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Introduction

While molecular methods have supplanted traditional 
microbiological culture-based tools as the favored method 
of identification of microorganisms, isolation of cultivable 
bacterial strains is still useful in helping to understand the 
physiological and functional properties of bacteria (Stew-
art, 2012). Toward this end, the Korean government is 
directing projects to examine and gather unrecorded bac-
terial species in Korea as a part of a larger catalogue of 
indigenous genetic resources. Through this effort, a num-
ber of unrecorded bacterial species have been discovered 
and registered in the national resource database of Korea 

(NIBR, 2017). 
In this study, we aimed to investigate the diversity of 

cultivable anaerobic bacteria from freshwater samples, 
which have been relatively under-studied in previous 
projects. Six locations in the Namhangang (Namhang 
River) tributary area were selected as sampling targets: 
Sinnaecheon, Hanpocheon, Jodaeneub Marshy Land, Yo-
docheon, Sainam Valley, and Jungnyeongcheon. The four 
rivers, namely Sinnaecheon, Hanpocheon, Yodocheon, 

and Jungnyeongcheon, are freshwater rivers with 10.19 

km2, 69.11 km2, 150.5 km2, and 130.19 km2 areas, respec-
tively. The Jodaeneub Marshy Land is downstream of 
Sinnaecheon and is a wetland that developed as a result 
of the accumulation of sandy loam along shoals. Sainam 
Valley is a low land area with streams between cliffs. The 
six sampling sites are evenly distributed across the Nam-
hangang. 

Here, we report 22 newly isolated bacterial strains be-
longing to the phylum Actinobacteria, Bacteroidetes, 
Firmicutes, and Proteobacteria, all of which are new re-
cords for South Korea.

Materials and Methods

Fresh water, underwater sediment, and moss were col-
lected between May 16 and Jun 27, 2017. Sampling sites 
were Sinnaecheon (N37°27ʹ42.21ʺ; E127°33ʹ16.71ʺ), 
Hanpocheon (N37°4ʹ44.13ʺ; E127°50ʹ14.83ʺ), Jodaeneub 
Marshy Land (N37°5ʹ56.85ʺ; E127°49ʹ15.91ʺ), Yodo-
cheon (N36°59ʹ33.79ʺ; E127°45ʹ32.67ʺ), Sainam Valley 
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(N36°53ʹ32.65ʺ; E128°20ʹ29.58ʺ), and Jungnyeongcheon 

(N36°11ʹ34.30ʺ; E128°21ʹ4.49ʺ). 
To isolate aerobic bacteria, the samples were inoculated 

and incubated on Reasoner’s 2A (R2A; BD) agar medi-
um at 25°C for 1-7 days. To isolate anaerobic bacteria, 
Anaerobe Basal Agar (ABA; Oxoid) was used and incu-
bated at 30°C for 1-7 days under anaerobic gas condition 

(80% nitrogen, 10% carbon dioxide, and 10% hydrogen) 
using anaerobic workstation (Whitley A35, Don Whit-
ley Scientific). Pure cultures of bacterial isolates were 
maintained using R2A or ABA. The optimum growth 
temperature was determined by incubating the isolates 
on corresponding agar medium for up to 1 week. For 
long-term preservation, the isolates were stored using 
20% glycerol suspension at -80°C and lyophilized am-
poules. The designation of strains, source of isolation, 
culture media, and incubation conditions are summa-
rized in Table 1. 

PCR amplification and gene sequencing of 16S rRNA 
gene was done using universal primers (27F, 5ʹ-AGA 
GTTTGATCMTGGCTCAG-3ʹ and 1492R, 5ʹ-TACG 
GYTACCTTGTTACGACTT-3ʹ) as described previous-
ly (Shin et al., 2016). The sequences were identified by 
comparing them to the type strain sequence database 
hosted by the EzBioCloud server (Yoon et al., 2017). 
Based on pairwise sequence similarity, an isolate show-
ing 98.7% or higher similarity to a type strain with a 
published name, but whose presence has not been re-
ported in Korea, was identified as an unrecorded species. 

For phylogenetic analyses, the 16S rRNA gene se-
quences were aligned using EzEditor program (Jeon et 
al., 2014). Phylogenetic trees were inferred using the 
neighbor-joining (NJ) and maximum-likelihood (ML) al-
gorithms implemented in MEGA v. 7.0 program (Kumar 
et al., 2016). The Jukes-Cantor model and general time 
reversible model were used for calculating evolutionary 
distances of NJ and ML trees, respectively. Bootstrap 
analysis with 1,000 re-samplings was used to evaluate 
the trees. 

Colonial morphology was observed using cells of 2- to 
3-days old on R2A or ABA agar plates. Cellular morphol-
ogy and cell size were examined by transmission electron 
microscopy (JEM-3010, Jeol). Gram staining was per-
formed using a Gram-Staining kit (Sigma-Aldrich). Phys-
iological properties were examined by using API 20NE 
for aerobic strains or API 20A galleries for anaerobic 
strains (bioMérieux). Oxygen requirement for growth was 
determined by incubating the inoculated R2A or ABA 
agar plates at both aerobic and anaerobic conditions.

Results and Discussion

22 isolates, which had at least 98.7% sequence similar-
ity with previously recognized bacterial type strains, were 

identified as unrecorded bacterial species in the Republic 
of Korea. The similarity-based identification was further 
supported by phylogenetic trees (Fig. 1). Each isolate 
formed a well-supported monophyletic clade with the 
type strain of identified bacterial species, confirming the 
proper assignment of the isolate to the species with pub-
lished names. The tree topology of the maximum-like-
lihood method was consistent with that of the neigh-
bor-joining tree. The strain information and identification 
results are summarized in Table 1.

The unrecorded species belonged to the class Actino-
bacteria (1 strain) of the phylum Actinobacteria, the class 
Betaproteobacteria (1 strain) of the phylum Proteobacte-
ria, the class Bacteroidia (2 strains) of the phylum Bacte-
roidetes, the classes Bacilli (6 strains), and Clostridia (12 
strains) of the phylum Firmicutes. At generic and family 
level, those strains belonged to 13 different genera in 11 
families: Bacillus of Bacillaceae, Carnobacterium of 
Carnobacteriaceae, Clostridium and Bacteroides of Clos-
tridiaceae and Lachnospiraceae, Enterococcus of Entero-
coccaceae, Pediococcus of Lactobacillaceae, Massilia 
of Oxalobacteraceae, Paenibacillus of Paenibacillaceae, 
Paraclostridium and Romboutsia of Peptostreptococcace-
ae, Kurthia of Planococcaceae, Prevotella of Prevotella-
ceae, and Cutibacterium of Propionibacteriaceae.

The cells of isolates were Gram-reaction-negative or 
positive, rods or cocci, flagellated or non-flagellated bac-
teria. Colonial colors were white or yellow. None of the 
isolates produced diffusible pigment on R2A or ABA. 
Two of the isolates were strict aerobes, four were facul-
tative anaerobes, and 16 were strict anaerobes. Aerobic 
strains were isolated from moss, and anaerobic strains 
were isolated from fresh water, underwater sediment, 
and moss. All the isolates exhibited specific physiolog-
ical characteristics and enzymatic properties. The de-
tailed feature of carbon source utilization, glucose fer-
mentation, degradation of high molecular weight com-
pounds, and presence of metabolic enzymes are given in 
the strain descriptions below.

From the results of sequence similarities and phyloge-
netic trees, we identified 22 strains from the Namhangang 
samples, including Bacillus hisashii, Bacteroides xy-
lanolyticus, Carnobacterium maltaromaticum, Clostrid-
ium argentinense, Clostridium beijerinckii, Clostridium 
butyricum, Clostridium cavendishii, Clostridium diolis, 
Clostridium frigidicarnis, Clostridium perfringens, Clos-
tridium saccharoperbutylacetonicum, Clostridium sphe-
noides, Clostridium subterminale, Cutibacterium acnes, 
Enterococcus rotai, Kurthia gibsonii, Massilia plicata, 
Paenibacillus vini, Paraclostridium bifermentans, Pedi-
ococcus pentosaceus, Prevotella paludivivens, and Rom-
boutsia lituseburensis. These 22 bacterial species have  
been previously reported in other locations, but are new 
reports for Korea. 



116	 JOURNAL OF SPECIES RESEARCH	 Vol. 7, No. 2

Ta
bl

e 
1.

 T
ax

on
om

ic
 a

ffi
lia

tio
ns

 a
nd

 su
m

m
ar

y 
of

 u
nr

ec
or

de
d 

sp
ec

ie
s i

so
la

te
d 

fr
om

 N
am

ha
ng

an
g.

   
   

   
 O

rd
er

   
   

   
 F

am
ily

   
   

G
en

us
 S

tra
in

 ID
N

N
IB

R
 ID

   
   

   
  M

os
t c

lo
se

ly
 re

la
te

d 
sp

ec
ie

s
Si

m
ila

rit
y 

(%
)

Is
ol

at
io

n 
so

ur
ce

M
ed

iu
m

In
cu

ba
tio

n 
co

nd
iti

on

Ba
ct

er
oi

da
le

s
Pr

ev
ot

el
la

ce
ae

Pr
ev

ot
el

la
H

Y
N

00
75

K
B

A
_3

4
Pr

ev
ot

el
la

 p
al

ud
iv

iv
en

s
99

.7
9

Se
di

m
en

t
A

B
A

30
℃

, 3
d

Bu
rk

ho
ld

er
ia

le
s 

O
xa

lo
ba

ct
er

ac
ea

e 
M

as
si

lia
 

H
Y

N
00

61
K

B
A

_2
1

M
as

si
lia

 p
lic

at
a 

99
.6

4
M

os
s

R
2A

25
℃

, 2
d

Ba
ci

lla
le

s
Ba

ci
lla

ce
ae

Ba
ci

llu
s

H
Y

N
00

81
K

B
A

_3
8

Ba
ci

llu
s h

is
as

hi
i

99
.9

3
Se

di
m

en
t

A
B

A
30

℃
, 2

d
Pa

en
ib

ac
ill

ac
ea

e
Pa

en
ib

ac
ill

us
H

Y
N

00
88

K
B

A
_4

5
Pa

en
ib

ac
ill

us
 v

in
i

99
.1

3
Se

di
m

en
t

A
B

A
30

℃
, 3

d
Pl

an
oc

oc
ca

ce
ae

K
ur

th
ia

H
Y

N
00

65
K

B
A

_2
5

K
ur

th
ia

 g
ib

so
ni

i
99

.7
2

M
os

s
R

2A
25

℃
, 2

d

La
ct

ob
ac

ill
al

es
C

ar
no

ba
ct

er
ia

ce
ae

C
ar

no
ba

ct
er

iu
m

H
Y

N
00

64
K

B
A

_2
4

C
ar

no
ba

ct
er

iu
m

 m
al

ta
ro

m
at

ic
um

99
.5

8
Se

di
m

en
t

A
B

A
30

℃
, 2

d
En

te
ro

co
cc

ac
ea

e
En

te
ro

co
cc

us
H

Y
N

00
74

K
B

A
_3

3
En

te
ro

co
cc

us
 ro

ta
i

10
0

Fr
es

h 
w

at
er

A
B

A
30

℃
, 3

d
La

ct
ob

ac
ill

ac
ea

e
Pe

di
oc

oc
cu

s
H

Y
N

00
82

K
B

A
_3

9
Pe

di
oc

oc
cu

s p
en

to
sa

ce
us

10
0

M
os

s
A

B
A

30
℃

, 2
d

C
lo

st
ri

di
al

es

C
lo

st
ri

di
ac

ea
e

C
lo

st
ri

di
um

H
Y

N
00

87
K

B
A

_4
4

C
lo

st
ri

di
um

 a
rg

en
tin

en
se

98
.9

6
Se

di
m

en
t

A
B

A
30

℃
, 2

d
C

lo
st

ri
di

ac
ea

e
C

lo
st

ri
di

um
H

Y
N

00
84

K
B

A
_4

1
C

lo
st

ri
di

um
 b

ei
je

ri
nc

ki
i

99
.9

3
Se

di
m

en
t

A
B

A
30

℃
, 2

d
C

lo
st

ri
di

ac
ea

e
C

lo
st

ri
di

um
H

Y
N

00
83

K
B

A
_4

0
C

lo
st

ri
di

um
 b

ut
yr

ic
um

99
.8

5
Se

di
m

en
t

A
B

A
30

℃
, 2

d
C

lo
st

ri
di

ac
ea

e
C

lo
st

ri
di

um
 

H
Y

N
00

62
K

B
A

_2
2

C
lo

st
ri

di
um

 c
av

en
di

sh
ii

99
.2

4
Se

di
m

en
t

A
B

A
30

℃
, 2

d
C

lo
st

ri
di

ac
ea

e
C

lo
st

ri
di

um
H

Y
N

00
68

K
B

A
_2

8
C

lo
st

ri
di

um
 d

io
lis

99
.7

8
Se

di
m

en
t

A
B

A
30

℃
, 2

d
C

lo
st

ri
di

ac
ea

e
C

lo
st

ri
di

um
H

Y
N

00
76

K
B

A
_3

5
C

lo
st

ri
di

um
 fr

ig
id

ic
ar

ni
s

99
.4

9
Se

di
m

en
t

A
B

A
30

℃
, 2

d
C

lo
st

ri
di

ac
ea

e
C

lo
st

ri
di

um
H

Y
N

00
80

K
B

A
_3

7
C

lo
st

ri
di

um
 p

er
fr

in
ge

ns
99

.8
5

Se
di

m
en

t
A

B
A

30
℃

, 2
d

C
lo

st
ri

di
ac

ea
e

C
lo

st
ri

di
um

H
Y

N
00

66
K

B
A

_2
6

C
lo

st
ri

di
um

 sa
cc

ha
ro

pe
rb

ut
yl

ac
et

on
ic

um
99

.6
4

M
os

s
A

B
A

30
℃

, 2
d

C
lo

st
ri

di
ac

ea
e

C
lo

st
ri

di
um

H
Y

N
00

77
K

B
A

_3
6

C
lo

st
ri

di
um

 su
bt

er
m

in
al

e
99

.8
4

Fr
es

h 
w

at
er

A
B

A
30

℃
, 2

d
La

ch
no

sp
ir

ac
ea

e
C

lo
st

ri
di

um
H

Y
N

00
70

K
B

A
_3

0
C

lo
st

ri
di

um
 sp

he
no

id
es

99
.0

8
Se

di
m

en
t

A
B

A
30

℃
, 2

d
La

ch
no

sp
ir

ac
ea

e
Ba

ct
er

oi
de

s
H

Y
N

00
67

K
B

A
_2

7
Ba

ct
er

oi
de

s x
yl

an
ol

yt
ic

us
99

.2
9

Se
di

m
en

t
A

B
A

30
℃

, 3
d

Pe
pt

os
tre

pt
oc

oc
ca

ce
ae

Pa
ra

cl
os

tr
id

iu
m

H
Y

N
00

63
K

B
A

_2
3

Pa
ra

cl
os

tr
id

iu
m

 b
ife

rm
en

ta
ns

99
.4

1
Se

di
m

en
t

A
B

A
30

℃
, 2

d
Pe

pt
os

tre
pt

oc
oc

ca
ce

ae
Ro

m
bo

ut
si

a
H

Y
N

00
72

K
B

A
_3

1
Ro

m
bo

ut
si

a 
lit

us
eb

ur
en

si
s

99
.8

5
Se

di
m

en
t

A
B

A
30

℃
, 2

d

Pr
op

io
ni

ba
ct

er
ia

le
s

Pr
op

io
ni

ba
ct

er
ia

ce
ae

C
ut

ib
ac

te
ri

um
H

Y
N

00
73

K
B

A
_3

2
C

ut
ib

ac
te

ri
um

 a
cn

es
99

.8
6

Se
di

m
en

t
A

B
A

30
℃

, 3
d



May 2018	 Baek and Yi. Unrecorded bacterial species from Namhangang	 117 

Description of Prevotella paludivivens HYN0075

Cells are Gram-reaction-negative, non-flagellated, short 
rod-shaped and approximately 0.6 ×1.2 μm in size. Col-
onies are mucoid, convex, and pale white colored after 
3 days of incubation on anaerobe basal agar at 30°C. 
Cells are strict anaerobes. Does not possess catalase or 
urease. Does not produce indole from L-tryptophan. Hy-
drolyzes esculin, but not gelatin. Produces acids from 
D-glucose, D-mannitol (weakly), D-lactose, D-sacchar-
ose (weakly), D-maltose, salicin, D-xylose, L-arabinose, 

glycerol (weakly), D-cellobiose, D-mannose, D-melezi-
tose (weakly), D-raffinose (weakly), D-sorbitol (weakly), 
L-rhamnose, and D-trehalose (weakly). Strain HYN0075 

(KBA_34) was isolated from the underwater sediment 
of Yodocheon, Korea.

Description of Massilia plicata HYN0061

Cells are Gram-reaction-negative, non-flagellated, rod-
shaped and approximately 0.4×0.8 μm in size. Colonies 
are circular, viscous, and white colored after 2 days on 

Fig. 1. Neighbor-joining tree based on 16S rRNA gene sequences showing the phylogenetic relationships among the twenty-two isolates 
and their closest relatives. (A) Isolates belonging to the order Clostridiales; (B) isolates belong to the order Bacteroidales, Burkholderiales, 
Bacillales, Lactobacillales, and Propionibacteriales. Thermus amyloliquefaciens and Acidolobus aceticus were used as outgroups. Filled 
circles indicate the nodes that were also recovered in the maximum-likelihood tree. Bootstrap values are shown above nodes.

(A)
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R2A at 25°C. Cells are strict aerobes. Reduces nitrate to 
nitrite. Possesses activities of oxidase and β-galactosi
dase, but not urease or arginine dihydrolase. Hydrolyz-
es esculin and gelatin. Does not produce indole from 
L-tryptophan. Does not produce acids from glucose. Uti-
lizes D-glucose, L-arabinose, D-mannose, and D-maltose 
as a sole carbon source, but not from D-mannitol, N-ace-
tyl-glucosamine, gluconate, caprate, adipate, malate, ci-
trate, or phenylacetate. Strain HYN0061 (KBA_21) was 
isolated from a moss of Sinnaecheon, Korea.

Description of Bacillus hisashii HYN0081

Cells are Gram-reaction-positive, flagellated, rod-
shaped and approximately 0.6 × 3.0 μm in size. Colo-

nies are convex and pale yellow colored after 2 days 
of incubation on anaerobe basal agar at 30°C. Cells are 
facultative anaerobes. Possesses catalase, but not urease. 
Does not produce indole from L-tryptophan. Hydrolyz-
es esculin, but not gelatin. Produces acids from D-glu-
cose, D-mannitol, D-lactose, D-saccharose, D-maltose, 
salicin, D-xylose, L-arabinose, glycerol, D-cellobi-
ose, D-mannose, D-melezitose, D-raffinose, D-sorbi-
tol, L-rhamnose, and D-trehalose. Strain HYN0081 

( = KBA_38) was isolated from the underwater sediment 
of Jungnyeongcheon, Korea.

Description of Paenibacillus vini HYN0088

Cells are Gram-reaction-negative, non-flagellated, 

Fig. 1. Continued.

(B)
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rod-shaped and approximately 0.6 × 1.2 μm in size. Col-
onies are circular and pale white colored after 3 days 
of incubation on anaerobe basal agar at 30°C. Cells are 
facultative anaerobes. Does not possess catalase or ure-
ase. Does not produce indole from L-tryptophan. Hydro-
lyzes esculin weakly, but not gelatin. Produces acids from 
D-glucose, D-mannitol, D-lactose, D-saccharose, D-malt-
ose, salicin, D-xylose, L-arabinose, glycerol, D-cellobi-
ose, D-mannose, D-melezitose, D-raffinose, D-sorbitol, 
L-rhamnose, and D-trehalose. Strain HYN0088 (KBA_45) 
was isolated from the underwater sediment of Yodocheon, 
Korea.

Description of Kurthia gibsonii HYN0065

Cells are Gram-reaction-positive, flagellated, rod-
shaped and approximately 0.6 × 2.4 μm in size. Colonies 
are irregular and yellow colored after 2 days on R2A at 
25°C. Cells are strict aerobes. Does not reduce nitrate to 
nitrite. Does not possess activities of oxidase, β-galac-
tosidase, urease, or arginine dihydrolase. Does not hy-
drolyze esculin or gelatin. Does not produce indole from 
L-tryptophan. Does not produce acids from glucose. Uti-
lizes N-acetyl-glucosamine as a sole carbon source, but 
not from D-glucose, L-arabinose, D-mannose, D-man-
nitol, D-maltose, gluconate, caprate, adipate, malate, ci-
trate, or phenylacetate. Strain HYN0065 (KBA_25) was 
isolated from a moss of Hanpocheon, Korea.

	
Description of Carnobacterium maltaromaticum 
HYN0064

Cells are Gram-reaction-positive, non-flagellated, rod-
shaped and approximately 0.5 × 1.6 μm in size. Colonies 
are convex, circular, and pale white colored after 2 days 
of incubation on anaerobe basal agar at 30°C. Cells are 
strict anaerobes. Possesses catalase (weak reaction), but 
not urease. Does not produce indole from L-tryptophan. 
Hydrolyzes esculin, but not gelatin. Produces acids from 
D-glucose, D-saccharose, D-maltose, salicin, D-cellobi-
ose, D-mannose, and D-trehalose, weakly from D-man-
nitol, D-lactose, glycerol, and D-sorbitol, but not from 
D-xylose, L-arabinose, D-melezitose, D-raffinose, or 
L-rhamnose. Strain HYN0064 (KBA_24) was isolated 
from the underwater sediment of Jodaeneub Marshy 
Land, Korea.

Description of Enterococcus rotai HYN0074

Cells are Gram-reaction-positive, non-flagellated, 
ovoid-shaped and approximately 1.0 × 1.1 μm in size. 
Colonies are mucoid, convex, and pale white after 3 
days of incubation on anaerobe basal agar at 30°C. Cells 
are facultative anaerobes. Possesses urease, but not cat-
alase. Does not produce indole from L-tryptophan. Hy-

drolyzes esculin weakly, but not gelatin. Produces acids 
from D-glucose, D-lactose, D-saccharose, D-maltose, 
salicin, D-xylose, L-arabinose, glycerol, D-cellobiose, 
D-mannose, D-melezitose, D-raffinose, D-sorbitol, L- 
rhamnose, and D-trehalose, but not from D-mannitol. 
Strain HYN0074 (KBA_33) was isolated from the fresh 
water of Yodocheon, Korea.

Description of Pediococcus pentosaceus HYN0082

Cells are Gram-reaction-positive, non-flagellated, coc-
ci-shaped and approximately 1.1 × 1.5 μm in size. Colo-
nies are circular, convex, and pale white colored after 2 
days of incubation on anaerobe basal agar at 30°C. Cells 
are facultative anaerobes. Does not possess catalase or 
urease. Does not produce indole from L-tryptophan. Hy-
drolyzes esculin, but not gelatin. Produces acids from 
D-glucose, D-lactose, D-maltose, salicin, D-xylose (weak-
ly), L-arabinose, D-cellobiose, D-mannose, L-rhamnose, 
and D-trehalose, but not from D-mannitol, D-sacchar-
ose, glycerol, D-melezitose, D-raffinose, or D-sorbitol. 
Strain HYN0082 (KBA_39) was isolated from a moss of 
Hanpocheon, Korea.

Description of Clostridium argentinense HYN0087

Cells are Gram-reaction-positive, non-flagellated, rod-
shaped and approximately 0.4 × 1.6 μm in size. Colonies 
are pale yellow colored after 2 days of incubation on 
anaerobe basal agar at 30°C. Cells are strict anaerobes. 
Does not possess catalase or urease. Does not produce 
indole from L-tryptophan. Hydrolyzes esculin and gela-
tin. Does not produces acids from D-glucose, D-manni-
tol, D-lactose, D-saccharose, D-maltose, salicin, D-xy-
lose, L-arabinose, glycerol, D-cellobiose, D-mannose, 
D-melezitose, D-raffinose, D-sorbitol, L-rhamnose, or 
D-trehalose. Strain HYN0087 (KBA_44) was isolated 
from the underwater sediment of Yodocheon, Korea.

Description of Clostridium beijerinckii HYN0084

Cells are Gram-reaction-positive, flagellated, rod-
shaped and approximately 0.7 × 2.3 μm in size. Colonies 
are mucoid, circular, and pale yellow colored after 2 
days of incubation on anaerobe basal agar at 30°C. Cells 
are strict anaerobes. Does not possess catalase or urease. 
Does not produce indole from L-tryptophan. Hydrolyzes 
esculin, but not gelatin. Produces acids from D-glucose, 
D-mannitol, D-lactose, D-saccharose, D-maltose, salicin, 
D-xylose, L-arabinose, glycerol, D-cellobiose, D-man-
nose, D-melezitose, D-raffinose, D-sorbitol, L-rham-
nose, and D-trehalose. Strain HYN0084 (KBA_41) was 
isolated from the underwater sediment of Hanpocheon, 
Korea.
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Description of Clostridium butyricum HYN0083

Cells are Gram-reaction-positive, non-flagellated, rod-
shaped and approximately 0.9 × 2.3 μm in size. Colonies 
are irregular and pale yellow colored after 2 days of in-

cubation on anaerobe basal agar at 30°C. Cells are strict 
anaerobes. Does not possess catalase or urease. Does not 
produce indole from L-tryptophan. Hydrolyzes esculin, 
but not gelatin. Produces acids from D-glucose, D-man-
nitol, D-lactose, D-saccharose, D-maltose, salicin, D-xy-

Fig. 2. Transmission electron micrographs of the isolates. Strains: (A) HYN0061; (B) HYN0062; (C) HYN0063; (D) HYN0064; (E) 
HYN0065; (F) HYN0066; (G) HYN0067; (H) HYN0068; (I) HYN0070; (J) HYN0072; (K) HYN0073; (L) HYN0074; (M) HYN0075; (N) 
HYN0076; (O) HYN0077; (P) HYN0080; (Q) HYN0081; (R) HYN0082; (S) HYN0083; (T) HYN0084; (U) HYN0087; (V) HYN0088.

(A)	 (B)	 (C)	 (D)	 (E)

(F)	 (G)	 (H)	 (I)	 (J)

(K)	 (L)	 (M)	 (N)	 (O)

(P)	 (Q)	 (R)	 (S)	 (T)

(U)	 (V)
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lose, L-arabinose, glycerol, D-cellobiose, D-mannose, 
D-melezitose, D-raffinose, D-sorbitol, L-rhamnose, and 
D-trehalose. Strain HYN0083 (KBA_40) was isolat-
ed from the underwater sediment of Jodaeneub Marshy 
Land, Korea.

Description of Clostridium cavendishii HYN0062

Cells are Gram-reaction-positive, flagellated, rod-
shaped and approximately 0.2 × 1.5 μm in size. Colo-
nies are convex with lobate margins and creamy white 
colored after 2 days of incubation on anaerobe basal 
agar at 30°C. Cells are strict anaerobes. Does not pos-
sess catalase or urease. Does not produce indole from 
L-tryptophan. Hydrolyzes esculin and gelatin. Produces 
acids from D-glucose, D-maltose, salicin, D-cellobiose, 
D-mannose, and D-trehalose, but not from D-mannitol, 
D-lactose, D-saccharose, D-xylose, L-arabinose, glyc-
erol, D-melezitose, D-raffinose, D-sorbitol, or L-rham-
nose. Strain HYN0062 (KBA_22) was isolated from the 
underwater sediment of Jodaeneub Marshy Land, Korea.

Description of Clostridium diolis HYN0068

Cells are Gram-reaction-positive, flagellated, rod-
shaped and approximately 0.8 × 2.2 μm in size. Colonies 
are circular and white colored after 2 days of incubation 
on anaerobe basal agar at 30°C. Cells are strict anaer-
obes. Does not possess catalase or urease. Does not pro-
duce indole from L-tryptophan. Hydrolyzes esculin, but 
not gelatin. Produces acids from D-glucose, D-mannitol, 
D-lactose, D-saccharose, D-maltose, salicin, D-xylose, 
L-arabinose, glycerol (weakly), D-cellobiose, D-mannose, 
D-melezitose, D-raffinose, D-sorbitol, L-rhamnose, and 
D-trehalose. Strain HYN0068 (KBA_28) was isolated 
from the underwater sediment of Hanpocheon, Korea.

Description of Clostridium frigidicarnis HYN0076

Cells are Gram-reaction-positive, non-flagellated, rod-
shaped and approximately 0.6 × 3.0 μm in size. Colonies 
are irregular with uneven margins and pale yellow col-
ored after 2 days of incubation on anaerobe basal agar at 
30°C. Cells are strict anaerobes. Does not possess cata-
lase or urease. Does not produce indole from L-trypto-
phan. Hydrolyzes esculin, but not gelatin. Produces ac-
ids from D-maltose and glycerol (weakly), but not from 
D-glucose, D-mannitol, D-lactose, D-saccharose, sali-
cin, D-xylose, L-arabinose, D-cellobiose, D-mannose, 
D-melezitose, D-raffinose, D-sorbitol, L-rhamnose, or 
D-trehalose. Strain HYN0076 (KBA_35) was isolated 
from the underwater sediment of Sainam Valley, Korea.

Description of Clostridium perfringens HYN0080

Cells are Gram-reaction-positive, non-flagellated, 

straight rod-shaped and approximately 1.1 × 2.4 μm in 
size. Colonies are circular, slightly raised, and yellow 
colored after 2 days of incubation on anaerobe basal 
agar at 30°C. Cells are strict anaerobes. Does not pos-
sess catalase or urease. Does not produce indole from 
L-tryptophan. Hydrolyzes esculin and gelatin. Produces 
acids from D-glucose, D-lactose, D-saccharose, D-malt-
ose, glycerol, D-mannose, D-raffinose (weakly), and 
D-trehalose, but not from D-mannitol, salicin, D-xylose, 
L-arabinose, D-cellobiose, D-melezitose, D-sorbitol, or 
L-rhamnose. Strain HYN0080 (KBA_37) was isolated 
from the underwater sediment of Jungnyeongcheon, Ko-
rea.

Description of Clostridium 
saccharoperbutylacetonicum HYN0066

Cells are Gram-reaction-positive, non-flagellated, stra
ight rod-shaped with rounded ends and approximately 
0.8 × 2.9 μm in size. Colonies are circular and white col-
ored after 2 days of incubation on anaerobe basal agar 
at 30°C. Cells are strict anaerobes. Possesses catalase, 
but not urease. Does not produce indole from L-tryp-
tophan. Hydrolyzes gelatin, but not esculin. Produces 
acids from glycerol, D-mannose, and D-sorbitol, but not 
from D-glucose, D-mannitol, D-lactose, D-saccharose, 
D-maltose, salicin, D-xylose, L-arabinose, D-cellobiose, 
D-melezitose, D-raffinose, L-rhamnose, or D-trehalose. 
Strain HYN0066 (KBA_26) was isolated from a moss of 
Sinnaecheon, Korea.

Description of Clostridium subterminale HYN0077

Cells are Gram-reaction-positive, flagellated, rod-
shaped and approximately 0.6 × 2.3 μm in size. Colo-
nies are irregular and pale white colored after 2 days 
of incubation on anaerobe basal agar at 30°C. Cells 
are strict anaerobes. Does not possess catalase or ure-
ase. Does not produce indole from L-tryptophan. Does 
not hydrolyze esculin or gelatin. Produces acids from 
D-glucose weakly, but not from D-mannitol, D-lactose, 
D-saccharose, D-maltose, salicin, D-xylose, L-arabi-
nose, glycerol, D-cellobiose, D-mannose, D-melezitose, 
D-raffinose, D-sorbitol, L-rhamnose, or D-trehalose. 
Strain HYN0077 (KBA_36) was isolated from the fresh 
water of Yodocheon, Korea.

Description of Clostridium sphenoides HYN0070

Cells are Gram-reaction-positive, non-flagellated, 
oval-shaped and approximately 0.9 × 1.6 μm in size. 
Colonies circular and white colored after 2 days of in-
cubation on anaerobe basal agar at 30°C. Cells are strict 
anaerobes. Does not possess catalase or urease. Produce 
indole from L-tryptophan weakly. Hydrolyzes esculin, 
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but not gelatin. Produces acids from D-glucose, D-man-
nitol, D-lactose, D-saccharose, D-maltose, salicin 

(weakly), D-xylose, L-arabinose, glycerol, D-cellobiose, 
D-mannose, D-melezitose (weakly), D-raffinose, D-sor-
bitol (weakly), L-rhamnose, and D-trehalose. Strain 
HYN0070 (KBA_30) was isolated from the underwater 
sediment of Jungnyeongcheon, Korea.

Description of Bacteroides xylanolyticus HYN0067

Cells are Gram-reaction-negative, flagellated, rod-
shaped and approximately 0.6 × 2.5 μm in size. Colonies 
are mucoid and pale white colored after 3 days of incu-
bation on anaerobe basal agar at 30°C. Cells are strict 
anaerobes. Does not possess catalase or urease. Does not 
produce indole from L-tryptophan. Hydrolyzes esculin, 
but not gelatin. Does not produce acids from D-glucose, 
D-mannitol, D-lactose, D-saccharose, D-maltose, salicin, 
D-xylose, L-arabinose, glycerol, D-cellobiose, D-man-
nose, D-melezitose, D-raffinose, D-sorbitol, L-rham-
nose, and D-trehalose. Strain HYN0067 (KBA_27) was 
isolated from the underwater sediment of Hanpocheon, 
Korea.

Description of Paraclostridium bifermentans 
HYN0063

Cells are Gram-reaction-positive, flagellated, rod-
shaped and approximately 0.4 × 1.6 μm in size. Colonies 
are irregular, mucoid, and pale yellow colored after 2 
days of incubation on anaerobe basal agar at 30°C. Cells 
are strict anaerobes. Does not possess catalase or urease. 
Produces indole from L-tryptophan. Hydrolyzes esculin 
and gelatin. Produces acids from D-glucose, D-malt-
ose, D-mannose, and D-sorbitol (weakly), but not from 
D-mannitol, D-lactose, D-saccharose, salicin, D-xy-
lose, L-arabinose, glycerol, D-cellobiose, D-melezi-
tose, D-raffinose, L-rhamnose, or D-trehalose. Strain 
HYN0063 (KBA_23) was isolated from the underwater 
sediment of Jodaeneub Marshy Land, Korea.

Description of Romboutsia lituseburensis HYN0072

Cells are Gram-reaction-negative, flagellated, short 
rod-shaped and approximately 0.6 × 1.7 μm in size. Col-
onies are circular and white colored after 2 days of in-
cubation on anaerobe basal agar at 30°C. Cells are strict 
anaerobes. Does not possess catalase or urease. Does not 
produce indole from L-tryptophan. Hydrolyzes esculin 
and gelatin. Produces acids from D-glucose, D-manni-
tol, D-lactose, D-saccharose, D-maltose, salicin, D-xy-
lose, L-arabinose, glycerol, D-cellobiose, D-mannose, 
D-melezitose, D-raffinose, D-sorbitol, L-rhamnose, and 
D-trehalose. Strain HYN0072 (KBA_31) was isolat-
ed from the underwater sediment of Jungnyeongcheon 

Rive, Korea.

Description of Cutibacterium acnes HYN0073

Cells are Gram-reaction-positive, non-flagellated, rod-
shaped and approximately 0.4 × 1.89 μm in size. Colo-
nies are mucoid, convex, and pale yellow colored after 
3 days of incubation on anaerobe basal agar at 30°C. 
Cells are strict anaerobes. Possesses catalase, but not 
urease. Does not produce indole from L-tryptophan. Hy-
drolyzes gelatin, but not esculin. Produces acids from 
D-glucose, glycerol, D-mannose, and D-sorbitol, but not 
from D-mannitol, D-lactose, D-saccharose, D-maltose, 
salicin, D-xylose, L-arabinose, D-cellobiose, D-melezi-
tose, D-raffinose, L-rhamnose, or D-trehalose. Strain 
HYN0073 (KBA_32) was isolated from the underwater 
sediment of Sainam Valley, Korea.

Acknowledgements

This study was supported by the research grant “Sur-
vey of Freshwater Organisms and Specimen Collection 

(Prokaryotes)” from the Nakdonggang National Institute 
of Biological Resources of the Ministry of Environment 
in Korea.

References

Jeon, Y.S., K. Lee, S.C. Park, B.S. Kim, Y.J. Cho, S.M. Ha 
and J. Chun. 2014. EzEditor: a versatile sequence align-
ment editor for both rRNA- and protein-coding genes. 
Int J Syst Evol Microbiol 64:689-691.

Kumar, S., G. Stecher and K. Tamura. 2016. MEGA7: Molec-
ular Evolutionary Genetics Analysis Version 7.0 for Big-
ger Datasets. Molecular Biology and Evolution 33:1870-
1874.

NIBR 2017. National List of Species of Korea, National In-
stitute of Biological Resources.

Shin, S.K., E. Kim, S. Choi and H. Yi. 2016. Cochleicola 
gelatinilyticus gen. nov., sp. nov., Isolated from a Marine 
Gastropod, Reichia luteostoma. J Microbiol Biotechnol 
26:1439-1445.

Stewart, E.J. 2012. Growing unculturable bacteria. J Bacteri-
ol 194:4151-4160.

Yoon, S.H., S.M. Ha, S. Kwon, J. Lim, Y. Kim, H. Seo and 
J. Chun. 2017. Introducing EzBioCloud: a taxonomi-
cally united database of 16S rRNA gene sequences and 
whole-genome assemblies. Int J Syst Evol Microbiol 67: 
1613-1617.

Submitted: January 23, 2018 
Revised: April 14, 2018 

Accepted: May 14, 2018




