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Improvement of thermal stability of endo-B-1,4-xylanase from
Aspergillus niger by introducing N-glycosylation site
WU Feng-Mei'?  ZHOU Yan-Xia'? YAO Dong-Sheng'? XIE Chun-Fang”

1 Institute of Biomedicine, Jinan University, Guangzhou, Guangdong 510632, China
2 National Engineering Research Center of Genetic Medicine, Jinan University, Guangzhou, Guangdong 510632, China
3 Department of Bioengineering, College of Life Science and Technology, Jinan University, Guangzhou,

Guangdong 510632, China

Abstract: [Background] Xylan is the second most abundant polysaccharide in nature, and second only to
cellulose. The structure of xylan is complex, and its complete degradation needs many xylanases.
Endo-B-1,4-xylanase is the key enzyme in the hydrolysis process of xylan main chain. It has been widely
used in feed, papermaking, energy, food and medicine industries. However, in practical application, due to
the poor thermal stability of fungal xylanase, its application in industry is limited. [Objective] The
purpose of this study is to improve the thermal stability of endo-B-1,4-xylanase (xynB) from Aspergillus
niger. [Methods] Firstly, an N-glycosylation site was introduced into xynB by amino acid virtual mutation
technology to obtain the mutants. Then the mutants and wild-type enzymes were expressed in Pichia
pastoris SMD1168. Finally, the purified wild-type and mutant enzymes were characterized by enzymatic
properties. [Results] Five candidate mutants were obtained by virtual mutation and screening. Four
mutants were successfully expressed in Pichia pastoris SMD1168, and three of which were glycosylated.

The mutants and wild-type enzyme showed wide pH tolerance, and the stability of xynB
4.0-11.0 was significantly better than that of the wild-type; xynB , XYy
, which were glycosylated, showed significantly higher thermal stability at 60-80 °C than

G66F/D6TN/GEIT
xynB

that of the wild-type, and the residual enzyme activity of xynB

A92N/DI4T
at pH

A92N/DY94T N/A68T
/DY nBG()() /A68

and

GOONIASST 4t 8() °C after incubation for 30 min

was about 30% higher than that of the wild-type. [Conclusion] The method of this study can provide
reference for the thermal stability molecular modification of other xylanases and other industrial enzymes.

Keywords: Endo-f-1,4-xylanase, N-glycosylation, Amino acid virtual mutation, Enzymatic properties

RBEME—Fh i 2 ) 2 R Fhb , Ak
LRI E T ALY, FEANMRE AR 2 S BT
MMM T ER 15%35%, & LW PR T4F
YRS RS KRB T4 M BT hEAR
AREERE, EZH BRI K, fb2E 254
HAe, TEMMTEZMARRMEmEEN; =
SRR RE I R 2AT B-1,4- N VIR R MG |
B-1,4-AMETFHE . o-L-Dk BT AT B . o 75
WHIE IR il FN 2 AR PR R i 55, Hoh B-1,4-0Y)
IR B T A SR T2 4 K A e P e R R
YERF AR R8N D) B-1,4-H 14, AR
L AN N N N 1 (N A IR DA
BECTS B-1,4- N VIR SBT3 0 okl 1
4%, fEIR . EANAIEZETLP. B-1,4- MR R
BERG 3 BRI T 2R AT . AT . AT R A

G MR ., BRESHEDY, B
SRHEORIET Iz, (AR AN, H pH S G A A
FEMEIE A B Tk A - ek, 75 SEiF AT
b2 B AR ke A4 O TS . pH AR PR AR
FaEME.

EEREREA TR KERRER, REL
WL Ak 1 1 1 2 1 TG R R R AR X B i
PR HEREPTTE . pH MR EEAT FrigoR ., PE4H
i, Niu ZEPRF NS 5 T e it
B R EEE P Fu SO ] NSRRI A
TR R ARG AR R A Y 5 4 A ) 1 (windmill
palm tree peroxidases, WPTP)R Ak 1 4 FIifiH ik
Ph; Chang 27 2 WA IR 40 i 25 (1 mE A TR
BERG(A/-XYNA) N124 4y N-BEEALEE & T %0
i) pH M EE; B RKRIMECPRa R SR N-
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Wi AL AT 4R 4L W R R B- HEF RN i
(ReTMan26)11) pH FasE . #iasEtE Lyt B E N
BRI 2R P /N VR P a5 S A H AR sk
N-WESEACAE M A AN[R) - B-4 2 B IR 1Y B A8

R N28 (i MEALALAE B R MR TR, N383 Al
N59 AL AR R A BB E Vs Hu 20
I B-H & RO B T B BB T AR AT P AR
FETE . pH RRETE . DU RGNS & P AR
SR B (g-123 . g-347). AW B-1,4-H
YA & B (5 X xynB, GenBank % 3¢5 .

AGG38091)KIET Aspergillus niger, FEH P
675 bp, 225 PRI, HAHT 18 5k
FRAY A5 5 K. xynB J& THEF KR GH11 %K
B, T —ERE, S FRA/NAh 24 kKD, &F
S 4.8, ZBEHA S EIE ). 9% pH (pH
3.0-9.0)FE Pk, (AIEUE MEAXT AR, J8 T ikt
fifi, KHX xynB 7EELAZANME H R IB AR A HE
RS AR R LA B R R A,
xynB AR 1E PO 1Y A 3 DX I 2o 1) 2 AR 5 |
A=A N-WEIEARG i, MR R SMD1168
2] TR R MR RN B AR R AR 1, TR
XPRE A AR RS T pH R M AR TSR 43
Br, DABIRAS AEEE $ v A xynB RAZIA

1 RS h%
1.1 ##
111 EFk

Be R TR AR SMD1168 ., &t il bk
PR AR TR EVE B (1) Paox-Ptef-ss1-BBPB Jfiki
F B BT 1) Taox-PgHT-BBPB JFuk: it Kz HT
B H N AL A7 & pUCST-xnB™ " R
ki, pUC57-xynB T Ttk . pUCS7-xynBINAST
¥ . pUCS57-xyn  RO66F/D6TN/GIT i B . pUCST-
xynBA92N/D94T %H pUC57_xynBD130N/N132T E*ﬁ(%?
% C bigsl N Iwids il 6 M2l bnss, HIEE 575
3% A IR G AL R N VIR Xba 1. EcoR 1 Fi
Spe 1. Pst 1IN0 KIAFF A HIM R B T

M A ) AR BRA W] RIBAFTE DHSa B2 25
AR BN A E A EOR A
112 FEAFIFERE

R il P4 4% R N V) i (EcoR 1, Spe 1. Xba 1.
Pst1). T4 DNA &40 . #ANDIEE H (Endo H)FN
R 157 &0 [ NEB Al gl ok MR
A& B KRR LA RA R HEARKRE
BEWA B Sigma A ] AEFEAN . KEHEEA KM
TR B IR F Oxoid 23w 5 HeariadR| 4 [ 5
#EFr At

LB &5 Fr i (g/L): MBI 5.0, AR 2E
IR 10.0, S LEh 10.0. LB AR FRIEHINsiE
¥ 15.0 g.

MD [E A5 (g/L): N = 10.0, JoEIEEE
BRI 13.4, YK 04mg/L, HUEH 15.0.

YPG WK TR I (g/L): BERHEEW 100, K
SR 20.0, N 100,
113 FEUH

Discovery Studio 4.5, JbutflE R A R
Al fEREEIRAR . EIRFEIR, BRI RS
WA R s Mini 3 H BRI . Western blot
HLJKk1Y, Bio-Rad /A +]; AKTA pure 4fifk{¥, GE
Healthcare A Fl; ZIIRERRY, EH TR
) ABR ]
1.2 H&
1.2.1 xynB =#ELEMIRB R T AR B

M| A Discovery Studio 4.5 (DS 4.5)% {4 M
PDB_nr95 %#a/F 1R F|5 xynB (GenBank %
5. AGG3809 D) FHMAITER T 50%019 2 [ A R4,
VR A, AT IR LASRAR R dr i R, 1
X IR R B T A Ak . MEEDLAE . Loop
XAufbFRE S i/ MBS 153 xynB BRI S, I
K HI$7 EC &l (ramachandran plot)i%Fl Profile-3D 7%
BERLHA T VAR
1.2.2 SEBEMRENSBTFERRE

& B N-BE R AR AR iR IR B 5
Asn-X-Ser/Thr (X J&F% Pro AL EZIENR), HiR
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BIFHIE TR ARRE D N-BEE A SR AT
B [ R A5 T Y B-4 F Bl Loop XL, i T
TR A5 4 S 101 %% £ X 1) N-BEREAE IR P 919 Asn il
T 23 ML E I EHERR N Phe ), AT N-HAE
By %A, s FN-X-S/T, F-X-N-X-S/T,
F-X-X-N-X-S/T!""51 " FE%1] Asn-X-Ser/Thr-Y H1i Y
J& Pro., Glu 1 Trp 23BHAF N-HEEALRY A A4, A7 IEH
I EIEIRN T X ACA R THEEMER &4, Thr,
Ser il Cys JCigfi T X b2 Y #A7 FlFALfe!
FHETXEAFE, JeFIH DS 4.5 X xynB 2 115
AgE 47 A XF % R AT Je P (relative  solvent
accessiblity, RSA)7#T, RSA KT 25%JHE 1%
TITEV W h 2 FE R R, EHR R ERTE xynB R Y
B-% i F Loop IXAE A MEULSEAE () Fe WITE FEl o P
M DS 4.5 X} xynB B! 5K TbE Sy ¥ 4T
CDOCKER X#%, Zr#7 xynB 545 A 1H A FE R
Fidsk. LEFH DS 4.5 X 2445 G A 5L R it
TN AR, B2 N AR )5 e & 22 LR T
2.0 keal/mol MJZEERRIC A AL, Jy T IRIEA
o A AR G, RBREE 5 IRMAS G K A A
VEFRI ISR, A BR85S 7751 Asn-X-Ser/
Thr-Y H Y {3 '& K Pro. Glu Fl Trp HJ 7] 5848 ¥4,
LA % N-X-S/T . F-N-X-S/T . F-X-N-X-S/T .
F-X-X-N-X-S/T 5590 T #Y0] 54741 54 T AU
RAR PR R 7AE RE(mutation energy)<0.5 kcal/mol
g FaE R AR . FIH Glyport (http://www.
glycosciences.de/glytorsion) X 5| A N-BHIEAL A7 5 1Y
RAMRIEZS AP RE S R E N-BHEAGHE 76 BT
i, #FRE&4E, FRFIH Gromacs 5.1.2 XFZ7AF AR
YIS Wi AT oy B 1L, i e
RE AR 2Rt E M, 8 RMSD ZfTE
0.2 nm yEE N SRR E LT 5 AR 14
1.2.3 xynB FFERMRTHRREESRIAEAFIDE
FH EcoR 17 Spe 1 XUY) & A 4 FE R A Ui B
AT T AR R SE R ORI, 1% B A 458 st rL VK
WIS H R B, 548 EcoR 11 Xba 1 3L
VI B 5 1Y) Taox-PgHT-BBPB #i4ji# 1+ T4 DNA

BRI TR, ER AR AR DHS o J5%
TN, TERHERE I, FH EcoR 1F1 Xba 11
YI% s OB DI H 20K . EcoR 11 Spe 1Y)
Paox-Ptef-ss1-BBPB Jiifi, YKL Paox-Ptef-ssl
hBe, SEEOE AR SE T R, AR R
P DHSo B2 840/ . T BRPERG AL+, WIS
HEAT 1% BN EE R UK S, ARAT T Tk
1.24 HFFNEB LR EREES SMD1168 & H
BHTHITFIE

FLHFORIZ Xba 1 Fl Spe 1 RVEALIG , 1%3500%
T i e PRSI 5 DS [l H i v B, R E B
i Bef i AR RE SMD1168 JEZ 254,
AT T MD AR SR HEAAR, BT 28 °C fHRE
bR, FRRMAAREE, PBURERET 5 mL
YPG Wik 5, T 28 °C. 200 r/min ¥R% %55
72 h, 12 000 t/min &.0> 1 min Y4 FiF,
SDS-PAGE AR5 B3, e FHPE R e
1.2.5 REHEAEENEETM Western blotting
IE

B4 BH P B T 4R 2 250 mL YPG W AA R 37
FEFEATY KB £ 72 h, 4°C. 8 000xg B> 10 min
WA B, T S0% I FBR L UTIE . 4 °C.
8 000xg #§ 0> 15 min HXUTIE , FH F i 2% b W
(20 mmol/L PBS. 0.5 mol/L NaCl, pH 7.4)FE &I
P, T8 000xg B0 10 min B3 A LB,
25 Al Ab AR AT A R 2 2 T A A4S Al B A )
W o AR N VIEE H OB EF A R A AR A R
F, EEVI=Y12: SDS-PAGE %5, /i AR AR 1
BB RN, TR AR IAR N i
AR, RPN BRITH RS HUA)
A ZICEEPTNEPUA)IETT Western blotting SZEG N
VISR IE o
1.2.6 xynB FF4 BTN T AEERIERIE I E

AR BE RGBS 7 0 E R 3,5- A E K
iR (DNS)5, A ZRME [l (1) J TG 1 s ok HE
pH 5.0, WS 50 °C MM, BBk il AR R
TE A8 1 pmol AMEGA JFM BT B it A 1 /B 77 5
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AL, IR 700 pL 0.1%HMEAR AR RBEE W (pH
5.0 MBEIR S —AN-FriF s W i) T 1.5 mL EP 48
W, BF 50 °C &JRBTIRE 5 min; 43 HIRIK
10 pL IR E L85 27 PR RN A B RO AR &
IFAHEARAR R T, F5HRST, T 50 °C &)@
WY 10 min,  BUH S 7 BIRCA BB K H1 7 15 min
G2 1%, ISR G S K R i A
700 pL DNS & aF] 586, FH#KE 10 min, B4
Y. LUIEKE 30 min B KIEEEVE S % BE4H
FHTERE 3 . &H 200 pL T 96 LR H THEFRIYL
PRI K 540 nm A0 ARSI M

W6 S A AR N . H=DxV xCx/(TxVy), H
W, H: REWERENS; D: MMMEREG 1.
J R B R AR B (mL) 5 Cx: A EWH B B /R Hk
B (umol/L); T: JIAFIA(min); Va: SNA B
A (mL).
127 xynBHERMREHEGRIE pH K HERE
B E

WA pH (4.0, 5.0, 6.0, 7.0, 8.0, MR
A ANFPIERR T R C T EC I 1 0.1%MEAR AR TR
WSS R xynB Bf A BRI R DR EE FAIRAE 50 °C
SJEB RN 10 min, #% 1.2.6 1 DNS 1505 il
W1, DR B 71 100%3H55 xynB B AR B A%
AR FATEASIA] pH S50 T FRIAF X TS

Wi pH 22 0PI IR I 0. 1% MEAR AR RBHE
WAEATRIIREE(20, 30, 40, 50, 60, 70 °C) F4>
S5 AY xynB B A RN 58 AR IR IR N
10 min, #% 1.2.6 F1/1¥) DNS BE#EE J1, Pt
S 710 100% 3155 xynB HF A4 B A R AR R FIAEAS
I3 88 25 I AR X T
1.2.8 xynB FFHERFRTAEER pH F2EMNE

xynB BF A R SEARREE FIFE pH 4.0, 5.0,
6.0, 7.0, 8.0 (0.2 mol/L Na,HPO,4-0.1 mol/L #715 R
P ECHD AT pH 9.0, 10.0, 11.0 (0.2 mol/L
Na,C03-0.2 mol/L NaHCOs; Z% i i i) i 2% v
20 °C £F P 30 min, 1ERBEHIRIEIE N
B 10 min J5 R DNS L2 RS, DAds s S

H 100%1 155 xynB $ A RUFN S8 AR R B (1 7E 4 pH 2%
A AR X T
1.2.9 xynB ¥4 BURISRT RS RYIR E R EMHENE
KEAMETREE D, B TARREQ0.
30, 40. 50, 60. 70. 80 °C){#¥ 30 min, FE£ i
(R 5 25 B 10 min ME BTG, DL 4 °C i
L8 B AL PR ) 2 G 1o 100%3155 xynB B A
RN G AR AR B [ E AL 251 B ARG T

2 HERG5450
2.1 xynB 4 ZEMIEBU A 3T R AR BY A

FI/H DS 4.5 )\ PDB_nr95 ¥4 i hi %3 5
xynB AHIVE R 73.8% 2 (1 AR ZE#4(PDB 1D
3WP3 B), FIH DS 4.5 [a] AR A He b4 7 [m] 5 2
BRI WA RIS, IRk )G . & hr [T
fE(FE 1A HIZE R 96% M) 2 FEBR 1Y I fA 7E
AN, HA 90%LL 2 3R Ak T i [X e
W, TR AT (S, 28 Profile-3D ik (18 1B) & 31
FERY () S FE PR A 25 17553 (verify score)ITE“0 28 L)
b, HMAEMESE SN 11047, 85 THSEMA
(86.142 3), BB %) 2 LR 1 25 (] 25 R #
AR 25 B, RS AT E 1,
A[YER xynB FFARSE R BE AL (] 10),
2.2 FEBREMRT AL IERRAE
2.2.1 xynB FREVETE N-HEEL LS

(1) FIJTI DS 4.5 % xynB BT RSA 43H7
FAE 5 75 70 55 11 2% 18 1Y 22 5L 1R Bk 2k (RSA>25%)
A (I 2A); (2) id# AR BEAE xynB K 1f B-54 £
AN Loop X AT A N-BHILAL (1) 2 LR P 5U4E K
AIEAR RS, AT 13 45K 1); (3) xynB Bl
IR FWE) CDOCKER Xf 445 B i 7% xynB 5
)45 A i 25 A T 2 SR AT Ser52, AsngO0,
Tyr108 . 206 . 112, 123 . 214, Argl57,
Alal61, Trp54. 114, 173, Val82, Phe8l,
GInl71 F1 Glu212 (& 2B); (4) 454G maIEmRE
W R R R Bk R Tyrl12 . 206,
Trpl73, GInl71 1 Argl57, &FSAPGEFRILN
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A 180
A%?’;@og o ;: o : °
YR 208 8
135} » O S0 §g;><>6°
800%@ b R0 o
o
45} o,
o= | ° » 8
£ 0 . vée 7]
45+ .
- b
[ . It
—135} { Tyr
a8 108
° s, Phe Tyr )
-180 D S e : "
-180 -135 90 -45 O 45 90 135 180 P ; & G
Phi s b Hono
550
Arg
a 157
B 113 &
12} —— xynB (WT)
’ Tyr
206
1.0f
Trp B
| s
g 08 Interactions
2 [1van der Waals [1Carbon hydrogen bond
& 0.67 I Conventional hydrogen bond
S
> L — /s 3 vl
0.4 2 xynB RESEERS (AN xynB SKAENTELE
0.2} EHEELR(B)
Figure 2 The distribution of amino acids on the surface of
0.00 5'0 1 (‘)0 I éO 260 ) 50 )‘x‘ynB (A) and the docke(‘l amino acids ‘;V:lth xylopentaose (B)
D e 1 2A g B EET 74 RSA>25% ) E LR

1 xynB #EREEEERA. B)R = HEHIER(C)
Figure 1 The evaluation results of model (A, B) and
three-dimensional structure model of xynB (C)

TE: A PLIREIPFARSER; B: Profile-3D PGSR,

Note: A: The evaluation result of ramachandran plot; B: The
evaluation result of Profile-3D.

Note: RSA>25% amino acids were showed with golden yellow in
Figure 2A.

*1 BIERAIA N-EELRTFS

Table 1 The amino acid sequences that can construct
N-glycosylation

oS BILRROIE AR

Sequences The position Mutable sequences

No. of amino acid

1 39-41 Thr-Pro-Ser

2 46—49 Asn-Asn-Gly-Phe

3 56-59 Asp-Gly-Gly-Gly

4 66—69 Gly-Asp-Ala-Gly

5 88-94 Asn-Pro-Gly-Ser-Ala-Gln-Asp
6 104-108 Ser-Gly-Asn-Gly-Tyr

7 117-119 Asp-Pro-Leu

8 129-137 Gly-Asp-Tyr-Asn-Pro-Gly-Ser-Gly-Gly
9 145-148 Ser-Asp-Gly-Ser

10 162—-165 Ser-Ile-Gln-Gly

11 177-182 GlIn-Asn-Lys-Arg-Val-Gly

12 197-202 Leu-Gly-Met-Asn-Leu-Gly

13 213-215 Gly-Tyr-Gln
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AR AR A (5) [ B & 5 R R A
Asn-X-Ser/Thr-Y H Y ‘& 4 Pro. Glu F1 Trp AT
RASFEH]; (6) R N-X-S/T. F-Y-Z-N-X-S/T .
F-N-X-S/T. F-X-N-X-S/T J¥5I 53k n] 2845 5 471
AT IR B IR AR, (R A5 HE<0.5 keal/mol
AR, 2D b 6 kR 5] 10 a5 e r
RAKER 2).
222 REEHIHE

2% Glyprot X P i v 28 A8 (A TE B N-WE Ak 25
]G B PEAE R, g5 20 40 5. 8. 10
I ARAEAEZS AR, ASRE R A N-HEFEAE, 1
Fx2 [EBREMRTREWRENREE

Table 2 The mutants with stabilized structure after amino
acid virtual mutation

s RAER RALRE el

No. Mutation Mutation energy  Effect
(kcal/mol)

1 G48T —0.04 Neutral

2 D67T —0.96 Stabilizing

3 G66N/A68T -2.19 Stabilizing

4 S162N/G164T -1.37 Stabilizing

5 G134N/G136T 0.42 Neutral

6 D130N/N132T -1.95 Stabilizing

7 A92N/D94T -1.15 Stabilizing

8 S145N/G147T —0.87 Stabilizing

9 G66F/D67N/G69T 0.1 Neutral

10 S162F/1163N/G165T —1.05 Stabilizing

1 . Stabilizing 3 78 %€ 2% 8 <—0.5 kcal/mol ; Neutral /R
—0.5 keal/mol <% A< 0.5 keal/mol.

Note: Stabilizing means mutation energy<—0.5 kcal/mol; Neutral
means —0.5 kcal/mol<mutation energy<0.5 kcal/mol.

G5 H 1. 3. 6. 7. 9 MRARESE LTI
A NBEEAL(E 3). 43T 8 1= BEE A Hre ]
TERBLALFE H () RMSD AR (LB, & B A AU
5 AR KR RSMD {EHIIFE 0.1 nm il i 3l
(B 4), Uk B BT A 70 0 58 A5 R 2 11 5 4 1 B o
P FRAEIRDS, KX 5 D RAE (xynBO*T

G66N/AGST G66F/DETN/GEIT DI30N/N132T
xynB xynB . xynB

xynBA NIVl 4 3k SR AR A
2.3 xynB FFARFIRT AN ESRIEHME
infE

W B B A BN AR A 4 B LS IR P 471 1) Jo R
PEAT ARG YIS 5, WY R B A T, BR A
“Biobrick ™% 47 Jll 2H % B A A N 5 AR (KL R 5 oo
B [A] V8 ¥ (Paox-Ptef-ss1) Fll J5 [A] J5 B (TaoX-
PgHT), fx#Z45%] Paox-Ptef-ssl-xynB-Taox-PgHT-
BBPB [ EF R k84, ] EcoR 1 Hl Pst 1 W15
Jie £): 32 3K 2044 i, BBPB Fll Paox-Ptef-ss1-xynB-Taox-
PgHT /B, BBPB JTEcK/NA 3 780 bp, Paox-
Ptef-ss1-xynB-Taox-PgHT F Bt K/]NA 6 130 bp, i
b 1% B HE AR K FL Dk ARG DN 5 D10 7 40 350 1 B 2%
—ZK1E 6 000 bp i, —Z&4%i 4 000 bp,

N

E i

SRR BOR/ME S B 5), RIAE A
RUR 4 A RABR IR R R AR B R . A
fA xynBOT AR R SR B R AL P — HE R
We, RIS S5 TR R AL AR

3 REF N-EEMAARTE SRS RE

Figure 3 The prediction of spatial rationality of N-glycosylation sites in mutants

Note: A: XynBG48T; B: XynBGﬁﬁN/AGST; C: XynBAQZN/D94T; D:

DI30N/N132T G66F/D6TN/G6IT
xynB ; E: xynB .
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Figure 4 RMSD analysis of the wild-type and five mutants
of xynB

El5 FERMRTEEGRARENETLEE
Figure 5 Identification of wild-type and mutants yeast
expression vector by double enzyme digestion
7E: M: Generay DL1004 DNA 43 Fbnifi;
G66N/A68T . xynBGGGF/D67N/G69T . xynBDBON/NBZT .

1-5: xynB"",

A92N/DIAT
xynB xynB .

Note: M: Generay DL1004 DNA marker; 1: xynB"'; 2

xp BG66N/A68T 3- xynBGGGF/D67N/GG9T; 4: xynBD130N/N132T; 5-
A92N/D94T

xynB’ .

6 EMEH SDS-PAGE £ EE

Figure 6 The identification of target protein by SDS-PAGE
TE: M: ARSUEEABREM; S: SMDI168 238X i ;
52 xynBOOTPINCET e Bir s 4R 11 4 R HAREE .

Note: M: Bio-Rad Precision Plus Protein™ Dual Color Standards; S: SMD1168 control; 1: xynBA”Nm 4T, 2. Xyn
. The protein band indicated by the arrow is target protein.

WT 66F/D6TN/GE9T
4: xynB ;5:xynBG NG

24 EHFHIFIE

M MD AR BG4 5 T et Tt
FiFR3dJm, BOUEE BN, &I20 pL biE
17 SDS-PAGE %5&, 4% Dilfiseiide (a5 unlEl 6
FRi7R o #5500 BRUKIE FLARAE 2025 kD Z[A| £ 3% 5k
Hh A A5 Y BT B PR RAE A PR A . 2
KW HREARSE, BRLAET N, T
A TRESEAL AT Western blotting SZ56 i — 2 0f1IE
2.5 HEEALLEEF Western blotting 353

FH Endo H XF4liAbu 4 I ) B A RV AN 98 AR 2R
FIUEAFREIAb ], 2 SDS-PAGE %52 (K 7)Z5 3 i
/e xynBY! 28 Endo H BEVIRTJE 23T A/NAAS
PiB] xynBYT fE A R OR K AE N-BESEAL
xynB*"NPHTE Endo H BV RITAALE 3 43R 1 417
% Endo H MEVIG 3 SREMW /A FRBUNT
2-3kD, UL xynB NP Rk R &R TR
Ak, fHJE xynBAY2NPHT B i AR ek B A i AR v
T REWE B AR IERE SMD1168 3k 1 N 5 A 11 BT
%@ F)ﬂd\ﬁ%i /J\ XynBDl30N/N132T T—A End() H @‘E
VIR F R R/, 68 xynBPPRONNIET 705
AR A R e Nk, H xynBPUBOVNT 2
RTINS, xynBONAY7E Endo H BV
BWRHN, —K0FRN26KD, 5H—4M24kD,

M kD M 5 S
75

1. XynBAQZN/D94T; 2. XynBDISON/NISZT; 3. XynBGG6N/A68T; 4. XyIlBWT;

DI30N/N132T GOON/AGST
B ; 3: xynB ;
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7 Endo H ESYIRIE 54 B AR (AEGHY SDS-PAGE £ E[E (A #1 B)

Figure 7 SDS-PAGE identification of wild-type and mutant enzymes digested by Endo H (A and B)

TE: M: {ASRWEE A AR 1. xynBY"; 2. xynBY' 28 Endo H BEVIG#; 3: xynB P74, xynB™NPT 2% Endo H il
)ﬁﬂfﬁf:%, 5. XynBD130N/N132T; 6: XynBDl30N/N132T éf:é Endo H E@w;ﬁfz%, 7. Xyl’lBG66N/A68T; 8: XynBG66N/AGST éf:é Endo H '@@,@J)ﬁ.fz
%; 9: Xyl’lBG66F/D67N/069T; 10 XynBG66F/D67N/G69T éé Endo H E&ﬁj}a}m% %’ﬁ%%*ﬁﬁ E%%ﬂ‘j Endo H.

Note: M: Bio-Rad Precision Plus Protein™ Dual Color Standards; 1: xynB""; 2: xynB"" digested by Endo H; 3: xynB***NP*T,

4: xynBY?P#T digested by Endo H; 5: xynBPPNN2T: 6: xyn

BPHONNIT Gigested by Endo H; 7: xynBONAST, 8 xynBUSNAST digested

by Endo H; 9: xynBESFPNGET, 1.y yngUsEFDSINGET i505ted by Endo H. The protein band indicated by the arrow is Endo H.

% Endo H Y5 /3 F BRI &l 0 F R8N T
2y 2 kD, Wi/ FEAZE, B
xynBOONASST s M (. xynBOOSFDONGOT
Endo H FEUIHIA W &0 F i &4, o F
W4 21 kD, %4 Endo H MYl HF oK T
2-3 KD, ] xynBOSFDINGST o gy
BB T o 25 bRk, 458k, R 5
1Zl§ XynBAQZN/D94T\ XynBG66N/A68T\ nBG66F/D67N/G69T
KT N-WEEAL . T3P H3E Endo H Y]
HIJ5 AR o0 B 08 LS 25 3 ) e
A= RN R AR KRR 14 Western blotting 5256 46
WE, #5538 fran, Endo H VIR A & H Y
JERE A, M HEFINSF Endo H BV
4515 SDS-PAGE %7E (i WE AL 25 SR AR £ v 2
—3,
2.6 xynB HFARMRTIAEERIE pH RRIER
& B9 ZE

mE 9A Frn, BFAR xynBYT 5 SR K
XynBG66N/A68T\ Xyn]3A92N/D94T E/‘Jﬁ-iﬁ pH ﬂ‘j 50’ ﬁzﬁ‘
G xynBOSSFDSTNGST i pas o 6.0, 4
K1 9B Bk, BFA R xynBY T AR IE IR E N 50 °C,

ﬁzﬁ % Q ’ﬁiﬁﬁ XynBGﬁﬁN/AGST R XynBGééF/D67N/G69T ﬂ]
xynB"NPHT G ISE R Ry 40 °C, BEHEMGIA
— A N-BEE AR A A 5 X 2 AR R B 1 (1 3538 pH Al
TE TR A —E BRI
2.7 xynB FFA BRI ARERAY pH F2E M AT
pH FasEMEIESE R 9C Pis, ik E,
HEARUAL 3 AN SRARARER (24 B H BE T 1L 14 R Bk
fif 521k . BPA 7Y xynBY' 7E pH 4.0-10.0 5 FE MY
5% ARG DRI TE 80%L b5 978 (A xynBA2NPHT
£ pH 4.0-11.0 JEFIN AR RS R B 7E 90%LA
b, 7E pH 4.0-6.0 Fl pH 9.0—-11.0 JEHE P pH £
EVE AL T xynBYT; AR xynBYNAST 1 pH
5.0 B pH R g LT xynBYT, {A7EHA pH J
FEL DY 1 3% 7 S AR E 60%—80% 5 28 A A&
XynBG66F/D67N/G69TT£ pH 9.0-10.0 TE:I%E@ pH i%ﬁg
P T xynBY", B pH [N 04 5% B TS
HIREATE 60%—80%. BLHIZE 5 A—1 N-FEk
AT S R X RASRE A pH BB MR — &N
A
2.8 xynB FARMRTHEBREEREME ST
TR B R E PRI E S5 SR AN 9D iR, MR
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T 40 °C J&, BpA RURNZE AR (AT % 5% B il 16 22 B L FEEIRT 10%, T xynB NPT (5 Bl IS 5 T
BER TFE TR T B e, (R85 fR xynB VDT 25%, xynBUOFPONGOT wurt bR IR = T 33%),
xynBOSONASST g1 o BOSSFDENGST g gt i oy xynBOSONASST (it e 350, BBE xynB
60—80 °C 1 il PN A4 5% B 5 24 B 42 5 T xynBY T, FE T 5 A —A> N-FEILALAL i RE 3R iy e e e vk

[a] 27N

JEHRAERRE Sy 80 °C i, BPAAY xynBY' (SR EE MR RIS AR B T

A B
kb 6 5 M 4 3 2 1 kb M 7 8 9 10

-.
25— ‘ - D5 —— .
20— 3 - 20—

& 8 Endo H EgtIR1/E 54 BN (AEGHY Western blotting £ 7E [E(A F1 B)

Figure 8 Western blotting identification of wild-type and mutant enzymes before and after Endo H digestion (A and B)

H: M: ARWEOEAFRRER; 1. xynBY; 2: xynBY & Endo H BHIIG47; 3: xynBYVP4T, 4. xynBY™P*T 22 Endo H fifi
JQJE‘F%, 5. xynBDl30N/Nl32T; 6: xynBD13ON/N132T éé Endo H @&ﬁ]ﬁ#%, 7. xynBG66N/A68T; 8: XynBG66N/A68T éé Endo H @&ﬁ]E‘F
%; 9. XynBG66F/D67N/G69T; 10: XynBGé6F/D67N/Gé‘)T é’é Endo H ﬁ&ﬁ])ﬁﬁ%

Note: M: Bio-Rad Precision Plus Protein™ Dual Color Standards; 1: xynB™"; 2: xynB"" digested by Endo H; 3: xynB"**NP™T,
4: xynB"™P#T digested by Endo H; 5: xynBPP""N2T, 6. xynBPPONNIT gigested by Endo H; 7: xynBONAST, g xynBHSNAST gigested
by Endo H; 9: xynB*FPNGOT. 1(): xynRIOFPENGET gigested by Endo H.
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Figure 9 The characterization of enzymatic properties of wild-type and mutant enzymes

W A BARHRABARMNYRE pH; B: BARMRAAMNYRISERE; C. BARMIBIREEN pH f25EM; D: B4R
GEAR VTR P Ea R k.

Note: A: The optimal pH of wild-type and mutant enzymes; B: The optimal temperature of wild-type and mutant enzymes; C: The effect of
PH on the stability of wild-type and mutant enzymes; D: The effect of temperature on the thermal stability of wild-type and mutant enzymes.
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