;/0i2e3ei 6\ i SVWWRZH\ 6~\ T\ SWD 001 68372 COVBI NATORI AL NETAﬁsg_N&‘V L*@RARI ES 1
2 NOV 2003 PCT/ USOO 12891 Rel ated Applications The present ag&l' ation is
a contwowessvn-i n-part of US Serial No. 09/214,699, fil eRCHESIYRIy 1999,

which is a 371 nati oUVMBINASEORRAL METABOYICISIBRARYEINC. 081 678, 462,

filed 09 July 1996, U S. Patent 5,683,899, which i I
ontnuat on” i n-part of US Serial vi1ed s ceod IININERNINT

continuation-in-part of US Serial No. 08/191,337, filed 03 Feb

now U.S. P t?nt 43..745, all of which are hereby incorporate y .
ref erence Migeat’&éﬁﬁl-% t OB3ties, as if fully set forth. Field of the *15!66

I nvention §[e%? il [ : i t kel 5148 @8 ogy
and t he prggﬁgt? (igsgn hgﬁg&(;lgﬁlag:? Pgﬁ&%%oﬁgglﬁgﬂér ggllsl?jlnlg&hde?%%%%%ia %gene
pr odudasuane t2395 avhyclf iora 37dnritiohalphaseappdicsticres RIUS [SeciablNbi 08/67 8462, Tiled 9 esent
i nvention provides nethods and conpositions relating to _a population of

het er dREr \H5Ri BOW M-%rﬁaﬁq%éé&%ﬁ»?&aww I § SORMRIAOBIITErA IS DRBAENE. o her
S e S S R )

| i brar I'c pat hways 1’3’ expresse S
Het er akedrpSratedmylrefesenet il tHetr dnitibstivs] RSf fEly fefdripl ated and used for the
production of primary and secondary netabolites as well as for any

resul tant catabolic activity. Background Art The cl oning and expression of
het er ol ogo e in fungi has been used to produce a variety of useful
proteins. MMOW tz, US. Patent No. 4,486,533, discloses the
aut onomous TiePhreseat irven@én ey RXhOFigld & mél!el:tﬂﬁieﬁbfﬁg@ dridnaé 8ﬁiﬁuction ofa

m tochondria) plasm d DNA and the introduction and e€xpression of

het er opapytationgd nelis ¢xpressinglnetsplogays Séake tpooduets redcessaty Br cPadwrtingN@rious
4,816, 405, discloses_tools and systens that enable_ the mdificatjon of
i mpor t mAbekiG agtyiiess The present Byettion upyides wethods gnd aermposifipRs BAING(R2| ar ge

quant it | i : : ) ent Mo,
4. a5, ST B IRRIFER CHERIATE (N El e MBHA, fbidihe and gfec
vect or ploladts endtidad bg hatessbgmisatuckzidmvi&k ssqueapapsirhahatelitigry ofcconilsingabeal i nt o

the host A _niger cells; and McKnight et al., US. Patent No. .4, 935, 349,
di scl ometabaligpathways is expsepicdda thrcalls g Heterakaryen srembegeplcthis libragganay be us

i nvol vin r.onot I irect| the expression of QL 0] ogous
gene | [ORBAGSFS fr S Sefan & iRy 3o g EiabResea fiefl i BRIV
been ugRdltdl c&laBHIR diQityt r gene rr 12 NOV 2003 WD 00/ 68372

PCT/ US00/ 12891 involved with am no acid transport in Neurospora crassa ("N
crassa") and to verify the tight linking of the cloned DNA to genomc '
mar kers fl anki ng thcl gene in vivo. Stuart, WD. et al., Genone (1988)

30: 198- 203; Bagkgroyn d Stuart, WD. Genone (1991) 34:644-651. Fil anentous
fungi posse IS Ly J ] %H? i dat , use
i n produci ngshgu ar ﬁ)ﬁ%&%’%{glﬁtﬁsﬁaﬁwg%@ﬁ{%ﬁgs l%\ung qgag%eglgggéedtj% Igté)?r‘%lggx

pr ot ei natiety @f uecthl profedrsd Roneramplienbambowitt, [H1SoPatensNong,HB6Li5AS), disclodes ilike

bond formation; proteolytically cli roteins _fol]ow.,ng translatiaqn; and
gl ycos;?P??P@’lnﬁPﬁ)fegpﬁ%“qu‘{fh%ﬁg-‘f W%h’eéﬁﬂnﬁmlp“%fl@ﬁl BY%E%?P’&ST%P?‘TSIEH‘& i ons.
These irhiti J i . i r j 0 t he
o oduc i Sh 2 8 AR GucIRA Rl reBbiOh Be fbee AL BReethd RE oD Ychoh 8 | 10
- M crobigg| U(S. $atont N894,226,4038 (i sclb¥el €daly and)systemsTtheélfablg thBngoki fibatnady

(1994) 12:50-57). Neurospora crassa has been used as a host cell for
r econbiimpartantrstrding of SteregntousasrergpestesstaProdice dod seprets langoquantitiesindh as

those fj o | s (see.Yangshita A et al. netics Newsletter

(1905 SesBrd Feamaiepyt Bt hurtah B eh Un. Fieieve o B0 340 ot Bdicl T o

News| etd-Gisfdrhaion Sterilide AigkP by ATDNR vVeaidr i € tal se1eRt281SinArkefTh) |

Buczynski, S. et al. Fungal netics Newsletter (1995 Suppl.) 42A for hunman

ant i bodgaphblg lof being inveaoratedh intn $he kostl ANaigancellst. and MeKnight efalndas. Bemt i cs -
ovi ne preprochyposin), plant

News| etter (1993) .40: 54-56 for se
Rasmus s@ﬁﬁﬁh%@‘?‘gp disclpses3 mgthod farexpressing higher ekaryghie genesan Bé’ﬁg‘ﬁ”

63: 3488 111 178 oRg 0 JaTe | IR o ; . Proc
Nai Ao g 5o A Bl Bl IR G i et Bidbetbf P feleRib s scte in Bopdilius 7 0
mr  expaRbsthéflaiestods fildgi. NSinites pevhaiqieshaed Bezh usdPfAdlome tht mA @eneor ni t hi ne
transcar banyl ase (OTS); Care, M et al. J. Appl. Bacteriol. (1989)

67:401- 410 for invertase; Connerton, LF. et al. Mdlec. Mcrobiol. ( 1990)
4:451- 460 for acetyl - CoA synthetase w th introns correctl y spliced out;
Arnaise, S. et al. Proc Nat Acad Sci USA (1993) 90: 6616- 6620 1”%”"”%"'“%@]"
mati ng-type genes; Hiett, K L. et al. MIl. Gen. Genet. (1990) !

for catabolic dehydroqui nase, QJT E gene; and Wiss, R L. et al.*dGonxe

Mani pul ations in Fungi, Academ c Press Inc.:New York, pp. 280-292 ( 1985)
for a review of expressing A nidulans gene products), bacteria (see Patel,

o, A NS NN A N A o,




'~ 2 NOV 2003 WO 00l 68372 PCT/LJS00/ 12891 al . , Supra), alt o& \Z\A}igq%h
suggests that Neurospora crassa can utilize regulatory el lzre g

het er ol egousssagnes. Additionally, Neurospora crassa has rﬁ’?‘%#%l en used
as a hesy lgeeal‘lviﬂ]‘lgrrn. eox%riﬁgg_ign reconbi nant heterodineric a ( iC
prot ei ns %y means o ?P%Palp rospoey crgspt ("datcransaWan@ 6 22A63the Aight
" het er Ginking®T thd Slbnéd DRLLEPEHKAR! .S .cell fornmed_fromthe fusion
of two filamentous fungal p%érignt ??arrg%%l?‘uﬂggéﬁhlﬁ&’é?’(Slk"éYCSro%mé-Ei W-Phersal,

cont ai (7argmeGdO380 B0S8e)03g &ivet K ahd Suditf eDe Wenbhte |(pg}91|) hgtear ks yons
contain nucIPell tOQtﬁ% F)arent strains that are generalty honpZygous for all
het er okar yori ' COITBatT B8 POSSaisrainyschagagtesistics which heketemngodd/@adaiateglisr When
t he tohsg e &%ER/0Yi | ea chronpbsonmal | oci have been
i denti f;iggﬁgr ' h‘ﬁﬁ er oka%lf/gﬁ& tfﬁ%oﬁ%ﬁ%%ﬁ?ﬁ%gl Jea seqretecamplex preteins; caresctly |
het - 5, foldithies dinesnsibnaled@instintlu@ing AdkultRie more are dinferred to
exi st . fPfrki ns et al., "Chrormsoﬁ%l Loci bggdﬁgr:i}%gggb@g?eg a%gliy,chppro ems
M cr obifBYNE Frnsksiang ard glyossylateyprotehes Sty n-sinketlVhd AShicE gy Lafién
expr esgi f f roduct s, reconbi nant expression haS been used to
p][ oduczé%??) g#?graggﬁgﬁgﬁf??w SevRy I TERnIFAS Aifvagtivel hoet_s for ﬁnﬂ}ptdfthllcﬁﬁﬁ ![ 0 3
of a nofibetetaf regeMBinRAAFIEIHS. e er var 0 o) etide
synt hases_constitute various (paa?ﬁﬁg%/ig’rm& e{%églpéfe d%?ﬁr?%ﬁ} @?’géh’éﬁp%% ée
fami | y 2897365t 1 KeSrends ireBiotealtnotdgy\(bage) apisobs7gt i ¢ or ot her _
phar macol OgI]@gLo:%EIQ ‘ferrS%SIaﬁf?ﬁngfglfﬁsg%‘e o%esn(éogclP ng thénvarl ous pol yketide
sy?jt ha;gtsm;]eces;c;i/ t & °p x g Rogcely l’tl‘fﬂ@m ﬂtq)rqduenomeﬁa such as
actino ad 8RR ; econbin xpressed in

i i arf = 50 b Al oo Mpsnanat Ao

het er ol ogous host cells ( partida e as
Bart el %iFengal Genetea@fewleabr.(199936pp11)712A41%iEoA§1%§).-1axi|l}{b SAVET A?]o;.g colls
expressin .h?\pri ? tpob%é ti de synthases and hybrid po S/ﬁetfgés avE"& so
been o SAEHAIYe EGA 5 SUPBL A2 Asfor mpmiBaliznethiombolytich#8@in (47 Bh)2BAdzyR204;
Hopwoo - | A+ -644; Sheryman et al. J. Bacteriol.
(1502) 1 emg R e Mol (055 Sumpl 1167 B aniboitn ihanrenvany s of
i nt er eshaing) anthNakario, EnT) erdg Fb@aPGhAdics NeRPUES @5%35;%% A%gk'd secondary

' ul™’cat’abo f5

netabolites as well as those that result 1 n use Qi ti es.
Pri mar PPRRFIEBOHAY Riapis(seaBamussen-Wilson,sS pet bl \igp). Ei/itol EMi@8biol 9 5597)
i nvol ved.2ishe. 0l Ce processes central to nost. . cells and those
i nvol vgg'Siugg g%%cﬁ%?agrgaglncfé IPL?Pglj’ %‘P@cé%es attel Ayt , BrocgVatndond Smit/akol i t es
are cofi5e02:661116616/Renéwtrat ainind | thetic nachinery, energy
product i on¢or utilizati gn, aﬁf;md th%qc% érrﬁ%%ré%% mgre?’fpﬁ“sé’ronc%‘r‘f’é%f ‘uents, while
seconddeyrosperet¥dyelettec 619841 B i@ fondmsitiane @anssabhndBs BT BLiL M BBt b - tunor
or anti,- r.a Nt f al, agents, mating factors or pherondnes,
t ei peneAg),%E%%eﬂgg ?ﬁségﬁﬁ.ﬂb!ﬁ?ﬁ?mm@mmn, LF. @ \CMo2ez3 MAGroB1 68372
PCT/ USQ¥9b23931.ak0 38, P ' ling nolecules, cell surface
nol ecuI@es, gsecr et ggéﬂrfagl éﬁoggﬂg%gsghv?}@iﬂtﬂ c?f’ﬁﬁ?tg)'.s?i%jf%ﬂt; Amaigsod ¢ al.
act i vi FrecNaibiadde: 4 (H983) 0016606-6420 o ke Vigdrlee WESH S T ELY RAG):
kdown P P or ' '

arge or - conp

desul furizati roleum_ and the brea

nol ecu F}Vé’g éfﬁeg Qé@g% g&é @P&25 dor qafapalie delpdeoquirese QUT it o WeaRCESett he
work o i s . | icati 95] 21263 b rovi di ng net hods
and co%lﬁ?s%iﬁ%i ong Qﬁﬁgﬁoﬁﬁ%ﬁ%@%ﬁﬁ%&}ﬁw Youk, pp- %5(%2%5@4\/9:8@)' fo?a .

het er oraiow of expaessing ol Wikda3YeRS SR ct)Obad | B\G. VAl L Qus apol jtes and
conduck' yari ous rgret abol ic actlﬁ%i t?tge)épacl?’érg'f(g%a%q?l: ﬁt‘%{ Htlelr&eil' g}oghem
hetero ia‘ﬁgbﬁmpl-fﬁ%ﬁ%mws) fouthgiE. cali Chl Netitattsend) akDRBRSaliaf Hiuk gsddsef ul
in the i nown. pr.odu such as proteins, nucleic acids and
ot her r%tgaélgbo K 'teggl,"%ausclf%wé“gﬁeﬁf@bé?)s@%%ngﬁ dordhenphs virue thymiidine kirtase).

met abol i t es Mted g, seolfdct i : onbi nat qr.i nmet abol i ¢ pat hway
in the cells. Summary ﬁcb{nﬁgaﬁm‘gﬁﬁ“?%%ﬁ@@ngﬁ%weﬁﬁ% RENOSRCTr B a &R
panel s e¥Iressiondrask hetgrohogauis pramotersssuchagthat fain ESHRFR B (Wisglgg ln?)gﬁ’ld) gene .
producs,,sdand met abolites as wel| as express known or novel cat abo ek

pat hway $**RRTHBHE ¥ eszwé?l%& 5t rpne), anda magtnealiak airgbyrofriotez (setSatls dungus

t hat express these gene products, netabolites and pat hways; nethods of
screeni ng panel s of heferokaryon fil anentous fungus that express these gene
products, netabolites and pathways; K ts containing panels of heterokaryon
filanmentous fungus that express.these gene products, netabolites and

pat hways; nethods of using panel nenbers as producers of useful netabolites
or as catabolic (degradative) agents; and nethods of using panel nenbers to
i sol ate nucl ei c acid sequences encodi ng conponents of a netabolic pathway.
The het erokaryon panels of the present invention are generated by fusing
two or nore parent fungal strains, each parent strain containing the




"By appropriately selecting or random zing the conbi nati on} @f N®Wet28030! ogous
nucl ei ¢ acids, each heterokaryon will result in the expression of all or
part oWQOWE3®Wn or novel metabolic pathway. Application SCTARPH ate
scr eeal.\Supra)lAID6f whichGuggests bt 10els oipdrk brispaciahsilive tdguiatiRp kieknents of

het er okar yons possessi ng desirabl e netabolic pathways based on the

pr odudetesogsus gemasi mary or secondary metabolite, which includes increased

production of..a netapolite endogenous t he host fungal .strain, or based
on* 2 gat RSy NE gl 6 TS Rt e ot betio o hog tell Tl epr e

act i VigbdbniR0 ROeKAIh&d AR RARIM 18 eirs bl 2hdins AL He[fiexfokagbﬁ.t pagard
screeni ng net hods, nenbers of 'the heterokaryon panel's cah al so contain a
r epor tAppliceumst Wt 95/21263¢| A& Chetorokagyrond (orselterbkargotio celbeis proet fotrhahfroh a

particglg&,net bogite or catabolic breakdown product. Al ternatively, the
panel $h¢ Bty diamgnions fungal paspt srainsy pach heterelanan salidhpsconiaingigesence

of a t i 4 bg{d I Vi . Y in.addition
o | aane, f o) SRRy &feithy SEATY HaboREy b i BAARN B B8Rt TEC
and/ orsta@isahitace faterallydiorhozygous feralMestérokdryn eovhpatibiléty aMieies auERpt fak
conditions, such as but not limted to tenperature, nutrient source, pH,

humi dithg masing fme disiecwhen teifohgeneiigpresenghyAt least t¢d ¢hirompyornal logidrave deen

.4 oXd l.arity/salinity, f b i f
e DaRBai sl Atk on WSemRIRRY: IR et b, BRI P S heBS et B8R ©
based ®neb-bahd 181 RRAH nfor8 Gl MiféYed @ RidthPEKRR BLOIEREMoMmAGSIdi 8b! e

met abolites or as an actual catabolic agent to degrade particul ar
subst r Neweospave cewve't, Misrohiologiveh Reviews 419823 469124-570, atsifBat e and cl one

. TG B B e SR L R
conbi n I} | 3 | - c ic
e i b ey e P s R AN L
of oneobgenepraiuctso oy examgintidiveest varietypofiwiyketidt sythaes donstituteo vatiows or .

nmor e het erol ogous sources. The heteraol ogous sources include aninmals, .
pl ant sPathyvaysler thenreduction qfdhe jarge familyrefanplvietides, seme of whishrhayegatibiotis or a

et abopt gt igHeNdEBbHEE, TRARRLS BR ot Ll ket PlBRE o
pat hwayscekseyvorithe produétidn 6f patiblagsilPkstides) shélfadREhod®lin ardnd may be

identical to, or a nere increase of, a pathway endogenous to the host cell.
The paglegsaponanin, bavebeengerembinanily expressep irekaterologofis hont chlds eoMajpartida

nucl ei ¢, aci,ds or, id he.c ination of the heteralogouys ne, product s
Wt cBhBlonire (S BmobdRat RAREI Sl 7 Sasrerl. (PT84 3980 MBFeI0
- PCT/ US KRR I QM@E'

Nbreovggékfﬁgégggﬁﬁgént pgﬁﬂxgﬁghﬁg@mgﬁﬁéﬁ%g a R%&ﬁ&ggsﬂgéi?gﬁg%%kolite or
resul t constmicted t{sdedihasta ¢thedt J. daetatagr (d 6283 )0176:2197+2304; Kopsdodéted. Ndinee
conbi n j. al | ic pat hways_qf the invention include those that are
Cinknowd 9 318 248 Sl ol Bl Fasterion (4D bt bEAINDI SaBaent ona |y,
the i nsenbi @@y i ncl udes the use of heterol ogous nucleic acids subjected to
i ntenti dnaf n%dification or nutagenesi s, such as substitutions, insertions

-and del et i orGthermeboliopitheiays ofinterekt ¢ therirt inéladé@thossthat plodutOpfigary dnd
"~ conbi natori al- netabolic pathway. Based on the above, the present invention

C E . ) ; . ° D |
provi dé&scondan) metgbolifes as wrHay Hinse thatresultin usefulcatabolie actistitieso| Frimpatandays t o
produce_vard ous tabolites and . rt,various catabolic tivities
et hodge g e RP s ais e Rfy o FBRhea S bommy el Bbe ol softasbol i
pat hwayeentrifth hsis cllfs HArtBEH iRdolved a§lecializdiedBLRK Procedss.t BRimpkRbess these
pat hways, kits that contain a panel of heterokaryons that express these
pat hwayimary niatabolidés are comppnends invoinedrin celnlarbiokynthetia machinery, enetgxbol i t es

or as catabolic cat.alysts,,and nethod f.ousin anel nbers to isolate
huct oi advekonor Bhliraton, rad fhs humayor e esinan Sansrleatywhilf SY0BIERL hvny.

Detai | ool bifkd ichiR sBbsthdies SheH & drflidrtb OMkITBRID of i PARSE Hents UL | ON
provi des novel nethods and conpositions for expressing a corbl natori al

met abol ﬁmgm;gmmhmgafabm ot phdrombhes, papdnes oxias, allatsias, disdtgtdadablet he
expression of one or nore known or randpm heterol ogous nucleic acids from
one or nore sources. To obtain host cells expressing conbinatori al

nmet abol i ¢ pat hways, a panel of heterokaryons is produced by a nethod
conprising the steps of introducing heterol ogous nucleic acids into fungal
host cells to formreconbi nants, and then form ng a panel of heterokaryonic
fungal strains using one or nore of the reconbinants. The heterol ogous

nucl eic acids may be from any eukaryote, prokaryote, virus or bacferiophage
of interest and may contain regions encoding one or nore conponents of a

T o o, " o Y o, o o o o T B




‘Fungi can occur in single nononucleated cells that yield fil amentous
mul tinucl ear strands, yeast cells, fruiting bodies with diVvarNy 2@ares,

and/ or Qf‘tl)bé% t are differentiated sexually. They can alsgo exist in
mul ti nu& eated Torns. ,  The &ri nci pal el ement of the growt S YIHEE a
f ungusPBEISS: RSTHENISs SigRaling Prlecules el surfapymoldoules rsestetedatoleeuleghaat 2

~. M 10nukes et .by. el angation.at their tips (apical
gr owt h? angﬁﬁsﬂfgﬁd{ﬁeﬁg& EJIB ggc %étg%i’g %’?F{"%ﬁﬁggfaggl% Fdletaxifieptione! waste hyphae

f or m amatesmisplesubfiieivitiomo ool duadn ad tIROBR o%ﬁtﬁ‘ r ihto the culture
medi um on whi cih the fungus is growing to g]EQs/or A%ﬁ%ﬁ?@%lwpl‘gc&es
those.ﬁ%ﬁéée]twa’ée?frléﬁfé@{ above the surface of the nmedium constitute an
"aerial nycelj " t colanies grow at the surface of liquid or solid
nedia as ir ?iellagfge??r,’tl\{g?%ﬂuoﬁal%ng g&?swﬂ&t%f.th%‘ihmﬁd HpRCT pplicatiorhWithae ar e
di vi degshy263BssrovRlihSmetlddas dnd SERb sk ta, however, have fine,
central pores. g'rr?us %ven sept atgIIB gsﬁﬂ%e%ggg%ﬁﬁc?ﬁéip?ﬁ 1onof cellyyedded in a

cont i neRmSssingsheterblogpu génespTodunds nédeseaky fsttprodiRiHedfafiodls MddtioBtdsGlky Of
nucl ei _in at.t rans(ﬁ]grta}blﬁ#;g/t_opj asm The term"fil anent ous foungi refers to
those FORSHCURS,YTIQUS megtab chyttiesi Brafenablyutite callsrarsdhetdrokmpmdbifitgnentous

interl §.n ' S8k interrupted by cross walls, permt the
passaggﬁg]2 %{Ho%léﬂggﬁ% %‘et vvee%&l(i:t?)c{r?%érg{llﬁ%e Isma}EngrP ucﬁé’Pﬁé#&PWBrﬁW‘W% gechcr oss

wal | s. afvproseins, nttleisecidsrmid otiesr hetEbdMidsC a$ Rl i didy repagat ed
sexual Ié. W t %ﬁ,he appropriate stinulation, lﬁiﬁv&égoo% eﬁﬁé’éﬁgﬁﬁ%&# f which
i s not NYRleLaplitRs £ GRSty ofthmaviebrombinatorial theabelidpdthway imtHeltess.
manner of reproduction, spores known as "conidia" are borne externally at
the tips of budding projections fornmed at various |ocations along the
filaments. Shmnidr) aftietiaventfoangi used to generate the heterokaryon panels
of the present invention are generally Phyconycetes, Asconycetes,

Basi di onyceilBg presert imeentiongryddesmaneBiof heteyslampmeti @mehtoa) Ay Mat express
non-s\e/\%g%f%%gs ‘y%ll as_spne sgpt ate, filamentous fungi. Their 7 "1 2 NW
Z0a3 ROV P EFFEBHRITLPree metaqlites asyuelbas express known ioonsvdlicatbokiad

i ncl udpathR@yA RHIRSRTHE | ek D cs formed aL the _end of
speci aF? nggf' st altks. Di ??ﬁ@ﬁ%@%g‘g}“@gﬁg%@mé@gw% up thay, exRress

Ascony Besegenerreodiioss, mahaliteschntirathvodyB e faBgbt RYechits PRENDS HRIRAGH S
struct Ee cont ni ng, sexual Spores, known as asc_ospor S. ‘The ascospores are
the en aﬁ‘?e&gﬂ Pé?flu?ﬁus 44 F¥gTess Hiese geneaoductsmatatmlitesfandphthways) leits, t Wo

nmei ot i bV i S I ne final mtotic divjsion. Basidiornycetes
are di g‘t’rﬁné{ﬁ%‘s‘ﬁgﬁs of Bk Asf%%@%‘sm‘i%ﬁ“’fg&ﬁ Hi35 FcRraes e @ee pRTINGES,
speci atrerabdlite anid batheayd;ifiethedd S AN PmEmBeRlb ﬁgbé%xgérgrorf%?%fég a:sl'hei )

"inmperfect fungi" because no sexual phase has yet n obse
hy phaeTgtabolites Or prcatahplicdngradative) agents; and enestiods o usih% paf) $eerfbert Be

Ascony neferred filamentous fungus is of the group Asconycetes,
nor e p§§;a§€% CIT%}S a&fl %e ‘t“’ﬁ‘é“g?}?ga’élgﬁgmpegwﬁ af a metpbelie pathwasind Penicillium
Parti cul ar | The hefertk {aR8lslo 6k a2 lnclude N, interpedia, N
crassa, N. sitopul a, ang N tsgtf}gi%oraFﬂ@PH{}\ﬂ}%rE%Fﬁe ated by fHSiRg LWO QMO ci es
is N BRgssngalstnis, eash pasnt tfaiksmstaiming the nectgtdid tnafkerS i hafign 2A NI ger,

A ter and. A, f'u atus. The vegetative growmh of f |anmentous fungi
i nvol végtgﬁ’&é’fygﬁlrc S&téf‘%?’v&ﬂ? AF FXREFIoR it thappontains abetelologiisnutleieacid, cel |

di Vi Si QhefeQRS hetks @ | ction, i.e., the formation of a new .

cl one wit hou? hftﬁlz)ki?érlo\‘/%?l\?g}régén%cli%&%g?rsgéﬁees&éﬂ%reﬁe{‘%ﬁiﬁ“ﬁéZ:‘P &frthe gents oby way

of conkegulalorfalemorasmmitarallyhesaefited @fth GhenhBH ARP Meohf0f & HrdBidgdgh " Nuc! e
py, i.e., €

seven di flaereniﬁﬁl:_hro_rmsorres each having a single copy,

veget afSEHALSY Flamments nfrodupsdchyrecambinantapbarisd Thustle HesoroltpysmbineldTai nt ai ned
during J . rdn exual reproduction through the

f or mat f%%\iﬁlg%é %%orﬂ% dlﬂ a. Hgggﬁrg%u ?%B%BE@&?%HW%HCSA’II% Bemarionneombimationso

hapl oi df hetkdotogohy AtieleicicidsQE wei] it B, d fuse to forma
di karyotic celglb cont ai ni ng two %s@%ﬁ?&gﬁfﬁﬁ%ﬁ%@#éﬁg’ﬁééﬁgsp IR t hus
coexi stheihest oell. SEhese hsternkieryompanels afecuseful tin pRovidihyh dﬁﬂmr@fgehellaﬁﬁ? in
synchrony.. If a cell initiates ascospore formation, however, the Two
different haploid nuclei can actually fuse to forma diploid nucleus, which
contai ns pairs of honol ogous chronosbnes. This diploid cell then begins.

nei osis. A "heterokaryon" (or a heterokaryonic cell) is a cell with two (or
nore) genetically di-fferent nuclei. The heterokaryons of the invention nust
contain nuclei fromcells that are honbzygous for all heterokaryon,
conpatibility alleles (except for the nmating type allele when the tol gene
is present). At |east ten chronmosomal |oci have been identified for

het er okaryon inconpatibility: het-c, het-d, het-e, het-i, het-5, het-6,

g, g, g, N VAN SN SN N T NN NN



“If two strains carry different alleles at one or nore hetq$a@y 2ggey are
unable to form stabl e heterokaryons. Protoplasmc killi nq’ occurs_after

fusi onWEYOYA8#T%e hyphae or after microinjection of cytop®sIWIMERLract s

i nt o beteidgensity ai mstabbiepattiwals bppemmistingalat gt aridtypdaiitejent e EmbRbhes Rz y gous
for he} one or nore alleles, growh is inhibited and highly abnormal. A
nunbe Pt Beterlegqus pyeleimaqids enpedmenne arynars prthpey somposents.y , " het-c, -d, -e,

d -i st defi , 2 tests.. Het 5. t h -10 |oci
Mere det oty Rridely SREHRY o hANAARY B o RS io b ckolopi highde . oron
i N natatida) caph helcbdkadycn willlreshBin 0@ dxpRRsioh bEbBSr pAt oPOEnoWn ofhskelact as het

genes in N crassa, although sone slow heterokaryotic growth may occur.
M cr oinpfjteRalicaatisvae r Appliation of appreptiple scwsdnipeg andionselestionmethptd forthe

e T o ORGP Al BBg b 1o 11
as CcogReMEtiBY RFaPrinkdly ofkechdfadtHetdBSite ROMEN Soludel itd6as Bot SF P €SENt

the vegetative (heterokaryon) inconpati bility associ at eﬁ‘? rtﬁ opposite
mat i ngnetghnditalehddgenous torttie hostfusggl streins erbastd bnatgairoflatabotiopetivity, | i t y
bei ng af.fected, Thus, het er okaryons can be fully conpatible

tol. A+ a, a ! /
and st8BFRIN “4eﬁén°6ﬁ‘§§f(1 cﬁﬁpoﬁ%ﬁ‘it“’é?’eﬁ)nﬁ%ﬁﬂ@&ii {othe host fungel straing | Addg frems gr ow

nor mal gy, & lotHIQE G : dif.ferent strains
That - R B e S Pl e TSRl SR At RaBlng U
when gronstidt r sélecti@mmarked sersitivierto pite priodudtivn ofaegurfidiBirGhetabolitebeed as

descri bed below, The resulting culture will then contain nuclei fromboth

st r ai rfataboHe freakdawninfoduct Ahtamagivelys theipanels ean be scovamed Wilcerdpartemt . The

met ho i ) invention provi de .and e a panel
of ot e BREIeFERRARY I B8 brRentdt AARET PG BF MR B M e o
array #id ih\waditonto i@ertigicetiork Biska BS mAISSIR a%ﬁG{%){,hﬁé BAfRICENUY schlendd

subst anti al grcent age thereof, expresses a ditfferent netabolic pathway, or

por t i ondieresetagted fop vidbHiy upder wasiousvgrowth apd peviraimdnttl eondisionsysscicasbuteadi | y
be stored.or cultured in a nultiwell mcraotjiter plate for efficjent

scree n?cﬁjl%@c R TS PR SPPITE ﬁ’lg]rp%?ld&’rﬂiﬁygéli EONCSPITRYQ): dighb s

Cont ai xu i i b _ . . N
ol | oul i eL S 336 bierieeh BuaglE) foic B hd Solled VRl B E R Plred i
.out beéxpression ofth@ hdiexo18HHB MiCledldd@®372 PCT/ US00/ 12891 The i nventi on

i nvol ves thﬁ' pr dugtgi %2 of a "library" or "conbjnatorial |ibrary" of

het er okar yoh&e 1bed insterokaryons iz yseliy basedom hsirictholiovastivity heither bae
first i }g)ﬁ]g% ' f copnstructs.conprising
het er of’%gggégrg%g%%ag acl lS)B r gpnp%)stn% %rumrlrg%'%“s%yu?%g toc&éﬁﬁﬁéeoagfc i ng

expr esseidtratess doreater] ¥ hetemkanion canbeiisdd t ifclaeAnd ke nakt Rt Widdericb@ing

nucl ei c acid or heterologous regulatory el enents introduced by reconbr nant
nmeans. PRitRsly wrdentificdroppanents of a metabpligmpatipyayopri at e host organi sm such
as filamentgus funai. able. . to express the heterol ogaus nucl ei ¢ .acids.and
permt conbiﬂlgf Iilbenlgvgqthrhrglqi%sttgﬁlgq 8&’5?%‘%@&"‘ i€ p&'éti%gé CPB‘%HFE‘UPIW qhé‘(jt ter
two t epalwap iﬁHQ{oQﬁcdll@-E@&Iﬁas%et&ﬁﬁi%%ni@?uﬁ%%%h@r&ﬁ%@Eg:ﬁ@)agtr%ltg'ﬁ%ﬁbﬁf@ cal
reactions involving related nol ecul és. Such pat hways y bé anabolic (i.e.
bi osyncbhmbingtiondn thel hostieelkof eneairimorgiknewngegderdified we yandom madleir acids, pr oduce
et abol.i tes or: resu]!&%- i-r a de 'radat,h}yfeq'act' vity. Exarpl es of ngt alb,ol ic

pat hwaytm ARY BOTe,Rterologons SOYrEes: {The heferologaussourses frichude animals; plapts,
desi r abl; A4 8 9t E&Sm

anti pr Ig:l l??%? t veé’tgggrpvgﬁg%é 31315 ?%%}f’dl%&sbfﬁ%os\@{‘ éﬂgra& ?‘ﬁg@tﬁg’%&? 8?1 ot Ror

desi r alminidetitified deganismsafound in yatufer dieresuttantrheiabblid RAhwdY o pottivtahyreof,
net abolites., Particularly preferred netabolites are those previously

unknowMaihee Wenycal vadifasent fiym pathivays knewn in thaiares codogsnaus torthg hosteelbol i ¢

A ’ ¢ S ont: e ool E
" or ar yRa e Rt o, ¥ s B o8 pnn i ittt el
aci ds Wattfwdyaag eqeltiselelp Moheme Iéfégx@'f'ssiéﬁ@fﬂﬂ@h&teﬁ&%&t@'ﬁﬁ&%%ci@ &Fom the

conbi nations include nucleic aci fromonly one heterol ogous source in the
host heoatinatiopnf the heteralogausigene pioducts mdth donponents, snch aw gendwbduats ogous
sources in the heterokaryonic host. 5
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"A "bart" or "portion" of a metabolic pathway relates to one or nore gene
products) that participates in at | east one bi ochem cal rqagcﬂggnz step in
e

t he pat pumpp/esdy2’ conmponent ™ of a metabol i c pat hway, or par%,&& é’gﬁ 891reI at es
c ) :

toag q functiond ng.in: intermed ate product pr or
final (r?r’eﬂt?ea@% ] g‘Eerses%‘T‘l"ﬁlllP{?°‘r‘ﬂ?‘bm gihgstrella Moreevesathwespltant paswhys iney eof .

" Het er greiiied 8 knbehad @5v4lnatdsdIRL ' nd sequences that are not normally
associated with, or endogenous tgf?%hgi%r\llgrrpeé%qﬂ?‘m%ﬁ%t c@@r‘ﬁ%&@@@&%"é@ to
nucl ei ubsdiates. and sequences that are not normally associated w th anot her
nucl ei ¢ aci ﬂr Thg@){ia ‘ré)aﬁet erol ogous” nucleic acid is that which is normally
not found i nPESOBMInAeA mgtebels nathwayseifiths inventidni inblutib¢hozeehiage acid i s

I Nt r odyGRELwDi AR | )¢ N rol.ogous”. requl atory element is that which is

nor nal |y noﬁ%@hk%wgbﬁ%%%ﬁfﬂﬁnﬁﬁf%ggg%/ npiyothefigyentionn

associ andlodeswthe fisecofiistr@ogowcid1di® a¥ial : . nt_is

covalently attached, Wnet,%?a_r di.réc'?l yhglEin&&ng%{rogg#kgggﬂh%ﬁg%‘bqq ?e" rel ates

to any THUPSTETS ek a% substitutionsn insertionsbaidi delgtiah\paior totheirThebARGH R Bto a

reacti ' r.as.a by-pnrodyct of such a pathway. It nmay be the
Wst dan1Fo RFLDY BYmb atpolr%%%(?ﬁc ety

product of a single gen m cal reaction, or of a plurality

of gene pro®Bedonthe BHoVE ' r; ' A "nucl ei ci.d encodi ng a gene
product” relates to that ’Bgﬁ%ntég a fr?ﬁ@?%véﬁélsop@ngléﬁég‘ﬁ%éoww tﬂ%ﬁy be

expr es S¥Preseyarioas npjabodig patitveayy te produot vardie 3EMtaIRESHd i}rlsbal—:'\%d?}dg' eic acid
or V\:hetl éB rabli)(,.tli nked t.o ?g%op_ri ate requl atory elenents, to produce a
funct i GRAP YRV sSethodsg HC1ag anapel alhetaroeayonsohatexpeess ésaskt i ng from
t he exprassdle ' g, nucleic acids can be derived from
for exanple; %ﬁo%ﬁi%%ﬁi%ﬁ%ﬁ%@@%B?\W?Pkﬁ?ﬁré’gﬁ’af’% at exaRRes thessd genoni ¢
DNA seqatwags, Kitsghateokmiyopael BRBeterdkaR ons tHIR B sARdse RS h{b%olﬂg%f
synthetic DNA.. A nucl eotide sequence is "operably |in to” fegulatory
el eme nt%lnﬁfPéﬂCIt‘ﬂ%m\gj%ﬁ fprogieeparticar mebekites onandattbiodic icatalyets, iafd andiksdk
cell. ' R I s to.a nucleic acid nolecule that is
oper ab@?ul‘sliﬁg%ﬁa ?E)é}l?%ééﬁoalls %I;age rg‘\tcg%ﬁflg "E‘ﬂﬁct“l"cﬁ tﬁ@&m?%mnmmﬁ ofe of the
oper ablmetabohicgdthwisl ei ¢ acid in a host organi smunder appropriate
conditions. The regulatory' elenments of an expression unit may be those
normal Iy found with the nucleic acid or those reconbinantly introduced. A

cell has beFff%tai]e:rcIaIS'éSSfCIg)lrr)trirtgjrgj of tl?x)é P?étgggcrll%lrjnsbogyn(l:tlmic actds when such FXOgenous

The present invention provides novel methods and compositions for expressing a

—t

combinatorial metabolic pathway in a host cell. The j)athways are generated from the
expression of one or more known or random heterologous nucleic acids from one or moré
sources. To obtain host cells expressing combinatorial metabolic pathways, a panel of
heterokaryons is produced by a method comprising the steps of inti‘oducing heterologous
nucleic acids into fungal host cells to form recombinants, and then forming a panel of
hetero_karyonic fungal strains using one or more of the recombinants. The heterologous
nucleic acids may be from any eukaryote, prokaryote, virus or bact'eridphége of iﬁferest and
may contain regions encoding one or more components of a metabolic pathway or part
thereof. The heterologous nucleic acid may also contain naturally present regulatory
elements. _

The panel of heterokaryons can then, if appropriate, be cultured under conditions in
which the heterologous nucleic acids are expressed and screened for the expression of a

combinatorial metabolic pathway. Screening methods include the detection of a desirable



"nucl ei ¢ aci ds have been introduced across the host cell qzﬁ%gn For
prokaryotes such as bacteria the exogenous DNA may be nmairtarned on an

epi somab oelesarent such as a plasnid. Because filanentous PORGSOUBShve
nucl ejrifnafyoraiekeH P inelaboRSdr thé 8Ristntd NS AQIABE Latibgls 2bRsity. CRAdhS raNt ai n
t he exogerious DNA integrated into a chronosone, so that it i's inherited by
daughtlemeots| hameljta fpngelpasenss,che heterglo gmmmucieic avids; Geofusionamethodss the or
"host cell"” relates t el | s t.hat have been, .are o i1l be transforned

wi th RUErEECoRdliees g 7 STSERRE RS fin oS bHHPARGA] el RS he
cell i.gi.nall LERd 8P . el y of
nmet hog‘;sﬂcgélgmgéy%ér%ﬁég@ed to genere t1%%“3’%83?%?%%@%3‘?@%%&“@&%E eic
aci d matentstiaiss dsed iv ankinputht heteralargonceach icomthiard popul@ictbst delis)dabh agly. | n
the followng, the antibiotic penicillin is used as an illustrative
exanplespressing ppeg eigmaretheteralogans pucleicygidso/ 68372 1 2 NOV 2003 PCT/ US00/ 12891

readily use the nethods outlined below, or any equival ent nethod known in
the art, to generate a conbinatorial netabolic library able to express

peni ci | i n Ngur JTFi RRRhidue Fuﬁépﬁm&i’dﬂg@m@fl{%ﬁ%ﬂeﬁts%f Hef@pdiggydes t hat
encode conponents o € netabol1Cc pat hway ich p uces an anti biotic,
such as perfiarinatipm, can be produced using standard nucleic acid

mani pul ati qn/ cloni ng techni.ques. For exanple, genom ¢ DNA frqom Penicillium
not at um or 1SREL R AGUE TS RSt omgteateA Cel Bronglbiamentoss mylioudler pe
f ragmentads, D¥ap BYN, GaltinguAeCRith AfveRRAYNBRS] B it RfeAilERnBate@PU! ation
of nucleic acids. this population, which i s heterologous relative to the
host ceelkhallys €theyxan alse ensst th tnoltdhivckmtddyfotma nBlicoprindipat ehanént ofthesgrowirgh as

those of a filanmentous funqus, or fast inserted into an expression unit
bef or eformanfsffonghstas rmoldis awéiymbﬂneebrandseg tublbar stroteres abeutd ol Gimpdn

expressed via.what ever .requl atory. el enents). re alre associ at.ed while
Tho | aTEeeieE A EIP R M o dongfn oy el s Bhict s wib e P SR i

Intr Odfﬁﬁﬁ&xe%.equhé}tae E!.)éoRJn?'?G@v&-its%hQ@M tnadk dﬁn%ﬁihg@uiaﬂd@e i ntegrat ed
into the host genone when Tilanment'ous fungi are used as tThe host. Upon

i nt egr at i onSomh dyphdepeakisatetinte thosdivre medjuno bn whécnthe Ifengusds igosvibgitong under

the contraqgl of adjacent host cel|l regulatory elenent(s). The fragnentation
of nuchRSOR %@P&%tsc‘gﬂ?%&‘eﬁ?'ﬁwaﬁé]ﬁ@ egt HV%@eﬁHSfé‘F.“c%ﬁstLﬁ Hé%“?‘ﬂ@?g%“‘étﬁi cal

cl eavagewQl. g‘f{ # [n | ' I y can
be contro ggﬁ%g e p%%gﬂl’ %E‘?(’g’?szg? tﬁlzé %&{aﬁ%gfﬁﬁg&%?%fg@\%p y%gggg&%rénom C
f r agne ks fMdihéttod ats0Iremoskpleyiek,ahe hypiaieara@ividef by powkaslinidlled Ysspes" or a
eukaryotic gene with many large introns, physical shearing may be

pr ef er fThgse sEpta, bewiver, have diney cegtrahperes.r Bhus: Pvani sentatmbynhas bave Audeighatt e

Ceatr B SnboaRsg RELoRRabw BubEOt R Rig A5t oridl sifGipRein) b 0T

Al t er nglubMéEina tr sAdcsplakmst isol ated from Penicilliumnotatumor P.
chrysogenum and then used as a tenplate for the generation of cDNA
mol ecul es bylhartedon binamehtons figngrbreferd $o thbse fimgpthiabcarofosmal my S tlireegh s

t hus produc can be | rted..into a suitabl e expression unit._as desqgribed
above. BB PLOTRANEPRIPF e Theetts dud, GRS BiF G s roRu a5 pefEd e
het er ol ngOYs oPEthFliaém deiwkenRhpaRnRh R84 pEHOIHOA R thO ERREWANE. My of =

i nclusiton 'n the conbi-natorial netabolic Iibrary. For exanple, other -
speci eshede fuing fogen oeidRerspords|within asac whas pfapagated sexually PWith thei dpprapeiateP.
expansum P. patulum P. grjseofulvum. P, cyclopium P. puberylum P.
pupur ogisiEmmation, heweyetnthg sepchanipm afriieh 1s nof eptirely undgestoqsh, serspiuctionganict i ve

ot neto5hT setiHiR g it Bl Xbeflodont shordsfion R SRR CpaPRLET '

externally at the tips of budding projections formed at various locations along the filaments.

The filamentous fungi used to generate the heterokaryon panels of the present
invention are generally Phycomycetes, Ascomycetes, Basidiomycetes, and Deuteromycetes.

The Phycomycetes include all non-septate, as well as some septate, filamentous fungi. Their



112 2 No v uU3 WO 00/68372 PCT/ US00/ 12891 in heterokaryon panel s that
have different conbinations of the metabolic pathway conpdn2M¥ 18dm t hese
vari ous wibgfidsss | n other words, the pathway conponents encoded by various
het er ol ogﬁouF nucl ei c.aci ds .i.n_the heterokaryon panels wi | PCEAS0{ o

i nt er adtSHR! SRS 3f PHYHTRYS Kipdy anghigchidn eporhrgiosoresgonmindnpiohiass foamb@r m a

novel g i dusi vel. tabol.ites. These panel s can be
scr eenedt}{?’(t)grﬁ htoﬁgﬁ%ﬁég%gagts %(Ii)l%d g‘? ifgerg%r{\}%gﬁcé?{ﬁadﬁ i%b‘lg'ﬁf’ri‘thF’é‘t‘Jlil fE¢labol it es,

i ncl udi ng’ nolsebmpawréshiro tistinguitbel fbanéthifun | glc acids from
genera ot her. than Penicilliumcan be prerpar%?@hghﬁg’ﬁ%ggﬁ? ﬁ'"‘%%i nat ori al
met abolPRIANRG $RakSPOEES) knowaas esapsporasidThe maiposantht AtdnaRsodifct BEL abol i c
pat hway, £of S het ex okaryon panel s, Myeover, site directed or
random nut & fe%%glgéllén ég%%bcembqgfef’tﬁ?ﬁé‘éﬂ%%Vleﬁﬁlct@é‘ﬂab@}ﬂéd mevrllyoredinal

het er olmigstitsdivigione iBasakompedibs £E dﬁs@in?ﬂﬁhéd E)f ?eQﬁLloséhmr;eg Itl'%g.'gl)r%% Smrl%s turfcagé s

Iq

Procedures such as random or site-directed - ‘m smat

| i nker -of @gpefidizedstrugiuree sThg Denterhreyters|araoferpiofsicaad 2RO R0 an

readi | used to.generate opul ati on_of nucleic acid nol ecul e%l t hat
encod e)grergﬁlﬁf) 8P F?‘B&Bﬁ%ﬁ}laﬁ SR érﬁ%§?WF@>r Thsinhynhae areseptatd, yndjeoidial &dngr

ration&k—éﬁnﬂﬁﬂogﬁgggm‘ggkmn&&t an be used to generate random or targeted
het erogeneity in a protein encodi hg sequence. Construction of Expression

Uni ts Cont aiThenpgefelrté fitdmegaoss MngheiscofAts he | ' oAl ai ni ng
a het erﬁ)l o%]ous nucleic acid argu%onstructg%ugsi ﬁg‘ﬁ%ﬁ?‘f‘?@gﬂﬁ&@c 1%1 %{’Jréls. I n
gener al'i® BeEANeResnBR. Atnargills gad Fenicdliiuipy Pattivalanky Befulispeics fagh d sequence

into o ' ] nt {0l seqgyences that direct the expression of
e nual o erars IRIRRRL Shiet BBl K0 oreR AR PG . GG ertsporaaot whiertye of

cont r olmast prefertesl speeiep iV ke, KR! Ap_@cikbsx;garptse@éqim}s ﬂkfuﬁ‘ré] hi.a??a%{}&a

expression of an operably |inked nucleic ac uence 1
const i tht"&eE brterragaendilefraeddtion. The choice of a control sequence will be

based on thew{ | .strain,u condi tions enpl oyed for culturing the
fungus, th eejl.hee\% 83‘8 W%&ES’,V@Qg%gﬂﬁaggpv%é{nghmokvn%nm@g divigibn ssifhreedlsi on
requi r elivigib® (massisw ! Ehi h_' ;ﬂyg:ﬂ' : Ltutive). A skilled artisan
can readi | ly Srtnl i g’é art- knom&g?ﬁ%ﬁrg%ﬁ%s%g%%gﬁggssex'ﬁ%rrqé'gﬂ‘écrné’f‘i o Pfe

expr esSpowationiof 8 ngsedongwitheupthe sieviilvéirér b kan e PR fhout! Bc%gldﬁlgiioﬂ fhyt O
sequences %that. di rfgct the transcrjption and translation ofnt e protern
encodi M40 \ Fars3ampls, daesnsaics of Neurstsperaaoptags artheir nuelet seven May

et kool SEMRIAREY BUREH. . Vi S loid >
This haploid state is typically maintained during mycelial growth and during asexual
reproduction through the formation of conidia.

Sexual reproduction can also occur, and then two haploid cells (hyphae or conidia) of
different mating type fuse to form a dikaryotic cell containing two distinct nuclei. The two
haploid nuclei thus coexist in the same cytoplasm and, for a time, divide more or less in
synch;ony. If a cell initi_ates ascospore fon_nation, however, the two different haploid nuclei
can actually fuse to form a diploid nucleus, which contains pairs of homologoﬁs |

chromosomes. This diploid cell then begins meiosis.

A "heterokaryon" (or a heterokaryonic cell) is a celi with two (or more) genetically
different nuclei. The heterokaryons of the invention must contain nuclei from cells that are
homozygous for all heterokaryon compatibility alleles (except for th‘e mating type allele when
the fol gene is present). At least ten chromosomal loci have been identified for heterokaryon

incompatibility: het-c, het-d, het-e, het-i, het-5, het-6, het-7, het-8, het-9 and het-10, and
8



" WD 00/ 68372 PCT/LTS00/ 12891 revi ew of secretory signals that are known in
filamentous fungus axe provided by Dalbey R E., et al., 1# NQY 1403174- 478 (
1992) . wihheo/e8k2l | ed arti san can readily generate expressi ®ETIF00E289hat

cont ainfore Q¢ iMFefed 15iedidal Bertirshout., YRl RIRE! 6@%?%&351—8 b6 .
application, reconbination units are generated I nstea P fe expressi on
uni t s Microbiological Redews (D832 #6186 cFdy8t 4l ei c acid is flanked by regions
of DNA that..contai.n se u&i&ées tﬁga% are honol ogous to an integration site in
the host fuhE%P STHRASFT THTS A EIS8 SLIAne I nereces logi.dheyats Unable to &18t i nul at e

and di S LAk 1k r I I iLfs and the
host cS Eﬁ%@gﬂgg&%@ﬁg np{oe o%ﬁlggﬂ:hgg oﬁﬁlir?gﬁg? ggﬁ)él eogﬁ“%pﬁéﬂﬁ@léa%%sr 'té rﬁgxlt nis

pr ef ermiekginfecticit of ¢yaopiham o dxtradctindd uRKEY Seh WHBh HupliatiofP{Pasidls an
expression control elenment followed by sequences that are used fox targeted
r econtslipleidsy are hegarozieaup far heporg et miore alisles, gravabiiiniphibitedond highlp pr oduct

i nvol v, Lnpenicidli ction can pe.introduced intqg a hqst fupgus and
t hen ha(;%(rég oaglng‘sh’%&e)%%] ih%gegl onY %Hcgrr@gﬁg%%y @é&%ﬁg%yyw%&ﬁ&eﬁhﬁz %‘?‘Q’S%nei ty
Wi t hi nweretfiitgRtiaed by GeefokatydnhestdOpter-6 hﬁﬁﬂ?ﬁ of®loc] Wery dRki By Rg8g s are
sonetimes, used to _produce internediate vectors capable of transformng the
ul t i meduplicatians) ascdiffeesnceasat hiehloet ansdioatreoh icnatwriabpopulativsisoddrant s can t hen be
grown to obtai.n the desired gyantities of DNA which can be used to
transform afvﬁhfg%?!@& aﬁllie eénéntaggsaf alsg ast asdef zenss gasEt, althavghiomesiay| abl e
baCt er- r .1 N r I i | . for

excarpl 5 TSKREDEE BrshytE m A ReRR My LoHoR e AL s HARE MG OB

i ncl udthe AP teacnbiBd YZhug, Fp&ite matiPtypediap @8d% e eralNeRport@l¥ddibthe kbmpidx! be
understood that this description and disclosure of the invention is

i nt endeEERsERAEEd ith thepriferatien of heterokpwyolic rprogenons hyphas.tIdaat36asde of

t he i nyanty o £, e b focl i thi .ne .know edge .of the.att to

i nser tz,{%(;e g‘?%v%’rlféugs?T?%Iﬁetlgbgeﬁlkﬁtomaec‘%égtghggQ?eﬁg%wgéépf%ggﬁgﬁmgn open
readi ngssbeiare wiili dppositsmating tipealllelesa bed b i apbh@ssdokitidutéepfal t he encoded
nol ecul e, and such gene products as can be generated with del etions;

addi t i emBpabilitybeing affacteds Thws(zelAat rya)dwterckirponshandedhidy oormpatindt end
i d i.ncl uded,in the i tion. Nat f the P t Strains Si
cach oft sl s PR ne{loblHFe kP RAy Bflc anf Al Rumlications EopamualY BRIy ons

of thegg{ea8pRisetnvention will contain ‘a menber of a popul ati on of
heteroFogous nucl ei ¢ acids, conbinations of these strains in various

het er okar yoif lpgphet froentiver different stpainsithze ar Hontyzypeus fob thewdhipatibilitglozbatei ¢
pat hways. .| f known nunger of gene products are involved in a given 14.
12 Ncéf%i?s" ey BepcRse y RpEsTaus oy tho Sarme Fiedimpain perticulps tdiea Kasign it foensd
MenDEr gs WedtibPbdIB| XhE Wb} Ainix& A2 tldUonBtT R i ok B itflnd 1N92
strains to permt expression of the entire pathway. I's I's despite the
fact thatulbtivgin thbsimredattoplasthef acbnpasieniyetlifitia Nns nay be necessary

dependi ng on the how many of the necessary gene products are encoded by
each het er oll&§&athedsandcompesigions,af e presshtinyentianeprguide and ssrepanelal) be

f ti [ t | I d. by the f I
R o e S O T e SR
pr oducheterok@ffond eWhéry ehetitictérokirgohSsrsa bHHaRHalSRAANEE thebofobPitssds kb each
arranged i'n a contiguous cluster -of -about 6 kb, heteérol ogous nucleic acids

of  abodifferem mesabolid pathyvay. or pertioadghencef. has desskibed belopathelpanelndfer s t o

contain on.average four, parental straips to express the pathway,. But if the
et er ol ReIEN ar Eeadly B8 sigr Lor Sffednarmmiiv e ioodar Bfierag eihciain onl y
about  ZcRbhiRp R84 PR a?@&&lr_okaryon on average should be sufficient to express
t he pat hway. ~But ifp he four codi ng sequences were on four physically
separate chronosones, then normally. a m nimum of four parental strains

cont ai ni ng het erol pgous_nuc| ei c, aci ds of at | east about 1 kb on average
woul d be ne trumwif@mabmamn@ Librgriest{coniaining Hetgrologeus Nacleindrids cannot

ot on ayertas SEIR B AL sl BE WrilaSBey Shf b hiodhim o b Shor O

suf f i cithetefirdtiengdeesat teldwinct i onal gene product to result in expression of
t he pat hway. The above scenario can be further altered if one or nore of

t he gene products can be functionally substituted by gene products normally
expressed by the fungal strain used. In the inmediately above exanple, for
instance, if one of the four gene products was functionally substituted by
the host fungal strain because of its endogenous netabolic activities, then
normal ly only a m ninumof three parental strains are needed to express the
pat hway. Thus the nunber of parent strains needed per heterokaryon panel
menber to express a given pathway.. depends on 1 ) the nunber of gene

I R T T . o o o N\




'conbonents in the netabolic pathway, as described above, the nuclei of each
of the parent strains nust contain a genone that results 12 ¥0V 2003

char act @id §ildssr2t hat renders the fungus dependent on the p one or
nmore additi E’E?ﬁ%%w9boo3 VO

al. charact eﬁl)ifﬁsét' céqsa), supplied by one or 15
00/ 68372 PCTAEEDGPIBHY éL?) dHeuan kg ‘Jibrea)’ or f'ermbimetoriaklibrangeof t he
condi t hefefo A f - Thus, the.nucle of each parent
confers a cﬁﬁg@gcszt%gﬁcﬁh?@c& mﬁ?tgﬁagoﬁﬁgﬁér&g%dict&ﬁhw?%ewlhgﬁq t{l}F gﬁf}fthHEmF%‘l’?gus in

whi ch iquotes rdatntai phuality of wonitretsuooateyrisitiehetetoldbos HOAGARRSEH |o§§ 3t he
one or nore characteri zLi,cs) is also present. For exanple, heterokaryons

resul t FRYCFPYRFT $rpakie 9f Peing srpisssedibygegulptone ekaleatstrianahily fowd asestitngd havi ng
each sty:ai By ack . of different particular nutrient
cRSh St B BRI R BB o Bl T Sl e
resul t Suoh libriries &R§HRHreSenMsCntipptsHAate host B@%&is}&’ R %I %@ﬂ-{eﬁgoﬁlg{ﬁ%l;%gs

so that the deficiency of each one can be c erfente cy
of t he ' exessithpheterplognus wholsiodests and betrhit eembirtatiogfbStha HRtdralokbidmidleit he
medi umacﬁgrtoggc%rrrpl e, if three non-linked heterol ogous gene products are
need tO0 express a given netabolic pathway from another organism then

het er ol ogousThaustkeRith o ¥&rnfSinfgueids i lL.d.be.introdyced.into three
parental strains, i ndi vi dual] y Sgﬂgﬁe%ggﬂ{%ﬁ ﬁg%sg%gtﬁdSFrﬂﬁtFaﬁé%n%alY and
Z fr omreaséiopuinvolvengmsiiitedmoléeulest Bnelepathwajsinap B8 aRfioleqlle. (HISSAtRfhNS can

be sel ecﬁt% d bégcgl uri.n aan ngdi a lacking X, Y and Z. The required nutrient
can be & Gass‘ﬁ PUR LS RFFAFRLYeY 1R BAR tosrpdyqs metabolitessoisresult imya degradative
whi ch, 28h& a@m i - Vi d iJ abi |ity.of. the fungus strain to
gr ow or surla}\'/i ve. Elgsarrp g@“@ﬁ%@@%ﬁ%ﬁ]&? ?’ebﬁ? By thBFFélﬁ'Pstthﬁﬁ%Fc’crﬁ}ée rel evant
Ut ant syhthedisidBdesiiableantisiiolied shoh Ay aiiFISdY, Bhd ARl fints %?& Bhguah -7

S

rrutant?P), .proline (aga mutants), arginine (arg-1 ant's), citrulline
(ar g- 1 Prolifesatys pompemndsagivrdl asabeserfor thatexpressibmbf ndegirabid ddgradutivehol - 2

t ant : i - 1. { | ut.am I n-1 t ant | i
(e 1 2R chetdea kiR Bchaad 601855 ‘Shctonlerty meefemadkmetsbalites and
et -6, ardthaseipreddusyuARhoVm A0 nly i ERRIEB Chfies o BFluiidu U AN Soiiaf 2

m xtures of aromatic am no acids, such as”a p- am no ic acid,
tyr osi Aeetabalicatiyays magepopsiblnbyshairiverti¢m.equi red by all aro strains except

aro-6, aro-7.and.ar.o- » m Xt ur f tryptophan and phenyl al ani ne
(required forC%gf o t?ﬂfﬁ%t?s '%%‘SR?‘EF%Y@T patgwawca epmbinatiomdf one ¢rraguei r ed

for il Velerolgo ; : ] : | al ariine and tyrosine
(required fo% p?ﬂl %@aﬁﬁlgﬁlt?gg %%ntg g?nc%pg&gﬁygéhﬁéﬂft eﬁeéﬂ]?"lfyé%i é’ﬂ(ﬁSan- 1

mut ant Spmiirktiohs tciude nitleic 2idsfilorh intylore HetdraMeshs souréeih AU Eb&E bases such
as adeﬁ}i ge lgad-z thr?%fg]rar}'1 d-4 and ad 8 nmutants), hypoxanthine (ad 2 and ad
3 nut antCEFoRaryRaskel S AFiAS Irgm epeaTaRemdietemplagdusmour@s inuttent s} 16 ~
2 Nov %@g}ow‘g}géﬁg%n PCT/ US00/ 12891 (5) pyri m di ne bases such as uracil
(pyr-1 through pyr-6}; (6) saturated fatty acids (cel nutants) or

unsat ur at ed Adpary” eccipdsticn?@f aadetaolicthatiwdy refhtdsab bie 8F HJJ:?? P%é ggtfttjs?Ub e

bond in the ¢iis conformation at either thé 9- or 11- posi y“aci ds
with a BRRSFECIRASHRIN; 3k lapteonerbioehenied repstion bostepin thepathwysi tion, and fatty
?ﬁ:c g_s 1Wa$12 | ,;“%&&;gne%{’sqfdaox%gtla ol?coga wilyqto?E)grl%%ge?gof?l}glar{ceét trc])yaI geer;li p?'géit?c%es
S functioning in, intermediate product produced by, or final metabolite resulting from said
metabolic pathway, or part thereof,
“Heterologous” relates to nucleic acids and sequences that are not normally associated
with, or endogenous to, a given cell. The term also relates to nucleic acids and sequences that
are not normally associated with another nucleic acid. Thus a “heterologous” nucleic acid is
that which is normally not found in association with a host cell into which the nucleic acid is

introduced. Similarly, a “heterologous” regulatory element is that which is normally not
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(7) physiologically inportant ions.such as potassium (t rk|)' @) @ gar
al cohol s such as inositol (acu nutants and inl nutants) an%j I % ol ; and
(9) ot NQOMBEhic entities such as acetate (ace nutants) PAE 8g3%t ar at e;
succi ratre inrmbaiaionfwithanecleic doit rawHRhyEerdghiRforyelenitng Is cdvaiiftlyobenzoi ¢
acid (pah-1, -2 and -3 nutants), and sul fonam de (sfo nutants at 35C). One
speci chedawheberdissctly 9% indirpgtlyi t i onal requirement is the Arg B+ gene

coding for th Lthi transcar l.ase. Thi.s,.enzyne i s present in
wild type AA ﬁ}egagémawﬁ%%% g@%@gﬁoﬁl%u %ﬁe?tﬁgﬁgm # Relpbalic ?P&‘é‘ﬁ%?ncan be

pr eparif@riydideysictidfin & pativayCot C0BYPr&fuct SHGRN %zaaﬁfv@%t. e Hay'WMelthe
ultraviolet radiation, followed by screening based on an i nagl lity to grow

on mi riraduct efdisingle gepapredichpt bioghemisal ieagtiam ogoHaplunality ok genmprodndtai ni ng
ar gi ni n@. (gcgln&h iont &i ning this genome will grow on mninmal nmediumif they
al so i HAIRCHHCAAF s oRhcl eus. Al'so useful for selecting for (or "forcing")
het er okaryog "Bﬁélei%tabﬁlrbrﬁb@ing%’Ecﬁe??&ifcf’r ﬂef'%esttg Ehdt 553&?0% cﬁ'rlé A1 &otfle :
resistance to any one of a variety of cytotoxic agents. For exanple, in an
al t er requeneeeviichiinag be expressedf eitlier byaegulatry elembaralradycpresdt i te for a
nutrient \Ahil.e another h resistance to a toxic effect 1 nduced by a

noxi oUMClFiATIE OF Whap operaply; [ked t@ appiopriate regulatoniaelementsy tormradidstal

di t} - ' i ch the.
par ent MHEorEh e o dHl TLA0 ul AIRGIAL L. FARe Rotl e BAr RS o

a_t oxi £nwdléieatidl rfukhdaclerdcidsaanbe deri9ed Sol) §6 SAMpR, hRskabyotRGequaregr al 1y,

w th the presence of the shg gene bei g&requi red for resistance by acr-4

and actDB: fromeykargotic mRNA; andganentic EEVA tsequencesdindra enkatybijc BA fsuchtas - 1,
-1

cpc, | r {eu-2)).: dyes h mal achite green (resistance conferred
a@%f‘#’&rgg&(“?(élgg%f)gﬁlgélcc@ﬁf%rred by caf 1); purine anal ogs

by acr-
(resist anCeﬁﬁcﬁeoﬁaéﬂéiﬁ.{éhé@isaﬁﬁex%bﬁrlﬂ{lémt@%gﬁfa;lﬁ? Qfég,tegwﬂexpgle%@r.l:

resi stance to 8-azaadeni ne and 8-aZaguani ne conferred by aza-2; resistance
t o 8- asfentthe expression ®f e foamenipue host celbnf erred by aza-3; resistance to

6- met hyl puri,ne, conferred by nep(3) and nep(10); cyanide (insensitivity
conferred bf‘PcAKPESSION PRE ﬁéi%i%?)m%m acigmeleele ot isaperably linkgd to

(resis . < . .683.7:2- '
bCT! USP T 0o Rt Eparret Bofessich bt Rt Mt hib e Bilina posy 1
and - 3prganisnourmdee afjpropristt aonditions)f Thé fguliord kendehls ofZmPHassBnAIniGRSE
(resistance conferred by_d% ), .edeine (resistance conferred by edr-1 and
-2): ebathose permallydfoyrd with the Areleicagider those recothbinaatly infrodheedor esence of

p-fl uorophe [ " xD if the ethiooning ig in the Dform;
Pl uoro compay ekl 80 By cobsiiong et stris e BpS Frozeafty
5- f | uonoeleicdiclie Haye€Becht iat6@uded addoks thY 8t 6QAMBMbEeD Fof Pibkarydi&sSiushagce to
5-fluorouracil being conferred by uc-5 in an amoni a-free m™ni mal nedi um
resi st facteria femxppenous b yaay e meinsaidedord huepisomaldilemerisiiclyacapfasmiced by
ud 1 ) n.and fd.uorgphenyl al ani ne (resistance caonferreq by fpr-1 rough -6
under  CSFRUSE rﬁlﬁffg&fﬁ %‘ﬁgﬁ ‘,Eo N&fﬁ’&&%iﬁfﬁé“ et @R&bﬁtgﬂ)ﬁ%/révffreanﬁigwﬁ :
met hyl HEBdafs orkttiintRO Sk Syeh [ i 1B a%h p&[g 05 fal HagL )
surface- activeoagents scﬁgg%bgfg%giﬁ?ﬁag%ﬁ orl %%n%égép{aﬂﬁrse ffl%gb ni um
~ br oni ddaughter defis tlabiginchromobbdmal @pli¢atiomi st ance conferred by sur-1 ); and
. metal ions such as yan&%gi'pq(resi stance conferred by-van). Exanples of

t

anti bi ot i cs 4 yisee@pingn T gost Gedlirelates te eellsithatihatie besns ergor will be

[ met hyl; j - 2- te regi.stanc erred
by bt RS SR SRR BAE REDRE0 b Teckm iR WiThihet 87 i RESTRE B0 5,
hour s Q&ig@iﬂw&msfomb&mcﬂnﬁbm;ﬁ@ge@um@rﬁ nystatin (resistance
conferred by erg-1 and -3); and oligonycin (resistance conferred by oli).
Al so usef ul -Avareeém &en bp gmpleyest taigenerate apopulation of heteelpgons
environneptal .conditio suc s a high or |aw tenperature, the |ack of
oxygen 1&g gciug%oiec !)%E}é??oél& @1 ?{ag%@flétﬁf‘\é\i maﬁ%l(fr ABt- €conferred
by 11 s-gllowfgd i anfibiotic peARi fanlil i I atd | gl iang
radi ati on?wglga&%i aélhhor I"ow ggﬁgf?%&p@eagggﬁamkgyaéﬁ@a? a gc]ég{l]%dr %{9@%1:-% erred
enbodi ment, the resistance to a toxic effect is a resistance to an
antibiotic such as anpicillin. 11 '




" Strains generally useful in the invention can be grown on 1 X Vogel
M ni mal Medium (N nedium in cotton-plugged test tubes errents
bei ng awlg%lmé; endi ng on the phenotype of the strain, exarrpl e,

hi stidin | ni n nd/ itol. Typical strains ma alned for
exarrplrgade brs %E 'r%@ﬁ@a}“ ’é@ﬁgﬁfé‘é OSﬁ&th@Jéﬂ@@trmefhsd;s@ownamdlefmm D. D.

Per ki N. crassa strain beligeved to be
usef ulrg%l sﬁwﬁ%&%%g%{%héiﬁ fa}):chl; ﬁg%tr?rg%lr%t F PIREY RFIEALTE 2534n¢fa ﬁ%%“Fy of

Georgia, Atheoplatidibfmsdleiaiavid Mokcales thadbhoble @bmpbhéhtt ¥P@ie éabdﬂﬂ' ch
contains a stable ga-2 nutation (M46), an atom9 rrutatlon , and ap

i nos (RabpwaY ‘}’mﬁhipéqq‘-@ﬁs amy h@lbiéﬂ%lsécm atmmlda}, 2an be produeecbumi@ sﬂaﬁd}ks bot h

t he bi ] ehydrogui nase _.activities and is unable to
gr ow o‘ﬁﬁﬁ%%%h%ﬁ@dﬁm&%&g 8§t & Bl EfeTEMPle. gepemis PNAnram %améhuns uch

as, f otorgmarere ch u?rlQHéﬂﬁl AlvhhGHE 108 er m.-~
18 12NOvV ~U§J§ % 00/ 6837 PCT/ Eﬁo&%%ggﬁlb%sr%%f‘%gﬁé?n é(?fgo’p n| ger
( ATCC Pio9Bal, phemisaldrsmzymalic ateaps forprodtdes fopulion@mRtiefsaci CRhifent er,  as
well as_s al ns sar um Gel asi nospora, and Sordaria fimcola, or can

be pr &M Wﬁ%‘éﬁﬁﬁfer? QRPURITEIAYRAO S E;FIPSttCSHﬂJé‘P%Cm be vesidtoaliteetly requires

ornit mﬂﬁf&{ntﬁégbﬁlc@ﬁ fa de his strain,
whi ch | acks om thine %as'?%}égn%%??gﬁg er aft&ﬁqﬁa usbggﬁ:ség}s%%d H‘-r{

(3S0( - t)}@i@ssmwmmté)efm trgnsfmmgndh Ini the forfifer LaseNihd Wudlesc &E&w@ﬁ&?ﬁé bed by
Cove, Bi OChgcgaaB s Act fa{q(l%m 113: 51-56. Standard, procedures are

gener afiPyeSs t VRETeRR At FARRentts) were already astdciatesl whidpthednitarcasd as
coni di ods .Enr 197 | 7A: 79- 14 Mycel i a
are tylgfcgg?}(é}asg%qﬁen%Eﬁgr%ﬁ%&@gyf’ %Béjfegi‘ tQFy Flemqrs, ﬁ’e
descr i peshlitionligstietddao dk 1ﬂﬂegra-’3edQﬁ{d th@'h@kt éen&%Z%)heﬁzﬁlﬂeﬁ%us Eﬁ%&nm%tlfsgd ns
can generally be grown in either Vogel's or Fries mnina
suppl e@ﬁathﬁ é%tw[m@ntlh@g@ﬁpnofbpﬂas elsndbe pessibility,of shectucdeic adids bemgniplier the
hIStId t / or rp(each about 80 p,g per m);

¢dbitrol 8F gdj gh?gﬁgh{e%d%mal eg

-am no en20| C and inositol (about 0.2 ng per

M. Many fmnaﬁchg@&ﬁtaumo%ﬁdlexw@id%ﬂ B@éi!erP%E&ﬁ&ﬁr 3 bESAS S BBLNG) Y

avai lable. If not readily avail able, howeve one o ry S

art cashemsieal clgavageor emnmenehmniysm tBHel stae, ofthe estiltan ﬁtagﬁieﬁtscuaas*oe\/\el | - known
in the art . f arat ei ther the desired nutants or the engi neered
nucl ei WF‘SF’ a‘ef %ﬁgr@fﬁhemﬂ@éww skrevery largsgenemic &agmentsiihich are

par ent oy 0N RAIR LIS RN d DS L APL 6001 QM o2 i I0,001 8372 Fir st

Nucl eus Fir st con

hi s 3bgcn]13y>ﬁks %?nggﬂ;leﬁﬂmaﬁ bapeefertéd. - FordthekaioR fragmRARNLsAltebRYAzmg N 0 V
~uo
with cognate cleavage sites that occur infrequently may be used. For smaller fragments,

restriction enzymes that cleave more frequently are available.

Alternatively, mRNA can be first isolated from Penicillium notatum or P.
chrysogenum and then used as a template for the generation of cDNA molecules by art-
known clomng methods The populations of cDNA moleculcs thus produced can be 1nsencd
into a suitable expression umt as described above before transformatlon

For the production of novel metabolites, heterologous nucleic acids can be prepared
from other organisms for inclusion in the combinatorial metabolic library. For example,
other species of the genus Penicillium, such as P. citrinum, P, claviforme, P. expansum, P.
patulum, P. griseofulvum, P. cyclopium, P. puberulum, P. pupurogenum, P. rubrum and P.
marneffei, produce other biologically active metabolites. Thus the inclusion of nucleic acids

from these species in a combinatorial metabolic library in a filamentous fungus would result
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" Second Characteristic First Pro a Fusion Conditions arg PMNpRB 48f 9 aro-6
hi s+ m ni mal nmedium ( hi s+ MWwbm cycl ohex' Mutbm +cycl ohex caf 1 MM
+caf f eMoe00vi83MM +t hi ami ne +trp+phe As seen in the tabl e, PETIENO0D/A2891 Of
CONp! GHTRALRIryOAAAC @t BhiC 4RI ChinbEAIRNDBE RS lichiRaRlgSen Lo Tit
various fusion conditions. In general, the nutrlen? requirenegnt is
mani f esmpdnéngs fromuthaset vasioussprciashilhethdnevats,|thé yathway esmponeney éroded by
subst ances maé_ for e cogv.eni ent. | \é}ﬁbe COEf erred by nodification of the

R

nucl eY&RQRS RPTERQIQ8PRs BULPiS ey dn the heterokaryon panels wilk be ghlsdo interagt inatvael v,
o R . ; 5 A
Such oot Ros Pﬁ% A EBME! Bl Blogohl ﬁ&\?‘nptgﬁérggt°$§’r’¥§fsag%e¥1§’%%§1‘gf}%‘ﬁ’&?f he o

resi stpaodieingamovet metibblites e Thbse panieh! dadbeoetRhed R thd proBSctidASHréNBudPXi C
conditions are present. In one enbodi nent of the invention, host cells are

convertdentifed meisholtossingluding roviehandhipties.on. \Wien spheropl asts are used, a

f d ' th is,b ti ' tioon,.of th |1
oreferr o0 gL, BERAELES BT Lol tevrmtLE Shgcptlon o Lhe e
of a Stbpaad SEmeNaBd fiPEorEbiEXeRL] MeHibgfis iigf’.ﬂiekﬁn WbBh O é?%d&i'ﬁFhél of the

art. Useful enzynes are those capable of digesting co ex polysacchari des,
and arconttanatipns ob mgtablolis pathway\womgenerts éutbiheterokaryorepaelsng f ungal '

h | ast f . de. | et f f I i es. Specifi I f
sui tabl e erdgREYe SF GRS Oupiomamuitarneslasands pesioured ot amholhe shotnd
J-gl | ' ; . : ts.
1 20 e e R S IS TR P el 2B A L BRDRE AR P

val | pexkes snidom dsitehiirentsd mimastied PCRapemite inkér Ranniigwansteneyibiadre cel l's
of the fungal host .may be used along with or instead of spheroplasts. To
nodi  yeheREcal gad phsical myiagenesis can raagily brased @tgeamtetaapmhtmnmgmlmpr ess a

het l.el | . ' f the i ti | , |
ot hor viLeHSTeclS Bl enideners I R AT Cofpandhly. JREGRm Bk THBRBD] nant oA
t echni gerefatéd @t rafioRallyaddsigned POR priv@efiidah lbeQhsed EgeRbiate ra@bmlc? ¢htBE@HES are

explained fully in the literature. See, e.g., Maniatis et al., | ecul ar
C oni ngeteragengiiyrinaproteimangading seggmre. D.N. Gover et al. DNA Coning:. A
Practical Approach ( 198S} Volunes | and I1; digonucl eotide Synthesis

(M J. Gait ed. 1984); Nuclei Acid Hybridization (Names et al. eds. 1985);

Trariscri pti gBnaftibh 3N EkplesQon (M 13l0gbaSfliclefd ) Cel | Culture
(R 1. Freshney et 198t cibEou logbtdRiclel &Eélgsa); B.

) ; MDD 0=

Perbal , A PThetkprassic@units contalifihg atietarolcgom mucleid 24 hre donsencted Bsiag edlr e
for Transformation of N. crassa As explained above, the popul ation of
het er oRBRIRIISCHRGRES: dD geperal 28 expressian gnibisgencrated by placing a nucieic acid

sequence into operable linkage with control sequences that direct the expression of the

nucleic acid in the ultimate filamentous fungus host.

A variety of control elements are presently known in the art for directing the
expression of an operably linked nucleic acid sequence in either a constitutive or inducible
lfashion. The choice of a control sequence will be based on the fungal strain used, conditions
emi:»loyed for culturing the fungus, the lc\'rlel of _expreséion desired, and fﬁe' nafure of
expression required (for example, inducible versus constitutive). A skilled artisan can readily
utilize art-known control sequences for generating the expression units used in the present
heterokaryon panel. | _ |

In addition to sequences that direct the transcription and translation of the protein-
encoding sequence, the expression units of the present invention may further control signal

sequences, expression control elements that direct the export of a protein outside the cell. A
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" parent host strains of a filanentous fungus, such as described by Stuart,
"Het erol ogous dineric proteins produced in heterokaryons."” 1§t NBl NRpPf
Neurospo%(g:rﬁ%@a are publicly available fromthe Fungal Cenetics ock
Center, BR%Y pendently prepared strains can al so be useBCTVROURS]! nay be

i sol at el 'dew wésesretary dignalsthaharedknbynSh filimentets ﬁinguﬁa@%gwae& by Bhibey R
54:677- 685 andg@%?f"'% @ %neti cs (1952) 37:217-26. eful straind can
al so be ot 8fn F OB B 982} kThesskilledoartisammernoeadilyngenerasé expresSioraunis ar e
typi cal khat @bRMh Rbreto | ard I dium ("N mediuni) in

cot t on=pl ugged teste trgg}e@,ggv?nyt %gg@@per%flg’eg}élﬁpenents bei ng added

dependi ng on Inkee spplivatios, rpéwenisihytien urSRNes pRARSES irf%;éaadlé? B APredith o ﬁgs for

transfom?ti on. Tq form conidial _spher_ogl asts, the Tungus 1s"inoculated
onto 25 Fudya & the hetsrelaeans nuglein acid pr Banlied by rspions eNDNMUsthaticdmain to fi ve

125-m §g I £h have heen.pl.ugged with cotton. The cultures
are grov- @W@%ﬁfr % gﬁ‘gg‘%\gﬁ%g" 01p¥e§ya?1o&§y§ In ¥rhoshingakstegie Fea vest ed by
addi ng h6nmilogofis BequeAtes s thefa6éH o skl i 5E 00 NG and
swirling the f|lask. The solids are all oﬁggﬂégggéﬁo%g??%oﬁség@ﬁlﬂ%m es. The
coni di aPehysentherecempination uniss am thathost chvartdosiee SWBEO tdtohdth MBAGNNRY afecn t he
nmout h oﬁls%trllferl epme%er fl slﬂﬂa%g secured with one or nore rubber bands. The
£iltrat 857% HWERoS, 3R Is BrstPrehly frg iaasiorned withom expression unis ticontainsed by a

henocyt eRpietsior ' ' ' d as.one. 21 1 2 .NOV 2003

WO 001 68372 5&%%06/6%%3 fﬁi@%@?ﬁ&gﬁgﬁgiﬁ%g%‘ﬁﬁ? gqfiﬂsstesaﬁf@mzqwt@o m

of | i quiFer Rxaraplesmuxdeit acidiengoding dkaowh @ete PRALAIRVOIREL ﬁ%ﬁeﬁﬂﬁﬁgﬁg&%%n;he
In -

coni di a are %ﬁ’gﬂﬁuna&a.ed ig t he cotton-plugged flask while 'sha 00
rpm fof2B28 £eN1q B ARStt 2l {hea hamaelpgonsirecanizinatiGpartia\oan he usedat ed

and t hej - oni_di ianeters, in Jength. The cells are

harvestéﬁiﬁcggg?ﬁ£g§f%gﬁg@ %%?édlrgéﬁp%g@??ﬁw GFOSO®E i nut es. The cel |

pel l et is rirlaedntdiaedobismBSsomhdtimavaised to Jﬁ%@ué@fn'té?ﬁle&ﬁtet&g{b# géé)%HFeprPgnqed' in
p y enzy

10 m of 1.{% M sorbitol, and the spheropliasts are prepare tic
renoval UGRsioFaingdhe nitirate fingal eadls| Thelintemnddiate baeterislmemsfosesnts 581 iehbe

condi ti . "bursting' . of {he spheroplasts as they are

f or med. e ?)é)%@%@\éﬁg ?%Stnlaégélbl?}éjt&@ rog %N‘ﬁe‘”ﬁ’@g 1§88 be tseddp tiapsforma desimed sky,
Proc NatfilarAemEusShuingliifost. 1B85hple8 31 48RS biE bSalh Y vekd ansterile 250 m
Erl enneyer flask, Fhe coni di al sugpensizg ?@ﬂ%@%l’?‘g‘{”{‘%i VEHIEBLCABSRS B a
sol i d endigracdigt yegorshipeivde. fboexampie, pBRB24eHUTBH paS. NAAMm LMY Ry 234
The m'xti re iqs tshakten %88 rpo). at 30C for about an hour (~10 minutes} to
di gest tHETRETCXEFIPS gpiude BHY 205 pBYR op Tl SRuppi88mad pOVNZBmNROZEd by
exam ni povgesal | aliquot of the mxture microscopically under a cover
slip. Spheroplasts can be detected because they |yse osnotically when water

is applied tdtwiébenudesstosdthat thiedessfiption ﬂﬁi@él@ﬁﬁé&t’ﬁ@%eﬂti@ﬁ ii‘l‘ﬂmntdl% ed
es of spheroplast formation. The spheroplast

frequent at the |later sta oJo

m xture 9 §°¥Fé r?f@fi’%i‘ﬂ?’&s Q‘agf‘@r"iﬂf@n thesspinit andrsicopé ofitheimviehtiore Forbexanmly] it he
spher opli@gk® Vi ifuging at, 500 rpm (1Q mnutes) in a

SW ngi né buc @gﬁgf'%\ﬁgéggg‘gn% r |§%£gfg.’ H%ﬁtgqﬁrégbﬁtﬁ“ﬁég‘b%q 3dd encodingised twi ce
Wi th 10 mukleofidds. oF aWoper Biaditly fdifle (WBBuIARG&al; ih O HUM; sol uti on:
91 g sorbitol; 50 nM Tris-HC ; 50 mw%:aCI &dﬂé%&%f%?teﬁrg%%§g§fust t he
pH t o -8.5Bcodgdamefeaule,iagdsuch gene produdts asxdandelpenentedstittp@dlbiins] sddtismaded in
‘a-m xtursﬁbg%&gﬁsg m Seﬁ& 200. UIDMSO, and 4 m- of the followng PTC
AR R i A i B oo i

i gna,; ris- ; ; sufficien o adj us e pHto
8.0; and g.s. to 50 m. The resulting suspension of spheroplasts can either
be used dir ec¥atyremf the Barent Straimen in 1.0 nl aliquots at -80C. In a sterile;
15-m screch%g tubg, gh.o ~t| of 50 nM Sperm dine solution, 5.0 p,I of the
plasni d DNA tYRECACR o Shecrarent fungal sirains wsedtin oxaking the nane béhétetokanjong ofls
nucl ei c tﬁ@Pﬂ:s@dt‘ﬁ%n%ﬁ QiR oot C% %g{xh%c n%klg{?u?é%%g oﬁxet%?oqggrgluls nqlglsélicséc%]s?e

(usually at a concentration o _
-combinations of these strains in various heterokaryon panel members will produce all or part

of various metabolic pathways. If a known number of gene products are involved in a given

14



WD 00/ 68372 1 2 NOV 20p3 PCT/ US00/ 12891 ng/m) and 5.0 ~, ﬁ]ﬁfN 2 @8 /m
heparin solution are m xed by flicking the tube: The sperm iH ution is
pr epar OBV K Esol ving 12. 73 ng of spermidine in 1.0 m TRCHHE0MEAUst i ng

the pHpatbwayhe hatdrakarydrepasilmenibets willOfdrmbilg cHR@AT dt 'lea'fsP{rﬁﬁ h@RbeSofPr epar ed

by di ssol v#' ﬂgﬁﬂ?go .0f the sodiumssalt of heparin in 10 of STC and can
o} Hinggl ik

be st oP#¥§! 13 o PEERY expiegsien Af thetentiss pathway.uBhisds dedpitedld factthan

| . : t.h | in.. i t h. About
561 100 ¢ o RO ERR TRl Y08 g ity BB B roenaiBg on e het A «
then i ticiixetadryogenie@eodiaes ire 38todied Bl Q%ch H%rdl%ﬁ@?ﬁ%@% R5d '%rg;{jtz%@an Yt 20

m nutes on ice have been successful. About 1 0 I'S m xed
wel | bihe gengprofyicisraay he &inctipeally substimtddsby geanetpaddubts nurhiuly expres by

t enper m nutes..A Re eratjon "Top" Agar is prepared by
mi Xi ng%eg%‘ﬂﬁéﬁgé@%gée%&seﬁ“?ﬁﬁﬁdf“Wéﬂ?‘gﬁ&l%a%}hww Fquires Erur gespprpdyeshi t ol ;
and 28efcctiddby fdCintroRlesd&y din . . 10X EI GS sol ution
(cont aieni ng Syg/ 1 fnr ucteose,dllgzeﬁ%gﬁggygg?éq%%%%hg}rﬁg esdgl,n LHFUBYSs or bose)
i s addebuster 8f apousts kbhbeterjogmyanucieid avidbst Adunl 5%8-ih Magm i@ i nto the

tube contai.ni ng the spheropl asts and plasm d DNA. The contents are quickly
m xed fe ?‘ﬁ@f&%@“ﬁh@gﬁnﬁ?@ﬁ? CORjaRN aymsegeofonr paramtel sirains toexprass ther ni y

d ' " ' . The, " bpt t o i d
by P ety P BereRIGE N huoR A R HuonLE o Raebin SFtes: T ©
addi ng ohXabiehCS straitls penitetgriok {riybn ba raoeﬁaFe §18518 ba Beficlept HSSHTES tRe Hﬁﬁ%g%) mt 0

. g

final conce tra#i ons of 1X and 0.5 p m respectively. A'vol une of
of "bottont Ak the Jowrfioding seqnences pera on fluapbysicallyseparatedchrombsomies) theaf t er

the t t.ne bott bubbl es, ar¢ db

1 am narorsay SFSpEEE o Rl BT s Do B bason Pl lore e shlsait o
|1 di fabedk ((kben/bvérage WotRDe- Hrely,

The bottom Bgar bl ares. can ba b rar b e T8 e b PRER IR P

t he pl &eBrotgpeodermpotsthaniongmgenn produst.t Edhpolslitei moedathat3AE] Kbdengthliegitdtion of
the N ra€s E_tran fg:ﬁ[mant§, the host is thus cultured on the appropriate
medi um"?% "1%‘8 88?1‘{5)'5 3EMSRs S 12yBlY§necading eqginwere safficient 4@ express @ Aingfional
cont ai RieRE pRYAuSt b rBd@t ih ' nsformed cells are resistant) and
.incuba{yed gt about 3}9{&0 %ﬁgﬁisﬁg?gg%@gﬂﬁ%ﬁé}g successful transformati on can be
seen about ZPhe3dokosvenart cen bpfiathenglterSd abbre drindore b HEREHNS prsducaenaal | Y
scored after ree da of growth. The incubation period to detect

h
t ransf ﬂ‘&}ﬂnéﬁW‘I‘ Stwgibﬂgﬁ@ﬂpﬂ‘&t%ﬂomlmessﬂw thefnnigal lstraiphwadt Ipi c
mar ker -thgﬁnmeX}ch@)%@o&%?e%ampl_e, for instance, if one of the four gene products was

functionally substituted by the host fungal strain because of its endogenous metabolic
activities, then normally only a minimum of three parental strains are needed to express the
pathway.
Thus the number of parent strains needed per heterokaryon panel member to express a
_givcn pathway. depends on 1) the number of gene products involved, 2) the size of the
| ihéferoldgdus nucleic acids used;"3) their na'.turally. oc'cui’riné ﬁhysical arfangéxheﬂt; and 4) the -
ability of the host fungal strain to functionally supply gene products necessary for expression
of the pathway.
In addition to having been modified to contain heterologous nucleic acids encoding
components in the metabolic pathway, as described above, the nuclei of each of the parent
strains must contain a genome that results in a characteristic that renders the fungus -

dependent on the presence of one or more additional characteristic(s), supplied by one or |
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'~~, 'NOV 2003 /L1S00/12891 Sel ected transformants can be screened for,
expression of the heterol ogous nucleic acid by standard mej hogiss ofggch as an

appropr iwbeokdshHA, a col ony bl ot i nmmunoassay, restriction \e? Mggqlﬁg%lhgsi S,

filter idization. \nested .del etion subcloning, and the 1ike
present glx%r ean%rftglnﬁtram@, g‘ff&?&‘&éﬂ‘l“?b@& cpadigiops Repdttofermn thedhaterokargomsed t o

pr oduceTha, tHaliilcldud 39 i fornmed to.contai .
het er ol ogous nucl el ¢ g%:cih ,irg%td%gfﬁig\c/%%&é&é Tar lgﬁé‘ﬁ"g‘i e Hhﬁ‘e%é’d)‘éﬁei‘\;el y

af f ect sthgrfengus inmdach i frewintiinetl womavive andertitié chifuré ebABELAPIRLMhOBE: & NOT €
characteri sti c%il Cﬁ?{iﬁr@ﬁd by one_or nore additional parental strai n?l;) .
The resTT AET4EATE 15415 piescniy Eongtamnnle, Heserakarfendweswlting froyothreanel

nb ivel i d be used to t f
1 eshl zzﬁ‘r‘%ﬁ@ef HH8Y Yo seail P AR M) REGRE B o ik sstive o e ded ot
Van, ifferdaa) [3e netrieasthye bk . ' t
Cono D o ey S satpIl by'he LR &ITBR, Tt S Byokbl

general . conidia are harvested from 7- S are
washed fUsiops thas sesyitiin thespresanice of aweleisiep eldbreeaypa dfipasntat etiaingsoxhitqRe Of

2.5 x 1 - imately 5 f linearized DNA is added to an
al i quot Qﬁﬁﬁg%%?hd?%%o&gi}s?pcé)ﬁy%ﬁ°°atﬁ%lg¥1%5'o§‘{faﬁ‘ﬁn‘6f ok the gthes Ty, 488 GUMNIVE he
bot t om whemall elrechiteipptsate RRkMEIR tHefmedifn €Xanpl € an el ectroporati on
cuvette with a 0.2 cm gap. An €l ectroporator, such as an InVitrogen

El ect r opor at Ber ¢¥ample, ifdweamarhlinkaddidtagivgguademProictalieteed t@2Sptidsam and a
setting IQ); ﬁg@%t 1.71 F a(r)tg abou&1 200 ohns. Followi ng el ectroporation, the
cells aPeH q ISRag‘Bﬁ‘P' P APRthapeneaniimy Freprhejgrologons rucieip acigs from the

essent i atgalisAswoelad WeliRBSHLRRA R0 1Rk hgx\c%{é? 8&%@?,3%&&@%1& Q?ﬂsg“sft tﬁg{;%ﬁ‘{,? ntal

strain containing the heterol ogous

est abl i swiEigntsX,eX padidifrogn thecuitiré mediven  TRhLGFdewOayRdichsbefwdindR khy! ar
host cel |, usegerc\iﬁ& ezich. parental strain. Production of the Heterokaryon

Because ¥ $5: CYlRag ongpedia fackinesX c¥@mdiZ.t o be honozygous with
tt tibilit | el ith th ti f
he mat i ng ap i Paled SEEAPCAPITAY fbdahde Shich BS flokys srsinachpesiptor
co- cul t growtly op{vhiud, @it kbsdnk deflbusiy ﬁﬁ?aiﬁsQHQ ith@éf %%ﬁ%ﬂ& sﬁg&ﬁog&u%‘#r vive
d so t eterokariyoti c

al one permts _the selection of fused Tungi at the
fungus SHTViY§e ExAT@Isiod ysefy! prigptreqByerhgnthand fhestlenantdindthusts exdludeap! oi d
nucl ei of di{fiereni.. | .fungi.come to coexist.in a connon cytoplasm
Whi | e not wi g?l ng 6&g£e§g§o§'}$& arﬁ};’%éwetn@é‘bffhm%h /smpenisy\pseline#ga nenbr ane
fusi on nesattd)sar 13GH6@QAR), | f ! riicles 24 . 1 2
NOV 2003 WD %m 8372&% / US00/ 1%&?8?"%5? H}% 12%@@%?%32}{5@% SHIRERREY cel |
cont act shoJmeeai-lnarsk dioh2mutants), egsteinReéays: BATEME)! glafantiie (kA Mitahft) t he
cont act 1areaz thle@uclﬁia@dg to.full fusion. Because each of the parental
st rai ns GSHEMeHs 1-8LdYSIRE Ehs-Br BARdes). snsthioninedmac ditans and mez-6, -9
het er ol ggouUS) Ig@@gtsmraggtﬂ%gﬁi}wé;hp_% %n%s_glrﬁ&t%gtﬁget erokaryon i s capabl e of

f ah

expressing all or part o t er ol ogous bolic pathway The het erokaryon
t hus gener at €2) i s nsixaiséssnf arbmbti¢ Baind icﬁ@[gfﬂhﬁ%hﬁétux‘éio\f‘?d&ﬂxﬁo nzﬁROzlétidthe
same rab;er. MWen he eroka%%ns having two (or nore) nucléi are forned, it is
possi bl Pﬁn?’m@ﬁ&% azla@aus&rmcd y@dll dre sirhins lerceptiat®b, @t Pand
m t osi s ,af. i {i as fhey fuse. This type of nuclear
f usi on ;‘}?’%Fgg %@&E@g%ﬁ?@ﬁ% %‘?g?r'cf nxgiiqné ¢ &ﬁ%‘ﬁ‘ﬁd&gbﬁ’iﬂﬁ Tutgity), p mixarg ef e,
and t he isdlquiciniedind walins (rEquirgacforF/e-19s21ald 8) Ut ke QU GPURBEARGNRY ahlie -

hapl oid nuclei. |
tyrosine (required for pt mutants);

3) vitamins such as pantothenic acid (pan-1 mutants) and thiamine (zhi-2 and
thi-4 mutants);

(4)  purine bases such as ade'nine (ad-2 through ad-4 and ad-8 mutants),
hypoxanthine (ad-2 and ad-3 mutants), inosine, and guanine or guanosine (gua-1or-2- -

mutants);
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" Panel of Heterokaryons The conpositions and net hods of the presené

i nvention enpl oy a panel of heterokaryons. As described abdWiV £ panel
conpr i 3¥¢X0W/68872r nore het er okaryons, each het erokaryon bdGTHUA[aIMe of
expressing @) | epplimidige bakeswhogauacilishel Srdfghdsr-clhe preferred panels of
the present invention will contain nore than two ers, the nore
preferred cédt ai pathgteddedy ecidn (eed mutantirosynsatueatad Sty prrk anctess €Qrot &, ni ng

nore than twenty. nenpers. e anpl e of the panel of heterokaryons is a
panel Y e BatieR Bakfechain BESR fnfnmeion RO fen et or S icpostipiaty

coni di MidSWRRENMDUBRDRE i ﬂf@'t\’drﬂ‘é%hﬁ?ﬁfagi'oﬂit th%aﬁg%s?t?m, ahA G, AidLsh g o ogous
nucl eic acid fromP. notatum known To be involv i n’peni cCi 139N expr essi on
for exmupins ciadeublieedds mterupmed by meshylgnebiidgds @lfat Eindol@t € or ot her

conveni ent f7§r mat, Alter nﬁt ively, the panel can conprise a random m x of
parental st A ns PRESIOIGEISaHY Imporang ians sichas poressinmi (ré);known or

characteriz nu j J rrangenent ., the panel wll
conprise t or %@é%‘%ﬁ%&%&%%@ﬁ#ﬁﬂg gﬁ ouﬁ?rgf ) f"lﬂwaé}tﬁfaﬂgi%er‘}lh@d
resul ting heder ologiey organit entidies siyctas f2efdé Qice InRARS), [-REtoPRESARKAI¥ AR, t hat

expresses penicillin. As described previously, the mcrotiter plate
cont ai Flate. fpmaate ap firmeldely dagfor maggnts)i p-amindbepaoid atidr(prb-dhiZcandw3l | not
support _the .gromh.of a arent strapn. al one but which will support the
gr owt h"@aés)hﬁagg%f?y’%‘p@ftpﬂ’PHFaBtscaél}go‘gbd of nuclei fromeach of the
di fferent pghRbhalifiskkahMs vds&ls - of .t S|
parental fungal bstlr ai ns l:S}arry ann gg&%ﬁ@gﬁ#@%@%ﬁﬁﬁ%%r{{:gﬁ-?gééjeecn%ﬂfgr omthe
ot her, farttbe emtyynecenithine apakdaebanhylgseo vilnig ehfyraeistprenmciiad Wpele ngaeh of the
nutrients argety bsegt w || be conpl enentary heterokaryons which are 25 12
NOV 206Y3utggss EH%S&‘ ?qﬂé’wlegbcs B> saing) cas bepsepared by usiebnersspesifia he
het ero j i | ] e . styxains..For exanple, three
ot ol nil ARl P A e it LRk Rl Bgh b BRe ok RireR B Pada i
anot heiinabilitgite groy on adhiniz needd@f ccoupledwah aad8itP& glodcdh Sinedivy can be
i ndependent | y mai ntai ned on nedia supplenmented with the appropriate extra
et abo/CPRIGINIRE ATEHENE. Hayngs cortpmingthisgenoimewil grosv ammiriimiahmediwedifahey also
Het er ok ns ¢o i nibng nuclei fromall four strains, however, wll

RN R P

surviv 3 because each nucl eus conpl enents the other's

r equi r enent Ao WYGHCRY sélbdi %% g} LRXary 8 FotnhdtRhay Dext rose ,
50.0 M of a Salt Sol utsi onn befgﬁl), 1.%@21;\&?&;3ggglfoe+rﬁe%t%éaf%%%§go, and 12.5
g Agar confering the chafadtefijtic ¢f rebistanexitceariysorem flacvarigtysstl dyebtdxic Bpenth eF&al t

Sol ution copt ains: 120, 0 NO' 10. 4 KC, 10.4 g MgS04, and 30.4 ¢

KH, P04 Sx§mgle, pransaliarativsembodimens nora,ef the parents candayanmeasirementena 4z 0,

Feso, FIB0 e dnfhasiegiates oty HOLisgieed ble e Qe & ¢

mei nt aiantibleticle tvérsloamyatshenvirbanetabusndititgusich Bs h predbRHBMeH @érb(?@rhtﬁres'[ ate,
external forci n,g}éi s nmai ntained. G ow ng the heterokaryotic fungal cells on
ni ni malTapgsdiogvhieh thecatheripagent is senpitiveo remain together. |If mating types are

ite, f - 1ol b d ' ' bl +
23 "het er okcar SR GREBIE o ARk S enRRREIRR 48 it Auege FBdidutesa s, " |

ul ¢ ur | iflinc RAStanbe L RIBKA YPBer Glnety, WIARL pARHBUPTCARYEh BBRg

favorabl e to expression of the pathway: Any restltant p
i ncl uditeguiped ferrsistance by @atdrand mer-Ghdi-ani{es ) 2,4 friazole ¢resistancayorferedopver ed

fromthe g#l é’g[:e anp _guri fi_gg.i n accordance with standard techni ues
adapt e Wt Rs, lewd qrdenselpAyessych as malashite green (Tesistaneeconterred Bt i on of
th t . : . I i

arr | oo o) T stare oy dafd ), Wb e A ROEE kst e T BHAMEEnlAU D0

t he desande2|6didrhinapurineqonferdd b azack; lrysistahce 18 FaAAndeninedtind 8- dvabiiarffé um so
that the conponent can be purified directly fromcell-free nmedium _
| nt r aceFIFELd BY ractisesisfancsip Srazaguaning andbomescaptenarine confemed by veades.

Usef ul L ' Sl da ith wn procedures.are within
the. ski [HspbE L6 AR AP HBRGT it ingp (O SpREF GESBRENI! on

| on- excésifgeedby onvel tha Ak 24 HBLES ofalrbivii)! e SIAMR HeaS AR confHUIWNShiE

i nteraction chromat ography, and the 1ike.” Because of the conbi natorial
power available fromthe production of heterokaryon panels, the instant

i nvention provides an efficient nmeans of rapidly generating conbinatori al
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"1 2 NOV 2003 WD 00l 68372 PCT/ US00/ 12891 net abol i ¢ pat hways for use in

hi gh-t hr oughput screening nethods to detect novel and usef J‘, NTRA glites or
cat abolw‘ﬁ%gﬁiti es. Assay for Secreted Metabolites Mcrotiter tes are
conmmer ci %¥avai | pbl.e which are sterile contain fil t er s PET/YWNPLi zes in

t he bofPOH );éﬁﬁlﬁﬁ%mi ¢ @egystancescanferrasibyoyhol 43 anil e3)pohrpome: Gesiasceand
whi ch, 1160¥2 8 wereial avai | abl e vacuum filter holder wl|
depos) fé‘*ﬁﬁa‘?‘aﬁﬂﬂ%”?ﬁﬂﬁ%ﬁgﬁ%%ﬁ% (rpdlftince ieplem e )i edsing Gamisignce
conf i goonferred by et/i-il eind pR Blethiotiae pPicki S b inh .onde th

19 ITE0 OF @ur PR lethiokiae PieBidtahbec .@dgyeﬁzhle b?ﬁzgﬁ Su? gl rcst%i}ceo?fe the

cells and the culture plate all the while naintdi ning erii

or i gi nBrHHEPRIEKI3rERe. @pf tyraxD) iff theeshioningiisiad the M forns; Mlozd Gompband&uLECt ed
medi a -£.0r e presence, of a desirable netabolite, increased
or dec %%gé@grﬁggg?‘lﬁlge’a%ﬁuﬁp ,C%b P‘Pﬂi? Horqusiding (esigsancg iy ali three conferred

char acb@f#s fesiefting 8 1« SMBEUFEAPHLIR ' Niss testing .activity, .the
original " fungal heterokaryotic cell ggﬂlﬂéﬁ%&;gy%gr? lgénsaf"g?(gﬂa%‘ieeﬂfn%?ﬁl if the -
t est i nfpedineiassistasee tooS-fluqradeexymiding s -AuvRRIGdidd 1R owérﬁ‘ed)dﬁael gan be
stored . Wit hout a c%éopr eservative added. Upon identiTication

f i t
of a cé’ﬂ“tE @f‘grr‘]’?ﬁns?yq'f‘@‘r“&%ﬁﬁﬁb#me S0RfeTEd hpifer- hrakel i6 undet ¢rrtatretdrslitioms);be

renoveg. %Hﬁ : ul tured on solid nmediumand after
suffici ezir?t5 growt r@s:xjﬂste e{% SH#.G?]%?[B a gigﬁé@dﬂﬁ@%ﬁ fulinpts (mgensifive or
Al t er nmazginallpsehsitherfor upve 1)) etfic- Q@R Y SgEHE gﬁdhcas%ﬁ'gﬁ'atﬁin %hi%,?@@n or

previ ouslgq_ichgl{zct erized, the original strains use o formthe panel can
be mi xEHYHFEL1E dmmeRpitmrontde, gad benpalkeniven phioride (1@siktanceeconesd igr own

d .ont i pal conditi fop t ticular fungal host
used, TRPAPEEA riclR BB SR o5 VAR PP G sumbed ©beal r ed metabol te in
suf f1 ci ent Quantrids eantiblotiol tigiailly 8AeGhoR AR 10a0betiify [@%ﬁ%{( gior

Non- Secreted Metabolites If the netabolite 1's not secre n of

the ceflPulirgadaprolbaseimideralrbibeayoamateietsisrmrdeabnfoarddy BrayFieichyci AT Upt ed

by sta . hods and the cel upernat ant_ and debris assayed for the
desir ag’?‘ gén%el@t@?oﬂ@e&e%yc‘g"ﬂh@ %%Mgﬁ@ﬁﬁ’éroﬂgﬁwﬂ%mmﬁh%ﬁdsmchad

nmet abohivktetih Besik@are & bi1 _ har tion of the cell. ss.frqoqmthe
panel ngnbér@?gn be udsigg&%%bfrgr eﬁgﬁ&e p%fﬁpe‘bg%’&f%hﬁss}s%%ﬁﬁp W@r‘?y@? wn

under opt i netlsevsefil drogendsaronfdiring agsistaick & eRRINRISK FAYOR enbvitbSmExRANded
host cul t@é.e Wi | b pr &gg%e 1the desired product in sufficient quantities for
f ur t he PORVHPIATYCH RS Qelowtempergugihe d8kofOxligen (Jssistarfos conferied &y @k yon

Panel - T . of the t

vent o e el G0 R R X S o akeened e e dovraafeal no

componéarizing nadiatia, ah bigh RelblRIhotlorals A2 SaribREIDBILALOOUS nucl ef'c
nme

acids present in_an individual heterokaryon pan can be isol ated
aft er GEIOSEINSHY, b sesistancsiio aftoxic ¢fertris d resixtatvelto an padbivey/suchlas Rgpdillinhe

panel menber, LN.heterol ogous. nucleic acids unrelated to the

pat hway, t he t%sgeﬂ%%&scﬁ N &QI@W@BHP%‘ he aremon B Vogaks Mivimsous

nucl ei MedinNemeithi)Gn 864i6n- r wa L essi qn.
Either 1 characteri zgti on g?@%@%eatr%ﬁg%’ “gglc%él%g‘%%ég)ﬁg{gn@?g? ﬁ%ﬁenﬁg'egabol iC
| i br ar Pnitee phanotypevifithe geaini such bs, forleaniple, dastidate, efeitibeaRBémeidle! at ed

nucl ei eqr.aeci ds. .Wth chatacterization, the individual nucleic acids can be
scr eene_(ﬂ? St >t HE ng&?g’g% d, fyxaplee foeribe Fungal| Gemetics StodoGpnater sons of

t hose 5 3 ' ) O HEREE G4 nfer .possible functiqnality of the
encoded gans e L RS It ARG Beffeiebabirdiersdial'y 1o

be rel deadefbistM2468060LRAN optaidedayord Dri Niafy € é?ﬁtyl AN L)
introdtﬁgd i nt oﬁfP rental fungal strains for t?}%e’g%gbnatl odﬂ%ég’ iith%égs al
3N

hetero ¥8 of Weldupeiééy, which chntains erstabldpd-2 nfaatis (M246)j S not

reprod C ay:'g nucl ei ¢ . aci ds cap al so be introduced into
par ent gﬁ %2?715’3 %?Ez}ug)g I‘Odli,l é#@%@f"&fé@é”@&@ﬂ?&i hheidoyide mugmnt g, i sol at ed -
het er olargmf; lavks betictha Bidk§nthetic and catabolic dehydroquinase activities and is unable to

grow on minimal medium without a supplement of aromatic amino acids, such as, for

example, phenylalanine at a concentration of about 80 pgperml. -
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' For exanple, if a heterokaryon panel menber is identified ? Nﬁr oduci ng a
desired secondary netabolite and isolation and char acteriz1 g4 ¥ t he
het er ol wywoemsesatc| ei ¢ aci ds found therein reveals 10 codi ngchadopmssesi X Of

whi ch appearyg eTaTN uired for. expressjng the pathway,
the six codi ngéf}lggi ons %ﬁnﬂﬁ%@r@mgggé ﬁr%?eléo Fﬁ‘ﬂ&gié é@gttflggwgaﬁgeggncs
expr ess¥topk Cantes, asFadll avitrainsfaf FueariandGeRlsBO5H S8, & sHabaE

cont ai ni n& a%é si x codi.ng regi ons, detectable expression o?‘;’%&em’girt%%gﬁ
per mi t PTERFEHBY PRYIBBANE Bikhr W X ilight th formramrisoleerthitneduies srtithinder &pinigodi ng

regi on i Ju Nk num negded t.o express the pathway. |,

Al ter nzsaftol}gre%,hqfl? dﬁgn%&;ﬁ%nyaﬁ&? s A8, WE’@PEW&BF&“’&FQ@Tbmlon, t hen
one or tmarsferade, hiscberddallednalB {130(-)5DdiNI84;5 8 i | ndj vi.dyal |

i ntroduced into the heter oékl‘grygn |c()a)1§1§I l\tqgm?g&eétgggﬁa’grﬁ ?(rpqré‘gézi’ a'Bsfé/the
pat hwaydeserbed by Geve, diechimatigphisshlra{ B66he1R60I56gous nucl ei ¢ aci ds not

identified a gsses i a coding egi on can al so be individually

i ntroduced iﬁ&"‘g ?rﬁé’r?%rf@?eéﬁ&‘r%}? %g’rfést {or the maintenance pf sirginsasitbn of t he
th . ' . . . ' . . ; i on,

R | oo o e SV S e SO DR AR e 3T A Do 4 R e

agai n taretypicaiyogrownda liqaid dusturen foha&fut%t})'GQi-ét(2§?@3%5%#%%@%%08@{;0%%

for the producti

ligatio g, requl atory el enents,

WQ 00/ 6&35’ Eeaﬁﬂﬁd@ﬂﬁ)g@mééd Hasbstedindeanegenkally be gpanelrssitiRy Vagel'sor Fries
sel ecti . aryons ex sing the pathway and/or _arising from
f usi on %& 1{rﬁ£m§§ﬁn§ﬁ g&r(ppzligrﬁga%(fwﬁbﬁﬁ%?ppg?prbﬁia BREENYE) sushrasnfes xempleepeat ed

cycl es lgktidiReSarpRiMO hditld aRd/ee t ving.a decreasi
content of het egﬁoggus t%lqlugl ei cH-gg? ?aﬁéﬁli ’%(%E?rhrgﬁ’%y réosbe%qéﬁf“?@q?l?f’%o
pat hway2 egpeesd); end inosisblbout (el ehgopeanelyit er i zati on of the het er ol ogous

nucl ei ¢ aci d&lfrgﬂngrevipus .8‘3 el menbers able to express the pathway will
resul t in t h& 3y dHpsal strains yithdhe desiredichareterstits atepyblicly availabile. dbnponent s

requiregad Ewgy A i pations of these isolated nucleic
aci ds wi P H%%‘H’?lﬁrb%?? el rer?%%gdﬁ/dﬁgl%%bhﬁ&w%%ﬁgsq@&ﬁ?WF uhy net hods
conpri sexpeenentatios] scdldction eéchalquies wellinoSRaWIhd i ¥1Sefdrhtil oGS 8"

bi ol ogy,and _bi ochemi stry. As such, no undue experinentation i's necessary

becaus ed¢H8d B1iants pethelepginsened nudlebprdvidieg thefdesirdtchatietegistic Al ative two-
responsjh needed path conponents whil e excluding nucleic
aci ds' f&%?&ﬁéﬁ%ﬁﬁ t?gcc{ n té?’ﬁ\%?/gﬁér\/’é‘ﬁg? F?gleewlg‘{"ence of conponents needed

to express a netabolic pathway as established with the first heterokaryon
detected as expressing the pathway, the above nethods are routine
mani pul ati ons that do not involve any significant |evel of unpredictability
or de novo experinentation. Kit Containing Heterokaryon Panels The present

i nvention further provides kits containing one or nore containers that
contain a heterokaryon panel of the present invention. As used herein, a
container refers to a physical device into which cells can be placed and
stored. The preferred container contains an array into which the panel can
be placed for culturing or storage. One exanple of such a container is a 96
well mcrotiter plate. A skilled artisan can readily adapt any of the
avai | abl e container nmeans so that it holds a heterokaryon panel of the
present invention. The follow ng exanples are intended to illustrate but

not to limt the invention. All references cited above are hereby .
incorporated by reference in their entireties, whether previously
specifically incorporated or not. Having now fully described this
invention, it will be appreciated by those skilled in the art that the sane
can be perfornmed within a wi de range of equival ent paraneters, 29 12 NOV
2003 WO 00/ 68372 PCT/ US00/ 12891
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‘concentrations, and conditions without departing fromthe spirit and scope

of the invention and w thout undue experinentation. Wil eqbhjgyiggention
has beeydligngsibed i n connection with specific enmbodi ment %(#Efsr S“/g{)e it will
be understood that it is capable of further nodifications. d Bfi cation
is intended to cover any variations, ud@bler adaptations of -.the invention
following, in general, ' the principles of the invention and including such
departures froFRiktugeagsent di scl osures%nﬁ%@clmsthi n known or customary
practice within the art To which theTnventt+ot—per+ai ns and as may be
applied to the gssential features hereinbefore set forth as follows in the
scope of the ap EﬁpIe_d ciSseord 30  \Becomd 68372 O Rirss ~ 2 N@¢ig003

PCT/ US00/ 12ggheracteristiconBiopattyr i al Chatabaistic | i brEtbyesPr icdhAgioas P! ural ity
of heterol ogous nucleic acids from one or nore Speci of “sourte or gani sm
wherein the 2%@ eic acids_are capable of expressing all or part of a

nmet abol i ¢ pa '

way in a hé%8 cell. 2. #Epanel conphising t woinimatore cells
wherein each cell contains a portion of the library of clamgdhm3. A panel
of claim2 wherein the cells are fungal cells. 4. A panel c i sing two or
nore heterokaryonic cells wherein each of said heterokaryontc cells
contains a portion of the library of claiml. 5. A panel of claim3 or 4
wherein the E&Is are selehé%t ed from th8' groups PhhiSmycet esMAsaonycet es,
Basi di onycetes, and Deuteronycetes. 6. A panel of claim5 wherein the cells
are fil amentguehétsi ngal 1s. 7. A el of clai wherejn the cells are
sel ected froor?ﬂhe group g?rl]si sting of N internﬁ&&&ge’f\l cmiéme.
sitopula, N. tetraspora, A nidulans, A niger, A terreuscyenbexA
fumegatus. 8. A panel- of claim7 wherein the filanmentous fungal cells are

Neur ospor a caffsma’ arg’ arg’ caf-1 MM
+caffeine

Thi-2 wt aro-6 wt MM
+thiamine
+trp+phe

As seen in the table, a variety of complementary characteristic/property combinations

can be chosen to fit various fusion conditions. In general, the nutrient requirement is
manifested by a mutant strain, while the ability to resist certain substances may more
conveniently be conferred by modification of the nucleus with an expression system for the
resistance gene. Alternatively, the nutritional requirement can be effected using recombinant
techniques such as homologous recombination with a transforming vector and the resistance
can be conferrgd by mutation under conditions where the toxic conditions are present.

In one embodiment of the invention, host ce_lls-:a_re converted to spheroplasts for |
transformation. When spheroplasts are used, a preferred method or preparing. them ié ﬁy
enzymatic digestion of the cell walls, for example, by using a chitinase/glutamase mixture.
The selection of a suitable enzyme for enzymatic digestion is within the skill of the art.
Useful enzymes are those capable of digesting complex polysaccharides, and are found
among those known as effective in preparing fungal spheroplasts of a wide variety of fungal
species. Specific examples of suitable enzymes include Novozym 234 (an impure mixture of

enzymes) and J-glucuronidase. Other suitable methods may be used to form spheroplasts. If
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"cells. 9. A panel of claim4 wherein gac'h het er okar yoni c1c?alNé i@g;{orrred by
fusing two or nore parental fungal strains, wherein said het yo yon
requi r 0 M3 esence of each parent fiuZgal nuclei for PGTASPAII28%ach

par ent aifitablengethodd foricsll &Mt finBlr A thrtby Bk 850 b OGN Srs Qi@ih%\?/ﬁ%%@w%&? &Abid N

one or nore cells of the panel. 31 ~ WO 00168372 ~ Z
PCT/ CTSlg/of Steofingd) hoat paridle uged albag mith astiesteadrofimpheroplasir e het er okar yoni ¢

cell secret > | i r edu t he expr.essi bl e metabol i c pat hway.

11. A kit Cgﬁ%}ﬁfyﬂtglgghéﬁggo%ﬁgéﬁgﬁ%sgs 3 {0 EQIHiRIA AAL EXPFESTRet er okar yon
panel  Rierdl ol filcldi ach, MRS Hastide thE BARHIGDeAPRRABSLIAL oIS RIS
conprising two or nore heteraokaryons wherein egc of sal et erokaryons
cont ai molegnlar bideg)t, weictobialpgy,and necomidhait OMAItechniqued tHan greaw 0 TRBREMHe Of a
met abol Iﬁ Wy ‘tn%lo ri.sing the steps of fusing two or nore parental
fungal S Pg Tt Sl tephniaves asnexplained fullyHathe Hicsyuies Seecs.ei Manwitis atol.ecul e
that e J0 ' ' an r aid payrental

St ai et CIGHECTE Cobdturcly Vb0 18R, TN Bt ol N QPnizel &

sel ect PragtitaloApproavhr (@ 988t Eolakrs ¥ and 1Tt DHpohadle@itd RI(BL.S Gat 64.nRa),, -
whereip said heterokaryons requires the preésence o h parental fungal
nucl ei &Eﬁﬁl_éﬁ}ﬂmwﬂ@ (Hrmeser b @de 1985 i Trateriptien sndiTmnslbtars (Hames er

het er okar . t I re all _or t..qf a et | i c_pat hway
requi v Pheteieshy AifRPCeh CRNIEREE Trfnney F 3B dmato s i anl . 14 The
met hod EazyrfiesX(IRI. Feesd6I86);/B Sirhi R ' ; eted

met abol Tt €. ?05. Thg met h?)d of clai e GRRle T IREA CiEin (?g%‘ga' strains

cul turing t RE=Hererbkaryd o),
het er ol ogousuiplaihéd MovESthahs 1%156
i ch pro

tion g ‘
identify a heterokaryon wh urgggﬁ%%rg%%lgg{éﬁ%?%&gﬂs%ﬁ?ol'ﬁ‘ggﬂg%ﬂz ?f i ed

het er oparenbhosp traihapfia fitam&@fous fungus, such as described by Stuart, “Heterologous
dimeric proteins produced in heterokaryons.” Strains of Neurospora crassa are publicly
available from the Fungal Genetics Stock Center, but independently prepared strains can also
be used. Mutants may be isolated de novo, as illustrated by Stadler et al. Genetics (1966)
34:677-685 and Haas et al. Genetics (1952) 37:217-26. Useful strains can also be obtained
from D.D. Perkins from Stanford University. Strains are typically grown on 1X Vogel's
Minimal Medium ("N medium") in cotton-plugged test tubes, with appropriate supplements
being added depending on the strain's phenotype.

Spheroplasts are used as subjects for transformation. To form conidial spheroplasts,
the fungus is inoculated onto 25 ml of solid N medium, with appropriate supplements in four
to five 125-ml Erlenmeyer flasks, which have been plugged with cotton. The cultures are
g-roWn" at room temperafu'ré for 5.7 days. - | L | |

The conidia are harvested by adding 10 ml of N mediuﬁx to each flask, replacing the
cotton plug, and swirling the flask. The solids are allowed to settle for a few minutes. The
conidial mixture is poured to an autoclaved cheesecloth bag hanging in the mouth of an
Erlenmeyer flask and secured with one or more rubber bands. The filtrate is recovered, and

the concentration of conidia is determined by a hemocytometer count, with chains being

counted as one.
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WD 00/68372 1 2 NOV 20p3 PCT/ US00/ 12891 18. A nethod for producing a
desired netabolite, said nethod conprising the step of cul 4Qr NOw o3

het erokawé%.sgncl aim 17 under conditions which produces the netabolite.

19. A method Tot screening, a het er okaryon panel for expresBFHVS8¥128%Yesired
catabol i ¢ acf¥ ‘(ﬂli‘?’eé’ggﬁf ilggi Rgidia s added do 166 nilatfdinaicNynsiinanohtadiing | S 4

under c ) el | ' t er.ol ogous nucl eic acjids are expressed; and
screeni ﬂgg?%égggﬁgfbpﬁg{eﬁg gh{élgﬁp}%a t% ?’Hﬁawrwmam 1B,the eetsusplugged flask

cat abol whileshaking §15020 rphe) forRBtHohtEA rBEHAERRIMRE gﬁ{il rﬁkn%it %%?é?ﬁiageA

met hod for degradi{\gasubstance wi th a catabolic activi in a

het er ok 8FTPERRtEh AR tubesairel 1 etomidialodinmetess hdes@ibThE Balld e HaHksiance
of .cl.aim 20; and cul turing under

with thg,i jf1e te n ]

condi t | g Egﬁﬂﬂ%ﬁ%%pﬁagg%@b%@%ﬂ%%|IPdmélélquv iTthg celd pellet ismmnsridthfesrtimes
I dent i f withgvdtetcl ei ¢ aci ds encodi ng conponents of a netabolic pat hway
conprising isolating heterol ogous nucleic acids fromthe identified

het er okar yonTbe pelletiisithen re-auspendeceiariongl bheim Nioriitet) £ ShAE HSopi NGOt NI
conponent s_of. .t he

at hway. 33 A
_AF. A 2PRPYCARY |CFE\§‘B§‘%T?¥W’?I§¢ the toughyoonidial gellayalhyithlankginate AnferARtA@AY. A
y& ALY. fendftidhs orprVeY e "Bﬁ%t@i{g" ‘gtlthleys%h/eroplal\s/lts-as they are formed. The protocol is

adapted from the method of Vollmer and Yanofsky, Proc Natl Acad Sci USA (1986) 83:4869-
73.

Specifically, in a sterile 250 ml Erlenmeyer flask, the conidial suspension is generally
added to 50 mg of a solid enzyme sold by Novo Laboratories under the trade name Novozym
234. The mixture is shaken (100 rpm) at 30°C for about an hour (=10 minutes) to digest the
cell wall. The spheroplast formation process is monitored by examining a small aliquot of
the mixture microscopically under a cover slip. Spheroplasts can be detected because they
lyse osmotically when water is applied to one end of the cover slip. The process should be
monitored frequently at the later stages of spheroplast formation.

The spheroplast mixture is decanted into a sterile 15-ml conical centrifuge tube, and
the spheroplasts are recovered by centrifuging at 500 rpm (10 minutes) in a swinging bucket
table top centrifuge. The resulting pellet is rinsed twice with 10 ml of 1.0 M sorbitol and then
once with the following STC solution: 91 g sorbitol; 50 mM Tris-HCl; 50 mM CaCl,;
sufficient NaOH to adjust the pH to 8.0; and q.s. to 500 ml. -

The final spheroplast pellet is suspended in a mixture of 16.0 ml STC, 200 UIDMSO,
and 4 rql of the_ following PTC solution: 200 g polyethylene glycol sold under the trade name
"4000" by Sigma; 50 mM Tris-HC; 50 mM CaCl,; sufficient NaOH to adjust the pH to 8.0;
and g.s. to 50 mi.

The resulting suspension of spheroplasts can either be used directly or stored frozen in
1.0 ml aliquots at -80°C.

In a sterile, 15-ml screw-cap tube, 2.0 pl of 50 mM Spermidine solution, 5.0 pl of the
plasmid DNA to be transfected, such as that containing the heterologous nucleic acid 'along

with a selectable marker such as benomy! resistance (usually at a concentration of about 1.0
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10% ( )ac1d by thandga.rgl Lne%xod% such as an appropriate ELISA, a colony blot i immunoassay,
restriction enzyme analysis, filter hybridization, nested deletion subcloning, and the like.

In the present invention, the above-described recombinant techniques are used to
produce parental fungal strains each 1) transformed to contain a heterologous nucleic acid,
and 2) having a characteristic that negatively affects growth under specified conditions but is
correctable by one or more cha.racferistic(s) conferred by one or more .additional parental
strain(s). The resulting parental strains are used to form the heterokaryon panel members.

Alternatively, electroporation procedures can be used to transform freshly harvested
conidia of filamentous fungus such as Neurospora crassa (Van, D.C. Fungal Genetics
Newsletter No. 424 (Supplement) (1995)). In general, conidia are harvested from 7-28 day
old cultures. The cells are washed in 1 M sorbitol solution and suspended at a final
concentration of 2.5 x 10° cells/ml. Approximately 5 g of linearized DNA is added to an
aliquot of the conidial suspension and a portion of this is placed in the bottom of an
electroporation cuvette, for example an electroporation cuvette with a 0.2 cm gap. An
electroporator, such as an InVitrogen Electroporator I1, is set with a voltage gradient of about
7.25kV/em and a setting of about 71 uF and about 200 ohms. Following electroporatioh, the
cells are plated on appropriate media with or without a top agar essentially as described
above. _

Following transformation, a stable parental strain containing the heterologous nucleic
acids as a library rﬁay be established by expanding the culture on selective media for the

particular host cell used with each parental strain.

Production of the Heterokaryon

Because the parental fungal strains are chosen to be homozygous with respect to all
heterokaryon compatlblllty alleles (with the exception of the matmg allele when the tol gene
is present as explained above), co-culturing of parental strains under conditions wherein none
can survive alone permits the selection of fused fungi so that the heterokaryotic fungus of the
invention is formed. By hyphal fusion, different haploid nuclei of different parental fungi
come to coexist in a common cytoplasm. While not wishing to be bound by any theory, it is

believed that membrane fusion results from the aggregation of intramembranous particles
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or part of a heterologous metabolic pathway

The heterokaryon thus generated is stable, with the different nuclei dividing at about
the same rate. When heterokaryons having two (or more) nuclei are formed, it is possible to
form some mononucleated hybrid cells if the nuclei enter mitosis at approximately the same
time as they fuse. This type of nuclear fusion yields heterozygous diploid nuclei when it

occurs, but it is rare, and the diploid nuclei formed are usually greatly outnumbered by the
haploid nuclei.

Panel of Heterokaryons

The compositions and methods of the present invention employ a panel of
heterokaryons. As described above, the panel comprises two or more heterokaryons, each
heterokaryon being capable of expressing at least two heterologous nucleic acids. The
preferred panels of the present invention will contain more than two members, the more
preferred containing more than ten menibers, the most preferred containing more than twenty
members. One example of the panel of heterokaryons is a panel that produces penicillin. For
example, to generate such a panel, conidial suspensions of individual strains, each containing
a heterologous nucleic acid from P. notatum known to be involved in penicillin expression
for example, are mixed in 2 matrix using a microtiter plate or other convenient format.

Alternatively, the panel can comprise a random mix of parental strains as opposed to
the strains containihg known or characterized nucleic acids. In such an arrangement, the
panel will comprise two or more homokaryons in a random array. After fusing, the resulting

| héterokafyons are arrayed to form a panel of heterokaryons that éxpfésses penicillin.

As described previously, the microtiter plate contains minimal medium (without agar

‘if in liquid form) which will not support the growth of any parent strain alone bﬁt which will
support the growth of a heterokaryon culture composed of nuclei from each of the different
parental strains used. For example, if each of the fusing parental fungal strains carry an
auxotrophic requirement different from the other, the only cells capable of growing in culture

media where each of the nutrients are absent will be complementary heterokaryons which are
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alone on minimal media. Heterokaryons containing nuclei from all four strains, however,

will survive on minimal media because each nucleus complements the other's requirement.

A typical minimal medium contains: per liter, 5.0 g Dextrose , 50.0 ml of a Salf
Solution (below), 1.0 ml trace elements (below), and 12.5 g Agar (adjusted pH 6.5) if the
media is to be in solid form. The Salt Solution contains: 120.0 gNaNO,, 104 g KCl,10.4 g
MgSO0,, and 30.4 g KH,PO,. '

The trace element solution contains: 1.1 g (NH,)sMo,0,,.4H,0, 11.0 g H,BO,, 1.6 g
CoCl,.6H,0, 1.6 g CuSO,, 50.0 g Na,EDTA, 5.0 g FeSO4.7HZO, 5.0 g MnCl,.4H,0, and
22.0 g ZnSO,.7TH,0 (pH 6.5).

Thus, to maintain the heterokaryotic filamentous fungus in its heterokaryotic state,
external forcing is maintained. Growing the heterokaryotic fungal cells on minimal media
"forces" the strains to remain together. If mating types are opposite, the presence of the tol
gene can be used to maintain stable (A + a) heterokaryons.

The combinatorial metabolic pathway is produced by culturing the panel
heterokaryons of the invention under conditions favorable to expression of the pathway. Any
resultant pathway component(s), including primary or secondary metabolite(s), of interest
may be recovered from the culture and purified in accordance with standard techniques
adapted, of course, as necessary to preserve the structure and function of the pathway
component,

Preferably, the heterokaryotic filamentous fungus carries an expressioh unit that
allows the host being cultured to secrete the desired pathway component directly into a
minimal growth m'ediu:h, so that the'comp:onent can be puﬁﬁed directly from cell-free
medium. Intracellularly produced components can be isolated from cell lysates. Useful
purification methods in accordance with known procedures are within the skill of the art, such
as, for example, molecular size exclusion, ion-exchange chromatOgraphy,'-I-E’LC, affinity -
chromatography, hydrophobic interaction chromatography, and the like.

Because of the combinatorial power available from the production of heterokaryon

panels, the instant invention provides an efficient means of rapidly generating combinatorial
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Assay for Secreted Metabolites

Microtiter plates are commercially available which are sterile, contain filters of known
sizes in the bottom of each well (e.g. 0.6 micron or 0.45 micron pore sizes) and which, when
placed on a commercially available vacuum filter holder will deposit liquid media through the
filter, into a second identically configured microtiter plate, keeping the media in the same
order as the cells and the culture plate all the while maintaining the sterility of the original
heterokaryon culture in the original culture plate.

The collected media can be tested for the presence of a desirable metabolite, increased
or decreased metabolic activity, binding, toxicity or any other characteristic which can be
measured. During this testing activity, the original fungal heterokaryotic cell cultures can be
stored at 4°C or, if the testing is expected to require more than a week, the culture plate can
be stored frozen with or without a cryopreservative added.

Upon identification of a culture that is producing a desirable metabolite, the cells can
be removed from the culture plate and cultured on solid medium and after sufficient growth
used to inoculate an expanded liquid culture. Alternately, and where the heterologous nucleic
acids were known or previously characterized, the original strains used to form the panel can
be mixed directed together as used for an expanded culture. When grown under whatever the
optimal conditions are for the particular fungal host used, this expanded host culture will

produce the desired metabolite in sufficient quantities for further research evaluation or use.

Assay for Non-Secreted Metabolites

If the metabolite is not secreted, a portion of the cell mass of each hetcrokaryon panel
member can be removed, disrupted by standard methods and the cell supcmatant and debris
assayed for the desirable metabolite. Once the panel member that produces the desired
metabolite has been identified, another portion of the cell mass from the panel member can be
used to make an expanded culture. Again, when grown under optimal conditions for the

particular heterokaryon, this expanded host culture will produce the desired product in

sufficient quantities for further evaluation and use.
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a use, the
heterologous nucleic acids present in an individual heterokaryon panel member can be

isolated after detecting expression of a desired metabolic pathway. Although the panel
member may contain heterologous nucleic acids unrelated to the pathway, the panel member
will also contain one or more heterologous nucleic acids encoding gene products that permits
pathway expression. Either 1) characterization or 2) further cycles of combinatorial
metabolic library formation will permit the identification of the pathway related nucleic acids.

With characterization, the individual nucleic acids can be screened for the presence of
coding sequences followed by comparisons of those sequences with known sequences to infer
possible functionality of the encoded gene product. Those nucleic acids encoding gene
products likely to be related to the metabolic pathway of interest can be individually
introduced into parental fungal strains for the formation of additional heterokaryons to
express the pathway. In the event that the pathway is not reproduced, other characterized
nucleic acids can also be introduced into parental strains to produce heterokaryons containing
more of the isolated heterologous nucleic acids.

For example, if a heterokaryon panel member is identified é.s producing a desired
secondary metabolite and isolation and characterization of the heterologous nucleic acids

- found therein reveals 10 coding regions six of which appear to encode gene products required

for expressing the pathway, the six coding regions can be introduced into fungal host strains
as expression units. Following fusion and selection for heterokaryons containing all six
coding regions, detectable expression of the pathway permits further fusions comprising
different combinations of the six coding regions to determine the minimum needed to express
the pathway. Altematwcly, if no pathway expressmn is'detectable after fusxon then one or .
‘more of the additional four coding regions can be individially mtroduced into the
heterokaryon panel to re-establish expression of the pathway. If further necessary, isolated
heterologous nucleic acids not identified as possessing a coding region can also be
individually introduced into the heterokaryon panel to re-establish expression of the pathway.

With further cycles of combinatorial metabolic library formation, the isolated
heterologous nucleic acids are not characterized but are used again to transform host cells,

with or without further fragmentation or ligation to regulatory elements, for the production of
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| components required for the pathway. Individual combinations of these isolated nucleic acids
will confirm their role in pathway expression.
The above methods comprise mere repetition of steps well known in the art of

molecular biology and biochemistry. As such, no undue experimentation is necessary

because the steps merely isolated and identify the nucleic acids responsible for the needed

pathway components while excluding nucleic acids unrelated to the pathway. Given the

existence of components needed to express a metabolic pathway as established with the first

heterokaryon detected as expressing the pathway, the above methods are routine

manipulations that do not involve any significant level of unpredictability or de novo

experimentation.

Kit Containing Heterokaryon Panels

The present invention further provides kits containing one or more containers that
contain a heterokaryon panel of the present invention. As used herein, a container refers to a
physical device into which cells can be placed and stored. The preferred container contains
an array into which the panel can be placed for culturing or storage. One example of such a

container is a 96 well microtiter plate. A skilled artisan can readily adapt any of the available

container means so that it holds a heterokaryon panel of the present invention,

The'folldwihg examples are intended to illustrate but not to limit the invention.

All references cited above are hereby incorporated by reference in their entireties,
whether previously specifically incorporated or not.
Having now fully described this invention, it will be appreciated by those skilled in

the art that the same can be performed within a wide range of equivalent parameters,
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yz 1094 &0eTe )tf;vr]i(l l;j;-unders oodt at it is capable of further modifications. This application is

intended to cover any variations, uses, or adaptations of the invention following, in general,
" the principles of the invention and including such departures from the present disclosure as
come within known or customary practice within the art to which the invention pertains and

‘as may be applied to the essential features hereinbefore set forth as follows in the scope of the

appended claims.
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5. A panel of claim 3 or 4 wherein the cells are selected from the groups

Phycomycetes, Ascomycetes, Basidiomycetes, and Deuteromycetes.
6. A panel of claim 5 wherein the cells are filamentous fungal cells.

7. A panel of claim 6 wherein the cells are selected from the group consisting of
N. intermedia, N. crassa, N. sitopula, N. tetraspora, A. nidulans, A. niger, A. terreus, and

A. fumegatus.

8. A panel of claim 7 wherein the filamentous fungal célls are Neurospora crassa

. cells,

9. A panel of claim 4 wherein each heterokaryonic cell is formed by fusing two
or more parental fungal strains, wherein said heterokaryon requires the presence of each

‘parent fungal nuclei for survival, each parental fungal strain containing a heterologous nucleic

acid present in one or more cells of the panel.

31



'109%$8& () - yL#10% & () - |[:bUAL0 y yY+10%$& ()- v, $10%$& () -

y! 109%$& () Y, f#10%$& ()- vy, #10%$& ()- vy, G 10%$& () ] ] vU410
y! &109% " ,6%2%10%¢& ()- ylo%#& ()- 10+$10+$10+$ yY9 10%+$ V 2003

yf - $10%+$ Q[:vU410 v y!I$10% " & ()-y y! $10%& ()-y yBE &?/7(2)891
y, | 10%#& () - 4 S sfomangl ?§clsusrf4m§wan(ope oD\ RERETRArYOnIO I Telickd s Y-

10(V$ & $1090.5 & (). 10 10 101141008
QP y ’(“)Efa %&%&gg ygfhé%”‘%?f%ﬂ)m“&t‘(*)dmfa ME% $ & ()-  y@ 10% §$) &p(%-

y@BlO‘V$ & () y, z#10% # & ()-& !"n""" Q¢RH| [: -/ 10$ 8T 10%3& () -
yf710% $ & () - ;é?loo/‘$ & ()- y53F100/‘$ & ()-3 yS.MLO% $ & () -
yt' #10% $° & (}1-ReSATH] samprising/one Sr mord B6t&inks-that chRPMK the heﬁéfb%%f%&%
Yy yy" 10% 1“1* 8yy" 10% & () - 10$10$h%689&: & &<&H&O&k& U410 y |91 5 y
10%\#|\/& ?5% fooamne: ()- 10#10#10# y@r: 10%:& ()- y' 10%

()-k&&X "' TF(|[:vW410 y y@OWHENE ()-3y y@BLO%MME ()- y yE@LO0WHEME () -
y,, 10%4vH V! (%34 y, 4" 10%/#!\/& O)- v,Y 10%HME () - GF((()Y))*|[ vUu410 y
yf %' 109V mefhﬁ%moﬁ)ma a\pand By Y
310%\#1\%& i3 Y SOTONMENE: % n**ﬁiﬂ [N%AS?LO |v#|vﬁo mﬂ/ rj“%re
1090 MVE: TSIERKIrYORS WhiAeNKE °f3$f‘ zheigms(c)ontam;/at]lw\mhétkrologous nucleic

yéllbc?/?so s&&@i&édlﬁg %oco/’@?’)"hé"wﬂ%o&% W, ??gcsgr@&!g( c ﬁt%gchsf gg‘of% NA41010
VE, 105" Se () Rlingdlo ark 0 S oy AAOUR: Ak ke KO BE Loieone

\ 9! 10966&' ().-s .y9! 1098" S& sQ0[ 00 1222|

y99s 10ytusksie pei ynq)essé#ﬂm@@&les )acoytpmﬁeﬁ ﬁ&déta%l&%h&%:ﬁ&vﬁé % said
y&3(F10°s/®r al( 12?6§ 21 222@b %f‘ 10%$s & é; 0%%$s& ()-3

v 1096$ %% s /2%’%‘&@(%@ of /&%ﬁ@keljyﬂm@smn lls@lede'sélahdSSfGH A410S'S

) ;féé’/ﬁfz&(ﬁde*ﬁi’sﬁi‘é’fi‘@?@‘f% e inel it bind) .

10%s $s &' 3 hemopm& no 8
Nor frals (?—Ieadl?,ng 13]c" tﬁ)emg ZWmﬁelgd?eﬁgéégg%ﬁ%&iaa fu%gaig]{a%fgr()

" Headi ngsug‘é%l Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font ( 3y=CGkRQC\ f Np+{ 7w v_VS ; #(
/1 38: <>@DFHILNPRTVXZ\ A" bdf hj | nprtvxQ,JT(j z _
_SF{#+i 6l 1! %H%Su@ﬂqfﬂetﬁﬁi‘oﬂ\&mpwmféﬁx Al 19461 B i -
RithOK &F( * +- Q0 %f 6i6 |"#SU& ()*6Ti nes -New Ronﬁ%ﬁg}r°§%i%¥‘|‘%¥h%%%¢h Root
Ent r yWor SB5E qQr part of a metabolic pathway requiring the expression of at least one '

heterologous nucleic acid.

14.  The method of claim 13 wherein said metabolic pathway produces a secreted
metabolite.

15. The method of claim 12 wherein said parental fungal strains are fused using a
‘pulsed electric field.

16. A method for screening a heterokaryon panel for expression of a desired

metabolite comprising culturing the heterokaryon panel of claim 4 under conditions in which

the heterologous nucleic acids are expressed; and screening the panel to identify a

heterokaryon which produces the metabolite. -

17. The identified heterokaryon of claim 16.
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18. A method for producing a desired metabolite, said method comprising the step

of culturing the heterokaryon of claim 17 under conditions which produces the metabolite.

19. A method for screening a heterokaryon panel for expression of a desired

catabolic activity comprising culturing the heterokaryon panel of claim 4 under conditions in

which the heterologous nucleic acids are expressed; and screening the panel to identify a

heterokaryon which expresses the catabolic activity.

20.  The identified heterokaryon of claim 19.

21. A method for degrading a substance with a catabolic activity expressed in a

heterokaryon panel member, said method comprising combining the substance with the

identified heterokaryon of claim 20; and culturing under conditions which expresses the
catabolic activity.

22. A method for identifying nucleic acids encoding components of a metabolic
pathway comprising isolating heterologous nucleic acids from the identified heterokaryon of

claim 17; and screening them for nucleic acids encoding components of the pathway.
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