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As a subset study to discover indigenous prokaryotic species in Korea in 2014, a total of 34 bacterial
strains assigned to the phylum Actinobacteria were isolated from various environmental samples col-
lected from activate sludge, biotite, freshwater, gut of marine organisms, mud flat, sediment, soil, spent
mushroom compost and sea water. On the basis of high 16S rRNA gene sequence similarity and a tight
phylogenetic association with the closest species, it was revealed that each strain was assigned to in-
dependent and previously described bacterial species, with the exception of one isolate. There is no offi-
cial report that these 34 species included in the phylum Actinobacteria have been described in Korea: 6
species of 5 genera in the order Corynebacteriales, 1 species of 1 genus in the order Frankiales, 2 spe-
cies of 2 genera in the Micromonosporales, 14 species of 10 genera in Micrococcales, 2 species of 2
genera in the Propionibacteriales, 1 species of 1 genus in the Pseudonocardiales, 4 species of 2 genera
in the Streptomycetales, 2 species of 2 genera in the Streptosporangiales and 1 species of 1 genus in the
Solirubrobacterales. Gram reaction, cell and colony morphology, pigmentation, physiological charac-
teristics, isolation sources and strain IDs are described in the section of species description.
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insertions and deletions in certain proteins, and charac-
teristic gene rearrangements (Goodfellow and Fiedler,

INTRODUCTION

The recently proposed phylum Actinobacteria (Lud-
wig et al., 2012) is composed of aerobic, Gram-stain-
ing-positive bacteria that have high-G + C contents in
their genomic DNAs. They exhibit a very wide range
of morphology and form cocci, rods or fragmented or
branched hyphae depending on species. Some of them
produce resting structure such as spores and sporangium
on permanent, well-developed mycelium (Goodfellow
and Cross, 1984; Ensign, 1992).

The phylum Actinobacteria is well supported by anal-
yses of the 16S and 23S rRNA, presence of conserved

2010) and encompasses six classes Actinobacteria,
Acidimicrobiia, Coriobacteriia, Nitriliruptoria,
Rubrobacteria and Thermoleophilia (Ludwig et al.,
2012).

The class Actinobacteria is composed of 15 orders
Actinomycetales, Actinopolysporales, Bifidobacteriales,
Catenulisporales, Corynebacteriales, Frankiales,
Glycomycetales, Jiangellales, Kineosporiales,
Micromonosporales, Micrococcales, Propionibacteriales,
Pseudonocardiales, Streptomycetales and Streptosporangiales.
Members of this class have been received considerable
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concerns as the source of antibiotics since the discov-
ery of actinomycin from actinomyctes (Waksman and
Woodruff, 1940) and widely distributed in natural en-
vironment such as soil, fresh or sea water, manure and
compost where contribute significantly to turnover of
complex biopolymers as the decomposer (Williams et
al., 1984).

The class Thermoleophila contains two orders
Solirubrobacterales and Thermoleophilales; the for-
mer consists of the families Solirubrobacteraceae,
Conexibacteraceae and Patulibacteraceae, while the
latter comprises the family Thermoleophilaceae (Reddy
and Garcia-Pichel, 2009; Ludwig et al., 2012).

We collected diverse environmental samples for bac-
terial isolation and recovered a great number of indige-
nous bacterial species in Korea by the research program
supported by NIBR (National Institute of Biological
Resources) in 2014. The aim of present study is to deal
with the classification and identification of bacterial
strains assigned to the phylum Actinobacteria which have
not been previously reported in Korea and to describe
34 unrecorded bacterial species belonging to 9 orders of
the two classes Actinobacteria and Thermoleophilia.

MATERIALS AND METHODS

A total of 34 bacterial strains which were assigned to
the phylum Actinobacteria were isolated from various
environmental samples collected from activate sludge,
biotite, freshwater, gut of marine organisms, mud flat,
sediment, soil, spent mushroom compost and sea water
(Table 1). Treatment of environmental samples and
bacterial isolation was done independently in several
laboratories. The pure cultures of isolated bacteria were
grown on diverse culture media including R2A agar
(BD), marine agar 2216 (MA; BD), tryptic soy agar
(TSA; BD), nutrient agar (NA; BD), ISP (International
Streptomyces Project) 2 and 4 media (Shirling & Got-
tlieb, 1966) at 15-30°C for 2-7 day, depending on the
strains. The designated strain IDs, isolation sources, cul-
ture media, and incubation conditions are summarized in
Table 1. The pure cultures were maintained as 10-20%
glycerol suspensions at -80°C and lyophilized ampoules.

Cell morphology was observed by either transmission
or scanning electron microscopy. Gram staining was
performed using a Gram-staining kit according to the in-
structions of the manufacturer. Colony morphology and
pigmentation were observed on agar plates with cells
grown to stationary phase. Utilization of carbon sourc-
es and some biochemical properties were examined by
using API 20NE galleries (bioMérieux) according to the
manufacturer’s instructions.

Bacterial DNA extraction, PCR amplification and
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sequencing of the 16S rRNA gene were performed us-
ing the standard procedures described elsewhere. The
16S rRNA gene sequences of the strains assigned to the
phylum Actinobacteria were compared with the corre-
sponding sequences collected from and the EzTaxon-e
server (Kim et al., 2012) and public database. Multiple
alignments of the sequences were performed using the
Clustal_X program (Thompson et al., 1997) and opti-
mized manually according to the secondary structure of
Escheichia coli. Evolutionary distances were calculated
using the correction of Jukes & Cantor (1969). Phylo-
genetic analyses were performed by using the neigh-
bor-joining (Saitou and Nei, 1987), maximum-parsimo-
ny (Fitch, 1971) and maximum-likelihood (Felsenstein,
1981) treeing algorithms contained in the PHYLIP pack-
age (Felsenstein, 2008). A neighbour-joining tree was
drawn with bootstrap values based on 1,000 replications
(Felsenstein, 1985).

REsuLTS AND DISCUSSION

The 34 strains were found to belong to the two class-
es Actinobacteria (33 strains) and Thermoleophila (1
strains) in the phylum Actinobacteria. Among them, 33
strains were distributed in 8 orders of the Actinobacteria;
6 strains for the order Corynebacteriales, 1 strain for
the Frankiales, 2 strains for the Micromonosporales,
14 strains for the Micrococcales, 2 strain for the
Propionibacteriales, 1 strain for the Pseudonocardiales,
5 strains for the Streptomycetales and 2 strains for the
Streptosporangiales. One strain which belonged to the class
Thermoleophila was assigned to the Solirubrobacterales
(Table 1). These strains were Gram-staining-positive and
chemoheterotrophic and were morphologically charac-
terized by the formation of cocci, rods or mycelia (Fig. 1).
The strains of the order Corynebacteriales (Fig. 2) were
assigned to 5 genera of 3 families: Dietzia (1 species)
the family Dietziaceae, Mycobacterium (2 species) of
the Mycobacteriaceae, Gordonia (1 species), Nocardia (1
species) and Rhodococcus (1 species) of the Nocardiaceae.
In general, members of the genus Nocardia are morpho-
logically characterized by fragmentation of mycelium,
in contrast to other genera of the family Nocardiaceae
having coccoid- or rod-shaped morphology (Good-
fellow and Maldonado, 2012). The Frankiales strain
(Fig. 2) was affiliated to the genus Geodermatophilus
(1 species) of the family Geodermatophilaceae. The 2
Micromonosporales strains were distributed to two gen-
era Actinocatenispora (1 species) and Micromonospora
(1 species) of the family Micromonosporaceae, which
were morphologically characterized by the formation of
mycelia (Fig. 1). The phylogenetic relationships between
the Micrococcales strains and their closest relatives are
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Fig. 1. Transmission electron micrographs or scanning electron micrographs of cells of the strains isolated in this study. Strains: 1, IMCC
12370; 2, WL1; 3, WS80; 4, MN13; 5, NU 4Y-9-1; 6, YB.Ce-3; 7, WM99; 8, BS8; 9, 61DPR39; 10, Ho-02; 11, RMD 3Y-15-4; 12,
HMF2762; 13, NK 4Y-9-3; 14, WW28; 15, EgT0207; 16, KHS04; 17, NK 6Y-6-4; 18, NS 4Y-8-4; 19, 145-10; 20, AXS5; 21, NGS 3Y-15-2;
22,R1-6; 23,N1-9; 24, RK 4Y-2-4; 25, RS 4Y-2-4; 26, RMD 3Y-3-1; 27, NU 4Y-9-4; 28, BBT1; 29, BS22; 30, I1-6; 31, T1-6; 32, 7C-18;

33, WM35; 34, BS10.
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Fig. 2. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationships between the strains isolated in
this study and their relatives of the orders Corynebacteriales, Frankiales and Micromonosporales in the class Actinobacteria. Bootstrap
values (>70%) are shown at the branching points. Asterisks indicate that the corresponding branches were also recovered in both the maxi-
mum-likelihood and maximum-parsimony trees. Bar, 0.02 substitutions per nucleotide position.

given in Fig. 3. The 14 strains belonged to the 9 genera
of 7 families: the genus Brevibacterium (2 species) of the
family Brevibacteriaceae, Cellulomonas (3 species) of
the Cellulomonadaceae, Brachybacterium (1 species) of

the Dermabacteraceae, Ornithinimicrobium (1 species) of
the Intrasporangiaceae, Arthrobacter (2 species), Kocuria
(1 species), Micrococcus (1 species) and Sinomonas (1
species) of the Micrococcaceae, Diaminobutyricibacter
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Fig. 3. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationships between the strains isolated in
this study and their relatives of the order Micrococcales in the class Actinobacteria. Bootstrap values (>70%) are shown at the branching
points. Asterisks indicate that the corresponding branches were also recovered in both the maximum-likelihood and maximum-parsimony

trees. Bar, 0.02 substitutions per nucleotide position.

(1 species) of the Microbacteriaceae and Luteimicrobium
(1 species) of the Promicromonosporaceae. Among them,
the strain belonging to the family Intrasporangiaceae
showed low 16S rRNA gene sequence similarity (96.20
%) to the closest species Ornithinimicrobium murale
(Table 1), suggesting that this isolate represents a nov-
el taxon at the taxonomic ranks of species and genus.

Fig. 4 shows phylogenetic affiliations of the 10 strains
of the orders Propionibacteriales, Pseudonocardiales,
Streptomycetales and Streptosporangiales. The 2 strains
belonged to the orders Propionibacteriales; each strain
was assigned to the genera Kribbella and Nocardioides
of the family Nocardioidaceae, respectively. The order
Pseudonocardiales contained only 1 strain assigned to the
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Bifidobacterium bifidum KCTC 32027 (U25952)

Fig. 4. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationships between the strains isolated in
this study and their relatives of the orders Propionibacteriales, Pseudonocardiales, Streptomycetales and Streptosporangiales in the class
Actinobacteria. Bootstrap values (>70%) are shown at the branching points. Asterisks indicate that the corresponding branches were also
recovered in both the maximum-likelihood and maximum-parsimony trees. Bar, 0.02 substitutions per nucleotide position.

genus Kutzneria of the family Pseudonocardiaceae. The
order Streptomycetales consisted of 5 isolates that were
affiliated to the genera Kitasatospora (1 species) and
Streptomyces (3 species) of the family Streptomycataceae,
some of which formed branched mycelia (Fig. 1). Mem-
bers of the family Streptomycataceae are morphologi-

cally characterized by the formation of well-developed,
branched hypha. Most of them further produced the
chains of spores with the various surface ornamentations
borne on the tips of branched mycelia (Kdmpfer, 2012a;
2012b). The 2 strains of the order Streptosporangiales
were assigned to the genus Actinomadura of the family
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Solirubrobacter soli Gsoil 355" (AB245334)

Conexibacter arvalis KV-962T (AB597950)

Conexibacter woesei DSM 146847 (CP001854)
* Patulibacter minatonensis KV-614T (AB193261)
N Bactoderma rosea CECT 7959T (HE795127)
190 Patulibacter americanus DSM 166767 (ATUD01000029)
Patulibacter ginsengiterrae P4-5T (EU710748)
Patulibacter medicamentivorans 1117 (AGUD01000068)
I— Thermoleophilum album ATCC 35263 (AJ458462)
1-Thermoleophilum minutum ATCC 352687 (AJ458464)

Rubrobacter radiotolerans JCM 21537 (U65647)

Fig. 5. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationships between the strains isolat-
ed in this study and their relatives of the order Solirubrobacterales in the class Thermoleophilia. Bootstrap values (>70%) are shown at
the branching points. Asterisks indicate that the corresponding branches were also recovered in both the maximum-likelihood and maxi-

mum-parsimony trees. Bar, 0.02 substitutions per nucleotide position.

Thermomonosporaceae and the genus Streptosporangium
of the family Stereptosporangiaceae, respectively.
These strains were also characterized by the formation
of branched mycelium (Fig. 1). Members of the genera
Actinomadura and Streptosporangium are further char-
acterized by the formation of short chains of spores and
globose sporangia, respectively (Trujillo and Goodfel-
low, 2012; Quintana and Goodfellow, 2012). Lastly, 1
strain were found to belong to the class Thermoleophilia
and further assigned to the genus Conexibacter of the
Conexibacteraceae in the order Solirubrobacterales
(Fig. 5).

Description of Dietzia schimae IMCC 12370

Cells are Gram-staining-positive, non-flagellated,
non-pigmented and short rod-shaped. Colonies are cir-
cular, convex, smooth and white-colored after 3 days of
incubation on MA at 15°C. Positive for nitrate reduction
in API 20NE but negative for indole production, glu-

cose fermentation, arginine dihydrolase, urease, esculin
hydrolysis, gelatinase and [3-galactosidase. Does not
utilize D-glucose, L-arabinose, D-mannitol, D-mannose,
N-acetyl-glucosamine, D-maltose, gluconate, caprate,
adipate, malate, citrate and phenylacetate. Strain IMCC
12370 (=NIBRBAO0000114860) has been isolated from
seawater, Sokcho, Korea.

Description of Mycobacterium septicum WL1

Cells are Gram-staining-negative, flagellated and rod-
shaped. Colonies are circular, raised, entire and white-
colored after 2 days on R2A at 25°C. Positive for nitrate
reduction, glucose fermentation, urease and f3-galacto-
sidase in API 20NE but negative for indole production,
arginine dihydrolase, esculin hydrolysis and gelatinase.
D-Glucose, L-arabinose, D-mannitol, D-mannose, N-
acetyl-glucosamine, D-maltose, gluconate, malate, citrate
and phenylacetate are utilized. Does not utilize caprate
and adipate. Strain WL1 (=NIBRBAO0000114765) has
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been isolated from freshwater, Jeonju, Korea.

Description of Mycobacterium hodleri WS80

Cells are Gram-staining-positive, non-flagellated,
non-pigmented and rod-shaped. Colonies are circular,
convex, smooth and orange-colored after 3 days on R2A
at 25°C. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, arginine dihydrolase, urease,
esculin hydrolysis, gelatinase and [3-galactosidase in API
20NE. Gluconate is utilized. Does not utilize D-glucose,
L-arabinose, D-mannitol, D-mannose, N-acetyl-glucos-
amine, D-maltose, caprate, adipate, malate, citrate and
phenylacetate. Strain WS80 (=NIBRBA0000115031)
has been isolated from freshwater, Changnyeon, Korea.

Description of Gordonia neofelifaecis MN13

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular and cream-colored
after 3 days on MA at 15°C. Positive for 3-galactosi-
dase in API 20NE but negative for indole production,
arginine dihydrolase, esculin hydrolysis and gelatinase.
D-Glucose, L-arabinose, D-mannitol, N-acetyl-glucos-
amine, gluconate and adipate are utilized. Does not uti-
lize D-mannose, D-maltose, caprate, malate, citrate and
phenylacetate. Strain MN13 (=NIBRBA0000114947)
has been isolated from gut of mugil cephalus, Korea.

Description of Nocardia niigatensis NU 4Y-9-1

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are punctiform dry, flat and or-
ange-colored after 3 days on TSA at 30°C. Positive for
esculin hydrolysis and B-galactosidase in AP 20NE
but negative for nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease and
gelatinase. L-Arabinose, N-acetyl-glucosamine, gluco-
nate and malate are utilized. Does not utilize D-glucose,
D-mannitol, D-mannose, D-maltose, caprate, adipate,
citrate and phenylacetate. Strain NU 4Y-9-1 (=NIBRBA
0000114874) has been isolated from ginseng soil, An-
seong, Korea.

Description of Rhodococcus phenolicus YB.Ce-3

Cells are Gram-staining-positive, non-flagellated,
non-pigmented and coccus or coccoid-rod-shaped. Col-
onies are circular, raised, entire and pale-yellow-colored
after 2 days on R2A at 30°C. Positive for nitrate reduc-
tion, arginine dihydrolase, urease, esculin hydrolysis
and f3-galactosidase in API 20NE but negative for indole
production, glucose fermentation and gelatinase. N-
Acetyl-glucosamine and adipate are utilized. Does not
utilize D-glucose, L-arabinose, D-mannitol, D-mannose,
D-maltose, gluconate, caprate malate, citrate and phenyl-
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acetate. Strain YB.Ce-3 (=NIBRBAO0000114843) has
been isolated from activated sludge, Daejeon, Korea.

Description of Geodermatophilus terrae WM99

Cells are Gram-staining-positive, non-flagellated, non-
pigmented and rod-shaped. Colonies are circular, convex,
smooth and pink-colored after 3 days on R2A at 25°C.
Positive for esculin hydrolysis and nitrate reduction
(weak) but negative for indole production, glucose fer-
mentation, arginine dihydrolase, urease and gelatinase.
D-Glucose, L-arabinose, D-mannose, D-maltose and
malate are utilized. Does not utilize D-mannitol, N-
acetyl-glucosamine, gluconate, caprate, adipate, citrate
and phenylacetate. Strain WM99 (=NIBRBA00001150
29) has been isolated from freshwater, Changnyeong,
Korea.

Description of Actinocatenispora sera BS8

Cells are Gram-staining-positive, non-flagellated, non-
pigmented and branched mycelium-forming. Colonies
are Ienticular, raised, entire and white-colored after 2
days on R2A at 30°C. Positive for nitrate reduction, ar-
ginine dihydrolase, urease, esculin hydrolysis and (3-ga-
lactosidase in API 20NE but negative indole production,
glucose fermentation and gelatinase. D-Glucose, L-arab-
inose, D-mannitol, D-mannose, N-acetyl-glucosamine,
D-maltose, gluconate, adipate, malate and citrate are uti-
lized. Does not utilize caprate and phenylacetate. Strain
BS8 (=NIBRBA0000114830) has been isolated from
spent mushroom compost, Yesan, Korea.

Description of Micromonospora siamensis 61DPR39

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are punctiform, digging and or-
ange-colored on R2A at 25°C. Positive for esculin hy-
drolysis, gelatinase and [-galactosidase in API 20NE but
negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase and urease. D-Glu-
cose, D-mannitol, D-mannose, D-maltose and malate
are utilized. Does not utilize L-arabinose, N-acetyl-glu-
cosamine, gluconate, caprate, adipate, citrate and pheny-
lacetate. Strain 61DPR39 (=NIBRBA0000114798) has
been isolated from freshwater, Daejeon, Korea.

Description of Brevibacterium casei Ho-02

Cells are Gram-staining-negative, non-flagellated,
non-pigmented and rod-shaped. Colonies are circular,
raised, undulate and white-yellow-colored after 2 days
on R2A at 30°C. Positive for gelatinase in API 20NE but
negative for nitrate reduction, indole production, glu-
cose fermentation, arginine dihydrolase, urease, esculin
hydrolysis and 3-galactosidase. D-Glucose, D-mannitol,
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N-acetyl-glucosamine, D-maltose, gluconate, adipate,
malate, citrate and phenylacetate are utilized. Does not
utilize L-arabinose, D-mannose and caprate. Strain Ho-
02 (=NIBRBA0000114825) has been isolated from ac-
tivated sludge, Daejeon, Korea.

Description of Brevibacterium epidermidis RMD
3Y-15-4

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular, entire, convex and
pale-yellow-colored after 2 days on R2A at 30°C. Pos-
itive for glucose fermentation and gelatinase in API
20NE but negative for nitrate reduction, indole produc-
tion, arginine dihydrolase, urease, esculin hydrolysis and
[-galactosidase. D-Glucose, L-arabinose, D-mannitol,
D-mannose, N-acetyl-glucosamine, D-maltose, gluco-
nate, caprate, adipate, malate, citrate, phenylacetate are
utilized. Strain RMD 3Y-15-4 (=NIBRBA0000114878)
has been isolated from ginseng soil, Anseong, Korea.

Description of Cellulomonas cellasea HMF2762

Cells are Gram-staining-positive, flagellated, non-pig-
mented and rod-shaped. Colonies are circular, convex,
entire and yellow-colored after 5 days on R2A at 30°C.
Positive for nitrate reduction and esculin hydrolysis in
API 20NE but negative for indole production, glucose
fermentation, arginine dihydrolase, urease, gelatinase
and B-galactosidase. D-Glucose, L-arabinose, D-man-
nitol, D-mannose, N-acetyl-glucosamine, D-maltose,
gluconate, caprate, adipate, malate, citrate and phenyl-
acetate are not utilized. Strain HMF2762 (=NIBRBA
0000115002) has been isolated from sediment, Taebaek,
Korea.

Description of Cellulomonas biazotea NK 4Y-9-3

Cells are Gram-staining-negative, non-flagellated
and rod-shaped. Colonies are circular, entire, raised
and yellow-colored after 2 days on R2A at 30°C. Pos-
itive for esculin hydrolysis and P-galactosidase in API
20NE but negative nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease and
gelatinase. D-Glucose, L-arabinose, D-mannitol, N-ace-
tyl-glucosamine, D-maltose and gluconate are utilized.
Does not utilize D-mannose, caprate, adipate, malate,
citrate and phenylacetate. Strain NK 4Y-9-3 (=NIBRBA
0000114888) has been isolated from ginseng soil, An-
seong, Korea.

Description of Cellulomonas persica WW28

Cells are Gram-staining-positive, non-pigmented and
rod-shaped. Colonies are circular, smooth, convex and
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light-yellow-colored after 3 days on R2A at 25°C. Pos-
itive for nitrate reduction and esculin hydrolysis and
[-galactosidase in API 20NE but negative for indole
production, glucose fermentation, arginine dihydrolase,
urease and gelatinase. D-Glucose, L-arabinose, D-man-
nitol, D-mannose and D-maltose are utilized. Does not
utilize N-acetyl-glucosamine, gluconate, caprate, adi-
pate, malate, citrate and phenylacetate. Strain WW28
(=NIBRBA0000115028) has been isolated from fresh-
water, Changnyeong, Korea.

Description of Brachybacterium saurashtrense
EgT0207

Cells are Gram-staining-positive, non-flagellated and
coccoid-shaped. Colonies are circular and cream-col-
ored after 3 days on TSA at 25°C. Positive for nitrate
reduction, esculin hydrolysis and [3-galactosidase in API
20NE but negative for indole production, glucose fer-
mentation, arginine dihydrolase, urease and gelatinase.
D-Glucose, D-mannitol and gluconate are utilized. Does
not utilize L-arabinose, D-mannose, N-acetyl-glucos-
amine, D-maltose, caprate, adipate, malate, citrate and
phenylacetate. Strain EgT0207 (= NIBRBA0000114942)
has been isolated from gut of fulvia mutica, Korea.

Description of Ornithinimicrobium murale KHS04

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular and cream-colored
after 3 days on NA at 25°C. Positive for esculin hydro-
lysis and f3-galactosidase in API 20NE but negative for
nitrate reduction, indole production, glucose fermenta-
tion, arginine dihydrolase, urease and gelatinase. D-Glu-
cose, D-mannitol, D-mannose, D-maltose and citrate are
utilized. Does not utilize L-arabinose, N-acetyl-glucos-
amine, gluconate, caprate, adipate, malate and phenylac-
etate. Strain KHS04 (=NIBRBA0000114950) has been
isolated from gut of Todarodes pacificus, Korea.

Description of Arthrobacter chlorophenolicus NK
6Y-6-4

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular, entire, raised and
white-colored after 3 days on NA at 30°C. Positive for
esculin hydrolysis and 3-galactosidase in API 20NE but
negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease and gelati-
nase. D-Glucose, L-arabinose, D-mannitol, D-mannose,
N-acetyl-glucosamine, D-maltose, gluconate, malate,
citrate and phenylacetate are utilized. Does not utilize
caprate and adipate. Strain NK 6Y-6-4 (=NIBRBA
0000114890) has been isolated from ginseng soil, An-
seong, Korea.
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Description of Arthrobacter pascens NS 4Y-8-4

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular, entire, convex and
white-colored after 2 days on R2A at 30°C. Positive for
esculin hydrolysis and [3-galactosidase in API 20NE but
negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease and gelati-
nase. D-Glucose, L-arabinose, D-mannitol, D-mannose,
N-acetyl-glucosamine, D-maltose, gluconate, malate
and citrate are utilized. Does not utilize caprate, adi-
pate and phenylacetate. Strain NS 4Y-8-4 (=NIBRBA
0000114873) has been isolated from ginseng soil, An-
seong, Korea.

Description of Kocuria rosea 145-10

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular, raised, entire and yel-
low-colored after 2 days on TSA at 25°C. Positive for
nitrate reduction and 3-galactosidase in API 20NE but
negative for indole production, glucose fermentation, ar-
ginine dihydrolase, urease, esculin hydrolysis and gelati-
nase. D-Glucose, D-maltose and malate are utilized.
Does not utilize L-arabinose, D-mannitol, D-mannose,
N-acetyl-glucosamine, gluconate, ca prate, adipate,
citrate and phenylacetate. Strain 145-10 (=NIBRBA
0000114763) has been isolated from freshwater, Cheong-
song, Korea.

Description of Micrococcus antarcticus AXS

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular, raised, entire and
pale-yellow-colored after 2 days on R2A at 30°C. Neg-
ative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, esculin hy-
drolysis, gelatinase and [-galactosidase in API 20NE.
D-Glucose, N-acetyl-glucosamine, D-maltose and ma-
late are utilized. Does not utilize L-arabinose, D-manni-
tol, D-mannose, gluconate, caprate, adipate, citrate and
phenylacetate. Strain AX5 (= NIBRBA0000114894) has
been isolated from mud flat, Incheon, Korea.

Description of Sinomonas flava NGS 3Y-15-2

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular, raised, entire and
pale-yellow-colored after 2 days on R2A at 30°C. Pos-
itive for nitrate reduction, esculin hydrolysis and f3-ga-
lactosidase in API 20NE but negative for indole produc-
tion, glucose fermentation, arginine dihydrolase, urease
and gelatinase. D-Glucose, D-mannitol, D-mannose,
D-maltose, gluconate, malate, citrate and phenylacetate
are utilized. Does not utilize L-arabinose, N-acetyl-glu-
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cosamine, caprate and adipate. Strain NGS 3Y-15-2
(=NIBRBAO0000114885) has been isolated from Gin-
seng soil, Anseong, Korea.

Description of Diaminobutyricibacter tongyongensis
R1-6

Cells are Gram-staining-positive, non-flagellated, non-
pigmented and rod-shaped. Colonies are circular, con-
vex, entire and yellow-colored on R2A at 30°C. Positive
for esculin hydrolysis and 3-galactosidase in API 20NE
but negative for nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease and
gelatinase. D-Glucose, L-arabinose, D-mannitol, D-
mannose, N-acetyl-glucosamine, D-maltose, gluconate,
caprate, adipate, malate, citrate and phenylacetate are
not utilized. Strain R1-6 (=NIBRBA0000114812) has
been isolated from soil, Daejeon, Korea.

Description of Luteimicrobium subarcticum N1-9

Cells are Gram-staining-positive, non-flagellated, non-
pigmented and rod-coccus-shaped. Colonies are circular,
convex, entire and white-colored on NA at 30°C. Pos-
itive for esculin hydrolysis and P-galactosidase in API
20NE, weakly positive for nitrate reduction and glucose
fermentation but negative for indole production, argi-
nine dihydrolase, urease and gelatinase. D-Glucose, L-
arabinose, D-mannitol, D-mannose, N-acetyl-glucos-
amine, D-maltose, gluconate, caprate, adipate, malate,
citrate and phenylacetate are not utilized. Strain N1-9
(=NIBRBA0000114811) has been isolated from soil,
Daejeon, Korea.

Description of Kribbella antibiotica RK 4Y-2-4

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are punctiform, dry, flat and white-
colored after 2 days on R2A at 30°C. Positive for urease,
esculin hydrolysis, gelatinase and 3-galactosidase in API
20NE but negative for nitrate reduction, indole produc-
tion, glucose fermentation and arginine dihydrolase. L-
Arabinose, D-mannitol, D-mannose, N-acetyl-glucos-
amine and D-maltose are utilized. Does not utilize D-glu-
cose, gluconate, caprate, adipate, malate, citrate and phe-
nylacetate. Strain RK 4Y-2-4 (=NIBRBA0000114877)
has been isolated from ginseng soil, Anseong, Korea.

Description of Nocardioides albus RS 4Y-2-4

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular, convex, raised and
white-colored after 2 days on ISP4 at 30°C. Positive for
esculin hydrolysis, gelatinase and [3-galactosidase in
API 20NE but negative for nitrate reduction, indole pro-
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duction, glucose fermentation, arginine dihydrolase and
urease. D-Glucose, L-arabinose, D-mannitol, D-man-
nose, N-acetyl-glucosamine, gluconate, adipate and
malate, citrate are utilized. Does not utilize D-maltose,
caprate and phenylacetate. Strain RS 4Y-2-4 (=NIBRBA
0000114880) has been isolated from ginseng soil, An-
seong, Korea.

Description of Kutzneria buriramensis RMD 3Y-3-1

Cells are Gram-staining-positive, non-flagellated
and rod-shaped. Colonies are undulate, dry, flat and
white-colored after 2 days on ISP4 at 30°C. Positive for
[-galactosidase in API 20NE but negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis and gelati-
nase. L-Arabinose and malate are utilized. Does not uti-
lize D-glucose, D-mannitol, D-mannose, N-acetyl-glu-
cosamine, D-maltose, gluconate, caprate, adipate, citrate
and phenylacetate. Strain RMD 3Y-3-1 (=NIBRBA
0000114879) has been isolated from ginseng soil, An-
seong, Korea.

Description of Kitasatospora paranensis NU 4Y-9-4

Cells are Gram-staining-positive, non-flagellated and
coccus-shaped. Colonies are circular, dry, flat and brown-
colored after 3 days on ISP4 at 30°C. Positive for gelati-
nase and [3-galactosidase in API 20NE but negative for
nitrate reduction, indole production, glucose fermenta-
tion, arginine dihydrolase, urease and esculin hydrolysis.
D-Glucose, L-arabinose, D-mannitol, D-mannose, N-
acetyl-glucosamine, D-maltose, gluconate, adipate, ma-
late, citrate and phenylacetate are utilized. Does not uti-
lize caprate. Strain NU 4Y-9-4 (= NIBRBA0000114875)
has been isolated from ginseng soil, Anseong, Korea.

Description of Streptomyces drozdowiczii BBT1

Cells are Gram-staining-positive, non-flagellated,
non-pigmented and branched mycelium-forming. Colo-
nies are lenticular, raised, entire and white-colored after
2 days on R2A at 30°C. Positive for nitrate reduction,
arginine dihydrolase, urease, esculin hydrolysis, gelati-
nase, [3-galactosidase in API 20NE but negative for in-
dole production and glucose fermentation. D-Glucose,
L-arabinose, D-mannitol, D-mannose, N-acetyl-glucos-
amine, D-maltose, gluconate and malate are utilized.
Does not utilize caprate, adipate, citrate and phenylac-
etate. Strain BBT1 (= NIBRBA0000114837) has been
isolated from powder of biotite, Yesan, Korea.

Description of Streptomyces thermocoprophilus BS22

Cells are Gram-staining-positive, non-flagellated, non-
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pigmented and branched mycelium-forming. Colonies
are lenticular, raised, entire and white-colored after 2
days on R2A at 30°C. Positive for nitrate reduction, ar-
ginine dihydrolase, urease, esculin hydrolysis, gelati-
nase, 3-galactosidase in API 20NE but negative for in-
dole production and glucose fermentation. D-Glucose,
L-arabinose, D-mannitol, D-mannose, N-acetyl-glucos-
amine, D-maltose, gluconate, adipate, malate, citrate
and phenylacetate are utilized. Does not utilize caprate.
Strain BS22 (=NIBRBAO0000114835) has been isolated
from spent mushroom compos, Yesan, Korea.

Description of Streptomyces olivochromogenes 11-6

Cells are Gram-staining-positive, non-flagellated, non-
pigmented and branched mycelium-forming. Colonies
are rhizoid, penetrate and light brownish-colored on ISP2
at 30°C. Positive for esculin hydrolysis in API 20NE but
negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, gelatinase and
[-galactosidase. L-Arabinose, D-mannitol, D-mannose,
N-acetyl-glucosamine, D-maltose, gluconate, adipate,
malate, citrate and phenylacetate are utilized. Does not
utilize D-glucose and caprate. Strain 11-6 (= NIBRBA
0000114809) has been isolated from soil, Daejeon, Korea.

Description of Streptomyces tsukubensis T1-6

Cells are Gram-staining-positive, non-flagellated, non-
pigmented and rod-shaped. Colonies are rhizoid, pen-
etrate and white to creamy-colored on TSA at 30°C.
Positive for nitrate reduction arginine dihydrolase and
urease in API 20NE but negative for indole production,
glucose fermentation, esculin hydrolysis, gelatinase and
[-galactosidase. D-Glucose, L-arabinose, D-mannitol,
D-mannose, N-acetyl-glucosamine, D-maltose, gluco-
nate, caprate, adipate, malate, citrate and phenylacetate
are not utilized. Strain T1-6 (=NIBRBAO0000114816)
has been isolated from soil, Daejeon, Korea.

Description of Actinomadura bangladeshensis 7C-18

Cells are Gram-staining-positive, non-flagellated, non-
pigmented and branched mycelium-forming. Colonies
are lenticular, raised, entire and white-colored after 2
days on R2A at 30°C. Positive for arginine dihydrolase
and urease in API 20NE but negative for nitrate reduc-
tion, indole production, glucose fermentation, esculin
hydrolysis, gelatinase and [-galactosidase. D-Glucose,
D-mannose, D-maltose and gluconate are utilized. Does
not utilize L-arabinose, D-mannitol, N-acetyl-glucos-
amine, caprate, adipate, malate, citrate and phenylace-
tate. Strain 7C-18 (=NIBRBA0000114839) has been
isolated from activated sludge, Daejeon, Korea.
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Description of Streptosporangium amethystogenes
WM35

Cells are Gram-staining-positive, non-flagellated, non-
pigmented and branched mycelium-forming. Colonies
are round, circular, convex and pale red-colored after 7
days on R2A at 25°C. Positive for nitrate reduction and
gelatinase in API 20NE but negative for indole produc-
tion, glucose fermentation, arginine dihydrolase, urease,
esculin hydrolysis and f3-galactosidase. D-Maltose and
citrate are utilized. Does not utilize D-glucose, L-arab-
inose, D-mannitol, D-mannose, N-acetyl-glucosamine,
gluconate, caprate, adipate, malate and phenylacetate.
Strain WM35 (=NIBRBA0000115020) has been isolat-
ed from freshwater, Changnyeong, Korea.

Description of Conexibacter arvalis BS10

Cells are Gram-staining-positive, non-pigmented and
rod-shaped. Colonies are circular, raised, entire and
white-colored after 4 days on R2A at 30°C. Positive for
urease and gelatinase in API 20NE but negative for ni-
trate reduction, indole production, glucose fermentation,
arginine dihydrolase, esculin hydrolysis and [-galactosi-
dase. D-Glucose is utilized. Does not utilize L-arabinose,
D-mannitol, D-mannose, N-acetyl-glucosamine, D-malt-
ose, gluconate, caprate adipate, malate, citrate and phe-
nylacetate. Strain BS10 (=NIBRBA0000114831) has
been isolated from spent mushroom compost, Yesan,
Korea.
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