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Abstract
A Gram-stain-negative, aerobic, oxidase-positive, catalase-positive and rod-shaped bacterium designated strain 3R17T was
isolated from freshwater. Strain 3R17T produced bright-yellow, circular, convex and smooth colonies on R2A agar, tryptic
soy agar, potato dextrose agar, nutrient agar and brain–heart infusion agar media. The strain was motile by gliding. The
strain grew at 4–30  C (optimum, 25  C), at pH 6–9 (optimum, pH 7) and in the presence of up to 3 % NaCl (optimum, 0 %) on
R2A agar. The 16S rRNA gene sequence analysis indicated that 3R17T represents a member of the genus Flavobacterium
and is most closely related to Flavobacterium resistens BD-b365T, with a sequence similarity of 97.78 %, but the strain
formed a distinct phylogenetic lineage of its own. Fatty acid analysis indicated that a summed feature comprising C16 : 1!7c
and/or C16 : 1!6c, iso-C15 : 0, iso-C15 : 1G, anteiso-C15 : 0, C16 : 0, iso-C17 : 0 3-OH and iso-C15 : 0 3-OH were the major components
(>5 %). Strain 3R17T contained phosphatidylethanolamine (PE) and several unidentified aminolipids as main polar lipids, and
MK-6 as the predominant isoprenoid quinone. Flexirubin pigments were not produced. The DNA G+C content was 35.4 mol%.
The combination of physiological and chemotaxonomic properties distinguished 3R17T from related species of the genus
Flavobacterium. On the basis of polyphasic taxonomy, 3R17T evidently represents a novel species within the genus
Flavobacterium, for which the name Flavobacterium fluminis sp. nov. is proposed. The type strain is 3R17T (=KCTC 42062T
=JCM 30338T).

The members of the genus Flavobacterium inhabit a broad
range of ecosystems including freshwater, marine, soil, rhizosphere and fish [1]. Species of the genus Flavobacterium
are characterized by rod-shaped cells, yellow colonies and
aerobic, chemoorganotrophic and respiratory type metabolism [1]. Gliding motility, production of flexirubin type
pigments, nitrate reduction and anaerobic growth are some
of the main properties that differ among species. Members
of the genus Flavobacterium may play important roles in
freshwater habitats related to polymer degradation [2], proteorhodopsin-enhanced growth [3] or antibiotic resistance
[4]. In a recent study, the genus was found to compose one
of the main constituents of the freshwater microbiome [5].

A freshwater sample was collected from the surface of the
Keum River (36 47¢ 2† N, 127 40¢ 33† E) near Daejeon City,
Republic of Korea where the freshwater microbiome had
been previously examined and members of the genus Flavobacterium had been found to represent one of the main genera [5]. The sample was diluted and inoculated onto R2A
agar (Difco) plates. The plates were incubated at 25  C, and
colonies with a yellowish colour were picked. Strain 3R17T,
one of these isolates, was routinely cultivated on R2A agar or
in R2A broth at 25  C, and also maintained in 20 % glycerol
stock solution (in distilled water, v/v) at 70  C.

In this study, an isolated strain of a member of the genus
Flavobacterium showed distinct properties from other species of the genus with respect to phylogenetic relationships
based on 16S rRNA gene sequences and also phenotypic
characteristics. The polyphasic characterization of the novel
strain following the standards proposed by Bernardet et al.

DNA extraction and sequencing of the almost complete 16S
rRNA gene were carried out as described by Kim et al. [7].
The 16S rRNA gene sequence similarities were estimated by
EzBioCloud (www.ezbiocloud.net/). The 16S rRNA gene
sequences of 3R17T and closely related type strains of species of the genus Flavobacterium were aligned by EzEditor

[6] led to a proposal of a novel species of the genus
Flavobacterium.
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[8]. Phylogenetic trees were inferred using three different
methods, neighbour-joining, maximum-likelihood and
maximum-parsimony by MEGA 6.0 software [9]. Bootstrap
analysis was carried out with 1000 resampled dataset to
evaluate the neighbour-joining tree.
Strain 3R17T was most closely related to Flavobacterium
resistens BD-b365T (97.78 %) and Flavobacterium nitratireducens N1T (97.59 %), on the basis of 16S rRNA gene
sequence similarity. This level of 16S rRNA gene sequence
similarity is well below the levels of 98.5–98.7 % similarity
for species distinction suggested by Stackebrandt and Ebers
[10] and Kim et al. [11]. Moreover, 3R17T formed a distinct
phylogenetic lineage of its own, which was supported by the
bootstrap analysis (Fig. 1). The topology between 3R17T
and neighbouring species was also conserved in the maximum-likelihood and maximum-parsimony trees.
The cell morphology of 3R17T was observed by bright-field
light microscopy (Nikon) and field-emission transmission
electron microscopy (JEM-2100F, JEOL) with cultures grown
on R2A broth at 25  C for 3 days. Gram reaction was determined by the standard Gram staining method.
Determination of gliding motility was based on comparative
observation of a reference strain motile by gliding (F. resistens
BD-b365T) and a non-motile reference strain (Limnohabitans
curvus MWH-C5T) cultivated under reported optimal culture
conditions. Oxidase activity by L,L,L¢,L-tetramethyl-p-phenylenediamine (TMPD) reaction, catalase activity by 10 % (w/v)
hydrogen peroxide, and production of flexirubin-type pigment with 1 M NaOH were examined with cells cultivated on
R2A agar at 25  C for 2 days.
Growth of 3R17T was assessed on R2A, tryptic soy (TSA,
Difco), nutrient (NA, Difco), brain–heart infusion (BHI,
Difco), potato–dextrose (PDA, Difco), Luria–Bertani (LB,
Difco) and marine agar plates. To examine range and optimal condition for growth, 3R17T was incubated on R2A
agar at 4, 10, 15, 20, 25, 30, 35, 37, 40 and 42  C and on R2A
broth at pH 4–11 (one unit intervals, adjusted with 1 M
NaOH or HCl). After cultivation at different pHs for 7 days,
OD600 was recorded. NaCl tolerance was examined on R2A
agar containing 0–5 % NaCl (at 0.5 % intervals, w/v). The
optimum conditions for temperature and NaCl concentration were determined by comparison of growth from serially
diluted inocula after incubation for 7 days. To determine
physiological properties of 3R17T, API 20NE, API ZYM
(bioMerieux) and Biolog microplate GN2 systems were
used. Hydrolysis of DNA, casein, starch, tyrosine, Tween 80
and carboxymethylcellulose (CMC) by 3R17T was assessed
by culturing on DNase agar (BD Difco) and suitable media
described by Rainey and Oren [12]. Anaerobic growth was
examined on R2A agar plates placed in anaerobic box containing AnaeroPack (ThermoFisher Scientific). The box was
incubated for up to 7 days at 25  C.
Strain 3R17T was Gram-stain-negative, rod-shaped, approximately 0.4–0.5 µm in width and 1.0–1.5 µm in length (Fig.
S1, available with the online Supplementary Material), and

motile by gliding. Oxidase and catalase activities were present. Colonies of 3R17T were bright yellow pigmented, convex, circular, smooth and translucent on R2A agar at 25  C,
but did not produce flexirubin-type pigments. Strain 3R17T
could grow on R2A, TSA, NA, PDA and BHI agar media,
but not on LB and marine agar media. Growth occurred at
4–30  C (optimum, 25  C) on R2A agar, and at pH 6–9
(optimum, pH 7–8) in R2A broth. The strain showed halotolerant growth in the presence of up to 3 % (w/v) NaCl.
Anaerobic growth was not observed. The differential physiological properties of 3R17T with other strains, as examined
by API kits and Biolog GN2, are summarized in the species
description, Tables 1 and S1.
The cellular fatty acid composition of 3R17T and reference
strains were analyzed using cells grown on R2A agar for
2 days at 25  C. Fatty acids were extracted according to the
protocols for the Sherlock Microbial Identification System
(MIDI) and analyzed by gas chromatography (model 7890;
Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and
RTSBA6 database. Chemotaxonomic properties were determined using cells grown on R2A broth for 3 days at 25  C
with agitation and freeze-dried. Polar lipids were extracted
from freeze-dried cells and separated as described by Han
et al. [13]. Respiratory quinones of 3R17T were also
extracted from freeze-dried cells with a chloroform/methanol mixture (2 : 1, v/v), purified by Sep-Pac Vac silica cartridge, and analyzed using a YL9100 HPLC system (Young
Lin). HPLC analysis was carried out using isopropyl alcohol/methanol mixture (5 : 7, v/v) as mobile phase and
Watchers 120 ODS-BP 4.6250 mm5 µm column. The
DNA G+C content of 3R17T was estimated using the methods of Gonzalez and Saiz-Jimenez [14].
The fatty acids of the novel strain and reference strains are
summarized in Table 2. The major fatty acids of 3R17T were
a summed feature consisting of C16 : 1!7c and/or C16 : 1!6c
(35.8 %), iso-C15 : 0 (15.9 %), anteiso-C15 : 0 (7.8 %), iso-C15 : 1
G (7.4 %), C16 : 0 (7.0 %), iso-C17 : 0 3-OH (5.5 %), and isoC15 : 0 3-OH (5.2 %). The major polar lipid of the novel
strain was phosphatidylethanolamine (PE), and three
unidentified aminolipids and two unidentified lipids were
also present (Fig. S2). The major respiratory quinone of
3R17T was MK-6. The DNA G+C content of 3R17T was
determined to be 35.4 mol%. The chemotaxonomic properties of 3R17T were consistent with those of species of the
genus Flavobacterium [1].
Notably, 3R17T tolerated up to 3 % NaCl, which is not
common among freshwater isolates [1]. Strain 3R17T was
distinguished from the most closely related species, F. resistens BD-b365T, in habitat, NaCl tolerance, nitrate reduction, flexirubin type pigment production and hydrolysis of
a number of polymeric substances as well as in carbohydrate assimilation and enzyme activities (Tables 1 and S1).
The two strains also differed in the fatty acid composition,
as the former contained a notably higher proportion of
summed feature 3, whereas the latter contained higher
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Mesonia algae KMM 3909T (AF536383)

Flavobacterium micromati LMG 21919T (AJ557888)

Flavobacterium cutihirudinis E89T (JX966231)

Flavobacterium succinicans DSM 4002T (AM230492)
*

97

Flavobacterium granuli Kw05T (AB180738)

*

Flavobacterium plurextorum 1126-1H-08T (HE612094)
82
Flavobacterium branchiicola 59B-3-09T (HE612102)

Flavobacterium palustre S44T (KJ150599)

Flavobacterium procerum T3T (KF857168)
55
*

Flavobacterium resistens BD-b365T (EF575563)

*

Flavobacterium fluminis 3R17T (KF891387)

Flavobacterium notoginsengisoli SYP-B540T (KJ130052)

56 *
*

66
54

Flavobacterium nitratireducens N1T (FR827898)
*
Flavobacterium tilapiae Ruye-71T (HQ111525)

Flavobacterium reichenbachii WB 3.2-61T (AM177616)

67

*

Flavobacterium fluvii H7T (EU109724)

*
Flavobacterium limicola ST-82T (AB075230)

Flavobacterium aquatile DSM 1132T (AM230485)
Fig. 1. Neighbour-joining tree based on 16S rDNA sequences (1351 nucleotides) showing relationships between 3R17T and related
species of the genus Flavobacterium. The consistency of each node is shown as a percentage value (>50 %) of bootstraps through
1000 resamplings above the nodes. Asterisks indicate the nodes also conserved in maximum-likelihood and maximum-parsimony
trees. Mesonia algae KMM 3909T was used as an outgroup. Bar, 0.02 changes per nucleotide position.

proportions of unsaturated fatty acids (Table 2). Based on
the results from phylogenetic, phenotypic and chemotaxonomic studies, it is evident that 3R17T merits recognition

as representing a novel species of the genus Flavobacterium, for which the name Flavobacterium fluminis sp. nov.
is proposed.
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Table 1. Differential phenotypic characteristics between 3R17T and related species of the genus Flavobacterium
Strains: 1, F. fluminis 3R17T; 2, F. resistens BD-b365T; 3, F. nitratireducens N1T. +, Positive;
Property\Strain

, negative.

1

2

3

River

Freshwater sediment

Seawater

Width (µm)

0.4–0.5

0.4–0.6

0.2–0.3

Length (µm)

1.0–1.5

1.6–3.2

1–1.5

Temperature ( C)

4–30 (25)

15–40 (20–30)

30–37 (30–37)

pH

6–9 (7–8)

6.0–9.5 (7–8)

7–9 (7.5–8.5)

0–3 (0)

0–2 (0–0.5)

(0–1)

Aerobic

Facultatively anaerobic

Aerobic

Habitat*
Cell size:*

Growth range (optimum):*

NaCl concentration (%)
Oxygen requirement*
Flexirubin-type pigment*
Gliding motility

+
+

+

+

+

Hydrolysis of:
Aesculin
Arginine

+

Urea

+

Starch

+

Deoxyribonucleic acid

+

Casein

+

Tyrosine

+

+

Assimilation of (API 20NE):
D-Glucose

+

D-Mannose

+

+
+

N-Acetyl-glucosamine

+

Maltose

+

+

Enzymatic activities (API ZYM):
Cystine arylamidase

+

Trypsin

+

a-Mannosidase

+

+

b-Glucosidase

+

+

N-Acetyl-b-glucosaminidase

+

+
+

a-Galactosidase
a-Chymotrypsin
DNA G+C content (mol%)*

35.4

33.0

36.3

*Data for reference species were taken from previous studies [15, 16]. All other data were obtained from this study.

DESCRIPTION OF FLAVOBACTERIUM FLUMINIS
SP. NOV.
Flavobacterium fluminis (flu¢mi.nis. L. gen. n. fluminis of a
river).
Cells are Gram-stain-negative, strictly aerobic, rod-shaped,
measuring 0.4–0.5 µm in width and 1.0–1.5 µm in length,
and motile by gliding. Colonies grown on R2A agar are
bright yellow-pigmented, circular, convex, translucent and
smooth with entire margins. Oxidase- and catalase-positive.
Flexirubin-type pigments are not produced. Good growth
occurs on R2A, NA, TSA, PDA and BHI media. Growth
occurs at 4–30  C (optimum, 25  C), at pH 6–9 (optimum,
7–8), and in the presence of up to 3 % (w/v) NaCl (optimum, 0 %). DNA, casein, starch, tyrosine, Tween 80 and

CMC are not hydrolyzed. Based on API 20NE, nitrate
reduction, aesculin and gelatin hydrolysis, p-nitrophenylb-D-galactopyranosidase and assimilation of D-glucose, Larabinose and D-mannose are positive. Based on API ZYM,
alkaline and acid phosphatases, esterase (C4), esterase lipase
(C8), leucine, valine and cystine arylamidases, trypsin,
naphtol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and a-mannosidase activities are positive. Substrates including a-cyclodextrin, dextrin, glycogen, Tween
40, Tween 80, N-acetyl-D-glucosamine, cellobiose, D-fructose, D-galactose, gentiobiose, a-D-glucose, lactose, lactulose,
maltose, D-mannose, turanose, methyl pyruvate, acetic acid,
D-galacturonic acid, succinic acid, L-asparagine, L-aspartic
acid, L-glutamic acid, glycyl-L-aspartic acid, glycyl-L-glutamic acid, L-serine, L-threonine, uridine and glycerol are
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Table 2. Fatty acid profiles of 3R17T and related species of the genus
Flavobacterium
Strains: 1, F. fluminis 3R17T; 2, F. resistens BD-b365T; 3, F. nitratireducens N1T. TR, Trace (<1 %); –, not detected. All data were obtained from
this study.
Strain

1

2

3

Saturated:
C14 : 0

2.1

TR

1.6

C16 : 0

7.0

5.1

3.4
TR

Hydroxylated:
C15 : 0 2-OH

1.6

1.6

C15 : 0 3-OH

–

1.5

–

C16 : 0 3-OH

4.4

2.3

2.7

C17 : 0 3-OH

–

TR

–

C15 : 1!6c

2.0

5.5

4.6

C17 : 1!6c

2.0

4.2

2.4

C17 : 1!8c

–

1.5

TR

–

1.3

1.3

Unsaturated:

Branched:
iso-C13 : 0
iso-C14 : 0

–

2.3

2.7

iso-C15 : 0

15.9

15.1

19.2
13.5

anteiso-C15 : 0

7.8

4.4

iso-C15 : 0 3-OH

5.2

7.6

5.7

iso-C15 : 1G

7.4

8.4

8.6

iso-C16 : 0

–

3.6

1.3

iso-C16 : 0 3-OH

–

1.8

1.7

iso-C16 : 1H

–

1.3

TR

5.5

6.3

4.6

2

1.4

TR

TR

3

35.8

17.9

21.1

9

1.9

4.5

1.3

iso-C17 : 0 3-OH
Summed features*:

*Summed features: 2, C12 : 0ALDE and/or unknown ECL 10.928; 3, C16 : 1
!7c and/or C16 : 1!6c; 9, 10-methyl C16 : 0 and/or iso-C17 : 1!9c.

utilized as sole carbon sources. The main fatty acids (>5 %)
are a summed feature comprising C16 : 1!7c and/or C16 : 1
!6c, iso-C15 : 0, iso-C15 : 1G, anteiso-C15 : 0, C16 : 0, iso-C17 : 0 3OH and iso-C15 : 0 3-OH. The major isoprenoid quinone is
MK-6. Phosphatidylethanolamine (PE) is the major polar
lipid, and aminolipids and unidentified lipids are also
present.
The type strain, 3R17T (=KCTC 42062T=JCM 30338T), was
isolated from the surface water of a river. The DNA G+C
content of the type strain is 35.4 mol%.
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