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A novel Gram-negative, rod shaped, non-motile bacterium, designated strain N1T, was
isolated from marine water sample collected from sea shore, Bay Bengal, Visakhapatnam, India. The
strain was positive for starch hydrolysis, nitrate reduction and ornithine decarboxylase activities and
negative for citrate utilization, urease, oxidase, catalase and DNase activities. The predominant fatty
acids were Cig.0 30H, is0-C;s.9, 150-Cys.90 30H, 1s0-Ci7.9 30H, anteiso-Cis.9, Ci6:0, Cis5.0 30OH and
Ci6:1 @7¢ and/or is0-Cjs9 2-OH (summed feature 3). Strain N1T contained menaquinone 6 (MK-6) as
the sole respiratory quinone. The only polyamine was homospermidine and the major polar lipids
were phosphatidylethanolamine (PE), three unidentified aminolipids (AL1 to AL3) and two
unidentified lipids (L1, L2). The DNA G + C content of the strain was 36.3 mol%. The 16S rRNA
gene sequence analysis indicated that strain N1T was member of the genus Flavobacterium and
closely related to F. resistens with pairwise sequence similarity of 96.5%. Phylogenetic analysis
showed that strain N1" clustered with F. glycines and F. daejeonense with a distance of 4.8 and 6.0%
(95.2 and 94.0% similarity), respectively. Based on the phenotypic characteristics and on
phylogenetic inference, it appears that strain N1’ represents a novel species of the genus
Flavobacterium, for which the name F. nitratireducens sp. nov. is proposed. The type strain of F.

nitratireducens sp. nov. is N1' (= MTCC 111557 = JCM 17678").

The genus Flavobacterium (a member of the family Flavobacteriaceae, order
Flavobacteriales and class Flavobacteriia, phylum “Bacteroidetes”) was established with the
reclassification of two species Bacillus aquatilis and Bacillus devorans to F. aquatile and F.
devorans by Bergey et al. (1923) and later emended by Bernardet et al. (1996). Members of the
genus Flavobacterium are Gram-negative, rod shaped, yellow-pigmented bacteria, strictly aerobic,
contains MK-6 as the sole respiratory quinone with DNA G + C contents in the range of 32-37
mol%. Flavobacterium species have been isolated from diverse group of habitats such as freshwater,
river sediments, fish tissues and soil (Bernardet et al., 1996, 2002; Bernardet & Bowman, 2006;
Tamaki et al., 2003; McCammon & Bowman, 2000), Antarctic lakes (McCammon et al., 1998;
McCammon & Bowman, 2000; Humphry et al., 2001; Van Trappen et al., 2003, 2004; Yi et al.,
2005), and a glacier (Zhu et al., 2003). At the time of writing a total of 113 validly described species
have been accommodated in the genus Flavobacterium. Out of which 23 species are reclassified
based on the polyphasic taxonomic analysis to the other existing genera (Chryseobacterium,
Elizabethkingia, Empedobacter, Halomonas, Microbacterium, Myroides, Novosphingobium,
Pedobacter, Planomicrobium, Psychroflexus, Salegentibacter, Sphingobacterium, Terrimonas and
Zobellia). In the present study we focused on the characterization and classification of a strain N17,

which was isolated from marine water sample, by polyphasic taxonomic approaches (Vandamme et



al. 1996) and proposing new species of the genus Flavobacterium for which the name F.

nitratireducens sp. nov. is proposed.

Strain N1" was isolated from a marine surface water sample collected from sea shore, Bay of
Bengal, Visakhapatnam, India. The sample (1 ml) was serially diluted (10 fold dilutions) and 100 pl
of each dilution was plated on R2A medium and incubated at 30 °C. A shiny translucent yellow
colony was observed upon five days incubation, which was purified and preserved as -70 °C glycerol

stock for further characterization.

Cell morphology studies of the strain N1' were done by phase contrast microscopy
(Olympus) and also using scanning electron microscope (SEM). Physiological properties such as
growth at different temperatures 5, 10, 15, 20, 25, 30, 33, 35, 37, 40 and 45 °C and different NaCl
concentrations (0, 1, 2, 3, 4 and 5% w/v) was tested by growing on R2A (Lanyi, 1987). Growth of
strain N17 at pH 5,6,7,7.5,8,8.5,9 and 10 was assessed on MA buffered with citric acid/NaOH
(for pH 5 and 6), NaHPO4/Na,HPO, (for pH 7 and 8), glycine/NaOH (for pH 9 and 10). Different
biochemical tests listed in description of species and as well as in Table 1, Supplementary Table 1
were carried out using the culture that was grown at 30 °C on R2A medium as described by Lanyi
(1987) (catalase, oxidase activities, nitrate reduction, indole production and aesculin hydrolysis) and
Smibert & Krieg (1994) (H,S production, gelatin and urea hydrolysis). The sensitivity of strain to
antibiotics was tested on R2A medium using various antibiotic discs (HIMEDIA). Biochemical and
enzymatic characterization of the strain was also performed using Vitek 2 GN (bioMérieux) with

incubation at 30 °C, according to the manufacturer’s protocol.

Standardization of the physiological age of strains N1, F. daejeonense DSM 17708" and F.
glycines ICMP 17618" was done based on the protocol
(http://www.microbialid.com/PDF/TechNote 101.pdf) given by Sherlock Microbial Identification
System (MIDI, USA). For cellular fatty acids analysis, strains N1", F. daejeonense DSM 17708" and
F. glycines ICMP 17618 were grown on R2A plates at 30 °C for 3 days (all three stains are at
stationary phase of their growth). Cellular fatty acid methyl esters (FAMEs) were obtained from cells
by saponification, methylation and extraction following the protocol of MIDI. Cellular FAMEs were
separated by GC (6890) and identified and quantified using the Sherlock Microbial Identification
System (MIDI-6890 with database TSBAG6). Polyamines were extracted from strains N1', F.
daejeonense DSM 17708" and F. glycines ICMP 17618", and analysis was carried out as described
by Busse & Auling (1988) and Busse ef al. (1997). The extracted samples were loaded on TLC
plates (Silica gel 20x20 cm, Merck, Germany, 105553) and ethylacetate/cyclohexane (2:3) was used

as the running solvent. Polar lipids were extracted from strains N1', F. daejeonense DSM 17708"



and F. glycines ICMP 17618" following the method of Bligh & Dyer (1959) and analyzed by two-
dimensional TLC after spraying with appropriate detection reagents (Komagata & Suzuki, 1987).
Isoprenoid quinones were extracted from strains N1', F. daejeonense DSM 17708" and F. glycines
ICMP 17618" as described by Collins ez al. (1977) and analyzed by HPLC (Groth et al., 1997).
Genomic DNA was isolated by using the procedure of Marmur (1961) and the mol% G + C content
was determined from melting point (7;,) curves (Sly et al., 1986) obtained by using Lambda 35;
Perkin Elmer spectrophotometer equipped with Templab 2.0 software package.

For 16S rRNA gene sequencing, DNA was prepared using a bacterial DNA isolation kit
(Qiagen). The 16S rRNA gene was amplified by PCR using universal bacterial primers 27f (5°-
AGAGTTTGATCCTGGCTCAG-3’) and 1492r (5’- TACGGYTACCTTGTTACGACTT-3’). The
PCR product was purified using QIA quick PCR purification kit (Qiagen) and it was sequenced
using an ABI PRISM model 3700 automatic DNA sequencer and Big Dye Terminator cycle
sequencing kit (Applied Biosystems). The 16S rRNA gene sequence of strain N1" was subjected to
BLAST sequence similarity search (Altschul et al., 1990) and EzBioCloud (Kim et al., 2012) to
identify the nearest taxa. Based BLAST results all 16S rRNA gene sequences belong to the genus

Flavobacterium were downloaded from the NCBI database (http://www.ncbi.nlm.nth.gov) and

aligned using the CLUSTAL W program in MEGAS (Tamura ef al., 2011). The evolutionary history
was inferred by using the maximum-likelihood method (Tamura & Nei, 1993), neighbor-joining (NJ)
method (Saitou & Nei, 1987) and maximum-parsimony method (Nei & Kumar, 2000) using the
MEGAS package (Tamura et al., 2011). The percentage of trees in which the associated taxa
clustered together is shown next to the branches. The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. All positions containing gaps and missing data were
eliminated. There were a total of 1185 positions in the final dataset. Evolutionary analyses were
conducted in MEGAS (Tamura ef al., 2011). The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1,000 replicates) are shown next to the

branches (Felsenstein, 1985).

Cells of the strain N1T were Gram-negative, rod shaped, non-motile, 0.2-0.3 wide x 1-1.5
long pm and multiply by binary fission. Colonies were circular, 2-3 mm in diameter, smooth, shiny,
translucent, yellowish and raised with entire margin on R2A plates. Chemoorganoheterotrophic
growth mode was observed. The strain grew between 15 to 45 °C temperature and optimum being 30
to 37 °C and from pH 6 to 10, with the optimum growth at pH 7.5-8.5. Optimum growth occurred at
salinities from 0 to 1% (NaCl, w/v). Other phenotypic characteristics of the strain N1" are listed in

the species description and in Tables 1, 2 and Supplementary Table 1.



The fatty acid profile was dominated by branched and hydroxy fatty acids, like Cie0 30H
(13.7%), 1s0-Cis.0 (13.4%), 150-Cis.0 30H (9.3%), is0-Ci7.0 30H (8.1%), anteiso-Cis.o (7.5%), Cis.0
(7.5%), Cis,0 30H (7.2%) and Cj6.; @7c and/or is0-Cis.9 2-OH (summed feature 3)(5.6%) (Table 2).
Overall fatty acid composition of strain N17 was similar to those of the two reference strains and
however, the isolate N1" could be clearly distinguished from the reference strains by the absence or
low amount of Cis.; wbc, 150-Cig.0, Ci17.0 30H, Ci7.1 w6¢, Ci7.1 @8¢, Cro.4 ©6,9,12,15¢ and summed
feature 3 (Table 2). The MK-6 is the sole menaquinone present in N1°. Both type strains are also
contain MK-6 as sole menaquinone. Homospermidine was the sole polyamine of strain N1" in line
with all other Flavobacterium species which polyamine composition was analyzed (Bernardet &
Bowman, 2011; Bernardet et al., 1996; Hosoya & Hamana, 2004; Kaur et al., 2012; Lata et al.,
2012). The type strains F. daejeonense DSM 17708" and F. glycines ICMP 17618" were also contain
homospermidine as sole polyamine. Strain N1' contained phosphatidylethanolamine (PE), three
unidentified aminolipids (AL1 to AL3) and two unidentified lipids (L1, L2) as total polar lipids
(Supplementary Fig. S1). In both type strains also nearly similar composition was observed

(Supplementary Fig. S1). DNA G + C content of the strain N1" was 36.3 mol% (Tp) (Table 1).

Phylogenetic relationships of strain N1" based on the 16S rRNA gene sequence indicated that
strain N1 was close to the F. resistens with pair-wise sequence similarity of 96.5%. Phylogenetic
analysis based on maximum-likelihood and neighbor-joining trees indicated that strain N1" clustered
with species of the genus Flavobacterium, viz. clustered with F. glycines and F. daejeonense with a

distance of 4.8 and 6.0% (95.2 and 94.0% similarity), respectively (Fig. 1).

The main features of the strain N1" are in line with the original and emended descriptions of
the genus Flavobacterium but could be distinguished from published closely related species F.
glycines and F. daejeonense (Tables 1 and 2). Thus, the cumulative differences of strain N1 from
the closely related type strains unambiguously classify the strain as a new species of the genus

Flavobacterium for which the name F. nitratireducens sp. nov. is proposed.
Description of Flavobacterium nitratireducens sp. nov.

Flavobacterium nitratireducens (ni.tra.ti.re.du'cens. N.L. n. nitras -atis, nitrate; L. part. adj. reducens,
leading back, bringing back and in chemistry converting to a different oxidation

state; N.L. part. adj. nitratireducens, reducing nitrate).

Cells are Gram-negative, rod shaped, 0.2-0.3 um wide and 1.0-1.5 um long. Cells form
chains, multiply by binary fission and are non-motile. Colonies grown for 3 days at 30 °C on R2A

plates are circular, 2-3 mm in diameter, smooth, shiny, translucent, yellowish and raised with entire



margin. Flexirubin-type pigment is absent. Grows at 15-37 °C (optimum, 30-37 °C), and at pH 7-9
(optimum, 7.5-8.5). Optimum growth occurred at salinities up to 0-1% (w/v). Positive for ornithine
decarboxylase activity and negative for catalase, oxidase, lysine decarboxylase and arginine
dihydrolase actitivities. Indole and H,S production is absent. Methyl red and Voges Proskauer’s
reactions are negative. Nitrate reduction is positive. Hydrolyzed starch but not agar, aesculin, gelatin
and Tween 20/40/60/80. Positive reactions (from VITEK 2 GN) in tests for Ala-Phe-Pro-
arylamidase, L-pyrrolydonyl-arylamidase, f-N-acetylglucosaminidase, glutamyl arylamidase, L-
proline arylamidase, tyrosine arylamidase, a-glucosidase, S-N-acetylgalactosaminidase, urease, a-
galactosidase, phosphatase, D-glucose, D-maltose, D-mannose, sucrose and D-trehalose; negative
reactions were observed for f-galactosidase, y-glutamyl-transferase, f-glucosidase, f-xylosidase, f-
alanine arylamidase, lipase, glycine arylamidase, fS-glucoronidase and glu-gly-arg-arylamidase,
adonitol, L-arabitol, D-cellobiose, D-mannitol, fermentation of glucose, palatinose, D-sorbitol, D-
tagatose, citrate, malonate, 5-keto-D-gluconate, L-histidine, L-lactate, L-malate, L-lactate and
succinate alkalinisation, courmarate, ELLMAN and 0/129 resistance. Susceptible to antibiotics
(png/disc), kanamycin (30), chloramphenicol (30), lincomycin (2), bacitracin (8 units/disc),
polymixin-B (300), gentamycin (10), novobiocin (30), ciprofloxacin (10), cephadoxil (30),
chlorotetracycline (30), neomycin (30), penicillin-G (2 units/disc), tetracycline (30), spectinomycin
(100) and amoxicillin (30); resistant to ampicillin (25), ceftazidime (3) and vancomycin (30). The
predominant fatty acids were Cy6.0 30H (13.7%), is0-C;s.9 (13.4%), i150-Ci5.0 30H (9.3%), 150-C;79
30H (8.1%), anteiso-Cis.o (7.5%), Cig:0 (7.5%), Cis:0 30H (7.2%) and Ci6.; @7c and/or iso-Cjs. 2-
OH (summed feature 3)(5.6%). The isoprenoid quinone present is MK-6. The polyamine present is
homospermidine. The polar lipids consisted of phosphatidylethanolamine, three unidentified
aminolipids (AL1-AL3) and two unidentified lipids (L1, L2). The G + C content of the genomic
DNA is 36.3 mol%.

The type strain, N1T (= MTCC 11155" = JCM 17678") was isolated from a marine water

sample collected from sea shore, Bay Bengal, Visakhapatnam, India.
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Legends to Figures

Fig. 1. Neighbour-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the
relationships between strain N1' and closely related members of the family
Flavobacteriaceae. Numbers at the nodes are bootstrap values >50%. Bootstrap values (>50
%) based on 1000 resamplings are shown for the neighbour-joining, maximum-likelihood
and maximum-parsimony methods. Myroides odoratus ATCC 4651" (M58777) was used as

an outgroup. Bar, 0.01 substitution per nucleotide position.

Supplementary Fig. S1. Two-dimensional thin-layer chromatogram of the total polar lipids of the
strain N1' (a), F. daejeonense DSM 17708" (b) and F. glycines ICMP 17618 (c) after
spraying the plates with molybdatophosphoric acid. Abbreviations: DPG,
diphosphatidylglycerol; PE, phosphatidylethanolamine; L, unidentified lipid; AL,
unidentified aminolipid. The the spots identified as phospho-, amino- or glyco-lipids by

spraying molybdenum blue, ninhydrin and a-napthol reagents, respectively.
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Table 1. Features that distinguish strain N1* from the closely related species F. daejeonense and F.

glycines

Data were from present study. All strains were rod-shaped, yellow-pigmented, positive for a-glucosidase and D-glucose
and sucrose utilization. All strains were negative for indole production, methyl red and Voges Proskauer’s reactions, agar
and Tween 20/40/60/80 hydrolysis, lysine decarboxylase, arginine dihydrolase, y-glutamyl-transferase, f-xylosidase, -
alanine arylamidase, glycine arylamidase, f-glucoronidase and glu-gly-arg-arylamidase activities, L-lactate and succinate
alkalinisation, palatinose, adonitol, L-arabitol, D-tagatose, malonate, 5-keto-D-gluconate, L-histidine, L-malate and L-
lactate, courmarate, ELLMAN and 0/129 resistance. +, positive; -, negative. All strains were susceptible to antibiotics
(ng/disc) gentamicin (10), ciprofloxacin (10), cephadroxil (30), chlortetracycline (30), tetracycline (30), neomycin (30)
and amoxycillin (30); resistant to ceftazidime (3). +, positive; -, negative; S, sensitive; R, resistance; PE,
phosphatidylethanolamine; AL, unidentified aminolipid; L, unidentified lipid.

Characteristic

Flavobacterium

Flavobacterium

Flavobacterium

nitratireducens daejeonense glycines ICMP
N1" DSM 17708" 176187

Vitek 2 GN tests:

Ala-Phe-Pro-arylamidase + + -

L-pyrrolydonyl-arylamidase + - -

pS-N-acetylglucosaminidase + - -

glutamyl arylamidase + - -

L-proline arylamidase + - -

tyrosine arylamidase + - -

Urease + - -

[-N-acetylgalactosaminidase + - -

Susceptibility to Antibiotics (ug/disc):

Chloramphenicol (30) S S R

Lincomycin (2) S S R

Bacitracin (8units/disc) S R R

Polymyxin-B (300) S R R

Novobiocin (30) S R R

Spectinomycin (100) S S R

Penicillin-G (2units/disc) S R R

Major fatty acids Cis.0 30H, iso- | 1s0-Cys.9, anteiso- | Ci5.9 30OH, 1iso-
C15;0, anteiso- C15;0, iSO-Cls;o C15;0, anteiso-
Ciso, 180-Ciso | 30H, Cis.q b6c, | Ciso,  180-Ciso
3OH> C16:0, iSO-C15;1 G, C16;0, 3OH, C15¢1 (D6C,
Cis0 30H, iso- Cieo 30H, 1so- | Cig0, Cis:0 30H,
Ci7.0 30H and Ci70 30OH and | iso-Ci7 30H
SF 3 SF 3 and SF 3

Polar lipids PE, AL1-AL3,|PE, ALI-AL3, |PE, AL2, AL3,
L1,L2 L1,L2 L1,L2

Habitat Marine water *Greenhouse soil | “Rhizosphere of

field-grown
soybean

SF 3, Summed feature 3. ¥*Summed features are groups of two or three fatty acids that could not be separated by GC with
the MIDI system. Summed feature 3 comprised Cj¢;; 7. and/or iso-C;s. 2-OH
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Table 2. Fatty acid composition of the strain N17, F. daejeonense DSM 17708" and F. glycines
ICMP 17618"

Results are presented as a percentage of the total fatty acids. Fatty acids amounting to 5% or more of the total fatty acids
are in bold. Data were from present study. ND, not detected. The strains were grown on R2A plates at 30°C for three
days. ND, not detected. Values of less than 1% for all strains are not shown. tr, traces (<1%). Data in the parenthesis is
taken from Kim et al., 2006 and Madhaiyan et al., 2010.

Fatty acid Flavobacterium Flavobacterium Flavobacterium
nitratireducens daejeonense glycines
N1' DSM 17708" ICMP 176187
Ciz at 12-13 1.3 tr (ND) tr (ND)
Clra0 2.2 1.1 (1.0) 2.6 (3.0)
i50-Cj4:0 1.4 tr (tr) 1.0 (1.9)
Cis:0 20H 1.0 tr (tr) tr (1.3)
Cis:0 30H 7.2 3.6 (2.6) 6.2 (2.8)
i50-C5:0 13.4 13.4 (20.1) 12.9 (15.5)
anteiso-Cis.o 7.5 4.8 (5.2) 6.4 (9.2)
is0-Cys.0 30H 9.3 6.1 (8.6) 5.4 (6.4)
Cis: 06¢ ND 4.6 (6.0) 5.2 (5.9)
i50-C1s5.1 G 3.2 6.3 (5.1) 2.5(3.3)
150-Cjs.1 m6¢C 1.0 ND (ND) ND (ND)
Ci60 75 10.2 (6.5) 6.2 (6.2)
Cie0 30H 13.7 8.1(7.5) 12.3 (11.2)
150-Ci¢:0 ND tr (tr) 1.0 (tr)
is0-Cie:0 30H 4.4 1.7(1.2) 3.5(3.8)
Ci7:0 20H 1.5 1.0 (\ND) 1.7 (ND)
Ci70 30H tr 2.1(1.2) ND (1.4)
is0-C17: 30H 8.1 10.1 (9.4) 6.2 (4.5)
anteiso-Cj7. tr tr (ND) 1.0 (ND)
C17.1 0bC tr 1.3 (2.6) 1.7 (2.5)
Ci7:1 ®8¢c ND 1.3 (tr) tr (tr)
Cis:0 1.5 1.0 (ND) 2.3 (ND)
Cis:0 10-methyl, TBSA | 1.9 ND (ND) ND (ND)
Cs.1 20H ND 1.3 (ND) ND (ND)
Cis.1 ®9¢ ND 1.6 (ND) ND (ND)
Ciss (,06,9,120 tr tr 3.1 (ND)
Co:4 06,9,12,15¢ ND 1.3 (ND) 2.3 (ND)
Summed feature 2 1.4 1.1 (1.0) 1.4 (1.1)
Summed feature 3 5.6 9.4 (17.2) 11.8 (15.8)
Summed feature 8 tr 1.7 ND (ND)
Summed feature 9 ND 1.5 ND (ND)

Summed features are groups of two or three fatty acids that could not be separated by GC with the MIDI system.
Summed feature 2 comprised C12:0 ALDE and/or unknown ECL 10.928; summed feature 3 comprised C;s,; ®7c and/or
i80-Cys,90 2-OH; Summed feature 8 comprised C;g; ®7c¢ and/or C;g.; @w6c; Summed feature 9 comprised iso-Ci7.; ®9¢
and/or Cy¢, 10-methyl.
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Supplementary Table 1. Features that distinguish strain N1" from the phylogenetically related species of the genus Flavobacterium

Taxa, 1. Strain N17 (F. nitratireducens sp. nov.); 2, F. daejeonense DSM 17708"; 3, F. glycines ICMP 17618" (Data for taxa 1-3 were from present study); 4, F. resistens
BD-b365" (Data taken from Ryu ef al., 2008); 5, F. tiangeerense 0563" (Data taken from Xin et al., 2009); 6, F. xueshanense Sr22" (Data taken from Dong et al., 2012); 7, F.
pectinovorum ATCC 193667 (Data taken from Bernardet et al., 1996); 8, F. hibernum ATCC 514687 (Data taken from McCammon et al., 1998); 9, F. omnivorum JCM
113137 (Data taken from Zhu et al., 2003); 10, F. micromati LMG 21919" (Data taken from Van Trappen et al., 2004); 11, F. frigidimaris KUC-1" (Data taken from
Nogi et al., 2005); 12, F. granuli Kw05" (Data taken from Aslam et al., 2005); 13, F. chilense LM-O9-FpT (Data taken from Kampfer et al., 2012); 14, F. reichenbachii WB
3.2-617 (Data taken from Ali et al., 2009); 15, F. aquidurense WB-1.1.56" (Data taken from Cousin et al., 2007); 16, F. chungangense CI7' (Data taken from Kim et al.,
2009); 17, F. fiyxellicola LMG 220227 (Data taken from Van Trappen et al., 2005); 18, F. limicola ST-82" (Data taken from Tamaki et al., 2003).

All strains were rod-shaped, yellow-pigmented. +, positive; -, negative; ND, data not available; w, weak growth.

Characteristic 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Gliding motility - - + + - - + + - - - - + + - - - -
Flexirubin-type pigment | - - + + - - - + - - + - + + + - - -
NaCl growth range (% | 0-1 0-3 0-1 0-2 (0-]0-0.5 | 0-0.5 | 0-1 ND 0-3.5 | 0-2 0-3 0-2 0-3 0-2 | 0-1 0-4 0-2 0-1.5
w/v) (optimum) (0-1) | (0-1) |(0) 0.5) © 10O @O © 10 0) | (0-1) © O © 10 @O
Growth temperature 15-37 | 5-37 | 10-37 | 15-40 4-26 | 2-18 | 20-40 4-31 ND 5-25 | 2-26 | 15-37 4-30 | 6-30 | 13-30 | 5-35 | 5-25 | 0-25
range (°C) (optimum) (30- (30) (28- (20-30) | (22- | (14) | (20-25) | (26) (11) | (ND) | (18) | (25-30) | (25- | (20- | (19- (25) | (20) | (15-20)

37) 30) 23) 28) 26) | 28)
pH  growth  range | 7-9 6-8 6-8 6-9.5 6.5-9 | 6-9 5-10 ND ND | ND ND | ND 6.5- |58 |6-6.6 |5-8 ND | ND
(optimum) 75 | (D (7- (7-8) (7-8) | (7) (ND) 8.5 8 6.4) | (6)

8.5) 7.5) (7-8) | (6.2)
Oxidase - + W + + + + - + + - + + + + + + +
Catalase - + + + + + + + + + + + ND + + + + +
Nitrate reduction + + + - - - + + + - - - ND - - - -
H,S production - - - ND - - - - - - - - W ND - - -
Ornithine decarboxylase | + + - - - ND ND - - - ND - - ND | ND ND - -
[S-galactosidase - - + + - - ND ND ND - ND + ND + + - - -
Phosphatase + - - + + + + ND ND + ND ND ND + + + + +
a-glucosidase + + + + ND - ND ND ND + ND ND ND - + - w -
o-galactosidase + + + w - - ND ND ND - ND ND ND + - - w +
[-glucosidase - - - - - ND ND ND - ND |+ ND - - - - +
Lipase - - - w + - ND ND ND - ND |ND ND - - - - +
Fermentation glucose - - - - - + + + - - + - + - ND - - -
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Hydrolysis of:

Aesculin - - - + + + ND + + + + + + + + + + +
Gelatin - - - - - + + - - + - + + - + - +
Starch + + + - - + + - ND _ i + + T+ - T
Utilization of:

D-maltose + - + + - + + ND - - + + I + + _ T n
D-mannose + - + - () + ND + + - + + + W + - - +
D-trehalose + - + ND - - ND + + ND + ND + + - ND ND ND
D-cellobiose - - - ND + ND + + + ND + ND + + - ND ND ND
D-mannitol - - - - - - - + - - + - - - - - - ND
D-sorbitol - - - ND - ND ND + - ND - - - - - ND ND ND
Citrate - - - - - - ND - - ND ND ND - - - - - -
DNA G + C content | 36.3 ’38.7 |%35.6 |354 348 |37.2 |34.0 34.0 35.0 |33.0 |345 |362 ND 343 | 335 345 |35.0 |34.0

(mol%)

Data taken from Kim et al., 2006 and Madhaiyan et al., 2010.
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40000 Flavobacterium beibuense F44.2T (G0245972)
4‘&‘— Flavobacterium rivali WE 33-2T(AMO34661)

200

Flavobacterium subsayomicum WE 4.1-42T (AMIZ4666)

GHHLTE Havobacterium lindanifolerans [P-10T(EF42430 5)

Flavobacteriumcaesn LMAT(EUZ13814)
Flavobacteriumcroceum EMBE4TT (DO372982)
Flavabacterium colummare [IFO 150431 (AB0T72047)
Flavobacterium ferrae R2A1-13T (EF117329)

9247600 Ravaobacterium dongranense LWE0T(3U073205)
w Flavobacterium haoranii LOV-TT (GQIZETEN)
Flavobacteriumindicum GPTSA100-9T (AV904351)
696133 Flavobacterium suncheonense GH28-5T(DO222428)
M': Hlavobacterium saliperosum 83 1 3201T(DO021903%)

Flavobacterium cauense R24.7T (EUA21691)

99/99/00 Flavobacterium sasangense YCOA274T(EU423319)
—71—’Eﬁfavobacrerium cucrmis R2445-3T(EF126003)

Flavobacterium cheniae NI-26T (EF407280)

Flavobacterium filum EMES4T (DO372981)
OO Flavobacterium terrigena D3-20T (DOEEIT24)
Flavobacterium macrobrachii an-2T(FI593904)

STN00E Flavobacterium aquatile ATCC 11947T(MAE2797)
9900/86 Flavobacferiumcheonanense ARSA-108T (3U295968)
88{00/53 Flavobacterium chumgnamense ARS4-103T (GU295971)

Flavobacterium koreense AR34-42T (GU295967)

plissise s 500000

Aavabacterium soli DS-6T (DO178976)

90/90/91 Flavobacterium swingsii WE 2 3-62T (AMO34651)
%ﬂavobacmrmm paychrophilem IIPO2/36 (AMI02621)

FlavabacteriumpsychrophilumIFO 159421 (AB0T7E060)

Flavobacterium banpakuense 13F3T(CQ2E1770)
Flavobacterium chunghukense CS100THME27539)
Flavobacterium defluvii EMEB117T(DO372986)
Hlavobacteriumjohmsoniae UW101T(CPOO0GES)
Flavobacterium ginsenosidimutans THG 01 T(G1138377)
Flavobactferium denitrificans ED5T (A318907)
Flavobacteriumphragmitis BLN2T (GU364236)
Flavobacferivm anbuiense D31 (EU046260)
Flavobacterium mpungsuense HMD1033T(GO148878)
Hlavobacterium flevense DSM 1076 T AM230426)
Flavobacteriumyponginensis HMDI1001T(GQ144413)
Flavobacterium fluvii HTTEUL109724)
Flavobacteriumfegefineala ACAM 6027 (U235287)
Flavobacterivm anfarcficum DSM 19726 T(FM163401)
Flavobacterium algicola TC2T(AB455265)
Flavobacteriumweaverense AT1042T (AT581114)
Flavobacferiumsegefis AT1048T(AV521115)
Flavobacteriumresistens BD-b36 5T (EFA73363)
Flavobacierium nitratireducens N1T (FR82 7898)
Flavobacterium dagfeonense GH1-10T(DQ222427)
Flavobactferivm glyeines Gm-149T (EUAT2807)
Flavabacteriumreichenbachni WE 3 2-61T (AM177616)
Flavobacterium branchiophilum IFO 15030T(D14017)
Flavobacterium hibernum ATCC 51468T(L32067)
Flavobacterium gravdi Kad 5T (AB180738)
Flavobacterium hpdatis DEM 2063T(AM230487)
Flavobacterium succivicans DA 4002 T (AM230452)
Flavabacterium glacie 01498T(D0515962)
Flavobacterivm micromati LMG 21919T7AT557328)
Flavobacterium pectinovorum DEM 63687 (AM230490)
Flavabacterium hercynivm WE 4 2-33T (AMI65623)
Flavobacteriumchilense LM-09 FpT (FR774915)
Flavobacterium chungangense CITHEUD2427 5
Flavabacterium saccharaphilumDSW 15117 (AM230491)
Flavobactferium aguidurense WB-1.1 36T (AM177392)
Flavobacterium araucananum LM-19-FpT (FR774914)
L| Flavobacteriumfrigidimaris KUC-1T (AB183888)
Flavobacterium pspehrolimmas LMG 22012 T(AT525428)
Flavobacterium limicola 3T-827 (ABO75230)
Flavobacterium Hangzerense 563T(EU036215)
Flavobacterium ranthum ACAM 21T (AF030350)
Flavobacterium sinopspchrotolerans 15337 gFJ6544? 4
999296 Flavohacferiumurumgiense 31251 (HO43646T)
Flavobacterium xinfiangense ICM 1131 4T (AF433173)
Flavobacteriumfrigoris LMO 21922T(AI557287)
Flavobacterium gillisiae A0 AWM 601 T(US5859)
Flavobacterium de_ﬁeriachei LMG 21915T(AI557286)
Flavobacterivm xusshanense 31227 (HQ436468)
Flavobacterium ommivorem IO 1131 3T(AF435174)
Flavobacteriumfrigidarivm A2iF (AF162266)
Flavobacterium fryxellicola LMG 22022T(AJ211961)

100100426

99100495

Myroides odorafus ATCC 46351 T(MEETTT



ol Ly

Suppieﬁ;?a_ry Flg Si



