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TO PRODUCE AN ALKALI NE PROTEI NASE K- 16 BACKGROUND OF THE | NVENTI QHQQRSAﬁ
the Invention: The present invention relates to a novel alkaline proteinase
K-16, a m croorgani sm produci ng the al kaline proteinase, and a process for
produci ng the al kaline proteinase. In garticular, the present invention
relates to a novel alkaline proteinase K-16 possessing excellent stability -
agai nst supierce Geltye AgssNsoes wel | as a m croorgani smand process for
produci ng novel alkaline proteinase. Description of the Background Art:
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nunber of alkaline proteinases are currently used as an enzyne for

det er gent . ﬁ@pﬁkﬁﬂLigﬁaﬁBP€§IEﬁs§uﬁhlélkaIine prot ei nases are al kal ase,
savi nase, espelase (a product of Novo Industries). A problemw th many, of
t hese al kal i ne proteinases has been their_jn | tabidity in
surfactant solutions. There orting al kaline

proteinaseﬁigféc s St An .aQai nst surface active agents, for exanple, Ya
enzyne (Japanesegggéenrlﬁgrﬁgggﬁn (kokai )

The present invention relates to a novel alkaline

. proteinase K-~16, a microorganism producing ‘the alkaline
proteinase, and a process for producing the alkaline
proteinase. In particuiar, the present invention relates to a
novel alkaiine proteinase K~16 possessing excellent stability
against surface actiQé agents, as well as a microorganism and

process for producing novel alkaline. proteinase.

Deseription of the Background Art:

Conventionally, proteinases have been incorporated into
detergents, and a number of alkaline proteinases are currently
used as an enzyme for detergent. Typical examples of such
alkaline proteinases are alkalase, savinase, espelase (a
product of Novo Industries). A problem with many of these
alkaline proteinases has been thgir inadequate stability in
surfactant solutions.

There have been publications reporting alkaline
proteinases which are stable against surface active agents,
for example, Ya enzyme (Japanese Patent Laid-Open (kokai)
No. 280278/1986). These enzymes, however, have their active

region in a high temperature side, and therefore are not



No. 280278/ 1986). These enzynes, however, have their active region in a
hi gh tenperature side, and therefore are not -2- suitable for use as a
detergent to be used around a roomtenperature, for exanple, as a detergent
for washing clothes. A proteinase, API-21 (Japanese Patent Publication
(kokoku) No. 55118/1985) which is nore gctive in a |ower tenperature range
t han conventional proteinases has been devel oped. Its stability in
surfactant solutions, "however, is still not satisfactory. Devel opnent of an
al kal i ne proteinase which is highly stable in surfactant solutions and

whi ch wi | IsditagilieoForeukei asdet @sg@rdenthass beectugledr arbana degbémd. I n view
of this situation, the present inventors have carried out an extensive
survey of tsgipjexatmrgapfiori exanphe, tas cbtdstengentofoganashingapdbtbest
produci ng al kaline proteinase, and, as a result, found that a m croorgani sm

bel onging to génP¥obadnpees HPETRY efEapanesin datensi Pyblicakiangun,
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temperature range than conventional proteinases has been
developed. its stability in‘surfactgnt solu?ions, however, is
still not satisfactory.

Development of an alkaline proteinase which is highly
stable in surfactant solutions and which will function well in

'detergents has therefore been desired.

In view of this situation, the present inventors have
carried out an extensive survey of soils in Japan in order to
obtain microorganisms capable of producing alkaline
proteinase, and, as a result, found that a microorganism
belonging to genus Bacillus discovered from the soils in
Haga-gun, Tochigi-ken, Japan, is capable of producing a novel
alkaline proteinase which is stable in a detergent

composition.

SUMMARY OF THE INVENTION

The present invention provides an alkaline proteinase,
K-16, having the folloﬁing enzymological characteristics:

(1) Action

Acts on various proteins under high alkaline conditions;

(2) Substrate specificity



conposi tion. SUMMARY OF THE | NVENTI ON The present invention provides an

al Kal i ne proteinase, K-16, having the follow ng enzynol ogi cal
characteristics: (1) Action Acts on various proteins under high al kaline
conditions; (2) Substrate specificity -3- Exhibits good activity on

wat er - sol ubl e protein, exanples being casein, henoglobin and FCS al bum n;
and wat er-insoluble proteins, for exanpP& keratin and elastin; (3) Optinum
pH range Opti mum pH-range of 11.0-12.3 when reacted at 40[err] C using
casein as a substrate; (4) pH stability Very stable in a pH range of
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at 25[err]C fo ) tenperature mtenmperature
55[err] C pheRqy’ E85LEH, HMembyidbih W TP AP ;2 a8d0%ht8LCinsoluble

proteins, for example, keratin and elastin;

(3) Optimum pH range

Optimum pH range of 11.0-12.3 when reacted at 40°C using
casein as a substrate;

(4) pH stability

Very stable in a pH range of 5.0-12.0 in the presence of
ca® when stored in various buffer solutions at 25°C for 2 days;

(5) Optimum temperature

optimum temperature 55°C when reacted at pH 10.0 using
casein as a substrate; -

(6) Heét stability

Maintains 90% or higher residual activity when treated at
50°C, pH 9.5 for 10 minutes.

(7) Molecular weight

28,000 * 1,000 measured by sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis;

(8) Isoeléctric point

10.5 or higher;

(9) Effects of metal ions

The activity is inhibited by Hg”' and cu®, and its heat
stability is promoted by ca®.

(10) Effects of inhibitors

The activity is not inhibited by ethylenediamine-

tetraacetic acid, 4-chloromercuribenzoate and antipain,



(6) - Heat stability Mintains 90% or higher residual activity when treated
at ‘50[err]C, pH 9.5 for 10 mnutes. (7) Ml ecular weight 28,000 1,000
measur ed by sodi um dodecyl sulfate (SDS)- pol yacryl am de gel

el ectrophoresis; (8) Isoelectric point 10.5 or higher; (9) Effects of netal
ions The activity is inhibited by Hg[err] and Cu[err] , and its heat
stability is pronoted by Ca[err]. (10) Tects of inhibitors The activity
is not inhibited by -ethyl enedi am ne- tetraacetic acid,

4- chl oroner curi benzoate and anti pai n, -4- and the activity inhibited by
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(11) Effects of surface active agents

Very stable in the presence of high concentration of .
sodium linear alkylbenzene sulfonate, sodium polyoxyethylene
alkyl sulfate, sodium dodecyl sulfate, sodium c-olefin |
sulfonate, sodium alkyl sulfonate, and a-sulfo-fatty acid
ester.

This invention further provides a'procéss for producing
alkaline proteinase K-16 comprising culturing a microorganism
belonging to the genus Bacillus which is capable of producing’
alkaline proteinase K-16 and collecting the enzyme from the
culture broth.

A further object of the present invention is to provide a
microorganism capable of producing alkaline proteinase K-16
belonging to the genus Bacillus, which is Bacillus sp.
KsSM—-K16.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents the effects of pH on the activity of
alkaline proteinase of the present invention.

Figure 2 shows the effects of pH on the stability of
alkaline proteinase of the present invention.

Figure 3 shows the effects of tempefature on the activity
of alkaline proteinase of the present invention.

Figure 4 shows the effects of temperature on the

stability of alkaline proteinase of the present invention.



al kyl sul fate, sodium dodecyl sulfate, sodiuma-olefin sulfonate, sodium
al kyl sulfonate, and [err]-sulfo-fatty acid ester. This invention further
provi des a process for producing al kaline proteinase K-16 conpri sing
culturing a mcroorgani smbelonging to the genus Bacillus which is capable
of producing al kaline proteinase K-16 and collecting the enzyme fromthe
culture broth. A further object of the ggesent I nvention is to provide a
m cr oor gani sm capablre of produci ng al kaline proteinase K-16 belonging to

t he genus Bacillus, which is Bacillus sp. KSM K16. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 reprggeidsed ieesddgeiron o inen rtenaabivi ty of al kal i ne
prot ei nase of the present 1nvention. Figure 2 shows the effects of pH on
the stability qheapkakent phoémtieserefatdms tur dhenterizyment iadkaldingure 3
shows the effects of tenperature on the activity of al kaline proteinase of

the preseprotednasieok-15| gpreducedohy the gamus iBagil Jusydratu e fhhe

stability of alkaline proteinase of the present invention.
following taxonomic characteristics.

(A) Morphological characteristics

(2a) Shape and size of cells: _rods, 0.8-1.0 pm X
2.2-25 um
(b) Polymophism: None
(¢) Motility: Cells possess Pperitrichous flagella and motile.
(d) Spores (size, shape, site): 1.0-1.2 pm x
1.4-2.2 um, elliptical, central to subterminal;
slightly swollen sporangiﬁm.
(e) Gram's staining: positive
(£) Acid fastness: negative
(g) Growth on nutrient agar plate:
ligﬁt yellow and transparent colony with a circular erose
shape and a smooth surface.
(h) Growth on nutrient agar slant: Colony
is light fellow and semitransparent with an
irreqular erose shape and a slightly rough surface.
(i) cCulture in nutrient broth: Cells grow well,
the broth is cloudy with no pellicle.
(j) Stab culturing in nutrient gelatin: Cells
grow well; liquefaction of gelatin is accompanied.
(k) Litmus milk: Peptonization occurs, with no

coagulation of milk. No color change occurs.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to the
enzyne, al kaline proteinase K-16, produced by the genus Bacillus which has
the foll owi ng taxonom c chafacteristics. (A) Morphol ogical characteristics
(a) Shape and size of cells: rods, 0.8-1.0 [err]mx 2.2-25 [err]m (b)

Pol ynmophi sm None (c) Motility: Cel | 's possess peritrichous flagella and
notile. (d) Spores (size, shape, site) 6T.0-1.2 [errfmXx 1.4-2.2 [err]m
elliptical, central .to subtermnal; slightly swollen sporangium (e)
Gam's staining: positive (f) Acid fastness: negative (g) Gowh on

nut ri ent r dyanhsparent colony with a circul ar
er ose shaggijl pRvEio ! Jd@iég%gTﬁTWWh on nutrient agar slant: Col ony
is |ight yeIIowagndN§gfa€éa@@aﬁﬁﬁxanwmtﬂbgﬂtﬂv@regular erose shape and a

slightly rough surface. (i) Culture in nutrient broth: Cells grow well, the
broth is cloudyby t Defibtpitication: Negative

(c) MR test: Negative

(d) V-P test: Positive

(e) Production of indole: Negative .

(f) Production of hydrogen sulfide: Negative

(g) Hydrolysis of. starch: Positive

(h) Utilization of citric acid: Positive

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

(j) Pigment production: Negative

(k) Urease: Negative .

(1) oxidase: Positive

(m) Catalase: Positive

(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 under 10%
sodium chlofide

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

from any sugars.

TABLE 1

(Acid production from sugars)



(j) Stab culturing in nutrient gelatin: Cells grow well; |iquefaction of
gel'atin is acconpanied. (k) Litnus mlk: Peptonization occurs, with no
coagul ation of mlk. No color change occurs. (B) Physi ol ogi cal
characteristics (a) Nitrate reduction: Positive (b) Denitrification:
Negative (c) MR test: Negative (d) V-P test: Positive (e) Production of
I ndol e: Negative (f) Production of hyd?B@en sul fide: Negative (Q)
Hydrol ysis of.starch: Positive (h) Uilization of citric acid: Positive
(i) Uilization of inorganic nitrogen sources: Uilize sodiumnitrate, but
not anmoni um sal ts (Ea—==e ' ; ' e: Negative
(1) Oxidase: Positive (M per at ur e

C

range: Bel ow 55[err
D-Ribose l

I-Arabinose

4

D-Xylose

D-Fructose

D-Glucose

D-Mannose

D-Galactose
Maltose

Sucrose

Lactose

Trehalose
Starch
D—-Sorbitol

N i PR A N N E N N e

mamssanand
—

Inositol
D-Mannitol

Glycerol

Dextrin

+ |+ |+ |+

Raffinose

|

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., 1985) and was considered to belong to the genus
Bacillus subtilis. However, there are differences between
Bacillus subtilis and the microorganiswmw of the present

invention in that while the former cannot grow at



(o) Gowh pHrange: Can grow at pH 6.6-10.3 (p) Behavior on oxygen:
Aerobic (q) OF test: Oxidation (O (r) Resistance to sodiumchloride: Can
grow under 10% sodi um chl oride (s) Acid or gas production from sugar:
Produces no gas from any sugars. TABLE 1 (Acid production from sugars)

-7- Sugars Aci d production D-Ri bose
L- Ar abi nose + D Xyl ose +
D- Fruct ose + D-d ucose + D- Mannose
+ D Gal act ose + Mal t ose + Sucrose
+

-8-

pH 10, the latter can grow well at pH 10, and further that while Bacillus subtilis cannot

grow at 55°C, the microorganism of the present invention can grow at 55°C.

From the above facts, notwithstanding the good reasons to speculate that the
5 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
10  microorganism named Bacillus sp. KSM-K16 containing 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 deposit

is P-11418 on 19 April 1990).

15 In a further embodiment, the present invention relates to a process for producing
the alkaline proteinase K-16 which is extremely stable against surface active agents
from this microorganism, Bacillus sp. KSM-K16, where the microorganism is inoculated

and cultivated in a suitable medium according to a conventional manner.

20 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.

25



Lact ose + Trehal ose + Starch
+ D: Sor bi t ol + I nositol D Mannitol +
d ycerol + Dextrin + Raffinose

+ Based on the above norphol ogi cal and taxonom c characteristics, the

m croorgani smof the present invention wgs exam ned referring to Bergey's

Manual of Systematic Bacteriology (WIliam & WIkins Co., 1986) and was
considered to belong to the genus Bacill.us subtilis. However, there are

di fferences between Bacillus subtilis and the m croorgani smof the present

invention in thathetd lard M@ EpedREicaNIWitiidksAtas to- 8he PakBEOn dhe@ | atter
can grow well at pH 10, and further that while Bacillus subtilis cannot
grow at 55[mitidgen lmpuriceseor annerabéd tae eaapdms ofveitrogenasogroes at

55[err]C. Fromthe above facts, notw thstanding the good reasons to
specul ate t¥&® $9Kn gluten meal, soybean flour, corn steep liguor,

casamino acid, yeast extract, pharmamedia, sardine meal, meat
extract, peptone, hypro, ajipower, corn meal, soybean meal,
coffee grounds, cotton seed grounds, cultivater, amiflex,
ajipron, zest, 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 acids such as acetic

acid and the like. 1In addition to tﬁese carbon and nitrogen

. . . T . . +
sources, phosphoric acid, inorganic salts of ions such as Mgz, :

o+ + + I+
ca an, an, Coz, Ndﬂ Ff, for example, as well as trace

amounts of other organic or inorganic nutrients, may be added
as required.

Collection and purification of target alkaline proteinase
K-16 from the culture brofh thus prepared can be performed
according to conventional methods applicable to the collection
and purification of common enzymes.

.Specifically, cells are separated from the culture broth
by centrifugation or filtration,.for example, and alkaline
proteinase K-16 can be separated and concentrated from the
cells and the filtrate by a conventional separation means such
as salting out, isoelectric precipitation, solvent

precipitation, examples being precipitation from methanol,



5 mcroorgani smof the present invention belongs to Bacillus subtilis, it
was j udged to be another, novel microorgani smdue to several differences in
their characteristics and al so due to the differences fromany other known
m croorgani sns. Thus, in another enbodi nent the present invention rel ates
to the novel 10 m croorgani sm naned Bac__ilg;_us sp. KSM K16 containing the
properties described above, and has been deposited with the Fernentation
Research Institute, Agency of Industrial-Science and Technol ogy as FERM
BP-3376 on 25 April 1991 (original deposit is P-1 1418 on 19 April 1990).
15 | ne&hinol heisepbau Ihelicohidle pceseneé, i owethie diikeyl ates to a
process for producing the al kaline proteinase K-16 which is extrenely

st abl e agai HSttréﬁF-i-’éééth@H VO, G 1y o HSERY sDAR TE oW granbyaneB¥& | | us sp.
KSM K16, where the_njcroor igmis _inocul gted and.cultivgted in g suitable
nedi um accoﬁ&?’ﬁ ei“ﬁgé' c%rR/‘g‘?aé{}%naﬂfsﬁﬁ‘r’rﬁgp. 830 » and 1'E}ﬁ'm/hﬁ’é*dl a“Whitth are
used for th s 4o | ; 0 {¥1:CL OO ' i | he
m cr oor gani %Q(%%.L?%ZE%%:S%&&?%W&%&%a gggggvngn%;ﬁgee %hsééﬁde?%rytthe
cultivati oncouuebeiﬁgSi:m@bé&m 3y sa1gingabhe ashadg) Rir @ihleand

ni trogen sources - ich the mcroorganismcan utilize in the nmedium 25

-9- There armmonimpesulfazté i (da-aaosataratdonhfraatiom amst byt sojaent

sources. -Enunerated as exanpl es of nitrogen sources .
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
(trademark, a product of Pharmacia) can be employed for the
desalting.

Although it is possible to use %he crude enzyme liquid
thus obtained as is, the enzyme 6an also be served after .
purification and crystallization, as required. Such
purification can be carried out by a suitable combination of
fractionation means, such as, for example, adsorption
chromatography, e.g., hydroxyapatite chromatography, ion-
exchange - chromatography, e.g., DEAE-Sephadex, DEAE-Cellulose,
or CM-Bio-Gel; or gel filtration chromatography, e.g.,
Sephadex or éio-Gel. '

Alkaliné proteinase K-16 thus obtained has the following
enzymological characteristics. Enzymatic activities discussed
herein were measured by the following methods.

A 1% solution of casein in 50 mM borate-NaCH buffer (pH 10.0, 1 ml) was
mixed with 0.1 ml of an enzyme solution and incubated at 40°C

for 10 minutes. After the addition of a reaction termination



are corn gluten neal, soybean flour, corn steep |liquor, casam no acid,
yeast extract, pharmanedi a, sardi ne neal, neat extract, peptone, hypro,

aj i power, corn neal, soybean neal, coffee grounds, cotton seed grounds,
cultivater, amflex, ajipron, zest, ajix, and the |like; and as carbon
sources are arabinose, xylose, glucose, mannose, fructose, gal actose,
sucrose, naltose, lactose, sorbitol; mannitol, inositol, glycerol, soluble
starch, inexpensive waste nol asses, invert sugars, as well as utilizable
organi c acids such as acetic acid and the like. In addition to these carbon
and nitrogen sources, phosphoric acid, inorganic salts of ions such as
My[err], Cal[err], Mferr] , Zn[err], Cojerr], Na[err] , Klerr], for
exanpl e, as well as trace amounts of other organic or inorganic nutrients,
may be added as required. Collection and purification of target alkaline

protei nase K-16.fromt ulture broth .thus. prepared can be perforned
accor di ng t%°%‘g:ﬁ\?8 np(} &%gl ﬁré’f’r%‘ggrﬁ?)‘b%l& aﬁ?’eé)todg? ﬁe’g Cs(ﬂ%ﬂgﬂt?‘g%a&ﬁa
purificati of, ffo HOMBENLLASYIES thePabtthirealdy a198kbé & atapRaftalzedef rom the
culture broth by centrifugation or filtration, for exanple, and al kaline

prot ei nase f@zleocahmb‘e’—ssepéréilé‘éraﬁobm@nee%tﬁdtted {masim bhieWabidag and t he
{ Isl)é{ Z‘E?r PZC«%.HE.?P%??‘%%L?:S%FC%\? o\a}_.’l’é%%_&? nprrésggés Sili!1c Qiférastaél Ellag gmeoal'lstu'x'ed
by the modified Folin~Lowry method. One unit (P.U.) of enzymatic activity
was defined as the amount of enzyme that released aqﬁisoiuble amino acid or:- peptide
equivalent to 1 mmol of tyrosine per minute under the above reaction conditions.
(1) Action
Acts on various proteinsunder high alkaiine conditions.
{2) Substrate speéifigity
The specificity toward various substrates of alkaline
proteinase K-16 and commercial enzyﬁés were compared.
Substrates used were casein, urea-denatured hemoglobin, animal .
hair keratin, and elastin. Degradation activities of the
enzyme on these substances were measured. Each substrate was
addéd to 50 mM borate-NaOH buffer ﬁpH 10.0) to make
its concentration 1% (2.2% for urea-denatured hemoglobin), and
to the solution was added each enzyme solution in an amount of
0.5 x 10 P.U. (3.5 x 10™ P.U. for elastin). The mixture was
incubated at 40°C for 10 minutes. The activity of each enzyme
toward each substrate is shown in Table 2, wherein alkaline

proteinase K-16 is taken as 100.



precipitation, exanples being precipitation from nethanol, -10- ethanol,
|sopropyl al cohol, acetone, or the like; ultrafiltration, for exanple,
usi ng Di a-fl ow nmenbrane YC (tradenmark, a product of Amicon Co.), and the
like. It is possible to produce |yophilized powder of the enzyme by

col lecting the enzyme by salting out usijg.. for exanple, amoniumsulfate
(30-70% saturation fractlon) or by solvent precipitation from for
exanpl e, 75% et hanol,” followed by filtration or centrifugation, and
desalting. A conventional method such as dialysis or gel filtration using
Sephadex G 25 (trademark, a product of TRBREn&cia) can be enployed for the

h

desal ti ng. 0 use the cr
obt ai ned asj{is, the enzynme can al so|be erved alter gfic
crystallizafion, as reqn|%3%§e§gph )UEE £€@£é8” can arri
sui tabl e coffbi nation of [fractionati Sbitu$h Reraton exanple, -
adsor ption A iﬁ=e=g,=H’§‘= OBt oy apity, o
exchange chj&m6ogr aphy| e. 9100 DEAE} Sephadex, DEAE—C&DDquse, 100
Commercial 100 108 : 100 77
enzyme A -
. Commercial 100 100 - 103 76
enzyme B

As shown in the above Table, alkaline proteinase K-16 of
the present invention exhibited better degradation activity,
particularly toward elastin, than commercial enzymes A and B
which are widely used as enzymes for detergents due to their
excellent capability of decomposing both water-soluble and
water-insoluble proteins.

(3) Optimum pH range

Casein was added to various buffer solutions (50 mM) to a
final concentration of 0.91%, and then 5.2 x 10” P.U. of
alkaline proteinase K-16 was added to the solution. The
mixture was iﬂcubated at 40°C for 10 minutes to measure the
enzyme activity. Activities of the enzyme at various pHs
relative to optimum pH (100) are shown in Figure 1, which
indicates that the optimum pH range of alkaline proteinase
K-16 of the present invention is 11.0-12.3. The buffer
solutions used in the measurement and their pHs are as

follows.



or CMBio-Cel; or gel filtration chromatography, e.g., Sephadex or Bio-Gel.
Al kal i ne proteinase K-16 thus obtained has the follow ng enzynol ogi cal
characteristics. Enzymatic activities discussed herein were neasured by the
foll owi ng nethods. A 1% solution of casein in 50 mM borat e-NaOH buffer (pH
10.0, 1 m) was mixed with 0.1 m of an_enzyme sol ution and incubated at
40[err]C for 10 mnutes. After the addition of a reaction term nation
solution (0.123 Mtrichloroacetic acid-0.246 M sodium acetate- 0.369 M
acetic acid), the mxture was allowed to stand at 30[err]C for 20 m nutes
and filtered by No. 2 filter (made by Wattman Co.). Protein deconposition
products in filtrateasmtateaburedrby the nogH i3e®-B6l7i n- Lowy net hod. One

unit (P.U.) of enzymatic activity was defined as the anmount of enzyne that
rel eased aci d sol ubl @resphatechbatéerpepti de RByfi-Paledt to 1 Mol of

tyrosine per mnute under the gb%e reaction Q itioo s. (1) Action Acts on
vari ous protei nsunderCAFPHRLLKRRFHET condi t i S Sdbstrate specificity

The specificity tomrﬁo\égoir?%gsggagsgﬁffg ofp}plllga_lgi_rﬁ.gr ot ei nase K-16 and

conmerci al enzynes were r
KC1-NaOH buffer PH 10.9-12.6

(4) pH stability
7.9 x 10> P.U. of alkaline proteinase 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 2 days and diluted
with 50 mM borate-NaOH buffer solution (pH'lo.O) to a volume
of 40 folds ta measure the enzyme acéivity. Activities of the
enzyme relative to the activity éefore the treatment (100%)
were determined and the results are shown in Figure 2, which
shows the stable pH range of alkaline proteinase K-16 is
6.0-12.0 in the absence of Ca’ and 5.0-12.0in 2 mM ca®.

(5) Optimum femperature

| 3.1 x 10 P.U. of alkaline proteinase K-16 was added to
50 mM borate-NaOH buffer solution (leO.ijhich contained
0.91% of casein and incubated at various temperatures for 10
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 proteinase K-16 is 55°C in the
absence of Ca’ and 70°C in the presence of 5 mM ca?*

(6) Heat stability



Substrates used were casein, urea-denatured henoglobin, aninmal hair

keratin, and elastin. Degradation activities of the enzyne on these

subst ances were neasured. Each substrate was added to 50 nM bor at e- NaCOH
buffer (pH 10.0) to make its concentration 1% (2.2% for urea-denatured
henogl obin), and to the solution was aqgfq_each enzynme solution in an
anmount of 0.5 x 10[err] P.U (3.5 x 10] ﬁj P.U for elastin). The mxture
was incubated at 40[err]C for 10 minutes. The activity of each enzyne
toward each substrate is shown in Table 2, wherein al kaline proteinase K-16

is taken as 1003.6 x- 18> PABLEoZ dMeftine protlihdBb Kas€iwas addienaiair ed

hai r el astin henogl obin Keratin K-16 100 100
100 20 100 bomaterNaoH buffexO(pH 9.5) and hegted at 100°
77 enzyme A Conmer ci al 100 100 103 76

enzyme B Various temperatures for 10 minutes. After cooling, the

solution was diluted to a volume of 5 folds with 50 mM borate-
NaoOH buffer (PH 10.0) and the enzyme activities were
measured using 0.91% casein as a substrate. Activities of the
enzyme at each temperature relative to the activity before the
treatment (100) were determined and the results are shown in
Figure 4, which shows alkaline proteinase K-16 maintained 90%
or more of the activity up to 50°C in the absence of ca® and
up to 60°C in the presence of 5 mM CaZ2*.
(7) Molecular weight -

Molecular weight of alkaline proteinase K-16 was measured
by the sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis. As molecular weight(M-W-) markers, a low
M.W. marker kit (Bio-Rad);  Phosphorylase b (M.W.
97,400), FCS albumin (M.W. 66,200), egg white albumin
(M.W. 42,700), carbonic anhydrase (M.W. 31,000), '
soybean trypsin inhibitor (M.W. 21,500), lysozyme
(M.W. 14,400) was used. The M.W. of alkaline
proteinase K-16 of the present invention was found L.
to be 28,000 * 1,000 by the measurement by this
method. .
(8) Isoelectric point

Isoelectric point of alkaline proteinase K-16 was

examined by the electrofocusing method using Servalyt 9-11 as



As shown_in the above Tabl e, al kaline proteinase K-16 of the present

i nvention exhibited better degradation activity, particularly toward

el astin, than conmercial enzymes A and B which are widely used as enzynes
for detergents due to their excellent capability of deconposing both

wat er - sol ubl e and water-insoluble proteLpg. (3) Ootinmum pH range Casein was
added to various buffer solutions (50 mM) to a final concentration of
0.91% and then 5.2 x  10[err] P.U. of al-kaline proteinase K-16 was added to
the solution. The m xture was incubated at 40[err]C for 10 mnutes to
nmeasur e t hearramphetestioviceyrisct Fort the efludm emne'saeleatrbqspcpi-st
relative to optlnun1 H (100), are shown in Figure 1, which indicates that

the opti nuPhHt KﬁﬁﬁyebpréﬁﬁéPPﬁé 5rb§e?$mﬁﬂ?lP?E§QEF iR¥epE&eRN¥2F nvent i on
efelésof élzlgo?/\ir:sgpmein%gl% Rg‘gfsa%‘éggﬁ??grgdbénpﬁhfo ngﬁ%g @@% gﬂgsmglte Ezl;sf er
PH 6.6-8.3 (9) Effects of metal ions
Effects of various metals on alkaline proteinase K-16
were examined. Various metal ions were added to 20 mM borate-
NaOH buffer (pH 9.5) to a concentration of 1 mM. 3.9
xl()'3 P.U. of alkaline proteinase K-16 was added to the buffer
solutions and allowed to stand at 30°C for 20 minutes. The
resulting solution was diluted with 50 mM borate-NaOH buffer
(PH 10.0) to a volume of 5 folds to measure the
residual enzyme activity. Residual ectivities were expressed
by the relative activity to the enzyme activity without the
addition of a metal ion. The results are shown in Table 3, -
which shows the activity of alkaline proteinase K-16 of the
présent invention is inhibited by Hga and cu®. |
Also, from the'results of (5) and (6) above ca® promotes

the heat stability of the enzyme.



Car bonat e buffer
KC1-'NaOH buf f er

pH 9. 2-10. 9 Phosphat e- NaOH buffer
pH 10.9-12.6 (4) pH stability 7.9 x 10[err] P.U. of

pH 10.9-12.7

al kal i ne proteinase K-16 was added to the same buffer solutions (20 mM) as

used in (3) above.

The solution was allowed to stand at 25[err]C for 2 days

and diluted wth 50 nM borate-NaOH buffer solution (pH 10.0) to a vol unme of
40 folds to neasure the enzyne activityflﬁétivities of the enzyne relative
to the activity before the treatnent (100% were determ ned and the results
are shown in Figure 2, which shows the stable pH range of al kaline
proteinase K-16 is 6.0-12.0 in the abseggesof Ca and 5.0-12.0 in 2 nM

Ca[err]. (5) Optinumtenperature 3.1 x
K-16 was added to

m nutes. Activitief
activity at 40[err
Figure 3, which sh

10[err] P.U. of alkaline proteinase
i 0 ' h
dt Res or 10,
ofela t he
. e e—tshown in

U Ul CA
ture rangel®$é al kal i ne {pr ot ei nase

K-16 is 55[err]C

Mot ot anr i T

] and 70[erglCin the pfesence of

5 MM Calerr] (6)
CacCl, 103
’ Nicl, 103
CoCl, 103
PbCl, 100
HgCl, 46
Cuso, 73

(10) Effects of inhibitors

Effects of common enzyme inhibitors on alkaline

proteinase K-16 were examined.

The tested inhibitors were

added to 10 mM phosphate buffer (pH 7.0) to a

prescribed concentration. .

7.9 x 10~ P.U. of alkaline

proteinase K-16 was then added to the buffer solutions and

allowed to stand at 30°C for 20 minutes.
solution was diluted with deionized

20 folds to measure the residual enzyme activity.

The resulting
water to a volume of

Residual

activities was expressed by the relative activiﬁy to the

enzyme activity without the addition of a inhibitor.

The

results are shown in Table 4, which shows the activity of

alkaline proteinase K-16 of the present invention is inhibited

by diisopropylfluorophosphate

(DFP), phenylmethanesulfonyl



-14- 1.6 x 10[err] P.U. of alkaline proteinase K-16 was added to 20 nmM
bor ate- NaOH buffer (pH 9.5) and heated at various tenperatures for 10

m nutes. After cooling, the solution was diluted to a volune of 5 folds
wi th 50 nmM borate- NaCOH buffer (pH 10.0) and the enzyne activities were
measured using 0.91% casein as a substrate. Activities of the enzyne at
each tenperature relative to the act|V|f§ Defore the treatnent (100) were
determ ned and the results are shown in.Figure 4, which shows al kali ne
prot ei nase K-16 mai ntai ned 90% or nore of the activity up to 50[err]Cin

t he absencesforGalee(Plisehd aﬁatenﬁ?&seﬁdﬁ Whildhe aQEe§$9§ﬁeO%r§Kt§%§%[ser rl.

(7) Mol ecul ar wei ght Mbi ecul ar wel ght of dl kal i ne proteinas

measur ed byirHimitedisymadndasytatithd atitatl SRS)ispahy agkyhanvdenhog! serine

el ectrophoresis. As nolecular weight (MW) markers, a low MW marker kit
( Bi 0- Rad) ; resildyeplsr jktasacbivé 9¢nt9e 400), FCS al bumin (MW 66, 200), egg
white al bunin (MW 42,700)., carbonic anhydrase (MW 31,000), soybean
trypsin inhibitor (MW 21,500), |ysozyne

TABLE 4
I Inhibitor Concentration *  Residual I
activity (%

Not added - : 100

EDTA 5 mM 107

CMB . : 1 mM 100

DFP ' ) 1 mM 3.8

PMSF ' ' 1 M 1.5
Antipain 0.01% 108
chymostatin 0.01% 34 ' "

EDTA: Ethylenediaminetetraacetic acid
CMB: 4-chloromercuribenzoate

DFP: Diisopropylfluorophosphate

PMSF: Phenylmethanesulfonyl fluoride

(11) Effects of surface aﬁtive aggnts

Various surface active agents were dissolved
;nto 0.1 M Tris-HCl 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
mixture was allowed to stand at 40°C for 4 hours. The
resulting solution was diluted with 50 mM borate-NaOH buffer

solution (pH 10.0) to a volume of 20 folds to measure the



(MW 14,400) was used. The MW of alkaline proteinase K-16 of the present
I nvention was found to be 28,000 1,000 by the neasurenent by this nethod.
(8) Isoelectric point Isoelectric point of alkaline proteinase K-16 was
exam ned by the el ectrofocusing nethod using Servalyt 9-11 as an
amphoteric carrier for the colum. The isoelectric point of alkaline

protei nase K-16 of the present invention was determned by this nethod to
be pH 10.5 or higher. (9) Effects of nmetal ions Effects of various netals
on al kaline proteinase K-16 were exam ned. Various netal ions were added to
20 M borate- NaOH buffer (pH 9.5) to.g._concentration of 1 mM 3.9 x10[err]
P.U. of al kaline proteinase K-16 was added to the buffer solutions and
allowed to stand at 30[err]C for 20 minutes. The resulting solution was
diluted with 50 nM bor at e- NaOH buf f er H.10.0) to a volune of 5 folds to
measur e thé"elségﬁlﬂ’claﬁ“zéfﬁiyﬁ%t’é’étthfw t%eSLQBEFd%qlvé&Fﬁlﬁ%§%?%seé3<pressed by

the relati Vgs n&:Xgéé) tfh(ta‘.hg ngJYJ{HDing(it Ac‘!éi%t‘ﬁf t(Hg U{réah;ﬁtent) '
taken as 100%.
The results are shown in Table 5, which shows that the activity of alkaline
proteinase K-16 of the present invention remains stable in the
presence of various surface active agents at high

concentrations (1-10%).

TABLE 5
K-16 Commercial | Commercial
Enzyme B Enzyme C

Sodium linear alkylbenzene 65(%) ’ 48 (%) 46(%)
sulfonate *1 (1%)
Sodium polyoxyethylene 100 97 52
alkyl sulfate *2 (1%)
Sodium dodecyl sulfate 58 o] 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%) (a 100 84 90
product Nippon Shokubai)

*1: R ‘@—SosNa (Rt Cy——Cy)

*2: R-CH,0(C,H,0),SO,Na(R: Cy=-—Cy7, N=1-5)

*3: R-CH,0S0;Na(R: C,--C;;, But the C,; is principal)
*4: R-CH=CH(CH,),SO;Na(R: C;~C;5, n=0.1--5)
"*5: R-CH-R' (R+R': C;3-Cys)

S0;Na



addition of a netal ion. The results are shown in Table 3, which shows the

activity of alkaline proteinase K-16 of the 2+ 2+ present invention is
inhibited by Hg[err] and Cu[err]. Also, fromthe results of (5) and (6)
above Ca[err] pronotes the heat stability of the enzyne. -16- TABLE 3
Metal salt (1 mV Resi dual Activity (%e-Not added 100
Znd 106 AgN(J err] 86 CaC [err]

103 N [err] ) 103 CoCt[err] 103

PbCl [err] 100 Hgdl [err] 46 CuS( err]

73 (10) Eff é6ts BFCHNOOGRY ofR: EfThiegtds, &' co¥iplsdenzyne i nhibitors on
al kal i ne
S0;Na

As illustrated above, alkaline proteinase K-16 of the
present invention exhibits a superipr actiqn on insoluble
proteins, maintains its activity in a wide temperature range,
and is very stable in surface active agents. Thus, alkaline
proteinase K-16 is useful as an enzyme that may be added to
detergent composition.

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.

EXAMPLES

Example l. Separation and collection of the proteinase-
producing microorganism

(1) About 1 g of a soil sample was suspended in 10 ml of
sterilized physiological saline and heat-treated at 80°C fof
20 minutes. A supernatant of the heat-treated suspehsion (0.1
ml) was spread on a keratin agar medium and cultivated
at 30°C for - 2 days. The composition of the keratin agar

nmedium was as follows.



protei nase K-16 were exam ned. The tested inhibitors were added to 10 nM
phosphate buffer (pH 7.0) to a prescribed concentration. 7.9 x 10[err]
P.U. of alkaline proteinase K-16 was then added to the buffer solutions and
allowed to stand at 30[err]C for 20 mnutes. The resulting solution was
diluted wi th deionized water to a volunme of 20 folds to neasure the

resi dual enzyme activity. Residual actiities was expressed by the
relative activity to the enzyne activity without the addition of a
inhibitor. The results are shown in Table 4, which shows the activity of

al kal i ne proteinase dggulogd the present invegpgion is inhibited by

di i sopropyl fl uorophosphate (DFP), phenyl net hanesul f onyl fluoride (PNVSF),
and chynost ati n, whi clesste eastixiaict pr ot ease i nbidgtors, denmonstrating that it
is an enzyme with a serine residue as its active center. TABLE 4 |nhibitor
Concentration Retsiesl hadri Kerptisy Not ddded . -

100 EDTA 5 nmM 107

Carboxymethyl cellulose 1%
Potassium (I) phosphate 0.1%
MgSO, « 7TH,0 0.02%

Agar 1.5%

_'(2) To the 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 microorganism.

(3) Cells obtained in (2) above were inoculated into the
liquid medium with the following composition and cultured at

30°C for 2 days, with shaking, on a reciprocal shaker.

Glucose 2.0%

Polypepton S 1.0%
Yeast extract | 0.05%
Potassium (I) phosphate 0.1%
MgS0, « 7H,0 0.02%

Sodium carbonate (separately sterilized) 1.0%

( pH 10.5)



CvB 1 nmM 100 DFP 1 nM

3.8 PNSF 1 mM 1.5 Antipain

0.01% 108 chynostatin 0.01% 34 EDTA:

Et hyl enedi am netetraacetic acid CVB: 4-chl oronercuri benzoate DFP:

Di i sopropyl fl uorophosphat e PMSF: Phenyl nrt hanesul fonyl fluoride (11)
Effects of surface active agents Variou urface active agents were
dissolved into 0.1 MTris-HC buffer (pH 9.0; contains 10% of ethanol), and
6.6 x 10[err] P.U. of alkaline protease K-16 was added to the solution. The

mxture was al | gpesk tthstant idatdengr the taltdrBoprsth Ties resnittifngged
solution was diluted with 50 nM borate-NaOH buffer solution (pH 10.0) to a

vol ume of 28,0600dsphp Ieasinutes)e to remsveuakldazfaeohtainiay. Residual
activities were expressed as percentages of the original activity (no .
t r eat ment ) supgkpatant 1@HRN enzyme solution. -

- (4) Crude enzyme samples were prepared by lyophilizing
the enzyme solutioﬁs obtained in (3) above. The storage
stability of the enzymes at 40°C in_a commercial detergent was
evaluated. A strain which can produce the most stable enzyme

was thus obtained as Bacillus sp. KSM-Klé6.

Example 2.Cultivation of cells and purification of alkaline-
proteinase K-16

(1) The alkalophilic Bacillu$ sp. KSM-K16 obtained in
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 proteinase K-16.

Glucose 2.0%
Fish meat extract 1.0%
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 rpm, 5 minutes) to remove cells,
The supernatant thus obtained was lyophilized and 2 g of

the dried powder was dissolved in 10 ml of deionized



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

Commercial Commercial Enzyne B Enzynme C Sodi um | i near al kyl benzene
65(% 48( % 46(9% sulfonate *1 (1% Sodi um pol yoxyet hyl ene
100 97 52 al kyl sulfate *2 (1% Sodi um dodecyl sulfate
58 0 48 *3 (109 Sodi um a-ol efin sul fonate 100

82 61 *4 (1% Sodium al kyl FATonate 81 23

72 *5 (10% a-Sulfo-fatty acid ester . 100 86 75 *6
(199 Softanol 70H *7 (1% (a 100 8 90 product

4
LB, TTRREE ke el i o) g D)
solution was dialyzed overnight against 10 mM Tris-HCl
buffer (contains 2 mM Ca’’, pH 7.5) and 26 ml of
retentate (activity, 3.15 P.U./ml; specific activity, 1.97
P.U./hg protein) was obtained. This retentate wassubjected
to a.column‘packed with CM-52 cellulose whiéh had been
equilibrated with 10 mM Tris-HCI buffer (contains 2
mM Caa, pH 7.5). After washing the column with the equilibrating
buffer, alkaline proteinése K-16 was eluted with a
gradient of 0 to 0.15 M sodium 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 spécific activity 5.75
-P.U./mg protein. The active fréﬁtion was dialyzed overnight
‘against 50 mM Tris-HCl buffer (contains 10 mM ca® and
0.2 M NaCi, pH 8.0), concentrated by ultrafiitration'
(5000-M.W. cut off; Amicon Co.}),
applied to a column of Sephadex G-Sd (Pharmacia) which
had been equilibrated with 50 mM Tris-HCl buffer
(contains 10 mM ca?* and 0.2 M NaCl, pH 8.0), and
elution was done with the same buffer. 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 was dialyzed overnight against deionized ;

water to obtain a retentate. with an activity of 0.56 P.U./ml

and a specific activity of 5.60 P.U./mg protein.



*3: R CHerr]OGS(Jerr]Na(R Cferr]--Clferr], But the (Jerr] is principal) *4:
R-CH=CH(CH[ err])[err]SOerr]Na(R (err]-Cferr], n=0.1--5) *5:
RCHRerr] (RtRerr]: Cerr]-Cerr]) Sgerr]Na -19- *6: R CH COCR[err]
(R derr]-Cerr], Rerr]: (err]-Clerr]) SOerr]Na *7:
RCHerr]Oderr]Herr]OJferr] HR derr]-Cerr], n=5-15) As illustrated
above, al kaline proteinase K-16 of the TA¥sent invention exhibits a
.superior action on i.nsoluble proteins, naintains its activity in a w de
tenperature range, and is very stable in surface active agents. Thus,

| kal i tei L6 i | ' dt
det er gent  corpdert B G SHRE Hndt i AREETRARNe, T RRAEHCI Sopar e
in the Coql?&e:ﬁ;?tﬁ?e# ﬁ#s%f&e(;ﬁ:%qn ption of the exenplary enbodi nents

whi ch are grv or 1 tration of the invention and are not intended to
be limting thgfpofe tRAVRIEFIDMEIrehtIRMAhalY Weet @exdritRid dn @&onehe
-p rore nased-etail for purposes of clarity and understanding, it will be
appreciated by one skilled in the art from reading of this
disclosure that various changes in _form anc_l detail can be made

without departing from the true scope of the invention.



produci ng m croorgani sm (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 nm) was spread
on a keratin agar mediumand cultivated at 30[err]C for 2 days. The

conposition of the keratin agar nediumwas as foll ows. -20- G ucose

1% Yeast extract 0.2% Ani mal hair keratin 1%

Car boxynet hyl cellul ose 1% Potassium (1) phosphate 0.1%

MSO érr]. 7H err] O 0. 02% Agar 1.5% (2)

To the above keratin agar nedi um was added 1% of sterilized 10% sodi um
carbonate solution to adjust the pH 10.5. After the cultivation, colonies
that formed a clear zone around their nme®4rns were picked up and repeatedly
purified \Oinat iseclainmad isgar nmedi um thus obtaining a pure

1. A process for producing alkaline proteinase K-16 comprising:
()] culturing the microorganism Bacillus sp. FERM BP-3376 in a culture
5 broth; and

(ii) collecting said alkaline proteinase K-16 from the culture broth.

2. A biologically pure culture of the microorganism Bacillus sp. FERM BP-3376.

* c L N S *



prot ei nase producing mcroorganism (3) Cells obtained in (2) above were
I nocul ated into the liquid nediumw th the follow ng conposition and
cultured at 30[err]C for 2 days, with shaking, on a reciprocal shaker.

d ucose 2. 0% Pol ypepton S 1. 0%

Yeast extract 0. 05% Pot assi um (1) phosphate 0.1%
MSO err].7H err] O 0. 02% Sodi um car bonate (separately
sterilized) 1.0%( pH 10.5) -21- Afpes the cultivation, the culture

broth was centrifuged (3,000 rpm 10 minutes) to renove cells to obtain a
supernatant as an enzyne sol ution R&é) Crude enz rre sanpl es_were prepared
by |yophi | i ziBAGTHAE %-zm“ﬂ'ﬁ??ﬁ) o METHI, FOR, n]b)Q FROXE St or age
stability of ANhALKA ROFEINASE K+16a commer ci al detergent was eval uated. A
strain which can pr oduce the nost stable enzynme was thus obtained as

Baci |l us sp. KSM K16. ABSTRACT

The present invention relates to a novel enzyme called alkaline proteinase K-16
that is characterized as having an optimum pH in an alkaline range, and stability in the
5 presence of various surface active agents, such as sodium linear alkylbenzene
sulfonate, sodium polyoxyethylene alkyl sulfate, sodium dodecyl sulfate, sodium o-
olefin sulfonate, sodium alkyl sulfonate, and a-sulfo-fatty acid ester. The present
invention further provides for the microorganism Bacillus sp. Ferm BP-3376, which is
capable of producing the novel alkaline proteinase, and a process for producing the
10 novel alkaline proteinase. Alkaline-proteinase K-16 of the present invention exhibits an
excellent action against insoluble proteins and maintains sufficient activity over a wide
temperature range and in the presence of surface active agents thus providing a use as

_an enzyme for detergents.

(Fig. 1)



Exanpl e 2. Cul tivation of cells and Purification of alkaline proteinase K-16
(1) The alkalophilic Baci |l lus sp. KSM K16 obtained in Exanple 1 was

i noculated into the following liquid medium (3.0 1) and cultured at
30[err]C for 2 days, with shaking, to produce al kaline proteinase K-16.

d ucose 2. 0% Fi sh nmeat extract 1. 0% Soybean
flour 1.0%MgSO err].7H err] O 0. 02% Pot assi um
(1) phosphate 0.1%( pH 10.5 ) (2) After the cultivation,3.0 | of the
culture broth was centrifuged (10, 000 I BTy 5 mnutes) to renove cells. The
supernat ant thus obtained was | yophili zecf and 2 g of the dried powder was
dissolved in 10 m of deionized -22- water to produce a crude enzyne
solution. The solution was dialyzed overni ght against 10 mM Tris-HC buffer
(contains 2 mM Ca[err], pH 7.5) and 2BXf+1of
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retentate (activity, 3.15 P.U./nl; specific activity, 1.97 P.U./mg protein)
was obtained. This retentate was subjected to a colum packed with Cv 52
cel l ul ose which had been equilibrated with 10 mM Tris-HCI buffer (contains
2 MM Ca[err], pH 7.5). After washing the colum with the equilibrating
buffer, alkaline proteinase K-16 was eluted with a gradient of 0 to 0.15 M
sodiumchloride in the sane buffer. The active fractions collected was 15
m, and its activity was found to be 1.].} P.U./mM and the specific activity
5.75 P.U./ng protein. The active fractiorﬂwas di al yzed overni ght agai nst 50
mM Tris-HC buffer (contains 10 mM Ca and-0.2 M NaC, pH 8.0), concentrated
by ultrafiltration (5000-M W cuth{;f;,2 Am con Co.), applied to a colum of
Sephadex G 50 (Pharnmaci a) which had béen equilibrated with 50 nM Tri s- HC
buffer (contains 10 nM CaJerr] and 0.2 M NaCd, pH 8.0), and el ution was
done with the sane buffer. The active fractions collected was 11.5 nml, and
its activity was 0.9 P. U./nd = t+v K

protein. The sol utioh was di Iyzeg,qﬁrni ght agai nst deioniz water to
obtain a retent #@0wth an dctiytty of 0.56 P.U./m and a speg{fic activity
of 5.60 P.U./ng protkin.
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-23-vAl1 publications nmentioned herei nabove are hereby incorporated by
reference. Wiile the foregoing invention has been described in sone detai
for purposes of clarity and understanding, it wll.-be appreciated by one
skilled in the art fromreading of this disclosure that various changes in
formand detail can be nmade wi thout departing fromthe true scope of the

i nventi on. -24 - Wat is claimed is: 1. . A process for producing
al kal i ne proteinase K-16 conprising: (i) culturing the mcroorgani sm
Bacillus sp. FERM BP-3376 in a culture §,, broth; and (ii)
collecting said alkaline proteinase K-16 fromthe culture broth. 2. A
biologically pure culture of the m croorgani smBacillus sp. FERM BP-3376.
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