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Abstract: Xylan is the most abundant non-cellulose polysaccharide in plant cell walls, accounting for
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substitution, which poses a major challenge for the conversion of biomass resources to biofuels and other
value-added products efficiently. Therefore, it is necessary to develop optimal mixtures composed of
different types of enzymes for efficient degrading xylan substrates. However, it is difficult to customize
efficient degradation enzyme systems for specific types of substrates. The types of substrates, the
composition and physical properties of substrates, the degree of polymerization of polysaccharides as well
as the performance of different degrading enzyme components should be considered. This paper shows the
recalcitrant barrier of plant xylan from structural heterogeneity and synthesis complexity. Moreover, the
diversity of xylan degrading enzymes and their synergistic degradation are analyzed, as well as the mixed
enzymes produced by microbial flora in nature habitats, the efficient enzyme system produced by
degrading dominant microorganism, and the simplified efficient enzyme system modified and customized
based on specific xylan substrates. With the deeper study on the fine structure of different types of xylan
and the substrate specificity of the xylan-degrading enzymes, the green and efficient xylanase system was
customized for specific substrate to accelerate the degradation of xylan substrate, so as to realize the

friendly and high-value utilization of lignocellulosic resources.

Keywords: Xylan, Structural heterogeneity, Xylan-backbone degradation enzymes, Xylan side-chain
degradation enzymes, Synergistic degradation, Customized enzymes

HE MR ) T AR A B A9 A S 2T 4 3% g b
W, BRI TR e AR A ol P B R SR IR
K, SGE I TG Y o B — R = T,
LRI LA /K B R FH AR IR A, 1 H AR %
— . BARCR R . (AR 4ER MY IS5 I %
HEA SR, Rl R RN e %
B, RFEPRIEA AP EAL # I B AR,
I, AAZIUET X R S 2 Y B4 A SROBE OGP A W o il T
Lo HA TIAFRYYE & AR R £ 24 R
TS SRR e M R R R Sk, A REAT X ANTR] AR R
Wy i G e A AR el e, T P AR
FHH A FIBC IR I AR I AR o RIS A 1k
SRR RIS ERCH], SO HRoE I fedl
EAETIARRBEERAG R, I SEBUX AT 2T 4 3%
IRk L mHE R o

1 REWS MR RE
AREPEARR S —FEEHAZH, |
AN AR N 58, — A ASTR) RO S5 1) A e
(F 1), HEEARRWEPB-1,3 F/E B-1,4 BiHHLER)
S RS, TOMEEEBUREE, EBfE e TR
b, gk P B SR A R
AUEA B-14-3E BTN F4E, 8 HAT 5 FobE
BT BURIERMIGE , FRARIE AT LA 40 TR

BTHAFTE . AHE . PRUBE AR AESE, ARk
IR [FRE ) ZH L AR SR, AN B ) B A
IS A AR T, 43500 i 4 hy 6 5 0 1 I A 5
B BRSO | A AR B H A AR SRR (& 1)
1.1 EHEEREERAKZEHE (glucoronoxylan, GX)

2 B R K B M (glucoronoxylan , GX)f& ARAS
HiMyh B LR g R ZHED . R AR AR
WL O- £ ot 2k -4-O- HY 54 4 Wl 18 1R -B-D- AR Rl
(A IR Ry S T R A R, AR T
M 15%-35%", ZBEIEAE AR SRS EAT L 2
i, JLPFER—DNARRA 0-2 5 0-3 BRI
(34%—49%) 5 B AR (6%—T7%) i) Z T L1, 24
0-2 # 4-O- I LA A R U, O-3 W] [H] I
ZBEFEBUC(10%), A RWE 1) A T (degree of
polymerization, DP) K%k 200; £ A#F H AR
WS ERIT, T DP R AR, K2k 10017, B
RERRTE SR BRI o3 A A AR, B 10 DAKHFR I
W 0-2 fiA7 2 4~ 4-O-F i e
1.2 PTHI{EAKRZEHE(arabinoxylan, AX)

BT Fi7 {1 A R Hil (arabinoxylan , AX) /2 B AAE Y
F IR LT G E LY BT R AC OB P O BE R
SR BTRAARE, e MO R RS PR
JGHY O-2 FV/EL O-3 i ; FIHLAASMEY-F- 15 DP 78

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



2280 WA= 1E

Eie Microbiol. China

F1 FRFREARREMELRMLER

Table 1 General properties of xylans from different sources
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Figure1 Schematic diagram of heteroxylan structure'®
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Table 2 The monosaccharide composition of different grain processing by-products (%)

Fdh B AWk BT AFDR LBk HEbE A B
Sample Glucose Xylose Arabinose Galactose Mannose Rhamnose Fucose
AN =535 40.5 224 30.8 5.3 1.0 - -
Wheat bran

oK 33.1 29.1 343 2.9 0.6 = =
Corn bran

55 7.4 11.9 6.2 42.6 1.6 27.9 25
Soybean dregs

584 7.9 23.9 7.3 14.2 23.0 21.6 2.1

Soybean hulls

Note: “—” Nothing was detected.
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Table 3 Types of xylan-degrading enzymes
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Enzyme GH family EC number  Substrate specificity

ARERME 4 A e i
Xylan-backbone degradation enzymes
YA B B ity GHS, 8, 10, 11, 30,43, 51,98 EC3.2.1.8 GHS is only active on GX/GAX; GH30 is only
Endo-1,4-B-xylanase active on AX/GAX
A i GH3, 39, 43, 52, 120 EC3.2.1.37 Releases xylose from non-reducing ends
Exo-1,4-B-xylosidase

AR SRV £ 2 e i
Xylan side-chain degradation enzymes
BRI ok MR R T Tl GH3, 43, 51, 54, 62 EC3.2.1.55  AXH-d is active on doubly substituted L-Araf
o-L-arabinofuranosidase residues; AXH-m is active on single substituted

L-Araf residues
T2 BRIl GH67, 115 EC3.2.1.139  GH67 is active on short xylooligosaccharides;
a-D-glucuronidase GH115 is active on polymeric
xylooligosaccharides

T A B B TR il CEl1-7, 12, 16 EC3.1.1.72 Liberates acetic acid from acetylated xylan; CE16
Acetyl xylan esterase releases acetic acid from non-reducing ends
PR 25 TR T it CEl, EC3.1.1.73 Liberates phenolic acids from xylan
Ferulic acid esterase
75 5 R i CElS5, EC3.1.1.- Liberates coumaric acid from xylan

p-coumaric acid esterase
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