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Two Gram-negative, strictly aerobic, non-motile bacteria designated strains KMM 3851T and

KMM 3842T were respectively isolated from a marine snail specimen (Umbonium costatum) and

from surrounding sediments collected simultaneously from the shore of the Sea of Japan.

Phylogenetic analysis based on 16S rRNA gene sequences showed that strains KMM 3851T and

KMM 3842T were affiliated with the Roseobacter lineage of the class Alphaproteobacteria as a

separate phylogenetic line adjacent to the members of the genus Thalassobacter. These novel

isolates shared 98.5 % 16S rRNA gene sequence similarity and 15 % DNA–DNA relatedness.

The major isoprenoid quinone of both strains was Q-10 and polar lipids consisted of

phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol and aminophospholipids. In

addition, strain KMM 3851T contained two unknown lipids, whereas strain KMM 3842T contained

diphosphatidylglycerol. Fatty acid analysis revealed C18 : 1v7c and C16 : 0 as major components

and small amounts of C18 : 2. The DNA G+C contents were 60.4 mol% (KMM 3851T) and

58.5 mol% (KMM 3842T). Based on distinctive phenotypic characteristics, DNA–DNA

hybridization data and phylogenetic distance, strains KMM 3851T and KMM 3842T should be

classified as representatives of two novel species in a new genus, Litoreibacter gen. nov., with the

type species Litoreibacter albidus sp. nov. (type strain KMM 3851T 5NRIC 0773T 5JCM

16493T) and a second species Litoreibacter janthinus sp. nov. (type strain KMM 3842T 5NRIC

0772T 5JCM 16492T).

The Roseobacter clade (order Rhodobacterales, class
Alphaproteobacteria) constitutes a large group of genera
(Garrity et al. 2005, 2006) that have been reported to be a
significant component of marine and saline environments
(Buchan et al., 2005). The number of genera in the
Roseobacter clade is increasing continuously, with the
recent addition of Thalassobius (Arahal et al., 2005),
Thalassobacter (Macián et al., 2005; Pujalte et al., 2005),

Shimia (Choi & Cho, 2006), Donghicola (Yoon et al.,
2007a), Pseudoruegeria (Yoon et al., 2007c) and Marivita
(Hwang et al., 2009). The genera Phaeobacter and
Marinovum (Martens et al., 2006) were recently proposed
as a result of reclassification of Roseobacter gallaeciensis
(Ruiz-Ponte et al., 1998) and Ruegeria algicola (Lafay et al.,
1995; Uchino et al., 1998, 1999), respectively.

Here, we report the phenotypic and phylogenetic character-
ization of two strains, designated KMM 3851T and KMM
3842T, which were isolated during a survey of the
biodiversity of micro-organisms inhabiting shallow sedi-
ments of the Sea of Japan. Phylogenetic analysis based on
16S rRNA gene sequences placed strains KMM 3851T and
KMM 3842T within the Roseobacter lineage as a separate
branch adjacent to the members of the genus Thalassobacter.

Abbreviation: Bchl, bacteriochlorophyll.

The GenBank/EMBL/DDBJ accession numbers of the 16S rRNA gene
sequences of strains KMM 3842T and KMM 3851T are AB518880 and
AB518881.

Three supplementary figures are available with the online version of this
paper.
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Both strains exhibited distinguishing phenotypic and
chemotaxonomic traits when compared with the closest
phylogenetically related bacteria. Based on distinctive
phenotypic characteristics, DNA–DNA hybridization data
and phylogenetic distance, isolates KMM 3851T and KMM
3842T represent two species of a novel genus.

Strains KMM 3851T and KMM 3842T were respectively
isolated from an internal tissue of a marine snail (Umbonium
costatum; Gastropoda, Trochidae) and from a sample of the
surrounding sediment, collected simultaneously from shal-
low sediment of the Sea of Japan, Russia, as described
previously (Romanenko et al., 2004). Strains KMM 3851T

and KMM 3842T were grown aerobically on marine 2216
agar (MA) or marine broth (MB) at 25–28 uC and stored at
–80 uC in liquid MB supplemented with 30 % (v/v) glycerol.
Strains KMM 3851T and KMM 3842T were deposited in the
Collection of Marine Micro-organisms (KMM), Pacific
Institute of Bioorganic Chemistry, Vladivostok, Russia.
Motility was determined by the hanging drop method as
described by Gerhardt et al. (1994). Cells were observed by
oil-immersion phase-contrast microscopy (AX70; Olympus)
using 3-day cultures grown on MA at 25 uC. Gram staining,
oxidase and catalase activities, hydrolysis of gelatin, casein,
chitin, CM-cellulose, DNA and Tween 80 and H2S pro-
duction from thiosulfate were tested according to standard
methods (Smibert & Krieg, 1994). Acid production from
carbohydrates was examined using oxidation/fermentation
medium as described by Leifson (1963). Requirement for
and tolerance of NaCl was tested on a medium based on
artificial seawater (ASW) using various concentrations of
NaCl in the range 0–20 %, supplemented with (l21) 10.0 g
Bacto peptone, 2.0 g yeast extract, 0.028 g FeSO4 and 15.0 g
agar. The ASW contained (per litre distilled water): 24 g
NaCl, 4.9 g MgCl2, 3.9 g Na2SO4, 1.1 g CaCl2, 0.66 g KCl,
0.2 g NaHCO3, 0.096 g KBr, 0.026 g H3BO3, 0.024 g SrCl2
and 0.003 g NaF (Lyman & Fleming, 1940). To test strains
for sodium ion requirement, ASW was prepared without
NaNO3, NaSO4, NaHCO3 and NaF. In addition, strains were
tested for growth on the above medium containing NaCl
alone, without any of the sea salts components MgCl2, KCl,
CaCl2, NaNO3, K2HPO4, KCl, NaSO4, NaHCO3, NaF and
FeSO4. Growth at different temperatures and pH and
antibiotic resistance were studied as described previously
(Romanenko et al., 2004, 2005). In addition, biochemical
tests were carried out using API ZYM, API 32GN and API
20NE test kits (bioMérieux) according to the manufacturer’s
instructions, except that the cultures were suspended in
ASW. Production of bacteriochlorophyll (Bchl) a was tested
spectrophotometrically in methanolic extracts of cells grown
on MA and in MB in the dark, as described by Lafay et al.
(1995). For polar lipid and fatty acid analyses, strains KMM
3851T and KMM 3842T were cultivated on MA at 28 uC for
3 days and lipids were extracted using the chloroform/
methanol extraction method of Bligh & Dyer (1959). Polar
lipids were analysed as described by Vaskovsky & Terekhova
(1979). Fatty acid methyl esters were obtained by alkaline
methanolysis (15 % NaOH/methanol), extracted with

hexane and analysed using a GLC-MS Hewlett Packard
model 6890 gas chromatograph equipped with an HP 5 MS
5 % phenyl methyl siloxane capillary column (30 m6
250 mm60.25 mm) and connected to a Hewlett Packard
model 5973 mass spectrometer. Cells for respiratory
lipoquinone analysis were obtained from MB cultures
grown at 25 uC. Isoprenoid quinones were extracted using
chloroform/methanol (2 : 1, v/v), purified by preparative
TLC on silica gel 60 ADAMANT plates (Fluka) and analysed
by HPLC (Agilent 1100 series) using a reversed-phase
column (Hypersil ODS, 5 mm; 406250 mm). Methanol/2-
propanol (65 : 35) was used as a mobile phase and quinones
were detected at 270 nm. The DNA base composition was
determined as described by Marmur & Doty (1962) and
Owen et al. (1969). The photobiotin-labelled DNA probe
microplate method described by Ezaki et al. (1989) was
applied to determine DNA–DNA relatedness between
strains KMM 3851T and KMM 3842T. The 16S rRNA gene
sequences of strains KMM 3851T and KMM 3842T,
respectively containing 1440 and 1437 nt, were determined
as described by Shida et al. (1997). The sequences obtained
were compared with 16S rRNA gene sequences retrieved
from the EMBL/GenBank/DDBJ databases by using the
FASTA program (Pearson & Lipman, 1988). Phylogenetic
analysis of 16S rRNA gene sequences was performed using
the software package MEGA 4 (Tamura et al., 2007) after
multiple alignment of the data by CLUSTAL_X (version 1.83;
Thompson et al., 1997). Phylogenetic trees were constructed
by the neighbour-joining and maximum-parsimony meth-
ods and distances were calculated according to Kimura’s
two-parameter model. The robustness of phylogenetic trees
was estimated by bootstrap analysis of 1000 replicates.

Comparative 16S rRNA gene sequence analysis showed that
isolates KMM 3851T and KMM 3842T were members of the
class Alphaproteobacteria and were closely related to each
other, with a sequence similarity of 98.5 %. Their closest
phylogenetic neighbours were Thalassobacter arenae GA2-
M15T (96.0 and 96.1 % sequence similarity, respectively),
Roseovarius crassostreae CV919-312T (95.1 and 95.8 %),
Pseudoruegeria aquimaris SW-255T (94.7 and 95.6 %) and
Sulfitobacter marinus SW-265T (94.2 and 94.7 %). Different
treeing algorithms (neighbour-joining and maximum-
parsimony) positioned strains KMM 3851T and KMM
3842T within the Roseobacter lineage of the Alphaproteo-
bacteria as a separate branch adjacent to the members of
the genus Thalassobacter (Fig. 1 and Supplementary Fig.
S1). Low DNA–DNA relatedness of 15 % was determined
between strains KMM 3851T and KMM 3842T, indicating
that they belong to separate species (Wayne et al., 1987). As
shown in Table 1, there are sufficient differences between
these two genospecies in physiological and metabolic traits
to allow their phenotypic identification.

Physiological, biochemical and chemotaxonomic charac-
teristics of strains KMM 3851T and KMM 3842T are given
in Tables 1 and 2, Supplementary Fig. S2 and in the genus
and species descriptions. Strains KMM 3851T and KMM
3842T were Gram-negative, strictly aerobic, oxidase- and
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Fig. 1. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences available from the GenBank/EMBL/DDBJ
databases (accession numbers in parentheses) showing the relationship of isolates KMM 3851T and KMM 3842T and related
genera of the class Alphaproteobacteria. Phylogenetic analysis was performed using the software package MEGA 4 (Tamura
et al., 2007) after multiple alignment of data by CLUSTAL_X (version 1.83; Thompson et al., 1997). Bootstrap values greater than
70 % based on 1000 replications are given at branching points. Bar, 0.01 substitutions per nucleotide position.

Table 1. Differential characteristics of strains KMM 3851T and KMM 3842T and related members of the Alphaproteobacteria

Taxa: 1, KMM 3851T; 2, KMM 3842T; 3, Thalassobacter stenotrophicus (unless indicated, data from Macián et al., 2005); 4, Thalassobacter arenae

(Kim et al., 2009); 5, Jannaschia helgolandensis (Wagner-Döbler et al., 2003); 6, Jannaschia donghaensis (Yoon et al., 2007d); 7, Roseovarius

crassostreae (Boettcher et al., 2005); 8, Pseudoruegeria aquimaris (Yoon et al., 2007c); 9, Sulfitobacter marinus (Yoon et al., 2007b). All bacteria are

negative for gelatin hydrolysis. +, Positive; 2, negative; W, weak reaction; ND, no data available.

Characteristic 1 2 3 4 5 6 7 8 9

Pigmentation* WH GV SP BR WH O PB GY C

Bchl a 2 2 + ND ND 2 2 ND ND

Motility 2 2 + + 2 2 + 2 2

Growth at:

4 uC + + 2 2 2 + 2 2 +

37 uC + W + 2 2 2 + + 2

.37 uC 2 2 2 2 2 2 2 + 2

NaCl range for growth (%) 0.5–8 0.5–6 0.85–7 0.85–8 1–7 ND ND ND ND

Nitrate reduction 2 2 2 2 2 2 + 2 2

H2S production + 2 2 ND ND 2 ND 2 2

D-Glucose assimilation 2 2 +D + + 2 2 + 2

b-Galactosidase + + 2 + ND 2 2 + 2

Hydrolysis of:

Aesculin + + + + 2 2 2 + 2

Tween 80 + 2 2 ND 2 W ND 2 +

Tyrosine + 2 2 W ND 2 ND 2 +

DNA G+C content (mol%) 60.4 58.5 59 56 63.0–63.1 65.2 59 67.0 57.8

*BR, Brown; C, cream; GV, greyish violet; GY, greyish yellow; O, orange; PB, pinkish beige; SP, salmon pink; WH, whitish.

DData from Kim et al. (2009).
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catalase-positive, non-fermentative, heterotrophic, non-
motile and rod-shaped bacteria that were enlarged at one
pole, indicating cell division by budding (Supplementary
Fig. S3). Strains KMM 3842T and KMM 3851T differed
from each other in colony pigmentation, as they formed
greyish-violet and whitish colonies, respectively, when
grown on MA at 4–30 uC. However, strain KMM 3851T

was able to produce diffusible greenish-violet pigment
during cultivation at 35 uC on MA and other media. In
addition, the strains could be distinguished by growth in
8 % NaCl, hydrolysis of Tween 80 and L-tyrosine and H2S
production (Table 1). They also yielded different results in
carbon source assimilation tests (API 32GN): strain KMM
3851T assimilated acetate, D-mannitol, melibiose, pro-
pionic acid, potassium 2-ketogluconate, 3-hydroxybutyric
acid and L-proline, whereas KMM 3842T could not
assimilate any compounds that were included on the API
32GN strip.

The major isoprenoid quinone was determined to be Q-10
in both strains. Polar lipids of both strains consisted of

phosphatidylcholine, phosphatidylethanolamine, phospha-
tidylglycerol and an unknown aminophospholipid. In
addition, strain KMM 3851T contained two unknown
lipids, whereas KMM 3842T contained diphosphatidylgly-
cerol (Supplementary Fig. S2). Fatty acid analysis revealed
C18 : 1v7c and C16 : 0 as dominant components. The
chemotaxonomic properties of strains KMM 3851T and
KMM 3842T (ubiquinone Q-10, the predominance of
C18 : 1v7c and the presence of phosphatidylcholine, phos-
phatidylethanolamine, phosphatidylglycerol) are similar to
those reported for phylogenetically related genera of the
Roseobacter clade. At the same time, strains KMM 3851T

and KMM 3842T differed substantially from their phylo-
genetic relatives in the presence of an unknown aminopho-
spholipid and the absence of 11-methyl C18 : 1v7c, C20 : 1v7c
and C19 : 0 cyclo in their fatty acid and polar lipid profiles
(Table 2).

The DNA G+C contents determined for strains KMM
3851T and KMM 3842T (60.4 and 58.5 mol%, respectively)
were close to the values reported for Thalassobacter

Table 2. Fatty acid and polar lipid compositions of strains KMM 3851T and KMM 3842T and related members of the
Alphaproteobacteria

Taxa: 1, KMM 3851T; 2, KMM 3842T; 3, Thalassobacter arenae (data from Kim et al., 2009); 4, Thalassobacter stenotrophicus (fatty acids, Macián

et al., 2005; polar lipids, Kim et al., 2009); 5, Jannaschia helgolandensis (Wagner-Döbler et al., 2003); 6, Jannaschia donghaensis (Yoon et al., 2007d);

7, Roseovarius crassostreae (Boettcher et al., 2005); 8, Pseudoruegeria aquimaris (Yoon et al., 2007c); 9, Sulfitobacter marinus (Yoon et al., 2007b).

Values for fatty acids are percentages of total fatty acids; 2, not detected. Polar lipids are indicated as present (+) or absent (2). ND, No data

available.

Component 1 2 3 4 5 6 7 8 9

Fatty acids

C10 3-OH 2.2 3.2 3.7 3.2 5.6 1.5 2.1±0.3 2.9 3.6

C12 : 1 3.2 3.0 2 2 4.9 2 2 2 2

C16 : 0 10.3 11.9 10.4 0.4 2 2 3.6±0.9 1.4 8.3

C17 : 0 1.0 2 2 0.3 1.0 1.8 2 0.9 0.7

C18 : 2 2.3 2.8 2 2 2 2 2 2 2

C18 : 1v7c 77.1 65.2 74.3 78.1 45.1 69.2 85.2±1.7 72.9 77.1

11-Methyl C18 : 1v7c 2 2 5.9 7.0 5.7 6.9 0.8±0.2 2.8 6.9

C18 : 0 1.0 1.4 1.2 2.6 10.8 5.2 0.7±0.3 6.6 0.6

C19 : 1 1.3 10.5 2 2 2 2 2 2 2

C19 : 0 2 2 2 2 2 5.9 2 2 2

C19 : 1/C19 : 0 cyclo 2 2 2 1.5 2.9 2 2 2 2

C19 : 0 cyclo v8c 2 2 2 2 2 25.1 2 5.9 2

C20 : 1v7c 2 2 2 1.0 2 2.8 2 0.9 2

Unknown ECL 11.799 2 2 3.0 3.6 2 2.1 2 2.8 2

Polar lipids

Phosphatidylcholine + + + + + + ND 2 ND

Phosphatidylethanolamine + + + + + + ND + ND

Phosphatidylglycerol + + + + + + ND + ND

Diphosphatidylglycerol 2 + + + + 2 ND + ND

Unidentified components

Aminophospholipid(s) + + 2 2 2 2 ND 2 ND

Aminolipid(s) 2 2 2 2 + 2 ND 2 ND

Phospholipid(s) 2 2 2 + 2 2 ND + ND

Lipid(s) + 2 2 2 2 2 ND 2 ND

Glycolipid(s) 2 2 2 2 2 + ND + ND

Litoreibacter gen. nov., with two marine species
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stenotrophicus and Roseovarius crassostreae (both 59 mol%)
and Sulfitobacter marinus (57.8 mol%) and slightly higher
than the value of 56 mol% reported for Thalassobacter
arenae, but were clearly distinct from values reported for
Jannaschia species (63.0–65.2 mol%) and Pseudoruegeria
aquimaris (67.0 mol%) (Table 1).

The phylogenetic distinctiveness found for strains KMM
3851T and KMM 3842T was supported by a combination
of phenotypic characteristics that allowed them to be
differentiated from closely related bacteria. Both isolates
could be distinguished from their closest relative Thalasso-
bacter arenae KACC 12675T in morphological character-
istics, including cell dimensions (0.4–0.6 mm wide and 1.8–
2.0 mm long, against 0.7–1.2 mm wide and 1.2–2.4 mm long
for Thalassobacter arenae), immobility, the presence of
budding cell division, colony pigmentation, growth at 4
and 37 uC and the inability to assimilate D-glucose and
most carbohydrates (Table 1) and in fatty acid and polar
lipid profiles (Table 2). Based on their distinctive pheno-
typic characteristics and phylogenetic distance, strains
KMM 3851T and KMM 3842T are considered to represent
a new genus, Litoreibacter gen. nov., with two novel species,
the type species Litoreibacter albidus sp. nov. (type strain
KMM 3851T) and a second species, Litoreibacter janthinus
sp. nov. (type strain KMM 3842T).

Description of Litoreibacter gen. nov.

Litoreibacter (Li.to.re9i.bac9ter. L. adj. litoreus belonging to
the seashore; N.L. masc. n. bacter a rod; N.L. masc. n.
Litoreibacter rod from the seashore).

Gram-negative, strictly aerobic, oxidase- and catalase-
positive, rod-shaped bacteria that are enlarged at one pole
due to cell division by budding. Chemo-organohetero-
trophic. Sodium ions are essential for growth. The
predominant isoprenoid quinone is Q-10. Polar lipids
include phosphatidylcholine, phosphatidylethanolamine,
phosphatidylglycerol, diphosphatidylglycerol, aminophos-
pholipids and unknown lipids. The major fatty acid is
C18 : 1v7c, followed by C16 : 0. On the basis of 16S rRNA
gene sequence analysis, the genus represents a separate
branch within the Alphaproteobacteria, closely related to
the genera Thalassobacter, Jannaschia and Pseudoruegeria.
Known strains have been isolated from marine environ-
ments. The type species is Litoreibacter albidus.

Description of Litoreibacter albidus sp. nov.

Litoreibacter albidus (al9bi.dus. L. masc. adj. albidus white).

In addition to the properties given in the genus description,
the species is characterized as follows. Cells are 0.4–0.6 mm
in diameter and 1.8–2.0 mm long. Non-motile. Produces
whitish-pigmented, smooth, shiny colonies with regular
edges, 2–3 mm in diameter, on MA. Greenish-violet
diffusible pigment is observed during cultivation at 35 uC.
Bchl a is not produced. Requires NaCl for growth; growth
occurs at 0.5–8 % NaCl (w/v) and is optimal in 2–3 % NaCl

(w/v). Grows in/on basal medium containing NaCl alone
without any of the sea salts components MgCl2, KCl, CaCl2,
NaNO3, K2HPO4, KCl, NaSO4, NaHCO3, NaF and FeSO4.
Psychrotolerant; the temperature range for growth is 4–
37 uC with an optimum at 25–28 uC. No growth is observed
above 37 uC. Grows at pH 6.0–10.0 with an optimum at
pH 7.5–8.5. Negative for hydrolysis of casein, gelatin, DNA,
chitin and starch. Positive for H2S production and
hydrolysis of Tween 80 and L-tyrosine. On L-tyrosine-
containing medium, melanin-like pigments are not pro-
duced but a clearance zone is formed. No acid production
is observed from D-glucose, maltose, sucrose, lactose,
D-galactose, D-mannose, cellobiose, D-xylose, L-arabinose,
L-rhamnose, D-sorbitol or D-mannitol. In API 20NE tests,
positive for b-galactosidase (PNPG test) and aesculin
hydrolysis and negative for nitrate reduction, indole
production, glucose acidification under anaerobic condi-
tions, gelatin hydrolysis, arginine dihydrolase, urease
and assimilation of D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetylglucosamine, maltose, D-gluconate,
caprate, adipate, L-malate, citrate and phenylacetate. In
ID32 GN tests, assimilates sodium acetate, D-mannitol,
melibiose, propionic acid, potassium 2-ketogluconate,
3-hydroxybutyric acid and L-proline and does not assimilate
L-rhamnose, N-acetylglucosamine, D-ribose, inositol, suc-
rose, maltose, itaconic acid, suberic acid, sodium malonate,
lactic acid, L-alanine, potassium 5-ketogluconate, glycogen,
3-hydroxybenzoic acid, L-serine, D-glucose, salicin, L-fucose,
D-sorbitol, L-arabinose, capric acid, valeric acid, trisodium
citrate, L-histidine or 4-hydroxybenzoic acid. In API ZYM
tests, positive for alkaline phosphatase, esterase (C4),
esterase lipase (C8), leucine arylamidase, acid phosphatase
and naphthol-AS-BI-phosphohydrolase and negative for
lipase (C14), valine arylamidase, cystine arylamidase,
trypsin, a-chymotrypsin, N-acetyl-b-glucosaminidase,
a-galactosidase, b-galactosidase, a-glucosidase, b-glucuroni-
dase, b-glucosidase, a-mannosidase and a-fucosidase. The
detailed compositions of fatty acids and polar lipids are
given in Table 2. Susceptible to (mg per disc unless indicated)
ampicillin (10), benzylpenicillin (10 U), carbenicillin (100),
gentamicin (10), rifampicin (5), streptomycin (30), vanco-
mycin (30), kanamycin (30), nalidixic acid (30), ofloxacin
(5), polymyxin (300 U), oxacillin (10), erythromycin (15),
cephazolin (30), cephalexin (30), tetracycline (30) and
chloramphenicol (30) and resistant to lincomycin (15),
neomycin (30) and oleandomycin (15). The DNA G+C
content of the type strain is 60.4 mol% (thermal denatura-
tion method).

The type strain is KMM 3851T (5NRIC 0773T 5JCM
16493T), isolated from the internal tissues of a marine snail
specimen (Umbonium costatum) collected from shallow
sediments of the Sea of Japan, Russia.

Description of Litoreibacter janthinus sp. nov.

Litoreibacter janthinus (jan9thi.nus. L. masc. adj. janthinus
violet–blue).

L. A. Romanenko and others
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In addition to the properties given in the genus descrip-
tion, the species is characterized as follows. Cells are 0.4–
0.6 mm in diameter and 1.8–2.0 mm long. Non-motile.
Produces greyish-violet-pigmented colonies with regular
edges, 2–3 mm in diameter, on MA. Bchl a is not
produced. Requires NaCl for growth; growth occurs at
0.5–6 % NaCl (w/v) and is optimal in 2–3 % NaCl (w/v).
Grows in/on basal medium containing NaCl alone without
any of the sea salts components MgCl2, KCl, CaCl2,
NaNO3, K2HPO4, KCl, NaSO4, NaHCO3, NaF and FeSO4.
Psychrotolerant; temperature range for growth is 4–37 uC,
with an optimum at 25–28 uC. No growth is observed
above 37 uC. Grows at pH 6.0–10.0, with an optimum at
pH 7.0–8.5. Negative for H2S production and hydrolysis of
casein, gelatin, DNA, Tween 80, chitin, starch and L-
tyrosine. On L-tyrosine-containing medium, melanin-like
pigments and clearance zones are not produced. No acid
production from D-glucose, maltose, sucrose, lactose,
D-galactose, D-mannose, cellobiose, D-xylose, L-arabinose,
L-rhamnose, D-sorbitol or D-mannitol. In API 20NE tests,
positive for gelatin hydrolysis and b-galactosidase (PNPG
test) and negative for nitrate reduction, indole production,
glucose acidification under anaerobic conditions, arginine
dihydrolase, urease production, gelatin hydrolysis and
assimilation of D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetylglucosamine, maltose, D-gluconate,
caprate, adipate, L-malate, citrate and phenylacetate. In
ID32 GN tests, does not assimilate L-rhamnose,
N-acetylglucosamine, D-ribose, inositol, sucrose, maltose,
itaconic acid, suberic acid, sodium malonate, sodium
acetate, lactic acid, L-alanine, potassium 5-ketogluconate,
glycogen, 3-hydroxybenzoic acid, L-serine, D-mannitol,
D-glucose, salicin, melibiose, L-fucose, D-sorbitol, L-arabi-
nose, propionic acid, capric acid, valeric acid, trisodium
citrate, L-histidine, potassium 2-ketogluconate, 3-hydroxy-
butyric acid, 4-hydroxybenzoic acid or L-proline. In API
ZYM tests, positive for alkaline phosphatase, esterase lipase
(C8), leucine arylamidase, valine arylamidase, acid phos-
phatase, a-glucosidase and b-glucosidase, weakly positive
for naphthol-AS-BI-phosphohydrolase and negative for
esterase (C4), lipase (C14), trypsin, a-chymotrypsin,
cystine arylamidase, N-acetyl-b-glucosaminidase, a-galac-
tosidase, b-galactosidase, b-glucuronidase, a-mannosidase
and a-fucosidase. Susceptible to (mg per disc unless
indicated) ampicillin (10), benzylpenicillin (10 U), carben-
icillin (100), gentamicin (10), lincomycin (15), oleando-
mycin (15), rifampicin (5), streptomycin (30), vancomycin
(30), kanamycin (30), nalidixic acid (30), neomycin (30),
ofloxacin (5), polymyxin (300 U), erythromycin (15),
cephazolin (30), cephalexin (30), chloramphenicol (30),
oxacillin (10) and tetracycline (30). Detailed fatty acid and
polar lipid compositions are listed in Table 2. The DNA
G+C content of the type strain is 58.5 mol% (thermal
denaturation method).

The type strain, KMM 3842T (5NRIC 0772T 5JCM
16492T), was isolated from a shallow sediment sample
collected from the Sea of Japan, Russia.
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