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BACTERIAL PROTEIN WITH XYLANASE ACTIVITY

This invention relates to proteins with xylanase
activity derived from bacteria, and in particular to
xylanases which are free of any significant cellulase
activity and which are active at high temperature and at
neutral to alkaline pH. Xvlanases having these
characterigstics are particularly useful in the bleaching of

wood pulps, such as kraft pulps.

BACRGROUND OF THE INVENTION

Enzymes are proteins present in all living cells,

where apart from controlling metabolic processes, they
break down food materials into simpler compounds. The
enzymes are catalysts which speed up processes which would
otherwise proceed very slowly, or not at all. Moreover,
enzymes are very specific, breaking down only one type of
compound.

Xylan is a polysaccharide found in most plant
cell walls, consisting of D-xylose units linked by f(-1-4
glycosidic bonds. It occurg with another polysaccharide,
cellulose and an amorphous binding peolymer, lignin. Xylan
forms a major component of plant hemicelluloses, and varies
in the nature of substituents on the‘sugar groups,
depending on the origin. For example, xylans derived from
hardwoods typically consist of a backbone of O-acetyl-4-0O-
methylglucuronoxylan, in which about 10% of the xvylose
units carry 4-O-methylglucuronic acid side chains linked
via 0-1,2 bonds, and 70% of the xylose residues are
acetylated at C-2 or C-3. In contrast, xylans derived from
softwoods are usually arabino-4-O-methylglucuronoxvlans in
which over 10% of the xylose sub-units carry
arabinofuranose residues linked via o-1,3 bonds. Enzymes
which are able to degrade xylan are called xylanases (endo-
1l,4-p-D-xylanases; International enzyme nomenclature EC
3.2.1.8).
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Commercial preparations of xylanase, often in
combination with other cell wall degrading enzymes, have
been used in the extraction or ligquefaction of plant
material. For example, in the food industry, the mashing
process for the production of juices can be made to produce
higher yields and better processing with the application of
cell wall degrading enzymes, which include xylanase. |

The primary source of cellulose for paper
manufacture is wood, and may be either hardwood or
softwood. The initial step in paper manufacture is the
reduction of wood to the fibre state, which may be achieved
by mechanical or chemical pulping methods. Chemical
pulping involves the "cooking" of woodchips with chemical
reagents in order to separate the cellulose fibres from the
other wood componentg, and to break down the lignin and
other extraneous compounds so that the cellulose is left in
tact in its fibrous form. The most common process is the
kraft or sulphate process, which can be applied to almost
any timber sgpecies. The active ingredients are sodium
hydroxide and sodium sulphide in a strongly alkaline
solution.

During the kraft pulping process, xylan in the
wood is initially dissolved in the pulping liquor, but with
time, reprecipitates on to the resulting pulp. Wood lignin
18 modified and dissolved by the pulping liquors. However,
about 10% of the lignin rema@ns in the kraft pulp. To
brighten the pulp, the lignin must be removed by bleaching
chemicals, such as chlorine, which generate environmentally
hazardous wastes.

More recently, commercial xylanase preparations
have been used asgs an aid to the bleaching of kraft wood
pulps. A program of cooperation between research
instituteg and the pulping industry has shown that treating
the unbleached kraft pulp with xyvlanase results in a
reduction in the amount of bleaching chemicals required to
obtain a full brightness pulp. It is believed that
Xylanase acts as a bleaching aid (bleach booster) by
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releagsing some trapped residual lignin within the pulp
matrix and giving better access to bleaching chemicals. It
is widely believed that xylanase breaks down reprecipitated
xylan which forms a coating on the pulp, thus releasing
trapped residual lignin from within the pulp matrix, and
allowing better access of bleaching chemicals to this
matrix. Thus xylanase acts as a bleaching aid or bleach
booster.

In the kraft process, the pulp is typically
handled at high temperatures and neutral to alkaline pH.
Commercial xylanases typically have a temperature optimum
of about 50°C and a pH optimum of about 5, and are thus
subject to rapid denaturation under process conditions.
Thus there is a need for xvlanases which are able to act
optimally on the kraft pulp without any requirement to
adjust the temperature or pH. In order to be useful as a
bleaching aid, the xylanase must also be free of any
gignificant cellulase activity, since cellulase would
cause an undegirable loss of cellulose fibre.

We have screened microorganisms newly isolated
from a range of environments in order to identify those
which produce high levels of xylanases with high
temperature optima and which are active at neutral to
alkaline pH. A previously unidentified bacterium isolated
from white-rotted wood, produces such a xylanase in high
vield and free of significant cellulase activity. Thus
bacterium is a strain of Bacillug Subtilis which we have
designated B230.

Summary of the Invention

According to one aspect, the invention provides a
bacterium, isolatable from wood composgt, having the

following characteristics:

A, Ability to grow at a temperature between
20° and 45°9;
B. Ability to grow in the pH range of 5 to

9.5;



CA 02203905 1997-05-27

WO 96/13574 PCT/AU95/00709
- 4 -
C. Ability to grow on Luria-Bertani agar at
37°;
D. Ability to grow under solid state or

10

15

20

25

30

35

submerged culture conditions; and

E. Constitutive production and/or
extracellular release of at least one
protein with xylanase activity having an
associated cellulase activity of less than
0.1, said at least one protein having a
molecular weight of about 28kD.

Preferably the bacterium is isolated such that a
biologically pure culture exits.

Preferably xylanase production is enhanced by
growth in the presence of xylan or of lignocellulose
subgstrateg, or degradation products, including xvlose and
xylitol, derived from such substrates.

More preferably the xylanase has at least one
characteristic selected from the group consisting of
activity at about pH between 4.5 and 9.5, a thermal
activity range up to 70°C, and high thermal stability up to
65°C. Most preferably the xylanase produced by the
bacterium is effective on both soluble and insoluble
Xylans.

In a particularly preferred embodiment, the
bacterium has the characteristics of the bacterial isolate
designated B230, as deposited under the provisions of the
Budapest Treaty in the Australian Government Analvtical
Laboratories, PO Box 385, Pymble, New South Wales 2073,
Australia, on 6 September 1994, under Accesgsion No.
N94/41262, or a mutant or derivative thereof having the
ability to produce a xylanase as described above. The term
"mutant or derivative" thereof includes naturally occurring
and artificially induced mutants which retain their ability
to digest xylans. Production of such mutants or
derivatives will be well known by those skilled in the art.

According to a second aspect, the invention

provides a procegg for producing at least one protein with
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xylanase activity said process comprising cultivating a
bacterium under conditions and for a time sufficient to
produce said protein and collecting culture medium wherein
said bacterium has the following characteristics:

A. Ability to grow at a temperature between 20
and 45°; |

B. Ability to grow in the pH range of 5 to
9.5;

C. Ability to grow on Luria-Bertani agar at
37¢9;

D. Ability to grow under solid state or

submerged culture conditions; and

E. Constitutive production and/or
extracellular release of at least one protein with xylanase
activity, said protein having an associated cellulase
activity of <0.1%. |

Preferably the bacterium used is strain B320 or a
mutant, variant or derivative thereof.

Preferably the bacterium is grown under optimal
conditions for extracellular production of said at least
one protein. Still more preferably the production of said
at least one protein is induced by the addition of xylitol
to the culture medium. Preferably xvlitol is added in an
amount of 0.01 to 2% of the culture medium which is
preferably a broth.

According to a third aspect, the invention
provides a protein with xvlanage activity said protein
having an associated cellulase activity of less than 0.1%
and a molecular weight of about 28kD as determined by SDS-
PAGE. Preferably the protein has at least one
characteristic selected from the group consisting of
activity at about pH between 4.5 and 9.5, a thermal
activity range up to 70°C and high thermal stability up to
65°C. Preferably the protein is effective in digesting both
soluble and insoluble xylans.

Preferably the protein with xylanase activity is

igsolatable from the bacterium described above. More
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preferably the protein is isolated from the bacterial
strain B230.

Preferably the protein with xylanase activity is
an isolated preparation meaning that it has undergone some
purification away from other proteins and/or non-
proteinatious material. The purity of the preparation may
be represented as at least 40% protein'with xylanase
activity, preferably at least 60% protein, more preferably
at least 75% protein with xylanase activity, still more
preferably at least 80% protein with xylanase activity or
greater, as determined by weight, activity, amino acid
composition or similarity, antibody reactivity or any other
convenient means.

According to a fourth aspect, the invention
provides a composition comprising said protein with
xylanagse activity as an active ingredient together with an
industrially acceptable stabiliser. The composgition may be
used as a bleaching aid or bleaching booster or in paper
deinking. Those skilled in the art will be familiar with
the types of industrially acceptable stabilisers which may
be used such as glycerol, sorbitol or other polvalcohols.

The composition described above is for use in
bleaching kraft pulp or deinking paper. Accordingly, in a
fifth aspect the present invention provides a method of
bleaching wood or paper pulp comprising administering a
bleaching aid or bleaching booster effective amount of the
composgition to said pulp, for a time and under conditions
sufficient to achieve the desired bleaching of the pulp.

The protein of the present invention may also be
used in the preparation of animal feed and in preparation
of dough for bread-making.

We have found that the bacterium B230, when grown
under suitable fermentation conditions, will produce
xylanase which accumulates in the extracellular
fermentation broth. The xylanase from such a broth has a
thermal activity range from ambient up to 70°C and a useful

pH range from 5 to 9, with optimal activity at pH 6 - 6.5.
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The xylanase has very high thermal gtability, retaining
100% activity after 3 hrs and 90% activity after 22 hrs at
60°C. Cellulase activity associated with the xylanase 1is
minimal (<0.1%).

The crude preparation may be used however
partially purified xylanagse may also be used. |

while the following description refers to a
single xylanase, our results indicate that there are in
fact at least two different xylanases produced during
fermentation of bacterium B230, and all xylanases produced
by this organism are within the scope of the invention.

Description of the Invention
The invention will now be described by way of

reference only to the following non-limiting examples, and
to the figures, in which:

Figure 1 shows the variation of activity of
xvlianase from bacterium B230 with pH compared with that
from bacterium B698, and

Figure 2 illustrates the variation in activity of
xylanase from bacterium B230 with temperature, compared
with that from bacterium B6398.

Figure 3 is a photograph of a SDS-PAGE gel of the
purified enzyme having an approximate molecular weight of
28KkD.

Figure 4 is a photograph of a SDS-PAGE gel of -
fermenter broth proteins including xylitol induced
xylanase. Compared with proteins from non-induced
cultures, the xylanase protein can be identified as having
an approximate molecular weight of 28KkD.

Figure 5 illustrates the colour units release Dy
xylanage from bacterium B230 at a range of pH and
temperatures.

Example 1

A bacterium which we have designated B230 was
ijgsolated from a sample of white-rotted karri wood; this

gsample was collected from near Walpole, Western Australia,
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Approximately 0.5g of sample was placed in a
25mL conical flask. To this was added 10mL of sterile
deionised water, and the flask was placed on an orbital
shaker at room temperature for 30 minutes. Serial
dilutions of the water dispersion were prepared as follows:

0.9mL of sterile'wate:'was added into four 1mL
sterile tubes. A sample of water (0.1lmL) from the 10ml
flask was added to the first tube. The contents of the
tube were mixed well, and 0.1mL added to the second tube,
and the procedure was repeated down to the fourth tube.

Samples (0.1 mL) from each tube wag streaked onto
Luria-Bertani agar. The agar plates were sealed and placed
in a incubator at 37°C overnight. Colonies of bacteria
appeared on the plates, and individual colonies were picked
off and replated onto fresh Luria-Bertani plates.

The composition of Luria-Bertani medium is:

tryptone 10g

yeagt extract 5g

sodium chloride 10g

deionised water 1l
For Luria-Bertani (LB) agar, 18g of agar is added to the
above components. All media were sterilised by autoclaving
at 121°C for 20 minutes.

The organism was isolated in pure culture, and a
sample was deposited under the Budapest Treaty in the
Australian Government Analytical Laboratories asg described
above.

The bacterium has the following taxonomic
characteristics:

rod-shaped bacterium with a centrally-located

spore

Gram positive

obligately aerobic

Bacillus subtilis (by VITEK method)
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The bacterium is not fastidious, and can be grown
on a range of media, including LB broth. The requirements
are:

1. a source of carbon, most conveniently a

carbohydréte gsuch as dextrose,

2. a gource of nitrogen, most conveniently as

a tryptone, and

3. complex nutrients, most conveniently as

yveast extract.

The bacterium can be grown within the temperature
range 20 to 45°C and within the pH range 5 to 9.5.

The bacterium can be grown successfully under
different fermentation conditions, including solid state orx
gubmerged culture; fermentation continues under aerobic

conditions with or without agitation.

Example 3 production and Characterisation of Xylanase

When grown under the conditions described in
Example 2, bacterium B230 synthesises xylanase, and
releages the enzyme into the extracellular medium. While
xylanase is produced constitutively, addition of xylan to
the culture medium as an additional carbon source further
enhances the level of xylanase production. The added xylan
may be in the form of isolated wood xyvlan, or may be a
component of lignocellulosgic material such as wheat bran.
Xylanase was assayed using the following
conditions:
substrate: 1% birchwood xylan
Buffer: 50mM sodium phosphate/citric acid, pH 6.
Incubation temperature: 50°C
Incubation time: 20 minutes
The enzyme reaction was stopped with 3,5-
dinitrosalicylic acid (DNS) reagent which measures, using
xylose standards, the amount of reducing sugar produced in

20 minutes. Enzyme units are expressed in nanokatals
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(nkats), where 1 nkat is the amount of xylanase which will

produce 1 nmole of xylose per second under the defined
conditions.

Example 4 Production of Xylanase by Submerged
Fermentation

Xvlianase from B230 can conveniently be prepared
by submerged fermentation. B230 seed culture can be
prepared overnight in LB broth at 37°C. This inoculum is
added to an LB broth containing beechwood xylan (2% w/v).
The pH of the broth is increased to pH 7.8 by the addition
of 2M sodium hydroxide, and the temperature adjusted to
37°C. The broth is stirred (1,000 rpm) and aerated with
filtered sterile air (0.7 L of air/L of broth/min).

The seed inoculum is8 added to the broth and the
above conditions of temperature, pH, agitation and aeration
maintained. Samples of culture are taken at regular
intervals to monitor the production of xylanase. Optimal
levels of xylanase (11,000 nkat/ml.) are obtained within 90
hours of fermentation.

Example 5 Characterisation of Xylanase

The crude enzyme preparation from the fermenter

broth was characterised with respect to pH and temperature.

a) pH Optimum

The xylanase activity was determined as described
above, with the exception that the buffer was changed to
obtain a stable pH. The results are listed in Table 1
below. The data is further expressed in Figure 1. The

optimal pH for xylanase activity was found to be pH 6-6.5.

CIIRCTITIHITE QUEERET (RIH F 2R)
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Table 1

pH Profile of B230 Xylanase

Ll i — g - -

Relative Xylanase Activity (%)

24
87
100
72
76
32
11

i —

b) Temperature Optimum
The xylanase activity of B230 enzyme was

determined as described above, except that the temperature

was altered within the range from 40 to 80°C.

listed in Table 2 and

optimal temperature for xylanase activity was found to be

further expressed in Figure 2. The

Regults are

60°C.
Table 2
Temperature Profile of B230 Xylanase
Temperature (°C) Relative Xylanase Activity (%)

r «

40 45

50 63

60 100

65 80

70 42

80 8
Example 6 Thermal Stability

The stability of B230 xylanase was determined at

pH 6 and 60°C, the optimal pH and temperature respectively

for the enzyme system.

Samples were tested for regsidual

P ey YN lad e aird ] B I st o Tl Y
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activity at regular intervals as described in the xylanase
assay conditions above. After 3 hours, 100% xyvlanase
activity was retained. Even after 22 hours, 90% of the
xXylanase activity was retained. Thus, xylanase from B230
5 is very thermally stable.
The thermal stability at 60°C and 65°C at

different pH values were determined over 2 hours. Results
are in Table 3.

15

Table 3
10 Thermal Stability 60, 65°C, 2 hrs
Relative Xylanasge Activity
pH 60°C 65°C
6 100 71
7 117 48
8 84 7
9 55 0
Example 7 Stability at 4°C
The stability of B230 xvlanase wag determined at
4°C by storing it at that temperature. Samples were tested
for activity at regular intervals under the conditions
20 described in the xylanase assay conditions above. After 22
days, 100% of the original activity was retained.
Example 8 Purification of Xylanase
A fraction of xylanases was partially purified by
conventional purification techniques involving DEAE |
25 Sepharose and size exclusion chromatography. The xylanase

fraction had a single band on SDS-PAGE at 28kDa as shown in
Figure 3 and a purity of > 80%.

Example S Induction of 28kDa Xylanasge

B230 seed culture was prepared overnight in LB

30 broth at 37°. This inoculum was added equally to 2 flasgks
containing corn steep liquor (2%) and incubated at 37°cC.

To one flask, xylitol (to 0.1%) was added daily for 5 days.
After 5 days both flask broths were centrifuged. The cell

free broths were assayed for xylanase activity. Xylitol
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induces xylanase (2,000nkat/ml) compared with uninduced
broth (50nkat/ml). A sample of each broth was concentrated
by ultrafiltration (5kDa membrane), and the retentate run
on an SDS-PAGE gel. As shown in figure 4, a protein band
at approximately 28kDa was induced by xylitol. This is

consistent with the purified xylanase in Example 8, figure

3,

Example 10

Use Of B230 Xylanagse As A Bleaching Aid

The c¢rude xylanase system (lé67nkat/g of pulp) was
mixed with unbleached kraft pulp (35 g oven dried bagig) at
congistency 8% and adjusted to pH 5, 7 or 9 with
appropriate buffer. The nmixture was incubated for 1 hr at
60°C. The pulp was then bleached with chlorine dioxide-

sodium hydroxide-chlorine dioxide. The results are shown
in Table 4.

Table 4
Kraft Pulp Bleaching B230
X at 60°C, 1 hr

Bleached Pulp
Treatment , :
Brightness Kappa Yield

(%) Number (%)
(pH 5) DED (control) 78.4 2.21 98.8
(pH 5) XDED 79.4 2.04 98.9
(pH 7) DED {(control) 77 .4 2.35 98.1
(pH 7) XDED 81.6 1.74 97 .6
(pH 9) DED (control) 76.8 2.45 99.4
(pH 9) XDED 81.4 1.75 98 .7

D, - chlorine dioxide, 2.5% as chlorine, 70°C, 2 hr
D, - chlorine dioxide, 0.5% as chlorine, 70°C, 1 hr
E - sodium hydroxide, 1.5%, 50°C, 1 hr

X - xylanase treatment, pH 5, 7 or 9, 60°C, 1 hr

Pl PR S iiga g gm ) [P cmm s TR P NN
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Kappa number is a measure of the amount of lignin
in wood pulp. It ig defined as the number of millilitres
of 0.02M potassium permanganate solution which would be
consumed by 1 gram of moisture-free pulp under AS 1301,
APPITA P201 m-86, specified conditioms.

It is evident from these results that bleaching
in the presence of xylanase results in improved
characteristics of brightness and kappa number, with yields
comparable to that of the control. It is further evident
that the xylanase gives optimal improvements in the
alkaline pH range 7 to 9. |

Example 11 Use of B230 as a Bleaching Aid - further
example

The crude xvlanase system (lé7nkat/g of pulp) was
mixed with unbleached kraft pulp (35g oven dried basis) at
8% consistency and adjusted to pH 5,6,7,8,9 or 10 with
appropriate buffer. The mixture was incubated for 1 hr at
either 50,60 or 70°C. After the set time, the pulp was
filtered to obtain a filtrate sample. The filtrate sample
was briefly centrifuged and the absorbance at 456 nm was
measured in a spectrometer. Absorbance units were
converted to Pt-Co colour units from a standard graph where
500 colour units was obtained by dissolving K,PtCl;
(1.246g), CoCl,.6H,0 (1.00g) and HCl (100mL, 12M) in 1L of
water. The colour units released from the pulp by the
xylanase is a measure of the final bleach chemical savings.
The optimal effective pH was found to be pH 7, independent
of temperatures between 50 and 70°C (see figure 5).

Example 12
Our earlier International Patent Application

PCT/AUQS/OOZOZ desgscribes a xylanase-producing bacterium
designated B698, which was isolated from wood compost, and
which was deposited under the Budapest Treaty in the
Australian Government Analytical Laboratories as Accession
No. 94/7647.



CA 02203905 1997-05-27

WO 96/13574 PCT/AU9S/00709

- 15 -

The temperature profile, pH profile, thermal
stability at 60°C and 65°C at different pH values, and
bleach boosting activity of xylanases for B230 and B698
were compared, using the methods described above, and the

5 results are summarised in Tables 5 to 9.

Table 5
Xyvlanase pH Profile
Birchwood xyvlan, 50°C

Relative Xylanase Activity (%)
P B698 B230
10 4 15 24
83 87
6 100 100
6.5 99 Not determined
77 72
15 8 69 76
37 32
10 11 11
Table 6
Xylanase Temperature Profile
20 Birchwood xylan, pH 6
Relative Xylanase Activity (%)
Temperature ‘"“'
B698 ~ B230
40 65 45
50 85 63
60 100 100
25 65 Not determined 80
70 51 42
80 27 8
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Table 7
Thermal Stability 60°C, 2 hrs
Relative Xylanase Activity (%)
pH
B698 B230
6 93 100
5 7 104 117
8 76 84
9 44 55
Note: At 60°C, pH 6, both B698 and B230 xylanases
retained 90% of their activity after 22 hours.
10 Table 8
Thermal Stability 65°C, 2 hrs
Relative Xylanase Activity (%)
pH T |
B698 B230
6 95 71
7 103 48
15 8 30 7
9 9 0
Table 9
Kraft Pulp Colour Difference
60°C, 1 hr
Colour Difference
20 PH
B698 B230
e ——
5 247 371
6 832 985
7 1084 1038
8 943 921
25 9 967 391
10 1985 283
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In general, the properties of the xylanases from
éhe two organisms are very similar. However,

1. In golution, B698 xylanase retains more
activity over a wider temperature range at pH 6. B698
xylanase is clearly more thermally stable at 65°C over the
pH range 6-9 than B230 xylanase.

2. In solution, at 50°C there is no
differentiation between the two enzymes over the pH range
4-10.

3. Oon kraft pulp, at 60°C, both B638 xylanase
and B230 xylanase are effective bleach boosting agents over
the pH range 6-9.

4. On kraft pulp, at 70°C, B230 xylanase 1is
more effective than B698 as a bleach xylanase boosting
agent. This is a significant advantage.

5. During fermentation, bacterium B230
expresses more xylanagse than bacterium B698 (11,000 nkat/ml
and 7,000 nkat/ml respectively.

Example 13 Further characterisation of Xylanasge

A fraction of xylanase having a basic pI, and a
gize of 28 kDa, was purified on a 6% polyacrylamide
(acrylamide/bisacrylamide) native gel with the Biorad Prep
Cell. The Analytical Prep Cell was run at a pH of 7.36
(0.33M Tris base, 0.025M Boric acid, adjusted to pH 7.36
with acetic acid), with the potential at 300 V, buffer flow
rate of 1 mL/minute, and with the terminals reversed. The
buffer was run under an electrical potential for 20 minutes
prior to the application of the crude fermentation broth.
Fractions were collected in 5 ml: aliquots on a fraction
collector.

The fractions were assayed fo xylanase activity

using the following conditions :-
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Subgtrate: 1% birchwood xylan

Buffer: 50mM sodium phosphate/
citric acid, pH 6.0

Incubation temperature: 50°C

Incubatoin time: 20 minutes

The enzyme reaction was stopped with 3,5-
dinitrosalicyclic acid (DNS) reagent which measures, using
xyvloge standards, the amount of reducing sugar produced in
20 minutes. Enzyme unitsgs are expressed in nanokatals
(nkats), where 1 nkat is the amont of xylanase which will
produce 1 nmole of xylose per second under the defined
conditions.

Fractions which appeared to contain the xylanase
activity were run on a 12% PAGE gel (denaturing gel) to
confirm the size of the xylanase at 28 kDa. The isoelectric
point was determined to be between 8.9 and 9.3 in a 3.5 to
9.5 igoelectric focussing gel.

The purified enzyme fraction obtained according
to the earlier part of this Example was subjected to
experiments concerning the effects of temperature and pH on
enzyme stability and activity. The method for determining
the xvlanase activity was the DNS method as described
earlier in this Example.

a) pH Optimum

The xylanase activity was determined as described
above, with the exception that the buffer was changed to
obtain a stable pH. The results are listed in table 1
below. The optimal pH for the purified xylanase wasgs found
to be pH 6.0.
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Table 10
pPH Profile of Purified 28 kDa B230 Xvylanase at 50°C

pH Relative Xylanase Activity (%)
4 15
5 25
6 100
7 69
8 50
g 36
b) Temperature Optimum

The Xylanase activity of the purified B230 28 kDa
xylanase was determind as described above, with the
exception that the incubation temperature was altered
within the range 50°C to 80°C. Results are listed in table
1l. The optimal temperature for xylanase activity for the
purified 28 kDa xylanase was found to be 60°C.

Table 11
Temperature (°C) Relative Xylanase Activity (%)
50 82
60 100
65 82
70 41
80 24
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Example 14 N-terminal amino acid sequencesg analysis

N-terminal amino acid sequence of the 28 kDha
xyvlanase was determined using Edman Degradation.
The N~-terminal amino acid sequence of the
5 xylanase obtained according to Example 13 having a
molecular weight of approximately 28 kDa using SDS-PAGE,
and a pI value between 8.9 and 9.3 in a 3.5 to 9.5

igoelectric focussing gel, was found to be:-

I T K N Q T G N (R) H D G Y D Y E L
10 Ile-Thr-Lys-Asn-Gln-Thr-Gly-Asn-{Axrg)-His-Asp-Gly-Tyr-Asp-Tyr-Glu-Leu-
Example 15 DNA Sequence

Genomic DNA was prepared from B230 using é. Talent
Genomix™ kit, with a pre treatment of lysozyme. This was
amplified using the Polymerase Chain Reaction, and two
15 primers, the forward primer designed from the partial N-
terminug amino acid sequence, and the other a consensus
primer, designed from conserved sequences. The primer

sequencesg were ag follows :

Forward Primer
20 S’AAH ACN AAR AAY CAR ACN ggN A 3

Reverse Primer (Consensusg)
S'TTC CAC TAC TT'T gAT ATC CTT C 3
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The DNA sequence determined form this amplified product is

as follows:

Table 12
G N T S M T L N S G
ggg AAT ACC AgT ATg ACg CTT AAT AgC ggcC
G A F S A Q W S N I
ggT gCg TTC AgT gCC CAg Tgg AgT AAC ATT
G N A L F R K G K K
gg9g AAT gCcT TTA TTC Cga AAA ggcC AAg A2A
F D S T K T H S Q L
TTC gAT TCA ACg AAg ACT CAC TCA CAA CcTT
G N I S I N Y N A T
gga AAt ATA TCA ATC AAT TAC AAC gCA ACC
F N P G G N S Y L C
TTC AAT CCC ggg ggg AAT TCC TAT CTg TgT
Vv Y G W T K D P L T
gTT TAT ggaA Tgg ACg AAA gAT CCg CTC ACA
B Y Y I \'4 D N W G T
gAA TAT TAC ATC g7TC gAT AAT Tgyg ggC ACC
Y R P T G N A E G Y
TAC AgA CCg ACg ggA AAC gCcC gAA ggd TAC
F Y C END W G H I
TTT TAC TgT TgA Tgg gag CAC ATA

It will be apparent to the person skilled in the
art that while the invention has been described in some
detail for the purposes of clarity and understanding,
various modifications and alterations to the embodiments
and methods described herein may be made without departing
from the scope of the inventive concept disclosed in this

specification.
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SEQUENCE LISTING
(1) GENERAL INFORMATION:

(1) APPLICANT:
(A) NAME: Biotech International Limited

(B} STREET: 9/4 Brodie Hall Drive, Technology Park
(C} CITY: Bentley

(D) STATE: Western Australia
(E) COUNTRY: Australia

(F) POSTAL CODE (ZIP): 6102
(G) TELEPHONE: (09)470 4322
(H) TELEFAX: (09)470 4283
(I) TELEX: n/a

(11) TITLE OF INVENTION: BACTERIAL PROTEIN WITH XYLANASE ACTIVITY

(i1i) NUMBER OF SEQUENCES: 5

(1v) CORRESPONDENCE ADDRESS: 480, 601 West Cordova St.
Vancouver, B.C., V6B 1Gl

(v) COMPUTER READABLE FORM:
(A} MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC™ compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS™
(D} SOFTWARE: PatentIn™ Release #1.0, Version #1.30 (EPO)

(v) CURRENT APPLICATION DATA:
(A} APPLICATION NUMBER: CA 2,203,905
(B) FILING DATE: 23 OCTOBER, 1995

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: AU PMS008
(B) FILING DATE: 26~-0CT-13994

(viii) PATENT AGENT INFORMATION
(A) OYEN WIGGS GREEN & MUTALA
(B) REFERENCE NUMBER: G1880026

(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11} MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: B698, B230 Bacteria isolated from
wood compost
(1x) FEATURE:
(A) NAME/KEY: -
(B) LOCATION: 1..22

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

AAHACNAARA AYCARACNGG NA
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(2) INFORMATION FOR SEQ ID NO: 2:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
TYPE: nucleic acid

(B)
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

L]

DNA ({(genomilic)

(11) MOLECULE TYPE:

(ix) FEATURE: _
(A) NAME/KEY: -
(B) LOCATION: 1..22

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

TTCCACTACT TTGATATCCT TC

(2) INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: peptide
(1x} FEATURE:

(A) NAME/KEY: Protein
(B} LOCATION: 1..17

DESCRIPTION: SEQ ID NO: 3:

L*]

(xi) SEQUENC]

Ile Thr Lys Asn Gln Thr Gly Asn Arg His Asp Gly Tyr Asp Tyr Glu
1 5 10 15

L,eu

(2) INFORMATION FOR SEQ ID NO: 4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 294 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

Ll

(11) MOLECULE TYPE: DNA (genomic)

L+

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..278%
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
GGG AAT ACC AGT ATG ACG CTT AAT AGC GGC GGT GCG TTC AGT GCC CAG
Gly Asn Thr Ser Met Thr Leu Asn Ser Gly Gly Ala Phe Ser Ala Gln
1 5 10 15
TGG AGT AAC ATT GGG AAT GCT TTA TTC CGA AAA GGC AAG AAA TTC GAT
Trp Ser Asn Ile Gly Asn Ala Leu Phe Arg Lys Gly Lys Lys Phe Asp
20 25 30
TCA ACG AAG ACT CAC TCA CAA CTT GGA AAT ATA TCA ATC AAT TAC AAC
Ser Thr Lys Thr His Ser Gln Leu Gly Asn Ile Ser Ile Asn Tyr Asn
35 40 45
GCA ACC TTC AAT CCC GGG GGG AAT TCC TAT CTG TGT GTT TAT GGA TGG
Ala Thr Phe Asn Pro Gly Gly Asn Ser Tyr Leu Cys Val Tyr Gly Trp
50 55 60
ACG AAA GAT CCG CTC ACA GAA TAT TAC ATC GTC GAT AAT TGG GGC ACC
Thr Lys Asp Pro Leu Thr Glu Tyr Tyr Ile Val Asp Asn Trp Gly Thr
65 70 75 80
TAC AGA CCG ACG GGA AAC GCC GAA GGG TAC TTT TAC TGT TGATGGGGGC
Tyr Arg Pro Thr Gly Asn Ala Glu Gly Tyr Phe Tyr Cys
85 90
ACATA
(2) INFORMATION FOR SEQ ID NO: 5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 93 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: peptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
Gly Asn Thr Ser Met Thr Leu Asn Ser Gly Gly Ala Phe Ser Ala
1 5 10 15
Trp Ser Asn Ile Gly Asn Ala Leu Phe Arg Lys Gly Lys Lys Phe
20 25 30
Ser Thr Lys Thr His Ser Gln Leu Gly Asn Ile Ser Ile Asn Tyr
35 40 45
Ala Thr Phe Asn Pro Gly Gly Asn Ser Tyr Leu Cys Val Tyr Gly
50 55 60
Thr Lys Asp Pro Leu Thr Glu Tyr Tyr Ile Val Asp Asn Trp Gly
65 70 75
Tyr Arg Pro Thr Gly Asn Ala Glu Gly Tyr Phe Tyr Cys
85 90

CA 02203905 1997-12-31
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Asp

Asn

Trp

Thr
80

48

96

144

182

240

289

294
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CLAIMS

1. A bacterium or a derivative or mutant thereof, designated B230, as deposited in the

Australian Government Analytical Laboratories under Accession No. N94/41262 which
constitutively produces and/or extracellularly releases a xylanase which has an associated
cellulase activity of less than 0.1% and wherein said xylanase 1s catalytically active at a pH of

between about 6.5 and about 9.5 and at a temperature of between about 55°C and 70°C.

2. A bacterium according to claim 1, wherein said xylanase is catalytically active at a pH

of between about 7.5 and about 9.5 and at a temperature of between about 60°C and 70°C.

3. A bacterium according to claim 1, wherein said xylanase is catalytically active at a pH

of between about 7.5 and about 9.5 and at a temperature of about 65°C.

4. A bacterium according to claim 1, in which the xylanase is effective on both soluble and

insoluble xylans.

5. An i1solated xylanase which 1s produced by a bacterium as defined in claim 1.
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Figure 4
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