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Abstract
Alkali-tolerant AspergilZusjkheri Fxnl produced two extracellular xylanases. The major xylanase (MT 31000) was purified
to electrophoretic homogeneity by ammonium sulfate precipitation, anion exchange chromatography and preparatory PAGE.
Xylose was the major hydrolysis product from oat spelt and birch wood xylans. It was completely free of cellulolytic activities.
The optimum pH and temperature were 6.0 and 6O”C, respectively. pH stability ranged from 5 to 9.5 and the tli2 at 50°C was
490 min. It had a K, of 4.88 mg ml-’ and a V,, of 588 pmol min-l mg- I. The activity was inhibited (95%) by AlCls (10 mM).
This enzyme appears to be novel and will be useful for studies on the mechanism of hydrolysis of xylan by xylanolytic enzymes.
,
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1. Introduction
Hemicelluloses

are

the

second

most

abundant

in nature. Xylans which are p1,Clinked xylose polymers substituted by acetyl, aD-glucuronyl, and a-L-arabinofuranosyl
groups form
the predominant
fraction in hemicellulose followed
by arabinans,
galactans, glucans and mannans. To
hydrolyze xylan completely, a consortium
of enzymes called xylanolytic
enzymes are required.
Endo-xylanases
have been investigated
extensively
plant

polysaccharide
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compared to other xylanases as seen from many reviews [l].
Among the various applications of xylanases, the
major one is in the removal of hemicellulose components in pulp and improvement of the paper qualities
[2]. To be effective in applications in paper industries, xylanases should retain activity under alkaline
conditions and be devoid of cellulases. Such xylanases were reported
from alkalophilic
bacteria
and actinomycetes [3]. Although two alkali-tolerant
fungi Cephalosporium sp. [4] and Aspergillus jischeri Fxnl [5] have been reported to produce xylanases active under alkaline conditions,
none has
been purified and characterized. The present study
is the first report on the purification
and characterization
of xylanase from an alkali-tolerant
fungus.

by Elsevier Science B.V. All rights reserved
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2.4. Electrophoresis

2.1. Organism and xylunase production

Proteins were analyzed by slab PAGE (12% gel)
using Coomassie Blue R250. Preparatory PAGE was
carried out in tube gels (1.2 X 6.0 cm; 12% gel) and
the proteins were trapped using a dialysis membrane.
The xylanase active fractions (8-12) were pooled,
dialyzed against PPB (pH 6.0) and stored at 0°C.
Activity staining (zymogram) was performed using
2% (w/v) agar gel containing
0.5% (w/v) birch
wood xylan and Congo Red staining [7].

A. jischeri Fxnl isolated in our laboratory
was
used for production of enzyme. Solid-state cultures
in 500-ml Erlenmeyer flasks were carried out using
wheat bran (10 g) with 10 ml mineral base medium
[5] and yeast extract (0.1%) at pH 9.0 and 30°C.
Spores from 4-day-old potato dextrose agar slants
were inoculated, and after 60 h of incubation
the
enzyme was extracted with 50 ml of 0.05 M potassium phosphate buffer (pH 6). The supernatant was
used as the crude enzyme.

und uctivity staining

2.5. Churucterizution
The relative molecular

mass of xylanase was deter-

2.2. Enzyme ussu~u
Xylanase was assayed using birch wood xylan [5].
Reducing sugars released were measured by the 3,5dinitrosalicylic acid method. One unit of xylanase is
defined as the amount of enzyme that liberated
1 pmol of xylose equivalent per min. P-D-Xylosidase
was assayed according to Poutanen and Puls [6].
Acetyl esterase was assayed similarly to B-xylosidase
using p-nitrophenyl
acetate as substrate. Cellulase
was assayed according to the IUPAC method. Protein was estimated using Folin-Ciocalteu
phenol reagent.

1

n
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2.3. Purcjicution
After (NH&SO.,
(60% w/v) precipitation
of the
supernatant,
the precipitate was dissolved in 0.05
M potassium phosphate buffer, pH 8.0 (PPB), dialyzed and loaded (25 ml) onto a DEAE-cellulose
column (1.5 X 10.0 cm) pre-equilibrated
with PPB.
Fractions (3 ml) were collected (0.5 ml min-‘) by
elution with PPB in a continuous
NaCl gradient
(O-O.3 M). The pooled xylanase fractions (4-14)
were lyophilized to 8 ml, dialyzed and loaded onto
a DEAE-Sephadex
A50 column (1 .OX 10.0 cm) preequilibrated
with PPB. Fractions (3 ml) were collected (0.3 ml min-l) by elution with the same buffer
in a continuous
NaCl gradient (O-O.5 M). The
xylanase
fractions
(12-30)
were pooled,
lyophilized and applied to preparatory tube gel electrophoresis.

6

Fig. I. (A) SDS-PAGE analysis of purified xylanase. Left lane:
(1) myosin (205 kDa), (2) P-galactosidase (I 16 kDa), (3) bovine
albumin (66 kDa), (4) egg albumin (45 kDa), (5) carbonic anhydrase (29 kDa). Right Lane: pure xylanase. (B) Activity staining
of pure xylanase.
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Fig. 2. Effect of pH and temperature
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PH

on activity of xylanase of AspergillusJischeri Fxnl.

mined by SDS-PAGE. The pH stability was determined by incubating the enzyme in various buffers
for 24 h at 5°C and thermal stability was assessed
from 30 to 70°C at pH 6. Km and V,, for birch
xylan were determined (pH 6.0 and 30°C) from the
Lineweaver-Burk
plot.

plates and developed with a solution of n-butanol:acetic acid:water (2: 1: 1, v/v) [7]. The sugars were visualized using concentrated
HzS04 :95% ethanol
(1: 1, v/v) reagent and heating at 150°C for 20 min.

3. Results and discussion

2.6. Analysis of hydrolytic products
3.1. Puri$cation
To 10 ml of 1% (w/v) xylan (oat spelts or birch) at
pH 6.0, 2.0 ml of xylanase (100 IU ml-‘) was added
and incubated
at 50°C. When hydrolysis reached
equilibrium, the hydrolysate was lyophilized to powder, redissolved in 50% (v/v) methanol (300 pl), applied (10.0 ~1) onto thin-layer
chromatographic

Preliminary activity staining showed two xylanases
in the culture broth. Ammonium
sulfate precipitation followed by DEAE-cellulose
column chromatography removed the coloring matter. DEAE-Sephadex A50 column chromatography
resulted in one

40
35 _

0

Fig. 3. Hydrolysis of xylan by xylanase
[initial total sugars].
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xylanase peak which showed two protein bands by
SDS-PAGE. These were further separated by preparatory PAGE. The resulting xylanase fraction with
25% yield showed 11.5-fold purity, electrophoretic
homogeneity and a single band on activity staining
(Fig. 1).

The approximate M,. was 31000, and those of Aspergillus sp. xylanases were also reported to be from
13 000 to 50000 [8,9].
The K,,, was 4.8 mg ml-’ which was low compared
to the reported values of 2217 mg ml--’ [ 101 showing
high affinity for xylan and the I’,,,;,, was 588 l.rrnol
mini’ mgg’. It had no cellulase activity which is a
desirable feature for potential application
in pulp
and paper industries.
P-Xylosidase
and esterase
were not detected.
A13+ inhibited activity of xylanase (retained 5% of
original)
similar
to that
from A. niger [8].
Co’+( 110%) stimulated activity as in A. niduluns xylanase [9] and K+. Na., Ca2+, Ct?+, Mn”+, Fe’+
Mg” and EDTA had no effect. Hg”’ (70%) and
Fe”+(70%) showed less effect, although most xylanases are inhibited by Hg” [I 11.
3.3. Eflect of pH and temperuture
The optimum
pH of the xylanase was 6.0,
although it retained over 50% of maximum activity
at pH 8.0 (Fig. 2). The optimum pH for other fungal
xylanases are also in the range 4.0-7.0 [l I]. pH stability ranged from 5.5 to 9.5 with retention of more
than 85% of the activity. The optimum temperature
was 60°C (Fig. 2) while most other fungal xylanases
are active from 40 to 55°C [l I]. The activation energy was 27.4 kJ mall’ which was less than the
reported values of 30-68.2 kJ mall’ [9]. Although
the half-lives for inactivation
at 50 and 55°C were
490 and 60 min at the optimum temperature of 6O”C,
the enzyme became inactivated rapidly (tli2 8 min)
suggesting that thermal stability was enhanced by the
substrate as reported previously [12]. The enthalpy of
activation
for thermal denaturation
was 318 kJ
mol-’ which was higher than that of other xylanases
[131.
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3.4. Hydrolysis pattern
The degree of hydrolysis of birch wood xylan
(30%) was higher than that of oat spelt xylan
(20%) (Fig. 3). Oat spelt xylan with 75% xylose,
lO%arabinose and 15% glucose (Sigma catalogue)
is more substituted
[14] compared to birch wood
xylan which has > 90% xylose. TLC analysis showed
xylose as the product in the hydrolysate independent
of the type of xylan and higher oligosaccharides were
not detected. These data suggest that the mode of
action of xylanase is endwise (exo) and that oat spelt
xylan may have more substituted xylose residues on
the ends which limit the xylanase action. A xylanase
from Aeromonus cuviae [7] with a similar mode of
action has been reported which releases xylobiose
as the major hydrolysis product.
Although this xylanase released xylose from xylan
it was not acting on p-nitrophenyl-P-n-xyloside,
indicating specificity towards xylan or higher xylo-oligosaccharides. However, systematic studies with specific xylo-oligosaccharides
are necessary to reveal the
actual mechanism of action. As there are no reports
on the isolation or characterization
of such xylanases
from alkali-tolerant
fungi, this enzyme appears to be
novel and will be useful in understanding
the mechanism of hydrolysis of xylan by xylanolytic
enzymes. Further systematic kinetic studies on the molecular mechanism of its catalysis are being carried
out.
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