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As a part of a comprehesive investigation project of indigenous prokaryotic species in Korea, a total of 32
bacterial strains assigned to the phyla Bacillota were isolated from various environmental niches, including
soil, mud flat, tidal flat, wetland, and seawater. Phylogenetic analysis based on their high 16S rRNA gene
sequence similarities (>98.7%) and the formation of robust phylogenetic clades with their closest related
reported species, each strain was identified as belonging to a distinct and validly published bacterial
species. In the present study, we report 32 species of 22 genera of three families in the phylum Bacillota,
which have not been reported in Korea. These 32 species were assigned to Bacillus, Cytobacillus,
Exiguobacterium, Gotifriedia, Gracilibacillus, Halobacillus, Jeotgalibacillus, Mesobacillus, Metabacillus,
Neobacillus, Ornithinibacillus, Peribacillus, Pontibacillus, Pseudoneobacillus, Robertmurraya,
Siminovitchia, Sutcliffiella, and Virgibacillus of the Family Bacillaceae; Brevibacillus, Fontibacillus,
and Paenibacillus of the Family Paenibacillacea; Staphylococcus of the Family Staphylococcaceae. In
addition, Colony and cell morphology, gram staining, basic biochemical characteristic, isolation source,
and strain ID of each strain are also described in the species descriptions.
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INTRODUCTION utes” in 2021 (Oren and Garrity, 2021) which was first

described by Gibbons and Murray (1978). Bacillota are

The phylum Bacillota is one of the major phyla in ubiquitous in nature, thriving in diverse environments
the domain bacteria that was renamed from “Firmic- ranging from soil and water to the gastrointestinal tracts
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of animals and humans, where they play crucial roles in
nutrient cycling, fermentation, and metabolic processes.
Bacillota species are generally Gram-staining positive,
rod/cocci shaped bacteria with a low G+ C content (Qin
et al., 2010). Cells in this phylum have rigid or semi-rigid
cell wall containing peptidoglycan and some species can
form endospores and have flagella for motility (Gibbons
and Murray, 1978). Bacillota includes several important
bacterial groups, such as industrially valuable lactic ac-
id-producing bacteria, and medically significant species
like Clostridium (Dworkin et al., 2006). At the time of
writing, based on 16S rRNA gene and genome sequenc-
es, the phylum Bacillota comprises seven classes: Bacilli,
Clostridia, Culicoidibacteria, Erysipelotrichia, Limno-
chordia, Negativicutes, and Thermolithobacteria (Oren
and Garrity, 2021). In this study, we collected several en-
vironmental samples from diverse habitats including soil,
mud flat, tidal flat, wetland, and seawater in Korea and
isolated various novel and unrecorded bacterial species.
Consequently, we described 32 bacterial species belong-
ing Bacillota phyla that have not been previously reported
in Korea.

MATERIALS AND METHODS

Thirty-two bacterial species belonging to Bacillota
were isolated from various environment niches including
soil, tidal flat, mud, sediment, seawater, and wetland (Ta-
ble 1). Treatment of environmental samples and bacterial
isolation were handled independently in several labora-
tories. Environmental samples were transported to the
laboratory and stored at 4°C until inoculation. All envi-
ronmental samples were subsequently diluted, and spread
on various culture media including R2A agar (BD; USA),
marine agar 2216 (MA; BD), tryptic soy agar (TSA; BD)
and incubated at 25-37°C for 2-5 days (Table 1). We
used appropriate media for the condition of each environ-
mental sample. Additionally, we further used marine agar
media for some wetland and agricultural soil samples to
isolate salt-tolerant bacterial strains. The designated strain
identifications (IDs), most closely related species, isola-
tion sources, culture media, and incubation conditions are
described in Table 1. All pure culture strains were main-
tained as 10-20% glycerol suspension at —80°C and as
lyophilized ampoules. The 16S rRNA gene sequences
of the strains were aligned with those of the related type
strains of validly published bacterial species collected
from the EzBioClould (https://www.ezbiocloud.net/)
(Yoon et al.,2017). Multiple alignments of the 16S rRNA
gene sequences of the strains and those of the related type
strains were performed using the CLUSTALX program
(Larkin et al., 2007) for the phylogenetic analysis. Phy-
logenetic trees were reconstructed by neighbour-joining
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(NJ), maximum-parsimony (MP), and maximum-likeli-
hood (ML) method (Fitch, 1971; Felsenstein, 1981; Saitou
and Nei, 1987) using the MEGA X program (Kumar et
al., 2018). The Jukes-Cantor model for NJ trees, Min-
mini heuristic algorithm for MP trees, and Tamura-Nei
model for ML trees were used to reconstruct phylogenet-
ic trees (Jukes and Cantor, 1969; Tamura and Nei, 1993;
Nei, 2000). Tree topologies were evaluated on the ba-
sis of bootstrap analysis of 1000 replicates (Felsenstein,
1985). Colony morphology of the strains was observed
by eye or a magnifying glass after the isolates were culti-
vated to their exponential growth phases on their culture
agar media. Cellular morphologies and sizes were exam-
ined by using either transmission electron or scanning
electron microscopy. Gram staining was performed us-
ing a Gram-staining kit according to the manufacturer’s
standard procedures. Biochemical characteristics were
evaluated using the API 20NE kit (bioMérieux, France),
according to the manufacturer’s instructions.

RESuLTS AND DISCUSSION

Thirty-two strains belonging to the phylum Bacillota
were classified in an order; 32 strains in the Bacillales. In
the phylum of Bacillota, one strain was assigned to the
genus Staphylococcus of the family Staphylococcaceae
and twenty one strains in the family Bacillaceae belonged
to 18 different Genera: Bacillus (2 strains), Cytobacillus (1
strain), Exiguobacterium (1 strain), Gottfriedia (1 strain),
Gracilibacillus (1 strain), Halobacillus (1 strain), Jeotgal-
ibacillus (1 strain), Mesobacillus (1 strain), Metabacillus (1
strain), Neobacillus (1 strain), Ornithinibacillus (1 strain),
Peribacillus (1 strain), Pontibacillus (1 strain), Pseudo-
neobacillus (1 strain), Robertmurraya (1 strain), Simino-
vitchia (2 strains), Sutcliffiella (2 strains), and Virgibacillus
(1 strain). Ten strains in the family Paenibacillacea were
separated into three genera: Brevibacillus (1 strain), Fon-
tibacillus (1 strain), and Paenibacillus (8 strains) (Fig. 2).
The 32 strains belonging to Bacillota were isolated from
various environmental habitats, including tidal flat, mud,
sediment, seawater, and wetland, which can be attributed
to their diverse physiological and biochemical character-
istics. All strains were gram-staining negative, and cells
were rods or cocci-shaped (Fig. 1). Other biochemical and
physiological characteristics are described below. In con-
clusion, in this study, we reported 32 unrecorded bacterial
species belonging to bacterial phyla Bacillota which was
isolated in Korea.

Description of Bacillus pumilus SBCC-2286

Cells are Gram-staining positive and rods with flagella.
Colonies are circular to irregular, flat cream colored after
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Fig. 1. Transmission electron micrographs showing the cell morphologies of bacterial strains isolated in this study. The strains were cultured
at their optimal growth conditions. Strains: 1, SBCC-2286; 2, US27; 3, AN479; 4, US12; 5, GM6; 6, CAU 1725; 7, CAU 1720; 8, MMS23-
YR12; 9, CAU 1751; 10, SBCC-1704; 11, DHW12; 12, MBLB2969; 13, SBCC-2316; 14, CAU 1722; 15, SBCC-1576; 16, MBLB3707;
17, CAU 1715; 18, CAU 1724; 19, CAU 1717; 20, CAU 1748; 21, DCW25; 22, MBLB3826; 23, J2W1; 24, SBCC-1747; 25, 16S3E7; 26,
ANG637; 27, SU15; 28, AHW26; 29, MMS23-KR7; 30, DSW28; 31, DCW4; 32, SBCC-2353.
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Fig. 2. A neighbor-joining phylogenetic tree based on 16S rRNA gene sequences, showing the phylogenetic relationships between bacterial
strains isolated in this study and their relatives in the class Bacilli of the phylum Bacillota. Filled circles indicate that both maximum-likeli-
hood and maximum-parsimony trees obtained the same node arrangement, while empty circles indicate either only maximum-likelihood or
maximum-parsimony obtained the same corresponding nodes. Bootstrap values (>70%) are shown on the nodes. Scale bar: 0.02 changes

per nucleotide.

3-5 days of incubation at 25°C on MA. Negative for ni-
trate reduction, indole production, glucose fermentation,
arginine dihydrolase, urease activities. Positive for esculin
hydrolysis, gelatinase, and 3-galactosidase activity. Utilizes

D-glucose, L-arabinose, D-mannose, D-mannitol, N-ace-
tyl-glucosamine, D-maltose, malic acid, and trisodium
citrate. Does not utilize capric acid, adipic acid, and phe-
nylacetic acid. Strain SBCC-2286 (NIBRBAC000510511)
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was isolated from tidal flat from Taean, Chungcheongnam-
do, Korea (36°53'17"N 126°19'39"E).

Description of Bacillus sonorensis US27

Cells are Gram-staining positive and short-rods without
flagella. Colonies are pale yellow, irregular, raised after 2
days of incubation on R2A at 30°C. Positive for nitrate re-
duction, esculin hydrolysis, arginine dihydrolase, esculin
hydrolysis and urease, gelatinase, and f-galactosidase
activities. Negative for indole production, glucose fer-
mentation, urease activities. Utilizes D-glucose, L-arab-
inose, D-mannose, D-mannitol, N-acetyl-glucosamine,
D-maltose, potassium gluconate, malic acid, and trisodi-
um citrate. Does not utilize capric acid, adipic acid and
phenylacetic acid. Strain US27 (NIBRBACO000510636)
was isolated from wetland of Paju, Gyeonggi-do, Korea
(37°44"29.6"N, 126°47'35.2"E).

Description of Cytobacillus horneckiae AN479

Cells are Gram-staining positive and rods without
flagella. Colonies are cream, Round, entire, and raised
after 2 days of incubation on R2A at 28°C. Positive for
nitrate reduction and gelatinase activity. Negative indole
production, glucose fermentation, arginine dihydrolase,
urease activities, esculin hydrolysis, and 3-galactosidase
activity. Utilizes D-maltose, potassium gluconate, adip-
ic acid, malic acid, trisodium, and citrate acid. Does not
utilize D-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, capric acid, and phenylacetic acid.
Strain AN479 (NIBRBACO000510607) was isolated from
wetland of Anseong, Gyeonggi-do, Korea (37°01'02.6"N
127°15'48 9"E).

Description of Exiguobacterium undae US12

Cells are Gram-staining positive and rod-shaped with
1.1-1.2 um in diameter. Colonies are ivory, circular and
raised after 3 days of incubation on R2A at 30°C. Positive
for glucose fermentation, esculin hydrolysis, gelatinase,
and f3-galactosidase activity. Negative for nitrate reduc-
tion, indole production, arginine dihydrolase, and urease
activities. Utilizes D-maltose only and does not utilize
D-glucose, L-arabinose, D-mannose, D-mannitol, N-ace-
tyl-glucosamine, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate, and phenylacetic acid.
Strain US12 (NIBRBACO000510635) was isolated from
wetland of Paju, Gyeonggi-do, Korea (37°44'29.6"N,
126°47'35.2"E).

Description of Gottfriedia acidiceleris GM6

Cells are Gram-staining positive and rod-shaped with-
out flagella. Colonies are yellow, circular, convex, and
transparent after 3 days of incubation on R2A at 30°C.
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Positive for esculin hydrolysis and gelatinase activity.
Negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, and f-galac-
tosidase activity. Does not utilize D-glucose, L-arabinose,
D-mannose, D-mannitol, N-acetyl-glucosamine, D-malt-
ose, potassium gluconate, capric acid, adipic acid, malic
acid, trisodium citrate, and phenylacetic acid. Strain GM6
(NIBRBAC000510645) was isolated from soil of Paju,
Gyeonggi-do, Korea (37°1429.4"N 131°52'00.9"E).

Description of Gracilibacillus halotolerans CAU 1725

Cells are Gram-staining positive and short-rod with
flagella. Colonies are cream, circular, smooth, entire, con-
vex and translucent after 3 days of incubation on MA at
30°C. Positive for esculin hydrolysis and 3-galactosidase
activity. Negative for nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease, and
gelatinase activities. 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
CAU 1725 (NIBRBACO000510782) was isolated from
wetland of Ansan, Gyeonggi-do, Korea (37°17'19.8"N
126°34'57.1"E).

Description of Halobacillus andaensis CAU 1720

Cells are Gram-staining positive and rod-shaped with-
out flagella. Colonies are cream, circular, smooth, entire,
convex and opaques after 3 days of incubation on MA
at 30°C. Positive for esculin hydrolysis, gelatinase, and
[-galactosidase activity. Negative for nitrate reduction,
indole production, glucose fermentation, arginine dihy-
drolase, and urease activity. 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 CAU 1720 (NIBRBACO000510777) was
isolated from mud flat of Ansan, Gyeonggi-do, Korea
(37°14'31.0"N 126°33'38 4"E).

Description of Jeotgalibacillus alkaliphilus
MMS23-YR12

Cells are Gram-staining positive and rod-shaped with-
out flagella. Colonies are ivory, circular, convex and entire
after 3 days of incubation on R2A at 30°C. Positive for ni-
trate reduction, glucose fermentation, esculin hydrolysis,
gelatinase, and (-galactosidase activities. Negative for in-
dole production, arginine dihydrolase, and urease activity.
Utilizes D-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate,
malic acid, and phenylacetic acid. Does not utilize capric
acid, adipic acid, trisodium citrate, and phenylacetic
acid. Strain MMS23-YR12 (NIBRBAC000510826) was
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isolated from soil of Gangneung, Gangwon-do, Korea
(37°47'53"N 128°53'49"E).

Description of Mesobacillus harenae CAU 1751

Cells are Gram-staining positive and short-rod shaped
with flagella. Colonies are cream, circular smooth, con-
vex, entire and opaques after 3 days of incubation on MA
at 30°C. Positive for nitrate reduction. Negative for in-
dole production, glucose fermentation, arginine dihydro-
lase, urease activity, esculin hydrolysis, gelatinase, and
B-galactosidase activities. Utilizes N-acetyl-glucosamine.
Does not utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, D-maltose, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate, and pheny-
lacetic acid. Strain CAU 1751 (NIBRBAC000510787)
was isolated from soil of Ansan, Gyeonggi-do, Korea (37°
14'31.0"N 126°33'38 4"E).

Description of Metabacillus sediminilitoris SBCC-1704

Cells are Gram-staining positive and rod-shaped with-
out flagella. Colonies are light yellow, Irregular, flat, and
glistening after 3 days of incubation on MA at 25°C.
Positive for esculin hydrolysis, and 3-galactosidase ac-
tivity. Negative for nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease, and
gelatinase activities. 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
SBCC-1704 (NIBRBAC000510513) was isolated from
tidal flat of Ansan, Gyeonggi-do, Korea (37°1224"N
126°38"39"E).

Description of Neobacillus massiliamazoniensis
DHW12

Cells are Gram-staining positive and rod-shaped with-
out flagella. Colonies are white, circular, entire convex,
and smooth after 3 days of incubation on R2A at 28°C.
Positive for nitrate reduction, esculin hydrolysis, and
p-galactosidase activity. Negative for indole production,
glucose fermentation, arginine dihydrolase, urease ac-
tivity, gelatinase, activities. Does not utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate, and phenylacetic acid.
Strain DHW 12 (NIBRBAC000510806) was isolated from
soil of Jeonbuk-do, Korea (35°41'29.4"N 126°32'48.8"E).

Description of Ornithinibacillus bavariensis
MBLB2969

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, round, smooth, and flat after
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3 days of incubation on TSA at 30°C. Positive for esculin
hydrolysis, and f3-galactosidase activity. Negative for ni-
trate reduction, indole production, glucose fermentation,
arginine dihydrolase, urease, and gelatinase activities.
Does not utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potassium
gluconate, capric acid, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain MBLB2969 (NI-
BRBAC000510680) was isolated from mud flat of Gyeo-
ngsangbuk-do, Korea (36°37'01.3"N 129°41'36.8"E).

Description of Peribacillus huizhouensis SBCC-2316

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circular to irregular, flat,
smooth and glistening after 3 days of incubation on MA
at 25°C. Positive for urease activity, esculin hydrolysis,
and f3-galactosidase activity. Negative for nitrate reduc-
tion, indole production, glucose fermentation, arginine
dihydrolase, and gelatinase activity. Utilize D-glucose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potas-
sium gluconate, and trisodium citrate. Does not utilize
L-arabinose, D-mannose, capric acid, adipic acid, ma-
lic acid, and phenylacetic acid. Strain SBCC-2316 (NI-
BRBAC000510512) was isolated from tidal flat of Taean
Chungchungnam-do, Korea (36°53'17"N 126°19'39"E).

Description of Pontibacillus litoralis CAU 1722

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, Circular, smooth, entire,
convex, and opaques after 3 days of incubation on MA at
25°C. Positive for esculin hydrolysis and gelatinase activ-
ity. Negative for nitrate reduction, indole production, glu-
cose fermentation, arginine dihydrolase, urease, and 3-ga-
lactosidase activities. 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
CAU 1722 (NIBRBAC000510779) was isolated from
mud flat of Ansan, Gyeonggi-do, Korea (37°17'18.9"N
126°34'56.1"E).

Description of Pseudoneobacillus rhizosphaerae
SBCC-1576

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circular, flat, smooth, and
glistening after 5 days of incubation on MA at 25°C. Posi-
tive for nitrate reduction. Negative indole production, glu-
cose fermentation, arginine dihydrolase, urease activity,
esculin hydrolysis, gelatinase, and 3-galactosidase activi-
ties. 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 SBCC-1576 (NI-
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BRBAC000510517) was isolated from tidal flat of Taean
Chungchungnam-do, Korea (36°5029"N 126°11"24"E).

Description of Robertmurraya siralis MBLB3707

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are white, circle, flat, and entire opaque
after 3 days of incubation on MA at 30°C. Positive for
urease activity. Negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase,
esculin hydrolysis, gelatinase, and 3-galactosidase activ-
ities. Does not utilize D-glucose, L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, D-maltose,
potassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid. Strain MBLB
3707 (NIBRBAC000510683) was isolated from soil of
Gangneung, Gangwon-do, Korea (37°48'14.9"N 128°54'
23 4"E).

Description of Siminovitchia acidinfaciens CAU 1715

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circle, smooth, entire, con-
vex, and translucent after 3 days of incubation on MA
at 30°C. Positive for urease activity, esculin hydrolysis,
and gelatinase activity. Negative for nitrate reduction,
indole production, glucose fermentation, arginine dihy-
drolase, and -galactosidase activities. Utilizes D-glu-
cose, L-arabinose, D-maltose, malic acid, and pheny-
lacetic acid. Does not utilize D-mannose, D-mannitol,
N-acetyl-glucosamine, potassium gluconate, capric
acid, adipic acid, and trisodium citrate. Strain CAU
1715 (NIBRBAC000510774) was isolated from soil of
Gangneung, Gangwon-do, Korea (37°48'14.9"N 128°
5423 4"E).

Description of Siminovitchia composti CAU 1724

Cells are Gram-staining positive and rod-shaped
with flagella. Colonies are cream, circle, smooth, en-
tire, convex, and translucent after 3 days of incubation
on MA at 30°C. Positive for nitrate reduction, esculin
hydrolysis, and gelatinase activity. Negative for indole
production, glucose fermentation, arginine dihydrolase,
urease and [3-galactosidase activity. Utilizes D-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, adipic acid,
and malic acid. Does not utilize capric acid, trisodium
citrate, and phenylacetic acid. Strain CAU 1724 (NI-
BRBACO000510781) was isolated from mud flat of An-
san, Gyeonggi-do, Korea (37°17'19.8"N 126°34'57.1"E).

Description of Sutcliffiella cohnii CAU 1717

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circle, smooth, entire, con-
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vex, and translucent after 3 days of incubation on MA at
30°C. Positive for glucose fermentation, esculin hydro-
lysis, gelatinase, and f3-galactosidase activities. Negative
for nitrate reduction, indole production, arginine dihy-
drolase, urease activity. Utilizes N-acetyl-glucosamine,
D-maltose, potassium gluconate, and trisodium citrate.
Does not utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, capric acid, adipic acid, malic acid, and phe-
nylacetic acid. Strain CAU 1717 (NIBRBAC000510775)
was isolated from mud flat of Ansan, Gyeonggi-do, Korea
(37°14'31.3"N 126°33'38 2"E).

Description of Sutcliffiella rhizosphaerae CAU 1748

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circle, smooth, entire, con-
vex, and translucent after 3 days of incubation on MA
at 30°C. Positive for esculin hydrolysis, gelatinase, and
p-galactosidase activity. Negative for nitrate reduction,
indole production, glucose fermentation, arginine dihy-
drolase, urease activity. Utilizes D-glucose, D-mannitol,
D-maltose, potassium gluconate, malic acid, and triso-
dium citrate. Does not utilize L-arabinose, D-mannose,
N-acetyl-glucosamine, capric acid, adipic acid, and phe-
nylacetic acid. Strain CAU 1748 (NIBRBAC000510785)
was isolated from wetland of Jeongeup, Jeollabuk-do Ko-
rea(35°3129.2"N 126°52'37.5"E).

Description of Virgibacillus indicus DCW25

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circle, entire convex, and
smooth after 3 days of incubation on MA at 28°C. Pos-
itive for esculin hydrolysis, gelatinase, and 3-galacto-
sidase activities. Negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase,
and urease activity. 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 DCW25 (NIBRBAC000510843) was isolated from
mud flat of Ganghwa, Incheon, Korea (37°40'08.8"N
126°20'07.8"E).

Description of Brevibacillus agri MBLB3826

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circle, and flat after 3 days
of incubation on MA at 30°C. Positive for nitrate reduc-
tion, and urease activity. Negative for indole production,
glucose fermentation, arginine dihydrolase, esculin hy-
drolysis, gelatinase, and 3-galactosidase activity. Utilizes
D-glucose, L-arabinose, D-mannitol, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, adipic acid, and
malic acid. Does not utilize D-mannose, capric acid,
trisodium citrate, and phenylacetic acid. Strain MBLB
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3826 (NIBRBAC000510682) was isolated from soil of
Gangneung, Gangwon-do Korea (37°48'14.9"N 128°
5423 A"E).

Description of Fontibacillus aquaticus J2W1

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are white, circle, entire convex, and
smooth after 3 days of incubation on R2A at 28°C. Pos-
itive for esculin hydrolysis, and -galactosidase activity.
Negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease and gelati-
nase activities. Does not utilize D-glucose, L-arabinose,
D-mannose, D-mannitol, N-acetyl-glucosamine, D-malt-
ose, potassium gluconate, capric acid, adipic acid, malic
acid, trisodium citrate, and phenylacetic acid. Strain J2W1
(NIBRBAC000510848) was isolated from soil of Yeong-
wol, Gangwon-do Korea (37°19'08.0"N 128°11'01.7"E).

Description of Paenibacillus piscarius SBCC-1747

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circle, flat, smooth, and glis-
tening after 5-7 days of incubation on MA at 25°C. Pos-
itive for esculin hydrolysis, and f-galactosidase activity.
Negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease and gelatinase
activities. Utilizes L-arabinose, D-mannose, N-acetyl-glu-
cosamine, and potassium gluconate. Does not utilize
D-glucose, D-mannitol, D-maltose, capric acid, adipic
acid, malic acid, trisodium citrate, and phenylacetic acid.
Strain SBCC-1747 (NIBRBAC000510515) was isolated
from tidal flat of Seocheon, Chungcheongnam-do, Korea
(36°01'45"N 126°39'57"E).

Description of Paenibacillus agaridevorans 16S3E7

Cells are Gram-staining negative and rod-shaped
without flagella. Colonies are white, Round with entire
margins after 2 days of incubation on R2A at 30°C. Pos-
itive for esculin hydrolysis and -galactosidase activity.
Negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease and gelatinase
activities. Utilizes D-mannitol, N-acetyl-glucosamine,
D-maltose, adipic acid, and trisodium citrate. Does not
utilize D-glucose, L-arabinose, D-mannose, potassium
gluconate, capric acid, malic acid, and phenylacetic acid.
Strain 16S3E7 (NIBRBAC000510541) was isolated from
soil of Yeoju, Gyeonggi-do, Korea (37°1723.51" N 127°
39'5.92"E).

Description of Paenibacillus rhizoryzae AN637

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are white, Round, entire and convex
after 3 days of incubation on R2A at 28°C. Positive for
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esculin hydrolysis, and -galactosidase activity. Nega-
tive for nitrate reduction, indole production, glucose fer-
mentation, arginine dihydrolase, urease, and gelatinase
activity. Utilizes D-glucose, L-arabinose, D-mannose,
N-acetyl-glucosamine, and D-maltose. Does not utilize
D-mannitol, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate, and phenylacetic acid.
Strain AN637 (NIBRBAC000510612) was isolated from
wetland of Anseong, Gyeonggi-do, Korea (37°01'02.6"N
127°15'48 9"E).

Description of Paenibacillus radicis SU15

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are cream, circle slightly convex, and
glistening after 3 days of incubation on R2A at 25°C. Pos-
itive for esculin hydrolysis and $-galactosidase activity.
Negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, gelatinase and urease
activity. Utilizes L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, and D-maltose. Does not utilize
D-glucose, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate, and phenylacetic acid. Strain
SU15 (NIBRBACO000510754) was isolated from soil of
Nowon, Seoul, Korea (37°3820.4"N 127°02'53.3"E).

Description of Paenibacillus phytorum AHW?26

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are white, circle undulate, convex, and
smooth after 3 days of incubation on R2A at 28°C. Pos-
itive for nitrate reduction, esculin hydrolysis, and [-ga-
lactosidase activity. Negative for indole production, glu-
cose fermentation, arginine dihydrolase, gelatinase and
urease activity. Utilizes D-glucose, D-mannitol, N-ace-
tyl-glucosamine, D-maltose, potassium gluconate, and
malic acid. Does not utilize L-arabinose, D-mannose,
capric acid, adipic acid, trisodium citrate, and pheny-
lacetic acid. Strain AHW26 (NIBRBAC000510803) was
isolated from soil of Pyeongchang, Gangwon-do, Korea
(37°22'18.5"N 128°29'07 4"E).

Description of Paenibacillus plantarum MMS23-KR7

Cells are Gram-staining positive and rod-shaped with-
out flagella. Colonies are transparent, circular, convex,
and entire after 3 days of incubation on R2A at 30°C.
Positive for nitrate reduction, indole production, esculin
hydrolysis, and 3-galactosidase activity. Negative for glu-
cose fermentation, arginine dihydrolase, gelatinase, and
urease activity. Utilizes D-glucose, N-acetyl-glucosamine,
and D-maltose. Does not utilize L-arabinose, D-mannose,
D-mannitol, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate, and phenylacetic acid. Strain
MMS23-KR7 (NIBRBAC000510824) was isolated from
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soil of Gyeongju, Gyeongsangbuk-do, Korea (35°50'17"N
129°17'11"E).

Description of Paenibacillus planticolens DSW28

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are white, circular, entire convex, and
smooth after 3 days of incubation on R2A at 28°C. Posi-
tive for nitrate reduction, esculin hydrolysis, and [3-galac-
tosidase activity. Negative for indole production, glucose
fermentation, arginine dihydrolase, urease and gelatinase
activity. Utilizes D-glucose, N-acetyl-glucosamine, and
D-maltose. Does not utilize L-arabinose, D-mannose,
D-mannitol, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate, and phenylacetic acid. Strain
DSW28 (NIBRBAC000510839) was isolated from soil of
Jeju-do, Korea (33°3125.3"N 126°37'10.6"E).

Description of Paenibacillus aquistagni DCW4

Cells are Gram-staining positive and rod-shaped with
flagella. Colonies are white, circular, entire convex, and
smooth after 3 days of incubation on MA at 28°C. Pos-
itive for esculin hydrolysis and $-galactosidase activity.
Negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, and gelatinase
activity. Utilizes D-glucose, N-acetyl-glucosamine, and
D-maltose. Does not utilize L-arabinose, D-mannose,
D-mannitol, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate, and phenylacetic acid.
Strain DCW4 (NIBRBAC000510845) was isolated from
mud flat of Ganghwa, Incheon, Korea (37°40'08.8"N
126°20'07.8"E).

Description of Staphylococcus shinii SBCC-2353

Cells are Gram-staining positive and coccus-shaped
without flagella. Colonies are milky white, Circular to
slightly irregular, slightly convex, and smooth after 3 days
of incubation on MA at 25°C. Positive for nitrate reduc-
tion, urease activity, and -galactosidase activity. Nega-
tive for indole production, glucose fermentation, arginine
dihydrolase, esculin hydrolysis, and gelatinase activity.
Utilizes D-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate,
malic acid, and trisodium citrate. Does not utilize capric
acid, adipic acid, and phenylacetic acid. Strain SBCC-
2353 (NIBRBAC000510524) was isolated from tidal flat
of Seocheon, Chungcheongnam-do, Korea (36°01'45"N
126°39'57"E).
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