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pul L.ul anase B has the foll B%me ogd’b’ah;‘csmar ristics: acti'on
acts on pul lul an and soluleé) ch to p ﬁpay maltotrlosefrom

pul I ul an and mai nly mal t otjet Elitod I topent'aose. from sol ubl e starch,
and-al so acts on gl ycogen produce nalt ot etraose and mal t opent aose; 2)
substrate specificity acts on pullulan, soluble starch, and gl ycogen; 3)
wor ki ng pH afdT I I evvorking pH on puIIuIan being in the

range of 5-12 with an optinmum pH in the range of 8.5-10, and the working pH
on sol ubl e sPETERGENTnGOMROSETIPANge of 4-12 with an optimumpH in the

range of 7-9.5: 4 pH stability stable in the pH range of 6-10.5 agai nst
pul l ul an, B—E@Q&-Bl—@iaﬁé&-éﬂ_ﬁﬂ_ﬂgv NT30Ngai nst sol ubl e starch (treatment

condi tions: tes) wor ki ng tenperatures and opti num

t enper at ure k 2'11 ﬂ% BPFUEQKGQMWE‘OI ubl e starch at the terrperature range of
[err] C., with an Rgtlrlnrjlg]tg eratligbelngaout [err] C.; 6) t her mal
stability quite st nF@r Frlates tpoa: AELETEGRY CPBROSIA 120 v
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detergency especially against starch soil.
Description of the Background Art:

It is a known art that enzymes are compounded into a
detergent composition. The enzymes in the detergent
composition act as a wash-aiding agent. They decompose or
denature various kinds of soil and stain adhered to
clothes, fats and oils, proteins, stgrghland the like
remained on the dish surface to faciiitaﬁe removal of the
stains.

Heretofore, a-~amylase has been used.in order to
remove starch soils. Detergency against starch soils is
improved by soaking the wasﬁes in a washing solution
containing « -amylase for a reasonably long time.

The inventors of the present invention found that a
certain type of pullulanase effectively acted on starch
soils adhered firmly to dishes and fibers, and enabled to
improve the detergency remarkably (Japanese Patent
Application Laid-Open (Kokai) No. 132192/1990).

However, almost all naturally occurring pullulanases

are classified into neutral or acxdlg pullulanases which



7) - Mol ecul ar wei ght 200,000 [err] 5,000 daltons as determ ned by

sodi um dodecyl sul fate (SDS) el ectrophoresis; [err] 8) effects of netal
dions pullulanase activities being adversely effected by [err] and [err]
anyl ase activities are adversely affected by [err] and [err] 9) effects

of surfactants activities being scarcely adversely affected by surfactants
such as linear alkyl benzene sul fonate, so0di um pol yoxyet hyl ene al kyl

sul fate, sodium a- -ol efin sulfonate, sodium a-sulfonated fatty acid ester,
sodi um al kyl sul fonate, sodium dodecyl sulfate, soaps and Softanol

(trade- mar k) exbabdtathal masipall andnasebBebenprymptaguesdimyty preeadsshe
conprising culturing a m croorgani sm produci ng_an al kal i ne_pul | ul anase

whi ch i s nanBguagapaer| pGiddF. PRSHPAB1E398Sdeplsived ds PRERVI-BP2S6SS, and

isolating the alkalin | | yl anase B f th Lt d.nedi 2. Th
dotergent coRFBEPAtolnEr MBRAPALL ARHLLE P UPFhEL RO AERESEGR66 WE the

e 200 M1 Rad0eObH 18RERY GLALEY KhiRanTeoPott o Hedetgetitt Mta
' cbmposition for dishes or clothes.

An alkaline pullulanase in this invention means a
pulluianase having an optimum pH in the alkaline range. An
alﬁali-resistant_pullulanase in this invention means a
pullulanase having an optimum pH in the neutral to acidic
range, and exhibiting still sufficient degree of activities
even in the alkaline range when compared to the activity at
its optimum pH while retaining a good stability. The terms
'neutral’ and 'alkaline’ are defined aé the pH ranges of
6-8 and not less than 8, reépectively.

Only alkaline puilulanase known heretofore is that
disclosed in Japanese Patent Pubiication'(Kokoku) No.
27786/1978. The above alkaline pullulanase is an enzyme
having its optimum pH in the alkaline range and also having
a wider substrate specificity than conventionélly khown
pullulanases. However, since iﬁs optimum pH is in the weak
alkaline range of 8-9, it is not applicable to a deteréent
component. In addltion; the above pullulanase has
disadvantages that the enzyme is unstable and has low
productivity. Therefore, the above pullulanase is not

suitable for the industrial fermentative production.



0-85 wt. 9% bl eachi ng agents. 3 1In viewof this situation, the present

i nventeors have carried out extensive studies in order to obtain

pul | ul anases suitable as a detergent conmponent, and, as a result, found
that a detergent conposition having detergency agai nst starch soil was

obt ai ned by conpoundi ng an al kaline pul |l ul anase which has its optinmum pH in
a high pH range and is not deactivated Ry surfactants. This finding has |ed
to the conpletion of the present invention. SUVWARY OF THE | NVENTI ON
Accordi ngly, an olijnectiesf ofhe hirsesdrttuaitivent ithie ipselse iy d\dviar t MORlve
detergent conposition conprising an al kaline pullulanase having its optinm
pH in the al kalrimiedr dnde extenisdivieg sdiualiles dgaiorste rs ol adttawitrs. Ot her

obj ects, features, and advantages of the invention will hereinafter becone
nmor e appar enPuldghanies efsolsiudtiakbd edasc e geit@r g eBR € MDRBSERItRT |a@d ;O STHE

DRAW NGS Fig. 1 shows the relation of reaction pHvs. relative
result, found that a detergent composition having

detergency against starch soil was obtained by compounding
an alkaline pullulanase which has its optimum pH in a high
PH range and is not deactivated by surfactants. This
finding has led to the completion of the present invention.
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a novel detergent composition comprising an
alkaline pullulanase having its optimum pPH in the alkaline
range and being stable against surfactants.

Other objects, features, and advantages of the
invention will hereinafter become more apparent from the
following deséription.

BRIEF DESCRIPTION OF THE DBAWINGS

Fig. 1 shows the relation of reaction pH vs. relative
activity of the alkaline pullulanase A used in the present
invention. .

Fig. 2 shows the relation of treatment pH vs. residual
activity of the aikaliné pullulanase A used in the present
invention.

Fig. 3 shows the relation of reaction temperature (at
pH 9.5) vs. rel#tlye activity of the alkaline pullulanase A

used in the present invention.



activity of the alkaline pullulanase A used in the pre;ﬁﬂ&s'ﬁﬁﬁﬂké@ﬁaazig'
2 shows the réelation of treatnent pH vs residual activity o,tlﬁﬁ__n@g;al kal gne

pul | ul anase A uBu _ emReéplacesk | nvention. Fig. 3 shows_ the relatiendof
reaction tenpera I ﬂ ) vs. relative activity of the al kaline
pul I ul anase A us nt invention. 4 Fig. 4 shows the relation

of treatment tenperature (at pH 9.5) v# residual activity of the alkaline
pul | ul anase A used in the present invention. Fig. 5 shows the results of

el ectrophoresis of the al kaline pullulanase A used in the present
invention. Fig. 6Fthows ah®&PS thecrebphdeespPf prehimentf tempeabkarenéat

pul l ul anase A used in the present invention. Fig. 7 is a paper

chr omat ogr apP§ Prdl i Ye- shenidgal hachivibet Péntbe adkeddnpgbudduviphdss Arom
the enzymatic reaction between the al kaline pullulanase B having an [err]
activity, angseevhRatbeubtesarbsinpertiran,

Fig. 5 shows the results of electrophoresis of the

alkaline pullulanase A used in the present invention.

Fig. 6 shows a SDS.electropho;esis profile of the
alkaline pullulanase A used in the present invention.

Fig. 7 is a paper chromatography profile showing the
prbduction of maltooligosaccarides from the enzymatic
reaction between the alkaline pullulanase B having an
a ~amylase activity, and several substrates {(pullulan,
amylopectin, amylose, and glycogen).

Figs. 8(a) and 8(b) sho& the relation of reaction pH
vs. relative activity of the alkaline pullulanase B having
@ ~amylase acti#ity'used in the present invention.

Figs. 8(a) and 9(b) show the relation of treatment pH
vs. residual activiﬁy of the alkaline pullulanase B having
a ~amylase activity used in the present invention.

~ Figs. 10(a) and 10(b) show the relation of reaction
temperature (at pH 9.5) vs. relative activity of the
alkalinelpullulanase B having a-amylase_activity used in
the present invention.

Figs. 11(a) and Ll(b) show the relaticon of treatment
temperature {at pH 9.5} vs. residual activity of the

alkaline pullulanase B used in the present invention.



anyl opectin, anylose, and glycogen). Figs. 8(a) and 8(b) show the relation
of reaction pHvs. relative activity of the al kaline pullulanase B having
a-anyl ase activity used in the present invention. 9(a) Figs. [err] and 9(b)
show the relation of treatnment pH vs. residual activity of the al kaline
pul | ul anase B havi ng a-anyl ase activity used in the present invention.
Figs. 10(a) and 10(b) show the rel ationsof reaction tenperature (at pH 9.5)
vs. relative activiity of the al kaline pullulanase B having [err] activity
used in the preseBisin¥@niisoan Filgstropharesns prel)ilshol tthe rdlkatliior of
treatnment tenperature (at pH 9.5) vs. residual activity of the al kaline
pul Lul anase BUhdddapasenl bpEdegt o tAmntasm. activifygusad in e
el ectrophoresis profile of the alkaline pullulanase B having a-anyl ase
activity use8TPAePhe 1BrYEREALN AGERTAIAZatCOrBENGetHoGhE EnPRNd® -0f Davi s.
Fig. 13 1s a SDS 9E§9tEgpqgrgsbﬁspgggkkgoggogg%is profile of the

alkaline pullulanase B having a -amylase activity used in

the present invention.

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED

EMBODIMENTS

Alkaline pullulanases used in the present invention
are not specifically limited so far as they have their
optimum pH.in a high alkaline range and are not deactivated
by surfactants.

Such alkaline pullulanases include an alkaline
pullulanase A and an alkaline pullulanase B having the
following characteristicsi |
Alkaline Pullulanase A
1) Action

Decomposes a-1,6 gluéoside liﬁkége of pullulan to
produce maltotriose. Hydrolyzes a-1,6 glucoside linkage
of starch, amylopectin, glycogen, or their partial
decbmposition products.

2) Substrate spécificity

Hydrolyzes a branch.structure having a degree of
polymerization which is not less than the degree of
polymerization of maltose among sugars having a branch of

a-1,6 glucoside linkage.



al kal i ne pul | ul anase B having a-anyl ase activity used in the present

i nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBODI MENTS
Al kal i ne pul | ul anases used in the present invention are not specifically
limted so far as they have their optimum pH in a high al kaline range and
are not deactivated by surfactants. Such al kal i ne pul | ul anases incl ude an
al kal i ne pul | ul anase A and an al kal i ne pul 'ul anase B having the follow ng
characteristics: Al'kaline Pullulanase Aé) Action Deconposes [err]

gl ucoside linkage of pullulan to produce maltotriose. Hydrolyzes [err]
gl ucosi de | i nkhge'fksna R, aadyephirennpHgrgesgen, or their partial
deconposi tion prqu%%s. 2).Substrate specificity Hydrolyzes a branch
structure having a Yedfeesbpe pBlilyherinathenrapgencfsindl vésh then the

degree of polynerization of nmalfose appng sugars having a branch of [err]
gl ucosi de Liﬁéﬁﬁf“m 2 range L} 0585 3!

4) pH stability

Quite stable in the pH range of 8-10, and has relative
activity hot less than 50% even in the pH range of 7-10.5
(treatment: 45°C, 10 minutes).
5) Working temperature and optimum temperature

Acts at a wide temperature range of=10-60°C with an
pptimum temperature being about 50°C.
6) Thermal stability

Quite stable up to 40°C when treated in 10 mM
glycine-NaCl-NaOH buffer solution (pH 9.5) for 30 minutes.
7) Effects of surfactants

Surfactants such as linear alkylbenzene sulfonate,
sodium alkyl sulfate, sodium polyoxyethylene #lkylsulfate,-
sodium @ -olefin sulfonate, sodium a-sulfonated fatty acid
ester, sodium alkyl éulfonate, sodium dodecyl sulfate,
soaps, and Softanol (trade-mark) give almost no adverse
effect on activity."

Alkaline Pullulanase B

Has a -amylase activity. In more detail, has the
following characteristics:
1) Action

Acts on pullulan and soluble starch to produce mainly

R



6 3) Working pH and optinum pH range The working pHis in the range of 5-11
wi.th.,the opti mum pH range of 9.5-11. 4) pH stability Quite stable in the pH
range of 8-10, and has relative activity not |ess than 50% even in the pH
range of 7-10.5 (treatnment: [err], 10 mnutes). 5) Wrking tenperature and
optimum tenperature Acts at a wide tenperature range of [err] with an

opti mum tenperature being about [err]. ) Thermal stability Quite stable up
to [err] when treated in 10 nM gl yci ne- NaCl - NaOH buf f.er sol ution (pH 9.5)
for 30 mnutmsltdyrif$ecisonfpelifibat annd Buihhetmal sosethaasel andar

al kyl benzene sul fonate, sodium al kyl sul fate, sodi um pol yoxyet hyl ene

al kyl sul f at enabeepemtac et ef romsspivhbe estapehum scbel 4bnated garcysgani d
ester, sodium al kyl sulfonate, sodium dodecyl sulfate, soaps, and Softanol
(trade- mar k) tgi rodpapsha hbo hetepase @mécmaﬁﬁoa@mww:

2) Substrate specificity

Acts on pullulan, soluble starch, and glycogen.
3) Working pH and optimum pH

The working pH on pullulan is in the range of 5-12
with the optimum pH in the range of 8.5-10.

The working pH on soluble starch in the range of 4-12
with the optimum pH in the range of 7-9.5.
4) pH stability

Stable in the pH range of 6~10.5 against pullulan, and
in the pH range of 4-12 against soluble starch (treatment:
45°C, 10 minutes).
é) Working temperature and optimum temperature

Acts on pullulan and soluble starch at wide
temperature range of 10-65°C with an optimum temperature
being about 50°C.
é) Thermal stability

Quite stable up to 45°C when treated in 10 mM
glycine-NaCl-NaOH buffer solution (pH 9.5) for 30 minutes.
7) Effects of éurfactants |

Surfactants such as linear alkylbenzene sulfonate,
sodium polyoxyethylene alkyl sulfate, sodium a-olefin
sulfonate, sodium « -sulfonated fatty acid ester, sodium

alkyl sulfonate, sodium dodecyl sulfate, soaps, and_



Al kal i ne Pul | ul anase B Has a-anyl ase activity. In nore detail, has the
foll aw ng characteristics: 1) Action Acts on pullulan and soluble starch to
produce mainly 7 maltotriose frompullulan and mainly naltotetraose and
mal t opent aose from sol uble starch. Acts also on glycogen to produce

mal t ot etraose and nal topentaose. 2) Substrate specificity Acts on pullulan,
sol ubl e starch, and gl ycogen. 3) Wrking pH and opti nrum pH The worki ng pH
on pullulan is in the range of 5-12 witlg the optimumpH in the range of
8.5-10. The working pH on soluble starch in the range of 4-12 with the

opti num pH i $ofbenohnftrafle7m8rb) g)jveHadmabil hbyadvabke efifehe ph range of
6-10.5 against pullulan, and in the pH range of 4-12 against soluble starch
(treatnment: §etkyit20 mnutes)." :

The alkaline pullulanase A uséd in the present
invention is produced, for example, by Bacillus sp. KSM-AP
1876 (FERM BP-3049) which is a kind of alkalophilic
microorganish.

This microorganism has the mycological characteristics
which will be described below.

The following 21 culture media (Media 1 to 21) were
used for the classification of strains. They all contain
0.5% by weight of sterilized sodium carbonate (Na2C03).

Compositions of the culture media used (% by weight)

Medium 1: nutrient broth, 0.8 ; agar powder
(manufactured by Wako Pure Chemical Co.),
1.5

Medium 2: nutrient broth, 0.8

Medium 3 nutrient broth, 0.8 ; gelatin 20.0; agar

powder (manufactured by Wako Pure Chemical
Co.), 1.5

Medium 4: Bacto litmus milk, 10.5

Medium 5: nutrient broth, 0.8 ; KNOj, 0.1

Medium 6: Bacto péptone, 0.7 ; NaCl, 0.5 ; glucose,
0.5

Medium 7: SIM agar medium (manufactured by Eiken

Kagaku Co.), an amount indicatedm



5) Working tenperature and opti mumtenperature Acts on pullulan and sol uble
starch at wide tenperature range of [err] with an optimumtenperature being
about [err]. 6) Thermal stability Quite stable up to [err] when treated in
10 mM gl yci ne- NaCl - NaOH buffer solution (pH 9.5) for 30 mnutes. 7) Effects
of surfactants Surfactants such as linear al kyl benzene sul fonate, sodium
pol yoxyet hyl ene al kyl sulfate, sodium a-olefin sulfonate, sodium

a-sul fonated fatty "aci d ester, sodiun1a@ky| sul f onat e, sodi um dodecy!l
suLfate, soaps, aMediumg 83of tTeiolagearr asketivar KmaginfRcurast b0 mdest se
effect on activity. The al kaline pullulanase A used in the present
invention is produced, for eXagaksy Qoy )Bacin lamousyt. iMSNcARel876 ( FERM
BP-3049) which is a kind of alkalophilic mcroorganism This m croorgani sm
has the nycol ogi c¥ieddnar &t emietsitcextract, 0.5 ; bacto peptone, 1.5 ;

KZHPO4, 0.1 ; MgSO4.7H20, 0.02 ; soluble
starch, 2.0 ; agar powder (manufactured by
Wako Pure Chemical Co.), 1.5-

Medium 10: Koser’'s medium (manufactured by Eiken
Kagaku Co.), an amount indicated.

Medium 11: Christensen’s medium (manufactured by Eiken
Kaggku:Co.), an amount indicated.

Medium 12: contains compositions (1) and (2) indicated
below to which are added nitrogen sources
consisting of sodium nitrate, sodium
nitrite, ammonium chloride, and ammonium
phosphate at an amoﬁnt of 0.25%, 0.2025%,
0.158%, and 0.195% by weight respectively
in the medium.

(1) yeast extract, 0.05 ; NaogSO4, 0.1;
KH2P04, 0.1 ; glucose, 1.0 |
(2) yeast extract, 0.05 ; NapSO4, 0.1;
KH2P04, 0.1 ; glucose, 1.0 ;-CaClz.ZHZO,
0.05 ; MnSO,.4-6H,0, 0.01 ; FeSO,.7TH0,
0.001 ; MgsO,.7H,0, 0.02

Medium 13: King A medium 'Eiken’(manufactured by Eiken

Kagaku Co.), an amount indicated.

Medium l4: King B medium 'Eiken’(manufactured by Eiken



which will be described below. The following 21 culture nmedia (Media 1 to
21)* were used for the classification of strains. They all contain 0.5% by
wei ght of sterilized sodiumcarbonate [err]. Conpositions of the culture
medi a used (% by weight) Medium 1: nutrient broth, 0.8 ; agar powder

(manuf actured by Wako Pure Chemical Co.), 1.5 Medium 2: nutrient broth,
0.8 Medium 3: nutrient broth, 0.8 ; gelmtin 20.0; agar powder

(manuf actured by Wako Pure Chemical Co.), 1.5 Medium4: Bacto litmus mlK,
10.5 Medium 5: nutrient broth, Q.8 ; [err], 0.1 Medjum 6:. Bacto peptone,
0.7 ; NaCdl, 0.5 ; glucose, 0.15""5\?881 7 NRRJHFE et 1R ¥§fnuf act ured by

(Elng_ﬁﬂf gg?ﬁlr(gdcgy) E{%ihuamnnl%:t uirnedei Cmaé[cFiddm 'Ei%tel\r/F’d(inlljan;‘mSt;aJtzshllrégagy r?Ldllceurrln
Kagaku Co.), an amount indicated.
Medium 16: cytochrome-oxidase test filter paper
(manufactured by Nippon Pharmaceutical Co.)
Medium 17: 3% aqueous hydrogen peroxide
Medium 18: Bacto peptone, 0.5 ; yeast extract, 0.5 ;
KoHPOy,, 0.1 ; glucose, 1.0.; MgS0y, . TH,0,
0.02
Medium 19: Bacto peptoﬁe, 2.7 ; NaCl, 5.5 ; K2HPO4,
0.3 ; glucose, 0.5 ; bromothymol blue,
0.06 ; agar.powder (ﬁanufactured by Wako
Pure Chemical Co.), 1.5
Medium 20: (NH4)oHPO,, 0.1 ; KCl, 0.02 ; MgSO,.T7H50,
0.02 ; yeast extract, 0.05 ; sugar, 1.0
Medium 21: casein, 0.5 ; yeast extract, 0.5 ; glucose,
1.0 ; KgoHPO4, 0.1 ; MgS0,.7Hy0, 0.02 ;
agar powder (hanufactured by Wako Pure
Chemical Co.), 1.5
Mycological Characteristics:
a) Observation under micrsscope
Cells are rods of a size of 1.0-2.2 um x 2.2-
4.4um, with an elliptical endospore (0.8-1.0_ym X
1.0-1.8 um) forming at their subterminals. -They have

Flagella and are motile. Gram’s staining is indefinite.



Kagaku Co.), an anmount indicated. Medium9: yeast extract, 0.5 ; bacto
peptone, 1.5 [err] 0.1 ; [err], 0.02 ; soluble starch, 2.0 ; agar powder
(manuf actured by Wako Pure Chemical Co.), 1.5 Medium 10: Koser's medi um
(manuf actured by Ei ken Kagaku Co.), an anount i ndicated. Medium 11:

Chri stensen's nedi um (manuf act ured by Eifen Kagaku Co.), an anount

I ndi cat ed. Medium 12: contains conpositions (1) and (2) indicated belowto
whi ch are 2ﬁ8ed ni,t rogen squrces consisting of sodiumnitrate, sodi um
nitrite, a ﬁFﬂnf@ﬁFg?Fae}saﬁﬁgéﬁﬁﬁﬁrun1phosphate at an anount of 0.25%

0.2025% 0. 158% ~and, 0. 195% by wei ght respectively in the nedium (1) yeast
extract, 0.0§§; ?g?VTB 6plyaf£PPf,gBii“FegWﬁééée, 1.0 (2) yeast extract,
0.05 ; [err]; 0.1;,] ; glucose, . 1.0 : rr], .Q.05 ; [err] 0.01
[err], 0.001 ; [e%3]$£é¥82gﬁéﬁiB%?E%:Ck?ﬁﬁrﬂ ﬁggﬁaﬁk'éiken'(nanufactured by
Ei ken Growth of cells is good. Colony has a circular

shape, with its surface being smooth and its
peripheral end being smooth or wavy. The color of
the colony is ﬁilky semitransparent, and glossy.

2) Broth agar slant culture (Medium 1)
Cells can.grow. Colony has a cloth-spreading
shape, with a color of the colony being milky,
semitransparent, and glossy.

3) Broth liquid culture (Medium 2)
Cells can grow.

4) Stab culture in broth-gelatin (Mediuh 3)
growth of cells is good. Liquefaction of gelatin
is observed.

5) Litmuth milk medium (Medium 4)
Milk coagulation and peptoniéation are not
observed. Litmuth discoloration is indeterminable
because the medium is an alkaline medium.

c) Physiological'Characteristics

1) Nitrate reduction and denitrification (Medium 5)
Nitrate reduction is positive.
Denitrification is negative.

2) MR teét (Medium 6)

Indeterminable because the medium is an alkaline



Kagaku Co.), an anmpount indicated. Medium 14: King B nmedi um _
" Eivken' (manuf act ured by Ei ken 10 Kagaku Co.), an anount i ndi cat ed.
_Medi um 15: urea medium ' Ei ken' (manuf actured by Ei ken Kagaku Co.), an anount
i ndi cated. Medi um 16: cytochrone-oxi dase test filter paper (nmanufactured by
Ni ppon Pharmaceutical Co.) Medium 17: 3% aqueous hydrogen peroxi de Medi um
18: Bacto peptone, 0.5 ; yeast extract, 1@.5 [err] 0.1 ; glucose, 1.0 ;
[err] 0.02 Medium 19: Bacto peptone, 2.7 ; Nadl, 5.5 ; [err], 0.3
glucose, 0.5 ; bronothynol blue, 0.06 ; agar powder (manufactured by Wako
Pure Chenical Co.), 1m&diwmi um 20: [err] 0.1 ; KC1, 0.02 ; [err] 0.02 ;
yeast extract, 0.05 ; sugar, 1.0 Medium21l: casein, 0.5 ; yeast extract,
Negative.
4) Production of indole (Medium 7)
Negative.
5) Production of hydrogen sulfide {(Medium 8)
Negative.
6) Hydrolysis of starch (Medium 9)
Positive
7) Utilization of citric acid
Negative in Koser’s medium (Medium 10), and
indeterminable in Christensen’s medium (Medium 11).
8) Utilization of inorganic nitrogen sources
(Medium 12)
Nitrate, ammoﬁium salts, and nitrite ape'all
utilized.
9) Discoloration (Medium 13, Medium 14)
Negative.
10) Urease (Medium 15)
Negative.
11) Oxidase (Medium 16)
Indeterminable between positive and negative.
12) Catalase (Mediﬁm 17)

Positive.

13) Growth range (Medium L8)



agar powder (manufactured by Wako Pure Chemical Co.), 1.5 Mcol ogical
Charaeteristics: a) Cbservation under m croscope Cells are rods of a size
cof 1.0-2.2 [err] x 2.2- [err], with an elliptical endospore (0.8-1.0 [err]
X 1.0-1.8 [err]) formng at their subtermnals. They have flagella and are
notile. Gams staining is indefinite. Acid fastness is negative. b)
Gowmh in various culture nedia 1) Broth3agar plate culture (Medium 1)
Gowh of cells is good. Colony has a circular shape, with its surface

bei ng snmooth and its faeevphetaimpendtbeeng 8fvet HOOC wavy. The color of the
colony is mlky semtransparent, and glossy. 2) Broth agar slant culture
(Medi um 1) Celi's can gPbimumpgsaythatemperathrepr eddi ng3s§A@pe, wWith a col or
of the colony being m,|Kky, senmitransparent, and glossy. 3) Broth |liquid

cul ture (|\/de um 2) Growth PH range : 7 - 10.5

Optimum growth pH : 10

14) Behavior toward oxygen
Aerobic.

15) O-F test (Medium 19)
Discolofation is indeterminable because the medium
is an alkaline medium. Cells can grow only under
aerobic conditions.

16) Sugar utilization (Medium 20)
L-Arabinose, D-Xylose, D-glucose, D-mannose, °
D-fractose, D-galactose, maltose, sucrose, lactose,
trehalose, D-sorbitol, D-mannitol, glycerol,
starch, salicin, D-ribose and dextrin are
utilized.

17) Growth in a medium containing sodium salt
(modification of Medium 1)
Cells can grow in the presence of 5% of NaCl, but
cannot grow in the presence of 7% sodium chloride.

18) Hydrolysis of casein (Medium 21)
Positive.

Bésed on the above mycological characteristics, the

strain of the present invention was examined referring'to
Bergey's Mannual of Determinative Bacteriology, 8th ed.,

and 'The Genus Bacillus' Ruth, E. Gordon, Adriculture



I s geod. Li quefactlon of gelatin is observed. 5) Litnmuth m Ik

( Medi um 4) MTh mmﬁlmmhma&ﬂd peptoni zati on are not observed—trTmHuTh

Cells can grow _4) Stab culture in broth-gelatin (‘Medi um 3) GHMHEEM"&S@EFQ
e RERLACED

di scol oration bl e because the nediumis an al kaline nedi um
c) Physi ol ogi-c tlcs 1) Nitrate reduction and denitrification
(Medium5) Nitrate reductlon is positiv Denitrification is negative. 2)

MR test (Medium 6) | ndeterm nabl e because the nediumis an al kal i ne 12
medium 3) VP test (Medium6) Negative. 4) Production of indole (Medium7)
Negat i ve. Handbook No. 427, Agricultural Research Service, U.S.

Department of Agriculture Washington D.C., (1973), and
determined as an asporogenas rod-shaped microorganism
belonging to the genus Bacillus. The strain did not grow
in the neutral pH range, but grew mostly in the highly
alkaline range. From this fact, the strain of the present
invention was classified as an alkaloéholic microorganism
which was demonstrated by Horikoshi and Akiba [Alkalophilic
Microorganism, Japan Scientific Society Press (Tokyo),
1982]. The strain of the present invention is thus
distinguished from a group of microorganisms belonging to
the genus Bacillus which grows in a neutral pH range.

The strain of the present invention has mycologically
different characteristics from those of any conven£ionally
known ’alkalophilic Baccillus’. Accordingly, the strain of
the present invention was determined as a novel strain and
named Baccillus sp.'KSM—AP 1876, which was deposited with
Fermentation Research Institute, Agency of Industrial
Science and Technology as FERM BP-3049.

The production of an alkaline pullulanase A used in
the present invention can be processed by inoculatihg the
above microoganisms according to the conventional
cultivating methods. It is desirable to add a suitable
amount of carbon and nitrogen sources which the

microorganism can utilize in the medium. There are no



5) Production of hydrogen sul fide (Medium 8) Negative. 6) Hydrol ysis of
starch' (Medium 9) Positive 7) Uilization of citric acid Negative in
Koser's medi um (Medi um 10), and indetermnable in Christensen's nedi um
(Medium 11). 8) Utilization of inorganic nitrogen sources (Medium 12)
Nitrate, ammoniumsalts, and nitrite are15aI | utilized. 9) D scoloration
(Medi um 13, Medium 14) Negative. 10) Uredse (Medium 15) Negative. 11)
Oxi dase (Medi um 16). I ndet er mi pabl e between positive and negative. 12)

Catal ase (Med?RFF AFHC Pt F4E100%) 2%y R IR TAR 21t tredg) sources.

Exemplary organic nitrogen sources include corn gluten
meal, soybean flour, corn steep liquor, casamino acid,
yeast extract, pharma media, meat extract, tryptone,
soytone, hypro, ajipower, soybean meal, cotton seed meal,
cultivator, ajipron, zest. The inorganic nitrogen sources
"include ammonium sulfate, ammonium nitrate, ammonium
phosphate, ammonium carbonate, sodium nitrate,_ammonium
acetate. Exemplary carbon sources include soluble starch,
insoluble starch, amylopectin, glycogen, pullulan, and
branched oligomers produced by their partial decomposition,
utilizable carbon sources such as glucose, maltose, .
arabinose, xylose, ribose, mannose, fructose, galactose,
maltose, sucrose, lactose, trehalose, mannitol, sorbitol,
glycerol, utilizable qrganid acids such as citric'acid,
acetic acid, and the like. In addition to the above carbon
and nitrogeh sources, inorganic ions such as phosphate,
magnesium, calcium, manganese, zinc, cobalt, sodium,
potassium, and the like, and other organic and inorganic
micro-nutritions substances, if necessary, can be added
into the culture medium.

The target alkaline pullulanase A can be collected and
purified by means of conventional collection and
purification methods applied to general enzymes.
Specifically, cells can be separated from the culture broth

by means of conventional solid-liquid separation methods



13 Gowh tenperature : 20 - [err] Optimum growth tenperature 30 - 35C
Gowh pHrange : 7 - 10.5 Optinmumgrowh pH : 10 14) Behavior toward
.oxygen Aerobic. 15) OF test (Medium 19) Discoloration is indeterm nable
because the mediumis an al kaline medium Cells can grow only under aerobic
conditions. 16) Sugar utilization (Medium 20) L-Arabinose, D Xyl ose,

D-gl ucose, D-mannose, D-fractose, D-gal & ose, maltose, sucrose, |actose,
trehal ose, D-sorbitol, D-mannitol, glycerol, starch, salicin, Dribose and
dextrin are utilized. 17) Gowth in a nmedium containing sodium salt

(nodi ficati orswth Mslicantyieddbican Hrbuwraniemeoprelsentikef 560 obtaladl a
but cannot grow in the presence of 7% sodiumchloride. 18) Hydrolysis of
casein (Medi wrwdy PpayRe @olution. Although it is possible to use the

crude enzyme solution thus obtained as it is, it can be
served as purified enzyme as required, after éeparated by
means of separation methods such as salting out,
precipitation, ultrafiltration and the like to obtain crude
enzyme, further purifying and crystallizing the crude
enzyme by conventional methods.

A preferable method for_purifying the alkaline

. pullulanase A is discussed beléw.

Strains of an alkaline microorganism belonging to
genus Bacillus KSM-AP1876 are aerobically shake-cultured in
a medium containing 1% of pullulan, 0.2% of tryptone, 0.1%
of yeast extract, 0.03% of KHoPOy, 0.02% of CaClz.ZHZO,
0.1% of (NH4),S0,, 0.001% of FeSO,.TH50, 0.0001% of
MnCl,.4H,0, 0.02% of MgSO,.7H,0 and 0.5% of sodium
carbonate, at 30°C for 3 days. Cells are removed from the
culture liquid to ostain a supérnatant. DEAE-cellulose
powder is-added'to the supernatant to ﬁave pullulanase A
completely adsorbed onto the DEAE-cellulose. After washing
resin with 10mM tris-HCl buffer solution (pH 8), the enzyme
is eluted with the same buffer solution containing 0.6 M
NaCl.

Further, after dialyzing and concentrating against

10mM tris-HCL buffer solution (pH 8), the enzyme 1is



Based on the above mycol ogi cal characteristics, the strain of the present
I nvention was exam ned referring to Bergey's Mannual of Determ native
_Bacteriology, 8th ed., and The Genus BacilLlLus' Ruth, E. Gordon, Agriculture
14 Handbook No. 427, Agricultural Research Service, U S. Departnent of
Agricul ture Washington D.C., (1973), and determ ned as an asporogenas
r od- shaped m croorgani sm bel onging to tHe genus Bacillus. The strain did
not grow in the neutral pH range, but grew nostly in the highly al kaline
range. From weldiso riogst ontipe DIAEgiae 1dfu liase RESRemayinhvidmated whsthe|tdssi fi ed
as an al kal opholic m croorgani smwhi ch was denonstrated by Hori koshi and
Aki ba [ Al kal dpififleirc slatdsrganiThp engyae 98 dhed il WRd étly ¥ress. (Tokyo),
1982]. The strain of the present 4 vention is thus distinqui shedg frﬁ%? a
group of ni cCORCEAFTSHE PelTigitn®k & e NpStuHMBdE 13hs BTGP DR EF S
neutral pH range. .The strain .of the present invention has col ogi cal |
di fferent ch& it i cf“rr}t}rfilctthc?scetIQ il agrjﬁlgccto’h‘ifésn't i dh{}'—ﬁﬁ/r‘wkonnoc rating
alkalOphllI%f%ﬂxggldf%fag¥i(¥§¥fgﬂ3ﬁeﬁg¥%§§r&ﬂggéﬁaverage fraction-
molecular-weight is 10,000, the enzyme is dialyzed using
the buffer solution containing 0.1 M NaCl overnight. The
obtained enzyme is concentrated and dialyzed. Then, after
adsorbing onto the Sephacryl $-200 (trade-mark) column
equilibrated with the said buffer solution containing 0.1 M
NaCl, the enzyme is eluted with the buffer solution
containing 0.1 M NaCl. The active fractions are collected
and adsorbed onto DEAE Toyopearl 650 S (trgde-mark) column.
The adsorbed enzyme is eluted at a concentration slant of
0.1 - 1 M NaCl in 10mM tris-HCl buffer solution (pH 8), and
the active fractions are collected. The collected active
fractions are concentrated using ultrafiltration membrane,
then adsorbed to butyl Toyopearl 650S (trade-mark) column
equilibrated with the said buffer solution containing 2M
ammonium sulfate. The active fractions are eluted at a
concentration slant of 2-0 M ammonium sulfate using 10 mM
tris-HCl buffer solution (pH 8), and collected. After
concentrating with an ultrafiltration membrane, the active
fractions are dialyzed overnight. Purified enzyme thus

obtained gave a single band when subjected to

electophoresis using polyacrylamide gel (gel concentration



t he present invention was determned as a novel strain and named Baccill us
sp: KSM AP 1876, which was deposited with Fernentati on Research Institute,
. Agency of Industrial Science and Technol ogy as FERM BP-3049 on August 8,
1990 (original deposit is P-10887 on July 24, 1989). Theée production of an
al kal i ne pul lul anase A used in the present invention can be processed by
i nocul ating the above m croogani sns acclrding to the conventional
cultivating nethods. It is desirable to add a suitable anount of carbon and
ni trogen sources which the mcroorganismcan utilize in the medium There
are no 15 sp&&i)f aad iseidiam dedesy lisaldatieon SMSH .ni thhegert tsiow ga1d
Exenpl ary organi c nitrogen sources include corn gluten neal, soybean flour,
corn steep IW&&OPP°&&S&%Pno acid, yeast extract, pharma nedia, neat
extract, tryptone,, soytqQne, hypro, ajipower, soybean neal, cotton seed
neal , cultivator,EﬁzﬁﬁPgﬁﬁlféit?h?HQCFESﬂgéﬁPé Rift tdge s ld@drives i ncl ude
2gg?ﬂhrg}frg%aﬁﬁg&%§%%§| ngggthgggbi%ggnggighghosphate, ammoni um car bonat e,

Enzymatic activities were measured using the following
buffer solutions (10 mM each) according to the method shown
below.

PH 4-6 acetate buffer
pH 6-8 phosphate buffer
PH 8-11 glycine-NaCl-NaOH buffer

pH 11-12 KC1-NaOH buffer

Method for measuring enzymatic activities (gullulanasé
activities):

0.1 ml of enzyme solution was added to 0.9 ml of a
substrate solution consisting of a buffer solution and
pullulan (final concentration in the reaction system was
0.25%), and the mixture was reacted at 40°C for 30 minutes.
After the reaction, reducing sugar was quantitatively |
determing@_by a method of the 3,5-dinitro-
salicylié acid (DNS);

Specifically, 1.0 ml of DNS reagent was added to 1.0
ml of reaction mixture, and the mixtupe was heated at 100°C
for 5 minutes to develop color. After cooling, the mixture
Qas diluted by adding 4.0 ml of deionized water. This

solution was subjected to colorimetric quantitative

omtte



acetate. Exenplary carbon sources include soluble starch, insoluble starch,
anyl opectin, glycogen, pullulan, and branched oligoners produced by their
.partial deconposition, utilizable carbon sources such as glucose, naltose,
arabi nose, xylose, ribose, mannose, fructose, gal actose, maltose, sucrose,
| act ose, trehal ose, mannitol, sorbitol, glycerol, utilizable organic acids
such as citric acid, acetic acid, and tige like. In addition to the above
carbon and nitrogen sources, inorganic ions such as phosphate, magnesi um
cal ci um nangandyesigiatc,a cobad tlersprhi Wi 88 assi Unpnananibte( 1 keo £ and

ot her organic and inorganic mcro-nutritions substances, if necessary, can
be added i nt @ndyme Hdtinel tredvasndefinddaraget tlad kaho uret pof | ethzymsewidichn be
coll ected and purified by nmeans of conventional collection and purification
met hods appl ined ¢asqgeneramodnefnesduspeegi Sugarl ¥ ascallisosgn Ipe rsaparudteed
fromthe culture broth by neans of conventional solid-liquid separation

met hods 2= ‘ : ration or the like, 'to obtain a

1) Action

Decomposes a¢-1,6 glucoside linkage of
"pullulan to produce maltotriose. Hydrolyzes a-~1,6

glucoside linkage of starch, amylopectin, glycogen, or
their partial decomposition products.
2) Substrate specificity

Hydrolyzes a branched structure having a degree of
polymerization which is not less than the degree of
polymerization of maltose among sﬁgars having a branch at

a-1,6 glucoside linkage (Table 1).

Table 1
Substrate Concentration(M) Relative activity(%)
Pullulan 1 x 1073 100.0
Glycogen(oyster) 1 x 1078 0.2
Glycogen(rabbit liver) 1 x 1078 0.0
Amylopectin 1 x 1078 6.1
Amylose 1 x 1078 0.0
Maltose 1 x 10”2 0.0
Maltotriose 1 x 1072 0.0
Panose 1 x 10”2 0.0
Isomaltose 1 x 10”2 0.0
Isomaltotriose 1 x 1072 0.0
Gentiobiose 1 x 1072 0.0

3) Working pH and optimum pH ranges

The working pH is in the range of 5-11 with optimum pH



crude enzyne solution. Although it is possible to use the crude enzyne
solutdon thus obtained as it is, it can be served as purified enzyne as
required, after separated by neans of separation nmethods such as salting
“out, precipitation, ultrafiltration and the |ike to obtain crude enzyne,
further purifying and crystallizing the crude enzyne by conventi onal

net hods. A preferable nethod for puriféing the al kaline pullulanase Ais
di scussed bel ow. Strains of an al kal i né€“m croorgani sm bel ongi ng to genus
Baci | | us KSMiAPIHA6 rargeaerfolsi .Galllly. shake-cultured in a nedi um cont ai ni ng
1% of pullulan, 0.2% of tryptone, 0.1% of yeast extract, 0.03%of [err],
0.02% of [err], OPLhloflgnsxse adrki0Ohes FtervdriduD@HLovofrd argdsured2% of
[err] and 0.5% of sodium carbonate, at [err] for 3 days. Cells are renoved
fromthe cul tgiag irgacd iton @nsdionsa consdrsiainghtof OEAR «f IrM olgelgpovand | s
added to the supernatant to have pul |l ul anase A conpletely adsorbed onto the

DEAE- cel | ul os&chamferl Madhiags bads Puhfiar 1418l mhoskhate Rifag oPH pH
)y e, crevBe g g ol o L (e P BUIAST gl U100 P LD 08 o
' . buffer (pH 11-12). Each reaction was carried out at 40°C
for 30 minutes. The results are shown in Fig. 1.
4) pH Stability
Quite stable in the pH range of 8-10, and has relative
acfivity not less than 50% even in the pH range of 7-10.5.
Pullulanase activities at various pHs were measured
using reaction systems consisting of 0.25% of pullulan and
each of 10 mM acetate buffer (pH 4-6), phosphate buffer (pH
6-8.5), glycine;NaCI-NaOH buffer (pH 8.5-11), and KCl-NaOH
buffer (pH 11~-12). Each reaétion was carried out at 45°C
for 10 minutes. The results are shown in Fig. 2.
5) Working temperature and optimum temperature
Acts at wide temperaﬁure-range of 10-60°C with an
optimum temperature being about 50°C (Fig. 3).
6) Thermal stability
femberature.at which the present enzyme loses its
activity was examined by subjecting it to heat-treatment at
various temperatures at éH 9.5 for 30 minutes. It was
revealed that the enzyme was stable up to 40°C, and had

residual activity of not less than 50% even at 50°C (Fig.

).



10mM tris-HCO buffer solution (pH 8), the enzyne is 17 adsorbed onto
DEAE- €el | ul ose DE52 equilibrated with the buffer solution. The enzyne is
“then eluted at a concentration slant of 0-1M NaCQ using the nentioned
"buffer solution, to collect active fractions. After concentrating with an
ultrafiltrati on nenbrane whose average fraction- nol ecul ar-weight is

~10, 000, the enzyne is dialyzed using thg buf fer solution containing 0.1 M
NaCl overnight. The obtai ned enzynme is 2)ncentrat ed and di al yzed. Then,
after adsorbing onto the Sephacryl S-200 (trade-mark) columm equilibrated
wi th the sai d)bufoflecudalrutedghtont ai ning 0.1 M NaCl, the enzyne is eluted
with the buffer solution containing 0.1 M NaC. The active fractions are
col | ect ed "and adsdébsad 3200 OORAR PoPdPeamhedttned sunest dhamdansc ol furfiPS The
adsorbed enzyne is eluted at a concentration slant_ of 0.1 - 1 MNad in
10mM t ri s- HCle iipgftrephegiagtiisor segH @nceatdatiomct ivd % kactlifis fie
collected. The collected active fractions are concentrated using

ul trafiltrati®n Edmstame! medtladoSed to butyl Toyopear! 650S

(trade-mark) COlugmllulanase activity was adversely affected by 1 mM of
ﬁg2+, Cd2+, and Mn2+ strongly, and by 1 mM of Pb2+
slightly.

9) Effects of surfactants

Surfactants such as linear alkylbenzene sulfonate,
sodium alkyl sulfate, sodium polyoxyethylene alkyl sulfate,
sodium a -olefin sulfonate, sodium a-sulfénated fatty acid
ester, sbdium alkyl sulfonate, sodium dodecyl sulfate,
soaps, and Softanol (trade-mark) gave almost no adverse
effects when the enzyme was treated with 0.05% solution of
each of the surfactants at 40°C for 15 minutes.
10) Effects of chelating agents |

Chelating agents such as EDTA (10 mM), EGTA (10 mM),
citric acid (0.05% b& weight) gave almost no adverse
effects on pullulanase activity.
11) Resistance to protease

The enzyme exhibited strong resisténce to any alkaline
proteases such as API-21 (manufactured by Showa Denko Co.),
Maxatase (manufactured by IBIS Co.), Sabinase (manufactured
by Novo Co.), Alkalase (by Novo Co.)}, Espelase (by Novo

Co.) or the like, when measured in their presence (0.2



equilibrated with the said buffer solution containing 2M ammoni um sul f at e.
The active fractions are eluted at a concentration slant of 2-0 M amoni um
sulfate using 10 nMtris-HC buffer solution (pH 8), and collected. After
concentrating with an ultrafiltration menbrane, the active fractions are
di al yzed overnight. Purified enzynme thus obtai ned gave a single band when
subj ected to el ectophoresis using poLyaeeyLam de gel (gel concentration
18 15% and sodi um dodecyl sul fate (SDS). The active yield was about 4%
Enzynol ogi calA&hlracteristics of the al kaline pullulanase A are descri bed
bel ow. Enzymatic activities were nmeasured using the follow ng buffer -

sol utions (10 nmV Rrehbhecebher ngprd, tée fier hbde shbal betopulpldngse B
acetate buffer pH 6-8 phosphate buffer pH 8-11 gl yci ne- NaCl - NaOH

buf fer pH 11-usehd®s - e present invention, alkaline pullulanase which

is produced, for example,'by an alkalophilic microroganism
such as Bacillus sp KSM-AP 1378 (FERM BP-3048) shown below
is mentioned.

This microorganism has the following mycological
characteristics.

Mycological Characteristics
a) Observation under microscope

Cells are rods of a size of 0.8-2.4 um x 1.8-4.0 Mm,
with an elliptical endospore (1.0-1.2 um x 1.2-1.4 zm)
forming at their subterminals. They have flagélla and are
motile. Gram’s strain is indefinite. Acid fastnéss is
negative. |
b) Growth in various culture media

1) Broth agar plate culture (Medium 1)

Growth of cells is good. Colony has a circular shape,
with its surface being smooth #nd its peripheral being
smooth. The color of the colony is yellow,
semitransparent, and glossy.

2) Broth agar slant culture (Meidum 1)

Cells can grow. Colony has a cloth-spreading shape,
with color of the colony:belng glossy, yellow, and
semitransparent.

3) Broth liquid culture {Medium 2)



Met hod for neasuring enzymatic activities (pullulanase activities): 0.1 m
of enzyne solution was added to 0.9 ml of a substrate solution consisting
of a buffer solution and pullulan (final concentration in the reaction

" systemwas 0.25%, and the mixture was reacted at [err] for 30 m nutes.
After the reaction, reducing sugar was quantitatively determ ned by a

nmet hod of the 3,5-dinitro- salicylic ac%g (DNS). Specifically, 1.0 m of
DNS reagent was added to 1.0 ml of reaciion m xture, and the m xture was
heated at [err] for 5 mnutes to develop color. After cooling, the mxture
was diluted by adgiengs4c@nnmgrof.dei oni zed water. This sol ution was
subjected to colorinetric quantitative 19 anal ysis at a wave | ength of
535 nm One uHilt Stab) cofl tarzyirn aroithi-ge ladd nddMeddedhmas )t he anount of
enzynme which released 1 [err] of reducing sugar (as glucose) per mnute.
Enzynol ogi cal chafaewshi offi cells Astigoed. Liguefaction of gelatin is

observed.
5) Litmuth milk medium (Medium 4)

Milk coagulation and peptonization are not observed.
Litmpth discoloration is indeterminable because the medium
is an alkaline medium.

c) Physiologial characteristics
1) Nitrate reduction and denitrification (Medium 5)
.Nitrate reduction is positive. Denitrification is
negative.
+2) MR test (Medium 6)

Indeterminable because the medium is an alkaline

medium.
3) VP test (Medium 6)

Negative.

4) Production of indole (Medium 7)

Negative.

5) Production of hydrogen sulfide (Medium 8)

Negative.

6) Hydrolysis of starch (Medium 9)

Positive

7) Utilization of citric acid

Negative in Koser's medium (Medium 10), and



Deconposes a-1,6 glucoside |inkage of pullulan to produce naltotriose.
Hydrokyzes a-1,6 glucoside |inkage of starch, anylopectin, glycogen, or
their partial deconposition products. 2) Substrate specificity Hydrolyzes a
brianched structure having a degree of polynerization which is not |ess than
t he degree of polynerization of maltose anbng sugars having a branch at
[err] glucoside linkage (Table 1). Table 1 Substrate

Concentration(M Rel ative activity(% 2ullul an 1 x [err]
100. 0 G ycogeiHdytdmidnable in Ichr{fiddsen’s medidh 202 yfQ@eN{§abbit liver)
1 x [err] 0.0 Anyl opectin 1 x &err] 6.1
Anyl ose 8) Utilizdtdod &f ]inorganic n{tkbddh tOS€rces (Medium 12) 1 X
[err] 0.0 Maltotriose 1 x [err] 0. 0 Panase

1 x [err] Nitrgtd semmidronen salts, and niltXif{€rdfe all utilife@.

| somal totriose 1 x [err 0.0 Centi obi ose 1 x
[err] - D). Piycalmrie trigprpH Mathi wpt I JnuMedt umnkies

Nega@ive.

10) Urease (Medium 15)

Negative.

11) Oxidase (Medium 16)

Negative

12) Catalase (Medium 17)
Positive
13) Growth range (Medium 18)

Growth temperature : 20-40°C

Optimum growth temperature : 30-35°C

Growth pH range : 7-10.5

Optimum growth pH : 10

14) Behavior towards oxygen

Aerobic.

15) O-F test (Medium 19)

Discoloration is indeterminable because the medium is
an alkaline medium. Cells can grow only under aerobic
conditions.

16) Sugar utilization (Medium 20)

L-Arabinose, D-xylose, D-glucose, D-mannose, D-

fractose, D-galactose, maltose, sucrose, lactose,

Lrehalose, D-sorbitol, D-mannitol, inositol, glycerol,



The working pHis in the range of 5-11 with opti num pH 20 in the range
of .9.6-11. Pullul anase activities at various pHs were neasured using
reaction systenms consisting of 0.25% of pullulan and each of 10 nM acetate
"buffer (pH 4-6), phosphate buffer (pH 6-8.5), glycine-NaC -NaCH buffer (pH
8.5-11), and KO -NaCH buffer (pH 11-12). Each reaction was carried out at
[err] for 30 mnutes. The results are showmn in Fig. 1. 4) pH Stability
Quite stable in the pH range of 8-10, asd has relative activity not |ess
than 50% even in the pH range of 7-10.5. Pullul anase activities at various

pHs were neagyhednysidag figdeld, orgaax%tlens FNHoHd NG dbE%Pladul I ul an
and each of 10 mM acetate buffer (pH 4 6) phosphate buffer (pH 6-8.5),

gl yci ne- NaCd yNa@ladf.fer (pH 8.5-11), and [err] buffer (pH 11-12). Each
reaction was carried out at [err] for 10 mnutes. The results are shown in
Fig. 2. 5) V‘bulvi)ngrro@rmerlaiw&eanidzmmdm&ieig)@oﬁwm Sxits at wi de
tenperature range of [err] with an
(modification of Medium 1)
Cells can grow in the presence of 7% NaCl but cannot
grow in the presence of 10% NaCl
18)'Hydrolysis of casein {(Medium 21)
Positive.
Based on the above mycological characteristics, the
strain of the present invention was:examined referring to
Bergey’s Mannual of Determinative ngteriology, 8th ed.,
and 'The Genus Bacillus’ Ruth, E. Gordon, Agriculture
Handbook No. 427, Agricultural Research Service, U.S.
Department of Agricultpre, Washington DWCf (1973), and
determined as an asporogenas rod-shaped microorganism
belonging to the genus Bacillus. The stfain did not grow
in a neutral pH Qange, but grew mostly in a highly alkaline
range. From this fact, the strain of the present invention
was classified as an alkalophilic microorganism which was
demonstrated By Horikoshi and Akiba [Alkalophilic
Microorganisms, Japan Scientific Society Press (Tokyo),
1982}]. The strain of thé present invention is
distinguished from a group of microorganismé belonging to

the genus Bacillus which grows in a neutral pH range.

The strain of the present invention has mycologically



optimum t enperature being. abwt——ﬁerr] (Fig. 3). 6) Thermal|is&iderinas BE;N |
Tenper at ure at“me present enzyme |oses its activity was pesaoeped by
subj ecting it torjj sheet HacRiemE h%flt vari ous tenperatures atlpH-9.-5f0r .30

mnutes. It was r ‘ e enzynme was stable up to [err], and had
resi dual achtyjm i 3 an 50% even at [err] (Fig. 21 7)

Mol ecul ar Wi ght 20, 000 [err] 52800, when measured by means of SDS
el ectrophoresis (gel concentration 7.5%. (Fig. 6). 8) Effects of netal
ions Pul | ul adasge peht VEhyrd@6e AOYEIEE! Frohf €6688 &Y dniM-OhvERE{In2Ddy
strongly, and by 1 mMof [err] slightly. 9) Effects of surfactants
Surfactant s lsmedn asalkasaphil ky| Beazehes Sul f a0ab £di 89Uy UM Ré kytrsuhf ate,
sodi um pol yoxyet hyl ene al kyl sul fate, sodium a-ol efin sul fonate, sodium

- a-sul fonat edthatpyesentl esventisodvasn & kytmined caat £, nsvel ustdetlecyand
sul fate,

named Bacillus sp. KSM~-AP 1378, which was deposited with
Fermentation Research Institute, Agency of Industrial
Science and Technology'as FERM BP-3048.

_The production of the alkaline pullulanase B used in
the present invention can be processed by inoculating the
above microorganisms according to the conventional
cultivating methods; It is desirable to add a suitable
amount of carbon and nitrogen sources which the
microorganism can utilize in the medium. There are no
specific limitations as to carbon and nitrogen sources.

Exemplary nitrogen sources include corn'gluten meal,
soybean flour, corn steep liquor, casamino acid, yeast
extract, pharma media, meat extract, tryptone, soytone,
hypro, ajipower, cotton seed meﬁl, éultivator, ajipron and
zest. The inorganic'nitroéen sources include ammonium
sulfate, ammonium nitrate, ammonium phosphate, ammonium
carbonate, sodium nitrate, ammonium acetate and the like.
Exemplary carbon sourceé include soldble starch, insoluble
starch, amylopectin, glycogen, pullulan and branched
oligomers produced by their partial décomposition. and
utilizable carbon sources such as glucose, maltose,
arabinose, xylose, ribose, mannose, fructose, galactose,

sucrose, lactose, trehalose, mannitol, sorbitol, glycerol,




soaps, and Softanol (trade-mark) gave al nbost no adverse effects when the
enzyne was treated with 0.05% sol ution of each of the surfactants at [err]
for 15 minutes. 10) Effects of. chelating agents Chel ati ng agents such as
EDTA (10 mM), EGTA (10 mM), citric acid (0.05% by wei ght) gave al nbst no
adverse effects on pullulanase activity. 11) Resistance to protease The
~enzyne exhibited strong resistance to gy al kaline proteases such as API-21
(manuf actured by Showa Denko Co.), Maxatase (manufactured by I1BI'S Co.),

- Sabi nase (manufactured by Novo Co.), Al kalase (by Novo Co.), Espel ase (by
Novo Co.) oranfleutikézabhenonganiredcidst RBch psesétcéc(@cid, az2tAd 1). On
the other hand, as for the alkaline pullulanase B usable in the present

i nvention, afRafi ardptiheuldkase Whi efdisiprotiacslie prbevexsmsben lppdan

al kal ophil'ic m crorogani smsuch as Bacillus sp KSM AP 1378 ( FERM BP-3048)
shown bel ow PitRBRAERORBYrces, inorganic ions such as phosphate,

magnesium, calcium, manganese, zinc, cobalt, sodium,
potassium and the like, and other organic or inorganic
micronutritious substances, if necessary, can be added into
the culture medium. |

A preferable cuituring température is from 20 to 40°C,
most preferably from 30 to 35°C, and pH is from 8 to 10.5,
preferably 10. The cultivation is usually completed in 2-3
days under the above conditions.

The target alkaline pullulanase B having a -amylase
éctivity can be collected and purified by means of
conventional collection and purification methods applied to
general enzymes. Speéifically; cells can be separated from
the culture broth by means of conventional solid-liquid
separation methods such as centrifugation, filtration or
the like, to obtain a crude enzyme solution.

Although it is possibie to use the crude enzyme
solution thus obtained as it is, it can be served as
purified enzyme, after separated by means of-separatioﬁ
methods such as salting out, precipitation, ultrafiltration
and the like to obtain.a crude enzyme,.further purifying
and crystalyzing the crude enzyﬁe by conventional methods,

as required.



This m croorgani smhas the follow ng nycol ogi cal characteristics.
M/col ogi cal Characteristics a) Cbservation under m croscope Cells are rods
of a size of 0.8-2.4 [err] x 1.8-4.0 [err], with an elliptical endospore
(1.0-1.2 [err] x 1.2-1.4 [err]) form ng at their subterm nals. They have
flagella and are notile. Gams strain is indefinite. Acid fastness is
negative. b) Gowth in various culturegredia 1) Broth agar plate culture
(Medium 1) Gowth of cells is good. Colony has a circular shape, with its

surface being snootfréferabbe PRétRbEr 2br DELAYEFIRLt A1 kdDEnE0bAL 10T kA8
colony is yellow, semtransparent, and glossy. 2) Broth agar slant culture

(Meidum 1) Gelis checgseed bEelowmy has a cl ot h-spreadi ng shape, with col or

of the col ony being glossy, yellow, and semtransparent. 3) Broth I'iquid

culture (Medium 2§trains of an alkaline microorganism belonging to
genus Bacillus KSM-AP 1378 are aerobically shake-cultured
in a medium containing 1% of pullulan, 1% polypeptone, 0.5%
of yeast extract, b.l% of KH2P04, 0.25% of NaZHPO4.12H20,
0.02% of MgSO4.7H50 and 0.5% of sodium carbonate, at 30°C
for 3 days. Cells are removed from the culture broth to
obtain a supernatant. The supernatant is then purified by
means of DEAE cellulose adsorption; a -cylodextrin affinity
chromatography, DEAE Toyopearl (manufactured by Toyo Soda
Co.) chromatography, and Sephacryl (manufactured by
Pharmacia Co.) chromatography. Purified enzyme thus
obtained gave a single band when it is subjected to
electophoreses using polyacrylamide gel (gel concentration
: 15%) or sodium dodecyl sulfate (SDS). In this-process,
the active yield was about 2%.

Alkaline pullulanase B thus obtained is preferably
used as an component of the detergent composition of the
presént.invention. Enzymological characteristics of
alkaline pullulanase B are explained below.

Enzymatic activities were measured using the following
buffer solutions (50 mM each) according to the method
explained below.

pH 4-6 : acetate buffer

pH 6-8 : phosphate buffer



23 Cells can grow. 4) Stab culture in broth-gelatin (Medium 3) G owh of
cell s*is good. Liquefaction of gelatin is observed. 5) Litnuth mlk nedi um
.(Medium 4) M1k coagul ati on and peptonization are not observed. Litnuth
di'scoloration is indeterm nable because the nmediumis an al kal i ne medi um

c) Physiologial characteristics 1) Nitrate reduction and denitrification
(Medium5) Nitrate reduction is positiv Denitrification is negative. 2)
MR test (Medium 6) tndeterm nabl e because the nediumis an al kaline nedium
3) VP test (Medium 6) Negative. 4) Production of indole (Medium7)

Negative. 5) Production of hydrogeaseauhhidpulMalhnas8) abegatiiyg. 6)

Hydrol ysis of starch (Medium 9)
pH 6-8 : Tris-malate buffer
(for measuring a -amylase activity)

pPH 8-11 : glycine-NaCl-NaOH buffer

pH 11-12 : KC1-NaOH buffer
Method for measuring enzymatic activities:
1) Pullulanase activity

Same procedures were followed aé mentioned in the
section of alkaline pullulanase A.
2) a-amylase activity

0.1 ml of enzyme solution was added to 0.9 ml of a
substrate solution consisting of a buffer solution and
soluble starch (fin#l concentration in the reaction system
was 0.25%), and the mixture was reacted at 50°C for 15
ﬁinutes. After the reaction, reducing sugar was
quantitatively determined by means of a DNS method.
Specifically, 1.0 mi of DNS reagent was added to 1.0 ml of
reaction mixture, and the mixture was heated at 100°C for 5
minutes to develop color. After cooling, the mixture was
diluted by adding 4.0 ml of deionized water. This solution
was subjected to colorimetric quantitative'analysis at wave
length of 535 nm. One unit (1lU) of enzyme activitj was
defined as the amount of enzyme which released 1 ymdl of

reducing sugar (as glucose) per minute.

Enzymological Characteristics



Positive 7) Ut4—l—+—z*aﬁ‘0“ oF citric acLd Negative in Koser“rﬂ\Srﬁ;*tﬁEﬁ E j
10), ~and - 24 | g’&bﬁﬁeplaﬂﬂdcm’l stensen's medi um (Nedi uRERMACEDg)
Utilization of n sources (Medium 12) N 'rate," ammoni um
salts, and ni tr| t m‘\ “B! zed. 9) Discoloration (Medium 13, Medium
14) Negative. 10) I'Um 15) Negative. 11) Oxidase (Medium 16)

Negative 12) Catal ase (|\/de um 17) Posi ti (Ze 13) G owth range (Medium 18)
Gowth tenperature’: [err] Optinmumgro t enperature [err] Gowh pH
range : 7-10.195 @attiimunm growth pH : 10

Acts on pullulan and soluble starch to produce mainly
maltotriose from pullulan and mainly maltotetraose and
maltopentaose from soluble starch. Acts also on glycogen
to produce maltotetraose and maltopentaose (Fig. 7).

2) Substrate specificity

Acts on pullulan, soluble sfarch, and glycogen (Table

2).
Table 2

Substrate Concentration Relative activity(%)
Pullulan 0.25% 100
Glycogen (oyster) 0.5% ’ 25
Glycogen (rabbit llver) 0.5% 24
Amylopectin 0.5% 55
Amylose 0.5% 28
Maltose 1 x 10™2yM 0
Maltotriose 1 x 10™ 2M 0
Panose : 1 x 10™2m ' 0
Isomaltose 1 x 107%M 4
Isomaltotriose 1 x 10™2M . i1
Gentiobiose 1 x 10°2yM : 0

3) Working PH and optimum pH ranges

The working pH on pullulan of alkaline pullulanase B
is in the range of 5-12 with an optimum pH in the range of
8.5-10.

Pullulanase activities at various pHs were measured
using reaction systems consisting of 0.25% of pullulan and
each of L0 mM acetate buffer (pH 4-5), phosphate buffer (pH

6-8), glycine-NaCl-NaOH buffer (pH 9-10.5), and KCLl-NaOH



14) Behavi or towards oxygen Aerobic. 15) OF test (Medium 19) Discol oration
I s.indeterm nabl e because the nediumis an al kaline nedium Cells can grow
only under aerobic conditions. 16) Sugar utilization (Medium 20)

" L*Arabi nose, D-xylose, D-glucose, D nmannose, D fractose, D gal actose,

mal t ose, sucrose, |actose, trehal ose, D-sorbitol, D-mannitol, inositol,

gl ycerolL, 25 starch, raffinose, saligin, Dribose, and dextrin are
utilized. 17) G owh in a medium containing sodiumsalt (nodification of

Medi um 1) Celdf fe GSEOWM 1014 Ne PELSENELa Of i IO MR c DML E@NHRL YEOYHIR the
presence of 10% NaCl 18) Hydrolysis of casein (Medium 21) Positive. Based
on the above facdOmMAltENAr aTREIPS$WLSs 4P€ shown in Fig. 8(a).

The working pH on soluble starch was in the range of
4-12 with an optimum pH ip the range of 7-9.5. a-Amylase
activitiés at various pHs were measured using reaction
systems consisting of_0.25% of soluble starch and eéch of
10 mM acetate buffer (pH 4-5), tris-malate buffer (pH 6—8),_
glycine~-NaCl-NaOH buffer (pH 9-10.5), and KCl-NaOH buffer
(pH 11-12). Each reaction was carried out at 50°C for 15
minutes. The results are shown in Fig. 8(b).

4) pH stability

Alkaline pullulanase B is stable in the pH range of
6-10.5 against pullulan. Pullulanase activities at various
pHs were measured using reaction systems consisting of
0.25% of pullulan and each of 10 mM acetate buffer (pH 4-
5), phosphate buffer (pH 6-8), glycine-NaCl-NaOH buffer (pH
9-10.5), and KC1l-NaOH buffer (pH 11-12). Each reaction was
carried out at 45°C for 10.minutes. The results are shown
in Fig. 9(a).

Alkaline pullulanase B of this invention was stable in
the pH range of 4-12 against soluble starch. «a-Amylase
activities at various pHs were measured using reaction
systems consisting of 0.25% of pullulan and each of 10 mM
acet#te buffer (pH 4-5), tris-malate buffer (pH 6-8),
glycine-NaCl-NaOH buffer (pH 9-10.5), and carbonate buffer

{pH 11-12). Each reaction was carried out at 50°C for L5



strain of the present invention was exam ned referring to Bergey's Mnnual

of Determnative Bacteriology, 8th ed., and ' The Genus Bacillus' Ruth, E
.Gordon, Agriculture Handbook No. 427, Agricultural Research Service, U S.

* Departnment of Agriculture, Washington D.C. (1973), and determ ned as an

asporogenas rod-shaped m croorgani sm bel onging to the genus Bacillus. The

strain did not growin a neutral pH ramge, but grew nostly in a highly

al kaline range. Fromthis fact, the strain of the present invention was

classified as an al kal ophilic m croorgani smwhich was denonstrated by

Hori koshi angirAlidms. [ Altal ephiltc MeranswanisneigJapar) Sci entific Society

Press (Tokyo), 1982]. The strain of the present invention is distinguished

froma group bfWarlcimpr igempemst lss cargd ngp € Omdret geprisaBace | | us whi ch grows

in a neutral pHrange. The strain of the present invention has

mycol ogi cal | y Act$ on ¥ kuloon amdirsclwblststardh ont tdosidef any

conventionally known 'al kanophilic Bacillus'. Accordingly, the strain of

t he present temrensdoir eranig et i HEPB<C & holvean sephi mum ghgmperature

being about 50°C. 'The results are shown in Figs. 10(a) and
10(b).
6).Thermal stability

Temperatﬁre at which the present enzyme loses its
activity was examined by subjecting it to heat-treatment at
various temperatures at pH 9.5 for.30 minutes. As a
result, the enzyme was very stable up to 45°C. The results
are shown in Figs. 11l{a} and (b).
7) Molecular weight

About 200,000 % 5,000, when measured by means of SDS
electrophoresis (gel éoncentration : 7.5%). (Fig. 13) .

' 8) Effects of metal ions |

Pullulanase activity was édversely affected by Hg2+,

Mn2+, and Pb2+ ions, and a-amylase activity was adversely

affected by'Hg2+. Mn2+, Pb2+, Cd2+, and Zn2+. The results

are shown in Table 3.



named Bacillus sp. KSM AP 1378, which was deposited with Fernentation
Research Institute, Agency of Industrial Science and Technol ogy as FERM
‘BP- 3048 on August 8, 1990 (original deposit is P-10886 on July 24 1989).
The production of the al kaline pullulanase B used in the present invention
can be processed by inocul ating the above m croorgani sns according to the
conventional cultivating nethods.. It i3 desirable to add a suitabl e anount
of carbon and nitrogen sources which the microorganismcan utilize in the
medium There are no specific limtations as to carbon and nitrogen
sources. Exenplary nitrogen sources inTabtle 8orn gluten neal, soybean
flour, corn steep liquor, casam no acid, yeast extract, pharma nedia, neat
extract, tryptomne;-sUytone; - hypro;-aJTpower;-cotton-seed-nmeat--caktrvator,
ajipron and Z&ampoumr@ | norgamfenhrafbgen sour ceBephdhadeaatbatdm %dl f at e,
ammoni um ni trate, amoni um phosphat e, amoni Gnrtarbonatre; ~sodranrnrtcrace,
ammoni um acetate and the |ike. Exenplary car bBRl3B4rERES| ncRULEHRTDI e
starch, insoluble starch, amylopectin, glycog8fit*paf¥ul an aRBtBVak&hed

—— . e g — - ————

torE! maltose] " arabi nose, xylggg, ri bose,
salt

ol i gomers praduced. by, theit partial deconposition,.and ut|F|2ﬁ2§ carbon
sources such E%g ¢ ose,
fructose, galat ﬁgﬁiz 1 mM 36 53

MnCly 1 mM ' 51 28

PbCly 1 mM 53 53

CdCly 1 mM 80 38

ZnC1l 1 mM - 93 57

Chlating agent
EDTA 10 mM T7 17 (88)%*
EGTA 10 mM 65 18 (91)%*

* Ths values in parentheses are residual activities when
Ca®t ions were added again. :

As shown in Table 3, the metal ions which adversely
affect the pullulanase activity and those which adversely
affect the a-amylase activity are discriminated from each
other.

9) Effects of surfactants

0.05% Solution of surfactants such as linear
alkylbenzene sulfonate, sodium polyoxyethylene
alkylsulfate, sodium a-olefin sulfonate, sodium
a -sulfonated fatty acid ester, sodium alkyl sulfonate,
sodium dodecyl sulfate, soaps, and softancl were tested at
40°C for 15 minutes to give almost no adverse effect on
enzyme activies.

L0) Effects of chelating agents

Chelating agents such as EDTA (L0 mM), EGTA (10 mM)

il



sucrose, |actose, trehal ose, mannitol, sorbitol, glycerol, 27 and
utili-zabl e organic acids such as citric acid, acetic acid and the like. In
addition to the above carbon and nitrogen sources, inorganic ions such as
" phosphate, magnesi um cal cium manganese, zinc, cobalt, sodium potassium
and the like, and other organic or inorganic mcronutritious substances, if
necessary, can . be added into the culture nmedium A preferable culturing
tenperature is from20 to [err], nost pBéferably from30 to [err], and pH
is from8 to 10.5, preferably 10. The cultivation is usually conpleted in
2-3 days undgavehelabete neordivieirars e fHee t! @inggulalalnaie pddiulianase Bt
havi ng a-anyl ase activity can be collected and purified by neans of
conventi onal acodamekdsonaabilv pty i dasasdosrsel hoadsfappebdedigni geeanaly.
enzynmes. Specifically, cells can be separated fromthe culture broth by
means of con{éet icorany base datt ivi tly sepbcht hath be¢hogddveushlasaffected
centrifugation, filtration or the like, to obtain a crude enzyne SO|Uté£ﬂl

by chelating agents can be restored by the addition of Ca

ions as shown in Table 3.

11) Resistance to protease

In the presence of an alkaline protease, for example,
Maxatase (manufactured by IBIS Co.), Sabinase (manufactured
by Novo Co.) or the like in an amount of 0.2 AU/1l, the
activities were measured, to confirm that the enzyme of
this invention exhibited strong resistance to any
proteases.

As is apparent from the above-mentioned enzymological
characteristics, the alkaline pullulanase B of the present
invention is the one having different physiological and
chemical characteristics from conventional pullulanases
having « -amylase activity.

Further, in order to clarify the novelty of the enzyme
of the present invention, comparison data on physiological
and chemical characteristics of the enzyme of the present
invention and conventional pullulanases having a -amylase
activity are shown in Table 4.

As is apparent from Table 4, the alkaline pullulanase

B of the present invention is clearly different from a

pullulanase-amylase complex derived from Bacillus subtilis



Al though it is possible to use-the—ctrude enzynme sol uti qQryidgisedbingiseed las

it<is, it can beserved as pyrifL%g enzyne, after separlat edrbsraveans of

_ separation net hodsmmgsshéet B%W out, precipitation, wirafitirat+onrtand
I

C!

9
the like to obtain- é&m further purifying and crystal yzing the
crude enzyne by con ds, as required. 28 A preferable
met hod for purifying alkaline pullulanase B is discussed bel ow. Strains of
an al kaline m croorgani sm bel onging to éénus Baci | L us KSM AP 1378 are
aerobi cal |l y gsiake- cwbinuaad amy 12 ske tiavingopudiliilag at¥ @fc tawiltyl arer idf4éd
pol ypept one, 0.5% of yeast extract, 0.1%of [err], 0.25%of [err], 0.02% of
[err] and 0. F%oaf Baedillmsc grilrendiaas &-2[.err] for 3 days. Cells are renoved
fromthe culture broth to obtain a supernatant. The supernatant is then
purified by means of DEAE cel | ul ose adsorption, [err] affinity

chr omat ogr aphy, DEAE Toyopear| (manuf adedded4by Toyo Soda Co.)
chromat ogr aphy, and Sephacryl (manufactured by

Pullulanase
Japanese Patent Japanese Patent Present
Publication Laid-open Invention
{Kokoku) No. {Kokai) No. {Alkaline
18717/1989 60376/1989 Pullulanase B)
Microorganism Bacillus subtilis Bacillus circulans Bacillus sp.
Tu F-2 KSM-AP 1378
Optimum pH of
pullulapase activity 7.0-7.5 7.0 8.5-10.0
Optimum pH of )
« -amylase activity 6.7-7.0 7.0-8.5 7.0-9.5
Optimum temperature of )
pullulanase activity - 50°C 50°C 50-55°C
Optimum temperature of :
a -amylase activity 60°C 50°C : 45-50°C
Molecular weight 450,000 218,000 ' 200,000
(gel filtration) (SDS electro- (SDS electro-
. phoresis) phoresis)

Major products from

soluble starch¥* G1,G2,G3 G4,G5,G6 G4,G5
Mojor products from

pullulan* G3 G3 G3
¥ 1 Gl: glucose, G2: maltose, G3: maltotriose,

G4: maltotetraose, G5: maltopentaose, G6: maltohexaose

The above-mentioned alkaline pullulanase A or alkaline



Phar maci a Co. )_chﬁena%egfaphy"P”rified enzyme thus obt b E ¥% é% |l e
band when it is su E?& legt ophoreses using pol yad 9 a é%l F
_concentration 1 decyl sulfate (SDS). Injthis Drocess Re
active yield mas | i ne pul lul anase B thus obtained is
preferably used of the detergent conposition of the present

i nventi on. Enzynnloglcal characteristicssof al kal i ne pul | ul anase B are
expl ai ned bel ow. Ernizymatic activities were nmeasured using the follow ng
buf fer sol utpabsul{afRasd Backy geserdilly tacbheoraitbadiaxpl ai aedekgleaw. pH

4-6 : acetate buffer pH 6-8 : phosphate buffer 29 (for neasuring
pul | ul anase aemhpusiyjopHo6- 8he pFesentuliavenbibheby( Dol reasuwitng.[ err]
activity) pH 8-11 : [err] buffer pH 11-12 : KO - NaCH buffer
These alkaline pullulanases can be used either in the
purified form of enzyme, or as an crude enzyme which is
culture broth itself.

Other conventional detergent componénts may optionally
be compounded into the detergent composition of the present
inveniton depending on the use and the purposes. These
components to be compounded are illustrated below.

1) The amount of surfactants is not limited especially, but
is preferably 0.5-60% by weight. Tﬁe exemplary surfactants
usable for the detergent comosition of the present
invention include nonionic surfactants such as alkylbenzene
sulfonate, alkyl or alkehylether sulfate, alkyl or alkenyl
sulfate, olefin sulfonate, alkane sulfonate, saturated or
unsaturated fatty acid salt, alkyl or alkenyl ether
carboxylic acid salt, a-sulfo fatty acid salt or ester,
aminoacid-type surfactant,iN—acylamino acid-type
surfactanﬁ, alkyl or alkenyl acid-phosphate, alkyl or
alkenyl phosphate or its salt; amphoteric surfactants such
as carboxyl or sulfobetaine-type surfactant; nonionic
surfactants such as polyoxyalkylene alkyl or alkenyl ether,
polyoxyethylene alkyl phenyl ether, higher fatty acid
alkanolamide or its alkylene oxide adduct, sucrose fatty
acid ester, fattLy acid glycerol monoester;lalkylamlne

oxide, alkylglycoside; and cationic surfactants such as



Met hod for neasuring enzymatic activities: 1) Pullul anase activity Same
procedures were followed as nentioned in the section of alkaline

. pul lul anase A. 2) a-anylase activity 0.1 m of enzynme solution was added to
0.9 m of a substrate solution consisting of a buffer solution and sol uble
starch (final concentration in the reaction systemwas 0.25%, and the

m xture was reacted at [err] for 15 mingyes. After the reaction, reducing
sugar was quantitatively determ ned by neans of a DNS net hod. Specifically,
1.0 M of DNS reagent was added to 1.0 ml of reaction mxture, and the

m xture was Beategnary[ emmpnipm Sagtnutes to devel op color. After cooling,
the m xture was di|luted by adding 4.0 ml of deionized water. This sol ution
was subjected to EBFGrFHEtFFEeﬁﬁéﬁﬁlF&FP9§1&ﬁ8Py§fst@ﬂswaméemén@ﬂ1Mﬁ 535

nm One unit ne acti.vi defined as the anount of enzyne
whi ch reIeasBé g)f8fr mPédﬁcFﬁSLsﬂﬁéilPﬁs Flitdes) ofemop-fgeaing

Enzynnloglcakogqgkq%tgaE ac ants are preferable. As for these kinds of

surfactants, alkoxylated nonionic surfactants (alkoxyl
moiety is selected from the group consisting of ethylene
oxide, propylene oxide and their mixtures) are enumerated.
Mention may be given to ’'Plurafac LF 403’ and ’Plurafac LF
1300’ (both trade-marks, manufactured by BASF Japan Co.),
'Softanol EP 7045’ (trade-mark, manufactured by Nippon
Shokubai Kagaku Kogyo K.K.). When the detergent
composition is used for an automatic dish-washer, it is
preferable that.the surfactants of 0.5%-30% by weight are
compounded into the composition.

2) Alkaline agents suéh as carbonate, hydrogencarbonate,
silicate, boronate and alkanolamine and inorganic
electrolytes such as sulfate are usually compounded into
the composition in an amount of 0-90% by weight.

3) Phosphates such as tri-poly phosphate, pyrophosphate,
orthophosphaté; phosphonates sﬁch as ethane-1, 1-
diphosphonate; phosphono carboxylates such as 2-
phosphonobubane—l,2—dic#rboxylabe; amino.acid salts such as
aspartate, glutamate;‘aminopolyacetates such as nitrilo
triacetate, ethylenediamine tetréacetate; polymer-chelating

agents such as polyacrylate, polyakonitate; organic acid



30 1) Action Acts on pullulan and soluble starch to produce mainly
maktotriose frompullulan and nainly nmaltotetraose and nal t opentaose from
. soluble starch. Acts also on glycogen to produce naltotetraose and

mal t opentaose (Fig. 7). 2) Substrate specificity Acts on pullulan, soluble
starch, and glycogen (Table 2). Table 2 Substrate

Concentration(M Relative activity(% Pullulan 0.25%.

100 d ycogen (oyster) 0.5% 38 25 G ycogen (rabbit liver)
0. 5% salts sd¢hAB¥l BRETLILB, citrate; di¥al¥ht metal ion 55 :
Anyl ose : 0. 5% 28 Mal tose 1 x
[err] scavedgblhkt @UchOSe alumino silitake[ @] uBaBQI® compounded

1 x [err] O Isonaltose . 1 x [err] 4

| somal totri osato the combpoxiftéph] in an amountl o@eOt50l bye weight. 1 x
[err] 0 3) Working pH and opti num pH ranges

4) Bleaching agents such as sodium percabonate, sodium
perboronate, sodium hypochloride, dichloro isosialic acid
are compounded into the composition in an amount of 0-85%
by weight.

5) As for the other small quantity components which may be
incorporated as regquired, mention may be given to anti-
recontamination agents such as polyethylene glycol, carboxy
methyl cellulose; enzymes such as proteése, lipase,

a -amylase, cellulase; anti-enzyme quenchers such as
sulfite; fluorescent dyes; blueing agents; colorants;
anti-caking agents; solubilizing agents; activating agents
for enzymes or bleaching agents; anti-metal-corrosion
agents.

Exemplary proteases to be used in the present
invention include subtilicins obtained from specific
strains such as Bacillus subtilis and Bacillus
licheniformis. For example, 'Maxatase’ (trade-mark, Gist-
Brocades), 'Alkalase’, ’'Esperase’ and 'Sabinase’ (trade-
marks, Novo Industry Co.), are enumerated.

a -Amylase to be used in the present invention are
obtained, for example, from Bgcillus.licheniformis or
Bacillus subtilis. Commercially available examples are

"Termamyl’® (trade-mark, Novo [ndustry Co.), 'Maxamyl’



The working pH on pullulan of alkaline pullulanase Bis in the range of
5-12 With an optinmumpH in the range of 8.5-10. Pullul anase activities at
vari ous pHs were neasured using reaction systems consisting of 0.25% of
pul l ul an and each of 10 nmM acetate buffer (pH 4-5), phosphate buffer (pH
6-8), glycine-NaC -NaCH buffer (pH 9-10.5), and [err]. 31 buffer (pH
11-12). Each reaction was carried out agg[err] for 30 mnutes. The results
are shown in Fig. 8(a). The working pH on soluble starch was in the range
of 4-12 with an optimumpH in the range of 7-9.5. a-Anylase activities at
vari ous pHs yweradgeasdkedgliiskRgrbeadkson systens consisting of 0.25% of

sol ubl e starch and each of 10 mM acetate buffer (pH 4-5), tris-malate
buffer (pH 6-8), Whgai hheNd€kekgOhtbubhebsiphiof- 18. Gxedafd rkah- NaOH buf f er
-(pH 11-12). Each reaction was carried out at [err] for 15 m nutes. The
results are shoemathcFdgsh8ybyhes) ofHpowelbi birt grAnkdki formsl,| ihargaail is
stable in the pH range of
alkaline agents are preferably used as the balance
components. Such inorganic alkaline agents include sodium
pyrolate, sodium orthophosphate, sodium tripolyphosphate,
sodium carbonate, sodium hydrogencarbonate, sodium
sesquicarbonate, borax, sodium silicate and the like.
Since sodium silicate works as an anti-metai-corrosion
agent, it is desirable to use it together with other
alkaline agents. It is the most desirable that the sodium
silicate (Si0,/Na,0%1/1-4/1, preferably 2/1-
2.5/1)(concentration: 2-15% by weight) and the other
alkaline agents (concentration: 35-85% by weight) are used
together. The amount of the inorganic alkaline agents are
controled so that the pH of a detergent solution
(concentration: 0.65-1% by weight) falls in the range of is
9.0-~11.0. When the detergent composition is liquid,
balance component_is water.

Fatty acids, Hydrocarbén-chain-lgngth'of which is in a
degree of 8-18, benzotriazole and the like are effectively
added to the detergent composition for an automatic dish-
washer as an anti-copper-corrosion agent.

Recently, environmental problems caused from

phosphate~containing detergents has become a controvercial



6- 10. 5 agai nst pul lul an. Pul-lul anase activities at various pHs were
measured using reaction systens consisting of 0.25% of pullulan and each of
10 mM acetate buffer (pH 4- 5), phosphate buffer (pH 6-8), [err] buffer (pH
9-10.5), and KO -NaOH buffer (pH 11-12). Each reaction was carried out at
[err] for 10 m nutes. The results are shown in Fig. 9(a). Alkaline

pul lul anase B of this invention was stal e in the pH range of 4-12 agai nst
sol ubl e starch. a-Anylase activities at various pHs were neasured using

reacti on syst nsi 250 of . p chnof Acstate
buffer (pH f"%?‘fp ,§Jj ate %cerSle p]J{-lS GMJl %%?f?lng%ﬁ?fg?g(%ﬁg%% 5), and

carbonate b p&i&éaﬂp?)no %K@@%HP&%lﬁ%fﬁfﬁldogéo@t [err] for 15
32 m nutes. e res ts are shown in Fig. 9(b). 5) Wor ki ng tenperature and

opti mum t enpes ad M En APt Sg LT PY| ¥ Ak Bou ANKli §@S UBTE ecsheshbnatienw de
tenperature range of [err] with an optinumtenperature being about [err].
The results are sihgam rémdv sy JR¢{SPhangd hydroxy polyhydric carboxyl
acids or their water soluble salts of formula (I) are
preferably used as divalent metal ion scavengers.
| X
|
HO-C~COOH (1)
!
Y-C-COOH

I
H

wherein X represents -H, -CH3, -CHyCOOH or
-CH(OH)COOH and Y represents -H or -OH.

Among the above compounds, citric acid, malic acid;
tartaric acid or their'water'soluble salts are preferably
used. As for the salté, salts of sodium, potassium,
monoethanclamine, diethanolamine, trieth#nolamine and the
like are mentioned.

Such compdnents are preferably compounded into the
detergent comﬁoéition of the present invention in an amount
of 0.5-30% by weight.

Further,_pélymer chelating agents in an amount of
1-10% by weight are preferably used as divalent-metal
scavengers. The illustrative polymer chelating agents
include those deécribed Japanese Patent Application Laid-

open (Kokai) No. 145199/1982, and polymers of acrylic or



10(b). 6) Thernmal stability Tenperature at which the present enzyne |oses

its activity was exam ned by subjecting it to heat-treatnent at various

, tenperatures at pH 9.5 for 30 minutes. As a result, the enzyme was very

stable up to [err]. The results are shown in Figs. 11(a) and (b). 7)

Mol ecul ar wei ght About [err] when neasured by neans of SDS el ectrophoresis

(gel concentration : 7.5%. (Fig. 13) 831 Effects of netal ions Pullul anase

activity was adversely affected by Hg [err] and [err] ions, and [err]

-anyl ase actnethycmpbiadaeidel ycafiect didbyméehatrandc| fetill. cdpelymsults

are shown in Table 3. 33 Tabl e 3 Conpound Concentration .

Resi dual acttheiy ¢84ePusdblibhassalta akdythselakeivi Their avemagevity
molecular weight is 1,500-100,000, preferably 3,000-20,000.

The detergent compositions of the present invention
are suitably used as detergents for clothings, dishes,
households and the like in the form of powder, granule, or
liguid, by blending the above-mentioned components
according to conventional methods.

Other features of the invention with become apparent
in the course of the following description of the exemplary
embodiments which are given for illustration of the
invention and are not intended to limit thereof.

EXAMPLES
Preparation Example 1

A spoonful of soil (about 0.5 g) of Yokohama-city,
Kanagawa-prefecture, Japan was suspended in sterilized
saline, and the mixture was heat-treated'at 80°C for 15

"minutes. Supernatant of thé heat-treated mixture was
appropriately diluted, and applied onto an agar medium
(Medium A) for separating, then cultivating at 30°C for 3
days to grow colonies. The colonies which formed
transparent zones in their peripheries due to pullulan
dissolution were collected to obtain strains which produce
pullulanase A. Further, these strains were Lnoculgted into

the liquid medium (Medium B), and shake-caltivated at 30°C

for 3 days.



No addition -- 100 100 Metal salt [err] *
The* val ues in parentheses are residual activities when Ca ions were

.added again. As shown in Table 3, the netal ions which adversely affect the

pul | ul anase activity and those which adversely affect the [err] activity

are discrimnated fromeach other. 9) Effects of surfactants 0.05% Sol ution

of surfactants such as 1inear alkyl benzene sul fonate, sodi um

pol yoxyet hyl ene al kyl sul f at e, sodi um a- 8Pefin sul fonate, sodium

a-sul fonated fatty acid ester, sodium al kyl sulfonate, sodi um dodecyl

sul fate, soaps, ard tsuf ttdrelcwkelievateigied tHte [arkjufeorbridtmivas es to give

al nost no adverse effect on enzyne activies. 10) Effects of chelating

agent s Chelatdeny tidared sieorseRayeA & onAyna @t ( Mhergullubanase
activities were measured at pH 10 to select strains which
praoduce alkaline pululanase A. Bacillus sp. KSM-AP 1876
(FERM BP-3049) which is a microorganism capable of

producing alkaline pullulanase A was thus obtained.

Medium A Pullulan 0.8%
Colored pullulan 0.2
Polypeptone 0.2
Yeast extract 0.1
KH, PO, 0.03
(NH, )5S0, 0.1
MgS0, : TH,0 0.02
CaCly« 2H0 0.02
FeSO,* THy0 0.001
MuClg+4Ho0 0.0001
Agar 1.5
Na,CO4 0.5
pH 10.0

Medium B Pullulan ' 1.0%
Tryptone 0.2 |
Yeast extract 0.1
KH,oPO, 0.03

- (NHy) 450, 0.1



gave al nost no adverse effect on pullul anase activity. But [err] activity
was ddversely affected significantly. The a-anylase activity which had been
. adversely affected by chelating agents can be restored by the addition of
[err] ions as shown in Table 3. 11) Resistance to protease In the presence
of an .al kaline protease, for exanple, Maxatase (manufactured by I1BIS Co.),
Sabi nase (manufactured by Novo Co.) or the like in an anount of 0.2 AU 1,
the activities were neasured, to confir#3that the enzyne of this invention
exhi bited strong resistance to any proteases. As is apparent fromthe
above-mentioned enzynol ogi cal chédg¥Qjefiigdics, the abkaki ne pul | ul anase B
of the present invention is the one having different physiological and
chem cal characteristics from co®&ehsidgd pul | ul anaBed2havi ng a-anyl ase
activity. Further, in order to clarify the novelty of the enzyne of the
present invention, conparison dafFeS@gp’ Phy8i ol ogi cal @mB0&heni cal
characteristics of the enzyne of the present invention_and conventi onal

pul | ul anases having [err] activi¥9Che&482@wn in Tabl 8-999hs is apparent

from Tabl e 4, thg al kal i ne pulluﬁggggg 0.5

pH 10.0

2) The strains of Bacillus sp. KSM-AP 1876 which produce
alkaline pullﬁlanase A were inoculated into the liquid
Medium B, and shake-cultivated at 30°C for 3 days. After
the gultivation; cells were removed by means ;f

- centrifugation to obtain a crude pullulanase solutionl The
solution was processed according to a conventional method
to prepare ethanol~dried powder. The crude enzyme samples
shown in Table 5 were obtained. Enzyﬁatic activities were

measured at pH 9.

Table 5

Strain Amount of crude enzyme Enzyme activity (U/g)
per 1 1 of medium (g)

'3) The crude enzyme solution prepared in 2) was treated by
the following stéps 1-5.

1. DEAE'- cellulose adsorption



B of the present invention is clearly different froma pullul anase-anyl ase
conplex derived fromBacillus subtilis 35 TU or from an anyl ase havi ng
. pul lul anase activity derived fromBacillus circulans F-2. Table 4

Pul | ul anase Japanese Patent  Japanese Patent Present Publication

Lai d- open I nventi on ( Kokoku) No. (Kokai ) No. (Al kal i ne
18717/ 1989 60376/ 1989 Pul | ul anase B) M croorgani sm
Bacillus subtilis Bacillus circul ans Badt! | us sp. Tu F-2
KSM AP 1378 Opti num pH of pul |l ul anase activity 7.0-7.5 7.0
8.5-10.0 Optinmum pH of [err]-anyl ase activity 6.7-7.0 7.0-8.5
7.0-9.5 Optimum t 8rpBE&Eurecefl lpdbeel Amasufactivredy by Watftavan] Co. )
[err] 50-55' C Opti num t enper at ure of

Chromatography

3. Sephacryl (manufactured by Pharmacia Co.)
Chromatography

4, DEAE Toyopearl (manufactured by Toyo Soda Co.)
Chromatography

5. Butyl Toyopearl (manufactured by Toyo Soda Co.)
Chromatography

The crude enzyme was thus purified to obtain alkaline
pullulanase A,

The alkaline pullulanase A obtained was subjected to
electrophoresis according to thé method of Davis [Davis
D.J., Ann. N.Y. Acad. Sci.;_121, 404, (1964)], and stained
with Coomassie brilliant Blue to confirm that it gave a
single band (Fig. 5).

4) The alkaline pullulanase A:obtained in 3) was subjected
to sodium dodecyl sulfate (SDS) electrophoresis according

to a conventional method to confirm that the enz&me had a

molecular weight of 120,000 * 5,000.

Preparation Example 2 .

A spoonful of soil (about 0.5 g) of Tochigi-city,
Tochigi-prefecture, Japan was suspended in sterilized
.saline, and the mixture was heat-treated at 80°C for 15
minutes. Supernatant of the heat-treated mixture was

appropriately diluted, and applied onto an agar medium



a -anyl ase activity [err] [err] [err] Mol ecul ar

wei~ght 450, 000 218, 000 200, 000 (gel filtration)

_(SDS el ectro- (SDS el ectro- phoresis) phoresis) Mjor products from
sol ubl e starch* Gl, &, G3 A, G, &6 4, G5 Maj or
products from pul | ul an* &3 &3

& * : G: glucose, &: maltose, G3: neMbotriose, A: naltotetraose, G5:

mal t opent aose, G6: malt ohexaose The above-nentioned al kal i ne pul | ul anase A
or al kaline 36 pullul anase B are generally incorporated into a detergent
conposi tion éMediampCdsdnr iserareitdenby theh culd imatigd BHesd "4 Kat ik

_pul lul anases can be used either in the purified formof enzyme, or as an
crude enzynedafviscihoi grewl celeniest-h iTheelclolopdies whdmbherfiarmesd det er gent

conponents may optionally be conmpounded into the deter %ent conposition of
the present thedgPegsnt zone in their peripheries due to dissolution of

colored pullulan and colored starch were collected to
obtain strains which produce pullulanase B. Further, these
strains were inoculated into the liquid medium (Medium D),
and shake-cultivated at 30°C for 3 days. After the
cultivation, the culture broth was centrifuged to séparate
a supernatant. The pullulanase activities were measured at
pH 10 to select strains which produce alkaline pullulanase
B. Bacillus sp. KSM-AP 1378 (FERM BP-3048) which is a
microogahism capable of producing aikaline pullulanaée B
was thus obtained.

Medium C | Pullulan 0.5%

| Soluble Starch | 0.5

Colored Pullulan 0;2

Colored Starch 0.2
Polfpeptide . 0.2
Yeast extract 0.1
KH, PO, 0.03
(NH, )5S0, 0.1

. MgSO,* TH,0 0.02
CaCly?2H,0 . 0.02
FeSO4'7H20 0.001

MnCly+ 4Hy0 0.0001



i nventi on dependi ng on the use and the purposes. These conponents to be
conpounded are illustrated below. 1) The ampunt of surfactants is not
Jdimted especially, but is preferably 0.5-60% by wei ght. The exenplary
surfactants usable for the detergent conosition of the present invention

i ncl ude nonionic surfactants such as al kyl benzene sul fonate, al kyl or

al kenyl et her sul fate, al kyl or al kenyl ? | fate, olefin sulfonate, alkane
sul fonate, saturated or unsaturated fat § acid salt, alkyl or alkenyl ether
carboxylic acid salt, a-sulfo fatty acdghmsalt or ester, anln®acid-type
surfactant, N-acylam no acid-type surfactant, alkyl or al kenyl

aci d- phosphat.e, al kyl or al kenyl phospfs@ pr its salt; anphdteric
surfactants such as carboxyl or sul fobetaine-type surfactant; nonionic
surfactants such as pol yoxyal kyl ene atkyt—or~atrkenyt-ether;-pofyoxyethyfene
al kyl phenyl ether, higher fatty acid al kanol am de or its al kyl ene oxi de
adduct, sucrose fatty acid ester, fatty acid egB%rb?’ﬂnnoester, al kyl am ne

oxi de, al kyl gl ycoﬁéj&'uﬁrﬁj cationic S%Jff&f‘g}zs such as O?’g%

Soluble Starch 0.5
Tryptone 0.2
Yeast extract 0.1
KHyPO, 0.03
(NH4) 9SOy : 0.1
MgSO4 « TH,O 0.02
CaCl,«2H,0 - 0.02
FeSO4:TH,0 0.001
MnClgys4HoO 0.0001
Na,CO4 0.5
pH 10.0

2) Thé strains of Baci;lus'sp. KSM-AP 1378 which produce
alkaline pullulgnase B having a-amylasé activity were
inoculated into the liquid Medium D, and shake-caltivated
at 30°C for 3 days. After the cultivation, cells were
centrifugally separated to obtain a crude enzyme solution,
which was processed according to a conventional method to
prepare ethanol-dried powder. A crude enzyme sample
shown in Table 6 was obtained. Enzymatic activities were

measured at pH 9.



guat ernary anmoni um salt. Wien the detergent conposition of this invention
i s"used for automatic dish-washing, little- or non-foam ng nonionic
surfactants are preferable. As for these kinds of surfactants, al koxyl ated
noni oni ¢ surfactants (al koxyl noiety is selected fromthe group consisting
of ethyl ene oxide, propylene oxide and their m xtures) are enunerated.
Mention may be given to 'Plurafac LF 4087 and 'Plurafac LF 1300' (both
trade- mar ks, manufactured by BASF Japan Co.), 'Softanol EP 7045
(trade-mark, manufactured by N ppon Shokubai Kagaku Kogyo K K. ). Wen the
detergent conposition is used for an dlakmté c di sh-washer, it is
preferable that the surfactants of 0.5% 30% by wei ght are conpounded into
t he conposi tiom™2)" Al Kal1 e T suTh as Tar bomat ) T hydr ogencar bopat e,
silicate, boridimin and*BaWEh A af FRAQRPFHR? gani BneYRR 1304 L By sUAB bs
sulfate are usually cdffouhdedl MeA1HR Shposi t1 o T an arount - gf~ 0-90%
by weight. 3) Phosphates such as tri-poly phosphatttUp3RaPho¥phIFe2se

or t hophosphat™e:” phosphonat €s such as et hane-1,” 1=~ di phosphonat e; phosphono
car boxyl at es, SHC ; phosph ut ane- 1, 2-di car bo te; amno,agkd salts
FPH 7 Qop 46 2 £74

such as aspar amat e; ani hopol yacetates such as nitrilo

3) To a supernatant of the crude enzyme prepared in 2) was
added DEAE-cellulose powder, and pullulanase in the
supernatant was completely adsorbed onto the DEAE-
cellulose. After the resin was washed with 10 mM tris-HCl
buffer solupion (pH 8), the enzyme was eluted with 10 mM
tris-HC1l buffer solution (pH 8) containing 0.6 M NaCl. The
eluate was dialyzed against 10 mM tris-HCl buffer solution
(pH 8). Then, the enzyme was adsorbed onto an a-
cyclodextrin affinity column equilibrated with 10 mM tris-
HC1l buffer solution, and eluted with 10 mM tris-HCl buffer
solution (pH 8) containing B-cyclodextrin to collect
active fractions. After dialyzing, the active fraqtions
‘were adsorbed to DEAE Toyopearl 650 S (trade-mark)
equilibrated with 10 mM tris-HC1l buffer solution (pH 8).
The enzyme adsorbed was gradiently eluted with 10 mM tris-
HC1l buffer containing. NaCl having concentration of 0.1 -

1 M to collect active fractions. After dialyzing, the
active fractions were filled into a Sephacryl S-200 column

equilibrated with L0 mM tris-HCl buffer solution (pH 8)



triacetate, ethyl enediam ne tetraacetate; polyner-chelating agents such as
pol yacryLat e, polyakonitate; organic acid 38 salts such as oxal at e,
.citrate; divalent netal ion scavengers such as alumno silicate are usually
conmpounded into the conposition in an anount of 0-50% by wei ght. 4)

Bl eachi ng agents such as sodi um percabonate, sodi um perboronate, sodium
hypochl ori de, dichloro isosialic adtjzu&%conpounded into the conposition
in an anmount of 0-85% by weight. 5) As for the other small quantity
conponents which may be incorporated as required, nention nay be given to
anti- recont ammatinmasdent M Nadhl asndad et diy/ | weinieh gt lye o4 ame asbDiker et hyl
cel l ul ose; enzynes such as protease, |ipase, [err] cellulase; anti-enzyne
quenchers suctrresisirg t@:1 i MaEscentcablect Hatel vr) Expet sonsol oFhaat s;
anti-caking agents; solubilizing agents; activating agents for enzynes or
bl eachi ng ag&ftisteciRd -afdtiafe draddsiVI® AR Coms@mprarsd Potdases to be

used in the presen
[%ltragiltration membrane and dialyzed overnight against 10

mM tris-HCl buffer solution (pH 8) to obtain alkaline

pullulanase B having a-amylase activity. The obtained

alkaline pullulanase B was subjected to electrophoresis

according to theimethod of Davis [Davis D.J., Ann, N.Y.

Acad. Sci., 121, 404,'(1964)], and stained with Coomassie

Brilliant Blue to confirm that it gave a single band (Fig.

12). '

5) The alkaline pullulanase B having a -amylase activity

obtained in 4).was subjected to sodiuﬁ dodecyl sulfate

(SDS) electrophoresis according.to a conventional method.

The results are shown in Fig. 13. It was confirmed that

the enzyme had a molecular weight of 200,000 * 5,000.

Examplé 1 (Detergent for automatic dish-washer)

Washing conditions, detergency tests, and the results
were as follows.
1) Washiﬁg conditions
Washing machine used : All-automatic dish-washer

(NP-600, manufactured by
Matsushita Electrical
Industry Co.). This machine

is of the type that a detergent -



i nvention include subtilicins obtained fromspecific strains such as
Bacillus subtilis and Bacillus licheniforms. For exanple, 'Mxatase'

. (trade-mark, G st- Brocades), 'Al kalase', 'Esperase' and 'Sabi nase' (trade-
mar ks, Novo I ndustry Co.), are enunerated. a-Anylase to be used in the
present invention are obtained, for exanple, fromBacillus licheniforms or
Bacillus subtilis. Comrercially avail able exanples are ' Termanyl'
(trade-nmark, Novo Industry Co.), 'thanﬁ?' - 39 (trade-nmark

G st-Brocades). Wen the detergent conposbllu@ions igsgetf-eprageduiredat iaC

di sh-washer of power or granule fornms, inorganic al kaline agents are
preferably used as the bal ance conponent sot8unghnonalgannd slakhkisnehagent s

i ncl ude sodi um pyrol ate, sodi um orthophosphate, sodium tri pol yphosphate,
sodi um car bonat e, sodi um hydr ogencar bonatié shesdeumasgeduicbarigotdiee jelfor ax,
sodiumsilicate and the like. Since sodiumsilicate works as an _
anti-netal -corrosion agent, it is desiraBFeitoofiséhet dedga€rdt with ot her

solution.
Washing temperature : Temperature was raised slowly
from 5°C to 55°C.
Water for washing : Water hardness = 3.5° DH
Detergent conqentration : 0.2%
Washing time_ : Washing ; 20 minutes,
Rinsing ; 20 minutes.
Amount of circulated
water during washing : 2.5 1
2) Evaluation of detergency
Dishes contaminéted by starch soil and the evaluation
method:
Contaminated dishes
Rice flour and boiled rice grains were mixéd (9:1),
and further miked with a mixer after adding an équal amount
of tap water. The above so0il (4 g) was applied uniformly
onto porcelain dishes having a diameter of_22 cm, and air-
dried for one Qhole day and night.
The above 3 dishes were subjected to a detergency
test.

The evaluation method for detergency against starch soil

Remaining starch on the dishes was measured by a



al kali-ne agents. It is the nost desirable that the sodiumsilicate [err]
préferably 2/1- 2.5/1)(concentration: 2-15% by wei ght) and the ot her
. alkaline agents (concentration: 35-85% by weight) are used together. The
anount of the inorganic al kaline agents are controled so that the pH of a
detergent solution (concentration: 0.05-1% by weight) falls in the range of
is 9.0-11.0. Wen the detergent conposition is |liquid, balance conponent is
wat er. Fatty acids, " hydrocarbon-chain-18hgth of which is in a degree of
8-18, benzotriazole and the like are effectively added to the detergent
conposition fR5ta8raphoeBt HetdralneeRbep188-3Arahir=a0RPEN- GRHLERAILRR
agent. Recently, environnental problens caused from phosphate-contai ni ng
detergents hgy DeaerRBoRoeOREREYEHAL Al Then4OwaHBjiagt radecabdi BBItKinkld i S
important that the detergents should contain no phosphor while maintaining
good det er gefigymaghenabovar Pousantdi ntHe ohicdalanbhabmihatibanaresnyisng
phosphor, hydroxy pol yhydric carboxyl

by the following equation.

Detergency rate = [(So—Pl)/So] x 100
3) Washing composition '
Softancl EP 7045 ? wt.%

(manufactured by Nippon Shokubai Kagaku Industry Co.)

Sodium citrate 20

No. 1 sodium silicate 5

Enzyme _ See table 7
Sodium Carbonate balance

(Note) Values for enzymes give activities in the
detergent.composition.
4) Results of detergency test

The results are shown in Table 7.
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Samples of Comparative
present invention Compositions

s A e m S A A . T M A W A G S = AT P T T = -

1 2 1 2
Alkaline .
pullulanase A 100 250 -— -
Enzyme -
activity Promozyme -= - 500 --
(U/g) .
Termamyl 60 T -- - - 500

- — —— —— — ——— —————— — — — - ] - D - S WD = WS R - . - D e e S A -
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acids or their water soluble salts of formula (1) are preferably used as
di val ént netal ion scavengers. [err] wherein X represents [err] or [err]
.and Y represents -H or -OH Anobng the above compounds, citric acid, malic
acid, tartaric acid or their water soluble salts are preferably used. As
for the salts, salts of sodium potassium nonoethanol am ne,

di et hanol am ne, triethanol am ne and the i ke are nentioned. Such conponents
"are preferably conpounded into the detergent conposition of the present

i nvention in an amount of 0.5-30% by wei ght. Further, polynmer chelating
agents in an anount of 1-10% by wei ght are preferably used as

di val ent - net al scdWeriger)s. Ak liideystuldid hegms yeras hddtatingd aigent s

i ncl ude those descri bed Japanese Patent Application Laid- open (Kokai) No.
145199/ 1982, and pol yners d&repanatiomnpExanpfie et hacrylic acid, acrylic

aci d-net hacrylic acid copolyner, )
romozyme is a pullulanase manufactured by

Novo Co.
Termamyl 60T is an « —-amylase
manufactured by Novo Co.

Enzyme activities shown in Table 7 were measured by
the method below.

As for the 2 kinds of pullulanases, 0.1 ml of enzyme
solution was added to a 0.9 ml substrate solution
consisting of 10 mM glycine-NaCl-NaOH buffer solution (pH
9.0) and pullulan (final concentration in the reaction
system was 0.25%) to react at 40°C for 30 minutes.

As for Termamyl 60T, 0.1 ml of ehzyme solution was added to
a 0.9 ml of substrate solution consisting of 10 mM
glycine-NaCl-NaOH buffer solution (pH 9.0) and soluble
starch (final concentratioh in the reaction system was
0.25%) to react at 50°C for 15 minutes. After the
reaction, quantitative determination of the reducing sugar
was carried out by the method of 3,5-dinitrosalicylic acid
(DNS). Specifically, 1.0 ml of DNS reagent was added to
1.0 ml of reaction mixture, and the mixture was heated at
100°C for 5 minutes to develop color. After cooling, the
mixture was diluted with 4.0 ml of deionized water. This

solution was subjected to colorimetric quantitative



their water soluble salts and the |ike. Their average nol ecul ar weight is
1, 5002 100, 000, preferably 3,000-20,000. The detergent conpositions of the
. pr.esent invention are suitably used as detergents for clothings, dishes,
househol ds and the like in the formof powder, granule, or liquid, by

bl endi ng t he above-nenti oned conponents jaccordi ng to conventional nethods.
QG her features of the invention with beggne apparent in the course of the
foll owi ng description of the exenplary enbodi nrents which are given for
illustration of the invention and are not intended to limt thereof.
EXAMPLES Prepasdysbhs Exawplke leAgspoofif 8B50hmsoi bneabhadt Q.15UQ) odf
Yokohama-city, Kanagawa-prefecture, Japan was suspended in sterilized
saline, and eheymextatiévihy RWeat deféneddtat bpethp haoubf wifneneyme
Supernatant of the heat-treated m xture was appropriately diluted, and
~appl i ed ont owhhchgaelaaapdmt ( mrR ura ) redic iuhasugangl 28 nghieese ) vBF ng at
[err] for 3 days to grow col onies. The col onies which forned transparent
zones in thePtRB&Eipheries due to pul lulan dissolution were collected to

obtain straips mh&ch pr8duce gull | anase ﬁ. Further, these strains were
i nocul at ed iﬁfamp e 2 (Detergent for clothes)

Washing conditions, detergency tests, and the results
were as follows.
1) Artificially contaminated cloths (test material)

Rice flour and boiled rice grains were mixed
(9 : 1), and further mixed with a mixer after adding an
equal amount of tap water. The above solution was applied
onto a 10 cm x 10 cm of a cotton cloth in an amount of 2.5
- 5% by weight based on the weight of the cloth, then dried
at 20°C for 24 hours.
2) Washing conditions.and method

A detergent composition was dissolved into a hard.
water of 4°DH to prepare a 0.665% detergent solution.
Five pieces of artificially-contaminated cotton cloths were
placed in the detergent solution. After allowing it to
stand at 40;C for one hour, they were transferred to the
stainless beaker to wash at 100 rpm, 20°C, for 10 minutes
with a Terg-O-Tometer. After rinsing with running water,
the cloths were dried.at 20°C, for 24 hours, and subjected
to quantitative measurement.

3) Evaluation of detergency



the liquid nmedium (Medium B), and shake-caltivated at [err] for 3 days.

42 ‘After the cultivation, the culture broth was centrifuged to separate a
.supernatant. The pul lul anase activities were neasured at pH 10 to sel ect
strains which produce al kaline pulul anase A Bacillus sp. KSM AP 1876 (FERM
BP-3049) which is a m croorgani smcapabl e of producing al kaline pullul anase

A was thus obtained. Medium A Pul %311 an 0. 8% Col or ed
pul | ul an 0. 2 Pol ypept one 0.2 Yeast extract

0.1 [err] The weights 6f08hkeprfiginal cloths and @h& [err]

0.02 [err] 0.02 [err] 0.001 [err]

0. 0001 Agar contaminated cloths bgfgre and after washing were measured.
Detergenc& rate (%) was calculated .by the following
equation.

Detergency rate (%) =
Weight before washing - Weight after washing

Weight before washing - Weight of original cloth

Values of detergency in Table 8 are averages of 5
pieces.

4) Detergent composition

'Sodium linear dodecylbenzene sulfonate . 15 wt.%
Sodium alkylethoxy sulfate 5

(Ci4 = Cy5+ EO = 3 mol) :
4A-type zeolite ' ) 15
Sodium silicate 15
Sodium carbonate _ 15
Sodium polyacrylate (Eﬁ = 8000) 1.5
Polyethylene glycol (MW = 6000) ' 1.5
Enzyme : Table 8
Fluorescent dye 0.5
Glauber’s salt | balance
Water : . 5

(notes) Values for enzymes give activities in the
detergent composition.
5) Results of detergency tests

The results are shown in Table 8.



[err] - 0.5 pH 10.0 Medium B Pul | ul an
1. 0% Trypt one 0.2 Yeast extract : 0.1 [err]

. 0,03 [err] 0.1 43 [err] pH 10.0 2) The strains of Bacillus sp.

KSM AP 1876 whi ch produce al kaline pul |l ul anase A were inoculated into the
liquid Medium B, and shake-cultivated at [err] for 3 days. After the
cultivation, cells-were renoved by nmean$4of centrifugation to obtain a
crude pul | ul anase sol ution. The solution was processed according to a
conventional nethod to prepare ethanol-dried powder. The crude enzyne
sanpl es shown in Table 5 were obtained. Enzymatic activities were neasured
at pH 9. Table 5 Table 8

Samples of the Comparative
present invention Compositions

- e = e e - . T S . - vy - ww

3 4 3 4
Alkaline
pullulanase A 100 250 -—  --
Enzyme
activity Promozyme - - 500 =--
(U/g) .
) Termamyl -= - -~ 500
60T '
Detergency (%) 50. 70 25 40

The measurement of enzyme activities in Table 8 was
the same as explained the data in Table 7.
Example 3 (Detergent composition for an automatic dish-
washer)

Detergency test was carried out in the same manner as
in Example 1 except. for using'alkaline pullulanase B as an

enzyme.

The results are shown in Tables 9 and 10.




Strain Anmount of crude enzyne Enzynme activity (U g) per 1 1 of

medi um (g) KSM AP 1876 0.2 1870 3) The crude
. enzynme solution prepared in.2) was treated by the follow ng steps 1-5. 1.
DEAE - cel |l ul ose adsorption 44 2. DEAE - cellul ose (manufactured by

Watt man Co.) Chromat ography 3. Sephacryl (nmanufactured by Pharmacia Co.)
Chr omat ogr aphy 4. DEAE Toyopear!| (manufa@Stured by Toyo Soda Co.)

Chr omat ogr aphy 5. Butyl Toyopear!l (manufactured by Toyo Soda Co.)

Chr omat ogr aphy The crude enzyne was thus purified to obtain al kaline

pul l ul anase A. The al kal i ne pul | ul anasBaltle®bd ai ned was subjected to

el ectrophoresis according to the nethod of Davis [Davis D.J., Ann. N.Y.

Acad. Sci., I2T;-#4074-{196%)};-~amd-starmed--- - -~ ---T- TS -o-——m——m s
Samples of the Comparative
present invention Compositions

- ——— - — —— W S T ——— — o —_8 v = G - ——

5 6 5
Alkaline :
pullulanase B 7 14 -=
Enzyme .
activity Termamyl 60T - - 14
(U/g)
Detergency (%) 60 80 50

(notes) Alkaline pullulanase B was obtained in
Preparation Example 2.
Termamyl 60T is an a -amylase manufactured
by Nowvo Co.
Enzyme activities shown in Table 9 were measured by
the method of "Amylasé B-test Wako" (CM-amylose DEX
method) . .1U was defined to be an enzyme unit where 100 ml

of enzyme decomposes the right amounts of 10 mg of starch.

~




wi th Coomassie brilliant Blue to confirmthat it gave a single band (Fig.
5)." 4) The al kaline pullul anase A obtained in 3) was subjected to sodi um
-dodecyl sulfate (SDS) el ectrophoresis according to a conventional nmethod to
confirmthat the enzyne had a nol ecul ar wei ght of 120,000 [err] 5, 000.
Preparati on Exanple 2 A spoonful of soil (about 0.5 g) of Tochigi-city,
Tochi gi - prefecture, .Japan was suspended 56 sterilized saline, and the

m xture was heat-treated at [err] for 15 mnutes. Supernatant of the
heat-treated m xture was appropriately diluted, .and applied onto an agar
medi um 45 (Medium C) for separatiDmblehth cultivated at [err] for 3 days
to grow col onies. The colonies which fornmed transparent zone in their

peri pheri es duoe~to-dirssol~uati~om ~of" ~col~ored ~pal-i-ul—air ~atd ~col-ored ~stenTir Wwer e
collected to obtain strains which produdémpdiesuiofndde B. Fhomparatiysse
strains were inoculated into the |iquidPfegicdh (REnIHoD) , Camposition

8 6
Alkaline
.pullulanase B 50 80 -
Enzyme ‘
activity :
{(U/g) Promozyme - - 200
Detergency (%) 60 80 30

{(notes) Alkaline rullulanase B was obtained in
Preparation Example 2.
Promozyme is a pullulanase manufactured by
Noﬁo Co.

Enzyme activities shown in Table 10 were measured by
the following method.

A 0.1 ml enzyme solution was added to 0.9 ml of a
substrate solution consisting of 10 mM glycine-NaCl-NaOH
-buffer solution (pH 9.0) and pullulan (final concentration
in the reaction system was 0.25%) which was to react at
40°C for 30 minutes. After the reaction, quantitative
determination of reducing sugar was carried out by the
method of 3,5-dinitro salicylic acid (DNS). In detail, 1.0
ml of DNS reagent was added to 1.0 ml of the reaction
mixture, and the mixture was heated at 100°C for 5 minutes

to develop color. After cooling, the mixture was diluted



cultivation, the culture broth was centrifuged to separate a supernatant.
The pul | ul anase activities were neasured at pH 10 to select strains which
.produce al kal i ne pullulanase B. Bacillus sp. KSM AP 1378 ( FERM BP-3048)
which is a m croogani sm capabl e of producing al kali ne pul |l ul anase B was
t hus obtai ned. Medium C Pul | ug_ér)\ 0. 5% Sol ubl e
St arch 0.5 Col.ored Pullul an 0.2 | ored Starch 0.2
Pol ypepti de : 0.2 Yeast extract 0.1 [err] 0. 03
[err] with0410[ @dr pf deionizedQw@Refrerr This solutich G&q err]
0.001 [err] 0. 0001 46 Agar 1.5
. subjected to colorimetric quantitative analysis at wave
length of 535 nm.
One unit (1U) of enzyme activity was defined to be the
amount of enzyme which released 1 umol of reducing sugar
(as glucose) per minute.
Example 4 (Detergent composition for clothes)
Detergents of the following compositions were
prepared. Detergency test was carried out in the same

manner as in Example 2.

1) Detergent composition

Sodium linear dodecylbenzene sulfonate 15 wt.%
Sodium alkyletho#y sulfonate 5

(Cy4 - C15» EO = 3 mol)
4A type zeolite . 15.
Sodium silicate | 15
Sodium carbonate ' 15
Sodium polyacrylate (MW = 8000) 1.5
Polyethyleglycol (ﬁw = 6000) 1.5
Enzyme _ Table 11 or Table 12
Fluorescent dye | 0.5
Glauber'’s salt . balance
Water | 5

{notes) Values for enzymes mean activities in the
detergent compoéition.

2) Results of detergency test



[err] 0.5 pH 10.0 Medium D Pul I ul an

0.5%Sol ubl e Starch 0.5 Tryptone 0.2 Yeast extract
- 0:1 [err] 0.03 [err] 0.1 [err] 0. 02
[err] 0.02 [err] 0.001 [err] . 0.0001 [err]

0.5 pH 10.0 2) The strains of Bacillus sp. KSM AP 1378 whi ch produce
al kal i ne pul lul anase B having [err] activity were inoculated into the

li qui d Medium D, and shake-caltivated ab8[err] for 3 days.

After the

cul tivation, cel | ThevereswEets rafegshdwn Stparab belst D1 obhdi D2a crude enzyne

sol ution, which was processed according to a conventi onal

met hod to prepare

et hanol -dri ed powder. A crude enzyne Faflee idhown in Tabl e 6 was obtai ned.

Enzymatic activities were neasured at pH 9.

Samples of the
present invention
9 10
Alkaline
pullulanase B 8 14
Enzyme
activity
(U/g) Termamyl 60T - -—
Detergency (%) 65 80

. - — A A D M M D W S S G D T G S D S G A S i S S e S Ay ey e i -

- wn e - o . -

Comparative
Composition

(notes) Alkaline pullulanase B was obtained in

Preparation Example 2.

Termamyl 60T is an a -amylase manufactured

by Novo Co.

Enzyme activities shown in Table 11 were measured by

the method explained for Table 9 data.

Table 12

‘Samples of the
present invention

11 12
Alkaline
pullulanase B 50 80
Enzyme )
activity
(u/g) Promozyme - -

- — . —— — o — —— N = " - - — - - — - — > D e = — - -

- - - - ——— . D S S D G P G M Ty — A — S - P .y M

Comparative
Composition



47 Table 6 Strain Amount of crude enzyne Enzyme activity (U g) per 1
1 of medium (g) = @ memeeeemeeeeeeeeaaoao Pul | ul anase a -anyl ase KSM AP
1378 _ 0.2 2096 2476 3) To a supernat ant
of the crude enzyne prepared in 2) was added DEAE-cel | ul ose powder, and

- pul lul anase in the supernatant was conpl etely adsorbed onto the DEAE-
cellulose. After the resin was washed wiggh 10 MM tris-HCO buffer solution
(pH 8), the enzyne was eluted with 10 mMtris-HCO buffer solution (pH 8)
containing 0.6 MNaC . The eluate was dialyzed against 10 nMtris- HC1

buf fer solution (pHo®es)Thdkaltine @odind anze Bd@sbedteritnedanm-
cyclodextrin affinity colum equilibrated with 10 nMtris- HO buffer
solution, and el uted w thPr@paiviattiiog- ERamplfef &- sol uti on (pH 8) contai ning
[err] to collect active fractions. After dialyzing, the active fractions
wer e adsorbed to DEAE Toy&pemolzy@s0 is @t paddudaneseeqanyiachvaedvitsh 10 mv
tris-HO buffer solution H 8).

ovo Co.

Enzyme activities shown in Table 12 were measured by.
the method explained for Table 10 data.

As explained above, the detergent compositions of the
present invention exhibited an excellent detergency against
starch soils within a normal operation time.

Example 5 (Detergent composition for automatic dish washer)

The following detergent comp§sition was prepared.
(Composition)

Softanol EP-7085 1) 4.5 wt.%

Trisodium citrate 20.0
Sokalan CP-5 powder 2) 5.0
Lipase 3) 1.0
Alkaline Pullﬁlanase At 250 4)
Sodium hydrogencarbonate 50.0
Sodium sulfate balance

Note) 1) Softanol. EP-7085: Addition product of sec-alcohol
added with 7 mols of ethylene oxide and 8.5 mols
of propylene oxide manufactured by Nippon Shokubai
Kagaku Kogyo K.K.

2) Sokalan CP-5 powder: Salt of copolymer of acrylic

acid and maleic anhydride, MW=about 70,000



The enzyne adsorbed was gradiently eluted with 10 mMtris- HO buffer
contai ning NaCl having concentration of 0.1 - | Mto collect active
fractions. After dialyzing, the active fractions were filled into a
Sephacryl S-200 colum equilibrated with 10 nMtris-HC buffer soLution (pH
- 8) 48 containing 0.1 M NaCd and eluted with the same buffer containing
0.1 MNaCd to collect active fractions. gge collected active fractions were
concentrated on an dltrafiltrati on nmenbrane and di al yzed overni ght agai nst
10 MM tris-HA buffer (sRlnifla@turdld &y Baskt ai n al kali ne pul | ul anase B
" having [err] activity. The obtained al kaline pullulanase B was subjected to
el ectrophoresi s acaor diipasled AKme MRinuETR furddyivy [AdHe 2 irakiAHLE N Y.
Acad. Sci., 121, 404, (1964)], and stained with Coormassie Brilliant Blue to
confirmthat it gaved alkaidine lpand ullEingpsel2)0btm)inkk ial Kdéprguidnl anase B
havi ng a-anyl ase activity obtained in 4) was subjected to sodi um dodecyl
sul fate (SDS) el ectrofxamedies laccdihdi g viem & adorey eimtd ioyeell e sTeitheod.

activity (Unit/g detergent) of one gram of
detergent.
Example 6 (Detergent composition for automatic dish washer)

The following detergent composition was prepared.

(Composition)
Pluronic L92 5) 4 wt.%
Trisodium citrate 30
Lipase 6) ) 1.5
Alkaline pullulanase B '} g0 7)
Sodium hydrogencarbonéte 30
Sodium metasilicate | 2.
Sodium sulfate balance

Note) 5) Pluronic L92: Polyoxyethylene-polyoxypropylene
block copolymer,-average molecular weight = 3,500
(manufactured by Asahi Denka K.K.)

6) Lipolaée 30T: Manufactured by Novo Industry Co.
7) Obtained_in Preparation Example 2. The given
value indicates the activity (Unit/g detergent)
of one gram of.detergent.
The detergent compositions of Examples 5 and 6
exhibited excgllenb detergency not only against starch

soils, but also against complex stains of starch soil, fats.



The results are shown in Fig. 13. It was confirmed that the enzyne had a
mol ecul ar wei ght of 200,000 [err] 5,000. Exanple 1 (Detergent for automatic
.di sh-washer) Washing conditions, detergency tests, and the results were as
follows. 1) Washing conditions Washing machine used All-automatic

di sh-washer (NP-600, manufactured by Matsushita Electrical Industry Co.).

This nmachine is of the type that a detergent 49 solution is jet-sprayed
froma rotary nozzl e and washes the di shes arranged above the jet orbit of

t he detergent solution. Washing tenperature Tenperature was raised
slowmy from [eerd Joitks [aard [promior foirlsvashing : Water hardness = [err] DH

Obviously, numérous modifications and variations of
the present invention are possible in light of the above
teachings., It is therefore to be understood that within
the scope of the appended claims the present invention may

be practiced otherwise than as specifically described

herein.




Det ergent concentration : 0:2% Washing tine Washing ; 20
gihutesj Rinfiggkgnggrgggggg§;_£nnunt of circulated water during washing
.5 1 2) Eval uatd et ergen Di shes contam nated b 0
t he eval uation !m ﬁmmﬁtd di shes Rice flour @ﬁ%‘rms Beed
grains were mnxe ‘m mxed with a m xer fter ad|na an.|
equal amount of wat &r . *Thé aBove so62 (4 g) was applied uniformy onto
por cel ai n dishes having - a diameter of 22 cm and air- dried for one whole
day and night. The above 3 dishes were subjected to a detergency test. The
eval uati on wiakltodsf € jency agai nst starch soil Remaining starch on

t he di shes was neasured by a 50 photograph to determ ne the

bl ue- part -area (Pl) gener at ed
A detergent composition comprising an alkaline

pullulanase which has an optimum pH in the alkaline

range and is stable against surfactants.

2. A detergent composition as claimed in Claim 1,
wherein said alkaline pulluianase has the following
enzymological characteristics:
1) Action
‘Decomposes a-1,6 glucoside linkage of
pullulan to produce maltotetraose, and
hydrolyzes a-1,6 glucoside linkage of
starch, amylopectin, glycogen or their partial
decomposition products;
2) Substraté specificity
Hydrolyzes a branching structure having a
degree of polymerization not less_than the
degree of polymerization of maltose among
sugars having a branching structure branched
at an a-1,6 glucaside linkage;
3) Working pH and optimum pH range
The workiﬁg pH being in the range of 5 - 11
with the.optimum pPH in the range of 9.5 - 11;
4) pH stability

Quite stable in the pH range of 8 - 10, and
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by iodo-color-re
and the initial

< Detergency rate
2 W . % (manuf act
20 No. 1 sodium
See table 7 Sodi
enzynes give act
det ergency test
Conparative pres
pul I ul anase A

-- -- 5

actlon Then, washing rate was obtai ned fromthe above Pl
on area (So) by the foll ow ng Tat BEEN

5|I nzyme

= hi ng conposition Softh $S ZE@;
r p|umri
u m\\mﬂm mmmﬁbal Kagaku | ndustry Cp.) g dL uaj

e

um Car bonat e bal ance (Note) Val ues for

ivities in the detergent conposition. 4) Results of

The resulhas anet shessm thafabd% If FebheiVeSaopiestpf

ent invention Conpositions 1 2 1 2 Al kaline
100 2%en in theppBypangetefi ¥y~ 10.5 pPtoestpent

00 --
conditions : 45°C, 10 minutes);

5) Working temperature and optimum temperaﬁure
Acts at the temperature range of 10 - 60°C
with én optimum temperature being about 50°C;

6) Thermal stability
Quite stable up to 40°C when treated in
10 mM glycine-NaCl-NaOH buffer solution
(pH 9.5) for 30 minutes;

7) Effects of surfactants
Activities being scarcely adversely affected
by surfactants such as linear alkylbenzene
sulfonate, sodium alkyl sulfate, sodium
polyoxyethylene alkyl sulfate, sodium
a-olefin sulfonate, sodium_a-sulfonated
fatty acid ester, sodium alkyl sulfonate,
sodium dodecyl sulfate, soaps and Softanol

(trade~mark).

3. A detergent composition as claimed in Claim 1,
wherein said.alkaline pullulanase has the following
enzymological characteristics:
1) Action
Decomposes a-1,6 glucoside linkage of

pullulan to produce maltotriose, and

“’ﬁﬁ'iim‘iiilﬂﬁi"uﬂin



(ng) Termanyl 60 T -
30 51 ( Not es) AIkaILnQ_puLLuIanase A was obt ai ned Ln—p#eﬁa+afr0n

«Exanple 1. Pronozyne is a

Is an a-anyl ase
wer e nmeasured by

"SI

- -- 500 Detergency (% 60 70

ul | ul anase manufactured by Novo tbﬁiﬁ&ﬁﬁhﬁyﬁ QBT
ﬁﬂ Bl [mvo Co. Enzyme activities |showRERi=Fabl e %
As for the 2 kinds of pt I O

m of enzyme sol uti‘on‘wa$ alded t'o a 0. %411 substrate solution consisting
of 10 nM gl yci ne- NaCl - NaOH buffer solution (pH 9.0) and pullulan (fina

concentration in the reachiydrodyzesmavak, ®). 2h¥Wod dd¢ ehihkage [€f rgdtdoch 30
m nutes. As for Termanyl
m of substrate sol uti on emydiopeichdnof gigcoleheorr| thefirepagdliatli on (pH 9. 0)

and sol ubl e

2)

3)

4)

5)

6)

7)

60T, 0.1 m of enzyne solution was added to a 0.9

decomposition products;

Substrate specificity

Hydrolyzes a branching structure having a
degree of polymerization not less than the
degree of polymerization of maltose among
sugars having a branching structure branched
at an a-1,6 glucoside linkage;

Working pH and optimum pH range

The wérking pH is in the range of 5 - 11 with
the optimum pH in the range of 9.5 - 1l1;

pH stability

Quite stable in the pH range of 8 - 10, and
has not less than 50% of relative activity
even in the pH range of.7 - 10.5 (treatment
conditions : 45°C, 10 minutes);

Working temperature and optimum tempe:ature
Acts at the temperature range of 10 - 60°C
with an optimum temperature being about 50°C;
Thermal stability '

Quite stable up to 40°C when treated in

10 mM glycine-NaCl-NaOﬁ buffer solution

(pH 9.5) for 30 minutes;

Molecular weight

120,000 £ 5,000 determined by sodium dodecyl

This Sheet Has Been R,
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starch. (final concentration in the reaction systemwas 0.25% to react at
[err] for 15 migggfi_filgi_ng_Leaction, quantitative de : :
T educi ng sugar - carried out by the nethod of 3,5-dini}«qsahécryhATBEEN

28, e BRI, 4500

. 0 mdepDACEDEACH |

t he

1
s—to—devetop

color. After cooli*ng¢ the i xture was<ﬁé§ned with 4.0 mMl of deionized
wat er. This sol ution was subjected to colorinetric quantitative 52

anal ysis at wave length of 535 nm One unit (1 U) of enzyne activity was

defined to be the anount etildatend SBISicle legiteapda redisrr] of reduci ng sugar

(as glucose) per minute.

Exanpl e 2 (Detergent for clothes) Washing

condi tions, detergency 8lediffecdsd ofhametedulitonswere as fol | ows. 1)
Artificially contam nated cloths (test material) Rice flour and boiéﬁxlrice

grains were nixed (9 : 1) Acddyiftdeshdeifiskedvitinsely mbéactad &y

9)

10)

11)

cd?*, Mn2*, and Pb2*;

Effects of surfactants

Activities being scarcely adversely affected
by surfactants such as linear alkylbenzene
sulfonate, sodium alkyl sulfate, sodium
polyoxyethylene alkyl sulfate, sodium
a~clefin sulfonate, sodium @ ~sulfonated fatty
acid ester, sodium alkyl sulfonate, sodium
dodecyl sulfate, soaps; and Softanol (trade-
mark) ;

Effects of chelating agents

Activitiés being scarcely adversely affected
by chelating agents sucﬁ as EDTA, EGTA, citric
acid, and zeolite; '

Resistance of pfotease

Has strong resistance to alkaline protease.

4. A detergent:composition as claimed in Claim 2,

wherein said alkaline pullulanase is separated

from a culture of a microorganism belonging to genus

Bacillus.

5. A detergent composition as claimed in Claim 4,

\
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- prepare a 0.665% de

equal anount of tap water. The above solution was applied onto a 10 cmx 10
cm'of a cotton cl : 2.5 - 5%by weight-b Te%h ek he v ht
. of+ the cloth, then d - r 24 hours. 2) Washind'¢ %ﬂ}wﬁﬁﬁ and
nmet hod A det ergent: Hﬁﬁgﬂﬁuhﬁm‘ﬁi-ssol ved into a hard ter _of [err}l—te
L I'ox. Five pieces of
artificially-contam nated cotton cloths were placed in the detergent
solution. After allowing it to stand at f%rr] for one hour, they were
transferred to thehstainl easdbaiakebotrganash ak BAQinpms serr Ksmor 10
mnutes with a Terg-O Toneter. After rinsing with running water, the cloths
were dried at [erAP, 1836 d4pheuted andFEBM| 82t80480 quantitative
measurenent. 3) Eval uation of detergency 53 The wei ghts of the original
cloths and the contam nated cloths before and after washing were nmeasured.
Detergency rate (% wAsdeherdeategonposhsirsl pswichgimgdatinoflaim 1,

wherein said alkaline pullulanase has an « -amylase

activity.

7. A detergent composition as claimed in Claim 6,
wherein said alkaline pullulanase has its optimum
working pH on pullulan in the range of 8.5 - 10 and

on starch in the range of 7 - 9.5.

8. A detergent composition as claimed in Claim 6,
wherein said alkaline pullulanase has the following
enzymological characteristics:
1) Action
Acts on pullulan and soluble starch to produce
mainly maltotriose from pullulan'and mainly
maltotetrabse.and maltopentaose from soluble
starch, and also acts on glycogen to produce.
maltotetraose and maltopentaose;
2) Substrate specificity.n
. Acts on pullulan, soluble starch and glycogen;
3) Working pH and optimum pH range‘
The working pH on ﬁullulan being in the range
of 5 - 12 with the optimum pH in the.range of
8.5 - 10, and the working pH on soluble starch

—_—
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Detergency rate (% Vélght bef ore mashlng - Weight after: 10y 83
before washing - Weight—of origrnmal——cloth Val ues of dete @ﬁﬁ sAciabl e 8

are averages of 5 nt conposition Sodiupline
dodecylbenzene suI iﬁ "" I" E"ﬂf % Sodi um al kyl et hoxy sul f at-e

5 [err] 4A-ty 15 Sodium silicate

15 Sodlunlcarbonate 15 Sodi um pol yacryl ate (MV
= 8000) , 1.5 PonetherneG&choI (MWV = 6000) 1.5
Enzyne being in the range oTabl e 82FWabhesbenprgjpamum

0.5 d auber's salt bal ance Water

5 (notes) Values for enzpHesngthe zengei pfe rn9tfe det ergent conposition.

5) Results of detergency tests The results are shown in Table 8.
4) pH stability

Stable in the pH range of_6 - 10.5 against
pullulan, and in the pH range of 4 - 12
against soluble starch (treatment conditions
45°C, 10 minutes);

5) Working temperature and optimum temperature
Acs on pullulan and soluble starch at the
temperature range of 10 - 65°C with an optimum
temperature being about 50°C;

6) Thermal stability
Quite stable up to 45°C (treatment condition :
in 10 mM glycine-NaCl-NaOH buffer solution, at
pH 9.5 for 30 minutes);

7) Effects-of'éurfactants
Activities being scarcely adversely affected
by suffactants such as linear alkylbenzene
sulfonate, sodium polyo#yethylene
alkyl sulfate, sodium a-olefin sulfonate,
sodium a-sulfonated fatty acid ester, sodium
alkyl sulfonate, sodium dodecyl sulfate,

soaps, Softanol (trade-mark).

9. A detergent composition as claimed in Claim 6,

wherein said alkallhe pullulanase has the following

,—”’//
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54 Taple 8 Sanpl es—ei—Je—he————ampar‘ari ve present i nvention Conpositions 3

4 3 4 Ak 100 250 --  -- Enzyne
<activity Promﬂmﬂ“ @“‘Mﬁr 500 -- ({ey—Fermamyl .’

-- -- - sergency (99 50 11M)SSHEET_§9}_ 55 40

The neasurenent of enzyme activities in Table 8 was the Eft_;r_ne__{_‘?‘?s";‘_@zﬁgi_nﬁd

the data in Table 7, Exanple 3 (Detergeé% conposition fot utomati c

di sh- washer) Detergency test was carri out in the same nanner as in

Exanpl e 1 except ehaymoediogd callk ahiarectelrisitdrase B as an enzyne. The results

are shown in Tables 9 and 10.
1) Action

Acts on pullulan and soluble starch to produce
mainly maltotriose from pullulan and mainly
maltotetraose and maltopentaose from soluble
starch, and also acts on glycogen to produce
maltotetraose and maltopentaose;

.2) Substrate specificity
Acts on pullulan, socluble starch, and
glycogen; |

3) Working pH and optimﬁm pH range
The working pH on pullulan being in the range
of 5§ ~ 12 with an optimum pH in the range of
8.5 - 10, and the working pH on soluble starch
being in the range of 4 - 12 with an optimum
pPH in the range of 7 - 9.5;

4) pH stability
Stable in the pH range of 6 - 10.5 against
pullulan, and in the pH range of 4 ~ 12
against soluble starch (treatment conditions
45°C, 16 minutes);

5) Working temperature gnd optimum temperature

| Acts on pullulan and soluble étarch at the

temperature range of 10 - 65°C with an optimum
temperature being about 56'0;

6) Thermal stability

This Sheet Has Been R
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55 Taple 9 Sanples of the Conparative present invention Conpositions 5
6 5 Al kaline pullulanase B 7 14 -- Enzyne
7

<activity Ter. 60T -- 14 (U g 7
60 80 m%mm-kﬁ—o—ne pul | ul anase B was (QiSRERT Hip 3R
Preparation Exanpl I s an a-anyl ase manuf cturﬂﬂ*b&“%bvo i
Co. Enzyne acti vitii WWW @L& 9 were neasured by t herettod—oT
"Anyl ase B-test vako"C( amy o X meéhod). 1U was defined to be an

enzyme unit where 100 of enzyne deconposes the right anounts of 10 ng of
st arch. Quite stable up to 45°C {treatment condition

in 10 mM glycine-NaCl-NaOH buffer solution, at
pH 9.5 for 30 minutes);

7) Molecular weight
200,000 * 5,000 determined by sodium
dodecyléulfate (SDS) electrophoresis;

8) Effects of metal ions
Pullulanase activities being adversely
effected by Hg2*, Mn2* and Pb2*, and
o -amylase activities
are adversely affected by ng+ nz+, Pb2+,
Zn2* and ca%t;

9) Effects surfactants
Activities being scarecely adversely affected
by suffactants such as linear alkylbenzene
-sulfonate, sodium polyoxyethylene alkyl
sulfaté, sodium a-olefin sulfonate, sodium
@ -sulfonated fatty acid ester, sodium
alkyl sulfonate, sodium dodecyl sulfate, soaps

and Softanol (trade-mark).

10. A detergent composition as claimed in Claim 6,
wherein said alkaline pullulanase is separated from a
culture of a microorganism belonging to genus

Bacillus.

:________‘_‘_‘_‘_____
“This Sheet Has Been Re
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56 TabI e 10 Sanples of the  Conpar ative present invention Conposition

Enzyrre activity (luw“ﬂ"l““ ﬁll"““ l g;ﬁze ° >0 -- %0 -- Hr;ET HASZ?@

Det er gency (% 30 (notes) Tk‘éﬁ THRBLACED
pul | ul anase B was obt ai ned |n Preparat| on Exanple 2. Pronozyne_i
pul | ul anase manuf actured by Novo Co. EnZ&ne activities shown in Table 10
were neasured by the following method. A 0.1 m enzyme solution was added
to 0.9 ml of a subst riatdetrdantorcUres siiqny asd e e d| i Giba NaCl 0 NaCH
buffer solution (pH 9.0) and pullulan (final concentration in the reaction
system was 0. 25%hs#f igh sid tHigeeptsapism is Bacillus sp. KSM-

AP 1378 deposited as FERM BP-3048.

" This Sheet 4

mm/:ﬂfﬁ//ﬂ:ﬁiﬁ“

i



[err] for 30 mnutes. After the reaction, quantitative determ nation of
reduci ng sugar was carried out by the method of 3,5-dinitro salicylic acid
(DNS). In detail, 1.0 m of DNS reagent was added to 1.0 ml of the reaction
m xture, and the m xture was heated at [err] for 5 mnutes to devel op
color. After cooling, the m xture was | uted 57 with 4.0 m of

dei oni zed water. This solution was subjected to colorinetric quantitative

anal ysis at wave |l ength of 535 DRTERGINT Ommosfiidy of enzyne activity was
defined to be the amount of enzyne which released 1 [err] of reducing sugar

(as glucose) per m nute. ExaBsST®A¢T( DEt EHEe MI SCUOSURE | on for cl ot hes)
Detergents of the foll ow ng conpositions were prepared. Detergency test was
carried out in the sane manner as in Exanple 2. 1) Detergent conposition
Sodi um | i near dotdewyvédkndenergent oremposition conbahning Sadi akkalkpket hoxy
sul fonate

pullulanase is discfosed. The alkaline.pullulanase has its
optimum pH in an alkaline range and not deactivated by
surfactants. Further if has strong resistance to almost
all detergent components such as chelating agents,

protease, etc.

The the detergent composition of this invention has

excellent detergency especially against starch soils.

(Figure 1)



[err] 4A type zeolite 15 Sodium silicate

15 Sodi um car bonat e 15 Sodi um pol yacryl ate
([err] = 8000) 1.5 Pol yet hyl egl ycol (MWVN = 6000)
1.5 Enzyne : Table 11 or- Table 12 Fl uorescent dye
0.5 d auber's salt bal ance Water
5 (notes) Values for enzynmes nean activities in the detergent conposition.
2) Results of detergency test 58 Thﬁ,results are shown in Tables 11 and
12. Table 11 Sanples of the 80nparative present’ invention
Conposition 9 10 7 Al kaline
| FIG. 1
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pul l ul anase B 8 14 -- Enzyme activity (U g)
Termanyl 60T -- -- 14 (notes) Alkaline

pul | ul anase B was obtained in Preparation Exanple 2. Termanyl 60T is an

a- anyl ase manuf actured by Novo Co. Enzyne activiti-es shown irn Table 11 were
measured by the nmethod explained for Table 9 data. Table 12 Sanples of the

Conpar ative present invention Conposition 11 12 8
Al kal i ne pul lul anase B 50 207 -- Enzyne
activity (U g) Pronmozyne -- --
250 Detergency (9% 55 80 35
. FIG. 8
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59 (notes) Al kaline pullulanse B was obtained in Preparation Exanple 2.
Pronozynme is a pullul anase nanufactured by Novo Co. Enzyne activities shown
in Table 12 were neasured by the nmethod explained for Table 10 data. As
expl ai ned above, the detergent conpositions of the present invention

exhi bited an excell ent detergency against starch soils within a nornal
operation tinme. Exanple 5 (Detergent ngposition for autonmatic di sh washer)
The foll ow ng detergent conposition was prepared. (Conposition) Softanol

EP- 7085 4.5 wt. % Trisodiumcitrate 20.0
Sokal an CP-5 powder 5.0 Lipase [err])
1.0 Al kaline Pullulanase A 4) 250 Sodi um hydr ogencar bonat e

- 50.0 Sodium sul fate bal ance Note) 1) Softanol EP-7085:

Addi tion product of sec-al cohol addedF¥ftm7 nols of ethylene oxide and 8.5
nol s of propyl ene oxi de nmanufactured by N ppon Shokubai

Alkaline
Pullulanase A

FIG. 6

Molecular weight ajkasline pullulanase A
marker

(Molecular weight)

200,000
\

116,250

97.400—\' —
66,200 -
42,699 —

™~

p———

B

b A A ke e -



and nal ei ¢ anhydri de, MAtabout 70, 000 by BASF) 3)

Li pase AKG Manufactured by Amano Seiyaku pul | ul anase:

ot ai ned in Preparation Exanple 1. The given value indic&es the activity
(Unit/g detergent) of one gram of detergent. Exanple 6 (Uetergent

conposi tion for automatic dish washer) The follow ng detggentpcorrpom tion

Kagaku Kogyo K. K. 2) Sokalan CP-5 powder: {j}}(ss}g ¥§%§ r of acrylic acid »%
alin

was prepared. (Conposition) Pluronic L9275) 4 v@.% Trisodi um
citrate 30 Li pase 6) 1§Eka#|ne
pul | ul anase B 7) - 80 7) Sodi um hydrogencar bonat e %)3’30(@ um
metasilicate 2 Sodiumsulfate b& Bhced
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Note) 5) Pluronic L92: Polyoxyethylene-polyoxypr
_average nol ecul ar wei ght = 3,500 (manufactured byt ahieTherksezN.

pol yner,
K.) 6)

"~ Li pol ase 30T: Manufactured by- Novo I ndustry Co. [7) OfERIATES in P
Exanpl e 2. The given value indicates the activit
gram of detergent. The detergent conpositions of Exanples 5 and
excel |l ent detergency not only agai nst sé ch soils,
conpl ex stains of starch soil, fats and oils and protein s
Obvi ously, nunerous nodifications and variations of the present

are possible in light of the above tgaghiggs. It

r epar ati on
ent) of one

but al so agai nst

6 exhi bited
oils.
i nvention

is therefore to be

bed herein.

under st ood t hat “‘th'¢CéPe scope of the appended clalgﬁ? he present
i nvention may be prac ed ot herwi se than as specifical descri
Pullulanase a —Amylase
100 100
® ®
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62 What is Clainmed is: 1. A detergent conposition conprising an al kaline
pul lul anase whi ch has an optimum pH in the al kaline range and is stable
‘agai nst surfactants. 2. A detergent conposition as clainmed in Claiml1,
wherein said al kal i ne pul | ul anase has the foll ow ng enzynol ogi cal
characteristics: 1) Action Deconposes a-1,6 glucoside |inkage of pullulan
to produce naltotetraose, and hydrolyze§ %err] gl ucosi de | i nkage of starch,
anyl opectin, glycogen or their partial 4 onposition products; 2) Substrate
specificity Hydrolyzes a branching structure having a degree of

pol yneri zation not | ess than the degree of polynerization of maltose anong
sugars having a branching structure ®BIGnched at an [err] glucoside |inkage;
3) Working pH and optinqquH range The working pH beiqgabn the range of 5 -

11 Pullulanase ~ a—Amylase
- 100 100}
* *
h A
- by
o =i
2 b
- pa
o o
< 50 < 50
g‘ o
> >
- o
o e
= d
® =i
e o
o 1 1 -. . o 3 1 2 1
30 40 50 60 .30 40 50 60
temperature (°C) : temperature(°C)
. .~ FIG. 11
(a) , (b)
Pullulanase « —Amylase
100 100
G g
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-t -
+= D od
S 50F 8 50
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< c ;
= = :
] o :
=i o=y
/4] /)]
Q )
= o
o [ 1 0 . 1 s . g ‘.
30 40 50 60 30 40 50 60 ;

temperature (*°C) temperature (°C)



with the optimumpH in the range of 9.5 - 11; 4) pH stability Quite stable
in*the pH range of 8 - 10, and 63 has not |ess than 50% of relative

activity even in the pHrange of 7 - 10.5 (treatnent conditions : [err] 10

~mnutes); 5) Working tenperature and optinumtenperature Acts at the
tenperature range of 10 - [err] with an optinmum tenperature bei ng about
[err]; 6) Thermal stability Quite stable up to [err] when treated in 10 niM
glyci ne- NaCl - NaCH buffer solution (pH g.;) for 30 mnutes; 7) Effects of
surfactants Activities being scarcely aéversely affected by surfactants
such as linear alkylbenzene sulfonate, sodium al kyl sulfate, sodium

pol yoxyet hyl ene al kyl sul fate, sodi umHE3s]13ul fonate, sodi um a-sul fonated

Alkaline
pullulanase B

FIG. 13

Molecular weight , e B
marker Alkaline pullulana _

(Molecular weight)

———




~

sfatty acid ester, sodiumalkyl sulfonate, sodium dodecyl isul ﬁﬂdé gﬂﬁgﬁg8¢nd
Softanol (trade-mark). 3. A detergent conposition as clai

wherein said al kaline pullul anase has the foll owi ng enzy
characteristics: 1) Action Deconposes [err] glucoside |inkag
to produce naltotri ose, and 64 hydrolyzes a-1,6 gl ucosj ¥ & 4

starch, anylopectin, glycogen or their partial deconp03|t4ng (ol &H?zﬂ)j
Subst rat e specificity Hydrolyzes a branching structure having-a degree of

pol ymeri zati on not |ess than the degree of polynerization of nmaltose anong
sugars having a branching structure branched at an [err] glu005|de | i nkage;

3) Working pH and optimum pH range

- .
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The Morking pHis in the range of 5 - 11 with the optinum pkir-tire ran
“of 9.5 - 11; 4) pH stability Quite-stable in the pH range pRERLACEMENT

n----“""—*
Lnge of

has not | ess than 50% of relative activity even in the pH

opti num tenperature Acts at the tenperature range of 10 -
opti mum tenperature being about [err]; 6) Thernmal stabilit

g
(treatment conditions.: [efr], .10 ninutes);. 5) Wrking tenpdr

€

rr WI

g
¥<,
4

’% ,

5

N 808

th an

Te

to [err] when treated in 10 nM[err] buffer sol ution (pH 9‘0'\\ fok

stapl e up

')n

m nutes; 7) Ml ecular weight 120,000 [err] 5,000 determ ned by SOdI um

dodecyl 65 sul fate (SDS) el ectrophoresis.- 8) Effects of netal ions
Activities being adversely affected by [err]
577
o FIG. 8 .
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sul fate, sodi um pol yoxyet hyl ene al kyl sulfate, sodiu
sodium|[err] fatty acid ester, sodium al kyl sul fonate
sul fate, soaps, and Softanol (trade- mark); 10) Effec Xorinl gents
Activities being scarcely adversely af$ected by chel atli = ;-,b;uaﬂ A as
EDTA, EGTA, citric acid, and zeolite; 11) Resistance - ase HaS strong
resistance to alkaline protease. 4. A detergent conposition as clainmed in
d ai m 2, wher ei nF§gi d4 abkaWsnéhpurklbinase oifs tsepdmandd tempers taate Urat of a

m cr oor gani sm bel onging to genus Bacillus. 5. A detergent conposition as
clained in Bfappdl, vs. residual activity of the alkaline pullulanase A

-~ fie

used in the present invention. A

Fig. 5 shows the results of electrophoresis of the
alkaline pullulanase A used in the present invention.

Fig. 6 shows a SDS electrophoresis profile of the
alkaline pullulanase A used in the present invention.

Fig. 7 is a paper chromatograéhy profile showing the
production of maltooligosaccarides from the enzymatic
reaction between the alkaline pullulanase B having an
o -amylase activity, and several substrates (pullulan,
amylopectin, amquse, and glycogen). ' -

Figs. 8(a) and 8(b) sho#,the relation of reaction pH
vs. relative activity of the alkaline pullulanase B having
o —amylase acti?ity usediin the present invention.

Figs. 28 and 9(b) show the relation of treatment pH
vs. residual activity of the alkaline pullulangse B having
a—amYlase activity used in the présent inventioh.

Figs. 10(a) and 10(b) show the relation of reaction
temperature {at pH 9.5) vs. relative activity of the
alkaline pullulanase B having.a-amylase_activity used in
the present inventlon.

Figs. 11(a) and l1(b) show the relation of treatment

temperature (at pH 9.5) vs. residual activity of the

alkaline pullulanase B used in the present invention.

[ AMENDED _SHEET




66 wherein said mcroorganismis Bacillus sp. KSM AP 1876 deposited as
FERM BP-3049. 6. A detergent conposition as clained in Cfa] Em@@-&:ghgg;ﬂ
said al kaline pullulanase has an [err] activity. 7. A de ]
as claimed in Claim®6, wherein said al kaline pullul anase S ht ﬁggp@gﬂr
working pH on pullulan in the range of 8.5 - 10 and on stlak chUi h ange
of 7 - 9.5. 8. A detergent conposition_as clainmed in Caijm 6, wherein d
al kal i ne pul | ul anase has the foll ow ng39enzym)l ogi cal charlacteristics: 1) !
Action Actsi@napehbyl an and sol uble starch to produce maimt-y~THITOLr1 Ose
frompullulan and nmainly mal totetraose. and nal t opent aose from sol ubl e

starch, and al s0A8€ES ofN pHIIVGAGH andl RATHAR B 4 AN A0SR inl
mal t opent aose; 2) Substrate specifai city Acts on pr}itlfutfan solu Inéajé?alr’ch

and gl ycogenal8pt¥bbkieng rph dad 1o3ltnaRPMAi¥N9e maltotetraose and

maltopentaose from soluble starch. Acts also on élycogen
to produce maltotetraose and maltopentaose (Fig. 7).
2) Substrate specificity

Acts on pgllulan, soluble sfarch, and glycogen (Table

2).
Table 2

Substrate Concentratioq@& Relative activity (%)
Pullulan 0.25% 100
Glycogen (oyster) . 0.5% . 25
Glycogen (rabbit liver) 0.5% 24
Amylopectin 0.5% 56
Amylose 0.5% 28
Maltose 1 x 10™2M 0
Maltotriose 1 x 10™2M . 0
Panose o 1 x 10™%M 0
Isomaltose 1 x 1072M 4
Isomaltotriose 1 x 10-2M 11
Gentiobiose 1 x 10”2y 0

3) Working PH and optimum pH ranges

The'working PH on pullulan of alkaline pullulanase B
is in the range of 5-12 with an optimum pH in the range of
8.5-10.

Pullulanase activities at various pHs were measured
using reaction systems consisting of 0.25% of pullulan and
each of 10 mM acetate buffer (pH 4-5), phoéphate buffer (pH

6-8), glycine-NaCl-NaOH buffer (pH 9-10.5), and KCL-NaOH

AMENDED SHEET
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The wor ki ng pH on pul lul an being in the range of 5 - 12

in the range'of 8.5 - 10, and the working pH on soluble s belrE‘
in the range of 4 - 12 with the optimumpH in the range o BNOYV ‘lQB?pHE
stability Stable in the pH range of 6 - 10.5 against pull Ian and |nthe‘§,_
pH range of 4 - 12 against soluble starch (treatnent condijt¥ 0 :

m nutes); 5) Working tenperature and ogtl mum t enper ature Acs ~tH-an
and sol ubl e starch at the tenperature Pange of 10 - [err] with an optimm
tenper at ur ered PO A8AULN[ Bl as€) habehBBbuilablbhhbky Qditlie ityalles iped O
[err] (treatnent condition in 10 nM gl yci ne- NaCl - NaOH buf fer solution, at
pH 9.5 for SPom Bateslus7ikckii@ens eF2surfactants

Table 4
Pullulanase
Japanese Patent  Japanese Patent Present
Publication Laid~open Invention
{Kokoku) No.- (Kokai) No. (Alkaline
18717/1989 60376/1989 Pullulanase B)
Microorganism Bacillus subtilis Bacillus circulans Bacillus sp.
Tu F-2 KSM-AP 1378
Optimum pH of
pullulanase activity 7.0-7.5 7.0 8.5-10.0
Optimum pH of
« ~amylase activity 6.7-7.0 7.0-8.5 7.0-9.5
Optimum temperature of | )
. pullulanase activity - 50°C 50°C 50-55°C
Optimum temperature of
a —amylase activity 60°C 50°C 45-50°C
Molecular weight 450,000 . 218,000 200,000
(gel filtration) (SDS electro- (SDS electro-
phoresis) phoresis)

Major products from

soluble starch#* G1,G2,G3 G4,G5,G6 G4,G5
Major:

-Mejew- products from

pullulan* G3 G3 G3
* : Gl: glucose, G2: maltose, G3: maltotriose,

G4: maltotetraose, G5: maltopentaose, G6: maltohexaose

‘The above-mentioned alkaline pullulanase A or alkaline

amrmesoy
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Activities berhd scarcely adversely affected by surfact aftREFLACEMENTISHEER !

al kyl benzene sul fonate, sodi um pol yoxyet hyl ene al kyl sulf
a-olefin sulfonate, sodium[err] fatty acid ester, sodium
sodi um dodecyl sul fate, soaps, Softanol (trade-mark). 9. |
conposition as clained in Caim6, wherein said al kaline

p

the follow ng 68 enzynol ogi cal charggteristics: 1) Acti-on-Acts on

e, sodi um

%@ NOY! 1997at

det er gent

U

pul l ul an and sol uble starch to produce mainly maltotriose from pullul an and

mai nly mal 084413058 A TR tmwn{ﬁ%ﬁ&é&'@é& 5485 C4. a8pdraLbae acts

on-glycogen to produce naltotetraose a
speci ficitgofgbsienicrildtltie Pl SiaehioRNsly 06 YEOgEN) wt.%.

topent aose; 2) Substrate

These alkaline pullulanases can be used either in the
purified forﬁ of enzyme, or as an crude enzyme which is
culture broth itself.

Other conventional detergent components may optionally
be compounded into the detergent composition of the present
invention
" inveniteon depending on the use and the purposes. These
components to be compounded are illustrated below.

1) The amount of surfactants is not 1imited.especially, but
is preferably 0.5-60% by weight. The exemplary surfactants
usable for the detergent comosition of the present
invention include nonionic surfactants such as alkylbenzene
sulfonate, alkyl or alkehylether sulfate, alkyl or alkenyl
sulfate, olefin sulfonate, alkane suif;nate, saturated or
unsaturated fatty acid salt, alkyl or alkenyl ether
carquylic acid salt, a-sulfo fatty acid salt or ester,
aminoacid-type surfactant, N-acylamino acid-type
surfactant, alkyl or alkenyl acid-phosphate, alkyl or
alkenyl phosphate or its salt; amphoteric surfactants such
as carboxyl or sulfobetaine-type surfactant; nonionic
surfactants such as polyoxyalkylene alkyl or alkenyl ether,
polyoxyethylene alkyl phenyl ether, higher fatty acid
alkanolamiaé or its alkylene oxide adduct, sucrose fatty

acid ester, fatty acid glycerol monoester, alkylamine

oxide, alkylglycoside; and cationic surfFactants such as

r ]
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3). Wor ki ng pH and opti—nym_pH_Langﬁ_The wor ki ng pH on puI | ul an_being. .in-t he
range of 5 - Hin the range of 8. ‘Mj—
wor ki ng pH on soI Wﬂﬂ%ﬂﬂim ﬁ"sl n the range of 4 - a‘ ' m
pH in the range of tability Stable in W‘QW%P 61 -
10.5 agai nst pul | ul an, and n the pH r-ange of 4 - 12 a cln e Sit rch
(treatnent conditions [err], 10 minutes); 5) Working tén
opti mumClaiEs at ure Acts on pul lul an and sol uble starc _,,at t he tenper re
range of 10 - [err] with an optimum tenperature being apout [err]; 6)
Thermal stability 69 Quite stable up to [err] (treatnent condition in 10

M gl ycine- NaCdetéagdnt ishipdsition | detriphiBing . 1810 Wt.5%f Akalid@ pllilGidhssy) B and 0.5-

60 wt. % surfactant, wherein said alkaline pullulanase B has the following enzymological

characteristics:

1) action
acts on puilulan and soluble starch to produce mainly maltotriose from pullulan and
mainly maltotetraose and maltopentaose from soluble starch, and also acts

on glycogen to produce maltotetraose and maltopentaose;

2) substrate specificity

acts on pullulan, soluble starch, and glycogen;

3) working pH and optimum pH range
the working pH on pullulan being in the range of 5-12 with an optimum pH in the
range of 8.5-10, and the working pH on soluble starch being in the range of

4-12 with an optimum pH in the range of 7-9.5;

4) pH stability
stable in the pH range of 6-10.5 against pullulan, and in the pH range of 4-12

against soluble starch (treatment conditions: 45°C., 10 minutes);

5) working temperatures and optimum temperature Acts on pullulan and
soluble starch at the temperature range of 10°-65° C., with an optimum

temperature being about 50° C.;
6) thermal stability
quite stable up to 45° C., (treatment condition: in 10 mM glycine-NaCl-NaOH

buffer solution, at pH 9.5 for 30 minutes);

7) Molecular weight

AMENDED SHEET




7) Mol ecul ar wei ght 200,000 [err] 5,000 determ ned by s
(SDS) el ectroptioresis; 8) Effects of netal ions Pullula

dium dodeeytsut-fat e
FEPLACEMENT ISEEET
v

adversely affec
Activities being

bei ng adversely ] and [err], and a-anyl 3
NHIE[HIWIWNIWEIIII] and [err]; 9) Effects |shriqrNoW
»scarecely adversely affected by surfactihts such as Iireralr
al kyl benzene sul fonate, sodi um pol yoxyet hyl ene al kyl sul¥f

1
oo
~avaviunvilll|

a-olefin sulfonate, sodiumferr] fatty acid ester, sodium al kyl sulfonate!

sodi um dodecy!l

sul fate, soaps and Softanol (trade-mark). 10. A detergent

conposition as clained in Caim6, wherein said al kaline pullulanase is

separated fr

APC00Q+ A0 oHaltong; @sosletrImingd pRY ofedivg tdedgeylewfate cil$PS .

electrophoresis;

effects of metal ions

pullulanase activities being adversely effected by Hg?*, Mn?* and Pb%*, and o-

amylase activities are adversely affected by Hg?*, Mn?*, Pb®>*, Zn®** and
Cd2+;

effects of surfactants

activities being scarcely adversely affected by surfactants such as linear

alkylbenzene sulfonate, sodium polyoxyethylene alkyl sulfate, sodium o-
olefin sulfo.nate, sodium a-sulfonated fatty acid ester, sodium alkyl
sulfonate, sodium dodecyl sulfate, soaps and Softanol (trade-mark), said
alkaline pulIuIan'ase B being produced by a process comprising culturing a
microorganism producing an alkaline pullulanase which is named as Bacillus
sp. KSM-AP 1378 deposited as FERM BP-3048, and isolating the alkaline

pullulanase B from the cultured medium.

2, The detergent composition of claim 1 which further contains:
0-90 wt. % alkaline agents and/or inorganic electrolytes,
0-50 wt. % divalent metal ion scavengers, and

0-85 wt. % bleaching agents.
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70 11 A detergent conposition as clained in Caim10, wherein said

m croorgani smis Bacillus sp. KSM AP 1378 deposi ted as HERM"BP= 3048 —Thrs)-
Sheet Has Been Repl aced - . REPLACEMENT SHEET
- "
14 - | B-FERTI% J/Waas
: B7arp cemy |
€ f&an“

Handbook No. 427, Agricultural Research Service, U.s.
Department of Agrieuleure Washington D.C., (1973), and
determined as'en esporogenas rod-shaped micfoorganism
belonging to the gengs'Bacillus. The strain did not gfow
in the neutral pH range, but grew ﬁostly in the highiy
alkaline range. From this fact, the strain of the present
inVention_was‘cIassified as an alkalopholic micreorgaﬁism
which was demonstrated by Horjikoshi and Akiba.[Alkalophilic
Microorganism, Japan Scientific Society Press (Tokyo), .
1982]. The strain of the present inventioﬁ is thus |
dietinguished from a group of miegoorganismé belonging to
the genus Bacillus which grows in a neutral pH range.

The strain of'fhe present invention has mycologically
different characteristics from those of_any cenventionally.
known ’alkalophilic Baccillus’. Accordingly, the strain ef
the present invention was determined as a novel strain and
K*/ ‘named Baccillus sp. KSM-AP 1876, which was deposited with
Fermentation Research Institﬁte, Agency of Industrial
Scz.ence and Technology as FERM BP-3049 on August 8, 1990 (origiqal

deposit is P-10887 on July 24, 1989)- |
The production of an alkaline pullulanase A used in

the present invention can be processed by inoculating the
above microoganisms according to the conventional
cultivating methods. It is desirable to add a suitable
amount of carbon and nitrogen eources which the

microorganism can utilize in the medium. There are no



s

-specific limitations as to carbon and nitrogen sources.
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different characteriétibs from those of any conQentionally
known 'alkanophilic Bacillus’. Accordingly, the strain of
the present invention was determined as a novel strain, and
named Bacillus sp. KSM-AP 1378, which was deposited with
Fermentation Research Institute, Agency of Industrial

Sc1ence and Technology as FERM BP-3048 on August 8, 1990 SOr:Lg:mal
deposit is P-10886 on July 24, 1989).

I e production of the alkaline pullulanase B used in
the present invention éan'be processed by inoculating the
aboye micrdorganisms according to the conventional
cultivating methods. It is desirable to add a suitable
amouny of carbon and nitrogen sources which the

microorganism can utilize in the medium. There are no

EXempléry nitrogen sources include corn gluten meal,
soybean flour, corn steep liquor, casamino acid, yeast

extract, pharma media, meat extract, tryptone,; soytone,

hypro, ajipower, cotton seed meal, cultlvator, ajipron and

zest. The inorganic nitrogen sources include ammonium
sulfate, ammonium nitrate, ammonium phosphate, ammonium

carbonate, sodium nitrate, ammonium acetate and the like.

Exemplary carbon sources include soluble starch, insoluble

starch, amylopectin, glycogen, pullulan and branched

oligomers produced by their partial decomposition, and

utilizable carbon sources such as glucose, maltose,
arabinose, xylose, ribose, mannose, f(ructose, galactose,

sucrose, lactose, trehalose, mannitol, sorbitol, glycerol,

-



