
IntroductIon

The Alphaproteobacteria is a bacterial class within 
the phylum Proteobacteria that forms one of the largest 
proteobacterial groups and includes diverse phototrophs, 
chemolithotrophs, chemoorganotrophs, and aerobic pho-
toheterotrophs that are abundant in various terrestrial and  
marine habitats. For example, the aerobic anoxygenic 
phototrophic bacteria Pelagibacter are widely distributed  
marine plankton that constitute over 10% of microbial 
populations in the in the open ocean (Giovannoni et al., 
2005). The taxonomic classification based on 16S rRNA 

gene sequences shows that the class Alphaproteobacteria is 
divided into 3 subclasses: Magnetococcidae, Rickettsidae,  
and Caulobacteridae, which includes eight primary sub-
groups or orders (Caulobacterales, Magnetococcales, 
Parvularculales, Rickettsiales, Rhizobiales, Rhodobacterales, 
Rhodospirillales, and Sphingomonadales (Ferla et al., 
2013; Matteo et al., 2013).

Members of the Alphaproteobacteria provide enor-
mously valuable biological resources for various indus-
tries and are commonly used in taxonomic, biochemical 
and molecular biological studies. Some members of 
Alphaproteobacteria exhibit intimate interactions with 
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eukaryotic host organisms, which are of central impor-
tance in the agricultural and medical fields (Skorpil and 
Broughton, 2005; Fredricks, 2006). For example, sym-
biotic interactions of the Rhizobiaceae family with plant 
roots are responsible for most atmospheric nitrogen fix-
ation, an essential environmental service for agriculture 

(Kaneko et al., 2000; 2002; Fredricks, 2006). 
In 2015, we collected environmental samples in Korea 

from diverse habitats and isolated various novel and un-
recorded bacterial species through a research program sup-
ported by NIBR of Korea. This report focuses on the de-
scription of bacterial species in the Alphaproteobacteria that 
were not previously reported in Korea. Here we report 31 
unrecorded bacterial species in the Alphaproteobacteria 
isolated in Korea, which consisted of 23 genera in five 
orders.

MaterIals and Methods

A total of 31 bacterial strains assigned to the class  
Alphaproteobacteria were isolated from various environ-
mental habitats, including freshwater, seawater, brackish 
water, ginseng soil, plant roots, natural caves, and tidal 
flats (Table 1). All environmental samples were processed 
independently, serially diluted, spread onto diverse cul-
ture agar media including R2A agar (BD, USA), marine 
agar 2216 (MA; BD, USA), Kuster’s agar (KUA) and 
nutrient agar (NA; BD, USA), and incubated at 20-30°C 
for 1-11 days (Table 1). The designated strain IDs, iso-
lation sources, culture media, and incubation conditions 
are summarized 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 
API 20NE galleries (bioMérieux) according to the man-
ufacturer’s instructions.

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 the 
Alphaproteobacteria were compared with those of the  
type strains of validated bacterial species using the Ez-
Taxon-e server (Kim et al., 2012). For phylogenetic 
analyses, multiple alignments of the 16S rRNA gene  
sequences between the isolates and established bacterial  
species were carried out using the Clustal_X program 

(Thompson et al., 1997). Evolutionary distances were 
calculated using the Kimura two-parameter model (Ki-
mura, 1983) and the phylogenetic trees were construct-
ed using a neighbor-joining algorithm (Saitou and Nei, 
1987) with bootstrap values based on 1,000 replications 

(Felsenstein, 2002).

results and dIscussIon

The 31 strains were distributed into five orders of the 
Alphaproteobacteria: three strains in the Caulobacterales,  
12 strains in the Rhodobacterales, three strains in the 
Rhizobiales, two strains in the Rhodospirillales, and 
11 strains in the Sphingomonadaceae (Table 1). These 
strains were gram-staining-negative, chemoheterotro-
phic, and rod-shaped bacteria (Fig. 1). Three strains that 
were assigned to the family Caulobacteraceae in the 
order Caulobacterales within the genera Brevundimonas 
and Phenylobacterium (Fig. 2). Two strains in the order 
Rhizobiales (Fig. 3) belonged to two genera of two sepa-
rate families: Mesorhizobium (1 species) and Rhizobium  

(1 species). Twelve strains that were assigned to the 
family Rhodobacteraceae of the order Rhodobacterales 
belonged to the genera Albirhodobacter, Cereibacter, 
Gemmobacter, Loktanella, Marinovum, Marivita, 
Rhodobacter, Roseivivax, Roseovarius, and Ruegeria 

(Fig. 4). Two strains that were assigned to the family  
Acetobacteraceae in the order Rhodospirillales belonged 
to the genera Acidisoma and Roseomonas (Fig. 5). The 
strains in the order Sphingomonadales (Fig. 6) belonged 
to two families in seven genera: Altererythrobacter (1 
species), Citrimicrobium (1 species), Novosphingobium (1 
species), Sandarakinorhabdus (1 species), Sphingobium 

(2 species), Sphingomonas (4 species), and Sphingopyxis  

(1 species). Here we report 31 unrecorded bacterial spe-
cies belonging to seven families of five orders in the  
Alphaproteobacteria, which were isolated in Korea.

Description of Acidisoma tundrae TW2K3

Cells are gram-staining-negative, non-flagellated, and 
short rod-shaped. Colonies are punctiform, flat, entire, 
and white-colored after 5 days of incubation at 30°C on 
Kuster’s agar. Positive for nitrate reduction, glucose fer-
mentation, and urease activity. Negative for indole pro-
duction, arginine dihydrolase, esculin hydrolysis, gelati-
nase and β-galactosidase activities. 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 phenyl-
acetic acid. Strain TW2K3 ( = NIBRBAC000498081) 
was isolated from abandoned mine soil sample, Boeun-
gun, Korea.
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Fig. 1. Transmission electron micrographs or scanning electron micrographs of cells of the strains isolated in this study. The cells were cul-
tured at their optimal growth conditions. Strains: 1, HMF3828; 2, CL5; 3, V7; 4, IMCC25608; 5, NU4; 6, SIL02; 7, RDH1; 8, IMCC25609; 
9, LPB0094; 10, IMCC25610; 11, JAF4; 12, HMF2668; 13, HMF3938; 14, KYW1034; 15, LPB0098; 16, C10-12; 17, C3-48; 18, E15; 19, 
TW2K3; 20, G11; 21, MW26; 22, IMCC25619; 23, IMCC25606; 24, LPB0124; 25, NR 4-05; 26, HMF4018; 27, JJ13; 28, IMCC25620; 
29, BR5-29-1; 30, S6-5; 31, LPB0117.

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

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

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

(16) (17) (18) (19) (20)
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(26) (27) (28) (29) (30)

(31)
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Description of Albirhodobacter marinus IMCC25608

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, raised, entire and white- 
colored after 7 days of incubation at 20°C on NA. Posi-
tive for nitrate reduction and urease activity. D-Glucose, 
L-arabinose, D-mannose, D-mannitol, potassium gluco-

nate, and malic acid are utilized. Negative for indole pro-
duction, glucose fermentation, arginine dihydrolase, es-
culin hydrolysis, gelatinase, and β-galactosidase activities. 
Does not utilize N-acetyl-glucosamine, D-maltose, capric 
acid, adipic acid, trisodium citrate, and phenylacetic 
acid. Strain IMCC25608 ( = NIBRBAC000497998) was 
isolated from a brackish water sample, Incheon, Korea.

Fig. 2. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the phylogenetic relationship between the strains 
isolated in this study and their relatives in the order Caulobacterales, class Alphaproteobacteria. Escherichia coli ATCC 11775T (X80725) 
was used as an outgroup (not shown). Bootstrap values (>70%) are shown above nodes. Scale bar: 0.01 changes per nucleotide.

Fig. 3. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the phylogenetic relationship between the strains 
isolated in this study and their relatives in the order Rhizobiales, class Alphaproteobacteria. Escherichia coli ATCC 11775T (X80725) was 
used as an outgroup (not shown). Bootstrap values (>70%) are shown above nodes. Scale bar: 0.01 changes per nucleotide.
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Description of Altererythrobacter xiamenensis MW26

Cells are gram-staining-negative, non-flagellated, 
and rod-shaped. Colonies are circular, raised, entire and 
pale yellow-colored after 2 days of incubation at 30°C 
on MA. Positive for nitrate reduction, esculin hydro-
lysis, gelatinase, and β-galactosidase activities. Capric 
acid is util ized. Negative for indole production, glucose 
fermenta tion, and arginine dihydrolase and urease activ-
ities. Does not utilize D-glucose, L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, D-maltose, po-
tassium gluco nate, adipic acid, malic acid, trisodium ci-
trate, and phenylacetic acid. Strain MW26 ( = NIBRBAC 
000497864) was isolated from a tidal flat sample, Tae-
an-gun, Korea.

Description of Brevundimonas basaltis CL5

Cells are gram-staining-negative, flagellated, and rod- 
shaped. Colonies are circular, convex, entire and white- 
colored after 2 days of incubation at 30°C on R2A. Pos-
itive for nitrate reduction, esculin hydrolysis, and gelati-
nase and β-galactosidase activities. D-Glucose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, D-maltose, 
potassium gluconate, adipic acid, malic acid, and triso-
dium citrate are utilized. Negative for indole produc-
tion, glucose fermentation, and arginine dihydrolase and 
urease activities. Does not utilize L-arabinose, capric 
acid, and phenylacetic acid. Strain CL5 ( = NIBRBAC 
000498062) was isolated from a tidal flat sample, In-
cheon, Korea.

Fig. 4. 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 order Rhodobacterales,  class Alphaproteobacteria. Escherichia coli ATCC 11775T (X80725) 
was used as an outgroup (not shown). Bootstrap values (>70%) are shown above nodes. Scale bar: 0.01 changes per nucleotide.
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Description of Brevundimonas subvibrioides HMF3828

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, entire, and 
yellow-colored after 4 days of incubation at 30°C on  
R2A. Positive for esculin hydrolysis. Negative for nitrate 
reduction, indole production, glucose fermentation, and 
arginine dihydrolase, urease, gelatinase, and β-galactosi-
dase activities. Does not utilize D-glucose, L-arabinose, 
D-mannose, D-mannitol, N-acetyl-glucosamine, D-malt-
ose, potassium gluconate, Capric acid, adipic acid, malic  
acid, trisodium citrate, and phenylacetic acid. Strain 
HMF3828 ( = NIBRBAC000497899) was isolated from 
a fresh water sample, Yong-in, Korea.

Description of Cereibacter changlensis NU4

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex and white- 
colored after 2 days of incubation at 25°C on R2A. D- 
Glucose, L-arabinose, D-mannose, and N-acetyl-glucos-
amine are utilized. Negative for nitrate reduction, indole 
production, glucose fermentation, esculin hydrolysis, 
and arginine dihydrolase, urease, gelatinase, and β- 
galactosidase activities. Does not utilize D-mannitol, D- 
maltose, potassium gluconate, capric acid, adipic acid, 
malic acid, trisodium citrate, and phenylacetic acid. 
Strain NU4 ( = NIBRBAC000498050) was isolated from 
a fresh water sample, Jeonju, Korea.

Description of Citrimicrobium luteum IMCC25619

Cells are gram-staining-negative, non-flagellated, and 
coccoid-shaped. Colonies are circular, raised, entire, and 
red yellow-colored after 15 days of incubation at 20°C 

on MA. Positive for β-galactosidase activity. D-Mannitol, 
potassium gluconate, and malic acid are utilized. Nega-
tive for nitrate reduction, indole production, glucose fer-
mentation, esculin hydrolysis, and arginine dihydrolase, 
urease, and gelatinase activities. Does not utilize D-glu-
cose, L-arabinose, D-mannose, N-acetyl-glucosamine, 
D-maltose, capric acid, adipic acid, trisodium citrate, 
and phenylacetic acid. Strain IMCC25619 ( = NIBRBAC 
000498009) was isolated from a fresh water sample, 
Incheon, Korea.

Description of Gemmobacter caeni SIL02

Cells are gram-staining-negative, non-flagellated, and 
round, circular, and convex-shaped. Colonies are circu-
lar, round, entire, and light yellow-colored after 2 days 
of incubation at 30°C on R2A. Positive for glucose fer-
mentation, esculin hydrolysis, and urease and β-galac-
tosidase activities. D-Glucose, L-arabinose, D-mannose, 
D-mannitol, D-maltose, potassium gluconate, adipic 
acid, malic acid, trisodium citrate, and phenylacetic acid 
are utilized. Negative for nitrate reduction, indole pro-
duction, and arginine dihydrolase and gelatinase activ-
ities. Does not utilize N-acetyl-glucosamine and capric 
acid. Strain SIL02 ( = NIBRBAC000498103) was isolat-
ed from an activated sludge sample, Daejeon, Korea.

Description of Gemmobacter fontiphilus RDH1

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are convex, round, smooth, entire, 
and green-colored after 2 days of incubation at 30°C on 
R2A. Positive for nitrate reduction, esculin hydrolysis, 
and β-galactosidase activity. D-Glucose, L-arabinose, 
D-mannose, D-mannitol, N-acetyl-glucosamine, D-malt-
ose, adipic acid, and malic acid are utilized. Negative for 
indole production, glucose fermentation, and arginine 
dihydrolase, urease, and gelatinase activities. Does not 
utilize potassium gluconate, capric acid, trisodium ci-
trate, and phenylacetic acid. Strain RDH1 ( = NIBRBAC 
000498075) was isolated from a fresh water pond sam-
ple, Seoul, Korea.

Description of Loktanella vestfoldensis IMCC25609
Cells are Gram-staining-negative, non-flagellated, and 

rod-shaped. Colonies are circular, raised, entire, and white- 
colored after 10 days of incubation at 20°C on NA. Pos-
itive for esculin hydrolysis and urease, gelatinase, and 
β-galactosidase activities. D-Mannitol, N-acetyl-glucos-
amine, potassium gluconate, capric acid, adipic acid, malic  
acid, trisodium citrate, and phenylacetic acid are utilized.  
Negative for nitrate reduction, indole production, glucose 
fermentation, and arginine dihydrolase activity. Does not 
utilize D-glucose, L-arabinose, D-mannose, and D-malt-
ose. Strain IMCC25609 ( = NIBRBAC000497999) was 

Fig. 5. Neighbor-joining phylogenetic tree, based on 16S rRNA 
gene sequences, showing the phylogenetic relationships between 
the strains isolated in this study and their relatives of the order 
Rhodospirillales, class Alphaproteobacteria. Escherichia coli 
ATCC 11775T (X80725) was used as an outgroup (not shown). 
Bootstrap values (>70%) are shown above nodes. Scale bar: 0.01 
changes per nucleotide.
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isolated from a brackish water sample, Incheon, Korea.

Description of Marinovum algicola LPB0094

Cells are gram-staining-negative, non-flagellated, and 
coccoid-shaped. Colonies are ovoid and beige-colored 
after 2 days of incubation at 26°C on MA. Positive for 
β-galactosidase activity. Negative for nitrate reduction, 
indole production, glucose fermentation, esculin hydro-
lysis, and arginine dihydrolase, urease, and gelatinase 
activities. 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 LPB0094 

( = NIBRBAC000497976) was isolated from a sea water 
sample, Busan, Korea.

Description of Marivita lacus IMCC25610

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, raised, entire, and 
white yellow-colored after 5 days of incubation at 20°C 
on MA. Positive for esculin hydrolysis and β-galactosid-
ase activity. D-Mannitol, D-maltose, potassium gluconate,  
and capric acid are utilized. Negative for nitrate reduc-
tion, indole production, glucose fermentation, and argi-
nine dihydrolase, urease, and gelatinase activities. Does 
not utilize D-glucose, L-arabinose, D-mannose, N-acetyl- 
glucosamine, adipic acid, malic acid, trisodium citrate,  
and phenylacetic acid. Strain IMCC25610 ( = NIBRBAC 
000498000) was isolated from a Brackish water sample, 
Incheon, Korea.

Fig. 6. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the phylogenetic relationships between the strains 
isolated in this study and their relatives of the order Sphingomonadales, class Alphaproteobacteria. Escherichia coli ATCC 11775T (X80725) 
was used as an outgroup (not shown). Bootstrap values (>70%) are shown above nodes. Scale bar: 0.01 changes per nucleotide.
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Description of Mesorhizobium opportunistum C10-12

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, entire, and 
cream-colored after 6 days of incubation at 30°C on R2A. 
Positive for esculin hydrolysis. D-Mannitol, N-acetyl- 
glucosamine, and D-maltose are utilized. Negative for 
nitrate reduction, indole production, glucose fermentation, 
and arginine dihydrolase, urease, gelatinase, and β-gal-
actosidase activities. Does not utilize D-glucose, L-arab-
inose, D-mannose, potassium gluconate, capric acid, adi-
pic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain C10-12 ( = NIBRBAC000498034) was iso-
lated from a natural cave sample, Jeju island, Korea.

Description of Novosphingobium lidaniclasticum 
LPB0117

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular and light yellow-col-
ored after 2 days on MA at 26°C. Negative for nitrate 
reduction, indole production, glucose fermentation, 
esculin hydrolysis, and arginine dihydrolase, urease, 
gelatinase, and β-galactosidase activities. L-Arabinose, 
D-maltose, and malic acid are utilized. Does not utilize 
D-glucose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, potassium gluconate, capric acid, adipic acid, 
trisodium citrate, and phenylacetic acid. Strain LPB0117 

( = NIBRBAC000497988) was isolated from sea water 
sample, Busan, Korea.

Description of Phenylobacterium haematophilum V7

Cells are gram-staining-negative, flagellated, and rod-
shaped. Colonies are convex, entire, and colorless after 
2 days of incubation at 30°C on R2A. Positive for nitrate 
reduction, esculin hydrolysis, and β-galactosidase activ-
ity. Negative for indole production, glucose fermenta-
tion, and arginine dihydrolase, urease, and gelatinase ac-
tivities. D-Glucose, L-arabinose, N-acetyl-glucosamine, 
D-maltose, potassium gluconate, adipic acid, and malic 
acid are utilized. Does not utilize D-mannose, D-manni-
tol, capric acid, trisodium citrate, and phenylacetic acid. 
Strain V7 ( = NIBRBAC000498073) was isolated from a 
tidal flat, Incheon, Korea.

Description of Rhizobium herbae C3-48

Cells are gram-staining-negative, non-flagellated, 
and rod-shaped. Colonies are circular, convex, entire, 
and cream-colored after 11 days of incubation at 30°C 
on R2A. Positive for urease and β-galactosidase activ-
ities. Negative for nitrate reduction, indole production, 
glucose fermentation, esculin hydrolysis, and argi-
nine dihydrolase and gelatinase activities. D-Glucose, 
L-arabinose, D-mannitol, and N-acetyl-glucosamine are 

utilized. Does not utilize D-mannose, D-maltose, po-
tassium gluconate, capric acid, adipic acid, malic acid, 
trisodium citrate, and phenylacetic acid. Strain C3-48 

( = NIBRBAC000498027) was isolated from a natural 
cave, Jeju island, Korea.

Description of Rhizobium selenitireducens E15

Cells are gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, entire, and cream-colored 
after 2 days on R2A at 30°C. Positive for nitrate reduc-
tion, urease, esculin hydrolysis, and β-galactosidase ac-
tivity. Negative for indole production, glucose fermenta-
tion, and arginine dihydrolase and gelatinase activities. 
D-Glucose, L-arabinose, D-mannose, D-mannitol, adipic 
acid, and malic acid are utilized. Does not utilize N-ace-
tyl-glucosamine, D-maltose, potassium gluconate, capric 
acid, trisodium citrate, and phenylacetic acid. Strain E15 

( = NIBRBAC000498064) was isolated from a tidal flat 
sample, Incheon, Korea.

Description of Rhodobacter viridis JAF4

Cells are gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, convex, and brown-colored 
after 2 days of incubation at 25°C on R2A. Positive for 
glucose fermentation, esculin hydrolysis, and β-galac-
tosidase activity. Negative for nitrate reduction, indole 
production, and arginine dihydrolase, urease, and gelati-
nase activities. D-Maltose and malic acid are utilized. 
Does not utilize D-glucose, L-arabinose, D-mannose, 
D-mannitol, N-acetyl-glucosamine, potassium gluco-
nate, capric acid, adipic acid, trisodium citrate, and phe-
nylacetic acid. Strain JAF4 ( = NIBRBAC000498043) 
was isolated from a fresh water sample, JeonJu, Korea.

Description of Roseivivax halodurans HMF2668

Cells are gram-staining-negative, flagellated, and rod- 
shaped. Colonies are circular, convex, entire, and pink- 
colored after 3 days of incubation at 30°C on MA. Pos-
itive for esculin hydrolysis and β-galactosidase activity. 
D-Glucose, L-arabinose, D-mannose, D-mannitol, N- 
acetyl-glucosamine, D-maltose, potassium gluconate, adi-
pic acid, malic acid, and phenylacetic acid are utilized. 
Negative for nitrate reduction, indole production, glucose  
fermentation, and arginine dihydrolase, urease, and gel-
atinase activities. Does not utilize capric acid and triso-
dium citrate. Strain HMF2668 ( = NIBRBAC000497897) 
was isolated from a salt pond sample, Shinan-gun, Korea.

Description of Roseomonas lacus G11

Cells are gram-staining-negative, non-flagellated, and 
coccoid-shaped. Colonies are circular, raised, entire, and 
cream-colored after 2 days of incubation at 30°C on R2A. 
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Positive for nitrate reduction and urease activity. Nega-
tive for indole production, glucose fermentation, esculin 
hydrolysis, and arginine dihydrolase, gelatinase, and β- 
galactosidase activities. Potassium gluconate, capric acid, 
adipic acid, malic acid, and trisodium citrate are utilized. 
Does not utilize D-glucose, L-arabinose, D-mannose, D- 
mannitol, N-acetyl-glucosamine, D-maltose, and phenyl-
acetic acid. Strain G11 ( = NIBRBAC000498068) was 
isolated from a tidal flat sample, Incheon, Korea.

Description of Roseovarius nanhaiticus HMF3938

Cells are gram-staining-negative, non-flagellated, 
and rod-shaped. Colonies are circular, convex, entire, 
and beige-colored after 3 days of incubation at 30°C on 
MA. Negative for nitrate reduction, indole production, 
glucose fermentation, esculin hydrolysis, and arginine 
dihydrolase, urease, gelatinase, and β-galactosidase 
activities. Does not utilize D-glucose, L-arabinose, 
D-mannose, D-mannitol, N-acetyl-glucosamine, D-malt-
ose, potassium gluconate, capric acid, adipic acid, ma-
lic acid, trisodium citrate, and phenylacetic acid. Strain 
HMF3938 ( = NIBRBAC000497906) was isolated from 
a sea water sample, Pohang, Korea.

Description of Ruegeria mobilis LPB0098

Cells are gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular and brown-colored after 1 
day of incubation at 26°C on MA. Positive for esculin 
hydrolysis. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, and arginine dihydrolase, ure-
ase, gelatinase, and β-galactosidase activities. 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 LPB0098 ( = NIBRBAC 
000497978) was isolated from a sea water sample, Bu-
san, Korea.

Description of Ruegeria scottomollicae KYW1034

Cells are gram-staining-negative, non- flagellated, and 
rod-shaped. Colonies are circular, opaque, and light yel-
low-colored after 3 days of incubation at 25°C on MA. 
Positive for esculin hydrolysis and β-galactosidase ac-
tivity. Negative for nitrate reduction, indole production, 
glucose fermentation, and arginine dihydrolase, urease, 
and gelatinase activities. Does not utilize D-glucose, L- 
arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adi-
pic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain KYW1034 ( = NIBRBAC000497926) was 
isolated from a sea water sample, Gwangyang, Korea.

Description of Sandarakinorhabdus limnophila 
IMCC25606

Cells are gram-staining-negative, non- flagellated, 
and rod-shaped. Colonies are circular, raised, entire, 
and white-colored after 7 days of incubation at 20°C on 
1/10 diluted R2A. Positive for gelatinase and β-galacto-
sidase activities. Negative for nitrate reduction, indole 
production, glucose fermentation, esculin hydrolysis, 
and arginine dihydrolase and urease activities. 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 IMCC25606 ( = NIBRBAC 
000497996) was isolated from a freshwater sample, 
Chuncheon, Korea.

Description of Sphingobium lactosutens LPB0124

Cells are gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular and yellow-colored after 2 
days of incubation at 26°C on MA. Positive for esculin 
hydrolysis. D-Glucose, L-arabinose, and D-maltose are 
utilized. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, and arginine dihydrolase, 
urease, gelatinase, and β-galactosidase activities. Does 
not utilize D-mannose, D-mannitol, N-acetyl-glucos-
amine, Potassium gluconate, capric acid, adipic acid, 
malic acid, trisodium citrate, and phenylacetic acid. 
Strain LPB0124 ( = NIBRBAC000497990) was isolated 
from a seawater sample, Busan, Korea.

Description of Sphingobium vulgare NR 4-05

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellow-colored after 3 days of incubation 
on R2A at 30°C. Positive for nitrate reduction, esculin 
hydrolysis, and β-galactosidase activity. Negative for 
indole production, glucose fermentation, and arginine 
dihydrolase, urease, and gelatinase activities. 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 NR 4-05 ( = NIBRBAC 
000498089) was isolated from a plant root sample, Jeong-
eup, Korea.

Description of Sphingomonas jaspsi HMF4018

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, entire, and 
yellow-colored after 3 days of incubation at 30°C on 
R2A agar. Positive for nitrate reduction and esculin hy-
drolysis. D-Glucose, D-maltose, potassium gluconate, 
adipic acid, malic acid, trisodium citrate, and phenyl-
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acetic acid are utilized. Negative for indole production, 
glucose fermentation, and arginine dihydrolase, urease, 
gelatinase, and β-galactosidase activities. Does not utilize 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, and capric acid. Strain HMF4018 ( = NIBRBAC 
000497909) was isolated from a freshwater sample, 
Gyeongju, Korea.

Description of Sphingomonas rosea JJ13

Cells are gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, smooth, convex, and 
orange red-colored after 5 days of incubation at 25°C on 
R2A agar. Positive for esculin hydrolysis and urease ac-
tivity. D-Glucose and D-maltose are utilized. Negative 
for nitrate reduction, indole production, glucose fermen-
tation, and arginine dihydrolase, gelatinase, and β-galac-
tosidase activities. Does not utilize L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, potassium 
gluconate, capric acid, adipic acid, malic acid, trisodium 
citrate, and phenylacetic acid. Strain JJ13 ( = NIBRBAC 
000497933) was isolated from a freshwater sample, 
Changwon, Korea.

Description of Sphingomonas echinoides IMCC25620

Cells are gram-staining-negative, non-flagellated, and 
coccoid-shaped. Colonies are circular, raised, entire, and 
yellow-colored after 10 days of incubation at 20°C on 
1/3 diluted R2A agar. Positive for esculin hydrolysis. D- 
Glucose, L-arabinose, D-mannose, N-acetyl-glucosamine, 
D-maltose, potassium gluconate, adipic acid, and malic 
acid are utilized. Negative for nitrate reduction, indole 
production, glucose fermentation, and arginine dihydro-
lase, urease, gelatinase, and β-galactosidase activities. 
Does not utilize D-mannitol, capric acid, trisodium citrate,  
and phenylacetic acid. Strain IMCC25620 ( = NIBRBAC 
000498010) was isolated from a freshwater sample, 
Incheon, Korea.

Description of Sphingomonas panni BR5-29-1

Cells are gram-staining-negative, flagellated, and 
round shaped rods. Colonies are irregular circular, trans-
parent, convex, and dark yellow-colored after 1 day of 
incubation at 30°C on R2A. Positive for glucose fermen-
tation and esculin hydrolysis. D-Glucose, L-arabinose, 
D-mannose, N-acetyl-glucosamine, D-maltose, and 
malic acid are utilized. Negative for nitrate reduction, 
indole production, and arginine dihydrolase, urease, 
gelatinase, and β-galactosidase activities. Does not uti-
lize D-mannitol, potassium gluconate, capric acid, adip-
ic acid, trisodium citrate, and phenylacetic acid. Strain 
BR5-29-1 ( = NIBRBAC000498124) was isolated from 
a ginseng soil sample, Anseong, Korea.

Description of Sphingopyxis bauzanensis S6-5

Cells are gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, raised, entire, and pale 
yellow-colored after 2 days of incubation at 30°C on 
MA. Positive for esculin hydrolysis. D-Glucose, potas-
sium gluconate, adipic acid, and malic acid are utilized. 
Negative for nitrate reduction, indole production, glu-
cose fermentation, and arginine dihydrolase, urease, 
gelatinase, and β-galactosidase activities. Does not uti-
lize L-arabinose, D-mannose, D-mannitol, N-acetyl-glu-
cosamine, D-maltose, capric acid, trisodium citrate, and 
phenylacetic acid. Strain S6-5 ( = NIBRBAC000497886) 
was isolated from a tidal flat sample, Taean-gun, Korea.
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