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Abstract

Xylanases (EC 3.2.1.8) have been considered as a potential green solution for the sustainable development of a wide range
of industries including pulp and paper, food and beverages, animal feed, pharmaceuticals, and biofuels because they are the
key enzymes that degrade the xylosidic linkages of xylan, the major component of the second most abundant raw material
worldwide. Therefore, there is a critical need for the industrialized xylanases which must have high specific activity, be
tolerant to organic solvent or detergent and be active during a wide range of conditions, such as high temperature and pH. In
this study, an extracellular xylanase was purified from the culture broth of Aspergillus niger VTCC 017 for primary structure
determination and properties characterization. The successive steps of purification comprised centrifugation, Sephadex G-100
filtration, and DEAE-Sephadex chromatography. The purified xylanase (specific activity reached 6596.79 Ul/mg protein)
was a monomer with a molecular weight of 37 kDa estimating from SDS electrophoresis. The results of LC/MS suggested
that the purified protein is indeed an endo-1,4-p-p-xylanase. The purified xylanase showed the optimal temperature of 55 °C,
and pH 6.5 with a stable xylanolytic activity within the temperature range of 45-50 °C, and within the pH range of 5.0-8.0.
Most divalent metal cations including Zn**, Fe**, Mg>*, Cu**, Mn?>" showed some inhibition of xylanase activity while the
monovalent metal cations such as K* and Ag* exhibited slight stimulating effects on the enzyme activity. The introduction
of 10-30% different organic solvents (n-butanol, acetone, isopropanol) and several detergents (Triton X-100, Tween 20, and
SDS) slightly reduced the enzyme activity. Moreover, the purified xylanase seemed to be tolerant to methanol and ethanol
and was even stimulated by Tween 80. Overall, with these distinctive properties, the putative xylanase could be a successful
candidate for numerous industrial uses.
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Introduction

In our age, the exponential economic development has
been achieved at the cost of severe overexploitation of
natural resources. The green industrial transformation that
refers to processes within industries to reduce environmen-
tal change impact is an essential requirement for balancing
environmental sustainability and positive economic devel-
opment [1]. This green transformation needs green tech-
nologies that economize on exhaustible resources and emit
fewer pollutant discharge [2]. Thanks to the nontoxic and
eco-friendly characteristics, stability and catalytic activity,
microbial enzymes have gained interest for their ability to
replace conventional toxic agents in a wide range of indus-
tries [3]. Along with cellulase and pectinase, xylanase is
the third industrially prevalent enzyme [4]. The diversi-
fied application of xylanase covers several industrial fields
including food, paper, textile, pharmaceutical, and biore-
finery. Among them, two domains in which xylanase has
been used widely in the industry are paper and food. In
the paper processing, xylanase has been used to substitute
harmful bleaching agents like chlorine [5]. In the food
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industry, this enzyme has been used as an additive dur-
ing the bread-making and fruit-juice clarifying process
[6, 7]. Besides, xylanases take a major role in the increase
of the digestibility of xylan containing-food, and reduce
the viscosity in the animal gastrointestinal tract leading
to increase food absorption. This led to improving benefi-
cial intestinal microbiota and reduce digestive disorders.
Xylanase also helps to maximize feed efficiency and there-
fore save costs and improve productivity [8]. That why the
demand for xylanase, recently, has been growing tremen-
dously in the biotechnology industry. As a result, xylanase
is required in large quantities in each circumstance with
specific properties. A solution to this demand is studying
the enzyme from various sources. Xylanases can be found
abundant in nature (e.g., mollusks, insects, and microor-
ganisms), and in recent years, many kinds of xylanases
have been isolated from various microorganisms includ-
ing bacteria, actinomyces, yeasts, molds, and algae [9].
Among of them, Aspergillus sp. are potential producers
for xylanase [10, 11]. The enzymes produced have higher
activity than other eukaryote hosts and have some out-
standing features such as specific structural regions which
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we can use mutation techniques, recombinant proteins to
significantly increase catalytic efficiency and thermosta-
bility [11-13]. Therefore, the purpose of this study is to
purify and characterize A. niger VTCC 017 xylanase after
optimization of culture conditions (Table 1).

Materials and Methods
Chemicals and Reagents

Birchwood xylan, 3,5-dinitrosalicylic acid (DNS), SDS were
from Sigma-Aldrich (USA), Sephadex G100, DEAE-Sepha-
dex, and anion exchange column were purchased from Phar-
macia Co; Tween 20 and Tween 80 were purchased from
BioBasic Inc. (USA); Triton X-100 was purchased from
Merck, Germany. All other chemicals were of analytical
grade unless otherwise stated.

Strain and Culture Conditions

The strain A. niger VTCC 017 was obtained from Vietnam
Type Culture Collection (VTCC). It was inoculated in the
liquid medium containing (g/L): corncob 35, soybean pow-
der 5, and pH 5.0. The inoculated flasks were incubated for
144 h at 30 °C on a rotary shaker at 180 rpm.

Xylanase Purification

The broth was centrifuged at 11,180 rcf for 10 min. A 5 ml
of the extracellular supernatant (195.43 IU/mL) was loaded
to a Sephadex G-100 column (2.6 X6 cm) at a flow rate of
24 mL/h pre-equilibrating with 50 mM potassium phosphate
buffer pH 7.5. The eluate was collected with 2 mL per frac-
tion. A highly active xylanase pool of 4 mL through Sepha-
dex G-100 column was loaded onto an anion exchange col-
umn (DEAE-Sephadex, 2.6 X26 cm) pre-equilibrated with
50 mM Tris HCI buffer pH 8.0 containing 50 mM NacCl,
then washed with the same buffer. The protein was eluted
with 50 mM Tris HCI buffer pH 8.0 containing 1 M NaCl
at a flow rate of 24 mL/h. The eluate was obtained with
2 mL per fraction. The fractions containing strong, potent
xylanase activity were pooled and used as purified enzymes
for characterization. All purification steps were carried out
at 4 °C, unless otherwise specified.

Xylanase Activity Assay

Xylanase activity was determined based on Baileys et al.
(1992) methodology [14] and reducing sugar was measured
using the 3,5-dinitrosalicylic acid [15]. Briefly, a mixture of
100 pL of the crude or purified xylanase containing 0.06 ug
total protein was incubated with 400 uL of 0.5% (w/v)

birchwood xylan in 20 mM potassium phosphate buffer pH
6.5 at 55 °C for 5 min. The reaction was terminated by add-
ing 1.25 mL of DNS reagent. The absorbance of the mix-
ture was then assessed at a wavelength of 540 nm. D-xylose
was used as standard. One unit (IU) of xylanase activity
was defined as the amount of xylanase needed to produce
1 pmole of xylose equivalent per minute under the above
assay conditions.

SDS-PAGE and Protein Concentration Determination

Sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) was performed using a 12.5% (w/v) polyacryla-
mide gel according to the description in Laemmli’s research
[16]. Protein molecular weight marker (Cat. # SM0661, Fer-
mentas) was used as a molecular weight marker. The pro-
teins on the gel were visualized by staining with Coomas-
sie Brilliant Blue R-250 according to the manufacturer’s
instructions.

Protein concentration was determined by the Bradford
method using bovine serum albumin (BSA) as the standard
[17]. A 100 pL of xylanase-containing sample was mixed
with 1000 pL of Bradford reagent, followed by incubation
for 2 min at room temperature. The absorbance was meas-
ured at a wavelength of 595 nm against the reagent blank.
The total protein concentration was determined by referring
to the standard curve constructed using bovine serum albu-
min (BSA) as standard.

Protein Identification

The purified xylanase was identified by liquid chromatog-
raphy—mass spectrometry (LC/MS) assay. Peptides were
extracted from trypsin-digested protein samples using the
standard method [18]. Peptides were analyzed by electro-
spray ionization mass spectrometry using the Shimadzu
Prominence nano HPLC system (Shimadzu) coupled to a
5600 TripleTOF mass spectrometer (Sciex). Tryptic peptides
were loaded onto an Agilent Zorbax 300SB-C18, 3.5 um
(Agilent Technologies) and separated with a linear gradient
of water/acetonitrile/0.1% formic acid (v/v). Spectra were
analyzed to confirm protein identity using Mascot sequence
matching software (Matrix Science) with UniProt database.
Peptide fragments showing individual ions scores > 55 were
identified uniquely or extensive homology (p < 0.05).

Characterization of Purified Xylanase
The Optimal Temperature and Thermal Stability

The optimal temperature of the purified xylanase activity
was determined in the range of 40—-80 °C by measuring
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enzyme activity of 100 pL of the purified enzyme (0.06 pg
protein) in 20 mM potassium phosphate buffer pH 6.5 for
5 min.

Thermal stability of the purified xylanase was determined
by assessing the residual enzyme activity under standard
conditions (100 pL of the purified enzyme (0.06 pg protein),
pH 6.5, 55 °C, and 5 min) after incubation of the enzyme
at either 37, 40, 45, 50, 55, or 60 °C for different intervals
of time. The initial xylanase activity measured at 55 °C was
considered 100% activity; the residual activity was displayed
as the ratio of the initial activity.

The Optimal pH and pH Stability

The optimal pH for xylanase activity of was determined
in pH ranging 3.0-8.0 (acetate buffer: 3-5 and phosphate
buffer: 6-8) by assessing the activity of 100 pL of the puri-
fied enzyme (0.06 pg protein) at 55 °C for 5 min.

The pH stability of purified xylanase was determined by
measuring residual enzymatic activity under standard condi-
tions (100 pL of the purified enzyme (0.06 ug protein), pH
6.5, 55 °C, and 5 min) after pre-incubating the enzyme at
30 °C in the buffers mentioned above for 1-8 h. The initial
xylanase activity measured at pH 6.5 was considered 100%
activity; the residual activity was displayed as the ratio of
the initial activity.

Effect of Metal lons on Xylanase Activity

To investigate the effects of different metal ions on the activ-
ity of the purified xylanase, the enzyme was incubated in
20 mM Tris buffer pH 6.5 containing 10 mM of various
metal ions (Mg?*, Fe**, Cu?*, Ca>*, Ni**, Mn?*, Zn>*, Ag™,
K*, and EDTA) at 30 °C for 60 min. Incubation of purified
xylanase in the absence of added reagents was the control
experiment. The residual activity was measured under stand-
ard assay conditions (100 pL of the purified enzyme (0.06 pg
protein), pH 6.5, 55 °C, and 5 min). The residual activity
was displayed as the ratio of the control activity.

Effect of Organic Solvents and Detergents on Xylanase
Activity

We investigate the effects of different organic solvents and
detergents on the activity of purified xylanase by incubat-
ing the enzyme in 20 mM potassium phosphate buffer pH
6.5 containing 10-30% of various solvents (methanol, etha-
nol, isopropanol, acetone, and n-butanol) and 2% of various
detergents (SDS, Tween 20, Tween 80, and Triton X-100)
at 30 °C for 60 min. Incubation of purified xylanase in the
absence of added reagents was the control experiment.
The residual activity was measured under standard assay
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conditions (100 pL of the purified enzyme (0.06 pg pro-
tein), pH 6.5, 55 °C, and 5 min). The residual activity was
displayed as the ratio of the control activity.

Kinetics Study

The kinetic parameters such as maximum reaction velocity
(Vmay) and Michaelis constant (K,,) were estimated by cal-
culating activity of the purified xylanase against Birchwood
xylan. The xylanase assay was performed at 55 °C, keeping
enzyme concentration constant (0.06 ug protein), against dif-
ferent substrate concentration ranging from 1 to 10 mg/mL.
Both V_,, and K, were calculated from Michaelis—Menten
equation using nonlinear adjustment and Lineweaver—Burk
double reciprocal plots.

Statistical Analysis

All measurements were carried out in triplicate and
data were expressed as mean with error bars as standard
deviation.

Results
Purification of A. niger VTCC 017 Xylanase

Following 144 h of cultivation under optimized culture
conditions [19], A. niger VTCC 017 exhibited the high-
est xylanase activity at 195.43 IU/ml (specific activity of
1931.27 IU/mg protein). This culture supernatant was loaded
to Sephadex G-100 and the xylanase activity of collected
fractions was assayed (Fig. 1A). Peak fractions with high
enzymatic activities were subjected to SDS-PAGE to deter-
mine the purity (Fig. 1B). The pooled Sephadex G-100 frac-
tions containing high xylanase activity (1866.64-2665.6 IU/
mg) were applied further to the DEAE-Sephadex anion
exchange chromatography (Fig. 2). The purified enzyme
revealed a single band on SDS-PAGE with a molecular mass
of 37 kDa (Fig. 2B).

Protein Identification

The single protein on SDS-PAGE (Fig. 2B) was cut out
from the gel and used for LC/MS analysis. The sequences
of these peptide fragments were KYLGNIGDQYTLTK
(position 41-53), ADFGALTPENSMK (position 63-76),
GQFSFSGSDYLVNFAQSNNK (position 85-103), DSV-
FYKVIGEDY VR (position 166-179), LYINDYNLD-
SASYPK (position 195-209) (Fig. 3). The results of a
BLAST search indicated that these amino acid sequences
were highly homologous (ion scores above 55, p <0.05) with
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ml), circle: xylanase activity (IU/ml)) and SDS-PAGE of high-activ-

an endo-1,4-beta-xylanase of the glycoside hydrolase fam-
ily 11 from A. niger (AIC36735.1) and A. niger CICC 2475
(AFZ94943.1) (Fig. 4).

The Optimal Temperature and Thermal Stability

The effects of temperature on the activity of purified
enzymes are shown in Fig. 5. The xylanase activity increased
gradually from 57.8% (1590.4 IU/mg) at 40 °C to the maxi-
mum of 100% (2749.3 U/mg) at 55 °C (Fig. 5A) and then
decreased gradually to 41.1% (1128.8 U/mg) at 80 °C. This
result indicates that the optimal temperature of the purified
xylanase was 55 °C at pH 6.5.

The thermal stability was determined by pre-incubat-
ing the enzyme at either 37, 40, 45, 50, 55, or 60 °C for
8 h. Samples were taken after every one hour. The results
(Fig. 5B) showed that’s the purified xylanase from A. niger
VTCC 017 was stable after incubation at 45 °C and 50 °C.
The residual xylanase activity retained 85%, and 95% for 8 h
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at 50 °C, and 45 °C, respectively. At other tested tempera-
tures, the residual activity was reduced significantly to 50%
after 2 or 4 h of incubation.

The Optimal pH and pH Stability

The effects of pH on the activity of purified enzymes are
shown in Fig. 6. The purified xylanase from A. niger VTCC
017 worked in a relatively broad range of pH 3.0-8.0. The
xylanase activity increased gradually from 59.3% (3636 U/
mg) at pH 3.0 to the maximum of 100% (6128 IU/mg) at pH
6.5 and then decreased gradually to 76.4% (4679 IU/mg) at
pH 8.0 (Fig. 6A). This result indicates that the optimal pH
of purified xylanase was 6.5.

A similar pH profile was seen when the purified xylanase
was treated at pH 3.0-8.0 for 8 h (Fig. 6B). The enzyme was
stable over a relatively broad pH range, retaining more than
80% of the maximum activity after 8 h of incubation at pH
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5, 6.5, 7, and 8. These results suggested that the purified
xylanase might be an alkaline stable enzyme.

Effect of Metal lons on Xylanase Activity

The activity of the purified xylanase in the presence of dif-
ferent metal ions is shown in Table 2. The enzyme activ-
ity was reduced to 50% by Zn>" at the concentrations of
10 mM. Slight inhibition was observed in the presence of
some metal ions at 10 mM concentration, such as Fe*,
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SASYPK found in Genbank AOAOS2WIJ5 xylanase from (GenBank,
A0A060IU57) corresponding to ion scores of with p<0.05, respec-
tively

Cu’*, Mg?*, and Mn?*. In contrast, the Ag*, Nit, K¥,
and EDTA partially enhanced the activity of the purified
xylanase.

Effect of Organic Solvents and Detergents
on Xylanase Activity

Organic solvents and detergents resistance are another
required characteristic of an industrial enzyme. The effects
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Table 1 Purification of xylanase from A. niger VTCC 017

Purification steps Total protein (mg) Total activity Specific activity (IU/mg) Purification fold Yield (%)
(IU)

Culture supernatant 0.51+0.073 195.43 +5.35 1931.27+52.83 1.00 100

Sephadex G-100 0.16+0.002 116.46 +2.44 2865.76 +60.14 1.48 47.67

DEAE-Sephadex 0.04 +0.001 30.94+0.15 6596.79 +32.57 342 28.5

of different organic solvents and detergents on xylanase
activity are shown in Fig. 7 and Table 3, respectively.
Organic solvents like methanol, ethanol acetone, isopro-
panol, and n-butanol were used to evaluate xylanase activity.
A partial decrease in enzyme activity was found in the pres-
ence of 10-30% (v/v) acetone, isopropanol, and n-butanol.
Maximum stability was observed in presence of methanol
followed by ethanol. The residual xylanase activity retained
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more than 60% in the presence of 30% (v/v) methanol or
ethanol (Fig. 7).

Among the detergents tested, SDS at 2% (w/v) significantly
inhibited the enzyme activity while Triton X-100 and Tween
20 had little effect on the activity. In contrast, Tween 80 slightly
increased the activity of the purified xylanase (Table 3). These
results are similar to those described for many Aspergillus sp.
such as A. japonicus [20], A. fumigatus 7.5 [21].
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Table 2 Effect of metal ions and EDTA on relative activity (%) of
xylanase from A. niger VTCC 017

Additive (10 mM) Residual activity (%)*

Mg** 86+4.5
Fe?* 70+3.3
Cu?* 86+8.5
Ca’>* 99.4+7.4
Ag* 119+4.9
Ni2* 117+7.4
K* 117+8.5
EDTA 116+6.7
Zn* 50+1.3
Mn** 91+3.0
Control (no additive) 100+0.0

“Relative activity was expressed as a percentage of control (100%
xylanase activity was 3510.8 +157.0 U/mg)
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2 _
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X 400 A
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©
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Fig. 7 Stability of the xylanase purified from A. niger VTCC 017 in
the presence of various organic solvents. (MeOH: methanol, EtOH:
ethanol, IsOH: isopropanol, and n-BtOH n-butanol)

Table 3 Effect of detergent on relative activity (%) of xylanase from
A. niger VTCC 017

Detergents Residual xyla-
nase activity
(%)

Control 100+0.00

Trixton X-100 95.6+4.8

Tween 80 101.1+11.3

Tween 20 89.4+1.7

SDS 538+14

*The relative activity (%) was expressed as a percentage of control
(100% xylanase activity was 4763.12 +16.5 IU/mg)

Kinetics Study

The maximum velocity (V,,,,) and Michaelis—-Menten con-
stant (K,,) of the purified enzyme using Birchwood xylan as
a substrate were calculated using Lineweaver—Burk plot. The
value of V. and K, were estimated to be 2000 U/mg and

max

1.8 (mg/mL), respectively (Fig. 8). This result showed that
the purified enzyme has relatively high affinity for Birch-
wood xylan substrate.

Discussion

Xylanase has attracted increasing attention in recent years
due to its efficient application in various industrial sector.
Efforts have been made to produce this potential enzyme at
large scale to fulfill the market demand. In order to achieve
this purpose, the screening for novel potential industrial-
ized xylanase from natural sources should be conducted
parallel with the development of engineering technologies
to improve catalytic characteristics of natural xylanses as
well as the enzyme production efficiency. The present study
focuses on purification, identification, and characterization
of an extracellular xylanase from a local fungus, Aspergillus
niger VTCC 017. To purify xylanase from fungi, there are a
variety of procedures, but generally, there is a combination
of gel filtration chromatography and ion-exchange chroma-
tography. In this study, after two-step chromatography, the
specific activity of purified xylanase was 6596.79 IU/mg
with a final yield of 28.5%, and a purification factor of 3.42.
These results are encouraging when compared to several
similar studies [22, 23]. The molecular weight of the purified
enzyme were estimated to be 37 kDa after SDS-PAGE analy-
sis. This molecular weight of the purified xylanase was close
to the molecular weight of most of the purified xylanases
from Aspergillus sp. strains which have a molecular weight
of about 21-35 kDa such as, 21 kDa xylanase purified from
A. oryzae [24] and from Aspergillus cf. niger [25], 22 kDa
xylanase was produced by a Mexican Aspergillus sp. FP-470
strain [26], two proteins with a molecular weight of 21 kDa
and 24 kDa from A. giganteus [27], 35 kDa xylanase purified
from A. ficuum AF-98 [28], 34 kDa xylanase purified from
A. nidulans [29], and 33.671 kDa xylanase purified from
A. oryzae HML366 [11]. The protein identification results
not only confirmed the origin of the purified xylanase from
Aspergillus sp but also revealed that it belongs to the glyco-
side hydrolase family 11 (GH 11). This is such a promising
result because compared to other xylanases, GH11 xylanases
display several interesting properties such as high substrate
selectivity and high catalytic efficiency, small size, variety
of pH, and temperature optimum, making them suitable for
various conditions in many applications [30]. To evaluate
the potential application of the purified xylanase, in the sec-
ond part of the present study, the biochemical and catalytic
characteristic of this enzyme were investigated. The first
measured parameters were the optimal temperature and the
thermal stability. As most of the industrial processes are
generally carried out at high temperature, the thermostable
enzymes have many advantages over mesophyllic enzymes.
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Fig.8 Lineweaver—Burk plot for the xylanase purified from A. niger VTCC 017 using Birchwood xylan as the substrate

The results showed that, the purified xylanase might be con-
sidered as a thermostable enzyme since it was active in a
large temperature range from 40 to 80 °C and showed its
optimal temperature at 55 °C at pH 6.5. This optimal tem-
perature is similar to those from various Aspergillus strains
which range from 45 to 60 °C [31]. Many factors might
affect the thermostability of enzymes such as the structure
of N-terminal region, sequence of C-terminus, presence of
disulfide bonds, percentage of hydrophobic aminoacid resi-
dues, etc. [32, 33]. However, according to Gabriel Paés et al.
(2012) [30], the thermostability of members of GH 1 xyla-
nase family like our purified enzyme might originate from
different features, none of them being absolutely required.
Thermostability or thermoactivity factors seem unique to
a given enzyme and are not universal. In our next step, a
detailed 3D structural analysis will be performed to reveal
the key elements contributing to the thermal-characteristic
of the purified xylanase. Like for the optimal temperature
and the thermal stability, the pH optimal of the purified xyla-
nase are also important parameters for an industrial enzyme.
Currently, a major application of xylanase is in pulp and
paper industries where xylanases work under the alkaline
conditions. The purified xylanase from Aspergillus niger
VTCC 017 had optimum pH of 6.5 and was stable over a
relative broad pH range, retaining more than 80% of the
maximum activity after 8 h of incubation at pH 5, 6.5, 7,
8. This is a significant characteristic because most fungal
GH11 xylanases are acidophilic [30]. To our knowledge,
only a few xylanases have the stability under alkaline con-
dition as the purified xylanase did; these include xylanases
from Aspergillus tamarii kita [34] and Aspergillus flavus
[35]. The mechanism of high pH adaptation of xylanase is
due to a highly acidic, negatively charged surface, and a
deeper active site cleft [36]. Therefore, further studies on
crystallization and site-directed mutagenesis are needed to
clarify the mechanisms causing our purified xylanase stable
under alkaline conditions.

@ Springer

When challenged with other industrial hazardous fac-
tors like various organic solvents and detergents, the puri-
fied xylanase also gained positive results. The enzyme was
stable in the presence of conventional organic solvents like
methanol, ethanol, and isopropanol. Especially, the residual
xylanase activity retained more than 60% in the presence
of 30% (v/v) methanol or ethanol. To date, few organic sol-
vent-tolerant xylanases have been purified and characterized
[37-40]. Therefore, these results suggested that the purified
xylanase might become a potential candidate for various
industrial applications.

The previous studies showed that metal ions have differ-
ent effects on the activity of different xylanases from dif-
ferent Aspergilus sp. Cu**, for example, strongly inhibited
the xylanase from A. giganteus [27] but slightly enhanced
the xylanase from A. ficuum AF-98 [28]. Zn** enhanced the
xylanase activity from A. cf. niger BCC14405 [25] and from
A. sydowii SBS 45 [23] but inhibited the xylanase from A.
giganteus [27]. These results indicate the diversity of struc-
ture of xylanase’s active sites. In our study, the activity of
the enzyme was significantly inhibited by Zn>*. This result
suggested that the purified xylanase might contain Cys and
His in its active site [41]. Further investigations are needed
to confirm this attractive hypothesis.

Conclusion

In this study, a GH 11-xylanase from A. niger VITCC 017
has been successfully purified and biochemically charac-
terized. The purified xylanase had high specific activity
(6596.79 IU/mg protein) and displayed good stability at
alkaline pH range, high temperature range, and in the pres-
ence of conventional organic solvents like methanol and
ethanol. Although the molecular mechanisms of the signifi-
cant characteristics of the purified xylanase are needed to be
investigated by further experiment, which is planned for the
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future, these encouraging first results might pave the way for
a new potential candidate for various industrial applications,
especially in pulp and paper industries. A novel industrial
potential GH11 xylanase was successfully purified, identi-
fied, and biochemically characterized from a local filamen-
tous fungus, A. niger VTCC 017.
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