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BB JC L SR, 32 F TR R R | TR K A AR
JEI R SR, BRI E T 4°C KIE IR .
1.1.2 5%k © MM s ESERE . BIO M
i 209, R 0.29, NapHPO,20 g, KH,PO,1.5g,
MgS0,0.5g, NaCl 0.5g, pH 7.5, @ 2YT 773k,
BT LE A 16 g, EEfbky 10 g, NaCl 5 g,
pH7.0, DL FIEFR3ET 1.034x10° Pa i[5, 115°C 7
VK 15 min,
1.1.3  FEEGAES . BAEE AP (Tryptone ).
FEEEHY (Yeast extract) FIETJEWE (Agarose) I H ¥
Oxiod 24 F]; Cary 50 284Ma] WLy 66T A 2
VARIAN A+ ; HZ-9612K & 4R 1 1 3246 W [ oK
OB F 5 Alpha 1-2 ST HLS B0k A
5% CHRIST 24+ ; PCR {4 A 1 Eppendorf /A il
12 HREEEFREKS B

PERESL FEA IR AT, B3 mL A 100 mL K I
wESE AT, 65 CHE T R R, W50 uL & LR
FEWORAT T RO S R, 2 d JRPRICR R
% T 2YT g dkrp Atk i 5%, Jfan4 b CBS-5,
13 FSHFE

B R, e B T MR EIRIEA . K
ANy fLEESR Y, LG YL, JE B AR 2R
A ALE; BRI, FE SR TR
WiE; 2YT WK FR3E, 65°CH 7, M% 10 h Hi
MTEVE LA
14 HIBHEAFY
141 AREE. 78 40°C ~ 75°CIEENIE CBS-5
TEAA L T AR EE (wh) , DS NRET
1 HAE KR X VR E, 15804 KB 4 fEd
WA RIRE T, CBS-5 7 AN pH 2% #hif( pH5-9)
AR ER, R4 K pH 4k, RS A KR
FEA pH £ F, I E AT B B9 NaCl Xf CBS-5 4
K5
1.4.2 BRIEFIA . TERERRRY & 5 0.1%0 2Y T ik i k:
FREEPIMA 10 g/l FEAHE, F 65°CEH R I (180
r/min) 24 h J5 I %E ODeoo, 5% FIXTHE (A ANARI
4y ) A, SEMRIE R T 245, MM AT 1E 2
18], Rt A 5 o B o DU A A 4
HEEss . k. WORE . Brhrqioms . ZLs . s %
R CRILRE . RERE . CM YRR
1.4.3 BEFIRAE. %E CBS5 HYEFIRIE. BT
BR[19], LA Tween 80 JJic# % i JLBRAHIE 1 LART ¥

PEVERY I 6 HUE M RRE M 5 AR R I 4 e
BEEBGATETE ;P 4 Al S S el A A S 1
144 HAEZRYM: AEKERPA RER, Sk
KEJEMA 2YT Wik w=EG, F 65CE G
(180 r/min) Htk, 24 hJEMERss R, TR
. FIRER. a%R ., MRHER. RRUAE.
MRHGER. AHE. RTYHHERNATNHEER. B
Fie A 2 I BC LAV o 10 pg/mL #1100 pg/mL
11 PR
1.5 PBERAEERK 5 E

20 0 A 7 T K 3 W 2 4 v A SRR A B i A
YA T A 5 B o
1.6 EF%H DNA BI(G+C)mol% & M E

JETH 4 DNA (IS BOCHR[9 Ik i ki1 7, (G
+C) mol % & il 7 R VIR B (T ffik) 09,
P iR 256570 38 0.1xSSA G + C )mol % = 2.08xT,,~106.4
P18, 2 B E BN Fervidobacteriumislandicum H21",

1.7 16SrDNA F5I5 4k
KB AT S8 27F (5'-AGAGTTTGATCAT-

GGCTCAG-3' )fil 1541R( 5'-AAGGAGGTGATCCAG-
CCGCA-3") i#t4T 16SrDNA [/ PCR 43, PCR "1
. 94°C 5 min; 94°C 1 min, 55°C 45 s, 72C
2min, 30 MEH; 729C10 min,

Py aaifb)s , % LR TAYHEARA RA
w0 R BTN 51 BLAST 4445 GenBank il RDP
B R AT AR 3 B, ORI ) A
MEGA 3.0 ¥t ) Neighbor-Joining 344 i R 4t
HEAEH . {8 F Kimura 2-parameter 3, & A 1000
WO HT R G5 B A5 R

2 #

21 HEHDBRBEFFE

SARAR S AR I BEE PE PRAR AR S 1 B
BRFR B R IR, 65°CHT TR 3 d SR KRR IR IR
M, S pHAE N 6.7 £iAi o dE— 5 PRI T i A B 7
B SRR 2T, SRR RS, SRS
alili SR CBS5 Mikk. CBS5 Mk (K 1-A),
2~3umx05 um~0.6 um, JOHIE, F 2Ry EBHE,
TERHE I [ A R0 | 65°CHE % 2 d JF TR 2 mm T
V. RETE, RiENE, S, B, Sk, s
B, 80°C/KIEHINA 30 min AT IR kAL 4R
FITE 254, fAms R TAF R B (1 1-B ),
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Fig. 1 The strain CBS-5 cell morphology. A: under trans-
electron microscop (25000x); B: Spores of strain CBS-5 under
optical -microscope(100x)
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Fig. 2 Influence of temperature (A) and pH (B) on growth of
strain CBS-5.

%1 HH CBS5 5FRGXAREVIRIME M LR
Tablel Phenotypic characteristics of strain CBS-5 and the related strains

Characteristic

Strains designations

1 2 3 4 5 6
Size (um) 0.5-0.6 x2-3 1.0x25-88 0.65x4.75 0.7-1.0x4-10 0.4-0.5x25-3.0 0.85x2.3-7.1
Motility - + + + - +
Spore shape Spherical Oval Spherical Spherical Spherical ND
Temperature for growth (°C)
Range 48-70 37-66 40-70 40-60 37-66 30-72
Optimum 65 67-62 50-55 50 62 60
pH for growth
Range 6.5-8.5 5.7-9.9 6.0-10.5 6.0-10.0 4.0-10.0 5.5-9.0
Optimum 7.7 6.8-8.5 7.5-8.5 7.5-8.0 7.0 ND
Catalase + - + + - +
Oxidase ND - + + ND +
Gelatin hydrolysis - - (=) — + — —
Casein hydrolysis - ND + + + +
Substrates used *
Mannose - -(-) + + ND +
Arabinose - -(-) - + ) +
Galactose - +(=) ND + ) +
Sucrose + +(+) + + (+) +
Maltose + +(+) + + ND +
Lactose + - (=) - - =) ND
Rhanmose + ND - - (=) +
Starch - -(-) + - (+) +

Strains designations: 1, CBS-5; 2, A. kamchatkensis JW/VK- KG4" (Kevbrin et al. 2005); 3, A. kestanbolensis K4 (Dulger et al. 2004); 4,
A. cantaminans sp.nov. (Clerck et al. 2004); 5, A. pushchinoensis K1" (Pikuta et al. 2000); 6, A. flavithermus DSM 2641" (Heinen et al. 1982).
All strains grow on glucose.* Aerobic and anaerobic substrate utilization tests are given without or within brackets, respectively.+ positive, -

negative, ND not determined.
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2.3 PERABRRN & 47

AR TE )y & T ek CBS-5 Y 4l A i
iR B4y, 45 3] CBS-5 Wi iia i 18 Fhif Fjg
[T RN 6 FiASTEL R0 NG 17 R 4 A, L AR R T R %
o 1R T R A 5 B 1Y) 82.39%, A AR BR i 17.61%.
4 F L A AE iR 150-Ciso (24.20%) . Cieo (20.45%)
1S0-Cy7.0 (17.42%) F1 Anteiso-Cy7.0 (10.85%) #4J i T
CBS-5 1y £ L ARNIFA o
24 G+CEEME

AP R bk CBSS Y T (ol 71.3°C,
AR DNA FH“G + C mol %' i)y 41.9 mol%, £F

4 Anoxybacillus J& 1 (G+ C)mol %" {fi( 39~44 mol% M
25 16SIDNA FIIRZHZEZBEFEN T

L CBS-5 X2 DNA it , 11514 27F F1 1541R
#H17 PCR §#, 1332 1.5 kb 1) PCR /¥, Hikk CBS-5
f) 16S rDNA J#41] GenBank % 5% 5-( accession number :
EF222231) % CBS-5#FEAYT 16S rDNA J¥51 5 GenBank
RS AT XS, CBS-5 5 Anoxybacillus J& i 7t HAT
B RS RJEYE, 1E 95.1%~98.5% 1] . FH Neighbor-
Joining Jr I RG L EW (K 3) , Z5RKH] CBS5
FEZJE PO AR ST 195 32, 5 A flavithermus i#EfE ¢
REY), WML T 98.5%.

94 l—A kestanbolensis NCCB1000517 (AY248711)

| ) .
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A
0.005 45
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strain CBS-5 JCM 15484 (EF222231)

"A.gonensis NCCB 1000407 (EU348824)

75 A kualawohkensis (DQ401072)
73 I

A.kamchatkensis DSM 149887 (AE510985)

A.contaminans DSM 15866T(AJ551330)

99 Avoinovskiensis JICM 121 11(AB110008)
90 L— Aamylolyicus DSM 15939 T(AJ618979)

Bacilhis foraminis LMG23174( AJ717382)

3 ETF 16SrDNA FIIMEMEIEEK CBSSENM TR FANERELEM
Fig. 3 Phylogenetic tree based on the 16S rDNA sequences from strain CBS-5. The pylogenetic tree was constructed by using the
neighbor-joining method and Jukes-Cantor evolutionary distance matrix data was obtained from a comparison 1,300 unambiguous nucleotides as
implemented in MEGA 3.1 software. The sequences used in the analysis were obtained from the GenBank Database. The number at each branch
point represents the percentage bootstrap support. (Bar, 0.5% sequence divergence; T, type strain).

3 i

g T A 2 4% T T P G £ B R L AR S0y
2 CBS-5 B MR B FIE 3 Mg+ F1 Ll Kt B il 1Y)
TACTRSR, RIS =R B ACARAE , I a e
BRI F AT ( Anoxybacillus ), TG4 4/ FF &
JEM AT ( Bacillaceae) B4 . HETJOA H 4
B8 B A AP aRaE 8 At ]k 22 M
IRAE S A o TR DT R B R IR 220 A G
AR ARG TR & 1 D AFAE 25, I HLAE
I 05 TR e A B . U7 8 N IO S A1 45 )y Tt A7 A
2250, D i R & 5t 4 B AT LU 4t 7 3 2 2=
I o T EEZF AT 1R v 45 Fi i) 32 BER D R /2 150-Cseo,
1 A. kestanbolensis 1 iso-Cis. & fit 2l 68.62%'8
A flavithermus 1 Jy 54.85%!*3 | A. pushchinoensis
7 38.7%*2 A, contaminans ' 529%™ ; %} CBS-5

4 1 07 B B A7 4T, 65 SR S 7 ) = S O i P
J&i50-Cis0, SN 24.20%, %5 Anoxybacillus &
FUHRAE — 3, E—2EW T CBS-5 5 LA AT &
KREY], 16SrRNA ZAZHHA RNA 9 —Fl, BFri
BAEEEFE, L5 B MRS XA AR X, fRAF
IX i R WA= WAl SR 4k 06 R, T AR X B RE SR R AR
YR B R IE AL R T ) S5 R a5, BN Ry 2 Bl A T R
G B M4 E TR AR Y AT T CBS-5 /Y 16S
rDNA JERFPHIME T Rk FM, 4558 /8 CBS5
TG ZEFUFT B 45 7 5L 1 16S rDNA 81 A1 b1
4t T 95.1%~98.5% ], AT 7E 53+ AE 4 2% K ~F-Hff 1)
Y578 CBS-5 Jhy JC U 28 AT T o X 32 T g2 1k o (1 ) 4
SFTRM, EAMUEA NS Ty, 6 HA R
SACE RS, XX TR R T B SRR
P 7 Tl B LA AN il S R 1
O S IR T AR IE fE AT o
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| solation and identification of a thermophilic bacterium from hot
springsin Changbai Mountains

Donglai Liu, Jingang Cai, Tianyu Yao, Yanping Wang, Qingyang Kong, Yan Feng’

(Key Laboratory for Molecular Enzymology and Engineering of the Ministry of Education, Jilin University, Changchun 130023, China)

Abstract: [Objective] We studied physiological and biochemical properties of a thermophilic bacterium isolated from hot
springs in Changbai Mountain. [Methods] The strain CBS-5 (=JCM 15484) from hot springs in Changbai Mountains was
isolated by plating and screening on Olive-rich medium. It was characterized by the physiological and biochemical analy-
sis, 16S rDNA sequencing and determination of (G+C)mol% contents. [Results] The cells were Gram-positive, non-maotile
rods, spore-forming and generally occurred singly or in pairs. The growth temperature ranges from 48°C to 70°C, opti-
mum at 65°C; growth pH ranges from 6.5 to 8.5, optimum at 7.7. The strain used glucose, sucrose, maltose, lactose and
rhanmose as carbon and energy sources. The G+C content of DNA was 41.9 mol%. The major cellular fatty acids were
iS0-Cy5. ¢, Ci6.0 and iso-Cy; . o, respectively representing about 24.20%, 20.45% and 17.42% of total fatty acids. The 16S
rDNA sequence analysis showed that the strain belonged to the Anoxybacillus genus, for the sequence similarity was
95.1%-98.5% to other known species of Anoxybacillus. [Conclusion] Strain CBS-5 was a member of Anoxybacillus.

Keywords: Thermophilic bacterium; Anoxybacillus; fatty acid profiles; 16S rDNA
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