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Genome-based classification of two halotolerant extreme
acidophiles, Acidihalobacter prosperus V6 (=DSM 14174 =JCM
32253) and ’Acidihalobacter ferrooxidans’ V8 (=DSM 14175 =JCM
32254) as two new species, Acidihalobacter aeolianus sp. nov.
and Acidihalobacter ferrooxydans sp. nov., respectively
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Abstract

Phylogenomic analysis of recently released high-quality draft genome sequences of the halotolerant acidophiles,

Acidihalobacter prosperus V6 (=DSM 14174=JCM 32253) and ‘Acidihalobacter ferrooxidans’ V8 (=DSM 14175=JCM 32254), was

undertaken in order to clarify their taxonomic relationship. Sequence based phylogenomic approaches included 16S rRNA

gene phylogeny, multi-gene phylogeny from the concatenated alignment of nine selected housekeeping genes and

multiprotein phylogeny using clusters of orthologous groups of proteins from ribosomal protein families as well as those

from complete sets of markers based on concatenated alignments of universal protein families. Non-sequence based

approaches for species circumscription were based on analyses of average nucleotide identity, which was further reinforced

by the correlation indices of tetra-nucleotide signatures as well as genome-to-genome distance (digital DNA–DNA

hybridization) calculations. The different approaches undertaken in this study for species tree reconstruction resulted in a

tree that was phylogenetically congruent, revealing that both micro-organisms are members of separate species of the

genus Acidihalobacter. In accordance, it is proposed that A. prosperus V6T (=DSM 14174 T=JCM 32253 T) be formally classified

as Acidihalobacter aeolianus sp. nov., and ‘Acidihalobacter ferrooxidans’ V8T (=DSM 14175 T=JCM 32254 T) as Acidihalobacter

ferrooxydans sp. nov., and that both represent the type strains of their respective species.

Only a few bacteria capable of simultaneously tolerating
both low pH and high salt have been isolated [1, 2]. There-
fore, the discovery and characterization of new species of
halotolerant acidophiles enriches the opportunities to map
the microbial diversity and shed new light on the metabolic
capabilities in this mostly unexplored geochemical environ-
ment. It could also suggest novel routes by which the meta-
bolic potential of halotolerant acidophiles could be
exploited for industrial applications such as copper biol-
eaching from chalcopyrite [3]. This is an especially import-
ant consideration in regions with scarce water resources
such as Australia and Chile where sea water could be substi-
tuted for fresh water in the bioleaching process [2].

The genus Acidihalobacter includes only one formally recog-

nized species name, Acidihalobacter prosperus [4]. A. pros-

perus DSM 5130T is an iron- and sulfur-oxidizing,

mesophilic, halotolerant acidophile that was isolated from a

geothermally heated seafloor at Porto di Levante, Vulcano,

Italy [5]. Based on its phenotype and a G+C content of

64mol%, it was originally taxonomically classified as

‘Thiobacillus prosperus’ by Huber and Stetter [5]. However,

after the release of its draft genome sequence [6], further phy-

logenomic studies were undertaken and it was formally

reclassified into the family Ectothiorhodospiraceae of the class

Gammaproteobacteria in the new genus Acidihalobacter,
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with A. prosperus DSM 5130T (JCM 30709T) being named

the type strain of its species [4].

More recently, two new halotolerant acidophiles, A. pros-
perus V6 and ‘A. ferrooxidans’ V8, were isolated from mixed
environmental cultures obtained from shallow acidic pools
on the Aeolian Islands, Vulcano, Italy [7]. A. prosperus V6
was recognized to be similar to the type strain in its 16S
rRNA gene phylogeny as well as its morphological charac-
teristics [8, 9], but showed superior growth to the type strain
on ferrous iron [5, 10]. A. prosperus V6 was shown to be a
member of the family Ectothiorhodospiraceae of the class
Gammaproteobacteria [11]. It has previously been referred
to as ‘Acidihalobacter aeolicus’ [12]; however, based on 99%
16S rRNA gene sequence similarity as well as similarity in
its morphological characteristics to A. prosperus DSM 5130T

(‘Thiobacillus prosperus’ at the time), it was submitted to the
DSMZ culture collection as a strain of the A. prosperus spe-
cies and was never formally classified or named.

A. prosperus V6 is an aerobe, grows autotrophically and is
able to oxidize ferrous iron, the sulfur sources elemental sul-
fur and tetrathionate and the sulfide mineral pyrite. It is
unable to grow in the absence of chloride, requiring a mini-
mum of 60mMNaCl, is able to grow at up to 1283mMNaCl
with maximum growth at 428mM NaCl [8, 13]. It is able to
oxidize pyrite at an optimum 256mM NaCl [13]. The tem-
perature range for growth of A. prosperus V6 was 26–42

�

C
with an optimum of 36

�

C [14]. Growth at various pH values
was determined in basal salts medium [2] at 25 g l�1 NaCl
with 50mM FeSO4�7H2O and 5mM K2S4O6 [13]. A. pros-
perus V6 was able to grow between pH 1.5 and 3.0, but not at
pH 1.0 and 3.5 with optimum growth observed at pH 1.8.

Similarly, ‘A. ferrooxidans’ V8 was submitted to the DSMZ
culture collection with its current name as it was was
thought to belong to a new species of the genus Acidihalo-
bacter based on its 16S rRNA gene sequence and pheno-
typic characteristics such as slightly greater chloride ion
tolerance than A. prosperus V6 when grown on the sulfide
mineral pyrite [9, 10]. However, it was never characterized
taxonomically in detail. It is aerobic and autotrophic, able
to oxidize ferrous iron, elemental sulfur and tetrathionate
and the sulfide mineral pyrite, and is unable to grow in the
absence of chloride, having a minimum requirement of
more than 60mM NaCl when grown in the presence of
soluble iron [13]. Maximum growth on ferrous iron and
sulfur occurs at 428mM NaCl and it is able to grow at up
to 856mM NaCl [13]. It also has a superior ability to oxi-
dize pyrite in the presence of chloride compared to A.
prosperus V6 with maximum oxidation occurring at
856mM NaCl. ‘A. ferrooxidans’ V8 is able to grow between
26 and 43

�

C with an optimum of 36
�

C [14]. The pH pro-
file was determined in the same manner as A. prosperus
V6. ‘A. ferrooxidans’ V8 was able to grow between pH 1.0
and 3.0 with optimum growth observed at pH 1.8.

The high quality draft genome sequences of A. prosperus
V6 and ‘A. ferrooxidans’ V8 have recently been released

[15, 16]. Whole-genome sequencing has shown the pres-
ence of a 162 484 bp plasmid in A. prosperus V6 that is
not present in either the type strain of A. prosperus or in
‘A. ferrooxidans’ V8 [6, 15, 16]. We term this plasmid
pABPV6. The availability of the high quality draft
genomes of these strains has provided an opportunity to
use phylogenomic strategies for the re-evaluation of the
taxonomical positions of both species in order to properly
classify them [17]. Predicted terminal oxidases from the
genomes of A. prosperus V6 and ‘A. ferrooxidans’ V8
include aa3 (EC 1.9.3.1), bo3 (EC 1.10.3.10), bd-I (EC
1.10.3.14) and fumarate reductase (quinol, EC 1.3.5.1–
1.3.5.4). Predicted respiratory quinones from the genomes
include ubiquinone (EC 1.14.13.-, 2.1.1.64, 2.1.1.63,
2.1.1.201, 2.1.1.222, 2.5.1.39, 2.5.1.129, 4.1.1.98).

Recent proteomic studies have found ectoine to be the
major osmoprotectant in A. prosperus DSM 5130T [18] and
A. prosperus V6 [19] and it is presumed it will also play a
key role in osmoprotection of ‘A. ferrooxidans’ V8, as pre-
liminary analysis of the genomes of all three isolates has
shown the presence of genes for the synthesis of ectoine
[6, 15, 16]. However, differences in the genomes of the three
isolates included the presence of a truncated SOX operon
(soxAXBYZ) in A. prosperus DSM 5130 T and A. prosperus
V6 that was not found on the genome of ‘A. ferrooxidans’
V8 [6, 15, 16].

The bioinformatically inferred G+C contents for the
genomes of A. prosperus V6 and ‘A. ferrooxidans’ V8 are
62.2 and 61.6mol%, respectively [15]. These values fall
within the range of 50.5–69.7mol% DNA G+C for members
of the family Ectothiorhodospiraceae [20]. It is also consis-
tent with the placement of the two species in the genus
Acidihalobacter, which is nearest to the Ectothiorhodospira
genus, both of which show a requirement of chloride for
growth [4, 5, 8, 20]. Phenotypic and genomic features of the
three species of the genus Acidihalobacter are shown in
Table 1.

In order to infer preliminary phylogenetic relationships, the
16S rRNA gene sequence similarity of A. prosperus V6, ‘A.
ferrooxidans’ V8 and A. prosperus DSM 5130T was com-
pared by aligning the sequences using the default settings of
the nucleotide Basic Local Alignment Search Tool (BLASTn)
tool [21] and MAFFT alignment (using the L-INS-i iterative
refinement) [22, 23]. Studies have suggested that 98.65%
16S rRNA gene sequence similarity can be used as a thresh-
old for differentiating two species [24, 25]. ‘A. ferrooxidans’
V8 shared only 97% sequence similarity [nucleotide identity
by BLAST (NIB)], 16S rRNA gene sequence similarity by
BLASTn) with both A. prosperus DSM 5130T and A. prosperus
V6, confirming it to be a different novel species (Table 2).
The 99% sequence similarity (NIB) between A. prosperus
V6 and A. prosperus DSM 5130T (Table 2), initially sug-
gested that they might be different strains of the same spe-
cies, as was previously suggested [8, 9, 11]. However, further
phylogenomic analysis using other sequence and non-
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sequence based techniques, as discussed below, have shown
that both are members of novel species.

In addition to members of the genus Acidihalobacter, a total

of 11 other taxonomically related genomes were selected for

inclusion into a 16S rRNA gene sequence-based phyloge-

netic tree. Halothiobacillus neapolitanus ATCC 23641 was

used as an outgroup. Members for inclusion were identified

from the 30 closest phylogenetic neighbours, based on ab

initio comparisons of GLIMMER3 gene candidates with a

set of universal proteins and up to 200 unduplicated pro-

teins in the SEED and Rapid Annotation of Microbial

genomes using Subsystems Technology (RAST) [26, 27].

These were verified by comparison to the sequences previ-

ously used for the reclassification of the type strain of A.

prosperus [4], as well as by comparison with nucleotide

databases after running a BLASTn-based script using an

e-value threshold of 1e-5 and the databases GREENGENES

[28], RDP [29] and SILVA [30].

The Tamura–Nei model [31], with a discrete gamma distri-
bution and allowing some sites to be evolutionarily invari-
able (TrN+G+I), was chosen as the most appropriate model
for inference of 16S rRNA gene phylogeny according to the
lowest Bayesian information criteria (BIC) model selection
of jModelTest [32, 33]. The phylogenetic tree was recon-
structed using sequences obtained from the prokaryotic 16S
rRNA gene database of NCBI and aligned in MAFFT version 7
with the L-INS-i iterative refinement [22, 23]. PhyML ver-
sion 3 was used to reconstruct a maximum-likelihood tree
using the bootstrap method with 1000 replicates [34, 35].
After tree reconstruction, a final of 14 members (including
those of the genus Acidihalobacter) were selected based on
the closest phylogeny as given by bootstrap values. The con-
cise, final tree, consisting of the 14 selected members from

Table 1. Comparison of genomic and phenotypic features of the three species of the genus Acidihalobacter

+, Present; �, absent; NA, data not available.

Feature Acidihalobacter prosperus

DSM 5130T
Acidihalobacter prosperus

V6

‘Acidihalobacter ferrooxidans’

V8

Genome size

(Mbp)

3.36 3.36 3.45

G+C content (mol%) 64.5 62.2 61.6

Predicted coding DNA sequence (CDS) 3088 3194 3089

Plasmid � +

162 484 bp

(termed pABPV6)

�

tRNA genes 48 46 45

Sulfur oxygenase reductase (E.C. 1.13.11.55) + � +

Truncated Sox operon

(soxAXBYZ)

+ + �

Temperature range for growth (
�

C) 20–45 [5] 26–42 [14] 26–43 [14]

Optimum temperature for growth (
�

C) 33 [5] 36 [14] 36 [14]

pH range for growth 1.0–4.5 [5] 1.5–3.0 1.0–3.0

Optimum pH for growth 2.0 [5] 1.8 1.8

NaCl range for growth (mM) 70–1030 [18] 60–1283 [13] 60–856 [13]

Optimum NaCl for growth (mM) on FeSO4�7H20 and K2S4O6 340 [5] 428 [8, 13, 14] 428 [13, 14]

NaClopt (mM) on Fe2S NA 256 [13] 856 [13]

Table 2. Comparison of ANI, dDDH, TETRA and NIB of the chromosomal sequences of A. prosperus V6 and ‘A. ferrooxidans’ V8 against the type strain,

A. prosperus DSM 5130T, and each other

ANI, average nucleotide identity (%) as determined using ANI BLAST (%); dDDH, digital DNA–DNA hybridization (%); TETRA, nucleotide signature correla-

tion index; NIB, 16s rRNA gene nucleotide identity by BLAST (%).

Acidihalobacter prosperus

DSM 5130T
Acidihalobacter prosperus

V6

‘Acidihalobacter ferrooxidans’

V8

Query ANI dDDH TETRA NIB ANI dDDH TETRA NIB ANI dDDH TETRA NIB

Acidihalobacter prosperus

DSM 5130T
80.60 25.20 0.9889 99 72.32 20.40 0.9151 97

Acidihalobacter prosperus

V6

80.34 25.20 0.9889 99 72.49 21.30 0.9128 97

‘Acidihalobacter ferrooxidans’

V8

71.93 20.40 0.9151 97 72.47 21.30 0.9128 97
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the genus Acidihalobacter and the order Chromatiales is

shown in Fig. 1(a).

It has previously been shown that a better understanding of

speciation events can be achieved by the use of multilocus

sequence analysis (MLSA), where the concatenation of the
sequences of several protein-encoding gene fragments pro-
vides a more robust tree topology than can be obtained by
16S rRNA gene sequences alone [36–39]. In an MLSA
study, housekeeping loci can be compared in order to
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Fig. 1. Gene-based phylogenetic trees of 14 members of the order Chromatiales including the strains Acidihalobacter prosperus DSM

5130T (JQSG00000000.2), A. prosperus V6 (CP017448.1) and ‘A. ferrooxidans’ V8 (CP019434.1). (a) 16S rRNA gene phylogenetic tree of

14 members of the order Chromatiales, including the analysed strains Acidihalobacter prosperus DSM 5130T, A. prosperus V6 and ’A.

ferrooxidans’ V8. The tree was reconstructed with a discrete gamma distribution and allowing some sites to be evolutionarily invariable

(TrN+G+I) [33] using PhyML 3 with log-likelihood of �6212.8 [35] and the bootstrap method (with 1000 replicates) [34], the values of

which were converted to statistically supported percentages. Bar, 0.04 nucleotide changes per site. (b) A multi-gene species tree was

built using a concatenated alignment of nine conserved housekeeping genes (argS, dnaQ, dnaN, era, gltA, gyrB, ppnK, rpoB and rpoD)

[40, 61, 62] from 14 members from the order Chromatiales. The substitution model selected for the multi-gene tree was general time-

reverse with discrete gamma distribution and with some sites evolutionarily invariable (GTR+G+I) [33]. The phylogenetic tree was built

using PhyML 3 using log-likelihood of �145524.6 [35] and 1000 bootstraps [34] the values of which are represented as statistically

supported percentage values. Bar, 0.2 nucleotide changes per site. The list of housekeeping genes used for tree elaboration is given in

Table S2.
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Fig. 2. Multi-protein based phylogenomic trees of 14 members of the order Chromatiales including the strains Acidihalobacter pros-

perus DSM 5130T (JQSG00000000.2), A. prosperus V6 (CP017448.1) and ‘A. ferrooxidans’ V8 (CP019434.1). (a) Phylogenomic tree using

universal ribosomal proteins. The tree was reconstructed using multi-locus concatenation of 30 out of 34 universal ribosomal proteins

[45]. The substitution model described by Le and Gascuel [47] was utilized for multiprotein alignment, with the model utilizing four

rate categories in the gamma distribution and proportion of evolutionary invariable sites (LG+G+I) [33]. The tree was built using PhyML
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determine the evolutionary relationships among taxa [40].
Previously, Salinivibrio was determined as an ideal candi-
date for an MLSA study due to the low number of species
available, as this allows for a more in-depth study of phylo-
genetic relationships [40]. As there are currently only 3
members of the genus Acidihalobacter, it was reasoned that
an MLSA study would be appropriate for studying the phy-
logenetic relationship of the species of this genus. Therefore,
a multi-gene species tree was built using a concatenated
alignment of nine conserved housekeeping genes; argS,
dnaQ, dnaN, era, gltA, gyrB, ppnK, rpoB and rpoD
(Table S2) from 14 members from the order Chromatiales
(Fig. 1b). The L-INS-i iterative refinement in MAFFT version
7 [22, 23] was used for the alignment of concatenated
sequences; the alignments were masked to remove unreli-
able regions with GBLOCKS [41, 42], followed by a concatena-
tion of all protein families. The substitution model selected
for the multi-gene tree was general time-reverse with dis-
crete gamma distribution and with some sites evolutionarily
invariable (GTR+G+I), according to Bayesian and Akaike
information criteria (BIC and AIC, respectively) model
selection criteria, as indicated by jModelTest [32, 43].
PhyML version 3 was used to reconstruct the maximum-
likelihood tree, using the bootstrap method with 1000 repli-
cates [34, 35], as described above. The multi-gene phylogen-
tic tree is shown in Fig. 1(b).

Taxonomic classification of the species was further clarified
through multiple locus phylogenetic analysis using two dif-
ferent phylogenomic approaches based on sets of clusters of
orthologous groups (COGs) [44]. The complete sets of 34
and 31 COG markers (Tables S3 and S4) included in the
analysis were recovered from the DOE Joint Genome Insti-
tute – Integrated Microbial Genomes and Microbiome Sam-
ples website (https://img.jgi.doe.gov/cgi-bin/m/main.cgi) for
each micro-organism. The predicted protein-coding genes
of the Acidihalobacter species were assigned to the COG
classifications by comparison of each protein-coding
sequence against the COG database by BLASTp, using a max-
imum e-value of 1e-5. The association of each protein-cod-
ing sequence to a COG category was based on the highest
hit coverage value, using an in-house Bioperl script. A mul-
tilocus phylogenomic tree was reconstructed for the 14
members of different species found to be taxonomically
closest to the genus Acidihalobacter (Table S1, available in
the online version of this article) by performing a multiple
alignment of concatenated sequences of 30 COGs from 34
ribosomal protein families (Fig. 2a) that are universally

conserved in the three domains of cellular life [45]. A sec-
ond multiprotein phylogenetic tree was built using complete
sets of markers based on concatenated alignments of 28 out
of 31 COGs retrieved from universal protein families [46]
(Fig. 2b). The substitution model described by Le and Gas-
cuel [47] was utilized for multiprotein alignment, with a dis-
crete gamma distribution and sites evolutionarily invariable
(LG+G+I), as predicted using the ProtTEST 3 tool [48, 49],
according to the lowest BIC and AIC [33, 50]. The align-
ment of concatenated sequences, masking of unreliable
regions and reconstruction of the maximum-likelihood trees
was performed as described above for the multigene tree.

The gene and multiprotein phylogenomic analyses (Figs 1a,
b and 2a, b) show similar relationships between the Acidiha-
lobacter genomes and their positioning within and the
selected members of the family Ectothiorhodospiraceae.
While the information gained from this analysis provides
important information on the evolutionary relationships of
different strains, it does not show the overall similarity of
the genomes. Average nucleotide identity (ANI), the corre-
lation indices of tetra-nucleotide signatures (TETRA) and dig-
ital DNA–DNA hybridization (dDDH) calculations are
sequence based techniques designed to analyse and compare
interspecies boundaries between genomes [43, 51–53]. The
combination of ANI results when reinforced by high TETRA

correlation values can be used to help define prokaryotic
species using an objective boundary [51]. Furthermore, the
use of dDDH has been shown to outperform the previously
used cumbersome and error prone technique of experimen-
tally determining DNA–DNA hybridization (DDH) values
and offers a more precise method for delineation of micro-
biological species [54]. The use of these bioinformatics
approaches for clarification of taxonomical positions has
previously been successfully used for Acinetobacter [55],
Vibrio [56] and Aeromonas [53] and their advantages have
been discussed extensively.

The calculation of ANI based on BLAST (ANIb) and the cor-
relation indexes of tetra-nucleotide signatures (TETRA) were
conducted using JspeciesWS (http://jspecies.ribohost.com/
jspeciesws/#Analyse) [57], based on the recommended cut-
off values for species determination (<95% for ANIb and
<0.989 for TETRA) [24, 43, 51, 58]. The dDDH values were
calculated using the Genome-to-Genome Distance Calcula-
tor (GGDC) web tool, (http://ggdc.dsmz.de/distcalc2.php),
with formula 2 [52, 54] and a cut off of 70% to determine
the distance between the genomes [59, 60]. The results indi-
cate that A. prosperus V6 and ’A. ferrooxidans’ V8 belong to

3 with a log-likelihood of �46600.9 [35] and the bootstrap method (with 1000 replicates) [34], the values of which were converted to

statistically supported percentages. Bar, 0.06 amino acid changes per site. The list of COGs used for tree elaboration is given in

Table S3. (b) Phylogenomic tree of universal protein families. The tree was reconstructed using 28 out of 31 markers from universal

protein families [46]. The substitution model described by Le and Gascuel [47] was utilized for multiprotein alignment, with the model

utilizing four rate categories in the gamma distribution and proportion of evolutionary invariable sites (LG+G+I) [33]. The phylogenetic

tree was reconstructed with PhyML 3 with a log-likelihood of �65827.6 [35] and the bootstrap method (with 1000 replicates) [34], the

values of which were converted to statistically supported percentages. Bar, 0.07 amino acid changes per site. The list of COGs used for

tree elaboration is given in Table S4.
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different species, and provided the first evidence of A. pros-
perus V6 as a separate and novel species of the genus Acidi-
halobacter, and not a strain of A. prosperus. It also
confirmed that ’A. ferrooxidans’ V8 is also a separate, novel
species as previously suggested [9, 10]. The ANI, TETRA and
dDDH values obtained from the comparison of these two
species against each other and A. prosperus DSM 5130T are
provided in Table 2.

In conclusion, results of the different sequence-based and
non sequence-based phylogenomic approaches undertaken
in this study show phylogenetic congruence and highlight
that ‘Acidihalobacter prosperus’ V6 and ‘Acidihalobacter fer-
rooxidans’ V8 are members of separate, novel species. We,
therefore, propose the reclassification Acidihalobacter pros-
perus V6 as the type strain of ‘Acidihalobacter aeolianus’ sp.
nov,. and that of ‘Acidihalobacter ferrooxidans’ V8 as the
type strain of ‘Acidihalobacter ferrooxydans’ sp. nov.

DESCRIPTION OF ACIDIHALOBACTER

AEOLIANUS SP. NOV.

Acidihalobacter aeolianus (ae.o.li.a¢nus. N.L. masc. adj. aeo-
lianus, referring to its isolation from the Aeolian islands,
Italy).

Gram-strain-negative, motile, straight rods (1–2 µm long).
Extremely acidophilic, optimum pH is 1.8 with a range of
pH 1.5–3.0. Halotolerant, requires a minimum of 60mM
NaCl for growth, but can grow at up to 1283mM NaCl with
optimal growth at 428mM NaCl. Mesophilic, optimal
growth occurs at 36

�

C, and capable of growth between 26
and 42

�

C. Chemolithoautotrophic and aerobic. Able to uti-
lise ferrous iron and soluble sulfur (tetrathionate) as elec-
tron donors. Grows optimally on the sulfide mineral pyrite
at 256mM NaCl. Predicted terminal oxidases from the
genome include aa3 (EC 1.9.3.1), bo3 (EC 1.10.3.10), bd-I
(EC 1.10.3.14) and fumarate reductase (quinol, EC 1.3.5.1–
1.3.5.4). Predicted respiratory quinones from the genome
include ubiquinone (EC 1.14.13.-, 2.1.1.64, 2.1.1.63,
2.1.1.201, 2.1.1.222, 2.5.1.39, 2.5.1.129, 4.1.1.98). Genome
contains a truncated SOX operon (soxAXBYZ) and an
operon for the biosynthesis of the osmoprotectant ectoine.

The type strain is V6T (=DSM 14174T=JCM 32253T), iso-
lated from shallow pools of acidic, salty water in the Aeolian
islands, Italy.

DESCRIPTION OF ACIDIHALOBACTER

FERROOXYDANS SP. NOV.

Acidihalobacter ferrooxydans (fer.ro.o¢xy.dans. L. n. ferrum,
iron; Gr. adj. oxys, sour or acid, used to refer to oxygen in
combinations; N.L. v. oxydare, to turn sour, to make acid, to
oxidize; N.L. part. adj. ferrooxydans, iron-oxidising).

Gram-stain-negative, motile rods (1 µm long), sometimes
curved under stress conditions. Extremely acidophilic, opti-
mum pH is 1.8 with a range of 1.0–3.0. Halotolerant,
requires more than 60mM NaCl for growth, grows at up to

856mM NaCl with an optimum of 428mM NaCl . Chemo-
lithoautotrophic and aerobic. Uses ferrous iron and soluble
sulfur (tetrathionate) as electron donors. Grows optimally
on the sulfide mineral pyrite at 856mM NaCl. Mesophilic,
growth occurs in the range 26–43

�

C with an optimum of
36

�

C. Predicted terminal oxidases from the genome include
aa3 (EC 1.9.3.1), bo3 (EC 1.10.3.10), bd-I (EC 1.10.3.14) and
fumarate reductase (quinol, EC 1.3.5.1–1.3.5.4). Predicted
respiratory quinones from the genome include ubiquinone
(EC 1.14.13.-, 2.1.1.64, 2.1.1.63, 2.1.1.201, 2.1.1.222, 2.5.1.39,
2.5.1.129, 4.1.1.98). Genome encodes a sulfur oxygenase
reductase (E.C. 1.13.11.55) and contains an operon for the
biosynthesis of the osmoprotectant ectoine.

The type strain is V8T (=DSM 14175T=JCM 32254T), iso-
lated from shallow pools of acidic, salty water in Vulcano,
Italy.
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