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Novel Methods and Conpositions for Conbi natorial -Based D scovery of New
Mul timeric Mol ecul es Field of the Invention 5

The ‘present invention relates to the field of nolecular biology and the
production of a [ f ' ] r ' ty .

het eromul ti meri cm’%‘ ﬂeb‘?ﬁsgﬁnr?rs@ %‘Eﬁ%ﬁ%ﬁ{%‘ﬁh?@'g t 8 leh%}r&eiésﬁellrsl%/oviem% £on
specifically provides nethods and Multiaerftodloldcales t hat provide a

popul ation of protein encoding nucleotide sequences in het er okar yoni c
filamentous fungi that produce a population of nultinmeric proteins. 10
such as a conbi natoria Q dy.. expression |ibrary.

Background Art heid Sithe 9:1}’“ %oni ng and expression of heterol ogous
genes in fumgi has bemNpresad ifvention relatesrodheceld of afoleular blolamsaind| ther ot ei ns.
For exanple: Lanbowitz, U S. Patent No. 15 4,486, 533. discloses the

aut ononous r epl preduedtion offa FORKlatier phmyltimericpretgnsnpastisulabnigteromultimeryc

het ar of ogous,  PrOrRHEL ) FEoNEL SEpRRSH YRRy G RUBTR Mg ingppodane
4,816, 405, di scipgRRitloatimt pRRide a popuftidh @FBrdtBiaten8sd@hl Rudidifidereifdneatihon
of inportant strai'ns of filamentous asconycetes to ~~ produce and |,
secrete | arge chesrbkaryesic ffanbatrius dshgh that prsidoge a populetien aSmuBmerigpreteinal . |

20 U S. Patent . 4, 8?5 24.9l, %S%If 0ses Ihg. transformati on of Aspergillus
niger by a0  suchppagampiptopiatantipady spfessiondiBranys ap e narker capabl e of
bei ng i ncorporated into the host A. niger cells; and MKnight et al.,
U. S. Patent No. 4,935, 349, discloses a met hod for expressing higher
eukaryotic genes in BagkgraundlArt i nvol vi ng pronoters capabl e of
directing the expression of a heterolo S ne i n Asperqil.lus and other 25
filanentous fungi. gﬁ?ﬁ ‘%]3’?"‘% & %pdﬁéxgn%gggteg@%o%&@ 6{1’8 ﬂg'f%lﬁ'gs pero “ﬁf“ﬁ Yene
involved  MbllcealWaARiypsH Weful E«y&mw thrremereoﬁama@wﬁi.a;s.sapéféﬁ{- N6rassa")
and to verify the tight | i nking of the cloned DNA to genom c markers

fl anki ng t Hiss gh#8S,533. disglpsesshe autonomous repligatonetd DIVA vectersdan&lagmensais fungi
20 106203 Ko Ko 0 LT o R, PRI AR o e S os R
?323: dg; e er e%egéég%%ﬁgﬂoggdgg;gidﬂﬁg?ﬂ@ AUKRBYPiteRt N6 Of 161405, HiscRiIBY YoBl4Snd
systems that enable the modification of important strains of filamentous ascomycetes to
produce and secrete large quantities of desired heterologous proteins; Buxton ef al.,
20 U.S. Patent No. 4,885,249, discloses the transformation of Aspergillus niger by a
DNA vector that contains a selectable marker capable of being incorporated into the
host A. niger cells, and McKnight ez al., U.S. Patent No. 4,935,349, discloses a
method for expressing higher eukaryotic genes in Aspergillus involving promoters
capable of directing the expression of a heterologous gene in Aspergillus and other
25 filamentous fungi. Similar techniques have been used to clone the mr gene involved
with amino acid transport in Neurospora crassa ("N. crassa") and to verify the tight
linking of the cloned DNA to genomic markers flanking this gene in vivo. Stuart,
W.D. et al., Genome (1988) 30:198-203; Koo, K. and Stuart, W.D. GGenome (1991)
34:644-651.

30 Filamentous flingi possess many characteristics which make them good candidates

for use in producing eukaryotic proteins. Filamentous fungi can secrete complex proteins:
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correctly fgﬁg%{ lrséde di nensi onal proteins including di suI fide %T 3@7‘/11425
formation; proteolytically clip proteins follow ng translation; and
glycosylate proteins using n-linked and 0%1i nked gl ycosyl ation
reactions. These abilities have made this group of organisns attractive
host s FeyFectiy fol %ﬂﬁeﬂf&w&wnalrprgf@w gclding disyifige harnf’ foppasioa; proteolytically

L e

Neur ospor a cCpResslatiasredains. Thest a’bﬂmas e madethis greip ét&ﬁ@ﬂ%nﬁ&ﬁh&ﬂwﬁés@gous
and het er ol ogous protein production. (Carattoli, A, et al., Proc Nat

Acad Sci USAfC(fIlMPdUCUOH of sporetsd Tecogbirgnt prateinskMagKenmiepD. Avtet al ] GBungal

] o P g Dot L5

Newsl et t er (3?)95 Suppl .) 42A, Nakano, E. T. et al. Fungal Cenetics
Newsl et t er 1995 Suppl ) 40: 54 (3. I n addition, Neurospora crassa has
recently been usedew®sporaerassa has beenqse aﬁﬂoséﬁﬂrfersrsmmmmmqﬂngms and

het er odi nmeri mul tiperic b _ er yon. ,
PCT Appl | cat PR OREOSe S Eprotioh RCRAnBH AT Ploror e sl s @589

het er okar yonpg.66£l.b616; Yamashith R ACER AFTAdMGERR S Wl 98Y P 31995 Suppl! 3
filamentous fungal parent strains, each heterokaryon ce E ont a| ni ng

two (or 10 Kaonet)laéehwmabémeylcxjmvf'@etenfwﬁﬁusuppl)4E|At Buoiyasky, Gnes @0k gian

lei f ) t Ir f |1
et er okar yonCEGHEANPRTIer §1996 RupEa Woe Sard. £ P 40h Fuedtd Cherondieu ysieran | el e
when the tol (1@68&uhs )ROSIEN! In adatudneﬁaxro;p%%wm?%alay 9&11 s%gasaﬁgs\t{e been

identified for het er okaryon i nconpatibility: het-c, het-
het - 5, ceﬂleﬁ)F @sprthstlg ecombinarg hethexd&rﬂera atld frettimetio praaeids byomeanab€ai nf er red

to exist. k| n | Loci of Neurospora crasva",
M cr obi ol ogl 3 '° \?ésc-{ f@%‘ﬁ“%%gﬂmqa 570, at 478. P The
present jgventi OnAa%¥éﬂﬂé$y&nh?oN@ﬁé€er%ﬁcartyBﬁk cém%%ﬁbrhﬁdg% MRALLGALEON 25

WO 95/ 21263 by providing nethods and conpositi‘ons for producing a
popul at i on ofwo filamentouk flingak pacenystreios.reach Bétapkhne celk tiug enntaining @wrefirous

product i on oFOFELRERe GRTY AfersRL ke, HelSRyGisinobie isiei atn S hBRbl ot |
?2‘2 Iegggys rrgmduﬂmwarégema%mygm%haﬂ R&ERKEryon compafitdiiahibieRhkEpr
for the mating type allele when the fo/ gene is present). At least ten chromosomal loci
20  have been identified for heterokaryon incompatibility: Aet-c, Aet-d, her-e, het-i, het-5,
het-6, het-7. het-8, her-9 and het-10, and more are inferred to exist. Perkins et al.,
"Chromosomal Loci of Neurospora crassa", Microbiological Reviews (1982) 46:426-
570, at 478.
The present invention advances the work of that disclosed in PCT Application
25 WO 95/21263 by providing methods and compositions for producing a population of
multimeric proteins using heterokaryonic filamentous fungi. Such methods and
compositions are useful in the discovery and production of panel of multimeric
molecules, such as a heterodimeric antibody, multimeric hormones and growth factors

and multimeric receptors.

30
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Summary of the Invention The present invention provides
panel s of heterokaryon fil anentous fungus that produce variants of
multinmeric proteins, nethods for generating panels of het er okar yon
filanmentous fungus { hat rofd ce variants of nmultimeric proteins, nethods
5 of screening pm&iﬁgﬁ—&y&%on filanmentous fungus that produce

variants of — ld L EBI GvRhSEhvided Paheld dhef@BkAY S NAmRANRS Fufdus that
het er okaryon fil amentous tungus that produce variants of nultineric

pr ot ei ns. produce variant$ o€ mudtireerakgrotedns, pettelds fof gankhmtipg eanels of nvent i on
are generated by fusing_.a first and, second gg{gn&. fungal strai Qfods

each parent fstfff‘/&?’ﬁk%?l'i flamentpus finays that §59‘3}‘°Fréf'f“'k‘_€‘r’ uitipernic Riptgng; me
het er okar yoni CoftAkfing all bt iterBRars8RRRARNRIS fiMdus RApréflReUARafts BRI Ural |y

occurring variant o unit of a"nmultimeric protein. a rationally

desi gned var i anbltigferia proteins, andxitsicontainireg panklsiofbeiecokanadilamentousfimgnsitmat y
generated variant of a subuni E,of .a ) multinmeric protein. Thus, in
addi tion to naRrafege \psaRtaof SUIEDRIE RS9 e vari abl e region of

an
i mmunogl obul i n nol i t v 1
physi cal 15 or s?fﬁe{%}gqt?r\eég%’ggﬁh%?%g@}gé?}s&?’gé negaggggiger?u%?ﬁyo%@g‘g%r
The het er okar yma seedtrll garait flirtpal praémanath paresrtitadncamaning eficihedessapy markdrng a
met hod of generating heterogeneity in a nmultinmeric protein and then

scr eeni ng 10he maintain 3 beigIOkARYGNIGEALE ARVEL 2hRHERES IR Wt belencaresrat iy

propert ' es. TheN&l-3AREINER subunit of PRSI )ﬁrb?eirﬁ%%ﬁﬁ&fa%ﬁggﬁﬁé%rﬁﬁﬁofa

particularly us i'n producing an ent1fylng Ins wth
desired bi ndi ngbpRiOBEA MuREnalegiiorsn, af hiraidoynly genedatey vadiaht of a subwieafid i city.
I n addition, a heterokaryon panel can be used to selectively clone |

previ ousl y unimeltimietic eptainl (Tihydrin addition & Aatutab YRiante SeecasHhe vadable regin of
nmol ecul es. . L DY ki Ldes
panel s of het earnolmufgﬁls(’bug?%%g:tcﬁ%t ‘t,,%?gg;g g@%@?‘ég{,@?@? tursrgﬁp%/l rrerlgég’ &(ﬁ%&hld

prot ei ns, 1get herdpeQfirebred dhithgeess pahsijuafca be prériced okar yons that express
variants of multineric protelns, nethods of screening a . panpel of
het er okaryons that phetRierekaryan panfisofghe gresentupyreripR apsyyseflit in previding #a¢

contai n o RBHF aBlerdih Heflf G ahRA i BLIH AR ERint Hd (B Sorblnidy the

multimeric protéin and nme using a t er okaryon panel- to
i sol at e nucl eies@hgmiRingsie p@steinagrodieed e desibethpropemies.aThe heterakahtdnmer i ¢

protein. 30 panels of the present invention are particularly useful in producing and identifying

20 immunoglobulins with desired binding properties such as affinity, avidity and
specificity. In addition, a heterokaryon panel can be used to selectively clone
previously unidentified multimeric protein subunit encoding nucleic acid molecules.

Based on the above, the present invention provides panels of heterokaryons

that produces variants of multimeric proteins, methods of producing a panel of

25  heterokaryons that express variants of multimeric proteins, methods of screening a
panel of heterokaryons that produces variants of a multimeric protein, Kits that contain
a panel of heterokaryons that produces variants of a multimeric protein and methods of
using a heterokaryon panel to isolate nucleic acid molecules that encode subunits of a

multimeric protein.
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Det ai | ed Dej‘géfbﬁlg 1¥8n of the Preferred Enbodiments re ew;l)rezgent
i nvention provides novel nethods and conpositions for generatlng and
screening a population of multimeric prot¥eins. The nultiners are generated
from an ordered or a random conbl natl on of . prot ein subunits. To obtain
a panel of 5 ' be Pyeferec S is obtained in a

met hod conpri si ng. the ste

popul ati on of !Pﬁ)ﬁ’ Tese gg/e?thod}prg é %ve?g}"égléoﬁg afld c&&ée%t%}g r g%%?ﬂﬁ%u

mul tineric pJn‘ats%fé%nﬂngtaCbo?ulfahbﬁbf ﬂﬂﬂm&ﬂ‘c@ﬂdtefﬂsn%b mffineRak €pénerdted frong a
panel of heterokaryonic fungal strains using the first and second host

fungal par ergnsordered or aamﬁonmwmbzmtmmﬁnspﬁeirawuméw Tepbtaig & panel efsul ti ng

het er okaryon under conditi unit .enc n are
expresse® arf@uftynes %érpagér"égﬁﬁeﬁ‘d‘apf?é‘sﬂ %lmlf’?%ﬁ" aprgﬁthQ&ompnsmg%hees[tgpaz aryons
for the pr deHfrBh@d?ng)ﬁ fitke I &'séH%hH? Bulﬁixﬁi 5 DRV MBletiies daskide pFaBarti es.
Each of the elenents, nanely the fun parents. the DNA nol ecul es and the
f usi on subehitsoofsa mnbmaescpmtbmdntlora ﬂrét anid segendfung#eiost parentr foymingteen
using the prese{]t nmet h nul b i va?rl ant

d
library of aPaf§ ?f'}?é‘?ng aryenie gmgal ‘?ngsp%? ﬁﬁ 5’55& 5?¥§ecf§gh°ﬁsﬁé%g RATHBRI ng t he
het er okar yog?rﬁat‘fl@n GP Wé;ﬂm@e ROREHIR ﬂh@@eéﬁftxn@ﬂek&okﬁ?&huﬁ&lr konditions iR%WHigsSSi NY

one nenber a popul'dti'on of DNA ol ecul es encodi hg one or nore
vari ant sioof thesubuniti éncoding DN Auvidre ienpressed pnd ffenther screening the resulting plaeliofe  of

For mat | o heterakaryons ERGHsroRasion e i G BT B RURER BT ORES BAPFE

yield filamep]gushe elemeﬁwl Adnmycdhefamg%u PAHBRIS, thEERSA r6@kdufes dhtlWhd fli@nbodi es
w th diverse spores. and/ cells th are differentiated sexually.

They can al smeﬁwdsareldesmbled umdcihxeb&lew fHartmsllarTVhwhpm usiog Pl present methodsrent  of

t he grow ng ormof a fungus ha, a branchin ubul ar

25 S50t uct o8 thegogets At ST0R Y IR AR, o M TEE RaPt. B RO geRen  at
their tigs ysedin (n%m qhe %t%%oﬁ@%%nﬁi@d;p@bmgnéﬁ gecdis aneheay Thus, as a
colony grows, iIts orma mass of Intertw ning strands.

Sone hyphae pqmeﬂsmgtoelemnﬂmber néa populatian ofddNArmelsculpy eisoding oneRymeTe s

growi ng to absorb whi le tho hyphae that project above the
surface of tYRIanty asf‘f\lg {Jﬂgt@SHﬁme I§r%te"&/aerl al mycelium" Mst col onies
grow at the surface of |iquid or solid nmedia as irregular, dry,

filamentous mats. I n nost species, the hyphae are
Nature of Filamentous Fungi and Background Reguirements for Heterokaryon

20 Formation
Fungi can occur in single mononucleated cells that yield filamentous
multinuclear strands, yeast cells, fruiting bodies with diverse spores, and/or cells that
are differentiated sexually. They can also exist'in multinucleated forms. The principal
element of the growing form of a fungus as a mold is the hypha, a branching tubular
25  structure, about 2um-10um in diameter. Hyphae grow by elongation at their tips
(apical growth) and by producing side branches. Thus, as a colony grows, its hyphae
form a mass of intertwining strands.
Some hyphae penetrate into the culture medium on which the fungus is
growing to absorb nutrients, while those hyphae that project above the surface of the
30 medium constitute an "aerial mycelium.” Most colonies grow at the surface of liquid

or solid media as irregular, dry, filamentous mats. In most species, the hyphae are
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di vided by cross-walls called "septa." These septa, however, have fine,
central pores. Thus, even septate hyphae have nuclei that are
enbedded in a continuous nmass of cytoplasmand, in effect, contain

a mul tiplicityne érlggs-i?zgl#sacahééi%Pﬁr"t "ﬁ%see s%?ﬂ{a{,) ﬁl)??%\cgr have fine CWEL,\P?FG?T]The5

term"filamentous fung efers to ose fung at cah tforma

t hrough a masgha$, dveasehitadyphaethavd modiéinbatfard ambeddedand coMinyoayahiss of
interrupted by cross . wal |'s, permt the passage of cytopl asm between
conpart ment s GYi@PlasmMARAs iBredierto pantpin a multiplici raictes i aansportatle gytoplasinese

fungi formneiotic res.ai t hi ¢ e rppagat.ed sexually.
Wth the appropri at@%g‘fﬁwm@a'{‘lméﬁlfsafﬁgée\%@?q? HE\OMHQH%E&%B%O“""’_YC&WWY chis
not entiredy uigegishands of RS ntebckmg Mafibkts A ANAbh intdiriphidSHyEBRE
of 10 reproducti on, spores known as "conidia" are borhe externally at

the tips of buals. mgrmit the paspaggjo eytioplasmebstwiees compamnientssduedo peiforsioat ong

the fil t fi.l ament ous. f.ungi .t te th
hete er Iokgrggnsﬂgncé?? walls; Mar}%’rﬁgﬁf Iﬁ"agv?onmoﬁ%IIEVé‘gtggérﬁgg{‘g‘g”’g% re‘g‘}l‘e;rs =ine
Phyconycet es, pApapie séxslly. BasihdhOBbptestias stlilﬁmtion, howevDe%ef@%i{a@?shﬁéf The

Phyconycetes include all non-septate, as we as sone septate,

filament ous f whigh.is Tbledntirelg rdeastoshaeprodustnodanvarcinassxtalipddn grigimiamedr wde
spor angi ospores cont.ai ned wiithin sacs.f.orned at the end of specjaljzed
sral koo TP R RBLAPOrSKoPYE of JidiR B Pofte wdndly wjs Bs of budding
Asconycet es ap@jéishi Ries REGhriou BAtibWY albi'@e M¥nddie ascus, a saclike
structure contai ni ng sexual spores, known as ascospores. The

ascospores are t heToadilaprenthus fungh ugsl to generategthe thieweréhasyomrpantls nfikie: @resknt
femal e nuclei, two neiotic l&i}s(?jrsi ons aad usual |y inal mtotic
s

\ e f
di vi si on. Basi"YFPBIANAE BENIPY /(PEPTHGLAS é@”wegéﬁé‘?‘?’g’ﬂﬁ‘f"é"s" #Mht form on
the surface ofegepngfes] T8E PRYEIMSLIEEInclAR AHGIhSEPAVE ﬁ% %H%E ?orﬂgz Egﬂ?ate.

referred to as "inperfect fungi " because no sexual phase has 'yet been
obser ved.15Thefilemiastons &ingi. e Their asexuab gperesareanfdvacions kindd aridondedare sinmilar to
t hose of the Asconycetes. 25. . he preferred fil anentous fungus is
of the group AELORICEDES cofigipgd within sass (e iaf Y cnihsbsrien ks
Neur ospora, ADfERréHtlshetiesdive BFfekénk kdxudneycRarticul arly useful species
from Neurospora include N internedia, ﬁ crassa, N sitopula, and

N. tetraspora, of sdidogtycetmpaneshistinguieliesfren otheefumg byshd\iscos, asaelikelysitilre
speci es of | us inpclude A  nidulaps, i terreus, and

'AsEerﬂzi | A. niger, A
A funegat us. COSERINNG SeXual SPOTes, SNQNIL Y SPRRETEY ot HASEPSPR TR Hicotnd rradust of
i nvol ves Jpucl @adingdhivd fikioR ofirfale £8lfbmale nuclel Wb Hhédtid AliRAL Shd ubMIf dnepe of
cell division consists of asexual reproduction, i.e., the
final mitotic division. Basidiomycetes are distinguished by sexual spores that form on
the surface of a specialized structure. The Deuteromycetes are often referred to as
“imperfect fungi" because no sexual phase has yet been observed. Their hyphae are
scptate, and conidial forms are similar to those of the Ascomycetes.
25 The preferred filamentous fungus is of the group Ascomycetes, more
preferably, from the genera Neurospora, Aspergillus and Penicillium. Particularly
useful species from Newrospora include N. intermedia, N. crassa, N. sitopula, and
N. tetraspora, of which the most preferred species is N. crassa. Useful species of
Aspergillus include A. nidulans, A. niger, A. terreus, and A. fumegatus.

30 The vegetative growth of filamentous fungi involves nuclear division with cell

division (mitosis). This type of cell division consists of asexual reproduction, i.e.. the
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formati on of new cl one without the involvenent of ganet es and w thou
nucl ear fu3| on by way of conidia. For exanple, the species of

Neur ospora contain |n thelr nucl ei $sven different chronpsones, each
havi ng a si ngl e cop I.e., the veuﬂet ative organismis haploid. This
hapl oi d st at OW‘WrﬂféaﬂeWI?ﬁﬁ wiithgl dbe %PIVﬁ@eMéiam&Fesd’PSM’WO“t gucleagng
during asexu h

Sexual repro uc%r?g%aqg%k s%’go%gﬁfg%rﬁﬁg th (‘EI?\&IA\?%@Q% moIBIII (I% gn l'I1theI'r|ae or
coni di a) of dutletsesan d:fbtannghﬂoyrmeomuseat}ohémgm anghelcapyotel cth@eégetaz%t ai ni ng
two distinct nucl ei.; The tvyo hapl oi d nucl ei, thus coexist i n the sanme
cyt opl asm an@rsusm i hapled. This hap audm}e Iiypically mpiataing rfi\wgcmmhgl &rowtiyg

cell ini tkat gﬁﬁgﬁﬁ@??&&gﬂ r%Srg&éét%t \fﬁ f‘orInPﬁozILch different haploid

nucl ei cah ac use t ma eus cont al ns

pai rs of homol ogolSexailrreprododize. caiﬂalsa diwd @h&ItI(bﬁItIvotIIaﬁlblcb@émls QBypHRk 881 S.
A "het er okaryon” Sor a_heterokaryonic cell) is a cell with two (or nore)
genetical |y @Ppidis of ditferent matmswerfeﬁfeﬁoofpeamm%armnq pell qonwmg Yo dagtinct

I I I K
Compat 1 bi 1115 S T MERBRRRS bRtk s S5 RERE XY ByloBlasRlana LB T o)

gene is presdilide mbte brilastin Ey&fthﬂiﬂyoﬂ‘ﬁSOéiBImtIm ascospore M@tld}ﬁ‘ﬁaw'ed&nmef i ed
for heterokaryon i ncorrpatl bility: het-c, het-d, het-e, het-i, het-5,
het-6, h&@-7tWwadliffegenthaplo ARNERIOR aqtgallyfyge tofosmay diplork ryclens. whichzpatains

VEcr obi of ogr £ BEkAleb BB aReRimese histipliRLLAIRE BogiiRgRss It

two strains carry Altlict@oRityomt (o ladeterbkIPeniOtellyd £ cElPwith @8b (of MBM)ar €
unable to form stabl e heterokaryons. Protoplasmc killing occurs

after fusi ongeretigally gigferppppygdeioThe heterokaryass ofit ke igventivatmust C@'ﬂtatﬂth@‘Iﬂ! asm or
extracts int ?roIIIII:ngII.Sﬁhﬂta @hJﬁozgﬁéﬁé‘fo‘I‘éﬁ He ?(BIIaQ*P&n co\m%atlbIhPYa eI%I (Fé (IJI | ds)

are heterozygous one nore alle gro

hi ghly abmor s maﬁhgnypbenelofvhbmtkertokgemdmpnesm)rpat leBétlted YhrbRsomal loci
(speC|f|caIIX het - ¢ -i) were first defined by
#

het er okar yon hevssleen 'I@f'f igd f%hetfg?#w@ ingempaiihility: her—c, hgpdebdtea hbfyl det-hig
dupl i catl Onsﬁflgé, Ay f7I 768G Ry %IIII/Etg; 14 %:II;I/ n?dfrgfxfegﬂgg&,d'&g el ukgear’I(ms tal.

popul ati ons. pe a and Fs% act as

het genes i n"Chromassal Ladiofidgtuspora cramr‘rIaMsdroMbIIagtoarR}k\aéyyﬂ(ll%zgg_@.\w& mey
occur. Mcroi néyect ion experinents have 30 i nplicated proteins in the
killing r eact i Bt qﬁus opposite mating types are al so general ly

i nportanggfor the Ipﬂv@ét%sec\éﬁ@toﬁﬁ@éﬁtoﬁlieﬁg QoM b mbfiShd? I&I,Itﬁaf AL 8b18to

form stable heterokaryons. Protoplasmic killing occurs after fusion of unlike hyphae or
after microinjection of cytoplasm or extracts into unlike strains. When duplications
(partial diploids) are heterozygous for het one or more alleles, growth is inhibited and
highly abnormal. A number of heterokaryon incompatibility loci (specifically, her-c, -d,
25  -e, and -1} were first defined by heterokaryon tests. Her-5 through -10 loci were
detected by using duplications, as differences at het loci are common in natural
populations. Id.
Mating type alleles "A" and "a" also act as het genes in V. crassa, although
some slow heterokaryotic growth may occur. Microinjection experiments have
30  implicated proteins in the killing reaction. Thus, opposite mating types are also

generally important for the complex events associated with the proliferation of
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het er okaryoti ¢ ascogenous hyphae. 1d. at 436 and 478. However, if the tol
gene is present, the vegetative (hetejokaryon) inconpatibility
associated with opposite mating type alleles A and a is suppressed

W t hout sexual, conmpatibilit i f.fegted : i 1080 1)
het er okar yons ‘a“gﬁf%géfyf’ﬁ? Fvoé%'%%g{ﬂ?%lﬁee' gf&rdﬁggg-éﬁg§7§ Hﬁ’é”eb’%'ﬁmgr‘h%?? %eg%lxs are
5 ' honokar yot jes@théWageiatlei(Ratiokasop) sompatitality uswisrared With bpposiensating
present. | f hyphae fromtwo different strains that are
horfozygous f or typhelidervand piis suppressed withoytsexgiabogspparivgldy beippaffestay. Thye
when grown in {(PF ,ﬁﬁegfaégﬁge{rgk@ryérﬂ c?ﬁ%lﬁﬁ c]%rn?plggﬁl@ and stable/iFfHeBihdrhet AcF G as

descri bed bel o ng’ culture w-l n contarn nucler from

both strains chsmskaydtRtandni/aapldatoadgon srhaiywhen thevohpane ispretital nat .
10 The nmethods and conpositions of the present invention provide
and use a panel If hyphae-feom twR diffasens strais ghas grenlegrazygous fop theegorapatibility

het er okaryons" refers t array. of two . r r er Fyon ere
each heter okar?&h‘,‘re(ﬁ’fové&scﬁﬂﬁ'é’?ﬁy?{fg ¢ %é?"c%rr?%” Age ﬂ?%‘c’ea?%o ?Jﬁ? ‘mopl%g[r'ecg'gaﬁéxéhse a

di fferent nmult {RRMIiEfRE R described BeRW. | PrdreRHityeultuie wilhiheh cBhtain nuclei from
het er okaryons can readily be stored or cultured in a nultiwell mcrotiter

plate for 15 bathfstreinenircuatingdnithegshared gyranhsguefl ogpmmon mycelial mat.
Construction of Expressiqgn . Units Encadin t] f {el
Subuni ts 10 TR otpSany R e on e PR gR an S Epbhe
term nol ogy W bf & oks§end NALEsed ek adpase ofhétbrakasofef defirs toNsasgf oo
bel ow. The invention involves the production of "heterol ogous
mul timeric" protabresheterokaryons, wherefdach hetatakasyonuigd subsiantidlj pereesragehereof,
"het erol ogous" neans t the protein is not . ordinaril oduced by
the fungus. " MMOOPFRSA %ﬁgrﬁgtarngﬁwgf pf%tsmulr}afs‘l ‘Fﬁi?’ébeﬁrbg l‘ﬁ:ttgl? gar}él Bt made up
of at least t Wetﬁmmbhsscanﬂasdigtﬂetskma offiBitired m NRNURMRIMthicidTRéd lateIfet €i n,
25 conprised of entirely different subunits, as is the case with

i mmunogl o8 i neffioencareepng and profagawerul ti neri c, nmade up of variants of a
single subunit. Exanples of multimeric proteins include, but are not
limted to, inmunoglobulins, prokaryotic or eukaryotic enzynmes, bl ood
proteins, hornones, cgh@ichioh 8¢ ERFressidPWhMSERddinpl Rfixdd iRl dtion fof Pibtein

pat hogens for vaccines, structural protelns, |ynphokines, nenbrane surface
proteins, 30 enzyfmburgtgul at ors, transcription regulators, and the |ike.

In describing the invention, the following terminology will be used in
20 accordance with the definitions set out below:

The invention involves the production of "heterologous multimeric" proteins in
the filamentous fungi. In this context, "heterologous” means that the protein is not
ordinarily produced by the fungus. "Multimeric" means that the ultimate product is
made up of at least two subunits. The multimer may be a heteromultimeric protein,

25  comprised of entirely different subunits, as is the case with immunoglobulins or can be
homomultimeric, made up of variants of a single subunit. Examples of multimeric
proteins include, but are not limited to, immunoglobulins, prokaryotic or eukaryotic
enzymes, blood proteins, hormones, growth factors, toxins and other proteins from
pathogens for vaccines, structural proteins, lymphokines, membrane surface proteins,

30 enzyme regulators, transcription regulators, and the like.
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Preferred Wex9/0asi4neri c proteins include i munogl obulins, tP&XSIS87/M43Y
grow h factors, antitrypsins, insulin, henoglobin, multineric kinases, FSH,
LH, hCG and TSH. A goucl eoti de sequence encoding a
protein” is that portion of a sequence for 5 whi ch the transcript is

translated into ﬁreﬂ*%leﬁ RERF HReh St RShaRkY inrhibbufins, transfofRE OPT iate

control sequences. The boundaries of the codi ng sequence are determ ned -
by a start grodtinfaators, hetitypsiraninsidin, hemoglobis. multimerit kanasdsaFSINLEt bPGcodon at
the 3 (_lg:ar boxy) term nus. This codi ng sequence can be derived from
for exanpl eand TSH prokaryotic genes, cDNA from eukaryotic nRNA, genomc

oot heduencos 1R hidleotidg WRIKAL it oBE o Rkl AuAPIUIRLY 87 sedlentBttr | NC1 LCIC

synthetic DNA. A yl at an anscription termnation
sequence W whichsheardngcriye id wastaed iBto a polypeptide then opetiably linkeinence.

A codi ng sequence is "operably |inked to" cotntrol .sequences when the
control  appropsiatfeanees seapercet Thebedrresoidhe srdinphicqusifiere dugiminet in

t he approprg at cel NI : " i L.y .Sva DNA
nol ecul e thbgtasg%ﬂ'(t% g?%nsséh%gg?ﬁgog(tae&ﬁ%nr?ggﬁ@atﬁ%g%ﬁ%ﬁ%ﬁ‘?fyﬁr’n té’éiés 0 a

"control sequeBse efmihegi TS cddival seduereetcan b derdivedrfromi,i bt &xample)d
translation of the operably |inked sequence in an _ag&r opriate host organi sm
under prakayolis genes f&%ﬂifﬂohbﬂéﬁaryom mRNA, genomic B A s¢guendss fiom

"transfornmed! by.e ous DNA n_.S ex nou 0 has been

i nt rodd€ed ‘?%ﬁ"ﬁf’ﬁ@qﬂg&ucﬁéf {nawgﬁg?%g%ﬁ %"%’r%ﬁé’?{}%“éuc’h as bacteria
the SHONRIBRY Sti JA AP dXPanIBi gt o tBesin & bnaRg@pice MMbsuall e pecadgh as a
pl asm d. Because til anentous fungi do have nuclei (are eukaryotic),

nmost st abl ytottheipeding spgdence. fungus host cells contain the exogenous DNA

integrated into @ chronosone,.. $ -] " i 5. Lhherited daught er
celI's through ch‘gcgﬁa‘ggr%qureg%? b ch;{eﬁ%bgy_t? hh%eg to” conttol sequ,&ncerse“gh()eﬁ‘g?{%%‘?#'%r\ost"

refers to cghlghckdafechteaxpredion of the @bding kéqudtcd ih aRSAiEProMmehte host cei th DNA
sequences prepared by reconbi nant_ techni ques, and includes the cell

ori gi ndlbl y transhor expdession uaill sarRNAanelepie tahgontpiay @ 6pding sequence A

vari ety of nethods .can be enpl o) [a . lL.ation. of

nol ecul es t?ngarP)Zyn@gﬁ 9y ﬁ%’fr{ﬁ)rl g%lq%?;"%ec%%(rgg' :Sﬂg{h\%?ﬁr%g{)&sﬁegéangﬁ?dgﬁ%\l&ﬁ of a
nul timeric tralatioR bPihRioperaBly linkedi Saupn@an an apphite hostastatsny afdeant s of a
subunit of a rmultimeric protein, or 3) rationally designed or

sel ect ed vaapprepriategonditionbunit of a nultimeric

A cell has been "transformed" by exogenous DNA when such exogenous DNA

20  has been introduced into the host cell membrane. For prokaryotes such as bacteria the
exogenous DNA may be maintained on an episomal element such as a plasmid.
Because filamentous fungi do have nuclei (are eukaryotic), most stably transformed
fungus host cells contain the exogenous DNA integrated into a chromosome, so that it
is inherited by daughter cells through chromosome replication.

25 A "recombinant host" refers to cells that have been, are or will be transformed
with DNA sequences prepared by recombinant techniques, and includes the cell
originally transformed and cultures and progeny thereof.

A variety of methods can be employed to generate a population of DNA
molecules that encode 1) naturally occurring variants of a subunit of a multimeric

30 protein, 2) randomly generated or selected variants of a subunit of a multimeric

protein, or 3) rationally designed or selected variants of a subunit of a multimeric
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protein. In the follow ng, an inmunoglobulin is used as an illustrative
exanple. A skilled artisan can readir3y use the nethods outlined

bel ow, or an equival ent nethod known in the art, to generate the

popul ati on of prdweini In thredolibwigg, ANAmnpinegiobeli is used as an illustrativé\exuoplé. api on of
DNA nol ecul es that encode nat ura i iants of a, 5 subunit of

| Iy occur |n9‘. vg
a protein havi fglietartisan canéfaé'ﬂwé%%rcmth Otiined balon 95 AR B YNt mathodhe
Hoced usi ok o . v
Popul st 1 o of SR RAhE aft WY keHERR BE bOMUIEK AL A BRBHEDNA GEQRLE -

the multineric A gupatation of DINA evsheeples that endode naamsily@fcciariing vadams of such
as fromnormal or abnornal, . mamual i an spl eens. The isol ated popul ation
of MRNA nol%cusubynit of g peoteindeving gatyral hetefogepeit sughors immungelabulinsi ean hsf ¢ DNA

nol ecul es in art-known.cl oni,n ods. FE . xanl t he 3' constant
regi on of h_eav?/mgl‘chi Yihe SE‘HQF‘%’ {@ﬁg§e?gpﬁgﬁ/ﬁigpv$ ‘%@‘&i&‘&”ﬁ%?}’ gener ar acan be
used to "primepd i ATSIRUAGDAAR isdlafddidm BH tAAGRARGFAROBYFALdsRe AultGhANR
nol ecul es where ‘one popul ati on encodes heavy chai ns and the second

popul ati on protemdodesnipiefin the lraseref antibedigso pudhaasifiam nesimat DNbnepinelc ul es

t hus produced can be 1 inserted into Sui.t expression unit as
descri bed bel oW?mmaﬁa“ Spﬁeens‘ The W@EFW&PH?_@PS’/ P%EWHIQF%&‘E&& tﬁ?” psedds
mut agenesi g, Cafu e peSritRE Mr&i@p%ﬁ‘cDNA moice@eaineft-NwBbRiaE ARt Fepcodes
a subunit of a 'timeric protein to produce non- natural |y occurring

vari ants of t hexapmld, ithed aconstatitiregivn oPhervgdulight chamigeass (oangoipTosequence)
site-directed m smatched P_CR,,péi m ngq,. I iégkei.r-sc nnioglg mut agenesi s, or
cheni cal and 26#n bepisgd i@ A (IAGBHEEION AR I ¥t 155 PeBYa ’?’boé%@r]@@ate a
popul ation of PRNA.HRl GhkleSRe populatiddEHcoBRARAG, ERidsAR hesedoRi &gﬁﬂkt%

d 81‘9 For random y

randomy generated variants a protein. exanpl e,
gener at ed or ratcodesdighy chidisi GiregopaRtipns ofelDiN A avlérelessiad produced can hener at e
random or targeted heteroge in a protein, eaﬁgldi ng sequence, such as

eit
t he nt i '@é“rﬁ‘eﬂi‘ﬁ@iﬁﬁ"tég’}? QX%FSSW YR ASHSATEE PEIR%or the active site of
an enzynme. 25 : i .1&‘&&: i A ponal |y
desi gned when a sel é]ctf:ringfn?%l%%gd]crifde(?lﬂirgﬁ?a{@t;}{ch agészsr%t eb?r?teﬁgpﬁ?dng& %’?
sel ecting a pagslaed ENAtmdlgeite theséndodesar subenjt ofia miutimeric protesetd produce non-

generating the variant or selecting the variant-encoding DNA nol ecul es. A
variant is saieptgrallpacqusivgoyarianisoh Breasiculi sHbunis Jressdusss sueh aerandemios not

used when AL AL Ba Rhe SRR Shibi, e\ Rah Al mERGAMER0MA-D! 6ap! os-
30 ThE preterred target Site Tor generating Reterogeneity in a
nul ti meri qapr opiisidal mutagenesibuan teadily Hehaediod pererae h populatiaUsiIDNAdholgewles no
acid sequences. In the case of the . .
that encode rationally designed or randomly generated variants of a protein. For
example, randomly generated or rationally designed PCR primers can be used to
generate random or targeted heterogeneity in a protein encoding sequence, such as the
antigen binding site of an immunoglobulin or the active site of an enzyme.
25 As used herein, a variant is said to be rationally designed when a selection
criterion, such as protein folding or selecting a particular target residue or region, is
used in generating the variant or selecting the variant-encoding DNA molecules. A
variant is said to be randomly generated when a selection criterion is not used when
generating or selecting the variant-encoding DNA molecules.
30 The preferred target site for generating heterogeneity in a multimeric protein

subunit is the active site and surrounding amino acid sequences. In the case of the
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i mrunogl obulin genes this type of creation of variation would center on the
vari abl e regions of each subunit. Ag. an exanple, one could change
each amno acid in the vari abl e region one by one to produce a

| i brary of kﬂ%{)‘m Ik i : : i f ressipn Units
Encodi ng Subuni Sa%t?ﬂu? hgg%jlt?lls F@r“t io(f:' cgra 8?%%@3%5 %Mdo&nper‘?ﬁggeeﬁﬂab si on
uni ts cont ai regiths@f eanhl sebiinitl eAsan @dtiple, e oolild Ghangs ebtHarhin@%ac in the

mul timeric protein are constructed using well known techniques. In general,
an expyasablegrgignione by opetodiradiece aoﬁvrwanfikngwn iyeriggigbuni t codi ng
sequences i nto operable | i nkage with control sequences that directs

t he expression of the subunit encoding 10 sequences in the ultimte
filamentgus fungugoh@fifction of Expression Units"Ent@Hing SubehitsC¥ihd Multfh Peid! ©
presently known in the art for directing the expression o

operably |inked pdbeexpressiopauithgonianngrouicientidé mhlecula eoonivig 4 sibiuvie of b

i nduci bl e fashi on. . Thet choi ce ?f a controh se ugn%e. wi |l be based on the
fungal st rai mutimeric praten are gongrrpptsd Asigg well kngw fechaigues  Ingsnerab apungus, t he
| evel of progg i } , e i on
required (f O%ﬁéikg%ﬁ@?ﬁf%ﬁﬁg@% bey ﬁ\}gc?g%g{é subifk éc(%lﬁn ti %%J{nl%\elée} t-o ﬁpsr%ﬁﬁ?l ed
arti san can lidage Mithidontrolzseqeencesdahatirectsithe expresgmenfciessubanit encoding

generating the ex res%i op. uni {.]s used Hﬁ]’ thg%gﬁr esent heterokaryon panel.

I'n addi t1n (EGUERSS ENOE Ltmls HIgMPRTops {YR8Yt Mhscri ption and transl ation of
the ~  prote nwaﬁegl IFGoRes] LRfeits 4rb Bre3dmlyaGHWAIn WY &?f&fdi&aﬁg%gse“t
invention may further 20 control signal sequences, expression control

el ement s t ha¢xpilessatof hh eperaiply linkef pratein encoding stqiencointeithelea ¢distingive or A

revi ew of secretory. e known in fi]amentous fungus are

jgnals that ar
provi ded by PEVERY fyshiog, ?flhétch%!F? of} TEERYof eayence7d hebgsss) on thedurgal stra
o e, ©o" GRACL RSB ORI s il BT M SIS
gener at eid i nddsead, anfl thdmatenepf egmesivBquiradrfdrexamplesindlicitle wegus t he subuni t
encodi ng sequence,. é)# fraﬁ;q nt. of a saﬁﬁunit encodi ng sequence, is

flanked by reRfiSBHY is30 AR S5t MHiRE AL KNQWIREOATOb SHBRBTES GofUS t 0

an integrati jie : ; Fé&bht us sequences are
t hen used Qéﬁe%tlggﬂ%n%ﬁ a%lgﬁ)gﬁgf l&???cﬁhéko%gﬁohggﬁgkr %@?ﬁati on between

t he reconbi nat i onlrumiditen to sequeacd thdt diracshe thnnpsanand tYiehtioeoothei nat i on

units are used ,theql;ost strain is 30 . pr,efeé%bly first transfornmed with
an expr essi GOLATENGORMNE EBHNGF 12e RPTesRiopauds Bhthe preserlinvention may Surher

{Ag gg)ﬂg%ggi SEHARAER stdRhcdd! &pHi&itn EoAtr RS ERRIPIBRL IR of FOr exanpl e

PCT/ US97/ 1145tein outside the cell. A review of secretory signals that are known in filamentous
fungus are provided by Dalbey R. E., et al., TIBS 17:474-473 (1992). The skilled

artisan can readily generate expression units that contain secretory signals.
In one application, recombination units are generated instead of the expression
25 units. Insuchause, the subunit encoding sequence, or fragment of a subunit encoding
sequence, is flanked by regions of DNA that contain sequences that are homologous to
an integration site in the host fungal strain. The homologous sequences are then used
to stimulate and direct homologous recombination between the recombination units
and the host chromosome. When recombination units are used, the host strain is
30  preferably first transformed with an expression unit that contains an expression control

element followed by sequences that are used for targeted recombination. For example



-11- .an i mmunogl obul in heavy or light chain can he intr I.n a
host fungus al@ PBdss4 honol ogous reconbi nation units can %@ﬁ@%&“f‘f&g

i ntroduce heterogeneity within a targeted region of the host

chr onosone. | nt er redi at e host-$1-are soneti nmes used to produce

i nternedi ate vectors capabl e 5 of transformng the ultimte fungal cells.
The i nter medi afnfimpafioglobalin kidagy 8f lighreehaia cambe introduced inena hest Gitrgpus ahd theht ai n
the desired quantities of DNA, which can be used to transform

. e A
desired fil angmmalegdqusigrosbinasion UpiseAn Resussd I BHRIRFS AeAraBenay Vit er i al
vectors t ha caglors)%g&% higtd#{?&%gq%%'ate vectors include, for exanple,

pBR322, puUC8 RS ion useful internedi ate vectors include
pHY201, pKBY2, pTZ1BRrmedid%hostidre sinetiniS bl &, proliBéintephEdifte vectors capable
It .will be understood that this description and disclosure of the invention
is i 5t enafecinsformingdhe witimaterfingal sells sThetiptermediatgbacipmal trgastopmants camd

f the i ti . . F le,..it d ithin the k d f
The art to | neBen be apinte abpain (8ol Biakfdeet ONA Waich g B KRN0 f SR oo
aci d sequence pf..a04 ﬁﬁ%?{otﬁﬁﬂjn%gf héRMExHnblROBE C&Hx*ﬂ&fxl?!ﬁtfiiﬁblebbaéteﬁa]_ vectors

affecting the activity o e nol ecul e, and such nmultineric subunits can be
gener at ed thatvdahsenre lag tniteymediatedctictars instude, forpxampletpBR322t pUCBand plUi@%l | y
occurring subunit _ar? i ncl.uded in.the, i

o ey

Nature of the /o3giten jipfermeglinte vectors includg Pﬁﬁ%ﬁh‘?%"ﬁé‘ﬁ&r B¢ 3% aihal
strains uq@npl iﬁt\'?ﬁ igngNg@meg_l of het er okaryons of the present
| aih a nenpbe

i nvention con r of a popul ati on of DNA nol ecul es t hat
encodes a subunit oft wall Beiliiderstoodthat thissdescripion and disalosyrercdthe ivvérdtiondve a
nucl eus nodified to contain a nmenber of a first popu] ation of DNA nol ecul es

t hat endosadedstorqoren allsamhpdirmenss that greyithinythaiPiit aed seopgrabiths RVEKENt he
second fungal r 5 : o Wl Rk idEedelel SANLaIDAmMEBaDEr
of a second po%°3|e§%8%’ '(tnls %‘k tﬂ%%“ﬁ%qég?gﬁg?that géer'lgggfeés a Egctgtr?d subuni t
of a desired rasidsivwiedin thepimteidid sdguetdesof an open neaktnigrfeamecwipthamtt substargially
conprised of two or nore _copies of a single subunit, t irs

N d
second pop#l atafteting theRativie) A chg welegylg, sf‘ﬁ*émé‘ Hgeric, SI”D‘?’HE cﬁﬂl"f’ ?gfr"]r’é"rr?t&d
protein is ilt}éﬁﬁgégédsgz}eﬂitg@s to%ﬁtdﬂ%?tfﬂhfe fn‘&'trufzf]fy &U\Q’f‘iﬂké?lﬁxﬁt“ﬁ-e fchufeqand

t he second pop‘ﬁ nol ecul es w encode er ent
subunits. For jgxedipléntioho produce a panel of het er okar yon produci ng
anti body nol ecul es, one fungal parent will produce an

Nature of the Parent Strains

20 Since each of the parent fungal strains used in making the panel of
heterokaryons of the present invention will contain a member of a population of DNA
molecules that encodes a subunit of a multimeric protein, one fungal parent will have a
nucleus modified to contain a member of a first population of DNA molecules that
encodes a first subunit of a desired multimeric protein and the second fungal parent

25  will have a nucleus modified to contain a member of a second population of DNA
molecules that encodes a second subunit of a desired multimeric protein. If the
multimeric protein is comprised of two or more copies of a single subunit, the first and
second population of DNA molecules can be the same. If the multimeric protein is
comprised of two or more different subunits, the first and the second populations of

30 DNA molecules will encode different subunits. For example, to produce a panel of

heterokaryon producing antibody molecules, one fungal parent will produce an
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i mmunogl obul in i ght chain whi I e the other fungal parent will produce an
i mmunogl obul i n heavy chai n. .ibn addition to having been

nodi fied to contain a DNA nol ecul e encodi ng the protein subunit, as

descri bed ab rﬁunc}ﬁ?n?oﬂm&gﬂ chﬁnmg}hggm@hgj @rﬁ%ntsﬁlﬁgl't heg?ungus decont ain

a genone tha res characteristic t render pendent
on t heirmeassgieuliathesvyechaimcond nucl eus for survival and under the

conditions used to form .the het Earyon Thus, the nucleus of each
parent confers a &hadditertohaving baen B9 dified to copsaing N4 melecyle engodingither e of

condi {1 one. uATHER Sttt aSaEeDPate e MUY B The b srping it ' 1 D

8% SO presen a parent

that 10 gregghthids %’én@ﬂx"etth& lﬂésﬂrts i dfhamterimy tH€ réndeisitheflingls depERind Bh
| acking the nutrient alon with a parent that does not have this

requi rement . thef prh-w)habf tlhg sm@nd oueleyssfor ’éWIVﬁlﬁﬂdéU‘éef the condjtlomsneseé & oo

parent confers ,abilj ur ui ut.rient.., The
second par enthe hefe r? on. nfg@“ é’ﬁd\u?%us 6};&%1‘: ?ggéﬁf‘? ?ra& ORISR r ed by
the first. Oglohid result il tH@ﬂilluFEOJFtﬁé fiinBGs ﬁ%l’ﬂc}m&'@ &:lntiﬁﬁé?i toRARVIkinde fheWhen
both nutrients are I acking. he required nutrient can be any

subst ance whicalture hendmnwmless th;:| sacand| ﬂuchgec@lso presenf.oForgaxemple, @ panehi thi,

when absent, seriously. inpairs the ability, of the fungus strain t

gr ow or %ervi’?}:é"reﬂ&ﬂ%icégp@ftr'ﬁ’?éﬁﬂ ben?]’kt rﬂn ?@&@Pﬂﬁ@ﬂ%ﬁ‘ r?H"feﬂég‘P% evant
nutant s with 7;')&1‘9% that does not have this r(e&l)uremémﬂ MChyRRAIGEsiSHEELURS thl Micledl ne
(his-1 through -7 nutants), proline (aga 20 mutants), arginine (arg-11

mut ants), ci of thel secm\d(;mrgn mnﬁmtaarimsyo sua‘spams@c abse(\aﬁsef this nutrlenntJt i s),
choline (chol- 1 and chol -2 nutants anm ne

) cy b uent Sl ot
(gl n- 1 nut afEcONd PRESHEIIR BINp TB3Y. Fequip ?Sf%ﬁem 5)“”6 Yy Ph@q?‘F Ythe sta iy 5) |
met hi oni ne ( %com ni g‘-b#uﬁpﬁ\ﬁzl@@% {Heh sxﬁ’vwegwlﬁaﬂqmth rthnQME aRti2dking2Nd

t hreoni ne (t tants (2) m xtures of aromatic
am no acisls, such Tas requmeﬂmutrenocﬁanpbeaamy noistance whichIhe fumgiisistraiy celbneeds

t rypt ophan. d al | traj t ;
O, ¢ Bocarbwah (4 Rhighov i abret i infris Rlsr iy AR SRR PeR ©or
aro-6 )@wm SrvivR. 'Ex%rmilre?opuseﬁﬁ%@iéﬁ! RGuRSHen(@hid Be F186HAE athntor 11 V-

1, -2 and -3 xture of phenyl al anine and tyrosine (required
for pt nutantmlude: (3) VI tam ns such as pantothenic acid
(98?8 1%32““ ants) ar(ld ' hlaamrlrrllona?mcgstsglch as hlstldme 0115 khroughm'%t mutan?s) proline (aga VO
PCT/ U8975314%§1tants), arginine (arg-11 mutants), citrulline (arg-11 mutants), asparagine (as»
mutants), choline (chol-1 and chol-2 mutants), cysteine (cys-1 mutants), glutamine
{gin-1 mutants), leucine (fer-1 through -4), lysine (/ys-2, -4 and -5), methionine (mac
mutants and mer-6, -9 and -10 mutants), and threonine (thr-2 and -3 mutants);
(2) mixtures of aromatic amino acids, such as a mixture of p-aminobenzoic
25  acid, tyrosine, tryptophan, and phenylalanine (required by all aro strains except aro-6,
aro-7 and aro-8), a mixture of tryptophan and phenylalanine (required for aro-6
mutants), a mixture of isoleucine and valine (required for ifv-1, -2 and -3), and a
mixture of phenylalanine and tyrosine (required for pr mutants);

3) vitamins such as pantothenic acid (pan-1 mutants) and thiamine (¢4i-2

30 and thi-4 mutants);



- 13- - WO 98/0 ) purine bases such as adenine (ad-2 tgough-Ads
and ad-8 nut am 338, 1534' hypoxant hi ne (ad-2 and ad-3 nut antsl)]f mos@%ﬁ

and guani ne or guanosine (gua- 1 or -2 mut ant s) ; (5)
pyri m di ne bases such as uracil (pyr- 1 thfdugh pyr-6); 5 (6)
saturated fatty acids (cel nmutants) or unsaturated fatty acids such as
err] or C[&)r] purinebasesisyeh puddentpe daddubrongheddt and auh® muitants),

conformation at either the.,9-.0n.l |- .. position, fatty acids wth
Gl e Bona" hysfutathine (43 3id 6ﬁ'r3a’{‘+‘8’h‘sét'"‘isﬁ’§’ #nd gyanine o gu me(%g”a”foét'?y
acids with rrul,;,{lﬁhg);ci s doubl e bonds interrupted by nethyl ene bridges (ufa-
1 and -2); 10 (7) physi ol ogically inportant ions such as
potassium (trk); (5  pyrimidine bgjes suchasairacil whdithrosgithyraé); i nosi t ol (acu
mutants and inl nutants) and

| - d ) h
organic enfities s asSawated faty %Cg@(ﬁfﬁ{@%?%@?% unsaueryed fasty éf”éig %&Ch a.so. .
succi nate, mal (gi@,’g _fJé% Jﬁsﬁg‘?%fﬂfo |ef$%§% g'?th@fc%rco'ﬁ\:ﬁrglg{i@ at AneHAR P t%‘?—' ¢

acid (pab-1, 1 tants sul f onam sfo nmutants a
35[err] Q). position, fatty acidOwéthspdntibfel bondim thel teanl asefiguoation d1tlie $Iposiiah, and
requirenent is the Arg.B+ gene . coding for the enzynme ornithine

t r anscar bany| H38y aqifs with rﬁ’i‘ﬁ%ﬂz‘e Fis dgpils bARds IRtefiuped; Byaethylene bridges (ifar! and

Mut ant s | acki ngy.t his enzyme (Arg B- strains) can be prepared by usual non-
specific techniGues, such as treatnent with ultraviolet radiation, followed
by screenimpg 20 (@asedplgsiotugidalipbmpdrtant fons guchvasqotassiamnede);medi um coupl ed
with an ability to grow on a medi um cont ai ni ng argi ni ne. Fungi
containing this gerfghe wiugpr YehRlsomchaninggitol (acy muwﬁiaﬂgwﬂfmmn@y) adso

i ncl ude an Ar +cenL1_C|nechS. Al so useful for forcing

het er okaryon f i8N are genes conferring a resi stance to any one

of a variety of Cyt(@?]OXi&hégﬁ@irﬁc eftities X3l aCetaidaad matany) Makdtyutaddre,
enbodi ment, one of the parents can have a requirenment for a nutrient as

wel |l as a sucginatp.omalatceformatg ar dxmaldehydet/on mutiatsd hyminobenzomuasiclrahical |

an antibiqtic gr virus . a harsh _envir al conditions such as
a predet er'ni ne'g apéﬁ%g}”ﬁ'ﬁsf)ea'}das.r‘fggmtngg%?%Fu“upams 8%§5'0t her parent is
sensitive. One specifioRRerhp1e 6y JAN Mtriddnal guRbifert REMRE R B4 can
exert a toxic effect include 30 acriflavine (resistance conferred by acr

general |y, wi tdedingdopthesanuee ormithine trahsgatbemylase. This lseiyme is erpsentad wildrtype
resistance by a Cnrléeérl' ﬁ&ax?t%rla-c@n-g R %rrigyrr]noe-(kré Bél-sgrle’if-ngzc%ln%e(pl;gpsairesdt &) isual non-
specific techniques, such as treatment with ultraviolet radiation, followed by screening
20 based on an inability to grow on minimal medium, coupled with an ability to grow on a
medium containing arginine. Fungi containing this genome will grow on minimal
medium if they also include an ArgB+ nucleus.
Also useful for forcing heterokaryon formation are genes conferring a
resistance to any one of a variety of cytotoxic agents. For example, in an alternative
25 embodiment, one of the parents can have a requirement for a nutrient as well as a
resistance to a toxic effect induced by a noxious chemical, an antibiotic or virus, or a
harsh environmental conditions such as a predetermined temperature range to which
the other parent is sensitive.
Specific examples of noxious chemicals that can exert a toxic effect include
30 acriflavine (resistance conferred by acr generally, with the presence of the shg gene

being required for resistance by acr-4 and acr-6); 3-amino-1,2,4-triazole (resistance
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conferred by acr-2, atr-1, cpc, leu- 1 or leu-2)); dyes such as nmalachite
green (resistance conferred by acr.43); caffeine (resistance
conferred by caf-1); purine anal ogs (resistance to 8-azaadeni ne and

2, 6- di am NOPUEIHIG &Y 22D, PE Aek-1 Ire&t-33)2868 shéh as malachitd g.*%ﬁadem ne and
8- azaguani ne conferred by aza-2; resistance to 8-azaguani ne

6- mer capt opurdrc@stmmefcenfeerdd by aezzé} Baffeins(rsvistaare cooferedby lngf- plipurige anidger r ed
by mep(3) .and nmep(1 i nsensi.tivi ferred by cni- 1 in
Dhe first o4 @taso 8 azaddeghk 3o S-diatraRBin SO Y el sbirer i m oy
cya-6 and cyag. Z}aad?éﬁﬁémh}ﬂ &nin confer?&ﬁ? ﬂaai‘(i?séﬁi%t:% %eagag}'amcr%

and -3); chromate (resistanc con erred

2- deoxy- D&gl u@-mca(plthmrme anmferred)w aza- B dretigtanigrth 6-metblyiparide emfstaNge
conferred by 10 edr - | . ethioni,ne (resistance conferred by eth-1,

by nap in t he’"f)?@%éﬁ*ﬂ:@’%(flo) cyamdep(ﬂfsre%fﬂ‘dw&ﬁ%r@ﬂmcﬁel imthg fisst 2hdiours 6f t he

ethionine is e

5-f 1l uor odeoxy% .“}é té?mga"{mgf%%}?’g% O?%mg%gq?fSo%n8§¥§3?Q§%h3¥W&eance to
al | t hr @esigavennfeted by Eﬁkﬁ 22 dndSBRchnefatd GedisthddeQoRERE bl el P
conferred by uc-5 in an nmoni a-free m nimal nedium resiStance to

5- f | uor odeox yrBEHFnE- %ﬁ*ﬁ?ssifﬁﬁ‘ﬁlwfc?w&i"ﬁé by=igr ) (sering (@@ﬁtﬁm&mﬁbyedmy 1),

and fl uory hepy!| i [ gh -6
under cert%gl nmcfo]ﬁ%@ 22‘%1)% Bﬁgé Zaa r?fc(r%g&?{eé?g %hc@ "agnflé'ﬁ%rﬁseﬁ’ﬁeﬁr

met hyl net hangflgotdphesistaniie) SRSy /Y & 1B ethiniHenfinl te BERASHS: iNSrd %mbkﬂfnds 1);
surface-active agents such as dequaliniumchloride, cetyltrimnethyl

amoni um br ondug as arftrorodeoxyusidineablyaraniacn pest ﬁﬂéo(queldmst(msmanc@tﬁ arred by

-1 d getal h, t t f d by
vamy ., 0N B onkH e SR ARANS Enddroprash BBing SOMERed PAKES iF R o
ef fect incl uotﬁmhsm@mée minimal n;kmahhyésrsiamé B5 e AydRa BRINARR 2SR ZRbaddiNd

carbamate] (resistance conferred m); antinycin A (insensitivity
conf erred by keing quf@frﬁdtbdé“if‘l)r gnd Quprﬁmnﬂyla!ﬁﬂmgr(tﬁﬁlshﬁce pwifereacby fpr-1
o onyct o 2o e SR Alln CRER ARG RGN - Blhuibee Sl i o ot

ol i gonycin 2 giai SRAUOT sef ul

are genes conhehyl M@hamSuFbRI€ ndeBsifivd bemBginally ¥esitve Sor upr-1): &FcE-QpRNt al
condi tions such as a hsd%h or low tenperature, the |lack of oxygen

(resistance cag&rirspaiasequaliniure shlefidgcetyitgmethyl ermmenigmcasogadst and ed by | i s-
radi at on,  aniernprinp chEeBRERARcedonter ey oAk A B s fefgae
preferr edgoent{@gﬁmtg cohfBfed Bpb@tance to a toxic ef fect is a

resistance to an antibiotic such as anpicillin.

Examples of antibiotics typically exerting a toxic effect include benomyl
[methyl-1-(butylcarbamolbenzimidazol-2-yl carbamate] (resistance conferred by Bm/);
antimycin A (insensitivity conferred by cni-1 in the first 24 hours of growth); polyene
antibiotics such as nystatin (resistance conferred by erg-1 and -3); and oligomycin

25  (resistance conferred by ofi).

Also useful are genes conferring resistance to extremes in various
environmental conditions such as a high or low temperature, the lack of oxygen
(resistance conferred by an), constant light (resistance conferred by /is-1, -2 and -3) or
the absence of light, UV radiation, ionizing radiation, and high or low osmotic

30  pressures. In a particularly preferred embodiment, the resistance to a toxic effect is a

resistance to an antibiotic such as ampicillin.
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Strains generally useful in the invention can be grown on I X Vogel's

M ni mal Medi um (N nmediun) in cotton-pg-ugged test tubes, with

suppl ement s bei ng added dependi ng on the phenotype of the strain,

such as, for exanpl@raif¥ génkMily@sefidlif ki ineention can bagdfown omoXi Vegel's Mifinabl
strains may be obtained, for exanple, fromthe Fun Genetics Stock

| 5
Cent er (" FGSC'Medinu (N medipmbin qesiorimiuggeditesh tefies. Wi g‘é?%‘?’?‘if‘.ts being addedot her
N. trajn beli d |, |: = - i . Dr .
Wiy Cace. - Undraeadieg St feagnalyas Sbk sk, S TPBnche RBURCIEGALON X
wi | d-type and7o|‘\}/®105\ii§i. q‘&gﬁ%ﬂh?&iﬁksm@ 5¢ Stthiaed Foretiiphd, ifivin (H¥FAgal an

arom9 mutation ( ) an inos (io6d) nutation. The double
mut ant qa- 3, aG&iRids Sloak Centeo("FQICE) a0d from DY Perany, Stanferdddnivgrsity. c
dehydroqui nase activities and i s.unable to_.gr.o 1. Nl el . di.um

wi thout a supM@MtNd?'a%f’éﬁﬁf‘ibEheé’ﬁS ﬁ%gﬁt‘fe&@,'s Wﬁ-@é%%(o&%ﬁ {ér(?m D
phenyl al ani ne ' 128l 30T RYstPSf isd derivative of wild-typeUsef ul
strains of A lﬁ%ag(r:&?’A @g&ﬁ@égﬁ?egﬁg, ?ﬁ?gsgvai I fattbl e‘Sf r oergvta ﬁ\ée cl):u‘?\ngalype
Gentics Stock 13 tiich @&t d stalsle gtr2anmatiod (MA46) anoyonGe|rastatiars fdb 4,1 ),amd

Sordaria 15 fimcola, or can be prepared by nuta eni%i%g y&h W light to
form an i sol atam irgwgio60 ) mutatiogy Theloyplsimuanigdat. &g hilarks Peth Yeowt h i n a

defined mi_ni mal. nedi a. . Thi .. A ; b i hi ] I
ransteradd. e Blhe sl st Beflcramiass BN AR ISuRbR LB BRIV,
ni ger or A nigedigdAswviionat 8 espldnnat obyrotmvie ambicoaidsirsuzihaphips eXatpale,

(1966) 113:51-56. 20 St andard praocedures are generally used for
t he mai nt enancehenylaleping ahacensgntigiion of about §0gapesmlon of “coni dia (Davis and

de Serres, Methods En | . ). 17A |1 pical |
grown in liquid culﬁfﬁ%@g&fﬁ’% %g%o%ftggﬁ@ﬁé;%%é%( 95‘%3 ?ls%g l‘eéglgrﬂf%nggﬁ ﬁ&ﬁ@hl in Y
Lambowi t z et atentiks Soddk Einfdr, 4sh9603s sBrdink bf Budariiasbe/atinaippea, cad Sgedweial |y

be grown in either Vogel's or Fries mninal nedi um supplenented with
the appropsi atfemicale, or part bei prepared by ButAseHIng MGt WY AigH & foRmapiisnlarg that

argi nine, phe, tyr, andlor tr .- . : .

p- ami nobenzoi creﬁ%'ff{f FUBBL °rfrg'8&§erp%1l%wg]na§9?ﬁr?8g o %QE%‘S{TH&SZStr%n’per

m). which 1a¥RO¥rnftHi@ ahrbainb i thmsferdst) Hab eectoilled drach 43 $0¢t)62). sMiedia ar e
publicly avail able. If not readily avajl abl e owever, one

howeve of
ordinary ski | | for grawing dr nigemer dseideansereidsseriped by @Eﬁrﬁ’é{%g' Brophysdddn in
the art for separating oglé either the desired nutants or the
098/ 01534 1966) 113751-56.

PCT/ US97/ L{A25 Standard procedures are generally used for the maintenance of strains and the

preparation of conidia (Davis and de Serres, Methods Enzymol (1971) 17A:79-141).
Mycelia are typically grown in liquid cultures for about 14 hours (25°C), as described
in Lambowitz ef al. J Cell Biol (1979) 82:17-31. Host strains can generally be grown
in either Vogel's or Fries minimal medium supplemented with the appropriate
25  nutrient(s), such as, for example, histidine; arginine; phe, tyr, and/or trp (each about 80

ug per ml); p-aminobenzoic acid (about 2 pg per mi); and inositol (about 0.2 mg per
ml).

Many fungal strains with the desired characteristics are publicly available. If
not readily available, however, one of ordinary skill in the art can use selection

30 techniques well-known in the art for separating out either the desired mutants or the



" - 16- engi neered nucl ei providing the desired characteristic.

Il | ustrative pyasyntsas conbi-nations are shown in the tabl ePGEDSAW11425

Table 2 5 Fi rst Nucl eus Second Nucl eus

First Second Second ekl rst Fusi on

Characteristic Property Characteristic Property Condi tions 10
PT’IEZI- um engin®&rdd B8 providing thedeSir€d Earacteristic. IIBirtive parental M Ni mal

(mv) 15 combinatibhssare shown in the tabletrelaw.r | bn{err]

hi s[err] MViFbm cycl ohex[ err] brferr] brferr]

cycl ohex[ err] Mvi-bm

+cycl ohex 20 caf feine[err] Table?s 9l err] arglerr]

caf- | WM —

+caffeine 5 Thi -2 wt aro-6

W MM First Nucleus Second Nucleus

+t hi am ne 25

+t r p+phe seen he t abl vari ety conpl engn

characterlstlclpropert§rt } gd%b% Se (ﬁ' % fit v PO%

|,

Inatio can be chos [e)
f usi on conditi ons. Eropethut r i @@____rac enstic requf—ﬁ@-ﬁ%% ] st ed

by a mutant strain, while the ability to resist certain 30 substances may
nore conveniently be,,sconf erred Ryg'nodi ficatiagg of the nugieus W tliniaal
expression systemfor the resistance gene. Alternatively, the nutr eﬁ |onal

c

requi r ement can be effected using reconbinant techni ques su
honol ogous reconbi nati on with a transform ng vector and t he(mM
;resistance can be conferred by nutation under conditions wher e the
“toxic condigtions arg;present. 3y Uit one enbodjigrent of MN€Hm
i nvention, host cells are converted to spheroplasts for
transformation. \Wen spheropl asts are used, a preferred nethod or preparl ng
t hem cyclohex bm bm cyclohex
+cyclohex
20 caffeine’ arg’ arg’ caf-1 MM
+caffeine
Thi-2 wt aro-6 wt MM
+thiamine
25 +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

30 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 conferred by mutation under conditions
where the toxic conditions are present.

35 In one embodiment of the invention, host cells are converted to spheroplasts

for transformation. When spheroplasts are used, a preferred method or preparing them
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is by enzymatic digestion of the cell walls, for exanple, by using a

chitinase/ gl ut amase mixture. The seliection of a suitable enzyme for
enzymatic digestion is within the skill of the art. Useful enzymes

are those capabbg entynthitigaligestion ﬁ‘ﬁlh@bdkw@lttd Ymah@fd. Ejaasmgachxtmas%@htﬁﬁﬁse
found anong those known as effective in preparing fungal spheroplasts of a

5 wide vari efixtye. fihagelectiopadpsuitablenzymed O%th%gkgﬁﬂmn% within the zkiltes

i ncl ud
llngl Ecﬁr oni das%mﬁﬁypsgéf?@%gs %%&er@ fis ggﬁﬁf\?‘ggégﬁggd ppg'aquﬁqlde&
spheropl asts. dnid as&fdunBlamoRB tRe kndvoR a&@ﬂféctao@td preparing m@ﬁe@% 1%59%12 the

use of vectors are identified, however, whol e cel s of
may be used alwidg vagiety ob furigalsspecies. cﬁpesqﬁh@xapplasoﬁsuxtam enzymes includeTo nodi fy

t he nucl eus of .the fiyst, fungus haost rain ain an expressi.on
unit for a DNAVRYREYM i?é (gn F Byftare A SBeHmes B?Eﬁﬁi”ccf’f?é‘f age. pPtee pitablene

practice of thgethods may b¥RBkb Ri?m%'ﬁﬁér%)ﬂﬁstsuwmb@%lﬁd&smé ﬁﬁt ed,
nol ecul ar bi ol ogy, m crobi ol ogy, and r econbi nant ni ques t hat
is within the ;mhetl-dnomfbyttheuwdf veQocshare adehtifiel) dswaver, whole cell@mhaﬁnﬁdl Fidakl ly

in the I|terature Maniatis et al., Mlecular doning: A1
Laboratory Marft#fl e(lisggzbonsmh oragsisad afspbaroplest Ol oni ng: A Practical

Appr oach (1 [ the
coproach 1854 ( Loy fﬁ%ﬁclkus‘a&ﬁ'{}%hrst RrglOnug (sga*n G eomd A g;g?esg%a
Transcri pt i on uaitdorla BINA efidoding (aHartizalae sulinit of mult:meﬁdprot&ﬁ&ﬂé praotitd18f thee! |
Culture (R I. Freshney ed 1986); Inmobilized Cells and Enzynmes (IRL
Press 1986), Hvepdpmamploxs. F’PQ&% qtéwmwérem@@ mpleadan elogy. snirrei qiqmayd 20
General Pr oced%{{ﬁ]bfl necu Rﬂl@?&% tf?a{? ﬁﬁ'xtmnt SKilt Bf the anbu%ucp éeqhglques are the

popul ati on of es en | neric su

placed into exppleinsd anlydnitediteratnge. E!,% 8%l evatiats Qe Mokl Cldmpsf gr m
par ent host strains of a filamentous fungus, such as descrl bed by

Stuart, F@teé@h@é&&i\éﬁmﬂrl‘%sz)BDNﬁ@‘{eéﬂhgl BN (dening: nA IPsaas :
Strains of Ne SSa, | V. bl.e t e un al
Gt i os St ook LRV ehurAbaR i ioRi e unthesis (ALFaft 2 14y > be

used. Mt antsmﬂdmndrsmaaieedf@lfeedsows5)@$rainkéruﬁiroha1h@¢rméla§b@ @rﬁeseettcﬁll
Genetics (1966) 54:677-685 and Haas et al. Genetics (1952) 37:2]

Usef ul strai ngds. 1984); AmimaliGell QudturefRol. Faeshneyord. HOBS); EEMELbEﬂsﬂmﬂanf ord

UnlverS|ty Str ai ns r Vogel ni.mal I um
("N medi unt") rhﬁz%”d%gt &tr%js g:]]g@)t es? rPal M%&gﬁi%ﬁ%&%% 1%%?

suppl enent@ bei ng added dependi ng on the strain's phenotype.

General Procedure for Transformation of N. crassa

Once the population of DNA molecules encoding the multimeric subunits is
placed into expression units, the DNA molecules are used to transform parent host
strains of a filamentous fungus, such as described by Stuart, “Heterologous dimeric

25  proteins produced in heterokaryons.” Strains of Neurospora crassa, are publicly
available from the Fungal Genetics Stock Center, but independently prepares strains
can also be used. Mutants may be isolated de novo, as illustrated by Stadler et a/.

Genetics (1966) 54:677-685 and Haas ef al. Genetics (1952) 37:217-26. Useful strains

can also be obtained from D.D. Perkins from Stanford University. Strains are typically
30  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.
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Spheropl asts are used as subj ects for transformation. To form conidi al
spheropl asts. the fungus is inocul ated ontf) 25 m of solid N medium wth
appropriate suppl enents in four to f §e 125-m Erl enneyer fl asks,

whi ch have been plugged with cotton. The cultures_are grown at room
terrperature for 5- #ﬁ‘&@ﬁs‘@’e used as su&eq‘ﬁgoréfﬁ‘i’iséﬁ"aa% Y digly addi ng
10 of N msd%pﬂg?obﬁs ahb ﬁmg@ﬂ%moculated 5&9'2@%1’19‘551%%%&1@9, Qlt”gp?rggﬂate

svmrllngthef ask e50|ds are allowed to sett
m nutes. The cuppldmahtsiin fountefives13fomt Ededmeyen flaskis oghialy haletees phghed Withag
hangi ng in th% mout h of an Erl enmeg?/er flask and secured with one or

more rubber baifien fhe cultures are;grown atrogt teppstatiedor yxidayhe concentrati on
of conidi agi S det erfil NefidVard h%\R’CS‘FJ‘ﬁg%‘?B@r@“’?S{er r?a,%rgm)égchcﬁgkns bei ng

count ed as “one. added to

150 m of |i quieglabingeti dottod Phigdiamd Hirfing the ﬂ&ﬁ%fﬁ&@l’%ﬁe%ﬂ'&né@ﬂf SRld ﬁ??
suppl enents. The conidia are %erm nated in the cotton- pl ugged fl ask

whi | e shaki ng fewsoinpes T pagomdial mixgire ispoyred tOr@cﬁWQ“éq’YpéFthmCéOthrbag hanging

nore than 75%h e r 4 co ters
in 15 length %eggél fgﬁgrﬁgn %}gvesgce%%b%k%rgﬁﬁtlh%uSlorrlénoé? 8{1 a“f%og %000

rpmfor 10 filtrat@iitec6sered AR 6l donpettatibn bf caridia @detdtpfedidy S Wi th water.
The pellet is then re-suspended in 10 m of 1.0 M sorbitol, and t he

spher opl adPs hemocy@mtqmcepﬂarwﬁhlﬁba!@hlza)mﬁa@mmtqdeasmnal of the tough coni di al

“bursting' of the SoNERBsefa s RaebE PP R seBrinie.
adapted from tlhﬁ%@kr‘i‘)@éia&f apyPbprined s@Blim\éﬁﬁoﬁﬁllé)éomea%e germmat%ain th@“é@t‘gﬁrﬁc'
USA-(1986) 83:4869- ecifically, in a steril

Erl enneyer fl aﬂﬂ@geﬂrfleslcwhxlqjsi@kmglﬁbﬁle%@pmm)ufgr 5-6 hourg@necmltémpexdmdumtd 50 ny

of a solid enz ’%/W. Novo La qr.at ﬁles er tZetr(g

Novozym 234 THEEHER (176 Hede RIS THCPs Bty bt & et diamssers M- hour
(+10 25 18I NUb@Sh. TRe EdINALS hdBteddyl cendifihging Beabd RN EI0RPI ABLrpiOHLFBH | ON
process is nonitored by exam ning a small aliquot of Fhe m xt ure

m cr oscopi cal Irymumeﬁhaceibnﬁépt lsrlhfﬁd three timegpytity wptemst s can be det ect ed
because they |lyse

| d.of th
cover slip. The pro e“%‘H%{ﬁéa r%éus ‘?et%d'r’ ég "ﬁ%g&l?e]ﬁtﬁoa)ﬂ A d ‘i?g’fhg?"pla%ts the

stages of sphek®plepaded b9 eiBimadio remval of the tough cogiif REIELWARMAGLanBntiHE e 1S
decanted into a sterile 15-m conical centrifuge tube, and the

spher opl ast's amder isetovigicenditignsc tmpreveni ghentpuastingbof thp plereplastnas they aien a
20 formed. The protocol is adapted from the method of Vollmer and Yanofsky, Proc
Natf Acad Sci UUSA (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

25  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.

30 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
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swi ngi ng bucket table top centrifuge. The resulting pellet is rinsed tw ce
with 10 of 1.0 Msorbitol and then ohge with the follow ng STC
solution: 91 g sorbitol; 50 MM Tris. d; 50 mMMCad [err];

suf fi ci ent NaOHwingiaglpucktet talbb tppicersrifligd; Tdundesqlti'-ng petlet3®Hngdd. twice with 10 of
The fi nal sphero&l@? eII i S su%ﬁ STEI?E’ ture of 16.0 ml STC, 200
5 U DVBO, and 4 Miorglo ‘thep @H lopying P soluigny %Gl spehitof] KoM

gl yeol sold %%Pf t.r 0 Tri

nmvi Cadl [err]; sufsf o @?Cl sﬁ%&éﬂ?ﬁoﬁ% %'USPK %%I%P? 9-&ri8 Séoénq to

I cient to adjus

50 m . The'ﬁhﬁl f;matdpldsﬂgalﬁufsrl‘&ﬂﬁn&éﬁ mfa BiIXAaE QP |1 e@trﬁl SR Kot her
be used dlrectlna/ or _stor ozen in 1.0 aliquots at -80[err]C.

10 IPMBQr ande4 mh of the f@ltﬂv@vs 835 solyion: 200 gupolysthybheglfc8bsldni di ne
solution, 5.0 ul

cont ai ning the ué'Qﬁr tggérag?_';\arb%?eo@]bag% t@%ﬁuﬁf%ﬁ‘ﬁgﬂaé l‘&%‘s that

Y
het er odi mer al mmwdjasﬁﬁéﬁmabloeaima%efo suah as benony!l
resi stance (usually at "a concentration of about 1.0 ng/m) and 5.0 ul of a

5 mg/ M heparThe resilting suspeasion of spdrdpfastd ¢apleither iehesed divectlyTdrastored
sperm dine solytion.is. 1 g.by dissolving 12. 73 ng of sperm di ne
in1.0n TE a zﬁ'&i]"ué? “ﬁ@l"ﬂ‘ﬁ’ésg‘ %6 C. 8.0, and can be stored at
-20[err] C. ydhe hepan g siphdil 590 bnse“nea;poﬁbsdz oY1 &F 55 i f

t he sodi um salt of hepz;rl nin 10 ) STC and can @MS%?zgogny%t¥t}0&zg,r? d

al i quot s. of the plasmid DNtk tebotremtestea, sudbasttbd eoaratminy theekpressismsyser sed)
in a tabletop entrlfu | aced in an ice bath. About

n
50- 100 ul of t %@ngwﬂefg’ﬁld&ﬂ@ 'EF%OCSH% opg Withet sslsctable paskerish gs xt ure i s

t hen i ncubat ed e t

about 20 m nut ggﬁborhnﬁi %ﬁaﬁgbé&gg@n ;ﬁu%z\gesrg#ﬁhf)b%%gﬁ{-{ 1% g’ﬁﬁ'%%ius Ogﬁaed
and mixed . mgfral hepagin fsd>1mi¢umgnuihm lb)uﬂneking'ldm bt mhesﬁesmidnmmtm i§ ur t her
at room te erature for

Regener at i b W’eﬂd’é(rdlqsglvﬁﬁge!&arj’erﬂg Hgsﬁ’ﬁr ‘X‘fqﬁ‘be inded Tg()‘)(d‘@é&é‘lm&thzwl'i to
hgar s oo TP A B 8 sl 32072 The3RhBl Rhigh10peRa e B9 HsspfR 607

g/1 fructose, &ftklsodinmssalt@f heparinin 1@ ng/oIfS@‘CLahdeﬁn baswdretli fre akduotd. S

added. 15 m of the top agar s incubated at 55[err] C and poured
into the tube cont ailAf ﬁ‘@f‘@ﬁé"gﬁ‘ﬁé‘ﬁ@pﬁf&é’f@ﬂ}amn&Plégf?ﬁ)éﬂ Diakletameentrifuge and

contents are alfilked oDkl hSKLOR. 10l B BLIBLLUE 23\ fBs and

t hen 30 uni fornm’y poure
20  tube. The mixture is then incubated on ice about 30 minutes, but incubation periods of

about 20 minutes on ice have been successful. About | ml of PTC is added and mixed
well by flicking the tube. The mixture is incubated further at room temperature for
about 20 minutes.
A Regeneration "Top" Agar is prepared by mixing: 20 ml 50X Vogel's

25  Minimal Medium; 825 ml of water, 182 g sorbitol, and 28 g agar. The top agar is
autoclaved and 100 ml of a 10X FIGS solution (containing 5 g/l fructose, 2 g/l inositol,
2 g/l glucose, and 200 sorbose) is added. 15 ml of the top agar is incubated at 50-
55°C and poured into the tube containing the spheroplasts and plasmid DNA. The
contents are quickly mixed by flicking and inverting the tube 2-3 times and then

30  uniformly poured onto a layer of plating "bottom" agar.



WO 98/ 01534

PCT/ US97/ 11 X493 98/01534 . . PCT/USI11425

The "bottont agar is prepared by m xing any required supplenents, inl X N
medi um autocl aving; and addi ng | 0X FI GS,gnd benonyl (if benonyl resistance
i's used as a marker) to final concentrations of 1X and 0.5 [err]g/m
respectively. Av ] " sl - [ ur.edijpto a
petri plate and aﬂ’%v@o totmo aﬁgrr'g%ﬁégrﬂfub y%'xm%%&%%'t%ggﬁ?mgm%gfj '33¥rﬂhas

been poured medium; hstoblatingrandadding NOXIFIES MmdebenompMeRbenomyl rebistahdedisi ng. The
plates are kept in an upright position until the top agar has solidified
(about 5 ni nwsed@s 2 markerp ko firah conpantrationg of 4 X and gt He/pH aespectivelyy | A vhlumisot t om

| d. h Lidified, th
S o ar e fanymt §6boRSP BB Blited IS 8 el e Bhof Wpmabfoipues 15" 1"
For selegiion of Rhher e t6p ks his bdeRAPpDlRUBYVEE fhe tohtS PHu%blE?M%r@ME@%f ed on

t he appropriate meg'ti;'um (havi ng conposition onl the transforned cells
can utilize by flaming. Theplatdsarekepain amepright positiorounttlitiehtop algyr hasaokdifiedred

cells are resistant) and | bat ed at about 34[err]C. An indication
of ajss ucces sﬁgbsutffa%%%?w&qﬁ%wp@&ﬁf tﬁﬁd%@éﬁr%ﬁg’“?ﬂf the] bottorp, ééqffsf;“ﬁﬁ :ar
plating. St ablnaelfraRshRuTHce t&rzgpggwaals&:wmé‘o?mdp@gg %{eli{.émst%d%xr? of 15

grow h. The incubation period to defect transforman vary dependi ng
on the host inverted misitminrat 34Ut he phenot ypi ¢ mar ker. Sel ect ed
transfornants can beﬁﬁ}zegr.eenfeﬂ B;Jr‘, expregsion of the desired protein
subuni t ¥y st andaFef SfecHeyet the e Frassa ?PSE‘HB’PB‘&?hﬁthQStEH*EA.C“&Uf@éloﬁﬁbe bl ot

i mrunoassay, L CL j i i i [ OF: sted

ol et on 20 PP E BRI ARRsfEhon tHe'cEhsiBHREd (e Bl SleedE™,

i nvention, tdontaihiogen detsiiotidtedvhiccaniptrassivrredadeiis apeassiaim) msdielcubated att 0

pr oduce: o Lo (D a first fungus having a first

char act er i st3b@ut 4iC.nAgdndicatipy ohp puscesstul transformation can ge seanrabanyed-38 peci f i ed

condi tions Diurd S HidiinG! 3pdofe PinsForRLARGH donthlll SLAEHamY 1nfe2 days of a

second nucl eus; rst tfungus now transtorne 0 contal n an’'expression

uni t forisa ngrobelot Theinsetstion perichwatttaeg trandformsantsSwiiuabt depriding on the host
(2) a second_ fungus having a second characteristic that negatively
af fects grovwtRinshe ghenotypicakshdi ti ons but is correctable by a property

conferred by the §irsty H&&%ﬁ%ﬁ?t&?ﬁbé% da froff eﬂfb‘ﬁo@"?ﬁé@ésggd gpc}t%iré second

expressi on 30 or a nucl eotidé sequence encodrn
subuni t subunit by standard methods, such as an appropriate ELISA, a colony biot

immunoassay, restriction enzyme analysis, filter hybridization, nested deletion
20  subcloning, and the like.
In the present invention, the above-described recombinant techniques are used
to produce:
(1)  afirst fungus having a first characteristic that negatively affects
growth under specified conditions but is correctable by a property conferred by
25 a second nucleus; the first fungus now transformed to contain an expression
unit for a nucleotide sequence encoding a first subunit; and
(2)  asecond fungus having a second characteristic that negatively
affects growth under specified conditions but is correctable by a property
conferred by the first nucleus; the second fungus now contains an expression

30 unit for a nucleotide sequence encoding the second subunit
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The resulting first and second strains are the parents used to formthe

het er okaryons of the invention. -21- Alternatively,

el ectroporation procedures can be used to transformfreshly har vest ed
coni di a of fil ament ke résultingSirstiand semntistrains poer the prssais¢danford.the  Fungal

5 Genetics Newsletter .. 42A (Suppl enent) (1995)). In general, conidia
are harvested heterokaryang0 I@S"‘fﬁ&é}o%l d cultures. The cells are washed in | M

sorbitol solution ar}ﬂtemaltivelyé#ié/o?@%g&%oﬁ&x@ceﬁén%?!car?G@ﬁs‘%@35 %&?rsng’grgégg ;(0 an

10[err] cells/m. Approxim ug o i neari ze
al i quot of thephgR@ied abnididf€hnienrous fishgas peohtasVenebspohi araksa (Van, D.C.Hiage
in the bottom of an el ectroporation cuvette, for exanple an el ectroporation

10  cuvet t® wiGeneticsoVeowsiatiey Np. 4 2h(Sappiemen) 61 2250} , Insgeaerak sonridiajane/harvesech

El ectr opor at or [, e bt h V. i.ent . out 7.25 kb/cm
and a setting gp"h%’gﬁtdasffi{%ﬁtg#a%e calsa%%%%gﬁgﬁmgs&bﬁg{ ?og\%or?gand.

el ectropor at i 0gysplfidedCsal fhaPéchciitation opD. 5aPr0°aRNé/M . eAPRdkinately 5 ugit h or

W thout a top agar essentially as described above. Fol | owi ng

t ransf or mat i onjinearzed PINA praddedta analiquetapfiiheleenidialisusprnsion aadh a poBion of this is

nol ecul ar variapt s established by expandin he. culture o el ective
media for the placed "’p‘g? E’?@?ﬁ’é’ a’ﬁ8@?”%"8%%%%%%@%38‘5%’@81‘?‘%ete LR M each

i ndi vi dual y§as@yyette with a 0.2 cm gap. Ak edeespRa oL subh8s eln®iPERL ¥ troporator
Because the first fungus strarn and the second fungus strain are chosen to
be 20  honozy@pisseninith anedtpecgradiontadflabhet B2 kbcynond acetsimgiobiabouty? lall sides
(wth the exception gf the nmptin aI.IeIhe Q\Qf@en tt?e ol gene.is present
as expl ai ned aBPRHZ00\ghEY £REOWINE §ectrpppration, the Bﬁ'ff?%fﬁéﬁga TOPEYE

t oget her under ¢ Ivhhns 1Bk BosBRiaiiD 8l didgbdd slvef UNQUs nor the
second fungus (‘?gtﬁr}gl}%’t/%ea%n% t?1se *Eluggl5 are fusedeso that the

het er okaryotic Foflomimgaransfotrhationna stable pnodustibn stnaal derBredfyphakchf usi on,

the different haplojd nuclei of.the 25 firsg and second fungi, c to
coexist in'&a cmﬁaﬁ)ﬁfﬁlaey?fmmagb&'ﬁ&&y ﬁwar\ﬂ]“gﬁf‘%&ﬂi‘{ﬁe on SQCC“BE“E?S%@% any

th , | i R i X . .G v
e o o ML JROBARS i PRI B

aggregation of “Intrane articles wt

cel | contacts between protein-free areas. Rearrangenent of the |ipids
in the contact areas ] }heg{le ds to full fusion. WO

98/ 01534 Production of the Heterokaryon

PCT/ US97/ 11425 Because the first fungus strain and the second fungus strain are chosen to be

20 homozygous with respect to all heterokaryon compatibility alleles (with the exception
of the mating aliele when the fof gene is present as explained above), when the first and
second fungus are cultured together under conditions wherein neither the first fungus
nor the second fungus can survive alone the fungi are fused so that the heterokaryotic
fungus of the invention is formed. By hyphal fusion, the different haploid nuclei of the

25  first and second fungi come to coexist in a common cytoplasm. While not wishing to
be bound by any theory, applicants believe membrane fusion results from the

: aggregation of intramembranous particles within each cell, making possible cell
contacts between protein-free areas. Rearrangement of the lipids in the contact areas

then leads to full fusion.



-22- Because each of the two parents contains a nucleus which

produces di Wa@98201534 subunits of the nmultinmeric protein, ROTRUISYEI142E1 Ng
het er okaryon i s capabl e of producing the conpleted multineric protein
conprising both subunits. % het er okaryon t hus generated is
stable, with the two nuclei dividing at abou the sane rate. Wen

het er okaryons hay, higq{,, ) t I

possible to form%gﬁgwﬁ%ﬁéﬁsg ea%gg%ﬁ) f’ %I?d)f ‘g‘%ﬂgg %@E"{g}t
mtosis at gybunitsSsh©multimieic\proteim, ﬂmrremlmrrmhewokmb{n fslt&Faleb\ﬂ;%oBN&ﬁg of

nucl ear fusion does yield het er ozygous di pl gi d nuc when it occurs,

but it is ratrheGO@HG*@H@“‘HW&!‘%PH"‘P{ESP'@P"?'@EH@!&S“ units. ar e usual |y greatly

out nunbered by t ar ons
The conpositions h‘ﬁ#‘ﬁg&é%ﬂ-& %ggﬁ%&%F d is stable, with tthc(t)‘?{o 8H‘HF' ‘g}‘hﬁmﬁéﬁ&

het er okaryonge sfifie Fie€ CWhe HeteRRuBrons havimaned (dradte) AR fei h¥foRthed Y i€ also
heterokaryons each het erokaryon grr oducing a different multimeric

protein. Thqaqssxbh‘eeorf@m mremgnwmcba@d hybrid pellsstthe nucimemter(mtomslalt contain
nore than two nenber the nore on rethanten
nenbers, t heapﬁff?‘l‘mﬁttegfta? PEYF té’B?lf‘ ﬁ‘tf rrg]hbs W?\%ﬂfcll €"S‘°% dm) Hoers. e
exanpl e of t}ré?erg bs 8 Qi)lde'@ﬁ@tﬂé?%ﬂfe)i%cbx% ButlaRGhre! hiaf hQ'&HﬁM&%ﬁclel forme(:]d al

i mmunogl obul i'n v exanple, to generate su a pane conli
suspensi ons are usuallgfgreadghutnudlbanedlbalthshmﬂmd naclei. M xed in a matrix using a

mcrotiter plate or other 20 convenient format such as illustrated in the
follow 1§ matri x: VARI ANT Kappa 1 Kappa 2
Kappa 3 pdsaPeeéerok Gamma 1 kI gl

k2g| _jgﬁgg_ﬁgm Srofaons T agl Ganma 2

kl g2 The2gitnpositions and methods3afthe present invention &Mpldy a panel of Gamma 3
kl g3 k293 . 393 k493 Gamma 4
kl g4 heterokark%,gf As described above, nel comprises two ork'a@f;g heterokaryonsgnma 5
kl g5 g differbdRulti

mothi s 111 2 hprelAIRgp producing o diffrbeiiRlmer protein, ThEg8ered panels of 121

m crotitigr phapeseulitvengordwilcontin morenhen ceobientbkrsothe mmlpdefheed:)r oduced if

12 variants 25 _ ,of one subunit were arrayed aggu nst, 8 variants of the
second suburfoptaining more than tepaesahess; shemost preferred containing more than twenty

PCT/ US97/ 114 88nbers. One example of the panel of heterokaryons is a panel that produces ~ 23-
immunoglobulin variants. For example, to generate such a panel, conidial suspensions
of each individual strain are mixed in a matrix using a microtiter plate or other

20 convenient format such as illustrated in the following matrix:

VARIANT Kappa 1 Kappa 2 ' Kappa 3 Kappa 4
Gamma 1 kigl k2gl k3gl kdgl
Gamma 2 klg2 k2g2 k3g2 k4g2
Gamma3l klg3 k2g3 k3g3 kdg3
Gamma 4 klgd k2ga k3g4 k4g4
Gamma 5 klg5 k2g5 k3g5 k4g5

In this illustration, 20 unique combinations are produced. In a standard
microtiter plate culture dish, 96 unique combinations would be produced if 12 variants

25  of one subunit were arrayed against 8 variants of the second subunit.



Al ternatively, the panel can conprise a random m x of parental strains as
opposed to t heWh¥U8¥Meri zed strains illustrated above. [n such P&GTUSI7/11425
arrangenent, the panel will conprise two or nore heterokaryons in a
randagm array. Further, an anti body ppgduci ng het erokaryon panel can
be generated by fusing a first popul ation, 5 or individual nenbers of a

first population, of ARerR@ivRRL theustadll cahicoRiprisé B AdndBMIMRST parental strains REAVY
i mrunogl obulin chain with a’second popul ation, or individual nmenbers of a

second popul at i apposed tocthp ahazanteriagd gtrhins illuafrated hbovee dp sechsanaartdanghment, the
i rmunogl obul i n '

chaj n . After fusin the resulting heterokaryons are
arrayed to for rﬁ%g{p‘%{w&‘m}ﬂ“s%@’(%Pb‘i?&?e;&&ﬁﬁ%'%ka'yo“s ‘“laﬁé‘?é%’? g’(ﬁ% TEIEE Hody
nol ecul es. 10 : j i ] it .
contai ns mni naafmlpr%%ﬁ %r%d%ngﬁ%tgx{dksﬁgn Iﬁ&géég?h'lﬁ% Elcnr? %?ig%g% g'rsg%rargﬁ t\/\ﬁ% C a(?lv?nn1 I
not support st heorgndividbalahensbeys g finst pepulation, of Dpareltifungal strain vt @Rpresd 4

support the growmh of a heterokaryon culture conposed of nuclei from one
of each of the heary immennslobulinrhain wWitha secenfpapulation cofdpdividualiraembgss afja

fungal strains carry arn.a o ' t different framfhe
other, the onl y*egd %OPSLQE)%B‘IOQ ac#é)’g%g%%%lr %ﬁ‘ﬁgﬁ% %)?pggﬁgtad'rgﬁ 'ﬁgﬂ?’bog\}&?é‘ﬁﬁ chﬂ?'h
of the nutrientgfi@fasind B esittihg hiterokarioheaRYrANYd to form alpRhEITHRIYORSyIMIi Ch
are al so capabl e of expressing the subunits of the multineric

protein. For exhatireducssmentdodsimelertlesr equire an amino acid, such as
arginine, while the Lother .strain may require a base,. such as adeni ne.
Each strai A%an be i%@?&ﬂ%@lrﬁrf‘f}ous‘_’y - the %cl\{%tftgf ﬁgtg C8Htafflédﬁ"g'"%?ﬁk?fj%§’l"§@“_t
with the appropighaire Fathid ﬁnrﬂﬁ%‘i&'ﬁll%t Bepporatht BRIwth 4@ any SdrER SrafiPdlofdluti Ve
al one on mni mallg nmedi a. The het er okaryons, however, w || survive on
m ni mal nmedi a bevcuwdl Rppbrt thecgrowsh chabeterakaryon chituretchmpbsedrafouicieefremtone

A typical m ninal iumcontains:.per.liter,, 5.0 xtrase,, 50,0 mMs of a
Sal 1 Sof ut on (BERGI 4 0 Rirery Sraite Far s resle gErsflpr the fsas fenkel sgis

(adj usted pH  carry an@QuRdtrdphic fRBuiFEAtHn® differdr® fildeh 1h8 ofiRk | tHe BﬂZ@ellJ@%aﬁ@lotf

Sol ution contains? 120.0 g NaN(Jerr], 25 10.4 g KCI, 10.4 g MgSA, and
30.4 g KH2P®4. growing in culture mefhovharaibethalf ghremitrienss asteiabsent onll be nemplementgry

U or 1) eSS 028 B0, el it bt ¢
rrNhaldn'E :ir :1] ?E(Zaoh ter %‘%‘@ g??%ﬂgﬁ‘hgéeﬁﬁﬁoxﬁﬁe 'r’mﬁ%%" ?T\in?tagidhse%cg rag l?;r @g%'i\%’:}mféhe
state, exter nalotfiesstraingniysequre basaeuich @ aduning. tHaeh htedie carklae independénthgal
(I;eCIT} fJSgg / 11425 maintain\e/g)or? ?n/egszaSsﬁgplemented with the appropriate extra metabolite, but ngigher
20  strain can survive alone on minimal media. The heterokaryons, 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 mls of a
Salt 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 g NaNO;,
25 10.4 g KCl, 10.4 g MgSO0s, and 30.4 g KH;PO,.
The trace element solution contains: 1.1 g (NHs)eM07024.4H,0, 11.0 g
H:BO;, 1.6 g CoClL.6H,0, 1.6 g CuSO4, 50.0 g Na;EDTA, 5.0 g FeS0O,.7H;0. 5.0 g
MnC}.4H,0, and 22.0 g ZnSO,.7H,0 (pH 6.5).
Thus, to maintain the heterokaryotic filamentous fungus in its heterokaryotic

30  state, external forcing is maintained. Growing the heterokaryotic fungal cells on



mnimal nmedia "forces"” the strains to remain together. If mating types are

opposite, ~ WO9/QI5¥ presence of the tol gene can be used to AR 1425
stable (A + a) heterokaryons The nmultinmeric protein is
produced by culturing the panel heterokarygpns of the i nvention under

conditions favorable to production of the protein. The multinmer may 5

be recovered " i ce w th standard
t echni ques rmn%lgﬁ.%b&gt&gf)? hgomljar"ggejtro %}sngﬁletg stgglf;q/?ﬂ%ﬂ W&} & OpResite.

structure of thépraseiceiofttie fo/ gene can be used to mafitainestabi jA +ta§'ﬁeth \Agakﬁr yotic
filamentous fungus_carrjes an expression unit that allo e host
being cultured to ’Q&!P%'@ef'ﬁﬁf‘ﬁ%ﬂsrlé'ﬁ H‘Eﬂdth)’r@im@ng)ﬂmmnﬂ hdter@airyons of the

our i 11 ed 10 ™ AOLLRSERhMnERyeraRt 18 Bioaiien P Bl Mhr hdumeimeca

mul timerieg plb@tred:di/eﬁbﬂrfr@ﬁ the culture dndQJueified if 4@BrdaRkd w{zu §1%&%§d téé%ﬁ.f Hls
purification nmethods in accordance with known pr ocedur es are wit hin

the skill of adpetedaf cowewsa@cesrsw t@ REAFEIVE thensusturt af theimmetimer.

excl usi on, ion- ex h HPLC, affinity chromatagraphy,
hydr ophobi ¢ i nt er ac ycﬂ{eqﬂg‘%g rg& filae OP?’@“W%‘?’P/ 1§50 expression unit
Assay for SeQﬁzﬂtaﬁﬁ'wpﬂﬂilﬁisﬂ&m cultured to secretehe dediteld

comercially avail abl e which gare sterile, cont alln 1(31? ?}g%@g?ﬁxﬁdlrectw

si zes in theiotatroming! geoweth m&dltlm(S@ that the Gitirserarproteirs)4an bk uefeddOr €
sizes) a

wh | 1 | abl
PSS SO e T e BRI o
second i dent '15%?dtéd’fr691r5°ell%%t%§l Us SO rifRAricH ﬁEﬁods in Cf;oxiﬁﬁrgc% mlﬂ] %he qredia in

the sane order as the cells and the culture
mai nt ai ni ng Phecedurss ate w»yhlmthetstkdl Qﬁ1hgatruasu0hes dootampdd) nildcular gizén t he
original cultur coll ected nedia can be

tested for tﬁ’éd‘d%%‘? F%F’EChf’?ﬁfr%‘é‘BatEﬁré‘P%t}g) [rg;tqqﬁmtyz@r(’mi“ﬁgrrﬂébSed or

decr eased ach%u blobi®imtdth&lbn dhfBthdibrd pky, afd Qfilaer characteristic which can
be neasured. ring this testing ac |V|ty, the original fungal

het er okatyotic cell cultures can be stores at 4[err]C or, if the

testing is expected to re%uir nor.e than a week, the cul ture pl ate
can be stored from a cryopreservative added.

Upon i dentificati §icohité pdtbd 4k SomPRicidl§ a4 '

the 30 mul timeri ccm)ll ec?ﬁﬂe th% cel ms@canl ﬁ@rgr%\g/re%?e?’rl%%g?% {ﬁrf ﬂrﬁ

pl ate and cukrewmsizesin the bottcmmbf chcheall (mgafd naittadrorOM S inftk@Nporg sReé)ungsed

to inocul ate an exq}and? qU| d cul tL“’ WD 98/ 01534
PCT/ US97/ 114% ich, w aced on a commercially available vacuum filter holder will deposip5.-

20  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 desirable improved characteristic,

25  increased or decreased activity, binding, toxicity or any other characteristic which can
be measured. During this testing activity, the original fungal heterokaryotic cell
cultures can be stores 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 variant of the
30  multimeric molecule, 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.



Al'ternately, the original strains used to inoculated the matrix constructed
in the ter format can be m xed directed together sed

an expanded cuﬂ’%%ﬁ Wheh grown under whatever the Opm:éfmgwnuzs
conditions are for the particular fungal host used, this expanded
host culture will produce the desired proddct is sufficient 5

quantities for further research eval uation. Assay for
non-secr et ed pdtetreiahg the original strains usddftoﬁMum@ttébmaitrbc cotstreeted @t thd, t he

cell mass in each. mc¢rotiter, plat Cangﬁ 5 ved, ed by

standard met hBHETOLleE TqrAat g4 fe ’E‘r‘jﬁ‘gf’ tosgihgT aie go aaé’se&?é'&dse}.’(?“ t‘“F"or t he

mul timeric pr wwanrg[ «‘}5]‘% bnd@siHaahbene %ﬁﬁaﬁi &rlditfong Sre PR Jabifubir ﬂé“ ost
at desired vari ant has ‘been 1 denti

conbi nati on produces the I ed,
the origi nal ssedaithis exsanded bost culture iwilh prddate thetdesined produa onstfficiedted i n t he

mcrotiter_for mat,_cap wxed tog Hher and used to nmake an expanded
cul ture. Ryai AUanfiHERIqy LHEUED EYAMANON- conditions for t he

particul ar heterokaryon, this expanded host culture will produce the
desired 15 product in sufficient quantities for further evaluation and
use. Assa@tfbenoniseeetddoproteinset er okar von panel The

het er okar yon panel o t he present inyepti can al be used to isolate a
subuni t encodi ng %Toé?fgfsé‘oéfecéet [‘] ﬁéﬂi"é“d?&?‘gﬁ’ﬁwﬁmeﬁ RI%8 cap bepr e of

the 20 ot he enﬁwgdqu §r§pt%ﬁ bS/ g%rpl) htrﬁéﬁ'radds c?éll%u@é‘ﬁatgﬁleﬁ 'd%B}xégs%%ed

such a use, ation o es WI rise the
nucl eot i de seﬂmemaummhcemadeet}t dsirable charkcnemmcs uOwcd the strhig c@ﬁfbﬂﬁdon
popul ati on of DNA nol ecul es. will be randomy rationally sel ected

cDNA or genonihat nnodh@@ thesdasiecdvarianb hastheen megafw% e Priginah strainapsed to

produces the

het er okar yon %Mm ane alﬁéﬁ%gértﬂrfgkjéabg?ﬁ%!cggnﬁ’é%{)@gi&%fb Qg’qfﬁ{é@gg‘ﬁ}darg second
popul ati on Ofuslaalt@maké ang@landed cultusd. r Agdis,, wm@ommmaérrﬁpm@aac@mim@{s fof

their respective popul ati on of expression, unit he menber of the
het er okar yon {h&Raitictian hetgiakarya.e Hs spapdeddinst thlmr%afﬂhmoépﬁ%&hie@esrred
proteins n t ion of the

reconsti t‘fj\s?e rBask: 19{5.9?3%@& @?Fgﬁ%rs O(?ﬁﬁﬂh@ﬁ%\;am‘ingﬁ Rt e Kit containing
het er okarvon panel s WD 98/ 01534

PCT/ US97/ 11425
Other uses for a heterokaryon panel

The heterokaryon panel of the present invention can also be used to isolate a

subunit encoding DNA molecule of a multimeric protein when one or more of the

20  other subunits of the multimeric protein has been isolated. In such a use, the first
population of DNA molecules will comprise the nucleotide sequence that encodes the
known subunit. The second population of DNA molecules will be randomly or
rationally selected cDNA or genomic clones isolated from the organism that naturally
produces the multimeric protein in question. As described above, the heterokaryon

25  panel is formed by fusing members of a first and a second population of parent fungal
strains, each containing a member of their respective population of expression units.
The member of the heterokaryon panel that expresses the reconstituted multimeric
proteins can readily be detected based on the production of the reconstituted
multimeric protein.

30

Kit containing heterokaryon panels



- 26- The present invention further provides kits containing
one or nore containers that contain a heterokaryon panel of the
present inveYRPHMS3NAs used herein, a container refers tRETHEUP{I&42Eal
device into which cells can be placed and stored. The preferred

contai ner contains an array into which theg.panel can be placed for
culturing or storage. 5 One exanple of such a container is a 96 well
mcrotiter platesThApsdskdtliebnabn Rstier Eﬁﬂ'ides kits E@aglhing ofgl8PMosWorfindBe
avai |l abl e contai ner neans so that it holds a heterokaryon panel of
t he present Hrayeentaipra heterokaryon panel afttbe preserdunvegtienk afplised herein,jandomtaieat t o

II:.lcl-l-;J atsgg; ilZ%ﬂg% atpgysliéaﬁnd}:viéer}gtol which LR an be placed and s\{\geg.&&%?&é‘g\ygd

d ai ns container contatns an a ell?ﬁBQJ.'hi&PiﬁB Iplafiél Ran b¥Plabd f@&!ﬂtd?’ﬁl%%}%&ﬁ'ﬁ%@ns
wherein each of said hef er okar yons Er oduces a different "variant of a

mul timeri® pPoeexkampladf subiz cobtainen st @Pokall yoerotiter platasedh Hyllddusiisap canf i r st

and a second fynga are strain, wherein said . et erokaryon requires
the pr esence’%ﬁ‘lgﬁ‘%"rﬂ??%&tﬂe ﬁ‘éﬁ?]éﬂf CALRINET ey SQJM}HR}};H‘C?S asté?tﬁr“ﬁi“{’gf‘ pane

and sai d secgpdeRpieftintdifigR! strain contains an exogenously supplied

nucl eic acid nol ecul e that encodes a variant of a subunit of a

mul timeric protei Thafallowirgy exasmpied are intendéd tosillustrate batindt selimitdhgiavenion.
strains are honozygous for all heterokaryon conmpatibility 10 al l el es.

2. The panel of claim1 wherein each of said variants of a subunit of a
multimeric protein are naturally occurring subunit variants. 15
3. The panel of claim 1l wherein each of said variants of a subunit of a

multimeric protein are not naturally occurring subunit variants.



4. The panel of claim1 wherein each of said nmultinmeric proteins is an
anti body mol ecul e. 20 5. The panel of claim1l \@_}% ch
of said nul tWﬁe?’ﬁ’“éﬁﬂr otein is secreted into the medium ¥t Sl
6. A kit conprising one or nore containers that contains the

het er okaryon 25 panel of claim 1. -27- 7. A et hod for

producin okaryons conprising two or nor e
heterokaﬂmmﬁme"m"mam{w of said het er@higmsyons produces a nultimeric

* ¢ conprissng the steps of: 30 fusing two or nore
f| r'st and second fungal parent strains, said first and said second

parent fungal straj ns c n';agél%'g% nsmg%Qggﬂm%ﬁhéiex%ﬂ?@%@@h&'éwUggiﬂjlm%

nol ecul e

- 28- tMroﬁ%@ﬁ?ﬁo@u&@ﬁ'dﬁﬂ:lrer@fvaﬂarﬁlblﬁummdltxmémﬁpmléuﬁ hmkedoh protein and
where said first and said second parent strains are honozygous for

al | het er gkar yaerokaypatsi foirhédeby fabing k fisstand a second fungal parentsitfaits (YheEgin 6 or
nor e het er ok yon thus forned to ereln
said heter okgﬂ‘%}?fﬁ ‘Ea’ﬂlf‘?qégesﬁﬁg pfﬁﬁgrgc ?3% Wﬁjﬁg‘p% ?e PE& lei f%lrrseu val st flf

for survival, and said second parent fung%] strain Jchﬂmﬁ?irh%g@ﬁo&lyaduﬁpl?ed\mﬁ[dm atidai d
variant of a Subunit of & multifmeric protein is a naturally occurring
subuni t vari amblecule 13t encodes a varight of a suthisit pf e iFgdtimerie protein andwwbersisaidsai d
variant of a f?rlgtb gn?il staidosfecgn palrérlt stramg are homozygous for all heterokaryon compaublhty
10 alleles.
2. The panel of claim 1 wherein each of said variants of a subunit of a

multimeric protein are naturally occurring subunit variants.

§...

15 3. The panel of claim 1 wherein each of said variants of a subunit of a

multimeric protein are not naturally occurring subunit variants.

4. The panel of claim 1 wherein each of said multimeric proteins is an
antibody molecule.

20
5. The panel of claim | wherein each of said multimeric protein is secreted

into the medium.

6. A kit comprising one or more containers that contains the heterokaryon

25 panel of claim I.

7. A method for producing a panel of heterokaryons comprising two or
more heterokaryons wherein each of said heterokaryons produces a multimeric protein

comprising the steps of:

30 fusing two_or more first and second fungal parent strains, said first and said

second parent fungal strains containing an exogenously-supplied nucleic acid molecule



proteln is not a naturally oc ari ant. 10.
The method of claim?7 V\/nerel n I'%”m WI Improt ein is an antibody
nmol ecul e. 1WO 98/01534 o) cl ai m 7" wher ei BCIAIS47/11425

multinmeric protein is secreted into t he nedi a under appropriate
condi ti ons. 12. The met4pd of claim7 wherein said first
and second parent fungal 20 strains is fused using a pul sed electric

field. that encodes a v:h?lant of B SUEIM aﬁﬁulﬂﬁf&ﬂb‘ﬁ?ot@m&ﬁ@%lhe@ say@ﬁr'sr‘gﬁcﬁsaﬂf a
mul timeric protein, said d conprising the step of turing the

het er okar yorsepantelaratt swhias mlhomde()us for all fetardkdryomeompatibilite hlldléseand

exogenously supplied.nucl ei c acid e expressed so, 25 as to
formvariants of Sﬁﬁ’f"ﬁﬂgc HREeTT ’Borﬁrh(?fegqf?ryo"s ‘thusTormed 1o genergje said panght hod t o

i dentify an agentyfdah sQH'ﬂgt%erQr)%n §me§ th¥ prsdh@f 6f b&th fungal %-}!ﬁrriu@féfs of a

mul timeric protein, said nmethod conprising the steps of I'ncubating the
panel of svarfoasursivalf. claim 13 with an agent to be tested and determ ni ng
whet her said 30 agent binds to one or nore nenbers of said panel.

8. The method of claim 7 wherein said variant of a subunit of a multimeric

protein is a naturally occurring subunit variant.

10 9, The method of claim 7 wherein said variant of a subunit of a2 multimeric

protein is not a naturally occurring subunit variant.

10.  The method of claim 7 wherein said multimeric protein is an antibody
molecule.
15
11.  The method of claim 7 wherein said multimeric protein is secreted into

the media under appropriate conditions.

12.  The method of claim 7 wherein said first and second parent fungal

20 strains is fused using a pulsed electric field.

13. A method to produce a panel of variants of a multimeric protein, said
method comprising the step of culturing the heterokaryon panel of claim I under
conditions in which the exogenously supplied nucleic acid molecules are expressed so

25  asto form variants of a multimeric protein.

14. A method to identify an agent that binds to a member of a panel of
variants of a multimeric protein, said method comprising the steps of incubating the
panel of variants of claim 13 with an agent to be tested and determining whether said

30  agent binds to one or more members of said panel.



