; e3e} LQzLLMBNFOP6PTLQQ JWD 00/ 53725 Expression of proteolytic enzynes in
koji nmold in the presence of carbon sources PCT/EP00/01796 The present
invention refers to koji nolds capabl e of expressing proteolytic enzynmes in
the presence of a cdrbon source in at |east the sane anpbunt as in the
absence t hwo#953729 n particular, the present invention pePCHER®/0116a

nodi fication of the expression of the creA gene product as a tool to

i ncrease the anount of a wi de spectrum of proteolytic enzynes in the
presence of a carbon source) State of the art Hydrol yzedmmwmmmmnﬂl ch
are widely used in the food industry, may be prepared by

degradation of protein material with acid, alkali or enzynmes.um+regards a
treatment of the material with acid or alkaline this procedure has been
shown to al so dest r ofxpresden pépfﬁﬁﬂmcammeg@d@ﬂamkpduri ng hydrol ysis
thus reducing the nutriti I final product. On the other hand
hydrol ysis by addition ofﬁgﬁffxggseﬂgsﬁfyaggesgufc&scorrpl etion so that the
hydrol yzed protein material still contains substantial anmounts of peptides.
Dependi n%Fon the nature of the protein and_the epzymatic conponents

uti | i zed T RoPresanbinygnyen wefers fokaiigpelds eapabls of s¥prassing metrelytis endyges ia o

extr emel e lpidsbifde dfathafondbic@faicisthnes b thy ' In some
met hods | ﬁ?f’?ead eof cherr_inca corrp? sﬁéat edﬂﬁ%%#%gﬁtm?%ﬁ%ﬁh%% g%r gani sns
as such paricéapthsypresenivinveriion petiripo e mpdificatiment thesenprashien pf thesrefaceous
materi al g&x\éa#oa@clteas' ? tggld{oolﬁéiz:?lge m/c L.rrﬂgunqc g 9N 1@% S%e{tl%l;l’g%{ ﬁa%t'egl ic of
enzynes, “slch as anylases, proteinases, peptidases etc., at ‘are”secreted
by the necayers gathe praseddeafalcatbwneburseich m croorgani sns are koji nol ds that
are traditionally used for nmaking koji cultures (see e.g. US 4,308, 284).
These nol ds conprise e.g. mcroorgani sns of the genus Aspergillus, Rhizopus
and/ or Myg@s of théagparti cul ar Aspergillus soyae, Aspergillus WO 00/ 53725 -
PCT/ EPOOTUT796 oryzae, Aspergillus phoenicis, Aspergillus niger,
Aspergillus awarnori, Rhizopus oryzae, Rnhizopus oligosporus, Rhizopus

j aponi cu for S k r ni cus,
beni oi |1 gl R RelnE RERGRSWfely B0 T Bl SO BB Hh I iBbartPBE" £

| nt er nat hpdralytiCaidgradatidodbfprotsnh midtariah elitat agide alkalTRN)enzymee Agirkgards as an
ananor phi c genus. This ang that tru perqgil]i only reproduce asexually
hr ough BEATEG RGP duseRR gL Peld o el B0 PRSsFy R Ren BT TOAOr o

nor phol Oﬁh‘st{%}ésﬂnﬁﬁl £Rinb ALTAE gbbrited Qiridd WidroTHals AP rQRYmG tRexuAtiboal Vi @ _
ascospores. Some Aspergillus taxonom sts caused confusion, because they did

not adhealug of fheeinal pradusto Oaghe othes handchydrolisjs by addifiercaf enzymakearehdr i ous
revi sion t%ﬁﬂ g Ldokdid ikl Al d 1N this
genus, d g%{%oe t egpaggtgé, f%g?ﬁ%zdr%ggongﬁécglﬁag%%rlgc@%%r?eéqbs rlfdéri cella
ni dul ans am8ants oof, péptide\sPepagidiriguen tB: mlatwy ofirtble [protaist andhltheAppdyimagici ons, pp
355-390, ed. by Benppett .and Klich ostonp). Ln effect,,the m croqgrgani sm
Cormod ASEParSRFA i Eraliabe BE el G PO batERgT BoERR Gens
Asper gi | leserhély itter tdstesiRd @reAfus dBincteptitslbaslesieble he production of a
fermented soya sauce is described, wherein a koji is prepared by mxing a
koji culture with a mxture of cooked Soya and roasted wheat. The koji thus
obt ai ned g §orh8 GIRHBAL irRkehd @F chdinidll RGHRALBLIBIBRENNRRRAAT BlercdridhidhIRUrs at 45
Cto 60 Cwth the enzynmes produced during fernentation of .he‘kOkl

cul ture, suctheneemploysdffor thisepurpeseplartheseipses dfe protetnageansmstirit pvrdlabls t he
hydrol yz I S LON.: -t h ] ol e r ' hen
pressed \G/i\ngtlﬁ%ﬂg#l gggt?leo tlgbng%qgfea? gv%gest e%ﬁ 7 eg’n g{aa?in%?gélgs.eg’EP 0 429
760 descrprixemasesppeptidases Bwr, thataresecrdied by dre rofcraorgdngsnor i ng agent in which an

One class of such microorganisms are koji molds that are traditionally used for making
koji cultures (see e.g. US 4,308,284). These molds comprise e.g. microorganisms of the
genus Aspergillus, Rhizopus and/or Mucor, in particular Aspergillus soyae, Aspergillus
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aqueous suspension of a protein-rich material is prepared, the proteins are
sol ubilized by hydrolysis of the suspension with a protease at pH 6.0 to
11.0, the ngssl'&é)n_is heat-treated at a pHof 4.6 to 6 and is
subsequent |y ripened with enzymes of a koji culture. WS QUFY4TES -

PCT/ EPOO/ 01996 3 Li kewi se, European pa&ent application 96 201 923.8

descri bes a process for the production of a neat flavor, in which a mxture-
containing a veget al _ protei ngcequs squrce, and, a veget al car,b%g%(drat es

cont ai ni ng"y%‘hr spergillly nbasmiels, daperaitius: tieer: rAtPergdiysnpVamPTiy Riizopanst 450
dry matte ERINL I 8idosnd ; 1 B e or
nmore ot he?vysz%egci esb(é) %léﬁ%déﬁggg%gér@e iJ\r%B%[P(\;/lgﬂ II?J#OP ﬁ%lﬂgrﬁg)g???%’na cBf

f er ment at riseinelfoides aMucenjapanioas,Renicillivmi gaucoowdnd Peniciliium fuseemt f| avors are
fornmed. Yet, all the processes involving the use of different

m croorgani sns al so show the di sadvantage that the protein material is not
hydr ol ysed cesramlgabehy rihd bethe ThenaeabnilCoteadti Bitarfiéal Nveneielagirk ACHYWY h t he

m croorgani snms_to achieve a substantial hydrolysis may | ead to the

f or mat i onAspergiiiais e anamenphici genys. dehis megne that trpe dspergidli ©nby repreduge need i n
the art f | olysi rgee qapal jym. zation
and furt hg‘gfexg%“emgé%t&g*%%@br}gﬁ%segsﬂﬁaﬁﬁggéxﬁﬁérg}lﬁ%ug?@&hg%éred by
t he | ack aoforpirmdegyenige abo heHeumhirufungbthat imayhrgphodicg tsexuaip 2siarascospored. ved,

their regulation and the influence, of .process angt.er n thej
expr ess; oNoRd- e B grongiss FSEL e e BRabEANR Rl aditrs REICPN o ¢
concent 1 atdrinolbgy0 Msteat Zthe} attmptediBRLakkAribusli@Pidibns @B dxotddhicdl séHentegown t hat

in the fungi Enericella nidulans the expression and secretion of

pr ot eol yt ¢ inshydpndspergilug nidplans imhBrie genup, despite e faplethat its deiogamicely t o

provi de t i 3 = n i i

prolifer a'? ?%%dt%gﬂggﬁﬂé%&@%ﬁlg? &ﬁggss:?ﬁ%aﬁ’r Iensé%ééﬁg@g%'q%:iglr?tg? (;‘a[nﬁglﬁcrl%shl ls

i ncl udi ng Applibaions,atppb365-880,r edr dysBennethiando¥dich, Bostosll frureffeet, athel i t e
repression.. These, t hree éjﬁ%ul a ory.@lrcui ts ensur.(f t hat, t elava' I%bl e

ni t r ogen- MIEEPEBRAIST, [Rgmed, epsretiys midulqng may bp Copsiferc Py 19 Felonely the
sequent i algeyusaggpRfgindtsel. t heir nitrogen-, energy- and sul fur-yield.

Ni trogen netabolite repression has been found to be inter alia exerted by
the areA gene product in Enericella nidulans (Arst et al., MIl. Gen. Genet.
26 ( 1973 ' f farrh dntd L POSsi bly
ot her gends By 341381 sRRRERT ApialiiRlon ditbhenhlott xR E SR s HORHERESS Dot
fungi t hatwhessie atke@ris ptepatied dy swizimgtaokd)asdtuanwith @ AniknmodDepokep soyacndi ng sai d
function. 00153725 . PCT/ EPOOJ 01796, 4. | n eat bran fernmentations

per f or et FFH LE, LiE ol OFSEed fBRE B o DB En s ST Pbe

det ect ed ¥h@r8 héifs @l 4508 % 6ONCEFItH Bel Ry MEPprdatteBuANE BerfiRhiadib of tHeeshol d.
These observations suggest that any expression of proteolytic enzynmes in A

oryzae i s keiitcuitwgue ewpremi is ferther prapared yraddingrseding ahlarids de the hyslradezeder el y
car bonder GRfieaREsidR Hd hofbrki®fs BRI B! feflerk! AAGS Sl blebsdli ins e ighdrs 2
si gni fi cant” anount of gl ucose has been found to be Tiberated as result of
anyl ase acibtamedybeirty pastessizadtandiclayifiedsul ts in a carbon catabolite repression
of protease-encoding genes. Hence, there is a need for an inproved nethod
for hydrolyzing proteins | eading to high degree of protein hydrolysis and
t o hydr ol yERDS9WED ieSoribes h prdcesy Bame %@Hﬁ(ﬁioﬂrdfﬁeﬂatvbﬁﬁg agunbmi spichfant he

Yy

| nventi on This object, has been, sol ved by providing a koji1 nold helonging to
t he genus 2aqueous suspension of a protein-rich material is prepared, the proteins are solubilized

by hydrolysis of the suspension with a protease at pH 6.0 to 11.0, the suspension is
heat-treated at a pH of 4.6 to 6 and is subsequently ripened with enzymes of a koji

culture.



Aspergil lus, Rhizopus, Miucor or Penicillium the proteolytic activity of

whi ch is not carbon repressed. According to the invention, in said -

m croorgani snms the expression of the creA gene has been nodified such that
the gene pMRAM¥B™Sher eof gives rise to a pol ypeptide exhimdmwEregomesdecr eased
or no binding affinity at all to DNA sequences responsi ble for bl ocking the
transcription of proteases. In another preferred enbodi nent the synthesis
of the creA gene is nodified in such a way that the correspondi ng gene

product isikewhe} @uidpakwafeai abpmasmmopmz@cst désrcaeésca'ﬁ%eksétfgﬁlt or not
translated to a functional product. This may e.g. be achieved means of

i nt r oduci prgductioaraft 2 meet flayes, ithavhighne meixere pmatmnermmggmhupsmmhmouw ves

h A
(e L0 BRSNS DML UG ARSI 3208, bRl e o 0o
i nt r oduc ephitiablycat tiénat és%ﬁdrgmes,ahé eiktunoistinanidatéd with arkdjiadigtrg bt by

Eventual ly, the cr ene .also be entirely deleted so that no
repr essi o q%%"eﬁe}?fé ?cﬁsgﬁ\é“‘fﬂ:’%@éﬁé@sw"og’eeéﬁ B’Sﬁ’ag'é‘GP@eferme%"B@f 53725

PCT/ EPOO/ &@Z@&@h@ﬁﬁxﬁ% RldcRBaed BRI fiéht Havdrd GreTb@i¢a0r gani sm having the

desired traits nay be obtained via classical techniques, such as nutation
and sel ection or by usi ng genetic engl neering techniques, with which a

sel ective t n the ne a creA
mut a1 on” ey 4 &8 Trbfkelfiin iR NG el et MB R R e PR B8 acct T on
of the argikadrantage ahpaheé tproteinSinadtihiaisoniotf Bdrdlhped womiﬂmély owhitdf apb@geeas es.
Detail ed Pescrjption of the |[pvention In the Figures: Fig. 1 is

restricti Biubagengt ge magspia} with thy icrqerganispg Wgacg’élj? Bﬁumt‘wa’P]é’é‘ﬂ on a

4.3 kB Pshiay %Itoftﬂeaﬂﬁﬁﬁﬁont&%hﬁmdm&@%e Ffbd%p 9. Theoretically,

generating rrutatlons In the creA gene, that dimnish or even interrupt
bi ndi ng of the gene product thereof to the correspondi ng DNA sequences

shoul d le an e rller t of pratease production in whegt bran kojis,
Fooul t i ng 1P thefl st 2 sieq BLEE o5 Lor Bedirta e BUctEly Rt BstiaPb ST on o

pr ot eases optiiniAtion Bnd %hléﬂﬂé\&ldfb'nfbﬁt BRIk bRdsss¥hlve bedieriohil daperti] evi at e
car bon catabollte regee53|on rot ease production and should result in

hi gher pr 8Y £h dagkr ofg seewisdge %tthe naturs 9 thesbyqrolyygenzymes. pwglved, theifsdal e et
al . reporigdidfiflant '?h gﬂﬂérﬁu lo@Pﬁ;c@ss%}ﬁﬁété}Q off thelM&peb &éh ﬂ?;%{‘g?g’eéé@er Wi th

fl anki ng sequences phenotype. It was t suned
that in atahpeargnre le water adtivity andisaleganeersmatiopr ot ei n creA has still ot her
vi abl e regulatory roles wi thout which the mcroorganismis not capable to
proliferate and grow. In contrast to this general belief the present

i nvent or s FRgM &K £z P4l SGag! 350f @94, REARIL fit ik known that in the fungi Emericella
nidulans the expression and secretion of proteolytic enzymes, that are inherently used
by the microorganism to provide the nitrogen-, sulfur- and carbon sources required for
its proliferation, is subject to at least three general control circuits including carbon

catabolite repression, nitrogen- and sulfur-metabolite repression.

These three regulatory circuits ensure that the available nitrogen-, carbon- and sulfur-
sources in a substrate are utilized sequentially according to their nitrogen-, energy- and
sulfur-yield. Nitrogen metabolite repression has been found to be inter alia exerted by
the areA gene product in Emericella nidulans (Arst et al., Mol. Gen. Genet. 26 (1973),
111-141,), whereas in other fungi it is assumed that possibly other genes are deemed to
be responsible for said function. In fact, most fungi that have been studied seem to have

an areA homologue performing said function.



in fact possible to create viable creA nutants, that are capable to express
a wde variety of different proteolytic enzynes even in the presence of a
car bon sour 00/53n5 6 PCT/ EPOO/ 01996 In order to jev hi s
obj ective t‘ﬁgn?/%sﬁ%égw ng procedure has been adopted. It ha'gccljgﬁlgg?{&é suned
that creA nutants may be isol ated as ay eA suppressor nutations. The areA
gene is one of several genes involved in the activation of the
transcription of a wide variety of proteolytic polypeptides. The areA gene
i s cont r olnl whedyybrarh fermrentatione perforaisd ewitle Aspergiilus arytakupmteobitiot axtivitg, whi ch

in effect_represents ni i rogen,dependent control. A oryzae NF2 ( CNCM

1882) . an L ATNAPE SRS YRS PF CRSh KPRCTIPAON, GERPRSS BEY e Seraipi ch

docunment  fhfeshfl@OTRGE absilvAtne silgdest theYang expredstiresTGRoteNgtc esfipn to be

unable to grow on nmininmal medi um (see bel ow) contai ni ng 0. 2% soy protein
®

and 50 nm\WiyEatcisseot ingeced e theuprgsanco®d natsins bt spamy o bo merdw darbonheat

gl uten kojl - . r r

ot i at elremReE DAY MlenBHbA Bhoccls RilinE A0 afs BB RSET | ¢
m cr oor gapliusose Has beerhiduint ta beddibemtesieas psudt ebamylsscadtivitp whidhnevedshally on, in
t he presenCﬁ af aa{cpar bo& spuree, sucg as |l uco e fruct ose or saccharose,
the creA GoWES IBASATROR cptapplits JeRtesson,of prq ff’g?ﬁﬁco &#°8t%ase encodi ng genes
eventually resulting in an incapability of the areA null nutant to use
protein as a nitrogen source. Consequently, area null nmutants with an
oper at i veHeneathgesis agged far apdmpreysd metheddpohydrelyzing peaieingleading o kigkh an

envi ronne i ; - of A
oryzae magé%eeé gﬁ?@g{»ﬁ%ﬁ%@&a& |€d?}é§ga}eé%1?@&) ?egc?ﬁé@%ﬁ%%ﬁé/&éeﬁgﬂne |o?1tlee " medi um
(0.2 % soy protein, 50 mM glucose), such as e.g. UV irradiation, treatnent
wi th EVMS (Et hyl e hane sul fonate}, nethyl nethane sul fonate or DVSO,
nitrosoguéﬂﬂ&l\éﬁb—bi&-—'\/\o‘? tae nventionyny 0o/ 53775 ' PC f/ EP00101796 7 Theoretical ly, in

at | east some colonies that are capable to grow on the nmediumthe

This object has been solved by providing a koji mold belonging to the genus
Aspergillus, Rhizopus, Mucor or Penicillium, the proteolytic activity of which is not

carbon repressed.

According to the invention, in said microorganisms the expression of the creA gene has
been modified such that the gene product thereof gives rise to a polypeptide exhibiting
a decreased or no binding affinity at all to DNA sequences responsible for blocking the

transcription of proteases.

In another preferred embodiment the synthesis of the creA gene is modified in such a
way that the corresponding gene product is substantially not transcribed or not
transcribed at all or not translated to a functional product. This may e.g. be achieved by
means of introducing a construct into the genome of the microorganism that gives rise
to a creA anti-sense mRNA thus preventing translation of the creA gene into a
functional polypeptide. On the other hand also mutations may be introduced into the
creA gene 5o that no transcription takes place. Eventually, the creA gene may also be

entirely deleted so that no repression takes place in the presence of a carbon source.



creA gene shoul d have been nutated such that the gene product thereof may
not exert its normal action thus allowing for the gromh in such a nmedi um
(see above). The col onies may then be anal ysed for the presence of an

i ncreased WQM3THtic activity, which may be achi eved e. pcrimpoor®asss of
determning the activity of enzynes that are under control of creA, such as
al cohol dehydrogenase, anyl ase, acetanidase etc.. For exanple, colonies
growing in the above referenced nedium may be investigated for

hyper sensich i Vi & W I - : LY j ive creA
o ot 61 - it Bdatich 181G b Pl 66iyBlifn HeVinlich'adokBE ikl B e Wi,
presence wia cdssicaltechniqués rsutthassmuotation andseldetion or by esing gerietic engineatingbol i sed.
Yet, in creA nutants, .i.n which the creA gene product goe .hot take over its
| nher ent  FGMEAREn Wit iydch 8 seleclive MtpHoRdn e ok BSUBeY B #hahscr { bed in an
essentially constitutive manner. As a result, Fluor-acetate will be
converted to conpounds that are toxic for the m croorgani sns. The vi sual
resul t reln additiom a gred mutadommay talsei hegcombinadawitly the property ef anningesasedwhi ch

renders. t NRdAES: QEMEH £RESLPAAIVEXGHABHLAE! k) Brodliddn Gk | 1 @, recl um

cont ai nin carbon source. e S nay al so be
identified according to their hypersensitivity towards allylalcohol in the
presence Qf ar b In wild type strains the active creA protein
nor mal |y ACEALSALCSErIRton o4 tne In¥entoR 3| cohol dehydr ogenase, that oxidi ses the
above substrate to ketone acreoline, a conpound toxic for the

m croorgani sm_Under repressive conditions, i.e. in the presence of a

car bon solr e Figures:al | yl - al cohol will normally not be oxidised to the toxic

conpound due to creA exerting its inherent function to repress the
transcription of al cohol dehydrogenase. However, in nutants in which the

creA geneFig 1Mok réstittion @ ofaVGEmI Eclond. TBB ebdiflg Fepisrogasiassisedoraasnti al |y
expressed constitutively, intoxicating the nould with acreoline even in the
presence &B RSl frgmens thet was S“Wb“@‘gl’!s@:fcz‘?-- PCT/ EP00101796 8 In addition
to the above random nut agenesis of an areA null nutant by nutagenic agents
and selection for the desired trait the creA gene may also be nodified in a
sui t abl e VidgoreticallyagenerétingemetationeimgibeeesA ggne, Toattdimsnigndr, ewndoesipuct nay

be incorporated in the noul ds. ge conprisin DNA seguen bej ng
Cransori botaea of (s stfe PrOufCeRRAY BesPaRPorfind il ssurelist B0UT 65

t echni queso \4! darlked ®iSeti 6F Slsﬂa&a@r E‘raoﬂuwbnai% whea® bean H6jss; résuRthgi il Manphat i s, A
Laboratory manual , Cold Spring rbor, 1992. This option provides for the
advant age Profaasetirdd aa¢ thys torantipngressad sectetippeofmaptenses eplsonigypoh &oiy Aol | ed in
a sui t abl GuB¥orY woRlH1RhdoREichlle IICIARE caitioh OBarbEN e fknsith REpRESSENCE OF
absence of particular nolecules known to induce transcription in a given
system Vegcodicton andshonbl rasujt ndrighorproteasgproduction. wel | as pronoters and
their way of induction are well known in the art and may e.g. be found in
Mani atis, supra. Further, the creA gene may well be nodified in such a way
that the gEALinPGesHIE30 (198r35,0141-3455M) Drgsdalentt 3. fpofted tha® i IAL. @ligulans a
ineffective, This nay be effected b% i ntroducing nutations into the DNA

sequence SBIHRAPL theerTed BeaS SRErHY! &%_@%F?‘H’éﬂqe&cﬁa@é tq ¢ lethalp HORey  of
exerting i yat ARG sYurRdd thAin M dfiof 1o 1E AL BOa trdsh& OSSP &al

regul atory DNA sequences. Moreover, the creA gene may partly or even
entirely nshetevigbledregulatdmatrotes withousswhigh thekeisrqorgamismatis a0t chpablaéo
presence ofr 1afecagr bocp sgurce. |t has now been found that in spite of the

di fferencd PR rer at1BR the creA gene of A oryzae may be is isolated using
a DNA sequence conprising the coding region of the correspondi ng gene of

Aspergillus nidul ans as a prohe, however, applying |ow strjngent c¢qnditions
during hybPic@ngast it s gepsral &ebvfethF awsgvftﬁﬁl%@&ﬁfc%ﬂveéﬁmfﬁ%}vs%oaﬁgala&& 15
plurality @it JihiMEIER crefte YMLEScrdR MRutants, that are capable to express a wide variety

of different proteolytic enzymes even in the presence of a carbon source.



initially isolated which could subsequently be excluded by increasing the
condi tions of stringency. WO 00/53725 ' PCT/ EPO0/ 01796 9 After having

i sol at ed ongly hybridising colonies the conplete A oryzae creA
gene coul %8%é/§§|5£gned to a 4.3 KB Pstl-Sphl fragnent, whiTHERS01786 be
cloned into a suitable vector, such asga plasmd or a viral vector and
sequenced. The sequence obtained thereby is shown under SEQ ID NO I, bel ow. -
I n anal ysing the DNA sequence a potential open reading frame could be found
yi el di ng dnpoley preqhiave this wbjectitethe foliomingproceduexhas been addeteti fi ed as SEQ I D
NO I'l, bel ow The DNA sequence thus identified may then be used to introduce
specific nutations into the creA gene. This may be effected by e. g.

cl oni ng t NehdsbRemByshimed tivat SHIA! BiMaits HRETHRIisolABE i B6A blspréssaimEaRYnsnUNber
vector pUC or ML3, deleting part of the coding sequences or introducing a
st op codonfherpredgeneisding 9f peveral 2anrs invalyskindhnertivadonefdhe franscripion gfne i nt o
an areA myt ] . 2 SRk I ants can
t hen be 2&]‘2@%%} lgﬁ%&éﬁ?tﬁl@ﬁﬁgﬂ%%n?%é\ll?gkw)m%o%%ngi%{l| ngogérado&gwr% p??sgﬁé_e 0.2%
soy) and 50 abbdngé wf dseackiultihglutanéin, witigh inoeffrcoveprastaes aastragenatepéndent ant

will not grow. In determning for an effective transfer of a suitably

modi fi ed %BHEr?lruct inawld type background a marker such as e.g. a

resi stance gene may be utilised, that may be del eted fromthe noul ds'
genone after havi gﬁfi solated a creA nutant having the desired traits.

Techni quesAf 6ryza¢ INFAJCNGN 48820i 1g mﬁanuwtmgqlmribfél i idewadl imtEP a gi ven
ene and f { (ol I it l i a wn in
The art by WLE QiR 0 AR e Rlerdhy B 0RO HE BB
exanpl es fshowhep bel uneble & gravheniminandli mediuGt (sed balo®) pobmsimings0.2% soydul ans

&332 (pabaAl, . yA2 pr used to anplify the, creA gene, - was oQtaj ned

fromthe @& @ﬁgwdéﬁé‘?ﬁcglgfﬁﬁk{i@emee %ag}/ﬂas a}ﬁ.o\]‘.nca@gﬁfttgrgﬁ%ﬂr} 23 yzae
TK3 (af |l Rigiuterkéyi) ., were obtained fromthe strain collection of the Nestle
Research Center Lausanne. A oryzae NF 1 (pyre 1 ) is a uridine auxotroph
derivative of A oryzae TK3 WO 00/ 53725 - PCT/ EPO0/ 01796 10 in which the

pyre gene, | J 1.dj - i Fvat ed
by target eIg%gfag%gtglll 8‘?1‘85[& ih('%%e?%g&%@%@ﬁggé#ﬂﬁghgﬁﬁg} e% (rﬁ;@?rﬁ%{l on
mut ant, deproteest £manding gemesz aesultiiglina thed gicpolgenisig tERxQibitl 333K réhsed

protease secretion.

In addition, in the presence of a carbon source, such as glucose, fructose or saccharose,
the creA gene product represses transcription of protease encoding genes eventually
resulting in an incapability of the areA null mutant to use protein as a nitrogen source.
Consequently, area null mutants with an operative creA gene should be unable to

proliferate and grow in such an environment.

In order to isolate creA mutants, areA null mutants of A. oryzae may be subjected to
mutagenic agents in the above mentioned medium (0.2 % soy protein, 50 mM glucose),
such as e.g. UV irradiation, treatment with EMS (Ethyl methane sulfonate), methyl

methane sulfonate or DMSO, nitrosoguanidine, etc..



The vector LanbdaGem 12 was obtai ned from Promega, pUC 19 (Yani sch-Perron
C., Vieira, J. and Messing, J. Inproved M3 phage cl oning vectors and host
strains: nucl eoti de sequences of M 3npl8 and puUCd 9; CGene 33 (1985),
103-119) WO WERFned from New Engl and Biol abs I nc. USA. PREGPEOWI ol
medium (MV) contains per litre 1. KH%PO4 (Merck, Darmstadt, ERG, 0.5 ¢
MyS04. 7H20 (Merck, Darnstadt, FRG, 0.5 g KC (Merck). For selection of
mut ants 50 nmM d ucose ((Merck, Darnmstadt, FRG, 0.2% Soy Protein (Protein
Technol oqrreéreheagr @@rat fasd Qon?e”&’ol&t(%@&ﬁf afeoéipﬁbne% ggawl%g%s% W fhot ease
pl ate assays weré perfornmed either on MMw th Yo sodi um desoxychol at e
( Fl uka, qunsenﬂhoukiehavarhgty:n amdatcﬂ awhdhat the mrxsmmdmt theteof omynmh ezert!

(i1 ooy caipie o Bytblnbiing 578 BRI e e s 30l acanc o

rel evant to the production of proteolytic activity, areA null nutants have
been created as_described in EP 97111378. 2. Further | 08 coni di ospores of
A. oryzaeThqm? qnéesanaY1ieD Pe aratysedion the Reesence @f Atk mGreassddnpteolstic Ak vieD o,

survi val ) i 50 mM
gl ucose aW 2% g%%ﬁ%?%?u%%m%ﬁt&?%@ féétq%rﬁ‘g“% éronl es, b%ra{r;reed NF 14
to NF 17 wdeecawbbef ardA, sushis asleol@lﬁohmhlogenaneamplasn, n¢eramitiaseifc.mM al | yl

al cohol in the presence of 50 nmM gl ucose, suggesting that these four
mutants were creA nutations. Furthernore, NF14 to NF17 were shown to
secrete [Fotexampk, colohfee gpswing ﬂﬁ@h@ﬁb@b%ﬁﬁ@ced méBiudPa3 e inddstibaadp! € 2

| sol ation of the creA gene PCI/EPO0/ 01796 A genonmic |ibrary of pergillus
oryzae TKIT PERRsPeRpItivRY ds Flyee-agetate e Wild finsr stiaing agtactivigy siedy Protii t i ons

(55 C S %3?% rp&ag'?rfé di ng
regi on oﬁ?ﬁms]i%% ni ul%épgér%}aak gt(lalnli%.l Atota Lﬂg#he %gpo?ﬁl%s%:pg}f%g wer e

pr opagat etlisaoddigigaiFindnyebethdiiseat métatolised \iut,dberelArmmamsandvmckoﬁs codAslightly
i ncreased_strin ep&%/ E%Fr%lgcreas' ng, t he ture %ﬁ att:] ut 60 C._In the
f.ol | owi ng®PRPEETSE 49 £ oLey! n‘glf‘ife‘h o |s ¥ CrEre Y M ed. The
A. oryzaearé tRAscHi®BE inas esseixidlgroddstitanve Maksenl As & kQ0R, FlSoRacétate Wil BamHl
fragnment. By Southern analysis, the coding region was localised on a 4.3 KB

Pst | - Sphi CHWEREfEiRICOmpaun at%@msrfeaﬂieﬁmﬁ@ergfglsgvén@%ea\ﬂf%reﬁmeﬂdzs and

conpl et el y KEAURREL HavihBe H}ﬁ?dti%ﬁtnh%e R %@@%Qh%@h&‘i’s fife Qen%eﬂ-H e of the
A. oryzae creA gene 1s given below Sequence motifs in the putatlve

pronot er esegitialy tiheffective, wilé nSYERBG inon seadéuns cohtadRER FD-abétatdi angl 8i t es

(Kul mburg et a 1993) are singly underlined and marked in bold. The

regi on ent® ‘E‘Hfbséjélf%g t he DNA-bi nding C2H2 Znfinger region in the CREA
protein (Dowzer et al., 1989) is doubly underlined and in bold.

- 1120CTGCAGT TCCAGT TTCTACCCCGTAAATCCCTATCAACT TAGT CCGCCCCACATTCTTTT- 1061- 1060
TTTTTTTTCErAT PSR reobeiiutifiebreserding tthsryRsrserstiviiydesvaris ¢ilvh 000GOGTG

mm%%%m%m 15W4h (rRARY Gt kr K BAIFTACTCTTA
TGATACTCAATACGGTA TAGAGAAT T GAGATACGAAAGCTGAC- 881- 880 T CATCAGAACAGAATAAGG
GGAATTTT TGATRREIALKTIAGRAINAATNTTAZIACA Alchg D e g Ren AhTARATIACAREARIONT AGGGGACT

TTTTTTCTTFRRA T FRRTATF R /n 27 CORREPAT P T AFT FIRERAF GO R T T T TTCT

TTTCCTTTTAeh1ebdivd BonditiGrs) -ifed O THRCRERECEGAHAMHEGT CRERACRCATIAGHAGRTAGITTTTTTTT
TTTTCCTTCCACT- 581- 580CCCT TCAAGGT CTCCGATT CTACCAGTT.CGCCCTGCCTTTT
dCosdstT @me«%’f?%%

TCTCTC- 5210 FHnherettrCTTCOG
461- 460T%n€§&1 b T@ L OEGERA @Q%%EGMT&E er%’J’}'i%Cv"é@IﬁTxﬁ%T&%T 401- 40
OCTCTCCCTTTCGACAAAT TGITGCT TGACT ACATCCATCT CCTACT TACAGTA- 341- 390CCAATT

cmmmwnmmmm@mmmmm@mwwrmcmg is essentially

expressed constitutively, intoxicating the mould with acreoline even in the presence of

the carbon source.
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- 280GGGAAAGT CACTCTTCCTTGAAATTGGT TACAT CGCGGACCATCGTACCTTCTTTAATCG 221- 220CAA
GGCTTGTGAT GCTCGTTCATCAACTAGTACTTTGCCAAGAGCAAGT- 161- | 60CTCCGICTTG
TCGGGTGGT CCCCGATTTACCTACCCCTGT TGCGACGAAT- 101- 106EEFE 8 accToaaeT
CGTCAGCCCTTCCGAGCTTCCCT TAAGT ACAGGCT TCGF CCCC-

41- 40TCTTTAGCTGCACTCCTCGGTGCTAGGT TAGGACGAGT CACAT GCCACCACCGGCTTCTT19Met ProPr
oPr oAl aSer S 20 CAGTGGATTTCACCAATCTGCTGAACCCT CAGAATAACGAGACTGGTTCTGCACCTTCCA
79 er Val AsipRdéitibn As nthe ubeueAandsm Ghudgendes of ur Mt ywohritaht Bbaiufagific
CGCCAGTGGATAGCTCCAAC—IG%I&'I%F CCCSGT CCAGTACTCAGTCCAACTCTACCA 139

hr Pr oVal ASE2Ks apd |§91§¢d B¢ fasired Jrait ey orph (genednaNs Alse by Hpeditied in a
TGGCCTCGTQ{[QB]’@@{ T STGCTCGTCCCGCAACGGAAG 199

et Al aSer Ser Val Ser'LeuLeuPr oPr oLeuMet Lysd yAl aAr gPr oAl aThr d uG 200
AAGCGCGCCAGGATCTTCCCCGTCCATACAAGTGTCCCCTGTGTGATCGCGCCTTCCATC 259

G TT oA AL R AT AR Rl O B B e o

~gLeu@ uHRM aéﬂqnéicrcg Hba:hg rrdhgeTibedi intbharChyiG-kensy aRNAS 1@&3@@/’&1&1‘13 &ﬂ@y be
AGT TCCCGGGECT.GCA ewgq?TCGCICTGACGAGCTGA CGCCACTCAAGAA 379
| nPhePr oew@ymm%mgw Flapqyapinghe gt sueh shis &8 esesibrd i Mangagis, A

TTCACAACAMGEGEatt - SO Sl Gt £ 169> Q&%ﬁ%ﬁ%&fﬁ@ Ay
| eHi SASnAsnPr oAsnSer Ar gAr gSer AsnLysAI aH sLeu Al aAl a aAa44 tage
CT GCCGCT GUREEACAATTRANATE RN TWAN’D‘GI @mlmm;emmm@gy by

| aAl aAl aAl a t n aI ThrAsnAI ad ySerlLeulMet P 500
Co00000CACRRAR e AR B e FHEBEE Bgouer

r oPr oPr oThﬁdJyamfsdbbtw'ﬁhfoAhgﬁertﬁdna&thahﬁar golanVveybtey Sadctdto A flindSa Given

TCTCCCCT CTCCTTCT CFATGCCGGTCA JTGCGT T T
al Ser Pr om % A Promotess \Apg t‘ﬂ?@@‘gﬁ%ﬁ@ﬂ\?&f@ V&SA*FO%’QO“ the

ATCCT CGCAQWQ@' CREAREIPIATCAATCTACTTGCCACCCCTG 679
yr Al aAr gAsnThr G UAr gAl aSer Ser G yMet Aspl | eAsnLeuLeuAl aThr Al aA 680
CATCTCAGGT TGAGCGT GATGAACAACATTTTGGGT TCCACGCTGGTCCACGTAATCACC 739

e USRS U0 SR PO AU QA 985D i e
i sLeuPheAlthéres s gihssantiallhoi@ veAeatiteyliacfRica S Mhisubey ¥d effectedl Bl introducing
mutations into the DNA sequence so that the corresponding polypeptide looses its
capability of exerting its regulatory action by e.g. binding to the corresponding
regulatory DNA sequences. Moreover, the creA gene may partly or even entirely be

deleted so that no repression takes place at all in the presence of a carbon source.

It has now been found that in spite of the difference in relation the creA gene of A.
oryzae may be is isolated using a DNA sequence comprising the coding region of the
corresponding gene of Aspergillus nidulans as a probe, however, applying low

stringent conditions during hybridisation.

Due to the low stringency conditions applied a plurality of different colonies were
initially isolated which could subsequently be excluded by increasing the conditions of

stringency.
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PCT/ EPO0/ 017961~800TCTCGCACAGCATGAGCCGT TCTCACT TTCACGAGGACGAGGATGGTTACACTCAT
CGCGB59I eSer Hi sSer Met Ser Ar gSer Hi sPheH s@ uASpd uAspd yTyr Thr Hi sAr gV860TCAAG
CGCTCAAGCCHAMEPEACCAAACT CGACCGCT COGT CCTCACCGACT TTCTCT CO I8zVERpe/#79Ser Ar gPr o
AsnBer Pr oAsnSer Thr Al aPr oSer 9er Pr oThr PhgSer HO20ACGACTCTCTTTCCCCAACGCCAGACCAC
ACTCCGT TGGCAACCCCTGCTCATTCGCCACI79i sAspSer LeuSer ProThr Pr oAspHi sThr ProLeuAl a
Thr Pr oAl aH sSer Pr oA980GCT TGAGGT CATTGGGATCTAGCGAACTCCACCTTCCTTCGATTCGCCATCTG

TCCCTCC10 i I LS, = er LeuH10
BOAT CACAOL O e S e R S e S A 84 o
r oAl aLeuAkeey gevist @uidhbbe @sighed G wd@.§ B Rsth-Bphlrfin Seerte] ¢hidBCAHIMAGIGHEIAT GGTCCC
AT A A T A A AL A0 9554 G SR Bhy LI 1 oSer A
1160GTAAAGH (e el 6By fe AW ChdeNMIBGIDNGET] GEI6RCATAT GCTGAACCCCAGCGL219r gLysLe

uProVal Prod nVal ProLysVal Al avVal A nAspMet LeuAsnPr oSer A122GCTGGGTTTTCGTCGGTTT
CCTCATCGACGAATAACTCTGT CGCAGGAAATGATTTGECAGL2791 ad yPheSer Ser Val Ser Ser Ser Thr

AsnASnSer T

T ARG LA 8 TSR e DO R SRR i
TAGACT TTGE@OVPETARAGYEQE3HS amint0aid3EnTant GREATCRTN G NIEICBGGET TTCTTTGCTTA
CTTTGTTCGAGTATACT14S91460TTTGCGAGGCGT CCATAGT GATAGACGGGTGGGATATTCTTGTGGCTTTT
TCOGTGCTTGL5191520TTCGATTCTCCCCTTTCGCTCTCCTTGAAAAATACCTTTCTTATCCTATAACCATTT
CTT157915808 GNAATGLGAL Teksehtifc GRAGAGEECTI AT IR TAGRGSHCTCCTGL6
391640AGGCCCAGT GATAAT TCOGGGCT.CTACCRTATACAT TTCATT TCGACTATGICAGL6991700T
TTCCGCTTCEy traepedcrena dbicmardecifoctstTinoseArioning Alra dasmentain 76 suiebBAAAT TATA

e
GTAATCT T T g . U TGTCTA
AT CACT P BT e PO ST ACT AT OF £ 70 F 0 i AR LB ATT CAAC
GAGATAGAT GEAETGSORAMTOITANE TT GTOPGEGIDAGID 3% S40DSATATCOAT GATAGATIRCETACGTACAT
ACACTAATA TCATCAL99920 TCCTGGT T TGCGT
ANGAT TG SR RASRAD 0 0 R A R R TCTCTTTC
CATCTCTGA AR TdoubRI hathh04ahT (Hed BeTdecledASK Tl intaf Gietiivngh (66166 Coaihigl GRATTAT
GATAGGGTAT21792180TGT TGACTTGACAAGT TGATCT TGAT GGAATCAAATCTTCTCCCCGCCAGATTCTCGA
CGC223922480t -EHCEA PEGAR T AgueQss PY AR CATR AR e rasIoareAT GAT2299
WO 00/ 53725 134 VREHOE 01796
2300GCTGGAGACAAACCGA CGTCACGGT CACACGGAGGATACGT TTGCTAGAGCCAG23592360CTG
ATACCCCAAGAGACRAGAAGGT AAAGGT CGCAAAAATCTTTTCAATAAGATGGCATC24192420TTCCCCCCAC
CAACCCTT JTTCTCCTTITCAAGCTGIGIT T 129792480CCCCT.T AGTGCGG
TOOCAAAACTACH RPN RAB SRS T RO PP IS ST AR ORI CABGERRCT AAGCAT
GT CCCAACAGRAT 68 I IAEduivh Tab GALA T4sis202 0 360 &3 b&Ttliksed\ Ao Ital, Te(defetda ST GCTGCT
GGCACGAACGCCGECCATCCAAGATCATT26592660GT TCTCAT TCAAACCGCEGECEECT TACGT CTAGCCGCGG
ACGTAAGCACHSmAHisamesidy @enrme alieriheunedicizied & rrsdnmutast heying ke desireddeaiST CCTCCAC
GGCCGT CCCHlt ik B up e e aaecy : CTGGAG
AW%T@83928§%WW@A@TAT¥§%%&% £ CGICG
T28992900oCEeedTdaBICFHUEBRSHNA EATICrontROGAT ACBTIATA ICIHERETER TETAIAT29S929
60CT TA%%%TGT CGAGCAATGGAAGACTCACGT TCTGAGCCA30193020CTTCC
GAACCCA HECCT CTATGT CCGGGT GAGCGGTT30793080 CAGCGACACCCC
CGAACAGAAAGGATGGGATCGECATGC3117 Exanpl e 3 Cenetic nodification of the creA
gene In t sequence, st op codons re introduced at position +226-228
and +229- 25 follpwing exgmples furthendl E'atf\»g%ﬁlﬂ@’%‘l‘feodi ng the di peptide TyrLys
into TAGTAG (StopStop). This mutation was i ntroduced i nto pNFF212 by site
di rect ed mut agenesi s usi ng oligonucl eoti de CTTCCCCGTCCATAGTAGIGICCCCTGTG
and its copdiendplas@AdNGCCCGACACTACTATGGACGGGGAAG as described in the

Qui ckchang t el Thi. S j esy| i

T uncat orcRoRRss 8 BbRATORCE et vk ] AT CHERVET il Srped
finger donfaom, the eBldegdw Gdnktic 18aacki CentreByial Di.r Adu Glutgeriek s AC @rgdae UTK3 1 nt 0
the A ory NF2 (CNCM 1882, 97] 1 |1378. . CreA-areA double nmutants
coul d be séﬁgét%‘ﬂt‘%]i?r\lé’ﬁq %tﬂﬂegﬁaﬂ bsq%c?ﬁgﬁP%?ngﬁ' Sec Beserieh Greqies

cont ai ni NgL fhsafieS AY obyAAL HIF i__?QS EMrihieCRKEtr&H ddivhiiRtoth t dty206 TRI3T

nobl e. WO 001 53735 PCT/ EPO0/ 01796 15 Exanple 4 Modification of the creA
gene Further, the creA gene was deleted fromthe nolds genone as foll ows.
pNFF212 was partially digested with EcoRI and the |inear nolecul e was
recovered from an agarose gel. After dephosphorylation and ligation to the
1843 by A. nidulans pyre fragnent from pNFF38 (A. Dounmas) P van den Broek,
M Affolter, M Mnod (1998) Characterisation of the Prolyl dipeptidyl
pepti dase gene (dpplV) fromthe Koji nold Aspergillus oryzae, Applied and
Envi ronenmental M crobi ol ogy 64, 4809-4815), pNFF234 was generated. In
pNFF234, the creA coding region is interrupted by a functional A nidul ans

- . o o Y M RN I A




Exanple 5 Test for expression In order to further prove a nutation in the
creA gene several tests were performed. 1 ) Anylase test The strai ns _
obt ai ned i e 1 were grown on m ninmal medi um (supr containing 1%
starch and ‘3)6ng ucose as carbon source. Under these cd)ﬂﬁpi"%ﬂg%v\n | d type
strains, in which the anyl ases are repgessed by glucose, will not produce a
hal o when stained with a KI solution. In contrast thereto a creA nutant

wi || produce a hal o, since anylase expression is no | onger repressed by

gl ucose. #hliwHitH efle CPyr®NigRte,i SMdodirpd ordtidine H!phosphatied dev: Rsé hako. WO
00153p5 16 2 Acet am dase test PCT/ EPOOﬁlcl):l?% Stral ns can so be assayed
for acet alfPeHXaEdy targetsd disruption: AnArEae NERi(GNGM ﬁ%llﬁlﬁﬁle%ﬁpﬂ‘é‘)ﬂ%@mt ai ni ng
acet am demangle, PeHoQPRoMH. GRIRPNFE AW HERribéd &P §1193$750Ndi tions wild type
strains do not produce acet'am dase activity, whereas a creA mutants do. 3)
Hal o production On m ni mal medi um pl ates containing 1-% skinmed m |k and 50

rngIucos Lot rbid appeata of, t he pl reA. nyt ant § exhi bi t
a hal o af %"?‘%‘a@%"‘g@t‘%&b&g m%e@%gne%ﬁf%n th?)“Re%at Pgubﬁé (88“‘ %,[”Femnvé) »001 53725
PCT/ EPOO Welidf J. and Messing, J. Improved M13 phage cloning vectors and host strains:

nucleotide sequences of M13mpl8 and pUC19; Gene 33 (1985), 103-119) was

obtained from New England Biolabs Inc. USA.

Media

Minimal medium (MM) contains per litre 1.5 KH,PO, (Merck, Darmstadt, FRG), 0.5 g
MgS0,.7TH,0 (Merck, Darmstadt, FRG), 0.5 g KCl (Merck). For selection of mutants
50 mM Glucose ((Merck, Darmstadt, FRG), 0.2% Soy Protein (Protein Technologies
International) and 2% agar noble were added to MM. Protease plate assays were
performed either on MM with 0.08% sodium desoxycholate (Fluka, Buchs,
Switzerland) and 0.2% soy protein as sole carbon and nitrogen source or on MM with

1% skimmed milk (Difco) and 2% agar noble (Difco)

Example 1
Isolation of creA mutants

To isolate creA mutants relevant to the production of proteolytic activity, areA null
mutants have been created as described in EP 97111378.2. Further, 108 conidiospores
of A. oryzae NF2 (CNCM 1882) were UV irradiated (500 mJ/cm2 254 nm, 50%
survival) and plated on minimal medium containing 0.2% soy protein, 50 mM glucose
and 2% agar noble (Difco). Four sporulating colonies, termed NF14 to NF17 were
selected, that were found to be sensitive to 15 mM allyl alcohol in the presence of 50
mM glucose, suggesting that these four mutants were creA mutations. Furthermore,

NF14 to NF17 were shown to secrete proteases in the presence of glucose.



17 Cains 1. A koji nold belonging to the genus Aspergillus, Ithizopus,
Mucor or Penicillium the proteolytic acitivity of which is not carbon
repressed. 2. A koj i nold according to claim1, wherein the creA gene does
not exert WQROYSRSrent function. 3. A koji nold accordi nPaTEreb/e9s 2,
wherein the creA gene is not transcribggd to a m ZNA capable to be
translated to a functional polypeptide. 4. A koj i nold according to any of
the clains 1 to 3, wherein the creA gene has been nutated such that the
gene produgtaniplegeof is essentially non functional. 5. A koji nold

accordi ng ](tﬂo IJEY r‘n 1, wherein the creA gene has been deleted. 6. A koji

mol d accorldPiafiop ot thesrsAgeneni ch is Aspergillus oryzae |-2165 (NF14) 7. A
koji mold according to claiml to 5, wherein the areA gene or a functional
derivative thereof is overexpressed. 8. A nethod of producing proteolytic
enzynes, cdEenomionliprauy ofi Aspergiljuscoryzdel TR shipea) do GEM d 2 twascicesensd dndéri n a

suitable gr Lum.i,n. th sen of. ban so r conditions
Shat the i tEnlBR Welaliopd st £ SREECO1 A sBR 33 3715 S PR radiet g t ho
enzynes i rercbmphaing thé cadig@regintsfahed. SduldeecroA gehe koji nold according to
claim1-7 for the hydrolysis of protein containing materials. WO 00/ 537%$5
18

A total of 100 positive clones were propagated and again hybridised with the probe

under conditions of slightly increased stringency by increasing the temperature to about

60 °C. In the following three of the most strongly hybridising clones were isolated.

The A. oryzae creA gene was subcloned from a Geml2 clone as a 7.3 KB BamHI
fragment. By Southern analysis, the coding region was localised on a 4.3 KB Pstl-Sphl
fragment that was subcloned in pUC19 generating pNFF212 and completely
sequenced. The nucleotide and deduced amino acid sequence of the 4. oryzae creA
gene is given below. Sequence motifs in the putative promoter region that fit the
SYGRGG consensus of CREA DNA-binding sites (Kulmburg et al., 1993) are singly
underlined and marked in bold. The region encompassing the DNA-binding C;H, Zn-
finger region in the CREA protein (Dowzer et al., 1989) is doubly underlined and in

bold.
~1120 CTGCAGTTCCAGTTTCTACCCCGTAAATCCCTATCAACTTAGTCCGCCCCACATTCTTTT -1061
-1060 TTTTTTTTCCITITTTTTTCGCTCCCGGTCAGAGTGATAGTGGGATTTATTACACACCGT -1001
-1000 GCGTGGTCGAAGAACGACACGGAAGAAGCCCCAGAAGACGCCTTCTCTAGGCAACARATG -941
-940 ATTGTACTCTTATGATACTCAATACGGTAGAAAATAGAGAATIGAGATACGAAAGCTGAC -881
-880 TCATCAGAACAGAATARGGGGAATTTTTGATTAGCAAATAACAATAATAATTATACAAAR -821
~820 AAACAAATAAARAAATTTAGGGGACTCCCCACCCGCTGTAATCCTGGGTGTATCTCAARG =761
-760 CAARGCAGGCGATCTGOGGGGAGCACGTTCTTTTTTTITCTTTTCTCTTTTTITCTATTTT -701
=700 TTTTTTTTTTTTTATTTTAGGTCTATGCCTTTTTTTTTICTTTTCCTTTTTTTITTTTTITIT -641
~-640 TTTGCCCCCCGATAATTCTCCCCACACATAGGACATACTTTTTTTTTTTTTCCTTCCACT -581
-580 CCCTTCAAGGTCTCCGATTCCGATAACCCCCTCTACCAGTTCGCCCTGCCTTTTTCTCTC -521
-520 CCCTCCCCCGAAGCTCCATTTCTCTCTTCTTCCCCTCCATTCCTCATTCTTCCTCTTCCG ~461
-460 TATTTCCTTTATATGCTCCTATCCCCAGACCATTTCICCAGATTTCTCTCTCTTTCCCCT -401
-400 CTCTCCCTTTCGACARATTGTTGCTTGACTACATCCATCTCGGGTTACCTACTTACAGTA -341

-340 CCAATTCCGGATATACTCTATCCCACCCATCACCACATTCCATAACAGCGCCCTTTCATT -281



PCT/ EPOO/ 01796 10. Use according to claim@8, in conmbination with an enzyne
and/ or a mcroorgani smproviding a prolidase activity. .A9.A .AA . A

. AR Ar. A Au 3a. AlY . AGH . AeAuLA)A@AY?]ImZGBDS i*,; '
=' czupkfa\l V ﬁfﬁ /%ca ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca] BGI/ERPOPLIAG caU] ca] c
Ra] ca] ca] ca] ca] ca] c™a] cal] c<al] ca] ca] c&U] ca
1IFy" """ " " FH#<SDLISBEEEO( () S) ™) ) tw nhc] XU] ] caU] ca] ca] ca] ca] caU] ca] ca]ca] ca]c -

al otal cal cal ool saheaphealeauladlagheahealaal salaakalaglsal catl ol ca
=>[>>' 2| wr nh‘éA‘YBHGT@ﬁ?@é}”é‘éﬂ%‘ﬁ?@&f@ﬁ}%}%ﬁ{’é‘ﬁ"@}@%&ﬁ%ca] cafca) ca]ca] ca

] ca] ca] cal] cajc atdcexrrateat@ajaedrcrroEt@atAceraccceTeTTGCGACGAAT -101
' 2?77?7277 QUOABRCCEhineEd et cafei §dckitctdabbrOdck mh@inchedcikréabee a] cal gaV] cal caV] c
a] ca] cal] ca] callhcalcaleaslerborlhadhabeadsakesalsaatar] cal cg cal cal caU

] ca] ca] ca

1111 gKgKKNNI N$N. NI NXNNLORP\ Qk QQORRRRRRj SpS@riei revrper 285+d YT] ] ca] c”a] ca] ¢
a] ca] c™a] cal] Calé’t?] \%\%al ca%l ca! ca%l cal ca! %‘%%GQZ‘NJZ' Lﬂlﬁf cal cfal] caV] ca] ca] ca]
ca] c™a] cal] caft SAK2] zsnf "ZTNkeU] cal]
c au] c au] ca U] C/\atj]aé)&p@]e@h@g]leﬁ.eg}se?ra@]neamsnGluThrGlySe.rAlaProSerT

U c*aU] calU] cal] caU] ca] cal] ca] cal] caU] ca] cal] ca] ca] c*a] ca] cha] ca] c™a] ca] c*aZ
] ] ANNANAN 80 G’sCCA?T&@P&'&@_G,TCCAAGGCTCCCTCTACCCCGTCCAGTACTCAGTCCAACTCTACCA 139

bwbbbc CcKccccczuegrava¥idrsedsealvh o afresddtical caddr crataaddkmadcatdica) cal] ca] cal] ca]
cal] ca] caU] ca] caU] ca] cal] ca] ca] cal] ca] caU] ca] cal] caU] cal] cacccc2dndzddddeeT
eeeee 140 TGGCCTCGTCTGTTAGCTTACTACCGCCCCTCATGAAGGGTGCTCGTCCCGCAACGGAAG 199

f, f hf ff g@Lgggg#bdibghbhieideg &bl sabdcabealdspl cabl.cakeatleal call ca] cal cal ¢
al] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal) ca] cal] caAhFhhhh

hiiZifiiiii2]23) 2hddetceCcAGEATCTTCCCCOTCCATACAAGTGTCCCCTGTGTGATCGCGCCTTCOATC 259
luAlaArgGlnAspLeuProArgP rozxrnxnanProLeugxaAaRArghlaPheBisA

260 GTTTGGAGCACCAGACCAGACATATTCGCACACATACGGGTGAAAAGCCACACGCTTGCC 319
rgLeuGluHiaGlnThrArEHi sIl lArEThrﬂi aThrGlzG 1uLstroHi shl aCysg

320 AGTTCCCGGGCTGCACRAAACGCTTTAGTCGCTCTGACGAGCTGACACGCCACTCARAGAA 379
lnPheProG 1szsThersArgPheB erArgSerAspG luLeuThrArgHia SerArgl

380 TTCACAACAACCCCAACTCCAGGCGGAGTAACAAGGCACATCTGGCCGCTGCCGCTGCCG 439
leHisAsnAsnProAsnSerArgArgSerAsnLysAlaHisLeuRlaAlaAlafAlaRrlaa

440 CTGCCGCTGCCGGACAAGAGAATGCAATGGTAAATGTGACCAACGCGGGCTCGTTGATGC 499
laAlaAlaAlaGlyGlnGluAsnAlaMetValAsnValThrAsnAlaGlySerLeuMetP

500 CCCCGCCCACARAGCCTATGACCCGCTCTGCGCCTGTCTCTCAGGTTGCGATCTCCGGATG 559
roProProThrLysProMetThrArgSerAlaProValSerGlnValGlySerProAspV

S60 TCTCCCCTCCGCACTCCTTCTCGARCTATGCCGGTCACATGCGTTCCAATCTGGGACCAT 619
alSerProProHisSerPheSerAsnTyrAlaGlyHisMetArgSerAsnLeuGlyProT

620 ATGCTCGCAACACCGAGCGGGCGTCCTCGGGAATGCATATCAATCTACTTGCCACCGCTG 679
yrAlaArgAsnThrGluArgAlaSerSerGlyMetAspIleAsnlLeuLeuAlaThrAlaA

680 CATCTCAGGTTGAGCGTGATGAACAACATTTTGGCTTCCACGCTGGTCCACGTAATCALC 739
laSerGlnValGluArgAspGluGlnHisPheGlyPheHisAlaGlyProArgAsnHisH

740 ATTTGTTCGCCTCGCGTCACCACACCGGTCGTGGCCTGCCTTCCCTTTCAGCGTACGCCA 799
isLeuPheAlaSerArgHisHisThrGlyArgGlyLeuProSerLeuSerAlaTyrAlal
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109%&' ()-3"110%&' ()- 'y1l0%& ()-Y 109%& ()-3 10% ()-1GlLO0%& ()--2 3 4 5 dE:/
10 10@*910%&R29C) TCTFCCATGRATEAGCAT TANGBR TTCRCGAFANGORGTATROTTACAETIRICEG - ~ 409R ()- 5 6

i uv7/ leSerHisSerMetSerArgSerHisPheHisGluRspGLuAspGlyTyrThrHisArgV

860 TCAAGCGCTCAAGGCCTAACTCACCAAACTCGACCGCTCCGTCCTCACCGACTTTCTCTC 919
alLysArgSerArgProAsnSerProAsnSerThrAlaProSerSerProThrPheSerH

920 ACGACTCTCTTTCCCCAACGCCAGACCACACTCCGTTGGCAACCCCTGCTCATTCGCCAC 979
isAspSerLeuSerProThrProAspHisThrProLeuAlaThrProAlaHisSerProA

980 GCTTGAGGTCATTGGGATCTAGCGCAACTCCACCTTCCTTCGATTCGCCATCTGTCCCTCC 1039
rgLeuArgSerlLeuGlySerSexrGluLeuHisLeuProSerIleArgHisLeuSerLeuH

1040 ATCACACCCCTGCCCTTGCTCCAATGGAGCCCCAGCCGGAAGGCCCCAACTATTACAGTC 1089
isHisThrProAlaLeuAlaProMetGluProGlnProGluGlyProAsnTyrTyrSerP

1100 CCAGCCAGTCTCATGGTCCCACAATCAGCGATATCATGTCCAGACCCGACGGAACACAGC 1159
roSerGlnSerHisGlyProThrIleSerAsplleMetSexArgProAspGlyThrGlnA

1160 GTAAACTGCCCGTTCCACAGGTTCCCAAGGTCGCGGTGCAAGATATGCTGARCCCCAGCG 1218
rglysLeuProValProGlnValProlysValAlaValGlnAspMetLeuAsnProSerA

1220 CTGGGTTTTCGTCGGTTTCCTCATCGACGAATAACTCTGTCGCAGGARATGATTTGGCAG 1279
laGlyPheSerSerValSerSerSexThrAsnAsnSexrValAlaGlyAsnAspleuAlaG

1280 AACGTTTCTAGCCTGGTGCGGCTGCGAAACCCTTTCAATGTATAAAGTTTTGCGGCTCAAA 1339
luArgPheEnd
1340 AARAATTCTTGACTGTCATACGCGCTACGAAACGAATAGACTTTGTGCATTTACAGTGCG 1399
1400 TGGTTCATGGGCATCCTTGGTEGTCGGCTGGCTTTCTTTGCTTACTTTGTTCGAGTATACT 1459
1460 TTTGCGAGGCGTCCATAGTGATAGACGGGTGGGATATTCTIGTGGCTTTTTCCGTGCITG 1519
1520 TTCGATTCTCCCCTTTCGCTCTCCTTGAARAATACCTTTCTITATCCTATAACCATTTGTT 1579
1580 TCATTATCCCAATGGGAATTGGCTCTACAGCTCTTATTCATTTTGTCTACTCCTCTCCTG 1633
1640 AGGCCCAGTCCCCTGATAATTCCGGGCTCTACCATATACATTTCATTTCGACTATGTCAG 1699
1700 TTTCCGCTTCGATTTAGACCTCGAGCAGGACGAGAGGGTTCCGAAAGAAAATACAAACAR 1759
1760 ARATTATAGTAATCIGCGTTTACTTTGGCATAATACAGTAGTCATTAGTTGAGGTAGGCA 1819
1820 TAATCTGGATGTCTAACCATCACTTGCCCTAACCTCCTACCATCTGCTGCTAGTATTTGT 1879
1880 CTTACCCGARACCCAATTCAACGAGATAGATGGATTGACGAATAACAATTTGTTGTCCAG 1939
1940 CGACATGCATGATACATGCGTACGTACATACACTAATAGTAGTCACAGACCAGTTCATCA 1999
2000 CATCCTGGTCTCGGGTATTCAGATACGGAAATGCGTAAGATTGGAAGGGTCTAAGAAARA 2059
2060 GCAAAGAAARAGGAAAAGTTAACACTGGCTGGCGCTCTCTTTCCATCTCTGATCAATGTT 2119
2120 ATTGTTCGTCACTCAGCTETGGACGTGGCTCCAGTCAAGTTGTGAATTATGATAGGGTAT 2179
2180 TOTTGACTITGACAAGTTGATCTTGATGGAATCAAATCTTCTCCCCCCCAGATTCTGACGC 2239

2240 TTGAGGCTCTCGGATCGAATGAACAACTTTTCGCACCACATCAACCGATTGCCGCGTGAT 2299
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2300
2360
2420
2480
2540
2600
2660
2720
2780
2840
2900
2960
3020
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GCTGGAGACAAACCGACCCAAACGTCACGGTCACACGGAGGATACGTTTGCTAGAGCCAG
CTGATACCCCAAGAGACAAGAAGGTARAGGTCGCAAAAATCTTTTCAATAAGATGGCATC
TTCCCCCCACCAACCCTTARCCATTCTCCTTTCAAGCTGTGTTGCCCCGCTTTGGTGCAT

GGGCTTGGGTAGTGCGGTCGCAAAACTACTAATTTAATGACCGACTGCTGCTGCTTTTTC
ACTCGCCGCTCACGGACTAAGCATGTGGGAACAGGATCGCCCCOCTCACTATTTCAGATCG
TGTCOGTATCAAGGTGTTCGCCCEGETGCTGCTGGCACGAACGCCGGCCATCCARGATCATT
GTTCTCATTCAAACCGGGCGGCTTACGTCTAGCCGCGGACGTAAGCACGAAGAGTGTGTG
TAGTGGTGGGAGTGAAGCCGTTGCCGAAACCATGCCGTCCTCCACGGCCGTCCCGTCATT
ATCAAGCGACGCTGCCTCCGCTTCATCCTCATCAGCGGGTGTATCTCTGGAGACAAGATG
GGCGGAAGGTCTCACCGGCCAGGAGATATTAGAAGACGATGGAACGGGCGCGCTCGTCGT
CCCGCCGTCCCGCCCTGCTCGGCAATATCATCACCATACCTATATCTGTCTGTTCTATAT
CTTAGATTGTCACCACACCTTCGACGATGTCGACCAATGGAAGACTCACGTTCTGAGCCA
CTTCCGAACCCACGAACCACCGCGAACAGCCCGATAGCCCTCTATGTCCGGGTGAGCGGTT
CAGCGACACCCCCGAACAGARAGGATGGGATCGCATGC

Example 3

Genetic modification of the creA gene

/})1796

2359
2419
2479
2539
2593
2659
2719
2779
2839
2899
2959
3019
3079
3117

In the DNA sequence stop codons were introduced at position +226-228 and +229-231,

changing the sequence TACAAG encoding the dipeptide TyrLys into TAGTAG

(StopStop).This mutation was introduced into pNFF212 by site directed mutagenesis

using oligonucleotide CTTCCCCGTCCATAGTAGTGTCCCCTGTG and its complement

CACAGGGGACACTACTATGGACGGGGAAG as described in the Quickchange protocol
(Stratagene, Basel).

This mutation results in a truncation of the creA gene product N-terminal of the DNA

binding zinc finger domain, rendering it inactive. By introducing this construct into the
A. oryzae NF2 (CNCM 1882, EP 97111378.2), creA-areA double mutants could be

selected directly on plating the microorganisms on MM plates containing 0.2% soy

protein and 50 mM glucose solidified with 2% agar noble.

() -
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Example 4

Modification of the creA gene

Further, the creA gene was deleted from the molds genome as follows. pNFF212 was
partially digested with EcoRI and the linear molecule was recovered from an agarose
gel. After dephosphorylation and ligation to the 1843 bp A. nidulans pyrG fragment
from pNFF38 (A. Doumas, P van den Broek, M. Affolter, M. Monod (1998)
Characterisation of the Prolyl dipeptidyl peptidase gene (dpplV) from the Koji mold
Aspergillus oryzae, Applied and Environemental Microbiology 64, 4809-4815),
pNFF234 was generated. In pNFF234, the creA coding region is interrupted by a
functional A. nidulans pyrG gene, truncating the gene product immediately

downstream of the DNA binding zinc finger.

To obtain a creA mutant, pNFF234 was digested with BstXI and introduced into 4.
oryzae NF1 by transformation. The primary transformants are selected on MM without
uridine and screened for hypersensitivity towards allyl-alcohol and Fluor-acetate in the
presence of 50 mM glucose. Sensitive transformants were then tested for the desired

gene replacement by Southern analysis or PCR,

Example 5

Test for expression

In order to further prove a mutation in the creA gene several tests were performed.

1) Amylase test

The strains obtained in example 1 were grown on minimal medium (supra) containing
1% starch and 50 mM glucose as carbon source. Under these conditions wild type
strains, in which the amylases are repressed by glucose, will not produce a halo when
stained with a KI solution. In contrast thereto a creA mutant will produce a halo, since
amylase expression is no longer repressed by glucose. All three colonies isolated in

example 1 did produce a halo.
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2) Acetamidase test
Strains can also be assayed for acetamidase activity when grown on a minimal medium
(supra) containing acetamide and glucose as carbon source. Under these conditions

wild type strains do not produce acetamidase activity, whereas a creA mutants do.

3) Halo production
On minimal medium plates containing 1-% skimmed milk and 50 mM glucose
(initially turbid appearance of the plate) creA mutants exhibit a halo after 2 days at

30°C, whereas wild type strains do not.
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10. Use according to claim 8, in combination with an enzyme and/or a

microorganism providing a prolidase activity.



