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An aerobic, Gram-stain-negative, short rod-shaped, non-motile and non-sporulating bacterium,
designed strain 8-1 b", was isolated from seaweed collected from the intertidal zone of Zhoushan
sea area, East China Sea. Strain 8-1b" grew at 4—39 °C (optimum, 28-32 °C) and at pH 6.0—
9.5 (optimum, 7.0-8.5), and with 0.5-8 % (w/v) NaCl (optimum, 1-3 %) and 0.5—10 % (w/v) sea
salts (optimum, 2-39%). Analysis of 16S rRNA gene sequences revealed that strain 8-1b" was
related closely to Aequorivita capsosiphonis JCM 150707 (96.7 % similarity). The DNA G+C
content of strain 8-1b" was 36.6 mol%. Compared with reference strains, cells of strain 8-1 b’
showed positive activities for HoS production and utilization of b-mannose, bL-lactic acid, L-
asparagine and glycyl L-aspartic acid. The major fatty acids of strain 8-1b' were is0-Cys. o, iso-
C17.03-OH, iso-Cy5.1 G and iso-C47.1®w9c. The main respiratory quinone was menaquinone 6.
The polar lipids of strain 8-1b" consisted of phosphatidylethanolamine (PE), three uncharacterized
aminolipids (AL1-3), four uncharacterized glycolipids (GL1-4) and five uncharacterized lipids
(L1-5). Based on the phenotypic and genotypic characterization, strain 8-1b" represents a novel
species of the genus Aequorivita, for which the name Aequorivita viscosa sp. nov. is proposed.
The type strain is strain 8-1b" (=CGMCC 1.11023"=JCM 18497"). Emended descriptions of

Aequorivita antarctica and Aequorivita capsosiphonis are also presented.

The family Flavobacteriaceae is most closely associated with
living and dead phytoplankton, and they can either colonize
living algae or assimilate nutrient exudates from phytoplank-
ton (Glockner et al., 1999; Grossart, 1999; Brown & Bowman,
2001). In addition, it is reported that they play an important
role in the degradation of dissolved and particulate complex
organic matter (Cottrell & Kirchman, 2000; Davey et al.,
2001). At the time of writing, the genus Aequorivita,
belonging to the family Flavobacteriaceae, contains five
recognized species: Aequorivita antarctica, A. lipolytica, A.
crocea, A. sublithincola (Bowman & Nichols, 2002) and A.
capsosiphonis (Park et al., 2009). They were isolated from
Antarctic terrestrial and marine habitats (Bowman & Nichols,
2002) and a green alga collected from the South Sea, Republic
of Korea, respectively (Park et al., 2009).

Seaweed samples were collected from the intertidal zone of
Zhoushan sea area, East China Sea, in March 2010. The

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain 8-1b" is HM485318.

Three supplementary figures are available with the online version of this
paper.

samples were mashed and suspended in sterile seawater.
The suspension was appropriately diluted and spread on
modified marine 2216 plates which were incubated at
28 °C. The composition of the modified marine 2216
medium was the same as marine broth 2216 (Becton
Dickinson) except that 5 g trypticase peptone 1~ (Becton
Dickinson) and 0.01 g ferric citrate 1~' were added. A
Gram-stain-negative bacterium that formed yellow col-
onies was picked out and designed as strain 8-1b" for
further research. Type strains of A. capsosiphonis and A.
antarctica were obtained from the Japan Collection of
Microorganisms (JCM), Tsukuba, Japan, and a previous
study (Bowman & Nichols, 2002), respectively, and were
used as reference strains in this study. Unless otherwise
mentioned, strain 8-1b° and reference strains of A.
antarctica and A. capsosiphonis were all incubated in
modified marine 2216 medium.

Growth temperature was tested at 4, 10, 16, 22, 26, 28, 30,
32, 34, 37, 39 and 43 °C. The pH range for growth was
determined using different buffering agents: MES (pH 5.5—
6.5), Bistris (pH 6.5-9.5) and CAPSO (pH 9.5-10.0). Salt
tolerance was tested in modified marine 2216 medium
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containing 0-12% NaCl or in 0-12% sea salts solution
supplemented with 5 g trypticase peptone 17" and 1 g yeast
extract 17", Cells grown at 30 °C for 2 days were observed
by optical microscopy (BX40; Olympus) and transmission
electron microscopy (JEM-1230; JEOL) for morphology
determination. Anaerobic growth was tested at 30 °C in
Hungate tubes filled with N..

Various hydrolysis tests were performed on modified
marine 2216 agar supplemented with different substrates
at certain concentration. Hydrolysis of xylan (1%, w/v)
and xanthine (0.4%, w/v) were tested as previously
described (Barrow & Feltham, 1993; Gordon et al., 1974;
Park et al., 2009). Hydrolysis of CM-cellulose (1%, w/v)
and pectin (0.2 %, w/v) were tested by flooding Congo red
reagent (0.2 %, w/v) on well-cultured plates. Hydrolysis of
alginate (1%, w/v) was tested by flooding the agar plates
with 70% ethanol after sufficient incubation (Kawasaki
et al., 2002). Other biochemical tests were performed with
the modified 2216 medium using the methods described by
Mata et al. (2002). API ZYM and API 20NE Kkits
(bioMérieux) and the GN2 MicroPlate (Biolog) were also
used according to the manufacturers’ instructions and the
description of Park et al. (2009). Acid production was
tested in modified 2216 medium supplemented with 0.5 %
carbon sources and bromocresol purple. Sensitivity to
antibiotics was detected on agar plates using different
antibiotic discs including (per disc): ampicillin (10 pg),
chloramphenicol (30 pg), erythromycin (15 pg), streptomy-
cin (10 pg), vancomycin (30 pg), gentamicin (10 pg),
kanamycin (30 pg), polymyxin B (300 IU), tetracycline
(30 pg), nalidixic acid (30 pg), penicillin (10 IU), amikacin
(30 pg), carbencillin (100 pg), novobiocin (30 pg), neo-
mycin (30 pg), ciprofloxacin (5 pg), norfloxacin (10 ug)
and rifampicin (5 pg).

Cells were grown in modified 2216 medium for 3 days at
30 °C for chemotaxonomic characterization. Fatty acid
methyl esters were obtained from freeze-dried cells as
described by Kuykendall et al. (1988), and their identifica-
tion and quantification were performed using the Sherlock
Microbial Identification System (MIDI) with the standard
MIS Library Generation Software version 4.5 (Microbial
ID). Isoprenoid quinones were identified using LC-MS as
described previously (Tindall, 1989; Chung et al., 1997).
Polar lipids were analysed by two-dimensional TLC with
silica gel 60 F,s5, plates (Merck) as described by Xu et al.
(2007a). Sulfuric acid, ninhydrin, Zinzadze reagent and o-
naphthol were used to detect total lipids, amino lipids,
phospholipids and glycolipids, respectively.

The 16S rRNA gene was amplified using the method
described by Xu et al. (2007b). The resulting sequence
(1488 nt) was aligned with sequences obtained from the
EzTaxon-e database (Kim et al., 2012). Multiple sequence
alignment was performed with cLustaL w 1.8 (Thompson
et al., 1994). Phylogenetic trees were constructed using the
neighbour-joining (Saitou & Nei, 1987) and maximum-
likelihood (Felsenstein, 1981) methods in the MEGA 5

program package (Tamura et al, 2011). Evolutionary
distances were calculated according to the algorithm of
Kimura’s two-parameter model (Kimura, 1980) for the
neighbour-joining method. The G+C content of the
genomic DNA was determined by reversed-phase HPLC
as described by Mesbah & Whitman (1989).

Cells of strain 8-1b" were Gram-stain-negative, non-spore-
forming and non-motile short rods 4.0-4.5 x 1.8-2.2 um in
size (Fig. S1, available in IJSEM Online). No growth was
observed under anaerobic conditions. Strain 8-1b" grew at
4-39 °C (optimum, 28-32 °C) and pH 6.0-9.5 (optimum,
7.0-8.5). The concentration ranges of NaCl and sea salts for
growth were 0.5-8 % (optimum, 1-3 %, w/v) and 0.5-10 %
(optimum, 2-3 %, w/v), respectively. Detailed physiological
and biochemical characteristics are summarized in the
species description. Differences between strain 8-1b" and the
reference strains are shown in Table 1, which indicated that
strain 8-1b" could be distinguished from the reference
strains based on the utilization of b-mannose, DL-lactic acid,
L-asparagine and glycyl L-aspartic acid and H,S production.

The fatty acid compositions of strain 8-1b" and the reference
strains are shown in Table 2. The major fatty acids of strain
8-1b" were is0-C;s.¢, i50-Cy7.0 3-OH, is0-Cy5.; G, iso-
Cy7.1®9¢, anteiso-C;s. and unknown 13.565. The com-
ponent of unknown 13.565 was first detected in members of
the genus Aequorivita. Compared with A. antarctica SW49"
and A. capsosiphonis JCM 15070", strain 8-1b" had lower
amounts of summed feature 3 and iso-C;;.;@9¢ but higher
amounts of is0-Cs. ;. Strain 8-1b* contained menaquinone
6 (MK-6) as the main respiratory quinone, which was in
accordance with A. antarctica SW49" and A. capsosiphonis
JCM 15070". The polar lipids of strain 8-1b" consisted of
phosphatidylethanolamine (PE), three uncharacterized ami-
nolipids (AL1-3), four uncharacterized glycolipids (GL1-4)
and five uncharacterized lipids (L1-5) (Fig. S2). PE, AL1, L1
and L2 were detected in all tested strains. However, L5 and
AL3 were only detected in strain 8-1b", GL5 was only
detected in the two reference strains, and L6 was only found
in A. antarctica SW49". The results indicated that there are
some minor differences between the polar lipid profiles of
strain 8-1b" and the reference strains.

Strain 8-1b" showed highest 16S rRNA gene sequence
similarity to A. capsosiphonis JCM 15070" (96.7 %). Both the
neighbour-joining and maximum-likelihood trees indicated
that strain 8-1b" belonged to the genus Aequorivita, in which
the new isolate clustered with A. antarctica SW49%, A.
capsosiphonis JCM 15070", A. crocea Y12-2" and A. lipolytica
Y10-2" and showed shorter evolutionary distances to A.
antarctica SW49" and A. capsosiphonis JCM 15070" (Fig. 1).
The DNA G + C content of strain 8-1b* was 36.6 mol% (HPLC).

In contrast to the reference strains, strain 8-1b' formed
viscous colonies, utilized D-mannose, DL-lactic acid, L-
asparagine and glycyl L-aspartic acid, and showed positive
activity for H,S production. Regarding distinguishing
chemotaxonomic characteristics, strain 8-1b" had lower
levels of summed feature 3 and iso-C;,.,@w9¢ and a higher
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Table 1. Differential characteristics between strain 8-1b' and
related type strains of species of the genus Aequorivita

Strains: 1, 8-1b%; 2, A. capsosiphonis JCM 15070%; 3, A. antarctica
SW49". All data are from this study. All strains are positive for
catalase activity and hydrolysis of gelatin, Tween 20 and Tween 80. All
strains are negative for oxidase activity, hydrolysis of aesculin,
alginate, casein, CM-cellulose, DNA, pectin, starch, xanthine and
xylan, indole production, methyl red and Voges—Proskauer tests, and
nitrate reduction. +, Positive; w, weakly positive; —, negative.

Characteristic 1 2 3

H,S production + - -

Hydrolysis of:
Tween 40 - - +
Tween 60 - - +
Tyrosine +
Urease + - w

Utilization of:
L-Asparagine
L-Aspartic acid
L-Fucose

I+ +
+ o+ 4
| |

Glycogen
Glycyl L-aspartic acid
DL-Lactic acid

++ +
|
|

D-Lactose

|
+
|

D-Mannose
D-Sorbitol - + -
Sucrose - + -
Enzyme activities (API ZYM)
N-Acetyl-f-glucosaminidase -
o-Chymotrypsin -
Cystine arylamidase -
o-Galactosidase -
Lipase (C14) -
Trypsin w
Antibiotic resistance
Ampicilin (10 pg) - - +
Nalidixic acid (30 pg) -+ -
Neomycin (30 ug) - +
Novobiocin (30 pg) - + -
Penicillin (10 1U) - -
DNA G+ C content (mol%) 36.6 36.9 38.5

== =2 | =
1= = =

I
=

+ +

level of iso-Cy5.; G. Moreover, polar lipids L5 and AL3
were detected only in strain 8-1b".

Based on our phenotypic, phylogenetic and chemotaxo-
nomic characterization, strain 8-1b% is considered to
represent a novel species of the genus Aequorivita, for
which the name Aequorivita viscosa sp. nov. is proposed.
Emended descriptions of the species Aequorivita antarctica
and Aequorivita capsosiphonis are also provided.

Emended description of Aequorivita antarctica
Bowman and Nichols 2002

The description of A. antarctica is as given by Bowman &
Nichols (2002) with the addition that the main respiratory

Table 2. Fatty acid compositions of strain 8-1b" and related
type strains of species of the genus Aequorivita

Strains: 1, 8-1b%; 2, A. capsosiphonis JCM 15070%; 3, A. antarctica
SW49". All data are from the present study. Values are percentages of
total fatty acids. tr, Trace amount (<19%); —, not detected. ECL,
equivalent chain length.

Fatty acid ECL 1 2 3

Unknown 13.565 13.566 7.1 53 4.3
i50-Cys., G 14.442 6.4 37 4l
is0-C;5.9 14.626 344 34.0 30.5
anteiso-C;s. o 14.715 5.0 6.1 14.2
Cis.o 15.000 3.6 13 30
is0-Ci6.1 H 15.460 tr tr 1.1
is0-Cis.0 15.627 tr 1.0 1.3
Summed feature 3* 15.847 3.5 6.0 7.3
Cie:0 15.998 tr tr 1.4
i50-Cy5.0 3-OH 16.134 3.5 28 3.1
Cys.0 2-OH 16.223 tr tr 23
is0-Cy7.1009¢ 16.418 87 137 127
Summed feature 4* 16.493 - 1.1 -

i50-Cyg.0 3-OH 17.149 1.5 L1 tr

is0-Cy.9 3-OH 18.162 183 174 62
Cy.0 2-OH 18.256 tr 1.6 12

*Summed feature 3 consists of Ci¢.;w7¢ and/or iso-C;s., 2-OH;
summed feature 4 consists of iso-C;;.; I and/or anteiso-C;;.; B.

quinone is menaquinone 6 (MK-6) and the polar lipid
profile contains phosphatidylethanolamine, two unchar-
acterized aminolipids, five uncharacterized glycolipids and
five uncharacterized lipids.

Emended description of Aequorivita
capsosiphonis Park et al. 2009

The description of A. capsosiphonis is as given by Park et al.
(2009) with the addition that the main respiratory quinone
is menaquinone 6 (MK-6)and the polar lipid profile
contains phosphatidylethanolamine, two uncharacterized
aminolipids, five uncharacterized glycolipids and four
uncharacterized lipids.

Description of Aequorivita viscosa sp. nov.

Aequorivita viscosa (vis.co'sa. L. fem. adj. viscosa viscous,
referring to its adherent colonies).

Cells are Gram-stain-negative, non-spore-forming and
non-motile short rods 4.0-4.5x 1.8-2.2 um in size. No
growth is observed under anaerobic conditions. After
incubation at 30 °C for 2-3 days, colonies formed on
modified 2216 agar plates are yellow, viscous, circular,
opaque and smooth. Grows at 4-39 °C (optimum, 28—
32 °C) and pH 6.0-9.5 (optimum, 7.0-8.5). Requires 0.5 %
NaCl or 0.5 % sea salts for growth and tolerates up to 8 %
(w/v) NaCl or 10 % (w/v) sea salts (optimum, 1-3 % NaCl
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929 Aequorivita crocea Y12-2T (AY027806)
0.01 499‘:':equor/v/ta lipolytica Y10-2T (AY027805)
Aequorivita antarctica SW49T (AY027802)
Aequorivita capsosiphonis JCM 15070T (EU290153)

Aequorivita viscosa 8-1bT (HM485318)
Aequorivita sublithincola QSSC9-3T (AF170749)

Vitellibacter aestuarii JC2436T (EU642844)
66/ ﬁ‘:wte/ﬁbacter viadivostokensis KMM 3516T (ABO71382)
Marixanthomonas ophiurae KMM 30467 (AB261012)
Aureitalea marina S1-66T (AB602429)

a 8 m‘_': Ulvibacter antarcticus IMCC 3101T (EF554364)

99 Ulvibacter litoralis KMM 3912T (AY243096)
Leeuwenhoekiella aequorea LMG 225507 (AJ278780)
Leeuwenhoekiella marinoflava ATCC 193267 (AF203475)
100 _|_— Leeuwenhoekiella blandensis MED 2177 (DQ294292)

99 Leeuwenhoekiella palythoae KMM 6264T (FJ405187)
Meridianimaribacter flavus NH57NT (FJ360684)

L | ﬂ?&iﬁnimicrobium catena HY1T (DQ640642)

Salinimicrobium gaetbulicola BB-My20T (JF340052)

100 Salinimicrobium marinum KMM 6270T (GQ866112)
W'Eaﬁnimicrobium terrae YIM-C338T (EU135614)
76 Salinimicrobium xinjiangense BH206T (EF520007)

Capnocytophaga ochracea ATCC 278727 (X67610)

Fig. 1. Neighbour-joining tree based on 16S rRNA gene sequences, showing the phylogenetic relationship between strain 8-
1b" and related taxa. Capnocytophaga ochracea ATCC 278727 was used as an outgroup. Bootstrap percentages are based on
1000 replicates; only values >509% are shown. Bar, 0.01 substitutions per nucleotide position.

or 2-3% sea salts). Positive for catalase and urease
activities, H,S production and hydrolysis of gelatin,
Tween 20, Tween 80 and tyrosine. Negative for oxidase
activity, nitrate reduction, indole production, methyl red
and Voges—Proskauer tests, and hydrolysis of starch, casein,
Tween 40, Tween 60, xanthine, DNA, aesculin, xylan, CM-
cellulose, pectin and alginate. No acid production from
carbohydrates. In the API ZYM system, positive result in
tests for alkaline phosphatase, esterase (C4), esterase lipase
(C8), leucine arylamidase and acid phosphatase; weakly
positive result for wvaline arylamidase, trypsin and
naphthol-AS-BI-phosphohydrolase; negative result in tests
for lipase (C14), cysteine arylamidse, «-chymotrypsin, -
galactosidase, f-galactosidase, f-glucuronidase, o-glucosi-
dase, ff-glucosidase, N-acetyl-f-glucosaminidase, o-manno-
sidase and o-fucosidase. In the API 20NE system, the f3-
galactosidase test is positive. The following substrates are
utilized in GN2 MicroPlate tests: glycogen, b-mannose, DL-
lactic acid, L-asparagine, L-aspartic acid and glycyl L-aspartic
acid. Sensitive to the following antibiotics (per disc):
ampicillin (10 pg), chloramphenicol (30 pg), erythromycin
(15 pg), vancomycin (30 pg), penicillin (10 IU), carbencil-
lin (100 pg), novobiocin (30 pg), ciprofloxacin (5 pg),
norfloxacin (10 pg) and rifampicin (5 pg). The major fatty
acids are is0-C;5.¢, i80-C;7.¢ 3-OH, iso-Ci5.; G, iso-
Cy7.109¢, anteiso-C;5.¢9 and unknown 13.565. The main
respiratory quinone is menaquinone 6 (MK-6). The polar
lipid profile consists of phosphatidylethanolamine (PE),

three uncharacterized aminolipids (AL1-3), four uncharac-
terized glycolipids (GL1—4) and five uncharacterized lipids
(L1-5).

The type strain, 8-1b" (=CGMCC 1.11023"=JCM
18497T), was isolated from seaweed collected from the
intertidal zone of Zhoushan sea area, East China Sea. The
DNA G+C content of the type strain is 36.6 mol%
(HPLC).

Ackonwledgements

We thank John P. Bowman for providing the type strain of
Aequorivita antarctica. This work was supported by the Zhoushan
Scientific and Technological Program (10323).

References

Barrow, G. |. & Feltham, R. K. A. (eds) (1993). Cowan and Steel’s
Manual for the Identification of Medical Bacteria, 3rd edn. Cambridge:
Cambridge University Press.

Bowman, J. P. & Nichols, D. S. (2002). Aequorivita gen. nov., a
member of the family Flavobacteriaceae isolated from terrestrial and
marine Antarctic habitats. Int J Syst Evol Microbiol 52, 1533—
1541.

Brown, M. V. & Bowman, J. P. (2001). A molecular phylogenetic
survey of sea-ice microbial communities (SIMCO). FEMS Microbiol
Ecol 35, 267-275.

Chung, A. P., Rainey, F., Nobre, M. F., Burghardt, J. & da Costa, M. S.
(1997). Meiothermus cerbereus sp. nov., a new slightly thermophilic

http://ijs.sgmjournals.org

3195



J.-J. Liu and others

species with high levels of 3-hydroxy fatty acids. Int J Syst Bacteriol 47,
1225-1230.

Cottrell, M. T. & Kirchman, D. L. (2000). Natural assemblages of
marine proteobacteria and members of the Cytophaga-Flavobacter
cluster consuming low- and high-molecular-weight dissolved organic
matter. Appl Environ Microbiol 66, 1692-1697.

Davey, K. E., Kirby, R. R,, Turley, C. M., Weightman, A. J. & Fry, J. C.
(2001). Depth variation of bacterial extracellular enzyme activity and
population diversity in the northeastern North Atlantic Ocean. Deep
Sea Res Part II Top Stud Oceanogr 48, 1003—1017.

Felsenstein, J. (1981). Evolutionary trees from DNA sequences: a
maximum likelihood approach. J Mol Evol 17, 368-376.

Glockner, F. O., Fuchs, B. M. & Amann, R. (1999). Bacterioplankton
compositions of lakes and oceans: a first comparison based on
fluorescence in situ hybridization. Appl Environ Microbiol 65, 3721—
3726.

Gordon, R. E., Barnett, D. A.,, Handerhan, J. E. & Pang, C. H.-N.
(1974). Nocardia coeliaca, Nocardia autotrophica, and the nocardin
strain. Int J Syst Bacteriol 24, 54—63.

Grossart, H. P. (1999). Interactions between marine bacteria and
axenic diatoms (Cylindrotheca fusiformis, Nitzschia laevis, and
Thalassiosira weissflogii) incubated under various conditions in the
lab. Aquat Microb Ecol 19, 1-11.

Kawasaki, K., Nogi, Y., Hishinuma, M., Nodasaka, Y., Matsuyama, H.
& Yumoto, . (2002). Psychromonas marina sp. nov., a novel
halophilic, facultatively psychrophilic bacterium isolated from the
coast of the Okhotsk Sea. Int J Syst Evol Microbiol 52, 1455-
1459.

Kim, O. S, Cho, Y. J, Lee, K,, Yoon, S. H., Kim, M., Na, H., Park, S. C,,
Jeon, Y. S, Lee, J. H. & other authors (2012). Introducing EzTaxon-e:
a prokaryotic 16S rRNA gene sequence database with phylotypes
that represent uncultured species. Int | Syst Evol Microbiol 62, 716—
721.

Kimura, M. (1980). A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nucleotide
sequences. ] Mol Evol 16, 111-120.

Kuykendall, L. D., Roy, M. A,, O’Neill, J. J. & Devine, T. E. (1988). Fatty
acids, antibiotic resistance, and deoxyribonucleic acid homology
groups of Bradyrhizobium japonicum. Int J Syst Bacteriol 38, 358-361.

Mata, J. A., Martinez-Canovas, J., Quesada, E. & Béjar, V. (2002). A
detailed phenotypic characterisation of the type strains of Halomonas
species. Syst Appl Microbiol 25, 360-375.

Mesbah, M. & Whitman, W. B. (1989). Measurement of deoxyguano-
sine/thymidine ratios in complex mixtures by high-performance
liquid chromatography for determination of the mole percentage
guanine + cytosine of DNA. J Chromatogr A 479, 297-306.

Park, S. C,, Baik, K. S, Kim, M. S, Kim, S. S,, Kim, S. R,, Oh, M.-J,,
Kim, D., Bang, B.-H. & Seong, C. N. (2009). Aequorivita capsosiphonis
sp. nov., isolated from the green alga Capsosiphon fulvescens, and
emended description of the genus Aequorivita. Int ] Syst Evol
Microbiol 59, 724-728.

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol Evol 4, 406—
425.

Tamura, K, Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar,
S. (2011). MEGA5: molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum par-
simony methods. Mol Biol Evol 28, 2731-2739.

Thompson, J. D., Higgins, D. G. & Gibson, T. J. (1994). CLUSTAL W:
improving the sensitivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap penalties and
weight matrix choice. Nucleic Acids Res 22, 4673—4680.

Tindall, B. J. (1989). Fully saturated menaquinones in the archae-
bacterium Pyrobaculum islandicum. FEMS Microbiol Lett 60, 251-254.

Xu, X.-W., Wu, Y.-H., Wang, C.-S., Oren, A, Zhou, P.-J. & Wu, M.
(2007a). Haloferax larsenii sp. nov., an extremely halophilic archaeon
from a solar saltern. Int J Syst Evol Microbiol 57, 717-720.

Xu, X.-W,, Wu, Y.-H., Zhou, Z., Wang, C.-S., Zhou, Y.-G., Zhang, H.-B.,
Wang, Y. & Wu, M. (2007b). Halomonas saccharevitans sp. nov.,
Halomonas arcis sp. nov. and Halomonas subterranea sp. nov.,

halophilic bacteria isolated from hypersaline environments of China.
Int J Syst Evol Microbiol 57, 1619-1624.

International Journal of Systematic and Evolutionary Microbiology 63



	Table 1
	Table 2
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Fig 1
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23

