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Abstract Two xylanases were isolated and purified from crude culture filtrate of Aspergillus
sydowii SBS 45 after 9 days of growth on wheat bran containing 0.5% (w/v) birch wood xylan
as the carbon source under solid-state fermentation. After a three-step purification scheme
involving ammonium sulfate precipitation, gel filtration chromatography (Sephadex G-200),
and anion exchange chromatography (DEAE-Sephadex A-50), xylanase I was purified 93.41
times, and xylanase II was purified 77.40 times with yields of 4.49 and 10.46, respectively.
Molecular weights of xylanase I and II were 20.1 and 43 kDa, respectively, in sodium dodecyl
sulfate—polyacrylamide gel electrophoresis. Optimum temperature was 50 °C, and optimum pH
was 10.0 for both xylanase I and II. The K, value of xylanase I for birch wood xylan was
3.18 mg ml ' and for oat spelt xylan 6.45 mg ml ', while the K, value of xylanase II for birch
wood xylan was 6.51 mg ml™" and for oat spelt xylan 7.69 mg ml™'. Metal ions like A", Ba®",
Ca®", Na', and Zn®" enhanced the activity of xylanase I and II at 10 mM concentration. Among
the additives, L-tryptophan enhanced the activity of xylanase I and II at 10-, 20-, and 30-mM
concentrations. Both xylanases appeared to be glycoproteins.

Keywords Aspergillus sydowii - Xylanase I - Xylanase II - Purification - Characterization -
Solid-state fermentation

Introduction

Xylan is a major component of plant hemicellulose. After cellulose, it is the next most
abundant renewable polysaccharide in nature. Xylan represents up to 30-35% of the total
dry weight of land plants [1]. Xylan together with cellulose (1,4-3-glucan) and lignin make
up the major polymeric constituents of plant cell walls [2]. Xylan is a heteropolysaccharide
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and is made up of a homopolymeric backbone chain of 1,4-linked 3-D-xylopyranosyl units,
which can be substituted to varying degrees with glucuronopyranosyl, 4-O-methyl-D-
glucuronopyranosyl, «-L-arabinofuranosyl, acetyl, feruloyl, and/or p-coumaroyl side chain
groups [2]. Because of heterogeneity and the complex chemical nature of plant xylan, its
complete breakdown requires the action of a complex of several hydrolytic enzymes with
diverse specificity and modes of action. Endo-1,4-f3-D-xylanases (EC 3.2.1.8) randomly
cleave xylan backbone, and (3-D-xylosidases (EC 3.2.1.37) cleave xylose monomers from
the nonreducing end of xylo-oligosaccharides and xylobiose, while the removal of side
groups is catalyzed by o-L-arabinofuranosidases (EC 3.2.1.55), «-D-glucuronidases (EC
3.2.1.139), acetyl xylan esterases (EC 3.2.1.72), ferulic acid esterases (EC 3.1.1.73), and
p-coumaric acid estrases (EC 3.1.1.-) [3].

Xylanolytic enzymes from microorganisms have attracted attention for the last few
decades, particularly because of their biotechnological potential in various industrial
processes such as food, feed, and pulp and paper industries [4]. Currently, the most
effective application of xylanases is in the prebleaching of kraft pulp to minimize use of
harsh chemicals in the subsequent treatment stages of pulp bleaching [5]. In baking, they
improve elasticity and strength of the dough thereby increasing loaf volumes and texture of
bread [6]. In the feed industry, the incorporation of xylanase into the rye-based diet of
broiler chickens results in the reduction in intestinal viscosity, thereby improving both
weight gain of chicks and their feed conversion efficiency [7]. Xylanases are used for the
conversion of xylan in wastewater released from agricultural and food industries into
xylose. They are also used for clarifying must and juices and for liquefying fruits and
vegetables. Xylanases in conjunction with other enzymes are used for the generation of
biological fuels such as ethanol and xylitol from lignocellulosics, for degumming of bast
fibers such as flax, hemp, jute, and ramie, and deinking of waste newspapers, which are
used in the paper-making process [4].

Fungi, actinomycetes, and bacteria are some of the most important xylanolytic enzyme
producers. Many of these organisms have been found to produce multiple forms of
xylanases. These may have diverse physico-chemical properties, structures, specific
activities, and yields, as well as overlapping but dissimilar specificities, thereby increasing
the efficiency and extent of hydrolysis and also the diversity and complexity of the
enzymes. Species of Aspergilli and Trichodermi are examples of microorganisms, which
can produce xylanase isoenzymes. The aim of the study is to purify and characterize
xylanases from the culture filtrate of the fungus Aspergillus sydowii SBS 45.

Materials and Methods

Chemicals

Birch wood xylan and oat spelt xylan were obtained from Sigma (St. Louis, MO).
Sephadex G-200 and diethylaminoethyl (DEAE)-Sephadex A-50 were obtained from
Pharmacia (Uppsala, Sweden). Protein molecular mass standards (wide range) were
obtained from Genei (Bangalore, India).

Organism and Growth Conditions

A. sydowii SBS 45 was isolated from the soil in our laboratory and was maintained on
Sabouraud dextrose agar medium containing 0.1% (w/v) birch wood xylan. The plates
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were incubated at 30 °C for 7 days for spore production and then stored at 4 °C until
use.

Fermentation Studies

Solid-state fermentation was carried out using wheat bran as the substrate. Wheat bran was
moistened with mineral salt medium containing: KCI (0.5 g I'"), MgS04.7H,0 (0.5 g 1I'"),
NaH,PO, (0.5 g I'"), CaCl, 2H,0 (0.01 g I'"), FeSO4 7H,O (0.01 g I'"), MnCl, 4H,0
(0.01 g 17", ZnSO, 7H,O (0.002 g 1'"), soyabean meal (2.5 g 1'"), and birch wood xylan
(5.0 g I'"). The initial pH of the medium was adjusted to 7. Fermentation was carried out in
500-ml Erlenmeyer flask containing 20 g wheat bran moistened with 20 ml mineral salt
solution. Sterilized media were inoculated with 1 ml of spore suspension containing 1x10°
spores per milliliter. Fermentation was carried out at 30 °C for 9 days under static conditions.

Enzyme Assays

Xylanase activity was determined by taking 0.9 ml of 1% (w/v) birch wood xylan (prepared
in 50 mM Na-citrate buffer, pH 5.3) and 0.1 ml of diluted enzyme, and the mixture was
incubated at 50 °C for 5 min [8]. Reaction was stopped by the addition of 1.5 ml 3,5-
dinitrosalicylic acid (DNS) reagent, and contents were boiled for 5 min [9]. After cooling,
the color developed was read at 540 nm. The amount of reducing sugar liberated was
quantified using xylose as the standard. One unit of xylanase activity was defined as the
amount of enzyme required to release 1 wmol of xylose equivalents per minute.

Cellulase activity was determined by incubating 0.9 ml of 1% (w/v) carboxymethyl
cellulose (prepared in 50 mM Na citrate buffer pH 5.3) and 0.1 ml of diluted enzyme at 50 °C
for 15 min [10]. Reaction was stopped by the addition of 1.5 ml DNS reagent, and the
contents were boiled for 5 min [9]. The color developed was read at 540 nm. The amount of
reducing sugar liberated was quantified using glucose as the standard. One unit of cellulase
activity was defined as the amount of enzyme required to release 1 pumol of glucose
equivalents per minute.

[3-Xylosidase activity was determined by incubating 0.9 ml of freshly prepared solution
of 4 mM p-nitrophenyl-3-D-xylopyranoside prepared in sodium citrate buffer (50 mM
pH 4.5) and 0.1 ml of diluted enzyme solution at 50 °C for 30 min [11]. The reaction was
terminated by the addition of 1 ml of 2 M sodium carbonate solution. The color developed
was read at 410 nm. One unit of 3-xylosidase activity was defined as the amount of enzyme
that catalyses the formation of 1 pmol of p-nitrophenol per minute under assay conditions.

Determination of Protein

Soluble protein was estimated using bovine serum albumin as the standard [12]. Five
milliliters of alkaline copper reagent was added to 1 ml of properly diluted enzyme. After
10-min incubation, 0.5 ml Folin’s phenol reagent was added. After 30-min incubation in the
dark, absorbance was measured at 660 nm.

Purification of Xylanase I and II
All purification steps were carried out at 4 °C. After incubation, the enzyme was extracted

using sodium citrate buffer (50 mM, pH 5.3). The fermented slurry was filtered through
cheesecloth, and the filtrate was centrifuged at 10,000 x g for 20 min at 4 °C. The supernatant
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was filtered through Whatman no. 1 filter paper, and the filtrate was treated with
ammonium sulfate (30-90% w/v), and the protein precipitated was separated (10,000x g for
30 min). The precipitate was resuspended in 50 mM sodium acetate buffer, pH 5.5, and
dialyzed against the same buffer. The dialyzed sample was concentrated by polyethylene
glycol (PEG) 20,000.

Concentrated protein was subjected to gel filtration on a Sephadex G-200 column (2.5 %
70 c¢m) equilibrated with 50 mM sodium acetate buffer, pH 5.5. Proteins were eluted using
the same buffer at a flow rate of 20 ml h™'. Fractions of 5.0 ml were collected, and those
showing highest xylanase activity were pooled and concentrated by PEG 20,000. The
protein in each sample was determined by taking absorbance at 280 nm.

Fractions containing xylanase activity were pooled, concentrated, and loaded on to an
anion exchange column (DEAE Sephadex A-50, 3.5%50 cm) equilibrated with 50 mM
sodium acetate buffer, pH 5.5. Unbound proteins were eluted in equilibrating buffer, while
bound proteins were eluted with a linear gradient of NaCl (0—1 M) in the same buffer. Flow
rate was adjusted to 20 ml h™", and fractions of 5.0 ml were collected. Fractions eluted in
the NaCl gradient were dialyzed against 50 mM sodium acetate buffer, pH 5.5. Fractions
showing xylanase activity were pooled and concentrated and stored at 4 °C for further
studies.

Electrophoresis

Purified enzymes were subjected to native and sodium dodecyl sulfate (SDS)—polyacrylamide
gel electrophoresis (PAGE) in 12.5% acrylamide gels [13]. Protein bands were stained with
Coomassie brilliant blue G-250.

Biochemical Characterization

Effect of Temperature on the Activity and Stability of Xylanase I and II

Optimum temperature of xylanase I and Il was determined by varying reaction temperature
from 30 to 80 °C. Thermal stability of xylanase I and II was determined by monitoring
residual activity after incubating enzymes at temperatures ranging from 30 to 80 °C for 4 h.

Aliquots were taken after 1-, 2-, 3-, and 4-h intervals, and residual xylanase activity was
determined.

Table 1 Summary of the purification of xylanase I and II from Aspergillus sydowii SBS 45.

Purification step Total Total Total Specific  Purification Yield
volume activity protein  activity (fold) (%)
(ml) ) (mg) (Umg")
Crude culture filtrate 365 37,440.88 2,996.65 12.49 1 100
Ammonium sulfate precipitation 25 19,150 107.5 178.14 14.26 51.15
(30-90%)
Gel filtration (Sephadex G- 200) 75 10,350.75 45 230.02 18.42 27.65

Anion exchange chromatography (DEAE-

Sephadex A-50)
Xylanase 1 60 1,680 1.44 1,166.67 93.41 4.49
Xylanase 11 135 3,915 4.05 966.67 77.40 10.46
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Fig. 1 Elution profile of xylanase from Aspergillus sydowii SBS 45 on Sephadex G-200. The column was
equilibrated with 50 mM Na acetate buffer, pH 5.5. The flow rate and fraction size were 20 ml h™' and
5.0 ml, respectively (circles, xylanase activity, U ml™'; triangles, protein absorbance at 280 nm)
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Fig. 2 Elution profile of xylanase I and II from Aspergillus sydowii SBS 45 on DEAE-Sephadex A-50.
Equilibrating buffer was Na acetate, pH 5.5.The enzymes were eluted with a linear NaCl gradient in the same
buffer. The flow rate and fraction size were 20 ml h™' and 5.0 ml, respectively (circles, xylanase activity, U

ml™'; triangles, protein absorbance at 280 nm)
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Effect of pH on the Activity and Stability of Xylanase I and II

The pH optima were determined by monitoring activities of xylanase I and II in pH range
2—-12. Various buffers used were 50 mM glycine-HCI (2-3), 50 mM sodium acetate
(4-6), 50 mM Tris—HCI (7-9), and 50 mM glycine-NaOH (10-12). To monitor pH
stabilities, xylanases were diluted in respective buffers and incubated at 30 °C. Aliquots
were taken after 1-, 2-, 3-, and 4-h intervals, and residual xylanase activity was
determined.

Kinetic Parameters

Kinetic parameters (K, and Vy,.x) were determined by incubating xylanase I and II with
various concentrations of birch wood xylan (4 to 10 mg ml™") and oat spelt xylan (2 to
10 mg ml™") solutions prepared in 50 mM sodium citrate buffer, pH 5.3, and enzyme
activity was estimated. K, and V;,,, were calculated by linear regression from Lineweaver—
Burk plots.

Fig. 3 SDS-PAGE (12.5%) of
xylanase I and II from Aspergil- 1 2 3 4 5 6
lus sydowii SBS 45. Lane 1, : :
Crude culture filtrate; 2, ammo-
nium sulfate precipitate; 3, gel
filtration fraction; 4, xylanase I;
5, xylanase II; 6, molecular
weight markers: myosin

(205 kDa), phosphorylase b
(97.4 kDa), bovine serum albu-
min (66 kDa), ovalbumin

(43 kDa), carbonic anhydrase
(29 kDa), soyabean trypsin in-
hibitor (20.1 kDa), lysozyme
(14.3 kDa), aprotinin (6.5 kDa),
and insulin (3 kDa)

0w o N>
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Substrate Specificity of Xylanase I and II
Specificity of xylanase I and II against birch wood xylan, oat spelt xylan, carboxymethyl

cellulose, pectin, and starch were tested. Substrates (1% w/v) were prepared in 50 mM
sodium citrate buffer, pH 5.3.

Effect of Metal Ions on the Activity of Xylanase I and II

Residual activity of xylanase I and II was assayed in presence of AI’*, Ba®", Ca®", Cu®",
Co*", Cd*, Fe*', Mn*", Na”, Hg2+, Ni**, Pb**, and Zn*" at 10-, 20-, and 30-mM
concentrations after incubating in respective metal ion solutions for 1 h at 30 °C.

Effect of Additives on the Activity of Xvlanase I and Il

Effect of various additives such as N-bromosuccinamide, dithiothreitol (DTT), [3-mercaptoe-
thanol, L-tryptophan, L-cysteine, sodium lauryl sulfate (SLS), and ethylenediamine
tetraacetate (EDTA) was tested at 10-, 20-, and 30-mM concentrations. Residual activity
was determined after incubating xylanase I and II in respective solutions for 1 h at 30 °C.

Total Carbohydrate Content of Xylanase I and II

Total carbohydrate content of xylanase I and II was determined using glucose as standard
[14]. T ml of phenol solution was added to 1 ml of enzyme solution followed by the
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Fig. 4 Effect of temperature on the activities of xylanase I and II from Aspergillus sydowii SBS 45 (circles,
relative activity of xylanase I [%)]; triangles, relative activity of xylanase II [%])
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addition of 5 ml 96% sulfuric acid. After 10 min, the mixture was incubated at 25-30 °C for
20 min. The color developed was read at 490 nm.

Results and Discussion
Purification of Xylanase I and II

Summary of purification procedures of xylanase I and II are given in Table 1. Culture
filtrate of A.sydowii SBS 45 grown on wheat bran exhibited high level of xylanolytic
activity (37,440.88 U) with a total cellulase activity of 469.39 U and total 3-xylosidase
activity of 42.63 U. Total protein was 2,996.65 mg. Ammonium sulfate fraction (30—
90%) when subjected to gel filtration chromatography on Sephadex G-200 resulted in
one peak of xylanase activity (Fig. 1). Figure 2 shows profile of elution of xylanase I and
IT on DEAE Sephadex A-50. Two peaks of xylanase activity were obtained, one peak
eluted in buffer, xylanase I, and the second peak eluted in the NaCl gradient (0.5-0.7 M),
xylanase II. Specific activities of xylanase I and II were 1166.67 and 966.67,
respectively. The production of multienzyme system of xylanases, in which each
enzyme has a specific function, is one strategy for a microorganism to achieve effective
hydrolysis of xylan [4].
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Fig. 5 Effect of temperature on the stability of xylanase I from Aspergillus sydowii SBS 45. Enzyme was
incubated at 30-80 °C for 4 h. Aliquots were withdrawn after each hour up to 4 h, and residual activity was
measured (squares, relative activity after 1 h [%]; circles, relative activity after 2 h [%)]; triangles, relative
activity after 3 h [%]; inverted triangles, relative activity after 4 h [%])
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The two purified enzyme preparations appeared homogenous, as they migrated as a
single protein band under a nondenaturing condition (native PAGE) as well as a denaturing
condition (SDS-PAGE; Fig. 3). The apparent molecular mass for xylanase I was 20.1 kDa
and xylanase II was 43 kDa. Previously, it was reported that microbial xylanases are single-
subunit proteins with molecular masses in the range of 8-145 kDa [15]. Isozymes with
different molecular masses were reported by Segura and Fevre [16] from rumen fungus
Neocallimastix frontalis where molecular masses of xylanase I and II were 45 and 70 kDa,
respectively. Rana et al. [17] purified xylanase I and II from Humicola grisea va.
thermoidea having molecular masses of 95 and 13 kDa, respectively.

Effect of Temperature on the Activity and Stability of Xylanase I and II

Optimum temperature of xylanase I and II was found to be 50 °C (Fig. 4). At 40 and 60 °C,
xylanase I retained 50.45 and 99.4% of normal activity, while xylanase II retained 87.64
and 25.95% of normal activity.

After 4 h of incubation, both xylanase I and II retained 100% activity at 30 °C. It was
observed that xylanase I retained 93.11% activity (Fig. 5) and xylanase II retained 94.16%
activity after 4 h of incubation at 40 °C (Fig. 6). Xylanase I exhibited more thermal stability
than xylanase II. Previous reports show that xylanase isolated from members of the genus
Aspergillus showed maximal activity at 50 °C [18]. Kolenova et al. [19] purified Xyn B and
Xyn C, which were most active at 50 °C from Schizophyllum commune. Sandrim et al. [20]
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Fig. 6 Effect of temperature on the stability of xylanase II from Aspergillus sydowii SBS 45. Enzyme was
incubated at 30-80 °C for 4 h. Aliquots were withdrawn after each hour up to 4 h, and residual activity was
measured (squares, relative activity after 1 h [%]; circles, relative activity after 2 h [%]; triangles, relative
activity after 3 h [%];inverted triangles, relative activity after 4 h [%])
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Fig. 7 Effect of pH on the activities of xylanase I and II from Aspergillus sydowii SBS 45. The pH activity
was assayed at 50 °C for pH 212 (circles, relative activity of xylanase I (%); triangles, relative activity of
xylanase 11 [%])

purified xylanase I and xylanase II from Aspergillus caespitosus, and both xylanase
exhibited the same optimum temperature of 50-55 °C.

Effect of pH on the Activity and Stability of Xylanase I and II

The optimum activity of xylanase I and II was found to be at pH 10.0 in 50 mM glycine—
NaOH buffer (Fig. 7). Xylanase I retained 100% activity at pH range 6—11, while xylanase
IT retained 100% activity at pH 3 and at a pH range of 6-11.

After 1 h, at 30 °C, 100% activity was retained by xylanase I at 4-11 pH range (Fig. 8),
and xylanase II retained 100% activity at 5-11 pH range (Fig. 9). After 4 h, at 30 °C, more
than 65% activity was retained by xylanase I at pH range 4-10, and more than 95% activity
was retained by xylanase II at pH range 5-10.

Both xylanase I and II showed a broad pH activity profile. Mathrani and Ahring [21]
reported thermophilic and alkaliphilic xylanase from Dictyoglomus isolates retained 100%
activity at pH range 5.5-9.0. Xylanase isolated from Cephalosporium shown maximum
activity at pH range 6.5-9.0 [22]. An alkali-tolerant xylanase from Aspergillus fischeri was
reported to exhibit remarkable stability at pH 9.0 [23].

Hakulinen et al. [24] reported that stability at extreme pH values appeared to be
characterized by a spatially biased distribution of charged amino acid residues. Enzymes
stable in alkaline conditions were typically characterized by a decreased number of acidic
residues and an increased number of arginines. Furthermore, a recent comparative structural
study of family 11 enzymes suggests a correlation between pH activity/stability and the
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Fig. 8 Effect of pH on the stability of xylanase I from Aspergillus sydowii SBS 45. Xylanase 1 was
incubated in 50 mM glycine-HCI (2-3), 50 mM sodium acetate (4—6), 50 mM Tris—HCl (7-9), and 50 mM
glycine-NaOH (10-12) at 30 °C. Residual activity was measured after each hour up to 4 h (squares, relative
activity after 1 h [%]; circles, relative activity after 2 h [%]; triangles, relative activity after 3 h [%]; inverted
triangles, relative activity after 4 h [%])

number of salt bridges, with acidophilic xylanases having much less of these interactions
than their alkaliphilic homologs.

Kinetic Parameters

The K;, value of xylanase I and II for birch wood xylan was 3.18 and 6.51 mg ml™" and for
oat spelt xylan was 6.45 and 7.69 mg ml ™', respectively. Bansod et al. [22] reported that K,
values of xylanases lie in 0.5-9.6 mg ml ' range. Vpna of xylanase I and II for birch wood
xylan was 1,191 and 1,587 umol min~' mg™" protein, respectively. ¥ of xylanase I and 1T
for oat spelt xylan was 2,604 and 2,381 pmol min~' mg ' protein, respectively. Similar K,
and V. values were reported in fungi like 4. caespitosus [20], H. grisea var. thermoidea
[25], Thermomyces lanuginosus CBS 288.54 [26], and T. lanuginosus SSBP [27].

Substrate Specificity of Xylanase I and II

Xylanase I and II showed strong specificity toward birch wood and oat spelt xylan
(Table 2). No activity was detected against carboxy methyl cellulose, pectin, and starch.
Magnuson and Crawford [28] purified a xylanase from Streptomyces viridosporus T7A,
which shown strong specificity toward xylan preparations. No reaction was observed with
other substrates tested. Similar results were reported in Thermoascus aurantiacus [29],
Aeromonas caviae ME-1 [30], and Pencillium chrysogenum [31].
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Fig. 9 Effect of pH on the stability of xylanase II from Aspergillus sydowii SBS 45. Xylanase II was
incubated in 50 mM glycine-HCI (2-3), S0mM sodium acetate (4—6), 50 mM Tris—HCI (7-9), and 50 mM
glycine-NaOH (10-12) at 30 °C. Residual activity was measured after each hour up to 4 h (squares, relative
activity after 1 h [%]; circles, relative activity after 2 h [%]; triangles, relative activity after 3 h [%];inverted
triangles, relative activity after 4 h [%])

Effect of Metal Ions on the Activity of Xylanase I and II

At 10-mM concentration, AI*", Ba?, Ca®>", Na', and Zn®>' enhanced the activity of
xylanase I and II (Table 3), while at 20-mM concentration, AI*" and Ba®" retained 100%
activity. At 30 mM, all metal ions were inhibitory particularly Pb>".

Stimulatory effect of A", Ba®, Ca®*, and Na" was reported in A. caespitosus [20],
Streptomyces exfoliatus [32], and Talaromyces byssochlamydoides YH-50 [33]. Gessesse [34]
reported the enhancement effect of Na”, Ca®>*, and Zn>* and the inhibitory effect of Pb>*
on xylanase isolated from an alkaliphilic Bacillus sp.

Table 2 Substrate specificities of xylanase I and II from Aspergillus sydowii SBS 45.

Substrate (1%) Xylanase I (U ml™") Xylanase 11 (U ml™")
Birch wood xylan 29.65 30.42

Oat spelt xylan 23.36 28.31

CM cellulose ND ND

Pectin ND ND

Starch ND ND

ND Not detected
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Table 3 Effect of metal ions on the activity of xylanase I and II from Aspergillus sydowii SBS 45.

Metal ions Relative activity (%), 10 mM  Relative activity (%), 20 mM  Relative activity, (%) 30 mM

Xylanase I Xylanase 11 Xylanase I Xylanase II Xylanase 1 Xylanase 11

AP 103.01 104.82 100.03 101.95 70.90 85.07
Ba®" 105.11 115.10 101.08 114.04 94.92 99.93
Ca?" 101.02 109.91 90.93 100 85.08 97.95
cu? 96.01 97.98 94.99 96.04 96.01 86.09
Co* 69.92 100.99 74.99 97.98 85.08 83.12
cd** 100 97.98 97.02 76.11 82.06 89.07
Fe’* 105.11 99.93 100.06 84.11 90.12 76.11
Mn** 102.03 94.02 100.06 88.01 57.06 75.09
Na* 103.08 112.06 99.05 111.07 85.04 98.02
Hg** 89.88 91.97 88.09 83.09 71.98 36.08
Ni** 89.14 90.09 87.95 89.07 68.93 84.11
Pb** 96.99 82.06 91.91 67.92 45.08 36.14
Zn** 103.11 100.99 90.96 96.00 80.03 88.11

Effect of Additives on the Activity of Xylanase I and II

Among additives, L-tryptophan stimulated the activity of xylanase I and II at 10-, 20-, and
30-mM concentrations, while (-mercaptoethanol and DTT stimulated the activity of
xylanase I at all concentrations (Table 4). Ximenes et al. [35] purified a xylanase from
Acrophialophora nainiana and was activated by thiol containing reagents like L-cysteine
and [-mercaptoethanol and L-tryptophan, indicating the presence of cysteine and
tryptophan residues at the active site. Kang et al. [36] also reported the involvement of
cysteine and tryptophan residues in the maintenance of tertiary structure of the active sites
in xylanases.

SLS at 30-mM concentration inhibited xylanase I activity by 99% and enhanced
xylanase II activity by 96.33%. Bastawde [37] reported that a concentration of 5x 10> M
SDS was found to be inhibitory for three different endoxylanases from Streptomyces sp.
3137, while Yoshioka et al. [33] reported both stimulatory and inhibitory activities of SDS
in T byssochlamydoides YH-50.

N-Bromosuccinamide, an amino acid modifier, inhibited activities of xylanase I and II
by 78.61 and 79.95%, and EDTA inhibited by 94.08 and 71.13%, respectively, at 30-mM

Table 4 Effect of additives on the activity of xylanase I and Il from Aspergillus sydowii SBS 45.

Additives Relative activity (%), Relative activity (%), Relative activity (%),
10 mM 20 mM 30 mM

Xylanase I  Xylanase I Xylanase I Xylanase I Xylanase I Xylanase II

N-Bromosuccinamide 24.67 22.47 22.13 21.49 21.39 20.05
Dithiothreitol 110.45 98.57 107.35 94.65 101.02 91.71
[3-Mercaptoethanol 115.38 105.81 114.76 101.28 112.18 95.34
L-Tryptophan 108.94 108.35 106.32 105.48 105.72 102.61
L-Cysteine 94.65 101.69 88.61 98.47 70.25 95.97
Sodium lauryl sulfate 3.17 98.57 1.98 98.48 1.08 96.33

EDTA 9.24 30.26 8.17 28.01 5.92 28.87
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concentration. Belancic et al. [38] studied the effect of various metal ions and additives
(1 mM) on xylanases from Pencillium purpurogenum and found that EDTA inhibits 30—
50% of xylanase activity, while N-bromosuccinamide and SDS inactivated both enzymes
completely.

Total Carbohydrate Content of Xylanase I and II

Both xylanases appeared to be glycoproteins. Xylanase I and IT had 9.75 and 16.10 pg ml™'
glucose residues, respectively. Thus, the carbohydrate content of xylanase I and II were
40.63 and 53.67%, respectively. The glycoprotein content of endoxylanases from
Aspergillus fumigatus was between 46.4 and 68% [39].

The occurrence of glycosylated enzymes is a common phenomenon among eukaryotic
xylanases [2]. Carbohydrate moieties are covalently linked with protein as dissociable
complexes with various xylanases [40]. Glycosylation has been implicated in the
stabilization of glycanases against extreme environments [41].

Conclusions

Two xylanases I and II produced by 4. sydowii SBS 45 were purified to homogeneity. Both
enzymes were well characterized. They were low-molecular-weight proteins—especially
xylanase I. They exhibited a broad range of pH activities and stabilities and showed great
tolerances to metal ions. Both enzymes were highly specific to substrate xylan. Low
molecular weights and high pH stabilities make them ideal for biobleaching of kraft pulps.
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