
IntroductIon

Wetlands are unique environmental areas covered with  
water throughout the year and occupy an environmentally  
and ecologically vital position with functions such as 
bioremediation and carbon storage as ecotones of terres-
trial and aquatic ecosystems (Mulamoottil et al., 1996; 
Jungblut et al., 2012; Hu et al., 2014). Caves are unusual  
environments characterized by fewer nutrients, less light,  
relatively low temperatures, and high humidity (Cheep- 
tham, 2013). Recently, wetlands and caves have been 
recognized as essential environmental sites for isolating 
many previously unrecorded prokaryotic species.

Pseudomonas are gram-negative bacteria belonging to 
the family Pseudomonadaceae of the class Gammaproteo-
bacteria. Many Pseudomonas species are well-known as 
animal or plant pathogens, but some are known to be suit-
able plant growth promotion, biocontrol, and bio-reme-
diation agents (Weller and Cook, 1983; Sah et al., 2021; 
Vález et al., 2021; Ridene et al., 2023). Since the genome 
sequence of P. aeruginoas PAO1 was determined in 2000, 
more than 500 complete Pseudomonas genomes have 
been registered in the NCBI GenBank as of 2020. 

The genus Paenibacillus, a member of the family Paeni- 
bacillaceae, was reclassified as a separate genus with the 
type species Paenibacillus polymyxa from Bacillus by Ash  
et al. (1993). Most members of the genus Paenibacillus 

are essential microorganisms for application in the agri-
culture, food, and medical industries (Padda et al., 2017; 
Daud et al., 2019). Paenibacillus species have been iso-
lated from various environmental sources including soil, 
fresh- and saltwater, caves, air, sediment, rhizosphere, 
plants, food, insect larvae, and blood cultures (Baik et al., 
2001; Berge et al., 2002; Scheldeman et al., 2004; Roux 
and Raout, 2004; Choi et al., 2008; Ashraf et al., 2017). 

MaterIals and Methods

A total of 100 mg of soil sample was suspended with 
100 mL of sterile water, diluted 10-1-10-5 times in sterile 
water, plated on trypticase soy agar (TSA), and incubated 
at 30℃ for three days. Colonies grown on TSA medium 
were transferred to a new medium and incubated at 30℃ 
for three days to confirm that it is a pure culture.

The 16S rRNA gene sequence was searched for homol-
ogy with sequences from GenBank, using the BLASTN 
program of the National Center for Biotechnology Infor-
mation. The EzTaxon database (http://www.ezbiocloud.
net/) was used for the analysis of 16S rRNA gene sequence  
homology with the type strain (Chun et al., 2007). Phylo-
genetic analysis was performed based on the 16S rRNA 
gene sequences of the type strains provided in the EzTaxon  
database using ClustalW, which was implemented in the 
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MEGA X program (Kumar et al., 2018). 
Bacterial strains were stained using a gram stain kit (BD,  

USA) according to the manufacturer’s instructions and 
observed with a light microscope. The biochemical char-
acteristics and enzyme production of the strains were 
tested using API 20NE and API ZYM strips (Biomérieux, 
France) according to the manufacturer’s instructions. In 
addition, the cells were stained with 1% phosphotungstic  
acid and observed using a transmission electron micro-
scope (JEM1010, JEOL, Japan) to determine cellular mor-
phology, including cell shape and size, and the presence  
of flagella.

results and dIscussIon

Based on a 16S rRNA gene sequence similarity search 
of 134 bacterial strains isolated from soil samples of an 
alpine wetland on Mt. Sinbul, two unreported bacterial 
species in Korea were identified. Four strains showing 
over 98.7% 16S rRNA gene sequence similarity with un-
recorded bacterial species in Korea were isolated from 
38 bacterial strains obtained from a soil sample collected  
from Seongnyugul Cave. Identification of the isolates 
based on 16S rRNA gene sequence similarity was con-
firmed using phylogenetic tree analysis. The neighbor- 
joining phylogenetic tree indicated a close relationship 
between the isolates and the type strains of each corre-
sponding species. Taxonomic composition and identifi-
cation results are presented in Table 1. Strains SBS2-5, 
SRC3-8, SRC1-1, SRC1-3, and SRC3-1 were assigned 
to the family Pseudomonadaceae, whereas strain SBS9-6 
was assigned to the family Paenibacillaceae. 

The detailed morphological and physiological charac-
teristics are elucidated in the strain descriptions. 

Description of Pseudomonas viciae SBS2-5

The cells of Pseudomonas viciae SBS2-5 are aerobic, 
gram-negative, flagellated, and rod shaped. Colonies are 
circular, convex, and smooth after incubation for 24 h on 
TSA at 30℃. The cells are positive for nitrate reduction, 
arginine dihydrolase, and gelatin hydrolysis; but nega-
tive for indole production, glucose fermentation, urease, 
esculin hydrolysis, and β-galactosidase in API 20NE. 
D-Glucose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, gluconate, capric acid, malic acid, and trisodium 
citrate are utilized as sole carbon sources; but not L-arab-
inose, D-maltose, adipic acid, or phenylacetic acid. Strain 
SBS2-5 (NIBRBAC000510249) was isolated from a soil 
sample of an alpine wetland on Mt. Sinbul, Uljin-gun, 
Gyeongsanbuk-do, Korea. The GenBank accession num- 
ber for the 16S rRNA gene sequence of SBS2-5 is OR230 
093. 
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Description of Pseudomonas atagonensis SRC3-8

The cells of Pseudomonas atagonensis SRC3-8 are aero- 
bic, gram-negative, flagellated, and rod shaped. Colonies 
are circular, convex, moist, and creamy white after incu-
bation for 24 h on TSA at 30℃. 

The cells are positive for nitrate reduction, arginine  
dihydrolase, and gelatin hydrolysis; but negative for indole  
production, glucose fermentation, urease, esculin hydro- 
lysis, and β-galactosidase in API 20NE. D-Glucose, L-ara- 
binose, D-mannose, D-mannitol, N-acetyl-glucosamine, 
gluconate, capric acid, malic acid, and trisodium citrate are 
utilized as sole carbon sources; but not D-maltose, adipic  
acid, or phenylacetic acid. Strain SRC3-8 (NIBRBAC000 
510251) was isolated from a soil sample collected from 
the Seongnyugul Cave, Uljin-gun, Gyeongsanbuk-do, 
Korea. The GenBank accession number for the 16S rRNA 
gene sequence of strain SRC3-8 is OR230092.

Description of Pseudomonas farsensis SRC1-1

The cells of Pseudomonas farsensis SRC1-1 are aero-
bic, gram-negative, flagellated, and rod shaped. Colonies 
are circular, convex, smooth, and cream-colored after in-
cubation for 24 h on TSA at 30℃. The cells are positive 
for nitrate reduction and arginine dihydrolase; but nega-
tive for indole production, glucose fermentation, urease, 
esculin hydrolysis, gelatin hydrolysis, and β-galactosidase 

in API 20NE. D-Glucose, D-mannose, gluconate, capric 
acid, malic acid, trisodium citrate, and phenylacetic acid 
were utilized as sole carbon sources; but not L-arabinose, 
D-mannitol, N-acetyl-glucosamine, D-maltose, and adipic 
acid. Strain SRC1-1 (NIBRBAC000510252) was isolated 
from a soil sample collected from the Seongnyugul Cave, 
Uljin-gun, Gyeongsanbuk-do, Korea. The GenBank  
accession number for the 16S rRNA gene sequence of 
strain SRC1-1 is OR230089.

Description of Pseudomonas arcuscaelestis SRC1-3

The cells of Pseudomonas arcuscaelestis SRC1-3 are 
aerobic, gram-negative, flagellated, and rod shaped. Colo-
nies are circular, convex, smooth, and cream-colored after 
incubation for 24 h on TSA at 30℃. The cells are positive 
for nitrate reduction, arginine dihydrolase, and gelatin  
hydrolysis; but negative for indole production, glucose 
fermentation, urease, esculin hydrolysis, and β-galacto-
sidase in API 20NE. D-Glucose, gluconate, capric acid, 
malic acid, and trisodium citrate, are utilized as sole car-
bon sources; but not D-mannose, L-arabinose, D-man-
nitol, N-acetyl-glucosamine, D-maltose, adipic acid, and 
phenylacetic acid. Strain SRC1-3 (NIBRBAC000510253) 
was isolated from soil samples collected from the Seon-
gnyugul Cave, Uljin-gun, Gyeongsanbuk-do, Korea. The 
GenBank accession number for the 16S rRNA gene seq- 

Fig. 1. Transmission electron micrographs of the strains in this study. Strains: 1, SBS2-5; 2, SRC3-8; 3, SRC1-1; 4, SRC1-3; 5, SRC3-1; 6, 
SBS9-6. 
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uence of strain SRC1-3 is OR230090.

Description of Pseudomonas hutmensis SRC3-1

The cells of Pseudomonas hutmensis SRC3-1 are aero-
bic, gram-negative, flagellated, and rod shaped. Colonies 
are circular, convex, smooth, moist, and creamy white 
after incubation for 24 h on TSA at 30℃. The cells are 
positive for nitrate reduction and arginine dihydrolase; 
but negative for indole production, glucose fermentation, 
urease, esculin hydrolysis, gelatin hydrolysis, and β-gal- 
actosidase in API 20NE. D-Glucose, gluconate, capric 
acid, malic acid, trisodium citrate, and phenylacetic acid 
are utilized as sole carbon sources; but not D-mannose, 
L-arabinose, D-mannitol, N-acetyl-glucosamine, D-malt-
ose, or adipic acid. Strain SRC3-1 (NIBRBAC000510254) 
was isolated from a soil sample collected from the Seon-
gnyugul Cave, Uljin-gun, Gyeongsanbuk-do, Korea. The 

GenBank accession number for the 16S rRNA gene seq- 
uence of strain SRC3-1 is OR230091.

Description of Paenibacillus pseudetheri SBS9-6

The cells of Paenibacillus pseudetheri SBS9-6 are 
aerobic, gram-positive, flagellated, and rod shaped. Col-
onies are creamy, smooth with irregular margins, and 
cream-colored after incubation for 24 h on TSA at 30℃. 
The cells are positive for nitrate reduction, esculin hydro-
lysis, and β-galactosidase; but negative for indole produc-
tion, glucose fermentation, arginine dihydrolase, urease, 
and gelatin hydrolysis in API 20NE. D-Glucose, N-acetyl- 
glucosamine, and D-maltose are utilized as sole carbon 
sources; but not D-mannose, D-mannitol, gluconate, 
capric acid, malic acid, trisodium citrate, L-arabinose, 
adipic acid, and phenylacetic acid. Strain SBS9-6 (NIBR 
BAC000510250) was isolated from a soil sample col-

Fig. 2. Neighbor-joining phylogentic tree based on 16S rRNA gene sequences of the isolates in this study and their relatives of the ge-
nus Pseudomonas. Strain: SBS2-5, SRC3-8, SRC1-1, SRC1-3, SRC3-1. Bootstrap values (>50%) are shown above nodes for the neigh-
bor-joining methods. Bar: 0.01 substitutions per nucleotide position. 
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lected from an alpine wetland on Mt. Sinbul, Uljin-gun, 
Gyeongsanbuk-do, Korea. The GenBank accession num-
ber for the 16S rRNA gene sequence of strain SBS9-6 is 
OR230094.
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