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A Gram-stain-negative, facultatively anaerobic, rod-shaped and motile strain, designated PAMC
28425", was isolated from a sea surface microlayer sample from the Ross Sea, Antarctica.
Analysis of the 16S rRNA gene sequence of strain PAMC 28425 showed an affiliation with the
genus Pseudoalteromonas. Phylogenetic analyses revealed that strain PAMC 28425 formed a
clade with Pseudoalteromonas prydzensis MB8-11T and Pseudoalteromonas mariniglutinosa
KMM 3635" with 16S rRNA gene sequence similarities of 98.3-98.6 %. Genomic relatedness
analyses based on the average nucleotide identity and the genome-to-genome distance showed
that strain PAMC 28425 is clearly distinguished from the phylogenetically close relatives. Cells
of strain PAMC 284257 grew optimally at 25 °C and pH 7.5-8.5 in the presence of 1.0-3.0 %
(w/v) sea salts. The major cellular fatty acids (>10 %) were Cy¢.1w6c and/or Cyg.1w7¢, C1e.0,
and Cqg.1wbc and/or Cyg.1w7c. The genomic DNA G+C content was 39.7 mol%. On the basis
of the phylogenetic, genomic, chemotaxonomic and phenotypic data presented, we propose the

name Pseudoalteromonas neustonica sp. nov. with the type strain PAMC 28425" (=KCCM

43187"=JCM 31286").

The genus Pseudoalteromonas was established by recombin-
ing 11 species of the genus Alteromonas and 1 species of the
genus Pseudomonas into 12 species of the genus Pseudoalter-
omonas based on a wealth of phylogenetic analyses of nearly
complete 16S rRNA gene sequences (Gauthier ef al., 1995).
The genus Pseudoalteromonas is classified in the family
Alteromonadaceae, and members of this genus are Gram-
stain negative, aerobic, motile and have Ciq4.¢, Cys. w76,
Cy7.1w8c and Cyg. ,w7c¢ as major fatty acids and genomic G
+C contents of 38—48 mol% (Bowman & McMeekin, 2005).
At the time of writing, the genus Pseudoalteromonas com-
prises 41 species and 2 subspecies with validly published

Abbreviations: ANI, average nucleotide identity; GGDC, genome-to-
genome distance calculation; SSM, sea surface microlayer.

The GenBank/EMBL/DBBJ accession number for the 16S rRNA gene
sequence and the draft genome sequence of strain PAMC 28425" are
KU716039 and BDDS01000000, respectively.

Two supplementary tables and one supplementary figure are available
with the online Supplementary Material.

names (List of Prokaryotic Names with Standing in Nomen-
clature, http://www.bacterio.net/pseudoalteromonas.html;
Park et al., 2016; Ying et al., 2016). Most species of the
genus Pseudoalteromonas have been isolated from various
marine habitats including seawater, sediment, marine inver-
tebrates, algae and sea ice (Bowman & McMeekin, 2005).
With cultivation-independent molecular techniques, pseu-
doalteromonads are also known as a ubiquitous marine
group extending from the sea surface microlayer (SSM) to
deep-sea sediment, and from equatorial to polar regions
(Cui et al., 2008; Cunliffe & Murrell, 2009; Wietz et al.,
2010).

Here, we isolated a bacterial strain, which is the first repre-
sentative of the genus Pseudoalteromonas isolated from Ant-
arctic SSM to our knowledge, and performed a polyphasic
taxonomic analysis to determine the taxonomic position of
the strain.

A SSM sample was taken using a customized SSM sampler
employing a type of rotating drum (Harvey 1966) covered
with polycarbonate from the Terra Nova Bay (75.29° S
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164.80° E) in the Ross Sea during the Araon expedition in
December 2014. The thickness of the SSM sample obtained
by the rotating drum sampler was about 100 pum, based on
preliminary performance tests in a laboratory (data not
shown). The SSM sample was amended with autoclaved
glycerol (final concentation 20 %, v/v) and preserved at
—80°C until use. For cultivation, the glycerol-amended
SSM sample was spread onto a plate containing marine agar
2216 (MA; Difco), and the plate was incubated under aero-
bic conditions at 4 °C for 2 weeks. Strain PAMC 28425 was
isolated on the plate and subsequently purified four times
on fresh MA at 4°C. The strain was preserved in marine
broth 2216 (MB; Difco) supplemented with 30% (v/v)
glycerol at —80 °C.

The type strains Pseudoalteromonas prydzensis DSM 142327
and Pseudoalteromonas mariniglutinosa KCTC 22327" were
obtained from the Deutsche Sammlung von Mikroorganis-
men und Zellkulturen (DSMZ) and the Korean Collection
for Type Cultures (KCTC), respectively, to compare geno-
mic, phenotypic and chemotaxonomical characteristics
with strain PAMC 28425'. Unless otherwise specified, the
three strains were characterized using cultures grown
aerobically on MA for 2-5 days at 25°C.

Direct sequencing of purified PCR products for the 16S
rRNA gene was performed as described by Hwang et al.
(2015). The nearly complete 16S rRNA gene sequence
(1418 bp) of strain PAMC 284257 was obtained and ana-
lysed using BLAST search against the GenBank and EzTaxon-
e databases (Altschul et al., 1990; Kim et al., 2012). The 16S
rRNA gene sequences of closely related taxa retrieved from
the GenBank database were aligned on the basis of second-
ary structures using the RDP aligner (Cole et al., 2014).
Phylogenetic analysis was made using the program MEGa 6.0
(Tamura et al., 2013). Distance matrices were calculated by
the Jukes and Cantor model (Jukes & Cantor, 1969). Phylo-
genetic trees were reconstructed using the neighbour-join-
ing (Saitou & Nei, 1987), minimum-evolution (Rzhetsky &
Nei, 1992) and maximum-likelihood methods (Felsenstein
1981) using bootstrap analysis of 1000 replications.

The fatty acid methyl esters in whole cells of strains PAMC
28425", Pseudoalteromonas prydzensis DSM 14232" and
Pseudoalteromonas mariniglutinosa KCTC 22327" grown on
MA for 4 days at 25 °C were analysed by gas chromatogra-
phy (7890B; Agilent technologies) according to the instruc-
tions of the Microbial Identification System (version 6.2;
MIDI) with the TSBA6 database. For genome comparison,
genomic DNA of the three strains were extracted using a
commercial kit (DNeasy Blood & Tissue kit; Qiagen). The
genome sequences of the three strains were determined
using an Illumina MiSeq at ChunLab (Seoul, Korea) and
assembled using the SPAdes program version 3.7
(Bankevich et al., 2012). The degree of pairwise genome-
based relatedness was estimated by both an average nucleo-
tide identity (ANI) value following the BLAST-based ANI cal-
culation method described by Goris et al. (2007) and the
genome-to-genome distance calculation (GGDC) method

described by Auch et al. (2010). The DNA G+C content
was calculated from a draft genome of each strain.

Phenotypic characteristics of strain PAMC 28425 were
determined in duplicate along with the those of the type
strains of P. prydzensis and P. mariniglutinosa, with repeti-
tion of experiments on different days. Gram staining was
performed as described by Smibert & Krieg (1994). Motility
of the cells was assessed by the hanging drop method (Sker-
man 1967) with cells grown in MB for 2 days. Cell mor-
phology, size and the presence of flagella were determined
using transmission electron microscopy (CM200; Philips).
Anaerobic growth of strain PAMC 28425" was tested along
with that of a strictly aerobic bacterium (Rhodococcus aero-
latus PAMC 27367 Hwang et al., 2015) and a strictly
anaerobic bacterium Clostridium sp. PAMC 80033 to serve
as experimental controls using a GasPak Anaerobic system
(BBL) at 25°C for 3 weeks. The temperature range for
growth was examined by the ability to form colonies on MA
incubated at 4 and 10-45°C (in increments of 5°C). The
pH range (pH 5.0-11.0 at intervals of 0.5 pH unit) for
growth was determined by assessing turbidity measured as
ODyggp in pH-buffered MB (Hwang & Cho, 2008) using cit-
ric acid/phosphate buffer for pH 5.0, MES for pH 5.5-6.5,
MOPS for pH 7.0-7.5, AMPD for pH 8.0-9.5 and CAPS for
pH 10.0-11.0, each at a final concentration of 50 mM, at
25°C for up to 2 weeks. Salt tolerance was determined by
assessing turbidity measured as ODggo at 25 °C using syn-
thetic ZoBell broth (Bacto peptone, 5 g; yeast extract, 1 g;
ferric citrate, 0.1 g; distilled water, 1litre) supplemented
with 0-2 % (at intervals of 0.5 %) and 3-15 % (at intervals
of 1 %, w/v) sea salts (Sigma).

Catalase and oxidase tests were performed according to the
methods described by Smibert & Krieg (1994) and Cappuc-
cino & Sherman (2002), respectively. Decomposition of
casein and xanthine was determined as described by Smi-
bert & Krieg (1994). Hydrolysis of starch and Tweens 20,
40, 60 and 80 was investigated as described by Hansen &
Serheim (1991). In addition, other enzyme activities and
acid production from substrates were assayed using the API
ZYM, API 20NE and API 50CH kits (bioMérieux) accord-
ing to the manufacturer’s instructions except that the cell
suspension was prepared as described by Hwang et al.
(2009). Carbon utilization was tested according to the
method of Bruns et al. (2001) with a final concentration of
0.4 % carbon source. Carbon utilization was scored as nega-
tive when growth was equal to, or less than, that in the neg-
ative control with no carbon source. Growth was measured
by monitoring changes in the ODgg for 3 weeks at 25 °C.

Phylogenetic analyses based on the 16S rRNA gene
sequence showed that strain PAMC 28425" was affiliated
with the genus Pseudoalteromonas (Fig. 1). Results of the
16S rRNA gene sequence similarity analysis showed that
strain PAMC 28425" was closely related to Pseudoalteromo-
nas prydzensis MB8-117, Pseudoalteromonas mariniglutinosa
KMM 3635", Pseudoalteromonas espejiana NCIMB 2127"
and  Pseudoalteromonas atlantica TAM 12927  with
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Fig. 1. Neighbour-joining tree derived from
genus Pseudoalteromonas with Psychromon
values above 70 % are shown (1000 resamp
were also obtained in both the maximum-likel
obtained in the latter tree only. Bar, 0.01 nuc

16S rRNA gene sequences for strain PAMC 28425" and the members of the
as arctica DSM 14288 (AF374385) as an outgroup (not shown). Only bootstrap
lings) at the branching points. Filled circles indicate that the corresponding nodes
ihood and the minimum-evolution trees, while open circles indicate that they were
leotide substitutions per site.

similarity values of 98.6, 98.3, 98.2 and 98.0 %, respectively.
However, the tree topologies inferred from three tree-mak-
ing algorithms consistently showed that strain PAMC
28425" formed a clade with Pseudoalteromonas prydzensis

MB8-11" and Pseudoalteromonas mariniglutinosa KMM
3635", which was obviously separated from a robust clade
encompassing Pseudoalteromonas espejiana NCIMB 21277
and Pseudoalteromonas atlantica IAM 12927" (Fig. 1).

http://ijs.microbiologyresearch.org
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Genome relatedness for strains PAMC 28425", Pseudoalter-
omonas prydzensis DSM 142327 and Pseudoalteromonas
mariniglutinosa KCTC 22327%is summarized in Table S1
(available in the online Supplementary Material). The ANI
values calculated for the estimation of the degree of pairwise
genome-based relatedness between strain PAMC 28425
and the two strains representing Pseudoalteromonas pryd-
zensis and Pseudoalteromonas mariniglutinosa were 80.2—
80.3 % (Table S1). This level is obviously below the pro-
posed cut-off ANI values of 95-96 % for delineating bacte-
rial species (Goris et al., 2007; Richter & Rossell6-Mora,
2009). Consistently, DNA-DNA hybridization values

estimated by GGDC were 23.2-31.3% between strain
PAMC 28425" and the two strains representing Pseudoalter-
omonas prydzensis and Pseudoalteromonas mariniglutinosa
(Table S1), indicating that strain PAMC 284257 is a mem-
ber of a distinctive species of the genus Pseudoalteromonas
(Rossell6-Mora & Amann, 2001).

The results of morphological, physiological and biochemical
analyses of strain PAMC 28425" are given in the species
description, Table 1 and Fig. S1. The fatty acid profiles were
generally similar among strain PAMC 28425", Pseudoaltero-
monas prydzensis DSM 14232" and Pseudoalteromonas mari-
niglutinosa KCTC 22327" (Table S2). The major fatty acids

Table 1. Differential characteristics of strain PAMC 28425 and related species of the genus Pseudoalteromonas

Taxa: 1, PAMC 28425%; 2, Pseudoalteromonas prydzensis DSM 14232%; 3, Pseudoalteromonas mariniglutinosa KCTC 22327%; 4, Pseudoalteromonas
donghaensis H]SIT; 5, Pseudoalteromonas espejiana; 6, Pseudoalteromonas atlantica; 7, Pseudoalteromonas haloplanktis. Data for strains 1-3 were

obtained from this study unless otherwise indicated; data for taxa 4-7 were from the previous studies (Chan ef al., 1978; Baumann et al., 1984;
Akagawa-Matsushita ef al., 1992; Romanenko et al., 2003; Bowman & McMeekin, 2005; Oh et al., 2011; Park et al., 2016). All strains were positive
for motility; activity of oxidase, catalase and gelatinase; and utilization of propionate as a sole carbon source. All strains were negative for Gram-

stain; activity of alginine dihydrolase; utilization of inositol, L-rhamnose and D-sorbitol as a sole carbon source. +, Positive; —, negative; v, variable;

ND, no data available.

Characteristic 1 2 3 4 5 6 7
Isolation source Antarctic sea Antarctic sea Marine Seawater Seawater Marine Seawater
surface ice diatom macroalgae
microlayer
Oxygen requirement Facultative Strict aerobe  Strict aerobe Strict Strict Strict aerobe Strict
anaerobe aerobe aerobe aerobe
Temperature range (optimum) 4-30 (25) 4-35 4-35 (25) 4-40 10-35 5-35 (30) 10-35
°C) (25-30) (25-30) (30) (30)
pH range (optimum) 6.0-9.0 (7.5-8.5)  6.0-8.5 (7.0— 6.0-8.0 5.5-9.5 ND 5.5-8.5 ND
7.5) (6.5-7.5) (6.5-7.0)
Salt tolerance range (optimum) 1.0-7.0 (1.0-3.0)  0.5-9.0 (0.5— 0.5-10.0 1-13 (2) ND ND ND
(%, w/v) 3.0) (0.5-3.0)
Hydrolysis of aesculin - + + + ND + ND
B-Galactosidase — — - - + + —
Urease — - - + + + +
Acid production from:
D-Mannitol - - + ND + + —
Starch + + - ND ND ND ND
D-Arabinose, L- rhamnose — — + ND ND ND —
L-Arabinose, cellobiose, — + + ND ND ND ND
gentiobiose, methyl a-D-
mannopyranoside
Utilization of sole carbon sources
N-Acetyl-D-galactosamine + + - + - - +
D-Mannose — — - + \Y% + +
L-Threonine - + + ND + - \%
Trehalose — - - ND + + \%
DNA G+C content (mol%) by 39.7 41.2 40.8 (40.3)* (41.8)1 (43—44)*  (40.6-41.7)t 40.8%
genome analysis (38.0-39.0)* (42-44)*

*Data for the type strains of P. prydzensis (Bowman, 1998 ), P. mariniglutinosa (Romanenko et al., 2003), P. espejiana (Chan et al., 1978), and P.
haloplanktis (Baumann et al., 1984) were obtained by a thermal denaturation method.

tData for P. donghaensis HJ517 (Oh et al., 2011) and P. atlantica (Akagawa-Matsushita ef al., 1992) were obtained by a HPLC method.

#Draft genome of P. haloplankti ATCC 14393 under the accession number of NZ_AHCA00000000 in GenBank.
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of strain PAMC 28425" were summed feature 3 (C¢. ,w6¢
and/or C4.1w7¢ 31.3 %), Ci6.0 (26.4 %) and summed fea-
ture 8 (Cig.1w6¢ and/or Cig.;w7¢; 15.2 %), which are typi-
cally found as major components in members of the genus
Pseudoalteromonas (Bowman & McMeekin, 2005). The
genomic DNA G+C content of strain PAMC 28425" was
39.7 mol%, which is similar to those of the closest phyloge-
netic relatives Pseudoalteromonas prydzensis DSM 142327
and  Pseudoalteromonas mariniglutinosa KCTC 22327"
(40.8—41.2 mol%; Table 1). The genomic DNA G+C con-
tent of strain PAMC 284257 is within the range of those of
other species of the genus Pseudoalteromonas (38—48 mol%;
Bowman & McMeekin, 2005).

Strain PAMC 28425" can be distinguished physiologically
from other related species of the genus Pseudoalteromonas
by the ability to grow under anaerobic conditions (Table 1).
It has been regarded that strictly aerobic growth is a com-
mon property in the genus Pseudoalteromonas (Gauthier
et al., 1995; Ivanova et al., 2002); however, strain PAMC
28425" and Pseudoalteromonas tunicata D2* (Holmstrom
et al., 1998) indicate that facultative anaerobes are also
members of this genus.

Other phenotypic characteristics can differentiate strain
PAMC 28425" from the phylogenetically close relatives
Pseudoalteromonas prydzensis DSM 14232" and Pseudoaltero-
monas mariniglutinosa KCTC 223277, for example the inabil-
ity to grow in the presence of 9.0-10.0% (w/v) sea salts,
inability to hydrolyse aesculin, ability to produce acid from
starch, inability to produce acid from L-arabinose, cellobiose,
gentiobiose and methyl a-D-mannopyranoside, and inability
to utilize L-threonine as a sole carbon source (Table 1).

Overall, the phylogenetic, genomic, chemotaxonomic,
physiological and phenotypic data obtained in the present
study indicate that strain PAMC 28425" should be assigned
to a novel species in the genus Pseudoalteromonas, for which
the name Pseudoalteromonas neustonica is proposed.

Emended description of the genus
Pseudoalteromonas Gauthier et al.
1995 emend. lvanova et al. 2002

This description is as given by Gauthier et al. (1995) and
Ivanova et al. (2002) with the following modification based
on an earlier study (Holmstrom et al., 1998) and the present
study. Strictly aerobic or facultatively anaerobic.

Description of Pseudoalteromonas
neustonica sp. nov.

Pseudoalteromonas neustonica (neus.to’'ni.ca. N.L. fem. adj.
neustonica pertaining to and living in the neuston).

Gram-staining-negative, facultatively anaerobic rods,
approximately 0.4-1.3 pm wide and 1.3-4.0 pm long,
motile by a polar flagellum. After 7 days on marine agar
plates at 25°C, colonies are orange, circular and convex,

and approximately 1-2 mm in diameter. Grows at 4-30°C
(optimum of 25°C) and pH 6.0-9.0 (optimum of pH 7.5—
8.5). Growth occurs with a sea salts concentration of 1.0—
7.0 % (w/v) (optimum 1.0-3.0 %). Positive for oxidase and
catalase. Casein, starch, and Tweens 20, 40, 60 and 80 are
hydrolysed, but xanthine is not. According to the API ZYM
test, positive for acid and alkaline phosphatases, N-acetyl-
B-glucosaminidase, leucine arylamidase and naphthol-AS-
BI-phosphohydrolase, but negative for a-chymotrypsin,
cystine arylamidase, esterase (C4), esterase lipase (C8), a-
fucosidase, a- and B-galactosidases, a- and B-glucosidases,
B-glucuronidase, lipase (C14), a-mannosidase, trypsin and
valine arylamidase. According to the API 20NE test, positive
for gelatinase and glucose fermentation (weakly positive),
but negative for arginine dihydrolase, aesculin hydrolysis,
B-galactosidase (PNPG), indole production, nitrate reduc-
tase and urease. According to the API 50CH test, acid is
produced from N-acetylglucosamine, aesculin, D-fructose,
D-glucose, glycogen, maltose, D-mannose, potassium 2-keto-
gluconate, potassium 5-ketogluconate, starch and sucrose,
but not from p-adonitol, amygdalin, DL-arabinose, DL-arabi-
tol, arbutin, cellobiose, dulcitol, erythritol, DL-fucose,
D-galactose, gentiobiose, glycerol, inositol, inulin, lactose,
D-lyxose, D-mannitol, melezitose, melibiose, methyl
a-D-mannopyranoside,  methyl  a-D-glucopyranoside,
methyl B-D-xylopyranoside, potassium gluconate, raffinose,
L-thamnose, D-ribose, D-salicin, D-sorbitol, L-sorbose,
D-tagatose, trehalose, turanose, xylitol and DL-xylose. N-
Acetyl-D-galactosamine, L-proline and propionate are uti-
lized as a sole carbon source, but acetate, L-arabinose, cello-
biose, citrate, formic acid, b-fructose, D-galactose, D-glucose,
glycerol, inositol, lactose, maltose, mannitol, D-mannose,
melibiose, L-thamnose, D-sorbitol, sucrose, L-threonine and
trehalose are not utilized. The major cellular fatty acids are
Cig.1w6c and/or Cig.1w7¢, Cig.0, Cig.1w6c and/or
Cig.w7c.

The type strain, PAMC 28425" (=KCCM 43187"=JCM
312867), was isolated from Antarctic SSM. The DNA G+C
content of the type strain is 39.7 mol% (genome analysis).

Acknowledgements

We thank the crews and captain of R/V Araon for their excellent
cooperation during the cruise. We also thank Professor Aharon Oren
for his advice on nomenclature. This work was supported by the
grants of the Korea Polar Research Institute (PM15020) and the
BK21+ project of the Korean government.

References

Akagawa-Matsushita, M., Matsuo, M., Koga, Y. & Yamasato, K.
(1992). Alteromonas atlantica sp. nov. and Alteromonas carrageenovora sp.
nov., Bacteria that decompose algal polysaccharides. Int J Syst Bacteriol 42,
621-627.

Altschul, S. F., Gish, W., Miller, W., Myers, E. W. & Lipman, D. J. (1990).
Basic local alignment search tool. ] Mol Biol 215, 403—410.

http://ijs.microbiologyresearch.org

3381


http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2893
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2905
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875
http://dx.doi.org/10.1601/nm.2875

C. Y. Hwang and others

Auch, A. F.,von Jan, M,, Klenk, H. P. & Goker, M. (2010). Digital DNA-DNA
hybridization for microbial species delineation by means of genome-to-genome
sequence comparison. Stand Genomic Sci 2, 117-134.

Bankevich, A., Nurk, S., Antipov, D., Gurevich, A. A., Dvorkin, M.,
Kulikov, A. S., Lesin, V. M., Nikolenko, S. I, Pham, S. & other authors
(2012). SPAdes: a new genome assembly algorithm and its applications to
single-cell sequencing. J Comput Biol 19, 455-477.

Baumann, P., Baumann, L., Bowditch, R. D. & Beaman, B. (1984). Tax-
onomy of Alteromonas: A. nigrifaciens sp. nov., nom. rev.; A. haloplanktis.
Int J Syst Bacteriol 34, 145-149.

Bowman, J. P. (1998). Pseudoalteromonas prydzensis sp. nov., a psychro-
trophic, halotolerant bacterium form Antarctic sea ice. Int | Syst Bacteriol
48, 1037-1041.

Bowman, J. P. & McMeekin, T. A. (2005). Genus XI. Pseudoalteromo-
nas Gauthier, Gauthier and Christen 1995a, 759VP. In Bergey’s Manual
of Systematic Bacteriology, 2nd edn, vol. 2B, pp. 467-478. Edited by
D. J. Brenner, N. R. Krieg, J. T. Staley & G. M. Garrity. New York:
Springer.

Bruns, A, Rohde, M. & Berthe-Corti, L. (2001). Muricauda ruestringensis
gen. nov., sp. nov., a facultatively anaerobic, appendaged bacterium from
German North Sea intertidal sediment. Int | Syst Evol Microbiol 51, 1997—
2006.

Cappuccino, J. G. & Sherman, N. (2002). Microbiology: A Laboratory
Manual. 6th edn. Menlo Park, CA: Benjamin/Cummings.

Chan, K. Y., Baumann, L., Garza, M. M. & Baumann, P. (1978). Two
new species of Alteromonas: Alteromonas espejiana and Alteromonas undina.
Int J Syst Bacteriol 28, 217-222.

Cole, J. R, Wang, Q., Fish, J. A, Chai, B., McGarrell, D. M., Sun, Y.,
Brown, C. T., Porras-Alfaro, A., Kuske, C. R. & other authors (2014).
Ribosomal Database Project: data and tools for high throughput rRNA
analysis. Nucleic Acids Res 41, D633-D642.

Cui, Z, Lai, Q., Dong, C. & Shao, Z. (2008). Biodiversity of polycyclic aro-
matic hydrocarbon-degrading bacteria from deep sea sediments of the Mid-
dle Atlantic Ridge. Environ Microbiol 10, 2138-2149.

Cunliffe, M. & Murrell, J. C. (2009). The sea-surface microlayer is a gelati-
nous biofilm. ISME J 3, 1001-1003.

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

Gauthier, G., Gauthier, M. & Christen, R. (1995). Phylogenetic analy-
sis of the genera Alteromonas, Shewanella, and Moritella using genes
coding for small-subunit rRNA sequences and division of the genus
Alteromonas into two genera, Alteromonas (emended) and Pseudoaltero-
monas gen. nov., and proposal of twelve new species combinations. Int |
Syst Bacteriol 45, 755-761.

Goris, J., Konstantinidis, K. T., Klappenbach, J. A, Coenye, T.,
Vandamme, P. & Tiedje, J. M. (2007). DNA-DNA hybridization values
and their relationship to whole-genome sequence similarities. Int J Syst Evol
Microbiol 57, 81-91.

Hansen, G. H. & Serheim, R. (1991). Improved method for phenotypical
characterization of marine bacteria. ] Microbiol Meth 13, 231-241.

Harvey, G. W. (1966). Microlayer collection from the sea surface: a new
method and initial results. Limnol Oceanogr 11, 608—614.

Holmstrém, C., James, S., Neilan, B. A., White, D. C. & Kjelleberg, S.
(1998). Pseudoalteromonas tunicata sp. nov., a bacterium that produces
antifouling agents. Int | Syst Bacteriol 48, 1205-1212.

Hwang, C. Y. & Cho, B. C. (2008). Cohaesibacter gelatinilyticus gen. nov.,
sp. nov., a marine bacterium that forms a distinct branch in the order

Rhizobiales, and proposal of Cohaesibacteraceae fam. nov. Int J Syst Evol
Microbiol 58, 267-277.

Hwang, C. Y., Kim, M. H., Bae, G. D., Zhang, G. |, Kim, Y. H. &
Cho, B. C. (2009). Muricauda olearia sp. nov., isolated from crude-oil-con-
taminated seawater, and emended description of the genus Muricauda. Int |
Syst Evol Microbiol 59, 1856—1861.

Hwang, C. Y, Lee, I, Cho, Y., Lee, Y. M., Baek, K, Jung, Y. J,
Yang, Y. Y, Lee, T., Rhee, T. S. & other authors (2015). Rhodococcus
aerolatus sp. nov., isolated from subarctic rainwater. Int J Syst Evol Microbiol
65, 465-471.

lvanova, E. P., Sawabe, T. Lysenko, A. M., Gorshkova, N. M.,
Hayashi, K., Zhukova, N. V. Nicolau, D. V. Christen, R. &
Mikhailov, V. V. (2002). Pseudoalteromonas translucida sp. nov. and Pseu-
doalteromonas paragorgicola sp. nov., and emended description of the genus.
Int J Syst Evol Microbiol 52, 1759-1766.

Jukes, T. H. & Cantor, C. R. (1969). Evolution of protein molecules. In
Mammalian Protein Metabolism,vol. 3, pp. 21-132. Edited by H. N. . Munro.
New York: Academic Press.

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 repre-
sent uncultured species. Int J Syst Evol Microbiol 62, 716-721.

Oh,Y.S., Park,A.R, Lee, J. K, Lim,C.S., Yoo, J. S. & Roh, D. H. (2011).
Pseudoalteromonas donghaensis sp. nov., isolated from seawater. Int J Syst
Evol Microbiol 61, 351-355.

Park, S., Jung, Y. T., Park, D. S. & Yoon, J. H. (2016). Pseudoalteromonas
aestuariivivens sp. nov., isolated from a tidal flat. Int J Syst Evol Microbiol 66,
2078-2083.

Richter, M. & Rossell6-Méra, R. (2009). Shifting the genomic gold stan-
dard for the prokaryotic species definition. Proc Natl Acad Sci USA 106,
19126-19131.

Romanenko, L. A., Zhukova, N. V., Lysenko, A. M., Mikhailov, V. V. &
Stackebrandt, E. (2003). Assignment of ’Alteromonas marinoglutinosa’
NCIMB 1770 to Pseudoalteromonas mariniglutinosa sp. nov., nom. rev.,
comb. nov. Int J Syst Evol Microbiol 53, 1105-1109.

Rossell6-Mora, R. & Amann, R. (2001). The species concept for prokar-
yotes. FEMS Microbiol Rev 25, 39-67.

Rzhetsky, A. & Nei, M. (1992). A simple method for estimating and testing
minimum-evolution trees. Mol Biol Evol 9, 945-967.

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol Evol 4, 406—425.
Skerman, V. B. D. (1967). A Guide to the Identification of the Genera of
Bacteria, 2nd edn. Baltimore: Williams & Wilkins.

Smibert, R. M. & Krieg, N. R. (1994). Phenotypic characterization. In
Methods for General and Molecular Bacteriology, pp. 607-654. Edited by
P. Gerhardt, R. G. E. Murray, W. A. Wood & N. R. Krieg. Washington, DC:
American Society for Microbiology.

Tamura, K., Stecher, G., Peterson, D,, Filipski, A. & Kumar, S. (2013).
MEGA6: Molecular Evolutionary Genetics Analysis version 6.0. Mol Biol
Evol 30, 2725-2729.

Wietz, M., Gram, L., Jergensen, B. & Schramm, A. (2010). Latitudinal
patterns in the abundance of major marine bacterioplankton groups. Aquat
Microb Ecol 61, 179-189.

Ying, Y., Tian, X. X,, Wang, J. J., Qu, L. Y. & Li, J. (2016). Pseudoalteromo-
nas fenneropenaei sp. nov., a marine bacterium isolated from sediment of
Fenneropenaeus chinensis farming pond. Int J Syst Evol Microbiol.

3382

International Journal of Systematic and Evolutionary Microbiology 66



