- — 4;»~ IR _ _
-2- chloronercurlbqnzoate and antlpaln and;inhibitedﬁEPEhCEﬁpSHﬁﬁTS SG
fluorophosp te, phenyl nmet hanesul fonyl fluoride, gand chynostatin;, ?n Jﬁéé
Ef f &ct sToF surface active agents Stable in the pr s:rlgﬁons-dﬁp?ﬂn ,
al kyl benzene. sul fonat e, sodi um pol yoxyethyl ene al Crith®pt €, pw@ﬂbh)(ffn to paged
doglecyl sulfate, sodium a-olefin sulfonate, sodi qhz£§yh(§u15 g@t&' aanedy»"-
a-sul fo-fabiyr AChHl SRECTNvENTTION' 1€ @l Kaline prote clah%g ............
havi ng an Sptefumttenperature ot 700C. in the presgAAPSHN 5 Hiv [érr] 3

The al kal i ne proteinase of claim1, further havingta—heat—stability In

whi ch 90% oy em&w@m@ém g rﬁ!ﬁ‘tﬁz@@ﬂsé‘t FOR! PREBURLNECTRE BRAMED

60C. in the presence of 5nM Caferr The al kal i ne proteinase of claim

1, in which fromb58 to 10096of t he orlglnal activity is maintained in the
presence of from1l to 10% of a surface active agent. -3- Exhibits good
activity on water-sol ubl e pr BAERGROBNDTOFe SHEE I INVENTSEON), henogl obi n and

FCS al buni n; -and water-insoluble proteins, for exanple, keratin and

el astin; Field of the Invention:

The present invention relates to a novel alkaline'
proteinase K-16, a microorganism producing ‘the alkaline
prqteinase, and a process for producing the alkaline
proteinase. 1In particuiar, the present invention relates to a
novel alkaline proteinase K-16 poséessing exqellent stability

against surface active agents, as well as a microorganism and

process for producing novel alkaline. proteinase. :

Description of the Background Art:

Conventionally, proteinases have been incorporated into
detergents, and a number of alkaline proteinaseé aré 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 their inadequate stability in
surfactant- solutions.

There have been publications reporting'alkaline
proteinases which are sﬁable 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

.....



(3) Cptinun1pH range Optimum pH range of 11.0-12.3 when reacted at 40[err]C
usi RY caselnfas a substrate; (4) pH stability Very stable in a pH range of
5.0-12.0 in the presence of Ca[err] when stored in-various buffer solutions
at 25[err]C for 2 days; (5) Optinum tenperature Optinum tenperature
55kerr] C when reacted at pH 10.0 using cd2Ein as a substrate; (6) Heat
stability Maintains 90%or higher residual ,activity when treated at
50[err]C, pH 9.5 for 10 m nutes. (7) Mol ecular weight 28,000 1,000

db I | £
g:sgi?;gph%eg?gbﬂ%g gg% e%tlérl gtd%c?%?{a@ Q-RJX?%?H g%er %f? exé?omof nmet al
Th
ions The aEIeiniélaE:&th:%e' f”:‘:'oQJ te%n?ﬁ (1%%’ é gEth of | rﬂ] rb%riiﬁg heféthes.

stability is pronoted by Ca[err itors
A proteinase, API-21 (Japanese Patent Publication

(kokoku) No. 55118/1985) which is more active in a lower
temperature range than conventional proteinases has been
developed. Its stability in surfactant 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 following enzymological characteristics:
(1) Action
Acts on various proteins under high alkaline conditions;

(2) Substrate specificity



The activity is not inhibited by ethyl enedi am ne- tetraacetic acid,

4- chl ororrer guri benzoat e and anti pai n, -4- and the activity inhibited by

di i sopropyl fl uorophosphat e, phenyl net hanesul fonyl fluoride, and chynostatin
; and (11) Effects of surface active agents Very stable in the presence of

hizgh concentration of sodiumlinear alkylbenzene sul fonate, sodium

pol yoxyet hyl ene al kyl sulfate, sodium dedecyl sulfate, sodium[err]-olefin

sul fonat e, sodium al kyl sulfonate, and a-sulfo-fatty acid ester. This

i nvention further provides a process for producing al kaline proteinase K-16
conprising culturing a mcroorgani smbelonging to the genus Bacillus which

i s capabl e of Brbdbitsgggodakickd vitayt emasdar-isohitklle dreteing exampiegne

fromthe culture broth. A further object of the present invention is to

provi de abeisdoseg@inemheneaiodis andb RS mytkmin i rRn@r vaEeFadasgluble

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) Heat stability

Maintains 90% or higher résidual 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)-
polyacryigmide gel electrophoresis;

(8) Isoeléctric point

10.5 or higher;

(9) Effects of metal ions

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

(10) Effects of inhibitoré

The activity is not inhibited by ethylenediamine-

tetraacetic acid, 4.chloromercuribenzoate and antipain,



bel onging to the genus Bacillus, which is Bacillus sp. KSM K16. BRI EF
DESGRI PEI ON OF THE DRAW NGS Flgure 1 represents the effects of pH on the
act|V|ty of al kaline proteinase of the present invention. Figure 2 shows
the effects of pH on the stability of al kaline proteinase of the present
“inyention. Figure 3 shows the effects of-4®enperature on the activity of

.....

al kal i ne proteinase of the present invention. Figure 4 shows the effects of
tenperature on the stability of aIkaIine prot ei nase of the present

T o R T T R e il
1 PSR A BT S RPN RRLATRSLLEHE®: S o
[errlmXx 2.2- ZﬁlhsmﬂfEects 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,lsodium alkjl sulfonate, and e~sulfo-fatty acid
ester.

This invention further provides.a'process 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 presént invention is to provide a
microorganism capable of producing alkaline proteinase K-16
belonging to the genus Bacillus, which is Bacillus sp.
KSM;KIG.

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 éhows the effects of temperature 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.



(b) Polynmophism None (c) Mtility: Cells possess peritrichous flagella
and- notril e. y(d) Spores (size, shape, site): 1.0-1.2 [err]mx 1.4-2.2
[err]m elliptical, central to subtermnal; slightly swollen sporangi um

(e) Gams staining: positive (f) Acid fastness: negative (g0 Gowh
orR nutrient agar plate: light yellow and transparent colony with a circul ar
erose shape and a snooth surface. (h) ow h on nutrient agar slant:
Colony is light yellow and sem transparent with an irregul ar erose shape
and a slightly rough surface. (i) Culture in nutrient broth: Cells grow

wel I, the broth is clgishaMil d¥s@EEIBP e o IDHE SERPeGETONr i N0 I n nutrient

gelatin: Cells grow welT; Tiquefaction of gelratrn I's-acconpani ed. (k)
Litnus nmilk: Heptowrddait oinvastisn ¥eldtd® €oaenbabhapmel Hikkiinlo col or

change occurs.
proteinase K-16, produced by the genus Bacillus which has the
following taxonomic characteristics.
(A) Morphological characteristics
(a) Shape and size of cells: rods, 0.8-1.0 um X
2.2-25 um
(b) Polymophism: None _
(c) Motility: Cells possess peritrichous flagella and motile.
(d) Spores (size, shape, site): 1.0-1.2 pm X
1.4-2.2 pm, elliptical, central to subterminal;
slightlf swollen sporangiﬂm.
(e) Gram's staining: positive
(£) Acid fastness: negative
(g) Growth on nutrient agar plate:
light yellow and transparent colény with a circular erose
shape and a smooth surface.
(h) "Growth on nutrient agar slant: Colony
is light yellow and semitransparent with an
irregular erose shape and a slightly rough surface.
(i) cCulture in nutrient broth: Cells grow well,
the broth is cloudy with no pellicle.
(3j) Stab cultufing 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.



-6- (B) Physiological characteristics (a) Nitrate reduction: Positive (b)
Denitrifjcatigon: Negative (c) M test: Negative (d) V-P test: Positive
(e) Production of indole: Negative (f) Production of hydrogen sulfide:
Negative (g) Hydrolysis of.starch: Positive (h) Uilization of citric
acid: Positive (i) Uilization of inorganic nitrogen sources: Uilize -
sodiumnitrate, but not ammoniumsalts (j) Pignment production: Negative (k)
Urease: Negative (1) Oxidase: Positive (m Catalase: Positive (n) Gowh
tenperature range: Below 55[err]C (0) G.gwth pH range: Can grow at pH

6. 6-10.3 (p) Behavior on oxygen: Aerobic (q) OF test: Oxidation (O

(B) Physiological characteristics

(a) Nitrate reduction: Positive
(b) Denitrification: Negative

- (¢} 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
(i) Utilization of inorganic nitrogen sources: Utilize sodium

nitrate, but not ammonium salts
(j) Pigment production: NegatEVe
(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: RAerobic
(gq) O-F test: Oxidation (0O)
(r) Resistance to sodium chloride: Can grow under 10%
sodium chloride

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

from any sugars.

TABLE 1

(Acia productioﬁ from sugars)



(r) Resistance to sodiumchloride: Can grow under 10% sodi um chl oride (s)

Aci d orzgas production from sugar: Produces no gas from any sugars. TABLE 1
(Acid production from sugars) -7- Sugars Aci d production

D Ri bose + L- Arabi nose + D Xyl ose
+ D-Fructose + D-d ucose D Mannose

+ D Gal act ose + Ml tos7e + Sucrose

+ Lact ose +

' Sugars Acid production
I D-Ribose T+
I L-Arabinose + it
" D-Xylose + u
Il D-Fructose + l
“ D-Glucose + .
“ D-Mannose +
“ D-Galactose + .
" Maltose + i
" Sucrose + “
“ Lactose + “
Trehalose + “
Starch + “
“ D-Sorbitol + ﬂ
“ Inositol - “
" D-Mannitol + "
Glycerol +
Lbextrin +
Raffinose _ +

Based on the above morphological and taxonomic characteristics, the
microoi:‘ganism of the present invention was examined referring
to Bergey's Manual of Systematic Bacteriology (Williams &
Wilkins Co., 1986) and was considered to belong to the genus

Bacillus subtilis. there are differences between

However,
Bacillus subtilis and the microorganism of the present

invention in that while the former cannot grow at



Tr ehal ose + Starch +
D-Sorbitel ¢ - + Inositol D-Mannitol . +
d ycerol ~ .+ Dextrin + Raf finose
+ Based on the above norphol ogi cal and taxonom c characteristics, the

m cy oorgani sm of the present invention wag_exam ned referring to Bergey's
Manual of Systenatic Bacteriology (Wllianms & Wl kins Co., 1986) and was
considered to belong'to the genus Bacillus subtilis. However, there are

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

i nvention pa 4bat thei hattee tahmgrowawedl gtowHato, apd Fhrther ltHdter can

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

55[err] C, whtlei Baedidasi suwbtfiltilse canasentriomy artt 56t Carchgr micatodfani$Iic,
of the 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 judgeq 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-K1l6
containing the prépertiés described %bove, and has been
deposited with the Fermentation Research institute, Agency of
Industrial Science and Technology as FERM BP-3376.

In a further embodiment, the présent 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, vhere the microorganism is
inoculated and cultivated in a suitable medium according to a
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 nitrogén
sources which the microorganism can utilize in the medium.

\
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From t he above facts, notw thstanding the good reasons to specul ate that

t he, m gy oorgani smof the present invention belongs to Bacillus subtilis, it
was judged to be another, novel mcroorgani smdue to several differences in
their characteristics and also due to the differences fromany other known
m.croor gani snms. Thus, in another enbodi ngat the present invention relates
to the novel m croorgani smnaned Bacillus sp. KSM K16 contai ning the
properties described above, and has been deposited with the Fernentation
Research Institute, Agency of Industrial Science and Technol ogy as FERM
BP-3376. I n a Theraearenhodspeaifitchaimitaéibnisnasnttiocothree |cardort arad
process for producing the al kaline proteinase K-16 which is extrenely

st abl e agai¥eegenr$ovrcasti vBnugenateflr as eXagmpliesr odff gdtiragerBaEsiunass sp.
KSM K16, where the microorganismis inoculated and cultivated in a suitable
medi um ac¥%R® dFPERt glatennweali ofaybraRnElourny coxa StRecligfwrsed for the
cultivation of,comop_n croorgani sns and _ i n which the mcr,oorgani_ smof the

present i TREWRIBA 2GHdgr BRAFEySKETASE Mharmamedia; v SATELNS @eal A3 tD| e

to add a 3%&%28%? SQBEQEe?fh§8§89”a§9§0@5&ﬁ°&%¥n 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,
sucfose, 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
sources, phosphoric.acid, inorgahic salts of ions such as Mga,

ca®, mn®

P an} COa} Naf, Kf, for example, as well as trace
amounts of other organic or inorganic nutrients, may be added
as required.

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

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,



sources which the mcroorganismcan utilize in the medium -9- There are
no spegificilimtations as to the carbon and nitrogen sources. Enunerated
as exanpl es of nitrogen sources are corn gluten neal, soybean flour, corn
steep liquor, casam no acid, yeast extract, pharmanedi a, sardine neal, neat
extract, peptone, hypro, ajipower, corm¥¥al, soybean neal, coffee grounds,
cotton seed grounds; cultivater, amflex, ajipron, zest, ajix, and the

| i ke; and as carbon sources are arabinose, xylose, glucose, nmannose,

f I bi t.al I

nosi tor * GIyASt o) FoBFERPL e EPERT: T RorhEkE, omati Tifeiteos, i nvert
t d dth

supars; e gelbsserut s oabe puda 32#‘5%53‘?1@3'2% BB aci o,

0L St cerpriaetsolhithe BLY e A e,

organi c ossibDants proédaeat Syofralibed 2pdadess et ¥hzyme by
collecting the enzyme by salting out using, for example,
ammonium sulfate (30-70% saturation fraction), or by solvent
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.

Althqugh it is possible to use éhe crude enzyme liquid
thus obtained as is, the enzyme éan 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.q.,
Sephadex or Bio-Gel;'

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

A 1% solution of casein in 50 mM borate-NaOH 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



Col l ection and purification of target al kaline proteinase K-16 fromthe
cul ture;broth thus prepared can be perfornmed according to conventional
met hods™ appllcable to the collection and purification of commbn enzynes.
Specifically, cells are separated fromthe culture broth by centrifugation
or;filtration, for exanple, and al kaline proteinase K-16 can be separat ed
and concentrated fromthe cells and the filtrate by a conventi onal
separation means such as salting out, isoelectric precipitation, solvent
preci pitation, exanples being preC|p|tat|on from met hanol , -10- ethanol,
i sopropyl al cohol, acetone, or the like; ultrafiltration, for exanple,
using D a- flom/nenbrane YC (trademark, a product of Anicon Co.), and the
like. It is 'possible to produce |yophi{jzed powder of the enzynme by
col l ecting the enzyme by salting out using, for exanple, ammonium sulfate
(30-70% saturation fraction) or by solvent precipitation from for
exanpl e, 75% et hanol, follo X
solution (0.123 tr1ch1 roacetic 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 decomposition 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 tyrosine per minute under the above reaction conditions.
(1) Agtion
Acts on various proteins under high alkaline conditions.
(2) Substrate specificity
The specificity toward various substrates of alkaline
proteinase K-16 and commercial enzymés 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
added to 50 mM borate-NaOH buffer (pH 10.0) to make
its conceﬁtration 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.



filtration or centrifugation, and desalting. A conventional nethod such as
dlalysus or;gel filtration using Sephadex G 25 (trademark, a product of
Phar maci a) can be enployed for the desalting. Although it is possible to
use the crude enzyne liquid thus obtained as is, the enzynme can al so be
served after purification and crystalli-aati on, as required. Such
purification can be carried out by a suitable conbination of fractionation
means, such as, for exanple, adsorptiom chronmatography, e.g.,
hydroxyapatite chromat ogr aphy, ion- exchange chronatography, e.g.,

DEAE- Sephadex, DEAE-Cel | ul ose, or CMBABLEx2; or gel flltratlon

chr omat ogr aph Sephadex or_Bi o- Cel

obt ai ned DPW Ng enzyno
activiti herein were
sol ution

with 0.1

a reggblon t

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

After thq pddition of | er m ngppon

the present.invention exhibited better degradation activity,
particularly toward elastin, than commercial enzymes A and B
wh%ch are widely uséd 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 incubated at 40°C for 10 minutes to measure the
enzyme activity. Activities.ﬁf 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-is of the present invention is 11.0-12.3. The buffer
solutions used in the measurement and their pHs are as

follows.



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 filtrate was neasured by the nodified Folin-Lowy nethod. One
unig (P.U. ) of enzymatic activity was deftA&d as the anount of enzyme that
rel eased acid sol uble am no acid or peptide equivalent to 1 nmol of
tyrosi ne per mnute under the above reaction conditions. (1) Action Acts on
various proteins under high alkaline conditions. (2) Substrate specificity

The specificity towarAdcth?ééeOLﬁuf &sstrat es of kgl.bgg_grote! nase K-16 and
comerci al enzynes were conpar ed. Substrates TUsed weré’ casein,

ur ea- denat ured henoglghidyy 'rg“fﬂétr keraiiég gng-gl gstin. Degradation
activities of the enzyme on these substances re neasured. Each substrate .

was added to 50 nM barstwshiedcd! hwffeF (pH 10. 8k s020mls€9i ts concentration
1% (2. 2% f or -urea-denatured henogl obin), and to the solution was added each

enzyme sol ution in arprsephdteiNdo® wufbéerr]pR. Wo.6315.72 10[err] P. U for
el astin). The m xture was incubated at 40[err]C for 10 m nutes. The

activity of each enzys®i-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 ﬁsed in (3) aboVve. The
solution was allowed to stand at 25°C for 2 days and diluted
with 50 mM borate~NaOH buffer solution (pH 10.0) to a volume
of 40 folds to measure the enzyme ackivity. Activities of the
~enzyme relative to the activity ﬁefore 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 témperature

| 3.1 x 10° P.U. of alkaline pfoteinase K-16 was added to
50 mM borate-NaOH buffer solution (pH 10.0)which 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
temperatﬁre 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



toward each substrate is shown in Table 2, wherein al kaline proteinase K-16

is taken as;100. -12- TABLE 2 Urea- Ani mal Casein denat ur ed
hair ° el asti n henogl obin keratin K-16 100 100
100 - 100 Conmerci al 100 108 ' 100 77
enzyne A Commer ci al 100 10H4- 103 . 76 enzyne B

AS shown i "the above Table, alkaline proteinase K-16 of the present
i nvention exhibited better degradation activity, particularly toward

LTSt S SO, U FIELTEE AAREL B LR BHE A21% B! s
vat er - sol yfy ¢ \and var el dis k¥ P{Bhe08) and heated at :
various temperatures for 10 minutes. After cooling, the
. solution was diluted to a volume of 5 folds with 50 mM borate-
NaOH buffer (PH 10.0) and the enzyme activities were
measured uéing 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 ca2*,
(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 Q,(M.W.."
97,400); FCS albumin (M.W. 66,200), egg white albumin
(M.W. 42,700), carbonic anhydrase (M.W. 31,060), !
soybe;n 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

«
~d



(3) Optinmum pH range Casein was added to various buffer solutions (50 mV)
to_a final goncentration of 0.91% and then 5.2 x 10[err] P.U. of alkaline
prot ei nase K-16 was added to the solution. The mixture was incubated at
40[err]C for 10 mnutes to nmeasure the enzyne activity. Activities of the
epzyme at various pHs relative to optinﬁﬁ?EH (100) are shown in Figure 1,
whi ch indicates that.- the opti num pH range of al kaline proteinase K-16 of
the present invention is 11.0-12.3. The buffer solutions used in the

g AR e 18 U L R LG poin

pH 3. 9-5. ate buffer onate buffer
9.2-10.9 BrogARaheniAPR U frfifse. 1 d bR -tite pKLEehBOthbeht €6n was pH

10.9-12.6 (4) pH stability _ |

determined by this method to be pH 10.5 or higher.
(9) Effects of metal ions

Effects of various metals on alkaline proteinase K-16
wvere examihed. Various metal ions were added to 20 mM borate-
NaOH buffer (pH 9.5) to a concentration of 1 mM. 3.9
xqu 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 .activities 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
present invention is inhibited by Hg* and cu®.

Also, from the results of (5) and (6) above ca® promotes

the heat stability of the enzyme.



7.9 x 10[err] P.U. of alkaline proteinase K-16 was added to the sanme buffer
solutiops (20 mMV) as used in (3) above. The solution was allowed to stand
“at 25C for 2 days and diluted with 50 nM borate- NaOH buffer sol ution (pH
10.0) to a volunme of 40 folds to neasure the enzyne activity. Activities of
the enzyne relative to the activity bef orkST he treat nent (100% were

det erni ned @nd t he 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[err]
and 5.0-12.0 in 2 MM Ca[err]. (5) Cptigégg%fgperature 3.1 x 10 P. U. of

al kal i ne proteinase K-16 was added to bor at e- NaOH buffer sol ution

(leO 0) ml Ch C0nt '—"""‘—5_‘9'_5""‘"'_—"—""_‘—" "'_—"_‘_E';T"—'-""—_-‘—_'V‘_"_"';'i"
tenperatures for ’; nMBYh@Ssafet K1 tM3S O RE€ianalnActivéaoh (gnyer at ure
relative to the adfTvrityv at-dolreric . 1ioooq wWere adeterm ned and tndl results
are shown in Figurfe_3. whNet afded e oplinmumtenped8Pure range g

al kal i ne protei nage K-16 |sZ§ err]C in the absence QfheCalerr] ang 70[err]C

in the presence off-S—M-Cafer+rF2-6—Heat—$tabi+ity
AgNO, | 86
cacl, 103 |
Nicl, 103
cocCl, 103
PbCl, 100 ﬂ
" Hgcl, - 46 -

| Cuso, _ 73 4ﬂ

(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 (pPH 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 mihutes. The resulting
solution was diluted with deionized water to a volume of
20 folds to measure the residual enzyme activity. Residual
activities was expressed by the relative activity to the
enzyme activity without the addition of a inhibitor. The
results are shown in Table 4, which shows the activity of
alkaline proteinasé 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 at e-,NaOHg buffer (pH 9.5) and heated at various tenperatures for 10

m nutes. After cooling, the solution was diluted to a volunme of 5 folds

wi th 50 nmM borate- NaCOH buffer (pH 10.0) and the enzyne activities were
mgasured using 0.91% casein as a substL?gg. Activities of the enzyne at
each tenperature relative to the activity before the treatnent (100) were
determ ned and the results are shown in Figure 4, which shows al kali ne
protei nase K-16 maintained 90% or nore of the activity up to 50[err]Cin
the abserﬁ]%lfid%a[ MIF AN A RAHeE i Wil dh eapé esetine oprbtetkeal err]
(7) Mol ecular wei ght Ml ecul ar wei ght of al kaline protei nase K-16 was
measur ed i fidiec ol Wenktadeeydt sy feiee (8D3s - a0l gazyyeawith geserine

el ectrophoresis. As nol ecular weight (MW) nmarkers, a low MW nmarker kit
( Bi 0- Rad)esiguwshaiys asetivd Mekt&7, 400), FCS al bumin (MW 66, 200), egg
white albumn (MW 42,700), carbonic anhydrase (MW 31, 000), soybean
trypsin inhibitor (MW 21,500), |ysozyne

TABLE 4
Inhibitor Concentration [ - Residual
activity (%)

Not added - 100
|| EDTA 5 mM 107 “
| cum . 1 mM 100
n DFP ' 1 mM 3.8
| puse - 1 mM 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 active aggnts

Various surface active agents were dissolved
into 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 nventi,on was found to be 28,000 1,000 by the neasurenent by this nethod.
(8) lIsoelectric point Isoelectric point of alkaline proteinase K-16 was
exam ned by the el ectrofocusing nethod using Servalyt 9-11 as -15- an
agphoteric carrier for the colum. The isoelectric point of alkaline
protei nase K-16 of the present invention was determ.ned 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 nM borate-""NaOH buffer (pH 9.5) to_g concentration of 1 nM 3.9 x10[err]
P.U. of alkaline proteinase K-16 was a ged to the buffer solutions and
allowed to stand at 30[err]C for 20 mnutes. The resulting solution was
diluted with 50 nmM bor at e- NaOH buf f er

residual enzyme activity. Residual activities were expressed

as percentages of the original activity (no treatment),

taken as 100%. .

The results are shown in Table 5, which shows that the activity of alkaline
proteinase XK-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
Enzgme B Enzyme C

Sodium linearalkylbenzene 65(%) 48(%) 46(%)
sulfonate *1 (1%) - )
Sodium polyoxyethylene © 100 97 52
alkyl 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%) (a 100 84 90
product Nippon Shokubai)

*1: R—<()-soNa(R: C,;~—Cy,)

*2: R-CH,0(C,H,0) ,S0;Na(R: Cy-~C,y, n=1-5)

*3: R-CH,080;Na(R: Cy—-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=Cy)

SO,Na



(pH 10.0) to a volunme of 5 folds to neasure the residual enzyne activity.
Residua] actj vities were expressed by the relative activity to the enzyne
activity without the addition of a metal ion. The results are shown in
Tabl e 3, which shows the activity of al kaline proteinase K-16 of the
present invention is inhibited by Hg[err1%md Cu[err] Al so, fromthe
results of (5) and (6) above Ca[err] pronptes the heat stability of the

enzyne. -16- TABLE 3 Metal salt (1 m\)’ Resi dual Activity (% Not
added . P po,Znd [err] . 106 AgN( err]
86 Cad [errj®® R TH coc’ (1%’ é1°1835'Nipél‘[er91]"c6) 103
Cod [err] SO.Na 103 Pbd [err] 100

3

As illustrated above, alkaline proteinase K-16 of the
present invention exhibits a superior 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)2 About 1 g of a s0il 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 (9.1
ml) was spread on a keratin agar medium and cultivated
at 30°C for - 2 days. The éompositioh of the keratin agar

medium was as follows.



HgCl [err] 46 CuS( err] 73 (10)

Ef fects of sinhibitors Effects of commobn enzyme inhibitors on alkaline
prot ei nase K-16 were exam ned. The tested inhibitors were added to 10 niV
phosphate buffer (pH 7.0) to a prescribed concentration. 7.9 x 10[err]
Rz U. of alkaline proteinase K-16 was thig added to the buffer solutions and
allowed to stand at 30[err]C for 20 mnutes. The resulting solution was
diluted with deionized water to a volunme of 20 folds to neasure the
residual enzyme activity. Residual activities was expressed by the relative
activity to the en@¥ugogetivity without theigddition of a inhibitor. The
results are shown in Table 4, which shows the activity of alkaline
prot ei nase K-16 of ¥Yeastpewtssacti nvention i s0i.2Ri bited by

di i sopropyl fl uorophosphate (DFP), phenyl net hanesul f onyl -17- fluoride
(PMSF), and chynns%ﬁ#mﬁ%hhéhrakéréginne pr ofl&ase

Carboxymethyl cellulose 1%

Potassium (I) phosphate 0.1%
MgSO, » 7H,0 0.02%

Agar 1.5%

(2’ To the above keratin agar medium was added 1% of
sterilized 10% sodium caibonate solution to adjust the pH 10.5.
After the cultivation}'colonies that formed a clear zone
around their margins were picked up .and repeatedly |
puriﬁied on the same agar medium, thué 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. 65%
Potassium (I) phosphate 0.1%
MgSO,+7H,0 0.02%

Sodium carbonate (separately sterilized)1.0%

( pH 10.5)



i nhi bitors, denonstrating that it is an enzyne with a serine residue as its

actjive.center. TABLE 4 Inhibitor Concentration Resi dual activity
(% Not added 100 EDTA 5 mm
107 CwvB 1 nmM _21_100 bFP 1 nmM
38 PMSF . 1 nmM 1.5 Antipain 0.01%
108 chynostatin ‘ 0.01% . 34 EDTA:

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

Di i sopropyl fl Mﬁww%@tﬂ%ﬁﬁe%@é@f@ﬁw Hepyh {huot Siﬁzr(&la)ged

Ef fects of surface active agents Various surface active agents wer

di ssol ved 3,/ Gph M0 imitleduff@rrépblrd. 8c1T8Ntai Bpta9% af et hanpl ), and
6.6 x 10[err] P.U. of alkaline protease K-16 was added to the solution. The
supernatant as an enzyme solution.

(4) Crude enzyme samples were prepared by lyophilizing
the enzyme solutions obﬁgined 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-K16.

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

(1) The alkalophilic Bacillus 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



m xture was allowed to stand at 40[err]C for 4 hours. The resulting
solution was diluted with 50 nM bor ate-NaCH buffer solution (pH 10.0) to a
vol.une of 20 folds to neasure the resi dual enzyne activity. Residual
activities were expressed as percentages of the original activity (no

t reatment), taken as 100% The results are shown in Table 5, which shows
that the activity of al kaline proteinase K-16 of the present invention
remai ns stable in the presence of various surface active agents at high
concentrations (1-10%. TABLE 5 K-16 _,fomrercial Commercial Enzyme B

Enzyme C Sodi um | i nearal kyl benzene 65(% 48( % 46( %
sul fonate *1 (1% Sodi um pol yoxyet hyl ene 100 97

52 al kyl sulfate *2 (1% Sodi um dodecyl sulfate 58 0
48 water to produce a crude enzyme solution. The

solution was dialyzed overnight against 10 mM Tris-HCl
buffer (contains 2 mM Ca®’, pH 7.5) and 26 ml of
retentafe (activity, 3.15 P.U./ml; specific activity, 1.97
P.U./ﬁg protein) was obtained. This retentate was:subjected
to a-column packed with CM-52 cellulose which had been
equilibrated with 10 mM Tris-HCI buffer (contains 2
mM ca®, 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 cﬁloride 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 spééific activity 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), concentrated by ultrafiltration -
(5000-M.W. cut off; Amicon Co.),
applied to a column of Sephadex G~50 (Pharmacia) which
had been equilibrated with 50 mM Tris-HCl buffer
(contains 10 mM ca2* 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 agtivity 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 (10% Sodium a-olefin sulfonate 100 82 61 *4

(1% Sediumal kyl sulfonate 81 23 . 72 *5 (10%
a-Sul fo-fatty acid ester 100 86 75 *6 (19
Softanol 70H *7 (1% (a 100 84 90 product N ppon
Skiokubai ) *1: [err] *2: [err] *3: [erLpp-*4: [err] *5: [err] *6: [err]
*7: [err] As illustrated above, al kaline proteinase K-16 of the present

anention exhi bits 'a superior action on insoluble

All publications mentioned hereinabove are héreby
incorporated by reference.

While the foregoing invention has been described in some
detail for purposes of clarity and understanding, it will be
appreciated by one skilled in the art from reading of this
.disclosure that various chénges in form an@ detail cén be made

without departing from the. true scope of the invention.



proteins, maintains its activity in a wide tenperature range, and is very
stable in surface active agents. Thus, alkaline protei

as an enzyne that may be added to detergent conpositio of
the invention will becone apparent in the course of tth“ﬂIﬂﬂblmml'Hml
description of the exenplary enbodi nexgg-which are giverr tér rllwstyat4 on
of the invention and are not intended to be limting thereof. EXAMPLES
Exanpl e 1. Separation and col |l ection of the proteinase- producing

m croorgani sm (1) About 1 g of a soil sanple was suspended in 10 m of
sterilifhdtphigscdbdmedalissal i ne 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 ker at i nlagaAnradkahined proteinased Kl ¢janpgizing the dfgilowing

conposi tion of the keratin agar, mediumwas as follows. - 20-
enzymolog1ca1 characteristics:

(1) Action

Acts on various proteins under high alkaline conditions;

(2) Substrate specificity

Exhibits good activity on water-soluble proteins and
water-insoluble pfoteins;

(3) Optimum pH range

Optimum pH range of 11.0-12.3 when reacted at 40°C using
caseip 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 solﬁtions at'25°C for 2 days;

(5) thimum temperature

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

(6) Heat stability

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

(7) Molecular weight

28,000 * 1,000 measured by SDS-polyacrylamido gel
electrophoresis;l

(8) Isoelectric point ' . e

10.5 or higher ;

is Sheet Has Been Reiilaced
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d ucose 1% Yeast extract ' 0. 2% Ani mal hair
ker.atin +* » 1% Carboxynet hyl cellul ose 1% Potassium (1) phosphate

MyS err] 7H err] 0 0. 02% Agar /1/cyg/Ier
To the above keratin agar nedi um was added 1% of steriliz \g“ “‘\
cdrbonate solution to adjust the pH 10-2s-After the cultlv\m

that forned a clear zone around their margins were picked (3] Wepeatedly
purified on the same agar nedi um thus-obtaining a pure proteinase
produci ng m croorganism (3) Cells obtained in (2) above were inocul ated
into the |iquil@)nRfifieatd tof metdloliawwe ng conposition and cul tured at

30[err]C for 2 days, with shaking, on a recipjocal shgker. d ucose
2. 096Po|ypeptémﬁsa°t1V1tY is inhibited Qog Vigistandt €utt, and its heat

0. 0500 POLISHMTY i LA py cae, O 1MOSA errT7THerr]O
- (10) Effects of inhibitors

The activity is not.inhibited by ethylenediamine-
tetraacetic acid, 4-chloromercuribenzoate and antipain,
and is inhibited by diisopropyl fluorophosphate, |
phenylmethanesulfonyl fluoride, and chymostatin ; ang

'(11) Effects of surface active agents

Very stable in the presence of high concentration of
sodium linear alkylbenzene sulfonate, sodium polyoxyethylene
alkyllsulfate, sodium dodecyl sulfafé, sodium c-olefin
sulfonate, sodium alkyl sulfonéte, and a-sulfo-fatt& acid

ester.

2. The alkaline proteinase K-16 of Claim 1 wherein said
water-soluble proteins that exhibit good activity are casein, hemoglobin
and FCS albumin and said water-insoluble proteins that exhibit

good activity are keratin and elastin.

3. A process for producing alkaline proteinase K-16
- comprising:
(i) culturing a microorganism belonging to genus Bacillus
that are capable of producing alkaline proteinase K-16 and

(ii) collecting the enzyme from the culture broth.

/
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Sodi um car bonate (separately sterilized) 1.0% ( pH 10.5 ) -21- After-the
cultivatior, the culture broth was centrifuged (3, OOQqun’%ﬁT7ﬁ7ﬁj% to
remove cells to obtain a supernatant as an enzyme sol ut

enzyne sanples were prepared by |yophilizing the enzyﬂ@\

izn (3) above. The storage stability of-dgie enzynes at erjeih a
commerci al detergent was evaluated. A strain which can produce the npst
stabl e enzynme was thus obtained as Bacillus sp. KSM K16. Exanple
2.Cultivation of cells and purification of alkaline proteinase K-16 (1) The
al kal ophi l'i ¢ 4.BaChlel prospssKabkckt@inlgt don€daiim Bryamblereimesaidocul at ed
into the followng liquid medium (3.0 1) and cultured at 30[err]C for 2
days, w micrhekigayismo belongingaltivabenuspBacdildase iis Brcidinossp.

2. 0% '

I ned

KSM-K16.

5. A microorganism belonging to the genus Bacillus which is
capable of producing an alkaline proteinasg_K—ls comprising
the following enzymological characteristics:

(1) Action ‘

Acts on various proteins under high alkaline conditions;

(2) Substrate spgcificity |

Exhibits good activity on water-soluble proteins and
water-insoluble proteins; ) .

(3) Optimum pH range

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

(4) DE 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) Heat stability

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

(7) Molecular weight

-
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Fi sh nmeat extract 1. 0% Soybean fl our 1. 0%

MySO esrkvHerr] O 0. 02% Pot assi um (I) phosphate _
1075 ) (2) After the cultivation,3.0 1 of the culture broth ﬂﬂ ﬂﬂ I l “

(10 000 rpm 5 mnutes) to renove cells. The supernat ant th

lzyophi lized and 2 g of the dried powderyaas di ssol ved in 10 m of delonlzed
-22- water to produce a crude enzyne solution. The solution was dialyzed
overni ght against 10 nM Tris-HCl1 buffer (contains 2 nM CaJerr], pH 7.5)
and 26 m of retentate (activity, 3.15 P.U./m; specific activity, 1.97

P. U./ng pr ot eps), 008s +oht, donetheashiriesl ot esvcdiiwm VWASdauPleghiedalte a- col um

packed with CM 52 cel |l ul ose which had been equilibrated with 10 nM Tri s- HC
buf f er (¢spDSapelPaniyCapéde] gelpléckrophichrasimshi ng the colum with the
equi l i brating
' (8) Isocelectric point
10.5 or higher;
(9) Effects of metal ions
The activity is inhibited by Hg® and gub, 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,
and is inhibited by diisopropyl fluorophosphate,
| phenylmethanesulfonyl fluoride,. and‘chymos@atin ; and
| (11) Effects of surface active agents
Very stable in the presence of high concentration of
sodium linear alkylbenzgne sulfonate, sodium polyoxyethylene
alkyl sulfate, sodium dodecyl sulfate, sodium a-olefin

sulfonate, sodium alkyl sulfonate, and a-sulfo-fatty acid

ester. -

6. The microorganism according to Claim 5 wherein said

water soluble proteins that exhibit good activity are casein, hemoglobin
and FCS albumin and said water-insoluble proteins that exhibit

good activity are keratin and elastin.

‘7. A microorganism Bacillus sp. KSM-K16 (FERM BP-3376).

This Sheet Has Been Reﬂlaced




buf fer, alkaline protei nase K-16 was eluted with a gradient of 0 to 0.15 M
sodiumchl eride 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 protein. The active fraction was dialyzed overni ght agai nst
% mM Tris-HA buffer (contains 10 nMc&Berr] and 0.2 M NaC, pH 8.0),
concentrated by ultrafiltration (5000-MW cut off; Amcon Co.), applied to
a col umAB¥TR&EEhadex G 50 (Pharnaci a) which had been equilibrated with 50

mM Tris-HCO buffer (contains 10 mV rr]l. an pH 8.0), and
el ution MFHW%WWIWRE%FF@S 541%1’5‘39-‘%\?@% o s col |l ected was
11.5 m, and its activity was 0.9 P.U./nl and the spepific activity was
a3, T D B Siede B Pan 1o a2 00k AT, 988, Sl o e
activity ka1 6k ProtdThdeOIRLYs that?Ps characterized as having an
optimum pH in an alkaline range, and stability in the presence
of various surface active agents, such as sodium linear
alkylbenzene sulfonate, sodium polyoxyethylene alkyl sulfate,
sodium dodecyl sulfate, sodium a-olefin sulfdnaﬁe, sodium
alkyl: sulfonate, and a;sulfo-fatty acid ester. The'present
invention further provides for a microorganism producing the
novel alkaline proteinase, and a process for producing the
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.

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



B 48

Al'l publications nentioned herei nabove are hereby incorporated by
referencer »\Wile the foregoing invention has been described in sone det ai
for purposes of clarity and understanding, it will. be appreciated by one
skilled in the art fromreadi'ng of this disclosure that various changes in
form and detail can be made without departing fromthe true scope of the

i nventi on. -24- What is clained is: 1- An al kaline proteinase K-16
conprising the foll ow ng enzynnlogicai- haracteristics: (1) Action Acts on
various proteins under high al kaline 6ﬁditions; (2) Substrate specificity
Exhi bits -good activity on water-sol uble proteins and water-insol uble

proteins; (3) Optimum pH range Opti mum pH range of 11.0-12.3 when reacted
at 40[err] C using
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casein as a substrate; (4) pH stability Very stable in a pH range of

5.@ 12.*0 T'n*t he presence of Ca[err] when stored in various buffer sol utions
at . 25[err]C for 2 days; (5) Optinumtenperature Optinumtenperature

55 err] C when reacted at pH 10.0 using casein as a substrate; (6) Heat
sfability Mintains 90% or higher residual activity when treated at
50[err]C and at pH 9.5 for 10 mnutes. (7#) Mol ecular weight 28,000 [err]

1, 000 neasured by SDS-pol yacryl am do gey4 el ectrophoresis; (8) Isoelectric

poi nt 10.5 or higher; -25- (9) Effects of nmetal ions The activity is
inhibited by Hg[err] and Cu[err] , and its heat
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stability is pronoted by Ca (10) Effects of inhibitors The activity is not
i npi bi tedsby ethyl enedi am ne- tetraacetic acid, 4-chloromercuribenzoate and
antlpaln and is inhibited by diisopropyl quorophosphate
plenyl met hanesul fonyl fluoride, and chynostatin ; and (11) Effects of
séirface act.ive agents Very -stable in the presence of high concentration of
sodi um | i near al'kyl benzene sul fonate, sodi um pol yoxyethyl ene al kyl sulfate,
sodi um dodecyl sulfate, sodium/[err]-@/8fin sul fonate, sodium al kyl

sul fonate, and [err]-sulfo-fatty acid ester. 2. The al kaline proteinase

K- 16 of Cla|n11 wherein said water-soluble proteins that exhibit good
activity are casein, henopglobin and FCS al bum n and said water-insol uble
protei ns that exhi bi t good acti vFE.8 e keratin and elastin. 3. A process
for producing al kaline proteinase K-16 conprising: (i) culturing a

m cr oor gani sm bel ongi ng .t o genus Bacillus that are capable of producing

al kal i ne proteinase K-16 and (||) collecting the enzyne fromthe culture
br ot h.
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-26- 4. The process according to Caim3, wherein said mcroorgani sm
beLongirng #t® genus Bacillus is Bacillus sp. KSMK16. 5. A mcroorgani sm
bel:onging to the genus Bacillus which is capable of producing an al kal i ne
prot ei nase K-16 conprising the follow ng enzynol ogi cal characteristics: (1)
Action Act.s on various proteins under high alkaline conditions; (2)
Substrate specificity Exhibits good activity on water-sol uble proteins and
wat er -i nsol ubl e proteins; (3) Cptinunla range Opti mum pH range of
11.0-12.3 when reacted at 40[err]C usingucasein 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[err]C for 2 days;

FIG. 4
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(5) QOtlrrumterrperature Opti mum t enper ature 55[err]then reacted at pH
10. 0 using®casein as a substrate; (6) Heat stability M o

hi gher r-€si dual activity when treated at 50[err]C, p REPBA g
(7) Mol ecul ar wei ght -27-.28,000 1,000 neasured Ry dr um dodecy
sul fate (SDS)-pol yacryl ani de gel el ect rophoresi s; (8)} l{soglgrgANIe9&oiin
10.5 or higher; (9) Effects of netal ions The activitly is indhibited Qy
Hg[err] and Cu[err], and its heat stability is pronotd-by—€afert (10)
‘Effects of inhibitors The activity is not inhibited by ethyl enedi agnes:
tetraacetic acid, 4-chloronercuribenzoate and anti pai = :

PH 10, the latter can grow well at pH 10, and further that
while Bacillus subtilis cannot grow at 55°C, the mlcroorganlsm

of the present invention can grow at 55°C.

S -  From the above facts, notwithstanding the good reasons to
speculate that the microorganism of the present invention
~ belongs to Bacillus éubtilis, 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.. o
Thus, in another embodlment the present invention relates
to the novel mlcroorganism named Bacallus sp. KSM-K16
containing the propertles-descr;bed-above, and has been
deposited with the Fermentation Research Institute, Aéency of
L © Industrial Science and Technology as FERM BP-3376. Onlmmlf 'JﬁSSI

(original deposit is P-11418 on 19 April, 1990)
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

qonventional manner.

Any media which are used for the cultlvatlon of common
microorganisms and in which the mlcréorganlsm of the presént
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.



and ks inhibited by diisopropyl
and chynostatin ;

fluorlde

fl uorophosphat e, phenyl net hanesul f onyl

stabl e in thepresence of high concentration of sodi

SRR

sul fo-fatty aéi d"ester”
wherein said water soluble proteins that exhibit good

ﬂF

sul f onat e,
sodium [err]
[err] -

henogl obi n.
good acti vi
KSM K16 (FEIRM BP-

and (11) Effects of surfﬁ:p _ ’_-'vre--agents Very
W el al ikyl bénzene
ene al kyl sulfate, sodju dodecyT su1“feate

sodi um al kyl sul fonatp, | arid8 Ngy 87
6. The m croorgani sm agcprdi ng to aJm 5
actvty—ae—dadei n,

gi g, and said water-insoluble proteins that exhijbit
-rl—‘and elastin. 7. A mcroorgani sm BacrTrus—sp-

glzgl?ne proteinase K-16 |so|ated from Bacillus sp. KSM-K16 comprising the

following enzymological characteristics:

{1)-(2) Action/Substrate specificity

Exhibits degradation activity on casein, hemoglobin, FCS albumin, keratin and
elastin at pH 10.0;

{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
Stable in a pH range of 5.0-12.0 in the presence of Ca’* when stored in
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) Heat stability

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

(7) Molecular Weight
28,000 1,000 measured by SDS-polyacrylamido gel electrophoresis;
(8) Isoelectric point 10.5 or higher;
(9) Ef-fects of metal ions

Activity inhibited by Hg?* and Cu®*, and heat stability promoted by Ca™*?

(10} . Effects of inhibitors

Activity not inhibited by ethylenediaminetetraacetic acid, 4-
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chloromercuribenzoate and antipain, and inhibited by diisopropyl fluorophosphate,
phenylmethanesulfonyl fluoride, and chymostatin; and

{11) Effects of surface active agents

Stable in the presence of sodium linear alkylbenzene sulfonate, sodium
polyoxyethylene alkyl sulfate, sodium dodecyl sulfate, sodium a-olefin sulfonate,

sodium alkyl sulfonate, and a-sulfo-fatty acid ester.

2. The alkaline proteinase of claim 1, further having an optimum temperature of

70°C. in the presence of 5 mM Ca’*.

3. The alkaline proteinase of claim 1, further having a heat stability in which 90%

or more of the activity is maintained at a temperature of up to 60°C. in the presence

of 5mM Ca>™,

4, The alkaline proteinase of claim 1, in which from 58 to 100% of the original

activity is maintained in the presence of from 1 to 10% of a surface active agent.



