The Journal of Microbiology (2012) Vol. 50, No. 5, pp. 888—892

Copyright (©) 2012, The Microbiological Society of Korea

DOI 10.1007/s12275-012-2447-0

Winogradskyella jejuensis sp. nov., a Marine Bacterium Isolated from

a Brown Alga Carpopeltis affinis

Ji-Young Kim and Duck-Chul Oh*

Department of Biology, Jeju National University, Jeju 690-756, Republic
of Korea

(Received August 21, 2012 / Accepted September 30, 2012)

A Gram-negative, orange-pigmented, rod-shaped bacterium,
designated strain CP32" was isolated from a brown alga
Carpopeltis affinis collected on the coast of Jeju Island,
Republic of Korea. The isolate grew at 10-37°C (optimum
25°C) and at pH 6.5-9.5 (optimum pH 7.0). The 16S rRNA
gene sequence of the isolate showed much similarity with
the type strains of recognized species of the genus Winog-
radskyella (94.0-96.6%). The most closely related species were
Winogradskyella echinorum KMM 6211", Winogradskyella
ulvae KMM 6390", Winogradskyella thalassocola KMM
3907", Winogradskyella poriferorum UST030701-295", and
Winogradskyella eximia KMM 3944". The major respira-
tory quinone was menaquinone-6 (MK-6) and the predom-
inant cellular fatty acids were iso-Cis1 G (24.8%), is0-Cis,
(23.4%), and iso-C;7,93-OH (11.6 %). The DNA G+C content
was 33.3 mol%. The polar lipid profile was composed of
phosphatidylethanolamine, two aminolipids, and five un-
known lipids. On the basis of phenotypic features, and the
result of 16S rRNA gene sequence analysis, strain CP32"
(=KCTC 23835" =JCM 18454") represents a novel species of
the genus Winogradskyella, for which the name Winograd-
skyella jejuensis sp. nov. is proposed.

Keywords: Flavobacteriaceae, Winogradskyella jejuensis sp.
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The genus Winogradskyella, a member of the family Flavo-
bacteriaceae (Bernardet et al., 2002; Bernardet, 2011) of the
phylum Bacteroidetes, was established by Nedashkovskaya
et al. (2005) with the description of three species, Winograd-
skyella thalassocola, Winogradskyella epiphytica, Winograd-
skyella eximia. At the time of writing the manuscript, the
Winogradskyella genus comprised 9 species : W. poriferorum
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The GenBank/EMBL/DDB] accession number of the 16S rRNA gene se-
quence of strain CP32" is JF820844.

(Lau et al., 2005), W. echinorum (Nedashkovskaya et al., 2009),
W. arenosi (Romanenko et al., 2009), W. rapida (Pinhassi et
al., 2009), W. pacifica (Kim and Nedashkovskaya, 2010), W.
exilis (Ivanova et al., 2010), W. lutea (Yoon et al., 2011), W.
aquimaris (Lee et al., 2012), and W. ulvae (Nedashkovskaya
et al., 2012). Members of the genus Winogradskyella have
been isolated from seaweeds, marine animals, and the ma-
rine environment.

While screening bacterial isolates from brown alga Carpo-
peltis affinis collected from Jeju Island in the Republic of
Korea, a novel strain of the genus Winogradskyella was iso-
lated, and was taxonomically characterized using a polyphasic
approach. The alga was homogenized with sterile seawater,
and the homogenate was spread onto marine agar 2216
(MA; Difco, USA) using a dilution-plating technique. After
incubation for 7days at 25°C, the purified colonies were
preserved in a glycerol solution (20%, w/v) at -70°C and were
identified tentatively by partial 16S rRNA gene sequences.
Strain CP32" has been deposited in the Korea Collection for
Type Culture (KCTC) and Japan Collection of Microor-
ganisms (JCM).

The 16S rRNA gene was amplified from genomic DNA
using bacterial universal 27F and 1522R primers (Weisburg
et al., 1991). The PCR product was purified using a QIAquick
PCR purification kit (QIAGEN, USA) and the PCR prod-
uct was sequenced by Genotech (Korea). A full sequence of
the 16S rRNA gene was compiled using SeqMan software
(DNASTAR, USA). Sequences of related taxa were obtained
from the GenBank database and EzTaxon server (Chun et
al., 2007). Multiple alignments were performed using the
CLUSTAL X version 1.83 program (Thompson et al., 1997)
and gaps were excluded by using the BioEdit program (Hall,
1999). A phylogenetic tree was constructed by using the
neighbor-joining (Saitou and Nei, 1987), maximum likelihood
(Felsenstein, 1981), and maximum parsimony (Kluge and
Farris, 1969) algorithms contained in MEGA version 5.0
(Tamura et al., 2011). Bootstrap analysis based on 1,000 re-
samplings was used to evaluate the reliability of tree top-
ology (Felsenstein, 1985).

Gram staining was performed using the Gram stain kit (BD,
USA) according to the manufacturer’s instructions. Cell mor-
phology was examined by using light microscopy (Nikon,
Japan) and scanning electron microscopy (SEC, Korea).
Growth at 4, 10, 15, 20, 25, 30, 37, 40, and 45°C was meas-
ured on MA. The pH range for growth was investigated on
MA adjusted to pH 4.0-11.0 in increments of 0.5 pH units
using 1 M HCI or 1 M NaOH. Salt tolerance was tested by



incubation for 7 days on Zobell agar medium (Zobell, 1941;
5 g Bacto peptone, 1 g yeast extract, 0.1 g ferric citrate and
15 g Bacto agar in 1 L distilled water) supplemented with
1-10% (w/v) NaCl. Catalase activity was observed by bubble
production in a 3% solution (v/v) of hydrogen peroxide, and
oxidase activity was determined by the oxidation of 1% (w/v)
tetramethyl p-phenylenediamine (Merck, USA). Hydrolysis
of casein, carboxymethylcellulose, starch, as well as Tween
20, 40, 60, and 80 was performed on MA using the methods
of Smibert and Krieg (1994). DNase activity was examined
using DNase test agar (Difco, USA) with methyl green.
Anaerobic growth was investigated using incubation in the
AnaeroPack system (Oxoid, UK) for 4 weeks at 25°C on MA.

Other physiological and biochemical tests were carried
out using the API 20E, API 20NE, and API ZYM test kits
(bioMerieux, UK) and Biolog GN2 (Biolog, USA) according
to the manufacturer’s instructions. Susceptibility to anti-
biotics was tested on MA plates using antibiotic discs (BBL,
USA) containing the following: ampicillin (10 pg), cepha-
lothin (30 pg), chloramphenicol (30 pg), gentamicin (10 ug),
erythromycin (15 pg), kanamycin (30 pg), lincomycin (2 pg),
neomycin (30 pg), novobiocin (30 pg), penicillin G (10 IU),
polymyxin B (300 IU), streptomycin (10 pg), and tetracy-
cline (30 pug).

Fatty acid methyl esters were prepared according to the
standard protocol of the Sherlock Microbial Identification
System (MIDI; version 6.1; TSBAG library) (Sasser, 1990) and
were analyzed by gas chromatography (Agilent, USA). For
fatty acid analysis, the CP32" strain and the type strains of
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related Winogradskyella species were grown on MA at 25°C
for 3 days. The major respiratory quinones were analyzed
by the Korean Culture Center of Microorganisms (KCCM;
Republic of Korea), using reverse-phase HPLC (Tamaoka
and Komagata, 1984). Total genomic DNA was extracted and
purified according to the method of Marmur (1961). The
G+C content of the DNA was determined by the thermal
denaturation method (Tm) with Escherichia coli K-12 used
as the control (Marmur and Doty, 1962). Polar lipids were
extracted according to the procedure described by Minnikin
et al. (1984) and were analyzed by two-dimensional thin-
layer chromatography (TLC) with the appropriate detection
reagents (Minnikin et al., 1984; Komagata and Suzuk1 1987).
The 16S rRNA gene sequence of strain CP32" contained a
continuous stretch of 1,441 nucleotides, and was deposited
in GenBank under the accession number JF820844. The 16S
rRNA sequence similarities using the EzTaxon database
(Chun et al., 2007) showed that strain CP32T was closely re-
lated to the genus Winogradskyella. Strain CP32" exhibited
16S rRNA gene sequence similarity values of 96.6, 96.5,
96.0, 95 9, and 95.8% to Wmogradskyella echinorum KMM
6211", Winogradskyella ulvae KMM 6390, Winogradskyella
thalassocola KMM 3907, Wmogmdskyella poriferorum
UST030701-295", and Wmogradskyella eximia KMM 3944"
respectively. Levels of 16S rRNA gene sequence similarity
between the isolate and the other Winogradskyella species
and related taxa were below 96.6%. In a neighbor-joining
phyl %genetic tree based on 16S rRNA gene sequences, strain
CP32" was positioned at the foot of the cluster comprising
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Fig. 1. Neighbor-joining phylogenetic
tree, based on 16S rRNA gene sequences
showing the relationships of strain CP32"

with Winogradskyella species and other
representative members of the family
Flavobacteriaceae. Black circles indicate
that the corresponding branches were
recovered in both the maximum parsi-
mony tree and the maximum likelihood
tree. GenBank accession nos. are given
in parentheses. Bootstrap value (>70%)
based on 1,000 replications are shown at
branch nodes Flavobacterium aquatile
ATCC 11947 was used as an out-group.
Bar, 0.01 changes per nucleotide posi-
tion.
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Table 1. Differential characteristics among strain CP32" and closely related type strains of genus Winogradskyella
Strains: 1, W. jejuensis CP32"; 2, W. echinorum KCTC 22026"; 3, W. ulvae KCTC 23626 *; 4. W. thalasscola KCTC 12221%; 5, W. poriferorum JCM 12885";
6, W. eximia KCTC 12219". +, Positive; -, negative. All strains were positive for catalase, but negative for H,S production.

Characteristic 1 2

3 4 5 6

Pigmentation

Growth at/ with
37°C + +
8% NaCl - -

Acetoin production - -

Orange Yellow

Hydrolysis of:
Aesculin + +
Agar - -
Casein +
DNA -
Starch + -
Tween 20 -
Tween 40 -
Tween 80 - -

+ +

Acid formation from:
Cellobiose - -
D-Glucose - -
Mannitol - -
Sucrose - -

Utilization of :

D-Glucose - +
D-Mannose -

Mannitol -

Sucrose - -
Susceptibility to:

Ampicillin

Licomycin

Penicillin G

Tetracycline

DNA G+C content (mol%) 3

3 33.6"

e

Yellow Yellow Yellow Yellow

+ + +

.
i
.
+ + + + + + +

+ o+ o+ o+
+ 4+ o+
+ o+ o+ o+
+

34.2° 34.6" 36.1° 32.8°

* DNA G+C content data from Nedashkovskaya et al.

species of the genus Winogradskyella with a bootstrap value
of 99% (Fig. 1). In the phylogenetic trees reconstructed using
both maximum-likelihood and maximum-parsimony algo-
rithms, strain CP32" fell under the clade encompassed by
the genus Winogradskyella.

Strain CP32" was orange-colored with a shiny surface when
routinely cultured on MA at 25°C. It was a Gram-negative,
aerobic, and rod-shaped bacterium, and was able to grow at
temperatures of 10-37°C and in the presence of 1-3% NaCl.
Optimum growth occurs at 20-25°C and pH 7.0. The strain
is positive for oxidase and catalase activities. The phenotypic
and biochemical characteristics that differentiate the strain
CP32" from related Winogradskyella species are listed in
Table 1.

Profiling of cellular fatty acids revealed that the major fatty
acid components of this novel bacterium were iso-C;s.; G
(248%), iSO-Cls;o (234%), iSO-C17;0 3-OH (112%), iSO-C16;0
3-OH (7.7%), Summed feature 3 (Ci¢.; w6c and/or Cyg.; w7¢)
(6.6%), and iso-Cis 3-OH (6.1%). This fatty acid profile was
similar to those of Winogradskyella type strains, although
there were differences in the values and presence/absence
of some fatty acids (Table 2). The composition of fatty acids
of strain CP32" was similar to those of W. poriferorum

2005, 2009, 2012) and Lau et al. (2005).

UST030701-295", and the other type strains of different
species did not have is0-Cis1 G and summed feature 9
(Ci60 10-methyl and/or iso Ci7.; w9c¢).

AL1
& PE
AL2

o

LS

Fig. 2. Two dimensional thin-layer chromatogram sprayed with mo-
lybdatophosphoric acid reagent to identify total polar lipids of strain
CP32". PE, phosphatidylethanolamine; AL 1-2, unknown aminolipids; L
1-4, unknown lipids.
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Table 2. Cellular fatty acid profiles of strain CP32" and the closely related type strains of genus Winogradskyella

Strains: 1, W. jejuensis CP32"; 2, W. echinorum KCTC 22026"; 3, W. ulvae KCTC 23626'; 4, W. thalasscola KCTC 12221%; 5, W. poriferorum JCM 12885";
6, W. eximia KCTC 12219". All data were obtained during this study from cultures on MA at 25°C for 3 days. Fatty acids that account for less than 0.5% of
the total fatty acids in all strains were excluded. tr, trace amount (<1%); -, Not detected.

Fatty acid 1 2 3 4 5 6
is0-Ci40 2.1 1.2 tr 1.6 3.2 4.2
Cia0 tr tr tr tr tr 1.2
is0-Ci5: G 24.8 21.4 22.6 20.8 28.3 10.2
anteiso-Cisq A 2.0 34 2.3 4.9 1.4 1.6
iso-Cisg 234 27.0 27.1 14.5 17.1 22.5
anteiso-Cis, 2.7 6.4 8.4 8.3 1.2 4.4
Cis1 W6C - - - 3.2 - 1.1
is0-Cys 3-OH 6.1 9.7 8.1 9.1 6.2 4.4
Cis02-OH tr 1.0 1.1 2.1 2.5 tr
Cis0 3-OH tr tr - 14 tr -
Ciso 2.1 3.7 5.5 7.1 11.1 4.4
is0-Ci61 G 1.9 tr - - 2.5
is0-Ci61 H - - 1.4 2.2 - 7.5
i80-Cig0 2.2 tr 1.1 tr 3.1 5.5
Ciso 1.3 2.4 1.2 1.2 1.1 2.0
iso-Cie0 3-OH 7.7 3.4 4.0 7.8 5.0 14.4
Cis0 3-OH 2.8 tr - tr tr 1.6
is0-C,7, 3-OH 11.2 8.9 6.2 7.1 5.8 4.9
Cy702-OH tr 1.5 1.2 14 - 1.1
Summed feature 3° 6.6 6.0 6.0 45 10.2 6.5
Summed feature 9° - 1.6 2.0 1.5 - 1.1

* Summed feature 3 comprised Cs,; w6c and/or Cis; w7¢; Summed feature 9 comprised Cigo 10-methyl and/or iso Cy7,; w9c.

Strain CP32" contained menaquinone-6 (MK-6) as the pre-
dominant respiratory quinone, which is common to members
of the family Flavobacteriaceae (Bernardet and Nakagawa,
2006). The G+C content of the genomic DNA was 33.3 mol%,
which was within the range described for members of the
genus Winogradskyella (30.1-36.3 mol%). Strain CP32" con-
tained phosphatidylethanolamine (PE), unknown amino-
lipids (AL1-AL2), and unknown lipids (L1-L5) (Fig. 2). The
polar lipid profile of strain CP32" was typical of genus Wino-
gradskyella with respect to the presence of phosphatidyletha-
nolamine as the major component. The polar lipid content
of strain CP32" was similar to that of W. echinorum KMM
62117, W. ulvae KMM 6390", and W. thalassocola KMM
3907", but was distinguishable from those of reference strains
by the absence of the unknown lipids (L2-L5).

Because strain CP32" had a relatively low 16S rRNA gene
sequence similarity (<97%) to the closely related species of
the genus Winogradskyella, and represented a distinct phy-
logenetic position within the genus Winogradskyella, DNA-
DNA hybridization experiments were not performed (Stac-
kebrandt and Goebel, 1994).

Based on phenotypic distinctness and the result of the 16S
rRNA gene sequence analysis, strain CP32" is considered
to represent a novel species of the genus Winogradskyella,
for which the name Winogradskyella jejuensis sp. nov. is
proposed.

Description of Winogradskyella jejuensis sp. nov.

Winogradskyella jejuensis (je.ju.en’sis. N.L. fem. adj. jejuensis
referring to Jeju, from where the new species was isolated,
Republic of Korea)

Cells are Gram-negative, aerobic, straight or slightly curved
rods 0.2-0.3 pm wide and 1.8-4.3 um long. Colonies on MA
are round, 1-1.5 mm in diameter and are orange pigmented
with a shiny surface. Grows at 10-37°C, but not at 45°C, and
in pH 6-9. Optimum growth occurs at 20-25°C and pH 7.0.
Sodium ions are required for growth. Grows on supple-
mented NaCl to 1-3% (w/v). Aesculin, casein, gelatin, and
starch are degraded, but cellulose, Tweens 20, 40, 60, and
80 are not. Citrate is not utilized. Nitrate is reduced to ni-
trite, and acetoin, indole and H,S production are negative.

The following compounds are utilized as sole carbon sour-
ces: dextrin, I-erythritol, D-galactose, gentiobiose, a-D-glu-
cose-1-phophate, glucuronamide, D-glucuronic acid, glycerol,
m-inositol, 2-keto-D-gluconic acid, lactulose, a-methyl-D-
galactoside, D-psicose, D-xylose, succinamic acid, and uri-
dine. In the API ZYM system, alkaline phosphatase, esterase
(C4), esterase lipase (C8), cystine-, valine-, and leucine ar-
ylamidases, a-chymotrypsin, trypsin, acid phosphatase, na-
phthol-AS-BI-phosphohydrolase activities are present, but
lipase (C14), a-galactosidase and a-glucosidase, 3-glucur-
onidase, p-glucosidase, N-acetyl-p-glucosaminidase, a-man-
nosidase, and a-fucosidase activities are absent.

Susceptible to ampicillin (1 pg), cephalothin (30 pg), chlor-
amphenicol (30 pg), erythromycin (15 pg), licomycin (2 pg),
novobiocin (30 ug), penicillin G (10 IU), and tetracycline
(30 ug). Resistant to gentamycin (10 pg), kanamycin (30 pg),
neomycin (30 pg), polymyxin B (300 IU), and streptomycin
(10 pg). The major fatty acids were iso-Cis,1 G, is0-Cisy, is0-
C17;0 3-OH, iSO-ClG;O 3-OH, and iSO-Cls;() 3-OH. The DNA
G+C content is 33.3 mol% and the major respiratory qui-
none is menaquinone-6. The polar lipids are phosphatidy-
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lethanolamine (PE), unknown aminolipids (AL1-AL2), and
unknown lipids (L1-L5).

The type strain, CP32" (= KCTC 23835" = JCM 18454"),
was isolated from brown alga Carpopeltis affinis collected
along coast of Jeju Island, Republic of Korea.
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