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Abstract: The phylogenetic diversity of culturable thermophiles from hotsprings of Sichuan and Shanxi province was
investigated. A total of 47 moderately thermophilic strains were isolated. Analysis of 165 rRNA gene sequences
reveald that most of the isolates is thermophilic bacilli, which mainly belong to two genera, Anozybacillus and
Geobacillus. The majority of these thermophlies is able to secrete thermostable hydrolytic enzymes at 60 ‘C or
70 *C. Totally, 60% of the isolates can utilize Tween, 29% can secrete xylanase, the strains releasing protease or
amylase occupy 38%, but no one can produce chitinase or chitosanases. Moreover, the difference of enzyme

production is distinct either intraspecifically or interspecifically.
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1 #MRmAE

L1 # #
1.1l HaekEsnsh

B 74 R 0 3t Xt F Pk (SXO, 19 )1 E 4 (XD)
LT PR RREHFEK, FREH,. LRE4C
7.

1.1.2 ##%%

(DEKREESBEERE

M1 (Nutrient Broth,g « L™) . 4 W #i$E Y 3,
& A B (Oxoid LP0037)10,NaCl 5; % B 5 mol -
L™"NaOH & pH & 7. 0, 5 H 0. 5 mol » L™
Na,CO;-NaHCO;, 3 pH Z 9. 0. E{&IEFHE£F B m
20 g« L7 AR M.

M2 (Modified Brock’s Medium, g » L7 ).
Yeast Extract (BBI) 1, Tryptone (Merck) 1,
(NH,),S0,; 1. 3, KH,PO, 0. 28, MgS0O, 0. 112,
CaCl, 0. 074; B TR W (mg + L™1) :FeCl; + 6H,0
1.9,MnCl, - 4H,0 0. 18, ZnCl, 0. 022, CuCl, -
2H,0 0. 005,Na; B,0O; « 10H,O 0. 44, Na,MoO, -
2H,0 0.003;3k A 5 mol » L™*NaOH ¥ pH E7.0,
B A 0.5 mol « L™ Na,CO;-NaHCO; i pH £ 9. 0.
B A FFE S B M 20 g - LT HAgH.

M3 (Modified 2216 Marine Broth, g « L7!),
Yeast Extract(BBI) 1, Tryptone(Merck) 1, FFiEE2
£ 0.1,NaCl 5,MgCl, « 6H,0 2.5,(NH,),S0O, 1,
CaCl; 1. 8,KCI 0. 6,KBr 0. 08, H;BO, 0. 022,KNO,
0. 001 6, Na,HPO, - 12H,0O 0. 008, Sr Cl, « 6H,0
0.03¢. R Smol » L' NaOH #§ pH & 7. 0,8 F 5
mol « L™ H,S0, % pH % 4. 8. Bk 555 5
20 g - L7 IHAR .

(7B ¥ IR & . 4 BIFE M2 F1 M3 S35
HnAKE BB SR
1.2 EHRESESE

KL SRS, WK (0. 22 ym) EFE
i, THEEBKBEHEK (60 C,120 r » min~ '8 70 C,
40r minHEFRT~10 G ERBEERRER
FAHRL AR, B RERE RO CTH 70 O s
BAHFERUEEEG BEES SRS
B, |

B-TEEERERORE HRAG TR,
HRBEFRBERRAANFREBRAERE, RS
BRELPEEIVGCHBELELRRARER, Rt
#% 16S rRNA = H U Fr LU#4 8 k15 4 15 35

1.3 16S rDNA F S EF S #
1.3.1 #Ee$l4

NS REBEFWHERNE L IBEEHRERER
BEAREBRFAHNBELESR, RA4EE, BKR
40 min 537 Bl yK# ;260 nm & 280 nm T & U 1§ ¥
BE1E B4 5€ DNA VR K 45 (ODys0 /ODsgo).

1.3.2 16SrRNA £ R ¢ PCR ¥ ¥ 5 2 /#

M 16S rDNA ¥ ¢ i@ F 2| 4. F8 (5 -
AGAGTTTGATCCTGGCTCAG-3’) 1 R1513(5’-
ACGGHTACCTTGTTACGACTT-3").

PCR #/%:95 CHiZF# 5 min; 95 °C,0. 5 min, 5°
°C,0.5 min,72 °C,1. 25 min,33 4G ¥ ; 72 °C & f&
10 min, BT WY LB kKRN EEER AHHE
PR AT 0 W (Rl B 3 R 4 #r X 3730/
3730x0).

1.4 FHGHRELEY

FBMFF 5 GenBank BIEEFCH A E
16S rDNA FF I #4T blast 4347, SREAH WL B & 8
BHRE B EBUX LA X B ¥R AY 16S rDNA FF51, i
it Megal. 1 REBHITEFI LN FITMELZR
EM A E. B Kimura IS EERNHTE L FEF
SEEE R, B M E A ST E R AR, A
4B # ¥ (neighbor-joining method) 3K B4+ X E 4 H,
Fil g A 2 5 47 (bootstrap) AT HINE W B F
BRI, B2 HIEE R 1 000 K.

1.5 *EHEEIR

KAV . 7£ 60 CHR 70 CRUYTHE
BFR2~3dNBRTEEAB(EAR. TN AR
W LT B REED 2B eI K= 4.

2 & =

2.1 BABRSHMEIN
HaEERRERBERA TR, FENEE
BRESEARIANEE, ¥ BE AXBRFREE,
BEEFEHR H2RBE e lEeRaas
F RE-HRELOE. XM BEREA HAERIE
WA T B R T 3 . S B B FUAF B (Bacilli)
AR RRZEE, REEEESHEME I #T
BRI L, K18 47 P A, K, B X #
RKFEF BB PR 18 4, W5t 5 # 2
BR 5 A% b X 3R GR KR P 2 B S BT BR Y B B 2 R
PR BE 11 BR, T RRME B AR 3 Bk PRI RS SR F
POk BB B K 3 B, TR E B 8 #E.
XF bR B Bk Z — #E4T 16S tDNA B3 3 f
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B AR IR & MR B BY blast 4745 R, ¥ #% GenBank H
ML H MR E 16S tDNA FFI#4T Lo X 0 ¥, F 7
HEMEFHETRELZEMLE D.MIFHRET
EHENRERFTHELE D. AaHE R L
EH . ABEHEKRIESMT Anoxybacillus J&
Geobacillus & . ME R ELCEENEXRNET
Meiothermus [&.

Anoxybacillus BREFHITEH R P I — &
P43, TG R R BT L B BT B L TR BROR
FEATH.EERANE A XPoBEBIN.S

PG1

100

Anoxybacillus BHFE% X R B N HE W E k. E™
BRE &G T HREEE K. Geobacillus BRFA —1
R S HIAT B 4 3L 7E 37 ~75 CHIFRIE
BEE A EEE  RELEKEE N 55~65 C.HE4
K pHEN6.2~7.5, 4K pHEEN 6.0~8.5,
HAmeERESHFH M Z, iR kB RS
PIRE R E AL EB M. A4S B K Geoba-
cillus BRI PR BH LT pH 9. 0 B
P& T WA K BIF, I SX3,8X4,SX5 # PGS.
BEoh, 3k B T Bk B 3 AR H B (SX3,8X5

Geobacillus thermoleovorans strain BG SC 96A1(AY608936)
67 { Geobacillus kaustophilus strain BGSC 90A1(AY60 8934)
Geobacillus lituanicus strain BGSC W9A89 (AY 608945)

G3
Geobacillus uzenensis strain U(AF276304)

Geobacillus toebii strain BGSC 99A 1(AY608982)
Bacillus acidicola strain 105-2 (AF547209)

acillus vietnamensis strain 15-1(AB099708)
Anoxybacillus amylolyticus strain MR3C(AJ618979)

Anoxybacillus gonensis(AY 122325)
Anoxybacillus flavithermus(AF004589)

2
Anoxybacillus kestanbolensis strain K4AY248711)
-Anoxybacillus pushchinensis strain k-1{AJ010478)

(DN EEESTERENFRTERARATN

(a) Phylogenetic tree of moderately thermophilic bacilli and the isolates

83— Meiothermus taiwanensis(AF418001)
61 Meiothermus ruber(L09672)
100 Meiothermus cerbereus strain GY-1(Y13594)
XDl

2 Meiothermus silvanus{X84211)
Meiothermus chliarophilus(X84212)
96 Meiothermus timidus(A)871168)

Megasphaera elsdenii (U95027)

0.05

MNEEHRTEEAHRBRELETR

(b) Phylogenetic tree of genus Meiothermus and the isolates

B 1 LL16SDNAFFINEMNPREAEREZEEN

Fig.1 Phylogenetic trees of thermophiles isolated from the hotsprings in Sichuan and Shanxi province

Evolutionary distance is calculated with Kimura two-parameter calculation model. The trees are constructed by the neighbor-joining method.

Bacillus acidicola strain 105-2 (AF547209), Bacillus vietnumensis strain 15-1 (AB099708) and Megasphaera elsdenii (U95027) are used as

outgroup microorganisms, Value that supports each branching order is near the relevant nodes. Scale bars respectively correspond to a 1%

(Fig. 1(a)) or 5% (Fig. 1(b)) difference in nucleotide sequences. The numbers in parentheses are NCBI accession numbers of the 165 rDNA

sequences of corresponding strains
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1 SX4) 43 815 Geobacillus subterraneus strain 34
(T) M Geobacillus uzenensis strain BGSC 92A2 #)
M A 97 % 4842 Stackebrandt ZE W A, 16S
rDNA FHIFE T 97 % R L FRI AT LAY B %
UL ER HE—FHEHAEFAN FHREX S
BERBNFHNELTEN.

W EE B (Meiothermus) b FH B B 5 —
Mg R —— W R (Thermaceae) , R &
H— PP EERS T, REEKIBE N 50~65 T,
BE—IMRAUE 70CRKRU LEK . &L K pH
EOAR . ERAGRBECEE EHAMERNHE
RN NG SR R s R R A L R A S
AR B— R B THAER W EHK XD, K S
Meiothermus rubber strain SPS-241141 5 16S rDNA
FHIMELES R . EERE—ITFHES Fi#
—PHEE WA EEELTENIBP LA,
XD19 HAKAERTHFREFE, — BEITE R
GHEBR, XHARE Bella EMH RS —
BIZE 60 CEAMIE D, BAFRITE S EBME

o fr 3.

Ltk 4 ¥ & B 8, Anoxybacillus J& F
Geobacillus BEAXTMARWARBAESREF
46T b A
2.2 BEABHBESW

P14l #k 60 CorB s m e 4 Bk 70 THEM
BBRVE M B X &, o BITEAE NOIR B &R 4 T AT 7™
B e R SC . G5 2R Bow , KER 4 2 HUAT o R 4 7= A —
Frek SR KRB (K 1. HF,60% 8 8 bk 8k 7
AE ERNBNEOBTEEMN L YR 8%,
T e A A R MBI B AR o5 29 %0. FEF L IR A 27
PREE A, 45 K FB 43 MO B Bk (26 36D 7T LUF A Tween-
60, RA 6 #k 7] LL 43 % Tween-20, XA BEBLEN T
Anoxybacillus 1 Geobacillus J& WIFE N FH T & X
TEM BRI R IFIE. IR P RERAZTVILT K
B REBNER XFMHEEAE . EENEY
FEHRESABESRTEAETREBMILT &
B R IGE AR WA H T RE TR ARG B4
RBIA .

21 HoBAANSELH SBHEILRK 16S iIDNA FFI LR

Tablel Isolation, enzyme production and the results of 16S rRNA gene sequence analysis

BB SEEH/C FEBELR B E R /%

Strain Isolation Condition Enzyme Production Strain with the highest similarity Similarity
SX1 ¥, 60 2B B Anoxybacillus gonensis strain A4 99
SX2 ¥, 60 BE B i Anoxybacillus flavithermus strain C 99
SX3 WA, 60 EOE . AREE Geobacillus subterraneus strain 34 (T) 97
SX4 WtE,60 R EEE&,*%%E@ Geobacillus uzenensis strain BGSC 92A2 97
SX5 W YE,60 EHE, KBS Geobacillus subterraneus strain 34 (T) 97
XD1 i #,60 g B B Anozxybacillus gonensis strain A4 99
XD2 4,70 e, EalE Geabacillus stearothermophilus 100
XD3 g4, 60 RN S Anoxybacillus flavithermus strain D 99
XD4 4,60 Fe B, IE BB Geobacillus kaustophilus KKUAIL 99
XD5 wWrE,60 EHE Anoxybacillus flavithermus strain C 99
PG1 F4,70 FERT B, JEM B, AR AEEE Geobacillus thermoleovorans 99
PG2 44,60 - Anoxybacillus flavithermus strain C 99
PG3 Hrik,60 Teits . lE ¥ Es Geobacillus thermoleovorans isolate HS1 99
PG4 Wik, 60 RERiBE  JEMBE, REBYWEE  Anoxybacillus flavithermus strain C 99
PG5 Wik, 60 BB . JEM B, REBWRE Geobacillus uzenensis strain BGSC 92A2 99

F QOFEERBEFENDBE oHER 7.0 BERREFRENIE pH EX 9. 0. (2)SX FR NPT RT3 T ik 4 518 B 50 8 3%,
XD ZRAEEREARIBRINER PCRIAEHBE AR BEBANER. Q) —"RRF T8

(1)Neutral means pH 7. 0, alkaline means pH 9. 0. (2)SX represents the strains isolated from Shanxi hotspring, XD and PG represent the ones

from Xide and Puge hotspring respectively. (3)“—”means no production of any enzyme

3 0w i

45T 19 B O Tk A o A 0 SE LA
¥, E 165 tDNA RIS T4 RF0] i s b

B IE Anoxybacillus ¥ Geobacillus 2 /@ .
B F Anoxybacillus B HE %5 A. flavithermus
“FA. gonensis 2 NFRESFELIE: R 99UER 100%, B
F Geobacillus B HE# 5 G. stearothermophilus,

G. thermoleovorans,G. uzenensis,G. kaustophilus
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M G. subterraneus 5 FpEYFEIPE R 97% ~100%.
Anoxybacillus Fl Geobacillus 2 4~ J& &} & M Bacil-
lus BHAMALHRMBEHRFRITES L ERR TS
Iz, MMM E A ZF AT B 2K B (BacillD) , 18 An-
oxybacillus ¥l Geobacillus —%E M Bacillus J& & i
MHERIPE R 4y TR H Alicybacillus Ureibacillus
i Thermobacillus . B ¥#EINN,7E 60 CEAH
WP EEREH T, Geobacillus — & 4 F B #
Pt AR S RS HIE S AV

MM IGEE S T 45 B 3k &, Anoxybacillus F
Geobacillus BHEMRETHMERE L HERED
REIZF . BTAI—EBHEKKE R 1 FEE. M
BRTFE—TEMERKZED 2 HE, USEM
KESRIKEE R o B BRI B R B BT B Anoxyba-
cillus JBHE WK Ag DTG 8L/ FIVE M B8, T /B T Geoba-
cillus BEIREAMR T BR 2 %k R 7= A5 By B LA Ab, AR AR
BET™ 2 FhEl 2 M LA L EE. AT, JB PO R el Al |y =
BEE AN —8E, LA Geobacillus BRFI(AELD .5
G. stearothermophilus B 99 % 48l #E By XD2 P= g
WEEFZE . 5 G. kaustophilus B 99% # UL
B XD4 F=RERTEE FOIE M B8, 5 G. thermoleovorans
B 99Vt B PGL 7= g B B . 3E ¥ 56 A1 K R 0
By, Wob MR R E R B R EBER.
Bl —MHRORTE . LB R & b T #oK R4 2518
BIBE R AB. 5 G. stearothermophilus B.45 99%
B LA B AR ARLME B B Bk b, — 2R AT L P S B B RN B
B, a0 XD2,— 0] Ll 7= g B B . & & B Fn 1 A0 B
In XD9, — L7 LI e B B A B FIOK RAEEE . 10
XDIS;siARIBRM T3 M REBFERFE A
Sflavithermus strain C MM N 99% /0 4 ¥ B
— XD5,SX2,PG2 f1 PG4 M EEE RAR (L%
1), XD5 Jy it 8 5 . 7™ JE 4 B8, SX2 7= f5 I B , PG4
2 Tt 6 B, 7 B U B A VE AR B L T PG2 # F AR 0
B 45 R A A .

RIFU SR, RE DX AR PEBE
FENBAFARARE HAeat s LEER
THAMBBARNBESHR, AHEE TERS
FEHERISEE I E QMR RER N
AR BERABEYSHAMTRERS R EEE,
HEFEZHHMR RS A A R &Rl A
RAME . FBRESWRE KA. 5%
BTEAFRAFEN - LEACTE NI AT
), 40 3k B Bacillus licheni formis B JE 3 K #%
B 3k B Geobacillus stearothermophilus BB &
B Bstl pol™ % B &R F AL A= 8%, %t Fog

PEFMATHE R X BB 5, F 765 F 07 B3RS 5
Bttt BREE BT ARER PEAEN S B R
HPF B SR B, A OB I 48 S8 38 55 07 ik %t
HE P KRR AEYREFTTHE
P W25 T M T o Y 7R P4 B R LR YRR 4

T FUAG A, O v b X M 0 E VR R A 1 A Y R TR BT
RMFAEITT T HEA.
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