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Bioinformatics Analysis on the Contribution of N-Terminal Region of
Xylanase EvXynl11™ to Its Thermostability
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Abstract: Effect of the N-terminus of a family 11 xylanase EvXynl1™ on its thermostability is
systematically analyzed. Thirty xylanases that had the sequence homologies more than 55% aligned
with EvXynl1™ and the known temperature characteristics are sought out from the GenBank
database using the BLAST server. Then,the multiple alignment of 31 xylanase sequences is
performed using the Clustal W2 program,and the phylogenetic tree is constructed using a MEGA 5.1
software. Eight representative thermophilic and mesophilic xylanases (including EvXynl1™) are
selected from the phylogenetic tree. Finally,the differences and similarities at the N-termini between
EvXynl1™ and the other xylanases are analyzed using biology softwares. The analytical results
indicate that the contents of amino acids favorable to thermostability,the B-strand Al and the

interactions between amino acids at the N-terminus of EvXynl1™ have certain contributions to its
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thermostability.

Keywords: xylanase, EvXyn11™,N-terminal region , thermostability

A FENE [ (xylanases, EC 3.2.1.8) MARBE/> T
FHER P REEHLYIE] B—1,4-D-ABETFFHE, =AW
A BTN B R P B SE SRR o BT — A 1 ] U
Fo X K it 7K 5 53 A, K 22 K SR T I Jas A K A
fitg 10 #0111 MM, H AR b Ak B9 A SRWE il 22 850k
BB IR T, 78 40~55 CHY AR, SR i i e £
RPN E L (~70 °C) AERINT. (~80 °C)
SR SN T E R, F, EEE
J A T 24 A SR T i e (L

5 MR 2R 10T RS A R I R B AT N B C R g
W AR MR L SR g R R A HLAE AR,
EvXyn11™ J&E & B 11 5855 o 20 B0 AR
WE Rl 2 —¥, A S50 % A B 5T 2 B, EvXyn1 1™ Tiif
PPk 5 HN v X8 DI ARG . SCER[2JH EvXyn11®
N % 38 MR IEFR E e AuXynl 1A N 3 33 ok 3L
Z A AEXynM (1) T, IR #A0PE 20 3 42 3 17 20 A
30 °C,ZRH EvXyn11™ N i % Bl i 5 R 2 0 J 224
SCHR[S TR A2 SR B TESE T EvXynl1™ N i — i
(Cys’~Cys®) B2 HEAEm AN FEHR, H
EvXynl1™ N 3 42 D FE R AoXynl1A XJ i 1Y
37 ANFR LR A B AEx11A, FF2BR AEx11A N i
TR B FK % AF B AEx11ACST 9, 4 Hr £ B
AoXynl1A N ¥ X 38 8% #2 Hij /5 19 T, 43514 50 #
75 °C, i AEx11ACST % T,, b 60 °C, Hitbnl UL,
EvXyn11™ N i % i #4001 52 w2 22 B & b [A)4F
LSO

A B 58 LR A ) 2 AR T B A B b
EvXyn11™ 5 7] — 25 HoAth A RO g 19 — 9 = 4
GE R HORTE N I X R S R AN, DL A
EvXyn1 1™ N i X3 0 i A PERL ], o 5 H — 48
A T) 8 1 v b v R e A R O v R R R
W T 1 A o 2 (AR S A

iR

L1 11 REAREEEERIIRE

LA EvXynl1®™ J¥ %] (GenBank : ACB87631) “hy #t
M, 76 GenBank (¥ £ (http : //www.ncbi.nlm.nih.gov/
genbank/) & B BLAST 48 5 5 454k — 9% 45 #4 [w] 3

PER T 55% AR R 11 Z05 A RME I , 25 BR &
SR SE #7534 8 AH OC SCHR |, 3R — 45 4 58
% HIR R T J Y 30 AR R BERG
1.2 AEEH—REMOSHT

iz M ClustalW2 F2 J¥ (http://www.ebi.ac.uk/
Tools/msa/) ¥ EvXyn11™ F1 30 Fh A 5 b5 i #E 17 2
FE 0 Rl 98 He %t . ffFH MEGA 5.1 8% (http : //www.
megasoftware.net/) 14 H ARG IEILA, M Pk £
£15% EvXynl 1™ 75 N B AR AL T PR i i .
DNAMAN 6.0 8 Xt QR ML iE N 3 X 38 9 57 () A
HEAT S A AR
1.3 ABEHB=ZHLEHNERRERE

1£ PDB %45 %2 (http : //www.rcsh.org/) H & K
LR N TR N AR IO IR N I S U1 R D
EvXynl1® f K454 (PDB:2VUL) R #itk, iz i
MODELLER 9.11 # J¥ (http://salilab.org/modeller/)
F1 PyMOL K {F (http : //pymol.org/ ) X ilf — 4t 45 4
A7 [R) P A 34
14 KREEB=4HEHNSTH

iz ffl Gromacs 4.5 2 J¥ 41 (http : //www.gromacs.
org/) XA TMERNG = 4ES5 1 A7 531 3 g E A Al
g rmsf BT 03 545 A E L R i AR 1 07 T
7% (RMSF) i, 4 S AR SR = 2k 254 SO
K HI B-FITTER F1 Excel # {115 Fl4b 2 B—factor
B, #7 BB AR 7 5 21 B—factor B3, 18 i Fb Xt it
P AR EG Y B—factor B, #& 1 SR 22 PR R
DB, ] g rms BRI 5 WG B9 AR 25 07 I 22
(RMSD) {H, J3#r B-Hr & Bt A1 X i i 25 1 1) o
ik, 1 H PIC ZxfF (http : //erick.mbu.iisc.ernet.in/) X}
AR TRMEBE N I 19 B 5 | R R0 K AR S 2R AT
Oy ME AL EE X . R FH PoPMuSiC 78 £k 72 ¥ (hitp ./
dezyme.com/) FUM EvXynl1™ N i 2% A~ 2 5 82 18 A1
BT JE AR T B R AR L E (AAG) .

2=

2.1 KREREBHAHMHEE
BT 28 [F IR X, >R H] Neighbor—Joining
AT R SR 0 SEACR (BT 1), TSR A e 4%

LRSSt HULFIR 20195 £ 3BELE2H




RESEARCH ARTICLE

ZANG Jia,et al: Bioinformatics Analysis on the Contribution of N-Terminal

Region of Xylanase EvXyn11™ to Its Thermostability

Poisson Correction, f# /| Bootstrap ¥zl (Replications=
10 000) LA Of A HA 85 e 09 T A5 1k, M 4 i
HHBEG LR K ENT N ABMWA, AHN 18
FhER AR RBERG, 5 EvXynl 1™ i RE MK

T 60% ;B 4l N 13 FF B & 4 W) K B ¥ .
EvXyn11™ Tf108 Fl Umil7 i #igH 78 H Ay 28 Fif
kI

Sol01,Streptomyces olivaceoviridis(ABF02144)
Sop02,Streptomyces sp.S38(CAA67143)
Sop03,Streptomyces sp.SWU10(BAK53483)
Sop04,Streptomyces sp.S27(ACF57948)
S1i05,Streptomyces lividans(AAC06114)
Uba06,Uncultured bacterium(AFH35005)
Sth07,Streptomyces thermoviolaceus(BAD02383)
Tf108,Thermopolyspora flexuosa(CAD48747)
Nxi09,Nesterenkonia xinjiangensis(ACY70399)
XpalO0,Xylanimicrobium pachnodae(AADS54767)
Cfl11,Cellulomonas flavigena(CAJ57849)
Cfl12,Cellulomonas Fimi(CAA54145)
Uorl3,Uncultured organism(AFG25772)
Pspl4,Paenibacillus sp.W-61(BAE93061)
Bsul5,Bacillus subtilis(CAA84276)
Bcil6,Bacillus circulans(CAA30553)
Evxynl17S,Synthetic construct(ACB87631)
Umil7,Uncultured microoganism(AFP81696)
Aspl8,4lternaria sp. HB186(ABG33753)
Hinl9,Humicola insolens(AHC72381)
— Tre20,Trichoderma reesei(CAA49293)
L_Tha21,Trichoderma harzianum(ACF40831)
— Pci22,Penicillium citrinum(BAE71133)
Pch23,Phanerochaete chrysosporium(ABZ88798)
Led24,Lentinula edodes(AAL04152)
Aja25,Aspergillus japonicas(BAI82107)
Opi26,0phiostoma piliferum(AFR33048)
Aor27,Aspergillus oryzae(AFAS1067)
Asp28,4chaetomium sp.Xz-8(AHE13930)
Vda29,Verticillium dahlia(ABE02800)

Lch30,Leptosphaerulina chartarum(AGV40651)

1 31 % 11 ZK iR 7K 58 08 B B0 3t 1L it
Fig. 1 A phylogenetic tree of 31 xylanases belonging to family 11
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Table 1 Temperature properties of eight representative

xylanases

EvXynll®  2VUL 75 T,=101 C [4]
Ssp02 1HIX 50 T,* = 10 min [9]
Cfi12 = 52 = [10]
Bsul5 1XXN 55 = [11]
Umil7 = 80 T,°= 120 min [8]
Tre20 1XYP 50 = [12]
Aor27 — 50 T,°= 17 min [13]
Vda29 = 45 = [14]
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Fig. 2 Multiple alignment of eight representative 11 family xylanases
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Fig. 3 B-factor values of amino acids at the N—termini of

EvXyn11™ and mesophilic xylanases
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Table 2 Contents of amino acids at the N —termini of 8

xylanases favorable and unfavorable to
thermostability %
AR EORR | BRI R

EvXynl1® 13.7 54.9
Ssp02 2.0 67.3
Cfil2 6.8 63.6
Bsul5 0 63.2
Umil7 6.0 62.0
Tre20 6.4 61.7
Aor27 22 674
Vda29 4.4 57.8

EvXynl1™(£BRAL)
EvXynl1™

0 2 4 6 8 10
[} [A] /ns

4 EvXynll®™ £ B-# &K Al Bi/5H) RMSD &
Fig. 4 RMSD values of EvXynll™ before and after
removing -strand Al
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ERHF  Lys®-Asp™, Glu®-Arg®; — i 4 . Cys™~Csy™
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Fig. 5 Salt bridges and disulfide bond at the N—terminus
of EvXynl1™
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Fig. 6 Interaction between Phe” and Phe" at the N -

terminus of EvXynl11™
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