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From Metagenomics to Pure Culture: Isolation and Characterization
of the Moderately Halophilic Bacterium Spiribacter salinus gen. nov.,
sp. nov.

María José León,a Ana B. Fernández,a Rohit Ghai,b Cristina Sánchez-Porro,a Francisco Rodriguez-Valera,b Antonio Ventosaa

Department of Microbiology and Parasitology, Faculty of Pharmacy, University of Seville, Seville, Spaina; Evolutionary Genomics Group, Division of Microbiology, Miguel
Hernández University, San Juan, Alicante, Spainb

Recent metagenomic studies on saltern ponds with intermediate salinities have determined that their microbial communities are dom-
inated by both Euryarchaeota and halophilic bacteria, with a gammaproteobacterium closely related to the genera Alkalilimni-
cola and Arhodomonas being one of the most predominant microorganisms, making up to 15% of the total prokaryotic popula-
tion. Here we used several strategies and culture media in order to isolate this organism in pure culture. We report the isolation
and taxonomic characterization of this new, never before cultured microorganism, designated M19-40T, isolated from a saltern
located in Isla Cristina, Spain, using a medium with a mixture of 15% salts, yeast extract, and pyruvic acid as the carbon source.
Morphologically small curved cells (young cultures) with a tendency to form long spiral cells in older cultures were observed in
pure cultures. The organism is a Gram-negative, nonmotile bacterium that is strictly aerobic, non-endospore forming, hetero-
trophic, and moderately halophilic, and it is able to grow at 10 to 25% (wt/vol) NaCl, with optimal growth occurring at 15% (wt/
vol) NaCl. Phylogenetic analysis based on 16S rRNA gene sequence comparison showed that strain M19-40T has a low similarity
with other previously described bacteria and shows the closest phylogenetic similarity with species of the genera Alkalilimnicola
(94.9 to 94.5%), Alkalispirillum (94.3%), and Arhodomonas (93.9%) within the family Ectothiorhodospiraceae. The phenotypic,
genotypic, and chemotaxonomic features of this new bacterium showed that it constitutes a new genus and species, for which the
name Spiribacter salinus gen. nov., sp. nov., is proposed, with strain M19-40T (� CECT 8282T � IBRC-M 10768T � LMG
27464T) being the type strain.

Hypersaline environments are widely distributed habitats rep-
resented by a variety of aquatic and terrestrial systems (1).

Most microbiological studies in these extreme environments have
been carried out on aquatic habitats, especially saline lakes and
marine salterns, which are used for the commercial production of
salt by evaporation of seawater (1, 2). One of the salterns that has
been most extensively studied during the last 30 years is located in
Santa Pola, Alicante, Spain; these studies have been based on cul-
ture-dependent (3–5) as well as culture-independent (6–11) tech-
niques. The studies carried out in this hypersaline habitat have
permitted the in-depth determination of the microbial diversity of
the ponds of the saltern, especially that of the crystallizers (ponds
in which the NaCl is precipitated). The crystallizers are dominated
by the square-shaped haloarchaeal species Haloquadratum wals-
byi, the Gram-negative rod Salinibacter ruber, a member of the
phylum Bacteroidetes, and the recently described Nanohaloar-
chaeota (6, 7, 12–16).

In contrast to the most concentrated ponds, few studies have
been carried out on the ponds of intermediate salinity designated
concentrators (4, 5, 10, 17, 18). Early studies based on culture-
dependent techniques indicated that the most frequently isolated
halophilic bacteria were members of the genera Pseudomonas-Al-
teromonas-Alcaligenes (probably the current members of the Ha-
lomonadaceae) and Salinivibrio, as well as haloarchaeal members
of the genera Haloferax and Haloarcula (4). However, later molec-
ular studies based on PCR amplification of the 16S rRNA gene and
denaturing gradient gel electrophoresis showed that these were
not the dominant groups (10, 18).

Very recently, we have carried out metagenomic studies on
three intermediate-salinity ponds (with 13, 19, and 33% total salts,

respectively) and a crystallizer pond (with 37% salts) by deep shot-
gun sequencing of environmental DNA. These studies have per-
mitted the determination of the microbial diversity of these ponds
with intermediate salinities in comparison with that of the crys-
tallizer pond (15, 19). Comparison of the 16S rRNA reads with
sequences in databases indicated that the major groups at the in-
termediate-salinity ponds were the Euryarchaeota (which was the
predominant group at the crystallizer pond), as well as the phyla
Proteobacteria and Bacteroidetes. At the genus level, several halo-
archaea (members of the genera Halorubrum, Haloquadratum,
and Natronomonas) were still very abundant in ponds with 19 or
33% salts, but a large diversity composed of members of many
different bacterial genera was also evident (with representatives
related to the genera Salinibacter, Alkalilimnicola, Arhodomonas,
Roseovarius, and Oceanicola) (15, 19).

The assembly of the metagenomic data sets corresponding to
the intermediate-salinity saltern ponds permitted us to determine
that several organisms that had not been previously isolated or
characterized were abundant in these habitats, including two
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groups consisting of Euryarchaeota with high G�C contents and
Euryarchaeota with low G�C contents (different from Halo-
quadratum walsbyi), a group of Actinobacteria with low G�C con-
tents, and interestingly, a group belonging to the class Gammapro-
teobacteria which may account for up to 15% of the total
prokaryotic population of the intermediate-salinity ponds. This
abundant group of microbes was phylogenetically distantly re-
lated to the genera Alkalilimnicola, Arhodomonas, and Nitrococcus.
The pI of the predicted proteins was very similar to that of Alka-
lilimnicola ehrlichii and indicated that this microorganism is a
salt-out strategist (15, 19).

In this paper, we describe the isolation and characterization of
the most abundant bacterium, according to the previous meta-
genomic studies. This bacterium is a member of the Ectothiorho-
dospiraceae, with Alkalilimnicola and Arhodomonas being the most
closely related genera. We have characterized this new isolate tax-
onomically and describe it as a new genus and species.

MATERIALS AND METHODS
Isolation and culture conditions. Strain M19-40T was isolated from a
water sample obtained in October 2011 from a pond of a marine saltern
located in Isla Cristina, Huelva, southwest Spain. The isolation medium
used was designed on the basis of the nutritional requirements described
for Alkalilimnicola ehrlichii (20), after incubation at 37°C for 6 weeks. The
composition of the isolation medium was (wt/vol) 11.7% NaCl, 1.95%
MgCl2·6H2O, 3.05% MgSO4·7H2O, 0.05% CaCl2, 0.3% KCl, 0.01%
NaHCO3, 0.035% NaBr, 0.1% yeast extract (Difco), 0.11% pyruvic acid,
and 1.8% agar. For routine growth, the strain was cultivated in SM15
medium with 15% (wt/vol) total salts. The composition of SM15 medium
was (wt/vol) 11.7% NaCl, 1.95% MgCl2·6H2O, 3.05% MgSO4·7H2O,
0.05% CaCl2, 0.3% KCl, 0.01% NaHCO3, 0.035% NaBr, 0.5% casein di-
gest, 0.25% yeast extract (Difco), 0.11% pyruvic acid, and 0.1% glucose.
The pH was adjusted to 7.5 with 1 M KOH. When necessary, solid media
were prepared by adding 1.8% (wt/vol) agar. The culture was maintained
at �80°C in SM15 medium containing 50% (vol/vol) glycerol.

Phylogenetic analysis. Genomic DNA was prepared using the method
described by Marmur (21). The 16S rRNA gene was amplified by PCR
with the forward primer 16F27 and the reverse primer 16R1488 (22).
Direct determination of the sequence of the PCR-amplified DNA was

carried out using an automated DNA sequencer (model ABI 3130XL;
Applied Biosystems). The identification of phylogenetic relatives and cal-
culation of pairwise 16S rRNA gene sequence similarities were achieved
using the EzTaxon-e server (23). The 16S rRNA gene sequence analysis
was performed with the ARB software package (24). The 16S rRNA gene
sequences were aligned with the published sequences of the closely related
bacteria, and the alignment was confirmed and checked against both the
primary and secondary structures of the 16S rRNA molecule using the
alignment tool of the ARB software package. Phylogenetic trees were con-
structed using three different methods, the maximum likelihood (25),
maximum parsimony (26), and neighbor-joining (27) methods, and the
algorithms integrated in the ARB software for phylogenetic inference. A
bootstrap test (28) was performed by calculating 1,000 replicate trees in
order to assess the robustness of the topology. The 16S rRNA gene se-
quences used for phylogenetic comparisons were obtained from the
GenBank database, and the strain designations and accession numbers are
shown in Fig. 1.

Genome recruitment. The recruitment of the complete genome of
strain M19-40T (29) from metagenomic data sets recently obtained from
hypersaline habitats with different salt concentrations (15, 30, 31) was
carried out via BLASTN analysis. A restrictive cutoff of 95% identity in at
least 50 bp was established to guarantee that only similarities at the level of
nearly identical microbes were counted.

Morphological, physiological, and biochemical characteristics. For
the determination of cellular morphology and motility, a culture from
SM15 liquid medium was examined under a phase-contrast microscope.
The morphology of the colonies and their size and pigmentation were
observed on SM15 solid medium after 10 days of incubation at 37°C.
Optimal conditions for growth were determined by growing the strain in
SM liquid medium in 0.5, 3.0, 5, 7.5, 10, 12.5, 15, 20, 25, and 30% (wt/vol)
NaCl and at temperatures of 15, 20, 28, 30, 37, 40, and 45°C. Growth rates
were determined by monitoring the increase in the optical density at 600
nm. The pH range for the isolate was tested in SM15 medium adjusted to
pH 5.0, 6.0, 7.0, 7.5, 8.0, 9.0, or 10.0 with the addition of the appropriate
buffering capacity to each medium (32). All biochemical tests were carried
out with 15% salts and 37°C, unless it is stated otherwise. Growth under
anaerobic conditions was determined by incubating the strain in an an-
aerobic chamber in SM15 agar medium. Catalase activity was determined
by adding a 1% (wt/vol) H2O2 solution to colonies on SM15 agar me-
dium. The oxidase test was performed using a DrySlide assay (Difco). The

FIG 1 Phylogenetic tree of 16S rRNA gene sequences based on the maximum parsimony algorithm showing the position of Spiribacter salinus M19-40T and
closely related species. GenBank sequence accession numbers are shown in parentheses. Bootstrap values higher than 50% are indicated at branch points.
Chromatium okenii DSM 169T was used as the outgroup. Filled circles indicate that the corresponding nodes were also obtained in the trees generated with the
maximum likelihood and neighbor-joining algorithms. Bar, 0.01 substitution per nucleotide position.
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following tests were conducted as described by Cowan and Steel (33) with
the addition of 15% total salts and pyruvic acid to the medium (5, 34):
tests for hydrolysis of esculin, casein, gelatin, Tweens 20, 60, and 80, ty-
rosine, and starch; the urease, methyl red, and Vogues-Proskauer tests;
and tests for lysine, arginine, or ornithine decarboxylases and nitrate re-
duction. Citrate utilization was determined on Simmons citrate medium
supplemented with 15% salts. For determining the range of substrates
used as carbon and energy sources, the classical medium of Koser (35) as
modified by Ventosa et al. (5) was used. Substrates were added as filter-
sterilized solutions to give a final concentration of 1 g liter�1, except for
carbohydrates, which were used at 2 g liter�1. Acid production from car-
bohydrates was performed as recommended by Ventosa et al. (5).

Electron microscopy. Exponential- to stationary-phase cells grown in
SM15 liquid medium incubated at 37°C on a shaking incubator at 200
rpm were collected by centrifugation and fixed in 1.6% glutaraldehyde
buffered with 0.1 M cacodylate (pH 7.4) for 1 h at room temperature and
24 h at 4°C, and they were then postfixed in a 1% (wt/vol) osmium tetrox-
ide solution for 1 h at 4°C. The dehydration was performed in an increas-
ing series of acetone (50 to 100%), and the samples were embedded in
Spurr resin and stained with 2% (wt/vol) aqueous uranyl acetate for 2 h.
Blocks were obtained by polymerization at 70°C for 8 h. After hardening,
ultrathin sections were cut with a diamond knife and then counterstained
with uranyl acetate and lead citrate using an automatic counterstaining
machine (Leica AC20). The thin sections were observed using a Philips
CM-10 transmission electron microscope operating at 80 kV.

Chemotaxonomic analysis. Fatty acid analysis was performed using a
MIDI microbial identification system (36). Cells of strain M19-40T were cul-
tured on SM15 agar medium at 37°C for 4 days. The extraction and analysis of
fatty acids were performed according to the recommendations for the MIDI
system. This analysis was carried out by CECT (Spanish Collection of Type
Cultures, Valencia, Spain) using gas chromatography (Agilent 6850) and a
standardized protocol for the MIDI Sherlock system (37).

The analysis of respiratory quinones and polar lipids of strain M19-
40T was carried out by the Identification Service of DSMZ (Braunschweig,
Germany). The quinones were determined according to the method of
Collins et al. (38). The polar lipids were analyzed using the method of
Minnikin et al. (39) and Collins and Jones (40).

Determination of DNA G�C content. The G�C content of the
genomic DNA of strain M19-40T was determined from the midpoint
temperature (Tm) of the thermal denaturation profile (41), using the
equation of Owen and Hill (42), obtained with a Perkin-Elmer UV-visible
Lambda 20 spectrophotometer at 260 nm equipped with a PTP-1 Peltier
system programmed with an increase in temperature of 1°C/min.

RESULTS AND DISCUSSION

In order to isolate the gammaproteobacterium phylogenetically
related to the genera Alkalilimnicola and Arhodomonas identified
by metagenomic approaches (15), we sampled several saltern
ponds during different periods from 2011 to 2012 using many
growth media and conditions. The salterns sampled were located
in Santa Pola, Alicante (where the metagenomic studies were pre-
viously carried out), and Huelva and Isla Cristina, Huelva, Spain.
We used culture media with different salt concentrations ranging
from 7.5 to 25% to which yeast extract (at concentrations ranging
from 0.01 to 0.1%) and different carbon sources were added; the
carbon source was either 10 mM glycerol, pyruvic acid, or sodium
acetate. The pH of the media was adjusted to 7.0 to 9.0, and agar or
agarose was used as the solidifying agent. Besides, aerobic, mi-
croaerophilic, or anaerobic conditions were used. More than
2,000 colonies randomly selected from these media were analyzed
by PCR amplification and sequencing of the 16S rRNA gene. Sev-
eral colonies were phylogenetically related to the genera Arho-
domonas or Alkalilimnicola, but they were not able to grow after
subculturing. One tiny colony of �0.5 mm showing pink pigmen-

tation was subcultured on the same medium, although its growth
was very slow and limited. In an effort to optimize the growth of
this strain under laboratory conditions, different media and
growth conditions were tested. The medium that showed optimal
growth was based on a medium previously used for the isolation of
the species Arhodomonas aquaeolei (43). For the isolation of the
new bacterium, we took into consideration the data obtained
from the previous metagenomic studies and the growth media
already used for the cultivation of the most closely related micro-
organisms, members of the genera Alkalilimnicola and Arhodomo-
nas. The isolate, designated strain M19-40T, was phylogenetically
related to the genus Alkalilimnicola, with a 16S rRNA sequence
similarity of 94.9%, a percentage similar to that reported previ-
ously on the basis of metagenomic studies for the contigs that
represented one of the prokaryotic organisms abundant in inter-
mediate-salinity ponds (15, 19). In order to determine if this new
isolate corresponded to the previously reported abundant gam-
maproteobacterium, we sequenced the complete genome of strain
M19-40T (29, 44). Comparison of the complete genome sequence
with the metagenomic data sets previously obtained from several
saltern ponds located in Santa Pola (with salinities of 13, 19, 33,
and 37% total salts) and Isla Cristina (with 21% total salts) showed
that the M19-40T genome sequence recruited best from the se-
quences of the metagenome data sets of the ponds with 13 to 21%
salts (Fig. 2) but not with those of the other data sets, indicating
that strain M19-40T is quite abundant in the water of ponds with
intermediate salinities but is practically absent from ponds with
salinities of from 33 to 37% salts (see Fig. S1 in the supplemental
material). Besides the intermediate-salinity ponds of the Santa
Pola saltern, sequences related to strain M19-40T (analyzed by re-
cruitment of its genome from the available metagenomes of hypersa-
line habitats or by comparison of 16S rRNA gene sequences from the
RDP database) have been observed in ponds of a saltern in San Diego,
CA, with 12 to 14% salinity and several other habitats in Asia and
South America with intermediate salinities (44).

The identification of phylogenetic neighbors and calculation of
pairwise 16S rRNA gene sequence similarity were achieved using
the EzTaxon-e server (23) and the ARB software package (24). For
these analyses, we used both the 16S rRNA gene sequence ob-
tained in this study (1,418 bp) and the sequence obtained from the
complete sequence of the genome of strain M19-40T (both se-
quences were identical). The phylogenetic analysis, based on the
maximum-parsimony algorithm, revealed that strain M19-40T

constituted a monophyletic branch clearly separated from the
most closely related species of the genera Alkalilimnicola, Arho-
domonas, Alkalispirillum, and Nitrococcus, all of which are mem-
bers of the family Ectothiorhodospiraceae (Fig. 1). Neighbor-join-
ing and maximum likelihood methods resulted in highly similar
tree topologies (Fig. 1). The closest phylogenetic similarity of
strain M19-40T with other bacterial species was with the type
strains of Alkalilimnicola ehrlichii (MLHE-1T; 94.7% 16S rRNA
gene sequence similarity), Alkalilimnicola halodurans (34AlcT;
94.3%), Alkalispirillum mobile (SL-1T; 94.2%), Arhodomonas
aquaeolei (ATCC 49307T; 93.6%), and Nitrococcus mobilis (ATCC
25380T; 93.1%). These low percentages clearly support the place-
ment of the new isolate within a new genus and species separate
from the previously described bacterial taxa. Besides, the phylo-
genetic position of strain M19-40T was confirmed when we con-
structed the phylogenetic tree using a concatenated sequence of
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277 conserved proteins in all genomes available for members of
the family Ectothiorhodospiraceae (44).

Strain M19-40T was Gram stain negative, nonmotile, and
strictly aerobic. It was able to grow in medium containing 10 to
25% (wt/vol) NaCl and optimally in a medium containing 15%
(wt/vol) NaCl (see Fig. S2 in the supplemental material). No
growth was observed in the absence of NaCl. Thus, this bacterium
can be considered a moderately halophilic microorganism (45). The
optimal temperature and pH were 37°C and pH 7.5. When grown on

SM15 liquid medium at 37°C, the cells were short and thin curved
rods on young cultures, but long spiral cells were produced at the
stationary stage (see Fig. S3 in the supplemental material). These spi-
ral cells were not so abundant when strain M19-40T was grown at
28°C. By electron microscopy, the cells of strain M19-40T at early
exponential stage were curved slender rods with a size of 0.3 �m
(width) by 0.8 to 1.8 �m (length) (Fig. 3A and B). Later, the cells
elongated and long curved cells with a tendency to produce spirals
were produced (Fig. 3C and D). At the late stationary phase of

FIG 2 Recruitment of Spiribacter salinus M19-40T genome (1739487 bp) against metagenomes of hypersaline aquatic habitats of different salinities. (A)
Metagenome from a Santa Pola saltern (13% salinity pond); (B) metagenome from a Santa Pola saltern (19% salinity pond); (C) metagenome from an Isla
Cristina saltern (21% salinity pond). A restrictive cutoff of 95% identity in at least 50 bp of the length of the metagenomic reads was used.
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growth, long spiral cells were more evident (Fig. 4A and B), showing
large polyalkanoate inclusion bodies (Fig. 4C). Besides, a Gram-neg-
ative bacterium-type cell wall structure was observed (Fig. 4C). Some
of the spirals were surrounded by an external envelope, as observed in
Fig. 4B and D. These resembled the rotund bodies often observed in
Vibrio marinus (46), Oceanithermus (47, 48), and some species of the
genus Thermus, such as Thermus aquaticus (49), and in a regula-
tion-defective S-layer mutant of Thermus thermophilus, in which
round multicellular bodies surrounded by a common envelope
were observed as the culture approached the stationary phase (50,
51). However, in strain M19-40T, it seems that only a single spiral
cell is included within such an envelope. This bacterium showed
catalase and oxidase activity; however, it was not able to reduce
nitrate to nitrite. Other phenotypic features of strain M19-40T are
detailed below in the new species description.

The G�C content of the DNA of strain M19-40T was 60.0
mol% (determined by the Tm method). This value is similar to the
genomic G�C content calculated from the complete genome se-
quence (62.7%) (44). This value is within the range described for
members of the family Ectothiorhodospiraceae (50.5 to 69.9 mol%)
(52) but different from the values reported for species of the gen-
era Alkalilimnicola (65.6 to 67.5 mol%) (20, 53), Alkalispirillum
(66.2 mol%) (54), and Arhodomonas (67.0 mol%) (43).

The cellular fatty acid profile of strain M19-40T was character-
ized by the fatty acids C18:1�6c/C18:1�7c (60.6%), C16:0 (13.4%),
3-OH C10:0 (6.4%), and C12:0 (5.7%) as the major fatty acids, with
minor amounts of C16:1�7c/C16:1�6c (3.6%), C19:0�8c cyc (2.2%),
3-OH C14:0 (2.0%), C18:0 (1.6%), C10:0 (1.2%), and 3-OH C12:0

(1.2%) being detected. This fatty acid profile is quite different
from that reported for Alkalilimnicola, for which the major fatty
acids are C18:1�7c/C18:1�9c but in which C18:1�6c (the major fatty
acid determined in strain M19-40T) is absent; besides, the other
major fatty acids present in strain M19-40T are not found in spe-
cies of Alkalilimnicola (53). Similarly, the major fatty acids present
in strain M19-40T are also absent in species of the genera Arho-
domonas and Alkalispirillum, for which the major fatty acids are
C18:1 cys11 and C18:1, respectively (43, 54), both of which are ab-
sent in strain M19-40T. The respiratory isoprenoid quinone found
in strain M19-40T was ubiquinone Q8, similar to that reported for
species of the family Ectothiorhodospiraceae (52). The polar lipids
present in strain M19-40T are phosphatidylglycerol, phosphati-
dylethanolamine, a phosphoglycolipid, a phosphoaminoglyco-
lipid, and three phospholipids (see Fig. S4 in the supplemental
material). The presence of phosphatidylglycerol and phosphati-
dylethanolamine but not the other lipids was also reported for
Alkalilimnicola halodurans, with M19-40T thus showing a polar
lipid profile different from that of this related bacterium (53).

We have recently sequenced the complete genome of strain
M19-40T and assembled it into a single contig (29, 44). The ge-
nome has a size of 1.7 Mbp, being the smallest genome described
within the Ectothiorhodospiraceae. It is composed of a single cir-
cular replicon with only one rRNA operon and 1,706 protein-
coding genes. The genome is very streamlined with a median in-
tergenic spacer of only 14 to 19 nucleotides, also the smallest
intergenic spacer of any species of the Ectothiorhodospiraceae (44).
The analysis of this genome showed that the new bacterium has a

FIG 3 Transmission electron microphotographs (A to D) of thin sections of cells of Spiribacter salinus M19-40T grown on SM15 liquid medium at early
exponential phase. Bars, 2 �m (A), 300 nm (B), 1 �m (C), and 500 nm (D).
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simplified metabolic versatility, missing the chemolithotrophic
and carbon fixation pathways. It was also determined to have a
small number of insertion sequence and other mobile genetic
elements and the absence of a CRISPR system and flagellum.
These features are frequently observed in oligotrophic microor-
ganisms with streamlined genomes that reach high population
densities in aquatic habitats, as has been reported for “Candidatus
Pelagibacter ubique” in the ocean (44). Metabolically, it is a het-
erotrophic microorganism, but the presence of xanthorhodopsin-
coding genes might indicate an additional energy source when
light is available. The presence of transporter genes and a complete
ectoine biosynthesis gene cluster suggests a salt-out strategy for
osmoregulation (44). The widespread distribution of strain M19-
40T in habitats with intermediate salinities (13 to 25%) indicates
that it can be considered an ecologically moderate halophile, in
contrast to the previously defined moderately halophilic bacteria,
on the basis of growth under laboratory conditions (44, 45).

The comparison of strain M19-40T with the most closely related
species for which complete genome sequences are available permitted
the calculation of the average nucleotide sequence identity (ANI) ac-
cording to the proposal of Konstantinidis and Tiedje (55). The ANI of
strain M19-40T with respect to the sequence of Alkalilimnicola ehr-
lichii MLHE-1T is 68.0%, a value low enough to justify the placement
of the new isolate in a separate genus and species (55).

The difficulty with growing this bacterium in laboratory cul-
ture medium and under laboratory conditions has hampered the
phenotypic characterization of the bacterium following the clas-

sical methods. The available genomic sequence data have been
of considerable importance for the phenotypic characterization of
this new bacterium. For example, the presence in the genome of
genes related to the production of urease has permitted us to mod-
ify the test for determination of urease production; we originally
used the classical Christensen method (56), and the test was neg-
ative, but we were able to show a positive result when we tested it
carefully by the most sensitive modified method described by
Cowan and Steel (33). Gas vesicles have not been observed in cells
of this bacterium, and this finding was confirmed by the absence
of genes related to gas vesicle biosynthesis.

In conclusion, the polyphasic taxonomic study, based on a com-
bination of phylogenetic, genotypic, chemotaxonomic, and pheno-
typic data, supports the classification of strain M19-40T within a sep-
arate genus and species, for which we propose the new name
Spiribacter salinus gen. nov., sp. nov. The differentiation of the new
genus from other related genera of the family Ectothiorhodospiraceae
can be accomplished by use of a combination of phylogenetic analysis
based on 16S rRNA gene sequence comparison and genotypic and
chemotaxonomic features. The predominant fatty acids or polar lip-
ids and the genomic G�C content of the new genus Spiribacter are
different from those of the related genera Alkalilimnicola, Arhodomo-
nas, and Alkalispirillum, as discussed above.

Description of Spiribacter gen. nov. Spiribacter (Spi.ri.
bac=ter. L. n. spira, a spiral; N.L. masc. n. bacter, a rod; N.L.
masc. n. Spiribacter, spiral rod).

Cells are Gram negative, nonmotile, and curved to spiral

FIG 4 Transmission electron microphotographs (A to D) of thin sections of cells of Spiribacter salinus M19-40T grown on SM15 liquid medium at late stationary
phase. Bars, 2 �m (A, B), 200 nm (C), and 500 nm (D).
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shaped. Non-endospore forming. Strictly aerobic. Heterotrophic.
Moderately halophilic. Not able to grow in the absence of NaCl.
Catalase and oxidase positive. The major cellular fatty acids are
C18:1�6c/C18:1�7c, C16:0, and 3-OH C10:0. The respiratory iso-
prenoid quinone is ubiquinone Q8. The polar lipids are phos-
phatidylglycerol, phosphatidylethanolamine, a phosphoglyco-
lipid, a phosphoaminoglycolipid, and three phospholipids. The
genus Spiribacter belongs to the family Ectothiorhodospiraceae and
is distantly related to the genera Alkalilimnicola, Alkalispirillum,
and Arhodomonas (�94.9% similarity on the basis of 16S rRNA
gene sequence analysis). The type species is Spiribacter salinus.

Description of Spiribacter salinus sp. nov. Spiribacter salinus
(sa.li=nus. N.L. masc. adj. salinus, salted, salty).

The species shows the following characteristics, in addition to
the aforementioned features of the genus. When grown on SM15
liquid medium at 37°C, curved cells of 0.3 by 0.8 to 1.8 �m are
observed in young cultures, while in stationary phase, most cells
are long spiral shaped and may reach 30 to 35 �m. The spiral cells
are not so abundant when grown at 28°C. Cells are nonmotile.
Colonies are circular, entire, smooth, convex, pink to dark pink
pigmented, and 0.5 to 1.5 mm in diameter on SM15 agar medium
after 10 days of incubation at 37°C. Moderately halophilic, grow-
ing at 10 to 25% (wt/vol) NaCl, with optimal growth at 15% (wt/
vol) NaCl. No growth occurs in the absence of NaCl. Growth at 15
to 40°C, showing optimal growth at 37°C, and at pH values over
the range of 6.0 to 9.0, with optimal growth occurring at pH 7.5 to
8.0. Gelatin, casein, starch, Tweens 20, 60, and 80, tyrosine, and
esculin are not hydrolyzed. Nitrate is not reduced to nitrite. Ure-
ase and H2S are produced. Simmons citrate and phosphatase are
negative. Methyl red and Voges-Proskauer tests are negative. It is
able to utilize pyruvate or glycerol as carbon and energy sources;
however, the following compounds are not utilized as sole sources
of carbon and energy when assayed by the conventional methods:
D-arabinose, fructose, D-galactose, D-glucose, maltose, D-meli-
zitose, L-raffinose, sucrose, D-trehalose, ethionine, D-mannitol,
D-sorbitol, citrate, formate, fumarate, malate, propionate, succi-
nate, tartrate, L-cysteine, L-threonine, phenylalanine, or serine.
Acid is not produced from D-glucose and other carbohydrates.
Lysine, arginine, and ornithine decarboxylases are negative.

The type strain is M19-40T (� CECT 8282T � IBRC-M 10768T �
LMG 27464T), which was isolated from a saltern in Isla Cristina,
Huelva, Spain. The DNA G�C content of the type strain is 60.0
mol% (determined by the Tm method) or 62.7% (determined from
the genome sequence).
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