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Abstract: Xylan 1,4-p-xylosidase (EC 3.2.1.37) is an exohydrolase that has become more widely used in industry in recent years. At
present, there has been a relative lack of research on the structure of xylan 1,4-5-xylosidase.In order to analyze the evolutionary relationship and
structural differences of xylan 1,4-$-xylosidase, MEGAX10.1.8 was used to compare the multiple sequences of xylan 1,4-f-xylosidase gene
sequences and construct a phylogenetic evolutiontree. The analysis of results showed that xylan 1,4-5-xylosidase could be divided into two
categories, from which 12 representative sequences were screen and selected for the comparison and alignment of multiple amino acid
sequences. Only 15 relatively conserved sites were found, showing non-conservative characteristics. The physicochemical properties and signal
peptides of the enzymes corresponding to the 12 sequences were predicted and analyzed by bioinformatics tools. The prediction results showed
that all enzymes were hydrophilic, and possessed intracellular and extracellular secretion modes. Modell 9.24 and Phyre2 were used to construct
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models for the tertiary structure. According to the modeling results, xylan 1,4-5-xylosidase was divided into three representative structures:

p-folded barrel, bowl-like structure, and (a/f)g barrel structure. Molecular docking was used to assist the calculation of the size of the binding

pocket, and it was speculated that the size of substrate has a certain degree of effect on the morphology of its characteristic structure. Based on

the study of the structural pattern of xylan 1,4-f-xylosidase, point mutations can be precisely designed, blindness can be reduced, and desired

physicochemical properties can be obtained, to provide bioinformatics guidance for further research on the modification of xylan

1,4-p-xylosidase, then offers a basis for further study on the relationship between the structure and function of xylan 1,4-5-xylosidase, thereby

further broadening the application of xylan 1,4-5-xylosidase in food, medicine and other fields.
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Table 1 Protein accession numbers of the 12 representative sequences

Genebank ABHS FaEET KR
NC_018218 MgXBX4 XP_003857132.1 Zymoseptoria tritici
NC_018215 MgXBX3 XP_003853364.1 Zymoseptoria tritici
NZ_CP014485 SPSK_01007 XP_016584170.1 Sporothrix schenckii
NC_030996 FOXG_09848 XP_018247270.1 Fusarium oxysporum
NC_030993 FOXG_02672 XP_018236340.1 Fusarium oxysporum
NC_009328.1 GTNG_RS09260 WP_008880070.1  Geobacillus thermodenitrificans
NW_020455566 LOC112950837 XP_025899255.1 Nothoprocta perdicaria
NW_006912923 Al105 02121 XP_007740927.1  Cladophialophora psammophila
NZ_CP019458.1 BV401_RS11760 WP_079257095.1 Streptomyces autolyticus
NZ_FTNI01000030.1 BXA11_RS32660 WP_204053806.1 Microbispora rosea
NZ_CP021080.1 LKO06_RS05470 WP_039651703.1 Streptomyces pluripotens

NW_017263581 LY89DRAFT_679094 XP_018078127.1 Phialocephala scopiformis
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Table 2 Signal peptide prediction results

ERFF EORKT B 5 WER
LYS8ODRAFT 679094  XP_018078127.1  23and24: TAA-QD 0.68
MgXBX3 XP_003853364.1  18and 19: ATA-QL. 0.81
FOXG_09848 XP_018247270.1  17and18: VSG-QT 0.66
FOXG_02672 XP_018236340.1  2land22: AQA-IW 094

3 12 ZRRMARENE 1, 4- - RFEEEGIRIL IR

Table 3 Physicochemical properties of 12 representative xylan 1,4-f-xylosidase

AR5 REaT T (Asp+Glu)  (Arg+Lys) »FXR SR TR a%iij
B RE Apl FH# RE FAki

MgXBX4 324 3630139 4.80 52 13 C1643H2415N 4230493519 4984 65.68 -0.50
MgXBX3 785 85737.15 4.70 83 49 CasasHesasN10o:O11s0Soy 11880 7932 -0.22
FOXG_09848 554 6097959 6.17 48 44 Co750H4169N7170825515 8478 70.52 -0.31
FOXG_02672 550 6326835 6.39 52 49 CosoHusosNrsOsoSy 8791 7467 -0.40
LYSODRAFT 679094 797 8585501 4.35 77 34 CasoHerooN1000122:S1s 11861 8159 -0.16
LOC112950837 736 7912536 7.95 64 66 CassaHoisNioosO00Sos 11082 8402 -0.04
SPSK_01007 820 89769.18 5.5 108 89 CaosiHorsiNi1seO110:S1y 12498 8264 -0.42
GTNG_RS09260 506 5854473 5.69 66 54 CosrsHaosNeo:OrseS1s 8188 8142 -0.30
BV401 RS11760 463 50806.79 8581 58 63 CorsHauaNessOesrSe 7020 60.17  -0.64
BXALL RS32660 519 5797433 5.71 70 54 CosotHaoN707sSs 8088 8459  -0.30
LK06 RS05470 471 5200631 6.08 59 53 CosoHasoNesOesSe 7195  69.41  -045
A105 02121 331 3709136 5.5 48 31 CisrsHueoNugOmeSs 5108 6927  -045
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F4 12 FREFUEFEBRFHRESER
Table 4 Results of modeling 12 representative amino acid sequences

ERFF Genebank Templates Verify 3D 134~
MgXBX4 NC_018218 5glk 100.00
MgXBX3 NC_018215 5ae6 95.31
FOXG_09848 NC_030996 5jow 93.14
FOXG_02672 NC_030993 5joe 96.97
BXA11_RS32660 NZ_FTNI01000030.1 2bfg 94.61
LOC112950837 NW_020455566 5287 93.17
A105 02121 NW_006912923 5gin 98.19
GTNG_RS09260 NC_009328.1 2bfg 91.90
SPSK_01007 NZ_CP014485 5zqj 93.90
LY89DRAFT_679094 NW_017263581 5ae6 95.03
BV401 RS11760 NZ_CP019458.1 5bxa 84.23
LK06_RS05470 NZ_CP021080.1 5bxa 82.38

x5 FElSAeE
Table 5 Structural classification
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Fig.5 Overlay of the first major class of xylan 1,4-f-xylosidase
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Fig.6 Overlay of the second major class of xylan

1,4-p-xylosidase
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Fig.7 Overlay of the third major class of xylan 1,4-f-xylosidase
E: R¥FE: ALO5_02121; BE&E: MgXBX4; #é.:

FOXG_09848; %%k¢.: FOXG_02672; iK%k &.: SPSK_01007.

B8 ARHE1, 4- S-AEEHEE=KRLHRNNLBEE
Fig.8 Overlay of two subclasses of the third major class of xylan
1,4-p-xylosidases

144

A aAF—IERESE, b AF I EELA.

H A O IR oE s, KR 1,4-p-A0E L
(RIS, AR SRR (B X R K RAR 8] (R S o
% 6 FI2 T AFRFIGEARENE 1,4-p-ANEE RIS
i, GH3 FIERIATENE 1,4--ABEHBE IR RAL SR
AHE, HATDME T RAREE SR LR 2 RN TR
¥, 40 pNPX RS2 RIE-B-D-IE R AHE T ). pNPA
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[EVEF R A feK 2 BARE.

B9 TRSHEAREE 1, 4- f-AEHERESOR
Fig.9 Binding pockets of xylan 1,4-g-xylosidases from different
classifications

: a: LOC112950837; b: BXAI1l_RS32660; c:
Al105_02121.
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(H 92), E&NTERKORAETRRYMASE
W52 854 A GH3 KEARENE 1,4-p-ARFEH
R =5 o BT hr TR B DL S B- 561 4 A
RS FIA AR R =1, 1T LAZK % pNPX. pNPA. pNPG,
R =R, GHR9 A TR M 1,4-p- AN TG
SEATIESR. FFOFFR (B 9b), XA K HAF 48

WY 1 BERINR o T EIRY S AR 7 SCREIBE ST, 7K
FRIRIBERE N TIRY) pNPX. RARWETF . IRRANES
LRANE, WA R, GHA3 KA R
LA-p-ARBEHBERIZE & ARAELT GH39 ZUBRARE
LA-p-ARBEHBERATHE . IR, SRS RA 2~7 MR
BT RREEANESS & (B 90).

R 6 BRORIRARYE 1, 4- S-APEEEEF MR

Table 6 List of enzymatic properties of xylan 1,4-g-xylosidase from some sources

R GH #&i&EE/C F&iE pH SR Kmi(mmol/L)
pNPX 3.10
1 Aspergillus niger® 3 35.00 2.50 AS2H Rb3 1.55
AB I C-Mx 1.04
pNPX 0.83
" PNPA 2.01
2 Dictyoglomus turgidum® 3 75.00 5.00
PNPG 2.39
T-AAEH-10-FL T BL A AL B 0.03
pNPX 0.13
3 Thermotoga petrophila™! 3 90.00 6.00 pNPA 6.17
ABKZF Rd ND
pNPX 4.00
4 C. cellulans sp.BY 3 45.00 8.50 pNPA ND
PNPG ND
pNPX 0.66
pNPA 454
5 Aspergillus niger™ 3 60.00 4.00~5.00 pNPG 4.01
3,4-DNP-Xyl 0.39
A= 30.80
pNPX 1.66
= PNPG ND
6  Dictyoglomus thermophilum®™ 39 75.00 6.00 .
A=#E ND
ZL2HFRL ND
34 pNPX 2.38
7 Geobacillus sp.2* 39 70.00 6.50 ]
TRRAAE ND
pNPX 9.30
8 Caulobacter crescentust™ 39 55.00 6.00 R TENE ND
HEE ND
" pNPX 2.27
9 Massilia sp.” 43 50.00 6.50
pNPA 4.64
. pNPX 171
10 Bacteroides ovatus®" 43 35.00 7.00 .
{RFAAE ND
" pNPX 271
1 Clostridium sp.” 43 40.00 5.00~6.00 )
IRFEANE ND
pNPX 4.50
12 Paecilomyces thermophild™ 43 55.00 7.00 pNPA ND
ERG (EFAME) ND
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K7 TRDAARENE 1, 4- p-AEHEEEAOR
Table 7 Binding pockets of xylan 1,4-p-xylosidases from
different classifications

AR5 soawit AR REaRA)

LOC112950837 ~ -460 46224  676.11

BXALL_RS32660  -7.00 48423 49321
A105_02121 -8.70 51142 51317
ZREPTR, AREWE 14-p-ARBEH B RV 7

et ai & AR KNS L E 2007 € MR
Ve, UEUIEEERE IR TN TGN RS, ATRE XA
P AT B LIRS AN R IR 45 & DA% . AR IR
14-B-AREE B B EEAN AR DU =454 E, oK
PRI RN FL s iyttt A 7 — B RE LR
Mo

3 Z5iE

ASCHIF] NCBI Hdfa i, Wik 7 RRDE 1,4-p-4K
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T 12 RN RS, ML EAT 2 B A EES BL R —
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XGRS ARRNE 1,4-p-ANEHBH R 7 AL R,
B REIFARST » AERIIEAL S R X 28437 R
GRZAFAE, Ui BT REXNS TS5 A B RE A R SRR
T EA BT LA R BUK PE TR AR R B 71X 12 2%
PREERVEFP IR E A, 15 5 RIS R PTm A
FHE 14-p-ARBEF B W T3 2CRT 73 A 0 e b
gyl RAFEARAMBEREIR, WL AR
LA4-B- AR BEH B 7> = KEE, 3 — K E — 4
(alB)s Tk 25— KRMIZEMBONE 2%, HI=" 45
SIEFIZR, AN 32l C 3R U2 (adf)sTIM 7 B Al
(alf)s =—HHIGEER . FnlllZY g i@z =R
—ANI g T ERIRGS Y, C im B TS R HIA T
= RIRRN TIPS, X =P S R R 1R
R LA-p-RBEEREACRIES . a5 RE RS
BIRIRFP I AR — 2, IR 1,4-p-
ARBEE B A T DUABILAE =205 b, RERRSR
RUCBER SRR, BRI/ NGEAE — R 1
SOMAARTERE 14-p-RPEFRERIHEL . ASCEE 2Pk
T 1,4-p-ARBEET 12 AR ILIR T 51, W]
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