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Thermodesulfatator atlanticus sp. nov.,
a novel thermophilic chemolithoautotrophic sulfatereducing bacterium isolated from a Mid-Atlantic

Ridge hydrothermal vent
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Footnote: The GenBank/EMBL/DDBJ accession number fthe 16S rDNA sequence of
Thermodesulfatator atlanticusT1325' is EU435435.
Electron micrographs of cells of strain AT1328 hermodesulfatator atlanticusp. nov.)
(Fig S1) and a graph showing the effects of tentpegeaon the maximum growth rate of the

novel isolate (Fig. S2) are available in IJSEM @eli

A novel, strictly anaerobic, thermophilic and sulfde-reducing bacterium, strain AT1325, was
isolated from a deep-sea hydrothermal vent at the &nbow site on the Mid-Atlantic Ridge. This
strain, designated AT1325, was subjected to a polyphasic taxonomic analysiks cells were Gram-
negative motile rods (approximately 2.4 x 0.@m) with a single polar flagellum. Strain AT1325 grew
at temperatures between 55 and 75°C (optimum 65-703}, from pH 5.5 to 8.0 (optimum 6.5-7.5) and
between 1.5 and 4.5% (w/v) NaCl (optimum 2.5%)Cells grew chemolithoautotrophically with H, as
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an energy source and S@ as an electron acceptorAlternatively, the novel isolate was able to use
methylamine, peptone or yeast extract as carbon smes. The dominant fatty acids (> 5%) detected in
strain AT1325" were Cgq, Cigiw7cC, Cig and Cio.ccyclo w8c. The G+C content of the genomic DNA
was 45.6mol%.

Phylogenetic analyses based on 16S rRNA gene sequemnplaced strain AT1325 within the family
Thermodesulfobacteriaceae, in the bacterial domain. Comparative 16S rRNA gene sequence analysis
indicated that strain AT1325" belonged to the genudhermodesulfatator, sharing 97.8% 16S rRNA
sequence identity withThermodesulfatator indicus, the unique representative species of this genudn
the basis of phylo-phenetic features, we proposenavel speciesThermodesulfatator atlanticus sp. nov.

The type strain is AT1325 (= DSM 21156 = JCM 15397).

Over the past decades, microbiological investigatiof a range of high-temperature marine and teiaes
environments have revealed the presence of a piytigally, metabolically and physiologically diger
community of thermophilic prokaryotes endemic taegdh particular habitats. Among the ubiquitous
thermophilic taxa, members of the claBsermodesulfobacteriare commonly retrieved in hot biotopes,
regardless the geographic provenance of the sartfkémisdottiret al, 2000; Nakagawa and Fukui, 2003;

Nakagaweet al., 2005).

So far, the classThermodesulfobacteriacomprises only the familyThermodesulfobacteriaceae
Representatives of this familjave been isolated from terrestrial geothermal $mings, petroleum
reservoirs and deep-sea hydrothermal vents locateliiwide (Zeikuset al, 1983; Jeanthost al, 2002;
Kashefiet al, 2002; Moussaret al, 2004). Two recognized genera are currently described withe
family Thermodesulfobacteriacegélatchikianet al, 2002), namely the genughermodesulfobacterium
(Zeikus et al, 1983) and the genukhermodesulfatato(Moussardet al, 2004). These genera comprise
exclusively thermophilic, anaerobic, chemoorgaruitio or chemolithoautotrophic sulfate-reducing issa

In addition, this family encompasses also the pamhlly described speciegGéothermobacterium

ferrireducensthat is unable to reduce sulphate (Kasketfl, 2002).
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The genusThermodesulfatatois so far composed of the unique spediemdicus,the type species being a
strict chemolithoautotrophic sulfate-redudkat was isolated from a deep-sea hydrothermal frent the
Kairei vent field on the Central Indian Ridge (Msagdet al, 2004).In this study, a novel hydrothermal

bacterium belonging to the gentisermodesulfatatois described.

In June 2001, during the ATOS oceanographic critiagments of active hydrothermal chimney rocksaver
collected from 2275m depth at the Rainbow ventdfien the Mid-Atlantic Ridge (36°13'N, 33°54'W).
Sample collection, subsampling and storage proesdwere as described elsewhere (Posted, 2005).
All subsamples were pooled and used to inocul&te gas-lift bioreactor (inoculum 2% v/v). A contiows
enrichment culture was performed in this bioreatwod1 days, at 60°C and pH 6.5, on a complex omadi
(modified SME medium) containing sea water saltel(iding sulfate), minerals, carbohydrates, peptide
organic acids (acetate and pyruvate), and coll@dHdur (Posteet al,, 2007). This continuous culture was
performed, at a dilution rate of 0.04'(80 mL h%), and under a stream ob 0.1 v V' min™) to maintain
anaerobic conditions and to drain possible inhibitd’hen, a culture sample from day 28 was useashas
initial inoculum on TYA medium (60°C, pH 6.0, su¥a9.3 mM, atmosphere of #£0, 80/20 2 bars), as
described by Postaat al (2007). One strain was purified by both isolat@nsolid medium (TYA medium
solidified with 1.5 % Phytagel incubated in anaécglrs under HCO, 80/20 2 bars) and then repeated
dilutions-to-extinction series. This strain refered as strain AT1325s described in this publication.

Purity of this isolate was confirmed routinely byicnescopic examination and by repeated partial
sequencing of the 16S rRNA gene using several psimgtock cultures were stored-a80°C in TYA

medium supplemented with 5% (v/v) DMSO.

The 16S rRNA gene (1491 bp) of the novel isolats Wauble-strand sequenced as described elsewhere
(Alain et al, 2002).This sequence was first compared to those in dlaildatabases by use of the BLAST
program (Altschukt al, 1990). It was then aligned to its nearest nedgind using the CLUSTALX program
(Thompsoret al, 1997). The alignment was refined manually usihhgSEAVIEW program (Galtiest al.,
1996) based on an alignment generated in parallélh whe RDP Il sequence aligner

(http://rdp8.cme.msu.edu/cgis/seq_align.cB95 nucleotides corresponding to homologougnsgcould
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be unambiguously aligned by the RDP Il SequencegrAlprogram and were used for subsequent
calculations of identity percentages (similarity trid. Afterwards, phylogenetic reconstructions wer
calculated by the PHYLIP (PHYLogeny Inference Paela version 3.67 software

(http://evolution.genetics.washington.edu/phylipiae.htm) on the basis of evolutionary distance

(neighbour-joining method — NJ- with Jukes and ©agbrrections) (Saitou and Nei, 1987) and maximum
likelihood ML (Felsenstein, 1981). The robustne$gshe inferred topologies was assessed by bootstrap
analyses (1000 bootstrap resamplings with NJ and Hplications with ML) (Felsenstein, 1985).
Comparison of the 16S rRNA gene sequence of s#dih325 with sequences oBacteriarevealed a
phylogenetic relationship with deeply branchingtbéal lineages. Phylogenetic reconstructions iatdid
that the novel isolate belonged unquestionabhh¢odassrhermodesulfobacteriéGarrity and Holt,2001)
andmore especially to the familyhermodesulfobacteriaceaerder Thermodesulfobacterialgglatchikian

et al, 2002). Within this lineage, the novel isolatestered robustly witl. indicus(Moussardetal., 2004),

an other deep-sea hydrothermal vent isolate (FBigBdth isolates shared 97.8% 16S rRNA gene seguenc
identity. Strain AT1325was most distantly related to members of the gefieermodesulfobacteriuand
‘Geothermobacterium’sharing 87.7 to 88.7% 16S rRNA gene sequencditigdanith representatives of
these genera. Based on the sequence identity athogphetic analyses, the novel isolate could bayasd

to the genus Thermodesulfatator.The level of 16S rRNA gene sequence dissimilarity with
Thermodesulfatator indicusso showed that the novel isolate displayed defiicmolecular differences for

a delineation at the species-level (StackebrandtEbers, 2006). Indeed, the sequence similarityédxen

the 16S rRNA genes @f. indicusand strain AT1325 is far below the threshold vgR® 7-99%) currently
recommended to perform DNA-DNA hybridization in erdo test for the genomic uniqueness of a novel

isolate (Stackebrandt and Ebers, 2006).

Morphological characteristics of cells of strain 2825 were determined by light microscopy (Olympus
CX40), transmission electron microscopy (Jeol JEM TX IlI) and scanning electron microscopy (FEI
Quanta 200). Cells were straight rods of 1.048rlin length (mean 2.4 um £ 1.5, n=10) and 0.3¢0rBin

width (mean 0.6 + 0.1, n=10) in the mid-exponenpiahse of growtlisee supplementary Fig. S1A and S1B

in IJSEM Online). They stained Gram-negative. Celtsurred mainly singly and divided by constriction
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(Fig. S1A). They possessed single polar flagellting.(S1B) and were highly motile. Formation of sgsor

was never observed.

The physiological characterization of the novellds® was carried out in a basal medium referensed a
“SO4PNsalts” and containing (per liter): 0.33 g J0H 0.5 g KCI, 0.5 g CaGRH,0, 3 g MgC}.6H,0, 22 g
NacCl, 3.0 g NgSQ,, 5 g PIPES buffer (Sigma) and 1 mg resazurin (S)gtts pH was adjusted to 6.7. Once
prepared, this medium was autoclaved and cooledam temperature under a-fee N, gas flow. Then, 1

ml vitamin mixture [solution from Widdel & Bak (129 supplemented with 4 mg folic acid and 1.5 mg
lipoic acid], 1 ml thiamine solution (Widdel & Bdl992), 1 ml selenite-tungstate solution (Widdel &b
1992) and 1 ml non-chelated trace element mixtWildel & Bak, 1992) were added to the basal medium
from concentrated anaerobic filter-sterilized siolug. Finally, KHPQ, was injected from sterile stock to a
final concentration of 40 mM. Medium (10 ml) wagithdispensed anaerobically in 50 ml vials sealed wi
butyl-rubber stoppers and reduced with 0.1 ml af0&6 (w/v) NaS.9HO sterile solution, just before
inoculation. Unless stated otherwise, the experimarere carried out anaerobically, under a gasebés

H./CGO, (80/20; 200 kPa), and incubation were done irdtdm, at 65°C.

Growth was routinely monitored by direct cell cdagtusing a modified Thoma chamber (depthutr), or

by counting after fixation with 1% (v/v) glutaraltde and storage at —20°C. Growth rates were cabmll
using linear regression analysis of five to nindnfw along the linear portions of the growth curves
logarithmically-transformed. The determination b ttemperature range for growth was tested over the
range 50-85°C (i.e. 50, 55, 60, 65, 70, 75, 80&sfC). No growth was observed at 50°C, 80°C and above.
The novel isolate grew from 55 to 75°C, with anitmpim growth rate at 65-70°C (see Supplementary Fig.
S2 in IJSEM Online)The pH range for growth was tested from initial $19 to initial pH 9.0, at 65°C, in
basal medium buffered and adjusted to the requikecinitial pH at 20 °C) as described elsewhereajiét

al., 2002). Growth was observed from pH 5.5 to pH 86 optimum being around pH 6.5-7.5. No growth
was observed at pH 5.0 and below, neither at pHa8d above. Salt tolerance was tested at 65°C in
‘SO4PNsalts’ medium prepared with various concéiama of NaCl (0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5,, 41,

5.0, 6.0, 8.0 and 10% wi/visrowth was observed at salt concentrations ranfymm 1.5 to 4.5% (w/v)
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NacCl, the optimum salinity being around 2.5%. Novgth was observed at 1 and 5 % (w/v) NaCl. Under
optimal growth conditions, the generation time todis AT1325 was around 3 hours and 20 minutes.

The determination of the whole-cell fatty acid carsiion was performed on cultures grown at 70°C on
“SO4PNsalts” medium, under a gas phase #€8, (80/20; 200 kPa). The production of biomass wasedo
both in media prepared with and without 0.1 yeast extract. In both cases, cells were harvesitéde
end of the exponential phase of growth. In paralleermodesulfatator indicusr. CIR29812 was grown
exactly under the same conditions and in the sarttare medium in order to compare its PFLA pattern.
The analyses were carried out at the DSMZ accordoghe standard protocol of the Microbial
Identification System (MIDI Inc., Del. USA, 2001gxtracts were analysed using a Hewlett Packard mode
HP6890A gas chromatograph equipped with a flamesédion detector as described by Kampfer &
Kroppenstedt (1996). Results are detailed in TablSimilarly toT. indicus,the fatty acid profile of strain
AT1325 comprised hydroxylated fatty acids, cyclic fattyids, saturated and unsaturated straight chain
fatty acids, that consisted mainly ofsG Cis0 and Gs.iw7c¢. However, the fatty acids profiles of the novel
isolate and ofT. indicusstr. CIR29812 grown exactly under the same conditions displafgad minor

differences as shown in Table 1.

Strain AT1325 was a strict anaerobic, chemolithoautotrophic draat that used hydrogen and sulfate as
respective primary electron donor and acceptoabthty to use alternative electron acceptors teated by
adding elemental sulfur (12 @)l L-cystine (12 g ), sulfite (1 mM), thiosulfate (20 mM), nitrate (hOM),
nitrite (1 mM) or oxygen (1% v/v) to sulfate-demdtmedia, under a ;fCO, atmosphere (80/20; 200 kPa).
Quantitative determination of hydrogen sulphide watermined as described elsewhere (Cord-Ruwisch,
1985).The novel isolate was found to reduce sulfate 48, lBut did not grow when sulfur, L-cystine, sulfite
thiosulfate, nitrate, nitrite and oxygen were uasdlectron acceptonSor a sulfate-reducer, the inability to
use sulfite as sole terminal electron acceptouliprising but is not an exception within the midedlworld

(Itoh et al., 1999; Jeanthoret al.,2002; Moussaret al.,2004). To examine possible carbon sources other
than CQ, a variety of organic carbon sources were testaédd presence of sulfate, under an atmosphere of
H, 100% (200 kPa). Formate (10 mM), acetate (20 mpippionate (20 mM), methanol (0.5% v/v),

pyruvate (10 mM), glucose (20 mM), monomethylam(ihé mM), peptone (0.2 §*) and yeast extract (0.2
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g I™") were tested as potential substra®ignificant growth coupled to hydrogen sulphidedarction was
still observed after three transfers on the sameliume (inoculation to 1/200 in all cases) when
monomethylamine, peptone or yeast extract wereigedvas sole carbon source and wherahtd sulfate
were the respective electron donor and acceptadeithe conditions tested, formate, acetate, pnape
methanol, pyruvate and glucose could not be usedods carbon sourcdn order to compare the
physiological capabilities of the novel isolatetih@ ones of its closest relatiféermodesulfatator indicus
str. CIR29812, with respect to carbon source utilization, carboarce tests were performed in parallel with
T. indicusunder exactly the same conditions. Under our erpantal conditions]. indicusstr. CIR29812

did not gromwhen monomethylamine, peptone or yeast extract prenéded as sole carbon source and when
H, and sulfate were the respective electron donor aoweptor. To test for the capability of the strain
AT1325 to use electron donors other than molecular hyatrpthe strain was cultivated under a gas phase
of No/CGO, (80/20%, 200 kPa) in theresence of formate (10 mM), acetate (20 mM), k&g (10 mM),
lactate (10 mM), methanol 0.5% (v/v), yeast extr@® g ") and peptone (0.2 g*J with sulfate as a
terminal electron acceptoNo growth was observed with the alternative enesgyrces, indicating that
strain AT1325 was a strict hydrogen-oxidizeFinally, the nitrogen sources for growth were agamined

in a nitrogen-depleted medium. The novel isolate Waund to grow on organic and inorganic nitrogen
sources. Significant growth was observed when@®K20 mM), glutamate (10 mM), yeast extract (0.2 g

Y, tryptone (0.2 g1), gelatin (0.05% v/v) and urea (0.05% v/v) werevided as sole nitrogen source.

Antibiotic resistance was tested in the presenae\@riety of antibiotics from different chemicatare and
with different targets and mechanisms. The resigtatv vancomycin, streptomycin, chloramphenicol,
kanamycin, rifampicin, penicillin G, ampicillin artdtracycline was investigated at concentrations0pfs0,
100 and 20Qug mi™. When the antibiotic was diluted in ethanol (catophenicol) or DMSO (rifampicin),
the same volume of solvent was added to contrdued rather than water. All antibiotics were added
aseptically before inoculation and the cultureseniecubated at 65°C for one week. Strain AT1324s
found to be sensitive to 18y mi™ of ampicillin and penicillin G. It grew in the mence of 1Qug mi™

vancomycin and tetracycline, of 5@ mf™ rifampicin and chloramphenicol, but was sensitiwehigher
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concentrations of these four antibiotics. The ndgelate was resistant to 2Q@ mi™ streptomycin and

kanamycin.

The G+C content of the genomic DNA was determimechfthe melting point according to Marmur & Doty
(1962), as described elsewhere (Alatral, 2002). A calibration curve was constructed bg obultrapure
DNA from Clostridium perfringen$26.5 mol% G+C), calf thymus (42 mol% G+&pgscherichia colstrain

B (50 mol% G+C) andlicrococcus luteug72 mol% G+Cas standards (Sigma). The G+C content of strain

AT1325 was 45.6 mol%.

In summary, the novel isolate shares many physicébgchemotaxonomic and metabolic properties vtgh
closest relativeT. indicus. Its phenotypic and genotypic properties generallgt rthe characteristics
described for the genuEhermodesulfatatofMoussardet al, 2004). Indeed, strain AT132% a marine,
thermophilic, strictly anaerobic bacterium growiokiemolithoautrophically from Hoxidation and using
sulfate as sole electron acceptdtr.robustly branches with the unique representatifethe genus
ThermodesulfatatomamelyT. indicus Nevertheless, strain AT1326an be distinguished frof indicus
and from otherThermodesulfobacteriaceamecies in terms of a number of genotypic and phygical
features detailed in Table 1 brief, the novel taxon differs frori. indicusby its clear phylogenetic
distance and its broader pH range for growth. Iditaah, the novel isolate is able to use some digan
compounds (methylamine, peptone and yeast exiaacsple carbon source while its congeheindicusis
unable.In conclusion, in view of the above-mentioned distive features, we propose that the isolate
AT1325 should be assigned as the type strain of a ngegiss, for which the nanEhermodesulfatator

atlanticussp. nov. is proposed.

Description of Thermodesulfatator atlanticus sp. nov.

Thermodesulfatator atlanticu@t.lanti.cus. L. masc. adptlanticus from the Atlantic Ocean, referring to the site of
isolation of the type strain).

Cells are Gram-negative motile rods (1.04—-6.68long by 0.30-0.7hm wide)with a single polar flagellum. Optimal
growth occurs at 65-70°C, with a growth range frarto 75°C. The pH and NaCl ranges are 5.5-8.0rtmm 6.5-7.5)

and 1.5-4.5% (w/v) (optimum, 2.5% w/v NaCl), redpeasty. Growth occurs under strictly anaerobic conditiosmg

8
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H, as an electron donor, sulfate as a terminal @edicceptor and CQas a carbon source. Strict hydrogen-oxidizer.
The following are not used as electron donors: &denacetate, lactate, methanol, peptone and gatrsict. In the
presence of Hand sulfate, monomethylamine, peptone or yeashextan be used as sole carbon source. No grewth i
observed when formate, acetate, propionate, melthayruvate and glucose are provided as sole casbance Does

not ferment pyruvate or lactat&he following are not utilized as electron accegtaglemental sulfur, L-cystine,
thiosulfate, sulfite, nitrate, nitrite, oxygels able to utilize a wide range of organic and gamic nitrogen sources.

Antibiotic resistance: resistant to 2Q@ ml™* streptomycin and kanamycin; Sensitive to i mi™* ampicillin and
penicillin G; sensitive to 5Q,g mI™* vancomycin and tetracycline, and to 1@ mi™ rifampicin and chloramphenicol.
Fatty acid profile is mainly composed of¢G Cis.1w7C, Cigo and Go.cyclo w8c. Genomic DNA G+C content of the

type strain AT1325is 45.6 mol%.

The type strain, AT13Z5DSM 21156, JCM 15391) was isolated from the walls of an active deepsehothermal
vent chimney at the Rainbow vent field, on the Mithantic Ridge (36°13'N, 33°54'W). It is also available under

request at the “Souchothéque de Bretagne” (catalafBE) culture collection (http://www.ifremer.fdsichotheque/).
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TABLES and FIGURES

100 l—Thermodesquatator atlanticus str. AT1325" (EU435435)
L Thermodesulfatator indicus CIR 29812" (AF393376)

95 100 Thermodesulfobacterium hveragerdense JSP' (X96725)
100 r—Thermodesulfobacterium thermophilum DSM 1276" (AF334601)
_67) L— Thermodesulfobacterium commune DSM 2178" (AF418169)
100 Thermodesulfobacterium hydrogeniphilum SL6' (AF332514)
‘Geothermobacterium ferrireducens’ FW-1a (AF411013)
Thermosulfidibacter takaii ABI70S6" (AB282756) 0.01

Fig. 1 Phylogenetic relationships of strain AT1325 and its closest relatives within the class
Thermodesulfobacteria. 16S rRNA gene sequence data of reference straime wktained from the
GenBank/EMBL databases. Accession numbers areatatidn brackets. The topology shown corresponds
to an unrooted tree obtained by the Maximum Liledith algorithm, established using the PHYLIP package
Bootstrap values (from 100 replicates) are inditatiethe branch nodes. The positioning of the nisadate

was confirmed by the Neighbour-Joining method. $tele bar indicates 1 nt substitutions per 100 nt.

Table 1. Whole cell fatty acid profiles of strain A1325 and of Thermodesulfatator indicus strain
CIR29812".

Values are percentages of total fatty acids. Theemzlature is as follows: the first number indicatiee
number of carbon atoms in the molecule. The prefiaateiso’, ‘iso’, ‘OH’ and ‘cyclo’ indicate anteb- or
iso-branched, hydroxy or cyclic fatty acid$ie second number following the colon indicatesrtmber of
double bonds. The position of the double bond dcimted by the carbon atom position starting fréwe t
methyl @) end of the molecule. The suffixindicates thecis isomer. Summed feature contain one or more
of each fatty acid. Summed featur8s:Cis1w7c and/or 2-OH iso-G.q 5, Cig06,9c and/or anteiso fgo
Major fatty acids (>5%) are indicated in bold valudD: not detected.

Fatty acid Strain AT1325' grown on
“SO4PNsalts” medium
(under a gas phase of HCO,
and without yeast extract)

Saturated fatty acids

Cis0 6.37

Ci70 1.12

Ciso 16.14
Monounsaturated fatty acids

Ci6:1005C 0.82

Ci7.106C 2.23

Cig109C 1.16

Clg;l(!)7c 59.43

C18:10)5C 2.07

C20:10)7C 1.23
Hydroxyl fatty acid

3-OH GCig 1.90
Cyclic fatty acid

CigoCyclo®8c 6.40
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329

330
331
332
333
334
335
336
337
338
339
340
341
342
343

Summed features

Summed feature 3 1.13
Fatty acid Strain AT1325" Thermodesulfatator indicus
str. CIR29812'
Both strains were grown exactly under the same coiitibns on
“SO4PNsalts” medium, in the presence of 0.1 g/L st extract and under a
H,/CO, atmosphere
Saturated fatty acids
Cuo 0.56 0.40
Cua0 1.26 0.76
Cis0 ND 0.59
Cis.0 N alcohol ND 0.19
is0 G0 0.49 0.39
Cis0 21.79 19.61
anteiso Gy 0.22 ND
Ci70 2.27 10.04
iso Gg:o 0.24 ND
Ciso 33.87 29.82
Goo 0.27 1.16
Goo 0.81 0.35
Monounsaturated fatty acids
Ci6:1005C 0.24 0.20
Ci7.106C 1.88 3.62
Ci7.108¢C 0.19 0.35
Cig1 iso H 0.39 0.31
Cig109C 4.08 2.68
Cig107C 21.76 21.63
Cig.105€C 0.77 0.71
Cig:206cC (6, 9, 12) 0.30 0.28
Coo@7C > max ar/ht ND
Hydroxyl fatty acid
3-OH G 1.08 0.42
3-OH Ggg 0.38 ND
Cyclic fatty acid
Cie:0Cyclo 8c 4.42 4.34
Summed features
Summed feature 3 1.29 1.16
Summed feature 5 1.46 0.97

Table 2. Characteristics differentiating strain AT1325' from representative species of the family
Thermodesulfobacteriaceae. Species: 1, Thermodesulfatator atlanticusAT1325  (this study); 2,
Thermodesulfatator indicugMoussard et al, 2004); 3, Thermodesulfobacterium hydrogeniphilum
(Jeanthoret al, 2002); 4 Thermodesulfobacterium commui@eikuset al, 1983); 5, Geothermobacterium
ferrireducens (Kashefiet al, 2002).

Legend: +, positiver, negative; ND, not determined. The percentages& IRNA gene sequence identity

is calculated in reference to the 16S rRNA gen@sece of the novel isolate AT1325
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345

Characteristic 1 2 3 4 5
Temperature range for growth (°C) [optimum] 55-75 [65-70] 55-80 [70] 50-80 [75] 45-82 [70] 65-100
[85-90]

pH range for growth 5.5-8.0[6.5- 6.0-6.7 6.3-6.8 6.0-8.0 ND [6.8-
[optimum] 7.5] [6.25] [6.5] [7.0] 7.0]
NaCl concentration range for growth (%) 1.5-4.5[2.5] 1.0-35 0.5-5.5 0-2.0[0] 0-0.75]0-
[optimum] [2.5] [3.0] 0.05]
Carbon sources

CO, + + + +

Organic compounds + - - + -
Electron donors

H, + + + — +

Pyruvate — — — + —

Lactate — — — + —
Electron acceptors

Sulfate + + + + -

Thiosulfate — - - + -

Iron (111) ND ND ND ND +
Fermentation — - - + -
DNA G+C content (mol%) 45.6 46 28 34.4 ND
16S rRNA gene sequence identity (%) 100 97.8 88.7 87.7 88.7
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346 Fig. S1. Scanning and transmission electron microgphs of cells of strain AT1325 in the mid-

347  exponential phase of growth, showing the divisigrcbnstriction (A) and the polar flagellum (B). Bad..0
348 and 0.um.
349
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351 Fig. S2. Effects of temperature on the maximum groth rate of strain AT1325'. Bars indicate
352 confidence intervals.
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