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As a subset study to discover indigenous prokaryotic species in Korea, a total of 29 bacterial strains
assigned to the classes Alphaproteobacteria were isolated from various environmental samples collected
from plant root, ginseng soil, forest soil, marsh, mud flat, freshwater and seawater. From the high 16S
rRNA gene sequence similarity (>99.1%) and formation of a robust phylogenetic clade with the closest
species, it was determined that each strain belonged to each independent and predefined bacterial species.
There is no official report that these 29 species included in Alphaproteobacteria is have been described
in Korea; therefore 14 species of 9 genera in the order Rhizobiales, 7 species of 6 genera in the order
Sphingomonadales and 4 species of 2 genera in the order Caulobacterales and 3 species in the order
Rhodobacterales and 1 species in the order Rhodospirillales found in Korea. Gram reaction, colony and
cell morphology, basic biochemical characteristics, isolation source, and strain IDs are also described in the

species description section.
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INTRODUCTION

In 2012, we collected diverse environmental samples
and isolated a great number of novel bacterial species
and unrecorded bacterial species in Korea. The identified
bacterial species belonged to the classes/phyla Alphapro-
teobacteria, Betaproteobacteria, Gammaproteobacteria,
Deltaproteobacteria, Bacteroidetes, Firmicutes, Actino-
bacteria, Deinococci, and Verrucomicrobia. As a subset
of this study, the present report focuses on the descrip-
tion of unrecorded species belonging to the Alphaproteo-
bacteria.

Bacteria in the class Alphaproteobacteria have a wide
variety of lifestyles and physiologies. They comprise
most phototrophic genera, but also several genera me-
tabolizing C1-compounds (e.g., Methylobacterium spp.),
symbionts of plants (e.g., Rhizobium spp.), agriculturally
valuable strains (e.g., Agrobacterium spp.) and animals,
and a group of pathogens of humans and livestock, the
Rickettsiaceae, and several highly abundant soil (e.g.,
the Sphingobacteriaceae) and marine groups (Williams
et al., 2007; Matteo et al., 2013). The Class Alphapro-
teobacteria is divided into three subclasses Caulobacter-
idae, Rickettsidae, and Magnetococcidae (Matteo et al.,
2013). The first, environmental big group is Caulobac-
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teridae which is composed of the Holosporales, Rhodo-
spirillales, Sphingomonadales, Rhodobacterales, Cau-
lobacterales, Kiloniellales, Kordiimonadales, Parvular-
culales and Sneathiellales. The second, Rickettsidae is
composed of the intracellular Rickettsiales and the free-
living Pelagibacterales. The third, Magnetococcidae,
which is composed by a large diversity of magnetotac-
tic bacteria, but only one is described, Magnetococcus
marinus (Bazylinski et al.,2012).

Genera Azospirillum and Rhizobium of Alphaproteo-
bacteria are nitrogen fixers that are important in agricul-
ture. Aerobic anoxygenic phototrophic bacteria are Alpha-
proteobacteria, widely distributed marine plankton that
may constitute over 10% of the open ocean microbial
community. Members of the genus Nitrobacter are nitri-
fying bacteria that oxidize nitrogen compounds to NO3~
via a process called Nitrification which are important
geochemical pathway of nitrogen cycle. Pathogens in
this class include Rickettsia, which causes typhus and
Rocky Mountain spotted fever; Brucella, which causes
brucellosis; and Ehrlichia, which causes ehrlichiosis. In
industry, Acetobacter and Gluconobacter are used to syn-
thesize acetic acid, and Agrobacterium is used in gene-
tic recombination in plants to transfer foreign DNA into
plant genomes, so they also have many other biotechno-
logical properties (Chilton et al., 1977).

Recently, comparative analyses of the sequenced ge-
nomes have also led to discovery of many conserved
molecular signatures in widely distributed proteins and
whole proteins (i.e., signature proteins) that are distinc-
tive characteristics of either all Alphaproteobacteria, or
their different main orders which provide novel means
for the circumscription of these taxonomic groups and
for identification/assignment of new species into these
groups. These provide evidence that Alphaproteobac-
teria have branched off later than most other phyla and
Classes of Bacteria with the exception of Betaproteo-
bacteria and Gammaproteobacteria (Oren et al., 2014;
Parte, 2014).

As a part of results obtained from the research program
supported by NIBR, the present report focuses on the
description of bacterial species belonging to the Alpha-
proteobacteria which have not been previously isolated
in Korea. Here we report 29 unrecorded bacterial spe-
cies in Korea belonging to 11 families of 5 orders in the
Alphaproteobacteria.

MATERIALS AND METHODS

A total of 29 bacterial strains assigned to the classes
Alphaproteobacteria were isolated from various envi-
ronmental samples collected from plant root, ginseng
soil, forest soil, marsh, mud flat, freshwater and seawater
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(Table 1). Each environmental sample was processed
separately, spread onto diverse culture media including
R2A, Marine Agar 2216, Tryptic Soy Agar and Nutrient
Agar, and incubated at 25-30°C for 2-5 days (Table 1).
The designated strain IDs, sources, culture media, and
incubation conditions are summarized in Table 1. All
strains were purified as single colonies and stored as 10-
20% glycerol suspension —80°C as well as lyophilized
ampoules.

Colony morphology of the strains was observed on
agar plates with a magnifying glass after cells grew up
to stationary phase. Cellular morphology and cell size
were examined by either transmission electron micros-
copy or scanning electron microscopy. Gram staining
was performed using a Gram-staining kit or the standard
procedures. Biochemical characteristics were tested by
using API 20NE galleries (bioMérieux) according to the
manufacturer’s instructions.

Bacterial DNA extraction, PCR amplification and 16S
rRNA gene sequencing were performed using the stand-
ard procedures described elsewhere. The 16S rRNA gene
sequences of the strains assigned to the Alphaproteobac-
teria were compared with the sequences held in GenBank
by BLASTN and also analyzed using the EzTaxon-e ser-
ver (Kim et al., 2012). For phylogenetic analyses, multi-
ple alignments were performed using the Clustal_X pro-
gram (Thompson et al., 1997) and gaps were edited in the
BioEdit program (Hall, 1999). Evolutionary distances
were calculated using the Kimura two-parameter model
(Kimura, 1983). The phylogenetic trees were constructed
by using the neighbor-joining (Saitou and Nei, 1987) and
the maximum-parsimony (Fitch, 1971) methods with the
MEGAS Program (Tamura, et al., 2011) with bootstrap
values based on 1,000 replications (Felsenstein, 1985).

REsuLTs AND Discussion

The 29 strains were distributed in 5 orders of the Al-
phaproteobacteria; 14 strains for the order Rhizobiales,
7 strains for the Sphingomonadales, 4 strains for the Cau-
lobacterales, 3 strains for the Rhodobacterales, 1 strain
for the Rhodospirillales (Table 1). These strains were
Gram-staining-negative, chemoheterotrophic, and rod-
shaped bacteria except for strain MA11 showing coccoid-
shaped (Fig. 1).

The strains in the order Rhizobiales (Fig. 2) found be-
longed to 6 families 9 separate Genus: Rhizobium (5 spe-
cies), Bradyrhizobium (2 species), Ochrobactrum (1 spe-
cies), Phyllobacterium (1 species), Azorhizobium (1 spe-
cies), Xanthobacter (1 species), Labrys (1 species), Besea
(1 species) and Devosia (1 species). 7 strains were assign-
ed to the order Sphingomonadales: 5 strains for the fam-
ily Sphingomonadaceae and 2 strains for the Erythrobac-
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Table 1. Continued.

Incubation
conditions

Isolation .
Medium
source

Similarity
(%)

Most closely related species
(Name of type strain)

Genus Strain ID NIBR ID

Family

Order

Water R2A 30°C, 2d

100

Brevundimonas variabilis

ATCC 15255"

NIBRBA0000114082

HMES8471

Brevundimonas

MA 25°C, 3d

Soil

99.9

Brevundimonas nasdae

GTC 10437

NIBRBA0000113996

WR-M10

Brevundimonas

Caulobacteraceae

Caulobacterales

25°C,3d

R2A

Soil

99.8

Caulobacter fusiformis

WR-R2Y NIBRBA0000114001 ATCC 152577

Caulobacter

25°C,3d

R2A

Freshwater

994

NIBRBAO0000113855  Caulobacter vibrioides CB51T

1IK06

Caulobacter

25°C,2d

MA

Forest soil

99.7

Paracoccus marcusii

DSM 11574"

NIBRBA0000113969

MAII

Paracoccus

MA 25°C, 3d

Seawater

99.8

Nereida ignava 2SM4"
Litoreibacter albidus

KMM 3851"

ES05-2S-4-MA  NIBRBA0000113916

Nereida

Rhodobacteraceae

Rhodobacterales
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MA 25°C,3d

Mud flat

100

NIBRBA0000113992

HD48

Litoreibacter

30°C, 2d

R2A

Water

99.8

Roseomonas stagni HS-69"

Acetobacteraceae Roseomonas HMES8528 NIBRBA0000114073

Rhodospirillales

Vol. 4, No. 2

teraceae (Fig. 3, Table 1). 2 of strains assigned to the
family Sphingomonadaceae belong to the genus Novos-
phingobium and others belonged to the genus Sphingo-
pyxis, Sphingobium and Sphingomonas. 2 strains for the
Erythrobacteraceae belong to genus Porphyrobacter
and Altererythrobacter.

Fig. 4 shows phylogenetic assignment of 8 strains of
the orders Caulobacterales, Rhodobacterales and Rho-
dospirillales. 2 strains belong to Brevundimonas and 2
strains belong to Caulobacter of family Caulobacterace-
ae. 3 strains belong to Paracoccus, Nereida and Litorei-
bacter of family Rhodobacteraceae. 1 strain belongs to
Roseomonas of family Acetobacteraceae.

Here we report 29 unrecorded bacterial species in Ko-
rea belonging to 11 families of 5 orders in the Alphapro-
teobacteria.

Description of Rhizobium skierniewicense CT6-3

Cells are Gram-staining-negative, non-flagellated, non-
pigmented, and rod-shaped. Colonies are circular, con-
vex, and ivory-colored after 2 days of incubation on TSA
at 30°C. Positive for nitrate reduction, esculin hydroly-
sis, urease, gelatinase, 3-galactosidase in API 20NE but
negative for indole production, glucose fermentation and
arginine dihydrolase. D-Glucose, L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, D-maltose,
potassium gluconate, malic acid and trisodium citrate
are utilized. Does not utilize capric acid, adipic acid, and
phenylacetic acid. Strain CT6-3 (= NIBRBA0000113857)
has been isolated from mugwort root, Wonju, Korea.

Description of Rhizobium nepotum CR5-1

Cells are Gram-staining-negative, non-flagellated, non-
pigmented, and rod-shaped. Colonies are round, umbo-
nate, and pale yellow colored after 3 days on R2A at 30
°C. Negatives for nitrate reduction, Indole production,
glucose fermentation, gelatin hydrolysis and arginine di-
hydrolase in API 20NE, but positive for urease, esculin
hydrolysis, and f-galactosidase. Does not utilize capric
acid, adipic acid and phenylacetic acid. D-glucose, L-
arabinose, D-mannose, D-mannitol, N-acetyl-glucosa-
mine, D-maltose, potassium gluconate, trisodium citrate
and malic acid are utilized. Strain Rhizobium nepotum
CR5-1 (=NIBRBA0000113863) has been isolated from
ochotensis root, Wonju, Korea.

Description of Rhizobium rosettiformans WR-M3W

Cells are Gram-staining-negative, non-flagellated, non-
pigmented, and rod-shaped. Colonies are circular, smooth,
glistening, and pale yellow colored after 3 days on MA
at 25°C. Positive for glucose fermentation, urease, escu-
lin hydrolysis and f3-galactosidase in API 20NE, but ne-
gative for nitrate production, indole production, arginine
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Fig. 1. Transmission electron micrographs or scanning electron micrographs of cells of the strains isolated in this study. Strains: 1. CT6-3;
2. CR5-1; 3. WR-M3W; 4. RS3-4_B; 5. CR1-2; 6. MUS5-14; 7. CR4-2; 8. IK41; 9. IK20; 10. Gsoil 106; 11.IK38; 12. UKS-12; 13. UKS-
27; 14. mGW?21; 15. CR6-9; 16. NUG4-1; 17. CR2-3; 18. HMES658; 19. HME8673; 20. MMH1-3; 21. KYW772; 22. HME8471; 23. WR-
M10; 24. WR-R2Y; 25. IK06; 26. MA11; 27. ES05-2S-4-MA; 28. HD48; 29. HME8528.

dihydrolase and gelatinase. D-Glucose, L-arabinose, D- lized. Does not utilize capric acid, adipic acid, and pheny-
mannose, D-mannitol, N-acetyl-glucosamine, D-maltose, lacetic acid. Strain WR-M3W (=NIBRBA0000113999)
potassium gluconate, malic acid, trisodium citrate are uti- has been isolated from a soil sample, Wando, Korea.
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99 CT6-3
Rhizobium rubi TFO 132617 (D14503)
+ Rhizobium nepotum 39/7" (FR870231)
100" CR5-1
Rhizobium rosettiformans W3T (EU781656)
100" WR-M3W
Rhizobium daejeonense KCTC 121217 (AY341343C)
RS3-4 B
100' Rhizobium giardinii H152" (ARBG01000149)
Rhizobium rhizogenes NBRC 132577 (BAYX01000035)
100LRAizobium lusitanum P1-7T (AY738130)
89— CR1-2
99 [ Ochrobactrum pituitosum CCUG 50899" (AM490609)
100° MUS-14
Phyllobacterium brassicacearum STM 1967 (AY785319)
ﬂPhyllobacterium myrsinacearum TAM 135847 (D12789)
100 CR4-2
100, Azorhizobium doebereinerae UFLA1-100" (AXBA01000053)
9, 1K41
100, Azorhizobium oxalatiphilum DSM 18749 (FR799325)
L.* Xanthobacter aminoxidans 14a™ (AF399969)
100— IK20

98 Labrys neptuniae Liujia-146" (DQ417335)
87 4100& Gsoil 106
Labrys okinawensis MAFF210191" (AB236169)

90{ IK38
o) 100y “ Bosea massiliensis 632877 (AF288309)
—— Bosea lathyri LMG26379" (FR774993)
Bradyrhizobium rifense CTAW71T (EU561074)
100y Bradyrhizobium ganzhouense RITF806T JQ796661
UKS-12

UKS-27
100\, Bradyrhizobium lablabi CCBAU 23086T (GU433448)
90' Bradyrhizobium icense LMTR 13T (KF896156)

Devosia soli GH2-10T (DQ303125)

100 _LDevosia riboflavina DSM 72307 (AJ549086)
100 mGW21

10

91

Escherichia coli ATCC 117757 (X80725)

o
0.02

Fig. 2. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in
this study and their relatives of the order Rhizobiales in the class Alphaproteobacteria. Bootstrap values (>70%) are shown above nodes
for the neighbor-joining and below nodes for the maximum-likelihood methods. Filled circles indicate the nodes recovered by the two tree-
ing methods. Bar, 0.02 substitutions per nucleotide position.

Description of Rhizobium giardinii RS3-4_B short-rod shaped. Colonies are circular, entire, smooth,
and white colored after 2 days on R2A at 30°C. Positive
Cells are Gram-staining-negative, flagellated, and for urease, esculin hydrolysis, glucose fermentation and
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88} CR6-9
100.‘ Novosphingobium resinovorum NCIMB 8767T (EF029110)
99, Sphingobium herbicidovorans NBRC 164157 (JFZA01000008)
Novosphingobium barchaimii LL02T (IN695619)
Novosphingobium mathurense SM117" (EF424403)

90[ NUG4-1
M —100L Sphingopyxis chilensis S37T AF367204

Sphingopyxis panaciterrae Gsoil 1247 AB245353i
99 CR2-3
10 Sphingobium yanoikuyae ATCC512307 (JH992904)
Sphingobium scionense WP01T (EU009209)
92 Sphingomonas humi PB323T (AB220146)

99

| HMES8658
100 Sphingomonas astaxanthinifaciens TDMA-17T (AB277583)
Porphyrobacter sanguineus 1AM 126207 (AB021493)
10 Porphyrobacter donghaensis SW-132T (AY559428)

4 HMES673

100" Erythromicrobium ramosum DSM 85107 (AF465837)

—® IOOIE‘Sphingomonas swuensis PB62T (HQ844269)
5

7

L—e
78

Altererythrobacter troitsensis KMM 60427 (AY676115)
100{ MMH1-3
99— Altererythrobacter dongtanensis IM277 (GU166344)

Novosphingobium malaysiense MUSC 273" (KC907395)

103

—®

75" KYW772

r Novosphingobium indicum H257 (EF549586)

—
0.01

Rhizobium leguminosarum 3Hoq18" (U29386)

Fig. 3. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in
this study and their relatives of the order Sphingomonadales in the class Alphaproteobacteria. Bootstrap values (>70%) are shown above
nodes for the neighbor-joining and below nodes for the maximum-likelihood methods. Filled circles indicate the nodes recovered by the

two treeing methods. Bar, 0.01 substitutions per nucleotide position.

[-galactosidase in API 20NE, but negative for nitrate
reduction, indole production, arginine dihydrolase and
gelatinase. Does not utilize L-arabinose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate, and
phenylacetic acid but utilize D-glucose and D-mannose.
Strain RS3-4_B (=NIBRBA0000113958) has been iso-
lated from a ginseng soil, Anseong, Korea.

Description of Rhizobium lusitanum CR1-2

Cells are Gram-staining-negative, flagellated, pigmen-
ted, and rod shaped. Colonies are round, smooth, drop
like, and pale white colored after 5 days on R2A at 30
°C. Positive for urea, esculin hydrolysis, and 3-galacto-
sidase and weakly positive for arginine dihydrolase in
API 20NE, but negative for nitrate reduction, indole

production, gelatinase and glucose fermentation. D-Glu-
cose, L-arabinose, D-mannose, N-acetyl-glucosamine,
D-maltose, D-mannitol, potassium gluconate, malic
acid and trisodium citrate are utilized. Does not utilize,
capric acid, adipic acid, and phenylacetic acid. Strain
CR1-2 (=NIBRBAO0000113868) has been isolated from
bracken root, Wonju, Korea.

Description of Ochrobactrum pituitosum MUS-14

Cells are Gram-staining-negative, flagellated, pigmen-
ted, and rod-shaped. Colonies are punctiform, entire,
smooth and light yellow colored after 2 days on MA at
30°C. Positive for nitrate reduction and urea in API 20NE,
but negative for indole production, glucose fermentation,
arginine dihydrolase, gelatinase, and 3-galactosidase.
Does not utilize D-mannitol, D-maltose, capric acid,
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100, HME8471

m, Brevundimonas variabilis ATCC 152557 (AJ227783)

—— Brevundimonas subvibrioides ATCC 152647 (ADBM01000034)

Brevundimonas intermedia ATCC 152627 (AJ227786)

10 0‘ WR-M10
ga Brevundimonas vesicularis LMG 2350T (AJ227780)
Brevundimonas nasdae GTC 10437 (AB071954)
% Caulobacter fusiformis ATCC 152577 (AJ227759)
y - WR-R2Y

— Caulobacter daechungensis H-E3-2" (JX861096)

97— IK06

L
100 95,

100

—o

93 Caulobacter segnis ATCC 21756T (CP002008)
99, 100| L Caulobacter vibrioides CB51T (AJ009957)

78 Paracoccus haeundaensis BC7T41717 (AY189743)
—Wﬁ* MA11

Paracoccus marcusii DSM 115747 (Y12703)
IOOF Nereida ignava 2SM4T (AJ748748)

ES05-2S-4-MA
Octadecabacter jejudonensis SSK2-1T (KF515220)
Lentibacter algarum ZXM100" (FJ436732)

80 Litoreibacter ascidiaceicola RSS4-C1T (KJ410763)
100/, HD48

97' Litoreibacter albidus KMM 38517 (AB518881)

Roseomonas frigidaqguae CW67T (EU290160)
100 Roseomonas stagni HS-69T (AB369258)

100% HMES8528

—
0.02

Escherichia coli ATCC 117757 (X80725)

Fig. 4. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in
this study and their relatives of the order Caulobacterales, Rhodobacterales and Rhodospirillales in the class Alphaproteobacteria. Boot-
strap values (>70%) are shown above nodes for the neighbor-joining and below nodes for the maximum-likelihood methods. Filled circles
indicate the nodes recovered by the two treeing methods. Bar, 0.02 substitutions per nucleotide position.

adipic acid and phenylacetic acid but utilize D-glucose,
L-arabinose, D-mannose, N-acetyl-glucosamine, potas-
sium gluconate, malic acid, trisodium citrate. Strain MUS5-
14 (=NIBRBAO0000113955) has been isolated from gin-
seng soil, Anseong, Korea.

Description of Phyllobacterium myrsinacearum CR4-2

Cells are Gram-staining-negative, non-flagellated, pig-
mented, and rod-shaped. Colonies are round, smooth,
convex, and gray colored after 3 days on R2A at 30°C.
Negative for nitrate reduction, indole production, glu-
cose fermentation, arginine dihydrolase, and gelatinase
but positive for urea, esculin hydrolysis and 5-galactosi-
dase. D-Glucose, L-arabinose, D-mannose, D-mannitol,
D-maltose, N-acetyl-glucosamine are utilized. Does not

utilize, capric acid, adipic acid and potassium gluconate.
Strain CR4-2 (= NIBRBA0000113864) has been isolated
from Isodon excisus (Maxim) Kudo root, Wonju, Korea.

Description of Azorhizobium doebereinerae 1IK41

Cells are Gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, raised, entire, and yellow
colored after 2 days of incubation on PCA at 25°C. Posi-
tive for nitrate reduction, arginine dihydrolase, urease,
D-glucose, L-arabinose, D-mannitol, D-mannose, potas-
sium gluconate, malic acid and trisodium citrate in API
20NE, but negative for indole production, glucose ferm-
entation, esculin hydrolysis, gelatinase, 5-galactosidase,
N-acetyl-glucosamine, D-maltose, capric acid, adipic
acid and phenylacetic acid. Strain IK41 (=NIBRBA
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0000113909) has been isolated from a freshwater sam-
ple, Incheon, Korea.

Description of Xanthobacter flavus 1K20

Cells are Gram-staining-negative, non-flagellated, non-
pigmented, and rod-shaped. Colonies are circular, con-
vex, entire and yellow colored after 3 days on 1/10 R2A
at 25°C. Positive for nitrate reduction, arginine dihydro-
lase and urease in API 20NE, but negative for indole
production, glucose fermentation, esculin hydrolysis, gel-
atinase and f-galactosidase. D-Glucose, L-arabinose,
D-mannose, malic acid, trisodium citrate and potassium
gluconate is utilized. Does not utilize N-acetyl-glucosa-
mine, D-maltose, capric acid, adipic acid and phenylace-
tic acid. Strain IK20 (=NIBRBAO0000113911) has been
isolated from a freshwater sample, Incheon, Korea.

Description of Labrys neptuniae Gsoil 106

Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are circular, raised, entire and yel-
low colored after 2 days on R2A at 25°C. Positive for
esculin hydrolysis and 3-galactosidase in API 20NE, but
negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease and gelatinase.
D-Glucose, L-arabinose, D-mannose, D-mannitol, N-
acetyl-glucosamine, D-maltose, potassium gluconate and
malic acid are utilized. Does not utilize, capric acid, adi-
pic acid, trisodium citrate and phenylacetic acid. Strain
Gsoil 106 (=NIBRBA0000113888) has been isolated
from a ginseng soil sample, Pocheon, Korea.

Description of Bosea massiliensis IK38

Cells are Gram-staining-negative, non-flagellated, non-
pigmented, and rod-shaped. Colonies are rhizoid, con-
vex and light brown colored after 3 days of incubation
on NA medium at 25°C. Positive for nitrate reduction,
Indole production, urea and glucose fermentation but
negative for arginine dihydrolase, esculin hydrolysis,
gelatinase and f3-galactosidase. Show positive assimi-
lates for D-glucose, L-arabinose, D-mannose, D-manni-
tol, N-acetyl-glucosamine, D-maltose, D-maltose, potas-
sium gluconate, trisodium citrate and adipic acid in API
20NE, but negative for capric acid and phenyl acetic
acid. Strain IK38 (=NIBRBAO0000113857) has been
isolated from a freshwater sample, Incheon, Korea.

Description of Bradyrhizobium japonicum UKS-12

Cells are Gram-staining-negative, non-flagellated, pig-
mented, and rod-shaped. Colonies are circular, raised,
entire yellow colored after 2 days on R2A at 25°C. Pos-
itive for nitrate reduction while negative for glucose fer-
mentation, arginine dihydrolase, urease, esculin hydro-
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lysis, gelatinase, indole production and [3-galactosidase.
Does not utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potas-
sium gluconate, capric acid, adipic acid, malic acid, tri-
sodium citrate and phenylacetic acid. Strain UKS-12
(=NIBRBAO0000113887) has been isolated from a Marsh
sample, Gochang-gun, Korea.

Description of Bradyrhizobium lablabi UKS-27

Cells are Gram-staining-negative, non-flagellated, dif-
fusible-pigmented, and rod-shaped. Colonies are circular,
raised, entire, and yellow colored after 2 days on R2A at
25°C. Negative for nitrate reduction, arginine dihydrol-
ase, esculin hydrolysis, 3-galactosidase, indole produc-
tion, glucose fermentation, urease, and gelatinase. D-
Glucose, D-mannose, L-arabinose, D-mannitol, N-acetyl-
glucosamine, potassium gluconate, capric acid, malic
acid, trisodium citrate, D-maltose, adipic acid and phenyl-
acetic acid are not utilized. Strain UKS-27 (=NIBRBA
0000113884) has been isolated from a marsh sample,
Gochang-gun, Korea.

Description of Devosia riboflavin mGW21

Cells are Gram-staining-negative, flagellated, diffusi-
ble pigmented, and rod-shaped. Colonies are circular
after 5 days on minimal medium at 25°C. Positive for
glucose fermentation, esculin hydrolysis, urea and (-
galactosidase in API 20NE, but negative for nitrate re-
duction, arginine dihydrolase, gelatinase and indole pro-
duction. D-Glucose, L-arabinose, D-mannose, D-manni-
tol, malic acid, trisodium citrate, N-acetyl-glucosamine
and D-maltose are utilized. Does not utilize potassium
gluconate, capric acid, adipic acid and phenylacetic acid.
Strain mGW21 (=NIBRBA0000113966) has been isola-
ted from a forest soil sample, Gwanaksan, Seoul, Korea.

Description of Novosphingobium resinovorum CR6-9

Cells are Gram-staining-negative, flagellated, non-
pigmented, and rod-shaped. Colonies are round, raised,
smooth and pale yellow-colored after 3 days on R2A at
30°C. Negative for nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease and
gelatinase in API 20NE. Positive for 3-galactosidase and
hydrolyze esculin. Does not utilize D-mannose, D-man-
nitol, N-acetyl-glucosamine, potassium gluconate, cap-
ric acid, adipic acid and phenylacetic acid, but utilize
trisodium citrate, D-maltose, malic acid and D-glucose.
Strain CR6-9 (=NIBRBAO0000113861) has been isolat-
ed from a mugwort root sample, Wonju, Korea.

Description of Sphingopyxis chilensis NUG4-1

Cells are Gram-staining-negative, flagellated, and rod-
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shaped. Colonies are circular, entire smooth, and yellow
colored after 2 days on NA at 30°C. Positive for esculin
hydrolysis and f3-galactosidase in API 20NE, but nega-
tive for nitrate reduction, indole production, gelatinase,
glucose fermentation, arginine dihydrolase and urease.
Does not utilize capric acid, but utilize D-glucose, L-ara-
binose, D-mannose, D-mannitol, N-acetyl-glucosamine,
D-maltose, potassium gluconate, adipic acid, malic acid,
trisodium citrate and phenylacetic acid. Strain NUG4-1
(=NIBRBA0000113935) has been isolated from a Marsh
sample, Taean, Korea.

Description of Sphingobium yanoikuyae CR2-3

Cells are Gram-staining-negative, non-flagellated, pig-
mented, and rod-shaped. Colonies are round, smooth,
convex, and orange colored after 5 days incubated on
R2A at 30°C. Weakly positive for nitrate reduction and
positive for esculin hydrolysis and $-galactosidase in
API 20NE. Negative for indole production, glucose fer-
mentation, arginine dihydrolase, urease, and gelatinase.
Does not utilize D-mannose, D-mannitol, capric acid,
adipic acid and phenylacetic acid. Utilized D-glucose,
L-arabinose, N-acetyl-glucosamine, D-maltose, potas-
sium gluconate, malic acid and trisodium citrate. Strain
CR2-3 (=NIBRBAO0000113867) has been isolated from
a vegetable root sample, Wonju, Korea.

Description of Sphingomonas astaxanthinifaciens
HMES8658

Cells are Gram-staining-negative, non-flagellated, pig-
mented, and short rod shaped. Colonies are circular, con-
vex, entire and red colored after 2 days on R2A at 37°C.
Positive for esculin hydrolysis in API 20NE, but nega-
tive for nitrate reduction, indole production, urease, glu-
cose fermentation, arginine dihydrolase, gelatinase, and
p-galactosidase. Does not utilize capric acid, malic acid,
trisodium citrate, phenylacetic acid, D-glucose, L-arabi-
nose, D-mannose, D-mannitol, N-acetyl-glucosamine,
D-maltose, potassium gluconate and adipic acid. Strain
HMES8658 (=NIBRBA0000114087) has been isolated
from a Water sample, Lake Juam, Korea.

Description of Erythromicrobium ramosum HME 8673

Cells are Gram-staining-negative, flagellated, pigmen-
ted, and rod-shaped. Colonies are circular, convex, en-
tire, and orange colored after 2 days on R2A at 30°C.
Positive for §-galactosidase, but negative for nitrate red-
uction, glucose fermentation, arginine dihydrolase, escu-
lin hydrolysis, indole production, urease and gelatinase
in API 20NE. Does not utilize D-glucose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potas-
sium gluconate, malic acid, trisodium citrate, phenylac-
etic acid, L-arabinose, capric acid and adipic acid. Strain
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HMES8673 (=NIBRBA0000114088) has been isolated
from a water sample of Lake Soyang, Korea.

Description of Altererythrobacter dongtanensis
MMH1-3

Cells are Gram-staining-negative, non-flagellated, dif-
fusible pigmented, and rod-shaped. Colonies are puncti-
form, entire, smooth, yellow colored after 2 days on MA
at 30°C. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, arginine dihydrolase, urease,
gelatinase and 3-galactosidase in API 20NE but positive
for esculin hydrolysis. Does not utilize D-glucose, L-ara-
binose, D-mannose, D-mannitol, N-acetyl-glucosamine,
D-maltose, potassium gluconate, capric acid, malic acid,
trisodium citrate and phenylacetic acid. Utilize adipic
acid. Strain MMH1-3 (=NIBRBA0000113936) has been
isolated from a mud flat sample, Taean, Korea.

Description of Novosphingobium indicum KYW772

Cells are Gram-staining-negative, flagellated, pigmen-
ted, and rod-shaped. Colonies are opaque, round, smooth,
convex, and light yellow colored after 3 days on MA at
25°C. Negative for nitrate reduction, glucose fermenta-
tion, arginine dihydrolase, esculin hydrolysis, 3-galacto-
sidase, indole production, urease and gelatinase in API
20NE. D-maltose is utilized. Does not utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosa-
mine, potassium gluconate, malic acid, trisodium citrate,
phenylacetic acid, capric acid and adipic acid. Strain
KYW772 (=NIBRBA0000114110) has been isolated
from seawater, Gwangyang-si, Korea.

Description of Brevundimonas variabilis HME8471

Cells are Gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, convex, entire and orange
colored after 2 days on R2A at 30°C. Positive for esculin
hydrolysis and -galactosidase. Negative for nitrate red-
uction, indole production, glucose fermentation, arginine
dihydrolase, urease and gelatinase. D-Glucose, L-ara-
binose, D-mannitol, N-acetyl-glucosamine, D-maltose
and potassium gluconate are utilized. Does not utilize
D-mannose, capric acid, adipic acid, malic acid, triso-
dium citrate and phenylacetic acid. Strain HME8471
(=NIBRBA0000114082) has been isolated from a wa-
ter sample, Gyeongancheon, Korea.

Description of Brevundimonas nasdae WR-M10

Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are circular, convex, glistening and
orange yellow colored after 3 days on MA at 25°C. Nega-
tive for nitrate reduction, indole production, glucose fer-
mentation, arginine dihydrolase, urease, gelatinase and
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[-galactosidase while positive for esculin hydrolysis in
API 20NE. D-Glucose, D-maltose and malic acid are
utilized. Weakly utilize the capric acid. Does not utilize
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosa-
mine, potassium gluconate, adipic acid, trisodium citrate
and phenylacetic acid. Strain WR-M10 (=NIBRBA
0000113996) has been isolated from a soil sample, Wan-
do, Korea.

Description of Caulobacter fusiformis WR-R2Y

Cells are Gram-staining-negative, flagellated, pigmen-
ted and oval-shaped. Colonies are circular, convex, gli-
stening and yellow colored after 3 days on R2A at 25°C.
Positive for esculin hydrolysis, gelatinase and f3-galacto-
sidase in API 20NE, but negative for nitrate reduction,
urease, indole production and glucose fermentation. Adi-
pic acid and Malic acid are utilized. Does not utilize D-
glucose, L-arabinose, D-mannose, D-mannitol, N-ace-
tyl-glucosamine, D-maltose, potassium gluconate, capric
acid, trisodium citrate and phenylacetic acid. Strain WR-
R2Y (=NIBRBAO0000114001) has been isolated from a
soil sample, Wando, Korea.

Description of Caulobacter vibrioides 1K06

Cells are Gram-staining-negative, non-flagellated, dif-
fusible-pigmented, and rod-shaped. Colonies are circu-
lar, convex, and colorless (white) after 3 days of incuba-
tion on R2A at 25°C. In API 20NE, positive for nitrate
reduction, glucose fermentation, esculin hydrolysis, gel-
atinase, urease and [3-galactosidase. Negative for, indole
production, arginine dihydrolase, D-glucose, D-mannose,
D-mannitol, potassium gluconate, capric acid, adipic acid,
trisodium citrate, and phenylacetic acid. Strain IK06
(=NIBRBAO0000113855) has been isolated from a fresh-
water sample, Incheon, Korea.

Description of Paracoccus marcusii MA11

Cells are Gram-staining-negative, flagellated, diffus-
ible pigmented, and coccus shaped. Colonies are circular
and orange-colored after 2 days on MA at 25°C. Posi-
tive for glucose fermentation, urease, esculin hydrolysis
and f-galactosidase in API 20NE, but negative for ni-
trate reduction, indole production, arginine dihydrolase
and gelatinase. Does not utilize Capric acid, malic acid,
trisodium citrate, D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potassi-
um gluconate, adipic acid and phenylacetic acid. Strain
MA11 (=NIBRBA0000113969) has been isolated from
a forest soil sample, Gwanaksan, Seoul, Korea.

Description of Nereida ignava ES05-2S-4-MA

Cells are Gram-staining-negative, flagellated, non-pig-
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mented and coccus. Colonies are circular, convex and
beige colored after 3 days on MA at 25°C. Positive for
esculin hydrolysis and 3-galactosidase in API 20NE, but
negative for nitrate reduction, glucose fermentation, ar-
ginine dihydrolase, indole production, urease and gelati-
nase. Does not utilize D-glucose, D-mannose, D-man-
nitol, N-acetyl-glucosamine, D-maltose, potassium glu-
conate, malic acid, trisodium citrate, phenylacetic acid,
L-arabinose, capric acid and adipic acid. Strain ES0O5-
2S-4-MA (=NIBRBA0000113916) has been isolated
from a seawater sample, Uljin, east sea, Korea.

Description of Litoreibacter albidus HD48

Cells are Gram-staining-negative, non-flagellated, pig-
mented and oval or rod shaped. Colonies are circular,
convex, smooth, and light yellow colored after 3 days on
MA at 25°C. Positive for esculin hydrolysis and 3-galac-
tosidase, but negative for nitrate reduction, indole pro-
duction, gelatinase, arginine dihydrolase, urease and glu-
cose fermentation in API 20NE. D-Glucose, N-acetyl-
glucosamine, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate, phenylacetic acid, L-
arabinose, D-mannose, D-mannitol and D-maltose are
not utilize. Strain HD48 (=NIBRBA0000113992) has
been isolated from a mud flat sample, Taean, Korea.

Description of Roseomonas stagni HME8528

Cells are Gram-staining-negative, non-flagellated, pig-
mented and Rod-shaped. Colonies are circular, convex,
entire and yellow colored after 2 days on R2A at 30°C.
Negative for nitrate reduction, glucose fermentation,
urease indole production, arginine dihydrolase, esculin
hydrolysis, gelatinase and (-galactosidase. D-Glucose,
D-mannose, adipic acid and malic acid are utilized.
Does not utilize, L-arabinose, D-mannitol, N-acetyl-glu-
cosamine, D-maltose, potassium gluconate, capric acid
and trisodium citrate. Strain HME8528 (=NIBRBA
0000114073) has been isolated from a water sample col-
lected from Gyeongancheon, Korea.
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