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As a result of the research project ‘Survey and excavation of Korean indigenous species’ to secure
unrecorded species in Korea, a total of 14 unreported bacterial strains assigned to the phyla Deinococcus-
Thermus and Bacteroidetes were isolated from various environmental habitats all around Korea. On the
basis of 16S rRNA gene sequence similarity and affiliation to the clade with the closest species, it was
concluded that the isolates represent deep groups of the phyla Deinococcus-Thermus and Bacteroidetes.
There have been no records about these 14 unreported species in Korea; therefore 2 species of 2 genera
in the class Deinococci within the phylum Deinococcus-Thermus, and 11 species of 9 genera in the class
Flavobacteriia and one species in one genus in the class Sphigobacteriia within the phylum Bacteroidetes
are described as unreported species found in Korea. Gram staining reaction, morphological and other
biochemical characteristics are described in the species description section.
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INTRODUCTION

The number of prokaryotes on earth is estimated to be
around 5 X 10% cells, and these cells make up over half
of the biomass on earth (Whitman et al., 1998). As a lar-
ge fraction of the biomass, prokaryotes dominate the flux
of energy and biologically important chemical elements.
Although the prokaryotes constitute a major part of living
organism phylogeny, many prokaryotes in nature have
not yet been described. Therefore, National Institute
Biological Resources has supported the project ‘Survey
and excavation of Korean indigenous species’ in an at-
tempt to secure new and unrecorded species in Korea.

The phylum Deinococcus-Thermus is a small group
of bacteria, which is resistant to extreme environmental
hazard condition (Griffiths and Gupta, 2007). The phylum
contains one class, Deinococci. The class Deinococci
includes 2 orders, 3 families, and 10 described genera.
The order Deinococcales have become famous for their
several species that are resistant to radiation and their
ability to eat nuclear waste and other toxic materials,
and can survive on the vacuum of space and extremes of
heat and cold (Rainey et al., 1997). The order Thermales
includes several genera resistant to heat.

The phylum Bacteroidetes is a phenotypically diverse
group of Gram-stain-negative rods that do not form endo-
spores (Ludwig et al., 2010). The phylum contains 4 clas-
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Fig. 1. Transmission electron micrographs or scanning electron micrographs of cells of the strains isolated in this study. Strains: 1. DaecR-4; 2.
BE4-4; 3. KA18; 4. KYW884; 5. PN22; 6. HME8473; 7. KYW842; 8. KA3; 9. KYW573; 10. HD33; 11. WSW-MOL1; 12. WSW-MO2; 13.

IMCC1073; 14. HMES8545.

ctron microscopy in the stationary growth phase at each
temperature. Gram staining was performed using a Gram
stain kit (BD Difco) or the standard procedures. Various
physiological and biochemical tests were performed us-
ing API 20NE galleries (bioMérieux) accordance with
the manufacturer’s instructions.

RESULTS AND DISCUSSION

Strains assigned to the Deinococcus-Thermus

Based on the comparative 16S rRNA gene sequence
analyses and phylogeny, 2 strains, designated DaeR-4
and BE4-4, were assigned to the Deinococcus-Thermus.
They were all Gram-staining-negative, chemoheterotro-
phic and rod-shaped bacteria (Fig. 1). Colony size, mor-
phology and physiological characteristics are shown in

the species description section.

Strains DaeR-4 and Be4-4 were most closely related to
Deinococcus aquiradiocola TDMA-uv53" (AB265180;
99.3% 16S rRNA gene sequence similarity) and D. humi
MKO03" (GQ339889; 100.0%), respectively (Table 1). As
expected from high 16S rRNA gene sequence similariti-
es of the 2 strains with their closest relatives, each strain
formed a robust phylogenetic clade with the most close-
ly related species (Fig. 2). From the robust formation of
phylogenetic clade with the high 16S rRNA gene seque-
nce similarity and morphological and physiological cha-
racteristics, it is concluded that strains DaeR-4 and BE4-
4 are members of the species D. aquiradiocola (Asker et
al., 2009) and D. humi (Srinivasan et al., 2012), respec-
tively. There has been no official report that these speci-
es have been isolated in Korea; therefore, D. aquiradio-
cola and D. humi of the family Deinococcaceae are repo-
rted for Deinococcus-Thermus species found in Korea.
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Fig. 2. Neighbor-joining phylogenetic tree constructed from a comparative analysis of 16S rRNA gene sequences showing the relationships
between the strains isolated in this study and their relatives of the class Deinococcus-Thermus. Numbers at nodes are levels of bootstrap
support for branch points, based on 1,000 resampling; values are shown only if greater than 70%. Filled circles at nodes indicate that the
corresponding nodes were also recovered using maximum-likelihood algorithm. Bar, 2% sequence divergence.

Strains assigned to the Bacteroidetes

On the basis of 16S rRNA gene sequence comparisons
and phylogenetic analyses, a total of 12 strains were as-
signed to the class Bacteroidetes. The 12 strains were
distributed in 2 orders of the Bacteroidetes; 11 strains for
the order Flavobacteriales and one strain for the Sphingo-
bacteriales (Table 1). These strains were Gram-staining-
negative, chemoheterotrophic and rod-shaped bacteria
except for strain KA3 showing coccoid-shaped (Fig. 1).
Colony size, morphology and physiological characteris-
tics are also shown in the species description section.

Fig. 3 shows phylogenetic assignment of 12 strains into
12 species of the orders Flavobacteriales and Sphingo-
bacteriales. These strains belonged to Cellulophaga
fucicola (Johansen et al., 1999), Flavobacterium ahnfel-
tiae (Nedashkovskaya et al., 2014), F. compostarboris
(Kim et al., 2012a), F. limicola (Tamaki et al., 2003),
Gramella echinicola (Nedashkovskaya et al., 2005),
Hyunsoonleella jejuensis (Yoon et al., 2010), Lutimonas
saemankumensis (Kim et al., 2014), Maribacter stanieri
(Nedashkovskaya et al., 2010), Nonlabens ulvanivorans
(Kopel et al., 2014), Zobellia amurskyensis (Nedashkov-
skaya et al., 2004) and Zunongwangia profunda (Qin et
al.,2010) of the family Flavobacteriaceae and Pedobac-
ter glucosidilyticus (Luo et al., 2010) of the family Sphin-
gobacteriaceae.

There is no official report that these 12 species have
been isolated in Korea; therefore 11 species in 9 genera

of one family in the order Flavobacteriales and one
species in the order Sphingobacteriales are reported for
Bacteroidetes species found in Korea.

Description of Deinococcus aquiradiocola DaeR-4

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and rod-shaped. Colonies are circular, raised,
entire and yellow-colored after 2 days of incubation on
R2A at 25°C. Positive for 3-galactosidase in API 20NE,
but negative for nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease, escu-
lin hydrolysis and gelatinase. D-Glucose, L-arabinose,
D-mannose, D-mannitol and D-maltose are utilized. Does
not utilize N-acetyl-glucosamine, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate and
phenylacetic acid. Strain DaeR-4 (=NIBRBAO0000113
891) has been isolated from a sediment sample of Dae-
chung stream, Daejeon, Korea.

Description of Deinococcus humi BE4-4

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and short rod-shaped. Colonies are circular,
raised, entire and orange-colored after 2 days of incuba-
tion on R2A at 25°C. Positive for -galactosidase in API
20NE, but negative for nitrate reduction, indole produc-
tion, glucose fermentation, arginine dihydrolase, urease,
esculin hydrolysis and gelatinase. Does not utilize D-
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Fig. 3. Neighbor-joining phylogenetic tree constructed from a comparative analysis of 16S rRNA gene sequences showing the relationships
between the strains isolated in this study and their relatives of the class Bacteroidetes. Numbers at nodes are levels of bootstrap support for
branch points, based on 1,000 resampling; values are shown only if greater than 70%. Filled circles at nodes indicate that the corresponding
nodes were also recovered using maximum-likelihood algorithm. Bar, 5% sequence divergence.
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glucose, L-arabinose, D-mannose, D-mannitol, N-ace-
tyl-glucosamine, D-maltose, potassium gluconate, capric
acid, adipic acid, malic acid, trisodium citrate and phe-
nylacetic acid. Strain BE4-4 (=NIBRBA0000113903)
has been isolated from a plant sample, Daejeon, Korea.

Description of Cellulophaga fucicola KA18

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and rod-shaped. Colonies are opaque, com-
plex, hair-lock like, convex and yellow-colored after 3
days of incubation on MA at 25°C. Positive for 3-galac-
tosidase in API 20NE, but negative for nitrate reduction,
indole production, glucose fermentation, arginine dihyd-
rolase, urease, esculin hydrolysis and gelatinase. Does
not utilize D-glucose, L-arabinose, D-mannose, D-man-
nitol, N-acetyl-glucosamine, D-maltose, potassium glu-
conate, capric acid, adipic acid, malic acid, trisodium
citrate and phenylacetic acid. Strain KA18 (=NIBRBA
0000114107) has been isolated from a seawater sample,
Gwangyang Bay, Korea.

Description of Flavobacterium ahnfeltiae KYW884

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are opaque, round, smooth, convex
and yellow-colored after 2 days of incubation on MA at
25°C. Negative for nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease, escu-
lin hydrolysis, gelatinase and [3-galactosidase in API
20NE. Does not utilize D-glucose, L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, D-maltose, po-
tassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate and phenylacetic acid. Strain KYW884
(=NIBRBA0000114126) has been isolated from a sea-
water sample, Gwangyang Bay, Korea.

Description of Flavobacterium compostarboris PN22

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular, raised, entire and yel-
low-colored after 2 days of incubation on TSA at 25°C.
Positive for nitrate reduction, esculin hydrolysis, gelati-
nase and (-galactosidase in API 20NE, but negative for
indole production, glucose fermentation, arginine dihy-
drolase and urease. D-Glucose, L-arabinose, D-mannose,
N-acetyl-glucosamine and D-maltose are utilized. Does
not utilize D-mannitol, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate and pheny-
lacetic acid. Strain PN22 (=NIBRBA0000113873) has
been isolated from a freshwater sample, Daejeon, Korea.

Description of Flavobacterium limicola HME8432

Cells are Gram-staining-negative, non-flagellated, non-
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pigmented and rod-shaped. Colonies are circular, convex,
entire and yellow-colored after 2 days on R2A at 30°C.
Positive for esculin hydrolysis and (-galactosidase in
API 20NE, but negative for nitrate reduction, indole pro-
duction, glucose fermentation, arginine dihydrolase, ure-
ase and gelatinase. D-Mannose, D-maltose and malic
acid are utilized. Does not utilize D-glucose, L-arabinose,
D-mannitol, N-acetyl-glucosamine, potassium gluconate,
capric acid, adipic acid, trisodium citrate and phenyla-
cetic acid. Strain HME8473 (= NIBRBA0000114090)
has been isolated from a freshwater sample, Gyoungan
stream, Korea.

Description of Gramella echinicola KYW842

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and rod-shaped. Colonies are opaque, round,
smooth, convex and yellow-colored after 2 days on MA
at 25°C. Positive for esculin hydrolysis in API 20NE, but
negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, gelatinase
and S-galactosidase. Does not utilize D-glucose, L-ara-
binose, D-mannose, D-mannitol, N-acetyl-glucosamine,
D-maltose, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate and phenylacetic acid. Stra-
in KYW842 (=NIBRBA0000114112) has been isolated
from a seawater sample, Gwangyang Bay, Korea.

Description of Hyunsoonleella jejuensis KA3

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and coccoid-shaped. Colonies are opaque,
round, smooth, convex and yellow-colored after 3 days
on MA at 25°C. Positive for esculin hydrolysis and f3-
galactosidase in API 20NE, but negative for nitrate re-
duction, indole production, glucose fermentation, argi-
nine dihydrolase, urease and gelatinase. Does not utilize
D-glucose, L-arabinose, D-mannose, D-mannitol, N-
acetyl-glucosamine, D-maltose, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate and
phenylacetic acid. Strain KA3 (=NIBRBA0000114106)
has been isolated from a seawater sample, Gwangyang
Bay, Korea.

Description of Lutimonas saemankumensis KYW573

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and rod-shaped. Colonies are opaque, round,
smooth, convex and yellow-colored after 4 days on MA
at 25°C. Positive for esculin hydrolysis in API 20NE, but
negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, gelatinase
and f3-galactosidase. Does not utilize D-glucose, L-arab-
inose, D-mannose, D-mannitol, N-acetyl-glucosamine,
D-maltose, potassium gluconate, capric acid, adipic acid,
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malic acid, trisodium citrate and phenylacetic acid. Stra-
in KYW573 (=NIBRBA0000114109) has been isolated
from a seawater sample, Gwangyang Bay, Korea.

Description of Maribacter stanieri HD33

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and rod-shaped. Colonies are circular, con-
vex, smooth and yellow-colored after 3 days on MA at
25°C. Positive for nitrate reduction, esculin hydrolysis
and f3-galactosidase in API 20NE, but negative for in-
dole production, glucose fermentation, arginine dihydro-
lase, urease and gelatinase. Does not utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate and phenylace-
tic acid. Strain HD33 (=NIBRBAO0000113990) has been
isolated from a tidal flat sample, Taean, Korea.

Description of Nonlabens ulvanivorans WSW-MO1

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and rod-shaped. Colonies are circular, con-
vex, glistening and orange-colored after 3 days on MA
at 25°C. Positive for nitrate reduction and gelatinase in
API 20NE, but negative for indole production, glucose
fermentation, arginine dihydrolase, urease, esculin hy-
drolysis and [3-galactosidase. Does not utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosa-
mine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate and phenylacetic
acid. Strain WSW-MO1 (=NIBRBA0000114006) has
been isolated from a seawater sample, Wando, Korea.

Description of Zobellia amurskyensis WSW-MQO2

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and rod-shaped. Colonies are circular, con-
vex, glistening and orange-colored after 3 days on MA
at 25°C. Positive for nitrate reduction, esculin hydroly-
sis and f3-galactosidase in API 20NE, but negative for
indole production, glucose fermentation, arginine dihyd-
rolase, urease and gelatinase. Does not utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosa-
mine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate and phenylacetic
acid. Strain WSW-MO2 (=NIBRBA0000114007) has
been isolated from a seawater sample, Wando, Korea.

Description of Zunongwangia profunda IMCC1073

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular, convex, entire and
yellow-colored after 2 days on MA at 25°C. Positive for
glucose fermentation and (-galactosidase in API 20NE,
but negative for nitrate reduction, indole production,
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arginine dihydrolase, urease, esculin hydrolysis and gel-
atinase. Malic acid and trisodium citrate are utilized.
Does not utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potassi-
um gluconate, capric acid, adipic acid and phenylacetic
acid. Strain IMCC1073 (=NIBRBA0000113913) has
been isolated from a freshwater sample, Lake Inkyoung,
Korea.

Description of Pedobacter glucosidilyticus HME8545

Cells are Gram-staining-negative, non-flagellated, non-
pigmented and rod-shaped. Colonies are circular, con-
vex, entire and red-colored after 3 days on R2A at 37°C.
Positive for esculin hydrolysis and f3-galactosidase in
API 20NE, but negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase,
urease and gelatinase. D-Glucose, D-mannose, N-acetyl-
glucosamine and D-maltose are utilized. Does not utilize
L-arabinose, D-mannitol, potassium gluconate, capric
acid, adipic acid, malic acid, trisodium citrate and phen-
ylacetic acid. Strain HME8545 (=NIBRBAO0000114007)
has been isolated from a freshwater sample, Gyoungan
stream, Korea.
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