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A strain SH 2016, capable of producing xylanase, was isolated and identified as Aspergillus awamori,
based on its physiological and biochemical characteristics as well as its ITS rDNA gene sequence
analysis. A xylanase gene of 591 bp was cloned from this newly isolated A. awamori and the ORF
sequence predicted a protein of 196 amino acids with a molecular mass about 21 kDa. An expression
plasmid carrying the gene under the control of the methanol regulated alcohol oxidase gene (AOX1)
promotor was introduced into Pichia pastoris, and xylanase gene was successfully expressed into the
medium using methanol as inducer. Xylanase with 6 his tags was purified using Ni2+-NTA column. The
characteristics of purified xylanase were investigated.
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INTRODUCTION

Xylanases (EC 3.2.1.8) are glycosidases, which can
catalyze the endohydrolysis of 1,4-B-D-xylosidic linkages
in xylan. Xylanases derived from fungi and bacteria have
attracted a great deal of attention in recent years be-
cause of their biotechnology potential in various industrial
processes (Polizeli et al., 2005). They are produced on
an industrial scale for use as bleaching agents in the
paper and pulp bleaching industry (Vicuna et al., 1995).
Along with glucanase, pectinase, cellulose, proteases,
amylases, phytase, lipase and xylanase are also widely
used in the degradation of arabinoxylans in feed ingre-
dients, to reduce the viscosity of the raw material and
improve nutrition (Silversides et al., 2006). In food
industry, they are used as food additives in wheat flour
for improving dough handling and quality of baked
products (Maat et al., 1992; Jiang et al., 2005).In brewing
industry, the addition of exogenous xylanase during the
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mashing process was found to be an effective strategy to
solve arabinoxylans problems such as high wort visco-
sity, membrane plugging, and decreased rate of filtration
(Lu et al., 2005).

Xylanase production in industrial scale is based on a
microbial biosynthesis. Filamentous fungi have demon-
strated a great capability for secreting a wide range of
xylanases, with the genus Aspergillus (Shah and
Madamwar, 2005), Penicillium (Li et al., 2007a, 2007b)
and Trichoderma (Azin et al., 2007) being the most
extensively studied and reviewed among the xylan-
producing fungi. There are two possibilities for cultivation
of microbial xylanase producing strain: submerged culti-
vation and soild-state. Currently 80 - 90% of commercial
xylanase are produced in submerged culture because it
has a higher degree of processes intensification and a
better level of automation (Polizeli et al., 2005). Many
xylanase genes were cloned and expressed in E. coli or
P. pastoris. Some recombinant xylanases were characte-
rized and widely used. For its wide applications and
remarkable requirement of market, finding new strains
capable of producing xylanase or cloning and expressing
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xylanase genes with new properties have become hot
issues in xylanase research filed (Hessing et al., 1994;
Polizeli et al., 2005).

In this paper, a new gene encoding the xylanase from a
newly isolated A. awamori has been cloned and expres-
sed in P. pastoris X33. Then the optimum temperature
and pH, and the thermal stability of the purified xylanase
were determined to investigate their potential in the
industrial application.

MATERIALS AND METHODS
Strains and cultivations

Aspergillus sp. SH 2016 was selected from strains maintained
locally. The culture medium was composed of NH4CIl, 9 gL-1;
KH2PO4, 1 gL-1; NaNO3, 1 gL-1; MgS04.7H20, 1 gL-1;
CaCl2.2H20, 0.3 gL-1; yeast extract, 1 gL-1. The initial pH was
adjusted to 8.0. Erlenmeyer flasks (250 mL) containing 50 mL
medium were inoculated with 1 mL of 1x106 spores/mL suspension
prepared from a fresh PDA slants of Aspergillus sp. SH 2016 for
incubating at 30°C on a rotary shaker (150 rpm).

Escherichia coli JM109 was used as the host for plasmids
pMD18-T-xynA and pPICZaA-xynA transformation. E. coli transfor-
mants were grown in Luria—Bertani (LB) medium. Pichia pastoris
X33 was used as a host for expression of pPICZaA-xynA. P.
pastoris X33 transformants were grown in solid selective YPDS
medium (yeast extract (1%, w/v), peptone (2%, w/v), dextrose (D-
glucose, 2%, w/v), sorbitol (1 M) and Zeocin (100 pg mL-1).

BMGY medium [5 g yeast extract, 10 g peptone, 50 ml 1 M KPO4
buffer pH 6.0, 1.7 g yeast nitrogen base, 5 g ammonium sulfate and
5 ml glycerol were autoclaved at 121°C for 30 min and cooled down
to room temperature, biotin (500 X 1 ml) and histidine (96 X 5.2 ml)
were added into medium] was used for cultivation of recombinant P.
pastoris containing xylanase. BMMY medium [5 g yeast extract, 10
g peptone, 50 mL 1 M KPO4 buffer pH 6.0, 1.7 g yeast nitrogen
base and 5 g ammonium sulfate were autoclaved at 121°C for 30
min, and cooled down to room temperature, methanol (2.4 ml),
Biotin (500 X | ml) and histidine (96 X 5.2 ml) were added into
medium] was used for induction and expression of xylanase in P.
pastoris.

Isolation of strains producing xylanase

Various strains including Aspergillus sp. SH-2016 were isolated
based on their morphology from soil samples, and the detailed
procedure of isolation was performed according to the methods
described by Abrusci et al. (2005).

Identification of strain Aspergillus sp. SH-2016

The identification of the strain was based on standard morpholo-
gical characterization (Abrusci et al., 2005), nucleotide sequence
analysis of enzymatically amplified ITS rDNA, and the internal
transcribed spacer (ITS) region including 5.8 S rDNA. For the
morphological characterization of the strain, observations were
made with both an optical microscope and a scanning electron
microscope. For the sequence analysis, chromosomal DNA was
isolated by the methods of Doyle and Doyle (1987). Amplification
was carried out with primer set pITST (5-
TCCGTAGGTGAACCTGCCG-3) and pITS4 (5
TCCTCCGCTTATTGATATGC-3’) in a thermal cycler (Bio-Rad,
USA) under the following conditions: 3 min at 95°C, 35 cycles of 30

s at 95°C, 30 s at 53°C, 2 min at 72°C and one final step of 10 min
at 72°C. For each PCR reaction 5 pl of PCR products were
examined by electrophoresis at 70 V for 2 h in a 1% (w/v) agarose
gel in 1xTAE buffer (0.4 M Tris, 50 mM NaOAc, 10 mM EDTA, pH
7.8) and visualized under UV light after staining with ethidium
bromide (0.5 pg/ml). The resulting PCR fragment was ligated with
pMD18-T (Takara, Japan) by using the T/A cloning procedure (Liu
and Sun, 2004). The constructed vector was transferred to the
competent cell E. coli JM109 according to the method of Chung et
al. (1989), and then spread on the LB plate containing the X-gal (5-
bromo-4-chloro-3-indolyl-3-D-galactoside), IPTG (isopropyl-1-thio-
3-D-galactoside) and ampicillin (50 pg/mL). Subsequently a positive
clone, designated E. coli JM109/pMD18-T-ITS, was obtained. ITS
DNA was sequenced on both strands with an Applied Biosystems
Model 377 Bautomatic DNA sequencer, and a dye-labeled termi-
nator sequencing kit (Applied Biosystems, Foster, CA, USA). The
sequences obtained were compiled and compared with sequences
in the GenBank databases using BLAST program. Sequence
analysis was performed using SEQBOOT, NEIGHBOR-JION and
DNASENSE of Phylips (Version 3.572) softwares and FITCH,
DRAWGRAM, and the alignment match was then used to construct
the neighbor-joining phylogenetic tree. Evaluation of the MicroSeq
database system and comparison to other frequently used systems
are from DDBJ/EMBL/GenBank.

Preparation of total RNA from Aspergillus sp. SH-2016

The cells were harvested by filtration, washed twice with
phosphate-buffered saline (PBS, 137 mM NaCl, 2.7 mM KCI, 4.3
mM Na2HPO4+7H20 1.4 mM KH2PO4 pH 7.3), then frozen in
liquid N2, ground and transferred into a fresh tube containing lysis
buffer (6 M guanidinium hydrochloride, 37.5 M citric acid, 0.75 M N-
lauroyl sarcosine sodium, 0.15 M B-sulfhydryl ethanol), and acid
guanidium phenol chloroform method according to Chomczynski
and Sacchi (1987) was used to isolate the total RNA from
Aspergillus sp. SH-2016. Poly(A+) RNA was selected from total
RNA by using Oligotex-dT30 (Promega, Madison, WI, USA).

cDNA synthesis and PCR amplification

First strand cDNA was synthesized by RT-PCR with Oligo(dT)15
using mRNA isolated from Aspergillus sp. SH-2016 according to
manufacturer’s protocol (Clontech, Mountain View, CA, USA). The
cDNA of Aspergillus sp. SH-2016 encoding xylanase was amplified
by the 3’ race (rapid amplification of cDNA ends) with the primers
5-GCTCCTGTGCCGGAACCTG-3 and Oligo(dT)15 which were
designed based on the sequences of NH2-terminus and the cDNA
encoding xylanase reported on the National Center for Biotech-
nology Information (NCBI) and the structure of mMRNA respectively,
and the first strand cDNAs synthesized above were used as the
template. PCR was carried out in 50 pl using a Thermocycler (Bio-
Rad, Hercules, CA, USA). PCR products were visualized on a 1.5%
ethidium bromide stained gel. The resulting PCR fragment was
ligated with pMD18-T (Takara, Otsu, Shiga, Japan) by using the T/A
cloning procedure. The constructed vector was transferred to the
component cell E. coli JM109 according to the method of Chung et
al. (1989), and then spread on the LB plate containing the X-gal,
IPTG and ampicillin (50 pg ml-1). Subsequently a positive clone,
designated E. coli JM109/pMD18-T-xynA, was obtained. DNA was
sequenced on both strands with an Applied Biosystems Model 377
Bautomatic DNA sequencer, and a dye-labeled terminator sequen-
cing kit (Applied Biosystems, Foster, CA, USA). The sequences
obtained were analyzed by software DNAMEN (Version 4.0,
Lynnon Biosoft, Canada), then were compiled and compared with
sequences in the GenBank databases using the BLAST program.



Construction of expression vector of cDNA encoding xylanase

ORF fragment of xylanase was obtained using proof-reading
Pyrobest DNA polymerase (Takara, Otsu, Shiga, Japan) in the
presence of the primers 5-
ATTGAATTCGCACCTGTTCCTGAGCCTG-3'  (underlined  part:
EcoRI site) and 5-GGTCTCGAGTGATGAAATTGTAACGGAG-3’
(underlined part: Xhol site), which were designed according to the
sequence resulted from pMD18-T-xynA. The PCR products and the
vector pPICZaA (Novogen, New Canaan, CT, USA) were digested
with EcoRI and Xhol, recovered through agarose gel electro-
phoresis, and then ligated by T4 DNA ligase. The ligated plasmid
pPICZaA-xynA was transformed into E. coli JM109. A single colony
of the transformant was selected and transferred into 3 ml LB broth
with 100 pg ml-1 ampicillin and incubated overnight with vigorous
shaking (200 rpm) at 37°C. The culture was used to extract
recombined plasmid through alkaline lysis procedure (Sambrook et
al., 2001). The plasmid was digested with EcoRI and Xhol in order
to identify if the recombined plasmid has been constructed. After a
plasmid harboring the cDNA gene fragment (pPICZaA-xynA) was
obtained, the recombined plasmid was linearized by Sacl and
introduced into P. pastoris X33 by electroporation, and transfor-
mants were selected on YPDS plates.

DNA manipulation and transformation

DNA manipulation, plasmid isolation, and agarose gel electropho-
resis were operated according to Sambrook et al. (2001).
Transformation of E. coli was conducted according to Chung et al.
(1989).

Protein expression and purification

Unless otherwise noted, all purification steps were performed at
4°C. Single colonies were picked into 5 mL BMGY medium for
preculture, and incubated them at 30°C overnight. After centrifuga-
tion at 6,000 rpm for 10 min, cells were transferred into 25 mL
BMMY medium for induction and expression at 30°C for 3 d, and
250 pL methanol was added to medium 3 times a day. After
expression, fermentation broth was centrifuged at 8,000 rpm for 10
min at 4°C. The supernatant containing the crude xylanase proteins
was loaded onto Ni2+-NTA column. Bind Resins (Novagen,
Madison, WI, USA) equilibrated with 1xNi2+-NTA Bind Buffer. The
wash and elution procedures were performed according to the
instructions provided by the manufacturer. The purified protein was
stored at -80°C before SDS-PAGE and analysis of its biochemical
properties. Protein concentrations were determined by the Bradford
assay (Bradford 1976), using bovine serum albumin as a standard.

Xylanase activity assays

The xylanase activity was determined by measuring the release of
reducing sugars from oat spelt xylan (1%, w/v) using the
dinitrosalicylic acid method (Miller, 1959). Reaction mixture
containing 1 ml of a solution of 1% oat spelt xylan in citrate buffer
50 mM, pH 5.0 plus 1 ml of the diluted purified enzyme, was
incubated for 30 min at 50°C. One unit of xylanase was defined as
the amount of enzyme required to release 1 umolL of xylose from
xylan in 1 min under the assay condition.

Sequence submission

The nucleotide sequences were deposited in the GenBank
database under accession numbers EU846237 and EU846238.
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RESULTS

Identification of strain Aspergillus sp. SH-2016
producing xylanase

The identification of Aspergillus sp. SH-201 was accord-
ing to the analysis of the detailed morphological and
physiological properties, and the ITS rDNA gene se-
quence (GenBank accession no. EU846237). The analy-
sis results showed that this strain was found to be similar
to A. awamori (homology, 99%/582 bps, based on ITS
rDNA). The approximate phylogenetic position of the
strain is shown in Figure 1. According to the physiological
and biochemical characterization as well as the compare-
son of ITS rDNA gene sequence, the strain Aspergillus
sp. SH-2016 was identified as a strain of A. awamori, and
named Aspergillus awamori SH-2016.

RT-PCR and cDNA amplification

The products amplified with the primers 5
GCTCCTGTGCCGGAACCTG-3 and Oligo(dT)15 were
submitted to the agarose gel electrophoresis. The
fragments were then recovered and ligated with pMD18-
T, and the recombinant plasmid, named pMD18-T-xynA,
was introduced into the competent cell E. coli JM109. A
number of positive clones (colorless) were obtained.
Among these, three were picked to prepare the single-
strand for sequence analysis. As a result a sequence of
about 1.6 kb was achieved. The sequence analysis using
software DNAMEN (Version 4.0, Lynnon Biosoft,
Canada) indicated that the fragment amplified contained
a complete open reading frame (ORF) of 591 bp
encoding 196 amino acids. Homology comparison
revealed that its sequence (Figure 2) was similar to that
of some of the most reported xylanase genes (Genebank
accession No. X78115 and No. D14848). Alignment
result also suggested that the part of cDNA not
containing the upstream sequence has been obtained.
However, the objective, cloning the structural cDNA gene
encoding xylanase, has been reached. This method is
easier and cheaper than the construction of cDNA library.
Subsequently, a pair of primers with EcoRI and Xhol site
was designed respectively and PCR amplification was
conducted adopting the recombined plasmid pMD18-T-
xynA as template, and the resulting PCR products were
submitted to agarose gel (Figure 3) and sequenced.

Expression and purification of xylanase

Many proteins require formation of stable disulfide bonds
to fold properly into a native conformation. Without the
formation of stable disulfide bonds, these proteins may
be degraded or accumulated as inclusion bodies. It is not
easy to express the eukaryotic gene in prokaryotic host.
Even if the gene can be expressed, the products are not
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Figure 1. The phylogenetic dendrogram for Aspergillus sp. SH 2016 and related strains based on the ITS rDNA
sequence. Numbers in parentheses are accession numbers of published sequences. Bootstrap values were
based on 1000 replicates. Penicillium expansum was used as the outgroup.

always soluble and in an active form in endocellular
environment. To gain the active xylanase in the
heterogeneous host, we expressed the xylanase in P.
pastoris. At the same time, pPICZaA, the vector with a
factor signal sequence, was used for the expression. The
products expressed in host could be transported into
medium, and the signal sequence was cut down by the
signal identification system of host after the products
were expressed, then the protein refolded to the active
form. The structural gene encoding xylanase (GenBank
accession number EU846238) was treated with the
appropriate restriction endonuclease and subcloned into
an expression vector pPICZaA. The recombinant plasmid
map was shown in Figure 4. These plasmids were then
introduced into competent cells of E. coli JM109, and
many clones were picked up. After extraction, the
recombinant plasmids containing the structural gene
encoding xylanase was sequenced. The results of
sequencing the recombinant plasmid indicated that the
structural target gene has been obtained. Finally the
plasmid pPICZaA-xynA was linearized by Sac | and
introduced into P. pastoris X33, and several positive

transformants were obtained on the selective medium
plates. The single colonies were transferred into BMMY
medium, after incubation for about 24 h, and then the
cells were collected by centrifugation at 6,000 rpm for 5
min. The cells were resuspended into the BMGY medium
and induced by 250 pl methanol three times a day. After
induction, the supernatant were collected by centrifu-
gation at 6,000 rpm and the activity of expressed
xylanase was determined, and the results were shown in
Table 1, which illustrated that the active xylanase was
successfully expressed in this study. After expression,
xylanase were purified using Ni2+-NTA column. The
enzyme was stable in storage at 4°C in 20% glycerol for
several weeks. The purified xylanase gave only one band
on the SDS-PAGE, with a molecular weight of about 21
kDa (Figure 5).

Effect of pH on xylanase activities

The identical units of purified enzymes were dissolved in
different buffers to achieve an initial activity for 30 min,
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ATGGCACCTGTTCCTGAGCCTGTTTTAGTTTCAAGATCTGCTGGCATTAATTACGTACAA

M A P V P E P V L V S R S A G I N Y V Q

61 AACTACAACGGTAATCTAGGTGATTTCACTTACGATGAAAGTGCCGGCACATTTTCAATG
21 N Y N G N L G D F T Y D E S A G T F S M

121 TATTGGGAGGATGGCGTITTCTTCCGATTTTGTCGTTGGATTGGGTTGGACAACAGGTTCA
41 Y w E b G V s s D F V V G L G W T T G S

181 AGTAACGCTATCACCTATTCAGCAGAGTACTCAGCCAGTGGCTCTTCATCTTACCTTGCC
61 s N A I T Y S A E Y S A S G S S s Y L A

241 GTATATGGGTGGGTGAACTATCCACAAGCCGAGTATTACATAGTGGAGGATTACGGAGAT
81 v Yy G W V N Y P Q A E Y Y I V E D Y G D

301 TACAACCCCTGCAGTTCCGCAACTAGTCTTGGAACTGTCTACTCAGACGGATCTACTTAC
101 Yy N p C S s A T s L G T V Y s D G s T Y

361 CAAGTCTGTACAGATACTAGAACTAATGAGCCATCCATCACAGGTACTTCCACGTTTACC
121 g v c¢c T™D TR T N E P s I T G T s T F T

421 CAATACTTCTCTIGTTAGAGAGTCCACGAGAACGTCCGGCACGGTTACCGTAGCTAACCAC
141 Q Yy r S VR E S T R T 8§ G T VvV T V A N H

481 TTTAATTTCTGGGCCCAACATGGATTTGGTAACAGTGATTTCAATTACCAGGTGATGGCT
161 F N F WA Q H G F G N S D F N Y Q V M A

541 GTTGAAGCCTGGAGTGGCGCAGGTTCAGCCTCCGTTACAATTTCATCATAG

181 vV EA W S G A G S A s VvV T I s s *

Figure 2. Nucleotide sequence of xylanase and its deduced amino acid.

after which the relative residual activity was measured to
assess the effect of pH with standard assay conditions. In
this experiment, buffers including citric acid-Na2HPO4
(pH 3.4 - 8.0) and Tris-HCI (pH 7.2 - 9.1) with
concentrations of 100 mM for each were used. After
incubation at different pH buffers, the activity of xylanase
could be detected at pH ranging from 3 - 8, while the
maximum relative activity of xylanase was observed at
pH 4.0. The detailed results were shown in Figure 6.

Effect of temperatures on xylanase activities

To evaluate the effect of temperature on the enzyme
activity, the enzyme was pretreated in a preheated water

bath at various temperatures ranging from 20 to 85°C,
the relative residual activities were assayed with standard
assay conditions. The activities of enzymes that assayed
under the standard reaction were taken as 100%.
Xylanase activities slowly decreased from 20 to 60°C and
dropped significantly at 70°C, it almost lost all of its
activity at 85°C. Thus, the enzyme was sensitive to heat.
The detailed was shown in Figure 7.

Effect of metal ions and other reagents on xylanase
activity

The effects of different metal ions and other reagents on
the activities of purified xylanase were examined by incu-
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Figure 3. Schematic diagram of expression construct.
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Figure 4. Agarose gel electrophoresis of resulting
PCR fragment (Lane 1). Lane 2: Molecular weight

bating the enzymes in the presence of the reagents at
40°C for 1 h. The residual activity was assayed by the
standard method. Activities of purified xylanase were
inhibited by several metal ions, such as Hg2+, Cu2+,
Ag2+, Fe2+, Co2+, Mn2+ and Zn2+. However, the Ca2+
and Mg2+ can activate the xylanase. The xylanase were
greatly affected by EDTA with 83.4% inhibition. The
detailed results were shown in Table 2.

Determination of the kinetic parameters

The Michaelis constant Km values and Vmax for
xylanase were determined by assaying purified enzyme

75 kD
50 kD
-~ 37kD

25 kD
20 kD

15 kD

Figure 5. SDS-PAGE analysis of purified xylanase. 1. The purified
xylanase. 2. Molecular mass marker proteins.

110+
100+

Relative activity (%)
&

Figure 6. The influence of pH on xylanase activity.

at increasing spelt xylan concentrations ranging from 0.5
to 8 mg. The temperature, pH and quantity of the enzyme
were kept the same as the standard enzyme activity
assay described above. The values of Km and Vmax for
xylanase were calculated according to Lineweaver-Burk
plots (Fromm 1979). The values of Km and Vmax were
calculated to be 6.6 mg ml-1 and 982 pmol reducing
sugar as xylose min-1 mg-1 protein, respectively, for
hydrolysis of spelt xylan.
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Figure 7. The influence of temperature on xylanase activity.

Table 1. Activity of recombinant xylanase.

Strains/plasmid/inducer Activity(U/mL)
P. pastoris 0

P. pastoris /pPICZaA-xynA 10.08
P. pastoris /pPICZaA-xynA/methanol 121.24
P. pastoris /pPICZaA-xynA/methanol 109.31

DISCUSSION

Xylan is the second most abundant biopolymer after
cellulose and the major hemicellulosic polysaccharide
found in the plant cell wall (Timell, 1967). Xylanases have
attracted considerable research interest because of their
potential industrial applications, for examples, xylanases
has been used for improving the quality and texture of
bakery products, reducing the amount of chlorine
required for bleaching of paper pulp, and increasing the
nutritive quality of poultry diet (Gilbert and Hazlewood,
1993).

This study was aimed at isolating strains capable of
producing xylanase for industrial purpose. Various
microbial strains were isolated from soil samples by the
enrichment culture. The strain, A. awamori SH-2016,
which produce the maximum xylanase, was isolated and
selected as a best strain for further studies. Generally,
microorganisms are identified mainly using morphological
characteristics. However, these methods of identification
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Table 2. Effect of metal ions and some chemicals on
xylanase activity*.

4257

Concentration Relative activity
Chemicals (mM) (%)
None 100
EDTA 1 16.6
CoClz 1 98.7
FeCl, 1 71.33
CaCly 1 115.33
MgCl. 1 110.76
MnSO4 1 74.54
ZnS04 1 98.42
AgNOs 1 33.9
Hg2Cl2 1 26.5
CuSO4 1 90.25

*Enzymes activities were determined in the presence of an
additional test chemical substance under the standard assay
conditions.

are often problematic, as there can be different
morpho/biotypes within a single species. They are also
time-consuming, and also require a great deal of skill.
DNA sequence analysis methods are an objective,
reproducible, and rapid means of identification, therefore,
they have been widely used. For the molecular approach,
our strategy was to identify these mycelia sterilia by
means of rDNA sequence comparison, as well as
phylogenetic analysis conducted in several stages of
varying taxonomic resolutions (Liu et al., 2008).

The analysis of the ribosomal region via PCR has been
widely employed for characterizing different fungal
species (Gardes and Bruns, 1993). In both vegetal and
fungal organisms the structure of the ribosomal region
comprises repeated clusters of coding regions (Erland et
al., 1994). The ITS regions separating genes 17 S and 25
S, can be amplified by specific primers anchored in these
two units. Since the ITS region is highly conserved, it is
variable between different species. ITS region
polymorphism is often used in taxonomy, but now, it is
being well recognized for identifying fungi species. In this
study, we combined the morphological and physiological
methods with DNA sequence analysis to identify the
genetic position of the isolated strain producing xylanase.
To date, many xylanases have been isolated and
characterized (Ghosh et al., 1993; Haltrich et al., 1996;
Ito, 1993; Ziaie-Shirkolaee et al., 2008). In addition, some
of the molecular biology of these enzymes has been
studied (Alam et al., 1994; Eliger et al., 1994; Patel and
Ray, 1994; Tsujibo et al., 1990; Wang et al.,, 1993;
Moreau et al., 1994; Kulkarni et al., 1999). In this study, a
newly isolated and identified strain, Aspergillus awamori
SH-2016, is capable of producing xylanase, was ob-
tained, and the gene encoding xylanase was successfully
cloned and expressed, which would enrich the resource
of xylanase.
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Several ions could influence the xylanase activity,
which indicate metal ions have a stabilizing effect on the
xylanase when it catalyzes the reactions. One of the
interesting properties of this enzyme is that the optimal
pH for the recombinant xylanase was about pH 5.0 which
make it efficiently hydrolyze oat spelts at pH 4.5. This pH
for the optimal enzyme activity of the purified xylanase is
in the range of that reported for other fungi and bacteria
(Wong et al., 1988). This again suggests that the xy-
lanase from A. awamori SH-2016 could be of commercial
interest for the digestion of residual xylan in the animals’
stomachs under acidic conditions. At the same time, the
enzyme was sensitive to heat. To improve the thermo-
stability and activity of xylanase for industrial applications,
the xylanase could be modified by rational design of
proteins or by directed molecular evolution of proteins
(Miyazaki et al., 2006; Liu et al., 2006), which are
ongoing in our further studies. Characterization experi-
ments yielded a great deal of information regarding the
biochemical nature of this xylanase, which offered a
possibility for this xylanase with potential industrial
application.

Many industrial types of yeast have been developed as
recombinant systems for the commercial production of
xylanase (Damaso et al, 2003). These organisms
combine ease of genetic manipulation with the ability to
perform many eukaryotic post-translational modifications
(Cereghino et al., 2002). One of the most commonly used
systems is the yeast Pichia pastoris. This organism
possesses a number of attributes that make it an
attractive host for the expression and production of
xylanase (Berrin et al., 2000). Most importantly, it can be
grown conveniently in a simple and inexpensive medium
and it does not secrete any endogenous xylanase of its
own (Berrin et al., 2000). The xylanase from A. awamori
SH-2016 was successfully cloned and expressed in
Pichia pastoris in this work. Overexpression of this kind of
xylanase would facilitate better understanding of the
structure of the enzyme and could result in the production
of large amounts of efficient xylanase biocatalyst.

ACKNOWLEDGEMENT

This work was supported by the Research Program of
Science and Technology Department of Jilin Province
(No. 2000567-1) and Natural Science Foundation of
Zhejiang Province (No. Y506136).

REFERENCES

Abrusci C, Martin-Gonzalez A, Del Amo A, Catalina F, Collado J, Platas
G (2005). Isolation and identification of bacteria and fungi from
cinematographic films. Int. Biodeter. Biodegr. 56: 58-68.

Alam M, Gomes |, Mohiuddin G, Hog MM (1994). Production and
characterization of thermostable xylanases by Thermomyces
lanuginosus and Thermoascus aurantiacus grown on lignocelluloses.
Enzyme Microb Technol 16: 298-302.

Azin M, Moravej R, Zareh D (2007). Production of xylanase by
Trichoderma longibrachiatum on a mixture of wheat bran and wheat

straw Optimization of culture condition by Taguchi method. Enzyme
Microbiol Technol 40: 801-805.

Berrin JG, Williamson G, Puigserver A, Chaix JC, McLauchlan WR,
Juge N, (2000). High-level production of recombinant fungal endo-§3-
1,4-xylanases in the methylotrophic yeast Pichia pastoris. Protein
Expres. Purif. 19: 179-187.

Bradford MM (1976). A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem. 72: 248-254.

Cereghino GC, Cereghino J, ligen C, Cregg J (2002). Production of
recombinant proteins in fermentor cultures of the yeast Pichia
pastoris. Curr. Opin. Biotechnol. 13: 329-332.

Chomczynski P, Sacchi N (1987). Single step method of RNA isolation
by acid guanidinium thiocyanate phenol chloroform extraction. Anal.
Biochem. 162: 156-159.

Chung CT, Niemela SL, Miller RH (1989). One-step preparation of
competent Escherichia coli: transformation and storage of bacterial
cells in the same solution. Proc. Natl. Acad. Sci. USA. 86: 2172-2175.

Damaso MCT, Almeida MS, Kurtenbach E, Martins OB, Pereira N,
Andrade CMM, Albano RM (2003). Optimized expression of a
thermostable xylanase from Theromyces langinosus in Pichia
pastoris. Appl. Environ. Microbio. 169: 6064-6072.

Doyle JJ, Doyle JL (1987). A rapid DNA isolation procedure for small
quantities of fresh leaf tissues. Phytochem. Bull. 19: 11-15.

Eliger G, Szakiics G, Jeffries TW (1994). Purification, characterization,
and substrate specificities of multiple xylanases from Streptomyces
sp. strain B-1 2-2. Appl. Environ. Microbial. 60: 2609-2615.

Erland S, Henrion B, Martin F, Glover LA, Alexander I|J (1994).
Identification of the ectomycorrhizal basidiomycete tylospora-fibrillosa
donk by RFLP analysis of the PCR-amplified ITS and IGS regions of
ribosomal DNA. New Phytol. 126: 525-532.

Fromm HJ (1979). Use of competitive inhibitors to study substrate
binding order. Methods Enzymol. 63: 467-486.

Gardes M, Bruns TD (1993). ITS primers with enhanced specificity for
basidiomycetes-application to the identification of mycorrhizae and
rusts. Mol. Ecol. 2: 113-118.

Ghosh M, Das A, Mishra AK, Nanda G (1993). Aspergillus sydowii MG
49 is a strong producer of thermostable xylanolytic enzyme. Enzyme
Microbiol. Technol. 15: 703-709.

Gilbert HJ, Hazlewood GP (1993). Bacterial ceilulases and xyianases.
J. Gen. Microbiot. 39: 187-194.

Haltrich D, Nidetzky B Kulbe KD, Steiner W, Zupancic S (1996).
Production of fungal xylanases. Bioresour. Technol. 58: 137-161.

Hessing JG, van Rotterdam C, Verbakel JM, Roza M, Maat J, van
Gorcom, RF van der Hondel, CA (1994). Isolation and characteri-
zation of a 1,4-beta-endoxylanase gene of A. awamori. Curr. Genet.
26: 228-232.

lto K (1993). Acid stable xylanase from Aspergillus kawachii. J. Brew.
Soc. Jpn. 88: 920-928.

Jiang ZQ, Yang SQ, Tan SS, Li LT, Li XT (2005). Characterization of a
xylanase from the newly isolated thermophilic Thermomyces
lanuginosus CAU44 and its application in bread making. Lett. Appl.
Microbiol. 41: 69-76.

Kulkarni N, Shendye A, Rao M, (1999). Molecular and biotechnological
aspects of xylanases. FEMS Microbiol. Rev. 23: 411-456.

Li Y, Cui F, Liu Z, Xu Y, Zhao H (2007a). Improvement of xylanase
production by Penicillium oxalicum ZH-30 using response surface
methodology. Enzyme Microbiol. Technol. 40: 1381-1388.

Li Y, Liu Z, Zhao H, Xu Y, Cui F (2007b). Statistical optimization of
xylanase production from new isolated Penicillium oxalicum ZH-30 in
submerged fermentation. Biochem. Eng. J. 34: 82-86.

Liu ZQ, Sun ZH (2004). Cloning and expression of D-lactonohydrolase
cDNA from Fusarium moniliforme in Saccharomyces cerevisiae.
Biotech. Lett. 26: 1861-1865.

Liu ZQ, Sun ZH, Leng Y (2006). Directed Evolution of D-
pactonohydrolase from Fusarium moniliforme. J. Agric. Food Chem.
54: 5823-5830.

Liu J, Li Y, Gu GX, Mao Z (2005). Effects of molecular weight and
concentration of arabinoxylans on the membrane plugging. J. Agric.
Food Chem. 53: 4996-5002.

Liu ZQ, Zhang JF, Zheng YG, Shen YC (2008). Production of
astaxanthin from a newly isolated phaffia rhodozyma mutant by low-



energy ions beam implantation. J. Appl. Microbiol. 108: 861-872.

Maat J, Roza M, Verbakel J, Stam H, DaSilra MJS, Egmond MR,
Hagemans MLD, Gorcom RFM, Hessing JGM, Van den Hondel,
CAMJJ, Van Rotterdam C (1992). Xylanases and their application in
bakery. Xylanases and Their Applications in Bakery. In: Xylan and
Xylanases, Progress in Biotechnology No. 7, Visser J, Kusters van
Someren MA, Beldman G, Voragen AGJ (Eds.), Elsevier Science
Publishers, Amsterdam, The Netherlands pp. 349-360.

Miller GL (1959). Use of dinitrosalicylic acid reagent for determination of
reducing sugars. Anal. Chem. 31: 426-428.

Miyazaki K, Takenouchi M, Kondo H, Noro N, Suzuki M, Tsuda S
(2006). Thermal Stabilization of Bacillus subtilis Family-11 Xylanase
by Directed Evolution. J. Biol. Chem. 281: 10236-10242.

Moreau A, Roberge M, Manin C, Shareck F, Kluepfel D, Morosoli R
(1994). Identification of two acidic residues involved in the catalysis of
xylanase A from Streptomyces lividans. Biochem. J. 302: 291-295.

Patel BN, Ray RM (1994). Production and characterization of xylanase
from a Strepfomyces species grown on agricultural wastes. World J.
Microbial. Biotechnol. 10: 599-605.

Polizeli MLTM, Rizzatti ACS, Monti R, Terenzi HF, Jorge JA, Amorim
DS (2005). Xylanase from fungi: properties and industrial
applications. Appl. Microbiol. Biotechnol. 67: 577-591.

Sambrook J, Fritsch EF, Maniatis T (2001). Molecular Cloning: A
Laboratory Manual (Cold Spring Harbor Lab Press, NY), 3rd ed. Vol
1, pp. 26-30. ISBN 7-03-010338-6.

Shah AR, Madamwar D (2005). Xylanase production by a newly
isolated Aspergillus foetidus strain and its characterization. Process
Biochem. 40: 1763-1771.

Silversides FG, Scott TA, Korver DR, Afsharmanesh M, Hruby M
(2006). A study on the interaction of xylanase and phytase enzymes
in wheat-based diets fed to commercial white and brown egg laying
hens. Poultry Sci. 85: 297-305.

Yang et al. 4259

Timell TE (1967). Recent progress in the chemistry of wood
hemicelluloses. Wood Sci. Technol. 1: 45-70.

Tsujibo H, Sakamoto T, Nishino N, Hasegawa T, Inamori Y (1990).
Purification and properties of three types of xylanases produced by
an alkalophilic actinomycete. J. Appl. Bacterial. 69: 398-405.

Vicuna R, Oyarzum E, Osses M (1995). Assessment of various
commercial enzymes in the bleaching of radiata pine kraft pulps. J.
Biotechnol. 40: 163-168.

Wang P, Mason JC, Broda P (1993). Xylanases from Srrepromyces
cyaneus: Their production, purification, and characterization. J. Gen.
Microbial. 139: 1987-1993.

Wong KKY, Tan LUL, Saddler JN (1988). Multiplicity of B-1,4-xylanase
in microorganisms: function and applicants. Microbiol. Rev. 52: 305-
317.

Ziaie-Shirkolaee Y, Talebizadeh A, Soltanali S (2008). Comparative
study on application of T. lanuginosus SSBP xylanase and
commercial xylanase on biobleaching of non wood pulps. Bioresour.
Technol. 99: 7433-7437.



