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As part of a larger study of indigenous prokaryotic species diversity in South Korea, various samples from
Namhangang were subjected to analyses. Fresh water, underwater sediment, and moss-inhabiting aerobic and
anaerobic bacteria were isolated. 22 of the isolates were identified as unrecorded bacterial species in Korea
that had >98.7% 16S rRNA gene sequence similarity with published species. The aerobic strains isolated
were Kurthia gibsonii and Massilia plicata. Also identified were four facultative anaerobic strains: Bacillus
hisashii, Enterococcus rotai, Paenibacillus vini, and Pediococcus pentosaceus. 16 strictly anaerobic strains
were identified as Bacteroides xylanolyticus, Carnobacterium maltaromaticum, Clostridium argentinense,
Clostridium beijerinckii, Clostridium butyricum, Clostridium cavendishii, Clostridium diolis, Clostridium
frigidicarnis, Clostridium perfringens, Clostridium saccharoperbutylacetonicum, Clostridium sphenoides,
Clostridium subterminale, Cutibacterium acnes, Paraclostridium bifermentans, Prevotella paludivivens,
and Romboutsia lituseburensis. Based on the examination of morphological, cultural, physiological, and
biochemical properties of the isolates, descriptive information of these previously unrecorded species is
provided here.
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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
km?, 69.11 km?, 150.5 km?, and 130.19 km? 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°27'42.21"; E127°33'16.71"),
Hanpocheon (N37°4'44.13"; E127°50"14.83"), Jodaeneub
Marshy Land (N37°5'56.85"; E127°49'15.91"), Yodo-
cheon (N36°59'33.79"; E127°45'32.67"), Sainam Valley
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(N36°53'32.65"; E128°2029.58"), and Jungnyeongcheon
(N36°11'34.30"; E128°21'4.49").

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, 5'-AGA
GTTTGATCMTGGCTCAG-3" and 1492R, 5'-TACG
GYTACCTTGTTACGACTT-3') 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
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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.



Vol. 7, No. 2

JOURNAL OF SPECIES RESEARCH

116

PE€ ‘Do0¢ vav JUSWIPAS 9866 Sauop wnd1IPquNn) 7 VIO €LOONAH win112190q1IN) a020v1I21oDqIUOIdolg  S2ID1I21oDqIUoIdOLJ
PTD.0¢ vav JUSWIPAS G866 sisuanqasnii] vismoquioyy  1¢ VA CLOONAH DISINOQUIOY  2D20DI20201da.41501dog

PT Do0¢ vav JUSWIPAS ¥ 66 SUDIUAWLI2f1q WMpLSOIDIDd €7 VI €900NAH  WnipLisopnivd — apadnad020idaiisoidad

PE D06 Vav WBWIPSS 6766 snoudjouv)x saproa1ovg L7 VEN  L9OONAH sap1042100g ap2ov.idsouyon]

P06 Vav WOWIPSS  80'66 soprouayds wmpliusol)  0£vVEM  0LOONAH umipLUSo]) avaop.ndsouyovy

P06 VAV Jlemuysald 4866 apuuL2iqns wmplusol)  9¢” VAN LLOONAH wmnipLUSo]) 2D2oVIPLUISO]D)

P06 VAV SSON 1966 wmon01200]Kimq.1adopy2o0s wmpluso]d) 9T VAN 9900NAH umpLIS 01 2D2oVIPLUISO]D)

P06 VEAV WAWIPSS  $8'66 suaSurifiod wmipruso]d  LETVEN  0300NAH unpLISo1 2D2oVIPLUISO]D) $IPLISOLD
P06 VaAv WAWIPSS 6766 suLpopISLf wmpruso])  G€VEM  9LOONAH umIpLUSo]) 2D20DIPLISOLD)

P06 Vav WAWIPSS 8166 sop wmplisol) 8T VAN 8900NAH umnIpLUSo]) 2D2oVIPLUISO]D)

P06 VAV WAWIPSS  $T'66 mysipuaapd wnipliusol) 7 VA T900NAH umpLIS 01 2D2oDIPLUISO1D)

P06 VaAv WAWIPSS  $8'66 wmorking wniplusol) 0y Ve €S00NAH umIpLUSo]) 2D2oVIPLUISO]D)

P06 VaAVv WAWIPSS  £6'66 mwpualiaq wmplLusoly 17V $SO0ONAH umipLUSo]) 2D2DIPLISOLD)

P06 Vav WAWIPSS  96'86 asuounuaSw wmpLuso]) vy VEM  LSOONAH umnipLUSo]) 2D2oVIPLUSO]D)

PT D.0¢ vav SSOJAL 001 snaopsoad sno20d01pagd 6 VA  TSOONAH $1220001p2J 2D2ID]119DqOIOVT

PE€ ‘Do0¢ vav J9yem USaI] 001 104 $N22020420u7 €€ VI  $LOONAH $122000.4121U5] 2D2IDID0D042JUT $2IDI119DqOIOVT
PT ‘Do0¢ vav JUSWIPAS 85766 WNOUDWOADIIDU WNLI2IODGOUD)  +T VI $900NAH  Wnii21onqoutn)) 2D2ID1I21IDGOUID))

PT'D.ST  VTd SSON  TL'66 nuosqi§ viyrmy  STVEM  S900NAH vryLmy 2D2D22020UD]|d

PED0€  VaAV wawIPSs  €1°66 wa snppovquavd  GF VA S800NAH  smjovquavd 2020D|100qIUID I savipovg
P06 Vav WAWIPSS €666 mysosyy snjpovg  8€VEAM  1800NAH snjjovg ap2ov]1190g

P D.5C Vi SSON 1966 vwoyd vipssv - 1TV 1900NAH DIISSOI 2D20D121904OIDX) saLapjoyyng
PE D06 Vav WAWIPSS  6L°66 suaaraipnipd pjj210a24d  H€ VA SLOONAH D]j210424d 202012104244 sap10421o0g
tontpuos wnIpojN 92Inos (%) sa10ads pojefar A[eso[d ISOI AIY9GINN ] urens snuan Arureq 19pI1I0

uoneqnouf : uone[os]  Ajureqrurs : : :

‘SueSueyuweN WOIJ Paje[os $a10ads papIodaIun JO AIewruns pue SUOHBI[YJe JIWOUOXE], T d[qeL



May 2018

Baek and Yi. Unrecorded bacterial species from Namhangang

(A) Clostridium diolis DSM 54317 (AJ458418)
Clostridium diolis HYN0068 (MF988698)
Clostridium beijerinckii HYN0084 (MF988713)
Clostridium bejjerinckii NCIMB 8052T (CP000721)
Clostridium saccharoperbutylacetonicum HYN0066 (MF988697)
9! Clostridium saccharoperbutylacetonicum N1-4(HMT)T (CP004121)
Clostridium puniceum DSM 26197 (LZZM01000091)
Clostridium butyricum DSM 107027 (AQQF01000149)
100! Clostridium butyricum HYN0083 (MF988718)
Clostridium baratii ATCC 276387 (X68174)
Clostridium sardiniense DSM 26327 (AB161367)
Clostridium perfringens ATCC 131247 (CP000246)
100! Clostridium perfringens HYN0O080 (MF988710)
Clostridium septicum ATCC 124647 (U59278)
Clostridium hydrogeniformans BL-20T (DQ196623)
Clostridium frigidicarnis SPL77AT (AF069742)
100! Clostridium frigidicarnis HYN0076 (MF988705)
100 1 Clostridium cavendishii BL-28T (DQ196621)
Clostridium cavendishii HYN0062 (MF988687)
Youngiibacter fragilis 232.17 (JF262039)
Clostridium amylolyticum DSM 218647 (EU037903)
100 [~ Clostridium subterminale DSM 69707 (AF241844)
Clostridium subterminale HYN0O077 (MF988712)
Clostridium vulturis YMB-57T (JQ423949)
Clostridium argentinense ATCC 273227 (X68316)
Clostridium argentinense HYN0087 (MF988717)
Paeniclostridium ghonii NCIMB 106367 (X73451)
Paeniclostridium sordelli ATCC 97147 (AB075771)
Paraclostridium bifermentans ATCC 638" (AVNC01000016)
100 paraciostridium bifermentans HYN0063 (MF988694)
Romboutsia ilealis CRIBT (JN381505)
Romboutsia sedimentorum LAM201T (KF443808)
Romboutsia lituseburensis ATCC 257597 (M59107)
99! Romboutsia lituseburensis HYN0072 (MF988703)

Bacteroides xylanolyticus X5-17 (HF558386)
EBat:te.ror'de.s; xylanolyticus HYN0067 (MF988695)
- Clostridium aerotolerans DSM 54347 (X76163)
Clostridium saccharolyticum WM1T (CP002109)

Clostridium methoxybenzovorans SR3T (ATXD01000006)

99

100

100

100

100

72

100

87

100 Clostridium sphenoides JCM 14157 (BBDQO1000064)

T‘ 80T Clostridium sphenoides HYN0070 (MF988702)

117

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.

Description of Prevotella paludivivens HYNO0075

Cells are Gram-reaction-negative, non-flagellated, short
rod-shaped and approximately 0.6 X 1.2 um 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 HYNOO75
(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 X 0.8 um in size. Colonies
are circular, viscous, and white colored after 2 days on
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99 [ Carnobacterium maltaromaticum DSM 203427 (JQMX01000001)
Carnobacterium maltaromaticum HYN0064 (MF988693)
Carnobacterium gallinarum DSM 48477 (JQLU01000005)
Carmobacterium divergens DSM 206237 (JQLO01000001)
Enterococcus caccae ATCC BAA-12407 (AJAU01000001)
Enterococcus rotai CCM 46307 (AJ276353)

i) 100| Enterococcus rotai HYN0074 (MF988707)

Enterococcus silesiacus LMG 230857 (CP013614)

Pediococcus lolii NGRI 0510QT (BANK01000051)
Pediococcus stilesii LMG 230827 (AJ973157)
Pediococcus pentosaceus DSM 203367 (JQBF01000022)
Pediococcus pentosaceus HYN0082 (MF988716)

Kurthia senegalensis JC8ET (CAEW01000048)
904 Kurthia zopfii NBRC 1015297 (AB271740)
g9 [ Kurthia gibsonii NCIMB 97587 (X70320)

99L Kurthia gibsonii HYN0065 (MF988691)
Bacillus kokeshiiformis MO-04T (JX848633)

100 Bacillus thermoamylovorans CNCM I-13787 (L27478)
100

100" Bacillus hisashii HYN0081 (MF988708)

Bacillus hisashii N-117 (AB618491)

Fontibacillus phaseoli BAPVET7BT (KF583881)
Paenibacillus faecis CIP 1010627 (HM212646)
Paenibacillus vini LAM0504T (KJ005124)

991 paenibacillus vini HYN0088 (MF988722)

Massilia dura 167 (AY965998)

(B)
99
—e
100
100
100

100
80
100

P
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Fig. 1. Continued.

R2A at 25°C. Cells are strict aerobes. Reduces nitrate to
nitrite. Possesses activities of oxidase and [3-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 X3.0 pum in size. Colo-

Massilia plicata 76T (AY966000)
99! Massilia plicata HYN0061 (MF988688)

IOOE Massilia lurida CGMCC 1.10822T (HQ839786)

Cutibacterium avidum ATCC 255777 (AGBA01000019)
100 Propionibacterium namnetense NTS31307302T (LWHO01000015)
Tﬁ]gcmibacten'um acnes DSM 18977 (AWZZ01000008)
99! Cutibacterium acnes HYN0O0O73 (MF988700)

Prevotella copri DSM 182057 (ACBX02000017)
Prevotella oulorum JCM 149667 (BAJQ01000092)

7? EPrevotella paludivivens JCM 136507 (BAJH01000050)

100% Prevotella paludivivens HYN0075 (MF988706)

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 HYNOOS1
(=KBA_38) was isolated from the underwater sediment
of Jungnyeongcheon, Korea.

Description of Paenibacillus vini HYN008S

Cells are Gram-reaction-negative, non-flagellated,
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rod-shaped and approximately 0.6 X 1.2 um 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 HYNOOS8 (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 X 2.4 um 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, 5-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
HYNO0064

Cells are Gram-reaction-positive, non-flagellated, rod-
shaped and approximately 0.5 X 1.6 um 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 X 1.1 um 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-
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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 HYNO0074 (KBA_33) was isolated from the fresh
water of Yodocheon, Korea.

Description of Pediococcus pentosaceus HYN00S2

Cells are Gram-reaction-positive, non-flagellated, coc-
ci-shaped and approximately 1.1 X 1.5 um 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 X 1.6 um 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 HYNOO87 (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 X 2.3 um 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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Fig. 2. Transmission electron micrographs of the isolates. Strains: (A) HYN0061; (B) HYN0062; (C) HYN0063; (D) HYN0064; (E)
HYNO0065; (F) HYN0066; (G) HYN0067; (H) HYN0068; (I) HYN0070; (J) HYN0072; (K) HYN0073; (L) HYN0O074; (M) HYN0075; (N)
HYNO0076; (O) HYNO0077; (P) HYN0080; (Q) HYNO0081; (R) HYN0082; (S) HYNO0083; (T) HYNO0084; (U) HYN0087; (V) HYN008S.

Description of Clostridium butyricum HYNO0083 cubation on anaerobe basal agar at 30°C. Cells are strict
anaerobes. Does not possess catalase or urease. Does not

Cells are Gram-reaction-positive, non-flagellated, rod- produce indole from L-tryptophan. Hydrolyzes esculin,
shaped and approximately 0.9 X 2.3 um in size. Colonies but not gelatin. Produces acids from D-glucose, D-man-

are irregular and pale yellow colored after 2 days of in- nitol, D-lactose, D-saccharose, D-maltose, salicin, D-xy-
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lose, L-arabinose, glycerol, D-cellobiose, D-mannose,
D-melezitose, D-raffinose, D-sorbitol, L-rhamnose, and
D-trehalose. Strain HYNOO83 (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 X 1.5 pm 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 X 2.2 um 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 X 3.0 um 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,
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straight rod-shaped and approximately 1.1 X2.4 um 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 HYNOO8O (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 X2.9 um 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 HYN0O066 (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 X2.3 um 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 HYNOO77 (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 X 1.6 um 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
HYNO0O70 (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 X 2.5 um 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 X 1.6 um 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
HYNO0063 (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 X 1.7 um 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 HYNO0072 (KBA_31) was isolat-
ed from the underwater sediment of Jungnyeongcheon
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Rive, Korea.

Description of Cutibacterium acnes HYN0073

Cells are Gram-reaction-positive, non-flagellated, rod-
shaped and approximately 0.4 X 1.89 pum 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
HYNO0073 (KBA_32) was isolated from the underwater
sediment of Sainam Valley, Korea.
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