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Identification of a thermophilic bacterium and preliminary
characterization of the secreted xylanase

CHEN Xue-Min LIU Pei-Pei  ZHANG Bo'

(College of Applied Sciences and Humanities, Beijing Union University, Beijing 100191, China)

Abstract: The bacterium isolated from a water sample of Yunnan tengchong hot spring can secrete a
kind of thermophilic xylanase. It was identified and named as Geobacillus sp. PZH1 by morphologic
observation, physio-biochemical characteristics and 16S rDNA sequence alignment. Subsequently, its
secreted xylanase and the xylanase’s characteristics were researched preliminarily. SDS-PAGE electro-
phoresis and zymogram analysis suggested that the xylanase’s molecular mass was 69 kD; the optimum
pH and temperature of the partially purified enzyme were 7.0 and 70 °C respectively, and it performed
noted activities from pH 5.0 to pH 11.0 and from 40 °C to 100 °C; it had high stability from pH 5.0 to
pH 12.0 and under 70 °C; from 40 °C to 100 °C, no cellulase activity was detected for the partially pu-
rified xylanase.
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1 MBETHA

1.1 E#

GRIR 0 25 1 I o R KA o
1.2 iRXF

3,5- A KK R (DNS) . HEAR R BB . B H
FLAHERCMOMM H Sigma 2w, HAbY K =5
Mradi,
1.3 EHFEMEFREY
1.3.1 33 E: FhrEIER(g/L): NHLCL 1, NaNO;
1, MgS0,4 0.2, KCI 0.1, Na,HPO, 0.21, NaH,PO, 0.1,
CaCl, 0.1, Na,S,05-5H,0 1, Na,S-9H,0 0.3, F#hf4R
B3, B 1S, WA 10, MUEITRIK 10 mL,
¥ pH 7.0, 1x10° Pa K& 30 min, KBS SFh
T 7% B A 2 3 A (R, S e TR T80 Ry AR R R 2R
10 g/L., fHERICE M (g/L): MnSO, 0.5, CuSO, 5H,0
0.01, CoCly6H,0 0.042, FeSO,7H,0 0.1,
ZnS0,7H,0 0.5,

1.3.2 EBFEH: WRIEEZAF 75, 50 °C,
180 r/min fHIREEFE 12 h, DL 2%AY 2 Fl 80 Fl 72
AR BER:FRFE, 50 °C . 200 r/min THIRREFE 3 d, 2
R 250 mL FEHEE 50 mL HE R,
1.4 EWHEE

W SR MER . AR 16S tDNA
JFE AR L (A 5T = e 3 AR AT BR BT AT 2w )X H
IR FR S e, Az PEA b 050 2 BE SRk (4]
1.5 EEEMAMEFRNE

DNS ¥ e i FAWE 25 1 D 2 RSR[5
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it 0 1 ) ) BGE Y AR B SR 0.5 mL,
A 1.5 mL 1% A RBEHE W, 70 °CHE K, K
SN 10 min, S7ZBIAMA 3 mL DNS &, WK
12 min, VK¥% . E& X 50 mL, T 490 nm 7 4b g%
JE 9 2 BEORBE A e ith 2R A3 ABE & &, 11 R,
2 HAA LT 70 °C fHIEKIF B3 A DNS iR
TN o B PR B 2 e RS Bh AR 1 pmol 34 JEUBE (LA
ARBEH s i & 1 ASEERE A7, PL TU/mL
Fm,

W 1% 1 AR E=nCx1 000/MT,

E: B35 (U/mL);

n: ﬁ‘ﬁﬁﬁfﬁ,

C: ARBEE (/L)

M: AKWESF1(150);

T: J Jvf B} [A] (min) o

EHAME: 218 Bradford BPMIEE S & &,
PRUESE 1 AR I3 18R F1(BSA)

1.6 FHEBRYHI & 5AB 4K

AR} TR TR T R TR RS, BR IR X
B, DL 2% R i 4 T R WERE FR 3, 50 °C.
200 r/min $5 5% 3 d J5, WAL ML, F4°C,
5000 r/min &.L> 30 min, 3% B AL -

1.6.1 BRERERIUIE: WL 6 ilEE, 4’y 1-6, ZMA
10 mL AH G, 435I i iR &% 2 A AR 30% . 40% .
50%. 60%. 70%. 80%F1 90%, ‘& T 4 °C iF%iJ)q,
F 10 000 r/min B.0> 15 min, F F#, VUEHE T
20 mmol/L pH 7.0 Tris-HC1 & #l i, I it 35 A1 6 1
T

1.6.2 FABSLL: BM 1.6.1 HHEE BRI E
AT RUTTE, WML 40%—60% 2 [H] Y UTIE,
YUHETHFH 20 mmol/L pH 7.0 (1Y Tris-HCI 2% ik 175
IFE THIFZE W 4 °C BT, %5,

1.7 SDS-PAGE HXFAEGIL 4 4

SDS-PAGEHL K" RAINEL DB RS, 3%
M8 S, 10% 1 0 B 1S, WA 4 e R B8 I 38 & A
0.2% AR, FEMBETEAR 2% B-SisE LB 2%
SDS MFE S 28 v h, JINEERT 50 °C Zb#E 15 min,

B BT U HLTK SR H, B A RE A R 4
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YI'F, F 20 mmol/L pH 7.0 ) Tris-HCI 2z #hif thsk
3-5 i, KIIR B 25%5F N BT 30 min, kA T
T, B 20 mmol/L pH 7.0 4 Tris-HC1 28 i i 122
P& 20 min, KR BTE R AL sl 70 °C KR
3 min, 0.1%R B 20444 15 min, 1 mol/L NaCl J& & i
o, il A DR R SROME A KA 7 B MO B B A, 3 B
B T

1.8 FEmiE R B MR E MR

1.8.1 BESHERMNEHMR: 50 T AR S ik R
Bedil 1% AR RBEH W : AT IR -Na,HPO, 22 i
K Z (50 mmol/L)EC#Hl pH 3.0-6.0 Z&whif; i
NaH,P04-Na,HPO, 2% i & & (50 mmol/L)HC
pH 7.0-8.0 ZZvpif; i H H &2 -NaOH 2% np{k R
(50 mmol/L) it il pH 9.0-10.0 2% b ¥ ; 1 H
Na,HPO,-NaOH % #f1{A& & (25 mmol/L) pH 11.0-12.0
. 70 °C MIASIE pH 28 thik R F AR XS B,
DU I = BTG R 100%. FH pH 7.0 B R 2% rhi e 1%
ARIWEGEW, 43 90 T AN [) i BE (40 °C—100 °C)MI AR X
B, LASR e BTG 24 100%.

1.8.2 EERREMEMR: BUE R, /0 FIRE N

50 mmol/L WA [A] pH 22 M 1, 4 °C IR 3 h )5, T
EAE F ARG, DA TR AT NG O 100%. HUE
fiti, % T pH 7.0 (¥ Tris-HCl vk, TARIRET
FRIE(50 °C—90 °C), 1 h A1 3 h J5 B 2 ¥REE, 4 5110 &
FEXT TR AR S, DU RTEEE 7 100%, 22l ih4k .
1.9 HFHREGEENE

i TR BT = (N s o B NI T B
(40 °C—100 °C)IM 12 A< SR Pl P N 2F 24 R g0 12
RS2 35 0k 2T 24 2R T 4 R FH AR B AT 4 2 (CMO)
VENIEY, T pH 7.0 PBS Ziih, M Gef 4%
Fitg 7% M 20 TR RTINS A SR il 1 M AL BRI AR A W],
I 5[] 24 20 min.

2 GR509W

2.1 HMHETE

TEASFHRE: R — R IR AT, K
1 pm, 22 [CHIE, A2, 2 R E: 5% 2 20 ik
5 WonTCis e 1, WA RIRF @M AT AR, K
S R, DG SEEE, KitES KB, Fs R A
TR UL 1, A7 TSR TS B 2R A

1 BE=REEE(AFFAELEE®B)
Fig. 1 Photos of Gram staining (A) and spore staining (B)

P RE 16S (DNA &K FEH, 55 7F
GenBank H1iE 47 [ JE 4 HE X6} 53 HT (GenBank % 555
HM596428), i1t GenBank (%) BLAST #4473 #7r,
ZER SRR E B R 3 DR (Geobacillus sp.
YMTC1049 . Geobacillus sp. GXS1 F1 Geobacillus
kaustophilus)F ¥ R 550 1) [R] R M3 35 2] 99%, 257
BERIIES . BB EGR 1), KHA D% E
& Geobacillus sp., fii44 N Geobacillus sp. PZH1 .

2.2 FRER$RIBINE X EEIR BN RN

MR 2 AT LA, BEREL I AL A 40% Y s i,
A —E f W A T H AR AT WG B R AR A
BER 60% 1 B 8 7 dee I (B, 5 o e L AR
BERG N, B A g E B A, Bk, AR
S L T HUTTE, WO IR B 1R RN BE 40%-60%Z
[ B2 43, A AR BRAR /- A AR AR, k3]
A fb FRCR, A EROR IR 2,
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* 1 Geobacillus sp. PZH1 £ 1B 4 (L4514

Table 1 The physio-biochemical characteristics of
Geobacillus sp. PZH1

L AR Test 25 Result
T %M & % Glucose fomentation test +, PERATER
SMi & Fructose fermentation test +, IERATER

AWl % % Xylose fermentation test +, FEBRATER
FLME % % Lactose fermentation test -
B /K fi% Lipase test =
AR WELES Lacmus-Milk test -
TERY K ff Amylase test
ATMEIKfH Xylanase test
JRFESLES Urease test _
FiJLZT 5285 Methyl red test
V.P S5 V.P test
5|k S 4% Indole test _
T b &S558 H,S test
FrGERER LG Citrate test

+r PHPEER, - BIMEEER.

Note: +: Positive result; —: Negative result.
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Fig. 2 Effects of saturation on xylanase activity and pro-
tein concentration

*2 KE
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Table 2 The partial purification of xylanase

28 HL At 40%—60%21 5

Parameters Rude enzyme Fraction of 40%—60%
ol 771.1 568.8
Total xylanase (IU)
=
5 E5IE _ 348.5 1113
Total protein (mg)
Hﬁ‘(ﬁ, L. 2.21 5.11
Specific activity (IU/mg)
ﬁﬂ.ﬂ%ﬁ.{ 1 2.31
Purification
IR 100 73.8

Yield (%)
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2.3 HKFNERIL A

SDS-PAGE Hiyk &5 L& 3. 22 R HL Ik El, Tk
1 bR, TKIE 2—4 WEERE, R R
3.6 19 g A7 EUCHBEHE AT, RS HUK
FIAEXIRE, 40900 3. 6 F1 9 pgo MEIH AT LIE H,
BE ) 5 F 5 200 69 kD,

kD

105 —
50 — !

3 SDS-PAGE Rk FOEgIE 53 47

Fig. 3 SDS-PAGE electrophoresis and zymogram

::1: Marker; 2—4: [FE; 2'—4": FLXF R 0 B 1% 23 #r

Note: 1: Marker; 2—4: Xylanases; 2'—4': The zymogram analysis.

2.4 pH 08 & XTEE 5 N & R 220
WK 4 i, ZEEaE N pH N 7.0, {HFE

pH 5.0-11.0 JE[F P A& PR EF7E 40%LA L, B
AR HER pH & Ve . il 5 FR, ZBERTE 70 °C
LA B KNG, FLIEEE ik 80 °C HHLAHF 95%L4
L HIBETE, IZBEELE 50 °C—100 °C YU P 14 AEf R
e AT S I 1% 1, B R O iR R Y L
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Fig. 4 Effect of pH value on activity
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Fig. 5 Effect of temperature on activity

2.5 pH FLEE X A2 E 4 5200

WE 6 frn, %EETE pH 5.0—12.0 3 [l AR
3h A, FIAEESG R 85%LL I, BENfifE pH 3.0
iF, FIABEEARIEFAE 45% 44, B B4 35k
T FRBNEE 71 . AnE 7 JFizn, BRI RS e P
e, 7650 °C A% 1 h A1 3 h )5, BEEYIREAEFRIL
S 100%, 7E 60 °C 170 °C 435 1 h F1 3 h 5 B B
BIREIRERTE 60%LA -, {HTE 80 °C £t 1 h fRiRJS,
BETE IR 1k 70% 2647, 45 3 h AR5 % AR 20%
A7, 90 °C AR 1 h Fl 3 h J5 JLT- B0 A5 K 21 A R b
it 15
2.6 AUZEREME

WE 8 FR, i ARRBERGTE 40 °C—100 °C JE [
P, LA g A SR It T 2 T TG AT 4 2 R 1

FF e
2

2 3 4 5 6 7 8 9

Relative residual activity (%)

10 11 12 13
pH value

6 pH X EEFE RIS M0
Fig. 6 Effect of pH value on stability
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Fig. 7 Effect of temperature on stability

35 . Xylanase activity —8— Cellulase activity
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Fig. 8 Contrast of xylanase activity and cellulase activity

Enzyme activity (IU/mL)

3 g

i ZE HUFT 1 8 (Geobacillus)Je: 2001 4EHi fir £ )
— A ERE R, A EE (Bacillus) T
kB 6 A Fh Bacillus  kaustophilus . Bacillus
stearothermophilus . Bacillus thermocatenulatus .
Bacillus thermodenitrificans . Bacillus thermogluco-
sidasisu . Bacillus thermoleovorans V) N HT % B8
P A Y 2 R S R A A AR,
B EEANREIE Z)), B Y@ P, H ] DUZE B
HBAPE Z ()28 4k, 25 76 o AR 3O o A, 4 A Bl
PR, P, Bofi &R 55 °C-65 °Cl'l,
N AME A i S 40 1 7 AR B OO 5T, ABEFERY
AR BEBEA IR T VMM E Geobacillus sp. PZH1, J&
— T BACTIR A SRR, 75 vy )l B Y FEL (50 °C—
100 °C)F% viiz 1Y pH Y [F(5.0-11.0) 4 fig &k 4E
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