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Abstract 

Thetmoalkaliphilic Bacillus sp. strain TAR-l isolated from soil produced an extracellular xylanase. The enzyme (xylanase 
R) was purified to homogeneity by ammonium sulfate fractionation and anion-exchange chromatography. The molecular mass 
of xylanase R was 40 kDa and the isoelectric point was 4.1. The enzyme was most active over the range of pH 5.0 to 10.0 at 
50°C. The optimum temperatures for activity were 75°C at pH 7.0 and 70°C at pH 9.0. Xylanase R was stable up to 65°C at pH 
9.0 for 30 min in the presence of xylan. Mercury(R) ion at 1 mM concentration abolished all the xylanase activity. The 
predominant products of xylan-hydrolysate were xylobiose, xylotriose, and higher oligosaccharides, indicating that xylanase R 
was an endo-acting enzyme. Xylanase R had a K,,, of 0.82 mg/ml and a V,,,,, of 280 pmol min- ’ mg- ’ for xylan at 50°C and 
pH 9.0. 
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1. Introduction 

Hemicellulose is the second most abundant pol- 
ysaccharide in plant cell walls, accounting for 10 
to 30% of the dry weight of wood. Xylans, the 
major hemicellulose component, contain p- 1,4- 
linked D-xylose backbones with arabinose, 4-0- 
methyl-D-glucuronic acid and acetic acid 
substituents [ 11. The xylan-degrading enzymes 
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include xylanase ( 1,4-P-o-xylan xylanohydro- 
lase; EC 3.2.1.8) and P-xylosidase ( 1,4-p-~- 
xylan xylohydrolase; EC 3.2.1.37). Xylanases 
catalyze the hydrolysis of xylan to xylo-oligosac- 
charides and xylose, while P-xylosidases release 
xylose residues from the nonreducing ends of 
xylo-oligosaccharides. 

Various applications for xylanases in 
bioconversion, food and feed industries have been 
suggested [ 2-41. One of the major potential appli- 
cations of xylanases involves the pulp and paper 
industry [ 51. In the process of making kraft pulp, 
lignin is completely removed from cellulose fibres 
traditionally with chlorine-based chemicals 
(bleaching). Although this chlorine bleaching 



8 S. Nakamura et al. /Journal of Molecular Catalysis B: Enzymatic 1 (1995) 7-15 

process is highly effective, it results in the release 
of polluting organic chlorine compounds such as 
dioxins. Viikari et al. [6] initially demonstrated 
that xylanases can be used in the prebleaching of 
kraft pulp in order to reduce the amount of chlorine 
required to achieve a target pulp brightness and 
consequently reduce the chlorinated organics 
released in the effluent. The pulp is normally proc- 
essed at high temperature under high alkaline con- 
dition in a kraft mill. Therefore, xylanases that are 
active at higher temperatures and pH values are 
needed in order to make enzymatic process tech- 
nically and economically more feasible. 

Xylanases are produced by various microor- 
ganisms [ 241. Several xylanases from thermo- 
philic microorganisms have been shown to have 
high temperature optima (ca. 80°C) in neutral or 
acidic pH conditions [ 7-131. The xylanase from 
extremely thermophilic Thermotoga sp. has a tem- 
perature optimum of 105°C at pH 5.5 [ 141 and is 
probably the most them-to-active xylanase 
reported previously. On the other hand, alkaline- 
active xylanases from alkaliphilic [U-25] and 
alkali-tolerant [ 261 microorganisms have been 
studied to date. However, they were not so active 
and stable at high temperatures. Xylanases active 
at high temperatures and pH values have not pre- 
viously been described. 

Recently, we have isolated a thermoalkaliphilic 
Bacillus sp. strain TAR- 1 from a soil sample [ 271. 
Strain TAR- 1 produced a novel thermophilic alka- 
line xylanase extracellularly. Production of the 
xylanase was induced by xylan and xylose, but 
was repressed by glucose. In this paper, we report 
on the purification and characterizations of the 
xylanase from strain TAR- 1. 

2. Materials and methods 

2. I. Bacterial strain and medium 

Thermoalkaliphilic Bacillus sp. strain TAR- 1 
was used in this investigation. The strain was iso- 
lated from the Japanese forest soil as described 
previously [27]. The medium contained 0.5% 

polypeptone, 0.5% yeast extract, 0.1% K2HP04, 
0.02% MgSO, .7H20, and 0.5% xylose. The ini- 
tial pH was adjusted to 10.5 by adding 1% (w/v) 
Na2C03. 

2.2. Purijkation of xylanase 

All purification steps were carried out at 4°C. 
Step 1. The organism was inoculated into the 

medium (400 ml) in 2-l baffled Erlenmeyer flasks 
(5 flasks) and then cultivated aerobically at 50°C 
on a rotary shaker for 12 h. The culture supematant 
was obtained by centrifugation at 8000 X g for 10 
min. 

Step 2. Solid ammonium sulfate was added to 
the culture supematant ( 1850 ml) until 50% sat- 
uration was obtained. After standing overnight, 
the precipitate was discarded by centrifugation 
(7200 X g, 60 mm). To the resultant supematant, 
ammonium sulfate was added to give 90% satu- 
ration. The precipitate was collected by centrifu- 
gation, resuspended in 60 ml of 10 mM citrate 
buffer (pH 5.0), and dialyzed five times against 
10 1 of the same buffer for 3 to 10 h. 

Step 3. The dialyzed solution (final volume, 90 
ml) was applied to a DEAE-Toyopearl 650M 
(Tosoh, Tokyo, Japan) column (2.5 X 17 cm) 
which had been equilibrated with 10 mM citrate 
buffer (pH 5.0). The column was washed with 
400 ml of the buffer and then eluted with a linear 
gradient of 0 to 300 mM NaCl in 1 .O 1 of the buffer. 
Fractions ( 10 ml each) were automatically col- 
lected, scanned for their AzSO, and assayed for 
xylanase activity. The active fractions that eluted 
at around 200 mM NaCl were pooled and stored 
at 4°C. 

2.3. Xylanase assay 

Xylanase activity was assayed by measuring the 
amount of reducing sugars liberated from xylan 
by the 3,5-dinitrosalicylic acid method [28]. 
Briefly, 40 ~1 of the enzyme preparation was 
added to 160 ~1 of a 2.0% (wt/vol) birchwood 
xylan (Sigma, St. Louis, MO) suspension in a 
100 mM Na2C03-NaHCO, buffer ( pH 9.0). The 
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reaction was carried out at 50°C for 10 min. The 
enzyme was inactivated by adding 400 ~1 of the 
3,5-dinitrosalicylic acid reagent and boiling for 5 
min. Absorbance at 500 nm was measured imme- 
diately after 2.4 ml of deionized water was added 
to the mixture. One unit was defined as the amount 
of enzyme which produced reducing sugars equiv- 
alent to 1 pmol of xylose per min under the con- 
ditions described above. 

2.4. Estimation of protein concentration 

Protein concentration was measured by the 
method of Bradford [29] using bovine serum 
albumin (fraction V, Sigma) as a standard. 

2.5. Gel electrophoresis 

Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) was performed 
according to the method of Laemmli [30] using 
12.5% gels. Samples were dissolved in a solution 
containing 2% (w/v) SDS, 5% (v/v) 2-mercap- 
toethanol, 10% (v/v) glycerol, and 15 mM Tris- 
HCl (pH 6.8) and heated in a boiling water bath 
for 3 min. After electrophoresis, the gels were 
stained with Coomassie brilliant blue (CBB) R- 
250. The molecular mass markers used were the 
SDS-PAGE standards (low range, Bio-Rad Labs., 
Richmond, CA). 

Isoelectric focusing (IEF) was done using Ser- 
valyt Precotes (pH 3 to 10) (Serva, Heidelberg, 
Germany). The gels were stained with CBB G- 
250. IEF calibration kit (pH 3 to 10) (Pharmacia, 
Uppsala, Sweden) was used as isoelectric point 
( pZ) markers. 

2.6. Zymogram analysis 

Zymogram analysis was performed by the 
method of Morag et al. [ 3 11. Samples were elec- 
trophoresed on an SDS- 12.5% polyacrylamide gel 
containing 0.1% birchwood xylan as described 
above. Then, the gel was washed four times for 
30 min at 4°C in a 100 mM Na,C03-NaHC03 
buffer (pH 9.0) (the first two washes contained 

25% (v/v) isopropyl alcohol) to remove SDS and 
renature proteins in the gel and further incubated 
in the buffer for 10 min at 50°C. The gel was 
soaked in 0.1% Congo red solution for 15 min at 
room temperature and washed with 1 M NaCl until 
excess dye was removed from the active band. A 
zymogram was prepared after an introduction of 
the gel into 0.2% acetic acid. The background 
turned dark blue and clear zones were observed in 
areas exposed to xylanase activity. 

A zymogram was also prepared after IEF as 
described previously [ 321. The polyacrylamide 
gel with separated proteins was layered on an 1% 
agarose gel with 1 mm of thickness containing 
0.1% birchwood xylan in a 100 mM Na,CO,- 
NaHC03 buffer (pH 9.0). After incubation at 
50°C for 10 min, the agar layer was separated from 
the polyacrylamide gel and then active bands were 
visualized by Congo red staining as described 
above. 

2.7. Hydrolysis of xylan and xylo- 
oligosaccharides 

Xylan hydrolysis reaction was carried out with 
3.2 mg of birchwood xylan and 0.75 U of purified 
xylanase in 200 ~1 of an 80 mM Na2C03- 
NaHC03 buffer (pH 9.0) at 50°C. The aliquots 
were periodically withdrawn and used for chro- 
matographic analysis. Enzymatic hydrolysis of 
xylose and xylo-oligosaccharides (xylobiose, 
xylotriose, xylotetraose, and xylopentaose: gifts 
of T. Yasui of the Seitoku Junior College of Nutri- 
tion) was performed at 50°C for 30 min with 80 
pg of each substrate and 75 mU of purified 
enzyme in 20 ~1 of an 80 mM Na2C03-NaHCO, 
buffer (pH 9.0). 

A 0.5-~1 portion of each sample was spotted 
onto thin-layer chromatography silica gel plate 60 
Fzj4 (Merck, Darmstadt, Germany) and chroma- 
tographed in a solvent system containing aceton- 
i&he-water (3: 1, v/v) at room temperature. 
Saccharides were located by the orcinol-sulfuric 
acid reaction [33]. Xylose and xylo-oligosac- 
charides were used as standards. 
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2.8. Determination of kinetic parameters 

The enzyme (47 mu) was incubated with dif- 
ferent amounts of birchwood xylan (0 to 3.2 mg) 
in 200 ~1 of an 80 mM Na2C03-NaHC03 buffer 
(pH 9.0) at 50°C. Initial reaction rate was meas- 
ured for each condition. The values of the Michae- 
lis constant (K,) and the maximum velocity 
(V,,,) were determined from Lineweaver-Burk 
plots [ 341. 

2.9. Amino acid analysis 

Amino acid analysis was carried out by the nin- 
hydrin method with a Seiko (Chiba, Japan) 
SAC4800 automatic amino acid analyzer. 

2.10. Sequencing of N-terminal amino acids 

The N-terminal amino acid sequencing was per- 
formed by automated Edman degradation of the 
native enzyme using a Shimadzu (Kyoto, Japan) 
PPSQ- 10 protein sequencer and an on-line PTH- 
10 PTH analyzer. 

A 

3. Results and discussion 

3.1. Purijcation of xylanase 

Thermoalkaliphilic Bacillus sp. strain TAR- 1 
was grown in xylose-containing alkaline medium 
(pH 10.5) at 50°C for 12 h. The zymogram of the 
culture supernatant of the organism showed a sin- 
gle active band corresponding to a molecular mass 
of 40 kDa (Fig. 1 A, lane 1) . A major protein band 
was detected at the position of 40 kDa by CBB 
staining, suggesting that the 40-kDa xylanase 
(hereafter designated as xylanase R) seemed to 
be the major extracellular product of strain TAR- 
1. 

The xylanase in the culture supernatant was 
concentrated by ammonium sulfate fractionation 
with 50 to 90% saturation. The concentrated 
xylanase R was further purified by anion- 
exchange chromatography with DEAE-Toyopearl 
650M. A zymogram prepared after IEF of the 
culture supematant from strain TAR-l revealed 
that the pl of xylanase R is about 4.1 [ 271. There- 
fore, pH 5.0 was chosen for the chromatographic 
conditions. Most of the enzyme activity was 
adsorbed on the resin and eluted from the column 

1 2 3 M wa 
-97.4 
-66.2 
-45.0 

-31.0 

-21.5 

-14.4 

Fig. 1. SDS-polyacrylamide gel electrophoresis of xylanase R during purification steps. (A) Samples corresponding to 80 pl of the original 
culture were electrophoresed on an SDS-12.5% polyacrylamide gel containing 0.1% xylan; the gel was examined for xylanase activity at pH 
9.0. (B) Samples corresponding to 300 ~1 of culture were also subjected to SDS-12.5% PAGE; the gel was stained with CBB. Lanes 1, culture 
supematant (2.6 pg of protein for panel A and 9.6 pg for panel B); lanes 2, precipitate with 50 to 90% saturated ammonium sulfate ( 1.3 pg of 
protein for panel A and 4.8 fig for panel B); lanes 3, fraction from the DEAE-Toyopearl650M column (final preparation in purification step, 
0.35 @g of protein for panel A and 1.3 pg for panel B). M, molecular mass markers. 
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Fig. 2. Isoelectric focusing of purified xylanase R. A purified enzyme 
preparation was electrophoresed on a polyacrylamide gel with a pH 
gradient from 3 to 10. (A) CBB staining of the gel; (B) overlay 
with an agarose gel ( pH 9.0) containing 0. I % xylan for detecting 
xylanase activity. The amounts of the purified enzyme loaded were 
0.67 pg for CBB staining and 0.067 pg for the zymogram, respec- 
tively. M, pl markers. 

at 180 to 220 mM NaCl. The purified xylanase R 
appeared as a single band in SDS-PAGE with a 
molecular mass of 40 kDa under the reducing con- 
dition (Fig. lB, lane 3). The enzyme activity was 
found to comigrate with the protein band in SDS- 
PAGE (Fig. 1 A, lane 3). Furthermore, both pro- 
tein and activity were focused around pH 4.1 
(Fig. 2), suggesting that the pl of the purified 
xylanase R is 4.1. These results are in agreement 
with those predicted previously [ 271. The homo- 
geneity of the purified xylanase R thus obtained 
was confirmed by SDS-PAGE followed by silver- 
staining (data not shown), as well as by IEF 
(Fig. 2A). 

Purification steps were monitored by SDS- 
PAGE and the following zymogram analysis 
(Fig. 1) . Table 1 summarizes the procedure. The 
purified xylanase R preparation with the specific 
activity of 217 U/mg-protein was used in the 
experiments described below. 

3.2. Efect of reaction pH on activity 

The activities of xylanase R at various pH val- 
ues were measured by using birchwood xylan as 
the substrate. The reaction pH values were 
adjusted to 4.0 to 11.0 with either 80 mM citrate 
buffer (pH 4.0 to 6.0), 80 mM phosphate buffer 
(pH 6.0 to 8.0)) 80 mM Na4P,0,-HCl buffer (pH 
8.0 to 9.0), or 80 mM Na*CO,-NaHCO, buffer 
(pH 9.0 to 11 .O) ; the other experimental condi- 
tions were the same as those for the standard assay. 
Xylanase R showed a broad pH activity profile 
and was most active over a range of pH 5.0 to 10.0 
(data not shown). This result was almost consis- 
tent with that of culture supernatant of strain TAR- 
1 [ 271. Some xylanases from alkaliphiles have 
been described to have a broad range pH optima 
[ 16,18-23,251. 

3.3. Effect of temperature on activity and 
stability 

The enzyme activity was assayed at various 
temperatures. As shown in Fig. 3, the optimum 
temperatures of xylanase R were 75°C at pH 7.0 
and 70°C at pH 9.0. The maximum activity was 
about 2-3 times higher than the activity at 50°C 
in both neutral and alkaline conditions, indicating 
the thermophily of this enzyme. The level of max- 
imum activity at pH 7.0 was 1.7-fold as high as 

4wI 

OL I 
30 40 50 60 70 90 90 

Temperature (“c) 
Fig. 3. Effect of reaction temperature on activity of xylanase R. The 
enzyme reaction was carried out for IO min at pH 7.0 (0) using an 
80 mM phosphate buffer, or pH 9.0 (0) using an 80 mM Na2C0,- 
NaHC07 buffer. The activity at 50°C and pH 9.0 (standard assay 
conditions) was taken as 100%. 
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that at pH 9.0. To the best of our knowledge, 
xylanase R is more thermo-active at a high alka- 
line condition (pH 9.0) than all the xylanases 
reported so far. 

The thermostability of xylanase activity was 
assessed by incubating the enzyme sample in an 
80 mM Na2C03-NaHC03 buffer (pH 9.0) at var- 
ious temperatures between 4 and 75°C for 30 min 
in the presence or absence of 1.6% (w/v) birch- 
wood xylan. The samples were cooled on ice, 
diluted 40-100 times into the same buffer, and 
then measured for residual activity at 50°C and 
pH 9.0 using standard assay. In the absence of 
xylan, the enzyme activity declined sharply at 
temperatures above 55°C (Fig. 4). Xylanase R, 
however, was stable at temperatures of up to 65°C 
in the presence of xylan. It is possible that xylan 
somehow protected and conserved the enzyme 
activity at higher temperatures. 

Fig. 4. Effect of temperatures on stability of xylanase R. The purified 
enzyme (0.13 U), in 50 ~1 of an 80 mM Na,COj-NaHCOa buffer 
(pH 9.0)) was incubated at various temperatures for 30 min in the 
presence (0) or absence (0) of 1.6% (w/v) xylan. Then, the 
residual activity was measured under the standard assay conditions. 

suggested here that tryptophan residues may have 
no relationship to the activity of xylanase R. 

3.4. Infruence of various reagents on activity 3.5. Mode of action 

The activity of xylanase R was measured under 
the standard assay conditions in the presence of 
metal ions and other agents. One millimolar Ca2 + , 
Fe2 + , Fe3 + , Mg2 + , or Zn2 + did not influence the 
enzyme activity. On the other hand, Hg2+ (1 
mM) completely inhibited the xylanase activity; 
Cu2+ (1 n&I) resulted in a loss of activity of 
about 60%. N-Bromosuccinimide, p-chloromer- 
curicbenzoate, EDTA, and monoiodoacetic acid 
had no remarkable effects on xylanase activity at 
1 n&I. Some xylanases from different microbial 
strains have been reported to be inactivated by N- 
bromosuccinimide, a potent oxidizing agent with 
specificity for tryptophan residues [ 351, indicat- 
ing the existence of essential tryptophan residues 
in their active sites [ 16,32,36,37]. However, it is 

A silica gel thin-layer chromatogram of the 
hydrolysate of birchwood xylan by purified xylan- 
ase R is shown in Fig. 5. The enzyme degraded 
xylan at random, and the end products released 
were xylobiose, xylotriose, and higher oligosac- 
char-ides. Under prolonged incubation, a trace 
amount of xylose was detected. Thus, xylanase R 
was suggested to be an endoxylanase that ran- 
domly cleaves xylan as a substrate. The spot 
between those of xylotriose and xylotetraose was 
not identified but is presumed to be that of a xylo- 
oligosaccharide with side chains. 

The action of xylanase R on xylose and xylo- 
oligosaccharides was also investigated. The 
enzyme had no activity toward xylose, xylobiose 
and xylotriose, but hydrolyzed xylotetraose and 

Table 1 
Purification of xylanase R from thermoalkaliphilic Bacillus sp. strain TAR-l 

t \ 

0’ 
0 10 20 30 40 50 60 70 80 

Temperature (‘C) 

Purification step Activity (U) Protein (mg) Specific activity (U/mg) Yield (%) 

Culture supematant 5530 59.1 93.5 100 
Ammonium sulfate fractionation 3150 29.8 106 57.1 
DEAR chromatography 1740 8.01 217 31.5 
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ront 
wood xylan as the substrate. The apparent K,,, 
value of purifiedxylanase R was 0.82 mg/ml. The 
V max value was calculated to be 280 pmol of 
xylose min - ’ mg of protein - ’ . 

-x 
-x 
-X 
-X 
-X 

0 5 20603 18s 
-II 

min h 
Fig. 5. Thin-layer chromatogramof the products of xylan degradation 
by xylanase R. The purified enzyme preparation (0.75 U) was mixed 
with 200 ~1 of 1.6% (w/v) xylan in an 80 mM Na,COs-NaHCO, 
buffer (pH 9.0) and incubated at 50°C for the times indicated. The 
samples (0.5 1(11 each) for each time interval were chromatographed 
on a silica gel plate in acetonitrile-water (3: 1, v/v) and developed 
with an orcinol-sulfuric acid spray. The standards (S) used were 
xylose (X,), xylobiose (X,), xylotriose (X,). xylotetraose (&,), 
and xylopentaose (X,) 

xylopentaose to lower xylo-oligosaccharides 
(Fig. 6). Thus, xylanase R required at least four 
xylose residues for catalytic activity. It should be 
noted that small amounts of xylopentaose and 
higher oligosaccharides might be formed when 
xylotetraose was used as the substrate. This result 
suggests that xylanase R has transxylosidase 
activity as found with several xylanases from 
other Bacillus spp. [ 18,38,39]. 

3.6. Kinetic parameters 

The kinetic parameters of xylanase R were 
determined at 50°C and pH 9.0 by using birch- 

3.7. Amino acid composition and N-terminal 
sequence 

The amino acid composition of xylanase R 
(Table 2) revealed that the protein contains high 
amounts of aspartic acid/asparagine and glutamic 
acid/glutamine, and low amounts of histidine and 
methionine. It has been suggested that methionine 
content is usually low in microbial xylanases 

-F 

-X 

-X 

-X 
-X 

-X 

roi nt 

- + - + - -I- - + - + - Enzyme 
UUL--lUU 

Xl x2 x3 x4 x5 s 

Fig. 6. Thin-layer chromatogram of the degradation products of xylo- 
oligosaccharides by xylanase R. The purified enzyme (75 mu) and 
substrate (80 pg of each: XI, X2. X3, X_,, or X,) was mixed in 20 ~1 
of an 80 mM Na2COS-NaHC03 buffer (pH 9.0). and then incubated 
at 50°C for 30 min. The samples (0.5 ~1 each) were chromatogra- 
phed as described in the legend to Fig. 6. The standards (S) used 
were X,, X,, X,, X,, and X,. 
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Table 2 
Amino acid composition of xylanase R from thermoalkaliphilic 
Bacillus sp. strain TAR- 1 

Amino acid Composition (mol%) 

Asx 14.8 
Thr 4.3 
Ser 4.3 
Glx 15.4 
Pro 4.3 
Gly 7.0 
Ala 7.3 
CYS 0 
Val 6.2 
Met 1.5 
Ile 5.2 
LeU 8.1 
Tyr 4.9 
Phe 4.0 
LYS 4.6 
His 2.9 
Trp N.D. a 
Arg 5.2 

a Not determined. 

[ 40,411. The amino acid composition of xylanase 
R was found to be similar to that of xylanase A 
from alkaliphilic Bacillus sp. strain C-125 [ 421. 
However, there was no remarkable similarity 
between the amino acid composition of xylanase 
R and those of xylanases from three closely related 
bacteria (Bacillus subtilis [ 43,441, Bacilluspum- 
ilus [ 391, and alkaliphilic Bacillus sp. strain 41M- 
1 [ 321) and other microorganisms [ 21. 

The N-terminal amino acid sequence of xylan- 
ase R was determined up to 49 residues as follows: 
H,N-Asn-AspGln-Pro-Phe-Ala-Trp-Gln- 
Val-Ala-Ser-Leu-Ser-Glu-Arg-Tyr-Gln-Glu- 
Gln-Phe-Asp-Ile-Gly-Ala-Ala-Val-Glu-Pro 
Tyr-Gln-Leu-Glu-Gly-Arg-Gln-Ala-Gln-Ile- 
Leu-Lys-His-His-Tyr-Asn-Glu-Leu-Glu- 
Ala-Asp-. This sequence was almost identical 
with that of the near N-terminal region of xylanase 
A, corresponding to the sequence between Asn- 
18 and Glu-66, from alkaliphilic Bacillus sp. strain 
C-125 [ 421. Xylanase R from strain TAR-l and 
xylanase A from strain C- 125 exhibit some impor- 
tant differences. First, xylanase R in this study is 
more thermo-active than xylanase A. The opti- 
mum temperature for activity at pH 7.0 is 75°C 

for xylanase R, while 70°C for xylanase A as 
described by Honda et al. [ 181. Second, the 
molecular mass of xylanase R (40 kDa) is differ- 
ent from that of xylanase A (43 kDa) [ 181. 

3.8. Activity toward cellulose 

The purified xylanase R preparation hydrolyzed 
neither crystalline cellulose nor carboxymethyl 
cellulose. Some microbial xylanases act not only 
on xylan but also on cellulose [ 41. Cellulase activ- 
ity is, however, unwanted, especially for pulp and 
paper application, because it degrades cellulose 
fibers and destroys pulp properties. There was no 
cellulase activity in the culture filtrate of strain 
TAR- 1 grown on xylan, xylose and cellulose, sug- 
gesting the strain does not produce cellulolytic 
enzymes by nature. Therefore, crude culture fil- 
trates of strain TAR-l can be used for pulp treat- 
ment without further purification. 

Acknowledgements 

We thank Professor T. Yasui of the Seitoku 
Junior College of Nutrition for providing xylo- 
oligosaccharides, Seiko Instruments Inc. for 
amino acid analyses, and T. Kubo of the labora- 
tory for excellent technical assistance. This work 
was partially supported by a grant from the Cos- 
metology Research Foundation to S.N. 

References 

[ 11 P. Biely, Trends Biotechnol., 3 (1985) 286. 
[2] K.B. Bastawde, World J. Microbial. Biotechnol., 8 (1992) 

353. 
131 M.P. Coughlan and G.P. Hazelewood, Biotechnol. Appl. 

Biochem., 17 (1993) 259. 
[4] K.K.Y. Wong, L.U.L. Tan and J.N. Saddler, Microbial. Rev., 

52 (1988) 305. 
[5] L. Viikari, A. Kantelinen, .I. Sundquist and M. Linko, PEMS 

Microhiol. Rev., 13 (1994) 335. 
[ 61 L. Viikari, M. Panua. A. Kantelinen, J. Sundquist and M. Linko, 

Proceedings of the Third International Conference on 
Biotechnology in the Pulp and Paper Industry, Stockholm, 16 
19 June 1986, p. 67. 



S. Nakamura etpl. /Journal of Molecular Catalysis B: Enzymafic I (1995) 7-15 IS 

[7] H. Grtininger and A. Fiechter, Enzyme Microb. Technol., 8 
( 1986) 309. 

[8] 1.M. Mathrani and B.K. Ahring, Appl. Microbial. Biotechnol., 
38 (1992) 23,. 

[9] M. Perttula, M. Ratto, M. Kondradsdottir, J.K. Kristjansson 
and L. Viikari, Appl. Microbial. Biotechnol., 38 ( 1993) 592. 

[ IO] A.-C. Ritschkoff, J. Buchert and L. Viikati, J. Biotechnol., 32 
(1994) 67. 

[I I] J. Sonne-Hansen, I.M. Mathrani and B.K. Ahring, Appl. 
Microbial. Biotechnol., 38 (1993) 537. 

[ 121 L.U.L. Tan, P. Meyers and J.N. Saddler, Can. J. Microbial., 33 
( 1987) 689. 

[ 131 F. UchinoandT.Nakane,Agric.Biol.Chem.,45 (1981) 1121. 
[ 141 H.D. Simpson,U.R. HauflerandR.M.Daniel,Biochem. J., 277 

(1991) 413. 
[ 151 H. Balakrishnan, M. Dutta-Choudhury, M.C. Srinivasan and 

M.V. Rele, World J. Microbial. Biotechnol., 8 (1992) 627. 
[ 161 D. Dey, J. Hinge, A. Shendye and M. Rao, Can. J. Microbial., 

38 (1992) 436. 
[ 171 N. Gupta, R.M. Vohra and G.S. Hoondal, Biotechnol. Lett., 14 

(1992) 1045. 
[ 181 H. Honda, T. Kudo, Y. Ikura and K. Horikoshi, Can. J. 

Microbial., 3 I ( 1985) 538. 
[ 191 K. Horikoshi and Y. Atsukawa, Agric. Biol. Chem., 37 ( 1973) 

2097. 
[20] S. Nakamura, K. Wakabayashi, R. Nakai, R. Aono and K. 

Horikoshi, World J. Microbial. Biotechnol., 9 ( 1993) 221. 
[21] A. Ohkoshi, T. Kudo, T. Mase and K. Horikoshi, Agric. Biol. 

Chem., 49 (1985) 3037. 
[ 221 W. Okazaki, T. Akiba, K. Horikoshi and R. Akahoshi, Appl. 

Microbial. Biotechnol.. 19 (1984) 335. 
[23] Y.S. Park, D.Y. Yum, D.H. Bai and J.H. Yu, Biosci. Biotech. 

Biochem., 56 (1992) 1355. 
[24] S. Rajaram and A. Varma, Appl. Microbial. Biotechnol., 34 

(1990) 141. 

[25] H. Tsujibo, T. Sakamoto, N. Nishino, T. Hasegawa and Y. 
Inamori, J. Appl. Bacterial., 69 ( 1990) 398. 

[26] M. Ratto, K. Poutanen and L. Viikari. Appl. Microbial. 
Biotechnol.. 37 ( 1992) 470. 

[ 271 S. Nakamura, R. Nakai, K. Wakabayashi, Y. Ishiguro, R. Aono 
and K. Horikoshi, Biosci. Biotech. B&hem.. 58 ( 1994) 78. 

[28] J.B. Summer, J. Biol. Chem., 47 (1925) 393. 
[29] M.M. Bradford, Anal. Biochem., 72 ( 1976) 248. 
[ 301 U.K. Laemmli, Nature (London), 227 ( 1970) 680. 
1311 E. Morag, E.A. Bayer and R. Lamed, J. Bacterial., 172 ( 1990) 

6098. 
[32] S. Nakamura, K. Wakabayashi, R. Nakai. R. Aono and K. 

Horikoshi, Appl. Environ. Microbial., 59 ( 1993) 23 I 1. 
[33] H. Bruckner, Biochem. J., 60 (1955) 200. 
[34] H. Lineweaver and D. Burk, J. Am. Chem. Sot., 56 (1934) 

658. 
[35] T.F. Spande and B. Witkop, Methods Enzymol., 11 ( 1967) 

498. 
[ 361 V. Deshpande, J. Hinge and M. Rao, Biochim. Biophys. Acta. 

1041 (1990) 172. 
[37] S.S. Keskar, M.C. Srinivasan and V.V. Deshpande, Biochem. 

J., 288 (1989) 117. 
1381 W. Okazaki, T. Akiba, K. Horikoshi and R. Akahoshi, Agric. 

Biol. Chem., 49 ( 1985) 2033. 
[39] W. Panbangred, A. Shinmyo, S. Kinoshita and H. Okada. 

Agric. Biol. Chem., 47 (1983) 957. 
[40] R.K. Ganju, P.J. Vithayathil and S.K. Murthy, Can. J. 

Microbial., 35 (1989) 836. 
[41] M.G. Paice and M.R. Jurasek, Adv. Chem. Ser., 181 (1979) 

361. 
[42] T. Hamamoto, H. Honda, T. Kudo and K. Horikoshi, Agric. 

Biol. Chem., 51 (1987) 953. 
[43] R. Bemier, Jr., M. Desrochers, L. Jurasek and M.G. Paice, 

Appl. Environ. Microbial., 46 ( 1983) 5 11. 
[44] M.G. Paice, R. Bourbonnais, M. Desrochers, L. Jurasek and 

M. Yaguchi, Arch. Microbial., 144 ( 1986) 201. 


