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Tit 119 o 305 Y 3 R/ 8 ARG A T AR« L 5P 5 3R
A 328 22 B A I B3 £ il 72 50 °CTF AL P 180 min Ji5 Y
Tl 4% T 1R P AR 24 10% ; Miao 25 5% 6 B 34 422 ik
(18 D153 ) 5 35 0 B2 A 5 °C, IF Al 7E 60 °C
T Ab 3 360 min J5 Y B A I PEFEAR 20% ; Li 450
AT 5% 2 BH 3% 2 K 1) ) I 608 ity ) o5 ek 32 B IG5

C, I EEETE 65 CF 58 42K 76 19 I [8] 1 50 min ik
2 5min(F 1), A, Meng SR 5E 2 B % 12
JORAZE 46 i ) A9 S 3550 PR U0 A SR M Tl 1) e 3 I R A
R M AR L 3k BT 9 3 B 32 2 RO 1 P D) R 3R
Tt AT IO O T AR, L B W A il
FIGE IO B4 5 i AL TR ST A

R 1 EBEXT YIRS R EE P E R R
Table 1 Effects of linkers on thermal adaptability of endo—xylanases

&R M 1 AR A B ST e %Z‘é AR M };‘%
®JZ/C Lk
YA W % 75 Xyn10AdC GH10+Linker 90 60 °C, 360 min; 80% [25]
Xyn10AdLC GH10 85 60 °C, 360 min; 60%
A A B B XynB CBM22-1+CBM22-2+linkerA+GH10 75 Tips=42.7h [26]
F32 mXynB CBM22-1+CBM22-2+linkerB+GH10 70 Tip=25h
HARA LGHI10 Linker+GH10 NR 68 °C, 20 min; ca. 100% [27]
GH10 GH10 NR  65°C, 20 min; ca. 0%
LGH10-CBM22-2 Linker+GH10+CBM22-2 NR 68 °C, 20 min; ca. 90%

GH10-CBM22-2

3k B G F % 3 74F XynG1-1CDL CD+Linker

# Gl-1 XynG1-1CD CDh

b5 B S27 XynAS27cdl GH10+Linker
XynAS27cd GH10

GH10+CBM22-2

NR 65, 20 min; ca. 0%

60 50°C, 180 min; ca. 20% [24]
60 50 °C, 180 min; ca. 10%

65 65 °C, 60 min; ca. 0% [20]
60 65 °C, 5 min; ca. 0%

T+ GHI0 B K BEE2R 10 05 (1 AL 25 44 3 ; CBM22-2.: 5K AL & W 45 5 LB 22-2;,CD AR R MERE XynG1-1 (Y BEAL S5 H 38 5 T R AR

Tit: 1 3 Ay e e TG g — > 1 1 4k BT )

AR S2 50 2 B 5T N B TR BT 5 o DA 2F FELAT 1A
J& R HI14 v 5 B R 2R 3K T — AN T K il
(Glycoside Hydrolase, GH) %5 43 K% ¥ 1% M
B-ARNEAFHE HI14GH43 , I i A e M R 45 #9238
b PR AR B 91 o i,k iz AR B T GHA43
FEH SRS 11 W FE™ P06 1% 0 K 6 7 51 Y
T ZE R SR | B HI14GH43 1 19 4~ 45 #4 3s 2 %
fL45 GHA3 453l (K2 %] A315;Pfam & 1% 0% .
PF04616) 5 — > T RE K A1 1) DUF1349 45 4 5
(V330 #| E535;PF07081), ‘&1 08 id —4~i%
2K (P316 %) T329; PKIEEKVFAPTYHT) A % (K]
1), H Ontanon % PRI AR 52 56 55 Ay 309 19 F 5% 15 %
W, 3% 05 e 9 e L2 R S T i, 2R AR R 25
DUF1349 &, 5728 fig A fe 1E W 3 & S db . HAT,
3 KO T B—ABE 1T Bl HJ14GH43 19 7E H i A~
THAE . AT X B-AKE T i HI14GH43 1Y 1%
B2 RPN T B 0 4R 45 2848 7 MwLK10, X} %

Chain A Chain B

WEWop £VHO

wewop 6v€14Na

B 1 BAfs HI14GH4A3 =44
Fig.1 3-D structure of wild—type enzyme HJ14GH43
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1 RKewr s F R i
1.1 #F#
11 pEtk AR AR SEA Wk BL21 (DE3)
/hJI4GH43 W5 EARE . KIBAT I BL21 (DE3)
R IR AR pEasy-E1 ¥ A b5t 4504 A YW
RARAH
1.1.2 B RHE AT IR pNP
XF il B AL —B-D- AR BETF pNPX #41 H Sigma 23
], H T AR A A Al 5 (28 R A 3 A b it
F2S FI G SEASE] )
1.1.3 Kigedk LB #3R8L . SRR 10 o, BERERY 5
g,NaCl 10 g, 7&K 2 1000 mL,pH A8k (LN
7)o ARSI LR T 20 /L BiAg .
12 Fik
1.2.1  BFA0 HI14GHA43 1% 45 KR40 7 51 19 43 Hr
i# 32 NCBI (https ://www.ncbi.nlm.nih.gov/) %I &
FAE S A GHA3 ZEEE 11 KR B B-A T il
AT R AR5 IR 1Y B AN 1 il 5 A A
HJ14GH43 () £ )7 5 tb X i if DNAMAN (V6,
SCR) 23 e 34
1.2.2  ZARGIGRHMEAE B4y 51 th IR
BATRA: Wy RHB e A BR A R EAT B Ak, SR IE &R
il 1 I Kpnl 1 EcoRT B V) J5 % #2 2] pEasy—
E1 2R b oK 58 A48 (A 35 AN 53 3 4 44 R maut-
k10 F1 MutLK10, ¥ 28 78 58 W J5 3% [B1 (4 pEasy -
E1—mutlk 10 % + KL 76 12 000 r/min | % 0> 2
min J5 T TE 58 JC R K 3l R pEasy-E1-
mutlk 10 FALE KA FF 1 BL21 (DE3)E&Z S 41
W, 2 PCR BG3iEJ5 , PR IR P o b 7 2% & ik
T B HEATAZ R I B IE
1.2.3 AWM FRLMAL 30 L (0.1%3%
PP ) & mulk 10 W28 ERER T %4 30 pL
AR HERZ(REERE N 100 wg/mL) ) 30 mL. LB
WAL FRH R E 37 CTF K97 (12~16 h), &
Je TR AR B BRI LA 1% 0 422 Bl 43 0 422 A0 T 7%
A 100 pg/mL 2~ 5 % R W A LB WA 77 5L
T 37 CIRG 3520 2~3 h(ODgp 15 5] 0.6~
1.0) J&, IIAZHE 0.1 mmol/L &) IPTG #4715
T, T 20 CHZIRG HE 729 20 h, B REEFREH
J& ,7E 4 CF LA 6 500 r/min £5.0> 8 min WA @A
SRJE LATE 5 0 pH 7.0 Fr5 IR - IR Sl — 4N 22 vl ik

R VF R B S5 R VKV FRBE T R U R R A T
4 °C'F 12 000 r/min 50> 10 min J&5 345 1 7 KL
W o W IR AR B0 A 4 (8 Ni*-NTA
HEREAE b, 5 A [ ¥ B K W (0~500 mmol/L) 1
TR B ik S AL 2lfk )5 i 48R 4 SDS-
PAGE J3 M 5 4 T3 7 e,
1.2.4  FERYFREPES AT SR pNP 00 5E 24k 1 58
ST MwtLK10 B9 36 P, HARGTS 6 pNPX 3 T 22
I (pH 7.0) i HL 20U R 2 mmol/LL s 2 B {4
250 b iE B ,450 L A9 2 mmol/L KW ;
JEE W e N T R WA S min S5, A BRSO R
10 min, #RJFHEMA 2 mL 1 mol/L Na,CO; £ 1k
JLR 5 T4 SR 5 WA 20 28 2 I 5 7 405 nm B KT
D2 R S 0 pNP, 1 > B 1Y B— AW i I 1
(U) #lE SR 343 o3 i IS 9 77 £ 1 wmol  pNP
JIT 5 1 Tl A

pH 6.0~8.5 2 vk ok JH A7 158 IR /W TR & — 4
2 0P, pH 9.0 22 vl R T H 2 R/ = A AL B 22 o
W o

i idi SN pH BN A2 - 7E 20 CHAFT B il
BT pH 6.0~9.0 1922 thif vh #E A7 WA S By, DA 2%
W N 2 mmol/L 1) pNPX A JEW , )X 10 min J&
I 7 Wl T

pH & PRI E . K MwLK10 B & F pH
6.0~9.0 FYZZ Rl P AL FE 1 h, SRS 7E pH 7.0 J 20
CF AT B BN, LA Ak B ) il A >k o B LA
LY LA 2 mmol/L 1) pNPX A, W 10 min
Je W il T

e il BN T B E . FE pH 7.0 2R vl
T 0~40 CTFFEATHEFIE SN, LAZHJE 2 2 mmol/L
() pNPX MY, SOV 10 min 5 0 22 BEG 17

Tk B2 AR R 2 K A 43 501 BT 10 °CFI 20
CALFE 0~60 min J5, 7E pH 7.0 & 20 °CF #17 il
PR BTN, LA A Ak B A A Ry 0 BE, DLV B2 oy 2
mmol/L #J pNPX g Ji& ¥, S 10 min Il & [ 15
M
1.2.5 HOATEHWN LR MT  ALREIRE
W] HJ14GH43 1y R S5 fE AR RS T 228
RS R L, DL B-ARBE TV HI14GH43 1) fh iR 4544
(PDB IDS:6IFE) R #itk , & H % HOMCOS
(HOmology Modeling of Complex Structure; http:
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/Thomcos.pdbj.org) 37 % ZF & MutLK10 9 = 4k
(3-D) B Fg s RIB2 A W5 R W AR AR Y
I G5 MR T 3 22 RAREE 1 A 5 A0 A2, B
ST YRR it i — 20 R SAVES v6.0 (https ://
saves.mbi.ucla.edu/) F1 ) ERRAT 472 K 1 VERI-
FY 3D dEA73FAl ; ffF PyMOL % & & 11 R 4544
WLEEE A R M % fi A UCSF Chimera WLEE 8
P15 14 2 T 246 i K PR

2 WHEER
2.1 B4R HI14GH43 EHEIKF FI 0 & i
i# 3 NCBI 8 & 3L48 3] 10 1~ £ 1EEg =

I GHA3 FER 11 WA B- AR (£ 2)
B7 246 i HI14GH43 5 4% B—AHE 1 il 19 2 )7 91 Lt
XFEE R aE 2 fros . AE AT LA 1ok 3 T g A
g 17 Hb 25 M FF 8 T—6 (1 XynB3 % 82 k¥ 51 iR
PER IR =ik 42.9%, ZC 41T GHA3 ZKEH 11
R B— A Tl v R M A R A O
ek, B, 5S4 IE 10 4 B-AWE 1 EEAH
Fb, XynB3 HAT f5 i 1 dcad B, HLRS T 78 d s
HE (60 °C) T #ER e M (R 2), MeAbh, th &l 2 7]
W, XynB3 5 HJ14GH43 i $z B ¥ 51 11 52 ik 12 4
H A

* 2 ¥4 HI14GH43 5H'E GH43 Kk E 11 WK ik B—ARHEH EFHIHHE
Table 2 Characteristics of wide—type enzyme HJ14GH43 and other subfamily 11 of GH43 B-xylosidases

5 4 4 # it 8 % /C B AR R FARA sy am
K BR Y 1% BT
XynB3 65 60 °C, 0.5 h, 100% 42.9 AY690618 [34]
Thxyl43A 55 55°C, 30 h, 47% 7.1 MG827398 [35]
WXyn43 55 45°C, 1 h, 60% 20.0 KP903368 [36]
BXA43 50 50 °C, T,=141 min 26.7 ADC85541 [37]
EcXyl43 40 45°C, T\p=5.6h 7.1 JX569191. [30]
BpX 40 40°C, 1 h, ca. 100% 7.1 CAA29235.1 [38]
HJ14GH43 25 25°C, 1h, ca. 40% 14.3 KY391885 [28]
GbtXyl43A NR 51.2 C, T\,=970 min 20.0 DQ345777 [39]
XylBH43 NR 50 °C, T,,=540 min 38.5 BAB07402 [40]
BsX NR 40 °C, 1 h, ca. 100% 214 CAB13642.2 [38]
LbX NR 40 °C, 1 h, ca. 90% 20.0 ABJ65333.1 [38]
T NR AR 5 T T AT 7 g Jc 155 06 7 — 24 6F (18 &b B i)
GbtXyl43Aa 316
BXA43 336
EcXyl43 334
WXyn43 336
XylBH43 326
XynB3 333
Thxyl43A 341
BpX 332
LbX 336
BsX 332
HJ14GH43 332
Consensus

T : GhtXy143A >k 3 5 #mg il b 28 AT 1T-08"1; BXA43 Sk H 21 ¥ BUBCHF B FLE AP BB-12; EcXyl43 >k A 5 #F 5™ WXynd3 &
BT EC B 92 P9 XyIBH43 2k [ W 25 AT B C—125 05 XynB3 2 [ 18 HIE 17 Hb 25 AT B T—-6 195 Thxyl43A > [ i £ = 1 00U B
YIM 90462 TR BpX 2 [ 4/ 2F F AT 5P LbX ok [ B LA B ATCC 367°;BsX 2K F Al 55 25 AT 5 1681 BAHE P J3 51 by 45 il 1)

Linker X 38 ; % B i) 7 918 S5 Wk 1 iR,

2 EBf4FE HI14GH43 5 GH4A3 Rk & 11 LKk B- KRB EHEH S SERF 5 b3t
Fig.2 Partial amino acid sequences alignment of wild—type enzyme HJ14GH43 and other subfamily 11
of GH43 B-xylosidases
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22 REERFRIEMLANL

mutlk 10 B4k, I T2 K FF 1A BL21
(DE3) 133 Tifi e 3Rk, RAENaifbfs R0
SDS-PAGE %5 % , 28 78 fiff MutLK10 1% 2 [ Jit 21 )%
KBRS, N KNS 61.5 ku 1L — 4%
W, 5 535 AN E LR TS 20 3EIE A T
AHAF I FHEF AR il 04 23 o R/ AR BL (1 3)
2.3 EHEEMAELFENE

LLpNPX MYy, 74 HI14GH43 F1%E 7%
MutLK10 7 pH 6.0~9.0 Z |8l H.A i, H 3916
pH 7.0 T HA G (&l 4a) o (B TE B 55 1
T (pH 7.5~9.0),MutLK10 % #H %t 3% ¥ /N F
HJ14GH43, pH X %F A= fiff HJ14GH43 Fl % 4% i
MutLK10 (5 E M il 5 i 45 R /B, & A
pH 7.0~8.0 M2 il b AR F¢Ae % , BIAE pH 7.0~
8.0 ZZ ik A 1 h J5 LR RE 80% LA I 1) AH XF
ity 1% (I 4b) .

FE 0~40 °C[a] I 22 5 B %) B A= il HJ14GH43
FZEAZRF MutLK10 16 M52, i & e o, —
HAE 0~40 Cla] & B A Wk, Hod B A4 g
HJ14GH43 1 5 iE 3 Ry 25 °C, 2278 ffF MutLK10
1) 53 I B A 20 °C., 7 25~40 ClH] MutLK10 (1) 4
XS /N T HI14GHA3 il i) PR A 1 3 56 32
™
p

20
0

—e— HI14GH43
—=— MutLK10

X Tl
Relative activity/%

6.0 6.5 7.0 7S 8.0 85 9.0

(a)pH {HXT HJ14GH43 A1 MutLK10 7 ¥ 1) 5% i

Ry 120 —— HI14GH43
2100 —=— MutLK10
Hé Z 80
= 3
= 60
Koo
= % 40
= 20
= o
0 10 20 30 40
[iEYES
Temperature/C

()T EE X HI14GH43 Fl MutLK10 {if 15 (4 52 i

kW M M MutlK10
116.0 —

66.2 e —

-

45.0 . -

35.0 ——

25.0 -

18.4 -

14.4 -

TE M S SRR b W B 2 i HI14GH43
3 kM EF & B HJ14GH43 #n 32 2L Eg MutLK10 Y
SDS-PAGE & #i 4R
Fig.3 SDS-PAGE analysis of purified wild-type
enzyme HJ14GH43 and its mutant MutLK10

7 15 iff HJ14GH43 £ 20 °CH1 10 °CF 4 # 60 min
S5 43 SRR 29 70% F1 88% (1 A1 XF i 1% ;28 7% i
MutLK10 7£ 20 CHl 10 °CF 4L BE 60 min Ji5 43 5 44
FELY 28%F 69% W AH X Bl 1% (&l 4d), HIG AT UL,
S 75 i MutLK 10 f) S 38 i B2 AT e e v 5 B 4k
fit} HJ14GH43 FHLLIIFEAL, [RIAT R0 MutLK10 /&
— > LR () AU T M

120

&)
& 100
=
s E 80
% g o0 —e— HII4GH43
= o 40 —=— MutLK10
= =
TE 2
£ 0
6.0 6.5 7.0 75 8.0 8.5 9.0
pH
(b)pH {E X HJ14GH43 F1 MutLK 10 & 52 P4 1) 52 i)
—=— HI14GHA43 at 10 °C
—e— HI14GHA43 at 20 °C
--m- MutLK10 at 10 °C
S e~ MutLK10 at 20 °C
SN
=
$1 =
25
T | 0 Ty
m = 49 e
<z T
=
(5]
o

fif (8]
Time/min

(d) I FE X} HJ14GH43 F1 MutLK 10 Fa 5& 1 it 52 iy

4 FAE HI14GHA3 R ERE M MutLK10 BEE=1$ /R
Fig4 Enzymatic properties of wild—type enzyme HJ14GH43 and its mutant MutLK10
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PL B—AWEAF B HJ14GH43 Y 41K 45+ (PDB
IDS:6IFE) SAAEAR A H T MutLK10 (1 [ Y5455 A
X MutLK 10 [F] ¥ A5 5 (1) 5t 8 F Al /s % 155 7 11
ERRAT 15414 93.238, $i7 [ ] i 7% 99.2% 1) 4% Fik
EARWXAN, H98.13%MREIA KT 02 1

HI14GH43

3D/1D H , £ b HIWZe A R ] {5 B g R 1 i 28
A5 1) 2 TE FL A3 AT SR ] MwtLK 10 /Y 3 1 171
FE AT UK T A i HI14GH43 (& 5) , B %
7RI S ) 32 T 5 B K M 2 BT 2R B Mut LK 10 1) %
T E K HE T AR TR AR (K 6).,

MutLK10

T AL @R O B SRR IE L

5 EFA£EE HJ14GH43 R E TR MutlLK10 WRHERE BT
Fig.5 Charge distribution on the structural surfaces of wild—type enzyme HJ14GH43 and its mutant MutLK10

HJ14GH43

MutLK10

T AL G IR UK BE 00588 Rk

B 6 EF4f HI14GH43 R HREMH MutLK10 By R EF Bk %
Fig.6  Surface hydrophilicity and hydrophobicity of wild-type enzyme HJ14GH43 and its mutant MutLK10

3 Wit

PR T Z2 A S 0 A e | SRk A KA
A5 Tl PR A P R A AR, T R JK
S W) A RO Rl A P A BIL A e R A A
TCAR P BETE B—ANE HF i r a2 12 KT i R 1o
BIRZA Gl BT 11> GH43 S5 B- A Bl i
1 3% B2 Ik (A1 & HI14GH43) , & B % 2 Ik rh g
G HE TR L8 i e 1 XynB3 B AT B e 1) i O
HA T i T S E M . Ding 551
I A BUOR T M A I 1 i A5 R bk 2407 /Y

VE B i SAGSA 7 3% 4 K DX 38k [R) R HL A v B A1 )
e ve LR, SR, I VY IE N TE R
SAGSA ¥ 422 K DX 35 v e B 48] 1) 18 1 2 ik e i s oA
{14 i v HE R A T AR A2 1 K AE 2 3R SAGS A 1
N AR RS P mT D, 378 2 JO DXl i S S 1R
b B3] e il ARG M 1 2 ) LA S S T, AR F ST
i K HIT4GH43 (1 3% 42 I 91 8 4 il XynB3
BT 5, e T 3 e kb i R M s W
WX B— A F B HI14GH43 $AGE 7 M i 52 B
e LU BB ) T A 2k R 3 B2 KT 47 68 5 A5 i Mut-
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LK10 % 5 id it B AR e PRI T8 A il

JE TR AT T 2 B, R (9 R I 3 M A K T
30 CHYTEE T Won B R IEVE, BHAE M T 40 CHY
T TN RE 2 Rt el UL, MutLK10 J&—~ 3t
R GHA3 FIEACIR TG E B-AM B, B9 I0E
TR T AT K B 5 SR 1 4n, 5k B
LRI T GHA3 GG AR I AME /B 7 A7 1k i
BEFF B AXS543, 5 MutLK10 A [R] /2, AX543 &
PSR B GHA3 G . (R BE7E £ 0 K 41k
Tt B 255 Tl b By A R, iy
REUR , AR AR 72 AR | B7 Lk B802E 9 3 % R BT Ak 7™
B IR S A R AR EL A 2R S R R A T
— 7T, RTEIREEE S T 80% LA I iy M ER A= 4 1
(BN, 90% 1 i K <5 °C) , A5 K A FEX IR T
Biy 7R B 1L A5 Lk B b AN AL TR (IR T 25
C) A Tt 5 A i A s A AR A s o 2 458 5 i 1 A
ST Ty — 5 T ARG T T A A A T LA
B RREOME | R I A S T 2R B A B
) I (08 8 174 1 P B L 2 4 s 8l

AR 25 7™ 5 i il R0 R LK ) P T N 45 A
DR Sy Bt A A5 v il 3 A BTG, R P I R i ) LAY
Ko TR EA T NS EABME S E D &
OB F G0V 1) SR T AR PR A H Ik,
T P Tl e 3 o — S 5 R 7 M e 1 i 8 1 T R
T 55 9 5 B AR AR A8 n 3 0 R B T Y £
O I N 1 e T 1| S O = D T R
FH 5 il PRGOF N P 2 B O &R o BN, Karan S5PU3R
FH A ity il T o 4 R % T 1 A Ok R A K B AR
R, DT 38 Jon -5 37 550 %) FH B AR FH £ i A1 L
UL RE PR HF IS, Sriprang %P2 Turunen S5 ff
5% 26 W3 33 78 AR R B ) Ser/Thr - 18 5 A7 1E
HLARE 2R f5 , TR 2R i IS 4 1 Ha 7 ]
L HAER AT, R AR e RS
Gh, —Ak BT AR RN B I Ak
7 TR 1) i A 55 ) R B T B ¥ IO R T 14 £ L A 1Y
B, FEARR G, R M S R O o v 1
JUR R e B 4 il HI14GH43 (g Rk, SRR AR K
MutLK10 [ % 42 Bk DXl 67 i S AR g i, 23Kk
TOARBG I, Rk R A R W AR S e
S oK kA KAER, R, TR Pk SR
MRk HE B L AT R oK, R e S R LA

B B K 25 5 RE 1™, 2 AR TR K P A B
e R T Tl 0] B AH AR DO B 2 1 BOR AR
TE I /K AR JEPY, fi 2800 il EE IV AR T 2105

4 LHig

AW 530 3 X B—AME B i HJ14GH43 rh i
B AR IR TR, R X E N B 4 JE A 58 AR AR i
17 7RIk gl 27 Ve B AR 1 B 1
AT, INTTIF T 3% $2 KT HI14GH43 #AE [ 1 (1)
SN, R KT 90 B 4 5 1 28 28 R MutLK 10 79 fi%
T AR I 5 B AR Tl HI14GH4A3 A1 L Y BE
1% ; [l B, 5 07 4 il HJ14GHA43 A L |, 28 28 i} Mut-
LK10 3% 422 ik X 38 1) 670 A, 32T RRU R 23 7K P T AR
B, AL Sk 38 % B K R 1 A L R L A
FE (i B— A M T g 30 o 195 O 3% 1A A7 Pl 4Ok 5 K
A VERT, DT 388 fin il 76 fIG T T S R A EAE A,
fBEFEAR IR TSR BB TP iAe 2 KA Z , 4Edr il
(T P 45 48, I e ¢ i il B 1 IR BR B AR F 5%
A Ay LA 6 10 38R 3 O AL A Ay T 1 e A S
PEAUEIIR IR | O 5T B KA S

& % x #

[17 QESHMI F I, HOMAEI A, FERNANDES P, et al.
Xylanases from marine microorganisms: A brief
overview on scope, sources, features and potential
applications[J]. Biochimica et Biophysica Acta—Pro-
teins and Proteomics, 2019, 1868(2): 140312.

[2] CAO L J, ZHANG R, ZHOU ] P, et al. Biotech-
nological aspects of salt—tolerant xylanases: A review
[J]. Journal of Agricultural and Food Chemistry,
2021, 69(31): 8610-8624.

3] MRk, THE, FEHE, L - L IAE

SR 2 3 QWA P B B ST (] AR A R
2021, 33(6): 773-780.
YE Y X, NING Y C, LI X Z, et al. Reasearch
progress of B-xylosidase and its application in cellu-
losic ethanol production[]J]. Chinese Bulletin of Life
Sciences, 2021, 33(6). 773-780.

[4] kR, =750, Bl B B- A
L[N MR S5 &, 2013, 34(12). 116-
121.

FAN Y Y, LI X T, TENG C. Research progress on



88

O &

= 4 2023 4E45 6

(5]

(8]

[10]

[11]

[12]

[13]

[14]

B-xylosidases from Microorganism[J]. Food Research
and Development, 2013, 34(12): 116-121.
DASGUPTA D, BANDHU S, ADHIKARI D K, et
al. Challenges and prospects of xylitol production
with whole cell bio—catalysis: A review[]]. Microbio-
logical Research, 2017, 197. 9-21.

HUNTLEY N F, PATIENCE J F. Xylose metabolism
in the pig[J]. PLoS One, 2018, 13(10): €205913.
QIAN D K, GENG Z Q, SUN T, et al. Caproate
production from xylose by mesophilic mixed culture
fermentation[J]. Bioresource Technology, 2020, 308:
123318.

PARK H, JEONG D, SHIN M, et al. Xylose uti-
lization in Saccharomyces cerevisiae during conver-
sion of hydrothermally pretreated lignocellulosic
biomass to ethanol [J]. Applied Microbiology and
Biotechnology, 2020, 104(8): 3245-3252.

SARMA S M, SINGH D P, SINGH P, et al. Fin-
ger millet arabinoxylan protects mice from high —fat
diet induced lipid derangements, inflammation, en-
dotoxemia and gut bacterial dysbiosis[J]. International
Journal of Biological Macromolecules, 2018, 106
(2): 994-1003.

LI C, LIU X Z, QIAN T X, et al. Antitumor and
immunomodulatory activity of arabinoxylans: A major
constituent of wheat bran[J]. International Journal of
Biological Macromolecules, 2011, 48(1): 160-164.
SHEU W H H, LEE I, CHEN W, et al. Effects of
xylooligosaccharides in type 2 diabetes mellitus [J].
Journal of Nutritional Science and Vitaminology,
2008, 54(5): 396-401.

MONE, TE s, EENE, S R RO B bR Y
O e M E KA PR BT SE )] h R AR,
2016, 16(1): 115-122.

LIN X H, YE X Y, WANG G Z, et al. Screening
and identification of xylanase—producing microorgan-
isms and study on enzyme properties|[J]. Journal of
Chinese Institute of Food Science and Technology,
2016, 16(1): 115-122.

LI N, HAN X W, XU S J, et al. Glycoside hy-
drolase family 39 B —xylosidase of Sphingomonas
showing salt/ethanol/trypsin tolerance, low —pH/low —
temperature activity, and transxylosylation activity[J].
Journal of Agricultural and Food Chemistry, 2018,
66(36): 9465-9472.

s, g, £REE, %. Leifsonia sp. ZF2019

o — Tl B AHE B AHE 1V Wi 9 2% 35 5 4 AE[J/OL.
AR W % M. hitps://doi.org/10.13343/j.cnki.wsxb.
20210446.

HE Y, JIAO R H, WANG C X, et al. Expression
and characterization of a novel xylose—tolerant B-xy-
losidase from Leifsonia sp. ZF201[J/OL]. Acta Micro-
biologica Sinica. https://doi.org/10.13343/j.cnki.wsxb.
20210446.

[15] RUIZ D M, TUROWSKI V R, MURAKAMI M T.

Effects of the linker region on the structure and
function of modular GHS cellulases|]J]. Scientific Re-

ports, 2016, 6(1): 28504.

[16] #8157, FHFH, SBHUR. & H KK BT XA &

HEE PR SRR, 2015, 34
(11): 1121-1127.

LI J F, WANG C J, WU M C. Design of linker
peptides and its application in fusion protein [J].
Journal of Food Science and Biotechnology, 2015,
34(11): 1121-1127.

[17] SAMMOND D W, PAYNE C M, BRUNECKY R,

et al. Cellulase linkers are optimized based on do-
main type and function: Insights from sequence
analysis, biophysical measurements, and molecular

simulation[J]. PLoS One, 2012, 7(11). e48615.

[18] LU P, FENG M G. Bifunctional enhancement of a

B-glucanase —xylanase fusion enzyme by optimization
of peptide linkers [J]. Applied Microbiology and

Biotechnology, 2008, 79(4). 579-587.

[19] AALBERS F S, FRAAIJE M W. Enzyme fusions in

biocatalysis: Coupling reactions by pairing enzymes

[J]. ChemBioChem, 2019, 20(1): 20-28.

[20] LI N, SHI P J, YANG P L, et al. A xylanase

with high pH stability from Streptomyces sp. S27
and its carbohydrate —binding module with/without

linker—region—truncated versions[J]. Applied Microbi-

ology and Biotechnology, 2009, 83(1): 99-107.

[21] SRISODSUK M, REINIKAINEN T, PENTTILA M,

et al. Role of the interdomain linker peptide of Tri-
choderma reesei cellobiohydrolase I in its interaction
with crystalline cellulose [J]. Journal of Biological

Chemistry, 1993, 268(28): 20756-20761.

[22] SONAN G K, RECEVEUR-BRECHOT V E, DUEZ

C, et al. The linker region plays a key role in the
adaptation to cold of the cellulase from an Antarctic
bacterium [J]. Biochemical Journal, 2007, 407 (2).
293-302.



236 Hol

B R AT B- A AR H B HI14GH43 A 1E B 1 64 % v 89

[23] TSUTSUMIA S, MOLLAPOURA M, PRODROMOUB

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

C, et al. Charged linker sequence modulates eu-
karyotic heat shock protein 90 (Hsp90) chaperone
activity[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2012,
109(8): 2937-2942.

LIU Y H, HYANG L, LI W G, et al. Studies on
properties of the xylan—-binding domain and linker
sequence of xylanase XynGl -1 from Paenibacillus
campinasensis G1-1 [J]. Journal of Industrial Microbi
ology and Biotechnology, 2015, 42(12): 1591-1599.
MIAO Y Z, KONG Y Q, LI P, et al. Effect of
CBM1 and linker region on enzymatic properties of
GHI10
(XynlOA) from filamentous fungus Aspergillus fumi-
gatus Z5[J]. AMB Express, 2018, 8(1): 44-53.
MENG D D, YING Y, CHEN X H, et al. Distinct

a novel thermostable  dimeric xylanase

roles for carbohydrate —binding modules of glycoside
hydrolase 10 (GH10) and GHI1 xylanases from
Caldicellulosiruptor sp. strain F32 in thermostability
and catalytic efficiency[J]. Applied and Environmen-
tal Microbiology, 2015, 81(6): 2006-2014.

DIAS F M V, GOYAL A, GILBERT H ], et al.
The N —terminal family 22

module of xylanase 10B of Clostridium themocellum

carbohydrate —binding

is not a thermostabilizing domain[J]. FEMS Microbi-
ology Letters, 2004, 238(1): 71-78.

ZHANG R, LI N, LIU Y, et al. Biochemical and
structural properties of a low-temperature—active gly-
coside hydrolase family 43 B —xylosidase: Activity
and instability at high neutral salt concentrations[]].
Food Chemistry, 2019, 301: 125266.

MEWIS K, LENFANT N, LOMBARD V, et al. Di-
viding the large glycoside hydrolase family 43 into
subfamilies: A motivation for detailed enzyme char-
acterization|J]. Applied and Environmental Microbiol-
ogy, 2016, 82(6): 1686-1692.

ONTANON O M, GHIO S, DE VILLEGAS R M
D, et al. EcXyl43 B-xylosidase: Molecular model-
ing, activity on natural and artificial substrates, and
synergism with endoxylanases for lignocellulose de-
construction|J]. Applied Microbiology and Biotechnol-
ogy, 2018, 102: 6959-6971.

FUKUHARA N, TAKESHI K. HOMCOS: A server
to predict interacting protein pairs and interacting

sites by homology modeling of complex structures|J].

[32]

[33]

[34]

[35]

(36]

[37]

[38]

[39]

[40]

Nucleic Acids Research, 2008, 36(suppl_2): W185-
W189.

KAWABATA T. HOMCOS: An updated server to
search and model complex 3D structures[J]. Journal
of Structural and Functional Genomics, 2016, 17
(4). 83-99.

PETTERSEN E F, GODDARD T D, HUANG C C,
et al. UCSF Chimera—A visualization system for ex-
ploratory research and analysis[J]. Journal of Compu-
tational Chemistry, 2004, 25(13): 1605-1612.
SHEZIFI D, LEON M, BRAVMAN T, et al. Bio-
chemical characterization and identification of the
catalytic residues of a family 43 B -D —xylosidase
from Geobacillus stearothermophilus T—-6]}]. Biochem-
istry, 2005, 44(1): 387-397.

YIN Y R, XIAN W D, HAN M X, et al. Expres-
sion and characterisation of a pH and salt tolerant,
thermostable and xylose tolerant recombinant GH43
B —xylosidase from Thermobifida halotolerans YIM
90462T for promoting hemicellulose degradation [J].
Antonie van Leeuwenhoek, 2019, 112 (12). 339-
350.

FALCK P, LINARES -PASTEN J A, ASLER-
CREUTZ P, et al. Characterization of a family 43
B —xylosidase from the xylooligosaccharide utilizing
putative probiotic Weissella sp. strain 92[]J]. Glycobi-
ology, 2015, 26(2): 193-202.

VIBORG A H, SORENSEN K I, GILAD O, et al.
Biochemical and kinetic characterisation of a novel
xylooligosaccharide —upregulated GH43 B —D —xylosi-
(BXA43) from the
probiotic  Bifidobactertum animalis subsp. lactis BB—
12[J]. AMB Express, 2013, 3(1): 56-63.

JORDAN D B, WAGSCHAL K, GRIGORESCU A
A, et al. Highly active -xylosidases of glycoside

dase/a —L. —arabinofuranosidase

hydrolase family 43 operating on natural and artifi-
cial substrates[]]. Applied Microbiology and Biotech-
nology, 2013, 97(10): 4415-4428.

WAGSCHAL K, HENG C, LEE C C, et al. Purifi-
cation and characterization of a glycoside hydrolase
family 43 B-xylosidase from Geobacillus thermoleovo-
rans 1T-08[J]. Applied Biochemistry and Biotechnol-
ogy, 2009, 155(1/2/3). 304-313.

WAGSCHAL K, JORDAN D B, BRAKER ] D.
Catalytic properties of B—-D—xylosidase XylBH43 from
Bacillus  halodurans C—125 and mutant XylBH43 -



% OE A IR 2023 4E 55 6 1)
W147G [J]. Process Biochemistry, 2012, 47(3): [48] IhAT, BJ5E, skPIF. MR AR 6 00 5T it R
366-372. U] B AMR, 2012(1): 19-22.

[41] DING N, ZHAO B Y, BAN X F, et al. Carbohy- MA L, CHI N Y, ZHANG Q F. Research progress
drate-binding module and linker allow cold adapta- of cold-adapted xylanase[J]. Biotechnology Bulletin,
tion and salt tolerance of maltopentaose —forming 2012(1): 19-22.
amylase from marine bacterium  Saccharophagus [49] LOPEZ C F, DARST R K, ROSSKY P J. Mecha-
degradans 2-40" [J]. Frontiers in Microbiology, 2021, nistic elements of protein cold denaturation[J]. Jour-
12. 708480. nal of Physical Chemistry B, 2008, 112 (19):

[42] FELLER G, GERDAY C. Psychrophilic enzymes: 5961-5967.

Hot topics in cold adaptation|J]. Nature Reviews Mi- [50] DIAS C L, ALA-NISSILA T, WONG-EKKABOUT
crobiology, 2003, 1(3): 200-208. J, et al. The hydrophobic effect and its role in cold

[43] SKEAEE ) Z=vhig, fhifgae, . (KR A /8 $7 40 denaturation[J]. Cryobiology, 2010, 60(1): 91-99.
W HBE A AX543 19 SE IR o R K Mk B SELT). AR [S1] KARAN R, CAPES M D, DASSARMA S. Function
HoR@E M, 2016, 32(11): 215-223. and biotechnology of extremophilic enzymes in low
ZHANG M H, LI Z Y, QIU H Y, et al. Cloning water activity[J]. Aquatic Biosystems, 2012, 8(1):
and characterization of a novel cold —active bifunc 4-18.
tional xylosidase/arabinfuranosidease AX543|J]. Biotech- [52] SRIPRANG R, ASANO K, GOBSUK J, et al. Im-
nology Bulletin, 2016, 32(11). 215-223. provement of thermostability of fungal xylanase by

[44] SIDDIQUI K S. Some like it hot, some like it using  site — directed mutagenesis [J|. Journal of
cold: Temperature dependent biotechnological appli- Biotechnology, 2006, 126(4): 454-462.
cations and improvements in extremophilic enzymes|J] [53] TURUNEN O, VUORIO M, FENEL F, et al. En-
Biotechnology Advances, 2015, 33(8): 1912-1922. gineering of multiple arginines into the Ser/Thr sur-

[45] SARMIENTO F, PERALTA R, BLAMEY J. Cold face of Trichoderma reesei endo—1,4—B—xylanase 1l
and hot extremozymes: Industrial relevance and cur- increases the thermotolerance and shifts the pH op-
rent trends|J]. Frontiers in Bioengineering and Biotech- timum towards alkaline pH[J]. Protein Engineering
nology, 2015, 3(148). 148-162. Design and Selection, 2002, 15(2). 141-145.

[46] CAVICCHIOLI R, CHARLTON T, ERTAN H, et [54] PEDERSEN H L, WILLASSEN N P, LEIROSB I.
al. Biotechnological uses of enzymes from psy- The first structure of a cold—adapted superoxide dis-
chrophiles[J]. Microbial Biotechnology, 2011, 4(4): mutase (SOD): Biochemical and structural charac-
449-460. terization of iron SOD from Aliwibrio salmonicidalll.

[47] ZHANG R, HE L M, SHEN J D, et al. Improving Acta Crystallographica, 2010, 65(2): 84-92.

low—temperature activity and thermostability of exo—
InuAGN25 on the
rigidity of the terminus and flexibility of the catalyt
ic domain[J]. Bioengineered, 2020, 11(1): 1233-
1244.

inulinase basis of increasing

[55]

ZHOU J P, SONG Z F, ZHANG R, et al. Distinc-
tive molecular and biochemical characteristics of a
family 20 B -N -—acetylglu-
cosaminidase and salt tolerance[J]. BMC Biotechnolo-

gy, 2017, 17(1): 37-51.

glycoside hydrolase

Effects of Linker on the Thermal Adaptability of S—Xylosidase HJ14GH43

Li Na', Liu Yu',

Cao Lijuan',

Zhang Rui'??34,

Huang Zunxi

+1,2,3,4%

Zhou Junpei

+1,2,3.4
)

(College of Life Science, Yunnan Normal University, Kunming 650500

’Engineering Research Center of Sustainable Development and Utilization of Biomass Energy, Ministry of Education,
Yunnan Normal University, Kunming 650500

‘Key Laboratory of Yunnan for Biomass Energy and Biotechnology of Environment, Kunming 650500

‘Key Laboratory of Yunnan Provincial Education Department for Plateau Characteristic Food Enzymes ,
Yunnan Normal University, Kunming 650500)



F23% H ol % AR B- R A8 B HI14GHA3 #3E b o) 3% v 91

Abstract In this study, the mutant MutLK10 was constructed by replacing the linker of B—xylosidase HJ14GH43 in or-
der to reveal the mechanism of the linker on thermal adaptability of the B-—xylosidase. MutLK10 was successfully ex-
pressed by Escherichia coli BL21 (DE3). Then, the enzymatic characteristics and 3D structure of MutLK10 were ana-
lyzed. The results showed that the optimum temperature of mutant MutLK10 was 20 °C, which was 5 °C lower than that
of the wild—type enzyme HJ14GH43. MutLK10 retained approximately 28% and 69% relative activities after being incu-
bated at 20 °C and 10 °C for 60 min, respectively. Whereas HJ14GH43 retained approximately 70% and 88% relative
activities after incubation at 20 C and 10 °C for 60 min, respectively. Thus, MutLK10 had lower optimum temperature
and worse thermalstability than HJ14GH43. The linkers of HJ14GH43 and MutLK10 were constructed as coil regions on
the surfaces of proteins. Structural analysis showed that the negative potentials of the coil regions increased after the mu-
tation, which led to the increase of hydrophilicity. It indicates that increasing the proportion of acidic amino acids in the
linker can help the B—xylosidase compete for hydration by increasing the surface negative electrostatic potentials, that
may result in the increase of the interactions between the enzyme and solvents and finally enables the enzyme to adapt
to low—temperature environments. This study provides a reference for thermal adaptability modification of B-xylosidases
and other industrial enzymes.
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