
ISSN 0026�2617, Microbiology, 2011, Vol. 80, No. 5, pp. 703–712. © Pleiades Publishing, Ltd., 2011.
Published in Russian in Mikrobiologiya, 2011, Vol. 80, No. 5, pp. 691–699.

703

1 A bacterial consortium SMB3, capable of utilizing
naphthalene under NaCl concentration up to 11%, was
isolated from primitive technogeneous soil formed on
salt�mine spoils at the Verchnekamsk deposit of potas�
sium�magnesium salts (Berezniki, Perm region, Rus�
sia) by the enrichment culture technique [1]. The con�
sortium consisted of two halophilic organisms of the
family Halomonadaceae, namely, Salinicola socius
SMB35T [2, 3] and Halomonas sp. SMB31, four halo�
tolerant actinobacteria of the genera Arthrobacter,
Microbacterium and Rhodococcus and a bacterium
(strain SMB34T) tentatively identified as a member of
the family Rhodospirillaceae on the basis of phenotypic
characteristics [1]. Subsequent analysis of the 16S rRNA
gene of strain SMB34T showed that it belonged to the
genus Thalassospira [4]. The most organisms of this
genus, including four recognized species, i.e., T. lucen�
tensis (type species) [4], T. profundimaris, T. xiamenen�

1 The article is published in the original.

sis [5] and T. tepidiphila [6], are inhabitants of marine
environments or seawater�based pools.

In the present study, strain SMB34T was subjected
to a polyphasic taxonomic analysis and shown to rep�
resent a new species of the genus Thalassospira.

MATERIALS AND METHODS

Isolation and culture conditions. The enrichment
culture was incubated aerobically at 28°C with shaking
in Raymond’s mineral medium (RMM) [7] contain�
ing (g l–1) NH4NO3 (2.0), MgSO4 ⋅ 7H2O (0.2), KH2PO4

(2), Na2HPO4 (3), CaCl2 ⋅ 6H2O (0.01), Na2CO3 (0.1),
2 ml of 1% MnSO4 ⋅ 5H2O and 2 ml of 1%
FeSO4 ⋅ 7H2O that was supplemented with naphtha�
lene (0.1%, w/v) and NaCl (6%, w/v) as described
previously [1]. Strain SMB34T and other bacteria
composing the naphthalene�utilizing consortium
SMB3 were isolated by plating the enrichment onto
RMM agar supplemented with 0.5% (w/v) tryptone,
0.25% (w/v) yeast extract and 3% (w/v) NaCl (desig�
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nated complete Raymond’s medium, CRM). The
strain was routinely cultured on CRM agar and
Marine agar 2216 (MA; Difco) at 28 or 30°C.

Bacterial strains. Along with strain SMB34T, the
following three type strains of the phylogenetically
close Thalassospira species, namely, T. xiamenensis M�5T,
T. profundimaris WP0211T and T. tepidiphila 1�1BT were
used in experiments concerned with genotypic and
phenotypic characterization (physiological and bio�
chemical properties, the cellular fatty acid and
ubiquinone compositions, MALDI/TOF MS analy�
sis, the G + C DNA content and DNA–DNA hybrid�
ization).

Morphological, physiological and biochemical
characteristics. The cell morphology, motility and
flagellation were studied in cultures grown in liquid
CRM medium at 28°C for 1–3 days by using phase�
contrast and transmission electron microscopy. For
electron microscopy, cells were negatively stained with
uranyl acetate. The Gram�stain type was examined by
using the standard method [8]. The relation to tem�
perature was determined on CRM agar at 4, 10, 20, 28,
30, 37, 40 and 45°C (pH 7.0). The salinity range and
optimum were tested in liquid RMM medium supple�
mented with 0.5% (wt/vol) triptone and 0.25%
(wt/vol) yeast extract and Nutrient broth (NB; Difco)
which contained 0.5 and 1–15% (w/v) NaCl (at 1%
intervals) and also in the same media without addition
of NaCl. The ability of strain SMB34T to grow at dif�
ferent pH values (5–9) was studied at Na+ concentra�
tions of 0.8–0.85 M in the buffer systems (acetate
buffer for pH 5, phosphate buffer for pH 6, 7 and 8,
and Tris�HCl buffer for pH 8 and 9) [8] based on liquid
RMM with glucose (1%, w/v). The growth intensity
was assessed in triplicate by measuring the change in
optical density (OD) at 540 nm with a photocolorim�
eter in all the above experiments. Catalase and oxidase
activities were tested with a 3% (v/v) H2O2 solution
and 1% (w/v) tetramethyl�p�phenylenediamine,
respectively. Assimilation of carbon sources, activities
for arginine dihydrolase, urease and β�galactosidase,
hydrolysis of aesculin, gelatin, and production of
indole were determined by inoculating the API 20NE
strip (bioMérieux) with cells suspended in 3% NaCl.
Utilization of acetate and D�sorbitol as sole carbon
sources was tested in RMM medium with 3% NaCl,
supplemented with the above carbon sources (0.5%,
w/v) and assessed by measuring the change in optical
density as aforementioned. Acid production from car�
bohydrates under aerobic conditions, nitrate reduc�
tion, denitrification, phenylalanine deaminase activi�
ties, the formation of hydrogen sulfide were investi�
gated using API 20E test system (bioMerieux)
according to the manufacturer’s instructions, except
that 3% NaCl solution was used for inoculation.
Assimilation of carbon sources was also characterized
using Biolog GN MicroPlates (Biolog) according to
the manufacturer’s instructions, except that 3% NaCl

solution was used for inoculation. In addition, acid
production from carbohydrates under aerobic condi�
tions and glucose fermentation/oxidization were
examined using the Hugh�Leifson medium with bro�
mthymol�blue as described [8]. Nitrate reduction,
denitrification, the ability to hydrolyze gelatin were
also tested according to [8].

Cellular fatty acids and respiratory lipoquinones
were analyzed as reported previously [2]. Cells for
analyses were grown in trypticase soy broth (Difco)
containing 2% (w/v) NaCl at 28°C for 48 h (the later
exponential growth phase).

For matrix�assisted laser desorption/ionization
time�of�flight mass spectrometry (MALDI/TOF MS)
analyses of whole cells [9–11], the strains were grown
on Marine agar (Difco) and R2A medium (Difco)
supplemented with 3% NaCl (R2ANaCl) at 28°C for
24 h (5 independent experiments for a strain grown on
each medium). The cells (approx. 3 μl) were removed
from plates using a sterile pipette tip, dissolved in 50 μl
of freshly prepared 50% acetonitrile (Sigma�Aldrich)
containing 2.5% trifluoroacetic acid and vortexed.
The suspension (0.8 μl) was applied directly as a thin
film onto a polished�steel MALDI sample target and
immediately mixed with 0.8 μl of matrix solution (a
saturated solution of α�cyano�4�hydroxycinnamic
acid [HCCA] dissolved in 50% acetonitrile containing
0.1% trifluoroacetic acid). The matrix sample spots
were crystallized by air drying. The samples were ana�
lyzed with a time�of�flight mass spectrometer (Autof�
lex II, Bruker Daltonics, Germany). A nitrogen laser
(wavelength 337 nm, pulse energy 100 mkJ) was used
for ionization. Positive ion mass spectra were collected
in the linear mode using a delay time of 350 ns, an
acceleration voltage of 20 kV. The mass spectra were
recorded in the range 2–20 kDa. The spectra were
externally calibrated using a standard calibration mix�
ture (protein calibration standard I was supplied by
Bruker Daltonics, Germany). The obtained
MALDI/TOF mass spectra were compared manually
and by using the BioTyper (Version 1.0, BrukerDal�
tonics) software package.

The DNA isolation and G + C mol % content.
Genomic DNA was extracted, purified [2] and the
DNA G + C mol % content was determined by the
thermal denaturation method [12, 13].

REP�PCR (repetitive extragenic palindromic�
PCR) and BOX�PCR (derived from the boxA element)
DNA banding patterns were generated following the
protocol [14].

16S rRNA gene sequencing and phylogenetic analy�
sis. Amplification and sequencing of the 16S rRNA
gene were performed as described previously [15]. The
sequences of the PCR products were determined using
a CEQ Dye Terminator Cycle Sequencing Kit and a
model DNA sequencer MegaBACE 1000 (JSC GE
Healthcare, USA). Alignment of 16S rDNA
sequences from strain SMB34T and closely related
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organisms retrieved from GenBank (http:/www.ncbi.
nlm.nih.gov) was generated using CLUSTAL W soft�
ware [16] and corrected manually. Evolutionary dis�
tances expressed in the estimated numbers of replace�
ments per 100 nucleotides were calculated and phylo�
genetic trees were constructed using the neighbor�
joining algorithm from TREECON [17]. Bootstrap
analysis was performed using the functions of the
TREECON program on the basis of 1000 alternative
trees. Pairwise similarity values were calculated using
the web�based tool provided by EzTaxon (www.
eztaxon.org).

The DNA�DNA hybridization experiments were car�
ried out with 3HCTP�labeled probes by membrane filter
method according to [18] as described previously [19].

RESULTS AND DISCUSSION

Strain SMB34T and reference organisms formed
similar colonies which were convex, circular, smooth,
with entire edge, and yellowish on CRM agar and MA.
Cells of strain SMB34T were Gram�stain negative, slen�
der curved rods or vibrioid, 0.23–0.42 × 1.23–2.0 μm in
size, and motile by means of a single polar flagellum.

The 16S rRNA gene sequence of strain SMB34T

was 1398 bp long. Phylogenetic analysis performed
with the sequences from nucleotide positions 41 to
1485, according to the Escherichia coli numeration
[20], clearly indicated that the strain belonged to the
genus Thalassospira, the family Rhodospirillaceae,
class Alphaproteobacteria (Fig. 1). The phylogeneti�
cally nearest relatives with validly published names
were T. xiamenensisM�5T (99.6% 16S rRNA gene sim�
ilarity), T. profundimaris WP0211T (98.9%) and T. tepi�
diphila 1�1BT (98.7%). The type species of this genus,
T. lucentensis, was more distant from the above organ�
isms (97.8–98.4% 16S rRNA gene similarities). It is
also worth mentioning that different nucleotides (C or
T) at the position 86 (according to the E. coli number�
ing) were revealed in the 16S rRNA gene nucleotide
sequence of strain SMB34T, which is rather indicative

of the presence of at least two rRNA operons with dif�
ferent 16S rRNA genes. More than one rRNA operon
and multiple 16S rRNA gene variants were revealed in
a substantial number of bacterial genomes [21], but
were not reported so far for the recognized species of
the genus Thalassospira. Strain SMB34T was also
clearly distinguishable from the type strains of the
aforementioned Thalassospira species by the DNA
banding patterns produced with the REP�PCR and
BOX�PCR fingerprinting techniques (data not
shown).

The DNA G + C content of SMB34T was 53.7 ±
1.0 mol %. The values obtained in this work for
T. xiamenensis M�5T (53.3 ± 1.1 mol %) and T. tepi�
diphila 1�1BT (55.9 ± 1.0 mol. %) were consistent with
those reported previously [5, 6]. A higher value
(53.2 ± 1.0 mol %) than that provided in the original
species description [5] was found for T. profundimaris
WP0211T (Table 1).

The mean DNA–DNA similarity value for
SMB34T towards T. xiamenensis M�5T, T. tepidiphila 1�
1BT and T. profundimaris WP0211T were 46.8 ± 1.8%,
34.7 ± 1.5% and 34.5 ± 0.1%), respectively. The results
for reference strains were as follows: 49.3 ± 1.2% (the
pair T. profundimaris–T. tepidiphila), 35.0 ± 0.5%
(T. xiamenensis–T. tepidiphila), and 37.4 ± 1.9%
(T. xiamenensis–T. profundimaris).

The cellular fatty acid pattern of strain SMB34T

was characteristic of the genus Thalassospira and
included C18 : 1ω7 (37.4%), C16 : 0 (20.1%), C18 : 0

(10.9%), C16 : 1ω7c (6.4%), anteiso�C15 : 0 (5.8%), iso�
C15 : 0 (2.8%), C14 : 0 3�OH (2.56%), C17 : 0 cyclo
(3.10%), C19 : 0 cyclo (1.50%), C14 : 0 (2.06%), C14 : 1ω7
(1.45%), along with minor proportions (<1%) of other
components. The major respiratory lipoquinone of
SMB34T and the type strains of T. profundimaris,
T. tepidiphila and T. xiamenensis was ubiquinone with
ten isoprene units (Q�10). In addition, minor amounts
of Q�9 was detected in strain SMB34T, while Q�11 was
a minor component in T. xiamenensis M�5T.

0.02

Thalassospira xiamenensis M�5T (AY189753)
Thalassospira permensis sp. nov. SMB34T (FJ860275)

Thalassospira profundimaris WP0211T (AY186195)
Thalassospira tepidiphila 1�1BT (AB265822)
Thalassospira lucentensis DSM 14000T (AM294944)

Novispirillum itersonii subsp. itersonii LMG 4337T (EF612765)
Marispirillum indicum B142T (EU642410)
Caenispirillum bisanense K92T (EF100694)

Azorhizobium caulinodans LMG 6465T (X67221)
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Fig. 1. Neighbour�joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between strain SMB34T

and the type strains of the Thalassospira species. Bootstrap values (expressed as percentages of 1000 replications) are shown at
branch points. Bar, 0.02 nucleotide substitution rate (Knuc) unit Azorhizobium caulinodans LMG 6465T was used as the outgroup.
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The MALDI/TOF mass spectrometry of whole
bacterial cells is a rather new rapid and efficient
method permitting the differentiation and identifica�
tion of bacteria, particularly at the species level [9–
11]. The protein identification studies have revealed
that many of the signals of the bacterial mass patterns
are derived from ribosomal or other abundant bacterial
proteins [11]. In the present study, the protein peaks
with a relative intensity >1% (unambiguously detect�
able peaks) were registered in the range of 3000 to
11000 m/z (mass/charge) and were resolved with
±2.0 Da reproducibility (manufacturer’s specifica�
tion) on the m/z scale. The peak patterns were influ�
enced by the growth medium and to a lesser degree
were dependent on individual experiment. In general,
the spectra of cultures from R2ANaCl contained a little
more peaks than cultures from MA. Over 80% peaks
were reproduced in all replicates of a strain from each
of the above media and usually had closely comparable
relative (but not absolute) intensities. Five ion peaks
(m/z 4912, 5138, 6754, 6812, 7253) of different relative
intensities were registered in all the cultures irrespec�
tive of the growth medium, with the peaks being more
pronounced with cells from R2ANaCl (Fig. 2, Table 2).
These five peaks may probably serve as biomarkers of
organisms of the genus Thalassospira or at least the
species group considered.

Regardless of the growth medium and individual
experiment, the spectra of SMB34T and T. xiamenensis
M�5T always displayed a higher similarity, while the
spectra of T. tepidiphila 1�1BT were more similar to
those of T. profundimaris WP0211T. Clustering of the
MALDI/TOF mass spectra acquired in each individ�
ual experiment by using the BioTyper Software (data
not shown) was in excellent agreement with the phylo�
genetic grouping based on 16S rRNA gene sequences
(Fig. 1). As shown in five experiments with the strains
grown on R2ANaCl, the proportion of similar peaks
with a relative intensity >1% for SMB34T and
T. xiamenensis M�5T was 79.0–86.6%), while strains of
T. profundimaris and T. tepidiphila shared 73.2–87.0%)
similar components. Some peaks were unique to each
strain, though relative intensities of such peaks usually
did not exceed 10% and sometimes the peaks were not
detectable (relative intensity <1%). The unique peaks
reproducible in 3–5 experiments for strain SMB34T

were registered at m/z 4477 and 10350, whereas the
unique peaks for T. xiamenensis M�5T were at m/z 3635
and 4519. Thus, strain SMB34T could be distinguished
both from the phylogenetically closest T. xiamenensis
M�5T and the remaining strains by its MALDI/TOF
mass spectrum. The data obtained also showed that
MALDI/TOF MS fingerprinting performed under
standardized and controlled experimental conditions,
combined with the specific peptide peak patterns, can
be useful for identification of bacteria of this genus at
the species level. Furthermore, members of Thalassos�
pira clearly differ from other bacterial genera by the

Table 2. Regularly detectable components in MALDI/TOF
mass spectra (molecular weight in Da per ion charge, m/z)
of Thalassospira strains grown at 28°C for 24 h on R2A
(Difco) supplemented with 3% (w/v) NaCl

m/z 
values SMB34T T. xiamen�

ensis M�5T
T. profundimaris 

WPO211T
T. tepidiphi�

la 1�1BT

3625 – – + (+)

3635 – (+) – –

3653 – – + (+)

3684 (+) + – –

4402 – – (+) –

4466 – – (+) (+)

4477 (+) – – –

4481 – – – (+)

4519 – (+) – –

4629 + + – –

4636 – – + +

4912 + + + +

5138 + + + +

5159 – – + (+)

5172 + + – –

5223 – – + (+)

6147 – – – (+)

6303 – – – (+)

6307 + + – –

6318 � � + +

6754 (+) (+) (+) (+)

6812 + + (+) (+)

7253 + (+) + +

7264 – – + +

7273 + + – –

7310 – – + +

7368 + + – –

7509 + + – –

7516 – – (+) (+)

9217 + + – –

9261 + + – –

9277 – – + +

10350 + – – –

Note: + and (+), protein peaks with a relative intensity >1%
unambiguously detectable in 5 and 3–4 independent
experiments, respectively; –, not appeared in any spectrum
of a strain. Underlined are components characteristic of all
Thalassospira strains used in the study. 

The protein peaks were resolved with ±2.0 Da reproducibility
(manufacturer’s specification).
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spectra, as show our preliminary results with represen�
tatives of environmental Alphaproteobacteria (exempli�
fied by a strain of Brevundimonas Fig. 2).

Data on the physiological and biochemical charac�
teristics are listed in Tables 1 and 3, and in the species
description. Their comparison shows that the pheno�

typic features of strain SMB34T are generally consis�
tent with those of the genus Thalassospira. At the same
time, strain SMB34T is clearly distinguishable from
the other species of this genus, including the phyloge�
netically closest T. xiamenensis. Notably, only strain
SMB34T was able to grow (moderately well) in media
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Fig. 2. MALDI/TOF mass spectra of strain SMB34T and reference strains, T. xiamenensis M�5T, T. profundimaris WP0211T and
T. tepidiphila 1�1BT grown at 28°C for 24 h on R2A agar supplemented with 3% (w/v) NaCl and the spectrum of phylogenetically
distant species, Brevundimonas sp. VKM B�1178, grown on R2A. Numerals indicate ions peaks' m/z values (molecular weight in
Da per ion charge). Peaks with the underlined m/z values are characteristic of all Thalassospira strains analyzed (see Table 3 for
details).
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not supplemented with NaCl. The other organisms
tested required NaCl for their growth as follows from
this study and previous reports [4–6]. It is also worth
noting that the maximal and minimal NaCl concen�
trations supporting growth of some strains varied with
basal media (Table 1). 

Thus, although strain SMB34T is fairly similar to
T. xiamenensis M�5T in terms of the 16Sr RNA gene
sequences (99.6% similarity), the results of DNA–
DNA hybridization, together with the differences in

phenotypic traits and the terrestrial origin of SMB34T,
suggest that this strain could be classified as a repre�
sentative of novel species of the genus Thalassospira,
according to the currently accepted criteria for the
definition of bacterial species [22, 23].

It is interesting that, despite being isolated from the
microbial consortium SMB3 capable of growth on
naphthalene as a sole carbon and energy source, strain
SMB34T was unable to degrade this compound [1].
The strain is most likely involved in mutualistic inter�

Table 3. Characteristics that differentiate SMB34T from the type strains of Thalassospira species according to Biolog GN Micro�
Plates (Biolog) 

Substrate SMB34T T. xiamenensis 
M�5T

T. profundimaris 
WP0211T

T. tepidiphila 
1�1BT

T. lucentensis 
QMT2T

T. xianhensis 
P�4T

Acetic acid + w – + + –

N�Acetyl�D�glucosamine + + – – + +

cis�Aconitic acid + + – + w +

γ�Amino butyric acid + – – + + +

L�Asparagine + + – + – +

Aspartic acid + w /–† – + + +

Citric acid + + /–† – + + +

D–Galactose + + – + + +

D�Galacturonic acid w – w w w –

D�Gluconic acid + + + w /–† + +

D�Glucuronic acid + – – + + +

Glycerol – + + + + +

L�Histidine + + w + + +

Hydroxy�L�proline + + –/ w† + – +

p�Hydroxyphenylacetic acid – – – – + –

myo�Inositol + + – + + +

α�D�Lactose – – – – /+† – +

L�Leucine w w /–† – – w –

Maltose + + – – + +

D�Mannitol + + + + – +

L–Ornithine + + – – – +

Putrescine – – – – + +

D�Saccharic acid + – – – + +

L�Serine + + – + + –

D�Sorbitol + – – – – +

Sucrose + + – ⎯ – +

D�Trehalose + + – – ⎯ +

L�Threonine w w – – – –

Thymidine + + – – – –

Note: +, positive reaction; –, no reaction; w, weak reaction. All strains are positive for oxidization of L�arabinose, D�cellobiose, D�fruc�
tose, D�mannose, D�glucosaminic acid, γ�hydroxybutyric acid, DL�lactic acid, L�alanyl�glycine, L�alanine and L�glutamic
acid. All strains are negative for D�melibiose. 

Data for SMB34T and T. xiamenensis M�5T are from this study. Characteristics for T. tepidiphila 1�1BT, T. profundimaris WP0211T,
T. lucentensis QMT2T and T. xianhensis P�4T are taken from [5, 6, 25]. 
†, Indicates conflicting results obtained in other studies.
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actions with other members of the consortium and uti�
lizes some carbon sources (e.g., acetate) derived from
the decomposition of naphthalene by the other con�
sortium members (e.g., by Rhodococcus strains that
degrade naphthalene in pure cultures). It is also worth
noting that SMB34T, along with other strains compos�
ing the consortium, was recovered from primitive
technogeneous soil formed on salt mine spoils at the
Verkhnekamsk salt deposit (Perm region, Russia)
which had been formed on the place of the ancient
Permian sea about 280 millions years ago. In contrast,
the absolute majority of organisms of the genus
Thalassospira are marine inhabitants, as can be judged
from publications [4–6, 24, 25] and public data bases.
It might be speculated that Thalassospira permensis or
its ancestor also originally inhabited the ocean and
then survived, being trapped within salt crystals, sub�
sequently evolving as a terrestrial bacterium, together
with other members of the local microbial community.

When this work was completed and ready for pub�
lication, a new species of the genus Thalassospira,
T. xianhensis, isolated from oil�contaminated saline
soil in China, was proposed [26]. The type strain of
this species exhibited 99.9% 16S rRNA gene sequence
similarity to SMB34T. However, the DNA G + C con�
tent of T. xianhensis is 61.2 ± 1.0 mol % (at least more
than 5.5 mol % odds with that of SMB34T). Such a
considerable difference very probably indicates these
strains to represent different species, as a bacterial spe�
cies does not usually contain strains whose G + C mol %
differs more than 5% [22, 27]. In addition, the type
strain of T. xianhensis is significantly distinguished
from SMB34T and other named species of Thalassos�
pira by phenotypic characteristics, including the pre�
dominant ubiquinone Q�9, non�motile cells, salt
resistance, and a range of other physiological and bio�
chemical features (Tables 1, 2). Among the differenti�
ating phenotypic traits, at least the difference in pre�
dominant ubiquinone is considered to be of a high tax�
onomic value and believed to differentiate genera or
species within a genus, as demonstrated in numerous
publications. In other words, organisms with such dif�
ferences in the respiratory lipoquinone system share
less than 70% DNA–DNA hybridization value, the
traditional standard of the current species definition
[22, 27]. There are also examples of different species
with identical or nearly identical sequences of the con�
servative 16S rRNA gene [28–30]. Further compara�
tive studies of Thalassospira permensis sp. nov. and T.
xianhensis at the phenotypic and genomic levels,
involving T. lucentensis (the type species of this genus)
and other recognized Thalassospira species, as well as
relevant representatives of a large group of phylogenet�
ically close organisms recently appearing in public
data bases, will facilitate the development of taxonomy
of this genus and provide persuasive arguments for the
emendation of the genus description.

Description of Thalassospira permensis sp. nov. 

Thalassospira permensis (per.men'sis. N.L. fem.
adj. permensis pertaining to Perm, the geographical
origin of the type strain).

Gram�stain�negative curved rods (1.23–1.98 ×
0.23–0.42 μm). Motile by means of a single polar fla�
gellum. Colonies are convex, circular, smooth, yel�
lowish�colored and have entire edge on Marine agar
and some other media. Mesophilic, grows in the tem�
perature range of 10–40°C (optimum of 28–30°C).
No growth occurs at 45°C; growth at 4°C varies with
the test medium and, if any, is very weak. Cells grow at
NaCl concentrations up to 11% (w/v) with optimum
at 2–5%. Catalase and oxidase tests are positive. Neg�
ative reactions both in the classical Hugh�Leifson test
and the API systems (API 20E and API 20NE) for glu�
cose fermentation. Nitrate is reduced to nitrogen gas.
According to the API 20NE test system, D�glucose,
L�arabinose, D�mannose, D�mannitol, N�acetyl�
glucosamine, D�maltose, gluconate, citrate (weak)
and malic acid are used as carbon sources for growth.
Growth also occurs with acetate and D�sorbitol as sole
carbon and energy source in minimal salts medium.
Acids are produced aerobically from D�glucose, L�
arabinose (API 20E test system) and from D�maltose,
D�mannose, D�trehalose, D�fructose, D�xylose and
D�sorbitol (conventional tests). No acids are formed
from lactose, D�raffinose, L�rhamnose and dulcitol.
In Biolog GN2 MicroPlates the following carbon
sources are utilized: N�acetyl�D�glucosamine, acetic
acid, aconitic acid, adonitol, D�alanine, L�alanine,
L�alanyl�glycine, γ�amino butyric acid, L�arabinose,
D�arabitol, L�asparagine, aspartic acid, cellobiose,
citric acid, D�fructose, D�galactose, D�gluconic acid,
α�D�glucose, D�glucuronic acid, L�glutamic acid,
glycyl�L�glutamic acid, L�histidine, γ�hydroxybutyric
acid, β�hydroxybutyric acid, hydroxy�L�proline,
myo�inositol, α�ketoglutaric acid, D,L�lactic acid,
malonic acid, maltose, D�mannitol, D�mannose,
mono�methyl�succinate, L�ornithine, L�proline, L�
pyroglutamic acid, quinic acid, D�saccharic acid, L�
serine, D�sorbitol, succinic acid, sucrose, thymidine,
D�trehalose, turanose, urocanic acid and xylitol. The
following are utilized weakly: bromosuccinic acid, D�
galactonic acid lactone, D�galacturonic acid, D�glu�
cosaminic acid, glycyl�L�aspartic acid, L�leucine,
methyl pyruvate, propionic acid and L�threonine.
Urea, gelatin, and starch are not hydrolyzed. Naph�
thalene is not degraded. The major respiratory lipo�
quinone is Q�10, with minor amount of Q�9. The pre�
dominant fatty acids (>10% of the total) are C18 : 1ω7,
C16 : 0, and C18 : 0. The DNA G + C content is 53.7 ±
1.0 mol % (Tm). Other characteristics are as given in
Tables 1, 2 and 3.

The type strain is SMB34T (=VKM B�2527T =
NBRC 106175T), isolated from the naphthalene�uti�
lizing bacterial consortium obtained from the techno�
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geneous soil of salt mines (Berezniki, Perm region,
Russia).
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