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Here we describe indigenous prokaryotic species in Korea, a total of 41 bacterial strains were isolated from
freshwater from the Republic of Korea. From the high 16S rRNA gene sequence similarity (>98.7%) and
formation of a robust phylogenetic clade with the closest species, it was determined that each strain belonged
to predefined bacterial species. There is no official report that these 41 species belonged to 5 phyla, 10
classes, 18 orders, 23 families, and 29 genera, which were assigned to Strepromyces, Mycolicibacterium,
Smaragdicoccus, Nocardiopsis, and Nocardia of the phylum Actinobacteria; Runella, Flavobacterium,
Algoriphagus, Sphingobacterium, and Aequorivita of the phylum Bacteroidota; Paenibacillus, Bacillus,
Metabacillus, and Fredinandcohnia of the phylum Firmicutes; Sphingobium, Erythrobacter, Duganella,
Methylopila, Novosphingobium, Azospirillum, Simplicispira, Corallococcus, Pseudomonas, Devosia,
Pseudorhodoferax, Pseudomonas, Prolinoborus, Pectobacterium, and Aquabacterium of the phylum
Proteobacteria; Proshecobacter of the phylum Verrucomicrobia. Gram reaction, colony and cell morphology,
basic biochemical characteristics, isolation source, and strain IDs are also described in the species description
section.
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INTRODUCTION

Fresh water accounts for 2.5% of the water-based envi-
ronment, and seawater accounts for 97.5%. Fresh water is
slightly different from seawater containing 3.5% salt, and
includes various types of ecosystems, including rivers and
river soils, where water flows depending on the appeal
and altitude difference where the flow is stopped. And it
exists in the form of rivers, lakes, and groundwater, and
accounts for only about 0.6% of the total water system pre-
sent on earth except for glaciers, but it is an essential res-
ource for human survival (Wetzel, 2001). In a freshwater
environment, most dominant prokaryotes are not cultured
except for some groups. Microorganisms are more com-
mon in downstream water than in upstream water, and
there are many low-nutritive microorganisms in upstream
water, and many high-nutritive microorganisms multiply
in downstream water. In general, most groups of bacteria
form biofilm, but fungi and birds are often found. Micro-
organisms living in poor and eutrophobic lakes are also

different. In eutrophobic lakes, photosynthetic bacteria
such as Cyanobacteria multiply in summer. So far, bacterial
clusters in the freshwater environment have been known
as about 20 phyla, and among them, Actinomycetota,
Bacteroidota, Pseudomonadota, Cyanobacteriota, and
Verrucomicrobiota were dominant (Newton et al., 2011).
According to GOLD statistics, environmental bacteria
account for about 10% of all genetic projects, and most
of environmental ecological research is biased toward
digestive organs, oceans, and soil, accounting for 9.2%
of fresh water (Mukherjee et al., 2022). Like the marine
and land environment, freshwater-derived prokaryotes
basically serve as decomposers to convert organic matter
into inorganic substances by transferring organic matter
to higher nutritional levels through microfed networks,
and are well-known for their function in the circulation of
greenhouse gases. Therefore, research on the analysis of
microbial diversity derived from freshwater, which has a
close impact on human life, but relatively insignificant
excavation research, can contribute to the role of freshwater-
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Fig. 1. Transmission and scanning electron micrographs of cells of the strains isolated in this study. Strains: 1, AS51; 2, AS52; 3, CG18; 4, K3;
5,K7;6,Kl11;7,K14; 8, WG6; 9, WGS; 10, CG34; 11, CG59; 12, WGS87; 13, AS37; 14, CG15; 15, CG42; 16, CG50; 17, K21; 18,K69; 19,
CG31; 20, CG69; 21, AS105; 22, AS117; 23, AS127; 24, AS131; 25, AS150; 26, AS199; 27, AS210; 28, MMS21-SJ5-12; 29, MMS21-305;
30, MMS21-MKIW7; 31, MMS21-DHIMA22; 32, MMS21-Sa21; 33, MMS21-DH2R7; 34, MMS21-DH2R2; 35, MMS21-DH3MAT7; 36,
MMS21-DH2MAL11; 37, MMS21-MC1; 38, MMS21-Er7; 39, MMS21-SJ6-8; 40, MMS21-OR1; 41, MMS21-JYBA42.
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RESULTS AND DISCUSSION

The 41 strains were distributed in 10 classes of the Ba-
cilli, Actinomycetia, Alphaproteobacteria, Betaproteo-
bacteria, Gammaproteobacteria, Deltaproteobacteria,
Verrucomicrobiae, Shpingobacteriia, Cytophagia, and
Flavobacteriia; 6 strains for the class Bacilli, 11 strains
for the Actinomycetia, 7 strains for the Alphaproteobac-
teria, 5 strains for the Betaproteobacteria, 4 strains for
the Gammaproteobacteria, 1 strain for the Deltaproteo-
bacteria, 1 strain for the Verrucomicrobiae, 1 strain for
the Shpingobacteriia, 2 strains for the Cytophagia and
3 strains for the Flavobacteriia (Table 1). These strains
were Gram-staining-negative or positive, chemoheterotro-
phic, rod, short-rod and coccoid shaped showing in Fig. 1.

92

100

—
0.02
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The strains in the phylum Actinobacteria (Fig. 2) were
found to belong to 1 class 5 separate genera: Streptomy-
ces (7 species), Mycolicibacterium (1 species), Smarag-
dicoccus (1 species), Nocardiopsis (1 species), Nocardia
(1 species).

Fig. 3 shows phylogenetic assignment of 17 strains of
the phylum Proteobacteria belong to 4 classes 14 separate
genera: Aquabacterium (1 species), Azospirillum (2 spe-
cies), Corallococcus (1 species), Devosia (1 species),
Duganella (1 species), Erythrobacter (1 species), Methylo-
pila (1 species), Novosphingobium (2 species), Pectobac-
terium (1 species), Prolinoborus (1 species), Pseudomonas
(3 species), Pseudorhodoferax (1 species), Simplicispira
(1 species) and Sphingobium (1 species).

Fig. 4 shows phylogenetic assignment of 13 strains of

98 Streptomyces cellostaticus DSM 401897 (KQ948097)
Streptomyces griseochromogenes ATCC 145117 (CP016279)
Streptomyces cellostaticus CG18
Streptomyces graminisoli JR-19T (HQ267975)
Streptomyces shenzhenensis MMS21-OR1
100! Streptomyces shenzhenensis 1721157 (HQ660226)
Streptomyces violarus MMS21-305
W[{ Streptomyces violarus NBRC 13104 (AB184316)
100! Streptomyces arenae ISP 5293 (AJ399485)
— Streptomyces malachitospinus NBRC 1010047 (AB249954)
Streptomyces bullii AS52
SZE Streptomyces bullii C2T (HE591384)
Streptomyces speibonae NRRL B-242407 (JNXMO01000266)
Streptomyces speibonae MMS21-DH1MA22
Streptomyces griseoincarnatus LMG 193167 (AJ781321)
Streptomyces tirandamycinicus HNM0039T (CP029188)
Streptomyces wuyuanensis MMS21-MKJW 7
100! Streptomyces wuyuanensis CGMCC 4.70427 (jgi.1085054)
Streptomyces cocklensis BK168T (FR692107)
Streptomyces bryophytorum WG8
62— Streptomyces bryophytorum NEAU-HZ10T (KF923804)
Nocardiopsis deserti H13T (VWVS01000045)
100|Nocardiopsis dassonvillei subsp. dassonvillei K69

100! Nocardiopsis dassonvillei subsp. dassonvilleiDSM 431117 (ABUI01000017)

72 -Mycolicibacterium aichiense CG42
100 _|: Mycolicibacterium aichiense ATCC 272807 (X55598)
Mycolicibacterium sphagni ATCC 330277 (NOZR01000054)

100|/Smaragdicoccus niigatensis K21
Smaragdicoccus niigatensis DSM 448817 (AQXZ01000013)
90| ——— Rhodococcus defluvii Ca11T (JPOC01000058)
82 Nocardia mikamii NBRC 108933 (BDCM01000035)
W[ENocardia Africana MMS21-JYBA42
66— Nocardia africana DSM 444917 (AF430054)
Thermotomaculum hydrothermale AC55" (AB612241)

Fig. 2. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains in the phylum
Actinobacteria. Bootstrap values (> 60%) are shown in the neighbor-joining method. Bar, 0.02 substitutions per nucleotide position.
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Pseudomonas laurylsulfatiphila AP3_16T (KY462012)
Pseudomonas moorei RW 10T (AM293566)

Pseudomonas neuropathica P1557 (LR797591)
“ Pseudomonas neuropathica CG31
Pseudomonas batumici AS210
Pseudomonas asplenii ATCC 238357 (LT629777)
Pseudomonas huaxiensis WCHPs060044" (MH428812)
100 |Pseudomonas huaxiensis AS199

64l Pseudomonas alkylphenolica KL28T (CP009048)
Prolinoborus fasciculus CIP 1035797 (JN175353)

100 | Prolinoborus fasciculus MMS21-Sa21

98

100 & Acinetobacter albensis ANC 48747 (jgi.1102388)

Pectobacterium aroidearum SCRI 1097 (JN600322)

100 |Pectobacterium aroidearum MMS21-Er7

94 Pectobacterium carotovorum NCPPB 3127 (JQHJ01000001)
Duganella rivi CG34
100 ' Duganella rivi FT55WT (MN865823)
Duganella gianjiadongensis CY13WT (MN865821)

100 JAquabacterium lacunae MMS21-SJ6-8
150 100 Aquabacterium lacunae KMB7T (MG786778)

Aquabacterium fontiphilum CS-6" (EF626687)

98 rPseudorhodoferax aquiterrae AS150

100 Pseudorhodoferax aquiterrae NAFc-7T (GU721026)

90 Pseudorhodoferax soli TBEA3T (EU825700)

Simplicispira lacusdiani CG15
Simplicispira lacusdiani CPCC 1008427 (MG708102)
100 ! Simplicispira soli CA-16T (KY031325)
100 rAzospirillum oryzae AS37
100 Azospirillum oryzae COC8T (AB185396)
Azospirillum palustre B2T (DQ787330)

100 ’Devosia elaeis AS105
Devosia elaeis S377 (KT345712)

90 Devosia albogilva IPL15T (EF433460)

Methylopila capsulate IM1T (AF004844)
100 tMethylopila oligotropha CG59

76 - Methylopila oligotropha 2395AT (KC243676)

— L | 84 rErythrobacter tepidarius K14
64 |:{
100 Erythrobacter colymbi JCM 18338T (MUYK01000003)

Erythrobacter tepidarius DSM 10594T (MUYJ01000004)

100 |:Sphingobium sufflavum K3
a0 100 Sphingobium sufflavum HL-25T (JQ060960)

Sphingobium subterraneum 1-137 (FJ796422)

100 rNovosphingobium sediminis AS117

L Novosphingobium fuchskuhlense FNEO8-7T (KQ954244)

Novosphingobium stygium IFO 160857 (AB025013)

Novosphingobium lentum NBRC 1078477 (BCTW01000008)
Novosphingobium Arabidopsis WG87
100 - Novosphingobium arabidopsis CC-ALB-2T (KC479803)

Corallococcus exiguous DSM 146967 (DQ768121)

5 Corallococcus interemptor CG50

Corallococcus interemptor ABO47AT (MF163313)

Dictyoglomus thermophilum H-6-127 (CP001146)

Fig. 3. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains in the phylum Pro-
terobacteria. Bootstrap values are greater than 60% are shown the neighbor-joining tree method. Bar, 0.02 substitutions per nucleotide position.
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Paenibacillus massiliensis subsp. massiliensis AS51
100 | paenibacillus massiliensis subsp. massiliensis Smarlab BioMol-2301065T (AY230766)
Paenibacillus massiliensis subsp. panacisoli Gsoil 14117 (AB245384)
Paenibacillus odorifer DSM 153917 (CP009428)

100| 100 Paenibacillus ihuae AS127

90 Paenibacillus tritici RTAE36T (KX530777)
Paenibacillus peoriae DSM 83207 (AJ320494)

100 |-Paenibacillus ottowii K11

100 84 L paenibacillus ottowii MS2379T (MH842737)

74 _[Bacillus cytotoxicus MMS21-DH2R7

100 Bacillus pseudomycoides DSM 124427 (ACMX01000133)

'— Bacillus cytotoxicus NVH 391-98T (CP000764)

gg [ Fredinandcohnia onubensis 0911MAR22V3T (NSEB01000017)
100 10 -[

o

Fredinandcohnia salidurans KNUC7312T (KX904715)

'—Fredinandcohnia onubensis MMS21-DH2MA11
78 Metabacillus indicus LMG 22858 (JGVUQ1000003)

94 Metaacillus mangrove MMS21-DH3MA7
100 ! Metabacillus mangrove AK61T (HG974242)

Prosthecobacter algae EBTL04T (JQ319004)

100 L[Prosthecobacter dejongeii CG69

100 L Prosthecobacter dejongeii FC1T (U60012)
e62—Algoriphagus aquaeductus AS131

100 [[

Algoriphagus aquaeductus T4T (EU161637)

100 Algoriphagus aquatilis A8-7T7 (EU313811)
Runella rosea HYN0085™ (MF991894)
100 L[Runella aurantiaca K7
72— Runella aurantiaca YX9T (MH838009)
82 Cphingobacterium canadense MMS21-DH2R2
100 Sphingobacterium caeni DC-8T (JX046042)
L Sphingobacterium canadense CR11T (AY787820)

100

100 rAequorivita sinensis MMS21-MC1
100 _[

% Aequorivita sinensis S1-107 (KF312889)
L— Aequorivita viscosa CGMCC 1.11023T (jgi.1076166)

100 I:Flavobacterium difficile MMS21-SJ5-12
Flavobacterium terrigena DSM 179347 (FNYA01000017)
Flavobacterium rhamnosiphilum LB3P52" (MK346179)
100 Flavobacterium fontis DSM 256607 (jgi.1107739)

100 100

100 [[Flavobacterium squillarum W G6

90! Flavobacterium squillarum CMJ-5T (JQ029111)

——
0.05

Fig. 4. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between the strains in the phylum
Firmicutes, Bacteroidota and Verrucomicrobia. Bootstrap values (>60%) are shown in the neighbor-joining tree. Bar, 0.05 substitutions per
nucleotide position.

the phyla Firmicutes, Bacteroidota and Verrucomicro- thecobacter (1 species), Runella (1 species) and Sphingo-
bia belong to 5 classes 10 separate genera: Aequorivita bacterium (1 species).

(1 species), Algoriphagus (1 species), Bacillus (1 species), Here we report 41 unrecorded bacterial species in Korea
Flavobacterium (2 species), Fredinandcohnia (1 species), belonging to 10 classes of 5 phyla.

Metabacillus (1 species), Paenibacillus (3 species), Pros-
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Description of Paenibacillus massiliensis
subsp. massiliensis AS51

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular and white color after
3 days on R2A at 25°C. In API 20NE, positive for nitrate
reduction, esculin hydrolysis, 3-galactosidase, but nega-
tive for indole production, glucose fermentation, argi-
nine dihydrolase, urease, gelatinase. Utilizes D-glucose,
L-arabinose, D-mannose and D-mannitol. Does not utilize
N-acetyl-glucosamine, D-maltose, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate and
phenylacetic acid. Strain AS51 (=NNIBR2021642BA18)
has been isolated from a freshwater algae sample, An-
seong-si, Korea.

Description of Streptomyces bullii AS52

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are filamentous and white color after
3 days on R2A at 25°C. In API 20NE, positive for nitrate
reduction, esculin hydrolysis, 3-galactosidase, but nega-
tive for indole production, glucose fermentation, argi-
nine dihydrolase, urease, gelatinase. Utilizes D-glucose,
L-arabinose, N-acetyl-glucosamine, D-maltose, potassium
gluconate and malic acid. Does not utilize D-mannose,
D-mannitol, capric acid, adipic acid, trisodium citrate and
phenylacetic acid. Strain AS52 (=NNIBR2021642BA19)
has been isolated from a freshwater algae sample, Anseong-
si, Korea.

Description of Streptomyces cellostaticus CG18

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are filamentous and white — gray
color after 3 days on R2A at 25°C. In API 20NE, positive
for nitrate reduction, urease, esculin hydrolysis, 3-galac-
tosidase, but negative for indole production, glucose fer-
mentation, arginine dihydrolase, gelatinase. Utilizes D-glu-
cose, L-arabinose, D-mannose, N-acetyl-glucosamine,
D-maltose, potassium gluconate, adipic acid and malic
acid. Does not utilize D-mannitol, capric acid, trisodium
citrate and phenylacetic acid. Strain CG18 (=NNIBR2021
642BA20) has been isolated from a freshwater algae sam-
ple, Anseong-si, Korea.

Description of Sphingobium sufflavum K3

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and yellow color after
3 days on R2A at 25°C. In API 20NE, negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis, gelatinase and
p-galactosidase. Utilizes D-glucose and malic acid. Does
not utilize L-arabinose, D-mannose, D-mannitol, N-acetyl-
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glucosamine, D-maltose, potassium gluconate, capric acid,
adipic acid, trisodium citrate and phenylacetic acid. Strain
K3 (=NNIBR2021642BA21) has been isolated from a
freshwater algae sample, Anseong-si, Korea.

Description of Sphingobium sufflavum K7

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and pink color after
3 days on R2A at 25°C. In API 20NE, positive for esculin
hydrolysis, -galactosidase, but negative for nitrate re-
duction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, gelatinase. Utilizes D-glucose,
D-mannose, N-acetyl-glucosamine and D-maltose. Does
not utilize L-arabinose, D-mannitol, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate and
phenylacetic acid. Strain K7 (=NNIBR2021642BA22)
has been isolated from a freshwater algae sample, An-
seong-si, Korea.

Description of Paenibacillus ottowii K11

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular and white color after
3 days on R2A at 25°C. In API 20NE, positive for nitrate
reduction, esculin hydrolysis, gelatinase, but negative for
indole production, glucose fermentation, arginine dihydro-
lase, urease, 3-galactosidase. Utilizes D-glucose, D-man-
nose, D-mannitol and D-maltose. Does not utilize L-arab-
inose, N-acetyl-glucosamine, potassium gluconate, capric
acid, adipic acid, malic acid, trisodium citrate and phenyl-
acetic acid. Strain K11 (=NNIBR2021642BA23) has
been isolated from a freshwater algae sample, Anseong-si,
Korea.

Description of Erythrobacter tepidarius K14

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and orange color after
3 days on R2A at 25°C. In API 20NE, negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis, gelatinase and
[-galactosidase. Utilizes D-glucose, D-mannose and phe-
nylacetic acid. Does not utilize L-arabinose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate,
capric acid, adipic acid, malic acid and trisodium citrate.
Strain K14 (=NNIBR2021642BA24) has been isolated
from a freshwater algae sample, Anseong-si, Korea.

Description of Flavobacterium squillarum WG6

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and yellow color after
3 days on R2A at 25°C. In API 20NE, positive for gelati-
nase, but negative for nitrate reduction, indole production,
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glucose fermentation, arginine dihydrolase, urease, esculin
hydrolysis, 3-galactosidase. Does not utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosa-
mine, D-maltose, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate and phenylacetic acid.
Strain WG6 (=NNIBR2021642BA25) has been isolated
from a freshwater algae sample, Anseong-si, Korea.

Description of Streptomyces bryophytorum WGS8

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are filamentous and ivory color after
3 days on R2A at 25°C. In API 20NE, negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis, gelatinase and
[-galactosidase. Utilizes D-glucose, D-mannose, N-acetyl-
glucosamine, potassium gluconate and adipic acid. Does
not utilize L-arabinose, D-mannitol, D-maltose, capric
acid, malic acid, trisodium citrate and phenylacetic acid.
Strain WG8 (=NNIBR2021642BA26) has been isolated
from a freshwater algae sample, Anseong-si, Korea.

Description of Duganella rivi CG34

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and white color after
3 days on R2A at 25°C. In API 20NE, positive for urease,
esculin hydrolysis, but negative for nitrate reduction, in-
dole production, glucose fermentation, arginine dihydro-
lase, gelatinase and [3-galactosidase. Utilizes D-glucose
and L-arabinose. Does not utilize D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate and
phenylacetic acid. Strain CG34 (= NNIBR2021642BA27)
has been isolated from a freshwater algae sample, An-
seong-si, Korea.

Description of Methylopila oligotropha CG59

Cells are Gram-staining-negative, non-flagellated and
oval-shaped. Colonies are circular and white color after
3 days on R2A at 25°C. In API 20NE, negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis, gelatinase and
[-galactosidase. Utilizes potassium gluconate and malic
acid. Does not utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, capric
acid, adipic acid, trisodium citrate and phenylacetic acid.
Strain CG59 (=NNIBR2021642BA28) has been isolated
from a freshwater algae sample, Anseong-si, Korea.

Description of Novosphingobium arabidopsis WG87

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and yellow color after
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3 days on R2A at 25°C. In API 20NE, positive for urease,
p-galactosidase, but negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase,
esculin hydrolysis, gelatinase. Utilizes D-glucose, L-arab-
inose, D-mannose and potassium gluconate. Does not util-
ize D-mannitol, N-acetyl-glucosamine, D-maltose, capric
acid, adipic acid, malic acid, trisodium citrate and phenyl-
acetic acid. Strain WG87 (=NNIBR2021642BA29) has
been isolated from a freshwater algae sample, Anseong-si,
Korea.

Description of Azospirillum oryzae AS37

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and white color after
3 days on R2A at 25°C. In API 20NE, positive for nitrate
reduction, arginine dihydrolase, urease, esculin hydrolysis,
p-galactosidase, but negative for indole production, glu-
cose fermentation, gelatinase. Utilizes D-glucose, L-arab-
inose, D-mannitol, N-acetyl-glucosamine, potassium
gluconate, capric acid, adipic acid, malic acid, trisodium
citrate and phenylacetic acid. Does not utilize D-mannose
and D-maltose. Strain AS37 (=NNIBR2021642BA30)
has been isolated from a freshwater algae sample, An-
seong-si, Korea.

Description of Simplicispira lacusdiani CG15

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and white color after
3 days on R2A at 25°C. In API 20NE, positive for nitrate
reduction, esculin hydrolysis, but negative for indole
production, glucose fermentation, arginine dihydrolase,
urease, gelatinase, 3-galactosidase. Utilizes D-glucose,
D-mannose, N-acetyl-glucosamine, D-maltose, adipic
acid and malic acid. Does not utilize L-arabinose, D-man-
nitol, potassium gluconate, capric acid, trisodium citrate
and phenylacetic acid. Strain CG15 (=NNIBR2021642
BA31) has been isolated from a freshwater algae sample,
Anseong-si, Korea.

Description of Mycolicibacterium aichiense CG42

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular and yellow color after
3 days on R2A at 25°C. In API 20NE, negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis, gelatinase and
p-galactosidase. Utilizes D-glucose, L-arabinose, D-man-
nose, D-mannitol, potassium gluconate, adipic acid, ma-
lic acid and trisodium citrate. Does not utilize N-acetyl-
glucosamine, D-maltose, capric acid and phenylacetic acid.
Strain CG42 (=NNIBR2021642BA32) has been isolated
from a freshwater algae sample, Anseong-si, Korea.
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Description of Corallococcus interemptor CG50

Cells are Gram-staining-negative, non-flagellated and
coccoid-shaped. Colonies are swarming and dark orange
color after 3 days on R2A at 25°C. In API 20NE, positive
for nitrate reduction, indole production, esculin hydroly-
sis, gelatinase, but negative for glucose fermentation, argi-
nine dihydrolase, urease, 3-galactosidase. Does not utilize
D-glucose, L-arabinose, D-mannose, D-mannitol, N-ace-
tyl-glucosamine, D-maltose, potassium gluconate, capric
acid, adipic acid, malic acid, trisodium citrate and phenyl-
acetic acid. Strain CG50 (=NNIBR2021642BA33) has
been isolated from a freshwater algae sample, Anseong-si,
Korea.

Description of Smaragdicoccus niigatensis K21

Cells are Gram-staining-positive, non-flagellated and
coccoid-shaped. Colonies are circular and dark green color
after 3 days on R2A at 25°C. In API 20NE, positive for
urease, but negative for nitrate reduction, indole produc-
tion, glucose fermentation, arginine dihydrolase, esculin
hydrolysis, gelatinase, 3-galactosidase. Utilize N-acetyl-
glucosamine and malic acid. Does not utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, D-maltose, potas-
sium gluconate, capric acid, adipic acid, trisodium citrate
and phenylacetic acid. Strain K21 (=NNIBR2021642
BA34) has been isolated from a freshwater algae sample,
Anseong-si, Korea.

Description of Nocardiopsis dassonvillei
subsp. dassonvillei K69

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are filamentous and white color
after 3 days on R2A at 25°C. In API 20NE, positive for
esculin hydrolysis, but negative for nitrate reduction, in-
dole production, glucose fermentation, arginine dihydro-
lase, urease, gelatinase, 5-galactosidase. Utilize 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
phenylacetic acid. Strain K69 (=NNIBR2021642BA35)
has been isolated from a freshwater algae sample, An-
seong-si, Korea.

Description of Pseudomonas neuropathica CG31

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are irregular raised undulate and
cream color after 3 days on R2A at 25°C. In API 20NE,
positive for nitrate reduction, arginine dihydrolase and
esculin hydrolysis, but negative for indole production,
glucose fermentation, urease, gelatinase, -galactosidase.
Utilize capric acid and malic acid. Does not utilize D-glu-
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cose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glu-
cosamine, D-maltose, potassium gluconate, adipic acid,
trisodium citrate and phenylacetic acid. Strain CG31
(=NNIBR2021642BA36) has been isolated from a fresh-
water algae sample, Anseong-si, Korea.

Description of Prosthecobacter dejongeii CG69

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and cream color after
3 days on R2A at 25°C. In API 20NE, positive for urease,
but negative for nitrate reduction, indole production, glu-
cose fermentation, arginine dihydrolase, esculin hydroly-
sis, gelatinase, -galactosidase. Utilize D-glucose, D-man-
nose, N-acetyl-glucosamine, D-maltose, malic acid and tri-
sodium citrate. Does not utilize L-arabinose, D-mannitol,
potassium gluconate, capric acid, adipic acid and phenyl-
acetic acid. Strain CG69 (=NNIBR2021642BA37) has
been isolated from a freshwater algae sample, Anseong-si,
Korea.

Description of Devosia elaeis AS105

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and cream color after
3 days on R2A at 25°C. In API 20NE, positive for esculin
hydrolysis, weak positive for 3-galactosidase, but negative
for nitrate reduction, indole production, glucose fermenta-
tion, arginine dihydrolase, urease, gelatinase. Utilize D-glu-
cose, L-arabinose, D-mannose, D-mannitol, N-acetyl-
glucosamine and D-maltose. Does not utilize potassium
gluconate, capric acid, adipic acid, malic acid, trisodium
citrate and phenylacetic acid. Strain AS105 (=NNIBR
2021642BA38) has been isolated from a freshwater algae
sample, Anseong-si, Korea.

Description of Novosphingobium sediminis AS117

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and yellow color after
3 days on R2A at 25°C. In API 20NE, positive for nitrate
reduction and 5-galactosidase, but negative for indole pro-
duction, glucose fermentation, arginine dihydrolase, ure-
ase, esculin hydrolysis and gelatinase. Utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, D-maltose, potas-
sium gluconate and adipic acid. Does not utilize N-acetyl-
glucosamine, capric acid, malic acid, trisodium citrate and
phenylacetic acid. Strain AS117 (=NNIBR2021642BA
39) has been isolated from a freshwater algae sample, An-
seong-si, Korea.

Description of Paenibacillus ihuae AS127

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular and yellow color after
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3 days on R2A at 25°C. In API 20NE, positive for esculin
hydrolysis, gelatinase 3-galactosidase, but negative for
nitrate reduction, indole production, glucose fermentation,
arginine dihydrolase, urease. Utilize D-glucose, L-arabi-
nose, D-mannose, D-mannitol, D-maltose, potassium glu-
conate and malic acid. Does not utilize N-acetyl-glucos-
amine, capric acid, adipic acid, trisodium citrate and phe-
nylacetic acid. Strain AS127 (=NNIBR2021642BA40)
has been isolated from a freshwater algae sample, An-
seong-si, Korea.

Description of Algoriphagus aquaeductus AS131

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and red color after 3 days
on R2A at 25°C. In API 20NE, positive for gelatinase and
p-galactosidase, but negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase,
urease, esculin hydrolysis. Utilize D-glucose, D-mannose,
N-acetyl-glucosamine, D-maltose and phenylacetic acid.
Does not utilize L-arabinose, D-mannitol, potassium gluco-
nate, capric acid, adipic acid, malic acid and trisodium cit-
rate. Strain AS131 (=NNIBR2021642BA41) has been iso-
lated from a freshwater algae sample, Anseong-si, Korea.

Description of Pseudorhodoferax aquiterrae AS150

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and white color after
3 days on R2A at 25°C. In API 20NE, positive for nitrate
reduction and urease, but negative for indole production,
glucose fermentation, arginine dihydrolase, esculin hydro-
lysis, gelatinase, 3-galactosidase. Utilize L-arabinose,
D-mannitol, D-maltose, potassium gluconate, adipic acid
and malic acid. Does not utilize D-glucose, D-mannose,
N-acetyl-glucosamine, capric acid, trisodium citrate and
phenylacetic acid. Strain AS150 (=NNIBR2021642BA
42) has been isolated from a freshwater algae sample, An-
seong-si, Korea.

Description of Pseudomonas huaxiensis AS199

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and red color after 3 days
on R2A at 25°C. In API 20NE, negative for nitrate reduc-
tion, indole production, glucose fermentation, arginine di-
hydrolase, urease, esculin hydrolysis, gelatinase and /3-gal-
actosidase. Utilize D-glucose, D-mannitol, potassium glu-
conate, capric acid, malic acid, trisodium citrate and phe-
nylacetic acid. Does not utilize L-arabinose, D-mannose,
N-acetyl-glucosamine, D-maltose and adipic acid. Strain
AS199 (=NNIBR2021642BA43) has been isolated from
a freshwater algae sample, Anseong-si, Korea.
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Description of Pseudomonas batumici AS210

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular and cream color after
3 days on R2A at 25°C. In API 20NE, negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis, gelatinase and
p-galactosidase. Utilize D-glucose, L-arabinose, D-man-
nose, D-mannitol, potassium gluconate, capric acid, malic
acid and trisodium citrate. Does not utilize N-acetyl-glu-
cosamine, D-maltose, adipic acid and phenylacetic acid.
Strain AS210 (=NNIBR2021642BA44) has been isolated
from a freshwater algae sample, Anseong-si, Korea.

Description of Flavobacterium difficile MMS21-S]J5-12

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular, convex, entire and
yellow color after 3 days on R2A at 30°C. In API 20NE,
positive for esculin hydrolysis and /3-galactosidase, but
negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease and gelatinase.
Does not utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, potassium gluconate, capric acid, malic acid,
trisodium citrate, N-acetyl-glucosamine, D-maltose, adi-
pic acid and phenylacetic acid. Strain MMS21-SJ5-12
(=NNIBR2021642BA51) has been isolated from a fresh-
water sample, Okcheon-gun, Korea.

Description of Streptomyces violarus MMS21-305

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are filamentous, raised, undulate
and yellow color after 3 days on R2A at 30°C. In API
20NE, positive for nitrate reduction, urease, glucose fer-
mentation, gelatinase and 3-galactosidase, but negative
for esculin hydrolysis, indole production and arginine di-
hydrolase. Utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, potassium gluconate, malic acid, trisodium
citrate, N-acetyl-glucosamine, D-maltose and adipic acid.
Does not utilize capric acid and phenylacetic acid. Strain
MMS21-305 (= NNIBR2021642BA46) has been isolated
from a freshwater sample, Gimhae-si, Korea.

Description of Streptomyces wuyuanensis
MMS21-MKJW7

Cells are Gram-staining-positive and rod-shaped. Colon-
ies are filamentous, raised, undulate and brown color after
3 days on R2A at 30°C. In API 20NE, positive for glucose
fermentation, gelatinase and 3-galactosidase, but negative
for nitrate reduction, indole production, arginine dihydro-
lase, urease and esculin hydrolysis. Utilize D-glucose, D-
mannose, N-acetyl-glucosamine, D-maltose, potassium
gluconate and malic acid. Does not utilize L-arabinose,
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adipic acid, D-mannitol, capric acid, trisodium citrate and
phenylacetic acid. Strain MMS21-MKJW7 (=NNIBR
2021642B A45) has been isolated from a freshwater sam-
ple, Gimhae-si, Korea.

Description of Streptomyces speibonae
MMS21-DH1IMA?22

Cells are Gram-staining-positive and rod-shaped. Colon-
ies are circular, convex, entire and gray color after 3 days
on R2A at 30°C. In API 20NE, positive for nitrate reduc-
tion and glucose fermentation, but negative for indole
production, esculin hydrolysis, 3-galactosidase, arginine
dihydrolase, urease and gelatinase. Does not utilize D-glu-
cose, L-arabinose, D-mannose, D-mannitol, potassium
gluconate, capric acid, malic acid, trisodium citrate, N-ace-
tyl-glucosamine, D-maltose, adipic acid and phenylacetic
acid. Strain MMS21-DHIMA22 (=NNIBR2021642BA
48) has been isolated from a freshwater sample, Gongju-
si, Korea.

Description of Prolinoborus fasciculus MMS21-Sa21

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are circular, convex, entire and white
color after 3 days on R2A at 30°C. In API 20NE, positive
for nitrate reduction and urease, but negative for esculin
hydrolysis, 3-galactosidase, indole production, glucose
fermentation, arginine dihydrolase and gelatinase. Does
not utilize D-glucose, L-arabinose, D-mannose, D-manni-
tol, potassium gluconate, capric acid, malic acid, trisodium
citrate, N-acetyl-glucosamine, D-maltose, adipic acid and
phenylacetic acid. Strain MMS21-Sa21 (=NNIBR2021
642BA7) has been isolated from a freshwater sample,
Gangneung-si, Korea.

Description of Bacillus cytotoxicus MMS21-DH2R7

Cells are Gram-staining-positive, flagellate and rod-
shaped. Colonies are rhizoid, raised, undulate and white
color after 3 days on marine agar 2216 at 30°C. In API
20NE, positive for arginine dihydrolase, urease, glucose
fermentation, gelatinase and f3-galactosidase, but nega-
tive for nitrate reduction, indole production and esculin
hydrolysis. Utilize D-glucose, L-arabinose, D-mannose,
D-mannitol and potassium gluconate. Does not utilize
capric acid, malic acid, trisodium citrate, N-acetyl-glucosa-
mine, D-maltose, adipic acid and phenylacetic acid. Strain
MMS21-DH2R7 (= NNIBR2021642BA1) has been iso-
lated from a freshwater sample, Gongju-si, Korea.

Description of Sphingobacterium canadense
MMS21-DH2R2

Cells are Gram-staining-negative, non-flagellated and
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rod-shaped. Colonies are circular, convex, entire and
yellow color after 2 days on R2A at 30°C. In API 20NE,
positive for nitrate reduction, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis and -galacto-
sidase, but negative for indole production and gelatinase.
Utilize D-glucose, L-arabinose, D-mannose, N-acetyl-glu-
cosamine and D-maltose. Does not utilize D-mannitol,
potassium gluconate, capric acid, malic acid, trisodium
citrate, adipic acid and phenylacetic acid. Strain MMS21-
DH2R2 (=NNIBR2021642BA2) has been isolated from
a freshwater sample, Gongju-si, Korea.

Description of Metabacillus mangrovi
MMS21-DH3MA7

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular, convex, entire and
white color after 3 days on marine agar 2216 at 30°C.
In API 20NE, positive for arginine dihydrolase, esculin
hydrolysis, urease, gelatinase and (-galactosidase, but
negative for nitrate reduction, indole production and glu-
cose fermentation. Utilize D-glucose, L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, D-maltose and
potassium gluconate. Does not utilize capric acid, malic
acid, trisodium citrate, adipic acid and phenylacetic acid.
Strain MMS21-DH3MA7 (=NNIBR2021642BA3) has
been isolated from a freshwater sample, Gongju-si, Korea.

Description of Fredinandcohnia onubensis
MMS21-DH2MA11

Cells are Gram-staining-positive, flagellate and rod-
shaped. Colonies are irregular, flat, entire and white color
after 3 days on marine agar 2216 at 30°C. In API 20NE,
positive for nitrate reduction, esculin hydrolysis, gelatinase
and [3-galactosidase, but negative for indole production,
glucose fermentation, arginine dihydrolase and urease.
Utilize L-arabinose, potassium gluconate, N-acetyl-glu-
cosamine and D-maltose. Does not utilize D-glucose,
D-mannose, D-mannitol, capric acid, malic acid, trisodium
citrate, adipic acid and phenylacetic acid. Strain MMS21-
DH2MA11 (=NNIBR2021642BA49) has been isolated
from a freshwater sample, Gongju-si, Korea.

Description of Aequorivita sinensis MMS21-MC1

Cells are Gram-staining-negative, non-flagellated and
rod-shaped. Colonies are beige color after 3 days on
marine agar 2216 at 30°C. In API 20NE, positive for urease
and esculin hydrolysis, but negative for nitrate reduction,
indole production, 3-galactosidase, glucose fermentation,
arginine dihydrolase and gelatinase. Utilize D-mannose,
D-mannitol and trisodium citrate. Does not utilize D-glu-
cose, L-arabinose, N-acetyl-glucosamine, potassium glu-
conate, capric acid, malic acid, D-maltose, adipic acid and



November 2024

phenylacetic acid. Strain MMS21-MC1 (=NNIBR2021
642BA11) has been isolated from a freshwater sample,
Asan-si, Korea.

Description of Pectobacterium aroidearum
MMS21-Er7

Cells are Gram-staining-negative, flagellate and rod-
shaped. Colonies are circular, flat, undulate and white color
after 3 days on R2A at 30°C. In API 20NE, positive for
glucose fermentation, but negative for esculin hydrolysis,
B-galactosidase, nitrate reduction, indole production, argi-
nine dihydrolase, urease and gelatinase. Utilize D-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine and D-maltose. Does not utilize, adipic acid, phe-
nylacetic acid, potassium gluconate, capric acid, malic
acid and trisodium citrate. Strain MMS21-Er7 (=NNIBR
2021642BA10) has been isolated from a freshwater sam-
ple, Daejeon, Korea.

Description of Aquabacterium lacunae MMS21-SJ6-8

Cells are Gram-staining-negative, flagellate and rod-
shaped. Colonies are circular, convex, entire and white color
after 3 days on marine agar 2216 at 30°C. In API 20NE,
positive for esculin hydrolysis, but negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, gelatinase and [-galactosidase.
Utilize D-glucose. Does not utilize L-arabinose, D-man-
nose, D-mannitol, potassium gluconate, capric acid, malic
acid, trisodium citrate, N-acetyl-glucosamine, D-maltose,
adipic acid and phenylacetic acid. Strain MMS21-SJ6-8
(=NNIBR2021642BA47) has been isolated from a fresh-
water sample, Okcheon-gun, Korea.

Description of Streptomyces shenzhenensis
MMS21-OR1

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are circular, convex, entire and
brown color after 3 days on R2A at 30°C. In API 20NE,
positive for urease and esculin hydrolysis, but negative for
nitrate reduction, -galactosidase, indole production, glu-
cose fermentation, arginine dihydrolase, and gelatinase.
Utilize D-mannose, D-mannitol and trisodium citrate.
Does not utilize N-acetyl-glucosamine, potassium gluco-
nate, capric acid, malic acid, D-glucose, L-arabinose, D-
maltose, adipic acid and phenylacetic acid. Strain MMS21-
OR1 (=NNIBR2021642BA9) has been isolated from a
freshwater sample, Cheongju-si, Korea.

Description of Nocardia africana MMS21-JYBA42

Cells are Gram-staining-positive, non-flagellated and
rod-shaped. Colonies are punctiform, convex, entire and
peach color after 3 days on R2A at 30°C. In API 20NE,

Jo et al. Unrecorded bacterial diversity in freshwater ecosystems 365

positive for nitrate reduction, but negative for esculin
hydrolysis, $-galactosidase, indole production, glucose
fermentation, arginine dihydrolase, urease and gelatinase.
Does not utilize D-glucose, L-arabinose, D-mannose,
D-mannitol, potassium gluconate, capric acid, malic acid,
trisodium citrate, N-acetyl-glucosamine, D-maltose, adi-
pic acid and phenylacetic acid. Strain MMS21-JYBA42
(=NNIBR2021642BA8) has been isolated from a fresh-
water sample, Gangneung-si, Korea.
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