TI TLE OF THE | NVENTI ON " Al kal i ne Cel | ul asés: Bacill us sp. producing the

sane and process for producing the same" BACKGROUND OF THE | NV

of the Invention: This invention relates to novel alkaline CelEa%%égbf kgfs
m croor gani sns produci ng the sane, and processes for producing the al kaline
cel lul ases. Description of the Background Art: Conventionally, studies on
cellul ase which is a cellul ose-deconposabl e enzyne have been directed, for
the npst part, to the effective utilization.of bionmass resources,
partléﬁlarly of cellul ose resourcés. The major supply sources of cellul ose’
have been pl agppr,pnofudfte eRGEMri@NVvari eties of strains isolated as the
cel I ul ase- producing m croorgani sns have been reported.* Typical exanples of

these strai nsumli,k@cgmﬁhségal Qhatgaaeamd&wl | us,

Penicillium == . A Sy ' “' : =10 ke.

genera such as PseudononBACKG] Baci | lus, and the
| i ke, the actinonycetes such as Streptnyces ThernDactlnonyces and t he

| i ke. Studi esField efwthepInventiensf cellul ase as an additive to
detergents for washing clothes have_ lately attracted_ cqnsiderghle attention

(Japanese Patent LEhdsopanention relates to novel alkaline cellulases,
the microorganisms producing the same, and processes for

producing the alkaline cellulases.

Description of the Background Art:

Conventionally, studies on cellulase which is a
cellulose-decomposable enzyme have been directed, for the
most part, to the effective utilization of biomass
iesources,:particularly of cellulose resources. The major
supply sources of cellulase have been placed on fungi and
wide varieties Qf strains isolated as the cellulase-
producing microorganisms have been reported. Typical
examples of these strains are the fungi belonging to the
genera such as Aspergillus,:Penicillium, Trichoderma,
Fusarium, Humicola, Acremonium, and the like. Examples of .
these strains other than fungi are bacteria belonging to the
genera such as Pseudomonas, Cellulomonas, Ruminococcus,
Bacillus, and the like, the actinomycetes such as
Streptmyces, Thermoactinomyces, and the like.

Studies on a new application of cellulase as an
additive to detergents for washing clothes have lately

attracted considerable attention (Japanese Patent Laid-open



Nos. 49279/ 1984, 23158/ 1985, and 36240/1985). The cel |l ul as produced by
natural mcroorganisns is alnost classified as, nanely, the neutral or
acidic cellulase exhibiting a forenost and stable enzymatic activity in
neutral or acidic conditions. There is few al kaline or alkali-resistant

cel lul ase having a good stability and exhibiting maxi numactivity at a pH
of alkaline region at which cloth washing is perforned effectively when the
cel | ul aseNos.i RO2TDA LR8B4, 23L58Y LR8% gnd  IGMHE198%). f Phe| cehlulasigle

al kaline cellul ases herein nean those having an optinum pH in_ an_al kal'l ne

regi on. S®rOGaIcest dve RtNTRle MRFRPTFIANIFRG uks BIckRsHified | ag ase.
Until recently, such processes have, been typified a process for

col | ecti né‘aﬂ‘l’-‘éycelql}ﬁ Rentrad, Qn AFidig lﬁ?’xﬁﬂaﬁﬁ%lﬁé}%ﬁ’r’?% i croorganl sm
bel ongi n o t he gen I Japanese Patent lLai 515/ 1975

o br ocess SO AT P LAt S, SRATH e AT L AR IPE A HREGg of 2
m croor ga s e Patent

Lai d- opgn%@%fg% glggﬁoté t<';1ﬁ;pgr]‘ttc;é§'gss iﬁ%@$ﬁaﬁlﬁéa]§fe@aef xmifh I

cel | ul ase r 1 *ngl No. .
1139u[FEkt‘j:tr‘rag"rl‘?ﬂ%.g,F'\CLlélu“ic?t)id1é.u‘:h Q%o HOI’I%}?i di %@&ﬁ%_oﬁ’gﬁ‘ 131 3339
(1985)], Q@RtiviRPERSS fpH ﬁ@!ﬁiﬁa@&é&iﬁl'é\? el | @S ddsh aﬁgg use of

a nicroorganisn1be|onging to the Streptonyces (Japanese Patent L open
No. 19483i%9@erformed effectively when the cellulase is incorporated

into a detergent composition for clothing. The alkaline
cellulases herein mean those having an optimum pH in an
alkaline region.

Several processes are known for producing an alkaline
cellulase. Until recently, such processes have been
typified by a process for collecting the cellulase A through
culturing an alkalophilic microorgenism belonging to the
genus Bacillus (Japanese Patent Laid-open No. 28515/13975), a
process for producing the alkaline cellulase 301-A through
culturing of a mieroorganisp belonging to the genus
Cellulomonas (Japanese Patent Laid-open No. 224686/1983), a g;
process for obtaining a carboxymethyl cellulase through
culturing of an alkalophilic strain, Bacillus sp. No. 1139
[Fukumori F., Kudo T., and Horikoshi K.; J. Gen. Microbiol.,

131, 3339 (1985)], and a prdcess for producing an alkaline
cellulase with the use of a microorganism belonging to the
Streptomyces (Japanese Patent Laid-open No. 19483/1986).
These processes for producing an alkaline or alkali-
resistant cellulase are nevertheless unsuitable for
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These processes for producing an alkaline or alkali- resistant cellul ase
are neverthel ess unsuitable for 2 I ndustrial fernentative production.
Recently, it has been found that a novel mcroorganismBacillus sp. KSM 635
(FERM BP- 1485, Japanese Patent Application No. 109771/1988), a sort of an
al kal ophilic m croorganism sufficiently yields the al kaline cellulase K
(Japanese Patent Application No. 109776/ 1988) which can be adapted to a

det ergent conpodustriel demmentptive pradudtdoner nent ati ve production of

t he al'kaline cellul ose has been redlized in an_industrial_scale. It has

al so been found t Recentlykat hagdean found, fhathe HtRk sl egoorganism
L s G SH A e
an alkal |- r SPREATAER dosd et E B e st 1 AT IORE RS o
neutrophi | o MStosFAal ERNEeY et o ATl Uehiase, &
Fovever . the dBabEneE e kA A e M e P e Han s e
or al kali-resizjapledtd W afferigbit?Udiiponent for clothing, so that the

fermentative production of_the_ alkaline cellulase has been

realized in an industrial scale. It has also been found

W, that an alkaline cellulase could be produced by neutrophilic
microorganisms which could be easily cultured (Japanese
Patent Application Nos. 137677/1988, 240785/1988,
240777/1988, 240786/1988, and 37285/1989, and S. Kawai et
al., Agric; Biol. Chem., 52, 1425(1988)); and an alkali-
resistant cellulase cépable of keeping high activities in an
alkaline coﬁdition-could be produced also by the above-
mentioned neutrophilic microorganisms (Japanese Patent
Application Nos. 141586/198?, 146786/1988, 273474/1988,
273475/1988, 279790/1988, and 37286/1989).

However, the above-mentioned examples are enumerate&
as those of alkaline or aikali-reéistant cellulases suitable
for industrial fermentative prdduction, furthef development
of alkaline cellulases having various featu:es and the
microorganisms producing the alkaline cellulases have been
desired.

In view of this situation, the present inventors have

carried out extensive studies in order to obtain natural



for industrial fermentative production,” further devel opnent of al kaline
cel l ul ases having various features and the m croorgani snms producing the

al kal i ne cel | ul ases have been desired. In view of this situation, the
present inventors have carried out extensive studies in order to obtain
natural 3 m croor gani sns capabl e of produci ng al kaline cellul ases, and,
as a result, found that a group of m croorgani sns belonging to the genus
Baci | | us which was di scovered. by the inventors in the soils in Nasu-dysg,
Tochi gi -ken, 5 Japan, was capabl e of produci ng a novel alkaline

cel lul ase which was effective as a detergent conponent for clothing. This
fi ndi ng ha@iFeeexganismsceaprlele Of prodweing alkalineraldpdaseso

SUMVARY OF THE | NVENTI ON Accordj ngly, an otg' e%t of this invention is to
provi de t h@MHo\R$ Heshike @'F’P‘{Jltg?ésa D R WBLERPEEARIFEnd

ks 520 whEERoP e e . et SERTI8 ch e RIS E Kol ne
G aim 2 and™. Bt in thE AL S REAR, ModBar Rell, T T advant ages-
of the i nveRELAN was capéble of producing a novel alkaline

cellulase which was effective .c_as a detergent component

for clothing. This f:l.nd:.ng has led ﬁo the completion

of the present invention. \J

10 SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to provide
the novel alkaline cellulases K-64, K~19 and K-520 and
microorganisms belonging to the genera Bacillus sp.
KSM-64, KSM-19, and KSM-520 which are all éapable of

15 producing the above alkaline cellulases respectively.

K-64 is defined hereinafter in Claim 1, K-19 in Claim 2 ‘

and K-520 in Claim 3.

20 Other objects, features and advantages of the invention

will hereinafter become more readily apparent from the



wi Il hereinafter becone nore readily'appa?ent fromthe -4 - fol |l ow ng
description. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a drawi ng show ng
the relation of relative activity vs. reaction pH of the al kaline cellul ase
K-64 of this invention. Fig. 2 is a drawi ng showing the relation of
treating pH vs. residual activity of the alkaline cellulase K-64 of this

i nvention, Fig. 3 is a drawing show ng the relation of reaction tenperature

VS. mgbative afaay%%xgafdgggrgbgﬁghpe cel lul ase K-64 of the present

i nventmon. Fig draw n ow ng the relation of treating tenperature

vs. residual activity of thgrabkabkaerepiribhase KnktpRhwifiesPr esent
invention. Fig. 5 is a drawng Show ng ere OT *i ve activity
vs. reaction pH of rhg.ahkaki aedeglringasRowing ehet Besati¥fanbifORe1kitdved i S
a drawing show ng the relation of treating pH vs. residual activity of the

al kal i ne cel | vheskvkegOvel rbaestionepHi 6f. thegalKaline deaMlgseh&wigagokthe
relation of reaction tenperature vs. relative activity of the al kaline
cel | ul ase this invention.

Fig. 2 is a drawing showing the relation of treating pH
vs. residual activity of the alkaline cellulase K-64 qf this
invention,

Fig. 3 is a drawing showing the relation of reaction

14 temperature vs. relative activity of the alkaline cellulase
K-64 of the present invention.

Fig. 4 is a drawing showing the relation of treating
temperature vé. residual activity of the alkaline cellulase
K-64 of the present invention. |

Fig. 5 is a drawing showing the relation of relative
activity vs. reaction pH of the alkaline cellulase K-19 of
this invention, |

Fig. 6 is a drawing showing the relation of treating pH

&J : vs. residual activity of the alkaline cellulase K-19 of this
invention.

Fig. 7 is a'draﬁing showing the relation of reaction
temperature vs. relative activity of the alkaline cellulase
K-19 of the present invention. |

Fig. 8 is a drawing showing the relation of treating
temperature vs. residual activity of the alkaline cellulase

K-19 of the present invention.

Fig. 9 is a drawing showing the relation of relative

S .



K-19 of the presen{ invention. Fig. 8 iS a drawi ng showing the relation of
treating tenperature vs. residual activity of the alkaline cellulase K-19
of the present invention. Fig. 9 is a drawing showing the rel ation of

rel ative activity vs. reaction pH of the al kaline cellul ase K-520 of
this invention. Fig. 10 is a drawing show ng the relation of treating pH
vs. residual activity of the alkaline cellulase K-520 of this inventioh,
Fig. 11 i acxidrisy nes shoeacigidm el afitthen alkaline i ogllwkqme K-+520 \of
relative activity of the al kaline cellulase K-520 of the present invention.
Fig. 12 i shdsddawerntidewi ng the relation of treating tenperature vs.
residual activity of the alkaline cellulase K-520 of the present invention.
DETAI LED DESCREFEE -ONQORsTHE 43r0Eeg GhonmerErERrERr B i eee tind| ogi cal

characteristics of these nm crooygani are, _now di scussed. The follow ng 21
cul ture mBd ¥-MFRsidual, %sl‘é]l'& L&écr}‘%%ra}#%lw%s%‘ﬂ 2ase K124 9%i ns.

They all ntai.n 1. 0% by weight of sterilized sodium carbonate [err]
Conposi ti Y8 %ure nedi a used (% by wei ght)

Fig. 11 is a drawing showing the relation of treating
temperature vs. relative activity of the alkaline cellulase
K~-520 of the present invention.

Fig. 12 is a drawing showing the relation of treating
temperature vs. residual activity of the alkaline céllulase
K-520 of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

Mycofogical characteristics of these microorganisms are
now discussed. The following 21 culture media (Media 1 to

21) are used for the classification of strains. They all

contain 1.0% by weight of sterilized sodium carbonate

(Na5CO3).

Compositions of the culture media used (% by weight) —
Medium 1: nutrient broth, 0.8; Bacto agar; 1.5
Medium 2: nutrient broth, 0.8
Medium 3: nutrient broth, 0.8; Bacto geiatin, 20.0;

Bacto agar, 1.5
Medium 4: Bacto litmus milk, 10.5
Medium 5: nutrient broth, 0.8; XNO3, 0.1
Medium 6: Bacto peptone, 0.7; NaCl, 0.5;
glucose, 0.5

Medium 7: SIM agar medium, an amount prescribed.
i

6.



Medium 1: nutrient broth, 0.8, Bacio agér, 1.5 Medium 2: nutrient broth,
0.8 Medium 3: nutrient broth, 0.8, Bacto gelatin, 20.0; Bacto agar, 1.5
Medi um 4: Bacto litnmus milk, 10.5 Medium5: nutrient broth, 0.8, [err],
0.1 Medium 6: Bacto peptone, 0.7; NaC, 0.5; glucose, 0.5 Medium7: SIM
agar nedium an anmount prescribed. Medi um 8: TSI agar medi um

(manuf actured by Ei ken Chem Co.,Ltd., Japan), an anount prescribed. Medium
9: Batto peptone, 1.5; yeast extract, 0.5; soluble starch, 2.0; [err] 0.1,
[err],” 0.02; Bacto Mgdiuml185 MeSIUagdD: médiwn' gmamdfaoctusedabpuBiken Chem.
prescribed. Medium 11: Christensen's nmedi um (manuf actured by Ei ken Chem
Co., Ltd., Japan), an anount pCescktded. Japamm ar: amohntnpaeasribetudi ng
the foll ow ng conmpositions (1) and (2) to which added are nitrogen sources
consi sting of sodi Medlanafe BagtanPePteRee, leaPfronYeRFELPBEraET, afdS?

ammoni um phosphate in such an anmpunt as that the.total anDunB of nitrogen
i s soluble starch, 2.0; K5HPO4, 0.1;

MgS0O4+7H0, 0.02; Bacto agar, 1.5

Medium 10: KXoser’s medium, an amount prescribed.

Medium 11: Christensen’s medium (manufactured by Eiken
Chem. Co., Ltd., Japan), an amount
prescribed.

Medium 12: the medium including the following
compositions (1) and (2) to which added
are nitrogen sources consisting of sodium

" nitrate, sodium nitrite, ammonium chloride,
and ammonium phosphate in such an amount as
that the total amount of nitrogen is
0.0412N% by weight in the medium.

(1) yeast extract, 0.05; NayS04, 0.1;
KH,PO4, 0.1; glucose, 1.0
&/ ' (2) yeast extract, 0.05; Na,SO4, 0.1;
KH,POy, 0;1; glucose, 1.0;
CaCly*2H50, 0.05; MnSO4e4-6H50, 0.01;
FeSO,+7H,0, 0.001; MgSO,e7H50, 0.02
Medium 13: King A medium "Eiken" (manufactured by
Eiken Chem. Co., Ltd., Japan), an amount
prescribed.
Medium 14: Kiné B medium "Eiken" (manufactured by
Eiken Chem. Co., Ltd., Japan), an amount

i



0. 0412N% by melghtxln the medium (1) yéast extract, 0.05; Na2SO4, O0.1;
[err], O0.1; glucose, 1.0 (2) yeast extract, 0.05; [err] 0.1; [err] O.1;
glucose 1.0; [err], 0.05; [err] 0.01; [err] 0.001; [err] 0.02 Medium 13:
King A nediun1"Eiken" (manuf actured by Ei ken Chem Co., Ltd., Japan), an
amount prescribed. Medium 14: King B nedium "Ei ken" (manufactured by Ei ken
Chem Co., Ltd., Japan), an anount prescribed. Medium 15: . urea nediium
"Ei ken" (nanufactured by Ei ken Chem Co., Ltd., Japan), an anount =~
prescribed. Medi um 16: cytE%ﬂ?%ﬁ%b@Qrdase test filter paper (manufactured

by N ssui Pharnmaceuti cal ., Ltd. Japgnl Medi um 17. 3% aqueous hydrogen
per oxi de Medi unbi& “’“Bla%io WES? edipgms Eikens; (mawniactuged. by ycose, 1. 0:

K2HPO4, 0.1;  [err]. 0.02 Meg|pm 1 .,Bagho, PEpLoNes, 2oy NaClynSi St

prescribed.
Medium 16: cytochrome-oxidase test filter paper
(manufactured by Nissui Pharmaceutical Co.,
Ltd., Japan)
Medium 17: ° 3% agueous hydrogen peroxide
Medium 18: Bacto peptone, 0.5; yeast extract, 0.5;
glucose, 1.0; Ko HPO,, 0.1;
MgS0,+7H20, 0.02
Medium 19: Bacto peptone, 2.7; NaCl, 5.5;
| glucose, 0.5; K HPO,, 0.3;
bromthymol blue, 0.06; Bacto agar, 1.5
Medium 20: (NH4 ) oHPOy, 0.1; KC1l, 0.02;
MgS0,4+7H50, 0.02; yeast extract, 0.05;
sugar, 1.0
Medium 21: casein, 0.5; Bacto .agar, 1.5;
yeast extract, 0.5; glucose, 1.0;

KoHPO4, 0.1; MgSO4e7H0, 0.02

Mycological characteristics of Bacillus sp. KSM-64

(1) Observation under microscope

The cells are gram-positive rods of a size of 0.5 - 1.2
pm x 1.2 ~ 6.6 pm, with a cylindrical endospore (0.7 - 1.0
um x 1.5 ~ 2.5 um) forming at their subterminals. They have

flagella and are motile. Gram’s staining is positive.

%'.



glucose, 0.5; [err], 0.3; bronthynol bl ue, 0.06; Bacto agar, 1.5 Medium 20:
(NH4) 2HPO4, 0.1; KO ,>0.02; [err], 0.02; yeast extract, 0.05; sugar, 1.0
Medi um 21: casein, 0.5; Bacto agar, 1.5; yeast extract, 0.5; glucose, 1.0;
K2HPO4, 0.1; [err], 0.02 Mycological characteristics of Bacillus sp. KSM 64
(1) Qoservation under mcroscope The cells are grampositive rods of a size
of 0.5 - 1.2 [err] x 1.2 - 6.6 [err], with a cylindrical endospore (0.7 -

1.0 [frr] x 1.2y Grovtlfrit drbldis duilltudeeinediddt erm nal s.  They have
flagelTa and are notile. Gams staining is positive. (2) Gowth in

various culture nmedizy (Mthidntd drvoth-Gidarngilate aMedivmilim 1) G owt h of

cells is good. The colony has a circular shape, wth its surface being

snmooth and its peripherGtowth dfticellsts lgookhe clercafforhdiamlarsireular

m | ky and glossy. (b) Liquid nutrient broth (Medium2) Gowth of cells is

good. (c¢) Stalshapedurvith iitsauxface theirg gueathh g ditimEBriphsyal #nd

cells is gOOd'beLiErgguesfn?géti_}t?.n O'ltheg e(loafcirn cifs Q}Pes ecrallechiy is milky and glossy.
(b) Liquid nutrient broth (Medium 2)

Growth of cells is good.

(c) Stab culturing in nutrient broth-gelatin (Medium 3)

Growth of cells is good. Liquefaction of gelatin

ot is observed.
(d) Litmus milk medium (Medium 4)

Milk coagulation and peptonization are not
observed. Litmus color does not change because the medium
is an alkaline one.

(3) Physiological characteristics
(a) Nitrate reduction and denitrification (Medium 5)
Nitrate reduction: positive
Denitrification: negative
\/ (b) MR test (Medium 6)
| Undeterminable
(c) VP test (Medium 6)
Positive
(d) Production of indole (Mediuni 7)
Negative
(e) Production of hydrogen sulfide (Medium 8)
Negative

(f) Hydrolysis of starch (Medium 9)

.q..



(d) Litnus mlKk hegiun1(wbdiun14) M | k toagul ati on and peptonization are
not observed. Litnus color does not change because the nediumis an
-al kal i ne one. (3) Physiological characteristics (a) N trate reduction and
denitrification (Mediumb5) Nitrate reduction: positive Denitrification:
negative (b) MR test (Medium 6) Undeterm nable (c) VP test (Medium 6)
Positive (d) Production of indole (Medium7) Negative (e) Production of
hydrogen sul fide (MadEitaw) Negative (f) Hydrolysis of starch (Medium@)
Positive (g) Wilization of citric acid (Medium 10, Medium 11) Positive in
Koser s medi um{@id Ukideizatiommtfe aitrdia anish(MedivmAUmMediuniliyation
of inorganic nitro%sn sources (Medium 12) Nitrate dnd ammonium salts are
both utilized. ositive in Koser®'s medium and undeterminable in
Christensen’s medium
(h) Utilization of inorganic nitrogen sources
(Medium 12)
Nitrate and ammonium salts are both utilized.
(i) Discoloration (Medium 13, Medium 14)
Yellow color is observed in King B medium. _
(j) Urease (Medium 15) v/
Negative
(k) Oxidase (Medium 16)
Ppsitive
(1) Catalase (Medium 17)
Positive _
{m) Growth range (Medium 18)
Growth temperature: 20 - 40°C,
Optimum growth temperaturez.30 - 37°C
Growth pH range: 7 - 11
Optimum pH range: 10.5
(n) Behavior on oxygen
Aerobic
(0) O-F test (Medium 19)
Undeterminable because the medium is an alkaline
medium. Cells can grow only in an aerobic condition.

(p) Sugar utilization (Medium 20, +: cells can grow, -:

cells do not grow)

10



(i) Discoloration (N@dlun113 Nbdlun114) Yel | ow col or is observed in King B
medi um (j) Urease (Nbdlun115) Negative (k) Oxidase (Medium 16) Positive
(1) Catalase (Medium 17) Positive (m G owh range (Medium 18) Growth
tenperature: 20 - [err], Optinmumgrowth tenperature: 30 - 370C G owth pH
range: 7 - 11 Optinmum pH range: 10.5 (n) Behavior on oxygen Aerobic (0) OF
test (Medium 19) Undeterm nabl e because the mediumis an alkaline nmedi um
Cella\gan grow only in @b)aerobrarabhdoseon. (p) Sug#ar utilization (Medium,

cells can grow, - cells do not grow 10 (1) L- ar abi nose
+ (||) D-xyl ose (ii) D-xylpee) D-glucose + i +
(iii) D-glucose +
(iv) D-mannose +
(v) D-fructose +
(vi) D-galactose T+
(vii) ‘Maltose +
(viii) Sucrose +
(ix) Lactose +
\or? (x) Trehalose +

(xi) D-sorbitol . -

(xii) D-mannitol ' o+
(xiii) Inositol +
(xiv) Glycerol +
(xv) Starch ' +

(g) Growth in a medium containing sodium chloride

(a modification of Medium 1)

Cells can grow in _.the presence of a 7% of sodium
chloride, but can not grow in the presence of a 10% sodium
chloride.

(r) Hydrolysis éf casein ( Medium 21)

Positive

(s) G + C content (Tm method)

About 37.7 mol% for the DNA of the microorganism of

the present invention.

Mycological characteristics of Bacillus sp. KSM-19

(1) Observation under microscope



(iv) D-nannoseh“x + (V) D-fructose + (Vi)

D gal act ose + (vii) Maltose + (viii) Sucrose

+ (i x) Lact ose _ + (x) Tr ehal ose + (xi)
D-sorbitol (xii) D-mannitol + (xiii) Inositol . ' +
(xiv) dycerol + (Xxv) Starch + (g) Gowth

in a nmedi um cont ai ni ng_sodi um chl oride (a nodification of.-Medium1) Cells
can grow in theTb¢e§§gé§ a8reagramoPosdium spdsr pfea Bizecof 8of gr duhiin
the presence of a_10% sodi umchloride. (r) Hydrolysis of casein ( Medium
21) PositiN® ¥s}-& = &- goHFenF1F¥nPHePNB&)eASSEP°§? 1931 o Ao #Fe XDNA of

the m croofganis f the resent inyention colo cal c aracteristics of
Baci | | us s£ 3 Nglg §@F9§t?5nt ﬁ&%rsﬁpgg They have

flagella and are motile. Gram’s staining is positive.
(2) Growth in various culture media
(a) ﬁutrieﬁt broth-agar plate (Medium 1)

Growph of cells is good. The colony has an
irregnlar shape, with its surface being smooth and its
peripheral end being wavy. The color of the colony is milky
and glossy. o

(b) Ligquid nutrient broth (Medium 2)
Growth of cells is goon
(c) Stab'culturing in nutrient broth-gelatin (Medium Bj

Growth of cells is good. Liquefaction of gelatin
is observed.

(d) Litmus milk medium (Medium 4)

Milk coagulation and peptonization are not
observed. Litmus color does not change because the medium
is an alkaline one.

(3) Physiological characteristics
(a) Nitrate reduction and denitrification (Medium 5)
Nitrate reduction: positiﬁe
Denitrification: negative
(b) MR test (Medium 6)
Undeterminable
(c) VP test (Medium 6)

Positive

F3



The cells are grampositive rods of & size of 0.5 -1. [err] x 1.2 - 5.8
[err] with an oval endbspore (0.7 - 1.2 [err] 1.2 - 1.7 [err] fornming at
their subtermnals. They have flagella and are notile. Granis staining is
positive. (2) Gowh in various culture nedia (a) Nutrient broth-agar plate
(Medium 1) Gowth of cells is good. The colony has an irregular shape, with
its surface bei ng (@pdEdodictidrs gerindelal (Medibmi g wavy. The col or of

t he quony is mlky and glossy. (b) Liquid nutrient broth (Medium2) Gowh
of cel's is good. (c) Netgariweturing in nutrient broth-gelatin (Medium 3)
Gowh of cells is good. Liquefaction of gelatin _is obseryed. (d) Litnus

m |k medi um (Medi e M)Paaductinn @hithydraganpspidafeadNEALYM: 8dot obser ved.
Li t mus col or does not change because the nediumis an al kaline one. (3)
Physi ol ogi cal charact 9FA%¥% (a) Nitrate reduction and denitrification

Medi 5 Nitrat d i on: P fi Deni trifi.cat ,Qn: ti b) MR
Lost (Mol um &) iidr dimranets 58 WEaseh (Metiem 8 hosi trve ©
Positive

(g) Utilization of citric acid (Medium 10, Medium 11)

Undeterminable in Christensen's medium.

(h) Utilization of inorganic nitrogen sources
(Medium 12) |
Nitrate and ammonium salts are both utilized.

(i) Discoloration (Medium 13, Medium 14)

Yellow color is observed in King B medium.

(3) Urease (Medium 15)

Negative

(k) Oxidase (Medium 16)
Positive

(1) Catalase (Medium 17)

KJ Positive

(m) Growth range_(Medium 18)
Growth temperature: 20 - 37°C,
Optimum growth temperature: 30 - 37°C
Growth pH range: 7 - 11
Optimum-pn range: 10.5

(n) Behavior on oxygen

Aerobic
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12. (d) Production of i ndol e (Mddium'7) Negative (e) Production of

hydr ogen sul fide (Medium 8) Negative (f) Hydrolysis of starch (Medium 9)
Positive (g) Uilization of citric acid (Medium 10, Medium 11)

Undeterm nable in Christensen's medium (h) Utilization of inorganic

ni trogen sources (Medium 12) Nitrate and anmmonium salts are both utilized.

(i) Discoloration (Medium 13, Medium 14) Yellow col or

Is observed in King B

medi um (j) U daxe GAediest 1Medigmtlde (k) Oxi dase (Medium 16) Posi t e
(1) Catalase (Medium 17) Positive (m Gowh range (Medium 18) Gowth -
20 - Yndetempinakie femause chpemedien B9 an [atkgligewth pH

t enper at ur e

range: 7 - 11
medium.

Cells can grow only in an aerobic condition.

(p) Sugar utilization (Medium 20, +: cells can grow, -:

cells do not grow)

(1)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)
(xii)
(xiii)
{(xiv)

(xv)

L-arabinose
D-xylose
D-glucose
D-mannose
D-fructose
D-galactose
Maltose
Sucrose
Lactose

Trehalose

‘D-sorbitol

D-mannitol
Inositol
Glycerol

Starch

+

+

(g) Growth in a medium containing sodium chloride

(a modification of Medium 1)

Cells can grow in the preéence of a 7% of sodium

chloride, but can not grow in the presenée of a 10% sodium

chloride.

(r) Hydrolysis of casein ( Medium 21)

Positive

I,



Opti num pH range: 10.5 (n) Behavior 6n oxygen Aerobic 13 (0) O-F test
(Medi um 19) Undet er ni nabl e because the nediumis an al kaline medium Cells
can grow only in an aerobic condition. (p) Sugar utilization (Medium 20, +:

cells can grow, -: cells do not grow (i) L- ar abi nose + (i)
D- xyl ose _ + (iii) D-glucose + (1v) D- mannose
+ (v) ~ D-fructose + (Vi) D gal act ose .+ (vili)
Mal t os& (8) G++\d idontRnt oEm method) + (i x) Lact ose

+ (x)"' Tr ehal ose + (X|2 D-sorbitol (xii) D-mannitol

+ (xiii) Inositol (xivAbautycifd} molt for the DNA ©fy)the igrgprganism of

+ ' ' .
the present invention.

Mycological characteristics of Bacillus sp. KSM-520
(1) Observation under microscope

The cells are gram-positive rods of a size pf 0.5 - 1.2
pum x 1.2 - 5.0 pm, with an oval endospore (0.7 - 1.2 pum x
l.é - 1.6 um) forming at their subterminals. They have
flagella and are motile. Gram’s staining is positive.

;g (2) Growth in various culture media

(a) Nutrient broth-agar plate (Medium 1)

Growth of cells is good. The colony has an
irregular ghapé, with its surface being smooth and its
peripheral end being wavy. The color of the colony is milky
and glossy.'

(b) Liquid nutrient broth (Medium 2)
| Growth of cells is good.
(c) Stab culturing in nutrient broth-gelatin (Medium 3)
, . Growth of cells is good. Liquefaction of gelatin
is observed. —
(d) Litmus milk medium (Medium 4)
Milk coagulation and peptonization are observed.

Litmus color does not change because the medium is an
alkaline one.

(3) Physiological characteristics
.(a) Nitrate reduction and denitrification (Medium 5)

Nitrate reduction: positive

IS,



(q) Gowh in a nedium contai ning sodi um chloride (a nodification of Medium
1) Cells can grow in the presence of a 7% of sodium chloride, but can not
grow in the presence of a 10% sodium chloride. (r) Hydrolysis of casein (
Medi um 21) Positive (s) G+ C content (Tm nmet hod) About 38.0 nol % f or
the DNA of the m croorgani smof the present invention. Mcol oai cal
characteristics of BacLIIug,s .,KSN$520P%1% Qobservati on under m croscope
The cells are gram BBRiEFY 1F8&%°Bf BeGRF&VEf 0.5 - 1.2 [err] x 1.2 -3 5.0

[err], with an gyal _endospor 0.7 ~.1.2 [err] x 1.2 - 1.6 [err]) formng

at their subterngayg.g?ﬁgy(ﬁﬁééuFIgdelIa and are notile. Granis staining

Is positive. (2) & ' toys culture nedia (a) Nutrient broth-agar

plate (Medium 1) C}gﬁﬁgté?m¥§%#§gis good. The col ony has an irregul ar

shape, with its r-§8C [ At Ryand i ts peripheral end being wavy. The
(81 YRS Eelf, feSTRA) )

color of the colfony s m 0Ssy. (b) Liquid nutrient broth (Medium
2) Gowmh of cells pggge9de
(d) Production of indole (Medium 7)
Negative
(e) Production of hydrogen sulfide (Medium 8)
Negative |
(f) Hydrolysis of starch (Medium 9) QJ
Positive
(g) Utilization of citric acid (Medium 10, Medium 11)
gositive in Koser’s medium and undeterminable in
Christensen’s medium
(h) Utilization of inorganic nitrogen sources
(Medium 12)
Nitrate and ammonium salts ére both utilized.
(1) Formation of pigment (Medium 13, Medium 14)
Yellow color is observed in King B medium.
(j) Urease (Medium 15)
Negative
(k) Oxidase (Medium 16)
Positive
(1) Catalase (Medium 17)
Positive
(m) Growth range (Medium 18)

Growth temperature: 15 - 40°C,

..



(c) Stab culturing in nutrient brothigelatin (Medium3) Gowh of cells is
good. Liquefaction of ‘gelatin is observed. (d) Litnmus m |k nmedi um (Medi um
4) M1k coagul ati on and peptonization are observed. Litnus color does not
change because the nediumis an al kaline one. (3) Physiol ogical

- characteristics (a) Nitrate reduction and denitrification (Medium5)

- Nitrate reduction: positive Denitrification: negative (b) M test
(Medi%@ 6) Undet er m nalggt{rim \grdwrti tdrisbratde £30 t4\v379¢l) Production of
i ndol & (Medium 7) Negative (e) Production of hydrogen sul fide (Medium 8)
Negative (f) Hydrol ysi Gxdwtt gpi heardesld ufl 33 FPositive (g) Utilization of
citric acid (Medium 10, Medium 11) Positive in Koser's-+*nmedi um and
undet er mi nabl e i n Chri Qptiveun PHoecinge: 10.5

(n) Behavior on oxygén
Aerobic
(o) O-F test (Medium 19)
Undeterminable because the medium is an alkaline
‘medium. Cells can grow only in an aerobic éondition.

(p) Sugar utilization (Medium 20, +: cells can grow, -:

N cells do not grow)
(i) L-arabinose +
(ii) D-xylose +
(;iij D-glucose +
(iv) D-mannose +
(v)  D-fructose -+
(vi) 'b-galactose +
(vii) Maltose +
(viii) Sucrose . +

L - (ix) Lactose | +
(x) Trehalose - +
(xi) D-sorbitol +
(xii) D-mannitol +

(xiii) Inositol -
(xiv) Glycerol +
(xv) Starch _ | +
(q) Growth.in a medium containing sodium chloride

(a modification of Medium 1)
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(h) Wilization of, inorganic nitrogen sdurces (Medium 12) Nitrate and
ammoni um salts are both utilized. (i) Formation of pignment (Medium 13,
Medi um 14) Yellow color is observed in King B nedium (J) Urease (Medium
15) Negative (k) Oxidase (Medium 16) Positive (1) Catal ase (Medium 17)
Positive (m Gowh range (Medium 18) G owmh tenperature: 15 - [err] 16
Qptimumgrowth tenperature: 30 - [err] Gowh pHrange: 7 - 11 Qptinmum pH
range: 10.5 (n) Beliadls ean SxYerimcihpipresgneerofeat 7§ \efii sodgy - -
Undet er mi nabl e because the nediumis an al kaline medium Cells c¢can grow
only in afftamider Qi T3D MY ST g %P?I.PE%??BE?(%d?uW’EO?°4’r“’EeI |'s

can grow, c-hlcoerl-j!fe.do not grow)

(x) Hydroiysis of casein ( Medium 21)
Positive
(s) G + C content (Tm method)
About 37.6 mol% for the DNA of the microorganism of

the present invention.

Bésed on the above mycologicalscharacteristics, the ;;
strains of the present invention were examined referring to
Bergey's Manual of Systematic Bacteriology, Vol. 2 and "The
Genus Bacillus" Ruth, E. Gordon, Agriculture Handbook No.
427, Agricultural Research Service, U. S. Departnent of
Agriculture Washington D. C., (1973), and determined as a
sort of microorganisms belonging to the genus Bacillus which
is an ascosporé Bacillus. The strains do not grow in a
neutral range, but can grow mostly in an alkaline range.
From this fact, the strains of the present invention are
classified as an alkalophilic microorganism which has b
recently been demonstrated by Horikoshi and Akiba,
"Alkalophilic Microorganism“, Japan Scientific Society Press
(Tokyo), 1982. The strains of the present invention are
distinguished from a group of microcorganisms belonging to -
the genus Bacillus which grows in an neutral range.

The strains of the present invention, other than the
above-mentioned characteristics, have mycologically

different characteristics from those of any conventionally

.‘
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(i) L- ar abi nose - + (ii) " Dxylose + (iii)

D- gl ucose Mo(iv) D- mannose + (v) D-fructose
+ (vi) D gal act ose + (vii) Maltose + (viii)
Sucr ose + (1 x) Lact ose + (X) Tr ehal ose

+ (xi) D-sor bi t ol + (xii) D-mannitol + (xiitl)

| nosi tgl (xkopwnGajdkalsphilic Bacillus. (Agcordinglyh the strains of +
(q) @M h in a medi um contai ning sodi umchloride (a nodification of Medium

1) 17 Cethe paesgndw invantdon aerecdetermines afomoyelcistabins and can
not grow in the presence of a 10% sodi um chl ori de. (r)?studroI sis of casein

( Medi um 21haped Baci (s @p. EMméént Barhhih®D- 19, Bacillus sp.

KSM-520, which were deposited. pursuant to Rule 7.1 of the Budapest
Treaty with Fermentation Research Institute, Agency of Industrial Science
and Technology as FERM BP-2886, FERM BP-2885, and FERM BP-2887 re-

spectively.

The production of alkaline cellulase of the present
invention can be carried out, for example, by the method of
measuring ‘(MCase ac:ivity to select the alkaline

&g' cellulase-producing microorganisms and culturing the
microorganisms to obtain said alkaline cellulase from the
cultured cells.

The aikaline cellulase of the present invention can
also be produced, for example, by the fermentation processes
using alkalophilic Bacillus sp. KSM-64, Bacillus sp. KSM-19,
or Bacillus sp. KSM-520 or the mutants induced from these
strains which have a higher alkaline cellulase-producing
capability.

It has also been clarified by the present inventors
that Bacillus sp. KSM-64 (FERM BP-2886) is capable of
producing alkaline cellulase K-64 which possesses high
g~-1,3-; 1,4-glucan- and B8-1,3-glucan-decomposable
activities.

The strains of the present invention are inoculated into
an appropriate medium and cultured according to a
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About 37.6 nmol % for, the DNA of the nicrdorgani smof the present invention
Based on-the above nycol ogi cal characteristics, the strains of the present

i nvention were exam ned referring to Bergey's Manual of Systematic
Bacteriol ogy, Vol. 2 and "The CGenus Bacillus." Ruth, E. Gordon, Agriculture
Handbook No. 427, Agricultural Research Service, U S. Departnent of

Agricul ture Washington D. C., (1973), and determ ned as a.sort of ;

m cr oor gani sns bel onging to the genus Bacillus which is an ascospore 5 2
Baci | | us. démventionsl doulbtirgroethod atocobtainrthgealkalinencglbulasst |y
in an al kaline range. Fromthis fact, the strains of the present invention
are cl assi?f ethespresenkalwyentien ni cknclyaivr nefihd cauhtebiecancugtbefn
denonstrated by Hori koshi and Aki ba, "Al kal ophilic M croorganisni, Japan
Sci ent i fi cCapRPRt §NPrREETIGYRIFUrGesoWhigh the MhCTePrgARismegant

I nvention are distjngujshed fronra.g ani snms bel onging to

ro of m croor
- the genUdtBLt?e| 1R WRe ReHIsIF A %ﬁgﬁﬁai?al TheEe aFfcNQt PREREELF ¢ he
t i {] th h he ove-nentipned characteristics, have
g;ggﬁggiLg.fﬁh%é$#%£%n$édﬁ%sgkée??gg?%san&oﬂ+€ﬁ%§3no?°3ﬁ§e§0nventionalIy
known al k L )] L oL 4 , e ' resent
i E\C/)gnt i ona’!:\lxrl((ia)'rmtgé %ﬁg&%&%eﬁgo ov'e%gg?‘rg%ign%;c%n%ﬁ%gﬁsé‘gﬁ@g%}#?ﬁgpsp. KSM 64,
Baci |l us sfimm&meMih 9suBpsté ! USmidnium phosphate, sodium nitrate, corn

glutén meal, soybean flour, corn steep liquor, casamino

acid, yeast extract, Pharmamedia sardine meal, meat \J
extract, peptone, hypro, Ajipower, corn-soybean meal, coffee
meal, cotton seed meal, Cultivator, A jipron, Zest, and the
like. Given as examples of carbon sources are fibrous
substances such as chaff, hull, filter paper, general paper,
sawdust; waste molasses, invert sugar, CMC, Avicel,
cellulose cotton, xylan, pectin, ribose, arabinose, xylose,
glucose, mannose, fructose, galactose, maltose, sucrose,
lactose, trehalose, mannitol, inositol, glycerol, starch,
acetic acid, citric acid, and the like. 1In addition to -
these carbon and nitrogen sources, phosphoric-acid, salts of -/
metal such as Mg2+, Cazf, Mn2+, Zn2+, C02+, Na+, K+, and the
like, as required, other micro-nutritious organic or
inorganic substances can be added into the culture medium.
The alkaline cellulases of the present invention can be
prepared from the culture broth by means of conventional
collection and purification methods adapted for general
enzymes. Specifically, the cells are separated from the

culture broth by means of conventional solid-liquid
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KSM 520, which were deposited. pursuant to Rule 7.1 of the Budapest Treaty
with Fermtation Research Institute, Agency of I|ndustrial Science and
Technol ogy as FERM BP-2886, FERM BP-2885, and FERM BP-2887 re- spectively.
The production of al kaline cellulase of the present invention can be
carried out, for exanple, by the nethod of neasuring CMCase activity to
sel ect the al kaline cellul ase-producing m croorgani sns and culturing the

m crQor.gani sms to obtain said al kaline cellulase fromthe cultured cells.
The aMkal i ne csdpatasitonfmébtiods pssathi asgntenbrifingationhefpibdatédn,for
exanple, by the fernmentation processes using al kal ophilic Bacillus sp.

KSM 64, Baci | |tise shik&SMob9obtaiBaai ¢rede senzkeet 32quid. t hWhikeadtsiBnduced
fromthese strains which have a hi gher alkaline_cellul ase-producing
capability. |tp¢ssibleotdeunecthei ¢redepeneymepliguid PR¥efLoLBUBhat
Baci |l us sp. KSM 64 (FERK BP-2886) is capable of producing al kaline

cel lul ase K- 6Ph¥atre@dositssan hegﬁef§¢¢]a§,e-pu£+§;gﬂusagymsndas

[err]-1, 3-glucan-deconposabl e activities.

np The str.ains of the present
i nvention are FeRRiFeled®fher SRPAFRFLRY Khe ﬁﬁﬂpﬁnﬁgﬁﬁmfug?ﬂﬁ?ﬁ“&cggrding
toa  conveniional.Cohhl" CefELAL 0 maRABAE, | A8 KB RCBLLY! ase

precipitation, ultrafiltration, and the like, and then
purifying and crystallizing the crude enzyme by conventional
methods.

Enzymological characteristics of novel enzymes
alkaline cellulases K-64,'K-19, and K-520, of this invention
are now discussed. Enzymatic activities were measured
according to the following methods.

(1) CMCase activity

To the baSg solution comprised of 0.4 ml of 2.5% CMC,
(Sunrose AOIL, manufactured by Sanyo-Kokusaku-Pulp Co.,
Ltd.), 0.2 ml of 500 mM glycine buffer (pH 9), and 0.3 ml of
deionized water was added 0.1 ml of enzyme solution, and the

kJ mixture was reacted for 20 minutes at 30°C. On completion

of the reaction, reducing sugar was quantitatively analyzed
by the 3,5-dinitro-salicy1ic acid (bNS) method.
Specifically, 1 ml of DNS reagent was added to 1.0 ml of
reaction liquid, and mixture was caused to color by heating
at 100°C for 5 minutes. After cooling, the colored mixture

was diluted with 4.0 ml of deionized water and subjected to

colorimetry.ét 535 nm. One (1) unit of enzyme actiyity is

defined as the amount of the enzyme which formed 1 smol of

{
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of the present invention. Inclusion of a suitable anpbunt of carbon and
nitrogen sources which the nmicroorganismcan utilize in the nmediumis
desirable. There are no specific limtations as to the carbon and nitrogen
sources. Enunerated as nitrogen sources are ammoniumnitrate, amoni um
sul fat e, ammoni um phosphate, sodiumnitrate, corn gluten neal, soybean
flour, corn steep liquor, casam no acid, yeast extract, Pharmanedi a i
sardine meal, meat extract, peptone, hypro, Ajipower, corn-soybean megl,
coffee nmeal, cotton seed neal, Cultivator, Ajipron, Zest, and the like.
G ven as eeénpiag sﬁgaarbupresaedeesagku¢o§eou995unsnamees such as chaff,
hul |, filter paper, general paper, sawdust; waste nol asses, invert sugar,
CMC, Avicel, cellulose cotton, xylan, pectin ri bose, arablnose, xyl ose,

gl ucose, mannogge Bhlfftteqsgomll%atsoseedwa&bo%% fOIAeSs | actose, _
trehal ose, mannitol, inositol, glycerol, starch, acetic acid, citric acid,

and the |ike. |npﬁd(3| ~@t to mdauevaahboa mﬁaﬁ rogen sources, phosphoric
acid, salts of nmetal such as [err] and the |ike, as required, other

mcro-nutritiouspdr @ani dlar i glygdniecNaOks barffexr can be added into the
cul ture nedium The al kaline cellulases of the present invention can be
prepared from t hpHcdi wr 4 Jor oRELra@Babufslexconventional col |l ection and
purification nmethods adapted for general enzynes. Specifically, the cells

are separated fRIm tphaitriopien +Dbg lmepy refnasidee my @ral i tswiphenyilqui d
~/A-D-cellobioside-hydrolyzing activity.

To 1.0 ml of reaction liquid comprised of 0.8 umol of ;)
p-nitrophenyl-A-D-cellobioside (manufactured by Sigma Co.) or p- -
nitrophenyl-f3-D-glucopyranoside (manufactured by Sigma Co.) and 50 ymol
of . phosphate ' buffer (pH 7.0) or 100 umolof glycine-NaCH
buffer (pH 9) was effected a suitable amount of enzyme
liguid at 30°C. 0.4 ml of 1 M Na,CO3 was added to the
mixture. The p-nitrophenol liberated was measured by colimetry

at a wavelength of 410 nm. ' One (1) unit of enzyme
actﬁdxy is defined as the amount of the enzyme producing 1
~umol of p-nitrophenol per minute.

(3) Avicel-, cellulose powder-, phosphorié acid swollen
cellulose-, a_nd filter paper-hydrolyzing activity

To 1.0 mg of reaction ligquid comprised of 10 mg of
Avicel and 100 umol of glycine buffer (pH 9) was added an
appropriate amount of enzyme and the mixture was reacted at
30°C with shaking at 280 rpm. On completion of the
reaction, reducing sugar formed was quantitatively determined by
means of the DNS method. One (1) unit of énzyme activity

is defined as the amount of the enzyme which formed 1 jmol
{
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separation nmethods, such as, centriflgation, filtration, or the like, to
obtain a crude enzyneMiquid. Wiile it is possible to use the crude enzyne
liquid per se thus obtained, it can be served as a purified enzyne, as
required, after separating the crude enzyne by neans of conventi onal
separation nmethods, e.g. salting out, precipitation, ultrafiltration, and
the like, and then purifying and crystallizing the crude enzyne by
convefiti onal net hods. Enzynol ogi cal characteristics of novel enzynes

al kal"™™he cel | ul ases K-64, K-19, and K-520, his invention are now

di scussed. EnzQfafe@uging Fugat ﬁ%?ﬁeﬁﬁﬁgu?ﬁdg REBFAr N o™ tHRE™Fo1 | owi ng
nmet hods. (1) CMCaseptsdr \érizymiet ideadinisei tsidsitwanre cuepsused bh the samef
2.5% CMC, (Sunrose AO L, manufactured by Sanyo-Kokusaku Pulp Co., Ltd.),

0.2 M of 500 mdinpy @sicatnréer Cetlwlosarpbwier nimanuiesbwred b¥aTeyo was
added 0.1 m of enzyme solution, and the m xture was reacted for 20 m nutes

at [err]. On Rustpl &€6 o), cfellnlaseActiviteRrSthE Loy RAReHULROY? MNP vel v

anal yzed by the 3,5-dinitro-salicylic acid (DNS) nethod. $p cal | 1 n
of DNS reagent5weBokudeanufaatured By TeYR tRegh} iGRi b gﬁik?#: 'ﬁé]sl

Col ored i xt ureebialons ARY BheR liiﬁi%raaé"d%#%ﬁf%dc%ﬁaigﬁ'ﬁh”@fﬁ# B to
prepared according to the method by Tomita et al (Tomlta, Y.
et al.,: J. Ferment. Technol., 52, 235, 1974).
(4) B-1,3-; 1,4-glucanase- and B-1,3-glucanase-activity
The activity was measured in the same manner as in (3)
using lichenan (from Usnera barubata, manufactured by Sigma
Co.) and laminarin (from Laminaria digitata, manufactured by

Sigma Co.) as substrates.

Enzymological characteristics of alkaline cellulase K-64
(1) Action

The eczymé of the present invention acts well on
cellulosic materials such as CMC, cellulose powder, Avicel,
and the like diséolves theni, and produces reducing sugars.

S (2) Substrate specificity

The substrate specificity of the enzyme of the
present invention is exemplified in Table 1. The enzyme of
this invention possesses a high hydrolytic activity against
lichenan which is g-1,3-; 1,4-glucan as well as CMC; acts on -
laminarin which is f-1,3-glucan; and slightly acts on filter
paper, p-nitrophenyl —ﬁ -D-glucopyranoside, and p-n:?brophenly—ﬁ-D—
cellobioside.
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colorinmetry. at 535 nm One (1) unit of’ enzyne activity is defined as the
amount of the enzyne which formed 1 [err] of reduci ng sugar expressed as
gl ucose, per mnute. The buffer solutions used are as follows: pH 3 - 8:
Macl | vaine's buffer pH 8 - 11: gl yci ne-NaCH buffer pH 12 - 13: KC1- NaCH
buffer (2) p-nitrophenyl- [err]-Dglucopyranoside or p-nitrophenyl
-[err]-D--ellobioside-hydrolyzing activity. To 1.0 ml of reaction liquid
conprised of 0.8 gnmol of p-nitrophenyl-[err]-D-cellobioside (nanufactyﬁbd
by Sigma Co.) or p- nitropheny¥abgerl- D- gl ucopyranosi de (manufactured by
Sigma Co.) and 50 [err] of phosphate buffer (pH 7.0) or 100 [err]of
gl yci ne- NaCHbuffer—(pH-9r—mas—effectedt—a—stitabte—amotmt—ef—erzyre—--qui d
at [err] 0.4 nl Spbstrrterr] was added toCeheentxatiien TheRglaktiwephenol
| i berated was measured by colinmetry at a wavel ength of 410Aghivity (%) ne
(1) unit vt ' ' _
pr oduci ng qn$err] of p- ni trophenol per kBnut e. (3) Avi &80-, cellul ose
owder -, osphoric acid swollen cellul ose-, d filter paper-hydrolyzin
p %"&8@9 z pap y yzing

activity -0 ng of reaction liquid conpris of 10 ny Of.AN?C6| and 100-
gﬁar%hgfn?§¥%#§gmg§£%ggcggg 2% was added an aRQroprlate anDunt4of enzynme
Phosphoric acid swollen 1% 34
cellulose
PNPC * _ 8 mM 1
PNPG ** 8 mM e 1 ~
Lichenan 1% 154
Laminarin 1% 25
* p-nitrophenyl -p-ﬁ-cel_lobioside
**  p-nitrophenyl—f3-D-glucopyranoside
(3) Activé'prrange and optimum pH
The active pH range on CMC is broad, i.e. 3 - 13.0
with an optimum pH range being 8.5 - 10. It shows a relative
activity more than 50% of the activity of the optimum pH ~
o

range even in pHs ranging 7.0 - 12.0 (see Fig. 1).

(4) pH stability

' After the enzyme adjusted to various pHs was left

stand at 30°C for one hour, and fhe residual activity was
measured to evaluate pH stability. The enzyme is quite
stable in pHs raﬁging 5.0 to 10.5 and has the activity of
more than 50% even in pHs ranging 3.0 to 11 (see Fig. 2).

(5) Active temperature and optimum temperature -

The enzyme of the present invention acts at Qide
‘.
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[err] wi th shaking ar\?80 rpm On coﬁplet?on of the reaction, reducing
sugar forned was quantitatively determ ned by means of the DNS nethod. One
(1) unit of enzyne activity is defined as the anount of the enzyne which
formed 1 [err] of reducing sugar expressed as glucose, per mnute. Qher
enzymatic activities were neasured in the same manner as above. Cell ul ose
powder (manufactured by Toyo Roshi Co.), cellulase activity test filter
papeg;EToyo No. 51-Toku manufactured by Toyo Roshi Co.), and alkali swollen
cel | UMose” and tEmpgtatuzes FaneiRg | kh %I?dj‘f%s‘é’-%i@h tmun SRFRgFature
according to the thod by Tomta et al (Tomita, Y. et.al..: J. ,Fernent.
Technol ., 529%§%%§97@}4 has ’[‘%?‘?]Ula,%-f(foﬁ,%é g?%aﬁi%‘é’é‘-’l%oof] the optimum

[err]-1, 3-glucanase-activity The activit S ' e ner
he in (3 sl PTETARERS (FYeM (R e, TaH 5 40 TR G
and lam narin E(.f onégam' naria digitata, manufactured by Sigma Co.) as
substrates. Enzf%b ofji cal characteristics of alkaline cellulase K-64 (1)

Action The enzynme ofgt he ﬁ?ﬁﬂﬁ_irg%ggififfcts wel | on cellulosic
materials such as , cellTulose powder, Avicel, and the |like dissolves

them and produces redugésgdsaDasstivlisiet et enepectibatmentdhensubstrate
specificity of the enzyne of the
glycine-NaOH buffer (pH 9.0) at various temperatures for 10
minutes were measured. The enzyme of this invention
scarcely loses its activity at 50°C, and has the residual
activity of about 50% even at 55°C (see Fig. 4).
(7) Molecular weight
The molecular weight of the enzyme of the present
invention was measured by means of a gel filtration method
using Bio-Gel A 0.5m (manufactured by Biogad Co.). The
enzyme of this invention has peaks at approximately 180,000
+ 10,000 and 80;000 t 2,000, when CMC is a substrate.
(8) Effect of metal ions
The effect of metal ions was investigated, at the
g;' same time whén the activities of the enzyme were measured,
by incorporating a metal ion such as Nat, Kt, ca?t, cult,
co2+, cd2*, mn2*, mg2*, Ba2t, Ni2*, Hg2*, Fe?*, pb2*, zn2*,
213*, and Fe3t. Addition of Hg2*t ion (1mM) gives an
adverse effect and addition of C02+ and Mn2* ions (1 mM

each) gives an activated effect.



pr esent inventioﬁd s exenplified i'n Table 1. The enzyne of this invention
possesses a high hydrolytic activity against |ichenan which is [err]-1, 3-;
1,4-glucan as well as CMC, acts on lamnarin which is [err]-1, 3-glucan; and
slightly acts on filter paper, p-nitropheny]- [err] -D- gl uopyranosi de, and
p-ni trophenly-[err] D cell obioside. 23 Table 1 Substrate
Concentration Rel ative Activity (%9 CKC

1% 100 Avi cel . 1% [ 2
Filter Paper 1% 4 Phosphoric acid
swol | en _ 1% 34 cel lul ose PNPC *

8 nM 1 PNPG ** 8 nM 1
Li chenan 154 Lam narin

- %
1%n_tr . rr25[: l(%lni*ifwfé?ﬁﬁ_e?&u UERFHNS cel | obi osigﬁ * *t_ - Th
D Ve Y o) G HOOP MUY Sndighe Gl ' S RARE AP | U PH The

active pH range on CMC is bro . an opti1 num pH range
being 8.5 -3d0. 1lihedPOWSa Acyitlehzbd€é sulfonate, alkyl sulfate,

5 polyoxyethylene alkyl sulfonate,a~olefin sulfonate,

e

a~carboxymethyl alkylsulfonate, secondary alkyl

sulfonate, secondary alkyl sulfonate, dodecyl sulfonate,

soap, and/or polyoxyethylene secondary alkylether was - ;;)
tested and confirmed no inhibitive effects on enzymatic

10 activities.




activity nore than 50% of the activity of "t he opti mum pH range even in pHs
ranging 7.0 - 12.0 (se€e Fig. 1). (4) pHstability After the enzyne adjusted
to various pHs was left stand at [err] for one hour, and the residual
activity was neasured to evaluate pH stability. The enzyne is quite stable
in pHs ranging 5.0 to 10.5 and has the activity of nore than 50% even in
pHs ranging 3.0 to 11 (see Fig. 2). (5) Active tenperature and optimum

t enperature The enzyne of the present invention acts at wide ~
tenpé?ﬁtures ranging 10.to [err] Ww'th an optimum tenperature being [err]
and has nore than 50% of the activity of the optinumtenperature even in
tenperatures ranging 35 to [err] (see Fig. 3). (6) Thermal stability
Resi dual activities after heat-treatnment in glycine-NaOH buffer (pH 9.0) at
various tenperat ur e$1Pdr Effeqtn ofc Brof@iBash®asur ed. The enzyne of this

i nvention scarcely loses_its activity at [err], and has the residual
activity of about 50@6evéﬁ-&pe[EFFFe%§@é°%i5. . ) FeAGterafttSn foxe

ol ecul a1 e Gl bl pRIZUI Ghoie eSSy BHEN! RIS TRASLe by
Bi oRad Co.). TQ%anufactured by IBIS), and Savinase,lAlkalase, and Esperase
(manufactured by Novo) in an amount of 0.2 AU/l1l, the
activities were measured, to confirm that the enzyme of this
invention had an excellent resistance to any proteinases.
(11) Effect of chelating agents
In the presence of a chelating agent such as
EDTA, EGTA, sodium tripolyphosphate, zeolite, citric acid,
or the like, the activities were measured and confirmed that
any chelating agents had no inhibitive effects on enzymatic
activities.- |
Enzymological chafacteristics of alkaline cellulase K-19
(1) Aaction
The enzyme of the present invention acts well on
k/ cellulosic materials such as CMC, cellulose powder, Avicel,
and the like dissolves them, and produces reducing sugars.
(2) Substrate specificity
The substrate specificity of the enzyme of the
present invention is exemplified in Table 2. The enzyme of
this invention acts on, cellulose powder, phosphoric acid
swollen cellulose, Avicel, alkali swollen cellulose, filter
paper, p-nitrophenyl-B -D-glucopyranoside, and p-nitrophenly-[3-D-
cellobioside, and the like, as well as CMC; pﬁssesses a high

i
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enzynme of this iﬁwgntion has peaks$ at dpproximately 180,000 [err] 10, 000 and
80,000 2,000, when CMC is a substrate. (8) Effect of nmetal ions The effect
of netal ions was investigated, at the sane tinme when the activities of the
enzynme were neasured, by incorporating a netal ion such as [err] [err]
[err]. Addition of [err] lon (1m\V) gives an adverse effect and addition
of [err] ions (1 nMeach) gives an activated effect. (9) Effect of. .

fact ant . 05% b i ght . of t.ant . . "
a1 kyl bens oREIEAFY it BEEOFIGY lpRbes L3ehengd) TBLED: fol Bro- drkytr4- =

| f te, -ol ef i I . .- cal: h | sul f te,
secondar y SFRGRRS AFSH.PH, 188EhExsn] Wb BB B B T T Fonat e
soap, and/or pol yoxyet hyl ene secondary al kyl et her was tested and confirned

no inhibitive effects on enzymghp§el@ activities. 26 (10) Effect of
pr ot ei nases

Substrate o Concentration Relative
Activity (%)
cMC 1% 100
Avicel 1% 5
Filter Paper 1% 4 N
Cellulose powder 1% 3 g
Phosphoric acid swollen 1% 3
cellulose
Alkali swollen cellulose 1% 3
PNPC ~* : 8 mM 1
PNPG ** | : 8 mM 2
Lichenan - ' 1% 161
Laminarin S | 1% 37
p-nitrophenyl-jo ~D-cellobioside
**  p-nitrophenyl~f3-D-glucopyranoside
L

(3) Active pH range and optimum pH
The active pH range on CMC is broad, i.e. 4.5 -
12.5 with an optimum pH range being 9.0. It shows a relative
activity more than 50% of fhe activity of the optimum pH
range even in pHs ranging 7.0 - 11.0 (see Fig. 5).
(4) pH stability
After the enzyme adjusted to various pHs was left

stand at 30°C for one hour, the residual activity was

28.



In the presence of a.protease for détergénts, for exanple, API-21

(manuf actured by Showa Denko), Maxatase (manufactured by I1BI'S), and

Savi nase, Al kal ase, and Esperase (manufactured by Novo) in an anmount of 0.2
AU 1, the activities were neasured, to confirmthat the enzyme of this

I nvention had an excellent resistance to any pateinases. (11) Effect of

chel ating agents In the presence. of a chel ating agent such as EDTA, EGTA,

sodi um.t ri pol YRMOSPRE eLoZ80hih8teChli’ b€aBEiy 01 The bhkgmet b gaitwities
wer e Yeasured and confirnmed that any chel ating agents had no inhibitive

effects on enzyyamiée oRtpMst reAgikezy Pl €gi TRI 0 cand ashewsshore thanl E8ki af
cellulase K-19 (1) Action The enzyne of the present invention acts well on

cel lul osi c mateKé aastEvuLbyaevehCincphis urangipgwicd, tavi2eD, (aed Fhg.| ke

di ssol ves them and produces reducing sugars. (2) Substrate specificity The
substrate specifici{§)oActheechepperaturécand cophimumytempenatyrexenplified
in Table 2. The enzyme of this invention acts on, cellul ose powder,
phosphoric acid swol | enThel enzpwe, ofivthel presenti inventiancartsl asewide| ter
paper, p-nitrophenyl-[err] -D-g[ucogéranoside, and p-nitrgphenly-%errL-D—
cel | obi osi de, temperetnrrs, rangheg| 1Asteni0°govithses QPRigHmyemperature

being 50°%c and has more than 50% of the activity of the optimum
temperature even in temperatures ranging 35 to 60°C (see
Fig. 7).

N\ (6) Thermal Stability

The residual activities after heat-treatment in
glycine-NaOH buffer (pH 9.0) at various temperatures for 10
minutes were measured. The enzyme of this invention
scarcely loses its activity at 50°C, and has the residual
activity of about 50% even at 55°C (see Fig. 8).

(7) Molecular weight

The molecular weight of the ehzyme of the present
invention was measured by means of a gel filtration method
using Bio-Gel A 0.5m (manufactﬁred by BioRad Co.). The
enzyme of this invention has peaks at about 120,000 * 20,000
and 34,000 * 2,000 (small peak) when CMC is a substrate.

(8) Effect of metal ions

The effect of metal ions was investigated, at the
same time when the activities of the enzyme were measured,
by incorporating a metal ion such as Na+; Kt, Ca2+, Cu2+,
co2*, cd2*, mn2*, Mg2*, Ba2*, Ni2*, Hg?t, re?t, pb?*, zn2*,
A13*, and Fe3t. Addition of Hg2' and Pb2* ions (1 mM each)

i
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hydr ol ytic acti\)i'tQ/ agai nst licherman whHich is [err]-1,3-; 1,4- glucan; acts
on laminarin which'is [err]-1,3-glucan. Table 2 Substrate
Concentration Rel ative Activity (% CMC

1% 100 Avi cel 1% 5
Filter Paper 1% 4 Cel |l ul ose powder
1% 3 Phosphoric acid swollen 1% .3
cel lul ose Al kali swollen cellul ose " 1% " 3 PNPG:_/

8 nM 1 PNPG ** ' 8 nM 2
Li chenan 1% 161 Lam narin

1% gives’ i BaddtSORTRKL LA ‘i seh obi@sftdang m?*

p-ni trophenyT-[err]-D glucopyranoside (3) Active pH range and opti num pH

The active pibrisANdaMo8a&Rf divvel aadactivated. 8ffedt. 5 Wi th an optinum pH
range being 9.0 1t shows a relative activity nore than 50% of the activity

of the optimum pH 93ngRfEae ofsiikfadtdi@sng 7.0 - 11.0 (see Fig. 5). (4) pH
stability After the enzyne adjusted to various pHs was left stand at [err]
for one hour, the resi®Oudb% dst welight vafs a surfactant such as -
5 linear alkylbenzene sulfonate, alkyl sulfate,
polyoxethylene alkyl su_l'fonate, a-olefin sulfonate
a-carboxymethyl alkylsulfonate, secondary alkyl
sulfonate, dodecyl sulfonate, socap, and/or \}
polyoxyethylene secondary alkylether was tested to
10 confirm no inhibitive effects on enzymatic activities
| {(10) Effect of proteinases
'. In the presence of a prétease for detergents,
for example, API-21 (Showa Denko), Maxatase (IBIS), and
Savinase, Alkélase, and Esperase (Novo) in an amount
15 of 0.2 AU/1, the activities were measured to confirm
that the enzyme of this invention had an excellent
resistance to any protemases
(11) Effect of chelating agents
_ In the presence of a chelating agent such as
20 EDTA, EGTA, sodium tripolyphosphate, zeolite, and citric
acid, the activities were measured, to confirm that any
chelating agents had no inhibitive effects on enzymatic

activities.



28 measured to evaluate pH stabili'ty. The enzyme is quite stable in pHs
ranging 4.5 to 11.0 and shows nore than 50% of the activity even in pHs
ranging 4.0 to 12.0 (see Fig. 6). (5) Active tenperature and opti nmum
tenperature The enzyne of the present invention acts at w de tenperatures
ranging 10 to [err] with an optinmumtenperature being [err] and has nore
than 50% of the activity of the optimumtenperature even in tenperatures
rangi:ng 35 to [err] (see Fig. 7). (6) °~ Thermal stability THe residual
activriies after heat-treatnent in-glycine-NaOH buffer (pH 9.0) at various
tenperatures for 10 m nutes were neasured. The enzyne of thIS |nvent|on
scarcely | oses i Epzmmolagicalachdsactieristics @ e qeelll

about 50% even at [err] (see Fig. 8). (7) Nbl ecul ar wei ght The nol ecul ar
wei ght of the enzyne oflX h&cki@Bent invention was neasured by neans of a
gel filtration nmethod using Bio-CGel A 0. 5n1 manuf agt ur ed, by Bi oRad Cgag
The enzyme of this inventi ehggzm;&f ent) yTHeRLtL CZ%/) weltt ar 000
2,000 (small peak) when CMC is substrate 8) E t of taI ons _The
effect of netal CERIUIRELG W@@EF% Pstﬁép H&uios 'k icel

5 and the like and dissolves them, to produce reducing sugars.

(2) Substrate specificity

The substrate specificity of the enzyme of the

R

21,



" sane time when the activities of the enzyme were neasured, by incorporating
a netal ion such as [ERR] [ERR] [ERR] (1 nM each) gi ves an adverse effect
and addition of Co and[ ERR] ions (1nM each) gives an activated effect.
(9) Effect of surfactants 0.05% by wei ght of a surfactant such as 5

| i near aIkbeenzene sul fonate, al kyl sul fate, polyoxethyl ene al kyl

sul f onat epa'.{ -0l efin sul fonat et&@ car box net hyl al kyl sul fonate,. .-
secondary Sdnapiien dgy ke dnd/Bhe p@??ﬁ?@e@fﬁyjﬁne

d Ik l.eth t.est f hi bi t fect
enzymat i ¢ EH VItV {GPh)® léfsqlif& ]fpao%.fm:ega” WEHR Dperahcfuiter -

T ot TSR A A FAEE

0.2 AU 1, Hilddidd es were neasured to confirmthat the enzyne of this
inventioncﬁhg'an exé% Tent resi stance to any proteinases. (11) Effect of
chel ating agents In the presence of a chelating agent such as 20 EDTA,
EGTA, sodiumtripol yphosphate.paad ige, and citric

Substrate ' Concentration Relative
Activity (%)

cMC | 1% 100

Avicel 1% 20 =g}

Filter Paper 1% 0.2

Cellulose powder 1% 6

Phosphoric acid swollen | 1% 160

cellulose

Alkali swollen cellulose 1% 28

PNPC * o | 8 mM 0.8

PNPG ** o 8 mM 0.2

Lichenan 1% 6

Laminarin i 1% 2
p-nitrophenyl- 3 -p-celiobioside | -

* % pamhuuphaud¢}3-D1;uxxuumannside

(3) Active pH range and optimum pH
The active pH range on CMC ié broad, i.e. 3 -13.0
with an optimum pH range being 8.5 - 9.5. It shows a relative -
activity of more than 50% of the activity of the optimum pH
range even in pHs ranging 7.0 - 11.0 (see Fig. 9).
(4) pH stability |
After the enzyme adjusted éo various pHs was left

!
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acid, the activities-were neasured, to confirmthat any chel ati ng agents
had no inhibitive effécts on enzymatic activities. 30. Enzynol ogi cal
characteristics of alkaline cellulase K-520 (1) Action The enzyme of the
present invention acts well on cellulosic nmaterials such as CMC, cellul ose
powder, Avicel 5 and the |like and dissolves them to produce reducing
sugars. (2) Substrate specificity The substrate specificity of the enzyne
of the: present invention is exenplified in Table 3. The enzyme of this
i nven¥ton sligitdnd sat s30PC| fornaneénhourghthanresidual papévity was

p- ni trophenyl -[err]-D-gl ucopyranosi de, and E-nitrophen | -[err]-D

cel | obi osi de. Measered Stosevalvate its pH stabilitymcelheaersime imcguitee

Activity (%9 CMC 1% 0
Avi cel stable in pHs ranging 6.Qoto 11.0 and haszgopp|pg§npaégrof
1% '

the gégivity even in pHs ranging 5.0 to 11.5 (see Fig. 10).
(5) Active temperature and optimum temperature
The enzyme of the present invention acts at wide
temperatures ranging 10 to 75°C with an optimum temperature
of 50°C and has more than 50% of the activity of the optimum

temperature even in temperatures ranging 35 to 60°C (see

L/
Fig. 11).
(6) . Thermal  stability
The residual activities after heat-treatment in
glycine-NaOH buffer (pH 9.0) at various temperatures for 10
minutes were measured. The enzyme of this invention
scarcely loses its activity at 40°C, and has the residual
activity of abaut'so% even at 50°C (see Fig. 12).
(7) Molecular weight
The molecular weight of the enzyme of the present
S/ invention was measured by means of a gel filtration method

using Bio-Gel A 0.5m (manufactured by BioRad Co.). The
enzyme of this invention has peaks at about 170,000 % 10,000
and 80,000 ¢ 2,000. |
(8) Effect of metal ions

The effect of metal ions was investigated, at the
same time when the activities of the enzyme were measured,
by incorporating a metal ion such as Nat, k¥, Ca2+, Cu2+,
co2*, cd?*, mn2*, Mg2*, Ba2*, Ni2t, Hg2*, Fe2*, pb?*, an?t,

2z i



Cel | ul ose powdef "\ * 1% 6 Phosphoric acid

swol | en. 1% 160 cellul ose Al kali swollen

cel l ul ose 1% 28 PNPC *

8mm 0.8 PNPG ** 8 mV

0. 2 Lichenan 1% 6 Lam narin
1% 2 * p- ni trophenyl -[err]-D-cellobioside * *

p-ni trophenyl -[err]-D-gl ucopyranosi de (3) Active pH range and opti rrur’:'s\_ﬁH
- The active pHrange on CMC is broad, i.e. 3 - 13.0 with an optinum pH range

being 8.5 - 9.5. It sho a relative actjvity of nore than 50% of the
activity of A]t‘&é",o'ah&nw:?'\%H Addjeicy of th HSC!dZ"j.Dg?aﬁg ?bgf-iohk 0 (see Fig.
9). (4) pH stability After the enzynme adjusted to various pHs was |eft
stand at [er{] @ eachhegives ant adverse efifect@nd iaddinden nefasured to
evaluate its pH stability. The enzyne is quite stable in pHs ranging 6.0 to

11.0 and ha(sﬁéﬁﬁz5 hﬂzﬁ%)én%%ihﬁdaé\édhghgivﬁé’% aetRiate@ e fat5- 0 to 11.5

(see Fig. 1 Active tenperature opti mum tenperature The enzyne of
the present inveniib9n pefe-tabrVbeerdctaResat ures ranging 10 to [err] with an

optinmum tenperature .
5 0.05% by weight of a surfactant such as linear
alkylbenzene sulfonate, alkyl sulfate, polyoxyethylene
alkyl sulfonate, a?olefiri"'sulfoxxate,
a~carboxymethyl alkylsulfonate, secondary alkyl o/
sulfonate, dodecyl sulfonate, soap, and/or
10 polyoxyethylene secondary alkylether was tested to
confirm no inhibitive effects on enzymatic activities.
(10) Effect of proteinases
In the presence of a protease for detergents, for
example, API-21 .(Shcma Denko), Maxatase (IBIS), and
15 Savinase, Alkalase, and Esperase (Novo) in an amount
of 0.2 AU/1, the activities were measured, to confirm
that the enzyme of this invention had an excellent \J’
resistance to any proteinases.
(11) Effect of chelating agents
20 In the presence of a chelating agent such as
EDTA, EGTA, sodium tripolyphosphate, zeolite, citric
acid, or the like, the activities were measured, to

confirm that any chelating agents had no inhibitive

3,



of [err] .and has nore than 50% of thé activity of the optinum tenperature
even in tenperatures ranging 35 to [err] (see Fig. 11). (6) Ther mal
stability The residual activities after heat-treatnment in glycine-NaCH
buffer (pH 9.0) at various tenperatures for 10 m nutes were neasured. The
enzynme of this invention scarcely loses its activity at [err], and has the
residual activity of about 50% even at [err] (see Fig. 12). (7) Mol ecular
wei ght™:The nol ecul ar wei ght of the enzyne of the present invefition was
neasured by neans of a gel filtratiron nethod using Bio-Gel A 0.5m
(manufactured by BioRad Co.). The enzynme of this invention has peaks at
about 170,000 Iléffsiftsaon éizyadaticlactibrities.Ef f ect of ‘metal i1ions The
effect of netal ions was investigated, at the same tinme when the activities
of the enzyne were ne&therdfedbprescof pthentinventiiontwillli becameh as [err]
[err] [err]and [err] Addition of [err] ions (1 nM each) gives an
adverse effect arpPareat: innthe courseefl the fpllowing descriPeieh)ofyi ves an

activated effect. (9) Effect of surfactants .
the exemplary embodiments which are given for

5 illustration of the invention and are not intended to

be limiting thereof.

25.



5 0. 05%by wei ght of a surfattant such as linear alkyl benzene
sul fonate, al kyl sulfate, polyoxyethylene alkyl sulfonate, [err]-olefin
sul fonate, [err]-carboxynethyl alkylsulfonate, secondary al kyl sul fonate,
dodecyl sul fonate, soap, and/or 10 pol yoxyet hyl ene secondary al kyl et her
was tested to confirmno inhibitive effects on enzymatic activities. (10)

Ef fect of proteinases In tgggﬂﬁ%hxace of a protease for detergents, for
exanpl e, API-21 (Showa Den - tase (1BI'S), and 15 Savi nase, 37

Al kal ase, gggmggge&ase (Novo) in an anbunt of 0.2 AU/1l, the activities were
measured, to coOnfirmthat the enzynme of this invention had an excel |l ent

resistance to agy spoInFI2THS sdill) aBbhCl . 8f g@?,?iﬁté’é%ﬁi‘g’m Srethigi-

In the presence of "a chel ati ng agent such as di um

tripol yphogafiat gapa@Ohdst susigenideddGndsteriliedd ka1 e Ard ivtid i es were
measured, to confirmthat any chelating agents had no inhibitive effects

on enzymat ngx@GireV walse head@-tofeafted Wke800t £be 10V aiitdvesy | In become
apparent in the course of the foll ow ng description of the exenplary
enbodi nent supkirahtant @fvahe teat-treateld niktaldeorad dpirdppigitdign and
are not intended to '
diluted, applied onto an isclating agar medium (Medium a), -
and cultured at 30°C for 3 days to grow colonies. The
colonies which formed transparent ranges in their
peripheries due to CMC dissolution were collected to obtain \.J
CMCase producing strains. These strains were inoculated
into the liquid medium B and shake-cultured at 30°C for 3
days. After culturing, the cultured broth was centrifuged
to separate a supernatant. The CMCase activity of the
supernatant was measured at pH ranging 3 to 13 to select
alkaline cellulase-producing strains. Bacillus sp. KSM-64

(FERM BP-2886) and Bacillus sp. KSM-520 (FERM BP-2887) were

thus obtained.



be limting thereof. - EXAMPLES Exariple 1 A spoonful of soil (about 0.5 g)
of Nasu-gun, Tochigi- en, Japan was suspended in sterilized saline and the
m xture was heat-treated at [err] for 10 m nutes. A supernatant of the
heat-treated m xture was appropriately. diluted, applied onto an isolating
agar nmedium (Medium A), and cultured at [err] for 3 days to grow col oni es.
The colonies which formed transparent ranges in their peripheries due
to CMCdi ssol ution were collected to obtain CMCase produci ng strains. These
straiYe were inoculated into the 1iquid medi um B, and shak B cul tured at

[err] for 3 days. After culturing, the cultured aﬁ?hwﬁég Eentrifuged to
separate a supernatqg&. Thg activity of the gupérnatant was neasured
at pHranging 3 to ™81 ect =arkal i ne cel | ul ase-produci ng strains.

Bacillus sp. KSM 64 ( FERM BP-28 cillus sp oK§M 520 (FERN BP-2887)
wer e thus obt ai ned. % by melgﬁ%yﬁggF§?1A 2

Yeast extract 0.5
KH,PO,4 0.1
MgSO0y4 e« 7TH,0 0.02
Na,CO3 _ 0.8
Agar 0.75

" pH: 10 (approximately)

Medium B cMC o 1
Meat extract 1.5
' Yeast extract 0.5
KH,POy 0.1
Na,CO3 0.5
pﬁ: 10 (approximately)
Example 2
) Bacillus sp. KSM-64 ogtained in Example 1 was
\_J

inoculated into the liquid medium B of Example 1 and shake-
cultured at 30°C for 3 days. After culturing, the cells
were removed by means of centrifugation to obtain a crude
enzyme liquid. The enzyme liquid was processed according to
a conventional method to prepare ethanol-dry powder. As a
result, the production of enzyme cellulase was confirmed as

shown in Table 4.
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Pol ypept on "~ 0.5 Yeast extract ° 0.5 [err] 0.1

[err] 0.02 [err] 0. 8 Agar 0.75 pH 10
(approxi mately) Medium B cvC 1 Meat extract 1.5
Yeast extract 0.5 [err] 0.1 Na2CO33 0.5 pH

10 (approximately) Exanple 2 Bacillus sp. KSM 64 obtained in Exanple 1 was
i nocul ated into the liquid nmediumB of Exanple 1 and shake- cultured at
[err] for 3 days. After culturing, the cells were renpbved by neans of%..r
centrifugation to obtain a cr@dblendyne |iquid. The enzyne |iquid was
processed according to a conventional nethod to prepare ethanol-dry powder.
As a result, the production of enzyne cellul ose was confirnmed as shown in
Table 4. 3% Tabte—%

Strain Amount of enzyme Enzymatic *
per 1 of medium (g) activity (U/g)
KSM-64 1.1 o 1,500

* Value at pH 9

Example 3

KSM-64 was inoculated into a medium which had the same
composition as the liquid medium B in Example 1 except that
1% of cellobiose and 5% of CSL were added instead of CMC and
polypepton réspectively, and shake-cultured at 30°C for 2 -
3 days. CMCase activity of a supernatant centrifuged was
measured to be 3,000 U/1.
Example 4

Bacillus sp. KSM-520 obtained in Example 1 was
inoculated into the liquid medium B of Example 1 and shake-
cultured at 30°C for 3 days. After culturing, the cells -g;
were removed by means of centrifugation to obtain a crude
enzyme liquid. The énzyme liquid was processed according to
a conventional method to prepare ethanol-dry powder. As a
result, the production of enzyme cellulase was confirmed as

shown in Table 5.

23B.



Strain Anount of enzyne * EnZymatic * per 1 of medium (g)
activity (Ug) KSM64 * . 1.1 1,500 * Value at pH
9 Exanple 3 KSM 64 was inoculated into a medi um which had the sane
‘conmposition as the liquid mediumB in Exanple 1 except that 1% of

cel | obi ose and 5% of CSL were added instead of CMC and pol ypept on
respectively, and shake- cultured Lg% for 2 - 3 days. CMCase activity
of a ernatant centrifuged was d to be 3,000 U1l. Exanple 4
Bacillus sp. KSM 520 obtained in Exannle 1 was inoculated into the liquid
medi um B of Q%ﬁgq 1 and sgakén t at lerr] f Af ter
culturing, the ce ?s were r yfdogk Eﬁﬁgg E% centrlglh gﬁ& %g% g%taln a
crude enzyne liquid._ The e VnE,ILauJ Aceqqed accor {
conventional nmethod to prepare et hanol - dry pomder As a result, the

production ofggMuzyae cel |l ul ose gag confirmed as shown i g3gabl e 5. Tabl e
5 Strain Amount of enzyne Enzymatic per | of medium (g)
acti vi ty ( U/ g) KSM. 520 Q.1 2 530

* Value at pH 9
Example 5

KSM-520 was inoculated into a medium which had the same
composition as the liquid medium B in Example 1 except that
1% of cellobiose and 5% of CSL were added instead of CMC and
polypepton respectively, and shake-cultured at 30°C for 2 -
3 days. CMCasg activity of a supernatant centrifuged was
measured to be 3,542 U/1.
Example 6

A spoonful of soil (about 0.5 g) of Nasu-gun, Tochigi-
ken, Japan was sﬁspénded in sterilized saline and the
mixture was heat-treated at 80°C for 10 minutes. A
supernatant of the heat-treated mixture was appropriately

s diluted, applied onto an isolating agar medium (Medium Ain

Example 1), and shake-cultured at 30°C for 3 days to grow
colonies. The colonies which formed a transparent range in
their peripheries due to CMC dissolution were collected to
obtain (MCase producing strains. |

Next, these strains were inoculated into the similar medium as the
- medium A except that lichenan was used instead of OMC to grow



* Value at pH 9 Ekgnple 5 KSM 520 *was i'nocul ated into a nedi um whi ch had

t he sane conposition as the liquid mediumB in Exanple 1 except that 1% of
cel | obi ose and 5% of CSL were added instead of CMC and pol ypept on
respectively, and shake-cultured at [err] for 2 - 3 days. CMCase activity
of a supernatant centrifuged was neasured to be 3,542 U 1. Exanple 6 A
spoonful of soil (about 0.5 g) of Nasu-gun, Tochigi- ken, Japan was -
suspended f@alenies.i z8y swanse ofnfonge-Fed: Rethedy icodoniesifarming ey i -
for 10 minutes. A supernatant of the heat-treated m xture was appropriately
di | uted, apFRRERABENS Hepices| 4f theaperipberdes  Mfdithe falerdefmsue B0 and

*

shake-cultured at 30QC fqQr 3 days to grow cql onies. The .col oni es which
formed a tféﬁgﬁﬁ?énglﬁéﬁ e yere ﬁg}ﬁﬁﬁé i & é§§Qﬁ9(§%§hﬁQ§ﬁﬂ1nion wer e

collected to abtain CMCase producing strains. Next, these strains were
i nocul at edPFRATBCLRE EEFRARS nedi um as the nedi um A exceptthat |ichenan was

used instead of ngc srl:%ag.li'xgwobtaggxlean Lﬂgﬁ' tiﬁ&cmi%[& fin%%nQ:?fe{ ﬁl.gxg'ggcg()d’

col onies form ng Transparent regions I'n e péeripheries o I"oni es due
tsfr ;: ﬁ*s‘_e”axﬂeéiéﬁobukh%d"‘&he Fxanpied )t An@PLAhRelcaNRNA A OB r
2 - 3 days. CMCase activity and lichenase activity of a
supernatant centrifuged was measured at pHs of 3 - 13 to
select an alkaline cellulase-producing microorganism.
%ﬁa’h{é‘ise s? KSM-19 (FERM BP-2885) was thus obtained. \J
Bacillus sp. KSM;19 obtained in Example 6 was
inoculated into the liquid medium B of Example 1 and shake-~
cultured at 36°C for 3 days. After culturing, the cells
were removed by means of centrifugation to obtain a crude
enzyme liquid. The enzyme liquid was processed according to
a conventiohal method to prepare ethanol-dry powder. As a

result, the production of enzyme cellulase was confirmed as

shown in Table 6.

. o’
Table 6
Strain Amount of enzyme Enzymatic *
per 1 of medium (g) activity (U/qg)
KSM-19 0.4 1,600

* Value at pH 9



The strains obtained was i nocul ated i nto t e | IC]UI d medium B (used in
Exanpl e 1) and shake- cll tured at [err] for 2 - 3 days. CMCase activity and
| i chenase activity of a supernatant centrifuged was neasured at pHs of 3 -
13 to select an al kaline cellul ase-produci ng m croorgani sm Bacillus sp.

KSM 19 (FER%%?@S% was thus obtained. Exanple 7 Bacillus sp. KSM 19
obtained in was inoculated into the liquid nediumB of Exanple 1

and shake- cul turngguais[eaa] 1hebulatass 1 miid & &&Mﬁlmicahaaaeltha &@ﬁs

rem)ved by neans centrifugation to obtain a crude enzyme |iqui

enzynme |iqui é’orﬁ‘ﬁéspﬁpéﬁsiﬁdtﬁécqiléhﬂﬂ nedL P B A | BEhp D8t Doexkapk’ eRate
et hanol -dry powder. As a result, the production of enzyne cell ul oSe was

confirned asyshegncéDldBbbeebandalsite of Ysiniwere added\nDnsteall ofzyne and
Enzymatic * per 1 of medium (g) activity (U g) KSM 19 0.4

1,600 * Val usoByp@ptOndOrespbraipedy] Kad Bhakes-dultouted edti 300cafsedpum

mhich had the sanme conposition as the liquid nmediumB in Exanple 1 except

t hat 3 days. Enzymatic activity of a supernatant centrifuged was
measured to be 769 U/l of cCMCase activity, 1,238 U/l of
lichenase activity, and 285 U/l of Jlaminariase

activity .

Cellulases of the present invention ie K-64,K-19 and K-520 are the novel

alkaline cellulases which have an optimum pH at an alkaline
region and are stable in a braad pH range. The enzymes of
the pfesent-invention are not adversely affected by the
addiﬁion of detergent components such as surfactants,
proteinases, chelating agents, and the like, and, accordingly,
can effectively Se ;sed as a detergent component.

Further, alkaline cellulase K-19 of the present
invention possesses f-1,3; 114-g1ucanase- and f-1,3~

\ glucanase-activitiy, so that it can dissolve f-glucan

derived from grain, e.g. barley. Accordingly, the alkaline
cellulase of the present invention can be utilized for
techniquee of, for example, shortening time for filtering
wheat sap in the pfocess for producing beer and preventing a
beer product from becoming turbid.

Obviously, numerous modifications and variations of the

present invention are possible in light of the above

&4\ i



1% of cel |l obi ose apd 5% of CSL were added instead of CMC and pol ypept one
respectively, and shake-cultured at [err] for 2 - 3 days. Enzymatic
activity of a supernatant centrifuged was neasured to be 769 U 1 of CMCase
activity, 1,238 U1l of lichenase activity, and 285 U 1 of |anariase
activity Cellul ases of the present invention ie K-64,K-19 and K-520 are the
novel al kaline cellul ases which have an opti num pH at an al kaline regign
and are stable in a broad pH r.ange. The enzynes of the present -i nvenkion
are not adversely affected by the addition of detergent conponents such as

an ot oot vERYBaREe ot T SreReR b R iR e, ol e 0 Y
| I ul K- h nt
(1:-e, 4?g?3§ana%§°pg i FB% %W%g I Se@’%ciﬁé?sq "gf["err %ﬁt it can dissolve

[err]-glucan dved %A 29bdg the alkaline
cel |l ul ase ofpt elpr esé%? |nvent| on can e utf:?f%gfe%lor techni ques of, for

exanpl e, shopéetigig tinme for filtering wheat sap in the process for
produci ng beer and preventing a beer product from becom ng turbid.

Obvi owsl y, nunerous nodifications and variations of the present invention
are possible in [ight of the above teachings. It is therefore to be
under stood tile tWords "Avicel", “Bio-Gel", "Bacto", "Eiken",

"Sigma", "BioRad", "Maxatase", "Savinase", "Esperase"
used in the Specification are registered Trade or W

Service Marks.

L2



scope of the appended clains, the invention may be practlc se than
as specifically described herein. 5 The words "Avicel”, "Bi mU ﬂﬁiﬁ#m M’

Ei ken", "Sigma", "BioRad", "Maxatase", "Savinase", "Espera
Specification are registered Trade or Service Marks. 42 CLAI MS: 1.

An al kal i ne cel |l ul ase K—64 possessing the follow ng physi cochem cal
characterlstlcs 5 (A) Action acts on cellulosic

mat erj al such as carboxynethyl cellul ose (CMC), phosphoric acid swollen
celld}ﬁse filter paper, and Avicel dissolving themand producing reducing’
sugars al so on 10 -ni trophenyl -[err]-D gl ucopyranosi de, and

p- ni trophenyl - [ 2 cel | obi osi de producing (B) Activity pH range and
optium pH has an active pH range on CMC of 3-13.0 with an opti num pH range
being 8.5-10.0 and even in pHs 15 ranging 7.0-12.0 has a relative

activity of norg than 50% oﬁn Iﬁ‘cai‘iﬁ Vcé]}'hﬁfasghf-é’f @ées H ra e
following physicochemical characteristics:
5 (A) Action
acts on cellulosic materials such as
carboxymethyl cellulose (CMC), phosphoric acid swollen
cellulose, filter paper, and Avicel dissolving them

~ and producing reducing sugars also on
10 p-nitrophenyl—B-D-glucofyranoside, and
p-nitrophenyl-g-D- cellobioside prod.uci ng P"".‘ b’rqohe"‘(}‘ .
(B) Activity pH range and optimum pH
has an active pH range on CMC of 3-13.0
with an optimum pH range being 8.5-10.0 and even in pHs
15 ranging 7.0-12;0 .has a relative activity of more than
50% of the activity of the optimum pH range,
(C) pH stability
s is substantially stable when incubated at

30°C as described in the Specification at pHs rang-

20 ing 5-10.5 and even in pHs ranging 3-11 has an éctivity
of more than 50% of the activity of the optimum pH range
when CMC is a substrate,

(D) Optimum temperature

is capable of acting at wide temperatures

4> - i



(C pH stabili U_ I'g substantially 'stable when incubated at [err] as

“described in the Specification at pHs rang- 20 ing 5-10.5 and even in pHs
' u s an activity of nore than 50% of the activity of the
“Immmm“ﬂ me when CMC is a substrate, (D) Optinumtenperature is
*capabi e "of Sacting at wide tenperatures 43
111111211212112121211212121121212112121111 ranging 10-[err] with an
optimum tenperature being [err] and even in tenperatures rangi ng 35- [Brrr]

has nore than 50% of the activity of the optlrrumterrperature (E) Mol ecul ar
and 80, 000 FBT8 (EAErea by e oBFEHE JERPRFRTYER | BRMRL hod Using
s adver sel 708 fé%e%v%@pk%ﬁra%% G améﬁg 5%»1.%@%0%5’*%? i on’and
E?]E la\é?t gg gu ct ants urfact ant@I dgﬁc © w%ﬁeﬁ 2;22;2, (9

(E) Molecular we;.gg_

5 Has peaks of activities at substantially
180,000 + 10,000 and 80,000 £ 2,000 (measured by means
of the gel filtration method using Bio-Gel A 0.5m),

when CMC is a substrate,

v
(F) Effect of metal ions
10 - Is adversely affected by the addition at
ImM of ion, - of Hg2+ ion and activated by the addition
of C02+ and Mn2+ ions, when CMC is a substrate,
(G) Effect of surfactants
Surfactants such 'as linear alkylbe.ﬁzene
15 sulfonate, alkyl sulfate, polyoxyethylene alkyl
sulfonate, a~olefin sulfonate, a-carboxymethyl alkylsul-
fonate, secondary alkyl sulfonate, dodecyl sulfonate, o

soap, and/or polyoxyethylene secondary alkylether have
substantially no inhibitive effects on enzymatic

20 activities when CMC is a substrate,

(H) Effect of proteinases
Proteinases have substantially no inhibitive

effects when CMC is a substrate.

Ly,



15 sul f onat e, al kyl sul fate, “‘pol ydxyethylene al
[err]-olefin sulfonate, [err]-carboxynethyl alkylsul- fona’fm EE U",
al kyl sul fonate, dodecyl sulfonate, soap, and/or pol yoxyethyienre sece

al kyl et her have substantially no inhibitive effects on enzymatic 20
activities when CMC is a substrate, (H) Effect of proteinases Proteinases
have substantially no inhibitive effects when CMC is a substrate. 44.

(1) Effect of chelating agents. Exhibits no inhibitive effects on
enzymatl c activities by EDTA, EGIA, citric acid, sodiumtripol yphosphate,

zeolite, when CMC is a substrate, 5 2. . An al kaline cellulase K-19
possessing the foll ow ng bﬁ)/Sl 217 Rl Y %3'cs: (A) Action 10
acts on cellulosic materjal such as rb x meth I ul ose (CMO),
phosphoric acid or al kal S cel el o h’ eﬁ%%‘:tﬁnd cel

di I h ' d §
Gl so0l V09 ¢ Mo A AtEL 001 LS DR OU IS A0 scia, poiom
cel | obi osi de. pEP%lﬁ%onﬂé&mete, when CMC is a substrate.

5
2. An alkaline cellulase K-19 possessing the
_ following physicochemical characteristics:
~ (A) Action
10 acts on cellulosic materials such as
carboxymethyl cellulose (CMC), phosphoric acid or alkali
swollen cellulose, filter paper, and Avicel dissolving
them and prodﬁcing reducing sugars also on
p-nitrophenyl-B-D~glucopyranoside, and
15 p—nitrophenyl-ﬁ'-D-. cellobioside. producins P- ni\:ro;d'\enﬁi
(B) Activity pH range and optj.nm pH
has an active pH range on CMC of 4.5 - 12.5
\/’ with an optimum of 9 and even in pHs ranging 7.0 - 11.0

has a relative activity of more than 50% of the
20 activity of the optimum pH range,
(C) pH stability

is substantially stable when incubated at
30°C as described in the Specification at pHs ranging
4.5-11.00 and even in pHs ranging 4.0-12.0 has an activity

us. | i



Ma{lge and opti num*PH has an active pH range on CMC of 4.5 -

1 | imum of 9 and even in pHs ranging 7.0 - 11.0 has a relative
“@‘M‘mﬂ“m t han 50% of the 20 activity of the optimum pH range, (O
¢ I'mty i$ substantially stable when incubated at [err] as descri bed
in the Specification at pHs ranging 4.5-11.00 and even in pHs ranging
4.0-12.0 has an activity of nore than 50% of the activity of the optinum
pH range when CMC is a substrate, (D) Optimumtenperature i s capabl e XQf
acting at wide tenperatures 5 ranging 10-[err] with an optinmm

tenperature I.ng rdned ' . 4 i -[err] has nore
t han 50% ofOft R‘g’rgcﬁ% ti/()%opgt %S&@%ﬁwé%%?w& cul ar wei ght
Has peaks Gl §L e sq%,sﬂlgﬁégnt ially 10 120,000 [err] 10,000 and

34,000 2,000 (neasured y neans of the gel filtration method using
Bio-Gel A 0.5m), when Cﬁ?j i%gmp%%t&fé Ef fect of netal ions Is
adversely affected by t a ion, of [err] 1ion and [err]
ions and activated by tif¥ capable of acting at wide . temperatures
5 ranging 10-70°C with an optimum temperature being
50°C and even in temperatures ranging 35-60°C has more
than 50% of the activity of the optimum temperature,
(E) Molecular weight

Has peaks of activities at substantially

10 120,000 * 10,000 and 34,000 + 2,000 (measured by means
of the gel filtration method using Bio-Gel A 0.5m),
when CMC iIs a substrate,

(F) Effect of metal ions |

Is adversely affected by the addition at

15 2+

lmM of ion, of Hg2' ion and Pb2' ions and activated by the

2 2

addition of Co M and Mn + ions, when CMC is a substrate,

(G) Effect of surfactants \J
Surfactants such as linear alkylbenzene
sulfonate, alkyl sulfate, polyoxyethylene . alkyl
20  sulfonate, a-olefin sulfonate, a-carboxymethyl alkylsul-
fonate, secondary alkyl ' sulfonate, dodecyl sulfonate,

soap, and/or polyoxyethylene secondary alkylether have
substantially no inhibitive effects on enzymatic ‘



addition of [err]ions, when CMC is a ‘substrate, (G Effect of. surfactants
Surfactants such as |itnear al kyl benzene sul fonate, alkyl

pol yoxyet hyl ene al kyl 20 sul fonate, [err]-olef in sul fltl“ﬂmnmnl" "III " IIII
[err]-carboxynet hyl al kyl sul- fonate, secondary al kyl.ssul f dhat‘e, tdolecy! *
sul fonat e, soap, and/or pol yoxyethyl ene secondary al Kyl et her have
substantially no inhibitive effects on enzymatic 1111111111121111111111 *

C L M S * activities when CMC is a substrate, (H) Effect of
pr ot ewriases Prote| nases have substantially no inhibitive effects when CMC ~

s a substrate. ffect of chelating agents Exhibits
no inhibiti veade‘fvf"é&f*§ wheyy, c@ﬁz#rs% AYPries by EDTA., EGTA, citric
acid, sodiumtripol yphospha N te when CMC is a subst rate. 10 3.

An al kal i ne cellul ase K-520 FQLeInaged ng physi cocheni cal

characteristics: (A Actio ul Il 'ﬁﬁftﬂ . 15
car boxynet hyl cuel I ul ose ( einﬁgg E}%Je sg%lsgaxg@r’fag.ll&:*llé £ide
effects when CMC is a substrate. '

5 _ (I) Effect of chelating agents

Exhibits no inhibitive effects on
enzymatic activities by EDTA, EGTA, citric acid, sodium

tripolyphosphate, zeolite, when CMC is a substrate.

"
10
3. An alkaline cellulase K-520 possessing the
following -‘physicochemical characteristics:
(A) Action
acts on cellulosic materials such as
15 carboxymethyl ‘cuellulose (CMC), phosphoric acid or alkali
swollen cellulose, filter paper, and Avicel dissolving them
and producing reducing sugars also on
\/ p-mtrophmyl—B-D-glucopyranosn.de and

p-nitrophenyl-p-D- cellobioside producing P - nlh:’ophan&

20 (B) Activity pH range and optimum pH

has an active pH range on CMC of 3-13.0
with an optimum pH range being 8.5-9.5 and even in pHs
ranging 7.0-11.0 has a relative activity of more than

50% of the activity of the optimum pH range,

47



wol | e f| | ter paper, and Avicel dissolving them and producing
m@g F 0 on p-nitrophenyl -[ERR] D- gl ucopyranosi de, and
-lserr] D- cel |l obi osi de producing p-nitropheny 20

(B) Activity pH range and opti mum pH has an active pH range on CMC of
3-13.0 with an optimum pH range being 8.5-9.5 and even in pHs ranging
7.0-11.0 has a relative activity of nore than 50% of the activity of the
opti mum pH range, 47. (C .pH stability is substantially stable vvhg_l)*

i ncubated at [err] as descri bed in the Specification at pHs rang- ing ~

6.0-11.0 and even in pHi Eea .» has an activity 5 of nore than
50% of the activity of ﬁ Wange when CMC is a substrate, (D)
Optinum tenperature is ¢aPaildanti2Ci Wadh, V\ME[ E%ﬁurﬁ rangi ng
10-[err] with an optlrrumterrperature el ng T erri and even in
t enper at ur egos @Il EsB21b6d Min RAS SPEA £iARiGA%O i Zangli Vity of the
opti mum tenperature, (E) Mol ecul ar Wwei ght Has peaks of aCtivities at
substanti al iyg 1600300 aRd Genand Bk GRigiAgOSO11 /AR ad SyciEaRs

5 of more than 50% of the activity of the optimum pH range

when CMC is a substrate,

(D) Optimum temperature

is capable.of acting at wide temperatures

ranging 10-70°C with an optimum temperature being
10 50°C and even in temperatures ranging 35-60°C has more
than 50% of the activity of the optimum temperature,
(E) Molecular weight
Has peaks of activities at substantially
170,000 * 10,000 and 80,000 + 2,000 (measured by means
15 of the gel fJ:.ltr;'ation method using Bio-Gel A 0.5m),
when CMC is a substrate,
(F) Effect of metal ions
Is adversely affected by the addition at _ "/

2+

InM of ion, of Hg>', Cd®’and Pb%’ ions and activated by the

20 2+ 2+

addition of Co™ and Mn®“ ions, when CMC is a substrate,

(G) Effect of surfactants

Surfactants such as linear alkylbenzene

sulfonate, alkyl sulfate, polyokyethylene alkyl

ud.



15 of the gel filt{ation met hod usi ng Bi 0-Gel A 0.5m), when CMC is a
substrate, (F) Effect of netal ions |Is adversely affected by tThe addi-tien——
at ImMof ion, of [err]and activated by the 20 additio h
[err]ions, when CMC is a substrate, (G Effect of surfact aqtmmﬂm“wﬂﬂﬂﬂlm
such as linear al kyl benzene sul fonate, al kyl sulfate, 'pdyexyethylege’y
alkyl  sulfonate, a-olefin sulfonate, [err]-carboxynethyl alkylsul-
fonatQ;isecondary al kyl sul fonate, dodecyl sul fonate, soap, and/or

pol yoxyet hyl ene secondary al kyl et her have substantially no inhibitive '
ef fects on enzyubforate, ao-obdfiin sudfondes, avEarboxymathylr alkylgud)- Ef f ect of
prot ei nases Protei nases have substantially no inhibitive effects when CMC

i S a substrat eforjdte Eisbeondafy @lkydt i sylfopates dodecyl sulfonate, Exhibits

no inhibitive effects on enzymatic activities by EDTA, EGTA citric
acid, sodi um t #oppI yPndépratpolynxyethelent c fecandary alikydsther have an

al kal i ne cel lul ose K-64 _producing.m croorgani sm bel on ing to the genus
Baci | | us and gFBftRNGIALAY KBe i‘ﬁggﬁéﬂi'é? effects on enzymatic

5 activities when CMC is a substrate,

(H) Effect of proteinases

Proteinases have substantially no inhibitive
effects when CMC is a substrate.

(1) Effect of chelating agents

10 Exhibits no inhibitive effects on
enzymatic activities by EDTA, EGTA, citric acid, sodium

tripolyphosphate, zeolite, when CMC is a substrate.

4. An alkaline cellulase K-64 producing microorganism
belonging to the. genus Bacillus and growing in alkaline
media.

S. An alkaline cellulase K-64 producing microorganism
which is named as Bacillus sp. KSM;64.aﬂd-deposited as FERM
BP-2886 with Permentation Research Institute, Agency of
Industrial Science and Technology.

6. An alkaline cellulase K-19 producing microorganism
belonging to the genus Bacillus and growing in alkaline

media.

uq.



ell ul ase K-64 produci ng m croorgani smwhich is named as
“lﬁﬂjj m 64 and deposited as FERM BP-2886 with Fernentation

n ute, Agency of Industrial Science and Technol ogy. 6. An
alkallne cel l ul ose K-19 produci ng m croorgani sm bel ongi ng to the genus
Baci | | us and g7 owixig alka&linéi cellulase K~13. pfodaciag micreorganigm<- 19
produci ng m croorgani smwhich is named as BacilluS Sp. KSM 19 and depgsited
as FERM BhidfiB s\inidamddragnBacidduBespar KEM-29t andt depogdted ab FERNSLY al
Sci ence and Technol ogy. 8. An al kaline cellul ase k-520 producing
m cr oor gBR-<288f% | with rEexmentatjenuReS8earchuinatdtyteyi Agencyablfal i ne.
media. 9. An al kaline cellulase K-520 producing m croorganismwhich is
naned as BubistrikalSciEnte 2andnTedhpodogyd as FERM BP-2887 with
Fernmentati on Research Institute, Agency of Industrial Science and
Technol ogy. 18- /\ﬁncﬁ%kﬁﬂin# gebuubaag KnB2Q| pxptncingl mickoorgantsm

conpri si cul tur al kal i ne cell.ul ase k-64 i n m croorganl sm
bel ong! ngbeLoRRERGe hs HheC arnus Bagidlin AGS AEMLDG A |
collectin ‘g éhe al kaline cellulase K-64 fromthe cul tured nedi um 11. A’
process f 7 b oducing al kaline the cellulase

9. An alkaline cellulase K-520 producing microorganism
which is named as Bacillus sp. KSM-520 and deposited as FERM
BP-2887 with Fermentation Research Institute, Agency of
Industrial Science and Tedhnolégy. .

10. A process for producing the alkaline cellulase K-
64 comprising: culturing an alkaline céllulase K-64 .
producing micraorganism belonging to the genus Bacillus and
growing in alkaline media; and collecting the alkaline

cellulase K-64 from the cultured medium.

11. A process for producing alkaline the cellulase
K~-19 comprising: culturing an alkaline cellulase k-19
producing microorganism belonging to the genus Bacillus
and growing in alkaline media; and collecting the

5 alkaline cellulase K-19 from the cultured medium.

12. A process for producing the alkaline cellulase
K~520 comprising: culturing an alkaline cellulase
K~520 producing microorganism belonging to the genus

10 Bacillus and growing in alkaline media; and collecting

the alkaline cellulase K-520 from the cultured medium.



'K-19 conprising: culturing an al kaline cellul ase K-19 pr

m cr oor gani sm bel ongi iy to.the genus Bacillus and grown I,mmnu"u"m,““,
medi a; and collecting the 5 al kaline cellulase K-19 frémthe clitdred
medi um 12. A process_foy, prodyci the al kalipe cel.lyl ase K-520
conprising: c3turi Ag ahk%i’g% Fﬁif'eﬁfﬁ%%si&- lﬂ'r?&ﬁa"n <L oor gani sm
bel onging to the genys.10 aci -1 us_and ,grow ng, i.n kal i ne pedi a; and
col | ecting tkﬁ;hﬂééﬁtﬁﬁé$¥e?§ Q§§é?$é§gﬁ? ARSRFLRR d H0Fod medi um 13.
An al BEl ine cegllulase ,as clainmed in Caim1l and substantially as

her ei nbefor e %kﬁﬁﬁﬁﬁ&?&lpﬂ‘the 15 Speci fication. 14. A process as

clainmed in either aim10, Caim1l1l2 or Caim1l3 for producing al kaline
cel lul ase substantially as herei nbefore described in the 20

Specificationg, A process as claimed in either Claim 10, Claim
12 or Claim 13 for producing alkaline cellulase
substantially as hereinbefore described in the

20 Specification.

s1.



