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During a comprehensive investigation of indigenous prokaryotic species in Korea, 25 and 10 bacterial strains
assigned to the classes Alphaproteobacteria and Betaproteobacteria, respectively, were isolated from diverse
environmental habitats, including soil, mud, tidal field, sea water, sand, rusted iron, and leaf. Based on their
high 16S rRNA gene sequence similarities (>98.7%) and the formation of robust phylogenetic clades with
type species, each strain was assigned to an independent and predefined bacterial species. Since there were
no published or official reports regarding these 35 isolates in Korea, they - 25 species of 14 families in the
5 orders of Alphaproteobacteria and 10 species of 3 families in the two orders of Betaproteobacteria - have
been reported as unrecorded species in Korea. In addition, Gram reaction, colony and cell morphology, basic
biochemical characteristic, isolation source, and strain ID of each species are also described in the species

description sections.
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INTRODUCTION

The Proteobacteria is the largest bacterial phylum of
Gram-negative bacteria, including the classes Alphapro-
teobacteria, Betaproteobacteria, Gammaproteobacteria,
Deltaproteobacteria, Epsilonproteobacteria, Zetapro-
teobacteria, Acidithiobacillia, and Oligoflexia (Williams
et al.,2013; Nakai et al., 2014). At the time of writing,
the taxonomic classification based on 16S rRNA gene
sequences showed that the class Alphaproteobacteria
includes 16 orders: Caulobacterales, Emcibacterales,
lodidimonadales, Kiloniellales, Kordiimonadales, Mag-
netococcales, Micropepsales, Minwuiales, Parvularcu-
lales, Pelagibacterales, Rhizobiales, Rhodobacterales,

Rhodospirillales, Rickettsiales, Sneathiellales, and Sphin-
gomonadales. Among them, Minwuiales and Micropep-
sales were recently established (Harbison et al., 2017; Sun
et al., 2018). The class Betaproteobacteria includes nine
orders: Burkholderiales, Ferritrophicales, Ferrovales,
Gallionellales, Methylophilales, Neisseriales, Nitroso-
monadales, Rhodocyclales, and Sulfuricellales. In 2019,
we collected large number of environmental samples from
diverse habitats in Korea and isolated various novel and
unrecorded bacterial species. In this study, we describe
25 and 10 bacterial species belonging to the Alphaproteo-
bacteria and Betaproteobacteria, respectively that were
previously not reported in Korea.
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MATERIALS AND METHODS

A total of 35 bacterial strains assigned to the class Alpha-
proteobacteria and Betaproteobacteria were isolated from
various environmental habitats, including soil, mud, tidal
field, sea water, sand, rusted iron, and leaf (Table 1). All
environmental samples were processed independently,
serially diluted, spread onto diverse culture agar media
including Mueller-Hinton agar (MH; BD, USA), R2A
agar (BD, USA), marine agar 2216 (MA; BD, USA), and
tryptic soy agar (TSA; BD, USA) and incubated at 25-
37°C for 2-5 days (Table 1). The designated strain identi-
fications (IDs), isolation sources, culture media, and incu-
bation conditions of the isolates are described in Table 1.
All strains were isolated as pure cultures and stored as
10-20% glycerol suspension at —80°C and as lyophilized
ampoules.

Colony morphology of the strains was observed by eye
or a magnifying glass after the cells were cultivated to
their stationary phase on their culture agar media. Cellular
morphology and cell size were examined by using either
transmission electron or scanning electron microscopy.
Gram-staining tests were performed using a Gram-staining
kit according to the standard procedures. Biochemical
characteristics were evaluated by using the API 20NE kit
(bioMérieux), according to the manufacturer’s instruction.

Bacterial DNA extraction, PCR amplification, and 16S
rRNA gene sequencing were performed using standard
procedures as described elsewhere (Lee et al., 2014). The
16S rRNA gene sequences of the strains assigned to Alpha-
proteobacteria and Betaproteobacteria were compared
with those of the type strains of validated bacterial species
by using the nucleotide similarity search program in the
EzBioCloud server (http://www.ezbiocloud.net/identify)
(Yoon et al. 2017). For phylogenetic analyses, multiple
alignments of the 16S rRNA gene sequences between
the isolates and established bacterial species were carried
out using the ClustalX program (Thompson et al., 1997).
Evolutionary distances were calculated using the Kimura
two-parameter model and the phylogenetic trees were
constructed using the MEGA7 program (Kumar et al.,
2016) based on the neighbor-joining algorithm with 1,000
replications.

REsuLTs AND DIscussioN

Twenty-five strains of Alphaproteobacteria were dis-
tributed into five orders: one strain in Caulobacterales,
10 strains in Rhizobiales, five strains in Rhodobacterales,
four strains in Rhodospirillales, and five strains in Sphin-
gomonadales (Table 1). Ten strains of Betaproteobacteria
were distributed into two orders: nine strains in Burk-

Table 1. Summary of strains isolated belonging to the Alphaproteobacteria and Betaproteobacteia and their taxonomic affiliations.

Isolation . Incubation
Medium
source conditions

Similarity
(%)

Most closely related species

Strain ID NIBR ID

Order Family Genus

Class/phylum

30°C, 4d

soil

99.4

Brevundimonas faecalis

NIBRBAC000503268

19D2A5

Caulobacteraceae Brevundimonas

Caulobacterales

MH 30°C, 4d

soil

NIBRBAC000503266  Ochrobactrum thiophenivorans 99.6

19D1V26

Ochrobactrum

Brucellaceae

25°C, 5d

R2A

mud

BSSL-BR9 NIBRBACO000503333  Devosia naphthalenivorans 98.9

Devosia

Devosia_f
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30°C, 3d

R2A

soil

99.6

MMS19-R33 NIBRBACO000503369  Microvirga flocculans

Microvirga

Methylobacteriaceae

30°C, 3d

R2A

soil

100

MMS19-T29 NIBRBACO000503385  Bradyrhizobium liaoningense

Bradyrhizobium

Nitrobacteraceae

Alphaproteobacteria

25°C, 3d

R2A
R2A

soil

99.2

NIBRBAC000503410  Mesorhizobium plurifarium

G187

Mesorhizobium

Rhizobiales

25°C, 3d

soil

100
99.2

BTSS NIBRBAC000502989  Phyllobacterium zundukense

Phyllobacterium

Phyllobacteriaceae

30°C, 4d

soil

NIBRBAC000503255  Pseudaminobacter arsenicus

19D1A35

Pseudaminobacter

30°C, 3d
25°C, 3d

R2A

R2A

tidal field

soil

8.9
99.2

NIBRBAC000503112  Rhizobium straminoryzae
NIBRBACO000502997  Rhizobium cauense

HMF6710
BT341

Rhizobium
Rhizobium

Rhizobiaceae

MA 30°C, 3-4d

sand

99.6

NIBRBAC000503247  Parvibaculum lavamentivorans

CAU 1597

Parvibaculum

Rhodobiaceae
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Fig. 1. Transmission electron micrographs or scanning electron micrographs showing the cell morphologies of the strains isolated in this
study. The strains were cultured at their optimal growth conditions. Strains: 1, YSTF-MS5; 2, BSSL-BR9; 3, HMF5336; 4, HMF6093; 5,
HMF6710; 6, KYW1791; 7, KYW1736; 8, KYW1376; 9, KYW1819; 10, FS72; 11, CAU 1521; 12, CAU 1595; 13, CAU 1597; 14, G119;
15, G187; 16, R36; 17, BT55; 18, BT341; 19, BT373; 20, 19D1A35; 21, 19D1V26; 22, 19D2AS; 23, 19D1F4; 24, MMS19-R33; 25,
MMS19-T29; 26, HMF4787; 27, HMF5328; 28, CAU 1556; 29, BT39; 30, BT69; 31, BT358; 32, BT359; 33, BT367; 34, BT372; 35, BGY.
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holderiales and one strain in Rhodocyclales. All strains
were Gram-staining-negative and chemoheterotrophic,
and 27 strains were rod shaped and eight strains were
cocci shaped (Fig. 1).

In the class of Alphaproteobacteria, one strain was assig-
ned to the genus Brevundimonas of the family Caulobac-
teraceae in the order Caulobacterales and 10 strains in
the order Rhizobiales belonged to seven different families:
Brucellaceae (one strain), Devosia_ f (one strain), Methy-
lobacteriaceae (one strain), Nitrobacteraceae (one strain),
Phyllobacteriaceae (three strains), Rhizobiaceae (two
strains), and Rhodobacteraceae (one strain). Five strains
in the order Rhodobacterales belonged to two separate
families: Hyphomonadaceae (one strain) and Rhodobac-
teraceae (four strains), while four strains in the order Rho-
dospirillales were separated into two families: Acetobac-
teraceae (three strains) and Rhodospirillaceae (one strain),
and five strains in the order Sphingomonadales were sepa-
rated into two families: Erythrobacteraceae (one strain)
and Sphingomonadaceae (four strains) (Fig. 2).

Ten strains were distributed into two orders, Burkholde-
riales and Rhodocyclales of the class Betaproteobacteria.
Nine strains belonged to two families in the order of Bur-
kholderiales: Burkholderiaceae (six strains) and Coma-
monadaceae (three strains). One strain belonged to the
genus Thauera of the family Zoogloeaceae of the order
Rhodocyclales (Fig. 3).

In conclusion, in this study we report 35 unrecorded
bacterial species belonging to two proteobacterial classes,
Alphaproteobacteria and Betaproteobacteria, which were
isolated in Korea.

Description of Nioella sediminis YSTF-M35

Cells are Gram-staining-negative, flagellated and rod
shaped. Colonies are circular, slightly convex, glistening,
and yellowish gray colored after 3 days of incubation at
25°C on MA. Positive for nitrate reduction, esculin hydro-
lysis, and -galactosidase activity. Negative for indole pro-
duction, glucose fermentation, and arginine dihydrolase,
urease activity, and gelatinase activities. Does not utilize
D-glucose, L-arabinose, b-mannose, D-mannitol, N-acetyl-
glucosamine, p-maltose, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain YSTF-M5 (=NIBRBAC000503332) was iso-
lated from a mud sample, Incheon, Korea.

Description of Devosia naphthalenivorans BSSL-BR9

Cells are Gram-staining-negative, flagellated and rod
shaped. Colonies are circular, convex, glistening, and yel-
lowish white colored after 5 days of incubation at 25°C
on R2A. Positive for nitrate reduction, esculin hydrolysis,
and arginine dihydrolase, urease, and 3-galactosidase acti-
vities. Negative for indole production, glucose fermenta-
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tion, and gelatinase activity. Does not utilize p-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetylglucosa-
mine, D-maltose, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate, and phenylacetic acid.
Strain BSSL-BR9 (=NIBRBAC000503333) was isolated
from a mud sample, Boryeong, Korea.

Description of Roseomonas aquatica HMF5336

Cells are Gram-staining-negative, non-flagellated and
coccus shaped. Colonies are circular, convex, smooth, wet
and pale red colored after 3 days of incubation at 30°C on
R2A. Negative for nitrate reduction, indole production,
glucose fermentation, esculin hydrolysis, and gelatinase,
arginine dihydrolase, urease, and 3-galactosidase activi-
ties. D-Mannitol, N-acetylglucosamine, and potassium glu-
conate are utilized. Does not utilize p-glucose, L-arabinose,
D-mannose, D-maltose, capric acid, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid. Strain HMF5336
(=NIBRBAC000503107) was isolated from a rusted iron
sample, Yongin, Korea.

Description of Sphingomonas prati HMF6093

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, smooth, and
yellow colored after 3 days of incubation at 30°C on R2A.
Positive for esculin hydrolysis and 3-galactosidase acti-
vity. Negative for nitrate reduction, indole production, glu-
cose fermentation, arginine dihydrolase, urease, and gelati-
nase. D-Glucose, L-arabinose, b-mannose, D-mannitol,
N-acetylglucosamine, p-maltose and potassium gluconate
are utilized. Does not utilize capric acid, adipic acid, malic
acid, trisodium citrate, and phenylacetic acid. Strain HMF
6093 (=NIBRBAC000503109) was isolated from a sea
water sample, Jeju, Korea.

Description of Rhizobium straminoryzae HMF6710

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, smooth and
cream colored after 3 days of incubation at 30°C on R2A
or MA. Positive for esculin hydrolysis and urease and
B-galactosidase activities. Negative for nitrate reduction,
indole production, glucose fermentation, and arginine di-
hydrolase and gelatinase activities. D-Glucose, L-arabinose,
D-mannose, b-mannitol, N-acetylglucosamine, b-maltose,
potassium gluconate and malic acid are utilized. Does not
utilize capric acid, adipic acid, trisodium citrate and phe-
nylacetic acid. Strain HMF6710 (= NIBRBAC000503112)
was isolated from a tidal field sample, Wando, Korea.

Description of Paracoccus halotolerans KYW1791

Cells are Gram-staining-negative, non-flagellated, and
coccus shaped. Colonies are circular, convex, smooth,
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|: Strain HMF6710
93 Rhizobium straminoryzae CC-LY 845T (KF444510)

L—Straln BT341
Rhizobium cauense CCBAU 1010027 (JQ308326)
Strain 19D1V26
100% Ochrobactrum thiophenivorans DSM 7216T (NNRJ01000011)
100y Strain BT55
Phyllobacterium zundukense CB3T (ML133515)

_L_ Strain G187
Mesorhizobium plurifarium LMG 118927 (Y14158)
Strain 19D1A35
100~ Pseudaminobacter arsenicus CB3T (ML133515)
r— Strain BSSL-BR9

100Y— Devosia naphthalenivorans CM5-1T (MG230310)
1001 Strain CAU 1597

L Parvibaculum lavamentivorans DS-1T (CP000774)
100— Strain CAU 1595

‘—Euryhalocaulis caribicus JL2009T (ASJA01000004)
[Stram YSTF-M5
Nioella sediminis JS7-11T (MNBLO01000191)

100

100r— Strain CAU 1521
Salipiger profundus JLT2016T (CP014796)

3 100 Strain KYW1791
Paracoccus halotolerans CFH 90064T (KY039331)
99 Strain KYW1736

100~ Paracoccus rhizosphaerae CC-CCM15-8T (JN662389)
100r Strain KYW1376

100

! Erythrobacter zhengii V18T (QXFL01000004)

I__ Strain FS72
Sphingobium mellinum WI4T (KF437546)

100|— Strain HMF6093
L Sphingomonas prati W18RDT (KU535675)

87

_L_ Strain G119
Sphingomonas changbaiensis NBRC 1049367 (BBWU01000045)
Strain BT373
100t Sphingomonas mali NBRC 155007 (BCYX01000023)
100 Strain MMS19-R33

100

98

L Microvirga flocculans ATCC BAA-817T (JAEA01000030)
| Strain MMS19-T29

100! Bradyrhizobium liaoningense 22817 (AF208513)
—Strain 19D2A5

1001 Brevundimonas faecalis CS20-3T (FR775448)
1001 Strain KYW1819

100

L Indioceanicola profundi SCSIO 08040T (CP030127)

100 Strain 19D1F4

Roseomonas mucosa NCTC 132917 (UGVN01000001)

0.02

100

I:Stram HMF5336
Roseomonas aquatica TR53T (AM231587)
| Strain R36
100 Roseomonas wenyumeiae 7237 (MH974806)

Fig. 2. A neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the phylogenetic relationships between the
strains isolated in this study and their relatives in the orders Caulobacterales, Rhizobiales, Rhodobacterales, Rhodospirillales, and Sphingo-
monadales of the class of Alphaproteobacteria. Bootstrap values (>70%) are shown above nodes. Scale bar: 0.02 changes per nucleotide.

opaque, and pale orange colored after 3 days of incubation
at 25°C on MA. Positive for nitrate reduction, esculin hy-
drolysis, and (-galactosidase activity. Negative for indole
production, glucose fermentation, arginine dihydrolase,
and urease and gelatinase activities. b-Glucose, b-mannose,
D-mannitol, D-maltose, potassium gluconate, malic acid,
trisodium citrate are utilized. Does not utilize L-arabinose,
N-acetylglucosamine, capric acid, adipic acid, and phenyl-
acetic acid. Strain KYW1791 (= NIBRBAC000503285)
was isolated from a sea water sample, Gwangyang, Korea.

Description of Paracoccus rhizosphaerae KYW1736

Cells are Gram-staining-negative, non-flagellated, and
coccus shaped. Colonies are circular, smooth, convex,
opaque, and pale orange colored after 3 days of incubation
at 25°C on MA. Positive for nitrate reduction, esculin hy-
drolysis, and -galactosidase activity. Negative for indole
production, glucose fermentation, and arginine dihydrolase,
urease, and gelatinase activities. D-Glucose, L-arabinose,
D-mannitol, b-maltose, potassium gluconate and malic acid
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100|' Burkholderia contaminans LMG 23361T (LASDO01000006)

Strain BT359

94

Strain BG9
70

100] Strain HMF5328

100

Strain BT372

Strain BT367

100/— Strain BT39

100 Strain BT69

T Burkholderia territorii LMG 281587 (LK023503)
1001 Caballeronia glathei LMG 141907 (CCNS01000108)
Paraburkholderia caledonica NBRC 102488 (BAYE01000050)
100= Paraburkholderia sabiae Br3407T (AY773186)
100b— Paraburkholderia hiiakae 127 (JE763857)
Azohydromonas australica IAM 126647 (AB188124)
5 oo Strain HMF4787

Pseudacidovorax intermedius DSM 213527 (QQAV01000023)

100/— Ramlibacter henchirensis TMB834T (AF439400)
—Strain CAU 1556

0.01 10— Thauera chlorobenzoica 3CB-17 (jgi-1084690)

Fig. 3. A neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the phylogenetic relationships between the
strains isolated in this study and their relatives in the orders Burkholderiales and Rhodocyclales of the class of Betaproteobacteria. Boot-
strap values (>70%) are shown above nodes. Scale bar: 0.01 changes per nucleotide.

are utilized. Does not utilize p-mannose, N-acetylgluco-
samine, capric acid, adipic acid, trisodium citrate, and
phenylacetic acid. Strain KYW1736 (=NIBRBAC00050
3286) was isolated from a sea water sample, Gwangyang,
Korea.

Description of Erythrobacter zhengii KYW1376

Cells are Gram-staining-negative, non-flagellated, and
short rod or coccus shaped. Colonies are circular, smooth,
convex, opaque, and orange-yellow colored after 5 days
of incubation at 25°C on MA. Positive for indole produc-
tion and esculin hydrolysis. Negative for nitrate reduction,
glucose fermentation, and arginine dihydrolase, urease,
gelatinase, and 3-galactosidase activities. Does not utilize
D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-
glucosamine, p-maltose, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain KYW1376 (=NIBRBAC000503287) was
isolated from a sea water sample, Gwangyang, Korea.

Description of Indioceanicola profundi KYW1819

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, smooth, convex, and
pale pink colored after 5 days of incubation at 25°C on
MA. Positive for indole production. Negative for nitrate
reduction, glucose fermentation, esculin hydrolysis, and
arginine dihydrolase, urease, gelatinase, and [-galacto-
sidase activities. Malic acid is utilized. Does not utilize
D-glucose, L-arabinose, D-mannose, b-mannitol, N-acetyl-

glucosamine, p-maltose, potassium gluconate, capric acid,
adipic acid, trisodium citrate, and phenylacetic acid. Strain
KYW1819 (= NIBRBAC000503292) was isolated from a
sea water sample, Gwangyang, Korea.

Description of Sphingobium mellinum ¥S72

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, smooth, and
yellow colored after 3 days of incubation at 25°C on R2A.
Positive for esculin hydrolysis. Negative for nitrate reduc-
tion, indole production, glucose fermentation, and arginine
dihydrolase, urease, gelatinase, and 3-galactosidase activi-
ties. pD-Glucose is utilized. Does not utilize L-arabinose,
D-mannose, b-mannitol, N-acetylglucosamine, b-maltose,
potassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid. Strain FS72
(=NIBRBAC000503299) was isolated from a soil sam-
ple, Suncheon, Korea.

Description of Salipiger profundus CAU 1521

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, mucoid, rough,
opaque, and cream colored after 2 days of incubation at
30°C on MA. Positive for esculin hydrolysis and urease
and f-galactosidase activities. Negative for nitrate reduc-
tion, indole production, glucose fermentation, and argi-
nine dihydrolase and gelatinase activities. Does not utilize
D-glucose, L-arabinose, b-mannose, D-mannitol, N-acetyl-
glucosamine, p-maltose, potassium gluconate, capric acid,
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adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CAU 1521 (=NIBRBAC000503227) was
isolated from a sand sample, Busan, Korea.

Description of Euryhalocaulis caribicus CAU 1595

Cells are Gram-staining-negative, flagellated, and short
rod shaped. Colonies are circular, convex, shiny, opaque,
and cream colored after 2-3 days of incubation at 30°C on
MA. Positive for nitrate reduction, esculin hydrolysis, and
gelatinase and urease activities. Negative for indole pro-
duction, glucose fermentation, and arginine dihydrolase
and f-galactosidase activities. p-Glucose and L-arabinose
are utilized. Does not utilize b-mannose, b-mannitol,
N-acetylglucosamine, p-maltose, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate, and
phenylacetic acid. Strain CAU 1595 (=NIBRBAC00050
3245) was isolated from a sand sample, Incheon, Korea.

Description of Parvibaculum lavamentivorans
CAU 1597

Cells are Gram-staining-negative, flagellated, and rod
shaped. Colonies are circular, convex, smooth, opaque,
and cream colored after 3—4 days of incubation at 30°C on
MA. Positive for esculin hydrolysis and [3-galactosidase
activity. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, and arginine dihydrolase, ure-
ase, and gelatinase activities. Does not utilize p-glucose,
L-arabinose, D-mannose, b-mannitol, N-acetylglucosamine,
p-maltose, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate, and phenylacetic acid. Strain
CAU 1597 (= NIBRBAC000503247) was isolated from
a sand sample, Jeju, Korea.

Description of Sphingomonas changbaiensis G119

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, entire, and light-yellow
colored after 3 days of incubation at 25°C on R2A. Nega-
tive for nitrate reduction, indole production, glucose fer-
mentation, esculin hydrolysis, and arginine dihydrolase,
urease, gelatinase, and [3-galactosidase activities. p-Glu-
cose, L-arabinose, D-mannose, D-maltose, and phenylacetic
acid are utilized. Does not utilize D-mannitol, N-acetylglu-
cosamine, potassium gluconate, capric acid, adipic acid,
malic acid, and trisodium citrate. Strain G119 (=NIBRBAC
000503407) was isolated from a soil sample, Yeongju,
Korea.

Description of Mesorhizobium plurifarium G187

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex and cream col-
ored after 3 days of incubation at 25°C on R2A. Positive
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for urease activity, esculin hydrolysis and 3-galactosidase
activities. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, and arginine dihydrolase and
gelatinase activities. D-Glucose, L-arabinose, D-mannose,
p-mannitol, N-acetylglucosamine, and malic acid are uti-
lized. Does not utilize p-maltose, potassium gluconate,
capric acid, adipic acid, trisodium citrate, and phenyl-
acetic acid. Strain G187 (=NIBRBAC000503410) was
isolated from a soil sample, Yeongju, Korea.

Description of Roseomonas wenyumeiae R36

Cells are Gram-staining-negative, flagellated, and coccus
or ovoid shaped. Colonies are circular, convex, smooth,
and light orange colored after 3 days of incubation at 25°C
on R2A. Positive for nitrate reduction, esculin hydrolysis,
and gelatinase, arginine dihydrolase, and urease activities.
Negative for indole production, glucose fermentation, and
p-galactosidase activity. p-Glucose, b-mannose, D-man-
nitol, b-maltose, and trisodium citrate are utilized. Does not
utilize L-arabinose, N-acetylglucosamine, potassium gluco-
nate, capric acid, adipic acid, malic acid, and phenylacetic
acid. Strain R36 (=NIBRBAC000503419) was isolated
from a soil sample, Yeongju, Korea.

Description of Phyllobacterium zundukense BT55

Cells are Gram-staining-negative, non-flagellated, and
short rod shaped. Colonies are circular, smooth, and white
colored after 3 days of incubation at 25°C on R2A. Positive
for nitrate reduction. Negative for indole production, glu-
cose fermentation, esculin hydrolysis, and arginine dihy-
drolase, urease, gelatinase, and [5-galactosidase activities.
D-Glucose, p-maltose and malic acid are utilized. Does
not utilize L-arabinose, D-mannose, D-mannitol, N-acetyl-
glucosamine, potassium gluconate, capric acid, adipic
acid, trisodium citrate, and phenylacetic acid. Strain BT55
(=NIBRBAC000502989) was isolated from a soil sam-
ple, Pyeongchang, Korea.

Description of Rhizobium cauense BT341

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, smooth, and
white colored after 3 days of incubation at 25°C on R2A.
Positive for nitrate reduction, esculin hydrolysis, and ure-
ase and f3-galactosidase activities. Negative for indole pro-
duction, glucose fermentation, and arginine dihydrolase
and gelatinase activities. D-Glucose, L-arabinose, b-man-
nose, b-mannitol, N-acetylglucosamine, p-maltose, and
malic acid are utilized. Does not utilize potassium gluco-
nate, capric acid, adipic acid, trisodium citrate, and phenyl-
acetic acid. Strain BT341 (=NIBRBAC000502997) was
isolated from a soil sample, Jeju, Korea.
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Description of Sphingomonas mali BT373

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, smooth, and yellow col-
ored after 3 days of incubation at 25°C on R2A agar. Posi-
tive for esculin hydrolysis and 3-galactosidase activity.
Negative for nitrate reduction, indole production, glucose
fermentation, and arginine dihydrolase, urease, and gelati-
nase activities. D-Glucose and p-maltose are utilized. Does
not utilize L-arabinose, bD-mannose, D-mannitol, N-acetyl-
glucosamine, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate, and phenylacetic acid. Strain
BT373 (=NIBRBAC000503006) was isolated from a soil
sample, Cheongdo, Korea.

Description of Pseudaminobacter arsenicus 19D1A35

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, glistening and
brown colored after 4 days of incubation at 30°C on MH.
Positive for esculin hydrolysis. Negative for nitrate reduc-
tion, indole production, glucose fermentation, arginine
dihydrolase, and urease, gelatinase and f3-galactosidase
activities. p-Glucose, b-mannose, b-mannitol, N-acetyl-
glucosamine, adipic acid, malic acid, trisodium citrate and
phenylacetic acid are utilized. Does not utilize L-arabinose,
D-maltose, potassium gluconate, and capric acid. Strain
19D1A35 (= NIBRBAC000503255) was isolated from a
soil sample, Jeongseon, Korea.

Description of Ochrobactrum thiophenivorans
19D1V26

Cells are Gram-staining-negative, flagellated, and rod
shaped. Colonies are circular, raised, umbonate, and cream
colored after 4 days of incubation at 30°C on MH. Positive
for nitrate reduction, esculin hydrolysis, and urease acti-
vity. Negative for indole production, glucose fermentation,
arginine dihydrolase, gelatinase and -galactosidase activi-
ties. p-Glucose, L-arabinose, b-mannose, N-acetylglucosa-
mine and malic acid are utilized. Does not utilize b-manni-
tol, p-maltose, potassium gluconate, capric acid, adipic acid,
trisodium citrate, and phenylacetic acid. Strain 19D1V26
(=NIBRBAC000503266) was isolated from a soil sam-
ple, Jeongseon, Korea.

Description of Brevundimonas faecalis 19D2A5

Cells are Gram-staining-negative, flagellated, and rod
shaped. Colonies are circular, convex, glistening, and light
yellow colored after 4 days of incubation at 30°C on MH.
Positive for esculin hydrolysis. Negative for nitrate reduc-
tion, indole production, glucose fermentation, and argi-
nine dihydrolase, urease, gelatinase, and 3-galactosidase
activities. Capric acid and malic acid are utilized. Does
not utilize p-glucose, L-arabinose, b-mannose, b-mannitol,
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N-acetylglucosamine, p-maltose, potassium gluconate,
adipic acid, trisodium citrate, and phenylacetic acid. Strain
19D2A5 (=NIBRBAC000503268) was isolated from a
soil sample, Jeongseon, Korea.

Description of Roseomonas mucosa 19D1F4

Cells are Gram-staining-negative, non-flagellated, and
coccus shaped. Colonies are circular, convex, glistening,
and pink colored after 4 days of incubation at 30°C on
MH. Positive for urease activity and esculin hydrolysis.
Negative for nitrate reduction, indole production, glu-
cose fermentation, and arginine dihydrolase, gelatinase,
and f3-galactosidase activities. p-Glucose, L-arabinose,
D-mannitol, potassium gluconate, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid are utilized. Does
not utilize b-mannose, N-acetylglucosamine, p-maltose,
and capric acid. Strain 19D1F4 (=NIBRBAC000503271)
was isolated from a soil sample, Jeongseon, Korea.

Description of Microvirga flocculans MMS19-R33

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, raised, entire, and pale-
cream colored after 3 days of incubation at 30°C on R2A.
Positive for nitrate reduction and esculin hydrolysis. Nega-
tive for indole production, glucose fermentation, and argi-
nine dihydrolase, urease, gelatinase, and [5-galactosidase
activities. Does not utilize p-glucose, L-arabinose p-man-
nose, b-mannitol, N-acetylglucosamine, b-maltose, potas-
sium gluconate, capric acid, adipic acid, malic acid, triso-
dium citrate, and phenylacetic acid. Strain MMS19-R33
(=NIBRBAC000503369) was isolated from a soil sam-
ple, Gurye, Korea.

Description of Bradyrhizobium liaoningense
MMS19-T29

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, entire, and
cream colored after 3 days of incubation at 30°C on R2A.
Positive for nitrate reduction, esculin hydrolysis, and
p-galactosidase activity. Negative for indole production,
glucose fermentation, and arginine dihydrolase, urease,
and gelatinase activities. Does not utilize p-glucose, L-ara-
binose pb-mannose, D-mannitol, N-acetylglucosamine,
D-maltose, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate, and phenylacetic acid. Strain
MMS19-T29 (= NIBRBAC000503385) was isolated from
a soil sample, Gurye, Korea.

Description of Pseudacidovorax intermedius
HMF4787

Cells are Gram-staining-negative, non-flagellated, and
short rod shaped. Colonies are circular, convex, smooth,
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slimy, and light-yellow colored after 3 days of incubation
at 30°C on R2A. Positive for urease activity. Negative for
nitrate reduction, indole production, glucose fermentation,
esculin hydrolysis, and arginine dihydrolase, gelatinase,
and f-galactosidase activities. b-Glucose, potassium glu-
conate, and malic acid are utilized. Does not utilize L-arabi-
nose, b-mannose, D-mannitol, N-acetylglucosamine,
D-maltose, capric acid, adipic acid, trisodium citrate, and
phenylacetic acid. Strain HMF4787 (= NIBRBAC00050
3105) was isolated from a leaf sample, Yongin, Korea.

Description of Paraburkholderia caledonica
HMF5328

Cells are Gram-staining-negative, flagellated, and rod
shaped. Colonies are circular, convex, smooth, and light-
yellow colored after 3 days of incubation at 30°C on R2A.
Positive for esculin hydrolysis and 3-galactosidase activity.
Negative for nitrate reduction, indole production, glucose
fermentation, and arginine dihydrolase, urease, and gelati-
nase activities. b-Glucose, L-arabinose, b-mannitol, N-ace-
tylglucosamine, and potassium gluconate are utilized. Does
not utilize b-mannose, b-maltose, capric acid, adipic acid,
malic acid, trisodium citrate, and phenylacetic acid. Strain
HMF5328 (=NIBRBAC000503106) was isolated from a
soil sample, Gangneung, Korea.

Description of Thauera chlorobenzoica CAU 1556

Cells are Gram-staining-negative, flagellated, and rod
shaped. Colonies are circular, convex, shiny, opaque, and
cream colored after 2 days of incubation at 30°C on MA.
Positive for nitrate reduction and esculin hydrolysis. Nega-
tive for indole production, glucose fermentation, and argi-
nine dihydrolase, urease, gelatinase, and -galactosidase
activities. Does not utilize p-glucose, L-arabinose, b-man-
nose, b-mannitol, N-acetylglucosamine, b-maltose, potas-
sium gluconate, capric acid, adipic acid, malic acid, tri-
sodium citrate, and phenylacetic acid. Strain CAU 1556
(=NIBRBAC000503231) was isolated from a sand sam-
ple, Jeju, Korea.

Description of Azohydromonas australica BT39

Cells are Gram-staining-negative, non-flagellated, and
coccus shaped. Colonies are circular, smooth, and white
colored after 3 days of incubation at 25°C on R2A. Posi-
tive for nitrate reduction. Negative for indole production,
glucose fermentation, esculin hydrolysis, and arginine
dihydrolase, urease, gelatinase, and 3-galactosidase activi-
ties. D-Glucose is utilized. Does not utilize L-arabinose,
D-mannose, D-mannitol, N-acetylglucosamine, pD-maltose,
potassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid. Strain BT39
(=NIBRBAC000502985) was isolated from a soil sam-
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ple, Pyeongchang, Korea.

Description of Ramlibacter henchirensis BT69

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, smooth, and white col-
ored after 3 days of incubation at 25°C on R2A. Positive
for gelatinase activity. Negative for nitrate reduction,
indole production, glucose fermentation, esculin hydro-
lysis, and arginine dihydrolase, urease, and f3-galactosi-
dase activities. Does not utilize p-glucose, L-arabinose,
D-mannose, b-mannitol, N-acetylglucosamine, b-maltose,
potassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid. Strain BT69
(=NIBRBAC000502987) was isolated from a soil sam-
ple, Pyeongchang, Korea.

Description of Burkholderia contaminans BT358

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, smooth, and
white colored after 3 days of incubation at 25°C on R2A.
Positive for arginine dihydrolase, urease, and gelatinase
activities. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, esculin hydrolysis, and 3-gal-
actosidase activity. D-Glucose, L-arabinose, potassium glu-
conate, malic acid, and trisodium citrate and are utilized.
Does not utilize p-mannose, b-mannitol, N-acetylgluco-
samine, p-maltose, capric acid, adipic acid, and phenyl-
acetic acid. Strain BT358 (= NIBRBAC000502988) was
isolated from a soil sample, Jeju, Korea.

Description of Burkholderia territorii BT359

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, convex, smooth, and
yellow colored after 3 days of incubation at 37°C on MA.
Positive for esculin hydrolysis and arginine dihydrolase,
urease, gelatinase, and -galactosidase activities. Negative
for nitrate reduction, indole production, and glucose fer-
mentation. b-Glucose, L-arabinose, D-mannose, b-mannitol,
N-acetylglucosamine, b-maltose, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate, and
phenylacetic acid are utilized. Strain BT359 (= NIBRBAC
000502999) was isolated from a soil sample, Jeju, Korea.

Description of Paraburkholderia hiiakae BT367

Cells are Gram-staining-negative, flagellated, and rod
shaped. Colonies are circular, smooth, and white colored
after 3 days of incubation at 25°C on R2A. Positive for
arginine dihydrolase, urease, and 3-galactosidase activities.
Negative for nitrate reduction, indole production, glucose
fermentation, esculin hydrolysis, and gelatinase activity.
D-Glucose, L-arabinose, b-mannose, D-mannitol, N-acetyl-
glucosamine, potassium gluconate, capric acid, adipic
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acid, malic acid, and phenylacetic acid are utilized. Does
not utilize p-maltose and trisodium citrate. Strain BT367
(=NIBRBAC000503004) was isolated from a soil sam-
ple, Cheongdo, Korea.

Description of Paraburkholderia sabiae BT372

Cells are Gram-staining-negative, non-flagellated, and
rod shaped. Colonies are circular, smooth, and white col-
ored after 3 days of incubation at 25°C on R2A. Positive
for nitrate reduction and f3-galactosidase activity. Nega-
tive for indole production, glucose fermentation, esculin
hydrolysis, and arginine dihydrolase, urease, and gelatinase
activities. p-Glucose, b-mannose, b-mannitol, N-acetyl-
glucosamine, potassium gluconate, capric acid, malic acid,
and phenylacetic acid are utilized. Does not utilize L-arabi-
nose, b-maltose, adipic acid, and trisodium citrate. Strain
BT372 (=NIBRBAC000503005) was isolated from a soil
sample, Cheongdo, Korea.

Description of Caballeronia glathei BG9

Cells are Gram-staining-negative, non-flagellated, and
coccus shaped. Colonies are punctiform, convex, entire,
and cream colored after 3 days of incubation at 30°C
on TSA. Positive for glucose fermentation and arginine
dihydrolase, urease, and [3-galactosidase activities. Nega-
tive for nitrate reduction, indole production, esculin hy-
drolysis, and gelatinase activity. D-Glucose, L-arabinose,
p-mannose, N-acetylglucosamine, potassium gluconate,
capric acid, malic acid, trisodium citrate, and phenylacetic
acid are utilized. Does not utilize p-mannitol, p-maltose,
and adipic acid. Strain BG9 (=NIBRBAC000503390)
was isolated from a soil sample, Gurye, Korea.
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