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I, PERBTAEA. AT o T8, AR TRARABERRELEFRLREZNEIME
(Aspergillus niger) B-AAE 85 An-xyl 5 ARAE G F b, JPxd LutAT R A febt T RAE, #E—H 4K
it T %5 RS RAR T R LR EMRAEA . £ TELEREN, Anxyl H5AAE 6 FFo kA&
F AR Z AR £ 6 Kt F B-AAE B BE xylA. T2 E XA An-xyl AAEAPH]F 4L KA A 433.2 mmol/L,
5F) %4 GH3 Rk 64 B-ANEHBaA LLASE T M4 5. vA pPNPX AR BT, Ko F7 Vi 551 2 3.6 mmol/L
#2 10 000 umol/(min-mL). An-xyl FKi&i& & 65 °C, i pH 4.0, 65 °C &2 300 min AetR3F2) 61%
#9B57% 7, 72 pH 2.0-8.0 6955 B M AL 22 24 h S BE7E AR e 80% A A . Hhm Anxyl 5 4 4 & B
L FKRERAE, R 2 h fo 4 h FAZLRBEEZIWEBEA A% TIHBKBIANREST 193%F
38.6%. AAFR AW, @if £ F R IKIEIE An-xyl A FAME % M Fa AT GG A E P e AS R,
THRAERRBRIRERR G R E, F8 7T BA AL B-RAEFI TR, AL ERRHKT
KIARIE .
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Abstract: The hydrolysis of xylo-oligosaccharides catalyzed by B-xylosidase plays an important
role in the degradation of lignocellulose. However, the enzyme is easily inhibited by its catalytic
product xylose, which severely limits its application. Based on molecular docking, this paper
studied the xylose affinity of Aspergillus niger B-xylosidase An-xyl, which was significantly
differentially expressed in the fermentation medium of tea stalks, through cloning, expression
and characterization. The synergistic degradation effect of this enzyme and cellulase on
lignocellulose in tea stems was investigated. Molecular docking showed that the affinity of
An-xyl to xylose was lower than that of Aspergillus oryzae B-xylosidase with poor xylose
tolerance. The K; value of xylose inhibition constant of recombinant-expressed An-xyl was
433.2 mmol/L, higher than that of most B-xylosidases of the GH3 family. The K, and Vyax
towards pNPX were 3.6 mmol/L and 10 000 pmol/(min-mL), respectively. The optimum
temperature of An-xyl was 65 °C, the optimum pH was 4.0, 61% of the An-xyl activity could be
retained upon treatment at 65 °C for 300 min, and 80% of the An-xyl activity could be retained
upon treatment at pH 2.0—8.0 for 24 h. The hydrolysis of tea stem by An-xyl and cellulase
produced 19.3% and 38.6% higher reducing sugar content at 2 h and 4 h, respectively, than that
of using cellulase alone. This study showed that the An-xyl mined from differential expression
exhibited high xylose tolerance and higher catalytic activity and stability, and could hydrolyze
tea stem lignocellulose synergistically, which enriched the resource of B-xylosidase with high
xylose tolerance, thus may facilitate the advanced experimental research and its application.
Keywords: Aspergillus niger; B-xylosidase; xylose tolerance; tea stem; lignocellulose
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SR HIE T, Rk, 7EARTRER4E R K gl
FE, B-ABETT BERE K ARAR IR AR, X2 R K i
HOREE EEAEA.

B- A M JB T BE 1 UK fi# 1 (glycoside
hydrolases, GH), H#f&6& 7K b5 93 1 i 50 a2
(http://www.cazy.org/) 335, #REZE B-ARBiTr
fit)& T GH3. GH39. GH43. GH52 1 GH54 K
W, EATEANGE | B DL s AR R N 44 4y
fii, BRI AT R AE YRR TR,
SRR B, ERAE RIS B- AR BT
FEYIAKEA B ARTR RS, K AR R A
BES SN, WS MR I, ank VR 1
5 2R A% T W IR (Talaromyces emersonii)ff) B-A
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Al 50% A EEE  B-AWE I S 2
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HAZSHE L) G B H ELBIAY 20%, S8 A £F 4k
. OARBRRACEALER SRR 35.01%.
20.45%F01 28.0114 ) JE—F AT 1 FH T 7 9 AC
YR Rk, 5256 T X R Hh & (Aspergillus
niger) e A AR A VS NS ) 88 8 95 5 b R i
PR R M AN A T T AR VAL 2E AT, R
B-AMETFE An-xyl FEA FAERE IR FEAR
ZESAEBON BRI FR I 124,18 151 AT IF
AR B 15 B B R AR 32, AR 5T
BRI T RHE T ERT T T B- A
An-xyl 5ABERSERT ), K& BB AR 055 A
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1.1 #rEFnRE

K % ¥ B (Escherichia coli) DH5a . %
pPICIK A& 1 E. coli DH5a H15E 7k B £ (Pichia
pastoris) GS115 Btk H R 4 1 b Tl e W) 5 g
AR S E . % A niger B-AKEH G H
B 5L R B 4H okl pUCS7-An-xyl-Kan £ E. coli
DH50 [ bk H 750 M <5 MR A= VIR FR A Bl &
B o X il 3 2R L - B-D- ML I A B (p-nitropheny]-
B-D-xylopyranoside, pNPX). X fiff 3K 5 -o-L-Bif
P4 K Mg AR (p-nitrophenyl-o-L-arabinofuranoside,
PNPA) . X fil§ 2 2K JE -B-p- it Mg f FL bE
(p-nitrophenyl-p-D-galactopyranoside, pNPGal) .
FEREARTNE  HREEARYE  ILBREARAR RN
TN Y2 WA T E I A A B ) o o i s
7K J& -B-D- Mk 1§ 45 %5 M FF (p-nitrophenyl-B-D-
glucopyranoside, pNPG). XJfiff 3L 4 3 -a-D-H #%
B (p-nitrophenyl-a-D-mannopyranoside, pPNPM)
i H Sigma /A H] .

PrimeSTAR HS DNA -5 | BR i 14: A VIl
EcoR I. BRI DIEG Not 1. T4 DNA ZE e |
Taq DNA -G A i R0z A 20 M il 2 300) &
T TaKaRa (RIE)ABRZ Ao BRI
Pme 1 1JF NEB A+, Easy Tag Mix, Easy 11
Protein Quantitative Kit Tt e 4 YH:
ARAFRA T . Bk NEIRGH S DNA 44l [mli
R & H AR AR AR AL O IR A
1.2 NI E

Biometra TAdvanced &K 8L (BREZ 40t
1A PR D), 1652100 HL ZEFLX (Bio-Rad A R
23 7]), A1600 BER AR AL (GE 22 l), SW-CJ-2FD
KN BT i TAE & (RSB s A BRA 7)),
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Avanti J-26S XP 37 3 =32 Uk 2 Hl(Beckman
/5Fl), Epoch 2 T BEFRL (AR ALARA PR FD.
1.3 FHi&*
1.3.1 B-KR¥EEES An-xyl FIKFEFEFIE S

TE UniProt %4 % (https://www.uniprot.org/)
ARE B-AMETTF An-xyl Fl B-AHETF i xylA (1)
FEWRFE 41, T %8 AlphaFold THM A% 25 1 45 AR Y
BS54 Hh A0A1001443 F1 Q2UR38. A
UniProt i BLAST & p#A7 [RIUEE XS . 74
ABEFEY pNPX 4 Chembio Office 2016 ZbFH,
8] AutoDock Vina #4712 M . AW B-
ABEHHE An-xyl XT4E, WEXEETFRKNH
(20x20x20) A*, X4 & F b R (11.339,
—10.443 7, 1.533); AbEH B-AWEIFEE xylA Xt
B, WENHEE TR/ A(24x22x24) A, St
BT (6434, —7.707, 1.929); iKY pNPX
5 B-ARBETTHE An-xyl X[z, WEXEZEET KN
g (24x24x24) A, X¥HE& T L R (7.721,
—4.443, —0.774). {#i [l Discovery Studio 2021 #I
Pymol #:47 A] P4 73HT
1.3.2 p-AREEEES An-xyl EE I EHFRRHE

o b & OF s, &I 5 Y Anxyl-F
(5'-CCGGAATTCCAGGCCAACACCAGCTATG-
391 An-xyl-R (5'-ATTTGCGGCCGCCTCCTCC

CTCCCCGGCC-3"), LB o M Y17 s EcoR 1
A Not I, A pUC57-An-xyl-Kan JFUk Ay ,
PCRY 14 H B A , BV 5 % 4% 28 pPICIK A,
PO L% E. coli DHSa 852 540, FE07ik
BHE 7e B 1, I IE W Y I 4 R OB Ay 4 N
pPICIK-An-xyl. 7| ¥1A B A DNA M ¥ i 40 i A
YRR A PR A R 5E .
1.3.3 B-AR¥EEES Anxyl BIFSRIE. @K
FgEE

PEHCE 2 FORL pPICOK-An-xyl F-{d7 F B Hil
PYER VI Pme 14 :AL , SR )5 ik 2 50
WEERE GS115 Bz 840, ik /5 2 BMGY
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ReFRBLbE g%, ODgoo 153 1.3-1.5 5, WK
ULIEHH: A BMMY 335t 4505 24 h # 0.5%
(RBUSEO M Ee B I R s 3868, 7 d Jek
PR VRESC , WE B3R A o iR E | I8
55 BH B8 A4 S BT FRE RS aok B 2 A7 55 s, W e
4 B-AHHFFE An-xyl HEAT2l4k (4 ] SDS-PAGE
X R S AT LUK AT . R 24
Easy 11 Protein Quantitative Kit & 25 R &, V]
T SDS-PAGE W' HME M A, W EigEHE
A A R AT B R AT TR 4 AT
1.3.4 p-AR#EEEE An-xyl B8 & 71 B9 E

DL pNPX A, B S0 pL EEE AT 100 L
) pNPX JIEHIZZ i, 65 °C LW 10 min, fiIA
1 mol/L ) Na,CO3 I 1 mL, 2 11 S/, Bt 200 pL
S HAAE 410 nm R AYIROGREE . S B
FLIU)E SCHTERGE AT, B8 A 5 1 pmol
[ pNP It i it
1.3.5  ARHEXS B-ARHEEEE An-xyl B S20E

W AE G N ZE [l S 0 ROVAR R, R
WA E 7 0-500 mmol/L, 7Efrid & 1F il E
BTG 7, WESE B-AME T B An-xyl XA it 52
PE, DARIMABE BB IE T1 8 100%, THEHARX
Tt 135 3 RO AR ) 550 K AR5 2L K
(B SR B-AME B S0%MEE 1 Fir /5 A
1.3.6 PB-KIEEES An-xyl BIEY R IF NS5
F5H

Fit il 2 mmol/L % 0.2%F#) pNPG. pNPGal,
PNPM. pNPX., pNPA, T KSARRE . HE#E
ARBERNL BREAAR RSN W, W B2
it B-AHETE An-xyl 7EAN R0 W A G
IR 5% B 1 S P 12 o

PGB AT, W EA B- AR AT
An-xyl T A [a] % B (1-10 mmol/L) pNPX Hr () il
1% 71, i#id Lineweaver-Burk plot 3, 115 K,
{ELFT Vinax TEL o
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1.3.7 REF pH 3 B-AKRIEHEEE An-xyl B 0T
Fiz BT 3 00 78 D7 0 B-AS A T Tl
An-xyl 40-80 °C [JRIE J1; Ll BgiG 1k
100%, THEAXTEFIG J) . 78 65 °C 21 T F ,
[E1] B 1 52 sf T B 50 L R0 52 LS 5 DA
RIEATIEE AL RIS 1R 100% , THE AR X i
A

fif AN A pH 922 b L i) 2 mmol/L pNPX
YA, 23518 50 mmol/L B Gly-HCl (pH
2.0-3.0). FFEMR-FEERR 4N (pH 3.0-6.0) . BEIR —
A HN-BER A 4 (pH 6.0-8.0) ., Tris-HCI (pH
8.0-9.0)FIH % #2-NaOH (pH 9.0-10.0). 5E B-
ARBETFEG An-xyl £ LR pH 408 T A BHG
J1; DAECER IS SO0 100%, TS AN RS 77
TEATE pH 05T, BERAE 4 °C TCE 24 h,
TEFRARIEG 775 DAARACELAG RGNS J1o0 100%, 1T
SRR BT T o
1.3.8 HIHEIFIANREFEHEF X B-AEEHE
An-xyl )22

TEBEIR P o3 I N2k 1 mmol/L 8§
10 mmol/L F 4 4f 5 [+ 75 e ik — P B R AL B¢
(cetyltrimethylammonium bromide, CTAB)., JK %
(urea) -+ —LEFEAR R EM (sodium dodecyl sulfate,
SDS)IF 1%3% 10% (J5fi & 43 H sk i & (R R340
2 Th 7% M 7 (Tween-20 . Tween-80 £l Triton
X-100), 7£4 °C FACEE 24 h, FHESKM T
S WG 7, AASES I il 50 sl 2535 590 i s oy
100%, ARG 77
1.3.9 PB-AR¥EEEE An-xyl FLF4E HEGXT 54K
R4 R B PR

W AHEREA MR, #% 10% (AR50
ELBIER N 1% (B R B0 R A fbal, 120 °C
FHEK 1 h, 2 g IE 78K 2 ik,
40 °C TR ERIEE . VKRN 0.25 g Tl
LEFRAESL, 50 mmol/L AP BRENZE R (pH 5.0)
TR R LARFAE 50 mL., % 3 LB .

&: 010-64807509

(1) %020 U £F4E R ; (2) @20 U B-Ab
TG An-xyl; (3) [RIBFESINEF 2 Z WA B-ABH
fiff An-xyl £% 20 U; Xt BEZLAS NG . 7€ 200 r/min
50 °C &M R33N 2 h #1 4 h, BUREI#AE
100 °C {#i {4575 , 12 000 r/min #.(> 5 min, DNS
0N A O i
14 HFESHFAGEIT

Fir A e E 2 3 I, {8 Excel 1 Origin %k
1 A0 PR I A el 2%

2 BER540

2.1 B-ARHEEEE An-xyl FAARFEFZFNIES I
WHFE Kk BOK it %5 (Aspergillus oryzae)s ki B-
AW xylA BIABEZRE 14822, AW
HHKAEAC R 2.7 mmol/LYY . M4 UniProt £t
FERTAL, B-AHEFEEE An-xyl A1 p-ABEHFEE xylA
#JE T GH3 Hik, — & @ SEmRIF 5 FEE N
64.3%. NPE—HERIE 2 B B-AKHH B A
RAEZE S B B-ARBHIT G An-xyl Fll B-AWH
Xyl A FEUZERE 73500 5 A 437642 100 ¥k, 896
MREH . A5G A R ReRR a1
FERIXTHER S o B-AHE I An-xyl 5 AKX 422
SR 1A Fos, B-ABEEEE Anxyl 5 AN
FXTEERYEE A A BEN-3.7 kcal/mol, 43FXf4%
MIZhA B BT EE A XHER S, ABES B-K
WEF LS A et A S A
1 An-xyl -5 E5FFVER (A 1B, 1), B-
AWEL G An-xyl HA 7 NS0 -5 AHE Y B AH B
YERR D1, Asp121 5AME ¥ 2 S0 ERERELE AL
— UG, BN 3.1 A; Tyrd6d FIARIA S AN
53 2 S0 C IR B IEIE 1 pi-sigma B4R
HAER, BEESM 3.6 A; Glull5, Argl22. Asnd63 .
Tyr465 Fl Glu527 SAWE S FIERGETERET] o B-AHE
TG xylA SAMEX LR UK 2A PR, A
T xylA S5ARHEES A A B 4.1 keal/mol,,

B<: cjb@im.ac.cn



4598 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

A 11 AR5 ARIE A BAE T3 (8 2B,
20), Hrr, Tyr276 FRIXM; FREMERE TS
AKWESTT 4 S FIERFIE R E S, T
R3.0 A Tyrd52 ZRERXFA R AR
Glus16 gk b iy a5 5 AN+ 2 S A
ARTIEN 2 A, PRl 2.9 Ay HAEAL
PR S AMIE BT 45K, 5 BAKETT
fitt xylA HHLG, B-AKHEH G An-xyl 5 ABEEFT)
D —F A EAE R s, I, HEW B-AKE
T Anexyl A] BEEA AT AN 52 5k

i — 2 B-ARBHIEE An-xyl 55 pNPX 1T
SR (A 3A). B-ARBETTEF An-xyl 5 pNPX

GLU-527

GLU-115

Iy XSS A H B AE 5.7 keal/mol, B-AHH
HHE An-xyl Hf 13 NEFERR 5 pNPX JE BiAH &
YEFA 718 3B), Arg245 5 pNPX A St iy
BEER IR R PR R | Sk, BEES R 3.6 A;
Glu527 5AMEHE 2 507 FRFEIETE AR 1 41,
FEESM 3.1 A; Glu527 5 pNPX H A FREE M
pi-BHE F A EAEF, BE 8 4.1 A5 Asn40  Pro41 .
Leu43 . Trp113.Argl122 . Tyr281.Cys316.Asn463 .
Tyrd64 . Asn522 Fl Ala526 5 pNPX JE i, 1 Y7
#71(# 3C). [A] B-ARBHTTEF An-xyl 5 AN 23
FXHEaE AL, pNPX 52 /R e A0 5 AFE
B, PRI AR o

Interactions
—van der Waals m Pi-Signa
i Conventional hydrogen bond

1 B-KRIEFEDEE An-xyl SKIEHN D FHIZNREQMEEERHE®B. ©)

Figure 1
xylose.
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The docking effect diagram (A) and interaction force diagram (B, C) of B-xylosidase An-xyl and
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ARG-240
TYR-452 GLU-516

LEU
C A:42
TR VR
Al07  RYS
LEU L
A37
cy : i
A3 o : GLU
PR AT
ASP
A310 H* AL
€3 o e
ARG
A:240
PRO
ASN A:35
A4

Interactions

Ivan der Waals  Conventional hydrogen bond

2 B-AR¥EEEE xylA 5AREH S FIEMRE(AFEEMERNEB. O
Figure 2 The docking effect diagram (A) and interaction force diagram (B, C) of B-xylosidase xylA and

xylose.

2.2 B-/ARIEFEEE An-xyl BIiIF S RIE. 4k
RBRIEETE

W HE AR R R R GR B-ARBET T An-xyl
I iET 4y 44k, SDS-PAGE 43 #T4 R Ul 4A
IR, Sefi Bi—, K/ 120-150 kDa Z [H],
HEE 87.313 kDa K, AlAEREEAREERER LR
GixfEH A B- A ME B AR B M .
SDS-PAGE Hr Ut AR AT , A7 I AR 1 il K i
J , SRR (- FR BT (liquid chromatography-
tandem mass spectrometry, LC-MS/MS)%E %€ 77
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B, B aotrai R 4B R, 45REM, %
KA R M EAE AN A niger AW
An-xyl,
2.3 AKEEXS B-AKHEEES An-xyl B 0

Mg B-ARWETTHE An-xyl 7E A Rk B (0
500 mmol/L)ARWEAFAERS G 1, 25Kl 5
B, ARHE R (<50 mmol/L) ) A A7 I %l Bl
NHEEHER, B IE— 2T, TR ™A
HRIVE R, 244E7E 400 mmol/L F11 450 mmol/L
ABEI, 73 B BEARFR 2 58.3%F1 47.5% IS 17,
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T AE ] 5 % K A 433.2 mmol/L,
2.4 B-A¥EEES An-xyl BIEMRIFIEFIEN
hES5H

W 1 PR, B-ABHEE Anxyl Xt pNPX
KSR, TRIBTXT pNPG A — & 7K sk
{BABNTEEG 1110H 8.7%, %t pNPGal. pNPM #il
PNPA %5 N TR0 G /K MR 6 1 o B- A Bl 777 il
An-xyl XHITBPEARARTME . FAGEARRBERH HE
T AR SRMESE R IR M) HA B2 5005 P R X
B G JIIRT 0.5%) . fE AR RYIEY) pNPX
(1-10 mmoVL)# ¥, M B-AWE T An-xyl )
G 77, TR SN S Ko (BT Vi (L5051

ASN-463

ASN-522

3.6 mmol/L #1 10 000 pmol/(min-mL).
2.5 REFN pH 3 B-AKRHEEES An-xyl BEE
pak:of-A

WE T B-AKH T An-xyl 7E 4080 °C %14
FIBRETE (R 6A), HAE 40-80 °C JEFINIIH G
PE, FE RVIREE R 65 °C, FE 70 °C BH5H 90%
DL RIBES 1. 7E 65 °C ZbBE 300 min Ji5, FRATHE
250 61% (K 6B). 7E pH 2.0-10.0 £ F,
Bl pHAER TR, B-AHET I An-xyl FilgE ) S 80
S EFHE TR G, fE pH o 4.0 (B 6C), 1E
B9y pH JEFE N (H 2.0-8.0) 2% thifg Hh AL BR
24 h JEAHREEZ 80% RS F1(1 6D).

CYS
A:3l6
o AASN
TRP :522
A:ll3 °H. ASN
A:463
ARG s
Az122 GLU
TYR A2V
Az464
Interactions
rvan der Waals m Pi-Signa

=i Conventional hydrogen bond

3 P-AR¥EEEE An-xyl 5 pNPX B9 FAHHESRE(AFEEER HE®B. ©)
Figure 3 The docking effect diagram (A) and interaction force diagram (B, C) of B-xylosidase An-xyl and

pNPX.
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e T0E 614831 e
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Time (min)

Bl 4 B-K¥EEEE An-xyl Y SDS-PAGE £ #7(A)F1 LC-MS/MS £ EL£RB)  A: B-AWHFEE An-xyl i
SDS-PAGE 43#fr. M: Protein marker; 1: KRG ; 2-5: Bl I8 2 IR 8 R i

Figure 4 SDS-PAGE analysis (A) and LC-MS/MS identification (B) of B-xylosidase An-xyl. A: SDS-PAGE
analysis of B-xylosidase An-xyl. M: Protein marker; 1: Crude enzyme; 2—5: Protein samples were collected by
gel filtration chromatography.

RIETEPERIACIE 24 h J5 95 ARBETE T, 4558
K 7 Fi7n, 1 mmol/L 1 10 mmol/L A CTAB &R
Xof R 1A R A AR E F L SR AR 1 53 551k
41.5%#1 31.9%; 1 mmol/L SDS. 1% Tween-20
F1 1% Tween-80 X TG J1 (XA A H/EH (A

Residual activity

F1 B-ARIEEE An-xyl RYRITFIE
Table 1  Substrate specificity of B-xylosidase An-xyl

Substrate type Specific activity of ~ Relative activity
0 50 100 150 200 250 300 350 400 450 500 550 An-xyl (IU/mL) of An-xyl (%)
Concentration (mmol/L) ONPG 30 37

pNPGal ND ND
SR PR Anxyl BEENREE D - .
Figure 5 Effect of xylose on the activity of

. pNPX 342 100.0

B-xylosidase An-xyl.

pNPA ND ND

Corncob xylan <0.1 <0.5
2.6 HMHIFIFAFREEEFIXS p-KHEH B

Bagasse xylan <0.1 <0.5
An'xyl RIS A0 Beech wood xylan  <0.1 <0.5

mE B-ﬂﬁ*}% HifF An-xyl TEAS [R] B3 361 550 A ND: No enzyme activity was detected.
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Figure 6 The optimum temperature (A), 65 °C temperature stability (B), optimum pH (C), pH stability (D) of

B-xylosidase An-xyl.

7 A RREEMSEFI B-KRIEEEE An-xyl
B & 1 B2

Figure 7 Effect of inhibitors and detergents on
activity of B-xylosidase An-xyl.

ORI A A B R i e 5, T
HJZ 10 mmol/L 1) SDS JL-F-BE 58 441 il i 16 1 5
1 mmol/L #1 10 mmol/L 1 )R X} i 1146 A )
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FREERISEHEVERT, AXTRE TS 0100500k 125.4%F1
102.4%; 1% Triton X-100 BEFLfHAE VERES , 1H
10% Triton X-100 HIJL-F-5¢ 24061 1 BE 71 .
2.7 AKFEEES An-xyl FIAF4EEEEIT AR
[RET 4 = W PSR

D78 2 A 2R WA B- AW I An-xyl FEAR 2%
FEHORBREF YR 7 AR R b 5 i, 452 an1El 8
fizs, RESh R AN e £, [V 2h 5, &
W F R OB & ek 511.6 pg/mL, KU 4 h ),
W JE & FTEE 613.4 pg/mL; HERHN B-AK
WEFF S An-xyl i), SOV 2 h Fl 4 h 5, 8RS
#UN 0.2 ug/mL 124 pg/mL; HE00 B-AME
T An-xyl FIEFAEZR BN, [ 2 h F1 4 h
WE R &8 610.6 pg/mL 1 849.5 pg/mL,
5 RS INA 4R BAH L, 0 s 5 o B e T
19.3%71 38.6%.
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Figure 8 Degradation of lignocellulose in tea stem
by B-xylosidase An-xyl and cellulase.
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B-A M WK S s, VR R =) 2 — IR
WETE 1K 31— 28 Vi B B B I\ A 2 2 i 1 — s 41
il 1] o A5 3 o3 X LA AT T R R
WHREMT, Z2HEEN B-AEHE An-xyl Fl
RARERS 20 B-ABETT I xylA 5B ER
P, I B- AR An-xyl ELA 5 R AN %
PE, SEEGUEB AT IES, B-AMETTEE An-xyl FIAR
BEIN 2 Be LT B-AMEH I xylAo B-AWETH i
An-xyl 5 ABER T 2 KA S B S e i fa
AR FEAKEXT BTG 1A — 2 IS ERT, AR
i 50 mmol/L B, B-ABEH G An-xyl JiHE 1142
1 9.24%. A HIE RV FRE DR IERY B- Ak
T R At B AL A T 32 B, QiR T4
ST (Thermotoga thermarum) DSM 5069 il
5 181 J51 B F- .1 (Phanerochaete chrysosporium)if
B-AHE T T (%) BTG 7 A B 0 PR rh B AR R B
(R385 B Ry S B 5 AR g e 4O,

Li 23 F B-ARBEHF I Xin-DT B A7 % £
ANGEAL BB T 5 T R AR R TR
Wi B-AHETF I XIn-DT A9 87 A5 FNAE AL
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il B A AR 32k Y B-ACHE i T RE 2
1 A S 0 25 B L sSANTE T AL, T2 &
B A A A R TR B T AR, DA B R X A
M 2 o HE—25 M B- AW G An-xyl 5
ARBERIXT AN G AR EAE R 7, Hod Tyrdo4 fill
BRI OR IR RPN, R n R s 5 S
AWE T 2 SO BUCE: o B T 5 ES, B
pi-sigma A HAEH, AK¥EDF3Z pi-sigma /EFHY
SCMASEIT Tyrd64, WEE IR Aspl21 5 AN
FIE U S — 2P ARWE 1 2 S
SEVTE AR KR, Glull5., Argl22. Asnd63.
Tyr465 F1 Glu527 5 AWE [ A AL B 1Y
TOAEAR I VERT , DA AR 43— S 00 ) T 5 0%
P A4S AT DI, 378 B A A TS A A (B 1),
FAXS M, ABESF1E B- AW xylA BYXF42
O B AL FREMIE TR A8, Balr R4S A X3k,
I B 5 S S iR 2 [T B 1 W8 53R (1 4
YERDI(E 2). Hrh, J5FRERR Tyr276
Tyrd52 {4 Y ¥ 3k 2 BUAC IR R, BB R,
Oy S ARMEY FIE R A . MRt AT GluS16
WS b f R SE I A S B f £, B 5 AR 77
AR EATE R 455 T8 A, 2R
QIR AL B J7 AR EARKE S T 5 S A .
Tyr276. Tyr452 Fl Glu516 iy 3 20 Sl A
Wiy T BAETEE A8 Y, X ATRBE: B-AWHTT
fitf xylA fIRAKEN Z MR R . Hik, B-ApEH
fitf An-xyl 22 BRAKE =i it 3214 (9 REAE T BE 5 AW
100 ) 255 AE TG AR A, AN Gk A TG D484
2. MRY pNPX 5 B-ABEH T An-xyl 4%t
P BAETEPE T AS A TIAL, pNPX 52407 B
PG 4%, SEIERAIAHEAER 1 im, F
AFIT B-ABETEF An-xyl 5 pNPX fEfk S0 i
P (E 3).

FLFCRIRM B-ARBEITF SR T GH3. GH43
Ml GHS4 Rk, ACHGAER) B-ARBETTEE An-xyl
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J&TF GH3 Kk, # 2 XFE T ERIMEAFRIER
GH3 Tt B- AT B A 320, K453 B-
ABET il B ABE S0 ) 4% K (AT 10 mmol/L,
i 52 AWH A RE 1302 . AT A2 B8 ) d5e e 1 2
T. thermarum DSM 5069 KI5 ) B-ABEFEfF Tth
xynB3, HEIH]H B K &L 1000 mmol/L, %
fifi i pH M 6.0, 7E pH 5.0-7.0 Z [Al{£FF 70%
DL WS 7, AN B T R R s PR R i A=
PRI AN, BAKHER I An-xyl ACHEII I # 4L K;
{HR 433.2 mmol/L, /& F K/ B FAEA R K IR
M) B-AMETT G, HA S AR Z R RS -
ARBEFEEE An-xyl IS pH o~ 4.0, HAERRTER
5 H A RAFH pH RUETE, TERMESAM T HA
BT R AR

Tl sk A v fufE R 6% Tl 3 R A A R AR
ERRTE, B-ARBETEEE An-xyl i N IR N

65 °C, HRZEMZE RN B-ANME T HE 1) i
AT AR, HAE 70 °C 24 F AR 90%
PA_ERBEE 77 £E 65 °C AbBE 240 min Ji7, FR4
G I RTF 61% (&1 5), 5 ELVG % (Aspergillus
brasiliensis)*"!, A. niger ASKU28ZFl1 A. niger
GS1P BRI B-AMEFREAH L, PR PR
AN G Kn (5 %7 5 18 i % (Humicola
insolens)®!, P. chrysosporiumf 8IFIZF 4 fb 2T 4 14
(Cellulosimicrobium cellulans sp.)**3k i B-A
B BEAH LR, RIS IR BRI
HET, Z5Aa] 75 IsORHR BCR ZRR . 5 20
2 2 W S5 s oy, 8Os = T HVE s H
LA, HSEERN HIFAEAR, KA 4%
AP T MR N T AR Y
Yy, ZE e —FlORIE & AT A R AT 4E R
SR, FE AR HE BRI 7 10, A B4R S 2R R

R2 AREXRIRH GH3 ik p-RHEFH BRI ARYEMS 1% LL I

Table 2 Comparison of xylose tolerance of B-xylosidase of GH3 family from different sources

Sources K; of xylose (mmol/L) Reference
T. emersonii (BXTE) 1.3 [12]
Trichoderma reesei 1.4 [26]
Neurospora crassa 1.7 [27]
Talaromyces amestolkiae 1.7 [28]
T. reesei (BXTR) 2.4 [12]
A. oryzae KBN616 (xylA) 2.7 [16]
Aspergillus japonicus 2.9 [26]
Colletotrichum graminicola 33 [29]
A. niger ATCC 10864 3.3 [30]
A. niger van Tieghem (DSM 22593) 7.5 [19]
Aspergillus awamori X-100 7.7 [31]
A. niger ATCC 90196 8.3 [32]
A. niger NW147 (xInD 1) 9.8 [33]
A. niger NW147 (xInD 1) 13.2 [33]
Dictyoglomus turgidum Dt-xy13 20.0 [34]
H. insolens Y1 29.0 [35]
Sreptomyces sp. CH7 40.0 [36]
Leifsonia sp. ZF2019 150.1 [37]
A. niger (An-xyl) 433.2 This study
T. thermarum DSM 5069 Tth xynB3 1 000.0 [10]
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