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Cloning, Expression and Characterization of

a Xylanase Gene, xynBS9, from Streptomyces sp. S9
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Abstract: The gene xynBS9 encoding B-1, 4-xylanase was cloned from Streptomyces sp. S9 by designing degenerate

primers and screening from a genomic library of Streptomyces sp. S9. The xynBS9 gene was 1 023 bp in length and

encoded by a protein with 340 amino acids. The xynBS9 gene without signal peptide was inserted into the expression
vector of pET-22b ( + ) and transformed into Escherichia coli BL21 (DE3) to express. The recombinant protein was
purified by ammonium sulfate precipitant and hydrophobic interaction chromatography. Characteristic analysis indica-

ted that the optimum temperature and pH value for the recombined xylanase were 60°C and 6.5, respectively, and
XynBS9 showed an exireme stability under alkaline condition.
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ARBERMYFAERNEZART 2, 2
HRFAPNRTHERSER _FEENEH. 4
IR — A AR LBRIE . KRR
AR TR B =10 £ K8 R Bk K S
FFHRRES T, B—FER T EERR.

7R SR T K A SR o o LAV SR R AR
B ZAETEMMEY S, INHE EEY. &
ERCAERAE RHE MRSEEE P &

5% B # :2009-04-14 ; {&[5] H 8 :2009-06-15

TARBWEREN, KA B B A 18
B, BRI B IR A T4
BAEAMRIBEAT T BRI o BEERRAEY
BARMAW AR A RBEBAEA TR, BA
LR AR RN RE BN R B,
REVR Tl DL K& B 25 U AR T W | R A
i o

F AR i B T pHL S 3005 IR 28 Sk g 9 7 e

EETH: B 863 11215 H (2007AA100601 ) ; E 2Rk %35 H (2006 BAD12B05-03 ) %2 B,
EEEM PEE , WEPIRA, ABHAY TENR .. E-mail: gyyac666@ 163. com, BRIEE Bk R, IR R , B L, BL4EIIF,
IR A TARBFSE . Tel:010-82106053 ; E-mail ; yaobin@ mail. caas. net. cn, Bf 38, ##2, 8+, B4 50%, AE4EY

5 5 FEYES . E-mail; cheng@ lzu. edu. cn



434 Pk E % 5B Streptomyces sp. SO ARNERGEN 2ynBS9 H e ERIE R A AT 65

MR E MR R E T AR, EIA
SRR A Wy rh FRGE A L A AR R L
EWNAMIEFTINE , 5B W Streptomyces sp. S9 41
B AR S FEM BN T, HEFRM
BRREZER, EEARMERRREL 82T, %
B HAE 10 ~20°C, BANIMNEEEE Streptomyces sp.
SO S RS B 2 AR RN B B aymAS9 AN
xynBS9 , HAE I I TAEh Xt XynASO AT T B2~
PR AIBIEY , ASCRE T A B 2ynBS9
H TE R Rk BB M SR 00T o

1 #B5FZE

1.1 ##

RIAFFAE B #k BL21(DE3) \DHSo; R 04K
pUC19 ¥ B TransGene 23 &) ; KT B 5 B AR
pET-22b( + ) ) B Novagen /A &]; T4 DNA #E#
B .pGEM-T Easy #/klJ  Promega A &) ; KT
BBk IM109. LA Tag M§A1 GC Buffer, BRI H: Py
VI8 .DNA gtk il &M B TaKaRa A7) ; 2 F
ERERER RN AL EARRE
(oat spelt xylan) \ #EAR AR 28 (birchwood xylan) |
IPTG I 5 Sigma 23 #]; A M (xylose) . R ZHE
(xylobiose ) \ /R = ¥# ( xylotriose ) ) B Wako Pure
Chemical (Japan) A/, H# HRA R O 3%
BRE oL,

1.2 FAREREHKESBE.EE

BB Streptomyces sp. SO B EHEHS
B IAIRER TIERE . REK TS
HAABAAR SR (1% HERREHE,0.5% FEH
JEF10.5% NaCl) 2°CHEEKIRG I 36 h,R)G
B BB MM R IF Y SR A T [ R 3 4 5
(0.5% MEARARBHH,0. 5% FHHFEM 0. 1% KH,
PO,) HArES HEVR , BRI S B AL 3 o7 AT VR
HEE PRE IR B, O0. 1%
R SR LT e € T P R B

PCR ¥"3% S9 B #k 16S rDNA F Bt, ik ol ik
PCR #3874, 3| pGEM-T Easy Bk /5H 1L
KIBFFE DHS o, W5 HBEE 07 M B8 40 FH M T e, i
EEETAYTEARARAEITFIINE. #KiE
16S rDNA FH ¥ 3 7E GenBank ¥4 i Ho X
T REESE 99 WK

1.3 ®RTFFEINEE
BECAFHERAEHEBNEAERFT Y
(http : //www. cazy. org/fam/GHI11. html ) , F- 7% 3
PEARSF X 3, YSFWTD F1 EGYQSS, A /5 1R I 7%
BT RS TS AR E P
BRHIIR R, Bt 1R 3£5] 9 S11F:5'-TACTCSTTCT-
GGACSGAC-3’;S11R;5’-CTGCTCTGRTANCCYTC-

3', i PCR RMIEMAMH:94°C 5 min;94C
30 5,50°C 30 s,72%C 30 5,30 MEH;72°C 7 min,

1.4 AREEEE xynBS9 KI5 E

5 E T Streptomyces sp. S9 BRI K 4 DNA
RORBCR A ML . SEA SRR ER
FAAbSFE

WRAER 5 Y938 BRI e 3 B RS | 4
S9F: 5'-GGTGGCAACTACAGCACCTCG-3'; S9R:
5'-CTTCTGCTGCCGCACGCT-3', R FHE ¥ PCR ¥
BT R SCER e, PCR BB R4
94°C 5 min;94%C 30 5,56°C 30 5,72°C 65 5,30 4>
PEFF572°C 10 min,, 35645 B FH T % ¥
A THEYTRARAFBELT DNA FFIIIE,

1.5 REHEHBRRAREIRRIEAT

AR ZEE W P55t Rk 5] ¥ S9BF . 5'-A-
TGAATTCGCAGACCGTCACCTCGAACCAGACG-3’
(FRIZLH EcoR 1 i &) ; S9BR: 5'-TATCTC-
GAGCTAGCCGGTGCTGCAGGACACC-3' (P Rl £
N Xho I A7 RR), LASE BB Streptomyces sp. S9 B
MREEH 2 DNA St #4722 E K PCR ¥,
PCR R W EI &M 7:94C 5 min; 94°C 30 s,
60°C 30 5,72°C 50 5,30 MEF;72°C 7 min,

[l PCR F=#)3+- R EcoR 1 #1 Xho 1 XU B
W,RJ55 EcoR 1 #1 Xho T BT B4 K AT 1 2%
& pET-22b ( + ) FE#, W E# Rk B4k pET-22b-
xynBS9 , FEAL K I T & BL21 (DE3) , Ak i A 38
PEBEE P SDS-PAGE ki 75 ¥k I UE A A
F#H xynBS9 TE RIAFHE P HIRE

1.6 AREEREHL
A FRPEIE AR AR BT 45 B
K EGERER AL R

1.7 KBRS HTE

AR BRAR B 75 K 5 A DNS 11, W
RS FE B pH B E A R & MF T 347,
1 ANARBMEBHE M 807 (U) E XUNERASE T &
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min S} ARFEREAE AL 1 pmol ABERTH HIBEE

1.8 AREHELERHGNE

1.8.1 &R & pHeRE FAR pH M
W (pH 2.2 ~ 12.0) BL il i) e 32 R BB IS W AE
R B B 2 E VR R, 7E S5°C T I
[3E e

1.8.2 pH#AZME#AZ FAF pH ERZE
W(pH 2.2 ~12.0) KA {L BB T 37 C AL 3 1
h, R ETE RS pH MG R T I E B4
1.8.3 BRERERZHAZ  H Mcllvaine
W (pH 6.5) BLiillsHesE R RIFB WAL A IRY , 72
Bifi pH T, ZEAFIRE (10 ~90°C) F € /)L
R PR,

1.8.4 BEBTHEGANZ HEREARFENR
B F(60°C .65°C . 70°C) 43 A 4bF 2 min.5 min.10
min.20 min.30 min 1 60 min 5, F§ Mcllvaine &
W (pH 6.5) ¥R M B 2 E LK E, A RiER
& T IS B

1.8.5 ARB&EEK &V, _#aZ A Mclvaine
Z (pH 6. 5) BLHI A R E (0.5 ~ 10 mg/
ml) 3 3 AR REMMEAR AR RBEBRAEANRY,
60°C ;2 5 min I B8 75 k. R Lineweaver-
Burk XUE| $i 1 B vk AL BB , IR T B AR R B
K,V

max O

1.9 E & REFL i X BiE AR T

FEAR SEVERG T 00 € LAk & v 43 Bl A%
Y& & 1 mmol/L B¢ 10 mmol/L ) NaCl,KC1,CaCl, .
LiCl, CrCl, | NiSO, , CuSO, , MgSO, ., FeCl, , ZnSO, |
Pb(CH, COO), . AgNO, , HgCl, . EDTA ., SDS, fi A
I JB B F AL E 50 B R 100% Xt IR, & /8
BT AL a0 o T 1 2 el PRI X A B
BAEER,

1.10 F=¥45#7

RNRZFEH 8.6 U ditbiy R FNEEE . 100
g FHEE AR FMEEMEAR R B AT 140 WL Mcllvaine
Z(pH 6.5) 37CIEF 12 h RIEEEH
3 kDa Nanosep #BJE‘S (Pall, USA) BBk =BG &
H, 7= iz F =88 F 38 # f% (HPAEC) Dionex
2 500 system PRI Ak ( xylose) (AR 4
(xylobiose ) \ A =¥ ( xylotriose ) FH4E 43 ¥ B9 45 U
o

2 HRMoH

2.1 HMHSBEERE

SO Witk BT AR RIS, BG4 KIR
B 40 ~45°C, AT LAZE R 7% NaCl (W/V) Hy 3%
FrEEPAER . TELIRENE REIRA IR iR IE 57
FEAERNT AL BEERE, I BT A
e e R SRR ) R RN B

SO B #k 16S rDNA EH 351 (1 450 bp) 7£
GenBank %4 £ B91E M-S EU153377 , 7 Gen-
Bank 3 Fe b X5 R B, B S5HIERY Strepto-
myces radiopugnans R97 Btk ( GenBank EM-S K :
DQ912930,DSM41901) & 99. 3% W — 8 ; 5
Streptomyces macrosporus ( Z68099 , DSM 41449 ) &
97.1% K —3(H:, B SO Bk B THERER
Streptomyces sp. S9 B HRAR B T E R Bl 2 B
BR RO, SRS 5 ACCC 41169,

2.2 ABREBREETESFEIISH

{87 3F PCR 93 i — &R 5T R/MEAFIY 500
bp ZE4 #) DNA kBt , %A BoF 5| 7E NCBI $48 2
34T BLASTX LEXt 45 R3E M, 'E 5 Thermopolys-
pora flexuosa FIREFEHEK MG 11 ZIRM AR TNE
B xynllA B Bl —2ME T 87% , UiHA L
S11F #11 S11R 55| 4 PCR $ 15 3| f) DNA Bt
R Streptomyces sp. S9 415 B AR 38 4 i [H)
BEHAR B,

FASEER | 4y SOF #1 SOR X452 B Streptomy-
ces sp. SO FEPRZH 3L HEAT I I , FL I 18 T SCEE
2 000 Mk, Hdh P627 5 7o 4T & A FR WG
FH xynBS9 HISERAMAGHE, ZIABESRK 1 023
bp, BIK(G +C) T8N 67.4% , NG HEH T
ATG 2, 34515 340 N RAERM— K ILFBT
(TAG), GenBank H: # 5 &: EU660499, #F]
SignalP 3.0 R4 284347, XynBS9 &/ 52 & &
RBREARKES KT, AEERMITF
§930.7 kDa, @& —MEZK R 11 R4
WEEMIR LT4E R 5583 (CBD) A& Z 8] i &
# X Linker ( GGTSGGGGGGGGGGG ), BLASTP
HXt R B XynBS9O ) R 75 5HIRT Ther-
mobifida fusca NTU22 W) XYL ( GenBank 75
N :AY795559) FIEIRTF Thermobifida fusca YX H)
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(GenBank Y5 5 : AAA21480 ) TfxA HY &R
FIAB R —EH(72% ) .

2.3 ARBHEREXEAEPHREISAL

H R RN ARBEEEE xnBS (R EE
SSRGS 5 ) 1 R K AR pET-22b-%ynBS9,
AL KB FFE BL21 (DE3) , FHME A FRA%E
B 0.8 mmol/L i IPTG 37Ci#AS 4 h, fEESF L
5 R PR A P 0 R R R R S, LS B
%5 9.1 U/mL, ¥4k pET-22b( + ) AW ESA
F£ IPTG B35 A MBI R BIEIETS

AR FEEE XynBS9 £ 4k B 2 1k B i Jk 4
(B 1,8k Brg) , ditb /5 H L& R 1 661. 50
U/mg, RELETHY 3.2 15, Bk FN 15.99% (L
#=1),

kDa

97

66

43

31

20

B1 AKE¥EEE XynBS9 9 SDS-PAGE 4347
Fig.1 SDS-PAGE analysis of xylanase XynBS9.
MR TRBER ;1. &% pET-22b-xynBS9 WFEALTHERR

EH Ei;2:20% ~50% BRERER MR UTHE s 3: £k XynBSO
M:Low weight molecular weight markers; 1: Supemnatant of the
induced transformant harboring pET-22b-xynBS9; 2:20% ~ 50%
ammonium sulfate precipitation; 3: Purified XynBS9

2.4 ABRuESEFERES T

ZEALHY AR BN XynBS9 il pH 4 6.5, 7
pH 5.5 ~7.0 JEEIN ] {R$F 70% LA b HymEE (A
’l2-A), pHREMSTHE, H pH 4.0 ~12.0 9
W 37 CAHRALERYE 1 h, BBYE SR 4&R 85%
P R4 2-C) . XynBSO 7 60°C B B 1 B i
(WE 2-B) , BB BT 70°C i g 15 ) s T B,
XynBS9 W) Fa & M 7E 60°C i 3 47, #4b #H 30 min
JERIAR 55% W EETE 7, 70°C 1AL 2 min R
30% S 71 (W& 2-D)

A& R B R X AR SRS XynBSO B
EHEMINE 2, REHE FX XynBS9 & 1) %
WA A 3{E 1 mmol/L ) SDS, AgNO, . HgCl, W 7] JL,
F5E 4 XynBS9 H)7E ;1 mmol/L CuSO, Xt
XynBSO B &R HIAE , [ BEE ) TR 16.2%
MBI EFZE 10 mmol/L B}, CuSO, \PbAc {Hifif
% 54 B F B 40. 8% . 10. 5% ; CrCl, ., NiSO,
FeCl,, ZnSO, . EDTA X} Egi% H M A L EHHE
YER.

2.5 AKBRuEERZIFESH

DA R BN IR, 2646 XynBSO LLIE |
K,V .{E5r %% 1661.5 U/mg.6.61 mg/mL,
3 741.39 pmol/mg- min ; DIMEAR AR BNE N IR, H
K, V. {E53 %)% 5. 05 mg/mL.2 319. 92 pwmol/

mg - min,

2.6 ABEEEETHSHT

FRRBCE 7 2 #f4% (HPAEC) X R R W5 R
XynBSO A HEAR A BN T 78E 2 A BN 14 7= 4 i
7530 (K 3) , E BRI = YRANE AW
AR =W, XynBSO [ e 3 32 R B BEF= W L BN
6.48% AN .53. 50% AR EEF 40. 02% A =B
(W/W) s BEFBHEARAR BRI BHR 11. 73% R
18 .60. 50% A I 27.76% R =%E(W/W) .

&1 KRHEEE XynBS9 ik i
Table 1 Purification of XynBS9.

#fifb IR AR (mL) BiEH(U) HEBR (mg) EiE (U/mg) B2 (% )
Purification step  Total volume(mL) Total activity (U) Total protein (mg) Specific activity( U/mg) Recovery rate( % )
LaRaL] 300.00 2 738.83 5.35 512.25 100. 00
Induced supernatant
TBREE T
Ammonium sulfate 7.50 1620.03 1.87 864.07 59.15
precipitation
i
Bk G 3.00 437.91 0.26 1661.50 15.99

HPC precipitation
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FHXT A (%)

Relative activity(%)

XA (%)

Relative activity(%)
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|
01 2 3 4 5 6
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Relative activity(%)

HX g (%)

Relative activity(%)

120
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80 |-
60 |-
40 |
20 |-

0 1 1 1 I

10 20 30 40 50 60 70 80
HAE(C)
Temperature(C)
120 ——60C
100 = 65C
—4-70C

80
60
40
20

0 10 20 30 40 50 60
it [ (min)

Time(min)

B2 pH FiREX XynBS9 #iE ) fiz 2 IR N0
Fig.2 Effect of pH and temperature on activity and stability of recombinant XynBS9.
A. pH Xt XynBS9 {& F1 BB ; B. IR BEXT XynBS9 35 S19RM 5 C. pH Xf XynBS9 82t R M D. IR BEEXT XynBS9O £E HE
A. Effect of pH on activity of recombinant XynBS9 ;B. Effect of temperature on activity of recombinant XynBS9 ; C. Effect of pH on stability of

recombinant XynBS9;D. Effect of temperature on stability of recombinant XynBS9.

£2 £EBET XynBS9 BFE %M
Table 2 Effects of metal ions and chemicals

on XynBS9 activity.

AHXS BRI (% )
BT Ions Relative activity (% )
1 mmol/L 10 mmol/L

G None 100.0 100.0
NaCl 99.4 104.2
KCl 97.3 102.1
CaCl, 96.6 108.3
LiCl 104.2 102.9
CrCly 106.4 125.0
NiSO, 102.9 122.6
CuSO0, 83.8 59.2
MgSO, 98.5 109.0
FeCl, 108.2 114.6
Zn30, 107.0 115.6
PbAc 104.8 89.5
EDTA 107.5 115.4

SDS 0.9 ND

AgNO, 0.0 ND

HeCl, 1.6 ND

200

150F

100

50

150F

100

-20

2.

A.

nc A

a 2

E o1
A j\ A m
C min

50F

8 4.0 5.0 6.0 7.0 8.0 9.0 10.0

F nc B

E 3

/\ min

8 4.0 5.0 6.0 7.0 8.0 9.0 10.0

E3 XynBS9 R/~ ##5 HPAEC 247
Fig.3 HPAEC analyses of the hydrolysis products
by XynBS9 digestion.
XynBSO R ARTMBA0 ™ 475 B. XynBS9 FEAEHEAR R RN

B LAY 2 R HE;3 K= MR

A.

The hydrolysis products of oat spelt xylan; B. The hydrolysis prod-

ucts of birchwood xylan. 1:Xylose; 2:Xylobiose; 3 : Xylotriose
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3 g

AN T ok B F A SO 3P R
RB BB E AR R B E Sreplomyces sp.
S9,H 16S DNA B3| 54 E M S. radiopugnans
RO7 FIEEEH S. macrosporus HIR B —ik, B
ENRA T AR RN RE,

5B Streptomyces sp. S9 FJRH XynBS9 &
THREOKBEESE 11 KR, E55% 11 KRBT
Thermobifida fusca NTU22 | XYLI1 1R H K —
M EEATR R A T2 . XynBSO &
& pH AR 53512 pH 6.5 F160°C ; XYL11 £i&
pH X 7.0, %ERE N 70°C, XynBS9 7 pH 4.0
~12.0 TEENAREFHTRENR, HA R pH K%
¥ (pH 4.0 ~12.0) Xt 4i{Lf) XynBS9 £ 37CF
4031 b, BETEHEER TR 80% LU |

ARBMEREH xynBS9 £ 1023 bp, 4
340 NMRERR, B 52 M EEBRNGE S KFT.
XynBS9 HyfiE 4k X SE 49 & 187 & FEMR (Q53 ~
V239) , K355 T. fusca NTU22 JFJHEH XYLI1
ML PR 85% H— Bk, KFF AT
Sith ot 3B, XynBSO HE4LER 2 A LM E138
1 E227" . XynBSO TR LA P25 & . C255
~G340) BT CBM %8 2 BRIR, HFF| 5 T. fus-
ca NTU22 3 JR By XYL11 A Streptomyces viridos-
porus T7A R IR K A BR¥ERE ( GenBank FEMH-S 5.
AAF09501) By CBM FHHAH 77% B —
T

XynBS9 %Kk & ¥4 & B T AUk, {5 SDS,
AgNO, \HgCl, 75 fik ¥k & if B 55 2 ] T XynBS9
BT M, X — 4 R AR T B R SR A 2R
AT Ag ™ (Hg™* Yot A SRR 5 1tk O B T i
R EMTRREASIRIF, SEE AT A RKRE
KA AT IR T B R AL 0T AL
SWISS-MODEL ( model. expasy. org//SWISS-MOD-
EL. huml) Xt XynBSO #7778 114 44 BUM % B,
XynBSO LXK 7 P~EARERE, HPE 3 &
RRRENTHEALPORIE, 10 mmol/L K
CrCL W] 32 % XynBS9 25% K44, SRIE B Xy-
nAS9 ¥ Cr’* 42 27% ME MMM, & 42

PR SEBEIS MR IR B A L .

AR 3CHT T HE B RSB B Y ynBS9 TE KB
FE R E T &5, W EHM XynBSO #: [ K 5
FL AN, XynBSO A HLAFHY pH faE k. KEH &
JB BT AN B B R XynBSO B ¥4,
Cr** Xt XynBSO 4 #1EE M . XynBS9 7E{RIRAME
B, kL B B AR N R TE

2 £ x W
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