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Abstract

A strain of Aspergillus versicoloproduces a xylanolytic complex containing two components, the minor component being designated
xylanase Il. The highest production of xylanase Il was observed in cultures grown for 5 days in 1% wheat bran as carbon source, at pH 6.5.
Xylanase Il was purified 28-fold by DEAE-Sephadex and HPLC GF-510 gelfiltration. Xylanase |l was a monomeric glycoprotein, exhibiting a
molecular mass of 32 kDa with 14.1% of carbohydrate content. Optimal pH and temperature values for the enzyme activity were about 6.0—7.0
and 55°C, respectively. Xylanase Il thermoinactivation at&showed a biphasic curve. The ions?4gCuw?+ and the detergent SDS were
strong inhibitors, while MA" ions and dithiothreitol were stimulators of the enzyme activity. The enzyme was specific for xylans, showing
higher specific activity on birchwood xylan. The Michaelis—Menten conskagltfor birchwood xylan was estimated to be 2.3 mghwhile
maximal velocity ¥ma) Was 233.Jumol mg ! min~t of protein. The hydrolysis of oat spelt xylan released only xylooligosaccharides.
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1. Introduction lanases, associated or not with other enzymes, can be used in
the food industry in order to enhance the digestibility of an-
The primary component of hemicellulose is xylan, a het- imal feeding, as well as in the textile industry, among other
eropolysaccharide formed by a main chain of linigd, 4 applications. Special attention has been given to their use in
xylose residues, and a variety of substituents, differing from the pulp and paper industry for bleaching purposes, result-
plant to plant. It may constitute up to 30% cellular walls ing in a decrease of chlorine utilization and consequently
in hard wood types and annual plants. Therefore, consider-jowering environmental impagt—6].
able amounts of xylan are found in solid agricultural and A strain of Aspergillus versicoloproduces high levels of
agroindustrial residues, as well as in effluents released dur-xylanolytic activity associated with low cellulolytic activity,
ing wood processing, which, due to frequent inappropriate an essential characteristic for certain industrial applications
discard, cause great damage to the ecosygtez [7]. The xylanolytic complex of this fungus consists of two
Xylan biodegradation is performed by a xylanolytic com-  enzymes, the more abundant of which, xylanase I, has been
plex, which is primarily produced by fungi and bacteria. purified and characterizef8]. The aim of this work was
Hydrolysis of the main chain is accomplished by the action the establishment of optimal conditions for the production,
of endo-1,4g-xylanases (1,4-p-xylan xylanohydrolases,  purification and biochemical characterization of xylanase II,
EC 3.2.1.8), which release xylooligosaccharides of different the minor component oA. Versico|0rxy|an0|ytic Comp|ex_
sizes[1,3,4]
Basic and applied research on microbial hemicellulases
has not only produced significant scientific knowledge, but 5 1 aterials and methods
also revealed their enormous biotechnological potential. Xy-

2.1. Organism and growth
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Liquid cultures were prepared in the same medium with 1% against 50 MM ammonium acetate buffer pH 6.8, and sub-
(w/v) wheat bran as carbon source and pH was adjusted tomitted to a gel filtration in HPLC Shimadzu CLASS-LC10,
6.5 or 5.8 as indicated in the text and legends. Erlenmeyerusing a Shodex Asahipak GF-510 HQ column equilibrated
flasks (250 ml) containing 50 ml of medium were inoculated in the same buffer.

with 2 ml of the spore suspension (1€pores/ml) and incu-

bated at 30C for 5 or 9 days, or as indicated in the te_xt a_nd 2.6. Electrophoresis

legends. The mycelium was removed by vacuum filtration

and the filtrate was used as crude enzyme extract. SDS-PAGE was carried out in an acrylamide gradi-

ent (5-20%) as described by Hames and Rickwfis].
Molecular weight standards were: phosphorylase b, bovine
serum albumin, ovalbumin, carbonic anhydrase, soybean
trypsin inhibitor anda-lactalbumin. Proteins were stained
with Coomassie brilliant blue R-250.

2.2. Enzymic assay

Xylanase activity was assayed at 85 using 2% (w/v)
birchwood xylan or oat spelt xylan in 100 mM sodium phos-
phate buffer pH 6.0. The reducing sugars released were
quantified by the dinitrosalicylic acid meth@tD], using xy-
lose as standard. One enzymic activity unit was defined as2-7- Optimal temperature and pH, and thermal stability
the enzyme amount that releasgsmol of reducing sugar

per minute. Specific activity was expressed as unit per mil-  Optimal assay temperature was determined by performing
ligram of protein. a standard activity assay in a temperature range from 25 to

70°C. In order to determine optimal pH, the enzymic assay
2.3. Determination of neutral carbohydrates and protein ~ Was carried out at different pH values, at*&5 Mcllvaine
buffer was used for pH 4.0-8.0, Tris—HCI buffer for pH
Total carbohydrate content was determined by phenol sul-8.0-9.0 and glycine-NaOH buffer for pH 9.0 and 9.5.
phuric method11] with glucose as standard. Protein con-
centration was determined by the method of Lowry et al. 2 8. Effect of potential inhibitors and activators on
[12] using bovine serum albumin as standard. purified xylanase Il activity

2.4. Separation of the xylanolytic complex components The effect of various compounds on xylanase activity
was determined by performing the enzyme assay in 50 mM

The culture filtrate obtained after different cultivation con- godium acetate buffer pH 5.5, with birchwood xylan as sub-
ditions was dialyzed against 50 mM Tris—HCl buffer pH 7.0, strate at final concentrations of 2 and 10 mM. Residual activ-

and submitted to a batch assay with DEAE-Sephadex A-50 ity was expressed as the percentage of the activity observed
equilibrated in the same buffer. Xylanase l, which does not in the absence of any Compound_

bind to the resin under these conditions, was removed by
centrifugation at 600& g for 15min at £C and the resin
was exhaustively washed with the same buffer. The xylanase
I-rich supernatants were pooled to estimate xylanolytic ac-
tivity. The resin-bound components (including xylanase 1)
were eluted by three washes with 50 mM Tris—HCI buffer
pH 7.0, containing 0.7 M NacCl, followed by centrifugation . ' .
at the conditions described above. The pooled supernatantéers (Michaelis-Menten constarim, and maximal reac-

were also assayed for xylanolytic activity. Total xylanolytic ]Elon \ijelofj'lty’ Vm.aX) welrel etst|mate<; by tl'nf.a F regression d
activity corresponded to the sum of the activities of both Egonll 102 (_er-kr]eCI.prc.)c;el plo s according 1o meweavgr an
supernatant pools, urk [14]. The initial velocities Yp) were expressed in

pwmol mi~1 min~1 and the maximum velocity was converted
into wmol mg~t min—! of protein.

2.9. Kinetic parameters

The effect of oat spelt xylan concentration, ranging
from 2.0 to 40mgmt?!, on xylanase activity was evalu-
ated under optimal assay conditions. The kinetic parame-

2.5. Purification of xylanase Il

The culture filtrate (140ml) was dialyzed against 2.10. Analysis of xylan hydrolysis products
50mM Tris—HCI buffer pH 8.8 and chromatographed
in a DEAE-Sephadex A-50 column .@lcm x 13.8cm) The products of oat spelt xylan hydrolysis were ana-
pre-equilibrated with the buffer at a flow rate of 20 ml/h. lyzed by thin-layer chromatography on silica gel G-60 with
The bound proteins were eluted with a NaCl gradient ethyl acetate/acetic acid/formic acid/distilled water (9:3:1:4,
(0.0-0.6 M) in the same buffer. The fractions with higher ac- v/v/v/v) as the mobile phase. Xylose and xylobiose were
tivity were pooled and concentrated approximately 10 times used as standards, and thymol blue as a front indicator. De-
through reverse osmosis using polyethylene glycol (MW velopment was performed with 0.2% (w/v) orcinol in sul-
15,000-20,000). The concentrated sample was dialyzedphuric acid/methanol (1:9, v/\J15].
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