
IntroductIon

Members of the phylum Bacteroidetes, which was ori
ginally defined as a monophyletic branch encompassing 
the genera Cytophaga, Flavobacterium and Bacteroides 

(CFB), are generally described to be Gramstaining 
negative, nonsporeforming and rodshaped bacteria 

(Woese et al., 1990). Due to their importance in environ
mental and gut microbiology, they have been extensively 
studied and hence the number of species names in the no
menclature has doubled in the past several years. There
fore, a phylogeny of Bacteroidetes has recently been re
vised using multilocus sequence analysis (Munoz et al., 
2016). As a result of these efforts, seven new taxa within 
Bacteroidetes and one new phylum, Rhodothermaeota 
phyl. nov., were proposed. The members of Bacteroidetes 
are widely distributed in various environments, includ

ing soil, sediments, sea water, and animal gut and skin 

(Thomas et al., 2011). Some members are known as op
portunistic pathogens.

In this study, bacterial strains belonging to the phyla 
Bacteroidetes and Rhodothermaeota were isolated from 
various environments (seawater, freshwater, tidal flat, 
wet land, lagoon and ginseng soil) during the investi
gation of indigenous bacterial species in Korea by the 
research program supported by NIBR (National Institute 
of Biological Resource) in 2015. As a result, 22 strains 
are proposed as unrecorded species of Korea.

MaterIals and Methods

A total of 22 bacterial strains assigned to the phylum 
Bacteroidetes were isolated from various environmental 
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samples. Treatment of environmental samples and bac
terial isolation were done independently in several lab
oratories. Pure cultures of isolated bacteria were grown 
on various media including R2A agar (BD), marine agar 

(MA; BD) and tryptic soy agar (TSA; BD) at 1530°C 
for 23 days, depending on strains. The designated strain 
ID, isolation source, culture media and incubation condi
tions are summarized in Table 1. All pure cultures were 
maintained in 1020% glycerol suspension at -80°C 
and lyophilized ampoules.

Cellular morphology and cell size were examined using 
either transmission electron microscope (TEM) or scan
ning electron microscope (SEM). Gram staining was 
performed using a Gram staining kit (Sigma) according 
to the standard procedures. Biochemical characteris
tics were tested using API 20NE galleries (bioMérieux) 
according to the manufacturer’s instructions. Bacterial 
DNA extraction, PCR amplification and sequencing of 
16S rRNA genes were performed using the standard pro
cedures as described elsewhere (Lee and Cha, 2016). The 
16S rRNA gene sequences were compared with those 
of the type strains of validly published bacterial species 
collected from the EzTazon-e server (Kim et al., 2012). 
Multiple alignments of the 16S rRNA gene sequences 
of the isolates and those of the related type strains were 
carried out using the Clustal_X program (Thompson et al., 
1997) for the phylogenetic analysis. Phylogenetic trees 
were reconstructed by maximumlikelihood (ML) (Fel
senstein, 1981) and neighbourjoining (NJ) (Saitou and 
Nei, 1987) algorithms using MEGA7 software (Kumar 
et al., 2016). The best substitution model for the ML tree 
was determined by a model test in the software. Both 
tree topologies were evaluated based on bootstrap analy
sis of 1000 datasets (Felsenstein, 1985).

results and dIscussIon

Twentyone strains were classified into three or
ders in three classes in the phylum Bacteroidetes; two  
strains in the order Cytophagales, five strains in the 
order Sphingobacteriales, and 14 strains in the order  
Flavobacteriales. These strains were Gramnegative and 
rodshaped bacteria except for strain CH1, which had a 
coccoid shape (Fig. 1). In the order Cytophagales, one 
strain was assigned to the genus Algoriphagus in the 
family Cyclobacteriaceae and another strain belonged to 
the genus Arcicella in the family Cytophagaceae (Fig. 2). 
In the order Sphingobacteriales, two strains belonged to 
the family Chitinophagaceae and three strains belonged 
to the family Sphingobacteriaceae (Fig. 3). Fourteen 
strains were assigned to the family Flavobacteriaceae in 
the order Flavobacteriales (Fig. 4).

Strain IMCC12361, which showed a 16S rRNA gene 

sequence similarity of 100% with Balneola vulgaris 
DSM 17893T, was previously classified as a member of 
Bacteroidetes. Since a recent revision of a Bacteroidetes 
phylogeny proposed the new phylum Rhodothermaeota  

(Munoz et al., 2016), the family Balneolaceae, to which 
Balneola vulgaris belongs, is now separated from  
Bacteroidetes and classified as a member of the new
ly described phylum Rhodothermaeota (Fig. 5). Here,  
we report 22 bacterial species belonging to the phyla 
Bacteroidetes and Rhodothermaeota which were unre
corded in Korea. Colony size, morphology, and physi
ological characteristics of these strains are presented in 
the species description section.

Figs. 2, 3, 4, and 5 show the phylogenetic assignment 
of 22 strains into 22 species in the phylum Bacteroidetes 
and Rhodothermaeota. These strains belonged to Balneola 
vulgaris (Urios et al., 2006), Algoriphagus aquatilis (Liu 
et al., 2009), Arcicella aurantiaca (Sheu et al., 2010), 
Chryseobacterium carnis (Holmes et al., 2013), C. 
chaponense (Kämpfer et al., 2011), C. gambrini (Herzog 
et al., 2008), C. lactis (Holmes et al., 2013), C. piscium 

(de Beer et al., 2006), C. indologenes (MonteroCalasanz 
et al., 2013), Croceibacter atlanticus (Cho and Giovan
noni, 2003), Elizabethkingia anopheles (Kämpfer et 
al., 2011), Flavobacterium araucananum (Kämpfer et 
al., 2012), F. sinopsychrotolerans (Xu et al., 2011), F. 
aquatile (Sheu et al., 2013), F. succinicans (Bernardet 
et al., 1996), Lutimonas saemankumensis (Yoon et al., 
2008), Maribacter spongiicola (Jackson et al., 2015), 
Nonlabens xylanidelens (apos et al., 2006), Lacibacter 
daechungensis (Jin et al., 2013), Sediminibacterium  
ginsengisoli (Kim et al., 2013), Mucilaginibacter koreensis 

(Park et al., 2014), Pedobacter alluvionis (Gordon et al., 
2009), P. luteus (Oh et al., 2013).

Description of Balneola vulgaris IMCC12361

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.6 μm long, 0.4 μm wide). Colonies are 
circular, convex, opaque and redcolored after 3 days 
of incubation on MA at 15°C. Negative reactions are 
obtained for indole production, glucose fermentation, 
arginine dihydrolase, urease, esculin hydrolysis and 
gelatinase in API 20NE. Does not utilize larabinose, 
Nacetylglucosamine, capric acid, trisodium citrate, 
and phenylacetic acid. Strain IMCC12361 ( = NIBRBA 
0000114858) was isolated from a sea water sample, East 
sea, Sokcho, Korea.

Description of Algoriphagus aquatilis WS57

Cells are Gramstainingnegative, nonflagellated 
and rodshaped (0.7 μm long, 0.2 μm wide). Colonies 
are round, circular, convex and redpinkcolored after 3 
days of incubation on R2A at 25°C. Negative reactions 
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are obtained for nitrate reduction, indole production, 
glucose fermentation, arginine dihydrolase, urease and 
gelatinase in API 20NE. Does not utilize dglucose, l 
arabinose, dmannose, dmannitol, Nacetylglucosamine, 
dmaltose, potassium gluconate, capric acid, adipic acid, 
malic acid, trisodium citrate, and phenylacetic acid. Strain 
WS57 ( = NIBRBA0000115012) was isolated from a 
swamp sample, Upo wetland, Changnyeong, Korea.

Description of Arcicella aurantiaca WS16

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (2.2 μm long, 0.4 μm wide). Colonies are 
round, circular, convex and orangecolored after 3 days 
of incubation on R2A at 25°C. Negative reactions are 
obtained for nitrate reduction, indole production, glu
cose fermentation, arginine dihydrolase and urease in 

Fig. 1. Transmission electron micrographs or scanning electron micrographs of cells of the strains isolated in this study. Strains: 1. 
IMCC12361; 2. WS57; 3. WS16; 4. CH1; 5. SCR0201; 6. CWF4; 7. HMF2732; 8. GOF5; 9. NK 6Y-4-4; 10. IMCC12433; 11. 142-9; 12. 
WA3; 13. WM121; 14. WW93; 15. SRY13; 16. IMCC12447; 17. HMF2263; 18. HMF2264; 19. WS72; 20. HME7508; 21. HME8677; 22. 
WB5; 23. HME8461.

(1) (2) (3) (4) (5)

(6) (7) (8) (9) (10)

(11) (12) (13) (14) (15)

(16) (17) (18) (19) (20)

(21) (22) (23)
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API 20NE. Does not utilize dglucose, larabinose, d 
mannose, dmannitol, Nacetylglucosamine, dmaltose, 
potassium gluconate, capric acid, adipic acid, malic acid, 
trisodium citrate and phenylacetic acid. Strain WS16 

( = NIBRBA0000115013) was isolated from a freshwater 
sample, Upo wetland, Changnyeong, Korea.

Description of Chryseobacterium carnis CH1

Cells are Gram-staining-negative, non-flagellated and 
coccusshaped (0.7 μm long, 0.4 μm wide). Colonies are 
circular, entire, raised and yellowcolored after 2 days 
of incubation on R2A at 30°C. Negative reactions are 
obtained for glucose fermentation, arginine dihydrolase, 
urease, esculin hydrolysis and βgalactosidase in API 
20NE. Does not utilize dmannose, Nacetylglucos
amine, capric acid and phenylacetic acid. Strain CH1 

( = NIBRBA0000114884) was isolated from a tidal flat 
sample, Ganghwa, Incheon, Korea.

Description of Chryseobacterium gambrini CWF4

Cells are Gram-staining-negative, non-flagellated and 

rodshaped (2.5 μm long, 1.3 μm wide). Colonies are 
circular, entire, raised and yellowcolored after 2 days 
of incubation on R2A at 25°C. Negative reactions are 
obtained for nitrate reduction, indole production, glu
cose fermentation, arginine dihydrolase, urease and β 
galactosidase in API 20NE. Does not utilize larabinose, 
dmannitol, Nacetylglucosamine, potassium gluco
nate, capric acid, adipic acid, malic acid, trisodium ci
trate and phenylacetic acid. Strain CWF4 ( = NIBRBA 
0000114786) was isolated from a freshwater sample, 
Chonbuk national university fountain, Jeonju, Korea.

Description of Chryseobacterium lactis HMF2732

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.6 μm long, 0.4 μm wide). Colonies are 
circular, entire, convex and yellowcolored after 2 days 
of incubation on R2A at 30°C. Negative reactions are 
obtained for nitrate reduction, glucose fermentation, ar
ginine dihydrolase and urease in API 20NE. Does not 
utilize larabinose, dmannitol, Nacetylglucosamine, 
potassium gluconate, capric acid and trisodium citrate. 

Fig. 2. Neighborjoining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in 
this study and their relatives of the order Cytophagales. Numbers at the nodes are levels of bootstrap value (%) based on 1000 replicated 
datasets; only values above 50% are shown. Microscilla marina ATCC 23134T (AAWS01000102) was used as an outgroup. Bar, 0.01 sub
stitutions per nucleotide position.
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Strain HMF2732 ( = NIBRBA0000115000) was isolated 
from a lagoon sample, lagoon, Gangneung, Korea.

Description of Chryseobacterium piscium GOF5

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.3 μm long, 0.6 μm wide). Colonies are 
circular, entire, raised and yellowcolored after 2 days 
of incubation on R2A at 25°C. Negative reactions are 
obtained for indole production, glucose fermentation, 
arginine dihydrolase and β-galactosidase in API 20NE. 
Does not utilize dglucose, larabinose, dmannose, d 
mannitol, Nacetylglucosamine, dmaltose, potassium 
gluconate, capric acid, adipic acid, malic acid, trisodium 
citrate and phenylacetic acid. Strain GOF5 ( = NIBRBA 
0000114771) was isolated from a freshwater sample, 
Acer pictum subsp. mono water, Jangseong, Korea.

Description of Chryseobacterium indologenes  
NK 6Y-4-4

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (0.7 μm long, 0.4 μm wide). Colonies are cir

cular, entire smooth, convex and yellowcolored after 2 
days of incubation on R2A at 30°C. Negative reactions 
are obtained for nitrate reduction, indole production, 
glucose fermentation and arginine dihydrolase in API 
20NE. Does not utilize capric acid. Strain NK 6Y-4-4 

( = NIBRBA0000114871) was isolated from a Ginseng 
field sample, Anseong, Korea.

Description of Croceibacter atlanticus IMCC12433

Cells are Gramstainingnegative, nonflagellated 
and rodshaped (2.6 μm long, 0.8 μm wide). Colonies 
are circular, convex, smooth and yellowcolored after 3 
days of incubation on MA at 15°C. Negative reactions 
are obtained for indole production, glucose fermenta
tion, arginine dihydrolase, urease, esculin hydrolysis, 
gelatinase and β-galactosidase in API 20NE. Does not 
utilize dglucose, larabinose, dmannose, dmannitol, 
Nacetylglucosamine, dmaltose, potassium gluconate, 
capric acid, adipic acid, malic acid, trisodium citrate 
and phenylacetic acid. Strain IMCC12433 ( = NIBRBA 
0000114868) was isolated from a sea water sample, East 

Fig. 3. Neighborjoining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in 
this study and their relatives of the order Sphingobacteriales. Numbers at the nodes are levels of bootstrap value (%) based on 1000 rep
licated datasets; only values above 50% are shown. Sphingobacterium spiritivorum ATCC 33861T (ACHA01000008) was used as an out
group. Bar, 0.02 substitutions per nucleotide position.
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Fig. 4. Neighborjoining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in 
this study and their relatives of the order Flavobacteriales. Numbers at the nodes are levels of bootstrap value (%) based on 1000 replicated 
datasets; only values above 50% are shown. Ornithobacterium rhinotracheale DSM 15997T (CP003283) was used as an outgroup. Bar, 0.02 
substitutions per nucleotide position.
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sea, Sokcho, Korea.

Description of Elizabethkingia anophelis 142-9

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (2.9 μm long, 0.6 μm wide). Colonies are 
circular, entire, raised and yellowcolored after 2 days 
of incubation on TSA at 25°C. Negative reactions are 
obtained for indole production, glucose fermentation, 
arginine dihydrolase, urease, esculin hydrolysis and 
gelatinase in API 20NE. Does not utilize larabinose, 
dmannose, dmannitol, Nacetylglucosamine, potas
sium gluconate, capric acid, adipic acid, trisodium ci
trate and phenylacetic acid. Strain 1429 ( = NIBRBA 
0000114764) was isolated from a freshwater sample, Ju
wang mountain, Cheongsong, Korea.

Description of Flavobacterium araucananum WA3

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.7 μm long, 0.3 μm wide). Colonies are cir
cular, entire, raised and yellowcolored after 2 days of 

incubation on R2A at 25°C. Negative reactions are ob
tained for nitrate reduction, indole production, glucose 
fermentation, arginine dihydrolase and urease in API 
20NE. Does not utilize dglucose, larabinose, dman
nose, dmannitol, Nacetylglucosamine, potassium glu
conate, capric acid, adipic acid, malic acid, trisodium 
citrate and phenylacetic acid. Strain WA3 ( = NIBRBA 
0000114767) was isolated from a freshwater sample, 
Jeonjucheon, Jeonju, Korea.

Description of Flavobacterium sinopsychrotolerans 
WM121

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (2.2 μm long, 0.5 μm wide). Colonies are cir
cular, convex, smooth and yellowcolored after 3 days 
of incubation on R2A at 25°C. Negative reactions are 
obtained for nitrate reduction, indole production, glu
cose fermentation, arginine dihydrolase, urease, esculin 
hydrolysis, gelatinase and β-galactosidase in API 20NE. 
Does not utilize larabinose, dmannose, dmannitol, 

Fig. 5. Neighborjoining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in 
this study and their relatives of the phylum Rhodothermaeota. Numbers at the nodes are levels of bootstrap value (%) based on 1000 repli
cated datasets; only values above 50% are shown. Bacteroides massiliensis B84634T (AQHY01000028) was used as an outgroup. Bar, 0.02 
substitutions per nucleotide position.
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Nacetylglucosamine, potassium gluconate, capric acid, 
adipic acid, malic acid, trisodium citrate and pheny
lacetic acid. Strain WM121 ( = NIBRBA0000115033) 
was isolated from a freshwater sample, Upo wetland, 
Changnyeong, Korea.

Description of Flavobacterium aquatile WW93

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.5 μm long, 0.6 μm wide). Colonies are cir
cular, convex, smooth and yellowcolored after 3 days 
of incubation on R2A at 25°C. Negative reactions are 
obtained for indole production, glucose fermentation, 
arginine dihydrolase, urease, esculin hydrolysis and β 
galactosidase in API 20NE. Does not utilize dglucose, 
larabinose, dmannose, dmannitol, Nacetylglucos
amine, dmaltose, potassium gluconate, capric acid, 
adipic acid, malic acid, trisodium citrate and pheny
lacetic acid. Strain WW93 ( = NIBRBA0000115032) 
was isolated from a freshwater sample, Upo wetland, 
Changnyeong, Korea.

Description of Flavobacterium succinicans SRY13

Cells are Gram-staining-negative, flagellated and rod-
shaped (1.0 μm long, 0.6 μm wide). Colonies are circular, 
entire, raised and yellowcolored after 2 days of incu
bation on R2A at 25°C. Negative reactions are obtained 
for indole production, glucose fermentation, arginine di
hydrolase, urease and gelatinase in API 20NE. Does not 
utilize larabinose, dmannitol, Nacetylglucosamine, 
potassium gluconate, capric acid, malic acid, trisodium 
citrate and phenylacetic acid. Strain SRY13 ( = NIBRBA 
0000114776) was isolated from a freshwater sample, gut 
of Coreoleuciscus splendidus, Jeonju, Korea.

Description of Lutimonas saemankumensis 
IMCC12447

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (2.3 μm long, 0.9 μm wide). Colonies are cir
cular, convex, smooth and yellowcolored after 3 days 
of incubation on MA at 15°C. Negative reactions are 
obtained for indole production, glucose fermentation, 
arginine dihydrolase and urease in API 20NE. Does not 
utilize dglucose, larabinose, dmannose, dmannitol, 
Nacetylglucosamine, dmaltose, potassium gluconate, 
capric acid, adipic acid, malic acid, trisodium citrate 
and phenylacetic acid. Strain IMCC12447 ( = NIBRBA 
0000114869) was isolated from a seawater sample, East 
sea, Sokcho, Korea.

Description of Maribacter spongiicola HMF2263

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.3 μm long, 0.4 μm wide). Colonies are 

circular, convex, entire and yellowcolored after 3 days 
of incubation on MA at 25°C. Negative reactions are ob
tained for nitrate reduction, indole production, glucose 
fermentation, arginine dihydrolase, urease and gelatinase 
in API 20NE. Does not utilize dglucose, larabinose, 
dmannose, dmannitol, Nacetylglucosamine, dmalt
ose, potassium gluconate, capric acid, adipic acid, ma
lic acid, trisodium citrate and phenylacetic acid. Strain 
HMF2263 ( = NIBRBA0000114992) was isolated from 
a lagoon sample, lagoon, Gangneung, Korea.

Description of Nonlabens xylanidelens HMF2264

Cells are Gramstainingnegative, nonflagellated 
and rodshaped (1.3 μm long, 0.5 μm wide). Colonies 
are circular, entire, convex and orangecolored after 3 
days of incubation on MA at 25°C. Negative reactions 
are obtained for nitrate reduction, indole production, 
glucose fermentation, arginine dihydrolase, urease and 
β-galactosidase in API 20NE. Does not utilize dglu
cose, larabinose, dmannose, dmannitol, Nacetylglu
cosamine, dmaltose, potassium gluconate, capric acid, 
adipic acid, malic acid, trisodium citrate and pheny
lacetic acid. Strain HMF2264 ( = NIBRBA0000114993) 
was isolated from a freshwater sample, Yongin, Korea.

Description of Lacibacter daechungensis WS72

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (2.8 μm long, 0.5 μm wide). Colonies are cir
cular, convex, smooth and orangecolored after 3 days 
of incubation on R2A at 25°C. Negative reactions are 
obtained for nitrate reduction, indole production, glu
cose fermentation, arginine dihydrolase and urease in 
API 20NE. Does not utilize dmannose, dmannitol, po
tassium gluconate, capric acid, adipic acid, malic acid, 
trisodium citrate and phenylacetic acid. Strain WS72 

( = NIBRBA0000115017 was isolated from a freshwater 
sample, Upo wetland, Changnyeong, Korea.

Description of Sediminibacterium ginsengisoli 
HME7508

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.3 μm long, 0.3 μm wide). Colonies are cir
cular, convex, entire and orangecolored after 3 days of 
incubation on R2A at 30°C. Negative reactions are ob
tained for nitrate reduction, indole production, glucose 
fermentation, arginine dihydrolase, urease and gelati
nase in API 20NE. Does not utilize capric acid. Strain 
HME7508 ( = NIBRBA0000114981) was isolated from 
a freshwater sample, Yongin, Korea.

Description of Mucilaginibacter koreensis HME8677

Cells are Gram-staining-negative, non-flagellated and 
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rodshaped (2.1 μm long, 0.5 μm wide). Colonies are 
circular, convex, entire and pale pinkcolored after 3 
days of incubation on R2A at 30°C. Negative reactions 
are obtained for nitrate reduction, indole production, 
glucose fermentation, arginine dihydrolase, urease and 
gelatinase in API 20NE. Does not utilize larabinose, 
dmannitol, potassium gluconate, capric acid, adipic 
acid, malic acid, trisodium citrate and phenylacetic acid. 
Strain HME8677 ( = NIBRBA0000114986) was isolated 
from a freshwater sample, Soyangho lake, Chuncheon, 
Korea.

Description of Pedobacter alluvionis WB5

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.3 μm long, 0.6 μm wide). Colonies are 
circular, entire, raised and whitecolored after 2 days of 
incubation on R2A at 25°C. Negative reactions are ob
tained for indole production, glucose fermentation, ar
ginine dihydrolase, urease and gelatinase in API 20NE. 
Does not utilize dglucose, larabinose, dmannose, 
dmannitol, Nacetylglucosamine, dmaltose, potassium 
gluconate, capric acid, adipic acid, malic acid, trisodium 
citrate and phenylacetic acid. Strain WB5 ( = NIBRBA 
0000114769) was isolated from a freshwater sample, 
Jeonjucheon, Jeonju, Korea.

Description of Pedobacter luteus HME8461

Cells are Gram-staining-negative, non-flagellated and 
rodshaped (1.7 μm long, 0.5 μm wide). Colonies are 
circular, convex, entire and redcolored after 3 days of 
incubation on R2A at 30°C. Negative reactions are ob
tained for nitrate reduction, indole production, glucose 
fermentation, arginine dihydrolase, urease and gelatinase 
in API 20NE. Does not utilize larabinose, dmanni
tol, dmaltose, potassium gluconate, capric acid, adipic 
acid, malic acid, trisodium citrate and phenylacetic acid. 
Strain HME8461 ( = NIBRBA0000114984) was isolated 
from a freshwater sample, Yangpyeong, Korea.
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