Y

DESCRI PTI ON

LI QUEFYI NG ALKALI NE a- AMYLASE, PROCESS FOR PRODUCI NG THE

- SAME, AND DETERGENT COVPCSI TI ON CONTAI NI NG THE SAME Technical . Field

Thls-lnvént i on
conponentis for

relates to Tiquefying alkaline a- anyl ases useful as

detergents, & prepa- ration process thereo ‘datergent
composi tijons con- taining the. sane. Background Art ﬁéﬁ

arevenzynmes whi ch hydrolyze only a-

Si.nce the discovery of an a-anylase from a malt extract by Payen and

Persoz in 1833,

they have been obtained as crystalline sanpl@wxx @kyc-

trophoretically uniform sanples frongMad{Pascon Vi NY

|

LIQUEFYING ALKALINE a-AMYLASE, PROCESS FOR PRODUCING
THE SAME, AND DETERGENT COMPOSITION CONTAINING THE SAME

Technical. Field
This invention relates to liquefying alkaline a-

amylases useful as components for detergents, a prepa-

:_ ration process thereof and detergent compositions con-

taining the same.

Background Art

a~Amylases are enzymes which hydrolyée only-aﬂ
1,4~-glucosidic linkages in molecules of starchy
polysaccharides such as starches, amylose and amylopec-
tin. Since the discovery of an c-amylase from
a malt extract by Payen and Persoz in 1833,
they have been obtained as crystalline samples or elec-

trophoretically uniform samples from various living

" organisms, for example, bacteria belonging mainly to

the genus Bacillus, such as Bacillus subtilis Marburg,
Bacillus subtilis natto, Bacillu# amyloliquefaciens, Bacillus
licheniformis, Bacillus cereus, Bacillus circulans, Bacillus
macerans, Pseudomonas srutzeri an@ Klebsiella aerogenes;

Actinomycetes such as Streptomyces griseus; molds belonging

| ases
1, 4-glucosidic Iinkages in nol ecul es
of starchy polysaccharides such as starches, anyl ose and anyl opec- tin.
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aorgani sns, for exanple, bacteria belonging mainly to the genus Bacill us,
suth as’ Bacillus subtills Marburg, Bacillus subtilis natto, Bacillus. .
anyboliqukfaclens, Bacillus licheniforms, Bacillus cereus, Bacillus
circulans, Bacillus nacerans, Pseudononas stutzeri and Klebsiella
aerogenesf Actinonycetes such as Streptonyces griseus; nolds belonging

-2-* ~ mainly to the genus Aspergillus such as Aspergillus oryzae
and Aspergillus niger; seeds of gram neous &nd | egumi nous pl ant s;
and di gestive glands of aninmals such as hunman and swine. 5

a- Anyl ases have been used wdely for many years, for exanple, for
the saccharificat wgin®{ €86atRé 888lus AspergillPOlAINC RS AspdiRiDIBVGAGae

i ndustry,: as a desi zi ng agent in the fiber industry, as a

hi gh-effi cacy di gestli $epdrgillus niger;t fieeldsh mpirepmutinesusi atdsid egumirodsr t he
production of O thick malt syrup in the food,industr '

The present invenP3a8tEieconBuligesbivR 3pnds pf animals sPéEo?idP%T?%n of

such an [brr]-anyg%%eshgng.dlsh washi ng

%5 a~-Amylases have been used widely for many years,
f for example, for the saccharification of_graihs and
potatoes in the brewing industry, as a desizing agent
in the fiber industry, as a.high-efficacy digeétive in
the pharmaceutical industry and for the production of
10 - thick malt syrup in the food ihdustry.

. The present inventors previously found that the
incorporation of such an a-amylase in a dish washing
‘detergent or in a laundry detergent together with'a
debranching enzyme makes it possible to prepare a
15 detergent having significantly improved detergency
against starch stains and already filed a patent ap-
plication thereon (Japanese Patent Laid-Open No.
132192/ 1990). |

Most of a-amylases which have heretofore been

|20 found in the natural world exhibit maximum'and stable

enzymatic activity in a neutral to acidic range, in

other words, are classified as neutral to acidic e-
amylases, leading to the drawback that their activity

is deteriorated in a surfactant-containing sclution

25 whose pH is on the alkaline side. On the other hand,



detergent or in a laundry detergent together with a debr anchi ng
enzyme ‘makes it possible to prepare a, 15 detergent having
sigaificdntly inproved detergency agai nst starch stains and

al ready fijiled a patent ap- plication thereon (Japanese Patent
Lai d- Open| No. 132192/ 1990). Most of [err]-anyl ases
whi th havle heretofore been 20 found in the natural world exhibit
naxinun1@nd st abl e enzymatic activixy in a neutral to acidic
range, in ot her words, are classified as neutral to acidic [err]-
anyl ases,{ |l eading to the drawback that their activity S

deterioraled in a syfaclantc conlal Mg, SALULI QL (35, sn HAPISRY1HE O

- 3- [e a8MBk2R8S 1 £ i Pkl DG dERd act hVhiNed Ny al kal i ne
range or having a%&gpi res?stéﬁée%ﬂ$ﬁio%%er morggf © eﬁ{gﬁﬁ ne

[err] -awmses andigbiahe- 4eshpl&6ds [Hid lalx@lliagesistent o-amylaskbeearef the
above drawback and are useful as conponents 5 for detergents. Known
exanpl es lof such fxleleabifnthpeabpve drawback and are useful as components

§s for detergents. Known examples of such alkaline a-
amylases and alkali-resistant a-amylaées are limited
only to the enzyme produced by the strain Bacillus sp. A-
40-2 [Agric. Biol. Chem., 35, 1783 (1971)], the enzyme
produced by the strain Bacillus sp. NRRL B-3881 {J. Bac-
L0 ; teriol., 110, 992 (1972)], the enzyme produced by
Streptomyces sp. KSM~9 (Japanese Patent Laid-Open No.
209588/1986, the enzyme produced by the strain Bacillus
sp. H-167 (Japanese Patent Laid-Open No. 208278/1987),
the enzyme éroduced by the strain Bacillus al-

15 calothermophilus A3-8 (Japanese Patent Laid~Open No.
49584/1990) and the enzyme produced by the strain
Natrococcus sp. Ah-36 (Japanese Patent Laid-Open No.
211369/1992). Incidentally, the term "alkaline a-
amylase" as used herein means an ao-amylase whose op-
20 timum pH is in an alkaline range, while the term
"alkali-resistant e~amylase" means an a~amylase which
has an optimum pH in a neutral to acidic range, but
even in an alkaline range, can still exhibit activity

comparable with that at an optimum pH and retains

25 stability. The term "neutral” as used herein means a
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“anyl ases and alkali-resistant [err]-anylases are linited only to

t e enzy roduced by ,the strain Bacillus sp. A 40-2 [Agric. Biol
Chem, 39, 1783 (1971)], the enzyne produced by the strain
Bacillus sp. NRRL B-3881 [J. Bac- O teriol., 110, 992 (1972)], the
enzynme produced by Streptonyces sp. KSM9 (Japanese Patent Laid-Open
No. 209588/ 1986, the enzyne produced by the strain Bacillus
sp. H 167 (Japanese Patent Laid-COpen No. 208278/1987), t he enzyne
produced by the strain Bacillus al- 15 _ , cal othernophilus A3-8
(Japanese Patent Lai d-Open No. 49584/ 1990) and the enzyne produced
by the stfain Nat r ococcus sp. Ah-36 (Japanese Patent Lai d-Open No.
211369/ 19P2). Incidentally, the term"alkaline [err]- anyl ase" as
used herej n neanspiinrangsypisfromosco@ amg) "alkalihalimmeans s ipH arange
al kal i ne range, whille the term "al kali-resistant [err]-anyl ase”
nmeans an [ err] - ampigberwkpPap the above xapge;n optinumpH in a neutral to

ST AU s SR T R g e
stability, The te@h@sengiikh®ine aondSkdI8-KidL iTRAAE Bnzymes belong to
|5 so~called saccharifying a-amylases which degrade star-
ches or starchy polysaccharides to glucose, maltose or
maltotrise. They are hence suited as enzymes for the
production of sugar but not as enzymes for detergents.
Paying attention to so-called liquefying c-amylases

L0 | which are resistant to surfactants and in addition,
degrade starches or starchy polysaccharides at high

i random, the present inventors have proceeded with an
investigation. As a result, it has been found that
conventionally known alkaline a—-amylases are only those
1.5 showing the characteristics of the saccharifying type
and there is absolutely no report on liquefying
alkaliﬁe a—anylases.

Furthermore, to obtain the conventional alkaline
a-amylases; purification of several steps is required.
20 This purification is not satisfactory as a purification
method for enzymes on an industrial scale. With a view
toward obtaining a purified enzyme easily by using the
characteristics of enzymes, the present inventors paid

attention to an enzymatic protein having a high surface

25 charge. As a result, it was found that all the



- 4- pH range of from6 to 8 and "al kaline" neans a pH range
hi'gher ‘than t he above range. _To the best of the present

i nvent ors{ s know edge, t hese al kaline and al kal i -resi stant
enzymes belong to 5 so-cal |l ed saccharifying [err]-anyl ases which
degrade star- ) ches or starchy polysaccharides to glucose, naltose
or ° . maltotrise. They are hence suited as enzynes for the

producti oh of sugar but not as enzynes for @&etergents. Payi ng
attentionito so-called liquefying [err]-anylases, O whi ch are
resistant to surfactants and in addition, degrade starches or

starchy ppl ysacehas | gesatohhifiases xnawn kBIHREL Ad\e R SSe i dNGILOT S

have proceeded w _ nvestigatTon. as been
found that ﬁoinﬁ'oafeagb@aai ! U—d‘.@%dalthfélrb@s[@‘E’Eir%@&%&r@ only
S

t hose 15! owi ng the characteristics of the saccharifying type

and therejis absobnt elkabhineepeariylasds paefipgngn isoelectrial kalinte ex-

[ err]-any| ases. ) Furtherrmore, to obtain the conventiona

al kal i ne cpefingafyd adesin fihe fixesendnipvenkiePal steps is
required. 0 This_purjfication . is not satisfaciory as urjfication
met hod fot® enzynes on aft iﬂ%ﬁ%ﬁi%‘? hepFes@nt, 1gverkyen 1s tahé)ret d

obtai ning a p”rifkﬁdp§9€¥8§ §ﬁs&i§%¥¥ééﬁ§hﬂgcﬁhﬁas resistarfd®@ @ dall.cs of
enzynmes, the present”inventors pal :

tants, has an optimum pH in an alkaline range, is of a
liquefying type, that is, degrades starches or starchy
polysaccharides at high random and has a high isoelec-

o tric point; and also a detergent: composition containing

the a~amylase.

Disclosure of the Invention

Under the aforementioned circumstances, the pres-
15 - ent inventors have proceeded with an extensive search
with a view toward finding out from the natural world a
microorganism which produces a liquefying alkaline o-
amylase having the above~described properties. As a
‘result, they have found a novel alkaline a-amylase hav-
RO ing liquefying-type reaction characteristics in a cul-
ture of a microorganism belonging to the genus Bacillus,

which was reported previously in Japanese Patent Laid-

Open No. 108482/1991 as a microorganism which produces
an enzyme having both an c-amylase activity and pul-

25 lulanase activity and having a molecular weight of



attention to an enzymatic protein having a high surface 25 char ge.
As a result, it was found that all the e

-5 ! alkaline [err]- anyl ases known to date have an isoel ectric
poi nt of jabout 3.0-8.0 and there is utterly no report on al kal i ne
[err]-anﬁlases having an isoelectric point ex- ceeding 8.5 as in
the presegnt invention, 15 An obj ect of the present invention
is thereflore to provide an [err]-amgl-ase which has resistance to
surfac- tants, has an optimum pH in an al kaline range, is of a

| i quefying type, that is, degrades starches or starchy
pol ysacchari des at hlgp r n%$n1and h a h| ri c point;

and al so a detergéﬁ“’ "P8ﬁ‘coﬁgﬁynbﬁ 188 €°““dtﬁ§afe?Pf°5 Fase.
D! scl osure of the \ﬁergf Q:ri'ag enzymemn.n a det tc@?'n ‘:i’n gt iﬂ?ﬁgve

clircunst ances, t he pl‘ es- | hvent or ave pr ocee
extensi ve search detergency liyadngitewohnpiAed £tdhHdGOGurkyorhlihRetahyy al

vortd a spilt upon eating, leading to the completion of the in-
5 vention.

The present invention therefore provides a li-
quefying alkaline a-amylase having the following en-
zymatic characteristics, a production process thereof
and a detergent composition containing the same.

10 1) Action: ’

The liquefying alkaline a-amylase hydrolyzes a-

1,4~glucosidic linkages in starches, amylose, amylopec-
tin and partial degradation products thereof and from
i amylose, forms glucose (Gl), maltose (G2), maltotriose
15 (G3), maltotetraocse (G4), maltopentaocse (G5), and
maltohexaose (G6). It however does not act on pul-
Julan. |
2) Isoelectric point:

It has an isoelectric point higher than 8.5 Whén

20 measured by isoelectric focusing electrophoresis.

Brief Description of the Drawings
FIG. 1 diagrammatically illustrates the activity
of the liquefying alkaline a-amylase according to the

25 present invention as a function of pH. FIG. 2 diagram-
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m cr oor gani sm whi ch produces a |iquefying al kaline a- anyl ase
havi ng t he above-described properties. As a . . _ result, _they have
found a movel al kal i né a-anyl ase hav- 20 ing |iquefying-type reaction
characteyistics in a cul - ture of a mcroorgani smbelonging to

t he genus Bacil | us, whi ch was reported previously in Japanese

Pat ent Lpi d- Open No. 108482/1991 as a m croorgani sm which

pr oducesi an enzyme having both ang[err]-anylase activity and pul -
25 I ul anase activity and having a nol ecul ar wei ght of

- 6- 200, 000 5,000. They have al so found that I ncor por a-

tion of the enzyne in a detergent can markedly inpro det er gency
agai nst conbi ned B2kl bH kihQ%FE%ﬁfskéP@hBH Stablllty afpithe &ﬁ&ﬁeéxrlng,

| eading to th | et f th
present i nvent i on BT ERDr e oenaasg Rreordind Lo Yy arserptointepre |
(err] - anyl ase havk ign ! N J6)! | P ignilinacicarty dedi6Bh € RhidakeLest s, 3

pr oduct i on Pprocess ereo ent conposition contalnlng
t he Sa”Ei range in which the liquefying alkallne a~amylase ac-
;5 cording to the present invention can act. FIG. 4

; diagrammatically depicts the thermal stability of the
liquefying alkaline e-amylase according to the present
.invention{ FIG. 5 diagrammatically shows the result of
electrophoresis (12.5% polyacrylamide gel, treated at

' ro : 95°C for 4 min., quick CBB dyeing) of thé liquefying
alkaline oc—amylase according to the present invention

in a sodium dodecyl sulfate polyacrylamide gel.

Best Modes for Carrying Out the Invention

1-'"—"““
(&}

It is preferred to control an optimum pH of the
liquefying alkaline a-amylase of the present invention
in a range of from 8.0 to 10.0 from the viewpoint that
the o~amylase serves as a component for detergents.

No particular limitation is imposed on the micro-

PO organism which producés the liquefying alkaline o~

amylase of the present invention, insofar as it has the
capacity of producing the a-amylase having the property
of degrading starches or starchy polysaccharides at

high random, having an optimum pH in an alkaline range

PP e
(M}

and having a high iscelectric point. 1Its examples in-
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10 1) Action: The |iquefying al kaline [err] anylase
hytr ol yzes [err]- ' 1,4-glucosidic | Ilnkages in §EE = aaval

anyLopec-' “tin and partial degradation product §

anyl ose, forns glucose (d), nmaltose (&), nmaltotriose

mal t ot etrpose (), naltopentaose (&), and ma f :
however dpes not act on pul - | ukagm. - 2) Isoelectrlc

poi nt : a It has an isoelectric point higher than 8.5 when 20
measured by isoelectric focusing el ectrophoresis. Bri ef

De t f th l,
il Fﬁ; Iroa!t Ce)g '?he a‘g}ﬁ%?tgﬁc I1us sp. KI-AF 7P, (ﬁh&’i’lﬂg 36%?3 %gﬁ(%- 5RyI ase
according to the 5 genus PARIFNs LAY 0180 ATnd ,at,mgal_xga[aem 10h-0pEh G 2

di agram |
matically illustrgdesoédse/pidastability of the liquefy- I ng

al kaline [err]-anylase according to the present inven-
To obtain the liquefying alkaline a—amylase of the
f5 present invention by using the above strain,. the strain
may be inoculated on a medium and then cultured in a
manner Known per se in the art. It is preferred to in-
corporate proper amﬁunts of some assimilable ca;bon and
nitrogen sources in the medium. Although no particular
L0 . limitation is imposed: on the carbon and nitrogen
! sources, examples of the nitrogen sources include
| orgaﬁic nitrogen sources such as corn gluten meal,
soybean flour, corn steep liquor, casamino acid,'yeast
extract, pharmamedia, meat extract,.trypton, soyton,
15 hypro, ajipower, soybean meal, cotton seed oil cake,
cultivator, ajipron and zest; and inorganic nitrogen
sources such as ammonium sulfate, ammonium nitrate, am-
monium phosphate, ammonium carbonate, sodium nitrate
and‘ammonium acetate. Examples of the carbon sources

20 include soluble starches, insoluble starches, amylopec~-

tin, glycogen, pullulan and oligosaccharides obtained
i by the partial degradation thereof, assimilable carbon
sources such as glucose, maltose, arabinose, xylose,

ribose, mannose, fructose, galactose, malt sugar,

25 sucrose, lactose, trehalose, mannitol, sorbitol and
{ ‘__~_~______‘_~__*___
heet Has Been: Replaced -

i
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tion. FIG 3 diagrammatically depicts a tenperature range in which
the liquefying alkaline [err]-anylase ac-__5 _ cording to.the_present

i neentiofh"can act. FIG 4 di agrammatically depicts the thernal
stability of the | i quefying alkaline [err]-anylase according to

t he present invention. FIG 5 diagrammatically shows the result of
el ectrophoresis (12.5% pol yacryl am de gel, treated at 10 95[err] C for
4 mn., quick CBB dyeing) of the liquefyimg9 - al kal i ne a-anyl ase
according to the present invention in a sodi um dodecyl sulfate

pol yacryl am de gel . Best Mbdes for Carrying Qut the Invention

15 ; It i r to t-r Ql, .a e 0 .

| i quefyi dg al kal |§Jép%§%ﬁ -%?%/Iaasse 0 lat%r%ee %Fgg;e’%?u%g%ltgluoénhh%s ace‘:lci n a
range of {from 8. 02£9410. fh f{mdivh Vi amlict Baits such as Phsphates,
[err]-amyl ase serves as a conponent for detergents. No
particulqr | i m t ahdgnes bum Ngebtes), @alidiamisalts, A8nganesy gt \wlineh
produces ;t he |iquefying al kaline a- anyl ase of the present

i nvention, insofasadtsitcokaltgalts, sodiwpagadtsyand petansiumg salss
[err]-anyl ase having thg grqﬁsrt . .,of degradi ng starches or starchy
pol ysacch&r i des apnd. 1t nec YartdR3AE AGYafTIMITUIMING SRuEFes

al kal i ne irange 28an be éﬁﬁ%&“ﬁ@eréﬁéHQ¥$ kigekgggﬁﬁp point. Its exanples

i n-

In accordance with general.sampling and purifying
means for enzymes, the liquefying alkaline a~amylase,
that is, the target substance can be sampled from the
Lo - cells so cultured and then purified. Namely, the ﬁi-
croorganism bodies are removed from the culture medium
by an ordinarily-emploYed solid-liquiad separation nmeans
such as centrifugal separation or filtration, whereby
the corresponding crude enzyme can be obtained in the
15 form of a solution. The crude enzyme solution can be
used neat. It can also be used as a purified enzyme
after being separated by a separation means such as
salting out, solvent pfecipitation, ultrafiltration of
gel filtration as needed and then, making use of its
2O high isoelectric point, subjecting the crude enzyme so
separated to purification and crystallization by gel
isoelectric focusing electrophoresis, density gradient
isoelectric focusing electrophoresis, ion-exchange

chromatography or the like.

25 The a-amylase of the present invention so ob-



-

- 8- whi ch has been deposited wth the Fernentati on Research
Institute, Agency of Industrial Science & Technol ogy . ._.as..EERM.
—BP, 3048 om8 August 19907 (ori gi nal deposit is P- 10886 on 24 July,
1989) : clude Bacillus sp. KSM AP1378  belonging to t he
genus Bag¢illus and disclosed in Japanese Patent Lai d-QOpen No.
108482/ 1991. To obtain the_l yguefying alkaline [err]-anylase
of the & present invention by using the above strain, the strain

may be inocul ated on a medium and then cultured in a manner known
per se in the art. It is preferred to in- corporate proper anmounts
of some assinm | abteinsadbbasard optimum pﬂnin(qpam1$@adoesrangehehngdaun1

Al t hough no particular 10 limtation is inposed on the carbon and
nltrogen. h§69r6é§d°@x§ﬁﬁF%§1%ﬂ E?RP?HWWG@@W1§BUPE§§S|ﬁE?Edbt is
organi ¢ nitrogen S gs SUG h.as £orn g oe g%gean flour,
corn steep liquor, cgs &ﬁﬁg X&Pg ¥%%st an g%?PaéF bﬁﬁ fredi a, neat
exiract. [Lrypton, guigean. 1t1fas"iBhCe ﬁééLPPi’ﬁf propéledds Tk re£OhE OB S
oi | cake, cultivator, ajlpron and zest and 1norganic nitrogen

sources sugh as argHeNicoRventl ahal ammméndua&dyaheesamzx descriptiBWi um
phosphat e, ammoni um car bonate, sodiumnitrate
; will next be made of various enzymatic properties of
the liquefying alkaline a~amylase of the present inven-
tion obtained using strains of Bacillus sp. KSM-AP1378
(fERM BP-3048).
10 Incidentally, an enzyme activity was measured
| ? using the following buffers, each 40 mM, in accordance
| with the method described below.
PH 4-6 acetic acid buffer
pH 6-8 tris~hydrochloric acid buffer
L5 PH 8-11 glycine-salt-sodium hydroxide buffer
pPH 11-12 potassium chloride-sodium hydroxide
buffer
Measuring method of the eﬁzyme activity (measurement of

| an amylase activity by DNS methad):

Fo To 0.9 m¢ of a buffer containing a soluble

starch (product of Wako Pure Chemical Industries, Ltd.,
' final concentration in the reaction system: 0.5%) dis-
solved therein, 0.1 m¢ of an enzyme solution was

added, followed by the reaction at 40°C for 30 min.

g T

5 After the reaction, reducing sugar was gquantitatively



and anmoni um acetate. Exanples of the carbon sources 20 I ncl ude
sol ubl & starches, insoluble starches, anyl opec- ~, tin,_glycogen,
pull ul anland ol i gosacchari des obtai ned by the partial degradation
t hereof , jassinm | abl e carbon sources such as glucose, naltose,
arabinos?, xyl ese, ri bose, mannose, fructose, gal actose, malt
sugar, 25 sucrose, lactose, trehal ose, mannitol, sorbitol and
-9- gliycerol and assim | able organic acids such as acetic aci d.
In additilon, inorganic salts such as phosphit€s, magnesi um sal t's,
calcium galts, manganese salts, zinc salts, cobalt salts, sodium
salts and potassiumsalts 5 and, if necessary, inorganic and organic
trace soyrces analyzédbperdlded-afi nieedraliieyl e a&da UDNS) method.
I n accordance with general sanpling and purifying means for
enzynes, :the |iqubégenibed keppeaef eaXly amkltase, of the DNS tieagentg, wabke
target substance can be sanpled fromthe 10, cells so cultured and then
purified| Nanely2dgpd §p-1.0 mt of theopeaghin UL afelloMsReBYf rom t he
cul ture nedi um

color develdpment under heating at 100°C for 5 min.
5 After being allowed to cool down, the reaction mixture-
was added with 4.0 m¢ of deionized water for dilution
and was subjected to colorimetric determination at a
wavelength of 535 nm. As the titer of the enzyme, the
amount of the enzyme which formed reducing sugar equiv-
10 alent to 1 #ﬁol of glucose in one minute was defined as
. one unit (1U).
(Various Enzymatic properties)
(1) Action
The-liquefying alkaline a—-amylase according to
L5 the present invention hydrolyzes a-1,4-glucosidic
linkages in starches, amylose, amylopectin and partial
degradation products thereof. It however does not act
on pullﬁlan.
Its actions on various substrates are shown in

20 Table 1.




by an ordinarily-enployed solid-liquid separation neans such as
céntrifugal separatlon or filtration, whereby t he correspondi ng
crude enzyne can be obtained in the formof a solution. The crude
enzynme sdl ution can be used neat. It can also be used as a
purified{enzyme after being separated by a separation neans such
as - salting out, solvent precipitati®om ultrafiltration or

gel filtrjation as needed and then, making use of its 20 hi gh

i soel ectric point, subjecting the crude enzyne so separated to
purification and crystaHf&g%f(¥1 by gel | soel ectric focusing

el ectrophoresi s, density gradient | soel ectric focusing

el ectrophoresi s, onR—exchange chrnﬂnfngtﬂphyge$ t-he—i-ke—=25

The [err]:-anyl ase] of the present i nvention Relative
-10- t pi ned has Sapsdpdaitteum pH in ano'é?in )lantemrnar gecthzstw

hi gh randon1degrad|ng property - which neang that is (¥)of a

el ying e T S T T PO g e
[err]-anyl ases. A xmsioset{amrn) 0.25 92.3
: Amylopectin (corn) 0.25 86.6
Amylopectin (potato) 0.25 85.1
Glycogen (oyster) 0.25 73.2
Dextrin : 0.25 0.0
Dextran 0.25 0.0
Pullulan , 0.25 0.0

(2) Acting pH and optimum pH
It acts in a pH range of from about 5.0 to 11.0
and its optimum pH is 8.0-9.0 (Fig. 1).
(3) pH Stability
5 It is extremely stable in a pH range of from 6.5
to 10. Even in a pH range of from 5 to 10.5, it
retains at léast about 50% of its activity (FIG. 2).
(4) Acting temperature range and optimum temperature
It acts in a broad temperature range of from 20

10 to 80°C and the optimum temperature is 45-55°C (FIG.

3)’
(5) Thermal stability
j - Conditions for the inactivation of the present

enzyme were studied by changing the temperature at pH



wi |l next be nade of various enzymatic properties of t he

| rquefying al kal i ne [err] anyl ase of the present inven- ' tion
obt.ai ned [USTTHg strains of "BaciTlus sp. KSM AP1378 (FERM BP—3048)
10 ' Incidentally, an enzynme activity was neasured usi ng
the follgw ng buffers, each 40 M in accordance wi th the net hod
descri bed bel ow. pH 4-6 acetic acid buffer
pH 6-8 tris-hydrochloric acid buffer 1513 - pH 8-11
gl yci ne-sal t - sodi um hydr oxi de buffer pH 11-12 potassi um
chl ori de-sodi um hydr oxi de buf f er
Measuring method ef st Bgaetzyaingtityitor (IR ATHuCEBNAL Odach temperadinradly| ase
activity ‘by DNS net hod): 20 To 0.9 m of a buffer contalnlng a
sol ubl e ,i 3sanachegpibdutt wis VEkundPiice béhertteahel noekaklieup Itod.
final concentration in the reactlon system 0.5% dis- sol ved
therein, 0.1 m of9%&h @Ane )sol uti on was added, followed by the
reactionlat 40[err 5 After the reaction, reducing
sugar was quantlté%? &P@ecular weléh

5 Its molecular weight is 50,000 * 5,000 as

{ measured by the sodium dodecyl sulfate polyacrylamide
| gel electophoresis (FIG. 5).
(7) Isoelectric point
Its isoelectric point is abouﬁ 9.2 as measured by
0 - isoelectric focusing elecfrophoresis. p
f (8) Effects of metal salts
It was treated at 50°C for 15 min. in each of
reaction systems which contained the various metal
salts shown in Table 2, respectively, whereby their ef-
L5 fects were studied. As a result, the enzyme according
to this invention was found to be extremely stable to
metal ions commonly contained in taﬁ water such as X,

Nat, ca?*, Mg?t, Mn2t, Ba2t, Fe2*, Fe3* ana a13+.

20




e

anal yzed by the 3,5-dinitrosalicylic acid (DNS) nethod. Descri bed
specifically, 1.0 mM of the DNS reagent was = = added ta-1.0.pl.-of the
¢ reactionrixture, followed by col or devel opnent under heating at
100[err]g for 5 mn. 5 After being allowed to cool down, the
reactionfm xture was added with 4.0 ml of deionized water for
diJution and was subjected to colorinmetric determnation at a
. wavel ength of 535 nm As the titer of +tHel enzyne, the anount of
t he enzyre whi ch fornmed reduci ng sugar equiv- 10 alent to 1 pnol of
gl ucose tn one mnute was defined as one unit (1U).
(VariousiEnzymatic properties) . (1) Action The
i quefying al kaline [err]-anylase according to 5 t he present
invention hydrolyzes [err]-1,4da8ldiGosidic | i nkages in starches,
anyl ose, janyl opectin and parti al degradati on products thereof. It
however does not—aet A—peH-H-ah- Its actions on
various gubstrates are shown in | . Residual
Metal salt é%ncentrZ@Qkﬁ activity
(mM) (%)
KCe 50 112.0
NacCe 50 109.1
cacCe, 1 96.8
CuCe, 1 102.9
CoC¢, 1 62.5
MncCe, 1. 116.9
BacCe, 1 / 108.7
; Nice, 1 27.2
cace, 1 19.5
HgC¢, 1 0.0
MgC¢t, 1 106.7
FeC¢, 1 114.4
FeCtq 1 93.2
ALCe, 1 101.5
(9) Actions of surfactant
Even when treated at 40°C for 30 minutes with
0.05% solutions of various surfactants such as sodium
linear alkylbenzenesulfonate (LAS), alkyl sulfate ester
sodium salt (AS), polyoxyethylene alkylsulfate ester
sodium salt (ES), sodium alkylsulfonate (SAS), soap and

! polyoxyethylene alkylether, it was almost free from ac-

tivity inhibition.



~

25 - 12 -

Table 1 o .. Relative
Subst r at €f Concentration activity ~ Soluble starch

(pot ato) | 0. 25 100.0 Anyl ose (corn)

0. 25 92.3 Anyl opectin (corn) 0. 25

86.%6 Anyl opectin (potato) 0. 25 85.1

G ycogen [oyster) 0. 25 - 15 J3.2 Dextrin

0. 25 0.0 Dextran 0. 25

0.0 Pul | ul an 0.25 0.0 (2)
Acting pH and opti mum pH ) It acts in a pH range of from about
5.0 to 11}0 (10)aﬁudr?%Y%b¥iﬁ&ﬁﬁrﬂfiﬁ$QEQQ-9.O (Fig. 1). (3)
pH Stabiltty 5 t is.extrenely stable in H range of from6.5
to 10. Elen in a pH rahg8 %?gﬁ%#(%oq oral'tyf §,failc’f:'%""*”'gle‘I‘glveda1 arch is

about 32%. In addition, it degrades amylose

; (polymerization degree: 117 glucose molecules) to
%5 glucose (Gl), maltose (G2), malto triose (G3), malto
| tetraose (G4), malto pentaose (G5) and malto hexaose
(G6) .
(11) Analysis of N~terminal amino acid segquence
The N-~terminal amino acid sequence of the present
0 . amylase was determined by Edman degradation [Edman, P.,
Acta Chem. Scand., 4, 283 (1948)] with a protein se-
quencer (model 477A manufactured by ABI Corp.). As a
result, it was found to have, in the N-terminal régibn,
a common seguence (Asn~Gly-Thr-Met-(Met)-Gln-Tyr~Phe-
L5 Glu~-Trp) specific to the 1iquef§ing amylase. Inciden-
tally, examples of literatures on the N-terminal region
of the liguefying a-amylase include J. Biochem., 98,
1147-1156 (1985) and J. Biochem., 98, 95-103 (1985).
Each detergent cﬁmposition according to.the pres-
20 ent invention may contain the above-described liguefy-

ing alkaline a-amylase in an amount of 1-10,000 U/q,

more preferably 5-5,000 U/g, most preferably 10-

1,000 U/g in terms of the activity for the degradation

of potato-derived soluble starch.

25 Each detergent composition according to the pres-



retains at |east about 50%of its activity (FIG 2). (4) Acting

tenperature range and optinmumtenperature____ It acts_in_a broad
tenperatufe range of from20 10 to 80[err]C and the optimm
tenperatufe is 45-55C (FI G 3). : (5) Thermal stability
Conditionp for the inactivation of the present enzynme were studied
by thangi hg the tenperature at pH

- 13 - 8.5 and treating it for 301ﬁ1nutes at each tenperature.

As a result, it was found to be extrenely stable up to 50[err]C
(FIG -4). (6) Molecular weight 5 Its nol ecul ar wei ght
I's 50,000 5,000 gat 1nvent10ﬂﬁé§HrfﬁE€HéﬁfE%ﬁ%&QhUthﬁﬂeééieﬁééﬂﬁﬂébm—

pol yacryl am de - gel el ectophoresis (FIG 5). (7)

| soel ectric point ponents, which will shé soadmgatifiiedpbebbwi s about 9.2 as
measured by 10 . isoelectric focusing el ectrophoresis. (8)

Effects of nmetal daltSurfactants
Illustrative surfactants include anionic surfac~

'5 tants such as linear alkylbenzene sulfonates each of
1 which contains at least one alkyl group having 10-16
carbon atoms on average, alkylethoxy sulfates each of
which contains at leaét one linear or branched alkyl
group having 10-20 carbon atoms on average and has 0.5-
AT 8 moles of ethylene oxide added per molecule, alkylsul-
fates each of which contains at least one alkyl group
having 10~20 carbon atoms on average, olefinsufonates
containing 10-20 carbon atoms on average per molecule,
alkanesulfonates containing 10-20 carbon atoms on aver-—
15 age per molecule, the methyl and ethyl esters of a-
sulfo-fatty acids containing 10-20 carbon atoms on
average per molecule, higher fatty acid salts having 8-
20 carbon atoms on average and alkylether carboxylates
each of which contains a linear or branched alkyl‘group
20 having 10-20 carbon atoms on average and has 0.5-8
moles of ethylene oxide added per molecule; nonionic

surfactants such as polyoxyethylene alkyl ethers each

of which contains at least one alkyl group having 10-20

carbon atoms on average and has 1-20 moles of added

25 ethylene oxide, higher fatty acid alkanol amides and



It was treated at 50[err]C for 15 mn. in each of reaction systens
whi ch. cont ai ned the various netal ~_salts_shown in Table-Zymm—- ¢
respeet ively, whereby their ef- 15 fects were studied. As a result,
t he enzyne according to this invention was found to be extrenely
stable to nmetal ions commonly contained in tap water such as K+,
Na+, Ca2+, M2+ M2+, Ba2+, Fe2+, Fe3+ and Al3+, 20
14 - Tabl e 2 - 17 - :

- Resi dual Met al salt (mMV)activity Kd 50
112.0 ! NaCl 50 109.1 Cad [err]

1 i 96
Codl [erq] algyleﬁe—o§¥gl[§ﬁé4%£fE;hereof,hﬁaf[g??¥lené£g§fhe §P-

116-9 ngg%%ErLf pr%ﬁ%%?gﬁE?xide-propylégg-alycol c&%ﬁ%#i?ﬁds

which are known in the name of "Pullulonic"; betaine
type amphoteric surfactants; sulfonic-acid-type .
amphoteric surfactants; phosphate ester type surfac-
! tants; amino acid type surfactants; and cationic sur-
i factants.

These §urfactants.may be added in an amount of
0.5-60 wt.% (hereinafter referred to merely as "%") to
the detergent composition. Described specifically,
they can be added in an amount of 10-45% in the case of

powdery detergent compositions and in an amount of 20-

50% in the case of liquid detergent compositions. When
i the detergent composition according to the present in-
vention is a bleaching detergent or a detergent for
automatic dish washers, these surfactants may be added

usually in an amount of 1-10%, with 1-5% being

preferred.

(2) Divalent metal ion scavengers

Examples.of divalent metal ion scavengers include
condensed phosphates such as tripolyphosphates, pyr-
rophosphates and orthophosphates; aluminosilicates such
as zeolite; layered synthetic crystalline silicates;

nitrilotriacetates, ethylenediaminetetraacetates,

citrates, isocitrates and polyacetal carboxylates.



“ga [err] 1 0.0 MyCt 2 1

106.7 ° Fed [err] 1 114.4 Fed . err] .

1 . F'"‘ 93.2 A dTerr] 1 101.5 (9)
Actions ¢f surfactant Even when treated at 40[err]C for 30 m nutes
with 0.Q05% sol utions of various surfactants such as sodium |inear

al kyl benzenesul fonate (LAS), alkyl sulfate ester sodiumsalt (AS),

pol yoxyetlhyl ene al kyl sul fate ester sodium 38It (ES), sodium al kyl sul fonate
(SAS), soap and pol yoxyethyl ene al kyl ether, it was al nost free from ac-
tivity inhibition. - 15 -

(10) Hyarolysis rare of rhbdtClivalent metal ionl22a42ALA0ALAP 8! Sadla

pot at o- deri ved starch IS I on degra es

anyl ose ! (ipolaimambaati en 69562? pPdfierdinigose 4Rl ecut €58 Hhdre 5
glucose (@), maltose (&), malto triose (&), malto
desired to use a phosphorus-free divalent metal ion

| scavenger.
.5 (3) Alkali agents and inorganic salts
| Examples of these include silicates, carbonates,
sesquicarbonates, sulfétes and alkanol amines.

They may be added in an amount of 0-80%,
preferably 1-40%.
10 E (4) Resoiling preventives

Exemplary resoiling preventives include
polyethylene glycol, polyacryiates, polyacrylic acid
copolymérs, polyvinyl alcohol, polyvinyl pyrrolidone
and carboxymethylcellulose. Some resoiling preventives
0.5 also serve as divalent metal ion scavengers.

They may be added in an amount of 0-10%,

prefexrably 1-5%.

{5) Enzymes

i Exanples of enzymes include céllulase, amylases
?0 other than liquefying alkaline a-amylase, lipase,

| hemicellulase, pg-glycosidase, glucose pxidase,
cholesterol oxidase and protease.

(6) Scavengers or reducing agents for available

chlorine in tap water

25 Examples of scavengers for available chlorine in-



ltetraose (&), malto pentaose (G5) and malto hexaose (36).
(11) Anal ysis of N-ternminal _anino acid seguence The . .
N-term nal am no acid sequence of the present 10 anyl ase was
determ ned by Ednman degradation [ Edman, P., Acta Chem Scand., 4,
283 (1948)] with a protein se- qguencer (nodel 477A manufactured by
ABI+ Corp.). As a result, it was found to have, in the N-term nal
regi on, a common sequence (Asn-Qdy-Thr-Met-(Met)-Ad n-Tyr-Phe- 5
G u-Trp) specific to the liquefying anyl asel9 knciden- tally, exanples of
literatures on the N-termnal region of the Iiquefying
[err] - anyﬁase I ncl ude J. Biochem, 98, 1147-1156 (1985) and J.

Bi h 98, 95-1 198 d it
Seoording| Lo the Fruge’ SBRbhiun SRIERTeeNTely HNARGIS YARaRioridd)’

above-descri bed | d [&eama®y! a8 bE anmount
of 1-10, 000 U g, bqaﬁ&&lnengﬁgbg?%¥erag?gﬁ& %ﬁé 3 most bre?ggably 10-

1,000 U g in ternmgiokitee mehb¥thinblamikhe, cuémaﬁatdlamme, triet®dnol-
pot at o-defri ved sol uble starch. 25 Each detergent conposition
accordingl to the pmdme, amino acids typified by glycine and sodium - 16 -
5 glutamate, proteins such as bovine serum albumin and
casein, prgtein hydrolysate, meat extract and fish meat
extract. |
Illustrative reducing agents include alkaline
metal salts and alkaline earth metal salts such as
1o ! thiosulfates, sulfites and dithionites. Rongalit C.
Sulfites are particularly preferred, because they can
stabilize enzymes in washing liquids.
(7) Bleaching agent
. Illustrative bleaching agents includes percar-
15 bonates, perborates, sulfonated zinc phthalocyanates or
sulfonated aluminum phthalocyanates and hydrogen
peroxide. For a bleaching detergent, sodium percar-
bonate is particularly effective. These bleaching
agents may be added in an amount of 1-95 wt.%, more
20 preferably 5-95 wt.%, particularly 20-95 wt.%.
(8) Fluorescent dyes
Fluorescent dyes ordinarily employed in

. detergents.

(9) Solubilizing agents

25 For liquid detergents, solubilizing agents ex-~
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I nsuf onat e . cont ai ni ng 10-20 carbon
g%?%@uﬁ%iow can'be™ e@ﬂ%&!ﬁgSUIfonates cont ai ni ng 10- 20

OB ON aver-  rower alcAgS)PUudiPlLCWthanbie 1BLEY!a AWl
[err]- sulfo-fatty acids contalnlng 10- 20 carbon atons

aver agfepenlfbhates esudh ghebdmiene salldonatés awmyipyg 8-
atons on average and al kyl et her carboxyl at es each of
tai ns a [tiodugneosubfanatesi And Ipayeds sach as propwiene 10- 20
o] a0 30e] average and has 0.5-8 nol es of et hyl ene oxide
%ol ecul LYR@Ai-oni ¢ surfactants such as pol yoxyet hyl ene
lers each contains at | east one al kyl group
- 20 - (10) oghe %é% ons on average and has 1-20 nol es of added

Furthermore, each detergent composition according

ons on aver

aver age SEP1

to the present invention can contain at need one or
more of coﬁmon detergent components such as
conventionally-known perfumes, caking preventives, en-~
zZyme acfivators, antioxidants, antiseptics, colorants,
blueing agents, bleaching activators, enzyme stabi-
lizers and phase adjusters.

Each deiergent composition according to the pres-
15 ent invention can be produced in a manner known per se
in the art by using the liquefying alkaline c—amylase
and one or more of the above-described known detergent

components in combination. The form of the detergent

can be chosen depending on the application purpose.
Exemplary forms include liquid, powder and granules.
The detergent composition according to the present in-
vention can be used as a laundry detergent, bleaching
detergent, automatic dish-washing detergent, drainpipe

cleaner, artificial teeth detergent or the like. It is

25 suited especially for use as a laundry detergent,



29, .ethyl ene oxide, higher fatty acid al kanol am des and

- 17, - al kyl ene- oxi de adducts thereof, and ethyl ene-oxide ad- ducts of
propyleneradee propyl ene gl ycol condensates which are known in the niane
of "Pullulfonic"; betaine type anphoteric surfactants; sulfonic-acid-type
anphoteri ¢ surfactants; phosphate ester type surfac- tants; amno acid
type surfactants; and cationic sur- factants. These surfactants may
be added iftn an anount of 0.5-60 w.% (hereinafter referred to nerely as
"%) to he detergent conposition. Descri-bgd specifically, they can be
added in an anount of 10-45%in the case of powdery detergent conpositions
and in aniamunt of 20- 50%in the case of |iquid detergent compositions.
Wien the detergent conposition according to the present in- vention is a
bleach|ng;deterQKHHIQiCh§ﬂ$e@@¢g€ﬁ?nto?r automttic ddisbnwagbhBEs, these
surfactants may bed_‘_zatdedx%c‘lan usually in an amount of 1-10% wth 1-5% bei ng

Examples
The present invention will next be described in
5 more detail by the following examples. It should how~
ever be borne in mind that this invention is by no
means limited to or by the examples.

Example 1

Oon a med;um containing 1? of soluble starch

Tl (potato-derived), 1.0% of polypepton, 0.5% of yeast ex-
tract, 0.1% of KH,PO,, 0.25% of NajHPO,*12H,0, 0.02% of
MgSO, *+7H,0, 0.02% of CaCly+2H,0, 0.001% of FeSO,+7H,0,
0.0001% of MnC{,+4H,0 and 1.0% of Na,CO5, the strain
Bacillus sp. KSM-AP1378, which is described in Exaﬁple 1
15 of Japanese Patent Laid-Open No. 108482/1991, was cul-
tured aerobically at 30°C for 3 days under shaking.

The cells were removed from the culture medium, whereby
a supernatant was obtained. Ammonium sulfate was then
added to the supernatant to give 20% saturation, fol-
20 lowed by stirring at 5°C for 2 hours to precipitate
protein. The protein so precipitated was removed by

centrifugation. Ammonium sulfate was further added to

the resulting supernatant to give 40% saturation, fol-
lowed by stirring at 5°C for 12 hours to precipitate

25 protein. The precipitate was collected by centrifuga-



-

'“brefer[ed. (2) Divalent nmetal ion scavengers Exanpl es of dival ent
metal ion scavengers include condensed phosphates such as
tvipol yphbsphates, pyr- rophosphates and orthophosphates; al um nosilicates
such as geolite; layered synthetic crystalline silicates;
nitrilotr|acetates, ethylenediam netetraacetates, citrates, isocitrates
and pol yatetal carboxyl ates. -

18 - | These divalent netal ion scavengers nmay be added

in an anmount of 0-50% preferably 5-40% Ft2Rs-nore desired to
use a phosphorus-free divalent netal ion scavenger. 5 (3)
Al kali agents and inorganic salts Exanpl es of these include

S 0SSR, A DONGER: g eepanoE T £ F P W SRes BB REoBDE, ALt
preferably 1-40% pukRer (pu(8), ReSPibVE® WY &¥lYs4@S against the buffer
' for 24 hours. The retentate was thereafter frac-
tionated by gel filtration (TSK-G3000SW column) on a

5 high-performance liquid chromatograph, whereby active
fractions were collected and combined. The active
fractions. so combined were concentrated using an
ultrafiltration membrane, followed by dialysis against
a 10 mﬁ tris-hydrochloric acid buffer (pH 8) overnight.
}o b As a result og sodium~dodecylsulfate (SDS) polyacryl-

| amide gel electrophoresis (gel concentration: 7.5%),
the purified enzyme was obtained at a single band.

The yield of the active fractions was about 6.4%.

The enzymes so obtained had the enzymatic
15 properties as described above.

Example 2 |
| | A detergent containing the liquefying alkaline a-
! amylase according to the present invention and a
detergent containing a conventional eniyme having a-
?0 amylase activity was compared in detergency. Inciden-
tally, the preparation method of the DNS reagent, the
measuring and calculation methods of enzymatic ac-
tivity, the preparation method of soiled fabrics ana
the determination method of detergency, which will be

25 referred to subsequently herein, will be described be-~



Exenpl ary resoiling preventives include pol yet hyl ene gl ycol,

pdl yacryl at es, pol yacrylic acid _copolyners, polyvinyl. alcoho
pol.yvi nylFpyrrol i done and carboxynethylcellulose Sone re50|I|ng
preventives 15 al so serve as divalent nmetal ion scavengers.

They may |be added in an amount of 0-10% preferably 1-5%

(5F Enzynes Exanpl es of enzynes include cellul ase, anyl ases
20 ther than |iquefying al kaline [errpR3anyl ase, |ipase,

hem cel | ul ase, [err]-glycosidase, glucose oxidase, ' chol estero

oxi dase and pr ot ease. (6) Scavengers or reducing agents for

avai |l abl e chlerine in tap water 25 Exanpl es of
scavengers for avdi®bl e chlorine in-

- 19_-_ - ﬁgfgygr@@qgglMg{ﬁg&f@iethénﬁﬁg gy*@ghqhne hydr ochl ori de,
guani di ne car bonate, guani dine sul famate, thiourea
In 200 m¢ of Geionized water, 16 g of sodium

hydroxide were dissolved. DNS (5 g) was gradually
is added to and dissolved in the resulting solution.
After DNS had been dissolved completely, 300 g of
sodium potassium tartrate were added. After they were
diséolved completely, deionized water was added in a
volume to give a total volume of 1,000 me.
L0, - {Measuring method of .degradation activity on soluble

starch (determination of an amount of c-amylase to be

added) ]

(1) Substrate

; . A 0.5% équeous solution of potato-derived soluble
}5 starch (pfoduct of Wako Pure Chemical Industries, Ltd.)
i (2) Preparation of a subétrate solution
’ In 100 m¢ of deionized water, 1.0 g of the
§ potato-derived soluble starch (product of Wako Pure
i Chemical Industries, Ltd.) was dissolved.
Fo (3) Enzyme assay

| In a test tube, 0.5 m¢ of the substrate solution
was charged, followed by the addition of 0.4 m¢ of a

? 50 mM phosphate buffer (pH 7.0) and 0.1 m¢ of a
1 suitably-diluted enzyme solution. The reaction mixture

;5 was incubated at 40°C for 30 minutes. After the com-



d|0X|de nonoet hanol am ne, di et hanol am ne, triethanol - am ne,

am no aci ds typified by glycine and sodium__5 . ___glutamate,_protejns.such
as bOV|né serum al bumi n and ' casein, protein hydr ol ysat e, neat
extract and fish meat extract. [llustrative
reduci ng jagents include al kaline nmetal salts and al kaline earth
nmetal salfts such as 10 t hi osul f ates, glfltes and dithionites.

Rongal it 'C Sulfites are partlcula fy preferred, because they can
stabilize enzynes in washing |iquids. (7) Bleaching agent
II'lustrative bl eaching agents includes percar- 5 bonat es, :
perborates, sulfonpaleatdicsr oF RhehakacyabA] €5 MY of the DNS sm&afgmai aghsal um num
pht hal ocyanat es and hydrogen peroxi de. For a bl eaching detergent,
sodi um per car - added tbomaeerbscpéonimt*uutq.dkﬂéoubdebyThhsedQVebgm&ng
agents may be added-in an anount of 1-95 w.% nore Ereferabl

5-95 wt.% parti cd‘!eé?r‘? P2 @ §91RF. %‘ boiling waf(esﬂ) eruGP‘é§EéXt d?é%“tes-

o i1 mo. qencasteledoty Tyt opror aeys BHBRICT Rs, ppprrion,

agents exrs

mixture was allowed to cool down in an ice-water bath

and then added with 4 m¢ of deionized water. They

were mixed thoroughly and the absorbance of the sample

at 535 nm was measured promptly.

(4) Preparation of blank

10 - In a test tube,. 0.5 m¢ of the substrate solution
was charged, followed by the addition of 0. 4 mé of a
50 mM phésphate buffer (pH 7.0) and 1 m¢ of the DNS

. reagent. The resultant mixture was subjected to'color

development in boiling water for exactly 5 minutes.

15 Immediately after the color development, the reaction
mixture was allowed to cool down in an ice-water bath
and then added with 4 m¢ of deionized water. They
were mixed thoroughly and the absorbance of the blank
at 535 nm was measured promptly.
2O (5) Preparafion of a calibration curve

In a test tube, 0.5 m¢{ of the substrate solution
was charged, followed by the addition of 0.4 m¢ of 50

‘mM phosphate (pH 7.0). To the resulting solution, 0.1

m¢ of a glucose solution for a calibration curve was

?5 added to give a glucose concentration of 260-1500 uM.



- 20 -,
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se in the art by using the liquefying al kaline
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| ude l'q@650rp9@Q§ioﬁﬂgn9fa@ﬂgegblution was allowed to cool

;5 down in an ice-water bath. The resulting solution,

after cooling, was added with 4 m¢ of deionized water,

followed by thorough mixing. The absorbance of the
solution at 535 nm was then measured promptly. On a
graph, the glucose concentration was plotted as
}0 \ abscissa and the absorbance as ordinate, whereby the
| slope of those linear plots was determined. A conver-
sion factor (F) was calculated in accordance with the
foliowing formula: u
F= [1/(slope)] x [1/15B] x [1/0.1]
15 The degradation activity against amylose was cal-
culated in accordance with the following formula:
Activity (U/litter) = § absorbance x F x '
. dilution rate .
| (6§ absorbance = the absorbance of sample - the
absorbance of blank)
20 [Preparation method of a fabric artificially soiled

with curry)

A curry ("Bon Curry Gold, medium hot", trade
j name; product of OTSUKA SHOKUHIN CO., LTD) was chopped
% in a mixer. A cotton fabric was brought into contact

ES with the chopped curry and then brushed to remove any



T

The detergent conposition according to the present in- vention
can be used as a laundry detergent, bl eaching 6 det ergent. ...
aut omat i & A" sh-washi'ng detergent, drainpipe cl eaner, artificia
teeth detergent or the like. It is 25 suited especially for use as a
| aundry dletergent, - 21 -
bl eachi ng detergent or automatic di sh-washing det er gent.
Exanpl es The present investi-on will next be described in
5 rore detail by the follow ng exanples. It should how
ever be borne in mnd that this invention is by no means limted
to or byithe exa es, a nmedi um
containi g 1% o?’mélo ﬁ%’l”e”yst af ER™ Eﬁgn?ggr%?‘pojt%t%“— d‘erllovecg) ,1:8%;0% of
pol ypept gn, 0. 3% e/ fRAMe &4t out. tract, 0.1%of KH2P(J err], 0.25% of
Na2HP( er|r] . 12H err] O, 0. 02% of MySqO err]. 7H20, 0. 02% of
Cad [ err]|. 2H erpEv@lvatidi/meithbaSofcdeterdincy ) 0. 0001% of
WnCl [err]|. 4H20 and 1.0% of Na2C(O3, the strain

The 460 nm reflectance of the cotton fabric be-

| fore the soiling and those of the soiled piece before
and after washing were measured by a self-registering
colorimeter (manufactured by Shimadzu Corporation) and
the detergericy was evaluated from the detergency (%)
calculated in accordance with the following formula:

(reflectance _ reflectance
i after washing before washing)
. Detergency (%) = X 100

reflectance of unsoiled cotton
fabric - reflectance before washing)

[Preparation of a liquid detergent]

A solution having a 5-fold concentration éf the
composition shown in Table 3 was prepared, followed by
the pH adjustment to 7.0 with 1N hydrochloric acid.
The pH-adjusted solution was diluted with deionized

. water to give the concentrations as shown in Table 3,

whereby a liquid detergent having pH 7.0 was obtained.




v
Bacil lus sp. KSM AP1378, which is described in Exanple 1 15 of
JdpaneSe Patent Laid-Open No. 108482/1991, was cul- tured . .
aer.obi callTyat 30[érrTC for 3 days under shaking. The cells were
removed fromthe cul ture nmedium whereby a supernat ant was
obt ai ned.l] Amoni um sul fate was then added to the supernatant to
gi ve 20%jsaturation, fol- 20 lowgd by stirring at 5[err]C for 2
hours to|precipitate protein. The protein so precipitated was
removed by centrifugation. Ammonium sulfate was further added to
the resulting supernatant to give 40% saturation, fol- | owed by
stirring at 5[err]C for 12 hours to precipitate 25 protein. The
precipitqte was col |l ected by centrifuga-

- 22 - Tablet Bon and suspended in a 10 nMtris-hydrochloric acid
buffer (pH 8), followed di al ysi s agai nst the huffer f 24
hour s. Tge retentate ma58¥ﬂ8P8§¥§er frac- %mogp&ngggadb&wséff
filtratign (TSK-G3000SWcolum) on a 5 hi gh- performance |iquid
Cth”Btoqfaph1 Weaiehy cashirtgctant *1 20
| Anionic surfactant *2 20
Citric acid 5
Monoethanolamine 5

Polyethylene glycol (average molecular
weight = about 10,000) 1

Ethanol ; . 5.0
3 Water ' balance
Total 100

*1: Polyoxyéthylene alkyl ether in which the average
number of carbon atoms in the (linear) alkyl
group was 12 and the number of moles of added
ethylene oxide was 7.

*2: Sodium polyoxyethylene alkylsulfate having linear

- Cy2-14 alkyl groups and 2.5 moles on average of

added ethylene oxide.

! To each of 1 ¢ portions of 4° DH water, 1.3 m¢
of the liquid detergent so obtained were added. Vari-

ous c-amylases were added to the resulting solution at



“fractions were collected and conbined. The active fractions. so
combi néd were concentrated using an ultrafiltrati on nmenbrane, _followed
by .di al ygrsagainst™™ """ "a 10 nMtris- hydrochloric acid buf f er (pH 8)

over ni ghtt.
_am de ge

fraction
enzymati c

As a result of sodium dodecylsulfate (SDS) pol yacryl -
el ectrophoresis (gel concentration: 7.5%, 10 the purified
s obtained at a single band. The yield of the active
was about 6. 4% E%ﬁ_enzynes so obtai ned had the
e

15 properties as describ above. Exanpl e 2

A detergent containing the liquefying alkaline [err]- anyl ase

accordi ng
conventi o
det ergenc

to the present invention and a detergent containing a
nal ernlyrﬁ‘a- Q»a\tremyq:tivmy, to ghyeaaw enzyme cpngeptratpaened in
y. Incide t he preparation nmethod of_ the DNS
the ©of 156 %aéUPFﬁg ’é‘hﬂ %%Wiﬁ'éiﬂ SRIHELABARY ofhePAfHat i ¢ ac-

I Vi ,, he pre aratl t hod of soi.led fabrics
determ’natlop P %?ﬁ ergancy . 2 gcﬁnaw?T %ﬁﬁgg%g becau?gfég?eam?ff

subsequen

}Iy heéflphevgééeén%ﬁ¥§%a’s%ﬁ%tggn was actually as little as
% 1 m¢ or less). Each fabric artificially soiled with

% the curry was dipped in 1 ¢ of one of the detergent
solutions which had been adjusted to 30°C. The
detergent solution and the fabric dipped therein were
left over for 30 mihutes and were then transferred, as
were, to a stainless steel beaker (1 ¢) for a Térg-o-
Tometer. They were stirred at 20°C and 100 rpm for 10
ninutes on the Terg-O-Tometer. After the fabric was

rinsed thoroughly with running water and then ironed,

its reflectance was measured, thereby determining the

i percgnt detergency of the detergent. The results are

| shown in Table 4. As is apparent from Table 4, the
detergent containing the liquefying alkaline a-amylase
of the present invention had superior detergency to the
detergents added with the conventional e—amylases,

respectively, even if they had the same activity.




] ow.

200 nk of deionized water,
di ssol vge—DNS (5 g) was“gradually 5

[ Preparation Method of the DNS Reagent]

résul ting sol ution

of

activit

volume of 1,000 m. 10

16 g of sodium___ .

e hydl’ oxi.de.-were - -
added to and dissolved in the

In

After DNS B&d been dissol ved conpletely, 300 g
sodi um potassiumtartrate were added. After they were
di ssol vdd conpl etely, deionized water was added in a
gi‘'ve a tlota

volune to

t on solfuble

a-amyl ase to bd &

0. 5% aqueous sdl §t.i.d
of Wako Pure
substrate sol utj n

t he

Chem cal | ndustjies,

In a test tube,
fol | oned! by the
(pH 7.0)1and .O.
reaction, m xtur

|
4
I

Table 4

starch (determ nation of

an anpunt of

[ Measuring nmethod of degradation

added) ] (1) Substrate
n of, potato-derived solubleLn 15 starch (product
eM®dl 1QdustBies2Ltdd) B B (B |Preparation of a
In 100 m of deionijzed water, 1.0 g of
ofgat d- derived sol uble starch (product df Wako Pure
Ltd.) was dissol ved. 20 (3) Enzyne assay
0. 5 mM of the substrate solution was charged,
adiftion of 0.4 i of m © 50 niM phosphate buffer
1 i of @ o 5 suid abl & di | yted erlzyme solution. The
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25 was incubated at 40[err]C for 30 m nutes. After the com

- 24 - pletion of the reaction. 1 m.  of the DNS reagent was.
added to’—ﬁf reaction mxture, followed by t he devel op- ment of a
color iniboiling water for exactly 5 m nutes. | medi ately after

t he col or| devel opnent, the reaction 5 m xture was allowed to coo
down in gn ice-water bath and then added with 4 nml of deionized
wat er. They were m xed thoroughByY and t he absorbance of the sanple
at 535 nm was neasured pronptly. (4) Preparation of blank 10

In a test tube, 0.5 m of the substrate sol ution was charged,

fol |l owed by the addltl03lé))}‘\lgg,L,_if}e(r.pf](_;g‘”P éwéﬁ?” 5 regk%? ﬁpga e buffer

(pH 7.0) and 1 m of th ture was

subj ected to col or ndovs ognﬁ&ieéﬁmo'démtw@tfesbage exactly 5
m nutes. : 15 | medi ately affer the col or devel opnent, the reaction

m xt ure Was al l owed to cool sdQonoi (the amerasd elcdaaiding to the and then
added with 4 m of deionized water. They
E present invention).
(2) Derived from Bacillus subtilis (prqduct of
Wako Pure Chemical Industries, Ltd.).

(3) Derived from Bacillus sp. KSM-AP1378 and
having a molecular weight of about
200,000 (the enzyme disclosed in Japanese

4 Patent Laid-Open No. 108482/1991 and
héving both pullulanase activity and
a-amylase activity).

(4) Derived from Aspergillus oryzae (product

of Sigma Chemical Co., Ltd.)

(5) Derived from porcine pancreas (product of
Sigma Chemical Co., Ltd.)

(6) Derived from Bacillus licheniformis

; ("Termamyl", product of Novo Industry

| A/8)

i Example 3

Detergent particles which were prepared in the
manner described below and a granulated product of
alkaline oc-amylase were dry-blended, whereby granular
detergents having compositions shown in Table 5 were

prepared, respectively. Their detergency was



A~

were m xed thoroughly and the absorbance of the bl ank at 535 nm
« was neasur ed pronptly. 20 (5) Preparation of a_calibration.curve
In_a tesrTube, 0.5 nf” 6f the substrate sol ution was charged,
fol | owed!by the addition of 0.4 m of 50 ~mM phosphate (pH 7.0).
To the resulting solution, 0.1 m of a glucose solution for a
calibratfon curve was 25 added to give a glucose concentration of
260- 1500 pM - 31 - - 25- To
the resullting solution, 1 m of the DNS reagent was added,
foll owediby the devel opnment of a color in boil- I ng water for
exactly 5 mnutes. Imediately after the col or devel opnent, the
sol ution was al P¥ak¥atedcool 5 down in an ice-water bath. The

(rjg?lcj)lmtlzg \?vglt Lﬁ I,[ggédu“i‘mflb?@{éé %&%thggﬁ\éﬁgﬂgifw " EI'rr11e4alr)ﬂso?];:)ance of
Brgph, th'ile gl 32222' 22 Lntra I'orm was pl ot E%Héegl%éwté&ﬁsegggg and the
absorbanQe as ob@knNah&, rohRé®Yr (e components (other than a-amylase)
shown in Tab.e 5 except 10% of zeolite 44, the fluores-
cent brightener and the perfume was prepared and spray-
dried, whereby preformed detergent particles were ob-
tained. Those particles were placed in a high-speed
mixer and then granulated, followed by the addition of
' i : the remaining components, whereby a granular detergent
was obtained (other than Invention Products 3 and 6).

(2) A slurry mixture having a water content of
50% and formed of the components (other than a-amylése)
of Invention Product 3 shown in Table 5 except 10% of
zeolite 4A, the oil-absorbing carrier, the fluorescent
brightener and the perfume was prepared and ;pray-

dried, whereby preformed detergent particles were ob-

i tained. Those particles were placed in a high-speed
mixer and then granulated, followed by the addition of

the remaining components, whereby a granular detergent

was obtained (Invention Product 3).

(3) While stirring in a Redige mixer the com-
ponents (other than a-amylase) of Invention Product 6
shown in Table 5 except the nonionic surfactant, 10% of

zeolite 4A, the fluorescent brightener and the perfume,



s1 ope of those linear plots was determ ned. A conver- sion factor
(F) was calculated jn accordance with the followng formula: _
F=.[I7(slfope)) x [1/15) X [1/0.1] 15 The degradation activity
agai nst gyl ose was cal - culated in accordance with the foll ow ng
formula: | Activity (Ulitter) = 6 absorbance x F x
di lsution jrate. (6 absorbance = the absorbance of sanple -
t he absorbance of blank) 3,20 [ Preparation nethod of a
fabric arftificially soiled with curry] A curry
("Bon Curry Gold, mediumhot", trade name; product of OTSUKA
SHOKUHI N CQO. LTE» was chopped in a mxer. A cotton fabric was
brought into cdieasnipbic: sunfaftane wﬁmmmﬁlmlﬂwyaddadt hekftexisthes t o
renove any extra curry. From

the fabric, 10 a&ﬂ%lfﬁ'cﬁ‘?e%mab’i‘%‘é%scW%’edms (‘J’&Fe afged; (uheERP¥ret hod of

detergency] a granular detergent was obtained (Invention Product

|
| 6) .

(4) The liquefying alkaline a—-amylase which had
been obtained in Example 1 was granulated with sodium
sulfate and a small quantify of polyethylene glycol.
Granules so obtained were dry-blended with the granular
detergents obtained in the above (1)-(3), respectively,
whefeby granular detergents having the compositions
shown in Table 5 were obtained.

Incidentally, the average particle size and bulk

density of each of the granular detergents so obtained

! are indicated below.
] Invention Products 2, 4, 5, 7-9, Comparative
Products 7-9:

Average particle size: 400-500 pm,

Buik density: 750-780 g/cm3

Invention Product 3:

Average particle size: 400 unm,
é Bulk density: 770 g/cm3
| Invention Product 6:
Average particle size: 450 um,
Bulkldensity: 800 g/cm3

[Evaluation method)



The 460 nmrefl ectance of the cotton fabric be- fore the soiling and those
of the soiled pi ece before and after_washi ng were neasured by a.-
sel f-regystering ~ ¢olorinmet er (manufactured by Shimadzu Cor porat i on) and

t He detefgency was evaluated fromthe detergency (% calculated in
accordange with the follow ng fornmnul a: (refl ectance
refl ectapce after washipg bef ore washi ng) Detergency
(% = x 100 refl ectance
of unsoi|ed cotton fabric - reflectance before washi ng)
[ Preparation of a liquid detergent] : A solution having a 5-fold
concentration of the TeohpdH twakrersheachi graabl ar 3dekergrrapacesdb-f ol | owed

by the pH adjustment to 7.0 with I N hydrochloric acid. The pH adjusted
sol uti oniwas di Faired \Wash aRdeshi Mreﬁé(t ar °t836f‘v%q‘f?@‘%d’rﬁ3@¥t§% ons as

_Shg\;m_l n: _ Tab!r:b?’%l%tlc% evp s apzl'ép re% dei'he Q'tichww nlg }Pal_& been so qbt ai ned.

artificially with curry as in Example 2 was dipped in
1 ¢ of the detergent solution controlled at 30°C. The
i detergent solution with.the fabric dipped therein was
E left over and then transferred, as were, to a stainless
steel beaker (1 ¢) for a Terg-o-Tometer. They were
stirred at 20°C and 100 rpm for 10 minutes on the Terg-
o-Tometer. The fabric was rinsed thoroughly with run-
¢ ning water and then ironed. In a similar manner: to Ex-

ample 2, the reflectance of the fabric was measured,

thereby determining the percent detergency of the

i detergent. The results are shown in Table 5.
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Corrponent Amount added (w. % Noni oni ¢ surfactant *1
20 Anionic surfactant *2 . .20 Gtric acid.
5 , Mondgerthanol ami ne 5 Pol yet hyl ene gl ycol
(aver age inol ecul ar - 34 - weight = about 10,000) 1
Et hanol ' 5.0 Wat er
bakance Tot al 100 *1:
Pol yoxyet hyl eneatkyt—ethrer—mrwhich—the—average omTiyeT car bon
atons inlthe (I gear)oallylo n © ogoup @A 12 and the unteg of; ol es of
added , et hﬁe e o><| de was 7. *2: "Sodi um pol yoxy:eth I-s
al kyl sul flate h |81§ 1 nke erri c>aTkyr gToups andu; g rr9_|[ PS 0N
average df @ add®d &h?l &heé® oRi de o e3chi of [181]| @of ti ons of
4 DH water, 1. g% .l: - H. Vari -
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;“5'28 - . PpH 7.0, respectively, to give an enzynme concentration of 150 U |

(.note: the vol ume-up solution by the addi- tion of each enzyme sol ution
was i gnorfed because the anour of the added enzyne sol ution was actually as
little asf | m or less). Each fabric artificially soiled with the curry

was dippedd in 1 | of one of the detergent solutions which had been
adj-usted to 30C. The detergent solution and the fabric dipped therein were
| eft over| for 30 m nutes and were then trgn;%pfred, as were, to a
stainl ess; steel beaker (1 1) for a Terg-G oneter. They were stirred at
20[err]Ciand 100 rpmfor 10 mnutes on the Terg-O Toneter. After the
fabric wal rinsed thoroughly with running water and then ironed, its

refl ectance was measur e€y: t ber £0a detd Babi NYstdhHe KOW+KEIY7 iy 3RRGHOT
the detergent. The results are shown in Table 4. As is apparent from Table

4, the detergent containi agnohechlajofeiight aifkabout $@/090 afhilpeLy-of t he
present invention had superior detergency to the detergents added with the
conventional a-anyl ases, #+B@pRtfIIHS c-apyhape) RS h&PHEiC€ane activity.

activity of 3,000 U/g.

5 *2: Having 12-14 carbon atoms and has a

neutralization rate of 100%.
*3: Having an average particle size of 0.9 um.
*4: Polyoxyethylene alkyl ether
{average moles of added EO = 8,
0 | carbon atoms of the alkyl group = 12) ’
*#5: Sodium linear alkylbenzene sulfonate
(carbon atoms of the alkyl group = 12-16)
*¥6: Sodium alkylsulfate |
{(carbon atoms of the alkyl group = 12-14)

5 *7: Having an average molecular weight of about
8,000. The amount added does not include
that in the o-amylase particles.

*8: Having an average molecular weight of about
13,000.

o} *9: "Tokuseal NR" (trade name, product of
Tokuyama Soda Co., Ltd.)

*10: "Chinopearl CBS" [trade name, product of

CIBA~GEIGY (Japan), Ltd.)




e e e L e e o . B

. A )
: §

l - 36 -

| Exanple 4

[

5 Liquid detergents having the compositions shown
in Table 6 were prepared, respectively. 1In a similar
manner to Example 2, a washing test was conducted to

5 determine the percent detergency of each of the

detergents. The results are shown in Table 6.

Table 6
‘ Invention Compaxa-
product tive
- product

Composition (wt.%)
10 11 12 10 11

Alkaline ¢ ~amylase*l 2 5 5 o] o
| citric acid 2| 2| 2| 2| 2
Nonionic surfactant*2 20 | 15 { 20 | 20 | 15
Anionic surfactant a*3 20 { 10 { 15 | 20 | 20
Polyethylene glycol*4 1 1 1 1 1
Monoethanolamine 3 3 3 3 3
Fluorescent brightener*5 0.1 [0.1 jo.1 |o.1 |o0.2
Ethanol 5 5 5 5
Water ' Balance Balance
Total 100 {100 100 100 (100
Detergency (%) 70 68 71 50 52

*1l: Devived from Bacillus sp. KSM~AP1378 and having

a molecular weight of about 50,000 (liguefy-

ing alkaline a-amylase) and a specific



e .
[err] - 30 - *: (1) Derived

fron1BaC|IIus sp. KSM AP1378 and - havi.ng a nol ecul.ar. wei.ght of
about r 50, 000 (the anylase accordlng to the

pr esent inventlon) (2) Derived fromBacillus subtilis (product
of Wako Pure Chem cal Industries, Ltd.). (3)

Deki ved firom Baci | | us sp. KSM AP1378 and havi ng a nol ecul ar
wei ght off about - 37 -

activity of 3,000 U/g.
*2: Polyoxyethylene alkyl ether

(average moles of added EO = 7,

carbon atoms of the alkyl group = 12-14)
5 *3: Sodium polyoxyethylene alkylsulfate
| ~ (average moles of added EO = 2.5,
| carbon atoms of the alkyl group = 12-14)
*4: Having an average molecular weight of about

8,000.
10 : + ¥*5: ®Chinopearl CBS" [trade name, product of
CIBA-GEIGY (Japan), Ltd.]
Example 5
among the components shown in Table 7, the 40%

agueous solution of sodium polyacrylate, and the sodium
LS linear alkylbenzene sulfonate or the nonionic surfac-
tant were added while stirring and mixing the sodium
éercarbonate and the soda ash (dense ash). To the
resulting mixture, the granulate of the liquefying
alkaline a-amylase; ﬁhiéh had been obtained in Example

20 3, was added and stirred until the resulting solution

became uniform in toto, whereby a bleaching detergent
shown in Table 7 was obtained.

The percent detergency of the bleaching detergent
was determined under the conditions as in Example 3 ex-

25 cept that a 0.05% agueous solution was prepared and



'”200,000 (the enzynme disclosed in Japanese Pat ent Lai d- Open

No. 108482/1991 and havi ng bot h_pul [ ul anase activity.and
[err] -amytase activity). — (4) Derived from Aspergillus oryzae
(product: of Sigma Chemical Co., Ltd.) (5) Derived
from porgi ne pancreas (product of Sigma Chem cal Co., Ltd.)
(6) Derijved fromBacillus licheniforms ("Termanyl ", product
of Novo | ndustry A'S) Examphg 3 Det ergent particles

whi ch were prepared in the manner described bel ow and a granul ated product
of al kaline a-anylase were dry-bl ended, whereby granular detergents

havi ng conpositions shown in Table 5 were prepared, respectively. Their
detergency was stirring was conducted at 40°C for 303minutes.cydhet ed.

results are also shown in Table 7.

Table 7

(wt.%)
Invention Cogg::a-
prodpct product .
13 14 15 12
Sodium percarbonate*l 80.0[ 80.0| 80.0 80.0
Sodium carhonate :

, (dense ash) 16.5| 16.0| 16.5 17.0
; Anionic surfactant*2 2.0 2.0 - 2.0
| Nonionic surfactant*3 - - 2.0 -

Sodium polyacrylate*4 1.0{ 1.0} 1.0 1.0
Amylase (granulate) 0.5/ 1.0| 0.5 )
Detergency (%) 55 58 54 48

*1: Particle size: 500-700pm
*2: Sodium linear alkylbenzene sulfonate (having
5 12-14 carbon atoms)

*#3: Polyoxyethylene alkyl ether

(carbon atoms of the alkyl group = 12-14,

' average mole of added EO = 12)

| *4: Average molecular weight of about: 8,000.

10 Example 6

| In a similar manner to Example 5, automatic dish-
washing detergents having the compositions shown in

Table 8 were prepared, respectively.



b

* [ Production nethod of the detergents] (1) Aslurry mxture having a .
wat er content of 50% and fornmed of _the conponents (other thah
[err]-ang shown 1 n Table 5 except 10% of zeolite 4A, the fluores-
cent brightener and the perfume was prepared and spray- dried, whereby
. detergent particles were ob- tained. Those particles were placed
-speed mixer and then granul ated, followed by the addition of
ni ng conponents, whereby a granul gg detergent was obtained (other
ntion Products 3 and 6). (2) A slurry mxture having a
tent of 50% and forned of the conponents (other than
| ase) of Invention Product 3 shown in Table 5 except 10% of
A, the ctirxiivgr vrEgcendncted athet FPCuberesteminubesght &8her and t he

wat er co
[err]-a
zeolite

perfune gas prepared_and sprax- dri ed, , whereby preforned detergent
particl ef were ofFesulisnage #h§LeSHAYR | ¥ &aRA& d-pl aced in a hi gh- speed
m xer an§ then granul ated, followed by the addition of the remnaining
conponengs, whereby a granul ar detergent was obtained (Invention Product
3). (3) Wile stiphbhg #n a Redige m xer the com ponents (other
than [erf]-anylase) of Invention Product 6 shown in Tabl e(wtexgept the
noni oni c §sur f act gait—2+8%-of—zcotHte—4A—Hhe—FHuerescenrt—brghtenrer—and t he
per fune, Invention COgParg—jT
product ive
product
13 14 15 12
; Sodium percarbonate*l 80.0| 80.0| 80.0 80.0
' Sodium carbhonate :
(dense ash) 16.5] 16.0| 16.5 17.0
g Anionic surfactant*2 2.0f 2.0 - 2.0
Nonionic surfactant*3 - - 2.0 -
Sodium polyacrylate*4 1.0/ 1.0} 1.0 1.0
Amylase (granulate) ' 0.5/ 1.0] 0.5 0
Detergency (%) 55 58 ‘54 48

*1: Particle size: 500-700um
*2: Sodium linear alkylbenzene sulfonate (having
5 | 12-14 carbon atoms)
#3: Polyoxyethylene alkyl ether
(carbon atoms of the alkyl group = 12-14,
average mole of added EO = 12)
*4: Average molecular weight of about: 8,000.
L0 Example 6
In a similar manner to ExampleAs, automatic dish-
washing detergents having the compositions shown in

Table 8 were prepared, respectively.
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t'he remi
obt ai ned

[err]-any
sodium s
obtai ned

above (1)
conpositi
average p
SO0 obtain
Conpar at i

pm

t he noni onic surfactant was gradually added. After the addition,
ni ng conponents_were added, wherehy _a.granul ar detergent..was .

{1 nvention Product 6). (4) The liquefying al kaline
ase which had been obtained in Exanple 1 was granulated with
Ul fate and a small quantity of polyethylene glycol. Ganules so

here dry-blended with the granular detergents obtained in the
- (3), respectively, whereby granuylgar. det ergents having the

ons shown in Table 5 were obtai ned. I nci dental ly, the

article size and bulk density of each of the granul ar detergents

ed are indicated bel ow. | nvention Products 2, 4, 5, 7-9,

Ve ~Products 7-9: Aver age particle size: 400-500

T Bul k densi%x; 750-780 g/cnferr] | nventi on Product 3:

Table- -8

l (wt. %)

| .

i Invention product

|

; 16 17 18 19
"pullulonic L-61"*1 4 - 4 4
"Softanol EP-7085"*2 - 4 - -
Trisodium citrate 30 30 - -~
EDTA - - 30 -
Sodium tripolyphosphate - - - 30
Sodium percarbonate 20 20 20 20

. Sodium carbonate . 20 20 20 20
: No. 1 sodium silicate 10 10 10 10

‘Sodium polyacrylate®3 4 4 4 4
Sodium sulfate Balance
Amylase (granulate) 3 | 3 | 3 3

*1: Polyoxyethylene-polyoxypropylene copoiymer

(Average molecular weight: 2,000, product of
Asahi Denka Kogyo X.K.)

*2: 7 moles ethylene oxide/8.5 moles propylene

5 _ oxide adduct of C;,_34 sec-alcohol (product
of Nippon Shokubai Co., Ltd.)
*3: Having an average molecular weight of about
8,000.
The detergency of each automatic dish-washing

10 detergents so obtained was evaluated under the condi-

tions described below. As a result, it was found that

! each of the detergents exhibited excellent dish-washing



/

Average particle size: 400 pm Bul k density: 770 g/cnB

| nvention Product 6: . ...~ . Average particle._size: 450 pm ..

Bul-k den%ity: 800 g/cnB [Eval uation nethod)

- 33 - ' To 4[err] DH water, each granul ar detergent so ob- tained
was added, whereby a 0.833% aqueous detergent solution was prepared. A
fabric i ch had been soiled artificially with curry as in Exanple 2 was
di pped i 1 | of the detergent solution Tof®rolled at 30[err]C. The

detergent! solution with the fabric dipped therein was

| eft over and then

transferred, as were, to a stainless steel beaker (1 1) for a

Terg-o-Toneter. TRe¥WRES thbebflsidwidll WuderidRdt}Otor astd

eritts NEJPY es

on the Terg- o-Toneter. The fabric was Tinsed thoroughly with run- ning

wat er and then irofednel amglasail ar manner to Ex- anple 2,

of the fabric was neasured,
[Preparation of soiled dishes])

the refl ectance

Newly boiled sticky rice was allowed to stand at

‘5 room temperature for 30 minutes and then, 3 g of the

rice soil]

ﬂs determined.
{Testing method of detergency]

- Washing conditions:

its spray flow lines.

rice were spread under pressure on a porcelain dish
having a diameter of 25 cm. The dish was air-dried at
room temperature for 24'hours. éix dishes were
prepared in this way for the test described below.

LO E [Evaluation method of.the detergency against boiled

The wash liquor remaining after the washing and
containing rice was subjected to the iodo-starch 'reac-

tion, whereby the detergency was macroscopically

The washer employed: Full automatic dish washer
"NP-720" (trade name, manufactured by Mat-

éo sushita Electric Industries Co., Ltd.) of the
type that an agueous detergent solution is
sprayed from rotary nozzles to wash dishes and

the like placed on an upper surface defined by

25 Washing temperature: gradually raised from 5°C to



~

thereby determ ning the percent detergency of the detergent. The results
are shown in Table 5. . - 34 -

-

—
‘l

Lo

L5

20

- 4] -

55°C. -

Water used: water having a hardness of 3.5° DH.

Concentration of the detergent: 0.2 wt.%.

Washing time: 20 minutes washing, followed by
20 minutes rinsing.

Amount of water circulated upon washing: 2.5 &.

Industrial Applicability

The liquefying alkaline c-amylase according to
the present invention has liquefying activity which
permits high-random degradation of substrates, such as
starches and starchy polysaccharides, than the conven-
tional alkalihe a-amylases. It has an optimum pH on
the alkaline side (8.0-10.0) and moreover, is extremely
stable in a stiii wider pH range. Its optimum tempera-
ture is 45°C-55°C so that it retains excellent thermal
stability up to 50°C. Furthermore, its activity is
hardly inhibited by other detergent components such as
a surfactant. The conventionally-known alkaline o-
amylases have an isoelectric point of about 3.0-8.0,
while the liquefying alkaline e-amylase according to
the present invention has an exceptionally high
isoelectric point exceeding 8.5 (8.7-9.7, specifically
around 9.2). Making use of such characteristics of

this enzyme, it can readily be obtained in a purified
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'[érr] .

*1. Derived from Bacillus_sp. KSM AP1378 and_havi.ng

mol ecul ar!
[err]-

-

15

bo

25

- 35 -

U - P

"wei ght of about 50, 000 (Ilquefy- i ng al kal i ne
nyfase) and a specific

- 42 -

form by gel isoelectric focusing electrophoresis,
density grédient'isoelectric point, ion exchange
chromatography or the like. It has therefore an ex-
tremely great industrial significance.

| Detergent compositions containing the liquefying
alkéline a-amylase of the present invention have ex~
cellent detergency especially against the soil of
smeared food.

The superior detergency of the liquefying
alkaline a—amylase acgcording to the present invention
to the conventional amylases is considered to be at-
tributable to the influence of the high isoelectric
point in addition to the characteristic of the 1iquefy-
ing type, that is, high-random degradation. Described
specifically, fibers are generally electrified negativé
in water. When a wash liquor has a high pH, an enzyme
is also electrified negative provided that  the enzyme
has a low isoelectfic point. As a consequence, the
fibers and the enzyme become repulsive each other. The
liquefying alkaline c-amylase according to the present
invention, however, has a high isoelectric point so
that it is not electrified negative in the wash liquor.

Repuision between the enzyme against the soil on the

~ surface of the fiber is hence reduced, thereby probably

contributing to improved detergency.



activity of 3,000 Ug. 5 *2: Having 12-14 carbon atons and has
a neutralization rate_of 100%__ . S|
Havi ng afaveérage particle size of 0.9 pm

Pofyoxyethylene al kyl et her (ave ““ ed EO
=8, 10 carbon atons of the alkyl Hmm‘““‘“ ”ﬁm

*5. Sodi ym linear al kyl benzene sul fonate- 43 - L (*carbofi atoms
of the alikyl group = 12-16) *6: Sodi um al kyl sul fate
(carbon dtons of the al kyl group = 12-14) 15 *7: Having an
aver age nol ecul.ar wei ght of about 8, 000. The anount
added does not i ncl ude CLAIMEt in the [err] anyl ase
O 5. % Syl R Ao P LSRR e ot
reKALaT™ 205 O 2oiiélihg ensyoptis eprpépfipniCh opEsy) BS' [1rade name
L3 1) Action:
4 It hydrolyzes 1,4-a~glucosidic linkages in star-
5 ches, amylose, amylopectin and partial degradation pro-
; 6 ducts thereof and from amylose, forms glucose (Gl),
| 7 maltose (G2), maltotriose (G3), maltotetraose (G4),
8; maltopentaose (G5) and maltohexaose (G6). It however
9 does ﬁot act on pullulan.
I '10; 2) Isoelectric point:
11- It has an isoelectric point higher than 8.5 when
12 measured by isoelectric focusing electrophoresis. .
o1 . 2. A liguefying alkaline a—amylase according to
;:2 claim 1, which has an isoelectric point of 8.7 to 9.7.
-1 3. A liquefying alkaline a-amylase according to
5 claim 1 or 2, which has an optimum pH of from 8.0 to
3 10.0.
; 1 4. A liquefying alkaline c—amylase having the
| 2 following enzymatic properties: .
53 1) Action;
% 4 It hydrolyzes &-1,4—glucosidic linkages in sta#-
}5 ches, amylose, amylopectin and partial degradation pro-
‘6 ducts thereof and from amylose, forms glucose (Gl),
| 7 maltose (G2), maltotriose (G3), maltotetraocse (G4),

This Sheet Has Been Ré THIS SHEET HAS BEEN
ml REPLACED

- RN




P- 36 - Exanpl e 4 Li qui d detergents having the
conposi ti ons shown in Table 6 were preparedh_respectlvel~w~a««-

simlar manner T0 EXanple 2, a washing test was conducted to
determ ng the percent detergency of each of the ““[““IThe
results hre shown in Table 6. Tabl 4‘““ “ ﬁl“ﬂ
I nventio Conpar a- tive
product pr oduct Conposition (WM. %
10 11 ) 12 10 11 Al kal ine [ejf]--anyl ase*| 2 5
5 0 0 Ctric acid : 2 2 2 2 2
Noni oni ¢ surfactant*2 20 15 20 20 15 ~Ani"oni ¢
surfactant a*[err] 20 10 15 20 20 Pol yet hyl ene
glycol*4. 8 maltopgntaoge (G5H) and] maltochexapseobEhhnol Hiihavever
3 3 3 3 3 Fl uorescent brightener*[err]. 0.1 0.1
0.1 0.1 0%1 = d9oes RPh AGE on pullulan. 5 5 5 5 5
Wat er Bal ance Tot al
100 100! 180 108’ ﬁﬁ'&mg PR anﬁaép% P éncy (% 70 68 71
50 52 13 t adtsDeRiy ffé?iBeB@%' lekdd 5Po ¥SMARL3 B @ndhavi ng
a nol ecul’'ar wei ght of about 50, 000 (Iiquefy- I ng al kali ne
[err]- anylase) andpaimpecplilseing 8.0 to 9.0.
.13 3) PH stability:
14 It is extremely stable in a pH range of from 6.5 to
15! 10.0 and even in a range of from pH- 5.0 to 10.5, it
I 16 retains' at least 50%, of its activity after treated at
17: 40°C for 30 minutes.
is 4) Acting temperature range and optimum temperature:
19 It acts in a temperature range of from 20°C to
. 20 80°C, with the optimum temperature being 45°C to 55°C.
21 5) Thermal stability:
22 It is extremely stable at temperatures of 50°C or
I
i23 lower (treated for 30 minutes in a glycine-salt-sodium
l 24 hydroxide buffer having pH 8.5).
. 25 6) Molecular weight:
26 It has a molecular weight of 50,000 * 5,000 as
:27 measured in accordance with the sodium dodecyl sulfate
='.28 polyacrylamide gel electrophoresis.
29 7) Isoelectric point:
!3-30 It has an isoelectric point of around pH 9.2 when
{31 measured by isoelectric focusing electrophoresis.
32 8) Effects of metal salts:

_—
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- 37 - activity of 3,000 U g. *2:

'P6l yoxyet hyl ene al kyl ether T, (aveW EO
=7, T *Garbon atonms of the al kyl -14)

*3" Sodi im pol yoxyet hyl ene aI kyl sul fate ml es
of added|EO = 2.5, carbon atons of M&‘ ‘\

12;:14) *4: FHV|ng an aver age nnlecular L ot" alfout
8,000. 10 / *5: "Chinopearl CBS" ftrade nane, product of

Cl BA- GEI &Y (Japan), Ltd.] Exampl e 5 Anong t he
conmponentts shown in Table 7, the 40% aqueous sol ution of sodium
pol yacryliag®, and thetsqdi um;réﬂely stadldedja idisky kKbenRghe cak¥ ongg2F or the
noni oni ¢ surfac- tant were added while stirring and m xi ng 't he

sodi um | 34 Me2itGaBbdtiat Bedhid Fért” sodn 2dti. (dense ash). To the

resulting mixture, the granulate of the |iquefying
: 35 9) Effects of surfactants:

136 It is substantially free from activity inhibition
E37 by surfactants such as sodium linear alkylbenzene sul-
!38 fonates, sodium alkylsulfate esters, sodium
39 polyoxyethylene alkylsulfate esters, sodium alkylsul-
40 fonates, soaps or polyoxyethylene alkyl ethers.
1 5. A liguefying alkaline a-amylase according to
2 any one of the claims 1-4, which has a sequence of Asn~
3 Gly-Thr-Met-(Met)-Gln~Tyr-Phe-Glu-Trp in its N-terminal
4 amino acid region.
1. 6. A process for the preparation of a liquefying
2 alkaline a-amylase defined in any one of claims 1 to 5,
3 which comprises culturing a liquefying-alkaline-a-
4 amylase—proéucing bacterium belonging to the genus
5 Bacillus and collecting from the resuiting culture the
6 liquefying alkaline a—-amylase.
1 7. A process according to claim 6 for the prep-
2 aration of the liquefying alkaline a-amylase, wherein
;3 the liquefying-alkaline-a-amylase-producing bacterium
l 4 is Baciilus sp. KSM~AP1378 (FERM BP-3048).
% 1 8. A detergent composition comprising the 1i-
%2' quefying alkaline a-amylase defined in any one of
%3 claims 1 to %.
]
| |
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~al kal i ne [err]-anylase, which had been obtained in Exanple 20 -3,- was
.added and stirred until the resulting solution became uniformin
t ot o, whgreby a bl eaching det er gent shom
- obt ai ned. The percent detergency of the bl eachi nt
was det erfm ned under the conditions as in Exanple 3 ﬁ“\““m‘ \“‘ﬂ(“ that
a 0.05% gqueous sol ution was prepared and
- 38 - stirring was conducted at 40[err]C fbr 30 i mnutes The
results gre also shown in Table 7. 46 - Table 7 ‘
(Wt . % | nventi on Conpar a-
pr oduct tive
product .4 9. A _detergent compo iti&ﬁ accéédin 1% claidd
Sodi um per car bonat e*| % %d’ éng ('.? 9 cfl
carbonate2 ° g, wherein ﬁﬂ@nﬁﬁq&ﬁﬁylng alkalxﬁ@ 5-aﬂﬁiékefﬂié5beenl7 0
Ani oni ¢ surfactant*2 Noni oni ¢
surfact ant¥3 produced by - Bacilmsosp KSM-AP1378 (FEBMdBHﬂW)y-acryl ate*4
1.0 1.0, 1.0 1.0
1 10. A detergent composition according to claim 8
2 or 2, further comprising an anionic surfactant and/or
23 nonionic surfactant in an amount of 0.5 to 60 wt.%.
;1 11. A detergent composition according to any one
2 of claims 8 to 10, wherein the liquefying alkaline a~

amylase is incorporated in an amount of 1 to 10,000 U/g

in terms of degrading. activity against soluble star-

[ )

ches.

—_—
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Anyl ase (granul ate) 0.5 1.0 0.5 - O | Det er gency

(% 55 58 54 - 48 *1: Particle

si ze: 500-700pm *2: Sodium |linear al kyl benzene sul fonate
(havi ng 51 12- 14 carbon atons) *3:

Pol yoxyet hyl ene al kyl et her - 47 {carbon atons of the alkyl
group = 12-14, average nol e of added EO = 12)

*4: Average nol ecul@UEMBINGDALIGL 1R QuAMYIGsROfkocedd) For PrOBUGINR! €HED SAME
In a simlar nanneandt DEFERGRNT €OMPOSTUTONTRONCAMING -THE SAME ~ Washi ng

detergents having the conpositions shown in Tabl e 8 were prepared,
respectively. - 38 -
stirring was conducted at 40[err]C for 3 T Es. The results are

al so shown in Table 7.

(wt. %

The present inventidBl €elates to a liquefying
alkaline a~amylase having the enzymatic properties de-
scribed below, a production process thereof and a
detergent composition containing the same. |

5 1) Action:

It hydrolyzes a-1,4-glucosidic linkages in star-
ches, amylose, amylopectin and partial degrad?tion pro-
ducts thereof and from amylese, forms giucos; {(G1), !
maltose (G2), maltotriose (G3), maltétetraose (G4),

10 maltopentabse (G5) and maltohexaose (G6). It however
does not act on pullulan.’

2) Isoelectric point:

It has an iscelectric peoint higher than 8.5 when
measured by an isoelectric focusing electrophoresis.

15 ' The amylase according t§ the present invention
has a liquefying activity capable of permittiﬁg degrad-

“-ing starches and starchy polyéaccharides at'high ran-
dom, and has an optimum pH on the éiialine side. Owing
to the high isoelectric point, it can be purified

20 readily. Detergents with the amylase incorporated
therein have excellent deﬁergency especially against

the soil of smeared food.

(Figure 1 diagrammatically illustrateg the activity of the
liquefying alkaline a-amylase according to the present invention.
_ _as a function of pH) T



| nwenti en tive pr oduct

pr oduct — S0, 13 14 15 12

Sodk um per car bonat e* 1 80.0 80.0 80.0 80.0 Sodi um

car bonat e (dense ash) 16.5 16.0 16.5 17.0
Ani oni ¢ surfactant*2 2.0 2.0 - 1/250 Noni oni ¢
surfactant*3 - - 2.0 - Sodi um pol yacryl ate*4
1.0 1.0 1.0 1.0 Anyl ase (granul ate) 0.5 1.0
0.5 O Déet ergency (99 55 58 54 48
*1: Particle size: 500-700pm *2: Sodium |inear al kyl benzene
sul fonate (having 5 12-14 carbon atons) *3:

Pol yoxyet hyl ene al kyl et her ~ rréCarbon atonms of the alKkyl
group = 12-14, average nol e of added EO = 12)

*4: Average nol ecul ar wei ght of about: 8,000. 10 Exampl e 6
In a simlar manner to Exanple 5, automatic dish- washi ng
detergents having the conpositions shown in Tabl e 8 were prepared,

respectively.

100

O
Q

Relative activity (%)
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- 39 -, Tabl e .8

(w. % | nvention product

16, 17 18 19 . "Pullulonic L-61*1 4 -

4 4 " Sof t anol EP-7085"*2 _ 4 - -
Trisodiumcitrate 30 30 _ 2/5_ EDTA

_ _ .30 - Sodi um tri pol yphosphat e - -

- 30 Sodi um per car bonat e 20 20 20 20

Sodi um car bonat e 20 20 20 20 No. 1 sodiumsilicate
10 10 10 10 Sodi um pol yacryl at e*3 4 4

4 4 Sodi um sul fate Bal ance

Anyl ase (granul ate) 3 3 3 % *1:

Pol yoxyet hyl ene- pol yoxypr opyl ene copol yner 6. 2 (Aver age

nol ecul ar wei ght: 2,000, product of Asahi Denka Kogyo

K. K.) *2: 7 nol es ethyl ene oxide/ 8.5 nol es propyl ene 5 -
oxi de adduct of Cerr] sec-alcohol (product of Ni ppon
Shokubai Co., Ltd.) 100 *3: Having an average nol ecul gr wei ght
of about 8, 000. The t ergency [of each
automatic di sh-washing 10 det ergeft s so obt ai ned s eval ugt ed under
t he condi - tions déscribed beljow. As a result,

it was fqund t hat

each of the deterdents exhibited excel fent di sh-washing
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- 40 - . ' effects, thereby showi ng superiority to detergents free

of the anyl ase. [ Preparation of soiled dishes]
Newl y boiled sticky rice was allowed to stand at 5 " roomtenperature
for 30 mnutes and then, 3 g of the" rice were spread under
pressure on a porcelain dish having a @i4ageter of 25 cm The dish
was air-dried at roomtenperature for 24 hours. Six dishes were
prepared in this way for the test described below. 10 [ Eval uati on
met hod of the detergency agai nst boil ed rice soil]
The wash |iquor remaining after the washing and containing rice
was subjected to the iodo-starch reac- tion, whereby the
detergency was macroscopically 15 determ s [ Testing net hod
of det éergency] Washi ng conditions:’ : The
washer enpl oyed: Full automatic di sh washer "NP- 720"
(trade name, manufactured by Mat-

100}

%

>
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20 30 40 50 60 7O BO 90
temperature (°C)



Ltd.) of the

- L]

20 sushita Electric |Industries Co.
sprayed from

type that an aqueous det ergent solufion is _
rotary nozzles to wash di shes and the li ke placed on an
its spray flow lines. 25

upper surface defined by
Washi ng tenperature: gradually raised fron15%§pﬁ$C:to
used: water having a

- 41 - 55C.
har dness of 3.5[err] DH. Concentration of the detergent: 0.2
wt . % Washi ng tlne 20 m nutes washi ng, followed by
20 m nutes rinsing. Anmount of water circul ated upon washi ng:
2.5 1. I ndustrial Applicability The |i quefying

t he present invention has

al kaline [err]-anylase according to
permts hF&®: random degradati on of

| i quefying activity which
substrates, such as starches and starchy pol ysacchari des, than the

conven-

Residual activity (%)
0)]
Q

20 30 40 50 60 7O 80 90
temperature {°C)



tianal alkaline [err]-anylases. It has an optinmm pH on t he

al kaline side (8.0-10.0) and noreover, is extrenely stable in a
stiJ| wider pHrange. |Its optinmumtenpera- ture is

45[err] CG-55[err]C so that it retains excellent thernmal stability up
to 50[err]C. Furthernore, its activity is hardly inhibited by other
det®er gent conponents such as a surfactant. The conventional | y- known
al kal i ne a- anyl ases have an isoelectric point of about 3.0-8.0,
while the |iquefying al kaline a-anylase according to t he present

i nvention has an exceptionally high i soel ectric point exceeding 8.5
(8.7-9.7, specifically around 9.2). Making use of such
characteristics of 25 this enz§w65 it can readily be obtained in a
purified _ - 42 - - form
by gel isoelectric focusing el ectrophoresis, density gradient

i soel ectric point, ion exchange chromat ography or the like. It has
t herefore an ex- tremely great industrial significance. 5

Det er gent conpositions containin%%%hesliquefying

Phosphorylase b

——  (97400)

Bovine serum albumin
{66200)

Ovoalubumin

(45000)_
Carbonic anhydrase

e
m———
| SRR

.- : " (31000)
— ;e
<

,p/xlr

A

- Soybean trypsin inhibitor
" (21500)

| a-Lactalbuminl
(14400)

Liquefying Molecular weight marker

alkaline
a-amylase

o

iy,
n .
L,



al kaline [err]-anyl ase of the present invention have ex- cel l ent

detergency especially against the soil of snear ed food T
The superior detergency of the liquefying 10" al kal i eR@;q_rAcEMEWI%E
according to the present invention to the conveft i-ef amyl ases|i §
considered to be at- tributable to the influencg qf %E) ‘E“g;ty;(,

| soel ectric point in addigion to the characterigtifc t‘

| i quefy- ing type, that is, high-random degradat} ojn._Des bed
specifically, fibers are generally eI ectrified negative

When a wash liquor has a high pH an enzyne S

negative provided tRalick M@sCheMBeposited with s Eeﬂmemaﬁoalmmearm point. As

a consequence, the Instltute, K@Ee}‘ Sof‘anﬁhdshelﬁnsymcbe&d]mhngmym ve each
ot her. The A 6 -

pr esent [ M@B@bg z_rm er ;2@)5 a hi gh |soel ectr| C p0| nt so
that it is not el GANART P Ifeyabi VESHNAPHRT HeERERI-RRn304ls-belongiRapEbsi o
bet ween the enzyne_agai nst the soil on the surface of the fiber

i s hence reduced, PfePEBYS pPeffdbys and disclosedoimdppanset fgtens Hat-Goer
det er gency. No. 108482/1991.

To obtain the liquefying alkaline a—amylase of the
U 5 present invention by using the above strain,. the strain
may be inoculated on a medium and then cultured in a
manner known per se in the art. It is preferred to in-
corporate proper améunts of some assimilable carbon and
nitrogen séurces'in the medium. Although no particular
0 limitation is imposed: on ‘the carbon and nitrogen
[ sources, examples of the nitrogen sources include
orgaﬁic nitrogen sources'such as corn gluten meal,

soybean flour, corn steep liquor, casamino acid, yeast

extract, pharmamedia, meat extract, trypton, soyton,

" 15 hypro, ajipower, soybean meal, cotton seed oil cake,
cultivator, ajipron and zest; and inorganic nitrogen
sources such as ammonium sulfate, ammonium nitrate, am—~
} monium phosphate, ammonium carbonate, sodium nitrate

: and ammonium acetate. Examples of the carbon sources

20 include soluble starches, insoluble starches, amylopec-

tin, glycogen, pullulan and. oligosaccharides obtained
by the partial deéradation thereof, assimilable carbon
sources such as glucose, maltose, arabinose, xylose,
ribose, mannose, fructose, galactose, malt sugar,

25 sucrose, lactose, trehalose, mannitol, sorbitol and



CLAIMS 1. A liquefying—atkaline [err]- anylaseh Lng the 2 fol |l ow ng
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parti al degrad duct s t hereof andf o

gl ucose (G), 7+ ‘matt oSe (&), naltotrigse (&Y, el(4), 8
mal t opent aose (Gb) and nal t ohexaose (G6). |t hoywe does npt{ act on
pul lul an. CLAIM: 2) |soelectric point: 11 t has an 1’ soet i c point
hi gher than 8.5 when 12 measured by isoelectr .

el ectrophoresis. 21 2. A liquefying alkallne [err]-a se
accordi ng tlo cIAaquneiyingAalkaHnmmmlase bodhg the folloyingrenzyihatc prapertigés?. 3. A
| i quefying alka QP anylase according to 2 claiml1l or 2, which
has an optlnun1 10. 0. 4. A liquefying al kal i ne

[err]-anyl ase havi ng htyhaalyzea 1 4-aighhda3iunmmﬂegéslnﬁa§mmhps Ograylbse samylogkctin dnd

Act i on: 4 It h roI err dic linkages in star_- 5
ches, anyl ose, anyl off8E#3' 4 %/i‘é 'b‘ﬁ{?mg ctaéb‘?fga'u dts)gﬁ"'ﬁraé“ybseﬁ%rmsdé]ﬂ??e (G1),
thereof and from anylmatsef{GRIndtoifsseaGBfimaltotetfaose T4, P8#ttdpERtaose (G5) and
mal totriose (G3), maltotetraose (4),
maltohexaose {G6), but does not act on pullulan;
{2} isoelectric point:
~has an isoelectric point of about 9.2 when measured by isoelectric focusing

electrophoresis.

2. A liquefying alkaline a-amylase according to claim 1, which has an optimum pH for

activity from 8.0 to 10.0.

3. A liquefying alkaline a-amylase according to claim 1, which is substantially free
_from activity inhibition by surfactants selected from the group consisting of sodium linear
_alkylbenzene sulfonates, sodium alkylsulfate esters, sodium polyoxyethylene alkylsulfate

esters, sodium alkylsulfonates, soaps, and polyoxyethylene alkyl ethers.

4, A liquefying alkaline a-amylase according to claim 1, which has a seguence of Asn-

Gly-Thr-Met-Met-GIn-Tyr-Phe-Glu-Trp in its N-terminal amino acid region.

5. A liguefying alkaline a-amylase having the following enzymatic properties:

(1) action:
hydrolyzes 1,4-a-glucosidic linkages in starches, amylose, amylopectin and
partial degradation products thereof and from amylose, forms glucose (G1),
maltose (G2), maltotriose (G3), maltotetraose (G4), maltopentaose (G5) and
maltphexaose (G6), but does not act on puliulan;

(2) isoelectric point:
has an isoelectric point of about 9.2 when measured by isoelectric focusing
electrophoresis; -

43} . acting pH: .
acts in a pH range of from 5.0 to 11.0;




- 44 - 8 MW) and mal t ohexaose (&). It however 9
does nrot act 2) Acting pH a
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It.act5|napHraneof 0 to 11.0, with af
be|n980t09 m stablllty 14 It is extrenely
stableinapH 15 _5. 10.0jafd E9NOV A9¥ r inpe of

frompH50to 10 5, |t retains at |l east |50% of its actiyijy after
treated at 40[err]Cfor 30 mi nut es. 18 ) ACTT g Tehperat ure
range and opt| te It ac§s_in a tenperaturg range
of from 20[err]ngH} ’H]-%?Jbﬂ*n?-Bo[e”] C, with the opt| mum t enper at ur e bei ng
45[err] C to 55[ err] C stablg In a pHoangd ef frain &5abill0iQ;y: 22 It is
extrenely stable(?t tegperatureﬁfof 50[err] C or 23 | ower (treated for
30 mnutes in a 8 yC|?1° NG APPRISHIr rrr?ngfﬂ hydr oxi de buffer having pH 8.5).

25 6) Mol ecul ar weaay$in a tétbperature rangé of fram 209Mted0°ax; wei ght of 50, 000

5,000 as (6) thermal stability:
stable at temperatures of 50°C. or lower when treated for 30 minutes in a
glycine-salt-sodium hydroxide buffer having a of pH 8.5;

(7) molecular weight:
has a molecular weight of 50,000+ 5,000 as measured by sodium dodecyl
sulfate polyacrylamide gel electrophoresis;

(8) effect of surfactants:
substantially free from activity inhibition by surfactants selected from the
group consisting of sodium linear alkylbenzene sulfonates, sodium
alkylsulfate esters, sodium polyoxyethylene alkylsulfate esters, sodium

alkylsulfonates, soaps, and polyoxyethylene alkyl ethers.

R A liquefying alkaline a-amylase according to claim 5, which and has an optimum

pH for activity between 8.0 to 9.0.

7. A liguefying alkaline a-amylase according to claim 5, which has an optimum acting

temperature range from 45°C. to 55°C.

8. A liquefying alkaline a-amylase according to claim 5, which has a sequence of Asn-

Gly-Thr-Met-Met-Gin-Tyr-Phe-Glu-Trp in its N-terminal amino acid region.

9. A process for the preparation of a liquefying alkaline a-amylase, comprising the
steps of:
(a) cultl:lring a liquefying-alkaline-a-amylase-producing bacterium belonging to
the genus Bacillus; and
(b) isolating the liquefying alkaline a-amylase from the resulting culture;
wherein said liquefying alkaline a-amylase has the following enzymatic

properties:
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pol yacryl amde gel electrophoresis. 29 7) lsoel{e t
It .has an i s f around pH 9.2 when SEHWNI? SH y
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as a sequence of
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r egi on.

but does not act on pullulan;
(2) isoelectric point:
has an isoelectric point of about 9.2 when measured by isoelectric focusing

electrophoresis.

10. A process according to claim 9, wherein said liquefying-alkaline-a-amylase-
producing bacterium is Bacillus sp. KSM-AP 1378 (FERM BP-3048).

11. A detergent composition, comprising:
{(a) a surfactant selected from the group consisting of anionic surfactants,
nonionic surfactants, and mixtures thereof; and
{b) a liquefying alkaline a-amylase having the following enzymatic properties:
(1) action:
hydrolyzes 1,4-a-glucosidic linkages in starches, amylose, amylopectin and partial
degradation products thereof and from amylose, forms glucose (G1), maltose (G2),
maltotriose (G3), maltotetraose (G4), maltopentaose (G5) and maltohexaose (G6),
but does not act on pullulan;
(2) isoelectric point:
has an isoelectric point of about 9.2 when measured by isoelectric focusing

electrophoresis.

12. A detergent composition according to claim 11, wherein said liquefying alkaline a-

amylase has an optimum pH of from 8.0 to 10.0.

13. A detergeﬁt composition according to claim 11, wherein said liquefying alkaline o-
amylase is substantially freé from activity inhibition by surfactants selected from the
group consisting of sodium linear alkylbenzene sulfonates, sodium alkylsulfate esters,
sodium polyoxyethylene alkylsulfate esters, sodium alkylsulfonates, soaps, and

polyoxyethylene alkyl ethers.

e
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16. A detergent composition according to claim 11, wherein said surfactant comprises

0.5 to 60 wt% of said composition.

17. A detergent composition according to claim 11, wherein said composition contains

1 to 10,000 U/g of said liquefying alkaline a-amylase.

18. A detergent composition according to claim 11, wherein said liquefying alkaline a-
amylase has the following additional enzymatic properties:
(3) acting pH:
' acts in a pH range of from 5.0 to 11.0;
{4 pH stability: |
stable in a pH range of from 6.5 to 10.0;
(5) acting temperature range:
acts in a temperature range of from 20°C. to 80°C.;
(6) thermal stability:
stable at temperatures of 50°C. or lower when treated for 30 minutes in a glycine-
salt-sodium hydroxide buffer having a of pH 8.5;
{(7) moleculanj weight:
has a molecular weight of 50,000+ 5,000 as measured by sodium dodecyl sulfate
polyacrylamide gel electrophoresis;
(8) effect of surfactants:
substantially free from activity inhibition by surfactants selected from the group
consisting -of sodium linear alkylbenzene sulfonates, sodium alkylsulfate esters,
sodium polyoxyethylene alkylsulfate esters, sodium alkylsulfonates, soaps, and

polyoxyethylene aikyl ethers.

19. A detergent composition according to claim 18, wherein said liquefying alkaline a-

e
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2 or 9, further conprising an anionic surfactant and/or 3 noni oni ¢
surfaetant in an amount of 0.5 to 60 wt.% 1 11.
conposition according to any one 2 of clains 8 to 10, wherein the

5

ches.

010,000 U'g 4 ' in terms of degrad ngsactivity aoiii IBEIFTRRRAL: "
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amylase has an optimum pH between 8.0 to 9.0.

20. A detergent composition according to claim 18, wherein said liquefying alkaline a-

amylase has an optimum acting temperature range from 45°C. to 55°C.

21. A detergent composition according to claim 18, which has a sequence of Asn-Gly-

Thr-Met-Met-Gin-Tyr-Phe-Glu-Trp in its N-terminal amino acid region.

22. A detergent composition according to claim 18, wherein said composition contains

1 to 10,000 U/g of said liquefying alkaline a-amylase.

23. A detergent composition according to claim 18, wherein said surfactant comprises

0.5 to 60 wt % of said composition.
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