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Effect of Disulfide Bridge on Thermostability Iimprovement
of the Xylanase AoXynl11A

LIU Xiaotong', WU Minchen™, YIN Xin*, WANG Junging’
(1. School of Pharmaceutics,Jiangnan University, Wuxi 214122, China;2. Wuxi Medical School, Jiangnan
University , Wuxi 214122, China; 3. School of Biotechnology , Jiangnan University , Wuxi 214122, China)

Abstract: To improve the thermostability of the family 11 xylanase AoXynllA from Aspergillus
oryzae ,homology alignment and analysis of the three dimensional structures between thermostable
xylanase XynA from Thermomyces lanuginosus and AoXynllA were carried out. Resultantly,a
disulfide bridge was located between the o—helix and 9 sheet of XynA while none in AoXynl1A.
Based on the prediction by molecular dynamics simulation,a disulfide bridge (Cys'®-Cys'™*) was
introduced into the corresponding region (o —helix region) of AoXynllIA by site —directed
mutagenesis. The mutant xylanase,AoXynl1A",was obtained. Then,the AoXynllA - and
AoXynl1A"-encoding genes were separately expressed in Escherichia coli BL21 (DE3). After
purification, the effects of temperature on xylanase activity of the recombinant AoXynllA and

AoXynl1A" were analyzed and compared. The temperature optimum (7,,) of the recombinant
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AoXynl1A" was 60 °C,which was 5 °C higher than that of the recombinant AoXyn11A. The half-life
of the recombinant AoXynl11A" at 50 °C (t,,°) was 71 min,which was about 3—fold than that (25
min) of the recombinant AoXynl1A. This study demonstrated that the disulfide bridge played an

important role in thermostability improvement of the xylanase AoXynl1A.

Keywords: xylanase,disulfide bridge,thermostability, site—directed mutagenesis
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coli JM109 F1 E. coli BL21(DE3) ;4T Invitrogen 2>
Al 5w BE IR pUC]-T: 14 A ¥ Sangon /3 Al ; &3k
Ji K pET28a: W F Invitrogen 2~ Fl ; 4 T pi
pUCm-T-Aoxyn11A; VE& [ 7E 5 56 % A4 R R AF
LB #5 3% 3 (it & 4> %0):1% Tryptone 05% Yeast
Extract 1% NaCl([EAREFRIE- SN 5348 2968508
1.2 T HE. 5%k

Bl 1 P9 VI T4 DNA 3% 322 [ F11 1Taq DNA %
4§ .DNA Marker Fil 8 H Jii Marker: W T K%
TaKaRa 22 7] ; DNA [o1 i) & . %05 0 A0 48
55 : ¥ Sangon 24 H 7 il s MEAR R R AE AN il 52
i R—-250:Sigma 2~ 1 7 il 5 HoAl Ak 2770 14 08 [+ 7
sCHE F 2 A 26, PCR 5190 B F 1 Sangon 23 1) 45 L
(% 1), Xyn-F A1 Xyn-R H T AoXynl1A A2 ik
) 58 B, 1YNA-F1 il IYNA-F2 FI T AoXynl1A"
B RAZ

&1 PCR¥ #3514
Table 1 Primers for PCR amplification

J¥31 (5°-3”)

Xyn-F  GAATTCTCCACACCCAGTAGCACG EcoR 1

GCGGCCGCTCAATAAACAGTGATAGC
Xyn-R AG Not 1

CCTACAAGGGCCAGGTTACCTGTGAC
GGAGGC

TCACTACGGGGTGTCATTTCAATGCG
TGGGCT

1YNA-F1

1YNA-F2

1.3 FFItbxd EiREER 5 F3h 5 FE

FIH DNAMAN 6.0 # AT A R B AoXynl 1A
(GenBank : AFA51067) # fif #4 [ XynA (PDB:
1YNA) W& IERR T H AT xS P4l 9 11
— R L 2R

A5 4otk £ S0 2014 4E5 33 %4 10 1 1039



LIU Xiaotong,et al: Effect of Disulfide Bridge on Thermostability
limprovement of the Xylanase AoXyn11A

Research Article

1 PDB %% 4l % (http ://www.pdb.org/pdb/home/
home.do) o' FH5 AoXynl1A 45 [F] U5 P 4% =5 1
11 G AR R Wl S AR S5 4, A DRy = 2 25 4 ] P50 A A
MR, A AU 2452 4% 4 MODELLER 9.9 (http . //
salilab.org/modeller/) X} AoXynllA J H 78 4§
AoXynlIA" 53 ) HEAT = Y5 A0 HAR

I GROMACS 4.0 & J¥ 4 (http://www.
gromacs.org/) ", = M Yin 55 U0 [ J7 ik 43 0l X
AoXynl1A Fl AoXynl1A" i) =L 25 K9 6475 F 81 )
2% (Molecular dynamics,MD) #3043 AR 351 75 fi 22
(Root Mean Square Deviation, RMSD) {i il iill — 7
B (Cys'"™=Cys"™) FA7ES 75 XF A SRME B FAPE RS20
14 ERRE

PIVES T 78 52 56 2 47 1Y) pUCm—-T-Aoxyn11A
WM, DA IYNA-F2,Xyn-R K5 91745 — 4
PCR, SR 4144 :94 °C 4 min, 30 MEFF (94 °C 30
$,55 C 305,72 °C 60 5),72 °C 10 min, R 15 FEH F
B2 P1; LA pUCm-T-Aoxyn11A A, LL Xyn-F F1
P1 51 Wy kA7 55 4 R 51 ¥ PCRM, R 251440
94 °C 4 min,2 ™MEH (94 °C 305,45 C 305,72 C
60 s),28 ME¥ (94 °C 30 5,55 C 30 5,72 C 60
$),72 °C 10 min, BRAF A — A FAL LT Y A
Aoxynl1A', [A] I, LA Aoxynl 1A' J#iHR , DL 1YNA-
F1 #l Xyn-R A 5193475 =% PCR, I 55 1F H
94 °C 4 min,30 ™E¥ (94 °C 30 5,55 C 305,72 C
60 s),72 °C 10 min, 3K 15 3& K R Bt P2; VU
Aoxynl 1A' A, L Xyn—F F1 P2 5| ¥y k1745 )y
f PCR, RNLAATH:94 C 4 min,2 MEH (94 C
305,45 °C 305,72 °C 60 s),28 MFHF (94 °C 30 s,
55 9C 305,72 °C 60 s),72 °C 10 min, $15 & A B4
GEARE L Aoxyn11AT, K575 3 9 Aoxynl1A"
22 MR WEBE RS B UKk 3 A IR  pUCm-T 4%
HeA E. coli JM109, 5 1 BREGT 26 FHER% 1L 7, 1% L ifg
Sangon 2~ HJ W 7, DU Y IE A (Y 8 20 J5ORL A 44 N
pUCm-T-Aoxyn11A",

1.5 EAREFAHEE

H EcoR T F1 Not 1 43 5| XLl Y1 & 241 Jt A
pUCm-T-Aoxyn11A F1 pUCm-T—Aoxyn11A", i [
H LR AR, 5 28 [R) R XU U] 19 3R 3K BURL pET28a
B, 53 AL E. coli BL2L(DE3) , R B % % i &
FH M5 467, 2% L Sangon 2 B 7y, I 1E 666 1)
20 3R 3K ok gy i iy 44 9 pET28a—Aoxynl1A Al

pET28a—Aoxynl 1A", B ¥ 4% 1k 1 43 il fiy 4 & BL21-
pET28a—Aoxynl1A #1 BL21-pET28a-Aoxynl1A", %5
Bk pET28a 4k E. coli BL2L(DE3) fEX+IE
1.6 KE#EEEEE E. coli BL21(DE3) F1 i & %
ek

¥ BL21-pET28a—Aoxynl1A Fl BL21-pET28a—
Aoxynl1A" 43 5l #2 Fl T % 100 pg/mL K B8 % &R
(Kan) 9 LB #5256, F 37 °C,220 r/min 4z 35 5
F% 12 h, FLL 2 o/dL B3R i 7% 3% T 30 mL & Kan
BB LB 15 23 v 220 r/min, £ Agp o 15 0.8 B
A IPTG BEZAHRE A 1.0 mmol/L,25 CiFEFHiFE 6 h,

HEARDITE , 4 mL #7852 -Na,HPO, 2% 1 i
(pH 4.6) B IF , VKV I 7 M 0 40 e, 25 00 15 17
JIHLEER , 7E 4 CF L, 2 mL R 2B E A2kt 4l
& H B9 H K Broadford ¥4 % 2 A i it 1= 47
., F)A BandScan 5.0 FF T AR 1 R R &4 HL
1.7 ABHEEEEANNE

K ek ) DNS % 19.2.4 mlL 53 i 5358 0.5%
AREWER W (pH 4.6 BT R —Na,HPO, 22 i K i
i) A 0.1 mL i 575 B B, 50 °CF & 10
min , JIIA 2.5 mL DNS 357, ¥ K% .2 7 min,
TE Asiymo T8 DR SAET ,— A BEIE AL (U)
SE SRR AE T umol o JRURE I A 4
1.8 REXAKRIEEEENRMm

P > R 1 53 51 T 40~75 C(LL 5 Ch
) B ) ™ DU B AT A S M, DA e S M
100% , 1 7 B —AH X B 6 1 M 85 T, R BoB IR
W B3 50 1 50 °CTF AN [ s I 0 G 3% A% il
T 2R R B R IR R 2k . 1, FORAE 50 C
Y ROAR R R SO ) AR R I
1.9 ZFAFSHHNE

I3 ) LAAS 5] o 6 B (1.0~10.0 mg/mL) A ER
BT (pH 4.6) SN, 76 VIRl 1) Jc s I 3 T
E BN, % Lineweaver—Burk ¥ AE &, 1158 1 4H i
B K, A1V (H

LRI

2.1 AoXynllA #1 XynA HJ£5#g L 33 5 47

W 11 ZEE M AR R BERE XynA 5 AoXynl1A 1
HER Y A AT DU E x5 R R e ] A T VR
N 58.25% ., 22 = HESE A BT T BV X ynA & AT — 1>
T, R AoXynT 1A B S'® F1 NS2(J& 1),

1040 Journal of Food Science and Biotechnology Vol.33 No.10 2014



R IEX

B, . ZARAE AT AE H R R AEEE AoXynl 1A A4 M ey 4F R

AoXynllA .SEBSSTEYNN FWNT
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1 AoXynllA #1 XynA B — % 45 ¥4 bk %t
Fig. 1 Homology alignment of primary structures between AoXynl1A and XynA
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Fig. 2 Modeled structures of AoXyn11A and AoXyn11A™
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Fig. 3 RMSD values of AoXynl1A and AoXynl11A"

23 EARERMHHE

¥ AoXynl1A J741 i 4 it Ser'™® i) % 5 ¥ TCC
gt Asn'™ 19 AAT 53 51| 5 728 0 G b Cys 1Y %% b5
+ TGT, 5l A —fi# Cys'®~Cys™, LI pUCm-T-
AoxynlIA R , i 55 —%¢ PCR ¥4, SRAG K &
2% 150 bp I3 H F Bt P1 (& 4 3kiE 3); 40t 5
R PCR U, ARAF KL 300 bp #Y AL 1 B
P2 (& 4 JK3E 2); Zad 5 PU%e PCR 73, FRAH K
255 600 bp 15 Aoxynl 1AT (B 4 ¥kt 1),
FE DRI 5 5 R 28 A BE TR Aoxyn11A" < B2k 581
bp(# EcoR 1 Not I B VI 1), 5 Wil —2
24 ERAAREBHOREISA4H

IPTG 5% 6 h Ji 2.0 WA 5 4 1 AT 18 1 1
28O0 MR A Al AL J5 DA 4 AoXynl1A A

A5 fdp R A 1L 2014 4R 33 55 10 ] 1041



LIU Xiaotong,et al: Effect of Disulfide Bridge on Thermostability
limprovement of the Xylanase AoXyn11A

Research Article

AoXynl 1A" (1) FE TG £ 73 5124 3 336 U/mg F1 3 511
U/mg, SDS-PAGE 43 #r £ W], HZH AoXynllA FiI
AoXyn11A" 1Y 2 WLAH XS 73 Joi & 29 2y 20 700 (&l
5). HLARRMERG A 3G %A His6 #1725, 7] His—Ni
SEMBEMT R 4l . 4 BandScan 5.0 F 4100 4l
bS5 il 9 2 3 1T 35 95% L I

bp M 1 2 3 bp

2000

1000

750

600
500

300
150

250
100

M:DNA Ladder Marker;1:Aoxyn11A";2. 3E K Bt P2;3. 36
Jr B Pl
4 TEEEAoxynl1A™ B PCR 1
Fig. 4 PCR amplification for a mutant gene Aoxynl1A"
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Fig. 5 SDS-PAGE analysis of expressed products
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Fig. 6 Effects of temperature on xylanase activity of
recombinant AoXyn11A #1 AoXynl11A"
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Fig. 7 Effects of temperature on thermostability of
recombinant AoXyn11A #1 AoXynl11A™
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