
EP 0 418 835 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention: This invention relates to a novel alkaline pullulanase Y having
an [err]amylase activity, a microorganism producing said alkaline
pullulanase Y. and a process for producing said alkaline pullulanase Y. 10
Description of the Background Art: Pullulanase is an enzyme which breaks
only [err]-1,6-glycosidic linkage of pullulan and finally produces
maltotriose. Pullulanase was first discovered from a strain belonging to
Aerobacter aerogenes by Bender and Wallenfels in 1961 [Biochem. Z., 334,
79, (1961)]. Recently, various microorganisms capable of 15  producing
pullulanase have been reported. These microorganisms are, for example,
Bacillus sp. [J. Jpn. Soc. Starch Sci., 30, 200, (1983)]; Bacillus
acidopullulyticus [Agric. Biol. Chem., 52, 2293, (1984)]; Bacillus
stearothermophilus [Eur. J. Appl. Microbiol Blotechnol., 17, 24, (1983)];
Streptococcus mitis - [Blochem. J., 108, 33, (1968)]; Lactobacillus [Denpun
Kagaku, 28, 72, (1981)]; Clostridium sp. [Appl. Environ, Microb., 53, 7,
(1987)]; Clostridium thermohydrosulturicum  [Appl. Environ. Microb., 49, 5,
20  (1985), J. Bacteriol., 164, 3, (1985), Biochem. J., 246, (1987)],
Thermus aquaticus [Enzyme Microb. Technol., 8, (1986]); and Thermus sp. [J.
Jpn. Soc. Starch Sci., 34, 1, (1987)]. It is known that pullulanase not
only possesses activities against pullulan, but also hydrolysis activities
against a-1,6-glycosidic linkage of starch, glycogen, amylopectin, as well
as against branched oligosac- charides produced by their partial
decomposition. Because of this characteristic, pullulanase is called a 25
"debranching enzyme". Further, it has been found that pullulanase used in
combination with both endo-type amylase and exo- type amylase could yield
glucose or maltooligo-saccharides such as maltose, maltotriose,
maltotetraose, maltopentaose, or maltohexaose from starch in a high yield.
This characteristic has lately attracted considerable attention. 30    In
addition, development of pullulanase having a-amylase activity capable of
reacting with an a-1 ,4- glycosidic linkage has been desired in order to
simplify the conventional sugar-manufacturing processes in which two or
more of enzymes are being used. In this respect, only two enzymes have been
reported. One is a combined enzyme of pullulanase-amylase produced by
Bacillus subtilis TU (Agric. Biol. Chem., 51, 9, (1987); Japanese Patent
Publication No. 18717/1989) and the other is an amylase having pullulanase
36  activity produced by Bacillus circulans (Japanese Patent Laid-open No.
60376/1989). Meanwhile, it has been elucidated that the combined use of a
pullulanase having the above-mentioned characteristics together with an
a-amylase as additives for dish-washing detergents or laundry detergents
remarkably improves detergency against mainly starch soil (Japanese Patent
Application No. 285424/1988). Further utilization of pullulanase is
expected in these fields. 40     However, almost all naturally occuring
pullulanases are classified into neutral or acidic pullulanases which
exhibit the maximum and stable enzymatic activity in neutral or acidic
conditions. There exists few alkaline or alkali-resistant pullulanases
having a better stability and exhibiting the maximum activity at an
alkaline pH range at which cloth-washing or dish-washing is performed. As
for an alkaline pullulanase having [err]-amylase activity, such a kind of
alkaline pullulanase has never been discovered until now. An alkaline 45
pullulanase herein denotes that having an optimum pH at an alkaline range.
An alkali-resistant pullulanase denotes that having an optimum pH in a
neutral to acidic range, but having a sufficient degree of activities in an
alkaline range as it has at its optimum pH while retaining a good
stability. The word "neutral" herein are defined as a pH range of 6-8 and
the word "alkaline" designates a pH range of not less than 8. No processes
for producing alkaline pullulanase nor alkali-resistant pullulanase Is
heretofore known, 60 except for a report of Horikoshi et al., which
discloses a process for producing alkali pullulanase through culturing an
alkalophilic microorganism belonging to genus Bacillus [Biochem. Biophys.
Acta, 397, 188, (1975), and Japanese Patent Publication No. 27786/1978).
Pullulanase of Horikoshi et al. is an enzyme having its optimum pH at an
alkaline range and possessing wider substrate specificity than
conventionally known pullulanases. However, since its optimum pH is In a 55
weak alkaline range of 8-9 and lacks in a-amylase activity, it is not
applicable to detergent compositions. In addition, the pullulanase of
Horikoshi et al. has a disadvantage that the enzyme is unstable and the
productivity of enzyme is low. This type of process is therefore unsuitable
for industrial fermentative production. Because of these reasons, the
development of pullulanases having an optimum pH in higher 



3    EP 0 418 835 B1 alkaline range and having a-amylase activity as well
has been desired. Dish-washing or cloth-washing is usually carried out in a
wide pH range of from neutral to high alkaline range. It is therefore
worthwhile to discover and obtain natural microorganisms having an optimum
pH at highly alkaline range and capable of producing alkaline pullulanase
having a-amylase activity which 5     functions as an enzyme usable for
dish-wshing and cloth-washing detergents. In view of this situation, the
present inventors have carried out extensive studies in order to obtain
natural microorganisms capable of producing alkaline pullulanase having
a-amylase activity, and, as a result, found that an alkalophilic
microorganism Bacillus sp. KSM-AP1378 (FERM P-10886) which was discovered
by the inventors in the soils in Tochigi-shi, Tochigi-ken, Japan, was
capable of producing a 10  novel alkaline pullulanase Y having a-amylase
activity which was effective as a detergent component for automatic
dish-washer or for a laundry detergents. This finding has led to the
completion of the present invention. SUMMARY OF THE INVENTION 15
Accordingly, an object of this invention is to provide a novel alkaline
pullulanase having a-amylase activity possessing the following
enzymological characteristics: (1) Action Acts on pullulan and soluble
starch to produce mainly maltotriose from pullulan and mainly 20
maltotetraose and maltopentaose from soluble starch. Acts also on glycogen
to produce maltotetraose and maltopentaose. (2) Substrate specificity Acts
on pullulan, soluble starch, and glycogen. (3) Working pH and optimum pH
range 25        Has an active pH range on pullulan of 5 - 12 with an
optimum pH range being 8.5 - 10. Has an active pH range on soluble starch
of 4 - 12 with an optimum pH range being 7 - 9.5. (4) pH stability Is
stable in a pH range of 6-10.5 against pullulan and in a pH range of 4-12
against soluble starch (treating condition: 45 C, 10 minutes). 30  (5)
Working temperature and optimum temperature Acts on pullulan and soluble
starch at wide temperatures ranging from 10 to 65[err] with an optimum
temperature being 50[err]C. (6) Thermal stability Is stable up to 45 C when
treated in a 10 mM glycine-NaCI-NaOH buffer (pH 9.5) for 30 minutes. 35
(7) Molecular weight About 200,000[err] 5,000, when measured by means of
electrophoresis using sodium dodecylsulfate (SDS). (8) Effects of metal
ions Pullulanase activity is adversely affected by Hg[err], Mn[err], and
Pb[err] ions and a-amylase activity is 40    adversely affected by Hg[err],
Mn[err], Pb[err], Zn[err], and Cd[err] ions. Another object of the present
invention is to provide a microorganism producing an alkaline pullulanase
having a-amylase activity with the above-mentioned characteristics. Further
object of the present invention is to provide a process for producing an
alkaline pullulanase having the above characteristics. 45     Other
objects, features and advantages of the invention will hereinafter become
more  readily apparent from the following description. BRIEF DESCRIPTION OF
THE DRAWINGS so     Fig. 1 is a paper chromatography showing the production
of maltooligosaccharides when performing enzymatic reaction using the
alkaline pullulanase Y having a-amylase activity of the present invention
and, as a substrate, pullulan, amylopectin, amylose, and glycogen. 



Figs. 2(a) and 2(b) are drawings showing the relation of reaction pH vs.
relative activity of the alkaline pullulanase Y having a-amylase activity
of this invention. 55     Figs. 3(a) and 3(b) are drawings showing the
relation of pH vs. residual activity of the alkaline pullulanase Y having
a-amylase activity of this invention. Figs. 4(a) and 4(b) are drawings
showing the relation of reaction temperature (at pH 9.5) vs. relative
activity of the alkaline pullulanase Y having a-amylase activity of this
invention. 4    EP 0 418 835 B1 Figs. 5(a) and 5(b) are drawings showing
the relation of reaction temperature (at pH 9.5) vs. residual activity of
the alkaline pullulanase Y having [err]-amylase activity of this invention.
Fig. 6 is a drawing showing the results of electrophoresis of the alkaline
pullulanase Y having [err]amylase activity of this invention according to
the method of Davis. Fig. 7 is a drawing showing the results of SDS
electrophoresis of the alkaline pullulanase Y having a- amylase activity of
this invention. DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED
EMBODIMENTS 10     Mycological characteristics of a microorganism producing
alkaline pullulanase of the present invention is now discussed. The
following culture media of 21 sorts (Media 1 to 21) are used for the
classification of strains. They all contain 0.5% by weight of sterilized
sodium carbonate (err). Compositions of the culture media used (% by
weight) Medium 1:    nutrient broth, 0.8; agar powder (manufactured by Wako
Pure Chemical Co.), 1.5 Medium 2:    nutrient broth, 0.8 Medium 3:
nutrient broth, 0.8; gelatin, 20.0; agar powder (manufactured by Wako Pure
Chemical), 20    Medium 4:    Bacto litmus milk, 10.5 Medium 5:    nutrient
broth, 0.8; [err], 0.1 Medium 6:    Bacto peptone, 0.7; NaCl, 0.5; glucose,
0.5 Medium 7:    SIM agar medium (manufactured by Elken Kagaku), an amount
Indicated Medium 8:    TSI agar (manufactured by Eiken Kagaku), an amount
Indicated 25  Medium 9:    yeast extract, 0.5; Bacto peptone, 1.5; [err],
0.1; [err], 0.02; soluble starch, 2.0; agar powder (manufactured by Wako
Pure Chemical), 1.5 Medium 1.0:   Koser's medium (manufactured by Elken
Kagaku), an amount indicated Medium 11:   Christensen's medium
(manufactured by Eiken Kagaku), an amount indicated Medium 12:  the medium
including the following compositions (1) and (2) to which added are
nitrogen 30               sources consisting of sodium nitrate, sodium
nitrite, ammonium chloride,and ammonium phosphate in an amount of 0.25%,
0.2025%, 0.158%, and 0.195% by weight respec- tively in the medium. (1)
yeast extract, 0.05; [err], 0.1; [err], 0.1; glucose, 1.0 (2) yeast
extract, 0.05; Na2SO4, 0.1; [err], 0.1; glucose, 1.0; [err] 55
[err] Medium 13:   King A medium "Eiken" (manufactured by Eiken Kagaku), an
amount indicated Medium 14:   King B medium "Eiken" (manufactured by Eiken
Kagaku), an amount indicated Medium 15:   urea medium "Eiken" (manufactured
by Eiken Kagaku), an amount indicated Medium 16:   cytochrome-oxidase test
filter paper (manufactured by Nissui Pharmaceutical Co., Ltd.) 40    Medium
17:   3% aqueous hydrogen peroxide Medium 18:   Bacto peptone, 0.5; yeast
extract, 0.5; [err], 0.1; glucose, 1.0; [err] 0.02 Medium 19:   Bacto
peptone, 2.7; NaCl, 5.5; [err], 0.3; glucose, 0.5; bromthymol blue, 0.06;
agar powder (manufactured by Wako Pure Chemical), 1.5 Medium 20:  [err]
0.1; KCI, 0.02; [err], 0.02; yeast extract, 0.05; sugar, 1.0 45    Medium
21:   casein, 0.5; yeast extract, 0.5; glucose, 1.0; [err] 0.1; [err] 0.02;
agar powder (manufactured by Wako Pure Chemical), 1.5 Mycological
characteristics 50      (1) Observation under microscope 



Cells are rods of a size of 0.8 - 2.4 um x 1.8 - 4.0 with an elliptical
endospore (1.0 - 1.2 [err] x 1.2 - 1.4 [err] forming at their subterminals.
They have flagella and are motile. Gram's staining Is indeterminable. Acid
fastness: negative    EP 0 418 835 B1 (2) Growth in various culture media
(a) Nutrient agar plate (Medium 1) Growth of cells is good. Colony has a
circular shape, with its surface being smooth and its peripheral 5      end
being smooth. The color of the colony is yellow, semitransparent, and
glossy. (b) Nutrient agar slant culture (Medium 1) Cells can grow. Colony
has a cloth-spreading shape, with a color of the colony being glossy,
yellow, and semitransparent. (c) Nutrient broth (Medium 2) Cells can grow.
(d) Stab culture in nutrient broth-gelatin (Medium 3) .        Growth of
cells is good. Liquefaction of gelatin is observed. (e) Litmus milk medium
(Medium 4) Milk coagulation and peptonization are not observed. Litmus
discoloration is indeterminable because the medium is an alkaline medium.
(3) Physiological characteristics 20 (a) Nitrate reduction and
denitrification (Medium 5) 20   Nitrate reduction: positive Denitrification
: negative (b) MR test (Medium 6) Indeterminable because the medium is an
alkaline medium. (c) V-P test (Medium 6) 25     Negative (d) Production of
indole (Medium 7) Negative (e) Production of hydrogen sulfide (Medium 8)
Negative (f) Hydrolysis of starch (Medium 9) Positive (g)  Utilization of
citric acid (Medium 1 0, Medium 1 1) Negative in Koser's medium (Medium 10)
and indeterminable in Christensen's medium (Medium 11) (h) Utilization of
inorganic nitrogen sources (Medium 12) Nitrate, ammonium salts, and nitrite
are all utilized. (i) Discoloration (Medium 13, Medium 14) Negative (j)
Urease (Medium 15) Negative 40   (k) Oxidase (Medium, 16) Negative (l)
Catalase (Medium 17) Positive (m) Growth range (Medium 18) Growth
temperature: 20 - 40[err]C, Optimum growth temperature: 30 - 35[err] Growth
pH range: 7 - 10.5 Optimum pH: 10 (n) Behavior on oxygen 50       Aerobic 



(o) 0-F test (Medium 19) Discoloration is indeterminable because the medium
is an alkaline medium. Cells can grow only in an aerobic condition. (p)
Sugar utilization (Medium 20) 55      L-Arabinose, D-xylose, D-glucose,
D-mannose, D-fructose, D-galactose, maltose, sucrose, lactose, trehalose,
D-sorbitol, D-mannitol, inositol, glycerol, starch, raffinose, salicin,
D-ribose, and dextrin are utilized. 6    EP 0 418 835 B1 (q) Growth in a
medium containing sodium salt (a modification of Medium 1) Cells can grow
in the presence of a 7% of sodium chloride, but can not grow in the
presence of a 10% sodium chloride. 5    (r) Hydrolysis of casein (Medium
21) Positive Based on the above mycological characteristics, the strain of
the present invention was examined  - referring to Bergey's Manual of
Determinative Bacteriology, Vol 8 and "The Genus Bacillus" Ruth, E. Gordon,
Agriculture Handbook No. 427, Agricultural Research Service, U. S.
Department of Agriculture Washington D. C., (1973), and determined as a
sporogenous rod-shaped microorganism belonging to the 10 genus Bacillus.
The strain does not grow in a neutral range, but can grow mostly in a
highly alkaline range. From this fact, the strain of the present invention
is classified as an alkalophilic microorganism which was demonstrated by
Horikoshi and Akiba [Alkalophilic Microorganism, Japan Scientific Society
Press (Tokyo), 1982]. The strain of the present invention is distinguished
from a group of microorganisms belonging to. genus Bacillus which grows in
neutral pH range. 15        The strain of the present invention, other than
the above characteristics, has mycologically different characteristics from
those of any conventionally known "alkalophilic Bacillus". Accordingly, the
strain of the present invention was determined as a novel strain and named
Bacillus sp. KSM-AP1378, which was deposited with Fermentation Research
Institute, Agency of Industrial Science and Technology as FERM P- 10886. 20
The production of alkaline pullulanase having [err]-amylase activity of the
present invention can be processed by inoculating the microorganisms of the
present invention and culturing the microorganisms according to
conventional culturing methods. It is desirable to add a suitable amount of
carbon and nitrogen sources which the microorganism can utilize in the
medium. There are no specific limitations as to the carbon and nitrogen
sources. Enumerated as nitrogen sources are organic nitrogen sources such
as corn 25  gluten meal, soybean flour, corn steep liquor, casamino acid,
yeast extract, pharma media, meat extract, tryptone, soytone, hypro,
ajipower, soybean meal , cotton seed meal, cultivator, ajipron, zest, and
the like; and inorganic nitrogen sources are such as ammonium sulfate,
ammonium nitrate, ammonium phosphate, ammonium carbonate, sodium nitrate,
ammonium acetate, and the like. Given as examples of carbon sources are
soluble starch, insoluble starch, amylopectin, glycogen, pullulan, and
branched oligomers 30  produced by their partial decomposition, and
utilizable carbon sources such as glucose, maltose, arabinose, xylose,
ribose, mannose, fructose, galactose, sucrose, lactose, trehalose,
mannitol, sorbitol, glycerol, and utilizable organic acids such as citric
acid, acetic acid and the like. In addition to these carbon and nitrogen
sources, inorganic ions such as phosphate, magnesium, calcium, manganese,
zinc, cobalt, sodium, potassium, and the like, as required, other
micro-nutritious organic or inorganic substances can be added 35   into the
culture medium. A preferable culturing temperature range is 20-40 C, most
preferably 30-35[err]C. A preferable pH range is 8-10.5 with a most
preferable pH being 10. In this condition, the culturing is usually
completed in 2-3 days. The alkaline pullulanase Y having an [err]amylase
activity of the present invention can be prepared from 40 the culture broth
by means of conventional collection and purification methods applied to
general enzymes. Specifically, cells are separated from the culture broth
by means of conventional solid-liquid separation methods, such as,
centrifugation, filtration, or the like, to obtain a crude enzyme liquid.
Although it is 



possible to use the crude enzyme liquid thus obtained as is, they can be
served as a purified enzyme, as required after separating by means of
separation methods, e.g. salting out, precipitation, ultrafiltration, and
45  the like, to obtain a crude enzyme, and purifying and crystallizing the
crude enzyme by conventional methods. A preferable method for producing the
alkaline pullulanase Y of this invention is now discussed. Strains of an
alkalophilic microorganism belonging to the genus Bacillus, for example,
strains of KSM-AP1378, are aerobically shake-cultured at 30[err]C for three
(3) days in a medium containing 1% by weight of pullulan; 1% 50 by weight
of polypeptone; 0.5% by weight of yeast extract; 0.1% by weight of [err]
0.25% by weight of [err] 0.02% by weight of [err]   and 0.5% by weight of
sodium carbonate. Cells are removed from the culture liquid and obtain a
supernatant. The supernatant is then purified by means of DEAE cellulose
adsorption, a-cyclodextrin affinity chromatography, DEAE Toyopeal
(manufactured by Tosoh) chromatography, and Sephacryl (manufactured by
Pharmacia) chromatography. A purified enzyme 55  thus obtained gives a
single band when it is subjected to electrophoresis using polyacrylamide
gel (gel concentration: 15% w/v ) and electrophoresis using sodium
dodecylsulfate (SDS). In this process, the yield of active pullulanase is
approximately 2%. 7    EP 0 418 835 B1 Enzymological characteristics of a
novel enzyme, the alkaline pullulanase Y of this invention..are now
discussed. Enzymatic activities were measured using the following buffer
solutions (50 mM each) according to the method explained below. The buffer
solutions: pH 4 - 6:  acetate buffer pH 6 - 8:      phosphate buffer (for
measuring pullulanase activity) pH 6 - 8:      Tris-malate buffer (for
measuring [err]-amylase activity) pH 8-11:      glycine-NaCl-NaOH buffer .
pH 11 - 12:    KCl-NaOH buffer Measurement of Enzymatic activity: (1)
Pullulanase activity 15     0.1 ml of enzyme solution was added to 0.9 ml
of each substrate solution prepared from each buffer solution containing
pullulan (final concentration in the reaction system: 0.25%  w/v) and the
mixture was reacted at 40[err] for 30 minutes. After the reaction, reducing
sugars were quantitatively determined by means of the 3,5-dinitro-salicylic
acid (DNS) procedure. Specifically, 1.0 ml of a DNS reagent was added to
1.0 ml of reaction mixture and the mixture was heated at 100[err] for 5
minutes to develop a color. After 20  cooling, the mixture was diluted by
adding 4.0 ml of deionized water. This solution was subjected to
colorimetric quantitative analysis at a wave length of 535 nm. One unit (1
U) of enzyme activity was defined as the amount of enzyme which released 1
[err] of reducing sugar (as glucose) per minute under the standard assay
conditions. 25  (2) [err]amylase activity 0.1 ml of enzyme solution was
added to 0.9 ml of each substrate solution prepared from each buffer
solution containing soluble starch (final concentration in the reaction
system: 0.25%  w/v) and the mixture was reacted at 50[err] for 15 minutes.
After the reaction, reducing sugars were quantitatively determined by 30
means of a DNS method. Specifically, 1.0 ml of a DNS reagent was added to
1.0 ml of reaction mixture and the mixture was heated at 100[err] C for 5
minutes to develop a color. After cooling, the mixture was diluted by
adding 4.0 ml of deionized water. This solution was subjected to
colorimetric quantitative analysis at a wave length of 535 nm. One unit (1
U) of enzyme activity was defined as the amount of enzyme which released 1
[err]mol of reducing sugar (as glucose) per minute under the standard assay
conditions. 35 Enzymological characteristics (1) Action Acts on pullulan
and soluble starch to produce mainly maltotriose from  pullulan and mainly
mal- totetraose and maltopentaose from soluble starch. Acts also on
glycogen to produce maltotetraose and 



maltopentaose. (See Fig. 1) 45 50 55 8    EP 0 418 835 B1 (2) Substrate
specificity Acts on pullulan, soluble starch, and glycogen. (See Table 1) 5
Table 1 Substrate       Concentration   Relative Activity (%) Pullulan
0.25% w/v            100 10                    Glycogen (oyster)     0.5%
w/v              25 Glycogen (rabbit liver)   0.5% w/v          24
Amylopectin           0.5% w/v               55 Amylose                0.5%
w/v             28 Maltose               1 x 10[err]M              0 15
Maltotriose            1 x 10-2 M            0 Panose x 10[err]
0 Isomaltose             1 x 10[err] M             4 Isomaltotriose
1 x 10[err] M           11 Gentiobiose            1 x 10-2 M            0
(3) Working pH and optimum pH range The active pH range on pullulan is 5 -
12 with an optimum pH range being 8.5 - 10. Pullulanase activities at
various pH were measured using each reaction system consisting of 0.25% w/v
of pullulan and a buffer solution of 10 mM acetate (pH 4-5), phosphate (pH
6-8), glycine-NaCl-NaOH (pH 9- 10.5), and KCl-NaOH (pH 11-12). Each
reaction was carried out at 40 C for 30 minutes. The results are shown in
Fig. 2(a). The active pH range on soluble starch is 4-12 with an optimum pH
range being 7- 9.5. a-amylase activities at various pH were measured using
each reaction system consisting of 0.25% w/v. of soluble starch and a
buffer solution of 10 mM acetate (pH 4-5), Tris-malate (pH 6-8),
glycine-NaCl-NaOH (pH 9-10.5), and KCI-NaOH (pH 11-12). Each reaction was
carried out at 50 C for 15 minutes. The results are shown in Fig. 2(b). (4)
pH stability Is stable in a pH range of 6-10.5 against pullulan.
Pullulanase activities at various pH were measured using each reaction
system consisting of 0.25% w/v of pullulan and a buffer solution of 10 mM
acetate (pH 4-5), phosphate (pH 6-8), glycine-NaCI-NaOH (pH 9- 40  10.5),
and KCI-NaOH (pH 11-12). Each reaction was carried out at 40*C for 10
minutes. The results are shown in Fig. 3(a). Is stable in a pH range of
4-12 against soluble starch. [err]-amylase activities at various pH were
measured using each reaction system consisting of 0.25% by weight of
soluble starch and a buffer solution of 10 mM acetic acid (pH 4-5),
trismalate (pH 6-8), glycine- NaCI-NaOH (pH 9-10.5), and KCI-NaOH (pH
11-12). Each reaction was carried out at 50 C for 15 minutes. The results
are shown in Fig. 3(b). (5) Working temperature and optimum temperature 50
Acts on pullulan and soluble starch at wide temperatures ranging from 10 to
65[err]C with an optimum temperature being 50[err]C. The results are shown
in Figs. 4(a) and 4(b). (6) Thermal stability 55     The temperature at
which the enzyme loses its activity was examined by subjecting the enzyme
to heat-treatment at various temperatures for 30 minutes at pH 9.5.
Resultingly, the enzyme was stable up to 45[err]C. The results are shown in
Figs. 5(a) and 5(b). 9 



EP 0 418 835 B1 7)Molecular weight About 200,000  5,000, when measured by
means of SDS-polyacrylamide gel electrophoresis(gel concentration: 7.5%
w/v). (8) Effects of metal ions Pullulanase activity is adversely affected
by [ERR] ions and a-amylase activity is adversely affected by [Err]ions.
Table 2 shows the results. 10 Table 2 Compound       Concentration
Residual activity(%) [err]
Pullulanase Activity  [err]-amylase Activity No addition
100                  100 Metal salt [err]             1 mM               36
53 20             [err]             1mM               51
28 [err]             1 mM               53                   53 [err]
1mM                80                   38 {err]                 1 mM
93                   57 25            Chelating  agent EDTA             10
mM               77              17 (88)* EGTA             10 mM
65              18 (91)* The value in parenthesis is a residual activity
when [err] ions was again added. As shown in Table 2,the metal ions which
adversely affect the pullulanase activity or the [err]-amylase activity of
alkaline pullulanase of the present invention are different each other. (9)
Effects of detergents 0.05% solution of a surfactant such as linear
alkylbenzene sulfonate (LAS), sodium polyoxyethylene alkyl sulfate (ES),
sodium [err]-olefin sulfonate (AOS), sodium [err]-sulfonated fatty acid
ester (a-SFE), sodium alkyl sulfonate (SAS), sodium dodecyl sulfate (SDS),
soaps and softanol was tested at 40[err]C for 15 minutes to confirm no
adverse effects on enzymatic activities. (10) Effects of chelating agents
Chelating agents such as EDTA (1 0 mM), EGTA (1 0 mM) give no adverse
effect on pullulanase activity, but heavily affects a-amylase activity. The
a-amylase activity which has been adversely affected by a 45   chelating
agent can be restored by adding [err] ions as shown in Table 2.
(11)Resistance to protease In the presence of an alkaline protease, for
example, Maxatase (IBIS), Sabinase (Novo), or the like in an 50  amount of
0.2 AU/I, the activities were measured, to confirm that the enzyme of this
invention exhibited strong resistance to any proteases. As is clear from
the above-mentioned enzymological characteristics, the alkaline pullulanase
Y of this invention is an enzyme having physiologically and chemically
different characteristics from conventional pullulanases having
[err]-amylase activity. In order to clarify the novelty of the enzyme of
the present invention, comparison data on physiological and chemical
characteristics of the alkaline pullulanase Y of the present invention and
conventional pullulanases having [err]-amylase activity are shown in Table
3. 1 0    EP 0 418 835 B1 *14 [err]
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: :5   O4        in             an .  .     :- 10                      "q~0
s~               In I            CS    0 4o ,4    .-i                   a
:n     :    -s  . 04'       .      '  .:              : .                4
': 00  .146    Q  N    vi             NY )   0       C.D
10~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0 ... . . ... SI.
...  .;. 4i~~~~~~~~~~~~~~~~~~~~~~~1 ..  0
S                   i   :          : ", ! Q* ^    74 a     "4  ,z 1z
oO4 Ca t:    -   S    @ t8  a  O       o       e      tn     c~~~~~o
U     -- 94  o o   ) ^     .      .                     ^ 4
Z 20                                                     0      0       C3
in              S4 o...:,':_. Cs0           0             I
O ': ..A                                  O :  ..
' s~~~~~~~l~o                         *      - ;    I-If '30'   . W    04
4,                        -ri  VI <Z4 0 - --E<'X''''I O   Vq  AS
..     o       ..     oO       o                @     .      e Is ~
N 4     %                     NC)0 Pe O 1 o o O 4 *- C. .. .:
................... @ W rW s I | ~~0    . ..   c                      0
_ I.o  -   . -- ;~~~~~~~ :.: :  :. .                                in
%O  ,.W  ._:_.- a ~ ~      ~ r4
es O            '' :~~~~~~~~ r4 r-
Lq Mt  en   o "4 ~       ,4    1Z                      -  4   CD Q
" ^^: l~~~~ 12 1!"                                                    t1-
; 4i~~~~~~~~ 44
r~~~~~~~~~~~~~~~~~~~~~~1 1 504   In WS 0- 'W 'O   0- "
- a S   0%   0   in~    C                        4'  0                IR
P40r-            00      t           0a        4    N 5411%    0        an
90      -.1.6                .041~~0  a P d'..4.4  N  90
4.-I   0~~~~~~"I I 0 Alklie ululanas Y - oftepeetivninpsess*mls  ciiy and
has an opimmpHa _                )9 O'~~~~~~~~~-C 60 ~ ~ ~ ~ ~    ~      ~
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conventional alkaline pullulanases and exhibits excellent stability in a
wide pH range. Further, alkaline pullulanase of the present invention has
strong resistance to almost all detergent    EP 0 418 835 B1 components
such as surfactants, chelating agents, proteases for detergents, and the
like. Accordingly, the enzyme of the present invention can advantageously
be used as a detergent component. The enzyme of the present invention has
thus an outstanding utility in industrial fields. Other features of the
invention will become apparent in the course of the following description
of the 5  exemplary embodiments which are given for illustration of the
invention and are not intended to be limiting thereof. EXAMPLES 10  Example
1 A spoonful of soil (about 0.5 g) of Tochigi-shi, Tochigi-ken, Japan was
suspended in sterilized saline and the mixture was heat-treated at 80[err]
for 15 minutes. A supernatant of the heat-treated mixture was appropriately
diluted, applied onto an isolating agar medium (Medium A), and cultured at
30 C for 3 days 



15  to grow colonies. The colonies which formed transparent zones in their
peripheries due to pullulan dissolution were collected to obtain strains
which produce pullulanase having [err]-amylase activity. These strains were
inoculated into the liquid medium B and shake-cultured at 30[err]C for 3
days. After cultivation, the cultured broth was centrifuged to separate a
supernatant. The pullulanase and [err]-amylase activities of the
supernatant were measured at pH 10 to select strains which produce alkaline
pullulanase having a- 20    amylase activity. Bacillus sp. KSM-AP1378 (FERM
P-10886) which is a microorganism  capable of producing alkaline
pullulanase having [err]-amylase activity was thus obtained. % (w/v) 25
Medium A   Pullulan                                 0.5 Soluble starch
0.5 Colored Pullulan   0.2 Polypeptide      0.2 Yeast extract    0.1 [err]
0.03 [err]        0.1 [err]             0.02 [err]            0.02 [err]
0.001 35                         [err]
0.0001 Agar             1.5 [err]           0.5 .        pH: 10.0 %
(w/v) Medium B   Pullulan        0.5 45
Soluble starch   0.5 Tryptone       0.2 Yeast extract    0.1 KH2PO4
0.03 [err]           0.1 50                                           [err]
0.02 [err]            0.02 [err]           0.001 [err]       0.0001 [err]
0.5 [err]    pH: 10.0 12    EP 0 418 835 B1 Example 2 The strains of
Bacillus sp. KSM-AP1378 which produce the alkaline pullulanase Y having
a-amylase activity were inoculated into the liquid medium B, which had the
same composition as in Example 1, and 5  shake-cultured at 30[err]C for 3
days. After cultivation, cells were removed by means of centrifugation to
obtain the preparation of crude pullulanase enzyme. The crude enzyme was
processed according to a conventional method to prepare ethanol-dried
powder. As a result, the alkaline pullulanase Y having [err] amylase
activity was obtained and confirmed as shown in Table 4. Enzymatic activity
was measured at pH 9. 10 Table 4 Strain        Amount of enzyme per
Enzymatic activity (U/g) I of medium (g) Pullulanase    [err]-amylase
KSM-AP1 378          0.2            2,096        2,476 



20 Example 3 Bacillus sp. KSM-AP1378 capable of producing alkaline
pullulanase having a-amylase activity was inoculated into a medium which
had the same composition as the liquid medium B in Example 1 except 25 that
1% of maltose was added instead of pullulan and soluble starch and
shake-cultured at 30 [err] C for 2 - 3 days. Pullulanase activity of a
supernatant after centrifugation was measured to be 211 U per one litter of
the culture broth. Example 4 To a supernatant of the crude enzyme prepared
in Example 2 was added DEAE cellulose powder and pullulanase in the
supernatant was completely adsorbed to the DEAE cellulose. After 10 mM
Tris-HCI buffer (pH 8) was used to wash the resin the enzyme was eluted
with 10 mM Tris-HCI buffer (pH 8) containing 0.6 M sodium chloride. The
eluate was dialyzed against 10 mM Tris-HCI buffer. Then, the enzyme was
adsorbed to a-cyclodextrin affinity column equilibrated with 10 mM Tris-HCl
buffer and eluted with 10 mM Tris-HCl buffer (pH 8) containing
[err]-cyclodextrin to collect active fractions. After dialyzing, the active
fractions were adsorbed to DEAE Toyopeal 650S equilibrated with 10 mM
Tris-HCI buffer (pH 8). The enzyme adsorbed was gradiently eluted with 10
mM Tris-HCl buffer containing sodium chloride having a concentration of
0.1-1M to collect active fractions. After dialyzing, the active fractions
were filled into a 40  sephacryl S-200 column equilibrated with 10 mM
Tris-HCl buffer (pH 8) containing 0.1 M sodium chloride and eluted with the
same buffer containing 0.1 M sodium chloride to collect active fractions.
The active fractions were concentrated on an ultrafiltration membrane and
dialyzed overnight against 10 mM Tris-HCI buffer (pH 8) to obtain the
alkaline pullulanase Y having [err]-amylase activity. The pullulanase Y
having a- amylase activity obtained was subjected to electrophoresis using
polyacrylamide gel (gel concentration: 46  15% w/v) according to the method
of Davis [Ann. N. Y. Acad. Sci., 121, 404, (1964)], and stained with
Coomassie Brilliant Blue to confirm that it gave a single band (see Fig.
6). Example 5 The alkaline pullulanase Y having [err]amylase activity
obtained in Example 4 was subjected to sodium dodecyl sulfate (SDS)
electrophoresis according to a conventional method to confirm that the
enzyme had a -   molecular weight of 200,000[err]5,000. (See Fig. 7)
Obviously, numerous modifications and variations of the present invention
are possible In light of the above teachings. It is therefore to be
understood that the scope of the appended claims, the invention may 55  be
practiced otherwise than as specifically described herein. 13    Claims
Claims for the following Contracting States: DE, DK, FR, GB, IT, SE 1. An
alkaline pullulanase Y having [err]-amylase activity which possesses the
following enzymological 5    characteristics: (1) Action Acts on pullulan
and soluble starch to produce mainly maltotriose from pullulan and mainly
maltotetraose and maltopentaose from soluble starch, and acts also on
glycogen to produce maltotetraose and maltopentaose; 10     (2) Substrate
specificity Acts on pullulan, soluble starch, and glycogen; (3) working pH
and optimum pH range Has an active pH range on pullulan of 5 - 12 with an
optimum pH range being 8.5 - 10, and has an active pH range on soluble
starch of 4 - 12 with an optimum pH range being 7 - 9.5; 15   (4) pH
stability Is stable in a pH range of 6-10.5 against pullulan and in a pH
range of 4-12 against soluble starch (treating condition: 45[err] C, 10
minutes); (5) working temperature and optimum temperature Acts on pullulan
and soluble starch at wide temperatures ranging from 10 to 65[err]with an
20        optimum temperature being around 50[err]C; 



(6) Therrnal stability Is stable up to 45[err]C when treated in a 10 mM
glycine-NaCl-NaOH buffer (pH 9.5) for 30 minutes; (7) Molecular weight 25
About 200,000  5,000, when measured by means of electrophoresis using
sodium dodecyl sulfate (SDS); (8) Effects of metal ions Pullulanase
activity is adversely affected by [err]ions and [err]-amylase activity is
adversely affected by [err] ions. 2. A microorganism producing an alkaline
pullulanase according to Claim 1, which microorganism is named "Bacillus
sp. KSM-AP1378" and deposited as FERM P-10886 with Fermentation Research
institute, Agency of Industrial Science and Technology. 3. A process for
producing the alkaline pullulanase according to Claim 1, comprising:
culturing a microorganism producing an alkaline pullulanase having
a-amylase activity, which  is named "Bacillus sp. KSM-AP1 378" and
deposited as FERM P-10886 with Fermentation Research Institute, Agency of
Industrial Science and Technology; and collecting the alkaline pullulanase
Y having [err]-amylase activity from the cultured medium. 40 Claim for the
following Contracting State: ES 1. A process for producing an alkaline
pullulanase Y having a-amylase activity which possesses the following
enzymological characteristics: 45       (1) Action Acts on pullulan and
soluble starch to produce mainly maltotriose from pullulan and mainly
maltotetraose and maltopentaose from soluble starch, and acts also on
glycogen to produce maltotetraose and maltopentaose; (2) Substrate
specificity 50           Acts on pullulan, soluble starch, and glycogen;
(3) Working pH and optimum pH range Has an active pH range on pullulan of 5
- 12 with an optimum pH range being 8.5 - 10, and has. an active pH range
on soluble starch of 4 - 12 with an optimum pH range being 7 - 9.5; (4) pH
stability 55           Is stable in a pH range of 6-10.5 against pullulan
and in a pH range of 4-12 against soluble starch (treating condition :
45[err]C, 10 minutes); (5) Working temperature and optimum temperature Acts
on pullulan and soluble starch at wide temperatures ranging from 10 to 65 C
with an 14    *  C  L  M  S  * optimum temperature being around 50[err] C;
(6) Thermal stability -                  Is stable up to 45[err]C when
treated in a 10 mM glycine-NaCl-NaOH buffer (pH 9.5) for 30 minutes; 5
(7) Molecular weight About 200,000 [err] 5,000, when measured by means of
electrophoresis using sodium dodecyl sulfate (SDS); (8) Effects of metal
ions Pullulanase activity is adversely affected by [err] ions and a-amylase
activity is 10   adversely affected by [err] ions, said process being
characterized by culturing a microorganism producing an alkaline
pullulanase having a-amylase activity, which is named "Bacillus sp. KSM-A1
378" and deposited as FERM P-10886 with Fermentation Research Institute,
Agency of Industrial Science and Technology; according to conventional
culturing methods aerobically at a temperature of 20-40[err] C; and
collecting the alkaline pullulanase Y having a-arnylase 



15       activity from the cultured medium. Patentansprilche
PatentansprUche fUr folgende Vertragsstaaten: DE, DIK, FR, GB, IT, SE 20.
1. Alkallsche Pullulanase Y mit a-Amylase-Aktivtlit, die die folgenden
enzymologlechen Elgensdhaften  - aufweistr (1) Wirkung wirkt auf Pullulan
und Iosliche Stirke zur Erzeugung von hauptsdchlich Maltotrnose aus
Pullolan und hauptsfichlich Maltotetraose und Maltopentaose aus lslicher
Stfrke und wirkt auch auf '-"'4 26        Glykogen zur Erzeugung von
Maltotetraose und Maltopentaose; (2) Substrat-Spezifitat wirkt auf
Pullolan, losliche Stfrke und Glykogen; (3) Arbelts-pHI und optimaler
pH-Bereich hat gegenUber Pullolan einen aktiven pH-Bereich von 5 bis 12,
mit einem optimalen pH-Bereiclv..'; "..3      von 8,5 bis 10 und hat
bezlglich loslicher Starke einen aktiven pH-Bereich von 4 bis 12,
bei'einem. optimalen pH-Bereich von 7 bis 9,5; (4) pH-Stabilittit ist im
pH-Bereich von 6 bis 10,5 gegenlber Pullolan stabil und In einem pH-Bereich
von 4 bis   ;   - 12 gegenUber lIslicher Stirke stabil
(Behandlungsbedingungen: 45 C, 10 Minuten);               - - . -' .'. 35
(5) Arbeitstemperatur und optimale Temperatur wirkt auf Pullolan und
ldsliche Stirke innerhalb eines weiten Temperaturbereiches von 10 bls: 65'
C mit elner optimalen Temperatur um 50' C herum; (6) Thermische Stabilitat
ist be! Behandlung in einem 10 mM Glycin-NaCI-NaOH-Puffer (pH 9,5) bis zu
45 C 30 Minuten ---:     :40   stabil; (7) Molekulargewicht * '    '
etwa 200.000  5.000, gemessen mittels Elektrophorese unter Verwendung von
Natriumdodecyl- sulfat (SDS); (8) Wirkungen von Metallionen .::44
Pullulanase-Aktivit~t wird beeintrAchtigt durch Hg2+-, Mn24- und Pb2+-lonen
und a-Amylase-. Aktivitat wird beeintr~chtigt durch Hg2+-, Mn2+-, Pb2+-,
Zn2+- und Cd2+-lonen. 2. Mikroorganismus, der eine alkalische Pullulanase
gemaB Anspruch 1 erzeugt, wobei dieser Mikroorga- nismus als "Bacillus sp.
KSM-AP1378" bezeichnet und als FERM  P-10888 balm Fermentation 50
Research Institute, Agency of Industrial Science and Technology hinterlegt
lst. 3. Verfahren zum Herstellen der alkalischen Pullulanase gem.B Anspruch
1, umfassend das Zfchten eines Mikroorganismus, der sine alkalische
Pullulanase erzeugt, die a-AmylaseAlktivitlt zeigt, der als - . "Bacillus
sp. KSM-AP1378" bezeichnet und als FEBM P-10886 beim Fermentation Research
Institute, ; .     55      Agency of Industrial Science and Technology
hinterlegt ist, und Gewinnen der alkalischen Pullulanase Y, die
a-Amylase-Aktivit~t zeigt, aus dem Kulturmedium. 1 5    :.-  ,.. ."
~ ~~~~~~~~~EP 0 418 835 B1  Iii llI II11111 * C   L       s* -
Patentanspruch fUr folgenden Vertragsstaat: ES
. 1. Verfahren zum Herstellen einer alkalischen Pullulanase Y mit
a-Amylase-AktivitAt. die die folgenden. enzymologischen Eigenschaften
aufweist: '-' ..:.:6   . (1) Wirkung wirkt auf Pullulan und Ilsliche Starke
zur Erzeugung von hauptsachlich Maltotriose aus Pullolan. '.'.  ...A . und
hauptsdchlich Maltotetraose und Maltopentaose aus l6slicher Stdrke und
wirkt auch auf- Glykogen zur Erzeugung von Maltotetraose und Maltopentaose;
(2).Substrat-Spezifitit
. *>-& *- - * 10  wirkt auf Pullolan, Idsliche Starke und Glykogen; 



(3) Arbeits-pH und optimaler pH-Bereich hat gegen~ber Pullolan einen
aktiven pH-Bereich von 5 bis 12, mit einem optimalen pH-Bereich -   - - von
8,5 bis 10 und hat bezlglich Ilslicher Strke eonen aktiven pH-Bereich von 4
bis 12, bei enem : e : . . .  optimalen pH-Bereich von 7 bis 9,5; -i
t   (4) pH-Stabiltita:'' Ist im pH-Bereich von 6 bis 10,5 gegenober
Pullolan stabil und in elnem pH-Bereich von 4 bis 12 gegenfber ldslicher St
rke stabil (Behandlungsbedingungen: 45-C, 10 Minuten);: (5)
Arbeitstemperatur und optimale Temperatur wirkt auf Pullolan und ldsliche
Starke innerhalb dines weiten Temperaturbereiches von 10 bis 20        65 C
mit einer optimalen Temperatur um 50 C herum; (6) Thermische Stabilitat ist
be! Behandlung in einem 10 mM Glycin-NaCI-NaOH-Puffer (pH 9,5) bis zu 456C
30 Minuten - ;. -.; -     ~~stabil; .(7) Molekulargewicht : 25         etwa
200.000 t 5.000, gemessen mittels Elektrophorese unter Verwendung von
Natriumdodecyl-  - ': :^   ... ... .  .. .   .    sulfat ((D))- (8)
Wirkungen von Metallionen Pullulanase-Aktivitat wird beeintrachtigt durch
Hg2e-, Mn2P- und Pb2+-lonen und a-Amylase-' 1, 4*; *sar <s;-. AktvitW t
wird beeintrinchftigt durch Hg2+-, Mn2-, Pb+-, Zn2+_- und Cd2'-Ionen, :so
wobei dieses Verfahren gekennzeichnet ist durch aerobes ZUchten dines
Mikroorganismus, der eine alkalische Pullulanase erzeugt, die
a-Amylase-Aktivitat zeigt, der als 'Bacillus sp. .KSM-AP1378". -..
.bezeichnet und als FERM P-10886 beim Fermentation. Research Institute,
Agency ot Industrial Science and Technology hinterlegt ist; gemaB
konventionellen ZUchtungsverfahren bei einer Temp.- ratur von 20 bis 40* C
und 35:       Gewinnen der alkalischen Pullulanase Y mit
a-Amylase-Aktivit~t aus dem Kulturmedium. .  Revendicatlons Revendlcatlons
pour les Etats contractants sulvants: DE, DK, FR, GB, IT, SE ,4o  I.
Pullulanase Y alcaline ayant une activit6 d' a-amylase, qui pr~sente les
caract~ristiques enzymologi- ques suivantes: (1) action agit sur le
pullulane et l'amidon soluble pour produire essentiellement du maltotrlose
a partir du pullulano et sseontlellement du maltot~traose et du
maltopentaose a partir de l'amidon soluble, et .46       agit aussi sur le
glycogbne pour produire du maltot~traose et du maltopentaose; (2)
sp~cificitd du substrat agit sur i8 pullulane, I'amidon soluble et le
glycogbne; (3) pH de travail et intervalle optimal de pH ;i presente un
Intervalle de pH a activit4 sur le pullulane de 5 a 12, avec un Intervalle
optimal de 50       pH de 8,5 & 10, et un Intervalle de pH a activit6 sur
l'amidon soluble de 4 & 12 avec un Intervalle optimal de pH de 7 & 9,5; (4)
stabilite au pH stable sur un intervalle de pH de 8 A 10.5 vis-&-vis du
pullulane et sur un intervalle de pH de 4 a 12 vis-a-vis de l'amidon
soluble (conditions de traltement: 45 * C, 10 minutes); : . :    55-  (5)
temperature de travail et temperature optimale agit sur le pullulane et
l'amidon soluble sur un large intervalle de temperatures allant de 10 a 65
* C, la tempdrature optimale dtant d'environ 50   C; 16    * C   L  M S (6)
stabilite thermique stable jusqu'a 45 'C quand elle est traitee pendant 30
minutes dans un tampon glycine 10 mM- NaCI-NaOH (pH 9,5); (7) masse
moleculaire 



5            environ 200.000 t 5.000, mesuree par electrophorese sur
dodecylsulfate de sodium (SDS); (8) effets des ions metalliques les ions
Hg2+, Mn2+ et Pb2+ ont des repercussions inddsirables sur l'activit6 de
pullulanase, et: . les ions Hg2+, Mn2+, Pb2+, Zn2+, et Cd2+ ont des
repercussions ind~sirables sur l'actfvite d' a-: amylase. 10 2.
Micro-organisme produisant une pullulanase alcaline selon la revendication
1, loquel micro-organisme est appele "Bacillus sp. KSM-AP1378" et eat
depos4 sous le numero FERM P-i0888 aupr&s du'_. Fermentation Research
Institute, Agency of Industrial Science and Technology. t5  3  Proc~d6 pour
produire la pullulanase alcaline selon la revendication 1, qui comprend la
culture d'un microorganisms produisant une pullalanase alcaline ayant une
activit6 d' a-amylase, portant le nom "Bacillus sp. KSM-AP1378" et depose
sous le numero FERM  P-10886 aupres du Fermentation Research Institute,
Agency of Industrial Science and Technology ; et la collecte A partir du
milieu de culture, de la pullulanase Y alcaline ayant une activite d'
a-amylase. 20 Revendlcatlon pour lEtat contractant sulvant: ES 1. Procede
pour produire une pullulanase Y alcaline ayant une activite d' a-amylase,
qui presente lesa caracteristiques enzymologiques suivantes: 25       (1)
action
. . agit sur Ie pullulane et l'amidon soluble pour produire essentiellement
du maltotriose a partir du; pullulane et essentiellement du maltotetraose
et du maltopentaose a partir de l'amidon soluble, et agit aussi sur le
glycogene pour produire du maltot~traose et du maltopentaose; (2)
sp6cificit6 du substrat 3.0.         agit sur le pullulane, I'amidon
soluble et le glycogene;                   -      .         -. (3) pH de
travail et intervalle optimal de pH il pr~sente un intervalle de pH &
activit6 sur le pullulane de 5 & 12, avec un intervalle optimal de: .: pH
de 8,5 a 10, et un intervalle de pH a activite sur l'amidon soluble de 4 A
12 avec un intervalle  ..-; optimal de pH de 7 a 9,5; 35       (4)
stabilit6 au pH stable sur un intervalle de pH de 6 & 10,5 vis-&-vis du
pullulane et sur un intervalle de pH de 4 A. 12 vis-a-vis de.l'amidon
soluble (conditions de traitement 45 * C, 10 minutes); (5) temperature de
travail et temperature optimale * agit sur le pullulane et l'amidon soluble
sur un large intervalle de temperatures allant de 10 A 65 40* C, la
temperature optimale etant d'environ 50 * C; (6) stabilit6 thermique stable
jusqu'k 45 eC quand elle est traltee pendant 30 minutes dans un tampon
glycine 10 mM- NaCI-NaOH (pH 9,5); (7) masse moleculaire 45
environ 200.000  5.000, mesurde par electrophorese sur dodecylsulfate de
sodium (SDS)i (8) effets des ions mdtalliques les ions Hg2+, Mn2+ et Pb2+
ont des rIpercussions indesirables sur I'activit6 de pullulanase, et les
Ions Hg2+, Mn2+, Pb2+, Zn2+, et Cd2+ ont des repercusslons indesirables sur
l'activit4 d' a- amylase, 60           proc6d6 caract~ris6 en ce qu'il
comprend la culture d'un micro-organisms produlsant une pullalanase
alcaline ayant une activit6 d' a-amylase, portant le nom "Bacillus sp.
KSM-AP1378" et d~pos6 sous le numdro FERM P-10886 auprbs du Fermentation
Research Institute, Agency of: Industrial Science and Technology ; selon
les m6thodes classiques de culture a~robies & une temp~rature de 20 h 40 '
C; et la collecte & partir du milieu de culture, de la pullulanase Y
alcaline 55        ayant une activite d' a-amylase. 17    


