£ T B ¥ HIXE SABIT N B3NS E RO RRIEAAREBIRBRE

Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn August 25, 2014, 30(8): 1217-1224
DOI: 10.13345/j.cjb.140194 ©2014 Chin J Biotech, All rights reserved

BT N ¥ 5| AT EREERR R & R R B 2R E i

MXEY, peal, Lh®

041004
2 300308
100101

N . , 2014, 30(8):

) s

1217-1224.
Bai WQ, Yang LH, Ma YH. Improving thermal stability of xylanase by introducing aromatic residues at the N-terminus. Chin
J Biotech, 2014, 30(8): 1217-1224.

B OE: WROARRESEELA R TN RERIRFEAFEZF T LAMBRGERE S, ATRS 11 RksHE
AREHEEE Xynl1A-LC ¢y AE 2 M, BT MERITE N-RFHIIANT FHARLLR (TOY #= D14F). M H AR
Fo RERGHRAEN, RERGRER L BEAABEHEHYRFTRG. RERORER LB EILTAARS
T5°C. AR L 65 ChY Tris/HCl £ 4% (pH 8.0) F#9F %44 22 min, MR EARAEH THFERIA
106 min, B =& AEMNZLERETHFAR LR EIRY T, 054 553 CTH 67.9 °C. Bk, B £ N-Ks#5| A
FHEHBREBRT ARG 11 RARRERBG AL T E SR THEN,

D RRAEBE, AL M, FHEABARR, HAKMER

Received: April 1, 2014; Accepted: May 19, 2014
Supported by: Chinese Key Program of the Chinese Academy of Sciences (No. KSZD-EW-Z-015), National Natural Science Foundation
of China (No. 31301245).
Corresponding author: Luhong Yang. Tel: +86-357-2051196; E-mail: ylh1010309@126.com
(No. KSZD-EW-Z-015), (No. 31301245)

2014-05-21 http://www.cnki.net/kems/doi/10.13345/j.cjb.140194.html



1218 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech August 25,2014 Vol.30 No.8

Improving thermal stability of xylanase by introducing
aromatic residues at the N-terminus

Wengin Bai'?, Luhong Yang', and Yanhe Ma?®

1 School of Life Science, Shanxi Normal University, Linfen 041004, Shanxi, China

2 National Engineering Laboratory for Industrial Enzymes, Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences,
Tianjin 300308, China

3 National Engineering Laboratory for Industrial Enzymes, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101,
China

Abstract: Thermophilic and alkalophilic xylanases have great potential in the pulp bleaching industry. In order to improve the
thermal stability of an alkaline family 11 xylanase Xynl1A-LC, aromatic residues were introduced into the N-terminus of the
enzyme by rational design. The mutant increased the optimum temperature by 5 ‘C. The wild type had a half-time of 22 min at
65 ‘C and pH 8.0 (Tris-HCI buffer). Under the same condition, the mutant had the half-time of 106 min. CD spectroscopy
revealed that the melting temperature (T,,) values of the wild type and mutant were 55.3 ‘C and 67.9 C, respectively. These
results showed that the introduction of aromatic residues could enhance the thermal stability of Xynl11A-LC.
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( 4511.9 U/mg) (T9Y
( D14F) Swiss-PdbViewer
) (PDB code Pymol
41XL)M! T. fusca 1.2.2
TfxA N- (T9Y DI4F)
XynllA-LC  N- 1 Xynl1A-LC
pET28a-Xyn11A-LC [13]
Pyrobest PCR
PCR 95 C 2 min
1 ﬁﬂ—%ﬁ% 95°C35s 58°C 1min 68 C 6.5 min
1.1 ### 16 68T 20 min 1%
Escherichia coli BL21 (DE3) PCR
pET28a Novagen 1.2.3 PCR
Xynl1A-LC PCR DpnlI 37 C 80 C
Dpn I 15 min E. coli
Pyrobest DNA TaKaRa BL21(DE3)
Sigma His'Bind 1.2.4
Novagen Quick Start™ Bradford
Bio-Rad 50 pg/mL LB
1.2 A ODgpp  0.6-0.8 0.5 mmol/L
121 IPTG 6 h 5000 xg 10 min
ClustalW2  Xynll1A-LC His'Bind
T. fusca TxAl'Y N-
TfxA 12% SDS-PAGE
5 (9Y 10H 11D 13Y Bio-Rad
14F) Xynl1A-LC

x1 ERRTIYFT
Table 1 The primers in site-directed mutation

The Amino acid Base

e Template
mutant substitution

change The forward primer (5'-3")

The reverse primer (5'-3")

GGAAATGAAATCGGCTATCA
TGACGGCTATGAC
TATCATGACGGCTATTTCTAT
GAGTTTTGGAAG

All TOY ACA—TAT  Wild type

AI2 T9Y; D14F GAC—-TTC All

GTCATAGCCGTCATGATAGCCG
ATTTCATTTCC
CTTCCAAAACTCATAGAAATAG
CCGTCATGATA
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DNS [15]
Na,HPOy/ (pH 7.5) 1%
50 55 60 65°C 10 min
Na,HPO,/ (pH 7.5)
1 2 4 6 8 10 12 mg/mL
20 uL (1 pg/mL) 480 pL
5 min Graphpad Prism 5.0 Viax K
(tin) 2 pg/mL
Tris/HCI (pH
8.0) 65T
Excel t1/2[6]
( )
T
200-260 nm 36-82 C
8 pmol/L 20 mmol/L Tris/HCI
(pH 8.0) Global 3™

(http://www.photophysics.com/software/global-

3-analysis-software)

2 HRE0H

21 REMLSANEE
Xynll1A-LC  TfxA N-
TfxA 5
(9Y 10H 11D 13Y 14F)  XynllA-LC
9T 10H 11D 13Y 14F 5
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Fig. 1
N-terminus.

Introduction of aromatic acid residues in the
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Fig. 2 SDS-PAGE analysis of the purified AI2 and

XynllA-LC. M: the standard protein molecular mass
markers; 1-2: the purified AI2 and Xyn11A-LC, respectively.

2.4 BHERRTIREER 4R E
241

pH
100%
3 Al2
60 C 5°C
120
| —=—WT
——AI2
100}
S
2 80r
2 |
23]
S 60t
2 L
X 40
<
20
50 55 60 65

Temperature ('C)

B3 REMFAERRRETEAIZBEESME
Fig. 3  Effects of temperature on the activity of

Xynl1A-LC and AI2.
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Fig. 4 Thermal inactivation of Xynll1A-LC and AI2
at 65 C and pH 8.0.
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Fig. 5 The melting temperature measurement using
CD spectroscopy.
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F2 HEBEMRTAEMEBFMRIER
Table 2 Comparison of the enzymatic properties of wild type Xyn11A-LC and the mutant

Optimal temperature (‘C) t;, (min) Ty ('C) Viax (umol/(min'mg)) Ky, (mg/mL) Ke(s™")  Keae/ Km(mL/(mg's))

WT 55 22 55.3 7177.6 3.3 3229.6 978.7
Al2 60 106 67.9 5 898.0 2.5 2 654.1 1061.6
12.6 C
2.4.4 11 B- (B-jelly roll)
15 B-
B- A B
2 AI2 C- B- N-
B- 1
N-
Km N-
2.5 mg/mL K 3.3 mg/mL 11
6.1 T. fusca
TfxA 11 141 Georis
Al2 TfxA
K N- M TfxA N
(Keat Kin) S. olivaceoviridis XynB
[24-25]
3 \‘ )
Wik . 5
DNA tél
11
Xynl1A-LC
Xynl1A-LC
55 C 65 C 22 min
[16-19]
TfxA  N-

(T9Y D14F)
[20-23] AI2
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