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Echinimonas agarilytica gen. nov., sp. nov., a new
gammaproteobacterium isolated from the sea
urchin Strongylocentrotus intermedius
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Abstract A novel Gram-negative, facultatively
anaerobic and motile bacterial strain, designated
KMM 63517, was isolated from the sea urchin Strong-
vlocentrotus intermedius and examined using a poly-
phasic taxonomic approach. A phylogenetic analysis
based on 16S rRNA gene sequencing revealed that the
strain formed a distinct phyletic line in the class
Gammaproteobacteria and was most closely related to
the genera Aliivibrio, Photobacterium and Vibrio. Strain
KMM 63517 grows at 440 °C and with 0.5-12 %
NaCl and decomposes aesculin, agar, gelatin, starch,
chitin and DNA. The DNA G4-C content of the strain
was determined to be 46.1 mol%. The prevalent fatty
acids were found to be Cy¢4.9, C13.1 @7¢, Cq2.0 3-OH and
summed feature 3 (comprising C,6.; ®w7c and/or iso-
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Cis,o 2-OH fatty acids). The major polar lipids
were determined to be diphosphatidylglycerol, phos-
phatidylglycerol, phosphatidylethanolamine and an
unidentified aminolipid. The predominant ubiquinone
was found to be Q-8. The results of the phenotypic,
chemotaxonomic and genotypic analyses clearly indi-
cated that the novel strain should be assigned to a new
genus and species within the class y-Proteobacteria for
which the name Echinimonas agarilytica gen. nov., sp.
nov. is proposed. The type strain is KMM 63517
(=KCTC 22996" = LMG 25420").
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Introduction

The microbial communities associated with sea urchins
are characterized by high phylogenetic and functional
diversity but they have been very poorly studied until
recently. In the course of an exploration of bacteria
isolated from the digestive tract of the sea urchin
Paracentrotus lividus collected from the Aegean Sea
using the 16S rRNA gene sequence technique, Meziti
et al. (2007) found phylotypes affiliated with the phyla
Actinobacteria, Bacteroidetes, Fusobacteria, Proteobac-
teria and Verrucomicrobia. Most of the isolates were
facultatively anaerobic organisms and belonged to the
y- and J-classes of the phylum Proteobacteria. Phylo-
types P151 and P152 were closely related to members of
the genus Vibrio and phylotype P159 had 97 % 16S
rRNA gene sequence similarity to Photobacterium
lipolyticum isolated from the Yellow Sea (Yoon et al.
2005). During a survey of the taxonomic composition
of the bacterial community of the edible sea urchin
Strongylocentrotus intermedius, a common inhabitant of
the Sea of Japan, we isolated several novel Bacteroidetes
that had yet to be assigned to known taxa. Using 16S
rRNA gene sequencing allowed us to identify the isolates
as members of the novel genera Echinicola, Gramella
and Mariniflexile and a new species of the genus
Roseivirga (Nedashkovskaya et al. 2005a, b; 2006a, b).
Later, representatives of the phyla Firmicutes and
Proteobacteria, Bacillus berkeleyi and ‘Altererythrob-
acter troitsensis’, that were associated with this animal
were also proposed (Nedashkovskaya et al. 2012a, b).
In the present work, we report the phenotypic,
genotypic and phylogenetic characterization of a Gram-
negative, facultatively anaerobic, whitish, motile and
agarolytic bacterium, designated strain KMM 63517,
which was recovered from the sea urchin S. intermedius
during a survey of the biodiversity of microbial commu-
nities of marine invertebrates. The detail taxonomic
analysis based on a polyphasic approach indicated that this
marine isolate represents a novel genus and species within
the class y-Proteobacteria for which the name Echini-
monas agarilytica gen. nov., sp. nov. is proposed here.

Materials and methods
Isolation and cultivation

Strain KMM 63517 was isolated from a sea urchin S.
intermedius collected in September 2002 at the G.B.
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Marine Experimental Station, Troitza Bay, Gulf of
Peter the Great, Sea of Japan (also known as the East
Sea) by a standard dilution plating method. The
sample of tissues (5 g) was homogenized in 10 ml
sterile seawater in a glass homogenizer and 0.1 ml
homogenate was spread onto marine agar 2216 (MA,
Difco) plates. The novel isolate was obtained from a
single colony after incubation of the plate at 28 °C for
7 days. After primary isolation and purification, the
strain was cultivated at 28 °C on the same medium and
stored at —80 °C in marine broth (Difco) supple-
mented with 20 % (v/v) glycerol.

16S rRNA gene sequencing and phylogenetic
analysis

Bacterial DNA was isolated using a Genomic DNA
Purification Kit (Fermentas, EU). The DNA concen-
tration was determined by agarose gel electrophoresis.
PCR amplification of the 16S rRNA gene was
performed using the universal primers BF-20 (5'-ATC
ACGCGTAAAAATCT-3') and BR2-22 (5'-CCGCA
ATATCATTGGTGGT-3'). The expected amplicon
size was about 1,500 bp. PCR was done with GoTaq
DNA polymerase (Promega) in 50 pl at 95 °C for
5 min followed by 25 rounds of thermal cycling
(94 °Cfor 20 s, 55 °Cfor20 sand 72 °C for40 s)ina
GeneAmp® PCR System 2700 thermocycler (Applied
Biosystems). PCR products were evaluatedona 1.5 %
agarose gel stained with ethidium bromide. Unincor-
porated primers and dNTPs were removed from PCR
products with a Silica Bead DNA Gel Extraction Kit
(Fermentas, EU). Purified DNA was sequenced on an
ABI 3130XL automated sequencer (Applied Biosys-
tems) using the Big Dye v.3.1 sequencing Kkit.
Nucleotide sequence data from forward- and reverse-
strand chromatograms were assembled into single
contiguous sequences using the Vector NTI Advance
9.1.0 software. The obtained sequences were aligned
with those of representative members of selected
genera of the class y-Proteobacteria by using PHY-
DIT version 3.2 (http://plaza.snu.ac.kr/ ~jchun/
phydit/). Phylogenetic trees were inferred by using
suitable programs of the PHYLIP package (Felsenstein
1993). Phylogenetic distances were calculated from the
Jukes—Cantor model (Jukes and Cantor 1969) and the
trees were constructed on the basis of the neighbour-
joining (Saitou and Nei 1987) and maximum-likelihood


http://plaza.snu.ac.kr/~jchun/phydit/
http://plaza.snu.ac.kr/~jchun/phydit/

Antonie van Leeuwenhoek (2013) 103:69-77

71

(Felsenstein 1993) algorithms. A bootstrap analysis
was performed with 1,000 resampled datasets by using
the SEQBOOT and CONSENSE programs of the
PHYLIP package. Pairwise sequence similarities were
calculated using EzTaxon-e server (Kim et al. 2012).

Mol% G+C determination

Genomic DNA was prepared from cells cultivated on
MA for 24-48 h at 25 °C and extracted by following
the DNA-extraction protocol of Pitcher et al. (1989),
as modified by Leisner et al. (2002). The DNA G+C
content was determined using the HPLC method of
Mesbah et al. (1989).

Whole cell polar lipid, fatty acid and lipoquinone
composition

For determination of whole-cell fatty acid and polar
lipid profiles, strain KMM 63517, Aliivibrio fisheri
LMG 4414" and Vibrio proteolyticus CCUG 203027
were grown for 24 h on MA. Cellular fatty acid methyl
esters were prepared according to the standard protocol
of the Microbial Identification System (MIDI, version
3.5; Sasser 1990) and analysed using a GC-17A
chromatograph (Shimadzu, Japan) equipped with a
fused silica capillary column (30 m x 0.25 mm)
coated with Supercowax-10 and SPB-5 phases (Supe-
Ico, USA) at 210 °C. FAMEs were identified using
equivalent chain length measurements and by com-
paring of retention times those of authentic standards.
FAMEs were also analysed by GC-MS (Shimadzu
QP5050A) equipped with an MDN-5S capillary col-
umn (30 m x 0.25 mm) at temperature of the injector
and detector of 250 °C. Polar lipids were determined
by TLC as described by Minnikin et al. (1977).

The isoprenoid quinone composition of strain KMM
63517 was characterized by HPLC (Shimadzu LC-
10A) using a reversed-phase type Supelcosil LC-18
column (15 cm x 4.6 mm) and acetonitrile/2-propa-
nol (65:35, v/v) as a mobile phase at a flow rate of
0.5 ml min~'. The column was kept at 40 °C. Men-
aquinones were detected by monitoring at 270 nm.

Morphological, physiological and biochemical
tests

Cell morphology was examined by light microscopy
(Olympus CX41) and transmission electron

microscopy (Libra 120; Carl Zeiss) using cells growing
for 24,48,72 and 96 h on MA at 28 °C. Gram-staining
was done as described by Gerhardt et al. (1994).
Oxidative or fermentative utilization of glucose was
determined on Hugh and Leifson’s medium modified
for marine bacteria (Lemos et al. 1985). Catalase
activity was tested by addition of 3 % (v/v) H,O,
solution to a bacterial colony and observation for the
appearance of gas. Oxidase activity was determined by
assessing the oxidation of tetramethyl-p-phenylenedi-
amine. Degradation of agar, starch, casein, gelatin,
chitin, DNA and urea, growth at different pH and
production of acid from carbohydrates, hydrolysis of
Tweens 20, 40 and 80, nitrate reduction, produc-
tion of hydrogen sulphide, acetoin (Voges-Proskauer
reaction) and indole and presence of f-galactosidase
activity were tested according to standard methods
(Gerhardt et al. 1994). The temperature range for
growth was assessed in MA. Tolerance to NaCl was
assessed in medium A containing 2 g Tryptic Soy
Broth (Sigma), 1.5 g Bacto Peptone (Difco), 1.5 g
Meat Peptone (Difco), 1 g Bacto Yeast Extract (Dif-
co), 5 g MgS0,4-7H,0, 1.3 g CaCl,-2H,0, 0.6 g KCI
and 0.1 g ferric ammonium citrate prepared with
distilled water with 0, 0.5, 1, 2, 3,4, 5, 6, 8, 10, 12 and
15 % (w/v) of NaCl. Physiological and biochemical
properties of strain KMM 63517 were also tested using
API 20E, API 20 NE, API 50 CH and API ZYM
galleries (bioMérieux) according to the manufacturer’s
instructions, except that the temperature of incubation
was 30 °C. Carbon source utilization was tested
(1) using commercial API 20E, API 20 NE, API 32
GN and API 50CH (bioMérieux) identification strips
following the instructions of the manufacturer, and (ii)
using a medium that contained 0.2 g NaNO;, 0.2 g
NH,4CI, 0.05 g Yeast Extract (Difco) and 0.4 % (w/v)
carbon source per liter of artificial seawater as
described by Suzuki et al. (2001). Susceptibility to
antibiotics was examined by the routine diffusion plate
method. Discs were impregnated with the following
antibiotics: ampicillin (10 pg), benzylpenicillin (10 U),
carbenicillin (100 pg), cefalexin (30 pg), cefazolin
(30 pg), chloramphenicol (30 pg), erythromycin (15 pg),
doxycycline (10 pg), gentamicin (10 pg), kanamycin
(30 pg), lincomycin (15 pg), oleandomycin (15 pg), nali-
dixic acid (30 pg), neomycin (30 pg), ofloxacin (5 pg),
oxacillin (10 pg), polymyxin B (300 U), rifampicin (5 pg),
streptomycin (30 pg), tetracycline (5 pg) and vancomycin
(30 pg).
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Results and discussion
Molecular phylogenetic analysis

An almost-complete 16S rRNA gene sequence of
strain KMM 63517 was determined (GenBank/
EMBL/DDBJ accession number JX072970). Initially,
the sequence was compared with those available in
GenBank. Phylogenetic analysis revealed that the
novel isolate belonged to the phylum Proteobacteria
and formed a novel and robust evolutionary lineage
adjacent to the family Vibrionaceae within the class
y-Proteobacteria (Fig. 1). The nearest neighbours
of the strain were marine bacteria r61 (accession
number AB470941) and j221 (accession number
EUS513001), isolated from the coral Montipora and
seawater collected from an aquaculture area, respec-
tively, with 96 % 16S rRNA gene sequence identity,
according to the BLAST database search. Strain
KMM 63517 was closely related to recognized
members of the genera Aliivibrio (90.6-91.3 %
sequence similarity), Photobacterium (90.6-92.3 %)
and Vibrio (90.6-91.9 %). The values of 16S rRNA
gene sequence similarities between the sea urchin
isolate and other validly named representatives of the
class y-Proteobacteria were <90 %. There is thus
sufficient molecular distinctiveness to support a
suggestion to classify strain KMM 63517 in a new
genus and species.

Mol% G+C determination

The DNA G+C content of strain KMM 63517 was
determined to be 46.1 mol%.

Chemotaxonomic characterization

The prevalent fatty acids of strain KMM 63517 were
found to be C16:O (265 %), ClS:l w7c (182 %), C12:0
3-OH (6.7 %) and summed feature 3 (comprising
Ci6:1 @7c and/or is0-C,5.¢ 2-OH fatty acids as defined
by the MIDI system; 39.2 %). The presence of Cj¢.,
Cig.1 w7c and Cy4.; w7c and/or is0-C;s.9 2-OH fatty
acids is characteristic for all strains included in this
study (Table 1) but strain KMM 63517 differed from
Photobacterium phosphoreum LMG 4233T by the
presence of fatty acid Cy4.; w5c and the absence of
Cis.0 and Cg.o fatty acids; the Cy4.; w5c fatty acid
found in the novel isolate was not present in Vibrio
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proteolyticus CCUG 20302". Also, there were signif-
icant differences in the proportions of some fatty acids
between strain KMM 63517 and its closest phyloge-
netic neighbours (Table 1). The distinctiveness in the
fatty acid composition of strain KMM 63517 con-
firmed that it could be considered as the representive
of a novel genus and species of the class y-Proteo-
bacteria. The polar lipid profile of the novel strain was
found to be composed of diphosphatidylglycerol,
phosphatidylglycerol, phosphatidylethanolamine and
an unidentified aminolipid which in line with the
reference strains (Fig. 2). The sole respiratory quinone
of the isolate was determined to be ubiquinone 8§,
which is in agreement with the ubiquinone patterns
reported for the type species of the genus Photobac-
terium (Kim et al. 2010).

Morphological, physiological and biochemical
characteristics

The physiological and biochemical characteristics of
strain KMM 63517 are given in the generic and species
descriptions and Table 2. The isolate was observed to
be a rod-shaped, motile, facultatively anaerobic and
oxidase-positive organism. The novel strain can be
clearly distinguished from its closest relatives by the
ability to grow at up to 12 % NaCl, to hydrolyse agar,
to produce acid from L-arabinose, lactose, melibiose,
L-rhamnose and xylose and to utilize inositol. It differs
from the type strain of P. phosphoreum in the absence
of f-galactosidase and caseinase activities, the hydro-
lysis of gelatin, Tweens 20, 40 and 80 and DNA and by
growth at 40 °C. Other phenotypic characteristics that
differentiate the isolate from its nearest neighbours are
shown in Table 2.

Polyphasic taxonomic conclusion

Phylogenetic analyses based on the 16S rRNA gene
sequences of members of the class y-Proteobacteria
indicated that strain KMM 63517 forms a distinct
lineage clearly separated from those of the family
Vibrionaceae and other related families (Fig. 1). There-
fore, it can be proposed that this strain is a family-level
taxon in the class y-Proteobacteria. However, a com-
plete polyphasic taxonomic analysis of a single strain is
not suitable for the description of a new family. The
above-mentioned sufficient molecular distinctiveness
taken together with differences in physiological and
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Echinimonas agarilytica KMM 63517 (JX072970)
65 Photobacterium angustum ATCC 25915" (D25307)
EPhotobacterium kishitanii pjapo.1.17 (AY341439)
100" photobacterium phosphoreum ATCC 11040" (X74687)
100 Photobacterium profundum DSJ4" (D21226)

— Photobacterium indicum MBIC 31577 (AB016982)
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Pseudomonas aeruginosa DSM 500717 (X06684)

65

9
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100{

100,
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* — Aliivibrio wodanis NV 88/4417 (AJ132227)

Aliivibrio logei NCIMB 22527 (AJ437616)
Vibrio cholerae CECT 514" (X76337)
Vibrio jasicida TCFB 07727 (AB562589)

Vibrio communis R-40496" (GU078672)
100*84’ Vibrio owensii DY05™ (GU018180)
Vibrio maritimus R-40493" (GU929925)

92 Vibrio proteolyticus CIP 1028927 (X74723)

—— “Photobacterium atrarenae” M3-4 (HM452945)

99 Salinivibrio costicola ATCC 355087 (X74699)
o @vibrio norvegicus LMG 19839" (AJ316208)
Grimontia hollisae LMG 177197 (AJ514909)

Oceanisphaera ostreae T-w6' (HQ340607)
100 97EOceeznisphazera donghaensis BL1T (DQ190441)

10 0EAliivibrio fischeri ATCC 7744 (AY341436)
5

* N Oceanisphaera litoralis DSM 15406" (AJ550470)
97 Oceanisphaera arctica VV1-417 (FN377705)
Zobellella denitrificans ZD1" (DQ195675)
Oceanimonas doudoroffii MBIC 12987 (AB019390)
Oceanimonas smirnovii 31-13"7 (AY538714)
798|:Aeromonas hydrophila ATCC 7966 (X60404)

: Tolumonas auensis DSM 91877 (CP001616)

100, Thalassomonas agariperforans M-M1T (HM237288)
75 Thalassomonas viridans XOM25" (AJ294748)

10 Oli Idiomarina abyssalis KM227" (AF052740)
§2|i Idiomarina aestuarii KYW314" (FJ768737)

Idiomarina taiwanensis PIT1T (DQ118948)

0.1

Fig. 1 Neighbour-joining phylogenetic tree based on 16S
rRNA gene sequences showing the phylogenetic position of
E. agarilytica gen. nov., sp. nov. KMM 63517 and related

biochemical characteristics and in polar lipid and fatty
acid compositions strongly suggest the separate taxo-
nomic status of the novel strain. On the basis of the
combined phylogenetic, genotypic, chemotaxonomic

members of the class y-Proteobacteria. Bootstrap values is
based on 1,000 replications. Bar 0.01 substitutions per nucle-
otide position

and phenotypic data presented here, we suggest that
strain KMM 63517 should be classified as a represen-
tative of a novel genus and species within the class
y-Proteobacteria.
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Table 1 Cellular fatty acid contents of E. agarilytica gen.
nov., sp. nov. and related taxa of the family Vibrionaceae

Fatty acid 1 2 3 4
Cia0 tr 2.0 4.8 1.2
Cis0 2.1 3.8 4.3 4.0
Ci4.1 w5¢ 3.3 tr - -
180-Cy5.0 tr - - 1.0
Ciso - 1.0 2.6 1.7
180-C6.0 - - - 2.0
Cig:0 26.5 21.7 17.6 30.8
Cig:1 W5C 1.2 6.8 - -
180-C17.9 - - - 1.5
Ci7.0 tr tr - 1.6
Cig.0 tr tr 3.0 1.3
Cis.1 w7¢ 18.2 14.6 4.0 19.1
Ci2.0-30H 6.7 4.8 2.7 3.0
Ci4.0-30H 1.0 5.0 3.1 5.0

Summed feature 3 39.2 44.4 50.7 26.9

Strains: 1, Echinimonas agarilytica gen. nov., sp. nov. KMM
63517, 2, Aliivibrio fisheri LMG 4414T; 3. Photobacterium
phosphoreum LMG 4233%; 4, Vibrio proteolyticum CCUG
203027, All data from this study except for 3 (data from
Yoshizawa et al. 2009)

Values are percentages of total fatty acids; those fatty acids for
which the mean amount in all taxa was <1 % are not given. An
amount of the predominant fatty acids are shown by a bold font

Summed feature 3 consists of the following fatty acids which
could not be separated by the microbial identification system:
one or more of C4.;@w7c and is0-Cys.9 2-OH

— Not detected, tr trace amount (<1 %)

&

(a) (b)
DPG PG
Ist ’ 1st
PG . PE
AL @

— = 2nd

Fig. 2 Thin-layer chromatogram sprayed with molybdatophos-
phoric acid reagent showing the polar lipid profiles of strain
KMM 63517 (a), Aliivibrio fisheri LMG 4414T (b), and Vibrio
proteolyticum CCUG 203027 (¢) following separation by
two-dimensional TLC. Solvent systems: (I) chloroform—
methanol-water (65:25:4, v/v/v.); (I) chloroform-acetic
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Description of Echinimonas gen. nov

Echinimonas (E.chi.ni.mo’nas. L. masc. n. echinus,
sea urchin; L. fem. n. monas, a unit, monad; N.L.
fem. n. Echinimonas, monad isolated from a sea
urchin).

Cells are Gram-negative, facultatively anaerobic,
chemoheterotrophic, non-endospore-forming, rod-shaped
and motile. Moderately halophilic. Positive for catalase
and oxidase activities. The prevalent fatty acids are Cyg.0,
Cig:1 w7c, Cia,9 3-OH and summed feature 3 (comprising
Ci6:1 w7c and/or is0-C;s.o 2-OH fatty acids as defined by
the MIDI system). The predomonant ubiquinone is Q-8.
The polar lipid pattern consists of diphosphatidylglycerol,
phosphatidylglycerol, phosphatidylethanolamine and an
unidentified aminolipid. The DNA G+C content of
the type strain of the type species is 46.1 mol% (as
determined by HPLC). Phylogenetically, the genus
belongs to the phylum Proteobacteria, the class
y-Proteobacteria. The type species is E. agarilytica.

Description of Echinimonas agarilytica sp. nov

Echinimonas agarilytica (a.ga.ri.ly’ti.ca. N.L. neut. n.
agarum, agar; N.L. masc. adj. Iyticus (from Gr. masc.
adj. lutikos), able to loosen, able to dissolve; N.L.
masc. adj. agarilytica, agar-dissolving).

Exhibits the following properties in addition to
those given for the genus. Cells are 0.4-0.6 pm in

p- ¥
()
PE !
» DPG ’PE
Ist PG‘ p
: A

L

= 2nd

acid—methanol-water (80:15:12:4, v/v/v/v.). For detection of
the polar lipids, phosphomolybdic acid (for PG, DPG, PE and
AL) and ninhydrin (PE and AL) were applied. AL unidentified
aminolipid, DPG diphosphatidylglycerol, PG phosphatidyl-
glycerol, PE phosphatidylethanolamine, AL aminolipid
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Table 2 Phenotypic characteristics, differentiating strain Table 2 continued
KMM 63517 from its closest relatives —
Characteristic 1 2 3 4
Characteristic 1 2 3 4
Benzylpenicillin + - - -
p-Galactosidase - - + - Oxacillin + - - 4
H,S production + + + - Doxycycline, kanamycin, neomycin, - + 4+ +
Indole production - - - + streptomycin
Acetoin production + - + + Nalidixic acid + - 4+ +
Growth at 40 °C + - - + Oleandomycin - - 4+ -
With 12 % NaCl + - - - Tetracycline - - 4+ +
Hydrolysis of Cefazolin + - 4+ -
Agar + - - - Vancomycin + + + -
Casein - -+t Strains: 1, Echinimonas agarilytica gen. nov., sp. nov. KMM
Gelatin e 63517, 2, Aliivibrio fisheri LMG 44147, 3, Photobacterium
Starch + o+ 4+ o+ phosphoreunm LMG 4233"; 4, Vibrio proteolyticus CCUG
Tween 20 L4 - 4 20392T. All strai'ns were positive fqr the following Fests:
motility; flagellation; presence of oxidase, catalase, nitrate
Tween 40 + - -+ reductase, alkaline phosphatase, esterase (C4), esterase lipase
Tween 80 + - - + (C8), leucine arylamidase, acid phosphatase activities; suscep-
Chitin + - 4+ - tibility to carbenicillin, cefalexin, chloramphenicol, erythro-
U mycin, gentamicin, ofloxacin, polymixin and rifampicin. All
rea -t - - strains were negative for the following tests: presence of
DNA + + = + B-glucuronidase, a-glucosidase, f-glucosidase, a-mannosidase
Acid production from and a-fucosidase activities; acid production from raffinose
Arabinose, lactose, melibiose, rhamnose, 4+ - - = + Positive reaction, — negative reaction
xylose
Cellobiose + + - +
Galactose + + + - diameter and 1.2-2.4 pm in length, motile by means of
Fructose, glucose, maltose, mannose, + 4+ 4+ + subpolar flagella. On MA, colonies are 2-3 mm in
N-acetylglucosamine diameter, circular, with entire edges, shiny, whitish
Ribose, glycerol -+ + + and sunken into the agar. Production of diffusible
Sucrose -+ + - dark-grey pigment is observed after 72 h of incubation
Mannitol + - - + on MA agar at 28 °C. The salinity optimum is 4 %
Utilization of NaCl. Growth occurs at 4-40 °C (optimum, 28-32
Arabinose + + - - °C), at pH 5.5-10.0 (optimum, pH 7.5), and with
Lactose, sucrose + + + - 0.5-12 % NaCl (optimum, 4 %). Arginine dihydro-
Glucose, mannose, rhamnose + 4+ 4+ + lase, lysine decarboxylase, ornithine decarboxylase
Citrate, malonate - - - - and tryptophan deaminase activities are absent.
Inositol + - - = D-Glucose is fermented without production of gas.
Mannitol, sorbitol 4+ - - ¥ Aesculin, agar, gelatin, starch, Tweens 20, 40 and 80,
Enzyme activity chitin and DNA are hydrolysed but casein and urea are
Naphthol-AS-BI-phosphohydrolase + o+ o+ o+ not. Acid is produced from L-arabinose, cellobiose,
Valine arylamidase + - - 4 p-fructose, p-galactose, p-glucose, p-lactose, maltose,
Cysteine arylamidase - 4+ - ¥ mannose, melibiose, L-rhamnose, xylose, N-acetylglu-
N-acetylglucosaminidase -+ o+ o+ cosamine and mannitol but not from raffinose, ribose,
a-Galactosidase - 4+ - sucrose, glycerol or amygdalin. Sucrose, inositol,
Lipase (C14), trypsin, o-chymotrypsin - g mannitol and sorbitol are utilized but adipate, caprate,
Susceptibility to citrate, g.lu.conate, malate, malonate or phenylaceta.lte
Ampicillin Lo 44 are.n.ot utilized. In the API 50 CH gallery, only aes.c.ulm,
Lincomycin o4 o4 salicin and potassium 5-ketogluconate are utilized.

None of substrates of the API 32GN gallery are utilized.
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In the API ZYM gallery, alkaline phosphatase, esterase
(C4), esterase lipase (C8), leucine arylamidase, valine
arylamidase, acid phosphatase and naphtol-AS-BI-
phosphohydrolase activities are present; but lipase
(C14), cysteine arylamidase, trypsin, o-chymotrypsin,
o-galactosidase, f-galactosidase, f-glucuronidase,
o- glucosidase, f-glucosidase, N-acetyl-f-glucosamin-
idase, o-mannosidase and o-fucosidase activities are
absent. Nitrate is reduced. Hydrogen sulphide and
acetoin are produced but indole is not. The DNA G+C
content of the type strain is 46.1 mol%.

The type strain, KMM 63517 (=KCTC
22996" = LMG 254207), was isolated from the sea
urchin S. intermedius collected from the Troitsa Bay,
Sea of Japan. The GenBank/EMBL/DDBJ accession
number for 16S rRNA gene sequence of strain KMM
63517 is JX072970.
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