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del eti on iempesed of 2 1@ kb seament ¢f . Brdulans yerpmicPRYA engpding the Riaithingrca Preqvémswsec he
dellered seﬁaﬁﬂémeée ingertadinto thnyploning yoqisf PHC UG dRr:212B090A Seaneptavas GRMeR ‘zl"‘é bagmes
not encodePa B fastrighion fagrpent peised E‘?ﬁg‘ﬁ%‘)‘d PREYIP.Hasp 28 PR 09U EetfEN end lngied i
woul d cont%@ﬁ\"'&“@‘éf‘@ eleRborgisd @HPCHS make i dentification of the |ater

i tabl e. sel ect.abl e markers incl ude

t r ansf of ne ossi bl e,
argB, . pyr ﬁ'fag rgplg%epgrgyﬁ(’i\én%l}c!ge PQURDEgh - as Rygronmyci n or bl eonycin

resistance g%} od J:’({on %f %Lr @pslineA rg%lg UVE|45}%8.S ﬁ) ﬁi ;'E ultbr§ IQsQ%gnth r?g to
j USt screefoliffliy @{om%ﬁ fun: 8% soybeaN b 1 éi‘)ld f '1< Ek /% 561 Tikemedium
desy r.ed prsehiatat 8A2Y% hdIﬁrﬁiQ.S &0 BRbEJ- ﬁWaQ G'i‘»ﬁrﬂi@&lé 'ln% Gurnes, IL) was used
prot'ei nas egsiuhebnt: Thdcelid %vétagﬁawwm biays @t sPCtiitn wrarsedraﬂﬁnﬂm mk88lia Wdledéthoved by
asper gi | | ogeRs Brofsh RirdcRBUCABRchdm, LRI, ICAS SHdRRE Rb@ithg ifibe vais \dbdaflodt 9L 4.8 litor
genone. A @rasf @iueal (Bedttit IBR] villsnethvam® Ieagfms Fiiaf@) sduilibratot Gfh '8 WEsodiuini daetats, ghiNA
fragment c®omThe siataiial tvisctherudheontatograpied g DEABEipastyh (RSt IR &, 500 satdiuni avgtat, pH
sel ect all e5.9rdhk espefolippepsih e slttediat 250 i NG inga lirmargdBadient/of @500 imM Na@dn the same

t r ansf or m yfferothe ﬁealngfmpw'!meiﬁm agily G dptanmined by etoltiog heliviycanclinamifkeagerosel waB
or pyrG auwoged plied fig/a gramisiginiS, aifingy ealusiny Biogrgy Khirm 3, pRa SRIH3S CIGRD i We'@fv‘ sefiumhe
mut ant  aspReeigield eih 4 8sThe egavme was then eluteditie]N) Na@) apd 1% isppreprang! jithe egng| buffes gnd

t r anf or manfediaigl dgsajted-hy ‘B‘KP"}&“H'@PH?I ‘tﬂg’o‘&"sosi ‘i?l”@gig:?'ﬁb&‘?dév ah f”"hiw'f’ﬂémta'e at'pH

S th gillo in s silver-
Seher i 3% '% q’%%%a;efé %g% ey B 31,8 St fv?'ﬁpg?gg oy oy
ﬁ::gigrzggéag 1 MM 1 e PhAe et
BRE %ﬁ%&%@“ﬁ%ﬁfﬁ;mg Ptk
DNA Sequenﬁﬁusac&&%%ti %&uﬁﬂﬂ@d ﬁ\@ﬂﬂﬂéa‘ EPRRPRIsMON ph'sUTDANIAREII Lh%dé’él“t@'l‘?ﬁm and

UsiNg a Syifé Mt wadl ih@BRSCERN ihilRedit GRAr torhPRatit QbR RicB@ M ANCA tRibabd) Ras
gene reveaidaed tohed thﬁ\dQﬁé)ﬁ\fxﬁlké was incubated for 30 minutes at room temperature. The dithiothreitol

%ﬁé

m
D
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| opepsin is encoded by four exons of 320, 278, 248, and 308 base pairs.
Three introns, which interupt t he codi ng sequence are 50, 52, and 59 base
pairs in length. Directly dovmstrlaammu(hm putative start codon lies a
sequence encodi ng 69 am no aci ‘ds.whi.ch are not present in the mature
aspergillopepsin protein. 55 Based on simiarities to ot her aspart e

pr ot ei nagagentetignowas aised o -Asghemixiyre vees Ingubaied ies apethen 19 The profsingwas
fol | owed Tl pépcwte&rﬁswva@mj %{‘% @Blpﬂ'@t vascissoled;in & M urag. 3018 E"?’ Eat H‘ﬂué@ The
Nor t hern P et‘J‘t%?'“B?“ wag Stqred 17? extracted . from A _awanori cells

o s E%Ewaﬁg b 3 v@w %m%%%%%. B K oot - e
\é\f‘: gt gg;lm\:aﬂ; £?1 thg Qﬁqut)p Af la?p\mhﬁ‘ch ésm tri v9as éxfed:%og A% h98 ;f\t% %ﬁlﬁ? %?'g vf% nt
Yihatol

contai ni ngs b ﬁ:”s!td rtﬁ‘e é\ﬁo@iﬁ‘ "14b Js&%ﬁébrﬂen%é‘&p&r&gd
kb ECOR! 20 uBin Sinde! 61aiforf Db 0B HLEChoRltbns S '@o m Mrbpafich'at a

Secondl Y ratdloried G HMSETH&Y febksGRALCONR R idh 8inb Bl & aéac;ﬁ;he desdriéd amker
Thirdly, the [err] fragrrent whi'ch - cont ai ned t he eI eted aspergil-l opepsin

gene and (d)loagarugddtderbes. was exci sed from5 the plasmid and used to
@forman [err] auxotroph of A awanori. From 16-40% of the resulting
r ototwophi hetespergiiopapsin Atagiinaarid sdqoencd. t 0 have an

asper gi Il opepsi n-deficient phenotype when screened with an i munoassay

usi ng anti bodi es specific for aspergillopepsin. Southern hybridization

exper i menAla-Vad= mmﬁha—%zmm%mm acenent

event at the aspergl | | opesin gene | ocus. 10 EXAMPLES (a) Fungal Strains.
K{gﬁ”l | VRL-GAYmENS, UVK143f, a gl ucoanyl ase hyper-produci ng nutant of
train NRRL 3112, was used 15 as .a source of genom c DNA for cloning

gc\g%'r l”e'l e J: g o%s:gl%g 'se)‘%ﬂrrb gof% A QRuge bz b Qv%é seQ?J baé@&ht o MAY 50 basA'
from SJSF ¥ E 'G'?Hcé’lfGA Eécéé’ié&‘ﬁ’e‘?@eém @UXOt r th' ¢

hut ant s: @éi%ﬁ&r éo i0 I%{rrt %@%@b s3d @n Wel B BIRL MY dxlsiiOiodie Al bvidri

| sol at ed gR¥oarfylag §en® (INABer@ JIH,, LMHaQe QliRldole, B Lahvyed el McCasd, P BERbIckart AW 5T, PP -

71-75, 1 Xr)lmmtaml FOVhaiGakLS BOSRSTIsSMA, MdVIELH Blol. v, b 2wstzsaa(ngd4yatrhd w&uwa(st hi's

mut ant | eyrdlefsnzw ByNthel tilesdf Alethdd AEschibed bQ;OEre ﬂpﬁ%phﬁk&sﬂﬁ@lﬁrbpnwsase)andA

‘awanDrio [iewure) KyWthelickisy@itesia lofjgienbsior Huran inbiling Paid X, iAo StisuBAATE @p.t5765-5769,

filtratiodzgnrichment, (Gene, 37, pp.. 207-214, 1985) follow ng

ni t\wsoguani di'ne nut agenesi s. of . UVK143f (this: nutant is specifically

def i ci entle)ilsolationand Analysis obhusieiecrids.t r ansf er ase) .. (b) Bacteri.al Strai ns

Cl oni ng. Vectors and Plasm ds. 26 Escherichla coli 294 (ATCC 31446

used f8r c %”&ﬁ“’ﬁ\lﬂ@"? ispiptad pedesgrbad P‘@Y'm{sﬁu?in%s Pa?§?"f'7-d' 1r)o %’FI on.
col i w: andagprgg te re@'mtl nzys%agfr@g@ate %W gsgqgg ost

for b téM of 45cdeis sonco o
103- 11, 2 j@%asa ° skgney °'| rfﬁ‘?th i%%ﬁg i dbﬁr‘ﬁ 7N

Hav\eg as u mg

P dlZ tio condmo n;%;p sp
iza Ion J.

. 30 &n ﬁ &ép 93,4 83) mﬁo |chhﬁa\é¢adﬂfa%5| e.ﬁp ts 2
pr evi 0US|A‘er Hahamla. Iqllé%tsaﬁ. dlt p%@ﬂﬂéi& AbsoANew Engfdid BRUBE e é

ni dul ans veea&usu Go &N GPEHpRGlInatel 10X AESL bt mrmbs RéraBSh MBS (:tafZQ
gene i nseidraight with Goritib @giticdN THOMaMIREnes witbludited s - 8rigHR0awinesSe g S NS SPEaGEth
conpr i sed.1ed SBS {Mahibtid) S eFriph,i E.F.Sind| Sambrbk, iJc "Molscufar SNBAITA EXeratey MdnudTNCold

pl asmi d [$BBig1¥arbdCdAmyatddp , CopipSpiitd) Harbdry Nevi $88.) 1982) dollowegialyedd mimttes Bn®$ XcISPRvV ed
and dephodétirivbSPEatasty, HeOnbtmbraes (Wele  died. ¢overed wmnpbﬂICMeargi éxpoged s xmayafid

A no Am(@dgeéfrﬁmm 70 o r Whanousing t nickntransiatecs anigls, | opEfishi §-FA. andvRembropk, WK1
43f was dMslgpriar §loping A LaberptogyMianugl.eCald Srikg Harherdiaporaigyy. $rripg Harger, Neye York,

fol l Ovﬁon%ﬁ% restietion fragmants asapbes, Jieduhridiration and weshing g9ndiipns desgrbecbyeDavivy W
The medi (eistel Dyaed B?}‘F fofp- écﬁdéﬁ"c?s’#a&tesa' \fepatiost o Beld, §Pfﬁﬁd‘§&ﬁb@°fﬁﬁ%{z E°' B’G'QP

OHEBRPE 8P TlrlC0) Wees L
éygs\;rfor b o o g?sgg% LB "V%‘T'ﬁ%"‘ am@%’H‘%ﬁ Eag)gwgved
by 111t Bsgege i eq”:? SOSIED et b o th
H ekt A % g ot e
@grenne A ?ance eqw l'i brat ed vm t h 50 n1\/| SOdI um acet at e, pH

resul ti I'ng,
V'IIeneuve
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5.0 The 'material was then chronmatographed on DEAE-trisacryl (Reactifs |BF)
in 50 mM sodium acetate, pH 45 5.0. The aspergillopepsin was eluted at 250
mM NaCl in a |inear gradient of: O- EPM429149@@1 i n t he sane buffer. The peak
of aspergill opepsr n activity (as’ determ ned by clotting activity on skim

m .k agar ose ool ed_and a ied to a granmicidin-S affinity column,

Bi oorg. Knhf? '°“"‘S°f T)ASFB@TW%?B?S" gg‘? |n 50 nM sodi umacetate at pH 4.5. The

enzyme was t n el yt ed vvrth 0 anol i.n the

2t il itd %s il s rrr it g o
equi li br at sot é‘%ﬁ %E 57 coRl fr: rgoﬁe alivel\%-' 0S0
asper gi 1°l o ls (i{ 7 J er -

stained S @néM@EerP@%aﬁ:BPNQ Yalk, r&r ﬁre idctisnb was
anal ysi s, ér&teoae&errghltweapsﬁtaa (%maer R irfion, VB, Gl Q@Hﬁ:ﬁ&ﬂ,r AP Pgsloctidr @fonifg’ LA
Mono- Q col LEBBYGiOr) NIdWBA, Tbidi Sprir) HEFDAr L.a6brdidwy, agoRit Sifg HEYBbroNél YoiR110€2) and iigaRa o
gr adi ento Ofcoflt wemdl\&aﬁtospheﬂraehrpenm Tl ISR nibttirb GRCRBY M MiiAsformaidins of E. coli
denat ur ed 294 dnb ahedtrsonmmets Gforddsclooidd foe Pt pRdsbite of Aspefiliofepsin DNASseqBnces by the
pr eci pi t at etbnyvhibnidizdlieh heodsnidsaibet by DavzeB.WatBodid) DXagl Ral, JFO ("Ativanded Baetbriall v
C The pel Geetioss ColdeBplimgiHatroe tabeiatoly, Gg¢ Spring Harar, Bew Yidyk.| 18803 dhe filted Wdraiinehateds 0
mM Tr i s- HOVith radiplgbeled olippnudieetidt probe wriden iykridizative @nd weshingydanditiohs dessribed ebayee was
|nc\0‘5ateﬁd for 10 minutes.at roomtenperature. |odoacetic acid (2 Min 1 M
tri s- base)@\earasiarration:ab AsarofiRpessie Clorss. i xture was incubated for 30 m nutes
at roomterrperatLre The |th| thrertol EPO 9490 B cenir €t|on

was rai sed - pgn tagq ! i r
g Eé’%%’r w% ‘E ziﬁé e “%%"f‘t’ i

car boxymet £ng|'y wa&a byhé aédat 'cm RNinat rnetﬁtoe r5c .rap Acad, Sot.
NH2- t er m ngg As,eq,gqngg_m-,vqg;,ﬁ mul-ti phase protein sequenator

Kohr, Ggnpentech, Inc., South San Franci sco, CA). To another al i guot of
aspergil | oqaemstﬂmdnroya&eme\oa@enaﬁkdte&oto 1% of the total protein and the

m xture was incubated at 37 C f.or one hour. An equal. vol une of HPLC

sol ution A ( CofxboctidriEst thé)aﬁsfyillifﬁeésm genaaom)ammsemwmuk? @gBis outliesdtin Yigane 12,
The resul t Briefly, reciykbefroB frapment sefrining tecbehymic ispergiiitpeppinegshey segrert was firall sukclaged 10
-2 col unme usiorry/CaK| Next ar 2.4 kb Fialb fragresint Contliig. thePertiresasbergillapapsi® gede 088w Usad and

0. 05% TFA tehlawﬂmtb}bamﬂmmhﬁﬁhﬂhﬂ‘ﬁte of 1% per. mi.nute. Three peaks were
coldected for ami no acid sequenci-ng as descrr bed above (d) digonucleotide
Probes. 15 The 8% pa@OZACEINTONSTOGASTETACA nce [@grr] 20 [err]
corresponding to residues 5 through 24 of the nature enzyne was used to
desi gn tfhe fol |l owi n3'59 base , g2 y ’ AGCT de Spr obe for

cl oni ng. experinents: 25 5’

dGCTGTGACCK %‘F@%‘f&ﬁﬁq the BARHI site of
nucleot'detheqmpalstrt%ﬁ?g Eﬁbﬁroﬂwa BTG BaO et %ﬁtﬁ Bab 353\3-
o]tra form

exi §ts LI arl)Gvabl cloRE RS T ENNANY W@@Jsgdt m e duiring
Col e, G, mﬁofEa@moanECabe P., Schvverckart

V.P., Flatgaard, J.E, and Innis, MA , Ml. OeII Br oI , 4 pp 2306 2315,
.1984) The)rapkrermatcn mguaadnesr zed by the triester. method descri bed by Crea
et al. (Crea, R, Krasyewski,. 'A., Hirose, T.,.and.30. Itakura, K. :

"Chem ca# sy Gohidia pfs‘\_g_fxmrﬁesn ﬁGFZ Wereragiminated) by néubaﬂ@r' CYEONRediUM\OSk, yess iextragIS A,
75, pp. 57%%5-BreD) sumpkgipnied with 118 Ml oidiag ot OArTeg/ %%lsrrs'mm R S ol Axtrepiemycitig
A awanor i Pma%mefmﬂ%?@orﬂ% foa {BigfTeghnok) &spp: BEA6.1981); wnghadwicerly qentritugatio p
29-37, 1988 requgRoptiondn BN 1! a"&|° %?s't‘ electiRpgration Rufisn (g b Bqdimephognbate Pﬁffer GH 7
enzyne, frk &MW &zdh A Iglse @I X 1°aﬁﬂ’t°B'F‘%? t"é’d Q“B"thf‘fs&??d

(Schl ei E‘he?'e _‘rP ffer in ?{#E for 10
presence O }E Te qﬁ%ﬂg g'la l‘:%:o%a orme using a BIO- d? " :ﬂ?s?et:‘

the synt he ﬁrs%‘;és" re;g;u o 2128 VO Bling 4 REurD
fol | ow ng .ttﬂrv;tatt.. Jremrt e e i TR

for 55 Aspergillus minimal medium, (Mol. Gen. Genet., 154, pp. 311-318 1973) with 2% agar, 100 mg/m! uridine,
50 w.g/mi streptomycin and 1.2 M sorbitol, and poured ontto solid plates of the same medium. Transformants
appeared as colonies on the surface of the medium after approxrmately five days of incubation at 37°C.
Spores from individual colonies were fransferred to plates of fresh medrum

ey
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40 dne hour at 42 Cin the hybridization solution described by Adel man,
J.P., Hayfick, J.S., Vasser, M, and Seeburg, P.H (DNA 2, pp. 183-193,
1983) Next, the oligonucl eoti de, ERGi428 48@2B1r adi ol abel ed with [err] ATP
(Amersham Arli ngton Hei ghts I L) ‘and T4 pol ynucl eoti de ki nase (New Engl and
Bi al abs, Bever| dded to an activity of approximately 1 X 106
cpm m . mé“%ﬁﬁf’éﬁ%’g'“%??%‘ ‘?ﬂ'@'ﬁ"‘l‘vl‘f@ﬂtﬁat ed at. 42 C overnight with gent I e

agi tation. vr.‘ Bl ttanaforin ‘é‘r’ﬁ‘s eid Lutgiedl rtlf% S Sinls Mg oo
th 46 Qi ai: i o B

g8 ltjrext\' abto t o 0 mg/ ng
L ! [pm:"égaxn e #ii
pe

astly, t4 6 1 55%8 8r ré&ﬁf ﬁm lopdp QY ﬁﬁtﬁ it a@ﬂﬂ%
X r ay fi |d§beﬁ:fép i fadis &.daetdaguguea lgodt &anﬁmtaﬁﬂm&.wu a&aas
T., Fritsh,colpdrative .a\m.sbsé:@mr.-msdm amount IVRdpeigbrpsirth&hot Wterfinddabor at or y

Manual so Col o &Rédt Pedtelriasedsutivity am ulidieGiltiates, Civaidls Dpve | giegvnHir thi@s dayNakvs @ lét liguia
1982) r es3OM. Fiitrates woefecdpsattad sn & Sephadebl @525 dolumn [(Bhamiatia, Aippéatan SEstEn)eailitrag with
condi t i onss Wesdininbasatatoy pHD&SI 8ljquits W wl) Betesplased on Bolidified d%Ratiose danfaining 0.2 M
(" Advanc eddiBaetasatd, oM b reed i1tsskim @ik IVIBp mequtpd-the emplesatare atebieajed @odddinghei ng
Harbor, Nellawing reegentsgnd jncyhating af seoph terpsraigre fRanef hoynyPepstatimigredingl cordenteatiquaef 1
fracti tﬁnd'ﬂ'\édr%yﬂ stenk H'\L&'@W Wetifepdde @Msoél”é’@!: & A Gpreairadion pilP; aM fiomca stock

o & fipgh corgenylon S0 Y- frsgtent °5?anlgl°5r~ gA"' o

Di bner, 'Eﬂ"’" "él E:"BhFP o gg
El reapfe ' © PE.
Hyf)re.vh.eié '%Y d28‘ AProga s rsgutwﬂéﬁm@s{ S o

for DI\I‘AIHQ% zatlons EPO429 490 Bl (f) doning of the

Asper gi % | opepS| n Gene. Sout hern blotting analysis of A awanori genom c DNA
reveal ed ;hg;,;at,gmthg %Jp@fohgpsql,\l&qgucl eoti de probe described above

hybri di ze to a single b EcoR fragnment (Fig. 1). Thus, the DNA was
enriched f okinbibhSheTrimbiy RBRRIN of R¥petgRiBpepbih RGrod G0 SWEneri iuaaﬁrbhsas@prem&l Bibtgl
6.5-9. & kdinE@OHY. 1030208 1065 16rb WarelNetdpdl réblussCol ABAHEWRIEH neSdeRCAariRAl l"ﬁﬁ:hs
(Mani at i Sye puritiedFthé Bidime rof. cuitund Blir&hesTirid alatermirded: the NE)-Bemihah BeqbrizaiaRd) the Amino
Labor at oragid\éaqueade’qf tiied tlypfip péptiges HziabeoT). Apdfanead gty aro@o kidseSygraoment héth Ittose ofNew
York, 198RjoslavBkaya B (Bioergs Khime Seprt. 1080110471 £980jalp oslerto tlomethel DHA séquenced dneodingl

sl i ces ( MNsprrgiiopepsinA, we Riected I enfbldy a singisdorBanfiganacidotide] choosingbthe casoes acgirding t9g. A
Labor ateortye mmervedmbawthwgem@um&wpm @g?seql@oﬂvaa $Hibe qkgorupleatide WasNew
Yor k, 19&¥thesized coriparasging ¢ amyino E@BRPS'®P%§¢EFGUQHn efelph ’ét"%R?Pib'BF@EZ
The\li gataligaqugigotide, fres ypdiclabeledyandyused Ap frebe iyt gwarper genomic B'f‘l onthe ppRentenef
transf or rPé?ﬁ'gl;“W'é 08RG S2AYPREPSt '?SH'E‘ ?"6‘5‘8 @%’361‘" &_ &iEhie ph ed to

sBetqutence%:gy;per ﬁ%@g" he ffa Tef 1° lr(?%?és 8. 8 g; Vﬁ{g"d

ot st ef’n . F :

rar bor L§é" }‘; A phendy 'ﬁa it %’% kl"' L e
ra i 1 ‘ i

I ncubat e E RS S e ;, &H ,e, ﬁur ]kgbg zat | o and
washi ng con é&hﬁ%@nﬁ%ﬁ&aub S CE(:@Fil arértd Woke olated by preparative
ASPRI Qiol | gaE4SEeN sletdPRFesis REfEES irbgntoRt vmpmmﬁbae& t&é&ﬂ Slbavbcd BRDSEbhbspoRsY S
done as yBne2s, el tr RydiioaUsixire( WNusat 16 ,trardsfarm FdombatBnt EE. doli ,200126lis SARED Fe3Giting J .

" Mol ecul arandBraait nlonids walaopraliedr igr Manprasehce GO hsperGilisiepsn BMALSUdnedsObya lcalbny,
Col d 20 hyiidizatipn Hevdyaircplofiigsthat shickved $tE58Q hybridikdtion dgls iwedei chosen ton fintinee snalysiscAilner e
suppl i ed dbyheRoisbiatengers fduad irheinkrinBIRRS2Adericatives with adiidenticpld? ks EcoRNinsertiNa\wartigll and
Bi ol abs (re¥iction pap oApne ahtle@etiones dn stRws daFigive 2 Sybseaent e'spmmawvﬁybmg
MD), and Q‘P%’V'%té#@"%ﬁ'@&%@c@ﬁ@i’ plidey probeolopalizad g pspergidonspsin grre i A bk
DNA sequéﬁ%’@""&ﬁa‘lyﬁ%ﬂwg Wd%@*’ﬂ bEEBE“ tromersx4y ree¥gtion mee pirin ¢ ki Balkfegment is
(Proc. Ne¥soshewndn Figle 2. ysa - 74 -pp. '5463-5467;- 1977). 25 (h) Construction

of Gene pl acenme ructi-on of- the .apsergi |l | opepsi n gene
el aclahEEE by Appeibeoto iR | eroure 2. Bcrly, the 0 kb Econ

fragment coptal alng. Jfgﬁe‘?; &dué‘e%p r%' cud 8 eﬁ < on{Fr‘e”Es X"Eﬁ:e
subcl oned,,3iq; t fo%l? odu?g f i
entire aw mgﬁgaﬂe\A@%s 5@ eada s o? héﬂ& B&Ju &Wf& 36
bp i nJ%eraseré?lfobJpsm A, (Bioorg. Khim, 8, pp. 1030-1047 1986) and because of the following features consis-

tently found in the intervening sequences. of filamentous fungi (Gurr, SJ., Unkles, S.E., and Kinghorn, J.R.

In Kinghorn, J.R. (Ed.), Gene Structure in _Eukaryot:c Microbes", IRL Press, Oxford, pp. 93-139, 1987): First,
as observed in the A. awamori glucoamylase gene, (Mol. Cell.. Biol., 4, pp. 2306-2315, 1984), all of the

ST



35 This i nker contai ns uni que restri ct ion.sites for BamH , Xhol, Xbal,
Sphl, and Smal. Into the BanH site of this |inker a sel ect abl e argB gene
from A nidul ans was inserted. The BR@ 429 499B1D| asnmid, called [err] 40
argB, was cleaved with EcoRI- and the linear fragment mxture was used to

transform an argi ni ne-requiring auxotroph of A awanon. '?Té Transformati on

Pr ocedur e. '"§° Eilwgp He s ”eh ﬁ‘@r‘ﬁ“ Q’E W@Sﬁ OGRAT A é g‘;ﬁam"s""s“s

i ncubat i onJTa '@h ‘9 glcﬂ ‘("@t %l{ag cur?& ary&{f%‘ o @Eﬂ;@%‘wt h

100 rrg/m EEGI‘G g <] l no AI ﬁ g O e
il R ooy &

n

Pr ot opl asst
1987), was M &Ein n er é&ﬂaéénwgtrea nvamammé?&eé

d
once in el ggppratlon uffer nmM sodi um phosphate buf r pﬁ

mMVGSO4, 1. 2 7i¥h 8Qinkirisfied reghh Ioﬂm@ta&eeg‘moeep&n lg8tie showey é&é?ﬂ'l@t&ﬁ\&ké/\ﬂﬁtehré tyaaaéu 'oVa
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synt hesi zed correspondi ng to am no aci d resi dues 5 through 24 of the mature
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20 ‘'around the start codon. This consensus region includes the -3 position
(relative to the start codon) which I's nost frequently (83% an A residue
(Qirr, S.J., Unkles, S.E., and Ki ngimustQBBﬂ n. Ki nghorn, J.R (Ed.), Cene
Structure in Eukaryotr c M crobes”, IRL.Press, Oxford, pp. 93-139, 1987) .
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present 5 Nipthe MS&p@# B&?&i@ht rQPe(Qtﬁa'in”AA z et damh &@é@ﬁ(nhﬁr@é& deBra@dibiE bt the
aspartic pﬁlﬁhﬁélﬁ\@esﬁl&y 10Eoceud O @Edinst Wdh; &rb Qed dte"nﬁtn 2PerbiflpbSbiNe Snct AERRS ItRLyiad of
si gnal pephétdﬁodoﬁs’pr&eﬁrﬁrtm .and ‘'t he remai ning 49 residues represent a
propepti de ragi sammiahiddl woShavd erlibwh rthitammcmmdﬂca Fetoraisgoad géneagroduys sueh Chs Asogine

( Fol t mann, ctiymosimnié imRrohd O mising/a Bost ‘Strain a6, deﬂcren( indhe) prodictiod oPprotbalyiis @82zymes (e.g.

St r uct upe, adpengititrepsin) ahvetl cadidodegayié the Msierologyus Ieoducy.ofuktherpee, Mot@®Btic dEFMps $alt as
Aci ds Res. aspa@illogopsin irla/ghy@osV prods@dion caBiivodudd undgsirable bi-Bors 1D @esely dhrymhatic
Chew, 263digestion of 88lpro®®s, 1988)... 45 . The -si.gnal peptide contains a
positively charged Lys residue near the NH2-termnal Met followed by 11
consecutive hydrophoblc resi dues preceeding a potential cleavage site of
Val -Ser®Al a (for a review of S|gnal pepti de- ¢l-eavage sites, see Penl man, D.
and Hal vorson, H O, .J. MIl. Biol., 167, pp:+391-409, 1983). The deduced
and directly det er m ned, (Bioorg. - Khi'm 8, pp. 1030-1047, 1986) primary
sequence for the mature portion of aspergi | I'opepsin differ at the follow ng
positions: (1) Gn not Arg at + 51; (2) Asp-Leu not" Asn-Val 50 at + 55-56;
(3) Asp not Asn at + 72, 77, 149, and '196; (4) Thr-Asn not Asn-Thr at +
97-98; (5) Gn not Gu at + 100, 188, and 316; (6) Gu not Gn at +103;.(7)
Asp- Asp for.Asx-Asx at + 171-172; (8) Asn-Pro not Ser- Thr at + 194-195;
(9) Five Ser not four at + 204- 208 (10) Resi dues + 113-126 shoul d read
Val - d n«Asn-Thr- Al a- Asn- Asp- Gy Leu- Leu- dy-Leu- AIa Phe; (11)

Ser-Al a-Tyr-Tyr-A@ u-d n not Leu--Asn- Gly Ser-Gy at. +229- 234; (12)

Al a-Ser-dy-d u-Thr-G u not Gln Asn-d n~d u- Al a- Asp at. + 238-243; (13) Ser
not Asx at + 250; (14) 55 Asn-noti.Thr.at #254; (15) Val-Val not dy-X at
+260-261; (16) Val not Qy at  +269; (17) Insert: Ay between Pro-Lys at 4
271; (18 Insert lie between Pro Ser - at- + 279;- (19)=No Asx after Ser at +
280; (20) Ay not Pro at +-282:.:(21) Two Ser : not one at + 284-285; (22) Asn
not Asp at + 314. 13 EP O'-429"490 Bl The codon bi as exhi bited by the
aspergi |l opepsin A gene (Table 2) is simlar to that observed for the A
awanor i 5,Igl_ucoarryl ase gene, (Ml-: Cell. Biolw; -4, pp. 2306-2315, 198.4). As
seen in the highly expressed genes of A ni duI ans and Neurospora crassa, a
nunber of generalizations (Qurr, S.J., Unkles, S.E., and Kinghom J.R 1In
Kinghom J.R (Ed.); Gene Structure in Eukaryotic M crobes", |IRL Press,
Oxford, pp. 93- 5 139, 1987) hold for the codon usage pattern of-
aspergillopepsin. First, there is a marked preference (71.8% for codons
using a pyrimdine in the third positioﬁ When purines are used In the
third position, Gls preferred over A, with the exception of Gy codons, in
which .GEA is preferred over GGG The same



exception can be noted in the A awanori glucoanyl ase gene, (Ml . Cell.
Biol., 4, pp. 2306-2315, 1984). Lastly, the AGU and AGO codons for Ser -are
sel dom used. 10 Based on the BB A2849@Biino aci d sequence,

aspergill opepsin A shares 62% honol ogy with penicil- |opepsin, 56%with
endot hi apepsin, 37% w th rhlzopuspep5|n and 29% wi'th Mucor aspartic

prot ei nasemdlg ddhﬁirﬂn hﬁigg aspartic
proteinases, smnne pepS|n (gﬁéé ahSED%V|ne cﬁyno |n1%3§%?E§€EPE%%§

| sol ati on acterization. of. Asperglllopep3|n Deficient Mitants.

order to generate strains of ‘A awanori that were specifically def|C|ent in
t he production of aspergillopepsin, we enployed a gene replacenent strategy
simlar to that described by, .(Ml. Cell. Biol., 5, pp. 1714-1721, 1985).
First, we constructed a gene replacenent vector called pUCAAAP-argB, as
shown In 20 Figure 4. Plasm d pUCAAAP-argB contains a sel ectable argB gene
from Ae nidulans which is inserted into the 9. kb genom c DNA clone in place
of the aspgrgill apepsin coding region. This vector was |inearized by

di gesti on W2 > and used to transform an argB auxotroph of A

awanori. Twenty-four transformants were screened for an aspergillopepsin
defi gi ent phenotype with an EUSA, and ten of these transformants gave
conpar#étively | ownR+sesysdiguérbvalmheThrreosiraarenhsodidenigrat ed AAP3, 25
DAP4, [err] which had the | owest absorbance values for the screening assay,
were chosen for further study. The ELI SA values for strains. that were
deficient in aspergillopepsin synthesis did not drop to zero due to

non- spzcific Cross reaction bet ween the anti bodi es and conponents of the
cuIRJre super nat ant s cross reactivity could be visualized by Wstern
bl ot "anal y Qﬁﬁ% danme anti-aspergillopepsin anti bodi es. Because of
this cross reaction, absolute values. for the concentratlon of
aspergillopepsin in 30 culture.sanples.were not derived.' To investigate
whet heg t he apparent asperglliopep5|n defici ent phenotype was the result of
a gene disruption total, cellular DNA was extracted fromtransformants
[err] and W@m@mﬁm&mmvmwwgar ose gel
el ectrophoresis. After blotting onto Nytran nmenbrane filters, the DNA was
hybridi zed with a radi ol abel ed probe consisting of the 9 kb EcoRl fragnent
35 of3A. awanori DNA containing the aspergillopepsin A gene. This probe
hyh;Ldized to three Sall fragnments present in DNA fromstrain GC12 (Fig. 5,
Pan A) . ese bri. tion signals represent the 2.4 kb Salt fragment
whi ch conti&ﬂ%nfﬂéqﬁég ﬁglllopep5|n gene and two flanking DNA fragments.
However, if the 2.4 kb Sail fragnment in the genone of a given transformant .
had beén replaced by the 1.7 kb fragnment of A. nidulans DNA containing the
argB gene, the pr TYERHnvRa atxpect ed to hybridize only to the two
flanki ng 40 DNA ?%génents. From-the:data shown-in.Figure 5. (Panel A), it
is apparent that the 2.4 kb Sall fragnment of the aspergill opepsin gene was
absentg,in all four of the transformants identified by the ELISA
dennhstrating that the aspergill opepsin gene had been replaced by the argB
gene. | i kely that me or all of the other transformants which gave
IOM/absorb%ﬁ?@u§b¥ﬂ§§gFﬁa&he ELI SA had undergone the sanme gene repl acenent
event. The frequency of gene. replacenent anong transfornmants is,

t heref4re, at | east 16% and coul d be as 45 high as 40% RNA isolated from

transformant AAPS g0 fXQP-SE @Qhﬂnhygéggg | ectrophoresis
and anal yzed by Northern blotting bridiza tlon was pertormed with a
radi ol abel ed 9 kb EcoRI fragnent of A ~awanori DNA containing the

aspergil |l opepsin genée. As shown.in. Firgure 5 (Panel-"B), -it is evident that

t he aﬁﬁndanL_a5peLgLLLgpeQSLn_spegLLLg_nEmm present jn strain UVK143f could
not be detected in the RNA from50 strain AAP6. Sanples were taken from 50
m shake flask cultures of transformants [err], and strain GCl2 and spotted
onto skimm | k agarose plates. After incubation for six hours at 37 C, the
resul tggng zones of coagul ati on were photographed (Fig. 6). Extensive mlk
clotting was induced by the GC12 culture filtrate, whereas, only slight
clotting was observed with sanples fromeither of the two transformants.
The majority 56 of the mlk clotting activity of GCl2 was. inhibited by
the inclusion of pepstatin in.the nmedium as would be expected for an
aspartic proteinase, (J. Biol. Chem, 251, pp. 7095-7102, 1976), |eaving
residual proteolytic activity simlar to that of strains [err]. Neither the
aspartic proteinase activity of GCl2 nor the residual activity of strains
[err]were inhibited by PVBF or EDTA. However, no proteolytic activity 14




EP 0 429:490 Bl was observed with sanples fromstrains [err] spotted onto
mlk plates at pH 6.8. The small anount of residual proteolytic activity
produced by [err] presumably refl e@PPD 429499mRIsence of one or nore secreted
prot ei nases other than the del eted aspergillopepsin. W found that although
t hi.s addi tonal proteinase activity was not inhibited by pepstatin (Fig. 6)

it was parti%é}l)é'nh' i gpy di ?%Xl gé-q_ l.e Hg rigth ster

(DAN), althoug s%'ma clfeari nggg\acgas % SB%;)eP?/e %&1’35&% ere rnaéh%e a

pepstatin-in 58 1 1B Roddnet &r%g_i\%pr esent simlar to that described .
a

in Scytaldiumlignicolum (Mirae, S. and a, K In, Kostka, V. (Ed.),
Aspartic Proteinases and Their Inhibitors", Walter de Gruyter, New York,
pp. 379-399, _1985). 10 ke of "aspergillopepsin-deflcient Mitants for the
Producti on of a Heterol ogous Pol ypepti de - Bovine Chynosin To illustrate
t he advant ag@%inst agid ng cg@?}'ér gi l

e ants, we conpared the
product i;@n of bovine chynmosin in D ATRIAFEM s of A awanori
that were specifically lacking the aspergil- 16 |opepsin gene. The strains
were transfo 0 i Y en et

al., (Bio/Techg@d, 5, ppuu®69-376, 19087) in thats transcriptional,

transl ational, and secrewocy conponeits of the @ ucoanyl ase gene were
enproyeds t o derive chynosin expressi on and secretion. |ndividual
transformants ¥ e then Stured I n Goy neal nmed um (6% soy bean neal, 0.1%
NaH2 P04, 0.1% MySO4, 1. (NH4) 2 S&®, 0.1% Tweeén 80, 0.2% Mazu, 7% sodi um

citrate pH 6.2, 15% nmal t gsg, 100 ng{ uridine, 3100 ng/mM 20 arginine, 50
ug/mM streptomycin) at 3 C for 7 gdays, and t | evel of extracellul ar
chyqosi &’ was det er ni ned ing the ggow h periogs using an activity assay.

The Tesults shown in Figure 8 clearly show that chynosin production is
greater in a silein that avg specifixally | acking the asperigill opesin gene.
Note that by day. 7 of c@P€ure.the ¥ount of chiarosin in the strain 12
transf ongrant of an asper @| opepsi n broduci ng st®ai n 'was decreasi ng wher eas
It was still increasing 25 in the aspergillopepsin deficient strain.
(err). These a¥h sugges hat | ess %I_egr adati on of the chynmosin is likely
to occur in stgay ns whichygre deficignt in aspergillopepsin, and hence the
yield of heterologous pregein i's greater. To suggrarize, we have shown that
productison, of a heterol eggaus gene pgoduct such @s bovine chynosin is

i nproved by using a host egggrain thatsis deficiem in the production of
proteol ytic enzynes (e.g.. 30 aspergillopepsin) that coul d degrade the

het er ol ogous pkexiuct. FurlHernore, pfoteol ytic ehzynes such as
aspergillopepsin in a chH¥8sin prepa?ation coul & produce undesirabl e

of f-flafrs i.n cheese by'gszmatic gestion of m Ik proteins. 35 40 45 50
55 15 EP 0 429 490 Bl » .;BLE 1. Agino acid seqlience of protions of.
aspergill opepsin A from wanmori 5,40 [err] [ep{]
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20 Tryptic peptide 1: 25 [err] 30 [err] 35 [err] 40 [err] 45 [err] 50 55
EP .0 429 490 Bl TABLE 2. Canparison of codon frequency between the
gl ucoany{ ase and asper gi cpepsi n gemod29#90°815 Ami no acid Codons
Cccurrence in occurrence in glucoanyl ase aspergilloepsin 10 Phe
Uuuy 4 5 UuUC '

18 14 16 Leu
UUA 0 0 : 2 CWU
3 2 cuc 5O - Y 20 CUA
2 o 0 CUG way 20 ¢ 154 1e AUU 12
3 AUC _ 11 wme = 14435 19 1
0 Met AUG 3 N . 2 val G 6
9 GUIC 15sTO0P vaan 14 300 . 0 GUA .. 2
0 GUG 19 w6 71Ser ucu 16
7 UcC 19 UG 17035 0 UCA 4
1 UGG 114 5 AGU 12 2 AGC
23 His 21 40 G pro 0 ccu 1 4 6 CCC
10 7 CERC 40 2 2 |
| Gln caa 4 0
< cAG 13 15
Asn ARD 6 2
AAC 19 11
.,  Iys YT o 1
N AAG 130 0o - 17
Asp GAU 21 8
GAC 23 19
% Gl Gaa 9 3
GAG 17 9
cys UeU 3 0
uGC 7 2
30 .
. Trp UGG 19 3
Arg ocU 4 1
oG 7 2
35 GA 4 0
GG 3 2
AGA 1 0
AGG 1 0
v 40 Gly GGU 14 15
Gee 22 19
cGA 7 16
GeG 4 0

45

Claims
50

1. A mutant filamentous fungus suitable for the production of he_ferologous polypeptides therefrom wherein
a gene for aspartic proteinase in the fungus is non-revertibly inactivated or eliminated so that the
mutant thereby produced is incapable of excreting enzymatically active aspartic proteinase.

55 2. A filamentous fungus according to claim 1 wherein the mutant is the result of a non-revertible deletion
of all or part of the gene for aspartic proteinase.

3. A filamentous fungus according to claim 1 or claim 2 whiéh is a Trichoderma.

18
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CCG . 8 2 45 Thr

9 ACC 39 21 ACA

10 6 Al a

aoc - 19.

429 490 Bl GOG.

6 05 UAC

19 STOP Ulde 11 O 4

1 UGA 0 - "0 10

0 Tyr WAITAC 6 4 0

CAA 4 uac 21 0 CAG 19

Asn AAU . o6 o

11 20 STOR AA

13 17%p 1 cu 1

GAC 23 0 19 25 8

oq [ mHis 3 o e 1
C 4 2

30 Trp . ucar";A 19

4 Gln 1 coxC a 7 0

CGA 4 CAG 13 0 COG 15

AGA ° 1 0 AGG

Gy Asn GaU aau 14 2

19" GGM 7. AAC 19 16 GGG 11

ACU 20
i ACE—

o oo gy mmmﬁiiumn o

0 UAG 1
CAU '
2 @n
13 15
2 AAC 19
1 AAG
21 8
GAA
.9 Cys
7 : 2
3 Arg OCG
2 35
3 2
1 , 0
15 GCC 22
4

0 45 Cainms 50 1. A mutant filamentous fungus suitable for the production

of - hegj er ol@gous pol y%}ét i des t hlegf ef r om wher eﬁl

Asp

2 Glu

30

§§

35

Gly

45

GAU 21
GAC 23
GAA 9
GAG 17
vGU 3
UG 7
UGG 19
el 4
oGe 7
oGA 4
aae 3

AGA 1
AGG 1
GGU 14
cae 22
GGA 7
GGG 4

8
19
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Claims
50

1. A mutant filamentous fungus suitable for the production of heterologous polypeptides therefrom wherein
a gene for aspartic proteinase in the fungus is non-revertibly inactivated or eliminated so that the
mutant thereby produced is incapable of excreting enzymatically active aspartic proteinase.

55 2.

of all or part of the gene for aspartic proteinase.

A filamentous fungus according to claim 1 wherein the mutant is the result of a non-revertible deletion

3. A filamentous fungus according to claim 1 or claim 2 which is a Trichoderma.
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a gene for aspartlc proteinase in the fungus is non-re t ed
or elimnated so that the nutant thereby produced |s lﬂumuﬂ“"”ﬁlm’ ting
enzymatically active aspartic protcEmages 48oBP. A f am§nt bust f hgus =+
according to claim1l wherein the nutant is the result of a non revertlble
deletion of all or part of the %ene for aspartic proteinase.

filament oud fAifigRIteys fupgugierryrding T ¢laim ) wherin the Taichadermas T reepel °'2'3.T_Vﬂﬂ_choder .

18 EP O 429 490 Bl GCG 11 4 Tyr
UAU ftlarBentous fungus according to clalmd osclalm 2 which is an Aspergillus. UAC
21 . . . f . 0 -0
UAG 5 6. A ﬂlanientous %nq_us eﬁg&rdmg to claim § whlcﬁ‘% Aspergillus awamori. 0 10 Hi s
gAhJ 7. A filag%&:us fungus accordmg Lf clau?t SQSA‘Q!aum 6 wherem the as?gtlc protemase is an aspergll-2
l

CAG Pp3 15 Asn - AAU 6
2 AAC 4o 8. A filaméhtbus fungus according to. clalm:h]or ém 2 whvthsSMucor AAA
0 1 AAG 13 17 Asp
GAU 9. A fnl?rﬁentous fungus according to claim® whé&Gin the aspartic proteldise is Mucor aspartic proteinasal9 '
25 Gu GAC .9 T3 GAG

O 10. A filamentou® fuGips according to claim 8 vtlj&dn the Mucor is Mucor Biehel or Mucor pusmus 0
UGC 16 7 2 30 Trp UGG 19
3 Arg 11. A filamentaggsfyngus accordlng to claign 1 or claim 2 which Is'a Rhizopus; OGG 7
2 OCG ) 4 ) 0 CGG ) L3 . 2
AGA 12. A filanjentous fungus according to clau@ 1)\ pherein the aspartic proteinase is rhizopuspepsin. 0
dad 22

19y 20 13. Afi Iamenko,!s fungus accordingjfo4 claim 1 %c'@é which is anladoiﬁl;a ggrasitica.

0 45 ai m§45p fllg‘me ou%%?u@t céol'c%rﬁqga% 8‘4% &%99 H\% ai &éh%g ﬁ}a;eolg er‘dlaﬁﬁl ?Jpgquc;t lon

of heterol ogous po ypep erefromwhererna g aspar

prot ei nase 45Ny thﬁﬁenftwé%l%ué Sccbraig 16 YRt | B ManhWﬁuéhV@tcﬁﬁibB Fof %&drd?hé‘ﬁthﬁﬂrofb ous
that t hesmut agjypbdugs.eby produced I's I ncapabl e of excreting enzymaticall'y
active aspartic proteinase. 55 ‘2. A filanmentous fungus according to claim

1 wherein t1h1eArm§p§gmu, | dcdrdiy tb €iSibl 15 which & cagublelok MeRfetingdnpmetal et i on

17. A mutant according to claim 1 wherein the deletion is essentially replaced by a DNA segment’ encoding
30 amino acid residues dlﬁerent than ‘those amino acids which were deleted.

o 18. A mutant according to claim 17 wherein the replacement_ DNA segment codes for a selectable marker.
19. A mutant according to claim 18 wherein the replacement DNA segment codes for argB.
35
20. A mutant according to claim 17 wherein the delsted DNA segment encodes at least 2 active site amino
acids.

21. A mutant according to claim 17 wherein the deleted DNA segméﬁt' is a continuous sequence at least
o 40 about 100 amino acids long.

22, A mutant filamentous fungus culture which in its mutated form is free of any gene capable of
expressing enzymatically active aspartic proteinase.

45 23. A filamentous fungus culture accordmg to clalm 22 wherem the culture contains a gene capable of
expressing a heterologous pulypeptlde

24. A cuiture according to claim 23 whérein the filamen{ous fungus is Aspergillus.

s0 25. A culture accordlng to claim 24 wherem the fllamentous fungus is Aspergillus awamori.

26. A culture accordmg 1o clalm 24 or 25 wherem the Asperglllu expresses chymosin.

27. A culture according to claim 24 or 25 wherein the Aspergiilus expresses fissue plasminogen activator,
55 bovine chymosin, human serum albumin or mammalian growth hormone.

28. A culture according to claim 23 wherein the filamentous fuﬁgus is a Mucor, Bhizopus, or Endothia.
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of &'l or part of the gene for aspartic proteinase. 3 A fi IMfun us -
according to claim1 or claim2 which is a Tri chod 429 490
Bl : C L M  SER.0 420f4gb@Btent ous I

5 MA I I

claim3 wherein the Trichoderma is T. reesel or T. VI r| rrentous
fungus according to claim1l or claim2 which is an Asper illus. 5 6. A
fil ament offs AFed §f @!8%&"3?#@*9'@[99‘{915 RelyReptidgtn %Ham%'toﬂ&is Wg'F'h%""}i’ﬁmﬁi"?“""Qﬂ A
fil ament ous f'F[!P fungisy MBiF cf'F@b'E |°é?wess"zsr*h°ch'eéaf?%?geuwap%nﬂﬂe ?’}‘i'é"’hé?g 8’?“!"?3(,3

prot ei nase |"§" Qpé‘%j}pé‘?a \°°t° 6’ a"l acids thaty °F“.!f a'?‘?i‘ C%"gﬁé? #%9 ng

I 1 partig. prplpinase, 'f %
E:Ioaf malgm\/\herpgl?’%e %gcﬁa'Plfng:JnB 81 % UIg: bégh agd%ﬁ' rc??"vgg' Bl c‘f Q?P' 5% ei nase. ?sot C)A

filament oys 4 fdﬂf&%ﬁon%%%@é&h&%r&qgraﬁéna& p@%ﬂ.ﬁmr&nﬁa%mmao Mifpso, M ehel

or Muicor pusi arrento ngus- according to claim1l or
claim 2 vy, QlpréparaflonREAGIUS claith?30 wﬁe&hlﬂﬁrﬂéﬂﬁéﬁﬁ& if EHYEhdsin. aCCOT ding to claiml1l
wherei g the aspartic proteinase i-s rhizopuspepsin. 20 13. A filanentous
f ungus acsw nthébdloPmeMini debe Bdmpaikiag: M 2 which is an Endothi a parasitica. 14.
A fil ament ousa)fsegtng af@ctve dhyi@sih Prepdrationotkanediivmeal Hastl koo airiguCoxplodingi tiealS €
[ s endot hi apepBA for cymosif\arid ihcapabletod e reling wgpthe aagapticrpebitaigsd; 0 claim 1 or claim 2

ch | S capab) Asiding theebyreisinippparative toamilkl ogous 25 pol ypeptide. 16. An

gid | us ac)dewingitye itk tolcedgniate T prpduchcurdandabesheed of secreti ng chynosi n.

17 A nut ant dcénoyerting ghetcygrdof aﬁm)imq/\ﬁ@?sei n the deletion is essentially
repl aced by a DNA segnent encoding am no acid residues different
t han t hos® Aneteedacradng drickeim ?ﬁev'@rmihee%e chygrosimpreparalign is hecqyitye Rrgthiusedioni m
17 wherein ttW@'WBP%%ﬁ?WBRﬂ‘Qé%WWprt'E%des for a seI ect abl e marker. 19. A
mut ant, e rAd n pi m cel‘ pr thetr gac t [?NAa se ¥ coglsegmfor
argB™ 35 prc%l as ?gen?e SY“% g tﬁ§ L or |Eg ﬁaﬁl Oﬁl nt
encodes at Ip equ a| m
17 wherein i [N& seg rrent IS a conti nuous sequence at ea
about 300 amno aci ds | ong. 22 ‘A hutant fi'l amentous fungus cul ture vvh| ch
in its MusgtederdsOfoPldemeht’ ftoP fac@ilihgdRNairk 2 RhdRsird theCPPIEARMBHMNEEINGY Which Gl | Y

active as parlr{ch&blaroﬂ§e€ﬂeﬂi§%partﬂ:5;rot3r&se°|sfa'sbl@dﬁblbtrﬁud&rf ungus cul ture according
to claim 22 wherein the cul ture contains a gene capable of expressing a

het er ol 0g8sIA gead Bepﬁwﬁedalsct&lhccoﬁdmgub tieifmes4amich [s(iUgAARergl shown Bligmbier ei n t he
fil amend ous fungus is Aspergillus. 50 25. A culture according to claim 24
wher ei n t P@erdtansprilghe ous fungus-is Aspergil|lus awanori. 26. A culture
accheding to claim24 or 25 wherein the Aspergillus expresses chynosin. 27.
A cul t ur et-adlementtay Miantangilzrgesigneb zur Hersigiiangeron helerlogen, Belypeptiders dargysy waripeain

ti ssue plas rﬁeﬁdge e ASPaRatiP(oigingse & Pilz irreyergipel dnakiiy %qehe ’Hﬂlﬂ”ﬁt‘ﬁt sopefh Pl ddvFh or
manmal Pan gM8We “F?d‘f"fﬁB‘ﬁ%“f“h?éSt sRzymptisch aldiva A Qe"laﬁf PPRPIYN- \her ei n t he
filament oys 40%0 Bl

ferr] C 2 i iy & A e éengg;,&ﬁﬁee.wf& e aptlomPiiitee © o

filament ous I ament ous fungus, which is

capabl.g, Of, GABR&ILTHIz hidh ARBHER ?l,geqsaus%nepb,yceﬁma FigncdBha Wi ch contains a

4. FilamentSser Pilz nach Anspruch 3; Woriﬁ die Triehoderma T-reesei oder T.viride ist.
8. Filamentdser Pilz nach Ansprucﬁ 1 o_dér_ Anspruch 2, der ein Aspergillus ist.
© 6. FilamentSser Pilz nach Aneprucﬁ 5. der .'Aspergillus awamofi isi. o
7. Filament&ser. Pilz nach Anspruch 5 oder Anspruch 6, worin die. Aspartat-Protemase oin Aspergillopepsin
o ist. . - . : .
8. Filamenttser Pilz nach Anspruch 1 ,oder Anspruch 2, der Mucor.ist. -
9. Filamentdser Pilz nach Anspruch 8, worin die Aspartat-Proteinase Mucqr-Aspartat~Pr0teinase ist.

55 10. Filamentdser Pilz nach Anspruch 8, worin der Mucor Mucor miehei oder Mucor pusillus ist.

11. Filament8ser Pilz nach Anspruch 1 ,6der' Anépruch 2, der aih Bhi_zbbus ist.



non-Tevertible site-selected deletion of amno acids that results in the
filamentous fungus being incapable of excreting enzymaDi',H”"”" Mﬁum
aspartic proteinase, until an anpunEP 0429 480 Bet er ol ogo " tide
has® accunul ated in the culture broth, and then recovering the po Iy epti de.
30..A heterolo_ ous epti de reparatlon conprising a culture brot h nmade
according t'& E’%QF'H?%@P' h’)ﬂs‘tﬁ"}édé'r‘%?f'? gn Aé??@?}?g‘ft‘?ﬁ’&s? g""’(?P%?P?Rs@OstMerel n the

r|S|ng a)

| de
SRS B P h@ﬁﬁé‘wswwcgﬁ‘a%ﬁ* o B8 SR SRR RERI | ot s
fungus. exPiugsElRgnsdie %W&ﬁgp&ﬂxﬁ%’ﬂdﬁ%?%ﬁ“%ﬁ%%% cRhnfpLFI4 o active

aspartic pr th

c) Al ow nggt g o] r

Conver 1 ng Fhigaieger Fi FAAINBE 100 ARy 2 G MG BISK paBo0s povepid,
32 wherein the active chynDS|n preparation is: the culture broth used for
the Til &eABONpelgliRtONEh APIUESTH 8 fihlgst Ny BeiDdus£iRcheidéh. 34. A gene

repl acenent vector conprising:linkers at the 3" and 5 end of a DNA insert

I N an asparvi Nutpstoheh Aasachgtmerin gia dlisdhiagt imt wisentlizbdnodurdh SinC BId:Bégineotf ersetzt wird,
replaci ng at desd¥tAminopiyrarasprmivfustdhme despaininosiysndeden die @eljeshwundena
filamentous fungus. with a sequence which is incapable of secreting

asparti c’spridt Mitan sech Apspraph 17, av0h flas Grasft i\ eTrament fls eipeir auawiblbpran Mgrkerdodiorhi m 34
wherein the repl acenent sequence whi ch i s incapable of secreting aspartic

pr ot r,‘l nase P'sMata’gﬁF‘"é'c‘\"é%‘F"@ frayori fas EB%“Z;W"Q%H'@“F%P@%?H%% vect or accordi ng
3 P
Fi 1 ament god i Bess iopirion e, it e clipong e stemgr el E R =0 atven

Pol eptlden Iraus worin ein Gen fM Aspartat Proteinase imPilz

|rrever5|b | | .
hergestel | t% (l‘a ﬁ'}ﬁg‘h t"fff ﬁﬁ% %gﬁ,gfﬂ:jéh lg{c‘m Di{‘]\ Seaagﬁgnggﬁggﬁg%ﬁﬁgg%gseﬁu?é st
auszuschei den. 2. Fi anentoser I’z nach Anspruch 1, worin der Mutant das.
Er gebni s;;eignekuttul §ifdé flambitbRA Muaﬁ@mnfw AR In SeREAINTBRInIFoRRIRSI vEi BEIRhohBbrSist s
Gens fUr Aspagshigist, Bhfyin@isoma@ve Asbartat-Prd@inae zu BkphimigRAt Lser Pilz nach Anspruch
| oder Anspruch 2, der eine Trichoderma ist. 4. Rl anmentaoser Pilz nach

Anspruch 3 zsy\nnm:nemhseuaiﬁbthWemacF Anqmmmzmlmn b, Iuitur iotheGenhthAIE das tahig ist, ein

Fi | ament 6ser Ritdrologaa Eblypaptitiauesrimiereder - Anspruch 2, der ein Aspergillus ist.
45 6. Fidanentoser Pilz nach Anspruch 5, der Aspergi | lus awanori ist. 7. -
Fi | anent 6s . Kyt @cm&@hmm@pmrwweg"mtﬁsﬁﬁﬁb#Mlus§St-vvori n die.

Aspéact at - Prot ei nase ein ergillopepsin ist. .50 8. Filanmentoser.Pilz nach
Anspruch 1 zédwum?sfpf\qfewchzg nfigq P‘“Q‘”ﬁ@"l“&ﬁﬁﬂ%ﬁ%r Pilz nach
Anspruch 8, worin die artat Pr-ot ei. nase Micor - Wg'artat Proteinase ist. s5

10. Fi | afefBolpr ’PF'P é"sﬁré 24&‘?§'p'45u‘6‘ﬁ'"§°’ %B?’? s fBymat P ik or i ehei oder

Mu | t Al h

d e?orGI ﬁusthl I%gﬁlg‘fis A Ssgﬁch rﬁr Eﬁﬁ A t é ﬁ\ ?lus Gewgg& asm Jgfn%ﬁ%{or @n%gr&uc sif,’
| ns

mshormon o pnmle
l1!ls 1111'11 ament. ser pruc'ﬂnli‘ in die
Aspar b at ;Pragl Riidaen BltbaaPass W&m%pﬁldn%rntbsél-ﬁlz ol Wﬁﬁ&g&s Jale:' Endbtfig bt ANSpruch
1 oder Anspruch 2, der eine Endothia parasitica Ist. . Fi'lanent oser

Pilz nach Agspéddsibn 33, Hergtdliing hiee hoBRREdnRONPEIIIS il ﬁmwabrapﬁpa&\ﬁssbﬁd das
Kultivieren eines filamentdsen Pilzes, der f4hig ist, das heterologe Polypeptid zu exprimieren und eine
irreversible stellenausgewihite LEschung von AminosBuren enthélt, die dazu flihrt, daB der filamentise

45 Pilz unfdhig ist, enzymatisch aktive Aspartat-Proteinase auszuschelden, bis sich eine Menge des
heterologen Polypeptids in der Kulturbrithe angesamimelt hat, und anschlieBendes Gewinnen des
Polypeptids.

30. Heterologes' Polypeptidprépa'ra't‘ Giﬁfassénd eine Kﬁlturb(ﬁhé, dié nach Anspruch 29 hergestellt ist.
50 . o T L
31. Préiparat nach Anspruch 30, \q_yorin, das Polypeptid Chymosin ist.

82. Verfahren zur Herstellung von Kiise, umfassend .
a) das Auswihlen eines aktiven Chymosmpraparats, das aus einem filamentisen Wirtspilz gewon-
§5 nen wird, der die DNA mr Chymosin .exprimiert und unf§h|g ist, aktive Aspartat-Proteinase auszu-
scheiden;
b) das Hinzufligen des Chymosmpréparats 2u Mllch
¢) das Gerinnenlassen der Milch zur Herstellung von geronnener Mulch und Molke; und

21



15. Filamentoser Pilz nach Anspruch 1 oder Anspruch 72" der fahi"mi n

het er ol oges Pol ypeptid auszuscheiden. 10 16. Aspergll h 15,
der ffhig !st, Chynopsin auszuscheiERdh4291480 BYut ant nac mm ‘m ‘m“m
di e- Loschung i m wesent | i chen durch Bi n DNA- Segnent ersetzt wtrd das*

A S te diert, di I ht
wrden. 1o 18 HEVEMERAGH % gm#g%rn‘%{;wcwé‘nc’%%ﬁ#ﬁ AKEoE; st 2 DA Segrent 17

E‘r 22{‘26‘“ D%{?a% ofi ha RA% .fucrE L & aafja% Eé%éa‘%il dﬁﬂiﬁ;rﬂr:ﬁﬁlac%?ﬁwrden d%sazas
gel oschte r zum n est m nos‘?fur en an aktl ven 20 Stellen

kodi ert gl Geh@#ie?z‘ilﬁgs%h fﬁf&%ﬂﬁd‘ﬁuhkeﬂm 3“’%& B RS o6 OREBREgUDUY RGBS angt! NE
Zusamenh~ngediRsepdhl i 4et tviokieh E/Lﬁe ARAvbstdingR A%Q’Qﬁﬁ‘d@@&@aﬂﬁt%t&&@ﬂ;ehss'[
25 22. Kul felfes @ilamBftsden | MIBRNH@SEBIn GIh£ 0| drBn, dIeTuniiflg SQ] ASartaTPldRdiiagy
Form frei veGsz:®adidenhem Gen- ist, ~das fdhig |st, enzymatisch aktive _
Aspart ad - Prot ei nase zu exprimeren. 23. Kultur eines filanent6sen Pilzes
nach Anspsscendzungsvekior chach Knsbtuchr 34 woree die cfvédtahdsseqdars, fiahintjihigsist, Aspantat-
het er ol oges PRidinapepiszuscheidore »ip aiswigbaser MaB@r id. Kul tur nach Anspruch 23,
worin der filament6se Pilz Aspergillus ist. 25.° Kultur nach Anspruch 24,
wor | n der 36 Gepgreatauagsiekior pach Asspercl) 4. Welsherdas froffig-4 Hasgestetiis PUGRAPiagBLStr nach
Ansgv/u(':h 24 oder 25, worin der Aspergillus Chynosin exprimert. 27. Kultur
nach AnspF‘ﬂ’@ﬁd'E‘ﬁwﬂﬂer 25, worin der Asper gillus Gevvebepl asm nogenaktl vat or,

Ri nder chy hli ches Ser uma b der a et| tums
expri ni er a’hp'g"ﬂ ?ﬁ?gm p'g ‘ﬁ’ w &%ﬁ 9@'7% r‘& "‘h | z
ein I\/u g &Bge"eénpes
het er o ogen |n e| nem 6 en gse

Kul tIVI eren si nes f| I arrent 6sen Pil zes der fShig i st das het er oI oge

Pol ypepti gl Zinafpighoh MaflMBuxUstin 9 RevehdidafNel 3h %uﬁhteesi N RYSECWaRY Bé?étulan@%lsrhung

von A NosaugveRibRite fdut bu patie@u §aeliselid hibinast afpafigi i | ament bse 45
unf ~hi gs i st, enzymatisch aktive, Aspartat-Proteinase auszuscheiden, bis sich

Bi ne Menga dmsfnﬂn@toerlahmn séhal lym@ﬁicden it u BesvelidatisaraulbseT m%mrrmel t hat,
und anschli eSendes Gew nnen- des Pol ypeptids. 30. Heterol oges

Pol ypept i 8prChgapigron iilamhertesr selonda regeniiagation B bd DlinhedednaeshBabesgios It wide. 29
hergestellt ist. 50 31. Prbparat nnach Anspruch.3Q, worin das Pol ypeptid
Chynosih §-stChamgpignowglameritguis pelon ja rependisation 1 gw ig reMgprigatione? aui gt wrAspergiliys)  das
Auswahl en ei nes aktiven Chynosinpr~parats, das aus einem fil anmentosen

W rispil z gé%?fﬂp'g’!?“ B'a'“e“te“x s?\%‘da W?“H'ca‘B%FqﬂleétWynom n exprl mert
und unfahlg |st ak rtat Pr ot ei nase aus :

H nzu g w% RGP D eplen G T Y GREAeE B o AP Raesh el ch
zur Hef%t el Iuﬂ?'@s"e 6591’ hnener M1 ch und Mol ke und 21 EP 0 429 490 Bl
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zu ren nach Anspruc WOr | n I ve Chynosi nprapar at

di e KU' t ug, brd%rhﬁgnoﬁ Uiitanth@ud Lglondﬁnredéi‘lalcﬁglll WoePld gro@ﬂaéd BlpBhiGURISH 1a protélnase
filamens 6sensgivigée ¥iendet wird 34.
Gener set zungsvektor u unf assend Li nker am 3' und 5' Ende el ner DNA- Ei nf agung

i N ei nem #6 Chahgignon Iﬂamérmunaa@gereverﬂmdeadHaMuMeIsitmnucdrmahg duMucorpusiiuadest
ei nen Abschnitt des Aspartat-Protei nasegens eines filanmentosen Pilzes durch
ei ne SequtnhLhampignos élementgux delen la raﬁleddicgloh 4 by lajeveadidatiin-2Rubest Rhizopes.

auszusehei den.
12. Champignon fllamenteux selon la revenducaﬂon 11 ol la protemase asparthue est la rhizopuspepsine.

13. Champignon filamenteux selon la reyendi_cai_ti_bn 1 ou la revendication qui est une Endothia parasitica
50 14. Champignon ﬁla_menteux selon !a _re,v_endibati_on 13 olt {a pretéinase a_spartique ost 'endothiapepsine.

15. Champignon filamenteux selon Ia revendlcatlon 1 ou la revendication 2 qui est capable de sécréter un
polypeptide hétérologue.

55 16. Aspergillus selon la revendication 'is q'ui est capable de sécrét_ér la chymosine.

17. Mutant selon la revendication 1 o la délétion est essentisllsment remplacée par un segment d’ADN
codant des résidus d'acides aminés différents des acides aminés qui ont été délaissés.
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10 35. Gehersetzungsvektor nach Anspruchr 34, worin uenz,
die.unfahig ist, Aspartat- Proteinase auszuschei den ﬁ"mmmmmmﬂmp
Marker !st. 36. GenersetzungavektorEHMSAﬁepnuch 34,* wefl cther "de? ih Fig.4
dargestelito pUC4, &AP-argB ist. Revendl cations 1. Chanpignon fil anment eux
mut ant approprle a |a production de tides h~terol oques ob un gbne
pour |a prot®sMyiaieselos gt"i"?'@fﬁ’é"% i{so4 zrg??EP@RHrFe raPlpGemeRt; oo BOKY AN TAIHEY e

fagon non r6v§ lecfigngblee 20 mani bre quo |l e nutant alnsl prodult soft

Chan: onon o el s Byl 18 SR o SO Bl p ke T, ©
resultat 'a DL )R 5L R BN oM B0 bl S s o

pr ot 6i nase as ament eux se ,a revendication 1
ou la revendlcatlon 2 qui est Trlchoderna 4, Chanprgnon filamenteux selon

| a revendi cal Mam3eRR lalleldnBOMEN TR RIsedment BRBRIdSIAYSS lost Mol 4lRNce3Rntings ayant au
Chanpi gn@n fi ndine BAviReNx108 @bidud ah&éﬁ@/@;i‘bdl cation 1 ou la revendication 2 qui
est un Aspergillus. 6. Chanpighon filamenteux selon |a revendication 5 qui

est Asper gid2 gsiuesaarDehampignon Glamepteuyromant bdi 300315k datiie sretée st librer deviaut gérdadapadle 5
ou | a revendi datpriowr 16 potiinksh gepanioes erepeatowrentdctyee est 35 une
aspergillopepsine. 8. Chanpi gnon filamenteux selon la revendication 1 ou la
revendi c#t i n Cottugd'unsehempigrop rilamgnteuz salam lagenendidalionsageaitie uurg €prgiant |up géne capable
revendi cat i ond8xRﬂﬂ'°4‘ﬁ‘39lyB?Péi’°r1’1§$é@’°&§T)art i que est |a proteinase 40 -

t de M fil t | | di cat 8 od
Mibor ear ewﬁgvnu?ﬁc’%m.'a rswnm"&%mﬁiq ?#WE%EIE%%%%C’@M” kg 2rrent eux sel on
| di cat 45 12.

Charg: onin 1 (iRt BBl A fat oo ghodie avarit,
aspar (1 que gatl gy ffih HONSRERSH A% 26 bo AIRITRL agﬁ;@en%chms&n; eux selon |a

revendi cation a revendi catjon qu othia parasitica so 14.

Chanpi gnon 7 LafR el s eRth@futbrod VB ASHHiIRE exbame th badvakuPbdihiafRgane du tissu,

aspartique esia dhyrRdife Ul bée RuRte dd Séru &NBEmbhd RIBRINsHeY dF mamm.fara
revendi cation I ou Ta revendi catlon 2. qul eat capabl e de sobcreter un

pol ypept i dezshdtireecobeligue revariBicativh .23 AR € Eiginlpighich fBdeaud st ue Wiedl) WnalkHizopus1bu apei

est capabl e déndothia dter |a chynpsine. 17.. Mutant. selon la revendication 1

ou la deletion est essentiellenment renpl acee par un segnent d' ADN codant

des r~si &hus29% Méthpdbede rsoviuction d'dn pdyperiide bétérelaguacliansaw champighen filamentomt qubcagnprend la

deI ai sses. 22 mise efpulgre/Pdn champidnopdilamenteug agigsivapabierd'exeriren lo| relypeplidaiitteeladue ot
7 0wl e segndyitcopentre gélétion Agsy fveesfplerbloptigpnse {30 site ‘iﬁ?‘dﬁia?'ﬂlﬂﬁélﬂ“' a pour 'és““at q"° '°

sel ect i onnabl é"a @"°’1\/[§f?’5?1‘(‘°"§ Flolcapaple digxsritar Ja praiin 9“!’@

renpl acenent El‘é i% PONRRPLGR: heteqiqghe F%\s‘i“e”\??éﬂlﬂ'lée Seeof oyl 88&“'1“?

segnent ’Ef“ ADNPE'J%P?& ggre %0i ns deux adl des anl nes en des sites

25t e 2o hABBAR BLR Rol el R YEoG ooty bk SRR bt Bt B RRE

est une seque% environ es am n
de long. 22 ture d un chanpi gnon fil arrent eux nmutant qui sous sa forrre
nut de_esly | $1bpRpsl8ich S&ién 18 RAGHdARABS Su Qp@l lid¥R5t 1h BhyRb&eSl Nase aspartique
enzynmati quenent active. is 23. Culture d' un chanpignon filanmenteux sol on
| a revendi cat MathodbdeQPioduétios té framiage camsisti@@t: UN gbne capabl e d' exprinmer un
pol ypepti de hdt frsslecipaesr uilpréfacstitrudecchg@bsiie aktive obtertia di iaait H'om clizBpigtion! filamenteux
chanpi gnon fi | amaéetimant BADNIe chymiosingset in24pabl@ B'exciédr ta@éiseé aspartique active ;
revendi ceat i on 2 Ajdutel B peperation geoivmosihesdrdinlieibux est Aspergi | | us awanori .

¢) Laisser le lait coaguler pour produire du caillé et du petit lait ; ot
d) Convertir le caillé de I'étape c) en fromage.

33. Méthode selon la revenducanon 32 ol la préparation de. chymosme active est le bouillon de culture
50 utilisé pour le champlgnon fllamenteux expnmant le polypeptlde

34. Vecteur de remplacement de géne comprenant des linkers & I'exirémité 3' et §' d'un insert d‘ADN dans
un géne de protéinase asparthue de.maniére que lo vecteur soit capable de remplacer au moins une
portion du géne de la protéinase aspartique d'un champignon filamenteux par une séquence qui est

85 incapable de sécréter la protémase aspartique. .

35. Vacteur ds remplacement d'un g_éne selon Ia revendication 34 ol fa séquence de remplacement qui
est incapable de sécréter la protéinase aspartique est un marqueur sélectionnable.

23



26. Culture selon la revendi cation 24 ou 25 o0 Asperg "lm;m
chyposine. 27. Culture selon la revendication 24 ou 2 ﬁ M@, l
n

exprinme un activateur de plasninogennuﬂuwohﬂsu, 25 la thynoe
bovi n, |'al bumne de s~rum humain ou |'hornmone de croissance du mammifere.
2& Eulture seion la revendication 23 ob le cha ignon filanmenteux est un

Mucor ,  urPeRIYPie de remplacemeat B pelpn Iztpvengigation At wi g PHEANT- B8R 8¢9 '9R Pert e
polypeptldeaﬁﬁﬁﬂpdlogue dans un chanplgnon filanmenteux qui conprend la m se
en cul ture d' un chanpi gnon filanenteux qui est capable d' exprimer le
polypeptlde htitrol.ogue et qui contient une.dM 6Pon non r6versible

s~l ect Ponn6e au site d'acides-am.hds. qul a pour . r6sul t at que | e chanpi gnon
filanmenteux est incapable d' exereter |a protel nase asparti que
enzymat f quenent act.i ve jusqu'-a.ce .qut-.une quantet6.du pol ypeptide

het er ol ogue so solt accunul ee-dans | e bouillon de culture 35 pui s on
récupege | e pol ypeptide. SO. Preparation d' un polypeptide het6rol ogue
conpronant un , bouillon de culture produit selon.la revendica- tion 29.

K 40 31. Pr6paration selon |a revendication 30 oO | e~pol ypeptide est |a
chynosi ne. 32. Methode de production de fronageoconsi stant a: a)

Sel ectionner une preparation de chynosi ne active obtenue h partir d'un
chéhﬁlgnon filanmenteux h8te exprimant |' ADN deol a chynosi ne et incapable
d' excreter |la proteinase aspartique active; 45 b) Ajouter |a
preparation de chynosine a du lait; c) Laisser le lait coagul er pour
produire du caill6 et du petit. lait; et d) Convertir le caill6 de |' O ape
c) on fromage. 33. Methode selon |la revendi cation 32 ob |a preparation dg. .
chynosfhe active est le bouillon de culture 50 - wutilis6 pour le

chanpi gnon fil amenteux exprimant |e pol ypeptide. 34. Vecteur de

renpl aconment de gene conprenant des linkers a |'exremte 3' et 5 d' un

i nsert d' ADN dans un -gone de protéihase'aspartfque de maniere quo le

voct eug, soit capabl e de renplacer au. noins une portion du gbne de |a
prot6|nase aspartique d' un chanpignon filanenteux par une sé6quence qui est
s5 ‘incapabl e de sdcr~ter |a prot6inrase aspartique. 35. Vecteur de .
rempl acenent d' un gone solon | a-rovendication 34 ob |a sequence do

renmpl acenent qui est incapable de secr6ter |a protdi nase aspartique est un
mar quewr sel ectionnable. 23 - ‘EP-0 429 490 Bl L
36. Vecteur de renplacenent d' un gOne selon.la revendication 34 qui est
pUCAAP argB que |'on peut v0|r.I la flgure 4. 5 10 ~15 20 26 30 35 hi 40 45
sO 55 24 :

35

50

66

24



