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Abstract = Although Sumunmulbangdui wetland at the Halla Mountain in Jgju Island, a kind of
montane wetlands, has been considered to bear high biodiversity, no study has been reported on
the bacterial diversity. In this study, soil and water samples were collected from the wetland in
order to isolate novel bacterial species. Bacterial strains belonging to the phyla Bacteroidetes,
Firmicutes, and Actinobacteria were isolated after spreading soil and water samples onto solid
agar media. The 16S rRNA gene sequences of the strains assigned to the three phyla were compar -
ed to those of type strains of the speciesin the phyla. The strains that showed less than 98.7% 16S
rRNA gene sequence similarity to the validly published species were considered to be novel species
candidates. A total of 32 strains were regarded as novel species candidates in the phyla Bacteroi-
detes, Firmicutes, and Actinobacteria. Diversity of novel species candidates was very low; the can-
didates were confined to only few genera. In the Bacteroidetes, 13 novel candidate species were
affiliated with the genera Mucilaginibacter, Sphingobacterium, Pedobacter, Flavobacterium, and
Chryseobacterium. A total of 13 novel candidate species that assigned to the genera Paenibacillus,
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Lysinibacillus, and Bacillus were identified in the phylum Firmicutes. Only two candidate species
that belonged to the genera Mycobacterium and Nocardia were excavated in the Actinobacteria.
Cultural, physiological, and chemotaxonomic characteristics have been determined for the novel
species candidates, and the characteristics are described in this study.
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Table 1. Summary of novel species candidates in the phyla Bacteroidetes, Firmicutes, and Actinobacteria, isolated from montane wetlands

in the HallaMountain

Phylum Family Genus Strain ID Closest type strain Similarity
Mucilaginibacter HME6827 M. gossypii Gh-677 97.7%
Mucilaginibacter JW7100901-R06 M. gossypii Gh-677 98.1%
Mucilaginibacter JSC-R3-522-12 M. gracilis TPT18" 97.5%
Mucilaginibacter JSC-R3-525-1 M. gracilis TPT18" 97.5%
Mucilaginibacter JSC-R3-521-5 M. boryungensis BDR-9" 97.3%
Sphingobacteriaceae  Mucilaginibacter IMCC12823 M. frigoritolerans FT227 95.6%
Mucilaginibacter JSC-R3-521-13 M. frigoritolerans FT227 95.6%
Mucilaginibacter IMCC12884 M. dagjeonensis Jip 107 95.5%
Bacteroidetes Mucilaginibacter JSC-R3-521-10 M. dagjeonensis Jip 107 95.4%
Sohingobacterium IMCC12925 S siyangense SY 17 93.9%
Pedobacter IMCC12928 P. suwonensis 15-527 98.0%
Flavobacterium JSC-P2-223-10 F. massiliensis URCM1 96.5%
Flavobacterium HHL-303 F. resistens BD-b365T 97.5%
Flavobacteriaceae Chryseobacter? um IMCC12929 C. | ndol ogenes LMG 83377 97.8%
Chryseobacterium IMCC12937 C. indoltheticum LM G 40257 92.7%
Chryseobacterium IMCC12895 C. indoltheticum LM G 40257 97.8%
Chryseobacterium SJ2FN2 C. indoltheticum LM G 40257 97.8%
Paenibacillus IMCC13003 P. chondroitinus DSM 50517 98.6%
Paenibacillus 1S1100910-02 P. pectinilyticus RCB-08T 97.9%
Paenibacillus JSC-N3-513-1 P. rigui WPCB173" 97.6%
Paenibacillus IW4100910-R04 P. rigui WPCB173" 98.0%
Paenibacillaceae Paen? bac?llus JSC-N3-214-3 P. nanensi‘s MX2-37 97.5%
Paenibacillus JSC-N2-612-4 P. sepulcri CCM 73117 94.1%
Firmicutes Paen? bac? llus JSC-P2-212-7 P. sacheonens? sSYo1” 97.6%
Paenibacillus | S3100910-R05 P. sacheonensis SYO01T 97.5%
Paenibacillus JSC-N3-413-3 P. chibensis JCM 9905(T) 97.4%
Paenibacillus JSC-N3-513-2 P. odorifer TOD45" 98.2%
Planococcaceae Lysinibacillus SJ2SN2 L. sphaericus C3-417 98.5%
Bacillaceae Bacillus JSC-N3-215-1 B. fumarioli LMG 174897 97.7%
Bacillus HHL-143 B. methanolicus NCIMB 131137 96.3%
Mycobacteriaceae Mycobacterium IMCC13010 M. gilvum ATCC 439097 98.5%
Actinobacteria
Nocardiaceae Nocardia IMCC12749 N. otitidiscaviarum DSM 432427 97.9%
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Fig. 1. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between novel species candidates
isolated from mountain wetlands and their relatives of the phylum Bacteroidetes. Bootstrap values representing above 70% are pre-

sented. Scale bar: 0.02 substitutions per nucleotide position.
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(10.1%), Cie:1 07c and/or Cye:1 006C (7.9%), Cie0 (5.4%), isO-
Cizo 3-OH (5.4%)= T4 2.
frigoritoleransy). Al5= %22y 439

A

ZHMZE 5: Mucilaginibacter sp. IMCC12884

I $A eI ZhE NA wiA]el| A 20°C A Al 2=
U= 3 Aoln] 913, APl 20 NES o] &3 A3}shs =
ZAked 3+, Arginine dihydrolase, Urease, Esculin
hydrolysis, PNPG (B-galactosidase)= <FA]. Indole 2§ At,
Glucose tax SA. A W F& AuHFS Cier 007C
and/or Cis1 @6C (16.2%), iS0-Ciso (14.5%), Cieo (10.9%),
Cig1 w7c and/or Cig1 w6¢C (7.8%), is0-Ciz.0 3-OH (7.6%),
iS0-Cys5.0 3-OH (6.6%), Cizo cyclo (5.7%) 2 FAE. 4=
2 Mucilaginibacter dagjeonensis$l. A|F= <254 H

FA 9] Faell A 22 E S

ZHMZE 6: Mucilaginibacter sp. JSC-R3-521-10
a5 Aol et R2A wi Ao A 20°C A7 A 2=
Y el e, 13, APl 20NES o] &8 A 3}shH
A 73}, Esculin hydrolysis, PNPG (B-galactosidase) =
°FAd. Akl 34, Indole 4§ Ak, Glucose &, Arginine
dihydrolase, Ureases 4. AlZ W F& AW iso-
Ci5.0(20.4%), Ci6:1 @w7c and/or Cie:1 06€ (17.0%), is0-Ciz7:0

e}
soElE SR F

oy r

Z4%&2 Mucilaginibacter

Gl A

oé.i
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3-OH (13.6%), C15;o (63%), Clz;o (5.9%), antel S)-Cls;o (56%)
2 FAE. Z9%FL Mucilaginibacter dagjeonensisy]. A

FE FBUE FA9 FeelA E2H S

-
T ofelmE| e, 2k 13, APl 20NES ]| §-3F A
# FA 73}, Indole A Ak, Arginine dihydrolase, Urease,
Esculin hydrolysis, PNPG (B-galactosidase)= oFAd. Ak
9 &), Glucose Ha= $A. Alx Wl F& Ak
Ci6:0(25.2%), Ci7:0 cyclo(18.0%), Cie1 7c and/or Ci61 006C
(13.4%), Ci51 w7c and/or Cyg1 w6c (13.4%), Cia0 3-OH and
Jor is0-Cie1 | (7.2%), Cigo cyclo m8c (5.3%) 2 FA1H. &
a2 Sphingobacterium siyangensed). A Fx -2
5 A9 el RElEH S

% HAZ 8: Pedobacter sp. IMCC12928

I3 SA o™ ZhE NA wj=|e|A 20°C A4 A] 2
Y Axableln] 13, APl 20NES o] 43 A)3}shA
=243, Ak 34, Arginine dihydrolase, Urease, Escu-
lin hydrolysis, PNPG (B-galactosidase):= <}A]. Indole A}
Ah Glucose &y 4. Az W F& AWAk Cuss
w7c and/or Cig:1 ®w6¢ (18.0%), is0-Ci7:1 w5C (11.9%), Cisa
®5¢ (10.0%), Ciso (9.6%), iS0-Ci7.0 3-OH (9.3%), is0-Cis:0
(8.3n) oz FAHE. 29322 Pedobacter suwonensiss].

AFE Seeis $79) Grola $el9e.

to
o

ZHMZE 9: Flavobacterium sp. JSC-P2-223-10

% eAelm 2 PYGV MiHel A 20°C A% A
F2: 8o volxo]n), 43 AP 20NES o] £ 4)

o
3}34 T4 A3}, Esculin hydrolysis, PNPG (B-galactosid-
ase)= oFAl. A4kl 34, Indole A Al, Glucose Bt &, Argi-
nine dihydrolase, Urease:= A4 Al W] F& AupALS-
iS0-Ci5,0 (16.9%), Cie1 07c and/or Cien1 w6C (15.2%), iso-
Ci7.0 3-OH (12.5%), Ci6:0(7.3%), C120(6.1%) 2 FAH. =
¢1%-2 Flavobacterium [Cytophaga] massiliensis). A F

= 2BUE §419 FeeA 2E S

Z HMZE 10: Flavobacterium sp. HHL-303

a3t Ao, B2 7. LB v X]el| A 37°C A& A
F2U+x e oln 3. APl 20NEE o] 83+ A)3}st
# A 73}, Esculin hydrolysis, PNPG (B-gal actosidase)
= oFAl. A AlYd 341, Indole A A}, Glucose ¥ &, Arginine
dihydrolase, Ureasex= &4, A= ] F2 ¥ iso-
Ci5.0(27.4%), iS0-Cys:0 3-OH (8.7%), is0-Ci7:0 3-OH (7.0%),
Cis0 3-OH (6.0%), is0-Cis.1 G (5.0%) 2 FAE. Zd=2e
Flavobacterium resistens$]. Al 55 42205 %529

ZHMZ 11: Chryseobacterium sp. IMCC12929

SR ol ZhE NA wf 2ol A 20°C A A] 22
e o] E723). APl 20NES o] 831 A 3}3}
# =X 7A3}, Arginine dihydrolase, Urease, Esculin hydro-
lysis, PNPG (B-galactosidase)= oFAl. 2 A 3H4, Indole
AL, Glucose ays A4 Al W F2 A Ciso
(19.2%), Ci7:0 cyclo (15.5%), Ci6:1 @ 7c and/or Cie1 w6C
(14.0%), is0-Cis:0 (7.7%), Cis:1 w7C and/or Cig:1 w6C (7.2%)
2 FAE. Z9%F2 Chryseobacterium indologenesy]. A

F= B F79] FeeA EEHAS

Z HMZE 12: Chryseobacterium sp. IMCC 12937

a5 2A4elm ZhE NA v R|e|A] 20°C A4 A] =
YE ofe|me|eln 3. APl 20NES o] 83+ AJ3}st
A =AA3, AA 3+, Arginine dihydrolase, Urease,
Esculin hydrolysis, PNPG (B-galactosidase)= ¢FA]. Indole
AL Glucose e 24 Az W F2 AARE Cuso
(17.1%), iso-Ci7:1 w5¢ (16.3%), Cis:1 @5c¢ (15.6%), Cieo
(11.0%), Cis:1 o7c and/or Cig.1 w6C (7.2%), Ci6:1 w7C and/or
Cis1 w6C (6.0%) 2 FAIE. 2422 Chryseobacterium
indoltheticums). Al F= &85 FX|9 o] £

=S

% HAZE 13: Chryseobacterium sp. SJ2FN2

Jolm Zht. NA wjz|el A 25°C A4+ A] =2
Hgk = o|w, 913, APl 20NES o] 43+ &)
A7 31}, Urease, Esculin hydrolysis= oFA]. 21 AL
3 34, Indole AY A}, Glucose '+ &, PNPG (B-gal actosidase)
L oA A=E U F2& AW is0-Ciso (33.3%), iso-
Ci7:0 3-OH (22.4%), C61 07¢ and/or Cue w6c (12.4%), 10-
methyl-Cie.0 and/or iso-Ci71 @9c (7.9%) 2 A H. 9=
£ Chryseobacterium indoltheticums). A F = <-2Eu 5

449 FadA 2eEge

[«3

3. Firmicutes %o &3l A23 W A 79
A% ¥4 2 54 714

Firmicutes =2 Low G+C Gram positivesg} 124d% o
= WuEHYy FowA, #4 6719 Foz RFH.
B d7olA e ASFE Ade 25 Badlli 7}
Bacillales 2o <3}w, 117]9] F3F7} A1F3R T30
s)ekstaith (Table 1, Fig. 2). 11719] ERAZE 73
107§ = Paenibacillus £l 43}glom, 119 #+F
Lysinibacillusel] 4:3}<] ). Bacillaceae #}of| = Bacillus
ol &ale 219] A% Fus} wEE .

Mo oy
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100]

83

Paenibacillus aestuarii CJ25T (EU570250)

Paenibacillus soli DCY03T (DQ309072)
JSC-N3-513-1

100

1W410091

100

JSC-P2

95

JSC-N3-413

100

100

0.01

IMCC13003

Paenibacillus chondroitinus DSM 50517 (D82064)

Paenibacillus alginolyticus DSM5050TT (D78465)

Paenibacillus pocheonensis Gsoil 11387 (AB245386)

1S1100910-02

Paenibacillus pectinilyticus RCB-08T (EU391157)

0-R04

Paenibacillus rigui WPCB173T (EU939688)
JSC-N3-214-3
Paenibacillus camelliae blls-2T (EU400621)
Paenibacillus nanensis MX2-3T (AB265206)
Paenibacillus agaridevorans DSM 13557 (AJ345023)
Paenibacillus mendelii C/2T (AF537343)
Paenibacillus sepulcri CCM 73117 (DQ291142)
JSC-N2-612-4
-212-7
1S3100910-R05
Paenibacillus sacheonensis SY01T (GU124597)

chibensis JCM 9905 (AB073194)

100 Paenibacillus chi 1
JEL Paenibacillus chibensis NRRL B-142T (D85395)

-3
Paenibacillus durus DSM 1735T (X77846)

JSC-N3-513-2
E'j[ Paenibacillus borealis KK19T (AJ011322)

Paenibacillus odorifer TOD45T (AJ223990)
Lysinibacillus fusiformis NBRC 157177 (AB271743)

Lysinibacillus parviboronicapiens BAM-582T (AB300598)

Lysinibacillus sphaericus C3-41T (CP000817)

SJ2SN2

JSC-N3-215-1

Bacillus fumarioli LMG 174897 (AJ250056)

HHL-143

Bacillus acidiceler CBD 1197 (DQ374637)
Bacillus methanolicus NCIMB 131137 (AB112727)
Bacillus pocheonensis Gsoil 4207 (AB245377)

Fig. 2. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between novel species candidates
isolated from mountain wetlands and their relatives of the phylum Firmicutes. Bootstrap values representing above 70% are presented.

Scale bar: 0.01 substitutions per nucleotide position.

16SIDNA 371492 AlE2A A}, Paenibacillus 4
of &3t 1079 #5 =%, 2 #57) HdFe= ¥
o] Paenibacillus ol A vt 107]2] & Rr A)Fo] WF
=i} (Fig. 2). Paenibacillus &l #jwsl= A1E25W
FE2 g9l ok 113 2] F ¢l Paenibacillus
Lol 12871 9] Fo] slom, o] 52 YntH oz 5o
B w4, =8 A EEEloH, g 49
o] theFst 3l 5 e <+ &7
glt}. 16S IDNA @7|Ade o] 43t Eapr EaA
73}, JISC-N3-513-13} 1W4100910-R04 #3F= Paeniba-
cillusrigui WPCB1737¢} 7+7} 97.6%, 98.0%2] S-Al= =

ol ol-}l

T

471w = }

re

B, Ag=oM = dAZIIAE T Y, F 7F
o] A% FAE=TE 96.8%= vl vtol 7 #FE FHA
Fo 2 753l dv. fARH ISC-P2-212-7x) 1S3100910-
R05 #+3+= Paenibacillus sacheonensis SY01T¢} z+7z+
97.6%%} 77.5%2] $AIEES Holm AEB=A HAE
7S YA F #F9 97149 fAE=7) 96.1%
2 Yol T FFE nx =Ao) TuAFoz AAF|
ot sk Bacillaceae Zol] 43l 2719 XEFH
ZF9l JSC-N3-215-1¢} HHL-1432 Bacillus fumarioli
LMG 174897, Bacillus methanolicus NCIMB 131137¢} z+
Z+ 97.7%, 96.3%2] 16SIDNA A9 $Al=S el o]
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Bacillus 2] =R A1Z0 2 AA ST
Firmicutes -, Bacillales B¢l 43l= TR A1Z2] 23
3 A EME 58 FH3 AL 923 7| 7R
S ek AEFRS BAA 1LL ol F EETT

sho] AERE B9 HEhom 79 dgele

N

ZHAMZE 1: Paenibacillus sp. IMCC13003

a5 FAdelm ZhE NA vl #|el|A] 20°C A4 A] =
Y 3 e]w] 43 API 20NES ©]8-3F AJ3}sh 54
73}, Arginine dihydrolase, Urease, Esculin hydrolysis,
PNPG (B-galactosidase)= oFAl. Z1Aked 314, Indole A A,
Glucose &= 4. Nz W F& AuALS is0-Ciso
(34.5%), anteiso-Cus (7.9%), Czo Cycl0 (6.3%), Ciso (5.9%),
i50-Ci7.0 (5.8%) 2 FAH. ==L Paenibacillus chon-
droitinusy). AlF= 1100 1A £A]o] T4olA HaF

o] o
PIS=

ZHMZE 2: Paenibacillus sp. 1S1100910-02

5 oFAdelm B k. NA vl R|el|A] 25°C A4k A
FzU: $-54e)0] 3. API20NES o] 43 Ashet
# 273}, Indole A Ak, Glucose &, Esculin hydroly-
sis= oFAl. A Aled 3k, Arginine dihydrolase, Urease,
PNPG (B-galactosidase)= $A4. M2 W] F& A|HIALS
anteiso-Cis: (39.3%), i80-Cis:0 (25.6%), anteiso-Cizo (5.9%),
Cu4:0(5.7%), i50-C140 (5.4%) = FAE. =
cillus pectinilyticus). A Fx= $5-&EwF 53] 9] =k

A B E oS

FHMZE 3: Paenibacillus sp. JSC-N3-513-1
2 oFAlo]lm 74 NA v X]el|A] 20°C A A Z=
£ uhe wlolxdoln) 13, API 20NES o|§3 A3t
s}4 FA A3, Glucose ¥ &, Esculin hydrolysis, PNPG (-
galactosidase)= oFA. AAFS 3k, Indole AJ AL, Arginine
dihydrolase, Urease’x= $-A). Al W] F2 #AH}FALS- anteiso-
Ci50(32.3%), Ci2:0(12.1%), Cia:0 (6.2%), Cis:0 (7.3%), isO-
C140(5.6%), Ci61 011c (5.0%) = FAH. ZAZ2 Paeni-
bacillusriguiq). A Fx %22uE &x]o Eofol|r] 2

22 Paeniba-

ZHAMZE 4: Paenibacillus sp. IW4100910-R04

O3 oA elm ZHt R2A v R|of| A 25°C A A F2
YUE $fAeln, B33, APl 20NES o]-&-3t A3}s)
A =AA} 2] 34, Indole A A, Glucose ¥r&,

Urease, Esculin hydrolysis, PNPG (B-galactosidase)=  oF
A, Arginine dihydrolase= 4. Al = W F& A upAk-S
anteiso-Cis;o (49.8%), anteiso-Ciz.1 09c¢ (11.7%), i1s0-Ciso
(7.8%) = 748, %2 Paenibacillusriguiyl. A F =

o E 519 FeelA EelE s

S HAMZE 5: Paenibacillus sp. JSC-N3-214-3

% kAol ZhE NA wf|e|A 20°C A4 A] =2
Y we]A| A elm 13, APl 20NES o] &3 A 3}shH
273}, Esculin hydrolysis, PNPG (B-galactosidase) =
oFAl. AAF 24, Indole AJ Ak, Glucose ¥t &, Arginine
dihydrolase, Urease= 4. Al W] F2 AH}FAFS anteiso-
Ci5.0(46.8%), Ci6:0(14.4%), Ci20(6.8%), is0-Ci6:0 (6.4%) =
TFA =", Z9F2S Paenibacillus nanensis). A= &2

B E £A9) EoplA Fel5Igle

S HMZ 6: Paenibacillus sp. JSC-N2-612-4
T oFAdelm ZhE. NA wx]e|A 20°C A A E=
Ut whe wlo X aloln] 415 API 20NES o] £a A3}
= o)
o

5
A Ak 3H2]) Indole AJ AL,
Esculin hydrolysis= &A1, D-glucose, D-mannose, N-ace-
tyl-glucosamine, D-maltose, potassium gluconate, capric
acid, malic acid, L-arabinose, D-mannitol, adipic acid, triso-
dium citrate, phenylacetic acid= A #}el| o] 8-3}%] B3},
Z9Z2 Paenibacillussepulcrig). Al F= $2EwE] %

A o] sl A ] H

ZHMZE 7: Paenibacillus sp. JSC-P2-212-7
a5 pdeln] 7 PYGV ul A6l 4] 20°C A4 4]
»1% 4 0]e] 3. APl 20NES o] 43 A 3hatH
A

A

Arginine dihydrolase, Urease,

oft iy

sculin hydrolysis, PNPG (-galactosidase) =
1A } % 5‘}%1, Indole *§ A}, Glucose ¥t &, Arginine dihyd-
rolase, Urease= 4. Al ] F2 X¥FAES anteiso-Ciso
(31.8%), Ci20(10.7%), Ci1.0 2-OH (8.2%), Ci60(7.7%), is0-
Ci60(6.7%) 2 FA 3. L= Paenibacillus sacheonen-
dsi. AlF= #2895 $72] Bl EEH RS

o
O

&
4.

Z HMZE 8: Paenibacillus sp. 1S3100910-R05

23 P olm 7k RA Wil M 25°C AR A 2=
Y FA oy B3, APl 20NES o8-8 A)3}st
# %A 73}, Indole 2§ Ak, Esculin hydrolysis, PNPG (B-
galactosidase)x= <FA). ALY 3H<], Glucose W&, Argi-
nine dihydrolase, Ureasex= &A1, Al Y] F2 x|l
anteiso-Caso (45.1%), is0-Cis;o (21.3%), i150-Cis0 (13.0%),
iS0-Ci17.0 (6.2%), Ciso (6.1%)2 FAE. ZAZS Paeni-
bacillus sacheonensisy. A F= <2EuWl %] &£x]9] EoF

A E2H A5

ZHME 9: Paenibacillus sp. JSC-N3-413-3
a5 fAelm it NA wi#|el|A] 20°C A4 A] F=
Ui oA Aoln] 1. APl 20NES o] 43 4553

u
Hr
o

é

el
Hm
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=X A}, Ak 3, Glucose &, Esculin hydrolysis,
PNPG (B-galactosidase)= <¥Al. Indole 2§ Ak, Arginine di-
hydrolase, Urease= -4, A2 Y] F2 X|¥AFLS anteiso-
Cis.0 (64.0%), anteiso-Ci7.0 (13.7%), iS0-Cie:0 (8.0%), iSO-
Cis0 (4.9%), is0-Cia0 (3.7%) 2. FAE. ZHZ2 Paeni-
bacillus chibensiso|o}. Al F = &2 5] £ Eok

A EEEH RS

ZHAIE 10: Paenibacillus sp. JSC-N3-513-2

a3t FAdelm ZhE NA wiA]ef|A] 20°C AJAHA] =
U= 10111&4011:4, 1. APl 20NEZ o] 48 4)3}14
q
o

o
.n.a
_L4

AL i % 2k, Indole 2§ A}, Glucose W&, Arginine
di hydrolase Urease: 4. NAB| RS o]4, 20°Col|A]
36A AR T FE3 Az ] F2 AL anteiso-
Ci5.0(32.3%), Ci2:0(12.1%), Cie:0 (7.3%), Cia:0 (6.2%), isO-
Ci40(5.6%), Cis1 011C (5.0%) 2 74 5. T3 E2 Paeni-
bacillus odorifer 4. A+ = 2EWF F3°] EallA

2E S

ZHMZE 11: Lysinibacillus sp. SJ2SN2
a5 FAd el 7P1r NA wjz|el A 25°C A4+ A] 2
Y 3 elw E-723. APl 20NES o] £-3F AJ3}shH
FA A, Ak 34, Glucose vE &, Arginine dihydrolase,
Esculin hydrolysis, PNPG (B-galactosidase)x= <}A). Indole
AL Ureaset= 24 Al 2 o F& Ak anteiso-Cuso
(60.2%), anteiso-Ci7:0 (10.7%), i50-Cis:o (9.4%), i50-Cis:o
(5.2%)=2 FAH. 24922 Lysinibacillus fusiformiss).
Fx ST FA9 Fpedlr EEEE

—?—Et% 12: Bacillus sp. JSC-N3-215-1
Frdelm Zht. NA v =]l Al 20°C A Al =

Y we]x A elm 13, APl 20NES o] &3 A 3}3hH
=A A3, AAY 3%, PNPG (B-gdactosidase) = ¢FAl.
Indole 2§ A}, Glucose ¥t &, Arginine dihydrolase, Urease,
Esculin hydrolysis= &A1 Al Y] 32 X8l anteiso-
Ci5:0(58.6%), i50-Ci5:0 (9.4%), 150-Ci6:0 (8.4%), Cie:0 (4.1%)
2 FAE. 2924 Bacillusfumariolio)of. Al F= &2
B F FA0] EokllA el AR

S HAMZE 13: Bacillus sp. HHL-143
3 pdolm 7+ LB WAl A 37°C AR A 2
A o, E723. APl 20NES- o] 43t *Eih—%?—i
73}, Esculin hydrolysis, PNPG (3-gal actosidase)=
. Ak 2k<d, Indole A Ak, Glucose &, Arginine
dihydrolase, Ureasex= &4, Mz W F2 A|¥Ak2 iso-
Cis:0 (46.6%), anteiso-Cis;o (26.8%), i50-Ci4:0 (5.6%), is0-

ot T,
oX, o?.i e 4

o

73— IMCC12749
73|— Nocardia otitidiscaviarum DSM 432427 (AF430067)
Nocardia nova JCM 60447 (Z36930)
o 75 Nocardia acidivorans GW4-1778T (AM402972)
Nocardia niigatensis IFM 03307 (AB092563)
_AL 73— Nocardia yamanashiensis IFM 02657 (AB092561)
Mycobacterium pallens czh-8T (DQ370008)
Mycobacterium senegalense CIP 1049417 (AY457081)
100 Mycobacterium psychrotolerans WA101T (AJ534886)
m IMCC13010
Mycobacterium gilvum ATCC 439097 (X81996)

Fig. 3. Neighbor-joining phylogenetic tree, based on 16S rRNA
gene sequences, showing the relationship between novel
species candidates isolated from mountain wetlands and
their relatives of the phylum Actinobacteria. Bootstrap val-
ues representing above 70% are presented. Scale bar: 0.02
substitutions per nucleotide position.

Ci70(4.0%) 2 FAH. ZAZ2 Bacillus methanolicuss].
AFE eBUE 549 2oA FelHL.
4. Actinobacteria ¥l 3= AFFHE Al F2
As 48 2 54 7A

2 High G+C Gram positivesg} 1271
Aoz wWHEAdY] FozA], Az 5719 o}7} (subclass)
oz Rk £3) FelA WAlwFeEl 28] Actino-
bacteria #-2 SAAEIAZE Fo A A A 0w 3] =
AEo® NYT} 53 o] ¥ B T FARAS
Hl2E 23 WAFES A, AldH o2 de) °1i’~
93 gle] A3l g ge] H3 ik AFE Ak
%A)el A& Actinobacteria #ol] &3l @2 429 ‘ﬂ?r
o) wjopsglont, oy 7)ol il F3} 98.7% o]
732l 16STRNA 32t M de] fFAt=E elfigleh 1
73} Actinobacteria %2 FRAIZL ©F 2£1o] ujj ofx
9o, IMCC13010z} IMCC127497} xR AlZzo =z I}
A ) ¢jc} (Table 1, Fig. 3). #3 IMCC13010-2 Actinomy-
cetales =, Corynebacterineae ©}2-, Mycobacteriaceae 3}
o] 243} Mycobacterium 49 1% oz A=) on,
o3 IMCC12749%= Actinomycetales -, Corynebacteri-
neae o}, Nocardiaceae #}2] Nocardia 2] ZHAIZO
= 7,
Actinobacteria F-ol] <4
EHE B ART SAE g
_“;‘_

Actinobacteria &
kil

1: Mycobacterium sp. IMCC13010
Jolm] 7HF. R2A ulj#]el| A 20°C A A] Z=2
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Y naldleln 13, APl 20NES o] &3t Asletd =
A7 3}, Argine dihydrolase, Urease, Esculin hydrolysis,
PNPG (B-galactosidase)= oFA). 2 AF4d 3141, indole A A,
glucose Bta = A4 MEZ U F2 AUk Cier 07C
and/or Cie:1 06C (28.2%), Cie:0 (25.8%), Cig1 w7c and/or
Cis:1 06¢ (14.4%), Caz0 cyclo (7.8%), Cioo 3-OH (4.5%) =
FAE. £49Z2 Mycobacterium gilvums]. A 5= 1100

A A9 el welH oL

ZHAMZE 2: Nocardia sp. IMCC12749

T Aol Ut R2A wi Aol A 20°C A7 A] F=
Y 3do|n] =2 913, APl 20NES o] 43+ A 3}3t4
=273}, Arginine dihydrolase, Urease, Esculin hydrolysis,
PNPG (B-galactosidase)= <FAd. Ak 2+, Indole A At,
Glucose T &: 24, R2A Wi A& o] 4, 20°Coll M 3d A}
A F FE% AE W F2 APAERS is0-Cis0(39.3%),
anteiso-Ciso (23.5%), is0-Cie0 (4.2%0) 2 TAH. THAF2
Nocardia otitidiscaviarum$l. A= 1100 12%] <539

R R
=~ o
= S

AF= geake] 259 A5 o9 o2 A
Al vla] A Ze] fo|3hA] grel AETFA ol ok
AAA ghot M) g Mz Foll diE Ba
A o]FofAA sttt B AFeME AlF= et
AbS] TAE HA)Ql 28N F Aol T 3 Bk
2E A Fsle] Bacteroidetes, Firmicutes, Actinobacteria
ol &34 AFE Felsdet 28 A7 F 919 3
Al ol &3k FF2) 16SRNA 44 47142
T3 v BEFF9 vkl en, 16SrRNA {42k
@M Le] fAkwsl EFRFSE B.7% vkl FFE
AFZH FF=2 F3Ae HAH ez 3 F & £=F
AL A dsken, B4 Al AFE A%
R FF7} whEE 9o} Bacteroidetes ol = Mucilagi-
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