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LR A Rbe SEORYERE, TR SO K SR EOR R RG, )TPE BT
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 OE: [86) LALLM AMATE GX-3 FEBEAE G KB RE 3 0 p-RIBEFH,
RNAR R E B4 M, A ab iz Be AR AT 2 MR PR, 3T A8 A RABM AL RIT Y T EREUR G
HAROHE b [7‘7;;&1 ARIE T A PAAT B GX-3 A B 4L P 2B A 4 35 K g B Rk 3 69 B-ARHE B4
Bk 54, @i PCR I IEE AR, vLpQE30 ARKMEETA R4, KLEEXMATH
MI15 F #47 %/%u‘, RIVBRF o AT R E W8, IR ETABRGEEFHR, FrAE K
MR BRABRALBITEERE. [£R] AAAMAFE GX-3 F R I Lk B T4 5 KiReER
3 B-RBEFBHAR, FEZATAEXMATAT O FREL. RUFFESITEN, T4H
EXYL & —*#t % o fede, BA B-AA2H8. B-#] H)4EF8fe a-L-FTHMAKhAE 8e 3 M BeE e, &
20 Bl 04 3R 3E JR A A F AY A R -B-D-vib vl A& 3 (p-nitrophenyl-B-D-xylopyranoside, pNPX), # # i pH
FaiB AN H 5.5 F0 45 °C, Koy Fo Vinax 184 51 4 (0.73+0.06) mmol/L #2(130.00+6.85) umol/(mg-min),

ARAE 64 47 5 % 4K K A 4 (51.95£2.36) mmol/L. % & 408 EXYL 4 A T K E4E(X3-X5)8, &/~
WA AT R =N, FEELA E 50%. s EXYL AR X A0 X0 BB ST S RE, K
FE®R “44: W138C #= WI38A, R E B WI138C #= WI3SA ¢ RAEd Mo 348 5 T 2.38 4124
1.83 4. #] KRR AIRT P-AAEFEE % HeBeE HRBET A, & 43858 GH3 K% B-A
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Characterization and molecular engineering of a B-xylosidase
from Enterobacter cloacae GX-3
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1 Guangxi Technology Innovation Center for Microbial Resources Development and Utilization, College of Life
Science and Technology, Guangxi University, Nanning, Guangxi, China

2 State Key Laboratory of Non-food Biomass Energy Technology, Nanning, Guangxi, China

Abstract: [Objective] To clone and express a gene encoding the B-xylosidase from Enterobacter
cloacae GX-3, a putative member of the glycoside hydrolase family 3, systematically characterize
the recombinant enzyme, and improve the xylose tolerance by molecular engineering of key amino
acid residues involved in xylose binding. [Methods] On the basis of the whole-genome sequencing
data of E. cloacae GX-3, primers were designed to amplify the P-xylosidase gene annotated as
GH3. The target gene was amplified by PCR and cloned into the pQE30 expression vector, and the
resulting recombinant plasmid was transformed into Escherichia coli M15 for induced expression.
The recombinant enzyme was purified by nickel-affinity chromatography, and its enzymatic
properties were studied. Site-directed mutagenesis was conducted on amino acid residues
associated with xylose tolerance. [Results] The B-xylosidase gene belonging to the GH3 family
was successfully cloned from E. cloacae GX-3 and heterologously expressed in E. coli M15.
Substrate specificity analysis revealed that the recombinant enzyme EXYL was a multifunctional
enzyme exhibiting B-xylosidase, B-glucosidase, and a-L-arabinofuranosidase activities. EXYL
showed the optimal performance with the substrate of pNPX and at pH 5.5 and 45 °C. The K., and
Vmax values of this enzyme were (0.73£0.06) mmol/L and (130.00+6.85) pmol/(mg-min),
respectively. The inhibition constant (K;) for xylose was (51.95+2.36) mmol/L. When EXYL acted
on xylooligosaccharides (X3-X35), the main products were xylose and xylobiose, each accounting
for approximately 50% of the yield. Site-directed mutagenesis of xylose tolerance-related residues
yielded positive mutants WI38C and WI38A, which showed 2.38-fold and 1.83-fold
improvements in xylose tolerance, respectively. [Conclusion] This study provides insights into the
multifunctional activities of B-xylosidases and offers new strategies for enhancing the xylose
tolerance of B-xylosidases in the GH3 family.

Keywords: Enterobacter cloacae GX-3; B-xylosidase; xylose tolerance; molecular engineering
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KEBWEE AR FER 2 —, A5
W2 R S T 2 R 1 30%C), AR BB B-D- ik
W AKEE 2L B-1,4-AKWEHHIE 345, T A
POAE . EFLBE. R, PUERRR . M R |
XA LR A A T, KT I A DY A i A SR
TR P EE DY, Hoh, B AR
) 2 A G HE B S N B0 K 3R BE 1 (endo- B-1,4-
xylanase, EC 3.2.1.8) 1 B- A+ i} (B-xylosidase,
EC 3.2.1.37), AZWE L i N U)AR SBE K i %
MR ZENE S D5 ARWE, PR B- AR H LA
I 2 A1 T P A i A K e AR SR AR S0
BARBEH B, TR AR RS, W 2 YR
B- P VI BHEG A HI VRS, Al o, B-ABEY
il 1A SR Aot v A 1 AR

P f 3B, M K R B R % 3 (glycoside
hydrolase family 3, GH3) 1) B- A 11 filf 22 R 81
O RE T 2= 2 ARG PESY, B — 4Rk ek
AT B AL A TR RN, DT AR A b 42 T
AR R TR I it v 1) e A 280 A TS D
B, Tong 2501 JA A fith [ IR BR 7 (Dictyoglomus
turgidum) va [ B- AT RS, FFAE RIGFF
W Rk, IR D2286 A B- AR BT |
o BT R AR N B~ 4 W 1 A TS 44 . Shi AFD
FER WA FF T BL21(DE3) H 33K 1 SR 5 T 18 i 4
T AR A R (Thermotoga thermarum) DSM 5069
B B- AN BEILE Tth xynB3, ZHFRILE B-AK
A o-BTRr AP R A TG . Xia ECA
WE TR L TR 5 S I8 U85 (Humicola insolens) Y1 H3K
13 B-ARWEF B, JFTE S AR Wbl i Rk
RAFHI B2 XYL3A [RIB R B-AHE 1 Bl A1
ou- BT AFY DR TR A T 0% 1 o Patel S8 DA 2R iy B
(Aspergillus niger) ADH-11 H1 3k 1% GH3 FK K1
B-AMETF T, MR B BT 6 MY XL
IHAE B-AMEIAE . Zhou ZFUORAE Tk A 4E 4R
B B GH3 KGR B- AW, 7ER
AT P 2R I FE 41 EE RuBGX 1 e B-ABE T
it FN B- A2 WH T G M, B- M1 i 1 XL L)
22 UIRE I PR B B A R AR SR Bl 4T 4R SR %

PR PR AR | BT AR R R A B R

FERR K AL A W it B4 2 (carbohydrate-active
enzymes database, CAZy, http://www.cazy.org/)
KR B- AW B9 /325 [EC 3.2.1.37], ATke&
14 SFEHOK B, 43002 GHL. GHI0,
GH11, GHI116, GHI120. GH2. GH3. GH30,
GH39. GH5. GH51, GH52. GHS54 F1 GH43,
B- A AR A AN [] () A AL AL 3 Shy O BA BRI s
) Y, R[] TR B S5 Sk R k) B R AR AR R, B
K H GH43 e T i Alyh, Hopdy)s 714
B IBT Horp A e BRI REXT KA T &
BRI WEPE, H 1 R B IE 52X KR 4 [
HAMIEN . o sE KM K IRIKYI) B-
ABE i E AT GH K% 3. 5. 30, 39,
43, 51, 52 i 120 U BR TR AR K B BESL,
— B B ACKE T il T LA 2% B R SR 1 P ol
I ARRESE, A MY A BUE . PR
PELA BBt 4 TG B AT AT HL A B K
WEEL DI RE el LABEE | BRI A BifE N 32
A, ARG FEACKE | AR SR A L A AR Sk
BWEEAYR . YA R L R
BRI, B-ARBEAEAEAE D BIReli . BE2h . 2.
et it o kL DR AR GTECE A )Tz /Y
AR,

B- AT WA 7K fff i A i 2 B .
IR L BT AR A O ) A PR R N B
1B 1R ZHORIE T H A S & 1Y B- A 1 i
A 2 220 fln, SRR T EE A KRR
W (Trichoderma harzianum)f) B- AN BE7EAA
2 mmol/L AMEFEAERIIEI T BTG Sy 58 4 ek,
4lifk J5 i) Dt-2286 78 100 mmol/L A 77 7E it AH
ST 71K 63%°, HihEE ADH-11 FRiY B-AKE
A 12 mmol/L ABERIAE FIREE 50.52%
ARSI R R 3 R R AR R A
fif 2Pk, Li %25 1 -TASSER il PyMOL #4
B TS T DS TR TR R IR T T, 83 2 A4~
fBE B 5 AWE T 52 A0 G A 67 i, BRAR I ZRAR A
XIn-DT-284ASP #1 XIn-DT-284ALA 7% i %5 15
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B AR BER 2Z P, 584 XIn-DT A e s T
9%-35%. Jordan ZFPI%t 2 2 7 i B P Y
B-D- A il o1~ L- BT P74 1ok g 4 it L3 i it
PEAT Trp145 A3 5009 5 AR R 58 2% DA oy Tl o AR
BTS20 . Bl GH3 RN B- AW i
Trp262 1 T3 3 72 4 28728 1) 5 X3 B X2
W) ot ) [ ELA BRI

AT N 22k 4 35 PRV A I e 1) B 9 i #F T
GX-3 v [ S 1 R R W 1 7K A il 53 16 (GH3) 1Y
B-AMEHEEILR , FHE R A h i Rin, &
5 7 2 i ) il T R K i AR SRR B RE 1, )
P 308 3o 3 81) b b B ) VR A 3 A X 2 il A
Miif 32 AHOC S IE MR AT RE M 878, LASR i FE 21 il
) A R T 52 ¥, I I Discovery Studio Fl
PyMOL A] WAk 534 JES 4 X6 422 285 SR R 8 1 o it

NENS
1 R

1.1 EHRFIBRL

A W5 By A i 1% FF 26 (Enterobacter
cloacae) GX-3 B 5 R KAy, KBFFE
(Escherichia coli) XL1-Blue 1§ H TaKaRa 7\ A ,
E. coli M15/pREP4, Jii i pQE30 I i Qiagen
AT
1.2 FERFIFLEE

Dpn1. DNA G . WREENDINE . T,
DNA % #:1#f . DNA Marker 45, TaKaRa /A ) ;
DNA Jivhr Vsl e . PCR 2lifkifinlg ., el
Weik5i &, BioFlux 23 ; IPTG, Gibeo 23] ;
Ni-NTA /5, Qiagen /A Fl; BKBE, Amresco 2
Al AT S IR ILICY, Sigma-Aldrich 23]
ABESRGERE, K& thRHE S e A= YR A R
JNF]; SDS. NN'-HI OB MR IERG . PRI It R |
VUM I O R M B iR s, A= TARY) TR (L)
Bt AT R A

PCR {¥, Biometra 24 A ; 4366 B it
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Bekman 22 A ;155 SO AR 35 0 BT, Agilent
AN
1.3 A4 4TE GX-3 b p-KIFEHEEE
Er =g S RIA

MR B AT T8 GX-3 4 J PR 20 I 485
BB KRR 3 LR . B
SefE NCBI (https://www.ncbi.nlm.nih. gov/)ﬁi‘EEﬁ
) BLASTx /3 i A7 5 K F 81 Lu X, 43 A%
DR 2 5 1) 2 11 0 445 44 20 1 (https:/smart. embl.
de/), ffi F1 AlphaFold3 (https://alphafoldserver.
com/)W & AT LB E, IFEA 745 LEXT .
i | Expasy (https://www.expasy.org/) 73 HT 25 [ 5t
FRA A T RO o5 .

HR A 73 BT 25 AT 5 1 8 3G B- A 1 il
K exyl. #5194 F-Bgl T (5-CTGAGATCT
ACTGCAATCTATAAGGACGCGGGAC-3"), F
eS| ¥ M R-Hind 111 (5'-ACTAAGCTTCTACGC
GTGCTGAACCTGACAGGTG-3"), ¥ 4lifk 5 i)
PCR =Y T DI AL BR(H ] Bgl T A Hind T0D),
pQE30 T [ # A Adi F] BamH 1 F1 Hind TILXY i)
A3, HH T4 DNA 3RS, kB E. coli
XL1-Blue 1 F 40, 2EAERELP 2wl 755 E .
H DA Y 2 TR A 44 4 pQE-exylo

B BUkL pQE-exyl #:AL % E. coli M15 W&k,
PR AL R 2 LB J5 9256 (5% 100 pg/mL 2%
TR EM 25 pgmL RIBEFER), MEI ODsoo
ik #] 0.4-0.6 BN A LW E R 0.5 mmol/L 1Y
IPTG #E4715 5, 7£ 30 °C. 200 r/min 4255 5%
10 h JE AR TR, 88 75 B R 2 5 >R FH Ni-NTA
SEANZNT L 41k B4 EXYL. X4l EXYL
#E4T SDS-PAGE 43712,
1.4 E¢AfE§ EXYL B§3 14 RAVGIE

B- A Wl TG T B (U)o e DA fiF
F 9K 3 - B -D- L MR A B (p-nitrophenyl-B-D-
xylopyranoside, pNPX) B W), 1 U J&48 75 B 1Y
Bl R, B BP K f# pNPX 724 1 pmol
PNP [
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Bt 3 D5 . K 116 pL 0.1 mol/L 745
112-0.2 mol/L B A —4NZZ M 5 14 pL 25 mmol/L
pNPX R 2), PN A 10 uL B8 % {# 5 I i 1
OD.10 WIGABTE pNP bR th 430 Bl N A A5 4k
) 2l B o SN B [E] A 15 min, fiITA 70 uL
0.4 mol/L Na,CO3 & [ 2 . B 200 pL S Wk
TEBFFRAHIEE ODgyo BIWOE1E
1.4.1 =R EXYL MRS RMHENE

WisE EXYL XA TIRPIRKEee S, aifk)s
() EXYL 43514 2.5 mmol/L % i & A3 -B-D-
Nl W 3 25 B8 (p-nitrophenyl-B-D-glucopyranoside,
PNPG)., pNPX. XA E-o-L-Fal R A1 ok A
(p-nitrophenyl-o-L-arabinofuranoside, pNPA), 4-H
FAIY B -B-D- 1 5 1 R (4-methylumbelliferyl-
B-D-glucuronide, MUG) ., X fiff % 2K 5k - B-D- it Mg
>F Z, B 1 (p-nitrophenyl- B -D-galactopyranoside,
pNP-galac), X firf 3 4 3 -N- £, Tt 2 - B-D- 24 L 7
% HET (p-nitrophenyl-N-acetyl-B-D-glucosaminide,
N-acetyl-pNPG), PR IE-B-D-ML M- FLH T
(o-nitrophenyl-B-D-galactopyranoside, oNPG), X
il 5 8 3L - B -D- £F 4 — H# 1 (p-nitrophenyl- B -D-
cellobioside, pNPC) M IKH) , il 2 BTG ) o Horp
LA MUG MRS N i e 5 AT A

142 E4HE EXYL WRESHEREAEN
| E

P B B4 ) & T 0.2 mol/L B R = —
B4-0.1 mol/L #1452 & e ] (1) AN ] pH 22 vl v .
FE 37 °C NI BTG 7, DA SR s 1 S O R
100%, JT3HA pH F A9 X B G J1, o
B el pHo 7EBE pH 50T, 2 H
TE 30-60 °C T WM F1, DA O TG 71 R
100%, DASEIT T3 A IR BE A A GE 0, e
2 il s TR

VLBV E T pH 4.5-9.0 (02 vl rh, CE
12 ho FE eI O 2514 e fRG 77, DR PR
(R T R T % 17K 100%, T ARG IS 7, W
FE H A pH ASE M. B E T 30-65 °C5%
PR 1 he FERGE A N IS RS T, DR

ZNEFRAO BTG F1°8 100%, DU H A R B Ab
PR AARXT BENG 77, PR Rl AR A SR E T
1.43 ELAEE EXYL B Ky F1 Vinax B9 E

TE e iE R A& F R, LL0.1-10 mmol/L
pNPX N EW E EXYL MBS 17, DLt
Ko 1 Vi, BEAHIRIEBE 3 P PATEE
144 EREETFRELXCEYX ELHES
EXYL Eg§E 7189520

TERCTE O 4R, AT N4 8 B 11y
FARZNE R ES XTI, @ 24k 5 mmol/L
B K", Agh. Lit. Ni*', Ca*'. zn*". Cu*'.
Mn*'| Co*'. Hg*'. Mg*". Fe’'. AP"ZR[E 4
J& B TAEAE T AR B 07, DARG & 4
X G TR

TERIE VAR, LA 2.5 mmol/L pNPX Ky
R, WE R, OFE. 1L,2-N . SRR,
TEETE 5%-25% W JETE BN X EXYL s 7109
S, LA INEESSR N R A O R, SR
(A AE T TS 3
1.45 E4HEE EXYL BIKPET = M A AKHE
IHIEH K &

EXYL 7Efifi 454 F LA 2.5 mmol/L pNPX Wy
JEH, LA I0AKE (8 5 AR Rt BE A3 5iim A
50-500 mmol/L A, % B S, TR ILAXS
6 71, DABCER 25 K BN EXYL B35 71 /Y 5%
M, ARHE S SCEk 261 ik, A 5I7E 0. 200,
400 mmol/L 3 MAWEEE T, L 0.1-0.8 mmol/L
) pNPX MY, i EXYL AYEETS 71 SR
GraphPad Prism 10.6 %X {4 H ) Competitive
inhibition J7 kX &5 RT3 T
1.4.6 E4HEE EXYL S ARBEFERN KBS
S

454 EXYL H#FEEYER pH Re vk, /K
AREME(X2-XS) SV, pH 4 6.0, I H 37 °C.
FNL AU 700 uL, JIA 70 pL A9 1% AYACSE
Wi, fMA 0.5 U % EXYL, ] pH K 6.0 R
A NP RZE MR AN 2 700 uL. 43 HITE I
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I 30 min A1 12 h J&, & T 7K 10 min 2 E &
N, HEFT R RO A3 HPLC M .

T R S A E IR - XA A Agilent
1100 Series (i ; Hrl#% 4 Alltech 2000ES %4
R ICE A K £ 5 (3% AL b Alltima Amino
(250 mmx4.6 mm, 5 um); WA K 2 K=
74:26; VA 1.0 mL/min; FEIEN 28 °C,

1.5 HAE EXYL WARBEMZ M9 F
&

GH3 FIEM B-ANE il 3L 18 15 51 v i) —
A8 ZA AR AL TS T Y [ H
A EEEAP, ARG GH3 ZI6 75 ) 2%
FREBRF XA O TR . LR AR 5 B 2 R 5
SV BE A7 — 72 22 S5 (R R P oA AT B (R R
IR S ) il 5 ARG G SR A, AR B AR
ZHER R R AN, DAEE IR pQE-exyl AR
M, &ITF5I9 15 PCR #RA4% 28 F. WI3SL,
W138C. WI38A. WI38H. WI38N. WI38F,
K RARIE S R IA AL i R 1.3 O ks
B, FRASK B T IR 1.4.2 15 AR R A9
PR E . o, SRR AR ] 4L K (E
FEHR 1.4.5 P ay e o

EXYL #0157 fiff 38 i 72 SWISS-MODEL 7£
AW LIk B AR (Thermotoga maritima)
MSBS f) B- A H FF(SMID:  7zdy) A 7] 5 H A5
AR T 51— 20l 43%), K15 EXYL FIZASfi
A 2R i = 4Eg5 ), i Autodock Vina 4351 X
AWM . AWES EXYL #4753 F%F
R, XHEE TR/ R 40x40x40 A, FHES T
H K(27.094, 14.495, 87.735); AMi 5 W138C
I3 T XA X B KN A 40x40x40 A°, i
B R(29.652, 11.252, 87.418), diF PyMOL
3.0 il Discovery Studio 2025 #17 ] #AL7HT .
1.6 EEW%EFERFYS

ok A FH 18 B #F B8 (Enterobacter cloacae)
GX-3 A exyl MZFRIT 5 4% %] GenBank
B, 153 E 3 E P15 PXT754653
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2 HEXR5®

2.1 [RABAFE GX-3 1 B-KRIEEEEE
Er = ERIA

R B AAT I GX-3 HiE B K
fiff G A T 3 WK% T R 7 51 4 FF I 5] 132 HE (open
reading frame, ORF), ORF 4K 2 376 bp, #ifid
791 MR . RIS BLASTx B9 LA, 4%
R RIZEER 5 BA AT # (Enterobacter cloacae)
1 glycoside hydrolase family 3 N-terminal
domain-containing protein HJ ¥ 5 — E Pk
(identities)"N 99% (786/791), AHALI: (positives)H
99% (790/791), Jozsfvi(gaps 4 0/791, 5 0), Xf
ZHE R E IR T IS5 A T30, B Z%
FEREA 3 G55 DS 24 (57315 357 (s 5k
12 R MR Glyco hydro 3 454 MES 394 fif
2|55 652 VA FER A Glyco hydro 3 C 4543 ;
M4 689 (24 758 i 2 LML J& Fn3_like 4514
W, HARAFSIRE 1A),

WG 1.3 s, LA E GX-3
AR R4 DNA WA H, PCR ¥ 48 H H A9,
1352y 2.3 kb WREF S, DT BUE KT
WA 240 exyl, BT a8 K/ R
85697.11 Da, BTN pl 2 5.37, 144
4 EXYL,

fii ] AlphaFold3 X2 3R 751 #4785 M it
gk, IS RS GH3 Zk . ok A
(Thermotoga maritima) MSBS 11 B-ANH T [l 1Y &y
IRLERY(SMID: 7zdy) A TEH & X, S50 s,
2EAR SRS EE S, RMSD=0.95, &
W] A2 EARUBEAR &5, EXYL A8 s
P B & R GH3 50 45 M B AERT, &
TIM-barrel . (a/B)-sandwich I Fn IIZ5F4)(I&] 1B).
HRAE FIR P9 LT R g5 LE X 45 2R, w1200 e
EXYL & GH3 IR BMEH K B2 . X ali ity ik
1T SDS-PAGE 4341, 7F 85 kDa &b BB M EH
Faskas, SRS TE—%E 10),
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A

Fn3
E like

C
kDa 1 2 3 4
116— «
~ < EXYL 85 kDa
45— = =

1 EXYLZEBREH 7S AL XS E KX ZEE§SDS-PAGE 7341

Figure 1

The analysis and alignment of EXYL structure and SDS-PAGE of the purified enzyme. A: The

structure analysis of EXYL; B: The structure alignment of EXYL and 7zdy (purple is EXYL, blue is 7zdy); C:
SDS-PAGE of recombinant protein EXYL. Lane 1: Protein marker; Lane 2: E. coli M15 with pQE30; Lane 3:
Recombinant E. coli M15 with pQE30-exyl; Lane 4: Purified protein EXYL.

2.2 E4HFE EXYL HIEES MR

2.2.1 EXYL BIRYHEE ST

IR 141 Wi EE EXYL ZEANRRY)
(B-pNPG. B-pNPX. a-pNPA, MUG, pNP-galac,
N-acetyl-pNPG, oNPG, pNPC) T HJEEG /1. 4%
R WITERHRFR BRSO R 45, EXYL /K
fi# B-pNPX HIMEHE J1 s, K% a-pNPA B
TRZ, WAHMBLEEIE KR B-pNPG. TEZEIMEIR
SR WELE] EXYL X MUG A /K figif v, Hofth
ARSI G . Hoh EXYL /9 B- AR |
ot~ L- BT PR R T . B~ 7 2 R R ) B )
FL1E A 344.8:104.1:1, b &5 R % EXYL &
B~ AN T o0~ L BT A1 1 Mol 7 g/ B- 0 260
WL UM . HATE &P GH3 B /K it B
) B- A Bl K 2 2 I R L 2= 2 T RE s
PET2S20 S R T R FAE (9 Tth xynB3 J& H 4%
ou-L- AT 7 AT Ik Mg A T A 18 ST B B- AT

fiti, HXF B-pNPX Fl a-pNPA Y Koo/ Ko 19 LRSS
& 1 173.4 L/(mmol-s) F1 505.9 L/(mmol-s)!",
Ramirez-Escudero 25817 F 7 3 K 4H +2 A M 9
W A MR TE O Y GH3 B K B R Y
Mty GlyAy, MBS E Ry B- A B H /B - AR
fiti, LA B-pNPX Fll B-pNPG NJiK#), BHE 12
H 624.3:197.0. K A AR LIRER T (Dictyoglomus
turgidum)WI1A]JE GH3 ZKJGR B-AWTTE Dt-Xyl3,
FE I 5 JES 0 S Tk IR 6 T pNPX A 3
J1 B, [ARE R AT LUK fi# pNPG. pNPArf,
pNPArp?’,
222 EYAEM EXYLWRERMNZFHFER
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Figure 2 Determination of the optimal enzymatic reaction conditions and stability of EXYL. A: Effect of pH on
EXYL enzyme activity; B: Effect of temperature on EXYL enzyme activity; C: The pH stability of EXYL; D:

The thermal stability of EXYL.
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Figure 4 Effect of metal ions and alcohols on EXYL activity. A: Effect of metal ions and alcohols on EXYL
enzyme activity; B: Effect of alcohols on EXYL enzyme activity.
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Figure 5 Tolerance of EXYL to xylose and its inhibition constant. A: Tolerance of EXYL to xylose; B: Xylose

inhibition constant K; of EXYL.
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Figure 6 HPLC analysis of xylooligosaccharides hydrolyzed by EXYL. A: HPLC analysis of xylose; B: HPLC
analysis of standards (X2—X5); C: HPLC analysis of Xylobiose (X2) hydrolysis products; D: HPLC analysis of
xylotriose (X3) hydrolysis products; E: HPLC analysis of xylotetraose (X4) hydrolysis products; F: HPLC
analysis of xylopentaose (X5) hydrolysis products.
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Figure 7 Multiple sequence alignment of EXYL. Multiple sequence alignment of EXYL with selected GH3
family enzymes was performed using MEGA-X. Full species names and PDB ID of the selected protein are as
follows: 7ZB3: B-xylosidase from Thermotoga maritima MSB8; 5XXL: Beta-glucosidase from Bacteroides
thetaiotaomicron VPI-5482; 5TFO0: Glycosyl hydrolase family 3 N-terminal domain protein from Bacteroides
intestinalis DSM 17393; 6R5I: B-glucosidase from Pseudomonas aeruginosa PAO1; Green box: The tryptophan
residue within the conserved motif; Blue box: The catalytic nucleophile of the enzyme.
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Figure 8 Optimum conditions for EXYL and its

mutant enzymes. A: Effect of pH on the enzyme

activity of EXYL and its mutants; B: Effect of

temperature on the enzyme activity of EXYL and its

mutants.
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Table 1 Enzyme properties determination of mutants
Enzyme K,/(mmol/L) V,./ K; (xylose)/
[umol/(mg-min)]  (mmol/L)

EXYL  0.73+£0.06 130.00+6.85 51.95+2.36
WI38L  1.10+0.13 148.40+14.13 37.18+1.97
WI138C  1.08+0.12 92.83+6.07 123.80+4.88
WI38H 0.81+0.05 110.10+5.43 51.29+2.69
WI38N  3.10+£1.41 22.66+9.03 41.91+£2.06
WI38F  0.57+0.05 136.50+6.61 36.09+1.76
WI138A  0.81+0.05 6.66+0.26 95.09+5.74
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Figure 9 Visualization of surface electrostatic potential and 2D interaction diagram for the EXYL and W138C

mutant docking complex. A: Visualization of surface electrostatic potential for the EXYL; B: The 2D interaction
diagram for the EXYL; C: Visualization of surface electrostatic potential for the W138C mutant; D: The 2D

interaction diagram for the W138C.
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E10 EXYLFWI138C5AENS FXIiEmTE

Figure 10 Molecular docking of EXYL and the W138C mutant enzyme with xylose. A: The active site for

EXYL and xylose binding; B: The active site for the W138C mutant enzyme and xylose binding.
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