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Enhancing stability of Trichoderma reesei xylanase (XYN II)
by site-directed mutagenesis
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Abstract: We engineered a disulphide bridge between two adjacent double-layered B-sheet at the N-terminal region of
Trichoderma reesei endo-1,4-B-xylanase II(XYN II) by site-directed mutagenesis. The native xylanase XYN-OU and the mutated
xylanase XYN-HA12 (T2C, T28C and S156F) were separately expressed in Pichia pastoris. Both xylanases were purified and
characterized. The optimum temperature of XYN-HA12 was increased from 50°C to 60°C, relative to XYN-OU. At 70°C, the
halftime of inactivation for XYN-OU and XYN-HA12 were 1 min and 14 min, respectively. The optimum pH of XYN-HA12 was
5.0, similar to XYN-OU. However, XYN-HA12 could retain over 50% activity from pH 3.0 to 10.0 at 50°C for 30 min. As for
XYN-OU, it could retain over 50% activity from the pH value 4.0 to 9.0 at 50°C in 30 min. The result of the mutated xylanase

indicated that constructed disulphide bridge could improve its thermostability at relatively higher temperature.
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AEBERE (EC3.2.1.8) E—RLINIIT M AR EA TP IR R WAL B, AL
AREBE T B-1,4 RRWEH AR, 0l Z0 T RSNtk A, SeRatskrEng, LRerEIRiEn
B fEL, BRE . BEARIEARSEI N R RSB, A R0R R A0 PR R

Received: November 25, 2009; Accepted: March 15, 2010

Supported by: National High Technology Research and Development Program of China (863 Program) (Nos. 2007AA02Z213, 2006AA020204),
National Basic Research Program of China (973 Program) (No. 2007CB707800).

Corresponding author: Shiyuan Yu. Tel: +86-25-85427255; Fax: +86-25-85424121; E-mail: syu@njfu.edu.cn

X B AR R R (863 #4) (Nos. 2007AA02Z213, 2006AA020204), [ 5 & M FEREATF 5T K& FETHRI (973 #%]) (No. 2007CB707800) % .

© FERZFRMEMARTATIKSHIEST http://journals. im. ac. en



624 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

May 25, 2010 Vol.26 No.5

KIGYP, AW RAE 60°C Aty . Bl 4 T itk
AR AL B, SR T T A W I R 2RO g AE
50°C~60°C, pH 9.0~10.0 Atk 44 F HAT 8 s .
ELI2: A SR 1l 15 11 T Ak 3 AR 1 7 M Ak 1z FH AT
IRFFAAE— SB[l L, ol T BEAE o T AR BRI T AN A%
FasE, HIOWARR I Z 2 RE . I,  $2 i A SR b
PR P I+ o b 22

ITAEAR,  FfE A SR I At AR 45 1 00 i A ANk
X o T DI AR AR IBTR A, X AT 2
MR E BN AT RE . SR I EE R TR T B o AR SR A g
e e VE BB 5 45 B R Wi b &% J2  Stephens %:P1R H 5
Fi§ PCR B3 [l AL T Be ik ide # RS M S A1 RO T bk
FHEN BRI AR ALE 70°C BT Hh AR R R 9 89 min
FE %] 215 min; Sriprang 45 UUR FHORE 28R Bt
Aspergillus niger BBC14405 K i 1Y 22 & TR/ I AR
P 7R E I . R 2SR A R AR /11 KR
A RBERG ) N-R v XA i s i as inx T G/11
FIRA RN AR E e E IR EZER . i3
P I N R IERR Y 2848 (N13D A1 S40E)
BRI 2r 55 %5 1 Streptomyces olivaceoviridis
KB PFEMEIE T 24.76% 5 Georis 2 1 §2
e N-IR it 05 7 15 2k W2 1) 64 AF B A T ok Y i
Streptomyces [H#FaPE; Sun SE7 IR $AHE A R bR G
TExA Y N-7R 3 DX 3808 40 22 [ 85 Aspergillus niger K
RVERG A 1Y N-R I AH N D, i H 5 3 ey it B 4
5 10°C ; Wakarchuk 25 BVYE % M0 AT B Bacillus
circulans AN FMEBEH) N-F1 C-IX AT EE T — A 6
S A BRI 4R & K F 10°C 5 Jeong 45
TENG W EEMIAT I Bacillus stearothermophilus
No. 236 AR N AL —A~ s, (A R il
XynA MI#FaTEHR R 5°C. Fenel %3007 LG A%
Trichoderma reesei XYN 11 B N-7 3 b4 &t — 4~ —Hi
B, JFRER C-oR I it il (19 ool VR BE 4 = 10°C, A
U IR R AR N-A b b, Jflad 156
A7 Rt ) 5 738 R W M AR v 1 TS

KU T B RO R B RBEAE XYN 1T 28 T
G/11 KIEARRN, &5 HTAYEASRE, &
HARTRWERG XYN 11X & F¢ CEH WR B A, 78
PRUEARH RS A $2 m 1O AT 52 T, ] LA T B
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1 #B57 %

1.1 Ef. B

AREHEEGFIER xyn I A S = M Trichoderma
reesei W AR5 I 4 7E 1 20 BR R B R R GK UK
pPIC9K-xyn IT M G#k KM HF I Escherichia coli
DHSa. #f& pPIC9K (Amp', Kan') ¥HHALEHE
PRAF; BeORmEREE MR GS115 (His) WA H Invitrogen
NS
1.2 EFE

KBTI LB, EEREERER IR YPD,
MM, MD. BMGY il BMMY (fit /7 Wl Invitrogen
YNLESY N RS SN B8
1.3 T EEFIE LT

Z #HE S RZIXH & (QuikChange® multi
site-directed mutagenesis kit) “A Stratagene 73]
ft s BREIPE P VI Sal 1. DNA 43T br vl Fil R4
BULA &N TaKaRa 20|78 A BT H bR
4 MBI 22 5)77 i BERERY FIEE RO 9 [E OXOID
AT YNB W H EIEAR AT A T aE TR
F M 4-0-Me-D-glucurono- D-xylan (From birchwood)
F1 Bradford X7 A Sigma 28 7] 7= i s HAB AL 24357
o [ oy Ml
14 ERRE

K H Stratagene /A R %) 22 8 55 AR &, DL
H A JFORE pPICOK -xyn TTMREMR , RAES M) (R 1) B
11 F Stratagene N B B TEL S | I o SO R &R
% 2.5 uL 10x QuikChange® Multi reaction buffer .
0.75 pL QuikSolution, 1 pL dNTP mix. 1 pL 10x
QuikChange® Multi enzymes blend, £$51# (T2C.
T28C. S156F) [H&k 10 pmol, PCR £ff: 95C
WiAEPE 1 min; 95°CZEYE 1 min, 55°CIE K 1 min, 65°C
FEAH 20 min, PCR F*¥ % Dpn 1 HAk, 1k
XL10-Gold J&Z 540, th A fE & &N &K LB -
M EARPRAE A B2 L Stratagene /A ] 22 B 5E 45 5%
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Table 1 Mutated primers

Name Length (bp) Sequence (5'-3")

T2C 33 gtggagaagcgecagtgeattcageecggeacg
T28C 28 cggegtgacgtactgeaatggtccegge
S156F 25 cggcgaaccacttcaacgegtgggce

The underlined sequences are the mutated sites.

AR5 B 0 VA B A . BRERCBE M 7 e 1 5 3R IR B
JokL, ke (Rt A BRAFSEATIN
1.5 EHEABRBEHIEENWESRE
151 SETRELERGFE 16 5 i ik

¥ 58748 JFORE pPIC9K -hal2 F Sal 1 BARGIfili 22 2%
YAk, HE LR REERE GS115, FLBRM T A
THATRT) MD P, 30°CHM NIRRT
Mo PREURAL T, SFEREIS 0. 0.5, 1.0, 2.0, 3.0
F1 4.0 g/L G418 /Y YPD 55364 b, 30CH: 5%
2 d, TERWKEE G418 Pl EA K1 Ry w5 DL B P
e FH TR R EERIL . AL R ik 7 k2 I
Invitrogen 2\ F EAEFME
1.5.2 Y LR FERE T FE R BRI 15 F 2 A

W BAMERE AL T HFP T5 25 mL BMGY 557 361
250 mL fIFEIL A, 30°C 260 r/min FE K 55355 ODgoo
£ 2.0~6.0, BOWEERR, H-—E K BMMY &
BEAR, I ODgo KZI7E 1.0, 30°C. 260 r/min 4k
SiEEgE, B 24 h AMIE R EEERS 1%, B
12 h BURE, 2500 S min, WOHE LVEWR, B AR S
1.6 EHAREEIALEL

Wk R K B W, LG Ti ok 10 kDa 8
€4 (Sartorius stedim biotech gmbH), JEFE/N3F
HEMMEL, 2505+ Superdex 75 prep grade 4fi
fb, EHEESH 2 mL, (258K, iii# 0.5 mL/min
VRIS, 430 WSO R MO e v AR L L e R I T
B B ARE S T TE WA, 1S BTk Ay H bR iR
F o ZE AR EO T3 A 3K« SlA0 S LU G 40 I LT
it % TSR A 3 s (bl il 306 > 2 £ il 2
e P < AAG AR+ CRELTE LU IS >Rt 21 1 3 2 <
HIBHAFY) x100% ., FIF Bradford 2:U 30 & 8 1 &
i ; SDS-PAGE J5 1% W22 SCiik[14].
1.7 ZEWEEELLE

FE &K F Endo Hy (New England BioLabs) #£47

FWEFEACAL I SOV AT« 4% 20 pg BEER I T 1
WA A A8 P22 o P 100°C 2 388 10 min {8 AR 1
JA 110 (R F 10 £i5 GS & v ; WA 1~5 uL Endo
Hy, 37CE&MFFIRE 1 h, SRIGIHEATHIKERE .
1.8 AREIEEEFENE

TG E L LIKMER R AE (Sigma ARl MKW
BB A 1 pumol AHE T 5 (19 i i o — A I ) B
7 (1 TU)o R FH DNS 22 Bl 0 52 A RO 0 75 11

2 BRI

2.1 RTLRHHE

SRR T HORE AR RMERG XYN 1T 28T G/11
FWEARRNERG , XA R 25 M2 R T4 T8
IR B2 A BB EM 1A a-BRHEA 1Y,
P18 7 BRI IS ROPAT B4 A i . mA
B-¥T 8 1 J2 1 i K T HE R A — R B = IR AR,
Bl “FH87 AR A REFRAEA BRI N-A
VAR TIN5 T DA e e AR MY, i EL AR BT R
SRR XYN I 2504 A I H I3 7450 thOR & Zhi s
(7] s 257 3] N-2R o e 2 A A0 M, S it o
NG ARG M o AR RBEEE XYN 1L /28 2
55 28 IR R IR AT BT 2 AFATHY BT A L,
WA R, IWITE LT — A F i —
B, IR T ORRAEEG L5, AR A G Y PR R
Hr, BERSRCAF b AERR S AR E PR, PRUE T P
MIRRAE o SCHR[7]Th T HGE 19 TR AR RBHRE (RP AR5
B A R HAECKEEE A 1.45 TU/mML, X5
SCHR[ 1719 3G 19 9.58 TU/mL A4 B A BRI 2415
1 2 AEEA LR P 9 AT Hext 2 BT 156 N s A
FEZES o HILHE 156 17 5 I 2 H PR 578 AR TN AR
PR A K P, B SR AU R AH BAE A, LA
PERIEETG o T R BB A S 45 22 AR a1
FiR o
22 ERRT

PL pPIC9K-xyn II y#d#k , it PCR 471,
Dpn 1AL, (42 AT 3 A48 1 AR IR , H
Rk E. coli, T& N AUHE & 240 33K kL . A4 £ i
pPIC9K-hal2, b ¥ 400, B 8480 i 5 H R

WA RAE L —E
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1 KB XYNI EMEERENS
Fig. 1 Structure of xylanase XYN II and the mutated site.

2.3 EEAREMERLFIE.
HEBGRYZH 1k
2.3.1  HHAFRHE PRI I A

W 975 JFUkE pPIC9K-hal2 JT] Sal 1 ARGl 2>~
LAMEAC IS WL R AL S R RE GS115, 72 MD fifi it B
Ik kS 2] 100 N FHMERAL T, #2228 T
TAARFREME G418 () YPD FAR I, KT
35 A BHMEFE AL T o SR BMMY K5 523580 515 5 5%
IR B B A A T, W BT, AR R RO AR
P. pastoris OU and P. pastoris HA12 (JL5% 2).

RIEFIEHRE

F2 EHHEAREHERE XYNI
Table 2 Combination of XYN II mutations

Code Mutations
HAI12 T2C+T28C+S156F
ou Wide type (WT)
A kDa M 1 2 B kDa
116.0 —
116.0 — ==
-
66.2 — - —~—
— —
45.0 —| WS
350 — w-
25.0 —
—— D
18.4 — s
14.4 — w—

2 E§i%#H SDS-PAGE [EiZ

PL 1% W B R 175 5 36 38 d A SE R I B, 15
T 48 hJafr ik, B0 BVREE . R R Y BT
J1 4% W K XYN-OU : (3.202+0.08) IU/mL ,
XYN-HA12: (28.591+0.97) IU/mL; B8 845050
XYN-OU : (0.066+0.002) mg/mL , XYN-HAI2 :
(0.154+0.006) mg/mL; L& 58 XYN-OU:
48.52 IU/mg, XYN-HAI2: 185.66 IU/mg,
232 HHANFKHIEHIZLE

W AR W BE R B (K 2A), DLk T R
10 kDa IR, L/ rFREAEE, KR4
i34 F it Superdex 75 prep grade Zfifk, H4IARRHE
JiiE XYN-OU FHH A5 M XYN-HA12 1) 3224l
2 L3 3 Horp 5 XYN-OU [ 4lifbfch 4.2,
BTG MR 31.31% 5 2278 XYN-HA12 [)2ift
R BRI BES [ECR 430 4.6 F 23.94% , Xt 2lifb i
SDS-PAGE %454 /R, 43t FPLC (Fast protein
liquid chromatography) 7% )5, JEEE XYN-OU ik 3|
FLPK &l ; 205 28 A8 i HAL2 78 HL UK RS H s 2
Rl XA A HEAT 0WE LA AL B S HEAT LUK 4
(#l 2B), KIEES HEBR 400 . AR R
IRAMIR AR I 23 A [R) R R M BE A i i, 1
TAb— S R R R . HLIOR AR
WG R0 378 20.3 kDal'!, 17 H 4 K SO G £ 43
TR 21 kDa, NFE 3 MBI LB, 750
XYN-HA12 ) L6 H XYN-OU 1R £ .

M 3

Fig. 2 SDS-PAGE analysis of xylanase. (A) The crude xylanase. M: protein marker; 1: XYN-OU; 2: XYN-HA12. (B) The purified
xylanase. M: protein marker; 3: XYN-HA12; 4: XYN-OU; 5: deglycosylation enzyme XYN-HA12; 6: deglycosylase.
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Table 3 Comparison of xylanase from the wild type and
the mutant enzymes

Specific activity (IU/mg) XYN-OU XYN-HA12
Crude enzyme 48.52 185.66
Enzyme after ultra-filtration 53.37 211.79
Purified enzyme 203.24 855.60
Purification fold 4.20 4.60
Enzyme activity recovery (%) 31.31 23.94

24 KEESREGEF %R LR
241 BRAT N R E P

TR 3 Xk A SR WS 1) e e AN ) 3A I, 287
fitf XYN-HA12 #£ 55°C~65CHIBFG 3, feid [
HEE N 60°C, H A XYN-OU B8 0 I8 T
T 10°C. RAREE 65 CHIAXTEFIGIL 95.56%, L
G 27.65% $E AR 2 ; 78 70°CAF T ARG
ARG Ry 68.07% , AHICIREGHY 14.68% , MG
BRRFEEE R . RASHE XYN-HA12 Ffin i) — i s
JNE T XYN IIN-Kif 2 4 B 3r Fr, il kA
U, BRGS0 AR AL R AR, B U 5
Xof U B A AR AR, BRI, S AR R A i A AT AR
KIHE

SR ZE R W, 7E T0CKMTR, 2220 il R
XYN-OU Y 1 min % 3% 72 J5 i XYN-HA12 1Y
14 min CBHEAR oR). EEESL I E 3B fis,
16 60°CEME R, 5 10 min J5, J5 XYN-OU K
fitg 1% Ak, S AR XYN-HA12 P RS 76 PR i
10 min J5 I BEE AL s 7E 70°C &4 F , JR B AR 2 min
JE RS A2RE A, MZEEREORIE 2 min 5 HAR X i
ik 81.64% , 3 HAELRTEE 10 min 5, FHXSEEE &
AT DMREFTE 66.82% , X4 ut 28728 f5 XYN 11 Y
P UG ¥ S RN o =
2.4.2 i/ pH Fl pH BE

H 100 mmol/L R A —AN-FriG iR 2z vh ik Bic &
AT pH FY 1.09% A BP0 5 B , 285 SR an & 4A
Jii7R o pH 5.0~6.0 2 [i1] 5 25 il R Ji il 18 4 X il Ak
FEIRl 7K, GFE BB G R P 4 pH R BIURR,
MIE 4A HA] LA 2 AN S pH S ACHH ]
pH 5.0~6.0 B B A ¢ = il

>

120 1
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3 ERESREHMRIERFEEEMAZMELRE
Fig. 3
thermostability between the native and mutated xylanase. (A)
Comparison of the optimum temperature. (B) Comparison of the
thermostability.

Comparison of the optimum temperature and

W Gl A A Bl & T AN W] pH 22 W (pH M 3.0,
4.0, 5.0, 6.0, 7.0 1 8.0 AR FH A7 18 iR - iRt S —
SN pH 2 9.0 1 10.0 B SR H 2R - A UL
IR o, fE S0°C TR E 30 min 5N A G
(pH 5.0, 50°C), HEL5A5ME 5 JEMFE 50°C T Y pH
FasE e, SCEAE R INK 4B R, JREF/E pH 4.0~9.0
2 V) X6 TG R AR R AE 509 LA b, 5% AR i 7
3.0~10.0 Z [a] AR XS BlEE #RORFFAE 509 L) |, TR
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Relative activity (%)

oo}

120 [ —o— XYN-OU
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20

4 REB5REMARIE pH 1 pH F2E LA
Fig. 4 Comparison of the optimum pH value and pH stability
between the native and the mutated xylanase. (A) Comparison
of the optimum pH. (B) Comparison of the pH stability.

2 IR pH BUE MY R T . S EEZ,
pH 9.0 B PR AF X il 16 B4 pH 8.0 B YK, AT RE S T
RN ZN RSP S
3 it

ARG HR 1 58 AR Tl A RO 15, LS
JFORAY 48.52 TU/mg #2551 185.66 1U/mg, TG AU+
#5156 PR EBAIRAXR, HLEAREZLN
RNERR, e TR KN, M T RURY R
MEAEN . Bod VRl S0CH & F 60C, 7
70°CHIE I 1 min $2/&%] 14 min, 7£ 50°CIJK
Y25 T 1) pH R S il il 4.0~9.0 972 E1 3.0~10.0,
Mifid pH A 2810, PR4F7E pH 5.0, B pyte 2
P RE A4S A AR 1 A0 AL TN AR S, AR AR S 9 FR B
RE 5 Vol % Il 45 40 A5 ALy T RS il Ml XYN T
RN AR SR,
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