
EP 0 265 832 B1 Description BACKGROUND OF THE INVENTION 5  1) Field of the
Invention This invention relates to a novel cellulase, a CMCase isolated
from the cellulase, and a microorganism capable of producing the cellulase.
10 2) Description of the Prior Art Cellulases consist of a complicated
enzymatic system serving as a catalyst for an enzymatic reaction in which
cellulose and similar polysaccharides are decomposed into glucose,
cellobiose or celloligosac- charides. Cellulases are considered to be a
general name for enzymes which are called, depending upon 15  the mechanism
of activity, [err] enzyme, Cx enzyme and beta-glucosidase, or
exo-beta-glucanase, endo-beta- glucanase, cellobiase and the like. Over a
long term, cellulases have been studied mainly for the purpose of
effectively utilizing biomass resources. For instance, the source of
cellulase supply has relied mainly on fungi belonging to the genera
Trichoderma, Aspergillus, Acremonium, and Humicola. However, the cel-
lulases deriving their origin from microorganisms Including the fungi
involve a diversity of working 20  specificities and physicochemical
properties of constituting enzyme groups, which have not been com- pletely
clarified yet. Of these cellulases, those cellulases which have the high
action on carboxymethyl cellulose (CMC) or Cx enzymatic action are
generally called CMCases. In recent years, novel Industrial utility of
cellulases including the CMCases have been developed, particularly, as an
additive for use in detergent compositions 25  for clothing. However, so
far as cellulases produced by microorganism in, the natural field and,
particularly, the above-mentioned cellulases originating from microorganism
are concerned, they are, in most cases, so unstable that their activity is
lost in an alkaline pH range and are so-called acidic and neutral
cellulases (whose optimum working pH is in the range of 4 to 6). So-called
alkaline cellulases which meet the requirement for detergent compositions
for clothing, i.e. they have a maximum activity and are resistant in 3o  an
alkaline range, are very small in number. For instance, with regard to
alkaline cellulases which are usable in detergent compositions for
clothing, there are known only several methods of producing alkaline
cellulases originating from alkalophilic microorganisms. These method
include a method in which microorganisms belonging to the genus Bacillus
are cultivated and cellulase A is collected from the medium (Japanese
Patent Publication No. 50-28515), a 35  method in which alkalophilic
bacteria belonging to the genus Cellulomonas are cultivated to produce
alkaline cellulase 301-A (Japanese Patent Application Laid-open No.
58-224686), a method for producing CMCase by cultivation of alkalophilic
Bacillus No. 1139 (Horikoshi et al, J. Gen. Microbiol., Vol. 131, page 3339
(1985)), and a method of producing an alkaline cellulase using a strain
belonging to the genus Streptomyces (Japanese Patent Application Laid-open
No. 61-19483). 40     Accordingly, there is a demand for an alkaline
cellulase which has an optimum pH and a function as an enzyme for
detergents for clothing in an alkaline range. SUMMARY OF THE INVENTION 45
The present inventors made intensive studies to find, in the natural field,
micoorganism capable of producing alkali cellulases and found that a
microorganism collected from a sample of soil of Haga-gun, Tochigi-ken,
Japan and belonging to the genus Bacillus (Strain KSM-635, deposited as
FERM BP-1485) was able to produce novel alkaline cellulase K effective as
an additive for detergent compositions for clothing. Moreover, it was also
found that when the alkaline cellulase was further purified, novel CMCases
I 50  and 11 were obtained as main components. Accordingly, the invention
provides a novel alkaline cellulase K enzyme as defined in claim 1 having
an optimum pH at an alkaline side. Another object of the invention is to
provide novel CMCase I and 11 enzymes as defined in claim 3 and 4. 55     A
further object of the invention is to provide said microorganism capable of
producing these novel enzymes and a method for producing alkaline cellulase
K by cultivating the microorganism and collecting the resulting alkaline
cellulase K from the culture product. 3   



EP O 265 832 B1 BRIEF DESCRIPTION OF TEE DRAWINGS Fig. 1 is a graph showing
a growth temperature range of Bacillus sp KSM-635; (FERM BP-1485); Fig. 2
is a graph showing a growth pH range; 5.   Fig. 3 is a graph showing a
working pH range of CMCase of alkaline cellulass K; Fig. 4 is a graph
showing pH stability; Fig. 5 is a graph showing a working temeprature range
of CMCase of alkaline cellulase K; Fig. 6 is a graph showing thermal
stability; Fig. 7 is a graph showing the relation between elution fraction
and activity in gel chromatography; -10    Fig. 8 is a graph showing the
relation between pH at which CMCase I is reacted and relative activity;
Fig. 9 is a graph showing the relation between pH at which CMCase I is
treated and residual activity; Fig. 10 is a graph showing the relation
between reaction temperature (pH 9.0) of CMCase I and relative activity;
Fig. 11 is a graph showing the relation between treating temperature of
CMCase I (pH 9.0) and residual 15    activity; Fig. 12 is a UV absorption
spectrum of CMCase I of the invention; Fig. 13 Is a graph showing the
relation between reaction pH for CMCase II and relative activity; Fig. 14
is a graph showing the relation between treating pH of CMCase II and
residual activity; Fig. 15 is a graph showing the relation between reaction
temperature of CMCase II (pH 9.0) and relative 20   activity; Fig. 16 is a
graph showing the relation between treating temperature for CMCase II (pH
9.0) and residual activity; Fig. 17 is a UV absorption spectrum of CMCase
II; and Fig. 18 is a view showing the results of sodium dodecylsulfate
electrophoresis of CMCases I and 11 of the 25   invention. DETAILED
DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS The microorganism
used for producing the novel enzymes according to the Invention has the
following 30  mycological properties. The media used for classification of
strains are those media 1 to 24 and contain a suitable amount of a
sterilized 1.0 wt% sodium carbonate [err] solution unless otherwise
indicated. Compositions of Test Media for Classification (wt%) 35    Medium
1:    Bacto peptone 0.5; meat extract 0.3; Bacto agar-agar 1.5 Medium 2:
Bacto peptone 0.5; meat extract 0.3 Medium 3:    Bacto peptone 0.5; meat
extract 0.3; NaCI 7.0 Medium 4:    Bacto peptone 0.5; meat extract 0.3;
Bacto gelatin 20.0 Medium 5:    Bacto litmus milk 10.5 40    Medium 6:
Bacto peptone 0.5; meat extract 0.3; [err] 0.1 Medium 7:    Bacto peptone
0.7; glucose 0.5; NaCI 0.5 Medium 8:    Bacto peptone 3.0; meat extract
0.3; sodium thiosulfate 0.005; cysteine hydrochloride 0.02; iron ammonium
citrate 0.05; Bacto agar-agar 0.5. Medium 9:    Bacto peptone 1.5; meat
extract 0.4; lactose 1.0; sucrose 1.0; glucose 1.0; NaCI 0.5; 45
sodium thiosulfate 0.008; sodium sulfite 0.04; ferrous sulfate 0.02; phenol
red 0.002; Bacto agar-agar 1.5 Medium 10:   Bacto peptone 1.5; yeast
extract 0.5; soluble starch 2.0; [err] 0.1; Bacto agar-agar 1.5; [err] 0.02
Medium 11:   ammonium phosphate 0.1; KCI 0.02; yeast extract 0.05; [err]
0.02; sugars 1.0 50                 (sterilized separately through
filtration) Medium 12:   potassium monohydrogen phosphate 0.1; ammonium
dihydrogen phosphate 0.1; sodium citrate 0.2; [err] 0.03; NaCI 0.5;
Bromothymol Blue 0.0024; Bacto agar-agar 1.5 Medium 13:   yeast extract
0.05; cysteine hydrochloride 0.01; sodium citrate 0.3; NaCI 0.5; sodium
thiosulfate 0.008; iron ammonium citrate 0.04; glucose 0.02; potassium
dihydrogen- 55                 phosphate 0.15; phenol red 0.0012; Bacto
agar-agar 1.5 Medium 14:   ammonium phosphate 0.1; potassium
dihydrogenphosphate 0.05; sodium citrate 0.2; Bacto agar-agar 1.5; [err] 0
0.02 



Medium 15:   yeast extract 0.05; Na2SO4 0.1; KH2PO4 0.1; glucose 1.0;
inorganic nitrogen sources 4    EP 0 265 832 B1 suitable amounts* Medium
16:   yeast extract 0.05; [err] glucose 1.0; inorganic nitrogen sources
suitable amounts **; [ERR] (sterilized separately through filtration);
[ERR] 0.02 (sterilized separately through 5                  filtration)
Medium 17:   King A medium "Eiken" (available from Elken Chem Co., Ltd.),
indicated amounts Medium 18:   King B medium "Eiken" (available from Eiken
Chem. Co., Ltd.), indicated amounts Medium 19:   potato dextrose agar-agar
medium "Elken" (Elken Chem. Co., Ltd.), indicated amounts Medium 20:
Bacto peptone 0.25; salt 0.25; yeast extract 0.25; mannitol 0.5; Bacto
agar-agar 2.0 -  10    Medium 21:   urea medium "Eiken" (available from
EIken Chem. Co., Ltd.), indicated amounts Medium 22:   Bacto peptone 0.1;
NaCI 0.5; KH2PO4 0.2; yeast extract 0.05; glucose 0.1; urea 2.0; phenol red
0.001 Medium 23:   Bacto peptone 0.5; yeast extract 0.5; [err] 0.1; glucose
1.0; [err] 0.02 Medium 24:   yeast extract 0.5; glucose 1.0; casein
(Hammerstein, Merc Inc.) 0.5; [err] 0.1; 15                 [err] 0.02;
Bacto agar-agar 1.5 (Mycological Properties) 1. Results of Microscopic
Observation 20 The Bacillus has a size of 0.5 to 1.2 [err] x 1.5 to 4.0
[err] and make an endospore (0.7 to 1.2, [err] x 1.0 to 2.0 [err]) at one
end of the bacillus body. Periflagela Motility: positive. Gram staining:
positive. 2. The state of growth in various media 25 (1) Meat broth and
agar-agar medium (medium 1) The colony is circular in shape and is flat on
the surface thereof. The colony is white or yellow in color and is
semi-transparent and glossy. (2) Meat broth liquid medium (medium 2) 30
Growing and becoming turbid. (3) 7% Salt meat broth liquid medium (medium
3) Growing and becoming turbid. (4) Meat broth-gelatin stab culture (medium
4) Not growing. 36   (5) Litmus milk culture (medium 5) Coagulation and
peptonization of the milk: negative. Because of the alkalinity of the
medium 5, no change in color of the litmus is recognized. 3. Physiological
Properties 40 (1) Reduction of nitrates and denitrification reaction
Reduction of nitric acid: positive. Denitrification: negative (medium 6).
(2) MR test (medium 7) 45       Because of the alkalinity of the medium,
Methyl Red does not undergo any change, thus the judgement being
impossible. (3) VP test (medium 7) Positive. (4) Formation of indole
(medium 8) 50       Negative with respect to the reaction against an
indole-producing test filter paper ("Nissan", made by Nissui Seiyaku K.K.)
and also to the color change with Kovacs' indole reagent. * Sodium nitrate
was added in 0.25%. sodium nitrite was in 0.2025%, ammonium chloride was In
0.158%, and 



ammonium phosphate was In 0.195% (each corresponding to 0.0412 N%). 55 **
Sodium nitrate was added In an amount of 0.25%. sodium nitrite was in an
amount of 0.2025%, ammonium chloride was added In an amount of 0.158%. and
ammonium phosphate was In an amount of 0.195% (each corresponding to 0.0412
N%).    EP 0 265 832 B1 (5) Formation of hydrogen sulfide (medium 9)
Negative. (6) Hydrolysis of starch A plate agar-agar medium, i.e. medium
10, which has been rendered acidic by the use of 4 N HCI is 5    negative
when determined by an ordinary detection method using the iodine reaction.
In the liquid medium 11, formation of soluble starch is negative. (7)
Utility of citric acid Medium 11: positive. Medium 12 (Koser's (Simons')
citric acid/agar-agar plate medium): negative. A liquid medium which 10  is
obtained by eliminating agar-agar from the medium 12 and, instead. 0.05% of
yeast extract Is added, is positive. Medium 13 (Christensen's agar-agar
plate medium): positive, but no change with phenol red is observed because
of the alkalinity. Medium 14: negative (not growing). Positive with respect
to a liquid medium which is obtained by 15   eliminating agar-agar from the
medium 14 and adding 0.05% of yeast extract. (8) Utilization of inorganic
nitrogen sources Medium 15: negative to pseudopositive for all of nitric
acid, nitrous acid and ammonia. Medium 16: the present medium containing
very small amounts of metal salts is positive with respect to nitric acid
and nitrous acid. Ammonium chloride: pseudopositive. Ammonium phosphate: 20
positive. (9) Formation of dyes Not growing in the King A medium (medium
17) and not possible to judge. Light yellow (involving no fluorescence) in
the King B medium (medium 18). Growing in a potato/dextrose/agar-agar
medium (medium 19) and in a mannitol/yeast extract/agar-agar medium 25
(medium 20) but negative with respect to the formation of dyes. (10) Urease
Medium 21: not growing. Negative when the formation ammonia with Nessler's
reagent was confirmed after removal of phenol red from the medium 21 and
cultivation of the present organism. Medium 22 (Christensen's urea medium
to which yeast extract is added): negative when the 30   formation of
ammonia with Nessler's reagent was confirmed after removal of phenol red
from the medium and cultivation of the present organism. Negative when
tested by changing the urea concentra- tion in the medium 22 to 0.1, 0.2,
0.5, 1.0 and 2.0% on the presupposition of cytotoxin. (11) Oxidase
"Positive" or "negative" is not clear. 35   (12) Catalase Positive. (13)
Range of Growth (medium 23) A temperature gradient incubator was used for
shaking culture in an L-type test tube for 3 days. The growing temperature
range was from 20 to [err] and an optimum growing temperature range was
from 40    29 to 37 C (Fig. 1). In order to determine a pH range for
growth, a test was conducted in which the concentration of [err] in the
medium 23 was changed to change an initial pH of the medium. As a result it
was found that the growing pH range was from 8 to 11 and an optimum growing
pH range was from 9.5 to 10.2 (Fig. 2). On the other hand, when the pH of
the medium was controlled by the use of [err] It was 45   found that the
growing amount was very small and the optimum growing pH was about 9. 



(14) Behavior on oxygen Aerobic. (15) O-F test Undergoing no change in
color because of the alkalinity and growing only in an aerobic condition.
50   (16) Utility of Sugars (medium 11) Utilizable carbon sources:
D-ribose, L-arabinose, D-xylose, D-glucose, D-mannose, D-fructose, malt-
ose, sucrose, trehalose, marlnitol, inositol, and glycerin. Non-utilizable
carbon sources: D-galactose, lactose, sorbitol, starch, dextrin, and
raffinose. (17) Hydrolysis of casein (medium 24) 55       Microorganism was
grown up in an agar-agar plate culture, into which 30% trichloroacetic acid
was poured for judgement, revealing that any transparent zone was not
formed around the bacillus colonies, from which It was judged as negative.
6    EP 0 265 832 B1 (18) Requirement for nutrients As is shown in Table 1,
biotin (desthiobiotin) is essential for the growth. Table 1 Concentration
of Vitamin ([err]/ml)    Degree of Growth of Bacillus sp KSM-635
(Absorbance, 600 nm/6 days) Biotin       Desthiobiotin 10
0.001           0                           4.6 0.01            0
4.6 0               0.001                       4.3 0               0.01
4.4 nil                               0.0 Reference is made to Bergey's
Mannual of Determinative Bacteriology, eighth edition, with respect to the
above mycological properties, with the result that the present strain is
considered as a spore-forming 20  microorganism belonging to the genus
Bacillus. However, since the present strain does not grow in a neutral pH
but grows well only at a highly alkaline pH range, it can be provisionally
determined as an alkalophilic microorganism, which has been recently
reported by Horikoshi and Akiba in "Alkalophilic Microorganisms", Japan
Scientific Society Press (Tokyo), 1982, and is distinguished from known
bacilli growing in neutrality. 25     Because the mycological properties of
the present strain do not coincide with those of known alkalophilic
bacilli, the present strain has been determined as a novel strain and named
Bacillus sp KSM- 635, and is now deposited as FERM No. 8872 at the
Fermentation Research Institute of Japan. For the production of alkaline
cellulase K by the use of the above novel microorganism, Bacillus sp
KSM-635, the strain of Bacillus sp KSM-635 or its variant is cultivated in
a medium to produce alkaline 30 cellulase K This product is subjected to an
ordinary enzyme purification method to isolate and purify it. For the
production by fermentation of alkaline cellulase K, a suitable -medium is
sterilized such as by heating and the strain of Bacillus sp KSM-635 (FERM
BP-1485) is inoculated in the medium, followed by shaking or aeration
spinner cultivation at 22 to 40 C, preferably from 26 to 37 C, for 1 to 4
days. Good results are obtained when the pH is adjusted to 8 to 11. Since
the production-by-fermentation medium is 35 alkaline in nature, it may
sometimes be expanded, which will be solved by the addition of a suitable
amount of an antifoamer at suitable times. The production of the alkaline
cellulase K requires a suitable combination of nitrogen sources and carbon
sources contained in a culture medium. These nutrient sources are not
critical. For instance, nitrogen sources include inorganic sources such as
ammonium nitrate, ammonium sulfate, ammonium 40 chloride, ammonium
phosphate, sodium nitrate and the like, and corn gluten meal, bean flour,
corn steep liquor, casamino acid, yeast extract, Pharmamedia, sardine meal,
meat extract, peptone, Hypro, Ajipower, corn soybean meal, coffee grounds,
cotton seed oil meal, Cultivater, Amiflex, Ajipron, Zest, Ajix, and the
like. Examples of the carbon sources include plant fibers such as chaff,
bran, filter paper, ordinary papers, 



sawdust and the like, and waste molasses, invert sugar, CMC, Avicel,
cellulosic cotton, xylan, pectin and the like. Further utilizable carbon
sources include, for example, ribose, arabionse, xylose, glucose, mannose,
fructose, maltose, sucrose, trehalose, mannitol, inositol, glycerin and the
like, and organic acids such as acetic acid, citric acid and the like. Any
media using combinations of these nitrogen and carbon sources may be used
and the nutrient sources should not be limited to any specific ones. Aside
from these ingredients, phosphoric acid and inorganic salts such as of
[err] and the like, and, if necessary, inorganic and organic trace nutrient
sources may be suitably added to the medium. The alkaline cellulase K may
be obtained from the thus obtained culture product according to any known
techniques of collection and purification of ordinary enzymes as will be
particularly described in examples appearing hereinafter. For instance, the
culture product may be subjected to centrifugal separation or
ultrafiltration to separate the bacillus cells. The resultant culture broth
are subjected to.ordinary isolation methods including, for example,
salting-out, isoelectric precipitation, solvent precipitation (using
methanol, ethanol, isopropanol or the like), thereby separating the protein
as a precipitate. Alternatively, ultrafiltration (e.g. Diaflow Membrane YC,
available from Amicon Co., Ltd.) may be used for concentration to obtain
alkaline cellulase K After precipitation in ammonium sulfate (30 to 70%
saturated fraction) for the salting-out method or 75% ethanol 7    EP 0 265
832 B1 for the solvent precipitation method, the enzyme may be filtered,
centrifugally separated or desalted to obtain a freeze-dried powder. The
desalting may be effected by an ordinary procedure such as dialysis or gel
filtration using Sephadex G-25 or the like. Moreover, the purification of
the enzyme is possible by a suitable combination of, for example, a hydroxy
apatite chromatography, an ion exchange chromatography 5  using
DEAE-Sephadex or DEAE-cellulose and a molecular sieve gel chromatography
using Sephadex or Bio-gel. The resultant alkaline cellulase K of the
invention have the following physical and chemical properties. (1) Activity
The present enzyme has a Cx enzymatic activity of acting on CMC. However,
it also acts on phosphoric acid-swollen cellulose and has such action
specificities as exhibiting an activity as an enzyme acting on crystalline
cellulose (cellulosic cotton) or Avicel which is cellulose having high
crystallinity (i.e. Avicelase), and an activity of a [err]enzyme typical of
which is a filterpaper-degrading activity (FPDase), and a beta- 15
glucosidase activity on cellobiose and cellooligosaccharide. In addition,
the enzyme slightly acts on the artificial substrate of PNPC to liberate
p-nitrophenol. (2) Substrate specificity 20     The alkaline cellulase K
has no degradation activity on xylan, amylose, dextrin, pectin, inulin and
cardolan. The Avicelase and FPDase activities are about 0.3% of the CMCase
activity. The degradation activity on the artificial substrate of
p-nitrophenyl cellobioside (PNPC) was about 1.5 to 1.8% of the CMCase
activity (Tabel 2). 25                                           Table 2
Action of Enzyme   Specifc Activity (units/g of enzyme) [err]-Glucosidase
0.7 so                        PNPCase*                        5.2 CMCase
298 FPDase                         1.2 Avicelase                      1.1
35                       PNPC degrading activity (3) Working pH and optimum
working pH 40      The working pH of the present enzyme is from 4 to 12 and
the optimum working pH is approximately from 9 to 10. At about a pH of
10.5, there appears a shoulder (Feg. 3). (4) pH stability 45     Stable pH
values, which are determined by allowing to stand in buffer solutions of
different pHs at 40 * C for 10 minutes and 30 minutes, are, respectively,
from 4.5 to 10.5 and 6.8 to 10 (Fig. 4). When allowed to 



stand at [err], the pH is 4 to 11 and is stable over at least one month.
(5) Working temperature range and working optimum temperature 50 The
present enzyme works in a wide temperature range of from [err] When the
reaction is effected in a glycine buffer solption (pH 9) for 20 minutes,
the working optimum temperature is found to be about 40 * C (Fig. 5). 55
(6) Thermal stability When thermally treated in a glycine buffer solution
(pH 9) at different temperatures for 20 minutes, the present enzyme is not
inactivated at all at about 40 C, and has a residual activity of about 50%
at [err] 8    EP 0 265 832 B1 and about 25% at 70 * C (Fig. 6). (7)
Measuring methods of enzymatic activities and proteins 5    (i) CMCase
activity 0.1 ml of an enzyme solution was added to a substrate solution
composed of 0.2 ml of CMC (2.5%), 0.1 ml of a 0.5M glycine buffer solution
(pH 9.0) and 0.1 ml of deionized water, followed by reaction at 40 * C for
20 minutes. After completion of the reaction, reducing sugar was
quantitatively determined by a 3,5-dinitrosalicylic acid (DNS) method. More
specifically, 1 ml of a DNS reagent was added to 0.5 ml of 10   the
reaction solution and heated at 100 * C for 5 minutes for color
development, followed by cooling and dilution with 4.5 ml of deionized
water. This was subjected to colorimetry at an absorbance of 535 nm. The
enzyme titer determined as one unit is an amount of the enzyme which Is
capable of producing reducing sugar corresponding to 1 [err] of glucose in
one minute under the above-described conditions. (ii) Decomposition
activity of PNPC 15       A suitable amount of CMCase was acted at 30 C on
1.0 ml of a reaction solution containing 100 [err] of a phosphate buffer
solution (pH 7.0) and 0.1 [err] of PNPC (Sigma Co., Ltd.), after which 0.3
ml of 1 M [err] and 1.7 ml of deionized water were added in this order,
followed by subjecting the resultant free p-nitrophenol to colorimetry at
400 nm. The amount of the enzyme capable of liberating 1 [err] of free
p-nitrophenol in one minute under the above conditions was determined as
one unit. 20   (iii) Avicelase and FPDase activities 2 ml of a reaction
solution for measurement of the CMCase activity was provided, in which
there was used, instead of the CMC substrate, 20 mg of Avicel (Merk Inc.)
or a bulk piece of a filter paper having a width of 0.5 cm and a length of
5 cm (filter paper for determination of cellulase activity, Toyo No. 51-
Specific), thereby determining Avicelase and FPDase activities. An amount
of the enzyme capable of 25   liberating 1 [err] of reducing sugar,
calculated as glucose, in one minute under the above conditions was
determined as one unit. {iv) The quntitative determination of proteins was
effected by the use of Bio Lad Protein Assay Kit (Bio Lad Co., Ltd.) and
bovine serum albumin was used for calculation as a standard protein. 3o (8)
Influence of chelating agents The resistance of an enzyme for detergents to
chelating agents in, a builder used as a reaction composition is the most
important factor. Alkaline cellulase K was pretreated with EDTA (0.5 mM),
EGTA (0.5 mM), NTA (0.5 mM), sodium tripolyphosphate (STPP, 50 mg/ml) and
zeolite (5 mg/ml) to determine a 35 residual activity, but any influence
was not recognized. (9) Influence of proteinases Proteinases function to
improve the detergency of detergent compositions. Accordingly, it is a
matter of 40 course to further improve the detergency by adding cellulases
to proteinase-containing detergents. For this purpose, it is necessary to
satisfy the requirement that cellulases for detergents are not hydrolyzed
by proteinase and can stably maintain the activity. Alkaline cellulase K
has a good resistance to actually employed proteinases for detergents (e.g.
API-21, Maxatase, Alkalase and the like) and ordinary proteinases (e.g.
pronase) (Table 3). 45 50 



55 9    EP0 265 832B1 Table 3 5 Added Proteinase
Concentration   Relative Residual (wt%)                Activity  (%)* -10
API-21                           0.002                         98 (Showa
Denko)                    0.02                        100 0.2
114 15 Maxatase                         0.002                        113
(Gist)                           0.02                          99 0.2
99 Alkalase                         0.002                        110 (Novo)
0.02                        108 0.2                           99 Pronase
0.002                         99 30      (Sigma)
0.02                          98 0.2                         102 35
*Treated  with  the  respective  proteinases  at  [err]  for  12 hours. The
activity of an enzyme preparation not treated was taken as 100% and the
activity of the 40      respective  treated  preparations  was  indicated
as  an index to the non-treated preparation. 45 (10) Influence of metals
Divalent metal ions [err]and the like) at a suitable concentration give an
effect of inhibition. A slight degree of inhibition is experienced by means
of monolodoacetic acid and p-chloromercuribenzoate. 50 (11) Influence of
surface active agents Alkaline cellulase K suffers little inhibition of
activity by means of various surface active agents such as, for example,
LAS, AS, ES, AOS, alpha-SFE, SAS, polyoxyethylene secondary alkyl ethers,
fatty acid salts (sodium salts), and dimethyidialkylammonium chloride. 55
10    EP 0 265 832 B1 (12) Molecular weight (gel chromatography using
Sephadex G100) Having a maximum peak at 180,000  10,000 (Fig. 7). The
alkaline cellulase K of the invention as compared with known cellulases has
the following 5  properties. The present alkaline cellulase has an optimum
pH in a high pH range and is thus clearly distinguishable from cellulases,
which have an optimum pH in an acidic range, of molds or germs belonging to
the genera Trichoderma, Penicillium, Aspergillus ("Cellulases" by Kazutoshi
Nishizawa, Tokyo Nankodo, 1974), Ac- remonium (Japanese Patent Publication
No. 59-166081). Humicola (Japanese Patent Publication No. 61 10  16316) and
the like. When compared with the alkaline cellulase disclosed in Japanese
Patent Publication No. 50-28515, the present alkaline cellulase has a
molecular weight having a maximum peak at 180,000 [err] 10,000. On the
other hand, the known cellulase has a molecular weight of 15,000 to 30,000.
The cellulase of Bacillus No. 



1139 had a molecular weight of 92,000. Moreover, other physical and
chemical properties are different from 15  those of these known cellulases.
Thus, the present cellulase is clearly distinguishable from these
cellulases. For obtaining CMCase I and CMCase II from the alkaline
cellulase K, the alkaline cellulase K is purified by means of a preparative
high performance liquid chromatography, a hydroxy apatite chromatography
and a DEAE-Toyopearl chromatography and the like, thereby Isolating the
respective constituents. CMCase I and CMCase 11 have different molecular
weights and electrically charging properties slightly. For instance, 20
they can be separated from each other by elution using a linear
concentration gradient of NaCI in the DEAE-Toyopearl chromatography. The
thus obtained CMCase I and CMCase II have the following properties. CMCase
l: 25 (1) Activity The present enzyme has a Cx enzymatic activity of acting
on CMC. The enzyme has also acts on phosphoric acid-swollen cellulose and
has such activity specificities as exhibiting the activity of an enzyme 30
(Avicelase) acting on crystalline cellulose (cellulosic cotton) and Avicel
which is a high crystallinity, and activity of a C, enzyme such as a filter
paper degrading activity (FPDase) and a beta-glucosidase activity of acting
on cellobiose and cellooligosaccharides. Furthermore, it slightly acts on
PNPC which is an artificial substrate to liberate p-nitrophenol. 35  (2)
Substrate specificity The main activity of the present enzyme is the CMCase
activity and has about 0.3%, based on the main activity, of Avicelase and
FPDase activities [err] activity). The artificial PNPC degrading activity
is about 1.5 to 1.8% (Table 4). On the other hand, it has not any degrading
activity on xylan, amylose, dextrin, 40  pectin, inulin and curdlan. Table
4 Substrate to be Reacted             Enzymatic Activity (specific
activity, units/mg of protein) of CMCase I CMC
6.56 Filter Paper                        0.020 Avicel
0.019 50                   Cellobiose                           0.010 PNPC
0.099 55  (3) Working pH and optimum working pH The working pH of the
present enzyme is from 3 to 12.5 and  the optimum working pH is from 6 to
11.5 (Fig. 8). The pH at which the working Is the highest is about 9.5. The
working pH range with respect to PNPC is from 4 to 11 and the optimum pH is
about 7. 11    EP0265832B1 (4) pH stability Stable pH values were
determined by allowing the present enzyme to stand at different pH values
at [err] for 1 hour and measuring a residual activity. As a result, the
enzyme was very stable at a pH of from 5 5 to 12 and was not inactivated
(Fig. 9). (5) Measuring methods of enzymatic activities and protein The
CMCase activity, PNPC degrading activity, Avicelase and FPDase activity,
and the content of -1o proteins were measured in the same method as with
the alkaline cellulase K. (6) Working temperature range and working optimum
temperature The working temperature range of CMCase I is in the range of
from 10 to [err]. The preferable 15  temperature range is from 22 to [err].
The optimum working temperature of the present enzyme is [err]. The present
enzyme has a good resistance at low temperature and has about 50% of the
activity at a low temperature of [err] (Fig. 10). (7) Thermal stability 20 



When thermally treated at [err] for 30 minutes, the enzyme has residual
activity of about 50% (in glycine buffer solution: pH 9.0). (8) Influences
of metals 26 Metals and ions give influences on the physicochemical
properties, particularly a viscosity, of CMC. It will be apparent that when
the activity of the enzymatic components of the present invention is
measured using a CMC substrate, the factors of the reaction kinetics of the
alkaline cellulose K are not correctly reflected. 30     Accordingly, on
the basis of the indication that the CMCase I has the decomposition
activity on PNPC, influeneces of metals on the enzymatic activity were
determined. As a result, it was found that [err] [err] inhibited the
activity of the CMCase I. On the other hand; [err] promoted to activate
slightly. 35  (9) Influence of chelating agents When CMC was used as a
substrate, CMCase I suffered no inhibition with EDTA, EGTA, NTA, STPP and
zeolite. 40  (10) Influence of sugars Similar to (8), PNPC was used as a
substrate for the CMCase I to determine the influences of various sugars.
Cellobiose inhibited both enzymatic components and thus exhibited the mode
of product inhibition, but other disaccharides, e.g. lactose and maltose,
gave no influence. The activity was not inhibited with 45  monosaccharides
including glucosamine, N-acetylglucosamine, ribose, arabinose, sorbose,
xylose, fructose, galactose, glucose, and their derivatives such as
3-0-methyl-beta-D-glucose, alpha-methyl-beta-D-glucose,
alpha-methyl-D-glucoside, alpha-methyl-beta-mannoside and 2-deoxyglucose,
and other saccharides such as rhamnose. 50  (11) Influence of salt
concentration A phosphate buffer solution, a bicine-Na buffer solution and
a tris-HCI were used and salt (O to 250 mM) was used as an ion-strength
adjusting agent. The decomposition activity of PNPC was used as an index to
determine an effect of the ion strength on the CMCase I. As a result, it
was found that the ion strength had 55 no relation to the enzymatic
activity with respect to the promotion orinhibition. 12    EP 0265 832 B1
(12) Influence of surface active agents The activity was little inhibited
by means of LAS, AS, Es, AOS, alpha-SFE, SAS, polyoxyethylene secondary
alkyl ethers, fatty acid salts (sodium salts), dimethyldialkylammonium
chloride, and taurocholic 5  acid. (13) Molecular weight The molecular
weight determined by gel chromatography (Toyopearl 55S, available from Toyo
Soda 10 Co., Ltd.) was 145,000  10,000. (14) UV absorption spectrum The
present enzyme was dissolved in a bicine-sodium buffer solution and
subjected to measurement of 15 a UV absorption spectrum, revealing that it
had a maximum absorption at about 280 nm with the existence of a shoulder
absorption at 290 nm being found by checking a differential absorption
spectrum (Fg. 12). (15) Detection of sugars 20     The purified enzyme
protein was subjected to a color development test using a phenol/sulfuric
acid method, with the result that a maximum absorption appeared at 480 nm.
This result means that the present enzyme contains a sugar. The sugar was
detected by gas chromatography using an Alditol/acetic acid method,
indicating that (N-acetyl)glucosamine was contained as a sugar. The present
enzyme had a content of the sugar of from 1.3 to 4.0 wt%. 26 (16)
Resistance to proteinases Proteinases for detergents, e.g. API (showa
Denko), Maxatase (Gist Co., Ltd.) and Alkalase (Nobo Co., Ltd.) (0.0002 to
0.1 wt%) were used in coexistence with the present enzyme and the residual
activity of the 



30 preparations pre-incubated at [err] for 12 hours was measured.
Inactivation was not recognized. Thus, the present enzyme was found to have
a strong resistance to the proteinases (Table 5). 35 40 45 50 55 13    EP 0
265 832 B1 Table 5 Added Proteinase                   Concentration
Relative Residual (wt%)                   Activity (%) of CMCase I -10
Reference (no addition)   -                                      100 API-21
0.1                        99 (Showa Denko)                           0.01
112 Maxatase                                0.1                      102
(Gist)                                  0.01                    108 25
Alkalase                                0.1                 -   11l (Novo)
0.01                    116 30 CMCase II: (1) Activity 35 The present
enzyme has a Cx enzymatic activity of acting on CMC. The enzyme has also
acts on phosphoric acid-swollen cellulose and has such activity
specificities as exhibiting the activity of an enzyme (Avicelase) acting on
crystalline cellulose (cellulosic cotton) and Avicel which is a high
crystallinity, and activity of a [err] enzyme such as FPDase and a
betaglucosidase activity on cellobiose and cellooligosac- 40  charides.
Furthermore, it slightly acts on PNPC which is an artificial substrate to
liberate p-nitrophenol. (2) Substrate specificity The main activity of the
present enzyme is the CMCase activity and has about 0.3%, based on the 45
main activity, of Avicelase and. FPDase activities [err] activity). The
artificial substrate PNPC degrading activity is about 1.5 to 2.0% (Table
6). On the other hand, it has not any degrading activity on xylan, amylose,
dextrin, pectin, inulin and curdlan. 50 55 14    EP 0 265 832 B1 Table 6
Substrate to be Reracted  Enzyme Activity (specific acitivity, units/mg of
protein) of CMCase II CMC                                   7.06 Filter
Paper                         0.022 Avicel
0.020 Cellobiose                            0.010 10               PNPC
0.140 (3) Working pH and optimum working pH 



15     The working pH of the present enzyme is from 3 to 12 and the optimum
working pH Is from 6 to 11.5 (Fig. 13). The pH at which the working Is the
highest is about 9.5. The working pH range of the present enzyme with
respect to PNPC is from 4 to 11 and the optimum pH is about 7. 20 (4) pH
stability Stable pH values were determined by allowing the present enzyme
to stand at different pH values at 30 * C for 1 hour and measuring a
residual activity. As a result, the enzyme was very stable at a pH of from
25  5 to 12 and was not deactivated (Fig. 14). (5) Measuring methods of
enzymatic activities and proteins The CMCase activity, PNPC degrading
activity, Avicelase and FPDase activity, and the content of 30 proteins
were measured In the same manner as with the alkaline cellulase K. (6)
Working temperature range and working optimum temperature The working
temperature range of CMCase II is in the range of from 5 to 58C. The
preferable temperature range is from 14 to 45 C. The optimum working
temperature of the present enzyme is 30 to [err]. At 15 C, the present
enzyme has an activity of about 50% of the case of 30 to 40 C where the
maximum activity is shown (Fig. 15). (7) Thermal stability When thermally
treated at 40 C for 30 minutes, the enzyme has a residual activity of about
75% (in glycine buffer solution: pH 9.0) (Fig. 16). (8) Influences of
metals Metals and ions give influences on the physicochemical properties,
particularly a viscosity, of CMC. It will be apparent that when the
activity of the enzymatic components of the present invention is measured
using a CMC substrate, the factors of the reaction kinetics of the alkaline
cellulase K are not correctly reflected. Accordingly, on the basis of the
indication that the CMCase II has the decomposition activity on PNPC,
influences of metals on the enzymatic activity were determined. As a
result, it was found that [err] [err] inhibited the activity. On the other
hand, [err] [err] and [err] promoted to active the present enzyme to 1.1 to
2.4 times the original activity. (9) Influence of chelating agents When CMC
was used as a substrate, the present enzyme suffered no inhibition with
EDTA, EGTA, NTA, STPP and zeolite. 15    EP 0 265 832 B1 (10) Influence of
sugars Similar to (8), PNPC was used as a substrate for the CMCase II to
determine the influences of yarious sugars. Cellobiose inhibited both
enzymatic components and thus exhibited the mode of product inhibition, 5
but other disaccharides, eg. lactose and maltose, gave no influence. The
activity was not Inhibited by monosaccharides Including glucosamine,
N-acetylglucosamine, ribose, arabinose, sorbose, xylose, fructose,
galactose, glucose, and their derivatives such as
3-O-methyl-beta-D-glucose, alpha-methyl-beta-D-glucose,
alpha-methyl-D-glucoside, alpha-methyl-beta-mannoside and 2-deoxyglucose,
and other saccharides such as rhamnose. -10 (11) Influence of salt
concentration A phosphate buffer solution, a bicine-Na buffer solution and
a tris-HCI were used and NaCI (O to 250 mM) was used as an ion-strength
adjusting agent. The decomposition activity of PNPC was used as an 15
index to determine an effect of the ion strength on the CMCase II. As a
result, it was found that the ion strength had no relation to the enzymatic
activity with respect to the promotion or inhibition. (12) Influence of
surface active agents 20  The activity was little inhibited by means of
LAS, AS, ES, AOS, alpha-SFE, SAS, polyoxyethylene secondary alkyl ethers,
fatty acid salts (sodium salts), dimethyldialkylammonium chloride, and
taurocholic acid. 



(13) Molecular weight 25 The molecular weight determined by gel
chromatography (Toyopearl 55S, available from Toyo Soda Co., Ltd.) was
170,000  20,000. (14) UV absorption spectrum 30 The present enzyme was
dissolved in a bicine-sodium buffer solution and subjected to measurement
of a UV absorption spectrum, revealing that it had a maximum absorption at
about 280 nm with the existence of a shoulder absorption at 290 nm being
found by checking a differential absorption spectrum (Fig. 17). 35  (15)
Detection of sugars The purified enzyme protein was subjected to a color
development test using a phenol/sulfuric acid method, with the result that
a maximum absorption appeared at 480 nm. This result revealed that the
present enzyme contains a sugar. The sugar was detected by gas
chromatography using an Aldeytol/acetic 40  acid method, indicating that
(N-acetyl)glucosamine was contained as a sugar. The present enzyme had a
content of the sugar of from 1.3 to 4.0 wt%. (16) Resistance to proteinases
45     Proteinases for detergents, e.g. API (Showa Denko), Maxatase (Gist
Co., Ltd.) and Alkalase (Novo Co., Ltd.) (0.0002 to 0.1 wt%) were used in
coexistence with the present enzyme and the residual activity of the
preparations pre-incubated at 15 C for 12 hours was measured. Inactivation
was not recognized. Thus, the present enzyme was found to have a strong
resistance to the proteinases (Table 7). 50 16    EP 0285 832 B1 Table 7 5
Added Proteinase                   Concentration    Relative Residual (Wt%)
Activity  (%)  of CMCase II 10 Reference  (no addition)                -
100 15      API-21                                 0.1
102 (Showa Denko)                          0.01                 115
Maxatase                               0.1                   100 20 20
(Gist)                                  0.01                 102 Alkalase
0.1                   104 25      (NovO)
0.01                 108 30     The comparison in properties between
CMCases I and 11 and those of a known cellulase is as follows. The present
enzymes have an optimum pH in a high pH range and are thus clearly
distinguishable from cellulases, which have an optimum pH in an acidic
range, of molds or germs belonging to the genera Trichoderma, Penicillium,
Aspergillus ("Cellulases" by Kazutoshi Nishizawa, Tokyo Nankodo, 1974), Ac-
remonium (Japanese Patent Publication No. 59-166081), Humicola (Japanese
Patent Publication No. 61- 35  16316) and the like. When compared with the
cellulase disclosed in Japanese Patent Publication No. 50-28515 and the
cellulase reported in J. Gen. Microbiol., Vol. 131, page 3339 (1985), it
will be found that the CMCase I has a molecular weight of 145,000  10,000
and the CMCase II has a molecular weight of 170,000  20,000, whereas the
alkali cellulase of Japanese Patent Publication No. 50-28515 has a
molecular weight of 15,000 40 to 30,000 and the molecular weight of
Bacillus No. 1139 is 92,000. Moreover, the enzymes of the present invention
apparently differ from these known cellulases in various reaction kinetic
properties and the existence of the sugar therein. The alkaline cellulase K
and CMCases I and 11 obtained according to the invention are specific
enzymes which stably work in a wide range including an alkaline side. 



45     For instance, the alkaline cellulase K has, at a pH of 11, a
relative activity of about 75 to 80% based on the activity at the optimum
pH. Although the optimum pH is at a strongly alkaline side, the activity is
shown at a strongly acidic side of about a pH 4 or lower. Likewise, the
CMCase I has a relative activity of about 75 to 80% at a pH of 11 based on
the activity at an optimum pH and exhibits an activity even at a pH of
about 3.5. The CMCase II has a relative activity of so  about 70% at a pH
of 11, based on the activity at an optimum pH and exhibits an activity at a
pH of about 3. As will be apparent from the above, the alkaline cellulase K
and the CMCases I and 11 of the present invention are enzyme groups which
shown good activity at the most strongly alkaline side among hitherto known
alkaline cellulases. as     Moreover, these enzymes has the features that
their activity is shown even at low temperatures and that they have a
strong resistance to surface active agents, chelating agents and
proteinases. Accordingly, the alkaline cellulase K and the CMCases I and 11
of the invention can be effectively utilized not only as an additive for
clothing detergents, but also as a biomass and in other fields. 17    EP 0
265 832 B1 The present invention is described in more detail by way of
references and examples. Example I 5     A soil collected at Ichikal-machi,
Haga-gun, Tochigi-ken, Japan as suspended in a sterilized saline solution
and thermally treated at [ERR] for 30 minutes. The thermally treated
solution was suitably diluted and spread plated on a plate (composed of 1%
of a meat extract (Oxoid Co., Ltd.), 1% of Bacto peptone (Difco Co., Ltd.),
1% of NaCI, 0.1% of [ERR] 0.5% of [ERR] (separately sterilized) and 1.5% of
Bacto agar-agar), followed by cultivation at [ERR] for 3 days, thereby
forming colonies. Tranplantation on a 2% 10  CMC-containing the above plate
according to a replica method was effected to again form colonies, followed
by pouring a Congo Red dye solution to obtain colonies whose periphery was
transparent. The thus obtained colonies were collected from the plate and
high titer CMC-ase-producing bacilli were screened. By the above procedure,
Bacillus sp KSM-635 (FERM BP-1485) of the invention was isolated. 15
Example 2 The strain of Bacillus sp KSM-635 (FERM BP-1485) was aerobic
cultivated in a liquid medium consisting of 1.5% of meat extract, 0.5% of
yeast extract, 1% of CMC, 0.1% of [ERR] and 0.75% of 20  [ERR]at [ERR] for
2 days. 3 liters of cooled ethanol (-10 C) were gradually added to 1 liter
of a supernatant liquid of the culture product to cause proteins to
precipitate. The precipitate was dissolved in a minimum amount of
sterilized deionized water and neutralized with diluted acetic acid,
followed by dialysis with running water for 15 hours and freeze-drying to
obtain 8.2 g of alkaline cellulase K. The thus obtained cellulase K had the
following enzymatic activities shown in Table 8. 25 Table 8 30 Kind of
Enzyme                      Specific Activity (units/g  of enzyme powder)
35 [ERR] -Glucos idase                              0.6 PNPCase*
7 CMCase                                    325 40        FPDase
1.2 Avicelase                                    1.1 45      * PNPC
degrading  activity Example 3 50 



A Hundred ml of a medium (pH 8.4 to 8.6) containing 1% of CMC, 2% of
polypeptone, 0.1% of [ERR], 0.1% of yeast extract and 0.75% of [ERR] was
placed in a 500 ml Erlenmeyer flask and sterilized by a usual manner,
followed by inoculation of the strain of Bacillus sp KSM-635 (FERM BP-1485)
and shaking culture at [ERR] for 4 days. After completion of the culture,
the bacillus cells were centrifugally 55  removed and the resultant
supematant liquid was subjected to measurement of the CMCase activity. The
activity was found to be 3,100 units/liter. This supematant liquid was
treated in the same manner as in Example 2 to obtain 9.2 g of alkaline
cellulase K.    EP 0 265 832 B1 Example 4 The strain of Bacillus sp KSM-635
(FERM BP-1485) was inoculated in a medium of Example 2 in which 1.5 % of
meat extract was added instead of Bacto peptone, followed by shaking
culture at 30 * C for 3 days. 5  After the culture, a centrifugally
separated supematant liquid was subjected to measurement of the CMCase
activity. As a result, the activity was found to be 3,200 units/liter.
Example 5 10     One liter of the supernatant liquid obtained In Example 4
was purified according to the following procedure to obtain CMCases I and
II. The purification was conducted by (1) treatment with streptomycin, (2)
fractionation with ammonium sulfate (30 to 75% saturated precipitation
fractioh), (3) a preparative high performance liquid chromatography (e.g.
SW 3000 G column (Toyo Soda Co., Ltd)), (4) DEAE-Toyopearl (Toyo Soda Co.,
Ltd.) chromatography, (5) hydroxy apatite (Seikagaku Ind. Co., Ltd.)
chromatography, and 15 (6) DEAE-Toyopearl chromatography. At the sixth
stage of the purification, when elution by a NaCI linear concentration
gradient (from 0.25 M NaCI to 0.35 M NaCI) was effected, CMCase I and
CMCase II were eluted according to the order of the elution speed to obtain
24 mg of CMCase I and 15 mg of CMCase II. The thus obtained CMCases I and
11 were subjected to electrophoresis according to the Davis method (Davis
D.J., Ann. N.Y. Aced. Sci., Vol. 121, page 404 (1964)), followed by dyeing
with Coomassie Brilliant 20 Blue. As a result, it was found that a single
band was obtained for the respective enzymes. Example 6 The CMCases I and
11 obtained Example 5 were subjected to electrophoresis using sodium
dodecylsul- 25 fate according to a conventional procedure. The results are
shown In Fig.18. From the results, it was found that the CMCases I and 11
were association products of different molecule species having a lowest
molecular weight of 30,000  2,000 and a highest molecular weight of 120,000
15,000. The CMCases I and 11 are assumed to be associated products of
enzyme proteins which are strongly associated by some physical and chemical
interactions and have a lowest molecular weight of 30,000 t 2,000. However,
how the 30 protein is associated is not known at present. It is considered
that the main protein species of the CMCase I has a molecular weight of
from 55,000 to 65,000 and the CMCase 11 has a molecular weight of from
95,000 to 120,000. Accordingly, the products obtained in this example are
merely an example of the results of the sodiumdodecylsulfate electrphoresis
and should not be construed as limiting exact subunit structures of the
CMCases I and 11. 35 Claims Claims for. the following Contracting States:
DE, FR, GB, IT, NL 1. Alkaline cellulase K, which is obtainable from a
culture product of Bacillus sp KSM-635 deposited as 40     FERM BP-1485,
having the following physical and chemical properties: (1) Activity Having
a Cx enzymatic activity of acting on carboxymethyl cellulose along with a
weak [ERR] enzymatic activity and a weak beta-glucosidase activity; (2)
Specificity on Substrates 45           Acting on carboxymethyl
cellulose(CMC), crystalline cellulose, Avicel , cellobiose, and p-
nitrophenyl cellobioside(PNPC); (3) Working pH and optimum pH Having a
working pH in the range of 4 to 12 and an optimum pH in the range of 9 to
10; (4) Stable pH 



so           Having stable pH values of 4.5 to 10.5 and 6.8 to 10 when
allowed to stand at 40 C for 10 minutes and 30 minutes. respectively; (5)
Working temperature range and working optimum temperature Working In a wide
temperature range of from 10 to [ERR] with an optimum temperature being
recognized at about [ERR]; 55       (6) Influences of chelating agents The
activity not impeded with ethylenediamine tetraacetic acid (EDTA),
ethyleneglycol-bis-([ERR]- aminoethylether) N,N,N',N"-tetraacetic acid
(EGTA), N,N-bis(carboxymethyl)glycine (nitrilotriacetic acid) (NTA), sodium
tripolyphosphate (STPP) and zeolite. 19    EP 0 265 832 B1 Example 4 The
strain of Bacillus sp KSM-635 (FERM BP-1485) was inoculated in a medium of
Example 2 in which 1.5 % of meat extract was added instead of Bacto
peptone, followed by shaking culture at [ERR] for 3 days. 5  After the
culture, a centrifugally separated supematant liquid was subjected to
measurement of the CMCase activity. As a result, the activity was found to
be 3,200 units/liter. Example 5 -  10     One liter of the supematant
liquid obtained in Example 4 was purified according to the following
procedure to obtain CMCases I and II. The purification was conducted by (1)
treatment with streptomycin, (2) fractionation with ammonium sulfate (30 to
75% saturated precipitation fraction), (3) a preparative high performance
liquid chromatography (e.g. SW 3000 G column (Toyo Soda Co., Ltd.)), (4)
DEAE-Toyopearl (Toyo Soda Co., Ltd.) chromatography, (5) hydroxy Apatite
(Seikagaku Ind. Co., Ltd.) chromatography, and 15  (6) DEAE-Toyopearl
chromatography. At the sixth stage of the purification, when elution by a
NaCI linear concentration gradient (from 0.25 M NaCI to 0.35 M NaCI) was
effected, CMCase I and CMCase II were eluted according to the order of the
elution speed to obtain 24 mg of CMCase I and 15 mg of CMCase II. The thus
obtained CMCases I and 11 were subjected to electrophoresis according to
the Davis method (Davis D.J., Ann. N.Y. Acad. Sci., Vol. 121, page 404
(1964)), followed by dyeing with Coomassie Brilliant 20  Blue. As a result,
it was found that a single band was obtained for the respective enzymes.
Example 6 The CMCases I and 11 obtained Example 5 were subjected to
electrophoresis using sodium dodecylsul- 25 fate according to a
conventional procedure. The results are shown in Fig.. 18. From the
results, it was found that the CMCases I and 11 were association products
of different molecule species having a lowest molecular weight of 30,000
[err] 2,000 and a highest molecular weight of 120,000 [err] 15,000. The
CMCases I and 11 are assumed to be associated products of enzyme proteins
which are strongly associated by some physical and chemical Interactions
and have a lowest molecular weight of 30,000 [err] 2,000. However, how the
so  protein is associated is not known at present. It is considered that
the main protein species of the CMCase I has a molecular weight of from
55,000 to 65,000 and the CMCase II has a molecular weight of from 95,000 to
120,000. Accordingly, the products obtained in this example are merely an
example of the results of the sodiumdodecylsulfate electrphoresis and
should not be construed as limiting exact subunit structures of the CMCases
I and 11. 35 Claims Claims for the following Contracting States: DE, FR,
GB, IT, NL 1. Alkaline cellulase K, which is obtainable from a culture
product of Bacillus sp KSM-635 deposited as 40     FERM BP-1485, having the
following physical and chemical properties: (1) Activity Having a Cx
enzymatic activity of acting on carboxymethyl cellulose along with a weak
[err] enzymatic activity and a weak beta-glucosidase activity; (2)
Specificity on Substrates 45           Acting on carboxymethyl
cellulose(CMC), crystalline cellulose, Avicel , cellobiose, and p-
nitrophenyl cellobioside(PNPC); 



(3) Working pH and optimum pH Having a working pH in the range of 4 to 12
and an optimum pH in the range of 9 to 10; (4) Stable pH so
Having stable pH values of 4.5 to 10.5 and 6.8 to 10 when allowed to stand
at [err] for 10 minutes and 30 minutes, respectively, (5) Working
temperature range and working optimum temperature Working in a wide
temperature range of from 10 to [err] with an optimum temperature being
recognized at about [err]; 55       (6) Influences of chelating agents The
activity not impeded with ethylenediamine tetraacetic acid (EDTA),
ethyleneglycol-bis-([err]- aminoethylether) N,N,N',N"-tetraacetic acid
(EGTA), N,N-bis(carboxymethyl)glycine (nitrilotriacetic acid) (NTA), sodium
tripolyphosphate (STPP) and zeolite. 19
1111111111111111111111111    EP 0 265 832 B1 (7) Influences of surface
active agents Undergoing little inhibition of activity by means of surface
active agents such as sodium linear alkylbenzenesulfonates (LAS), sodium
alkylsulfates (AS), sodium polyoxyethylene alkylsulfates (ES), sodium
alpha-olefinsulfonates (AOS), sodium alpha-sulfonated aliphatic acid esters
(alpha-SFE), 5        sodium alkylsulfonates (SAS), polyoxyethylene
secondary, alkyl ethers, fatty acid salts (sodium salts), and
dimethyidialkylammonium chloride. (8) Influences of proteinases Having a
strong resistance to proteinases. (9) Molecular weight (determined by gel
chromatography, using sephadex[err]G 100) -10           Having a maximum
peak at 180,000 [err] 10,000. 2. A method for producing alkaline cellulase
K having the features defined in claim 1, which comprises cultivating
alkaline cellulase K producing Bacillus sp KSM-635, deposited as FERM
BP-1485, and collecting alkaline cellulase K from the resulting culture
product. 15 3. CMCase I, which is obtainable from a culture product of
Bacillus sp KSM-635, deposited as FERM BP- 1485, having the following
physical and chemical properties: (1) Activity Having the Cx enzymatic
activity of acting on CMC along with a weak [err] enzymatic activity and 20
a weak beta-glucosidase activity. (2) Specificity on substrates Acting on
CMC, crystalline cellulose, Avicel, cellubiose, and PNPC. (3) Working pH
and optimum pH Having a working pH in the range of 3 to 12.5 and an optimum
pH in the range of 6 to 11.5. 25       (4) Stable pH Not inactivated at a
pH of 5 to 12 when allowed to stand at [err]for 1 hour. (5) Working
temperature and working optimum temperature Working in a temperature range
of from 10 to [err] with an optimum temperature being at 22 to [err]. 30
(6) Influences of chelating agents The activity not impeded with EDTA,
EGTA, NTA, STPP and zeolite. (7) Influences of surface active agents
Undergoing little inhibition of activity by means of LAS, AS, ES, AOS,
alpha-SFE, SAS, polyoxyethylene secondary alkyl ethers, fatty acid salts
(sodium salts), dimethyidialkylammonium 35       chloride, and taurocholic
acid. (8) Resistance to proteinases Having a strong resistance to
proteinases. (9) Molecular weight (determined by gel chromatography using
Toyopearl[err]55S) 



Having a molecular weight of this enzyme of 145,000  10,000. 40       (10)
UV absorption spectrum This enzyme has a maximum absorption at 280 nm and a
shoulder absorption at 290 nm, thus sugar components being contained. 4.
CMCase II which is obtainable from a culture product of Bacillus sp
KSM-635, deposited as FERM BP- 45     1485, having the following physical
and chemical properties: (1) Activity Having the Cx enzymatic activity of
acting on CMC along with a weak [err] enzymatic activity and a weak
beta-glucosidase activity. (2) Specificity on substrates 50
Acting on CMC, crystalline cellulose, Avicel, cellubiose and PNPC. (3)
Working pH and optimum pH Having working pHjn the range of 3 to 12.5 and an
optimum pH in the range of 6 to 11.5. (4) pH stability Not inactivated at a
pH of 5 to 12 when allowed to stand at 30 C for 1 hour. 55       (5)
Working temperature and working optimum temperature - Working in a
temperature range of from 5 to [err] with an optimum temperature being at
14 to [err]. 20 *   C   L  M  S   *    EP 0265 832 B1 (6) Influences of
chelating agents The activity not impeded with EDTA, EGTA, NTA, STPP and
zeolite. (7) Influences of surface active agents Undergoing little
inhibition of activity by means of LAS, AS, ES, AOS, alpha-SFE, SAS, 5
polyoxyethylene secondary alkyl ethers, fatty acid salts (sodium salts),
and dimethyidialkylam- monium chloride. (8) Resistance to proteinases
Having a strong resistance to proteinases. (9) Molecular weight (determined
by Gel chromatography using Toyopearl[err] 55S) 10           The molecular
weight of CMCase II is 170,000 t 20,000. (10) UV absorption spectrum Having
a maximum absorption at 280 nm and a shoulder absorption at 290 nm. 5.
Bacteria Bacillus sp KSM-635, deposited as FERM BP-1485, capable of
producing alkaline cellulase K 15     and having the following enzymatic
properties: (1) Activity Having a Cx enzymatic activity of acting on CMC
along with a weak [ERR]enzymatic activity and a weak beta-glucosidase
activity. (2) Specificity on Substrates 20           Acting on CMC,
crystalline cellulose, Avicel, cellubiose, and PNPC. (3) Working pH and
optimum pH Having a working pH in the range of 4 to 12 and an optimum pH in
the range of 9 to 10 (Fig. 3). (4) pH stability Having stable pH values of
4.5 to 10.5 and 6.8 to 10 when allowed to stand at [ERR] for 10 25
minutes and 30 minutes, respectively (Fig. 4). (5) Working temperature
range and working optimum temperature Working in a wide temperature range
of from 10 to [ERR] with an optimum temperature being recognized at about
[err] (Fig. 5). (6) Influences of chelating agents 30           The
activity not impeded with EDTA, EGTA, NTA, STPP and zeolite. (7) Influences
of surface active agents 



Undergoing little inhibition of activity by means of surface active agents
such as LAS, AS, ES, AOS, alpha-SFE, SAS, polyoxyethylene secondary alkyl
ethers, fatty acid salts (sodium salts), and dimethyidialkylammonium
chloride. 35       (8) Influences of proteinases Having a strong resistance
to proteinases. (9) Molecular weight (determined by gel chromatography
using sephadex[err]G-100) Having a maximum peak at 180,000  10,000 40
Claims for the following Contracting State: ES 1. A method for producing
alkaline cellulase K, CMCase I and CMCase II obtainable from the bacteria
Bacillus sp KSM-635 deposited as FERM BP-1485, characterized in that it
comprises cultivation of said bacteria aerobically at 22 to [err], at pH 8
to 11 by using a culture medium which contains a suitable 45
combination of nitrogen sources and carbon sources, followed by isolation
of the desired products by means of known techniques of collection and
purification, whereby alkaline cellulase K is isolated by means of
separation of the bacillus cells such as centrifugation, filtration and so
on, followed by ordinary isolation methods such as salting-out, isoelectric
precipitation, solvent precipitation to separate the products as a
precipitate; and whereby CMCase I and CMCase 11 are obtained from alkaline
so     cellulase K, by means of a preparative high performance liquid
chromatography, a hydroxy apatite chromatography or a DEAE-Toyopearl[err]
chromatography, thereby isolating the respective constituent. 4 2. A method
according to claim 1, characterised in that the alkaline cellulase K has
the following physical and chemical properties: 65       (1) Activity
Having a Cx enzymatic activity of acting on carboxymethyl cellulose along
with a weak [err] enzymatic activity and a weak beta-glucosidase activity;
EP 0 265 832 B1 (2) Specificity on Substrates Acting on carboxymethyl
cellulose(CMC), crystalline cellulose, Avicel, cellobiose, and p-
nitrophenyl cellobioside(PNPC); (3) Working pH and optimum pH Having a
working pH in the range of 4 to 12 and an optimum pH in the range of 9 to
10; (4) Stable pH Having stable pH values of 4.5 to 10.5 and 6.8 to 10 when
allowed to stand at [err] for 10 minutes and 30 minutes, respectively; (5)
Working temperature range and working optimum temperature 10
Working in a wide temperature range of from 10 to [err] with an optimum
temperature being recognized at about [err]; (6) Influences of chelating
agents The activity not Impeded with ethylenediamine tetraacetic acid
(EDTA), ethyleneglycol-bis-([err]- aminoethylether) N,NN',N"-tetraacetic
acid (EGTA), N,N-bis(carboxymethyl)glycine (nitrilotriacetic 15       acid)
(NTA), sodium tripolyphosphate (STPP) and zeolite; (7) Influences of
surface active agents Undergoing little inhibition of activity by means of
surface active agents such as sodium linear alkylbenzenesulfonates (LAS).
sodium alkylsulfates (AS), sodium polyoxyethylene alkylsulfates (ES),
sodium alpha-olefinsulfonates (AOS), sodium alpha-sulfonated aliphatic acid
esters (alpha-SFE), 20       sodium alkylsulfonates (SAS), polyoxyethylene
secondary alkyl ethers, fatty acid salts (sodium salts), and
dimethyidialkylammonium chloride; (8) Influences of proteinases Having a
strong resistance to proteinases; (9) Molecular weight (determined by gel
chromatography, using sephadex[err]G 100) 26           Having a maximum
peak at 180,000 [err] 10,000. 3 A method according to claim 1,
characterised in that the product CMCase I has the following physical 



and chemical properties: (1) Activity 30           Having the Cx enzymatic
activity of acting on CMC along with a weak [err] enzymatic activity and a
weak beta-glucosidase activity; (2) Specificity on substrates Acting on
CMC, crystalline cellulose, Avicel, cellubiose, and PNPC; (3) Working pH
and optimum pH 35           Having a working pH in the range of 3 to 12.5
and an optimum pH in the range of 6 to 11.5; (4) Stable pH Not inactivated
at a pH of 5 to 12 when allowed to stand at [err] for 1 hour; (5) Working
temperature and working optimum temperature Working in a temperature range
of from 10 to [err] with an optimum temperature being at 22 to 40       53
C; (6) Influences of chelating agents The activity not impeded with EDTA,
EGTA, NTA, STPP and zeolite; (7) Influences of surface active agents
Undergoing little inhibition of activity by means or LAS, AS, ES, AOS,
alpha-SFE, SAS, 45       polyoxyethylene secondary alkyl ethers, fatty acid
salts (sodium salts), dimethyidialkylammonium chloride, and taurocholic
acid; (8) Resistance to proteinases Having a strong resistance to
proteinases; (9) Molecular weight (determines by gel chromatography using
Toyopearl[err]55S) so           Having a molecular weight of this enzyme of
145,000 [err] 10,000; (10) UV absorption spectrum This enzyme has a maximum
absorption at 280 nm and a shoulder absorption at 290 nm, thus sugar
components being contained. 65  4. A method according to claim 1,
characterised in that the product CMCase II has the following physical and
chemical properties: (1) Activity Having the Cx enzymatic activity of
acting on CMC along with a weak [err] enzymatic activity and 22
1111111111111111111111    EP 0 265 832 B1 a weak beta-glucosidase activity;
(2) Specificity on substrates Acting on CMC, crystalline cellulose, Avicel,
cellubiose and PNPC; (3) Working pH and optimum pH 5            Having
working pH in the range of 3 to 12.5 and an optimum pH in the range of 6 to
11.5; (4) pH stability Not inactivated at a pH of 5 to 12 when allowed to
stand at [err] for 1 hour; (5) Working temperature and working optimum
temperature Working in a temperature range of from 5 to [err] with an
optimum temperature being at 14 to 10       45 C; (6) Influences of
chelating agents The activity not impeded with EDTA, EGTA, NTA, STPP and
zeolite; (7) Influences of surface active agents Undergoing little
inhibition of activity by means of LAS, AS, ES, AOS, alpha-SFE, SAS, 15
polyoxyethylene secondary alkyl ethers, fatty acid salts (sodium salts),
and dimethyldialkylam- monium chloride; (8) Resistance to proteinases
Having a strong resistance to proteinases; (9) Molecular weight (determined
by gel chromatography using Toyopearl[err]55S) 



20           The molecular weight of CMCase 11 is 170,000 1 20,000; (10) UV
absorption spectrum Having a maximums absorption at 280 nm and a shoulder
absorption at 290 nm. 5. A method according to claim 1, characterised in
that the bacteria Bacillus sp KSM-635 deposited as 25     FERM BP-1485 is
capable of producing an enzyme having the following enzymatic properties:
(1) Activity Having a Cx enzymatic activity of acting on CMC along with a
weak [err] enzymatic activity and a weak beta-glucosidase activity; (2)
Specificity on Substrates 30           Acting on CMC, crystalline
cellulose, Avicel, cellubiose, and PNPC; (3) Working pH and optimum pH
Having a working pH in the range of 4 to 12 and an optimum pH in the range
of 9 to 10 (Fig. 3); (4) pH stability Having stable pH values of 4.5 to
10.5 and 6.8 to 10 when allowed to stand at [err] for 10 35        minutes
and 30 minutes, respectively (Fig. 4); (5) Working temperature range and
working optimum temperature Working in a wide temperature range of from 10
to [err] with an optimum temperature being recognized at about 40 C (Fig.
5); (6) Influences of chelating agents 40           The activity not
impeded with EDTA, EGTA, NTA, STPP and zeolite; (7) Influences of surface
active agents Undergoing little inhibition of activity by means of surface
active agents such as LAS, AS, ES, AOS, alpha-SFE, SAS, polyoxyethylene
secondary alkyl ethers, fatty acid salts (sodium salts), and
dimethyldialkylammonium chloride; 45       (8) Influences of proteinases
Having a strong resistance to proteinases; (9) Molecular weight (determined
by gel chromatography using sephadex[err]G100) Having a maximum peak at
180,000  10,000. so PatentansprUche PatentansprUche fUr folgende
Vertragsstaaten: DE, FR, GB, IT, NL 1. Alkalische Cellulase K, erh&ltlich
aus einem Kulturprodukt von Bacillus sp KSM-835, hinterlegt als FERM
BP-1485, mit den nachstehenden physikalischen und chemischen Eigenschaften:
55       (1) Aktivitat Cx-enzymatische Aktivitlt auf Carboxymethylcellulose
zusammen mit einer schwachen C, - enzymatischen Aktivit~t und einer
schwachen f-Glucosidaseaktivitdt; 231111111111111111|    EP 0 265 832 B1
(2) Spezifitat auf Substrate Wirkung auf Carboxymethylcellulose (CMC),
kristalline Ceflulose, Avicel, Cellobiose und p- Nitrophenylcellobiosid
(PNPC); (3) Arbeits-pH-Wert und optimaler PH-Wert 5            Mit einem
Arbelts-pH-Wert im Bereich von 4 bis 12 und einem optimalen pH-Wert im
Bereich von 9 bis 10; (4) pH-Wert-Stsbilitat Stabil be! pH-Werten von 4,5
bis 10,5 und 6,8 bis 10, wenn bel 40-C fOr 10 Minuten bzw. 30 Minuten
belassen; 70       (5) Arbeitstemperaturberelch und optimale
Arbeltstemperatur Wlrkt in einem breiten Temperaturbereich von 10 bis 65 *
C mit einer opfimalen Temperatur be! etwa 40 * C; (6) Einflisse von
chelatbildenden Mitteln Die Aktivitat ist nicht von
Ethylendiamintetraessigsaure (EDTA), Ethylenglycol-bis-(,6-aminoeth- 



15       ylether)-N,N,N',Ne-tetraessigslure  (EGTA),
N,N-Bis(carboxymethyl)glycin  (Nitrilotriessigsaure) K>           (NTA),
Natriumtripolyphosphat (STPP) und Zeolith beeinfluSt. (7) EinflUsse von
Tensiden Unterliegt kaum Inhibierung der AkPvitat durch Tenside wie lineare
Natriumalkylbenzolsulfonate (LAS), Natriumalkylsulfate (AS),
Natriumpolyoxyethylenalkylsulfate (ES), Natrium-a-olefinsulfonate s'z20
(AOS), Natrium-a-sulfonierte  aliphatische  Saureester (a-SFE),
Natriumalkylsulfonate  (SAS), Polyoxyethylen-sekundare Alkylether,
Fettsauresalze (Natriumsalze) und Dimethyidialkylammonium- chlorid. (8)
EinfluB von Proteinasen Mit hoher Bestandigkeit gegenaber Proteinasen. 25
(9) Molekulargewicht (bestimmt durch Gelchromatografie unter Verwendung von
SephadexoG 100) Mit einem maximalen Peak bei 180000  10000. 2. Verfahren
zur Herstellung alkalischer Cellulase K mit den in Beispiel 1 definierten
Merkmalen, umfassend das Zflchten von alkalische Cellulase K erzeugendem
Bacillus sp KSM-635, hinterlegt als 30     FERM BP-1485, und Gewinnen der
alkalischen Cellulase K aus dem erhaltenen Kulturprodukt. 3  CMCase I,
erhaltlich aus elnem Kulturprodukt von Bacillus sp KSM-635, hinterlegt als
FERM BP-1485, mit den nachstehenden physikalischen und chemischen
Eigenschaften: (1) AktivitAt 35           Cx-enzymatische Aktivitat auf CMC
zusammen mit einer schwachen C1 -enzymatischen Aktivitat und einer
schwachen p-Glucosidaseaktivitgt. (2) Spezifit~t auf Substrate Wirkt auf
CMC, kristalline Cellulose, Avicel, Cellubiose und PNPC. (3)
Arbeits-pH-Wert und optimaler pH-Wert 40           Mit einem
Arbeits-pH-Wert in dem Bereich von 3 bis 12,5 und einem optimalen pH-Wert
im Bereich von 6 bis 11,5. (4) pH-Wert-Stabilit~t Nicht inaktiviert bei
einem pH-Wert von 5 bis 12, wenn bei 30 * C fUr 1 Stunde belassen. (5)
Arbeitstemperatur und optimale Arbeltstemperatur 45           Wirkt in
einem Temperaturbereich von 10 bis 60 C mit einer optimalen Temperatur von
22 bis 53 C. (6) EinflOsse von chelatbildenden Mitteln Die Aktivitat wird
nicht von EDTA, EGTA, NTA, STPP und Zeolith beeinfluBt. (7) Einfl~sse von
Tensiden 50           Unterliegt kaum Inhibierung der Aktivitft durch LAS,
AS, ES, AOS, a-SFE, SAS, Polyoxyethylen- sekundare Alkylether,
Fettsauresalze (Natriumsalze), Dimethyldialkylammoniumchlorid und Tauro-
cholinsaure. (8) Bestdndigkeit gegen Proteinasen Mit hoher Bestandigkeit
gegen Proteinasen 56       (9) Molekulargewicht (bestimmt durch
Gelchromatografie unter Verwendung von Toyopearle 55S) Dieses Enzym weist
ein Molekulargewicht von 145000  10000 auf. (10) UV-Absorptionsspektrum Das
Enzym weist eine maximale Absorption bei 280 nm oder eine
Schulterabsorption bel 290 24    EP 0 265 832 B1 nm auf, somit sind
Zuckerbestandteile enthalten. 4. CMCase II, erhaltlich aus einem
Kulturprodukt von Bacillus sp KSM-635, hinterlegt als FERM BP-1485, mit den
nachstehenden physikalischen und chemischen Eigenschaften: 5        (1)
Aktivitat Cx-enzymatische Aktivit~t auf CMC zusammen mit einer schwachen Ci
-enzymatischen Aktivit~t und einer schwachen fi-GlucosidaseaktivitAt. (2)
Spezifitat auf Substrate 



Wirkt auf CMC, kristalline Cellulose, Avicel, Cellubiose und PNPC. -  tO
(3) Arbeits-pH-Wert und optimaler pH-Wert Mit elnem Arbeits-pH-Wert in dem
Bereich von 3 bis 12,5 und einem optimalen pH-Wert im Bereich von 6 bis
11,5. (4) pH-Wert-Stabilitat Nicht aktiviert be! einem pH-Wert von 5 bis
12, wenn be! 30 C flir 1 Stunde belassen. 15       (5) Arbeitstemperatur
und optimale Arbeitstemperatur Wirkt in elnem Temperaturbereich von 5 bis
58 C mit einer optimalen Temperatur von 14 bis 45C. (6) EinflUsse von
chelatbildenden Mitteln Die Aktivitlt wird nicht von EDTA, EGTA, NTA, STPP
und Zeolith beeinfluft. 20       (7) EinflUsse von Tensiden Unterliegt kaum
Inhibierung der Aktivitat durch LAS, AS, ES, AOS, a-SFE, SAS,
Polyoxyethylen- sekundare Alkylether, Fettsduresaize (Natriumsalze) und
Dimethyldialkylammoniumchlorid. (8) Bestandigkeit gegen Proteinasen Mit
hoher Bestandigkeit gegen Proteinasen 26       (9) Molekulargewicht
(bestimmt durch Gelchromatografie unter Verwendung von Toyopearle 55S) Das
Molekulargewicht von CMCase II ist 170000  20000. (10)
UV-Absorptionsspektrum Das Enzym weist eine maximale Absorption bei 280; nm
oder eine Schulterabsorption bei 290 nm auf. 30 5. Bacterien Bacillus sp
KSM-635, hinterlegt als FERM BP-1485, die in der Lage sind, alkalische
Cellulase K zu erzeugen, mit den nachstehenden enzymatischen Eigenschaften:
(1) Aktivitat Cx-enzymatische Aktivitit auf CMC zusammen mit einer
schwachen C, -enzymatischen Aktivit~t 35       und einer schwachen
.8-Glucosidaseaktivitit. (2) Spezifitat auf Substrate Wirkt auf CMC,
kristalline Cellulose, Avicel, Cellobiose und PNPC. (3) Arbeits-pH-Wert und
optimaler pH-Wert Mit einem Arbeits-pH-Wert in dem Bereich von 4 bis 12 und
einem optimalen pH-Wert im 40        Bereich von 9 bis 10 (Fig. 3). (4)
pl--Wert-Stabilit~t Stabil bei pH-Werten von 4,5 bis 10,5 und 6,8 bis 10,
wenn bei 40 C fUr 10 Minuten bzw. 30 Minuten belassen (Fig.4). (5)
Arbeitstemperatur und optimale Arbeitstemperatur 45           Wirkt in
einem weiten Temperaturbereich von 10 bis 65 C mit einer optimalen
Temperatur von etwa 40 * C (Fig. 5). (6) EinflUsse von chelatbildenden
Mitteln Die Aktivitat wird nicht von EDTA, EGTA, NTA, STPP und Zeolith
beeinfluBt. (7) EinflUsse von Tensiden 50           Unterliegt kaum
Inhibierung der Aktivitat durch Tenside, wie LAS, AS, ES, AOS, a-SFE, SAS,
Polyoxyethylensekundaren Alkylethem, Fettsauresalzen (Natriumsalze) und
Dimethyldialkylammoni- umchlorid. (8) Bestandigkeit gegen Proteinasen Mit
hoher Bestgndigkeit gegen Proteinasen S6       (9) Molekulargewicht
(bestimmt durch Gelchromatografie unter Verwendung von SephadexO G 100) Mit
einem maximalen Peak bei 180000  10000 (Fig. 7). 25
1111111111111 I1111 11111 1!I1    EP 0 265 832 B1 PatentansprUche fUr
folgenden Vertragsstaat: ES 



1. Verfahren zur Herstellung von alkalischer Cellulase K. GMCase I und
CMCase 11, erhgltlich aus den Bacterien Bacillus sp KSM-635, hinterlegt als
FERM BP-1485, dadurch gelkennzelchnet, daB es die 6      ZUchtung der
Bakterien aerob bel 22 bis 40 C, bei pH-Wert 8 bis 11 unter Verwendung
eines Kulturmediums, bestehend aus einer geeigneten Komblnatiorn von
Stickstoffquellen und Kohlenstoff- quellen, gefolgt von Gewinnung der
gewanschten Produkte dutch Obliche Verfahren zum Isolleren und Reinigen,
wodurch alkalische Cellulase K durch Trennen der Bacillenzellen mit
Zentrifugieren, Filtrieren usw. isoliert wird, gefolgt von Oblichen
Isolierungsmethoden wie Aussalzen, isoelektrische Fallung, lo.
LWsungsfAllung und Trennen der Produkte als Prizipitat und wobei CMCase I
und CMCase 11 aus alkalischer Cellulase K durch priparative
HochdruckflUssigchromatografie, Hydroxyapatitchromatografie oder
DEAE-ToyopearlO-Chromatografie erhalten wird, wodurch die betreffenden
Bestandteile isoliert werden. t6  2. Verfahren nach Anspruch 1, dadurch
gekennzelchnet, daB die alkalische Cellulase K die nachstehen- den
physikalischen und chemischen Eigenschaften aufweist (1) Aktivitit
Cx-enzymatische Aktivitat auf Carboxymethylcellulose zusammen mit einer
schwachen Ci - enzymatischen Aktivitit und einer schwachen
'e-Glucosidaseaktivitat; 20       (2) Spezifitit auf Substrate Wirkung auf
Carboxymethylcellulose (CMC), kristalline Cellulose, Avicel, Cellobiose und
p- Nitrophenylcellobiosid (PNPC); (3) Arbeits-pH-Wert und optimaler pH-Wert
Mit einem Arbeits-pH-Wert im Bereich von 4 bis 12 und einem optimalen
pH-Wert im Bereich 25       von 9 bis 10; (4) pH-Wert-Stabilitat Stabil bei
pH-Werten von 4,5 bis 10,5 und 6,8 bis 10, wenn bei 40-C fOr 10 Minuten
bzw. 30 Minuten belassen; (5) Arbeitstemperaturbereich und optimale
Arbeitstemperatur 30           Wirkt in einem breiten Temperaturbereich von
10 bis 65-C mit einer optimalen Temperatur bei etwa 40 * C; (6) EinflUsse
von chelatbildenden Mitteln Die Aktivitat ist nicht von
Ethylendiamintetraessigskure (EDTA), Ethylenglycol-bis-(#-aminoeth-
ylether)-N,N,N',N"-tetraessigsiure  (EGTA),  N,N-Bis(carboxymethyl)glycin
(Nitrilotriessigsaure) 35       (NTA), Natriumtripolyphosphat (STPP) und
Zeolith beeinflu~t. (7) EinflUsse von Tensiden Unterliegt kaum Inhibierung
der Aktivitit durch Tenside, wie lineare Natriumalkylbenzolsulfonate (LAS),
Natriumalkylsulfate (AS), Natriumpolyoxyethylenalkylsulfate (ES),
Natrium-a-olefinsulfonate K>           (AOS), Natrium-a-sulfonierte
aliphatische  Saureester (a-SFE), Natriumalkylsulfonate  (SAS), 40
Polyoxyethylen-sekundare Alkylether, Fettsauresalze (Natriumsalze) und
Dimethyldialkylammonium- chlorid. (8) EinfluB von Proteinasen Mit hoher
Bestindigkeit gogen~ber Proteinasen. (9) Molekulargewicht (bestimmt durch
Gelchromatografie unter Verwendung von SephadexO G 100) 45           Mit
einem maximalen Peak bei 180000 t 1.0000. 3. Verfahren nach Anspruch 1,
dadurch gekennzelchnet, daB das Produkt CMCase I die nachstehenden
physikalischen und chemischen Eigenschaften aufweist: (1) Aktivitat 50
Cx-enzymatische Aktivitit auf CMC zusammen mit einer schwachen
C1-enzymatischen AktivitIt und einer schwachen f-GIucosidaseaktivitit. (2)
Spezifitat auf Substrate Wirkt auf CMC, kristalline Cellulose, Avicel,
Cellublose und PNPC. (3) Arbeits-pH-Wert und optimaler pH-Wert 55
Mit einem Arbeits-pH-Wert in dem Bereich von 3 bis 12,5 und einem optimalen
pH-Wert im Bereich von 6 bis 11,5. (4) pH-Wert-Stabilitit Nicht aktiviert
bei einem pH-Wert von 5 bis 12, wenn bei 30 * C fOr 1 Stunde belassen. 



26.    EP 0 265 832 B1 (5 Arbeitstemperatur und optimale Arbeitstemperatur
Wirkt in einem Temperaturbereich von 10 bis 60 *C mit einer optimalen
Temperatur von 22 bis 53 I C. (6) Einflfsse von chelatbildenden Mitteln 6
Die Aktivitat wird nicht von EDTA, EGTA, NTA, STPP und Zeolith beeinfluBt.
(7) EinflUsse von Tensiden Unterliegt kaum Inhibierung der Aktivitat durch
LAS, AS, ES, AOS, a-SFE, SAS, Polyoxyethylen- sekundare Alkylether,
Fettsduresalze (Natriumsalze), Dimethyidialkylammoniumchlorid und Tauro-
cholinsiure. 10       (8) Bestindigkeit gegen Proteinasen Mit hoher
Bestandigkeit gegen Proteinasen (9) Molekulargewicht (bestimmt durch
Gelchromatografle unter Verwendung von Toyopearl* 558) Dieses Enzym weist
ein Molekulargewicht 145000 t 10000 auf. (10) UV-Absorptionsspektrum 15
Das Enzym weist eine maximale Absorption bei 280 nm oder eine
Schulterabsorption bei 290 nm auf, somit sind Zuckerbestandteile enthalten.
4. Verfahren nach Anspruch 1, dadurch gekennzelchnet, daB das Produkt
CMCase II die nachstehen- den physikalischen und chemischen Eigenschaften
aufweist: 20       (1) Aktivitit Cx-enzymatische Aktivitlt auf CMC zusammen
mit einer schwachen C, -enzymatischen Aktivitat und elner schwachen
,B-Glucosidaseaktivitit. (2) Spezifitit auf Substrate Wirkt auf CMC,
kristalline Cellulose, Avicel, Cellobiose und PNPC. 25       (3)
Arbeits-pH-Wert und optimaler pH-Wert Mit einem Arbeits-pH-Wert in dem
Bereich von 3 bis 12,5 und einem optimalen pH-Wert im Bereich von 6 bis
11,5. (4) pH-Wert-Stabilitat Nicht aktiviert be! einem pH-Wert von 5 bis
12, wenn bei 30 * C fOr 1 Stunde belassen. 30       (5) Arbeitstemperatur
und optimale Arbeitstemperatur Wirkt in einem Temperaturbereich von 5 bis
58 IC mit einer optimalen Temperatur von 14 bis 45 C. (6) Einflisse von
chelatbildenden Mitteln Die Aktivitit wird nicht von EDTA, EGTA, NTA, STPP
und Zeolith beeinfluBt. 35       (7) Einflisse von Tensiden Unterliegt kaum
Inhibierung der Aktivitit durch LAS, AS, ES, AOS, Cf-SFE, SAS,
Polyoxyethylen- sekundire Alkylether, Fettsiuresalze (Natriumsalze) und
Dimethyldialkylammoniumchlorid. (8) Bestindigkeit gegen Proteinasen Mit
hoher Bestindigkeit gegen Proteinasen 40       (9) Molekulargewicht
(bestimmt durch Gelchromatografie unter Verwendung von Toyopearle 55S) Das
Molekulargewicht von CMCase II ist 170000 + 20000. (10)
UV-Absorptionsspektrum Das Enzym weist eine maximale Absorption bei 280 nm
oder eine Schulterabsorption be! 290 nm auf. 45 5. Verfahren nach Anspruch
1, dadurch gekennzelohnet, daB Bacterien Bacillus sp KSM-635, hinterlegt
als FERM BP-1485, in der Lage sind, ein Enzym mit den nachstehenden
enzymatischen Eigenschaften zu erzeugen: (1) Aktivitit 50
Cx-enzymatische Aktivitat auf CMC und mit einer schwachen C, -enzymatischen
Aktivitat und 



einer schwachen A-Glucosidaseaktivitit. (2) Spezifitlt auf Substrate Wirkt
auf CMC, kristalline Cellulose, Avicel, Cellublose und PNPC. (3)
Arbeits-pH-Wert und optimaler pH-Wert 55           Mit elnem
Arbeits-pH-Wert in dem Bereich von 4 bis 12 und einem optimalen pH-Wert im
Bereich von 9 bis 10 (Fig. 3). (4) pH-Wert-Stabilitat Stabil bei pH-Werten
von 4,5 bis: 10,5 und 6,8 bis 10, wenn bei 40-C f~r tO Minuten bzw. 30 27
1 ss~~~~ll Illell || 11111  Il11 l 11 1    EP 0 268 832 B1 Minuten belassen
(Fig.4). (5) Arbeitstemperatur und optimale Arbeitstemperatur Wirkt in
einem weiten Temperaturbereich von 10 bis 65 C mit einer optimalen
Temperatur von etwa 40 * C (Fig. 5). 5        (6) EinflUsse von
chelatbildenden Mitteln Die Aktivitat wird nicht von EDTA, EGTA, NTA, STPP
und Zeolith beeinfluBt. (7) Einfl~sse von Tensiden Unterliegt kaum
Inhibierung der Aktivitat durch Tenside, wie LAS, AS, ES, AOS, a-SFE, SAS,
Polyoxyethylensekunddre Alkylether, Fettsauresaize (Natriumsaize) und
Dimethyldialkylammonium- -10       chlorid. (8) Bestfndigkeit gogen
Proteinasen Mit hoher Bestandigkeit gegen Proteinasen (9) Molekulargewicht
(bestimmt durch Gelchromatografle unter Verwendung von SephadexeG 100) Mit
einem maximalen Peak bei 180000  10000 (Fig. 7). 15 \s_,    Revendicatlons
Revendlcations pour les Etats contractants sulvants: DE, FR, GB, IT, NL 1.
Cellulase alcaline K, qui peut etre obtenue a partir d'un produit de
culture de Bacillus sp KSM-635 ' .7,20   d~pos6 sous le numero FERM
BP-1485, ayant les proprietes physiques et chimiques suivantes: (1)
Activite Elle pr~sente une activite enzymatique Cx d'action sur la carboxy
m6thyl cellulose, en meme temps qu'une faible activite enzymatique C, et
une faible activite beta-glucosidase; (2) Specificite pour les Substrats 25
Elie agit sur la carboxy methyl cellulose (CMC), la cellulose cristalline,
I'Avicel, la cellobiose, et le p- nitrophenyl cellobioside (PNPC); (3) pH
d'action et pH optimal Elle presente un pH d'action se situant dans la
plage de 4 a 12 et un pH optimal se situant dans la plage de 9 a 10; 30
(4) Stabilit6 au pH Elle est stable aux valeurs de pH stable de 4,5 a 10,5
et de 6,8 a 10, lorsqu'on la laisse reposer a 40 IC respectivement pendant
10 minutes et pendant 30 minutes; (5) Plage de temperature d'activite et
temperature d'activite optimale Elle a une activitd dans une large plage de
temperature de 10 a 65 C, une temperature optimale 35        etant reconnue
a environ 40 * C; (6) Influences des agents chelatants L'activit6 n'est pas
empechee par l'acide 6thylbne diamine tetra ac6tique (EDTA), I'acide
6thylbne glycolbis-(,-amino~thylether) N,N,N',N"-tetra acetique (EGTA), la
N,N-bis(carboxym6thyl)glycine (acide nitrilo triacetique) (NTA), le
tripolyphosphate de sodium (STPP) et la zdolite; 40       (7) Influences
des agents tensio-actifs Elie subit une faible inhibition d'activit6 par
des agents tensio-actifs tels que les (alkyl lineaire) benzene sulfonates
de sodium (LAS), les alkyl sulfates de sodium (AS), les alkyl sulfates de
sodium 



polyoxy6thylends (ES), les alpha-olefine sulfonates de sodium (AOS), les
esters d'acides aliphati- ques alpha-sulfones sodiques (alpha-SFE), les
alkyl sulfonates de sodium (SAS), les (alkyl secondai- 45       re) 6thers
polyoxyethyl~nes, les sels d'acides gras (sels de sodium), et le chlorure
de dimethyl dialkyl ammonium; (8) Influences des prot~inases Elle presente
une forte r6sistance aux prot~inases; (9) Masse mol6culaire (d~termin~e par
chromatographie sur gel, a l'aide de SephadexO G 100) 50        Elle
presente un pic maximum a 180 000 t 10 000. 2. Proc~d6 de fabrication de
cellulase alcaline K ayant les caracteristiques telles quo definies a la
revendication 1, qul comprend les operations consistant a cultiver Bacillus
sp KSM-635 produisant de la cellulase alcaline K, d6pos6 sous le numero
FERM BP-1485, at A recueillir la cellulase alcaline K a 55     partir du
produit de culture resultant. 3. CMCase 1, qui peut Gtre obtenue & partir
d'un produit de culture de Bacillus sp KSM-635, depose sous le numero FERM
BP-1485, ayant les propri~tes physiques et chimiques suivantes: 28
C * C   L   M   S :    EP O 265 832 B1 (1) Activite Elle pr~sente
l'activite enzymatique Cx d'action sur la CMC eh meme temps qu'une faible
activite enzymatique C1 et une faible activit4 beta-glucosidase; (2)
Sp6cificite pour les substrats .5        ElIe agit sur la CMC, la cellulose
cristalline, I'Avicel, la cellobiose, et le PNPC; (3) pH d'activite et pH
optimal -ElIe presente un pH d'activite se situant dans la plage de 3 a
12,5 et un pH optimal se situant dans la plage de 6 & 11,5; (4) Stabilite
au pH -  10        Elle n'est pas inactivee a un pH de 5 a 12 lorsqu'on la
iaisse reposer a 30 * C pendant 1 heure; (5) Temperature d'activite et
temperature d'activite optimale Elle a une activite dans une plage de
temperature de 10 & 60-C, une temperature optimale se situant a une valour
de 22 a 53 * C; (6) Influences des agents ch6latants 15        L'activite
n'est pas empech6e par lEDTA, I'EGTA, le NTA, le STPP et la zeolite; (7)
Influences des agents tenslo-actifs Elle subit une faible inhibition
d'activite par les LAS, les AS, les ES, les AOS, les alpha-SFE, les SAS,
les (alkyl secondaire) ethers polyoxyethylenes,. les. sels d'acides gras
(sels de sodium), le chlorure de dimethyl dialkyl ammonium, et I'acide
taurocholique; 20       (8) R6sistance aux prot6inases Elle presente une
forte resistance aux prot6inases; (9) Masse moleculaire (ddterminde par
chromatographie sur gel a l'aide de Toyopearle 55S) La masse moliculaire de
ceote enzyme est de 145 000  10 000; (10) Spectre d'absorption du
rayonnement UV 25        Cette enzyme presente une absorption maximale a
280 nm et un epaulement A 290 nm, des composants de type sucre etant de ce
fait contenus. 4. CMCase II qui pout etre obtenue & partir du produit de
culture de Bacillus sp KSM-635, ddpos4 sous le num6ro FERM BP-1 485, ayant
les propri6tes physiques et chimiques suivantes: 30       (1) Activite Elle
pr6sente l'activite enzymatique Cx d'action sur la CMC en mame temps qu'une
faible activite enzymatique Ct et une faible activit6 beta-glucosidase; (2)
Specificite pour les substrats Elle agit sur la CMC, la cellulose
cristalline, I'Avicel, la cellobiose, et le PNPC; 35       (3) pH
d'activite et pH optimal 



Elle presente un pH d'activite se situant dans la plage de 3 a 12,5 et un
pH optimal se situant dans la plage de 6 a 11,5; (4) Stabilit6 au pH Elle
n'est pas inactivee a un pH de 5 & 12 lorsqu'on la laisse reposer a 30  C
pendant 1 heure; 40       (5) Temperature d'activitd et temperature
d'activitM optimale Elle a une activite dans une plage de temperature de 5
a 58. C, une temperature optimale se situant & une valeur de 14 a 45 1 C;
(6) Influences des agents chelatants L'activite nWest pas empfchee par
I'EDTA, I'EGTA, le NTA, le STPP et la z6olite; 45       (7) Influences des
agents tensio-actifs Elle subit une faible inhibition d'activit6 par les
LAS, les AS, les ES, les AOS, les alpha-SFE, les SAS, les (alkyl
secondaire) 6thers polyoxyethylen6s, les sels d'acides gras (sels de
sodium) et le chlorure de dim6thyl dialkyl ammonium; (8) Resistance aux
proteinases 50        Elle presente une forte resistance aux proteinases;
(9) Masse moleculaire (d6terminee par ohromatographie sur gel & I'aide de
ToyopearlO 55S) La masse moleculaire de la CMCase II est de 170 000  20
000; (10) Spectre d'absorption du rayonnement UV Elle presente une
absorption maximale & 280 nm et un epaulement a 290 nm. 55 5. Bacterie
Bacillus sp KSM-635, deposee sous le numero FERM BP-1485, capable de
produire la cellulase alcaline K ayant les propri6t6s enzymatiques
suivantes: 29    EP 0 265 832 B1 (1) Activite Elle pr~sente une activit%
enzymatique C. d'action sur la CMC en m8me temps qu'une falble activite
enzymatique C1 et une faible activit4 b8ta-glucosidase; (2) Specificitd
pour les substrats 6        Elle agit sur la CMC, la cellulose cristalline,
I'Avicel, la cellobiose, at le PNPC; (3) pH d'activit4 et pH optimal Elle
pr6sente un pH d'actNt* se situant dans la plage de 4 a 12 et un pH optimal
so situant dans la plage de 9 A 10 (Fig. 3); (4) Stabilite au pH -to
Elle est stable aux valeurs de pH stable de 4,5 a 10,5 et de 6,8 a 10,
lorsqu'on la laisse reposer a 40 * C respectivement pendant 10 minutes et
30 minutes (Fig. 4); (5) Plage de temperature d'activit4 et temperature
d'activit6 optimale Elle a une activite dans une large plage de temperature
de 10 a 65-C, une temperature optimale etant reconnue a environ 40 * C
(Fig. 5); 15       (6) Influences des agents ch6latants L'activit6 n'est
pas empdch~e par I'EDTA, I'EGTA, le NTA, le STPP et la zeolite; (7)
Influences des agents tenslo-actifs Elle subit une falble inhibition
d'activit6 par des agents tensio-actifs tels qua les LAS, les AS, les ES,
les AOS, les alpha-SFE, les SAS, les (alkyl secondaire) 6thers
polyoxydthyldnds, lee sels d'acides > .-A 20  gras (sels de sodium), et le
chlorure de dim6thyl dialkyl ammonium; (8) Influences des prot~inases Elle
presente une forte resistance aux proteinases; (9) Masse moldculaire
(ddtermin~e par chromatographie sur gel a l'aide de Sephadexs G 100) Ella
presente un pic maximum & 180 000 t 10 000 (Fig.7). 25 Revendications pour
1'Etat contractant sulvant: ES 1. Procede de fabrication de cellulase
alcaline K, de CMCase I et de CMCase 11 pouvant etre obtenues a 



partir de la bacterie Bacillus sp KSM-635 deposee sous le num6ro FERM
BP-1485, caracteris6 par le 30     fait qu'il comprend lia culture a6robie
de ladite bacterie, & une temperature de 22 a 40* C, a un pH de 8 a 11, a
l'aide d'un milieu de culture qui contient une combinaison appropriee de
sources d'azote et de K>         sources de carbone, en faisant suivre par
l'isolement des produits d6sires a l'aide de techniques connues de collecte
et de purification, ce par quoi la cellulase alcaline K est isol6e par
separation des cellules de bacillus, telle qu'une centrifugation, une
filtration, etc., an faisant suivre par des procedes 35     ordinaires
d'isolement, tels qua le relargage, la precipitation iso~lectrique, la
precipitation par solvant, pour separer les produits sous la forme d'un
prdcipit6 ; et ce par quo! la CMCase I et CMCase II sont obtenues & partir
de la cellulase alcaline K, au moyen d'une chromatographie liquide haute
performan- ce de preparation, une chromatographie sur hydroxy apatite ou
une chromatographie sur DEAE- Toyopearle, permettant ainsi d'isoler les
constituants respectifs. 40 2. Procede selon la revendication 1,
caracteris6 par le fait qua la cellulase alcaline K pr~sente les proprietes
physiques et chimiques sulvantes: (1) ActiVit6 Elle presente une activite
enzymatique Cx d'action sur la carboxy m6thyl cellulose, en m~me temps 45
qu'une faible activite enzymatique C, et une faible activite
bbta-glucosidase; (2) Specificite pour les substrats Elle agit sur la
carboxy methyl cellulose (CMC), la cellulose cristalline, I'Avicel, la
cellobiose, et le p- nitroph6nyl cellobioside (PNPC); (3) pH d'activite et
pH optimal 60        Elle a une activite a un pH se situant dans la plage
de 4 a 12 et un pH optimal se situant dans la plage de 9 & 10; (4)
Stabilite au pH Elle est stable aux valeurs de pH de 4,5 a 10,5 et de 6,8 a
10, lorsqu'on la laisse reposer a 40 *C respectivement pendant 10 minutes
et pendant 30 minutes; 65       (5) Plage de temp rature d'activite et temp
rature d'activite optimale Elle agit dans une large plage de temperature de
10 h 65 C, une temperature optimale etant reconnue a environ 40 * C; 30
I 1111111 1111 11111 11111 111IN * C   L  M   S *    EP 0 265 832 B1 (6)
Influences des agents chelatants L'activit6 nWest pas empachee par l'acide
6thylbne diamine tetra acetique (EDTA), I'acide 6thylbne
glycol-bis-(p8-aminoethylether) N,N,N',N"-tetra acetique (EGTA), la
N,N-bIs(carboxym~thyI)gtycine (acide nitrilo triacetique) (NTA), le
tripolyphosphate de sodium (STPP) et la zeolite; 5        (7) Influences
des agents tensio-actifs Elle subit une faible inhibition d'activite par
des agents tensio-actifs tels que ls (alkyl lin~aire) benzene sulfonates de
sodium (LAS), lee alkylsulfates de sodium (AS), les alkylsulfates de sodium
polyoxyethylenes (ES), les alpha-olefine sulfonates de sodium (AOS), les
esters d'acides aliphati- ques alpha-sulfones sodiques (alpha-SFE), les
alkyl sutfonates de sodium (SAS), les (alkyl secondal- -  tO       re)
ethers polyoxydthyltnds, les sels d'acides gras (sels de sodium), et le
chlorure de dim6thyl dialkyl ammonium; (8) Influences des prot6inases Elle
prdsente une forte resistance aux proteinases; (9) Masse moleculaire
(determinee par chromatographie sur gel, a l'aide de Sephadexe G.100) 15
Elie pr~sente un pic maximum a 180 000 t 10 000. 3 Procdd6 selon la
revendication 1, caracterise par le fait que la CMCase I obtenue comme
prodult presente les proprifts physiques et chimiques suivantes: (1)
Activite :    20       Elie prdsente l'activite enzymatique Cx d'action sur
la CMC, en m~me temps qu'une faible activitd 



enzymatique Ci et une faible activit4 beta-glucosidase; (2) Specificit4
pour les substrata Elle agit sur la CMC, la cellulose cristalline,
I'Avicel, la cellobiose, et le PNPC; (3) pH d'aclivite at pH optimal 25
Elte presente un pH d'activite se situant dans la plage de 3 a 12,5 et un
pH optimal se situant dans la plage de 6 a 11,5; (4) Stabilit6 au pH Elie
n'est pas inactivee i un pH de 5 h 12 lorsqu'on la laisse reposer A 30 * C
pendant 1 heure; (5) Tomp~rature d'activite et temperature d'activite
optimale 30        Elie agit dans une plage de temperature de 10 a 60, C,
une temperature optimale se situant b. une valour de 22 a 53 * C; (6)
Influences des agents chelatants L'activite n'est pas empfch6e par t'EDTA,
I'EGTA, le NTA, le STPP et la zeolite; (7) Influences des agents
tensio-actifs 35        Elie subit une faible inhibition d'actvite par les
LAS. les AS, les ES, les AOS, les alpha-SFE, les SAS, ls (alkyl secondaire)
ethers polyoxy6thylen6s, les sels d'acides gras (sels de sodium), le
chlorure de dimethyl dialkyl ammonium, et l'acide taurocholique; (8)
Resistance aux proteinases Elte presente une forte r6sistance aux
prot6inases; 40       (9) Masse mol6culaire (determinee par chromatographie
sur gel a l'aide de Toyopearle 55S) La masse moleculaire de cette enzyme
est de 145 000  10 000; (10) Spectre d'absorption du rayonnement UV Cette
enzyme presente une absorption maximale a 280 nm et un 6paulament h 290 nm,
des composants de type sucre etant de ce fait contenus en son sein. 45 4.
Proc6d6 selon la revendication 1, caracterise par le fait quo la CMCase It
obtenue comme produit presente les propriet6s physiques et chimiques
suivantes: (1) Activite Elle pr6sente l'activite enzymatique Cx d'action
sur la CMC en m~me temps qu'une faible activite 50        enzymatique C, et
une faible activite beta-glucosidase; (2) Specificite pour les substrata
Elle agit sur la CMC, la cellulose cristalline, I'Avicel, la celtobiose, et
le PNPC; (3) pH d'activite et pH optimal Elle presente un pH d'activit6 se
situant dans la plage de 3 a 12,5 et un pH optimal se situant dans 65
la plage de 6 & 11,5; (4) Stabilite au pH Elle n'est pas inactivee & un pH
de 5 A 12 lorsqu'on la laisse reposer h 30 C pendant 1 heuro; 31 * c   L
s *    EP 0 265 832 B1 (5) Temperature d'activit6 et temperature d'activite
optimale Elle agit dans une plage de temperature de 5 a 58 C, une
temperature optimale se situant a une valour de 14 a 45 C; (6) Influences
des agents chelatants 5        L'activite nWest pas emp~chee par I'EDTA,
I'EGTA, le NTA, le STPP et la z6olite; (7) Influences des agents
tensio-actifs Elle subit une faible inhibition d'activit6 par les LAS, les
AS, les ES, les AOS, les alpha-SFE, SAS, les (alkyl secondaire) ethers
polyoxy~thylenes, les s6is d'acides gras (sels de sodium) et le chlorure de
dimdthyl dialkyl ammonium; -lo       (8) Resistance aux prot6inases Elle
prdsente une forte resistance aux proteinases; 



(9) Masse moleculaire (determinee par chromatographie sur gel a l'aide de
ToyopearlS 55S) La masse mol6culaire de la CMCase II est de 170 000  20
000; (10) Spectre d'absorption UV is        Elle presente une absorption
maximale a 280 nm et un epaulement a 290 nm. 5. Procede selon la
revendication 1, caracterise par le fait quo la bacterie Bacillus sp
KSM-635, ddpos~e sous le numero FERM BP-1485, est capable de produire une
enzyme ayant les propriftes enzymati- ques suivantes: '~~220       (1)
Activite Elle presente une activite enzymatique C. d'action sur CMC en m8me
temps qu'une faible activlt4 enzymatique C, et une faible activite
b~ta-glucosidase; (2) Specificite pour les substrats Elle agit sur la CMC,
la cellulose cristalline, I'Avicel, la cellobiose, et le PNPC; 25       (3)
pH d'activit6 et pH optimal Elie presente un pH d'activit6 se situant dans
la plage de 4 A 12 et un pH optimal se situant dans la plage de 9 A 10
(Fig. 3) (4) Stabilit6 de pH Elle est stable aux valeurs de pH de 4,5 &
10,5 et de 6,8 a 10, lorsqu'on la laisse reposer & 40  C 30
respectivement, pendant 10 minutes et 30 minutes (Fig. 4); (5) Plage de
temperature d'activit4 et temperature d'activit6 optimale Elle agit dans
une large plage de temperature de 10 h 85 C, une temperature optimale 6tant
reconnue A environ 40 * C (Fig. 5); (6) Influences des agents chelatants 35
L'activit6 n'est pas empech~e par I'EDTA, I'EGTA, le NTA, Is STPP et la
z6olite; (7) Influences des agents tensio-actifs Elle subit une faible
inhibition d'activit6 par des agents tensio-actifs tels quo les LAS, les
AS, les ES, les AOS, les alpha-SFE, les SAS, les (alkyl secondaire) 6thers
polyoxy6thyl6n6s, los sels d'acides gras (sels de sodium), et le chlorure
de dimethyl dialkyl ammonium; 40       (8) Influences des proteinases Elle
pr6sente une forte r6sistance aux proteinases; (9) Masse moleculaire
(d~terminee par chromatographie sur gel a I'aide de Sephadexe G 100) Elle
pr6sente un pic maximum a 180 000  10 000. 45 50 56 32
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