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Abstract A novel Gram-negative, aerobic, yellowpigmented, non-motile and rod-shaped bacterium,
designated as THG-SM1T, was isolated from field
soil collected from Suwon, South Korea. The strain
was found to grow optimally at 28 °C, at pH 7.0 and in
the absence of NaCl. Based on 16S rRNA gene
sequence similarities, strain THG-SM1T belongs to
the genus Flavobacterium and is most closely related
to Flavobacterium terrae KACC 11731T, followed by
Flavobacterium columnare KACC 11683T and
Flavobacterium enshiense KCTC 23775T. The DNA
G?C content of the novel isolate was determined to be
38.5 mol%. In DNA–DNA hybridization tests, the
DNA relatedness between strain THG-SM1T and its

closest phylogenetic neighbour F. terrae was below
50 %. Flexirubin-type pigments were found to be
present. The major polar lipid and isoprenoid quinone
were phosphatidylethanolamine and menaquinone 6
(MK-6), respectively. The main cellular fatty acids
were identified as iso-C15:1G, iso-C15:0 3OH, iso-C16:0
and iso-C15:0. The DNA–DNA hybridization result
and differentiating chemotaxonomic and phenotypic
characteristics showed that strain THG-SM1T represents a novel species of the genus Flavobacterium, for
which the name Flavobacterium vireti sp. nov. is
proposed. The type strain is THG-SM1T (=KACC
18371T = CCTCC AB2014312T).
Keywords Flavobacterium vireti  16S rRNA 
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Introduction
The genus Flavobacterium was proposed by Bergey
et al. (1923); the description of the genus has been
revised by Bernardet et al. (1996), Dong et al. (2013)
and Kang et al. (2013). The genus Flavobacterium
belongs to the family Flavobacteriaceae within the
phylum Bacteriodetes. The membership of the genus
has been growing rapidly, as many novel species have
been reported in recent years. The common characteristics of the members of the genus are Gramnegative, rod-shaped, aerobic, non-motile or motile by
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gliding. Flagella have not been reported so far.
Flexirubin-type pigments are produced. Their DNA
G?C contents are in the range of 30–41 mol%
(Bernardet and Bowman 2011; Xu et al. 2011), except
for that of Flavobacterium caeni (52 mol%) (Liu et al.
2010). Members of the genus have menaquinone-6
(MK-6) as the predominant isoprenoid quinone and
most of the members contain iso-C15:0 as a major fatty
acid. The major polar lipid shown by most of the
members of the genus is phosphatidylethanolamine
(Park et al. 2006, 2007; Ryu et al. 2007, 2008; Sheu
et al. 2011). Members of this genus have been reported
from a wide range of environments such as soil (Kim
et al. 2006; Yoon et al. 2006, 2007; Weon et al. 2007;
Yang et al. 2011), sediments, freshwater, seawater,
glaciers, microbial mats and deceased fish (Bernardet
and Bowman 2011). Flavobacterium species have
been reported to produce a variety of enzymes (Aslam
et al. 2005; Park et al. 2006, 2007; Ryu et al. 2007; Liu
et al. 2010). Some Flavobacterium species have also
been reported play a key role in the uptake of organic
matter from aquatic environments and degradation of
dissolved organic material and biopolymers such as
complex polysaccharides (Kirchman 2002; Bernardet
and Bowman 2011). Some species of Flavobacterium
are important fish pathogens (Frerichs and Roberts
1989; Noga 2000). In particular, Flavobacterium
columnare is the etiological agent of columnaris
disease, a common bacterial disease affecting the skin
and gills of freshwater fish which may cause large
mortalities.
In this study we determine the taxonomic position
of strain THG-SM1T by means of a polyphasic
approach. The phenotypic and genotypic characterisation of the novel strain is described in this report.

Materials and methods
Isolation, morphological and physiological
characterisation
A soil sample was collected in a clean zip lock cover
from a field in Suwon, South Korea. Isolation of the
novel isolate was carried out using a serial dilution
method by plating on nutrient agar (NA; Difco,
France). One gram of soil sample was suspended in
10 ml of 0.85 % (w/v) saline solution and was spread
on to NA plates. The plates were incubated under
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aerobic condition at 28 °C for one week. After
incubation, several bacterial colonies were observed
on the agar plates. Single colonies were purified by
transferring them on to new NA plates and incubating
in same condition. One bacterial strain forming yellow
colonies, designated as THG-SM1T, was selected for
the further study. Strain THG-SM1T was cultured
routinely on NA plates and preserved as a suspension
in nutrient broth (NB) with 25 % (v/v) glycerol and
stored at -80 °C. Strain THG-SM1T has been deposited in the Korean Agriculture Culture Collection
(KACC 18371T) and China Centre for Type Culture
Collection (CCTCC AB 2014312T). Three reference
type strains (Table 1) were obtained from the Korean
Collection for Type Cultures and Korean Agricultural
Culture Collection.
Gram-reaction was tested by using a Gram stain kit
(bioMérieux, France) according to the manufacturer’s
instructions. Cell morphology was observed at 911,000
Table 1 Differential characteristics of strain THG-SM1T and
the type strains of closely related reference species
Characteristic

1

2

3

4

Colony color
Gliding motility

Y
–

YO
–

Y
?

BY
–

Catalase

–

–

?

?

Growth on
NA

?

?

–

–

TSA

?

?

–

?

Tween 20

?

–

–

–

Starch

?

?

–

–

CM-cellulose

?

–

–

–

Lipase (C14)

?

–

?

–

Trypsin

–

–

?

?

Acid phosphatase

–

?

?

?

a-chymotrypsin

–

–

?

?

a-glucosidase

–

?

–

–

38.5

34.4a

32.0b

34.0c

Hydrolysis of

Enzyme activities (API ZYM)

DNA G?C content (mol%)

Strain: 1. THG-SM1T; 2. Flavobacterium terrae KACC
11731T; 3. Flavobacterium columnare KACC 11683T; 3.
Flavobacterim enshiense KCTC 23775T
Y yellow, BY bright yellow, YO yellowish orange, ? positive,
- negative
All data are from this study except the DNA G?C content of
the reference strains: e a and b data from Weon et al. (2007), c
data from Dong et al. (2013)

Author's personal copy
Antonie van Leeuwenhoek (2015) 107:1421–1428

magnification with a transmission electron microscope
(Model JEM1010; JEOL) with cells grown on NA for
2 days at 28 °C. Cells were grown in NB for 2 days at
28 °C and then tested for gliding motility by the
hanging-drop technique (Skerman 1967). Growth at
different temperatures (4, 10, 15, 18, 25, 28, 30, 35, 37
and 42 °C) was assessed after 7 days of incubation
using NA as basal medium. Different media were tested
for growth at 28 °C for one week including Reasoner’s
2A agar (R2A; Difco,), NA, tryptone soya agar (TSA;
Oxoid, England), Marine agar (MA; Difco), Luria
Bertani agar (LB; Difco) and MacConkey Agar (Difco).
pH conditions for growth (pH 4.0-10.0, at intervals of
0.5 pH units) was monitored in NB after 5 days of
incubation at 28 °C. The following pH buffers were
used (final concentration, 100 mM): acetate buffer was
used for pH 4.0–6.5 and phosphate buffer was used for
pH 7.0–10.0. The pH of NB was confirmed after
autoclaving. The salinity test was performed by using
0–5 % (w/v) NaCl (at 0.5 % intervals) in NB. Growth
was estimated by monitoring the optical density at
600 nm after 5 days of incubation at 28 °C. Anaerobic
growth was tested in serum bottles containing NB
supplemented with thioglycolate (0.1 %) and in which
the air was substituted with nitrogen gas. The presence
of flexirubin-type pigments was investigated as described by Reichenbach (1992), Schmidt et al. (1994)
and Bernardet et al. (2002). Catalase activity was
determined by the production of bubbles from 3 % (v/v)
H2O2 solution mixed with freshly grown cells. Oxidase
activity was checked by using of 1 % (w/v) N,N,N,NtetramethyL-p-phenylenediamine reagent (Sigma,
USA) according to the manufacturer’s instructions.
Nitrate reduction was tested in nitrate broth containing
0.2 % KNO3 (Skerman 1967). Indole production was
analyzed using Kovács’s reagent in 1 % tryptone broth
(Skerman 1967). Urease activity was evaluated in
Christensen’s medium (Christensen 1946). Hydrolysis
of the following substrates was tested using NA as basal
medium: casein [2 % skim milk (Oxoid)], 1 % starch
(Difco), aesculin [ferric citrate (0.02 %, 110 Fluka,
Switzerland)], 12 % gelatin (Sigma), Tween 80
[0.01 % CaCl22H2O and 1 % Tween 80 (Sigma)],
Tween 20 [0.01 % CaCl22H2O and 1 % Tween 20
(Sigma)], 1 % chitin (from crab shell, Sigma), 0.5 % Ltyrosine (Sigma), 0.1 % carboxymethyl-cellulose (CMcellulose; Sigma) and DNA [DNase agar, Scharlau
(Spain); DNase activity revealed by flooding the plates
with 1 N HCl]. Plates were evaluated after 4 days of
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incubation at 28 °C. Carbon utilization and enzyme
production were examined using the API 20NE and API
ZYM according to the manufacturer’s instruction
(bioMerieux, France). API 20NE was recorded after
incubation for 48 h, under the optimal conditions for
each strain while API ZYM was recorded after incubation for 10 h.
Phylogenetic analysis and DNA–DNA
hybridization
The genomic DNA of strain THG-SM1T was extracted
and purified using a commercial Genomic DNA
extraction kit (Solgent, Korea). The 16S rRNA gene
was amplified with the universal bacterial primer pair
27F and 1492R (Weisburg et al. 1991) and the purified
PCR products were sequenced by Solgent Co. Ltd
(Daejeon, Korea). Seq-Man software version 4.1
(DNASTAR, Inc.) was used to compile the nearly
complete (1,427 bp) 16S rRNA sequence of strain
THG-SM1T. The multiple alignments were performed
using the CLUSTAL_X program (Thompson et al.
1997) and gaps were edited using the BioEdit program
(Hall 1999). The evolutionary distances were calculated
using the Kimura two-parameter model (Kimura 1983).
The phylogenetic trees were constructed using the
neighbour-joining (Saitou and Nei 1987), maximumparsimony (Fitch 1971) and maximum-likelihood
(Felsenstein 1981) methods in the MEGA 6 program
package (Tamura et al. 2013), with bootstrap values
based on 1000 replications (Felsenstein 1985). Comparison of the 16S rRNA gene sequence of strain THGSM1T with validly named type strains was carried out
using the EzTaxon-e server (Kim et al. 2012).
For determination of the DNA G?C content,
genomic DNA was extracted, purified by the method
of Moore and Dowhan (1995) and degraded enzymatically into nucleosides (nuclease P1 and alkaline
phosphatase; Sigma). The nucleosides were analyzed
using a reverse-phase HPLC system (Alliance 2690
system, Waters) as described previously (Mesbah et al.
1989) with reversed–phase column SunFireTM C18
(4.6 9 250 mm 9 5 lm), flow rate 1.0 ml/min, solvent mixture of 200 mM (NH4)H2PO4/acetonitrile (97:
3, v/v) as mobile phase, and detector wavelength at
270 nm. The genomic DNA of Escherichia coli strain
B (Sigma-Aldrich D4889) was used as a standard.
DNA–DNA hybridization was performed fluorometrically, according to the method developed by
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Ezaki et al. (1989) with modifications (Stabili et al.
2008), using photobiotin-labelled DNA probes and
micro-dilution wells. DNA–DNA hybridization was
carried out to determine levels of relatedness of the
novel strain THG-SM1T with its closest relative
Flavobacterium terrae KACC 11731T. The optimum
renaturation temperature (30.5 °C) was calculated as
[(0.51 9 G?C content) ? 47] -36 (Gillis et al.
1970), where 36 °C is the correction for the presence
of 50 % formamide (McConaughy et al. 1969).
Hybridization was performed with five replications
for each sample. The highest and lowest values
obtained for each sample were excluded and the
means of the remaining three values were converted to
percentage DNA–DNA relatedness values.
Chemotaxonomy
For fatty acid analysis, cells were grown and harvested on
NA. The cellular fatty acids were analyzed by capillary
GLC (Hewlet Packard 6890) using the Microbial Identification software package with the Sherlock system
MIDI 6.1 and the Sherlock Aerobic Bacterial Database
(TSBA 6.1) (Sasser 1990). For quinone and polar lipid
analyses, lyophilized cells of strain THG-SM1T and F.
terrae KACC 11731T were used. The isoprenoid
quinones were extracted using 100 mg freeze-dried cells
and subsequently analyzed using a RP-HPLC system
(Alliance 2690 system, Waters) [solvent: methanol/2–
propanol (7:5, v/v); flow rate: 1.0 ml/min] as previously
described (Hiraishi et al. 1996; Collins and Jones 1981;
Tamaoky et al. 1983). The polar lipids of strain THGSM1T and the reference strain F. terrae KACC 11731T
were extracted and analyzed by two dimensional thin
layer chromatography using Kiesel gel 60 F254 plates
(10 9 10 cm; Merck). Separately, each sample was
spotted on the corner of a two-dimensional thin layer
chromatography plate and developed in the first direction
by using of chloroform : methanol : water (65:2:4, by vol)
while in the second direction developed by using
chloroform:acetic acid:methanol:water (80:15:12:4, by
vol). TLC plates were sprayed with 5 % molybdophosphoric acid (total lipids; Sigma), 0.2 % ninhydrin reagent
(aminolipids; Sigma) and 2.5 % a-naphthol reagent
(glycolipids; Sigma). After spraying, it followed by
heating at 120 °C for 10 min. TLC plates were also
sprayed with Molybdenum blue reagent for detecting
phospholipids. No heating step is needed for this reagent
(Minnikin et al. 1977).
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Results and discussion
Strain THG-SM1T was isolated from field soil
collected from Suwon, South Korea. The 16S rRNA
gene sequence of strain THG-SM1T was a continuous
stretch of 1427 bp (NCBI GenBank accession number
KM576853). Sequence similarities calculated using
the EzTaxon-e server indicated that the closest
relatives of strain THG-SM1T were F. terrae KACC
11731T, F. columnare KACC 11683T and Flavobacterium enshiense KCTC 23775T, with 16S rRNA gene
sequence similarities of 98.7, 96.6 and 94.9 %,
respectively. The relationship between strain THGSM1T and other members of the genus Flavobacterium was also evident in the phylogenetic trees (Fig. 1
and Supplementary Fig. S1). Strain THG-SM1T was
located in a clade with F. terrae and F. columnare in
the genus Flavobacterium. These results clearly
indicated that strain THG-SM1T is a member of the
genus Flavobacterium. The DNA–DNA relatedness
value between strain THG-SM1T and F. terrae KACC
11731T was determined to be 48 ± 1.5 %, which is
lower than the threshold value of 70 % recommended
for the definition of bacterial species (Wayne et al.
1987; Stackebrandt and Goebel 1994). This low
DNA–DNA relatedness suggests that strain THGSM1T represents a novel Flavobacterium species. The
DNA G?C content of strain THG-SM1T was determined to be 38.5 mol%, which lies within the range
(30–41 mol%) for members of the genus Flavobacterium (Bernardet and Bowman 2011; Xu et al. 2011).
Strain THG-SM1T was observed to be Gramnegative, aerobic, non- motile and rod-shaped (approximately 0.3–0.8 lm wide and 1.0–3.0 lm length;
Supplementary Fig. S2). Colonies of strain THG-SM1T
on NA plates were observed to be smooth, circular,
yellow coloured and convex, 2–3 mm in diameter.
Strain THG-SM1T was found to grow on NA and TSA,
weakly on R2A but not on LB, MA and MacConkey
agar. On NA, strain THG-SM1T was found to be able to
grow at 25–30 °C and at pH 7.0–8.0. The maximum
growth of strain THG-SM1T was observed at 28 °C, at
pH 7.0 and in the absence of NaCl on NA. The test for
oxidase was found to be positive. The isolate was found
to be able to hydrolyze CM-cellulose, casein, starch,
Tween-20 and gelatin but unable to hydrolyze aesculin,
L-tyrosine, Tween 80, chitin, DNA and urea. Flexirubintype pigments were found to be produced. Catalase test,
nitrate reduction and indole production were found to be
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Fig. 1 Neighbour-joining tree based on 16S rRNA gene
sequence analysis showing the phylogenetic relationships of
strain THG-SM1T and members of the genus Flavobacterium.
Filled circles indicate that the corresponding nodes were also
recovered in the tree generated with the maximum-parsimony

algorithm. Bootstrap values more than 50 % based on 1000
replications are shown at branching points. Leeuwenhoekiella
palythoae KCTC 22020T was used as an out group. Scale bar,
0.02 substitutions per nucleotide position

negative. With regard to the reference strains used, all
strains were found to be positive for the following
activities: oxidase, flexirubin-type pigments, hydrolysis
of casein and gelatin; and were negative for following
activities: nitrate reduction, indole production, glucose
acidification and arginine dihydrolase, hydrolysis of
DNA, Tween 80, urea, aesculin, chitin and L-tyrosine. In
API 20 NE kits, all strains showed negative results for
assimilation of following substrates: D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine,
D-maltose, potassium gluconate, capric acid, adipic
acid, malate, trisodium citrate, phenylacetic acid. In API
ZYM kits, all strains were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine
arylamidase, valine arylamidase, cystine arylamidase

and Naphtol-AS-BI-phosphohydrolase but negative for
a-galactosidase, b-galactosidase, b-glucuronidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. The biochemical and physiological characteristics of strain THG-SM1T and the
most closely related Flavobacterium type strains are
given in Table 1. The results suggest that the novel
isolate represents a novel species of the genus
Flavobacterium.
The cellular fatty acid profiles of strain THG-SM1T
and three reference strains are shown in Table 2. The
major fatty acids ([7 % of the total fatty acids) was
found to be iso-C15:1G (8.0 %), iso-C15:0 3OH
(8.1 %), iso-C16:0 (9.2 %) and iso-C15:0 (22.3 %) as
was also seen in the closely related reference type
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strains. The fatty acid composition of strain THGSM1T was found to be very similar to those of the
reference strains, with only limited variation in the
proportions of the different components. Strain THGSM1T found to contain MK-6 as the respiratory
quinone, in line with all other members of the genus
Flavobacterium. The polar lipid profile of THG-SM1T
and the reference strain F. terrae KACC 11731T are
shown in supplementary Fig. S2. The major polar lipid
in strain THG-SM1T was identified as phosphatidylethanolamine which is similar to the polar
lipid profile of the reference strain F. terrae KACC
11731T. In addition, an unidentified aminolipid and an
unidentified polar lipid (L1) were also detected in both
strains. Additional unidentified polar lipids (L2 and

L3) were only observed in strain THG-SM1T. Thus,
the polar lipid profile of the novel isolate is in line with
those of members of the genus Flavobacterium (Park
et al. 2006, 2007; Ryu et al. 2007, 2008; Sheu et al.
2011).
On the basis of data obtained from this polyphasic
taxonomy study including 16S rRNA, phylogenetic,
phenotypic and chemotaxonomic properties, strain THGSM1T (=KACC 18371T = CCTCC AB 2014312T) is
considered to represent a novel species of the genus
Flavobacterium, for which name Flavobacterium vireti
sp. nov. is proposed.

Table 2 Fatty acid profile of strain THG-SM1T and the type
strains of closely related species of the genus Flavobacterium

Flavobacterium vireti (vi.re’ti. L. gen. n. vireti
of the field)

Fatty acid

1

2

3

4

Straight-chain
4.8
2.1

5.3
1.6

2.4
–

4.6
–

iso-C13:0

1.2

Tr

1.3

1.8

iso-C14:0

4.8

4.2

3.9

2

iso-C15:0

22.3

20.3

32.5

35.5

iso-C15:1

8.0

6.2

7.2

3.6

iso-C16:0

9.2

21.8

9.4

6.5

iso-C16:1

3.37

3.2

Tr

Tr

anteiso-C15:0

6.0

2.0

2.5

2.6

anteiso-C15:1 A

1.5

–

–

1.7

4.7

8.8

4.2

15.1

iso-C14:03OH

1.6

1.1

1.2

Tr

C15:03OH
iso-C15:03OH

1.2
8.1

5.2
5.5

Tr
5.9

4.3
6.0

C16:0
C18:00
Branched-chain

Unsaturated
iso-C17:1x9c
Hydroxyl

C16:03OH

2.1

1.3

Tr

–

iso-C16:0 3OH

2.9

2.6

6.3

Tr

iso-C17:0 3OH

5.5

7.5

6.9

7.6

2.9

1.8

Tr

2.0

Summed feature 3*

Strain: 1. THG-SM1T; 2. Flavobacterium terrae KACC
11731T; 3. Flavobacterium columnare KACC 11683T; 3.
Flavobacterim enshiense KCTC 23775T. All the data are from
this study. Fatty acids amounting to less than 0.5 % in all
strains are not listed
– Not detected, Tr traces (\0.5 %)
Summed feature 3* comprises C16:1x6c and/or C16:1x7c
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Description of Flavobacterium vireti sp. nov

Cells are Gram-negative, aerobic, non-motile and rodshaped (0.3–0.8 lm 9 1.0–3.0 lm). Growth occurs at
25–30 °C (optimum, 28 °C), at pH 7.0–8.0 (optimum,
pH 7.0) and in the absence of NaCl. Colonies formed
after 24 h of growth on NA at 28 °C are smooth,
circular, yellow coloured and convex 2–3 mm in
diameter. Growth occurs on NA and TSA, weakly on
R2A but not on LA, MA and MacConkey agar.
Oxidase positive and catalase negative. Flexirubintype pigments are present. Nitrate reduction is not
observed. Negative for indole production. Hydrolyses
CM-cellulose, casein, starch, Tween-20 and gelatin
but not aesculin, L-tyrosine, Tween 80, chitin, DNA
and urea. Negative for glucose fermentation and
arginine dihydrolase activity. Negative for assimilation of the following substrates in API 20 NE tests: Dglucose, L-arabinose, D-mannose, D-mannitol, Nacetyl-glucosamine, D-maltose, potassium gluconate,
capric acid, adipic acid, malate, trisodium citrate and
phenylacetic acid. In the API ZYM tests, positive for
following enzyme activities: alkaline phosphatase,
esterase (C4), esterase lipase (C8), lipase (C14),
leucine arylamidase, valine arylamidase, cystine arylamidase and Naphtol-AS-BI-phosphohydrolase; and
negative for following enzyme activities: trypsin, achymotrypsin, acid phosphatase, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase
and a-fucosidase. MK-6 menaquinone is the predominant isoprenoid quinone. The major polar lipid is
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phosphatidylethanolamine and the main cellular fatty
acids are iso-C15:1G, iso-C15:0 3OH, iso-C16:0 and isoC15:0. The DNA G?C content of the type strain is
38.5 mol%.
The type strain, THG-SM1T (=KACC 18371T = CCTCC AB 2014312T), was isolated from field soil
collected from Suwon, South Korea. The GenBank/
EMBL/DDBJ accession number for the 16S rRNA
gene sequence of strain THG-SM1T is KM576853.
Acknowledgments This work was conducted under the
industrial infrastructure program (No. N0000888) for
fundamental technologies which is funded by the Ministry of
Trade, Industry & Energy (MOTIE, Korea).
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