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(Barlow 1955; Lance 1963). Additionally, there has been 
no construction on the banks of the Seomjin River estu-
ary, which has allowed for the natural mixing of seawater 
and freshwater, resulting in a natural watershed. Seasonal 
changes in the salinity of the estuary also cause it to possess 
unique hydrodynamic characteristics.

Recent studies have focused on the symbiotic bacteria 
in the organs of aquatic animals. Symbiotic bacteria have 
been reported to be involved in nutrition and immunity 
of host organisms while maintaining a permanent or tem-
porary symbiotic relationship inside or outside aquatic 
animals (Trabal et al. 2012; Zhang et al. 2016). In addition, 
the importance of microbiota is that the host can use the 
metabolites produced by Symbiotic bacteria (Ringø et al. 
2016). Aquatic animals may have evolved further through 
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INTRODUCTION

Estuaries are transition zones between river and marine 
environments. They possess a mixture of organisms that 
live in freshwater, seawater, and brackish water. From an 
ecological point of view, estuaries gain abundant nutrients 
from land, allowing phytoplankton and salt marsh organ-
isms to reproduce well and have high basic productivity 

(Fisher et al. 1982). Estuaries also act as filtration devic-
es by filtering out suspended substances before they can 
flow into the ocean (Day et al. 1989). This alters osmotic 
and thermal conditions, which in turn affects the basic 
metabolism of living organisms as well as affecting their 
movement, growth, and reproduction. Organisms must 
therefore move to environmentally favorable conditions 
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adaptive immunity with microflora. We describe unrecord-
ed symbiotic microorganisms isolated from Ostrea dense-
lamellosa and Eriocheir japonica collected from Seomjin 
River.

The wild mollusk, Ostrea denselamellosa, lives in the 
Seomjin River. In Korea the O. denselamellosa occurs on 
rocks and gravel on sandy-mud or muddy bottom at depths 
of 3-10 m (Min et al. 2004). O. denselamellosa is viviparous, 
depositing its larvae directly into the water column (Yang 
et al. 1999). O. denselamellosa will be uniformly sized and 
shaped in habitats with uncrowded spaces, with little or no 
interference from other oysters. Thus O. denselamellosa of 
soft substrates becomes a solitary oyster species (Nosewor-
thy et al. 2016). These oysters, known as cherry blossom 
oysters, can be harvested beginning in January; however, 
the best tasting oysters are harvested between March and 
April. They are ten times larger than average oysters, and 
their rich flavor makes them a specialty of the Seomjin Riv-
er.

The crustacean, Eriocheir japonica, can be found in many 
freshwater regions, including the coastal waters of Korea. 
E. japonica hatches in an estuarine watershed with a high 
salt concentration and moves to freshwater where it grows 
gradually (Kobayashi 2011). It continues to grow for 2-3 
years before maturing into an adult and then it returns to 
the estuary for further maturation and spawning. Seaweed 
used to be easily visible and abundant in island rivers and 
mainland river basins. However, the installation of artificial 
structures in rivers altered their habitat, and the prevalence 
of seaweed has been greatly reduced. Fortunately, E. japon-
ica can still be found in the Seomjin River basin, giving us 
the opportunity to conduct this research.

As a part of the research program ‘Research of host asso-
ciated bacteria’, 200 bacterial strains were isolated from O. 
denselamellosa and E. japonica samples collected from the 
Seomjin River in 2019. Using phylogenetic analyses based 
on 16S rRNA gene sequencing, ten bacterial species were 
identified that had not been previously recorded in Korea. 
Here, we report the phylogenetic information and pheno-
typic characteristics of these bacterial species.

MATERIALS AND METHODS

Ostrea denselamellosa and Eriocheir japonica samples 
were collected from Seomjin River in March 2019, using  
standard dilution plating method on marine agar (MA), 
1/10-diluted MA, nutrient agar (NA), tryptic soy agar 

(TSA), Reasoner’s 2A (R2A) or R2A with sea water 

(M-R2A) media and subsequently incubated at 20-25°C 
for 3-7 days. All strains were purified as single colonies 
after serial dilution spreading and the pure cultures were 
stored as 20% glycerol suspension at -80°C and as lyo-
philized ampoules. The designation of strains, source of 
isolation, culture medium, and incubation conditions are 
summarized in Table 1.

Colony morphology of bacterial strains was observed on 
agar plates with a magnifying glass after the cells were cul-
tivated to their stationary phase. Cellular morphology and 
cell size were examined by transmission electron micros-
copy. Gram staining was performed using a Gram-staining 
kit (bioMérieux, France). Biochemical characteristics were 
tested by using API 20NE galleries (bioMérieux, France) 
according to the manufacturer’s instructions.

Bacterial DNA extraction, PCR amplification, and 16S 
rRNA gene sequencing were performed using standard 
procedures. For the phylogenetic analysis, amplification 
of the 16S rRNA gene from strains were performed using 
a standard PCR method with a PCR pre-mix and two uni-
versal bacteria-specific primers (Bac 8F (5ʹ-AGAGTTT-
GATCCTGGCTCAG-3ʹ) and Bac 1492R (5ʹ-GGY-
TACCTTGTTACGACTT-3ʹ)) (Lane 1991). The 16S 
rRNA gene sequences were compared with other bacterial 
strains with validly published names using the EzTaxon-e 
server (Kim et al. 2012). The cutoff value of 98.7% se-
quence similarity was applied for identification. Bacterial 
strains showing 98.7% or higher sequence similarity with 
known bacterial species never reported in Korea were se-
lected as unreported bacterial species. For phylogenetic 
analyses, multiple sequence alignments between the 16S 
rRNA gene sequences of the isolates and those of the refer-
ence type strains were carried out using ClustalW and man-
ually checked with EzEditor ( Jeon et al. 2014). Based on 
the sequences aligned, phylogenetic trees were generated 
by using a neighbor-joining method (Saitou and Nei 1987) 
with the Kimura 2-parameter model (Kimura 1980) imple-
mented in MEGA 7.0 software (Kumar et al. 2016). The 
robustness of the inferred phylogenetic trees was evaluated 
by bootstrap analyses based on 1,000 random re-samplings 

(Felsenstein 1985).

RESULTS AND DISCUSSION

A total of ten bacterial strains were isolated from Ostrea 
denselamellosa and Eriocheir japonica in Seomjin River. The 
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strains represented ten unrecorded species in Korea be-
longing to three phyla, four classes, seven orders, and eight 
genera. The taxonomic composition and identification re-
sults of these species are summarized in Table 1. At the ge-
nus level, these unreported species belonged to the genera 
Pseudoalteromonas (two species), Aliivibrio, Rheinheimera, 
Leucothrix, and Shewanella of the class Gamma-proteobacte-
ria, the genera Olleya (two species) of the class Flavobacte-
riia, the genera Algoriphagus of the class Cytophagia and the 
genera Lactococcus of the class Bacilli. Phylogenetic tree of 
bacterial strains assigned to the class Gamma-proteobacteria 
is shown in Fig. 1 and the three of classes Flavobacteriia, 
Cytophagia and Bacilli is shown in Fig. 2. As expected from 
the high 16S rRNA gene sequence similarities of the ten 
strains with their closest relatives, each strain formed a ro-
bust phylogenetic clade with the most closely related spe-
cies (Figs. 1, 2). The ten unrecorded bacterial species were 
Gram-staining-negative or positive, rod- or coccoid-rod or 
coccobacilli-shaped bacteria (Fig. 3). Other detailed mor-
phological and physiological characteristics are given in 
the strain descriptions. In this study a total of ten bacterial 
species were identified as unrecorded bacterial species that 
have not previously been reported from Korean ecosys-
tems. Although ten unrecorded bacterial species had some 
physiological characteristics different from the previously 
known species, but their morphology and phylogenetic 
analysis showed that they were the same species. There-
fore, here we describe the characteristics of these unreport-
ed bacterial species.

1. ‌�Description of Pseudoalteromonas neustonica 

SJOD-M-26

Cells are Gram-stain-negative, non-flagellated, non-pig-
mented and rod-shaped. Colonies grown on MA are circu-
lar, convex, entire and orange-ivory colored after incuba-
tion for 4 days at 25°C. Positive for glucose fermentation, 
esculin hydrolysis and gelatin hydrolysis in API 20NE, 
but negative for nitrate reduction, indole production, argi-
nine dihydrolase, urease and β-galactosidase. D-Glucose, 
D-mannose, N-acetyl-glucosamine, D-maltose, malic acid 
and trisodium citrate are utilized. Does not utilize L-arabi-
nose, D-mannitol, potassium gluconate, capric acid, adipic 
acid and phenylacetic acid. Strain SJOD-M-26 displays 
the highest 16S rRNA gene sequence similarity with Pseu-
doalteromonas neustonica PAMC 28425T (99.4%). Strain 
SJOD-M-26 (=NNIBR2019642BA2) was isolated from 
an Ostrea denselamellosa sample of Seomjin River. The 
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GenBank accession number of 16S rRNA gene sequence is 
MK955337.

2. ‌�Description of Pseudoalteromonas ulvae 

SJOD-M-14

Cells are Gram-stain-negative, non-flagellated, non-pig-
mented and rod-shaped. Colonies grown on MA are cir-
cular, convex, smooth and cream colored after incubation 
for 2 days at 25°C. Positive for glucose esculin hydrolysis 

and gelatin hydrolysis in API 20NE, but negative for ni-
trate reduction, indole production, glucose fermentation, 
arginine dihydrolase, urease and β-galactosidase. D-Glu-
cose, D-mannose, D-maltose, adipic acid and trisodium 
citrate are utilized. Does not utilize L-arabinose, D-man-
nitol, N-acetyl-glucosamine, potassium gluconate, capric 
acid, malic acid and phenylacetic acid. Strain SJOD-M-14 
displays the highest 16S rRNA gene sequence similari-
ty with Pseudoalteromonas ulvae UL12T (99.4%). Strain 
SJOD-M-14 (=NNIBR2019642BA6) was isolated from 

Fig. 1. Neighbor- joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between the strains isolated in 
this study and their relatives in the class Gamma-proteobacteria. Bootstrap values (>70%) are shown at the nodes. Bar, 0.02 substitutions 
per nucleotide position.
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an Ostrea denselamellosa sample of Seomjin River. The 
GenBank accession number of 16S rRNA gene sequence is 
MK955339.

3. ‌�Description of Rheinheimera pacifica 

SJOD-R-25

Cells are Gram-stain-negative, non-pigmented and rod-
shaped. Colonies grown on R2A are shining, convex, 
smooth and ivory colored after incubation for 4 days at 
25°C. Positive for esculin hydrolysis, gelatin hydrolysis 
and β-galactosidase in API 20NE, but negative for nitrate 
reduction, indole production, glucose fermentation, argi-
nine dihydrolase and urease. D-Glucose and D-maltose 
are utilized. Does not utilize L-arabinose, D-mannose, 
D-mannitol, N-acetyl-glucosamine, potassium gluconate, 
capric acid, adipic acid, malic acid, trisodium citrate and 
phenylacetic acid. Strain SJOD-R-25 displays the highest 
16S rRNA gene sequence similarity with Rheinheimera 
pacifica KMM 1406T (99.9%). Strain SJOD-R-25 (=NNI-
BR2019642BA7) was isolated from an Ostrea denselamello-
sa sample of Seomjin River. The GenBank accession num-
ber of 16S rRNA gene sequence is MK955341.

4. ‌�Description of Shewanella pacifica  

SJEJ-MR-7

Cells are Gram-stain-negative, non-pigmented and rod-
shaped. Colonies grown on R2A with seawater are circular, 
convex, smooth and slightly pink colored after incubation 
for 4 days at 25°C. Positive for nitrate reduction, esculin 
hydrolysis, gelatin hydrolysis and β-galactosidase in API 
20NE, but negative for indole production, glucose fermen-
tation, arginine dihydrolase and urease. Potassium gluco-
nate and malic acid are utilized. Does not utilize D-glu-
cose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glu-
cosamine, D-maltose, capric acid, adipic acid, trisodium 
citrate and phenylacetic acid. Strain SJEJ-MR-7 displays 
the highest 16S rRNA gene sequence similarity with She-
wanella pacifica KMM 3597T (99.3%). Strain SJEJ-MR-7 

(=NNIBR2019642BA9) was isolated from an Eriocheir 
japonica sample of Seomjin River. The GenBank accession 
number of 16S rRNA gene sequence is MK955342.

5. Description of Aliivibrio sifiae SJEJ-M-17

Cells are Gram-stain-negative, non-pigmented and 

Fig. 2. Neighbor- joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between the strains isolated in 
this study and their relatives in the classes Flavobacteriia, Cytophagia and Bacilli. Bootstrap values (>70%) are shown at the nodes. Bar, 0.05 
substitutions per nucleotide position.
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coccoid-rod shaped. Colonies grown on MA are circular, 
smooth and yellow colored after incubation for 4 days at 
25°C. Positive for nitrate reduction, glucose fermentation, 
esculin hydrolysis and β-galactosidase in API 20NE, but 
negative for indole production, arginine dihydrolase and 
urease. L-Arabinose, D-mannose, D-maltose, potassium 
gluconate, malic acid and trisodium citrate are utilized. 
Does not utilize D-glucose, D-mannitol, N-acetyl-glu-
cosamine, capric acid, adipic acid and phenylacetic acid. 
Strain SJEJ-M-17 displays the highest 16S rRNA gene 
sequence similarity with Aliivibrio sifiae HI-1T (99.4%). 
Strain SJEJ-M-17 (=NNIBR2019642BA5) was isolated 
from an Eriocheir japonica sample of Seomjin River. The 
GenBank accession number of 16S rRNA gene sequence is 
MK955338.

6. Description of Leucothrix arctica SJEJ-MR-1

Cells are Gram-stain-negative, non-pigmented and rod-
shaped. Colonies grown on R2A with seawater are circular, 
convex, smooth and yellow colored after incubation for 4 
days at 25°C. Positive for esculin hydrolysis and β-galac-
tosidase in API 20NE, but negative for nitrate reduction, 
indole production, glucose fermentation, arginine dihydro-
lase, urease and gelatin hydrolysis. D-Glucose and potas-
sium gluconate are utilized. Does not utilize L-arabinose, 
D-mannose, D-mannitol, N-acetyl-glucosamine, D-malt-
ose, capric acid, adipic acid, malic acid, trisodium citrate 
and phenylacetic acid. Strain SJEJ-MR-1 displays the high-

est 16S rRNA gene sequence similarity with Leucothrix 
arctica IMCC9719T (98.8%). Strain SJEJ-MR-1 (=NNI-
BR2019642BA8) was isolated from an Eriocheir japonica 
sample of Seomjin River. The GenBank accession number 
of 16S rRNA gene sequence is MK955340.

7. ‌�Description of Olleya marilimosa  

SJOD-MR-31

Cells are Gram-stain-negative, non-flagellated and rod-
shaped. Colonies grown on R2A with seawater are circular, 
convex and orange-yellow colored after incubation for 4 
days at 25°C. Positive for arginine dihydrolase and esculin 
hydrolysis in API 20NE, but negative for nitrate reduction, 
indole production, glucose fermentation, urease, gelatin 
hydrolysis and β-galactosidase. D-Mannose, D-mannitol, 
adipic acid, malic acid and trisodium citrate are utilized. 
Does not utilize D-glucose, L-arabinose, N-acetyl-glucos-
amine, D-maltose, potassium gluconate, capric acid and 
phenylacetic. Strain SJOD-MR-31 displays the highest 
16S rRNA gene sequence similarity with Olleya marili-
mosa CAM030T (99.9%). Strain SJOD-MR-31 (=NNI-
BR2019642BA10) was isolated from an Ostrea denselamel-
losa sample of Seomjin River. The GenBank accession 
number of 16S rRNA gene sequence is MK955343.

8. Description of Olleya algicola SJOD-M-32

Cells are Gram-stain-negative, non-flagellated and rod-

Fig. 3. Transmission electron micrographs of cells of the strains isolated in this study. Strains: 1, SJOD-M-26; 2, SJOD-M-14; 3, 
SJOD-R-25; 4, SJEJ-MR-7; 5, SJEJ-M-17; 6, SJEJ-MR-1; 7, SJOD-MR-31; 8, SJOD-M-32; 9, SJOD-M-3; 10, SJOD-N-4.
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shaped. Colonies grown on MA are circular, convex, 
smooth and yellow colored after incubation for 4 days at 
25°C. Positive for arginine dihydrolase, esculin hydrolysis, 
gelatin hydrolysis and β-galactosidase in API 20NE, but 
negative for nitrate reduction, indole production, glucose 
fermentation and urease. D-Glucose, D-mannose, D-malt-
ose, potassium gluconate, adipic acid and trisodium citrate 
are utilized. Does not utilize L-arabinose, D-mannitol, 
N-acetyl-glucosamine, capric acid, malic acid and pheny-
lacetic. Strain SJOD-M-32 displays the highest 16S rRNA 
gene sequence similarity with Olleya algicola 3Alg 18T 

(100.0%). Strain SJOD-M-32 (=NNIBR2019642BA1) 
was isolated from an Ostrea denselamellosa sample of Seom-
jin River. The GenBank accession number of 16S rRNA 
gene sequence is MK955321.

9. ‌�Description of Algoriphagus marinus 

SJOD-M-3

Cells are Gram-stain-negative, non-flagellated and cocco-
bacilli-shaped. Colonies grown on MA are circular, convex, 
smooth and orange colored after incubation for 7 days at 
25°C. Positive for esculin hydrolysis and β-galactosidase in 
API 20NE, but negative for nitrate reduction, indole pro-
duction, glucose fermentation, arginine dihydrolase, urease 
and gelatin hydrolysis. D-Glucose, D-mannitol, N-ace-
tyl-glucosamine and D-maltose are utilized. Does not uti-
lize L-arabinose, D-mannose, potassium gluconate, capric 
acid, adipic acid, malic acid, trisodium citrate and pheny-
lacetic. Strain SJOD-M-3 displays the highest 16S rRNA 
gene sequence similarity with Algoriphagus marinus am2T 

(99.9%). Strain SJOD-M-3 (=NNIBR2019642BA3) was 
isolated from an Ostrea denselamellosa sample of Seomjin 
River. The GenBank accession number of 16S rRNA gene 
sequence is MK955335.

10. ‌�Description of Lactococcus raffinolactis 

SJOD-N-4

Cells are Gram-stain-negative, non-flagellated and rod-
shaped. Colonies grown on NA are circular, entire, smooth, 
opaque and ivory colored after incubation for 7 days at 
25°C. Positive for esculin hydrolysis and β-galactosidase 
in API 20NE, but negative for nitrate reduction, indole 
production, glucose fermentation, arginine dihydrolase, 
urease and gelatin hydrolysis. D-mannose and D-manni-
tol are utilized. Does not utilize D-glucose, L-arabinose, 
N-acetyl-glucosamine, D-maltose, potassium gluconate, 

capric acid, adipic acid, malic acid, trisodium citrate and 
phenylacetic. Strain SJOD-N-4 displays the highest 16S 
rRNA gene sequence similarity with Lactococcus raffinolac-
tis NBRC 100932T (99.9%). Strain SJOD-M-3 (=NNI-
BR2019642BA4) was isolated from an Ostrea denselamello-
sa sample of Seomjin River. The GenBank accession num-
ber of 16S rRNA gene sequence is MK955336.
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