O_ 415 397 Bl Descri pt|on BACKGROUND OF THE I NVENTION 5 Field of the . - o
4-Ayention: This invéntion relates to a novel alkaline pullulanase, a- . - . '
w.crioor gani sm producing the al kal Eme 495897 BUl anase, and a process for. .o
produci ng the al kaline pul | ul anase. 10 Description of the Background Art:
Pul | ul anase is an enzyme which. hydrolyzes only a-1,6-glycosidic Irnkage of =
pul | ul an DoseriPtPR o) | y produces maltotriose. Pullulanase was first discover ed -
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Baci-+1-us 1gnea! HRrdEeR M pHsudidgUhe alidiineNiRAanast] Cr Obi Ol
(1983) 1; Streptococcus mtts [Bl ochem J,.108, 33, (1968)] and

Lact obaCIdebdﬁﬁtuohRan@B&k@alm 28, 72, (1981)] It is known that

pul 1 ul anases not only possess the above activity against .pullulan, but ‘al'so =
hydr ol ysi s Bulanagst isvar ieszymageliichs bydfotyzes] odly &-1g-ghcosidial linkadro nid paililars taad dihally

gl ycogen produaes opliaiose, Puliidanasst wasdisst digedvered frém arstrdie belanbing) tos Aerobagfar degenes

pr oduced bpeRenties| and Walppiels iin 191 [Glochame Yo BanPHUIAEY). Reeently svarieys miprperganisms
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2854244519&8ataos5w inBihexdbdel tlomastdrdhiin © highPyiéid. Uihis BRBRterélic haslately p@adtettbohdietab®SEe
fields. Hesmser, alnost all naturally occurring pullul anases are classified
into the netltereai a capod iatputiuignadd haviagn theseschavidtaistics whs iilited irecombination ndth shglisee ™
enzynat | s @ bdditivg fpr dish-washing ddtergantsaoe jadidry detangdnis) taameby réfiegably émmovingwetatgRedyi ne
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Publ i cat i onThdopull@aha&66t119Fi8dshi &the. jsudn| ankynealseing fis biatiniuknosthiat @t alkdline rasgeaand
enzyne hepessespingt & vaqsr | substralp Hpatificin tizen kevhvenionaliy nigewra pdlulpassse JHowagr, asinge ditsr
subst r it eoptipese pH icintayweak alialio rapeh ofi & dli¢ ot epriivableel deterbent agrenssitigrs.je pddition,

si nce it shelgocespef Harlashiketial hena dispdvertecaioklal iprpduativip gbensyme -This type of propRgs is
appl i cablteerefeye yaguitablpciar indusirglofgimenialiys Prodpctiay dieeauisno! these ragpadediss d?XP'°FI“Eﬁ“F Rloshi
et al. a%'"“.!@"ﬁﬁes awaﬁta @‘”BTP"! i opar alselieg 1a09ettys BQG“E?PE% This ty

pr ocess i s Py se“sf' ¥ cariing put ipjagyidernty 'ﬁ@ﬁPaff‘tW/%e ‘f"o‘ﬂ
Becaus® ?"gﬁgtgssethfaré 5 % t°gté§?8‘fe Q?f’eﬂltta‘;off‘fy%w I"%{H?i' p ‘ '
pH I il hl é? leW IS st e Dre; en | eﬂtors ave a g

§ 8 "%l shlng
|s usual |y, f:zrntéro% cgbaﬁte‘% Iul n a t Ol
50 range dlka &g Um 9 9?0 &ul ed by
m croogsga&hus aQE U% E# t% \é'éggtll 1? ﬁ 'g I ion of
al kal i ne yanaenaidndéaabl e for |s washi ng an washi ng eter gents. In
view of this situation, the present I nventors have carried out extenS|ve
studies in order to obtain natural m croor gani sms capabl e of produci ng
al kal i ne pul | ul anase, and, as a result, found that a novel alkaline
pul 'ul anase having an optinmum pH in a high al kaline range of from9.5 to 11
coul d be obtained by 55 culturing a specific m croorgani smbelonging to

genus Bacillus. This finding has led to the conpletion of the present
I nvention. 2 EP 0 415 397 B1 SUMVARY OF THE | NVENTI ON




ordrngly, an object of .this invention is to provide a novel alkaline
Tul'anase possessing the follow ng enzynol ogi cal characteristics: 5
(:1) "Action Hydrolyzes the [err]-1, EPDi4ngageBof pul | ul an to produce‘.f'""”'
Jmaltotriose, and hydrolyzes a-1,6 gl ycosidic bond of starch, anyl opect.in;:

-ghkycogen, hei r parti al decorrposr tion products. (2) V‘orkr ng pH and

opt i mum I—?—Mﬁﬁaﬁﬂ%e pH range of 4 - 12 with an optrrrum pH rang
berng95- | t s _stable in 10 an
Fetains repally g';%;&o 32155 Sofaon 12 TR ko Pyt P PR ot e
Tange~eyen 14y a?n B, 5, when treated at 45[err]C for 10 e

‘miznut es. (4) dfoly2ék t‘n@ 'Jﬂ%fnﬂi&a!dé Sof %ﬁlﬂlaﬁ’?& &m&tm@ éﬁﬁ%y&r&gﬁg 1"698}?&5@
Wi de te”per%Bw&stE@ﬁ‘QﬁwleJe nr%gﬁo \oddmpBdiioR PlobiBsM erat el ng
.;around 15 . 5“gal stabr lity I's very.stable up to 45[errT

€ when treat euhslana&.Oe maaﬁdewun@mnbiﬁﬂﬁ\ pifshgbelnglls91h) for 30 ninutes.
{(-6) Mol ecul g8) pwetapity 20 About 110,000 10,000, when neasured by neans.
of- a gel filtriatsiabls im®pHeshge of N0 Bicregink relatide Setivity ot G0%ax mohj ¢ dtie defivity labthe
present i nveptmurpH sndeevening pidenge si6\vdil.5nhen freatad anlidegltorr@ mputeb.ul anase Z- 1
pbssessi ng (4 Vorking| tempieratyrecand pptivlupgeroperaturéiar act eri stics: - (1) Action :
Hydrol yzes a- 1is@ctive ailaaride temporsiyre @hasref fram 19 9 QL@ yithen aplny tomporatyrp foing around
hydrol y$es #51C.6 ﬁgom di ¢ bond 25 of starch, anyl opectl n gI ycogen,-

their partidPT tion, product Substrate. s Possesses
D e b SH Pl R ok aRBS L s o 3 72 38
greater . poI 6% troinhtdegree t han that of maltose. (3) W)rkr ng pH and
opt +fu Hr ol w9

THP bl a0 1ophfen bwéd § BB Iat.amem%& g oG AQRY UM -
_pH range bei Rfbtidr joct ilﬂe pe riﬁ dr&v)ﬁe[;%o{fe ﬁ\h@&l dlkghn@pﬁ ﬁa@é‘ﬂgg] ? m&o e
and ret ai nge {oﬁgw@,bleyzﬂymg,g idaY &t e activit | mim
pH range erf)Ab,nma pH range of 7 - 10 5 Wnen treated at 45[err]C for "
MOt es” 5) Vidydily2ss 4-EEmMREgaldf hRIURR G SHBducE8 MbfoRIBIRE ErditiylBly39 o-1,8 dlytoskdid bdﬁe at -
a W de beNMDEF stirtH, BmyidEm, dhcodenOohirel) phrial @Stlompédtion plodldatsan Opti mum tenperature
bei ng ar ound2)Supserats bpeSificity6) Thermal stability |Is very stable at 40[err]C
when treat ed iPosieBseshydidiyticiactizityNaahst Ma@yhodidievonfl ptufardhavihga gid@ermolpmbrzstion ( 7)
Mol ecul ar welegred thap(that of riditoset 120, 000[ err] 5, 000, when neasured by neans of
el ect r ophor é3Workingiphigand efimympticengey | sul fate. (8) Effects of netal ions
Adver sePy af f eldased a¢fiye pibrepge qf §nd1 withogn opfimuse pld rapge kp@Bgdmt s Scar cel y

af fected by @l&’!"fsﬁ‘@l’%nts such as Irnear aI kyl benzene sul fonate (LAS), sodi:um:
al kyl sul f at'estEbeds a phigange of85if 4y f%yrvaﬁg %, Py pre 6 g activily ating OPIENE; \m
a-ol efin sul( 8"° H’a%cﬂfﬁm et 8o G O BIOPES- est er (a SFE),

sodi um al kyI ate and

sof tanof® (J@ i‘:‘?fgec‘f' P tgrlea?']g a‘{j’ég&gy@ r(:'t];é'la‘i"/0 ‘fﬂf %‘&"' :IgAarmE&TA
citric aC|d,safrn %ai' (11) ReS|stance to protease 50 Exhibits
SURONG T eSi S5 ARE farfelh ko Bodliot RARABIyomD-MCL1BOR BIRF (ARISFEF 0 Hindda®

present | nvqﬂthiyguwrs\,e[ggt provr a m croorgani sm bel ongi ng genus Bacill us
and capapl e butRbASY ¢ isBo, Whéh rﬁéak@éd BYEmddHS bilbleBiphciostAiéng SodlumSiodde P ffate.
characteri st(a)cmfectfume&e.bnsobj ect of the present invention is to provide a
process for mkeshycifageddyeiget, Eat inret, pid #oeH iasase havi ng t he above
char act er i st(@)®Efectdd detergerfid her obj ects, features and advantages of the
i nventi on wiSckreéle pftectadiby evfadi@tosweh apinearraligitierizynecgolirmate KUAS], saiinnt el Suibte WRng
descri pt on.sodgium polyoxyethylene alkyl sulfate (ES), sodium a-olefin sulfonate (AOS), sodium a-sulfonated fatty
acid ester («-SFE), sodium alkyl sulfonate (SAS), sodium dodecyl! sulfate (SDS), soaps and softanol.
(10) Effects of chelating agents
Scarcely affected by EDTA, EGTA, citric acid, and zeolite.
(11) Resistance to protease
§0 Exhibits strong resistance to alkaline proteases.
Still another object of the present invention is to provide a microorganism belonging to genus Bacillus
and capable of producing the alkaline pullulanase having the above characteristics.
Further object of the present invention is to provide a process for producing the alkaline pullulanase
having the above characteristics.
&5 Other objects, features and advantages of the invention will hereinafter becormne more readily apparent
from the following description.



EP O 415 397 Bl BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a draw ng

Showi ng the relation of relative activity vs. reaction pH of the alkaline .. .. .
pul Iul anase of this invention. Fi BP 0315 837Btr awi ng showing the rel ati on- of
pH.vs. residual activity of the al kaline pullulanase of this invention. = ;7

| ati on of reaction tenperature H 9:5
RAYINGS P (p )

FI g rgl Qiﬁ&%ﬁg&@?@w* uﬁmﬂ ne pul | ul anase. of the present I nv.'en'.t.i o B
FI g 41is aF'éj a{:ﬁ H.%?iﬁ@ %?l thekl'glatlr Erte*ahovﬁ g&fw L?{ ﬁaﬁséﬂgrp l[%rpeél.g e of

anase of'g

Vs. ~resi s Fh
| nvgnt-j on v, y
VS. T e%act,,{\,g{gd ,% I—Es %fdr?"ﬁ@ %@,@% ?ﬁe@%‘gwopﬁ?agggzs@il %ngq?ﬁ‘es 5@#@%% I on. d i’—j d“L
i's-a draw rﬁi%haew' @Swikd SholwiRl el RRRtidAT of Pddction - terﬁp%ew%h s%;tvswerame%t.ﬁ:mf the
al kal i e H&“ﬁ(&ﬁﬁ@of elpr&bntlitvbition.nvent i on. 15 is a draw ng T
showi ng t herig. el Bltai dawisyf sma@meaaaﬁoﬁmp%awIt@pé@hkeQ(pB)a 5Y$s résiual Lactiity 3Chb Vi ty
of t heralalkstine pelulpnakd of i aesentdnvantiod. t he present inventiop. Fig. 8 is a -
drawi ng shokig.150s.4 rewingshatving mheoélatioeefaélatmadtnﬂwerrcabimeH(opHa Skdlihe pdiulanassz-tiual

act.i vi ty obtistriventier- kal i ne pul | ul anase Z-1 of. the present invention. Fig. 9

i s ¥a drawi nfig- Slioeidaying skowingdigl relgtionfof pH e tepidighestidly iokthe alkalinpepuitianase Zrd of this

pul | ul andwentin.1 of the present 20 invention. Fig. 10 is a drawin showi ng

the re¥ul t sFipf7 'SBSd'@'I’"EQ:fmUt’}ﬂé’?"e@a%""dif "taﬁ'é’"&?'kp&r %(Pb‘u? Pus-ieiaive aZg"fV gt the he

O

afkgf ﬁPﬁ'“B'ﬁ"as‘bE‘MF OF THE | NTI_ ON AND PREFERR
o0 Vel ; » °H89 ?'F'r°et°f (=D TR bRLOTO6) B RN Phe
pr esent i ,_5'31@' 8 gﬁ"’r ':E

Vi n an optl

exarrp' e an:-—.@ 15% 99.%;; thWirﬁrtQé)Feg.ﬁ\Q oP s ﬁe&bmom&,s Pie m}(hfﬁdﬁzrﬁsm %hm\svas -

di scover gehsbh¥ inbdhgod. NVENtors “in the soils in Yokahama- shi anagawa- k

Japan is given. 30 Mycol ogi cal characteristics of Bacillus sp.

KSM AP18 HETWES BESCRIPIGN OF THE SNVENTIOMINDIPREFERREY EMBODIMENTMEENt | ON i S now L
di scusged. The followng culture nedia of 21 sorts (Media 1 to 21) are used
for the cl ausiefarcadt regitictiols 23tte the Microblyeiyisnsd df the @resért Mvddti@lindsyuchedsgiivly bebng to
sterili zagnsdicilvs gdrdo® napade (Ot projucinGpnijotlasase ihaing apfoptirtuen pdlat 959 1.sda &ypiealed

(% by weiegimple, 8% alkataphilisrmicroorganisty tBacidyst sSPhKIIM-AP 1806 Bhichagasrdispevargd oy the inventors :
-((manuf activthegoilpip Yokdbam®pehi.Ka@igawd-keal Ja@p iggiver. 5 Medi um 2: nutrient broth, =
0. 8 Me¥i um Mycologicah gharaciarticp ob Baciliug s8 KPEARKBT 6 whictpis ne giythp nigseaeapisms of this

( manuf actiRYPEigN 5y N, fiscupses e T olgwing| 2;“"91 msd*aef 21 sqpis dMedis 4:to 21) 23U Tof tRus

mi |k, . 10.9ssficgfiop Af syrain- The’hﬁ'f orein -5 byt wpighef Ste""feé’rﬁ"f‘”'b cyrbqatg (¥ Lee): Bacto

pept one, 7; .NaCl di um 7: SI M agar nedi um
( manuf ch%@%%ﬁ%@%ﬁ%#ﬁy g%\"r“'r%% i ndi cat ed Medi um 8: TSI agar

(manut Zot ung uma Ei {aaemamb aﬁm@a@%ﬁs&%&@t\ﬁ% ﬂ»érf onerBRCHM S

yeast ext r&ﬁ sol ubl e

starch, 2. Weaadf o e bl o8 ki A Bl Wl Eﬁéﬁ@aﬁ?&myc@mo Pufe Bnd¥iRsd,um
Koser's nedi umg manuf actured by Ei ken Kagaku), an anmpunt i ndi cated

|\/de Umpll: MediGhilal St eaee Minfusimki108 ( manuf actured by Ei ken Kagaku), an anount

i ndi cat ed Wediumm 12:nutriefterowe disikNO,ne1 udi ng the fol | owi ng conpositions (1)

and (2) towMstivals: addiopegoni 0.7;08010.5@ucoss, 0.5 sources consisting

of sodi um Metlipatre, S3diaganmeidiumi (hanufaginredby Eikanddagabe)i aheaymoanm thdizatani um

phosphat e iMediam 8ano UTél agef (nGan@Byreddby XiKeh Kagaky). o6 8Atpunhindica®d195% by wei g

respec< ti MeHipmion t hueasheriaghP-5:( Beptoyertere, £5% tKeldRQs, 0.0 MBSO+ HZEOH2; Pluble SKHZPO4

0.1; glucose, 1.0 (A% y@&Qt’W@k@ﬂaa‘é%Ct"'@ b@yvak%ﬁlﬂs@ﬁpm“@')ﬂs KH2PO4, 0. 1;

gl ucose, _I\de:unlnép.r] quer@gnedys\ (manufactured by Eiken Kagaku), &} uﬁlfateﬂ:e 504 . [err],

0.001; [er med'ﬁmdi MVECIrisiRRseas medive (fpanytagisest by Rikeg-Kagakp) y Ei ken

Kagaku) , iUt | UMEUYR irciieling Yiroloring coppast °'B (HéEﬂ }ﬁ° °°' & i ogen

( manuf 5Pctur ed by Ei k?%H’c a"d ggium

PY ‘Nfﬂ?"l{
medi um " Ei ken" (man twal 4 emegymgf"kgﬁ)ﬁgéggmﬁ%' Hg ¥ i Q?spec'

(1) yeast extract, 0.05; Na2S0,, 0.1; KH2POq, 0.1; glucose, 1.0
(2) yeast extract, 0.05; Naz2S04, 0.1; KH2PO4, 0.1; glucose, 1.0; CaCly+2H;0, 0.05;
55 MnS04 « 4-6H,0, 0.01; FeS04+«7Hz 0, 0.001; MgS04 « 7H20, 0.02
Medium 13:  King A medium "Eiken" (manufactured by Eiken Kagaku), an amount indicated
Medium t4: King B medium "Eiken" {manufactured by Eiken Kagaku), an amount indicated
Medium 15: urea medium "Eiken" {manufactured by Eiken Kagaku), an amount indicated

O g 2 B4R o 20 B faRavi e
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-ER-0 415 397 Bl Medium 18:. cytochrome-oxi dase test filter paper
_(manuf actured by Ni ssui Pharnmaceutical Co., Ltd) Medium 17: 3% aqueous

hydr ogen peroxi de Medi um 18: BacEB OpMBR8ABl 0.5; yeast extract, 0.5; -« 7
[err] 0.71; glucose, 1.0; [err] 0.02 I\/bdi um 19: Bact o peptone, 2.7; .Na(

: [err] | uco 05 br | u (S| 5 , '

. er. (man CW\% 146} Al a""?écg" dih{fﬁ\g%"‘""acet ?110p= B
Ty e - oy T i A
(rraqg,f){agtur 3y‘j[)y J&ﬁ Q,pu1gg| cal act?&r

(1) OOSGFVatMéaI%m%der(Nm)Q-iF@ﬁCd)rpRch@bd MgBOE 7H V1 6.08yeddt Sdrd® o%fs & 10 2 ‘2 e
a-,[err] X 2. 2 Medim/e1] €T daboiniolsh yau3t GitkaétDd5:CeMicosd) @ e, ( 0.1:5MgsCL - A, 0.26.62: >sgér 0
15 1.8 [err] form ngwadr (hirefactursd!b) Weksi ied Ghemibligy.shave fl.agel | a and are” T
motile. Gram s stai ni ng is positive. Acid fastness: Negative (2) G owh-in -;,';-':_;
vari ous rc uMyaslogicateltraateddlics (a) Nutrient broth-agar plate:(Mdiuml) Growt ho
of cells is good. €olony has a circular shape, with its surface being :
snoot -h and(l] Obseyyation pider microssark bei ng snoot h or. wavy. The col or of the colony .
is-mi1ky, semitransparent, and glossy. (b) Nutrient broth-agar slant
culture (I\/Edicﬁ'l‘ﬁalﬁm@?e?ﬂa??‘z%afri' %Wme@r%ﬂy*) Him it an pltipticel @Nslppami%h)- Shipe& 104 t h
a- col or "of 14 H&» %“'Pféﬁ sHRjerging's: s";?‘e‘!ﬂ‘?"th'ageﬁ%a“d arey pftiles GrAm's Stpiingls apptive. (“t‘f}j
Li-qui d nut PPEHRE: %‘Y (Medium 2) Cells can grow. (d) Stab culturing in ,
nut ri ent b{g%.lawﬂ?r!\?‘&.&ugg&é\’%%e‘dg‘ 3) Growth of cells is good. Liquefaction of ™

gelatlnls Litnmus m |k nedium (Medium 4) Mk

“coagtll atj on wrg&gpmg;,aﬁ,dté)@eau,ﬁmot observed. Litnus discolorationis. .
i-ndet erm nab?ee RGN 86hs Ts!iBod Bl Fat §c.@uaﬁéhkp%| WillGits ¥afbcd | BBing(shboth BéSis pbriplibraial -+
char act er i stdng BeisgPsniodth oNwdvi.AhE coi@ BERb sy W VHilky. S8infirbrnsharsrd lah@glodsiEdi UM 5) o
Nrtrate redqs)tumiBntbmﬂsagbisraat&D&thddfumcrat| on: negative (b) MR test (Medi um -

6) 40 | elietcar grovaddalory b Gadisiiespidadingrelthbéel With @ calor df liveadoionebeing dlossy milke,)

V=P tests ( Mzdd semiganhsgdegat i ve (d) Production of indole (Medium 7) Negative™

45 (e) Pr(cdinoidingtriend brothyidedhae?) sul fi de (Medi um 8) Negative (f) Hydrolysis

of starch (MedfFelmcdarpsitive (g) Utilization of citric acid (Medium 10,

Medi um 11) 5@ Stab culturing\s Geirieny rofmgelrtipdMpdiumBldi um (Medi um 10) and

‘i ndet er mi nabl er°W‘h(9IﬁF‘?"§tséﬁ%dqu@faﬁ@dr°Uﬂﬁ'a@Wt§d’P§ﬂﬂe 1) (h) UWilization of .

i nor ganft ni ?rLB %’“@‘dﬂﬁdt&'@s@" ‘R!‘é'blf')um 12) Nitrate, nitrite, and amonjum salts

are all utiljz ?‘j'at' %r'%rrre( BeaRYeC: Shmigysizeaireton Ingelganinap's bgguse

(i) Urease ( 85 @ 'beeﬂ‘ & (k) Oxi dase (I\/Edl um 16) | ndet ermnable 5 .

(3) Physiological characteristics

35
(2) Nitrate reduction and denitrification (Medium 5)
e Nitrate reduction: positive
AL ~ Denitrification: negative
(b) MR test (Medium 6)
40 Indeterminable because the medium is an alkaline medium.
: (c) V-P test (Medium 6)
Negative
{d) Production of indole (Medium 7)
Negative
45 (e) Production of hydrogen sulfide (Medium 8)
Negative
(f) Hydrolysis of starch (Medium 9) -
Positive
(g) Utilization of citric acid (Medium 10, Medium 11)
50 Negative in Koser's medium (Medium 10) and indeterminable in Christensen's medium (Medium 11)
(h) Utilization of inorganic nitrogen sources (Medium 12)
Nitrate, nitrite, and ammonium salts are all utilized.
(i) Discoloration (Medium 13, Medium 14)
Negative
55 (j) Urease (Medium 15)
Negative
(k) Oxidase (Medium 16)
{ndeterminable
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EP 0 415 397 Bl (1) Catal ase (Medium 17) Positive (m) Gowh range (Medium . -
18) Gowh tenperature: 20 - 40 C, 5 Qptimum growt h tenperature: 30

" 35[err] C Gowh pH range: 7- 1 (BP0 @11 397 B pH: 10 (n) Behavior on oxygem:——
Aerobic 10 (0) OF test (Medi um 19) Indeterm nabl e because the mediumis: =~
an- al kalin di uglt s can grow only in an aerobic condition. (p) -Sugak: -z
utilizatio Mrdiup The follow ng sugars are utilized: 16 SR

L- ar abi nOSﬁ26 i&géig J%"g{éi;:ose D mannose, D-fructose, D-gal act ose

mal t-ose ,:fb al ose, D-sorbitol, D nmannitol, glycerol, = -
staneRy sal i @pfiy Lein. (q) G owt h |narred|umconta|n|ng

‘sodi um sal t @aow(ﬁ)‘mrs @%ﬁmﬁ%f dle/eesgl Sm 1) Cells can grow in the presence-of:

a- 5% of sodi ogEmdm gH:10e, but can not gr ow in the presence of a 20 7% .

sodi um chl @y Behgvior ol dxygbrdr ol ysi s of casein ( Medium 21) Positive Based on

t he above nyaebmgi cal characteristics, the strains of the present invention
were exam @P,O-Fltasfmeammgs)to Bergey's I\/anual of Determ nati ve: Bacteri ol ogy,

Vol . 8 and " Tideterinable bBeausd thastedRut I3, anFalkalt® mdghund @alls ¢agrdron by lire atHaerdiio ok

No: 427, Aegpndiionl tural Research Service, U S. Department of Agriculture

Washi ngt onl(pBuga, utilizetiog TMydiumy?M  det er mi ned as a i croor gani sm bel onging to -
genus Baci | | J§9f°t!9§’!f‘§§ fscare (@ilized: The strain does not grow in a neutral

range, Bput c r"i" ?ﬁe Djglycasen @‘ngs‘%\ | Bpctophe Orgala %se PPRUEDRE: tSHPreser lgetpse. t he
strain.of §‘§'Ht° B'H d iy BP%e 2ath %t ™Ral ophi lic

i croorgan UL x%g&" 8 Tt gd by Horikoshi and Aki ba,
e

Al kal ophi | ' ol QR%Eb?iﬂsencg 3P2Bo I L& dnlofiae B oGt Yot ﬁFo%%r? ;%P&X& of &0

198\2’Z Qhe & esent 1nvention Is distinguis a group.of

M croor ganjy ,o,lgg?gqgéeﬂg( ,q,éa,ug,egfs Baci |l | us which grow in an neutral range.
The strain ogog,tns present invention, other than the above characteristics,

have nycol agidsadd e Abdvb aFyRibgidal eHarGlbmslitsS the Glraihy 61thd froseat iffentdi Ywere examined

convent i edalingyto leens Maliak opDétbrininatte Baktoritiogy, AL @ shdTThy Gehus eBasiiusi mutfE. t he

presens iGanen tAgdcultna Haokiboek Nb.n42d, AgricalturabRedearsit Servits, ANG. DepaacledBant iAglicuBurs p.

KSM AP18 P@shingtendh Grald9735 and dpterwiirted chs \ai miaroiganisenibelonging toRmpeesaBasiiius, restdspase e,

Agency ofods. [Tt strain does 8gigeomdea aetralFenghriyt ¢ growgndsisrive Pighly @iR&iTe rafigee From this

product i &St &t drikedlithrePetant iivaafieisie dispsifer] s an celi@iarhilic veprrgagiim ceiphbies dem-

- proc esseG“%’?te‘i' RoEerikasty ar Ahe. rlkalapbilie Micregrgenism”. Wpren Seigalifin Sogigty; Biees Jakvald
cul tur¥ ng henft@t“c%ﬁ ?fF%eﬁ’s’“‘é?E%r'ﬂ idﬁﬂ‘gt“if‘eeJﬂW@n@’?‘@nﬁlm'ﬁfﬂ’Qaﬂ'ﬁTﬁQe'ﬂ%’t"ﬂdﬂls

| ncl usi o e'l&:f acillug “E Hp%‘ tro% ﬁou ce‘g "

ni cr oor gafl §' o ﬁf?" [nyeption, own %tfna' % g"t% Ao ™ fgéczg %'ojt

SpeCI fic ¥l m :ﬂfrom g L 50nvent|orb Qﬁt qm ey |I|c (£il %
ni trogen eﬁtstﬂ,ﬁﬁsgea o e géeg o%éus@u AT Fgﬁ,a

soybean fd@yr corn steep l'iquor, cas 0 aci yeast ext ract phar ma

”Ed' a, ”EatThSHJdQ&uBn of BiNARA RularY bOME prebBAPInfontichi dah ¥ BFocessel E&?ﬁaﬂcd&ﬁﬁ& the
t%/ N S efdociRAbms ot kifo! MdeRl invadlibr? b cultdr@g Lthe HRFbokgdMsrthd K&oraE o | OReEIRAGI C

Ni 17°0gen chilkgGRdthodsl Antiudidn BMEURALIE Antddht! R bRbon IRATRRGGHRsdUtdes @hiéh the FTBRSdgAAM

phosphat ean aiPemi theNmaaitda a8 @bgirablél SThere Seddl ndl Bpelitié firditaGons BB B LuAtbak @kl hikegeANnd

t he |.i ke.sousies cnumeraex asmitreen efurcea bipaingasio uitroges saur@s Swh ab kan gun oleal, sagsmh ubl e

starch, dnylometdsh liquog kgsemine Aid, [yedst extracy, pharme mogia mskhicoitrast, irguiorer yona tiyred by

t hei r paratinower. geybesmyoesal, tcoitan, sesdh chealt tulivaterh bilprapazesio ands the llikee andh ingrasnic hitregen

gl ucose, spies o¥eh aa@@bwwwgéu‘f%lwemuml'mtﬂseeammammeéospwmmeum fbaeadse,

sucr os®; SpHEn B‘é’%‘e AMMORYM FSate. PAY, et ke Givep ph)prpples ?’8@? Bhrces; g Sel¥le 59| e

organi ¢ é‘LSP'tﬁe Shashs G’EHWSE""&@B(F‘?Q@“ abyligan, 2ad thraachefl |Qligomers Rigeced by ‘t“a’ PAE o

car bon arf8°HPPF e‘?‘? 'Esca' P’h ? %ﬁlaée F‘ifﬁsasﬂ}"m;? E’Hm a@g ? % gﬁ "b°s°

rragneS| urﬁ\an% , ru % (ﬁ thman :

li ke, as ﬂf’ Pléc 8re mg)f oP aflq pog ?HS'HG rPgegﬁf’lgceéaﬂc’:%ﬁ ::a\?i‘ﬁed

I nto t e I &Rg‘l GI'O a:“c OI’ ino anlc lC|' mpts can ea%e motltle cul rg? I Hq,é t'i%n can

be prepar e‘ﬁ tft sﬁ’ e@ Rl ot T Sk o @} e Lﬁjeten prand

purifi catcbmmﬁﬁat 9 uoﬂ tidaflor O FIRbR ao%aécy ene ;Je iicaity

separ at edopd A ke ttfeuiztflth'r@%raﬁ @ Mndis %p%hsen%nap&ﬂé( ﬁ’dﬁrd' QBQ' tion ét ib,| S G,

separ ajsi QBntiBjabeH Miratioh GPthd ke, @ DbtaMS Yrdde fehtmb IigUY. AkHobdhliBE b&Bible & ude iR dridée

t 0 obt ai rengyn®r i4dia tRBZYbEMe i 2§ Us, CheyAbdnluie0lb ckvell Sis ROSUSHAl Ehzfrfb, WS Beduliéy, GRarde

enzyme | isgptrding by Searst dlisggkhtiors mothods) B.Ysaftiaf o) Grecigh@tion, CnteRItlatidh, dhd kY iike] ©d

enzyne, abtahagids begmeadntl @orifying and crystallizing the crude enzyme by conventional methods. Suitable

6



'Separ ating by neans of separation methods, e.g. salting out, precipi tatioﬁ
ultrafiltration, and the |ike, to obtain crude enzynme, and purifying and -

crystal | izing the crude enzyne by ERAGEHBIOREI net hods. Suitable 6 . ER 0:-_
415 397 B1 purifying nethods are, for exanple, DEAE cellul ose (manuf actured

by W“atma ing, nfdfiSqY 45, 1% B! dofthe25 Gim aas%gg tménC§
( manuf act
by~ Tosoh) - 5@“ ilﬁh g ﬁ%c?.% Jaﬁg{ W*?EC Wﬁ%%f ngﬂnﬁ%’@&?" b s
characteri StEFz?mE]ggja D EnalbON/RY .cse&zmar%oveae nakamu buubaﬁaéa s, ihWdhton! i RO 1 0N
ar e\10Ws5 disc@s&d BaFRbtic aEiA¥SWdrd Mesbrlol Wdidd the foldwing LR SoMBS (bﬁrhMQ Egocordm
fol | owi ng b ubinfhes Blplainbdisfow( 50 MM each) according to the nmethod explal n

bel ow. The buddfipfersailtiohs: ons: pH 4- 6: acetate buffer pH 6 - 8: phosphate
buffer 10 pH p He:Gacetdid bufigd yci ne- NaCl - NaOH buffer pH 11 - 12: KC-NaOH . ...
“buf fer MeasupifreAtphosbhatniagferat i ¢ activity: is 0.1 m of enzyme solution
was addwed t oph891triglycifie-Na@kNaQiLibierr.at e sol uti on prepared fromeach buffer - ..
sol uti on conPRithi RyK@MNaPHbefier (fi nal concentration in the reaction system:
0. 25% w/v) and the mxture was reacted at 40[err] for 30 m.nutes. After

t-he react iMapsurerment ofoppymatic petvity:wer e quantitati vel y det er mi ned by rreans of

the35d|n| ros I|c aci d roc?dure eC|f|caII

reagent ami llullwk ?Jé:e C%olgﬁ;rr;fn t:':o a lon syste ' ; nmé ﬁ\ }l?

.at 100[ er rI aa |%£ct|8 u r@ an vel rrzfﬁs .

e s, -|ﬁ'trgf§8ﬁ$ﬂ£ P d (BRSP ol fadded o
'tat'1V(?mP<R Ja¥tioh Fnbfre ShdWRbViRI i%%i aﬂij -ﬂfi&d S‘pél&il Im 4@:9?0‘(”9

act Vit Yy VRIS Wl Ivad Rddeld Go HEOHRLIeOThie &y SRjebBd WclicfmBAS B m&&ﬁeé Blai@b aPh

r edum NG SwPélen@h obISCHAH Onp @it (11 U)Wk SnAyie aanv&@assaeaﬁuaadsdheaa&am of @itk iWhids .
Enzynol ogi reiedsed N amact @8ich istgar &fgluzbéqer inkta indaethp stbidekd assap tondifoné.1) Act i on’
Hydrol yzes a-1 , 6-1inkage of pullulan to produce naltotriose, and, as shown
i n Tabl e 1Enzywathgichlehmasteristicd ofGrugb gikatisd plildarkend of st arch, anyl opectin, o
gl ycoges, or their partial deconposition products. 30

Tabl e 1 SubdgbAgtios Concentration Relative Activity (% Pullulan

1 x 10[err] Hydrolyzes «-1,8-linaggmf pullulan to produce maltotriose, amjl, glgaévn u-('@ t1elpy}1rolyzes a1

x 10[err] 1,8 glycosidic bond gf s@cp@gygﬁecm » Qlyeroen (o thelf 9art|ah_ egorq_qgfxgqn,p]'oducts

6 Anylo ectln 1 x 10[err] 55 (2) Working pH and

opti munpH range Has an active pH rangea?)'? 4 - 12 with an optinmum pH range " -
being 9.5 - 11 and retains relative activity of 50%.or nore of the activity
at the optinum pH range eveéubsfale a pH rQQn@etraubné Belativel ActiBity (Bul | ul anase
activities at various re neasurped edch re I on system

consi st jng of 0. 25%(@@)?3,%%5 opggrgul an aﬁfil:g'?fbu fer sg%tion pf 10 nM :
acetate (pH 4-6), phoppias %,mt ve) | Of yed—we- NaCl - NogoH (pH|8.5-10.5), or
KC - NaOH (pH 11-12). Eaﬁ\mo'seeﬁptlon Was c,aid-ped out at 5540[err] for 30

mnutes The results arestowr T Fg— I (3 pHStabi 1Tty stable in a
pH “ange of Zv}q"-ﬂgp%ga\ﬁ t|ve act|V|ty of 50% or nore of the activity
:E:t ;[ Clet ;q;tsl }{@5 ggp‘?g 94} %%bﬁ% |1| &lh” J1u4n 2%?1% relative

f h n 5
consisting o R,u&i?j sQ vaﬁ ? r &Ehn% |H'té mQ: nsisfhg B0.25%
acetate (pH ey onfa 10 I\yﬁée'ih‘?e 812 gdneact-O

KG - NaGH ( p"hlabil -3 )ss 168 br kO@NGOH @H YD) GRER rea@lmwtas aetm 5,[neart 4+ & @F 3d Riinutes.
m nut es® Therns asulstafe sBévn iskigvn in Fig. 2. (4) Wrking tenperature and
opti mum t enusyrphitstsbiity ACt s at a wi de tenperature range of 10 to 60[err]C with
an optimum t enestadlsUt @ pblaanyg db F{1@rand koeps exatita grtiviy)af 50% )or Toex stahe stialpiat ey
Resi dual actdptvhtm pis rande dvirein @pRyange ofthein.Sheat -t reat ed at vari ous
t enper atur es f Buluid@saiativiiee st varioug| pyicveneembis@led MsidgHeaol featipn §ystemSofs)sfingie 0@5%
measur ed. THeNeofznpiiatancand tahuieri solutiant of 3P mid acatald (pH H8)eshoprihgte (pH 7-8), glycine-NaCl-
NaOH (pH 8.5-10.5), or KCI-NaOH (pH 11-12). Each reaction was carried out at 45°C for 10 minutes.
The results are shown in Fig. 2.
(4) Working temperature and optimum temperature
55 Acts at a wide temperature range of 10 to 60° C with an optimum temperature being 55°C (ses Fig.
3).
(5) Thermal stability
Residual activities of the enzyme, when heat-treated at various temperatures for 30 minutes in
glycine-NaCl-NaOH buffer (pH 9.5), were measured. The enzyme of this invention scarcely loses its

7
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7 EP O 415 397 Bl agtivity at 45[err] C,  and has the residual act|V|ty

of: about 50% even at 52 [err] C (see Fig. 4). (6) Ml ecular weight The -
nol ecul-ar wei ght of the enzyne ofERhé1§)3935ﬂe1nt i nvention was neasured: by:
neans of a gel filtration nethod using Bio-gel A 0.5m The enzyne .of-{ihi:

1S R b s DA L) 132, )

o a‘ﬁg% Pt bl ogde e L0 TR

of Swrfact .m%!éﬁ @600:1 onate

‘sul fate ( ErfeSi0 df HeRAL YoXyet hyl ene al kyl sul fate (ES) SOdI um [err]ol eflT‘I
sul fonat e ( AGQitonsoP A2 PLa, Sl ERNRALE niMRbdch) ghed sh RSr& offbdt @Rd dduibrEdt:Mn2Ogh UM -

al kyl sul f@l’m)%|v6m%htly$£ﬁhrébr&fd@d6Cy| sul fate (SDS), soaps, and softanol- _""-7*--*-
was t est ed(gpEfieé® bdetekgeftsf or 15 mi nut.es to confirm no adverse effect on - :_ e
enzymabi C aci0s%thyessighf 6) sullicieatstsudf asdinedr alkjlrgnzagmeaisnatbJLAS), sodiuGlaikyibduliag ;
agent s suc{ASpsodibT folfckbthyldne alkybErtfatel(ESKTRIdiumcd-olefin Gultooitel (A05), D8l \-snitingtd ) ., .

and zeol i t @ity &idostHs loySFER iserim) aligit sutfonats (34R).spden dideext sulfan (I, ypoeaps.iagd softanol

act i vi t i eswas(tasted aRECor§arinutes i easfirmnoadyerse efiast gy anzymsticactifitiesd kal i ne

prot ease, @ ﬂeegp&ﬁwaéngqqmts 21 Showa Denko), Maxatase gl Bl S), and Sabj nase,

Al kal #8e,’ an(?hﬁ %Mhﬁﬁ%poﬂfw()c“? 34g (-05% by “’3’6?*? 14 reqlte ey e
measur ed, V‘"e'g tb?f‘ﬁ 'P"rﬂdi’ °ﬁ?‘ﬁ8" %‘ﬁma‘ﬁ?"“ecshl s invention had strong

resi stance (fé Broe rml Qgical ¢ |§$n'k bledy
. al kal i ne pg&blin e, rlfé(ﬁgse, E;‘L e of ER‘IF \%1 ﬁﬁ:a? b t@f A
pul ulzgn hls%@ntno ,.a'np:r anyjpr syCOS| i C ond

st arch, arryl opect| n gl ycogen, or their part | a deconposi tion products. (2)._
Subst r at ensRRehit erlaka\éteﬁ’ﬁw&@ﬁmﬁd Al bulididngsedet | Vi ty agai nst
[err]-1,6-gl'ycosidic bond of sugars having a greater polynerization degree
than that @fasedtose as shown in Table 2. 30 Table 2 Substrate
Concendsr at i oydrivyzes «Re8-inkdge of pdiblan/to Tpgodt(d&)naﬂﬁnose. and hydrolyzes o-1,6 glydesitiit bbr@irof ~ ~ ~
- 10[ er r jtarch, amylopectin, glycog&() oGharqmagieieompssition ))roducts 1 x 10[err] R
A ycog@nSybstedteospecificity er ) 1 x 10[err] 0.0 Anyl opectin = =
10[ err] Possesses hydrolytic getiyity/agpinsh gd.6-glycosidic bond of sugars havingya greites pplymerization
40 degree than that of maltpgg|as ghgwn in Table 2. -1 x 10[err] :
- Med’t ot ri ose 1 x 10[err] 0.0 Panose - ... .
10- 2 0.0 Isonmltose Teble2 1 x 10-2
| sonal totriose 1 x 10-2 0 0 45
Gent i ob| ose Substiatex 10- ZConcentration (M) Relati® AcBiity W) ki ng pH and
opt’i mugn pH range sP [afCl! Ve pHirangg, 11w an opti mum pH range
being 9.5 - 11. Pulll §I§6£é;)tIVItle 0_.yarl)us pH yere nmeqsured using
each reaction syste bli‘ﬂ:e f ﬁ&w/ v) |of pul gl an apda buffer
sokution of 10 nM & , php,smqat e {pH 6-8g5%), gl ycine-Nad -
Na.OFf (pH 8.5-11), crArﬁsaNaO-l (pH 11- 1) yo-Each|reacti gp was ¢arri ed out at
40[errdp. C for 30 minMbise The results age-shown in Figo 5. (4) pH stability
Is stable in a pH rlaMgetiose 8- 10 a retains relative aotivity of 50% or
nore of the activitlyPabse he opti mum pH x&1§e eyen in @0pH rapge of 7 -
10.5. Pullul anase dclsprpdlipsees at valri ousx ¥ wer ¢ measuPfd usi fpg each
reacti on system corfsisondiiagjosst 0. 25P6 (WE¥J07°df piil | ul an%8nd a Bhuffer sol ution
of 10 #M acet at e ( pHeentighiosephosphal e (bH1Q>'28 ST gl ycPle- Nadl- ‘NaOH (pH
-8.5-11), or KO -NaCH (pH 11-12). Each reaction was carried out at 45[err]C
for 10 m nid)@orking PR and optimum pH range .
Has an active pH range of 8§ - 11 with an optimum pH range being 9.5 - 11.
Pullulanase activities at various pH were measured using each reaction system consisting of 0.25%
(wiv) of pullulan and a buffer solution of 10 mM acetate (pH 4-6), phosphate (pH 6-8.5), glycine-NaGCl-
NaOH (pH 8.5-11), or KCI-NaOH (pH 11~ 12) Each reaction was carried out at 40 C for 30 minutes. The
results are shown in Fig. 5.
(4) pH stability
Is stable in a pH range of 8-10 and retains relative activity of 50% or more of the activity at the
optimum pH range even in a pH range of 7 - 10.5.
Pullulanase activities at various pH were measured using each reaction system consisting of 0.25%
(whv) of pullulan and a buffer solution of 10 mM acetate (pH 4-6), phosphate (pH 6-8.5), glycine-NaCl-
NaOH (pH 8.5-11), or KCI-NaOH (pH 11-12). Each reaction was carried out at 45°C for 10 minutes. The

ORrOoORrOR
OX OOX NX
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55
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8 . EP 0 415 397 Bl resul-ts are showmn in Fig. 6. (5 Wrking terrperature
and optinumtenperature |s active at a wide tenperature range of from 10 to-
60[err]C with an optinum t enper at UEROl#@5Bg7 Bd err | C (see Fig. 7). (6)
Thermal stability Residual activities of the enzyne, when heat- treat ed at
various terrperatures for 30 mnutes in glycine-NaCl - NaCH buffer (pH 9 5), =

wer e, rreasur %g’? ang(? this i nvearttt:%on scarcely loses its actiuvi ty_-
40 C, and h % Y FLO
8). (7) I\/bI "?N% ’Bp‘*’a‘“"’ S rfr’BT“e‘@ we"."a‘gﬁf’pt%\“’“ﬁ??’ép aﬂ%‘ﬁ?é“ 3\0 {’
present i nv ? asured by rreans of SDS— pol yacryl am de gel

al

el ect rophor el ) wa 2 YR e ok DG it o 8 M, —
wei ght of aj Elﬁéiﬂéﬂim l-YbJﬂ%p( zyﬁlg ﬁg TE? y fn§ of |srat%\k Rtion ! sr ﬁ%&s fgon 7
of “Hg[ err] - GoivRy dtho &) ncMaI;%rrdsrauaaaw.(ylof%Auemmveght\s@sc@seea \ggr se Sedh ect: and.

addi tion of (BiMoRERdr weigt 15 (1 m) gives a slightdy adverse effect. (9) -

Ef f ect s#0f « det THegriMcalaOwdifhl obie \Riyabtor @He (rodshitaimentivh Svas wbsumd byimaand oR$Ds/
benzene sul fpolaiytanideAfs) sleckashonssts Glaey bells Thd artzgmd AJis insantdontins podojsoutyr alolglil @ne
al kyl sul f atappréittely £20000m8,000r r ] ol ef i.n. sul fonate (AOS), sodium a-sul fonated ...
fatty acid d@tﬁﬁem(tanﬁﬁﬁsvns sodi um al kyI sul fonate (SAS), sodi um dodecyl o
sul fat e (SDS) , Adsitionef, Ho?n Gd%S e Math lonp (0 mM epghy; givesn @dverse eﬂﬁt@[ andrapditonfoh Po*y on

T nutes™® o dhaM wmsné"@ﬁx/@tvg'ee QﬁP?tect on enzyrrat | c activities. (10) Effects

of chel ati nd®

er e e i & ﬂ%gé ém ygté?tzt Ri W%? F%?Lpé: %g e

I\/a_x_at ase (1 3 ase, sperase |n an armunt of :

0.2 AU, the atatat.ae Jgtrﬁésaeé LEENROGY an Eetﬁ«\ FORM), rcmctaaat(o dsbceb%ﬁeanateotual s

i nvent i on haglossé byowight) @ivs A ARNErSe dHacidN ¥niymaficcRips. Al kal i ne pul l'ul'anase of

the present ()resdn& o pR®asd hi gher optimum pH range (pH 9.5-11) than
convent konal  a Rl orédench bt dinalindpRticase, #57 GxaRipRVAPIZK (SHow£Ddnks) [ MdRkthso [(BIS), Baliinash,der -
pH Tange. | tAlkaiass, aid E3pdrasaMova0n art SMGUETCAD.2 AR/, aHe deiivilaewerd massud toonfirh thathe ™~
thermal |y steaiye otihistrgenti] ke isironG resistandaie agy métbesbs. ne pul | ul anase of the o
present i nvehlkiion palbianase rdrite pesens tinvantien thes &l gt oafrhuntl et erage nipH cTpd rieant s°
~such as sutoneotionsitalkaline puliuienisey andyehows sxoplient etelility ingar widestrbt rgegst i hasagrdortifum

| i'ke. A8k opapeigiirg of pigher ey §OE o is ermaie stable up i AN Ci Bithes am\mmaagsewgtey

be used asprsﬁeatetvewge s %@Pﬁa@ﬁgﬂtce iq Hmaﬂel' dptgrgent CeaPopeqis, syigh g supfppianisy chelating .
i nvent.i on &S b@d‘E&SPIf?’z@tﬂerﬁfeﬁts Badiw ‘i‘?&’ﬁ 9'¥<|‘H‘EI 96?‘"“8:% gletenairr i ﬁ
al so t ogetﬁ’ﬁ“r‘" TgPQURlY ko 1 get T“tg‘?"’lﬂﬂ r‘ffg 835 EtH%Y ftgg gan
enzyme of 1{5?' gt‘ﬂ“g go5cch a'f)‘h ‘?r?: BiRS Val"ft“s

imdust r &l m? e&wgrentyéngt"u spr%sfam EORER MPHAT QM : a“°° in_indys

apparentin_

the cour se'0 hte’EFatthé L el il b8 atent tt%a:eéarte'om fasm%ﬁa@ta dalech

‘{/g' ven §@motady |cbhBddi rﬁénts%lcﬂ arel diVen 'fd?\flﬁ& ﬁ(ﬂrbf% v@r‘tﬁn 5“3 ard Rfting
i mting t{se&O ES Exanpl e A spoonful of soil (about

0.5 g) & Yokohama-shi, Kanagavva ken, Japan was suspended in sterilized
sal i ne andexAMPLEE Xt Ure was heat-treated at 80[err]C for 15 mnutes. A
supernatant of the heat-treated mi xture was appropriately diluted, applied
onto an'i sBlemplerig agar nedi um (Medium A), and cultured at 30 C for 3 days
to grow colonies. The col oni es which formed transparent zones in their
peri pher§ es duwpoentul giisdil iakavt Gf g)s®| Yiekdhame-gib rianagea-ant dagen: wasclyengided in sterilized
pul | ul anas &l ¥dutd MguStwea hepbroalderd 80 G fopihainyies- & suprsRANER! dhe heplttigatechixtyry
l'i qui d medMemirRroairpvs#uRe 2peled gte gn isplating agarfrppdivm (ylgdium Ahgandpulturag 4 36189
t he cu t ur 88Y8 5% 81 cRigues: Iva $9lonigy &hich B gnspaentzonshyip ek Patipherieg dus to p“““‘a“
pul | ul anas gissolufign, werg, collectad,fg abial H’éﬁ"éﬁ?tp"qﬁél? Graitalosy, Bese giralng wer "’t"B”‘ | intp the
al kal i n&® plgyd,madiu & gt ks Hﬁ red 23R f%aﬁldFYsufﬂg'QC“"‘P@ SABP S E)ato

10 8 87) wer genfr id Bbsf' qtﬁaﬁsup t. The pullulanase activit the supernatant was measur

select alkaline pullulanase- producmg strains. Bacillus sp. KSM-AP1876 (FERM P 10887) were thus
obtained.
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¥

EP.Q 415 397 Bl . . %by weight

Medi um A Pul lul an - 0.8 . .. Colored™ ~
pultulan 0.2 5 EP 0 415 397 B1 Pol ypept one® . *
‘0.2 Yeast extract 0.1 [err] 0.03 [err] 0.1
[err] 0.02 10 ‘ . lerr}
0.02 [err] 0.l001 [err] 1 % ) wegitl] Agar R
1.5 ferr] -~ O-Pwddm A | Pultuian 0.8 N i O
£0.0 20 Colored pullulan | 02 % by weight
Teri] - 0.03 25 Yeast o .04 [err] "~
0.1 [err] 0.02 [errf 1 Ripd, err] 0.03 - 0.001 [err] = = 4 :
.0.0001 30 . | (NHe)2S0. 01 - Jerr] .. 0.5
-pH:-~-10.-0- 35, Exanpl e 2 Allkal i ne ptm%gw- ibr odlagi g lstrai ns Bacill us..-.-s.p-_.;-_.,_ﬂ___._.‘____

-KSM.AR3876 was i nocul at ed i nto t hfechGigeiasd medi umoB of [Exanple 1 and

- shake-cul tured at 30 C fgr 3 days| Fé8d.erH0ul §i vawoon, cells were rem)ved by

.-means of centrifugation tlo obtain| Mk @Hepar &t i @eomf cfude pul | ul anase. The _'

¢ crude enzynme was processgd accordj Agard® to cddventijponal nethod to - '
prepare ethanol-dry powdegr. As a | &&@0, the|pr®&uctiop of enzyne '

. pul lulnase was confirmed as showhghngpabl e 3. The enzymatic activity-was

measured at pH 9. Table 3-45— Stratmn Anmount of
-enzynme per Enzymatic activity (U g) | of nedium(g) KSM APl 876
0.2 1,87Q.50 Fxanple 3 Alkaline pullyl anase- produci ng

st rar ns Baci | I'us sp. KSM AP1876 was i nocul atlede bmelgha ‘medi um whi ch had the -
Same- corrp05| tion as the Ii qi Tn gxanpl e 1 éxcept that 1% of -~ ===
mal t ose was added instead q\?gdg'mr? mﬁgd sh kenfg‘ultur ed at 30[err]C for 2

- 3 days. The pul lul anaselactivity ﬁ};@x@&pe nagpant afiter centrifugation

was. neasured and found tolbe 211 | gegpoone |jttggss of ¢ulture broth. 10

EP O 445 397 Bl Exanple4 4 To the |cugssognzypre @f epar¢d in Exanple 2 was.
added DEAE cel | ul ose powd¢r, and guikgsd.amace| i notshe cfude enzyme was e
conpl etely adsorbed to th¢ DEAE cdltat.eze0 Aft e0.0210 nl Tris-HC buffer (pH
8) was 5 used to wash a fesin, erzfe90sWHL e] ut @@P1usi ng 10 mM Tri s- HCl

~buffer (pH 8) containing .6 M sodiMelcht) i de. 0908 1Q nM Tris-HC buffer

in whi®h the enzyne was elluted wad MNaaBPected| t o%8i al y§is to concentrate the
buffer. Then, the enzyne \as adsorb@.dﬂg@ DEAE-ceI | ul oge DE52 equili brated

with the buffer and gradi entty—etuted—wth—10—mvt-TFrrs-HCO buffer (pH 8)

cont ai ni ng sodi um chl ori de having a concentration

35 Example 2

. Alkaline pullulanase-producing strains Bacillus sp. KSM-AP1876 was inoculated into the liquid medium
N B of Example 1 and shake-cultured at 30°C for 3 days. After cultivation, cells were removed by means of
centrifugation to obtain the preparation of crude pullulanase. The crude enzyme was processed according
40 to a conventional method to prepare ethanol-dry powder. As a result, the production of enzyme pullulanase

was confirmed as shown in Table 3. The enzymatic activity -was measured at pH 9.

Table 3
® Strain - Amount of enzyme per| Enzymatic activity (U/g)
| of medium (g)
KSM-AP1876 - 0.2 1,870

50

Example 3

Alkaling pullulanase-producing strains Bacillus sp. KSM-AP1876 was inoculated into a medium which
had the same composition as the liquid medium B in Example 1 except that 1% of maltose was added
instead of pullulan and shake-cultured at 30°C for 2 - 3 days. The pullulanase activity of a supernatant after
centrifugation was measured and found to be 211 U per one litter of culture broth.

55
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of-0-1 Mto collect active fractions. The active fractions were
-concentrated using an ultrafiltration menbrane 10 (10-kDa cutoff) “and

di al yzed overni ght against 10 mMV TER @ 4HB97MBTfer (pH 8) containing 0.1 IVI
sodi um chl oride. After having been concentrated and dial yzed, the eluate
was subjected to adsorption using a Sephacryl S-200 colum equili brated -
with 10 m#arRiet HCI buffer (pH 8) cont ai ni ng 0.1 M sodi um chl ori de. The

enzynme was e c | or

col | ect actl tL r['ne pre reg 9 $ %@&E d;%’& ddzﬁ-[%? uﬂ?ﬁéf\p{:%) o
DE_/*E«Togorﬂ%?{ LA A Ly R
using 1 b e %n h m ﬁmbnénﬁﬁnes%g BGRLE Wad iR Y IdREsi® o .. ..
concenty atd,ol) e QheCé?. masaeéomstd‘mmtobmse DEbbloQuilibRfa (it ine Bliely
on an- ult rggh| Jaa.a.ay lelaiad WRATRY ARerris-HBEDURGH (DN 8) dohiaiving SaURimVhioRdeSHaWEL EcBcbntraion i
adsor Pt i Orps PH A BTBliediSdcivg fractiBhsl Yher abidiactihs &6 Eoncentratarusing ah Litrifitatosidnenibtane 10
MM Tr i S1oHGho-kpaf fuek) SaINdidhized B@mphlegameDTO v TristHCA tbeffer Tite8)cmhigining @AM sodium
gr adi ent | yehlidet Aflr\wiatidy Bedn rebicsutiated HGH dialykzdde the( qiudtelYyas csubisciadnto ragsasntinm usingna
sul fat e haSephegryhS-2ainmmi requilibatedofith 20 mM) Trig-HG) buftsr (pHE) cantaining 811N sediunoghlpriderhe .
active 20 Thbréaxymieoras eluted avitt O 0@ medium ehloride, i P thT"aﬁP! bufier: o spllepteastye disetiopmd - -
di al yzed owhishryersubledied adsarptip® PIPRASY upiag. PRAE Iﬂmeé‘r%(’ e T <opime; gdsqsbed was
“ purifieth elftocysiog 19 MM g HE! brtiss 418) gongaini

rclpl? |dg a on of 0
subj ect ed 1 ?ﬁ%’&? °affﬁ°‘d’és ?’cé'l‘ E a ratign.em %*’f gL -
achordl ng s[u e z&an liOC %g r\% ?; eal .:E@Euu a %‘ﬁ’t‘ ﬁbﬁ 23

ul o colum

404 ( 196 er cﬁﬁ? r“a mongﬁgﬂ‘oMr ﬁ ﬁa dléﬁ'% Weéet b idn. n?hB
Ve’ a $d N ?or:z) 1Itraf%%t n8fand &ﬁyﬁ& B&e\’rﬁ’gh@%b’n&ﬁ 0P Tﬁs‘ﬁCl
appr oxi fiat ur d khlﬂ@ plildlahdsb 2RABR périfibd BRAAb W subjBcted to -

Exanmpl e 4 y@s t gho §ol EntdnRRBRMERH, Scffng ichhd Bethd 6k Dais PV D.aral
met hod to mn '\F mf:ﬁ 8ki, Hﬂemnams‘a 4ha dtaRedWRHECIadsioVBRIgHD Blu®fo cballm @it gave a

[err]5, 000singRhand (sod 3y, R Whd Yield S4NERCENS eniRdivias entapmadmasd vari ations of the
present o nvention are possible in Iight of the above teachings. It is

therefore Bampesunderstood that the scope of the appended clains, the
I nvention may be practiced otherw se than as specifically described herein.
O ai ns 35 O Zherekafinerpulidinasedd-1 ohiineg IrOBrRMPlack Was gubincied dsSD yiectrgpRoresisacciging o1
. SE 1. A pus idniventionall rhediior trecopfivin|that the gezyms had 3 melaqulas veight ?fHéO ¢°8| |5<SW

enzynol 6y calObdeusy arumerous modiications pndayariptiops pf it gre te'gvea“ E"Fﬂfﬁ '9 fof the .
pul I ul ant @ops Berliees- fi HeefpPedske “’Hﬁ'@?fk'ﬂ?tdh the a%°° g BT YRS °" may -
bond of sta??,’?f’t'ceér?}*leﬂ“ﬁééttaf‘ﬁss'ﬁf' B i parti aI decorrp05| tion

products; § Subst rate specifici ty Possesses hydrol ytic activity against -~ =
a-1, 6-gl Q ¥| o g/- nherization degree -
than thé’ %ﬁ%;{g.ggglor&g%ﬁé&ng% n[g:- eﬁnﬁ% ’Eﬁ range 45 Has

an active }f&mge% a&%hn? pillutrasdVzh Qo&@ssg\?'[tﬂewmvﬂ&'er{z FARicEhaShtdRstRs:- 11; (4)

stablllty 'n-a pHrange 8-10 and retains relative activity

\5/0% or nore 0 HJdeﬁ/ze%C& § Wi ‘ﬂ%ea&f SuN@anOfRt fr684B8 Mltoirdsty AndE kyRifolyizes 1,8 Hglycastilipe

Of 7 - 19.5, Wheky d ke, %ﬁtyl@&ec bipEohdn, biaheirldariial datdn@8sitioh Plodddest Ki ng
tenperature anqz)@psstrﬁusaebmerature 50 Is active at a w de

t enper at ur e r angergfeses MUdPtct HGO [ a@ringt ol 8-glycasidio poridnef reugassiring: BLgreates Py
around 50[ err] nfef3atidiiusgien thas thallsf naltoge;| s very stable at 40 C, when treated
in 10 mM gl yci r@-Wa@lg-pRa@Homimufment ringel 9. 5) for 30 minutes; 55 (7)
Mol ecul a% wei ght Wseoecty2o Goge of 5 -Abgith mﬂm%aﬁmn%bw 9I‘T’edi'rs of

el ect rophor esi $4w¥ist#gli%odi um dodecyl suI

Exanpl e 4 T8 Stehie inca pifjengsy E%E?‘H'rs %°f?‘ SR
E:glrlrtl osgrrgo&d?sp)“m%ﬂ" quIQYP'HH%§g'?W;Eﬂ1 O u‘&@"é%?ﬁ%“\%a r?‘ﬁ'l‘u’gegael

d bed to th °T.

used to Rash a re aga'veéhwﬂs%wgfa Sl g omos i e Eﬁﬂ“"ﬁgf“? ’a*m?%ﬂﬁ%)_

containing 0.6 #‘erma stabq. | ori de. The 10 vaTrl s-HCl buffer in which the

enzyne was el ut! C t
i, AL B, At 0 RS W BT

Then, the enzy

buffer apd gr acr@)e,mgcmameg&pd with 10 mM Tris-HCl buffer (pH 8) containing

sodi um chl ori de hayduhgodo® ©B8660) whéd meH3ured by means of electrophoresis using sodium dodecylsul-
fate;
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of 0-1 Mto collect active fractions. The active fracti-ons-were _
concentrated using an ultrafiltration nenbrane 10 (10-kDa cutoff) “and

codi um chi ori de. Af & having boct ZarGSet Pat ed a(nSHd?)“wﬂUﬂll TIHHIIHJW -

was subjected to adsorption using a Sephacryl S 200 colum eqw | 'br &t et
with 10 eRdmbld4s-HCl buffer (pH 8) containing 0.1 Msodiumchloride. The:

enzyme was eluted with 0.1 Msodiumchloride Iin 10 nM Tris-HC buffer® tO“"'z*i:“

col | ect actlouiss drudaenzvorerepaleil fhE@mple 29ad E@@ﬁ‘ OEAR ealivpsstpovden apcheulianasesin the
DEAE Toy ofvee bnzgi5e Sac ednplately Fdserbedh joythe DEAS Gpiyloge- \/6&%’ ‘EH“M Figg ?'éwtf?'%% Pm?éd
usi ng L0 user tp mash aEsingerEYEe Wespluied “?‘!’thioaf“m "é% (9? ainingr diy

concent r geleriga. e 1P J“Nl TRW te E‘Sflei ébf"h'élbt"lev%“ Xg 1 % ? er Lo
T Z]t%n orf ?’h} %f‘ nt “‘
tla

* on an -ul F?’&P'P"Iaier“%ﬁ'?”ﬁ yi
\Y f onL wer ré?lLr?

adsor pt i ff %f?‘?ﬁf’@% ""‘ﬁ%l"’ F%ons

mM Tri s- | 4 §1 d.
gr adi et [Yg % %E fﬁﬁi@aﬂﬂ e éx b l &mj%ﬁaa [ aﬁo.aﬁmﬁnﬁ%

(2 4

a

sul fate I -2(56% Hte dﬁltbl‘a@a 18 mM n%@lcbuﬁé?l(é!-ﬁg)tcoﬁ&ﬁmg\/ﬂ fArsa@itich @RGride.The
active 2@pug ﬁz@ﬁg 'vﬂ@%lufé@rvﬁh 69 86didnR Rk 30 MM TrisaHI boliffer td GaNectBdiiy fadtonaNd
di al yzed waits WoleGlibieck@tdBstbtior Brobdds Tiihg DEKE Toyopéar 8506 blurB). The erziph@ dsorhed was
puri figd grrikiVEIRd Wi 8 mheriPHbI tulfa s s) cEntining sueiiupLohlofidecrdving e gonesntration of 0
subj ect ed 1tMtomliecastivl frnicde Ager cosdeeteting prhar wisifitatiog alembrans; tha tagtiye fragtions W
accor di ngulijectedhte adwtdtiod potesDasing a[Edtw-Teyopral §50S oajymn eppilibrated it 10 mjd Tris-HE 1,
404, (198t containingst Miamednivin smifat%zomsm w3p maﬂlpfa'm'usﬂ i 1°d“'téaﬁﬂ'?' 'Eeﬁéﬁ“ i t

gave a sishgdnsiningraimiosive soiige hayjng arpRacepivation oh P tOn@ ‘E“P‘E}é’“"ﬂﬁ Zﬁ:l
appr oxdorrdeeliogs were caneeriiraied o anrisafilrafion ‘P?fBb Kk o e
Exanpl e @“U&iép"b%hﬁ? %‘Ei"eﬂp‘ffﬂedcﬁéy'ﬁ? %fcafkfa b " i s” lcﬁj gnal
met hod t CPO'()'(W nlu?ﬂ Ctr reé angls alned wi h gﬁfﬁ 0 é\' ga\% J)OO.
30 o e present
i nvent | orf'"& (§°se| ?he LR TN ' ehee abeove tea?bﬁ .an(Qr? | s therefore to
be und? }g( ﬂ hat the scope of t he appended cl ai ns, the | nventi on may be
practiced otherw se than as specifically described here| n. Cainms 35 dains
for the fol #&Wlﬂ%&e%m%%tz-ﬂ&:tﬁe@tnﬁExan{BE 4 BS, subjBted@BSDS$ FipctBphoiesis Acqotdng fté ed
al kal i ne’ gshlektions) dfsthod tolcoRiid IS this BEzyinB dad 8 ol geigin Dl 120 001y £:¢00.
char acjeer i sobvidsly,(nbjneGd mbdifickljtals @hy Zsistions bf Ge [prasdrhiipeentién el pdssiblgrin tight pridRiuce
mal t ot r i cmeve t@atdingsy Ol isGtheydiars tabel yridlegloyd that thie scoddof the append@b?hﬂﬂ%afhes'rtvenﬁemgnay
any| opectiemractitey othgeise than at $petificajyadestriped Heeionposi ti on products; (2)
Substrate specificity Possesses hydrolytic activity against :
a-1, 6- gl yeleiwisdi c bond of sugars having a greater oI y- merization degree
t han t bat Cleimsifal wewcwm)cmsmaq@tw 2 Dg‘p r?"rﬁ?rﬂ ?—F range 45 Has
an active pH range of an_ opt %E l? &ara ns’g 11; (4) -
pH stabil T t)“i“ﬁf‘ Itj%ﬂ!"%p‘i'"H'a%?s‘i)Ff 1r°8??§§s"'t9fth38 " r?ﬂzyp‘g dfah@eEeP R e activity
of 50% or mor & s At biibh, B 1S ROBb n&méy%d Ot o Pihisage

pullu totrio e

of 7 - 10.5, péh am i(gectml,g osgr{ rt;hg Eart zgﬁ Viér k

temper#ture a °ff:agr€‘m: ac i ve at a W|de
tenperature r 9D gx}i écqwé%%ham wguwbsraia uami btk GBMRN Abrester - Ny
around 50 C (n@hzaﬁ'j% thsh ARt o biosé;s very stable at 40 C, when treated in
10 mM gl yci ne3)\fetkind@itand i ﬁ,p(..p,hhg‘a 5) for 30 mnutes; 55 (7)

Mol ecular wei ghtHaé\taQHétlvél-a@raQéH)of 55,10 04h arV\dswnuumwsatrgedeume sredns of

el ect r ophor esig pHsiatigty sodi um dodecyl sul - f ate; 11 EP 0 415 397 B1
[err] (8) Effectisstaible met@ rangens 8H9 sad vtairsabigtivaétivitt @ 0% pr Mgp of g acticiy[ab e |
Mi[err], and BbjrenrjH jacgessver(iB ) pBfrénge k7 of0.Gwhesyttpeiad &t 48t@for &) Rindes ect ed by
surfact ant s s NoadnglighPeral®; anEJptimi@siempe8EE  SAS, SDS, soaps-and 5

sof taneb; (10) Ebfacive abd wcihéermerqﬂge rgenefrosy 1 o0 #itt eb?ﬂijmuwe"m?ﬂfe *@G‘?A

citric acid, ardndZ®0Cite.
(6) Thermal stability
Is very stable at 40°C, when treated in 10 mM glycme -NaCl-NaOH butfer (pH 9.5) for 30

minutes;
55 (7) Molecular weight
About 120,000 = 5,000, when measured by means of electrophoresis using sodium dodecyl_sul-

fate;
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(ll) Re5| stance to protease Exhibits strong resistance to al kaline
proteases. 10 2. A mi croorgani sm produci ng an al kal i ul anase

according to daim1, said m cr ocERjadisasmel ng naned

KSM AP1876" and dep03| ted as FERM P-10887 w th Fer nerit img“\\m‘mml“\“\
Fhstitute, nc I ndust rial Science and Technol ogy ¢ 3t A"‘pr?)cess
for produci n | ul se accar to Cdaim1l, said process
conpri si ng: °g yzi‘ ?ﬁ’jé:f’& ] %?’smnakﬁ"ﬂﬁgéé"%ﬁaned as Bacillus sp.

KSM-AP1876 a P— 10887, \ t t esear ch
| nstvt pt e, A ndus ‘Fl al SCl sé"r?@e %\% '%lsé ho éc:g‘ia/,éﬁeo 5‘5 %ﬁ?ese?psr?ﬂdthe o

al kal i ne pul | Bg, g gtscul tured nedium 20 Caimfor the fol l'owi ng:..
Contracting § arcel ed TAféﬂﬁc Roshdchbda@:a purified alkaline " "= "
pul'lul anase Z11} RBisames & psle | owi ng enzynol ogi cal characteristics: (l-)_.-----'-~~'---~-
Action 25 Exhibits !,-M,dg ﬂ,g;yta@at({ﬁ{ande-p;qeésdsl nkage of pullulan to produce :

mal t otfi ose, and hydrol yzes:[err]-1,6 glycosidic bond of starch, j:

anyl opecta na ngérycegagiem, pratucibdien alkliee bullahnaﬁbammiﬁgs tot Clalim rsad w&rsqrga(-@rh bemg
Substrat e speed{iBaciluy sPOESM-ARETEgrel ddpyditbd asaEEH\MIFt-WB@gmtmsérmentatton Research

a- 1, 6- gl ycobstitite Awnﬂofdﬁdust@ﬁcimﬁaud Teghnglogy: eat er pol y-#neri zati on degree’

than. t-hat of naltose; (3) working pH and optimum pH range Has . an tonin
acti ve’5pﬁ- r & Rgeess for sroducm appikalinespriigianeserpaearqing te ﬁﬁgkﬂ  BRig Prgcess cpmpriging: % % .
stability I S Spliyrpg-a miprog %!"F”P éYH 'sd‘F‘"‘§1 ‘_’@059&%3 sRa KSMIAD167E |and plepesited op FFRM  of

- 50% f riagygeal Seience; #ndaTeshpology; f
SRR e o et sopainsinsh i A R A S

tenper,‘%t l{%ﬁ?gg‘qaf%ﬁlb‘?“w&)ﬁm%agw ésS active at a wi de t enperat ure range

of from1l err opti mum tenperature being around 50[err] G
(6) Ther nal A%@slfbll o&u%m% & urnﬁJdaamaﬁ\eaﬂullu%asg Z-WB@é%erfn&%eﬂlldﬂﬂg JeQzJMogical

gl yci ne- NaGiyahigield for 30 m nut es | 'ecul ar
wei-ght About (JZQMQ,OO 5, 000, vvhen neasured by neans of el ectrophore5| S
usi ng godi um dodpsulyz8s!la=1,&linRdg8 of PBLlakhd Predute Maltsiisé| antl BPdrolfdes a-1,6 glycosidic| S
adversel y af fead adtaby, drigifiopsdih, glyceteR.rof their paitjabdecdmpositich prlab@s;r] 1 ons;. (9)

Ef fects of dagesupemntespiifiaitycel y af fected by surfactants such as LAS AS, .
ES, ACS, a- SFE, P&é&sesShySrolytio aptiyita aghinstod-1.6:plpdosidi¢ To)d Hif fugae hadingcd gteatbi priy-
~agents 50 merization degeemrinan|tiyat offnialleseed by EDTA, EGTA, citric acid, and :
zeolit®. (11)(3)R6>§1mtpa‘rﬂﬂé09ttmupmﬂfera9@e Exhi bits strong resistance to al kaline
prot eases, sai dq@@c?é% PEIS#AgP PST T : Witk an eRiMHM gH sanee BFNSA}Rralli sm V\/nl ch i s

named as Baci® v KSM AP1876 and deposi ted 3 FERM P- 108ﬂ£31 o
Fernentation R &seséﬁb i ?Hgt"i“igﬁ 8’ sd latjv t %‘;%‘ng g 3ﬁ‘a“"“’ e o
Techno] ogy; EE range °"88 '1" "ﬁ%e hESEY%Sm t he

35 'orking temp! ratur . .
S/“' tured med e abR voﬁcfgl:\; t&? %E%E f%& b %Bf‘d“ .FH? nh)eratupel gingde
\ ertragsst aat I’el ni g a
Pukl ul anase % Thg,lnl;m g@tg, tehenden enzynol ogi schen Ei genschaf ten: 5
(1) 'Wrkung disotaés L@bib aBudr® vﬁbm%um HOB i dijdinéNadiNaBR dukdr bR Iglsy e d60N
. Mal t ot g 0se umgubydr ol ysiert a-i,6- glycosidi sche Bindungen von Starke,
Anyl opektin, @ mhagriwagher deren Tei | abbaupr odukten; -(2) -
Substrats pezi fi labdut lp2ociob 215,009,0vheh pibastred By Mlsins vf élettromhe@ei$ using sodium dodecylsul-
a-1, 6-gl ycosifdiesche Bi ndungen von Zucker mt el nem
(8) Effects of metal ions
5 s adversely affected by Hg?*, Cd?*, Mn?*, and Pb?* ions;
{9) Effects of detergents
Scarcely affected by surfactants such as LAS, AS;.ES, AOS a-SFE, SAS, SDS, soaps and
softanol;
{10) Effect of chelating agents
&0 Scarcely affected by EDTA, EGTA, citric acid, and zeolite.
(11) Resistance t0 protease
Exhibits strong resistance to alkaline proteases, said process comprising:
culturing a microorganism which is named as Bacijlus sp. KSM-AP1876 and deposited as FERM P-
10887 with Fermentation Research Institute, Agency of Industrial Science and Technology; and
55 coliecting the alkaline pullulanase from the cuitured medium.
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C 100 - gr6feren Pol yneri satlonsgrad als jener von Maltose: (3). . ————:- '+
"A'rbel ts-pH Vert und optinaler pH Bereich hat ei nen aktiven pH Berei ch E
211 mt einemoptimal en pH Berei ggp yafs JooBt 11; (4) p ﬁmm L ﬂg :

i n el nem pH-Berel ch von 8-10 stabil und behalt rel atlve“mm %.
oder nehr der 16 Aktivltat beo dem optimal en pH Beref cht auch In ' =
€l nem pH Hrateptapspriihe 7 - 10,5 bei, wenn be! 45 C fOr 10 M nuten behandel t:
(5) Arbei tnstempmmrmmuequwageswme%m FhG8 B ei nen bre| ten )
Tenper at ur berei ch von 10 - 60*C_nmt ei nem Te eratu C

aktiy; 201 Gereini ‘B?‘W'FR?P I'?F"é'l?f‘%e §t‘aﬂ?ﬂ Tﬂc?ﬁtel“e’?dg'? 'Eé’ﬂ?b rP@B |E|9°'T§§'Paﬁ9lb C wenn

sie in 10 mv MNRNONACI - uff @ste“% vg,r(‘)MMoQ'uten Lr Jgoq wgﬂ 6
d 7) Mol s
El i roplor cs é@%’ Ay e il s 8 ().
W kungen von s@ﬂ’bc ﬁﬁtﬁﬂét EEQ\EE h %fgllfdﬁﬁdusgl’:ér Slhdu'iﬂe%Jf' ﬂé?ef mit M?I%T

und PbZ;B I onen | n Kaum beel nfl uBt durch .

Tensi.de,” wie L SDS Sei fen und Softanol -

(10) Wrkung vonh& ﬁﬁra;kmehgﬁmﬁmn Mntstedmmkadbmdmmfdm.mm T, EGTA .

Zitronensaure @ygh-sigmmdet h, (1 1) Bestandi gkeit gegen Protease zeigt ‘hohe _

Best-andi gkeit gegem erelaH-Beéieh Von @108 uncB BehiI relalitekAktdtEINN 58 76 Sder awshr ddrne. |

al kal i s@he Pul Awsliginiss deng egtixBlod\ndBeraich aiichein pipery pH-Bargkkevonder10&1bRYy Ben HaiiS3C

mus "Baci | | us #p10 M@kénAiedddt - genannt wird und als FERM P-10887 bet m

Fer ment at i on RéSs&beitstampaniuriundieptimalgdemespatesf | ndustrial Science an

Technol ogy hi nt efst @ber ejgn desitersTemparaughereich vor 10 HEPSE a1l engf E"W&'F“@P‘ﬂ%"l §'Bhen
PuMUl anase na@ﬁ%@l{egﬁ%@“é& wobei das Verfahren unfaBt: ZUcht en,

el nes MKroor gBhYYRIF m Narren Baci 7 gt

al's FERM P- 1088 5 'r“—*e'?ehé%t at'PoFRad 8&?'@%“’?&“{"5%@8 g’”% “P o e

| ndustri al SCI m‘E O%E'Ehnol ogy, und Gew nnen der alkali schen Pul | ul anase

e e v

aus dem Kul tur LSRR i e o) IR Ftﬁbg s Ghtbr\3RveRduAG bon NeRiuthao-1-

Verfahren zur r gereinigten a chen Pul I ul anase Z-1,

di e nac stehen F L,Qg,hta“,o?,gpe Ei genschaften aufweist: (1) Wrkung

Hydrol ysiert a- vﬁﬂ@ Budt Qi ci Mgz Ub R, MiPt-aind PBfohe; | ung von Maltotriose-

und hydrol ysi e(ggmku]qg -vo® Waschmitteln gI ycosi di sche Bi ndungen von St arke, s
Ayl opektin, G ykagrBednent dater Binsides wloa DS AR ESADS, @BFE, EBS, &Bﬁb%mferatmrﬁeﬂanbh tat
besi t zt 3Jnydrol yio] WiedaRg vik ichetatfiléridergidiiein a- 1, 6- gl ycosi di sche Bi ndungen von
Zucker mt ei neml@m@ﬂ&tﬁmﬁt%l%r&@'&tinty@r@gﬁam upd Zeofitiner von Mal t ose; (3)

Ar bei t s- pH WV\ér {11uBedtiogigkeipdgen Protdad8er ei ch 55 hat ei nen aktiven
pH-Bereich von 5 zelgtll‘bhﬁrBQstﬁediq}@Mw@iaMF@ﬁPMr ei ch von 9, 5 -1 1; (4)
pi--Stabilit~t ist in einempH Bereich von 8-10 stabil und

Aktivitas @orMikeorganisees: deresine %@ffc')&k‘f‘%‘"é}?"ﬁﬁt 995@? 'q 77 aﬁ é@#’gﬂ %ﬂs'

auch in ei nermysHBaaliugse. KSMAP 1576 'T on

MS* fu 10 'W’Wﬁ@?“ﬁéﬂ‘l!&‘ﬁ%f&a‘tsc'e('%e)a" TB ?'%qy PUPE U™ und opti mal e

Tenperatur _ist Uber e ne brei t %IA% 309, b Qarfanidh Lmfabthem
Tenper at ur dpt %ﬁwéﬂﬁ'" ';,'E 'SS‘HPQUE s sl%r ngglﬂjme ot A6 FERM P-

sehr st b | eiﬁ Em&tm aegeslrcﬁr(il R IRy v it b oA o)
flr 30 M nut e@esv%}ﬁ dischtbd ﬂ:llulanase aus dem Kulturmedium.

Patentanspruch fiir folgenden Vertragsstaat ES

45
1. Verfahren zur Herstellung einer gereinigten alkalischen Pullulanase Z-1, die nachstehende enzymologl-
sche Eigenschaften aufweist:
(1) Wirkung _
Hydrolysiert a-1,6-Bindung von Pullulan unter Herstellung von Maltotriose und hydrolysiert «-1,6-
50 glycosidische Bindungen von Stérke, Amylopektin, Glykogen oder deren Teilabbauprodukten;

(2) Substratspezifitét
besitzt hydrolytische Aktivitdt gegen a-1,8-glycosidische Bindungen von Zucker mit sinem
grdBeren Polymerisationsgrad als jener von Maltose;
(3) Arbeits-pH-Wert und optimaler pH-Bersich :
§5 hat einen aktiven pH-Bereich von 5 - 11 mit einem optimalen pH-Bersich von 8,5 - 11;
(4) pH-Stabilitat
ist in einem pH-Bereich von 8-10 stabil und behilt relative Altivitdt von 50 % oder mehr der
Aktivitdt bei dem optimalen pH-Bereich, auch in einem pH-Bereich von 7 - 10,5 bei, wenn bei 45°C
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(7) ‘Mol ekul ar geawi cht etwa 120000 5000, gerressen mt Hlfe von — -
El ekt rophorese unter Verwendung von Natri undo : decyl sul f at ¢

D s s

Y Kaum beei nf du rLTﬂsu de wie LAS, AS, ES, AGS; a’SFE sas sps, . ..
Sei fen und S te" ande ﬂf'h‘éjg Wrkung von chel atbi | denden Mtteln kaum: i
ta

. und
- gegen Prot eé Li eﬁﬁf e ARl 2805 undd N BRUBRA L

daMearfahrer(e) Neat en ei nes M kroorgani smus nmt dem Nanmen Bacill us

sp. KSM 20~ g seh.&%lbn %Z.%ua%ah Bb & 150l k- nEEBMo?rﬂufog&zggpmmo Miouton. e

Fer ment ati on pElga&wg: | Nst i tute, Agency of ‘I ndustri Cl ence an

Technol ogy, lmmomrﬁmt der al kal i schen Pul-l ul anase aus dem Kul t ur redi um

Revendi cat i ons dRea/ €20000C2$000, fempbr mit Biffe WnalidktrephdtbdeaRtol WrFerdiigUan Natiumds: DK

FR, .GB¢ | T, QbcyBBial,. Pul | ul anase alcaline purifiee Z-1, pr~sentant les .

car act 6ri sti @@ &¢rkagaryvon|Megalligeses sui vantes: (1) Action Elle hydrolyse la -

| i ai son a-1, 6 dnac idbfbramtmmﬁr@dﬂ Mez*dwdt?a?*tl@ml ose, et elle hydrolyse

la |iaison a(Q)Wlﬁu'%WwM%? ide | ' ami don, de |' anyl opectine, du gl ycogbne

ou de |eurs pr ofhumibgeipfiubiziyrch Tenside Waé6§rﬁ§®§$ tAOSne- §%ﬁ’ ﬂ“%qu@i S‘(“Z') ugSefsnpk ci t M

de sub&trat @W@’"W@g@rﬁh@a@%"d&ﬂwt\ﬂ"te hydrol ytique sur la liaison or-1,6

gl ycosi di gue d “’§L‘? '3'§BtaY ﬁ?T%ﬁG%ﬁweﬂsé“ﬁﬁd'PﬁY/M sation sup6rieur a cel ui

du mal t ose; e ILET V. 6’8&.' mal de pH 35 EIIeaun
6 e?uéfﬁlg'mcge mes kaOO alsI n%tc? tIllam aE 9 5 a

le

intervalle de p

11;7(4) St abAbé'yeuﬁwh, FERM . et S i
et conserve Ungidatd dnd! éhn&l ya&dd‘ﬁ%w %Uhe% Fldﬁul edium.
correspondant a |"intervalle optinal e pH nmene sur un |nterva | e de pH de

7 a 10, Spevttieatiohd M nutes de traitenent , 45 *C, 40 (5) Tenperature
de tr avairbvedtichWinePoat 16§ Eta@PédntradtentESdiin®SIDERDK,IFREGB,UT, SEN | arge intervalle
de temperature allant de 10 A 60 C, avec une tenp6rature optiml e autour de
50 * C (16)Pubiladasd didafinetpogfiémizepu prédehta lea stradidriiusd enlyn@logiqdds sbikanteapr bs 30
m nut es de trBiAcEment dans un tanpon glycine 10 mw 45 NaCl - NaOH a .
pH 9,5; (7) MasBle hydioBsaladiaisen €m0 idp palluled p@O Eroduits, dd0Galtoipess el @tle hpdrplyse la
-dl ect r ophor | didiseaur -1dfogiraosifiigudl deatamidge dediginviere¢iip, def glysogind ey dedenss praduits e ques
Elle &8t aff é‘é?w@ﬂmﬂﬁ@mﬂ'ﬁm bre inddsirable par | es ions Hg2l, Cd2+ Nh2W .
et Pb2+; so (2 Specific @t des d6tergents Elle est peu affect~e '
t ensi o- act | fs t ‘espr %’eli‘ %act'A h §'Vt' ur 1g_ "§F‘LB -5 glycagidigue P%%“&ﬁ?c%i"t é't' | e
sof t anol ; B‘E "&eﬁ";l d WILNGseE| | ¢ est peu affect6e par | EDTA,
' EGT Ay K aC| e aux
pr ot 6ases El I(§ 19? ?é‘egﬁ'fpﬁwalﬂﬁge?o??e regsbs?‘igﬁgn interyglle °Ptq"t'ajré 3959 égﬁ?hes
EP O 415 397 Elle ost stable sur un mtJrvalle deS}Glilhel& %|1ojei]'l:ojr\lse |Jnt |act|v1té reﬂaﬁ;la]tfalso % ou
LN S de YaGkits QEsHohRREY REEHHIS Sftital 486H Righb ﬁtﬂﬁﬁt@wﬁ H\¢e ﬁ&' on
l a T evendi catm(gnapgles 1b GfiHules db GaiGmEeItgagil-gne et ant appel e "Bacil |l us sp
KSM AR4876" q§) ﬂapaa&eaeusvahet@w@m P- 10887 auprbs du Fernentation
Resear ch | nsti t Bileeest Ag@aCyur fn kgl ustbridiiel| de Seinpdiatere cansht Tiectnal eagyC, avec dme
Proc6d6 pour tgmmctiire eptionale aptuﬁrldalsmnase al caline selon |a revendication 1,
| edit prodedds)Cabjitcdimeminue
Elle est irés stable & 40 °C, aprés 30 minutes de traitement dans un tampon glycine 10 mM-
% NaCl-NaOH & pH 9,5 ;
(7) Masse moléculaire .
Environ 120.000 £ 5.000, mesurée par électrophorése sur dodécyisulfate de sodium ;
(8) Effets des ions métalliques
Elle est affectée d'une maniere indésirable par les ions Hg?*, Cd?*, Mn?* et Pb2* ;
50 (9) Effet des détergents
Elle est peu affectée par les tensio-actifs tels que LAS, AS, ES, AOS, «-8FE, SAS, SDS, les
savons et le softanol ;
(10) Effet des agents chélatants
Elle est peu affectée par I'EDTA, 'EGTA, I'acide citrique et les zéolites ;
56 {11) Résistance aux protéases
Elle présente une forte résistance aux protéases alcalines.
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< L

“‘Fa cul ture d' un mcro- organi sne appel e Bacillus sp KSMAP1876 et dépos6 - .

‘Sous |l e numero FERM P-1 0887 auprbs du Fernent atlon ﬂsmﬂlﬂmu“ﬂeum llm
Agency of Industrial Science and TErRbO405 898t et la c

.puI lul anase alcaline A partir du nilieu cultive. 10 : ReVerfdl tat flon® pour

¥ Etat contractant sulvant: ES 1. Proc6de pour produire une pul]ul anase -
“al cal ine Bur Microsegagisme pﬁ?‘é?@‘n‘!"&rﬂ"“qlaéésec%ﬁam%wé"( o 8‘ t' ﬁgéos'gfgf du ;

suivantes: (49t meeqkofBartius sp. KSM-AP18 Fﬁ?@g §é° S
pult ul ane pofﬁ’"‘?ﬁaﬁﬂh'ﬁ‘?séarﬂﬂnwet 69°F?yo‘§8‘d“sé Fnee g 6’[‘8/%98 la liaison a-1,6

oo ¢ iRty %ﬁ%ﬁm :ﬁ‘a‘j ;;‘i':% zﬁ 5%@5%""*@3%%%993 itk
n In

i :

. pr-sente unepqa&, ,f,g el e/l uskabsclnke el 1eibieg ee%-:-r-m--a
" sucres ayant |aLéQ“e apullulan Qéaﬁn aPcP FHitbd &ukvé.0N Superl eur a celul s

mal tose: (3) pH ui iTe et Intervalle optimal de pH Elle azun |ntervalle de
pH.acti f, qfevénd?cam)n palif PBtat Contraétant\salvh : @t i el de pH de 9,5 a 11; (4)
Stabilit6 au pH ELle est stable sur un intervalle de pH de 8 a 10 et
conserve Ufe pRecdds bbirgrddGitedinb \pallutieash @icine puridiSe Z-1, présentpit les catectdristinoes anzineplo-
cor respondangiqaeslstivanteer val | e opti mal de pH rene sur un intervalle de pH de
7 a 10,5, apre@)Adfonri nutes de traitenent b 45 C;, (5) Tenperature de
travai | et tenp6Ele wdwlvepia Feisbre ofti6] du pdjglang Pounmsodyiry dy;fmalioliogpe of ?i'PéW@fa'W"e'ade
tenperature alfasen «dé diygosicipe dectamision e fimyioReRYs8r &t €lY59935R(OF (AR 'R B YBe
50 * C, soO déco R‘S""“EtP&GP'Iel t6 therm que Elle est tres stable a 40 *C,

apres 30 ni nut @sSréeifiqitp de un ta n pH
Q, g/ (7) Masse ngl%erérea rLEIS [gﬁ'qy' 3 |d rr:i:zsgasgbécls ?cosxd%xe dey%lgresl\g'g_'dﬁ‘
el ect r ophor esed 3z/a eﬂolsf e"r u Sar (8) Effet s des ions.

mbtal |iques El p e@’&%%&‘cdn'ﬁﬁ&%hé&%ﬁ d8Pf dbBS 3i1@RS Hy2+,

Cd2+ Mh2+ et bm es etergents Elle est peu affect~e par les ...
t e_n5| o-actifs Eﬁe gt'gta é‘gur uﬁS’nterEaﬁe d8OR. de® BT et cHive thel adtivith AfatifANOSE% & | €
sof tanobs 40 s de Kabfits BérfeSfondtAfs ReRAkIP PRk PALHENR duf u BilorvBIRLeSH oL Be

par | "EDTA, 1’ Qpregwamhtd&daltmdngu@ﬁ ¢es z6olites; (11) Rlsistance aux
protbases El | e@spreasdntus dinavdiet bepsrasspanie aux prot eases al calines, |ledit
proc6d6 conprenardie ekiaadivd tsutr én dHrgen interveleo do teyendrairee allapipdd 40 Ba6Q | I%@V‘if)pu"e S
. KSM-AP1876 et whpérsteredptinsle aptondetioc C45 FERM P-10887 aupres du A
Ferment at i on RéSs8abighthpménupt ut e, Agenc I ndustrial Science and . -
Technol ogy; et | &lieett/tée steblejd Py Coarr °a ﬂ%‘@s ¢ traifpnegdags pherPen Qi’LF'%1I°|"§Y'J S

cultive. so 55Na@-NaOHapH95;
' (7) Masse moléculaire

Environ 120.000 = 5.000, mesurée par électrophorése sur dodécylsulfate de sodium ;
35 (8) Effets des ions métalliques
Elle est affectée d'une manidre indésirable par lgs ions Hg?*, Cd?*, Mn2* et Pb?+ ;
. (9) Effot des détergents
o Elle est peu affectée par les tensio-actifs tels que LAS, AS, ES, AOS, a«-SFE, SAS, SDS los
savons et le softanol ;
40 : (10) Effet des agents chélatants
- Elle est peu affectée par I'EDTA, 'EGTA, I'acide citrique et les zéolites ;
(11) Résistance aux protéases
Elle présente une forte résistance aux protéases alcalines, ledit procédé comprenant :
1a culture d'un micro-organisme appelé Bacillus sp. KSM-AP1876 et déposé sous le numéro
45 FERM P-10887 auprds du Fermentation Research Institute, Agency of Industrial Science and
Technology ; ef la collecte de la pullulanase alcaline & partir du milisu cultivé.

50

55

15



