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Interaction between xylanase and XIP-type xylanase inhibitor

protein: a review
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Abstract: XIP-type xylanase inhibitor proteins have inhibitory effects on most fungal xylanases of the
GH10 and GH11 families, but they cannot inhibit xylanase produced by plants and bacteria. The inhibitory
effect of XIP-type xylanase inhibitor protein on xylanase is mainly through simulating substrate contacting
the active site of the enzyme, and quickly blocking the channel of the substrate into the active site region.
However, in the crystal structures of GH10 and GHI11 xylanase that are resistant to XIP-type xylanase
inhibitor proteins, the loop conformations linking secondary structures obviously hinder the inhibition of
XIP-type xylanase inhibitor proteins. Compared with XIP-sensitive xylanase, the insertion mutation of
amino acid residues results in a prominent conformation of the loop of resistant xylanase. In XIP-resistant
GHI11 xylanase, the substitution of some amino acids in the thumb structure prevents the XIP-type
xylanase inhibitor protein from forming a stable hydrogen bond and hydrophobic structure with the thumb
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structure, thereby weakening the inhibitory effect of XIP.

Keywords: Xylanase, XIP-type xylanase inhibitor protein, Molecular recognition
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Figure 1
GH10 xylanase from 7. aurantiacus

3-dimensional structural characteristics of
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Figure 2 Stereo model of the bound xylooligosaccharides
with GH10 xylanase from Streptomyces olivaceoviridis""
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Figure 3 Structural patterns (A) and substrate binding site (B) of GH11 xylanase

3 XIP RARRBHANHEANS FEH
3 X-ray 1551 XIP A SRBEREN 6 & A 1)
YR — N B (Bla)s AR RO IR B AR, T
Uit () PRV 45 49 F 1) — THDE B — A MR 5 76 XIP &Y
AR R T T 2 11 6 1 RO AEAE 3 AMRSF IS
TRAIERIR I, 73502 Trp256xpa1. Tyr189xip
1 Phellxp; XIP BI85 18 i i M40l Jr =X
e PRI A SRR () 912, XTP R ) i 2
1 RESE [ I 0k A B R4 GHI10 #1 GH11

~hngy

‘32#

=Rty

4 XIP BIKREBREBIHEAN - REMS=

Figure 4 Secondary and tertiary structures of XIP inhibitor protein
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[12]

TE: A XIP BURRBERHD G (A RS- K5 B: K A KIeERe 90°% XIP-1 737,
Note: A: Crystal structure diagram of XIP inhibitor protein; B: Diagram A of XIP-I molecule is rotated about 90°.
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GH10 xylanase %

XIP inhibitor protein

GH11 xylanase

XIP inhibitor protein

B 5 XIPEABERNIESS GH10. GHI1 ABREHMELERESE

Figure 5 Interaction pattern of XIP-type xylanase inhibitor protein with GH10 and GH11 xylanase

[15]

TE: A XIP BURRBERHDHIE A5 GH10 ARNEAG; B: XIP BRURKRMHRG G 5 GHI1 AR
Note: A: XIP-type xylanase inhibitor protein and GH10 xylanase; B: XIP-type xylanase inhibitor protein and GH11 xylanase.
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Figure 6 The complex structure of the XIP-I/P.

funiculosum GHI11 xylanase overlaid with xylanase
NpXyn11A™8
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Figure 7 The complex structure of the XIP-I/F. graminearum GHI11 xylanases XylA and XylB overlaid with P.

funiculosum XynC'zs]

T A KRB XylA 5 XIP-THI & B: ARNEAG XyIB 15 XIP-LMH .
Note: A: Xylanase XylA and XIP-I inhibitor protein; B: Xylanase XylB and XIP-I inhibitor protein.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2306 A2 AR

Microbiol. China

< 47 A
PgXynC PfXynA XIP-1

B8 AREHEES PgXynA #1 XIP-1 MBI EQZ B FES
18] 43z BRL 9 TE 478"

Figure 8 Evidence of steric hindrance between xylanase
PgXynA and XIP-I inhibitor protein'>!
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Figure 9 Structural model of the predicted clashes
between xylanase PgXynB and XIP-I inhibitor protein''!

53 ATL#ER XIP i1 GH11 KEHEEER
TR

XIP-1 Xt Aspergillus niger B GH11 A HL
ASRZUAMHIYE, Tahir 257508 5 ok Sty T
HRAGEARMR, M5 117 L Asn AN, Ala J5, X
XIP-1 U Aspergillus niger RFEVEMFRAG T HT
Pes Asnl17 (7T B8 B, HESBMHE 45, If
HSBEORST; 455 2210 Asn 28728 MR Ala J5
R g5 B, AR KRG R4S A B

BAsZE, MIIRH LR T K53t 9 XIP IR A 17
T A R, B8 450 D) — e 2 R
Thr114 . Thr1l6 . Asnll7 . Thrl24 . Thr126 Fil
Thr128, {3 HAMEE LAY 5 XIP-1 B Rzs ] b
Xt
6 HZiHRE

XIP-1 5 AR ROl 1) A A A R A3k
T T ALV A 4 fk 'y U5 2 M b 2855 il 1140355 M 7
&, BRI R IAS S 450, 4078 GH10 R
BRI ™ R0 XIP Bitk, WRBE M o/p ZIEH
Loop &M, MRE %4 o/B B9 Loop K44
A—, WIMTERSE AR S st AR S XIP-1 4%, T3
XIP-1 LA Y25 G 2 B

XIP AEHIT GHI1 FR TR A S MG 202
XIP (% I1 %Y Loop SEZE T i AE AL A X I8l iy e
. FERFRA XIP Jrfk GHI11 AR RHE, <HiE”
SER XS BN IR, [RIB A PR 2
PRRL L, B M G AR A DL R R0 T i
X, AREPATHE AR S G EERA D Y FERE

AIIE A SR A1 1] 28 A [R] B8 sl A ) AR R
WEREA A S 2 R BRSSP U R ek S A
Y1k AR R B A [ it T 11%) 22 T AR SROB T =2 3 1T
AR AR R 235 51 o XTP 75 A5 A SR it 1 1) 25 11 1
FELE BT 2R A ) A= A B B, FEARLD 09 AR K AR
DA K 197 400 SO BB A AR ) B i o AR
FAROY, ]t 2 g kR ik SE A & BUK RS XTP A
R BWERGI 7] Oshi-XIP 25 T /K FEX & E
TR R R R AR AP ERY R, A
XIP 3o F IR AR AR A e s T ft e fe o .
H—, FAREER Neocallimastix sp.)=4:Hy
XIP RARBUIEARSMERG T T 22 200k, AT LA
LTI XTP AR SMH I 6 2 A FIE T,
v A OB ) FH R, Frederix Z5E027E 45 i
K -TER I 43 B AR AN TAXT K& XTIP BUA SR
WA 25 1 W] s B AT HOME R R SROBE R, A IR
T AR AR XAA HA BB WUGERCR, Sb

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



XUHTE S ARWEBGS XIP RUA SR ] 8 AR S T 2 PR i se it g 2307

AN FERF BRI A SR XBS, i th 1 75 2450 (1 il
e BT 5 2 B AACR o IR AR o 2 11 S R SRp
Tt 140 AR E A P AIL 0T ol 6 P o A SRl 1 7
B T ARG , AR 3 T p mid AR
A A T B 0 TR AT R s FEICR

REFERENCES

[11 He X, Yu B, He J, et al. Effects of xylanase on growth
performance, nutrients digestibility and intestinal health in
weaned piglets[J]. Livestock Science, 2020, 233: 103940

[2] Adiguzel G, Faiz O, Sisecioglu M, et al. A novel endo-p-1,
4-xylanase  from  Pediococcus  acidilactici  GC25;
purification, characterization and application in clarification
of fruit juices[J]. International Journal of Biological
Macromolecules, 2019, 129: 571-578

[3] Campioni TS, de Jesus Moreira L, Moretto E, et al.
Biobleaching of Kraft pulp using fungal xylanases produced
from sugarcane straw and the subsequent decrease of

chlorine consumption[J]. Biomass and Bioenergy, 2019, 121:

22-27

[4] Debyser W, Peumans WJ, van Damme EJM, et al. Triticum
aestivum Xylanase inhibitor (TAXI), a new class of enzyme
inhibitor affecting breadmaking performance[J]. Journal of
Cereal Science, 1999, 30(1): 39-43

[5] McLauchlan WR, Garcia-Conesa MT, Williamson G, et al.
A novel class of protein from wheat which inhibits
xylanases[J]. Biochemical Journal, 1999, 338(2): 441-446

[6] Fierens E, Rombouts S, Gebruers K, et al. TLXI, a novel
type of xylanase inhibitor from wheat (Triticum aestivum)
belonging to the thaumatin family[J]. Biochemical Journal,
2007, 403(3): 583-591

[7] Croes E, Gebruers K, Luyten N, et al. Immunoblot
quantification of three classes of proteinaceous xylanase
inhibitors in different wheat (7Triticum aestivum) cultivars
and milling fractions[J]. Journal of Agricultural and Food
Chemistry, 2009, 57(3): 1029-1035

[8] Collins T, Gerday C, Feller G. Xylanases, xylanase families
and extremophilic xylanases[J]. FEMS Microbiology
Reviews, 2005, 29 (1): 3-23

[9] Natesh R, Bhanumoorthy P, Vithayathil PJ, et al. Crystal
structure at 1.8 A resolution and proposed amino acid
sequence of a thermostable xylanase from Thermoascus
aurantiacus[J]. Journal of Molecular Biology, 1999, 288(5):
999-1012

[10] Fujimoto Z, Kaneko S, Kuno A, et al. Crystal structures of
decorated xylooligosaccharides bound to a family 10
xylanase from Streptomyces olivaceoviridis E-86[J]. Journal
of Biological Chemistry, 2004, 279(10): 9606-9614

[11] Paés G, Berrin JG, Beaugrand J. GHI11 xylanases:
structure/function/properties relationships and
applications[J]. Biotechnology Advances, 2012, 30(3):

[12]

[13]

[14]

[15]

[16]

(7]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

564-592

Payan F, Flatman R, Porciero S, et al. Structural analysis of
xylanase inhibitor protein I (XIP-I), a proteinaceous
xylanase inhibitor from wheat (Triticum aestivum, var.
Soisson)[J]. Biochemical Journal, 2003, 372(2): 399-405
Flatman R, McLauchlan WR, Juge N, et al. Interactions
defining the specificity between fungal xylanases and the
xylanase-inhibiting  protein ~ XIP-I ~ from  wheat[J].
Biochemical Journal, 2002, 365(3): 773-781

Goesaert H, Elliott G, Kroon PA, et al. Occurrence of
proteinaceous endoxylanase inhibitors in cereals[J].
Biochimica et Biophysica Acta (BBA)-Proteins and
Proteomics, 2004, 1696(2): 193-202

Payan F, Leone P, Porciero S, et al. The dual nature of the
wheat xylanase protein inhibitor XIP-I: structural basis for
the inhibition of family 10 and family 11 xylanases[J]. The
Journal of Biological Chemistry, 2004, 279(34):
36029-36037

Sidhu G, Withers SG, Nguyen NT, et al. Sugar ring
distortion in the glycosyl-enzyme intermediate of a family
G/11 xylanase[J]. Biochemistry, 1999, 38(17): 5346-5354
Liu MQ, Wu XQ, Huo WK, et al. Differential inhibition of
GH family 11 endo-xylanase by rice xylanase inhibitor and
verification by a modified yeast two-hybrid system[J].
International Journal of Biological Macromolecules, 2019,
132: 514-523

Vardakou M, Dumon C, Murray JW, et al. Understanding
the structural basis for substrate and inhibitor recognition in
eukaryotic GHI11 xylanases[J]. Journal of Molecular
Biology, 2008, 375(5): 1293-1305

Belién T, van Campenhout S, van Acker M, et al. Cloning
and characterization of two endoxylanases from the cereal
phytopathogen Fusarium graminearum and their inhibition
profile against endoxylanase inhibitors from wheat[J].
Biochemical and Biophysical Research Communications,
2005, 327(2): 407-414

André-Leroux G, Berrin JG, Georis J, et al. Structure-based
mutagenesis of Penicillium griseofulvum xylanase using
computational design[J]. Proteins, 2008, 72(4): 1298-1307
Tison MC, André-Leroux G, Lafond M, et al. Molecular
determinants of substrate and inhibitor specificities of the
Penicillium  griseofulvum  family 11  xylanases[J].
Biochimica et Biophysica Acta (BBA)-Proteins and
Proteomics, 2009, 1794(3): 438-445

Hu JG, Saddler JN. Why does GH10 xylanase have better
performance than GH11 xylanase for the deconstruction of
pretreated biomass?[J]. Biomass and Bioenergy, 2018, 110:
13-16

Denisenko YA, Gusakov AV, Rozhkova AM, et al. Protein
engineering of GHI10 family xylanases for gaining a
resistance to cereal proteinaceous inhibitors[J]. Biocatalysis
and Agricultural Biotechnology, 2019, 17: 690-695

Liu XY. Properties of xylanase inhibitor protein from wheat
and its influence on efficacy of exogenous xylanases[D].

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2308

(DGR ESTE(

Microbiol. China

[25]

[26]

(27]

(28]

Zhengzhou: Doctoral Dissertation of Henan Agricultural
University, 2016 (in Chinese)

XUBE . /N AR ) 25 3 0P 5 X A IR SR A
DA DTFE (D). KM AT Al R b2 e
X, 2016

Zhu DD. Structure elements for inhibitor protein resistance
of Xylanse XynlB and its application experiment[D].
Zhengzhou: Master’s Thesis of Henan Agricultural
University, 2018 (in Chinese)

RAIR. BUIIHIHACRNEEG Xyn]B Jrik 25/ 3l S p mi
N FRER[D]. KM TR Ol R A8 3, 2018
Zhu DD, Liu XY, Xie X, et al. Characteristics of a
XIP-resistant xylanase from Neocallimastix sp. GMLF1 and
its advantage in barley malt saccharification[J].
International Journal of Food Science & Technology, 2020,
55(5): 2152-2160

Juge N, Payan F, Williamson G. XIP-I, a xylanase inhibitor
protein from wheat: a novel protein function[J]. Biochimica
et Biophysica Acta (BBA)-Proteins and Proteomics, 2004,
1696(2): 203-211

Belién T, van Campenhout S, van Acker M, et al.

[29]

[30]

[31]

[32]

Mutational analysis of endoxylanases XylA and XylB from
the phytopathogen reveals
comprehensive insights into their inhibitor insensitivity[J].
Applied and Environmental Microbiology, 2007, 73(14):
4602-4608

Tahir TA, Berrin JG, Flatman R, et al

characterization of substrate and inhibitor binding sites of a

Fusarium  graminearum

Specific

glycosyl hydrolase family 11 xylanase from Aspergillus
niger[J]. Journal of Biological Chemistry, 2002, 277(46):
44035-44043

Sun RJ, Xu Y, Hou CX, et al. Expression and characteristics
of rice xylanase inhibitor OsXIP, a member of a new class
of antifungal proteins[J]. Biologia Plantarum, 2018, 62(3):
569-578

Xin ZJ, Wang Q, Yu ZN, et al. Overexpression of a
xylanase inhibitor gene, OsHI-XIP, enhances resistance in
rice to herbivores[J]. Plant Molecular Biology Reporter,
2014, 32(2): 465-475

Frederix SA, Courtin CM, Delcour JA. Substrate selectivity
and inhibitor sensitivity affect xylanase functionality in
wheat flour gluten—starch separation[J]. Journal of Cereal
Science, 2004, 40(1): 41-49

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



