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During an investigation of the biodiversity of bacterial species in Korea, we discovered many indigenous
prokaryotic species. A total of 39 bacterial strains in the class Alphaproteobacteria were isolated from
various environmental samples collected from marine organisms, sea water, fresh water, tap water, mud
flats, activated sludge, mineral water, tidal flats, soil and decayed plants. From the high 16S rRNA gene
sequence similarity (>98.7%) and formation of robust phylogenetic clades with the most closely related
species, it was determined that each strain belonged to each independent and predefined bacterial species.
There is no official report that any of these 39 Alphaproteobacteria species have been described in Korea.
Specifically, 18 species in 11 genera in the order Sphingomonadales, 11 species in 10 genera in the order
Rhizobiales, two species in two genera in the order Caulobacterales, six species in six genera in the order
Rhodobacterales and two species in two genera in the order Rhodospirillales were found in Korea. Gram
reaction, colony and cell morphology, basic biochemical characteristics, isolation source, and strain IDs are
described in the species description section.
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unrecorded species

©2017 National Institute of Biological Resources
DOI:10.12651/JSR.2017.6.2.141

INTRODUCTION

In 2014, we isolated many novel and unrecorded
bacterial species from various environmental samples
collected in Korea. The identified bacterial species
belonged to the classes/phyla Alphaproteobacteria,
Betaproteobacteria, Gammaproteobacteria, Deltaproteo-
bacteria, Bacteroidetes, Firmicutes, Actinobacteria,
Deinococci, and Verrucomicrobia. The aim of this study
was to describe unrecorded species belonging to the
Alphaproteobacteria.

In the phylum Proteobacteria, members of the class
Alphaproteobacteria are a highly diverse group of bac-

teria. and keep very little harmonies. Members of the
Alphaproteobacteria are gram negative and some para-
sitic intracellular members lack peptidoglycan and thus
are gram variable (Brenner ef al., 2005; Euzéby, 2011).
Members of this class have stalked, stellate, and spiral
morphology. With respect to this diversity of life histories
and ecological functions, the class Alphaproteobacteria
is divided into three subclasses, Magnetococcidae,
Rickettsidae and Caulobacteridae, in which only one
(Magnetococcus marinus) has been described by Bazy-
linski et al. 2012. The diversity and evolution of cell
cycle regulation of these subclasses are well studied and
among them Caulobacter crescentus has recently be-
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come a model organism for similar studies (Skerker and
Laub, 2004; Bowers et al., 2008). In Caulobacter cres-
centus, each cell divides asymmetrically and produces
two functionally and morphologically different daughter
cells, the replicating “stalked” cell type and the vege-
tative “swarmer” type. Developmental programs occur
that adjust between cell types, controlled by a web of
regulatory systems (Viollier and Shapiro, 2004).

The subdivision of Alphaproteobacteria is a heteroge-
neous group of bacteria and includes pathogens of plants
(Agrobacterium) and animals (Brucella, Rickettsia),
symbionts of plants (Rhizobia), photosynthetic bacteria
(Rhodobacter) and several genera that metabolize C1-
compounds (e.g. Methylobacterium) (Williams et al.,
2007; Matteo et al., 2013). Currently, there are no stud-
ies that have assessed differences in biochemical or mo-
lecular features that may help distinguish these bacteria
from other groups.

Members of the class Alphaproteobacteria exhibit a
variety of metabolic strategies such as nitrogen fixation
bacteria (Azospirillum and Rhizobium), photosynthetic
bacteria, ammonia oxidation bacteria, methylotrophic
bacteria, and nitrifying bacteria. Nitrogen fixing bacteria
are especially important in maintaining agricultural soil
fertility. Members of the genus Nitrobacter are nitrifying
bacteria that oxidize nitrogen compounds to NO3™ via a
process called nitrification, which increases soil fertility
and is also an important component in the geochemical
pathway of the nitrogen cycle. Alphaproteobacterial
genera such as Rickettsia, Ehrlichia, and Brucella are
important pathogens in this class, and cause typhus and
Rocky Mountain spotted fever, ehrlichiosis, and brucello-
sis, respectively. Similarly, Acetobacter and Gluconobacter
are used to synthesize acetic acid in industry. Agrobacterium
is used to transfer foreign DNA in plant genomes, and
has many other biotechnological properties (Chilton et
al., 1977).

Of special interest in the Alphaproteobacteria is the
protomitochondrion, which is the ancestral group for
mitochondria, organelles in eukaryotic cells; however,
there has been disagreement regarding this issue (Esser
et al., 2004; Wu et al., 2004; Fitzpatrick et al., 2006).
Moreover, genomic studies have discovered conserved
molecular markers in a wide variety of proteins includ-
ing whole proteins (i.e. signature proteins) which are the
unique characteristics of either all Alphaproteobacteria,
or their different main orders. This evidence provided the
assignment of new species into these groups, and sug-
gest that the Alphaproteobacteria branched off later than
most other phyla and classes of Bacteria with the excep-
tion of Betaproteobacteria and Gammaproteobacteria
(Oren and Garrity, 2014; Parte, 2014).

As a part of the results obtained from this research
program that was conducted and supported by NIBR
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Korea, the present study focuses on the description of
bacterial species belonging to the class Alphaproteobacteria
that have not been previously isolated or reported in Ko-
rea. Here, we briefly describe 39 unrecorded bacterial
species in the class Alphaproteobacteria belonging to 15
families in five orders.

MATERIALS AND METHODS

A total of 39 bacterial strains in the class Alphaproteo-
bacteria were isolated from numerous environmental
samples collected from decayed plants (timber), soil, ac-
tivated sludge, marine organisms, mud flats, freshwater
and seawater (Table 1). Each environmental sample was
processed separately, spread onto diverse culture media
including R2A, marine agar 2216, tryptic soy agar (TSA)
and nutrient (NA) agar, and incubated at 15, 25 and 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 st
—80°C as well as lyophilized ampoules.

The colony morphology was studies on agar plates
until the cells grew to their stationary phase. Cell size
and shape were examined either by transmission elec-
tron microscopy or scanning electron microscopy. Gram
staining was performed using a Gram-staining kit or the
standard procedures. The biochemical characteristics
were performed using APIU 20NE (bioMérieux) accord-
ing to the manufacturer’s instructions.

Bacterial DNA extraction, PCR amplification and 16S
rRNA gene sequencing were performed using the stan-
dard procedures described elsewhere. The 16S rRNA
gene sequences of the strains assigned to the Alphaproteo-
bacteria were compared with sequences in GenBank by
BLASTN and also analyzed using the EzBioCloud blast
(http://eztaxon-e.ezbiocloud.net/) (Kim et al., 2012). For
phylogenetic analyses, multiple alignments were per-
formed using the Clustal_X program (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). Phyloge-
netic trees were constructed using the neighbor-joining
(Saitou and Nei, 1987) and the maximum-parsimony
(Fitch, 1971) methods with the MEGA6 Program (Ta-
mura et al., 2013) with bootstrap values based on 1,000
replications (Felsenstein, 1985).

RESULTS AND DISCUSSION

The 39 strains were distributed in five orders of the
Alphaproteobacteria; 18 strains in the order Sphingo-
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Fig. 1. Transmission and scanning electron micrographs of cells of the strains isolated in this study. Strains: 1, EgM1111; 2, IMCC12376; 3,
63DPR2; 4, FW-2; 5, WW59; 6, HME9618; 7, WS23; 8,01SU6; 9, SDN0101; 10, WM24; 11, M41; 12,01SU7-P; 13,R1-11; 14, LR-3; 15,
MT2F 6; 16, W5-3-3; 17, 7C-17; 18, KTCe-5; 19, LB-3; 20, PMX-R; 21, WM92; 22, MW2F51; 23, 61DPR27; 24, M49; 25, HME9619;
26, BSW2; 27, IMCC12390; 28, SDM0103; 29, BS16; 30, LR-4; 31, IMCC12425; 32, BM15; 33, EgM3207; 34, KHSO03; 35, KHS07; 36,
SDMO0205; 37, HME9615; 38, IMCC12392; 39, WW106.



June 2017

100

SIDDIQI ET AL.-UNRECORDED SPECIES OF ALPHAPROTEOBACTERIA

100 [63DPR2
-Porphyrobacter sanguineus IAM 126207 (AB021493)
10 JCroceicoccus marinus E4A9T (EF623998)
IMCC12376
_Cltererythrobacter namhicola KYW48T (J935793)

» EgM1111
M s 7C-17

Sphingopyxis italica SC13E-S71T (HE648058)
IW5-3-3
10 T.Sphingopyxis alaskensis RB2256T (Z73631)
Sphingopyxis ummariensis UI2T (EF424391)
10 ~KTCe-5
Sphingorhabdus flavimaris SW-151T (AY554010)
100 & M41
100 (Sphingomonas hunanensis JSM 083058T (FJ527417)
8 01SU6
WM24
100 ISphingomonas echinoides ATCC 148207 (JH584237)

104 WS23
F Sphingomonas faeni MA-olki™ (AJ429239)
 — SDNO0101
— Sphingomonas mucosissima CP173-2T (AM229669)

'Sphingomonas humi' PB323T AB220146
Sandarakinorhabdus limnophila DSM 173667 (AY902680)
WW59

145

9 rR1-11

LR-3

100

HME9618

0.02

8 Blastomonas natatoria DSM 3183T (AB024288)
-Novosphingobium barchaimii LL02T (JN695619)

Novosphingobium capsulatum GIFU11526" (D16147)
ESphingomicrobium astaxanthinifaciens CC-AMOT (JX235675)
100

Rhizobium leguminosarum LMG 14904 (U29386)
Escherichia coli ATCC 117757 (X80725)

Fig. 2. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationships between the strains isolated in
this study and their relatives of the order Sphingomonadales in the class Alphaproteobacteria. Bootstrap values (>70%) are shown. Filled
circles indicate the nodes recovered by the maximum-likelihood & maximum-parsimony tree algorithms. Bar, 0.02 substitutions per nucle-

otide position.

monadales, 11 strains in the Rhizobiales, two strains in
the Caulobacterales, six strains in the Rhodobacterales,
and two strains in the Rhodospirillales (Table 1). These
strains were Gram-staining-negative, chemoheterotro-
phic, rod and short-rod shaped bacteria except for strain
EgMI1111 (1) (Fig. 1).

The strains in the order Sphingomonadales (Fig. 2)
belonged to two families and 11 genera: Sphingomonas
(5 species), Altererythrobacter (1 species), Croceicoccus
(1 species), Porphyrobacter (1 species), Blastomonas (2
species), Sandarakinorhabdus (1 species), Sphingomicrobium
(1 species), Sphingorhabdus (1 species), Novosphingobium
(2 species) and Sphingopyxis (3 species). 11 strains were
assigned to the order Rhizobiales: two strains in the family

Methylobacteriaceae, two strains in the Bradyrhizobiaceae
and seven strains were assigned to families Phreatobacter_
f, Pseudoxanthobacter_f, Stapia_f, Martelella_f,
Aurantimonadaceae, Phyllobacteriaceae and Brucellaceae,
respectively (Fig. 3, Table 1).

Fig. 4 shows phylogenetic assignments of 10 strains
of the orders Caulobacterales, Rhodobacterales and
Rhodospirillales. Two strains belonged to Caulobacter
in the family Caulobacteraceae. Six strains belonged
to Paracoccus, Ruegeria, Sedimentitalea, Planktotalea,
Sulfitobacter and Aliiroseovarius in the family
Rhodobacteraceae. Two strains belonged to the family
Rhodospirillales.

Here, we report 39 unrecorded bacterial species in
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Fig. 3. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationships between the strains isolated in
this study and their relatives of the order Rhizobiales in the class Alphaproteobacteria. Bootstrap values greater than 70% are shown. Filled
circles indicate the nodes recovered by the maximum-likelihood & maximum-parsimony tree methods. Bar, 0.02 substitutions per nucleo-

tide position.

Korea belonging to 15 families in five orders of the
Alphaproteobacteria.

Description of Altererythrobacter namhicola EgM1111

Cells are Gram-staining-negative, non-flagellated,
diffusible pigmented and cocci-shaped. Colonies are
circular, convex and orange-yellow colored after 3 days
of incubation on MA at 25°C. Positive for esculin hy-
drolysis in API 20NE, but negative for nitrate reduction,
urease, gelatinase, 3-galactosidase, indole production,
glucose fermentation and arginine dihydrolase. Utilizes
D-glucose, L-arabinose, D-mannose, D-mannitol, N-
acetyl-glucosamine, D-maltose, potassium gluconate
and malic acid. Does not utilize capric acid, adipic acid,
trisodium citrate and phenylacetic acid. Strain EgM 1111
(=NIBRBA0000114939) has been isolated from gut of
Fulvia mutica, Wando, Korea.

Description of Croceicoccus marinus IMCC12376

Cells are Gram-staining-negative, non-flagellated, dif-
fusible-pigmented, and rod-shaped. Colonies are circu-
lar, convex, smooth and yellow colored after 3 days of
incubation on MA at 15°C. Strain IMCC12376 positive
for nitrate reduction, hydrolysis of esculin, 3-galactosi-
dase and negative for arginine dihydrolase, urease, In-
dole production, glucose fermentation and gelatin. Uti-
lizes D-glucose, L-arabinose, N-acetyl-glucosamine and
malic acid but does not utilize capric acid, adipic acid,
phenylacetic acid, D-mannose, D-mannitol, D-maltose,
potassium gluconate and trisodium citrate. Strain IMCC
12376 (=NIBRBAO0000114862) has been isolated from
sea water, Sokcho, Korea.

Description of Porphyrobacter sanguineus 63DPR2

Cells are Gram-staining-negative, non-flagellated, dif-
fusible-pigmented and rod-shaped. Colonies are punc-
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Fig. 4. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationships between the strains isolated in
this study and their relatives of the order Rhodobacterales, Caulobacterales and Rhodospirillales in the class Alphaproteobacteria. Boot-
strap values >70% are shown. Filled circles indicate the nodes recovered by the maximum-likelihood & maximum-parsimony tree meth-

ods. Bar, 0.02 substitutions per nucleotide position.

tiform, smooth, and red orange colored after 3 days of
incubation on R2A at 25°C. In API 20NE, positive for
esculin hydrolysis but negative for nitrate production,
glucose fermentation, urease, indole 3-galactosidase
production, arginine dihydrolase and gelatinase. Does
not utilize D-glucose, L-arabinose, D-mannose, D-man-
nitol, N-acetyl-glucosamine, D-maltose, potassium glu-
conate, malic acid, trisodium citrate, capric acid, adipic
acid and phenylacetic acid. Strain 63DPR2 (=NIBRBA
0000114799) has been isolated from fresh water sample,
Daejeon, Korea.

Description of Blastomonas natatoria FW-2

Cells are Gram-reaction-negative, flagellated, pigment-
ed and rod shaped. Colonies are grown on R2A agar
plates for 2 days are yellow, circular, raised, entire, with
regular margins, and 2-3.5 mm in diameter. Positive for
gelatinase in API 20NE, but negative for nitrate reduc-
tion, urease, esculin hydrolysis, glucose fermentation
and f(-galactosidase indole production and arginine
dihydrolase. Does not utilize D-glucose, D-mannitol,
N-acetyl-glucosamine, potassium gluconate, capric acid,
malic acid and phenyl acetic acid but utilizes L-arabi-
nose, D-maltose, trisodium citrate and adipic acid. Strain
FW-2 (=NIBRBA0000114840) has been isolated from

activated sludge, Daejeon, Korea.

Description of Sandarakinorhabdus limnophila
WW59

Cells are Gram-staining-negative, non-spore-forming,
non-flagellated, and pigmented rods. Colonies are circu-
lar, smooth, drop-like, and dark orange colored at 25°C
on R2A agar medium after 3 days of incubation. In API
20NE, positive for gelatinase and 3-galactosidase but
negative for nitrate reduction, urea, arginine dihydrolase,
esculin, indole production and glucose fermentation.
Does not utilize D-glucose, L-arabinose, D-mannose, N-
acetyl-glucosamine, D-maltose, D-Mannitol, potassium
gluconate, malic acid, trisodium citrate, capric acid,
adipic acid and phenylacetic acid. Strain WW59 (= NIBR
BA0000115025) has been isolated from fresh water,
Changnyeong, Korea.

Description of Sphingomicrobium astaxanthinifaciens
HME9618

Cells are Gram-staining-negative, non-spore-forming,
flagellated, pigmented and rod-shaped. Colonies are
circular, convex, entire and orange colored after 3 days
of incubation on Marine agar medium at 25°C. In API
20NE, positive esculin hydrolysis but negative for ni-
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trate reduction, urea indole production, glucose fermen-
tation, arginine dihydrolase, gelatinase and S-galacto-
sidase. Does not utilize D-glucose, L-arabinose, capric
acid, and phenyl-acetic acid but D-mannose, D-mannitol,
N-acetyle-glucosamine, D-maltose, potassium gluconate,
adipic acid and trisodium citrate are utilized. Strain
HME9618 (=NIBRBA0000114989) has been isolated
from sea water, Gangneung, Korea.

Description of Sphingomonas faeni WS23

Cells are Gram-staining-negative, non-flagellated,
pigmented, and rod-shaped. Colonies are circular, entire,
convex, smooth and orange colored after 3 days of in-
cubation on R2A agar medium at 25°C. Negative for ni-
trate reduction, indole production, glucose fermentation,
arginine dihydrolase, urea and gelatinase but positive
for esculin hydrolysis and -galactosidase. D-Glucose,
L-arabinose, D-mannose, citric acid, N-acetyl-glucos-
amine, D-maltose, malic acid and trisodium citrate are
utilized. D-Mannitol, potassium gluconate, capric acid,
adipic acid and phenyl-acetic acid are not utilized. Strain
WS23 (=NIBRBA0000115019) has been isolated from
fresh water, Changnyeong, Korea.

Description of Sphingomonas hunanensis 01SU6

Cells are Gram-staining-negative, non-flagellated, pig-
mented and rod-shaped. Colonies are circular, smooth,
convex and yellow colored after 3 days of incubation on
R2A at 25°C. Positive for esculin hydrolysis and assimi-
lation of D-maltose in API 20NE but negative for nitrate
reduction, arginine dihydrolase, urease, indole produc-
tion, glucose fermentation, gelatinase, [3-galactosidase,
D-glucose, L-arabinose, D-mannitol, D-mannose, potas-
sium gluconate, malic acid, trisodium citrate, N-acetyl-
glucosamine, capric acid, adipic acid and phenylacetic
acid. Strain 01SU6 (=NIBRBAO0000115026) has been
isolated from a fresh water sample, Changnyeong, Ko-
rea.

Description of Sphingomonas mucosissima SDN0101

Cells are Gram-staining-negative, non-flagellated, non-
pigmented, and rod-shaped. Colonies are circular and
yellow colored after 3 days on NA at 25°C. Positive for
esculin hydrolysis and 3-galactosidase in API 20NE but
negative for nitrate reduction, indole production, arginine
dihydrolase, urease, gelatinase and glucose fermentation.
D-Glucose, D-mannose, D-maltose, D-mannitol and tri-
sodium citrate are utilized. Does not utilize L-arabinose
N-acetyl-glucosamine, citrate, malic acid, potassium glu-
conate, capric acid, adipic acid, malic acid and pheny-
lacetic acid. Strain SDNO101 (=NIBRBA0000114952)
has been isolated from a fresh water sample, Taean,
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Korea.

Description of Sphingomonas echinoides WM24

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod-shaped. Colonies are circular, entire,
convex, smooth and yellow colored after 3 days of incu-
bation on R2A at 25°C. Positive for esculin hydrolysis
and S-galactosidase in API 20NE, but negative for ni-
trate reduction, indole production, glucose fermentation,
arginine dihydrolase, urease and gelatinase. D-Glucose,
L-arabinose, D-mannose, N-acetyl-glucosamine and
D-maltose are utilized. Does not utilize D-mannitol, po-
tassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate and phenylacetic acid. Strain WM24
(=NIBRBA0000115018) has been isolated from fresh
water sample, Changnyeong, Korea.

Description of Sphingorhabdus flavimaris M41

Cells are Gram-staining-negative, non-flagellated, non-
pigmented, and rod-shaped. Colonies are rhizoid, con-
vex and white colored after 2 days of incubation on MA
medium at 25°C. Positive for nitrate reduction and escul-
in hydrolysis but negative for Indole production, urea,
glucose fermentation, arginine dihydrolase, gelatinase
and f3-galactosidase. Positive for assimilation for D-glu-
cose and negative for capric acid, N-acetyl-glucosamine,
L-arabinose, D-mannose, D-mannitol, D-maltose, D-
maltose, potassium gluconate, trisodium citrate, adipic
acid and phenyl acetic acid. Strain M41 (=NIBRBA
0000114971) has been isolated from a tidal flat sample,
Taean, Korea.

Description of Blastomonas natatoria 01SU7-P

Cells are Gram-staining-negative, non-flagellated, pig-
mented and rod-shaped. Colonies are circular, smooth,
convex and yellow colored after 3 days of incubation
on R2A at 25°C. In API 20NE, only positive D-glucose
utilization while negative for nitrate reduction glucose
fermentation, arginine dihydrolase, urease, esculin hydro-
lysis, gelatinase, indole production, 5-galactosidase and
assimilation of 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 01SU7-P (= NIBRBAO00001
15021) has been isolated from a fresh water sample,
Changnyeong, Korea.

Description of Novosphingobium barchaimii R1-11

Cells are Gram-staining-negative, non-flagellated,
diffusible-pigmented, and rod-shaped. Colonies are
circular, convex, smooth, and yellow colored after 3
days on R2A at 30°C. Negative for nitrate reduction,
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indole production, arginine dihydrolase, urease, glucose
fermentation, and gelatinase but positive for esculin
hydrolysis and f-galactosidase in API 20NE. Utilizes
D-glucose, D-mannose, L-arabinose and N-acetyl-glu-
cosamine but D-mannitol, potassium gluconate, capric
acid, malic acid, trisodium citrate, D-maltose, adipic
acid and phenylacetic acid are not utilized. Strain R1-11
(=NIBRBA0000114813) has been isolated from a soil
sample, Daejeon, Korea.

Description of Novosphingobium capsulatum LR-3

Cells are Gram-staining-negative, non-flagellated,
diffusible pigmented and rod-shaped. Colonies are irreg-
ular, smooth, white margin after 3 days of incubation on
TSA at 30°C. In API 20NE, positive for esculin hydro-
lysis but negative for nitrate reduction, arginine dihy-
drolase, gelatinase, glucose fermentation, urea, 5-ga-
lactosidase and indole production. Utilizes D-glucose,
D-mannose, D-maltose and D-mannitol but malic acid,
trisodium citrate, N-acetyl-glucosamine L-arabinose,
potassium gluconate, capric acid, adipic acid and phe-
nylacetic acid are not utilized. Strain LR-3 (= NIBRBA
0000114805) has been isolated from a fresh water pond,
Daejeon, Korea.

Description of Sphingomonas humi MT2F 6

Cells are Gram-staining-negative, non-motile, non-
spore-forming, non-flagellated and pigmented rods.
Colonies grown on R2A agar medium for 2 days are
circular, raised, entire and pink-colored. In API 20NE,
negative for f3-galactosidase, esculin, indole production,
glucose fermentation, arginine dihydrolase, urease and
gelatinase, while positive for nitrate reduction. Does not
utilize D-mannose, D-mannitol, N-acetyl-glucosamine,
potassium gluconate, capric acid, adipic acid and pheny-
lacetic acid, trisodium citrate, D-maltose, malic acid and
D-glucose. Strain MT2F 6 (=NIBRBA0000114783) has
been isolated from a timber sample, Wando, Korea.

Description of Sphingopyxis alaskensis W5-3-3

Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are circular, raised, entire and yel-
low colored after 2 days of incubation on R2A at 25°C.
Positive for esculin hydrolysis and (-galactosidase in
API 20NE, but negative for nitrate reduction, indole pro-
duction, gelatinase, glucose fermentation, arginine dihy-
drolase and urease. Does not utilize L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, potassium glu-
conate, capric acid, trisodium citrate and phenylacetic
acid but utilizes D-glucose, adipic acid, D-maltose and
malic acid. Strain W5-3-3 (=NIBRBA0000114818) has
been isolated from mineral water, Daejeon, Korea.
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Description of Sphingopyxis italica 7C-17

Cells are Gram-staining-negative, non-flagellated, pig-
mented, and rod-shaped. Colonies are circular, raised,
entire, and yellow colored after 2 days incubated on R2A
at 30°C. Positive for esculin hydrolysis and j3-galacto-
sidase in API 20NE. Negative for indole production,
nitrate reduction, glucose fermentation, arginine dihydro-
lase, urease and gelatinase. Does not utilize L-arabinose,
D-mannitol, potassium gluconate, capric acid, adipic
acid, trisodium citrate and phenylacetic acid. Utilizes D-
glucose, D-mannose, N-acetyl-glucosamine, D-maltose
and malic acid. Strain 7C-17 (=NIBRBA0000114838)
has been isolated from activated sludge, Daejeon, Korea.

Description of Sphingopyxis ummariensis KTCe-5

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod shaped. Colonies are circular, raised,
entire and yellow colored after 2 days on R2A at 30°C.
Positive for arginine dihydrolase, urease and esculin hy-
drolysis in API 20NE, but negative for nitrate reduction,
indole production, glucose fermentation, gelatinase, and
[-galactosidase. Does not utilize L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, potassium
gluconate, capric acid, trisodium citrate, malic acid and
phenylacetic acid but utilizes D-glucose, D-maltose and
adipic acid. Strain KTCe-5 (=NIBRBAO0000114842) has
been isolated from activated sludge, Daejeon, Korea.

Description of Methylobacterium tardum LB-3

Cells are Gram-staining-negative, non-flagellated, pig-
mented and rod-shaped. Colonies are punctiform, sticky
and pink colored after 3 days of incubation on TSA at
30°C. Strain LB-3 negative for nitrate reduction, 3-ga-
lactosidase, glucose fermentation, arginine dihydrolase,
esculin hydrolysis, indole production, urease and gelati-
nase in API 20NE. Does not utilize D-mannose, D-man-
nitol, N-acetyl-glucosamine, D-maltose, potassium glu-
conate, malic acid, trisodium citrate, phenylacetic acid,
capric acid and adipic acid but utilizes D-glucose and
L-arabinose. Strain LB-3 (=NIBRBA0000114803) has
been isolated from fresh water pond, Daejeon, Korea.

Description of Methylobacterium aquaticurn PMX-R

Cells are Gram-staining-negative, non-flagellated,
diffusible pigmented and rod-shaped. Colonies are wrin-
kled, raised, entire, red pin colored after 2 days on R2A
at 25°C. In API 20NE negative for nitrate reduction,
indole production, glucose fermentation, gelatinase,
esculin hydrolysis and (-galactosidase but positive for
arginine dihydrolase and urease. Utilizes D-glucose, L-
arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine,
D-maltose, potassium gluconate, capric acid, malic acid
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and phenylacetic acid. Does not utilize adipic acid and
trisodium citrate. Strain PMX-R (=NIBRBA00001148
21) has been isolated from tap water, Daejeon, Korea.

Description of Bosea eneae WM92

Cells are Gram-staining-negative, flagellated and rod-
shaped. Colonies grown on R2A agar medium are circu-
lar, smooth, drop-like and white colored after 3 days of
incubation at 25°C. Negative for glucose fermentation,
arginine dihydrolase, esculin hydrolysis, 3-galactosidase,
indole production and gelatinase but positive for nitrate
reduction and urease in API 20NE. D-glucose, L-arabi-
nose, D-mannose, adipic acid and malic acid are utilized.
Does not utilize D-mannitol, N-acetyl-glucosamine, D-
maltose, potassium gluconate, capric acid trisodium ci-
trate and phenylacetic acid. Strain WM92 (=NIBRBA
0000115022) has been isolated from fresh water, Chang-
nyeong, Korea.

Description of Rhodopseudomonas pentothenatexigens
MW?2F51

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular, convex, entire and
white colored after 2 days on R2A at 25°C. Positive for
nitrate reduction and urease, while negative for esculin
hydrolysis, 3-galactosidase, indole production, glucose
fermentation, arginine dihydrolase and gelatinase. Does
not utilize D-glucose, L-arabinose, D-mannitol, N-acetyl-
glucosamine, D-maltose and potassium gluconate, D-
mannose, capric acid, adipic acid, malic acid, trisodium
citrate and phenylacetic acid. Strain MW2F51 (=NIBR
BA0000114773) has been isolated from fresh water, Ik-
san, Korea.

Description of Phreatobacter oligotrophus 61DPR27

Cells are Gram-staining-negative, non-flagellated, pig-
mented and rod-shaped. Colonies are punctiform, trans-
parent and white colored after 5 days of incubation on
MA at 25-30°C. Negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase,
urease, gelatinase, [3-galactosidase and esculin hydro-
lysis in API 20NE. Does not utilize D-glucose, D-malt-
ose, malic acid, capric acid, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, potassium gluco-
nate, adipic acid, trisodium citrate and phenylacetic acid.
Strain 61DPR27 (= NIBRBA0000114795) has been iso-
lated from fresh water, Daejeon, Korea.

Description of Amorphus suaedae M49

Cells are Gram-staining-negative, flagellated, diffus-
ible pigmented and rod-shaped. Colonies are circular,
raised, entire and white colored after 2 days on MA at
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25°C. Positive for esculin hydrolysis and N-acetyl-glu-
cosamine in API 20NE but negative for nitrate reduction
gelatinase, urease, indole production, 3-galactosidase
and glucose fermentation. Does not utilize adipic acid
malic acid, D-glucose, L-arabinose, D-mannose, D-man-
nitol, D-maltose, potassium gluconate, capric acid, triso-
dium citrate and phenylacetic acid. Strain M49 (=NIBR
BA0000114972) has been isolated from tidal flat, Wan-
do, Korea.

Description of Stappia taiwanensis HME9619

Cells are Gram-staining-negative, non-flagellated,
diffusible-pigmented and rod-shaped. Colonies are cir-
cular, convex, entire and beige colored after 3 days of
incubation on MA at 25°C. In API 20NE, positive for
B-galactosidase and malic acid, while negative for ni-
trate reduction, glucose fermentation, esculin hydrolysis,
gelatinase, urease, indole production, arginine dihydro-
lase and assimilation of D-glucose, D-mannose, D-man-
nitol, potassium gluconate, capric acid, adipic acid, tri-
sodium citrate, N-acetyl-glucosamine and phenylacetic
acid. Strain HME9619 (=NIBRBA0000114990) has
been isolated from sea water, Wando, Korea.

Description of Martelella radices BSW2

Cells are Gram-staining-negative, non-flagellated, dif-
fusible pigmented, and rod shaped. Colonies are circu-
lar, raised, entire and ivory-colored after 2 days on MA
at 25°C. Positive for nitrate reduction, glucose fermen-
tation, esculin hydrolysis and f-galactosidase in API
20NE, but negative for urease, indole production, argi-
nine dihydrolase and gelatinase. D-glucose, L-arabinose,
D-mannitol and phenylacetic acid are utilized. Capric
acid, malic acid, trisodium citrate, D-mannose, N-acetyl-
glucosamine, D-maltose, potassium gluconate, and adip-
ic acid are not assimilated. Strain BSW2 (=NIBRBA
0000114955) has been isolated from tidal flat, Taean,
Korea.

Description of Aurantimonas litoralis IMCC12390

Cells are Gram-staining-negative, non-flagellated,
pigmented and short-rod. Colonies are circular, convex,
smooth and yellow colored after 3 days on MA at 15°C.
Positive for nitrate reduction and urease in API 20NE, but
negative for esculin hydrolysis, $-galactosidase, glucose
fermentation, arginine dihydrolase, indole production,
and gelatinase. Does not utilize D-Mannitol, N-acetyl-
glucosamine, D-maltose, potassium gluconate, trisodium
citrate, phenylacetic acid, and capric acid. D-glucose,
D-mannose, L-arabinose, adipic acid and malic acid are
utilized. Strain IMCC12390 (= NIBRBA0000114863)
has been isolated from a sea water sample, Wando,
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Korea.

Description of Mesorhizobium tamadayense SDM0103

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod shaped. Colonies are circular and
light yellow-beige colored after 3 days on MA at 15°C.
In API 20NE, positive for assimilation of D-glucose,
D-mannose and D-mannitol but negative for esculin hy-
drolysis, f3-galactosidase, nitrate reduction, indole pro-
duction, gelatinase, arginine dihydrolase, urease, glucose
fermentation and assimilation of N-acetyl-glucosamine,
potassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate, phenylacetic acid, L-arabinose and D-
maltose. Strain SDM0103 (=NIBRBA0000114945) has
been isolated from gut of Todarodes pacificus, Korea.

Description of Ochrobactrum gallinifaecis BS16

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod-shaped. Colonies are circular, raised,
entire and white colored after 2 days on R2A at 30°C. In
API 20NE, positive for nitrate reduction, D-glucose, L-
arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine
and potassium gluconate. Similarly, negative for glucose
fermentation, urease, indole production, arginine dihy-
drolase, esculin hydrolysis, gelatinase, 3-galactosidase
and assimilation of adipic acid, malic acid, D-maltose,
capric acid and trisodium citrate. Strain BS16 (=NIBR
BA0000114833) has been isolated from a mushroom
compost waste collected from Yesan, Korea.

Description of Caulobacter segnis LR-4

Cells are Gram-staining-negative, non-flagellated, pig-
mented and rod-shaped. Colonies are circular, convex,
entire and white colored after 3 days on TSA at 30°C. In
API 20NE, positive for esculin hydrolysis and j3-galac-
tosidase. Negative for nitrate reduction, glucose fermen-
tation, urease, indole production, arginine dihydrolase,
gelatinase and assimilation of D-glucose, L-arabinose,
D-mannose, D-mannitol, N-acetyl-glucosamine, potassi-
um gluconate, adipic acid, malic acid, D-maltose, capric
acid and trisodium citrate. Strain LR-4 (= NIBRBA000OO
114806) has been isolated from fresh water pond, Dae-
jeon, Korea.

Description of Phenylobacterium falsum IMCC12425

Cells are Gram-staining-negative, flagellated, pig-
mented and rod-shaped. Colonies are circular, convex,
entire and white colored after 3 days on MA at 15°C. In
API 20NE, positive for nitrate reduction, esculin hydro-
lysis and (-galactosidase but negative for glucose fer-
mentation, urease, indole production, arginine dihydro-
lase and gelatinase. Does not utilize D-glucose, L-arab-
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inose, D-mannose, D-mannitol, N-acetyl-glucosamine,
potassium gluconate, adipic acid, malic acid, D-maltose,
capric acid, phenylacetic acid and trisodium citrate.
Strain IMCC12425 (=NIBRBAO0000114866) has been
isolated from sea water, Wando, Korea.

Description of Paracoccus zhejiangensis BM15

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod-shaped. Colonies are circular, con-
vex, entire and orange colored after 3 days of incubation
on MA at 25°C. Positive for nitrate reduction, indole
production, f3-galactosidase and esculin hydrolysis but
negative for arginine dihydrolase, urease, glucose fer-
mentation and gelatinase in API 20NE. Utilizes D-glu-
cose, D-mannose, N-acetyl-glucosamine and malic acid.
D-mannitol, L-arabinose, potassium gluconate, and D-
maltose, capric acid, adipic acid, trisodium citrate and
phenylacetic acid are not utilized. Strain BM15 (=NIBR
BAO0000114936) has been isolated from gut of Fulvia
mutica, Korea.

Description of Ruegeria lacuscaerulensis EgM3207

Cells are Gram-staining-negative, non-flagellated, pig-
mented and rod-shaped. Colonies are circular and beige
colored after 3 days of incubation on MA at 25°C. In
API 20NE, positive for nitrate reduction, esculin hydro-
lysis, 3-galactosidase and negative for arginine dihydro-
lase, urease, indole production glucose fermentation,
gelatinase and assimilation of D-glucose, L-arabinose,
D-mannose, D-mannitol, N-acetyl-glucosamine, potassi-
um gluconate, malic acid, D-maltose, capric acid, adip-
ic acid, trisodium citrate and phenylacetic acid. Strain
EgM3207 (=NIBRBA0000114938) has been isolated
from gut of Tulvia mutica, Korea.

Description of Leisingera nanhaiensis KHS03

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod-shaped. Colonies are circular and
beige colored after 3 days on MA at 25°C. In API 20NE,
positive for nitrate reduction and negative for esculin
hydrolysis, -galactosidase arginine dihydrolase, ure-
ase, indole production glucose fermentation, gelatinase
and assimilation of D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, potassium gluconate,
malic acid, D-maltose, capric acid, adipic acid, trisodium
citrate and phenylacetic acid. Strain KHS03 (= NIBRBA
0000114943) has been isolated from gut of Todarodes
pacificus, Korea.

Description of Planktotalea frisia KHS07

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod-shaped. Colonies are circular and
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yellow-beige colored after 3 days of incubation on MA
at 25°C. In API 20NE, negative for nitrate reduction,
esculin hydrolysis, 8-galactosidase arginine dihydrolase,
urease, indole production, glucose fermentation and
gelatinase. Does not utilize D-glucose, L-arabinose, D-
mannose, D-mannitol, N-acetyl-glucosamine, potassium
gluconate, malic acid, D-maltose, capric acid, adipic
acid, trisodium citrate and phenylacetic acid. Strain
KHS07 (=NIBRBA0000114944) has been isolated
from gut of Todarodes pacificus, Korea.

Description of Sulfitobacter donghicola SDM0205

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod-shaped. Colonies are circular and
yellow-beige colored after 3 days of incubation on MA
at 25°C. Positive for nitrate reduction, urease and gela-
tinase In API 20NE. Negative for esculin hydrolysis,
f-galactosidase, arginine dihydrolase, indole production
and glucose fermentation. Utilizes D-glucose, D-man-
nose, D-maltose and potassium gluconate. L-Arabinose,
D-mannitol, N-acetyl-glucosamine, malic acid, capric
acid, adipic acid, trisodium citrate and phenylacetic acid
are not utilized. Strain SDM0205 (=NIBRBA000011
4948) has been isolated from gut of Todarodes pacificus,
Korea.

Description of Aliiroseovarius crassostreae HME9615

Cells are Gram-staining-negative, flagellated, pigment-
ed and rod-shaped. Colonies are circular, convex, entire
and grey colored after 3 days on MA at 25°C. Negative
for nitrate reduction, urease, gelatinase, esculin hydro-
lysis, B-galactosidase, arginine dihydrolase, indole pro-
duction and glucose fermentation in API 20NE. Does
not assimilate D-glucose, D-mannose, D-maltose, potas-
sium gluconate, L-arabinose, D-mannitol, N-acetyl-glu-
cosamine, malic acid, capric acid, adipic acid, trisodium
citrate and phenylacetic acid. Strain HME9615 (=NIBR
BAO0000114988) has been isolated from sea water, Wan-
do, Korea.

Description of Oceanibaculum indicum IMCC12392

Cells are Gram-staining-negative, non-flagellated,
pigmented and rod-shaped. Colonies are circular, raised,
entire and yellow colored after 3 days on MA at 15°C.
Positive for nitrate reduction and S-galactosidase and
negative for esculin hydrolysis, arginine dihydrolase, in-
dole production, urease and glucose fermentation in API
20NE. Utilizes D-glucose, D-mannose, D-maltose, po-
tassium gluconate, L-arabinose, D-mannitol, N-acetyl-
glucosamine, malic acid and adipic acid. Capric acid,
trisodium citrate and phenylacetic acid are not utilized.
Strain IMCC12392 (=NIBRBAO0000114864) has been
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isolated from sea water, Wando, Korea.

Description of Roseomonas gilardii subsp. gilardii
WW106

Cells are Gram-staining-negative, non-flagellated, pig-
mented and rod-shaped. Colonies are circular, raised, en-
tire and pink colored after 3 days on R2A at 25°C. Pos-
itive for urease while negative for nitrate reduction and
p-galactosidase, esculin hydrolysis, arginine dihydro-
lase, indole production and glucose fermentation in API
20NE. Utilizes D-glucose, L-arabinose, malic acid and
trisodium citrate. Does not utilize D-mannose, D-malt-
ose, potassium gluconate, D-mannitol, N-acetyl-glucos-
amine, adipic acid, capric acid and phenylacetic acid.
Strain WW106 (=NIBRBA0000115024) has been iso-
lated from fresh water, Changnyeong, Korea.
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