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A report of 37 unrecorded anaerobic bacterial species isolated
from the Geum River in South Korea
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A total of 37 anaerobic bacteria strains within the classes Alphaproteobacteria, Betaproteobacteria,
Gammaproteobacteria, Bacteroidia, Flavobacteriia, Bacilli, Clostridia, and Fusobacteriia were isolated from
freshwater and sediment of the Geum River in Korea. The unreported species were related with Rhizobium
and Oleomonas of the class Alphaproteobacteria; Acidovorax, Pseudogulbenkiania, and Aromatoleum of
the class Betaproteobacteria; Tolumonas, Aeromonas, Cronobacter, Lonsdalea, and Phytobacter of the class
Gammaproteobacteria; Bacteroides, Dysgonomonas, Macellibacteroides, and Parabacteroides of the class
Bacteroidia; Flavobacterium of the class Flavobacteriia;, Bacillus and Paenibacillus of the class Bacilli;
Clostridium, Clostridioides, Paraclostridium, Romboutsia, Sporacetigenium, and Terrisporobacter of the class
Clostridia; and Cetobacterium and Ilyobacter of the class Fusobacteriia. A total of 37 strains, with >98.7%
16S rRNA gene sequence similarity with validly published bacterial species, but not reported in Korea, were
determined to be unrecorded anaerobic bacterial species in Korea.
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INTRODUCTION

Since the Nagoya Protocol and the Convention on Bi-
ological Diversity, securing and managing of biological
resources have become more important (Buck & Ham-
ilton, 2011). In order to be competitive with national bi-
ological resources, various biological resources should
be secured. However, to date, systematic research on
domestic freshwater biological resources is insufficient.
Freshwater basins are expected to have high diversity due
to their diverse environmental conditions. According to
the Korean Society of Ecology, reported in 1994, it is es-
timated that 100,000 native species inhabit Korea, while
52,628 species have been reported (National species list
of Korea, 2019); so there is an urgent need to study un-
reported species. In particular, prokaryotes are a resource
of biological industry and have the highest industrial val-
ue, but reported species are less than 1% of the estimated
species. Most aerobic prokaryotes are being investigated
among reported species. Although anaerobic prokaryotic
microorganisms derived from freshwater environment are
actively being studied globally due to their high novelty
as biological resources, there are few cases of purely iso-

lated culture in Korea.

In the present study, we attempted to isolate anaerobic
microorganisms from freshwater and sediment in the
Geum River of Korea. Here, 37 unreported species be-
longing to the classes Alphaproteobacteria, Betaproteo-
bacteria, Gammaproteobacteria, Bacteroidia, Flavobac-
teriia, Bacilli, Clostridia, and Fusobacteriia are reported
and described.

MATERIALS AND METHODS

Freshwater and sediment samples were collected from
urban streams and wetland of the Geum River watershed
in 2019. A total of 37 anaerobic bacteria were isolated
using various agar plates made of Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSMZ) medi-
um No. 311¢c, DSMZ medium No. 320, DSMZ medium
No. 1451, and reinforced clostridial medium. These agar
plates were incubated at 15-25°C under anaerobic con-
dition (BD GasPak EZ Anaerobe Pouch System) for 3-7
days. Isolated bacterial strains were purified by serial di-
lution spreading and the pure cells were preserved in 20%
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(v/v) glycerol suspension containing 10% skimmed milk
at —80°C and as lyophilized ampoules.

Colony morphology of the strains was observed by eye
or a magnifying glass after the cells were cultivated to
their stationary phase on agar plates. Cellular morphology
and cell size were examined by field emission transmis-
sion electron microscopy (JEM 2100F; Jeol). Growth in
the presence of oxygen was tested by aerobic incubation
for seven days. Gram staining was performed using a
Gram-staining kit (BD). Biochemical characteristics were
evaluated by using API 20NE (bioMérieux) according to
the manufacturer’s instructions.

Chromosomal DNA extraction, PCR amplification,
and 16S rRNA gene sequencing were performed using
standard procedures as described elsewhere (Kim et al.,
2019). For the determination of 16S rRNA gene sequenc-
es, primers 27F, 337F, 518R, 785F, and 1492R were used.
Based on full 16S rRNA gene sequences, the closely re-
lated type species were obtained using the EzBioCloud
server (Yoon et al., 2017). 16S rRNA gene sequences
were aligned with the most closely related strains using
Clustal W (Thompson et al., 1994). The phylogenetic
trees were constructed using neighbor-joining (Saitou &
Nei, 1987), maximum likelihood (Felsenstein, 1981), and
maximum parsimony methods (Fitch, 1971) in MEGA7
(Kumar et al., 2016) with bootstrap values based on 1,000
randomly generated trees.

REsuLTs AND Discussion

The designation of strains, ID, similarity, and source
of isolation are described at Table 1. Thirty-seven strains
were distributed into eight classes: two strains in Al-
phaproteobacteria, four strains in Bacilli, four strains
in Bacteroidia, three strains in Betaproteobacteria, 16
strains in Clostridia, one strain in the Flavobacteriia, two
strains in Fusobacteriia, and five strains in Gammapro-
teobacteria. Unrecorded anaerobic bacterial strains in
the eight classes were identified as following species in
the order of strain ID (Fig. 1): Clostridioides mangenotii,
Clostridium botulinum, Clostridium lundense (Cirne et
al., 2006), Pseudogulbenkiania subflava, Rhizobium alvei
(Sheu et al., 2015), Sporacetigenium mesophilum (Chen
et al., 2006), Terrisporobacter glycolicus (Collins et al.,
1994), Clostridium huakuii (Ruan et al., 2014), Oleo-
monas sagaranensis, Clostridium algidicarnis, Clostridi-
um intestinale (Collins et al., 1994), Paenibacillus sonchi
(Hong et al., 2009), Paenibacillus riograndensis, Clos-
tridium sartagoforme (Stackebrandt et al., 1999), Clos-
tridium gasigenes (Broda et al., 2000), Romboutsia sed-
imentorum (Wang et al., 2015), Bacillus benzoevorans,
Clostridium senegalense (Mishra et al., 2012), Clostridi-
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um aurantibutyricum, Acidovorax wautersii, Bacteroides
luti, Flavobacterium tyrosinilyticum (Du & Yi, 2016),
Lonsdalea britannica (Brady et al., 2012), Macellibacte-
roides fermentans (Jabari et al., 2012), Paraclostridium
benzoelyticum (Tushar et al., 2015), Tolumonas auensis
(Chertkov et al., 2011), Aeromonas rivipollensis (Marti
& Balcazar, 2015), Cronobacter dublinensis subsp. lau-
sannensis (Grim et al., 2013), Cetobacterium somerae
(Finegold et al., 2003), Aromatoleum toluolicum (Krieger
et al., 1999), Parabacteroides chartae (Tan et al., 2012),
Dysgonomonas oryzarvi (Kodama et al., 2012), Clostrid-
ium amazonense (O’Neal et al., 2015), Clostridium chro-
miireducens (Inglett et al., 2011), Ilyobacter delafieldii,
Phytobacter diazotrophicus (Zhang et al., 2008), and Ba-
cillus endoradicis (Zhang et al., 2012).

Fourteen strains were isolated from freshwater and the
others were isolated from sediment. Based on 16S rRNA
gene sequences, phylogenetic position of 37 unrecorded
strains is shown in Fig. 2. Detailed physiological and
morphological characteristics of the 37 unrecorded bac-
terial strains determined in present study are given in the
following strain descriptions.

Description of Clostridioides mangenotii CBA7501

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and cocci-shaped. Colonies are circular, con-
vex, and entire after incubation for four days on DSMZ
medium No. 311c at 25°C. Positive for esculin hydrolysis
and gelatinase. Negative for nitrate reduction, indole pro-
duction, glucose fermentation, arginine dihydrolase, ure-
ase, and f-galactosidase activity. Does not utilize p-glu-
cose, L-arabinose, b-mannose, b-mannitol, N-acetyl-glu-
cosamine, potassium gluconate, b-maltose, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7501 (=NNIBR2019644BA4) was iso-
lated from a sediment sample, Jinan-gun, Jeollabuk-do,
Korea.

Description of Clostridium botulinum CBA7502

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are irregular, raised,
and entire after incubation for four days on DSMZ me-
dium No. 311c at 25°C. Positive for esculin hydrolysis.
Negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, gelatinase,
and S-galactosidase activity. Does not utilize p-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, potassium gluconate, p-maltose, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7502 (= NNIBR2019644BA41) was iso-
lated from a sediment sample, Jangsu-gun, Jeollabuk-do,
Korea.



107

Lee et al. A report of 37 unrecorded anaerobic bacterial species in Korea

May 2020

IEMUSIL 166 £851280A 8 ST €00LFONIN  OYVEPYI6TOCIIINN  OPSLYED snonjdojozolp 12190qOIkY payssepoun
ToEMUSAL]  SS'66 THYITEdr L9T9T O'T 0669Y9NIN  LTVEPPI6TOCIAINN  LTSLVED DOUDILIG va[psUOT 2029D112190q012d
SISUUUDSND]
TorRMyYSAL]  99'66 9L0000TOAMIY YT8ET DIN'T S669YONIN  TEVEPYI6TOCIAINN  TeSLVED “dsans sisuauijqnp 1219DqoU0.L) 2D2IDLI2IONQOIIIUY  SI[DAIIOVGOLIUT
JoREMUSAI]  TL'66 L96SLLYEA 192d P669YININ  TEVEPFIGTOTIEINN  [€SLVED sisuajjodiars SDUOUIOLDY
WAWIPS  6€°66 919100dD L816 INSA €669YININ  0EVEPYI610CIEAINN  0£SLVED sisuanD spuounjof, 2D2IDPYUOWIOLIY  SIDPPUOWIOLIY  DIL2IIDGOdI0LdDUIUDY
WwawIpas 7066 189€€LdA $OLS INSA TOOLYONIN  6EVEAPFIGTOTIIINN  6£SLVED upjayjop 42120qoK]]
IEMUSII]  €6'66 SSIBEVIY STEVIIVM  9669YININ  €EVEAPPIGTOTIIINN  €€SLVED a0.19U108 wni21o0qo12) 202IDLUIIIDGOSN]  SI|DLIIIIDGOS] DILI21OPGOSN |
JEMUSAI]  SE66 1LTTeTd $ SNADHL 6869Y9NIN  9TVEPYI6I0CIAINN  9TSLVED  wmoudkjuuisolsy wini21onqoan] 4 2D2IDIUIIIDGOAD]  SIVILDIIDGOAD] ] DILI21IDGOAD] |
IEMUSAL  0E66 0SL9LX 88CT INSA TLEOYONIN  6VEAPPI6TOCIIINN  80SLVED sno1024]3 12190qo.10dS1LIJT
WAWIPS 166 LOTT89AY STIIZ [L69YONIN  8VEAPPIGTOTIIINN  LOSLVED winpuydosaut wnua3u2o0.10dg
JUDWIPAS €666 808 10TINVT T869YININ 61 VEPPI6IOTIAINN  61SLVED WNL0JUULIPIS DISINOqUIOY
wauwnpas 70’66 781000101941 TLTOM  TE69YONIN  6TVEPPI6TOCIAINN  6TSLVED wnoukja02U2q wnpLUSOIVILG
WRUIPS 2066 T99€€L¥ 6871 INSA L969YONIN  $VEPPI6TOTIAINN  10SLVED mouaSuvuu SIPIOIPLUSO])  2D2IDI00201doA1s0Idod
JUQUIPS 186 PEERTTAY [-4VOD T00LFONIN  8EVEPYI6TOTIAINN  8ESLVED  Suaompanuonyd
INEMUSAL] €666 PEVISTIN ASOAN 000LFONIN  LEVEPFIGTOTIAINN  LESLVED 2SUIUOZDUID
wawIpag  00'00T  6¥T000T0MAZT €6L INSA S869PONIN  CTVEFYI6TOCIEAINN  TTSLYVED  wnoLiimquup.i
JRUIPAS  [S°66 1084784 TCIOf  $869YONIN  ITVEAPPIGTOTIIINN  [TSLVED asua|»3auds
INEMUSAL] 9686 87ST60AY TLTTI INSA I869Y9NIN  8IVEPFIGIOTIAINN  81SLVED soua31sv3
AUIPaS 9866 SLISTX T6TT INSA 0869Y9NIN  LIVEPPI6TOTIAINN  LISLVED ouL0fo8D1IDS
WRWIPS 6166 0¥L9LX 1619 INSA LL69YONIN  vIVEPYI6TOTIAINN  €1SLVED appunsau
awWIPAS 6866 $s9L011°13( 660ST NSA 9L69YONIN  €IVEAPFIGTOTILINN  CTISLVED SIIDIPISID
EMYSIL]  [T66 TIYL96DY 0SOTINV'T  PL69YININ  TIVEPFI6TOTIAINN  0T1SLVED mypny
ewIpas  [$°66 $088S8AY 6VOLT INSA 8969YININ  SVEPPI6TOTIAINN  €0SLVED asuapunj
JUSWIPAS 9866 950100dD 4.1 punpyg LSSO96NIN  1HVEPPI6I0TIAINN  TOSLYED wnuinioq wnipLso]) 20220IPLISO]D) SIDIPLUSO]D) DIPLUSO]D
wawIpas 00001 SOP6TTAV 1L L669YONIN  YEVEPPIGTOTIAINN  vESLYVED wmo1jonjor wnaoIUoLy 20220]2£00poYY sajofoopoyy
WeWIPAS  99'66  SHO000T0OV XA 8197C INSA 6969Y9NIN  9VEPPI6TOTIAINN  SOSLVED DADYGNS  DUDYUIGINEOPNISY  IDIIVLIIIDGOULOLY) SIDLIISSION
IoEMUSIL]  8E°66 7208901180 186LC INSA 9869YININ  €TVEPPIGIOTIAINN  €TSLVED Hs.pmym XD.L0AOPIOY 202oDpYUOWDUIO)  SAIDLIPIOYYNG  DLI2IIDqOdI0LdDIG
waUIPas  TL'66 SO86CONT €-TESN 8669YININ  SEVEPFIGTOTIAINN  SESLVED avLDYD $9P1042120GVAD 2022D]j242UUnL
WP §H'66 8870C00OH HLANIT [669YONIN  8TVEAPPIGTOTIIINN  8TSLVED SUDIUDULIDY  SaP10421IDqNJ2IVI  2D2oVPVUOUIOILYd IO
JUAWIPIS  6L'66 ovbLYSAY cLha 666979NIN  9cVEPYI610CIAINN  9€SLVED 1a.p2£10 SPUOWOUOSSA(  2DIIDPPUOUDUOSSK(
IEMYSIL]  $T 66 19LLOTT 18! 1669T NSA L869YININ  vTVEPFIGTOCIAINN  +TSLVED yny $9p1042100g 202201042100 $2]Dp1042100g vipio421o0g
WaWIpas  99°66 9LLTESN'T cadgs 6L69YININ  9TVEPFI6TOTIAINN  9TSLVED SISUIPUDASOLL
WBWIPAS  6£°66 9€£85£0d S-61X 8L69YININ  STVEPFIGIOTIAINN  FISLYED nouos SHDIUID 2020D]10VqIUID Y
uRUWIPAS  LG'66 9L9¥EPND  9LLSO NVEDD 9TIIL6NIN  THVEPFIGTOTIAINN  HSLVED S191pVAOPUD
WawIpas  $9'66 11€8.d 16£S NSA €869YININ  OTVEPPI6TOCIAINN  0TSLVED SUD.I04202UDG snjjovg 2020D]1100g sajovg ypovg
TolEMUSIL]  6L°66 z0Tshd I-aH SLE9YONIN  TIVEPYI6TOTIAINN  T1SLVED SISUGUDADEDS SDUOUI02]O) 2022042190q010Y  Sa[V]jLIdSOpoyy
oEmysad 1166 YTT6V9IH TTANL OL69YONIN  LVEPF9610CIAINN  90SLVED 12410 wniqoziyy 202201GO21YY sapiqozngy  vi1vqodioLdpydyy
251105 (%) IOQUINU UOISSAOOY  urens 2d4) 1s9s0[D) Toquinu
wone[os]  Ayueug oIsS990Y a1 Y4INN dr ureng sarvadg snuen Aqrue,g 19pI0 SSe[D

sa10ads pajejar £[9s0[9 1O\

-00q02104dPUUDL PUR ‘DILI2IODGOSN,] ‘DI1I2IIDGOAD]] ‘DIPLIISO])) ‘D1121oDqO03104dD1ag ‘DIP10421oDg

*SUOTJBI[JJB OIWOUOXE] 1Y) PUE D112}
‘177100g ‘D112190q0210.4dDYd]Y SISSEIO AU} 0 SUISUO[Aq PIIR[OST SUTRN)S JO Arewwuns * J[qeL,



108 JOURNAL OF SPECIES RESEARCH Vol. 9, No. 2

LSum

Fig. 1. Transmission electron micrographs of cells. Strains: 1, CBA7501; 2, CBA7502; 3, CBA7503; 4, CBA7505; 5, CBA7506; 6,
CBA7507; 7, CBA7508; 8, CBA7510; 9, CBA7511; 10, CBA7512; 11, CBA7513; 12, CBA7514; 13, CBA7516; 14, CBA7517; 15,
CBA7518; 16, CBA7519; 17, CBA7520; 18, CBA7521; 19, CBA7522; 20, CBA7523; 21, CBA7524; 22, CBA7526; 23, CBA7527; 24,
CBA7528; 25, CBA7529; 26, CBA7530; 27, CBA7531; 28, CBA7532; 29, CBA7533; 30, CBA7534; 31, CBA7535; 32, CBA7536; 33,
CBA7537; 34, CBA7538; 35, CBA7539; 36, CBA7540; 37, CBA7541.

Description of Clostridium lundense CBA7503 pigmented, and rod-shaped. Colonies are circular, convex,

and entire after incubation for four days on DSMZ medi-
Cells are obligate anaerobic, Gram-stain-positive, non- um No. 311c at 25°C. Positive for glucose fermentation
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Fig. 2. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between the strains isolated in this
study. Bootstrap values (expressed as percentages of 1000 replications) of above 70% are shown at branch points. Filled circles and empty
circles indicate nodes recovered by all three or two algorithms (neighbor-joining, maximum likelihood, and maximum parsimony), respec-
tively. Halolamina sediminis halo-7" (CVUA01000001) was used as an outgroup. Bar, 0.05 substitutions per nucleotide position.
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and esculin hydrolysis. Negative for nitrate reduction, in-
dole production, arginine dihydrolase, urease, gelatinase,
and [3-galactosidase activity. Does not utilize p-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, potassium gluconate, p-maltose, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7503 (=NNIBR2019644BA5) was iso-
lated from a sediment sample, Jinan-gun, Jeollabuk-do,
Korea.

Description of Pseudogulbenkiania subflava CBA7505

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 311c at 25°C. Positive for esculin
hydrolysis. Negative for nitrate reduction, indole pro-
duction, glucose fermentation, arginine dihydrolase,
urease, gelatinase, and 3-galactosidase activity. Utilizes
D-glucose, p-maltose, and potassium gluconate. Does not
utilize L-arabinose, b-mannose, b-mannitol, N-acetyl-glu-
cosamine, capric acid, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7505 (=NNI-
BR2019644BA6) was isolated from a sediment sample,
Dong-gu, Daejeon, Korea.

Description of Rhizobium alvei CBA7506

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and curled after incubation for three days on
DSMZ medium No. 311c¢ at 25°C. Positive for esculin
hydrolysis and (-galactosidase activity. Negative for
nitrate reduction, indole production, glucose fermenta-
tion, arginine dihydrolase, urease, and gelatinase activ-
ity. Does not utilize p-glucose, L-arabinose, b-mannose,
D-mannitol, N-acetyl-glucosamine, potassium gluconate,
p-maltose, capric acid, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7506 (=NNI-
BR2019644BA7) was isolated from a freshwater sample,
Buyeo-gun, Chungcheongnam-do, Korea.

Description of Sporacetigenium mesophilum
CBA7507

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are circular, con-
vex, and entire after incubation for three days on DSMZ
medium No. 311c at 25°C. Positive for esculin hydro-
lysis. Negative for nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease, gel-
atinase, and [3-galactosidase activity. Does not utilize p-
glucose, L-arabinose, D-mannose, b-mannitol, N-acetyl-
glucosamine, potassium gluconate, b-maltose, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7507 (=NNIBR2019644BAS8) was iso-
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lated from a sediment sample, Buyeo-gun, Chungcheong-
nam-do, Korea.

Description of Terrisporobacter glycolicus CBA7508

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are circular, convex,
and entire after incubation for three days on DSMZ me-
dium No. 311c at 25°C. Positive for esculin hydrolysis.
Negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, gelatinase,
and (-galactosidase activity. Utilize p-glucose. Does not
utilize L-arabinose, D-mannose, b-mannitol, N-acetyl-glu-
cosamine, potassium gluconate, p-maltose, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7508 (=NNIBR2019644BA9) was iso-
lated from a freshwater sample, Jinan-gun, Jeollabuk-do,
Korea.

Description of Clostridium huakuii CBA7510

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are circular, convex,
and entire after incubation for four days on DSMZ medi-
um No. 311c at 25°C. Positive for esculin hydrolysis and
[-galactosidase activity. Negative for nitrate reduction,
indole production, glucose fermentation, arginine dihy-
drolase, urease, and gelatinase. Does not utilize p-glu-
cose, L-arabinose, b-mannose, D-mannitol, N-acetyl-glu-
cosamine, potassium gluconate, b-maltose, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7510 (=NNIBR2019644BA11) was
isolated from a freshwater sample, Dong-gu, Daejeon,
Korea.

Description of Oleomonas sagaranensis CBA7511

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 320 at 25°C. Positive for esculin
hydrolysis. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, arginine dihydrolase, urease,
gelatinase, and S-galactosidase activity. Does not utilize
D-glucose, L-arabinose, b-mannose, D-mannitol, N-ace-
tyl-glucosamine, potassium gluconate, b-maltose, capric
acid, adipic acid, malic acid, trisodium citrate, and pheny-
lacetic acid. Strain CBA7511 (=NNIBR2019644BA12)
was isolated from a freshwater sample, Gunsan-si, Jeolla-
buk-do, Korea.

Description of Clostridium algidicarnis CBA7512

Cells are facultative anaerobic, Gram-stain-positive,
non-pigmented, and rod-shaped. Colonies are puncti-
form, convex, and lobate after incubation for four days



May 2020

on DSMZ medium No. 311c at 25°C. Positive for esculin
hydrolysis. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, arginine dihydrolase, urease,
gelatinase, and S-galactosidase activity. Does not utilize
D-glucose, L-arabinose, b-mannose, D-mannitol, N-ace-
tyl-glucosamine, potassium gluconate, b-maltose, capric
acid, adipic acid, malic acid, trisodium citrate, and pheny-
lacetic acid. Strain CBA7512 (=NNIBR2019644BA13)
was isolated from a sediment sample, Dong-gu, Daejeon,
Korea.

Description of Clostridium intestinale CBA7513

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are circular, convex,
and entire after incubation for four days on DSMZ medi-
um No. 1451 at 15°C. Positive for esculin hydrolysis and
[-galactosidase activity. Negative for nitrate reduction,
indole production, glucose fermentation, arginine dihy-
drolase, urease, and gelatinase. Utilizes D-glucose, b-man-
nose, D-mannitol, N-acetyl-glucosamine, and malic acid.
Does not utilize L-arabinose, potassium gluconate, D-malt-
ose, capric acid, adipic acid, trisodium citrate, and pheny-
lacetic acid. Strain CBA7513 (=NNIBR2019644BA14)
was isolated from a sediment sample, Jangsu-gun, Jeolla-
buk-do, Korea.

Description of Paenibacillus sonchi CBA7514

Cells are facultative anaerobic, Gram-stain-positive,
non-pigmented, and rod-shaped. Colonies are circular,
umbonate, and entire after incubation for three days on
DSMZ medium No. 1451 at 15°C. Positive for glucose
fermentation and esculin hydrolysis. Negative for ni-
trate reduction, indole production, arginine dihydrolase,
urease, gelatinase, and [3-galactosidase activity. Utilizes
D-mannitol, potassium gluconate, b-maltose, and adipic
acid. Does not utilize p-glucose, L-arabinose, b-mannose,
N-acetyl-glucosamine, capric acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7514 (=NNI-
BR2019644BA15) was isolated from a sediment sample,
Dong-gu, Daejeon, Korea.

Description of Paenibacillus riograndensis CBA7516

Cells are facultative anaerobic, Gram-stain-positive,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 1451 at 15°C. Positive for glucose
fermentation, esculin hydrolysis, and 5-galactosidase ac-
tivity. Negative for nitrate reduction, indole production,
arginine dihydrolase, urease, and gelatinase. Utilizes
L-arabinose, N-acetyl-glucosamine, potassium gluconate,
and p-maltose. Does not utilize p-glucose, p-mannose,
D-mannitol, capric acid, adipic acid, malic acid, trisodium
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citrate, and phenylacetic acid. Strain CBA7516 (=NNI-
BR2019644BA16) was isolated from a sediment sample,
Dong-gu, Daejeon, Korea.

Description of Clostridium sartagoforme CBA7517

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are circular, con-
vex, and entire after incubation for four days on DSMZ
medium No. 1451 at 15°C. Positive for glucose fermen-
tation and esculin hydrolysis. Negative for nitrate re-
duction, indole production, arginine dihydrolase, urease,
gelatinase, and S-galactosidase activity. Utilizes p-glu-
cose, D-mannitol, N-acetyl-glucosamine, and p-maltose.
Does not utilize L-arabinose, b-mannose, potassium glu-
conate, capric acid, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7517 (=NNI-
BR2019644BA17) was isolated from a sediment sample,
Buyeo-gun, Chungcheongnam-do, Korea.

Description of Clostridium gasigenes CBA7518

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are circular, convex,
and entire after incubation for four days on DSMZ medi-
um No. 320 at 15°C. Negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase,
urease, esculin hydrolysis, gelatinase, and [3-galactosidase
activity. Utilize p-mannitol. Does not utilize p-glucose,
L-arabinose, D-mannose, N-acetyl-glucosamine, potassium
gluconate, p-maltose, capric acid, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid. Strain CBA7518
(=NNIBR2019644BA18) was isolated from a freshwater
sample, Buyeo-gun, Chungcheongnam-do, Korea.

Description of Romboutsia sedimentorum CBA7519

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are irregular, con-
vex, and undulate after incubation for three days on
DSMZ medium No. 1451 at 25°C. Positive for glucose
fermentation. Negative for nitrate reduction, indole pro-
duction, arginine dihydrolase, urease, esculin hydrolysis,
gelatinase, and f-galactosidase activity. Does not utilize
D-glucose, L-arabinose, D-mannose, D-mannitol, N-ace-
tyl-glucosamine, potassium gluconate, b-maltose, capric
acid, adipic acid, malic acid, trisodium citrate, and pheny-
lacetic acid. Strain CBA7519 (=NNIBR2019644BA19)
was isolated from a sediment sample, Jangsu-gun, Jeolla-
buk-do, Korea.

Description of Bacillus benzoevorans CBA7520

Cells are facultative anaerobic, Gram-stain-positive,
non-pigmented, and cocci-shaped. Colonies are circular,
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umbonate, and entire after incubation for three days on
DSMZ medium No. 1451 at 25°C. Negative for nitrate re-
duction, indole production, glucose fermentation, arginine
dihydrolase, urease, esculin hydrolysis, gelatinase, and
p-galactosidase activity. Utilizes L-arabinose, b-mannitol,
and adipic acid. Does not utilize p-glucose, p-mannose,
N-acetyl-glucosamine, potassium gluconate, p-maltose,
capric acid, malic acid, trisodium citrate, and pheny-
lacetic acid. Strain CBA7520 (=NNIBR2019644BA20)
was isolated from a sediment sample, Buyeo-gun, Chung-
cheongnam-do, Korea.

Description of Clostridium senegalense CBA7521

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and cocci-shaped. Colonies are irregular,
convex, and undulate after incubation for four days on
reinforced clostridial medium at 25°C. Positive for glu-
cose fermentation and gelatinase. Negative for nitrate re-
duction, indole production, arginine dihydrolase, urease,
esculin hydrolysis, and -galactosidase activity. Does not
utilize p-glucose, L-arabinose, b-mannose, D-mannitol,
N-acetyl-glucosamine, potassium gluconate, p-maltose,
capric acid, adipic acid, malic acid, trisodium citrate, and
phenylacetic acid. Strain CBA7521 (=NNIBR2019644
BAZ21) was isolated from a sediment sample, Buyeo-gun,
Chungcheongnam-do, Korea.

Description of Clostridium aurantibutyricum
CBA7522

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are circular, con-
vex, and entire after incubation for four days on DSMZ
medium No. 311c at 25°C. Positive for glucose fer-
mentation, esculin hydrolysis, gelatinase, and (-galac-
tosidase activity. Negative for nitrate reduction, indole
production, arginine dihydrolase, and urease. Utilizes
D-glucose and p-mannose. Does not utilize L-arabinose,
p-mannitol, N-acetyl-glucosamine, potassium gluconate,
pD-maltose, capric acid, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7522 (=NNI-
BR2019644BA22) was isolated from a sediment sample,
Jinan-gun, Jeollabuk-do, Korea.

Description of Acidovorax wautersii CBA7523

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and short rod-shaped. Colonies are cir-
cular, convex, and entire after incubation for three days
on DSMZ medium No. 320 at 25°C. Positive for nitrate
reduction and glucose fermentation. Negative for indole
production, arginine dihydrolase, urease, esculin hydro-
lysis, gelatinase, and f3-galactosidase activity. Utilizes
p-mannitol, malic acid, and trisodium citrate. Does not
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utilize p-glucose, L-arabinose, b-mannose, N-acetyl-glu-
cosamine, potassium gluconate, b-maltose, capric acid,
adipic acid, and phenylacetic acid. Strain CBA7523
(=NNIBR2019644BA23) was isolated from a freshwa-
ter sample, Dong-gu, Daejeon, Korea.

Description of Bacteroides luti CBA7524

Cells are obligate anaerobic, Gram-stain-negative, non-
pigmented, and rod-shaped. Colonies are circular, con-
vex, and entire after incubation for seven days on DSMZ
medium No. 311c at 25°C. Positive for 3-galactosidase
activity. Negative for nitrate reduction, indole produc-
tion, glucose fermentation, arginine dihydrolase, urease,
esculin hydrolysis, and gelatinase. Does not utilize p-glu-
cose, L-arabinose, b-mannose, D-mannitol, N-acetyl-glu-
cosamine, potassium gluconate, b-maltose, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7524 (=NNIBR2019644BA24) was
isolated from a freshwater sample, Jangsu-gun, Jeolla-
buk-do, Korea.

Description of Flavobacterium tyrosinilyticum
CBA7526

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 320 at 25°C. Positive for glucose
fermentation, esculin hydrolysis, and [-galactosidase
activity. Negative for nitrate reduction, indole produc-
tion, arginine dihydrolase, urease, and gelatinase. Uti-
lize capric acid. Does not utilize p-glucose, L-arabinose,
D-mannose, b-mannitol, N-acetyl-glucosamine, potassium
gluconate, p-maltose, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7526 (=NNI-
BR2019644BA26) was isolated from a freshwater sam-
ple, Jangsu-gun, Jeollabuk-do, Korea.

Description of Lonsdalea britannica CBA7527

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 311c at 25°C. Positive for glucose
fermentation and esculin hydrolysis. Negative for ni-
trate reduction, indole production, arginine dihydrolase,
urease, gelatinase, and [3-galactosidase activity. Utilize
capric acid. Does not utilize p-glucose, L-arabinose,
D-mannose, b-mannitol, N-acetyl-glucosamine, potassium
gluconate, p-maltose, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7527 (=NNI-
BR2019644BA27) was isolated from a freshwater sam-
ple, Dong-gu, Daejeon, Korea.
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Description of Macellibacteroides fermentans
CBA7528

Cells are facultative anaerobic, Gram-stain-positive,
non-pigmented, and rod-shaped. Colonies are circular,
umbonate, and entire after incubation for three days on
DSMZ medium No. 1451 at 25°C. Positive for nitrate re-
duction, glucose fermentation, esculin hydrolysis, gelati-
nase, and 3-galactosidase activity. Negative for indole
production, arginine dihydrolase, and urease. Does not
utilize p-glucose, L-arabinose, D-mannose, b-mannitol,
N-acetyl-glucosamine, potassium gluconate, p-malt-
ose, capric acid, adipic acid, malic acid, trisodium ci-
trate, and phenylacetic acid. Strain CBA7528 (=NNI-
BR2019644BA28) was isolated from a sediment sample,
Jangsu-gun, Jeollabuk-do, Korea.

Description of Paraclostridium benzoelyticum
CBA7529

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are irregular, flat,
and curled after incubation for three days on reinforced
clostridial medium at 25°C. Positive for glucose fermen-
tation. Negative for nitrate reduction, indole production,
arginine dihydrolase, urease, esculin hydrolysis, gelati-
nase, and 3-galactosidase activity. Does not utilize p-glu-
cose, L-arabinose, b-mannose, D-mannitol, N-acetyl-glu-
cosamine, potassium gluconate, b-maltose, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7529 (= NNIBR2019644BA29) was iso-
lated from a sediment sample, Jangsu-gun, Jeollabuk-do,
Korea.

Description of Tolumonas auensis CBA7530

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 1451 at 25°C. Negative for nitrate
reduction, indole production, glucose fermentation, argi-
nine dihydrolase, urease, esculin hydrolysis, gelatinase,
and fS-galactosidase activity. Does not utilize p-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, potassium gluconate, b-maltose, capric acid, adipic
acid, malic acid, trisodium citrate, and phenylacetic acid.
Strain CBA7530 (=NNIBR2019644BA30) was isolated
from a sediment sample, Dong-gu, Daejeon, Korea.

Description of Aeromonas rivipollensis CBA7531

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 311c at 25°C. Positive for glucose
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fermentation. Negative for nitrate reduction, indole pro-
duction, arginine dihydrolase, urease, esculin hydroly-
sis, gelatinase, and (3-galactosidase activity. Does not
utilize p-glucose, L-arabinose, b-mannose, D-mannitol,
N-acetyl-glucosamine, potassium gluconate, b-malt-
ose, capric acid, adipic acid, malic acid, trisodium ci-
trate, and phenylacetic acid. Strain CBA7531 (=NNI-
BR2019644BA31) was isolated from a freshwater sam-
ple, Dong-gu, Daejeon, Korea.

Description of Cronobacter dublinensis subsp.
lausannensis CBA7532

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
pulvinate, and entire after incubation for three days on
DSMZ medium No. 311c at 25°C. Positive for nitrate
reduction, indole production, glucose fermentation, ar-
ginine dihydrolase, esculin hydrolysis, gelatinase, and
p-galactosidase activity. Negative for urease. Utilizes po-
tassium gluconate, malic acid, and trisodium citrate. Does
not utilize p-glucose, L-arabinose, D-mannose, D-manni-
tol, N-acetyl-glucosamine, p-maltose, capric acid, adipic
acid, and phenylacetic acid. Strain CBA7532 (=NNI-
BR2019644BA32) was isolated from a freshwater sam-
ple, Dong-gu, Daejeon, Korea.

Description of Cetobacterium somerae CBA7533

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and cocci-shaped. Colonies are circu-
lar, convex, and entire after incubation for three days on
DSMZ medium No. 320 at 25°C. Positive for glucose
fermentation, esculin hydrolysis, and 3-galactosidase
activity. Negative for nitrate reduction, indole produc-
tion, arginine dihydrolase, urease, and gelatinase. Uti-
lize capric acid. Does not utilize p-glucose, L-arabinose,
D-mannose, D-mannitol, N-acetyl-glucosamine, potas-
sium gluconate, b-maltose, adipic acid, malic acid, tri-
sodium citrate, and phenylacetic acid. Strain CBA7533
(=NNIBR2019644BA33) was isolated from a freshwa-
ter sample, Dong-gu, Daejeon, Korea.

Description of Aromatoleum toluolicum CBA7534

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 320 at 25°C. Positive for nitrate re-
duction and glucose fermentation. Negative for indole
production, arginine dihydrolase, urease, esculin hydro-
lysis, gelatinase, and (3-galactosidase activity. Does not
utilize p-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, potassium gluconate, p-maltose,
capric acid, adipic acid, malic acid, trisodium citrate,
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and phenylacetic acid. Strain CBA7534 (=NNIBR2019
644BA34) was isolated from a sediment sample, Dong-
gu, Daejeon, Korea.

Description of Parabacteroides chartae CBA7535

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and rod-shaped. Colonies are circu-
lar, convex, and entire after incubation for three days
on reinforced clostridial medium at 25°C. Positive for
glucose fermentation, esculin hydrolysis, and 3-galac-
tosidase activity. Negative for nitrate reduction, indole
production, arginine dihydrolase, urease, and gelatinase.
Does not utilize p-glucose, L-arabinose, b-mannose,
p-mannitol, N-acetyl-glucosamine, potassium gluconate,
p-maltose, capric acid, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7535 (=NNI-
BR2019644BA35) was isolated from a sediment sample,
Jangsu-gun, Jeollabuk-do, Korea.

Description of Dysgonomonas oryzarvi CBA7536

Cells are obligate anaerobic, Gram-stain-negative, non-
pigmented, and rod-shaped. Colonies are circular, convex,
and entire after incubation for three days on DSMZ medi-
um No. 311c at 25°C. Positive for glucose fermentation,
esculin hydrolysis, and 5-galactosidase activity. Negative
for nitrate reduction, indole production, arginine dihydro-
lase, urease, and gelatinase. Does not utilize p-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, potassium gluconate, b-maltose, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7536 (=NNIBR2019644BA36) was iso-
lated from a sediment sample, Jangsu-gun, Jeollabuk-do,
Korea.

Description of Clostridium amazonense CBA7537

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and cocci-shaped. Colonies are irregular,
convex, and lobate after incubation for four days on re-
inforced clostridial medium at 25°C. Positive for 3-ga-
lactosidase activity. Negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase,
urease, esculin hydrolysis, and gelatinase. Utilize capric
acid. Does not utilize p-glucose, L-arabinose, D-man-
nose, D-mannitol, N-acetyl-glucosamine, potassium
gluconate, p-maltose, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7537 (=NNI-
BR2019644BA37) was isolated from a freshwater sam-
ple, Dong-gu, Daejeon, Korea.

Description of Clostridium chromiireducens CBA7538

Cells are obligate anaerobic, Gram-stain-positive, non-
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pigmented, and rod-shaped. Colonies are circular, convex,
and entire after incubation for four days on DSMZ medi-
um No. 311c at 25°C. Positive for glucose fermentation.
Negative for nitrate reduction, indole production, argi-
nine dihydrolase, urease, esculin hydrolysis, gelatinase,
and [3-galactosidase activity. Does not utilize p-glucose,
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucos-
amine, potassium gluconate, p-maltose, capric acid, adip-
ic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain CBA7538 (= NNIBR2019644BA38) was iso-
lated from a sediment sample, Jangsu-gun, Jeollabuk-do,
Korea.

Description of Ilyobacter delafieldii CBA7539

Cells are obligate anaerobic, Gram-stain-positive, non-
pigmented, and rod-shaped. Colonies are circular, convex,
and entire after incubation for three days on DSMZ medi-
um No. 1451 at 25°C. Negative for nitrate reduction, in-
dole production, glucose fermentation, arginine dihydro-
lase, urease, esculin hydrolysis, gelatinase, and f3-galac-
tosidase activity. Does not utilize D-glucose, L-arabinose,
D-mannose, b-mannitol, N-acetyl-glucosamine, potassium
gluconate, p-maltose, capric acid, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid. Strain CBA7539
(=NNIBR2019644BA39) was isolated from a sediment
sample, Dong-gu, Daejeon, Korea.

Description of Phytobacter diazotrophicus CBA7540

Cells are facultative anaerobic, Gram-stain-negative,
non-pigmented, and short rod-shaped. Colonies are cir-
cular, convex, and entire after incubation for three days
on DSMZ medium No. 1451 at 25°C. Positive for ni-
trate reduction, indole production, glucose fermentation,
esculin hydrolysis, gelatinase, and -galactosidase ac-
tivity. Negative for arginine dihydrolase and urease. Uti-
lizes p-mannitol, potassium gluconate, malic acid, and
trisodium citrate. Does not utilize p-glucose, L-arabinose,
p-mannose, N-acetyl-glucosamine, p-maltose, capric
acid, adipic acid, and phenylacetic acid. Strain CBA7540
(=NNIBR2019644B A40) was isolated from a freshwater
sample, Dong-gu, Daejeon, Korea.

Description of Bacillus endoradicis CBA7541

Cells are facultative anaerobic, Gram-stain-positive,
non-pigmented, and rod-shaped. Colonies are circular,
convex, and entire after incubation for three days on
DSMZ medium No. 320 at 25°C. Positive for glucose fer-
mentation and esculin hydrolysis. Negative for nitrate re-
duction, indole production, arginine dihydrolase, urease,
gelatinase, and f-galactosidase activity. Utilizes p-glu-
cose, L-arabinose, D-mannose, N-acetyl-glucosamine,
and p-maltose. Does not utilize b-mannitol, potassium
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gluconate, capric acid, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain CBA7541 (=NNI-
BR2019644BA42) was isolated from a sediment sample,
Jangsu-gun, Jeollabuk-do, Korea.
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