International Journal of Systematic and Evolutionary Microbiology (2011), 61, 1206-1210

DOI 10.1099/ijs.0.024778-0

Correspondence
Antonio Ventosa
ventosa@us.es

Thalassobacillus pellis sp. nov., a moderately
halophilic, Gram-positive bacterium isolated from
salted hides

Cristina Sanchez-Porro,'" Pinar Yilmaz,"?" Rafael R. de la Haba,'
Meral Birbir? and Antonio Ventosa'

'Department of Microbiology and Parasitology, Faculty of Pharmacy, University of Sevilla, 41012
Sevilla, Spain

“Division of Plant Diseases and Microbiology, Department of Biology, Faculty of Arts and Sciences,
Marmara University, 34722 Istanbul, Turkey

A Gram-positive, moderately halophilic and endospore-forming bacterium, designated strain
180M", was isolated from salted animal hides. The cells were rods and produced ellipsoidal
endospores at a terminal position. Strain 180M" was motile, strictly aerobic and grew at
0.5-25 % (w/v) NaCl [optimal growth at 10 % (w/v) NaCl], at between pH 5.0 and 9.0 (optimal
growth at pH 7.5) and at temperatures between 15 and 45 °C (optimal growth at 37 °C).
Phylogenetic analysis based on 16S rRNA gene sequence comparisons showed that strain
180M" was closely related to species of the genus Thalassobacillus within the phylum
Firmicutes. The closest phylogenetic similarity was with Thalassobacillus devorans G-19.17
(98.4 %), Thalassobacillus cyri HS286" (97.9 %) and Thalassobacillus hwangdonensis AD-17
(97.4 %). The major cellular fatty acids were anteiso-Cys.o (57.9 %), anteiso-Cy7.o (14.0 %), iso-
Cis.0 (10.8%) and iso-Cyg.¢ (8.1 %). The respiratory isoprenoid quinones were MK-7 (98.5 %)
and MK-6 (1.5 9%). The DNA G+ C content was 42.9 mol%. These features confirmed the
placement of strain 180M within the genus Thalassobacillus. The DNA-DNA hybridization
values between strain 180M" and T. devorans G-19.1", T. cyri HS286" and T. hwangdonensis
AD-1" were 49 %, 9% and 15 %, respectively, showing unequivocally that strain 180M"
constituted a novel genospecies. On the basis of phylogenetic analysis and phenotypic, genotypic
and chemotaxonomic characteristics, strain 180M" is considered to represent a novel species of
the genus Thalassobacillus, for which the name Thalassobacillus pellis sp. nov. is proposed. The

type strain is 180M" (=CECT 7566'=DSM 22784"=JCM 16412").

The genus Thalassobacillus was proposed by Garcia et al.
(2005) for Gram-positive, endospore-forming motile rods
that were moderately halophilic and unable to grow in
media without NaCl. The cell-wall peptidoglycan of
members of the genus contains meso-diaminopimelic acid
as the diagnostic diamino acid. The major fatty acids are
anteiso-Cis.g, 150-Cyg.9 and iso-Cis.o. The predominant
quinone is MK-7. This genus was described on the basis of
a single species, Thalassobacillus devorans (Garcia et al.,
2005), isolated from a saline soil in southern Spain.
Recently, two other species have been described within this
genus: Thalassobacillus cyri (Sanchez-Porro et al., 2009a),
isolated from a hypersaline lake in Iran, and

tThese authors contributed equally to this work.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain 180M" is FN690978.

Supplementary figures are available with the online version of this paper.

Thalassobacillus hwangdonensis (Lee et al., 2010), isolated
from a tidal flat sediment of the Yellow Sea, Korea. During
the course of studies focused on the determination of the
biodiversity of bacteria from salted animal hides, we
isolated a novel endospore-forming, moderately halophilic,
Gram-positive bacterium, strain 180M”. The aim of the
present study was to determine the taxonomic position of
strain 180M " by using a polyphasic approach. Our results
show that this isolate represents a novel species of the
genus Thalassobacillus.

Strain 180M? was isolated on R2A medium (Difco)
supplemented with a mixture of 15 % salts (Ventosa et al.,
1982) after incubation at 37 °C for 7 days. For routine
growth, the strain was cultivated in SW10 medium with
10% (w/v) total salts [8.1 % NaCl, 0.7% MgCl,, 0.96 %
MgSO,.7H,0, 0.036% CaCl,, 0.2% KCI, 0.006%
NaHCO3;, 0.0026 % NaBr, 0.5% vyeast extract (Difco)]
(Ventosa et al., 1982). The pH was adjusted to 7.2 with 1 M
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KOH. When necessary, solid media were prepared by
adding 2.0% (w/v) Bacto-agar (Difco). For comparative
purposes, the following type strains were used in this study:
T. devorans G-19.17, T. cyri HS286" and T. hwangdonensis
AD-1". They were cultivated under the same conditions as
strain 180M”.

The phenotypic characterization of strain 180M’ was
carried out following the recommendations of the pro-
posed Minimal Standards for describing new taxa of
aerobic, endospore-forming bacteria (Logan et al., 2009).
For the determination of cellular morphology and motility,
a culture from liquid 10% Halophiles Moderate (HM)
medium was examined by light microscopy under a phase-
contrast microscope. The composition of the 10% HM
medium was (w/v): 8.1% NaCl, 0.7% MgCl,, 0.96%
MgSO,, 0.036% CaCl,, 0.2% KCl, 0.006% NaHCOs,
0.0026 % NaBr, 0.5% proteose peptone (Difco), 1.0%
yeast extract (Difco), 0.1% glucose and 1.5% agar
(Ventosa et al., 1982). The morphology of colonies, their
size and pigmentation were observed on 10 % HM solid
medium after 48 h incubation at 37 °C. Optimal condi-
tions for growth were determined by growing the strain in
SW medium at 0, 0.5, 3, 5, 7.5, 10, 12.5, 15, 20, 25 and 30 %
(w/v) NaCl and at temperatures of 4, 15, 20, 28, 30, 37, 40
and 45 °C, respectively. The pH range for the isolate was
tested in SW10 medium adjusted to the following pH
values: 4.0, 5.0, 6.0, 7.0, 7.5, 8.0, 9.0 and 10.0 with the
addition of the appropriate buffering capacity to each
medium (Sanchez-Porro et al., 2009b). All biochemical
tests were carried out with 10 % NaCl and at 37 °C, unless
stated otherwise. Growth under anaerobic conditions was
determined by incubating strain 180M” in an anaerobic
chamber in SW10 medium. Catalase activity was deter-
mined by adding a 1 % (w/v) H,O, solution to colonies on
SW10 agar medium. The oxidase test was performed using
the Dry Slide Assay (Difco). Hydrolysis of aesculin, casein,
DNA, gelatin, starch, Tween 80, pullulan and xylan, Voges—
Proskauer, the methyl red test, production of indole,
arginine, lysine and ornithine decarboxylase, phenylalanine
deaminase, phosphatase, urease and nitrate reduction were
determined as described by Cowan & Steel (1965) with the
addition of 10 % total salts to the medium (Ventosa et al.,
1982; Quesada et al., 1984). Citrate utilization was deter-
mined on Simmons’ citrate medium supplemented with
SW10. Acid production from carbohydrates was deter-
mined using phenol red base supplemented with 1 % of the
carbohydrate and SW10 medium (Ventosa et al., 1982).
For determining the range of substrates used as carbon and
energy sources or as carbon, nitrogen and energy sources,
the classical medium of Koser (1923) as modified by
Ventosa et al. (1982) was used: 75 g NaCl | ) g KCl 14
0.2 g MgS0,.7H,0 17!, 1 g KNO5 17%, 1 g (NH,),HPO,
1%, 0.5 g KH,PO, 17" and 0.05 g yeast extract (Difco) 17",
Substrates were added as filter-sterilized solutions to give a
final concentration of 1 g1”', except for carbohydrates,
which were used at 2 g17'. When the substrate was an
amino acid, it was tested as carbon, nitrogen and energy

source and the basal medium was therefore prepared without
KNO; and (NH,),HPO,. The susceptibility of the strain to
antimicrobial compounds was determined according to the
conventional Kirby-Bauer method (Bauer et al., 1966).

Strain 180M" was Gram-positive, motile and strictly
aerobic. It was able to grow in media containing 0.5—
25% (w/v) NaCl and grew optimally in medium contain-
ing 10% (w/v) NaCl. No growth was observed in the
absence of NaCl. Thus this bacterium can be considered as
a moderately halophilic micro-organism (Ventosa et al,
1998). Optimal temperature and pH were 37 °C and
pH 7.5. Other phenotypic features of strain 180OM" are
detailed in the species description and Table 1.

Genomic DNA from strain 180M” was prepared using the
method described by Marmur (1961). The 16S rRNA gene
was amplified by PCR with the forward primer 16F27 and
the reverse primer 16R1488 (Marquez et al., 2008). Direct
sequence determination of the PCR-amplified DNA was
carried out using an automated DNA sequencer (model
ABI 3130XL; Applied Biosystems). The 16S rRNA gene
sequence analysis was performed with the ARB software
package (Ludwig et al, 2004). The 16S rRNA gene
sequence was aligned with the published sequences of
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 in the ARB software package. Phylogenetic trees were
constructed using three different methods: maximum-
likelihood (Felsenstein, 1981), maximum-parsimony (Fitch,
1971) and neighbour-joining (Saitou & Nei, 1987). These
algorithms are integrated into the ARB software for phylo-
genetic inference. The 16S rRNA gene sequences used for
phylogenetic comparisons were obtained from the GenBank
database and their strain designations and accession
numbers are shown in Fig. 1.

The almost-complete 16S rRNA gene sequence (1470 bp)
of strain 180M" was obtained and used for initial BLAST
searches in GenBank and phylogenetic analysis. The identi-
fication of phylogenetic neighbours and calculation of
pairwise 16S rRNA gene sequence similarity were achieved
using the ARB software package (Ludwig et al., 2004) and
the EzTaxon server (http://www.eztaxon.org/; Chun et al.,
2007). The phylogenetic analysis, based on the neighbour-
joining algorithm, revealed that strain 180M” formed a
phyletic group with species of the genus Thalassobacillus
(Fig. 1). Maximum-parsimony and maximum-likelihood
methods resulted in highly similar tree topologies (see
Supplementary Figs S1 and S2 in IJSEM Online). The
closest phylogenetic similarity (obtained with the ARB soft-
ware package) was with T. devorans G-19.1" (98.4% 16S
rRNA sequence similarity), T. cyri HS286" (97.9%) and T.
hwangdonensis AD-1" (97.4%). Neighbour-joining and
maximum-likelihood methods resulted in highly similar
tree topologies (Supplementary Figs S1 and S2). In order to
determine whether the new isolate constituted a novel
species, we performed DNA-DNA hybridization studies
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Table 1. Characteristics that distinguish strain 180M" from other species of the genus Thalassobacillus

Taxa: 1, 180M" (data from this study); 2, T. devorans G-19.1" (Garcia et al., 2005); 3, T. cyri HS286" (Sanchez-Porro et al., 2009a); 4, T.
hwangdonensis AD-1" (Lee et al., 2010 and this study). +, Positive; —, negative.

Characteristic 1

2 3 4

Cell size (pm) 1.0 x 1.5-6.0
Oxidase +
NaCl range for growth (%, w/v) 0.5-25
Optimum NaCl (%, w/v) 10
Temperature range (°C) 15-45
Optimum temperature (°C) 37
pH range 5.0-9.0
Optimum pH 7.5
Nitrate reduction -
Methyl red test -
Hydrolysis of:
Casein +
Gelatin +
Aesculin +
Starch -
Tween 80 -
Acid production from:
D-Galactose -
D-Mannitol -
Sucrose +
DNA G+ C content (mol%) 429

1.0-1.2 x 2.0-4.0 0.6-0.8 x 1.3-8.5 0.3-0.7 x 1.2-3.5

- + +
0.5-20 1-15 0-20
7.5-10 8 5-10

15-45 5-45 15-47
37 40 40

6.0-10.0 7.0-9.5 6.0-9.0

7.0 7.5 7.0-7.5

+ + +

_ + %

- + +

+ — 4 *

_ + _

_ + _

+ + +

_ + _

+ — -

+ — -

42.4 43.0 45.2

*Different result was obtained in this study to that reported by Lee et al. (2010).

between strain 180OM" and the type strains of the other
species of the genus Thalassobacillus.

DNA-DNA hybridization studies were conducted accord-
ing to the competition procedure of the membrane filter
method (Johnson, 1994). The hybridization temperature
was 47.3 °C, which was within the limit of validity for the
filter method (De Ley & Tijtgat, 1970) and the percen-
tage hybridization was calculated according to Johnson
(1994). The experiments were performed in triplicate. The

DNA-DNA hybridization values between strain 180M"
and T. devorans G-19.1T, T. cyri HS286T and T.
hwangdonensis AD-1" were 49 %, 9% and 15 %, respec-
tively. These levels of DNA-DNA hybridization were
sufficiently low to classify strain 180M* as a genotypi-
cally distinct species within the genus Thalassobacillus
(Stackebrandt & Goebel, 1994; Stackebrandt et al., 2002).

The G+ C content of the genomic DNA was determined
from the midpoint value of the thermal denaturation profile

0.01

Halobacillus litoralis SL-4T (X94558)
Halobacillus salinus HSL-3T (AF500003)

98

81

Halobacillus trueperi DSM 104047 (AJ310149)
Halobacillus karajensis DSM 149487 (AJ486874)

Halobacillus locisalis MSS-155T (AY190534)

Halobacillus halophilus NCIMB 22697 (AB367153)
Salimicrobium halophilum DSM 47717 (A)243920)
Salimicrobium luteum BY-5T (DQ227305)
Salimicrobium album DSM 207487 (X90834)

Thalassobacillus devorans G-19.17 (AJ717299)

Thalassobacillus cyri HS2867 (FM864226)

Thalassobacillus pellis 180OMT (FN690978)

Thalassobacillus hwangdonensis AD-1T (EU817571)
Sediminibacillus halophilus EN8dT (AM905297)

Filobacillus milosensis SH 7147 (AJ238042)

Alkalibacillus haloalkaliphilus DSM 52717 (AJ238041)

96 Pontibacilius chungwhensis BHO30062" (AY553296)

100

Gracilibaciflus halotolerans NNT (AF036922)
Virgibacillus pantothenticus IAM 11061! (D78477)

Lentibacillus salicampi SF-20T (AY057394)
Oceanobacillus iheyensis HTE831T (AB010863)

Bacillus subtilis NCDO 17697 (X60648)

Alicyclobacillus acidocaldarius DSM 4467 (X60742)

Fig. 1. Neighbour-joining phylogenetic tree,
based on the 16S rRNA gene sequence
comparison, showing the relationship of strain
180M" with related species of the genus
Thalassobacillus and other closely related
genera. The GenBank accession numbers are
shown in parentheses. Alicyclobacillus acido-
caldarius DSM 446" was used as an outgroup.
Bar, 0.01 substitutions per nucleotide position.
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(Marmur & Doty, 1962) using the equation of Owen & Hill
(1979). The G + C content of the DNA of strain 180M” was
42.9 mol%. This value was within the expected range for
species of the genus Thalassobacillus (Table 1).

Fatty acid analysis was performed using the MIDI system
(Microbial Identification System). Cells were cultured on
SW-7.5 medium (Ventosa et al., 1982) at 37 °C for 24 h.
The extraction and analysis of fatty acids were performed
according to the recommendations of the MIDI system.
This analysis was carried out by the Identification,
Characterization and Molecular Typing Service of the
BCCM/LMG Bacteria Collection (Gent, Belgium). The
cellular fatty acid profile of strain 180M" was characterized
by anteiso-Cis.o (57.9%), anteiso-Ci7.q (14.0%), iso-
Cis.0 (10.8%) and iso-Cy4.¢ (8.1%) as the major fatty
acids (Table 2). The fatty acid composition was similar
to that found for the other species of the genus
Thalassobacillus. However, when compared with the fatty
acid profile of other species of the genus Thalassobacillus,
strain 180M" showed a higher percentage of fatty acid
Ci6.1w17¢ than all of these species, a significantly lower
percentage for iso-C;s. ¢ than T. hwangdonensis AD-1" and
a lower percentage for is0-C¢.0 than T. cyri HS286". The
analysis of respiratory quinones of strain 180M’ was
carried out by the Identification Service of the DSMZ and
Dr Brian Tindall, Braunschweig, Germany. Strain 180M™
contained MK-7 (98.5%) and MK-6 (1.5 %) as isoprenoid
quinones. The major quinone reported for species of the
genus Thalassobacillus is MK-7 (Garcia et al, 2005;
Sanchez-Porro et al., 2009a; Lee et al., 2010).

The characteristics that differentiate strain 180M" from
related species of the genus Thalassobacillus are summar-
ized in Table 1. On the basis of the phylogenetic, genotypic,

Table 2. Cellular fatty acid composition (%) of strain 180M"
and species of the genus Thalassobacillus

Taxa: 1, 180M"; 2, T. devorans G-19.17 (Garcia et al., 2005, M. T.
Garcia personal communication); 3, T. cyri HS286" (Sanchez-Porro
et al., 2009a); 4, T. hwangdonensis AD-1T (Lee et al., 2010). All strains
were grown under the same conditions (SW-7.5 medium at 37 °C for
24 h). —, Not detected.

Fatty acid 1 2 3 4

i80-Ci4.0 2.8 4.8 9.4 0.5
Summed feature 2* - - 2.1 -

i50-Cy5.¢ 10.8 10.2 7.0 43.0
anteiso-C;s. ¢ 57.9 52.3 43.8 18.5
i50-Cr6.0 8.1 10.5 21.4 5.0
Cis.1017¢ 2.1 0.5 1.4 0.3
Cie:0 1.9 0.6 0.4 3.6
i50-C17.0 1.8 1.4 1.8 13.6
anteiso-Cy7. ¢ 14.0 8.3 8.7 13.1
anteiso-C;7., - 5.1 2.8 -

*Summed feature 2 contained is0-Ci¢.,/Ci4.9 3-OH.

chemotaxonomic and phenotypic data, it is proposed that
strain 180M" represents a novel species of the genus
Thalassobacillus, Thalassobacillus pellis sp. nov.

Description of Thalassobacillus pellis sp. nov.

Thalassobacillus pellis (pel'lis. L. n. pellis —is hide, tanned
hide, leather; L. gen. n. pellis of/from hide, tanned hide,
leather, isolated from salted hides that are used in the
leather industry).

Cells are Gram-positive, motile, endospore-forming rods,
1.0 x 1.5-6.0 pm in size, and occur as single cells, pairs or
short chains (see Supplementary Fig. S3). Ellipsoidal
endospores are produced at a terminal position in swollen
sporangia. Colonies are circular, entire, smooth, convex,
cream and 1-2 mm in diameter on 10 % HM agar medium
after 48 h incubation at 37 °C. Strictly aerobic. Moderately
halophilic, growing at 0.5-25% (w/v) NaCl; with optimal
growth at 10 % (w/v) NaCl. No growth occurs in the absence
of NaCl. Grows at 1545 °C, showing optimal growth at
37 °C, and at pH values between 5.0 and 9.0, with optimal
growth at pH 7.5. Catalase- and oxidase-positive. Gelatin,
casein, DNA, pullulan and aesculin are hydrolysed, but
starch, Tween 80 and xylan are not hydrolysed. Nitrate is not
reduced to nitrite. Acid is produced from D-glucose,
D-fructose, glycerol, trehalose, sucrose and D-xylose, but
not from D-arabinose, D-galactose, lactose, maltose,
D-mannose or D-mannitol. Indole and H,S are not
produced. Phosphatase activity is positive. Methyl red,
Voges—Proskauer, Simmons’ citrate, urease, [}-galactosidase
arginine, lysine and ornithine decarboxylases and phenyla-
lanine deaminase tests are negative. The following com-
pounds are utilized as sole sources of carbon and energy:
cellobiose, D-galactose, D-glucose, lactose, maltose,
D-mannose, melibiose, raffinose, ribose, salicin, sucrose,
trehalose, D-xylose, dulcitol, ethanol, myo-inositol, D-
mannitol, D-sorbitol, xylitol, acetate, benzoate, citrate,
fumarate, propionate and hippurate. The following com-
pounds are not utilized as sole sources of carbon and energy:
starch, D-arabinose, fructose, D-fucose, aesculin, melezitose,
butanol, glycerol, propanol, methanol, formate, succinate,
valerate, malate and tartrate. The following compounds are
utilized as sole sources of carbon, nitrogen and energy:
L-alanine, L-arginine, phenylalanine, glutamine, L-serine,
tryptophan, valine, L-lysine, isoleucine and L-threonine. The
following compounds are not utilized as sole sources
of carbon, nitrogen and energy: aspartate, L-cysteine,
L-methionine and L-ornithine. Resistant to kanamycin
(30 pg), penicillin G (10 U), nalidixic acid (30 pg) and
neomycin (10 pg). Sensitive to cephalothin (30 ng), chlor-
amphenicol (30 pg), erythromycin (15 pg), novobiocin
(30 pg) and sulfamethoxazole/trimethoprim (23.75/1.25 pg).
The major cellular fatty acids are anteiso-C;s.o, anteiso-
Cy7.0, 180-Cy5.¢ and iso-Cyg.o. The respiratory isoprenoid
quinones are MK-7 (98.5%) and MK-6 (1.5%).

The type strain is 180M' (=CECT 7566'=DSM
22784T=JCM 164127), isolated from salted animal hides.

http://ijs.sgmjournals.org
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The DNA G+C content of the type strain is 42.9 mol%
(Tim)-
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