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OF FUNGAL GENE EXPRESSI ON Background of the Invention 5 The pres 2002
invention relates to nmethods of identifying and isolating genes which are

i nvol ved i nworse/zsggul ati on of fungal gene expression. The i nvéﬁTMﬁS/a%s&)
relates to nmethods useful for identifying fungal virulence factors.

further relates to a nethod of identifyi ng agents which mcreaselml lwmml"mmu"”m
decrease the expression or activity of a 'gene that regul ates or

for fungal pathogenesis. The invention also relates 10 to the use of «gugh
agents as fungicides or fungistats. Fungi are a |arge and diverse group of

organi sms wi th enor nous |rrportance to humans Pat hogenl c fungi
significant cause of REGIALATIGNSR: FhA (137 ' 2l Olapi dl yjmﬂﬂmmwmmmlm
proportion of the popul ation whose i mmune system has been conpr

di sease, chenot herapy, or inmmunosuppressive 15 drugs. A wi de vari et yGepoz*

pl ant - pat hogenic fungi (e.g., ®lhkghhid of URlifvedPdS. snmuts, mldews) cause
huge food crop loss arid damage to ornamental plants. Plant diseases are
causedsSby a nyri adﬂm‘pmmamthxdrungms tpatdibgizng idailtifying andtiolatBpygagener a,

for exanple; soft rot Rhi zopus) , Ieaf curl (e. Taphrina), powdery
i | dew (e.yh lchsm]awpb\teﬁé&ﬂ)e reg@atﬁors 823l epe exXprgisiana) | h%lpwaﬁton(vésg
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snmuts (e.ga mewldfa@@tlfylagdgaﬂﬁl%licﬁl ih€regke,or Bbtré@@ttﬁél E@)resdidn @xdzd:itffvlit?

fungal species are the commercial source of a great many nedicinally useful
products, &8¢ that rageleiss 6f isdgaesdfor fusgplpatheacaesiant hbinyenten geerelatss
pen|C|II| ephal r|n nd thejr dI‘IoV |ves)

antj -h;(/)per (%g gs %rsélfp’P %msagseﬂ élcﬁ% f)rF“ JS? ovastatin and conpactin),

| mrunosuppr essi Vesun@: tre.a 1@¢g@laﬁalawersa)gro@n@lf&gimézﬂagadh dhoHgsud €. g.
pneunocandi n and echinocandin). Al of these drugs are fungal secondary

met abol i t esposiantd tosmpnans e athopeva fung! aigan mgruﬁgantatalil%uoi"émag:audnwse
conpetitors j.n.their mcrobi.al envir i al so produce
conmerci al¥ 5}4 THHOY tRiE r%‘?‘\&?’rfﬁ%rei‘sén%pmpg IOPL?If é‘%ee%"?“%aii‘é’ﬂ‘qu"é% "MHHEC! i pases)
as wel | assyteffhad¥eRf¥6hPromideEbWiiBe20 0 eMBRPARO 86 Anmbnodu@pssivEi LI C
acid, gibberellic acid, natural pignments, and flavorings). E’CT/ US98/ 24646

The sd ci fdrugs. b@& de:acyhnetMwéplanhpatdiegmnefwnggm th b sustaneolds, snmes,

under st ood tail ortant t henmes r the fungal
i nvasi on ?85%‘5 %H%h%ge%cgg’opaosiség oMl ’ﬁ?%ﬁ H] gﬁ HISAARTaN
fungal pat ahQGﬁfb%d bSUCHyRaPSf RN JRnsA patrﬁga%rfgninlguﬁtosaany DR, f&P-

Rhi zopus sp., Fusafiunz sp, Penicilliuna nmarneffez, M crosporunz sp. and

Tri cl zophvaxempig. safnxeadkes.t Rhizagis)hlgef curl (suckapasng) bawdenyoumddaw (shae. The

| f Ca t dent
! vast on: otPRGeRGeRE 4t spds i B FERE! Fenh (0 ADEURRAN o B8HEE T equir ed 1 or
i nvasippe guapkdpostbs biikiral (k). /@HpERdM), SBALRSE, VéhiadDuses @del of system c

Fusarium), rusts (e.g., Puccinia), smuts (e.g., Ustilago), and cankers (e.g.,

Rhizoctonia). In addition, fungal species are the commercial source of a great many
medicinally useful products, such as antibiotics (e.g., beta-lactam antibiotics such as
penicillin, cephalosporin, and their derivatives), anti-hypercholesterolenic agents

25  (e.g., lovastatin and compactin), immunosuppressives (e.g., cyclosporin), and
antifungal drugs (c.g., pneumocandin and echinocandin). All of these drugs are
fungal secondary metabolites, small secreted molecules that fungi utilize against
competitors in their microbial environment. Finally, fungi also produce commercially

important enzymes (e.g., cellulases, proteases, and hpases) as well as other products



10 infection. Pathogenesis of the plant fungal pathogen Ustil ago &ég'P%
maydi s al so requires invasion. Second, there is a correlation bet A @
that regul ate _agar invasion in Saccharonyces (S.) cerevisiae and genes t
control i nva¥P8#2$85 pat hogeni c yeast. As S. cerevisiae i s anmen8bl&SP%2464
genetic studies, it can be utilized to nolecularly dissect the genetics of
fungal invasion. 15 Honologs of certain S. cerevisiae genes required for

i nvasi on al so regul ate the production of2-secondary netabolites and secreted
catabolic enzynmes in other fungi. For exanple, activating nmutations in
Asper gi | | usichomregs:dkiibhel® ager evirsizagmeNyY, gengsveaigse i ncreased
production of the secondary netabolite penicillin and a secreted al kal i ne
phosphat ase (O ej adhetspedifics igewbrhDeng MeBE thatgmvitbzapstrasemearoy of t he

| nvention In one ect,. the inventi.on features a nefhod for determ ning
whether a cAHBTRAORCEIHo At St aigBor il Biehts EePBhm i Snet o Gpurbbl
linked to aybingahvd ANASEN DR RAIDERE:, ik PSR HRAANIEREN Hatiib %LC,'SE@?S the
steps of (a) providing a 25 fungus expressihg the gene operablf I'nked to a
fungal DPnvasiCungaiesprbpetgtiys fh)Meantspc Rimgptdh ep.f Bagusomisp, Pdag//aandi dat e

conpound; and { detecting or neasuring expression of the gene follown g
contact of tH&E ﬂn@’ﬁ%"oﬁ"i’ﬁ"'ﬂﬁea‘(‘:‘h%’(’iﬂd’é’ﬁé‘%dﬁ’p@dﬁ@l‘? ”’irﬁ”%’rlécfségﬁ%ﬂs as

enbodi nent [ [ W | d- i - , e 2 6
AR 2002 o 88 T38Hs OIS P ReBiGo by Bl 8] el ngREEA AN EESe |
Asper gi | | usdepestiehanson in@adivit afhoss isles), m@tatiGnd iHIMFILRECerblURPES requiredt her
preferred enbodi nents, the gene used in the nethod of the inventionis a
fungal i nvdel Rvgeneromtb spbadyiafly mefice VAVESEh g mey s mer aldel, sysiertio ut

0T it kghtenesgy Pl i areshRfBos e fiosae Py 4l Son

MGA' 1, MUClrequiRfelSavaRHdaR SePbid 3herPTG corfdl MoB, bebrkdn odo3BtHat résaPlte a@kE21,
STP2', SW4, TPh'2, TPh'3, RIM, or YPRI. In still other preferred
enmbodi ment gnvaske igSwecigseryia (bheereersirgdndizenercthpnsamirol oryasionanr eport er

gene. Exempl ary r.eporter nes useful in.the nmethods of the 10 jnvention
Tetuder - w EHSEEREBRY atrs i Lok B A RemElo R SRHe sedRl .88 pruiiEbeon
f 1 uor escentm@eQlifiNdk§dbihe dedeldl ARSI daasioh! ack luciferase, URA3, or

H S3. In preferred enbodi nents, the fungal invasin gene pronoter utilized
in theldethods of Hesadlegserficesani$ carepisvedehemeqtired firGivasjonAll reguBTAl |,

STA 2) or SIA3 gene pronmpter. | n other eferred odi nents, the fungal
Cmoaa) - gerht Bl R e ol fer kTR E SR PSRl PP anCAFL |
, DHA -, I\Mllgiz F(N@%am})W@@tida’ﬁi‘a%?nutitwn“s'Eh Ak%llu&Wﬁc@@gsl Mhels . INIil 2,
INVI3, Rw Il  [|NVl4, NVI S, BEM2, CDC25, , IRAT MM , MA | |
PET9, PHD ZerdPHORIINIPIeDes cauRe hcrgyse@piodictiGRB the s@SDdarySTERbolIGTP22, SW 4,

TPK2, TPh'3, or,. YPRL gene pr ter. Preferagbly, the fungal i sin gene
oromoter | Peaagheneearel Gt ParbR et TR G SPHeRDEY W Eene. promot et
(e.g.,20 fragent of the FLA| gene pronoter); and, if desired, the
fragnment is fused to a basal pronoter (e.g., a basal pronoter froma

PGh.'1, ADH |,

es
hat
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Summary of the Invention

In one aspect, the invention features a method for determining whether a
candidate compound decreases the expression of a gene operably linked to a fungal
invasin gene promoter. The method generally includes the steps of (a) providing a

25  fungus expressing the gene operably linked to a fungal invasin gene promoter; (b)
contacting the fungus with the candidate compound; and (c) detecting or measuring
expression of the genc following contact of the fungus with the candidate compound.

In preferred embodiments. the fungus 1s a wild-type strain (e.g., Saccharomvces



GALI-10, tet-R MET25, CYCl or CUPI gene). Typically, the expression of the
gene (e.g., the endogenous FLO | or a reconbi nant reporter gene ekiprA@B 3083
under the control of the FLOLl gene pronoter 25 or fragnment thereof) is
measur ed byugssavkdsd the RNA or protein levels or both of theperpsesseds
gene. For exanple, the pol ypeptide expressed by the fungal invasin gene or
by the reporter gene produces a detectable signal under conditions such
that the conpound causes a neasurabl e si,gnal to he produced Quantitatively
determ ning the anount of signal produced requires conpaiing the anount of
signal produced to the 2 6 APR 2002 99/ 25865 PCT/ US98/ 24646 anount of
si gnal det €65 G5 URE G IERREE. Ot NS H B PGS b SiMYRREEREY %R upon

cont acti ng (fGudrf funtthd N2 ier A ieted ONBOMAMENAS tloSiAeR6dd R RRNBIL The
conpari son per s thHe identification of the conpound as one I ch causes a
change in theingetteat Bhlfengdl gnakinpead UEREMPMrt hmgadipy &5 gehegamdude. g. , at
the RNA or protein level) 5 and thus identifies a conpound that is capable
of i nhi bi t ivigouthgatatipn 'IGQHW,défd/rleH%&r{Nﬂ/ﬁeH\é%ﬂglg' i DV BINVAS f ungal

i nvasi ncge i QERer I j,ed ap. A bti4,0n f |54 sion
or an i?\hi g&tﬂjg’n of "t ﬁ%@e%ﬁ%ﬁ@’%’% B@\)fé\nﬂt ?ﬁqur}lbakgjégs]t ]C)p/}mj(’Iq o’ Mjcml’

pseudohyphakyan opking opbot PHORB, PECAL R/ B5S BELY SSRA e SEDY eSITE DN SaPso,
features a nmethod for determning I 0 whether a candi date conpound
i ncreases tHé4eXBKesErin RiMaoy&RB/operably |inked to a fungal invasin gene

pronoter. The net hpd rally incluydes the steps of provi di a fungus
expressing the gen 38@3&8”??%?ﬁ§58ﬁfguga¥ﬁﬁ€%¥gpﬁ§3§ﬁﬁ%§gﬁg“ﬁﬂgﬁgfer; (b)
cont acti ng i NeibHROX SepBitbiNgdnk! €x &P A8 ricoRRY b uBRdnd Mkt 8EtHeng OF
measuri ng expression of the gene foll'owing contact of the fungus with the

candi dafe lin&ngconpouwdt, withopt leheatred cielvtro hee it iransaectylas A Tl igtdear

i ncl'udes determ nmg whet t he candi dat aund i ngrease he production
of a secondgwyxﬁﬁﬁ&ﬁﬂFWﬂgﬁ#ﬂfﬁﬁﬂa@Bﬂ6ﬁ§fﬁ¥%§gﬁﬂgﬁﬁﬁ'Q@ﬁgc?§§¥ e invention
features a method_ {06 AS{AlMy3RGe it ehdRoA GO ga&zeg)rs&%&%ﬂ zédﬂswtmts

fungal invasion. The nethod general 'y i ncfudes th steps of (a
cont act i ng naethedsgifshenintbntéoncia ddiivkat foraahg AU Od / UMAET !, SGAd) STAher STHB abl e f or

i nvasi on and (b) measuring or detecting invasion by the fungus foll ow ng
contact wi t3§"¢ REMRARi B atheT eBipERIMPadimsRist BE feeab YGHP AT BIOMAE f ungus

I's Cangisda jal, &e%%gﬁo%%tefggcﬁﬁﬁ%e?d%ﬁ%ﬁ flord &Y AF7 3D éﬁrj,g}gﬂ.hﬁflfﬁ?ﬁ?&t’ t he

invention features a ne eterm ni ng whet a ‘candi dat’e conpound
pronot es fungal INMS agvo VN VTIoeINwEt Hosy gz enaBl gisi naMriesINie, sEes of (a)
contacting a fungus with a candi date coggound under conditions suitable for

i nvasi on afePCB). H@adr ikddg MrM e Eek!i R TOnREER 20 RHIRE 3 RECH ulkfds 15614 owi ng
conect, w blcysanaycopameyns oo Dist LR TG IRBke (1 unous
2 6 APR 20(cferably, the fungal invasin gene promoter is a fragment or a deletion of the fungal
20  1nvasin gene promoter (c.g., a fragment of the FLO/] gene promoter); and, if desired,
! the fragment is fused to a basal promoter (e.g., a basal promoter from a PGK/, ADH1,
GALI-10, tet-R, MET25, CYC! or CUP! gene).
Typically, the expression of the gene (e.g., the endogenous FLOJ/ ora
recombinant reporter gene expresscd under the control of the FLO/! gene promoter
25  or fragment thereof) is measured by assaying the RNA or protein levels or both of the
expressed gene. For example, the polypeptide expressed by the fungal invasin gene or
by the reporter genc produces a detectable signal under conditions such that the

compound causes a measurable stgnal to be produced Quantitatively determining the

amount of signal produced requires comparing thc amount of signal produced to the



WD 99/ 25865 PCT/ US98/ 2464G -5 In still another- aspect, the inveg@%a? 00
features a nethod for identifying a fungal invasion-pronoting gerfe. Ré

nmet hod generally includes the steps of (a) expressing in a fungus (i) a
first gene oyepaissys | i nked to a fungal invasin gene pronoter aaw/usSbs)46as
second candi date gene or a fragnment thereof and (b) nonitoring 5 the
expression of the first gene, wherein an increase in the expression of the
first gene identifies the second candi date gene as a fungal

i nvasi on-pronoting gene. In preferred enbodi nents, the fungus is a

w ld-type s [ e. g.,,..0accharonmyces cereviszae ergillus nidul ans,
PenicilIiu%&éﬁPQgéﬂéﬁﬂgféB%% @thnﬁfﬁﬁfhﬂpyg%gg%ﬁﬁﬁggﬁégge%ﬁf5%?’strain; or
i's a transgefiagnhgingest with BrediBERRIYpouhB as sl desént@aMereiNCTHEesmparfsongal
invasin gene (e.g., FLO | or MJC ) In yet other preferred enbodi nents,
the first gensit helideredicatibminfitie compasidag@reeviden cavses 4 clomgafh the DHHI

INVI, INIjS | INVZ, JNVB. INIi9, INVIO I NVI 2 INVI3. INVI 4,
INI~I S, B WF%%@‘%‘S‘;, PH&%‘"‘?? Praq éX,Prfisz 8?“)6%&A’ at th? PDQI\P/IY Pro,te‘g!@r“é) PHD 2,
PHO 2 35 PLGH thusRiMtifies a%a*nplound %1§ ca able%ﬁpx_hlbith%r Etr%%al imvigore, A1S SW4,

TPh' 2, TPK3, or YPR gene; or the first gene includes a reporter gene
(e.qg., | acdecrioh3n the expresSBn. ofithe imehkinvedin gertzad gerendlly, acchmphrindgaly annvasi n
gene pronoter is derived fromthe FLQ | , MJ , STA, STA2, or STA3 gene
pronot er . IRBIREO! Singab vasio 9 8 i HbiIeN of g devrgrinertal sy trhofEere Ysr8not er

is derived I Nnl , RIM, INVS, INV6, |INV7, |NVB,
INVO, | NVI f%‘f‘*%%ﬁ?&fﬁﬂlﬁkﬁ"é,“”r Rﬁﬁ%‘h INVI4, INVL S, BEMR, CDC2S, HOG . |RA
|, MCM , MGA | |, IiPleldted Rpe2s, REDRAZnubH 6o feaRirM a SethSllforddet&Bningl . SSD |
, STE21, STP22, SW4, TPh' 2, TPK3, or YPR | gene pronoter; or is a
fragmeh? omhsthespepnddasicompeund swecaesths exrsassiaral cnnoaeiblydinked to a
pronoters. eferably, the fra nt_ of fungal . i nvasin gene.pronoter is
Pused to- a i BLAREent Bioa S BB mehgd oct PR npRTHE SERRRLE A 11

GALI - 10, t@tm\l?dngTfa&gu Xotessiak thdBincapBfbly IRIRH S 2Bingal tResigxpRessi on of
the genc utilized in the method of the invention is neasured by assaying

t he prot ei proragiel; (bf cartiectiegpheBwgds withshe egpadilatsy copypousdapidrig) ddiectiRignr] evel
of the expressed first gen 2 6 R 2002 WO 99/ 25865 PCT/ US98/ 24646 -G In
el ot o SR Eing ORIt EaederuiRdrRECLo et Rt B e ng »
fungal 15 nvagh@Bosdl BN fréfetred 8RB odithG dTRENGEEE BatRY Inenidas bbdaRintf)e steps of
(a) expressing ma fungus (i) a first gene operably |inked to a Tungal

i nvasi n gendeproo it @ndaiatt gompouad smrersds hapdidiatien gengconddry agnantite her eof
and (b) nnnib%%ing the 5 expression of the first gene, wherein a decrease
in the expr®S%i'8ASYF the first gene identifies the second candi date gene as
a fungal invasi on- {nfYqohdriaBeecg8Reinvhf Hela@RRNRE S RE Gkrerhltnd WHEMEE ON
features a nmethod for increasing production of a secondary netabolite in a
fungal cel la;cahdhidateebnpdunged mbilstsd fungaichwades. The nsdtlep gehemtptiadudasghe he

f ungal W th fungal invasion-pronpting conpound and 1 U culturing the

el | i
cell's %@dersteea ﬁ&(asicah@cm ThingroHyhe qaRdidats CrepeRRy WRAsE pARddonrstsuxablec ondary
met abol ite.,J; - [ E I
et easi ng o Bace o (o HRaGlring el RUER Ao BN g ARLOAR odfagt
met hod generidd thy chmditatd esmpbends tIapreferrdé empodiniegtst e fengus esShadidof a fungal
invasion-inhibiting gene. In 15 preferred enbodi nents, the decreased
expression‘%ﬁw44ﬂ9r BBl O PRPA SERSHLSIA%hi bi ti ng gene (e.g., HOE, BEM?, RIMS,
SFL1, 1RAL, SSDI, RBl{’herg\s/ge% L 'n-\l;lé)rlﬁ?’%n Iregtﬁxl’jelstasmétﬁg o e Pl%ﬁ;[il V%thl ﬁlre]:r of the

g tfer P d ts )V IEheE

fungal invasion-in W%W%lng Shd™e 1YY referrea enbodien

i ncreazsd praaddighie@BmPbudd pRAMIERRNgMEh AR tReREMbd ScrlfAR ihBl@deXREESSi ONn
of a nmutated fungal invasion-inhibiting gene. 20 In still another aspect,

t he i nvent istaps Pé&t) goractangefingds fath a4 aodidasicogpprmtiuwicr orndfiors Suitablzl
secondary getaboLite. &ge met hod general | anbuqes tile Bte of increasing
the expr essPol VBT DY B TSHFISSHBEHTRHER GE R Tupgusirlpwinseepntact

enbodi nment i i 1. =S ARL , I NV7,
v, Sreor " e R b AR Rl RRES BN R Ty P o

INE~12, | NWBeadSShddih AsnnlcNVEc: Bys GG s pbAgM s, i ddddsls. , PFI D2, PHO23, PTC
RIM , STP22, TPh'2, or YPR . In other preferred enbodi nents, the increased
expression of the fungal invasion-pronoting gene is achieved by
constitutively expressing the fungal invasionpronoting gene or by
overexpressng such a gene. In yet other preferred enbodi nents, the fungal

i nvasi on- pronoti on gene 1S mutated 2 6 APR 2002 WD 99/ 25865

PCTI US98/ 24646 _'7 _ 1n another aspect, the invention features a nmethod for
i ncreasing production of a fungal secondary netabolite. The nethod
generally includes the step of expressing a gene or fragnent thereof that

T 1 - o - o o - Y



10 the step of decreasing the activity of a fungal invasion-inhibiting

pol ypeptide. In preferred enbodi nents, the fungal invasion-inhi bi%ﬁ PQR 200
pol ypeptide has a nutation (e.g., a dom nant-inactive pol ypeptide n ot%e
preferred eghpsiAggts, the fungal invasion-inhibiting polypeppeei@sbddeg 1.
Ben2,, R'm 15, Ira 1, Sfl1, Ssd 1, Srb 11, Swi 4, or Tpk3. 1 S In another
aspect, the invention features a nethod for increasing production of a
fungal secondary netabolite. The nmethod generally includes the steps of
increasing the activity of a fungal I nvasi on- pronoti ng pol ypeptide. In
preferred enbodi nents,  the fungal |nvasion-pronoting, polypeptide has a
mitation (e.g., a HoH'haMbadsrses PoIvypRmI @éwr%lﬂﬁngﬂlﬂgrfg%ﬂ@?téww

enbodi nment s, f al i ' ' : ' i.Sc.AFLL, Dhhl,
vt 1 mos 1 et UATLAR. ehRRARDY pOR-AR HRGRES A8 s By P
S, Cdc25, lerpréssingin dfundga (il a firhidzne Bheaady lidked b, a fungld, infit@ gerRet 9, Mep2,
Stp22, Tpk2, or Yprl. In another aspect, the invention features a nmethod of
i sol ati ng &Teraeigaind () asieponsberadiduirecie oha dagasatthenegl s/ &) wmonitorag st eps of
(a) proyidi a_fungu S-expressing.a ne _oper.ably: |inke a_.fungal
vast ) gedBoePun Pt FoTRtBLE SR FEa R B ey LSl oy e
expr essi on i@ntifieet@eBEonRHRIaRE @he 2016 TERSLIVhsiBRBFRAGEN Fenkhen expr essi on
of said gene identifies a nutation in said invasin gene, and (d) using said
mut at i on arefemed kabodigrenss diedingiy is aivdld-typasirain geaeSeadhapretaes r ed

enbodi nents, the fuyngus.js a,wild.type sty am (e g., Saccharonmces

cerevi si ae dc’)'re"iséaeaﬂslgaég%)“ﬂlﬂﬁgl%ﬁzp 9@@?[’@8@%’%"&?‘%&/ §8P348U6 mut ant

strain. | nprebesnsy: Gadihedtasn: oriel g MEigldoted 1 n the nethod includes
a Fungal iﬁvési%"é‘eﬁe (e.s~., FLO | , ﬁlﬂ%%ecl , Eéu > 3 I B N/

| NY~, 10195, | Nv7, PlefevBblyl Medirstl ddhedie]udenh findal invhdid Pede (el AMFBO T Mt 94 .4,

INl%d S, BE=: CDC25, HOG. , | .., | ., MEA | ., PET9, PHD2,  PH023,
M, PTOTOCH s O@ﬁtpicf?rr@ﬁgnpﬁodfpﬂ%ﬁmm} serapqluderpansalapr ey, TPK2,
TPh' 3, or leRRierived IHom WY PRI LTLPY WWV@%?W(, N, 9978, pgludes a
reporter gene (e.g., lacz, URA3, 'or HISS). In’stcl1 other preferred, the

fungal i nvdSVn/ gemne2piomit, eNvi 4, INVem FEL, COC2NOG, SRAL, RINTAZCMIr, STA3
gene pronoter; or is fr I NV?, | NVB,

: omthe AFLI, DHH, INVI, INVS INV%
INVO, | NVl MGA{NRETY, PHIDRAVIHO 231 RN G4, RAMIONSA 4L, SRINY, SDh 3B T35, RIM
10 »IRA p R , | P . , , . SFLI |
“SRBI 1° sggﬁf” E@l%ﬁ’i?lﬁgc&?f‘ﬁ: 5@%5@%&@9&%& %g%erégﬁwpgom er. In

ot her pref éiged/remshodHeNt s, the fungal invasin pronoter is a fragnment or
del etion of the abovenentioned fungal invasin gene pronoters. Preferably,
the fragment of a MugéaTedpubodimendnhopfvpadtieyasingeng PERMetST & dsazed pr onot er
(e.qg., abq‘%@ LR £ a ‘dry 51 ﬁ%l g:Ath tal - 13.S, CYC
or CUPI gene .lk{%n an{)}g%gkés“%i@,S]T#ﬁ’e&i AVent o e(le{%ﬁrlgs()ﬂgrgﬁ%d? of using

a cell (e.@mbodinidhigahe @kh)intin ideMrdhyiend Rrigehfomhthe I ALEgDEALES t he
expression froma Candi da al becan;\a?ene ronoter. The nethod igener ally

i ncl ude@ t BV &L RIVEL SNVO N, SV di INY Sa IS LINEY B 1L ny/ T4 25 EP6HT. ENVdéne

cand: dat e (R AR CRRe AR A B RGP R EE A A o on
of the repyigs, SeNE-SRBYIPSSDErITED 1SSty By SEPRNG PKBNeAYPRELENd S
Saccharonyces cerevisiae. |In another aspect, the invention features a

met hod f or pprregar;iong afregmasigenideldion gdkheabble-heniioned fnogd asvedinggsnendar y
net abolite producti onf 'Lhe %hod 25 g ner?ll%.i ncl udes ﬁﬁt;e ﬁ%e s of (a)
[t r oduci g EmePEndguREtS (B Tagmertand daal iy MATOIR ASRCGEHR. such
AFLI H Y B 1S, , NYI _IpN 51 NV9,

| NL% ! 2% PR b%\é’”@}er ‘lﬁ:\y alb%#%%mﬁﬁv%awﬁg&f&% Gﬁﬁl{/wgfet gbhé@:bi\/m |
A~ CAl, PHOXCPRHOZUR! gh€)., STP??, TPh?, YPR or a fragnment thereof, which

is positioned for expression cn a fungal cell) and ﬂb) selecting a cell
t hat expresses t hePreferaly AR ezpigssi gy bie gggpsilized in the' method of the

tnvention 1s measured by assaying the protein level of the expressed first gene or by

assaying the RNA level of the cxpresscd first gene



PCT/ US98/ 24646 transgene. In preferred enbodi nents, the transgene has a
mutation (e.g., a domnant active nutation or a dom nant-inactivel § APR 2002
mutation). In another aspect, the invention features a nethod for

i ncreasi ng sveerssckary netabolite in a fungus. The net hod genexalidsys/ 24646
includes the steps of (a) 5 culturing the fungus in culture with conditions
allowi ng for secondary netabolite production; (b) adding to the culture a
fungal invasion-pronoting conpound; and([)_(c) isolating the netabolite from
the culture. In preferred enbodi ments he fungus has a nutation. In other’

preferred embodi m“:lﬂtrgl’l%egg?pgc%ng{éslp{/exwga arksodfeét}/lp 34 IE]E:l%iOB 'forl 1@!6%%&!14% anot her

aspect, the invention ures ungus 4ment ous
fungus) WwhiygBali | AGAsUsIEmhebi i BddeOMHeMmaARod PMRSAIY gleneeé h@tstépﬁmf%t s its
activity. Pr ef er abl y, the invention features a‘transgenic fil arrent ous

f ungus hav¢mesam|gut1atfungu5|(r) ad1BiGEne ofyiably Billel|t@ a fBRBII invaSBieneTP~C 3,
SFLI, or an IRt ne or inatio there Pr ef er abl

mutat i ons PRRIATEOERG eco0q LyGIet: Rt rostahd (g EmghitoRRighe ui 4,

BenR, Sr bl c)lpresstdl of tHPKR: Féfel Ivhe@fn 4 H&Irea%E 11?9% e]t réég)i'gp'o@?ﬁé @i ggﬂ%r eof). In
ot her preferred enmbodi nen the transgen tc fungus has increasSe secondary
nmet abol i teldpnmﬁmahc esrofie cagndidata gereas edupgddunctsiomringfbidmg gdrieot i cs) . hi

anot her aspect, ge i nvention fegI ures a substantl al léé pure Inv9

pol ypept i de. Pref éRaBI 3POheR@SAeRy SredBr§AsEs: fegfares 2 REthPR 4t Ingts85ingent i cal to
t he am no f
enbodi rrent&%g%%%%g% it QF&I%SB(&E% el?fgsﬁl ri%l:a)(l) @ melH?)d ﬁ&%ﬁ& %“é%es?t such

as Saccl zamlers%pcoée)mta&tmgomqbemgareefllewmed feﬁ@wchwmr@he;roxtnbﬁng BM}Qpb@&i avasi on
pronobting activities. In a related a;gect the invention features an
i sol atléd nudiueing theedls uadey. congdikiaps hisddiragioterhe mvgcased syuhesitel a Pref er abl y,

such an i aci d sequence includes the I NU9 gene of Fcg. 6A
(SEQ I D NC? %aeag)ﬁal%?agﬁp enments an 25 INV9 nutation in Saccharoi nvces

cerevisiae. |n anahRlgsihassped:, the fvehfivne a8 £ BRtHOIEST mctdabmbantial |y pure
Rim pol ypept| de. Preferably, the R11111 pol ygeptl de is at |east 75i
i denti cal Rredediwnafiasecendiety Belgbeliie én ofurgabeel SAT l(esmc;thpmgmrauy ifichudelye

zinc-fing entlca r out th entire length
of "Uhe poreRPThe a R Ele s Rt S FRRH oA IRE kel Gl 25865 - 10
PCT/ U338/ Zﬁﬁf%@reﬂreﬁfb%ﬂfn%téa W%%xp?&?noﬁ'o@"tﬂe ﬁQBMQﬁMSHCQﬁdh%lfLﬁ@m a

fungus (e.g., a yeast such
gene (e.g., HOGI, BEM2, RIM15 SFLI1,IRAL, SSD1, SRBI1, SWI4, or TPK3) results
from an nactivation of the fungal invasion-inhibiting gene. In other preferred
embodiments, the increased production of a secondary metabolite results from the
expression of a mutated fungal invasion-inhibiting gene.

20 In still another aspect, the invention features a method for increasing
production of a fungal secondary metabolite. The method generally includes the step
of increasing the expression of a fungal invasion-promoting gene. In preferred
embodiments, the fungal invasion-promoting gene 1s AFL1, DHHI, INV7, INV8,
STE21, PET9, MEP2, INVI, INVS, INVG6, INV9, INV10, INVII, INVI2, INVI3,

25  INVI4,INVI5, CDC25, MCMI1, MGAl, PHD2, PHO23, PTCI, RIM1, STP22, TPK2,
or YPRI. In other preferred embodiments, the increased expression of the fungal
Invasion-promoting genc is achieved by constitutively expressing the fungal invasion-

promoting gene or by overexpressing such a gene. In yet other preferred

embodiments, the fungal invasion-promoting gene 1s mutated



Saccharonyces). In other preferred enbodi nents, the Rm1 pol ypeptide has
invasion promoting activities. In a related aspect, the invention)gegRuips
an isolated nucleic acid (e.g., S DNA) encoding a RRm 1 pol ypepti de.

Pref erably, \sgobragssi sol ated nucleic includes the RIML gene ofrchigsosSasa6 SEQ
ID NO 3) and conplements a RRM nutation in Saccharomyces cerevisiae, as
is described herein. In related aspects, the invention further features a
cell or a vector (for exanple, a fungal expression vector), each of which

i ncludes an isolated nucleic acid 1 U nolecule of the invention. In
preferred enbodi nents he cell is a fungal eel | .(f le, S
cerevisiae). In yepn§H8@ﬁ%?ﬁf?%ggﬁPg%ngﬂg%%Wﬁ%%P?“%ﬁg%f§%ﬁ%¥g§ nucl eic acid
ol ecul e of prlbhged Jwvemkt iqualis@c&ﬂggaxhhﬁéb&makqfﬂe hRtRddicasmatigindlhdds tBshept s
expression of a polypeptide encoded by the nucleic acid nolecule. The

i nvention fofrexpesssingatgenesr fagmbit théreef thxtaangbdes aa atuvajed fasal ¢f)a mivagibn-

contains the vector ?f th éﬁ i nven |og..ln still ano%?gr a%p ct, the
Cnventi on RAMSEE PRTYRERIG SRiRIETRGEEOPHIEIOR: G SRYAHt IR HBO VY REET i c
aci d rmlSeC_U]Jn%t ogifntg?[%ﬁgiggﬂ@@ﬁ'cﬁlﬂes X"ﬂﬁfcﬁf BB ¢ Uﬁlv‘ﬁéiﬁn?%rgoﬁpé E&NbELtide

expressed in nic fungus. In related aspect the Thvention al so
feat ures a aeithodond pplypeptcienbatdnrtR4 enhm2eotheRetivily pitthy pepsiodeprobanpet hod
i nvolves: (a) providing a cell transformed with a nuclei¢ acid nol ecul e of

the invent i HYP@IYEI dhether Brelasedrahodgnenth hhgeredrp U3yl turing t he
transformed cell ”Qﬂ%oﬁ.@f‘gépfe&t?&% iﬂfé'nt@f’?éaﬁﬁ@é ;5‘91«:&@8 BRI Singcl d ol ecul e;
nvd or  Rrm |- po

and (c) recovering the pol ypeptide. The invention further
features a predadtyn@d seborwRrpmeRboliteiok fpapl tele Theodubhed gbyerallg hchxdesessi on
of an 25 isolated nucleic acid nplecule of the invention, and a

subst al®i al thy spgpraf deprepgpipeliherastiyits pee fungelinyasioneinbipitingerolpeptisiends t o each
of these pol ypept. des .or rtion thereof, . .By "fll] | L1 VasSlol 7~~ IS

ol ealtt o oy linels 30 hrBluhagiarnilhe e Binar alfiediony;
attaches t ot .,Sél@&hfrﬁhﬁinh&‘if\aﬁi&fbe%ﬁd@ 3K BaHer ?ﬁe@erﬂ:ﬁd enbodneess Y fikggal 2 6
APR 2002 WD 99/ 25865 neasured accordin; to standard net hods as descri bed

herei n. YCThus98i-2d8dienByolypapiere is iegdi Bemgdhen 1Sslrabdiitl. §s¢brfebbhdoditng a
pol ypepti de cgﬁgple of pronmoting or inhibiting the invasion by a fungus
into a substT . This response may occur at the transcriptional |evel or

it may jBe enzymati qnQhofbf et @k ihvbnllah Wakiredn fei@alfol M¥RSLIAgIENes nmay be
identified and isolated fromany fungal species, using any of the sequences

di scl osed heodietidmofcofubpalst¢andami metabgrie.ehhé mathod pendraldy richudien the sthes art .
By " pol ypep&i iggr"eaéxr%g ﬁ%aaryéivg? %f 2(1: ?u%iggl i?lifas?(m-gr%mao%jngSpblyrp%gt%eql I%spsref%];'reld ength
embodiments, the fungal invasion-promoting polypcptide has a mutation (e.g., a
dominant-active polypeptide). In other preferred embodiments, the fungal invasion-
20  promoting polypeptide 1s Afll, Dhhl, Invl, Inv5, Invé, Inv9, Inv10, Invll, Inv12,
Inv13, Invi4, Riml, Invl5, Cdc25, Inv7, Mcm1, Mgal, Phd2, Pho23, Ptcl, Invs,
Ste2, Pet9, Mep2, Stp22, Tpk2, or Yprl.
In another aspect, the invention features a method of 1solating a fungal
invasin gene. The method generally involves the steps of (a) providing a fungus
25  cxpressing a gene operably linked to a fungal invasin gene promoter; (b)
mutagenizing the fungus; (c) measuring expression of the gene, wherein an increase
or decrease 1n the expression of said gene identifics a mutation in said invasin gene;

and (d) using said mutation as a marker for isolating said invasin gene. In preferred

embodiments, the fungus 1s a wild-type sttain (e g., Saccharomvees cerevisiae) or 1s a



or post-translational nodification (for exanple, glycosylation or 5 A 202
phosphorylation). 10 By a "reporter gcne" is neant a gene whose ex res Ion
may be assayed; such genes include, without linmtation, genes encodi ng

~i - gal act ost W@98/25863gl ucor oni dase, ~3-gl ucosi dase, and mvert asRGT/HAYI646ci d
bi osynthetic genes, e.g., the yeast LEU2, I111S3, LYS2, TRPI genes, nucleic
acid biosynthetic genes, e.g., the yeast URA3 and ADE2 genes, the manmali an
chl oranpheni col transacetyl ase (CAT) gemge, 1 ~ or any surface ant~~en gene
for which spectFc anti bodies are avail able. A reporter gene nmay encode a
protein deh%ﬁ{ﬂﬁpét%npylgzﬂ%%g CEIbsa s, IO RSEEREEIn BHAERSI HRRRS a
fluorescent protein ( Reporter genes fay encode al so any protein that
provi des a ﬁnheﬂonwlmgmmr(kgr ,FLUjr/ M(éﬁplﬂl]a&ﬂ]di MY It PS5 | BV IftecEg8ary for
cell growth or via N%roteln eadi n%to cell death, or the

reporter ge’ﬁ@/‘?n'éNV%r(é/é/dé [éVVZ’d EY%‘{%I /A Al by BEMR QP 344G eadl ng
to the presgnge b e C I r iV r

encode a suppré:[s\/fspi:)}v?’t/%m9 §Z9e§}3r9§s’§ﬁgﬁom é‘ﬁro ucégﬁg?’pﬁeno 'ype that
can be &assaysl, Smmepﬂrﬂersmamcx;drm«mgrn’BthheInld'w@rﬁre@neuncl udes

el enents (e.g., all pronoter el enents) necessary for reporter gene
function. 2onimdimegipsthegencanripdegierapPral sene{c-fe 0L, deeﬁp Pp&EtHddnstiinucl ei ¢

acid exhibit t 259 ref er abl % re and nost
preferably %Bg/}ﬁ’r?a)ftrmsg%ﬁe gglg;{? mgasutl #?ne]f ém 3 er°1 re]njéie)bg%%?aéclsz’gé/’equence
(for exanplersz Bemmewbm@eqmge»oﬁmwszMHﬁanEmw1N®‘6 Hrvor

nucl ei ¢ aci d sequence (For exanple, the nucleic acid sequences shown in Fy
~A, SEQ 1D NS, Bf)’Vﬁ? HoW' 10, IZJPQJAPWQZDMVWDIWMSB‘G’SU- BEZMECTI VUSO8 RIMGAG

8. o 18 ?Qgﬁ Sﬁaﬁﬁgﬂﬂ} oA PE I 3 AT RIARET T L BT P Bt 1 Cast
25 ammo aci g, 39H0Ske Dl S84 AR IPAATBPYARE dEnbroliofd Ghotfe brdltbel C

acids, the Iength 0 mpari son sequencés will “generally be at [east

nucl eot i dessmiprdehentalthy fiadgal ilwastin fnrotes ladoiginbas or alnicteoxpmfethetahbi/ef at I east
75 nucl eotides, and nost preferably 110 nu Ieotlgles or ?@\ng Sequence

i dentity ~smeg}mne%|ﬁm£ah@a§wganqeioﬁ@t%qﬁ eblyn P;felggﬂ ngaf f or

exanple, S r h -1 Goup,
Oniver s ty o Sl D ot ReP s 515 R e R ek
Madi son,S 104 /1 58403/ 0BleARTMMBEAUTYC/ @ (UYRELEePRETTYBOX prograns). Such
software matches identical or simlar sequences by assigning degrees of
hormol ogy to vari oudn apasheriasprdtdhg Invgalier feghises amgihed oburag afsHi(Eigodt i ons.

Conser vat i Vt%ng&l%ﬁ 1f Hde%ﬂ?y ﬁR%Q' %?e' WMICI’I 'P&n%h'ﬂgs &1}4%@4&836 B MctRlify,t he

foll owi ng grodp yc ne -a I'ne ucnle aspartic
aci d, gl ut anbeaacidshe pa@ﬁauéagnﬁ‘femegxlodtgamrlley 1rﬁ:ﬁfdel€he stépstdfigpptonetind ¥ si ne,
argm' ne; and phenyl al ani ne, tyrosine. "substantially pure pol ypeptide"

is neant a Yl sxpesstinga remoter é@@&rﬁmeéablbehnlfﬁ?iég|3rC‘fj@’F‘§f‘p%létcﬂdég§’EFch0§sOt?rhe | nv9

nat ur oy ARty a1 PP H RSN ELac b AR BRI, ) pure

when ~t is @@résgaﬁrof@@%p&m\gemgmh préfefred EmeBd it it Rhps cends 20
natufral | y-occurring organi c mol ecules with which it is naturally

associ at ed. Sdeckdremgbtsyceraviséagor eparation is at | east 75% nore preferably at
| east 90% and nps gr eflerabl ﬁ | east 99% b \/\@I 83 an nvasin

pol ypeptide. A substamtt %{Ials‘ile‘%d 2 INVALY ai%‘ﬁ%‘él OTRIGPHE Dt ai ned, for

exanpl e, Dy &xEERCHIRA (feﬁIQH’vﬁ‘lgrlﬁéﬂéﬁs%h sSUNHGS thE@hoIRX BB LR LioR fl"l=f5‘91'%:|thcﬁie| 1)

by expression of a reconbi nant nucleic acid encodi ng an 25 i nvasin
pol ypepdi degenerallgyndhdrsitivadiens oy a) inesiwdinga trhesgeno{eg.na triosgeny ecandile

measured by any appropriate nethod, for e rapat o hy,

Dol yacr yl aTiiRVesah SeIeceEs dbhar BEYG) PUP 7y VAR e i iy dr S, W Bl Y om

I's meant isppal edydrRmar AV Ravt NRBeAHERLEe 1R & INvi s, CDC25, MCM,
MGAL, PHD2, PHO23, PTCI. STP22, TPK2, YPRI or a fragment thereof, which 1s

postioned for expression tn a fungal cell) and (b) selecting a cell that expresses the



natural l y-occurring sequence (e.g., a cDNA, genom c DNA, sy%trmnf§ﬂ %M
conbi nati on 2 6 APR 2002 WD 99/ 25865 PCT/ US98/ 24646 - 13 thereof- E@
"isolated DNA" is nmeant DNA that is free of the genes which, in the

nat ur al | y- og@uorisgsg genone of the organi smfrom whi ch t he DNAPOT/USYB224646
invention is derived, flank the gene. The termtherefore includes, for
exanpl e, a reconbinant 5 DNA that is incorporated into a vector; into an
aut ononously replicating plasmd or virws; or into the genom c DNA of a
prokaryote or eukaryote; or that exists as a separate nolecule (for

exanple, a r i : Q HO )
restrictioH%e“S%ugf%gge gféggﬁﬁﬁn ’f&%gggﬁg%%g%% Mgt @pxgégﬁéﬁ@BS@“|t al so
i ncl udes a ateeomiiafdnbr PNAMMMntndciv@atitati@h).a hybrid gene encodi ng

addi tional 10 polaﬁeptide sequence. By "transgenic fungal cell" is nmeant a
fungal cell into whi @lethesaspast.shaimvaritwsicetirasfa mpthed fornasrepaag 2i nt r oduced,
by means of reconbi nant.. DNA t.echni gues, ..a .DNA npl ecyl codin s used
herei n) an SF(}?\r/‘g%riy r{n%gli’(i}ﬁgfﬂ f h.g}gugy%ﬂ%ggemoldcgqgargﬁﬁrmcgy(%rsgggftgﬂ&gﬁé?maant

that the DAmhEGEfEndus idBul@svitaaditRl aR6Rngt Br fedohiiarSREEHIR: Whi Ch
directs transcnpt~on and translation of the sequence (i.e., facilitates the
pr oduct i on podducfion; (exaddpntio tha celvasifnng inqaepnigemotng eewpburtiand pe)ot ei n,

or an RNA nol ecul ). By 'pronoter sequence"”_.is meant. an i n.mal sequence
Suf £1c1 ent U B el A BB RO PGB CTRB R RO PR A oot or
el ement s tmﬂha@&ﬁI%QU%HBEQE@&&e&@o&ﬁﬁﬁ%fﬂ@qﬁﬂﬁkﬁ§QQﬁRﬁﬂgggﬁmﬂene expression
controll able for gene expression, or elenents that are”i nduci bl e by

external signals o sujleanogher aspeht, themeaitonnagtutys altorageuc fumehée.§, aor 3’
regionE of the natiyve gene_or_quineered,into a transgene construct. By
"operabfy IfilReHous fgngs) jthighincludeqe AWEIoN 18 ap ey(Is Rt S5 RUGHBRERYY are” 25

connect ed 4y SHEMy Bty A LRSI ARG FXRLAS TANIBRI LD, ARRLOPTT ate

nol ecul es or “exanpl e,”’transcri ptiona a proteins)”are

the regul ahuyti @EQUEHOE) S § WIBYBE ANk Biat §SDENEPK 3, SSAIRaot aiaig4 pp&eerof DNA
which is enserted by artifice into a cell and expressed in that cell. A
candi dat e geneowmbipaiierthgirofaPederably. such mprigporhipp thorgyggpithg 4

PCT/ (JS98/ iL.ch is part])ycQr i h r o} r. eq.~.f.oreign) to
the {1 ansqetherst Bhilo(® eBidatt sLa POl Bia 178LEY, TRIDMILIdr iy ol

endogendus cg@bthadbn tHieeo). Jardtednpr8¥red ERABS@RTRATS, iR tFRdgdni@yhens Ree of DNA
which is inserted by artifice into a cell, and becones part of the genone
of the or gakfirease aproafaneneplspse produstidigie. &5 Inereased predicaon o ABigEpecsay

i nclude a gene whigh i artly or.entir het er ol.ogo i.e. ., foreign) to
the tr ansggni c or gglrﬁngfhe%f’pe ;t/hcr‘Qﬁ?'&(’é‘ﬁéf%ﬁreégﬁggﬁ%%ﬁw% glﬁes E}Vg an o
endogenous p%m@pme. tiRefePIbUR Mh STy O BB ypep@dsiganicast 359, RANEalad YheC@hihoWhi ch

i ncl udes a sequence which is inserted by arti face into a cell and
becones partidokqudnee geRigneBABEQN® NPy &hi mrafgmath eohodenasits e fivBm t hat

U T A O X p e
contal N oN@nf¥od s, (VIATH RadRRESen promoting activities.
In a related aspect, the invention features an isolated nucletc acid (e.g.,
DNA) encoding an Inv9 polypeptide. Preferably, such an 1solated nuclerc acid
sequence includes the /INV9 gene of Fig. 6A (SEQ ID NO: 5) and complements an
25 INV9 mutation in Saccharomyces cerevisiae.
In another aspect, the invention featurcs a substantially pure Rim1
polypeptide. Preferably, the Rim1 polypeptide is at least 75% 1dentical to the amino
acid sequence of Fig. SA (SEQ ID NO. 4) in the zinc-finger domam. and at least 25%

identical throughout the entire length of the polypeptide anmuno acid scquence. In



By "increasing production of a secondary netabolite" is neant a %r eat er

| evel of production of a secondary netabolite in a transgenic furdfudPRilit he
invention 15 than the | evel of production relative to a control fungus (for
exanpl e, a nodoyzsaesgeni ¢ fungus). In preferred enbodi ments, PaFUSIsRIc46f
secondary netabolite production in a transgenic fungus of the invention is
at least 10% greater (and preferably nore than 30% or 50% than the |evel
in a control fungus. The level of secondgry netabolite production is

measur ed usi ng conventional methods. 20 By "detectably-I|abelled" is neant
any direct %fe%r@cﬂa%ﬁgail%@ﬁlé Rim lgké}gld@'?gfrggleﬁﬁlln%ﬁ %ﬂtrpﬁea@{ SrfNGe of a
nol ecul e, for exanpl'e, an oligonucl eoti'de probe or pri , a gene or
fragment tIeeeRfromptesp TNAemmkReret @nbodandntqgeRim b pellyperftide Mat hodsiohor
detcctabl y-labelling a nolecule are well known in the art and incl ude,

wi t hout | i Pre@pilahacthaidisoacti ve | abelling (for exanple, with an isotope
such as 32P or 25 35S nd_nonr adi oact i ve. | abel |i.n ar ,exanmp! e,

chen | umi nescent | FRarring 2Rt W BREHo i B8P e ity Bl bt AR e,

"punfi cgl a'ﬁNK?’@B{c'bd'ir% ARANT pBibhe MBfeEblY, Sudtt an RoRteddTleibcRiegte free
froijl pl"OCelllS alld IIatFtra y-OCClrrTrrl ~ organi c nol ecul es with which
it is naturdMigeasobdE1at>éd(SHY 8P &¥Qbl)and chmppmeguéy aRkiMdh niwgatamn iheast 75" %,
nore preferabl 2 6 APR. 2002 WD 99/25865 .- 15 PCT/ US98/ 24646 90% alld
nmost pref ersgﬁf}z}”’ﬁ’fz}’?eéefgfev@g% apis QRSSTIFE NeSHR body, for exanple, an acquired
resistance polypepyl dessPRpebisCin@MIRAGY furtheP Wab k&8 cdiNyast & @ Pody

(e.g., Inv9 or Rim) may be obtained, for exanple, by affinity

chr omat ogr aphyiples a figngal exgoessiimnatdr), epelodUeledh acdedes ed isodésed baricie acid

pol ypeptide and standard techniques. 5 By "specifically binds" is nmeant an
ant i boﬁ@ W ﬁcwl%eg%i‘ﬁ\éfémaﬂdl'bPWE?Teé‘rFWWQE‘F’HSﬁB?Srgbﬁtaifgég%&?”\ﬁﬂrch does
not fsubstanti Yol ¢ I Z€ 1an i [MoRe - for
xanpl o, - a Bap ShSar CaDkar IAYE) Mt Bkl AR e, Lt S R i

pol ypcpt i dackiuablcasiclofivf: i@verfRionl is op@yblg linkud & & promdtér thEanédiass al t er ati on
in sequence, ether by site-directed 10 or random nutagenesi s. A nutated
form of a [SrBYestian ahzoplyasrile pepind iithanprelsy agid melepulss Thaswrenfions

del eti ons, 0 [ GRL[ANGRNRDLS o AnIH! Al ohc HIGANMCRILBLDI B MUt ati on
The invention provides o g awai ted adVvant ages over a wde varte y of
standat§l sGriweafibhg net hods used for distinguishing and eval uating the
efficacy of a 15 compound in regul ation of gene expression in fungal

pat hogens. For exahp$td! anofecrpepdsdbdie HIVERQ!IY %ﬂtuﬁﬁeﬂ Faegeni¢ fungts sisludiys
genetic selecti.gn in_a _high throughput rmat, .of peptides and conpounds
Phat spect Fresr Ty 48P olv@® b ARRERE LTV oribel B FEnB e bl ol 2o
al I ow t he nmméigcidé isasdpt@bed @rthé HeMsgagie Thseus0 be rapi dly del i neat ed.

Moreover, these nethods are anmenable to an iterative conpound nodification
and 20 retesting phoudaed aspeels] bwidwentiomealsefoltures o megfodmd peodsicingean ve

compoupds ho! Lt Shu DL eol ) ey Corpouae Mhch LN Bl buncel
have; ther apgut i fuMaikYeid RoleE@RE B iRV @on PosRBhERor expression in the cell; (b)
culturing the transformed cell under conditions for expressing the nucleic acid
molecule; and (c) recovering the Inv9 or Rim1 polypeptide. The invention further
features a recombinant Inv9 or Rim1 polypeptide produced by such expression of an
25  isolated nucleic acid molecule of the invention, and a substantially pure antibody that

specifically recognizes and binds to each of these polypeptides or a portion thereof.

By “fungal invasion” 1s meant a process by which a fungus penetrates,

digs, adheres to, or attaches to a substrate Invasion of a substrate by a fungus may be



fungal diseases. Conpounds which pronote fungal invasion may be u?%fMiRZiﬂlﬁ
25 increasing yields of comrercially inportant fungal secondary

net abolites. The invention al so provides an approach to isolating novel
fungal genesVORPBFI6ANt for pat hogenesis. These novel genes and’CtTaé”B/%(t“éi ns
t hey encode conprise additional targets for conpounds In addition, the

i nvention provides a neans to increase the yield of 2 6 APR 2002 WO

99/ 25865 -16 PCT/ US98/ 24646 commer ci al | yilinportant secondary netabolites by
genetic mani pul ation of tlae fungal organismitself. This facilitates the

| ar ge scal empssugkeicidconti@d tof dungiatd pevdus hsdasiitedd Heeeiglat € has not been
possible. In addition, it allows for the facile identif cation of
"potentiators," (i.Ry | fupprporasds ssneipaptildasye ensglinganparpdpide sagdondar y
met abolite 5. production en contacti r expressed in, fungi. The

b1 11ty o TiepaRLEE pfmeintte BETaRRerE afbefs B SGee R Ha R east o
i mportant apR be@lria® i tranks&rfitionh NE VA% i NEaPhOGHIaB 0P btreRGAN ARk Mure.
nmetabolites wll facilitate identification of néw antim crobial conpounds
in fungid t hEunget hvasin gengrakey b diehetedimidisdleted fiominyt fuegel peapewste i n t he
| aboratory. Secopd, ~t will all i ncreased production of existi 10
secondary n"H‘tya%[gB? ?"é’é‘emsgﬁcg)éagﬁéfsmﬂ Cé’m%r‘ﬂa an Kthgeny g&“’r"éé@ﬁﬁ‘@ﬂg O her
features ang advankhages of the invention will be apparent fromthe

foll owi ng description of the preferred enbodi nents thereof, and fromthe
clainms. Detail ed D&ctyutymeptidties ticani argschain df ahiins bcids reigsdieshefeddih
Drawings Figure 1 is a western blot showng the effect of nutations in the

I NY pat hwayoraedt-sresiganalegd disation, §oppaimde. glycosyrineasivgphary latips) 2A i s a

series ]@f phot ogr agg‘sana f%gx\nﬂﬁ%}gztcggplls%e%nlrgé% &fgoggggé}g%ﬁ{(g?%glﬁge ags%%/\é\ﬂli: Cei'st )C/)]E)e

[
strqi ns and strain 1ons in gen

phot ogr aphssigh@sh&ginpiaeeldeifhoubh dni@tien ey pescb@ing BHgalactyspdasstf-ai ns and
strains with nutati ons m TPK genes. Figure 3 is a photograph show ng the
resul ts of @ugerasidagead-glyensidesedaf yiicstash aminegcpt bipgrdhgticagengs.feigi thy of

Tpk2 for Ngaela taDEU§f)I 3 L%’.@%]ﬂr cg]gsc.tn%lcﬁc%acsatc%jbigs:ﬁltk%%ctsﬁgg%@B%?,V%éegﬁeq\[é (rat i cal

and hori zontar axes. '"Yeas growm hindicates an rnterac

products of URRS @& ey 55088 tBAmahifnd| RS RAMr AN EhcAKRS rafsa @ty RsGEC AT) Bene,
phot ograph of an epi stas~s anal ysis shoving that FLAO: acts downstream of

both SPRI aerchiyripagk aritiegn Isapd boF ovhighapsinie agiilndi¢s are available. A reporter

genc may encode a protein detectable by luminescence or fluorescence, such as green
fluorescent protein (GFP). Reporter genes may encode also any protein that provides
a phenotypic marker, for example, a protein that is necessary for cell growth or
viability, or a toxic protein leading to cell death, or the reporter gene may encode a

20  protein detectable by a color assay leading to the presence or absence of color.
Alternatively, a reporter gene may encode a suppressor tRNA, the expression of
which produces a phenotype that can be assayed. A reporter gene according to the
invention includes elements (e.g., all promoter elements) necessary for reporter gene
{unction.

25 By "substantially identical” is meant a polypeptide or nucleic acid
exhibiting at least 25%, preferably 50%, more preferably 80%, and most preferably
90%, or even 95% identity to a reference amino acid sequence (for example, the
amino acid sequence shown in Fig. SA (SEQ [D NO- 4) or nucleic actd sequence (for

example, the nucleic acid sequences shown in Fig 5A; SEQ ID NO. 3). For



2 6 APR 2002 WD 99/ 25865 PCT/ US98/ 24646 _ 1 7_ Figure 4B is a photzgr F'?@mcj)f
an epistasis analysis showing that FLO ! acts downstream of both Ié

TPh' 2 during pseudohyphal growh. Figure SA shows the DNA sequence of the
Candi da R MWQ@eHs86BEQ | D NO 3) and the predicted encoded pr diEi/HS{88B6¥6 D
NO 4). 5 Figure SBis a schematic illustration describing the

conpl enentation of the S. cerevcsiae urv8 phenotype with Candida RIM.

Fi gure 6A shows the DNA sequence of S. _cerevisiae INVO (SEQ ID NGO 5).
Figure GB shows the predicted am no acid sequence of S. cereviscae Inv9 10

(SEQ I D NOpofpep U@ 1dndtiS o PeciRpdrRon 9€q RABEQ0N BRSOy RNRNALY Pb GnaRdl Ysi s
of the serumresponse of Candida I-imlIrinil nutants. Figure 8 is a serves

of phot ogr aphis, mhembiygat lhatt 2proves siidg) nodre lpnafBrably atdepst 2edmine acitls, amdc| ear
accurul ati on. 15 Fi g}ure 9 is a phot o%rap of .northern bl cit%ffshowi ng the
st eady- st ateOst BUFREFrablyr o apaRAr grealery Bey eI ACiif g 198tuRk ecti ve (f1 08,

step, phcll > | Ny~
hyper - i nvas. P\r}-@ Q%%asﬁtagénf F% ﬁ?‘?%?&e%?é %% %ﬁ é%éb BP‘QB%% fgﬂﬁ}fe&@ggé l?‘ats)trG%LC] I
and ACTH. HmiuglebedesOmiose prefecdtdyrat leasti?snusicodtésyandmogepreeraigd 1pat hways t hat

regul ate 20 invasion. Pointed arrows denote activation, flat-ended arrows
i ndi cat e r éWelessdesPr gadfire 11 is a schematic illustration show ng the

relative positi OnSSgéL‘ngceidle::rlrt Ils 8\?@}’%&6&%&%8{6?@1%28}3&3@%36 tagglgglgtes'\g%fu%ee

reporter construct8.  Figure 3 he ‘resu ra

assay, demmb&aﬁ%mgs&d&ahcmﬂgﬁg Sbiiwasd Ptk s€d R Re Géﬂétﬂ:s@orﬁﬁﬁbﬂiﬁ&gﬁs a
system for identi ylég{q anti fungal 25 conpounds. W | eave discovered a
1

series of iUniwrsinekdhdnsn ghelechnodegyduettio h?&@@mtmvwer Mgdisane fungal
TYaSvgR a0, BEENIBYENE GO N O Gk S G Ve Sl 0 v
! matches identical or similar sequences by assigning degrees of homology to various
substitutions, deletions, and/or other modifications. Conservative substitutions
typically include substitutions within the following groups: glycine alanine; valine,
1soleucine, leucine; aspartic acid, glutamic acid, asparagine, giutamine; serine,
15 threonine; lysine, arginine; and phenylalanine, tyrosine.
By a "substantially pure polypeptide" is meant a polypeptide (for example,
an 1nvasin polypeptide such as the Inv9 or Rim1 polypeptide) that has been separated
from components which naturally accompany it. Typically, the polypeptide is
substantially pure when 1t is at least 60%, by weight, free from the protetns and
20  naturally-occurring organic molecules with which 1t is naturally associated.
Preferably, the preparation is at least 75%, more preferably at least 90%, and most
preferably at least 99%, by weight, an invasin polypeptide. A substantially pure
invasin polypeptide may be obtained, for example, by extraction from a natural source
(for example, a fungal cell); by expression of a recombinant nucleic acid encoding an
25  invasin polypeptide; or by chemically synthesizing the protein. Purity can be
measured by any appropriate method, for example, column chromatography,
polyacrylamide gel electrophoresis, or by HPLC analysis.
By "derived from" 1s meant isolated from or having the sequence of a

naturally-occurring sequence (e.g., a cDNA, genomic DNA, synthetic, or combination



2 6 APR 2002 WO 99J25865 -1 ~ PCT/ US98/ 2464G growth (NFL | , DHHI | N1~1,

INL~5, INV<, /NL'7, INL~8. Iwl~~ IN'10) L'~I1~ | , INI~1 ', IN 6&28R200
INU 4, INN~I S, BE~l~2, CDC~ 5, HOG, I1Z~11, MM , MG-l | , PET9, PHD2)
PHO23, PTC wodehB86sS, SFL | , SRBI | , SSD | , STE21, STP22, BW/MUSISDREG2,

TPK3, YPRI ). Genetic and bi ochem cal analysis has allowed us to pl ace

t hese genes, and 5 ot her genes known to regulate invasion, into a series of
paral l el signal transduction cascades. (fable 1, below, Lists the genes of
whi ch we have identified that regul ate 1 nvasi on and/ or pseudohyphal growh
in S cereyLshae. These genes are crossreferenced with the corresponding
sequence nane ds designated by the Saccharonyces Genone Dat abase. Sequences
of these genes an@y hejlitc®UINK Mendddt DNIIGGE isfrdcOsrathe pegss|valliof Min ehement s
are also found at the Saccharornyces Genone Dat abase _ o

(ht t p: / / gcrrdwrallywiecwting Benamedithe Szgroksan aycwkich the DN Ago bR 12GIDR o

99/ 25865 PCT/ US98/ 46 ~<=  TABLEI 10 .15 20 2$ 30, Gene neScauence
NareCone. NEETELATSHAE® Kelfe M1 Ob RSt dTARR DI P L BRSl AV DR
GYCORO3GWELYNIAYIR k0K 36d Yel2te GRlefor; into an autonomously replicating plasmid or

1Yi R019¢c! NVGYMRI GAc SSD1YDR293c! NV7YDL233w RAI YV3RI OCF N vV 8Y H LO27
WCDC25Y LR3rus; dicihva¥ Geler@io DN XGOS oRASEE oNc0g8 g o VA MRIGIVBCY1Y! LO33cI N

Vo |YNL294cTPK3Yg|éE| gclN\/l | SNEBYPLOO02C MGAL YGR249W NV | 3YJRID2CSFLI YOR
140W NV14 YiSRABFIBROVERICSSEINR/§57 SIREASY M Z588HEHes 1 SHETRRYP e

i'v%ﬂ?ﬁgﬁ%k%ﬁg’i 3{5@%89%%3% E%@Wﬂ"%’%%‘éd\?ﬁﬁ% e BV S0 ds92vNL 138
WCDCA 2 YL R228ILENR: 1e¥3inbinanQDS2A¥hdh G4farnéis h)frlDgheShGRing YiRAGRMPTCY

DL%E?Y D L 159WSTE2UYHLOO7cKSS | YGRUAUWTPK2YPL203WSTE 12YH
RO84WMPR1 ISR E CS0VRIER8 3WPHO 23 YNL097¢ STE21 YDR335WDHH! YDLI GOc S| R4YDR227wWPH

D2YOL 1 1 GMPETIYRLO ] W4 Yk I

| YNLO25¢HOG YLRI %w%%%%lg‘%%@%gg %A}%@F 5%@%@@*&%‘?&“&%@%&@33‘??5@ W have
const r uct eghcastomd i/ iigh)diag @eenintrotiudddeb e nfeh et ret drabisetcdNONneclaigedes and
shown directly that many of these genes regul ate fungal invasion, at |east
in part, tRNSughlcehls epeatingatas yredoiieraing pmiylvasig@alypeMids. | . The i dentificati on
of the convergence, of signals ontao a si.ngle tarqget facilitated inproved
screoni ng 5. ot nods asShgRg e MGl b sie PR PROS A AT c agont <
usef ul15f orpdsithined bl Aent HNYBIN D JUSB@NOSICE dirBct€ i ipABh AR tahsIMiGNsf host s.
Furt herni ore, our dli scovery provides the basis for screening nethods useful
f or ident ithyiseqpencasasi, &ojlitafes Hevprodungiah ofi foubemude famonwassn polapentidei zat i on
of such viruIche factors fuh er [achgitates t he devel opnent of targeted
reagents f'SFONYGAYPLIY Opat WeeM§)-addi ti on, the inproved 10 screening
met hods provide t g, Bashstef Yqubstenid Mzirngn&rﬂﬁﬁl%al sbplentGiifEaRAt fr oduct i on
of inportant fungal secondary netabolites The foll ow ng experinental

exanpl es adteect wamsedpuiornt. olncluded trrthe epvenbon hierpromotehelegwopethatfare he cl ai ned
invenpion. ? reens to Isolate(ﬁ;ne | nvol ved in Pseuq%§1pggl G ow h and

| nvasi®dh 1BTBEPERP Fendgerom - s&fﬁnhﬁ?ﬂ%ﬂxpmlaﬁﬁ%ﬁq € 8ERS es of si gnal
transducti Is i : . al
R R R T R
cont ai ni ngmhy gé lghied s chedhdr B'ovginong sfagenativh ganeiod exghéegedint@a tepsgene si ae
form pseudohyPhae, whi ch consi st of chains of elongated cells that form

comstruct.
By "operably linked" is meant that a gene and a regulatory sequence(s) are
25  connected in such a way as to permit gene expression when the appropriate molecules
(for example, transcriptional activator proteins) are bound to the regulatory
sequence(s).
By “candidate gene™ 1s meant any piece of DNA which 1s tnserted by

artifice into a cell and expressed in that cell. A candidate gene may include a gene



20 invasive filanents (G neno et al., Cell 1992, 68:1077-1090). On rich
medi um haploid cells, but not diploid cells, manifest invasive gt &vitPR 2002
referred to as "digging" (Roberts and F~, Genes Dev. 1994, 8:2974-85). The
nutritional wogpakssst hat eventuate in both pseudohyphal grow rcGandsdsapédsi d
i nvasi ve growt h invol ve several pathways. To isolate S. cerevisiae genes

i nvol ved in these behaviors, we have 25 perforned a series of screens for
mutants defective in either pseudohyphal,,growth or haploid invasion. These
screens are described bel ow. 2 6 APR 2002 WD 99/ 25865 PCT/ US98/ 24646 -21
Screen t. | ﬁé'l%é%ﬁg:@g{:m?{felmt[&n o%ohpgt en}ng% fhe! tIQlYlgtﬁCInPJ]OIQ’{ ~91 Qr

Pseudohypha agenesi s of° Were condice 8d as
descri bed |rﬁa)l\/frb§>€é§cﬁtrﬁjﬂéﬁe%m<ﬂ@ﬂﬁ@ttb a8 eh&%nods%n%ﬁﬂﬁ&ﬁgamﬁm efly, a
direct visual® screen for S t ransposon- i nduced nutants unable to invade the
agar when grown on B)Ovtrdmﬁgfm@'g']lmn@.mwlﬂgwpewﬁ@l\b”owdurbﬂ%dlsmﬁechbwvca hapl oi d

strain capab) e of pseudo rowt h. Sec dar SCreen |den ified a
Subaet of ol BRE PR Wi o Bl oma RS Atain R e B P oy S
aspect s 50f paeudeRuRhALE M InoLRgY gten@wmcﬂ\@ﬁaxﬂg or S8 hetelofbpolié f i cation
of Diu~ine-Defective Mitants. 10 S. Cerevasi ae nutants defective for

hapl oi d i nMasi Yeegndwt tﬁne\k\nen@end:ecn‘garhsmdomaylgapaespmmgnwdnsmorlr@oas:scayn
described in (Roberts and Fink, . supra). Transposon-mutageni zed hapl oi ds,
const r uct ePN4SEHOEE BERTY thi ORBRISH: and Fi nk (Genetl cs 1997, 145:671-84 and

Burns et al., Cene T ow
formation of well ?3 Paé%]%‘if%gﬁ ﬁgfn(]ae cot %%esw ﬁ‘g ?%ﬁﬁ@g!{@né{gﬁch at
30C, pl at essweeged prnﬁ”a:ephtataeﬁuamd Heb@neiarasfhoberddne: dvatht ergaplsat € was
washed with a stream of water. Col onies of invasion-defective nmutants wash
conpl etl8l y Yhieh devalpgs Geiy thatsrilt Re uaghhereinh Bedeansgrain OTERIFRS afe gengially- t ype
strain rematl ned i.n the] agar atfter washi n ?cel tanc{ st rains re _subsequently

pi cked fromthe 1e ﬁfn cas of co? SRTES YIRS Sk BT E Can” IMvas et ect i ve

phenot ype. cz)gtdﬁgf,@@s“%ordldemlygérggatl on of Hyperi nvaS| ve Mutants.

Transposon- nut agenzed hapl oi ds were plated to YPD and grown as described in
Screen 2 above. ColBoniiegeggingpradgaidnafe sseenshoy mgipbelhat 1sappa redeater e
"rough" oni es . wer sur f ace is

e
i cati ve By BisdROaE bR STl PIECH Tt RUShdh Pl Medeh et Ef oo
nut ant §5i N (wh 4R 18841 @1 gR deElidSrel £RRI1HELohtto It RIRT cRAhSIe, MaShitAEsRSic
corrpared to wild-type controls. Such nutants were retai ned as
hyper - i nvasiurguspuimpteserred emBIARPER2.002 lanE) FoeHRBE PSEPWUBE PHENBLHEN iR2

Screen 4. ldentification of Mitations Specjficall fectl.na The IN"

oot ey T i SRan By B itsRon & dERE et PR R A ons

af fect i ng oidyger SA) AGhAE KRB HANSRULLAMLEEIT kRS SRR RYaherdbAME N, | NV
nut ants were nore 5 reS|Stant t an W ype Stra| ns to t e V\h|ten| ng agent

cal cof | our .prbducaddiis rrm:asuratusxsg tonvenfional aldthadsyvasi on- def ect i ve mut ant s,

r~7v ha | oi ds exhibited a y surface norphol ogy that a rs nor e
snmoot h Bhan wi | d-t yhe d@%ﬂcfﬁ‘gﬁye GliReh 1HMGRRE 9% dvises Y ‘reCNT’(? ﬂaélﬂnéf
transposon-j, I col on
oSO A o A 0 LSRR

nut at i ons iprilneed gbye 61 Ragpes dieréofser 4 ¢ONA geRot or DivAginkantkerrgs.t he
transposon insertion site was isolated and se%genced bg conventi onal
®

net hods. NUEEBeds e deeggtibhc Bbeltinglagnelcsigc proavalbknayieh theapané malyle he
genom ¢ Se%ﬁlﬁ‘&u"?flmﬁta%ogcer %%kt?\;eal%belgln%ff%gl%)lcf t h\gltlaf { 1%8{82)? <3G0S 32]5{? een 5.

I dentification © uppr essor PnVEsTon: i Ve Mitant. A
|'i brarysof pdas ﬂ‘rﬁﬁuz{é@éﬁcﬂl/@laiﬁgllmgféﬁir engm &e@hﬂm\@&célnt&mﬂg&& into an

i nvasi on-defective (lInv-) diploid whi3 strain. These library plasmds

cont ai ned awampllcglﬂmooerscmeﬂﬂhwmgi)on t hat pronotes mai ntenance in hi gh copy
nunber (tile 2~t o n mants wer.e on.selective ne

(SC R - prates vehe M arae b mean gy SoRu Rt el 1E5h i vartianng

‘assay was pgéd Q64 oteHsglhd%Q ¥'¢1IB/I SR, &Jﬂé‘ﬁxc%Hﬂ&ru?e?,swﬁlh@lﬂcﬂ\{f1sphen0t ype
pronoted a tranS| ent period I'nvasi ve€ growt h 1nto synthetic nmedia. This
growt h was taddently hiwdiagsl. Sirafetabpt, tise plepoal @nises |dakets Y6, enmiepeeferablyt he agar
after the plate washing assay. Several genes were identified as high-copy
suppressors of the |Inv- phenotype of whi3 nmutants, including MCM and PHD2.
25 Subsequent anal ysis of phd2-del eted and ncml partial |oss-of function
nmut ants denonstrated that these genes regul ate invasion and FLO |
expression. Fromthe above screens, we have identified 6U genes which
regul at e pseudohyphal ~rov~th or haploid 11lvaSIOn |1l S CG'CI'f.SIC(.'
These genes, refci-red to as 2 6 APR 2002



WO 991 25865 PCT/ US98/ 24646 nwasns, have been further categorized i%tg t
| ease six sjgnal transduct~on cascades. Based on the resulting phé o] Wﬁ@m
foll owi ng nutati on or overexpression, these genes can be further classified
as "fungal igaghsags pronoti ng” or "fungal invasioninhibiting. pcrasogxaap! e,
a S. cereviscae strain containing a conplete deletion of 5 Ah'LI does not
formfilanments or invade under conditions in which a wild-type strain does,
and no nwasion is observed under conditiyns that nonnal ly induced invasion
duri ng pseudohyphal growth or haploid digging. An exanple of a signa

transductiqQn cascade is _descriped w. Twel ve. S. cerevcscae gents which
Compr 1 so. t AP Gng et PEGRERCL o TG BROHRIES PRUGRY o FAT Hgar T aed on
have been i i L golg) ~ ra ri '

ranscri pt o et R Aaa Sl R 08 ARty S RATVO L (e
nost downsRisdmgroeebtaifed, e quambleaiy alfietyathhenatbppweusimghers (I NI,

INV3, INVS, INV.9, INVIO INVI I, IN6'"12, INVI3, INVI4, INjIS INVI G and
STP22) ar eTeombigaitiyreadycsd apqyedgesistarceRalycrtifle Anditandaybtechaiadpown i n

Figure 4, nutationg m - gent s - ] - t nvasi n
genes thus far exag' %e%??@ﬁ%é%”ﬁﬁv& nﬁ?aglgé%g?é\%owglé&g%%?%%{yw%ﬁ@ﬁ%%r s, Inv
14, is a cyhoplammidysypstiebievpchideast ehbdiiitiallakaaibmizE and bind dtherwas

surprising that this signal transduction pat hvvaé was conserved in fungi and
served, m dtHequlgsungisamply, faguprapte, & hiolegied semplsnwhichgabsalaimgludss abol i t es

and secret ergv epz}érlresc Eigat C@rcla@ erﬁo degrade extracel lular substrates. 20
Honol ogs of "YRE FEYRBHEG FELLE 6 n&'s 't%\le been found, for exanple, in A

rzcclul ans, where BySi'Hdi#lonS® mefint38RRSrah8H W %q@eﬁcre,aélﬁfébrmsit@-@ir@&c@ number
of secreted catabolizing enzynmes in response to extracellular pH, in

Ya~-r ot a bi poldptomatagessishe tusatetforptaf epabtemegrabmparseopoianmattndant
secrleted al kal i ne eEtht egeﬁe; and in Penicall %um &E? chrysogenurn. and A
r~age~-, WIS &SI PSRAS oG WS SPHRZINELT Rt PYLHRE'SHR CASATHTR CRRPUIRE 2 25 |
A. nidul angyanehi n P. chrysogenum the pathway directly regulates the
production of penicillin (penici Ilin production is regulated by the
activated form of Theirveatiscpropideobngaetaded ad@nhers addiatwidaabnetgmiber s of

t hese signal trransduc,ti on cascades are identified through a variety of

standard t 8GRATTGgesenipg ngthods\iaert K distinguisiipg rad sylating3hg ciliseeneid® wo

99/ 258 4 S [ Lsol at ed
usi ng g?angg?qgggiqﬁg%ﬁ&k%{o%eg gﬁr{é oas/rgﬁ:fklﬁ%gllggﬁ]?gél}sh?ogk?ﬁ?ﬂﬁgggeI ,
saepru). Secondls ghoot fer the idritdieatiod, @y aehetd detecpadt hwayighrelbegispafems0! at ed
usi ng yeast two-hybrid nethods gFi el ds_and Song,. Nature 1989, 340:245-246;
Chien et aPfpemidse andigempoysds dhat spqeifiagiy aggte oBighipgAgngp apvasgnentheghd 5
Finl ey, An : , : 6683~ , ot ei ns whi ch
speci fi cal P%ttlldr?t%\eﬁrlsgg ﬁ\% tth ﬁ%goﬁiz,&fél&}log]sfér g'gct@aﬁ&f; l{géggﬁf)agﬁ?@%';ﬁ)&efgdand not with
rel ated pr oi&coser,lihlsse matlodPk3 awensdble thea itérnget @mtbosihd wiodificdieniaagor t ant

for pseudohyphal devel opnent. Diploid tpk2 strains grown on SLAD (| ow

ni trogeh nEIETHAR RRRYSSS BorisMefasthe auelwion of engre effpelnigsemppHads Bevenighent
wher eas tp;ﬁs%h(ﬂ %ldg strains 10 were greatly enhanced for filanctntation
(Figure 2B). Tar| y, haploid tpk2 nutants were defective for invasive
growt h and t pk3 nutabhsulRvehibly RBELi DNASAIME dsTInonl EiléfY alsd pldvertuagdls wer e

i ndi stinguishable fromw | d-type strains as both haploids and di ploids. The
accent uat edirtidngereibese icompawiatisimayalsive nheptpaot yplas iofreatipgadanher anmsalr equi red
a functional Tpk2 as tpk2 tpk tants had the same phepotype .as tpk2 15

si ngl e mut 2%83?5‘&%3%&0‘&53%%%83}{%Pf8@% & ‘9"?%‘&[?‘% e’f%eguhdgeudohyphal

gr owmt hpswe; i SR | - i I f j I interact
speci fi cal Il{;/tsr\je# 'Er% #‘S@ipy%}d&’q’fﬁﬂ%ﬁﬁg’ggﬁ“@g%%} r%w]@?g&ngﬁ é(}?bczll'géKsz was fused to
codi ng sequence f ofh¢ heedidndalENsrobidesl amgparoashi th 1sidingsedel faingdrgeass a

i brary of yeast genonic fragnents fused to codi ng sequence for the Gal 4
transcript i“@ﬁaﬁa‘ég?'i RS RSO RS e NPl i86Rasi A th Prf’lfi’é‘sgbem}f@d%}?ﬂ???‘%or ter,

| eading to (el e t owt h of an ade- strain, was taken as
prelim nar ?ﬁg&%ﬁ gﬁ%‘e&gg& %bg’%?bﬁltngé action between the Gal 4 DNA bi ndi ng

domai n: Tpk2 f usi onlanddddie thEakZertidh @F@cddsngmpiRtieiitrfvs e@d yhadilie Gal 4
activation domain. Positive clones were then retested in the two-hybrid
assay with Tpkl, Tpk2, Tpk3, or Dphl fused to the Gal 4 DNA bi ndi ng donai n.
DPHI, a gene required for 25 di pht ham de biosynthesis, was used to control
for interactions that were not specific to the PKA isoforns. Two cl asses of
proteins interacted with Tpk2 in the two-hybrid assay: the first class was
indiscrimnate acid interacted with Tpk 1, Tpk2, and Tpk3; the second cl ass
.-as selective and interacted preferentially with Tpk2 (Figure 3) One of

t he 2 6 APR 2002



WD 99/ 25865 _7 j_ PCT/ US98/ 24646 proteins that interacted with all three
catal ytic subunits is Becy 1, the Negative regul atory subunit of PKBAPREI0EN
had previ ously becn shown to bind Tpkl, Tpk2, and Tpk3. The second cl ass
consi st ed ofw8febhssand Myal , putative transcription factors belraTgiswg 2uetsa
group of five yeast proteins (Mal, Sfll, Hsfl, Skn7, and Hrs2) 5
containing a helix-turn-helix DNA binding notif. Al but Sk.n7 contain al

| east one consensus Pl CA phosphorylatiop,site ([RRK[[RK XS/ T]): Sill has
five, Myal has two, Hsfl has four, and Hrs2 has one. W deleted the open
reading fr I I ot ype:
sfll hapl 0|% sn?Jrr%llgn%nn re‘nttax (rag(%g m??o%lxéeg[%}rﬁeﬂgﬁ%ﬁ%g ﬁ;%@?ﬁ&%ﬁf\%gp

wher eas di plr@intksn hes1DZyigo Gilftates med@xlé,etsme pefdusdbn omrngagmeamdtywelm:@ced
for filanmentation (Figure 4A-B). W constructed an sJl| k2 doubl e mut ant

to see if tdate haplaot beeapgehihlohdn adibitiewntit Wbﬁ’éfvsbﬁobﬁlcefémlﬁyldﬁ $C9<§lpanEnct i on of
sfl 1 . sil,l doubl e nut ant,s h s/ | e

nut ant s, suﬁatéagtt”f%ﬂ g P i"fBB?LEldaB(AﬁEW‘&‘%ﬂ tg?t GFB Sif’r%‘ Mrﬁitag?/@t%coul d
not detect R,dlicaBRWhen g@rﬁt@@ttnglér EpraseIRo RiRnalrn %lﬂWﬂOQHcﬂeﬁkerfﬂﬁéi] nul |
mutants. Simlar two-hybrid screens can also be used to identify additional
menbers of sespnderfy md:tebdltgnedducmtanh;zdum!ﬂam twsmasnd@ybpatm enski n.

Candi date genes are then a zed usi a variety o ues. known to

t hose ski l ﬁ%ﬁC?SW&H{8d‘éFr“t°“ 026@‘/? E%rycf’afﬁg ‘F'Lﬁ??t‘i”%fe “%E‘LFHPE%%‘P Hest

over expr eS%&19&1cr§Qaﬂ a)%gﬁaiuﬁlagm fuflh tﬁst &tﬁ@ruﬁs%rfhmé melecta@ra%%as BF tggges in
the fungal signal transduction pathways, suc I nv8 or 1, are used to
identify geneppuadbliatise Mmmta)r;arﬁead)hﬂ,encwxlyanmmsasbdi pro‘dmctnexbf adstingil ar
substrate degradation or invasion. For exanp identjfication of Inv8

tr anschést i SReAndprygeipolites wRish gre lfS@fLileaﬂ*@fdﬂ)y%@ﬁéesswahuct s directly
responsi ble for ag 29

provi des excel |l ent érhéeﬁgér/q?lgrlreés)%(#édqﬁma?%\sl\? %&/g@,m lID”IEE @éﬁqfé Q%E?ﬁ}

possi bl e t doldenmpsikscip8oh betlfeqir@ﬁehweraﬁbdxmchtsaﬁex@i)ﬁ hh@ﬁuﬂptrhe@%med Ver sus
the proteolyzed Inv8 protein and to define the nmechani snms by which I nvB
activates and represses target genes. Alternatively, identi fication o f
honol ogs, SLIcl1l as by screenlnglggmk% SIcgrrtl]antatlon of fhe phenotype in S
cer~wsrae, in other fungi can be—cannggguu%J%O 2 6 APR 2002 WD 99/ 25865
-2 G PCT/ US98/ 24646n¢ demundsyviliungade @8Hgodar oduct s whi ch regul ate production
of secondary netabolites, such as antibiotics, anti-hyperchol esteroiemc
agents!di nﬂ%@bﬁuﬁpre33|ves or anti fungal drugs Based on the work

descri bed herein, i S, possSi i SCO 0 el ti funga

t herapeutic drugs; ﬁﬂﬁ% ﬁywﬁﬁﬂné%ﬁﬁ@?%rﬁﬂf%%éﬁgﬁf gﬁs ﬁ%dﬁéﬂ

net abol i teﬁa,amvmra%@m&kmyq{n me?%]&dlyn@y@bé@%e fungal products and
devel op technol ogi es and products dress unnet fungal challenges. It is
likely that the siGigate 24 évsshuichohphsegrapiershomsnclmpdedvehsmmpignoiypgs .

Thus, based on the_.discoveries described herein, each of these signal
transductlon cascaff¥s represents a 10 target for anti fungal drugs and/or

regul aghon 0ifg-BEEARURL YndBIANA I RftarBhs 8 PPKYendh. Cerevrszae carrying

nmut ant all el es any of the genes can used to screen for fungal
honol ogs, i ncl udi nﬁlgukmmnsfzrmnncs nt)phrdtagrhpm&xbwg@;bscudmm@halaﬂdncmmr cially
i nportant fungi, such as Aspergillus sp.. Peniczlliumsp., Acrenonzunz

chrysogenur®? W\}QT‘YF&?V%@‘WSZ“%W?‘P%é"%irrﬂ‘&a%‘é\}f‘| &K 888dzyrna, which are
bl f | trai
capapl € o conp e;r?%dﬁn?l A p su%?@rﬁ%{o%é 8 D3 @1E 2 RRAR ALY BSbrid ARG St F &l ns

can be geneticall
showing preferential affinity of Tpk2 for Mgal and Sfll. Gene products tested are

25  shown on the vertical and horizontal axes. Yeast growth indicates an interaction
between the products of the genes shown on the respective axes.
Figure 4A 1s a photograph of an epistasis analysis showing that FLO//

acts downstrcam of both SFL/ and TPK2 during haploid invastve growth



the rescued organi sns are capable of increased growh or survival eﬂﬂﬁﬁ
that these organisns can be isolated using selection based screeng 002
descri bed herein. Sel ectionbased screens allow for high-throughput, and

t hus provi dev@anmsses r api d approach to gene isol ation than t hoBETAIOS/ 4616 y
used. Moreover, screens for genes which 20 conpl enent nutant phenotypes
allows for isolation of genes which share functional properties but which
do not contain high degrees of simlarijtyy at the nucleotide or amno acid
| evel . Isolation of |nvasin Honol o~s Any fungal cell can serve as the

nucl eic acid sourc r q j I | | og.
| sol ation of an i nl\e/l Etl%nll%gmg&?@hggfa%%lx—ﬁ&m[)‘ﬂﬁﬁisl %@Wll@lﬁﬁ%‘L@mﬁ I NN7,
I NVB) | NV9acth ivivstrdabVd f Hoth SFNVhiZd TPNYIddring bbeddéhyptdVbroSyth) 3EI 1~1",

CDC.'25, |-10d , IRl I , A-ldvll , MGAT , I'L'T9, PHD3, PHO?3, PTC |,
RIA-II , RI~1.11 ~FigegrijA siereithe DdEbpequemeerof thy Sandids Ryl gene fRRQ)IDIPK3,  or

of thbse DRI a0 Reu AR et QR R IO P OB exhi bi g proper 1 65 or

activitscs associ afigdres [} dNROBAGSMNuGFatiodicBiddign tRfcobipl@aénthiiyasi on.
Based on the sequences of the invasin genes arid pol ypeptides descri bed

her ei n, t héhel$ okmvisore 10f8 pltdbtypomath Candadi VMbnol og regul atory and codi ng

sequences froma 5 variety of fupgi, (e.qg., ida, . As il

Peni oi 17 um Micor FiENsds Shesvs tﬁﬁ%éﬁ%‘g%e Gerelisiacy @ﬁéﬁ?@ﬁ%ﬂoi

Acr enoni umgy Crypt ococcus, Ustilago, Magneporthe, Acrenmonmum Yarrow a, and
Phaffia) is” nade possible using standard strategies and techni ques that are
wel I known in the Bigtre dB1siome thapied crddamiex aoidl sequancy 065. ¢dnevismadnvd
sequences described herein 10 may be used, together with conventi onal
screenlthg REREBNGiOnucl ei c acid hybri di zation screening. Such

hybrfi di zati on t echgi . :SC I are wel [rkn o those
skilled in the artlﬂl g%eglrs%% re%c&ﬁ%@%%%rgggggérﬁfﬁ?@? n Bent on g%]\ﬁmﬁ)aV“-S,

Sci ence | 9¥cbpodRafICHAdide-nS e/ im@asts. Hogness, Proc. Natl. Acad. Sci., USA
1975, 72:3961; Ausubel et al. et al., 1997, Current Protocols in Ml ecular
Baol ogy, 15 Wl ey Figber&isiasanes ofmbatogempis spyigetha maoqesyngef [nv&rigde to

| I ~I ol ecul ar~. Cl.oni.ng Tecl rnr . 1987, Academ c Press) New York; and
Sanbr ook e{gqéllllr.e(,i(P ‘F“"ec“."%ﬁa?‘:%&ﬁ%oﬂﬁag‘ﬁ& A Laboratory Mana~al, Cold Spring

Har bor j$abor at ory Reess) isNepNol@fdph dfa noRBedallbi sholvarg exarqalig.stadd levels part
of the Candi da al bicans RIM cDNA (described herein) may be used as a probe
to screen af FEOdhIRNEALInRvagely oDy apionrdgfsetive (pS, sig! 200hdd colvh, rlAt

expression |ibrary red fro ergrllats nidul ans), f@r .nhopol ogs havi ng
sequence i §&Ht f "tegjr’?ﬁzltﬂlﬂd’lﬂﬁa@?BY%%Hgvaﬁlvlﬁmﬁtgﬂ%?” bri |gz]f){r:gva%equences
are detect ggoblgg“Q[fpﬂgges%_rpgb@y\yn@x@qi],di zation according to the methods
descri bed below. Alternatively, using all or a portion of the am no acid

sequence of the 25Figire 10pskypplmmatidellustratomaf geneadnd paiwayghaRiagulaipeci fi c
ol i gonycl eoti de probes, including Rim1 degenerate oligonucleotide probes
G oo o heiipe”spriy b & deBiting: Secment auoraindeRt ferctitho ac
sequence) . These Oﬁggfw%%%ﬂé#@ﬁicwstﬂago%mngr@meime%%gmn@6f91fe ei t her
DN. A strand and any "appropriate portion of the 811111 sequence. GCeneral
met hods f o LdE3gbihdier Gagmentp neqan ighgerstacbpquico besstacs.

Figure 12 shows the results of a gradient plate assay, demonstrating that an

agar invasion screen could be employed as a system for identifying antifungal

25  compounds.

We have discovercd a series of interconnected signal transduction cascades
which regulate fungal invasion and pseudohyphal growth. From S cerevisiae, we

tdentified new rolcs for previously characterized genes invasion and pseudohyphal



2 6 APR 200Z WD 991 25865 -?s PCT/1JS98/ 24646 provided. for exarrplg I{Pﬂ 200
Ausubel et al. (supra), and Berger alld Kll1lnel (Silf)f'Cl). The @

ol i gonucl eoti des are useful for R Ihll honolog isolation, either through
their use asvpswixgss capabl e of hybridizing to RIM conpl enent acy/usegesaces
or as primers for various anplification tecluiiques, for exanple,

pol ynerase chain reaction (PCR) 5 cloning strategies. If desired, a

conbi nation of different oligonucleotide,probes may be used for the
screening of a reconbinant DNA |ibrary. %’he ol i gonucl eoti des may be

det ect abl y- 1 abel [ d [ t d Silt
epl | cas | FEMTE (et BRI TaPe. A onbt daRe B P ahi 8852 e '
prepared aggpy i mg o Rl NI NREDCENDGIN [RAG, BCh 1, W06 A8 XPETS, BHPS,
described in Ausubel et al. (szepra}, 10 or they may be obtained from

comer ci al RS CA RIbfie, HAE L, iISRB/Ar SEXARIIER 0§ TR, S dppTe hPrjnol og
RI M sequences having greater than 75%identity are detected or isolated

usi ng hi gh Y&&)-nenetic furirehegtea! anplypis des phigyestys e drrfeth o geRssy 2l ude

hybri di zat i t. 509 ' ar ed

sal non %perO ?n{% l}gmkvgéé,m%@ ggrggpl%g ]IngC&){ (Béer%g rQ) gﬁk’gﬁflf%’%‘&eﬁl E%Aﬁu;; gét;#wash at

about 65 Ccambésit TaklSEGel@ndlidts UeSiabes dOWhehed: e adseidedthavasiulat about

65 C and about 0.1X SSC. Alternatively, high stringency conditions may

i ncl ude hyBriagiopangesy pagudebppital SLathnd Saerseris BT PSR EEATRIC CPST- ny/ nl

sheared sal non_sper 2% SDS, SX SSPE. | ' foll oned by two
rer?gren goe w%g}lﬁwrp&sﬁ%ﬁd;% ,enccs:.rfms% @é@%ﬁ%@% ﬁg tl?e

washes at roonlfenper re a two washes at

bet ween 5~S@kXhapdiflybs L3endfe DAabk¥e. SO uchPesadTothBES ccabPERBGBIr puiivet i ngency
hybri di zati on conditions for detecting RIM honol ogs havi ng about 25% or

gr eat et0 seguesuriptiodalrelgtory elemenCare azel o vaknt dezvisciRrpmyegsieendoscr i bed
herein include, fqr exanple, hybridization at about 42C and 0.1 ng/nL

shear ed Sa|%%a§$@pmz@&gmfm§ta %d§§ﬁ? and 10% 25 Dextran sulfate (in

t he absencg,efhf@hyp@rhde), and a wash at about 37C and 6X SSC, about 1 %
SDS. Alternatively, the | ow stringency hybridization may be Ganed out at
about 42C and 40/~ fonnam de, 0.1 ng/nL sheared sal non sperm DNA, 0.~ %-
SDS, SX SSPE, 1X Denhardt's, followed by two washes at room tenperature and
2X SSC, 0.1 /~ SDS and two washes at roomtenperature and O ~X SSC, 0.1

2 6 APR 2002 WD 99125865 PCT/ US98/ 24646 -29 SDS. These stringency
conditions are exenplary; other appropriate conditions nmay be determ ned by
those skilled in the art. If desired, RNA gel blot analysis of total or

pol y(A+) RNAs isolated fromany fungus (e.g., those fungi described herein)
may be used to determ ne the presence 5 or absence of a RIM transcript
usi ng conventional nethods. As an exanple, a northern blot of Aspergcl!|us
rtidulans RNA is prepared according to standard nethods and probed with a
RI ~LIl gene fragnment in a hybridization solution containing 50%  formam de,
5X SSC, 2.SX Denhardt's solution, and 300 ugl nL sal nron sperm DNA at 37C.
Fol | om ng overni ght hybridization, the blot was washed two tinmes for ten 10
m nutes each in a solution containing 1X SSC, 0.2/> SDS at 37C. An

aut oradi ogramr of the blot is used to denbnstrate the presence an

RIM -hybridizing RNA in the fungal RNA sanple. A hybridizing band is taken
as an indication that this fungus expresses a C. albica~is R II~Il honol og.
| solation of this hybridizing transcript is perforned using standard cDNA
cl oni ng techni ques O her fungal invasions may be 15 eval uated and cloned ~n
a simlar fashion. As discussed above, invas~n ol ~gonucl eotides (e.qg.,

ol i gonucl eoti des prepared fromthe Candi da al bicans RIM gene) may al so be
used as prinmers in anplification cloning strategies, for exanple, using
PCR. PCR nethods are well known in the art and are described, for exanple,
in PCR Techfzol og~~, Erlich, ed., 20 Stockton Press, London, 1989; PCR
Protocols: A Ga~ide to ~t~lethods and Applications, Innis et al., eds.,
Academi c Press, Inc., New York, 1990; and Ausubel et al. (supra). Priners
are optionally designed to allow cloning of the anplified product Into a
suitabl e vector, for exanple, by including appropriate restriction sites at
the 5° arid 3 ends of the anplified fragnent (as described herein). If
desired, RIM sequences may



25 be isolated using the PCR "RACE" techni que, or Rapid Anplification of
cDNA Ends (see, e.g., Innis et al. (supra)). By this nethod, 76 APR 2002

ol tgonucl eoti de prinmers based on an Cai zdi da al btcans RLML sequence are
oriented m {Rfgehsgnd 5 directions and are used to ~cnerate g¥E{ka&PREND
PCR fragnments. These overlapping 3' - and ~'-end RACE products are conbi ned
to pCOCIItCC all IlltaCt full-length cDNA. This nmethod is 2 6 APR 2002 WO
99/ 25865 -30 PCT/ US98/ 24646 descri bed i M Innis et al. (sirJo-u); and
Frohman et al., Proc. Natl. ,~lcad. Scr.”US.~l 85:8998, 1988. Exenplary

ol ~gonucl eotide priners useful for anmplifying RIM honol og sequences
include, without limtation: A GAATT CACTAAAGGCGAAARMENGAYCAYATHA 5 C
(SEQ ID NGO 1); and B. GTAATACGACTCACTATAGGGTGYTTYTTNARRTCYTG (SEQ I D NO
2). For cachcofimd he aboyvgueseguences, N i S AgGekNake OF C.  Algteate-nahd vel y, any
fungal cDNAQApSIINA expygssipen |ibrary may hg,l0 scr eeneq,ﬁw%ﬁ unctional
conpl enentation of an invasin nutant (for exanple, the RINIl and ~1 FL |
nut ant s de¥EPBEY her ei HYR%%tording to standaé('gg net hods §€5¥$4 bed herei n.
Confirnati &Wsof a sequeher2’s rel at edness toFadili nvasi n polRgpepti de may be
acconpl i shed,cby a vari etpmr@hc conventi onal mgggods i ncl udiypghesdut not
limted to uncti onal enent ati on assa and sequen npari son of

t he honol obNJa7nd its 15 ge;l>5<)lg‘?Jewssed product. | %EAa'ddi tion, tﬁ’gmg(gcti vity of the
gene produttVdmay be evalUldE®d according to &PF¥ of the t¥&eRhicques descri bed
herei n, fomwxanpl e, thecfossrct vyanew or i nmumrakng~cal propermses of its
encodeg) pr gdyet . Once apypuasm honolog is igepfified, ityjgscloned

accordi ng Er\Ruit andard n%'&l}%gs and used for the constructjon of fungal
expressi on vectors acco o g to 20 st andard "het hods. | nt P&t ng

Pol Xpept i 8% !FRYFS| sol at ¥BHA%2f i nvasm pr ot ei M&équences arSP4fwacilitates the
i deriti fi cativam of pol ypemtizdes whi ch interagtLiwith the ~ny@asmm proteins.

Such pol ypgpt i de- encodi pg, sgquences are isolated by any staodard two hybrid
syste lfor exanpl e RFicel ds et 25 al., Bﬁgf ure 1989, 3@8’: 24r 246; Yang
, 2

see
et alm,§8ci”\la"d6’¥'°?§92 EH0880-682; Zervos efPEP., Cell 1493%0c72: 2231 232).
For exanpl &viall or a pardlongf the Tpk2 sequéPkie nay be fUdigéct ~ a DNA
billdl ng defmabl| (such as.obde GAL4 or LexA RNH bi ndi ng dpamkh)

MCM1 YMRO43w SHR3 YDL212w
FLOS YER108¢ URE2 YNL229¢
20 wHB YNL197¢ GLN3 YER040w
SRV2 YNL138w CDC42 YLR229¢
CYR YILOOSw CDC24 YALO4 1w
AFLLI YELOO7w STSEI | YLR362w
PTC YDLOOGw STE7 YDL159w
25  STE20 YHLO007¢ KSS! YGRO40w
TPK.2 YPL203w STEI2 YHRO084w
‘ YPRI YDR368w TECI YBRO83w
PH023 YNL097¢ STE2! YDR335w
DHH] YDL160c SIR4 YDR227w
30  pHD2 YOL116w PET9 YBLO030c
GRR] YIR090c SWi4 YERI ¢
RIMIS YFLO33¢ SRBI | YNLO25¢

HOGI YLR1{3w



After establ| S(7111g that tls fusion prote~r~ does not itself actwate
expression of a 2 6 APR 2002 WO 99/ 25865 -31 PCT/ US98/ 24646 repdrk APR §Bhe
(for exanple, a lacZ or LEU? reporter gene) bearing appropriate DNA

bl I 7dl 1l g siwes9n4sks s fusion protein is used as an interacti oRCtrarsggta4eds
Candi date interacting proteins fused to an activation domain (for exanple,
an acidic activation domain) are then co-expressed with the Tpk2 fusion in
host cells, and interacting proteins arg 5 identified by their ability to
contact the Tpk2 sequence and stinulate reporter gene expression.

Tpl Qinteracting pgoteins identified . usi.ng this.screening nmethod provide
good candi dat es fowtbl?aé'lﬁéf)ﬂ n{CLegt‘l awlgngﬂ{?%f%d%tﬁe%%glyg L‘}f]f‘ilif%%si st ance
si gnal tranggiiatd f11 MBWAEECINRaEXAIP LB ks dFRIAMOHINESI Beg66h Red herein
(infra). Isolatin Fungal Honol o~s which Conplenent S. cerevisiae Mitations
10 One use ledst inmrSthroegletha sepdatmontodntsirgle ganes FLEO/ 1 0 The idsmti ficariothofiibkeogs i n
ot her fungi which ca?ﬁ,co | ement, the S. cereviszae nutations., Here we

np
provi de evicABYE&encE Ot pighals ppjoainels fargeidias Sl upise dnerPveaCIssh®ei denti fi ed

the C. al bi (o) r: i . SEQ I D NO
555 Conn” ARSI LI B Al oM R Mo
cerevi si ae fotigal pBhsger@kigdy cithve asieddl sr pllaht hhoslsS Fmbeado@nowrdicqgyegnot ype.

However, the honol ogs of RIM (S. cerevzsiae INY8, Y. lipolytica RRMQO,
and A ni dRLPades thabeys fos sereering msthods yeetul foF sieaubiing)a venctyfingwtfipgal 1t is

i kely that,. erevj si.-ae nr e.coul d n | eave. C. al arzs Rm|l
(Figure SA;VI@E%(?B]CK%? Aif)ea]ﬁ%at@ﬂg%gl?% Vé’fg"?etrﬁlgsfa}(:%ars%lﬁerg%cﬁéta??sﬁﬁgap ed just
prior to thevilopheRssT takeay ademh f@ us¥asartPpatHoddds C ORI BIBMIthE Rpiokd¥8
phenot &e in S. 20 cereviszae (Figure SB.) This makes it likely that a Rin

prot eak@ exrreesing methadspreadsthedags (aridentifvne dareonibal 1ciseseqndidenad t o be
a honol og of IN\/Itﬁ. %Baﬂsed (gn our d'hgcovery of the correlation between S

cer evzscae 'PRVAET SHNEHH &SR %ﬁ&ﬁt%})o fabolite production by other fungi, it
is likely that manypé fouagxingfau efnchE e2mPI&S S¥ ZstbadltblituGRRE HoWinit, have
honol ogs in diverse fungi. ncfeed NYS, TNV9 and INYI 4 are 25 predicted to
encode pr ottied seopavof thelvlaginedmventierei d similarity to the products of the A

ni dul czns genes pal A. PalF, and pal B, respectively. W found that the

publ i shed sequence for the genom c region near INti9 contains several

errors. The eQht flso NASRINETRdQh Pké\yd‘dﬁ%é}%'ﬁ@révpchl\éqd IRVa@flfl the sequence
of the predicted pofypeptide - NCT/ US98/ 24646
(SEQ 1D NGO Cy i s Bhownwe dederibeiexepeGinedital ENde@lepbt-a seriedNdf-@gpal F, and

INVI 4/ pul B arc required to activate InvB/PacC in their respective

or gani sis. "PAEKICIIPR Eassadss 0RErales & SRGPSEAIAR &9 IeguliuPTeuARPSAbEIOV R Bib er ved
genes. In qquliogd &hgﬁinggﬁ%hﬂg@g&mm'ih'@cer'em% el » and INVI3 appear on the |ist
C . a

of partially sequ icans genes 5 (http://al ces.ned.um. edu). An
INVI1 honol og in tDea sblithglediakdouwenng highebudoge bridBlow nitrogen, diploid cells of
S. cerevisiae form pseudohyphae, which consist of chains of elongated cells that form
20 invasive filaments (Gimeno et al., Cell 1992, 68:1077-1090). On rich medium,
haploid cells, but not diploid cells, manifest invasive growth, referred to as “digging”
(Roberts and Fink, Genes Dev. 1994, 8:2974-85). The nutritional signals that
eventuate in both pseudohyphal growth and haploid mvasive growth involve several
pathways. To isolate S. cerevisiae genes involved in these behaviors, we have

25  performed a series of screens for mutants defective in either pseudohyphal growth or

haploid invasion. These screens are described below.



has al so been partially sequenced (GENBANK | ocus: KLAJ9848), as have

honol ogs of | NVI (GENBANK | ocus: SPBC3B9), |Nv13 (GENBANK | ocus: 2$PBERIBN)
and I Nnl S (GENBANK | ocus: SPAC 1 B3) in the fungus Schrzosaccharonzyces
ponbe. An H3g-43ge0l og has been identified in the fungus Sapehars9ssigiges
carl sbergenscs 10 (GENBANK | ocus: SCz86109). O the 12 cloned genes in the
I NV pat hway, six (IN1-.5. INvV8, and INVI2-1 S) have obvcous structural
honol ogs outside the fungal kingdom TJ;lF exi stence of I NV honologs in a

wi de variety of fungi, including the pathogenic fungus, C albicans, and

one that produces the |, mpor t nt . Seco dar et gbol i t EI;li RN Ln, A
: a1 4 Ty éﬁg%@—%{-l—bHHS t hese

nedacl accs, under Seor€ < Simali
genes and@q&ué%ﬁ%ﬁmqg%gxﬂties to affect both pathogeneses and secondary
nmet abol ite production in diverse fungi. Additional honol ogs can be |sol ated
by expressing genaguthgemasit ungast aldNAreahs gerwsanduttednadésesbeédinMoset evi si ae
nmut ant strains and selectin% for those transformants in which the nutant

r

phenot ype 4nd FaniCenetivs d89'6rl 48 arfdéd . Boeflxa dirachyismasessen forax her Funui to
Det ermine . Their Raoles jn | i Fal | owi i.sol.ati f any specific

nomol og of 4 egcondnEhiel But ARk Gl FRageh huBh P sn il o

speci es, V#i ABRgaeke dondBctedeh 4 PILTHE hbplald genecipabRalMeaeBSHBalor i Nvasi on
by that fungus. Any such gene that activates or increases invasion is also
| i kely to gievilyaiasondary pereeraeseidentifigdenabseiDd|nentpnta that nmakgdengealisandof t he
25 finctiogp of thes nes woul d |ike reduce, t he virul ence of that fungal
strain | THBUF 819 Garg o A asntel of pemIRnIREl ESGt bEs P R bocar s R
gene fromthe previous SCCtI Ol W tested whether the C crl hccans RI NI
gene was required for Invasive 2 6 APR 2002 WD 99/ 2586S -33

| ' CTNS98/ 24646 hy Shien @r dednki finat@nad fidigging-Dettoreiv ss remilrirrrl

del eéti gn was created. The

C. Ih 'L' ant does not form
i nvasi'Ve hyphae if' f‘ﬁ@”fi?%g’é‘rt?d‘és{)e ‘ie’

(i;an,s ru[}fl l.rern |

PCUYEAPTRARIP 1A YRAS P BEMAR WP | \fhut ant
C. al hrcans; Kl AVARICY ; ed strains can be
det er m necrzlh%hl mgla(g ‘i’/%\rbllrn taég%,fd-ggﬁjlb\ré}gllh gr%%%ﬁss%ggg(r’m éllas'of 5 systemc

i nf ecti on Trangesat-imuegdeazedhapdoidsypbestribeed @stesdritedrie Maisclyend Finkl ence
(infectivi tGy} of a nutant_ strain of Candrda conpared to _a naornal

"wi | d- t ypdUeBelsi 07 mifoai! -4 didRRE atahEPeRPER| 1094 5108 njYe¢t%eei nt o t he
tail vein e M T 1 V. or a
period of Sptl%d \?\g?lgﬁgooal%ﬁgf&n@%?ﬁ &%/%1 %f%f@g@%&g@gfég é%ﬁ‘?c%gﬂsl | ed by

t he mitantgryetisas0ONQr plates GandiedAcplateddad tinsutfice nfitie nodsteripiatt ence (see Lo
et al., Cell 1997, 90: 939-949). Furthernore, ar%y fungal gene that inhibits
or decr eas¥ashphvaidiaotirep@ of Meder| Cedanjestaf invasiosrdefentivgdetants &askcondar y
netabolite tion | et i i f f.any such gene
is likely Ctogr{ p?%%‘l&éggréeaél cSﬁgglgghﬁ%%agb\gf#? %S lﬁgn d%gltsiogﬁglgﬁgg isgglglngi neeri ng
net hods, ireglkii@il fYHeraaRsdfor Wakhins Bdar QRS gRESsubeeRhilNBicked ot hai ques,
are practiced in many 15 fungi (Punt and van den Hondel, Methods Enzynol.
1992, 216:r8arad Bf colphieh Hat axubizadcinNayaskat-defectivicaherotyn®89, 244: 1313-1317;
Fncham M crobiol Rev. 1989, 53:148170). Gene del etion techniques are
currently practiced in many fungi, including, but not linited to, Candrda

al bccags (Fonzi amdrekh Wi mdenﬁﬁaﬁtdmr_i%g Anvdseds MGlahts(28) , Ustil ago mavdrs
(Fot heri ngham and Hol I man, Ml . Cell Biol. 1989, 9:4052-4055; 20 Bol ker et
al ., Ml. Gen. Gefdeanspd®93nueggnzd hapBi)s waraptased @ YPPangerewn eNeuvegl i se
et al., Gepe 1998, 213: 37-46; en et .al ., | . robi ol . Biotechnol.
To07. " ag: PPt Srthen o b s Colomgpri P BT worP e dbibp oS0 Geare

46: 143- 148y, Grtﬁimﬁ&‘-&%e%fdﬁ%%é?é‘ kPR AL Hth &llord) surfabd!sind {E8Q&L of | 987,
12: 337- 348; | z and Kuck, Curr. Gehet. 1993, 24:421-427), MagrZaport he

gr csea ( Sviejipgenvhsain. Heconduby testGgsubtemently RBntOAPMuRBR: 1183149 )oye Ker shaw et
al ., EMBO J. 1998, | 7:3838-3849), I|fcstoplasma capsul atzcnr (Wods et al.,
J. BacPer i6i's rerggped nghe saasafis) waphingms cagpargdr 284-gipe coNIlsepueht al ., Ml .
Cell Biol. S 4 W o d Liers obs et al., Curr. GCenet. 1989,
16~ 159- | 65}8@&%%?&@?&_ Yﬁé{ﬁ)ﬁfﬁ”@ekéeﬁ““mi‘g& 27:536-540, van den |

| onbergh et al , Mdl. Gen. Genet 199G 251:542-550; D Enfert, Curr. Genct.
1996, 30 76-82,



Z 6 APR 2002 WO 99/258b5 -34 Weidner et al., Curr. Gcnel. 1998, 33
378-385). PCT/ US98/ 24646 This gene del etion tecluiique allows for26H&R2002
sel ection of fungal honol ogs which give the strongest phenotypes, as well
as those whivgwodksgssi Nvasi on specific. Sonme of the gene di sruppcpwsosmtdbis

| i kel y produce nonpat hogenic fungi. These genes 5 and the encoded proteins
are excellent candidates to target with conpounds. O her disniptions wll

| i kel y produce hypernvaswe fungi. The gzit_ati on of these genes in fungi such
as Aspergillus sp., Yenicilliumsp., Actrenzonizcm chrysogenunz, Yarr-owza

| zpol vt zca, and Phaffia r]zoclLozyma should |ead. to,i eased. production of
secondary net abol i38sENsdgniicatiopof Mutaonsspegifieally adiechng JREJME: i bi ot i cs
and their goariMatives, 10 or anli-hyperchol esterol enuc agents such as the
statins. A'Svstemto Increase Production of Secondary Metabolites Fungi
secrete secondary Tt sdvedn tetisd uporoswarbstwafio thac @ndike envdtions uffecting avor abl e
for their survival. These netabolites have al so been shown to have a great
nunber of YBfMEIEICIZGd ggnes\iEAHERASORPEUGVRIRIG! Brovdh.riaY BYEHS etsBere

secondary 15 l.i:t € (e} ' of. | | QR:. The f1.
nul ukzﬁlss péeglé{%%ﬁg? Wl%ﬁgﬁéggﬁﬁ%\h} @Sﬁr}gﬁhgﬁ ‘{(ﬁg{%@&gféﬁf'cﬂ %@X@r ggbscti on,
has a honoiregfdrnalligtdicn-ddedteinsitagts and hiplofiskikEdited WbhyRagfag rol e ~n

i nvasi on. The A. nidul ans genes pal A, palD, and palF, involved in

r egul at i onmefPhedasycthpl dppears orhue sinenth thaiswilddyec ¢demicoyben aroyn ey szae

that are required,for invasion. I.n.additjo as described abave, we have 20
dont 11 ectihe obsrie O PERoniRaled chloB lnu Rarons mul Ao Ee R v i o
al so necesgabythicBlonk WEBhOBgy Rihh lgASY on WY a8 Wdiealdbidentikieal condi tions
that induce substrafe invasion by S cerevcscae also lead to increased

peni cilld i n pr oductioonliinutAtionsiiddutzd $y tRospeganpicsionggewnmciDNAHRngingsence
of himti n&l anmounts of ammonia is irr&?rtqant botHbfor Bseudog% hal, growth in
S. cer evzsTEAHrRPSBR SHGTOPSHE 8¥2S SRARIET PRT SEa¥ENGe DX CopYliioRA EQQQS'G meno et
al ., szcprRucRAtdgtiRaes ﬂﬁ‘nkiﬁ%DM%zB-thévpéomﬁréﬂ to tRE¥enohieBeq®ice of
547-585). Many of the genes we have shown to regul ate i'nvasion, as well as
expr essi onS.faeamnutitnetoRHENt] fy plicoafifdcerd denaf i ~a), m | al so regul at e producti on
of secondary netaboUtes in furry such as A spergrllzrs sp . Perzrczllrrrm
.Sp , Acrenronucnr 2 6 APR 2002 WD 99125865 3J PCT/ US98/ 24646

chryso-Tert it SaLnd JiAdLROL L GacE LB 1 Ttoa v 7o
Thi s know edge ca ai ns Ich produce greater
amountls of Invhsise-Isgenivd Mytaet abol i t es, many of which are of great

comer ci al val ue. _ ) o ) i
A library of plasmids containing yeast genomic DNA was transformed into

)

an invasion-defective (Inv-) diploid w/:3 strain. These library plasmids contained an
origin of replication that promotes maintenance in high-copy number (the 2y origin).
Transformants were plated on selective media (SC-URA), plates were incubated for
0 I-2 days, and then a plate washing assay was performed. High-copy plasmids that
suppress the Inv- phenotype promoted a transient period of invasive growth into
synthetic media. This growth was 1dentified as small pits of colonies that remained in
the agar after the plate washing assay. Several genes were 1dentified as high-copy
suppressors of the Inv- phenotype of wki3 mutants, including MCM /! and PHD2.
25  Subsequent analysis of phd2-deleted and mem/ partial loss-of-function mutants
demonstrated that these genes rcgulate invasion and FLO/ ] expression.
From the above screens, we have identified 60 genes which regulate

pseudohyphal growth or haploid invasion in S cerevisiae. These genes, referred to as



One exanpl e of how genetic mani pul ati on can increase secondary 5 netabolite
production utilizes the fungal invasion-inhibiting gene, HOG . V~0& ARR/E0Z
shown that HOd is a negatwe regul ator of haploid invasi on and pseudohyphal
growh in Sw@essdési ae. Mutating or deleting HOG in S. cerewcIa®s124646
produces a transgenic strain which invades its substrate in conditions in
which a wild-type strain does riot. Decreasing the activity of the Hogl
protein in fungal species such as 10 Aspergilhcs sp., Penictllttcrr7 sp, -l
crenonturn chrysogenunt, Yar-rowta |cpolvtica and Phaffia rhodozynta,

results in an increased production. of secondary netabolites through a
des v epr esei B ARG RERCL PSR IR DR, TE PR oh Ay o
ways to deqf8as6n McQt&ilihAsHen¥ivh¥ foliR@nIRENAhH & JRrd@k&kRnt MeseBtide HOG
gene or a portion thereof, using honol ogous reconbi nati on techni ques known
t o be appl icembt &riltsr oha$sifieyl asdYunkes aniabied-premeiing” @i ‘Huhgal iyvasiont agenesi s of

genes coul d aL.s.o l,ead to decreased protein activity. Another methad woul d
be to appl yUHPHBRe Bor FampluAd GRCENAe IR CORPIRS R RAMPLLE A§lSUPRRT bi t s t he
expr esskon o r [+V ] _ ds can
be i sol gt e t]le :ﬂ%& ggtrfgéﬁ?irggﬁ%ﬂé%h{\?ﬁ&g‘ﬁees&@%g8??%2%?89@?%?a'?zﬂfeb f}@?ﬁ%@l

descri bed fdoes, Watho arvasiequadbsgnap pind eradonditions gy nbumg bl indntdd 130aditwvasi on
gene, including, but not limted to, GRRL) |IRAI, BEM2, TPK3, SFL1, SSD,
R'MS) cpcdaringpyerdobyphabgioth ar banloid dligmen £ eranre pha serabirygisduetian on i s
to increas LVJ fungal invasion-pronoting gene) such as

honol ogs o?aﬁtcﬁlg%g?rekcz\gﬁy%xg? Og? fungal invasion-pronoting gene. One nethod is
to express such a geseclsr efreaseogshdstwiiitly €bnipRSe @ktdi el pansmicabn Expressi on
systenms, such as those which drive expression of genes from pronoter
sequend@ f pathvay rp@itired Her aespiwgsipn hevabasndtientidiedpelaneskeaed charactetisedenont um
chrysoger zt t _iprtS gene,. or the Perucilhurn chrysogenunt 0~l ne, are
wel 1< kmown [¥EBrsnsBE SR BaREesefhm rRlo LR RO Qi BRI SV Al e BRG sife T ) 37
12: 337- 348 ;mdspHndcad mem&¥HE tHOSBawS2' Thldthbr 13fbiveifeReBisqINEAGANS et al .,
Curr. GCenet. 1989, 2 6 APR 2002 WO 991 25865 -3 6 f' CTI US98/ 24646 [

6.159- 16 ~INBxi ANV 9eINIBI0, INGEASMVISBINVA 31 AN DI, INV 16 ING Gews] ETR12)aire all Appl .
Environ. M crobi gl . 1997.. 63. 753- 73%'8 A)got her .hod 1to i ncrease, activity
of a fungal 4 WGdLT HOEPEHELTAYparRE 1Nes-1 35 avat INTHBRY TaPUptRdD fisGal

i nvasi 05 ggBfos, Buttide futdHoRs HaryMihéMh i RAHEdHO thiRfraBdk amiR&d, bYdki1RGs Mut at i on
or by creating fusions to other genes that result in increased activity.
The fusi onppresssngisOne & the &V Emnadphhyers dmsltd, st ¢ jweplysmuctcyvteinefproteasedofithe hod i s
to mutate the fu ggl i nvasi on,gen% such that the activjty of the encoded
protein i s PRENSAREY. ltprs sumpgishgethaighis signa) fragsducion RAAYAY W28 CABIFHY Sy,

PacC, requi J1C,,C Ve i it i i ng
properti es.u{ @@‘%L%‘Z&s elg\’/vlr? (%tﬁgrtfﬁgﬁi’ ISOOI%Fﬁelg%ggiﬁéoghﬁtg&%fq%?éﬁeﬁ?}% or the nucl ear
| ocal i zat i anetaifolitas\aBd s¢anetbd bntyyndsahdtraunase & dapvalerexsutdiBilamsubitsates.

accurru{Z tion in the cytoplasm (Figure 8). These data suggest that
act i vaty on "OMmalegaptdheid | dese visroBdge by Beer &punds forisgamplco Hsdgtigiiassof

| | ow t el i I j h I .
a 'owng %eperé)glﬁ?ﬁf%e\?gggé&ﬁggc%?ﬁgtrr’ar?sa:haﬁ/or% ﬁéglﬁ&n?’lrg%f&ﬁtetd € nuc’ eus

Thus) truncation o cause ron of a stop codon

upst r eam okatab&liAgdémgmes tessdsé o exdtheclilat gasia Harfovak épvhgeasistitee woul d
create a eonshtutively active transcription factor. Another method is to
appl y a coripbiratiap! cegulapr @fcan apupdant rgpictdtalkaling peteass eand e eigitlewsi on of

INUB or th ctivity of InvB. These ¢ qunds. can .be i sol at.ed, usi
sereeni ng {BARIPHIRE Gt Biswranes T ed IERuGEd e APl et witdPsuous <o
Y. lcpobytiiga. Ry an@ﬁ@.%?@o%&r%ﬁhc PUtEWAY) @dSotlydegiNhi@Sthe B8udtion
chrysogenacm pacC is known 20 fo directly regulate penicillin production;
peni ci | |i noppedadlin @anic8lin prpduatiedisyguldted by the activated form of the

transcription factor).

Other additional members of these signal transduction cascades are

identified through a variety of standard techmques. First, enhancers and suppressors



activated formof the transcription factor. Thus, increased PacC flgti Ki ﬁl])[
using any of the described nmethods will lead to increased penicil PR 2
production. The FLO | Pronpter is a Reporter of Fungal I|nvasion The cell
surface protwonetses1l has been reported to be required for 2Parmsssikadsand
filamentous growth (Lanbrechts et al., 1996; Liu et alL, 1996; Lo and
Drangani s, 1996; Lo and Dranganis, 1998; Flol | is referred to as Miucl in
S. cc~renstae oar. dcustaticus) The FLQpgenes encode proteins required for
cell-cell adhesion (Teunissen and Steensma, 199>). The MAP ki nase pat hway,

("8 oy AL RESID VB PTG P

transcri ptisarlddaatior arbt £hsdbiesdprainSedhd] froteganedich agedast wah bythiviays si gnal
transduction cascade is FLOIl. W have di scovered that FLAOIl is a

downst r eammembers afosolgiedasing ygast two-hybsdsacthedsoiigids andayans Nature 4980, at e

filanmentou r in.diploids a L,nvasi an A h oL g LLe 4t was, known
that one p%“%\ég% %’?l_eedﬁ?'a @8?&#&%0%&90@6‘6@6{? §§§Pg%\gisgfe%eﬁ3(ﬂd I
expr esskon, Fihfey WAEn$ W G3h&l9199128 1 fskQAA04RPREMH G atnBID Broifidevhiuch conpl ex
regul ati on by several signal transduction pathways. These findings are

out | i ned bebosificdlly iarerastampl & Afkisasotchalytisisgmalit Tpkihsddobi with cedsiedde whi ch
regul ates FLDI | ression.is the cAVP/ P at hway. The evi dence whi ch

i mpl i cat ed Fﬁﬁtﬁlqseﬁfg(lef‘“ﬁ&r%ﬁétw%‘? lqeeﬁeﬁggﬂﬁﬁﬁm%aﬁﬂmm}a%‘.f?@m OIBOR! t he
MAPK pat hvayey gidimiche 1§66 i Ratdiaywrbs S YRWEH b n Of@big@g&eg% ion by

the sanme activator, Ras2, analysis of the distinct rofe
fil ament ousogmbsttly dedegptive ésr fshedodlyphaltdgvelophbnaethiereas g/t kiep|BdAttaimanch

indepengently of Ras. To achieve this goal, we constructed a strain (rasl
rasl péPe2)V§ragriaty cobliseRAs @éﬁ@gtav 1guis B Aypylahndiapiodd mikd matanthi t y

CAVP phosp I ; I . Lred t he
cctuati on of sdanel o B aberte s iR D RaE LR R U AL er ase
requi red fapkcAiRnkydeeliydistnguashabil frorasdldgee seiin@idbdth hupipRisragd i n t he

synt hesi s and 20 breakdown of CcAMP. Such a strain should be dependent upon
exogenous cNpPIdsorThiepacratyased BlrmeRtatian Rpé tyasign gherayRes oR4ySiAaesd si gnal

b i d th h f.f f
R R T -

filamentatio ndepen gn

pde2 stisai mfddRButantd. emywbeﬁaﬁﬁaiedttebegh}\ge% it FEPpsetohyAs krowthf act ,
peptone, dextrose), but grows wi thout cAMP on SC (synthetic conplete), SLAD
(synt het i ¢ Wouscdrarfiviorky taishxacrass ¢ ideanty (RS tbalsintondot prrgeltcablaseih Tpedi a

where it di.spl.ays, hyper-accumul at. of Srgﬁl cogen,.. ndi cahve .of . | ow cAVP
lovel s, ve DrdElRecHRar FREHARE Ty As sl B BB des i s Bt hour
added CAMP,pRA B’iﬁ&in%@@ﬁlaﬁpﬁﬂﬂ'd&@@ td¥er@hLliSrafyN\ok@ie Rhodkoc fragrféhfs fust@sul t's
from basal 2 6 APR 200Z
to coding sequence for the Gal4 transcriptional activation domain. Activation of the
20 GAL4-ADE?2 reporter, leading to adenine-independent growth of an ade- strain, was
| taken as preliminary evidence for an interaction between the Gal4 DNA binding
domain:Tpk2 fuston and the Tpk2 interacting protein fused to the Gal4 activation
domain. Positive clones were then retested in the two-hybrid assay with Tpkl, Tpk2,
Tpk3, or Dphl fused to the Gal4 DNA binding domain. DPH/, a gene required for
25  diphthamide biosynthesis, was used to control for interactions that were not specific
to the PKA isoforms.
Two classes of proteins interacted with Tpk?2 in the two-hybrid assay: the

first class was indiscriminate and mteracted with Tpkl, Tpk2, and Tpk3; the second

class was selective and interacted preferentially with Tpk2 (Figure 3) One of the



WD 991 25865 -3s PCT/ US98/ 24646 cycl ase activity that is sufficient to
provide Internal cAWMP. In support of this notion, we observed thatb Rk
of our rasl ras2 pde2 strain depended upon a functional cyclase (CYRI)
gene. A di plx@ 6b/1586d ras2 pde2 (SR959) strain grows on SLAD nech/usossblrout
5 cAWP but does not form pseudohyphae. However, on SLAD nedi um cont ai ni ng
CAMP, the strain is extrenely filanmentous. Mreover, tile addition of cAMP
| eads not only to induction of filanmentation, but also to invasion of the
substrate. In the presence of CAWMP, thetasl ras2 pde2 strain (SR959) is

invaswe on ali nedia tested (YPD,. SC SLAD). Since,invasive growh is

- usual Iy obé’é?\?_ép& t&ﬁ“t'ﬂtlcﬁlét)el%o‘?”gh glﬁlgf:%gatgﬁé‘i%u%b? fsg%?yﬂ' ﬁﬁéwg% ® type signal
and the nutphih@RakuttindREIPKALShiBIE hRY PRSDASy B ch i CAMhd ?F@isﬁil@, the
cell. To determ ne whether cAMP induces filamentation by activating the
MAPK pat hwaypd T3 mdds seeodichess ecpriesd o 081 bénd Mega Kgsitdh viviRKspattiondystepeci fi ¢
reporter FG ; T>>I-lacZ ( ch et al., sarpra) _in rasl ras2 pdeZ strains
grown on 15’651{1&5‘%@%%@”%%?5&? ﬁ?aﬁbpr@&‘n‘&seﬁl}‘tlgadt )ﬁgh’g{%ﬁ?’ m%%%@sﬁhduce
filamengati kel R heBX BNGR Y e SidVkordi2e4: 18 er in

t he rasF racggtaﬁlﬁggash?}r{giugﬂ( §R959)§\?é§d}rll$éotng'l ft\gféélésbly t%ése (l:AI\/%q{"tgvel S.
Mor eover, cANRnsndPKAdpi{ospiaorgiatian sion((RAKHRACH [/ TaS lirfas ZivedeRatiéhet i on
strain (SR1088), indicating that the cAMP/ PKA pathway acts in parallel with
the MAPK patRwdyil g fwr, @éﬁﬁﬁ&ﬁ?ﬁl&% @8-t he i nduction of FLDII nRNA by cAMP in
the r-asl ras2 pde [ t ] i ld- 1y, eund,, The FLA |
transcript was undé}}réé‘%lgﬁ?éheb grqr}?#]déhé]g?ra 8%%@%?A2?§§?{{ﬁ?sgfé{ r61\}\1%1r1\/[\,§thout
CAVP and stha@Rdr¥ymbinelpedtyipd: iAVehaplsia einaigs derehdleMetAMBculrpiRESi on of FLA ,
whi ch encodes Flol, another cell surface protein required for flocculation
and 2690i déwppiayastvs, wheredsidiploddsd®maedygoini®ne deletion af §/b) Wergrateatlyi dent i cal
conditions. This result shows that st,,ong j nduction of JEL ' ~s not a
gener al 1 eStURT o R BOET (B A ihedy © e RUHT e T8 FeR 0 e: ween Cane
i nduction Gulrh@blse@trdnd pa2 g@&mkaﬁmgﬂ gefeciGhangsskeabsassed reRnirg ngel | s
are grown in the presence of cAMP is fitrther supported by the phenotype of
the FLO | sdélpitd dniblé mutahts hadghe $ampephsinotyas 2s pllesingle maitents, SRggdsfny | 2 6

APR 2002 9] 25865 -39 P 8/ 24646 cAsI~IP. fails to induce either

i nvasi on X\Sf?‘i 44 %‘Y%ﬁ‘ﬁeﬁﬁ.oﬁjﬁkéﬁ ‘éaff‘a‘?%%jg@!‘i C‘M‘éf‘o'r—‘{eéﬁ‘ﬁ‘agéa‘%a l?é{Fef\?%r get of
a CA'VP19ep%ﬂ@@&hoﬁ%&&@'f&rﬁ&ti@ﬁﬁrhc@w n@f6ddi@d 1S required for the induction
of invasive and filanentous growth. The enhanced FLO | transcription in the

presence of CcAWP i Simdartebdtybdidscmehbhican ddvalmgesed o ciehtifiyl aliditromabhol ogy.
Cells grown in |i q}gi d SCwith 2nM ¢cAVP show pseudohypfhal_-l i ke ,ghai ns of
cel I's, wherBHBOEREL ARY ofthe jiepp! transfucign sarrates deseied hesin FRrdif2'E AVP ar e

ei ther si n%eﬁe&ﬁ% biferCinafishd ﬁsi}ﬁ%% Rafle io@@écﬁni@ﬂ?ﬁﬁl\n Bfth&elskAledGAMe A1

cell-cell attachnent 1s nmuc re pronounce an the effect of the Cyclic
nucl eot i de sooh eetdnsabicngadfintant stf@inkhe ouaexmessidre FLO | pronoter as a

reporter. of invasion and filamentous. growth appears to be universal. As
shown PR Figure 9, l4enalipgtgn offragsenntjonaldarggtsaf @angsdpthe WegRlsignat or i nvasi on

and pseudo QY&Q@&&B%‘Q’M&WE‘%MH& R’R’% SorrSlPl"i",[ ark %gé"hct% identify gene products which

are directly responsible for extracellular substrate degradation or invasion. For
example, identification of Inv8 transcriptional targets 1s useful to identify gene
products directly responsible for agar mvasion. Identification of such target genes

25  provides excellent reporters of the INV pathway, which will make it possible to
demonstrate the relative activities of the unprocessed versus the proteolyzed Inv8
protcin and to define the mechanisms by which Inv8 activates and represses target
genes. Alternatively, identification of homologs, such as by screening for

complementation of the phenotype in § cerevisiae, 1n other fungi can be carried out to
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(Sequences of priners used are 5'- CACTAT GACCGAGATCTTCC- 3" (SEQ ID
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ot hod 20ai rip P R En e B ERARF A RLETRE SRR u ot of
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After nutagenesis the partially deleted Jlol 1-nn pronoter sequence was
recl oned i imoing'aEpidbeel. The 25 priners used for this purpose were: -3

Isolation of Invasin Homologs

Any fungal cell can serve as the nucleic acid source for the molecular
25  cloning of an invasin homolog. Isolation of an invasin homolog (e.g., AFLI, DHH]I,
INVI,INVS5, INVG, INV7, INVS, INVY, INVIO, INVII, INVI2, INVI3, INVI4, INVIS
BEM2, CDC25, HOG!, IRAI, MCM1, MGAl, PET9, PHD2, PHO23, PTCI1, RIM1,
RIMI5, SFLI1, SRBI11, S§D1, STE2], STP22, SWi4, TPK2, TPK3, or YPR/) involves



#1F 5' - CAAGCATTTACGI TACTGCGAAAATCCATATACGCACACT-3" (SEQ I D NO 9) %b AlPR%[]Z
5' - AGL' GTGC( JTATATGGATTTTCGCAGTAACGTA, ~1ATCCTTG 3 cbz ~A ~1 al
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J.LJ JJ-, S. ek Bts 6r@ctlitids associated with promotion or inhibition of fungal invasion.
aBS) WJJJJJV L,.LJ, L. 1,VJJ.LJ,LJ. LJ.LVI, LIV, . LWIJ. LdJ V' VJV- S21 St#cl |

O~ Q adyssl on the sequences of the invasin genes ‘and polypeptldes described herein, the
|-~I J. L L LIVI. LVI, dIVIVIJZV~Jvt /. LJJJJJ, L. L- ~SH~ 09I (Al
w839 Lrsetn o eond i grlafg RGAR g otk ieeSeR s oy ¢
aas) Vng \Janbtyl-o“fﬂm% gJC!mdfc\é |As er\glllﬂsLlierﬁemkulng Nidebr; MbnksduSV- - 3~ # Olc~i
ol ~ al a~§), -~~ ~=~T . L. LVI~~sV. LISIV-d. L~~. L. LV- , S~#(1
I 0~ aI aaS)Tlld_ldemVF usaILHiVPéT ODWCIIaerLd&eﬁ%mgnLurﬂL\@WpdebdQUSLHWlago L. L- ,S. ~#(z
il Ou aI I\%g‘gsr?egept eS Yijcrembjﬁjlgml_ Z&X\Z}QSZ.& ﬁln'}{ﬁ:l/)~1;?n\éld|5‘]p%\s/s~xgle using standarcf ~TZ#C

aaS) JVb~ V‘s?rﬁtegl-esla;{a/té hﬂtheé—tﬂatrarelvﬂeﬂwgwnlm elad Vd. L=~V~. LV~. L-, S. ~z#~0 |
0~ al ass) 9b9hz/86Sf1/,LJd 598572/ G6 OM 1001 add 9 Z 2 6 APR 2002 WO

99/ 25865 PCT/ US98/ Bﬂﬁﬂﬂaﬁpmﬂ@l#&ﬁample any of the invasin sequences described herein
5' - AGA TAGGAAAAGTGGTATTTCCACCACATGAAA- 3' (SEQ.ID NO 2~) #9R
5' - TTTCATGRaRyTeINEATIRCether T reer Artionet sesiesugmeihegerf piqgic aold) "5 # 1 OF

5 TOAGAACCATACTART TARAL NG AT R AL B P RS st

5' - CAGT GCT TWeTAAAGTT TRJA FEUECAT Bbecﬂ,@or(e&ﬁfﬂplld?lmﬁenﬁ)ﬂ)anﬂ 11R
5 - GCTCGGCTCTCGATGAGAATAAAAGGTGTTGAAAGCACTGB ( SEQ NO 30) #12F
5' - GTAGCT GAXAGPCEA T GG foomnopeddngsess( Bro Neﬂ Negadz ey, USA # 12R

5' - TCTGACAT, TTT, AC- 13F

5 -@@TTAf%ﬁ?@%e@%ﬁz%@ xﬂféfro?og@ Rl

S' - TAGTATCATTIGATAGE i 65R ATAATE AN T TG KIS, GAle((SBR (L& INT I3 # 14F
5' - GTTTTGOCTCAATGGGACCGT TCACAAATTTACGGCTAAT. 3 (SEQ I D NO. 35) # 14R

5' - ATTA@@MMWGT@&A@@@G@@@R@@&MYMM&WSE@ ¢#tRINHo/g®jar25 The
resulting 1641 ElngSH‘ILa%o;atgry anua? Ceotl(li ggrlrslg6f-llar%sor \ﬁebc?ra{[orrffﬂggsgrlgeuq ?orlt( In

one particular example, all or part of the Candida albicans RIM] cDNA (described

herein) may be used as a probe to screen a recombinant fungus DNA library (e.g., a

20 recombinant expression library prepared from Aspergillus nidulans) for homologs

l having sequence identity to the Candida albicans RIM1 gene. Hybridizing sequences
are detected by plaque or colony hybridization according to the methods described
below.
Alternatively, using all or a portion of the amino acid sequence of the

25 Riml polypepiide, one may readily design Rim1-specific oligonucleotide probes,
including Rim1 degenerate oligonucieotide probes (i.e., a mixture of all possible
coding sequences for a given amino acid sequence). These oligonucleotides may be
based upon the sequence of either DNA strand and any appropriate portion of the

Rim1 sequence. General methods for designing and prepanng such probes are



strain 105Q0-2B. At |east three independent clones were tested usiggA&i@@Fr
assays For equwal ent expression of ~3-cal actosvdase D~pl o~d strain

created by mating of the respecOve 10SGO-2B Jinll-inn transformant with
strain 1060weBYRgsasel ecti on on 2 6 APR 2002 WO 99/ 25865 i _ REBUS¥R4aINi ng
only leucnme as a suppl enent The 14 plasm-ds contammg the 400 by sequence

el ements were PCT/ US98/ 24646 transfornmed into 10560-2B, L5795, L5816,

L6149, L6150 and SR957. At |east threensigndependent clones were tested using
filter assays for equival ent expression of 5 [3-gal actosidase. Filter
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FLDI I: :lacZ for haploid cells”on SLAD was not observed in the experinents
wher e FLO to mithBdswasl] keasu irettie afthfos egampleepadesyricaiuhdiusebelwee abi(fped), t 0 a

difference in the stability of nRNA vs. protein or the differences in the
times & whhitBRY PR¥ be oPtaiRcdSTUn coRmerdalforEdS The expression of FLO | as

nmeasured by either j : i thVv r iL.fions and
growt h phase. TotAPgﬁéﬁgﬁégﬁbgé%gﬁggk%%?ﬁgﬁﬁ%%’ggﬁgmgﬁgﬁgpmgﬁggﬁ%rthern
bl ot s wer ehpaid pemedthas 76esidentgdrd detdyisdibabolatedalsing HighipEmeenicy Strai ns

del eted for rust ras? pde? were pre-grown in SC+1 nM cAWP to OD600=1.0. The
cel | s ver ecandgivag HiglegripgengyicagdiSonamay didlufedybridizaHoopctpsb43° ¢ aed fresh
SC nedi um gr um s+ 72 GAMP. The cells wer o ~1.0 and
narvest od. iyt 0% g ey P Bt e B8 ool DA S OORRG i g

agar osis geloy, sty bilitde zefiisOWadhOat Bb&Xt 45 °TRhbd A2 32SPC.ohR 18eSDEsponding to
by 3502 - 4003 of the FLO |l ORF was used Cells for %?vgffactos~dase assays

of FG . ! lipvef by2 saedrd wisbuwbabay 65nC ang agoys Rl 2 66 tgoptpsReigh
stringency conditions may include hybridization at about 42°C and about 50%
formamide, 0.1 mg/mL sheared salmon sperm DNA,, 0.5% SDS, 5X SSPE, 1X
Denhardt's, followed by two washes at room temperature and 2X SSC, 0.1% SDS,

20  and two washes at between 55-60°C and 0.2X SSC, 0.1% SDS.

In another approach, low stringency hybridization conditions for detecting
RIM 1 homologs having about 25% or greater sequence identity to the Candida
albicans RIM1 gene described herein include, for example, hybridization at about
42°C and 0.1 mg/mL sheared salmon sperm DNA, 1% SDS, 2X SSC, and 10%

25 Dextran sulfate (in the absence of formamide), and a wash at about 37°C and 6X
SSC, about 1% SDS. Alternatively, the low stringency hybridization may be carried
out at about 42°C and 40% formamide, 0.1 mg/mL sheared salmon sperm DNA,
(0.5% SDS, 5X SSPE, 1X Denhardt's, followed by two washes at room temperature
and 2X SSC, 0.1% SDS and two washes at room temperature and 0.5X SSC, 0.1%



PCT/ US98/ 24646 SLAD-pl ates for three days; cells for FLOI. lac: ZZB APR 2002
expression studies were grown in the respective liquid nmedia and

quantltat ed according to Mdsch et al. (supra). Cells for quantitation of
FLO|:: LacWQ3@58Ssion in exponential growth phase Were i noclffdYEFHptm
confl uent 20 h grown cultures 1:20 in fresh nediumand 5 grown for 4-6 h.

. Cells for quantitation of FLOI::lacZ expression after the post-diauxic
shift were grown for 24-26 h. The sanme_gul tures were used to inocul ate the
exponentially growing cultures. Celts for quantitation of FLOI::lacZ

expressiong ) RY I 0 404 (F: ed twce
wth 2% gl ulc)gse ég F‘Eﬁf(}l i@ﬁl&ﬁl (;?%[%A%% %un(ﬁ ancflpgm? q[é?c‘ébh‘ﬁb 8%8 For
detection bé déteﬁlméﬁ/ByltmhaGEﬂileEhﬂHeaptronot er segnents strain SR957
harboring the i nd| vi dual ﬁg\*asm ds was grown overnight in selective nedium

containing 1 nMc es‘f f”eg?léﬁmt@ahﬁ&loi tigherany(dy ) AN e awplatedifram h aci d
split into ‘é’ ﬁ}r’llﬁ 6208 Alng| e% %%MC%%' imaﬁ A ?ikdthgrf’ hdeor 4 h

bef ore harV pressi of '6fs Was assaye oid and

di pl oi & st bmmncel@fasﬁmmrmptlusefxgoémhmawmams\MAtshngls(@m@h @hase of the
cells, we anal yzed exponenti al I% growing cells on SC, cells grown on SC
until the pptlewssdldied Avpera:/depradey l@piéslﬁptﬁpamlaéyordalﬂdo@@nﬁ@rdomﬁtlsmm a

medi um t hat i ose nd | nzy ys on the
o vi aua 4 S8 Nl A ERER P & P RE e TR ERARETTS Tong
pronot er M&rﬁmaﬁﬁ@y 53§88, 2.5R Bé%%ﬁﬁb'@&ht@&%lﬂ@@@, o?mE'sBl%dnss E%WA‘A?' y
assi gned as an upstream repreSS| on site (URS) i f |ts del et on | eads to at

| east 3- foBﬂ”@nﬁah@\exﬂlg&)vpﬂﬁgﬂlhohndn[zathcacme tandwa$washedpwb tiewnfacten vat i on
site (UAS) if ~ls deletion |leads. to | ea educed expression.
Anal ysﬁf ofmiRyes 1?1@5@1Ué!ﬁ%ﬁ9%tawae§§>$§§p %gé %gfgtﬁ@quﬁﬂ? PR 25
floll-| aCZoPRRTRSL y Rl 6 doABRatFAY BRlcSedehEd auf /I ngﬁﬁélzmg(ﬁm% gpoter is
hi ghly repressed eI etions define at Zfeast n el enents whose
activity démenatRNensasirde. eAdfybgdxzwtg}banﬂui l’alkexm'as ooindidationghat dndfupghsd type.

One of the URS el enents ~s defined by~loll-la (bp -2@0-28U0), show ng that
crs-act i ngSEITeene & a{bécw&Mﬁthoatol%al§9m§8@9f H&%@é)r’r%m frARSCHptisUve FL DI

| codnb T eamiiola) AenekAlonANAE AL BLRToucd O AR 2098,00,9%) 28805 - 45

show- stroﬁger rcpre strai'ns clear way to
vi sualze t bexlaaW hﬂid’cl@fledhelsﬁﬂlﬁl@ﬁfagf]olﬁem ession is by conparison of the

| acZ activity for each of the conditions with that of a haploid grown on
SLAD. This conpar id&fiseessehioveRgyesieabgrmicigofifesieisolaliganucieptidey = -8, - | 2,

-13, prepared from the Candida albicans R/M! gene) may also be used as primers in

amplification cloning strategies, for example, using PCR. PCR methods are well
known in the art and are described, for example, in PCR Technology, Erlich, ed.,

20  Stockton Press, London, 1989; PCR Protocols: A Guide to Methods and Applications,
Innis et al., eds., Academic Press, Inc., New York, 1990; and Ausubel et al. (supra).
Primers are optionally designed to allow cloning of the amplified product into a
suitable vector, for example, by including appropriate restriction sites at the 5' and 3'
ends of the amplified fragment (as described herein). If desired, RIM/ sequences may

25  beisolated using the PCR "RACE" technique, or Rapid Amplification of cDNA Ends
(see, e.g., Innis et al. (supra)). By this method, oligonucleotide primers based on an
Candida albicans RIMI sequence are oriented 1n the 3' and 5' directions and are used
to generate overlapping PCR fragments. These overlapping 3'- and 5'-end RACE

products are combined to produce an intact full-length cDNA. This method 1s



5 and flol 1-14. A subset of these elenents is key to repre55| on ?E $II
medi a, but the strongest effect is in haploids f~rOWI SLAD. APR 2002
Hapl oi d-specific effects are found for deletions(loll-4, -10, -1, =12,
and(l ol | - 13wddeeésy, there are sites miloll-9, floll |2, andedtralse 4638
that function in the haploid-specific nitrogen repression of FLAOI|. There
arc other differences between haploid and diploid strains, the nost f ' O
not abl e of which being: 1) in diploids % SC (exponential growh), flol 1-4
has a 2 fold reduced expression |evel, Whereas in haploids tt has 33-fold

PR R BTN A S R ) Bl
I'n dipl oi d8§%bb§ 198|80|Iijxeﬂ 2119'0‘1 C}Tgrcfe%ﬂge phﬂnleks L&sef rhﬁr%n g’@‘ﬁ%e}? AFENLS.

Jioll-Sis a strongly nit ogen egu ated'site In pl'oids acid
d~pl o~ds. Bemeldgeqasley fictuda @thﬁ@\lmte&dmsequence el enents required for
expression of FLO 1. Under all conditions tested, Jloll-6 had a dramatic
reduction in expredsi onCAAHAACGHT CART ANACSEAMMBRMONGABEAYATHA | -6
(-1200 g0 -1000) contai AS. Furtherrmore, Jlo I I -1 , Jlol I
-2, and Jlol | -3 show gggsﬁs@ﬁtglnq)’lqoaer 20 activity, as conpared to the

w ld-type FLO | -BacZ r@D&AfFﬂfC@&G$CA®FATAG@ET(GY!I"FQ’W]€&RR&$YJP@ ,
el enents mthe FLO | pronoter. The reduced expression of flol | -1 1is

likely to be a consequefﬁ%)ﬁﬁN@reZ)del etion of the TATAA region in dais
construct oyt er tations in the chronosone at the
FLOL1 Iocugc’r‘Fn‘?ocﬁéh%JthEﬂVI‘3 s?ﬁengﬁ gnfgtm ‘ual |y the entire pronoter
region (from-150 Aﬂex%ﬁtwcg?ﬂaaf fuﬁ%]EbFJAPBP@NAV@( Fe‘é‘ﬁbﬁ%ﬁxr&%&ﬁi@' re

wi |l d-type pronmoter with fl ronosomal del etion of t
pr onot E¥ wasredtedé)ybﬁanctapiaaconmgednastetxmaof & VAT ntutaryt (o0 exarhpleURe 4N/
(sequences of prinmers used:

5' ACCACAACATRALEAERHaRtAATSEAPed hesainiasc MRS ieaigndprd meiheds descibgphersiny wo

o T ARCAGTCTTAC AR RAR T CARTAAC AR A PO oo ma/Be 21

GCAGATTGT AGSGApAS €L b B2 varfdt ol EbriN@ntiGi)l metiesislitidlming,but het limited fo,( SR1172)
To generate ~lol |I -~ in the chronmosonal FLO | prom)ter regl on, tl~c URA3
gene was r &prcheerl cgywﬂcfra%#tmﬂrﬁé@ayéﬁn%wewnaﬂﬁm i thei eg@ﬂceﬂjarmﬂf ol | - D6

and se ct t 1d 200 (SR
174). st %’9 ﬁ&c%% rryc}qr?b @i %éfi% ‘fﬂ f%\% I‘f g%f %Bﬁisd ?&%EH% fu(%tec?éf ectwe in
hapl oi fj I NY@Drdifg &6 v f BB hchaiguél dﬂs@mwbsi Hegsifl, for dtaohpic, Ghd hﬁioho@l,ors how
severe
Y immunological properties of its encoded product.
Once an 1nvasin homolog is 1dentified, it is cloned according to standard

methods and used for the construction of fungal expression vectors according to

20  standard methods.

Interacting Polypeptides

The 1solation of invasin protein sequences also facilitates the identification
of polypeptides which interact with the invasin protemns. Such polypeptide-encoding
sequences are isolated by any standard two hybrid system (see, for example, Fields et

25 al., Nature 1989, 340:245-246; Yang et al., Science 1992, 257:680-682; Zervos et al.,
Cell 1993, 72:223-232). For example, all or a part of the Tpk2 sequence may be
fused to a DNA binding domain (such as the GAL4 or LexA DNA binding domain)

After establishing that this fusion protemn does not itself activate expression of a



reduced filanentation. The haploid i nvas~o~l defect is as severe as that of
a deletion of the FLO 1 coding region. The results with./loll-G §prABRZUU70ur
concl usi ons based on the data fromthe lacZ plasm d constructs, which
identified thgosegpent deleted in the .floll-~ construct as apé'ﬁ/ﬁ)is(}@.i46ws
for FLO | expression. L S In a second approach to identify UAS el enents of
the FLO | pronoter, we designed 14 indw dual sequence el enents of

approxi mately 400 base pairs, to test |vat| on of a lacZ reporter fused
to a basal transcriptional unit (Figureé 71 To det erm ne UAS-sequence

el enents, 14 |nd|V|duaI 400 by overlapp| g by 200 by re
Canplified BEPPERIGHI(TRT GHEWIS &/ 6C%EC%[%@%‘€PPFFF"S"€(P€2:Q MZSRPERM qt%ﬁ@@o codon
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1100 muct ooy TARE SHAR R bl Mot AT AN an Rk S Rl e R
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fragments dbey %pmmssgowgthéht P oilision ipbesticeBnand dlterapting PIOIQIR®AEt art codon

of FLO I 1 lto -6 / -3 80
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(FLO | -1 godd@pndiddtesidr pmoteing gt (trléLﬂolt'ed-lnzyld adqu)red regisfange StgoaL ZG 19 (FLO

| -13/12), 23 8 2819 (FLO /1 2580 to0,-2983 -1 S/ 14)
For cl oni ngr4B80Ys ‘Qaé’a‘h&’ayeé’t(‘h e Oéh’é “%gﬁbé’dz’éo‘fs C%F’?S‘B%éf ﬁl:T/ US98/ 24646
site (~'1~ol) vvas |ntroduced at the 5 c¢cnd of the PCR-pnners. The priners
used for this pur pose V\er #1RS' - CCGCTCGAGAGTGTGCGTATATGGATTTT 3" (SEQID
NO 39) #2F350!QEGH A G A 5 :

#2RS' - CGAGGTT GAA CGAAGAGAG 3 (SEO 1D NO. 41
) #3FS' %CGA\QT%AA geroinRg “GREEREE BIU z(rtg%@tqus,tbscreen for homologs n
21275 - OO IAICHOAT b BRMAR. o e provi

44) #4RS' - C@%EG@SFMWfAMTW&CB Wﬁﬁf@eh&xﬂ\lﬂed4@ COulbicans
#SF5' - CCGCTCGAGT TGEEECTAAGAATGGACTT- 3
16) HORS - OO et At GRS TN fFime §SEEEQBDNED: 3)). When the ful

218 ﬁggg d@f— gﬁm&‘@§ ?ggg %S'\lﬁé strains, the cells still

49) #TF$5 - CCRETERACHASMAETHTACIAM AEEe BombIBE LT RIMIOS. BedelBiae INVS, Y.
#7R5' - COGCT OCAGGAAGP-ABMAAAACCTTAATTT- 3 (SEQ I D NO
51) #8FS' - ClBehuicadt AT EndaA e RaTE) BquIrsptgalytiggprocessing for

52) #8RS' - l.ﬁ% f’%ﬂevﬂé‘)rg e%?%é% Wﬁ&ave C. albicans

53) #9FS' - CCECTOG
S4) #9RS' - C@GEEEQ@%K&I&@C&@ET%TW %'EGP&N OGRR 4 RIMDeeSS)rudcated just
#10FS' - COGCTCGAGT TAGTGCGGAATACTTTCCT- 3" (SEQ | D NO

S6) #1 ORS' - o@wm@rmmwwwwﬂ to Q@B@mmm inv8 phenotype mns.

g S A b 8 e o

S9) #12FS' - GeeH; ol AR ERT G Ae 3 ho(n%ﬁ% d NNy @Q};&ﬁon our
#12R5' - CCGCTCGAGICT GACATGGCACACAGATG 3" (SE

61) #| 3F5' - CEOTOGACEAGATENTCN PERGATST AdeBsiat Sﬁ@lbﬁ)amecondary metabolite

03) H1L4FS - BRRIAGEPIT BasreRRHiSAbEr 3 520 8 e w98 sor 2002
?25291 o NG U0 T & PARige AR T R R IR O L0 0 o

G5 #18R 5' prMWWKTT@TM&a&d s{riviE @ty B M pré6d)ctTbf the tiepor t er
construct series identified UAS el enents in the segnents 5 FLAO !- 2/1 and
FLO | - 3i 2igwgs ewwalgﬂ Belfmeetww LCPRFGLIHRHY. Vﬂpfpuntttt@t the pwbiishechd

FLAOI-7/G h |0/9
and FLO 1 SRer Ry BRarRRYE R wia 2En B G0 A o g0 kR L quence

el enent s stgem.@m%mvwm Tﬂ)‘N@i 9)RRd @fess%quétméérmalpaé‘dloedi g88@cpedd Vity as
conpared to the reporter asm-d cont ai ning the basal transcnptional unit

but w thout any insert. TheI 0 activity of FLO I - 2/1 , FLDI | -3/2 and
FLO 1 -1 11! O are niduced in post-diauxic cells, |eadzng to an induction
of up to 200-fold. These results suggested that elements FLAO | -2, FLO |
-3, and FLO | -I | axe required for FLO | expression in |ater stages of
gro~.vth. Taken together with the deletion analysis, these data suggested
that there were at |east four UAS elements iii the FLOL1 pronoter. The
FLO | pronoter has 15 exten5|ve honol ogl es to the prorrot er regi ons of the

7~ A 1 P P - S s . g




WD 99/ 25865 -49 nutrient conditions PCTNS98/ 24646 Del eti on of STEi é A@E? Z
stronger effect in exponentially-growing cells than in post-diaux [][]
In exponentially-growing cells lacking Stel2, the FLAOI dS, FLO | -10/9,
and FLO | wlo do/dsB69 segnents showed at | east a 3-fold reductipOruBegR4646
expression. In post-diauxic cells, only FLOL1-10/9 showed reduced
expression in an STElI 2 deletion strain. Deletion of TECI had significant
effects on expression of the FLOI inseption reporter series, but the
reduction could be observed only in exponentially grow ng cells and was

Thre obser Do B NG BGRINSE pistie B ARG GL TR P pREm v Bty 1O
promoter, WRQESiFed@h lac i dvaY®l.E ﬁhwésée%ﬁse@fgaﬁxsh%dumulsqneée eae§tral n

del eted for TEQL (LG 149) than it did in strains deleted for |2 (L5795)
or FLO8 (L&8btr@turdlyGind- f@@;onEllﬂcbnsleﬁ/eQ geaerd IRlad@titioh2lhdrolgs ef Izl‘élﬂéndent

upon TEC i pon |1s. Deletion TEC a stel 2
strain shoaﬁ\zl(/jje ha ZQ%{? g?*’g %‘? gﬁ q%n?a'ftﬁ‘ yéﬁ‘ﬂﬂeé‘ggqo% )51'“’13 &1°51 0/ 9 as
conpar t of STEI 2
| ed toesg >911t%> q‘gétdra%rﬂgtg?%f e{lﬁif{qﬁgondi@\ﬁg‘gﬁhg nﬁg@&%&b@rogﬁ,lk%tﬂ? glgsu It may

i ndi cate ahﬁléeﬂstobamdqxaanﬂﬂqrmqm@ﬂced f@ENBMIQIcamstHGLAJQM&) asQure hemuldgs
suggest that Flo8 and Stel 2/ Tecl act via nultiple sites in the FLA

promot er t ARV r@EWé@WIC}?Hﬁ DR DIl 3 FHENB ANk (et %33%%@4)0”1“dFI og and

20 Stel 2, I X rved with two
di stinct sggt}gn erren sclu%fsﬁé %?)d% l(ﬁ’é il h Sg%ol’—tﬁc%wg'@? C§§§Om?

sequence ehﬂrmmzzd@fﬁ hd¥bedh @denhﬁe@u(m@ fa Qawzm&w&)s,cm%ee sate 12
acted on FLO | -10/9 (bp -1800 to -1600). -12/1 1 and D1 -10/9

wer et gef@ENBANK ﬂr;ﬁUTe‘E;@Z&ﬁi@%t eftiz. 121%@@@‘)@6@?&3%@8 NV pptwag) $1y di sti nct

sites for tr on factor des stro vi dence in
suppor t fo&l}\)c ;]\29 HZ@? é? %%VﬁtongO”&?ng a&’?mf) O&’ﬁé)(‘fpgciﬁzt?% '&h a second
exanpl e, WRinpB&aUMed ekﬁ%n@e’fﬂfﬁ\%ﬁh&ﬂo@%s bpE #idd @Mety SOMMBL SncMdibdeFLO |
pronoter in strains nutant for AFLI he diploids of this nutant strain do
not fornl pithegrmt Bingus, |G|wéldezrw mwomhdlmomsmmowan@ec%ﬁbweast do. Ve
di scovered th t .one elg al-11/10, S €O et.el endent upon

F de
AFLI for tagolspensEibin ’gé‘l‘ 955 aBdersePTERAPF DRBEH! h‘éﬁéyé’ﬁm‘“g&’é‘ WE e al so
Cound tdat tkf%%‘é’%é?x%?aﬁ’ﬂo} s fitifks lo m&m&@r afl{o?)fnégﬁ%ld]seéor{daﬂ;p was i nduced

nor e that as yeast cells change f og phase grow'h to
st at i onar ymplaasBlegirotduon kudiviesse fong, Atdditsonat hxlsmo)lng$ yarpbraselateddiyct i on of
transcription from FLA | -11/I0 was conpl et el epen ent on AFLlI. 5 As shown

above, FL@YPT@éH}g&gF%ﬁO% Ua%g}?@é{hpr gg&mlﬁd} eGfEevisiae mutant

strains and selecting for those transformants in which the mutant phenotype 1s

complemented or enhanced.

20  Mutating Genes in Other Funei to Determine Their Roles in Invasion

Following isolation of any specific homolog of a S. cerevisiae gene
involved in invasion from any fungal species, we can determine the role of that gene
in pathogenesis or invasion by that fungus. Any such gene that activates or increascs
invasion is also likely to activate or increase virulence. Deletion or inactivation of the

25  function of these genes would likely reduce the virulence of that fungal strain. The
following gene deletion example utilizes the C. albicans RIM gene from the previous
scction

We tested whether the C albicans RIM 1 gene was required for invasive



i nvol ved in pseudohyphal growth and hapl oid invasion. Thus) by conbinin
the analysis of the FLDIl pronoter with the variety of nutant stﬁﬁlAﬁ{'ZU&e
will be able to map the trans-acting el enents which regulate FLO I, as well
as the inpoybaphsgeggonoter el ements which serve as targets. Awomnspsmmtshe
S. cerevisiae genes have ' 0 hotnologs in other fungi, this analysis wll
allow for identification of putative targets for conpounds which prevent
fungal nwasion or which pronote productl on of secondary netabolites. 1ii
anot her exanple of using FLO | pronot er fragnents and deletions in
conmbi natio ith ant. strains, the sites w t he rormter
cavp o, nafvatiakih S0 it m olfredish Bl dSBER B AT Riiteayd Fe®
transformegd &M?caﬂ@pmb/y/zzﬁz‘?lﬂ?&itﬁﬁrdo%%btet%nh nﬁ\%sﬁ/erﬂﬁhaé tshe PSS Strai n
(SR957), a strain where internal cAWP | evels can be mani pul ated by addi ng
CAMP t o t hen agatiag 37 Xddihilcompnmiut@nt VadAbS st dweSHRIgUre Bd The vauBnEebfithenduct i on
of FLOI1-A S and a.2-fold jnduction of FLDII|-7/G FLOI-8/7 and FLOI-10/9,
as conpar efpufatedsiiains ﬁ‘ﬂlmeﬁﬁmﬁ&étusﬁlﬂmya@%gfea@@alr'é‘ggﬁlfs Ogg gipsiet of hat
traps-act | o, dahi Rl for B IaBONHRA fs kAl RXPHEIE B ,Iemlgygnu@ngﬁwp- medi at ed
signal via-“nore than one cas-acting &l e segnent nost strongly
i nduced by(lﬁf@shﬂutﬁ odafrunest sl&ylllidff@zﬁl‘dﬁi’al()@ﬂﬁjai’@i t@kﬁfﬁiﬁffaB' vRltpeGspaiand FLO |
-7/ G (bp -1200 to -1000), the sane elenment targeted by Flog. As shown
earlier, tWuEngpRGReFMA| §aaqil§é cellspif fryeptedinte Hgdall veins ef sapataieheadthynd
fil arrent ou r cr bove ran r.e not

icd Weqmcgéré(afﬁgrgg% r\;‘ﬁtaﬁgr %B)erfchd twg W(L:e (S OREN efb

detectable in a strarn Cont & ns. & del “of the FLOS
gene. Fui - feh@iv8umbefs.ddmike kN GlyitROmAYanEAMBuS Sortl D TEREdh Brévid@sh rust pde2
strain (SR 1081 ) carrying a deletion of FLO8 The stel Z rust ras2 pde?
strai n{ SRJIG%PFVWIR@CQ(E@ Eo osaly &3l 193%290p&é9 949y. ~1Eth(€8ﬁ101B0811y funghlas

dramati cal | uce essi on of . PR 2002 WO
99125865 - "%@%‘%gé AEESar TNy a8 ‘FB[SEd%‘fY\fdfl“?h‘B& oF HB‘EIE%S& SSSPTQAWP rn the
- Sicl2 rrrmglabblR? r@d]\fcﬁgnsb'éﬁe'uﬁg off UsRiphiRg YEN AR cOEn SEy skxclb%ex?ﬁﬁ%k'e the

stel 2 mutant and il in the flof nutant is consistent with the ph not ypes
of the coruoeep@aﬁdzlsegorsimr}amntabomeﬁar@:&lcnaxslGeneis:ch;gd&Ensg maihods.sncindinige t o
formfilanments on SLAD Rl at or to jnvade tEe agar on YPD 5 pl ates, even

in the preS¥REUTBHIOR AMPIORAIGeaUSrecprapiaton tehpiguss. Sifdlrasticef 8t Wapky asi ve and
abl e 15 fOfufngn {Pu‘nﬁé‘i’f‘d’%ﬁa A HfrBePrMéh&Q BALRE. 03! 8] dudsgs 2y FBANLGAN.  Thus,
hi gh cAMP | evel's can bypass the requirement for the MAPK cascade

transcri ptarmirﬂ\/lhesdmkb,rScﬁreb 2L988uR44nbi 13t Hd 7r Ethnmnh’hd:robmi REV.0®80N53: heés-

activation _})f FLO transcription. These experinments support a nopdel in
whi ch sevel - éie@ﬁ&rﬂef%wgaweﬂ%so%e euEEl I aced & gEnY finghanprdns: i

of FLO11. t

over expr eslg[?olﬁhﬁg#{ tEng’%aﬁ‘gg%%gfg%F%IS%I]iecgitrl%\l/@@%nelslgsg})??f Zma%r%z?zs) of their

j oi nt cont Ustilagy etayfis OF btherivghaaxgndetdsliman, 0o 088 Biol. 4984, 6t4D52t4086a ( SR1021
) and overexlpresston of STE12 in a flo8 straits (SR 1 |134) suppressed the

pseuddd® phBriksnef alnliedi Gen- Genekd 29 5R4B1KE7 09 2 iaxrrvya ZWH@:’”H“E)(]B‘PRYPS@*F%S of
e Pseudofyphagyl fodd19 13 SRR ERSPA o SHCAL WichSHiS) PRbed T bER gL AL Of
strains ovérexpress eac

pseudohyph;sds For@dtd caRNePpl MicRoboBREnbNAYIE . C43-| 4R)0f crdhiofniny pe
pseudohyphae. In stel2 strains overexpressing FLO8, the cells are not

| onger  t haffwidgdnay pekatidweglerCurt. Hesnehd 987 al 24&Hs 348; Héelaent KaekfCumanent s.

Thi s col on imlar, to th r.a elnducedto

form 111 andend: B 0 | Redsaftetmdisdroep T Brestl i olioh Siin, ke

over exyy essignN e §3f19©ﬂ et ddw di af. NEMVBIAD) 11 998 P BSSI0MARL RFPPlasma

Over expressi on of FLOB ‘enhanced the expression of FLO | 710-fold in a stel2

mut ant ( SRAQRalunT W opécetpl.of B acexipé rlioagNt80: Ml 35k 1) ST penaduoyer expr essed

IS nore dIJfICUH becauge h@ 19evels of Stel2 are toxic. To 25 control the
L

| evel s of @ftenet Yo MalefelhB 1837E 17 1 64 R&trdrcRuiiiiilasrbe hitla BT Qg6 at ed by
gal act ose. 1568 ¢st 4 isnh T struct
on a pl asm(}dSrb qﬁ 52ﬁ8§l 6%%%??: %@ﬁ 5 e?gltg\%ef ?n(gr@ggsvgﬁld%flgsﬂ@%%p&

SCgl ucose medildimGas. Gonparned, 11 : mesm, DAEAfdT, @nsd oered] %96 Botrbeg2cont r ol
plasmid (SRl 097). This increase probably represented i nconplete repressron
of the GAL



Z 6 APR 2002 WD 99/ 25865 PCT/ US98/ 24646 -52 pronoter. If STElI? was induced
by i ncubation for four hours in SC gal actose nedium FLO | expresQiBOAPRAZQQZ

i ncreased 10-fold. To determ ne whether a high | evel of internal cAWP
stimul at ed Mbdbér4sg@anscription, we deleted | RAI in an ot herw seTvidsdrtgspe
strain. Iral is a Ras-GAP 5 that inactivates Ras-GIP by converting it to
Ras- GDP. Loss of Iral function |leads to a higher proportion of actnated Ras
and thus to el evated cAMP |evels in the gl_ell (Tanaka et alL, 1989). In the
rral nmutant strain (SR599), FLOIl transcripts were strongly induced. This

FLO | indugtion reflected. jn, the Ly i nvasi ve phenotype of strains
- devoi d of F\%&r‘ﬁfﬁ%@ﬁrﬁ‘."ﬁ-i’cé’f?‘eﬂé&arf&ﬂmgﬁ-t (SR1133) was still "~
hyperinvasrve, illugfif gtdd\idiRatiedhidu8abwi WRnobetdiBnYimSi bRl 1NRS
i ndependent of the MAPK pat hway. However, Jlioll final (SRL0O79) or j108 iral
(SR1 | 32) swhahpgsvd the sedngest pirenagpes, Thesd as disask wdhidr @re comsiostspatifici t h t he

interpretatjon that Flo8 is required for the induction of FLO I by high
[t or hal - artPrEK b gene Aisntioapil kel produic peppeirogenicfuRging hsse BEMs08 and

ol et on of TR 5L R RRE o PRl ol i g e LR Xl

transcript diswpliSnLIPAkEDpbeoduoe Wyietint ¥pee fuhBeSEheastdlids o Athes€ garsds Sh ent
with the hyfg‘er,-i nvasi ve phenotype of the iral stel2 strain and the

non- i nvasi vidngheisbay geregrilfusspu Laniciliiym gp s dergmoniumnelrysqsenei. {weopegul at i on
of the FLA, | ,pronpt IR S, cerevisage, N 20 provided, and. is ljkely to
cont i nue t A BACGEN Clipagte s SRATT I e fier b ntprofiey Bt estosa s

i nvasi on angemBsIBE 8T YorfiRleRRA vhlue, PR 6Eth Attd afiibiBhi&ParklURSiR e S PARIESS -
Promoters of other genes involved in invasion or secondary netabolite
productlilon draotrigperbobosiesolamicorgentsisaeh fathgalatispeci es are sinilarly likely
to provide further valuable information about the regulation of invasion
and secondary netabolite 25 production. An exanple of such a pronoter is
the ECEl geRne&.pi-aMtI8Ereh PRGN Ir&cdbdinfAVkBLo %P €ssi on of the Candrda
al hccans ECEI "gene 1s highly induced during the COIVCIS10l1 from

noni nvasi ve yeast diungt $ectate savoadiry echapphees igowiat to. produceradenvironmenne
Candi da regul ators. of invasive growh, a.fusion between the ECElI pronoter
and the E. fé&?rﬁg{eafezﬂ@érﬁél%@- feepeiabelijes Rey&fsPibee ﬁgﬂwrﬁeélaaﬁarﬁé?@ ver e

2 6 APR 20 A = : Qs DNA
fra~nctnt C%%r%ﬁg@%ﬁ%%gﬁ%gggg ellj%gigéég%%gﬁ‘&% ﬁ%%’c‘é%@%b%g\g%eﬁk% Egﬁ orrfl acid the
first 10 codetabolok préiucEGERnddrecgulitain diriagrnt Thas!. elded fdoaCcgenal € an
in-frane trans|lational fusigon with lacZ carried on a yeast 2~ LEU2 shuttle
vector. The'VREdH Feskatirg ohtls neaisylip gradughet Gt QO'BP%’IgdP go&a¥char ozyces
cerevisiae 5,.s5:L.al I a ng. / The
strain was %ﬁ%tsl”{elg%gﬁ Pi&{b\r{%?{g OE:G-?I ?ﬁggq%‘st]ﬁﬁg%fnibﬁr grgilﬂb?ld!ééa?{gggg&gfﬁ%bar rs
genom ¢ DNAvd/D; agvpsts irslobeedn tegubntipr s pelciliid brdddctivacilos havkasimhdloggirmoubl e
transformants were recovered on selective nedjium | acking supplenental am no
aci ds, pool@dereypdad haharesputed doranvasinn. depdditign asclescated @abpvhivesshidyeat e) on
m ni mal,medi ontain 50 . osph f . 003% W v
XCAL e pr A e SRS rarC B Y Bk A S B 0 8Bt s wer e

pi cked wi t hndcBgahdRR itvisionC ISHARECRNHAG DT Qi 86N SorhitiGHRMRRGAAuNOUI d
activate transcnption of lacZ via the ECEl pronoter. The z,ul URA3 pl asm ds
wer e i sol at adstrite omvasion tyl Y eetevameiataorteat 9, ingreased perdcifiiprodeeiiathia 41 oned

DNA ! d. _.Onc of th identified Candj da AFLI .. Ex [
of the 15 CHFGY AP TGl 7810 D ioraratl IMPGRCER BEA ARVE R uasi ve

behavi or onjgiglaA G6th Y8OSTuliosBh WIR 16 BNEd b 108 adisioludtion@rpERldiNindoes
not invade the substrate. Standard database searching for honol ogs of the
Candi d&5AFLin fendu/vev@Ead Eimenm S.al.cepey,aad BraltingslAdh., KhcS, ModrBiwil.Rae
strain containi ng a conépl ete deletion of AFL| did not formfilanments or

i nvade undet?Cofdi 11700& wlepe ohihegengppre havsshoyn i reaplajgrnyasi @y @f afedlsast he
exXpressi on SRRl Run 6 PYOTF BRAE L drd ASSEOLORA BRNBY, AR (Fand: da ECRI.

It is Iikel honol ogs © revcsca regul ate
FLOT will sceandayenddipdsanphied Sudfasdenese iy gh Ademehves 1eeubais hyphal
growm h or invasion in other fungi. The downstream genes can be determ ned
tl u-ough a nunber of techniques known to those skilled in the art. One
exanple is to 25 use mcroarray analysis, as described in DeRisi et al

Sci ence 1997, 278:680 The use of Saccharonyces to clone a Cand~da gene by
screening for its function as an inducer of Candtda ECEl gene transcriptcon
exenplifies another approach to isolate inportant fungal genes involved m

i nvasi on or production of secondary netabol Ccs. The success of thcs
experiment ~n cloning an inportant




2 6 APR 2002 WD 991 25865 _ S:~_ PCT/ US98/ 24646 Candt da re~~u|ator§Pf

i nvasi on proves the concept that U ~s possible to clone regulatoﬂ AFRZWZ
transcription frompotentially diverse species by using Saccharomyces as a
het er ol ogouwyoheakgdsn whi ch to screen. This techni que gives therodwaniages
of the sophisticated nol ecul ar genetic tools available for Saccharonyces,
~but not for other 5 organisnms. This has inplications not only for fungi

| i ke Candi da, but potentially for very:g[sparate speci es such as mamal i an
species. This nethod may al so be useful™™in perform ng nore detail ed

anal ysts of, t he funct,ion of, 6 regul ato . transcripgi.on fr

hon- Sacehar it Ry 1Ml B i HiBagiee ah S RaowBke s Bbus host
can be combidaad prhdilte 3G BEL AR @ﬁ&ﬁ%r&&fe@%%t&eroﬁﬁt'SQ)Ithe%EE@&ﬂ?&ggA or
genomc libraries t O to isolate regulators of transcription o ndi da, or
any ot her orgholigtsnmaScoeehichgreistsays chomdaanlealwnd Conpounds As di scussed
above, we have identified a nunber of fungal i nvasion pronoting and

i nvasi on-inl ti bt ti QB Pxerie of howgengtic mapjlgan ¢an IpgersFesendany and t hat
may t heyef Qr & IS . & redu hewyl £ Ul ence of
"% pathogherLBfiHaS R aREanL M APIRRUG Rl 1Bhe pES BOGET Wi il

al t er nat i vellown thacHeaskeistahegmiedidgliin®@h o Ohapieid oMesioy aietpabaldhiypal Any nunber
of methods are available for carrying out such screening assays. According
to one appB®athin Sasripidee Mytnvogmadelstieg dielinat corpvisiaepreduresat rations to
t he cul tur I.um of thogeni c. fungal cells.expressi 0 of the nucleic
acid sequeﬁ%ggg%%gé?WBgﬁcﬂérgﬁﬁvuﬁ%ﬁ r%iB}%?@Fﬁ QPEW%Umgﬂgﬂgﬁ¥%%ﬁV@B, for

exanmpl e, byo&tRndBcEr-RRHE HRIadU B PST RBMo%S ipPotbiNus YiRlal §lecis-suclbPr @), Uusing
any appropriate fragnent prepared fromthe nucleic acid nolecule as a

hybri di®%zat dererpitloben.. Ragciiovelsp.ofcrgumuiexpnessinom, tarmhea ppelssncendt the
candi dat e ound,~s co ed to the level measured in a control culture
medi um | ac&ﬁ%a_tr ReIRRHi rgg‘?l 'Hﬁ‘f‘é‘?ﬁf?aé?é ﬁrogﬂﬁﬂﬁﬁ%e%]déﬁf IBF@%B{W_@% a decrease
in tile exph&sH HLie-Rlprdstidnd? tdWaRi @AndLOIRE JGyhACTIREe b LORRIAEF ed usef ul
in the I nventton; such a nolecule my be used, for exanple, as a

t her apeut i wayotootaeirate prioeeupatthoiye fiincimgthod isan delefegbe Entus /00 Gd gesenia
conpound which pronbtes ap i ncrease tn the expression of the )

ovhsi on- pPUTOR THGCe sty PoBODERE HevERnAeat GRS REO MO RE PBRicRIReh
ol ecule ”ﬁyfungizasQieietPr%e%%Q?Ql%l%%'{a?@?x@éti éeslls' SR8, 7048 128 (4ised, for

exanpl e, as a potenliator, 1|ncreasing ptoduclton of comercially inportant
secondary detedsed ptoesn attivige shueher méikodivbeldtbead appindi gtat er canpowrids or
genes may, in the alternative, be neasured by assaying the protein

pol ypept i d¥hichy@irecty g indiegedy gnhigis s rkpprear P H#E G 9t B AChEY9idIogine| udi ng

standard | m@%eﬂgé £ cohfpRlRd AUGDe iS50 AS %’ §§§én‘?ﬁgte9ﬂuﬂbﬁés”&s% ed .

i mmunoprectpttalion wth an ant|body speC|P c for an i nvasin polypeptide.
For exanpl BgreinmlihizaagiedssdadaybdddotlHOD It @ve d@iatigtapplicabdstotamry flulgal @xpr essi on
of at | east one of the pQIypeFtides of the invention in a pathogenic

organi‘n PaEsien gaea. meludiehbut eetdimitas tphGERESRATs BEMLedPAS, SESESHYY i n

Har | ow andj; b a | aboratoy nmana~al 1988, Cold Spring
Har bor Pr e!sUs %@gﬁ%ﬁe‘%, %jJEEM £

A second mechanism to increase production is to increase the activity of a
fungal invasion-promoting gene, such as homologs of IN¥8 or any other fungal
invasion-promoting gene. One method is to express such a gene from a constitutively

25  active promoter. Expression systems, such as those which drive expression of genes
from promoter sequence from either the Aspergillus nidulans gpdA4 gene, the
Acremonium chrysogenum ipnS gene, or the Penicillium chrysogenum phod gene, are
well-known to those skilled in the art (Skatrud et al., Curr. Genet. 1987, 12:337-348,
Kolar et al., Gene 1988, 62-127-134, de Ruiter-Jacobs et al., Curr. Genet. 1989,



capabl e of binding to such a polypepttde may be used tn any stanﬂggd% 0
i mmuunoassay fonnat (e.g., ELISA western blot, or RIA assay) to S Bgﬂghe

| evel of the pathogen tctty pol ypeptide. In another exanple, polypeptide

| evel s may lweo gizisgsni ned using enzynmatic activity in standar dPaT8®YS24646
Standard kits are available (for exanple 15 the Gal acto-Plus and GUS Li ght
systens, available from Tropix, Inc., Bedford Mass.) which allow for
measurement of enzymatic activity of, for exanple, Chloranphen>col acetyl
transferase (CAT) and (3-gal actosi dase %encoded by the |acZ gene). Protein
| evel s can @l et.er m ned_usi bni que .

fl uor escenclzs-' ‘?@f %asgﬁﬁceg}ar’ g%r?et H%% EE‘?A\Q ',%@Z%rc?g(;ep%gltlbfr}gplf )}E’mbrpn.

| um nescenag,crédisloMPouiRd:- MHiGh) pronot es a 20 decrease in the expression of
t he invasion-pronoting pol ypepttde is considered useful. Again, such a

nol ecul e may be usédothepmethedriplinsreass activityerfap@ngilanyasiaopioatotingegene is

pat hogenicity of. an infectijous .organism A conpound, or. whjc ronot es an

i ncrease m'? ﬁ@%@%%‘é%‘hﬁ E‘F‘g?lHBV%Wh%ann@'BFB%?Vﬂbthﬁdﬁl%@ﬁp?gﬁf‘% al so
consi des ed @il mdldbller 51/GRaith SRLRAY|FollBY adhEs UaPHsul O KA &, as a
potentiator, tncreas>ng 25 production o comw%rm ally inportant secondary
met abol i t eswctvAlyt. eTinafusoalpyotems ateprafbdittly oonsticadiydatiee c dnghadmisthodhys the

screened for those which specifically bind to and inhibjt an invasin

pol ypept i dényftetheiingaldnysnn sepgsuet %%@ey%w%%ﬁhegn%eipa%@ onpound ~s
dependent i kS 1J. tc0 . i .. Such
an inter ac? ?%ﬁasggnlzggé’!rag&fé?’Isgcéargglg%ggﬁvugg%]dgtsgﬁsn 518%3%%%3%%%?%913& 25865
PCT/ US98/ 24:6(511621%]63‘& ndndeaihtiofal St diidalprebetidsl Wd havetskehnidgyéisis ardvidenet i onal
assays ée ~ , those described In Ausubel et al., srrpnaL. For exanple, a
candi d&Pe cenpwdidr tayuplear leealizatiomoflny B o Imability he EraCAs b1y Baashltiindisng wi t h
a pol ypeptide of, the.inventipn d it ility to | at e pat hogenicity
rnay be assa§§/u “‘69%1%&‘%%‘88&? ?g ffyg)‘ ?]te)n.céf? fié/tf’ ﬁ%%ge?gtégfga}cﬁng @O?@E&Vh). n
one parti cwhants%zsamnidg@,is Bk AR slbslatehseiapee Belalidvaing RhEiStdiR tagdin wasdss

pol ypeptide may be identified using a chromat ography-based tcchnl que. For
exanpl e, a tp e tarditregnes pdhgpegietsdd hos, tnimeationeinvd ar RegC beuspdibytheed by

standard tec| u~igues.fromcells engineered to express.the polypeptide
o0t nodtratBedPF Bch BBs68y SRy Bk TGt rr oG h % FREF A

sol uti gp ofciGensl Jateole B}%Qtérhct%nht%utwel?‘ b rARES S heRYIAnbhRrcol um, and
a conpound specific for the Invasin polypeptide is identified on the basis
of its abiIm¢thod 5 thiapply tacontpeundwasihndpedtiypepadidetignactzesdsithobiprcssesh on t he

colum. To i te the co ng, .the colum is shed to renove .

non- speci fiocfzﬁlf/ g Op Hiragt nggﬁ‘lvgsT sifdormpeve ds‘gl?tepﬁ‘ﬁg‘tges@feef‘g‘gt hen

rel eased fromnidiRs GOLHBTY RALInC S Lach ek PBURCIRobEShHer BB LLS met hod
(or any 1 S other appropriate nmethod) may, if desired, be fufther purified
(e.g., by M opesddparénitenld. quivdus) 4- ogeratod Paphryjogehmnagde€iiokpovrihese
candi dat e conpounds may be tested far their ability to render a pathogen

| ess VSbul éﬁtdlrefé!ygr.e,gulaé P&é%‘ﬁi‘lﬁ’é‘?}d“}‘ie%i nepicilig pEedisen istseuieid twlgf’ hi s

approach . . , . i revent
e onset |aPEEE i ARG o BhpRSPBLE, 1A, LRERRThoC Solly it afol 00
are identi fthedesatib&d ghdihads (il Ral kogervasdd penpillnpepdiciiea. wi th an affinity

constant less than or equal to 10 nmM are considered particularly useful in
the invention. Id yet another approach, candi date genes and compounds are

screened f t plity t.o ipnhibit e v.irulence of a fungal cell by
moni tori ngofhelp g ?”SﬂR_e brlorFified 1 fit“Khown to be positively or
negatively regul at ggedsil bitehck ptASRHOUShaE bebmyepdtted to by Rlgalre@fawt h,
pseudohyphal growth or hapl oid digginb. These sanme sel ecti on-based systens

may be2¢onfingasivecnddilenemens frowtigEmesbreshtsetirmpobPtfs LikietH 11886 toaidicr eased
expression fromthe FLO | moter. (R, ..~ | n one exapple, P,,,,0" is
fused to a ‘é‘ﬁéa‘i‘%épgégerﬁ @%;B‘émé‘?‘ﬂ%mli?ggd@lam Qgrgpwgﬁof‘ﬁwléiké‘rpessi on is

i ncreased Fop 2080 Reush OTnEWED Jensl AoliBBlorahl ARG ada IRy SC El TS
when 2 G APR 200‘9 WD '63755865 " 57 “PCT/ tedes 204646%gr%1ersent tn alass

mut ant has :hidesiogéEnenat@dandheaskast W) hasc MeP dddedpatwvapt age! virdwlour
expression |levels can be titrated by the conpound 3-am notriazolc (3-AT).
'3-AT is a conpetitive inhibitor of H s3 that, when present in sufFicient
amounts, will inhibit the H s3 expressed fromP,:~0" and prevent this

strain fromgrowing on SCH'S. 5 Therefore, growmh of a strain containing
P,:co,nFI 1S3 only occurs on SC H S+3- AT



inhibition of H s3 by 3-AT. Increased expression of |hc transcrip

factor Tecl confers increased resistance to 3-AT in such a strain.

varyi ng t hewanmmusgesof 3- AT used, the extent of increased PALOPETIUSSS/24646
necessary for growh can be nodul ated. ~ Nunerous markers coul d be used for
such positive selection systens, including, but not (united to, URA3, TRPI,
ADE2, LEU2. Those skilled in the art wi{J recognize that other positive
selection systens will also work in this system |In another exanple, gene

, fusions that link P, .=0" tQ a,9€en raduct that confers. a growth

" di sadvant agE e R RAsEs @ges?to’ .Sktqlleﬁﬁgt&gg&ﬁggﬁﬁﬁ‘“&éﬁCaﬁ{év%8gm€o select 1 ~
for genes @r@ﬂscﬁ?ﬂ@@%‘ﬁ%%@lﬂﬁe&@%ﬁé&%é ateskbfdlatkd B RESSON- I N this
case, any condition that decreases and/or elinminates” FLO I  expression w ||

al | evi at e traesdgrioov basdadeadvddt/dge and al l ow strains to grow. For exanple, a
fusion of PFCOr, t%the gRA3 og(ﬁgﬁreagi ng frame that allows for growh on
SC-URA in a PFLO e gEparaeyrchiaher Ohas bdamntteany @rget mrother sighbssi on of
URA3 i Sstoxl.c 4 L f1.D- = Ief ;20 @G - - sel ection
agai nst5 FLgfﬁSdgE%érg Egﬁgg%gﬂggﬁggu%%c@Lrlr%ﬁlﬁtgﬁgg%ﬁé%?ggﬁyga&%]? 83%%1 h on
SC+5- FOA ohagloslsr aVinileccarmay kngwa tht one pahwbiRAdidlugk olated Thesehskothpad in the
art will recognize that other negative selection systens will also work in
this syst efsovegulated FEOY sKpiwEsigfb Y phBEPAtes rahf Lo/ repeargbtoshy wder on f or
or against 2+ F | i,tnt | nal ogi C e-used to screen
for c hangeggclhncolu—}(@& A ‘%ﬁ%‘?‘é‘g g ?g%‘{&%shgenra ?é‘;i(I?iSﬁ%Pté%n %}q#“(g%yesf %e%j ﬁﬂ%'ng% %rbeor ter
gene fust opstlinb@beloan be quantified Include, but are not limted |o,
enzymatic or fluorescent reporters such as IrrczZ and green fl uorescent

prot ei 0 (GPP). TheAsekampleoh anetlicrsugnaé ramgglusyen esssadfesiich beghldier BLQdVe a

nunter of 2 6.APR 200 / 25865 - 58 PCTI US98/ 24646 pot ent{ gl

1 bl —cat —oRETBRBHA LhgSd CSR TRy P BREHBI S, PPRENSH Gt RS dsed to
Identify, bys&elracdourpihiedsoubwictiepabinNaeM AR daffwaidiv teé the genes
that regulate FLO 1. For exanple, nmutation of a gene that elimnates FLO I

expr essi oncANMBPEKA pdtiw alehretaedvdted fonifid8nematiaaly thesgma affR@®n, ReE3 f usi on
will cause this strain to be 5 ,stidi ne auxotroph (unahle to grow in
mect a_ | AoKHYRE 81 FAES: iR AMb S G e BONTER SISy O ot her
or gani g9 Lhafkad @8 PRI bR [nd@yBIRES OPRAD PYIGdhiSle BisDal e BRStrided a

conpl enentati on or suppression of the nutant allele) can be directly

sel ect ed f eraihyrasélrect pdeg) faokingbotht R4S pemmsdRAST askRAG2harsitthelhigh- Sim | arly,
novel regulgtors of FLO | expression fromS. cerevcsiae and heterol ogous

or gani sns 8HHIEEAMB ppasRhefesERsed g + Higcs Kael ard R4 a5 reauHeddyr the

anot her appli L QA, ' 0@91 AEYON, i ng hyphal
or pseudohg%)thgﬁbggg\?vt n,y}%ée%tlglgg’n cé%@taructs ccgﬁe%@eggﬁ rhg%l%gtelgﬁéorder to
map the ci scquiredrésitcAMP hiybe i aoter ras2gue eehif oy ingadhd &i diealynthegnandict i on
pat hwa%(h As an exanPI e, the FLA | pronpter screening and sel ection assays,

in whith nBEREPWN ol Mt iBiek agtrainphonlg berdspandepbipdmExOBREPUSEHINR fbst ream
?f the FLO,, R, DAye Abﬁﬁﬁ'sega%peﬁs%oeﬁas-ﬁxrgﬁcé&eéi lgﬁ{" d t?rgr%ngﬁ&%?of hHECts on
acZ expression I n varlous w i t-type and huta ackground straifns. In

anot her exaMmpPE case, iappifags ¢AMY onr fagieitato®Ehdul bélrdeperidlcan@tiae have
been cloned into the CYCl transcriptional unit (Figure 11 ). Together,
t hese exanplregMArKisigtehonstrate which DNA regions are required for

The rasi ras2 pde2 strain (SR957) requires cAMP for growth on YPD

pl at edwhen P, ~0"-H S3 expression is increased to overcone the coxg’rlggérthhme
By

25  (yeast extract, peptone, dextrose), but grows without cAMP on SC (synthetic
complete), SLAD (synthetic low ammonia dextrose), and YNB (yeast nitrogen base),
media where it displays hyper-accumulation of glycogen, indicative of low cAMP
levels. We presume that the ability of this triple mutant to grow without added

cAMP, as has been obscrved by others (Nikawa et al., 1987), results from basal



20 expression (and to what extent each of these regions is requi r«?g) PR 2002
Furthernore, reporter gene fusions wth subcl oned pieces of prono é

regul at ed during hyphal growth or pseudohyphal growth, such as the FLO |
pronot er, cavobsaesessed for expression in various nutants tRET/USHSRI64¢ or
activate) distinct pathways. A person skilled tn the art will recognize
that regulatory el enents from other invasins, 2~ including those described
herein, can be isolated as described usigig the nethods described herein, in
con~unctton with standard techni ques descri bed tn Ausubel et al.

(SL(17J"d ):%clq-st!: %?v{?z hqu illlfﬁg%lﬂqg pr‘oqﬁéic 1?1te%al%A%‘le‘ ?ne%&%ppt off l?g]ng 18%” ative

- regulatory orter

anal ysi s. wcldbrs@w&fhat gb@tpaﬂfbwamsp@ﬁ demstrmnm‘e aidedinpdfia mﬁamtaer can be
deternttned t hrough the use of 2 6 APR 2002 V\D 991 25865 -59

PCT/ US98/ Zﬂlﬁil@e\(CﬂRd)BWe and nmutant host strains. If a given DNA segment

f | ~ort t th
nr cased expr cosi SATROLHRb LA (AR S Fnd & PH oo SLaR bRk it " '
inferreg t gAWRdh@ldeel RYFSHA p%élRfO?l??lﬁEQn HOwMRARATA DR AWEY cbR@inifiyit ant

defines. Using this approach, a set of gene fusians that 5 report distinct
pat hways t baMR,elguiteteisexGeimebafilabengene Maireaher Ahy addigoty o b AlvEsiahdsor
ter. el enents are appli cabl e for this thechnl que i ncI udi ng,

i nduci bl e pr

but not |.W&§gn%m desian ofpdpmentappp, bugalse 10 givagign ofghe heup)
Usi th

reatnent DRoRla CAR é@%%’%ﬂ"’f‘%sesééﬁ%ﬁ} @?59%5%?%58%?% ‘%e@w’%ﬁ%%"%déf”or

genetic tr¢ePDERC, SDADAL Binay invasivecirdw b is epoiliyabserwed Withkgloid stpossobl e t o
det erm ne whi ch pat hwa is altered by this treatnment. For exanple, consider

two di ¥ er &K0. e 1?@1%1 ’f>’tli’§|5tﬂ1’§1 anshi@e PREENesignal Fan habyndssseryshighe
pat hway- W %v%% Be3LAN of FLO 1, and the other (Reporter 2} that
medi a

reports | ed expression of FLAO 1. If conpound X, which was
identified by its abuéttﬁryint: iethet AR Eind¥EYsEHahoMawdn Bihactividtihg tigNgt h
P,:,0", is shown to | 5 affect Reporter 1 but not Reporter 2, then it is

inferred t NAAPEpapomydwxnisagekd i @ipressivp o i o5 | BY ARKS paghw g SISTEIDat hway
activity. Sim hecrrpound af f ect iven. pathway will al so
Do rof | ned SO G BRTHIL 2 peE L TRRRs Y R o TR B Ve "Lt Gared
al | el es of SEANS liafes ThAARIN NEHEORPARBE bEc AN theXAIR eSilamBetalibh. anhe RIE | -

and overexpression of STEI 2 are both predicted to 20 increase FLO |
expr essi onof ¢>fpr¢S@m[001frhl¢l3 KGblTpédecA teporteran deesad/ eaq:?rp@'sé SfomncﬂsRFfﬂ)l wasredi at ed

by STEII - rexpression, 0 can. be inferred
0y ant agontoeiere e e B ofiRrestRn sAM BT RO e GoR pik e
Assessi Ng FaRNOLE £hIEX RIS s@in (’SRW@BSPH&&%ERM@%WPIM hihve ?,a&lg{se
sim | ar approaches to assess the effeét of conmpounds t hat actlva

expr essi onuopardlgDiwith 26 MARKrpagordyer s used in t hese experi rrents can be
utilized in the sape way as t escri or t full- th FLO I
promotet to all ow WSrdeB‘Bg?'{‘?t?g%Qdﬂ‘?Wé‘ﬁapP%g él’%@g?‘c}ﬁ'scp‘am 3RSty of
screeni ng i | | ¢ kh¥sdPRt Qaay- specific
nodul at or sp%t %’?8 rggoﬁgwsler?eg@hg tk%eotﬂér%gg Otaggpir?%esggg C. 3{ 08? FLO |

expr essi onundediatde spsi eidtripleahsanusedis grown deuhbnn‘qAMP anddubaglor s of 2 6
APR 200Z V\D 99/ 25865 -60 PCT/ US98/24646 1111 p0l'tallt honmol oys oC t hese
regul atory‘ ndupedag the pessice of R cAOMB| Eamiessian offdy O bydhph encodpeliofal |

G protein C 6o isS of
interest td 8 %rncte?f&‘rfi’&}??gte irhreglifd &&g}%g%uq%ég]n“ 200 ggr%bﬁ?ad?fperIOltlé its.

Havi ng2 & Fbﬁlyhn@j’c@ﬂ‘ﬂtéefold ﬁr&giﬂ‘&iﬁntlﬁal?doﬁmubﬂ@tﬂﬁxemmtShd»{?@thacﬂhb\étrbb’g of human

RAS in yeast (e.g., in a yeast strain deleted for the two yeast R IS genes
and expr esHldugtivruphL®f | S)nopegederal feainraorfalk @ooselatien sensd/ dhescreen for

nmodul ators _of hu An oth e, of a S¢ree S based on
The obser vaLTSHODTAE DayEth FRBM: H‘é*BF S SR Bl me RIS shfehen
grown on b6l {ARMeRELUM W LRANT i RE B}eg&cg%?emgh@ﬁher-mbﬁoned by
nonfi | anent ous | nvasi on behavior has been terned digging," and t

assay usedtitepidedgpt of the ¢/ liehaddi@ronhasthb@on/ i@t med pdee strding SR3say), " Roberts
and Fink, sa~pra. Mutations that bl ock digging of haploid S. cerevisiae on
rich media also inhibit pseudohyphal growth and agar invasion of diploid S
cerevasi ae under |low nitrogen conditions. Miutant strains defective for
digging are referred to as "dig mnus," or "dig-." The correl ation of
pseudohyphal invasion and 15 behavior in the dig assay is an essenti al
aspect of this screen. The dig assay is



conparatively easy to perfom relative to pseudohyphal invasion %g
and, as ii occurs in haploid cells, is nore anenable to genetic :é% ZWZES

that rely upon recessive nutations. W have di scovered that pathogenic
fungi can dyspbaygesi m | ar di ggi ng 20 behavior, characterized gyr/uswnegased
invasion'into or adherence to a defined substrate. For exanple, C albicans
di spl ays a nonfil anentous invasion of substrate in a variety of suitable
conditions (e.g., YPD, and SPIDER). This behavior is simlar to the
reported digging behavior of S. ce~-evisiae. As is true for S. cerev-~saae,

non- hyphal r _invasion by an iven C. al bacans nutant strain rrelates
~with the abMMitipilpfo yguee odes s Vég'ﬁ“toéﬁﬁlﬁ’ﬂerﬂ”fthna 1% i quggest that FLOTT
filament-i ' X | &4 OfmpS rost m . ' for
compounds FRACY B SR He ot Enfl BB o RE Wlone TR, rSRrEE Rirlt

i denti fi cajnidastioaf ofAavgownds filbkaknfloglowith! ament fonnahon and, as a result,
pat hogenesi s. These conpounds ace consi dered useful as fungi_ci des or

fungi stats. Sl nul arleenhargeddi(y Fascapligionibe preaeiceiohe & epgedatedht e

i nvasi w ll allowfor 2 6 P R WO 99/ 25865, < RCT/ U 24646
denn ) cabitba e yar rshaleSh o AR B PR G T SRS o
yield of saeensRidotphabrkd &ins ofidel£XATERaE RS mhfdeitdlbHcaBSAYwh $n Ghvian

bel ow. To test whether a chem cal conpound woul d affect the nonfilanentous

agar i nvasbOnwibwuavAdIP ot eitbersiuglanelisr cBliswithevanglabudr T: eHedsio€ans at

concentrati much, | ower than the |owest growth (nhibit.or ncentration,
Chose™t Lot A0 O Gt e hERL s Ak e bR eat i e e IR a Y itbny | and
a gradi ent , ofiedifag oaRklifeWi@aliod | uconazol e. The plates were then incubated
for two days at optinmum growm h tenperatures and washed with water. Both
fungi ldkhi bi t ed i rfiehistiobtheof. @dapronmiasis @neadrtes iofj mviasioannd yildmswous
concentrations of ~ fluconazol <1e t han thoslg, necessaél to inhibit growth

(Fi gure 1280WHhRRPEAEIQPEURN S5 pas sopHR ! 08U hdhe GHHEf BRRMEOEUNG) such as

Ui aydr e BAiRllor RS (SHInOLNA ardiBhgorl B dldro 685 IR riEmEVASTOflcaSSay can

be used to 1solate conpounds I C i'nvasion, or t ch pronote
i nvasi on. maedion ypescaliolophplogrd tiyohdre waav direel wvetlative beagecetledapj bed her ei n.
1 ~ Optionally, Inv8SIOlI1l-Lnhlbltlllg conpounds identified in any of the
above descFiPBEgiogaadyryasy/nseuddyppa sy hisior sd utte] f tedmflefrinydy 7ot ect i on
agai nsg< t he ,devel,0 - of - a-paf ho ic | nf [ ' n ni mal
nodel .Sbmel%ég’ r@lljé’g)llg}?)gle‘gtlr"%’e‘gﬁ’Eé(?@{}hgle@ﬁztlc%g?égzfégnngbﬁlﬁzg’%g? I“Sjlj’({?:lcessf ul,
may be useth ddditich)hbg QaF-AQ@eA, I8 AEel infRantk, NViash exhipltadibicieaged onpounds
may be confirnmed by assessing 20 producti on of secondary netabolites.

Candi dat e waper/psdohyphgligioashfalo dipplgyaddnereesgddd (ho't wipresaosr 0t o i ncrease

production_or yi . these. or her ndar. abol.Lt es., ,Test .Conpounds
and Extrac?xsa"fpxc’g;égge}r);a'ls,tra(q,iﬁﬂ?glﬁﬁgﬁ %ﬂ‘rggl% ?egegﬂﬂte{ferﬁ %‘%ghg'r g”élczlnlmtl)tfmatr$ i es of
bot h nath@lovx%ﬁ_aW@ﬂﬂ@Fed@&‘i’orﬁMﬂﬁ'E@”§x(5)((é)srsio§,e%er%}{@ ehi@intekd acts or
chem cal libraries according to nethods known 1n the art. Those skilled in

the fiZld drcedoldglayatiooyEnyicanld of EV.61/dpRNA wetelalsorrgérest dAdotdiatipbhe
LRI R WG T T SR e N
mutant and were similarly increased 1n an sfI/ tpk2 double mutant. The levels of
FLOJ1 mRNA in the sf1/ tpk3 double mutant exceeded that of either single mutant.
Not only 18 FLOI 1 an excellent reporter of pseudohyphal growth and
25  invasion, it is also central to mvasion and pseudohyphal growth. sfl7 flo/ 1 haploid
mutant strains were defective for invasive growth on rich medium, and sfI/ flo/!/
homozygous diploid mutants were defective for pseudohyphal development. Thus,
flo!1 loss of function blocked the hyperinvasive and hyperfilamentous phenotypes of

sfl loss of function. However, the defect of the sf1/ flo/ [ double mutant was not as



2 6 APR 2002 WD 99/ 25865 - & PCT/ US98/ 24646 nunber of chem cal extracts or
conpounds can be screened using the nethods described herein. Exa}rﬁ)lﬁ@gmﬂg
such extracts or conpounds include, but are not limted to, plant-,

fungal -, prekawyedsss- or ani mal - based extracts, fernentation prpulss24aid
synt heti c conpounds, as well as nodification of existing conpounds.

Numer ous net hods are al so avail able for generating random or directed
synthesis (e.g., semsynthesis or total,6 synthesis) of any nunber of

chem cal conpounds, including, but not ‘Ilqsm ted to, saccharide-, |ipid-,

pepti de-, and nucl eic_acid-based conpounds. Synthefic co und libraries
D are commré‘?"é’quif@f}'a?fl[gﬁfl@]? FO8 emﬁ@l@ausagewtaeﬁ?f/wﬂo EONINH)  and
Al dnch Chery t er. j |, i j tural "?
compounds. AR LYEHER0) fhloly inleBRlohyal uebc St 5a RpolB 100 s are

conmmer ci al invagieai | abl e from a nunber of sources, including Biotics (Sussex,

LTK), Xenova (Sl ough, UK), Harbor Branch Oceangraphics Institute (Ft.
Pierce, FL}, and Phasreasiableio gssumetaatipamuesber onps thahhaygdieen Blacedx ur al

and s het.i cal | roduced | i brarjes e produced, if desjre according to
o rslaf s Rt B Bohe e eBle SHSTS i pfoR. MR aisBRECT St o
net hods. Feddulted fex £LOV I edftgdsid, BABY oh ki@ ¥u R, ah®BWObsht ientigiashidry

nmodi fi ed using standard chem cal, physical, or biochem cal nethods. In

addi tion, phasembki¢faslditional peneathat pfgutiteigvelisc (nd gpita el d el bpment
readi |y understand that methods for .dereplicaphon (e.g,., taxonomc

or epl | cahBRPresuPt; P SBY ESI™ Ger &) MAEF ORerih Pt HeRncis UEH BB at i on, or
any conbi n?égu%egh@mpwi]g% ltOE‘e_Tﬁéée eREL 1i88d  THAOH | APLBRosOft LfBRAES Of
materials already known Tox their anti pathogenic activity should be

enpl oyEH whepety for nposksinifengaligmtsthetracd by bicckmgtinvasiochandr dombphe an

i nvasi on- pr om)bi ng or invasion inhibiting actinty, or a binding activity,
further fr§E°_c"Yt nation of the positive lead 25 extract is necessary to

| sol ate chem cal 0?6‘%&&&%’3%?& ATAPHS KR € dofdn d&ﬂ@L@{)ﬁ@Eé’ﬁguﬁéJ fhne Thus,
the goal of the extraction, fractionation, "and purification process is the
careful chargtitet expatdsm crd. @ die pleidkbaiddane efpréssivheliptamiébhiddy W thin the
crude extract having the desired activity. Methods of fractionation and
purificati 660 CARTFCOERSIisCOBAIMEE deletprs IRAIMAON§OLIRE Tegien| f desired,
COnl p | d QAW | 8 8/ 24646
-C-3 %gent g O?‘Er teléglt}?}g)a rr(ggr%gf'“oonfg “%é%fégﬁgér%@ﬁ{ay oar%%%geﬁgoglsgﬂt}gggu@ﬁ i on of
secondary nE30Bhapiticam f6M thENOQalidiyatdddddosda #enn/di.pg rdparteeplagdal known I n
the art. Pharmaceutical Therapeutics and Plant Protectants The jnvention

provi des aWép aprssrugiedrby dnenlify s 3 b negiendd s TE W PeRwgingprivegss i des,

smal | nol ecul.e. i nhi Qi r. nd nd netics) ¢ | f.dnhibiti .t he

pat hogeni cr rﬁ/taltglrl‘r&'\/"l1 '? %M_easr{_(?:e’eatg?e féndpag‘?l ﬁ:l)od’é%ﬁ miﬂ??%p g?gr)igqslff]uec fent tna MeERtities
di scover eduied dta$eCEACATTATGCAANGACEH A YElrTe CUSi(BBQLITEN TR Y hakts
described herein are useful as either drugs, plant protectants, or as

i nf or i 0A-EOAGATCITHTICABANTACGAATE ASET@K 3t (SEE BhNO: 8t hbgéhi c
conpounds, .e.g.,, Joy.rational drug design. 10 ch .net hods are,useful for
or Seni ng. EEBEHALIHERF o iR T QoD Ao SieT BT PrgR” BRTHBJBRGOS HEPEdi ng,
but not i gL RscRAPIRia cotaintiie 3fum@wzﬁ?mldta§egieﬁme$%d

Pl at yhel m nt hes, and protozoans. Exanpl es of pathogenic fungi i nclude,

wi t hout | i frotmaY EpBSS-CAOM/ i dacZalsizoRE/HesndIAsfpenink)l usftes mutdgemesis $, Rhzzopus

sp., Fusariumsp, PGI1ZAI1I11Z(112 ir2ar'ilGffG I, [ QSpor~trnz sp.
Crypt oc occP%mﬁggflﬁgF%aﬂqlé -PPYERRHGEHLEICE WeS r%wﬁz&%%%ﬁér The

Tr - zcl zophyt: i i.C uses, the conpositions or agents
identi%?ed¥h§#ﬁba%ﬂggﬂgﬁﬁggéﬂ%$§%$osed herein may be adm ni stered
systeinically, for exanple, formulated in a pharniaceutically-acceptable
buffer such as physiol ogical saline. Treatnent may be acconpli shed
directly, 415, . byStGeatiGhITRACKATHAFTACOR AOAGEH B BARRIGAC A Bpt, 1
suppress, attenuat ,(?5 Qﬁygﬁalize t he bi ol ogi cal events associated with a
pat hogenicity polyggh '%é. r'ef erabl e routes of adm nistration include, for
exanmpl e, i phal ati op. QGTEHRYUGRATAUS: GAMITEVEROAST AINTEET RAATOCERGLY

i ntramuscul ar, or intradermal injections which provide continuous,
sustained |l evels of the drug in the patient. Treatnent of hunman patients or
other animals will be carried out using a therapeutically effective



2~ anount of an anti-pathogenic agent in a physiologicalIy-acceptagl$
carrier. Suitable carriers and their fornulation are described, fb APR 2002
exanple, in Rem ngton's Plzurrnczceutrcal Scrences by EEW Martin. The
anmount of t Reoagtisspat hogenic agent to be ~idnll1l111St Cred var pes/usepsiadé ng
upon the manner of adm nistration, the age alid 2 6 APR Z002 WD 991 25865
-&A PCT/ US98/ 24646 body wei ght of the patent, alld nmth the typc of disease
and extensiveness of the disease. Cenerally, anbunts will be tn the range
of those used for other agents used tn the treatnent of other m crobial

~di seases, al though, d rtain.instances | ower anmounts will be needed

. because of the inc?gggggbgge@pficity of the conmpound. A conpound is 5

adm ni stergdrat a ¢OsRATGAGGTARU®ITBATANC@RTBCTPCOANGET@AATNA ABOS'
exanple, for systemic adm nistration a conpound is adm nistered typically
in the range of 0.@HEQYIDND:gVlkg body weight. For agricultural uses, the

conpositio or age I tifi S| hqods.. di scl ei,n may be
used as ch 2Fcals %%fTgg$g¥“¥gf89éugﬁgg%gggﬂgﬁA§H33a&g%%gfﬁgﬁg%%%spIants,
or tn iqingation sysimipp NyPigal |y, such agents are to be adm nistered on
the surface of the plant tn advance of the pathogen in order to prevent

i nfection. #3Beds, BUIBBCAAGAICAATGHAN B TGGA AU TEARAS AGTOAGRRAFEB't 0
prevent pathogenic attack after planting by controlling pathogens carried
on thetas or exist{¥FRIANGd3d0il at the planting site. Soil to be planted
with vegetakes, OLNRFPRLALSCHEYATRIACRTTELICPER LS @AAG e ARt ed Wi th
chem cal fumgants for control of a variety of m crobial pathogens.
Treatment is prefe(sHi) ypNMmel43everal days or weeks before planting. The

chem cal s can be agplied bé ei ther a nmechani zed route EH%: a tractor or
wi th hihd &API i cat P oRETTERCAETIATHRTCARMAEET ATIGHPTTTEd Ut hFAthe met hods

of tthe assay can b . disinfectants. 20 In addition, the
ant i pat hogeni c ageﬁ?ﬂﬁggbgzlggded to materials used to snake catheters,

including kaR not BiTAGEA ALCARANGYRATUCCTITAAGAGT ATATBC ATNRAN. 3"
ventricul ar, spinal and surgical drainage catheters, in order to prevent
col oni zati on and s¢&t@M N@&dédi ng by potential pathogens. Similarly, the

ant i pat hogent.c agent t ri . i vari ous
sur gi cal pgagtheseg:gﬂg%ggﬁaﬁggggﬁgﬂ§ggggﬁgégééﬁ#ﬁﬁ%gghﬂgggfghﬁgbgﬁathogens
and thpgeby prevenisp®f \genis9us invasive infection or systemc seeding by
pat hogens. Enhancenent of Secondary Metabolite Production Tlte mvcnQon
prondes a $PRpl e nEahSARGIATAAATIGFACHGATONISLGTS CATY (B IAMPRCZIDRAWE'99/ 25865
- b5 PCT/USQ8/2464GE&&£@§$&gi~ hepUdes, small nolecules and 1111n | QI CS)
that are capabl e of S i U@ﬁg secondary netabolite production in fungi.
Accor di ngl yera chesigabrentdeyTdiacoNemsd AordereTsyehTahar@et esisti cs

usi ng the nmethods described herein is useful as a nmeans to increase the
yi el ds of current!| {SE@I&l@d9%har maceuti cal s whose production, in whole 5

or in part, is dependent upon a fungal fermentation, s_of rketed
secondg(?y feRabol | §&W%ﬁtﬁ@ﬁé%?%ﬁ%%@gﬁ@Géq@%ased
by such conpounds j Wat hout limtation, cyclosporin, penicillin
cephal ospori n, ergg?ﬁgﬁggv%ﬁ@ , lovastatin, mevastatin, and the

bi osynt het #¢Fi nt enpretA ANCSCTTTRAGGAATACAETGTAAAT T AACGTAMTANTICRITEQL t | es can
al so be used to increase the |likelihood of identifying new' "~ secondary
met abol i tes with neFEQUAAOG) agricul tural val ue by increasing the
concentrati of sug PRLIALE h@ﬁﬁg, 'é@&' et.ection
by chenica%ggr biogggéy I?n a é%§g§?g¥%on ?%gﬂ?ﬂh; ob%gﬁ%g?igg%%)
increag®ed yield of (gmp abaldt®@)can be acconplished by contacting fungi with
the entity and/or transforntn~ a fungus with a gene expression construct

or- constr#éFs t hat-WodATGESHMT GGGERAATIENETGERCEHTACGCCAGCCC-3!
(SEQ ID NO:23)

#8R 5'-GGGCTGGCGTAGGCACACAAGATTAGCGCATTCACATTCG-3!
(SEQ ID NO- 24)



15 said entity within tile fungus. The invention also provides a sj bg
nmeans for identifying candi date genes that both positively and ne@ﬁ?ﬂ ﬂwz
regul ate secondary mnetabolite production tn fungi. In addition, nethods to
identify act wadsdsand dom nant negatwe versions of these gene®CaANEs9Is/24646
descri bed. Accordingly, such genes and their derivatives are likely 20
candi dates to enable the genetic engineering of fungi to increase

. production of secondary netabolites both,through the introduction of
altered fornis of these genes into production fungi by standard

t ransf or ni agéon nmetd ¥ 1N i t funct t on
" through theﬁégnstrd%?ﬂ%%égguﬁﬁggﬁgﬁ%§AJE§§§3F82T%?nggﬁg?gﬁ“ggggﬁﬁggy

net abol i t es whose XBECHS)NQXQBQ fermentation could be increased by 25
geneti c engi neering nmethods such as these include, without limtation,

cycl osponn, #3keni ci 134TH, T GPehaGosEas AMATBRGOACGITKET 6CH 4 T T IOV EEC RT3’
mevastatm and the gbﬁﬁipgﬁgaic tnt ern~edi ates thereof. 2 6 APR 2002 WO
99/ 25865 -(i G Pr odd d2Pkt ecti on Met hods for Fun-~al Secon<l| ary

Met ahol ist esy RET/ USSBAa4G4fcdorl ARea darmdEMeRhatt A0 TaNr @radeatd Q1 of
beta-l actam anti biotics, statins, ergot al kaloids, cyclosporin, and ot her
fungal netabolites (S8EQ IeNOr 2Bhed i n Masurekar (Biotechnol ogy |992, 21:

241-301), apd references_ therej e detect]| 0 [ t abolites
s spect 11 P Ceac RAGhAGCAT Gl Tt TR Al Ra dETGEEAEAR "t he
art. General netho roduction and integrity of conpounds in
fermentation brothgﬁ§ﬁg%%§§?ﬁzgf are not limted to, bioassays for

anti m cr obi &l1Ract i W-OAGTGETTREAAC e TTADTO TN TDRAGH @R A GIPLT)

anal ysi s, nucl ear magneti c resonance, thin-|ayer chromatography, and

absor bdfce spect r ofBERYD % £9) cation of "~ netabolites froma fernentation

brotth can ipclude r I r, h nt k i O} or
fiItration,QgH?ustégn o(3%ETgﬁg%%bT§gﬁgﬁégﬁ%%%$ra ﬁgﬁgggy%épcggﬁﬁgg?ation

(to enhance sol ubi I(5Eg 1@WOeBosUbsequent extraction efficiency), and
extraction of broths with agpquriate organi ¢ solvents. O her Enbodi nents 1
S I n generaf!2k he iMdftGORGARA HEdS GRTCRAEIAETCTEd T GegddickCARiAch may be
| sol ated as descriggg q Hgbn ﬁ{ which is readily isolated by honol ogy
screening or PCR a F% C i% usi ng the nucleic acrd sequences of the

inventipn. A0 inoh odad;A0ATEedCArRTA QATETA GRINYRERt TTeTOGChAR-S
nodi fied in ways which do not abolish their pathogenic activity (assayed,

for exanpl e as desdBEQd® NEr82n). Such changes ~_ ~ may include certain

rmy 1 nvol ve? (. 1 ncl AR 6 1hny GO LT EERTEESTEAREATAERER oo’
one conmponent of a kanggynbusspn protein. Thus, in other enbodinents, the

I nvention Includes ‘any protein whtch is substantially Identical to a
pol ypept i de# ¥R t he J-TVEHEA BEA TICAT AATDICAYSATAGAIBECOARGATAATCTC-3'

20 (SEQ ID NO: 34)
#14F  S-GTTTTGGCTCAATGGGACCGTTCACAAATTTACGGCTAAT-3'

(SEQ ID NO: 35)
#14R  S-ATTAGCCGTAAATTTGTGAACGGTCCCATTGAGCCAAAAC-3'

(SEQ ID NO: 36)

25 The resulting 14 plasmids for the deletion sertes were transformed into
strain 10560-2B. At lcast three independent clones were tested using filter assays for
equivalent expression of $-galactosidase  Diploid strains were created by mating of

the respective 10560-2B flol/-nn transformant with strain 10560-5B by selection on



25 substantially pure naturally-occurring pol ypepttdes as well asbgﬁl ém[ﬁ
variants; natural nmutants; induced nutants; proteins encoded by

hybri di zes to any one of the nucleic acid sequences of the invention under
hi gh stringevey/sessdi tions or, |ess preferably, under | ow strPaD®ISes 24646
condrlions (e.g., washing al 2X SSC at 40"Cwith a 2 6 APR 2002 WD

99/ 25865 -6 7 PCT/ US98/ 24646 probe | en~~lh of at |east 40 nucl eotides); and
proteins specifically hound by antiserg-of the invention. The invention

- )

further includes anal ogs of any natural I'y-occurring pol ypeptide of the

i nvention. ‘,%?@I ogs. can differ fromthe naturally-occurring polypeptide of
- the invention B?/g%llmnr%oong%?edmglgdﬁélﬁg )&8'?1F$&erences, by post-transl ational
nodi fications, or 1y ppplsmARbAAHRS theRe0bRuendnes ehldntsgpaer al Iy exhi bit
at |east 85% nore preferably 90% and nost preferably 95% or even 99%
i dentity wirbisfainiedontopEIS606XB,d. 5788 Ue S 16yLoOu L6l HamdhbRB5 AcAtlesstiqierce of
the invention. The |l ength of segjuenctﬁ corérﬁpari son is,at |least 15 am no acid
SHH b &

resi dues, PYISPEIISRY §JouE g Lgsies s fISAPLYALEnt SHRICHATECTor ef er abl y
nore t han ' i g 'g%e@ | 0 ted L ach to

det cnnrgrali ng%aﬁdgﬁgérg%eﬂé%fe?ggent I et:r;?',%ggd %ﬁ%é‘?’h%gg%?g&an%%%?m& with a
probability score Tetheemuaibeantl /A @dgromdict atenregtssarcl raskipje ¢oaldatoad
sequence. Mddifications include in vivo and in _intro chenical

deri vat i zatiibaftent thase glsapnfaeguired spme ecerepy 41 X PERMBRRY festgont he

hosphor y! at.| | ion: madificat | : '
PhOSPROT Y| fich Oern O S PLEARNLALO HonPHE S TRALL £B6IEVB TR OB o/0Ur | 1O

esi s'of processing o oW ng treatne i'sol at ed

modi fyi ng eezysiemenApaiiiged Cigsrapidsonstinidion of 6@ams hed reptadualdly - occurri ng
pol ypeB)ti des of the invention by alterations in primar écs_equenpe. These
| ncl udd) gepspsusenaitiodnenoriepaetyityat\Wie apnfimeddhe snplivsedtoselpetisx meplaso thesul ti ng

from rando tagenesi s by .irradiatign or exposure to ethanenethyl sul fate
or by o t 5o epar et M aunds: BULE L BbiR B R Dol BORUR] Hisdh ana
Mani atis, MalvegUbARapibi@RtABS thnLBPaHali@EaNENEEH rididde@dm) thistakh P gssS, 1989,

or Ausubel et al.) .rupra). Also included are cyclized peptides, nolecules,
and anal ogsgratinett vatnthat found praumshovher FEQah exprastiorowacingsitoreddpy, D- ammo

acids or non-naturally occurrin r, synt i C am no aci e. 0,,.(3 ory
2 o aci ATEIDEETH RTINS Nt aM RNV ERgr oS geder L Dot on al so
includes fbagERPicyt AaudiYerORa) OF of REARPILERRL, | H@Toi@lcelihon¥ERtLObn AS Used
herein, the term"fragnment," neans at |east five, preferably at |east 20

cont i guousofmormthac it @$qld pnéfigrablcgliat fbEbstuddnc dints Gugrusdeshon cdci ds, nore
r ef er abl t | east 50 contigyous ino adds, and,ll|ost preferably at
Peact 00 1 EL6Y! She oty Pest Aasio goscr ek he Sy Rersnmbetio

99/ 25865 - ﬁ@d?%l&@%%%sﬁ@é%gféd@%&i§<hr96antcp€o\hlld|b\éqjuhte§tﬁé13to%iﬁfetlgﬁce in

~Cllel"ated by I11e own to those spilledt ~e art or may result
f r om nor matheptabi ity o f pIRIS Assi pgtdieogthe differenak irofheamesat adiidsthe cohurtehe

nasceni pol ypeptide that are not required for bhiological activity or
renovat? of WaH 198 PARd- dde syPrapeien Abih G E! ARRBasymd By sifice mediadgs s DeYpr ot ei n
processi ng P j provi des conpositions (e.g.,
nucl eot i deSegl\eégﬁ;gﬁlgégrog‘ftgggg?néﬁgédﬁdgé}ﬁ&o'g{ss gi tile diagnosis of a pathogenic

condition. Al publéelRNaNSaggrepred adhg Bpicidptienonandmyithieanbidts werkhi s
specification are herein incorporated by reference to the sane extent as if

each i ndepesidemnedmsisicscERed ohAgpubsheieths (sappli Sarinsrieleas! ©psi/ficeardss and
erhodi mont 45 BRI oha Bl BEPPR R8N, Pergl S ERFah b ke,

25 using SC and diluted to an OD600=0.3 into fresh SC medium or SC medium + 2 mM
cAMP. The cells were grown to OD600=1.0 and harvested. 10-15 pg of RNA were
separated on a formaldehyde containing agarose gel. For hybridization to FLO/ ]
mRNA, a probe corresponding to bp 3502 - 4093 of the FLO/1 ORF was used

Cells for B-galactosidase assays of /7G:. TvA-lucZ wete mcubated on



2 6 AP R 2002 WD 99/2586S -@& O ans 1' CT/ US98/ 2464G 1. A net hod g APR )
determ ni ng whet her a candi date conpound decreases the expression¢of § nge
operably linked to a fungal invasin gene pronoter, said nethod conprising 5
(a) providi mp ew/fsgpgus expressing said gene operably |inked tecwuUsasgedi
rnvasrn gene pronoter; (b) contacting said fungus with said candidate
conpound; and (c) detecting or measuring expression of said gene foll ow ng
. contact of the fungus with said candi da E_conpound. 10 2. The met hod of
claim1l1, wherein said fungus is a wld-type strain. 3. The nethod of claim

2, wherein id ~-ild- e.strai herr- onzyces cerevi si ne, Candzda
. al hrcans, éﬁa@m“ E’I’? g ﬂ?ycfufeaﬁsfo’ G E&Cfﬁeﬁ’ HBr&XSé?” Updienere GIR¥IN sai d
fungus is @uﬂ%&%ﬁhv@ﬁh@hﬂnaﬁaaﬁ@guﬁﬁ&ﬁ&ﬁmg%nﬁhgkﬂM$mﬁMﬁ%W3hﬂn§?'d fungus is
a transgenic fungus G The nethod of claim1, Wherein said gene conprises a
fungal invasin genéellﬁforﬁhmtmmht)df&Otl alany 6xpmtsmranrexpam®trhbg@&hhr nvasin

gene is FL J or' Jtoud . 8. The nethod of cl wherein said fungal
i nvasi n geRdai’s Woi ipocubedfrpn. copapcmt royn CI“ﬁl‘ir@Gl 20N ffresh mgrlugn aP 1 9,

120 e 802l g0 01 5 B
99/ 258G _post- d?ﬁT)[l&JﬁQ&/\Qé%S@E&WR} fckI281265h. The sanl\s dult,ure;sSvdRe bised tol mocul&es DI,

STE? | , ST I ~f 11'14, TPh2. TPh~ ~ "PRI 9. The
met hod of é}Fea‘?WPmen%l\lé{raé?‘ﬁ”@éuﬂu&‘én@eU%Fﬁ)’rqué'é%ta%m?%W@H 64EXPrEsSiThe

e od of LS P AT G, bR SR b Ao T R .2 e
FLO I, W@ldcos@ﬁﬁhtcdSTMto QLMdW@n@@@WXE fBF 4-6 hours. For detection of

10 cAMP induced FLO!/ promoter segments strain SR957 harboring the individual
plasmids was grown overnight in selective medium containing | mM cAMP,
transferred to media containing no cAMP for 10 h and split into 2 cultures containing
2 mM cAMP or no cAMP and grown for 4 h before harvesting.

Expression of the deletions was assayed m haploid and diploid strains.

15 Since FLOI 1 expression varies with growth phase of the cells, we analyzed
exponentially growing cells on SC, cells grown on SC until the glucose had been
depleted (post-diauxic), and cells on SLAD, a medium that is high in glucose and low
In nitrogen.

Enzymatic assays on the individual FLO/ /. :lacZ promoter deletions

20 reveals an unusually long promoter with many sites. In subsequent sections, a site is
tentatively assigned as an upstream repression site (URS) if its deletion leads to at
least 3-fold enhanced expression of lacZ, and as an upstream activation site (UAS) if
1ts deletion leads to at least 30% reduced expression.

Analysis of cis-acting elements by enzymatic assays of the individual

25 floli-lacZ promoter deletions reveals that the intact #LO/ 1 promoter is highly
repressed. The deletions define at least nine URS elements whose activity depends on
state of growth, nutrient conditions, and cell type. One of the URS elements 1s
defined by flo//7-14 (bp -2600-2800), showing that cis-acling elements are present at

least 2800 bases from the putative '/LO/ ] coding region  In general, haplotd strains



12. The method of claim1l, wherein said fungal invasin gene pronoter is
tl~e AFLI , DIIh'l , INI~l , INJ~=S, INI~G [IN1~7, INL1~8, /N1'9, ¥ BTAPR 2002
INL'1T 1, INVI2, INVI3, RRM, INVI4, INl~IS, BEM, CDC25, HOG, |IRA/,
MCh~l, MZAlI, PET9, 10 PHD2, P11023, PTCI , RIh4l1 S, SFL I , %I%%%I SSD |
. S TE? | YOS, s 1F14, TPK2, TPK3, or YPR gene prompt'ér/U3%/2444e
met hod of claim 1, wherein said fungal invasin gene pronoter is a fragnment
or deletion of a fungal invasin gene pronoter. 14. The method of claim 13,
wherein said fragnent is fused to a bdsal pronoter. 15. The method of claim
14, wherein said basal pronoter conprises PGh'1l , ADII , GAL/-1 D, zez-R,
- MET25, CY@bwostrddgkPieprebsion tinelipietdwdcniaf claim 1, wherein said gene
expression is neasured by assaying the protein | evel of the expressed gene.
20 17. The net hod sfaEaY H Yisudlke His asUSHY f e fEceddHERSSSIOM IS %Y measur ed by

2 6 APR 2002 WO 99/.25 1., w=ss: -yznq tl~e P-NA |evel. of 1lhc cxp~ essed
 ene. PCrrObirn 88 BT ackiviny FaR GBI suifions Vi ofAtRh - dend a8 ot he
expr essi osh Of ABRI Thif Uo@pAridon tawdaly [JRS @leniitsbbitisin engal -5 nyasi o, -49. The
met hod of claim6, ~wWlerer3~ a decrease in the expression of said 5 fungal
i nvasion gaddlaldhl bi psubseeobiliesactiehemmsheage répoesmonenpdlenddiaypighe gr owt h.

20. The thod of.claiml, wherein sal d .candidate c und i 3~hi bi.ts or
decr ease e pahoyR i LD T i gar” Hrid e BUBRETS telpited Firmg

whet her ajgangis§RY ¢..Copopnd, » nad B3PS 31 08 PIERSIrO H1&fin FoIENE 1BR BT abiy
linked to a fungal invasin gene pronoter, said 10 nethod Conprising (a)
provi di ng/ 2 ahdfiguis- /Expatdesitiog 18 dicchag ke sppdialitrggdn riedsibo o FLONdal ~nvas~n
gene pronoter; (h) contacti g& said fungus with said candi date conpound; and
(c) detecting or TEESHEIOHYT eLfrensss beiwsen Baplefd gad dIMAistainsgthe sMshct of the

15 T umgus, JdB of hg?e{i‘x%%hedig?)ﬁ”&éodi{gﬁ jr%émrx%lt?%g %%g{jl‘?)g {18‘3 J-QB%L 21, wherein

said fungus 1's a w e’str alm wherein said
Wi | d-tyr efosd fodubed &xpbaeion dévedMeess e haiids (t1aRs 3ATPldreiivatddsexipeliskias;

Peicilliu z clz~~~soge~rr~i, or Acrenoir~~sr c72~soger~r. 20 24. The net hod
of cl ai m2lin derdsiaficsthic diquyirglet ik 4- Ihaas-fold minced level whereas in
haploids it has 12-fold elevated expression In diploid cells, flo/ -4, flol1-10, and
flol1-11 act as UAS clements. flol/-5 1s a strongly nitrogen-regulated site in both
15 haploids and diplouds.

Deletion analysis also revealed sequence elements required for expression
of FLOI1. Undecr all conditions tested, flo/ /-6 had a dramatic reduction in
expression, suggesting that the sequence deleted in flo/ /-6 (-1200 to -1000) contained
a strong UAS. Furthermore, flo!1-1, flol1-2, and flo!1-3 show consistently lower

20 activity, as compared to the wild-type FLOI1-lacZ reporter construct, identifying
these as UAS elements 1n the FLO!1 promoter. The reduced expression of flol1-1 is
likely to be a consequence of the deletion of the TATAA region in this construct.

We made two flo/ ! promoter mutations in the chromosome at the FLO11
locus. Inone, flol/-16, we deleted virtually the entire promoter region (from -150 to

25 -2947). In the othcer, we replaced the entire wild-type promoter with flo//-6.
Chromosomal deletion of the FLO/ 1 promoter was done by replacing base pairs
-2947 to -150 with URA3 (scquences of primers used:

5'-
ACCACAACATGACGAGGGATAATAACTGATGAATAGGGTGCTTTTTATAC



25. The nethod of claim 21, ~~~hereira said fungus is a transgenic fungus
2 6 APR 2002 WD 99/ 258G5 PCT/ US98/ 24AG _7?_ 26 The net hod of cl APR?UDZ
v~hcrc~ said ~~ene conl ~r~scs a fungal ~nvas~n ~.ene 27. The nethod o
claim 26, wherein said fungal invasin gene is FLAO J or MJO . 5 28.

The. met hodWef9925%Fm 26, wherein said fungal mvasm gene is AFLST/UBRES644 N

f~J, INVS, INT~6, INL~7, INV8, IN1~9, INvVI O, INVJ 1, TUI~l , INl~IZ2,
INi 13, IN~7 4, INI~l S, BEAT?, CDC25, HOG , IRAIT , MM , J~9GA J ,
PET9, PHD2, PHO23, PTCl , Itlhll 5 SH.1 , SRR3J 1 , SSDI , STE2 J ,

STP22, SYJ'I9, TPh'2, TPh3, or YPR |1 29. The nethod of claim?21l, wherein

sai d gengCompGeeesT ArTeeaCaerc 20 ganep N 37hhaqdmet hod of cl ai m 29, wherein
said reporter gene is lacZ, URA3, or HI S3. 31. The nethod of claim 21,

wherein $aid fungal invasin gene pronoter is the FLO I, MJC, STAl, STA2,

. h | Al j id f I
et SRR DT MO R, |
7, | NV8, ; , " L I : s 19. /4N 1"J 5, BEM,
& 25, ERGEITARGTeAGANTE GRS PO Mgl * o1 s
SFLI § SBR1172), SSDJ, STE21, STP2?, SI~~1.9, TPh'2, 1ZIM , TPK3, or YPRI

gene pronoter. 20 33. The nethod of claim 21, wherein said fungal invasin
gene pr orstesnente flo/f ragba ehrgmogemat Fe@! bpromqtgmigaion higddRA3 gepewps onot er .

2 6 APR 2002 9/ 2 P U A 73 radh = =el h f. cl 3,
pgacfeg_\géqranstggg%ong%gh ?‘gg%ﬁﬁ[éncﬁl—dl Yested SJF/IZOIE(SEG%%GO r?ll,‘ Qioh' aMm

re t1o .
whe~em sai neni u s, el ronoter. HO8 of claim

34, wher ghi3-E@Ado has@ldeRtONBE Biselpair® 300 ADH00 @GRUN 74, fet-R | ~~ETZS,
CYCl or CUPI. 5 36. The nmethod of claim?21l, wherein said gene expression is

measur ed by assasistrgintdagymectiben/le By éd onflot/hé 1esommustebadefesieve i87. The
et 08 OhaTh ) A SaSIA S EHENR SIS0 5, JIBRREE,PY assaying

reduced filamentation. The haploid invasion defect is as scvere as that of a deletion of
the FLOI1 coding region. The results with flo! /-6 support our conclusions based on
the data from the /acZ plasmid constructs, which identified the segment deleted in the
flol1-6 counstruct as a critical UAS for FLO! [ expression.

15 In a second approach to identify UAS elements of the FLO!1 promoter,
we designed 14 individual sequence elements of approximately 400 base pairs, to test
activation of a lacZ reporter fused to a basal transcriptional unit (Figure 11). To
determine UAS-sequence elements, 14 individual 400 bp elements, overlapping by
200 bp were amplified by PCR and cloned into pLG669Z. This vector contains one

20 codon of the CYC/ gene fused to the lacZ gene, and the fused gene is preceded by
1100 nucleotides that lie upstream from CYC/. The promoter fragment has Xho!
restriction sites at positions -683 and -249. The Xhol fragment has been excised and
replaced with a fragment from the FLO/ [ promoter. The fragments correspond to the
following posttions relative to the start codon of FLOJI: -1 to -421 (FLOI11-2/1), -

25 181 to-618 (FLOI1-3/2),-380 lo -819 (FLO11-4/3), -580 to -1017 (FLO11-5/4), -778
to -1219FLO11-6/5), -980 to -1420 (FLO!1-7/6), -1181 o -1619 (FLO11-8/7), -1380
0 -1819 (FFLO11-9/8), -1572 to -2019 (FLO11-10/9), -1780 to -2219 (FLO11-11/10),
-1980 to -2419 (FLO/1-12/11). -2180 10 -2619 (FLO11-13/12), -2380 to -2819
(FLO11-14/13),-2580 to -2983 (FLO/11-15/14) For cloning purposes, a restriction



38. The nethod of claim 21, further conprising deiernrning whether said 10
candi date conpound increases the production of a secondary netabpfigPR20n a
fungus. 39. A nethod for determ ning whether a candi date conpound inhibits
fungal invasion, sand nmethod conprising (a) contacting a fungus with a
candi dat e ¥hPEa#E under conditions suitable for invasion; dﬁ?"i%”(zﬂ?“
~measuring or detecting invasion by said fungus follow ng contact with said
. ca~i di date conpound. 40. The nethod of claim 39, wherein said fungus is
Ccrndrdu ul brcans. 41. The ii~ethod of47l ai m 39, wherein said fungus is
Saccl ruroraa~~ces cerei ~asiae. 20 42. A nethod for detern~ining whether a
- candi dat esgoppeUNdaphobotied of tndgalbnd oVRs IPOR-peRicts. MIchethaonpdd HrAgs 2 6
APR 2002 WD 991 25865 -74 PCT/ US98/ 2464 G (~~) coniaci~ng a fun~~us ~ith a
candi dat ePe®APSEEE t i nder cond~t ~o~~s su~tablc for ~nvas~o; and (b)
measuring or defecting invasion by said fungus follownl g contact with said
candi dat e conpound. 5 43 The nethod of claim42, wherc~n said fungus ~s
Ca~i drda giRi cas.s44GEreamtact@fGeGaatAEGohgTa ™3 SBED VRGNS o) S
Sacc7~aronyces cere>>isiue 45. The metl 50d of claim 42, erein said fungus
is Aspe~gHPFras nilGHETCLHABGRGAGIYACTAA CAERTACAAG' SEQAQANO: 40)

Funguss (1 T8 11 r - GenE oGy Ol hehcl S AGRREN o SEBIBI0ET ot e

and (11) gapeconds GRndedetAGPIECANTAEARGERIATTTGLLPSEND (1B) 43PN1 L OF i Ng

the expression of said first gene, wherein an I ncrease ~n sal Xpress~o~I
identifie#3Rai d caiti@ETEGREIARTAGCGT AACTAIT ASGA CVATI-9(SBOIMDNIOIg3gene. 47.
The nethod of claim 46, wherein said fungus is a wild-type strain. 48. The

met hod of #8F ai m 47-CGHETEGRGAT T MGG THEAGTGE TANS' IPNOpit)~~ces

cerevisia 49. T, i i i \ 1,.SA~a t ant
strain. 2 4B-O. Thég'ecrr('?a@ ﬁ?g@&%gﬁgﬁ%’%@%@?&%@(ﬁgﬂ%%@slpsﬁg ?%nsgeni C
fungusd 256 APR 2Q02G¥YOGRIEPBEGEGAT AARA TSR CHIEAGSEQ ID NO: 46)

#5R 5'-CCGCTCGAGACAACATGAATGACTGATCT-3' (SEQ ID NO: 47)
#HOF 5'-CCGCTCGAGGGGTGTGCCTGGAAAGTTCA-3' (SEQ ID NO: 48)
#OR 5'-CCGCTCGAGCAAAGAAAAAGAAAAGGGAA-3' (SEQ ID NO: 49)
#TF 5'-CCGCTCGAGCAAAACTTTAGGAATACCGG-3' (SEQ ID NO: 50)
15 #7R 5'-“CCGCTCGAGGAAGAAAAAAACCTTAATTT-3' (SEQ ID NO: 51)
#8F 5'-CCGCTCGAGCGAATGTGAATGCGCTAATC-3' (SEQ ID NO: 52)
#8R 5'-CCGCTCGAGGGGCTGGCGTAGGCACACAA-3' (SEQ ID NO: 53)
#OF 5'-CCGCTCGAGAGACAAAAAATAGGAAAAGT-3' (SEQ ID NO: 54)
#9R 5'-CCGCTCGAGGTAGCAGGTTTCATGTGGTG-3' (SEQ ID NO: 55)

A #I0F 5'-CCGCTCGAGTTAGTGCGGAATACTTTCCT-3' (SEQ ID NO: 56)
#10R 5'-CCGCTCGAGTGAGAACCATCACTAATTAA-3"' (SEQ ID NO: 57)
AL1F 5'-CCGCTCGAGCAGTGCTTTCAACACCTTTT-3' (SEQ ID NO: 58)
#11R 5'-CCGCTCGAGGCTCGGCTCTCGATGAGAAT-3' (SEQ ID NO: 59)
#12F 5'-CCGCTCGAGGTAGCTGAAAAGTCCATCTA-3' (SEQ ID NO: 60)

25 #I2R 5'-CCGCTCGAGTCTGACATGGCACACAGATG-3' (SEQ ID NO: 61)
#I13F 5'-CCGCTCGAGGAGATTATCTTGGGATCTAT-3' (SEQ ID NO: 62)
#I3R 5'-CCGCTCGAGTAGTATCATTCATAATTCGA-3" (SEQ ID NO. 63)
H14F 5'-CCGCTCGAGGTTTTGGCTCAATGGGACCG-3' (SEQ ID NO: 64)



51 The neil ~od of claim4(,, W ~eremsal first gene com ~nses a fungal
~tzvas~n gene. 52. The nethod of claim51, wherein said fungal iygapgmopene
is FLOI or I1~UCl. 5 53. The nethod of claimb51l, wherein said fungal
invasin gene is ~JFLI, DHHIJ, INVI, INVS, INVG INV7. INVB, |

IN =11, T NYCSY5R%1 3, INVd9, I NVI'S, BEMR, CDC25, HOG, |RAI, llll:ﬁl'@}wﬁ% oM,
wl GAl, PET9, PHD?, PHO13, PTCl , RIM S, SFLI , SRBI | , SSDI , STE21.

. STP22, SW9, TPK2, TPIL3, or TPRI 54. The nethod of claim46, wherein said

first gene conprises a reporter 10 ge#&: 55. The nethod of clai m 54,
~wherein said reporter gene is lacZ, URA3, or HI S3. 5G The nethod of claim
4G, wher gildRsai d 5f-0Aga] TCOWASA TIT g S GT AR I TG BG AR ' FEBD D NMUGK) STAl,

STA2, or ST, 43 gepeCprom)ter. 57.. The nmethod of claim 46, wherein said
fungal iMakin geneCooHBESCTECENS AR ECANTFACTRErS' (RERID NQVEO) I NI | 6,

cocos, HER | Repre kA R TR AGOTEIEA a0 Bl R B |
SRBIl, SSDI, STE2l, STP22, Sl1~~L~, TPh'2, TPh'3, or YPR gene pronoter. 2U

58. The nethod of claim46, wherein said fungal invasin gene pronoter is a
fragment or del etlihgrrepértervenftiudt berids+ddudified plemema thersegmend gene

pr onoter. P 99/ 25865 PCT/ US98/(.2464 7 9 Tl ~e nti hod
b "ol Am 80 AU B 2D TR BB P T o) G H A3 GHHRsPEiand50. " The
met hod of z/¢h i mafRas Waa%%baw%ehg RESR AR - Q0BT 5 weB B8PLO; /A ang GALI -1 0,
ret-R MeT25, C3'Cl or Pl. 5 65). The met hod of claim 46, wherein said

gene exprids3ioin/il/g tneasogdodiweass@myddtg ahthel §00otThicse dequaice @fentdnges expr essed

first gene. 62. The nethod of claim 46, wherein said gene expression is
measur ed SBYWasB4A Han £Heldrneraasedy Sreadactondase pprdyssorpaed g dife. 63. The
met hod of ' LN, $ah g L; L.on- i g

conpri Sesre@r?ﬂ%ﬁl)%ﬁn% g%ﬁ?l lggibgsapl)g? %%bggie%(ﬁghg%xp&r{gﬁ%ggg (l)rgsglrtdgg}%i fying a
fungal i neasitesf FDOVbiXI FL @ENE,? 80RO S NG/ { &k 18kRee ispdrg-didaxae fungus (i)
a first gene operably linked to a fungal invasin gene pronoter and (ii) a
second ca&aH$.deadsngern waugtioagpfuntto LAereldr Thasraresls spagrstedrihaicplements

Fotb LR SR e e

identifies Said ca € gene as i onti 0

The net hog s@dwl af kR fogcMRe Wethiths é1etid s id, thefe BAth Sudopred Sadt @dte 66. The
met hod of claim 65, wherein said wild-type strain is 20 Sccharonrvces

cer evi si avere gyleagfeumdARderadnte ingthen 64/ /\phienelen The ALOUHprsnater kasnut ant

str a8 extensive homologies to the promoter regions of the MUC!, STAI, STA2, and STA3

genes from §. cerevisiae var. diastaticus.

The types of promoter analyses described above, in combination with the
series of mutant strains 1dentified which have defects 1n diploid filamentous growth or
haploid invasion, allows for the identification of trans-acting elements and the regions
of the FLO! ! promoter that are targeted by them. In one example, we transformed
the 14 individual 400 bp sequence elements into strains deleted for F/LO8, STE12,
TECI, or for both STEI2 and TEC].

Deletion of FLOS led to a severe reduction in the expression of FLO11-6/5
and FLOI1-7/6 in both exponential (8-fold and 4-fold reduction, respectively) and

25  post-diauxic growth (5-fold for both elements). These elements are also induced by
high cAMP levels FLOS function is also required for maximum expression of
FLOJ1-3/2 and FLO11-8/7 in post-diauxic growth phase, but not in exponential

growth, a result suggesting that Flo8 may function differently depending upon



z s aPR 2002 1~4~0 99/ 258G5 PCT, ' US98/ 244G _77_ ~, S Tl ~e ntil ~od of
Clall7~ 64, \|l~~lel-ell7 Sald f1111~L1S 1S J t~ans~, cnic fun<, us) HxpRTIbE
nmet hod of claim 64, wherein said first gene conprises a fungal invasm gene.
70. The nethod of claim69, wherein said fungal invasin gene js FLOI| 5 or
A~1 UCI . . 71WOrRE5%8t hod of claim 69, wherein said fungal i nvapséﬁvagéﬁéqés
CAFLL 3 DHH , TNV, ITNVS, INVG INT~7, IN1~8, INV9, INI~I O, INT~I I ,
-INVI2, IN'"23, INVI 9, RIIt71, IN 115, 13EA~2, CDC25, HOG 1, IItA I |

IfiIcM |, Jt~IGA 1, PET9, PHD2, PHO023,-49TCI , RRM S, SFL 1, SR1311, SSD 1,
CSTE? | , STP?2, ST~~19, TPh'2, TPIL'3, or YPR 1 10 7?. The nethod of claim
- 64, wher ehdtris@t dnlitiont gene conpnses a reporter gene. 73. The nethod of
claim72, wherein said reporter gene is lacZ, URA3, or H S3. 74. The nethod
of claim64, wherlg¢lpiayadiddFhadgad 4 swpagemeligehe ppormptiely-geowing cElla |, MUC
STAl, STA2, or S ene pronoter. 7 The .met hod of cl ajm 64 rein said
fungal in gi"hp%%'ﬁzal&co%@e?n F’épotnﬁ%“aiﬁ'll“ﬁro,wl rﬁs?aC%WIét?iﬂ{WLm?‘%,

INL~7, | NgB, r229.1009\¥hd B OMLH/1d sepnldisdhdwed MMbabt o BN PreduMlorlinS, BEL1~2,
CDC?S, HOGE ', TRAI , II1Ch~l , MRAI °, PET9, PHD2, PHO023, PTC |, R~ S,
SFL | 5 SkiBtssion. $6Pod;diSDER tellsSOHRZL(H I-d6/P howddh'e@uceliRrKBression 20aif PRI gene

pr onot er . ,7/_%. C‘ll'he nmet hod of claim 64, wherein said fungal ~nvasin gene
pronot er S7B! BAASOOBEN- W0 99/ 25865 7S PCT/ L' S98/24646 is a fragnent or

del cUon of the f"’%‘%tl(ln’ c?flg"E'\éﬂfgad siﬁxi@'ﬁéd&'e fadt tol1lexpx9§si ofthe LI GNC PronOL €r

77 The net hod of alm rei i sail raérrent is fused to a basal 1 5

pr onot er . iné&tibh ecpichodticaf butltid felductiba, cootieecdbiersad dnlyas akpgrentiligr | S

PGh' I, 5 ADH , GALL-10, yet-R, RTET25, CYCl or CUPI. 79. The nethod of

cl ai m 64, giphareedissaf qvagders sevqse 8wsitm obseriehdn pleainpieleted &84 W4 0re protein
| evel. ~of expressed first _gene. ..80. The nethaod.of cl aj , Wherein said
gene prréggﬁb)r?B}SSO%&%rg%ﬂ?ré yrﬁy Vz\a”gl% 1§/e’!nr?6t eWea"ﬁms!oé\g}’eq 1?‘%)3’?{ ﬂ’]@l}éxpressed
first gengromderBdvhertlre EL REMN Oleveisahdhbd csy\bifd Ritfkcialifl afstiagdeleted

i nvasi on-inhibitin
for TECI (L6149) than it did 1n strains deleted for STE/2 (L5795) or FLOS (L5810).
FLOI11-6/5, FLO11-10/9, and FLO1/-12/11 were dependent upon TEC/ in
exponentially-growing cells Deletion of TEC/ in a stel 2 strain showed a modest
15  reduction in the expression of FLO!1-10/9 as compared to the single mutant strains.
However, since the deletion of STE/2 led to a >10-fold stronger effect than deletion
of TECI, this result may indicate a Tecl-independent role for Stel2 at this site.
Our results suggest that Flo8 and Ste12/Tecl act via multiple sites in the
FLOI1I promoter that are largely non-overlapping. The strongest effect of Flo8 and
20 Stel2, both 1n exponential and post-diauxic cells, was observed with two distinct
sequence elements of the FLO!/ promoter. Flo8 acted on the sequence element
defined by flo/ /-6 (bp -1200 to -1000),whereas Stel2 acted on FLO/ [-10/9 (bp -1800
to -1600). FLOI11-12/11 and FLOI1-10/9 were targeted both by Tecl and Stel2. The
existence of spatially distinct sites for different transcription factors provides strong
25 evidence in support for the combinatorial control over FLO// transcription.
In a second example, we measured the expression of lacZ from fragments
of'the FLO! ! promoter n strains mutant for AFL/. The diploids of this mutant strain

do not form filaments or invade under conditions where wild-type yeast do. We

discovered that one element, FLO//-11/10, was completely dependent upon A/°L/ for



gene conprises a nenber of an invasin pathway. WD 99125865 SEQUENCE
LISTING . c110> Mcrobia, Inc. <120> REGULATI ON OF FUNGAL GEN§X§§55§?@¥CN
<130> 50078/ 003W)2 2 6 APR 2002 PCTNS98/ 24646 <140> PCT/ US98/ <1471>
1998-11-18 <1S0> 60/ 066,129 <151> 1997-11-19 <150> 60/ 066, 308 _<151>
1997- 11- 21WRPHBSB6B0/ 066, 462 <1S1> 1997- 11- 24 <1S0> 60/ 078, 6T T4 K PR4646
1998- 03-19 <150> 60/ 094, 523 <151> 1998-07-29 <150> 09/ XXX, XXX <151>
~1998-11-10 <160> 67 <170> Fast SEQ for Wndows Version 3.0 <210> 1 c211> 39
<212> DNA <213> Artificial Sequence <2@0> <223> Synthetic primer based on
Candi da al bi cans sequence <400> 1 gaattaaccc tcactaaagg gaaar ngnga
ycayat hacexd&ssi3d 0w Qa6 okind 38at $2323518MNRo 2235 1 Abtdnhd et Bhgrdaguenaews220>
<223> Synthetic prinmer based on Candi da al bi cans sequence 1 2 6 APR 2Q02
WO 99/ 25868uRETAISY8Y 14618l as40a8st cellytlmasatgaciosphescagraydh (it fyanary n
arrtcytg 38 <210> 3_<211> 363 .<212> DNP, <213> .Candi da_ al hi cans
<400>3ttd§§§§€?¥@?t5§?‘ﬁFP&%iEff?P%%ﬁX????ﬂ%‘F@@B8&9@8%?@@8826Q%aa60agtaata
act acgaat Aga) £ay 493 dse8hipicd] %}%gntdgmt gpppatatttgaat12ottccattttttttttttat
agtggttgtttaagcttcgcagtttttttttttctagggaglSOaaattatt atacatt at at at at attatcaa
cttttbct cgtt acaaaaghoaaabotd, FZ40U tekptesdion ssatcpghdeart updr hemamasgt@act aat tt t at
act at ccacgaact at a300 atattacatataag%ttttaacqtagacaaacgagatttttagacaatgaatta

caaca360tiiralved tgrsgudavabrligaxthgad gapioit maeser g dPis KX FOTRIHEE 4 gcaad20gt ca
tggtt t tat. t Lt tftttactt
ot cooaat CIRDPRATIAEDLE BLERAE il AR AL BN ARYER MR BE IR & cagecan

tt ct cct atpast@atasconacdamatt WG llaRITIAL as GRACK ARgRGRERAgCt tt t gct cct ag
tgctaatcaatctaacacca6600a ctccgcaatcttatacccaaccggcacaacaattaccaactcagttaca

cccaagt c Tronoks cleamgpiscvbich serae ecametat At many af theat se/eaiieaeaes Bvggct acc780a

acaagaacaacagcaacaacaacaccaagaat t t aaccaaccat cacagcaat accacgs40accat cacggat a
L act DandRHNOaae Bate o LG e A P R B A A A RN G R T canaa
gacat acaagaasabGAURSAFAARIAH FeRarea0s! sk hicaarahale el ggageaact gt agcat t at
tttcgagactccaggaattttgt1020acd§%%atttgtgtgaébacca?gtgggtagaaagtcttcgaacaatt
t%azgttgfmt@?ﬁ?ﬂgk&?gﬁ@ggaa?attgt??cacaaftafa?ttaaga?agﬁtcacattac&;ggc?cttg
a gagt ccat gt cccat t gaagect t t cca c cccaaat cgt t.caagagac ct caag
atttgaagaaacattc %é@§8?63éﬁ@kﬁﬁéﬁﬁﬁgﬁggydﬁgﬁggﬁtFﬁaﬁﬁgﬁﬁgdggg@gﬁHhagagagttg
at gaaacaag AN AARAAGRYFGEARIFEARS AACAER AR DAL 3A056RAGABRAIARBARG ERGAL gaat gC

aactaccgcat ccgatttgcaattgaact act 1380att ct ggt aaccct gct gat ggat t gaact acgacgaca
cct cdRaaamasgangatidd ghdddipaaneaat datronasihcdacansianed dgt40ddtpagpatdrt t gaacgat

ttcaacttcclSOOaacaaat ggct caagct ccacag aggcgtt gt t ggaaccgc tctgctgagtl
560tcaccd@&&%@%@@éFHd&éﬁE@@d%%@Ptﬁﬁﬁ%ﬁgg;ggbgé&%ﬁl8%?%2@@558??8&%620atcatttg
gacgaccacglge @&F@&&ﬁ&i@ﬁ&&ﬁtb‘;ﬁﬂ% CaaG RS HAGRAL AaAAalLARFB HOCOUL ARGAL Ct at ga
agct gaaaaattcttcaactccttatcgaattccat cgacal740t gcaat at caaaacat gt caacccaatatc
aacaacaacsR it igdtd & Baold htgeion b8 PNEHE aghaat £ Adolidciadeampoddyt@lyc24at t gt at cct
tctttaccaaccattggcal860at?8ptcatacaccagt %Ftcatcacacaaagaa ggtt ggtt aat aacca

t aacggat 10PQALBI R 6tle® {lal &8t LmPAEER gROST EIQKe MRV tAME g th§P G gcacaac198
Oaac caagt,gcatt a t a9cC ttcaac t,CL, : 40at gaagaaga
cage b on R R T L e A PG D R B T Ot et a
aat t'aaacat L@t gagiart apagl g aageadh 0ac g3 2L6RAE tRaleg g dllicaghichgaaggat gt t gccaag
cacagagaaat gat ccat gct gt t ct t g2220gct at t t gagaaaccaaat ¢ aacaaca%?aaaaggaaaagag
caaagaac admaghagdezdivtgad bt dafingd dschaierieariasg @k?éf&’élgsaf b@é{-gtr 1t aagcaat t a

t at cga234 £t £t tfatttttitattt agoot.qotlbt tttttttt240a
tttcctcat 8@@?%2?4 Pa@?@i*af?‘?@t'ﬁ*gfaa&l%F‘Fa‘%a&*&{B%geg‘t@?%‘f‘?t?‘3?%% Oagt acaagtttt
gaaagt agt gihacem Lichehal hiasaiuael bt lcAgh GRIhASYE ARG EEEARIAEkIITAL t CCCt t
t gt acaacacaccagct t gacct ggcgccaaagcacg2580aact ggggt t t ct aat t cgacggt t aacct at ct

t gcagtt caat aat t ctAgdeaauzaggR64d gait/darnsagye wategua dgigtiablegaaastregcaat gat t ggag
acaaaacacctittc2700ctta t gt aaccattct aa t caatt ccacagt tttgaacaact:t
gggt t 2760&258 16, c@'%}ﬁhatz‘%%%u% a dae(fetlon o(% the lgi(gggene. <uxﬁ1ennor%, }TE%H 9 9
induction by cAMP 1s blocked 1n a ras/ ras2 pde2 strain (SR1081) carrying a deletion
of FLOS The stel2 ras! ras2 pde? strain (SR1088), like the flo8 ras! ras2 pde?

strain (SR1081), has dramatically reduced expression of FLO/ 1. However, ['LO/1]



WD 99/ 25865 atcgtgacct ttaactatga aatgccttgg tattgtggat agcatgccat
agccccttge tgggttttct gggatataat aaagcatagc ccttgggagt caattcccg%faﬁ APR 2007
atctgtggtt agattgtggg atcgacgaaa taaatggtac tctccagttt ccaccaatc
ttgcctgtge tttgacaaat ttgttgcacc tatcattggc ataaacacat ggaaatacct

agat cgacctwogansdsgatt ctgcttgcgg gttgacccca catttaaaaa cgggtRaTIgi98/24646
tgatatagt g gatagtaact cgttgtgttt catcgtattt caatgtcagg cctgccaata

. c9a9gggggg tttctcataa catgcacact aaccttacca ctctcggaag tgctgtgtgt
gccaatgggt ttggtctttc catgattcgg cttatgcaag gttcggegtt ttcgtgttca

cccggt acca PCT/ US98/ 24646 2820 2880 2940 3000 3060 3120 3180 3240 3300 3360
- 3420 3463_<210> <211> 659, < RT, <213> Candi da i.cang, ttcttatcgc
¢ gacasac i gAT P Ebt TuRepu DL LR NI LESE 3a (0 a et BB ol ger

gcggat t aafdi@dibh bAAACL | BGLRNIYUH theardd /2a0@hhl 2 ldGEAIRMEIRSGHLGEAGT Ca
aacctcgcaa gcgtaatgac cagtgactaa taatcaatca acttcccaaa agtccctttt

cgt at t t ctconsistgutt widle the nthenetsipesaafithgearresp@giing stkains: AstoSTys / Ass? fAde@ Hi's Pro

Val Thr Tyr. L S 5101 "~ Thr Gy Al A u Ser Th
Ao oo g b0 BBt 630 Ay Bl oy B S S, S ™
Asp Asn ﬁlﬁe?,(%@ensﬁrthg)b&s%"e 0P AMI v dreat Q162 rddY ra38 pdeLls YaimasivEr o Hi's
Ile Asn a Mt Ay Asn Ser Pro H's 50 55 60 Ser Ser Phe Thr Ser G n Ser

Al a Al a Asd aBkrto Bsran filagnehteronAs BDAIr& 188D plutcdodhihiyg 2@ M dANPLEhuyal Lys Pro
Thr Thr Thr Lys Pro Ala Ala Phe Ala 85 90 95 Pro Ser Ala Asn @ n Ser Asn
Thr Thr Augh e Pdeyelsesn hypassihe requiremgnt fpp thelYAh b gasapde EgecptiPn eu Pro Thr

Tyr Lou nSorpRipE bitintShuid e B 183 g5 dRRaldl oFLORT G 1 G 1 o dn
A n H s @apsédpioRh@hésexctfimBi® sqefortld®od 8Gn Wafchl&defal Bigkhin Tyr H's Asp H s

Hs Ay Tyr Tyr Ser Asn Asn Asn |le Leu 165 170 175 Asn A n Asn G n Pro Al a
Pro G n dapsqishopeescyds cppyerpe on figepromatet BOFEGE/190 Lys Thr Tyr Lys Lys Ile

Arg Asp A u Asp u Lys Pro Phe L 00. 2 s _lLeu Tr r Asn Cys
Ser Ile Ile Phe d'G° rrcsgr0 é pétgmf gﬂﬁ%zaarﬁ/gg %Tgmé’%gby%vrer rr)eslgﬁog Ol?gu Cys Asp
Asp Hi s Valo&ht $TEN L ysp&tiveSeEuppoits AnibdeRSf B3l jidbcotd@l besr /9ems Leu Thr Cys
Leu Trp Qu Asn Cys @y Thr Thr Thr Val Lys 245 250 255 Arg Asp His Ile Thr

Ser His lergypgesviah ofifd Odah apyqd 2stain(p8 192 b 2@ veasSpr3goPRéSHES? @ys Asp Leu

P A P d 7S 280 5 3 2 6 APR 2002 WO
S5; 25505 MEEFeads s L b e bt b e B R SRR S 1 pop T s Pyo0
(L]ya 1yS LRktaki¥S TROTAIRIRNE dtRe ﬁéeﬁdéﬂybh&égn@eus%%s%é” skdts@ e @b Gln Lys

Ala Lys G n 305 310 5 320 A n @n Lys Leu a Asn Lys Arg Ala Asn Ser
MeC Asn Aflentithirto That 03251d330e. 3B 104 straBsrovAspptessin@SHLE LS Uh@sellsofreadlyr Ser dy

Asn Pro Al a Ay 340 345 350 lLeu Asn Tyr Thr Ser s, Lys Arg Arg
Tor G ASHEHS raEpet s clanfelqiEendh SRR o Roie REroRRhElr 112 Led
Asn Asp Rh%zé)@@n&’:%o@&@xé@éi%ﬁﬁcﬁ &3 dils MR nﬁll@n%rrt‘haﬁlvailffy?)eg nGdnPrody
Val Val Gy Thr Ala 385 390 39S 400 Ay Ser Ala u Phe Thr Thr Lys Arg Met
Lys Al a GEowéler, tidyuhdbygm dé0gr 426votd bf Asmehntse Thspcalahy Ploephadogyligs Leu Asn Hi s
Leu Hs Leu H's 420 425 430
%p As\?rgllar to that of strasms that are ?nduced to form filaments by cAMP (SR959).
The patterns of suppression by overexpression were reflected in the
FLO11 expression pattern. Overexpression of FLO8 cnhanced the expression of
FLO!1 10-fold in a ste]2 mutant (SR1021). The reciprocal experiment in which
STE12 was overexpressed 1s more difficult because high levels of Stel2 are toxic. To
25  control the levels of STE72, we used a GAL::STE 2 construct which could be
regulated by galactose. In a fIo8§ strain (SR1134) containing this GAL. "STE!?2
construct on a plasmid, thec #LO// transcript levels were increased 3-fold on SC-

glucose medium as compared to the strain transformed with the control plasmid

(SR1097). This increase probably represented incomplete repression of the GAL



Hs Hs Hs Pro An An A@n Hs Pro An An A@n Tyr Ay Ay Asn 435 440 445
Ile Tyr GQu Ala Gu Lys Phe Phe Asn Ser Leu Ser Asn Ser |le Asp #BQ\PR3M?460
Met Gn Tyr A n Asn Met Ser Thr A n Tyr AGn A@n Gn Hs Ala Ay 465 470 475
480 Ser Thr. Phe Ala A n A n Lys Pro Thr An dn Ala Ser Gy Gln Leu 485 490
495 Tyr. Pr¥O98R5868y Pro Thr 1ie Ay Rsn Ay Ser Tyr Thr Ser '&"YS8E#¥00

SOS S10 Ser His Lys Qu @y Leu Val Asn Asn Hs Asn Ay Tyr Leu Pro Ser 515
'~ 520 525 Tyr Pro @n Ile Asn Arg Ser Leu Pro Tyr Ser Ser Ay Val Ala A n S30
535 540 A n Pro Pro Ser Ala Leu GQu Phé-dy Ay Val Ser Thr Tyr @ n Lys 545
S50 555 560 Ser Ala A n Ser Tyr u Au Asp Ser Ser Asp Ser Ser Au Glu Asp
565 570 HicdmAsp. THSTASer wdhndGSed bSaxcBatioAse Ghuhdies iASP-ghhictdseu Phe Asp Lys
580 585 590 Leu Asn Ile Asp Asp.Asn Lys Val Qu du Vval Thr Ile Asp Ay Phe
595 600 6UHIASH/LE/ (epBreagon Wap ngreased/ s04pld- Arg Gu Met Ile His Ala Val Leu

610 625 620 4d r,lLeu.Ar n d.nlle u. Gl -u S s Ser Lys
625 630 635 640 é%&etﬁrﬁ”‘tf’y‘gh@%ﬂ E\C?é‘ﬁhl%"ﬁl Ghiteatf) e %%‘F‘“tﬂyesd A yr Pro Thr
| I'e 645 GaRs&PRiohNvelefetdd R 47A1AT otherdishIvitd Bpe s#did> FAs 6 Rb3GAP

Saccharonyces cerevi s~.ae <400> 5 4 z s aPR zoo2 WO 99/25865
PCT/ U$98/tRatGntGtivetsafasCT by aervedigtecata Rgagdyfat bassodlral function leads to

gt t gaaact at.af acagct agt t 60agt aagat t t t aaaagacgaaga aaagt aggacaact accaaaa
aaaaagat g’a}ﬂgﬁi{é’é Qg ‘Ef’? @ﬁgﬁggé‘]@a@ea ﬁlgfgegéieaégz\g}g?‘%ﬁgdgé@et‘?ﬁ gat cagaaal$8
Oaaaat aageghiiQak bi COROs AA0RE U331 GHAIBGOSRH09S HId L ARakagHt defdccat aaccgac
t agaccacgaaaccagttttttgatgtttcgtttaggacaagagt cct a300t gagagt ccact aaaatt ct aaa
aat aat t gtsaboglyoadicedt Taisgeag it gritgiat 860cdadgadic fadypedatastvat agact att gt t cat

agct gt at t acaat at cat at aaga420t gt aaggat agaacgt gaagat cgagaaacagt cagcagat tt aat g
gaagct gad4epBoa ﬁb’é@%%&?@a‘? ﬁéd%’@%é’(“aaﬁ@f’ég%%éﬁ@é‘géggﬂ HrSilaaaat aac

2540t t\aath}@%ﬁﬁ&a&ﬂ@%’sQ%tﬁg@tgth%a%‘%éaEFéo%égé‘Ptan 8%@%&%@%@3@%@?9&% %?Ot tcaat at

att cagt at accgttcaaa act'ct aaaat at cat cta caggtttttcccacg
caagat t gapé yeArRK pggeadaHEALQ8 J ¢ 3gdt (SRT1200) eit/Lstiagc@®R1abL pagaiscgt caagaaca
tccggttttact caagcgett aat acaa780cacgt cggcettt cget caact gcagt at at t gt gt ct gt aacct
ct cccgt cdaigrd toga BBy ddgetygadscaa censesterd atithcthg cefemsatatenn Beyldadangt ggecat ct t t
gct a900t gct cat ct.agcgct ¢ tacgccagcccaaaaact ceqt ctcttcat 960cggaa
ttgct at a?fce:‘ﬂ%{g%‘égfagg‘&&%‘g@%‘é’ﬁé’?@?gt"éﬁg@ ‘c”g ‘4 lcae{‘ca%‘cec%agt%ﬁ%g Vte%-ca‘*ct acattattc
gcagggacteaip@®199e) gagaabeint Ardaagr gact hacGiPBhaagotd ggaad@eadit at at agt ccga
t at agaccccgcet cggact at at t at at aaat t 1140caaat agcact t t caacgagt gt ct t aat ccgt cct ag
t t cctlgct dtldgit eanscypisgyrovscinleitnad 4t/ £ dyenoyd dackarennst &&}éé@bﬁgbcacaacggg

5200acac0UAEL 4 L AL EUEL U B gLr FET b DAL FU 4 1E CgE AR Cor GO 90 aal ca
at cgt t t gCRARARANPBARIEG AP RIBAGAYr ol IFRAH. £HSHAh LEQBRIAANRIAGRIYE Cgcacgcact

cagagt acgaaat gccaagt accggaatttccttggecctttt 1500ttaagtttcttctcttctattctttttce
cctttctttpeheiype btheatat udctiiggt. 1560t t aaat aaacatagtattttttt gt gt ct aagcctcttcce

tcttctctcgtacttgctct 1620act accacttt it cctttctt tftttecttfcttecqgttatttgt
oLt Guaac 6801 1 ¢ AUGEraIds Cenaannar it COBRMIOLE b S HREGEE Pycant & 1 ot 917
4003001 5eaL ik LAk 000} LALAREGL LI SELLL PERNL RBLABALLLEEBOO canagt L ¢

cttatagtattattgtctaagctctattgagt caaaagt aacaat ct agacl86ogaaggaaaaaaaaaaaat ag
aaaat agacapdetagabinasgeatichicconaegoatahoitdtOdangatn divase Jongrasgpeoaaagt acgcet
agt at agt at cat cagcat caccct cact 1980at cggt agcat t gaccaaacat gt cgt t act gagact gt gga

acaaagaat TREGHE 8tYH20EACE HYS AL AR HYATHOR &F SFCRHAY MO PREYG I acageat get g
gcccat a2190acaacdl 9a39¢ %fl}tef' Fﬁ%g@%&@? Qlteas%ﬁgrg)gﬁ g%ggc% @%@Qfe%ﬂg%gac cgaat 92160

aaagcat aaccggagaagcggt cattgac agagagaca cgatca2220aattatcgcta
gt at gt gaga@iliycafgantios gofgAaRcaghatsaotinnadagand stdidiagagadaloligngaaaacct t aga
gaagt cgacgtttctttat ggacaggact acgt aaaga2340cag§£{t tttcggct aaggaaaagaaaccgcat g
t t gacdRaaaveded@nt dircaaiyt e 2uodrasguaky ghe dhdd ey praeaet femggat acgaat acca

cgaggcagaggaat gt 2460t gagct ct at tt cgapa ct aacatacttcctctcttgcacttt
agaat2520%%3$@gﬁé5§8§tEgggﬁﬁﬁi?@ﬁgQ%HgE@j%§§%€d§g§{6%553@&%&5@@?? tag2580t ¢
at agt t CComlrQAGRIL SRR AGRARREECH JBRACEARAAS AThAL hi Rf gRANRaT cagcat ct at
ggtccaaaacéé%gagaacaaatctacagaggacgagtccgcatcgt2700ata%;caattaacﬁcaaaagtcta
ftacitctaa?tmmumMEgb?@km?agﬂw?amfdn??%&?agwd?md?ﬁwcbuﬁmc@daggéﬁac??tgactata

ccgt agacat accgcaggct gga cat gatt ggt gaaat t at ccct a C aagat t gaccact a
taagccttt@PgFﬁgﬁgggHbgﬁééé@§£%?Ed‘Eé@@%@gﬁ?gd%ﬁﬁgﬁé@%ﬂgﬁgﬁgaFﬁﬁgﬁﬁgtgcaggca
aag2940at gat cct at ggagact tt cagaaaagat at at gt cagagt at ct ct cct at at at at t a3000accc
t gaaacgttgcagtttcaat ctagagtttatct gaaagtgccccttgatgcatttt3060cgacccttactactg
tgggaaaatttttctccttccaat act at at cgaggttat ggtta3l20actt at caaaaaaaaacgtggtttac
acagaat ct aat agaat aat aggaact cct at t g3180gagaacaaaat ggct t gggcgt agagaat aat at caa
ccgt at ccaaaggaaaat gct ac3240gt at ggt caat ccagaaacgt t ggagaacgatt ct gagggtt at gaat

ccagtatatttt3300 5 2 6 APR 2002 WD 99/ 258G5 PCT/ U S98! 24646
t caaagat at ggt aaat gt ggaaaagct aaagagact gaggaat gt aact ggt at gt cca3360t agaaaccgt c

. oy o o o, e - N AN N o, .



130 135 140 Ile Arg Ile Pro Arg Gy Arg Ay Met Leu Ser Ser Ile Lys Phe Gu
145 150 155 160 Arg Gy Ser Ile Thr Tyr Phe Leu Ser Cys Thr Leu @LAPE%ZLGU
Asn 165 170 175 Asn Ile Asn Ay Leu Lys Lys Pro Au Ala Arg Cys g?

Phe 6 2 6 APR 2002 WD 99/ 25865 PCT/ US98124646 180 185 190 Ala Val 1le Val
Pro Leu ASWOWR(R586%r Arg Leu Pro Lys Pro Lys Thr 195 200 205 FEJUSPRR46E) val
Leu A n Ser Ala Ser Met Val A n Asn Lys Lys Asn 210 215 220 Lys Ser Thr Qu
- Asp Qu Ser Ser Ser Tyr Thr A n Leu Thr @ n Lys 22S 230 23S 240 Ser Thr Thr
Ser Asn Ser Ser Ser Ser Ser Val Asn Sg3- Lys Thr Ser 245 250 255 Pro Leu Pro
Asn Lys Thr Val Thr Ile Ser Val Asp Ile Pro A n Ala 260 265 270 Ay Phe Mt

e Ay Gslohddeiol deBedicor DN Aspm¥al cohyisudd € AR dsksSuRiead®9 1ZB8CEyr Lys Pro
Phe Tyr Ala Pro Al a Ay Leu Thr Thr Thr Leu Val Arg 290 295 300 Ile Cys Arg

Val dvy dayt caidan @hg theygsiAkhcosops Pf dlel\ﬁfE@@mTrTmaPﬁegrB@B BECl@Ed 1820 Arg Lys

Asp Ile Cys. A n Ser lle Tyr n Pro 4 330 335 Thr Leu
G h Pho S mArgneATnRlongLfisiapeiacpegd P irn /450788t Bs0 phe Ser
Thr Leu V, Ile Qu
Val Met ;glg(ftoishl:lhengﬁlogéﬁ aSLhyfg {%gsg&sﬁ) Va \ﬁﬁ%&@ﬁ{zceﬂb g@%vé% Ser Asn
Arg |I%e birein@Ghat widsrhoRroaygdes /& 3/dd2uan@iane Heru 30 ThelseainGlas s$18§eq&96)tl>895 400 Val

A u Asn Asn |l e Asn Ar%lle Gn Arg Lys Met Leu Arg Met Val 405 410 415 Asn
Pro 4 u TRpsfpRRcdviih AdRroy @ f §eyid alﬂ/@cgwrgﬁm@%%éﬁ* ﬁS%‘P%“Fé‘%E@”AQS 430 Phe

e L= 5 L D Y B B0 SO 4 40 455 1

A n A n Hesdihe Packin steplehledtadPamizeicidd, po@eﬂ andlthdd nepl’ﬁhsrd a@'l@vﬂéﬁsn‘wo 475 480
Pro Gn Asn Ser Pro Ser Asn Leu Arg Asp Trp Leu Ala Pro Leu Asn 485 490 495
Ala Tyr g&cqﬂsyes&sl@twgn npngnalanedpig thorrsarnegérO rpivophRsahatg pufern 505 510

Lys Val e As S dn d S, Ar 5 520 525
Leu'dn &eH E/ /‘ge{v %IALPrghEP%/ 8Pt ered?léu%ged%s%nﬁ'yre e‘%%‘bd %%rgbg <210> 7
<211> 29:5Rhw3 \ﬂ}%\pfé%d%w]tﬂrtm {deg ki cRABUERLAd L AP atsrd B vayibh Retule pri mer
based on Saccharonyces cerevi sal e sequence 7 6 APR 2002 WD 99/ 2586S

<400> 7 @gtc‘aé@&amcngwa@@acé gizaattsit/omonRied>T8e 224184 Dplagpid3waDhA <213>
Artifici aslolatgcgizlr m t?le blue transformants, retested and then the cloned DNA was
sequenced. Onc of the genes identified was Candida AFL/. Expression of the

15  Candida AFFL{ gene in S. cerevisiae imparted enhanced invasive behavior on diploids
under rich medium conditions where it normally does not invade the substrate.
Standard database searching for homologs of the Candida AFL/ gene revealed an S.
cerevisiae homolog. An S. cerevisiae strain containing a complete deletion of AFL]
did not form filaments or invade under conditions where wild-type yeast did.

20 AFL1I regulates the expression of both S. cerevisiae FLO! 1 (described
above) and Candida ECE/. 1t is likely that homologs of other S. cerevisiae genes
which regulate FLO/1 will regulate the promoters of genes which themselves regulate
hyphal growth or invasion in other fungi. The downstream genes can be determined
through a number of techniques known to those skilled in the art. One example is to

25  use microarray analysis, as described in DeRisi et al. Science 1997, 278:680

The use of Saccharomyeces to clonc a Candida gene by screening for its
function as an inducer of Candida ECE/ gene transcription exemplifies another

approach to isolate important fungal genes involved 1n invasion or production of

sccondary metabohtcs. The success of thus experiment in cloning an important



<220> <223> Synthetic priner based on Saccharonyces cerevisai e sequence
<400> 8 gaagatcttc tccacatacc aatcactcg <210> 9 c211> 40 <212> D§§h§é%@ﬁ
Artificial Sequence <220> <223> Synthetic prinmer based on Saccha

cerevi sai e sequence <400> caagcattta <210> <211> <212> <213> 9 ~gttactgcg
aaaat ccat a Wadg@seact 10 40 DNA Artificial Sequence <220> <2P§I/UPRRMC| ¢
primer based on Saccharomyces cerevisai e sequence <400> agtgtgcgta c210>

. <211> <212> c213> 10 tatggatttt cgcagtaacg taaatgcttg 11 40 DNA Artifici al
Sequence <220> <223> Synthetic priner _pased on Saccharomyces cerevisaie
sequence <400> tgatgaggta <210> <21l > <2| 2> <213> 11 ~cctttacaa ctctcttcta

- gtt CaagaacCa]n%Kﬂ\QeQN@toABril]f\'hﬁbﬁ-gx'o$€9m%Q@ﬁc&gﬂapﬁ??@ LSAGAL 12RO r A1 AR 40 8
2 6 APR 2002 WD 99/ 25865 PCT/ US98124646 <é20> <223> Synthetic pr=nmer based

on Saccharadmaossiptien éxins poensajubnaee sptoRs b 2sipptSattigaamytagaagagag
tt gt aaaggt tacctcatca 40 . _ , )
heterologous host in which to screen. This technique gives the advantages of the
sophisticated molecular genetic tools available for Saccharomyces, but not for other
5 organisms. This has implications not only for fungi like Candida, but potentially for
very disparate species such as mammalian species. This method may also be useful in
performing more detailed analysis of the function of regulators of transcription from
non-Saccharomyces species. The use of Saccharomyces as a heterologous hast can be

combined with selection-based screens to rapidly screen cDNA or genomic libraries

10 to isolate regulators of transcription of Candida, or any other organism.

Screening Assavs for Genes and Compounds

As discussed above, we have identified a number of fungal invasion-
promoting and invasion-inhibiting factors that are involved 1n pathogenicity and that
may therefore be used to screen for compounds that reduce the virulence of

15 pathogenic fungi, as well as other microbial pathogens or, alternatively, increase the
production of secondary metabolites. Any number of methods are available for
carrying out such screening assays. According to one approach, candidate compounds
are added at varying concentrations to the culture medium of pathogenic fungal cells
expressing one of the nucleic acid scquences described herein. Gene expression is

-0  then measured, for example, by standard northern blot analysis (Ausubel et al.,
supra), using any appropriate fragment prepared from the nucleic acid molecule as a
hybridization probe. The level of gene expression in the presence of the candidate
compound 1s compared to the level measured in a control culture medium lacking the
candidate molecule. A compound which promotes a decrease in the expresston of the

25  invasion-promoting factor is considered useful in the mvention; such a molecule may
be used, for example, as a therapeutic to combat the pathogenicity of an nfectious
organism A compound which promotes an mcreasc 1n the expression of the

mvaslon-promoting factor 1s considered useful in the mvention, such a molecule may



<210> 13 <211> 40 <212> DNA <213> Artificial Sequence <220> <223> Synthetic
primer based on Saccharomyces cerevi sai e sequence <400> 13 tttcaz%t&&zm
atggatttgg aatgtcatag agttaccaat 40 <210> 14 <211> 40 <212> DNA 1 !
Artificial Sequence c220> <223> Synthetic prinmer based on Saccharonyces
cerevi sai eWseY(PE8Se <400> 14 attggtaact ctatgacatt ccaaatccdﬁ”yﬁgﬁgﬁgﬁha 40
<210> 15 <211> 40 <212> DNA c213> Artificial Sequence <220> <223> Synthetic
~ prinmer based on Saccharomyces cerevi sai e sequence c400> 15 atttctgcct
atactcttaa aggtattcgt ttgtttacta 40 <2990> 16 <211> 40 <212> DNA <213>
Artificial Sequence <220> <223> Synthetic prinmer based on Saccharonyces

cer evi sai g 84U eNCKanpiO3s & omgmaa@@@asagg%@e%nbfcmgﬂgltc?atnyaggcagaaat 40
9 2 6 APR 2001 WO 99/ 25865 PCTNS98/2464G <210> 17 <211> 40 <212> DNA

<213> Artithpaitalt s@eqderyoecta@@0es.c223> Synt hetic priner based on

Saccharonmyces cerevj sai ¢ sequence <400> 17 ttggggctaa gaatggacac agatcagtca
ttcatgttgt 40 <216”9eilﬁiﬁiq&?egéog@fggawwg& Ar§E0ET TRYY MIRGuence <220>

<223> SynthghhGed bl TlashRd 89 200y RRGHD BN $ER pEfiRMESA! §neRENCE c400> 18

5 numerous preferred protein assays, including standard immunological techniques,
such as western blotting or immunoprecipitation with an antibody specific for an
invasin polypeptide. For example, immunoassays may be used to detect or monitor
the expression of at least one of the polypeptides of the invention in a pathogenic
organism. Polyclonal or monoclonal antibodies (produced as described in Harlow and

'0  Lane, Anubodtes, a laboratory manual 1988, Cold Spring Harbor Press) which are
capable of binding to such a polypeptide may be used in any standard immunoassay
format (e.g., ELISA, western blot, or RIA assay) to mcasure the level of the
pathogenicity polypeptide. In another example, polypeptide levels may be determined
using enzymatic activity in standard assays. Standard kits are available (for example

5  the Galacto-Plus and GUS light systems, available from Tropix, Inc., Bedford Mass.)
which allow for measurement of enzymatic activity of, for example, Chloramphenicol
acetyl transferase (CAT) and B-galactosidase (encoded by the lacZ gene). Protein
levels can also be determined using techniques such as fluorescence-activated cell
sorting (FACS), spectrophotometry, or luminescence. A compound which promotes a

20  decrease in the expression of the invasion-promoting polypeptide 1s considered useful.
Again, such a molecule may be used, for example, as a therapeutic to combat the
pathogenicity of an infectious organism. A compound or which promotes an increase
in the expression of the invasion-promoting polypeptide is also considered useful.
Again, such a molecule may be used, for example, as a potentiator, increasing

25  production of commercially important secondary metabolites.

Alternatively. or i addition, candidate compounds may be screened for
those which specifically bind to and inhibit an invasin polypeptide of the invention.
The efficacy of such a candidate compound 1s dependent upon its ability to interact

with the mvasin polypeptide. Such an interaction can be readily assayed using any



acaacatgaa tgactgatct gtgtccattc ttagccccaa 40 <210> 19 <211> 40 <212> DNA
<213> Artificial Sequence c220> <223> Synthetic primer based on
Saccharomnmyces cerevi sai e sequence <400> 19 gggtgtgcct ggaaagttca @U@nggttc
tttttctttg 40 <210> 20 <211> 40 <212> DNA <213> Artificial Sequence <220>
<223> Synt Wex9985865i mer based on Saccharonyces cerevisai e sedlféifEe982466> 20
caaagaaaaa gaaaagggaa tgaactttcc aggcacaccc 40 <210> 21 <211> 40 <212> DNA
<213> Artificial Sequence <220> <223> Synthetic priner based on
Saccharomnmyces cerevisaie 10 2 6 APR5g002 WO 991 25865 sequence

PCT/ US98/ 24646 <400>21caaaacttta ggaat accggaaattaaggt

tetettct t19t49l<@309>?1%5%3}%11ﬂg§2&:g P@Ptﬁz\qw?ﬁﬁ%do mlcclbglﬁqguenl?&<%%9c>nbed m

<223>Synthet|cpr|ner base aro

cer evi sai gagpabstee <&02R Zgﬂagaaaaaacamdﬂaadmpmggﬁ@t b&wsted i vitro for
taaagttttg40<210>23<211>40<212>DNA(
c213>Ar t i farrdiosagd dindingwib 2 ppbpepiidhet the grvicaden Mbléﬂahjhtﬂademlmces

cerevi sal g encec40 >23¢ taatc { gt C

acgccagc&¥§ Tﬁgﬁig quﬁﬁ ?%gﬂ%ﬁé%%ég' 3 g 8%u SCQ 5&893593>Syntheti
cprimgr based on I@%ﬁ@gﬂ{l@@l&(ﬁ@ﬁlmple a candldate compound that binds to a invasin
cerevi sai esequence<400>24gggct ggcgt aggcacacaagat t agcgca

ttcacat t cQp1id> 2By ilderiizd 2sDachi@naegiaph-balc8dethenpe<d2r 0><223>Synt het
icpriner based on Saccharo

cer evi sai St AdE VIS S RGN PERIe-R b ipyanian Ay Bt pprifigd by standard
ccacat gaaadlieddd et ek #hinbercd t& ekprEBRNC PO MR 22803 e descaibed DNA <213>

Artificial Sequence <220>°<223> Synthetic pfiner baséd on Saccharonyces
cerev~ salﬂxsenmmhneybdﬁmnobdm@bmgng@uﬁ@lo»sdﬁﬂmvoﬁszMa§2i&mxmﬁdkggaaatacc
acttttccta ttttttgtct 27 40 DNA Artificial, Sequence <220> c223> Synthetlc
pri mer' ba%léaPaﬁe%&ee%tbﬁwégmcél}dew@awnééaa% g éor the mvasin polypeptide

1s identified on the basis of 1ts ability to bind to the invasin polypeptide and be
immobilized on the column. To isolate the compound, the column 1s washed to
remove non-specifically bound molecules, and the compound of interest is then
released from the column and collected Compounds 1solated by this method (or any
15  other appropriate method) may, if desired, be further purified (e.g., by high
performance liquid chromatography). In addition, these candidate compounds may be
tested for their ability to render a pathogen less virulent (e.g., as described herein).
Compounds 1solated by this approach may also be used, for example, as therapeutics
to treat or prevent the onset of a pathogenic infection, disease, or both. Compounds
20 which are identified as binding to pathogenicity polypeptides with an affinity constant
less than or equal to 10 mM are considered particularly useful in the invention.
In yet another approach, candidate genes and compounds are screened for
the ability to inhibit the virulence of a fungal cell by monitoring expression from a

promoter element known to be positively or negatively regulated during filamentous

[} ]
wn

invasion, hyphal growth, pseudohyphal growth or haploid digging. These same
selection-based systems may be configured to screen for genes or compounds which
lead to increased expression from the FLO// promoter (Pr,;,) In one example,
P,.0: 18 fused to a gene that confers a growth advantage when their expression is

increased For example, a P, ,-HIS3 fusion that allows growth on SC-HIS when



<400> ttagtgcgga <210> <211> <212> <213 > 27 3tactttcct ttaattagtg
atggttctca 28 40 DNA Artificial Sequence <220> c223> Synthetic pg%;&l?kzdﬂ?sed
on Saccharomyces cerevi sai e sequence <400> 28 tgagaaccat cact aat

aggaaagt at tccgcactaa <210> 29 <211> 40 <212> DNA <213> Artificial Sequence
<220> <223wWOoyneseéti c primer based on Saccharonyces cerevi safE/Yelidertoe
<400> 29 cagtgctttc aacacctttt attctcatcg agagccgagc <210> 30 <211> 40

. <212> DNA <213> Artificial Sequence <220> <223> Synthetic prinmer based on
Saccharonyces cerevi sai e sequence PCIk{S98/ 24646 40 40 40 40 1~ 2 6 APR
2002 WD 991 25865 PCT/ US98/ 24646 <400> 30 gctcggctct cgat gagaat aaaaggtgtt

gaaagcact g4l w3 i hdsh A tAddredDifsRIBT 148 tld dde@hawaideNeg <220>

<223> Synthetic primer based on Saccharomyces cerevisai e sequence <400> 31
gt agct gaax pagybioo dvetscaodeciigtagtly tbe abmpoagal -4hnx2dizol 8B -4a2)| 3-40 i<212> DNA
<213> Artificial Se u_enc? <220> <223> Synthetic. prinmer based. on.

Sacchar onfPEgStiEEe g\],lﬂg@ir@ ale when presént in sufficient amounts, will inhibit the

His3 expressed from Py, and prevent this strain from growing on SC-HIS.

5 Therefore, growth of a strain containing s ,,,~-HIS3 only occurs on SC-HIS+3-AT
platedwhen P, ,,,-HIS3 expression is increased to overcome the competitive
inhibition of His3 by 3-AT. Increased expression of the transcription factor Tecl
confers increased resistance to 3-AT in such a strain. By varying the amount of 3-AT
uscd, the extent of increased Py, ,,-HIS3 necessary for growth can be modulated.

"7 Numerous markers could be used for such positive selection systems, including, but
not limited to, URA3, TRPI, ADE2, LEU2. Those skillcd in the art will recognize that
other positive selection systems will also work in this system.

In another example, gene fusions that link P,,,,, to a gene product that
confers a growth disadvantage (in its most extremc case--dcath) can be used to select

15  for genes and compounds which down-regulate #LO/ ! expression. In this case, any
condition that decreases and/or eliminates FLO/ ] expression will alleviate the growth
disadvantage and allow strains to grow. For example, a fusion of P ,, to the URA3
open reading frame that allows for growth on SC-URA 1n a P ,,- dependent manner
has been created. Since expression of URA3J is toxic in the presence of 5-fluoro-orotic

20 acid (5-FOA), selection against FLO/{ expression can be accomplished by screening
for growth on SC+5-FOA of a strain carrying a Pr,,,,URA3 fusion. Those skilled in
the art will recognize that other negative selection systems will also work in this
system,

While the systems described above allow for the selection for or against

25 FLOI1 expression, sumilar technologies can be used to screen for changes in FLO!!
expression. Other examples of useful P, ,,,, reporter gene fusions that can be
quantified include, but are not limited to, enzymatic or fluorescent reporters such as
lacZ and green {luorescent protein (GIFP).

The selection and screening systems described here have a number of



<400> 32 tctgacatgg cacacagatg tagatggact tttcagctac 40 c210> 33 <211> 40
<212> DNA <213> Artificial Sequence <220> <223> Synthetic priner Ztﬁa ﬂgﬂﬁp
Saccharonmyces cerevi sai e sequence <400> 33 gagattatct tgggatctat ga % atg
aatgatacta 40 c210> 34 <211> 40 <212> DNA <213> Artificial Sequence <220>
<223> Synt wexra9@s$6si mer based on Saccharonyces cerevisai e seqbfeHb8982466> 34
tagtatcatt cataattcga atagatccca agataatctc 40 c210> 35 <211> 40 <212> DNA
<213> Artificial Sequence 73 2 6 APR 2002 WD 99/ 25865 PCT/ US98/ 24646
<220> <223> Synthetic priner based ons®accharonyces cerevisai e sequence
<400> 35 gttttggctc aatgggaccg ttcacaaatt tacggctaat <210> 36 <211> 40

<212> %ﬂ&i@l?aﬁﬂkh&&@ t?éyoé?%%@gt%teﬂ%%g?e.<F&3&at§§m&g%i &nREILRES (Jased on

Saccharonyces cerevi sai e sequence <400> attagccg > ¢c211> <212> <213>
36 ~attt gtigady dggidatahimghgisc Aaaacnd TokdiddNSoAmkny bfihalgetbeqtience 40 40
<220> <223> Synthetic_priner_ based, on Saccharonéces cerevi sai e sequence

&

<400> 37 'saCdd ! - R sEaugle musation Af gageng shat shpiragesdth@{ 4 expessiant gt gcggt
60 attt Ca4 %%?raizmodeletcd for his3 and carrying a Pg,, HIS3 fusion will cause this strain to be

5 ahistidine auxotroph (unable to grow in media lacking histidine). However, cDNA or
genomic DNA clones from other organisms that restore FLQO// expression 1n such
stratns (either by complementation or suppression of the mutant allele) can be directly
selected for by selecting for growth on media lacking histidine. Similarly, novel
regulators of FLO!/ expression from §. cerevisiae and heterologous organisms can be

' identified using the same selection schemes.

In another application of using promoters known to be regulated during
hyphal or pseudohyphal growth, deletton constructs can be generated in order to map
the cis elements of the promoter required for each signal transduction pathway. As an
example, the FLO/] 1 promoter screening and selection assays, in which nested

15 deletions of 200 bp steps from the 3kb region upstream of the FLO1/ ORF have been
generated, are being analyzed for effects on lacZ expresston in various wild-type and
mutant background strains. In another example, overlapping 400 bp fragments of the
FLO!1 promoter have been cloned into the CYC/ transcriptional unit (Figure 11).
Together, these examples will demonstrate which DNA regions are required for

20 expression (and to what extent each of these regions is required). Furthermore,
reporter gene fusions with subcloned pieces of promoters regulated during hyphal
growth or pseudohyphal growth, such as the FLO// promoter, can be assessed for
cxpression in various mutants that block (or activate) distinct pathways. A person
skilled n the art will recognize that regulatory elements from other invasins,

25 including those described herein, can be isolated as described using the methods
described herein, in conjunction with standard techniques described in Ausubel et al.
(supra). These methods include fusion of a DNA segment from a putative regulatory
or promoter region to a reporter gene, as well as deletion analysis. Moreover, the

pathway specificity of any mvasin promoter can be determined through the use of



c210> 38 <21l > 70 c212> DNA <213> Artificial

pri mer

Sequence <220> <223> Synthetic
based on Saccharonyces cerevi sai e sequence <400> 38 taag
taccgccaac taaatctgaa taacaatttg gctgctagaa gcagattgta 60 ctgag
c210> 39 <211> 29 <212> DNA <213> Artificial Sequence <220> c223>

EEg

Synt heti c

primer badedmss8acchar omyces cerevisai e sequence <400> 39 PET/USISRIAPR

2001 WD 99/ 25865 PCT/ US98/ 24646
.40 <211> 29 <212> DNA c213> Artificial

ccgctcgaga gtgtgcgtat atggatttt 29 <210>
Sequence <220> <223> Synthetic

primer based on Saccharomyces cerevisaige sequence <400> 40 ccgct cgagt

, gatgaggtaa cctttacaa 29 <210> 41 <211> 29 <212> DNA <213> Artifici al
Sequence \5@8—9\?})62 atahoan YN BeLhS R

sequence <400>

% DRAG AR, RGFHRIQIVEES cerevi saie
1 ccgctcgagg ttcttgaact agaagdagag 29 <210> 42 <211> 29

212> DNAxp2dsSimnAn tiviidiypl sGeqy bmehow? 20ker<iddd mdGyantct ekpresgoon mer based on
Saccharonyces cerevi sai e sequence <400> 42 ccgctcgagt ttcaattcaa tggatttgg

29 <210> Spgcifipmutants, thon this
Synt heti ¢

ccgct cgaga Tt ggtaac tgaca
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report distinct pathways that regulate FLO/] can be generated. A variety of basal or
inducible promoter elements are applicable for this technique, including, but not
limited to, CYC!, PGKI, ADHI, GALI-10, tet-R, MET25, and CUP.. Using the
above system, a mode of action can be assigned for any given treatment on FLO/11
expression. Assessment of the effect of a chemical or genetic treatment on pathway-
specific reporters will make 1t possible to determine which pathway is altered by this
treatment. For example, consider two different reporter fusions, one (Reporter 1) that
reports STE pathway-mediated expression of FLO//, and the other (Reporter 2) that
reports INV pathway-mediated expression of FLO/! /. 1f compound X, which was
identified by 1ts ability to eliminate expresston of the full-length P, ,,,, 1s shown to
affect Reporter 1 but not Reporter 2, then it is inferred that compound X blocks
FLO11 expression by affecting STE pathway activity. Similarly, where the
compound affects a given pathway will also be refined using pathway-specific Pg,,
reporter constructs and activated alieles of certain signaling components. For
example, the mutant STE/ /-4 and overexpression of STE/2 are both predicted to
increase FLO/ 1 expression. If compound X blocks the increased expression of
FLOI1 mediated by STE! -4, but not STEI2 overexpression, then compound X can
be inferred to antagonize the STE pathway before STL!2, but at or below STE! .
Assessing reporter expression in various deletion mutants will enable similar
approaches to assess the effect of compounds that activate expression of FLO/! 1.

The reporters used in these experiments can be utilized 1n the same way as
thosc described for the full-length FLO{1 promoter to allow for positive and negative
selections and a variety of screening methods. This will malke 1t possible to identify
pathway-spectfic modulators (heterologous genes, compounds, peptides etc.) of

FLOI] expression. Such a system is also useful in identifying modulators of
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<210> 44 <211> 29 <212> DNA <213> Artificial Sequence 15 2 6 APR 2002 WO
99/ 25865 PCT/ US98/ 24646 c220> <223> Synthetic prinmer based on Sqqphpwﬂg%ces
cerevi sai e sequence <400> 44 ccgctcgaga tttctgccta tactcttaa 29 <210>

<211> 29 <212> DNA <213> Artificial Sequence <220> <223> Synthetjc primer
based on ¥OEN2FEHyces cerevisaie sequence <400> 45 ccgct cgagt’ aytdditéaaa
cgaatacct 29 <210> 46 ( <211> 29 <212> DNA <213> Artificial Sequence <220>
. <223> Synthetic primer based on Saccharonyces cerevi sai e sequence <400> 46
ccgct cgagt tggggctaag aatggactt 29 <2d0> 47 <211> 29 <212> DNA <213>
Artificial Sequence <220> <223> Synthetic prinmer based on Saccharonyces

cer evi sai@psegiiene®lcd 00 hadd raoftdggags taactiigaatangaed. ORdicdxarHi<210> 48

<211> 29 <212> DNA <213> Artificial Sequence <220> <223> Synthetic priner
based onU@a@@ﬁb@mfyk,eés%%usevﬁi@é%lnsé@mgﬁaés edomanmgmesgenddgbigPiggt gt gect g
gaaagtt C?ntgrgesgtg idezn%if),(/5 m%ﬁﬁto%s%? RAS as candidate antitumor agents. Having a #LO1/

promoter fragment fusion that reports the activity of human R4S in yeast (e.g., in a

5  yeast strain deleted for the two yeast RAS genes and expressing human RAS) would
allow one to select and/or screen for modulators of human Ras in yeast.

Another example of a screen is based on the observation that yeast from
haploid S. cerevisiae invade agar when grown on rich (YPD) medium without
forming pseudohyphae. This nonfilamentous invasion behavior has been termed
“digging,” and the assay used to detect this behavior has been termed the “dig assay.”
Roberts and Fink, supra. Mutations that block digging of haploid S. cerevisiae on
rich media also inhibit pseudohyphal growth and agar invasion of diploid S.
cerevisiae under low nitrogen conditions. Mutant strains defective for digging are
referred to as “dig minus,” or “dig-.”” The correlation of pseudohyphal invasion and
15 behavior in the dig assay is an essential aspect of this screen. The dig assay is

comparatively easy to perform relative to pseudohyphal invasion assays, and, as it
occurs in haploid cells, 1s more amenable to genetic approaches that rely upon
recessive mutations.
We have discovered that pathogenic fungi can display similar digging
20 behavior, characterized by increascd mnvasion into or adherence to a defined substrate.
For example, C. albicans displays a nonfilamentous invasion of substrate in a variety
of suitable conditions (e.g., YPD, and SPIDER). This behavior is similar to the
reported digging behavior of S. cerevisiae. As 1s true for S. cerevisiae, non-hyphal
agar invasion by any given C. albicans mutant strain correlates with the ability of that
25  strain to form filaments under filament-inducing conditions (e.g., agar + serum).
Thus, screening for compounds that block the digging phenotype in fungi will allow
for 1dentification of compounds that block filament formation and, as a result,

pathogenesis. These compounds are considered useful as fungicides or fungistats.

Stmularly, screening for compounds that increase substratc invaston will allow for



WO 99/ 25865 PCT/ US98/ 2464G <210> 49 <211> 29 <212> DNA <213> Artificial
Sequence <220> c223> Synthetic priner based on Saccharonyces ce%%vLﬁgéﬁ
sequence <400> 49 ccgctcgagc aaagaaaaag aaaagggaa 29 <210> 50 c2?f1l

<212> DNA <213> Artificial Sequence <220> c223> Synthetic priner based on
Sacchar omp¥@898fevi sai e sequence <400> 50 ccgct cgagc aaaacPETAF%¥aaccyg
29 <210> 51 <211> 29 <212> DNA <213> Artificial Sequence <220> <223>

. Synthetic prinmer based on Saccharonyces cerevisai e sequence <400> 51

ccgct cgagg aagaaaaaaa ccttaattt 29 <2di0> 52 <211> 29 <212> DNA <213>
Artificial Sequence <220> <223> Synthetic prinmer based on Saccharonyces

CereViSah&ﬂﬁ%@MﬁﬂP@ﬁfﬂgQﬁnégwﬁ&9ﬁhggﬁﬂﬁmgﬁﬁ&ﬂ%G@ﬁ&mﬂQﬂ§ﬁ&§%¢ 29 ¢210> 53
<211> 29 <212> DNA <213> Artificial Sequence c220> <223> Synthetic priner

based on sS8acwdharoegbdgecer evi sai e 17 WO 99/ 25865 sequence <400>
ccgctcgagg <210> <211> <212> <213> <220> <223> <400> chctc aga <210> <211>
<212> <213> 53 ~fétgaRpleLI s d8aeRy 1551von dekn- AFq fepl whethergeefirdned

compound would affect the nonfilamentous agar invasion behavior of nonmutant S.

5  cerewisiae or C. albicans at concentrations much lower than the lowest growth
inhibitory concentration, these fungi were spotted onto agar plates containing rich
medium (YPD) and a gradient of the antifungal fluconazole. The plates were then
incubated for two days at optimum growth temperatures and washed with water. Both
fungi cxhibited inhibition of agar invasion at significantly lower concentrations of

"V fluconazole than those necessary to inhibit growth (Figure 12). This assay can be
performed on other dimorphic fungt, such as U. maydis, as well as on other fungi. In
all cases, the mnvasion assay can be used to isolate compounds which mhibit invasion,
or those which promote invasion. Each type of compound would have valued uses as
described herein.

15 Optionally, invasion-inhibiting compounds identified in any of the above-
described assays may be confirmed as useful in conferring protection against the
development of a pathogenic infection in any standard animal model. One example is
described herein. Candidate compounds, if successful, may be used for anti-pathogen
therapeutics. Invasion-promoting compounds may be confirmed by assessing

20  production of secondary metabolites. Candidate compounds, if successful, may be
used as potentiators to increase production or yield of these or other secondary

metabolites.

Test Compounds and Extracts

In general, compounds are 1dentified from large libraries of both natural
25 product and synthetic (or semi-synthetic) extracts or chemical libraries according to
methods known 1 the art. Those skilled in the field of drug discovery and
development will understand that the precise source of test extracts or compounds is

not critical to the screening procedure(s) of the inventton Accordingly, virtually any



Synthetic primer based on Saccharonyces cerevi sai e sequence 54 3acaaaaaat
aggaaaagt 55 29 DNA Artificial Sequence c220> c223> Synthetic priner based
on Saccharonyces cerevi sai e sequence <400> ccgctcgagg <210> c 210> AR HBL
<213> 55 tagcaggttt catgtggtg 56 29 DNA Artificial Sequence <220> c223>
Synt heti ¢ WPIWB¥86Based on Saccharomyces cerevi sai e sequence EA(BSI8/24646
ccgctcgagt c210> <211> <212> <213> 56 tagtgcggaa tactttcct 57 29 DNA
_Artificial Sequence <220> <223> Synthetic priner based on Saccharonyces
cerevi sai e sequence c400> 57 ccgct cgage- gagaaccatc actaattaa <210> 58 <211>
29 2 6 APR 2002 PCT/ US98/ 24646 29 29 29 29 29 18 2 6 APR 2002 WD 991 25865

<212> DNALGHEBSE MdnhifdliGixahctSeABONESunds 8102 s uaiitthehicehdRisi mer based on

Saccharonmyces cerevi sai e sequence <400> ccgct cgagc
described heremn. Examples of such extracts or compounds include, but are nol
limited to, plant-, fungal-, prokaryotic- or animal-based extracts, fermentation broths,
and synthetic compounds, as well as modification of existing compounds. Numerous

S methods are also available for generating random or directed synthesis (e.g., semi-
synthesis or total synthesis) of any number of chemical compounds, including, but not
limited to, saccharide-, lipid-, peptide-, and nucleic acid-based compounds. Synthetic
compound libraries are commercially available from Brandon Associates (Merrimack,
NH) and Aldrich Chemical (Milwaukee, WI). Alternatively, libraries of natural
- Y compounds in the form of bacterial, fungal, plant, and animal extracts are

commercially available from a number of sources, including Biotics (Sussex, UK),
Xenova (Slough, UK), Harbor Branch Oceangraphics Institute (Ft. Pierce, FL), and
PharmaMar, U.S.A. (Cambridge, MA). In addition, natural and synthetically
produced libraries are produced, if desired, according to methods known in the art,

15 e.g., by standard extraction and fractionation methods. Furthermore, if desired, any
library or compound 1s readily modified using standard chemical, physical, or
biochemical methods.

In addition, those skilled in the art of drug discovery and development
readily understand that methods for dereplication (e.g., taxonomic dereplication,

20 biological dereplication, and chemical dereplication, or any combination thereof) or
the elimination of replicates or repeats of materials already known for their anti-
pathogenic activity should be employed whenever possible.

When a crude extract is found to have an invasion-promoting or invasion-
inhibiting activity, or a binding activity, further fractionation of the positive lead

25  extract is necessary to isolatc chemical constituents responsible for the observed
effect. Thus, the goal of the extraction, {ractionation, and purification process is the
careful characterization and identification of a chemical entity within the crude extract
having the desired activity. Methods of fractionation and purification of such

heterogenous extracts arc known in the art If desired, compounds shown 1o be useful



<210> <211> <212 > <213> 58 agtgctttca acacctttt 59 29 DNA Artificial
Sequence c220> <223> Synthetic priner based on Saccharonyces cegf 2@ 2
sequence <400> ccgctcgagg <210> c211> <212 > c213> 59 ~tcggctct 6 8 @éat
60 29 DNA Artificial Sequence <220> <223> Synthetic prinmer based on
Sacchar.omMe9928868vi sai e sequence <400> ccgct cgagg <210> <2 FPfI/UPP3464651 3>
60 tagctgaaaa gtccatcta 61 29 DNA Artificial Sequence c220> <223> Synthetic
- prinmer based on Saccharomyces cerevi sai e sequence c400> ccgctcgagt <210>
<211> <212 > <213 > 61 ~tgacatggc acagagatg 62 29 DNA Artificial Sequence
<220> <223> Synthetic prinmer based on Saccharonyces cerevisai e sequence

- PCTI US98/ 24686029 c 2Qaide? 9f pathog et @y AN 8% d YR 1918586 SReId4¥p98/ 24646<400>
62ccgct cgagg agattatcttgggatctat 29<210> 63<211> 29<212> DNA<213>

Artifici ahSabpiepsaezRomw2dgm@ymdatcpoing mencthadeidorwiSacbhartomyces
cerevi sai esequence<400> 63ccgctcgagt agtatcattcataattcga29<210> 64<211>
29<212> DNA<213> Artificial Sequence( <220><223> Synt heti cpri ner basedon

Sacchar orpi6 8 SafieNl %%ﬁﬁ&%%@ﬁéﬂ%o@é&ﬁ@ﬁ cgagg

ttttggctcaat gggaccgZ9< > < > < > DNA<213>

Artificial Sequendae22dniadR Brovaimstalséhp Epneams fohidsedfgmgSacgoandny ces
cerevi_sai esequence<400> 65ccgctcgaga ttagccgtaaatttgtgaa29<210> 66<211>
29c219> HRIELHnG pogtides; sgpakl %@'ﬁa@ﬁeguélwﬁww@ym)rw%'s f rehibEgedon

?ggggg{ggﬁ%ﬁ%@é@%@éb@ﬁ%ﬁagaggggg?é%ggggiéggﬁmig@ggwﬁgﬁﬁﬁ???$%iaISequence 20

2 6 APR 2062 v¥ied 99 haeB@ddicinal or agricultural value using the methods described herein
are useful as either drugs, plant protectants, or as information for structural
modification of existing anti-pathogenic compounds, e.g., by rational drug design.

10 Such methods are useful for screening compounds having an effect on a variety of
pathogens including, but not limited to, bacteria, viruses, fungi, annelids, nematodes,
Platyhelminthes, and protozoans. Examples of pathogenic fungi include, without
limitation, Candida albicans, Aspergillus sp, Mucor sp, Rhizopus sp., Fusarium sp,
Pentcilltum marneffei, Microsporum sp. Cryptococcis neoformans, Preumocystis

15 carinu, and Trichophyton sp.

For therapeutic uses, the compositions or agents tdentified using the
methods disclosed herein may be administered systemically, for example, formulated
in a pharmaceutically-acceptable buffer such as physiological saline. Treatment may
be accomplished directly, e.g., by treating the animal with antagonists which disrupt,

~J  suppress, attenuate, or neutralize the biological events associated with a pathogenicity
polypeptide. Preferable routes of administration include, for example, inhalation or
subcutaneous, intravenous, interperitoneally, intramuscular, or intradermal injections
which provide continuous, sustained levels of the drug in the patient. Treatment of
human patients or other animals will be carried out using a therapeutically effective

25  amount of an anti-pathogenic agent in a physiologically-acceptable carrier. Suitable
carriers and their formulation are described, for example, in Remington's
Pharmaceutical Sciences by E.-W. Martin. The amount of the anti-pathogenic agent

to be admunistered varics dependmg upon the manner of adnunustration, the age and



<220> <223> Synthetic priner based on Saccharonyces cerevl sai e sequence
<400> 67 ccgctcgagt agttaaacgt tttattagc PCT/ US98/ 24646 29 21 GAPRZUDZ
.As. A u. A AR AS. A?. Af @R ASNl e. A,e. AR ASI. A u. AR ASR A, . AR ARAS:‘?
AU A A Awo §6Pss @@@e A@. A@. Ae. AYy. A A A’> A5?. AS, . AR Al R A? p AR A9dRcAs U. Af
a?. A?. A, . AH.AS.An@ AB@ Al @ Af. A [YE. Al ,
_Hf A A5 AY[ . A[.AY. Ayl . A@A. A3. Al . An@A@ Al f.AYHy. Al 5L$. Al . Ae. AYy. A . A?. A
- A2
. ALl . A. AFn. A3. AH. AI AYH AHI A5 An. A Aﬁl4 AF! . AFn. Al H. Al . Al . AYn. AYL. A3. AY. A3f
LA AR? () M) {
- | wr mga[ V] Bat wavp&aw% ap%a]tc'aqddéqﬂb died e dsppeaprhdastures ¥ ea) cal ca] ca]

ﬁgtg]a]ec[a] %]3 a“}lg%‘g@ﬁ % lii]) ﬁJ @rﬁgnée]oftl %QFQ&%T%)XEI hceéfé%rw caﬁjdclg] caV] ca
] ca] cav] CﬂicQEe\ﬂrﬁ&]tM]oﬂ@V}rﬁ&bBﬂ] ﬁi%&ﬂs@s'ﬂl]a‘l?tﬁ&ﬂ in certain instances lower amounts
+19!" *0{Ln<?D|vgl f " [Uj e [Vrrgl [ W] ca] caV] cal ca] caV] ca]caV] ca] ca] caV]ca]c

aV] ca] ¢ a\/]Vcla]Je apelell bataway/pe FG@N’P@&%M@WM&] eanvpuide aVpempoam{swz

S LG el Ll e caca

c
18""" 6#{ #ﬁ# %ﬁ@@lﬁg‘ﬁt%n%c/ﬁmls {dministered typically in the range of 0.1 n
9( ((()ytnicA"XSnmg] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca %ca\/] ca\§] calcaV]c
V]
)* **LJ*a*d*l*****B++2

((:a] ca] d:@i];d@\l]ocda]vwg,ﬂtca\/] caV]ca] ca] ca] ca]ca]ca] ca
SACD1-P- L. M 1B EERGHPYEl UAFR ADSSFRIIROS ROV PE A5 Warifishuriegihea) caV] ca] cav
| cal caV] Cgl;ﬁ{%éﬁ?swo%é‘d favhGal el &als A ARrhsaMb ra £6LARIE ANk 3hGRY] cas3

374555566
; =?? 2DAaaBAAAAAHKRAB| wahdaldool exdand. ceyMicalys alchadbarehealdzaV] ca] ca] ca] ca] ¢
a] ca] caV] ca] ca] ca] ca] ca] ca] c;}(ca] ca] ca] caV] cat] caV] ca] ca] caV] ca
topUBCLDRER £k i v

BCB' Bc BhBBBBOGHEE b e ige pathoigeinargdravipeaieatV] cal ca

A] caVi ca] RGeS, csEGoiPryPhFor PRy SR R IR B R B SEBE (Vo) ¢

a] ca] caV] st@dcqza]r@\/})aail@gwa&rﬁaim mdgéayl:ﬁa]a@ ah @1&]@ at &abwad maheadical cal cal c

a] ca] ca] ca] ca] caV] ca] ca] ca! OKPaPf PPPPPQd

RRRRRESSS@Swntmwuéuﬁvqncgbf} Wet‘ep\vc]lwqga]abk:]sw]@awaqswlw@apcma:@]nca\q calc

a] caleal ool cal cal saleslesl ool cal cal ol SV SMERL FAVL sl o2

] i]17) ~arf phfiggdss mhblkMEd Vi prksad) eBhe sodeeAlad 6ol &b Béﬂoﬁ?%ﬁﬁﬂxﬁgﬂ ¢al cal cal ca
] ca] ca] ca])ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! o™ aa/ c<cHcMc\ cddeZ
eeeCf gghkhﬂmrmmil]s BkA ki hppled py sithek Zopajahesl calteal £ ad tajtendrwitb dpud] ca] ca) ca]
ye! t

TSt Lt SRR O PV QP E P B DE PV EaPE Y BATCaTEH oa] cal ca
| ca] ca] ca), gl LM Sal-c@k&al cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
1{4] 9 h R~~~B

dEerYBKlQ@Wr lmlwl:’\lY%:] Min] ada]rpma] lba]aua;])amc}gta]m]ena]w)a])@an]dca]tca]ata]aia]lsfal]toa] calca] ca
] ca] ca] ca] ca] ca]?%a] cal ca] c%ﬂca calUl c a]ca]ca! GT

kK_W hP} x acv fersyrcladin gt oaf hxjted Cb‘é‘]tféé‘]“@af d’é]né%/]'?féﬂpéﬁj%’&?’ca] caV] ca] ca

\I\CIJngtf ?Lgﬁéhgl'?ég?g] éﬂ%&”}fﬁ@ \?fl fﬁhfﬂfg%]cgﬁ”e&?gc a ca rev m CO Om a(t:lgr\l/]atcca] caj ca]
ca] caV] Ca];mdrﬁla\é}:&ﬁ]]gl aypowhid Yatdopea] GindlaNy qa] ﬁ[&\ﬂadﬁ)]gealc agent may be

ci ! %ruVM- (}/ e_YTmhc”] caV] caV] ca] ca].ca] ca].ca] ca] caV]calc d] ca] caV]ca] caV]ca
€

vm/‘\ .—

ésca] cav] c& _léﬁ @@Wlélé\“}%ﬁfﬁ%\tf}téﬂ]i@%}]%%‘]ﬁéﬂl@éﬂ ¥¥pcand to dentures to
++ B~vt nh 2\ n R
a] ca] c%]ncgi/eve %“l?atk\h%\é’qﬂ%ﬁqﬂv?lls %M]tﬁ? Lf}ég cglrici"%tlﬁr"él]s@n Salsalcal cal calcal e

Q=~zupj c] Kﬂb@ho%rmcs Liemlcabena by pathogens.
V] cMa] c”a] ca] ca] ca ca] c"a] ca?ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] c”a] ca] ca] caV]
ca] caV] ca] ca\/] ca] ca] c”a

-27?L| } xr mhac XS 5 ca ca] caV]ca] caV] ca] caV] ca]caV]ca]c
aV] ca] ca] cHEHS v aV] ca
agl Mfcq, B | fa caV]ca]caV]c
a]gca\/] ga] Z:L\\%qca] E:Z( %“éﬁmal%ncdr\/f’(}:% gl1\/‘]?j}:éaf’}%]afsafyl R‘?]é&@’?gga\}f@d?fg ?ENSSP\ijeVzLOj XJ Z
Trh] V] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] ca] caV] ca] ¢
aV] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca
$8Fg#=Bp~xsnhc”Xmh] V] cV] ca] ca] caV] ca] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV]ca] ca
$) hr. 4B, f (, Tnz! oe| w mhc”Ymh] V] cV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca
V] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] caV]ca] caV] ca] ca {
“Can! . :=L&uDj zupkfa\ Vimh] V] V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] c

Cg

av]



*Xzupkfa\ W c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a]ca]ca]ca]lca]ca]c
aJ calcalcalcaV]ca]caV]ca]ca]cal]cal]cal]ca! 174x4B 7 6_APR 2002
Xej | wgl f a\ Vzupkf a\ W V] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] ca

{/] cra] craWRAY¥8i%a] ca] ca] ca] ca] ca] caV] ca] caV] caj ( EOSQ6! | { vPREVEHAMEG a\ v v
] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV]ca] caV]ca] ca
- V] ca] caV] ca] caV] ca] caV] caV] ca] ca?dj : SWHQW~yt oi d*YSkf V] ca] caV] ca] caV] ca] ca
] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] as} ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] caV]
cal caV]ca] ca
- <Bk&59Dx (molvdhwr pebbliod, e YSkfovduadseal aavicaad) eidi aad epvblealreal eavkcal cal caV] ca
] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca ALQW

' 7Yf r wR] 'secondary metabolite production in fungr. Accordingly, a chemical entity discovered

Q]XQT ca) Lattecp el R R IR Ea RGBS alnghs g ool cevl ©

| 82Czuplgf 3¢k knd %916%?&]&%119%1&@&8@];%%@&%]1& %&%&@?&Jd&@%& h ea¥lcaV] cal ca

] caV] ca] caV] ca] cd] caV] ca] ca] caV] ca] caV]ca] ca] ca

, 2>BHD~x snhc]a(kﬁsas]é{zﬂcﬁdqn] hpad4 ﬁa]gabﬂerra&i]tma]m aﬁi]anau]le:sa]fcraat](ea]jcadé]nda]yc aV] ca] ca
\/] cal] caV] ca] caV] ca] ca] caV] ca] ca cal] ca) ca] c”a] ca] caV] ca[i 5] OXb) Wr6] ~yt 0] e_ZU

kf V] ] ca] &pRrolfeayioss ¢igfdsfuein %W%PB&PE‘&]@&P@&]%QW@&P&a%avg $$]$ caV] ca] ¢
%
?/g/a(s: ?}MC\E/IV% @%Wgﬁt@@tﬁ @}ﬁ?\& C@‘]}@Sgb\ﬁqgaﬂemc‘]um\ﬁe ?lomrﬁiﬁgﬁ% P?:;a\/] cal caV] ca]

ca] ca] caVjwslatiatheaviatia] 4 thavioerjtbaid] iaahaadthealepddfc &Y&ddition, such

&86&CEH& "' 3 9' | *EX K LCH+ A nh ka
V] ca] ca] ebqrw]abq]u@a]( ]@% %/iv)%q) bguqeégq wycagq &la]l@a]%%d@;%léa]t ]nle!eq%g/g] gg{/jc 2;/] gg{ch
a] caV] ca

--*21-D con/-g\arﬁ nI_etab()h/t] ’fh 7“/67;1 65’0‘605356556‘1@ YL?LIU@P &“Hﬂ?ﬂ(ﬁﬂ’%a} caV] ca] caV] ca
| ca] ca] capsahaadsipdcats aleeav] kel savleaad, e galitads 6Adetection by chemical

V] cMa] c™a] ca] ca] ca] caV] ca] caV] ca] caV] ca
1112222233hmmy)4w¢4&manatmmm555He@eecywcmww&cﬂw@é]oéa}ec@pbeq ca] ca] caVv

calsey) el gt spheadsslcan i g aten) sl el cal eVl gloal v ca

; A<J<YshfiPssereexyeihed drdsMisal- cavdiaalserivealie ?e\ﬂ:ﬁ?ﬁl aa];ﬁa]mbﬁ@]fc a] caV] ca]
ca] ca ca\/] cal] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca <<<
==, = =said ZnHtyl within 1R PR 7@ @aaah* A7A} wr | ga\ Whhc] ka V] c] ca] caV] ca] caV]ca

lﬁ??ﬁ?ﬁf?;’] o AP AP By SO T D} BORE L) BEERERRR BIEL pi o 2Tt W
] ca] caV] &Mt%lkpﬁo\ﬂtm)fﬁw &%L&@CY#]&%L%\Q@E@A&@] ralaaMleabaavisaheal caj ca]

caV]calcaljcaljcaV]ca]calcd]calca | F

@E@G(WM&@@MMWHMW&@MPM dairk e r]crgaW@ac]rs:a]xsaK/] ca] ca] caV
L\C/Ja]:gi’:l l/]a & sglag?ﬂnqcs%]recc?escr?gedcaA\gc%?chgly such ggn%s%g(\ithe?r é: {:rllvgtallvcs arl‘ﬁ Vbca] cavjcalc

J,J J

sy At g ey U e e ool
ca] ca MVIvBAARIERNNMNRL EEsDXaRP (ERQARINOAOL. « € aJcalcalc
a] ca] ca] ca] ca] ca] caI ca%! cal caV]ca] ca]ca]caV]c c] caV] ca] caV] ca]%a] ca] caV]calc

aV] caj Ca]l%ta\y]r ndexd transformation méthods and’also by elimination of

YFYY\ ZI Z 9\ H\\ \
R A e A g el
" T e se@Aashh &ﬁlﬂhb@lﬁﬁ@ﬁ@uelds during fermentation could bc increased by

dAdGdTdvddd{ upje* ZU gb] XV] caV] ca] ca] ca\/] ca] caV] ca] ca] ca] ca] ca\/] ca] caV] ca] ca
] ca] éa] ca;vqlctsq wgjrcanfabtady suheallvat telidealdbytdapitdiosacyclosponn,

ddddddeae fLf=fRFff hhh alcalcaV]c
a] ca] ca] 3] ’c? fBaC]eB‘a"\yTstPQﬁg E%‘\ﬁf&l ; I i I% m’&gjaléﬁ‘ %)1 éw]&‘i‘]aﬁ%] ca{/] caq] c
a] ca] ca) Garelrh&idikd ﬂhgregf\lkkkkl

. g8mar mymmmmmn#ndnnnnno| vgl f a[ VI gb] XV] ] caV] ca] caV] ca] ca] caV] ca] ca] ca] ca

] ca] ca] ca] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] caV] ca

0. 0: 0goyooooooooopp” pppp3gBqgqqqqar, rvryrrr}xrmhc”XSl g] caV] ca] ca] ca] ca] caV]
~ca] caV] ca] caV] ca] caV]ca] ca] caV] ca] ca] caV] ca] caV] ca] caV] caV] ca] caV] ca] caV] ca
]rrC?]r rcg]S(szﬁ/Lg[ ssssssssttpt|tttttuSu\l uxuuuuuv~ysnhc] XSl g] ca] caV] ca] caV] ca] caV
] ca] ca] caV] ca] ca] caV] ca] ca] caV] ca] caV] ca] ca] caV] ca] ca] caV] ca] caV] ca] ca] caV]
ca] ca] caV] ca v&2v7vFvwvvvw

wwsw, w2 wHwwwwwx ' X Rxdxr xxxxx- yeyvy{vpke  ZU g] ] caV] ca] caV] ca] caV] ca] ca] caV] c
a] ca] caV] ca] ca] ca] caV] ca] ca] caV] ca] caV] ca] caV]ca] ca] caV] ca] ca]ca] ca]ca]ca]c
a vyyyyyyyyl zbz@P{Ug{ I {L{LLLLLTY TTT

- RN . Y. . Y, .



5 #Sxp*6;

zZupj eXI[O\/] ] ca] ca] ca] caV] ca] ca] ca] caV] ca] caV] ca] ca] ca] c”*a] ca] ca] caﬂ EaA]Pﬁ?ﬂU?a] C

a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!; JF[ G*2a& |

L vHA#ASSS. Y & wr mheX c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calcalcal]calcalc

a] c”a] ca] c‘é(])c"ﬁ]zésé]sca] Z]a] c!a] c!a] c!a] c!a] c!a] c!a] c!a] c!a] c!a' x]&&&] A }\I %‘]: Db %5?‘( C*l*

W+ - .FI'1111]zupkfa[V]]cal] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c”a

. ] ca] ca] c’\a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca! / 000wO0033W

45<6F69666j 778889999#929?9U9X9r 99; -66-

}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] cal] cay] ca] cal] ca] ca] ca] ca] ca] ca\/] ca] ca\/] ca\/] c

BT e o
~ysn | c ca] caV] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca

ca] caV] ca] ca] ca] ééf]ib ScfQI E«awaqaéaql eag @I@Péomlb@] l?fa] &%}%@P@l@loms

OAAAoAAAA&’\ FCC?DCDH i.d _Z]ca]caV]ca]ca
V] E:a] caj céﬁ“@é} ‘]%nigf/ﬁ%@ caV]CR é%\%‘ggfi ]f‘é%%?] %%’8 eézf]r ¢ i‘{?fEE?Jc‘élv] ca]fjca] Lav
] ca] caV] ogh&adiaRlBRtechnology 1992, 21: 241-301), and references therein. The detection

Fi FvFFFFFG@EG/4INHHHH@ W | IgXQJJJJ KKGKKKKLLQLXL{ vql gb] W cV] ca] ca] ca] ca] ca] ca]
ca] caﬁca\l]fcsa«]omaaff]yaa]:taac}lda] tses]occa]’lcat}ttra]ica]emph&] gl well- kapealetiosa] ca] cal ca] c
a] ca] ca! LaL% N? NBNHNN NNNOZO?G( P#PZP{ PPP| v.gkf \V\{vql b]Wc]ca
] ca] ca] ca\?g“‘é%if ’Eé‘V] rk?éz\/]“cea e Astpespredvation a4 ‘E'é’v’]‘ a d%ﬁ’?]&?&]‘g%] ca] caV

A Y R T oAb

] ca] ca] Caa]cﬂal]tﬁal]i@ﬁwﬂf@imvt tqvlicajaadioghpiay (TFVE) MaYy sy ndelcds dagnklicZZZA y| |

\ \ [\ d\\ \ \Pe§qrRBGEe N o cy s]wp@éq?é@qltyaw%@H@M@afw}rea]eww%éﬁéww caV] ca]
f?;g (2:?} Cav&lgﬁlﬁ% Egll] aftlc?rﬁ«lzlﬁgtlanaﬂrgm Cghgcgc vq ﬁ_]n%ﬂ]ccega]o é}(}]t@g] cal ca] ca
] ca] ca] cadw@hﬁa‘%{iaainca‘mﬁaﬁmh@ﬁm@dnca] ﬁa\éhm} §av1;@ra:]eﬁahf<a]s%w ca] caV] ca] ca

caV]ca]ca
1:<d]4dqdzjofe€@fmé%®?if(]¢ ofhed $<§Iﬂghg'l ygggghbisagettiexyraeiiarofficgbiy)cadal caV] ca] ca
o) cal carhapica themt sl st aaal saleqy] o cavl cal caVl cal call call cal ¢
li=iBiRriitij=jDijljrjjj8kokkkkkl @ zI gl ul ppmmAn\ nn} xsni d_ZU] ] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal ca] ca\/] cal caV]caV]ca] calca]ca]c
aV] ca] ca] ca] ca] ca! nnnnoLo; | @M

f
a] cal\6a) cal ca] ol LAY Ed] CaF e xaﬂel;ﬁf% Jé”a?%ail] 56 gmﬁe}as%ﬁé‘é@ SR B [V cv
] ca] caV] cadisrYhealcavieabenl sahgal cakaalcadisalieahralasty adsalsadeal cal cal o
a] ca] ca] ca] caV] ca] caV] ca] ca
'j o] - Up! <FICR esplifica]ov] il cajlem]acal eglhaaks af ta)iceaint@hc &lsainchided] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] Cag]wi"éﬁla] calcalcalca!5

EJWKz' O] {V4ngBysquan ¥apelypestids ’c%{]’é”a’@] a]@awa%%\%fea] elish] ca] ca] ca]
ol Ca Cal e B e ARG A B R Bl el b o el otk | O G e

ca] cal.ca]may p@ldic @erfain mutations, dcletlons msertlons or post- translatlonal

R@v| | wmhc”Y]V]]]ca] ca] ca] ca] ca] ca] ca] cal ca£ca] cal ca ca] Lca] ca] cal ca] ca]
ca] ca] c/apedifisd]ang] apealvajwircarhisoagt@ay rLge polypep ides of t

X2 d

"2 ey fo A LLE 2 SR Aal o) Baladbagl faRsR] oo o ool oal el cal cal el cal ca
h@ wr mhe” Y] V] ]| cahealis aliakaabéalsaaiieal ealticalisaléal eglpraktalbahea] cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 2L>] #XsHq3N wr mhc” Y] V] ajJ ca] ca] ca
] ca] ca] ca‘]U(bat]a@fa’]lb’a]ﬂclet]cch]ocfar]@métpa}i@a] da]iewintiat] Satle P@la]ctga]m,ﬁ‘al]%ia]tb@l] calcalc
>!A\(|§)f1 ]g‘%‘]lto ]%lcla]r% a]‘éféﬁ‘@aﬁcea‘]”é‘a]%ﬁpéaﬁ def 58 LRI els AR R Ra] ca ca] ¢
a] ca] Ca] Cﬁh&ﬂ]scﬁxhﬁééoctﬂllﬁﬂlsc Bllo@éiﬂls‘:@}lc%@vld: BaBHbk K?ﬁﬁ’dlzes to any one of the

>AD} xsni d_Z] V]]] ] ca] ca] ca] ¢ca] ca] ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc
a] ca] ca] camjotad a:ca]i caweaasalfcld mapiaapoaldeahgh @(f!@BﬂSS&iY@H&P(S)O{)dSSSIO(V& ()- @
10% & ()- .910%n m & ()-4"10%& ()-S&10%& ()-fQ}) {xY: F$F109& () - FY"

109& () - 1 Rf&[orablnomden lop Ste 185866 1N eNs- (g STABIEoRE 2 S R 85H 69!t - { uo
AL/ VA0 ()-F-- 109 ()-F@- 109 ()-!'L' nlO%& ()-4!'L' nmlOo%& ()-43%
109&' () - abcdq}~_@ @O0%&' ()-&10%& ()- 10 10 10F8 10%&' ()-F 6
109%&' ()-'/1'10%& ()-}ndE~_@S! 109%&' ()-z 10%&' ()- 10%& ()-$109% ()-910%& () -
109%&' ()- _OgdE~_ @ Y"10%&' ()-S #109%& ()- 109%& ()-SL 109%&' () -
109 ()-!'109% ()-gs' ydE~_ @, 3! 109& () - Y1109%&' ()-/109& ()-.109%& ()- f
109%& ()-, (10%&' ()- ubCl 10%& ()-, &MO0%H& ()- 10 10 10@Bs10%& ()-6
109%& () 410%& () 1dEbCI

A NAA AT M A NAA A1 7\ A ~NAA Y £\ ANIZA INAA Y 7N A I~NAA Y £\ ANl Sl o ~~I A A~ A 1 £\




10b 10b 10b3! 109%& () - SI#10%& () - 9010%¢& ()-. 10%& () - 2dEnbC! f 10% & () - 3,

10% & ()-f 10% & () - &$F10% & ()~ 10% & ()-F10% & (). S=! I dENDC!, b ¢ o0
10% & ()-S!10% & ()-, TH10% & ()-10% & ()-L10% & ()-f !
10% & ()-1118"""6#dEnbC +@

10% & () - SYAONBSET ) - 10% & ()-&L0% & ()- $-10% & ()-"- PCT/US98/24646

109% & () - 6####HE~9A8EYNC! 10/ 10/ 10/ s3f

C10% & ()-1"10% & ()-0ml0% & ()-1.10% & () -, 10% & () - We&H h( (}[ <YNC, &
"10% & ()-!k, & "10%R0R0& ()-1 $109%& ()7l Z | $10%

& ()-'N "~ $10% /& () - &SmL0% & () -
() TN+, P; 34 109854 () clediiRd: &% (e Rt oM & d By LfiReL0% (J (& ()
Dy 10RERo R e e R atseyfap: futbloncife eitaopbd hp al ettt

FFY4.0% q| i &if)entibtFYd0% h{ h& ()-&10% h& ()- 10// 10//

10/ /1 AS510% / & ().- Y/.. 011n223wX6PC! p", #109%hh& () - #10% ,

& () -1\ P#10% h| h&he)inventiposdedhes gnqlydes apriogs 0fgnyenatyrally-progoog

1) PRI o B b hald b oL i B )+ 20
, W6j @ giazfg& | e 6F tHetifbdfbA¥E dmlind ¥Eikifs8dlUe Gifferonces @Yapedi-fransHtional

Y $10%k bY $109&' () - 3; <=F>??2?wi [ M@ Lf #10% 10++ 10++
10++! xf Y. medifivatidis( pr byzboth- Ar@kes &f (He-ihv ¢rtem vodidassprally pxhibitfat B0V () -

27 AA Lf#lloo&'é%-‘ 109%& () - $10%& () - o0& ()-f . .

10% ) - @,omor(e)p_rg gdﬁoﬁ‘&ﬁgt@%gﬁ,&g%;r _]}_:8@;& SE“%a _1qlent1ty with all or

FL09%&’ () -parf dOVBathoan} DedB¥fto Griino S sbheh EEST thE MR LTl fen % () -,

109& () -*210%8 ()-9)° 100& (J-s' 2 109 () -5 100& ()- GeGG

LTTT1) 1 bGehde®ompadddifid af east 10 ablind @Lid-reiOR; HrefeBibv 8%t 2S/amino

109 ()-)1*1 9111 JUIAELC! Ly10%& () - Z109& () - 109 () -5 o

109&' () - Pe1bmRdpss. 20 0gore Praferavisineet pEnoRswieifues gvain.)inen oog () -
109& () - 10Q%&\ ()~ . , ,

205 | - BERGHAY ARRSSERER BN 08 5 oo 14 ST PERP Ty g be

9! 109& ( )us@@with a probability score between e and e'® indicating a closely related

109 () - Oy OOCKPPPAEbCY L, 1Z109%& () -/ 310%& () - F. 10%),— 109 ()-*10%& ()-,,)
@109 ()ScRERIOORKORRRRHETY Ingludog Yiya andineire chenmadqivanzatongf() - 5

109 ()-"3.,10% () -R R R. RRRRIEND QY& ()= L 1OUR () - .

100 () SRS <ot [P o e ek Bl A s mipaboe ()
(1)00/;/4@'(1@ -@g;ﬁ&’&ﬁ@&&fém%c(chr M@y 1y pepeMYd WMHENIENd16E ds $th Q Yk fd | Jowkig 10%&' () - " i
910%&' () -@POvEnL(Yithahso bRt pdiSKapS\PNZY B Erisdiaseradgo differdnamodhe( ) - | 1#109%&' () -
109 () - EIEBYReGY TN PEBRRY IS 8T U5 IPYFS s Ay A CIAELBYE RITLY TH9RE°FT - @ oo ()

- f & 109%& THese include genetic variants, both natural and induced (for example, resulting from

random mutagenesis by irradiation or exposure to ethanemethylsulfate or by site-

20 specific mutagenesis as described in Sambrook, Fritsch and Mamatis, Molecular
Cloning: A Laboratory Manual (2d ed.), CSH Press, 1989, or Ausubel et al., supra).
Also ncluded are cyclized peptides, molecules, and analogs which contain residues
other than L-amino acids, e.g., D-amino acids or non-naturally occurring or synthetic
amino acids, e.g., § or Y amino acids.

25 In addition to full-length polypeptidcs, the invention also includes
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"fragment," means at least five, preferably at least 20 contiguous amino acids,
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amino acids, and most preferably at least 60 to 80 or more contiguous amino acids
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What is claimed is:
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7. The method of claim 6, wherein said fungal invasin gene is FLOJ] or

MUC].

8. The method of claim !, wherein said fungal invasin geneis AFLJ,
20 DHHI1,INVI,INVS, INVS, INV7, INVS, INVY, INVIO, INVI], INV12, INV13, INVi4,
INV15, BEM2, CDC25, HOG1, IRA1, MCMI1,MGAI, PET9, PHD2, PHO23, PTC/,
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13. The method of claim 1, wherein said fungal invasin gene promoter is

a fragment or deletion of a fungal invasin gene promoter.

14. The method of claim 13, wherein said fragment 1s fused to a basal

promoter.

15. The method of claim 14, wherein said basal promoter comprises

PGK1,ADHI, GALI-10, tet-R, MET25, CYCJ or CUP].

16.  The method of claim 1, wherein said gene expression is measured by

assaying the protein lcvel of the expressed gene.

20 17.  The mcthod of claim 1, whercin said gene expression 1s measured by
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26 The method of clanm 21, wherem said gene comprises a fungal

mvasm gene

27. The method of claim 26, wherein said fungal invasin gene is FLOJ ]
or MUC].

5 28. The method of claim 26, wherein said fungal mnvasin gene is AFLJ,
DHHI, INVI1 INV5, INV6, INV7, INVS, INV9, INVI0, INVII, RIMI,INV12, INV13,
INVI4,INV]5, BEM2, CDC25, HOGI, IRAI, MCM], MGAI, PET9, PHD2, PHO?23,
PTCI,RIMI1S, SFL],SRB11, S§D1, STE21, STP22, SWI4, TPK2, TPK3, or YPR]

29. The method of claim 21, wherein said gene comprises a reporter

10 gene.

30. The method of claim 29, wherein said reporter gene is lacZ, URA3,
or [H153.

31. The method of claim 21, wherein said fungal invasin gene promoter

1sthe FLO11, MUCI, STA], STA2, or STA3 gene promoter.

32. The method of claim 21, wherein said fungal invasin gene promoter is
the AFLI, DHH1, INVI, INVS5,INV6,INV7, INVS, INVY,INV10, INVII,INV]2,
INVI3,INV14, INV1S5, BEM2, CDC25, HOGI, IRAI, MCMI, MGAI, PET9, PHD2,
PHQ23,PTCI1, RIM15, SFL1, SRB11, S§D1,STE21, STP22, SWI4, TPK2, RIM1,
TPK3,or YPR] gene promoter.

20 33. The method of claim 21, wherein said fungal invasin gene promoter

1s a fragment or deletion of a fungal invasin gene promoter.
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20 42. A method for determining whether a candidate compound promotes

fungal invasion, said method comprising
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48. The'method of claim 47, wherein said wild-type strain 1s

Saccharomyces cerevisiae.
49.  The method of claim 46, wherein said fungus is a mutant strain.

20 50. The method of claim 46, wherein said fungus 1s a transgenic fungus
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57. The method of claim 46, wherein said fungal invasin gene promoter
isthe AFLI, DHHI1,INVI1, RIMI, INV5, INV6, INV7, INVS, INV9, INVI0, INV]1,
INV12, INVI3, INVI4,INV1S5 BEM2, CDC25, HOGI, IRA]l, MCMI, MGAl1, PETY,
PHD2, PHO23, PTC1, RIM15,SFL1,SRB11, SSD1, STE21, STP22, SWI14, TPK2,
TPK3, or YPR] gene promoter.

20 58. The method of claim 46, wherein said fungal invasin gene promoter

1s a fragment or deletion of the FLOJJ, MUC1, STA1, STA2, or STA3 gene promotecr.
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59 . The mcthod of claym 58, wherein said fragment 1s fuscd to a hasal

promoter.

60. The method of claim 59, wherein said basal promoter is PGK]J,
ADHI, GAL]-10, tet-R, MET25, CYC] or CUPI.

5 61. The method of claim 46, wherein said gene expression is measured

by assaying the protein level of the expressed first gene.

62. The method of claim 46, wherein said gene expression is measured

by assaying the RNA level of the expressed first genc.

63. The method of claim 46, wherein said fungal invasion-promoting

10 gene comprises a member of an invasin pathway.

64. A method for identifying a fungal invasion-inhibiting gene,
comprising

(2) expressing in a fungus (1) a first gene operably linked to a fungal
invasin gene promoter and (ii) a second candidate gene or fragment thereof; and

(b) monitoring the expression of said first gene,
wherein a decrease in said expression identifies said candidate gene as a fungal

invasion-inhibiting gene.
65. The method of claim 64, wherein said fungus is a wild-type strain.

66. The method of claim 65, wherein said wild-type strain is
20 Saccharomyces cerevisiae.

67. The method of claim 64, wherein said fungus is a mutant strain.
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68 The mcthod of clanm 64, wheremn said fungus 1s a tansgemc fungus

69. The method of claim 64, wherein said first gene comprises a fungal

Invasin gene.

70. The method of claim 69, wherein said fungal invasin gene is FLOJ/

5  or MUCI.

71. The method of claim 69, wherein said fungal invasin gene is AFLJ,
DHHI, INVI1, INV5, INV6, INV7, INVS, INVO, INVI10, INVI], INVI2, INVI3, INV]14,
RIMI,INVIS5, BEM2, CDC25, HOG!, IRAl, MCMI1, MGA1, PETY, PHD2, PHO23,
PTCl,RIMIS5, SFL1, SRB11, SSD1,STE21, STP22, SWI4, TPK2, TPK3, or YPR]

10 72.  The method of claim 64, wherein said first gene comprises a reporter

D

gene.

73. The method of claim 72, wherein said reporter gene is lacZ, URA3,

or HIS3.

74.  The method of claim 64, wherein said fungal invasin gene promoter

1o asthe FLOII1, MUCI, STA1, STA2, or STA3 gene promoter.

75.  The method of claim 64, wherein said {fungal invasin gene promoter
isthe AFLI, DHHI, INV]1,INVS, INV6, INV7, INVS, INV9, INVIO,INVII, INV]2,
INVI3,INV14,INV1S, BEM2, CDC25, HOGI, IRAI, MCMI1, MGAl, PET9, PHD2,
PHO23, PTC1, RIM15, SFL1,SRB1]. SSD1, STE21, STP22, SWi4, TPK2, TPK3, or

20 YPRI gene promoter.

76.  The method of claim 64, wherein said fungal invasin gene promoter
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promoter.

78 The method of claim 77, wherein said basal promoter is PGK/,
5  ADHI,GALI-10, tet-R, MET25, CYCI or CUP].

79. The method of claim 64, wherein said gene expression is measured

by assaying the protein level of the expressed first gene.

80. The method of claim 64, wherein said gene expression is measured

by assaying the RNA level of the expressed first gene.

10 81. The method of claim 64, wherein said fungal invasion-inhibiting

gene comprises a member of an invasin pathway.
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<150> 60/066,129

<151> 1997-11-19

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

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

<150> 60/078,610
<151> 1998-03-19

<150> 60/094,523
<151> 1998-07-29

<150> 09/XXX, XXX
<151> 1998-11-10

<160> 67
<170> FastSEQ for Windows Version 3.0

<210> 1

<211l> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Candida albicans
sequence

<400> 1
gaattaaccce tcactaaagy gaaarmgnga ycayathac 39

<210> 2

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Candida albicans
sequence
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<210> 3
<21l> 3463
<212> DNA
<213> Candida albicans
<400> 3
ttaaaaagtt tttgattgtt gaacttttaa attttttctt ggcaatccat tcccagacaa 60
agtaataact acgaatagat cattcattgg tttattattt ttgcatggaa atatttgaat 120
ttccattttt tttttttata gtggttgttt aagcttcgca gttttttttt ttctagggag 180
aaattattat acattatata tatattatca actttttctc gttacaaaag tcacaccttt 240
ttttttteta cttgttectte tttcaacaac taactaattt tatactatcc acgaactata 300
gatattacat ataagttttt aacctagaca aacgagattt ttagacaatg aattacaaca 360
ttcatccecgt aacatactta aatgctgata gcaataccgg tgcaagtgag agtactgcaa 420
gtcaccatgg ttccaagaaa tcaccttcct cagatattga tgtagataat gctwcecgtcac 480
cttcatcttt tacttcgtce caatcacctc acattaatgc tatgggtaac agtccccatt 540
cctcattcac ttctcaatct gcagccaatt ctcctatcac tgatgccaaa caacatttgg 600
ttaaaccaac caccaccaag ccagcagctt ttgctcctag tgctaatcaa tctaacacca 660
cagctcecgca atcttatacc caaccagcac aacaattacc aactcagtta cacccaagtc 720
ttaaccaagc ctacaacaac caaccatctt attatttaca ccaaccaact tatggctacc 780
aacaacaaca acaacaacaa caacaccaag agtttaacca accatcacag caataccacyg 840
accatcacgg atactactca aacaacaaca ttttgaatca gaatcaacca gctccacaac 900
aaaatccagt caagccattc aaaaagacat acaagaaaat cagagacgaa gatttgaaag 960
gtcctttcaa gtgtttgtgg agcaactgta gcattatttt cgagactcca gaaattttgt 1020
acgatcattt gtgtgacgac catgttggta gaaagtcttc gaacaatttg tcattgactt 1080
gtctttggga aaattgtggc acaactacag ttaagagaga tcacattact tctcacttga 1140
gagtccatgt cccattgaag cctttecatt gtgacttgtg tcccaaatcg ttcaagagac 1200
ctcaagattt gaagaaacat tccaagactc acgctgaaga ccatccaaag aagttaaaaa 1260
aggcacaaag agagttgatg aaacaacaac aaaaagaggc caagcaacaa cagaaattgg 1320
ccaacaagag agcaaactcg atgaatgcaa ctaccgcatc cgatttgcaa ttgaactact 1380
attctggtaa ccctgctgat ggattgaact acgacgacac ctccaaaaaa agaagatacg 1440
aaaacaattc tcaacacaac atgtatgtgg ttaatagtat tttgaacgat ttcaacttcc 1500
aacaaatggc tcaagctcca cagcaaccag gcgttgttgg aaccgcaggt tctgctgagt 1560
tcaccaccaa gaggatgaaa gccggcactg agtataacat tgatgtgttt aacaagttga 1620
atcatttgga cgaccacttg caccaccacc accctcaaca gcaacaccca caacaacaat 1680
atggcggtaa catctatgaa gctgaaaaat tcttcaactc cttatcgaat tccatcgaca 1740
tgcaatatca aaacatgtca acccaatatc aacaacaaca tgctggttct acttttgctc 1800
aacagaaacc aactcaacaa gcaagtggcc aattgtatcc ttctttacca accattggca 1860
atggctcata caccagtgga tcatcacaca aagaagggtt ggttaataac cataacggat 1920
acttgccatc ttatcctcaa atcaaccgtt ctttgeccata ttcttctggt gtggcacaac 1980
aaccaccaag tgcattagag tttggcggtg tttcaaccta ccagaaatct gcacaatcat 2040
atgaagaaga cagcagcgac agttcagagg aagacgatta cagcacttct tcagaagacg 2100
agcttgacac cttgtttgat aaattaaaca tcgatgacaa taaagttgaa gaagtgacga 2160
ttgatgggtt caatttgaag gatgttgcca agcacagaga aatgatccat gectgttcttg 2220
gctatttgag aaaccaaatc gaacaacaag aaaaggaaaa gagcaaagaa caaaagdagg 2280
ttgacgttaa tgaaactaaa ttatatccaa ctataactgc tttctaagca attatatcga 2340
ttttactttt ttatttattt trattttttt gtttagggtg gttttcaatt tttttttete 2400
atttecctcat gtttgatttt agtgtgtttt attgtatatt acgtataagt ttattttatt 2460
agtacaagtt ttgaaagtag tgttaccgtt ctctatttac atggttctat taatcattcc 2520
acctcccaat acttgattcc ctttgtacaa cacaccagcet tgacctggcg ccaaadcacg 2580
aactggggtt tctaattcga cggttaacct atcttgcagc tcaataattc ttgtaacagg 2640
gattgacttc agcaatgaat gatactgaaa ttgcaatgat tggagacaaa acaccttttc 2700
cttagggtgt aaccattcta actgcgtcaa ttccacagtt tgtttgaaca acttggggtt 2760
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agcatgccat
tgggttttct
aaagcatagc
caattcccga
agattgtggg
taaatggtac
ccaccaatct
tttgacaaat
tatcattggc
ggaaatacct

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

<400>

Met Asn
1
Thxr

Gly Ala

Pro Ser
35
Thr Ser
50
Ser Ser Phe
65
Lys

Gln His

Pro Ser Ala

Pro Ala

115
Tyr Asn
130
Gln Gln
145
Gln Gln

Asn Gln

Lys Thr

Cys Leu
210
Tyr Asp
225
Leu Ser

Arg Asp

Phe Has

"10%t& () -
pqqqq$q/ an /5 "10%#t& ()

Tyr

Ser

Ser

Gln
Asn
Gln
Tyr
Asn
Tyr
195
Trp
His
Leu
His

Cys

,5WD@ " " 10%¢& () -
\SOB@ES865 109648 () -
" 1094& () -

agccceccttge
gggatataat
ccttgggagt
atctgtggtt
atcgacgaaa
tctccagttt
ttgcctgtge
ttgttgcacc
ataaacacat
agatcgacct

4

659

PRT
Candida

Asn Ile

Ser Glu
20
Asp Ile

Gln Ser

Thr Ser
val
85
Gln

Leu

Asn
100
Gln Leu

Gln Pro

Gln Gln

His
Ser
Asp
Pro
Gln
70

Lys
Ser
Pro

Ser

Gln

" 1094& () -

" 1094& () -

" 109%&' () -

"10%t& () -,
"109%8& () -,
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gttgacccca
catttaaaaa
cgggttttgt
tgatatagtg
gatagtaact
cgttgtgttt
catcgtattt
caatgtcagg
cctgccaata

€gaggggggyg

albicans

Pro Val

Thr Ala

Val Asp
40
His Ile
55
Ser Ala

Pro Thr

Asn Thr

Thr Gln
120
Tyr Tyr
135

Gln Gln

150

His Asp
165
Gln Pro
180
Lys Lys

Ser Asn

Leu Cys

His

Ala

Ile

Cys

Asp

His Gly

Pro Gln

Arg Asp
200
Ser Ile
215

Asp His

230

Thr Cys
245
Ile Thr
260

Asp Leu

275

Leu

Ser

Cys

Trp Glu

His Leu

Pro Lys

280

e LGOGR
OAGIRE

aaccttacca
ctctcggaag
tgctgtgtgt
gccaatgggt
ttggtctttc
catgattcgg
cttatgcaag
gttcggegtt
ttegtgttca
cccggtacca

Thr Tyr Leu

10
Ser His His
25
Asn

Ala Xaa

Asn Ala Met

Ala Ser
75

Lys

Asn

Thr
90
Ala

Thr

Thr
105
Leu

Pro

His Pro

Leu His Gln

Gln Glu
155

Ser

His
Tyr Tyr
170
Gln Asn
185

Glu

Pro

Asp Leu

Ile Phe Glu

val Gly Arg

235
Asn Cys Gly
250
Arg Val His
265

Ser Phe

"1096& () -
" 1098& () -

" 10968 () -
)ttcbtiquﬁyte
)gaagaibagﬁggezgtatcgt

téttcagtga
ctttgactgct
aatttaaact
aataagattt
cgttgactca
gcgtaatgac
taatcaatca
agtcectttt
aagttaactc
gtt

Asn Ala Asp

Gly Ser Lys
30
Pro Ser
45

Asn

ser

Gly Ser
60
Pro

Ile Thr

Pro Ala Ala

Gln Ser Tyr
110
Leu Asn
125

Thr

Ser

Pro
140
Phe

Tyr

Asn Gln

Asn Asn Asn

val Pro
190

Pro

Lys

Gly
205
Pro

Lys

Thr
220
Lys

Ser Ser

Thr Thr Thr
Leu
270

Gln

val Pro

Pro
285

Arg

caaacca

tdtcacc
gcggattaac
ggtcatgtgc
tcgataacga
aacctcgcaa
cagtgactaa
acttcccaaa
cgtatttcte
tctcacaact

Ser Asn
15
Lys Ser

Ser Phe

Pro His
Ala
80
Phe Ala
95
Thr Gln

Gln Ala

Gly Tyr
Ser
160
Leu

Pro

Ile
175
Phe Lys

Phe Lys

Ile Leu

Asn
240
Lys

Asn

val
255
Lys Pro

Asp Leu
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2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3463
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Lys
305
Gln
Ala
Leu
Gln
Gln
385
Gly
Asn
His
Ile
Met
465
Ser
TyY
Ser
TyTY
Gln
545
Ser
AsSp
Leu
Asn
Gly
625

Glu

Thr

\VO99

290
Ala

Gln
Sexr
Asn
His
370
Gln
Ser
Ile
His
TYyX
450
Gln
Thr
Pro
His
Pro
530
Pro
Ala
Tyr
Asn
Leu
610
Tyr

Gln

aAla

"10%& () -

" 10%#&' ()-
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Gln
Lys
Asp
Tyr
355
Asn
Met
Ala
Asp
His
435
Glu
Tyx
Phe
Ser
Lys
515
Gln
Pro
Gln
Ser
Ile
595
Lys
Leu

Lys

Phe

<210>
<21l1>
<212>
<213>

Arg
Leu
Leu
340
Asp
Met
Ala
Glu
val
420
Pro
Ala
Gln
Ala
Leu
500
Glu
Ile
ser
ser
Thr
580
Asp
Asp

Arg

Glu

5

oh98E& () -

Frerrrmi/ 5
(L‘Z/S falsl BET LS'BI\/PHJ:SH'ig_QﬂO}#&GF) Aspuiild‘,o/ %‘0

Glu
Ala
325
Gln
Asp
Tyr
Gln
Phe
405
Phe
Gln
Glu
Asn
Gln
485
Pro
Gly
Asn
Ala
Tyr
565
ser
Asp
val

Asn

val
645

4792

DNA

Leu
310
Asn
Leu
Thr
val
Ala
390
Thr
Asn
Gln
Lys
Met
470
Gln
Thr
Leu
Axg
Leu
550
Glu
Sex
Asn
Ala
Gln

630
Asp

295
Met

Lys
Asn
Ser
val
375
Pro
Thr
Lys
Gln
Phe
455
Ser
Lys
Ile
val
Ser
535
Glu
Glu
Glu
Lys
Lys
615

Ile

val

" 10%t& () -
" 10%¢& () -

"10%#&

Lys Gln Gln

Arg
Tyr
Lys
360
Asn
Gln
Lys
Leu
His
440
Phe
Thr
Pro
Gly
Asn
520
Leu
Phe
Asp
Asp
val
600
His
Glu

Asn

Ala
TyY
345
Lys
ser
Gln
Arg
Asn
425
Pro
Asn
Gln
Thr
Asn
505
Asn
Pro
Gly
Serxr
Glu
585
Glu
Arg

Gln

Glu

Asn
330
Ser
Axrg
Ile
Pro
Met
410
His
Gln
Ser
VY
Gln
490
Gly
His
Tyr
Gly
sex
570
Leu
Glu
Glu

Gln

Thr
650

Saccharomyces cerevisiae

<400> 5

Gln
315
Sexr
Gly
Arg
Leu
Gly
395
Lys
Leu
Gln
Leu
Gln
475
Gln
Ser
Asn
Ser
Val
555
Asp
Asp
val
Met
Glu

635
Lys

Lys
Met
Asn
Tyr
Asn
380
val
Ala
Asp
Gln
Ser
460
Gln
Ala
TYY
Gly
Ser
540
Ser
Ser
Thr
Thr
Ile
620

Lys

Leu

(52,

Glu
Asn
Pro
Glu
365
Asp
val
Gly
Asp
Tyr
445
Asn
Gin
Ser
Thr
Tyr
525
Gly
Thr
Ser
Leu
Ile
605
His
Glu

Tyr

Ala
Ala
Ala
350
Asn
Phe
Gly
Thr
His
430
Gly
Ser
His
Gly
Ser
510
Leu
val
TYyT
Glu
Phe
590
Asp
Ala

Lys

Pro

,rrrrr*rb5ri " 10%t&'

" 109%t& () - | M5 100 ()
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" 10068 () -
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yS
Thr
335
Asp
Asn
Asn
Thr
Glu
415
Leu
Gly
Ile
Ala
Gln
495
Gly
Pro
Ala
Gln
Glu
575
Asp
Gly
val

Ser

Thy
655
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Gln
320
Thr
Gly
Ser
Phe
Ala
400
TYyr
His
Asn
Asp
Gly
480
Leu
Ser
Sexr
Gln
Lys
560
Asp
Lys
Phe
Leu
Lys

640
Ile

, 5V\WD@
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gﬂiﬁgaffﬁ:gFﬁf§§qﬂ§p59ﬁﬁ§pacgga aagtaggaca actaccaaaa aaaaagatgg 120
adgtttctt tggttagtta gcagtatccg cgtaatgcect tagacgtttt tgatcagaaa 180
aaaataaaac ttgatttcge ccaggatcga actggggacyg ttctgcgtgt taagcagatg 240
Ccataaccga ctagaccacg aaaccagttt Lttgatgttt cgtttaggac aagagtccta 300
tgagagtcca ctaaaattct aaaaataatt gtatcaacaa ccgtcatgca gectgttgtat 360
caagaatcga ccaccatcta tagactattg ttcatagctg tattacaata tcatataaga 420
tgtaaggata gaacgtgaag atcgagaaac agtcagcaga tttaatggaa gctgaaatgce 480
acggattgat aatgtaatag aataagtgac aacataagaa atgaaagaaa aaaaataaca 540
ttaatataat ttagaaatgt tagtttcctt ctatgaactc tcgtatccct ggggaggact 600
ttcaatatat tcagtatacc taccgttcaa atgatactct aaaatatcat ctattaagtg 660
gtattcaggt ttttcccacg caagattgag tgcgtcaggce aaagccacga tcgcagatta 720
Ctctcctaac aatattaaga tcgtcaagaa catccggttt tactcaagcg cttaatacaa 780
cacgtcggct cttegetcaac tgcagtatat tgtgtctgta acctctcccg tcaagtttge 840
gccacgggec caataaccaa cttctgcgec attgttacgg aaaagtggcec atctttgeta 900
tgctcgtaag gctagegctce tctaagtacg ccagcccaaa aactccgtat cgctcecttcat 960
cggaattgct atatctacag ccggacgggc actctatgta tactcatatc acagccactg 1020
ttgcactaca ttattcgcag ggactccgag atcgctgage atgttgctaa gcaacttacc 1080
aaggttggaa tgcattatat agtccgatat agaccccget cggactatat tatataaatt 1140
Caaatagcac tttcaacgag tgtcttaatc cgtcctagtt cctgectctceg ctccacgttg 1200
tcatcccacc cattcgcacg ggtcttctgt gcgaatgagc cacaacgggg ccgagttcag 1260
gccgtgteccyg cctacaacgt ccgccaacta gtggcaattg ctacgtacgc cgaccacgct 1320
gacacgcacc gttctactcg ctctatgcetg cggtgtgacg tgtgaacgcg cgatcgttcg 1380
caatcgtatc gtttgccaag aaaaaaagcc aatcggagaa tctgaaaatc gctattcgge 1440
ttgcaggtcg cacgcactca gagtacgaaa tgccaagtac cggaatttcc ttggcctttt 1500
ttaagtttct tctcttctat tctttttcec ctttctttet tcctttgcta tctgtcectggt 1560
ttaaataaac atagtatttt tttgtgtcta agecctcttec tcttctctcg tacttgectct 1620
actaccactt tacttaatcg cctttetttg ttttecttbct tcogttatttg ttcttggaac 1680
ttttccgecte caatcccaac gattggcttce aaaacacgtt ctactgtcta gcaatttctg 1740
caggtgccat ttttcttagg cttataccct ttccttttce ccttacattt gatttcttct 1800
tcaaagttecc ttatagtatt attgtctaag ctctattgag tcaaaagtaa caatctagac 1860
gaaggaaaaa aaaaaaatag aaaatagaca tcccecgaata cgcatcatcect cacgcacgta 1920
caagatttta acgttaaagc caaagtacgc tagtatagta tcatcagcat caccctcact 1980
atcggtagca ttgaccaaac atgtcgttac tgagactgtg gaacaaagaa tcaagggcac 2040
catcaaaaat aaagagtcat ggtattgttg gcagttacgg caacagcatg ctggcccata 2100
acaacgtgaa gcaatttcgt atagacatag acgaaccgca tagagtatgg aaaccgaatg 2160
aaagcataac cggagaagcg gtcattgaca taaagagaga cataactaac gtagcgatca 2220
aattatcgct agtatgtgag gttcgcgtga aaacggggaa cagtccaacc tccaagaata 2280
agagaattga gaaaacctta gagaagtcga cgtttcttta tggacaggac tacgtaaaga 2340
cagctttttc ggctaaggaa aagaaaccgc atgttgacaa aaccaccatt ctcaatggtt 2400
taagcaaggg ggaacacagg tttecccttta ggatacgaat accacgaggc agaggaatgt 2460
tgagctctat aaagttcgaa aggggctcga taacatactt cctcectecttge actttagaat 2520
ccctcaacaa catcaacgga ttaaaaaaac cggaagcaag atgcgaacgt gagtttgcag 2580
tcatagttcc gctggacgte tcgaggctge ccaagccgaa aactaagaca gtggttttac 2640
aatcagcatc tatggtccaa dacaaaaaga acaaatctac agaggacgaa tcctcategt 2700
atacacaatt aactcaaaag tctactactt ctaattcttc tagcagttca gtaaactcca 2760
agacgtccce cttaccaaat aaaacggtga ctatatccgt agacataccg caggctggat 2820
tcatgattgg tgaaattatc cctatagacg ttaagattga ccactataag cctttctatg 2880
ccecectgeggg tctcaccacce actttggtga ggatatgtag ggtgggcggt gcaggcaaag 2940
atgatcctat ggagactttc agaaaagata tatgtcagag tatctctcct atatatatta 3000
accctgaaac gttgcagttt caatctagag tttatctgaa agtgccccett gatgcatttt 3060
cgacccttac tactgtggga aaatttttct ccttccaata ctatatcgag gttatggtta 3120
acttatcaaa aaaaaacgtg gtttacacag aatctaatag aataatagga actcctattg 3180
gagaacaaaa tggcttgggc gtagagaata atatcaaccg tatccaaagg aaaatgctac 3240
gtatggtcaa tccagaaacg ttggagaacg attctgaggg ttatgaatcc agtatatttt 3300

, SS s+s6s:s;s_)/5W@" "10%t& () -,
, "10%t& ()-,:sFsQs\sgsrs}sdD 5\WD@" "10%t& () -,

"10%t& () -,

" 10968
" 10%:& f% APR 7002



"109%t&' ()-, "10%& ()-, "10%t& ()-, "10%& ()-, "10%t& ()- 25 APR 200
"109%& ()-, StXtYtdtotzttmMV/5 "10%& ()-, "10%& ()-, "10%t& () -
"10%t& () -, 5\WD@ " "10%¢&'() JtttttttiM/5 "10%& ()-, "10%t& ()-.5\WD@ "
"10%t&' () - womweé() " 10%¢&'() Jttttttt )/ 5W0@" " 10%¢&'(}’CT/U'52§Y%§&6()-
"10%#& () - "100/#&' "10%6t& ttt uu u+udD/ SW@ " " 10%¢ c(!) ,
" 0 ' g ! &
10%+& 1aag 1tgng16©%ﬁ%g aa agi gaatgtaact ggtatgtcc 3360
" 10948 9a%r 'iucé‘u ?&‘g N SN T b 1?)%7#&"‘33-,39““““ 3420
ccéatcc c aatc cctcaaaatt ttaa at’ tggttggccc 3480
cattaaatgc atatgatagt gacgatgttc cagttccaaa gtattcgcca aatgataaag 3540
tcagtgtacc gtcggaagac aaacaagaac ttgaacaaaa aagactacaa cagttagaaa 3600
gcgatcctecce cecttgtgat gactattaaa aagtgcaggt aacaagtcat atactcgcag 3660
cttgcgecegt gttggaacta ggcecgccttaa tcatgtttgce atatttccac tatcccagcc 3720
acgtaatgat ccatgacatt aacatagaaa aaaaaaatcg aagcatgcac aaacctgaga 3780
tttatatatg ttcatgtgta cttaatatac gtttaatgat taaaactata gccgtcctca 3840
ggcaaactga gataagaaac gaaaaaatag cagtaacgta aacgttattc tatatttata 3900
aagacgtcaa aaaaaaaagt gattgtgata ttgagatgta agctatatac cgaactttga 3960
gctccctcac gtggaaaata tgatagattg ttgcctcatc attgcggaac cgcatttttt 4020
ttttgtattt ttgcctccct agtttcaaaa tgcaccaaat tcectcccecctta atgctttttg 4080
ttttaagtcc caaatagcca tcctttcatc atcgggcaag atagaaattt gactgtcatt 4140
cagttgtaac acctgtttca gtagttcttt ctgtttgtta agcacagctg gatccaccac 4200
ctcgttcacg ctattgttat tcgtagccga tgcectcttct tgcggectgg aagctaacgg 4260
gatcaaatca tccactttac atatcccatt cgttagcaat aattcagccg taacaaaact 4320
caactgtgga cacagctcta atagcgaaac agcatcttca ggatgcgectc ttgtccattce 4380
ttggaatttt tgtaaaaatt tcaactgcac ctctttcggt tttttagcta gttcgctcga 4440
tatcatcata gcaggggtgg tcatgtttat gttaacgtcg ataccagagg gcaattctgg 4500
aaacttttga cttagaaaat tggcatttcc gctgttttga aagtccggec cattactatt 4560
( attattatta tttccattgt tgttattgtt cccattaatg ttgttgtact gttgttgttg 4620
ctgttgtgaa actcccgata tatcactatt gctggagtaa ccgcatttca aaaacctaga 4680
gcctaattgg tatccattca aattacgtac tgcgctggca ctggactcta aatctctaaa 4740
ttcaataaac gcgtaccctt tcgacctacc agtttggggg tcgaacatca tt 4792
<210> 6
<211l> 542
<212> PRT
<213> Saccharomyces cerevisiae
<400> 6
Met Ser Leu Leu Arg Leu Trp Asn Lys Glu Ser Arg Ala Pro Ser Lys
1 5 10 15
Ile Lys Ser His Gly Ile Val Gly Ser Tyr Gly Asn Ser Met Leu Ala
20 25 30
His Asn Asn Val Lys Gln Phe Arg Ile Asp Ile Asp Glu Pro His Arg
35 40 45
Val Trp Lys Pro Asn Glu Ser Ile Thr Gly Glu Ala vVal Ile Asp Ile
50 55 60
' Lys Arg Asp Ile Thr Asn Val Ala Ile Lys Leu Ser Leu Val Cys Glu
65 70 75 80
Val Arg Val Lys Thr Gly Asn Ser Pro Thr Ser Lys Asn Lys Arg Ile
85 90 95
Glu Lys Thr Leu Glu Lys Ser Thr Phe Leu Tyr Gly Gln Asp Tyr Val
100 105 110
Lys Thr Ala Phe Ser Ala Lys Glu Lys Lys Pro His Val Asp Lys Thr
115 120 125
Thr Ile Leu Asn Gly Leu Ser Lys Gly Glu His Arg Phe Pro Phe Arg
130 135 140
Ile Axg Ile Pro Arg Gly Arg Gly Met Leu Ser Ser Ile Lys Phe Glu
145 150 155 160
Arg Gly Ser lle Thr Tyr Phe Leu Ser Cys Thr Leu Glu Ser Leu Asn
165 170 175
Asn Ile Asn Gly Leu Lys Lys Pro Glu Ala Arg Cys Glu Arg Glu Phe
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"10%t&
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Lys
Lys
225
Ser
Pro
Gly
Tyr
Ile
305
Arg
Thr
Phe
Ile
Ser
385
val
Asn
Phe
Val
Gln
465
Pro
Ala

Lys

Leu

Thr
210
Ser
Thr
Leu
Phe
Lys
230
Cys
Lys
Leu
Ser
Glu
370
Asn
Glu
Pro
Phe
Thr
450
Gln
Gln
Tyr

Val

Gln
530

Val
Thr
Thr
Pro
Met
275
Pro
Arg
Asp
Gln
Thr
355
val
Arg
Asn
Glu
Lys
435
Gly
Gln
Asn
Asp
Ser

515
Gln

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

<

220>

<223>

Val
Glu
Ser
Asn
260
Ile
Phe
Val
Ile
Phe
340
Leu
Met
Ile
Asn
Thr
420
Asp
Met
Ser
Ser
Ser
500
Val
Leu

9
29

DNA

Le

Asp
Asn
245
Lys
Gly
Tyr
Gly
Cys
325
Gln
Thr
Val
Ile
Ile
405
Leu
Met
Ser
Asp
Pro
485
Asp

Pro

Glu

Glu
230
Ser
Thr
Glu
Ala
Gly
310
Gln
Ser
Thr
Asn
Gly
390
Asn
Glu
Val
Ile
Ala
470
Ser
Asp

Ser

Ser

" 10%4& () -

"10%& () -,
" 109%4& () -

Ser
215
Ser
Ser
val
Ile
Pro
295
Ala
Ser
Arg
vVal
Leu
375
Thr
Arg
Asn
Asn
Glu
455
Ser
Asn
vVal

Glu

Asp
535

Ala
Ser
Ser
Thr
Ile
280
Ala
Gly
Ile
Val
Gly
360
Ser
Pro
Ile
Asp
vVal
440
Thr
Ile
Leu
Pro
Asp

520
Pro

Artificial Sequence

"10%& () -
" 1098’ () -

Ser
Ser
Ser
Ile
265
Pro
Gly
Lys
Ser
Tyr
345
Lys
Lys
Ile
Gln
Ser
425
Glu
Val
Pro
Arg
Val
505

Lys

Pro

Met
Tyr
Ser
250
Ser
Ile
Leu
Asp
Pro
330
Leu
Phe
Lys
Gly
Arg
410
Glu
Lys
Ile
Ser
Asp
490
Pro

Gln

Pro

" 10%& () -

Val
Thr
235
Val
Vval
Asp
Thr
Asp
315
Ile
Lys
Phe
Asn
Glu
395
Lys
Gly
Leu
Gly
Gln
475
Trp
Lys

Glu

Cys

Gln
220
Gln
Asn
Asp
Val
Thr
300
Pro
Tyx
Val
Ser
vVal
380
Gln
Met
Tyr
Lys
Thr
460
Ser
Leu
Tyr

Leu

Asp
540

, ] uhusuxuyuuui M/5 "10%#& (
, uuuuuuu_) /5

" 109%4& () -
"10%& () -
" 1098’ () -

" 1070 e,

Lys
205
Asn
Leu
Ser
Ile
Lys
285
Thr
Met
Ile
Pro
Phe
365
Val
Asn
Leu
Glu
Arg
445
Thr
Ser
Ala
Ser
Glu

525
Asp

Pro
Lys
Thr
Lys
Pro
270
Ile
Leu
Glu
Asn
Leu
350
Gln
Tyr
Gly
Arg
Ser
430
Leu
Arg
Ile
Pro
Pro
510

Gln

Tyr

1$d

Lys
Gln
Thr
255
Gln
Asp
val
Thr
Pro
335
Asp
Tyr
Thr
Leu
Met
415
Ser
Arg
Ser
Thr
Leu
495

Asn

Lys

PR'2002
, uuuuuuvdD/ 5\WD@ "
PCT/US98/24646

Asn
Lys
240
Ser
Ala
His
Arg
Phe
320
Glu
Ala
Tyr
Glu
Gly
400
Val
Ile
Asn
Glu
Ala
480
Asn

Asp

Arg

Synthetic primer based on Saccharomyces cerevisaie
sequence
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riowe (§ e () Y10 () 10w ()- .
" 1098 (V75 ‘"v?/| WAMARROTY BVB@° y
<210> 8
<211l> 29
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence
<400> 8
gaagatcttc tccacatacc aatcactceg 29
<210> 9
<211> 40
<212> DNA
<213> Artificial Sequence
<220>
( <223> Synthetic primer based on Saccharomyces cerevisaie
sequence
<400> 9
caagcattta cgttactgcg aaaatccata tacgcacact 40
<210> 10
<211> 40
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence
<400> 10
agtgtgcgta tatggatttt cgcagtaacg taaatgcttg 40
<210> 11
{ <211> 40
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence
<400> 11
tgatgaggta acctttacaa ctctcttcta gttcaagaac 40
<210> 12
<211> 490
<212> DNA

<213> Artificial Sequence



" U108 () -, "10%t& ()-, "10%& ()-, "10%t& ()-, "10%t& ()- PRT0
" 10968 () -, WwwwawaMl / 5 " 10948 () -, "10%& ()-, "109%& ()-, " 10%@” % \re
" 10048 (%Vvawwxxm M /5 "109%& ()-, "10%& ()-,5WD@" " 10%&

" 109t& ( X" x-X8XCxHX| x_) / 5VD@ " " 1094& ()-, " 18%F q{”i/m“ﬁ
"10%#& () %#&' "109%#& () -, | xTx_xj xuxxxdD/ 5MD@ " " 10%#&' () -
"1098& () - "10%#& (g " 10%{# 1(12 "10%t& \Q xxxxxxxn1\4/5
" \ . hetic primer \baged on rdmycés cerevisa
"10%t& ()-. * 0%7# : Y
erice
<400> 12
gttcttgaac tagaagagag ttgtaaaggt tacctcatca 40
<210> 13
<211> 40
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence
<400> 13
tttcaattca atggatttgg aatgtcatag agttaccaat 40
<210> 14
<211l> 460
( <212> DNA
<213> Artificial Seguence
<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence
<400> 14
attggtaact ctatgacatt ccaaatccat tgaattgaaa 40
<210> 15
<211l> 40
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence
{ <400> 15
atttctgect atactcttaa aggtattcgt ttgtttacta 40
<210> 16
<211l> 40
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence
<400> 16
tagtaaacaa acgaatacct ttaagagtat aggcagaaat 40



"1094& ()-, "10%t& ()-,5WD@" "10%#& () -, XXXXXxXi M /5 "10%t& () -,

"10%t& ()-,5WD@" "10%t& ()-, "10%#& ()-, "109%t& ()-,xxyyy y'y )/5 "
"109%& ()-, "10%& ()-, "10%t& ()-, "10%& ()-, 16 APR 200
"10%t& ()-,!y, y7yByMy/XycydD/ 5\M\D@ " " 10%t& ()-, "10%t& ()-, "10%t& ()-,
"10%+&' () -wo bR () -, "10%t& () -, cyhyiytyyyymv/5 "10%+& (peTusdddgss () -,
"109%& ()-, "10%t& ()-,5WD@" "10%*& ()-,yyyyyyyi M/5 "10%& () -,

" 10%t& () -, SVWD@" 17 10%¢&' () -, "10%& ()-,

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 17
ttggggctaa gaatggacac agatcagtca ttcatgttgt 40

<210> 18

<211l> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 18
acaacatgaa tgactgatct gtgtccattc ttagccccaa 40

<210> 19

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 19
gggtgtgcct ggaaagttca ttccctttte tttbttetttg 40

<210> 20

<211l> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic praimer based on Saccharomyces cerevisaie
seqguence

<400> 20
caaagaaaaa gaaaaggdaa tgaactttcc aggcacaccc 40

<210> 21

<211> 490

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic praimer based on Saccharomyces cerevisaie

10



"109%& () -, yyyyyyy_ )/ 5VWD@" "10%t& ()-, "10%t& ()-, "10%:& ()-, "10%t& ()-,
"10%t& ()-,y222%07Z; zdDi VD@ " " 10%:& ()-, "10%:& ()-, "10%:& ()~
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"1006€ () - wo 9% () -, SW@" "10%& ()-, "10%:& () -, PCTUSI24646
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"10968& () -, zzzzz{ {GBLEMB@" " 109%& () -,

<400> 21
caaaacttta ggaataccgg aaattaaggt ttttttcttc 40

<210> 22

<211> 40

<212> DNA

<213> Artificial Sequence

<220> .
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 22
gaagaaaaaa accttaattt ccggtattcec taaagttttg 40

<210> 23
<211> 40
<212> DNA
{ <213> Artaficial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 23
cgaatgtgaa tgcgctaatc ttgtgtgcct acgccagcecc 40

<210> 24

<211> 40

<212> DNA

<213> Artificial Seqguence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 24
gggctggcgt aggcacacaa gattagcgca ttcacattcg 40

<210> 25

<211l> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 25
agacaaaaaa taggaaaagt ggtatttcca ccacatgaaa 40

<210> 26
<211> 490



"10%4& ()-, "10%& ()-, "10%& ()-, "10%& ()-, "10%t& ()-,{{{${/{: {E{mMH/5
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" 10%& () -, “109BYE) -, "10%t& () -, 5\WD@

<213> Artificial Segquence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 26
tttcatgtgy tggaaatacc acttttceccta ttttttgtcet 40

<210> 27

<211> 40

<212> DNA

<213> Artaficial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 27
( ttagtgcgga atactttcct ttaattagtg atggttctca 40

<210> 28

<211> 40

<212> DNA

<213> Artaficial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisale
seguence

<400> 28
tgagaaccat cactaattaa aggaaagtat tccgcactaa 40

<210> 29

<211l> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 29
cagtgctttc aacacctttt attctcatcg agagccgagc 40

<210> 30

<211l> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisale
sequence
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<213> Artificial Sequence

{ <220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 32
tctgacatgg cacacagatg tagatggact tttcagctac 40

<210> 33

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 33
gagattatct tgggatctat tcgaattatg aatgatacta 40

<210> 34

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 34
tagtatcatt cataattcga atagatccca agataatctc 40

<210> 35

<211l> 40

<212> DNA

<213> Artaficial Sequence
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"109%#& ()-3"109%#& ()-3"10%¢& ()-3_) C5\Wb

109%#& () -3"10%+&' ()-3"10%#&' () - 3" 10%+&' () - 3" 10%t&' () - 3dDC5Wb

"109%#& ()-3"10%t& ()- 3" 109%&' () - 3" 10%¢& ()- 3" 10%& ()- 3" 10%& 1 P-MRIMU 5"
10%& () -3"10%#& () - 3" 10%#& () - 3" 10%& () - 35W

"10%t& ()1a§3ymmggiw1CS 109%#& () -3"10%t& () - 35w PCT/US98/24646

"10%#&' () -3"10%#&' ()-3"10%t& () -3doz_) C5Wb

"10%#& () - 3"LOUHE () - 3" 1094& ()- 3" 10%¢& () - 3" 10%¢& () - 3dDC5Vb

109%#&' () - 3"<LOYHESY-h8E 1O W &NY) bIEAD P &S (CFh B MYIHR EF e BIsBOL4#&' () - 3k C5" 10
%8& ()- 3" 1096& () -S* WO () - 3" 10%F& () - 35Wb

"109%#&' ()-3"#. 91 M C5" 10%t&' () - 3" 10%t&' () - 35W

"109%#&' () - 3"HO9#HE&K ) - 3" 10%+&' () - 39D0OZei | ) C5Wb

10%#&9(6} BIIOF4RA (IPIZC IV IHRA (P2 8" TOTHEE CRE 3" 10%#&' () - 3] udDC5W 40

"10%#& ()-3"10%#& ()-3"10%#& ()-3"10%& ()-3"10%& ()-3"10%t& () - 3mv C5" 10
%& ()-3" 10%£210y - B 10%¢& () - 3" 10%¢& () - 35Wb

10%1& () - 3|<v\%+1 ﬁ%w& () -3"1096& ()-35W

109%#& () - 3" ) f 883/ %nc%/ >? ) C5\Wb
"109%#&' ()- 3" 33‘”1 &973" 109%1& () - 3" 10%¢#&' () - 3?JU kvdDC5Wb
"109%#& ()- 3" g #& () 3" 109%#& () - 3" 10%t& () - 3" 10%t& ()- 3" 10%t& () - 3mvt C5" 10
%#& ()-3" 10%# S?S/njcggg’t% %)c rgerlgzgé% ())1 %‘i@paromyces cerevisaie
"10%&' () - 3i M CB" 1094&" () - 35Wb
" 10948 () - 3" 10%t& ( -3 10%#& ()-3_) CBWb
'109%4t& () - 3" AQWU& ) - 3" 10%1& () - 3" 10%;t& () - 3" 10%¢&' () - 3" - SCNYdDC5Wh
' 10968, ol 2 3 AU 8o o)k o B85 AD UG dka B LAY Eadahe 3" 109%6#& () - 3" 109%#& () - 34y j umvk
C5" 10%#& ()-3"10%t& () - 3" 10%#& () - 3" 10%t&' () - 35\
""10%t& () - 3i d4165" +0%H& () - 3" 10%#& () - 35\
" 10048 () - 3"L0%#& () - 3" 10%#& () -3_) C5Wb
"109%4& () - 3"L0UHN?) - 3" 10%#& () - 3" 10%#& () - 3" 10%t& () - 3&1dDC5W
"1094&' () - 3" 4004 &A1) £ B T0YB€Ene8" 10%4#& () - 3" 10%1& () - 3" 10%t& () - 3167BMXcm
M- C5" 1094:&' () - 3" 1096&’ () - 3" 10%#& () - 3" 109#& () - 35\Wb
10%#&' () - 3cTAPOP M C5" 10%+&' () - 3" 10%#&' () - 35Wb
"10%t&' () 3" *]_?(?07#8?)(3“8“1@%&“5&) bgsadcsv%?accharomyces cerevisaie
"109%#&' () - 3" 10%+&5 IR 0948 () - 3" 10%#& () - 3" 10%#& () - 3dDC5WO
"10%t& () - 3" 10%#&@ 3 10%#& () - 3" 10%#& () - 3" 10%#& () - 3" 10%#&! () 390
mvt C5" 10%#& %ﬁﬁ 3 109%#& () - 3. 10%& c(t) 3§\/t% thO/#& ét)
me #&g?c)gagg ﬁ&t a)ctgg aatagggtg ttttatac tctgtgcg
ow&a(:) TG () - 3" 10%4&' () - 3mx_) C5Wb
1094& () - 3" LO%HE, () - 3" 109%& () - 3" 10%#& () - 3" 109%+& () - 3dDC5Wb
"10%& () - 3" LOYE& ) - 3" 10%#&' () - 3" 10%#& () - 3" 10%#& () - 3" 10%t&' () - 3mwk C5" 10
%t&' () - 3" 10%#&16)- Rl 0%#& () - 3" 10%t& () - 35\
" 10%#& () - 3) «J13E1 MGR1d 0 8edyende 10%#& () - 35V
"10%*& ()-3"10%t& ()- 3" 10%t&' () - 3EP[ f qvw_) C5Wb
'10%t& () - 3" AN () - 3" 10%1& () - 3" 10%t&' () - 3" 10%¢#&' () - 3wdDC5Wb
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

60
70

<400> 38
taaggagtcg taccgccaac taaatctgaa taacaatttg gctgctagaa gcagattgta 60
ctgagagtge 70

<210> 39

<21ll> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie

sequence

<400> 39
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"10%t& () - 3" 10%t&' ()-3"10%&' ()- 3" 10%& ()- 3" 10%t& () - 3" 10%¢& () - 3mwv C5" 10
%t& () - 3" 10%#&' ()-3"10%& ()- 3" 10%t& () - 35W 26 APR 2000
"10%t& () - 3i M C5" 10%#& () - 3" 10%t& () - 35\

"109%#&' ()-3"10%& ()-3"10%& () - 3(3>1 NO ) C5Wb

"10%1& () wady o' () - 3" 10%#&' () - 3" 10%#& () - 3" 10%t& () - 30ZeppdDCEMWR 4646

"10%t& () - 3" 10%t& ()- 3" 10%#&' ()- 3" 10%#& ()- 3" 10%t& () - 3" 10%t& () - 3mv C5" 10
-988! () - S*IEOSIA pr B IO AP EO%4L! () - 35U 29

1094&' () - 3i M C5" 10%t& () - 3" 10%t&' () - 35Wb

"10%1& () - 3¢ AL () - 3" 10%& ()-3! & ) C5W

"10%t& () - 312098 () - 3" 10%#&' () - 3" 10%#& () - 3" 10%t& () - 3' 2=HS"i dDC5Wb
"t 10948& () - 3 A0 ) - 3" 10%#& () - 3" 10%t& () - 3" 10%t& () - 3" 10%¢#&' () - 3i noznmvt C
5" 10%t& () - 3°A0aRr ()3P0 SH/RUIE3" 10%1&' () - 35V
""10%#& () - 3i M C5" 109t& () - 3" 10%#& () - 35\
" 109%4t& () - 3% s & 3: 10%& ()-3 eF%chsv\g . .

"10%& () - 3"%@#%? e&*ié’@#&e’% 237 (s (55 MR &S )2 352 Y6 AdDCE WD

"109%#& ()- 3" 10%t& 1) - 3" 10%¢& ()-3" 109%&' () - 3"10%& () - 3" 10%t& () - 3AFGR] hsm
M C5" 1096:&' ()53 1096:& () - 3" 10%+& () - 3" 10%#&’ () - 35V’

109648, { )+ 382 - %t&' () - 35\

" 10%%‘% t§§ %2/{% %Qg%oc%%%(c)]ags ) C5\Wb 29
"10%t& () - 3 " 1QW& () - 3" 10%t&' () - 3" 10%¢&' () - 3" 10%#& () - 3dDC5W
" 10068 () - 31408 () - 3" 10%& () - 3" 10%+&' () - 3" 10%4& () - 3" 10%4& () - 3*5@KmM C
5" 109%6&' () - 3:40%& ) - 3" 10%& () - 3" 10%#& () - 35\
" 109%#& () - 3kdMaf.gxddilvh 5511 @& nck- 3" 10%#&' () - 35

"10%t& ()-3"10%t& ()-3"10%¢& ()-3} ) C5Wb

"10%t& () - 3:40%t&' () - 3" 10%+& () - 3" 10%t& () - 3" 10%t& () - 3dDC5Wb
"t 108& () - 3L DUy r{the B A BHHEE Y paBid CIEIEA{NaBEHRH & drevBELB9HE’ () - 3
#MVk C5" 10%t& () - 384f8es () - 3" 10%#& () - 3" 10%t& () - 35\
" 109%t& () - 3#. 9>2JUi M C5" 109%#&' () - 3" 10%#&' () - 35Wb

" 1098 () - 3*4TY#EL () - 3" 10%#& () - 3U kv_) C5\b

' 109485 FI°L 39ATERE (OP 2370 BUARBAIPI3" 10%1& () - 3" 10%#&' () - 3dDCEWD 29

" 109618 () - 3" 1096& () - 3" 109%1& () - 3" 10%+& () - 3" 10%+& () - 3" L0%:& () - 3nM C5" 10
%8 ()-3" 10%#%206)4 '10%#&' () - 3" 10%t&' () - 35\

"10%#& () - 3%} " 10%+& () 3 109%4&' () - 35

" 109%4& () 3"%@%” )33 - 3- BONY~ ) C5Wb

" 10968 () - 3* l§4“"’1 @&‘* "S3" 109%4&" () - 3" 10%#&' () - 3_j udDC5Wb

10988& () - 3" 1NYBH& () 3" 109%#&' ()-3"10%& ()-3"10%t& ()-3" 10%#& ()-3mv C5" 10
0/#& () 3" 100/@&§QBC S%t:ligt./#c&p(:lmér qag(s)/gc&o('\) Sé.ﬁ:%romyces cerevisaie

"10%t& () - 3i M C5 109%4&" () -

"10%t& () - 3" 10%+& ) 3 10%#& ()- 3&167_) C5V\b
"10%t& () - 3140948 () - 3" 10%#& () - 3" 10%#& () - 3" 10%t& () -378:; <=JVF|[: Wb

ccgctcgagt ttcaattcaa tggatttgg 29

<210> 43

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 43
ccgctcgaga ttggtaactc tatgacatt 29

<210> 44

<211l> 29

<212> DNA

<213> Artificial Sequence

15



.an
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' #10%$' & ()-  10%$' & ()-) % 10% $' & ()- 10#10#10# SS;
S 10%t& ()-"10%t& ()-3fql _?|[: W
"109%$' & ()-S'10% $' & ()-S'10%$ & ()-S"10% $' & ()-S"10% $' & (@S‘Ap;pm;s' & (
)-SMM|[:"10% $' & () - s 1 %$ & ()-S'10%$ & ()-S'10% $' & ()-S5
d""109% $' &wlo 9ovishs] [ : " 10% $' & () -S"10% $' & () - SSWF PCT/US98/24646
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S()-SnM | [5"10% $' & ()-S'10% $' & ()-S'10% $' & ()-S"10% $' & () - SEWF
d""10% $' & (F4¢SIME[5"10% $' & ()-S"10% $' & () - SEWF
d" " 10% FRECY2B" TOY5 WL ) SSCE0%$' & ()-S )| [ 5SWF 29
d""10% $ & ()-S'10% $ & ()-S'10% $ & ()-S"10% $ & ()-S"10% $ & () - S!, 7BMKdD
| [ SWF
d""10% $' & (f2’§=>16%$ & ()-s" 10%$ & ()-S"10% $' & ()-S"10% $' & ()-S"10% $' &
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d""10% & é%agib%}aaawahg&gm%&c& ()-S"10% $' & ()- S5WF 29
dm’ 0%$&()-s 10% $' & ()-S'10% $' & ()-S )| [5WF
d""10% $' & (}215>1086 $' & ()-S"10% $' & ()-S"10% $' &()-s 10% $' & () - SdD| [ 5WF
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d""10% $' & (}2@»10%$ & ()-S"10% $' & ()-S'10% $' & ()-S"'10% $' & () - SdD| [ 5WF
d""10% $' & (F2B-1698eglt )Risnepdrged o) SErebpoprycgs (I SITHES' & () - S'10% $' &
' () - SmM | [ 5" 109% $=8A(PS"10% $' & ()-S"10% $' & ()-S"10% $' & () - SHWF
d""10% $' & ()-S(-.9D M |[5"10% $' & ()-S"10% $' & () - SSWF
d""10% ¢ & (F¢€>1666 $ )-S"10% $' & () - SDOZepuv_) | [ BWF
d" " 10% %‘;9& }’?aﬁ fé%‘%t&aé 25899995 & ()-S"10% $' & ()-S"10% $' & () - SVUD| [ 5WE
d""10% $' & () 31900$ & ()-S"10% $' & ()-S"10% $' & ()-S'10% $' & ()-S'10% $' &
() -smv+|[ 5" 1O S0 ()-S'10% $' & ()-S'10% $' & ()-S'10% $' & () - S5V
d""10% $' & ()3 [5"10% $' & ()-S"10% $' & () - S5WF
d""10% $' & (Lzﬁ«;ﬁafe&l&léi s\%qur@e$ & ()-S 2=HWN ) | [ 5WF
d""10% $' & ()-S"10% $ & ()-S"10% $' & ()-S"10% $" & ()-S"10% $' & () - SNYdozdD|
[ SWF <220>

10% $' & (k2 85510%$Hei€)pSnd0%Babed dn) s&HAYorEc&s (JerSVI1dMeS' & ()-S"10% $' &

"()-SMM | [ 5" 10% $'s&fencS" 10% $' & ()-S"10% $' & ()-S"10% $' & () - SSWF

dll n
dll n

10% $' & ()-SiM|[5"10% $' & ()-S"10% $' & () - SSWF
10% $' & (xs®>109% $' & ()-S"10% $' & ()-S %R )| [5WF
ccgctcgaga caacatgaat gactgatct 29

<210> 48

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 48
ccgctcgagg ggtgtgcctg gaaagttca 29



d""10% $' & ()-S"10% $' & ()-S'10% $' & ()-S"10% $' & ()-S"'10% $' & ()- S&1L<GR] " d

D| [ 5WF

d""10% $' & ()-S"10% $' & ()-S"10% $' & ()-S'10% $' & ()-S'10% $' & Qb &R 3 &
)-S ef gnlL*|[5! #10%5& ()-Z 0" 10%& ()- "~ 1098& ()-"10% $' & ()- S5EWF

d""10% $ &wQ oo3kked [ | [ 5! #10 0#1096& ()-Z 0#1098& ()-Z 0#10%B&rsodza646

0#10%& ()-Z 0#1098& ()-Z O#1096&' ()-Z$& () 6BQVU4 #109%48&&' ()- 109%4&& () -

%TLO0% &’ () - <10$10$10$ , @ MLOYB&' ()- 0#10%"& ()-ZQ |[:vU4 0 10%&& ()-* O

1094&& ()-* ©2109B2&$& ()-* 0 10%&& ()-* 0 109%4&& ()-*

109" & () -*] kpI2vDMr 0 109$1&$& ()-* 0 109%4&& ()-* 0 10%&& ()-* 0

_1094.88& ()-* 92400/@1@:?&@491*%9%@?&&&' ()-*1"i|[:vU4 5z10%&& ()- O

1109488 ()- 110%& ()- 0 10% & ()-* 0 109R1&2& ()-* 0

10951858 () - *g $mo| va 10%& ()- 0s109%8&& ()-t s10% & ()-t

y&ml0vi &L () ADPREVILEGI® PrE =160 &R ) SBFPIY AU TFVI6%RE: () -

10% ()-s Os@OYERRFE s@0% & ()- | 1094&& ()- 0 109%&& ()- I<|[:vU4

s$f 1094 &8’ () 0109 ()-L 10048& ()-L #109%48&& ()-L #100%4&& ()-L

1094 8& g% g ? 3109%4&8&' %2’ sS/ 109488 ()- 0' 10%& ()-' ' 109%8&& ()-
1094 8&8° {99 G0FRIL PP BPPITDE | (8109488 ()- (109488 ()- &$109%4&E ()-

03109%& ()-s 3 %1 ()-s 310%4&& ()-s|obU4 % mLO%&&' ()- 101&101&101& S;

MLOY%A.&&' () - s §&&& ()- Y((10%&& () Y(y10%4.&8& () - 5>m{ Z9bU4

0s109%4&& () - 08 ()-s 0"10%48&& ()-!"10%&' ()- "0!109% *& ()-

1109 18L& ()<213!ZX§PMC1£11%° &) - 0$10%+&'()-M 0$10%& ()-M

0$10%4&& ()-M $10%& ()-M , 1094&&' ()-WzY7bU4 | | +$10% & ()- ' 109%4&8& () -

0" 109%4&& ()- M3L0%&' ()- 0, "109%&& ()-!, "109%& ()-  E| Z9bU4 !

06" 10%4.&&' () =2463-10%ac&c{d pr3vd OYLEE (On- sORnEOYREs( Yereds I00E' () -

0l +$109%R1828& () - EckyubE¥ T3 T OFS3(10%& ()-f! T OFS3(109&' ()-f X

FS3(10% & ()-f %rl0% & ()-101&101&101& S, ; 10%&& ()-'C|[:vT3 T

Sy10% & ()- 04094 & ()-X 10% & ()- 0"10% & ()- "10%& ()- 10% & ()-[d|[:VvT3

T @R$0%RCHIgd abydBWELS (paka@by0o& () -9 0"10%& ()-9 0"10% & ()-9 29

"109%& ()-9dI|[:vT3 T 01"10%& ()- 1"109%& ()-X -f10% & ()- O@$10%& ()-L

0@$10%& ()-E21O@$10% & ()-Ll el obU4 %L0% & ()-10(10(10( X <10% & () -

8&9S109%& ()- ORUP0I& ()-t |1410% & ()-t~bFbUa

%rL0% 109 & 62121’ PO & ()-1' 109 & ()-1' 10% & ()-1 #S10% & () -

gFf - 109 v98 & Yz AHEdpLy Sequence

#3# -1 1094 & ()~ 1" 10% & ()-1' 10% & ()-1' 10% & () - 1#3#' 28; <=>DhHbUA

#3' 109 & () - 14 10% 0% & ()-1 1ocy - 1DGHI JPTcChU4
# 10%?& (§) 1°90% iy%g i“i# #Pri“‘i‘bé}‘&e‘% )°“1iafg“5}{21§’)(°)631¢?6 - 1TUW hadDbU4
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# 10% & ()-1' ;po%gl() 1' 1094 & ()-1' 10% & () - 1#3#' ' 1094 & ()-1|}| <bu4

#3#' & 1004 & % ‘ga%gaédag‘ai Joelt JOU & () -1 10% & () - 1#3# hHblA 29
#3' 10% & () - 1#3#  10% & ()-1 10% & ()-1' 10% & ()-1' 10% & () - 1cGoU4
#3' 10% & () - 1510%& () - 1#3#' 1' 10% & ()-11' 10% & ()-1' 10% & ()-1 _ChWU4

# 10% & ()-1<3004 & ()-1' 10% & ()-1#3# ' 10% & ()-1' 10% & () - 1dHbU4
# 1004 & () - 1<1094 84) - 1' 10K & ()-1' 10K & () - 1#3# ' 10% & () -1"& () d@UA
#43H " 1094 & (3216 RBOARC(Ix Bed0UMeE () - 1" 109 & () - 1#3# ) 1<EFGM ?bU4
# 10% & ()-1#3# ' 10% & ()-1'10% & ()-1'10% & ()-1' 10% & () - LMNOPQMahHb U4
# 1094 & () - 1<4094 & () - 1#3# ' 10% & ()-1' 10% & ()-1' 10% & () - lacG+4' 10% & () -
1' 109 & () - 1<3094 &vighetsd O¥E 8L Pad#Bn( SABUEEO()ces (CIBYY R i) - 1d@4' 109 &#3#
' 109 & ()-1)' 1098aYencd’ 10% & () -1 10% & () - 1#3#' [ 2+4' 10% & 109% & () - 1#3#'
1' 10% & ()-1 10% & ()-1' 10% & ()-1' 109% & () - LcCrd' 1094 & 10% & ()-1' 10% & ()
- 1#3# ' 1004 &<¢)V1°10%4 & ()-1' 104 & ()-1dH, 4' 10% & ()-1' 10% & () 1' 10% & ()
1' 10% &C‘(E}“f#%‘#l gie%t&ae‘) IFITOAE ()-1| <, 4" 10%#3#' ' 1094 & ()-1' 10%&° ()-1
0% & ()-1' 100% - 1#3#'
&gG, 4' 10%#3' 1 W& )- 1#3#' ' 104 & ()-1'10% & ()-1'10% & ()-1' 10% & () - 1&0YZ[
\ ecC, 4' 10%¢ 10} 1 10%{& ()-1#3# " 10% & ()-1' 10% & ()-1' 10% & () - lef ghn
qr sdH, 4' 109% & %& (o1 109 & ()-1' 10% & () - 1#3#' ' 10% & ()-1' 10% & ()
-1st]\8, 4 10435 i%ﬁ% V) PINTEL ()-1' 109 & ()-1' 109% & () - 1#3# hH, 4' 10#3#
10% & () - 1#?&0) 109% & ()-1'10% & ()-1' 10% & ()-1' 10% & () - 1cC, 4' 10#3' 10% &
1' 109% & # 1 % - 10#3' 10% & 1
(12)%& ()(1 (i %?1 é?ﬁ‘ghf#gé(p%gdg/ 3331‘?%‘0 &f(sf(f)“]“‘ Wh% égllég% %o%& ()- 1di 10(%&
()-1'10% & () - 1 109 & () - 1#3#' ' 10% & () - 1)*+| <, 4 10##3# & 10% & () - 1& 10%
& ()-1 10% & ()-1' 10% & () - 1#3# +, 56785hH, 4" 10##3' 109 & () - 1#3# ' 104 & () -1
'10% & ()-1' 10% & ()-1' 10% & ()- 1>ABCDOZcC, 4' 10##' 109% & ()-1' 10% & () - 1#3#'
1' 10% & ()-11' 10% & ()-1' 10% & ()-1Zpstz}~_C, 4' 10## 10% & ()-1' 10% & ()-1'1
0% & () - 1#3# ' 10% & ()-1' 10% & () - 1~dH, 4" 10## 10% & ()-1' 10% & ()-1' 10% & (
)-1" 109 & () - 1#3# ' 10% & ()-1yX7' 10 Tl 109%& ()-s F%ml0% (& ()-10(10(10(

—



10% (& ()-M 2 (10% (& ()-ML F (10% (& ()-M F10% (& ()- Ol 10% (& ()-s FI
10% & ()-sj9|[:yX7' 10 F010% & ()-M F10% (& ()-ML . 10% (& ()-M

F10% (& ()-M Fy10% (& ()- FO 10% & ()-M4|[:yX7' 10 F+S10% (& ()26 APR 2007
FO&10% (& ()-1 F&LO%A & ()- FO$@0% (& ()- 23@0% ()- FS

S10% (& () 9|ﬁ X7 10 Ff#10% (& ()- F6@L0% (& ()-1 FO, 21086 1/8598)24646

F, 210% - & Yﬂy 0S/™-10% (& ()- .S/-10% ()-|[NA410 (10 (10 ( F9<10% (& ()-1
Fs' 9010% (& ()- Fs:4@h% (& ()-t Fs' 10% (& ()-s F 10% (& ()-9q|[: NA410

Ff 10969%& ()- <0yS$10%i & ()-@ <0yS$10%i & ()- @ <0yS$10% $i & () - @
AyS$10%M9n&’ ()o@ Fl0%sY%s& ()-': T| [: NA410 )" 109%N& ()-M 310%4& () -1

_ ADY" 10%wicEyadd <Oyt & &gcheMac0y” 10% % & () - M 7y" 10%d&' ()-M R | p9NA410
0) *$109%& ()-: ) $10% ()-:1 FfY%d0%9& ()- )0"10%WN& ()-M)0"10%NE& ()-M
)1 0" 109/00/8' (310M@PF [ : NAG10 Fy3710%s& ()- FOYA"10%9%& ()-1 $Y4" 10%XE () -
Fy0z10%%& €3112082$10%& ()-: 0) $109%& ()-:\vyz{|vW OIS (10% L"F & ()-m
'S (10%_(c&<8?~>rrPF4ﬂVm0% (& ()-10s%10s%10s% F<10%9%& ()-

FOy3710% % &<¢)371 Appitigtal Ser@et (& ()-M F10% (& ()-F FO 10% (& ()- F 10%
& ()- FO z10% (& ()- O 210%& () X/ [:vU4 Ff10% (& ()- F @0% (& ()-F
F10% (& ()-° 109%4.& 10% & ()-MA F@o% (& ()-Ma2;|[:vus
F-"10% & () - “%)To% té‘]eé PIES /ﬁ@ﬁ% %aechﬁwama Qsalr?ol '10% (& ()-f
FI 109 & ()-f;|[: “F107C°F, s<10% (& ()- F&910% (& ()-F F96f10%(& () -
F0110% (& () - gfl}é%{ & ()-s FO-"10% (& ()-(qbA410 ( F F 10% (& () -

;00/(\2(‘;0}/?{% f@g % “lji {Q,&%’%% > f&»i@g(g‘ (F)Flg%(& ()- <0"10%&f{)-M

<0"10% & () - Mcfl %(&() M 77109% & ()- MKEq| [: A410 ( "O(" $10% (& ()-M
(" $1090& () - Mﬁl_,$y;0%(&'()- 20" 109%r& ()-9 20" 109D& () -9

20" 10% (& () =90 buA410_( F&610%0 & ()- FO 3"10% (& ()- 7 3"109%N& () -
F/y10% (& () z20{> $10%08&4) <WV;04n$10% & ()-M HKLMN[ | vU410 yOoOYf (10% G'
& ()-S Yf (109K (K& ()-S FOa.ULO% (& ()-10r (10r (10r( Fs<10% (& ()-
FO&610% ( & (; 2chq| [ vU410 y Y$10% & ()-M Fyl10% (& ()-F 70" 10%& () -

70" 10% & () - M 20" $09He& ¢ )privhTt EHR%E&' o) SthﬁodeéiOce;teAﬂéal:bO%f(& ()

71" 1000 ()-: F Ff 5696e(&() - 0Y$10%E& () - M 30Y$1000\& () -

0Y$10% ( & () M\v|[ vUA10 y 70, “10%: ()-M 70, " 10% (& ()- I\/F 2,"10%& ()-M
F)f10% (& () =490 530%& ()-: AO!"10% & ()-: hq| [ NA41010r (10r ( 10r (

Fs<10% {@CFImFG8pAL0% (c&teyggtg 8nt 100& ()- FY4@0% (& ()- 29

<0, "109%& ()-M@|[:NA41010 : &10%VE ()-  F10% & ()-F 03@( 109& ()-
03@v(10% & (y2! @? 109% & ()- F% 109% & ()-1u| [: NA41010 FO"10% & () -

10908 () - F<% & ()- ?0&10%& ()-° 20&10%H& () -
20810% & 010, QSE$10%& () -9 0SESL0% & () - 9F SE$10% & ()-9
= leWé& 8 o%‘éz‘fl EEPEH ) - >8 I NA41010(( FOI(ZHOO/(& ()- ¢Fl 4(12)%

& ()-F Fo1" 10§§§L ()- $1"10%& ()- F-y10% & ()- 0S&$10%p& ()-9#vU410 7 9;
0%$(& () ME 0% lgé%e(:lc r%é’r]'%&(é/@‘ ({n) Sgé'ch(a}Qr(y]cQ(; J:%Ql/gﬁe()

F&Of 109M& () - #5XsL. 109& ( = W FOOWL0% & () - M
FOWL0% (& ()-M 70x1‘6%(& () 7x10%(& () HYq|[ vU410 7 FORL0% & ()-: F
FRLO% (& ()- :Y¥ 30% (& ()-: F110% (& ()-: Ff10% (& ()- FO10%& ()-
3N [ vUddd:cegkad Jc@%&d%’g(a)-d?acEet{édﬂlo% & ()- WHF(*HI0% (& ()- 7 29
*710% (& ()-° F*710% (& ()- F9O' f10% (& ()-|[:vW410 7 F 10% (& ()-F F
SH10% & () - Wep B#61@%#r (#& ()- OYL6 10%b "& ()-Z O0YL6 10%r("& ()-Z YL6
109%™ Y& () - Z2piNA432010r (10r (10r(F F<10% (& ()-WF F710% (& ()-s
Fs' +10% (& (x21FsDNAOW (& ()- Fs's10% (& ()-9%QG [: NA41010 0003! 10% (<
& ()-F F3!1 109488 prWHQyal %8 fde Fy 108 & ()- FI @O & ()- F% 1 10% & () -
1B|[: NA41010 F#10% & ()-MF Fy910% & ()-WF HI0% & ()-° F HI0%& ()-° D

<220>

<223> Synthetic praimer based on Saccharomyces cerevisaie

sequence

<400> 57
ccgctcgagt gagaaccatc actaattaa 29

<210> 58
<211l> 29

18



51094 & ()-" \ 5109 ()& ()-"B[v|[: NA41010 . L$#10% & ()-:F FL$#10% & ()-: WF
gl0% & ()- FO >10%!'& ()-MF >10% & ()-M 2 #10% & ()-M3|[: NA410]2% APR 2002
FI 4104 & ()-MF ) /10% & ()-MVF/ 10% & ()-M 1+ 10% & ()- FL$510% & (%-.
FL$510% & ()-:)8;>A| [: NA41010 F ' 3%40% & ()-F Fs' 10% & ()-WF 10% & () -
Ff #, 10% & Wo99R586510% & () - PCT/US98/24646
FO/ 4109 & () - MADGHI JWedvV: 1010, (10% (: & ()-T5(, (10% (: & ()-T5
. FOL0% (: & (92220(WH 10( F <10% & () -
F' ' s010% & (9*'dst3ramdic1al108ayen&s ()-T5 ir(, (10% (: & ()-T5,(10% (: & ()-T5,(1
0% (: & ()-T5"ir(,(10% (: & ()-T5iM:"ir(,(10% (:& ()-T5,(10% (:& ()-T5, (10%
(& ()-T5ir{*20€10% (: & ()-T5,(10% (: & ()-T5i ML:, (10% (: & ()-T5,(10% (: & ()
-T5, (10% (: &P > THMhELXCL 094 e r&PRIITEN (FOVH L ERYEFE THIELIOWE: & () - T5hH, @, (10
% (: & ()-T5(, (1098]24&"¢9-T5"ir(),(10% (: & ()-T5,(20% (: & ()-T5,(10% (: & ()-
T5"ir("' (1fH, :,glo%(:&' ()-T5("ir(,(10% (: & ()-T5,(210% (:& ()-T5,(10% (: & ()
-T5'ir(, (10%C & -T51234:>?@R4: (i, (10% (2 & ()-T5,(10% (: & ()-T5, (10%
(& ()PP (AR LA FEIE D% (1 & () - T5@ cdmoel -, (10% (: & (F2 715, (10
%(:& ()-T5, 18%49' & ()-T5"ir(,(10% (:& ()-T5,(10% (: & ()-T5,(10% (: & ()-T5
~opyz{|1LO:, ( 20{():('59" ()-T5,(10% (: & ()-T5"ir(,(10% (:& ()-T5,(10% (: & ()-T5,
(10% (- & ()-IR' er L,:,(10% (:& ()-T5"ir(,(10% (:& ()-T5,(10% (: & ()-T5,(10
% (: & ()-T5 T36. (0% (& (adBhde 17 (, (10% (: & ()-T5, (10% (: & ()-T5, (10% (
& ()-T5"ir(,(10% (: & ()-TS,?lo%(:&' ()-T5nR6: "i, (10% (: & ()-T5,(10% (: & ()
-T5, (10% (: &Ahs TS5 ir(, (10% (: & ()-T5,(210% (: & ()-T5,(10% (: & ()-T5" % OdH,
: (§1$°5A5 (: ft'o(f)zzaﬁ, § MU i &plimelObhddd of 1QUhadonbted el dPalie& () - TS5, (10% (: &
- Ir ; sequence
<=>HnPO:, (10% (: & (q)-T5' ir(i,(10% (:& ()-T5,(20% (: & ()-T5,(10% (: & ()-T5"i
r(,(10% (:& {9oo¥54 JK\efgj NO: "ir(,(10% (:& ()-T5,(10% (: & ()-T5,(10% (:& ()
- T5'(i r (gdot084dgg&t € Jagtbet(cl 0% dag&a€ ) - TSgmopi ), (10% (: & ()-T5, (10% (2% ()-T5
,(10% (& ()-T5"ir(),(20% (:& ()-T5,(10% (:& ()-T5(,(10% (:& ()-T5pP4, (10%
(:& ()-T5, (10206 ()-T5"ir(,(10% (:& ()-T5,(10% (: & ()-T5,(10% (: & ()-T5"i
r(fH ,(10% (<2&1¢)2975& ir(:,(10% (: & ()-T5,(210% (: & ()-T5,(10% (: & ()-T5"ir(
, (10% (: & ()<*MBARMA ir(i,(10% (:& ()-T5,(10% (: & ()-T5,(10% (: & ()-T5"ir(,(
10% (: & () - T2 10BB (L& Ya)- Fepuence
ORil-,(10% (& ()-T5,(10% (: & ()-T5,(10% (: & ()-T5"ir(),(10% (: & ()-T5, (10%
(& ()-T5(,1R0% (. & ()-T5& -./0 L,,(10°/%%:&'Mg - T5, (10% (: & O)-T5"ir(, (20
% (: & ()-T5, ?6%?:%“ il-CTgéf"(efo%%gd&m&)Sﬁfg o %Sstcﬁv 5at109% (: & ()-T5"ir(
, (10% (: & ()-T5, ( b( & ()-T55, (10% (: & ()-T55"ir(), (10% (: & ()-T5]J,"ir(,
(10% (: & ()-T, ,(}190%(:&' ()-T5,(10% (: & ()-T5"ir(,(10% (:& ()-T5,(10% (: & ()
-Tsn%'écgugf : @géc)t- Toud J0%decl () T5, (10% (& () TS Ir(, (10% (=& {9 -T5, (1
0% (: & ()-T5, (I0% ok ()-T5IL,,(10% (:& ()-T5,(10% (: & ()-T5"ir(,(10% (:& (
)-T5, (10% (: &i10x-dP, (10% (: & ()-T5"ir(}pcB, (10% (: %10% & ()-10(10(10(
L<10% & ()-t£120%4: & ()-T5"ir(,(10% (:& ()-T5S\||[:pcB, (1 y#10% & ()-& O
10%4 & ()- 1020& fyx HOFI 10% ( & ()-& FI10%& ()- 110% & ()-|[:pcB, (1
yH#10% & () - &D31084&'f(gtal 460Q0ekcé)- H OF!' 10% ( & ()-& <10% & ()-s
"y10% & ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43] " "Headi mzpo53] ¢" "Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading
93] c" A " Def atd 23 >Payrage birh pForC base@Pn GRLhixppireos @R$e|Bp&GNSXakj s{! H6'
@, 6p9AShCHMF RW ™ #fddeRg=<(nl { M
"$&(*,.02468: <>@DFHILNPRTVXZ\ A" bdf hj | nprtvxz| ~9
D! ) 3BeGO( UoN €&t g €26 16<7Al FHWp~d) j orvvy}*o: A: hce; x& ; OAFXLPOW c1i n;; D
| " #$UR (9FCFCIATE0ERBABETI] 2F YT BRYE P-/ 37;
?AKEG) | UJCLOPRRTS5WZZ\ W <cegj | ozsEt *vw{| ~d" 2V&WFe' Ho Kl QLY$f: u(O K?S X?x
wm!$' " (+-/5%)12’H6§%389; L>CAy BuE] HaJf KMuQR] RRQSS
TuTT! UUVaVVVV%?‘E9 ancdf hlj | mgo, rt vw" x| ~o#E6kl 5 ! 6PGY6eDDXJ & cx; /|
488 ' C*+. /07 90<<5 Z@ANDEFNHI KLIMNPQTqUVWZZ\ 2] K_al cqdf hRi j kgl nn50X0000) pZppp
p/ g qqqr5rfrits: 83544t eI Ghuvsvgvvy wawgwwnx | xxxx! yeyyyy:
znezz{ E{W{ {{| =] ~y9X-"3d9j ?Ylc;
MEWO | ASK] #U- S £F>X0h: | DN, Q. BdL 20541 d Mafesshzdad 944K caie
g. gl | #BAd1@O0HI&MBY, ence
<=>? GABCDEFCH JKLI\/I\E]DQQSTU\/V\XYZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~
" #$9R () *+,-./0123456789: ;
<=>?@ABCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
I"#B9& ()*+,-./0123456789: ; 19
<=>? @GABCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ _" abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti nmes
New RomanAri al Courier New'h Root EntryWrdDocunent D]

D]



" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{“~
| " #$YR () *+, -. /0123456789 ; APR 2002
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #3U&K () * wo 99/05888456789: ; PCT/US98/24646
<=>? @A\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

I H#HSUR' () *+, <4p04123456789: ;

<=>? CABCBERGdRKLAMNOPORSTUNYYIXZERE A~ abcdef ghi j kl mopqr st uvwxyz{| } ~ 29

" #$UR' ()*+,-./0123456789: ;

- <=>? @GABCDEFGHR I Kt MROPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqgr st uvwxyz{| } ~
<211l> 29

<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 63
ccgctcgagt agtatcattc ataattcga 29

<210> 64

<211> 29

<212> DNA

<213> Artificial Sequence

{ <220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 64
ccgctcgagyg ttttggctca atgggaccg 29

<210> 65

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 65
ccgctcgaga ttagccgtaa atttgtgaa 29

<210> 66

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic primer based on Saccharomyces cerevisaie
sequence

<400> 66
ccgctcecgage tccacatacce aatcactcg 29

<210> 67

<211> 29

<212> DNA

<213> Artificial Seguence
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<220>
<223> synthetic primer based on Saccharomyces cerevisaie
sequence
<400> 67
ccgctcgagt agttaaacgt tttattagc 29



