
EP 0 270 974 B1 Description BACKGROUND OF THE INVENTION 1. Field of the
Invention This invention relates to novel alkali-resistant cellulases and
also to microorganisms which are able to produce the same. 10  2.
Description of the Prior Art The development of cellulases, which are
cellulose-decomposing enzymes, has been made for the main purpose of
effectively utilizing biomass resources and particularly, cellulose
resources. A diversity of strains have been isolated as cellulase-producing
fungi or bacteria including, for example, not only molds of is  the genera
Aspergillus, Penicillium, Trichoderma, Fusarium, Humicola, Acremonium and
the like, but also bacteria of the genera Pseudomonas, Cellulomonas,
Ruminococcus, Bacillus and the like and ac- tinomycetes of the genera
Streptomyces, Thermoactinomyces and the like. At present, however,
cellulases for biomass have not been frequently utilized on an industrial
scale. On the other hand, studies have been made on novel industrial
utility of cellulases as an ingredient for 20  detergents for clothes, to
which attention has now been paid (Japanese Patent Publication Nos.
59-49279, 60-23158 and 60-36240). Most cellulases produced by
microorganisms in the natural fields are classified as so-called neutral or
acidic cellulases which exhibit optimum and stable enzymatic activity in a
neutral to acidic range. Only a few cellulases are so-called alkaline
cellulases which meet the requirements for formulation in detergent
compositions for clothes or can exhibit a maximum activity in an alkaline
pH range, 25  and so-called alkali-resistant cellulases which have an
alkali resistance. The term "alkaline cellulase" used herein is intended to
mean one whose optimum pH is in an alkaline range, and the term
"alkali-resistant cellulase" means one whose optimum pH is in a neutral to
acidic range, but which has a satisfactory activity in an alkaline region
as compared with an activity at an optimum pH and is maintained stable. The
term "neutral" means a pH range of from 6 to 8, and the term "alkaline"
means a higher pH range. 30    For the production of alkaline cellulases
and alkali-resistant cellulases usable in detergent compositions for
clothes, only several methods have been proposed. These methods include,
for example, a method of collecting cellulase A by cultivation of
alkalophilic bacilli (Japanese Patent Publication No. 50-28515), a method
of producing alkaline cellulase 301-A by cultivation of an alkalophilic
bacterium belonging to the genus Cellulomonas (Japanese Patent Application
Laid-open No. 58-224686), a method of producing 35  carboxymethyl cellulase
by cultivation of alkalophilic Bacillus No. 1139 (Fukumori, F., Kudo T. and
Horikoshi, K., J. Gen. Microbiol., 131, 3339, (1985)), and a method of
producing an alkaline cellulase by the use of one strain belonging to the
genus Streptomyces (Japanese Patent Application Laid-open No. 61- 19483).
However, these methods are all unsuitable for the industrial fermentation
production. In recent years, we have found that Bacillus sp. KSM-635 (FERM
BP-1 485), which is one of alkalophilic 40 bacteria, can efficiently
produce alkaline cellulase K which is suitable as an ingredient for
detergents for clothes and that proper selection of cultivation conditions
enables one to enhance the productivity and conduct industrial fermentation
production of the alkaline cellulase (see EP-A-0 271 004). However, the
cultivation conditions of the Bacillus sp. KSM-635 are not always
advantageous from an industrial point of view. More particularly, an
alkalophilic strain should be cultivated under alkaline pH 4s conditions
during the cultivation. A so-called alkaline fermentation process using
alkalophilic strains has just been started, and a full knowledge on the
physiological and biochemical properties of these alkalophilic
microorganisms has not been obtained. Thus, difficulties have been involved
in the preparation of media and the manner of cultivation sufficient to
effect the industrial production by fermentation. The molecular cloning of
a cellulase gene from Bacillus subtills and its expression in Escherichia
coli 50 has been described by Y. Koide et al., (Agric. Biol. Chem., 50 (1),
233 - 237 (1986)). The cellulase described in this reference is inactivated
at a pH of 10 to a level of about 60 % of Its maximum activity. SUMMARY OF
THE INVENTION 55    In order to solve the above problems, the present
inventors made intensive studies In order to obtain neutral bacteria
capable of producing either alkaline cellulases having an optimum pH in an
alkaline region or alkali-resistant cellulases which can maintain high
activity in an alkaline region as compared with the maximum activity at an
optimum pH. To this end, these strains have been intensively searched for
in 3    EP 0 270 974 B1 natural fields while conducting a so-called gene
recombination in which a strain growing in a neutral region is used as a
host and a corresponding cellulase gene is cloned. As a result, it has been
found that a series 



of microorganism belonging to the genus Bacillus can produce
alkali-resistant cellulases although they grow in neutral media. The
present invention provides an alkli-resistant cellulase which is produced
by a microorganism belonging to the genus Bacillus and growing in a neutral
medium, said cellulase having the following enzymatic properties: (1)
having an optimum pH of from 5 to 7; (2) very stable (not inactivated at a
pH of 5 to 10 with a residual activity of not less than 50% of the 10
maximum activity being shown in the pH range of 4.5 to 11); (3) the
activity being inhibited by the presence of Hg[err]and (4) the activity
being rarely inhibited with proteinases, surface active agents and
chelating agents. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a graph
showing the relation between a pH for the enzyme reaction of
alkali-resistant cellulase K-534 and a relative activity; Fig. 2 is a graph
showing the relation between a treating pH for the above enzyme and a
residual activity; 20    Fig. 3 is a graph showing the relation between a
reaction temperature for the above enzyme and a relative activity; Fig. 4
is a graph showing the relation between a treating temperature for the
above enzyme and a residual activity: Fig. 5 is a grah showing the relation
between a pH for the enzyme reaction of alkali-resistant cellulase K- 25
344 and a relative activity; Fig. 6 is a graph showing a treating pH for
K-344 and a residual activity; Fig. 7 is a graph showing a reaction
temperature for K-344 and a relative activity; Fig. 8 is a graph showing a
treating temperature for K-344 and a residual activity; Fig. 9 is a graph
showing the relation between a pH for the enzyme reaction of
alkali-resistant cellulase 3  K-539 and a relative activity; Fig. 10 is a
graph showing the relation between a treating pH for K-539 and a residual
activity; Fig. 11 is a graph showing the relation between a reaction
temperature for K-539 and a relative activity; Fig. 12 is a graph showing
the relation between  a treating temperature for K-539 and a residual
activity; Fig. 13 is a graph showing the relation between a pH for the
enzyme reaction of alkali-resistant cellulase 35    K-577 and a relative
activity; Fig. 14 is a graph showing the relation between a treating pH for
K-577 and a residual activity; Fig. 15 is a graph showing the relation
between a reaction temperature for K-577 and a relative activity; Fig. 16
is a graph showing the relation between a treating temperature for K-577
and a residual activity; Fig. 17 is a graph showing the relation between a
pH for the enzyme reaction of alkali-resistant cellulase 40      K-588 and
a relative activity; Fig. 18 is a graph showing the relation between a
treating pH for K-588 and a residual activity; Fig. 19 is a graph showing
the relation between a reaction temperature for K-588 and a relative
activity; Fig. 20 is a graph showing the relation between a treating
temperature for K-588 and a residual activity; Fig. 21 is a graph showing
the relation between a pH for the enzyme reaction of alkali-resistant
cellulase 45     K-597 and a relative activity; Fig. 22 is a graph showing
the relation between a treating pH for K-597 and a residual activity; Fig.
23 is a graph showing the relation between a reaction temperature of K-597
and a relative activity; and Fig. 24 is a graph showing the relation
between a treating temperature for K-597 and a residual activity. 50
DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS Examples of
the microorganism capable of producing the alkali-resistant cellulases of
the Invention include strains isolated by the present inventors from the
soils of Haga-gun and Nikko-shi in Tochigi-ken, 55 Japan, and deposited at
the Fermentation Research Institute of Japan as Bacillus sp. KSM-534 (FERM
BP- 1508), Bacillus sp. KSM-344 (FERM BP-1506), Bacillus sp. KSM-539 (FERM
BP-1509), Bacillus sp. KSM- 577 (FERM BP-1510), Bacillus sp. KSM-588 (FERM
BP-1513) and Bacillus sp. KSM-597 (FERM BP-1514). 4    EP 0 270 974 B1
These strains have the following mycological properties. It will be noted
that the identification of the strains is carried out using the following
media. 



Medium 1: meat extract, 1.0; Bacto peptone, 1.0; NaCl, 0.5; Bacto agar, 1.5
(pH 7.2) (all indicated by, wt% herein and hereinafter). 5    Medium 2:
meat extract, 1.0; Bacto peptone, 1.0; NaCl, 0.5 (pH 7.2) Medium 3: meat
extract, 1.0; Bacto peptone, 1.0; NaCl, 0.5; gelatin, 1.0 (pH 7.2) Medium
4: Bacto litmus milk, 10.0 Medium 5: Bacto peptone, 1.0;[err], 0.1 Medium
6: Bacto peptone, 1.0; [err], 0.1 10     Medium 7: Bacto peptone, 0.7;
NaCI, 0.5; glucose, 0.5 (pH 7.0)     . Medium 8: Bacto peptone, 1.0 Medium
9: TSl agar (by Eiken Chem. Co., Ltd.); indicated amount Medium 10: meat
extract, 1.0; Bacto peptone, 1.0; NaCl, 0.5; soluble starch, 0.2; agar, 1.5
Medium 11: [err], 0.15; [err] 0.1;[err], 0.02; sodium citrate, 0.25 (pH
6.8) 15    Medium 12: Christensen's medium (Eiken Chem. Co., Ltd.);
indicated amount Medium 13: glucose, 1.0; KH2 P04, 0.1; MgSO4 . 7H2 0,
0.05; KCI, 0.02; nitrogen sources, 0.1 (the nitrogen sources used were
sodium nitrate and ammonium sulfate). (pH 7.2) Medium 14: King A medium
"Eiken" (Eiken Chem. Co., Ltd.); indicated amount Medium 15: King B medium
"Eiken" (Eiken Chem. Co., Ltd.); indicated amount 20     Medium 16: urea
medium "Eiken" (Eiken Chem. Co., Ltd.); indicated amount Medium 17: filter
paper for cytochrome oxidase test (Nisshui Pharm. Co., Ltd.) Medium 18: 3%
hydrogen peroxide aqueous solution Medium 19: OF basal medium (Difco Lab.);
indicated amount Medium 20: [err] 0.1; KCI, 0.02; [err], 0.02; yeast
extract, 0.02; Bacto agar, 2.0; BCP 26   (0.2% solution), 0.4 Medium 21:
Bacto Sabouraud's dextrose agar medium (Difco Lab.); indicated amount
Medium 22: meat extract, 0.3; Bacto peptone, 0.5; yeast extract, 1.0;
glycerin, 2.0 Medium 23: phenyl alanine malonic acid salt medium (Nissui
Pharm. Co., Ltd.); indicated amount Medium 24: skim milk, 5.0; Bacto agar,
1.5 30    Medium 25: meat extract, 0.3; Bacto peptone, 0.5; L-tyrosine,
0.5; Bacto agar, 1.5 Medium 26: Bacto peptone, 1.0; [err] 0.1 Medium 27:
Simon's medium (Eiken Chem. Co., Ltd.); indicated amount (Mycological
properties) 35 Bacillus sp. KSM-534: (a) Results of Microscopic Observation
This is a bacillus having a size of the body of 0.4 - 0.8 micrometers x 1.5
- 6.0 micrometers, and has 40    a cylindrical or ellipsoidal endospore
(0.6 - 0.8 micrometers x 1.0 - 2.5 micrometers) at the center of the body.
The bacillus has marginal flagella and is mobile. The Gram's staining is
positive. Not aciduric. (b) Growing State in Various Media (1) Meat broth
agar plate culture (medium 1)   The growing state is weak. The colonies are
in a round form with a smooth margin. The color tone of the colonies is
light yellow, semi-transparent and 45      glossy. (2) Meat broth agar
salnt culture (medium 1) The growth is weak with the state being in a
cloth-spreading form and being glossy, light yellow in color and
semi-transparent. (3) Meat broth liquid culture (medium 2) 50
Growing and becoming turbid. (4) Meat broth gelatin stab culture (medium 3)
Growing in the surface layer with the gelatin being liquefied. (5) Utmus
milk medium (medium 4) The liquefaction of the milk is recognized. A clear
change of the litmus color is not recognized. 55    (c) Physiological
Properties (1) The reduction and denitrification reactions of nitrates
(media 5 and 6) are both negative. (2) MR test (medium 7) Whether the test
is negative or positive is not clear (pH 5.2). 5    EP 0 270 974 B1 



(3) VP test (medium 7) Whether negative or positive is not clear (pH 5.2).
(4) Formation of indole (medium 8) Negative. 5  (5) Formation of hydrogen
sulfide (medium 9) Nagative. (6) Hydrolysis of starch (medium 10) Positive.
(7) Utility of citric acid (media 11, 12) Positive both in a Koser's medium
and in a Christensen's medium. (8) Utility of inorganic nitrogen sources
(medium 13) The nitrate and ammonium salt are both utilized. (9) Formation
of pigment (media 14,15) Negative. (10) Urease (medium 16) Negative. (11)
Oxidase (medium 17) Positive. (12) Catalase (medium 18) Positive. 20 0
(13) Temperature and pH ranges for growth (medium 2) The temperature range
for growth is 15 - 50 * C and an optimum temperature range is 25 - 40 * C.
The pH range for the growth is 5 - 11 and an optimum pH range is 6 - 10. (1
4) Behavior to oxygen Facultatively anaerobic. 25        (15)O-F test
(medium 19) Growing up aerobically or anaerobically with a gas generated.
(16)Utility of sugars (medium 20) (+: utilizing.-: not utilizing) 1.
L-arabinose 2.   D-xylose      - 3.   D-glucose     + 4.   D-mannose 5.
fructose       + 6.   D-galactose   + 7.  maltose        + 8.  sucrose
+ 9.  lactose        + 10.  trehalose 11.  D-sorbitol     + 12.  D-mannitol
13.  inositol       + 14.  glycerin       + 15.  starch         + 45 (17)
pH in VP medium (medium 7) pH 5.2 (18) Growth in salt-containing media
modified medium 1) Growing at 5%. 50          Growing at 7%. Not growing at
10%. (19) Growth at a pH of 5.7 (medium 21) Growing. (20) Formation of
dihydroxyacetone (medium 22) Negative. (21) Deamination of phenylalanine
(medium 23) Negative.    EP 0 270 974 B1 



(22) Decomposition of casein (medium 24) Positive. (23) Decomposition of
tyrosine (medium 25) Negative. 5 Bacillus sp. KSM-344: (a) Results of
microscopic observation This is a bacillus having a size of the body of 0.6
- 0.8 micrometers x 1.5 - 6.5 micrometers, making 10     a cylindrical or
ellipsoidal endospore (0.6 - 1.2 micrometers x 2.0 - 4.0 micrometers) at
the center of the body. It has no flagella and is mobile. The Gram staining
is positive. Not aciduric. (b) Growing state in various media (1) Meat
broth agar plate culture (medium 1) The growing state is moderate. The
shape of the colonies is circular or irregular with a smooth or 15
rough surface and a smooth or wavy margin. The color tone of the colonies
is white, and the colonies are semi-transparent and the gloss is rather
dull. (2) Meat broth agar slant culture (mdeium 1) The growth is moderate
and its state is in a cloth-spread form and is glossy, white in color and
semi-transparent. 20       (3) Meat broth liquid culture (medium 2)
Growing. Although growing in the surface is not recognized, growing in the
upper layer is recognized. (4) Meat broth gelatin stab culture (medium 3)
Growing in the surface portion. The liquefaction of gelatin is recognized.
25     (5) Litmus milk culture (medium 4) The liquefaction of the milk is
recognized, but the color of litmus does not undergo any clear   - change.
(c) Physiological properties (1) Reduction and denitrification reactions of
nitrates (media 5, 6) 30        The reduction of the nitrate is positive
and the denitrification is negative. (2) MR test (medium 7) Whether the
test is negative or positive is not clear (pH 5.2). (3) VP test (medium 7)
Whether negative or positive is not clear (pH 5.2). 35          (4)
Formation of indole (medium 8) Negative. (5) Formation of hydrogen sulfide
(medium 9) Negative. (6) Hydrolysis of starch (medium 10) 40  Positive. (7)
Utility of citric acid (media 11, 12) Positive both in a Koser's medium and
in a Christensen's medium. (8) Utility of inorganic nitrogen sources
(medium 13) Utilizing both the nitrate and ammonium salt. 45   (9)
Formation of pigment (media 14, 15) Negative. (10) Urease (medium 16)
Negative. (11) Oxidase (medium 17) 50            Positive. (12) Catalase
(medium 18) Positive. (13) Temperature and pH ranges for growth (medium 2)
The temperature range for the growth is 15 - 50 * C and an optimum
temperature range is 25 - 55        40 C. The pH range for the growth is 5
- 9 and an optimum pH range is 6 - 9. (14) Behavior to oxygen Facultatively
anaerobic. 7  



EP 0 270 974 B1 (15) 0-F test (medium 19) Growing up either aerobically or
anaerobically while generating a gas. (16) Utility of sugars (medium 20)
(+: utilizing.-: not utilizing) 1.  L-arabinose   + 2.  D-xylose      + 3.
D-glucose     + 4.  D-mannose    + 5.  fructose      + 10  6   D-galactose
+ 7.  maltose       + 8.  sucrose       + 9.  lactose 10.  trehalose     +
15 11.  D-sorbitol                                   + 12.  D-mannitol    +
13.  inositol      + 14.  glycerin      + 15.  starch        + (17) pH in
VP medium (medium 7) pH 5.2 (18) Growth in salt-containing media (modified
medium 1) 26          Growing at 5%. Growing at 7%. Growing at 10%. (19)
Growth at a pH of 5.7 (medium 21) Growing. 30      (20) Formation of
dihydroxyacetone (medium 22) Negative. (21) Deamination of phenylalanine
(medium 23) Negative. (22) Decomposition of casein (medium 24) 35
Positive. (23) Decomposition of tyrosine (medium 25) Negative. Bacillus sp.
KSM-539: 40 (a) Results of microscopic observation This is a bacillus
having a size of the body of 0.4 - 0.8 micrometers x 1.5 - 6.5 micrometers,
making a cylindrical or ellipsoidal endospore (0.6 - 0.8 micrometers x 1.0
- 2.5 micrometers) at the center of the body. It has flagella and is
mobile. The Gram's staining is positive. Not aciduric. 45    (b) Growing
state in various media (1) Meat broth agar plate culture (medium 1) The
growing state is poor. The shape of the colonies is circular with a smooth
surface and a smooth margin. The color tone of the colonies is light
yellow, and the colonies are semi-transparent and glossy. 50      (2) Meat
broth agar slant culture (medium 1) The growing state is poor. The growing
state is in a cloth-spread form and glossy, and is light yellow and
semi-transparent. (3) Meat broth liquid culture (medium 2) Growing weakly.
55      (4) Meat broth gelatin stab culture (medium 3) Growing in the
surface portion. The liquefaction of gelatin is recognized. (5) Litmus milk
culture (medium 4) The liquefaction of milk is recognized. The litmus color
does not undergo any clear change. 8  



EP 0 270 974 B1 (c) Physiological properties (1) Reduction and
denitrification reactions of nitrates (media 5, 6) Both negative. (2) MR
test (medium  7) 5  Whether the test is negative or positive is not clear
(pH 5.2). (3) VP test (medium  7) Whether negative or positive is not clear
(pH 5.2). (4) Formation of indole (medium  8) Negative. (5) Formation of
hydrogen sulfide (medium  9) Negative. (6) Hydrolysis of starch (medium
10) Positive. (7) Utility of citric acid (media 11, 12) 15
Positive both in a Koser's medium  and in a Christensen's medium. (8)
Utility of inorganic nitrogen sources (medium  13) Utilizing both the
nitrate and ammonium  salt. (9) Formation of pigment (media 14,15)
Negative. 20             (10) Urease (medium  16) Negative. (11) Oxidase
(medium  17) Positive. (12) Catalase (medium  18) 25              Positive.
(13) Temperature and pH ranges for growth (medium  2) The temperature range
for the growth is 15 - 50[err]C and an optimum  temperature range is 25 -
[err] 40 [err] C. [err] The pH range for the growth is 5 - 11 and an
optimum  pH range is 6 - 10. 30        (14) Behavior to oxygen
Facultatively anaerobic. (15) 0-F test (medium  19) Growing both
aerobically or anaerobically. (16) Utility of sugars (medium  20) (+:
utilizing.-: not utilizing) 1.    L-arabinose       + 2.    D-xylose
+ 3.    D-glucose          + 4.    D-mannose          + 5.    fructose
+ 6.    D-galactose         - 7.    maltose 8.    sucrose            + 9.
lactose            + 10.    trehalose 11.    D-sorbitol         + 12.
D-mannitol         + 13.    inositol           + 14.    glycerin
+ 15.    starch             + (17) pH in VP medium  (medium  7) pH 5.2 55
(18) Growth in salt-containing media (modified medium  1) Growing at 5%.
Growing at 7%. 



Not growing at 10%. 9    EP 0 270 974 B1 (19) Growth at a pH of 5.7 (medium
21) Growing. (20) Formation of dihydroxyacetone (medium 22) Negative. 5
(21) Deamination of phenylalanine (medium 23) Negative. (22) Decomposition
of casein (medium 24) Positive. (23) Decomposition of tyrosine (medium 25)
Negative. Bacillus sp. KSM-577: (a) Results of microscopic observation This
is a bacillus having a size of the body of 0.4 - 0.8 micrometers x 1.0 -
2.0 micrometers, making a cylindrical or ellipsoidal endospore (0.4 - 0.8
micrometers x 0.8 - 1.2 micrometers) at the center of the body. It has
marginal flagella and is mobile. The Gram's staining is positive. Not
aciduric. (b) Growing state in various media (1) Meat broth agar plate
culture (medium 1) 20          The growing state is poor. The shape of the
colonies is circular with a smooth surface and a smooth margin. The color
tone of the colonies is light yellow, and the colonies are semi-transparent
and glossy. (2) Meat broth agar slant culture (medium 1) The growing is
poor, and the growing state is in a cloth-spread form and glossy, with
light yellow 25  in color and semi-transparency. (3) Meat broth liquid
culture (medium 2) Growing. Especially, the growth in the upper layer is
recognized. (4) Meat broth gelatin stab culture (medium 3) Growing in the
surface portions. The liquefaction of gelatin is recognized. 30  (5) Litmus
milk culture (medium 4) The liquefaction of milk is recognized but the
litmus color does not undergo any clear change. -    (c) Physiological
properties (1) Reduction and denitrification reactions of nitrates (media
5, 6) Both negative. 35   (2) MR test (medium 7) Whether negative or
positive is not clear (pH 5.2). (3) VP test (medium 7) Whether negative or
positive is not clear (pH 5.2). (4) Formation of indole (medium 8) 40
Negative. (5) Formation of hydrogen sulfide (medium 9) Negative. (6)
Hydrolysis of starch (medium 10) Positive. 45      (7) Utility of citric
acid (media 11, 12) Positive both in Koser's medium and Christensen's
medium. (8) Utility of inorganic nitrogen sources (medium 13) Utilizing
both the nitrate and ammonium salt. (9) Formation of pigment (media 14,15)
Negative. (10) Urease (medium 16) Negative. (11) Oxidase (medium 17)
Positive. 55      (12) Catalase (medium 18) 



Positive. (13) Temperature and pH ranges for growth (medium 2) The
temperature range for the growth is 15 -50[erre] and an optimum temperature
range is 25 - 10    EP 0 270 974 B1 40[err] C. The pH range for the growth
is 5 - 11 and an optimum pH range is 6 - 10. (14) Behavior to oxygen
Facultatively anaerobic. (15) 0-F test (medium 19) Growing both aerobically
and anaerobically. (16) Utility of sugars (medium 20) (+: utilizing, -: not
utilizing) 1.  L-arabinose   + + 3.  D-glucose     +
[err] 4.  D-mannose 5.  fructose      + 6.  D-galactose 7.  maltose 8.
sucrose       + 9.  lactose 10  trehalose 11.  D-sorbitol    + 20
[err] 12.  D-mannitol    + 13.  inositol 14.  glycerin      + 15.  starch
+ 25 (17) pH in VP medium (medium 7) pH 5.2 (18) Growth in salt-containing
media (modified medium 1) Growing at 5%. 30          Growing at 7%. Not
growing at 10%. (19) Growth at a pH of 5.7 (medium 21) Growing. (20)
Formation of dihydroxyacetone (medium 22) 35         Negative. (21)
Deamination of phenylalanine (medium 23) Negative. (22) Decomposition of
casein (medium 24) Positive. 40      (23) Decomposition of tyrosine (medium
25) Negative. Bacillus sp. KSM-588: 45    (a) Results of microscopic
observation This is a bacillus having a size of the body of 0.8 - 1.0
micrometers x 1.0 - 5.0 micrometers, making a oval or cylindrical endospore
(0.8 - 1.0 micrometers x 1.0 - 1.5 micrometers) at the end of the center of
the body. It has not marginal flagella and is not mobile. The Gram's
staining is positive. Not aciduric. (b) Growing state in various media 50
(1) Meat broth agar plate culture (medium 1) The shape of the colonies is
irregular with a coarse surface and a leaf-like and waved hair-shaped
margin. The color tone of the colonies is milky white to whitish yellow,
opaque and the colonies are in the form  of a film. (2) Meat broth agar
slant culture (medium 1) 55      The growing is moderate, and the growing
state is in a cloth-spread form. The colonies are milky 



white in color and opaque. (3) Meat broth liquid culture (medium 2)
Growing.    EP 0 270 974 B1 (4) Meat broth gelatin stab culture (medium 3)
Growing in the surface portions. The liquefaction of gelatin is recognized.
(5) Litmus milk culture (medium 4) The liquefaction of the milk is
recognized but the litmus color suffers decoloratlon in the depth-of 5
the culture. (c) Physiological properties (1) Reduction and denitrification
reactions of nitrates (media 5,6) Positive with the respect to the
reduction of the nitrate and negative with respect to the denitrification.
(2) MR test (medium 7) Positive. (3) VP test (medium 7) Positive. (4)
Formation of indole (medium 8) 15          Negative. (5) Formation of
hydrogen sulfide (medium 9) Negative. (6) Hydrolysis of starch (medium 10)
Positive. 20     (7) Utility of citric acid (media 11, 12) Positive in
Christensen's medium and not clear in Koser's medium as to whether positive
or negative. (8) Utility of inorganic nitrogen sources (medium 13)
Utilizing both the nitrate and ammonium salt. 25      (9) Formation of
pigment (media 14, 15) Forming a water-soluble, yellow pigment in the King
B medium. (10) Urease (medium 16) Positive. (11) Oxidase (medium 17)
Positive. (12) Catalse (medium 18) Positive. (13) Temperature and pH ranges
for growth (medium 2) The temperature range for the growth is 10 - 50 * C
and an optimum temperature range is 20 - 40[err] C. The pH range for the
growth is 5 - 9 and an optimum pH range is 6 - 8. (14) Behavior to oxygen
Aerobic. (15) 0-F test (medium 19) 40          Oxidation. (16) Formation of
an acid and a gas from sugars (medium 20) (+: forming, -: not forming) 50
55 12    EP 0 270 974 B1 Formation  of Acid    Formation  of Gas 1.
L-arabinose                    + 2.   D-xylose                      + 3.
D-glucose                     + 



4.   D-mannose                     + 10 5.   fructose
+ 6.   D-galactose                   + 15         7.   maltose
+ 8.   sucrose                       + 9    20         9.   lactose
+ 10.   trehalose                      + 11.   D-sorbitol
+ 25          12.   D-mannitol                     + 13.   inositol
+ 30  14.   glycerin                     + 15.   starch
+ (17) pH in VP medium (medium 7) 35         pH 5.4 (18) Growth in
salt-containing media (modified medium 1) Growing at 5%. Growing at 7%.
Growing at 10%. 40      (19) Growth at a pH of 5.7 (medium 21) Growing.
(20) Decomposition of casein (medium 24) Positive. 45  Bacillus sp.
KSM-597: (a) Results of microscopic observation This is a bacillus having a
size of the body of 0.5 - 0.8 micrometers x 1.0 - 2.0 micrometers, making a
oval endospore (0.5 - 0.8 micrometers x 1.0 - 1.2 micrometers) at the
center of the body. It has flagella 50    and is mobile. The Gram's
staining is positive. Not aciduric. (b) Growing state in various media (1)
Meat broth agar plate culture (medium 1) The growing state is moderate. The
shape of the colonies is circular with a smooth surface and a smooth or
wavy margin. The colonies are light yellow in color, semi-transparent and
rather dull in 55      gloss. (2) Meat broth agar slant culture (medium 1)
The growing is moderate, and the growing state is in a cloth-spread form.
The colonies are glossy, milky white in color and semi-transparent. 13
EP 0 270 974 B1 (3) Meat broth liquid culture (medium 2) Growing. The
surface growth is recognized and the top layer growth is also recognized.
(4) Meat broth gelatin stab culture (medium 3) The liquefaction of gelatin
is recognized. (5) Utmus milk culture (medium 4) The liquefaction of the
milk is recognized but the litmus pigment does not undergo any clear
change. (c) Physiological properties (1) Reduction and denitrification
reactions of nitrates (media 5, 6) 10          Negative with the respect to
both the reduction of the nitrate and the denitrification. (2) MR test
(medium 7) Positive. (3) VP test (medium 7) Positive. 15       (4)
Formation of indole (medium 8) Negative. (5) Formation of hydrogen sulfide
(medium 9) Negative. 



(6) Hydrolysis of starch (medium 10) 20           Negative. (7) Utility of
citric acid (media 11, 12, 27) Negative in the Koser's and Simons' media
and positive in Christensen's medium. (8) Utility of inorganic nitrogen
sources (medium 13)                                       . Not utilizing
both the nitrate and ammonium salt. (9) Formation of pigment (media 14,15)
Forming a yellow pigment in the King B medium. (10) Urease (medium 16)
Negative. (11) Oxidase (medium 17) 30       Whether negative or positive is
not clear. (12) Catalase (medium 18) Positive (13) Temperature and pH
ranges for growth (medium 2) The temperature range for the growth is 10 -
50[err]C and an optimum temperature range is 20 - 35       40 C. The pH
range for the growth is 5 - 10. (14) Behavior to oxygen Aerobic. (15) 0-F
test (medium 19) 40     Growing only aerobically. (16) Utility of sugars
(medium 20) (+: utilizing, -: not utilizing) 45 50 [err] 14    EP 0 270 974
B1 1.  L-arabinose    + 2.  D-xylose      + 3.  D-glucose     + 4.
D-mannose    + 5.  fructose  + 6.  D-galactose   + 7.  maltose       + 8.
sucrose       + 9.  lactose        - 10                                10.
trehalose     + 11.  D-sorbitol 12.  D-mannitol    + 13.  inositol      +
15                      14.  glycerin              + 15.  starch . (17) pH
in VP medium (medium 7) pH 5.0 ft:  20  (18) Growth in salt-containing
media (modified medium 1) Growing at 5%. Growing at 7%. Growing at 10%.
(19) Growth at a pH of 5.7 (medium 21) 25    Growing. (20) Deamination of
phenylalanine (medium 23) Negative. (21) Decomposition of casein (medium
24) Positive. 30       These strains are considered to be spore-forming
microorganisms belonging to the genus Bacillus. The 



above mycological properties are compared by reference to Bergey's Mannual
of Determinative Bacteri-   - ology, 8th edition and "The Genus Bacillus",
in Agriculture Handbook No. 427 written by Ruth E. Gordon, Agricultural
Research Service, U.S. Department of Agriculture, Washington D.C. (1973).
As a result, it has been found that all the strains of the invention are
considered to be microorganisms belonging to the genus 35  Bacillus. The
strains of the invention are apparently different from so-called
alkalophilic microorganisms which have been recently reported by Horikoshi
and Akiba ("Alkalophilic Microorganism", Japan Scientific Society Press
(Tokyo), 1982). This is because the alkalophilic microorganisms grow In
alkaline media having a pH not less than 8 and cannot grow up in a neutral
or lower pH region, whereas the strains of the invention are able to grow
in a weakly acidic to alkaline region (pH 5 - 11). 40    The comparison
between the present strains and other known strains belonging to the genus
Bacillus reveal that the species which is most analogous to the strains of
KSM-534, KSM-344, KSM-539 and KSM- 577 may be Bacillus licheniformis.
However, the comparison between the strains of the present invention and
known strains belonging to Bacillus licheniformis reveals that the KSM-534
strain is different from those known strains with respect to the utility of
mannitol and xylose and the reducibility of nitrates and the KSM- 45  539
and KSM-577 strains are different with respect to the reducibility of
nitrates. In addition, the above known strains belonging to Bacillus
licheniformis cannot produce at least alkali-resistant cellulases, and thus
the strains of the present invention are considered as novel strains. The
species which is most analogous to Bacillus sp. KSM-588 may be Bacillus
megaterium or Bacillus cereus. The comparison between known strains
belonging to the Bacillus megaterium and the strain of the 50  Invention
demonstrates a difference in the MR and VP tests. Moreover, comparison
between the KSM-588 and strains belonging to the Bacillus cereus reveals
that there are differences in the anaerobic growth and the utility of
sugars. In addition, the strains belonging to Bacillus megaterium and
Bacillus cereus cannot produce at least alkali-resistant cellulases. Thus,
the present strain is also considered as a novel strain. The species which
is most analogous to the Bacillus sp. KSM-597 strain may be Bacillus
pumilus. 55 However, the comparison between the known strains belonging to
Bacillus pumilus and the present strain reveals that the known strains do
not produce at least alkali-resistant cellulases. Thus, the KSM-597 is
considered as a novel strain. 1 5    EP 0 270 974 B1 For obtaining
alkali-resistant cellulases of the invention using these strains, the
strain is inoculated into media and cultivated by a usual manner. The
medium should preferably have suitable amounts of carbon and nitrogen
sources to be utilized. These carbon and nitrogen sources are not critical.
Examples of the nitrogen sources include inorganic compounds such as
ammonium nitrate, ammonium sulfate, ammonium 5 chloride, ammonium
phosphate, sodium nitrate and the like, and corn gluten meal, soybean
flour, corn steep liquor, casamino acid, yeast extract, Pharmamedia,
sardine meal, meat extract, peptone, Hypro, Ajipower, corn soybean meal,
coffee grounds, cotton seed oil cake, Cultivator, Amiflex, Ajipron, Zest,
Ajix and the like. The carbon sources include, for example, plant fibers
such as chaff, wheat-gluten bread, filter paper, ordinary papers, sawdust
and the like, wasted theriac, invert sugar, CMC, Avicel, cellulose cotton,
: 10  xylan, pectin and the like. In addition, utilizable carbon sources
include, for example, arabinose, xylose, glucose, fructose, galactose,
maltose, sucrose, lactose, sorbitol, inositol, glycerin, soluble starch and
the like, and utilizable organic acids include, for example, acetic acid,
citric acid, and the like. Besides, phosphoric acid and inorganic salts
such as of [err] and the like, and inorganic and organic trace nutrient
sources may be appropriately added, if necessary. 15     An intended
cellulase can be collected from the thus obtained culture product and
purified according to ordinary techniques of collecting and purifying
enzymes. More particularly, the cells can be removed from a culture broth
or solution by ordinary solid-liquid separation techniques such as
centrifugal separation filtration and the like, thereby obtaining a crude
enzyme solution. This crude enzyme solution may be used as it is, or may be
separated by salting-out precipitation, ultrafiltration or the like to
obtain a crude enzyme. 20 The crude enzyme is subsequently purified by
crystallization by any known methods to obtain a purified enzyme. Typical
alkali-resistant cellulases obtained in this manner include, for example,
those named as cellulase K-534, cellulase K-344, cellulase K-539, cellulase
K-577, cellulase K-588 and cellulase K-597. The present invention is
further illustrated by way of these cellulases. It will be noted that the
enzyme activity is 25  measured according to the following method using the
following buffer solutions. pH 3 - 8:   Mcllvaine buffer solution pH 8 -
11:    glycine-sodium hydroxide buffer solution 



pH 12 - 13:   potassium chloride-sodium hydroxide buffer solution 30
Enzymatic activity measurement: (1) CMCase activity 0.1 ml of an enzyme
solution was added to 0.9 ml of a base solution comprising 10 mg of CMC
(A-OIL, 35  Sanyo Kokusaku Pulp Co., Ltd.) and 100 [err] of each of the
buffer solutions (Mcllvaine,phosphoric acid, glycine-NaOH and the like),
followed by reaction at 30 C for 20 minutes. After completion of the
reaction, the resulting reducing sugar was quantitatively determined
according to the 3,5-dinitro-salicylic  - - acid (DNS) method. More
particularly, 1.0 ml of the DNS reagent was added to 1.0 ml of the reaction
solution and heated for 5 minutes at 100[err]C for color development. After
cooling, 4.0 ml of deionized water 40  was added for dilution. The diluted
solution was subjected to colorimetry using a wavelength of 535 nm. The
enzyme strength was expressed as one unit which was an amount of the enzyme
sufficient to produce a reducing sugar corresponding to 1 [err] of glucose
under the above conditions for 1 minute. (2) Decomposition activity of PNPC
45 A suitable amount of an enzyme was acted on 1.0 ml of a reaction
solution containing 0.1 [err] of PNPC (Sigma Co., Ltd.) and 100 [err] of a
phosphate buffer solution (pH 7.0) at 30  C, to which 0.3 ml of 1M [err]and
1.7 ml of deionized water were added successively, followed by subjecting
the resultant released p-nitrophenol to colorimetry at 400 nm. The enzyme
strength was expressed as one unit which so  was an amount of the enzyme
sufficient to release 1 [err] of p-nitrophenol under the above conditions
for 1 minute. (3) Decomposition activities of Avicel, cellulose powder and
filter paper 55     A suitable amount of an enzyme was added to 2.0 ml of a
reaction solution containing 20 mg of Avicel (Merck Inc.) and 200 [err] of
a phosphate buffer solution (pH 7.0), followed by shaking for reaction at
30C at 250 r.p.m. After completion of the reaction, the solution was cooled
and centrifugally separated (5 C, 3000 r.p.m., 20 minutes), and 1.0 ml of
the resultant supernatant liquid was subjected to quantitative 16    EP 0
270 974 B1 determination of reducing sugar according to the
3,5-dinitro-salicylic acid (DNS) method. The above procedure was repeated
for a cellulose powder decomposition activity using cellulose powder (Toyo
Filter Paper Co., Ltd.) and for a filter paper decomposition activity using
a filter paper (filter paper for examination of the cellulase activity,
Toyo No. 51-specific). The enzyme strength was expressed by one unit which
was 5  an amount of the enzyme sufficient to produce reducing sugar
corresponding to 1 [err] of glucose under the above conditions for 1
minute. (4) Cellobiase activity 10     A suitable amount of an enzyme was
acted on 1.0 ml of reaction solution containing 10 mg of cellobiose (Kanto
Chem. Co., Ltd.) and 100 [err] of a phosphate buffer solution (pH 7.0) for
an appropriate time, and then treated at 100[err] for 2 minutes, thereby
inactivating the enzyme. Thereafter, the amount of the resultant glucose
was measured by the Mutarotase-GOD method (glucose C-test, Wako Junyaku
Ind. Co., Ltd.). The enzyme strength was expressed by one unit which was an
amount of the enzyme sufficient 1 5    to produce 2[err] of glucose under
the above conditions for 1 minute. (Enzymatic Properties) Cellulase K-534:
20 (1) Action Acting well on cellulosic materials such as cellulose, filter
paper, Avicel, CMC and the like and causing them to be dissolved, thereby
producing reducing sugars such as glucose. (2) Substrate specificity 25
This enzyme has activity not only on CMC, but also on cellulose powder,
Avicel, filter paper and PNPC. (3) Working pH and optimum pH The working pH
ranges very widely from 3 to 12.5 and the optimum pH is about 6.5. In a
range of 4.5 to 10.5, the relative activity is not less than 50% of the
activity at the optimum pH. Accordingly, this 30    enzyme is believed to
exhibit a satisfactory activity at the widest working pH range of from
acidic to alkaline sides among cellulases studied up to now (Fig. 1). (4)
pH stability The residual activity was measured after keeping the enzyme at
different pHs at 30 * C for 1 hour to 



determine the pH stability. As a result, it was found that the enzyme was
very stable and was not 35   inactivated at a pH of 5 to 11. In a pH of
from 4.5 to 12.5, an activity of about 50% or over was maintained. Thus,
the present enzyme is satisfactorily stable in a high alkaline region (Fig.
2). (5) Optimum temperature The working temperature was in a wide range of
from 15 to 85 * C and the optimum temperature was '        found to be
about 70[err]C. In a temperature range of from 45 to 75 C, the activity was
50% or higher of 40   the activity at the optimum temperature (Fig. 3). (6)
Temperature stability After treatment at the optimum pH for 30 minutes at
different temperatures, the residual activity was measured. As a result, it
was found that it was stable at 40 * C and a residual activity of about 50%
was obtained at 65 [err] C (Fig. 4). 45   (7) Molecular weight The
molecular weight of the present enzyme was measured according to the gel
filtration method using Sephadex G-100, with the result that main peaks
were observed at about 15,000 and 30,000. (8) Influences of metal ions The
present enzyme was subjected to determination of influences of various
metal ions (err) 50    [ERR] permitting the ions to coexist at the time of
the measurement of the activity (in which the concentration of the metal
ions was 1 mM except the concentration of that [err]was 50 mM). As a
result, it was found that the activity was inhibited by [err], but was more
enhanced by [err]. (9) Influences of surface active agents 55
Influences of various surface active agents (e.g. LAS, AS, ES, AOS,
alpha-SFE, SAS, soap and polyoxyethylene secondary alkyl ether) on the
enzyme activity were determined. The present enzyme was treated with a
0.05% solution of each surface active agent at 30 [err] C for 15 minutes
and subjected to the measurement of activity. As a result, the activity was
not inhibited by any surface active agents. In 17    EP 0 270 974 B1
addition, the inhibition of the activity was not recognized when using
sodium dodecylsulfate which was a potential detergent. (10) Proteinase
resistance Proteinases for detergents such as, for example, API-21 (Showa
Denko Co., Ltd.), Maxatase (Gist Co., Ltd.) and Alkalase (Novo Co., Ltd.),
were allowed to coexist at the time of the measurement of the activity (0.1
mg/ml) to determine their influences. It was found that the enzyme had a
high resistance to these proteinases. (11) Influences of chelating agents
Chelating agents such as EDTA, EGTA, citric acid, zeolite and STPP were
allowed to coexist at the 10   time of the measurement of the activity,
with the result that little inhibition was recognized. Cellulase K-344: (1)
Action Acting well on cellulosic materials such as cellulose, filter paper,
Avicel, CMG and the like and causing them to be dissolved, thereby
producing reducing sugars such as glucose. (2) Substrate specificity This
enzyme has activity not only on CMG, but also on cellulose powder, Avicel,
filter paper and PNPC. 20   (3) Working pH and optimum pH The working pH
ranges very widely from 3 to 12.5 and the optimum pH is 6. In a range of
4.5 to 11, the relative activity is not less than 50% of the activity at
the optimum pH. Accordingly, this enzyme is beleived to exhibit the widest
working pH range in the alkaline side among cellulases which, have ever
been studied up to now (Fig. 5) (4) pH stability The residual activity was
measured after keeping the enzyme at different pHs at 30 [err] C for 1 hour
to determine the pH stability. As a result, it was found that the enzyme
was very stable and was not inactivated at a pH of 5 to 10. In a pH of from
4.5 to 12, an activity of about 50% or over was maintained. Thus, the
present enzyme is satisfactorily stable in a high alkaline region (Fig. 6).
30   (5) Optimum temperature The working temperature was in a wide range of
from 15 to 80[err] C and the optimum temperature was 



found to be 70 [err] C. In a temperature range of from 45 to 75[err] C, the
activity was 50% or higher of the activity at the optimum temperature (Fig.
7). (6) Temperature stability After treatment at the optimum pH for 30
minutes at different temperatures, the residual activity was measured. As a
result, it was found that it was stable at 30[err] and a residual activity
of about 50% was obtained even at 55[err] (Fig. 8). (7) Molecular weight
The molecular weight of the present enzyme was measured according to the
gel filtration method 40    using Sephadex G-100, with the result that a
primary peak was observed at about 16,000. (8) Influences of metal ions The
present enzyme was subjected to determination of influences of various
metal ions [err] [err] by permitting the ions to coexist at the time of the
measurement of the activity (in which the concentration 45    of the
respective metal ions was 1 mM except that the concentration of [err] was
50mM). As a result, it was found that the activity was inhibited by [err]
but was more enhanced by (9) Influences of surface active agents Influences
of various surface active agents (e.g. LAS, AS, ES, AOS, alpha-SFE, SAS,
soap and polyoxyethylene secondary alkyl ether) on the enzyme activity were
determined. The present enzyme was treated with a 0.05% solution of each
surface active agent at 30[err] for 15 minutes and subjected to the
measurement of the activity. As a resut, it was found that the activity was
not inhibited with any surface active agents. In addition, the inhibition
of the activity was not recognized when using sodium dodecylsulfate which
was a potential detergent. 55    (10) Proteinase resistance Proteinases for
detergents such as, for example, API-21 (Showa Denko Co.,Ltd.), Maxatase
(Gist Co.,Ltd) and Alkalase (Novo Co., Ltd.), were allowed to coexist at
the time of the measurement of the activity (0.1 mg/ml) to determine their
influences. It was found that the enzyme had a high resistance to 18    EP
0 270 974 B1 these proteinases. (11) Influences of chelating agents
Chelating agents such as EDTA, EGTA, citric acid, zeolite and sodium
tripolyphsphate were allowed to coexist at the time of the measurement of
the activity, with the result that little inhibition was 5  recognized.
Cellulase K-539: (1)  Action 10       Acting well on cellulosic meterials
such as cellulose, filter paper, Avicel, CMC and the like and - causing
them to be dissolved, thereby producing reducting sugars such as glucose.
(2) Substrate specificity This enzyme has activity not only on CMC, but
also on cellulose powder, Avicel, filter paper and .  PNPC. 15    (3)
Working pH and optimum pH The working pH ranges very widely from 3 to 12.5
and the optimum pH is 7. In a range of 4 to 11, the relative activity is
not less than 50% of the activity in the optimum pH range. Accordingly,
this enzyme is believed to exhibit the widest working pH range in the
alkaline region among cellulases which have been ever studied up to now
(Fig. 9). 20    (4) pH stability The residual activity was measured after
keeping the enzyme at different pHs at 30 C for 1 hour to determine the pH
stability. As a resut, it was found that the enzyme was very stable and was
not inactivated at a pH of 5 to 12. In a pH of from 3.5 to 12.5, an
activity of about 50% or over was maintained. Thus, the present enzyme is
satisfactorily stable in a high alkaline region (Fig. 10). 25   (5) Optimum
temperature The working temperature was in a wide range of from 15 to
85[err]C and the optimum temperature was found to be 60 C. In a temperature
range of from 45 to 75 C, the activity was 50% or higher of the activity at
the optimum temperature (Fig. 11).
_ (6) Temperature stability 30  After treatment at the optimum pH for 30
minutes at different temperatures, the residual activity was 



measured. As a resut, it was found that it was stable at 50 C and a
residual activity of about 50% was obtained at 60 C (Fig. 12). (7)
Molecular weight The molecular weight of the present enzyme was measured
according to the gel filtration method 35          using Sephadex G-1 00,
with the result that major peaks were observed at about 18,000 and about
29,000. (8) Influences of metal ions The present enzyme was subjected to
determination of influences of various metal ions [err] [err] permitting
the ions to coexist at the time of the measurement of the activity (in
which the concentration of the respective metal ions was 1 mM except that
the concentration of [err] was 50 mM). As a result, it was found that the
activity was inhibited by [err] but was more enhanced by [err] [err] (9)
Influences of surface active agents 45       Influences of various surface
active agents (e.g. LAS, AS, ES, AOS, alpha-SFE, SAS, soap and
polyoxyethylene secondary alkyl ether) on the enzyme activity were
determined. The present enzyme was treated with a 0.05% solution of each
surface active agent at 30[err]for 15 minutes and subjected to the
measurement of the activity. As a result, the acitivity was rarely
inhibited by any surface active agents. In addition, the inhibition of the
activity was not recognized when using sodium dodecylsulfate 50    which
was a potential detergent. (10) Proteinase resistance Proteinases for
detergents such as, for example, API-21 (Showa Denko Co., Ltd.), Maxatase
(Gist Co., Ltd.) and Alkalase (Novo Co., Ltd.), were allowed to coexist at
the time of the measurement of the activity (0.1 mg/ml) to determine their
influences. It was found that the enzyme had a high resistance to 56
these proteinases. (11) Influences of chelating agents Chelating agents
such as EDTA, EGTA, citric acid, zeolite and sodium tripolyphosphate were
allowed. to coexist at the time of the measurement of the activity, with
the result that little inhibition was    EP 0 270 974 B1 recognized.
Cellulase K-577: 5 (1) Action Acting well on cellulosic materials such as
cellulose powder, filter paper, Avicel, CMC and the like and causing them
to be dissolved, thereby producing reducing sugars such as glucose. (2)
Substrate specificity This enzyme has activity not only on CMC, but also on
cellulose powder, Avicel and filter paper. 10   (3) Working pH and optimum
pH The working pH ranges very widely from 3 to 12 and the optimum pH is 7.
In a range of 4.5 to 10.5, the relative activity is not less than 50% of
the activity in the optimum pH range. Accordingly, this enzyme is believed
to exhibit the widest working pH range in the alkaline region among
cellulases which have ever been studied up to now (Fig. 13). .      15
(4) pH stability The residual activity was measured after keeping the
enzyme at different pHs at 30[err]C for 1 hour to determine the pH
stability. As a result, it was found that the enzyme was very stable and
was not inactivated at a pH of 5 to 12. In a pH of from 4.5 to 12.5, an
activity of about 50% or over was maintained. Thus, the present enzyme is
satisfactorily stable in a high alkaline region (Fig. 14). 20    (5)
Optimum temperature The working temperature was in a wide range of from 15
to 75 C and the optimum temperature was found to be 60[err]C. In a
temperature range of from 40 to 65 C, the activity was 50% or higher of the
activity at the optimum temperature (Fig. 15). . (6) Temperature stability
25       After treatment at the optimum pH for 30 minutes at different
temperatures, the residual activity was measured. As a result, it was found
that it was stable at 50 * C and a residual activity of about 50% was
obtained at 55 * C (Fig. 16). (7) Molecular weight The molecular weight of
the present enzyme was measured according to the gel filtration method 



30. using Sephadex G-1 00, with the result that major peaks were observed
at about 17,000 and about 30,000, respectively. (8) Influences of metal
ions The present enzyme was subjected to determination of influences of
various metal ions [err] [err] 35    permitting the ions to coexist at the
time of the measurement of the activity (in which the concentration of the
respective metal ions was 1 mM except that the concentration of [err] was
50 mM). As a result, it was found that the activity was inhibited by [err]
and was more enhanced by [err] [err] (9) Influences of surface active
agents 40       Influences of various surface active agents (e.g. LAS, AS,
ES, AOS, alpha-SFE, SAS, soap and polyoxyethylene secondary alkyl ether) on
the enzyme activity were determined. The present enzyme was treated with a
0.05% solution of each surface active agent at 30 [err]C for 15 minutes and
subjected to the measurement of the activity. As a result, it was found
that the activity was rarely inhibited by any surface active agents. In
addition, the inhibition of the activity was not recognized when using
sodium 45    dodecylsulfate which was a potential detergent. (10)
Proteinase resistance Proteinases for detergents such as, for example,
API-21 (Showa Denko Co., Ltd.), Maxatase (Gist Co., Ltd.) and Alkalase
(Novo Co., Ltd.), were allowed to coexist at the time of the measurement of
the activity (0.1 mg/ml) to determine their influences. It was found that
the enzyme had a high resistance of 50    these proteinases. (11)
Influences of chelating agents Chelating agentssuch as EDTA, EGTA, citric
acid, zeolite and sodium tripolyphosphate were allowed to coexists at the
time of the measurement of the activity, with the result that little
inhibition was -              recognized. 20    EP 0 270 974 B1 Cellulase
K-588: (1) Action Action well on cellulosic materials such as CMC and
filter paper and causing them to be dissolved, 5  thereby producing
reducing sugars such as glucose. (2) Substrate specificity This enzyme has
not only activity on CMC, but also activity on phosphoric acid-swollen
cellulose, filter paper and PNPC. (3) Working pH and optimum pH 10      The
working pH ranges very widely from 3 to 13 and the optimum pH is 7. In a
range of 4.5 to 10.5, the relative activity Is not less than 50% of the
activity at the optimum pH. Accordingly, this enzyme is believed to exhibit
the widest working pH range in the alkaline region among cellulases which
have ever been studied up to now (Fig. 17). (4) pH    stability 15
The residual activity was measured after keeping the enzyme at different
pHs at 30[err]C for 1 hours to determine the pH stability. As a result, it
was found that the enzyme was very stable and was not inactivated at a pH
of 5 to 11.5. In a pH of from 4.5 to 12.5, an activity of about 50% or over
was maintained. Thus, the present enzyme is satisfactorily stable in a high
alkaline region (Fig. 18). .(5) Optimum temperature 20       The working
temperature was in a wide range of from 15 to 80 [err]C and the optimum
temperature was found to be 600 C. In a temperature range of from 45 to 65
C, the activity was 50% or higher of the activity at the optimum
temperature (Fig. 19). (6) Temperature stability After treatment at the
optimum pH for 30 minutes at different temperatures, the residual activity
was 25    measured. As a result, it was found that it was stable at 40 C
and a residual activity of about 50% was obtained at 55  [err]C (Fig. 20)
(7) Molecular weight The molecular weight of the present enzyme was
measured according to the gel filtration method 30    using Bio-Gel P-150
(Bio-Rad Laboratories Co., Ltd.), with the result that major peaks were
observed at :30    about 27,000 and about 30,000, respectively. 



(8) Influences of metal ions The present enzyme was subjected to
determination of influences of various metal ions [er] [err] by permitting
the ions to coexist at the time of the measurement of the activity (in
which the concentration of the 35    respective metal ions was 50 mM except
that the concentration of [err]was 50 mM). As a result, it was found that
the activity was inhibited by [err]and enhanced by[err] (9) Influences of
surface active agents Influences of various surface active agents (e.g.
LAS, AS, ES, AOS, alpha-SFE, SAS, soap and polyoxyethylene secondary alkyl
ether) on the enzyme activity were determined. The present enzyme 40    was
subjected to the measurement of the activity in 0.05% of a surface active
agent. As a result, any significant influences of the surface active agents
were not recognized. In addition, the inhibition of the activity was not
recognized by means of sodium dodecylsulfate which was a potential
detergent. (10) Proteinase resistance Proteinases for detergents such as,
for example, API-21 (Showa Denko Co., Ltd.), Maxatase (Gist 45    Co.,
Ltd.) and Alkalase (Novo Co., Ltd.), were allowed to coexist at the time of
the measurement of the activity (0.1 mg/ml) to determine their influences.
It was found that the enzyme had a high resistance to these proteinases.
(11) Influences of chelating agents Chelating agents such as EDTA, EGTA,
citric acid, zeolite and sodium tripolyphosphate were each 50    allowed to
coexist at the time of the measurement of the activity, with the result
that no inhibition was recognized. Cellulase K-597: 55    For the
measurement of the activity of the present enzyme, the following methods
were used instead of the methods (3) and (4) described before,
respectively. 21    EP 0 270 974 B1 (3-B) Decomposition activity for
Avicel, cellulose powder, phosphoric acid-swollen cellulose, alkali-swollen
cellulose and filter paper A suitable amount of an enzyme solution was
added to 2.0 ml of a reaction solution containing 20 mg of 5  Avicel (Merk
Inc.) and 200 [err] of a phosphate buffer solution (pH 7.0), followed by
shaking at 30 C at 250 r.p.m. After completion of the reaction, the
reaction solution was cooled and centrifugally separated (5[err]000 r.p.m.,
20 minutes) and 1 ml of the resultant supernatant liquid was subjected to
quantitative determination of reducing sugar by the 3,5-dinitrosalicyclic
acid (DNS) method. The above procedure was repeated using cellulose powder
(Toyo Filter Paper Co., Ltd.) for the decomposition activity of the
cellulose 10  powder, celluloses treated by the Tomita et al method (Tomita
et al, J. Ferment. Technol., 52, 235,  1974) for the activities of
phosphoric acid-swollen cellulose and alkali-swollen cellulose, and filter
paper (filter paper for examination of cellulase activity, Toyo No.
51-spec.) for the filter paper decomposition activity The enzyme strength
was expressed as follows: an amount of the enzyme sufficient to produce
reducing sugar corresponding to 1[err]of glucose under the above conditions
for 1 minute was taken as one unit. 15 (4-B) Cellobiase activity A suitable
amount of an enzyme solution was added to a reaction solution containing 10
mg of cellobiose (Kanto Chem. Co., Ltd.) and 50 [err] of a phosphate buffer
solution (pH 7.0) at 30[err]C for an 20  appropriate time, followed by
treatment at 100[err]for 5 minutes to allow the enzyme to be inactivated.
Thereafter, an amount of produced glucose was measured according to the
Mutarotase-GOD method.. (glucose C-test, Wako Junyaku Ind. Co., Ltd.). The
enzyme strength was expressed as follows: an amount of the enzyme
sufficient to produce 2 [err] of glucose under the above conditions for 1
minute was taken as one unit. 25.   (1) Action Action well on cellulose
materials such as cellulose, filter paper, Avicel, CMC and the like and
causing them to be dissolved, thereby producing reducing sugars such as
glucose. (2) Substrate specificity This enzyme has activity not only on
CMC, but also on cellulose powder, Avicel, filter paper and 30    PNPC. (3)
Working pH and optimum pH The working pH ranges very widely from 3 to 13
and the optimum pH is 7. In a range of 4.5 to 11.5, 



the relative activity is not less than 50% of the activity at the optimum
pH. Accordingly, this enzyme is     - believed to exhibit the widest
working pH range in the alkaline region among cellulases which have ever 35
been studied up to now (Fig. 21). (4) pH stability The residual activity
was measured after keeping the enzyme at different pHs at 30[err]C for 1
hours to determine the pH stability. As a result, it was found that the
enzyme was very stable and was not inactivated at a pH of 5 to 11.5. In a
pH of from 4.5 to 12.5, an activity of about 50% or over was 40
maintained. Thus, the present enzyme is satisfactorily stable in a high
alkaline region (Fig. 22). (5) Optimum temperature The working temperature
was in a wide range of from 15 to 80 [err]C and the optimum temperature was
found to be 60 [err] C. In a temperature range of from 45 to 75[err] C, the
activity was 50% or higher of the activity at the optimum temperature (Fig.
23). The measurement was effected at a pH of 6. 45    (6) Temperature
stability After treatment at a pH of 7 for 30 minutes at different
temperatures, the residual activity was measured at pH of 6. As a result,
it was found that it was stable at 50 * C and a residual activity of about
50% was obtained at 55[err] C (Fig. 24). (7) Molecular weight so       The
molecular weight of the present enzyme was measured according to the gel
filtration method using Bio-Gel P-150 (Bio-Rad Laboratories Co., Ltd.),
with the result that a major peak was observed at about 40,000. (8)
Influences of metal ions The present enzyme was subjected to determination
of influences of various metal ions[err] 56    [err] by permitting the ions
to coexist at the time of the measurement of the activity (in which the
concentration of the respective metal ions was 1 mM except that the
concentration of [err] was 50 mM). As a result, it was found that the
activity was inhibited by [err] and enhanced by[err] 22    EP 0 270 974 B1
(9) Influences of surface active agents Influences of various surface
active agents (e.g. LAS, AS, ES, AOS, alpha-SFE, SAS, soap and
polyoxyethylene secondary alkyl ether) on the enzyme activity were
determined. The present enzyme was subjected to the measurement of the
activity in 0.05% of a surface active agent. As a result, any 5
significant influences of the surface active agents were not recognized. In
addition, little inhibition of the activity was recognized when using
sodium dodecylsulfate which was a potential detergent. (10) Proteinase
resistance Proteinases for detergents such as, for example, API-21 (Showa
Denko Co., Ltd.), Maxatase (Gist    - - 10    Co., Ltd.) and Alkalase (Novo
Co., Ltd.), were allowed to coexist (0.1 mg/ml) at the time of the
measurement of the activity to determine their influences. It was found
that the enzyme had a high resistance to these proteinases. (11) Influences
of chelating agents Chelating agents such as EDTA, EGTA, citric acid,
zeolite and sodium tripolyphosphate were allowed 15    to coexist at the
time of the measurement of the activity, with the result that little
inhibition was recognized. The cellulases of the invention have an optimum
pH at a neutral region, and have a high relative activity in an alkaline
region and are stable. For example, cellulase K-534 has an optimum pH of
6.5, but is very stable over a pH range of from 5 to 11. Although cellulase
K-344 has an optimum pH of 6, It has a relative 20  activity of not less
than 60% at a pH of 10 based on the activity at the optimum pH and is very
stable in the pH range of from 5 to 10. Cellulase K-539 has an optimum pH
of 7, but has a relative activity, at a pH of 10, of not less than 80% of
the activity at the optimum pH and a relative activity, at a pH of 11, of
not less than 60%. It is very stable in the pH range of from 5 to 12.
Similarly, cellulase K-577 has an optimum pH of 7, but is very stable in
the pH range of from 5 to 12. Moreover, cellulase K-588 has an optimum pH
of 7, but 25  has a relative activity, at a pH of 9, of not less than 70%
of the activity at the optimum pH and a relative activity, at a pH of 10,
of not less than 50% of the activity at the optimum pH. It is very stable
in a wide pH range of from 5 to 11.5. Cellulase K-597 has an optimum pH of
7, but has a relative activity, at a high alkaline pH level of 11.5, of not
less than 60% of the activity at the optimum pH and is very stable in a pH 



range of from 5 to 11.5. 30     All the cellulases suffer little inhibition
by means of detergent ingredients such as surface active agents,
proteinases and chelating agents. Accordingly, the enzymes of the present
invention can be conveniently used as one of ingredients for detergent
compositions. Furthermore, the strains of the invention including Bacillus
sp. KSM-534, KSM-344, KSM-539, KSM-577, KSM-588 and KSM-597 are variable
under neutral conditions and can industrially produce corresponding 35
alkali-resistant cellulases more easily than alkalophilic bacilli. The
present invention is described in more detail by way of the following
examples. Example 1 40    A spoonful (about 0.5 g) of the soil obtained at
Ichigai-machi, Haga-gun, Tochigi-ken, Japan was suspended in a sterilized
physiological saline solution and thermally treated at 80[err] for 10
minutes. The supernatant liquid of the thermally treated solution was
appropriately diluted and applied to an agar medium for isolation (medium
1), followed by cultivation at 30[err]C for 3 days to form colonies.
Colonies around which a transparent zone was formed on the basis of the
dissolution of CMC were selected to collect CMCase 45  producing bacilli.
The thus collected microorganisms were inoculated into a liquid medium as
medium 2 and subjected to shaking culture at 30[err] for 3 days. After
completion of the culture, a centrifugally separated supernatant liquid was
obtained and subjected to measurement of the CMCase activity in a pH range
of from 3 to 13 and also to screening of alkali-resistant
cellulase-producing microorganism. By the above procedure, there could be
obtained Bacillus sp. KSM-534 strain (FERM  BP-1508), Bacillus sp. KSM-344
strain (FERM  BP-1506), Bacillus sp. KSM-539 (FERM BP-1509) and Bacillus
sp. KSM-577 (FERM BP-151 0). 23 ..  .
.    EP 0 270 974 B1 Example 4 The Bacillus sp. KSM-344 strain obtained in
Example 1 was cultivated and purified in the same manner as in Example 2,
thereby obtaining as a dry powder 10.5 g of cellulase K-344 (specific
activity of 6 units/g 5  at a pH of 9). Example5 The general procedure of
Example 2 was repeated except that, in the liquid medium 2, CMC was 10
replaced by 1% sucrose and polypeptone was replaced by 7% corn steep
liquor, and that the Bacillus sp. KSM-344 was used for shake culture at 30
[err] for 2 days. The supernatant liquid obtained by centrifugal separation
of the resultant culture solution was subjected to the measurement of the
CMCase activity. As a result, it was found that the activity was 2900
units/liter. 15  Example 6 The Bacillus sp. KSM-539 obtained in Example 1
was cultivated and purified in the same manner as in Example 2, thereby
obtaining, as a dry powder, 9 g of cellulase K-539 (specific activity of 26
units/g at a pH of 9). 20 Example 7 The general procedure of Example 2 was
repeated except that, in the liquid medium 2, CMC was replaced by 1%
sucrose and polypeptone was replaced by 7% corn steep liquor, and that the
Bacillus sp. 25  KSM-539 was used for shake culture at 30 C for 2 days. The
supernatant liquid obtained by centrifugal separation of the resultant
culture solution was subjected to the measurement of the CMCase activity.
As a result, it was found that the activity was 40 units/liter. Example 8
30 The Bacillus sp. KSM-577 obtained in Example 1 was cultivated and
purified in the same manner as in Example 2, thereby obtaining, as a dry
powder, 9 g of cellulase K-577 (specific activity of 22 units/g at a pH of
9). 35  Example 9 The general procedure of Example 2 was repeated exept
that, in the liquid medium 2, CMC was replaced by 1% sucrose and
polypeptone was replaced by 7% corn steep liquor, and that the Bacillus sp.
KSM-577 was used for shake culture at 30[err] C for 2 days. The supernatant
liquid obtained by centrifugal 40  separation of the resultant culture
solution was subjected to the measurement of the CMCase activity. As a
result, it was found that the the activity was 40 units/liter. Example 10 



45     A spoonful (0.5 g) of the soil obtained at Nikko-shi, Tochigi-ken,
Japan was taken and suspended in a sterilized physiological saline
solution, followed by repeating the procedure of Example 1, thereby
obtaining a KSM-588 strain (FERM BP-1 513) and a KSM-597 strain (FERM BP-1
514) of the invention. Example 11 50 The Bacillus sp. KSM-588 obtained in
Example 10 was cultivated and purified in the same manner as in Example 2,
thereby obtaining, as a dry powder, 8 g of cellulase K-588 (specific
activity of 5 units/g at a pH of 9). 55  Example 12 The general procedure
of Example 2 was repeated except that, in the liquid medium 2, CMC was
replaced by 1% sucrose and polypeptone was replaced by 7% corn steep
liquor, and that the Bacillus sp. 25    EP 0 270 974 B1 KSM-588 was used
for shake culture at 30[err] for 2 days. The supernatnat liquid obtained by
centrifugal separation of the resultant culture solution was subjected to
the measurement of the CMCase activity. As a result, it was found that the
activity was 160 units/liter. 5  Example 13 The Bacillus sp. KSM-597 strain
obtained in Example 10 was cultivated and purified in the same manner as in
Example 2, thereby obtaining, as a dry powder, 10 g of cellulase K-597
(specific activity of 8.-. units/g at a pH of 9). Example 14 The general
procedure of Example 2 was repeated except that, in the liquid medium 2,
CMC was replaced by 1% sucrose and polypeptone was replaced by 7% corn
steep liquor, and that the Bacillus sp. KSM-597 was used for shake culture
at 30[err] for 3 days. The supernatant liquid obtained by centrifugal
separation of the resultant culture solution was subjected to the
measurement of the CMCase activity. As a result, it was found that the
activity was 300 units/liter. Claims 20  Claims for the following
Contracting States: DE, FR, GB, IT, NL 1. An alkali-resistant cellulase
which is produced by a microorganism belonging to the genus Bacillus and
growing in a neutral medium, said cellulase having the following enzymatic
properties: (1) a wide optimum pH range of from 5 to 7; 25   (2) very
stable (not inactivated at a pH of from 5 to 10 with a residual activity,
at a pH of 4.5 to 11, of not less than 50% of a maximum activity); (3) its
activity being inhibited by the presence of [err] and (4) the activity is
not essentially inhibited with proteinases, surface active agents and
chelating agents. 2. An alkali-resistant cellulase according to Claim 1,
wherein said cellulase has the following enzymatic properties and is named
K-534. (1) Action Acting well on cellulosic materials including
carboxymethyl cellulose (CMC), cellulose filter 35        paper and Avicel
and causing them to be dissolved, thereby forming reducing sugars as
glucose. (2) Substrate specificity Having activity not only on CMC, but
also on cellulose powder, Avicel, filter paper and p- nitrophenyl
cellobioside (PNPC). (3) Working pH and optimum pH 40          The working
pH range is from 3 to 12.5 and the optimum pH is about 6.5 with a relative
activity of not less than 50% of the activity at an optimum pH being shown
in the range of 4.5 to 10.5. (4) pH Stability Very stable and not
inactivated at a pH of 5 to 11 with an activity of not less than about 50%
being maintained at a pH of 4.5 to 12.5. 45        (5) Optimum temperature
The working temperature is in a wide range of 15 to 85[err] C and an
optimum temperature is about 70[err]C. In the range of 45 to 75[err] C, the
activity is not less than 50% of the activity at the optimum temperature.
(6) Molecular weight 50          Peaks for the molecular weight are at
about 15,000 and about 30,000 (when determined by a gel 



filtration method using Sephadex G-100). (7) Influences of metal ions
Activated by [ERR] and inhibited by [err] (8) Influences of surface active
agents 55      LAS, AS, ES, AOS, alpha-SFE, SAS, soaps and polyoxyethylene
secondary alkyl ethers do rarely inhibit the activity. (9) Proteinase
resistance Resistant to proteinases. - -    EP 0 270 974 B1 *   C   L   M
S   * KSM-588 was used for shake culture at 30 [err[ for 2 days. The
supernatnat liquid obtained by centrifugal separation of the resultant
culture solution was subjected to the measurement of the CMCase activity.
As a result, it was found that the activity was 160 units/liter. 5  Example
13 The Bacillus sp. KSM-597 strain obtained in Example 10 was cultivated
and purified in the same manner as in Example 2, thereby obtaining, as a
dry powder, 10 g of cellulase K-597 (specific activity of 8 units/g at a pH
of 9). 10 Example 14 The general procedure of Example 2 was repeated except
that, in the liquid medium 2, CMC was replaced by 1 % sucrose and
polypeptone was replaced by 7% corn steep liquor, and that the Bacillus sp.
15  KSM-597 was used for shake culture at 30[err] for 3 days. The
supematant liquid obtained by centrifugal separation of the resultant
culture solution was subjected to the measurement of the CMCase activity.
As a result, it was found that the activity was 300 units/liter. Claims 20
Claims for the following Contracting States: DE, FR, GB, IT, NL 1. An
alkali-resistant cellulase which is produced by a microorganism belonging
to the genus Bacillus and growing in a neutral medium, said cellulase
having the following enzymatic properties: (1) a wide optimum pH range of
from 5 to 7; 25       (2) very stable (not inactivated at a pH of from 5 to
10 with a residual activity, at a pH of 4.5 to 11, of not less than 50% of
a maximum activity); (3) its activity being inhibited by the presence of
Hg2 ; and (4) the activity is not essentially inhibited with proteinases,
surface active agents and chelating agents. 30 2. An alkali-resistant
cellulase according to Claim 1, wherein said cellulase has the following
enzymatic properties and is named K-534. (1) Action Acting well on
cellulosic materials including carboxymethyl cellulose (CMC), cellulose,
filter 35        paper and Avicel and causing them to be dissolved, thereby
forming reducing sugars as glucose. (2) Substrate specificity Having
activity not only on CMC, but also on cellulose powder, Avicel, filter
paper and p- nitrophenyl cellobioside (PNPC). (3) Working pH and optimum pH
40           The working pH range is from 3 to 12.5 and the optimum pH is
about 6.5 with a relative activity of not less than 50% of the activity at
an optimum pH being shown in the range of 4.5 to 10.5. (4) pH Stability
Very stable and not inactivated at a pH of 5 to 11 with an activity of not
less than about 50% being maintained at a pH of 4.5 to 12.5. 45       (5)
Optimum temperature The working temperature is in a wide range of 15 to 85
C and an optimum temperature is about 70[err]C. In the range of 45 to 75 C,
the activity is not less than 50% of the activity at the optimum
temperature. (6) Molecular weight 50           Peaks for the molecular
weight are at about 15,000 and about 30,000 (when determined by a gel 



filtration method using Sephadex G-100). (7) Influences of metal ions
Activated by [err] and inhibited by [err] (8) Influences of surface active
agents 55           LAS, AS, ES, AOS, alpha-SFE, SAS, soaps and
polyoxyethylene secondary alkyl ethers do rarely inhibit the activity. (9)
Proteinase resistance Resistant to proteinases. 26    EP  0 270 974 B1 (10)
Influences of chelating agents EDTA, EGTA, STPP, zeolite and citric acid do
not inhibit the activity. 3  An alkali-resistant cellulase according to
Claim 1, wherein said alkaline cellulase has the following 5     enzymatic
properties and is named K-344. (1) Action Acting well on cellulosic
materials including CMC, cellulose, filter paper and Avicel and causing
them to be dissolved, thereby forming reducing sugars such as glucose. (2)
Substrate specificity 10           Having activity not only on CMC, but
also on cellulose powder, Avicel, filter paper, and PNPC (3) Working pH and
optimum pH The working pH range is from 3 to 12.5 and the optimum pH is 6
with a relative activity of not less than 50% of the activity at an optimum
pH being shown in the range of 4.5 to 11. (4) pH stability 15
Very stable and not inactivated at a pH of 5 to 10 with an activity of not
less than about 50% being maintained at a pH of 4.5 to 12. (5) Optimum
temperature The working temperature is in a wide range of 15 to 80C and an
optimum temperature is 70[err]  C. In the range of 40 to 75 [err]C, the
activity is not less than 50% of the activity at the optimum 20
temperature. (6) Molecular weight A peak for the molecular weight appears
at about 16,000 (when determined by a gel filtration method using Sephadex
G-100). (7) Influences of metal ions 25           Inhibited by [err] and
activated by [err] (8) Influences of surface active agents LAS, AS, ES,
AOS, alpha-SFE, SAS, soaps and polyoxyethylene secondary alkyl ethers do
rarely inhibit the activity. (9) Proteinase resistance 30
Resistant to proteinases. (10) Influences of chelating agents EDTA, EGTA,
sodium tripolyphosphate, zeolite and citric acid do not inhibit the
activity. 4. An alkali-resistant cellulase according to Claim 1, wherein
said alkaline cellulase has the following 35     enzymatic properties and
is named K-539. (1) Action Acting well on cellulosic materials including
CMC, cellulose, filter paper and Avicel and causing them to be dissolved,
thereby forming reducing sugars such as glucose. (2) Substrate specificity
40           Having activity not only on CMC, but also on cellulose powder,
Avicel, filter paper and PNPC. (3) Working pH and optimum pH The working pH
range is from 3 to 12.5 and the optimum pH is 7 with a relative activity of
not less than 50% of the activity at the optimum pH being shown in the
range of 4 to 11. (4) pH stability 45           Very stable and not
inactivated at a pH of 5 to 12 with an activity of not less than about 50%
being maintained at a pH of 3.5 to 12.5. (5) Optimum temperature The
working temperature Is in a wide range of 15 to 85[err]C and an optimum
temperature is 



60 [err]C. In the range of 45 to 75[err] C, the activity Is not less than
50% of the activity at the optimum 50       temperature. (6) Molecular
weight Peaks for the molecular weight appear at about 18,000 and about
29,000, respectively, (when determined by a gel filtration method using
Sephadex G-100). (7) Influences of metal ions 55           Inhibited by
[err] and activated by [err] (8) Influences of surface active agents LAS,
AS, ES, AOS, alpha-SFE, SAS, soaps and polyoxyethylene secondary alkyl
ethers do rarely inhibit the activity. 27    EP 0 270 974 B1
[err] *  C  L  M  S  * (9) Proteinase resistance Resistant to proteinases.
(10) Influences of chelating agents EDTA, EGTA, sodium tripolyphosphate,
zeolite and citric acid do not inhibit the activity. 5 5. An
alkali-resistant cellulase according to Claim 1, wherein said cellulase has
the following enzymatic properties and is named K-577. (1) Action Acting
well on cellulosic materials including CMC, cellulose, filter paper and
Avicel and causing 10      them to be dissolved, thereby forming reducing
sugars such as glucose. (2) Substrate specificity Having activity not only
on CMC, but also on cellulose powder, Avicel and filter paper. (3) Working
pH and optimum pH The working pH range is from 3 to 12 and the optimum pH
is 7 with a relative activity of not less 15       than 50% of the activity
at the optimum pH being shown in the range of 4.5 to 10.5. (4) pH stability
Very stable and not inactivated at a pH of 5 to 12 with an activity of not
less than about 50% being maintained at a pH of 4.5 to 12.5. 20(5) Optimum
temperature The working temperature is in a wide range of 15 to 75  C and
the optimum temperature is 60 C. In the range of 40 to 65 C, the activity
is not less than 50% of the activity at the optimum temperature. (6)
Molecular weight Peaks for the molecular weight appear at about 17,000 and
about 30,000 (when determined by a 25        gel filtration method using
Sephadex G-100). (7) Influences of metal ions Inhibited by [err] and
activated by [err] (8) Influences of surface active agents LAS, AS, ES,
AOS, alpha-SFE, SAS, soaps and polyoxyethylene secondary alkyl ethers do 30
rarely inhibit the activity. (9) Proteinase resistance Resistant to
proteinases. (10) Influences of chelating agents EDTA, EGTA, sodium
tripolyphosphate, zeolite and citric acid do not inhibit the activity. 6.
An alkali-resistant cellulase according to Claim 1, wherein said
alkali-resistant cellulase has the following enzymatic properties and is
named K-588. (1) Action Acting well on cellulosic materials including CMC
and filter paper and causing them to be 40      dissolved, thereby forming
reducing sugars such as glucose. (2) Substrate specificity Having not only
activity on CMC, but also activity on phosphoric acid-swollen cellulose,
filter paper and PNPC. (3) Working pH and optimum pH 



45   The working pH range is from 3 to 13 and the optimum pH is 7, with a
relative activity of not less than 50% at the optimum pH being shown in the
range of 4.5 to 10.5. (4) pH stability Very stable and not inactivated at a
pH of 5 to 11.5 with an activity of not less than about 50% being
maintained at a pH of 4.5 to 12.5. 50      (5) Optimum temperature The
working temperature is in a wide range of 15 to 80  [err] C and an optimum
temperature is 60 [err] C. In a range of 45 to 65 C, the activity is not
less than 50% of the activity at the optimum temperature. (6) Molecular
weight Peaks for the molecular weight appear at about 27,000 and about
30,000, respectively (when 55          determined by a gel filtration
method using Biogel P-150). (7) Influences of metal ions Inhibited by [err]
28    * C   L   M   S  * (8) Influences of surface active agents LAS, AS,
ES, AOS, alpha-SFE, SAS, soap and polyoxyethylene secondary alkyl ethers do
rearely inhibit the activity. (9) Proteinase resistance 5
Resistant to proteinases. (10) Influences of chelating agents EDTA, EGTA,
sodium tripolyphosphate, zeolite and citric acid do not inhibit the
activity. 7. An alkali-resistant cellulase according to Claim 1, wherein
said alkali-resistant cellulase has enzymatic. 10       properties and is
named K-597. (1) Action Acting well on cellulosic materials including CMC,
cellulose, filter paper and Avicel and causing them to be dissolved,
thereby forming reducing sugars such as glucose. (2) Substrate specificity
Having activity not only on CMC, but also on phosphoric acid-swollen
cellulose, cellulose powder, Avicel, filter paper and PNPC. (3) Working pH
and optimum pH The working pH range is from 3 to 13 and the optimum pH is
7, with a relative activity of not less than 50% of the activity at the
optimum pH being shown in the range of from 4.5 to 11.5. 20      (4) pH
stability Very stable and not inactivated at a pH of 5 to 11.5 with an
activity of not less than about 50% being maintained at a pH of 4.5 to
12.5. (5) Working temperature and optimum temperature The working
temperature is in the range of 15 to 80[err]C and the optimum temperature
is 60 [err]C 25       In the range of from 45 to 75 C, the activity is not
less than 50% of the activity at the optimum temperature. (6) Molecular
weight A peak for the molecular weight appears at about 40,000 (when
determined by a gel filtration method using Bio-Gel P-150). 30       (7)
Influences of metal ions Inhibited by [err] and activated by[err] (8)
Influences of surface active agents LAS, AS, ES, AOS, alpha-SFE, SAS, soaps
and polyoxyethylene secondary alkyl ethers do rarely inhibit the activity.
35 (9) Proteinase resistance Resistant to proteinases. (10) Influences of
chelating agents EDTA, EGTA, sodium tripolyphosphate, zeolite and citric
acid do not inhibit the activity. 4  8. A microorganism which is capable of
producing an alkali-resistant cellulase, grows up in a neutral medium, and
belongs to the genus Bacillus, wherein the produced alkali-resistant
cellulase has the following enzymatic properties (1) a wide working pH
range of from 5 to 7; 



(2) very stable (not inactivated at a pH of from 5 to 10 with a residual
activity, at a pH of 4.5 to 11, of 45       not less than 50 % of the
maximum activity); (3) The activity is inhibited by the presence of [err]
(4) The activity is not essentially inhibited by proteinases, surface
active agents and chelating agents. 50 9. A microorganism according to
Claim 9, wherein said microorganism is named Bacillus sp. KSM-534 and is
deposited as FERM BP-1 508. 10. A microorganism according to Claim 9,
wherein said microorganism is named Bacillus sp. KSM-344 and is deposited
as FERM BP-1506. 55 11. A microorganism according to Claim 9, wherein said
microorganism is named Bacillus sp. KSM-539 and is deposited as FERM
BP-1509. 29    [err] 12. A microorganism according to Claim 9, wherein said
microorganism is named Bacillus sp. KSM-577 and is deposited as FERM
BP-1510. 13. A microorganism according to Claim 9, wherein said
microorganism is named Bacillus sp. KSM-588 5     and is deposited as FERM
BP-1513. 14. A microorganism according to Claim 9, wherein said
microorganism is named Bacillus sp. KSM-597 and is deposited as FERM
BP-1514. 10  Claims for the following Contracting State: ES 1. A process
for producing an alkali-resistent cellulase having the following enzymatic
properties: (1) a wide optimum pH range of from 5 to 7; (2) very stable
(not inactivated at a pH of from 5 to 10 with a residual activity, at a pH
of 4.5 to 11 ,of 15        not less than 50% of a maximum activity); (3)
its activity being inhibited by the presence of [err] and (4) the activity
is not essentially inhibited with proteinases, surface active agents and
chelating agents, characterized in that said cellulase is produced by
cultivating a microorganism belonging to the genus Bacillus. 2. A process
according to claim 1 wherein said cellulase has the following enzymatic
properties and is named K-534: (1) Action Acting well on cellulosic
materials including carboxymethyl cellulose (CMC), cellulose, filter paper
25       and Avicel and causing them to be dissolved, thereby forming
reducing sugars as glucose. (2) Substrate specificity Having activity not
only on CMC, but also on cellulose powder, Avicel, filter paper and p-
nitrophenyl cellobioside (PNPC). (3) Working pH and optimum pH 30
The working pH range is from 3 to 12.5 and the optimum pH is about 6.5 with
a relative activity of not less than 50% of the activity at an optimum pH
being shown in the range of 4.5 to 10.5. (4) pH Stability Very stable and
not inactivated at a pH of 5 to 11 with an activity of not less than about
50% being maintained at a pH of 4.5 to 12.5. 35  (5) Optimum temperature
The working temperature is in a wide range of 15 to 85 [err]  C and an
optimum temperature is about 70 [err] C. In the range of 45 to 75 C, the
activity is not less than 50% of the activity at the optimum temperature.
(6) Molecular weight 40           Peaks for the molecular weight are at
about 15,000 and about 30,000 (when determined by a gel filtration method
using Sephadex G-100). (7) Influences of metal ions Activated by [err] and
inhibited by [err]. (8) Influences of surface active agents 45
LAS, AS, ES, AOS, alpha-SFE, SAS, soaps and polyoxyethylene secondary alkyl
ethers do rarely inhibit the activity. (9) Proteinase resistance 



Resistant to proteinases. (10) Influences of chelating agents 50
EDTA, EGTA, STPP, zeolite and citric acid do not inhibit the activity. 3. A
process according to Claim 1, wherein said alkaline cellulase has the
following enzymatic properties and is named K-344. (1) Action 55
Acting well on cellulosic materials including CMC, cellulose, filter paper
and Avicel and causing them to be dissolved, thereby forming reducing
sugars such as glucose. (2) Substrate specificity Having activity not only
on CMC, but also on cellulose powder, Avicel, filter paper, and PNPC. 30
*  C  L  M S  * (3) Working pH and optimum pH The working pH range is from
3 to 12.5 and the optimum pH is 6 with a relative activity of not less than
50% of the activity at an optimum pH being shown in the range of 4.5 to 11.
(4) pH stability 5            Very stable and not inactivated at a pH of 5
to 10 with an activity of not less than about 50% being maintained at a pH
of 4.5 to 12. (5) Optimum temperature The working temperature is in a wide
range of 15 to 80[err]C and an optimum temperature is 70[err] C. In the
range of 40 to 75 [err], the activity is not less than 50% of the activity
at the optimum 10       temperature. (6) Molecular weight A peak for the
molecular weight appears at about 16,000 (when determined by a gel
filtration method using Sephadex G-100). (7) Influences of metal ions 15
Inhibited by [err] and activated by Co2+. (8) Influences of surface active
agents LAS, AS, ES, AOS, alpha-SFE, SAS, soaps and polyoxyethylene
secondary alkyl ethers do rarely inhibit the activity. (9) Proteinase
resistance 20           Resistant to proteinases. (10) Influences of
chelating agents EDTA, EGTA, sodium tripolyphosphate, zeolite and citric
acid do not inhibit the activity. 4. A process according to Claim 1,
wherein said alkaline cellulase has the following enzymatic properties 25
and is named K-539. .       (1) Action Acting well on cellulosic materials
including CMC, cellulose, filter paper and Avicel and causing them to be
dissolved, thereby forming reducing sugars such as glucose. (2) Substrate
specificity 30        Having activity not only on CMC, but also on
cellulose powder, Avicel, filter paper and PNPC. (3) Working pH and optimum
pH The working pH range is from 3 to 12.5 and the optimum pH is 7with a
relative activityof not less than 50% of the activity at the optimum pH
being shown in the range of 4 to 11. (4) pH stability 35    .    . Very
stable and not inactivated at a pH of 5 to 12 with an activity of not less
than about 50% being maintained at a pH of 3.5 to 12.5. (5) Optimum
temperature The working temperature is in a wide range of 15 to 85 C and an
optimum temperature is 60[err]C. In the range of 45 to 75 C, the activity
is not less than 50% of the activity at the optimum 40       temperature.
(6) Molecular weight Peaks for the molecular weight appear at about 18,000
and about 29,000, respectively, (when determined by a gel filtration method
using Sephadex G-100). (7) Influences of metal ions 45  Inhibited by [err]
and activated by [err] 



(8) Influences of surface active agents LAS, AS, ES, AOS, alpha-SFE, SAS,
soaps and polyoxyethylene secondary alkyl ethers do rarely inhibit the
activity. (9) Proteinase resistance 50     Resistant to proteinases. (10)
Influences of chelating agents EDTA, EGTA, sodium tripolyphosphate, zeolite
and citric acid do not inhibit the activity. 5. A process according to
Claim 1, wherein said cellulase has the following enzymatic properties and
is named K-577. (1) Action Acting well on cellulosic materials including
CMC, cellulose, filter paper and Avicel and causing them to be dissolved,
thereby forming reducing sugars such as glucose.    [err] *   C   L   M   S
* (2) Substrate specificity Having activity not only on CMC, but also on
cellulose powder, Avicel and filter paper. (3) Working pH and optimum pH
The working pH range is from 3 to 12 and the optimum pH is 7 with a
relative activity of not less 6 .      than 50% of the activity at the
optimum pH being shown in the range of 4.5 to 10.5. (4) pH stability Very
stable and not inactivated at a pH of 5 to 12 with an activity of not less
than about 50% being maintained at a pH of 4.5 to 12.5. (5) Optimum
temperature 10   The working temperature is in a wide range of 15 to
75[err]C and the optimum temperature is 60 [err] C. In the range of 40 to
65[err] C, the activity is not less than 50% of the activity at the optimum
temperature. (6) Molecular weight Peaks for the molecular weight appear at
about 17,000 and about 30,000 (when determined by a 15        gel
filtration method using Sephadex G-100). (7) Influences of metal ions
Inhibited by [err][ and activated by [err] (8) Influences of surface active
agents LAS, AS, ES, AOS, alpha-SFE, SAS, soaps and polyoxyethylene
secondary alkyl ethers do 20         rarely inhibit the activity. (9)
Proteinase resistance Resistant to proteinases. (10) Influences of
chelating agents EDTA, EGTA, sodium tripolyphosphate, zeolite and citric
acid do not inhibit the activity. 6  A process according to Claim 1,
wherein said alkali-resistant cellulase has the following enzymatic
properties and is named K-588. (1) Action Acting well on cellulosic
materials including CMC and filter paper and causing them to be 30
dissolved, thereby forming reducing sugars such as glucose. (2) Substrate
specificity Having not only activity on CMC, but also activity on
phosphoric acid-swollen cellulose, filter paper and PNPC. (3) Working pH
and optimum pH The working pH range is from 3 to 13 and the 35     optimum
pH is 7, with a relative activity of not less than 50% at the optimum pH
being shown in the range of 4.5 to 10.5. (4) pH stability Very stable and
not inactivated at a pH of 5 to 11.5 with an activity of not less than
about 50% being maintained at a pH of 4.5 to 12.5. 40  (5) Optimum
temperature The working temperature is in a wide range of 15 to 80[err]C
and an optimum temperature is 60 C. In a range of 45 to 65 C, the activity
is not less than 50% of the activity at the optimum temperature. 



(e) Molecular weight 45           Peaks for the molecular weight appear at
about 27,000 and about 30,000, respectively (when determined by a gel
filtration method using Biogel P-150). (7) Influences of metal ions
Inhibited by Hg2+. (8) Influences of surface active agents 50          LAS,
AS, ES, AOS, alpha-SFE, SAS, soap and polyoxyethylene secondary alkyl
ethers do rearely inhibit the activity. (9) Proteinase resistance Resistant
to proteinases. (10) Influences of chelating agents 55            EDTA,
EGTA, sodium tripolyphosphate, zeolite and citric acid do not inhibit the
activity. 7. A process according to Claim 1, wherein said alkali-resistant
cellulase has enzymatic properties and Is named K-597. 32    [err] EP 0 270
974 B1 * C   L   M   S  * (1) Action Acting well on cellulosic materials
including CMC, cellulose, filter paper and Avicel and causing them to be
dissolved, thereby forming reducing sugars such as glucose. (2) Substrate
specificity 5          Having activity not only on CMC, but also on
phosphoric acid-swollen cellulose, cellulose powder, Avicel, filter paper
and PNPC. (3) Working pH and optimum pH The working pH range is from 3 to
13 and the optimum pH is 7, with a relative activity of not less than 50%
of the activity at the optimum pH being shown in the range of from 4.5 to
11.5. 10       (4) pH stability Very stable and not inactivated at a pH of
5 to 11.5 with an activity of not less than about 50% being maintained at a
pH of 4.5 to 12.5. (5) Working temperature and optimum temperature The
working temperature is in the range of 15 to 80[err] and the optimum
temperature is 60 C. 15       In the range of from 45 to 75 C, the activity
is not less than 50% of the activity at the optimum temperature. (6)
Molecular weight A peak for the molecular weight appears at about 40,000
(when determined by a gel filtration method using Bio-Gel P-150). 20
(7) Influences of metal ions Inhibited by [err] and activated by Co2+. (8)
Influences of surface active agents LAS, AS, ES, AOS, alpha-SFE, SAS, soaps
and polyoxyethylene secondary alkyl ethers do rarely inhibit the activity.
25         (9) Proteinase resistance Resistant to proteinases. (10)
Influences of chelating agents EDTA, EGTA, sodium tripolyphosphate, zeolite
and citric acid do not inhibit the activity. 30   8.  A process according
to Claim 2, wherein said microorganism is named Bacillus sp. KSM-534 and is
deposited as FERM BP-1508. 9. A process according to Claim 3, wherein said
microorganism is named Bacillus sp. KSM-344 and is deposited as FERM
BP-1506. 35 10. A process according to Claim 4, wherein said microorganism
is named Bacillus sp. KSM-539 and is deposited as FERM BP-1509. 11. A
process according to Claim 5, wherein said microorganism is named Bacillus
sp. KSM-577 and is 40     deposited as FERM BP-1510. 12. A process
according to Claim 6, wherein said microorganism is named Bacillus sp.
KSM-588 and is 



deposited as FERM BP-1513. 45  13.  A process according to Claim 7, wherein
said microorganism is named Bacillus sp. KSM-597 and is deposited as FERM
BP-1514. PatentansprUche -  PatentansprUohe fUr folgende Vertragsasteaten:
DE, FR, G8, IT, NL 50 1. Alkaliresistente Cellulase, hergestellt durch
einen Mikroorganismus, der zur Gattung Bacillus gehort und in einem
neutralen Medium wgchst, wobei die Cellulase die nachstehenden
enzymatischen Eigenschaf- ten aufweist: (1) einen breiten optimalen
pH-Bereich von 5 bis 7, 55       (2) sehr stabil, (nicht inaktiviert bei
einem pH-Wert von 5 bis 10, mit einer Restaktivitit bei einem pH-Wert von
4,5 bis 11, von nicht weniger als 50 % der maximalen Aktivitat), (3) ihre
Aktivitat wird durch Anwesenheit von Hg2+ gehemmt und 33    -EP 0 270 974
B1                   I l!II3j 11ll !1 11115111 1!1I (4) die Aktivit~t wird
im wesentlichen nicht gehemmt durch Proteinasen, Tenside und chelatbildende
Mittel. 2. Alkaliresistente Cellulase nach Anspruch 1, wobel die Cellulase
die nachstehenden enzymatischen 5      Eigenschaften aufweist und K-534
genannt wird. (1) Wirkung Wirkt gut auf Cellulosematerialien,
einschliellich Carboxymethylcellulose (GMC), Cellulose,.' Filterpapier und
Avicel und ruft bei ihnen Auflosen hervor, wobei sich reduzierende Zucker,
wie Glucose, bilden. 10       (2) Substratspezifitit Weist nicht nur
Aktivitit auf CMC auf, sondem auch auf Cellulosepulver, Avicel,
Filterpapier und, p-Nitrophenylcellobiosid (PNPC). (3) Arbeits-pH und
optimaler pH Der Arbeits-pH-bereich betragt 3 bis 12,5 und der optimale pH
betrggt etwa 6,5 mit einer 15       relativen Aktivit~t von nicht weniger
als 50 % der Aktivitat bei einem optimalen pH, der Im Bereich von 4,5 bis
10,5 gezeigt wird. <_>      ~~~(4) pH-S~tabilit~t Sehr stabil und nicht
inaktiviert be! pH von 5 bis 11, mit einer Aktivitlt von nicht weniger
alse.' etwa 50 %, aufrecht gehalten bei elnem pH-Wert von 4,5 bis 12,5. 20
(5) Optimale Temperatur Die Arbeitstemperatur liegt im breiten Bereich von
15 bis 85 IC und die optimale Temperatur betragt etwa 70 * C. Im Bereich
von 45 bis 75 C ist die Aktivitat nicht weniger als 50 % der Aktivitat bei
der optimalen Temperatur. (6) Molekulargewicht t-  26          Peaks fOr
das Molekulargewicht betragen etwa 15000 und etwa 30000 (bestimmt durch
Gelfiltra- tion unter Verwendung von Sephadex G-100). ..4 (7) Einflu
von Metallionen Aktiviert durch Ba2+ und inhibiert durch Hg2e. (8)
Einfl~sse von Tensiden 30            LAS, AS, ES, AOS, a-SFE, SAS, Seifen
und Polyoxyethylensekundiralkylether inhibleren die Aktivitlt. (9)
Proteinasebestlndigkeit Best~ndig gegen Proteinasen (10) Einfltlsse von
chelatbildenden Mitteln ''_36  '  '   EDTA, EGTA, STPP, Zeolith und
Zitronensgure inhibieren die Aktivit~t nicht. .  ...  A. 3.
Alkaliresistente Cellulase nach Anspruch 1, wobei die alkalische Cellulase
die nachstehenden enzymati- schen Eigenschaften aufweist und K-344 genannt
wird. (1) Wirkung *;   ; -40   Wlrkt gut auf Cellulosematerialien,
einschliefflich CMC, Cellulose, Filterpapier und Avicel und ruft bei ihnen
Auflosen hervor, wobei reduzierende Zucker, wie Glucose, gebildet werden. 



(2) Substratspezifitit Weist nicht nur Aktivitft auf CMC auf, sondern auch
auf Cellulosepulver, Avicel, Filterpapier und PNPC. 0 ''  45  ' (3)
Arbeits-pH und optimaler pH Der Arbeits-pH-bereich betrfgt 3 bis 12,5 und
der optimale pH-Bereich ist 6 mit einer relativen Aktivitat von nicht
weniger als 50 % der Aktivit~t bei einem optimalen pH, der Im Bereich von
4,5 bis 11 gezeigt wird. :          ~~~~~(4) pH-Stabilitilt 60
Sehr stabil und nicht inaktiviert bei einem pH von 5 bis 10, mit einer
Aktivitat von nicht weniger als etwa 50 %, aufrecht gehalten bel elnem
pH-Wert von 4,5 bis 12. (5) Optimale Temperatur Die Arbeitstemperatur liegt
im breiten Bereich von 15 bis 80*C und die optimale Temperatur ' betrfgt 70
* C. Im Bereich von 40 bis 75 * C ist die Aktivitdt nicht weniger als 50 %
der Aktivitat bet der optimalen Temperatur. (6) Molekulargewicht Ein Peak
fUr das Molekulargewicht erscheint bei etwa 16000, (bestimmt durch
Gelfiltrationsver- fahren unter Verwendung von Sephadex G-1 00). 34    * C
L   M .   S  *;. .:.:'.        (7) EinflUsse von Metallionen Inhibiert
durch Hg2e und Pb2+ und aktiviert durch Co2+. (8) Einfllsse von Tensiden
LASj AS, ES, AOS, a-SFE, SAS, Seifen und Polyoxyethylensekundaralkylether
inhibieren-die...- 5        Aktivitit kaum. :     -    (9)
Proteinasebestlndigkeit Bestandig gegen Proteinasen (10) Einfltlsse von
chelatbildenden Mitteln EDTA, EGTA, Natriumtripolyphosphat, Zeolith und
Zitronensaure inhibieren die Aktivitat nicht. .10. . -- -  '   4.
Alkaliresistente Cellulase nach Anspruch 1, wobei die alkalische Cellulase
die nachstehenden enzymati- schen Eigenschaften aufweist und K-539 genannt
wird. (1) Wirkung Wirkt gut auf Cellulosematerialien, einschlie~fich CMC,
Cellulose, Filterpapier und Avicel und ruft -  t5         be! ihnen
Auflosen hervor, wobei reduzierende Zucker, wie Glucose, gebildet werden. :
.       (2) Substratspezifilt . . .:.....         Weist nicht nur AktivitAt
auf CMC auf, sondern auch auf Cellulosepulver, Avicel, Filterpapier und
-  : - PNPC. (3) Arbeits-pH und optimaler pH 20           Der
Arbeits-pH-bereich betragt 3 bis 12,5 und der optimale pH betrigt 7, mit
einer relativen Aktivitit von nicht weniger als 50 % der Aktivitit bei
einem optimalen pH, der im Bereich von 4 bis ' 11 gezeigt wird.
...... (4) pH-Stabilitt-
; Sehr stabil und nicht inaktiviert bei einem pH von 5 bis 12, mit einer
Aktivitit von nlcht weniger .. .  ' 26  als etwa 50 %, aufrecht gehalten
bei einem pH-Wert von 3,5 bis 12,5. (5) Optimale Temperatur Die
Arbeitstemperatur liegt im breiten Bereich von 15 bis 85*C und die optimale
Temperatur betrigt 60 * C. Im Bereich von 45 bis 75 * C ist die AktlvitAt
nicht weniger als 50 % der Aktivitit der ' - -optimalen Temperatur. * 30-
(6) Molekulargewicht Die Peaks des Molekulargewichts erscheinen bei etwa
18000 bzw. etwa 29000, (bestimmt durch Gelfiltration unter Verwendung von
Sephadex G-1 00) ..:- :   (7) Einfllsse von Metallionen Inhibiert durch
Hg2+ und aktiviert durch Ca2+, Cd2+ und Ba2+. (8) EinflUsse von Tensiden 9
96. LAS, AS, ES, AOS, a-SFE, SAS, Seifen und
Polyoxyethylensekundaralkylether inhibieren die: Aktivitat kaum. (9)
Proteinasebestindigkeit 



Bestindig gegen Proteinasen (10) EinfluB von chelatbildenden Mitteln . -: 0
40  EDTA, EGTA, Natriumtripolyphosphat, Zeolith und Zitronensiure
inhibieren die Aktivitit nicht. 5. Alkalische Cellulase nach Anspruch 1,
wobei die Cellulase die nachstehenden enzymatischen Eigen- schaften
aufweist und K-577 genannt wird. (1) Wirkung 46           Wirkt gut auf
Cellulosematerialien, einschlieflich CMC, Cellulose, Filterpapler und
Avicel und bewirkt bei ihnen Auflosen, wobei reduzierende Zucker, wie
Glucose, gebildet werden. ;(2) Substratspezifit't Weist nicht nur AktivitAt
auf CMC auf, sondern auch auf Cellulosepulver, Avicel und Filterpapier. (3)
Arbeits-pH und optimaler pH *'' 5'-'' 0.  0        Der Arbeits-pH-bereich
betragt 3 bis 12 und der optimale pH-Berelch betrigt 7, mit einer relativen
Aktivitat von nicht weniger als 50 % der Aktivitat bei einem optimalen
pH-Bereich, gezeigt im Bereich von 4,5 bis 10,5. (4) pH-Stabilitit Sehr
stabil und nicht inaktiviert bei elnem pH von 5 bis 12, mit einer Aktivitit
von nicht weniger .   56     als etwa 50 %, gehalten bei einem pH-Wert von
4,5 bis 12,5. (5) Optimale Temperatur Die Arbeitstemperatur liegt im
breiten Bereich von 15 bis 75 C und die optimale Temperatur *. -
betrigt 60 * C. Im Bereich von 40 bis 65 C ist die Aktivitit nicht weniger
als 50 % der Aktivitat bei 35    EP 0     9o 974 B1                 I
1111111 111111 11111 11111 111111 *   c L         s. *S der optimalen
Temperatur. (6) Molekulargewicht
...... Die Peaks fUr das Molekulargewicht erscheinen be! etwa 17000 und
etwa 30000, (bestimmt durch Gelfiltration unter Verwendung von Sephadex
G-100). (7) EinflUsse von Metallionen Inhibiert durch Hg2+ und aktiviert
durch BaP+, Ca2+, Cd2+ und Co2+. (8) Einfl[sse von Tensiden LAS, AS, ES,
AOS, a-SFE, SAS, Seifen und Polyoxyethylensekundiralkylether inhibleren die
Aktivitat kaum. 10        (9) Proteinasebestandigkeit Bestlndig gegen
Proteinasen. (10) EinflUsse von chelatbildenden Mitteln
-- EDTA, EGTA, Natriumtripolyphosphat, Zeolith und Zitronensaure inhibieren
die Aktivitat nicht. : . ....... is  6. Alkaliresistente Cellulase nach
Anspruch 1, wobei die alkaliresistente Cellulase die nachstehenden.
enzymatischen Eigenschaften aufweist und K-588 genannt wird. (1) Wirkung
Wirkt gut auf Cellulosematerialien, einschlieBlich CMC und Filterpapier und
ruft bei ihnen Auflisung hervor, wodurch reduzierende Zucker, wie Glucose,
gebildet werden. .V 20       (2) Substratspezifitat Weist nicht nur
Aktivitat auf CMC auf, sondern auch Aktivitlt auf Phosphorsaure gequollene
Cellulose, Filterpapier und PNPC. (3) Arbeits-pH und optimaler pH Der
Arbeits-pH-bereich betragt 3 bis 13 und der optimale pH-Bereich ist 7 mit
elner relativen ; 25       AktivitUt von nicht weniger als 50 %, bei einem
optimalen pH, gezeigt im Bereich von 4,5 bis 10,5. - (4)
pH--Stabili~ta-,i--- - -           Sehr stabil und nicht inaktiviert bei
einem pH von 5 bis 11,5 mit einer Aktivitat von nicht weniger als etwa 50
%, gehalten bei einem pH-Wert von 4,5 bis 12,5. (5) Optimale Temperatur Die
Arbeitstemperatur liegt im breiten Bereich von 15 30            bis 80 C
und die optimale Temperatur betr~gt 600C. Im Bereich von 45 bis 656C ist
die -Aktivitat nicht weniger als 50 % der Aktivitat bei der optimalen
Temperatur. (6) Molekulargewicht Peaks ftr das Molekulargewicht erscheinen
bei etwa 27000 beziehungsweise etwa 30000, 



(bestimmt durch Gelfiltration unter Verwendung von Biogel P-150). 35
(7) EinflUsse von Metallionen Wird durch Hg2e inhibiert. (8) EinflUsse von
Tensiden LAS, AS, ES, AOS, a-SFE, SAS und Seife und
Polyoxyethylensekundaralkylether inhibieren die       - : Aktivitat kaum.
.....   .
..   ;.
....~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~ .... 40        (9) Proteinasebestindigkeit Best~ndig gegen
Proteinasen. (10) EinflUsse von chelatbildenden Mitteln EDTA, EGTA,
Natrlumtripolyphosphat, Zeolith und Zitronensaure inhibieren die Aktivitat
nicht.- 45  7. Alkaliresistente Cellulase nach Anspruch 1, wobei die
alkaliresistente Cellulase enzymatische Eigen- schaften aufweist und K-597
genannt wird. (1) Wirkung Wirkt gut auf Cellulosematerialien,
einschlieBlich CMC, Cellulose, Flterpapier und Avicel und ruft bei ihnen
Aufl3sen hervor, wodurch sich reduzierende Zucker, wie Glucose, bilden. 50
(2) Substratspezifitlt Weist nicht nur Aktivitlt auf GMG auf, sondern auch
auf Phosphorsaure gequollene Cellulose, Cellulosepulver, Avicel,
Fiiterpapier und PNPC. (3) Arbeits-pH und optimaler pH Der
Arbelts-pH-bereich betrdgt 3 bis 13 und der optimale pH betragt 7, mit
einer relativen 66        Aktivltat von nicht weniger als 50 % der AktivitM
t be! dem optimalen pH, der im Bereich von 4,5 bis 11,5 gezeigt wird. (4)
pH--Stabilitat Sehr stabil und nicht inaktiviert be! elnem pH von 5 bis
11,5 mit einer Aktivitit von nicht weniger 36    * C   L   M S   l als etwa
50 %, gehalten be! einem pH-Wert von 4,5 bis 12,5. (5) Arbeitstemperatur
und optimale Temperatur Die Arbeitstemperatur liegt im Bereich von 15 bis
80 - C und die optimale Temperatur betragt 60 * C. Im Bereich von 45 bUs 75
* C let die Aktivitat nicht geringer als 50 % der Aktivitat bei optimaler
Temperatur. :5        (6) Molekulargewicht Ein Peak fOr das
Molekulargewicht erscheint be! etwa 40000, (bestimmt durch Gelfiltration
unter Verwendung von Blo-Gel P-150). (7) EinflOsse von Metallionen Wird
durch Hg2+ inhibiert und durch 002+ aktiviert. .0 .   tO(8) Einfl~sse von
Tensiden LAS, AS, ES, AOS, a-SFE, SAS, Seifen und
Polyoxyethylensekundaralkylether inhibieren die           - - Aktivitat
kaum. (9) Proteinasebestandigkeit
,:- Bestandig gegen Proteinasen. .. 16     (10) EinflUsse von
chelatbildenden Mitteln EDTA, EGTA, Natriumtripolyphosphat, Zeolith und
Zitronensaure inhibieren die Aktivitft nicht. 8.  Mikroorganismus, befahigt
zur Erzeugung elner alkaliresistenten Cellulase, der in einem  neutralen.
Medium wachst, und gehdrig zur Gattung Bacillus, wobei die hergestellte
alkaliresistente Cellulase die :20     nachstehenden enzymatischen
Eigenschaften aufweist: (1) arbeltet in elnem breiten pH-Bereich von 5 bis
7, (2) sehr stabil (nicht inaktiviert bei einem pH von 5 bis 10 mit einer
Restaktivitat, bei einem pH von 4,5 bis 11 von nicht weniger als 50 % der
maximalen Aktivitit), (3) die Aktivitat wird durch die Anwesenheit von Hg2+
inhibiert und 25        (4) die Aktivitat wird im wesentlichen nicht durch
Proteinasen, Tenside und chelatbildende MittelH- inhibiert.
.   ...     . 9. Mikroorganismus nach Anspruch 9, wobei der Mikroorganismus
Bacillus sp. KSM-534 genannt wird und       ____ ,: : .   .... ..  ... ...
als FERM BP-1 508 hinterlegt let. 30. 



,10. Mikroorganismus nach Anspruch 9, wobei der Mikroorganismus Bacillus
sp. KSM-344 genannt wird und_ ais FERM BP-1506 hinterlegt ist. .'i-.  v 'r
^z ! ~~....BO. . . .-.. .   ;;.tz 11. Mikroorganismus nach Anspruch 9,
wobei der Mikroorganismus Bacillus sp. KSM-539 genannt wird und. .  . ...
.....
.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~. .... 35      als FERM BP-1 509 hinterlegt ist. 12.
Mikroorganismus nach Anspruch 9, wobei der Mikroorganismus Bacillus sp.
KSM-577 genannt wird und als FERM BP-151 0 hinterlegt ist. .......
........     .....  .. 40  I12 Mikroorganismus nach Anspruch 9, wobei der
Mikroorganismus Bacillus sp. KSM-588 genannt wird und als FERM BP-1513
hinterlegt ist. 14. Mikroorganismus nach Anspruch 9, wobel der
Mikroorganisnus Bacillus sp. KSM-597 genannt wird und als FERM BP-1 514
hinterlegt ist. ;   , .    .45 PatentansprUche fUr folgenden Vertragsstaat:
ES 1. Verfahren zur Herstellung einer alkaliresistenten Cellulase mit den
nachstehenden enzymatischen Eigenschaften: 60        (1) ein breiter
optimaler pH-Bereich von 5 bis 7, (2) sehr stabil, (nicht inaktivlert bei
elnem pH-Wert von 5 bis 10, mit elner Restaktivitat bei einem pH-Wert von
4,5 bis 11, von nicht weniger als 50 % der maximalen Aktivitat), (3) ihre
Aktivitgt wird durch Anwesenheit von Hg2+ gehemmt und (4) die Aktivitat
wird im wesentlichen nicht gehemmt durch Proteinasen, Tenside und
chelatbildende .....  - 655          Mittel, dadurch gekennzeichnet, daB
die Cellulase durch ZUchten eines Mikroorganismus, der zur .; *    -   -
Gattung Bacillus gehort, hergestellt wird. 37    EP 0 270 974 Bi
| 1||1||| 11|||| ||||| ||||| 111111 *   C   L   M   S   * 2. Verfahren nach
Anspruch 1, wobei die Cellulase die nachstehenden enzymatischen
Eigenschaften .. - aufweist und K-534 genannt wird. (1) Wirkung -     .
Wirkt gut auf Cellulosematerialien, einschlieBlich Carboxymethylcellulose
(CMC), Cellulose,. Filterpapler und Avicel und ruft be! ihnen Aufl6sen
hervor, wobei sich reduzierende-Zucker, W . . ::          Glucose, bilden.
(2) Substratspezifitat Weist nicht nur Aktivitat auf CMC auf, sondern auch
auf Cellulosepulver, Avicel, Filterpapier und p-Nitrophenylcellobiosid
(PNPC). t10.      (3) Arbeits-pH und optimaler pH Der Arbeits-pH-bereich
betr~gt 3 bis 12,5 und der optimale pH betragt etwa 6,5 mit einer relativen
Aktivitat von nicht weniger als 50 % der Aklivitat bei elnem optimalen pH,
der im Bereich von 4,5 bis 10,5 gezeigt wird.
- ; (4) pH-Stabilitat
::>>- Sehr stabil und nicht inaktiviert bei pH von 5 bis 11, mit einer
Aktivitlt von nicht weniger als etwa 50 %, aufrecht gehalten bei elnem
pH-Wert von 4,5 bis 12,5. *         (5) Optimale Temperatur Die
Arbeitstemperatur liegt im breiten Bereich von 15 bis 85-C und die optimale
Temperatur betragt etwa 70 * C. Im Bereich von 45 bis 75 * C ist die
Aktivitlt nicht weniger als 50 % der Aktivit~t \, 20         be! der
optimalen Temperatur. (6) Molekulargewicht Peaks far das Molekulargewicht
betragen etwa 15000 und etwa 30000 (bestimmt durch Gelfiltra- --    tion
unter Verwendung von Sephadex G-100).
-. (7) EinfluB von Metallionen . .-.. 25...: -Aktiviert durch Ba2+ und
inhibiert durch Hg2+. (8) Einflasse von Tensiden LAS, AS, ES, AOS, a-SFE,
SAS, Seifen und Polyoxyethylensekundaralkylether inhibieren die Aktivitat
kaum.
. .. .. - (9) Proteinasebest~ndigkeit 



. 30           Bestandig gegen Proteinasen (10) EinflUsse von
chelatbildenden Mitteln EDTA, EGTA, STPP, Zeolith und Zitronensdure
inhibieren die Aktivitit nicht. Verfahren nach Anspruch 1, wobei die
alkalische Cellulase die nachstehenden enzymatischen Eigen-    ;   . . ' @.
36  schaften aufweist und K-344 genannt wird. (1) Wirkung Wirkt gut auf
Cellulosematerialien, einschliefflich CMC, Cellulose, Filterpapier und
Avicel und ruft bel ihnen Auflosen hervor, wobei reduzierende Zucker, wie
Glucose, gebildet werden. (2) Substratspezifitat 40           Weist nicht
nur Aktivitft auf CMC auf, sondern auch auf Cellulosepulver, Avicel,
Filterpapier und PNPC. (3) Arbeits-pH und optimaler pH Der
Arbeits-pH-bereich betragt 3 bis 12,5 und der optimale pH-Bereich ist 6 mit
einer relativen Aktivitat von nicht weniger als 50 % der Aktivitat bei
einem optimalen pH, der im Bereich von 4,5 bis  - 45.       11 gezeigt
wird. (4) pH-Stabilit~t Sehr stabil und nicht inaktiviert be! einem pH von
5 bis 10, mit einer Aktivitat von nicht weniger al etwa 50 %, aufrecht
gehalten be! elnem pH-Wert von 4,5 bis 12. (5) Optimals Temperatur - 50
Die Arbeitstemperatur liegt im breiten Bereich von 15 bis 80 *C und die
optimale Temperatur betragt 70 * C. Im Bereich von 40 bis 75 * C ist die
Aktivitat nicht weniger als 50 % der Aktivitit bei der optimalen
Temperatur. (6) Molekulargewicht Ein Peak fOr das Molekulargewicht
erscheint bei etwa 16000, (bestimmt durch Gelfiltrationsver- 65
fahren unter Verwendung von Sephadex G-100). (7) Einfllsse von Metallionen
Inhibiert durch Hg2+ und Pb2+ und aktiviert durch Co2+. 38    EP 0 270 974
BI                  IIIII1i 1111111llllli 11      : (8) Einfllsse von
Tensiden ~i'- '  ' '' ''''       LAS, AS, ES, AOS, a-SFE, SAS, Seifen und
Polyoxyethylensekundgralkylether inhibieren'die' Aktivitat kaum. (9)
Proteinasebestandigkeit 5            Bestandig gegen Proteinasen (10)
EinflUsse von chelatbildenden Mitteln EDTA, EGTA, Natriumtripolyphosphat,
Zeolith und Zitronensaure inhibieren die Aktivitat nicht. 4. Verfahren nach
Anspruch 1, wobei die alkalische Cellulase die nachstehenden enzymatischen
Eigen-= 10     schaften autweist und K-539 genannt wird. (1) Wirkung Wirkt
gut auf Cellulosematerialien, einschlieflich CMC, Cellulose, Filterpapier
und Avicel und ruft bei ihnen Auflosen hervor, wobei reduzierende Zucker,
wie Glucose, gebildet werden. (2) Substratspezifitat 1: .         Weist
nicht nur Aktivitdt auf CMC auf, sondern auch auf Cellulosepulver, Avicel,
Filterpapier und:.  ; c PNPC. (3) Arbeits-pH und optimaler pH L
Der Arbeits-pH-bereich betr~gt 3 bis 12,5 und der optimale pH betragt 7,
mit elner relativen Aktivitat von nicht weniger als 50 % Aktivftlt bei
elnem optimalen pH, der im Bereich von 4 bis 11 20        gezeigt wird. (4)
pH-Stabilitat . '. - - ~-  -Sehr stabil und nicht inaktiviert bei einem pH
von 5 bis 12, mit einer Aktivitat von nicht weniger- als etwa 50 %i
aufrecht gehalten be! elnem pH-Wert von 3,5 bis 12,5. (5) Optimale
Temperatur 25            Die Arbeitstemperatur liegt im breiten Bereich von
15 bis 85- C und die optimale Temperatur ' ''"~'"'.''  *' '' '' ''
'betragt 60 I C. Im Bereich von 45 bis 75 - C lst die Aktivitlt nicht
weniger als 50 % der AktivitAt bei- der optimalen Temperatur. (6)
Molekulargewicht Die Peaks des Molekulargewichts erscheinen bei etwa 



18000 bzw. etwa 29000, (bestimmt durch Gelfiltration unter Verwendung von
Sephadex G-100).' ;30       (7) Einfllsse von Metallionen Inhibiert durch
Hg2+ und aktiviert durch Ca2+, Cd2+ und Ba2+. ;-     ....          (8)
Einfllsse von Tensiden LAS, AS, ES, AOS, a-SFE, SAS, Seifen und
Polyoxyethylensekundaralkylether inhibieren die Aktivitat kaum. -::   k
35  (9) Proteinasebestandigkeit Best~ndig gegen Proteinasen (10) Einflul
von chelatbildenden Mitteln EDTA, EGTA, Natriumtripolyphosphat, Zeolith und
Zitronensgure inhibieren die Aktivitmt nicht. ,40  5. Verfahren nach
Anspruch 1, wobel die Cellulase die nachstehenden enzymatischen
Eigenschaften aufweist und K-577 genannt wird. -    :         (1) Wirkung
Wirkt gut auf Cellulosematerialien, elnschliefllch CMC, Cellulose,
Filterpapier und Avicel und bewirkt bei ihnen Auflosen, wobei reduzierende
Zucker, wie Glucose, gebildet werden. *45       (2) Substratspezifit~t
Weist nicht nur Aktivitlt auf CMC auf, sondern auch auf Cellulosepulver,
Avicel und Filterpapier. (3) Arbeits-pH und optimaler pH Der
Arbeits-pH-bereich betragt 3 bis 12 und der optimale pH-Bereich betrigt 7,
mit einer relativen Aktivitat von nicht weniger als 50 % der Aktivitat bei
einem optimalen pH-Bereich, gezeigt : .    50        im Bereich von 4,5 bis
10,5. (4) pH-Stabilitlt Sehr stabil und nicht inaktiviert bei einem pH von
5 bis 12, mit einer Aktivitlt von nicht weniger als etwa 50 %, gehalten bei
einem pH-Wert von 4,5 bis 12,5. (5) Optimale Temperatur 55            Die
Arbeitstemperatur liegt im breiten Bereich von 15 bis 750C und die optimale
Temperatur betrdgt 60 I C. Im Bereich von 40 bis 65 * C ist die Aktivitlt
nicht weniger als 50 % der Aktivit~t bei der optimalen Temperatur. 39    *
C   L       Sl * (6) Molekulargewicht Die Peaks flr das Molekulargewicht
erscheinen be! etwa 17000 und etwa 30000, (bestimmt durch Gelfiltration
unter Verwendung von Sephadex G-100). (7) EinflUsse von Metallionen
Inhibiert durch Hg2+ und aktiviert durch Ba2+, Ca2+, Cd2+ und Co2+. (8)
Einfl~sse von Tensiden LAS, AS, ES, AOS, a-SFE, SAS, Seifen und
Polyoxyethylensekundaralkylether inhibieren die Aktivitit kaum. (9)
Proteinasebestgndigkeit 10:Io         Bestandig gegen Proteinasen. (10)
EinflOsse von chelatbildenden Mitteln EDTA, EGTA, Natriumtripolyphosphat,
Zeolith und Zitronensdure inhibieren die A Wivitat nicht. 6. Verfahren nach
Anspruch 1, wobel die alkaliresistente Cellulase die nachstehenden
enzymatischen 15     Eigenschaften aufweist und K-588 genannt wird. (1)
Wirkung Wirkt gut auf Cellulosemateriallen, einschlieBlich CMC und
Filterpapier und ruft bei ihnen Auflosung hervor, wodurch reduzierende
Zucker, wie Glucose, gebildet werden. (2) Substratspezifitat 20
Weist nicht nur Aktivitat auf CMC auf, sondem auch Aktivitat auf
Phosphorsaure gequollene Cellulose, Filterpapier und PNPC. (3) Arbeits-pH
und optimaler pH Der Arbeits-pH-bereich betragt 3 bis 13 und der optimale
pH-Bereich ist 7 mit einer relativen Aktivitdt von nicht weniger als 50 %,
be! einem optimalen pH, gezeigt im Bereich von 4,5 bis 1 0,5. : 26    ~~(4)
pH-Stabilitdt-.r Sehr stabil und nicht inaktiviert be! einrem pH von 5 bis
11,5 mit einer Aktivitat von nicht weniger ...... ....  als etwa 50 %,
gehalten bei einem pH-Wert von 4,5 bis 12,5. 



:(5) Optimale Temperatur Die Arbeitstemperatur liegt im breiten Bereich von
15 bis 80 - C und die optimale Temperatur betragt 60- C. Im Bereich von 45
bis 65.C ist-die- :30       Aktivit~t nicht weniger als 50 % der Aktivitat
bei der optimalen Temperatur. (6) Molekulargewicht Peaks far das
Molekulargewicht erscheinen bei etwa 27000 beziehungsweise etwa 30000,
(bestimmt durch Gelfiltration unter Verwendung von Biogel P-150). (7)
Einflisse von Metallionen - S 6         Wird durch Hg2+ inhibiert. (8)
EinflUsse von Tensiden LAS, AS, ES, AOS, a-SFE, SAS und Seife und Polyoxy
ethylensekundaralkylether inhibieren die Aktivit~t kaum. (9)
Proteinasebestandigkeit Bestandig gegen Proteinasen. 40        (10)
EinflUsse von chelatbildenden Mitteln EDTA, EGTA, Natriumtripolyphosphat,
Zeolith und Zitronensaure inhibieren die Aktivitat nicht. . 7. Verfahren
nach Anspruch 1, wobei die alkaliresistente Cellulase enzymatische
Eigenschaften aufweist ; -           und K-597 genannt wird. 45       (1)
Wirkung Wirkt gut auf Cellulosematerialien, einschliefflich CMC, Cellulose,
Filterpapier und Avicel und ruft be! ihnen Aufl6sen hervor, wodurch sich
reduzierende Zucker, wie Glucose, bilden. (2) SubstratspezifitAt Weist
nicht nur Aktivitkt auf CMC auf, sondern auch auf Phosphorsaure gequollene
Cellulose, 50        Cellulosepulver, Avicel, Filterpapler und PNPC. .*  -
-          (3) Arbeits-pH und optimaler pH Der Arbeits-pH-bereich betragt 3
bis 13 und der optimale pH betragt 7, mit einer relativen AktivitAt von
nicht weniger als 50 % der Aktivitat be! dem optimalen pH, der im Bereich
von 4.5 bis 11,5 gezeigt wird. - .  55     ~~(4). pH-Stabilitat Sehr stabil
und nicht inaktiviert be! einem pH von 5 bis 11,5 mit einer Aktivitat von
nicht weniger als etwa 50 %, gehalten bei einem pH-Wert von 4,5 bis 12,5.
40    (5) Arbeitstemperatur und optimale Temperatur Die Arbeitstemperatur
liegt im Bereich von 15 bis 80-C und die optimale Temperatur betragt' :60
C. Im Bereich von 45 bis 75 C ist die Aktivitat nicht geringer als 50 % der
AktivitWt bei optimaler Temperatur. 5>r":a     6  -  (6) Molekulargewicht .
.             Ein Peak flr das Molekulargewicht erscheint bel etwa 40000,
(bestimmt durch Gelfiltration unter Verwendung von Bio-Gel P-150). .-
.(7) Einfllsse von Metallionen
: ' *i e   -       Wird durch Hg2+ inhibiert und durch Co?+ aktiviert. 10
(8) EinflUsse von Tensiden LAS, AS, ES, AOS, a-SFE, SAS, Seifen und
Polyoxyethylensekundaralkylether inhibieren die Aktivitat kaum. (9)
Proteinasebestandigkeit Best~ndig gegen Proteinasen. 16       (10)
EinflUsse von chelatbildenden Mitteln EDTA, EGTA, Natriumtripolyphosphat,
Zoolith und Zitronensaure inhibieren die Aktivitat nicht. 8. Verfahren nach
Anspruch 2, wobei der Mikroorganismus Bacillus sp. KSM-534 genannt wird und
als FERM BP-1508 hinterlegt ist. - -- G 20;.  : *  9. Verfahren nach
Anspruch 3, wobel der Mikroorganismus Bacillus sp. KSM-344 genannt wird und
als FERM BP-1506 hinterlegt ist. 10. Verfahren nach Anspruch 4, wobei der
Mikroorganismus Bacillus sp. KSM-539 genannt wird und als' . 25    FERM
BP-1509 hinterlegt ist. ;   .11. Verfahren nach Anspruch 5, wobei der
Mikroorganismus Bacillus sp. KSM-577 genannt wird und als FERM BP-1510
hinterlogt ist. 3o  12. Verfahren nach Anspruch 6, wobei der
Mikroorganismus Bacillus sp. KSM-588 genannt wird und als 



FERM BP-1513 hinterlegt ist. -13 Verfahren nach Anspruch 7, wobei der
Mikroorganismus Bacillus sp. KSM-597 genannt wird und als FERM BP-1514
hinterlegt ist. -35 Revendloatlons Revendlcatlons pour les Etats
contractants sulvants: DE, FR, GB, IT NL 1. Cellulase resistante aux
alcalis, laquelle est produite par un microorganisme appartenant au genre
i0 xo  Bacillus et so developpant dans un milieu neutre, ladite cellulase
ayant les propriet9e enzymatiques suivantes: (1) une large plage de pH
optimal de 5 a 7; (2) tres stable (non inactivee & un pH de 5 a 10 avec une
activit6 residuelle, a un pH de 4,5 a 11, de pas moins de 50% de l'activite
maximale); : 4S      (3) son activite etant inhibee par la prdsence de Hg2
; et ''' '''''(4) l'activit4 n'est pas sensiblement inhib~e par les
prot~inases, les agents tensio-actifs et lee agents ch~latants. 2.
Cellulase resistante aux alcalis selon la revendication 1, dans laquelle
ladite cellulase a les proprietes so     enzymatiques suivantes et est
appelee K-534: (1) Action Agissant bien sur les matieres cellulosiques
comprenant la carboxymethyl cellulose (CMIC), la cellulose, le papier
filtre et l'Avicel, et les amenant a se dissoudre, formant par l& des
sucres reducteurs, tels que le glucose. (2) Specificite pour les substrate
Ayant une activit6 non seulement sur la GMG, mals encore sur la poudre de
cellulose, I'Avicel, Ie papier filtre et le p-nitroph6nyl cellobioside
(PNPC). 41    ~~~... ...... -                      ~     ~~~~~~EP O 270 974
B1               !l1  11 11 11!l !   :::: (3) pH de travail et pH optimal
La plage de pH de travail est de 3 a 12,5, et le pH optimal est d'environ
6,5, avec une activite relative de pas moins de 50% de l'activit6 a un pH
optimal, dans la plage de 4,5 a 10,5. (4) Stabilitd au pH .58          Trbs
stable et non inactivde & un pH de 5 & 11, avec une activit6 de pas moins
d'environ 50%- maintenue a un pH de 4,5 a 12,5. (5) Temp~rature optimale La
temperature de travail se situe dans une large plage de 15 A 85 C, et la
temperature optimale est d'environ 70, C. Dans la plage de 45 a 75 C,
I'activite est non inferieure a 50% do 0O ..    I'activit6 a la temperature
optimale.                                                    --- (6) Masse
mol~culaire Des pics pour la masse moleculaire sont a environ 15 000 et
environ 30 000 (lorsqu'elle est. d6termin6e par une m6thode de filtration
sur gel utilisant du Sephadex G-1 00). (7) Influences des ions m6talliques
- 18          Activ~e par Ba2+ et inhibeo par Hg2+. (8) Influences des
agents tenslo-actifs Los LAS, AS, ES, AOS, alpha-SFE, SAS, savons et (alkyl
secondaire) ethers polyoxyethylenes inhibent rarement l'activitd. (9)
Resistance aux proteinases 20            Resistante aux proteinases. (10)
Influences des agents ch6latants LUEDTA, I'EGTA, le STPP, la z6ollte et
l'acide citrique n'inhibent pas l'activitW. 3  Cellulase resistante aux
alcalis selon la revendication 1, dans laquelle ladite cellulase alcaline a
les -- 28   proprietes enzymatiques suivantes et est appelee K-344: (1)
Action Agissant correctement sur les matibres collulosiques comprenant la
CMC, la cellulose, le papier filtre et l'Avicel, et les amenant a so
dissoudre, formant par la des sucres r~ducteurs, tels que le - glucose.
......... 30:       (2) Sp~cificitd pour les substrats 



Ayant une activit6 non soulement sur la CMC, mais encore sur la poudre de
cellulose, I'Avicel, le papier filtre et le PNPC. (3) pH de travail et pH
optimal La plage de pH de travail est de 3 a 12,5, et le pH optimal est de
6, avec une activit6 relative de 35        pas moins de 50% de l'activit6 a
un pH optimal, dans la plage de 4,5 A 11. (4) StabilitW au pH Trbs stable
et non inactivde a un pH de 5 A 10, avec une activit6 de pas moins
d'environ 50% maintenue a un pH de 4,5 a 12. (5) Temperature optimale * -
40     La tomp~rature de travail se situe dans une large plage de 15 a 80
C, et la temp6rature optimale est d'environ 70 C. Dans la plage de 40 a 75
C, I'activith est non inf6rieure a 50% de I'activite & la temp~rature
optimale. (6) Masse mol6culaire Un pic pour la masse moleculaire apparaet a
environ 16 000 (lorsqu'elle est d4torminde par une 45        methode de
filtration sur gel utilisant du Sephadex G-100). (7) Influences des ions
m~talliques Inhibee par Hg2+ et Pb2+ et activee par CoW. (8) Influences des
agents tensio-actifs Les LAS, AS, ES, AOS, alpha-SFE, SAS, savons et (alkyl
secondaire) ethers polyoxyethylen6s so       inhibent rarement l'activite.
(9) Resistance aux protdinases Resistante aux prot6inases. (10) Influences
des agents chelatants L'EDTA, I'EGTA, le tripolyphosphate de sodium, la
zeolite et l'acide citrique n'inhibent pas - :  5        I'activite.-- 4.
Cellulase resistante aux alcalis selon la revendication 1, dans laquelle
ladite cellulase alcaline a les proprietes enzymatlques sulvantes et est
appel6e K-539: ....... .. ................ .. .                        4 .,
,. . .... . ~~~~~~~42    ;-  : i~~z;, ;, 0 i;
~~~~~EP 0 270 974 B1            1 !1111  ll 11111lt 1l 1   -IN      ; (1)
Action Agissant correctement sur ies matieres cellulosiques comprenant la
CMC, la cellulose, le.papier  ;  ; filtre et l'Avicel, et les amenant A so
dissoudre, formant par l& des sucres reducteurs, tels que le glucose. (2)
Sp~cificit6 pour les substrats Ayant une activite non seulement sur la CMC,
mais encore sur la poudre de cellulose, I'Avicel, -  ,!-<;      le papier
filtre et le PNPC. (3) pH de travail et pH optimal ---- -              - -
- La plage de pH de travail est de 3 A 12,5, et le pH optimal est de 7,
avec une activit6 relative de-;.'. 10        pas moIns de 50% de l'activit
6  un pH optimal, dans la plage de 4 a 11. (4) Stabilit6 au pH Tres stable
et non inactiv6e a un pH de 5 A 12, avec une activite de pas moins
d'environ 50% - -   ; -            maintenue & un pH de 3,5 & 12,5. (5)
Temp6rature optimale 1:     -       :.S:: . .. t5 La temperature de travail
se situe dans une large plage de 15 a 85*C, et la temp~rature -- optimale
ost de 60 0 C. Dans la plage de 45 a 7?5 C, I'activite est non inferieure a
50% de I'actlvit6 a.. la temperature optimale. (6) Masse mol~culaire Des
pics pour la masse moleculaire apparaissent respectivement A environ 18 000
et environ 29 20        000 (lorsqu'elle est determin6e par une m6thode de
filtration sur gel utilisant du Sephadex G-100). : ::.: ..... .(7)
Influences des ions metalliques Inhib~o par Hg2+ et activee par Ca2+, Cd2+
et Ba2+. (8) Influences des agents tensio-actifs .  Les LAS, AS, ES, AOS,
alpha-SFE, SAS, savons et (alkyl secondaire) 6thers polyoxydthvl~nds 28s,
.: _ 25inhibent rarement l'activitd. 



5 * *. ;(9) R6sistance aux proteinases '6R~sistante aux proteinases.
. ,; (10) Influences des agents chelatants L'EDTA, I'EGTA, le
tripolyphosphate de sodium, la zeolite et l'acide citrique n'inhibent pas
- -- :   30      I'activlt6. .      ..... .. . . 5. Cellulase resistante
aux alcalis selon la revendication 1, dans laquelle ladite cellulase a les
ptopridts enzymatiques suivantes et est appelee K-577: :.i ;           (1)
Action Agissant bien sur les matieres cellulosiques comprenant la CMC, la
cellulose, le papier filtre et:' I'Avicel, et les amenant A se dissoudre,
formant par l& des sucres reducteurs, tels quo le glucose.  - - .. . .....
. .....  (2) Specificit4 pour les substrats Ayant une activit6 non
seulement sur la CMC, mais encore sur la poudre de cellulose, I'Avicel et
le papier filtre. -.;     40         (3) pH de travail et pH optimal La
plage de pH de travail est de 3 a 12, et le pH optimal est de 7, avec une
activit6 relative de pas moins de 50% de l'activite & un pH optimal, dans
la plage de 4,5 & 10,5. (4) Stabilit4 au pH Tres stable et non inactivee &
un pH de 5 a 12, avec une activite de pas moins d'environ 50% ......    45
maintenue & un pH de 4,5 a 12,5. .... .....         (5) Temperature
optimale La temperature de travail so situe dans une large plage de 15 a 75
C, et la temperature optimale set d'environ 60 *C. Dans la plage de 40 A 65
C, I'activiti est non inf~rIeure & 50% de l'activit4 & la tempdrature
optimale. so        (6) Masse moleculaire Des pics pour la masse
moldculaire apparaissent a environ 17 000 et a environ 30 000 :(lorsqu'elle
est determinee par une mdthode de filtration sur gel utilisant du Sephadex
G-100).    :: (7) Influences des ions metalliques Inhibee par Hg2+ et
activee par Ba2+, Ca2+, Cd2+ et Co2+. .55        (8) Influences des agents
tensio-actifs Les LAS, AS, ES, AOS, alpha-SFE, SAS, savons et (alkyl
secondaire) others polyoxydthylends .       : inhibent rarement l'activite.
43    EP 0 270 974 B1                  I 1111111 111111 11111 11111 111111
*   C   L   N   S   * (9) Resistance aux proteinases Resistante aux
prot6inases.                                                    .  :- (10)
Influences des agents chelatants LEDTA, I'EGTA, le tripolyphosphate de
sodium, la zeolite et l'acide citrique n'inhibenV  pas I'activite. O6.:
.Cellulase r~sistante aux alcalis selon la revendication 1, dans laquelle
ladite cellulase resistanto aux alcalls a les proprietes enzymatiques
suivantes et est appelee K-588: (1) Action 10 tO-       Agissant bien sur
les matieres collulosiques comprenant la CMC et le papler filtre, et les.
amenant a se dissoudre, formant par la des sucres r~ducteurs, tels quo le
glucose. (2) Spdcificit6 pour les substrate Ayant non soulomont une
activit6 cur la CMVC, maie encore une activit4 sur la cellulose gonfldo .~.
- par de l'acide phosphorique, le papier filtre et le PNPC. :-: -.:: 1- 7S
(3) pH de travail et pH optimal La plage de pH de travail est de 3 a 13 et
le pH optimal est d'environ 7, avec une activite. relative de pas moins de
50% de l'activite A un pH optimal, dans la plage de 4,5 & 10,5. (4)
StabilitN au pH Trbs stable et non inactivee a  un pH de 5 a 11,5, avec une
activite de pas moins d'environ 50% 20        maintenue a un pH de 4,5 a
12,5. ..... ,   -    -   - --  ..(5) Tempdrature optimale , .     . .,
La temperature do travail so situe dans une large plag  do 15  ,80 C, et Ia
tepdratur 



optimale est de 60 - C. Dans la plage de 45 a 65 C, P'activit4 est de pas
moins de 50%. de l'activit6.... a la temperature optimale.
.         ' 25       (6) Masse moldculaire Des pics pour la masse
moldculaire apparaissent respectivement A environ 27 000 et environ 30 000
(lorsqu'elle oct d6terminde par une m~thode de filtration sur gel utilisant
du Biogel P-150). (7) Influences des ions m~talliques Inhib~e par Hg24.: 30
(8) Influences des agents tensio-actifs Les LAS, AS, ES, AOS, alpha-SFE,
SAS, savons et (alkyl secondaire) ethers polyoxy~thylen~s - ',:, inhibent
rarement I'activit6. (9) R6sistance aux prot~inases Resistante aux
protbinases.                                                              .
' ' ;:    5    (10) Influences des agents ch~latants
. . ..... L'EDTA, I'EGTA, le tripolyphosphate de sodium, la z~olite et
l'acide citrique n'inhibent pas P'activit&. -7. Cellulase r~sistante aux
alcalis selon la revendication 1, dans laquelle ladite cellulase resistante
aux 40     alcalis a les proprint6s enzymatiques suivantes et est appel~e
K-597: (1) Action Agissant bien sur les matibres cellulosiques comprenant
Ia CIVIC, la cellulose, le papier filtro et .IAvicel, et les amenant a se
dissoudre, formant par la des sucres r~ducteurs, tels quo le glucose. (2)
Specificite pour les substrate 45           Ayant une activite non
seulement sur la CMC, mals encore sur la cellulose gonfle par de I'acide
phosphorique, la poudre de cellulose, I'Avicel, le papier filtre et Is
PNPC. (3) pH de travail et pH optimal La plage de pH de travail est de 3 a
13, et le pH optimal est de 7, avec une activite relative de pas moins de
50% de l'activit% au pH optimal, dans la plage de 4,5 a 11,5. 60       (4)
Stabilitd au pH Trbs stable et non inactiv6e a un pH de 5 k 11,5, avec une
activit6 de pas moins d'environ 50% maintenue a un pH de 4,5 a 12,5. (5)
Temp~rature de travail et temperature optimale La tampdrature de travail se
situe dans la plage de 15 a 80* C, et la temp~rature optimale est :55
de 600C. Dans la plage de 45 a 75 C, I'activitW est non inf~rieure a 50% de
l'actlvit6 . la . tempdrature optimale. (6) Masse moldculaire Un pic pour
la masse moldculaire apparalt A environ 40 000 (lorsqu'elle est d~terminde
par une 44    EP 0 270 974 B1                      I1   111111 11111 11111
111111 *   C   L   M   S   * mdthode de filtration sur gel utilisant du
Bio-Gel P-150). (7) Influences des ions m6talliques
-           ; lnhib~e par Hg2e et activee par Co2+. (8) Influences des
agents tensio-actifs :  :  - 5    Les LAS, AS, ES, AOS, alpha-SFE, SAS,
savons et (alkyl secondaire) ethers polyoxyethylenes inhibent rarement
l'activit6. (9) R6sistance aux prot~inases :R6sistante aux proteinases.
(10) Influences des agents chelatants 10tO          L'EDTA, I'EGTA, le
tripolyphosphate de sodium, ia zeolite et l'acide citrique nWinhibent pis:
.'activit6. 8. Microorganisme qui est capable de produire une cellulase
resistante aux alcalis, qui se developpe dans: un milieu neutre, et qui
appartient au genre Bacillus, la cellulase resistante aux alcalis produite
ayant;. .-..- 15     les proprietes enzymatiques suivantes: (1) une large
plage de pH de travail de 5 A 7; (2) trbs stable (non inactivee a un pH de
5 & 10, avec une actIvit6 residuelle, b un pH de 4,5 h 11,. de pas moins de
50% de l'activit6 maximale); (3) l'activit4 est inhib~e par la pr~sence de
He; et 



:  20     (4) P'activitM n'est pas sensiblement inhib~e par les
prot~inases, les agents tenslo-actifsfetslns agentss chdlatants. 9.
Microorganisme selon la revendication 9, dans lequel ledit microorganismo
est appelM Bacillus sp. KSM-534 et est d~pos6 sous le num~ro FERM BP-1508.
26 10. Microorganisme selon la revendication 9, dans loquel ledit
microorganisme est appel4. Bacillus:sp. KSM-344 et est d~pos6 sous le
numrro FERM BP-1506. 11. Microorganisme selon la revendication 9, dans
lequel ledit microorganisme est appe  .Bacillus  sp. . ... ., . .0KSM-539:
et est d~pos6 sous le numdro FERM BP-1509. 12. Microorganisme selon la
revendication 9, dans loquel ledit microorganisme est appeld Bacillus sp.
KSM-577 at est d~pos4 sous le numero FERM BP-1510. ........-...   13
Microorganisme selon la revendication 9, dans lequel ledit microorganisme
est appel6. Bacillus sp.... . ...... ... .  KSM-588 et est ddpose sous le
numdro FERM BP-1 513. 14. Microorganisme selon la revendication 9, dans
loquel ledit microorganisme est appele Bacillus sp.. KSM-597 et est ddpos6
sous le numjro FERM BP-1514. .....  .. ..    .. . _!-   , .    40
...   ...  _.- Revendlcations pour l'Etat contractant sulvant: ES -      1.
Procede de fabrication d'une cellulase r~sistante aux alcalis ayant les
proprites enzymatiques :  suivantes: 45        (1) une large plage de pH
optimal de 5 A 7; (2) trbs stable (non inactivde a un pH de 5 h 10, avec
une activit6 residuelle, a un pH de 4,5 a 11, de pas moins de 50% de
l'activit6 maximale); (3) son actlvltd etant inhlb~e par la pr~sence de
Hg2+; et (4) I'actlvit6 n'est pas sensiblement lnhibee par les prot~inases,
les agents tenslo-actifs et les agents ... :;.:.:60  chelatants,
caract~ris6 par le fait que ladite cellulose est produite par culture d'un
microorganisme appartenant au -genre Bacillus. 2. Proc~d4 selon la
revendication 1, dans lequel ladite cellulase a les propridt~s enzymatiques
suivantes 55     et est appelee K-534: (1) Action Agissant bien sur les
mati'brs cellulosiques comprenant la carboxym~thyl cellulose (CMC), la
cellulose, le papier filtre et l'Avicel, et les amenant a se dissoudre,
formant par I& des sucres 45
os:'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~...'... .  :
EP 0 270874 B1                       I1   111I11 11111 11111 111111 *   C
L   N   s   * reducteurs, tels que le glucose. (2) Specificite pour les
substrats -. .. .... ......  Ayant une activit6 non seulement sur la CMG,
mais encore sur la poudre de cellulose, I'Avicel, leI papier filtre et le
p-nitrophenyl cellobioside (PNPC).i ;  v :: 5   (3) pH de travail et pH
optimal . . ..
... ..   .. La plage de pH de travail est de 3 a 12,5, et le pH optimal est
d'environ 6,5, avec une activit4' relative de pas moins de 50% de
l'activit6 a un pH optimal, dans la plage de 4,5 a 10,5. (4) Stabilit6 au
pH Tres stable et non inactivee a un pH de 5 A 11, avec une activit6 de pas
moins d'environ 50%. 10        maintenue a un pH de 4,5 a 12,5. (5)
Temperature optimale La temperature de travail se situe dans une large
plage de 15 a 85 C, et la temp6rature optimale est d'environ 70 * C. Dans
la plage de 45 a 750C, I'activit4 est non inferieure a 50% do I'activite a
la temperature optimale. ; 5 t6(6) Masse moleculaire Des pics pour la masse
mol6culaire sont a environ 15 000 et environ 30 000 (lorsqu'elle est
determin6e par une methode de filtration sur gel utilisant du Sephadex
G-100). (7) Influences des ions metalliques 



Activee par Ba2+ et inhib6e par Hg2+.
. :- :20.     (8) Influences des agents tensio-actifs Los LAS, AS, ES, AOS,
alpha-SFE, SAS, savons et (alkyl secondaire) ethers polyoxyethylenes
:-: inhibent rarement l'activite. (9) Resistance aux proteinases :-7
1 .Resistante aux proteinases. 25        (10) Influences des agents
chdlatants -LEDTA, I'EGTA, le STPP, la z~olite et l'acide citrique
nWinhibent pas l'activit6.       -  ; .a  Proc6d4 selon la revendication 1,
dans loquel ladite cellulase alcaline a les propriftes enzymatiques:  ; .
7--; suivantes et est appol6e K-344: 30        (1):Action
.             ; - Agissant bien sur les matibres cellulosiques comprenant
la CMC, la cellulose, le papier filtre eotf I'Avicel, et les amenant & se
dissoudre, formant par l& des sucres r6ducteurs, tels quo le glucose. (2)
Specificitd pour les substrats Ayant une activite non seulement sur la CMC,
mais encore sur la poudre de cellulose, l'Avicel, - > 35    le papier
filtre et le PNPC. (3) pH de travail et pH optimal La plage de pH de
travail est de 3 A 12,5, et le pH optimal est de 6, avec une activite
relative de pas moins de 50% de I'activite & un pH optimal, dans la plage
de 4,5 & 11. (4) Stabilite au pH . 40           Trbs stable et non
inactiv6e & un pH de 5 a 10, avec une activit6 de pas moins de environ 50%
.....        maintenue & un pH de 4,5 A 12. (5) Tempdrature optimale La
temperature de travail se situe dans une large plage de 15 3 80-C, et la
tempurature. optimale est de 70 * C. Dans la plage de 40 a 75 0 C,
l'activite est non inferieure A 50% de I'activit6 a 45        la
temperature optimale. (6) Masse moleculaire Un pic pour la masse
moleculaire apparalt a environ 16 000 (lorsqu'elle est ddtermin~e par une
methode de filtration sur gel utilisant du Sephadex G-100). (7) Influences
des ions m6talliques 60           Inhibee par Hg2+ et Pb2+ et activee par
Co2+ (8) Influences des agents tonsio-actifs Les LAS, AS, ES, AOS,
alpha-SFE, SAS, savons et (alkyl secondaire) dthers polyoxymthylen~s
inhibent rarement l'activite. (9) Resistance aux proteinases 66
R6sistante aux proteinases. (10) Influences des agents ch~latants L'EDTA,,
I'EGTA, le tripolyphosphate de sodium, la zeolite et I'acide citrique
n'inhibent pes  . I'activit6. 46 ;;. ......    2EP  0 2 9 074 Bi
I 1111111 111111 11111 11111 1111 *   C   L   N   S   * 4. Proc6d6 selon la
revendication 1, dans lequel ladite cellulase alcaline a les proprift~s
enzymatiques suivantes et est appele K-539: (1) Action Agissant
correctement sur les matibres cellulosiques comprenant la CMC, la
cellulose, le papier, - 5      filtre et l'Avicel, et les amenant a se
dissoudre, formant par l& des sucres reducteurs, tels que le   ;  -
glucose. (2) Sp~cificite pour les substrats Ayant une activit6 non
seulement sur la CMC, mais encore sur la poudre de cellulose, I'AvIcel, le
papier filtre et le PNPC. * 10      (3) pH de travail et pH optimal La
plage de pH de travail est de 3 a 12,5, et le pH optimal est de 7, avec une
activit4 relative de pas moins de 50% de l'activit4 au pH optimal, dans la
plage de 4 a 11. (4) Stabilite au pH 



Tres stable et non inactivee a un pH de 5 A 12, avec une activit6 de pas
moins d'environ 50% - 15        maintenue a un pH de 3,5 a 12,5. (5)
Temp~rature optimale La temperature de travail se situe dans une large
plage de 15 a 85' C, et la temperature optimale est de 60 - C. Dans la
plage de 45 A 75 C, I'activite est non inf~rieure a 50% de l'activit6 a la
temperature optimale. 20        (6) Masse moleculaire Des pics pour la
masse moleculaire apparaissent respectivement A environ 18 000 et environ
29 000 (lorsqu'elle est determin~e par une methode de filtration sur gel
utilisant du Sephadex G-100). -(7) Influences des ions metalliques -. -  .
Inhibee par Hg2+ et activ~e par Ca2+, Cd2+ et Ba2+.
- -:   - ,  ,25    (8) Influences des agents tensio-actifs
.  n . , ,, ;         Les LAS, AS, ES, AOS, alpha-SFE, SAS, savons et
(alkyl secondaire) 6thers polyoxy thylenes:,,,    ,   r Inhibent rarement
l'activite. (9) Resistance aux protdinases, .R6sistante aux protdinases. s;
,:(10) Influences des agents chelatants, L'EDTA, I'EGTA, le
tripolyphosphate de sodium, la ziolite et l'acide citriquen ninhibont pa,
l'activite.
-       W 5. Proced4 selon la revendication 1, dans loquel ladite cellulase
a los propriftss enzymatiques suivantes '- ,  36.  et est appelee K-577:
., .-a (1) Action Agissant bien sur les matibres cellulosiques comprenant
la CMC, la cellulose, le papier filtre et I'Avicel, et les amenant & se
dissoudre, formant par l& des sucres rdducteurs, tels quo le glucose. (2)
Sp~cificit4 pour les substrats 40 0  oAyant une activite non seulement sur
la CMC, mais encore sur la poudre do cellulose, I'Avicel et. le papier
filtre. -             (3) pH de travail et pH optimal
., La plage de pH de travail est de 3 A 12, et le pH optimal est de 7, avec
une activit6 relative de ........ . .       pas moins de 50% de l'activit4
au pH optimal, dans la plage de 4,5 A 10,5. i:',,.:     46  .(4) Stabilit6
au pH Trbs stable et non inactivee & un pH de 5 a 12, avec une activit6 de
pas moins d'environ 50% maintenue & un pH de 4,5 a 12,5. (5) Temp~rature
optimale La temp6rature de travail se situe dans une large plage de 15 a
75-C, et la temp6rature *, ' ..60optimale est de 60 C. Dans la plage de 40
A 65' C, I'activite est non inf~rioure A 50% de l'activite A la temperature
optimale. (6) Masse moldculaire Des pics pour la masse mol~culaire
apparaissent a environ 17 000 et environ 30 000 (lorsqu'elle , est
d~terminee par une mdthode de filtration sur gel utilisant du Sephadex
G-100). 65        (7) Influences des ions mdtalliques Inhib~e par Hg2+ et
activ6e par Ba2+, Ca2+, Cd2+ at CoE-. (8) Influences des agents
tensio-actifs Les LAS, AS, ES, AOS, alpha-SFE, SAS, savons et (alkyl
secondaire) ethers polyoxysthyl ns 47    * C   L inhibent rarement
I'activit6. (9) Resistance aux proteinases 'R6sistante aux proteinases.
(10) Influences des agents chelatants f' '5'      VL'EDTA, I'EGTA, le
tripolyphosphate de sodium, la zeolite et l'acide citrique n inhibent pas
I'activite.
r,, 6. Procede salon la revendication 1, dans lequel ladite cellulase
resistante aux alcalis a les proprijt~s enzymatiques suivantes et est
appelee K-588: J0        (1) Action *f- ::: - i :   -   Agissant bien sur
les matieres cellulosiques comprenant la CMC et le papier filtre, et los' 



amenant a se dissoudre, formant par lI des sucres reducteurs, tels que le
glucose. (2) Specificite pour les substrats
- - '5        par Ayant non seuloment une activit6 sur la CMC, mais encore
une activit6 sur la cellulose gonfl6e 16        par de I'acdde
phosphorique, le papier filtre et le PNPC. - -             (3) pH de
travail et pH optimal '' . ;' i;La plage de pH de travail est de 3 A 13, et
le pH optimal est de 7, avec une activitd relative do pas moins de 50% au
pH optimal, dans la plage de 4,5 a 10,5. ': 2-' :*;   (4) Stabilite au pH
:- '  20:     Trbs stable et non inactlvde A un pH de 5   11,5 avec une
activit6 de pas moins d'environ 50% maintenue a un pH de 4,5 & 12,5. (5)
Temp6rature optimale La temperature de travail se situe dans une large
plage de 15 a 80 C, et la teomperature optimale est de    C. Dans la plage
de 45 a 65 C, I'activit6 est non inf4rieure a 50% de l'activit6 a 25
la temp~rature optimale. (6) Masse moleculaire -' ...... 'Des pics pour la
masse mol6culaire apparaissent respectivement a environ 27 000 et environ
30 * ' '.' '         000 (lorsqu'elle est determinee par une methode de
filtration sur gel utilisant du Biogel P-150).' (7) Influences des ions
m6talliques :30          Inhibee par Hg2+. (8) Influences des agents
tensio-actifs Les LAS, AS, ES, AOS, alpha-SFE, SAS, savons et (alkyl
secondaire) ethers polyoxy6thylenes    : inhibent rarement l'activit6. (9)
R6sistance aux prot~inases
..      . 35            Rdsistante aux prot6inases. ':-- ' -    (10)
Influences des agents ch~latants L'EDTA, I'EGTA, le tripolyphosphate de
sodium, la z~olite ot l'acide citrique n'inhibent pas P'activit6. ..-. .,
..:..... 40 . Prockdi solon la revendication 1, dans lequel ladite
cellulase r6sistante aux alcalis a les propri6t~s enzymatiques suivantes et
est appel6e K-597: (1) Action Agissant bien sur les matieres cellulosiques
comprenant la CMC, la cellulose, le papier filtre et I'Avicel, et les
amenant a se dissoudre, formant par l& des sucres r~ducteurs, tels quo le
glucose. 45       (2) Specificit6 pour les substrata Ayant une activite non
soulement sur la CMC, mais encore sur la cellulose gonflee par de I'acide
phosphorique, la poudre de cellulose, I'Avicel, le papier filtre et le
PNPC. (3) pH de travail et pH optImal La plage de pH de travail est de 3 A
13 et le pH optimal est de 7, avec une actlvlt6 relative de pas moins de
50% de l'activite au pH optimal, s0.       montre dans la plage de 4,5 a
11,5. (4) Stabilit6 au pH Trbs stable et non inactlvde a un pH de 5 A 11,5,
avec une activite non inferieure A environ 50% maintenue a un pH de 4,5 a
12,5. (5) Temperature de travail et temperature optimale 55            La
temp6rature de travail se situe dans la plage de 15 a 80 C, et la
temperature optimale est de 60,C. Dans Ia plage de 45 a 75 C, I'activite
est non inf6rieure a 50%  de I'activite & la temp6rature optimale. 48
(6) Masse moleculaire Un pic pour la masse moldculaire apparalt a environ
40 000 (lorsqu'elle est determin6e par une methode de filtration sur gel
utilisant du Blo-Gel P-150). (7) Influences des ions m~talliques ^ --: -
:5  -          Inhibee par Hg2 et activee par   +.- (8) Influences des
agents tensio-actifs Les LAS, AS, ES, AOS, alpha-SFE, SAS, savons et (alkyl
secondaire) ethers polyoxy~thylenes inhibent rarement l'activite. (9)
R1sistance aux protdinases 



.70            Resistante aux prot~inases. (10) Influences des agents
chelatants L'EDTA, I'EGTA, le tripolyphosphate de sodium, la z~olite et
l'acide citrique n'inhibent pas -  ,,         ~~~~~I'activit6. --... ....
... iS  8. Procedd selon la revendication 2, dans lequel ledit
microorganisme est appel6 Bacillus sp.,KSM-534et est depos6 sous le numdro
FERM BP-1508. -9. Proc6d6 selon la revendicatfon 3, dans loquel ledit
microorganisme est appele Bacillus sp. KSM-344 et est depose sous le numero
FERM EP-1506. :    -20 i10. Proced6 selon la revendication 4, dans lequel
ledit microorganisme est appele Bacillus sp. KSM-539 at est depose sous le
num~ro FERM BP-1509. 11. Proc~d4 selon la revendication 5, dans lequel
ledit microorganisme est appele Bacillus sp. KSM-577 et 25     est depose
sous le numero FERM BP-1510. 12. Proc6d6 selon la revendication 6, dans
lequel ledit microorganisme est appel1 Bacillus sp. KSM-588 et -est depose
sous le numero FERM BP-1513. ..:...:0 13. Procd  selon la revendication 7,
dans lequel ledit microorganisme est appele Bacillus sp. KSM-597.et est
depose sous le num6ro FERM BP-1514. 35. 40 45
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