staining with DAPI, while cells of ‘Ca Euxinilinea sulfidophila’ strain
Chflx-SY6 were revealed by using the specifically designed fluorescent probe PB1 alexadss (see M&M for

details).
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Fig. S11: (A) Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of ‘Ca
Atrimarinoplasma sulfidophila’Izemo-BS and other closely related members of the phylum Mycoplasmatota.
The tree was reconstructed by the maximum-likelihood method using MEGA X software and was rooted by
using Izemoplasmataceae 16S rRNA gene sequence (GQ132432) as the outgroup. Numbers at nodes represent
bootstrap value (percentages, based on 1000 resamplings). GenBank accession numbers for 16S rRNA gene
sequences are shown in parentheses. Bar, 2 nucleotide substitutions per 100 nucleotides.
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Fig. S11: (B) Subtrees of the GTDB-Tk 2.1.1 phylogenomic tree showing the affiliation of ‘Ca
Atrimarinoplasma cellobiosiphila’ Izemo-BS (shown in red color) with other closely related members of the
phylum Mycoplasmatota. Black circle at the nodes represents the bootstrap value (100). The length of the bar

indicates 100 nucleotide substitutions per 100 nucleotides.
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Fig. S12: Reconstruction of the central metabolic pathway of Psychrilyobacter piezotolerans strain S5 based
on different physiological analyses and by the presence of various genes identified in the genome sequence.

IPP, isopentenyl pyrophosphate; PP Pathway, pentose phosphate pathway; geranyl-PP, geranyl pyrophosphate;
GS, glutamine synthetase; glutamate synthase (GOGAT).
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Fig. S13: Growth of Clostridiales bacterium strain A1T at various carbon substrate at 20 °C under strict
anaerobic condition.
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Fig. S14: Reconstruction of the central metabolic pathway of Clostridiales bacteria strains A1T and A2 based
on different physiological analyses and by the presence of various genes identified in the genome sequence.
IPP, isopentenyl pyrophosphate; G-6P, glucose-6-phosphate; F-6P, fructose-6-phosphate; GLA-3P,
glyceraldehyde-3-phosphate; PEP, phosphoenol-pyruvate; GS, glutamine synthetase; glutamate synthase
(GOGAT).
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Fig. S17: Growth of Oceanispirochaeta piezotolerans strain M17 at various carbon substrate at 20 °C under
strict anaerobic condition.
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Fig. S18: Reconstruction of the central metabolic pathway of Oceanispirochaeta piezotolerans strain M1T and
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Fig. S19: Growth of Lutibacter atrimaris strain B1T at various carbon substrates at 20 °C under
microaerophilic condition.
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Fig. S20: (A) Growth of Ancylomarina euxinus strain M2P and (B) Labilibaculum euxinus strain SYP on
various carbon substrates at 20 °C under strict anaerobic condition.
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Fig. S21: Reconstruction of the central metabolic pathway of ‘Ca Atrimarinobacter sulfidophilus’ Cloa-SY6

based on different physiological analyses and by the presence of various genes identified in the MAG. GS,
glutamine synthetase; glutamate synthase (GOGAT).
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Fig. S22: Reconstruction of the central metabolic pathway of ‘Ca Ponteuxinibacter sulfidophilus’ strain Igna-
SY6 based on different physiological analyses and by the presence of various genes identified in the MAG.
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phosphoenol-pyruvate; GS, glutamine synthetase; glutamate synthase (GOGAT).
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Fig. S23: Reconstruction of the central metabolic pathway of ‘Ca Euxinilinea sulfidophila’ Chflx-SY6 based
on different physiological analyses and by the presence of various genes identified in the MAG. G-6P, glucose-
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Fig. S24: Reconstruction of the central metabolic pathway of ‘Pseudodesulfovibrio turroides strain S3T and
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Fig. S25: Reconstruction of the central metabolic pathway of members of the phylum Bacteroidota (Lutibacter
atrimaris strain B1T, B2, ‘Ca Bradibacterium flavus strains S6 and L6; Ancylomarina euxinus strain M2P,
MIPT and M3P; Labilibaculum euxinus strains SYP, A4 and 44) based on different physiological analyses
and by the presence of various genes identified in the MAG. G-3-P, glycerol-3-phosphate; GLA-3P,

glyceraldehyde-3-phosphate; GS, glutamine synthetase; glutamate synthase (GOGAT).



