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1. S#HARERE 11 RiEAREENS FIIRER L

Figure 1. Multiple homology alignment of primary structures among five family 11 xylanases from different organisms. The

aligned xylanase sequences are as follows: EvXynl1"™. Synthetic construct xylanase (ACB87631) ; AorXynll. A. oryzae

xylanase A (AFA51067) ; AniXynll. A. niger xylanase A (XP_001388522) ; AusXynll. A. usamii xylanase A
(AEJ87263) ; TreXynll. T. reesei xylanase [[ (CAA49293). Two triangles ( A) indicate the site of disulfide bridge.
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Figure 2. MD trajectories of EvXynl1™ and EvXynl1™ and

analysis of their RMSD values.
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Figure 3. SDS-PAGE analysis of the purified EvXynl1™ and EvXynl1"
expressed in P. pastoris GS115, respectively. M, Protein marker;

Lane 1, The purified EvXynl11"™; Lane 2, The purified EvXynl1™.
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Figure 4. The temperature optima of xylanases EvXynl1™ and

EvXynl1M.

Relative activity/%

20F —90°C

0 10 20 30 40 50 60
Incubation time/min
(B)
100 4
80
&
£ 60
S
v
=
= 40
v
=
20

0 10 20 30 40 50 60
Incubation time/min

B 5. KE#ERG EvXynl1™ 0 EvXynl1M gy #ia E 1
Figure 5. The thermostabilities of xylanases EvXynl11™ (A) and
EvXynl1™ (B) .



B 24 s ARBERY EvXynl 17 SE 530 N S B BEAAR S 40 BT /4R 4 2 4 (2013) 53 (4) 351

3 itie

9 R T 3R B EvXyn1 1" [ 4B 52 1k HL
B, A S0 1 65 AR [ A R i B 1 S 2R 4 A
AR 6 PR Sl 11 SR A B W i 1 22 5 %) [0 9088 LL X
BRI ATAE N 35 D5 P () [7) 58 A A1, LS AT i 4
EvXynl1™ 75 H N S fE 6 — > @i (Cys’ -
Cys™) , JLJ5 38 1l MD BTN 2% N o — 6% 47 45
55 15 R R R W R E PSSR . B TR E 1Y
MD 548l 45 558 % L RMSD 3o 76 500 K iy i
T MD BE L R R, EvXynl 1Y ) RMSD i %
EvXynll [OE 0 T 22. 4% , W] L5 )5, It
W B A o S B AE MDA 0 U ST 4 5L LA
L R T AR SRR W EoXynd 1R 4 % 2 P
Syxynll JyBEA, R PCR £ AoK I gn Ty Cys™ 1 %
T TGT 58748 4 4 h The' ff) ACT, M 2% T N 3
Y ARl EoXynd 1Y )G A I Syyn 11V il
J5 4y ¥ Syxynl1 F Syxynl 1M {E P. pastoris GS115
AT 2 3% 5 I 20 BT 405 7 A IR B R T . 4 E
S, EoXynl 1™ N 3t 0 6 10 e 2k B 3 AR 7 L d il
VLB PR S P . Matsumura 235 B A 3 =B B 1 1E
JH 3 R B e A B 12 9 R A IR R B e

S5 M R e T Kumar 26 AP (B0 45 o1 % W1 7
Paecilomyces varioti K B¢ % g & 51 v} ¥ 2 — Wi
(Cys"" = Cys™) , ffi Cys""F Cys"™ 11 o« {785 T2
i) FK B 5 45 4 70. 5 A

H T ¥F 2 b A 7 5 o 785 2 i A v 4 1
P 15 62 T 5 2 06 06 0F K 45 45 1R 77 600
RIS T PO T A A T 9 20 S 56 1 T4 B OF L3R4S
TUZRINIEE ™ o 1 Reetz 2 N\ it B.
subtilis JIG 17 W ) # K B, b B 4K 5 B k4T B-
factor 437 » K5 B-factor {8 f% =1 1 10 A5k FEAE Hg S8 bx
AT VLR 978, Jo 5 43 51— A BAR ) 2 7 05 58 AR g
AR B T, R R 5 T S0C KA. AWFA
SR FT  2 1 0) — 0% 4 44 T 98 Lt D 9 ot A % 4
B I AL = R A B T A AT R
IG5 SR S T B AT T EvXynl 1" T A
PEBHLBE . ZBT 9% 45 Bt o e 5 EvXynl1™ — 2 45
FIARAL 11 50 5 L o L 3% P A 8 0 I 10 4

O B T A

2% 3wk

[1] Collins T, Gerday C, Feller G. Xylanases, xylanase
families and extremephilic xylanases. FEMS Microbiology
Reviews, 2005, 29 (1) : 323.

[2] Pastor FIJ, Gallardo O, Sanz-Aparicio J, Diaz P.

molecular properties and applications.

Xylanases :

Polaina J, MacCabe AP.  Industrial  Enzymes.
Heidelberg: Springer-Verlag Press, 2007, 65-82.

[3] Verma D, Satyanarayana T. Molecular approaches for
ameliorating microbial xylanases. Bioresource
Technology, 2012, 117: 360-367.

[4] Polizeli MLTM, Rizzatti ACS, Monti R, Terenzi HF,
Jorge JA, Amorim DS. Xylanases from fungi: properties
and industrial applications. Applied Microbiology and
Biotechnology, 2005, 67 (5) : 577-591.

[5] Li CX, Xu JH. The digging and application of industrial
enzyme resources in post genome era. Biotechnology &
Business, 2011, 1: 4049. (in Chinese)

AT, VR 5 AR R I A b R R R () 5 3
BT A PR, 2011, 10 40-49.

[6] Turunen O, Etuaho K, Fenel F, Vehmaanperi J, Wu
X, Rouvinen J, Leisola M. A combination of weakly
stabilizing mutations with a disulfide bridge in the a-helix
region of Trichoderma reesei endo-l, 4-3—xylanase Il
increases the thermal stability through synergism. Journal
of Biotechnology, 2001, 88 (1) : 37-46.

[7] Jeong MY, Kim S, Yun CW, Choi YJ, Cho SG.
Engineering a de novo internal disulfide bridge to improve
the thermal stability of xylanase from Bacillus
stearothermophilus No. 236. Journal of Biotechnology,
2007, 127 (2) : 300-309.

[8] Pass G, O7Donohue MJ. Engineering increased
thermostability in the thermostable GH-1 xylanase from
Thermobacillus xylanilyticus. Journal of Biotechnology,
2006, 125 (3) : 338-350.

(9] Dumon C, Varvak A, Wall MA, Flint JE, Lewis RJ,
Lakey JH, Morland C, Luginbiihl P, Healey S, Todaro
T, DeSantis G, Sun M, Parra-Gessert L, Tan X,
Weiner DP,

Gilbert HJ. Engineering

hyperthermostability into a GH11 xylanase is mediated by



352 Rou Min et al. /Acta Microbiologica Sinica (2013) 53 (4)
subtle changes to protein structure. Journal of Biological Aspergillus niger xylanase A in Pichia pastoris and its
Chemistry, 2008, 283 (33) : 2255722564, action on xylan. Protein Expression and Purification,

[10] Zhou CY, Wang YT, Wu MC, Wang W, Li DF. 2006, 48 (2) : 292299,

Heterologous Expression of Xylanase [[ from Aspergillus [18] Wang SL, Zhu J, Wu MC. Study on purification and
usamii in Pichia pastoris. Food Technology and properties of xylanase. Journal of Northwest Sci-tech
Biotechnology, 2009, 47 (1) : 90-95. University of Agriculture and Forestry (Natural Science

[11] Badieyan S, Bevan DR, Zhang C. Study and design of Edition) , 2006, 34 (2) : 7196. (in Chinese) .
stability in GH5 cellulases.  Biotechnology —and EN R, KED, SEHUR. AT Y 4 5 24k R MR
Bioengineering, 2012, 109 (1) : 31-44. WS, PEALRMEHE K%M (B RE¥ ) 2006,

[12] Berendsen HJC, van der Spoel D, van Drunen R. 34 (2): 7196.

GROMACS: A message-passing parallel molecular [19] The relationship between enzyme conformation rigidity
dynamics implementation. Computer Physics and thermostability in hyperthermia bacteria. Chemistry
Communications, 1995, 91 (2) : 4356. of Life, 2003, 23 (3) : 187-489. (in Chinese)

[13] Li JF, Tang CD, Shi HL, Wu MC. Cloning and BUA, B2 R R T AL R O T AR P A
optimized expression of a neutral endoglucanase gene HREZR. Eariibys, 2003, 23 (3) : 187489.
(ncel5A) from Volvariella volvacea WX32 in Pichia [20] Matsumura M, Signor G, Matthews BW. Substantial
pastoris.  Journal of Bioscience and Bioengineering, increase of protein stability by multiple disulphide bonds.
2011, 111 (5) : 537-540. Nature, 1989, 342 (6247) : 291-293.

[14] Laemmli UK. Cleavage of structural proteins during the 21] Kumar PR, Eswaramoorthy S, Vithayathil PJ,
assembly of the head of Bacteriophage T4. Nature, Viswamitra MA. The tertiary structure at 1.59 A
1970, 227 (5259) : 680-685. resolution and the proposed amino acid sequence of a

[15] Bradford MM. A rapid sensitive method for the familyd1 xylanase from the thermophilic fungus
quantitation of microgram quantities of protein utilizing Paecilomyces wvarioti Bainier.  Journal of Molecular
the principle of protein-dye binding.  Analytical Biology, 2000, 295 (3) : 581-593.

Biochemistry, 1976, 72: 248254, [22] Polyansky AA, Kosinsky YA, Efremov RG. Correlation

[16] Shi HL, Wang JQ, Wu MC, Gao SJ. Optimized of local changes in the temperature-dependent
Expression and Enzymatic Properties of Xylanase conformational flexibility of thioredoxins with their
Produced by Recombinant Pichia pastoris. Chinese thermostability.  Russian  Journal — of  Bioorganic
Journal of Biologicals, 2012, 25 (10) : 1362-1365. (in Chemistry, 2004, 30 (5) : 421430.

Chinese) 23] Reetz MT, Carballeira JD. Iterative saturation
WALE, VERW, BBMUR, WM IE. SRR A mutagenesis (ISM) for rapid directed evolution of
TREOME I T I 4% T A Ak K LG A v . T E AR functional enzymes. Nature Protocols, 2007, 2 (4):
2 ek, 2012, 25 (10) @ 13621365. 891-903.
[17] Liu MQ, Weng XY, Sun JY. Expression of recombinant



B 24 s ARBERY EvXynl 17 SE 530 N S B BEAAR S 40 BT /4R 4 2 4 (2013) 53 (4) 353

Correlation between thermostability of the xylanase
EvXynl1" and its N-terminal disulfide bridge

.1 . .2 . 1 .. 2 . 3 . 3%
Rou Min , Jianfang Li", Shujuan Gao , Huimin Zhang, Jing Wu’, Minchen Wu
'School of Pharmaceutical Science, >School of Food Science and Technology, * Wuxi Medical School, Jiangnan University,

Wuxi 214122, China

Abstract: [Objective] To reveal the correlation between thermostability of xylanase EvXynll™ and its N-erminal
disulfide bridge, an EvXynll™-encoding gene (Syxynll) was synthesized and subjected to site-directed mutagenesis.
[Methods] Multiple homology alignment of protein primary structures between the EvXyn11™ and several GH family 11
xylanases displayed that, in their N-termini, only EvXynl1™ contained a disulfide bridge (Cys’-Cys™), whose effect on
the xylanase thermostability was predicted by molecular dynamics simulation. We constructed a gene SyxynlI1", encoding
the mutated xylanase (EvXynl1") without N4erminal disulfide bridge. Then, Syxynll and Syxynll" were expressed in
Pichia pastoris GS115, and temperature and pH properties of the expressed enzymes were analyzed. [Results] The
analytical results displayed that the temperature optimum of EvXynl1" was 70°C, which was 15°C lower than that of
EvXyn11"™. The halfdife (z,,”) of EvXynl1™ at 90°C was 32 min, while the ¢,,,” of EvXyn11" at 70°C was only 8.0
min. [Conclusion] The important role of the N-erminal disulfide bridge on the thermostability of EvXyn11"™ was first
predicted by molecular dynamics simulation, and confirmed by site-directed mutagenesis. This work provided a novel
strategy to improve thermostabilities of the mesophilic family 11 xylanases with high specific activities.

Keywords: xylanase, thermostability, N-terminal disulfide bridge, molecular dynamics simulation, site-directed

mutagenesis
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