T1TtE7CF THE | NVENTI ON DETERGENT COMPCSI TI ON BACKGROUND OF THE | NVENTI ON
Field of the Invention: The present invention relates to aévg?géh?

conposi tions, and, nore particularly, to detergent conpositions exhibiting
an excel |l ent detergency against protein soil. The present |nvent|on aI SO

relates to al kaline proteases which exhjhit ¢t Vt.v.+“ O~ ry-eH-O1-7

human horny keratin fiber and nlcroorganlsns ﬁf % é§§§53§ r ot ¥dses.
Descri ption of the Background: Conventional l P&$PBG§1pP%¥%ase§°ﬁa#€ ‘peen
i ncorporated into detergents for washing clo §M§W6)detﬁﬁe@n?stﬁaﬁgﬂ ----------
aut omat ed di sh-washi ng machines in order to fehBvavipg(eft epaged gi-l...to Adedl-i-ne.

prot easeprrexhof thRd xheNTTafti vities in anj@l keduawe repiged.argopsgd .£.05.
such proteases. yplr cal exanpl es of such al ghnmeopfngggmes are. . Al.cal.ase,

Savi nase (a product of Novo NDEWRERGESE. CoMRBSTIRIOGNSNOWA Denko Co., Ltd.),
Maxacal (G st Brocades Co.), and the like. Problens with many of these

al kal i ne proteases have been thei'r insufficient detergency against

i nsol ubl e protein BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to detergent compositions,
and,.more particularly; to detergent'compositions exhibiting
‘an excellent detergency against protein soil. The present
invention also relates to alkaline proteases which exhibit a
high activity for hydroiyzing human horny keratin fiber and .

microorganisms which produce such proteases.

Description o e Background:

Conventionally, various proteases have been
incorporated into detergents for waShin§ clothe; and
detergents for automated dish-washing machines in order'to

- remove protein So0il. Alkaline proteases exhibiting their
activities in an élkaliné region are used for such |
proteases..” Typical examples of such alkaline proteases
are Alcalase, Savinase (a product of Novo Nordisk Co.), API-21
(Showa Denko Co., Ltd.), Maxacal (Gist Brocades Co.), and the
like. Problems witg’many of theée alkaline proteases  have
been their insufficient detergency against insoluble protein

soils in such portions of clothes as collars, sleeves, and the

like. Detergent compositions in which these alkaline
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soi I's*in such portions of clothes as collars, sleeves, and the |ike.

Det ergent conpositions in which these al kal i ne pr ot eases are

i ncorporated do not exhibit sufficient detergency against protein soils. Ya
enzynme is reported (Japanese Patent Laid-open (kokai) No. 280278/ 1986) to
be stabl e against surface active agents.5This enzynme, however, is active on
the high tenperature range, and therefore generally is not suitable for use
as a detergent to be used around roomtenperature. Thus, there remains a
need for gledtigaid composincarpordted dopest cexhipibi sufyioefienenovi ng
protein soils, using an al kaline protease which is highly stable in

sur f act aletrytaeneysagainst protedin sleilsnper at ure range, and active for

i nsol ubl e proteins. SUMVARY OF THE | NVENTI ON Accordingly, it is an object
of the present¥d RRINTSOMS FIPFLteR (RRRINRe cPabant chbapdsPredndkakadl

exhi bit excel]l ent detergenc agai nst_water-insol ubl e proteins.
_ No. 280278/1986) to be stable against surface active agents.

This enzyme, however, is active on the high
temperature range, and therefore generally is not suitable for
use as a detefgenp to be used around room temperature.
Thﬁs, there remains a need for detergent composition with
a superior capability of removing protein soils, using an
alkaline protease which is highly stable in surfactant |
- solutions, active in a wide temperature range, and active

for insoluble proteins.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to
,provide novel detergent compésitions which exhibit excellent
detergency against water-insoluble proteins.: |
It is ahother object of the present invention to provide
detergené compositions comprising an alkaline protease

‘having ; activity of hydrolyzing human horny keratin fiber.

/a0 KFU/APU or more of)
| It is another object of the present invention to provide

novel alkaline proteases which have \\iftivity of

hydrolyzing human horny keratin fiber. L_40 KFU/APU or more of )
It is another object of the present invention to provide

novel microorganisms which produce such proteases:

This Sheet Has Been Rcﬂlaced
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It i-sTanot her object of the present invention to provide detergent
conpositions conprising an al kaline protease having 40 KFU APU or nore of
activity of hydrolyzing human horny keratin fiber. It is another object of
t he present invention to provide novel alkaline proteases which have 40
KFW APU or nore of activity of hydrolyzijng human horny keratin fiber. It is
anot her object of the present invention to provide novel m croorgani sns

whi ch produce such proteases. These and ot her objects, features and

advant ages of i IAREBLHdY BB s MEcdtitdd HRE UBVAMELGS 36k | ¥he
apparent fromthe follow ng detall ed description, have been achi eved by the

I nvent or prefemoVvidiventiiadn daileige i XD Mmasdne QisreM éadi By eppDFedtet er gency
agai nst protein soils, especially insoluble protein soils in collars and
sl eeves, fumn cclee folhwiow etaikled adetcermnipiom) kidvedgent 2clstepedskygsi ng
a superior capability of hydrolyzing insoluble proteins, especially human
hor ny keﬂhﬁrﬁﬂ?ﬁnﬁonﬁﬁj4354?K§#¥n@hﬂtw@#tergent compositions with a
superior detergency against protein soils, especially
insoluble protein soils in collars and sleeves, could be
produced by incorporatihg an alkaline protease possessing a
superior capability of hydrolyzing insoluble proteins,
especially human horny keratin fiber and by the inventors'
discovery of microorganisms which produce such ° proteases.
This finding has led to the completion of the present

invention. .

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of
the attendant advantages thereof will be readily obtained as
the same becomes better understood by refeience to the
followiné detailed description when considered in connection
with the accompanying drawings, wherein:

Figure 1 illustrates the influence of pH on the activity
of alkaline protease. X-16;

Figure 2 illustrates the influence of pPH on the stability
of alkaline protease: K-16;

Figure 3 illustrates the influence of temperature on the

activity of alkaline protease K-16;



di scovery of microorgani sns which produce such proteases. This finding has
|l ed to the conpletion of the present invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS A nore conpl ete appreciation of the invention and many of the
attendant advantages thereof will be readily obtained as the sane becones
better understood by reference to the fojlowi ng detail ed description when
considered in connection with the acconpanying drawi ngs, wherein: Figure 1
illustrates-the influence of pH on the activity of al kaline protease K-16;

Figure 2 ill usticaies 4 helluwdtreres the prhouéhee séabtémbyratuabkahi gBe
protease K-16; Figure 3 illustrates the influence of tenperature on the
activity stfakail listly ref atehioee K-gdifstease 4-KF1gpre 4 illustrates the
|nfluence of tenperature on the stability of alkaline protease K-16;
Figure 5 111ustrates the influence of pH on the act1v1ty
of alkaline protease X-14;
Figure 6 illustrates the influence of pH on the stability
of alkaline protease K-14;
Figure 7 illpstrates the influence of temperature on the
activity of alkaline protease K-14; and
Figure 8 illustrates the influence of temperature on the

stability of alkaline ;protease K-14.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODTMENTS

Alkaline proteases sﬁitable for use in the present
invéntion have an activity of hydrolyzing‘hhman horny keratin
fiber of 40 KFU/APU or more. Here, the activif; of
hydrolyzing human horny keratin fiber designates a ratio of
the hydrolyéing power of . protease for_ human horhy keratin
fiber (KFU) to that of the same protease
for urea;denatured hemoglobin (APU) which is a water-
soluble protein. It can be measured by the method hereinafter
described. |

In the present invention, an alkaline protease means an
enzyme which is stable and exhibits a protease activity under
alkaline conditions. Particularly preferable are alkaline

proteases having an optimum pH and an optimum temperature in

the following ranges.



ﬁiguré 5 illustrates the influence of pH on the activity of alkaline

protease K-14; Figure 6 illustrates the influence of pH on the stability of
al kal i ne protease K-14; Figure 7 illustrates the influence of tenperature-
on the activity of alkaline protease K-14; and Figure 8 illustrates the

| hfl uence of tenperature on the stability of al kaline protease K-14.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Al kal i ne

suitable for use in the present invention have
human horny keratin fiber of 40 KFU APU or

nor e.

pr ot eases
an activity of hydrolyzing
Here, the activity of

hydrol yzi ng human horny keratin fiber—8esignates a ratio of the hydrol yzing

power of protease for
prot ease for
sol ubl e protei‘n

human horny keratin fiber
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(KFU) to that of the sane

A sehabeFe bci9t8a 1n

the present inventigp,@mahdadd)ne gmpbquesneans an enzynme which is stable

and exhibits a protease act|V|ty under
(2) optimum temperature (Measured

at pH 10.0, Ca®* not added):
There are no specific restrictions
proteases
satisfy the abovg_requirements.
K-14 are givén as specific examples.

Alkaline proteases K-16 and K-14

Alkaline proteases

using casein as substrate
50-60°C

as to alkaline

used in the present invention so long as they

K-16 and

used in the present

invention can be prepared by cultivating microorganisms

belonging to genus Bacillus and collecting the enzymes from

the culture broth.

Miéroorganisms having the following

mycological characteristics are given as examples of such

microorganisms.

Microorganism producing Alkaline protease K-16

Morphological characteristics

(a)--

(R)
Sﬁépé and size of cells:.
pm

(b) None
(c)

Polymorphism:

Motility: Cells possess
motile.

(@) Spores (size, shape, site):
elliptical,
sporangium,

(e)

(f)

Gram's staining: positive

Acid fastness: negative

rods,

central to subterminal;

0.8-1.0 uym x 2.2-25

paritrichous flagella and

1.0—1.2/1m X 1.4—2.2/um,

slightly swollen



dl kal ifne conditions. Particularly preferable are alkaline proteases having
an opti mum pH and an opti mum tenperature in the foll ow ng ranges. -5-
(1) Optimum pH (Measured using casein as substrate at 40[err]C for 10
mnutes): 10.0-12.5 (2) optinumtenperature (Measured using casein as
substrate at pH 10.0, Ca[err] not added): 50-60[err]C There are no specific
restrictions as to al kaline proteases used in the present invention so

|l ong as they satisfy the above requirenents. Al kaline proteases K-16 and
K-14 are given as specific exanples. Al kaline proteases K-16 and K-14 used
in the present invention can be prepased by cultivating m croorgani sns

bel ongi ng to genus Bacillus and collecting the enzynes fromthe culture

broth. M croorgani snms _having the follow ng nycaol ogi cal characteristics are
given as exahPl eSTAYEYOR MUK Gani sns.39ar plate:

light yellow and transparent colony with a
circular erose..

(h) Growth on nutrient agar slant culture: Colony
‘isllight yellow and semitransparent with an |
irregular erose shape and a slightly rough surface.

(i) Culture in nutrient broth: Cells grow well,
the broth is cloudy with no pellicle.

(3) Stab -culturing in nutrient gelatin: Cells
grow well; liquefaction of gelatin is accomp&nied.

(k) Litmus milk: Peptonization occurs, with no

| coagulation of milk. No color change occuré.

(B) Physiolégical characteristics

(a) Nitrate reduction: Positive

(b) Denitrification: Negative -

(c) MR test: Negative

(d) V-Ptest: Positive

(e) .irbduction of indole: Negative

(£) Production of hydrogen sulfide: Negative

(g) Hydrolysis of starch: Positive .

(h) Utilization of citric acid: Positive

(i) Utilization of inorganic nitrogen sources: Utilize sodium
nitrate, but not ammonium'salts

fj) Pigment production: Negative

(k) Urease: Negative |

(1) Oxidase: Positive



M cr odr gani sm produci ng Al kal i ne protease K-16 (A) Morphol ogi cal
characteristics (a). Shape and size of cells: rods, 0.8-1.0 pmx 2.2-25
[err]m (b) Pol ynorphism None (c) Mdtility: Cells possess paritrichous
flagella and notile. (d) Spores (size, shape, site): 1.0-1.2 [err]m X
1.4-2.2[err]m elliptical, central to subtermnal; slightly swollen
sporangium (e) Ganls staining: positive (f) Acid fastness: negative
-6- (g) Gowth on nutrient agar plate: light yellow and transparent
colony with a ¢hjcutatakasee. Pbpit@vewt h on nutrient agar sl ant
culture: Colony is |light yellow and semitransparent with an

(n) Growth temperature range: Below 55°C

(o) Growth pH range: Can grow at pH 6.6-10.3

(p) Behavior on oxygen: Aerobic:

(g) O-F test: oOxidation (O)

(r) Resistance to sodium chloride: can grow ﬁnder_lo%
sodium chloride

(s) Acid or gas production from sugar: Produces no gas

from any sugars.



i'rregdl ar erose shape and a slightly rough surface.

nutrient broth: Cells grow well,

Stab culturing in nutrient

of gelatin is acconpani ed.
wi th no coagul ation of mlKk.
characteristics (a) Nitrate reduction:
Negative (c) MR test:
Negative (f) Production of hysmgem sul fide:
Hydr ol ysi s of starch:
Utilization of

i ndol e:

(i)

Culture in

the broth is cloudy with no pellicle.

(J)

Cells grow well; 1iquefaction

Pept oni zati on occurs,

gel atin:
(k) Litrmus mlKk:
No col or ge occurs.
Positive (b)
Negative (d) V-Ptest: Positive (e)

(B) - Physi ol ogi cal
Denitrification:

Pr oducti on of

Negative (Q)

Positive (h) Uilization of citric acid: Positive (i)

I nor gani ¢ niAdidyPranictcien fHom isaggansh um nitrate,

amonium salts (j) Pignent production: Negative (k) Urease:

Negative (1)

Oxi dase: Positive
Sugars

Acid production

D-Ribose

- L~Arabinose

D-Xylose
D-Fructose
D-Glucose
D-Mannose
D-Galactose
Maltose
Sucrose
Lactose
Trehalose
Starch
Sorbitol
Inositol
Mannitol
Glycerol

Dextrin

- Raffinose

+

+ + + + F + + F + o+ O+ o+

+ + + 4

but not

Based on the above mofphological and taxonomic characteristics, the

microorganism of the present invention was examined referring

to Bergey's Manual of Systematic Bacteriology (Williams &

Wilkins Co.,

Bacillus subtilis.

1986) and was considered to belong to the genus

However,

there are differences between

Bacillus subtilis and the microorganism of the present

invention in that while the former cannot grow at pH 10,



-7- (nf Cat al ase: Positive (n) Gowh tenperature range: Bel ow 55[err]C (o)
Growth pH range: Can grow at pH 6.6-10.3 (p) Behavior on oxygen: Aerobic
(gq) OF test: oxidation (O (r) Resistance to sodiumchloride: Can grow -
under 10% sodium chloride (s) Acid or gas production from sugar: Produces

no gas from any sugars. TABLE 1 (Acid production from sugars) Sugars

Aci d production D-Ri bose ' + |

L- Ar abi nose - + .
_9_

pPH 10, the latter can grow well at pH 10, and further while
Bacillus subtilis cannot grow at 55°C, the microorganism of
the present invention can grow at 55°C.

From the above facts, notwithstanding tho good reasons to
speculate that the microorganism of the present invention

belongs to Bacillus subtilis, it was judged to.be another

novel microorganism due to several differences in their

"characteristics and also due to the differences from any other
known microorganisms.

Thus, in another embodiment, the pPresent invention relates
to the novel microorganism named Bacillus Sp. KSM-K16 possessing
the properties described above, and has been deposited with the
Fermentation Research Institute, Agency of Industrial Science
and Technology as FERM BP-3376.

The microorganisms K-16 and KSM~K-16
are described in Japanese Patent Applications 3-33117 and 3-
33116, respectively, and in U.S. Patent Application Serial No.

(not detenmumﬁ
yat ) which is incorporated herein by reference.

Mic;oorganiéﬁ producing Alkaline proteinase K~14
(A) Morphological characteristics
(a) Shape and size of cells: rods, 0.8-1.0 gm X 2.5-
25.5 um
(b) Polymorphism: ‘None
(c) motility: Cells possess peritrichous flagella and mitile.
(d) Spores (size, shape, site): 1.0-1.2 pm x 1.5-2.2

Bm, elliptical, central to subterminal; slightly swollen sporangium.

(e) Gram's staining: positive

Sheet Has Been Replaced
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B Xyl dse

D- d ucose
D- Gal act ose
Sucr ose

Tr ehal ose
Sor bi t ol

d ycerol
Raf f i nose

+++ ++ ++

+ D- Fruct ose

+ D- Mannose

+ Mal t ose

+ Lact ose

+ Starch

+ | nositol Mannitol
+ Dextrin

+ Based on the above

mor phol ogi cal and taxononi ¢ charactetiOstics, the microorgani smof the
present invention was exam ned referring to Bergey's Manual of Systematic

Bacteriology_&
t he genus Badfl

AN _ & .
Iuéhaﬁﬁ????@fsﬁ%mmgﬁgPrlyﬁere are di fferences between

Wl kins Co.,.1986) and was considered to belong to

(B) Physiological characteristics

(a)
(b)
()
(@)
(e)
(£)
()
(h)

(4)

(3
(x)
(1)
~(m)
(n)

(o)

(p)
()
(x)

(s)

Nitrate reduction: Positive
Denitrification: Negative

MR test: Negative

V-P test: Positive

Production of indole: Negative
Production of hydrogen sulfide: Negative
Hydrolysis of starch: Positive
Utilizaﬁion of citric acid: Positive
Utilization of inorganic nitrogen sources: Utilize sodium
nitrate, but hot ammonium salts

Pigment production: Negative

Urease: Negative -
Oxidase:._Positive -
Catalase: Positive

Growth temperature range: Below 55°C

vGréwth pH range: Can grow at pH 6.6-10.3

Behavior on oxygen: Aerobic

O-F test: Oxidation (O)

Resistance to sodium chloride: Can grow under 10%
sodium chloride

Acid or gas production from sugar:

Produces no gas from any sugars.



Baci | I'us subtilis and the microorgani smof the present invention in that
whil e the fornmer cannot grow at pH 10, -9- pH 10, the latter can grow
wel |l at pH 10, and further while Bacillus subtilis cannot grow at 55[err]C,
the m croorgani smof the present invention can grow at 55[err]C. Fromthe
above facts, notw thstandi ng the good Lgpsons to specul ate that the

m croorgani sm of the present invention belongs to Bacillus subtilis, it was
j udged to be anot her novel m croorgani smdue to several differences in
their characteristics and al so due t@aBng @i fferences fromany other known
m croorgani sns. Thus, in another enbodi nent, the present invention relates
to the novel m croorgani srtacideprBdoction fromkKSMaérE)possessi ng t he

- properties descri bed above, and has been deposited with the Fernentation
S ek ey LY 2L LIRS, O STeoend Rk ay ) (ST

The m cr ongarabdtwosé 16 and KSM K- 16 are descri bed in Japanese S

D-Xylose - +
D-Glucose _ .F

Mannitol _ +

Based on the above morphological and taxonomic characteristics, the
microorganism of the present invention was examined referring
to Bergey's Manual of Systematic Bacteriology (Williams &
Wilkins Co., 1986) and was considered to bélong to the genus
Bacillus subtilis. However, thetre are differences between
Bacillus éubtilis and the microoréanism of the present
invention in that while the former cannot grow -at
pH 10, the latter can well grow at pH 10,.and further that
while Bacillus subtilis cannot grow at 55°C, the microorganism
of the p{eseﬁf invention can grow at 55°cC.

From the above facts, notwithstandihg the good reasons to
speculate that the microorganism of the present invention
belongs to Bacillqs subtilis, it was judged to be another,
novel microorganism due to several differences in their
characteristics and also due to the differences from any other
known microorganisms.

Thus, in another embodiment, the present invention relates
to the novel microorganism naﬁed Bacillus sp. KSM-K14 possessing

the properties described above, and has been deposited with the



Pétent?AppIications 3-33117 and 3-33116, respectively, and in USSN

07/ 816, 243, which is incorporated herein by reference. M croorgani sm
produci ng Al kal i ne proteinase K-14 (A) Mrphol ogi cal characteristics (a)
Shape and size of cells: rods, 0.8-1.0 [err]mx 2.5-25.5 [err]m (b)

Pol ynor phism None (c) notility: Cells passess peritrichous flagella and
mtile. (d) Spores (size, shape, site): 1.0-1.2 J[errlmx 1.5-2.2
[err]m elliptical, central to subtermnal; slightly swollen sporangi um
-10- (f)FeAnedtétsbneBeseamebatllined iftBte PigeErad g al ndinsiretd Brisidgse (a)
Nitrate reduction: Positive (b) Denitrification: Negative (c) M test:
Negat i veapd) Technpdogy PssFEN eBPeB670oducti on of indole: Negative (f)
Production of hydrogen sul fide: Negative

In order to produce alkaline protease. K-16 and/or K-14
of the present invention, these microorganisms are inoculated
and cultivated in a suitable medium according to any
conventional manher.

Any media which are used for the cultivation of common
microorganisms and in which the microorganism of the present
invention can grow may be used for the cultivation. It is
desirable to add a suitable amount of carbon and nitrogen
sources which the microorganism can utilize in the mediunm.

There are no specific limitations as to the carbon and
nitrogen sources. Enumerated as examples of nitrogen sources
are corn gluten meal, soybean flour, corn steep liquor,
casamino acid, yeast extract, pharma media, sarxdine meal, meat
extract, peptone, HYPRO®, (Traders), AJIPOWER® (Kyowa Hakko),
corn meal, soybean meal, coffee grounds, cotton seed grounds,
CULTIVATORO'(Yaizu Suisan K.K.), AMIFLEX® (Takeda Chemical
Industries, Ltd.), AJIPRON® (Ajinomoto K.K.), ZYEST® (Takeda
Chemical Industries, Ltd.), AJIX® and.the like; and as carbon
sources are arabinose, xXylose, glucose, mannose, fructose,
galactose, sucrose, maltose, lactose, sorbitol, mannitol,
inositol, glycerol, soluble starch, inexpensive waste
molasses, invert sugars, as well as utilizable organic acids

such as acetic acid and the like. In addition to these carbon

and nitrogen sources, phosphoric acid, inorganic salts of ions

This Sheet Has Been Reﬂlaced




(') Hydrolysis of starch: Positive (h) Utilization of citric acid: Positive
(i) Uilization of inorganic nitrogen sources: Utilize sodiumnitrate, but
not ammonium salts (j) Pignent production: Negative (k) Urease: Negative
(1) Oxidase: Positive (nm) Catalase: Positive (n) Gowth tenperature
range: Below 55[err]C (o) Gowth pHrapge: Can grow at pH 6.6-10.3 (p)
Behavi or on oxygen: Aerobic (gq) OF test: Oxidation (O (r) Resistance to
sodi um chl ori de: Can grow under - 10% sodi um chl oride (s) Acid or gas

product i gdh (B MeFT, . cRRPOIUGSS Nerfds 0B aRy* $URAS Setc. , TABLEe21( 4si d
producti on fron1sugars)
trace amounts of other organic or inorganic nutrients, may be
added as required.
Collection and purlflcatlon of target alkaline protease
K-16 or K-14 from the culture broth thus-prepared can be
performed according to conventional methods applicable to the
collection and pu?ification of common enzymes.

- Specifically, cells are separated from the culture bfoth
by centrifugation, filtration, or the like; and the target
alkaline proteinase can be separated and concentrated from the .
cells and the filtrate by a copventional separation meéns such
as salting out, isocelectric precipitation, solvent
precipitation, e.g., precipitation from methanol, ethanol,
isopropyl alcohol, acetone, or the like; ultrafiltration,
le.g., using Dia-flow membrane YC® (a product of-Amicon Co.),
and the like. It is possible to produce a lyophilized powder
of thée enzyme by collecting the enzyme by salting out using,
for example,'ammonium sulfate (30-70% saturation fraction), or

"~ by solveﬁt precipitation from, for example, 75% ethanol,
followed by filtration or centrifugation, and desalting. A
conventional method such as dialysis or gel filtration using
Sephadex G-25® (a product of Pharmacia) can be eﬁployed for
the desalting.

Although it is.possible to use the crude enzyme liquid

thus obtained as is, the enzyme can also be used after

purification and crystallization, as required. Such



Sdgars‘ Aci d production L-Arabinose

+ D Xyl ose ' + D-d ucose

+ Manni t ol + Based on the above

nmor phol,ogi cal and taxonom c characteristics, the m croorgani smof the
present invention was exam ned referring to Bergey's Manual of Systematic
Bacteriology (Wlliams & Wl kins Co., 1986) and was considered to belong to
the genus Bacillus subtilis. However, there are differences between
Bacillus subtilis and the m croorgani smof the present invention in that
while the fornmer cannot grow at pH 1614the |l atter can well grow at pH 10,
and further that while Bacillus subtilis cannot grow at 55[err]C, the
nicroorganisg%of t he reﬁfnt i nyention can grow at. 55[err] C. Fromthe above

facts, nBEGITHETEHAN (7 RS §85HLPEaCBRPY ¢ SHEd@Paee comhinakiomi *F oor gani sm
f th j [ | Bacl | bt il ' | udged b
ol Pessetonsst e ot 4, 5 o bt 5%

anot her, novel m croorgani 0’ severa efen
char act echsbnaSoqrubiy S @.GUG hoatBRy&hd £ e RSk 8H-aPNy Ot D6k~ known

m cr oor gani sns.
exchange chromatography, e.g, DEAE-SEPHADEX® (Pharmacia),
DEAE-Cellulose, or CM-Bio-Gel; or gel filtration chromatography,
é.g., Sephadex or Bio-Gel.
"~ Alkaline proteases K~16 and K-14 thus obtained have the

following enzymological characteristics. Enzymatic activities

discussed herein were measured by the following methods.

Casein Hydrolyzing Activity

| A 1% solution of casein in 50 mM borate-NaOH buffer tpH 10.0,
1 ml) was mixed with 0.1 ml of'aﬂ enzyme solution and incubated at
40°C for 10 minutes. After the addition of a reaction termination
solution (0.123 M trichloroacetic acid-0.246 M sodium acetate-
0.369 M acetic acid), the mixture was allowed to stand at 30°C
for 20 minutes.and filtered by No. 2 filter (made by Wattman Co.).
Protein aecomposition products in filtrate was measured by the
modified Folin-Lowry method. One unit (P.U.) of enzymatic
activity was defined aS the amount of enzyme that released acid
soluble amino acid or peptide equivalent to 1 mmol of tyrbsine per

minute under the above reaction conditions.

Activity pf hydrolyzing human horny keratin fiber

(1) hydrolyzing power for urea-denatured hemoglobin



Thus, ‘i n anot her enbodi nent, the present invention relates to the novel

m cr oor gani sm nanmed Bacil |l us sp. KSM K14 possessing the properties

descri bed above, and has been deposited with the - 12 - Fernmentation
Research Institute, Agency.of Industrial Science and Technol ogy as FERM
BP-3670 on 12 Decenber 1991 (original deposit is P-12587 on 30 Cctober
1991). In order to produce al kaline protease K-16 and/or K-14 of the
present invention, these m croorganisns are inoculated and cultivated in a
sui t abl e medi um accordi ng to any conventional manner. Any nedia which are
used for the cultivation of common nit&dorgani sms and in which the

m croorgani sm of the present invention can grow nay be used for the

cul tivati on. Lt J.s..desirabl e sui t,abl.e .anmount . of carbon., and
ni trogen sour &&&S ll%é%%t ﬁé’_sr‘f’i“c'r'%%?‘g n"'i’lgirﬁ gl‘éar}%t?tdi I[?Iz'eﬂr s 'rre‘i)ﬁ_—&%g—‘Ther e

are no SPeRdic) || B abi08o38) § Owdd Saddf Do SR br QBERLSAHT COS-
nuner at e anpl'es of nitrogen sources
containing a substrate, urea--denatured hemoglobin, which final
concentration being adjusted to 14.7 mg/ml, was reacted with
enzyme at 25°C, pH 10.5 for 10 minutes. To the reaction

mixture, trichloroacetic acid was added to have a final
‘concentration of 31.25 mg/ml. Trichlorocacetic acid-soluble
.protein was subjected to a color reaction with a phenol
reagent. Activity per 10 minute reaction was first obtained
(calibration curve: 1 APU = color provided with 1 mmol
tyrosine), and this was converped into activity per 1 minute
reaction. Namely, 1 APU indicates the amount of protease

which provides a trichloroacetic acid-soluble protein in

such amount that the protein amount per minute yields the

same color degrge as 1 mmol tyrosine yields with phenol.

(2) Hydrolyzing power fdr human horny keratin fiber

(2-1) Preparation of keratin fiber
| Hum;:m heel epidermis (horny layer) cut by scalpel was fragmented with

. scissors and washed with ion-exchanged water. One gram of horny

layer was suspended in 20-50 ml of 50 mM Tris~HCl buffer
solution (pH 8.0) containing 25 mM g-mercaptoethanol, and the
suspension was stirred overnight. The swollen horny layer a

was ground with a TEFLON® homogenizer and was centrifuged (30,000 X g,
30 min.) The supernatant was filtered using filter paper and ‘the filtrate
was dialyzed against ion-exchange water. The freeze-dried

powder was used as keratin fiber in the test.



are cdrn gluten nmeal, soybean flour, corn steep |liquor, casam no acid,
yeast extract, pharma nedia, sardine neal, neat extract, peptone, HYPRO ,
(Traders), AJIPOAER (Kyowa Hakko), corn neal, soybean neal, coffee
grounds, cotton seed grounds, CULTIVATOR] err] (Yai zu Suisan K K.),

AM FLEX (Takeda Chenical Industries, Ltd), "AJIPRON (Ajinomoto K K.),
'ZYEST  (Takeda Chemical Industries, Ltd.), AJIX and the |ike; and as
carbon sources are arabi nose, xylose, glucose, nmannose, fructose,

gal act ose, sucrose, naltose, | act ose, sorbitol, - mannitol, inositol,
gl ycerol, soluble starch, inexpensivelfaste nol asses, invert sugars, as
well as utilizable organic acids such as acetic acid and the |iKke. I n

o 100 €0 € 1535, S AN, b B SR SpapoPnor € ool d, Inorgant
:\lﬁgre”]_, Kl erph 2o m TardehhtaSvhi AL s@i@i@ﬁs(ghdj.%b?rlxmil&rgféin _
ganic nutrients, may be added as required. |l ecti on and purification
of targetripkikahhde pgboeasse were added to a concentration of 1 mg/ml
and 2 x 10~2 APU/ml, respectively. The mixture was incubated
for a prescribed period of time at 30°C while stirring with a
magnetic stirrer a.t a rotaﬁio_n of 100 rpm (stirrer piece, 35
mm) . After the addition of phenylmethylsulfonyl fluoride to a
final concentration of 2 mM,. the solution was filtered through
a 0.5 um membrane filter. Solubilizable proteins, as
converted to tyrosine in the filtrate were measured by the
Lowry nethod.
(2-3) Calculation of the hydrolyzing power for
human horny keratin fiber
The amount of protease which can produce solubilizable
proteins as hydrolysis - products corresponding to 1 mgof tyrosine

per minute . from human horny keratin fiber is defined as 1

KFU.

Enzymological characteristics of alkaline ,protease XK-16

(1) Hydrblysis action

Acts on various kinds of proteins under high alkaline conditions,
especially exhibits 48 KFU/APU of activity for human
horny keratin fiber.
(2) Substrate specificity
The specificity toward various substrates of alkaline

protease. K-16 and commercial protease were compared.



K-16 6r K-14 fromthe culture broth thus-prepared can be performed
according to conventional nethods applicable to the collection and
purification of conmon enzynes. Specifically, cells are separated fromthe
culture broth by centrifugation, filtration, or the like; and the target

al kal i ne proteinase can be separated and concentrated fromthe cells and
~the filtrate by a conventional separation nmeans such as salting out,

i soel ectric precipitation, solvent precipitation, e.g., precipitation from
nmet hanol , ethanol, isopropyl. al cohol, acetone, or the like;

ultrafiltration, e.g., using Dia- f | owd¥enbr ane Y( err] (a product of Ami con
Co.), and the like. It is possible to produce a Iyophlllzed pomder of the
enzynme b e enzyne hy salti n exa nmoni um
sUi Tate PYESTESERS Hrdd ey kb, Brbp HeRabuleh Mnaelontiar Rakrfom 1 or
exanpl e, ,43% REPRESH, 4/ |OMRRRY, fb%}éf@éd@br%c@f&'&ttﬁlé&%t k@ and
desalting. A conventlonal met hod such™as dialysis or gel filtration using
SephadexerfayR&d €6r [thése pustuatesdf Persameagured. beesiplsupatrhte whs
desalting. Although it is possible to use the crude enzyne liquid thus

obt ai ned agdefistot He W AoratenNagis bufeysed after (pH 10.0) to make

its concentration 1% (2.2% for urea-denatured hemoglobin), and
each enzyme was added in an amount of

0.5 x 10™% PU (3.5 x 10™* PU for elastin). The reaction mixture was
incubated at 40°C for 10 minutes, The activity of each enzyme
toward each substrate is shown in Table 3, wherein the

activity of alkaline protease K-16 is taken as 100.

. TABLE 3
Substrate Urea-denatured Animal hair

Enzyme Casein hemoglobin keratin elastin
K-16 100 . 100 100 100
Commercial 100 : 108 100 .77
enzyme A(1)

Commercial . 100 100 103 76
enzyme B(2) :

(1) SAVINASE® (Novo Nordisk Ltd.)

(2) PROTEASE API-21® (Showa Denko K.K.)

As shown in the above Table, alkaline protease X-16 of
the present invention exhibits excellent. hydrolysis activity
for both'water-soluble and wafer-insoluble proteins.
It possesses better hydrolysis activity, particularly_for-
elastin, than Commercial Enzymes A and B which are widely used

as enzymes for detergents due to their hydrolysis activity.

This Sheet Has Been Reﬂlaced
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puriftcation and crystallization, as required. Such -14 - purification
can.be carried out by a suitable conbination of fractionation nmeans, such
as, for exanple, adsorption chromatography, e.g., hydroxyapatite '
chr omat ogr aphy, ion- exchange chronmat ography, e.g, DEAE- SEPHADEX] err ]
(Pharmaci a), DEAE-Cellul ose, or CMBio-Gel; or gel filtration

chromat ography, e.g., Sephadex or Bio-Gel. Al kaline proteases K-16 and
K- 14 thus obtained have the foll ow ng enzynol ogi cal characteristics.
Enzymatic activities discussed herein were neasured by the foll ow ng

met hods. Casein Hydrolyzing Activity=-P41% solution of casein in 50 mM
borat e-NaCH buffer (pH 10.0, 1 m) was mxed with 0.1 m-of an enzyne
solution nd incubated at _40[err]C for 10 mnutes. After the addition of a
react i ont¥%er BEHEMSHh PEFAPPSA (0. 123 M trichl oroacetic acid-0.246 M sodi um

For 5o o AP 2888 o B W ALpIS! g Bl g8 20Ler11C

final concentration of 0.91%, and then 5.2 x 10> PU of

alkaline protease K-16 was added to the solution. The

mixture was incubated at 40°C for 10 minutes to measure the

enzymatic aC"t-’i-‘i'-if‘-Y- Activities of the enzyme at various pH

values relative to optimum PE (100%) are shown in Figure 1,

which indicates thgt the optimum pH range of alkaline

protease K-16 of the present invention 'is 11.0-12.3. The

buffer solutions used in the measurement and their pH values

are as follows.

Acetate buffer PH 3.9-5.7
Phosphate buffer PH 6.6~8.3
Carbonate buffer pH ©2.2-10.9

Phosphate-NaOH buffer pH 10.9-12.7 -

KCl-NaOH buffer pH 10.9-12,6
(4) PpH stability

7.9,§ 10~3 PU of alkaline pro£ease K-16 was added to
the same buffer solutions (20 mM) as used in (3) above. The
solution was allowed to stand at 25°C for 48 hours and diluted
with 50 mM borate-NaOH buffer (pH 10.0) to a volume
of 40 folds to measure the enzymatic activity. Activities of the
enzyme relative té the acfivity before the treatment (100%)
were determined, and the results are shown in Figure 2, which
shows the stable pH range of alkaline protease X-16 is 6.0-

12.0 in the absence of ca*' and 5.0-12.0 in the presence of 2 mM Ca2*,



Prot ei‘n deconposition products in filtrate was neasured by the nodified
Folin-Lowy nethod. One unit (P.U. ) of enzymatic activity was defined as

t he amount of enzynme that rel eased acid soluble am no acid or peptide
equivalent to 1 mmol of tyrosine per mnute under the above reaction
conditions. Activity of hydrolyzing hupgg_horny keratin fiber (1)
hydr ol yzi ng power for urea-denatured henogl obin -15- A nodified Anson

- Henogl obin method [M L. Anson, J. Gen. Physiol., 22, 79 (1938)] was used,

i n which @-,)solagﬁmﬁm@é&mﬁesubst rate, urea-denatured henogl obin,
whi ch final concentration being adjusted to 14.7 ng/m ; was reacted with

enzyne at 25[aJ] & 10PH U Bff @lkblineutSteake t e-Teants auded s €50
trichloroacetic acid was added to have a final concentration of 31.25
mg/ m . TmdborateNaQH dowfifewnl ubl e prot ¢l WAs0) whichjeontainedaOcohér
reaction with a phenol reagent. Activity per 10 minute reaction was first
obt ai ned Y Fa97H | A circibatedmy —vaplens ptepecatures foxmdp

minutes. Activities of the enzyme at each temperature
relative to the activity at 40°C (100%) were determined and the

' results are shown in Figure 3, which shows the optimum
temperature range of alkaline prétease K-16 is 55°C in the
absence of Cz* and 70°C in the presence of 5 mM CaZ+,

" (6) Heat stability |

1.6 x 10" PU of alkaline protease K-16 was added to 20
mM borate;NaOH buffer - . (pH 9.5) and heated at various
temperatures for 10 minutes. After cooling, the soiu;ion was
diluted to a volume of 5 folds with 50 mM borate-NaOH buffer
(pH 10.0), and the enzymatic a;ctiVity was-. xﬁeasured
using 0.91% casein as a substrate. Activities of the enzyme
at each temperature relative to the activity before the
treatment (160 ) were determined and the results are shown in
Figure 4: which shows alkaline protease K-16 maintained 90%
or more of the activity up to 50°C in the absence of ca+ aﬁd
up to 60°C in the preseﬁce of 5 mM Ca2+,
(7) Molecular weight
The moleculér weight of alkaline protease K-16 was

measured by sodium dodecyl sulfonate (SDS)-polyacrylamide gel
electrophoresis. As molecular weight (M.W.) markers,

a low M.W. marker kit (Bio-Rad); phosphorilase b (M.W.



t'yrosifne), and this was converted into activity per 1 mnute reaction.
Nanmely, 1 APU indicates the anmount of protease which provides a

trichl oroacetic acid-soluble protein in such anount that the protein anourt
per mnute yields the same color degree as 1 mol tyrosine yields with
phenol . (2) Hydrolyzing power for human horny keratin fiber (2-1)
Preparation of keratin fiber Human heel epiderms (horny |ayer) cut by

scal pel was fragnented with scissors and washed wi th ion-exchanged water.
One gram of horny | ayer was suspended in 20-50 m of 50 nmM Tri s-HC
buffer 'solution (pH 8.0) containing 252&M [err] - ner capt oet hanol, and the
suspensi on was stirred overnight The swol | en horny |ayer was ground with a

TEFLON er and gen ed (3Q,000 X g, The
super nata % ‘{r\sra)fgo' uﬁ'%f’n Ttée{ %&%e'r f(}l' bflﬁ'é fl(]ﬁtvr;at"ein-}ba Xi al yzed
agai nst 'earﬁas&i@mya%% {ﬁhﬁ fif%)dr'é’cﬂrh‘é‘&‘l’ﬂ%&yﬁ@%uﬁﬁﬂlﬁﬁé@rat' n

fiber in the test. Measur'ement of hydrolysis power
(M.W. 21.500), lysozyme (M.W. 14,400); was used. The

molecular weight of alkaline protease K-16 of the present
invention was foﬁnd to be 28,000+1,000 by the measurement by
this method.
(8) 1Isoelectric point
The isoelectric point of alkaline protease X-16 was

examined by the electrofocusing method using Servalyte 9-11 as
an amphoteric carrier for the column. The isoelectric point
of alkaline protease K-16 of the present invention was
determined by this method as over 10.5.
(9) Effects of metal ions

' The effects of various metal ions on alkaline protease K-16
were examined. Various metal ions were added te 20 mM borate-
NaOH buffer solutiop (PH 9.5) to a concentraﬁion of 1 mM. 3.9
x 1073 PU of alkaline protease. K-16 was added to the buffer
'solutioné an& allowed to stand at 30°C for 20 minutes. Tﬁe
resulting solution was diluted with 50 mM borate-NaOH buffer
solution (pH 10.0) to a volume of 5 folds to measure the
residual enzyme activity. Residual activities were expressed
as the relative activity to the enzyme activity without the
addition of a metal ion. The results are shown in Table 4,
which shows the activity of alkaline protease K-16 of the

present invention is inhibited by Hg?¥ and cu?T.



To a 0.1 Mcarbonate buffer solution (pH 10.5), prepared keratin fiber and
protease were added to a concentration of 1 ng/m and 2 x 10[err] APU mM ,
respectively. The m xture was incubated for a prescribed period of tine at
30[err]C while stirring with a magnetic stirrer at a rotation of 100 rpm
(stirrer piece, 35 nmm. After the additixgn of phenyl net hyl sul fonyl fluoride
to a final concentration of 2 MM the solution was filtered through a 0.5
[err]mnmenbrane filter. Solubilizable proteins, as converted to tyrosine in
the filtrate weIsorepssiethdyrésaltowey rByhadd (8)3hbeekceadti pronbtese
hydrol yzi ng power for human horny keratin fiber The anmount of protease

whi ch cantipe cileat sbabblityabfetheoenzymeas hydrol ysis products
corresponding to 1 ng of tyrosine per mnute fromhuman horny keratin fiber
is defined as 1 KFU. Enzynol ogi cal characteristics of alkaline protease
K-16 (1) Hydrolysis action Acts on various kinds of proteins under high

al kal i ne conditions, especially exhi bfABLES4KFU APU of activity for human
horny keratin fiber .

Metal salt (1 mM) Residual Activity (%)

Not added 100
ZnCl, _ - 106
AgNO3 . ... = 86
cacCl, - . 103
Nicl, 103
CoCl, 103
- PbCl, : 100
HgCl, | | 46
- CusS0, 73

(10) Effects of inhibitors _ ~

Effects of enzyme inhibitors genefally used on alkaline
protease K-16 were examined. The tested inhibitors were
added to 10 ﬁn‘phosphate buffer (pH 7.0) to a
prescribed_concentration. 7.9 x 10™2 PU of alkaline
protease K-16 was then added to the buffer solutions and
allowed to stand at 30°C for 20 minutes. The resulting
solution was diluted with deionized water to a volume of
20 folds to measure the residual enzyme activity. Residual
activities were expressed as the relative activity to the
enzyme activity without the addition of an inhibitor. The

results are shown in Table 5, which shows the activity of



(2) Substrat e specificity The specificity toward various substrates of

al kal i ne protease K-16 and commerci al protease wer e conpar ed. - 17 -
Substrates used were casein, urea-denatured henogl obin, animl hair
keratin, and elastin. Degradation activities of the enzynes for

t hese substrates were neasured. Each substrate was added to 50 nmM

borat e-NaCOH buffer (pH 10.0) to nmake its concentration 1% (2.2%for

ur ea- denat ur ed henogl obin), and each enzyne was added in an anmount of 0.5 X
10[err] PU (3.5 X 10[err] PU for elastin). The reaction m xture was

I ncubated at 40[err]C for 10 m nutes. “the activity of each enzyne toward
each substrate is shown in Table 3, wherein the activity of alkaline

protease Kixdfids b%@é‘a@é 1ﬁ016T@BL§1§ %&%ﬂ@tﬁx}é&%@;oﬂeﬂgt yﬁﬁfg,ml_dm'

hai r Enzyne Casein henogl obi n keratin astin
by diisopropyl fluorophosphate (DFP), phenylmethanesulfonyl

fluoride (PMSF), and chymostatin which are serine protease
inhibitors, demonstrating that it is an enzyme with a serine

residue at its active center.

TABLE 5
' Residual

Inhibitor Concentration activity (%)
Not added h - 100
EDTA 5 mM 107
PCMB 1 nM 100

DFP ' 1 mM 3.8
PMSF 1 mM 1.5
Antipine 0.01% 108
Chymostatin 0.01% - 34

EDTA: Ethylenediaminetetraacetic acid
CMB: 4-Chrolomercuribenzoate
DFP: Diisopropyl fluorophosphatic acid

PMSF: Phenylmethanesulfonyl'fluoride

(11) Effects of surface active agents

Various surface active agents were dissolved in 0.1 M
Tris-HC1l buffer (pH 9.0; contains 10% of ethanol), and 6.6 x 10-2

P.U. of alkaline protease K-16 was added to the solution. The



K-16 ° 100 100 100 100 Commerci a
100 ' 108 100 77 enzyme A Commerci al 100
100 103 76 enzyne B[err] (1) SAVINASE (Novo Nordi sk
Ltd.) (2) PROTEASE API-21 (Showa Denko K. K.) As shown in the above Tabl e,
al kal i ne protease K-16 of the present invention exhibits excellent

hydrol ysis activity for both water-soluble and water-insol ubl e proteins.

It possesses better hydrolysis activity, particularly for elastin, than
Commerci al Enzynmes A and B which are widely used as enzynes for detergents
due to their hydrolysis activity. (§?"optinun1pH range Casein was added
to various buffer solutions (50 mM to a final concentration of 0.91% and

then 5.2 x;10088 ndas B 1Qjwedl 8l 5BEnAT 2L €86 £dY 16 N 53008l PedBiPLing
solution. The mixture was incubated at 40[err]C for 10 m nutes to neasure
t he solution was diluted with 50 mM borate-NaOH buffer solution (pH
10.0) to a volume of 20 folds to measure the residual enzyme
activity. Residual activities were expressed as pércentages
of.the original activity (no treatment), taken as 100%.

The results are shown in Table 5, which shows that the
activity of alkaline ' protease K-16 of the present invention
remains stable in the presence of various surface active agents
at high concentrations (1-10%).

Thus, the alkaline protease K-16 is useful as a component

of a detergent composition which contains surface active agents.

TABLE 6

Surfantant ' Commercial Commercial
{Concentration) K-16 Enzyme Bf{2) Enzyme c(®)
Sodium linear alkylbenzene 65(%) 48(%) 46 (%)
sulfonate "1 (1%) '
Sodium polyoxyﬁthylene 100 97 52
algz} sulfate "2 (1%)
Sodium- dodecyl sulfate 58 0] 48
*3 (10%)
Sodium a-olefin sulfonate 100 82 61 .
4 (1%) :
Sodium alkyl sulfonate 81 23 72

*5 (10%) - .

a-Sulfo-fatty acid ester 100 86 - 75

6 (1%) :
Softanol 70H "7 (1%) 100 84 90

(a product of
Nippon Shokubai, Co.)

(a) PROTEASE API-216 (Showa Denko K.K.)



énzymatic activity. Activities of the enzyme at various pH values relative
to optimum pH (100% are shown in Figure 1, which indicates that the

opti mum pH range of al kal i ne protease K-16 of the present invention is
11.0-12.3. The buffer solutions used in the neasurenent and their pH

values are as follows. Acetate buffer 54— pH 3. 9-5.7 Phosphate
buf fer pH 6. 6-8.3 Carbonate buffer pH 9.2-10.9
‘Phosphat e- NaOH buf f er pH 10.9-12. 7 KC1- NaCH buffer pH

10.9-12. qbo4)Eg@Egmsmm (v Wordli@kendd. )PU of al kal i ne protease K-16 was
added to the sa buf f er solutions (20 mVM) as used in (3) above. The

sol uti on*was RSDgNd(nt 28y gre¢{Q for 48 hours and diluted with 50
nNIborate NaCOH b (pH 10.0) to a volume of 40 folds to
measure fBe eRz?Hn@(@zﬁuQIﬂﬁQJﬂaURﬁl\ﬂgrﬁbsron Th&-Bhzyne relative to the
activity before the treatnent (1009 were determ.nned, .and the results are
shown i n" Bt guRECH2O8RIM (BhovSe TFu /s BIR &NfH Gaand#® Princimelle prot ease
K-16 is 0- 12.0 apsence of Ca[err] and 5 0 2.0 in the presence of
2 MM Ca gf‘r] 2 ch=chh (LS, 28 SRS G 0T &Rl X5) P

*5¢ R~CH-R' (R+R': C;3-Cjg)

303Na
*6: R-CH-COCR' (R: C;9=Cig, R': C;3-Cg)
SO3Na

Enzymological characteristics of alkaline protease XK-14
(1) Hydrolysis action

Acts on various kKinds of proteins undexr high alkaline conditions,

especially exhibits 50 KFU/APU of activity for-human
horny keratin fiber.
(2) Optimum pH range

The optimum PH range of alkaline protease K-14 was
determinéd in the same manner as for alkaline protease K-186.
As shown in Figure 5, the range was found to be 10.4-12.0.
(3) pH stability

The pH stability of alkaline protease K-14 was
determined in the same manner as for alkaline protease. K-16.
As shown in figure 6, the stable pH range of alkaline

protease K-14 is 7-11.5 in the absence of Ca2+ and 5-12

in the presence of 2mM Ca2+,



-19- (5) Optinmumtenperature 3.1 x 10[err] PU of al kaline protease K-16 was
added to 50 mM bor at e- NaOH buf fer (pH 10.0) which contained 0.91%
of casein and incubated at various tenperatures for 10 mnutes. Activities
of the enzynme at each tenperature relative to the activity at 40[err]C
(1009 were determ ned and the results arg.shown in Figure 3, which shows
the opti mum tenperature range of al kaline protease K-16 is 55[err]Cin the
absence of Ca2+ and 70[err]Cin the presence of 5 mMCa[err]. (6) Heat
stability(4)6 gpt@henrteipepbatakkal i ne protease K-16 was added to 20 nM

bor at e- NaCH buf? (pH 9.5) and heated at various tenperatures
for 10 n1nutesThéfbptlmumltagperheuselbflankaainélmeeease a WHmevay 5
folds with 50 mM borat e-NaOH buffer (pH 10.0), and the enzymatic activity
was neadetedminedgin. the, samei manpex ssbforandkaldnieyi Presease h&-arezy e

at each tenperature relative to the activity before the
As shown in Figure 7, the optimum temperature of alkaline

protease K-14 is 55°C in the absence of Ca2

presence of 5 mM Ca2+

and 70°C in the

(5) Heat stability

The heat stability of alkaline protease K-14 was
studied in the samé.manner as for alkaline protease K-1s6.
As shown in Figure 8, alkaline protease K-14 maintained 90%

2+ and

or moré of the activity up to 50°C in the absence of Ca
up to 60°C in the presence of 5 mM CaZ2*t,
(6) Isoelectric point

The isoelectric point of alkaline .protease K-14 was
examined by using Rhotophore electrophoresis kit (Trademark,

made by Bio-Rad Co.). As a result, the isoelectric point of

alkaline protease X-14 was found to be over 10.0.

Detergen; Compositions

There are no specific limitations as to the.amount of the
above alkaline protease  to be incorporated into the
detergent compositions of the present invention, so long as
the amount of the incofporation permits the enzymes to.exhibit
their activity. A preferable range is 0.1-6,000 APU per 1 kg
of the detergent composition, with a particularly preferable

range being 5-400 APU.



treatrfent (100 ) were determined and the results are shown in Figure 4,

whi ch shows al kali ne protease K-16 mai ntai ned 90% or nore of the activity
up to 50[err]C in the absence of Ca[err] and up to 60[err]C in the presence
of 5 mMCalerr]. (7) Mol ecular weight The nol ecul ar wei ght of al kal.ine
protease K-16 was neasured by sodiun1ggggcyl sul fonat e

(SDS) - pol yacryl am de gel el ectrophoresiS.” As  nol ecular weight (MW)
markers, a low MW narker kit (Bio-Rad); phosphorilase b (MW - 20-

97,400), FCS alRumidbudd¥t &Ryed0) cofYehOnes "edM M ASrf@Pited 2L ROPLE
anhydrase (M W “31,000), soybean trypsin inhibitor (MW 21.500), lysozyne

(MW 14, 4 brgerts dtisbs iftion® | SEWRe pRégéht Oindekelione preéease K-16 of
the present invention was found to be 28,0001, 000 by the nmeasurenent by

t hi s net Fulldqwiing comipminds e igivae asoexamples ¢pi stchfkadkal i ne

prot ease K-16 was '
de;ergent components,
(1) Surface active agents

Anionic surface active agents such as linear alkylbenzene

sulfonates having an alkyl group containing 10 to 16 carbon
atomé on average, alkylethoxy sulfates haﬁing a linear or
branched alkyl group containing 10 to 20 carbon atoms on
average and 0.5-8 moles on average of ethylené oxide per
molecule, alkyl sulfates having an alkyl group containing 10
to 20 carbon atoms on average, olefin sulfonates containing 10
to 20 carbon atoms on average per molecule, alkane sulfonates
containing 10 to 20 carbon atoms on average per molecule,
salts of a-sulfo-fatty acid methyl or ethyl esters containing
10 to 20 carbon atoms on average per molecule, salts of higher
fatty acids éontaining 8 to 20 carbon atoms on average,
alkylether cérboxylates having a iinear or branched alkyl
group cogtaining 10 to 20 carbon atoms on average énd 0.5-8
moles on average of ethylene oxide per molecule, and the like;
nonionic surface active agents such as polyoxyethylene alkyl
ethers having an alkyl group containing 10 to 20 carbon atoms
on average and 1-20 moles on average of ethylene oxide per
molecule, higher fatty acid alkanolamides or their alkylene

- oxide adducts, and the like; betaine-~type amphoteric surface

active agents; sulfonate-type amphoteric surface active



éxam ned by the el ectrofocusing nethod using Servalyte 9-11 as an
anphoteric carrier for the colum. The isoelectric point of alkaline

prot ease K-16 of the present invention was determ ned by this nethod as
over 10.5. (9) Effects of netal ions The effects of various netal ions on
dl kal i'ne protease K-16 were exam ned. Various metal ions were added to 20
nmvl borate- NaOH buffer solution (pH 9.5) to a concentration of 1 MM 3.9 x
10[err] PU of al kaline protease K-16 was added to the buffer solutions
and allowed to stand at 30[err]C for 20 mnutes. The resulting solution was
diluted with 50 nM bor at e- NaOH buf fer2%el ution (pH 10.0) to a volune of 5
folds to neasure the residual enzyne activity. Residual activities were
expressed as the relative activj%¥§to t he enzyne activlt% W%%¥out t he

addi t i orPHEE nENASPRgh e RS BET A< AT W PRSTaBPL 9, 35 R hows t he
acti Vi Lo fld UdITPRGRRRET Esdforflc 'dUf RS GBL1VEVEGLAER, 'ahd RaleP! tod BY
like. .

These surface active agents can be incorporated into the
detergent composition of the present invention in an amount of
5-60% by weight; especially 10-45% by weight in poﬁder
detergent compositions and.zoéss% by weight in liquiqd
detergent compositions. When the detergent composition is
directed to bleaching, the amount of surface active agents may
be 1-10% by weight, and preferably 1-5% by weight.

(2) Divalent metal ion captur@ng agents

' Condensed phosphates such as tripolyphosphate,
pyrophoéphate, orthophosphate, and the like; aluminosilicates
such as zeolites; synthetic layer crystalline silicate,
nitrilotriacetate, ethylenediaminetetraacetic acid, citric
acid, isocitric acid, polyacetal carboxylate, and the like.

Such divalent metal ion capturing agents can be
ihcorporaééd.into the detergent composition of the present
invention in an amount of 0-50% by weight, and preferably 5-

40% by weight in powder detergent composition and 0.5-15% by weight
in liquid detergent composition. Use of divalent metal ion :
capturing agents not containing phosphorous is preferable.
(3) Alkaline agents and inorganic salts |

Silicates, carbonates, sesquicarbonates, alkanolamine
sulfates, and the like. These are added in an amount of 0-80%
by ﬁeight, preferably 5 to 50% by.weight in powder detergent
composition, and 0.1 to 25% by weight in liquid detergent

composition.



Al so, “fromthe results of (5) and (6) above Ca[err] pronotes the heat
stability of the enzyne. TABLE 4 Metal salt (1 nmV

Resi dual Activity (% Not added 100
ZnCl [err] 106 AgNQO3

86 CaCl[err] _ . —28- 103 Nic[err]

103 Cod [err] _ 103 Pbd [err]

100 Hgdl [err] 46 CuSg err]

73 (10) @Ef edecoiadnhignInitside fshsbDtoeszyne inhibitors generally used
on al kaline protease K-16 were exam ned. The tested inhibitors were added

to 10 mM phospelyethyIene glycol, polyatryDatés, appleacrybid acid
concentrati on. 7.9 x 10[err] PU of alkaline: protease K-16 was then
added t o corolymexs, RAINVIMEL atcehobnepolyvinyinyrroldddones 20 minutes.

The resulting solution was diluted with deionized water to a volune of
carboxymethyl cellulose, and the like. These pollution

inhibitors are added in an amount of 0-10% by weight, and
preferably 1-5% by weight. .
(5) Enzymes

Cellulase, amylase, lipase, hemicellﬁlasé, B-glycosidase,
glucose oxidase, cholesterol oxidase, alkaline proteases
other thén alkaline proteases of the present invention. The
-aﬁove alkaline proteases -of the present invention exhibit
better compatibility with other enzymes such as cellulase and
lipase than conventionally known alkaline proteases.
Combined use of the alkaline proteases of the-presenf
invention with these other enzymes promotes the-detergency

even more.

(6) Capéuring‘or reducing agents of effective chlorine in
city water
Given as examples of capturing agents of effective
chlorine are ammonium sulfate, urea, guanidine hydrochloride,
guanidine carbonate, guanidine sulfamate, dioxythiourea,
monoethanolamine, diethanolamine, triethanolamine, amino.

acids, e.g., glycine, sodium glutamate, etc.; proteins, e.g.,



20 fol'ds to neasure the residual enzyme activity. Residual activities were
expressed as the relative activity to the enzyne activity w thout the
addition of an inhibitor. The results are shown in Table 5, which shows the
activity of -22- alkaline protease K-16 of the present invention is

i nhi bited by diisopropyl fluorophosphatgg(DFP), phenyl nethanesul fonyl
fluoride (PMSF), and chynostatin which are serine protease inhibitors,
denonstrating that it is an enzyne with a serine residue at its active

center. TABYE geriesiaibinimbadidiql, etc.; protein HyR¥SIYZMdH) meat

activity (% Not added 100 EDTA
snv extract, fish ebftiadB\Band the like. 1 mM

100 DFP 1 mM 3.8 PNBF

1 nM As reducindl agents, salts of an alkali metal or alkaline

.earth metal, such as thiosulfates, sulfites, or dithionites,
as well.as RONGALIT C®, can be used. Such agents are suitably
added in an amount of 0 to 5% by weight, preferably 0.1 to 2%
by wéight. | '
(7)l Bléaching agents

Percarbonates, perborates, zinc or aluminum sulfonated
phthalocyanine, hydrogen peroxide, and the like can be used,

- in amounts ranging from 0 to 50% by weight.

(8) Fluorescent dyes _

| Fluorescent dyes commonly used in detergent compositions
can be used, in amounts of 0 to 5% by weight, preferably 0.1
to 2% by weight.

(9) Solubilizing agents

The foliowing éolubilizing agents can be used for liguid
detergen£ compositions.

Lower alcohols, e.g., ethanol; lower alkyl benzene
sulfonates, e.q., benzehe sulfonates, p-toluene sulfonates;
polyols, e.g., propylene glycol; and the like can be added in
amounts ranging from 0 to 25% by weight to 0.5 to 18% by
weight. |

(10) Other components



Anti pi‘ne ' 0. 01% 108 Chynpstatin
0.01% 34 EDTA: Ethyl enedi am netetraacetic acid CVB:
4- Chrol onercuri benzoate DFP. Diisopropyl fluorophosphatic acid PNMSF:
Phenyl met hanesul fonyl fluoride (11) Effects of surface active agents
Various surface active agents were-dissolved in 0.1 MTris-HO buffer (pH
9.0; contains 10% of ethanol), and 6.6 x 10[err] P.U. of al kaline protease
K-16 was added to the solution. The -23- mxture was allowed to stand at
40C for 4 hours. The resulting solution was diluted with 50 mM bor at e- NaCH
buffer solution (pH 10.0) to a vol une3®- 20 fol ds- to neasure the residual
enzyne activity. Residual activities were expressed as percentages of the
as_100% The results are shown in

Tabl'e 5, whi cHEEHARE TRACHE SEMEGPERCS! BFREVTEE: FORe K 16 of the
present E&%ﬁ@%%@@es, enzyme activators, antioxidants, antiseptics,
pigments, greenish flavoring agents, bleaching activators, and
the like which are commonlf used in detergent compositions can
be formulated in the detergent compositions of the present
invention as required. |

The detergent compositions of the present invention can
be prepared by conventional methods by combining the above-
mentioned alkaline proteinases and other known detergent
components. The form of the detergent composition may be
liquid, powder, granule, or the like depending on the
application, which includes detergents for washing clothes,
automatic dish washing machines, water pipes, false teeth, or
the like, as well as bleaching agents.

The detergent compositions of the present invention
comprise an alkaline protease e.g., alkaline protease K-
16 or K-14 produced by Bacillus sp. KSM-K16 (FERM BP-3376) or
Bacillus.;p..KSM-K14 (FERM BP-3670), which is highly active under
alkaline conditions , resistant to alkali and capable of
hydrolyzing human horny keratin fiber. It exhibits superior
detergency against protein soils.

Other features of the invention will become apparent in
the course of the following description of the exemplary
embodiments which are given for illustration of the invention

and are not intended to be limiting thereof.



remains stable in the presence of various surface active agents at high
concentrations (1-10% . Thus, the alkaline protease K-16 is useful as a
conponent of a detergent conposition which contains surface active agents.

TABLE 6 Surfant ant Conmrer ci al Commer ci al
(Concentrati on) K- 16 Enzype B(a) Enzyme C(b) Sodium |inear
al kyl benzene 65(% 48( % _ 46(% sulfonate *1 (1% Sodium
pol yoxyet hyl ene 100 97 ’ 52 al kyl sulfate *2 (1%
Sodi um dodecyl sulfate 58 gxampres O 48 *3 (10%
Sodium[err]-olefin sulfonate 100 82 61 *4 (1%

Sodi um al Relfexeinfoen@wample 1. Sephration andXollection d£ ﬁr&é@%ﬁ 56+
[err]-Sutfo-fatty acid ester 100 86 75 %6 (199
Sof tanol 70H *7 (1% pr@@ucing micrbbrganism. 90 (a product of
(1) About 1 g of a soil sample was suspended in 10 ml of
sterilized physiological saline and heat-treated at 80°C for
20 minutes. A supernatant of the heat-treated suspension (0.1
ml) was spread on a keratin agar medium and

cultivated at 30°C for 48 hours. The composition of the

keratin agar medium was as follows.

Glucose . 1%
Yeast extract _ 0.2%
Animal hair keratin 1%
Carboxymethyl cellulose 1%
Potassium (I) phosphate : 0.1%
MgSO0,« 7H,0 0.02% .
Agar _ 1.5%

(2) Tolihe above keratin agar medium was added 1%
of sterilized 10% sodium carbonate solution to adjust
the pH 10.5. _After the cultivation, colonies that
formed a clear zone around their margins were picked up
and repeatedly purified on the same agar medium, thus

obtaining a pure proteinase producing microorganisms.



prpon“Shokubai Co.) (a) PROTEASE API-21[err] (Showa Denko K K.) - 24-
(b) ESPERASE[err] (Novo Nordisk Ltd.) *1: Rerr]SOerr]Na(R derr]-Cerr])
2: RCHerr](Cerr]Herr]Qf[err]Sgerr]Na(R Cerr]-Clerr], n = 1-5) *3:
RCHerr]OsdJerr]Na(R Cerr]-Cerr], But the (Jerr] is principal) *4:
R-CHCH(CH err])[err]Sderr]Na(R (erxdzCerr], n= 0.1-5) *5: RCHR
(RtR: derr]-(err]) Serr]Na *6: RCHCOCR (R (derr]-derr], R
Clerr]-C[err]) SOerr]Na *7: R CHerrlOQderr]Herr]O[err] H R
Clerr]-Cerr], (8)= Cé115) obbayneliogdinCql2)clhdoirt eidry it a4 int® the
protease K-14 (1) drolysis action Acts on various kinds of proteins under
hi gh al kaligeidomedinwnwitbspbei bl ownmighicompne iKhidhARHdOfcuathindd \at
for-human horn¥ keratln fiber.

oxr

30°C days, with shaking, on a reciprocal shaker.
Glucose 2.0%
Polypepton S 1.0%
Yeast extract 0.05%
Potassium (I) phosphate 0.1%
MgSO,+ 7H,0 0.02%

Sodium carbonate.(separately sterilized) 1.0%
PH _  10.5

After the cultivatién, the culture broth was centrifuged
(3}000 rpm, 10 minutes) to remove cells to obtain a
supernatant as an enzyme solution.

(4) Crude enzyme samples were prepared by lyophilizing
the enzyme solutions obtained in (3)'abOVe. The sforage
stability of the enzymes at 40°C in a commercial
detergent was evaluated. A strain which can produce enzymeé
in a most éf&ble manner were thus obtained as Bacillus Sp.

KSM-K16 and Bacillus sp. KSM-K14.

Reference Example 2. cultivation of cells and purification of
alkaline proteinase K-16.
(1) The alkalophilic Bacillus sp. KSM-K16 obtained
in Reference Example 1 was inoculated into the following
liquid medium (3.0 1) and cultured at 30°C for 2 days,

with shaking, to produce alkaline protease K-16.



(2) Optinmum pH range The opti num pH range of al kal i ne protease K-14 was
determ ned in the sane manner as for al kaline protease K-16. As shown in
Figure 5, the range was found to be 10.4-12.0. (3) pH stability The pH
stability of al kaline protease K-14 was determined in the sane manner as
for al kaline protease. K-16. As shown LE3Eigure 6, the stable pH range of
al kal i ne protease K-14 is 7-11.5 in thé absence of Ca[err] and 5-12 in
the presence of 2nM Ca2+. -25- (4) Optimumtenperature The optinmum
tenperature of al kgjyedy otease K-14 was deternpneg in the same manner as
for al kaline protease K-16. As shown in Figure 7, the optinmumtenperature
of al kal i ne proteascidfy fedts ¢4 C i n the absemcegof Ca[err] and
70[err]Cin the presence of 5 MM Calerr]. (5) Heat stability

Soybean flour 1.0%

MgSO, - 7H,0 © 0.02%
Potassium (I) phosphate | 0.1%

pH 10.5

(2) After the cultivation, 3.0 1 of the culture
broth was centrifuged (10,000 xrpm, 5 minutes) to remove
cells. The supernatant thus obtained was lyophilized
and 2 g of the dried powdet was dissolved in 10 ml of
deionized water to produce a crude enzyme solution. The
solution was dialyzed overnight against 10 mM Tris-HCl
-buffer (contains 2 mM Ca2+, PH 7.5) and 26 ml of
retentate (activity, 3.15 P.U./ml; specific activity,
1.97 P.U./mg protein) was obtained. This reteﬁ%ate was
subjected to a column packed with CM-52 cellulose which
had been equilibrated with 10 mM Tris-HC1 buffer
(contains 2 mM Ca2+, pH 7.5). After washing the column
with the'equilibrating buffer, alkaline protease K-16
was eluted with a gradient of 0 to 0.15 M-sodiﬁm |
chloride in the same buffer. The active fractions
collected was 15 ml, and its activity was found to be
1.12 P.U./ml and the specific acfivity 5.75 P.U./mg
protein. The active fraction was dialyzed overnight
against 50 mM Tris-HCl buffer (contains 10 mM ca?* and
0;2 M NaCl, pH 8.0), cohcentiated by ultrafiltration

(5000-M.W. out off; Amicon Co.), applied to a column of



The héat stability of alkaline protease K-14 was studied in the sane nmanner
as for al kaline protease K-16. As shown in Figure 8, alkaline protease K-14
mai nt ai ned 90% or nore of the activity up to 50[err]C in the absence of -
Ca[err] and up to 60[err]Cin the presence of 5 mM Ca[err]. (6) Isoelectric
poi nt The isoelectric point of alkaline protease K-14 was exam ned by using
Rhot ophore el ectrophoresis kit (Trademark, made by Bio-Rad Co.). As a
result, the isoelectric point of alkaline protease K-14 was found to be
over 10.0. Detergent Conpositions There are no specific limtations as to

t he amount of the above al kaline protease to be incorporated into the

det ergent conpositions of the present invention, so |ong as t he anount of

e COLRRLAAE, 0 T S SOV R b ol LY A
wth a péﬂ:hc%315111y'rﬂﬂrﬁfla%‘iféénﬁaéoﬂﬁéi‘ﬂs516*%'%Péz'* and 0.2
M NaCl, pH 8.0), and elution was done with the same
buﬁfer. The active fractions collected was 11.5 ml, and
its activity was 0.9 P.U./ml and the specific activity
was 6.03 P.U./mg protein.
The solution_waé dialyzed overnight against
deionized water to obtain a retentate with an activity
of 0.56 P.U./ml and a specific acﬁivity of 5.60 P.U./mg
protein.
This solution was 1lyophilized to obtain an enzyme with a
specific activity of 1.87 APU/mg and an activity of

hydrolyzing-human horny keratin fiber of 48 KFU/APU.

Reference Example 3. Cunltivation of cells and purification of
alkaline protéinase K-14.
(1). The alkalophilic strain Bacillus sp. KSM-K14
obtained- in Reference Example 1 was inoculated into the following
liquid medium (3.0 1) and cultured at 30°C for 2 days with

shaking to produce alkaline protease K-14.

Glucose 2.0%
Fish meat extract _ 1.0%
Soybean flour | 1.0%
MgSO, - 7H,0 | 0.02%
.Potassium (I) phosphate 0.1%

pH ' 10.0



'+26- Any known detergent conponents can be formulated in the detergent
conpositions of the present invention. The follow ng conpounds are given as
exanpl es of such known detergent conponents. (1) Surface active agents

Ani oni ¢ surface active agents such as |linear al kyl benzene sul fonat es havi ng
an al kyl group containing 10 to 16 canggﬂ_atons on average, al kyl et hoxy

sul fates having a linear or branched alkyl group containing 10 to 20 carbon
atons on average and 0.5-8 nol es on average of ethyl ene oxide per nolecul e,

al kyl sul f at eg2havangoaaed! k¥l pareUR1%kaNiden protEl Hage?®-aar k@ at oms on
average, olefin sulfonates containing 10 to 20 carbon atons on average per

mol ecul eprapksea byl theataitioatdon B thel mizdovrgamisai @l dheaver age per
nol ecul e, salts of a-sulfo-fatty acid nmethyl or ethyl esters containing 10
to 20 caphoiafacetionnofvthegeupturenbrodhe insdihes safmehmgimavexf atst iraci ds
containing 8 to 20 carbon atonms on average, al kyl ether carboxyl ates havi ng
a | i near RefesennehByanplel 2gr oFpec astdividityy ofp hiveirzrd vizdmiso husagnhaymy

average and 0.5-8 nol es on_average of etgylene oxi de per nol ecule, and the
like: keratin fiber of the enzyme was 50 KFU/APU.

Detergent Tests

The detergent tests in the Examplés hereinafter given
were conducted according to the following procedures.
(1) Naturally soiled collar

Pieces of cotton cloth (#?023; 9 cm x 30 cm) were sewn
on the collars of shirts,land the'shirts were worn by male
adults for 3 days, following which they are left at 25°C, 65%
RH (relative humidity) for 1 month. The clothes were
classified into 3 groups according to the degree of soil.
Among the most soiledclothes, those having symmetric soil across
the center were cut along the center line into 2 pieces to
prepare speqiméns (9 cm x 15cm) to be used in the test.
(2) Wasﬁing method and conditions

One half of the 2 pieces of cloth specimens prepared as
above was washed with a standard detergent composition to
which no enzyme was added, and the other with the detergent
composition of the pfesent invention. 15 pieces of specimens
were sewn onto a 50 cm x 50 cm cloth. In the test of powderxr

detergent compositions, this cloth and undershirts, weighing 1

kg in total, were dipped into 6 1 of a 0.417% detergent



noni oni ¢ surface active agents such as pol yoxyet hyl ene al kyl ethers having
an -al kyl group containing 10 to 20 carbon atons on average and 1-20 nol es
on average of ethyl ene oxide per nolecule, higher fatty acid al kanol am des
or their al kyl ene oxi de adducts, and the |ike; betaine-type anphoteric
surface active agents; sulfonate-type gggboteric surface active -27-
agents; phosphate-type surface active agents; am no acid-type surface
active agents; cationic surface active agents; and the |like. These surface

active ageyiti i) A8 JOOTRY G L O ke d@éﬁ&&%%&&@?ﬁéf&&&& £

e
present invention in an anount of 5-60% by weight; especially 10-45% by
vwei ght i RIS MY @IS i faaikkR0 - helabycrer 88t by "TbiAYbLE

detergent conpositions. Wien the detergent conposition is directed to
bl eachi ngo.hhe pney mking ftiee tasttdlV evalDens s3ovy witH-d8aibioneoght, and
preferably 1-5% by weight. (2) D valent netal ion capturing agents
water, the content was vigorously stirred for 10 minutes. The
clothes were dried and used for the evaluation.

For the evaldation of liquid detergeht compositions, 20
cc of the detergept liquid was applied to samples of cloth to
pe tested. After 10 minutes, the cloth together with
undershirts, weighing 1 kg in total, were transferred to a
washing machine (Ginga). After making the total volume 30 1
with addition of water, the content was vigorously stirred for
10 minutes. The clothes were dried and served for the
evaluation. |

The evaluation was carried out by Vvisual judgement,

whereby the clothes washed with the standard
detergent composition and the clothes washed with the
detergent composition of the present invention were compared
“with the stahdard soil samples which were ranked into 10
grades aecording to the degree of soil. The detergency index
was expressed by the scores of each composition when the
detergency of the standard detergent composition was taken as
100. A difference in the detergency index of more than 0.5

was deemed meaningful.

(3) Enzymes used in Examples



Condensed phosphates such as tripol yphosphate, pyrophosphate,

ort hophosphate, and the like; alumnosilicates such as zeolites; synthetic
| ayer crystalline silicate, nitrilotriacetate, ethylenedi am netetraacetic
acid, citric acid, isocitric acid, polyacetal carboxylate, and the |ike.
Such divalent nmetal ion capturing agentg;can be incorporated into the

det ergent conposition of the present invention in an anount of 0-50% by

wei ght, and preferably 5- 40% by wei ght in powder detergent conposition and

0.5-15% by wei@)t iN1Kaildwied gebtegert MBSitHe Prddhfctiostammadt ixet al
I on capturing agents not containing phosphorous is preferable. (3) Alkaline
agent s améfierengeniBxaseplies 2Sidiiladteds toc ar haylatmes ,ofs pH Dk d onkttles,
al kanol am ne sul fates, and the |like. These are added in an anount of 0-80%
by wei ghGlawbeirdisalsialts angl 3e%eh\inke gnanulgsiwder det ergent conposition,
and 0.1 to 25% by weight in liquid detergent conposition. - 28-
. (b) Alkaline protease K-14 (the product obtained in
Reference Example 2 diluted to a volume of 200-fold with
Glauber's salt and made into granﬁles).
(c) Protease (a product of Novo Nordisk Co.; SAVINASE
4.0T®) | |
(@) Protease (a product of Gist Brocades Co.; MAXACAL
P-400,0000)
(g) Protease (a.producﬁ of Showa Denko Co., Ltd.; API-
21H®)
(f) Cellulase (Kao Corp., derived from microorganism
thrombomodulin FIRM 1138, 500 IU/g granules)
(g) Cellulase (a product of Novo Nordisk ~Co.; CELLUZYME
1.0T®)
(h) Lipase (a product of Novo Nordisk Co.; LIPOLASE
100T®) '
Example i.
Weakly alkaline powder detergent compositions were
pfepared according to the formulation shown in Table 7 and
using the enzymes listed in Table 8.
fhe results of the evaluation of the detergent
compositions are given in Table 8, which shbws superior

detergency of the detergent composition of the present

invention in removing naturally produced soil on collars.



(*4) Secondary pollution inhibitors Polyethylene glycol, polyacrylates,

pol yacrylic acid copol yners, polyvinyl alcohol, polyvinylpyrrolidone,

car boxynmet hyl cellul ose, and the like. These pollution inhibitors are added
in an anount of 0-10% by weight, and preferably 1-5% by weight. (5) Enzynes
Cel l ul ase, anyl ase, |ipase, hem cellulagg, [err]-glycosidase, glucose

oxi dase, chol esterol oxidase, al kaline proteases other than al kaline

prot eases of the present invention. The above al kaline proteases of the
present invention exhibit better conpatibility with other enzynes such as
cellul ase and |ipase than conventi onZhaBLEKfOWn al kal i ne proteases. Conbi ned
use of the alkaline proteases of the present invention with these ot her
enzynes pronotes the- etergency even nore. (6) Captur|nqwq reduci ng agents

of effectsaalﬁhlQﬁnaaraaekymﬁanzuﬁesulfate_ urea guanlmzﬁfhydrochlorlde
guani di nesaafbnatee (1Lg8ni(cy se sul famate, di oxythiourea,

Sodium alkyl sulfate (AS) (Cy,) 10 -
Polybxyethylene alkyl ether (AE) . 2.5
(C32-Cy3, EO=12 moles)
Sodium hydrogenated tallow 2.5
Polyethylene glycol 1.5
(Average M.W.=12,000)
Sodium polyacrylate - 1.5
(Average M.W.=8,000
4A-type Zeolite : 25
Sodium silicate (JIS #2) . | 10
Sodium carbonate 10
Sodium sulfite (anhydrous) . 1
Fluorescent dye 0.2
Glauber's salt Balance
Water . _ 6
Enzyme (See Table 8) Prescribed
Amounts * or 0

Total . 100

*

50 APU/kg for Compositions 1-(a) to 1-(e); and 1%

for Compositions 1-(f) to 1~(h);

In tables hereafter, the composition numbers are indicated
by "Example No. - Enzyme No.". The compositions which do not

contain any enzyme are indicated by "Example No. -0".



rmonoet hanol am ne, diethanolam ne, triethanol am ne, am no acids, e.g.,

gl yci ne, sodiumglutamte, etc.; proteins, e.g., -29- calf serumal bumn
casein, etc.; protein hydrolyzates, neat extract, fish extract, and the

|'i ke.- As reducing agents, salts of an alkali netal or al kaline earth netal,
such as thiosulfates, sulfites, or dithionites, as well as RONGALIT Cerr],
can be used. Such agents are suitably added in an anmount of O to 5% by

wei ght, preferably 0.1 to 2% by weight. (7) Bleaching agents Percarbonates,
per borates, zinc or alum num sul fonated pht hal ocyani ne, hydrogen peroxi de,
and the like can be used, in anbunts=32mging fromO to 50% by wei ght. (8)

Fl uorescent dyes Fl uorescent dyes conmonly- used in detergent conpositions

can be used, in amounts of 0 to 5% ight, preferably 0.1 to 2% by
wei ght . | e |

COQEQSition No. Enéyme Detergency Index
1-0 (Standard Composition) - 100
1-{(a) (Invention Composition) (a) 104
1;(b) (Invention Composition) (o) 104.
1-(c) (Comparative Composition) (c) i 101
1-(q) (COmparative Composition) (d) 101
1-(e) (Comparative Composition) (e) 102
1-(f) (Comparative Composition) (£) 101.5
1-(g) (Comparative Composition) (9) : 101
1-(h) (éomggrative Composition (h) 100.5
Example 2.

Weakly alkaline powder detergent compositions .as shown in Table 7 with
various combinations of the enzymes {(a) to (h)] as shown in Table 9 were .
prepared.' The results of the detergency test a¥e given in
Table 9, which demonstrates a synergistic effect, in
detergency toward naturally produced soil in collars of the
combined'use;of alkaline protease K-16 and cellulase and/or

lipase.



("9) Solubilizing agents The follow ng solubilizing agents can. be used for
| i qui d detergent conpositions. Lower alcohols, e.g., ethanol; |ower alKkyl
benzene sul fonates, e.g., benzene sul fonates, p-toluene sulfonates;

pol yols, e.g., propylene glycol; and the |like can be added in anounts
ranging fromO to 25% by weight to 0.5 to 18% by wei ght. -(10) O her
conponent s -30- Besides the above conponents, perfunes, caking
preventives, enzyme activators, antioxidants, antiseptics, pignents,
greeni sh flavoring agents, bleaching activators, and the |like which are
commonly used in detergent conmpositions can be fornulated in the detergent
conpositions of the present invention agp<equired. The detergent
conpositions of the present invention can be prepared by conventi onal

met hods by conbi ni ng the above-

TABLE 9
Composition No. Enzyme Combination Detexrgent
(dosage per kg - detergent) Index

2-{(a) {Invention Composition) (a)=50 APU 100
2-(e) (Comparative Composition) (e)=50 APU 98
2-(£) (Comparative Composition) (£)=1% 97.5
2_(g) (Comparative Composition) (g)=1% 97
2-(h) (Comparative Composition) (h)=1% ' 96.5
2-(a)/(f) (Invention Composition) (a)/{£)=25 APU/O0.5% 105
2-(a)/{g) (Invention Composition) .(a)/(g)=25 APU/0.5% 104
2-(a)/(h) (Invention Composition) {a)/(h)=25 APU/0.5 102

2-(a)/(£f)/th) (Invention Composition) (a)/(£)/(h)=25 APU/0.25%/0.25% 106
2~(a)/(g)/(h) (Invention Composition) (a)/(g)/(h)=25 APU/S.ZS%/O.ZS% 105
-2-(e)/(f) (Comparative Composition) | (e)/(£)=25 APU/0.5% .100
2-(e)/(9) (Comparative Compesition) (e)/(g)=25 APU/0.5 99
2-(e)}/(£) (h) (COAPdrative Composition) (e)/(f)/(h)=25 APU/0.25%/0.25% 100.5
2-(e)/lg)/(h) (Comparative Composition) (e)/(g)/(h)=25 APU/0.25%/0.25% 99.5

Example 3.

Weakly alkaline powder detergent composition ©f the formulation
shown in Table 10 were prepared, and the builders and enzymes listed in
Table 11 were incorporated into the compositions in an amount
indicated in Table 11. The results of the detergency test are

given in Table 11, which demonstrates the effectiveness of the



fent i oned al kal i ne protei nases and ot her known detergent conmponents. The
formof the detergent conposition may be |iquid, powder, granule, or the

| i ke dependi ng on the application, which includes detergents for washing
cl othes, automatic di sh washi ng nmachi nes, water pipes, false teeth, or the
like, as well as bleaching agents. The_ggtergent conpositions of the
present invention conprise an al kal i ne protease e.g., alkaline protease
K- 16 or K-14 produced by Bacillus sp. KSM K16 ( FERM BP-3376) or

Baci | | us.gfdtedgMKIconpdsiM Bhs6d) tnéhp£8sbat hiabbnt 26hi ¥R WAdeh al kaline
conditions , resistant to al kali and capabl e of hydrolyzi ng human horny
keratin fyditious thekivdrts saselphicorpoeategency against protein soils. Qher
features of the invention will becone apparent in the course of the
foll ow ng description of the exenplary enbodi nrents which are given for

il lustration of the invention and are not intended to be Iimting thereof.

-31- ) TABLE 10

Components wtd
Sodium linear alkylbenzene B 25
sulfonate (LAS) (C;,)
Sodium alle sulfate (AS) (C,,) ' 10
Polyoxyethylene alkyl ether 2.5
(C12-Cy3, EO-12 moles)
Sodium hydrogenated tallow : 2.5
Polyethylene glycol 1.5
(Average M.W.=12,000) .
Sodium polyacrylate ' | 1.5
(Average M.W.=8,000)
Sodium silicate (JIS #2) 16‘
Sodium carbonate 10
Sodium sulfite (anhydrous) 1
Fluorescent dye ' 0.2
Glauber's salt Balance
Water 6
Builders and Enzyme Prescribed
(See Table 11) ' _ Amounts *
Total 100

* Amounts specified in Table 11.



EXAMPLES Ref erence Exanple 1. Separation and collection of proteinase-
produci ng m croorganism (1) About 1 g of a soil sanple was suspended in 10
m of sterilized physiological saline and heat-treated at 80[err]C for 20
m nutes. A supernatant of the heat-treated suspension (0.1 m) was spread
.on a keratin agar mediumand cultivatedggt 30[err]C for 48 hours. The
conposition of the keratin agar nediumwas as follows. d ucose

. 1% Yeast extract 0.2% Ani mal hair keratin 1%
Car boxynet hyl cel |l ul ose 1% PoraBEEuUmL (1) phosphate 0.1%
MSO err]-7H err] O 0. 02% Agar

1.5% ( o0 the 2 kKerat | 103 1i_U as_added 1% @ erilized
sodi um,car bonat e _sol ution to adju the pH 10. §. ter the cultivation
col onim‘é%mptc’ﬁé j'(’j}’l‘rlolrw:r'ed a clear zqagji%z o el r ?&ig%ing, were pi ckefﬁgﬁﬁg%"rﬂ
repeatedly purified on the sane agar nedi um thus

3-0 (Standard Composition) - Tripolyphosphate (25) 100
3-0' (Comparative Composition) -— Sodium citrate (25) 98
3-0* (Comparative Composition) - 4A-type Zeolite (25) 98.5
3~-{a) (Invention COmpos%tion) (a}=50 APU Tripolyphosphaté (24) 104
3~{a)*' {Invention Composition) (a)=50 APU Sodium citrate {24) 102
3~(a)" (Invention Composition) (a)=50 APU 4A-type Zeolite (24) 102.5
3-(b) (Invention COmpqsition) {(b)=50 APU Tripolyphosphate (24) 104.5
3-(b)' (Invention COméosition) (b)=50 APU Sodium citrate (24) 103
3-({b)" (Invention Composition) (b)=50 APU 4A-type Zeolite (24) 103.5
3-(e) (Comparative Composition) (e)=50 APU Tripolyphosphate (24) 102
3-(e)' (Comparative Composition) (e)=50 APU Sodium citrate (24) 100
3-(e)" (Comparative Composition) (e)=50 APU 4a-type Zeolite (24) 100.5
Example 4.

Weakly alkaline powder detergent compositions were
prepared according to the formulation shown in Table 12 and
using the enzymes listed in Table 13. |

The.results of the evaluation of the detergent
compositions are given in Table 13, which shows superior
detergency of the detergent compositions of the present
invention as compared to those containing conventional enzymes

in removing naturally produced soil on collars.



obtai ning a pure proteinase produci ng m croorgani sSns. -32- (3) Cells
obtained in (2) above were inoculated into the liquid nediumwth the
foll owi ng conposition and cul tured at 30[err]C for 2 days, with shaking, on

a reciprocal shaker. d ucose 2. 0% Pol ypepton S
1. 0% Yeast extract -43-0. 05% Pot assi um (1) phosphate
0.1% MgS err].7H err] O 0. 02% Sodi um car bonat e
(separately sterilized) 1.0% pH ' ' 10.5 After

the cultivation, the culture broth weaggegntpi fuged (3,000 rpm 10 m nutes)
to renove cells to obtain a supernatant as an enzyne solution. (4) Crude
enzyne sanples were prepared by |yophilizing the enzyne sol uti ons obt ai ned
in (3) above. The storage stability of the enzynes at 40[err|Cin a

comrercial Components wt%
Sodium linear alkylbenzene 12.5
sulfonate (LAS)
a-Sulfo-fatty acid ester 12.5
(a=SFE, C;5-Cig) :
Sodium alkyl sulfate (AS) 12.5 .
Sodium hydrogenated tallow 2.5
Polyethylene glycol _ 1.5
{Average M.W.= 12,000)
Sodium polyacrylate . 1.5
(Average M.W.=8,000)
4A—type Zeolite 25
Sodium silicate (JIS #2) o 10
Sodium carbonate | ' 10
Sodium sulfite (anhydrous) 1
Fluorescept dye 0.2
Glauber's salt_ _ ' Balénce
Water . : 6

Enzyme (See Table 13) o Prescribed
: Amounts * or O

Total . 100

* 50 APU/kg for Compositions 4-(a) to 4-(e); and 1% for

Compositions 4-(f) to 4-(h);



detergent was evaluated. A strain which can produce enzynes in a nost
stabl e manner were thus obtained as Bacillus sp. KSM K16 and Bacil |l us sp.
KSM K14. Reference Exanple 2. Cultivation of cells and purification of

al kal i ne proteinase K-16. (1) The al kal ophilic Bacillus sp. KSM K16
obtained in Reference Exanple 1 was ian?Lated into the followng liquid
medium (3.0 1) and cultured at 30[err]C for 2 days, with shaking, to
produce al kal i ne protease K-16. -33- d ucose 2. 0%
Fi sh neat extract 1. 0% @apbeansf | our 1.0%
MSO err]-7H err] O 0. 02% Pot assi um (I) phosphate

0. 1% pH 10.5 (2) After the cultivation, 3.0 1 of
the culture broth was centrifuged (10,000 rpm 5 mnutes) to renove

Composition No. Enzyme Detergency Index
4~-0 (Standard Composition) - 100
4-(a) (Invention Composition) (a) . 104.5
4-(b) (Invention Composition) (b) 105
4-(c) (Comparéfive Composition) (c) 101.5
4-(d) (Comparative Composition) (4) 101
4~(e) (Comparative Composition) (e) 102.5

- 4-(£f) (Comparative Composition) (£) 102
4-(g) (Comparative Composition) (9) 101.5
4—(h) (Comparative cbmposition) (h) 100.5
Example 5.

Weakly alkaline powder detergent compositions
-were prepared according to the formulation shown in
Table 14 and using the enzymes listed in Table 15.

The results of the evaluation of the detergent
compositions are given in Table 15, which shows superior
detergency of the detergent compositions of the present
invention as compared to those containing conventional enzymes

in removing naturally produced soil on collars.



cells: The supernatant thus obtained was |yophilized and 2 g of the dried
powder was dissolved in 10 m of deionized water to produce a crude enzyne
solution. The solution was dialyzed overni ght against 10 mM Tris-HC buffer
(contains 2 mMM Ca[err], pH 7.5 and 26 m of retentate (activity, 3.15
P.U/m; specific activity, 1.97 P.U./ogsprotein) was obtained. This
retentate was subjected to a columm packed with CM 52 cell ul ose which had
been equilibrated with 10 mM Tris-HC buffer (contains 2 mM Ca[err], pH
7.5). After washing the colum wth thergquul i brating buffer, alkaline
protease K-16 was eluted with a gradient of 0 to 0.15 Msodiumchloride in’
the sanme buffer. The active fractions collected was 15 m, and its activity
was found to be 1.12 P.U./m and the specific activity 5.75 P.U./ng
protei n. The actGampdnents on was di al yzed overni ght agawh¥t 50 nM Tri s- HC
buffer (contains 10 mM Calerr] and 0.2 MNad L pH 8 0), concentrated by

ultrafiltratjon (5000-MW out off; Am con Cb.): appfféd to a colum of
Sodium linear alkylbenzene 12.5

sulfonate (LAS)

a-Sulfo-fatty acid ester ' 12.5

Sodium a-~olefin sulfonate . 12.5

Sodium hydrogenated tallow 2.5
Polyethylene glycol 1.5
(Average M.W.=12,000) :

Sodium polyacrylate 1.5
(Average M.W.=8,000)

4A-type Zeolite | 25
Sodium silicate (JIS #2) 10
Sodium carbonate 10
Sodium sulfite (anhydrous) 1
Fluorescent dye o 0.2
Glauber'; salt _ Balance
Water - : 6
Enzyme (See Table 15) 'Prescribed

Amounts * or 0

Total | 100

* 50 APU/kg for Compositions 5-(a) to 5-(e); and 1% for

Compositions 5-(f) to S5-(h);



+34- Sephadex G 50 (Pharnmacia) which had been equilibrated with 50 niv
Tris-HO buffer (contains 10 nMM Ca[err] and 0.2 M NaCl, pH 8.0), and
elution was done with the same buffer. The active fractions collected was
11.5 mM, and its activity was 0.9 P.U./m and the specific activity was
6.03 P.U./ng protein. The solution mas_fgguyzed over ni ght agai nst dei oni zed
water to obtain a retentate with an activity of 0.56 P.U./nm and a specific
activity of 5.60 P.U./ng protein. This solution was |yophilized to obtain
an enzyme with a specific activity of 1.87 APU ng and an activity of

hydrol yzing human horny keratin fiber of 48 KFU APU. Reference Exanple 3.
~Cultivation of cells and purifi.cation of alkaline proteinase K-14. (1). The
al kal ophilic strain Bacillus sp. KSM K14 obtained in Reference Exanple 1
was inocul ated into the follow ng | iTaABEEMESli um (3.0 1) and cul tured at
30[err]C for 2 days with shaking to produce al kaline protease K-14.

Composition No. ' Enzyme Detergency Index

5-0 (Standard Composition) - 100
5-(a) (Invention Composition) (a) 104.5
5=-(b) {Invention Composition) (b) 105
5-(c) (Comparative Composition) (c) ' 101
5-(d) (Comparative Composition) (d) 101
5-(e) (Comparative Composition) (e) ©102.5 .
5-(f) (Comparative Composition) (£) 101.5
5~(g) (Comparative Composition) (9) 101
5-(h) (Comparative Composition) (h)- ' 100.5

. Example 6.
Weaily alkaline powder detergent compositions
were prepared according to the formulation shown in
Table 16 and using the enzymes listed iﬁ Table 17.

The results of the evaluation of the detergent'
compositions are given in Table 17, which shows superior
detergency of the detergent compositions of the present
invention as compared to those containing conventional enzymes

in removing naturally produced soil on collars.



@A ucose 2.0% Fi sh meat extract 1. 0%
Soybean f|l our 1.0% MgSHA. 7TH err] O 0. 02%
Pot assi um (1) phosphate 0. 1% pH ' 10.0

-35- (2) A powder of pure alkaline proteinase K-14 was prepared by the
cultivation of the m croorgani smand tly;purification of the culture broth
I n the sane nmanner as in Reference Exanple 2. The activity of hydrolyzing
human horny keratin fiber of the enzyme was 50 KFU APU. Detergent Tests The
detergent tests in the Exanples hereinafter given were conducted according
to the follow ng procedures. (1) Naturally soiled collar Pieces of cotton
cloth (#2023; 9 cmx 30 cn) were sewn on the collars of shirts, and the

shirts were worn by mal e -
TABLE 16

Components wt¥
Polyoxyethylene alkyl ether - 25
(C12=C14, EO=7 mol) :

Sodium hydrogenated tallow 2.5
Polyethylene glycol 1.5
(Average M.W.-12,000)
Sodium polyacrylate : 1.5
(Average M.W.=8,000)
4A-type Zeolite ’ 40
Sodium silicate (JIS #2) - 10
Sodium carbonate - 10
Sodium sulfite (anhydrous) 1
Fluorescént dye : : _ 0.2
Glauber's salt Balance
Water. 5
Enzyme (éee Table 17) ' Prescribed

Amounts * or 0

Total 100

* 50 APU/kg for Compositions 6-(a) to 6-(e); and 1% for

Compositions 6-(f) to 6-(h);



adul'ts for 3 days, following which they are left at 25[err]C, 65% RH
(relative humdity) for 1 nonth. The clothes were classified into 3 groups
according to the degree of soil. Anbng the nost soiled clothes, those
havi ng symetric soil across the center were cut along the center line into
2 pieces to prepare specinens (9 cmx to be used in the test. (2)
Washi ng net hod and conditions One half of the 2 pieces of cloth specinens
prepared as above was washed with a standard detergent composition to which
no enzyne was added, and the other wnaBrfge det ergent conposition of the
present invention. 15 pieces of specinmens were sewn onto a 50 cm x-50 cm
cloth. In the test of powder detergent conpositions, this cloth and
undershirts, weighing 1 kg in total, were dipped into 6 1 of a 0.417%
detergentcOmpoSBtlenINOLon at 30[err]C for Znhwmﬁs TheD@¢nE@wmcwa§ndex
transferred a_\\a ) ] ) ) . , hi ba
Co.). After maki ng _t he t ot al yol une 30 L with addltlon of

-0 (Standard Composition) - 100
6-(a) (Invention Composition) (a) . 105
6-(b) (Invention Composition) (b) 105
'6—(c) (Comparative Composition) (c) 102
6~(d) (Comparative Composition) (d) 102
6~ (e) (Comparative Composition) (e) 103
6~ (f) (COmpafative Composition) (£) 102
6-(g) (Comparative Composition) (9) 101.5
6-(h) (Comparative Composition) (h) ' 100.5
Example 7.

Weakly alkaline liquid detergent compositions were
prepared- according to the formulation shown in Table 18. The
detergent composition liquids had a pH of 9.6. The following
enzymes were formulated in the compositions.

(i) Alkaline protease K-16 (the product obtained in
Reference Example 2 diluted to a volume of 100-fold with
glycerol and water).

(3) Alkaline protease K-14 (the product obtained in
Reference Example 3 diluted to a volume of 100-fold with

glycercl and water).



wat'er,  the content was vigorously stirred for 10 minutes. The clothes were
dried and used for the evaluation. For the evaluation of |iquid detergent
conpositions, 20 cc of the detergent liquid was applied to sanples of cloth
to be tested. After 10 minutes, the cloth together with undershirts,
weighing 1 kg in total, were transferredgto a washing machine (G nga).
After making the total volume 30 1 with addition of water, the content was
vigorously stirred for 10 m nutes. The clothes were dried and served for

the eval uati ongkjTherevahsat i ofa WeEofatti 88 REVoLYOraledl tHIgeEBBERAWRET €Dy -
the cl othes washed with the standard detergent conposition and the clothes
washed wi8 J0E®)e detergent conposition of the present invention were
conpared with the standard soil sanples which were ranked into 10 grades
accordi ng to tbk) dBgptease sola.pTbdudttefglavy NoteldskasCexpr SAVENAGE t he
scores of each conposition when the detergency of the standard detergent
conpositiQWP taken as 100. A difference in the detergency index of nore
than 0.5 was %QgﬁgégfigrggL%he(gtxggéygggbgfggylEegﬁagggggcted

according to the following“procedure_aré'presénted in Table
19. _
Storage stability test

The compositions as produced were ieft at a temperature
of 40°C, and the residual activity of. enzyme in each cmpbsiﬁqn after
10 days and 20 days were measu;ed on samplés diluted with tap
water (Hardness: 2.5°HD) to a concentration of 1%, by
subjecting them to AUTOANALYZER® (trademark, manufactured by
Technicon Co.), and the description in Analyst, 2§(2), 159-163
(1971)lwas used for the details of the measufement. The
residual activity of each enzyme was calculated according to
the following equation.
Residual Enz&me Activity (%) =

Enzyme Activity after 10 or 20 days

— x 100
Initial Enzyme Activity



=37- (a) Al kaline protease K-16 (the product obtained in Reference Exanple
2 diluted to a volune of 200-fold with G auber's salt and made into
granules). (b) Alkaline protease K-14 (the product obtained in Reference
Exanmple 2 diluted to a volunme of 200-fold with @ auber's salt and nade into
granules). (c) Protease (a product .ofgNovo Nordi sk Co.; SAVI NASE
4.0T[err]) (d) Protease (a product of G st Brocades Co.; MAXACAL

P- 400, 000[err]) (e) Protease (a product of Showa Denko Co., Ltd.; API-
21H err]) (f) Cellul ase (Kao Corp., TksBiLEem8from m croorgani sm

t hr ombonodul in FIRM 1138, 500 | U g granules) (g) Cellulase (a product of
Novo Nordisk-Co.; CELLUZYME 1.0T[err]) (h) Lipase (a product of Novo

“Nordi sk Co.; LIPOLASEomponents wtd
Sodium alkylethoxy sulfate 25
Secondary'élcohol ethoxylate 25
(C13.5, EO=7 mOI) : .
Polyethylene glycol 2
(Average M.W.=6,000)

Fluorescent dye 0.3
Ethanol ' 8
Greenish flavoring agents . 0.05
Water ’ Balance

Enzyme (See Table 19) . Prescribed
: Amounts * or O

Total : - 100

* 30 APU/kg for Compositions 7-(i) to 7-(1).

TABLE 19

Residual Enzyme Activity

Composition No. . Enzyme After 10 days After 20 days
7-{(i) (Invention Composition) (i) ' 95 80
7-(j) (Invention Composition) (3) 95 75
7-(k) (Comparative Composition) (k) _ 95 80

7-{1) (Comparative Composition) (1) 40 15




100T[err]) Exanple 1. Weakly al kali ne powder detergent conpositions were
prepared according to the formul ation shown in Table 7 and using the
enzynmes listed in Table 8. The results of the evaluation of the detergent
conpositions are given in Table 8, which shows superior detergency of the
detergent conposition of the present i ng«;ntl on in renoving naturally

produced soil on collars. -38- TABLE 7 Conponents
wt % Sodi um | i near al kyl benzene : 25 sul fonate (LAS)
(C[ err]) Sodi wbwidyslpH! heherévsS) mé&ieichtions and variationOof the
Pol yoxyet hyl ene al kyl ether (AE) 2.5 ((Jerr]-Cerr], EC=12

mol es) Squiteserty dirogemeien ard|possible in light of the &bbve
teaqhings. It is therefore to be understood that, within the.
scope of the appended claims, the invention may be pract;.iced

otherwise than as specifically described herein.



Pol yét hyl ene gl ycol ' 1 5 (AMeLage—mLM¢“12 OOO)

Sodi um pol yacryl ate

4A-type Zeolite 25 Sodl wali I
#2) 10 Sodi um carbonate , ”H'"(Immmmm
10 Sodi um sul fite (anhydrous) —52— 1 Fluorescent dye
0.2 dauber's salt . Bal ance Water

6 Enzyne (See Table 8) Prescri bedq gmal

Total ' ypaT Is CLAIMED IS . 100 50 AP i
Composit1tons I-(a) to 1-(e); and 1% for Conpositions 1-(f Eﬁ ﬂﬂ1
tabl es hereafter, the conposition nunbers are indicated b I

Enzynme No.".
by "Exanpl e

The conpositions which do not contain any enzyne are indicated
No. -0".
1. A detergent composition,_comprising an alkaline

protease which has an activity of hydrolyzing human horny

keratin fiber of 40 KFU/APU or more.

said

2. A detergent composition according to Claim 1, wherein

alkaline protease possesses the following optimum pH

range and optimum temperature range:

(1) optimum pH range when reacted at 40°C using

casein as a substrate: 10.0-12. 5
(2) optimum temperature range when reacted at pH

10.0 using casein as a substrate, with no ca*? jons: 50-

60°C.

3. A detergent compoéition according to Claim 1, wherein

—

said alkaline protease is alkaline protease K-16.

4. The detergent composition of Claim 1, wherein said

alkaline proteinase is alkaline proteinase K-14.

5., The detergent composition of Claim 1, further

comprising at least one component selected from the group

'consisting of surface active agents, divalent metal

sequestering agents, inorganic salts, secondary pollution

inhibitors, additional enzymes, effective chlorine capturing

or reducing agents, bleaching agents, fluorescent dyes,

solubilizing agents, perfumes, caking preventatives, enzyme

activators, antioxidants, antiseptics, pigments, greenish

flavoring agents, bleaching activators, and water.

6. The enzyme K-14.

7. The microorganism Bacillus sp. KSM-K-14, FERM BP-3670.



-39-" TABLE 8 Conposition No. | Enzyne  Detergency | ndex

1-0 (Standard Conposition) 100 1-Ca) (Ilnvention
Conposi ti on) (a) ' 104 1-(b) (Invention Conposition)

(b) 104. 1-(c) (Conparative Cbnp03|t|on) (c) 101
1- (d) (Conparative Conposition) -43) 101 1-(e)
(Conpar ati ve Conposition) (e) 102 1-(f) (Conparative
Conposi tion) () 101.5 1-(g) (Conparative Conposition)

(9) 101 1-(h) (G@PETReCT \GF QHD X SCIDEURE (h)

100.5 Exanple 2. Weakly al kali ne powder detergent conpositions as shomn in

Tabl e 7 wi t h VBIERGERT C coposarions of the enzymes [(a) to (h)] as shown in
Table 9 were prepared. The results of the detergency test are given in

Table 9, whi ch @eksrgenkt eompositdogss conpsisddg annadkaddgency toward
naturallz gﬁoduced soil ;in collars of the conbined use of alkaline protease
K- 16 andPtRFFafSse aHBY6PgIPBaQQt1m“m PH range on the alkaline side,

having an activity of hydrolyzing human horny keratin f;ber of
40 KFU/APU or more, possessing a superior activity toward
insoluble proteins, and exhibiting a sufficient activity in a
‘wide temperature range, exhibit excellent detergency toward

protein soils.

(Figure 1 illustrates the:influence of pH on the activity of alkaline
proteinase K-16)



-40- TABLE 9 Conposition No. Enzyme Conbi nati on

Det ergent (dosage per kg - detergent) | ndex 2-(a) (Invention
Conposi-tion) (a) =50 APU 100 2-(e)

(Conpar ati ve Conposition) (e)=50 APU 98
2-(f) (Conparative Conposition) (f)=1% : -
97.5 2-(g) (Conparative Conposition) (9)=1%

97 2-(h) (Conpar ati ve Conposition) (h) =1%

96.5 2-(a)/ (f) (Invention Conposition)/s (a)/ (f)=25 APU 0. 5%

105 2-(a)/(g) (I nvention Conposition) (a)/(g)=25 APU 0. 5%

104 2-(a)/ (h) (Inventian Conposition). (a)/ (h)=25 APU 0.5

102 2-(a)/ (f)/(h) (Invention Conposition) (a)/ (f)/ (h)=25 APU 0. 25% 0. 25%
106 2-(a)/(g)/(h) (lnvention Conposition) (a)/(g)/(h)=25 APU 0. 25% 0. 25%
105 2-(e)/(f) (Conparative Conposition) (e)/-(f)=25 APU 0. 5%

100 2-(e)/(g) (Conparative Conposition) . (e)/(g)=25 APU 0.5

99 2-(e)/(f)/(h) (conparative Conpositﬁéﬂj-_(_é,)_/(f)/(h):ZS APU/ 0. 25% 0. 25%
100.5 2- (e)/(g)/(h) (Corrparatlve Conposi ti on) (e)/(g)/(h):25

APU/ 0. 25% 0. 25% .5
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Exanplb 3. Weakly al kal i ne powder detergent conposition of the fornulation
shown in Table 10 were prepared, and the builders and enzynmes listed in

Tabl e 11 were incorporated into the conmpositions in an anount indicated in
Tabl e 11. The results of the detergency test are given in Table 11, which

denonstrates the effectiveness of the -41- detergent conpositions of the
present invention in which various béj)sl ders are incorporated. TABLE 10
Conponent s wt % Sodi um | i near al kyl benzene
25 sul fonate (LAS) (Cl2) Sodium al kyl sulfate (AS) (Cl4) 10
Pol yoxyet hyl ene al kyl et her 2.5 ((err]-Cerr]3, EO12
nol es) Sodi um hydrogenated tall ow : 2.5 Pol yet hyl ene
gl ycol 1.5
Fig. 2
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(Aver abe M W =12, 000) Sodi um pol yacryl ate 1.5

(Average M W =8,000) Sodiumsilicate (JIS #2) 10
Sodi um car bonat e 10 Sodium sulfite

(anhydr ous) 1 Fl uorescent dye

0.2 G auber's salt Bal ance Water

6 Buil ders and Enzyne Prescri bed (See Table 11)
Anobunts * Tot al : 3/8 ' 100 * Anounts
specified in Table 11. -42- TABLE 11 Conposition No.

Enzyme Bui | der Det er gency (dosage per kgQ) ( Amount
% - Index 3-0 (Standard Conposition) - -

Tri pol yphosphate (25) 100

Fig. 3
' e

300 | //

250 |- °
$# 200 .
™
4
» .
> .
B 150
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2 o
7 100 '
o .
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24 . . ' o
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O 1 j 1 ] ] 1 : 1

20 30 40 50 60 70 80 S0

temperature (C)

— 5mMCa?" added
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o—o Ca“" not added
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Exanpl e 4. Weakly al kal i ne powder detergent conpositions were prepared

(Conpar ati ve Conposition)

) (I nvention Conposition)
)" (I nvention Conposition)
)" (I nvention Conposition)
) (Invention Conposition)
)" (Invention Conposition)
)" (I nvention Conposition)

OO TCTT O 2O

(Conpar ati ve Conposition)

) (Comparative Conposition)

(a)=50 APU
(a) =50 APU
(a)=50 APU
(b) =58/8APU
(b)=50 APU
(b)=50 APU
(e)=50 APU

(e)" (Conparative Conposition) (e)=50 APU .
3-(e)" (Conparative Conposition) (e)=50 APU

Sodiumcitrate
4A-type Zeolite

Tri pol yphosphat e

Sodiumcitrate
4A-type Zeolite

Tri pol yphosphat e

Sodiumcitrate
4A-type Zeolite

Tri pol yphosphat e

Sodiumcitrate
4A-type Zeolite

(25)
(25)
(24)

- (24)

(24)
(24)
(24)
(24)
(24)
(24)
(24)

98
98.5
104 -
102
102.5
104. 5
103
103.5
102
100
100. 5

according to the formul ati on shown in Table 12 and using the enzynes |isted
in Table 13. The results of the evaluation of the detergent conpositions
are given in Table 13, which shows superi or detergency of the detergent

conpositions of the present
conventi onal

i nvention

Bl

enzynmes in renoving naturally produced soi

ed to those containing
on col |l ars.

!

60

. | heat resistance
100 ¢ *<°“o\:
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20 30 40 50
| temperature ("c)
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-*43- TABLE 12 Conponents wt % Sodi um | i near

al kyl benzene ~12.5 sulfonate (LAS) a-Sulfo-fatty acid
ester 12.5 ([err]-SFE, (err]-Cerr]) Sodium al kyl
sul fate (AS) ' 12.5 Sodi um hydrogenated tall ow
2.5 Pol yet hyl ene gl ycol 1.5 (Average MW =
12, 000) Sodi um pol yacryl ate 3 .5 (Average
M W =8, 000) 4A-type Zeolite 5/ 25 Sodi um
silicate (JIS #2) ' 10 Sodi um car bonat e
10 Sodi um sulfite (anhydrous) 1 Fl uorescent dye
0.2 dauber's salt Bal ance
oW I ™
lnl!\'Oﬁ?
tsna:gu":"’.'\.
\Tm_(xiio_% '
E66564
"HHyuO
O OH M
HYydl @
w58 AaY
Wwaq o 4.
.g 0 w(:g.q
PPom p 2
228%3
S 00 W I
P nao !
QO H M~
O d o) -
O 0N
Q
n
. (o))
i
S °r
~0

o—e:CaZ* not added
Proteinase Activity :3.9%107°P.U.

2 3 4 5 6

1

100
0
0

(%) £1IATI0R® 9AT1RTSY



wéter' 6 Enzynme (See Table 13)
Prescri bed Amounts * or O Total :
100 * 50 APU kg for Compositions 4-(a) to 4-(e); and 1% for Conpositions

4-(f) to 4-(h); -44- TABLE 13 Conposition No.
Enzyme Det ergency I ndex 4-0 (Standard Conposition) : --
100 4-(a) (lnvention Conposition) 6/8 (a) 104.5 4-(b)
(I'nvention Conposition) (b) 105 4-(c) (Conparative
Conposi tion) (c) 101.5 4-(d) (Comparative Cbnp05|t|on)
(d) 101 4-(e) (Conparative Conposition) (e)
102.5 4-(f) (Conparative Conposition) () 102 4-(9)
(Conpar ati ve Comnposition) (9) 101.5 4-(h) (Conparative
Conposi ti on) ' (h) - 100.5 _
fil
S
[0
39
le B8
— (U".
-p~c
12 2 3
Yy =
4N o E
O ~
12 II
o>
T
o .o
-1
o -
F_‘l
-1 D
-
1
~q~

]
- O
n

100}

(%) £1TAT3I0® 2AT3IRTSY



Exanpfe 5. Wakly al kali ne powder detergent conpositions were prepared
according to the formul ati on shown in Table 14 and using the enzynes |isted
in Table 15. The results of the evaluation of the detergent conpositions
are given in Table 15, which shows superior detergency of the detergent
conpositions of the present invention as conpared to those containing
conventional enzynes in renoving natyBal ly produced soil on collars.

-45- TABLE 14 Conponents wt % Sodi um | i near
al kyl benzene 12.5 sul fonate (LAS) a-Sulfo-fatty acid
ester 12.5 ([err]-SFE, Cl12-Cl18) Sodium a-olefin
sul fonat e 12.5 (ACS, (err]-Cerr])

80

added

50 60 70
o—o0 :5mMCa?*

40

30

temperature (*C)

20
o—o : Ca?* not added

Enzyme used :1.1X1073P. U,

40 -

1
o
@

520 |
480
440
400 |
360 f

(%) £2TAT30® 2AT1RT9Y



S3di ufm hydr ogenat ed tal | ow 2.5 Pol yet hyl ene gl ycol
1.5 (Average M W=12,000) Sodium polyacryl ate
1.5 (Average M W =8, 000) 4A-type Zeolite

Sodiumsilicate (JI'S #2) 10 Sodi um car bonat e

10 Sodi um sulfite (anhydrous) 1 Fluorescent dye
0.2 d auber's salt - 8/8 Bal ance Water

6 Enzyme (See Tabl e 15) Prescri bed Amounts * or O
Tot al 100 * 50 APU kg for

Conpositions 5-(a) to 5-(e); and 1% for Conpositions 5-(f) to 5-(h);
-46-
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TABLE 15 Composi tion No. . Enzyme Det dngencya |Ttdex

5-0 (star oS 04 100 5-(a) (lnvention
Corrpo%s érp?j[%:’ f(s ETS  SG 104.5 5- (b) (1nvention Conposition)
‘“} s *“10“1(5’5?‘?? o pesar afi ve ConyfGSi TRBPLACED SHEETS SG
101 g' t. tv ar gﬁ&;% mwdt l.on ( DeSC]l t on agedlﬂji!'. é gé ..........
(Comma Ve EShsasTnd-onfo pased (o ] Claih8- 5 . Badd)...(CoMgEELI e
Corrpqm : paged)..... to paged ... 101.5 5- § )’:II’ ggge e_.___C_;Q{M§é&.I"gn)_
(9) 101 5-(h) (Conparative Conp racz e ......... 1o paged ..........
100. 5_DATPIGE REQEH!.y, 34 | ne ppudet- det|éf 't gL i RSP
prepared accor drng to tte—fornmatd on sho E st g

enzynes |ighexb,i mhIathfte3;7caxTr§acomes;uh15axofpnt he ea/rai lfai'tmét ohinke det er gent
conpositions are given in Table 17, which shows superior det er%ency of the
det er gent B8RSt FORisilSF ERRNYY SEOH 2F RASH Bhe A5 TERPIFVE™ Gt hose

cont ai ni ngtﬁg%@ghgnﬁlve%@yge&ﬂ gV ifig Natural ly produced soil on

coll ars
From the above facts, notwithstanding the good reasons to

speculate that the microorganism of the present invention

belongs to Bacillus subtilis, it was judged to- be another

novel microorganism due to several differences in their
characteristics aﬁd also due to the differences from any other
known microorganisms. . R .

Thus, in‘another embodiment, the present invention relates
to the novel microorganism named Bacillus sp. KSM-K16 possessing’
the properties described above, and haslbeen deposited with the
Fermentation Reseaxch Institute, Agency of Industrial Science
and-Technology as FERM BP-3376.. +On April 25, 1991 _('.orizinal deposit is
P-11418 on 19, April 1990).

The microorganismé X-16 and KSM-K-16
are described in Japanese Patent Applications 3-33117 and 3-
33116, respectively, and in U.S. Patent Application Sexrial No.

hxﬁ:dehamuned
yet) which is incorporated herein by reference.

~ Microerééniéﬁ producing Alkaline proteinase K-14
(A) Morphological characteristics
(a) Shape and size of cells: xods, 0.8-1.0 pgm x 2.5~
25.5 pm
(b) Polymorphism: None
(c) motility: Cells possess peritrichous flagella and mitile.
(d) Spores (size, shape, site): 1.0-1.2 gm x 1.5-2.2

pm, elliptical, central to subtexminal; slightly swollen sporangium.

(e) Gram's staining: positive

Thﬁ ﬁliintlillailﬂelaﬂnlizleml : This % the replacement sheet



<47- TABLE 16 Conponents ' ’ wt % Pol yoxyet hyl ene al kyl

et her- 25 (CJerr]- C[erf], EOC=7 nol) Sodi um hydrogenated tall ow
2.5 Polyethylene gl ycol 1.5 (Ayerage MW - 12 000)
Sodlunlpolyacrylate 5 (Aver

Zeolite 40 Sodlun15|llcate

10 Sodi um car bonat e : 10 Sodi u dr ous)
1 Fluorescent dye - 0.2 d auber’s sa

Bal ance Water. -12- 5 Enzyne (See Tabl e 17)

Prescri bed Anpbunts * or O

Fermentation Research Institute, Agency of Industrial Science

and Technology as FERM BP-3670. Opn December 12:. 1991 (coriginal deposit
ig P-12587 on October 30, 1991).

In order to produce alkaline protease. K-16 and/or K-14

of the present invention, these microorganisms are inoculated
and cultivated in a suitable medium according to any
conventional manner.

Any media which are used for the cultivation of common
microorganisms and in which the microorganism of the present
invention can érow may be used for the cultivation. It is
desirable to add a suitable amount of carbon éhd nitrogen
'sources which the microorganism can utilize in the mediun.

There are no specific limitations as to the carbon and
nitrogen sources. Enumerated as examples of nitrogen sources
are corn gluten meal, soybeén flour, corn steep liquor,
casamino acid, yeast extract, pharma media, sardine meal, meét

~ extract, peptone, HYPRO®, (Traders), AJIPOWER® (Kyowa Hakko),
corn-mealh soybean meal, coffee grounds, cotton seed grounds,
CULTIVATERo» "(Ygiz_u Suisan K.K.), AMIFLEX® .(Takeda Chemical
Industries, Ltd.), AJIPRON® (Ajinomoto K.K.), ZYEST® (Takeda
Chemical Industries, Ltd.), AJIX® and the like; and as carbon
sources are arabinose, xylose, glucose, mannose, fructose,
galactose, sucrose, maltose, lactose, sorbitol, mannitol,
inositol, glycerol, soluble starch, inexpensive waste
_molasses, invert sugars, as well as utilizable organic acid;
such as acetic acid and the like. In addition to these carbon

and nitrogen sources, phosphoric acid, ' inorganic salts of ions

This %  the replacerment sheet
oo 23 JAN 1996



Tot al — 100 * 50 APU kg for
Conposi tions 6; BFLAQE@MVJ)SHEEH 1% f or Conpositions 6-(f) HAV&AZhY; rroc
-48- TABLE 17 ¢ofrposition No. Enzyne Det er gency

| ndex 6-0 (Stapdard &uagased i gn) -- - 100 6-(a)
(I'nvention Conpogition) (ja) rHeb—-6-{h)_(lnvention
Conposi ti on) (D) 105-6- (c) | (BESHEEE iHAS BEmppsi ti on)
(c) 102 6-(d) (Confparative Conpositi on)REPLACER d)

102 6-(e) (Conparative ConpOSTTTon) (e) +03—6-{(f)

( Conpar atpmet €2meosi t ava) incorpéfated do not exhil(i Guffidiearparati ve
Cowpositioqg (9) . . 101.5 6-(h) (Conparative Conposition)
(h) detergency paggaipRbnpreteinveaiilg.al kal i ne |iquid detergent

ition r repared according to the fornul ati on shown in Table 18.
conposi tions \A@aeegznge e g

The 1s reported” (Japanese Patent Laid-open (kokai)
No. 280278/1986) to be stable against surface active agents.
This enzyme, however, is active on the high
temperature range, and therefore generally is not suitable for
use as a detergent to be used around room temperature.

Thus, there remains a need for detergent composition with
a superior capability of removing protein soils, using an
alkaline protease which is highly stable in surfactant

solutions, active in a wide temperature range, and active

for insoluble proteins.

§§MMABX_QE_IEE_IH!EEIIQH
Accordingly, it is an object of the present invention to
provide novel detergent compositions which exhibit exéellent
detergency against water-insoluble proteins.
It is another object of the present invention to provide

detergent compositions-comprisinglan alkaline protease
40 KFU/APU or more of

having activity of hydrolyzing human horny keratin fiber.
P ie—

It is another object of the present invention to provide
40 KFU/APU or more of
novel alkaline proteases which have \\fftiVity of

. hydrolyzing human horny keratin fiber. L,AQ_KEU¥A&%+1nr1mﬁﬁ??ﬁ?)

It is another object of the present invention to provide

novel microorganisms which produce such proteases:

This Sheet Has Been Rem

N




Uoo437-4 £PoS
detergent conposition liquids had a pH of 9.6 '”E.,h?Aéig‘ﬁ"‘ g Gl

formulated in the conpositions. (i) Al kaline prgteas Qhe:;g gggt
obtained in Reference Exanple 2 diluted to a £ \ v\an g ﬁ
glycerol and water). (j) Al kaline protease K- .L4_4. ﬁ@ - obU grpé

Ref erence Exanple 3 diluted to a vol une zof 10p-EolH ‘t‘?f IQZC rol‘ aRgec -
wat er) . -49- (k) Protease (a product of \Iolv*o' Eﬁgf“ﬁ{l sk Rég® %‘E 8.
OL[err]) (1) Protease (a product of Novo Norgisk Co.; SAVI NASE 8. OL[err])
The results - of the storage stability test congdub¥d& @chEﬂiBIﬁTtﬁ‘il ......

f ol | owi n§rptesedsar ergr angprpenatddi doTabt eexBibB osufEicient | deyetrganciihe

conposi tions as produced were |eft at a tenperature
against protein soils. _

Ya enzyme is reported (Japanese Patent Laid-open (kokai)
No. 280278/1986) to be stable against surface active agents.
This enzyme, however, is active on the high temperature range,
and therefore generally is not suitable for use as a detergent
to be used around room temperature.

Thus, there remains a need- for detergent composition with
a superior capability of removing protein soils, using an
alkaline protease. which is highly stable in surfactant
solutions, active in a wide temperature range, and active for

insoluble proteins.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide novel detergent compositions which exhibit excellent
detergency against water-insoluble proteins. | i

It is another object of the present invention to provide
detergent compositions comprising an alkaline protease having

40 KFU/APU or more of activity of hydrolyzing human horny

keratin fiber.
It is another object of the present invention to provide

novel alkaline proteases which have 40 KFU/APU or more of

activity of hydrolyzing human horny keratin fiber.
It is another object of the present invention to provide

novel microorganisms which produce such proteases.

This is the replacement sheet
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of 40C, and the residual activity of enzyne in each conposition after 10
days and 20 days were neasured on sanples diluted with tap water (Hardness:
2. 5[err],HD) to a concentration of 1% by. subjecting themto

AUTOANALYZER[ err] (trademark, manufactured by Technicon Co.), and the
description in Analyst, 96(2), 159-163 §1971) was used for the details of

t he nmeasurenent. The residual activity of each enzyne was cal cul ated
according to the foll owi ng equation. Residual Enzynme Activity (%9 = Enzyne
Activity after 10 or 20 days x 100 Initial Enzynme Activity -50- TABLE 18

Conponengi 10, the latter can grow well aéM§%)§9di dﬁ%h@%hﬁﬁﬁﬁénﬁgbgﬁfus
25 (CJerr]-(err], EC=1.5 m)l% Secondary “al cohol et hoxylat e

25 subtilis cannot grow at 55°C, the microorganism of thé present
invention can grow at 55°C.

From the above facts, notwithstanding the good reasons to
speculate that the microorganism of the present invention belongs to
Bacillus subtilis, it was judged to be another novel microorganism
due to several differences in their characteristics and also due to
the differences from any other known microorganisms.

Thus, in another embodiment, the present invention relates to
the novel microorganism named Bacillus sp. KSM-K16 possessing the
properties described above, and has been deposited with the
Fermentation Research Institute, Agency of Industrial Science and

Technology as FERM BP-3376 on 25 April 1991 (original deposgit is P-

11418 on 19 April 1990).

The microorganisms K-16 and KSM-K-16 are described in Japanese
Patent Applications 3-33117 and 3-33116, respectively, and in USSN

07/816,243, which is incorporated herein by reference.

Microorganism producing Alkaline proteinase K-14

(A) Morphological characteristics
(a) Shape and size of cells: rods, 0.8-1.0 um x 2.5-25.5 um
(b) Polymorphism: None
(c) motility: Cells possess peritrichous flagella and mitile.
(d) - Spores (size, shape, site): 1.0-1.2 pm x 1.5-2.2 pum,
elliptical, central to subterminal; slightly swollen sporangium.

(e) Gram’s staining: positive This is the replacemsnt sheet
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(Cferr], EC=7 nol) Polyethyl ene glycol 2 (Average

M W =6, 000) Fl uorescent dye 0. 3 Et hanol
8 Greeni,sh flavoring agents: - 0.05 Water
Bal ance Enzynme (See Tabl e 19) Prescri bed Anobunts * or
0 Tot al : - 12 - - 100 * 30 APU kg for
Conpositions 7-(i) to 7-(1). TABLE 19 Residual Enzyme Activity Conposition
No. Enzyne After 10 days After 20 days 7-(i) (lnvention
Conposi tion) (1) 95 80 7-(j) (I'nvention Conposition)
j Fermegtation Reseapgh7-IngtitOhepardgéney Cofpdgiduisimial (ience 95
80 7-(1) (Conparative Conposition) (71) 40 15 L

and Technology as FERM BP-3670 on 12 December 1991 (original

depogit is P-12587 on 30 October 1991).

In order to produce alkaline protease K-16 and/or K-14 of
the present invention, these microorganisms are inoculated and
cultivated in a suitable medium according to any conventional
manner.

Any media which are used for the cultivation of common
microorganisms and in which the microorganism of the present
invention can grow may be used for the cultivation. 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 examples of nitrogen sources
are corn gluten meal, soybean flour, corn steep liquor,
casamino acid, yeast extract, pharma media, sardine meal, meat
extract, peptone, HYPROO', (Traders), AJIPOWERO' (Kyowa Hakko),
corn meal, soybean meal,l coffee grounds, cotton seed grounds,
CULTIVATOR™  (Yaizu Suisan K.K.), AMIFLEX (Takeda Chemical
Industries, Ltd), AJIPRONO (Ajinomoto K.K.), ZYEST (Takeda
Chemical Industries, Ltd.), ATIX and the 1like; and as carbon
sources are arabinose, xylose, glucose, mannose, fructose,
galactose, sucrose, maltose, lactose, sorbitol, mannitol,
inositol, glycerol, soluble starch, inexpensive waste molasses,
invert sugars, as well as utilizable organic acids such as
acetic acid and the like. In addition to these carbon and

nitrogen sources, phosphoric acid, inorganic salts of ions

This is the replacement shest
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-51- Qbvi ously, nunerous nodifications and variations of the present

I nvention are possible in light of the above teachings. It is therefore to
be understood that, within the scope of the appended clains, the invention
may he practiced otherwi se than as specifically described herein. - 52 -
WHAT IS CLAIMED | S: 1. A det ergent _cgm®pasi tion, conprising: (a) an

al kal i ne protease which has an activity of hydrolyzing human horny keratin
fiber of sdBsKEbtéPUugednivere addbailisr Qiretaidhathierld Nenbdlictiss pastmsses
the foll owi ng opti mum pH range and opti numtenperature range; (1) optinum
pH r angehahen kewztid, atantD[ elap€inusi nPemselatian aasubhvitaes: 4D. L. 5
(2) optinmumtenperature range when reacted at pH 10.0 using casein as a
subst r at enzwmes forchhese] sibatrates -eeferngamirednd Eagh ssubbsteate feas
conponent aelected ggon1the group_consi stin

added to mM borate-NaOH buffé& (pH 10.0) to make its
concentration 1% (2.2% for urea-denatured hemoglobin), and each
enzyme was added in an amount of 0.5 x 10™* PU (3.5 x 10™* PU for
elastin). The reaction mixture was incubated at 40°C for 10
minutes. The activity of each enzyme toward each substrate is
shown in Table 3, wherein the activity of alkaline protease K-

16 is taken as 100.

TABLE 3

Substrate

Urea-denaturéd Animal hair

Enzyme Casein hemoglobin keratin elastin
K-16 100 100 100 100
Commerci%% 100 108 100 77
enzyme A

Commerci%% 100 100 103 76
enzyme B’

(1) SAVINASE (Novo Nordisk Ltd.)

(2) PROTEASE API-21 (Showa Denko K.K.)

As shown in the above Table, alkaline protease K-16 of the
present invention exhibits excellent hydrolysis activity for
both water-soluble and water-insoluble proteins. It possesses
better hydrolysis activity, particularly for elastin, thén
Commercial Enzymes A and B which are widely used as enzymes for

detergents due to their hydrolysis activity.
This is the replacement sheet
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of surface active agents, divalent nmetal sequestering agents, inorganic
salts, anti-redeposition agents, additional enzynes, effective chlorine
capturi-ng or reducing agents, bleaching-agents, fluorescent dynes,

sol uhi l'i zi ng agents, perfunes, caking preventatives, enzynme
activators, antioxidants, antisepticgo pigments, blueing agents,

bl eachi ng activators, and water, wherein said alkaline protease is present

in an anguatr ok brA®MrAPtkper 1Kg of said conposition. 2. A detergent
conposition according to claim 1, wherein said alkaline protease is

al kal i ne protease K-16. 3. The detergent conposition of claim 1,
wherein said al kaline protease is al kaline proteinase K-14.
1. A detergent composition, comprising:

(a) an alkaline protease which has an activity of hydrolyzing
human horny keratin fiber of 40 KFU/APU or more, and wherein
said alkaline protease possesses the following optimum pH range
and optimum temperature range;

(1) optimum pH range when reacted at 40°C. using casein
as a substrate: 10.0-12.5 |

(2) optimum temperature range when reacted at pH 10.0

using casein as a substrate, with no Ca+2 ions: 50° -60° C.; and

(b) at least one component selected from the group consisting
of surface active agents, divalent metal sequestering agents,
inorganic salts, anti-redeposition agents, additional enzymes,
effective chlorine capturing or reducing agents, bleaching
agents, fluorescent dynes, solubilizing agents, perfumes,
caking preventatives, enzyme activators, antioxidants,
antiseptics, pigments, blueing agents, bleaching activators,
and water, wherein said alkaline protease is present in an

amount of 5-400 APU per 1Kg of said composition.

2. A detergent composition according to claim 1, wherein said
alkaline protease is alkaline protease K-16.
3. The detergent composition of <c¢laim 1, wherein said

alkaline'protease is alkaline proteinase K-14.

“This is the replacement sheet
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