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A bacterial strain, designated EC11" was isolated from brown
alga Ecklonia cava collected from Jeju Island, Korea. EC11"
was identified as a Gram-negative, rod- shaped and yellow-
pigmented bacterial strain. The strain EC11" grew over a
temperature range of 10°C to 30°C (optimally at 25°C), and
a pH range of 6.0-10.5 (optimally at pH 7.5). Phylogenetic
analysis based on 16S rRNA gene sequences showed that
stram EC11" belongs to the genus Flavobacterium. Strain
EC11" shared close similarity with Flavobacterium j ]umunjz—
nense HME7102" (96.4%), Flavobacterium dongtanense LW30"
(95.8%), Flavobacterium haoranii LQY-7" (95.3%), and
Flavobacterium urocaniciphilum (95.1%). The major fatty
acids (> 5%) were iso-Cy79 3-OH (22.4%), iso-Cys0 3-OH
(19.0%), Cis0 (12.4%), summed feature 3 (comprising Cie.
w7¢/ Ci1 w6¢; 9.78%), is0-Ci5.1 G (9.6%), and iso-Cig 3-OH
(9.0%). The DNA G+C content was 28.1 mol% and the
strain contained MK-6 as the predominant menaquinone.
The major polar lipids were phosphatidylethanolamine,
two unknown aminolipids and three unknown polar lipids.
Based on phenotypic, chemotaxonomic and phylogenetic
analysis, strain EC1 1" represents a novel species of the Flavo-
bacterium genus, for which the name Flavobacterium j ]e]ue11515
sp. nov. is proposed The type strain of F. jejuensis is EC11"
(=KCTC 42149" = JCM 30735").
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Introduction

The genus Flavobacterium, a member of the family Flavobac-
teriaceae in the phylum Bacteroidetes, was first proposed by
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Bergey et al. (1923) and emended by Bernardet et al. (1996),
Dong et al. (2013), and Kang et al. (2013). Members of this
genus have been reported from wide range of habitats, such
as sea water (Yoon et al., 2011; Bhumika et al., 2013; Song et
al., 2013), freshwater (Subhash ef al., 2013; Kim et al., 2014),
marine sediment (Fu et al., 2011; Kaur et al., 2012), marine
alga (Miyashita et al., 2010; Nedashkovskaya et al., 2014), hu-
man clinical specimens (Holmes et al., 1984) and soil (Weon
et al., 2007; Kim et al., 2013; Ao et al., 2014; Ngo et al., 2015).
Flavobacterium strains are Gram-negative, aerobic, non-
motile or with gliding motility, non-spore-forming, yellow-
pigmented, and rod shaped bacteria with menaquinone-6
(MK-6) as the major or sole respiratory quinone (Bergey et
al., 1923; Bernardet and Bowman, 2011). Species of the genus
Flavobacterium have a DNA G+C content of 30-52 mol%
(Bernardet and Bowman, 2006; Kuo et al., 2013).

Materials and Methods

Bacterial strains

Strain EC11" was isolated from the marine brown alga
Ecklonia cava collected on Jeju Island (South Korea), using
the standard dilution plating method. The alga sample was
serially diluted (10-fold dilutions) using sterile 0.85% (w/v)
NaCl solution and 0.1 ml aliquots of each dilution were
spread onto R2A agar plates (leco) followed by incubation
for 7 days at 25°C. Isolated EC11" was routinely cultivated
on R2A agar at 25°C and preserved as a glycerol suspension
(20%, v/v, glycerol in water) at -80°C. Flavobacterium jumun-
]mense KCTC 23618", Flavobacterium dongtanense KACC
15621" and Flavobacterzum haoranii KCTC 23008", were ob-
tained from Korean Collection for Type Cultures (KCTC)
and Korean Agricultural Culture Collection (KACC) and
used as reference strains.

Morphology and physiological characteristics

The cell morphology of strain EC11" was observed by light mi-
croscopy (Nikon) and scanning electron microscopy (SUPRA
55VP, ZEISS) with cells grown for 3 days at 25°C on R2A
agar. Gram staining was performed using the Gram Stain Kit
(BD Science), according to the manufacturer’s instructions.
Gliding motility was determined on R2A broth containing
0.5% agar, as described by Bowman (2000). Anaerobic growth
was determined in an anaerobic jar with the AnaeroPack
(Oxoid) on R2A agar at 25°C for 4 weeks The temperature
and pH range for growth of strain EC11" were tested on R2A
agar at 5-45°C (5, 10 15, 20, 25, 30, 35, 37, 40, and 45°C)
and in R2A broth at pH 4.0-11.0 (intervals of 0.5 pH unit)



for up to 2 weeks. The pH was adjusted prior to sterilization
by the addition of sodium acetate/acetic acid and Na,COs.
Salt tolerance was investigated on R2A agar containing var-
ious concentrations of NaCl (0-7%, w/v) at 1% intervals and
25°C. Catalase activity was tested by observing bubble pro-
duction in a 3% (v/v) hydrogen peroxide solution. Oxidase
activity was determined using 1% (w/v) tetramethyl p-phe-
nylenediamine (bioMérieux). The hydrolysis of starch (3%),
casein (1%), Tween 20, 40, 60, and 80 (1%), cellulose (1%)
and DNA (1%) were tested after containing on R2A agar.
These biochemical tests were performed using the API 20NE
and API ZYM tests (bioMérieux), following the manufac-
turer’s instructions.

Phylogenetic analysis

Genomic DNA from strain EC11" was extracted and puri-
fied according to Wilson (1987). The 16S rRNA gene was
amplified by PCR using universal 27F and 1522R primers
(Weisburg et al., 1991). The PCR product was then cloned

Table 1. Blochemlcal characteristics of strain EC11" and related type strains
Strains: 1, ECll 2, E. jumunjinense KCTC 23618"; 3, F. dongtanense
KACC 15621"; 4, F. haoranii KCTC23008". All data were obtained in
this study. +, positive; -, negative. All strains are gram-negative, motile
by gliding. All strain were positive for gelatin, alkaline phosphatase, es-
terase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase,
cysteine arylamidase, trypsin, acid phosphatase and Naphthol-AS-BI-phos-
phohydrolase. All strains were negative for indole production, glucose
fermentation, arginine dihydrolase, urease, 3-galactosidase, D-arabinose,
D-mannitol, caprate, citrate, phenylacetate, lipase (C14), a-galactosidase,
B-glucuronidase, B-glucosidase, N-acetyl-B-glucosamidase, a-mannosidase
and a-fucosidase.

Characteristic 1 2 3 4
Growth at 37°C - - + +
NaCl tolerance (%) 0-5 0-3 0-3 0-2
Nitrate reduction + - - -
Catalase + + -

Oxidase + + - +
Hydrolysis of :
Cellulose + - - -
DNA 1 - - 1F
STA (Starch) - - +
CAS (casein) + + + -
Tween 20 = -
Tween 80 - - + +
Assimilation of:
D-Glucose + + -
D-Mannose + - +
N-Acetyl-D-glucos- + - -
amine
D-maltose + + +
Gluconate - + - +
Adipate + + +
Malate - + - -
Enzyme activities:
a-Chymotrypsin + + -
a-Glucosidase + -
B-Glucosidase + - - +
G+C mol% 28.1 36.5° 30 34¢

Data from “Joung et al. (2013); ®Xiao et al. (2011); ¢Zhang et al. (2010).
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using the TOPO Cloning Kit (Invitrogen) and sequenced by
Genotech. The complete 16S rRNA gene sequence (1,431 bp)
was compiled with SeqMan software (DNAstar). Similarity
searches were performed using the BLAST program (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) and EzTaxon-e server (http://
eztaxon-e.ezbiocloud.net/; Kim et al., 2012). Multiple se-
quence alignments were performed using the CLUSTAL X
program, version 1.83 (Thompson et al., 1997) and gaps were
edited in the BioEdit program (Hall, 1999). Phylogenetic
analysis was performed using the software package MEGA
version 6.0 (Tamura et al., 2013). Phylogenetic trees were
reconstructed using the neighbor-joining (Saitou and Nei,
1987), maximum-parsimony (Kluge and Farris, 1969), and
maximum-likelihood (Felsenstein, 1981) methods. The top-
ology of the tree was evaluated by performing a bootstrap
analysis (Felsenstein, 1985), based on 1,000 replications.

Chemotaxonomy

For cellular fatty acid analysis, cells of strain EC11" and three
reference strains were grown at 25°C on R2A agar. After 3
days of growth, fatty acids were extracted, methylated ac-
cording to the standard protocol of the Sherlock Microbial
Identification System (MIDI; version 6.0), analyzed by gas
chromatography (GC 7890A; Agilent), and then identified
using the TSBA6 library (Sasser, 1990). The polar lipids of
strain EC11" were extracted according to the procedure de-
scribed by Minnikin et al. (1984) and analyzed by 2-dimen-
sional thin-layer chromatography (TLC; Minnikin et al.,
1984; Komagata and Suzuki, 1987). The polar lipid pattern
was determined by comparing results following staining with
the molybdophosphoric acid, ninhydrin, Zinzadze and a-
naphthol. To determine the G+C DNA content, genomic
DNA was extracted as described (Marmur, 1961) from cells
that had been cultured on R2A agar for 3 days at 25°C and
analyzed by the thermal denaturation method (Tm), with
Escherichia coli K-12 used as the control (Marmur and Doty,
1962).

Results and Discussion

Morphology and physiological characteristics

Strain EC11" cells were Gram-negative, aerobic rods (0.2-0.3
pum X 1.3-3.4 pm), and exhibited gliding motility. The col-
onies were bright yellow, circular, smooth, translucent, and
1-2 mm in diameter after growth for 3 days at 25°C on R2A
agar. Growth occurred at 10-30°C (optimum 25°C) and pH
6.0-10.5 (optimum 7.5). Growth occurred over a range of
0-5% NaCl (w/v), with optimal growth occurring in the
absence of NaCl. The morphological, physiological and bio-
chemical characteristics are noted below in the species des-
cription, and comparison with type strains of other Flavo-
bacterium species is presented in Table 1.

Phylogenetic analysis
The 16S rRNA gene sequence of strain EC11" showed the
highest similarity to F jumunjinense HME7102" (96 4%),

F. dongtanense LW30" (95.8%), F. haoranii LQY-7" (95.3%),
and F. urocaniciphilum (95.1%). Phylogenetic analysis based
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Fig. 1. Phylogenetic tree based on 16S rRNA
gene sequences of strain EC11" and other
related taxa. GenBank accession numbers
are given in parentheses. Bootstrap value
(>50%) based on 1,000 replications are
shown. Filled circles indicate that the cor-
responding nodes were also recovered in
the trees generated with the maximum-like-
lihood and maximum-parsimony algorlthms
Cryomorphaignava ACAM 647" was used
as an out-group. Bar, 0.02 nucleotide sub-
stitutions per nucleotide position.

Flavobacterium filum EMB34" (DQ372981)

4

Flavob m tile ATCC 119477 (M62797)
Flavobacterium cheniaeNJ-267 (EF407880)
10— Flavobactenium cucumisR2A45-37 (EF126993)
- Flavobactenum temgena DS-207 (DQ889724)

Flavobacterium macrobrachiian-8" (FJ593904)
Flavobacteriumterrae R2A1-13" (EF117329)

Flavobactenum columnare IFO 159437 (AB078047)
“| —————————— Flavobactenum sunchecnense GH29-57(DQ222428)
™ b Flavobactenium saliperosum AS 1.38017 (DQ021903)
FlavobactenumfontisMIC30107T (JN873147)
- Flavobactenum ceeni LM5T (EU313814)

63 Filavob rium jejuensisEC11" (KJ957195)

B

A L Flavobact m jumunyji

rse HMET102" (JF317279)
L— Flavobacterium dongtanense LW30' (GU073293)

& ‘[7 Flavobactenum urocaniciphilumYIT 127487 (AB795015)

I_:Frambammmm'mmsprsmmg (HE774682)
51 Flavobacterium haoraniLQY-7" (GQ988780)

| Flavobacterium beibuense F44-87 (GQ245972)
T‘? Flavobactenum rivuliWB 3.3-27 (AM934661)
w Flavobactenum subsaxonicum WB 4.1-427 (AM934666)

on 16S rRNA gene sequences usmg the neighbor-joining
algorithm showed that strain EC11" formed a phyletic line-
age distinct from other members of the genus Flavobacterium
(Fig. 1). The isolate formed a new phyletlc line closely asso-
ciated with F. jumunjinense HME7102", a result that is sup-
ported by all tree-making algorithms and by a 63% bootstrap
value. The same relationship was also found in trees recons-
tructed using the maximum-parsimony and maximum-like-
lihood algorithms.

Chemotaxonomy

The major fatty acids (>5% of the total fatty acids) of strain
EC11" were is0-Ci703-OH (22.4%), iso-Cis0 3-OH (19.0%),
Cis:0(12.4%), Sum Feature 3 (comprising Cie.1 w7c/ Cie1 w6¢;

9.8%), 1s0-Ci5.1 G (9.6%), and iso-Cis.0 3-OH (9. 0%) (Table 2).
The major Fatty acid composition of strain EC11 was highly
similar to that of F. jumunjinense HME7102", with minor
differences in their respective proportions. The fatty acid

Myroides profundiD25" (EU204978)
Cryomorphaignava ACAMB47T (AF170738)

profile of strain EC11" differs from those of other Flavobac-
terium species by having larger proportions of Summed
Feature 3 (comprising Ci1 w7¢/ Cis1 w6c; 9.8%).

The polar lipid profile consisted of phosphatidylethanol-
amine (PE), two unknown aminolipids (ALl and AL2), and
three unknown polar lipids (L1-L3; Fig. 2). They all contained
phosphatidylethanolamine (PE), an unknown aminolipids
(AL) and unknown polar lipids. PE is present in many spe-
cies of the genus Flavobacterzum (Ngo et al., 2015). The polar
lipid profile of strain EC11" was very similar to those of the
reference stralns F. jumunjinense HME7102 F. dongta-
nense LW30", and F. haoranii LQY-7", but could be differ-
entiated by the presence of absence of several other polar.
The major respiratory quinone of the EC11" strain was me-
naquinone-6 (MK6), which is also true of all other mem-
bers of the genus Flavobacterium. The G+C content of the
genomic DNA was found to be 28.1 mol%, which is lower
than the corresponding values reported for the most closely



Table 2. Cellular fatty acid profiles of strain EC11" and type strains of re-
lated species. Strains: 1, EC11%; 2, F. jumunjinense KCTC 23618"; 3, F.
dongtanense KACC 15621"; 4, F. haoranii KCTC 23008". All data were
obtained in this study. -, not detected; TR, trace amount (<0.5%). All
strains were incubated on R2A agar plate at 30°C for 3 days. Fatty acids
that accounted for <0.5% of the total fatty acids in all strains were
omitted.

Fatty acid 1 2 3 4
Saturated
Ciso - 0.2 1.8 0.7
Hydroxylated
Cis0 2-OH 2.2 TR 0.9 TR
Ci503-OH 2.2 0.9 0.6 2.2
Ci603-OH TR TR 1.0 0.96
Ci702-OH 1.2 TR 0.9 TR
Ci703-OH 1.2 TR 0.5 0.6
is0-Ci403-OH 1.0 TR 0.8 1.5
is0-Cis50 3-OH 19.0 22,5 7.0 39
i50-Ci603-OH 9.0 1.8 24 8.6
is0-Ci703-OH 224 21.9 10.1 5.1
Branched
iSO-C13;0 = 2.1 TR 0.7
is0-Ci40 = 1.5 0.9 7.8
i50-Cis0 124 19.6 29.2 23.4
i50-Ci51: G 9.6 10.7 16.2 16.8
i50-Cigo 2.2 0.5 6.8 10.8
i50-Ci61 G - - - 2.5
iSO-C15;1 H = 1.8 2.3 =
anteiso-Cis 1.4 1.3 4.4 6.2
anteiso-Cis1 A TR - 1.3 1.2
Unsaturated
C15;1 w6C 2.3 5.1 0.7 1.5
Ci7:1 w6¢ 1.0 TR TR TR
Summed features
3 9.8 1.7 1.7 0.8
6 1.2 0.6 - -
9 0.7 3.4 7.9 0.6

* Summed features were represent when two or three fatty acids that cannot be sep-
arated by MIDI system. Summed features 3, Ci¢1 w7¢/ Cie1 w6c; Summed features 6,
Cio1 w1lc/ Croq w9c; Summed features 9, iso-Ci71 w9c.
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Fig. 2. Two dimensional thin-layer chromatogram of total polar lipids of
strain EC11". Total polar lipids were spray with molybdophosphoric acid
reagent. PE, phosphatidylethanolamine; AL1-2, unknown aminolipids; L
1-3, unknown lipids.
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related genera (30-52 mol%) (Bernardet and Bowman, 2006;
Kuo et al., 2013), as shown in Table 1.

Taxonomic conclusion

Based on the phenotypic, phylogenetic, biochemical, and
chemotaxonomic prc%perties observed, strain EC11" (=KCTC
42149" =JCM 30735") represents a new species in the genus
Flavobacterium for which the name Flavobacterium jejuensis
sp. nov., is proposed.

Description of Flavobacterium jejuensis sp. nov.

Flavobacterium jejuensis (je.ju.en’sis.N.L. fem. adj. jejuensis
referring to Jeju Island in the Republic of Korea, where the
type strain was isolated).

Strain EC11" are Gram-negative, motile by gliding, aero-
bic, and rod-shaped, approximately 0.19-0.29 um wide and
1.31-3.39 pum long. Colonies were bright yellow, circular,
smooth, and translucent after 3 day of incubation at 25°C
on R2A agar. Growth occurs at 10-30°C (optimum temper-
ature, 25°C), pH 6.0-10.5 (optimum pH, 7.5). Growth was
observed at 0-5% NaCl (w/v). Oxidase and catalase activities
are positive. Hydrolyses aesculin, gelatin, casein, cellulose,
and DNA, but not hydrolyses starch, Tween 20, 40, 60, and
80. Nitrate reduction is positive, but negative for indole
production, D-glucose fermentation, arginine dihydrolase,
urease, and -galactosidase activities. D-glucose, D-mannose,
D-maltose and adipate is assimilated, but D-arabinose, D-
mannitol, N-acetyl-D-glucosamine, gluconate, caprate, ma-
late, citrate, and phenylacetate is not. In ZYM testing, alka-
line phosphatase, esterase (C4), esterase lipase (C8), leucine
arylamidase, valine arylamidase, cysteine arylamidase, tryp-
sin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-pho-
sphohydrolase, a-glucosidase, and p-glucosidase are present,
but lipase (C14), a-galactosidase, p-galactosidase, -glucu-
ronidase, D-acetyl-p-glucosamidase, a-mannosidase and a-
ucosidase are absent. The main fatty acids (>5%) of strain
EC11" are iso-Cizg 3-OH (22.4%), iso-Ciso 3-OH (19.0%),
Cis0 (12.4%), ummed feature 3 (comprising Cie1 w7¢/ Ciea
(U6C; 9.8%), iSO—C15;1 G (9.6%), and isO—C16;0 3-OH (90%)
The polar lipids profile consisted of were phosphatidyle-
thanolamine, two unknown aminolipids and three unknown
polar lipids. Menaquinone-6 is the predominant quinone.
The G+C content is 28.1 mol%.

The type strain, EC11" (=KCTC 42149" =JCM 30735"), was
isolated from marine brown alga Ecklonia cava in the Jeju
Island, Republic of Korea.

The NCBI GenBank/EMBL/DDB]J accession number for
the 165 rRNA gene sequence of strain EC11" is KJ957195.
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