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PCT/ US98/ Z4975 *o0o0000z* - AC T'1.VATED TRANSCRI PTI ON FACTORS
Background of the Inventi WWM@EM es are the comrercial s MY 8402
many nedicinally useful pro , as antibiotics {e.g., beta-lactam

anti biotics sych.as _penicillin, ®¥hal osporin, and their derivatives),
anti - hyperchm’gfzgpal enic agents (e.g., lovastatin and cong&dfysa§2497

i mrunosuppressi ves (e.g., 1 and antifungal drugs (e.g.,
pneunocandi n and echi nocangmlmmﬁ Nmﬁ“‘ of these drugs are fungal secondary
metabolites, small secreted nolecules that fungi utilize against
conpetitors in their mcrobial ERAr onment . Fungi al so produce commercially
i nportant enzynes (e.g., cellulases, proteases, and |ipases) and ot her
products (e.g., citric acid, gibberellic acid, natural pignents, and
flavorings). 15 The ACTERAABEDAFRANSCRIBTION FAGHIRGes, and ot her

products is regul at ' ycor' A ed ne e rs on. For exal e, the
production of penicillinis li h&@%ﬁ@i&@%y of two enzymes, encoded
by the i prA and acv/ngengseedidGfe 8 bbb Wik drRARIhBdiE ARG act or bi nds

to sequences upstream ese two genes. Nbreover, i1ncreased activity of
PacC 20 | eadsustful pedducts) slideemtiBidtitst. @Chdty-ldcyand BAli6t¢such by production.
Qur understandi ng of transcriptional regulation of secondary netabolite
producti on, asntidmptéghabspatioand theisdirmatives cntighypstdhplesteselemie past
decade. To date, however, the yse of netical |l y-engi neered transcription
factors has. HEPHBUER-dOpHE And Somorelt o P ORLDP SRR -

comer ci al | y-dyaRRALLARL ak®ahttilEd] dMAIHE! Snedfo&Makl ArechifobhRAR) LRI NCr ease
producti on of penPc‘ﬁqblt’fn gurre fly égl %’EJSSn (r)rut ageneseics and se)l ection for
mut ant s Vit crofdheseldaygd are et secoadary dastybotitdsairodll sezrged thotdcutes.that w 3 0
MAY 2002 WB 99/ 25735 PCT/ US9S/ 24975 -2 ~ummar, ~f the Invention The

i nvention pr ovpgetilizeagamst eanpetisors i theirmaicinbel gayirenment. Supgialsg v

metabolites ipn fungi b t.i i pul ati on. of f rganismitsel f.

The ability tﬂo}ogﬁcce?cé’g% eel%ﬁ@galp%gggﬂncﬁ%\m}esn@tga’bcg}llil{lgespBg%%!csf) ?ch)lﬁghas at 5

| east two i MMgHasey)tandRBer pAddueRe.ghicitBik acid! g%é&llﬁ'dc%nhﬁ%%@?ﬂ&nt@,f oduction
ca

of existing secondary metabolites which are useful in clini and

experi ment al andtflavegegs)Second, increasing production of secondary
metabolites will facj)itate identification of new conpounds.in fungi that
ot her wi sel%nake undetﬂi‘? H{ﬂdécwcgb%qtﬁc?ifdaa%%@gelbﬁﬁﬁﬂg%’ﬁn‘gﬂg‘eraborat ory. 10
Accordingly, 1B4008i bt,r,h:% ' ' U6ES Fér &R the Chi meri c
transcriptio rPacﬁg}ﬁ?E@ﬁtegi g ?t‘gﬁ{ﬁ%gg{}a%?%atgd trans ri’pt?on factor
functional i npradiidctivgadf pehicilinis Rindted by YhetactivAN o€ twPénaymeacdricedéd by domai n
that is different fromthe transcription_activation domain naturally

associ at ed withp arkband egvécgangs.i BarG, aginsrfinges transsripfien faciore hivdattrent . t he
transcriptional activity of the chinerjc transcription.fact S greater
than the t r anGaPPIEs Rafeadtof Brteanra 1repudo BieavB R dact

pre-act i vaf edehd Ao RickASed G4 Rie-actiVicPR Btciliifisicidnenbodi ment . the
pre-activated transcription factor Is pre-activated by truncation. In a

rel ated preferred enDatimdsritandihg optransarptioral sgutatianof seqondany f act or

i ncludes a substitution_of a serine qr threonine residue with an al ani ne,
20 aspartic a8F@bolie nypduciioncassxpaplfied ahryve, hasapaerceser iggeatlyyier 15t i on

R Vat i s reive :
B fering phodpibdstedfy s6iaRt hReh@rbp ust St dbnpulhly bRt ddiritsp b 1 S
transcri pti onfatRes Rds ot bBedBypIRHE t&inckdaSe Pavdbetiiof sonfii@tiafigdmpeliang and can

be pre-activated. In a related preferred enbodi nent, the pre-activated
transcri p33 onfubgeltmodessnt bi comtra§, methods trsinofeasdrodudtivn ad@enicdinuence shown

in Fig. 1 (SEQ 1D NOGs: 1-6). In another aspeci, the inveption features a
vector incl ud‘%ﬁwe@d{ﬂ?&i’ﬁlﬁa@“@ﬁﬁﬁﬁ ?‘Ele‘it&&r‘flg’é?’iuffpfso‘ﬁh‘f’ﬁélfsé?rayi ncl uding (i)
a pre-activat “f%% 35 PCT/ US98/ 24975 -3 transcription
factor functi %%ﬁasgﬂnggw%%ﬁga sbt\éﬁgﬁgﬁl?alg%’ﬁﬂ(i i) a transcription activation
domain that is different fromthe transcription activation domain naturally
associated wth the transcription factor. The DNA is operably linked to a

pronoter capable of directing and regul ating expression of the chineric 5
transcription factor in a fungal strain. The transcription factor encoded

wi thin the vector described above is expressed in a fungal cell, such as a
Fl ament ous fungal cell, which produces the secondary netabolite of interest
and in which expression of the transcription factor increases the
production of the secondary netabolite by the 10 cell. The secondary

met abolite can be non-proteinaceous or it can be a protein or peptide. In
anot her aspect, the invention features a method of producing a secondary

D -, e oy o o, o o, o



encoding a two-part transcription factor including a DNA-binding domai n and
a transcription activation domain; and (ii)aculturing the fungal cell under
secondary netabolite-producing conditions. In a preferred enmbodi men§) MAE00?
transcription activation domain is different fromthe transcription
activation 2 L{y naturally associated with the DNA-bi nding domain. In
ot her prefer%g%%di ments, the transcription factor is a B? USRIt ed
transcription factor (pre-activated by substitution of a serine or

t hreoni ne residue with an al anine, aspartic acid, or glutam c acid residue,
or pre-activated by truncation). In othep.preferred enbodi nents, the DNA

bi ndi ng domain of the transcription factor is 25 froma fungal
transcriptional activator or frmﬁﬂhﬂ@ﬁﬁﬁﬂi ptional repressor. By
"pre-activated transcription factor™ I's nmeant a transcription factor 30
MAY 2002 WO 991 25735 TRETihBRidh pi@vides admeansf todnpreast thdprodoétiarhaft , conpar ed

to the precursor | ecul e, .is, ch%pa,bI e of 1) increased binding, either
direct or indfFeoBfaryrgeigblifes in fungiripygenstic sapuaion fdhs ﬁmgaggﬂémﬁ@gm atory

region (e.g.,; r . i L1 1] iNg
properties. P}tg‘?lgc?ﬁ%é@el@ %Oﬁg%%ésrei %ﬁé%%gfoglg%ﬁg%éﬁ%ﬁg%%g% ‘égga%:t?i vate 5
transcri pt$ onldastoimodingsGeiaat spplicefiorshiFrst, 3t Wl alliRE BRsaked prodisridiase. For
exanple, a transcription factor DNA-bi nding domain with binding properties

but no transaexistieg sesendayimetalolites which iaceeussultio chrical gadexpeniingrtabd
transcription factor, "Pre-acti.vation by truncation” or ."pre:actj.vated by
truncati on" nﬁeéﬁggsf HCOREBEEASIRg p’é’dﬂﬁtﬂ‘%’r} eB?“‘{aﬁ%n‘ﬁFag’ngeE ngjac-sdx{age
pre-activatio RS i i i ge. In the
Pivent i on. - pr eaSfFaiotich bambous HEaal BENBRALERAK} igGtamIEnt: L\
that encodes &vplseofahdseahpduhds imnthé labbatgryot ei n, excl udi ng portions of the

protein that wou proteolytically cleaved in vivo. By "substantially
i dentical 10is meant a&qserdipelytingse @spastdheinyenfigrdfealirgsa tYaBarht | east 50%

preferably 85%. referab 0% . and .opst  15. ferably. 959% identity to
a reference an{g"rrll_{oElg {acgf%’sgl?&hot?cﬁlaétlo_ “%?1‘1@“%%2%8&%%‘% w&?ﬁ %8?%%%’?‘ ?8%8? t he
llength of comparictioRal i QAUBEK SFraitl hhd G5 RGFAbL IR AtivatRAsdonddin @Ht 0 aci ds,
preferably at |east 20 ami no acids, nore preferably at |east 25 am no

aci ds, and nodifferentifeomithe/traBerptiomactivatien déainmatirallcassotidisd wittetheengt h of
conpari son sequences Wi |l general]ly be at |east 50 nucl eotides,. 20
preferably at g‘P’éS&Wt‘BB farter B Ry ,rregrﬁmbom&%rrym&flppe%?é@ct?@ty of

nucl eoti des, msi j 2, 1S meant a
sequence ggff?{(%l%ehﬁg{%%ﬁgrcg@? ng%f}%rgs E%étﬁ?ﬁégqﬁggﬁ‘g%é%‘? géﬁégﬁw‘?&%o i ncl uded
in the invent narAlyeaskhised itnBe bfe-ytivatdaraasdiption Thasl Thembeeeer

pronot er - dependent gene expression controllable for 25 cell type-specific,
ti ssue- speci f peefert pedimept dhe pre-activated transopiption fackrtiepPieadctiypigddlys or
agents; such el ements ,may | ocat ed i he 5' or 3" .or intron. .3 o MY
2002 VD 56/ 26 48T Rng  RteBlqERERE ciPopieny 4o s yufiet Bt bisgeR 2075 oy
"operably |1 nkgesr ihsludBeNubshakioR 088 RE S BARnRE rBRGE WRH4h aladine, Sequences
are connected in such a way as to permt gene expression when the

appropri ake maspactid edd @ gutantic aid egsidue] whedeirpiht isutadtitutiqnrmeactiedtesar e bound

to the regul atory sequences. Qther features and advantages of the invention
wi || be appar &tiranserptiorefactar (964 Ry nHBdeking oF efheryise Hergef er r ed

enbodi nents t f nd . f the claing. W N i Q.. i .al i gnnent
of Uhe 21 no- t PTOBTOBRRRID AR AOAS rip RHER cpRoBHdS foublbndol fucklh i€

Asper gi | | us niagidraber dfEPAIC Milyl(dbfindPRI6 @) hdd\GanbedRé-abh@d. OO, 2)
Penicilliumchrysogenum (SEQ ID NG 3), Yarrowa lipolytica (SEQ ID NO 4),
Candi da al bi caelsted pEchetrad RiBbodiment ke Baeactizatodirenssriptioe ctoraenta8EQ | D NO

G . ldenti i ted by. shaded 1 jty i ted

by boxed Sy SREICHEE tRAERORYId aserse saous fpep b SEBHPRDR B ot e

Including a pre acti\gtgady {?s&}é&[ #h@%x?e{ﬁti%ﬁ‘?éa?&re?@Qe&oxsitnéﬂﬂilﬁneélbﬁ%sCr' ption
ng’ fungal g

activation domain for regula ene expressi on. protein is
encoded by nueh&ldinge icHEneHt ©fReraition tttokR@hidmg(ipd pRAGtiPARIDt er in a
vector which allows for expression in fungal cells. The effect of the
transcription factor is to facilitate expression of a protein which itself
is a desired product, or which acts as an elenent (e.g., an enzyne) by

whi ch a desired product is made by the host fungal cell. Each of these
conponents i s described bel ow. Experinental exanples described herein 25
are intended to illustrate, not limt, the scope of the clained invention.

3 0 MAY 2002 WO 99125735



-6 Pre-Activated Transcrj~tion Factor PCT/US98124975 The vectors of the

i nvention can include DNA encodi ng any proteinaceous transcription f?ﬁh@ﬂ?%?
that can be provided in pre-activated form i.e., the vector encodes

protein in a formin which it-is already activated; i.e., no

post - t ransl.at,j rocessing is required for the protein tg he active in a
fungal cell Fgﬂﬁﬁgggto regul atory DNA of the cell to facil#?ﬁ?@wﬁ@ﬁg
expression. Transcription factors regulate the | evel of gene expression by
affecting the activity of the core transcriptional machinery at the

pronoter of each gene. Several mechani sma have evolved to control the
activirty of 10 transcription factors. Post-translational nodification is
one mechani snriscMbiicl fActaTandtionhl 8% AASHAkAindAR] B AutAE@etiddr ot col ytic

cl eavage is one post translational mechanismfor régulating the activity of
a transcri ptiativhdan domém that, is BeffdremstricbnBaee teanisexiptiomractiv@omdontahl  Bi ol . ,
1996, 8:340-347; Goodbourn 15 and Ki ng, Biochem_ Soc. Trans., 1997

25: 498-502; Fiualy assasiated with the wanscritia factos.4 Tho DNy &5 operahly figkedy  Pacc

famly of transcription factors.is.one.class.of proteins.that n be

acti vat ed byat rao‘frgg}o)t/esricg. g@\%fo?@gﬁ%ﬂﬁ aﬁﬂt"’?ﬁ‘ﬁ%ﬁﬁg %%56551838 t e%é f%‘g%d for PacC
fam |y menpergadssaptifierRWrin hi@sf] Bdial i ons truncate the encoded protein,
resulting in the production of a pre-activated form 20 of the transcription

factor. Another net h®te transcpipéon fdctaranicodpdavithiatiscydcpiridescritedtabove & t 0

mmc the nodifications which nornally regulate its activity. For exanple,
phosphor yl at | GPresaed B Amgabsells serhas< filapantpus Eﬁ\ﬁ?la‘feil’ﬂli’éc}’égrf’ﬁwetgy of sone

transcriptio ticv.el s (see review by
25 Tt er - and Racy ardpprsBGEE st A et Bhestlon il
post - t r ansl at frgxzatipti®yl fActsrahdreanss tHeddrodidhioh BE HRAREoridaty metabuvliteybyothe

transcription factors include acetylation (Gu and Roeder, Cell, 1997,
90: 595- 606) agedl. alhedegondany retabolite cag b nonyProGORCEDSPYAXBRPE a protein
PCT/ US98124975 -' 7., nethylation)(Chinenov et al., J. Biol. Chem, 1998,

273: R03- 09" BSRKE&hita et al., JBiochem (Tokyo), 1995, 118:1 |84-1191).
Dephosphoryl ati on of pa{dh&GUkalor [t6S hfot RG] §888dLRSrakkingd y of many
transcription factors. Phosphoryl ation nost commonly occurs on serine 5
(Ser), threomsenendarhm)etatmdite dfjinGsesncnéifging thesephusyj) introdumme intsé ance

resi dues such_as aspartate (Asp) and histidine (H s) can be phosphoryl at ed.
The codi ng sengalcell sichasa tlamenions fungaberlh a yeetapinchdingea H{?F&lt%‘g to encode

an am no id S e a.qnegatively
char ged sllasge %ﬁ%’gﬁfﬁ O?%Bg&&l@?%F%%%%%‘%@%%%e@% lgtfaﬂ’rﬁﬁr‘&-)% Eht%}f\!l%‘fl?/lrf~Al a, and
Asp~Al a 10 sudfcbliingld eRs-paftQrans&fhtRnithototmeRding 4 DR AAbindirg duredneada
pre-activated transcription factor (see, for exanple, Chen et al., Proc.

Nat|. Acad. Seiranigription actiggidn dosiag40d pidpenltugog thecfingal cellvpder Cel | Bi ol .,
1998, 18:4994-4999;: O Reilly et . al., EMB~ J., 1997, 1G 2420-2430; Hao et

al ., J. Biol.SeeAgeHyY ,mefggﬂ%tél‘ﬁff’f?‘é’@g%‘-‘%%%):“ all?feéﬁ‘@éﬁﬁg’r‘)é}'%?’#o ®can al so
norease Lhe @gidiibhisn Alivdibh ABRGH 0 @ReAARIR e MHHIARNRALaRY Or AsP
for Ser, Thr, or r are frequently used 1n the art to mmc a

phosphor y2@at | dsmsaivamaturaity agoetatedivittaihe DNArEHNGAE dpinatn Thathopréfemaed f or
exanpl e, Hoeffler et aL, Nucleic Acids Res., 1994, 22:1305-12; Hao et al.,
supra). Mit at ¢whedimeats, thesttanscription faetpsisianreiashvased EprschBliomEasiorat Asp 20
resi dues which can.b ospharyl at ed, can so _cause.activation. (Kl ose et
05 vl lnmctivaeB By SaBhion sf  seiBRartbiconit 18 Wickdh fihidd 07

29: 327- 34, Nofgahtf £hid r-glutdmidRid ré8idek; or r{i’f@-%@t’iva@gdao')z%&ﬂio@.-lnqm&*

mut ati ons can be nade th§ mmc activatirng post-translational

modi f i cat i onsprefaredotabmlimentshihe BN A dlindidgldohaiarnd ¢hid toarisonptiacfaotoriis
activated by 25 nmethyl ation of cysteine (Cys) residue (3. A Cys->Hi s
substitut?dn Ham 2 Bingal wrenseErtional pefivatqrioy dtonba fyngakBemseIPRNA| . Mol . Gen.
Genet., 199G _250:523-532). This particular substitution was identified by
substituting CFSE with each of 3 0 MAY 202 WO 99/ 25735

PCT/ US981 24975 _g_ t g, ‘95rb85tiViitdiel SRBripiin RAcRE! @meatit b GaARkipYich Yactom

i nstances where no obvi ous substitution can be made to mmc a nodification
(e.g., acetylation), a random nmutagenesis is perfornmed to identify
constitutively active forns of transcription factors (see, for exanple,
Onishi et al., MI. Cell Biol., 1998, 18:3871-3879). This technique can
enpl oy sinple and rapid phenotypic or reporter selections, such as those
descri bed herein, to identify activated forns. For exanple, a Saccharonyces
cerevisiae strain containing a reporter construct can be used to select for
activated fornms Specifically, the ipnA pronoter (P;P",,) from Aspen gillus
ni dul ans may be fused to a gene from Saccharonyces cerevisiae 10 that

Y o o e n ~ o~ " o - ] - o




The PacC Fam |y of Transcription Factors One group of transcription factors
useful in the invention are nenbers of the PacC famly. The PacC 30 MAY 2002
transcription factors regul ate gene expression in response to changes In
anbi ent pH Menbers of the famly have 25 the foll ow ng characteristics: 1)
They di spl ay voh dN<EdCant (at | east 35% am no acid sequence_i | to the
Aspergil | us #ﬁ%%ﬁ%ﬁg PacC protein (Tilburn et al., 30 MﬁFéﬁﬁ%ﬁ%&§

991 25735 -9 PCT/ US98/ 24975 EMBO . L, 1995, 14:779-790). Such proteins have
been identified in Yarrow a |ipolytica (Yl R nlOlp; Lanbent et al., Ml.
Cell. Biol., 1997, |7:3966-3976), Penicilium chrysogenum (Suarez and

Penal va, Mol. Mcrobiol., 1996, 20:529540), Aspergillus niger (MacCabe et
al., MIl. GCen : ’ - 1 pi ae

(1 vl R oL/ B TR e RpCId e oo R SR e fagilent

21: 3789- 3797) incasaded bindirgq eithdyi diosor(ibidifecs. thla spéciBbIDNA sgquedipe Ideatedcont ai n
a predi cted DNA-binding region that includes three zinc fingers of the
Cys2Hi sz cl asH! 2 gogregdlatayy Spaien (:8.of PIMQIET), W2) dRaTeaseq tRBSCRPUAR dul ans %

simlarity to_A. _nidulans.of cC.h oe PacC in 107- P r..entire
Teneh A TN gighE Rt FEae R ORs RO ok e By S BYaef

cerevi si aes S6trddscriptibh BNy prmoted, B thid iPtfinetQBaril§ eveesat. Pacdxahdite, y
menber either have been shown to directly bind to or regul ate expression of
genes that coatanscriptioh-fEIGAREBbindingsdBROAGBhBindihg peopertias bupser eam

regul atory segquence (Tilburpn et al,, supra; Suarez 20 and Penalva, supra).
Furt her nor e, &F‘E‘Sﬁ‘c? 1%&9@&9’%CQPFIdPE@GOPP@rﬂ"P?C%W%%Eﬁ%PHOM ions that

truncate the t ei:0, have el been | £ s and these
mut at pons. resu e el Gy fubARion” SE hrkaERbied B Bho ARAC Mt e YU f
proteins, evefenddval 6Ma pBRIANT thdpfoldih RAdB teprealctivationd Mehis Yergd@rvivdonber gh
et al., Mdl. Gen. Cenet., 1996, 251:542-550; Lanbent et al., supra; Li and

M t chel | , 1Gendrpegh progwiytiogeavase.6 B the invemtipa drg-activativp by talncatieiuisans and
S. cerevisiae, ,i.t s. been de rated 3 0 MAY. 2 WO 29/ 25735

ST USoB 24078 sk Teheg A iRt Gaates Pt BSK AL TPEO OF AEWARRL: i vat  on
of signaling bfcIMdKe poficisT i prdtei th@?%ﬁ]% tedSReallPeldfRd-iB divol i and
Mtchell, supra). lT;ggnSCI’ iSpti onp Ace:tnil vation \r%rior?s&?'ir%n}g%ri pt ilonwaocti vation
domai ns (TADS) are dBsc'sebstantedliyddentichl"ps micentraspdypeptidé opmedieit acigene
expression by a variet X@gf mechani sns that ultimately result in the

activation of expaiting ajteashi®0, prefesably 8aes mqrejpﬂegereiév?é{%%/ﬁ agd M9k i ni mal

notif thatcact] necripii.o en f . - hi ndi omai n (DBD)
(vebst er 51 " apretBhBf; R hathel! CRgA0GR g alde BubRlE Rt EO LT
332: 853- 856; Hapol9peptides, th@ldnzeh ofl@BiharidsBsdgdended Will gheallybent least can
enpl oy any TAD that can 10 transactivate expression froma fungal gene
pronot er when 16 aminnarids, prefsrably o least 20 pminyr 4cidse moBDPrefpyy f a8l assi fi ed
based on sim Larit.ies .i.n protein seqguence and/or, c osk t.ion,.properties.
These cl asses5?&81‘5‘63“‘9?1@%36?%1185"‘?'% y?; ggumno agids, Qécpﬂ&?f‘elwgg tg‘gd Jun;
Webster et al jongBUpf (%mlgdrﬁﬁﬂ%qllﬁhcélwill 'rleraﬂ'?' bERPRa&I50uclcoBlBY, 8; Cress and
Tri ezenberg, Science, 1991, 251:87-90; Struhf, Nature, 1988, 332:649-650),
15 gl ut ane- preferablypdt ledsc 60 nuclestides ) MoreQrefceaplpmdedst 7 anuclEetides, 4888,
55:887-898; Tanaka et al., Mdl. Cell Biol., 1994, 14:6046-6055; Tanaka and
Hen, Mol . Cel mqsfpreferablydd 0 mulegtides 6067), and proline-rich TADS (CTF,
NF-1, and 1; KLF;, Mermpd,et al.,.Cell, 1989, 58:.Z41-753: et al.,
Genes Dov. . 1001, 5. B3 aromYE" itk FRIERT SRS Bl BGR
15: 5888- 5896) rediiite Hansd¥RtdnC lMaSSREIAE T YHR inWRNLiBR atéREselerhéntt RaidH esent
invention. The ability of any particular TAD to transactivate froma
particul ar pr enpsufficieantobrendietpeomoteedependent generprmdssionowmtrodplle foron
screens. is also possible to ar,%i ficial ate, ej tiltg)g]ba TAD or a

1 .

Lt y C{
si te-speci2%i c “BBBE/PErIPEERIE: BSSHAFPEC! EyrtGWBPIH‘L%’ﬁ CEIndYRDIaDY FXFMALt i vate a
reporter gene ] ' if expr essi on
library. In aﬁgr’%gr&gggﬁpgggf%f%%#%%@%ﬁ%é%&%ﬁ?gg%ﬁnsg% Jsrg{é?& ically bind
particul ar DNA sequences are selected. In each case, these sequences can
then be nutated in a reiterative process to obtain either the optiml TAD
sequence for the particular pronoter, or the optimal DBD sequence for a
particul ar DNA sequence. Transcription factors containing artificial
el ement s 3 0 MAY 2002 WO 99125735 -11 produced by this or any other
met hod are useful in the invention. PCT/US98124975 In the chineric
transcription factor of the featured invention, TADS nay be used al one or
i n conbination. For exanple, Sp 1 contains nmultiple glutamne-rich TADs,
and these donains act synergistically to pronote gene expression (Courey
and 5 Tjian, supra; Courey et al., Cell, 1989, 59:827-836). Cct-2 contains

o, =



rich and proline-rich TADS, and both are required for maxi mal expression
when fused to either the Oct-2 or a heterol ogous DBD (Tanaka et al

supra). Thus, the use of two or nore classes of TADS in one constré@tMM{m
anplify the induction of expression. Furthernore, honopol yneric stretches
of proline og ine function as TADS 10 (Gerber et al., jen 1994,
263: 808-8I 1) .W(?!r']d’gg?g exanpl e, a strong transcription fact orpqﬁg&g’g@ﬁs
created by fusion of the Gal4 DBD to a honopol yneric glutam ne stretch
linked to reiterated VP 16 TADs (Schwechheinmer et al., Plant M. Biol.,
1998, 36:195-204). Fungal Pronoters 15 Thke chineric, pre-activated
transcription factor is operably linked to a strong pronoter, allow ng for
expressi on of sdgnendd @BRME 0P tHOMtvBGEM. i N a fungal cell. Expression systens
utilizing a wide variety of pronotérs in many fungi are known, including,
but not limted to, Bydepgrablylnkedtid memt ¢lgpd.geReiand ete at mpreGegelator987,
56:117-124; Hunter et al., Curr. Genet., 1992, 22:377-383; dunoff et al.,
Gene, 20 19895€43anoes praqennegied An siedy 4 WY ay OASENE SeBe expressigpvhenthe opi ol . |

1998, 27:121- X | . AT :
190, 21 2% iop oS OCER b Py B el B WD
Aspergi |l | us nire,(garatdngGQu&sg, et al., supra; Hunter et al., supra; Q unoff

et al., supra. glaA’ Tang et al., Chin. J. Biotechnol., 1996, 12:131136,
amdS pronot er: Tur nb@therdeatytes and advantjgePiof tieanyrmsicorwill beadppateot fromi dase |

25 pronoter: Pay, et al., .Cene,. 1988,  62:127-134), Pl eurot ost reatus
(Lenti nus edoﬁ‘@sfgﬁ%‘é“n&ci?ﬁﬁ‘i‘}étf‘o.n aféﬁ%pregqrr% embaginge .th%?ﬁ %‘E‘ﬁﬁ'&n. tE‘%i ochem,
1996, 60:472-%%5113. Phyt opht hora i nfestans (Brem a | actucae Hsp70: Judel son
et al., Ml. ant Mcrobe Interact., 1991, 4:602-607), Neurospora crassa
(his3 pronoter: Avalos et al., Curr. 3 0 MAY 2DQ~ WD 991 25?35 ~

PCT/ US98/ 24975 -12 CGenet., 1989, 16:369-372), Yarrow a |ipolytica (XPR2
pronoter: Nicaud et al., Curr. Genet. Dh®8® |6:253-260. TEF: Miller et

al ., Yeas 1998, 14.1267-1283. Penicil.liumc ogenum { phoA pronoter:
Graessl e Lq al ., AppFi&Ed§ap Sﬁgl)’rmrbtro pheinc- fgg%ﬁgg&ygg{g am Phi zopus

del emar (pyr4 B 1 i i ; [ g@g@y NG 1O g 72-478)
G i ocl adi um v})?{e(ﬁ{s&t(“g}i rélr%@e%)ﬂ%%hé‘% })gl%l.ll,{usArg% I?ns cr o%)li)(l)\lld.\)_> %f %%ee(’:‘%ygl ., 1994,
41: 352- 358), migdr REDIDANOL 2 PeeicdliomichopbgeupEBQ IRDNO Shalerowibl . Gen.

Genet., 1993, 241:73-80). There are also sinple techni %ues for isolating
pronoters in GRYuEcEREQIPNQ Aatriding aliieansdPEQ IGENE: Pbandone of these is

For axamt o S hafiel LOMRlac SRR RECSY Ichdo Bt RERLERATH i [00F
Curr. Geng§ ., rehPShS; sidfilati®Pish sen‘[émsya@;ydqag;bn@r ovi des an easy nethod for

isolating pronoter fragnents froma wde variety of fungi. The constructs
of the invention also preferably include a term nator 15 sequence | ocated

3" to the chineric transcription fact.or,. codi.ng sequence. Termn nator
sequences which function in numrmﬂ’&?&q rnown in the art. These
include those from Agpenaidntibs foinghdl 2R%0phR Chindit i préleifincludddiPd pre- Hunt er et
al ., supra; GQunoff et (!1 . 1supra , Len(t)?)nus ed%%epsr pﬁa,&l ('Yanal ﬁt,et al .,
supra), Brem activatddueasciiptiorBiciod uaeh seongiramtripti®lgptiptiomdeindinfor gi | | us

nidulans argB (Carrez et al., supra). 20 Construction_ of Chineric
Transcri pt i onfaeaitigefungal gerecxrression: ddetnrelsinds epeqdsd by awclsicsadds  he

i nvention,di splay..1). increased binding, either direct or.indi t,.to a
spect 11 o ua BB RIS E S nepmglitin RubiPErBi Floaip! PP’ © 2
promoter) in Ringal cARIHe etiect mh@ﬁﬁﬁs@ﬁgﬁi&m%{d&é foPmcgdte ¥RgreQGoPsOperti es,
relative to the precursor nolecule. To this 25 end, it is preferable that
part or all ofrat¢ie vDBE) itsdifischodenired plodtiteopahichtetls as markrnanpid.@nam act or

whi ch recogni zes and binds to the DNA sequences, renR‘ign i ntact. Additional
sequences fr of4yee)barehichp desisskprefuntiomadaby e hoslfuaealsele Foehof n t he

chimeric cons t he ~he.removed. .The, TAD . Y 2002
WD 99/ 25735 P%%@ﬁ%‘%‘%dfr%&&?%’ﬁﬁ&i ' ’fpaeﬁ'ghe%’f%tef‘%‘ﬁf’lfé??S&Pbﬁ%ge%@
removed, 25 t B iGRnAB tEilluERRS Clot Bk i thef R6pOBT thi lclaied irdietién. TAD from
anot her protein, such as the herpesvirus transactivator VP 1 G as

descri bed herein. The TAD fromthe parental transcription factor may al so
remain in the chimeric construct. 5 As descri bed above, TADs can be aci dic,
glutam ne-rich, or proline rich. The ability of each of these TADS to
function in any given fungal strain will vary. The acidic TADS have been
shown to function in a wide variety of organisns, fromC elegans to
humans, including fungi. Gutamne-rich and proline-rich TADs have al so
been shown to function in disparate organisns, 10 including fungi. As
descri bed above, increased transactivation activity may be achi eved by
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5 desired product is nade by the host fungal cell. For exanple, a chineric
transcription factor including PacC may be used if the desire is ta0 MAY 2002
i ncrease the production of beta-lactamantibiotics. This is achieveg by

i ncreasing the expression of at |east two genes, ipnA and acvA, which
encode enzyngg,bdhshdze penicillin production process. 10 me{@%@?ﬁ, ;n t he
art will recognize that there are standard techni ques, i ncl &> ones
descri bed herein, which allow for rapid selection and screening of chineric
transcription factor constructs in order to ascertain which transcription
factors are the strongest transcriptionagk. activators. Construction of

Fungal Expression Vectors 15 To achi eve high expression of the chineric
transcripti0nBEﬁﬁ%ﬁﬂﬂmﬁ%ﬁ%ﬁ%ﬁﬂkﬁﬂ?ﬁi@g expression vectors are known in the
art (e.g., those describe ereirn). The choice of expression vectors nmay
depend on the type oflhtwectioss ¢fithd mvesiich cdndncladaDNA eneodmgeasi on of a
chinmeric transcription factor .in Aspergillus nidul ans may, be achi eved using

perg )
the andS pr onPRo&inaseens FADSSTiption Mstr thatican be prayigrdan Propetivitesion®; el enent

may be nodifie ch . that | | so _contai ps_a S n [ec {.zed by the

chineric tr an%%rlﬁ%tv!eggr?r Fﬁ%‘f&gﬁ %‘er}_?fggeél_}(ﬁlr%goﬁnc}ﬂ%c}f ﬁgs“@fiefaﬁ P ?tg&#érﬁanscri ption

factor wild ingduse pbftGrARRBEENAGrboeadihS s fefidd fof tIRVFtoRIPEeActivE g

anplifying its own production. The expression vector may al so incl ude

t er mi nat or sefjugaked] todund esegilataty INA of tizSceHdo failitatel gene axprgstiaml e

term nator for Aspergjllus ni d},ﬂ ans is th% géygg {erm’ nat or.. 3 0 MAY 2002

WD 991 25735 -15 PCT/ US¥sroRdonstapioss (rgplats the leyebot sensSxBIeSHAn PRt 0 a f ungal

cell as descr] : (I j .80mal, 16 ector nma
5&@&1%%@? h&1v1ﬁ?z¥f t[n@ O&e Q:Pﬁgérgagﬁflél mach a{!?#r Ghng %%&n&@?oi". y

al so have an origl replii cation. ctor may also integrate into the
chronosomal DRihafenth8eti&al meetanismktrve ¥polesd icsonedl theectiviteof at ed
expression construct nmay depend on positional effects, and, thus, it may be
necessaryl@ o Gansseiptionfaniefs. ox sel ect for transformants to isolate those

wi th suitably high expression. t hads for. screeni ng and sel.ection are
descri bed herein. Thégftﬁtlﬁé‘&raé‘toﬁgb’&% lggtﬁndﬁoﬁf)ﬁ‘ff#’@gs@ﬁﬁwﬁﬁ?téo alter the
expressi on of yende ﬁBﬁ"fe?ct&@'&?eSregﬁla&'a? ﬁﬂé%@tic“&édva%ér Riche@okier ed expressi on
may be benef cial or detrinentall to the survival of the 10 cell or to the
pur pose of t heapslatthnai mechadisth fier egulging thelattiviFoof atcamsptiption factdne pur pose
is to incr eas? production of a beta-lactam antibiotic, the&é?:’qass of

q.

expr essi on of (§-®nRalthand Bpeuerde faer. i QuipcarltBidls B 0K e PN e qui 1 ed
for beta-|act r.od i;0n) o ol)ow ng-nte ho) f i gn

constr uot Ul REBRHIDURER Sefdh s Rezur TG b gl b LB Rapeg
chimeric 15 t 199w asupoIS0INEh aThe fungdR&C ﬁnﬁmﬁﬂﬁd{gﬁféﬁ&‘@fto@ﬁs ba@nsf or mant s
di spl aying characteristics suitably for the designed purpose nmay be
performed. Metlassief prateinkethet canrbieragtivasediby prateolyris ddietivasing anwatgenscr i bed
herein. In sope cases, it e beneficial to use atranscription factor
whi ch is not Er%fenlﬁe?‘&eswg%bgﬁfa%{ydpe@l’ﬁé&?ﬁt slov)r DSSEMUEEeBY f act or

may 20 |ead t guathd IE ER58d HoRRE AR MREABOULLAS: of His.coNRlieX P s ed

protein may be constitutively active, e t o overexpression or genetic

mut ati on, 20r bf theayanberiptR@ubetord in a manner similar to the endogenous
transcription factor. The fungal cell nmay be a wild-type strain, or it may
contain one or nore Hyutosherareshqdyfer pre-astivating o transeriptian fasterds ta MERICO
secondary net gbol i t. . EX l e 25 tations inpclu t hose,which result in
duplication o er%&%@%ﬁ%ﬁﬁpoﬁ?%@ﬁgﬂﬁei‘@ a{jﬁ?ﬁ‘@édf(s GAMPlSye penicillin
gene cluster ghodgRBAlatiinihs HRBA sRRY Yo dgﬁ%%ﬁéulgﬁrlﬁ§ actﬁ‘i‘%%f%%m”ehose

descri bed herein, or other exogenous dgenes y 3 0 Mar 200Z WD 991 25735 ~
PCT/ US98| 2497 franddbipaiba dadiers pné segdtiviely fepelafeithgalf otelrd Gee savidveby epi somal |y
or chronmosomally. Transfornmation In order to introduce the constryct into a

fungal cePP, &Sh@terapd fKarin, £6//alRP2070:378 R Bl Othpriosms PRROSTIRIBAHERA ol s (f or

i ew, Punt . a0gk del . Mbeth ! 1
G aagas7. i AR RAROHE Ry Rl Bl BRe e e h i S Bt pandtinde! -
M crobi ol . Re‘dcetyﬂa%x?(Gﬁ%hé‘k%eé&?tell,sll%t??@:?%)tdhaﬁﬂi)@itmt(bgﬂ, techni ques

i ncl ude el ectroporation, polyethylene glycol-nedi'ated, 1ithium
acetate-nedi ated, and hiolistic transformation (Brown et al., MIl. Gen.
Genet., 1998, 259:327-335; Zapanta et al., Appl. Erzviron. 10 M crobiol .,
1998; 64:2&4-21&9; Thonpson et al., Yeast, 1998, 14:5G5-571; Barreto et
al., FEM5S Mcrobiol. Lett., 1997, 15G 95-99; N col ai sen and GCei sen,

M crobiol. Res., 1996, 151:281-284; Wada et al., Appl. Mcrobiol.

Bi ot echnol ., 199G 45: Gb2-657; Ozeki et al., Biosci. Biotechnol. Biochem,
1994, 58:22242227; Lorito et al., Curr. Genet., 1993, 24:349-35G (Oda and
Tononura, Curr. 15 Genet., 1995, 27:131-134). I|f desired, one nmay target
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and Aspergillus sp. (Mller et al., MIl. Cell Biol., 1985, 5:1714-172]; de
Rui ter-Jacobs et al., Curr. Genet., 1989, 16:159-163; CGouka et al., Curr.
Genet., 1995, 27:536-540; van den Honbergh et al., Ml. Gen. Genef0, MOMR,
251: 542-550; D Enfert, Curr. Genet., 199G 30:7G 82; Widner et al., Curr.
5 Cenet., 19 '«378-385). Methods for Sel ection and Screenin

Tr ansf or mant gﬁﬁe%gp er genes are useful for isolating trans‘fgﬁﬁﬁ?‘gﬂs
expressing functional chineric transcription factors. The reporter genes
may be operably linked to pronoter sequence which is regulated by the
chimeric transcription 10 factor. Report.er genes include, but are not
limted to, genes encoding (3 gal actosidase (|l ack ~3-gl ucoroni dase (QJS),
~3- gl ucosi dasgettdiMtidn )\ CHihcHD®: et AN NBiFCLHeR] 0998117816203 F2095Sal@sBita t he
yeast LEU2, HI S3,; LYS2, TRPI genes (or honpol ogous genes from ot her fungi,
such as fil ametrdlouBidchegi (Tokhaly 1995 Ad8:11B4H1dDPNs with the simlar functional
activities), nucleic_acjd biosynthetic_ genes, 15 e.g., the yeast Lg{l?’A3 and
ADE2 genes (or honol P@Bhgspgeﬁé%tm#rﬁa&%r residgns can dpqreass the aclivalidfus
fungi, that e Y Lt hoth imJ.ar f i , the
manmal i an chl %%gggrﬁgecgfpglgﬁ%?%%é géggpﬁ%%qéél%W§%%§r{g&ﬁgP @‘g‘%ﬂf,%g ttflreﬁg%:e
antigen gene {Sur), Wire6hing PEEH) S arel tgfﬂsirié%‘bﬁ)sreﬁﬂ&siiﬁﬁdolnﬁﬂihﬁan& fegidaed er gene
may encode a protein detectable by |um nescence or fluorescence, such as 20
green fl uor esswhtaspspartite:(AgFand hirtidmet(Bis)genbe phesphendatdéd Thecoding prot ei n

t hat id henot ypi k for, | e, tein that |
for col | gr ovESIUBRCa08HIA Ropphesy aiech T EACR A LA AE I H LI Odeat h, or
the reporter 9&8‘?{1&?‘3%111?&%‘8%??%@@%@&ggc‘f?hgscﬁcﬁtﬂh@e ?ch-gaati%i dhafgeRtiad €adi ng

to the presence or absence"0 cholce of“reporter”gene will
depend on t hechiaipee.Of afatii@AN1DR! Ser-PAREThi-MAK, OF/FdAla,lahdiAspp# £lacr abl e to
have two reporter genes within the fungal 3 0 MAY 2002 WO 991 25735 ~
PCT/ US98/ Pho7snbstiitions hre fpauenidyusaddn theeart to mdvcespreaassisated nay provi de a
growt h advantage t.o.transfornled cell i ch are expressin h j meric
transcripti ong?’éS(?PBP‘.m ?"rﬁ%%r (879 g%sexﬁglpfq’ g]c!i‘le%ﬂ %n?}tﬁ’c‘ %@ﬁ A{‘?‘g'ﬁ%cf 'gq'%t s
though sel ect iysy PEERIYIBS4. IhE QLNCELH] RIS BRT, BRIRS 18BY9IRUYY,AT RKeilly
colorimetric marKer, such as the latZ gene and 1ts 5 encoded protein,

~3- gal act osi detsd., FAIBOrh a9V £16:2420h24 X e tlandt nlepb Bidr Chay., pP2%i de a
fluorescent or_J|um nescent marker, such as GFP. These reporters provide a
nmet hod of qua%?13?93%2%3§é9essi on levels from expression constructs

conprising.chineric t i L. Qrs.. . .Sgreens: k:ons sim |l ar
to the _ongsfs descri beoﬁ l’%@géﬁ%gﬁhgggaé gﬁébrﬁr?ﬁsg ecagﬁg{tfﬁg% ?rglr‘l&o |n§ imeric
transcri pti onfakehrf AhtAfiSnO6f GHIrAEP BRSSO TaE, ¥ TV are Trubstly axddrig tiexanpl e
describes a nethod for increasing the |level of PacC activity over that

caused by proasdd yEingc apheypboiylitontevanicand prersctivei & transesiptips faotery
facilitate the increased productio ungal, seco ry-. aholites

i ncl uding, but*“fi rﬂ‘?ﬁlg'@dﬁ? : eb%trﬂqcN”Flef%'g%{ﬁﬁﬁﬁge’pl&gaoz%ﬁquﬁ’a}%%ﬁ ar
genetic engi ”QP,réuPQzI)S?Mu@ﬁox@ﬁh&ﬂ%ﬁﬁ?‘n@sﬁk{iﬁf‘oﬁ BPGiLEfb?tAs NaOhgot her
transcription flactors. A construct that ‘encodes a chi merfe transcri ption
factor i s2@esegsidves wiidhosin HerpHobpitoreadpta, also ¢auet actavation (KIbéDef all,L/owed by

mul tiple copies of the 20 acidic-rich TAD fromthe herpes sinplex virus VP
16 protein ar Md Bigd, 1¥3a282:Ghcdt Kgempetal aurn steser- HI06 ?9:W%ipergi | | us

ni dul ans ( SE NGO, 7). i,S,CoN ] integrated at the pyre |ocus
in Aspergill %Oﬁfl%f‘ta%s,']‘ ohBL 2? f%deﬁ%%gg%ﬁétpr ession of this chineric
pol ypeptide is regul @iRet MwtatiBs it HadRHath IR €fivdtingPoSE Rasttldndb

ni dul ans and term nator sequences from 25 the crnA gené of Aspergillus
ni dul ans. 3nibdifCatidA8 2F MBXARIPRS, TREE - coAdd T8 L At@atbfactd® isSeotignted HINA
cloning steps are required to create this chinmeric construct. Bluescript KS

(Strat agede, melwylatonecyisteingd Qyskeesidye §9¢ PoRysmiticcupgiutignyagfoupd s o -

aac c TAGTTGA@OGI GATTGGE?IT -3' (SE . | .0 .48t s denote
sequences i nt r%ﬁ&@l&fl Fve %ﬁﬂﬁ%&w&\?‘g@’r@g{' %ggt g‘%&et‘sﬁ?%ész’azz)r%éézgﬁ%%)l i ned)
and 5' ccg as ThisEaldaTabsTh AT idedtifibPERsutatitEng Vysagvewidp 8skl 6 anplify
347bp of crnA term nator sequence from genom c DNA tenplate. The PCR
product is Pstll EcoRl digested and then cloned into the KS polylinker to
produce pl. Subsequently, conplenentary oligonucleotides 5 10

gat cc CCCCCCCCTCCTCCACCCCCACCCCCTCCC -3' (SEQ ID NO 10) and 5' -

GCGAGGEEEGT GEEGGTGGAGGAGEEEEEEEg- 3" (SEQ 1D NGO 11) are annealed (this
doubl e- st randed ol i gonucl eoti de encodes a proline-rich notif) and the
doubl e- stranded product is ligated into Small BanH digested p 1, yielding
p2. 15 Next, the oligonucleotide priners 5 cgc

at at cAAAGTCGCCCCCCCGACCGAT' -3' (SEQ ID NO 12) and 5'

g e~~~ N
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15 to anplify 689bp of PGK pronoter sequence (SEQ ID NO 19) from

Aspergil |l us ~ai dul ans genom c DNA. This fragnent is Notll Xbal di gezt eg ﬁ]d
cloned into digested p4 in order to yield p5. Thus, p5 contains co i0n AV 2002
sequence for an 815 am no acid chineric transcription factor to be
expressed fr &K pronoter. 20 To decrease the extent j tion
ef fects, thewp%gg}g%ﬁgtruct is targeted to the pyre | ocus. o"%{%ﬁg”z@&i des
S' t cc~g~ggATGGAAGCTTCGTTAAGGATAATT-3' (SEQ I D NO 20) and

5' at aagaat g_c~eccgcCTACCAGATTAGGGAGCATAT-3" (SEQ ID NO 21 ) are used to
anplify a 2240bp product (SEQ ID NGO 22)gfrom Aspergillus nidul ans 25
genom ¢ DNA; this product contains coding and regul atory sequence for the
pyre gene t hafhe e d@sct@ninmitb A8 Alﬂéh&ﬁpﬂ?}ﬂiHﬁ@:ﬁfele‘@ﬁ@ob\?Ebﬁs 2240bp
fragnent is Saclll| Notl digested, and then cloned into p5 to produce p6;
this 3 0 Ms$nbstopiomcan bt asids So mifETL wedEicatey &.g.2dcetylaiiena randoml so
cloned into KSto vield p7.(a control,.construct, containing regulatory
sequence for rgxﬁgags%sg ’ﬁé’ﬁétpgrﬁ?fftorf&e@éx CORYHB Y 'i‘)“rtwterfg’ﬁg%??‘ﬁ"l‘qsgﬂptf%t or).
p6 and p7 are It e t i g r . wi ng for
sel ecti on, an%%fbggr ot %ﬁgx%ﬁl%?%hﬁﬁggw{'%lﬂﬁog’g@ rgF ??ggpt%gk% re S

| ocus. | n ;ddThis @schnijuersan eniploy $igpleirninafidphehaty FHCOCrdomAsElectichs( SEQ | D
NO 23) and 5' tcc_c~gggGTAACCAGAAGTCATACCGIC - 3 (SE(%ID NO 24) are used
to anplify thwschrastleesealgsdribethheteilmdo Glentifinactivatad fermas. | Farsxamgle, ans ¢ DNA

library . Thig fragment can pbe cloned into Xball Smal digested p6,to produce
b8 p3 i S a COREHGTOBRS oaERae Guat OB IRE & GPOTS: P THEL G ey iee IS
pre-activated icpde nt of the
presence of hﬁf%?(%;?g@ggé@_g\%;ﬁ%%éﬁégﬁ%%ﬁ tﬁ@rlbterﬁé{aﬁ%ggr?gﬁescri bed
herein) may béspesgilut aidul@yshar be fised apd galeSrarih Sacokuralnyues aewevistazph

carrying a pyre nutation (Ballance and Turner, Gene, 1985, 36:32l-331). p6,
p7, and p® pi Geheenfoma growty edvgstagesich paféss mhen Hac igpiscachivaied tydphy. PCR
and Sout hern gnal ysi re fornmed to confir in z L Nt tion at
pyre. Several I%rlﬁe t'l\égdz‘ %w'}g{? 3&%%?5?73%&?3891%&5%&?%&?%%{}1%{:%’?ﬂ\%sfs;/&o_ gé&gl dt ype,
pre-acti vat edgan®ickitedtdBY tife FAgSeuhAB-dRnbR{adele FOAHES-ATT iB¥cel i a may be
taken fromparallel fernentation of strains containing p6, p7, and p8. 20
Nor t her n bl ot canpdtitsiednimhitohef EisB fthoat melinopredininpruicientchni oumts, esitlr act s of

t hese nycelia, Probes_are prepared from ¢odin equence for the ipnA and
acvA genes of mﬁ%b‘?‘ﬁﬁi‘%?‘ﬂ?ﬁﬁﬂmp ReﬁB&Péet"e%ﬁﬁ@gFrﬁﬁ’t L& HIE bl e t ool s
for exam ¢ nggit . C ' ' r ' é)é}ﬁlzé’aCVA are
di ver gent ﬁy t:rSg@c%' ﬁégthm% E‘%@%’gggng%%ﬁ%g%{ug %ﬁ?ﬁ@%‘%‘ﬁ’&ﬂym&ﬁ% may use 25
constructs (eal vedichXBétainBigtheagetart aflkles arzUjhaforthbdinte e r@portérpnA- | acZ
and acvA-uidA reporters within the same plasnd;, this particular plasmd
can be tar get #ikoGrowtheipstrain centpiging R -5 hery ogeyrs an SC-HISHed T i ¢
genom c | ocus, 3 0, VA 0?2. WD 99/.25735, PCT/ US98124975 -22 strain
carryi ng bot hplﬁ% BB 'mf?{[éggﬁ’fpo{ﬁsb%lsé%%eaﬁgd Y FERTT Ay o%rpgﬁlé{%r med with
the pyre and RRARLELS MRGURY SATANThiERIAEA 5 PaKSs il REAgHE RrrTed on
extracts fromnycelia (van"Gorcomet al., "Gene, 1985, 40:99-106; Pobjecky
et al., MO0. SGeeenifiefretmytati@B0yvhi2RPre3detivatba) rankerigtiboi facton, . bi oassays can be
done 5 to determ ne whether chimeric transcription factors increase the
production of fungal secondary netabolites such as penicillin. Supernatant

fluid fromfe g&ggnﬁ! C m ge ﬁe@é rt' é;eggd and applied to wells containing
i ndi cat or orgﬁqﬁg% e _ fdolactis (Smth el al., MIl. Gen.
Genet., 1989, 216: 49D1%fdup dhRamdBRpticiefab©n @kfid id thefintdiioa aiet hods wil |

pronote a rapid and 10 quantitative analysis of the efficacy of chirneric
transcri pti onnfeatdteoy of theRhc® danignt Thé PBEL radariptidvefagtons reagulate gehgct i on The
constructs and net hods descri bed herein b ed . to i.ncrease the yields
of currently RENREIUHININSRIPEE LS aeg%mm@%ﬂtﬁﬁoﬁemmﬁ,ofﬁﬁ %ﬂB\eyehaHF in
part, is pe 0 .. ion; o ergillus
15 ni dul agg, %%ﬁ@@??’?’}é}*%f%’géy}%?‘ %3152['?;? gtdf:ég{aglgl QEJ aggédt%lilgr%?seyﬁ ?/Xﬁﬁeig) encoded
by i pnA, achaciarse%@eNcé\ideM/aj 0fthé N85R ¢ ORP ARl PAc@REotaMAilbareetabgul at ed
directly by PacC. For exanple, P,p"™,, contains at |east three PacC binding
sites (ipnA2, ipnA3, and i pnA4AB) (Espeso and Penalva, .1. Biol. Chem,

1996, 271:28825-28830). Expression of a truncated form of PacC has been
shown to 20 increase both expression of ipnA and acvA as well|l as production
of penicillin. Activation (i.e., proteolytoc cleavage) of PacC requires the
proteins encoded by the pal A, palB, palC palF, pales, and pall genes. It
is possible that increased expression of at |east sonme of these genes woul d
result in increased production of penicillin. In the exanple described
herein, ipnA and acvA expression are 25 targeted for increase by formation

T - RN I A Y —~ ~



20 absorbance spectronetry. Purification of nmetabolites froma fernmentation
broth can include renoval of fungal cells or hyphae by centrifugation or
filtration, adjustment of pH and/or salt concentrations after fernehl MAY 282
(to enhance solubility and/or subsequent extraction efficiency), and
extraction %P%BH? Wi th appropriate organic solvents. 25 3 0 MAY 2002
-24 What is clarned”is: 1. An isolated nucleic acid nol ecuIPETﬁﬁ%Wﬁg a
chinmeric pre-activated transcription factor, wherein said transcription
factor consists of a DNA binding domain of a fungal transcription factor
and a heterol ogous transcription activatgon domain. 2. An isolated nucleic
acid nol ecul e encoding a chinmeric pre-activated transcription factor,

wher ein said Emycums,qafi@cm. QAP piotéits FaviWeR idMitiNGd HOPBYBWRf 2
fungal transcription factor an transcription activation domain from
anot her pr ot éipulyfica (HRimUC1 1 iLantbertcet ah) Mol lCGelloBioTl, 4991,27:3866+3876),sai d
transcription_factor further conprises its native transactivati on domain.
4. A vector cOHpei&mgheesarye Suarezand Pepalue e Microbin/m1390,20:R% yngal

host cell co hSibng the vect ok .Cl ai The fu of
Qaims, whertl el f"%eé?W?éﬁbeenfi%é‘g]s&o‘/%@h@%’ngg?gh@g%ﬁbbf daim
5, wherei 5 sasgbchftdmyREPEIERSiHR (BRBAUHADY/RIRI12B0 ahd RLitoMeR! FidlelcNRids
production of said sécondary netabolite is 1 ncreased upon transformation
with said vecRBer, 199332 03RBK¥329M)2anEadidd hbbidans §EIS.BdEt_Lel | ofTadilai m 7,

wherein said sec ary netabolite s _non proteinaceoys. 9. The fungal host
cell of O ai ,2(33&&1@%9}%%%? areégé%fi@awbm%sgwéhzitgmﬂv@%h%é&n&‘s. 10. The

fungal host c i . ein said secondary netabolite is
penicillin. 1@&%?@8??@?%“6%? mol ecul e of Claim 1, wherein the DNA

bi ndi ng domai n of said transcription factor binds to 5 - GCCAAG 3' or
5'-GCCAGG 3'. 12. The nucleic acid nolecule of Caim1, wherein said DNA

bi nding domain is derived from PAtABLE Anscri ption factor, wherein said PacC
transcription factor has the ami no acid sequence set forth in SEQ 1D NO 1,
SEQID NO 2, SEQIDNG 3, SEQID NO 4, SEQID NG 5, SEQID NO 6 or SEQ
D NG 7.1013. SpkdRs bisrigeh C  ackGddilyas U! md@lhnsCl ai mog gimilhigreunnigalgs PacC
transcription factor has the am no acid sequence set forth.in SEQ ID NO 1.
14. The nucl etEageibgmaiogeculoofadS BIRN-A2  wherei-AlaSG oYerreqEIe lenethscr i pt i on
factor has thg ggino acid sequence ggt forth in SEQID

o

' Ng 2. 3 0 MAY
2002 -26 15. The nucleic acid nolecule of Claim1l2, V\heréa7i n said PacC

transcri pti onPfchttsegenhers 84
C. albicans 61 18
15 8. cerevisiae 56 22
Y. lipolytica 58 30

In addition, several PacC family member either have been shown to
directly bind to or regulate expression of genes that contain a 5'-GCCAAG-3' or 5'-
GCCAGG-3' element in upstream regulatory sequence (Tilbumn et al., supra; Suarez
20  and Penalva, supra). Furthermore, with the exception of PacC from P. chrysogenum,
mutations that truncate the protein have either been identified or constructed, and
these mutations result in activation of gene expression by the PacC family of proteins,
even at low ambient pH (Tilburn et al., supra; van den Hombergh et al., Mol. Gen.
Genet., 1996, 251:542-550; Lambert et al., supra; Li and Mitchell, Genetics, 1997,
25 145:63-73). Finally, in both A. nidulans and S. cerevisiae, it has been demonstrated



the am no acid sequence set forth in SEQID NGO 3. 16. The nucleic acid

nol ecul e of Caim 12, wherein said PacC transcription factor has the_am no
acid sequence set forth in SEQ 1D NO 4. 17. The nucleic acid nol ecil MAY002
Claim 12, wherein said PacC transcription factor has the am no acid
sequence set §Ar, 5)3543% SEQ ID NO 5. 18. The nucleic acid nolecule of Claim
12, wherein. sai c? aCcC transcription factor has the am no aciP&ngé&{/féﬂ"ée set
forth in SEQID NO 6. 19. The nucleic acid nolecule of Caim12, wherein
said PacC transcription factor has the am no acid sequence set forth in SEQ
ID NO. 7. 20. A nethod for producing a sggondary netabolite in fungal

cells, said nethod conprising transformng a fungal host cell capable of
expr essi ng saltﬂat%%s&ﬁw@meo%& glegat Fesmstiﬂaé:nﬁt_ia&xe&fsgha&%wwval(@&jésae nhucl ei c
acid nol ecul e of aim1, wherein the production of the secondary

met abol ite is dlnEeendar, 1995, 9A4632:32:d4 aobMitehadl supradne nucl ei ¢ acid nol ecul e
of Caim 2. 3 0 MAY 2002 -27 22. A fungal host cell conprising the vector
of Caim2l1l. 23. The fungal host cell of Caim22, wherein said cell is
filament ous. ip WgtpiatidioRémgiad | of Cl aim 22, wherein said cell
produces a secondary tabol.ite,. wherein. t roduction of sajd secondary
netabolite is increas ﬁnffﬁ‘B{’\oq arCHPﬁ%tPBtdﬁﬁ’fl’i“BEﬁ%ﬁ?)ﬁms ?cﬁe??/f%’tofff‘ 9%I§Bt.elnfhe

fungal hosts celhicloprofdodd gBné dxprivhieh 8 B vaddtglo SrREARHShythamil@B&klytrésultn NON
prot el naceous. 26.. The fungal host cell of Caim?24, wherein said secondary
metabol i te is {BF BREAICARIRNA polymerpsge 4 GAG-genprally 1sdelined gs themingmal motifher ei n
sai d secondar yy ebabplsitasditAeRha fild B h&h¢pap) fwipkget! e of
Claim 2, wherein the [SjNA fﬁ“ﬁéﬁ‘g odrlréae:dgo?) ?aﬁggi{lggﬁlscr?ptlﬁ?)n actor binds
to 5' - GCCAAG 3., 6l FI8EERAG%138;. Fischer o alViWan2e(288,332:293-83h dlapaet di,c aci d
nol ecul e of dgaim 2 el { dDNA bj.ndi ng _domai n..i erived from PacC
transcription aéléﬁeb}g,g V\%r'%jlghsaggidrahe%‘&e I?W%ﬂgg\pféb’ta%ﬁ@zfg '§* has the ami no
aci d sequeice tembactiostt BxpressBEQohd fNfkal genePréndtld WNEan ti TABEG fubkdN@an3, SEQ | D
NO 4, SEQIDNO 5 SEQID NO 6 or SEQID NO.7,. 30. The nucleic acid
mol ecul e of CIZRPIAPDEte Rifidr EARS agiclspligdbassdpratipilpttict s FAENSPIYFREE t he amino
aci d sequence g@lor Eohbdiition g%d%%e@ Nse dlasseslinc il hGdiSien @ 0Gam) ecul e of
Claim 29, wherein said PacC transcription factor has the am no acid
sequence set f@I¥HVP RO, sEEIunDWbsteret a3 2uprEhBiseherétel.csupnd; dlapglebdlulerraf C ai m
29, wherein said P . réptionsdasto _ ' hel,. ce set
Forth in SEQ 15 NP JrehABE Rk lop 33 P IE SR NI B0 S SRANRRCR P21
sai d PacC It5r argdatamptetrvh (8p; 0ot1, hasOdtheCauneyrnd dgiag CeBIPSACTH :83Ft8Morth i n SEQ
ID NO 4. 34. Jhe nuclejc i d. ul e of i 9, erejn i.d.PacC
transcription aélglfaoc# aL,a@ol. E’g}l gzorl?b%ﬁ, f4:6046-6%?; Tq]na aanmerr, A0, ool gzol.,

1994, 14:6056-6067), and proline-rich TADs (CTF, NF-I, and EKLF; Mermod et al.,

Cell, 1989, 58:741-753; Tanese et al., Genes Dev., 1991, 5:2212-2224; Chen and
Bieker, EMBO J., 1996, 15:5888-5896). Any of these classes of TADs may be used

20  inthe present invention. The ability of any particular TAD to transactivate from a

particular promoter can be determined using simple, known selection screens.
It is also possible to artificially create either a TAD or a site-specific DBD.

In one example, protein sequences which transactivate a reporter gene from a
promoter of interest are selected from an expression library. In another example,

25  protein sequences which specifically bind particular DNA sequences are selected. In
each case, these sequences can then be mutated in a reiterative process to obtain either
the optimal TAD sequence for the particular promoter, or the optimal DBD sequence

for a particular DNA sequence. Transcription factors containing artificial elements



the am no acid sequence set forth in SEQ ID NO 5. 3 0 MAY 2002 -29 35.
The nucleic acid nolecule of Caim?29, wherein said PacC transcri pt#ﬁBAYZUUZ
factor has the am no acid sequence set forth in SEQID NO 6. 3 6.

nucleic acid nolecule of Caim?29, wherein said PacC transcription factor
has the am.ngysédQd7zequence set forth in SEQID NO 7. 37. 15%: Stlﬁr%g 74 OF
produci ng a secondary netabolite in fungal cells, said netho 5 i'sing
transform ng a fungal host cell capable of expressing said secondary
netabolite with the vector conprising the nucleic acid nolecule of Caim2,
wherein the production of the secondary .pptabolite is increased. 38. A
vector conprising the nucleic acid nolecule of Caim3. 39. A fungal host
cel | conprisi pepdisbel biehis@F axga‘otﬁaralhdﬁhoa&re&daful ibhge nuégiah. host cell of Claim
39, wherein said cell_is filapmentous. 41. The fungal host cell of C aim 39,

wherein said cel | prdBthesdimercdrpsaation fgeneiihs feét“re\%%‘icéi“ﬁl  HAPSFRduct i on

of said secondapyedmdmetd éoﬁxb'uﬁnubx'i‘clf&%%ﬁﬂpl&'%ﬁ‘ c&ﬂtﬁﬁﬁnﬁft%&tghﬂﬁmmeirﬁhsal d
vector. 3 0 MAY 2002 -30 42. The funga host cel I m41l, wherein

sai d secondar JARS: asohesedomsing agi S]me@glétlcnb}c@dm@notﬁSGHE'PHEYWSEH?g(QOllWM gnd cel | of

G ai m 41, E‘“egfﬁkﬁ‘,c)? dg;f}‘?r‘é %dﬁ“%‘ lﬁbﬁé’%lsgfse B Pﬁ Eéﬂﬁfﬁ@?lfgluf’a%m gthe

fungal host C erein’sai
peni ci | I'in. 4&irh dineprolind-seicT ADs, dndrbdte atd required ﬁrmamr&l exyhmswmrwltchtﬁusBNA

5 "coCAcs 5, it iner e Ortioes beatblaaoimip 85 (Finalh Al ihed, TRePE M LA DA

bi ndi ng domai Br meret@4dskesast TADRM BacdonithRbmay mﬂ,snfgameflﬁ&fcﬁén of¥BFedioh. sai d PacC
transcrlptlon factor has the am no acid sequence set forth in SEQID NO 1,

SEQ I D NO 2, Futhsrmprenapmepolyaparjc|stretrims OﬂPIOBEQTIBD‘tWC et FARD, 6 or SEQ
IDNOL 7. 147. (GOBe MGl Hcfon '1@54”?63‘38?6%' fm%'n@k ;b \fe#grt ka!as kigh PacC

transcription factor )las t hé am no aC| equence EQ I D NO 1.
48. The nucl eifastadisibarocesated by Gifsiofl odithm Ged4 DRBED ehmnglmlztn@aocgbltammscrl ptl on

factor has the id.se rth.in SE

002 a1 a0 STEh ke EiERA VAP BT Sbtelstnets 1%@“&@? Bigf, do0e
transcri pti on3taesqod)has the am no acid sequence set forth in SEQ ID NO 3.
50. The nucleic acid nolecule of Caima46, wherein said PacC transcription
factor has the am no acid sequence set forth in SEQ ID NO 4. 51. The
nucleic acid mmd ai m 46, wherein said PacC transcription factor

has
15 The chimeric, pre-activated transcription factor is operably linked to a

strong promoter, allowing for expression of the transcription factor in a fungal cell.
Expression systems utilizing a wide variety of promoters in many fungi are known,
including, but not limited to, Aspergillus nidulans (gpd: Punt et al., Gene, 1987,
56:117-124; Hunter et al., Curr. Genet., 1992, 22:377-383; Glumoff et al., Gene,

20 1989, 84:311-318. alcA; Femandez-Abalos et al., Mol. Microbiol., 1998, 27:121-130.
glaA: Carrez et al., Gene, 1990, 94:147-154. amdS: Turnbull et al., Appl. Environ.
Microbiol., 1990, 56:2847-2852), Aspergillus niger (gpd: Punt et al., supra; Hunter et
al., supra; Glumoff et al., supra. glad: Tang et al., Chin. J. Biotechnol., 1996, 12:131-
136. amdS promoter: Turnbull et al., supra), Pichia pastoris (alcohol oxidase I

25  promoter: Payne et al., Gene, 1988, 62:127-134), Pleurotus ostreatus (Lentinus
edodes ras promoter: Yanai et al., Biosci. Biotechnol. Biochem., 1996, 60:472-475),
Phytophthora infestans (Bremia lactucae Hsp70: Judelson et al., Mol. Plant Microbe

Interact., 1991, 4:602-607), Neurospora crassa (his3 promoter: Avalos et al., Curr.



the am no acid sequence set forth in SEQID NGO 5. 52. The nucleic acid
nol ecul e of Cl aim 46, wherein said PacC transcription factor has the am no
acid sequence set forth in SEQ 1D NO 6. 53. The nucleic acid nol gg)umyﬂn
Cl ai m 46, wherein said PacC transcription factor has the am no aci
sequence set W@®sddizisn SEQ LD NO 7. 54. A nethod for pr oducl;&gusgs,%{ggé)ndary
metabolite-in fungal cells, said nethod conprising transformng a rungal
host cell capable of expressing said secondary netabolite with the vector
conprising the nucleic acid nolecule of Claim3, wherein the production of
t he secondary rretabollte |s increased. -INOONYQOMO: et ,tr~tns ~
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WD 99/ 25735 PCT/ US98/ 24975 SEQUENCE LI STI NG <110> M cr obi a,

I nc.

<120>

CHI MERI C PRE- ACTI VATED TRANSCRI PTTON FACTORS <130> 50078/ 004W02 <159g MAY 200
60/ 066, 129 <151> 1997-11-19 <150> 60/ 066, 308 <151> 1997-11-21 <150>
60/ 066, 462 <151> 1997-11-24 <160> 24 <170> Fast SEQ for W ndows Version 3.0

<210> 1 <211

Al a
Au
Ser
Ser
Ser
Ser
Arg
Trp
Hi s
Ay
Thr
Arg
Al a
Mav
Adn
Tyr
Au
Leu
Arg
Pro
Ay
Pro
Adn
Val
Gly
Ala
Thr
Sex
Ser
Pro
Al a
Asn
Pro
Lys
Asp
Thr
Ser
Ile
Au
du
Val
Arg

Met Al a
Adn Pro
Pro Ser
Pro Gn
Thr Ser
G u Lys
H s Val
Gy Ser
Ile Arg
Lys Al a
H s Al a
Asn Pro
H s Tys
?U0~ WO
Ala H's
Tyr Al a
Ser Lys
Lys Arg
Leu Leu
Leu PYo
Pro Tyr
Pro
Phe Leu
Ala Al a
Il e Ser
Hs A a
Ser Al a
Ser Al a
Ala H's
Arg L

Ser Sg?
Asp G u
Al a Ser
du Ser
Pro Al a
Al a Lys
Au Trp
Al a Asn
G n A20
Gn Qy
Asp Met
Thx Val

25

PRT <213> Aspergillus nidul ans <400> 1
Val Ala Pro Val Ala Val Pro 1 5 10
Pro Ala Ala Ala dn Vval Thr 20 25 30 Thr Val
Thr Ala Ala Ala Ala Thr Ala 35 40 45 Al a Val
Ala Asn Ay Asn Ala Ala Ser _.P.o Val
Arg Pro Ala Au Gu Leu Thr
L plireRtad trlhécrlgﬁ@n%dtoﬁﬁﬁy b€ Fen]Wed GidkhElcRinkRicAParBeriptad

y Arg Lys Ser Thr Asn Asn Leu Asn Leu 100 105 11D Thr
Cfastorrwillidomtaina TP fiveh abotberprgteis pudh as the Serpevinds |1 e
Val Hs Val Pro Ley Lys Pro H s Lys s 130 135 140 Asp
PH@“WEV%FPE;‘&#& @%S%Hfdﬂ@{?lnﬂ he@m ey ths pargstal s 160

AHndGRBBE ol HsgPmilh o B 8 hsRhft 150 168 100
Phe G u RdeAtAbddeibods T ADS cMibe Riic

. ta@ife-+2h, AGRoRRAS
99i a$73s PCTI US98 2497~ Gy Tyr Ala HHs Ay Pro Pro G n

Hrish AlThe pbidit be@hHf2iRBe BADFoduletionds anPigo eBdnngal strainy
Leu,,Asn Thr 225 35 240 Pro.du Pro Hs G.n Al

PR e 5o TADSeryhen shivmobRkPIAS Y YBHEOHHG
A P : LA, I
A S R T
Gotolifigrridd TABsha®8)s@ Bendhowibb fiictioAlim disparatéadrgamiamy/al
Ay Ay Gy Pro 305 310 315 320 Hs Pro Ala Pro Ala Tyr

S 12> Ve
g u %ségAl a

Thr Ser dn
Val Thr Al a

0 suclyling (igiAAg desaribed 3baay igBesed wamgetivation 2gtvity ma

Adn.4dn Mt .G 345 350 Thr 11 e Tyr d.y.Asn_As

byt §Epoing Bufifle Sbsim 208 cmbors Faril et e Bupied
TYOrtRESnokBI TADG fdn® mdfIhad BneBldsstaty BE Asd¥ i@ ohBchishétid-eu
Thr Thr A'n Thr Thr 385 390 395 400" Ala Ay Prolle lle

HpsotSar(Sehwedbdeintaret Sersugaty Tahakaddt al. Tiuprér dnAhaexaampldhr

A.n Ser . Tyr Thr. Ser 420 425 43Q Arg Ser Pro.ll e, Ser
Afig,sovipd g@fo“pp*o\’ﬂ%TgPé 138 proinegach BAD ase plagpd insefiens,
Pro Ser

. : Tyr
Ao Ao A eEuclR ot B Rt or G Secale 1
At@nd¥riptidn §s Motrlinlited toltile GleyofPRrentd GradSthiplibh fadtorsGhat Ar g
Arg Ala Ala Ser Gu Ser Met 500 505 510 Asp Leu Sex Ser

GthenGelveaate transcrptgorial act®ators 1 HsiBg this as:tiRide trgescription Ser
Leu H s.Ser Ay Ser Pro Ay S30 535 540 Asp ..Val
ot SV oG lmIPtATa! TPiFsSaoTR be 98 st ‘A gue sty
Valiidalst : e . u Arg
Araég:]tl Leu Sléoaxl ﬁh%?%dlgxgoggf\yﬁ eASSgiﬁa@@% 1%}3% Sgé%la%’%y%gp Ser
Geerefd sineQUiig IGwhicH i8 aAsjresdon of FUCS Lrpfesdioi OBeletion G migd n
Adn Asp Arg Val Ser Arg Ser Pro 610 615 62Q Val Sex Lys
cAgreprspssay UG gxpeespions pA shimarisprgem igphigh theddBDmiMigly

PiLrullEro e VETs TRB Gh¥eivate f%grgscﬁ{at?or? from promoters containing
Mig1-binding sites and leads to increased expression of SUC2 (Ostling et al.,
Mol Cell Biol., 1996, 16:753-61). Thus, the formation of a chimeric
transcriptional activator may be performed for any transcription factor, whether
it be an activator or a repressor.

The choice of parental transcription factor for use in the present

Cys
Thr
Phe
Val
Ay
Al a
1

Tyr
Asn
Ser
Ay
dy
Al a
Al a
Hi s
Ile
Asp
Hi s
Pro
Ser
Pro
Leu
Met
Thr
Phe
Al a
Asp
Leu
Thr
Val
Asn
du
Asp
Al a
Ser

Leu Gy
TSRS Qi n
Thr
Al a
Ala 50 55 6D Pro Al a Ser
Cys Met Trp 65 7D 75 8D @ n Ay Cys

n Cys Gu

Adn
Sex
Cys
Lys
Ser
Al a
30
Tyr
Val
Tyr
Asp
Adn
Al a
Ser
Leu
Asp
Asn
Asn
Ser
Asn
Pro
Pro
Tyr
Al a
Asp
Arg
Asp
Ile
Arg
Adn
Tyr
Adn
Adn
Asp
Pro



3 0 MAY 200z WOr 99/25735 - PCT/ CTS9812497?5 645 65Q 655 G u Asp Ser Val Met
Tyr Pro Thr Leu Arg Ay Leu Asp Gu Asp Ay 660 665 670 Asp Ser Lys &6t MAY2802
Ser 675 <210> 2 <211> 667 <212> PRT <213> Aspergillus niger <400> 2 Met Ser
Gu Pro An Asp Thr Thr Thr Ala Pro Ser Thr Thr Ala Ala 1 5 10 15 Fro Met
Pro Thr Sex ¢ 9ak3sd n Asp Ser Pro Ser Ala Gn dn Pro 20 lzcgr/li%séjfgqscal n
Val Ser Ser Ala Thr Ala Ala Ser Ala Ala Ala Thr Ala Ala 35 4 a Ala
Ser Ala Ala Val Ala Asn Pro Pro Met Asn Ay Thr Thr Thr 50 55 60 Arg Pro
Ser Qu GQu Leu Ser Cys Leu Trp A n dy Cys Ser Gu Lys 65 70 75 80 Cys Pro
5er Pro Glu Ala Leu Tyr Qu Hs Val Cys.-(4.u Arg Hi's Val 85 90 95 dy Arg
Lys Ser Thr Asn Asn Leu Asn Leu Thr Cys A n Trp Ay Ser 100 105 110 Cys Arg
Thr Thr Thr Vaivehi&n Afends Rpbh thezdkSirddprodaét diesvishes t\pebdlite. TRO 125 Val Hi s
Val Pro Leu Lys Pro His Lys Cys Asp Phe Cys Ay Lys a 130 135 140 Phe Lys
Arg Pro G n Aspnicsiptiondattgsmubtgedstpinideysseqhendeiis thal rrometer 048 geB®ofis5 160 Asp

Ser Val Leu Val Ar er Pro Qu Pro Ay Ala n Pro. 165 170 175 Met
Met Phe Gy GIREREFY ﬁrlagﬁ%mey goepgde amféteﬂfhwhﬁ’gtsﬁf 1 arlﬁf‘élf%?’f LPB5 190 Phe
Qu Pra Ala L ; € 4 | 2D0 205 Al a
Pro Gn Tyr Tﬁ*#“* g%gchge(?s %-/??As“ %&@eﬁﬁ% _rag 68%%“% ﬂi% gatHAuéV?]y %%Vh%l %215 220 Ser
Tyr Ay Ash VdbsitedrprogiictAd matieby Afrhdst funghlceRlr Fokxanipla, 4himedb 230 235 240

Hs Ala Ser Tyr Qu Ser Lys L s.Ar%Gy Tyr Asp Ala Leu Asn G u 245 250 255
Phe Phe Gy Agpnicmtmiammglm%gmg P}maﬁg@umdof thelesisg istg aincagase t6® 265 270
Ala Val Ay dn Arg Leu Le Leu G n Ser.Ley. Ser.Leu Pro Val 275 280 285
Leu Ser Ser GPE}"QP@“EBE"%‘F@E‘%%"‘ E}ﬁl%‘iﬁn iy iogiehieBed bRIETEISM 200 205 300
Aa Val QY CypBlafofbativhst 76 iR ekl Ah Ay RECn3RS 310 315
320 Ala Tyr Hi s LeuoPrgatFl’fx%Stl\/b‘é g‘gl{eérg’ %a\%?&%’g }fliﬁ?eLyseAs?ly Asaneu 325 330
335 Il e Asn | benid#dlin ptodultien pmigessin G n Met A n Asp Thr Ile Tyr Gu 3 3 0

M 4Y 2002 WU 991 25735 PCT/ US9$124975 340 345 350 Asn ASP Asp. Asn Val Al a
Ala Ala GIY val A a @ne skilledanghegrs wijl secognizg gt theee argstapdprdi s gy @y Met

Ser Tyr Arg T i r Pro Pro Thr 37 0 B .0 Ser H s
Ala Thr Ala T rChg@Emge@di&gggéer OB ¢ e%qbeéé'grcgbgvﬁg‘%al%gf%ﬁgp @ssgle glgnAl a Thr
Hi's Ser Pro Sgfd déteefdthy of Bhindre tAhdcriftion Badtoroasthldls hlirdEF @ Reqtader Ser Rl a
G@n Ser Tyr Thr Ser Ay Arg Ser Pro Val Ser 420 425 ' 430 Leu Pro Ser Al a

Thr Arg Val Sehi¢h wamcuptibs fadicss GlethGtyor@est thmscrifg®nali@tiza®ravet Tyr Pro Arg
Leu Pro Ser Ala Thr Met Ala Asp Ser Met Ala Ala 450 455 46D dy Tyr Pro Thr
Ala Ser Ser Thr Ala Pro Pro Ser Thr Leu Ay Ay 465 470 475 480 1le Phe Asp
H s Asp Asp A . Leu G n 485 490 495 Arg Ala Arg
Pro Gu Thr Ar%mgb%t%f X U in Yeo p Leu Thr 500 505 510 G n Asp Ser
Lys Aep Gist Gy G u ArgachidveMigh dxppesbion df\fbe Rimetit srafsthiptdf f&ddr, Ser Ser Pro
Ser Ser Pro Gu Arg Ile Ser Ala Ser Leu |Ile Asp _Pro 530 535 540 Al a Leu Ser
Gy Thr Al a Aseveliypgsofgxpressian yegtorsease kpgpvmhy thaps (645 thpsg dsspsibsdo @ n Al a

Ala Thr Au Val_Al.a U Ar a Asp Val G n Trp Va Lys Val
NG Lou 1o artrer Tshld Aefpreifon Frasthe el ot P dss, 5

Arg Gly G u Pheudd! Psiexafpldiekpresioddia ERitheli YrafistRiptiBh fafér ir9> 600 605 Ser
Asn Gly Ser Sex Hs Qu G n thr Pro Gu Ala Ser Pro Asp Thr 610 61S 620 Hi s

Met A u Gy ValspégilliSaridddans May bPachibesd usyrsy the amdSpr@hotePstd®5 630 635 640
Al a Val kés Pro Gu Ala Ay Asp_ Val Val Met T%t{j Pro Tgr eu ér 645 650 655
Ala Val AP c(lummbpliet gl suprale The prompter pemenpnaypgmegifisd sie ¥ 643 t212
> PRT <213> Pepicilli 0 <400s nr. . i Pro Ser
Thr The Gin psofarttR BN SARERT G bR eSS dBE, T2, O
A n Ala Asn PriheAkpredssion 9 theAShaneifc Q@ns%gp@@d fa¥er willlinddca irldigasélia Al a Al a

Ala Thr Ala Ala Val Asn Asn Ala 35 40 4 _
activation from its own promoter, thus amplifying its own production. The

expression vector may also include terminator sequences, as described above.
25  For example, a suitable terminator for Aspergillus nidulans is the argB

terminator.
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mutations include those which result in duplication or rearrangement of

biosynthetic genes (e.g., the penicillin gene cluster of ipnAd, acvA4, and aatd).

Reporter genes, such as those described herein, or other exogenous genes may
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25 the crnA gene of Aspergillus nidulans.
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32 <212> DNA <213> Artificial Sequence <220i <223> Synthetic prinmer based
on Aspergillus nidulans <400> 8 aactgcagta gttgaccgtg tgattgggtt ct 32
<210> 9 <211> 30 <212> DNA <213> Artificjgal Sequence <220> <223> Synthetic
primer based on Aspergillus nidulans <400> 9 ccggaattct ttgtaaactg

gcttgaagat 30 <210> E@verdlBNASHofidg dtepPhiR reddidc t0ckédid HidhiRRegence <220>

c223> Synthetic oligonucl eotide encoding proline rich notif <400> 10
gat ccccccc cceunstuctt Bluesripd KS(Stratagene, 2aJoiRJ0A) fbeaRdd as 3tlondig2> DNA <213>
Artificial Sequence <220> <223> Synthetic oli gonucl eot i de encodi ng proline

rich ot if <4t ggingE e gdus MSBICHAJaLHIaN B GECIE T 0 Y 2002
WO 99/ 25735 ~ < S <211> 30 <2. S A
@@?gi?@;g zv%rcagépette;szdego% sgq%e%lc%sz 1:n%‘%d% ff)?(jfl%mdgz{nld I Cla

Sequence <220 theti c primer base erpes Sinplex virus <400>
12 cgcgat & caresgiptiot cliéLare Gmgadiasddand®'-<210> 13 c211> 30 <212> DNA <213>

Synthetic primer based on Aspergillus nidulans <400> 13 cgcgatatcc

ccaccgt act cgeagsaated T BOTAANCT GECIXGAAGA KB (SEQIA NQ1parauséd foci al

Sequence amplify 347bp of crn4 terminator sequence from genomic DNA template. The
PCR product is Psfl/EcoRI digested and then cloned into the KS polylinker to
produce pl. Subsequently, complementary oligonucleotides 5' -

10  gatccCCCCCCCCTCCTCCACCCCCACCCCCTCCC -3' (SEQ ID NO: 10)
and 5'- GGGAGGGGGTGGGGGTGGAGGAGGGGGGGGg-3' (SEQ ID NO:
11) are annealed (this double-stranded oligonucleotide encodes a proline-rich
motif) and the double-stranded product is ligated into Smal/BamHI digested pl,
yielding p2.

15 Next, the oligonucleotide primers 5'-
cgegatatc AAAGTCGCCCCCCCGACCGAT -3' (SEQ ID NO: 12) and 5'-
cgegatatcCCCACCGTACTCGTCAATTCC -3' (SEQ ID NO: 13) are used in
PCR reactions to amplify a 258bp fragment using pVP16 (Clontech, Palo Alto,
CA) as template. This product encodes the acidic-rich domain of VP16. The

20  product is digested with EcoRV, and ligation reaction is performed with >20
fold excess of EcoRV insert relative to Smal-digested calf-alkaline phosphatase
treated p2. Bacterial transformants are screened for plasmids that contain
multiple tandem insertions of VP16 sequence. Smal sites within the VP16
coding sequence allow for determination of the orientation of the insertion.

25 Plasmids are selected that contain four insertions of the VP16 acidic-rich

domain (p3). p3, then, encodes a proline-rich domain in-frame with four
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991 25735 ' PCHF 388, FHY98 Adg et nserirtion faptor et ges’ S50 ¥t et g
gtctcctgac gcpgki pdidot§O0 tatccctggt ctctccccac tagetgttcc tgcccgtcca
tctctctccg tacagctata 660 gcaacaatgt cttctaga 67B <210> 20 c211> 33 <212>
DNA <213>20rtifi ci al Toelgumaseths 2RQat stA3itioByefifebiaf ihe pdrdonstruch ssterzetad
Aspergill us nidul ans_<400a 20 tccccgcgga t ggaagcttc gttaaggata at C 33 <210>
21 c211> 37 <iths ppréalecps3 Oligepnaleetidss SSequence <220> <223> Synt heti ¢

primer based eng ' X C

Pogatt ageg. aol iR an AL TASISA AN SRR HINGIZTRRABF

ni dul ans ataagaatgeggecgcCTACCAGATTAGGGAGCATAT-3' (SEQ ID NO: 21) are
<400>22ccgcggat ggaagcttcgtt aaggat aatt gcctctttt cgaacacctattcat gtt gat 60t agcga

t cat t agt t at ccyspclttoggipdidy agadttpprypdecti( SEQJRRNG: 22pfrometspe@iksotidegys ct ct cct a

ttccggat act aact gcecgt ¢t.t ccgagaacgt cagct 180at at aagt atctttcccectt caacgct at
gacgcggtaggttgﬁgﬁ%gigﬁgéﬂﬂﬁ 2%6@&%&5&%@8&6@56@%@%8@5?3325@3@5&5acgtggacta
tcaaatt ccat ch;?;@g%@)@é CesaSaRbg tn%.%ag)t%%,&th%Pea&e%g%gggﬁ?e@Gh?e%ﬁ% cgtccgecac

ggt gt t 360accaaaca ctagccagct aget cagt ccccgg agaccaccccat gcta420at c
at at aacgat ct t frapeheig ShallVAPLEeREd ah ALA!AGRAIRBY56 ptaid8pechiggat t cat cca
tggtgtcctcgtcggctcttttcgcaaggccgcet ggcgt gccgt aS40cccccacgcect at gccagcatt gagca
at gt aaagct aacgt gcgt gagcccaagaaact 600aaat acct at agcaaaacagat t gt gt t ccaagagagag
t act aaat gacgttt gt gaac660agcccaaagcct acaaatt caact gcgcacaacgcgcccacggcaacttcc
t cgagaacg720cgccgcagacaat gct ct ct at cct ggt ggcaggcgt caagt acccagaggcagcagcgg780
gcttaggagcggcct gggttgttctccgcaccct ct acat gct gggct at attt at agcg840acaagccgaacy
gcaccggcaggt acaat ggttcgctgtacttgcttgcgcaagcgggt c900ttt ggggatt gagcgcatttggtg
tt gcaaaggat tt gat gt aaat gt agt cgacat ctt 960agcacagaggggagagt t gat aaaat gt ggtctgtt
t gaat gat agt cgggtt cgt gacc1020t at at t cgt gat agt ggagat aggt ct gcgcct at ctt at cgggccg
gagcaaaaat t cc1080accgcagcggggt gagttttcgtt at acagccat cccacttccagcttcaaattgtca
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fermentation could be increased by the methods of the invention include,

5  without limitation, cyclosporin, penicillin, cephalosporin, ergot alkaloids,
lovastatin, mevastatin, and the biosynthetic intermediates thereof. In addition,
such methods can also be used to increase the likelihood of identifying new
secondary metabolites with medicinal or agricultural value by increasing the
concentration of such metabolites (and hence, the likelihood of detection by

10 chemical or bioassay) in a fermentation broth.

Pr i ectio ds for F 1 Sec bolit
Methods for fermentation and production of beta-lactam antibiotics,
statins, ergot alkaloids, cyclosporin, and other fungal metabolites are described
in Masurekar (Biotechnology, 1992, 21: 241-301), and references therein. The
15  detection of secondary metabolites is specific for each metabolite and well-
known to those practiced in the art. General methods to assess production and
integrity of compounds in fermentation broths include, but are not limited to,
bioassays for antimicrobial activity, high-performance liquid chromatography
(HPLC) analysis, nuclear magnetic resonance, thin-layer chromatography, and
20  absorbance spectrometry. Purification of metabolites from a fermentation broth
can include removal of fungal cells or hyphae by centrifugation or filtration,
adjustment of pH and/or salt concentrations after fermentation (to enhance
solubility and/or subsequent extraction efficiency), and extraction of broths

with appropriate organic solvents.
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factor, wherein said transcription factor comprises a DNA binding domain of a

fungal transcription factor and a transcription activation domain from another

protein.

3. The nucleic acid molecule of Claim 2, wherein said transcription factor further

comprises its native transactivation domain.

4. A vector comprising the nucleic acid molecule of Claim 1.

5. A fungal host cell comprising the vector of Claim 4.

6. The fungal host cell of Claim 5, wherein said cell is filamentous.

7. The fungal host cell of Claim 5, wherein said cell produces a secondary

metabolite, wherein the production of said secondary metabolite is increased upon

transformation with said vector.
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proteinaceous.
10.  The fungal host cell of Claim 7, wherein said secondary metabolite is penicillin.
11. The nucleic acid molecule of Claim 1, wherein the DNA binding domain of said

transcription factor binds to 5’-GCCAAG-3’ or 5’-GCCAGG-3’.

12. The nucleic acid molecule of Claim 1, wherein said DNA binding domain is
derived from PacC transcription factor, wherein said PacC transcription factor has
the amino acid sequence set forth in SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:

3, SEQID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6 or SEQ ID NO: 7.

13. The nucleic acid molecule of Claim 12, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 1.

14.  The nucleic acid molecule of Claim 12, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 2.
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% u& ig 19‘51? 5&1@1‘3 ralé:)ld molecule of Claim 12, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 4.

17. The nucleic acid molecule of Claim 12, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 5.

18. The nucleic acid molecule of Claim 12, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 6.

19.  The nucleic acid molecule of Claim 12, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 7.

20. A method for producing a secondary metabolite in fungal cells, said method
comprising transforming a fungal host cell capable of expressing said secondary
metabolite with the vector comprising the nucleic acid molecule of Claim 1,

wherein the production of the secondary metabolite is increased.

21. A vector comprising the nucleic acid molecule of Claim 2.
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transformation with said vector.

25.  The fungal host cell of Claim 24, wherein said secondary metabolite is non-

proteinaceous.

26.  The fungal host cell of Claim 24, wherein said secondary metabolite is

proteinaceous.
217. The fungal host cell of Claim 24, wherein said secondary metabolite is penicillin.
28. The nucleic acid molecule of Claim 2, wherein the DNA binding domain of said

transcription factor binds to 5’-GCCAAG-3’ or 5’-GCCAGG-3’.
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3, SEQID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6 or SEQ ID NO: 7.

30.  The nucleic acid molecule of Claim 29, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 1.

31. The nucleic acid molecule of Claim 29, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 2.

32.  The nucleic acid molecule of Claim 29, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 3.

33. The nucleic acid molecule of Claim 29, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 4.

34. The nucleic acid molecule of Claim 29, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 5.
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the amino acid sequence set forth in SEQ ID NO: 6.

36. The nucleic acid molecule of Claim 29, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 7.

37. A method for producing a secondary metabolite in fungal cells, said method
comprising transforming a fungal host cell capable of expressing said secondary
metabolite with the vector comprising the nucleic acid molecule of Claim 2,
wherein the production of the secondary metabolite is increased.

38. A vector comprising the nucleic acid molecule of Claim 3.

39. A fungal host cell comprising the vector of Claim 38.

40. The fungal host cell of Claim 39, wherein said cell is filamentous.

41. The fungal host cell of Claim 39, wherein said cell produces a secondary

metabolite, wherein the production of said secondary metabolite is increased upon

transformation with said vector.
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42.  The fungal host cell of Claim 41, wherein said secondary metabolite is non-
proteinaceous.

43.  The fungal host cell of Claim 41, wherein said secondary metabolite is
proteinaceous.

44, The fungal host cell of Claim 41, wherein said secondary metabolite is penicillin.

45.  The nucleic acid molecule of Claim 3, wherein the DNA binding domain of said

transcription factor binds to 5’-GCCAAG-3’ or 5°-GCCAGG-3’.

46.  The nucleic acid molecule of Claim 3, wherein said DNA binding domain is
derived from PacC transcription factor, wherein said PacC transcription factor has
the amino acid sequence set forth in SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:

3, SEQID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6 or SEQ ID NO: 7.

47.  The nucleic acid molecule of Claim 46, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 1.

48.  The nucleic acid molecule of Claim 46, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 2.
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49.  The nucleic acid molecule of Claim 46, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 3.

50.  The nucleic acid molecule of Claim 46, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 4.

51. The nucleic acid molecule of Claim 46, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 5.

52. The nucleic acid molecule of Claim 46, wherein said PacC transcription factor has
the amino acid sequence set forth in SEQ ID NO: 6.
53.  The nucleic acid molecule of Claim 46, wherein said PacC transcription factor has

the amino acid sequence set forth in SEQ ID NO: 7.

54. A method for producing a secondary metabolite in fungal cells, said method
comprising transforming a fungal host cell capable of expressing said secondary
metabolite with the vector comprising the nucleic acid molecule of Claim 3,

wherein the production of the secondary metabolite is increased.
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SEQUENCE LISTING
<110> Microbia, Inc.

<120> CHIMERIC PRE-ACTIVATED TRANSCRIPTION
FACTORS

<130> 50078/004W02

<150> 60/066,129
<151> 1997-11-19

<150> 60/066,308
<151> 1997-11-21

<150> 60/066,462
<151> 1997-11-24

<160> 24
<170> FastSEQ for Windows Version 3.0

<210> 1

<211> 678

<212> PRT

<213> Aspergillus nidulans

<400> 1
Met Leu Gly Ala Met Ala Glu Glu Ala val Ala Pro Val Ala Val Pro

Thr Thr Gln Glu Gln Pro Thr Ser Gln Pro Ala Ala Ala Gln Val Thr
20 25 30
Thr Val Thr Ser Pro Ser Val Thr Ala Thr Ala Ala Ala Ala Thr Ala
35 40 45
Ala Val Ala Ser Pro Gln Ala Asn Gly Asn Ala Ala Ser Pro Val Ala
50 55 60
Pro Ala Ser Ser Thr Ser Arg Pro Ala Glu Glu Leu Thr Cys Met Trp
65 70 75 80
Gln Gly Cys Ser Glu Lys Leu Pro Thr Pro Glu Ser Leu Tyr Glu His
85 90 95
Val Cys Glu Arg His Val Gly Arg Lys Ser Thr Asn Asn Leu Asn Leu
100 105 110
Thr Cys Gln Trp Gly Ser Cys Arg Thr Thr Thr Val Lys Arg Asp His
115 120 125
Ile Thr Ser His Ile Arg val His Vval Pro Leu Lys Pro His Lys Cys
130 135 140
Asp Phe Cys Gly Lys Ala Phe Lys Arg Pro Gln Asp Leu Lys Lys His
145 150 155 160
Val Lys Thr His Ala Asp Asp Ser Val Leu Val Arg Ser Pro Glu Pro
165 170 175
Gly Ser Arg Asn Pro Asp Met Met Phe Gly Gly Asn Gly Lys Gly Tyr
180 185 190
Ala Ala Ala His Tyr Phe Glu Pro Ala Leu Asn Pro Val Pro Ser Gln
185 200 205
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aly
Gln
225
Gly
Asp
Pro
Leu
Met
305
His
Lys
Thr
Pro
Ser
385
Ala
Thr
Axg
Glu
Met
465
Leu
Thr
Agp
Ile
Glu
545
Arg
TYE
Asp
Gln
val

625
Pro

VL
210
Pro
Pro
Ala
Asn
Ser
290
Pro
Pro
Asn
Ile
Gly
370
Pro
Gly
Pro
Ser
Ser
450
Thr
Gly
Leu
Leu
Ser
530
Asp
Ser
Leu
Asp
Glu
610

Ser

Arg

Ala
Ser
Glu
Leu
Ser
275
Leu
Ala
Ala
Asp
Tyr
355
Ala
Pro
Pro
Ala
Pro
435
Gly
Sex
Gly
Gln
Ser
515
Ala
Asp
Asp
Arg
Ser
595
Gln

Lys

Ser

I 1
!!yFlO%&'()-'mLo%&-'(;:? 109& ()- 0 109 ()-

A0 109 ()

110 10%& ()- ~_@}0! Hay 2002

10 10 10s9° 10%& ()-
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His
Asn
Pro
Asn
260
Tyxr
Pro
Pro
Pro
Leu
340
Glu
His
Thr
Ile
Leu
420
1le
Ser
Gly
Ile
Arg
500
ser
Ser
val
val
Asn
580
Glu
Asp

Ala

Pro

Gly
Pro
Hisg
245
Glu
Ala
val
Val
Ala
325
Ile
Asn
Tyr
Gln
Ile
405
Thr
Ser
Ser
TyY
Phe
48S
Ala
Asp
Leu
Thr
Gln
565
TYyTr
Gln
Gln

AsSp

arg

Pro
Ser
230
Gln
Phe
Ala
Leu
Ala
310
Tyr
Asn
Asp
Ile
Leu
390
Sexr
Pro
Leu
Met
Thx
470
Asp
Arg
Asp
Ile
Arg
550
Ser
ile
Glu
Glu
val

630
Thr

Pro
215
Tyx
Ala
Phe
val
Thr
295
val
His
Ile
Asp
His
375
Pro
Asn
Pro
Pro
Tyx
455
Ala
Asn
Pro
Lys
Asp
535
Thr
Glu
Ala
Gln
Gln
615

Asp

Val

Gln
Gly
Ser
Gly
Gly
280
Ala
Ala
Leu
Asp
Asn
360
Asn
Sexr
Thr
Sex
Sex
4490
Pro
Ala
Asp
Ala
Glu
520
Pro
Ala
Trp
Asn
Asp
600
Gly

Met

Pro

Tyr
Asn
TYyY
Asp
265
Gln
Ala
Ser
Pro
Gln
345
val
Gly
Ala
ser
sSer
425
Ala
Arg
Ser
Glu
Ser
505
ser
Ala
Lys
val
Arg
585
Gln
Gln

Glu

Ile

Tyx
val
Glu
250
Leu
Arg
Pro
Gly
Pro
3130
Phe
Ala
Ile
Hisg
Ala
410
Ala
His
Leu
ser
Arg
490
Arg
Gly
Leu
Ala
Glu
570
Leu
Glu
Asp

Gly

Lys

Gln
Tyx
235
Ser
Lys
Leu
Leu
Pro
315
Met
Leu
Ala
Ser
Ala
395
His
Gln
Arg
Pro
Ala
475
Arg
Ala
Glu
Hie
Ala
555
Lys
Glu
Gln
Arg
val

635
Thr

Ala
220
Tyx
Lys
Arg
Leu
Pro
300
Tyr
sexr
Gln
Ala
Tyxr
380
Thr
Ser
Ser
val
ser
460
Ala
Arg
Ala
Arg
Ser
540
Thr
val
Arg
Glu
val
620

Glu

Asp

His
Ala
Lys
Arg
ser
285
Glu
Gly
Asn
Cln
Gly
365
Arg
Thr
Pro
TYyY
Sexr
445
Ala
PYo
Tyr
Ser
Thr
525
Gly
Glu
Arg
Gly
Gln
605
Ser

Arg

Gly

His
Leu
Axg
Gln
270
Leu
Tyxr
Gly
Val
Met
150
Val
Thr
Gln
sexr
Thr
430
Pro
Thr
Pro
Thr
Glu
510
Pro
sSer
val
Leu
Glu
590
Bsp
Axrg

ASp

Glu

Ala
Asn
Gly
255
Phe
Gln
Gln
Gly
Arg
335
Gln
Ala
Thy
Thy
ser
415
Ser
Pro
Asp
Ser
Gly
495
Ser
Lys
Pro
Ala
Ile
575
Phe
Gln
Ser

Ser

ser

Pro
Thr
240
Tyx
Asp
Asn
Ala
Pro
320
Thr
Asp
Gln
His
Thr
400
Ser
Gly
His
Gly
Thr
480
Gly
Met
Gln
Gly
Glu
560
Glu
Ser
Glu
Pro
Leu

640
Ala
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Glu Asp Ser Val Met Tyr Pro

Asp Ser Lys

Met
Pro
Ala
Ala
AYg
65
Cys
Gly
Cys
val
Phe
145
Asp
Met
Phe
Ala
Ser
225
His
Phe
Ala
Leu
Ala
305

Ala

Ile

675

<210>
<211>
<212>
«<213>

<400>

Sex
Met
Gln
Ala
50

Pro
Pro
Arg
Arg
His
130
Lys
Ser
Met
Glu
Pro
210
'
Ala
Phe
val
Ser
290
val

TYY

Asn

Glu
Pro
val
35

Ser
Ser
Ser
Lys
Thr
115
val
Axrg
val
Phe
Pro
1985
Gln
Gly
Ser
Gly
Gly
275
Ser
Gly
His

Ile

660

Met Pro Ser

2
667
PRT

Aspergillus

2
Pro

Thr
20

Ser
Ala
Glu
Pro
serxr
100
Thr
Pro
Pro
Leu
Gly
180
Ala
TYY
Asn
Tyr
Asp
260
Gln
Gly
Gly

Leu

Asp

Gln
5

Ser
Sexr
Ala
Glu
Glu
85

Thr
Thr
Leu
Gln
val
165
Gly
Leu
Tyx
val
Glu
245
Leu
Arg
Pro
Gly
Pro

325
Gln

Agp
Thx
Ala
val
Leu
70

Ala
Asn
val
Lys
Asp
150
AYg
Gly
Asn
Gln
TYyr
230
Ser
Lys
Leu
Leu
Gly
310

Pro

Phe

Thr Leu Arg Gly Leu Asp G

niger

Thr
Serx
Thr
Ala
55

Ser
Leu
Asn
Lys
Pro
135
Leu
Ser
Ala

Ala

ser
215

Tyx
Lys
Arg
Leu
Pro
295
Tyx

Met

Leu

Thr
Gln
Ala
40

Asn
Cys
Tyr
Leu
Arg
120
His
Lys
Pro
Lys
val
200
His
Ala
Lys
Arxg
Gly
280
Glu
Ser

Sex

Gln

665

Thr
Asp
25

Ala
Pro
Leu
Glu
Asn
105
Asp
Lys
Lys
Glu
Gly
185
Pro
Pro
Leu
Arg
Gln
265
Leu
Tyr
Pro

Asn

Gln

&I
6

Ala
10

Ser
Ser
Pro
Trp
His
90

Leu
His
Cys
His
Pro
170
Tyxr
Ser
Pro
Asn
Gly
250
Phe
Gln
Gln
Gly
Val

330
Met

110 10% o' o0& ()-&00

Pxo
Pro
Ala
Met
Gln
75

val
Thr
Ile
Asp
val
155
Gly
Ala
Gln
Pro
His
235
Tyx
Asp
Ser
Pro
Gly
315

Arg

Gln

Ser
ser
Ala
Asn
60

Gly
Cys
Cys
Thr
Phe
140
Lys
Ala
Thr
Gly
Gln
220
Gly
Asp
Pro
Leu
Met
300
Ala

Thr

Asp

Thr
Ala
Ala
45

Qly
Cys
Glu
Gln
ser
125
Cys
Thr
Arg
Ala
Tyr
205
Pro
Pro
Ala
Asn
Ser
285
Pro
Pro

Lys

Thr

670

Thr
Gln
30

Thr
Thr
ser
Arg
Trp
110
His
Gly
His
Asn
Ala
190
Ala
Ala
Glu
Leu
Ser
270
Leu
Ala
Ser

hAsn

Ile

Ala
15

Gln
Ala
Thr
Glu
His
95

Gly
Ile
Lys
Ala
Pro
175
His
His
Asn
Ala
Asn
255
Tyr
Pro
Pro
Ala
AsSp

335
TYT

) -&00  10% 0& ) - &O! ~
lu Asp Gly

Ala
Pro
Ala
Thr
Lys
80

val
Sex
Arg
Ala
Asp
160
Asp
Tyxr
Gly
Pro
aly
240
Glu
Ala
val
Val
Pro
320

Leu

Glu
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10968 () - 9d22E&a3333 3%y @lsxx val Ala Ala Ala Gly Va£ )A_lg Gl§ P?i:o @gly Ala His
360 365

355
His Gly Tyxr His Ser
380

ser

val pro Pro Thr

370
Leu

Ser Thr Thr
375

Ala

Tyxr Gly Met Arg

Ala Met Met
400

Thr

Thr Ala Thr Ser Ser

395
Gly

His
390
His

Gln
385
Pro

Pro Pro Ser

Ala Thr Ala
405

Ala

Thr
410
ser

Thr Leu
415

val

Asn Pro Ser Pro Ser Pro

Gln Thr ser
425

Pro

Pro
430
Gly

Ser Ser Ser
420

Ala

Pro Pro Ser TYyY Gly Arg

Glu
445
Ser

Thr Val Ser Pro His His ser

440
Ala

Ser
435
Pro

Leu Pro Arg Gly

Met ser Thr Met Ala Met Ala Ala

455
sex

Tyxr Leu Pro
450

Tyr

Arg Asp
460
Gly Ser Thr
465

Ile

Thr Ala Thr Ala Pro Leu

475
Thr

Ser
470
Asp

Pro Gly Gly
480

Gln

Pro

His Thr Leu
495

Leu

Phe Asp Asp Gly Gly

485
Glu

Arg Arg Arg Tyx

490

Ala Thr Gln Leu Ser Glu Glu Met Thr

505
Arg

Pro
500
Lys

Arg Arg Arg Asp

510
Gln Lys Glu His

Glu Glu

520
Arg

Ala
525
Leu

Ser Thr Pro
515

Pro

Asp Asp Gly Lys

Glu Ile
535
Ala

Ile Ala Ser Pro

540
Thr

Ser Ser Pro Ser

530
Leu

Ser Ser Asp

Thr Ala
560
aGlu

Ala
545
Gln

Thr Ala
550

val

Glu Ala Glu Ala

555
Asp

Ser Gly Leu Arg
val
575

Arg

Ala Thr Glu Glu val Gln

565
Ile

Ala Ala
570

Asn

Ala Arg Trp

Ala Ser Leu
590

Asn

val Leu Glu Leu Ile

580
Glu

Lys Arg Tyr Arg

585
Glu

TYY

Glu Phe Glu Gly Ser Ser

605
Ser

Asn Ser
600

Gln

Arg Gly Asn
595

Gly

Gly Gly

Ala Thr
620
Lys

His Glu
615

ser

Ser Asn Ser Ser Thr Pro Glu Pro Asp

610

Met Glu vVal Glu Ala Glu Glu

630
Ala

Pro
640
Arg

Glu val Ser
635

Met

His
625
Ala

Gly Pro
Glu
645
Asp

Thr Leu

655

val val val
650

Met

Lys Pro Gly Asp Tyr Pro

Glu
660

Ala Val Asp Gly Asp Ser Lys Pro

665

<210> 3
<«211> 643
«212> PRT

Met

Pro

ser

Pro

<213>

<400>
Thr Glu

val Ala

val Thr
35

Sexr Met

Penicillium

3

Asn His Thr
5

Glu Ala Ala

20

Ala Thr Ala

Asn Gly Ala

chrysogenum

Pro Ser Thr

pro Ile Gln
25
Ala Ala Ala
40
Gly Glu Gln

Thx
10

Ala
Thr

Leu

Gln

Asn

Ala

Pro

Pro

Pro

Ala

Cys

Thr
Ala
val

45
Gln

Leu
Pro
30

Asn

Trp

Pro
15
Sex

Asn

val

Ala
Ala
Ala

Gly
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10% T& () #100/@5'5( )rhf Qﬁplﬁ%gds‘(r_) Prc&T&g@&a ((3111 qfr Leu Tyr Glu His val Cys
75 80
Glu Arg His Val Gly Arg Lys Ser Thr Asn Asn Leu Asn Leu Thr Cys
85 90 95
@Gln Trp Gly Thr Cys Asn Thr Thr Thr val Lys Arg ASp His Ile Thr
100 105 110
Ser His Ile Arg Val His val Pro Leu Lys Pro Hig Lys Cys Asp Phe
115 120 125
Cys Gly Lys Ala Phe Lya Arg Pro Gln Asp Leu Lys Lys His Val Lys
130 135 140
Thr His Ala Asp Asp Ser Glu Ile Arg Ser Pro Glu Pro Gly Met Lys
145 150 155 160
His Pro Asp Met Met Phe Pro Gln Asn Pro Arg Gly Ser Pro Ala Ala
165 170 175
Thr His Tyr Phe Glu Sex Pro Ile Asn Gly Ile Asn Gly Gln Tyr Ser
180 185 190
His Ala Pro Pro Pro Glmn Tyr Tyr Gln Pro His Pro Pro Pro Gln Ala
195 200 205
Pro Asn Pro His Ser Tyr Gly Asn Leu Tyr Tyr Ala Leu Ser Gln Gly
210 215 220
@ln Glu Gly Gly His Pro Tyr Asp Arg Lys Arg @ly Tyr Asp Ala Leu
225 230 235 240
asn Glu Phe Phe Gly Asp Leu Lys Arg Arg Gln Phe Asp Pro Asn Ser
245 250 255
Tyr Ala Ala Val Gly Gln Arg Leu Leu Gly Leu Gln Ala Leu Gln Leu
260 265 270
pro Phe Leu Ser Gly Pro Ala Pro Glu Tyr Gln Gln Met pPro Ala Pro
275 280 285
val Ala Vval Gly Gly Gly Gly @ly Gly Tyr Gly @gly Gly Ala Pro Gln
290 295 300
Pro Pro Gly Tyr His Leu Pro Pro Met Ser Asn val Arg Thr Lys Asn
305 310 315 320
Asp Leu Ile Asn Ile Asp Gln Phe Leu glu Gln Met Gln Asn Thr Ile
328 330 335
Tyr Glu Ser Asp Glu Asu val Ala Ala Ala Gly Vval ala Gln Pro Gly
340 345 350
Ala His Tyr Val His Gly Gly Met Asn His Arg Thr Thr His Sex Pro
355 360 365
Pro Thr His Ser Arg Gln Ala Thr Leu Leu Gln Leu Pro Ser Ala Pro
370 375 380
Met Ala Ala Ala Thr Ala His Ser Pro Ser val Gly Thr Pro Ala Leu
385 390 395 400
Thr Pro Pro Ser Ser Ala Gln Ser Tyr Thr Ser Asn Arg Ser Pro Ile
405 410 415
Ser Leu His Ser Ser Arg Val Ser pro Pro His Glu Glu Ala Ala Pro
420 425 430
Gly Met Tyr Pro Arg Leu Pro Ala Ala Ile Cys Ala Asp Ser Met Thr
435 440 445
Ala Gly Tyr Pro Thr Ala Ser Gly Ala Ala Pro Pro ger Thr Leu Ser
450 455 460
Gly Ala Tyr Rsp His Asp Asp Arg Arg Arg Tyr Thr Gly Gly Thr Leu
465 470 475 480
Gln Arg Ala Arg Pro Ala Glu Arg Ala Ala Thr Glu Asp Arg Met Asp
485 490 495
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Leu
Gly
Ser
Tyr

625
Met

Met
Gln
Thr
Pro
Ser
65

Ser
Gly
Tyr
Arg
Asn
145
Glu
Thr

Thr

Leu

03%?
PRy

Thr Pr

SfY
°t

Leu Asp
595
Glu Gln
610
Pro Thr

Pro Glu

<210>
<21ll>
<212>
<213>

<400>
Ala Ser

Gln Gln

Ala Pro
35
Leu Tyr
50
Ala Asn

Val Ser

Ser Ile
Thr
115
Glu

Lys

Ser
130
Leu Val

Lys Leu

His Asn

Val Lys
195
Lys Pro
210

" 0%F0 R )
Bis e 05500

¢ Glu Tyr Gly val Gln

580

Ala Met @luy Gly val
600

Ala Arg Glu Glu Pro

615
Leu Arg Gly val asp
630

4

585

PRT

Yarrowia lipolytica

4

Tyr Pro Tyr Leu Ala
5

Gln Gln

20

Ser

Gln Pro Gln

Ala Ala Pro Gln

40
Pro Ala Ser Pro Asp
5%
Val Gly Gly
70

His

Met Asn

His
85
Pro

Ala Arg Ser

Ser Ser Thr Ala

100

Sexr Asp Glu Glu Asp

120
Gly Ser Pro Asn Thr
135
Cys Lys Trp Gly Pro
150
Ala His
165

Ser

Tyx Leu Cys

Leu Leu val
180

Arg

Cys
Ile Thr
200
AsSp Phe
215

Asp His

Tyr Lys Cys

Thy
585
Glu
Lys

Glu

Gln
Gln
25

Val
Ser
Asp
Ser
His
105
Ala
Asn
Cys
Asp
Asn
185

Ser

Cys

570

510
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Leu Glu Ala Gly Ser

Ser Ser Ala Ser

Thr Ala Ser

Ser

Asp

Ser
10

Gln
Asn
Pro
Ser
Asp
90

Thr
Thr
Gly
Gly
Ala
170
Trp
His

Thr

Glu

Glu
635

Gln
Ser
Asn
Ile
Val
75

Ala
Thr
Gly
Ser
Lys
155
Hig
Asp

Ile

Lys

Ser
620
Asp

Pro
Gln
Thr
Ser
60

Asp
Gly
Pro
Lys
Gly
140
Thr
Val
Asn

Arg

Ser
220

Val
605
Glu

Gly

Pro
Gln
Thr
45

Pro
Met
Gln
Asp
Ile
125
Ser
Phe
Gly
Cys
Val

205
Phe

Pro
5390
Arg
Gly

Asp

Gln
Leu
30

Ala
Ser
Leu
Ser
Ala
110
Thr
Asp
Gly
Arg
Gly
190
His

Lys

575
Thr Pro

Ala Ala

Val Phe

Ser Lys
640

Gln Gln
15
Pro Thr

Asn Lys

Asp Tyr

Leu Ser
80
AsSp Met
95
Thy Thr

Thr Pro

Gly Glu
Ala
160
Cys

Ser

Lys
175
Ile val

Val Pro

Arg Pro
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Gln
Tyr
Met
His
305
Asp
Ser
Gln
Thr
Gln
385
Gln
Val
Met
Ala
Gly
465
val
Gly
Asp
ser
Ser
545

Glu

Ser

1

e

Gln Gln Gln

Glu
val
290
Pro
Phe
Asp
Gly
Ser
370
Gln
Phe
Asp
Gly
Pro
450
val
Pro
val
AsSp
Lys
530
TyY

ala

Leu

TYyY
275
Pro
His
Phe
Ile
Gln
355
Ala
Gln
Leu
Pro
TyY
435
val
ger
Gln
Thr
Asp
515
Ala
Leu

Glu

TYyx

<210>
<21ll>
<212>
<213>

<400>
Met Asn Tyr

260
Pro

Ser
Ala
Asgp
Ala
340
Gln
Thr
Leu
Asn
Gln
420
Arg
Ala
Ala
Leu
Gln
500
Glu
Met
Arg

Asp

Pro
580

5
659

PRT
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Gln Arg Tyr Met

Tyr
Tyxr
Pro
Asp
325
Sexr
Gln
Pro
Pro
Gln
405
TyrY
Tyr
Pro
Pro
Ser
485
Arg
Leu
Gln
Arg
Thr

565
Thy

Candida

5

Asn Ile

5

TYY
Ala
Ile
310
Ile
Arg
Gln
Ala
Ser
390
Leu
Glu
Ala
Gln
His
470
Ser
Ala
val
Val
val
550

Ala

Ile

Arg
Ala
295
Asp
Lys
Leu
Ala
Pro
375
Phe
Gly
Ala
Phe
val
455
Tyxr
Arg
Ala
Glu
Ala
535
Leu

Ala

Lys

Tyxr
280
val
Arg
Arg
Ser
Sex
360
Ala
Lys
Ser
Pro
Ser
440
Ala
Pro
Phe
Arg
Gly
520
Glin
Gln

Asn

Ala

albicans
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()-Q8p 10%m

Gln
265
Ser
aly
Lys
Ala
Thr
345
Pro
Ala
Gln
Asn
Ala
425
His
Pro
Asp
Glu
Thr
505
Phe
Met
Glu

Lys

Cys
585

His Pro Val Thr

Tyr
Gln
His
Arg
Arg
330
Ile
Thr
Pro
Gly
Ile
410
Glu
Ala
Pro
Leu
Asp
490
Thr
Gly
Lys

Ala

Asp
570

Pro Thr
Pro Gln

Met Pro
300

Gln Txp

315

val Thr

Glu Gln
Pro Gln

His Gln
380

Asp Tyr

395

Tyr Gly

Phe His
Pro Ala

Ala His
460

Ser Tyr

475

val Arg

Asn Val
Lys Met

Lys His
540

Arg Glu

555

Thr Ser

10 f&f

k@ %enéa fv) eln 10%n

TYyr
Val
285
Thr
Asp
Pro
Tyr
Thr
365
Ala
Gln
Asn
Leu
Pro
445
Pro
Ser
Gln
Glu
Ala
525
Leu

Thr

Ala

Ala
270
Gln
Pro
Thr
Asn
Ile
350
Ala
Thr
Glu
Ile
Pro
430
His
Gly
Arg
Met
Glu
510
Ile
Glu
Glu

Ser

%N & ()-Y 24d0%n & ()-Y

‘)/M%%,) (RUR BtR R RBRaBEAGH E0%n & () Of

255
Ser Gly

Vval Pro
Pro Met

Thr Ser
320

Tyr Ser

335

Gly Ile

Thr Thr
Pro Pro

Thr Asp
400

Lys Ser

415

His Pro

Gly Ala
val His

Ser Thr
480

Ser Val

495

Ser Asp

Ala Asp
val val
Ser Gly

560

Lys Ser
575

Tyr Leu AsSn Ala Asp Ser Asn

10

15
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50 55 60
Ser Ser Phe Thr Ser Gln Ser Ala Ala Asn Ser Pro Ile Thr Asp Ala
65 70 75 80
Lys Gln His Leu Val Lys pro Thr Thr Thr Lys Pro Ala Ala Phe Ala
85 90 95
Pro Ser Ala Asn Gln Ser Asn Thr Thr Ala Pro Gln Ser Tyr Thr Gln
100 105 110
Pro Ala Gln Gln Leu Pro Thr Gln Leu His Pro Ser Leu Asn Gln Ala
115 120 12%
Tyr Asn Asn Gln Pro Ser Tyr Tyr Leu His Gln Pro Thr TyY Gly Tyr
130 135 140
Gln Gln Gln Gln Gln Gln Gln Gln His Gln Glu Phe Asn Gln Pro Ser
145 150 155 160
Gln Gln Tyr His Asp His His Gly Tyr Tyr Ser Asn Asn Asn Ile Leu
165 170 175
Asn Gln Asn Gln Pro ARla Pro Gln Gln Asn Pro val Lys Pro Phe Lysd
180 185 190
Lys Thr Tyr Lys Lys Tle Arg Asp Glu Asp Leu Lys Gly Pro phe Lys
195 200 205
Cys Leu Trp Ser Asn Cys Ser Ile Ile phe @lu Thr Pro Glu Ile Leu
210 215 220
Tyxr ASD His Leu Cys Asp ASp His val Gly Arg Lys Ser Ser Asn Asn
225 230 23% 240
Leu Ser Leu Thr Cys Leu Trp Glu Asn Cys Gly Thr Thy Thr val Lys
245 250 255
Arg Asp His Ile Thr Ser His Leu AXg yal His val Pro Leu Lys Pro
260 265 270
Phe His Cys Asp Leu Cys Pro Lys Ser Phe Lys Arg Pro Gln Asp Leu
275 280 285
Lys Lys His Ser Lys Thr His Ala Glu Asp His Pro Lys Lys Leu Lys
290 295 300
Lye Ala Gln Arg Glu Leu Met Lys Gln Gln Gln Lys Glu Ala Lys Gln
305 310 315 320
Gln Gln Lys Leu Ala Asn Lys Arg Ala Asn Sexr Met Asn Ala Thr Thr
325 330 335
Ala Ser Asp Leu Gln Leu Asn TyT Tyr Ser Gly Asn Pro Ala Asp Gly
340 345 350
Leu Asn Tyr Asp Asp Thr Ser Lys Lys Arg Arg Tyr Glu Asn Asn Ser
355 360 365
Gln His Asn Met Tyr Val val Asn Ser Ile Leu Asn asp Phe Asn Phe
370 375 380
Gln Gln Met Ala Gln Ala Pro Ggln Gln Pro Gly Val val Gly Thr Ala
385 390 395 400
Gly Ser Ala Glu Phe Thr Thr Lys Arg Met Lys Ala Gly Thr Glu Tyr
405 410 415
asn Ile Asp Val Phe Asn Lys Leu Asn His Leu Asp ASP His Leu His
420 425 430
His His Hls Pro Gln Gln Gln His Pro Gln Gln Gln TyT Gly Gly Asn
435 440 445
I[le Tyr Glu Ala @lu Lys Phe Phe Asn ger Leu Ser Rsn Ser Ile Asp
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4 0 460
& ()-5W$ w z 10%eR ¢’ ¢)r élﬂ-%%?l%etgﬁ:@ T %Pn/ng Gln Gln Gln His Ala dly
465

470 475 480
Ser Thr Phe Ala Gln Gln Lys Pro Thr Gln Gln Ala Ser Gly Gln Leu
485 490 495
Tyr Pro Ser Leu Pro Thr Ile Gly Asn Gly Ser Tyr Thr Ser Gly ser
500 505 510
Ser His Lys @lu Gly Leu Val Asn Asn His Asn Gly Tyr Leu Pro Ser
515 520 525
Tyr Pro Gln Ile Asn Arg Ser Leu Pro Tyr Ser Ser Gly val Ala Gln
530 535 540
Gln Pro Pro Ser Ala Leu Glu Phe Gly Gly Val Ser Thr Tyr Gln Lys
545 550 555 560
Ser Ala Gln Ser Tyr Glu Glu Asp Ser Ser Asp Ser Ser Glu Glu Asp
565 570 575
ASp Tyr Ser Thr Ser Ser Glu Asp Glu Leu Asp Thr Leu Phe Asp Lys
580 585 590
Leu Asn Ile Asp Asp Asn Lys Val Glu Glu Val Thr Ile Asp Gly Phe
595 600 605
Asn Leu Lys Asp Val Ala Lys His Arg Glu Met Ile His Ala Vval Leu
610 615 620
Gly Tyr Leu Arg Asn Gln Ile Glu Gln Gln Glu Lys Glu Lys Ser Lys
625 630 635 640
Glu Gln Lys Glu Val Asp Val Asn Glu Thr Lys Leu Tyr Pro Thr Ile
645 650 655
Thr Ala Phe

<210> 6

<211> 625

<212> PRT

<213> Saccharomyces cerevigiae

<400> 6
Met Val Pro Leu Glu Asp Leu Leu Asn Lys Glu Asn Gly Thr Ala Ala
1 5 10 15
Pro Gln His Ser Arg Glu Ser Ile val Glu Asn Gly Thr Agp Val Ser
20 25 30
Asn Val Thr Lys Lys asp Gly Leu Pro Ser Pro Asn Leu Ser Lys Arg
35 40 45
Ser Ser Asp Cys Ser Lys Arg Pro Arg TIle Arg Cys Thr Thr Glu Ala
50 55 60
Ile Gly Leu Asn Gly Gln Glu Asp Glu Arg Met Ser Pro Gly Ser Thr
65 70 75 B8O
Ser Ser Ser Cys Leu Pro Tyr His Ser Thr Ser His Leu Asn Thr Pro
85 90 95
Pro Tyr Asp Leu Leu Gly Ala Ser ala val Ser Pro Thr Thr Ser Ser
100 105 110
Ser Ser Asp Ser Ser Ser Ser Ser Pro Leu Ala Gln Ala His Asn Pro
115 120 125
Ala Gly Asp Asp Asp Asp Ala Asp Asn Asp Gly Asp Ser Glu Asp Ile
130 135 140
Thr Leu Tyr Cys Lys Trp Asp Asn Cys Gly Met Ile Phe Aan Gln Pro
145 150 155 160
Glu Leu Leu Tyr Asn His Leu Cys His Asp His val Gly Arg Lys Ser
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165 170 175
His Lys asn Leu Gln Leu Asn Cys Hig Trp Gly Asp Cys Thr Thr Lys
180 185 190
Thr Glu Lys Arg Asp His Ile Thr Ser His Leu Arg Val His Val Pro
195 200 205
Leu Lys Pro Phe Gly Cys Ser Thr Cys Ser Lys Lys Phe Lys Arg Pro
210 215 220
Gln Asp Leu Lys Lys His Leu Lys Ile Hig Leu Glu Ser Gly Gly Ile
225 230 235 240
Leu Lys Arg Lys Arg Gly Pro Lys Trp Gly Ser Lys Arg Thr Ser Lys
245 250 : 255
Lys Asn Lys Ser Cys Ala Ser Asp Ala Val Ser Ser Cys Ser Ala Ser
260 265 270
Val Pro Ser Ala Ile Ala Gly Ser Phe Lys Ser His Ser Thr Ser Pro
275 280 285
Gln Ile Leu Pro Pro Leu Pro val Gly Ile Ser Gln His Leu Pro Ser
290 295 300
Gln Gln Gln @ln Arg Ala Ile Ser Leu Asn Gln Leu Cys Ser Asp Glu
305 310 315 320
Leu Ser Gln Tyr Lys Pro Val Tyr Ser Pro Gln Leu Ser Ala Arg Leu
325 330 335
Gln Thr Ile Leu Pro Pro Leu Tyr Tyr Asn Asn Gly Ser Thr Val Ser
340 345 350
Gln Gly Ala Asn Ser Arg Ser Met Asn Val Tyr Glu Asp Gly Cys Ser
355 360 365
Asn Lys Thr Ile Ala Asn Ala Thr Gln phe Phe Thr Lys Leu Ser Arg
370 375 380
Asn Met Thr Asn Asn Tyr Ile Leu Gln Gln Ser Gly Gly Ser Thr @lu
385 390 395 400
Ser Ser Ser Ser ser Gly Arg Ile Pro val Ala Gln Thr Ser Tyr val
405 410 415
Gln Pro Pro Asn Ala Pro ser Tyr Gln ser val Gln Gly Gly Ser Ser
420 425 430
Ile Ser Ala Thr Ala Asn Thr Ala Thr Tyr Val Pro Val Arg Leu Ala
435 440 445
Lys Tyr Pro Thr Gly Pro Ser Leu Thr Glu His Leu Pro Pro Leu His
450 455 460
Ser Asn Thr Ala Gly Gly val Phe Asn Arg Gln Ser Gln Tyr Ala Met
465 470 475 480
Pro His Tyr Pro Ser Val Arg Ala Ala Pro Ser Tyr Ser Ser Ser Gly
485 490 495
Cys Ser Ile Leu Pro Pro Leu Gln Ser Lys Ile Pro Met Leu Pro Ser
500 505 510
Arg Arg Thr Met Ala Gly Gly Thr Ser Leu Lys Pro Asn Trp Glu Phe
515 520 525
Ser Leu Asn Gln Lys Ser Cys Thr Asn Asp Ile Ile Met Ser Lys Leu
530 535 540
Ala Ile Glu Glu val Asp Asp Qlu Ser Glu Ile Glu Asp Asp Phe val
545 550 555 560
Glu Met Leu Gly Ile Val Asn Ile Ile Lys Asp Tyr Leu Leu Cys Cys
565 570 575
Val Met Glu Asp Leu Asp Asp Glu Glu Ser Glu Asp Lys Asp Glu Glu
580 585 590
Asn Ala Phe Leu Gln Glu Ser Leu Glu Lys Leu Ser Leu Gln Asn Gln
595 600 605

10
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Met Gly Thr Asn ser Val Ar

Val
625

Met
Val
Val
Thr
Val
65

Met
Glu
Asn
Asp
Lys
145
Lys
Glu
Gly
Ser
Ala
225
Asn
Gly
Phe

Gln

Gln
305

610

<210> 7
<211>
<212>
<213>

<220>
<223>

<400>

Ser
Pro
Thr
Ala
50

Ala
Trp
His
Leu
His
130
Cys
His
Pro
Tyr
Gln
210
Pro
Thr
Tyxr
Asp
Asn

290
Ala

Ser
Thr
Thr
35

Ala
Pro
Gln
Val
Thr
115
Ile
Asp
Val
Gly
Ala
195
Gly
Gln
Gly
Asp
Pro
275

Leu

Met

815
PRT

615

Artificial Sequence

Synthetic primer based

herpes virus

7

Arg Gly Ala

Thr
20

val
Val
Ala
Gly
Cys
100
Cys
Thr
Phe
Lys
Ser
180
Ala
TYY
Pro
Pro
Ala
260
Asn

Ser

Pro

5
Gln

Thr
Ala
Ser
Cys
85

Glu
Gln
Ser
Cys
Thr
165
Arg
Ala
Ala
Ser
Glu
245
Leu
Ser

Leu

Ala

Glu
Ser
Ser
Ser
70

Ser
Arg
Trp
His
Gly
150
His
Asn
Hisg
Hina
Asn
230
Pro
Asn
Tyxr

Pro

Pro
310

Met
Gln
Pro
Pro
55

Thr
Glu
His
Gly
Ile
135
Lys
Ala
Pro
Tyr
Gly
215
Pro
His
Glu
Ala
Val

295
Val

Ala
Pro
Ser
40

Gln
Ser
Lys
Val
Ser
120
Arg
Ala
Asp
Asp
Phe
200
Pro
Ser
Gln
Phe
Ala
280

Leu

Ala

Glu
Thr
25

Val
Ala
Arg
Leu
Gly
105
Cys
Val
Phe
Asp
Met
185
Glu
Pro
Tyr
Ala
Phe
265
val

Thr

Val

Glu
10

Ser
Thr
Asn
Pro
Pro
90

Arg
Arg
Hig
Lys
Ser
170
Met
Pro
Gln
Gly
Ser
250
Gly
Gly
Ala

Ala

11

Ala
Gln
Ala
Gly
Ala
75

Thr
Lys
Thr
Val
Arg
155
Val
Phe
Ala
Tyr
Asn
235
Tyr
Asp
Gln

Ala

Ser
315

620

Val
Pro
Thr
Asn
60

Glu
Pro
Ser
Thr
Pro
140
Pro
Leu
Gly
Leu
Tyr
220
Val
Glu
Leu
Arg
Pro

300
Gly

Ala
Ala
Ala
45

Ala
Glu
Glu
Thr
Thr
125
Leu
Gln
Val
Gly
Asn
205
Gln
Tyxr
Ser
Lys
Leu
285

Leu

Pro

Pro
Ala
30

Ala
Ala
Leu
Ser
Asn
110
Val
Lys
Asp
Arg
Asn
190
Pro
Ala
Tyr
Lys
Arg
270
Leu

Pro

Tyr

Val
15

Ala
Ala
Ser
Thr
Leu
95

Asn
Lys
Pro
Leu
Ser
175
Gly
Val
His
Ala
Lys
255
Arg
Ser

Glu

Gly

g Ile Leu Thr Lys Tyr Pro Lys Ile Leu

on Aspergillus nidulans and

Ala
Gln
Ala
Pro
Cys
80

Tyr
Leu
Arg
His
Lys
160
Pro
Lys
Pro
His
Leun
240
Arg
Gln
Leu
Tyx

Gly
320
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Arg Thr Lys Asn Asp Leu Ile Asn Ile Asp Gln Phe Leu Gln Gln Met
340 345 350
Gln Asp Thr Ile Tyr Glu Asn Asp Asp Asn Val Ala Ala Ala Gly val
355 360 365
Ala Gln Pro @ly Ala His Tyr Ile His Asn Gly Ile Ser Tyr Arg Thr
370 375 380
Thr His Ser Pro Pro Thr Gln Leu Pro Ser Ala His Ala Thr Thr Gln
385 390 395 400
Thr Thr Ala Gly Pro Ile Ile Ser Asn Thr Ser Ala His Ser Pro Ser
405 410 415
Ser Ser Thr Pro Ala Leu Thr Pro Pro Ser Ser Ala Gln Ser Tyr Thr
420 425 430
Ser Gly Arg Ser Pro Ile Ser Leu Pro Ser Ala His Arg Val Ser Pro
435 440 445
Pro His Glu Ser Gly Ser Ser Met Tyr Pro Arg Leu Pro Ser Ala Thr
450 455 460
AsSp Gly Met Thr Ser Gly Tyr Gly Ser Pro Pro Pro Pro Pro Pro Pro
465 470 475 480
Pro Pro Pro Pro Tle Lys Vval Ala Pro Pro Thr Asp Val Ser Leu Gly
485 490 495
Asp Glu Leu His Leu Asp Gly Glu Asp Val Ala Met Ala His Ala Asp
500 505 510
Ala Leu Asp Asp Phe Asp Leu Asp Met Leu Gly Asp Gly Asp Ser Pro
515 520 525
Gly Pro Gly Phe Thr Pro His Asp Ser Ala Pro Tyr Gly Ala Leu Asp
530 535 540
Met Ala Asp Phe Glu Phe Glu Gln Met Phe Thr Asp Ala Leu Gly Ile
545 550 555 560
Asp Glu Tyr Gly Gly Asp Ile Lys val Ala Pro Pro Thr Asp Vval Ser
565 570 575
Leu Gly Asp Glu Leu His Leu Asp Gly Glu Asp Val Ala Met Ala Hisg
580 585 590
Ala Asp Ala Leu Asp Asp Phe Asp Leu Asp Met Leu Gly Asp Gly Agp
595 600 605
Ser Pro Gly Pro Gly Phe Thr Pro His Asp Ser Ala Pro Tyr Gly Ala
610 615 620
Leu Asp Met Ala Asp Phe Glu Phe Glu Gln Met Phe Thr Asp Ala Leu
625 630 635 640
Gly Ile asp Glu Tyr Gly Gly Asp Ile Lys Val Ala Pro Pro Thr Asp
645 650 655
Val Ser Leu Gly Asp Glu Leu His Leu Asp Gly Glu Asp Val Ala Met
660 665 670
Ala His Ala Asp Ala Leu Asp Asp Phe Asp Leu Asp Met Leu Gly Asp
675 680 685
Gly Asp Ser Pro Gly Pro Gly Phe Thr Pro His Asp Ser Ala Pro Tyr
690 695 700
Gly Ala Leu Asp Met Ala Asp Phe Glu Phe Glu Gln Met Phe Thr Asp
705 710 715 720
Ala Leu Gly Ile Asp Glu Tyr Gly Gly Asp Ile Lys Val Ala Pro Pro
725 730 735
Thr Asp Val Ser Leu Gly Asp Glu Leu His Leu Asp Gly Glu Asp val
740 745 750
Ala Met Ala His Ala Asp Ala Leu Asp Asp Phe Asp Leu Asp Met Leu
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Pro Tyr Gly Ala Leu Asp Met Ala Asp Phe Glu Phe Glu Gln Met Phe

785 790 795 800
Thr Asp Ala Leu Gly Ile Agp Glu Tyr Gly Gly Asp Gly Leu Gln
805 810 815
<210> 8
<211> 32
<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Aspergillus nidulans

<400> 8
aactgcagta gttgacegtg tgattgggtt ¢t 32

«<210> 9

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Aspergillus nidulans

<400> 9
ccggaattet ttgtaaactg gcttgaagat 30

<210> 10

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide encoding proline rich
motif

<400> 10
gatccceoeeoe ceocteoecteca cececcaccec ctcecee 35

<210> 11

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide encoding proline rich

motif

<400> 11
g9g9agggggt gggggtggag gaggggggay g 31

13
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<223> Synthetic primer based on herpes simplex virus

<400>

12

cgcgatatca aagtcgeccce

<210>
<211l>
<212>
<213>

<400>

13

30

DNA
Synthetic

13

cgcgatatcc ccaccgtact

<210>
<211>
<212>

14
30
DNA

cccgaccgat

primer based on Aspergillus nidulans

cgtcaattece

<213> Artificial Sequence

<2205

<223> Synthetic primer based on Agpergillus nidulans

<400>

14

tgctctagag gcgecatgge cgaagaagceg

<210>
<211>
<212>
<213>

<400>

15
30
DNA

Aspergillus nidulans

15

cgcggatceg taaccagaag tcatacegtc

<210>
<211l>
<212>
<213>

<220>
<223>

<400>
tctagaggceg
caaccaacct
gcaacagcgg
tctcctgteg
caaggectgcet
cacgttggcee
actactactyg
cegceacaagt

16
1413
DNA

Artificial Sequence

Synthetic

16
cecatggecga
ctcaacccgc
cggectgegac
cceetgegte
ctgagaagct
gaaagagcac
tgaaacgcga
gtgatttety

primer based on Aspergillus nidulans

agaagcggtce
cgctgecgcag
agctgctgtg
gtcaacatct
ccetactcecea
gaacaacctce
ccatatcacc
tggaaaagcg

gctectgtag
gttacaactyg
gccagtcceccec
cgteccagegg
gaatccttat
aacctgactt
tectcatatce
ttcaagegtce

14

ctgtgcctac
tcacttcgee
aagctaatgg
aagaactcac
acgaacatgt
gtcaatgggyg
gggtgcacgt
cccaggattt

gacccaagaa
ctctgtgact
caatgctgcc
ttgcatgtgg
ctgcgagcgt
tagctgtegt
tcectctecaag
gaagaagcat
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tagcgatcat
gaacacgggt
atataagtat
caagcattca
ttgececcacga
accaaacatt
atcatataac
cctgggatte
cgcceccacgec
aaatacctat
agcccaaagce
cgccgeagac
gcttaggagce
acaagccgaa
tttggggatt
agcacagagg
tatattegtg
accgecagegg
ttaatccagc
cctacgeaat
ccgaggagaa
tegatettge

tagttatccg
ctectectagt
ctttegecct
gatccacata
tggtcgagat
actagccagce
gatctttatt
atccatggtg
tatgccagca
agcaaaacag
ctacaaattc
aatgctectct
ggcectgggtt
cggcaccgge
gagecgeattt
ggagagttga
atagtggaga
ggtgagtttt
ccaattcaat
tcgegecaace
gaaaaccaac
tgaccgtaca

gctcggtaac
tccggatgga
tcaacgctat
attaagctac
ctccateccecce
tagctcagte
atagatatgc
tecetegtegy
ttgagcaatg
attgtgttcc
aactgcgcac
atcctggtgyg
gttctcecgea
aggtacaatg
ggtgttgcaa
taaaatgtgg
taggtctgeg
cgttatacag
cattggagaa
aaccateccca
gtcaccgtct
tcetgeaccea

agaactatgg
ctaactgcec
cacgccatac
tgacgtgaac
gcaaactacg
ttacccecggt
catcgeegtt
ctcttttcge
taaagctaac
aagagagagt
aacgcgcececa
caggcgtcaa
cccteoctacat
gttcegetgta
aggatttgat
tctgtttgaa
cctatcttat
ccatcceact
ccgecatecat
accctttaac
cecgeagacgt
atgcececetece

16

catactgaac
gtctteegag
cttaaagaaa
tatcaaatte
ggtacgtccyg
catgagacca
tegetaggeg
aaggccgctg
gtgcgtgagc
actaaatgac
cggcaactte
gtacccagag
gctgggetat
cttgcttgeg
gtaaatgtag
tgatagtcgg
cgggceccggayg
tccagettea
gtcttcgaag
atctaaactc
tactacttce
aggataacaa

gtcaacttecg
aacgtcagct
acgcgcagct
catccaccaa
ccacggtgtt
cceccatgecta
caatcecctgt
gegtgcegta
ccaagaaact
gtttgtgaac
ctcgagaacy
gcagcagceqgg
atttatagcg
caagegggte
tegacatctt
gttcgtgacc
caaaaattcc
aattgtcagt
teccacectec
ttctecatey
gccgagetcco
atagctgatg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
260
1020
1080
1140
1200
1260
1320
1380
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cgtagtgagt acaggcctag gecectatat cgcagttctg aaaacccaca tcgacatcct 1440
caccgatctc accecgtega ccetttecte getccaatce ctcgcgacaa agcacaactt 1500
cctecatcttt gaggaccgca agttcatcga catgggcaac accgtgcaaa agcagtacca 1560
cggtggeget ctcegeatet ccgaatggge acacakcatc aactgegcca tectgecggg 1620
cgaagggatc gtcgaggccec tcgecacagac aaccaagtet cctgacttta aagacgogaa 1680
tcaacgaggt ctectgattc ttgeocecgagat gacgagtaag ggatctcttg cgacagggga 1740
gtcacaggca cgctoggttg agtacgegeg gaagtataag gggtttgtga tgggattegt 1800
gagtacaagg gcgttgagtg aggtgctgec cgaacagaaa gaggagagcg aggattttgt 1860
cgtctttacg actggggtga atctgtegga taagggggat aagetgggge agcagtatca 1920
gacacctggg tcggeggttyg ggcgaggtge ggactttatc attgegggta ggggcatcta 1280
taaggcggac gatccagtcg aggcggttca gaggtaccgg gaggaaggct ggaaagcetta 2040
cgagaaaaga gttggacttt gagtgtgagt ggaaatgtgt aacggtattg actaaaaggg 2100
atccatatgt ttattgcagc cagcatagta ttaccagaaa gagcctcact gacggctcta 2160
gtagtatteg aacagatatt attgtgacca gctctgaacg atatgctece taatctggta 2220
ggeggeege 2228

<210> 23

<21l> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic primer based on Aspergillus nidulans

<400> 23
tgctectagag gcgcecatgge cgaagaageyg 30

<210> 24

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic primer based on Aspergillus nidulans

<400> 24

30

tececcegggg taaccagaag tcataccogte

17



