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IntroductIon

We isolated 20 unrecorded bacterial species from var-
ious soil samples collected in Korea and identified them 
as members of the phyla Actinobacteria, Bacteroidota, 
Firmicutes, and Proteobacteria. The present report focus-
es on the isolation and description of unrecorded species. 
At the time of writing, the phyla comprise Actinobacteria 

(including 6 classes), Bacteroidota (including 6 classes), 
Firmicutes (including 7 classes), and Proteobacteria (in-
cluding 8 classes) based on the List of Prokaryotic names 
with Standing in Nomenclature (LPSN) (http://www.bac-
terio.net). The phylum Actinobacteria, one of the largest 
phyla within the domain Bacteria, is widely distributed 
in aquatic and terrestrial environments (Lawson, 2018). 
The phylum is comprised of Gram-stain-positive organ-
isms with a high G +C content (Gao and Gupta, 2005); 
the phylum Bacteroidota is distributed in many different 
ecological niches (fresh water, ocean, soil, and gastroin-
testinal tract of animals) and known to degrade polymeric 
organic compounds (Thomas et al., 2011); the phylum 
Firmicutes is distributed in diverse environments and 
characterized as Gram-stain-positive, low G+C content 
and rod/coccus-shaped (Nahar, 2018); the phylum Pro-

teobacteria is one of the largest phyla within the domain 
Bacteria (Seong, 2019) and members of this phylum are 
the most versatile.

The present report focuses on the description of 20 
bacterial species belonging to the phyla Actinobacteria, 
Bacteroidota, Firmicutes, and Proteobacteria that have 
not officially been reported in Korea. 

MaterIals and Methods

A total of 20 bacterial strains assigned to the phyla Acti-
nobacteria, Bacteroidota, Firmicutes, and Proteobacteria 
were isolated from various soils, including agricultural 
soil, forest soil, and marine soil. Samples collected from 
each environment were independently processed, serial-
ly diluted, spread onto diverse culture agar media [R2A, 
Nutrient agar (NA), Tryptic Soy Agar (TSA), Luria-Ber-
tani (LB) agar, PTYG, and Marine agar], and incubated at 
28°C for 3-7 days (Table 1). All strains were purified as 
single colonies and stored as 15-17% glycerol suspension 
at -80°C as well as lyophilized ampoules.

Colony morphology and cell size of the strains were 
observed by using transmission electron microscopy. 
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Electron micrograph of the strains are shown in Fig. 1. 
Gram reaction was performed according to the classic 
Gram procedure described by Doetsch (1981). Biochem-
ical characteristics were tested by using API 20NE, API 
32GN, and API ZYM galleries (bioMérieux) according 
to the manufacturer’s instructions. Genomic DNA was 
extracted and the 16S rRNA gene was amplified by PCR 
with 27mf and 1492r universal bacterial primers (Weis-
burg et al., 1991). The 16S rRNA gene sequences of the 
related taxa were obtained from EzBioCloud server (Yoon 
et al., 2017). The 20 bacterial strains and related taxa (re-
trieved from the NCBI database) were aligned with SINA 

(v1.2.11) according to the SILVA seed alignment (http://
www.arb-silva.de; Pruesse et al., 2012). The evolutionary 
distances were calculated using a two-parameter mod-
el (Kimura, 1983). Phylogenetic trees were constructed 
using the neighbor-joining (Saitou and Nei, 1987) in the 
MEGA7 program (Kumar et al., 2016) with bootstrap val-
ues based on 1,000 replications (Felsenstein, 1985).

results and DIscussIon

The 20 strains were distributed into four phyla: Actino-
bacteria, Bacteroidota, Firmicutes, Proteobacteria (Table 
1). Among these strains, EM1075, EM1106, EM1158 
were coccus-shaped, WS2 was oval-shaped, and the oth-
er strains were rod-shaped (Fig. 1). Unrecorded bacteria 
were identified as 20 genera of Arthrobacter, Azospi-
rillum, Bacillus, Barrientosiimonas, Corynebacterium, 
Flexivirga, Georgenia, Kocuria, Lysinibacillus, Mesorhi-
zobium, Novosphingobium, Paenibacillus, Pandoraea, 
Paraburkholderia, Patulibacter, Pedobacter, Pontibacter, 
Pseudooceanicola, Sandaracinobacter, and Sphingoau-
rantiacus (Fig. 2). Here we report 20 unrecorded bacte-
rial species in Korea belonging to 12 orders, which were 
isolated in Korea; 1 strain of Bogoriellales, 2 strains of 
Micrococcales, 2 strains of Dermatophilales, 1 strain of 
Mycobacteriales, 1 strain of Solirubrobacterales, 1 strain 
of Cytophagales, 1 strain of Sphingobacteriales, 3 strains 
of Bacillales, 3 strains of Burkholderiales, 3 strains of 
Sphingomonadales, 1 strain of Rhodospirillales, and 1 
strain of Rhodobacterales.

Description of Pandoraea sputorum EM0341

Cells are Gram-stain-negative and rod-shaped. Cell 
size is 0.6-0.8 μm. Colonies are circular, smooth, entire, 
and white pigmented after 3 days of incubation at 28°C 
on R2A. Positive for gluconate, caprate, adipate, malate, 
citrate, and phenyl-acetate in API 20NE; but negative for 
reduction of nitrates to nitrite (NO3

->NO2
-), reduction of 

nitrates to nitrogen, indole production, glucose acidifica-
tion, arginine dihydrolase, urease, β-glucosidase (esculin 
hydrolysis), protease (gelatin hydrolysis), β-galactosidase 

(PNPG), D-glucose, L-arabinose, D-mannose, D-manni-
tol, N-acetyl-D-glucosamine, and D-maltose. Propionate, 
caprate, valerate, citrate, L-histidine, 3-hydroxy-butyrate, 
4-hydroxy-benzoate, L-proline, acetate, L-alanine, 3-hy-
droxy-benzoate, L-serine are utilized; but does not utilize 
D-mannitol, D-glucose, salicin, D-melibiose, L-fucose, 
D-sorbitol, L-arabinose, 2-ketogluconate, L-rhamnose, 
N-acetyl-D-glucosamine, D-ribose, inositol, D-sucrose, 
D-maltose, itaconate, suberate, malonate, lactate, 5-keto-
gluconate, and glycogen. Enzymatic activity reaction was 
positive for alkaline phosphatase, esterase (C4), leucine 
arylamidase, acid phosphatase, naphtol-AS-BI-phospho-
hydrolase in API ZYM; but negative for esterase lipase 

(C8), lipase (C14), valine arylamidase, cystine arylami-
dase, trypsin, α-chymotrypsin, α-galactosidase, β-galac-
tosidase, β-glucuronidase, α-glucosidase, β-glucosidase, 
N-acetyl-β-glucosaminidase, α-mannosidase, and α-fu-
cosidase. Strain EM0341 ( =NIBRBAC000509124) was 
isolated from a forest soil sample, Seoul, Korea.

Description of Sandaracinobacter sibiricus EM0359

Cells are Gram-stain-negative and rod-shaped. Cell 
size is 1.0-1.2 μm. Colonies are circular, smooth, entire, 
and yellow pigmented after 3 days of incubation at 28°C 
on R2A. Positive for D-glucose, L-arabinose, D-man-
nose, D-mannitol, N-acetyl-D-glucosamine, D-maltose, 
gluconate, adipate, malate, and citrate in API 20NE; but 
negative for nitrates to nitrite (NO3

->NO2
-), reduction 

of nitrates to nitrogen, indole production, glucose acidi-
fication, arginine dihydrolase, urease, β-galactosidase 

(esculin hydrolysis), protease (gelatin hydrolysis), β-ga-
lactosidase (PNPG), caprate, and phenyl-acetate. Utiliz-
es D-mannitol, D-glucose, salicin, L-fucose, D-sorbi-
tol, L-arabinose, citrate, 3-hydroxy-butyrate, L-proline, 
L-rhamnose, N-acetyl-D-glucosamine, D-ribose, inosi-
tol, D-sucrose, D-maltose, suberate, malonate, lactate, 
5-ketogluconate, and glycogen; but does not utilize 
D-melibiose, propionate, caprate, valerate, L-histidine, 
2-ketogluconate, 4-hydroxy-benzoate, itaconate, acetate, 
L-alanine, 3-hydroxy-benzoate, and L-serine. Enzymatic 
activity reaction was positive for alkaline phosphatase, 
esterase (C4), esterase lipase (C8), leucine arylamidase, 
valine arylamidase, trypsin, α-chymotrypsin, acid phos-
phatase, naphtol-AS-BI-phosphohydrolase, and β-glu-
curonidase in API ZYM; but negative for lipase (C14), 
cystine arylamidase, α-galactosidase, β-galactosidase, 
β-glucuronidase, β-glucosidase, N-acetyl-β-glucosamin-
idase, α-mannosidase, and α-fucosidase. Strain EM0359 

(=NIBRBAC000509125) was isolated from a forest soil 
sample, Seoul, Korea.

Description of Paenibacillus edaphicus EM0662

Cells are Gram-stain-negative and rod-shaped. Cell 
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size is 1.2-1.4 μm. Colonies are irregular, smooth, entire, 
and white pigmented after 3 days of incubation at 28°C 
on R2A. Positive for reduction of nitrates to nitrite (NO3

-

>NO2
-), β-Glucosidase (esculin hydrolysis), β-Galac-

tosidase (PNPG), D-glucose, L-arabinose, D-mannose, 
N-acetyl-D-glucosamine, and D-maltose in API 20NE; 
but negative for indole production, glucose acidification, 
arginine dihydrolase, urease, protease (gelatin hydrolysis), 
D-mannitol, gluconate, caprate, adipate, malate, citrate, 
and phenyl-acetate. Utilizes D-glucose, D-melibiose, 
L-fucose, D-sorbitol, L-arabinose, L-rhamnose, N-ace-
tyl-D-glucosamine, D-ribose, D-sucrose, D-maltose, su-
berate, acetate, lactate, and glycogen; but does not utilize 
D-mannitol, salicin, propionate, caprate, valerate, citrate, 
L-histidine, 2-ketogluconate, 3-hydroxy-butyrate, 4-hy-
droxy-benzoate, L-proline, inositol, itaconate, malonate, 

L-alanine, 5-ketogluconate, 3-hydroxy-benzoate, and 
L-serine. Enzymatic activity reaction was positive for 
alkaline phosphatase, esterase (C4), esterase lipase (C8), 
acid phosphatase, naphtol-AS-BI-phosphohydrolase, 
β-galactosidase, α-glucosidase, and β-glucosidase in API 
ZYM; but negative for lipase (C14), leucine arylamidase, 
valine arylamidase, cystine arylamidase, trypsin, α-chy-
motrypsin, α-galactosidase, β-glucuronidase, N-ace-
tyl-β-glucosaminidase, α-mannosidase, and α-fucosidase. 
Strain EM0662 ( =NIBRBAC000509126) was isolated 
from a forest soil sample, Seoul, Korea.

Description of Lysinibacillus odysseyi EM0665

Cells are Gram-stain-positive and rod-shaped. Cell size 
is 4.6-4.8 μm. Colonies are circular, smooth, entire, and 

Fig. 1. Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) images of cells of the unrecorded strains isolat-
ed in this study. Images 10 and 14 are TEM images, the rest are SEM images. The strains were cultured at their optimal growth conditions. 
(1) EM0341, (2) EM0359, (3) EM0662, (4) EM0665, (5) EM1075, (6) EM1106, (7) EM1152, (8) EM1158, (9) EM1187, (10) FL16, (11) 
JN1309, (12) JN2214, (13) NC19, (14) NSM-1, (15) RB28, (16) RM1, (17) WD4, (18) WR2, (19) WS2, (20) WS11. 

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

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

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

(16) (17) (18) (19) (20)
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white pigmented after 3 days of incubation at 28°C on 
R2A. Positive for reduction of glucose acidification, argi-
nine dihydrolase, and β-Glucosidase (esculin hydrolysis) 
in API 20NE; but negative for nitrates to nitrite (NO3

-

>NO2
-), reduction of nitrates to nitrogen, indole produc-

tion, urease, protease (gelatin hydrolysis), β-galactosidase 

(PNPG), D-glucose, L-arabinose, D-mannose, D-man-
nitol, N-acetyl-D-glucosamine, D-maltose, gluconate, 
caprate, adipate, malate, citrate, and phenyl-acetate. Uti-
lizes 3-hydroxy-butyrate, acetate, and L-alanine; but does 
not utilize D-mannitol, D-glucose, salicin, D-melibiose, 
L-fucose, D-sorbitol, L-arabinose, propionate, caprate, 
valerate, citrate, L-histidine, 2-ketogluconate, 4-hy-
droxy-benzoate, L-proline, L-rhamnose, N-acetyl-D-glu-
cosamine, D-ribose, inositol, D-sucrose, D-maltose, 
itaconate, suberate, malonate, lactate, 5-ketogluconate, 
glycogen, 3-hydroxy-benzoate, and L-serine. Enzymatic 
activity reaction was positive for alkaline phosphatase, 
esterase (C4), esterase Lipase (C8), naphtol-AS-BI-phos-
phohydrolase, and β-glucosidase in API ZYM; but nega-
tive for lipase (C14), leucine arylamidase, valine arylami-
dase, cystine arylamidase, trypsin, α-chymotrypsin, acid 
phosphatase, α-galactosidase, β-galactosidase, β-glucu-
ronidase, α-glucosidase, N-acetyl-β-glucosaminidase, 
α-mannosidase, and α-fucosidase. Strain EM0665 (=NI-
BRBAC000509127) was isolated from an agricultural 
soil sample, Gyeongsangnam-do, Korea.

Description of Barrientosiimonas humi EM1075

Cells are Gram-stain-positive and coccus-shaped. Cell 
size is 0.55-0.57 μm. Colonies are circular, smooth, en-
tire, and white pigmented after 3 days of incubation at 
28°C on R2A. Positive for reduction of β-glucosidase 

(esculin hydrolysis), protease (gelatin hydrolysis), D-glu-
cose, D-mannitol, N-acetyl-D-glucosamine, D-malt-
ose, gluconate, adipate, malate, and phenyl-acetate; but 
negative for nitrates to nitrite (NO3

->NO2
-), reduction 

of nitrates to nitrogen, indole production, glucose acid-
ification, arginine dihydrolase, urease, β-Galactosidase 

(PNPG), L-arabinose, D-mannose, caprate, and citrate. 
Utilizes D-mannitol, D-glucose, D-melibiose, propio-
nate, valerate, 3-hydroxy-butyrate, 4-hydroxy-benzoate, 
N-acetyl-D-glucosamine, D-sucrose, D-maltose, suberate, 
malonate, acetate, lactate, L-alanine, glycogen, and 3-hy-
droxy-benzoate; but does not utilize salicin, L-fucose, 
D-sorbitol, L-arabinose, caprate, citrate, L-histidine, 2-ke-
togluconate, L-proline, L-rhamnose, D-ribose, inositol, 
itaconate, 5-ketogluconate, and L-serine. Enzymatic activ-
ity reaction was positive for alkaline phosphatase, ester-
ase (C4), esterase lipase (C8), leucine arylamidase, naph-
tol-AS-BI-phosphohydrolase, α-galactosidase, α-gluco-
sidase, β-glucosidase, and α-mannosidase; but negative 
for lipase (C14), valine arylamidase, cystine arylamidase, 

Fig. 2. A neighbor-joining phylogenetic tree based on 16S rRNA 
gene sequences showing the relationship between the strains iso-
lated in this study and their relatives. Bootstrap values (>70%) 
are shown at the nodes. Bar: 0.050 substitutions per nucleotide po-
sition.
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trypsin, α-chymotrypsin, acid phosphatase, β-galactosi-
dase, β-glucuronidase, N-acetyl-β-glucosaminidase, and 
α-fucosidase. Strain EM1075 ( =NIBRBAC000509128) 
was isolated from a forest soil sample, Seoul, Korea.

Description of Kocuria flava EM1106

Cells are Gram-stain-positive and coccus-shaped. Cell 
size is 0.5-0.7 μm. Colonies are circular, smooth, entire, 
and yellow pigmented after 3 days of incubation at 28°C 
on R2A. Positive for reduction of nitrates to nitrite (NO3

-

>NO2
-), β-Galactosidase (PNPG), D-glucose, D-malt-

ose, gluconate, adipate, malate, and phenyl-acetate; but 
negative for indole production, glucose acidification, ar-
ginine dihydrolase, urease, β-glucosidase (esculin hydro-
lysis), protease (gelatin hydrolysis), L-arabinose, N-ace-
tyl-D-glucosamine, caprate, and citrate. Utilizes D-man-
nitol, D-glucose, D-melibiose, valerate, 4-hydroxy-benzo-
ate, L-proline, D-sucrose, D-maltose, suberate, 5-ketoglu-
conate, 3-hydroxy-benzoate, and L-serine; but does not 
utilize salicin, L-fucose, L-arabinose. Propionate, caprate, 
citrate, L-histidine, 2-ketogluconate, 3-hydroxy-butyrate, 
L-rhamnose, N-acetyl-D-glucosamine, D-ribose, itacon-
ate, malonate, and glycogen. Enzymatic activity reaction 
was positive for alkaline phosphatase, esterase (C4), ester-
ase lipase (C8), leucine arylamidase, naphtol-AS-BI-phos-
phohydrolase, α-galactosidase, β-galactosidase, and 
α-glucosidase; but negative for lipase (C14), valine aryl-
amidase, cystine arylamidase, trypsin, α-chymotrypsin, 
acid phosphatase, β-glucuronidase, β-glucosidase, N-ace-
tyl-β-glucosaminidase, α-mannosidase, and α-fucosidase. 
Strain EM1106 ( =NIBRBAC000509129) was isolated 
from an agricultural soil sample, Gyeongsangnam-do, 
Korea.

Description of Patulibacter brassicae EM1152

Cells are Gram-stain-positive and rod-shaped. Cell size 
is 1.3-1.5 μm. Colonies are circular, smooth, entire, and 
white pigmented after 3 days of incubation at 28°C on 
R2A. Positive for reduction of L-arabinose; but negative 
for nitrates to nitrite (NO3

->NO2
-), reduction of nitrates 

to nitrogen, indole production, glucose acidification, 
arginine dihydrolase, urease, β-glucosidase (esculin hy-
drolysis), protease (gelatin hydrolysis), β-Galactosidase 

(PNPG), D-glucose, D-mannose, D-mannitol, N-ace-
tyl-D-glucosamine, D-maltose, gluconate, caprate, adi-
pate, malate, citrate, and phenyl-acetate. Utilizes L-arabi-
nose, valerate, and acetate; but does not utilize D-manni-
tol, D-glucose, salicin, D-melibiose, L-fucose, D-sorbitol, 
propionate, caprate, citrate, L-histidine, 2-ketogluconate, 
3-hydroxy-butyrate, 4-hydroxy-benzoate, L-proline, 
L-rhamnose, N-acetyl-D-glucosamine, D-ribose, inosi-
tol, D-sucrose, D-maltose, itaconate, suberate, malonate, 
lactate, L-alanine, 5-ketogluconate, glycogen, 3-hy-

droxy-benzoate, and L-serine. Enzymatic activity reaction 
was positive for alkaline phosphatase, esterase (C4), ester-
ase lipase (C8), leucine arylamidase, cystine arylamidase, 
acid phosphatase, and naphtol-AS-BI-phosphohydrolase; 
but negative for lipase (C14), valine arylamidase, trypsin, 
α-chymotrypsin, α-galactosidase, β-galactosidase, β-glu-
curonidase, α-glucosidase, β-glucosidase, N-acetyl-β-glu-
cosaminidase, α-mannosidase, and α-fucosidase. Strain 
EM1152 (=NIBRBAC000509130) was isolated from an 
agricultural soil sample, Gyeongsangnam-do, Korea.

Description of Sphingoaurantiacus polygranulatus 
EM1158

Cells are Gram-stain-negative and coccus-shaped. Cell 
size is 0.5-0.7 μm. Colonies are circular, smooth, entire, 
and red pigmented after 3 days of incubation at 28°C on 
R2A. Positive for reduction of D-glucose, L-arabinose, 
and N-acetyl-D-glucosamine; but negative for nitrates 
to nitrite (NO3

->NO2
-), reduction of nitrates to nitro-

gen, indole production, glucose acidification, arginine 
dihydrolase, urease, β-glucosidase (esculin hydrolysis), 
protease (gelatin hydrolysis), β-Galactosidase (PNPG), 
D-mannose, D-mannitol, D-maltose, gluconate, caprate, 
adipate, malate, citrate, and phenyl-acetate. D-Glucose, 
L-arabinose, 3-hydroxy-butyrate, L-proline, L-rhamnose, 
N-acetyl-D-glucosamine, and D-sucrose; but does not 
utilize D-mannitol, salicin, D-melibiose, L-fucose, D-sor-
bitol, propionate, caprate, valerate, citrate, L-histidine, 
2-ketogluconate, 4-hydroxy-benzoate, D-ribose, inositol, 
D-maltose, itaconate, suberate, malonate, acetate, lactate, 
L-alanine, 5-ketogluconate, glycogen, 3-hydroxy-ben-
zoate, and L-serine. Enzymatic activity reaction was 
positive for alkaline phosphatase, esterase (C4), esterase 
lipase (C8), leucine arylamidase, acid phosphatase, naph-
tol-AS-BI-phosphohydrolase, and N-acetyl-β-glucos-
aminidase; but negative for lipase (C14), valine arylami-
dase, cystine arylamidase, trypsin, α-chymotrypsin, α-ga-
lactosidase, β-galactosidase, β-glucuronidase, α-gluco-
sidase, β-glucosidase, α-mannosidase, and α-fucosidase. 
Strain EM1158 ( =NIBRBAC000509131) was isolated 
from an agricultural soil sample, Gyeongsangnam-do, 
Korea.

Description of Georgenia muralis EM1187

Cells are Gram-stain-positive and rod-shaped. Cell 
size is 1.5-1.7 μm. Colonies are circular, smooth, entire, 
and white pigmented after 3 days of incubation at 28°C 
on R2A. Positive for reduction of D-glucose, L-arabi-
nose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, 
and D-maltose; but negative for nitrates to nitrite (NO3

-

>NO2
-), reduction of nitrates to nitrogen, indole produc-

tion, glucose acidification, arginine dihydrolase, urease, 
β-glucosidase (esculin hydrolysis), protease (gelatin hy-



316 JOURNAL OF SPECIES RESEARCH Vol. 11, No. 4

drolysis), β-Galactosidase (PNPG), gluconate, caprate, 
adipate, malate, citrate, and phenyl-acetate. Utilizes 
D-mannitol, D-glucose, salicin, L-arabinose, N-ace-
tyl-D-glucosamine, D-sucrose, and D-maltose; but does 
not utilize D-melibiose, L-fucose, D-sorbitol, propio-
nate, caprate, valerate, citrate, L-histidine, 2-ketogluco-
nate, 3-hydroxy-butyrate, 4-hydroxy-benzoate, L-pro-
line, L-rhamnose, D-ribose, inositol, itaconate, suberate, 
malonate, acetate, lactate, L-alanine, 5-ketogluconate, 
glycogen, 3-hydroxy-benzoate, and L-serine. Enzymatic 
activity reaction was positive for esterase (C4), esterase 
lipase (C8), leucine arylamidase, naphtol-AS-BI-phos-
phohydrolase, α-glucosidase, and N-acetyl-β-glucos-
aminidase; but negative for alkaline phosphatase, lipase 

(C14), valine arylamidase, cystine arylamidase, trypsin, 
α-chymotrypsin, acid phosphatase, α-galactosidase, 
β-galactosidase, β-glucuronidase, β-glucosidase, α-man-
nosidase, and α-fucosidase. Strain EM1187 ( =NI-
BRBAC000509132) was isolated from an agricultural 
soil sample, Gyeongsangnam-do, Korea.

Description of Mesorhizobium composti FL16

Cells are Gram-stain-negative and rod-shaped. Cell 
size is 0.9-1.1 μm. Colonies are circular, smooth, en-
tire, and yellow pigmented after 3 days of incubation at 
28°C on LB. Positive for reduction of nitrates to nitrite 

(NO3
->NO2

-), urease, β-glucosidase (esculin hydroly-
sis), D-glucose, L-arabinose, D-mannose, D-mannitol, 
N-acetyl-D-glucosamine, and D-maltose; but negative 
for indole production, glucose acidification, arginine di-
hydrolase, protease (gelatin hydrolysis), β-Galactosidase 

(PNPG), gluconate, caprate, adipate, malate, citrate, and 
phenyl-acetate. Utilizes D-mannitol, D-glucose, L-fucose, 
D-sorbitol, L-arabinose, propionate, valerate, L-histidine, 
2-ketogluconate, 3-hydroxy-butyrate, L-proline, N-ace-
tyl-D-glucosamine, D-ribose, inositol, D-sucrose, D-malt-
ose, acetate, lactate, and L-alanine; but does not utilize 
salicin, D-melibiose, caprate, citrate, 4-hydroxy-benzoate, 
L-rhamnose, itaconate, suberate, malonate, 5-ketogluco-
nate, glycogen, 3-hydroxy-benzoate, and L-serine. Enzy-
matic activity reaction was positive for alkaline phospha-
tase, esterase (C4), esterase lipase (C8), leucine arylami-
dase, acid phosphatase, naphtol-AS-BI-phosphohydrolase, 
α-glucosidase, and β-glucosidase; but negative for lipase 

(C14), valine arylamidase, cystine arylamidase, trypsin, 
α-chymotrypsin, α-galactosidase, β-galactosidase, β-glu-
curonidase, N-acetyl-β-glucosaminidase, α-mannosidase, 
and α-fucosidase. Strain FL16 (=NIBRBAC000509133) 
was isolated from an agricultural soil sample, Chungc-
heongnam-do, Korea.

Description of Bacillus timonensis JN1309

Cells are Gram-stain-negative and rod-shaped. Cell 

size is 1.1-1.3 μm. Colonies are circular, smooth, entire, 
and yellow pigmented after 3 days of incubation at 28°C 
on NA. Positive for reduction of β-glucosidase (esculin 
hydrolysis), β-Galactosidase (PNPG), D-glucose, L-arab-
inose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, 
D-maltose, and gluconate; but negative for nitrates to 
nitrite (NO3

->NO2
-), reduction of nitrates to nitrogen, 

indole production, glucose acidification, arginine dihy-
drolase, urease, protease (gelatin hydrolysis), caprate, adi-
pate, malate, citrate, and phenyl-acetate. Utilizes D-man-
nitol, D-glucose, D-melibiose, L-arabinose, valerate, 
L-histidine, N-acetyl-D-glucosamine, D-sucrose, D-malt-
ose, acetate, lactate, and glycogen; but does not utilize 
salicin, L-fucose, D-sorbitol, propionate, caprate, citrate, 
2-ketogluconate, 3-hydroxy-butyrate, 4-hydroxy-benzo-
ate, L-proline, L-rhamnose, D-ribose, inositol, itaconate, 
suberate, malonate, L-alanine, 5-ketogluconate, 3-hy-
droxy-benzoate, and L-serine. Enzymatic activity reaction 
was positive for esterase (C4), esterase lipase (C8), lipase 

(C14), naphtol-AS-BI-phosphohydrolase, β-galactosidase, 
α-glucosidase, β-glucosidase, and N-acetyl-β-glucos-
aminidase; but negative for alkaline phosphatase, leucine 
arylamidase, valine arylamidase, cystine arylamidase, 
trypsin, α-chymotrypsin, acid phosphatase, α-galactosi-
dase, β-glucuronidase, α-mannosidase, and α-fucosidase. 
Strain JN1309 ( =NIBRBAC000509134) was isolated 
from an agricultural soil sample, Jeju Island, Korea.

Description of Pontibacter mucosus JN2214

Cells are Gram-stain-negative and rod-shaped. Cell 
size is 1.3-1.5 μm. Colonies are circular, smooth, entire, 
and pink pigmented after 7 days of incubation at 28°C 
on R2A. Positive for reduction of urease, β-glucosidase 

(esculin hydrolysis), protease (gelatin hydrolysis), D-glu-
cose, L-arabinose, D-mannose, D-mannitol, and N-ace-
tyl-D-glucosamine; but negative for nitrates to nitrite 

(NO3
->NO2

-), reduction of nitrates to nitrogen, indole 
production, glucose acidification, arginine dihydrolase, 
β-Galactosidase (PNPG), D-maltose, gluconate, caprate, 
adipate, malate, citrate, and phenyl-acetate. Utilizes 
D-mannitol, D-glucose, L-fucose, L-arabinose, L-rham-
nose, and N-acetyl-D-glucosamine; but does not utilize 
salicin, D-melibiose, D-sorbitol, propionate, caprate, val-
erate, citrate, L-histidine, 2-ketogluconate, 3-hydroxy-bu-
tyrate, 4-hydroxy-benzoate, L-proline, D-ribose, inositol, 
D-sucrose, D-maltose, itaconate, suberate, malonate, 
acetate, lactate, L-alanine, 5-ketogluconate, glycogen, 
3-hydroxy-benzoate, and L-serine. Enzymatic activity re-
action was positive for alkaline phosphatase, esterase (C4), 
esterase lipase (C8), leucine arylamidase, valine aryl-
amidase, cystine arylamidase, acid phosphatase, naph-
tol-AS-BI-phosphohydrolase, α-galactosidase, α-gluco-
sidase, β-glucosidase, and N-acetyl-β-glucosaminidase; 
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but negative for lipase (C14), trypsin, α-chymotrypsin, 
β-galactosidase, β-glucuronidase, α-mannosidase, and 
α-fucosidase. Strain JN2214 ( =NIBRBAC000509135) 
was isolated from an agricultural soil sample, Jeju Island, 
Korea.

Description of Arthrobacter celericrescens NC19

Cells are Gram-stain-positive and rod-shaped. Cell size 
is 0.65-0.85 μm. Colonies are circular, smooth, entire, 
and yellow pigmented after 3 days of incubation at 28°C 
on NA. Positive for reduction of β-glucosidase (esculin 
hydrolysis), β-Galactosidase (PNPG), D-glucose, L-arab-
inose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, 
D-maltose, gluconate, malate, citrate, and phenyl-acetate; 
but negative for nitrates to nitrite (NO3

->NO2
-), reduc-

tion of nitrates to nitrogen, indole production, glucose 
acidification, arginine dihydrolase, urease, protease (gela-
tin hydrolysis), caprate, and adipate. Utilizes D-mannitol, 
D-glucose, salicin, D-melibiose, D-sorbitol, L-arabinose, 
citrate, L-histidine, 2-ketogluconate, 4-hydroxy-benzoate, 
L-proline, N-acetyl-D-glucosamine, inositol, D-sucrose, 
D-maltose, lactate, L-alanine, 3-hydroxy-benzoate propi-
onate, and L-serine; but does not utilize L-fucose, propi-
onate, caprate, valerate, 3-hydroxy-butyrate, L-rhamnose, 
D-ribose, itaconate, suberate, malonate, acetate, 5-keto-
gluconate, and glycogen. Enzymatic activity reaction was 
positive for alkaline phosphatase, esterase (C4), esterase 
lipase (C8), leucine arylamidase, valine arylamidase, cys-
tine arylamidase, acid phosphatase, naphtol-AS-BI-phos-
phohydrolase, α-galactosidase, β-galactosidase, α-gluco-
sidase, β-glucosidase, and α-mannosidase; but negative 
for lipase (C14), trypsin, α-chymotrypsin, β-glucuro-
nidase, N-acetyl-β-glucosaminidase, and α-fucosidase. 
Strain NC19 ( =NIBRBAC 000509136) was isolated 
from an agricultural soil sample, Chungcheongnam-do, 
Korea.

Description of Flexivirga endophytica NSM-1

Cells are Gram-satin-positive and rod-shaped. Cell 
size is 2.5-2.7 μm. Colonies are circular, smooth, entire, 
and yellow pigmented after 3 days of incubation at 28°C 
on PTYG. Positive for reduction of urease, D-glucose, 
L-arabinose, D-mannose, gluconate, adipate, malate, and 
phenyl-acetate; but negative for nitrates to nitrite (NO3

-

>NO2
-), reduction of nitrates to nitrogen, indole produc-

tion, glucose acidification, arginine dihydrolase, β-gluco-
sidase (esculin hydrolysis), protease (gelatin hydrolysis), 
β-Galactosidase (PNPG), D-mannitol, N-acetyl-D-glu-
cosamine, D-maltose, caprate, and citrate. Utilizes D-glu-
cose, L-fucose, L-arabinose, propionate, valerate, 2-ke-
togluconate, 3-hydroxy-butyrate, L-rhamnose, D-ribose, 
itaconate, suberate, acetate, lactate, 5-ketogluconate, and 
3-hydroxy-benzoate; but does not utilize D-mannitol, sal-

icin, D-melibiose, D-sorbitol, caprate, citrate, L-histidine, 
4-hydroxy-benzoate, L-proline, N-acetyl-D-glucosamine, 
inositol, D-sucrose, D-maltose, malonate, L-alanine, 
glycogen, and L-serine. Enzymatic activity reaction was 
positive for alkaline phosphatase, esterase (C4), esterase 
lipase (C8), leucine arylamidase, trypsin, acid phospha-
tase, and naphtol-AS-BI-phosphohydrolase; but negative 
for lipase (C14), valine arylamidase, cystine arylamidase, 
α-chymotrypsin, α-galactosidase, β-galactosidase, β-glu-
curonidase, α-glucosidase, β-glucosidase, N-acetyl-β-glu-
cosaminidase, α-mannosidase, and α-fucosidase. Strain 
NSM-1 ( =NIBRBAC000509137) was isolated from an 
agricultural soil sample, Chungcheongnam-do, Korea.

Description of Corynebacterium glutamicum RB28

Cells are Gram-stain-positive and rod-shaped. Cell 
size is 1.1-1.3 μm. Colonies are circular, smooth, en-
tire, and yellow pigmented after 3 days of incubation at 
28°C on R2A. Positive for reduction of nitrates to nitrite 

(NO3
->NO2

-), glucose acidification, urease, D-glucose, 
D-mannose, D-maltose, gluconate, and citrate; but neg-
ative for indole production, arginine dihydrolase, β-glu-
cosidase (esculin hydrolysis), protease (gelatin hydroly-
sis), β-Galactosidase (PNPG), L-arabinose, D-mannitol, 
N-acetyl-D-glucosamine, caprate, adipate, malate, and 
phenyl-acetate. Utilizes D-glucose, propionate, citrate,  
4-hydroxy-benzoate, D-ribose, inositol, D-sucrose, 
D-maltose, malonate, acetate, lactate, and 3-hydroxy-ben-
zoate; but does not utilize D-mannitol, salicin, D-melibi-
ose, L-fucose, D-sorbitol, L-arabinose, caprate, valerate, 
L-histidine, 2-ketogluconate, 3-hydroxy-butyrate, L-pro-
line, L-rhamnose, N-acetyl-D-glucosamine, itaconate, 
suberate, L-alanine, 5-ketogluconate, glycogen, and 
L-serine. Enzymatic activity reaction was positive for es-
terase (C4), leucine arylamidase, acid phosphatase, and 
naphtol-AS-BI-phosphohydrolase; but negative for alka-
line phosphatase, esterase lipase (C8), lipase (C14), valine 
arylamidase, cystine arylamidase, trypsin, α-chymotryp-
sin, α-galactosidase, β-galactosidase, β-glucuronidase, 
α-glucosidase, β-glucosidase, N-acetyl-β-glucosamin-
idase, α-mannosidase, and α-fucosidase. Strain RB28 

( =NIBRBAC000509138) was isolated from an agricul-
tural soil sample, Gyeongsangnam-do, Korea.

Description of Novosphingobium soli RM1

Cells are Gram-satin-negative and rod-shaped. Cell size 
is 0.8-1.0 μm. Colonies are circular, smooth, entire, and 
yellow pigmented after 3 days of incubation at 28°C on 
R2A. Positive for reduction of β-glucosidase (esculin hy-
drolysis), D-glucose, D-maltose, and malate; but negative 
for nitrates to nitrite (NO3

->NO2
-), reduction of nitrates 

to nitrogen, indole production, glucose acidification, 
arginine dihydrolase, urease, protease (gelatin hydroly-
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sis), β-Galactosidase (PNPG), L-arabinose, D-mannose, 
D-mannitol, N-acetyl-D-glucosamine, gluconate, caprate, 
adipate, citrate, and phenyl-acetate. Utilizes D-glucose, 
valerate, 3-hydroxy-butyrate, 4-hydroxy-benzoate, L-pro-
line, L-rhamnose, D-sucrose, D-maltose, and acetate; but 
does not utilize D-mannitol, salicin, D-melibiose, L-fu-
cose, D-sorbitol, L-arabinose, propionate, caprate, citrate, 
L-histidine, 2-ketogluconate, N-acetyl-D-glucosamine, 
D-ribose, inositol, itaconate, suberate, malonate, lactate, 
L-alanine, 5-ketogluconate, glycogen, 3-hydroxy-ben-
zoate, and L-serine. Enzymatic activity reaction was 
positive for alkaline phosphatase, esterase (C4), esterase 
lipase (C8), leucine arylamidase, valine arylamidase, acid 
phosphatase, naphtol-AS-BI-phosphohydrolase, α-gluco-
sidase, and β-glucosidase; but negative for lipase (C14), 
cystine arylamidase, trypsin, α-chymotrypsin, α-galacto-
sidase, β-galactosidase, β-glucuronidase, N-acetyl-β-glu-
cosaminidase, α-mannosidase, and α-fucosidase. Strain 
RM1 (=NIBRBAC000509139) was isolated from an ag-
ricultural soil sample, Chungcheongnam-do, Korea.

Description of Azospirillum thiophilum WD4

Cells are Gram-stain-negative and rod-shaped. Cell 
size is 1.4-1.6 μm. Colonies are irregular, smooth, en-
tire, and white pigmented after 3 days of incubation at 
28°C on R2A. Positive for reduction of nitrates to nitrite 

(NO3
->NO2

-), urease, β-glucosidase (esculin hydroly-
sis), β-Galactosidase (PNPG), D-glucose, L-arabinose, 
D-mannitol, gluconate, caprate, malate, and phenyl-ace-
tate; but negative for indole production, glucose acidifica-
tion, arginine dihydrolase, protease (gelatin hydrolysis), 
D-mannose, N-acetyl-D-glucosamine, D-maltose, adipate, 
and citrate. Utilizes D-mannitol, D-glucose, D-sorbitol, 
L-arabinose, propionate, caprate, valerate, L-histidine, 
2-ketogluconate, 3-hydroxy-butyrate, 4-hydroxy-ben-
zoate, L-proline, D-ribose, malonate, acetate, lactate, 
and L-alanine; but does not utilize salicin, D-melibiose, 
L-fucose, citrate, L-rhamnose, N-acetyl-D-glucosamine, 
inositol, D-sucrose, D-maltose, itaconate, suberate, 5-ke-
togluconate, glycogen, 3-hydroxy-benzoate, and L-ser-
ine. Enzymatic activity reaction was positive for alkaline 
phosphatase, esterase (C4), esterase lipase (C8), leucine 
arylamidase, acid phosphatase, naphtol-AS-BI-phos-
phohydrolase, β-galactosidase, and β-glucosidase; but 
negative for lipase (C14), valine arylamidase, cystine 
arylamidase, trypsin, α-chymotrypsin, α-galactosidase, 
β-glucuronidase, α-glucosidase, N-acetyl-β-glucosamin-
idase, α-mannosidase, and α-fucosidase. Strain WD4 

( =NIBRBAC000509140) was isolated from an agricul-
tural soil sample, Chungcheongnam-do, Korea.

Description of Paraburkholderia graminis WR2

Cells are Gram-stain-negative and rod-shaped. Cell 

size is 1.4-1.6 μm. Colonies are circular, smooth, en-
tire, and yellow pigmented after 3 days of incubation at 
28°C on R2A. Positive for reduction of nitrates to nitrite 

(NO3
->NO2

-), β-Galactosidase (PNPG), D-glucose, 
D-mannose, D-mannitol, N-acetyl-D-glucosamine, gluco-
nate, caprate, malate, and citrate; but negative for indole 
production, glucose acidification, arginine dihydrolase, 
urease, β-glucosidase (esculin hydrolysis), protease (gel-
atin hydrolysis), L-arabinose, D-maltose, adipate, and 
phenyl-acetate. Utilizes D-mannitol, D-glucose, L-fucose, 
caprate, citrate, 2-ketogluconate, L-rhamnose, N-ace-
tyl-D-glucosamine, D-ribose, inositol, D-sucrose, and 
5-ketogluconate; but does not utilize salicin, D-melibiose, 
D-sorbitol, L-arabinose, propionate, valerate, L-histi-
dine, 3-hydroxy-butyrate, 4-hydroxy-benzoate, L-proline, 
D-maltose, itaconate, suberate, malonate, acetate, lactate, 
L-alanine, glycogen, 3-hydroxy-benzoate, and L-serine. 
Enzymatic activity reaction was positive for alkaline 
phosphatase, esterase (C4), esterase lipase (C8), leucine 
arylamidase, valine arylamidase, acid phosphatase, naph-
tol-AS-BI-phosphohydrolase, α-galactosidase, β-galac-
tosidase, and N-acetyl-β-glucosaminidase; but negative 
for lipase (C14), cystine arylamidase, trypsin, α-chymo-
trypsin, β-glucuronidase, α-glucosidase, β-glucosidase, 
α-mannosidase, and α-fucosidase. Strain WR2 ( =NI-
BRBAC000509141) was isolated from an agricultural 
soil sample, Gyeongsangnam-do, Korea.

Description of Pseudooceanicola nitratireducens WS2

Cells are Gram-stain-negative and oval-shaped. Cell 
size is 0.7-0.9 μm. Colonies are circular, smooth, entire, 
and yellow pigmented after 3 days of incubation at 28°C 
on Marine agar. Positive for reduction of nitrates to nitrite 

(NO3
->NO2

-), D-glucose, D-mannitol, D-maltose, glu-
conate, malate, citrate, and phenyl-acetate; but negative 
for indole production, glucose acidification, arginine dihy-
drolase, urease, β-glucosidase (esculin hydrolysis), prote-
ase (gelatin hydrolysis), β-Galactosidase (PNPG), L-arab-
inose, D-mannose, N-acetyl-D-glucosamine, caprate, 
and adipate. D-mannitol, D-glucose, citrate, D-sucrose, 
D-maltose, L-alanine; but does not utilize salicin, D-mel-
ibiose, L-fucose, D-sorbitol, L-arabinose, propionate, 
caprate, valerate, L-histidine, 2-ketogluconate, 3-hy-
droxy-butyrate, 4-hydroxy-benzoate, L-proline, L-rham-
nose, N-acetyl-D-glucosamine, D-ribose, inositol, itacon-
ate, suberate, malonate, acetate, lactate, 5-ketogluconate, 
glycogen, 3-hydroxy-benzoate, and L-serine. Enzymatic 
activity reaction was positive for alkaline phosphatase, 
esterase (C4), esterase lipase (C8), leucine arylamidase, 
acid phosphatase, and naphtol-AS-BI-phosphohydrolase; 
but negative for lipase (C14), valine arylamidase, cystine 
arylamidase, trypsin, α-chymotrypsin, α-galactosidase, 
β-galactosidase, β-glucuronidase, α-glucosidase, β-gluco-
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sidase, N-acetyl-β-glucosaminidase, α-mannosidase, and 
α-fucosidase. Strain WS2 (=NIBRBAC000509142) was 
isolated from a marine soil sample, Jeju Island, Korea.

Description of Pedobacter caeni WS11

Cells are Gram-stain-negative and rod-shaped. Cell 
size is 1.0-1.2 μm. Colonies are irregular, smooth, en-
tire, and white pigmented after 3 days of incubation at 
28°C on R2A. Positive for reduction of β-glucosidase 

(esculin hydrolysis), β-Galactosidase (PNPG), D-glu-
cose, L-arabinose, D-mannose, N-acetyl-D-glucosamine, 
D-maltose, and malate; but negative for nitrates to nitrite 

(NO3
->NO2

-), reduction of nitrates to nitrogen, indole 
production, glucose acidification, arginine dihydrolase, 
urease, protease (gelatin hydrolysis), D-mannitol, glu-
conate, caprate, adipate, citrate, and phenyl-acetate. 
Utilizes D-glucose, salicin, D-melibiose, L-arabinose, 
N-acetyl-D-glucosamine, D-sucrose, and D-maltose; but 
does not utilize D-mannitol, L-fucose, D-sorbitol, pro-
pionate, caprate, valerate, citrate, L-histidine, 2-ketoglu-
conate, 3-hydroxy-butyrate, 4-hydroxy-benzoate, L-pro-
line, L-rhamnose, D-ribose, inositol, itaconate, suberate, 
malonate, acetate, lactate, L-alanine, 5-ketogluconate, 
glycogen, 3-hydroxy-benzoate, and L-serine. Enzymatic 
activity reaction was positive for alkaline phosphatase, es-
terase (C4), esterase lipase (C8), leucine arylamidase, va-
line arylamidase, trypsin, α-chymotrypsin, acid phospha-
tase, naphtol-AS-BI-phosphohydrolase, α-galactosidase, 
β-galactosidase, α-glucosidase, β-glucosidase, N-ace-
tyl-β-glucosaminidase, and α-mannosidase; but negative 
for lipase (C14), cystine arylamidase, β-glucuronidase, 
and α-fucosidase. Strain WS11 (=NIBRBAC000509143) 
was isolated from an agricultural soil sample, Gyeong-
sangnam-do, Korea.
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