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PuIIuIanase of Fbrrkoshr et al. is an enegne having its opti num pH at an.--i~~w
al-kaline range and possessing w der substrate specificity than
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-Accordingly, an object of this inventionis to provide a novel al kal i ne.
“pul:Lul anauwmnnaLarmmrmue activity possessing the follow ng : N
“enzynué ogi cal characteristics: (1) Action Acts on pullulan and sol ubI e .
‘Starch to peedingly, amiobipst ofritiis brentiansie t9 povidpalnbyel slkaliempuliianasd having a-amylase
“mal t ot et Py @ossARsingdhet foljowing a'!?E'EO'WQ?'rﬁhsfe‘FtQﬂ%Q@ starch Acts al so on gl ycogen
to: produce“Hﬁ’F“t‘bt etraose and nal to ent aose. Subst rate speC| fici ty Act S
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tof -4 .- ﬁlso a%?ﬂe% Rg 7 - 9.5. (4) pHstability:ls- -
nSJcENe(bh

stabl e |n ‘pul lulan and in a pH range of 4- 12
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: Vizb.€ G UiSEWorking Binperdtize abd Gliwd Gdfperatile 5, 000, when neasured by neans. -0f
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of " mal t 00! i FIARAGBA T 88 SorABR InvBifioh & 181 RGIIB RZYE0RES Br predRhy AR al@hd Pullfese . .
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__and aB a0t objedts; feafiktis|akidl 8dvantaysy biope Bivrention vaNTpdréifuftor LBBSINCOMYHE PEilY. apparent
e from the following description.

o ._ . BRIEF DESCRIPTION OF THE DRAWINGS

50 Fig. 1 is a paper chromatography showing the production of maltooligosacchatides when performing
- - enzymatic reaction using the alkaline pullulanase Y having a-amylase activity of the present invention and, .
as a substrate, pullulan, amylopectin, amylose, and giycogen.
_ Figs. 2(a) and 2(b) are drawings showing the relation of reaction pH vs. relatwe activity of the alkaline -
- ‘pullulanase Y having a-amylase activity of this invention.
. 58 Figs. 3(a) and 3(b) are drawings showing the relation of pH vs. residual activity of the alkaline
pullulanase Y having a-amylase activity of this invention. .
Figs. 4(a) and 4(b) are drawings showing the relation of reaction temperature (at pH 9.5) vs. relatwe
activity of the alkaline pullulanase Y having a-amylase activity of this invention.
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S..2(a) and 2(b) are draw ngs showing the relation of reaction. pH VS.. ..
‘i*ve activity of. the al kaline pullulanase Y having a-anyl ase acti vi ty
thisinvention. 55 Figs. 3(EpO0A1883§BY are draw ngs show ng the '
ation of pHvs. residual activity of t he al kal i ne pul |l ul anase Y havi ng

mnyl-ase act|V|t of this inventiaon. g] 4 a) and 4(b) are drawings - ..
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cPF“ the qllife,pul ooy
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IS i nVeng haWdisctibsdd| Thé RiioNidaitdrd mlib 6121 Tsolts MAENTY £3) ardNisbd¥siHh&Bsifcation of
ODI MENTeBaids) They all vyntairl 0396 bplveigth at stitized sadiuncaarohaté(Nad G por gani sm pr oduci-ng
aI i-ne pul | ul anase of the present invention is now discussed. The . :
_ ; ' psi hei qyitund madia gsed (% by wéiglila 1 to 21) are used for the -
ssifiscation of st ra-i ns. They all contain 0.5%b i ght of sterili zed
ium car bM‘?ﬁ't"é 1( er rytriegtdraiy 9 »t%'rP§WQ‘ﬁF (rpanuiaciyipd Ryr a‘ﬁ@dfeéhe@'é%! Codolisy
ghty MedMe Wisientibeathy 0B ot h ar powder (rmanufactured "¥
e Chen cfled 'E'!B 3) i °’R7é°&?“b hd goitin, ’rPcPu Fﬁ?aé%f"”qﬁf Grauiaqiireg RyoWekpnuge Che 'ca'% .
E 6 thQ; mush\ig ; agar powder (manufactured by Wiko- Pure

dlum trrus m | k, 105I\/Ed|um5 - nutrlent'

roth, 0
g[”;, ;ugosged)g one, 0.7; 0.5; glucose,.
Bl K/leduum Jt’ifc&cka@ ﬁ%%uﬁ%ﬂ: an amount.’
| t d Mmau.urma8 TSII l'(n?agﬁﬁc SEPYLERR Kl | Rambirk Aliclig@0ak ) , an  arount ™
i cargd 2Medibidl UM yRast extraiCO8;IBaBKS bbgsie, 19 1PRAE.1; MgEOPL7RRS;; 0.0; atublb Baich
ferr], 0.02; soladbgar povakcimanRachireddy AVake Lits Chon(icah, e actured by: Wako
.--Chem CzMe)JlumfﬂOB Nixdéris nhediiufh: (manutéom@d b EiRencKagaku), eramdustdidiceled by El ken -
jaku) ;" an Madomrt: | nGtiristerdsends dvadkinu neddiactured®yrEileh Bagalai) ad amowht iadivated. =~
Hiifact ur dgdiby 18 k ethe edjak inpiuding theafotiowing comptisitiensdt) ahi(2) orwhib® addet lae nitegkini i’
f-udi-#g the f ol | owi seurcescuopsisting ¢fndiung nilvate rpodiyr® pitritep arpénivm chiheide ang ammonium
3 ogen 30 phosphatg dn, A agouptypf.2586, ﬁQOQﬂ% SABB%:rAnA 011P%SP by wolght reppec:
t-&, amoni um chl Y Béhemedidhmoni um p hate in an anpunt of 0. 25%
55% 0.158% and 0.(Hasss %é’r Hi'ae %s& Hz?%@l‘gﬂ'%;?ﬁeth‘b medi um é Bl

gt 0.05; [ ?ftesg 100 Faszgfz.’ 7}% §fthiere0, 005 .
r] 'Néd?u%E%a i? gi 5?}11: ' , ' 5 Z"?Eﬁrg B jgﬁf,‘k‘é,) keﬁn -

o) f qhured
Kagﬁw 1-,an SER4URbush Cyt ochr%n%ceo@l(r%)se est

by Llke b bt
ggter - paperMeﬁﬂmuf aChadtoPaptons, Ob; a&e,&barmmw glfidse, 10! Mgs0, 4R4,0, 0.0gdi-um-.
: -3% aqueanm 10y dr B@RpepLid) 2i70RadYEEs; KEHPR, 0.3; JRR6de00.5BRSnMRo! Blud? 0.05:036¢
;gextract 0.5; .[err], fbwleér (ganurbBed byl Wako Huss Cemizall2.5Medi um 19: Bacto - .
‘Peptone, 2. MedNa@b 5(NB; )2 R, 1 4.1; KOL 8.02; ¢#ig8003H;0, 0.02) yedst edrady)os] sugarineg 0. 06;
-agar powder Medemuiact easeid U5y ywdsk extfacty 0.5Ciaovse; L)) KHP s, MbdMg®0.20H.0; PO2;rdgar = -
KCI', 0.02; [er r]gpowBerGRanuiactared by WakocRive CHomB8), 1§ugar, 1.0 45 Medi um
in, 05 yeast extract, 0.5; glucose, 1.0; [err] 0.1; [err]. 0.02;

by V\ako Pure Chemcal), 1.5 Mcol ogi cal a

har aCt er| stics 50 (1) Observation under m croscope
. {1) Observation under. microscope

" Cells are rods of a size of 0.8 - 2.4 um x 1.8 - 4.0 with an elliptical endospore (1.0-1.2 um x 1.2 - 1.4 '
. um) forming at their subterminals. They have flagelia and are motile. Gram's staining is indeterminable.
- .. Acld festness: negative :




s~dre rods of a size of 0.8 - 2.4 umx 1.8 - 4.0 with an el liptical .=
spore (1.0 - 1.2 [err] x 1.2 - 1.4 [err] forming at their subterm:- na

Y. ?'fé\/e flagella and are noti| &P @EE3S B ai ni ng |'s indeterm nable, A
ness: negatlve EP 0 418 835 Bl (2) Gowth in various culture 12
Nut_r |ate (Medium 1) Gowh of cells is good. Colony. h
_'-'-a-r ZEEIQB@?" °P'f“§°'§?ﬂ’af ace being snooth and its peripheral "5
e colony is yellow, semtransparent

doy. (oD gt %@s..s?sq %’Era 1 ucwa shQMB ha o8 o e
\a’;clot B RITYS reon eﬁg d@@ e| ng gl ossy,: - ;
oW, -arg Nuilshtdga SRRedufIN foh 1 ut |ent (n Cells can grow
- Stabcul bhis@an GrowWolohf atH o r&&ih@éﬂaﬁb Wﬁbdlﬁ%ﬁthe colony being gl@sf%ﬁwaf .
Es.1S Op@demikdnepiednfiCtion of gelatin is obser ved. (e) tmus m medi-y
d ,m 4)(c)MuHénmmg¢Meame;\ and peptoni zation are not observed thrrus

PhyS| qb)ssabomlture ihaiEiat erothagoiatrs(M8Giurg@) Nitrate reduction and . X
-2 i f i cat Gowth(di/eells isrgodd. LGetactidi of peldtie israbslnestli on: positive Denitri fi catl on-.,'
Jegat1 v ele)Lifipusviriik reasium( Medliim) 6) | ndet er mi nabl e because the mediumis an
al-i ne medMiingoaguistion/ard pepionizafiopsaie netolerved, Litmus digsgjeratiop és idejerminable Recqusm of--
l és"( I\/Efbﬁ'ﬂ?ﬁ'“ﬂ) 'smg'&@'m/@e‘{iléo Production of hydrogen sul fide (Medium8):
SI s of starch (Medium9) Positive (g) Ui lization of
'fE‘c'B" iedi um 1 1) Negative in Koser's nedium (Medi-tm’ 10)
e ium (Medium 11) (h) Uilization of ..
°g:£hf §%ﬁ'{'f%3"wrﬁdfgl)egN| trate, ammonium salts, and njtri I e'f‘
ﬁgol oration (Medium 13, Medium 14) Negative (] ) B
)tlve 40 (k) Oxidase (Medium 16) Negatlve (I)

! él&ﬂni'n lo b8tk th6Snddilin iEhPiMalhe’AYaRM. (Medi um 18) Growth -
V-Risr (M@l By ] C, Optimum growth tenperature: 30 - 35[err] G"o

Negefive® Optinmum pH:. 10 (n) Behavior on oxygen 50 - ~Aer: obi-
y -.(d) Production of indole (Medium 7) . :
~ . Negative
N .,_(e) Production of hydrogen sulfide {(Medium 8)
.. Negative :
- (f).Hydrolysis of starch (Medlum 9)
" "Positive

-{g) Utilization of citric acid. (Medium 10, Medium 11) e
N Negative in Koser's medium (Medium 10) and indeterminable in Christensen's medium (Medlum 11)

. (h) Utilization of inorganic nitrogen sources (Medium 12)
86 ‘Nitrate, ammonium salts, and nitrite are all utilized.

- . ..{) Discoloration {(Medium 13, Medium 14)
Negative
- (i) Urease (Medium 15)
" Negative
(k) Oxidase (Medium. 16)
- Negative

-(l) Catalase (Medium 17)

Positive
. (m) Growth range (Medium 18)
45 Growth temperature: 20 - 40°C, _
t Optimum growth temperature: 30 - 35°C
Growth pH range: 7 - 10.5
Optimum pH: 10
- ~ {n) Behavior on oxygen
"~ - B0 Aerobic
' (0) O-F test (Medium 19) ) .
Discoloration is indeterminable because the medium is an alkaline medium. Cells can grow only in -~ . . .

an aerobic condition, ' '
(p) Sugar utilization (Medium 20)

86 {-Arabinose, D-xylose, D-glucose, D-miannose, D-fructose, D-galactose, maltose, sucrose, lactose,
- {rehalose, D-gorbitol, D-mannitol, inositol, glycerol, starch, raffinoss, salicin, D-rlbose. end dextrin are
" utilized.




) O°F test ('VE‘dl um 19) Di scol oration is indeterninabl e because the rredl um_';
..l.s.;an.al kal i ne medi um, Cells can grow only in an aerobic condition. (p)
_ .gar utilization (I\/Edl um 20) 55 EP 0418838 Bbi nose, D xyl ose, D-glucose, "

mannose, - D-fruct ose, Dgalactose mal t ose, sucrose, Iactose trehafl'os_'_e'-;

sorbitol, D manni t0|d [ nchm tol, @Hms tc(g\;nol st ar, | nose sal i cin;
‘bose,  &m@rawtio gimedigi@oniaining sp %%E% dcd:dh
di-um cont ai Gellhepnsgsen lﬂrﬁ‘%%f?%en‘(eaf’f R 7 389;{'” 8?1 orlg @)é%:a?ld gra'ow N

1 the pr ed@héediys °“<!P"?'% d,% m chI ori de, but can not gr ow in the
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uri- bz at! e Sy n | CHIRRS Broth I.ﬁaﬁe of cohedniianeisselid-ayid Geparation
ribose," rra?ﬁyﬁm sy &%%:z%igh a;r.gtfatﬁ&ﬁor %qmas;r'g oblaCd oredn enzymb difuid Although it is
manni tol, &51 bttcPLLse 1) SHGAY dAkymeAIGhd Wids lobisindel @ 19 g ACbeassived as e Hifiedbenzyoe, @8
acid,” acet g a8 lafleraBshrdtR@ by s of Separeiibn triethods, e.ot $aliog ove,tenremmatan-dJ“ﬁF"ff?‘Bgéﬂd 5
SOUT CES 45 | (IS GbialM cAUE Bnziume, pnd sphising: andranystelizing e e P‘!}M’i’“ r'i*&r‘?@%i’ﬁ loge!

Zi nc, cobah{emod‘sodl um potassium and the like, as required, ed tram

i Cro- nut ri t ipopreferablg ameinod tor piodusing dhei alkaling lﬂB‘i“liPﬂEé§ of tis "H@“"& é‘a‘” “ss he
culture medi snakabpipicetigoaginsmdaelonging ta dherasnysHaghiys for pxample. h Ilultm) '
pref er abl y a@biclly shake-@hurgd 1301 @ fontires ( Ifla¥sd?‘1@€‘°f"§"‘§°wi w '9

pr ef er ahdoe bp Weigktiohgolybeptorien0.5% by weight o Y?aﬁttf"“ﬂch w:‘.?: ta?;
conpl et ed iNa2HPOR- 12H3/@ 0.02Mcbvawsight ?‘r{\%ﬂ Tﬁ"ﬁ?aﬁ’? ‘%ma AsEot
act i vity ofrerdved fyeredierguitirn Jiguid P'QS’n° r é@o\'} IQHLJul%ﬁreE gt h
by means 0 fDEAB repliyiesp AS9TPYOR,| T"E¥f‘;{°f’ utifd ehfyme
S T L gm N
y meanss®o ) SDS)SIH Scess, the yield -
centri fugat@@ﬁ?""’af'?'] 1$'étw("c)na ’E Tuéa,js ke to obt a?cggal crudt—g enzyﬁe liquid. -

AI t hough it Fglve pullulanase s approxu




-possi-bl e to 'use the crude enzyne liquid thus obtained as is, they can be
erved. as a purified enzyme, as required after separating by neans of "
fi'on nethods, e.g. saltingpPwia188asdti pitation, ultrafiltration, and
“the like, to obtain a crude enzyne, and purifying and crystal i zi. ng s
de-enzyme by conventional nethods. A prefer abI e rret i ven%noggg [s| t.he
al i ne . patyimologinal Sharactaystics laf & novel /Y Hie; %kaH’B %‘ 's t@ T
" oplisdussed rEngyraatic g@ilﬁtl@rﬂ%?ﬂ‘i’ﬁ?%bs“lgdhecfﬂ@wﬁﬁ ’E? ?'I or exa @
t r=ai NS tocthe w@hdd/aldmeg belgve aer obi cal | y shake-cul tured at 30[err]C for t.h e‘;’e
3)L.iiays nmammnums(:ont ai ni ng 1% by vvel ght of pullulan; 1% 50 by veight.’

pet-ypep 4n€&; 0. Ik 0.1% by wei ght of [err]

5%:by - %Fgﬁt of P '&?'g&?g Ji'%ﬁ\;ny and 0.5% by wei ght .0
od u'-mcaP nte %'ﬁef °r ecuturellqwd and obtalna_
uperiiat apf gé °' hen pur| f| ed by neans of DEAE.cell ul-ose:-
dsor tioff 1 1a cI r| n affl nity chromat ography, DEAE Toyopeal :

uguegneb%fgg Q\Qgc et ography, and Sephacryl (nanuf actured by

1T C-l%uz}‘a'p‘hy_—ﬁ purified enzyme 55 thus obtained gives. a.
s subjected to el ectrophoresis using polyacr yI am

__eﬁﬁ?‘gw‘éﬁgﬁaragtﬁ&on 15% w v ) and el ectrophoresis using sodium

odecyl sul § Rhi of sHafe sdiort WissadpecoEESMI waecmuwetecfplu%ﬁemnpér%d 'P

[ i. [88HfRnYeortSning’ pullulai=findl cbi@NBHEN BItheErpagtion sugare .25 YN S

©ITgaciva at WEC &irlaal inuesp Aftdr Uheareegion, yoREing [Spders Yy g&j&@ “’°' °5"' 7

CUSSGﬂaanEﬂZbHﬂﬁ-dlmtnasﬂth gqucb@Nﬁb?r@eﬁlﬁgs%?Cgﬁﬂ vgq'éy %W r%g%{% |er o
delo ed wal  su k wc f &l

~sol ut.i‘onso b6k ramgamiwreaaﬂéd'iﬁj'i“ retwsm%te ,u
sol Ut poonmolinp -thet mv;:t'g; Waa@té‘g%t%y i H lt (1 U) Wak Bdtindd" OF
i n@l metticnusnitative analyst :g % % pu.i @rundidrie
h’EaSUI’I ?%Pﬁ“]’u"é ?“&!’Ee which g ieducmg su IyC| ne- l\)lgpa l{l‘ad—‘il buffer
pH 11 -Shgndard aSsgy-pon ?5§I buf f er Measurenent of Enzynatl_c activity: (1)
Pl I ui anase ‘ﬁtIVII 0.1 m of enzyne solution was added to.0, 9 m
-0f- —eaéh. CUBHarYase 8N ut| on prepared from each buffer solution cont ;Ihgf; ng.
“pul-l-ul an (final i Wal addda 1169 P AL édcR Bulsysad sxtiordpraBmed fram gac ohe
“mixture. %0?@0@?{%&% ﬁgﬁmé%féﬁ r(f]?lalf Rhconletic inUthee®actitd Bystert AA5% avat} efibie mbdifig
BLE St 56 25 oV 8 MinGtes. ndtitiadadion, raseatry sofars Ware Quastitafively fptermingd-pY.y

' _O! 4s) f Qﬂ%ﬁtho& ﬁi:hl@ﬂidml,ofﬁDﬂSMageﬂwaswtpé&g@ﬁtfemg"'H {08 ‘?Om
‘1.0 o he?n'gaggf waélhdaiedm - Gufodl 5 rireterritodenelep agelor. iitertcaeling thetjgpra wa
M AUL €S hauiddeMEhIC délotseti enter. Afiié salutidrowasculiediaddo cqlariaetic fAyaniitative snaly Ia}ﬁ;% :E')
‘adding 4 idagtiiof 535 neheOnintgtiUNs brzyme Fetivity veas Hefinpdse iR, aaurlof enzymy whi reles -
‘col-or I e ufiobof edadiig suger iaseluaesal Res misutg under A FaNdaK A5T % BB\ one unit (1
U) of #nzyne activity was defined as the anmount of enzynme which rel ease€d 1"
Terr] . of MM@S gl ucose) per minute under the standard assay -
'condi tions. 25 (2) [err]anylase activity 0.1 ml of enzyme sol ution was
:added -t o(D.Adioi of each substrate solution prepared fromeach buffer .
sol-ution containi ng sol ybl & st ar GRRbticb iR pululiiend @Eisly ingahk
syst Q. 2898 “EY ||a H gble s%cflcﬁzos(&&élﬁ%&%% F ghicodeR [te b?o]iucb@ﬁaltd:&rmmartdes
After thém?@giat?"gn atl".%éfw i'ng sugars were quantitatively determned by 30- - =~
means of %Wﬁt(ﬁod Eem fically, 1.0 m of a DNS reagent was added to... ...
1.0 - m - of reaction mixture and the m xture was heated at 100[err] C for 5 =~
mnute§ to develop a color. After cooling, the mxture was diluted by =
addi.ng °4.0 m of deionized water. This sol ution was subj ected to
colorimetric quantitative analysis at a wave |ength of 535 nm One unit (1 -
U)- of "'enzynme activity was defined as the anobunt of enzynme which released 1
[err]nol of reducing sugar (as glucose) per nminute under the standard assay
condi tigpns. 35 Enzynol ogi cal characteristics (1) Action Acts on pullul an
and. sol’'ubl e starch to produce mainly maltotriose from pullulan and mainl y

nel -~ totetraose and mal t opent aose from sol uble starch. Acts also on
glycogen to produce mal t ot et raose and

.5.5.



=.-rfa|'topent aose. (See Fig. 1) 45 50 55 8 EP 0 418 835 Bl (2) Substrate
-;fspec,*l ficity Acts on pullulan, soluble starch, and glycogen. (See Table- 1)+
~Fabl-é 1--Substrate ConcentratEDn418mBi| ve Activity (% Pullulan -

-'5%w/v 100 10 d ycogen (oyster) - 0.5%
j N écogen (rabbit liver) 0.5% w' v 24 i
Any|:opect i Substrate s'°°°'f'°' 5% W v 55 Anyl ose . .'__
WV 28 Mal t 1. x 1Q[err] M. ' 0" B
‘Mal totTi ose Acts on puliulan, so!txblg stffyh.zanﬂ/plycogen (See Tab‘?)“Panos e x 10[err] S
.0 .1 Svrinl t ose 1 x 10[err] My .. ° 4 |somaltotriose @ ...
1 x 10[&rr] M 11 Genti obi ose 1 x 10-2 M PR

(3). Working pH and optirr-pHi-anrge—Fhe—asctivwerpH+arge—on—pyl lulan i's 5 -
#12 .wi-th an optimum pH rang§M§’@Mg 8. | Concapuration, | | RelaliveoAstiviti %) ities-at . .
syaritous - pH were neasur pghuidst Ng each [ egsdol g system ggnsi stipg of 0: 25%w/v;"-\
-of. pul.l gl an .and a buff gyesyeh ihde) Of | 1os@hracelate (ps 4-5), [ phosphate (pH :
6-8), -gl'yci ne-Nadl - yEddbh Pabbil Re) | 684 wkCl - NaOH (p#d 11-12]. Each- .
reaction was carried puinyiggectl0 C for| 30swiwaut eg. The sesul ts are shown in
Fig. 2(a). The active| phylsssnge on so] ubb®ewst ar¢h is 4282 with an optinum pH
_'_range being 7- 9.5. Maljdsase activifiest@EMwali ous pH were ll:easured usi ng L
each-redction system ciekotioss ng of Of 26899FM  ¢f sol ul e stafjch and a :
sbuf fier sol ution of 10| Patcscet ate (pH 41BJ0°W i §-mal at D (pH 648), - rowie
~gkyci ne- Nad - NaCH ( pH Homgtosy  and IlNan-l pH 11-12)% Each reaction: was-
‘carried out at 50 C fllsongiolesgut es. [ThEx1¥EM t§ are shown in|Fig. 2(b) (_4)
‘PH stability Is stablkSPHoRos8H r angel of "60% agai nst® pul | ullan.
Pul Lyl aflase activities at various pH were rreasured usi ng each reaction
‘Systém consisting of 0.25%w v of pullulan and a buffer solution of 10 n1VI
‘acet at e ( [p#l Worliig, pHodnd sptinaumepH ige6- 8) , gl yci ne- NaCl - NaOH (pH 9- 40 10 '5),
and "KCl'- NaOH (pH 11-12). Each reaction was carried out at 40*C for '
mi nut es, 25 TheTheasiyepy range or prlivien IS A - 12 with ap(optimun gH ngaeing 8§ -40.pH r.an e of
4212 agai nst Puldpnaps ectidies et yarioys oH Were pgasyadusing topef reactian safteroamsm &P
‘easur.ed (P8 pyiiglananda hulfersiviing m r?P?,"t‘i?uQHs‘ﬁ) ogphate) (PR alyciieNgEliNaQH (pH 9"'
-sol-ubl e st1 rsl: ‘%ﬁﬁ' '\%foﬂdf"l’ Ai-1QoFash iresRtiogrves GHaS Ut 8t 19 Cdei TB‘#P%T@?) rosults a’f’ .

trlsmalat

11-12). soEach aﬁ%ﬂ;@f‘ %ﬁﬁ% és:fi%:sﬁH 9931,,% :- a,gﬁmg% ;?'}B%f 4(5 gy l,,;\,s

;ar.e. shon ctfo Hid, 76 ShacuNBe0
‘Act's on ptt 31@& G ;mﬁt@ haraacmn B ht o€ éeraa irfdbs. e sl T O
65[.err] C mterrpera ure being 50[err ]C. The results are shown.
4-n_Fi gs. 4( a) and (b() (6) Thermal stability 55 The tenperature at-

_Wm

ht ¥e @pHysEBiilyoses its activity was exam ned by subjecting the enzyrre :
torheat-treatnment at various tenperatures for 30 mnutes at pH 9.5. '
‘Resul ti ngl Y, Iststable @nezyHangscs 630.6 Bjasijpildian. 45[ err] C. The results are shown in- 7%
FI gs 5(a) aPwlulariabg acti@ties at various pH were measured using each reaction system consisting of 0.26% wiv . - - =
: of pullutan and a buffer solution of 10 mM acetate (pH 4-5), phosphate (pH 6-8), glycine-NaCl-NaOH (pH 9
10.5), and KCI-NaOH (pH 11-12). Each reaction was carried out at 40°C for 10 minutes. The results .are
shown in Fig. 3(a).
Is stable in a pH range of 4-12 against soluble starch. T
a-amylase activities at various pH were measured using sach reaction system consisting of 0 25% by
weight of soluble starch and a buffer solution of 10 mM acetic acid (pH 4-5), trismalate (pH 6-8), glycine- -
"~ NaCl-NaOH {pH 9-10.5), and KCI-NaOH (pH 11-12). Each reaction was carried out at 50 * C for 15 minutes.
The results are shown in Fig. 3(b).

(5) Working temperature and optimum temperature

S® Acts on pullulan and soluble starch at wide temperatures ranging from 10 to 65°C with an optumum

temperature being 50 ° C. The results are shown in Figs. 4(a) and 4(b).

{6) Thermal stability

The temperature at which the enzyme loses its activity was examined by subjecting the enzyme to -
heat-treatment at various temperatures for 30 minutes at pH 9.5. Resultingly, the enzyme was stable up to
45°C. The results are shown in Figs. 5(a) and 5(b).




"'.EP.Q 418 835 Bl 7) Mol ecul ar wei ght About 200,000 5,000, when neasured by
vRpans-ofi SBS- pol yacryl ani de gel el ectrophoresis(gel concentration: 7.5%.-

). . (8) Effects of netal ions HERQ&I8&AIERY activity is adversely affect ed
--ERR] ions and a-anylase activity is adversely affected by [Err]rons" :

results. 10 Table 2 Conpound Concentratron
ual Frg@w?%’a”ﬁig [err]

L uk-anas g AGbhYddaY. i)}t]@r Whof Rbhdlng bl/;e,tta}rt trsappgrl%@wram@“ olectrophoresis <gen

concentratron 7. 5?6

0,
'y
| 'e”](s) Effcts of mefal .onl mM 53 53 [e”]
80 38 {err] 1 nv o
Pullulanase_activity s ddversely affocted by | k2 Nghd RE Bhs ErQTﬁamylarﬁs\e/l activity is 10

adversely affectéd by Hg?+, Mn2*, Pb2+, Cdi“?arﬁ&a *onk:Thle 2 shows the results. 10
18 (91)* The val ue in parenthesis is a residual actrvr._ty.__

ions was again added. As shame2in Table 2,the netal ions which’
-ersely affect the pul | ul anase activity or the [err] anyl ase activity. of :

«al ine pul | ul BNgg qtng- %grﬁmon NVent I Ofp kG Tk nt each ot herl. (9)'

ects. of detergent . 05% sol ution | B
ky! Benzene sulfonate (LAS) . _sodi um jpSvipsrgse Piyite hex-amylssp Astivitk bt e (ES),
sodi unjgperr] - $ul fonaygd f at

dium][err]-olpf |N@aa@{;énoncte (ACS), ty acid, ..
_(a-SFE), podionr=a Ky sul fonat g (SAS), sodi ufn dodecyl sulfate (SDS)

: ap_s"'and softam,l_ﬁéﬁiect ed at Aﬂ[ . r]r(‘ for 15 minutes to. . con |rm no '. '

:’.adver§‘e effects omMgShzymat ijc adtmMitiles. (168 Effe¢ts of chgel ating agents

: eLg,tr_ng agents Mrék as EDTA (1m mc\f EGTAI (1 0 gi ve2tho aEver se

arfSe acti ity 1mdt heavil ySdffect$ a-anyl¥e agtivity: The'
myl:ase activ| t\Cd@hi ch hds bdeMadviersel y8affected by a 3 ¢ heI at | ng- :
jent--can -be rept A€W by addi nd M™rr]{ ions & showp in Tab¥e 2.
‘Resi.st ance q;p@m{geg&fe In the presence of an alkal i ne pr ot eaase, _ f_or -

xanple, - Maxat af b 1 UVUT, e K(—f1 anmount.. of:
t_J/I ‘the afti |es re ur ed, nflrmthat enzrrre of- thi_s
nvent i on exh| bited gtinnﬂ resi-st-anc Ln any-—pr ol-e ear from-

‘above- ment i oheﬂweeﬂnggrmargle@eis abeidualacity sl!en@@"z iank wasedgRinedded. pul | ul anas
of .4#hi s invention is an enzyne having physiologically and chemcally " :

. QB ARGk Taid RCHe MoRMoRPMHGINRER atidkt! thélb@ﬁlérﬁé‘esadﬂﬁté'&%e a-amylase "

| = amduagor akdine/pulidlanase b e @Riserk Mvarkic drd NiidrdhBoddR¥Rbl y Of the enzyne of.__.
resent invention, conparison data on physiological and chemcal . -

?-ite)EﬁdctsS;fddtergdhe al kal i ne pul lul anase Y of the present inventi on and

At onal pul I ul anases having [err]-anylase activity are shown in- Tabi e

0: . [Bie5% sbhBor8FR Bitfactdnd sfiobras]linear alkylbenzene sulfonate (LAS), sodium polyoxyethylens -

o alkyl sulfate: (ES); 'sodiufh k-olefir sulfonate (AOH) sqdrum~«-a{|fmate]:l fatty acid ester {(a~-SFE), sodium.

. alkyl sulfonate (SAS), sodrum dodecyl sulfate (SDS), soaps and softanol was tested at 40 °C for 15 minutes

;..o confirm no adverse effects on enzymatic activities.

f(10). Effects of chelating agents

o Chelating agents such as EDTA (10 mM), EGTA (10 mM) give no adverse effect on pullulanase activity,
“ " "but heavily affects a-amylase activity. The a-amylase activity which has been adversely affected by a
chelating agent can be restored by adding Ca*? ions as shown in Table 2.

... . ..{11) Resistance to protease

. In the presence of an alkaline proteass, for example, Maxatase (IBIS), Sabinase (Novo), or the like in an’

amount of 0.2 AU/, the activities were measured, to confirm that the enzyme of this invention exhibited
“sfrong resistance to any proteases. )
_ ..As is clear from the above-mentioned enzymological characteristics, the alkaline pullulanase Y of this
.. _invention is an enzyme having physiologically and chemically different characteristics from conventional
-~ pullulanases having a-amylase activity. '

In order to clarify the novelty of the enzyme of the present invention, comparison data on physiological

. and chemical - characteristics of the alkaline pullulanase Y of the present invention and conventional
... puliylanases having a-amylase- activity are shown in Table 3.
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‘stiang-wesi stande tp gl PytRal | det er gent EP 0 418 B355B1 conpgn l‘g
.such as surfactgnts ﬁ:ge:i t @ng agent Sy propeases forocﬂater.gents gna:
ike—Accordi nglly, | Aeldizyae of it he presedt |n&ent| rﬁcaﬁ advant dg@diist
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thus. an out standi ng ﬁﬁl It din isdusteial fields 3, f@at ur@s cf__gt;ﬁt'."_:_._
nyentlﬁn wll Heco = r in the course of the fag®l ow ng_des_gr_s%{.m_“.‘
of the 5 exenpllary engo ijrents which are given for i ITustration df=the -
i'nvention and arle not intended to be limting thereof. EXAMPLES 1d aI_:,;arrpl e -
A{'spoonful of [soil (about 0.5 g) of Tochigi-shi, Tochigi-ken, Jgpdr§was
Susphepdgd in stgrilized saline and the m xfure fas heat-treat ed at| 8 err] . .=
for 15 mnutes. JA supernatjant of tfe heat - wrBat ed mxturegvvas gpprog’r ately - -
dikuted, appli ed onto an ifolati ng»agarﬁ‘rre |5|m§ di ym A)-E andaculit gred at™.
30 C for 3 days ' u o u-?c B 832 '& o @ 3'5
o E S0 %% g. FE 0P OB% B L
o 8§ B8 B¢ 53 S¢ uw TE BX |58
P oed 13 ¢f ¢33 =y 25):
PR
- 4 i o 08 O
o 5 &3 By B &1 ¥ d%° g%
80 = S& o8 & &8 2 48 & o

As is apparent from physicochemical and enzymological characteristics in Table 3, the alkaline
.. pullulanase Y of the present invention is clearly different from a pullulanase-amylase complex produced by
" 86 bacillus subtilis TU and an amylase having pullulanase activity produced by Bacillus circulans F-2.
_ Alkaline pullulanase Y of the present invention possesses a-amylase activity, and has an optimum pHat.
. - higher- alkaline range than conventional alkaline pullulanases and exhibits excellent stability. in a. wide pH- :
 range. Further, alkaline pullulanase of the present invention has strong resistance to almost all detergent




-15 to grow coI oni es. The.col onies which fornmed transparent zones in thei'r'. :

¥per|pher|es due to pullulan dissolution were collected to obtain strains =:
‘whi.ch. produce pul | ul anase havi ng P 418-83§\Btase acti.vity. These strains.. wer.e
“inocul ated into the liquid medium B and shake- cul tured at 30[err]C for 3
"days After cultrvatron the u tured broth was centri fgged to separate a

s uper-nat &t p°" é“%‘ h ?sa{r“%'edetﬁ@f’"t?n et t he
._-__s.uper nat an enzym e pre ntr o hes éif q lr m mdu 7]
s f th ventro b% rflﬁry J;

.-p.ul ul an&? s : ggz&hé F_ERM.Z.
pul I ul%anem ﬁ Vi ng err -a ag{iéa‘lse a’é't;’r Vi ty‘ﬁ\}\%s'mtgﬂusgo tar ne %o V\f Snm%%
~Medi-um A PuI | ul an 0.5 Sol ubl e"starch.
0-5-Col oggswdRel! ul an 0.2 Pol ypepti de 0.2 Yeast extract - 0.-1 [-er r]
0.03 [erTT 0.1 [err] - 0.02 [err] _ 002[err]
-0:..001 185Example, 1 [err]

:0..0001. Agar 1.5 [err] 0.5 . pH: 10. 0 % -

, (W/ V) Medl unspBonful BUdil (akant 0.5 g) of Tothidi-shi,STochigi-ken, Japan was suspended in sterilized sali'h:e' o
-Sol ubl e sdathe mixturdwis erttseted @t 80°C for (5 Mintes 9t supertatant of the he@t-ttealdM@®4o was.
‘0..03 [ er'pdpropriately diluted, Zppliiedpto an isolating agar medium (Medium A), and cultured at 30°C for 3 day$ er r ]
0. 02 ['®r lo] grow colonies. The (colgpies whie formed transparer@ zg(rp_g i épqn] peripheries duepgppullulan ] =~ -
0.5 [err ss°‘“ I—Y’°’&G°'G°t1d2 to o 4_“P hazmqrq@nyrafea?qqgtv ?'hese KR

Eaglnlyl ;: ggr “f \Wé? ge"f”,itgsgf ﬁe%?t ﬁa l’fﬁ@n% muce Fn“gmy Eg P he
‘

SU em wer

sane y :
R b i i fg’%’éﬁ% e o SN ot o

“obtain the pr paratron or cru anase enzyrre The crude enzyme-was .

sprocessed according to a c ..ve.ni ofrat—Aethot—t re ethanol -dried:
‘powder. As a result, the kaline pullul anase Y%WS [err] anylase
‘activizky was obt ai ned and C aadiirh kel Pamiias hown i fn gBabl g 4 Enzyrratrc aCt
‘was~measured at pH 9. 10 'Habl e 4 Sfrsalusle starch | Asount] of enzyme per”
“Enzymatic activity (U/g) Il of nedi hitobgy PRwlah Ul #Rase [err]-anyl ase
SM APl 378 0. PRlyEpade ur 022, 416 T
: - _ Yeast extract 0.1 _
KHz2PO, 0.03
{NH3)2S0, 01
MgS0, «7H,0 0.02 R
CaClz+2H20 0.02 : oo
FoS0s+7H20 0.001 s
MnCl2«4H,0 0.0001
Agar 15
Na:COz 05
pH: 10.0
% (wiv)
.Medium B | Puliulan 05
Soluble starch | 0.5
Tryptone 0.2
Yeast extract 0.1
KH2PO, 0.03
(NH1)280, 0.1

MgS0, «7H20 0.02
CaCly «2H:0 0.02
FeS0; +7H20 0.001
MnClz «4H20 0.0001
Na2COs 05

pH: 10.0
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_-Exarrpl e 3 Bacillus sp.. KSM AP1378 capabl e of producing al kal i ne
..|’_U| anase having a- arryl ase activity was inoculated into a medium, V\/ﬂl ch '

hake cultured at 30 [err] Cfor 2 - 3 days. Pullul anase actlwty of
upernataﬁa@mm?er centrlfugatlon vvas neasured to be 211 U per.one It

éf ﬁgﬁ%fum oy .ks.b.E Sl maa,r'e

_mlo

FohSE3 i ExampR 1, and- -
;Ee?imlln% Jn oll feffi JeH bQSlﬁeans%ft &htnﬂa@aﬂﬁﬁ\/ko._;
LGSR bhzrhe i BrdéSRsedaicording ©h,

l-dﬁéanéd%&' R aleddit Mhe @M p@llamtisb reheviide-

o dsShéwalin béHIJ £ fEnzy'EhﬁdWactlildp avae magsmed o

-c c extr| n aff| n|ty columm equilibrated with 10 n1VITr| S- HCI
uf_f._,,er nd el ut ed vmth 10 mM Tris-HO buffer (pH 8) containing L
rr] - cycl odextrin to collect active fratid ons. After dial y2| ng, .the act i ve-,,-;
factions were adsorbed to DEAE Toyopeal 650S equilibrated with 10 M '

is-HC buffer (PH g e &gwqg .]r,.ppg 2fhade by Wgr! Yted with 10__.:_,__'

s-HO buffer ni ngl's fde having a concentjrati en -of :
. 1-1Ms$ 0 coll ect aftive frac |ons ter detyzrngTthe—acti e fractlons
re-filled into a §0 sephactyl S-200 col upf “1‘ iﬂag r SR 4h 10 mivi
i-s-HO  buf fer (pH Mmﬁﬁl pi ng 0.0 M sod| umeetd or i de 2am@l _el|ut ed with the'*i-
ane buffer contai nFrg—8—tMSodrumrchtorideTo colTect active fractions. .’
he-active fractions were concentrated on an ultrafiltration menbrane’ and-"""
"’Xla%’Zéd over m:glht against 10 mM Tris-HClI buffer (pH 8) to obtain the ===
Kat ine” nase Y having [err]-anylase activity. The pullulanase: Y

Fraying-a- | 9%5 e aq{é /e ,@gppmmg%ﬁgt@mg&ea{aaﬁg b-amiiasecatitty ve Ny -

o-l’.jyacr yl am mrr? ngfﬁ 1R S4H: cofhBositid® %8 Wb Viguid@edninel Brig) Ekemplehtexvethod .
mal Phbtoad of pdiiuiart Bt so(ubid Grhich andashelkesduthirevcal 304 G for 2 -3

: Q”’HSS' e ﬁ, &f% SfdatehiatioN@ntrifubatig wes Memirad)tocbelRimd) Kes cee !Ftpgof '

: ---~--Exanplﬂ%c‘§u @gmﬁl kal i ne pul lul anase Y having [err]anyl ase acti Vi ty

ned.i.n Exanple 4 was subjected to sodi um dodecyl sulfate (SDS)-

phcg‘xgﬁm&accor ding to a conventional method to confi rmthat the

pyad a - mol ecul ar wei ght of 200,000[err]5,000. (See i
ously, nuespesatanc fhe cadé eTryme At 'F@ﬁ”éﬂ'f’s 8?3 3dfed - ‘%Fﬁz)éﬁ 1
possi juttuldnaselin gmsumfnatamtewaammetqhe%wp gthel 0_6
t-oodpi Bwastues tg waghdhegpsin. the oazype m&é o}

bu er .

cti-ced Mtsediumichleriden Jhe glvate yeg |q"1‘VE -e ted 1, @EM
s - §50r adsareedste rcysigdagrincelinity &?!'E’P'h “ i eng oo Lact
lal ine plistHd QP@SépH(B &Wt 'FY ° cclalbe % 'ﬁ HRPBHRE §R6A)L MR
-on b W@g‘? ﬁrﬁh id e%aﬁlmﬁléﬁﬁuﬁn hloriab Inbvitlgaan
ea?dé ﬂﬁ‘lfé‘%’ct HnQa Singl {18 Mciive| fabllond) ware dilléinta | &/
%pn’g‘ﬂ fl Lﬂi%@d rP{B rﬁﬂ 1%1 (<] &r(sih 8) @hEiniAg 03 Mb&RINOchloride

i M b PR RInAL @.1"W | sbaNie Bhicras @6 cdiect active (fldjtioBulbe pdlivee .
2 5 C t¥ %Qrbopdé 45, an UfafiliAdtion Mbmbrade, ana AlygHdyovergight agdi®} W\KDM(T"HQ‘%H g
jand opt| mJﬂ]ﬁD ohi2H) G ot th Mkikaifb ipuikiiapdde I'Yalmgieg Grampladel actiity. T pBllulanase Vg &n . - . .
Bptimim pHhaRe Gckiy BBaifedwas sibjectan® dimBophoresie tsingepghierrylamige oer{od) GP'M’B‘I“@‘“"
starch 'Qf 45 whi asidoidingac thehétmdaf Pevis BangeN.DeiATEd. AcL, 131,5104,1(8964)1, anyl siiged with
stabi | ity - Coonfabadbrifiaht B tp bbrfimmihe ltcufave@slr@@aefb(ﬁ?erféq 8bul lulan and in a pH -
e of -4- 12 agai nst soluble starch (treating condition: 45[err] C, 10 .
Ut es): -Exgmplec ki ng tenperature and optimum terrperat ure Acts on pullul an” -
and’ soI ubl e starch at wi de tenperatures rangin E}(a]ﬁ\%letpw Jugleétl&’\fotsgdu?rﬁ' L

26 M Thenalkal la Yehay #EMYR (PREYINE ? _
20" -~ ggc}ecﬁulfagetsmgg empl?grgsleg accord\él{n;@ 0 a conve ona od to confirm that the enzyme had a. N

“molecular weight of 200,000 ¢ 5,000. (See Fig. 7)
Obviously, numerous modifications and variations of the present invention are possible in light of the

... above teachings. it is therefore to be understood that the scope of the appended claims, the mventlon may. .
55 be practiced otherwise than as specifically described herein.
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"-'(6) Therrnal stability Is stable up to 45[err]C when treated im a 10 mv
_gl:yci.ne- Nadl - NaOH buf f er (pH 9.5) for 30 mnutes; (7) Ml m“ﬂ“\
-About” 200, 000 5,000, when nmeasuEPd 418 83681s of el ectrophﬁ‘“ m\m

‘sodi'um dodecyl sulfate (SDS); (8) Effects of netal ions P anaset °

ractivity |s adversely affected by [err]lons and [err]-anylase activity .i:
Cadver sel ¢asf ect ed by | rr! lons. 2 m croorqanl sm produci ng an al kal i

~pul Lul.an §‘§'%f€'c"8?6?“ﬁ§f'“9 ’%‘Wf‘a%lqghnﬁl':@rﬁﬁ b8 smis named "Bacilius®

. KSM- P d t.ed FERM P- 108 th Fer t, R

hap ot %ﬁ gl SRR, ¢ il -amyags, e Z“Wﬁ%?r**%?gfao'g‘wx'wg?'&x'ﬁ@%?%br
t M

?'-_'produ ] ng zgfl ne pul | ul anase accordi ng to dai m 1 corrprl sing:’

“cul turing a CA anQ@%Egg?araﬂas'sa hqg ?Jd mfa P 'aaa)ma.my'
“a- anyl ase ac roduce

~deposi t.ed as ir‘]! errrent atlon ﬁéesearc nstl te Agency. .of-
‘kndustyi-al S@ SibsFaddd nol ogy; and collecting the alkaline pullulanase-
2Y.::havi. ng [err p@{g}bhaﬁ@ |L|Mé tiretl, @Q{g@ch&ncul tured nedium 40 daimfar.the.
fol | owi ng Cop) wérkikg @ga@t@ﬁ@,m Fitrahge A process for producing an alkaline
pullul'anase Y hayiamgctite pHMshgese pailildn\of & Y 12vkithcdn oplrauresis Rfigd tbing 8! -1 10ydna Gas -
“enzynol ogi cabn ther pCrhegsios tsolakls statéh of 4 - 12 wilfilgn aptirbunopH Aogesbetng 7p@ISt ul an and:
sol-ubh& st ar et staliitoduce mainly maltotriose from pullulan and mainty
“fral t ot et raose anstabiaint ®pi mange 9b6-10-9 against pifvien anddp @pH rarae A1 aghingd SQJIFP'G :
glycogen to prrehifredingsondifere ¢4 Lodkmigwesinel t opent aose; (2) Substrate. . ... ...
‘speci ficity @yworking temperaturg apdsopurp iamPEkEd®,  sol ubl e starch, and cogen;
;.(.3)- Wor ki ng HA&ﬁcP "'r"?ﬁ,u?ﬁd luplg aeeh, gt widgftemparatyres FngindLfiRyR 18/ S%‘?Imﬂaﬂ‘ of. _5~.-
‘1R Mth an® P9yad vy 8. 5 - 10 and has. an active pH range :

“on' sol ubl e s 'PH“ h | el 4)
<tability 55 'ssweup*?s 75 Wb ofocR o TP BB AR Bk ool 1

minutes;
and in a pH 3 2 agai nst sol ubI e starch (treating cond| tion.:. .
A5lerg ¢, 10 %ﬂgﬁcﬁw ig

P f Acf s
-on. pullul an g,mgte gﬁs)t I e S%sgﬂ)rﬁﬁgrp%&%gﬁﬁgﬁﬁp%?ﬁﬁ%g&?gﬁg%’%&fﬁ%ﬁ&%&dﬁ? 5°C...

‘With an 14 (g) Etfects of ketalénsS * optinmum tenperature being around S0[err] C
-(:6)" Ther mal st aillidnkss activity is adversely affected by Hg®, K2, tin€ PbRP l&:@&ﬂ-ﬁﬁ%&dﬁh@%
A:reated.in. aadverseigicied by HgNaiR, REROHznbrddde0d®(igisl 9. 5) for 30 ni nut es;=.5
(7). Msbecul ar wei ght About 200,000 [err] 5,000, when neasured by neans. o
“et.ect r opBore sicsorgsiisny pedddingnand ko bullglenabe peco(dBPS) ;CleiB )1, Whitk oticoordanisre tis) :
.i'ons; Pul | ulnameds EBasities o tKBM-AP18TR] cand elepositeid asc FRRM By10886r with Feomentatiord Ressaroly | ase "
“activity i dnstigte, Agsayesf bdisiriakficlones asd Tespnglegyr | i ons, sai d process being::
.-_-char acterized by culturing a m croorgam sm produc| ng an alkaline = -
~put | ul-"%mﬁse“ﬂ"f '%E°‘%E %é“‘%l(‘ﬁt '?‘W‘ so appArding tp §'awah§a“pre'a%| | 1 us sp

AT
378" ‘and d a'l'—*@ p ?SEWW"HVS "1"!°t]t'%
}.;!\(;;]enc;’j/1 nof e ch? 15 % :gp eg‘”'f 'gé'a @‘?
m&i | dt nasgn aving
ne pu

Scl n
iculturlng
"-_coI | ng °iaf!|“é' . lfran'gse"'\{ haV| ng a ar nyI ase

CIaIm for the followlng Contracting State : ES

1. A process for producing an alkaline pullulanase Y having «-amiylase activity which possesses the
following snzymological characteristics:
% (1) Action .
Acts on pullulan and soluble starch to produce mainly maltotriose from pullulan and mainly - - .
‘maltotetraose and mailtopentacse from soluble starch, and acts also on glycogen to: produce
.- maltotetraose and maltopentaose;
_ {2) Substrate specificity
50 Acts on pullulan, soluble starch, and glycogen;
C (3) Working pH and optimum pH range
Has an active pH range on pullulan of 5 - 12 with an optimum pH range being 8.5 - 10, and has.
an active pH range on soluble starch of 4 - 12 with an optimum pH range being 7 - 8.5; o
PR : {4) pH stability
88 ' Is stable in a pH range of 6-10.5 against pullulan and in a pH range of 4-12 against soluble
- starch ({reating condition: 45 °C, 10 minutes);
(5) Working temperature and optimum temperature :
Acts on pullulan and ‘soluble starch at wide temperatures ranging from 10 to 65°C with an '
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:.- acti vi ty fromt he cul tured nmedi um Patent anspru Ic-h%———-——-——-—“"‘—"
. Patent anspr Uche fUr fol gende Vertragsstaaten: DE, DK FR ﬁ!ﬁm‘

:.Al'kal | sche Pullulanase Y mit a-FPPUa8835RIivtlit, die ‘mmmﬂ“l
;-enzyrml ogl echen El gensdhaften - aufweistr (1) erung Wi

‘und- 1osli che St| rke zur eugun n_haupt sdchlich Mal totTnose aus. ...
“Pull.ol an und g‘.{% ( Izl?a'RgF'f"g'f’é'gr%ose und Mal t opent aose aus .I5li: cher
Stfrke und wir

' t

d’pe n?sagsvéhen q??te%u"n t@%’h ZorfiFg "NE{)'% %P%J Qé}'}’%p for 30

___,I\/al t otetraose W s

;::,_Pul Ia IosI(I,) cﬁt@ ﬁhund G ykogen; (3) Arbelts- pHI und opt| mal er. .
ph-Berel Fen hat o 24! Ain AR InGER & BgbRbReld (AR oBfth aoéeay.
_einem opt i £@D H— Bererclv.."; _

b __I gl ch | osl () EBs i @ngi Nen akt i ven pH Ber ei ch von 4 b| S 12 o
"bei ei nem Opt I rquemnaBIrIa&afyas Scer¥dhNaftbetbd By 19526 Mné+4 dndrHe+Sbrlaind il lhsolaihity &1
ipH--Ber eioCh v OradferddiySattddeddbydRGE MRE PLAPLERQ laRd Pt ks, |saitl pbcésd being) CiardetcriRab@i Ch
.von 4 bis ; culturind 3 reiegergadzay produding Gh aikalth i puliutanasb aalihg «-amylase activity, which. is ~ -~ *
‘(‘Behandl ungsbedmad) Bapéias spl 3XSE-A1BTB"NMnd Ldepasiigd as FERM P-10886 with Fermentatioh HebeachS
~(-5) Arbei t st eripstitute; Ageneynef Ingipstiiah B¢lencd anvytachology; wiaoiding s fonvantidnal| culturinghethods. - - =:.
Adsli che Sti r keeropipalg shauemperpie of 840" Ehamenipeing ther dielinginywagase Yrhaviag *IsrP'QYIaSSS H
Gt ePner opeiMafremtheenyedMedkmum 500 C herum (6) Thernische Stabilitat
st bel Begfafggl un I;n ei nem 10 mM @ yci n- NaCl - NaOH+ Puf fer (pH 9, 5) bi's zu
T45:C 30 MF I wi cht * ' '
“etwa 200. (I’GI?""QSQIB‘EI“* %’e’ﬁ@gg‘genvﬁﬁ’?qsgﬁagfeﬁr é%(t%bﬁﬁe@{e nt er Verwendung von

t~'I"I u ogec I e

i n;g dl mﬁcﬁy F’fu?liangs??)lsﬂéte‘xl(-ﬁ%xlﬁgﬁt&v&% JI]?J F%ﬁ‘”&%ﬂ% etjlz § ischén dEI%I _paffeonen :

ndl- a Arryl ase-() ﬁd" tat wird beei ntr~cht|gt dur ch HgZ+- IVh2+- Pb2+- = e- it
+-und Cd2+-| QiRe Buf ParulYlukd Ib@lfcﬂ@ﬁéﬁ&mé@ Ergegunebmaaaté@ewcﬁ R Idalpamﬁe

enab: Anspruchnd mipeidalich MBBtaos e Mapbhtasas Gs IBMichBL StzRleSundBaifd fabishS a@p

SVEAPIR78"  begiplogahnat Erkeaghngiven MkBlracss ddlodbaeesel-er TeNt at 1 on 50

ear.ch | nsti@usubstragpemtiit of | ndustrial Science and Technol ogy hi nterl eg .

:3.. Ver f ahr enira ausfiPhiota ! I8ditterstiieruna Giyadgesschen  Pul | ul anase gem B Anspru_c:h

_um‘.assend dayArtite-bti end aptimae phtBerelbbr gani smus, der sine al kal i sche |

: 'u.Ifanase er. zebayigegediiher Bulldlary binencohliven phiBerdeich yaai Siis 12 enit oinbry opﬂmaléhwrﬂereicns

g/on B& bisi 191une hat bazliglich 3sikchp\Stiirke gamcakiiven pii-Bensicle vanatt his IR, Regmemch :

_optimalengpdi-Bereich vag g 8i€W.50f | ndustrial Sci ence and Technol-ogy -

érl egt ist@® HJM nnen der aI kaI | schen JPullul anase Y. die
myl ase Akt , V, tsLim |ch qlan, stapil gnd in einem pH-Berevc_h yon_ 4 bis .

'-..._. ~~~~~~ ] ﬁ:‘%ﬂ ég lfe ﬁtqb qqraf l_quFfbedm@mgerLﬁ C. 10 Mgmteq) L
en;[\/:.??grhlrjgh 5); §T% nd mﬂ? @Inerhaglh?neslyemn Temﬁg aturbqe:che{s von 10 bls. | '

rryfl ase Akt I(g)l }- p enden. enzyrml ogi schen Ei genschaften

(& 2 2610UNG depy %agf)'%ag%{c"rém " %JW%&'?A&%@;&%&%JM P gands & b%%%m;dé

t sdchlich (bophamm%gmaﬁ;e und Mal t opent aose aus | 6sli cher Stdrke und
Kt aUCh an - Gwy Imumn +251000, lpemeuse igoly BIBkiyBrotesé attéra/a&endaﬁgivdwaw@mb@use

*> & *. - * (@OWirknhgek voreMétalinbd ol an, |dsliche Starke und @ ykogen; C
. 48 : Puliulanase-Aktivitdt wird beeintriichtigt durch Hg?*-, Mn?*- und Pb?*-lonen und a-AmyIase-.__ L
~ Aktivitéit wird besintréichtigt durch Hg2*-, Mn*-, Pb?*-, Zn?*- und Cd?*-lonen.

2. Mikroorganismus, der eine alkalische Pullulanase gem&B Anspruch 1 erzeugt, wobei dieser Mikroorga-
e nismus als "Bacillus sp. KSM-AP1378" bezeichnet und als FERM P-10886 beim Fermentation
- b0 _Ressarch Institute, Agency of Industrial Science and Technology hinterlegt ist.

- 8. Verfahren zum Herstellen der alkalischen Pullulanase gemiB Anspruch 1, umfassend das Zlichten
" eines Mikroorganismus, der eine alkalische Pullulanase erzeugt, die a-Amylase-Akiivitit zeigt, det als """
o "Bacilius sp. KSM-AP1378" bezsichnet und als FEBM P-10886 beim Fermentation Research institute; . - .-
.85 - Agency of Industrial Science and Technology hinterlegt ist, und Gewinnen der alkalischen Pullulanase -
Y, die a-Amylase-Aktivitdt zeigt, aus dem Kulturmedium.
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: 'Ar-bel ts-pH und optimal.er pH Berei ch hat gegen~ber Pullol an ei nen ...
ven pH-Bereich von 5 bis 12, nit einem optimal en pH Beréeich - - - von
bi.s 10 und hat bezlglich | | SIEPo018 @6Bde eonen aktiven l‘
12-,1' bei enem: e : . . . optimalen pHBereich von 7 blﬂmm“ﬂ“‘r“mm
gH— Stabiltita:' I m pH-Bereich von 6 bis 10,5 gegenober ®

.._ol an %t?'&mslp“{?ﬂdurfﬂ'gé?q?érﬁeﬁﬁ’ﬁf?’érﬁﬁ von 4 b| s 12 gegenfber |-dslichers St

ot o b ‘f@%}? s uﬁgﬁé}zd' A 'Q‘%E i Bnegs ¥ s AR o, e fP'awP'.bh;.f....

i nner ératurberel ches von 10 bis.20 65 C

szazadfﬁn@mg%a% S, e ey %&9““%%

M-nut en - giykogen zur Erzeugung von N t raoseluf r geWI c etwa
000t 5. gubsg@@m mttels El ekt rophor ese unter Verwendung von
6'rd0deCy| -wirkt auf Pullofan, I3sliche Stdrke und Glykogen; - sulfat ((D))- ( 8) "
Kifngen v o) MbbigkdH maemna& bueBagiaise- Aktivitat wird beei ntrachti gt durcfh
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o (2) spécificité du substrat
agit sur le pullulane, 'amidon soluble et le glycogéne ;
{3) pH de travail et intervalle optimal de pH
o il présente un intervalle de pH & aciivité sur le-puliulane de 5 & 12, avec un intervalle optimal de
- B0 pH de 8,5 & 10, ot un intervalle dé pH 2 activité sur I'amidon soluble de 4 & 12 avec un intervalle
optimal de pHde 723 9,5 ;
(4) stabilits au pH C
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65 (6) température de fravail et température optimale '
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