
Introduction

In 2018, we isolated many novel and unrecorded bac-
terial species from various environmental samples col-
lected in Korea. The identified bacterial species belongs 
to the classes/phyla Alphaproteobacteria, Betaproteobac-
teria, Gammaproteobacteria, Deltaproteobacteria, Bac-
teroidetes, Firmicutes, Actinobacteria, Deinococci and 
Verrucomicrobia. As a result, the present study described 
the unrecorded species belonging to the class Alphapro-
teobacteria. 

In the phylum Proteobacteria, Alphaproteobacteria is 
composed of a variety of bacteria. The bacteria show dif-
ferent shapes as well as differences in metabolism. The 
majority of Alphaproteobacteria are phototrophic and 

oligotrophs and they can survive in environments with 
low nutrients. Affiliates of class Alphaproteobacteria are 
gram negative and some parasitic intracellular members 
lack peptidoglycan so they are gram variable (Brenner  
et al., 2006; Euzéby, 2011). Members of this class have 
stalked, stellate, and spiral morphology. Monaibacterium 
species could utilize a restricted number of complex sub-
strates with a preference for yeast extract and tryptone, 
which is consistent with that peptides may serve as an 
important energy and carbon source for Alphaproteobac-
teria bacteria (Chernikova et al., 2017).

Alphaproteobacteria is also composed of C1-com-
pound-metabolizing bacteria like Methylobacterium spe-
cies (Williams et al., 2007; Matteo et al., 2013), plant 
symbionts like Rhizobium species, nitrifying bacteria like 
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Nitrobacter, animal and human pathogens like Brucella 
and Ehrlichia, and gas vacuoles and poly-b-hydroxybu-
tyrate granules bacteria like Roseobacter (Buchan et al., 
2005; Wagner-Döbler et al., 2006), Gluconobacter are 
used to synthesize acetic acid in industry. As a technolog-
ical interest, Agrobacterium is used to transfer foreign 
DNA in plant genomes, so they also have many other bio-
technological properties (Chilton et al., 1977). 

Recently, evolution and genomics sequence have dis-
covered well-maintained molecular markers in widely 
distributed proteins and whole proteins (i.e., signature 
proteins) which are the unique characteristics of either all 
Alphaproteobacteria or their different main orders. These 
evidence provide the assignment of new species into these 
groups, which suggests that Alphaproteobacteria has 
branched off later than most other phyla and classes of 
Bacteria with the exception of Betaproteobacteria and 
Gammaproteobacteria (Oren et al., 2014; Parte, 2014). 

In 2018, we collected environmental samples from di-
verse habitats in Korea and isolated many novel and un-
recorded bacterial species during a research program sup-
ported by NIBR of Korea. This report focused on the de-
scription of bacterial species in the phylum Proteobacte-
ria that were not previously reported in Korea. Here we 
shortly describe 42 unrecorded bacterial species in the 
class Alphaproteobacteria belonging to 5 orders.

Materials and Methods

A total of 42 bacterial strains affiliated to the class Al-
phaproteobacteria were isolated from various environ-
mental samples: fermented vinegar, sea water, beach sand, 
fresh water, salt flats, moss, algae, activated sludge, and 
soil (Table 1). Each environmental sample was processed 
separately, spread onto diverse culture media including 
HS, R2A, 1/5R2A, marine agar (MA) 2216, and incubat
ed at 15, 20, 25, 28, 30 and 40°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 20-
25% (w/v) glycerol suspension -80°C as well as lyophi
lized ampoules.

The morphology was studied on agar plates for 2-5 
days under their optimum temperature. Cell size and 
shape were examined either by transmission electron 
microscopy or scanning electron microscopy. Gram stain-
ing was performed using a Gram-staining kit of the stan-
dard procedures. Using API 20NE (bioMérieux) the bio-
chemical characteristics were performed according to the 
manufacturer’s instructions.

Bacterial DNA extraction, PCR amplification and 16S 
rRNA gene sequencing were performed using the stan-
dard procedures described by Lane (1991). The 16S rRNA 

gene sequences of the strains assigned to the Alphapro-
teobacteria were compared with the sequences held in 
GenBank by BLASTN and also analyzed using the EzBio 
Cloud blast (https://www.ezbiocloud.net) (Yoon et al., 
2017). For phylogenetic analyses, multiple alignments 
were performed 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). 
The phylogenetic trees were constructed by using the 
neighbor-joining (Saitou and Nei, 1987) and the maxi-
mum-parsimony (Fitch, 1971) methods with the MEGA6 
Program (Tamura et al., 2013) with bootstrap values based 
on 1,000 replications (Felsenstein, 1985). 

Results and Discussion

The 42 strains were distributed in 5 orders of the Alp-
haproteobacteria; 15 strains for the order Rhodospiril-
lales, 12 strains for the Rhizobiales, 10 strains for the 
Rhodobacterales, 4 strains for the Sphingomonadales and 
1 strain for the Caulobacterales (Table 1). These strains 
were Gram-staining-negative or positive, chemohetero-
trophic, rod, short-rod and coccoid shaped showing in 
Fig. 1. 

The strains in the order Caulobacterales and Rhizobi-
ales (Fig. 2) were found to belong to 7 families 11 sepa-
rate genera: Brevundimonas (1 species), Aurantimonas (1 
species), Bosea (1 species), Devosia (2 species), Hypho
microbium (1 species), Microvirga (1 species), Amino-
bacter (1 species), Mesorhizobium (1 species), Phyllobac-
terium (1 species), Rhizobium (2 species) and Shinella (1 
species). 

Fig. 3 shows phylogenetic assignment of 14 strains of 
the orders Rhodobacterales and Sphingomonadales be-
long to 3 families 12 separate genera: Haematobacter (1 
species), Labrenzia (2 species), Lentibacter (1 species), 
Paenirhodobacter (1 species), Paracoccus (1 species), 
Roseicyclus (2 species), Roseivivax (1 species), Sinirhodo-
bacter (1 species), Erythrobacter (1 species), Sphingobi-
um (1 species), Sphingopyxis (1 species) and Sphingosini-
cella (1 species).

15 strains were assigned to the order Rhodospirillales: 
13 strains for the family Acetobacteraceae, 1 strain for 
the Geminicoccaceae and 1 strain for the Rhodospirilla-
ceae (Fig. 4, Table 1). 

Here we report 42 unrecorded bacterial species in Korea 
belonging to 13 families of 5 orders in the class Alpha
proteobacteria.

Description of Brevundimonas staleyi CrO8

Cells are Gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular and apricot color after 3 
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days on 1/5 R2A at 20-40°C. In API 20NE, positive for 
nitrate reduction, urease, esculin hydrolysis, gelatinase, 
β-galactosidase, but negative for glucose fermentation, 
indole production, arginine dihydrolase. Utilizes D-glu-
cose, L-arabinose, D-mannose, D-mannitol, N-acetyl- 
glucosamine, D-maltose, and potassium gluconate capric 
acid. Does not utilize adipic acid, malic acid, trisodium 
citrate, and phenylacetic acid. Strain CrO8 ( = NIBRBAC 
000502483) has been isolated from a freshwater algae 
sample, Nakdonggang River, Korea.

Description of Aurantimonas endophytica KYW1510

Cells are Gram-staining-negative, non-flagellated, and 
short rod-shaped. Colonies are circular, smooth, convex, 
opaque and yellow color after 3 days on MA at 25°C. In 
API 20NE, positive for glucose fermentation, urease, 
negative for nitrate reduction, indole production, esculin 
hydrolysis, arginine dihydrolase, β-galactosidase and 
gelatinase. Does not utilize, D-glucose, L-arabinose, D- 
mannose, D-mannitol, N-acetyl-glucosamine, D-maltose, 
potassium gluconate, capric acid, adipic acid, malic acid, 
trisodium citrate, and phenylacetic acid. Strain KYW1510 

( = NIBRBAC000502387) has been isolated from sea 
water, Gwangyang Bay, Korea.

Description of Bosea lupini BT41

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, and 
yellow color after 4 days on R2A at 25°C. Positive for 
nitrate reduction, while negative for arginine dihydrolase, 
indole production, urease, glucose fermentation, β-galac-
tosidase, and esculin hydrolysis in API 20NE. Utilizes 
potassium gluconate, malic acid, and trisodium citrate. 
Does not utilize D-glucose, L-arabinose, D-mannose, D- 
maltose, D-mannitol, N-acetyl-glucosamine, adipic acid, 
capric acid, and phenylacetic acid. Strain BT41 ( = NIBR 
BAC000502350) has been isolated from soil, Samcheok, 
Korea.

Description of Devosia neptuniae BO184

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, smooth, convex, and 
white color after 3 days on R2A at 25°C. In API 20NE, 
positive for urease, esculin hydrolysis, β-galactosidase, 
negative for nitrate reduction, indole production, glucose 
fermentation, arginine dihydrolase, and gelatinase. Does 
not utilize, D-glucose, L-arabinose, D-mannose, D-man-
nitol, N-acetyl-glucosamine, D-maltose, potassium glu-
conate, capric acid, adipic acid, malic acid, trisodium ci-
trate, and phenylacetic acid. Strain BO184 ( = NIBRBAC 
000502412) has been isolated from plantation soil, Sun-
cheon, Korea.
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Fig. 1. Transmission and scanning electron micrographs of cells of the strains isolated in this study. Strains: 1, CrO8; 2, KYW1510; 3, BT41; 
4, BO184; 5, Wi-122; 6, Wi-69; 7, CAU 1493; 8, Hyper-3; 9, BT148; 10, HMF7144; 11, MMS18-CY061; 12, GA017; 13, Wi-125; 14, 
18JY13-8; 15, Gri211; 16, CAU 1498; 17, KYW1484; 18, Wi-144; 19, dNF-2; 20, Ast32; 21, JBTF-M28; 22, CAU 1505; 23, BO-81; 24, 
CHM 34; 25, SGG 2; 26, SG3.K22; 27, YA.S; 28, KO.BC1; 29, CLH 2; 30, SG2.K2; 31, DW.G5; 32, CDK1.9; 33, YA.W2; 34, SG3.K31; 
35, MGO 2; 36, SG.K 4; 37, HMF9221; 38, H-1; 39, HMF9223; 40, MMS18-GA122; 41, HMF9218; 42, LA-50.
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Description of Devosia lucknowensis Wi-122

Cells are Gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, convex, and white color 
after 2 days on R2A at 30°C. Positive for urease, esculin 

hydrolysis and β-galactosidase in API 20NE, but nega-
tive for nitrate reduction, indole production, glucose fer-
mentation, arginine dihydrolase, and gelatinase. D-glu-
cose, L-arabinose, D-mannitol, N-acetyl-glucosamine, 
and D-maltose are utilized. Does not utilize D-mannose, 

Fig. 2. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in 
this study and their relatives of the order Caulobacterales and Rhizobiales in the class Alphaproteobacteria. Bootstrap values (>70%) are 
shown in the neighbor-joining method. Bar, 0.02 substitutions per nucleotide position. The strain Escherichia coli ATCC 11775T is used as 
an outgroup.
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adipic acid, malic acid, potassium gluconate, trisodium 
citrate, phenylacetic acid, and capric acid. Strain Wi-122 

( = NIBRBAC000502444) has been isolated from sludge, 
Seoul Tancheon Recreation Center, Korea.

Description of Hyphomicrobium denitrificans Wi-69

Cells are Gram-staining-negative, flagellated, and rod 
shaped. Colonies are circular and light, convex, and 
smooth cream color after 2 days on R2A at 30°C. In API 

Fig. 3. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated in 
this study and their relatives of the order Rhodobacterales and Sphingomonadales in the class Alphaproteobacteria. Bootstrap values are 
greater than 70% are shown the neighbor-joining tree method. Bar, 0.02 substitutions per nucleotide position. The strain Escherichia coli 
ATCC 11775T is used as an outgroup.



358	 Journal of Species Research	 Vol. 8, No. 4

20NE, negative for nitrate reduction, indole production, 
urease, esculin hydrolysis, β-galactosidase, glucose fer-
mentation, arginine dihydrolase, and gelatinase. Does not 
utilize D-glucose, D-mannitol, D-mannose, L-arabinose, 

adipic acid, N-acetyl-glucosamine, malic acid, D-maltose, 
potassium gluconate, phenylacetic acid, and capric acid. 
Strain Wi-69 ( = NIBRBAC000502443) has been isolated 
from sludge, Seoul Tancheon Recreation Center, Korea.

Fig. 4. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains isolated 
in this study and their relatives of the order Rhodospirillales in the class Alphaproteobacteria. Bootstrap values >70% are shown in the 
neighbor-joining tree. Bar, 0.02 substitutions per nucleotide position.
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Description of Microvirga makkahensis CAU 1493

Cells are Gram-staining-negative, non-flagellated, and 
short rod-shaped. Colonies are circular, convex, entire 
smooth, shiny, opaque, and pink color after 2-3 days of 
incubation on MA at 30°C. In API 20NE, positive for 
gelatinase, negative for nitrate reduction, indole produc-
tion, glucose fermentation, arginine dihydrolase, urease, 
esculin hydrolysis, and β-galactosidase. D-glucose and 
D-mannose are utilized. Does not utilize L-arabinose, 
D-mannitol, N-acetyl-glucosamine, D-maltose, potassi-
um gluconate, capric acid, adipic acid, malic acid, triso-
dium citrate, and phenylacetic acid. Strain CAU 1493 

( = NIBRBAC000502366) has been isolated from coal 
mine soil, Hongcheon-gun, Korea.

Description of Aminobacter niigataensis Hyper-3

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, and 
cream color after 2 days on R2A at 30°C. In API 20NE, 
positive for nitrate reduction and urease, and negative for 
esculin hydrolysis, β-galactosidase, arginine dihydrolase, 
indole production, glucose fermentation, and gelatinase. 
L-arabinose, N-acetyl-glucosamine, D-maltose, potassium 
gluconate, adipic acid, malic acid, and trisodium citrate 
are utilized. Does not utilize D-glucose, D-mannose, 
D-mannitol, capric acid, and phenylacetic acid. Strain 
Hyper-3 (=NIBRBAC000502460) has been isolated from 
sludge, Suwon, Korea.

Description of Mesorhizobium huakuii BT148

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, and 
yellow color after 4 days on R2A at 25°C. Positive for 
nitrate reduction and esculin hydrolysis, while negative 
for arginine dihydrolase, indole production, urease, glu-
cose fermentation, and β-galactosidase in API 20NE. Uti-
lizes D-glucose, L-arabinose, D-mannose, D-maltose, N- 
acetyl-glucosamine, D-mannitol, and potassium gluco-
nate. Does not utilize, adipic acid, capric acid, malic acid, 
trisodium citrate, and phenylacetic acid. Strain BT148 

( = NIBRBAC000502334) has been isolated from soil, 
Jeju, Korea.

Description of Phyllobacterium brassicacearum 
HMF7144

Cells are Gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, convex, mucoid and white 
color after 3 days on R2A at 30°C. In API 20NE, positive 
for nitrate reduction, but negative for glucose fermenta-
tion, indole production, arginine dihydrolase, urease, 
esculin hydrolysis, β-galactosidase, and gelatinase. D- 

glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl- 
glucosamine, and malic acid are utilized. Does not utilize 
D-maltose, potassium gluconate, capric acid, adipic acid, 
trisodium citrate, and phenylacetic acid. Strain HMF7144 

( = NIBRBAC000502512) has been isolated from leaves 
and stems of moss, Yongin, Korea.

Description of Rhizobium altiplani MMS18-CY061

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, and 
cream color after 3 days on R2A at 30°C. Positive for 
urease and β-galactosidase, and negative for nitrate re-
duction, gelatinase, esculin hydrolysis, arginine dihydro-
lase, indole production, and glucose fermentation in API 
20NE. D-glucose, D-mannose, D-maltose, potassium glu-
conate, L-arabinose, D-mannitol, and malic acid are uti-
lized. Does not utilize N-acetyl-glucosamine, capric acid, 
adipic acid, trisodium citrate and phenylacetic acid. Strain 
MMS18-CY061 ( = NIBRBAC000502554) has been iso-
lated from soil, Cheongyang-gun, Korea.

Description of Rhizobium mesoamericanum GA017

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, smooth, glistening, and 
cream color after 3 days on R2A at 30°C. Positive for 
nitrate reduction, urease, and β-galactosidase, and nega-
tive for esculin hydrolysis, arginine dihydrolase, indole 
production, and glucose fermentation in API 20NE. Uti-
lizes D-glucose, L-arabinose, D-mannose, D-mannitol, 
N-acetyl-glucosamine, D-maltose, malic acid, and phenyl
acetic acid. But potassium gluconate, adipic acid, Capric 
acid and trisodium citrate are not utilized. Strain GA017 

( = NIBRBAC000502565) has been isolated from soil, 
Daejeon, Korea.

Description of Shinella curvata Wi-125

Cells are Gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, convex, smooth, and cream 
color after 2 days on R2A at 30°C. In API 20NE, positive 
for urease, esculin hydrolysis, and β-galactosidase. Neg-
ative for nitrate reduction, glucose fermentation, indole 
production, arginine dihydrolase, and gelatinase. D-glu-
cose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glu-
cosamine, potassium gluconate, and trisodium citrate are 
utilized. Does not utilize adipic acid, malic acid, D-malt-
ose, capric acid, and phenylacetic acid. Strain Wi-125 

( = NIBRBAC000502445) has been isolated from sludge, 
Seoul Tancheon Recreation Center, Korea.

Description of Haematobacter massiliensis 18JY13-8

Cells are Gram-staining-negative, flagellated, and rod-
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shaped. Colonies are circular, convex, smooth, and yellow 
color after 4 days on R2A at 25°C. Positive for arginine 
dihydrolase, urease, and esculin hydrolysis, while nega-
tive for nitrate reduction, indole production, glucose fer-
mentation, and β-galactosidase in API 20NE. Utilizes D- 
glucose, D-mannose, D-maltose, capric acid, adipic acid, 
and phenylacetic acid. Does not utilize L-arabinose, potas-
sium gluconate, D-mannitol, N-acetyl-glucosamine, ma-
lic acid, and trisodium citrate. Strain 18JY13-8 ( = NIBR 
BAC000502347) has been isolated from soil, Jeju, Korea.

Description of Labrenzia alba Gri211

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, and white 
color after 3 days on MA at 30°C. In API 20NE, positive 
for arginine dihydrolase, urease, esculin hydrolysis, β- 
galactosidase, but negative for nitrate reduction, glucose 
fermentation, indole production, and gelatinase. D-man-
nose, D-mannitol, N-acetyl-glucosamine, and D-maltose 
are utilized. Does not utilize D-glucose, L-arabinose, po-
tassium gluconate, capric acid, adipic acid, malic acid, 
trisodium citrate, and phenylacetic acid. Strain Gri211 

( = NIBRBAC000502486) has been isolated from a sea-
weed sample, Taean, Korea.

Description of Labrenzia alexandrii CAU 1498

Cells are Gram-staining-negative, non-flagellated, and 
rod shaped. Colonies are Circular, smooth, shiny, opaque, 
and pale pink color after 5 days on MA at 30°C. Positive 
for gelatinase in API 20NE, but negative for nitrate re-
duction, glucose fermentation, esculin hydrolysis, urease, 
indole production, arginine dihydrolase, and β-galacto-
sidase. D-glucose is utilized. L-arabinose, D-mannitol, 
phenylacetic acid Capric acid, malic acid, trisodium ci-
trate, D-mannose, N-acetyl-glucosamine, D-maltose, po-
tassium gluconate, and adipic acid are not assimilated. 
Strain CAU 1498 ( = NIBRBAC000502364) has been 
isolated from sea sand, Seogwipo, Korea.

Description of Lentibacter algarum KYW1484

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, entire, and 
beige color after 3 days on MA at 25°C. In API 20NE, 
negative for nitrate reduction, glucose fermentation, in-
dole production, urease, esculin hydrolysis, arginine di-
hydrolase, β-galactosidase, and gelatinase. Does not uti-
lize, 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 KYW1484 ( = NIBRBAC 
000502385) has been isolated from sea water, Gwang-
yang Bay, Korea.

Description of Paenirhodobacter enshiensis Wi-144

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, entire, smooth, 
glistening, and cream color after 2 days on R2A at 30°C. 
In API 20NE, positive for glucose fermentation, arginine 
dihydrolase, and urease, but negative for nitrate reduc-
tion, indole production, gelatinase, esculin hydrolysis, 
and β-galactosidase. D-glucose, L-arabinose, D-maltose, 
malic acid, and trisodium citrate are utilized. Does not 
utilize D-mannose, D-mannitol, N-acetyl-glucosamine, 
potassium gluconate, adipic acid, capric acid, and phenyl
acetic acid. Strain Wi-144 ( = NIBRBAC000502446) has 
been isolated from sludge, Seoul Tancheon Recreation 
Center, Korea.

Description of Paracoccus denitrificans dNF-2

Cells are Gram-staining-negative, non-flagellated, and 
coccus shaped. Colonies are circular, convex, smooth, and 
cream color after 2 days on R2A at 30°C. In API 20NE, 
positive for nitrate reduction and negative for esculin 
hydrolysis, β-galactosidase arginine dihydrolase, urease, 
indole production glucose fermentation, and gelatinase. 
D-glucose, L-arabinose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, malic acid, and 
phenylacetic acid are utilized. Do not utilize D-mannose, 
capric acid, adipic acid and trisodium citrate. Strain dNF- 
2 ( = NIBRBAC000502458) has been isolated from slud
ge, Suwon, Korea.

Description of Roseovarius indicus Ast32

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, and white col-
or after 3 days on MA at 20°C. In API 20NE, positive for 
nitrate reduction, arginine dihydrolase and urease but neg-
ative for glucose fermentation, indole production, esculin 
hydrolysis, β-galactosidase, and gelatinase. Does not uti-
lize 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 Ast32 (= NIBRBAC000502475) 
has been isolated from a seaweed sample, Taean, Korea.

Description of Roseicyclus marinus JBTF-M28

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and cream color after 5 days on MA at 30°C. In 
API 20NE, positive for nitrate reduction, urease, esculin 
hydrolysis, and β-galactosidase, but negative for glucose 
fermentation, indole production, arginine dihydrolase, and 
gelatinase. Does not utilize D-glucose, L-arabinose, D- 
mannose, D-mannitol, N-acetyl-glucosamine, D-maltose, 
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potassium gluconate capric acid, adipic acid, malic acid, 
trisodium citrate, and phenylacetic acid. Strain JBTF-M28 

( = NIBRBAC000502327) has been isolated from a salt 
flat sample, Jebudo, Korea.

Description of Roseivivax halodurans CAU 1505

Cells are Gram-staining-negative, non-flagellated, and 
short-rod. Colonies are circular, convex, smooth, and pink 
orange color after 1-2 days on MA at 30°C. Positive for 
nitrate reduction and indole production in API 20NE, but 
negative for urease, esculin hydrolysis, β-galactosidase, 
glucose fermentation, arginine dihydrolase, and gelati-
nase. Does not utilize D-mannitol, D-mannose, L-arabi-
nose, adipic acid, N-acetyl-glucosamine, malic acid, D- 
maltose, potassium gluconate, phenylacetic acid, and 
capric acid. D-glucose and trisodium citrate are utilized. 
Strain CAU 1505 ( = NIBRBAC000502378) has been 
isolated from a soil sample, Incheon, Korea.

Description of Sinirhodobacter ferrireducens BO-81

Cells are Gram-staining-negative, flagellated, and oval- 
rod shaped. Colonies are circular, convex, smooth, glis-
tening, and cream color after 2 days on R2A at 30°C. 
Positive for nitrate reduction, arginine dihydrolase, ure-
ase, and esculin hydrolysis In API 20NE. Negative for 
β-galactosidase, indole production, glucose fermentation, 
and gelatinase. Utilizes D-maltose and phenylacetic acid. 
Does not utilize D-glucose, D-mannose, potassium glu-
conate, L-arabinose, D-mannitol, N-acetyl-glucosamine, 
malic acid, capric acid, adipic acid, and trisodium citrate. 
Strain BO-81 ( = NIBRBAC000502467) has been isolat-
ed from sludge, Suwon, Korea.

Description of Acetobacter ghanensis CHM 34

Cells are Gram-staining-negative, non-flagellated, and 
rod shaped. Colonies are circular, convex, smooth, glis-
tening and yellowish-white color after 3 days of incuba-
tion on HS at 28°C. Positive for nitrate reduction, glu-
cose fermentation, and esculin hydrolysis in API 20NE, 
but negative for indole production, arginine dihydrolase, 
urease, gelatinase, and β-galactosidase. D-glucose is uti-
lized. Does not utilize L-arabinose, D-mannose, D-man-
nitol, N-acetyl-glucosamine, D-maltose, potassium glu-
conate, capric acid, adipic acid, malic acid, trisodium ci-
trate, and phenylacetic acid. Strain CHM 34 ( = NIBR 
BAC000502314) has been isolated from fermented vin-
egar, Cheongdo, Korea.

Description of Acetobacter pasteurianus subsp. 
pasteurianus SGG 2

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-

tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for nitrate reduction, glu-
cose fermentation, and esculin hydrolysis, but negative 
for indole production, arginine dihydrolase, urease, gelati-
nase, and β-galactosidase. Does not utilize D-glucose, 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain SGG 2 ( = NIBRBAC000502315) has been 
isolated from fermented vinegar, Sangju, Korea.

Description of Acetobacter tropicalis SG3.K22

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for nitrate reduction, glu-
cose fermentation, esculin hydrolysis, but negative for 
indole production, arginine dihydrolase, urease, gelati-
nase and β-galactosidase. Does not utilize D-glucose, 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain SG3.K22 (= NIBRBAC000502316) has been 
isolated from fermented vinegar, Seoul, Korea.

Description of Gluconacetobacter entanii YA.S

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for nitrate reduction, esculin 
hydrolysis, but negative for glucose fermentation, urease, 
indole production, arginine dihydrolase, gelatinase, and 
β-galactosidase. D-glucose is utilized. Does not utilize 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain YA.S (=NIBRBAC000502317) has been iso-
lated from fermented vinegar, Yeongam, Korea.

Description of Gluconobacter oxydans KO.BC1

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for esculin hydrolysis, but 
negative for nitrate reduction, glucose fermentation, ure-
ase, indole production, arginine dihydrolase, gelatinase, 
and β-galactosidase. Does not utilize D-glucose, L-arab-
inose, D-mannose, D-mannitol, N-acetyl-glucosamine, 
D-maltose, potassium gluconate, capric acid, adipic acid, 
malic acid, trisodium citrate, and phenylacetic acid. Strain 
KO.BC1 ( = NIBRBAC000502318) has been isolated 
from fermented vinegar, Boryeong, Korea.
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Description of Komagataeibacter europaeus CLH 2

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for nitrate reduction and 
esculin hydrolysis, but negative for glucose fermentation, 
urease, indole production, arginine dihydrolase, gelati-
nase, and β-galactosidase. Does not utilize D-glucose, 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain CLH 2 ( = NIBRBAC000502319) has been 
isolated from fermented vinegar, Cheongju, Korea.

Description of Komagataeibacter hansenii SG2.K2

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for nitrate reduction, glu-
cose fermentation, and esculin hydrolysis, but negative 
for urease, indole production, arginine dihydrolase, gelati-
nase, and β-galactosidase. Does not utilize D-glucose, 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain SG2.K2 ( = NIBRBAC000502320) has been 
isolated from fermented vinegar, Seoul, Korea.

Description of Komagataeibacter intermedius DW.G5 

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, and 
yellowish-white color after 3 days on HS at 28°C. Posi-
tive for nitrate reduction, glucose fermentation, and escu
lin hydrolysis in API 20NE, but negative for indole pro-
duction, arginine dihydrolase, urease, gelatinase, and 
β-galactosidase. D-glucose is utilized. Does not utilize 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain DW.G5 ( = NIBRBAC000502321) has been 
isolated from fermented vinegar, Wanju, Korea.

Description of Komagataeibacter kakiaceti CDK1.9

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for nitrate reduction and 
esculin hydrolysis, but negative for glucose fermentation, 
urease, indole production, arginine dihydrolase, gelati-
nase, and β-galactosidase. Does not utilize D-glucose, 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-

amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain CDK1.9 ( = NIBRBAC000502322) has been 
isolated from fermented vinegar, Cheongdo, Korea.

Description of Komagataeibacter nataicola YA.W2

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for esculin hydrolysis, but 
negative for nitrate reduction, glucose fermentation, ure-
ase, indole production, arginine dihydrolase, gelatinase, 
and β-galactosidase. D-glucose is utilized. Does not uti-
lize L-arabinose, D-mannose, D-mannitol, N-acetyl-glu-
cosamine, D-maltose, potassium gluconate, capric acid, 
adipic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain YA.W2 ( = NIBRBAC000502323) has been 
isolated from fermented vinegar, Yeongam, Korea.

Description of Komagataeibacter rhaeticus SG3.K31

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for nitrate reduction and 
esculin hydrolysis, but negative for glucose fermentation, 
urease, indole production, arginine dihydrolase, gelati-
nase, and β-galactosidase. Does not utilize D-glucose, 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic 
acid. Strain SG3.K31 (= NIBRBAC000502324) has been 
isolated from fermented vinegar, Seoul, Korea.

Description of Komagataeibacter saccharivorans 
MGO 2

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for nitrate reduction, glu-
cose fermentation, urease, esculin hydrolysis, but nega-
tive for indole production, arginine dihydrolase, gelati-
nase, and β-galactosidase. D-glucose and potassium glu-
conate are utilized. Does not utilize L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, D-maltose, 
capric acid, adipic acid, malic acid, trisodium citrate, and 
phenylacetic acid. Strain MGO 2 ( = NIBRBAC000502 
325) has been isolated from fermented vinegar, Jecheon, 
Korea.

Description of Komagataeibacter xylinus SG.K 4

Cells are Gram-staining-negative, non-flagellated, and 
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rod-shaped. Colonies are circular, convex, smooth, glis-
tening, and yellowish-white color after 3 days on HS at 
28°C. In API 20NE, positive for esculin hydrolysis, but 
negative for nitrate reduction, glucose fermentation, ure-
ase, indole production, arginine dihydrolase, gelatinase, 
and β-galactosidase. Does not utilize D-glucose, L-arab-
inose, D-mannose, D-mannitol, N-acetyl-glucosamine, 
D-maltose, potassium gluconate capric acid, adipic acid, 
malic acid, trisodium citrate, and phenylacetic acid. Strain 
SG.K 4 ( = NIBRBAC000502326) has been isolated fer-
mented vinegar, Seoul, Korea.

Description of Geminicoccus roseus HMF9221

Cells are Gram-staining-negative, non-flagellated, and 
coccus-shaped. Colonies are circular, convex, smooth, and 
pale pink color after 3 days on MA at 30°C. In API 20NE, 
positive for urease, but negative for nitrate reduction, glu-
cose fermentation, indole production, arginine dihydro-
lase, esculin hydrolysis, β-galactosidase, and gelatinase. 
Does not utilize D-glucose, L-arabinose, D-mannose, D- 
mannitol, N-acetyl-glucosamine, malic acid, D-maltose, 
potassium gluconate, capric acid, adipic acid, trisodium 
citrate, and phenylacetic acid. Does not utilize adipic acid 
and trisodium citrate. Strain HMF9221 ( = NIBRBAC 
000502524) has been isolated from beach sand, Pohang, 
Korea.

Description of Ferrovibrio xuzhouensis H-1

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, and cream col-
or after 2 days on R2A at 30°C. In API 20NE, positive 
for nitrate reduction, arginine dihydrolase, and urease, 
and negative for indole production, glucose fermentation, 
gelatinase, esculin hydrolysis, and β-galactosidase. D- 
glucose, L-arabinose, N-acetyl-glucosamine, adipic acid, 
and malic acid are utilized. Does not utilize D-mannose, 
D-mannitol, potassium gluconate, D-maltose, capric 
acid, trisodium citrate, and phenylacetic acid. Strain H-1 

( = NIBRBAC000502468) has been isolated from sludge, 
Suwon, Korea.

Description of Erythrobacter pelagi HMF9223

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, and 
orange color after 3 days on MA at 30°C. In API 20NE, 
positive for esculin hydrolysis, but negative for nitrate 
reduction, glucose fermentation, indole production, ure-
ase, arginine dihydrolase, β-galactosidase, and gelatinase. 
D-glucose and malic acid are utilized. Does not utilize 
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adip-
ic acid, trisodium citrate, and phenylacetic acid. Strain 

HMF9223 ( = NIBRBAC000502525) has been isolated 
from beach sand, Pohang, Korea.

Description of Sphingobium czechense MMS18-
GA122

Cells are Gram-staining-positive, non-flagellated, and 
rod-shaped. Colonies are circular, convex, smooth, and 
yellow color after 3 days on R2A at 30°C. Positive for 
β-galactosidase and esculin hydrolysis, while negative 
for nitrate reduction, arginine dihydrolase, indole produc-
tion, urease, and glucose fermentation in API 20NE. Uti-
lizes D-glucose, L-arabinose, and D-maltose. Does not 
utilize D-mannose, potassium gluconate, D-mannitol, N- 
acetyl-glucosamine, adipic acid, capric acid, malic acid, 
trisodium citrate, and phenylacetic acid. Strain MMS18-
GA122 ( = NIBRBAC000502563) has been isolated from 
soil, Daejeon, Korea.

Description of Sphingopyxis flava HMF9218

Cells are Gram-staining-negative, flagellated, and rod-
shaped. Colonies are circular, convex, smooth, and yellow 
color after 3 days on MA at 30°C. In API 20NE, positive 
for nitrate reduction, esculin hydrolysis, and β-galacto-
sidase, but negative for glucose fermentation, indole pro-
duction, arginine dihydrolase, urease, and gelatinase. 
Malic acid is utilized. Does not utilize D-glucose, L-arab-
inose, D-mannose, D-mannitol, N-acetyl-glucosamine, 
D-maltose, potassium gluconate, capric acid, adipic acid, 
trisodium citrate, and phenylacetic acid. Strain HMF9218 

( = NIBRBAC000502523) has been isolated from beach 
sand, Pohang, Korea.

Description of Sphingosinicella xenopeptidilytica  
LA-50

Cells are Gram-staining-negative, non-flagellated, and 
rod-shaped. Colonies are circular, convex, and yellow 
color after 2 days on R2A at 30°C. Positive for nitrate 
reduction and gelatinase, but negative for indole produc-
tion, arginine dihydrolase, urease, esculin hydrolysis, 
glucose fermentation, and β-galactosidase in API 20NE. 
Trisodium citrate is utilized. D-glucose, D-mannose, N- 
acetyl-glucosamine, malic acid, D-mannitol, L-arabi-
nose, potassium gluconate, D-maltose, capric acid, adip-
ic acid, and phenylacetic acid are not utilized. Strain LA- 
50 ( = NIBRBAC000502450) has been isolated from 
sludge, Seoul Tancheon Recreation Center, Korea.

Acknowledgements

This study was supported by the research grant “The 
Survey of Korean Indigenous Species” from the Nation-



364	 Journal of Species Research	 Vol. 8, No. 4

al Institute of Biological Resources of the Ministry of 
Environment in Korea.

References

Brenner, D.J., N.R. Krieg and J.T. Staley. 2005. The Proteo-
bacteria. Bergeyʼs Manual of Systematic Bacteriology 2C 

(2nd ed.). p. 1388. 
Buchan, A., J.M. González and M.A. Moran. 2005. Overview 

of the marine Roseobacter lineage. Appl. Environ. Micro-
biol. 71:5665-5677.

Chernikova, T., J. Dallimore, H. Lünsdorf, H. Heipieper and 
P. Golyshin. 2017. Monaibacterium marinum, gen. nov, 
sp. nov, a new member of the Alphaproteobacteria iso-
lated from seawater of Menai Straits, Wales, UK. Int. J. 
Syst. Evol. Microbiol. 67:3310-3317.

Chilton, M.D., M.H. Drummond, D.J. Merio, D. Sciaky, A.L. 
Montoya, M.P. Gordon and E.W. Nester. 1977. Stable in-
corporation of plasmid DNA into higher plant cells: the 
molecular basis of crown gall tumorigenesis. Cell 11(2): 
263-271.

Euzéby, J.P. 2011. “Alphaproteobacteria”. List of Prokaryotic 
names with Standing in Nomenclature (LPSN).

Felsenstein, J. 1985. Confidence limit on phylogenies: an 
approach using the bootstrap. Evolution 39:783-791.

Fitch, W.M. 1971. Toward defining the course of evolution: 
minimum change for a specific tree topology. Syst. Zool. 
20:406-416.

Hall, T.A. 1999. BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 95/ 
98/NT. Nucleic Acids Symp. Ser. 41:95-98.

Kimura, M. 1983. The Neutral Theory of Molecular Evolu-
tion. Cambridge: Cambridge University Press, Cambridge, 
New York.

Lane, D.J. 1991. 16S/23S rRNA sequencing. In: Stackebrandt, 
E. and M. Goodfellow (eds.), Nucleic Acid Techniques in 

Bacterial Systematics, Wiley, New York, USA.
Matteo, P.F., J.T. Cameron, J.G. Stephen and M.P. Wayne. 

2013. New rRNA gene-based phylogenies of the Alpha
proteobacteria provide perspective on major Groups, 
mitochondrial ancestry and mhylogenetic Instability. 
PLoS One 8(12):e83383.

Oren, A. and G.M. Garrity. 2014. Then and now: a systemat-
ic review of the systematics of prokaryotes in the last 80 
years. Antonie van Leeuwenhoek 106(1):43-56.

Parte, A.C. 2014. LPSN-list of prokaryotic names with stand-
ing in nomenclature. Nucleic Acids Research 42(Database 
issue):D613-616.

Saitou, N. and M. Nei. 1987. The neighbor-joining method: a 
new method for reconstructing phylogenetic trees. Molec-
ular Biology and Evolution 4(4):406-425.

Tamura, K., G. Stecher, D. Peterson, A. Filipski and S. Kumar. 
2013. MEGA6: molecular evolutionary genetics analysis 
version 6.0. Mol. Biol. Evol. 30:2725-2729.

Thompson, J.D., T.J. Gibson, F. Plewniak, F. Jeanmougin and 
D.G. Higgins. 1997. The CLUSTAL_X windows inter-
face: flexible strategies for multiple sequence alignment 
aided by quality analysis tools. Nucleic Acids Res. 25: 
4876-4882.

Wagner-Döbler, I. and H. Biebl. 2006. Environmental biology 
of the marine Roseobacter lineage. Annu. Rev. Microbiol. 
60:255-280.

Williams, K.P., B.W. Sobral and A.W. Dickerman. 2007. A 
robust species tree for the Alphaproteobacteria. Journal 
of Bacteriology 189(13):4578-4586.

Yoon, S.H., S.M. Ha, S. Kwon, J. Lim, Y. Kim, H. Seo and J. 
Chun. 2017. Introducing EzBioCloud: A taxonomically 
united database of 16S rRNA and whole genome assem-
blies. Int. J. Syst. Evol. Microbiol. 67:1613-1617.

Submitted: September 21, 2019 
Revised: October 19, 2019 

Accepted: October 21, 2019


