METHODS AND COWVPOSI TI ONS FOR COMBI NATORI AL- BASED PRODUCTI ON OF MULTI VALENT
RECOVBI NANT ANTI GENS Rel ated Application [0001] This application relates to
U S. Prowveizomsal44Appl i cation No. 60/619, 364, filed Oct @b®rusi&so2004, which
is hereby incorporated by reference in its entirety. Technical Field [0002]
The di sclosed invention relates to the field of nolecul ar biology and the
production of mnultival ent vacci nes agai nst pat hogeni c organi sns. One

enbodi ment of the invention specifically provides nmethods and conpositions

that pyaYTHOIS ANDICOINIPOSTTIONS KR COMBINATORIATABASETS PROTICETION
het er okaryotic filamentous fungi that can be use to produce a popul ati on of

mul tival ent vacci né€8F MEEAJVAIANARECOMBININICANIIGENS current |y produced
by a variety of nethods. Typically, influenza vaccines are produced using
fertilized chicken eggs. In the United States, the Centers for D sease
Control will select three virus strains which are thought to represent the

nost Iﬂ{ggﬂe}{%é’ iR to strike in a particular flu season. Sanples of the

sel ect e provided to nmanufacturers as seed virus stocks which

oy oct et DR, Sk B AR 1S GRS RE DML BETET ¢ (e

i nf | uepz@bat I3)SE%!, Mhidh ipheRby iblRiatad bylréfakehee Pets cpdiredy. ti me the eggs are
opened and the egg white is ﬁarvested. Thi s sanpl e contains the viruses.
The viruses are purified fromthe egg material and inactivated. The

i ndi viHeshmical Figd st ocks are then conbined to create the conmon influenza
vaccine, which is typically a trival ent_ vaccine. {@gom] There are a variety
of probl B@82JHihe Idlsééﬁed)@@mthnme@leﬁséaﬁlec% pbriodesulan bistagyrandybg piodactiont ch.
For ex | e | ] i1t t i i.on of
ot v or Ry aRhA AR el Bideple ey nt REDORERR A MEBNCRRE,
how ungpetifieblle pilovilds ethodb avdearhpesitivnadhet prorda®pbpdiaionat ahtigen\Mcedivigr ,
current inf|luenza vaccjne gr oduycti on met hods enpl Oéﬁt he use_  of hundreds of

mi | | i oftelentide eqRRes dyhierosaryofie Alamepinsditagigal cam B P RProGHta 2pr ocessi ng
st eps @%ﬁmﬁkﬁﬁﬁﬁﬁmﬁ%ﬂkﬁga ad | abor intensive. Additionally, given the

| ongpr ction tines, If the if a new strain of influenza virus becane
predom nant during a flu season, current egg based production nethods woul d
t ake sBagkgadbundoit hs for a new vaccine to be produced. [0005] In view of
these imtations, a nore flexible and efficient nmethod of producing

anti geni 0008} &Vdcéihes &t clirrastlyaprodudel|byenzaicacimethods Bpielly, inflacked.

Reconbi napnt Fungal Expr.essiqn of Proteins [0006]. The cl oni and. expr essi on
of het ¥AC6IIGY BIFPTRBIEL UsiAS %ﬂﬁzedrféécksasag%sl dhe gllﬁ?fﬂ@fa@é, e G CEIT of usef ul

pr ot ei PReads or{%?éﬁﬂ;ﬂi ?éleét?ﬁ%%A\’/‘ﬁﬁszstraﬁ“ﬁs%vhiaé‘Erfei tﬁu&@to‘ﬁ‘%@re?éﬁ’théj%gﬁl IASKS the

aut ononous replication o vectors for ntous fungi by
m t ochvimabes & stpkeinra mhridharghosenbm. | Sempdetudithe selental Wrpeeasipooviddd to

het er ol ogous genes into Neuraspaora;, Yelton.et al.. U S, Pat.. No. .4, 816, 405,
di scl oRetingyre SreedySrematERET Shontie BraStrslmtecti Sniershiorfian:
strai Nge@fitibdsArEinRttd iARIBANEZEA Bfickd d%rgg.dqrﬁ@seasg%s SeGh&batel MIFR thyant i ties
of desired heterologous proteins; Buxton et aL, U S Pat. No. 4,885 249,
di sc| owélgendgeviruses multiplies. After a suitable period of time the eggs are opened and the egg

white is harvested. This sample contains the viruses. The viruses are purified from the egg

material and inactivated. The individual virus stocks are then combined to create the common

influenza vaccine, which is typically a trivalent vaccine.

[0004] There are a variety of problems which can occur which can compromise an entire

vaccine batch. For example, problems with sterility lead to the decertification of Chiron’s

vaccine production facility in 2004. This situation illustrates how unreliable traditional

vaccine production methods can be. Moreover, current influenza vaccine production methods

employ the use of hundreds of millions of chicken eggs each year. The storage, handling, and

processing steps are time consuming and labor intensive. Additionally, given the long
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transformation of Aspergillus niger by a DNA vector that contains a

sel ect abl e marker capabl e of being incorporated into the host A niger
cells; amstolboGmi4giye et al ., U S. Pat. NQ 4,935,349, di ecirase®sastmee hod f or
expressi ng higher eukaryotic genes in Aspergillus involving pronoters
capabl e of directing the expression of a heterol ogous gene in Aspergillus
and @bdgttioh tnPYEIIRUS afhQkstraidl i filientz 01104 BetameRYR BASH disiag 4 Aucl one the
nmr gene involved with amino acid transport in Neurospora crassa ("N

cr as§asop, eweent 8g% based profuctiangrethpinwony tale severat months oA VpspRsite
narhgéﬁo%ggaking this gene in vivo. Stuart, W D. et al., Genone (198.8.)
30: 198~ ; Koo, K. and Stuart, W D. CGenone (1991) 34:644-651. [0007]

Fi | ameio0os)s I virei ofitbsse el mitatioys, ahadra fleibls indsffivlht et pRriugepd

candi dates for_use in praoducing eukaryoti ¢ proteins. Filanmentous fungi can
secradfigeris mataialsush as an;induenza verging i s9ralynperdedi nensi onal prot ei ns

i ncludi ng disulfide bond formation; proteolytically clip proteins follow ng
transl ation; and glycosylate proteins using N-linked and O linJced

gl ycosy! alfkeasn Fiiaged Expressiomef Protdiess have made this group of organi sms

N ‘ f = h y - N N N )
(ka8 TREnb B an SRS ORE b ROl S b3S, REGEBBANLSBE B OIS o) 5.
F., proéinds vanieBi srigeful @rogyns T2 4karhpled Dambpwitk, 0088 Pat\sler 04R6SB3¢r assa has

been _used as a host cell for reconbi nant honpl ogous and. het erol ogous
pr ot @fclogss depauitgnenous egpHeation of DINA vectogs for flpmentays funaiby mitpchapdmal 1995)

92: - ; ' - : ' . (1995
Supgl 7 SIR g APt {het ol effrefiog of ARl ATRLREE BOTIBLE TRl ) aon
Buc ZYelsda et ab, U Pat. NoFd)§ 56,4 @ rikdcl ass ey atdt systens 304 ealplp the) mddiicalakano,

E. T...et al. Fungal netics hbmslettergé)QQS pl.% 40: 54 qgf Ig

addi i lmf)rtma&rrag%&f Ao GRS AROTBIEEITS [ BIPUHES HATSEICTiarse FBPIEER PEssi ng

| CCQIERIBRAeRRIBUOBIOMHSC BRI bt L OB ey NP UKIBO4hyiTagns w2

het er okar yon, Patent 5,643,745 July, 1997, Stuart435/69. 1. Sunmary of the
| nv etransémmiat 00 of AFpregifsseger by BINA vectpr thei chatainea saleftably ovark el capebleous

f t hat d tival ent. 1 i pdi,vi I

net ot dE R AR B RS & hiakhErin s Mefonetial b 45 PHNID 49134 ana
a Sedifdlses attbthddor BRpreasRotighdrieViRargblic Yées im ASpergillub invbaag prbmbtirgal
strain and, in the case of higher |evels of vaccine val ences, one

addi eapablalof dirting the penvession odadrteroloeusagena in Ageaisillug aed othentilapantons

st r%ﬁgf %ﬂﬁﬁ‘&%&&i@?hﬁ% %%é@ﬁ%/eﬁﬂ?rcﬁre% it n@tig\'iorfﬁad DehGhokpLyati c state
as we as an expression uni at encodes natural Ty occurring variant of
an addspéem iroNe@ospdrh tiaddse (TN vaessaeandao vatifyoha kit ldgshgofilc chma DN an
antigen of ,a multiyal ent vaccine, .or a randomly generated variant of an

ant i §e&snemicympkess; flanking this gene g vivey Juart, BV gl oftial- oHerema 4148828 Wi ant s,

var i gt ko_ogﬁ%{@étﬁ%}w ?z.gﬁeﬁcﬁﬁe 5 18§4:%H@-§'5??' , physical or site-directed

mut agenesi s or ot her’ t échni ques e produced. [0011] The het erokaryons
of t he[0pOEs ditbmientoanfing mrseess aemy| chhuactesistiescwhivk inakp theau gombc dediilatesl

mul tival ent vacci nes of defined antigens. .[0012] Based on, the above, trie
or e<ioh 55 et Skom i Pibr SaPROGS (IR St SR TP,
nul tdo¢RRP Fold AGEs ARSensREAA préBRs ﬁﬁ&ﬁdgﬁ%ghlﬂ&%o%mn[ ﬁ;g%yﬁbaw el

shows t he nucl eoti de sequence (SEQ I 1) of synthetic | uti'nin
clip proteins following translation; and glycosylate proteins using N-linked and o-linked

glycosylation reactions. These abilities have made this group of organisms attractive hosts for
the production of secreted recombinant proteins. (MacKenzie, D. A. et al., J Gen Microbial
(1993) 139:2295-2307; Peberdy, J. F., Trends in BioTechnology (1994) 12:50-57).

[0008] Neurospora crassa has been used as a host cell for recombinant homologous and
heterologous protein production. (Carattoli, A., et al., Proc Nat Acad Sci USA,(1995) 92:6612-
6616; Yamashita, R. A. et al., Fungal Genetics Newsletter (1995 Suppl.) 42A; Kato, E. etal.,
Fungal Genetics Newsletter (1995 Suppl.) 42A; Buczynski, S. et al. Fungal Genetics
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0 (HAO gene (A/ New Cal edoni al /20/1999/H N') and conceptual translation:

for fungal expression. The initiation codon i s underlined. [0014] Figure 2

shows t hewarmoso4asd sequence (SEQ | D NO 2) encoded by wrhe/usgovshatue

hemagglutinin 0 (HAO gene. The fungal signal sequence is shown in bold.

[0015] Figure 3 shows the nucl eotide sequence (SEQ ID NO 3) of synthetic
mmg} %fdﬂwléé&t a IrhirdaP Gehgaly SMibosasLeM.codon
un es?é}b‘ieﬂglg%ﬁ épl) Fi'gure 4 gh?mgt%he am no ac%§eg§gbﬁtenr?e (SEQ?LIﬂ[g NO 4)

encéﬂéd (l)yIrltatddltB)}ﬂnNheItOISpDrh aragpglhas bmmus(eﬁuap adesiccell theexpiaging si gnal

sequence.i s n.bol 0 ure.5 shows cleoti ence

( SEEFIOB! %\Eﬁl’éfl %ﬁ%%‘% ‘E‘Lﬁﬁ “ﬁ?ﬁf PIERF By ahgror /f ?/F%‘FBO ris}?? Ea%gf%m).

The s5i guist 743ty 1gg7cgzﬁaﬂ4>’_>,5mgd¢rl ined. [0018] Figure 6 shovvs the amino acid

sequence (SEQ'1D NO 6) encoded by the M| gene. [0019] Figure 7 shows a

west ern bl ot det ection of expression of the synthetic HAO in N. crassa.

MediSumnparg ef thedayerdionke- f | ask cul tures of strains HAOb and HAO 8, as. well

as untransformed Control (C), and 50 and 200 ng of control HA (A/ New

Cal dorf0@D920ThOprefem imienti G p&cmés-? hetoxokersionddementapetingus tisper and

bl otteld t.o nitrocellul ose. Haemaggl utinin was detected using a goat

pol VOHBYRIFNtARENeSA (H NI) anti body (BioDesign), followed by anti-goat

| g-al Hﬁblﬂ]eTﬁé‘ﬁﬂméﬁa@%@teﬁﬂiﬁr?% &f B Pr&xehOiniefRtiohiate SalepaE UMY fub@@20] Figure

8 shows Coomassie brilliant blue stained gel of nmediumfrom 2 day

shak$t, arka saeondirand, infthe-pass efifsivrisaByadqriniest 3 thandyparant fyngak strpiay &, mf@?eu nis

produce by, 2.days I i gure 9

Cho SR IR Ao SR ns e She RRlon 0 SRESH Ster s BEMlacRs O %

day -gtéd, Ie@c}ppdrémrsﬁamfcdrﬂ%ﬁﬁngl-ihe peedsearysnavkes tolaiaaniied eembanyeticstae gs 7. | n

this experlrrent t he, maj or detectewﬁ)and is at ~ 57 kDa Ihe predicted size

basé’@b@f@rﬁxﬁtﬁsﬁépé‘nﬁé%ég???l%ﬁnat Ly pecympingyaripntof ap antigspOdR HA prot ei n

(O f Y

hot SPELSELAHEAng pSHRERHERA LRAFD & LA D P LRI ains; ot )

fi | anmdunolyeheragd vapamteritn sAntimen of asadtivalenteraokiae.yBniscial ddditios teoatuml ni ng

two (or nore eneti ca different .nucl ei teroka_r ns c |n nucl ei
fror?’i(ab‘é‘i“én‘far@{‘ agf?@r"lt‘f'FL\'th}! gh fhepse ot elﬁ{fﬁ{)i’g‘g‘ﬂ% of 5‘? ]II‘FCW& TBYEREISSn
corrpﬁtolﬂgrltécmg?gg&{n% rgdggdgg for the mating type allele when the tol gene

IS present | east ten chronmosomal | oci have been identified for
het er doat 1,]0 he hetergikatyiops bf tlye piesentdnvdnsiondre hsstul dor sedactivelhprodgeinget - 6,

het 7 het and nor e arelnferredto exist. Peris et
ﬁff@ﬁﬁ%vaﬁa V"P_CSH}CSBF&R@H?%%Eﬁegscr assa”, M crobiol ogi cal Reviews

( 1982) [06£2]4 BAs&i/dh thehbdvedth & BRéadt ihhéntion gﬁ@ﬁﬂeé t@okaponadvapeeducthe wor k

of that di'sclosed in US Patents 5, 643, 74 5, 683,899 and 6, 268, 140 by

prowaﬁlﬂnfgofﬁmqh@%ﬁéemmc%@ﬁpom tions for producing a popul ati on of

mul tival ent vaccines using heterokaryotic filanentous fungi. Such nethods

and 1§r‘i’éﬁ9§s¥:ﬁbt?&§oﬁflgD‘f§\9w§ in the discovery and production of nultivalent

vaccines, sucrcr as antrviral vaccines, antibacterial vaccines and

SPLLL?W#J KRR ot i %03%"82%%%‘%85@@@3%%&5?? SUBERE fchdBetlinll
popul @LAO ek (AMidw mleaaﬁlavm1 9997 | N partdddnicsthia nfanylatien fos fiaigal gener at ed

froman ordered_or a random conbi nation of defined antigens. To obtain a
nul texpegssian. Fhe dlitietioncodar ap greerlipgd i s }

[0014] Figure 2 shows the amino acid sequence (SEQ ID NO:2) encoded. by the synthetic

hemagglutinin 0 (HAO) gene. The fungal signal sequence is shown in bold.

[0015] Figure 3 shows the nucleotide sequence (SEQ ID NO:3) of synthetic hemagglutinin
(HA) gene (A/Vietnam/1194/20044/H5N1). The initiation codon is underlined.

[0016] Figure 4 shows the amino acid sequence (SEQ ID NO:4) encoded by the synthetic
hemagglutinin (HA) gene. The fungal signal sequence is shown in bold.



obtained in a nethod conprising the steps of introducing a first, a second,
and sonetines a third or nore popul ati ons of DMA nol ecul es t hat encode

defi ned awmDi2ges46 a mul tival ent vaccine into a first, paTaseasasfungal and
sonetines a third or nore host parents, form ng heterokaryotic fungal
strains using the first, second and sonetinmes third or nore host fungal

par ent{§e17QNHiduReN shdvis tABRIRAIIRAE Sequiabé wE(ggDNtezso 85 Syrthéis Metaaekar yon
under conditions in which the subunit encoding DNAs are expressed and

f ur pheteinddy ¥iathany 11 204N hg Thetivitiokan gedns 1p spderisedsr oducti on of a

mul ti t -vaccine having the desired 1 a I nts,
namnel jﬁlllt'ﬁﬁ Flﬁlilﬁeaﬁi thoﬂsg%f?sa,qmlnﬁea ¢ qﬁ% ngéﬁés%aﬁgﬁ@heé% C?%’m oynt%rgre?\ﬁo%gg are
descrijbed]i Fighes Akhovded AWstdMablit@erltibh bAsIésion IFyigdynatidtid FBRCkgr ound
Requi renents for Heterokaryon Formation %0025] Fungi can occur in single
nmondhereseat Madiza frem2day shakedlask culiares of strans HAR %@a&mgsﬁ aneell dfoast

cel Lu%traﬁ{fb%@écf@o&?oq Ié?f’ ﬂﬂcfribegﬁl %(?1?% 3P&drftrol g—ﬁxpﬂ&/ﬂfe“f:@élhﬁ i‘ﬁ@ﬁb Brotein

di ffrerentrated sexu y can arso exi s mul'trnucl'eated fornms. The
pri r8eidmats) eweredrictiohatédbyBIOSWPAGE andrbloited td ningudldssea Haehtgglsnatitie wagpha, a
branchi ng tubul ar structure, ;about 2mml| q mm.in djageter. hae, gr ow by
el oRGHEISHRE & 5 PObFiseal apiek (B e IR (Bipeisanap g ved b Bhasiees.

Thug%_]al g%g(bﬁé%ﬁgtagé %nﬁgaﬂetaﬁd%m?ﬂﬁe&@ﬁ?ﬂ[e@tiémss of intertw ning strands.

[ 00 ae pen ate 1nto the culture nediumon which the fungus is
gr owi 116020] Ripzoe & shows a Eldosnaseieitrdliadiddee dtgipthgel o atedpro ffimot 2 diay\sbakdre

surface of the i um stityte .an "aeri al celi,um” st.,C ni es grow
ot ek iy ot RS A A0S < B P dREE srorPY B proftyoed b5 Bk B

mat ShaldfA5RS indR8kéLTond Neoyphae are divided by cross-walls called
"septa." These septa, however, have fine, central pores. Thus, even septate

hy phad002he Figwes 2 showsstatic eulititseeipaession of TedAdi Nestesn bt of sedaymdpitagm and,

in ect ... cont ai lti,plicity of nuclei, in;a tr I e cytoplasm
[ 00 ayﬁ% 1°t°é'1?1?‘}fe' nfiﬁ%%ht%fgr‘spﬁot?ﬁ%ﬁ Werreedégerc edias ap ﬂ%eslgaf‘]ﬂg'ﬁgi&?ﬁ%t can forma
Y C &ixpéxitnbiit fHéGhajar dRsste @bahd anathi STOkDh (ihe praiidted gz basedatagiadteidl t hough
interrupted by cross walls, permt the passage of cytoplasm between
CONFRFIDeEIHIOE), Yawsus 32 kP denthe saBtrolHAHEOEHYES- wal | s. Many of these fungi
formmeiotic spores within a sac when propagated sexually. Wth the

appr]ﬁggngu € oP el @kiopn. however, the mechani smof which is not entirely
und g,—r‘e‘pr‘crdur[‘ron can occur asexually. In this manner of

repro j.0n, mSPores. kno "conidia’ Id.y: _at tips o
£ “buadi Bt A R ER T O hath ol 8Bt S L S MO FmefT el R Ao o feB

[ 00281 mbks fllhahaitend Riugall paeht Lk, bachdenabRirgoi bell thet esttkimingonvedsrel s of

the present invention are generally Phycornycetes, Asconycefes

BasiTapishgenstisally difigrant nuelearhjeterakaryonn somRipaBIcir BoaypareRy sygs shpt are

non- I i : i j ual

apor ity fopay it il Bl BE Pl i ALl el e A B P
sac allelerwisch the tdllzeneisgpreferspeltti ladst radclsbmbimnal Dbdi hevebdensijedifesd foave

di fferent sexual cygl.es. .[002 comycetes are di stinquished from ot her

f undietgkan Hepmetbiig; At Feberitidmea Bty gfé_ﬁﬂsﬂti Elb%r% e?ﬁﬂaﬁfam as
asCOoPRMEhore A8 iRBHLS RPERR L TTefis e 8l 0THhrPhOsHA 19t BNdUREspokd\Sralsipt, on Of

mal e and femal e nuclei, two neiotic divisions, and usually one final
m t diccoldplpigiiabReviBars (I ShAted 2 SH), @t 478t i ngui shed by sexual spores that
form O[ﬂOi:ﬂe T%g E);easgr?t il(%\flen%ion advances the work of that disclosed in US Patents 5,643,745,

5,683,899 and 6,268,140 by providing methods and compositions for producing a population

of multivalent vaccines using heterokaryotic filamentous fungi. Such methods and
compositions are useful in the discovery and production of multivalent vaccines, such as

antiviral vaccines, antibacterial vaccines and antifungal vaccines.



speci alized structure. The Deuteronycetes are often referred to as
"inperfect fungi " because no sexual phase has yet been observed. Their
hyphae arwoegi@Ei®s and conidial fornms are simlar to tRQTAISEH050BE49
Asconycetes. [0030] The preferred filamentous fungus is of the group
Asconycetes, nore preferably, fromthe genera Neurospora, Aspergillus,

Fusarﬂéggjlgt‘il'ni %ﬂ@pf@enﬂrﬁ%ﬁeﬁgﬁéﬂtym and Penicillium Particularly useful
spec' urospora rncrude N internedia, JV. crassa, N sitopula, and
N tetr r [ : ful
A e e e

A. f urpRgalation of ﬁhﬁﬁikf]ale'ﬁlﬂ ©acchyed. The \nmlgvaimmzaoémés dra rgemranad ffammay oxderedl ves

nucl ear division with _cell divjsion toms%1 ﬁngty Lcel di vi sion

consiaseRdasn combinglien pEdefmgskatiggns- cho tainampliivalent ‘6ar?° ﬁ%ﬁﬁl‘@t‘%ﬂb

W t hg)%ﬁalﬁ%ﬁn ANy, f@&ﬂP%QL§QQQ§€e§§ o?{ﬁgro élﬁ%%ltﬁrﬁué ls&%ﬁdféiﬁl' Bhefind@y Of
peci e

coni or exanpl e Neur ospor a cont al n in their nuclei
sevenhid bf moenpopulutions sODREA malemlbathan@cads defpee antigyns of samyltivradent

eget ati.ve_organi sm h oi.d. .Thi s .ha d,state typically.nmaintained
dur ry@chﬁ%m Ay o PRl and gonetnas p HELSURR IS TR S UG e
for mﬂet Q%l%tra{nggg‘gﬂ o SR sdcBRl AHY S amEAMirdlo? tnd6 BoKE, fumid] t hen

hyphae or- conidia) of different mating type fuse to form
a d| Iqmreym, land ﬂEhl 1f<app1toqu1a1uegguhunnglt}@tmmdhnglh@b@karmelndmohéqﬂlomsdnnucI ei

synaoRy e bl gt A S B EkERt ot Rt BBl PG RED o °

diff q{e%‘é%kzﬁ?&ls%fjth@lfﬁb&lcuéﬁw waltwlentsgccire Rty the digited piopwﬁée lEachWhl ch
contains pairs of tggus chronosones. This diploid cell then begins

mei ogifghe ¢lonsay, xmmqiﬁtﬂ@r gl /parentsgthe Qhﬁzéﬂ@@%&@%@%e Eusiqn mpthoglS @EF | wj t h
two ( re L& ll1y different nuclei. The heterokaryons of the
|nven4)eis%{?rg%|’%d%fi cg%t al“(?E nuclei fromcells that are honobzygous for all

het er okaryon conpatibility alleles (except for the mating type allele when
t he tNAtugestdilamentons #ohdi anld BiflaromsbRequifementsfanpleerolaryéreast t en
chronosonmal | oci have been identified for heterokaryon inconpatibility:
het-c, hetEQIMaHER_e het-i, het-5, het-6, het 7, het 8, het- and het 10,
and nore are inferred to exist. Perkins et gnosonal L

Neur os pl8P2S]c Fasgican aereriaisiagle @Wuﬂé@‘?é\%ﬂ% t?@@??ldféa@%toﬁ?@ "a"é‘“ ?"g

[ 0034 r o ci, they
are nrg%flséty%%t f% éﬁs?nh@?t ar%q;e %egg;}%%fé}%en@&% ]t%d/gllt aésﬁr%l%lclzé%kl %{;&aﬁcaé%dr)s after
fusi ogexedllyMhek earhylpd masmnrmaithmblemedrformg é&klpmmcmfal dyment &sthn growiigr act s
into unlike strains. Wien duplications (part| al oiﬁlgs) are heter ozygous

fo:m h’@tm?fﬁ fanguss & raplfds Gre hyphae frangh inﬁﬁvlkiﬂ%re%ﬁmaf gH %H%FFMEE
Pna JisRGeP I ACBrofE By LGB aPlclr dos (Aol A0EED o B bfoatfieiag A, °F

ver e sleh@rt eﬁnisyaswswlgn)dgmlwgaﬁsl}gphae fosmdi hevafineswatingstraidsci are conmmon
in natural popul ati 035] tin ype al “A' and "a". al so act
as het 993k Someppyp gaaeaatra&? i’ﬁ%ﬁ‘@ﬁ‘l’\@ 9@ i\ﬁ?ﬁé ? JBIEUE SRS My
OccurabsMbCﬁILﬂhéﬂt? %ﬂl%G%HQ%QEﬁ 846t dUBRE 'tlfeastu?ﬂcPBPﬂl@ RS ithr? cbﬁh@tﬂﬁté hh Ng
reaction opposi pes are also generally inmportant for the
conpl '@mneMayﬂeﬁuas'SNh:s&tcd@mstgnowmtlm'mﬂat@ﬁﬁhqmg opsolitkmedisleairyaszuler, dry,
aseoggnous hae at 436 a 478, S sent,
e VEBmeRIS Bog be BicaiReg e trtoahiSeesI v bystoseats s PR oL E

mat | Ngkptay REwaldr R tﬁea%tlaal'p%résumﬁﬁﬁ%’@&dséﬂtét@ Biibhas Msv@hucleinpataui | i ty

embedded in a continuous mass of cytoplasm and, in effect, contain a multiplicity of nuclei in a

transportable cytoplasm.
[0027] The term "filamentous fungi" refers to those fungi that can form a mycelium
through a mass of branching, interlocking filaments and, although interrupted by cross walls,

permit the passage of cytoplasm between compartments due to perforations in the cross walls.



being affected. Thus, (tol; At+a;a) heterokaryons can be fully conpatible
and stable if the other het loci are of the sane allele (or conallelic) and
Al a dupl iwetzoang4ysow normal |y when the tol gene is pre®emus2§i38038}9 | f
hyphae fromtwo different strains that are conallelic for the conmpatibility
| oci are provided, they may fuse when grown in the sane nmedium in

par tM&w S ¥R 0ndi s iAMdiStiE p&ed watid e s4& Wharplophaied Shaalleswithithg cul ture
wi || then contain nuclei fromboth strains circulating in the shared

cyt appepmaEfstimudaiomp howgeet, it maehanisGoaf whiehtis oot etirgly pndersiand, Uni t s

Encodi n . M xed Popul ation.of. .Defined antigens [0037], In describi-ng the

b SRR e S R e T S RS R
def ipé bbe %xﬁﬁiall?lé& tthatavef BARBlg JlofectibdeRirined at ttukescatibes pfopgubé i on of
"het erol ogous nultival ent vaccines” in the filanmentous fungal heterokaryon.
| n tfilamentont ext, "het erol ogous" neans that the protein is not ordinarily

d he, f e Ml t i val " tl i
bt oaucbo7d FhadiamAe i uhdd B M < RSl Ay ks I Frelfie 0
Pr oGy¢éntivaard Cendrdligt BHye 6l detes A Em 3| Basidioaivieetes,emddeuesitontyekes.

different antigens or can be hononul tival ent, made up of variants of a

si ngThe Rhysomyecteringlnge el rarn-saptate.as vesit ass0ms septats, Adamentoushungs, Hetn

i m ' . - | i . > foMhEgl coat
or ot Suqpl b 8E G 3l A0 AR ARl AR Spofe O fkd SR SES I

" nucdteled ¢rdieofspepislived seitico diffpran spetiesgeave differthiedexpadreytless of a sequence for

whi ch the t ipt is t | at i nt | ti de when. |y 1'inked
Lo appl0BEMl AREoBHARTORS detimged oRoBSL RS PERAthE EUe e ence. are
det eédﬁ'tegﬁqg Qéﬁm%h%kﬁ\% kORI hsBscddpbre. TROARBIpIr&d At MiSerdiNHoduét Gigataid, on

stop codon~at t 3" (carboxy) te m nus. This coding sequence can_be derived
f r onthe figsioreofanlk @nd ferodamuatdi ctwpememtic dbrigions, and askallyyaieifmagmpitgtiqgenoni ¢

DNA seguenges . from eukary.ot.i Cc . such as fu I ar gy i.ncl ude
synt‘ﬁ@gio@' %Rﬁi‘.imﬁ‘yﬁﬁ'ie?Qﬁe‘ﬁﬁilﬁgﬁll@%&séygﬁé‘f’alaﬁ%rets3@%&% SPiﬂben%tI%arc iNati on
sequgjeelivdd sirubsThe RaitbRiMREsdre bRed Rfertalions "sapkIeRe findi084usédneodi ng
sequence i s "operably linked to" control sequences when the control
sequespuadphesc astyet beenobseresi Theishyphns aso sintge stgronidialifornes arexipmilapta at e
host ,cel | %%040%%0%% "expression unit" is a DNA nolecule that contains a
codiwases%fcfh CE e|ta§bl y linked to a "control sequence or region" that

di r ect pOBOE Thepneeired filanemads fungns ivdf the gafupt Aonpeecainyork iprefedatdgguence
in an apﬁropri ate host organi smunder approprjate conditions. [Q042] A cell
has femrthe gengrasNeaserr apd SBLEHEHo fES Ry Wit &9 98T 1ed Céfm;ﬂéﬁ%@’mwg has been
intr I : C : : ria
the oS oG AR ot e e HO RO oo REUE Y Bl BB N R b

pl assiopuldBend Vs etfdsperapof oddcH theghodt préfaved speciesiis Yacrasewuaefidtspedies abst
stably transfornmed fungus host cells contai.n the exogenous DNA integrated

i nt oAéP‘i‘é&‘ﬁH?r% A gidllgns, 4. pigeg, 14n4%rre?4f’€&db“grﬁjgf’é’lfﬁj‘ﬁ’fsgr cel I's through

chr oMb R3E, r’ﬁﬂ|Je§@t§{iﬁ‘grgb@@i@ﬁlﬁn§ﬁt‘%ﬁ?ﬂﬁ DabIRe shiclehedifidont Ritheklls t hat

have b are of w e transformed wi th DNA sequences prepared by
r ec odivishanimitestshriige e ofimelli divisioseonsikts of esdxuel tegfasaction, i-earib¢ or nred and
cul t ures..and. pr oge thereqf. [0044] A variety. of had n.be enpl oyed
to g ’a?léo%ap Ib%\’g ﬁ%ﬁ ﬁaqﬁq t]ﬁ {{t&o%%rggh?g%ametgs and \;vTRIt‘nouq GcB AP fildfort E‘}’

way of conidia. For example, the species of Neurospora contain in their nuclei seven different

chromosomes, each having a single copy, i.e., the vegetative organism is haploid. This haploid
state is typically maintained during mycelial growth and during asexual reproduction through
the formation of conidia.

[0032] Sexual reproduction can also occur, and then two haploid cells (hyphae or conidia)
of different mating type fuse to form a dikaryotic cell containing two distinct nuclei. The two
haploid nuclei thus coexist in the same cytoplasm and, for a time, divide more or less in

synchrony. If a cell initiates ascospore formation, however, the two different haploid nuclei can
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that encode 1) naturally occurring variants of an antigen subunit of a

mul tival ent vaccine, 2) randomy generated or selected variants of an

anti gen oWoaooul4siséal ent vaccine, o r 3) rationallydesi goeasesossatzect ed
variants of an antigen of a nultivalent vaccine. In the follow ng, an

i nfluenza vaccine is used as an illustrative exanple. A skilled artisan can
readid iR d HEmELPROR Midldul NOBicR 8bMMWins Paire Bf BSIHO2b& bhroBidietheknOWN i n
the art,” to generate th.e popul ati on of subunit encodi ng DNA nol ecul es.

[ 004%j]s diplpooixellahembegihs DMAOSIB| ecul es t hat encode naturally occurring

vari a f an _antigen,of an antigen. hawin t i n be

pr odui@@g’gﬁnge@]ﬁ(’i\(ﬁg’gm bﬁl&e%é?@?%(%%lcocﬁm }Sgan%?ﬁg‘%{t@:‘ﬁ% ﬁ%ﬁ%@%‘? %h%%‘:ﬁ g?al . a
POP Wifatrkhublki. MRNAeRo khfydhs BEMRThCenBA ningst Eoritsin nuslel &barkel It dre

pat hogen, or for exanple, in the case of influenza vaccines., directly from

t he hgeweygass fovalbtieternkcayyan gompatibility aitples (exseritiarths spatingype aelepihen

" a4 o B pieo g oA Boie R Bl g SRR Rie BN et o
ol ggdnkiGed FhtURtdRbIREVEE dncbipidilith Skstico Het-d) thet-e, IntHi {miblsehat:Gyries 5l bet-&ini t as
descri bed bel ow. [0046] Alternati ve_Ity for anL| 'grens v\/nosel pratein sequence
i s IbebRandhetal 9,iandanenc apnplessd b reist Perkinseet ghndrhipmesemaldOshthods known
to tihe . Lw 8 | } <l re used in high

T e SR TR Aob R BAE D [T 8Ea0e M 8 ice 15 own
endogqoes4} Hrabatraims chOBAdiffetant alleled atame osintaze Hetrlect; ety are waaklote form

mut agenesi s can be perf?rmed ﬁﬁ an isol t&g.or grtlifi Ci gl C nol ecul e
t hatstatfclsdRekankonm Projer gk tPg PYAFBHICTFERET Ret g PR 2T Afnat ur al | y
occ 'udg@?‘é nl Pisd&%? cRBAdLE fib BhliE QM WIRNQRPHUA RS $HERiapdiplsiashom or

sitedir m sfmat ched PCR primng, |inker-scanning nutagenesis, or
c henire hdteranykopk Yei leabnmuiragenedlcls carnwitelsdihipitgbandslighbyabgernaphte a

popul at.i on. of nol ecul es..t.hat. encode.rationall esi r ndom y
e e R SR L e
ratipakd ¥y BasioRasdn PSR PHEAS HioG - 106 otiseste deteged dyaisihgrdupsivations, ar get ed

heterogeneity in an antigen encodi ng sequence. [0048] As used herein, a
var i differepess ghhet log apecormmemil naugERIRWAPDNHEN a sel ection criterion, such

as pr i l..di ng_or lect LNgw rili r i reagion, iIs
dscd O3 MPAPEARP IS AR R A8 det b ceh B3V, LERL Al SR

ol egatk BsteroRamatit @fdwils nigiddcino Mierdigoctivn expgementathade ihylivfed ptoteins on
criterion is not used when generating or selecting the vatria tencog:*ng DNA
nol dbekidkng reagivy} Thne QpROsEE ﬂ@@ngQ@é@r%ﬁlﬁ%g?Walg’éWP r g? EPTgEXeity in
a mg\;ehtg%%s%@fate abith e :?fblﬂfgﬂa{ioh of hErok PR 98 daEn R IHyBRS:. 3 JatSKET £idNdi Ng
am no aci d sequences. Tn trie case of the iInfluenza antigen genes this type
of catioosvaf ifithe ohpena isvmekehtctha tvegetativet (hetekokavyon atcomplatipulatyi abl e

regi ons of each antigen,. As an anpl e, one coul d change each am pp..acid in
hd anciale] B0k AgpuTicanating Lo ok B & P SN s cobpraputy ¢
Conil%erﬁ]ﬂéécz{ffé&{édoi“h RS ALAN) HRictSkaENAR EhA Be Allly GRRSatBle Addssudbletif ¥Rl i

Vac 0050] Thé expression units containing a nucleotide nplecule
encduit ingi ame cdithe spere alfels (autanallaliormnd\Axs diplicadions gxonepernallydwhen hig tak |
known techni ques. In general, an expression unit is generated by placing
t he %eﬁlﬁﬂlsn]i’r?seggdi ng sequences into operable |inkage with control sequences
t hat dr'[on%]t $f HyMRa® RBAL S&b Afabnt fiLimtibattiné cantielt fg thecumpadhilitnlochare

ultimate filanmentous fungus host. i . . ..
provided, they may fuse when grown in the same medium, in particular when fusion is forced

as described below. The resulting culture will then contain nuclei from both strains circulating

in the shared cytoplasm of a common mycelial mat.

Construction of Expression Units Encoding a Mixed Population of Defined antigens

[0037] In describing the invention, the following terminology will be used in accordance

with the definitions set out below:



[ 0051] A variety of control elenents are presently known in the art for
directing the expression of an operably |inked protein encoding sequence in
ei t her a wonstdatutdsve or inducible fashion. The choi ce etCTaSe@swsho
sequence wi Il be based on the fungal strain used, conditions enployed for
culturing the fungus, the level of protein expression desired, and the

nat ur eqoﬂ%sf"r%%%hﬁ& FROW EFH@ drb@lctiBY dRPheroiopdis bl tbvakat Susciaesrshithalt i ve) .
A skilYed arti1 san can reagl y 'utilize art-known control sequences for
genefiatiengut fimgakipteskanyon. inilis corgext, Thetarplogpiss seans et €1eqikatsiBis peinel .

0052] . In_additiaqn t \ces .t hat, di t Bt .
| ¢ areiinen by Pe A Y s s kot 1F uliRRF Shdle BRbdtBtss -
plr esﬁ’q&%le {'1;? ﬁfe{%}tlgégpnﬁﬁtié{r%tfgéM &%tigamirmmss TH8 podeerideyBes heRxqmedtivantcont r ol
el enents a I rec

he export of an antigen outside the cell. A review of
secr edooing, ainyrised of hatirebr &ifférantantigens o1 cardahemenfuliipientanade ugnfded by

Dal bey, R, ,.et al., . TLBS 17:474-47 1992) .. - il . | an

r eadePriﬁ“Eféﬁé‘rsé'%?ée EWSE’?‘WJI%? rgu]ttlﬁglfﬂgtc‘ga%%%lesn;ﬁgglg ?’e d(;[ ragsed%(ﬁ{;%ﬂgﬁg@ tf’OOSS]
Anot Bk feR LI RbmBKRnESRigRRs fiothiceRbulfisViRs eadt protvian) specifivyyathogenid n a
fusion protein that directs the antigen to the cell menbrane via fusion to
a hoptotaie kitigens leeddholikgyous menbr ane anchor sequence or to the cell surface
by fusj 0, @ host.cell o r : nGeh : [0054] In
one. appftBehch St Satiefed i BURE R AR AEl pULARE TRRERE Tor |

expr e:sihQhe Hondesipt tsAragislefdd tntoiagolyipbptidanehen épeeabdy tinkeyl weguepmrsteor f r agnent
of an antigen encodi ng sequence, is flanked by.re i.on(? of g\IA t(ﬁ]at contain
sequeenizal sedugncesr Ehoborsidans et thocosding spauspesaroicteriiaed RY ¢ &H 5% Hngal
strapn. o Ih - S ’ by tdrmhal THadebding ect
horm#hc?gsoﬁrsn ?Aggg%ﬁﬁsg@o%ﬁ g%\{}ggﬁm ﬁgdélg?gﬁg?ﬁglt?oﬁ units and the h%st

chr ogapent: catterlerieedfiomy i esamplej prokanyeticgets, (At egkarajoticieRNA,

preferably first transfornmed wt Xpression, uni t_t.h c i an
expr 8aqmais RYASEHIenEs g&%)"?%t@ﬁ%@“@bﬁ}iﬂ%agg f Héatyanglhﬂe's eg£ S{r}(?t arget ed
reco '&?ALpegrﬁggrgﬂat%%é%ﬁmmrm&ﬂiﬁmenﬁm@ﬁ@qameb@miuanmgal bedckdted 0 a

host fungu t'hen h | ogous reconbination units can be used to
i nt r Gtioahe bating sgeemiet y within a targeted regi on of the host chronosone.

[ 0055] rnedi.ate hosts. are s 1 wy t i [jat e

vect or J,J’@@Ea‘ﬁlc@d’é‘g SPAHTET Br ﬂ?%ﬁﬂgﬁ@h{éﬁﬁ &3’?@%%%3%1%9%%@5&%&@?8& er nedi at e
bact @£ @hcdsl et Bk bRARESorCeMhé B&lingd Sequefonin ttige appir@prini¢ hestdeHi red quantities
of DNA, which can be used to trans forma desired fil anmentous fungbLﬁl host .

Exanpl 480431 Aortexpressionnit dn BNsamotacpls thateontsing a joding 3AVSRES @PH

i nt di at e, { i | . 4GB

Add HSRAT %sc\éfelﬁi’loreﬁiléé?’%é’g?e ¢ \%aégé‘?gﬂg}t%cﬁg%%ﬁb%l, pK%giZO?_l %}ﬁs R, pX182
and REYESHAirked RORRAce PNB4Gpropaiaaiost organismhederappoafiriate¢ondiienant i gen or
antigens or interest are expressed as a fusj rotei.n with a |

hydr opHB@42l, Asiglhagbequagran BM%WBQWBW%HW‘HP wgpg,og(yl@g?lg% and
\Z.ef rh%:egrg ir#%&h@éfdﬁﬁgﬂﬂé m)éftcbl? frembéheS H6f oRSryBikes bitth dsWadteria e tReFenoaat ed

rophobi ns.” These proteins ‘are also known togggregate in
sol utDA. mIFhbemameringhtn anecrisoatal elenent swob 2k emplasmid JieqeusefiBepcieusiygeegat ed

reconpi nant proteins, which formantigenic,particles. .l teins can be
puri fqoéti“’ﬁﬁﬁ‘aﬁ’s(éff’ %@a’é’ﬁf‘lf’b@r?& St%‘% FaH%SW%q @mgﬁ l?oggg‘?]esusaér&?agl)%gﬁgssed in the
sane Gybiahe DNW kb 4alel o aRhi @ifdomeDsy thath aSinBérde@bpducgier cells through

chromosome replication.

[0043] A "recombinant host" refers to cells that have been, are or will be trannsformed with
DNA sequences prepared by recombinant techniques, and includes the cell originally
transformed and cultures and progeny thereof.

[0044] A variety of methods can be employed to generate a population of DINA molecules
that encode 1) naturally occurring variants of an antigen subunit of a multivalent vaccine, 2)

randomly generated or selected variants of an antigen of a multivalent vaccine, or 3) rationally

8



[0057] It wll be understood that this description and disclosure of the
invention is intended to cover all enbodinents that are within the spirit
and scopewofoadna4ioavent i on. For exanple, it is wthin tireThIsctSaaTPe9 of t he
art to insert, delete or substitute am no acids within the am no acid
sequence of an open reading frame w thout substantially affecting the

ant I@EBMG] SrkscRlek it 8FM S8R 2Rl UEARN In Y folBREngSarcan be
generated wt el etions,, additions or substitutions to the naturally

occ ttiflucnga sadeime it usadeasi andllustiative exanipde.i AvslgHed amisarNsanreedibf ustithePar ent

Strain 0058 i nce each af the rent fungal strains used in making the
et BRORABREAGIO=LHE o6 SRt IFFVRARPORISMT 106 ARelo el i PP RO
Poplrakieik Qkodhe DIPA esdtb&fest hat encodes an antigen of a nultival ent

vacci ne, one fungal parent will have a nucleus nodified to contain a nmenber
of a f[004%] Aompubtioonf BN/Dhalasples thit escadsaptusalboerssrring varigntaaf ¢yen or

e e R R R R o
di f ieh&atioeRHlmtttamhidies DNpeRBRAIes Bbedatidasf BRMNRMGSvital gehdmieRNAN | gen or

groups of antigens of a desired nultival ent vaccine. For exarrplfi},ﬁ to

pr odustdselated fono therppthe gen o fui exgmaled in/he ente ainnilueags yacrinesi dEectinfomyngal
parent will. ucgan .ant.i r. i H N
P2 % e BV TR L DB e ORI AL e e,

f r o tefiplake for ahd %’@@raﬁotﬂ%f BON ATmolepulesl iicat-Rndwi vishmgtmethbdusadeasracci ne one

f ungal (E)arent w [l produce an antigen graoup frorgchNA fromi nf.Iaﬁgqr]nza type A

H MTP¢ReThepamiptionnghsDNAmecwiFy thupprodhesd &R bsinseged IyPodiiHit cDNA
fro@xkf@s&iﬂﬁﬂﬁﬁl M&%ﬁ@?\ﬂg N and the third fungal parent will produce an
gen g fPom ¢ ¥

anti roup rominfluenza type B H 1Sf. Nucl eotide and protein
sequerfoe46r alenitivelyyforaatidgeab hhosdproteix serubace iekaon) an sitifiedaleheés for HA

enes i ncl ude, H3N2 Y738729), .Influepnza A victus (A Leningrad/{54/]1(H N

o raIR Sy SET ks etiod Rerat B e oy i T g BRERA g bbby o)
( H3NGHibH BRUIBE ﬁfﬁ%g{l%% b9 SRErilaftoh Pl hdd klrMfng ?roﬁu&ieritésown

(A/SW ne/ Ontari o/ KO 1477/ 01" (H3N3) > neuram ni dase (NA) gene (AY6 19966),

| nf | andngenoAs piateiss.( A/ Swi ne/ Saskat chewan/ | 8789/02 (H N)) neurani ni dase

NTA AY! 960 | nfl A Vi AP t i.cQL8[ 34
Si na (BPAT) 4 eifienes dpReBizaBagn Siliytactls S R bRPRart IBHPH 9 21
1/ 984#i¥idh) IDNAULSRLILE @S endoby ardaiReh OY 8 Bddilvhlent Vaddibezmoduee hos-
(A/mal | ard/ Al berta/99/91(H N )) neuranini dase (TSFA) gene (AY207541), and

| nf Inauraly capirring varmngefichopartelay sa»bwi(c-mrmdyrq(ﬁéu%ﬁﬁ RPERReOINET gene

(AY207534) . . addi ti [ ' syodi &i i a DNA
o) SRR LsnishRREA PR Aok Akeh SN BEETRLRDG hififed A Biiygicl & U2
nuclfiitagénesRtian aéadilp depREdDigeftrai aysopuilision ©f DINA madequdesahet efakler esul ts in
a characteristic that renders the f

. ] ungus dependept on the rﬁsepce of a -
s ec oRtoRA designed Arpapfomy ergled HEr 8RS oL AR FEHE kR TR, REBIRTY or
SUr vl @ﬁr#&"&% iy REghd BPR Hﬁ%%&a?l HelsBa I EerRBhEFRItBIYR HarddittS . t he
us o eacth paPI S ac

nucl ent “conf er aracteristic which would result in the
f ai |heterogéneitipen hm agtigeniencadimgsequendes cont ai ned to survive under the culture

dit] | th d. , d/ t hi | d/ .
ada t1 RER HRReR her 3Rana it P SR minrrenedwitR s R e AR oo s o
par tdelh@prditth thiats (TR¥IcBEnCApdrHEQSk @FbeBrodRidl UitdghsiK inectie dedbratiapt al ong

with a pa}?ent t hat "does not™ have this requirenent. If hyphal fusjon occurs,
t he theohears opkelettingstbe vadhnpanedingDNemslegnles.iA yaniant dusald {2 b gandesnlyibsence

ﬁLt ';gheiél%{a?éjct%bgﬁl % aﬂ%rcglg)gscgi;fle%{(])ﬁ éé) B8R wihgn Eggr{err]atinw séﬁgﬁlﬁé fetvdlidnter ent

encoding DNA molecules.

[0049] The preferred target site for generating heterogeneity in a multivalent vaccine
subunit is the immunogenic epitope and surrounding amino acid sequences. In thie case of the

influenza antigen genes this type of creation of variation would center on the known naturally



first. Only fungi containing both nuclei can then survive when both
nutrients are | acking. [0060] The required nutrient can be any substance
whi ch t hewbungua4®brai n cel |l needs for growth or which, Pemas2es98T249
seriously inmpairs the ability of the fungus strain to grow or survive.
Exanpl es of useful nutrient requirenents and the rel evant nutants include:
(1) Igl! HabARS 8did i€l | ne (aga
mut an %ﬁ?el%élgol(aﬁlo?l%:?'ar gg‘% %tsr?gegﬁrpéty ér(l:%ﬁdy%bﬁﬁegeieg?g 1 1 nutants),

as pavadibleregasironebtyamt 39 prodhcﬂahbra(mmmyvramila@hml -2 mutants), cysteine
(cys-1 nutants), glutarnine (gln-1 nmutants),leucine (leu-1 through -4),

| ysine (lys-2, -4 and -5), nethionine (nac nmutants and net- 6, - 9 and -10
mut ant s), O@ﬁﬁrﬂdﬂbﬁ@ﬁEﬂﬂeésﬁdﬂUﬁthEﬁbOdﬁlmWKéMar omatic

am no aci ds such as, a m xture of ben am(&i r osi ne,
trypt oﬂWé X@’FF@WPQP%?WTW&&&WCQBU %’Cg PG %%mﬁ%ﬁﬁif %ar o- 6,
aro- él Qﬁg?&kne e %ﬁ%‘iﬂd&t@?% 1ng We‘?ltlﬁf%b@ﬂeﬁﬁﬁ’qdé@el'ﬂy eﬁéﬁzﬂ' ﬁ?efﬁr@ﬂ;&bﬂ ed for

ar o- a mxture o l'eucine and valine (required for ilv-1, -2
and udiis @mdraaedhy(plumﬁg dfe sphmnytca;lngwetqaelm@sl intty Dp@lahle I\ iidiedngyol pt
mutants); (3) vjitam.ns such as ni c .aci d t and

t hi aﬁqunqqsﬁ%atghrgﬁta the FXPIESHAR Sﬁ )su \“ﬂfelﬁﬁflﬁ%eseﬁ &3%5 %ﬁ# ugpmé%feni ne (ad-2
throﬁ@dﬁ‘n@lﬂo?‘; %s%sg mut ant s), hypoxant hi ne (ad-2 and ad-3 nutants),

i nosi ne nine or guanosine (gua-1 or -2 nutants); (5) %Imdl ne

bases $e0] aAVlarlatyldf coplyol elenentoarg mrqsymﬂmomm thaarifar direeting fheaci ds (eel

mutants) or unsaturate aci ds ving a
doubFEohBHEn fran st ey et Ry Septads iy Rhe Shpbahiive BELIRGBR 10
aci dgastidn T8e dﬁmbé 8f Desifkol Sequbkectwidiitse eed dgthedhg s@hin hsedQethuldmson and
fatty acids with nultiple cis double bonds interr pte&q%‘%&% th Ien bri dges

( uf aempiaygd for culturing ghe fungisodiedayal pf PrOkIR CXPFESIINECSYE m (trk);
(8) sugar_.alc @Q{I%)adﬁ d

o1 o SO Gy E (Bt ol LRREHL Ve bR AOLE AR B B8 SRIAES)

| - ketygighehdikabem conigeli sa@icaces fal gér&ratfngrthae)qareesldlnnmalweﬂyd ¢he(ffresentrut ant s)
p- am nobenzoi c aC| d (pab-1, -2 and -3 nutants), and sul fonam de (sfo

mut arh@&er%harmwpe [0061] One specific exanple based on a nutritional

requir gﬁgﬂt{]w nsacfd erﬁtro%e(ghn EAEAGh S ROhE Wan§cli’$t16ﬁ‘ éﬁdrﬁaﬁ’sﬂﬁhbﬂ 'oﬂﬁle protein-

transc ase. zyne is present in wldtype A niger. Mitants
| ackiengodihg Seqmamaerthe(eApgsdion snitsdiiiby proaent mepnelparaé(fu@eumrol sigmak pecific

techni ques, such as tre th.ultraviolet radi t| on I :
scr eéﬁfﬁl}?@%gmewwqﬁﬁﬁ%%m that dirget 46 &P Fﬁ(ﬁr é)e ‘J(%lg\p@?ﬂd‘g with an
abi | 'réﬁe&%fgé&woﬂﬂs@nﬁ?ﬂkh% GABAlR D Rt Etis Tufkus &@ngaw\b@mmg RS

genone W Il growon"mnimal nmediumif they also inc an Arg B+ nucl eus.
[ 0062} alpl HB&JISHL‘I 4791992k Thegkiled @K@?@wa,mﬁadlbfr gRICTAMEXPresyen Baite i3t er r i ng

a resistance to a ne o f a variety of cytotoxic agents. For exanple, in
an alcf)@?aﬂh?eicvéoré(r‘ﬁb%’&?rrent one of the parents can have a requirenent for a

nutri enpossy Webthedforth 6f%ip1%bsi@1¢&nft of thetppesent iafh éretivin maigduonﬂnba fuséomoxi ous
chemi cal, an antibiotic or virus, or a harsh _envi rgnmen condj ti ons such

as a mﬂ@d’eﬁl@fr ditestscthe antigsn 4o theceH magabrene ViRation 2 lrﬂfrh@FFtro gous
sensitl V ? Qt?c?}}o hée' o(f ﬁ%@%il%?xfgée sRPH%o 2HeH &l Sr hdtablssexert a

t oxi "€ FACT acrl avine (resistance conferred by acr generally,
with shﬁecepme&emee of the shg gene being

[0054] In one application, recombination units are generated instead Of the expression
units. In such a use, the subunit encoding sequence, or fragment of an antigen 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 preferably first transformed

with an expression unit that contains an expression control element followved by sequences that
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required for resistance by acr-4 and acr-6); 3-amno-|,2,4-triazole
(resistance conferred by acr- 2, atr-1, cpc, leu-1 or leu-2)); dyes such
as mal achwoeogvmere(resi stance conferred by acr-3); caf Perns2q¢osmsizge ance
conferred by caf-1); purine anal ogs (resistance to 8-azaadeni ne and 2, 6-

di am nopurine conferred by aza-1; resistance to 8-azaadeni ne and

8- azaguan f&%l‘%@ﬂaa ?éE?ﬂbﬁl\ét'@ﬁ.aF A rexbufplenanierza aftigaA@uant rodnckd into a

6- mer capt opuri'ne con erred‘ by aza-3; resistance to 6- nethyl purine,

conhest feus yndephd) omobtbgrepfdcogpinatipn phidecan esensd it lmﬂiotci}lcééﬁ geag1thy cni-1
inthe first 24 hopurs g{? rovl%h ;. tetrazolium (resistance conferred by

cy avethihytagsatedseeiqy of ShYgeMPP¥RT st ance conferred by cyh-1, -2 and -3):
chr ompgsf Rk &AEE h6 QY hRY JoRtktiivesited b roddcedaRiyeda® vartae cpaise 6f ance
conferred by dgr ); edeine (resistance conferred by edr- 1 and -2);

et hirensfommipg des Wtisrate fengel eeltsedhpintemediate bicterig) tiapsformapisean then

pf |l uor ophenyl.al.ani ne nd 0 o et hi,anj [ S f£orm; fluoro
co r’rﬁm}’ﬂg@ f ﬂ%?scll%sélﬁcﬁ%}agﬁégsxﬁwéﬁ’ %?Chéaglbﬁgj rsgcg Fda‘?:?qs?‘?"{a{ﬁg (g:q {[ﬁjor ouri di ne
(1 esilShEGS fuRg@lHo dthEganplenbeédietonly dveilable baasiisitvanoes thmt barf baroe asir aci |
being conferred by uc-5 in an ammoni a-free m nj nal rregi um lresi tance to

5- f infomesdésis yeatord ineludadfos examplecpBRIZh @ USe #y RGP erddiiongl vgid | and
fi henyl al ani i b <1 SEUeREy. d t ai
conderBRLe FAN PR HIEr A BRIV, STZE SR Ploct 8 st BV, o hane

sul fy)sabe (insensitive or marginally sensitive for upr-1) ; surface-active
agents such as dequal injum chloride, cetyltringethyl ammoni um brorﬂl%ﬁg and

benz all56] ukn aiethst icpabqdiment therntigen AF AFieshs BY LIPS 1 SXPIESSTdAS R such
as i ' f v icafly 8Rprebicat i cs

e SRR, ATFRAE SO0 0 e LU B o i

( butayll sevrétadrii hegezdynanditios] The plirfacs béithetfongi(are Hiestcanted wishtha red by Bncil ) ;

anti myci insensitivity conferred by cni-.1 in.the first hours of

gr Oﬁﬁgqpﬂg@péeﬂéesg riR5O5TBt %‘83?5&}9‘?“513 ° r?é%’iegﬁe A pelution Pg%%s_eagt%%%gp ged by

er g-da13G1Blvs féftfe girblgﬁaﬁ&a Bf &g’g@%a%cﬁ@é&nﬁiﬁaﬁtq{rb%spwméh Jorm{ £868hicAl SO

useful "are genes conferring resistance to extrenes in various environnental

congiattichess Thesdprateias kb he prrifiohandwisd a entigenst éhengapltinle guijgrng are

(resistance conferred by an onst.ant. | i gk ' e conferred by Hs-1,

-2 aeﬁafe§%°?‘ lﬁ(ﬂ’et%gleaﬁgl emgiﬁvlafe&g?r}t%i}lcrpaag{; éa{?sl( éc“)rg%?%u%?% ng radi ation, and

hi gh qoo4gWitGSiIMMei EndrSB6d 11eS thik Hesdripisn aedidiacloyurpoéfier inventiorbisdnterded t he

resistance to a toxic effect is a resistance tqg an anti,biQEtic sucg: %s
i e

hy grteeyesrall endodaneststhatpe yathin teispiriaad stonepiithnyeridaR i o SX@mPIse tgr own
on I.X Vagel' i 08l ' j j : ol : r , With
supd?g ﬁ}%e%g%%d%&fgﬁ%g%%w ﬁ?@]&%géps‘gﬁﬁ %%%aﬁ%od6 fﬁ’ghgf%giaggﬁiuch as,
f or ®xbwgheicehif ah bfienacading ifaineevidt subsiantisily effectiigpheainsigenioky afithebe

obt ai ned, for exanple, fromthe Fun %IF Geneti.cs. hsﬁﬁCk Oentgr. ;l FGSC') and
f r orfnglecule, apdspehharultyalgpianiizens %‘iag‘i yrenoratsagith feletions a4dIORS OF "pe| i eved
to : I = = i the MReMtiease, University of
@OPSS‘P%‘E?&R%&%Z INedrdROCtufithg Qb BRANCKAE B the My d-type 74A, which
contains a stable ga-2 nutation (M246), an arom9 nutation (Ms-1 1) , and
an inos (ﬁﬁﬁ%lc)ftﬂé‘i%&éﬁ?%tray e double mutant qga-2, arom9, |acks both the
bi osynt hettc ana catabotTc dehydroqui nase activities and is unable to grow
on m nj0oss] Shstewnehmiof tinuparentsfupgd] atreint usdd iamoaking thesetenokaryods of thech as,

for exanp] e, phenyl| al anine at .a cponcentratig f _apo ronm.
[ 006ZFS E‘f"ﬁlllt?oé‘t‘i” Jr qenigm Nneﬁ‘rbﬁEPP% K t%ﬁ?ﬁérlgo F%si@aat{éﬂg@cfeg #From t he
Fu ngﬂ}tiﬁ% gﬁ% hﬁ?tiv%ﬁ@ﬁ&‘vag@fhre?éne, Bg8laterA il hadd AAudbush@Aifidd o contain a

Cel asi a, and Sordaria fimcola, or .
member of a first population of DNA molecules that encodes a first antigen or groups of

antigens of a desired multivalent vaccine and each successive fungal parent will have a nucleus
modified to contain a member of a different population of DNA molecules that encodes a
different antigen or groups of antigens of a desired multivalent vaccine. For example, to

produce a heterokaryon producing a divalent influenza vaccine, one fungal parent will produce
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can be prepared b y mutagenizing wwth UV light to forman isolate that
requires ornithine or arginine for gromh in a defined mninmal nedia. This
strain, wNDchodmelos ornithi ne carbanoyl transferase, hagChasnoosabized arg B
(350(-)52). Media for growing A. ni er oxA nidulans are described by Cove,
Bi ochi m Bi ophys Acta (1966) 113:51-56. [0068] Standard procedures are

r Bhnenensaypé ASHT N1RShid e tdtBePfuBpal Rirdr@Rvinf
conl gﬁ&é%%\élﬁgfrg%dc%g%erres Met h ggs Enzynol 1( 19%1 )617Ag79@141) Mycel i a

ar @rddppé e hitigegravowp ifronh DQNPd frou mﬂnelszaftme ABBUN21 4 chedaeq ‘2’50’@}61“ as

descri bed in. Lanb Bi o 197 I ns can
RN EES g B R g es B R e RO FT e N R B EheE T

WI tfbed AETIARP AP EEBhE fbAll RRdrt Sill potite @8 anfigén g&apm@n cINA iftinne;

argini ne; phe, tyr, andlor trp (each about 80 ng p ); p-.am ngbenzoic

ac inflyeabotype 2 HQT{%anfiHﬂ}e ngal perest Welénmﬁl%a@mggﬁbgrqwﬁmr{le 89} Many

r ai t.h SL t ilable. If
notrB el Pdnd; NbiRlp dng R GRS Ehlealks 5 A flifle. B 20 B
Sele@ﬁ?xhbl‘éne)leﬂﬁﬁﬁﬂy%ﬂ@ieﬂ&k g ends iﬂamdarIBNZ)(A‘s'%}W?ﬂ)l, hflwenta Aitiher t he
desired nutants or the engineered nuclg@pgpow di he desired

chéAéngnel?gr%d/ﬁ‘Ul(fﬂle%lﬁ%@@@l‘éﬁéﬁéﬁlﬁe&( rafl r8™%hown in the table
el T
é%{vévgmg}an? i]' | ng@?&/ﬁﬁglgﬁ%ﬁ?ﬁ&ﬁ&hﬁ{a@ase @QAZ%Q clqﬂ’%q 0b79, RiFRRALYRES

e or requir inine lysine or requires
ur agiuk (A}r&wm@ymﬂrd/lcmwwoa:c(mma) newmanRiden (NA) Pane (A Y5196@nintienza

i A P {yﬁ%‘ﬁé@é@% SRR R i T s RyRROGENS, 27 o' n' ne
(t rﬁﬁﬁﬁ&ﬁ?% fiky d@ﬁ/ﬁ&éﬁamaé/sﬁan%hnﬂslﬁ’ﬁmmlﬁsE’g"aﬁ&nté’e‘NEaImmﬂ Phenot ypes

requires ne tr hane argi nine | euCine and trypt ophane avgdm ne
| edaflnenzhisstirul (rzPémahhlr@/uﬁgbe:rtavibl H/%(th@)}mwardmmﬁsc QY ogsmgd

TR S e

CONbNAfhORS A%&sm%@myhgﬂ/bm(mmy)u@ulfanﬁhmasd:@m)tgleﬁ@ GAYDO75per al |

the nutrient requirenent i S manifested tya nut ant strain, while the

abi | i [0959]oIn additien tﬂeh@@ﬂg beeib BrogdHEslto gaytapn E%ﬂ%ﬁ?‘éﬁtepﬁp%’ég tSnferred by

t f th t
orftiesy pihiafh et, N ReKitfielibBuf e MR BT ShAbroUE A Qg =) Cnce
r e%ﬂ%@@géndrﬁ‘@ﬂﬁt FosRiSts Sl 6 ldhad cleipid thgomsddsre dwﬁnngats ldependlenhotather ansf orm ng

vector and the resistance can b, e confer rcg tio der andl tions
whepresenpeof asgcend swell eus.gimnsl/ofradhgd agglsys an Wf%ﬂma R\oad cﬁuﬁm‘ ek he

' v %Q cbrﬁdgtrl%ﬁp%ﬁléég X eigrr?an E}{Segacf?&ﬂkﬂpbﬁ gl;ﬁrug {he lﬁﬁ%l@ﬁé gifé%ﬁ;%gﬁn:}%ﬂﬁg %q ”?ts ' 8;
characterls‘uc which would result in the fallure of the fungus in which it is contained to survive
under the culture conditions unless the second nucleus, and/or third nucleus and/or additional
nuclei are also present. For example, a parent that requires a particular nutrient may be cultured
on a medium lacking the nutrient along with a parent that does not have this requirement. If
hyphal fusion occurs, the nucleus of the second parent confers ability” to survive in the absence
of this nutrient. The second parent, in turn, may require a different matrient, not required by the
first. Only fungi containing both nuclei can then survive when both nutrients are lacking.

[0060] The required nutrient can be any substance which the fungus strain cell needs for
growth or which, when absent, seriously impairs the ability of the furagus strain to grow or
survive. Examples of useful nutrient requirements and the relevant mutants include:

(1) amino acids such as histidine (his-1 through -7 mutants), proline (aga mutants),
arginine (arg-11 mutants), citrulline (arg-11 mutants), asparagine (asn mutants), choline

(chol-1 and chol-2 mutants), cysteine (cys-1 mutants), glutamaine (gln-1 mutants),
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enzymatic digestion of the cell walls, for exanple, by using a

chitinase/ gl utamase m xture. The sel ection of a suitable enzyne for

enzymat i cwoi2geai4i™a i s within the skill of the art. Usefrali/useagmer4iar e

t hose capabl e of digesting conpl ex polysaccharides, and are found anong

t hose known as effective in preparing fungal spheroplasts of a wide variety
of fung {.es j Tyl 6s_ S ki hiAgisugd thigvozynme
234 (anq%‘rlr%%r%gieﬁi Ix%}gr o#5g%§§§§2% Qh# gets‘jé-gl l}gﬂfrﬁgﬁ?ﬁgg?elh Q her suitable
met hods Gyay dnd -U6 enuttusts), andriisgindmeo(pha? tugd -3 huknois);abl e net hods for cel |l wal |
penetratjon by the_use aof vectors are identifie .V\/ngllde cells of

g howeyver

the fundd) yres gl agmaiic apuag S FRMASHIPAYE E'Wlngg%lé%od(ﬁ)ﬁasts. [0072]
To nodi f SHBnO iQPdquikd 8Y Alllafo Steathbceph afXp/ 461 On uni t
for a \ “Téﬂ‘g%’gﬁﬁ;é a péﬁc?%}%ﬁg%ﬁgbbuni g of ?{rul tival ent vaeg)giane, t he

pract i cenef atoh®), amvistitré ofitrgptpplansandipheadslanink érogiired fordirezh watantp) @cul ar

bi ol ogy, m crobj ol . and reconbi na t gchni I ithin the
skil | of MPFRIGP I.SO%gglﬁe N?Hllft@%ugfg%%ri )i ,i-zea(r]xﬁf-%ﬁ?@d%?ﬁﬁ%élo:ﬂ erature.
See, €. hhedyMlhAinkngl raéine(ryqlhiwﬂoaptﬁhgms?;g: A Laboratory Manual (1982);
D.N. Gover et al. D S‘IyA G oning: A Practical Approach (1985) Volunmes | and
I1; Qi g8dudteeuins sebyastantotheniqacid (pagsl muagts) aogiyamgdthi-2 apd Hhi-4

Hybri di zation (Hanmes et al. eds. 1985); Transcription and Transl ation
(Hares dPHfS)lags. 1984); Animal Cell Culture (R I. Freshhey ed. 1986):

| mobi | | @9thuehilel tasashcEaz yaastnd (aBL2 Braph allOBa)d adB8 nRears), hyboRumdlking cal
Quide to | ecular Coning (1984). General Procedure for Jransfarnmation of

N. crass@d-dend pdchmatanti 1peTS. 401 SHABRC PNADTBE Wl o o BN he
mul ti vaI@S;pﬁgﬁ%id%@gaskss?&hadg%gachgg?rﬁgﬁg?@ﬁ@un| ts, the DNA npol ecul es are

used to I'm paren ost st ment ous fungus, such as
descri be@)yanGardtfatty kete(el myens) o mesanwatpd datti arsdpruchl @sddision Cis fatty

he. FungidebuinecstoslRonddntier o BrrtorRa sk oaher O or dpdf e TonaRhE con”

al so be i REihk $ahat G Beatidn uP thedB pbdifioss tand fady Ryidst adl er et
al . Gene#?si?gv?g%%g?ﬁ%z%g%% 685 and Haaagg%elt al . eGe]'[rzetlilcs (1952) 37:217-26.

Usef ul switti msltiple cisl doubledbonts titeratptéd eymmethylone beidgpsaifa rloandsiZant or d
University. Stragins are typicall rown.on | gel's M nimal Medium ("N
medi um')zp)iSrPI_E:yﬁcﬁB%lp X afggins¥'ﬁ%§ass,po\$ﬁs§lﬁln§6%3’opri ate suppl enents bei ng
added degeygigap aRBhbR8ucH 4sAhBsifol PAQNRAIGHRE and B Adjtarfip idoglyasrot; amde used as
subj ects foor transformation. To form conidial spheroplasts, the fungus is

i nocul at € ethevomBnig engtiessBich@s Regtptgi(aas myRRR). drksiaghinate sYUGHPrEnent s i n
f to five 125-nl E f ich . : dywi,hs cot t
he. cumiaifies fopte pGARERUR e (@ 3 Randf b POV SR (PO E M S0t LN

coni di a heah®),wedisafolymide difognitéhtirht 3F°CH medi umt o each flask.,

replaci ng the cottaon plug, .and swirling the flask,. The solids are .allowed
to s e{QOﬁg] f Gnegpetic ﬁ?‘ﬁﬂ%@@.aseﬁ@ L BHIEPRY rRquiteteat FsstE?) é&rge%g ggegqding

t gcl . i j: f; flask d
oo BT G ARESRRGIA BalledoRBI BRI Dot e TP bleo in A S M E. | et t he
condanintal ackingthic emiytiea(Arg Bietreins) cencbelpreprrérbbypusuabnen-speeidignt , with
chai ns bei ng counted as one. .] 0076] A. v.ol of 109 coni,di a,i s _added to
TSt igRC P SRS HeB I BBTAFAAG! st 0T 0SEd B A AR BrRet b1 o
SUPRBIRNES -ordWOnGRRHiHh PmadiBmI 86 uPIEPHEH ah AbiliietCbhasr Phuaied dohasking

arginine. Fungi containing this genome will grow on minimal medium if the'y also include an

Arg B+ nucleus.

[0062] 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 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.
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whi | e shaki ng (150-200 rpm for 5-6 hours at roomtenperature until nore
than 75% have germ nated and the germtubes are 1-4 conidial dianeters in

| engt h. TWe 20@ld4s79ar e harvested by centrifugi ng at aboutrCTABe0208149 pm f or
10 m nutes. The cell pellet i s rinsed three times with water.[0077] The
pellet is then re-suspended in 10 m of 1.0Msorbitol, and the spheropl asts

ar e ﬁgﬁ)&%jj%e@ﬁcegfmgé 6t LSTBY @ heRficdiBat Qi eV icRE SR ihclv@d | Wi th an

enzy er 1sotonic conditions, to prevent the "bursting"” of the
s phasrifvirsd Gesisarh beyordeieed by nedzendhatly pwish degiresencea dbibeethe geombeing net hod of
Vol I mer and Yanof sk

, P Nat| Acad .Sci, USA.(1986) .83: 4869-. 7 78
Spekauired forresistange g’y éP’lr' éné 861-00> %%11?18%49%/%?“4402%&%51%%% Sonigir g‘? b% 8§rf)e]n si on
s ?ﬁﬁﬁﬁéedcy 1Rd0ed 1&{22%)39&45!% $0kh & sRldcHiteaeriBesigatcdvorifeted spexr-gnder the

trade na Novozyne e mxture is shaken (100 rpm at 3Q0C_ for about
an baffeing Gsitanien vomfSired by dafyd}tpurine analdgs (rsistanceiie Szmedesnaged 26r mat i on

process is monitared exam ni a || .al.i quot o Qf - M

e R S L R R R SIS
t hey,d ¥S@sRBMBl ioC 8ld Mo het Ml G crsphipRline Bodferredby esg 39tedifitnceav €F sl i p.
The process should be nonitored frequéently at the | ater sta@es of

s phenetiptlpwrineg onfetredhy nigpiy)Hndmep@ pheyspladasepsitivily songe ¢l it o a
terl p i cal i f t d
by Lot 2 §pws o8 £ Sf Bireed R (P Gus ARG PP BRI ERRATR A, ° T aeDr o €

ce nh?élﬁ%ﬁmﬁé‘(@eﬁ@@ﬁbé totdeRed betyh-3, 12 diged); hioneatei(tesis thcofcohfe@t dyr bi t o
and then once with the followi ng STC sol ution: 9 éﬁg sor bi tx%g; gg) Tris.
a : cB913nRrdeery D -glueasei(ssistancrigopierred Ry dgck edeiae giesisignge gonlgrgd H¥Edry o 500

m . ,[.0Q8Q]. £ . r et : i Jmxture of 1 6.0
i+ L2l sl SRET RIAR T ot SarriiREBAEh o X U

pol f&b%ﬁlﬁﬁﬁaﬁ%ﬁf@h}flﬁ@b@ﬂ{\ﬂﬁ? ethﬁ)nirreg'slm ?atrﬁer;fdraaﬂ?ﬂorbyccalmmﬂd, S 5Qc t T[_) i) S.
Cl; 50 nM Cad 2;.suffjcien adj u e. ~0: an .S .t0

m 5 Dumeeonun it iR BuE oG SRuaPubine asiRaee B tref Aap e phog

di J - [1ei i { $irfdn artfA8ma- @0 ®thirhdl terile,
Io b2l bOLS B-AEGERRC] bog toiterRid  1R% iitn adidbia Ho0 b & ¢ The
pl asnédiuBiNeststnbe tb afedredemtynridinetand §-flunaouriding being sgnifaresddyprdd biapd

system fqr antigen of the desire tival ent .vaccin i¢h a
sel é@toé?ﬂ%énﬁa?lg}aﬁg}e Erﬁ&lﬁtagge %‘Eﬁ%‘?‘i‘fﬁl €¥ gg{‘i;’@% ﬁagggﬁ%ﬁaé cgl]ldgg%%_ ’n% ration of
abp‘b%aegdeﬁiﬂ%%éﬂs}aﬁé%o'ﬁfé}réﬂ byPhnts); Rei§l Methagpailfohasinscinsitivarc nrrgdilpy
flicking the tube. The spermdine solution is prea}ared by dissolving 12.73
ny oknsities fardipnéd );sutface-adtiveRgantd sael] assdeanginiwa ohlerids, gegltrmdhan pe
stored at. - 2Q0C. _The heparin sol uti I Sei ) S§O1yVi =20 gy of
t he %BP@HF@@PW@F’ %&a&?ﬁlﬁ{%ﬁ%béﬁrlr{) &?ﬁ dr% |§Ef an%%gge#% gebg}s?%?igabﬁmf rozen
al i qyRs Such[098d B Eresiotientonfefred Bgvan)be are briefly spun (pul sed) in a
t abl et OB centrifuge and_then placed in an ice t h, @‘bé)u[t) 50- 100 % 3f
t hawe d08¢He Fxpmad e obgriibieliss AvRigalbhexertinge oxiceHoet cldebsmylpmetivided on
i ce about 1 . Ity d %ﬁ?ﬁﬁ '@@@éé@}g;@ﬂ}gﬂt S$A0N i ce
haveﬁgﬁlgcﬁrg%%%és}g%%ﬁfla%&#ﬂ odftgg%%g%g added and i xgd.vyel_ by flicking
t he (insessitiingcotifeitetdyichii hirntha tfiest Zhoutseof growthyppelyenepentibioties fugh agbout 20
m nutes. [0084] A Regeneration "Top" r is prepared b 1 X1 Q. rni 50«
Vogetystatigy (Fﬁsiﬁ&}ncﬁe“cﬂ“g‘?ﬂe ergrl ?ﬁdog)afl@? Olgay 68“ g‘%f‘lﬁtﬁl%? ;'X‘Olg% geg %yg&lg'gar . The
top agpphesP AW ASEAY e s dQefIng resistance to extremes in various environmental

conditions such as a high or low temperature, the lack of oxygen (resistanice conferred by an),

constant light (resistance conferred by lis-1, -2 and -3) or the absence of 1ight, UV radiation,

jonizing radiation, and high or low osmotic pressures. In a particularly preferred embodiment,

the resistance to a toxic effect is a resistance to an antibiotic such as hygromycin.

[0066] Strains generally useful in the invention can be grown on 1X Vogel's Minimal

Medium (N medium) in cotton-plugged test robes, with supplements being added depending

on the phenotype of the strain, such as, for example, histidine, arginine and/or inositol. Typical
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of a 10x FIGS solution (containing 5 g/1 fructose, 2 g/1 inositol, 2 g/1

gl ucose, and 200 sorbose) is added. 15 m of the top agar is incubated at

50-55C. awm0 2paumend6i nto t he tube containing the spheroplrastis2@sa3phasm d

DNA. The contents are qi ickly mxed by flicking and inverting the tube 2-3

times and then uniforny poured onto a layer of plating "bottont agar.

[0%%15 drmebe S, f3%anipte mfo%pﬁfeqtimgm GenetiBYSRBY GéﬁéH(FFGS@JP%cBrTEHtS in
i um autocl aving; and addin x FI GS and beno (i f benornyl

r efrcsm Bnde Pméuns,es:ta]afs»réUmmt)y Aot ené[l cragTeeErain belieo t@fbemse&ﬂaas 0.5 ng/n

or A2 ol Pt i M e AR 00k el BRUREE BRER Bt over

th% REVHPVB FIA1d- t?y@?hﬁswﬁfcﬂi dogmsektible h-arhgtion Ne1AoRt@saramed kept in an
upright position until t he top agar has solidified (about 5 mnutes). If

t henutethorngde-11 énmd wnna(@éﬂl)gn@wa@mrﬁe;doubmnb@m Fmlagimg) keksbethn pe

TS0 LB Al B s =0 o

t I aRedigh RRiHosit atéﬂ@ﬁféﬁﬁaht bfaroasic aulifidiadds, @m:ht dve faepaniple,gihenyiathinine {thavi ng

onposi tion og‘ﬁ)% e transfornmed cells can utilize or containing an
ant&@p@)‘m’[@tl@% bept %ﬂmgpﬁ?@hsforned cells are resistant) and incubated at
about C [ £ RAhE seen about
24- 3 ﬁéﬁr gsa ISMinI%%Ef lg%%tggl&létct ra?és?ygra?rsg)ﬁ%@ I%Ig%%ner aFF?/éﬁgcor ed after
t hr@setlay Stoclt Cgmmt as w&'has stnainbaf Fmanpml; Gtethshmspi:ea,emd Somlash dmmaolasomi | |

vary dependi on the hqst strajn. c mar ker .. ] 0088]

Sel 4B De eIy FHRECE A% i LY ighh ofto Ut Egrviggs qrh 1&88? red

antd, ﬁﬂﬁ%PgiBWthtﬁi aHeRREa L n iR hadsa, T%i‘kcsﬁ‘raﬁis v@ﬁc@ﬁ@k@l@fﬁlﬁﬁﬁe E:bafoyl a

colo I rmunoassay, restriction enzyne analysis, filter hybri d| zation,
nesttamdfedesleehas dreesudolied mgﬂg (33{952h Metdilfkﬁ)r SfOUBY ]/?/ rigeer drriddats fvent i on,

t he, abqv cr| d r.ec t t e used to produce fungal host
strdzi’F‘ﬁg’ gﬁ%’ ghi gfqpb g@@o@%&é}gﬂgeﬂ'ﬁgen or antigen group, each
host [906@]' Etaha\ﬂrdlgr&e@uféé afDicReflgnsed B itifd memtdnaade BEYRdihy ehdthaf f ect's
growh under specified conditions but is correctable by a Eroperty

corfreparaiiprinf coridie (Bavismnd dstSeaies.etheds E{ll}@@@](lﬁ'ﬂe) Adsal¥ ?‘1@ Mﬁ?h%t r ai ns

are t rents us t.ar, r% Vi
Al t&F P?’&)ll gyov‘g’l 18@1(]1}%%%1%% I o%rﬁ)?glr)éc}%elgt?%g% g‘lg 8%%% l%é?l ?‘r anst or m r eshl y
haral esCed B (1 979) &4:1731 aHﬁﬁtts&uﬁlsfcum get&rsllgclb‘e gowWNdHr iR Ml)gel':aslsh’le(sVan D.

C. Fungal Cenetics Newsletter_ o. ppl ement) (1995)) general ,
co rmumaalamédlhm Ferplergented with-the aﬂafypr&te negqeptiﬁ)e suchpg f%‘?%aénpg?ae washed in

S 1 t.0 0 09
cel IR Ui pher o R R iRl £ LR PP BEREoRbb AR Rig ol 0
the Qpbﬁhﬁlmﬂm&gl @boafel2an@péthgn of this is placed in the bottomof an
el ectroporation cuvette, for exanple an el ectroporation cuvette with a 0.2

cm galf06N. Motz fangehsirainowithdhe desired aharaﬁw%tmgéw@tlédy pvpibble.dF oot | s set

and A BB BEE ARES Eibdol o Lokt BP0 d B R reREhh WREpBLGPRR,, 0n ™

ap P iattRe 46 dofsepatdiinglouteeith@ithe desire nagaits esthe I&hg@hdeyechmcﬂiﬁs cri bed

at >ove. [0092] Follow ng transfornmation, a stable productlon i.n derived
f orpiPudine tho fesiiedehapagteristic. {liusgratiygparetial LoppIastioRs AiTh §hewR I et gbls on

sel 3 ve nmedia for the particular host cell and expression unit used in
eac |nd|V|duaI case.

Table 1.
Diakaryon Combinations:
Parent 1 Parent 2
Phenotypes requires histidine tryptophane
or requires arginine lysine
or requires uracil thymidine
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Production of the Heterokarvon [0093] Because all of the fungal host
strains are chosen to be conallelic with respect to all heterokaryon
conpat i biwotocalshmbes (with the exception of thie mati ngcalusedos/osizen t he
tor gene is present as expl ai ned above), when the host strains are cultured
t oget her under conditions wherein none of the host strains can survive

al one the fungi are fused so that the heterokaryotic fungus of the

i NVankdr@n cosbinatisgied. By Myphal fusipemnt2t he diHafeerzent hapl oi d nucl ei of the
hostPhdnutypds Coneqiies coexi distidime a cormypnpheyet opl agmze VWii |l e not wi shing to be
bound by any tdndory, applivgephtrs belarginme nenbrhkigiéing usi on results fromthe
aggregation of intranmenbranous particles within each cell, naking possible
cel (Preiges BEipsPHECHREER) pr STenipYf r ee Giftidige) RedFYRPYEMENt of the lipids in
the contact areas then leads to full fusion. [0094] Because each of the

parents contains a nucl eys hi ch gduces diff nt anty s of the

mul ﬁggf( 'éjj’ts vageine, the%?rég;{g ti ng%re%%a%ar y%re%iﬁ capatgggggf produci ng the
conpl et mul tgm%a ent vangtgﬁ,a&onpra; ; mul tpel%?n@ ant i ggfgdind 0095] The

het er okaryon thjss gener atgéhideS St ahb@ine W th thgaReicl ei  diypioghaiig at about
the sane rate. Generation of Heterokarvons Producing Defined Miltival ent
Vac gpro@des [lsio®phrinElzevithp np @eudinepns anbistidiehods @fptéghenddr eg@pinine)nvent i on

enpl oy het er okaryons expressing i munogeni ¢ anti gens derived from

pat hogeni ¢ organi sns. As descri bed above, said het erokaryon i s generated
from pere)r AR RN Mo dle abledh Oﬁaetyaﬁtblﬂgteﬁ{eﬁiaay YiRRaddéEsiTbRpery di f f er ent

mul ti val ent vacci ne. [ 0097 One exanple is a heterokarﬁ/on t hat produces

i nf lcombizatians cge e vhpsearto it vvowsciusion cenditions.dn geneigh thepwirigntal suspensi ons

f h_indi vi dual i i xed .t her. . ' '
Cundef s 1, SR AR Rl Rt Sl RO PSP R PRy o

Wi t hnére rc@ﬁireﬁﬁ@ﬂ@dﬁb@ eoeferred baskidafi epioh D e gidds vith ah expesdge Byster for

het er okaryon nade from a predetern ned caonbi nati on of parent strains may be
f or rtbeiresistance Espardltenatelsribg apyitienalFaguiraney canbe eifesteddisHigx using a

m cr.of i I . 0, I i : . . kpat i ons
A S S e T G S ot
by wasistaficeasaripd eordfadediby neaivn undebeonlditidnsiwigré thertpxivagondifainsare
Generation of Heterokaryons For Production of Miltival ent Vacci nes Parent
hos_tpr‘é%m-s contain genes from Influenza Strains AH N or AH3N2 or BHN with
an ! 99BoFyV bﬁ@%?nl%dﬂn%xt-ofth inSerdtion, hod cBifs are-coyettEPloSsphdfoplddes F oduct i on
strain ca e generated based on the choice of the user Hetérokaryon

c onpiransfetmetion sWhen spherpplasts site wded, 4 prefarsedanethpd ohp@pasingdheh ioby vacci ne
production straj.ns nb erated such as Het erokar one conprised of:
St r cfPevmatiy dleestipn of i csflutalt, folexergPlec Py Pina AyBine s Shmprreattiie: TS, ai n
a plddfechibh 8f HsBitbIE SnSitha it dhziiahes Glsadtions Withaethe Ikl b & . Ussfulai n b
plus strain f plus strain i and so on in all possible conbinations, if

desianegmeswrertbose gapablerofidigesting ppaplax pobysagabmrides, sndare {quadgmong those
or meviene ieebE s pie st RAERT ER Bl B Peouinsbl oty net one

Specific examples of suitable enzymes include Novozyme 234 (an impure mixture of enzymes)

{72

and Beta-glucurouidase. Other suitable methods may be used to forma spheroplasts. If suitable
methods for cell wall penetration by the use of vectors are identified., however, whole cells of
the fungal host may be used along with or instead of spheroplasts.

[0072] To modify the nucleus of a fungal host strain to contain an expression unit for a
DNA encoding a particular subunit of multivalent vaccine, the practice of the invention
employs, unless otherwise indicated, molecular biology, microbiology, and recombinant DNA
techniques that is within the skill of the art. Such techniques are explained fully in the
literature. See, e.g., Maniatis et al., Molecular Cloning: A Laboratory Manual (1982); D. N.
Gover et al. DINA Cloning: A Practical Approach (1985) Volumes I and II; Oligonucleotide
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and strains. [0098] A typical mniml nmediumcontains: per liter, 5.0¢g
Dextrose, 50.0 ms of a Salt Solution (below), 1.0 m trace elenents

(bel ow), wododA4%579¢ Agar (adjusted pH 6.5) if the medi arPcs/useoos@3izag solid
form The Salt Solution contains: 120.0 g NaNG3, 10.4 g KO, 10.4 g MySO4,
and 30.4 g KH2 PO4.[0099] The trace elenment solution contains: 1.1 g (NH4)
6 Mo 4ROy & . BiBiei 1RERioBkRaRes 3t 61 8d6U994); 50.0 g Na2
EDTA,éyﬁgs‘lgﬁla:g%oé%? £7)ng9%§)’ g%leb}‘fvl@c%mz %Oﬁgl%{d ks 8L a0 (pH 6. 5) .
[ 0010@3nsEhipison aml Frhsistiin(Hahes ktaleedsk 498401 Animall%hle@ugu@ @uhdueshbay pd-s

het er gkar yoti ¢. st external faorcing i Lhpai ned, ;& ow £.h

heter@ﬁ&ﬁ HOE’ﬂf%SaSg}lSe%qtf%ZYHf?s&ﬁ{% hﬁﬁgs :’lré%fggh" ?%r:b%teé PR, 10%]{1@%|dﬁgoto remai n
t oget\igleeuthd CIRIdN@o44ypes are opposite, the presence of the tol gene can be
used to maintain stabl'e (A+a) heterokaryons. [00101] The mul tival ent
vaccine is produced by culturing the heterokaryons of the invention under
condi t i ongzd YAl Buk QT ANYBHh AR N Res@Rt i gens. Trie mul tival ent

vacci ne antigens nay be recovered fromthe culture and purified in

accor d4aeE]wOnke stegogalaton etBNAquekcaldapreadingthe sulikiyalenhantigese xplagedt o

t he .strugt f ot ] 00102] Pref ly. th
et enmpapBerion RN AERIR AL TR Rt PR AR PR a1 ows
the Hﬁ%ﬁﬁ_@ﬁi‘ﬂmgué,%&%% deSeritRe 'b‘?t@nérﬂeHG%?(Blb%&Jsf‘ﬂixh%ﬂéqirBfﬁns\ﬁﬁ@ﬁhm idi rectly

into a mninmal growth nedium so that the nultiyval ent vaccine(s) can be

pur i fhietedoktiry st Strafinsorfi ot dsppraerassed pigrpubbptytayailabde &rasm she/Bungal Bepetiesnt ous
fun ries,an expressi on_ unjt t. di I |1

sur f AeiC ppeEs A e BRI PatiRbre bR D e b B IERS L SRR ¢ o

cel I Joysadsafustkdses by Stadlet &tiat abémetichEObEXS:677-685 aidiBiuae etalt Geketinan
procedures are within the skill

> of the art, such as,.for ex e, nol ecul ar
si ze (é%?)l}giiziﬁ;%-Mc@kéqfﬁdﬁb@m%%fbhﬁn P Perking I%P{“y&g%%%t ogr aphy,
hydr Gy | r : ' (@8R T3R103] The
o sci DagHsfiy, BRI ARE 1Rty gl BT R Yeer 8nk NediEn O bid@Linh 3"
conpasitoh-@hgzged tesh tubss, withcippespriategapplemeptst tedgearkled plepending @nl the styrin'ast
pat hogens that denonstrate the ability to change their antigenic character.
EucarR pO¥Peviral , _bacterial and fungal antigens are all contenplated for
use Wi tigobd\e SHESOPIaOS drd UM hitffects RO AR oMERIINOTo FBEMI BWRIAL spReroplab,
prepare antigeni c’ conpositions agai nst a nunber of different antigens
si mul thefieus isjinodulgied brtor2dnlemizoli Memediom, writh appvapti dte suprlerients in dourkie

pr epat at j.gn mul tival ent influenza vaccines.. The infl ue V] '

Conoti 155w Esimey et B nb b PR e Ao (o i g st fow®

i ndi vitdydh tRp@atutofor 9SEddys. t he di scl osed invention would be unnecessarily
limting as the inventionis applicable to any influenza strain

or an
pat hogel#028} dihe choidiararghamvestedby addina bl phd} medive thpach Hasketeplcingfhe ﬁenz a
ir and.C. . T J i ] ! e al nost
over yelienelie M i 8 TR ihoRola MR BRoSRNRS A AU R Binilbeadie?, B 10s
and af@idigtmxensigesed ©lanutaldved chasedlathtbaglhahgingninah¢ ypatkofar uses are

di vi ded i ntosubtypes based_on two proteins on the surface of the virus, the
he maggilenmeyen flaskrnd sgeprad with png o8 BES [UHRF! barﬁé- ﬂtﬁﬁlémte %F?/\%fé%‘i&lﬂd the

influ &ti‘oéti\éhrolf?glggfg:’@gert&g[?iﬁg& b?b! ﬂ@ﬂ%g%t&ﬁet%r (:E{I,lrhl,l wiﬁ&r@laﬁls(ﬂméouniaﬁer eis

currently a grea scussion about an avian i nfluenza virus (H5N1)
whi chassaheknown to i nfect humans as well. [00105] The influenza virus

Famous] e O el ST Ui A A dE oCt U] & 1ihid RS IneAfRY Wntaining 1.5%
sucrose and appropriate supplements. The conidia are germinated in the cotton-plugged flask
while shaking (150-200 rpm) for 5-6 hours at room temperature until more than 75% have
germinated and the germ tubes are 1-4 conidial diameters in length. The cells are harvested by
centrifuging at about 1500-2000 rpm for 10 minutes. The cell pellet is rinsed three times with

water.
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of effort is devoted around the world to nonitor the antigenic drift of the
virus, so that any new variant strains that arise can be identified and

t hen usedwOao@v@das6e updat ed vacci nes whi ch nost cl osel ycratsedsobr4st r ai ns
likely to infect people in a gi ven flu season. Upon identification of a
strain of influenza of interest, the nmethods of the disclo sed invention
can b h¥ed i ' | oriTR) ehhBihedphelophany dden be
used (()H?) grp)ﬁaeﬁ)éeg\glﬂalgE:llﬁhgg{gw[p%%%%ﬂé]ﬁqgr{glﬁlﬂelgﬁgns%oﬁg?ﬂn’eﬁ%&ysVy(ijbi regt ed to

pr eppaned bynghzymatlcanmovalef itheetouglyednidial @illawatbsiithran enzyspriendst i9t@E®zo0a t hat

i ncludes four specjes,that c e | aria in, human. EX | es of the four
Ao aT G, DB Ir S B YRR aF A g epgfooe] B of

pat ROGEISHGE T mbthdl bE i ol hnvBl SRYFsIAPEI I TEL AlcRd SN US| Bt8ey 83 agbude hunan
papi | 'oma viruses 16, 18, and 31, human i mmunodefici ency virus (H V) herpes
varVgel la virus, neasles virus, Epstein Barr virus, respiratory syncyti al

Uype: 98] ReigERy I d el AP LB 1S oo gy SReBERRRE ST on

i ncheitealBradded @ §0 mglofambhid esAney @ihbp IRerdbé:Clindes thapadd garie Noebiyhé i ng an
i mmune response in a host. Assay for Secreted Antigens [00107] Heterokaryon

hos 284 Jw mhistuze érshakear(19Q ) #4397 Grefr ARRN: a0 BAEr (440 rRinwem &IdigRst e a
ant FOEHEE 1 $RPRsSORghl IRor @ bhort O BRERATRL A3rE Ao ™! o

col hegtuadmivickebpisildr inder & oovtr slipripharupldsestaadefdetecitbibberaasetiey lyfe each
specifi¢c desired antigen h y stand anal y1.i cal net hods ipgcl udi ng but not
| i nPerBetiqagly EYhes Ay at‘_ifA:G&_@q’_@ab? pne;ead %Irth £P%H ﬁéP'ggTesp,m&ﬁ%F %ﬁ@@ﬁ?eo metry.

[ 0040 olda Ao i AL gt offpRtibb Miolfior S Producing the desirabl e

vari ant tival ent Vvacci he cells stored on the solid nedia
can. [0078% pHmdsptietoplastmipgure iedeventedinton stuile df-ed donietl sadwfdgabactd Wen

gro under. what ever the optimal. condjition re for, the partiqgul ar fungal
Posthe BBHoP A SRR BOR DR e OB (1 Bk e alBriePishanct o s
suf {btd @PleeAditd. Thé feshiling pENdthifinde@Ifadehite YabP 2l0OMkombitbl a1e Manddnceise as a
reconbi nant vacci ne. Assay for Cell Surface D rected Antigens [00109]

Het eitbikhe fdlosvingRTEsobbinat ug serdiiteln 50 niM phriss LM Galdh esufBiciertt di spl ay
t he i ant i gen he surfa the fungal spore. Native proteins that
ar el%k?rr}ﬁtﬂqd;usa?l}eéjiig’(zk'{)bmltdhqés'ft%gg%ﬁlfl'celI surface, for exanpl e hydrophobin
pr ot eijeuB0] STk figd spheofidsd pell@tiespeidetign b asiRairaof B6.0nal BTEs2p@nrease
proteins, such as the MIR protein_of Neurospora. These, proteins are useful

| . p

as BAPOsud hed ofithedelewing FdiCorlwinn: REP 8 Paiethyene glveal soddupdahe Fusion
ro e R §S a N ] i oners
gf tttrﬁggr;arxﬁé 1@& @?§@£§P§§ﬂn§@%§§%¥§§§% E‘gﬁg%4tgen or%6 t9 %)ggtgtgf Fﬁsurface
cantd8.0psshy.edoldy ndt andard anal ytical nethods. These nethods include, but
are not limted tqg, direct or.indirect cell, |abeling.by_ antibodjes specific
Lot nVRL) aFhesfretifinsuspeRtonPPlyroRBEs cah S DesRa HRE B PR SORG £0%Dar | ous
meansy oSHCAliqieane -dope! ude, but are not |imted to, ELISA, visual or

fluorescence spectronetry, and flow cytonetry. Individual strains that
expr e$8082ht Ingesterilaphs-mh eerewesap takeed 2. 0atl @f 50 malslt Spgriading isplvitionn®6wd of

P Yealrarig s pa Aol s S BT Ry BE A ShdMo RTem B M nant
vacehfigs ofihkMRtirdd heldvhkntofacéht Glonpwith 4 §addtable mAGkaysdclras Merorbgicr et ed

Ant i gens .
resistance (usually at a concentration of about 1.0 mg/ml) and 5.0 ul of a 5 mg/ml heparin

solution are mixed by flicking the tube. The spermidine solution is prepared by dissolving
12.73 mg of spermidine in 1.0 ml TE and adjusting the pH to 8.0, and can be stored at -20°C.
The heparin solution is prepared by dissolving 50 mg of the sodium salt of heparin in 10 ml of
STC and can be stored in frozen aliquots.

[0083] The contents of the tube are briefly spun (pulsed) in a tabletop centrifuge and then
placed in an ice bath. About 50-100 pl of thawed spheroplasts are added to the tube. The
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[00110] If the antigens are not secreted, the cell mass in each |iquid
culture can be renoved, disrupted by standard nethods and the cell

super nat am0 2006h4abri s assayed for the nmultival ent vacciPog/useaos/osesd r abl e
characteristics. Once the strain that produces the desired variant has been
identified by standard nethods, the strains stored on solid nedia can be
use LE : ! ohen ngdhewn under
opt ﬁnn%‘ﬁl régﬁt@% ?{gﬁ% o(r)ﬁ %ﬁgg %%rﬂ}gﬁiﬁgépﬂg?%@ghg%%ﬁ?é?ﬁ?gabex panded host

cul tairiee have bepn seheesfillhabokesli medf PFG duaided and nfixed iventl by fliskinia the subeor

further evaluyatiaon an se. [00111] The follo ex |l es are offered to
il ﬁl%%t@fsmlnﬁ@?t@ofgﬁﬁ?ﬁ 3t f‘{’?{% ig ?{p{eotﬁ_r a@%& “iu%g])nt hetic HA Gene
Const r ARG Lo BGOERpArEY AixiYoNeOins BEvapalsy MBikaP9/ H NI,
HA of W%e%ﬂgﬁeﬁ&fgﬁzo AL S ngoflx Vi etnani | 164/ 200411/%2)2%  were

desiMnditnB2§ md of vktenvii 82 srebitdldafdZBlg agarFbhe vpcteayenautoplavethindbl
t aken f .th lic, N t . HAO ,
2 oGl e R D s frob e Pl g L RS, g 200 00 oo

Usi ng 83k Sis SRGKENS fal oR 1HABE abais iné0Babd 8XF0°S33C aindVBSured istbske tubans! at ed
and codonopti m zed using ur osgora crassa codon preferences.. The sequence

was eintziniag thesspheroplasts eaé plsmidy )Nl (The oppiieats amgUickip tixer bwilickmgand

secandar.y structurne.in t G r ' : '

St i mioebe e Yo ind RS L B R 167U bt QRGE PR caar

al t er afpo8s] et BeitdngUALRNBEprepurebPHexiagaty siquasd shipplessmiirc bxMas al so
checked for transcriptional termnation si téfs and any, fortuitous sites

ver emedingy edtocrpigad afdmecki Hosamdhepemyk bﬁé’gf{l}ﬁ’efﬁgléié‘&c%ﬁd’é 1 a5he

resultin I i i NSRAUE check for
erro gtﬁrﬂtot%l\é\@%te ﬁtggs{fosng%;? fgﬁaggﬁiﬂﬁggésggﬁ&e rr%t ivgn, tﬁféf%rl{llgga/as subcl oned
I Nt O"RfLX REASIS hoied 8ab aPel{rbplatodnd dllowet hehidderand HAO genes, pALGAM for the

M gene), and transforned into Neurospora. The HA an O genes re
t ar get WO86b rAftaithaton egsrhag beempoupd over thbattann aggy, %Hngééfe %H@VF%QEY M gene

Expr SEBHE, P b R A ey B O b B e R g the

sy nt fuxivites) E RGP bigdr nénds Go hitde) prameurelyl thedottongagargilgicacarsbguence at t ached
[ Q0L arFPth Gt frioe abiaries seh EBeL AR BRar BrHtatet Furh e oY Boruphg
(pHDggS / HA or HAO transformants), or for Hygronycin B resistance

(PALGAM M transformants), using a host strain with a nutation at
H st i d[0887].Fohktlestiopuofittia Natriaewm tefnsfommants sthe hostisdhus ewltured py theepeat ed

streaking.on selective nedium. the transformants [

ex pr SREPRHAIG iR Ganeg CBS}IPE@P%.OH]%[@? ?%sgognh Cﬁé#gca élﬁqizgg)ggg%%ﬂengdet ected
i N edh MR 6O vhaksdly tlaasikEme s ise oRtant)Rind gnASbdttd of abounb4ral Aogel
salts plus 0.5%yeast extract in 125 m Ehrl enneyers were inocul ated with

appr bwicative bfa swrsessful itansfornatian epsdsseey shout Zimp| eeurgatter Blating Stewn at 26

degrees .C.shaking at r i i : .
T e e
ELI Shanssmetavekdpady dsjending on the host strain and the phenotypic marker.

[0088] Selected transformants can be screened for, expression. of the desired antigen

subunit by standard methods, such as an appropriate ELISA, a colony blot immunoassay,
restriction enzyme analysis, filter hybridization, nested deletion subcloning, and the like.
[0089] In the present invention, the above-described recombinant techniques are used to
produce fungal host strains expressing a desired recombinant antigen or antigen group, each
host strain having one or more characteristics that negatively affects growth under specified
conditions but is correctable by a property conferred by a one or more other nuclei.
[0090] The resulting host strains are the parents used to form the heterokaryons of the

invention.
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anti bodi es agai nst influenza proteins, purchased from Bl ODESI GN. Contr ol
anti gens used as standards were purchased from Protein Sciences

Cor por at iw0.20@sl048m6 posi ti ve sanpl es were rescreened by WeStseovsoBTMs usi ng
standard met hods and reagents.[00117] Various growh conditions were
tested. Specifically, shaking and static cultures were specifically tested.
Typi c q L f SRR
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exogenously supplied nucleic acid nolecule that encodes variants of
antigens derived from pat hogeni c organi snms and where said fungal parent
strains & duehva yooeHdtaokalyonhet er okaryon conpatibility alleles. 2. The
het erokaryons of claim 1l wherein the multival enrbﬁanti N re secrea(i%ed as

S.
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derived from )
the lipids in the contact areas then leads to full fusion.

[0094] Because each of the parents contains a nucleus which produces different antigens of
the multivalent vaccine, the resulting heterokaryon is capable of producing the completed
multivalent vaccine comprising multiple antigens.

[0095] The heterokaryon thus generated is stable, with the nuclei dividing at about the

same rate.

Gemneration of Heterokarvons Producing Defined Mlultivalent Vaccines

[0096] The compositions and methods of the present ivention employ heterokaryons

expressing immunogenic antigens derived from pathogenic organisms. As described above,
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i nfluenza type A and influenza type B. 9. The heterokaryons of claim4

v/ herein the antigens are conprised of variants of influenza type A and
type B heweggéaist™sn and neur am ni dase. 10. The het er okargons2as/osizad m 1
wherein each of said variants of influenza type A and type B hemagglutinin
and neuram nidase is a naturally occurring variant. 11. The heterokaryons
of GhiiHBclola WA bEFREN fiBMn 19Rb &r URE ABStStralts! dHeR hateAbl@RGN fibdutaza B
hemaggl uti ni n” and neuram nidase is not a naturally occurring subunit

var iddfifgrentigultiVilenthvect@nokar yons of claim 1 wherein the pathogeni c organi sm

is a rium 13. Th et erokaryons qf cl.aim 1 erein .t he pat hogenic

or ganﬁ@ﬁﬁsbae ?’ﬁ’ﬁb‘ﬂ% 15 a%y?er?ﬁm&%%qgg%%%ﬁ%qen@ AR YAHAR ﬁo t he

pat RegaRHeGuel SRS Bonflif sGPERSIGRbIRhckRiddivitudl Xaﬁh’c Sfin aRtnikkd tepetfek nat i ons
of viral, bacterial and fungal organi sns. 15. net hod to H oduce a

nul toivaetiodid tmagdiscsibsteate withguiasy hoetridionpl Supplegentre osingpe easeofi hosiicely withe

het erokaryons. of cl.aim1.und condi §.i i I 0, usly
cuppeaeRan dn aeR Tofulle She SRl ARG, f RSP EIRGRRT Y\ ) on
Va%‘gré&tmwgﬁbhiaﬁgh srédtQtr RS RIS forhERNCRABR AN (St ARTary dits. m&3or sey
CAMBARERI , Edward B . <120> METHODS AND COWVPCSI TI ONS FOR

COVibE Nprnor inja s psipRemuctitRe platae) athgnganveniretdomtnANg W AlthearRRY <130>

239 < . i u I I ey > cUS
01 SrBoyRsoRy BHlAe 36 Hfsdisl TR EhOIERRRTRR:, ¥nieRERTdager S,
<21QzarhpleXhiinoflmdsht +@ b EniiiNg 2 adpwAyt i fi ci al Sequence <220> <223>
Synthetic hemagglutinin O (HAO gene (A/ New Cal edoni al /20/ 1999/ H NI ) <400>
1 agatcttcgc aatgaagttt cttcaagttc ttccagcact catccccgcc gcgetcgecc 60
aagaccaadfabld I Gehefifan balertdcagons BacPodactigigeddahyulentWbhedost t a 120

t ggaaaagaa cgtcactgtt acccatgcac aagacatcct ggaaaaaacg cacaacggca 180
aact ct gt ga cctggacggg gtcaagcccc ttattttgcg cgattgctca gtcgccgget 240

ggc tPerant fgsteabcentiar genegdipue aluenaaatteadns gt ccccgagtgg tcttatattg 300

tt gaaaaagc caacccagtg aacgat ohglINkt at coegg cHHBNZt aac Yact dBghdlhg 360
agctwidnamtipeactvariants cc cgt at caabg,act t t gagaa ghe.f.cagat ¢ at cccghagt 420

A single vaccine production strain can be generated based on the choice of the user
Heterokaryon comprised of: strain ¢ plus strainf plus strain h

Or a panel of vaccine production strains can be generated such as

Heterokaryon one comprised of: strain a plus straind plus strain g
Heterokaryon two comprised of: strain a plus straine plus strain h
Heterokaryon three comprised of:  strain b plus strain f plus strain i

and so on in all possible combinations,, if desired,

where: ‘A’=influenza type A; ‘B’=influenza type B; ‘H’=hemagglutinin; ‘N’=neuraminidase;
“yariants” = different combinations of antigenc classes of H and N antigens of Influenza types
and strains.

[0098] 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 NaNOs, 10.4 gKCl, 10.4 g
MgSQy, and 30.4 g KH, PO,.
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cctcctggag cagtcacgag gcatcactgg gcgtcagcag cgcctgtcct tatcagggca 480
agtcctcttt ctttcgcaac gtcgtctggc tcatcaagaa gaactccacg tacccaacca 540
t caagcggayovaimamaac act aaccagg aagacctcct tgtcctgtgg ggaatSeaains72690
at ccaaacga cgcagctgaa cagacaaaat tgtaccagaa tcctactacg tatatcagcg 660
tcggcacctc gacgttgaac cagcgacttg t cccccgaat tgcgactcga tccaaggtca 720

acgggggg?i TROGSICR Hed261utibA EodtaiflSac £ 31(REL,) SRAGRTAARL0JR T OGLH] BD), 780

acttc aaat ggcaac ttcatcgcac ccgaafacgc ctacaagatc gt gaaaaaag 840

gaghtagCaCLadi,dat haad uSE g 590 etNp. £ BAgHOaal ¢8Qt-aHh &% §- g duftledda0900
ctccc t agcatgc ctttccataa cattcacccc cttactattg 960
gcg%‘&f%ggima/tgﬁé%}g%&cgaatc gcctcgtgect cgcaaccggc cttcgcaact 1020
Ct CCCRAA00] TRAROGARGIF ARAREIFGFy dRMEkfichious FUELECAdishedi 3R € Ratt 080

t cgaaggcgg at ggcagggc at ggt cgac ctggtacgg ataccat cac tcaaacgaac 1140
aaggaturbfpreingigmagdgnerh Eaaygwdhe qar;g@M& fygealzaelly a8 nygogelaaedia 1200

aca ttaa ctctattatc .gacaaaat.ga acacccaatt ¢ cgat 1260
1 adprcso recyaege Syt GG IET A -PER i e o BARIRL R SHRT PLAREY 1520
acgpedcd@ntbelisad fpidifaif s@bleqatiaphétaokaniogga aaat gaaaga acgctcgact 1380
tccacgattc caacgttaag aacctctacg acaaggtgag actccaactc cgcgacaacg 1440

ct aag 1 Thgyeativglant vegsinetig arpdueedchnedieng thedetratkarorkettthe Hvgatiasoo
aatccetca . t : t 0
ool iaia PR BAPORE CIMORRIANP- SRIRRSRE, TrRIEARRARE0 SRR BRRLE ndl,

act baasogtreddeint detdttutd adqaeified i habedingg witly standird té¢chhijfues adapiat, 2680
tgtgttcaaa tggctccctt caatgtcgcet aalgstit aga 1718<210> 2 <211> 516 <212> PRT
<2_13@4rﬁ@=taisﬁlie@?5§4ry§éa{?é%§ﬂkest’G@t“E‘?Q CHPHEFS i ¢ hemaggl utinin 0 (HAO anino
aci > . R : eytPro Al a
A o L IPRIPRIGHIG ¢ niElorgbnC i BlofS Rmis ot Foefrdoipf ik e LD Ser
Thr aldsyws Terha@Obdlhg Bditived tosprelthe YasirddemulGivaldng yagedne Waectiphintoaminimal H s

S Val . Asn,.35 4045 L L Asp S Hi [ L L L
Ly SRSy EiEg, i WaEHe AT eT BE I TE Py e S m G B, Gy Trp
| i epjeittu® Or B2 héRrdiarfRic MAmBhBusTungly Sarfihsla h@btphe@bioh nRitPRAt dixésts@hdl Ser Trp

Ser Tyr lie
antigens to the cell surface. Intracellularly produced multiv-alent antigens can be isolated from

cell lysates. Useful purification methods in accordance withy known procedures are within the
skill of the art, such as, for example, molecular size exclusion, ion-exchange chromatography,

HPLC, affinity chromatography, hydrophobic interaction chromatography, and the like.

Antigens
[00103] The disclosed invention is directed to the preparation of antigenic compositions,

such as vaccines, against pathogens, particularly against pathogens that demonstrate the ability
to change their antigenic character. Eucaryotic, viral, bacterial and fungal antigens are all
contemplated for use with the described invention. Another use for the invention is to prepare
antigenic compositions against a number of different antigens simultaneously. A preferred
embodiment of the invention relates to the preparation of multivalent influenza vaccines. The
influenza virus is constantly mutating and generating new strains. Accordingly, listing
individual genes for use in the disclosed invention would be unnecessarily limiting as the
invention is applicable to any influenza strain, or any patho gen strain for that matter.

[00104] There are three types of influenza virus, A, B and C. Types A and B viruses cause
epidemics of disease almost every winter, while type C viruses only cause a mild respiratory

illness and are not considered clinically important. Influenza type A viruses are divided into
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85 90 95 vVal Gu Thr Pro Asn Pro GXu Asn Gy Thr Cys Tyr Pro Ay Tyr Phe
100 105 110 Ala Asp Tyr Gu GQu Leu Arg Qu G n Leu Ser Ser Val Ser Ser Phe
115 120 16 2@an449g Phe Gu lie Phe P o Lys G u Ser Ser pCrwsBwos/odzad Hi s Thr
130 ' 135 140 Val Thr Gy Val Ser Ala Ser Cys Ser H's Asn Ay Lys Ser Ser
Phe 145 150 155 160 Tyr Arg Asn Leu Leu Trp Leu Thr Ay Lys Asn Gy Leu Tyr

o gu‘ﬁ‘gy{}) %gg 6']1:17(% Mé@%ﬁ#ﬁ}éﬁf thl:¥1§rf§,%rof-ﬁ3{é yiMd t RS Helﬁﬁgglhﬁﬁm%)laﬁa Gu Val Leu

Val p Ay Val Hs Hs ro y Asn A n Arg
A aeheamifyalasﬂ:QEIAZ)O(ThE@ﬁrrbint$um1ypes(]>ﬁmﬂsenzAlﬁaVﬁ5lﬂSeS\ﬁélat s&ct vgmamaare%r Ser His

yr Ar A Thr Pro G Al a,Lys A
poETGE A38358) Shse Sy AdedieB R Ay iRy RoRi Bl EE Gy o
G Mr%fso(}ifml)hbﬁcﬁ‘ﬂéq%‘%@n%ﬁéfeulﬁm%ﬁ aShwelAl @ Asn Gy Asn Leu lie Ala Pro Trp
Tyr a Phe 'Ala 260 265 270 Leu Ser Arg Gy Phe Gy Ser Gy lie lie Thr Ser

Asn AmmmsbmmmﬂnwazamsZaﬁompunﬁengmstrempdmua antigendy drifyy f\ vast appwtg n Gy

Ala_lie Asn Se 290 eu,.Pro..Phe Th
1\ St g e tedarguBe 44T BogB tr bRt b he (hug ity by, T
Valyafidnt @r¥ink eht éﬁﬁb Anbeddéntiied add thdnl @eltPpEiuck updéied viedindA.wigehd y Leu
Phe Gy Ala lie Ala Gy Phe 340 345 350 lie Qu Gy Gy Trp. Thr Gly Met Val

As pn@styclTsely matchahy strains Hikey $581e8 peapls inp eamiassasany Ugon iggnfifigaliong y Tyr
LR AT R RS2 B A SR B o
Valgefeyatk Yisulfo) sleft iitiféiic naterlat whihocad kRericbu sed to prepare vaccines.
[00106] Another embodiment is directed to preparing multivalent vaccines against

Plasmodium, a genus of protozoa that includes four species that cause malaria in human.

Examples of the four include Plasmodium vivax and Plasmodium falciparum. A general list of

pathogens against which multivalent vaccines are contemplated include human papilloma

viruses 16, 18, and 31, human immunodeficiency virus (HI'V) herpes varicella virus, measles

virus, Epstein Barr virus, respiratory syncytial virus, parainfluenza 3, herpes simplex type 1

virus, and herpes simplex type 2 virus. Antigens suitable as targets for the disclosed invention

include any protein from these organisms which is capable on eliciting an immune response in

a host.

Assay for Secreted Antigens

[00107] Heterokaryon hosts can be stored on solid minimal media and also cultured on
minimal liquid media under conditions favorable for expression of the multivalent antigens.
Following 2-7 days of growth, the liquid media can then be collected under sterile conditions
and tested for the presence of each specific desired antigen by standard analytical methods
including but not limited to ELISA, PAGE, capillary electrophoresis, and spectrometry.

[00108] Upon identification of a culture that is producing the desirable variant of the
multivalent vaccine, the cells stored on the solid media can be expanded to larger fermentation
cultures by standard methods When grown under whatever the optimal conditions are for the
particular fungal host used, this expanded host culture will produce the desired product is

sufficient quantities for further research evaluation and eventual use as a recombinant vaccine.
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Gu Arg Arg Met G u Asn Leu Asn Lys Lys Val Asp Asp Gy Phe Leu 420 425 430
Asp lie Trp Thr Tyr Asn Ala Gu Leu Leu Val Leu Leu Gu. Asn Gu 435 440
445 Arg WO 2b@n44®p Phe His Asp Ser Asn Val Lys Asn LeuPCTyrus2@so3izys 450
455 460 Val Lys Ser G n Leu Lys Asn Asn Ala Lys Gu He Ay Asmdy Cys 465

470 475 480 Phe G u Phe Tyr H's Lys Cys Asn Asn Gu Cys Met G u Ser Val Lys
485 490 PcEh% Ale ALY IPro Lys Tyr Ser Gu GQu Ser Lys Leu Asn
500 505 <211> 1718 <212> DNA <213>
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act thHadRRIGal ESRYNA W isesEPREN kASH 16 Pratitioaay of 8lltiadgdigiduabdtenst 99
gcgtcagcag cgcctgtcct fatcagggca 480 agtcctcttt ctttcgcaac gt cgt ctggc

tcaﬂhafga’fss?ha@“m lbeicebararisas s0bs avarrddyapnceE sbdue! 3ePadt c agg
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Yt»&%‘g Bﬂg]

ccgdngang y@h@@a@&e‘@@%ﬂ@ ligrigad s dilel e yisyabek Rprescencsspsy Efé%&ﬁr ttg
aat Alasian. ShelRahAGGiRadkLy Eﬁal?éés el £66 AA0L MaLOakGEALag5a0Cal OC
ca act

cttt tcacccc gcgaat gccc aaaat at gt ¢ aagt cgaatc
gcc tsﬁ@h@ﬁkom@@me@gcof dietnghﬁduallﬁ&aﬁessed swtagagtiggaaayghyyresylt teayaagce

cggtctttt cggtgca cttc
J ggmultlvalent tgr?getg f%r %w mgnulgg syster% 1}80%3 for recombinant vaccines, either directly or

after purification.

Assay for Non-Secreted Antigens

[00110] If the antigens are not secreted, the cell mass in each liquid culture can be removed,
disrupted by standard methods and the cell supernatant and debris assayed for the multivalent
vaccine with desirable characteristics. Once the strain that produces the desired variant has
been identified by standard methods, the strains stored on solid media can be used to inoculate
and to make an expanded culture. Again, when grown under optimal conditions for the
particular heterokaryon, this expanded host culture will produce the desired product in
sufficient quantities for further evaluation and use.

[00111] The following examples are offered to illustrate but not to limit the invention.

Example 1

Synthetic HA Gene Constructs

[00112] Synthetic genes (HAO of A/New Caledonial/20/1999/HIN1, HA of
A/Vietnam/1194/2004/H5N1, and M1 of A/Vietnam/1194/2004/H5N1), were designed by the

following method:
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t cgaaggcgg at ggcagggc at ggtcgacg gctggtacgg at accatcac tcaaacgaac 1140
aaggctctgg ttatgcagcg gacaaggaat cgacacaaaa ggcaattgac ggcgt caeca 120
acaaagt t asiocv@vmElat c gacaaaat ga acacccaatt cgaggccgtg ggaasb@amas724260
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genes were targeted for integration at the His-3 locus of Neurospora, and the M1 gene was

targeted for integration at the 4m gene of Neurospora.

Example 2

Expression of HAQ in V. crassa

[00115] An expression vector encoding the synthetic hemagglutinin 0 (HA0) gene with a
fungal signal sequence attached to facilitate protein production was generated as discussed in
Example 1.

[00116] Transformants were selected either for Histidine prototrophy (pHDKXL1/HA or
HAO transformants), or for Hygromycin B resistance (pALGAM/M1 transformants), using a
host strain with a mutation at Histidine-3. After purification of the transformed strains by
repeated streaking on selective medium, the transformants were screened for expression of the
genes by ELISA. Secreted influenza antigens were detected in medium from shaker flasks.
Flasks containing 25 ml of minimal Vogel salts plus 0.5% yeast extract in 125 ml
Ehrlenmeyers were inoculated with approximately one million conidiaspores/ml. Samples were
either grown at 26 degrees C, shaking at 200 rpm, or in static culture at the same temperature.
Samples taken after 2, 3, 4, 5, and 6 days of growth. The ELISA was developed using
antibodies against influenza proteins, purchased from BIODESIGN. Control antigens used as
standards were purchased from Protein Sciences Corporation. ELISA-positive samples were

rescreened by Western blots using standard methods and reagents.
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Ser TadieweB sheps aEpomessieblye sgmed SPSHi: AﬁE ot | §m}%(Y0 diffgrant HAQ q%owu Ar g

7 AN PR gcgmﬁg?xgr s g{pog{v%hié;&atgaanﬁf@g%mﬁ% e

Pr 0 tkd zﬂnlﬁy fof B@rprédent §istendrebbihbimadily express influenza proteins in fung1

Example 3

Multivalent expression of Influenza antigens in fungal Heterokaryons

[00120] Expression vectors are prepared according to the method discussed in Example 1.
The DNA is introduced into Neurospora by electroporation and transformants are selected
according to the methods of Example 2. A multivalent mixture of influenza virus proteins is
produced from the cultures since the expression vectors encode HAG, HA, and M1 matrix

proteins.
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Ala Arg Leu Asn Arg Gu GQu I3 _e Ser Ay Val Lys Leu Gu Ser lie 515 520
525 Gy lie Tyr An lie Leu Ser e Tyr Ser Thr Val Ala Ser Ser Leu 530 535
540 Al a w0 2006204796 Met Val Ala Gy Leu Ser Leu Trp Met PCYasssans/odmm9 545 550
555 560 Ay Ser Leu G n Cys Arg 565 <210> 5 <211> 776 <212> DNA <213>
Artificial Sequence <220> <223> Synthetic M matrix protein

(A Vi et nani 1194/ 2004/ H5NI') <400> &r14gat cttcge aatgtctctt ctcact gaag
ttgaaactta cgtgctttcc atcatcccgt 60 ctggtccact caaagctgaa atcgcacaaa

aacttgaaga tgtcttcgcc ggcaagaaca 120 ctgat ct c_ga agct ct cat g gaat ggctga
aaacgcgctc gaFilementews ogdthetareliryans whswensae heleikariong PRIt dccct t a

cagtc CCl C,agaacqc a _ctcc a 4 3 ta
e ou el PERRRHRAP L O ARG P hAGRN Ll nEERAARKAC BTl BRarEd
tt aGisideatd & B8 Gl pgeagihisr #hafdn kaiddetadkaytarggiegte podsenet dicll

gcat gggcct catttacaac cgcatgggaa 420 cggttaccac tgaagttgct tttggecttg

t ct Gengekpasendmyelghibor survival.ga ent AYn 2k TR A2 cg%[%eg@ge@g t ggcca
caat cag: . agcaa
R e LB S L R i A s e
accCaagakag aad agetgeid ingalgeiattgraitstrgbamoaygapy foealt belewbaryaat t cct cag
caggtcttag_agacaatctc ctcgaaaatc 720 ttcaagccta ccaaaaacga atgggcgtcc
aaacoepdtyliy@lelSsat aa tctaga 776 <210> 6 <211> 252 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic M protein <400> 6 Met Ser Leu
Leu Thr Gu Val G Lu Thr Tyr Val Leu Ser lie |lie Pro 15 10 15 Ser Gy Pro
Leu Lys Al a Glbegetgrokagyons pfelajm} ‘Gﬁﬁre}i&gle\%‘tﬂtlﬁﬁl@mﬁm@gn%ﬁe secreted as

soluble proteins into the culture media.

3. The heterokaryons of claim 2, wherein the multivalent antigens aggregate into
particles.
4. The heterokaryons of claim 1 wherein the multivalent antigens are displayed on

the surface of the fungal heterokaryon.

5. The heterokaryons of claim 1 wherein the multivalent antigens are retained

within the cytoplasm of the fungal heterokaryons.

6. The heterokaryons of claim 1 wherein the pathogenic organism is a virus.

7. The heterokaryons of claim 1 wherein the virus is one of a group composed of
influenza virus, human papilloma virus 16, human papilloma virus 18, human papilloma virus
31, herpes varicella virus, measles virus, Epstein Barr virus, respiratory syncytial virus,

parainfluenza 3, herpes simplex type 1 virus, and herpes simplex type 2 virus.

8. The heterokaryons of claim 1 wherein the virus antigens are derived from

influenza type A and influenza type B.

9. The heterokaryons of claim 4 wherein the antigens are comprised of variants of

influenza type A and type B hemagglutinin annd neuraminidase.
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Ala Gy Lys Asn Thr Asp Leu Gu Ala Leu Met GQu Trp Leu Lys Thr 35 4 O 45
Arg Pro lie Leu Ser Pro Leu Thr Lys Gy lie Leu Gy Phe Val Phe 50 55 60
Thr Leu TWO 20496 Ser G u Aarg Ay Leu G n Arg Arg ArgcPhus2008i068490 75 80
Gn Asn Ala Leu Asn Gy Asn Gy Asp Pro Asn Asn Met Asp Arg Ala 85 90 95
Val Lys Leu Tyr Lys Lys Leu Lys Arg Gu lie Thr Phe Hs Gy Ala 100 105 110
Lys G u 1]\@' A1 HeBllolSBYonb YT cftflh 1T hefiN eddtPof @il Mrianfedf ikftsenitypkld 120 125
Ay Leu lie Tyr Asn Arg Met Gy Thr Val Thr Thr Gu Val Ala Ph.e 130 135
140mGitype B hetvagg @jsin Ahd nquram@yidasgl i agpatutially opg TS yayK- G n His Arrg 145
150 155 160 Ser H's Arg G n Met Ala Thr lie Thr Asn Pro Leu lie Arg Hs Gu
165 170 175 Asn Arg Met Val Leu Ala Ser Thr Thr Ala Lys Ala Met Gu G n Met
180 185 190 Alle GkerolSeyorSarf cdlim IGwhetgin eaghnolzaid reriantiinilggnzalA andy a Asn GLn

195 200 205 Ala Arg.Gn, Met Val,dn A t_Arg Thr. |i . H's Pro Asn
210 Bues Fonegureshing h reypitangs e eyl Wmgefodlitvlhe g & W o T
225 230 235 240 G n Lys Arg Mot Ay Val G n Met G n Arg Phe Lys 245 250

12.  The heterokaryons of claim 1 wherein the pathogenic organism is a bacterium.
13.  The heterokaryons of claim 1 wherein the pathogenic organism is a fungus.

14.  The heterokaryons of claim 1 wherein the pathogenic organisms are comprised

of a mixture of any and all combinations of viral, bacterial and fungal organisms.

15. A method to produce a multivalent vaccine, said method comprising the step of
culturing the heterokaryons of claim 1 under conditions in which the exogenously supplied

nucleic acid molecules are expressed so as to form a multivalent vaccine.
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