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Bacillus No. C-59-2 isolated from soil produced a xylanase in alkaline media. The 

characteristic point of this bacteria was especially good growth in alkaline media, and no 

growth was observed in neutral media such as nutrient broth. The xylanase of this bacteria 

was purified by CM-cellulose, hydroxyl apatite and Sephadex G-75 columns. The enzyme 

was most active at pH 5.5•`9 which was much broader and higher than those of other xyla

nases. The sedimentation constant was about 3.5 S and isoelectric point was pH 6.3. The 

enzyme was most stable at pH 7 and calcium ion was effective to stabilize the enzyme. The 

enzyme activity was inhibited by Hg2+, Ag2+ and Cd2+ Maximum hydrolysis rate of xylan 

by the enzyme was about 40%. The enzyme split xylan and yielded xylobiose and higher oligo

saccharides. Therefore, this enzyme is considered to be a type of endo-xylanase.

We have been isolated alkalophilic micro

organisms which can grow in high alkaline 

media containing 1% Na2CO3, and these 

microorganisms produce many enzymes which 

have optimum pH's in alkaline region, e.g. 

alkaline protease, pH 11.5; alkaline amylase, 

pH 10.5; alkaline pectinase and alkaline 

catalase, pH 10.1•`4) Recently ƒÀ-1,3-glucanase 

was isolated from Bacillus No. K-12-5. This 

enzyme was most active at a pH range of 5.5 

to 8, which was much broader and higher than 

that of Bacillus circulans enzyme.5) By the 

analogous method, we isolated one strain of 

bacteria, No. C-59-2 which produces xylanase 

having a broad pH-activity curve.

This paper deals with the isolation and 

characterization of this bacteria, and some 

properties of the xylanase.

MATERIALS AND METHODS

Medium to isolate xylanase producing microorganisms. 

A xylan medium was used for isolation of xylanase

producing bacteria: xylan, 10g; polypeptone, 5g; 
Difco yeast extract, 5g; K2HPO4, 1g; MgSO47H2O, 

0.2g; agar, 15g; Na2CO3, 10g and 1 liter of water. 

Sodium carbonate was sterilized separately and added 

to the medium.

Isolation and selection of xylanse-producing alkalophi

lic bacteria. A small amount of soil was suspended 

in sterilized water and spread on agar plates of xylan 

medium. The plates were incubated at 37•Ž for 

24 to 48hr. Colonies isolated were inoculated into 

a bran medium: wheat bran, 50g; polypeptone, 

10g; K2HPO4, 1g; MgSO4.7H2O, 0.2g; Difco yeast 

extract, 5g and Na2CO3, 10g in 1 liter of water. 

After 3-day cultivation under continuous shaking at 

37•Ž, xylanase activity of the culture fluid was meas

ured at pH 8.0. Bacillus No. C-59-2 was selected 

from about 100 colonies.

Characterization and identification of bacteria. 
Microbiological properties were investigated according 
to the method described in "Aerobic Sporeforming 
Bacteria"6) and "Bergey's Mannual of Deterimative 
Bacteriology."7) Unless stated otherwise, media 
used for the identification were supplemented with 
1% Na2CO3.

Preparation of a crude enzyme solution. Bacillus 

No. C-59-2 was grown aerobically at 37•Ž in the 

test media. After 2 days of cultivation with shaking, 

cells were removed by centrifugation at 6,000•~g for 

10min and the supernatant fluid was examined as 

a crude enzyme solution.

Assay of enzyme activity. The enzyme (0.05ml) 

suitably diluted with 0.01M Tris-HCI buffer (pH 8.0) 

was mixed with 0.2ml of 0.5% xylan solution (made 

up with 0.1M Tris-maleate buffer, pH 8.0). The 

mixture (0.25ml) was incubated at 40•Ž for 10min 

and the amount of reducing sugar liberated was 

determined by the method of Sumner and Somers.8) 

One unit of the enzyme activity is defined as the 

amount of the enzyme to liberate one mg of reducing
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sugar calculated as xylose per minute under the above 

conditions.

Protein concentration. Protein concentration was 

estimated by the method of Warburg and Christian,9) 

because E_??_ at 280nm is not determined yet.

Analytical methods. Reducing sugar was measured 
by the method of Sumner and Somers.8) The reaction 
mixture was chromatographed on Whatman No. I 

paper with the solvent system of ethyl acetate-pyridine
water (120:50:40, v/v). Ammoniacal silver nitrate 
was used as a spraying reagent. Ampholine electro
focusing was done by the method of Svensson.10)

Reagent. Xylan (Oryza sativa) was kindly donated 
from Dr. Y. Shibata of The Institute of Physical and 
Chemical Research.

RESULTS

Characters of Bacillus No. C-59-2
The isolated strain No. C-59-2 was an 

aerobic, sporeforming, gram positive, motile, 

rod-shaped bacterium, and had pertrichous 

flagella. It is clear that the bacterium should 

belong to the genous Bacillus. The charac

teristic point of the bacteria was that the 

growth was very good in alkaline media, and 
the optimal pH for the growth was about 10. 

No growth was detected in neutral media such 

as nutrient broth. Table I summarizes the 

morphological and cultural characteristics 

of the strain No. C-59-2. Taxonomic posi

tion of this strain will be reported elsewhere 

together with other Bacilli which grow pre

ferentially or obligatorily in alkaline media 

and produce alkaline enzymes.

Culture conditions for production of the enzyme

The production of xylanase were examined 

in the media containing sodium carbonate or 

various carbonate salts. Effect of the addi

tion of sodium chloride or potassium chloride 

was also tested. Xylanase activity after 3-

day cultivation was measured. The results 

are shown in Table II, which indicates the 

addition of carbonate or bicarbonate salts is 

an important factor for the production of the 

xylanase.

TABLE I. MORPHOLOGICAL, CULTURAL AND 

BIOCHEMICAL CHARACTERISTICS 

OF STRAIN No. C-59-2

Purification of the enzyme
Bacillus No. C-59-2 was grown aerobically 

at 37•Ž in the bran medium described above. 

After 2-day cultivation with shaking, the 

culture fluid (1000ml) was centrifuged at 

6,000•~g for 10min. The supernatant fluid 

(3.5 U/ml) was brought to 70% saturation 

with ammonium sulfate. The precipitate 

formed was collected and dissolved in water,

a) pH in the I-medium was adjusted by adding HCI 

of NaOH. - indicates no growth; •}, poor 

  growth; +, normal growth; ++ abundant 

growth.



Xylanase of Alkalophilic Bacteria 2099

TABLE II. XYLANASE PRODUCTION IN VARIOUS MEDIA

a)pH was adjustea with NaOH. Basal mediunm
 is the bran medium minus Na2CO3.

FIG. 1. Column Chromatogram on CM-cellulose. 

Column, 3•~30cm; load, about 270mg of protein; 

flow rate, 50 ml/hr; O.D. at 280nm was monitored by 

an Ohtake UV analyser. Further details are described 

in the text. Solid line, O.D. at 280nm; dotted line, 

xylanase activity.

then dialyzed against tap water for 24hr at 

4•Ž. The dialysate was loaded onto a CM-

cellulose column (3•~30cm) which was pre

viously equilibrated with 0.02M phosphate 

buffer (pH 4.5). After the column was suc

cessively washed with the same buffer, the 

enzyme was eluted with the buffer having a

FIG. 2. Ultracentrifuge Run of Xylanase. The 

photographes were teken from left to right at 10min 
intervals after reaching the full speed, 55,430rpm. 
The enzyme concentration was 4 O.D. unit at 280nm 
in 0.05M Tris-HCl buffer (pH 8.0) containing 0.1 N 
NaCl.

linear gradient increasing of NaCl at a flow 

rate of 50 ml/hr. A linear gradient was ob

tained by using 400ml each of 0.05M and 

0.5M NaCl in 0.02M phosphate buffer (pH 

4.5); 7-ml fractions were collected and each 

fraction was assayed. A typical chromato

gram is shown in Fig.1. Fractions containing 

xylanase were collected and dialyzed against 

0.01M phosphate buffer (pH 7.0) for 24hr. 

The dialysate was loaded on a hydroxyl apatite 

column (1.5•~30cm) which had been equili

brated with 0.01M phosphate buffer (pH 7.0) 

and elution was carried out stepwisely in

creasing the concentration of phosphate buffer 

(pH 7.0). Over 90% of the enzyme activity 

was detected in the fraction eluted with 0.1M 

phosphate buffer. This fraction concentrated

TABLE III. PURIFICATION OF XYLANASE

a) Protein concentration was measured by the method of Warburg and Christian .9)
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by salting out with ammonium sulfate was 

passed through a Sephadex G-75 column 

(2.5•~45cm).

FIG. 3. Ampholine Electrofocusing of the Enzyme. 

The electrofocusing was carried out at 10•Ž for 48hr 

(500V for 24hr, then 1,000V for 24hr); ------, pH;

 •œ•\•œ, activity assayed at pH 6; •Z•\•Z, activity as

sayed at pH 9.0. •~•\•~, O.D.280.

FIG. 4. Time Course of Hydrolysis.

About 0.2 U of the enzyme (0.15 ml) was mixed with 

3ml of xylan solution and incubated at 40•Ž. Open 

circle, hydrolysis rate at pH 6.0; closed circle, hydroly

sis rate at pH 9.0. Hydrolysis rate

The xylanase thus obtained was purified 

about 20 fold, and designated as purifed 

enzyme in this paper. The results are sum

marized in Table III.

Physical properties of the enzyme
The purified enzyme showed only one peak 

throughout duration of a run of 120min at 
55,430rpm. The sedimentation constant of the 
enzyme at pH 8.0 (0.05M Tris-HCl contain
ing 0.1M NaCl) was about 3.5S (Fig. 2). The 
Ampholine electrofocusing showed that the 
isoelectric point of the enzyme was pH 6.3 
and that no other peak of the activity was 
detected (Fig. 3). Ultraviolet spectrum of 
the enzyme showed a typical absorption of 

protein. The ratio of absorption at 280nm 
to 260nm was about 1.7 which suggested the 
absence of nucleic acid.

Time course of hydrolysis

About 0.2U of the enzyme (0.15ml) was 
mixed with 3ml of 1% xylan (0.05M Tris
maleate buffer, pH 6.0 or 0.05M glycine

- NaOH buffer, pH 9.0, respectively). Aliquots 

(0.2ml) of the reaction mixture were perio
dically taken, and reducing sugars produced 
were determined. As shown in Fig. 4, 
maximum degree of hydrolysis was about 40%. 
No difference of maximum hydrolysis rate was 
observed between pH 6.0 and pH 9.0. Addi
tion of the enzyme (0.2U) after 14hr did not 
cause further liberation of reducing sugar .

Effect of pH on activity

Figure 6 shows the effect of pH on xylanase 

activity. The pH was adjusted with Mc-

Ilvaine buffer (pH 3•`8.5); 0 .05M Tris-maleate 

buffer (pH 6•`8) ; 0 .05M Tris-HCl buffer (pH 

7•`9) and 0.05M glycine-NaOH buffer (pH 

9-10). Other conditions were the same as 

those of the standard assay methods . The 

enzyme is most active at pH 6•`8 . As a 

reference, commercial enzyme preparation 

(obtained from Amano Seiyaku Co., Nagoya) 

was also tested (Fig. 5).
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FIG. 5. Optimum pH.

The pH was adjusted with the following buffer systems: •~•\•~

, Mcllvaine buffer (pH 3•`8.5); •Z•\•Z, Tris

maleate buffer (0.05M, pH 6•`8); • •\• , Tris-HC‚Œ 

buffer (0.05M, pH 7•`9); •›•\•›, glycine buffer (0.05M, 

pH 9•`10). Solid line, xylanase activity; dotted line, 

commercial xylanase.

FIG. 6. Effect of pH on Stability. The following 

buffer systems were used: 0.05M acetate buffer (pH 

3•`4); 0.05M Tris-maleate buffer (pH 5•`8.5) and 

0.05M glycine buffer (pH 9•`10.5). The mixture 

was incubated at 50•Ž (closed circle) for 10min and 

60•Ž (open circle) for 10min respectively and the 

residual activity was determined.

Effect of pH on stability of the enzyme
Stability of the enzyme was investigated in 

buffer solutions of various pH's. The mixture 

was incubated for 10min at 50•Ž and 60•Ž,

 and the residual activity was determined. The 

following buffer systems were used: 0.05M 

acetate buffer (pH 3•`4); 0.05M Tris-maleate 

(pH 5•`8.5) and 0.05M glycine-NaOH buffer 

(pH 9•`10.5). As shown in Fig. 6, the enzyme 

is most stable at pH 7.5.

Temperature optimum for enzyme action and 
 thermal stability
The optimum temperature was determined

FIG. 7. Optimum Temperature. Reaction was car

ried out at pH 7.0 for 10min.

FIG. 8. Thermal Stability of Enzyme. See the text 

for the experimental details. •›---•›, in the absence of 

Ca2+; •~---•~, in the presence of Ca2+ (5mM).
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by varying the incubation temperature. In 

Fig. 7 the activity at 30•Ž is expressed as 100%. 

The activity at 60•Ž was about 500%. Ther

mal stability was examined as follows: the 

enzyme solution in 0.05M Tris-HCl buffer 

(pH 7.0) was heated at the indicated tempera

tures for 10min. And the residual activity 

was measured. Heat treatment was perform

ed in the presence or absence of CaCl2 (5mM). 

As shown in Fig. 8, the residual activity was 

100% after heated at 30•`60•Ž in the presence 

of Ca.2+

Effect of metals and inhibitors

The enzyme solution (0.02ml) was mixed 

with 0.1ml of 0.05M Tris-HCl buffer (pH 

7.0) containing the test reagents, pre-incubated 

at 40•Ž for 30min, and then 0.1ml of the 

substrate (xylan, 1%) was added. The re

sidual activity was measured. As shown in 

Table IV, Hg2+, Ag2+ and Cd2+ showed in

hibitory effect on the enzyme.

Mode of action of the enzyme on xylan
About 10mg of xylan were dissolved in 

1ml of water and its pH was adjusted to 7 
with NH4OH. To the solution was added

TABLE IV. EFFECT OF METALS AND SOME 

REAGENTS ON XYLANASE ACTIVITY

FIG. 9. Paper Chromatogram of the Hydrolyzate 

of Xylan. About 11 U of the enzyme were added to 

1ml of 1% xylan solution (pH 7, with NH4OH), and 

incubated at 40•Ž. The hydrolyzates were chromate

graphed on Whatman No. 1 paper, and sprayed with 

ammoniacal silver nitrate.

0.1ml of the enzyme (11 U) and the mixture 

was incubated at 40•Ž. Aliquots of the reac

tion mixture were periodically withdrawn and 

chromatographed on Whatman No. 1 paper. 

The reducing sugars were detected by spraying 

with ammoniacal silver nitrate. As shown 

in Fig. 9, no xylose was detected and Rf values 

of three spots on the chromatogram were 

identical with those of xylobiose, xylotriose 

and xylotetraose in the tested solvent system.

DISCUSSION

The strain of Bacillus No. C-59-2 isolated 

from soil produced a xylanase in alkaline 

media. This strain, as we had reported about 

other alkalophilic bacteria in the previous 

papers,1•`5) grows well in alkaline media con

taining 1% Na2CO3 rather than neutral media. 

The morphological and cultural characteris

tics of this strain will be compared with other 

strains elsewhere. It is noteworthy that 

xylanase was only produced in alkaline media 

containing carbonate or bicarbonate salts. 

Action of these salts are not clear, although 

possibly due to the buffer action by these 

salts.

Homogeneity of the purified enzyme was 

supported by the following experiments: 

ultracentrifugal analysis, gel filtration and
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Ampholine electrofocusing. The enzyme was 

most active at pH 5•`9 which was much 

broader and higher than those of xylanases.11•`14)

 Xylanases of Pericularia oryzae12) were strong

ly activated by Ca2+ and Mg2), and inhibited 

by Zn2+, Co2+ and PCMB. However, the 

enzyme of Bacillus No. C-59-2 was inhibited 

by Hg2+, Ag2+ and Cd2+, not by Zn2+ and 

PCMB. No activation by Ca2+ and Mg2+ 

were observed. Bacterial xylanases11,15) were 

endo-enzymes; the enzyme hydrolysed xylan 

to xylobiose, xylotriose and higher oligosac

charides, but produced no noticeable xylose. 

Xylanase of Bacillus No. C-59-2 also split 

xylan at random, and yielded xylobiose and 

higher oligosaccharides. Higher oligosac

charides may be xylotriose and oligosaccharides 

containing xylose and arabinose, because 

xylan used in this experiment contained ara

binose besides xylose.

As the results, we wish to conclude that the 

xylanase is different from other xylanases so 

far reported, especially in optimum pH. 

However, mode of action is the same to bac

terial xylanases.11,15)
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