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Abstract

Acetyl xylan esterase is one of the key enzymes in xylan degradation enzyme system. However, acetyl xylan esterase from natural
microorganisms has low expression, low enzyme activity and impure product. In this study, a new xylanase gene, est1051, from the metagenomic
library, was expressed in prokaryotic system. Enzymatic properties, including optimum temperature and pH, thermal and pH stability, organic
solvent, metal ion and salt solution tolerance were explored. Finally, the synergism with cellulase on degrading straw was identified and
evaluated. EST1051 displayed high homology with acetyl xylan esterases in amino acid sequences and conserved active sites. And EST1051
showed good stability across a broad temperature range, its enzymatic activities had been retained more than 50% between 4°C and 50°C after
24 hours of incubation. Furthermore, we conducted single-factor analysis and orthogonal design to determine optimal conditions for the highest
reducing sugar yield of wheat straw. Interestingly, the synergism of EST1051 with cellulase showed the efficient transformation of wheat straw.
In conclusion, these findings might open the door to significant industrial applications of a novel acetyl xylan esterase (NCBI Reference Sequence:
MK111431, EST1051) and help identify more efficient methods to degrade cellulose-rich plants.
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Introduction

Acetyl xylan esterase (AXE, EC 3.1.1.72) is one of the least
known hemicellulose degrading enzymes. It is found that the acetyl
group hinders the hydrolysis of xylanase to xylan. Deacetylation of
acetylated xylan can improve its hydrolysis efficiency. Therefore,
deacetylation of acetylated xylan, as carbon source, has been
widely used for microbial growth in past long time. However, the
ability of the microorganism to produce AXE is inhibited under
this condition. Moreover, the discovery and research of this
enzyme are relatively late than other lignocellulose degrading
enzymes due to the lack of suitable substrate and low content. AXE
has same conserved sequence, G-X-S-X-G [1], as serine esterase
family. The substrate binding site of AXE is very small and can
only contain one acetyl group. Thus, the specificity of the enzyme
is maintained [2,3]. As far as we know, although many acetyl
xylanases [4,5,6] have been reported, they are difficult to be used

in industry due to their lack of stability and activity. The
thermostable AXE with excellent properties still needs to be
discovered.

Nonrenewable resources are gradually exhausted, which
has caused serious environmental pollution problems [7]. The
demand for renewable resources development and utilization
in the world is increasing [8]. With the continuous progress
of Chinese agriculture, the total output of crop straw is also
increasing year by year. However, only a small part of the crop
straw is used for returning to the field, a part of the crop straw
is used as feed, and only a very small number of applications in
industry [9], the rest is directly burned. Cellulose, lignin, and
hemicellulose are the main components of straw, among which
the content of the hemicellulose accounts for about 30% [10].
Hemicellulose is the second largest renewable biomass resources
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after cellulose in plant cell walls [11]. The original soluble sugar
and hydrolyzed small molecular sugar in hemicellulose can be
further fermented into ethanol [12]. Hemicellulose also contains
a variety of side chains together with various side chains of lignin.
Cellulose is wrapped inside so that the accessibility of cellulose
and enzymes is reduced. Therefore, degradation of hemicellulose
can also improve the utilization of cellulose.

Synergism of acetyl xylanase and cellulase can effectively
improve the conversion rate of biomass sugar, which can reduce
the cost of biofuel. Treatment of hemicelluloses by organic
solvents or other non-biological methods will result in large loss
of hemicellulose with high energy consumption and high cost of
equipment. Therefore, enzymatic treatment of hemicellulose is a
feasible, green, and reasonable way. Some studies on enzymatic
degradation of straw have been reported. using. The maximum
sugar yield reaches 23.48mg/ml when crude enzyme complex of
T. reesei Rut-C30 and AXE transformant T2 react with corn stover
plus paddy straw mix (1:1 ratio) after 96h [13]. The maximum
sugar yield reaches 1.6umol/ml when immobilized enzyme,
PersiXyn2@bis-AE@RKIT-6, reacts with rice straw after 50h [14].
In this work, the saccharification rate reached 76.12% when
EST1051 and cellulase reacted with wheat straw pretreated by
alkali for 8h.

In this study, EST1051 was sequenced and then performed

multiple sequence alignment. The results diaplayed that it was
a novel AXE. And EST1051 showed excellent thermal stability
and tolerance to metal ions, organic solvents, salt solutions and
excellent ability to degrade wheat straw and great potential for
industrial application.

Results and Discussion
Genetic characterization

The est1051 was sequenced and analyzed with ORFfinder
of the National Center for Biotechnology Information (NCBI),
which showed that the full length of the ORF sequence is 1051
bp containing AXE gene named est1051. The est1051 encoded
a 35.07 kDa protein containing 307 amino acids. Through
multiple sequences alignment and protein BLAST search by
BioEdiet , ESPript 3.0 and NCBI, EST1051 was found to be
similar to an acetylxylan esterase (81.40%, NCBI accession:
WP_189603113.1), an acetylxylan esterase (67.24%, NCBI
accession: WP_089683842.1), an acetylxylan esterase (66.55%,
NCBI accession: 0GP96767.1), an acetylxylan esterase (64.69%,
NCBI accession: WP_074225788.1). These sequences were strictly
conserved with G-X-S-X-G and catalytic triad Ser?*-His!*>-Asp?!®
(Figure 1). The catalytic triad formed the catalytic active center of
AXE. Through multiple sequences alignment, it could be concluded
that EST1051 was a new AXE (EC3.1.1.72).
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Figure 1: Multiple amino acid sequences alignment of EST1051 with its closest homologues. All closest homologues sequences were
obtained from NCBI database. WP_189603113.1, acetylxylan esterase from Salinimicrobium marinum; WP_089683842.1, acetylxylan
esterase from Catalinimonas alkaloidigena; OGP96767.1, acetylxylan esterase from Deltaproteobacteria bacterium; WP_074225788.1,
acetylxylan esterase from Algoriphagus halophilus. Similar sequences were indicated by colored backgrounds. The six residue sites Ser?,
Glu®?, Ser®, Glu®®, His1%, and Asp218 labelled as asterisks (*) were strictly conserved in AXE amino acid sequence.
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Cloning and overexpression of the AXE Gene in E. coli
and purification of the recombinant protein

PCR was conducted by using plasmids containing pUC118-
Est1051 and Est1051-F, Est1051-R as templates and primers
respectively. The amplified fragment length was consistent with
the predicted target DNA fragment length of 1051 bp. pET28a-
est1051 was identified by enzyme digestion verified (Figure 2)
and DNA sequencing confirmed. EST1051 was expressed in E. coli
BL21 (DE3). According to the optimal induced temperature (37°C)
and time (10h), the optimal induction concentration of isopropyl

B-D-1thiogalactopyranoside (IPTG) was 0.8 mM. Expression strain
was induced by IPTG and then broken by ultrasound. The crude
enzyme was purified and then analyzed by SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) [15]. The enzyme was purified
with a specific activity of 1046+17 U/mg. Figure 3 showed the
results, the approximate target band (50kDa) including theoretical
calculation of the cellulose enzyme molecular weight (35.07kDa)
and protein molecular tags weight (15kDa). The results showed
that the recombinant protein was high soluble expression in E. coli,
which was also the premise and basis for industrial application.

Ve
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Figure 2: Electrophoresis identification of recombinant plasmid by EcoR/ and Xhol. M, DL45, 00 DNA Marker; Lane 1, Recombinant
plasmid; Lane 2, Recombinant plasmid digestion by EcoR and Xhol. The target band is located between 800 bp and 1200 bp.

J

Characterization of recombinant EST1051

EST1051 displayed an optimal pH of 7.0 toward p-nitrophenyl
acetate (pNP-C2), indicating that AXE EST1051 was a alkali
resistant enzyme (Figure 4A). The enzyme activity could still
maintain above 50% between pH 5-7.5 after 24 h. The optimal

reaction temperature of EST1051 at optimal pH was measured
with pNP-C2 as substrate (Figure 4B). Maximum activity occurred
at 40°C. And more than 50% of maximum activity was retained
at 4°C-50°C after 24 h, indicating that cellulase Cel1029 has good
tolerance to temperature.
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Figure 3: SDS-PAGE analysis of recombinant EST1057. M, Protein MW Marker; Lane 1, purified recombinant EST7057; Lane 2,
unpurified recombinant EST70517. The approximate target band (50kDa) including theoretical calculation of the cellulose enzyme
molecular weight (35.07kDa) and protein molecular tags weight (15kDa).
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Figure 4: Effect of pH and temperatures on activities and stability of enzyme. (A) Effect of pH on activity and stability of EST1057. (B)
Effect of temperatures on activity and stability of EST70517. Data points were the average of triplicate measurements, and error bars
represented the standard deviation.
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As shown in Figure 5. AXE activity was slightly enhanced in
the presence of Zn2+, Mn2+ and Mg2+, Fe2+ at a concentration
of 1ImM and 10mM respectively. And AXE activity was obviously
enhanced by the addition of Mg2+ at concentration of 10mM with

the relative activity 150.46%. The result suggested that metal ions
were required for enzyme activity and EST1051 was resistant to
most metal ions. The enzyme activity could be increased by adding
appropriate metal ions in industrial production.
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Figure 5: Effect of metal ions on enzyme activities of EST1057 using pNP-C2 as the substrate. Enzyme activity was measured after the
reaction of 180uL 40mM Britton-Robinson buffer (pH 7.0), 10uL pNP-C2 of 1umol/L and 10uL pure enzyme solution at 4001 for 20 min.
Britton-Robinson buffer contained different metal ions with concentration of 1mM or 10mM respectively. Enzymatic activity without metal

ions was defined as 100%.

J

To determine the usefulness of est1051 in industrial
applications, it was necessary to study the effects of organic
solvents and high salt on its activity and stability. Fig. 6 shows the
results. The relative activity was maintained at around 91.01% in
the presence of 1 mM ethanol. AXE activity increased slightly in
the presence of 1 mM DMSO or methanol with relative activities
105% and 141.89% respectively. Interestingly, with the increase
of the concentration of isopropanol and Triton X-100, the enzyme
activity increased, and the enzyme activity could reach 87.80% in
30% isopropanol.

NaCl (OM to 2M) were used to study the salt tolerance of
recombinant enzyme properties under optimal temperatures
and pH. Figure 6 shows the results for the enzyme activity, which
remained above 50% when the salt concentration was lower than
1 M, indicating that EST1051 tolerated low concentrations of salt.
In summary, AXE EST1051 tolerated some organic compounds
and reagents. The addition of different concentrations of certain
organic compounds increased enzyme activity.

As shown in Fig. 5, AXE activity was slightly enhanced in
the presence of Zn2+, Mn2+ at 1 mM, and by Mg2+, Fe2+ at a
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concentration of 10 mM, with other relative activities. For Mg2+, relative enzyme reached 150.46%. The relative activity of AXE was
at 10 mM had the greatest promoting on the enzyme, and the inhibited by other metal ions in different degrees.
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Figure 6: Effect of organic solvents on enzyme activities of EST1051 using pNP-C2 as the substrate. Enzyme activity was measured after
the reaction of 180uL 40 mM Britton-Robinson buffer (pH 7.0), 10 yL pNP-C2 of 1 ymol/L and 10uL pure enzyme solution at 4001 for 20
min. Britton-Robinson buffer contained different organic compounds or organic solvents with different concentrations. Enzymatic activity
without organic solvents was defined as 100%.

To determine the usefulness of est1051 in industrial industrial production might increase the enzyme activity.
applications, it is necessary to study the effects of organic solvents
and high salt on its activity and stability. Fig. 6 shows the results.
The relative activity was maintained at around 91.01% in the
presence of 1 mM of ethanol. AXE activity increased slightly in the
presence of 1 mM of DMSO and methanol, with relative activities
ranging from 105% to 141.89%. Other concentrations of organic
solvents have different degrees of inhibition in relative activity.
Interestingly, the enzyme activity was promoted with the increase
of the concentration of isopropanol and Triton X-100, and the
enzyme activity could reach 87.80% in 30% isopropanol. This
result suggested that EST1051 had strong tolerance to organic
solvents. And even adding appropriate organic solvents in

NaCl (0 M to 2 M) were used to study the salt tolerance of
recombinant enzyme properties under optimal temperatures and
pH. Figure 7 shows the results. The enzyme activity remained
above 50% when the salt concentration was 1M, indicating that
EST1051 tolerated low concentrations of salt. In this study, The Km
and Vmax values were 0.923mM and 0.061mM/min, respectively.
The kinetic constants Km and Vmax of AXE were determined using
pNP-C2 as substrate. Km was the most important characteristic
constant of enzyme. Determining Km is an important method
to study enzyme kinetics, which can reflect the size of affinity
between enzyme and substrate.
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Figure 7: Effect of NaCl on enzyme activities of EST1051 using pNP-C2 as the substrate. Enzyme activity was measured after the
reaction of 180uL 40mM Britton-Robinson buffer (pH 7.0), 10uL pNP-C2 of 1uymol/L and 10uL pure enzyme solution at 4001 for 20 min.
Britton-Robinson buffer contained NaCl with different concentrations. Enzymatic activity without KCI was defined as 100%.
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Enzymatic Hydrolysis of Wheat Straw Biomass

Wheat straw biomass contain a large amount of cellulose,
lignin, and hemicellulose, which are hydrolyzed into cellobiose or
glucose by enzymes such as cellulase and xylan esterase. Cellulase
and AXE can degrade cellulose, lignin and hemicellulose to
produce cellulosic ethanol, and then produce biofuel by microbial
fermentation, which can optimize the use of WSB as a resource
[16,17]. The optimal conditions of enzymatic hydrolysis to WSB
were studied by using spectrophotometry. Figure 8 showed the
optimal hydrolysis conditions. The saccharification rate reached
72.58% atapH of 6 (Figure 8A). As pH increase, the saccharification
rate decreased. At a pH of 7.5, the saccharification rate was only
42.08%. At 65°C, the saccharification rate dropped to its lowest
value of 29.96%. As temperature decreased, the saccharification

rate increased, reaching its highest value of 75.04% at 40°C
(Figure 8B). The maximum saccharification rate reached 72.13%
with 5 mL of enzyme (EST1051 and cellulase, 1:1, v/v). Fig. 8D
showed the effect of different enzymatic hydrolysis time on the
saccharification rate. The saccharification rate of WSB reached
its highest value of 70.33% when the enzymatic hydrolysis time
was at 10 hours. Table 1 showed the results of the orthogonal test.
The primary factor affecting the saccharification rate of WSB was
pH, followed by the secondary factors, enzymatic hydrolysis time,
temperature, and addition amount. The optimal conditions for
a peak saccharification rate of WSB were as follows: 40°C, 6 mL
of enzyme, pH of 5.0, and 8 hours of enzymatic hydrolysis. The
maximum saccharification rate of WSB was about 76.12%. So far,
it has not been reported that the nature enzyme degrades water
hyacinth with such high efficiency.

e N
A . B
& B0+ g 80+
I 21
£ 60- Z 5o
= =
2 1 =
Z 404 = 40
s g
£ 204 2 204
£ ] g
0 T T T T 1 0 T T T 1
30 40 S50 &0 7O 30 40 50 B0 7O
Temperature{ T) Temperature ( T)
£ 807 )]
§. 70 & 707
= 60 g 60
- =3
g 40 Z a0
3% E 30
= —
2 20] £
10 LANN DL RN R | & 207 T T \
B & X 8 8 0 5 10 15
Enzyme dosage (ml) Time!{ h}
Figure 8: Effect of pH, temperature, enzyme amount and time on enzymatic saccharification rate of WSB. Data points and error
bars represented mean and standard deviation, respectively. (A) Effect of pH on the enzymatic saccharification of WSB. (B) Effect of
temperature on the enzymatic saccharification of WSB. (C) Effect of enzyme amount on the enzymatic saccharification of WSB. (D) Effect
of time on the enzymatic saccharification of WSB.
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Table 1: Orthogonal test results and analysis. K,, K, and K, represented the average value of the corresponding factor in each column in three

experiments at level 1, 2 and 3. R represented the difference between the maximum K value and the minimum K value in each column.

Run A-Temperature (°C) B-pH C-Time(h) D-Enzyme dosage(mL) Saccharification rate (%)
1 1 1 1 1 61.81
2 1 2 2 2 57.78
3 1 3 3 3 34.45
4 2 1 2 3 76.12
5 2 2 3 1 43.42
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6 2 3 1 2 39.83
7 3 1 3 2 49.25
8 3 2 1 3 46.11
9 3 3 2 1 38.04
K, 51.347 62.393 49.25 47.757

K, 53.123 49.103 57.313 48.953

K, 44.467 37.44 42.373 52.227

R 8.656 24953 14.94 4.47

Materials and Methods cycles of 10 seconds at 98 °C, 5 seconds at 64 °C, and 5 seconds

Strains, materials and chemicals

E. coli BL21 (DE3) and E. coli DH5a were purchased from
TSINGKE Biological Technology (Guangzhou, China) and used as
the expression host and cloning host, respectively. The pET-28a
(+) was used for protein expression. T4 DNA Ligases, restriction
endonucleases, DNA and protein marker were purchased from
TaKaRa (Dalian, China). The DNA extraction kit and plasmid
extraction kit were purchased from OMEGA (San Diego, CA,
USA). Kanamycins (Kan), 5-Bromo-4-chloro-3-indolyl pS-D-
galactopyranoside(X-Gal), IPTG and pNP-C2 were bought from
Sigma. Tryptone and yeast extract powder are from British Oxoid,
and agar powder is purchased from Coolable. Electrophoretic
agarose and Tris were purchased from PUBO Biological
Technology (Beijing, China) and other chemical reagents were
domestic analytical pure. Gene sequencing and primer synthesis
were entrusted to Guangzhou TSINGKE Biological Technology.

Preparation of wheat straw biomass

Wheat straw was collected from rural areas in Heze, Shandong
Province, China. Then the wheat straw is chopped, dried at 105 °C,
and finally ground into 0.1-1 mm powder. Take a certain amount
of wheat straw biomass (WSB), add dilute NaOH (2%) in the ratio
of 1:10 (g/ml) with soaking time 1 h at 40°C, then drain the dilute
NaOH , wash WSB to neutralize the pH with distilled water [18].

Construction of the
transformation

recombinant plasmid and

The research about PCR amplification adopts pUC118-
est1051 plasmid as template, est1051-F and est1051-R as
primers respectively. The amplified products and vectors,
pET-28a (+), are digested with EcoR and Xhol @, then
linked by T4 DNA Ligase. Finally, the constructed vector,
pET28a-est1051, is transferred into E.coli BL21 (DE3). PCR
primers for est1051 amplification were as follows: est1051-F,
5’-CCGGAATTCCCCGTTGCGGTGTCATTATACTGAC-3’;  est1051-R,
5’-CCGCTCGAGGCTCCCGAAGAACCTATGAAACCAATTG-3’ (the
EcoR & and Xhol @ restriction sites are italicized). The PCR process
is as follows: denaturation 2 minutes at 98 °C, followed by 30
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at 72 °C, then the final elongation step 8 minutes at 72 °C. The
expression vector pET-28a (+) are digested using EcoR & and Xhol
at 37 °C for 20 minutes and then ligated to the PCR products,
which are treated with the same restriction endonuclease. The
double-digested expression vector pET-28a (+) and the PCR
products are ligated by TaKaRa T4 DNA Ligase at 16 °C for 14 h.
This recombinant plasmid is transformed into E. coli BL21 (DE3)
by heat shock method.

Expression, protein purification and electrophoresis

The protein was expressed by growing the E. coli BL21(DE3)
cells in LB medium (50pg/mL concentration of Kan). For
purification of EST1051 expressed by E. coli, the sediment is
collected by centrifugation with 8000 rpm for 10 minutes at
4°C. Sediment was washed with sterile water twice and broken
using an ultrasonicate with amplitude set at 30W for 15 minutes.
Recombinant AXE EST1051 was purified using His-tag Protein
Purification Kit (Novagen). Determination of the molecular weight
of denatured protein by SDS-PAGE. The molecular weight of the
expressed protein is determined based on the protein markers
(TaKaRa) as the standards. According to the predicted molecular
weight of protein and its relationship with different concentrations
of polyacrylamide gel, separation, and concentration gels with
concentration of 12% and 5% respectively are selected. The
protein is stained with Coomassie brilliant blue G-250 for 10-12 h,
and then decolorized with eluent.

AXE activity assay

AXE activity was measured using p-nitrophenol esters as
the substrate [19]. The ester bond in p-nitrophenol esters can
be decomposed by AXE. And the product is yellow p-nitropheno
(pNP). The absorption peak of pNP was 405 nm, and there was a
linear relationship between the absorption value and the content
of pNP. The standard curve is drawn using the pNP concentration
as the abscissa (X) axis, and the A405 value as the ordinate (Y)
axis. Content of pNP could be obtained through the standard curve
by measuring the A405 value of the solution. One unit is defined
as the amount of enzyme that release 1 umol of pNP per minute,
under the conditions assayed [20].
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Evaluation of Enzymatic Properties

AXE activity was determined using pNP-C2 as the substrate,
as mentioned previously. At the temperature of 40 °C, the enzyme
activity was measured in the range of pH 2-10. Took 190uL of
1umol/L pNP-C2 prepared with the 40mM Britton-Robinson (BR)
buffer of different pH, added 10uL of purified enzyme solution,
reacted for 20min, then took supernatant to determine the A405
value to obtain the optimal pH. The optimal temperature was
investigated in the range from 4°C to 80°C at the optimal pH. 2
mL crude enzyme solution was prepared with BR buffer solution
of different pH respectively, stored at 4°C for 24 h, 10uL crude
enzyme solution was taken, and the residual enzyme activity
was determined under the optimum temperature and pH, the
maximum enzyme activity was set as 100%. Put the enzyme
solution into different temperature (4-80°C) for 24 h, measured
the residual enzyme activity at the optimum temperature and pH
according to the method described above.

The effects of various metal ions (Ni2*, Na*, K*, Mg2*, Zn2*,
Fe2*, Mn2*, Li*, Ag*, Co2*, Cu2*) and chemicals (methanol, ethanol,
isopropanol, DMSO, Triton X-100) on EST1051 activity were
investigated by preincubating the enzyme for 20 minutes at an
optimum temperature and pH. The enzyme activity without any
reagent’s addition was set as 100%. KCl and NaCl were used to
study the salt tolerance of the recombinant enzyme. The activity
of the enzyme was determined in the optimal pH buffer with a salt
solution of concentration range from OmM to 2mM at the optimal
temperature and pH. The enzyme with no added agent was used
as a control.

The kinetic constants Km and Vmax of AXE were determined
using pNP-C2 as The Pnp-C2 with different
concentrations range from 0.0mg/mL to 5.0mg/mL are prepared
with the buffer solution of optimum pH. Take 190uL pNP-C2
solution with different concentration respectively, add 10uL
0.62mg/ml enzyme solution, react for 20 minutes under the
optimal temperature, take out the reaction solution, then measure
A405. The absorption value at 0.0mM was negative control, and
the concentration of pNP-C2 was determined. According to the
substrate concentration [S] and the measured initial reaction
rate V, the Linear Weaver Burk double reciprocal plot (formula:
v=V,.[S]/(X,+[s])) was made for 1/V, and the enzymatic kinetic
.of AXE were calculated respectively.

substrate.

Enzymatic hydrolysis of wheat straw biomass

There was a linear relationship between the absorption value
and the content of reducing sugar. The standard curve was drawn
using the glucose concentration as the abscissa (X) axis, and the
A570 value as the ordinate (Y) axis. Reducing sugar content could
be obtained through the standard curve by measuring the A570
value of the solution. The optimal conditions were tested with
WSB. The wheat straw contained high amounts of lignin, cellulose,
and hemicellulose that were converted to a reducing sugar by
cellulase and AXE.
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First, single factor analysis was used to study degradation
of the WSB by changing the pH, temperature, enzyme dosage,
and enzymatic hydrolysis time. Then, an L9(34) orthogonal
design (Table 2) was used to determine an optimal degradation
combination. The reaction mixtures contained the WSB (0.2g),
Britton-Robinson buffer (40mM), cellulase and EST1051 enzyme
solution (v/v,1:1) in a 20-mL system at 200rpm. Enzymatic
extraction of the WSB was determined using spectrophotometry.
The supernatant was centrifuged to measure absorbance at
570nm. All reactions were performed in triplicate.

Table 2: Orthogonal test factor level table, 1, 2 and 3 represented three
levels of each factor from low to high.

Factor/Level 1 2 3
A-Temperature/°C 35 40 45
B-Enzyme amount/ml 5 5.5 6
C-pH 6 8 10
D-Time/h 4 5 6

Nucleotide sequence accession number

This nucleotide sequence had declared the GenBank and
obtained the registration number as MK111431.

Conclusion

In this study, we cloned a novel AXE gene, Est1051. Then the
gene was successfully expressed in the prokaryotic system to
explore its stability, enzymatic properties, the synergism with
cellulase on degrading straw. It showed high activity in a wide
pH range, good thermostability and excellent tolerance of organic
solvents and salt. The recombinant enzyme was purified and
characterized. In this experiment, the novel AXE was used to
degrade and transform wheat straw directly damaging the plant
cell wall. AXE directly converted wheat straw into glucose during
the short test period. This study identified new AXE, enriched the
source of AXE and made full use of AXE. Meanwhile, it provided a
research basis for improving the utilization rate of cellulose-rich
plants.
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