WO 2006/044796 PCT/US200S/037249 METHODS AND COMPOSITIONS FOR
COMBINATORIAL-BASED PRODUCTION OF MULTIVALENT RECOMBINANT ANTIGENS Related
Application [0001] This application relates to U.S. Provisional Application No. 60/619, 364, filed
October 15, 2004&@%&@6 )%Qgreby incorporated by reference in its entirety. TPeCclt}niSczdal Ifoigg JOOOZ] The
disclosed invention relates to the field of molecular biology and the production 6P MURIVEIERt vaccines
against pathogenic organisms. One embodiment of the invention specifically provides methods and
compositions that provide a population of antigen encoding nucleotide sequences in heterokaryotic
filamentous fungi that can be use to produce a population of multivalent vaccines. Background Art

[0003] Vaccine¥EildidnBANDIEON EES B NS AR M EHOUST ORISBHBARRDIRODIBCEH2Y are
produced using fertilized chickeyy ages iR kitfiedro@igsithenNgeRiersdgngisease Control will

select three virus strains which are thought to represent the most likely viruses to strike in a particular
flu season. Samples of the selected viruses are provided to manufacturers as seed virus stocks which
possess the desired antigenic characteristics. The seed viruses are injected into fertilized chicken
eggs. These eReiataderipgithaded while the influenza viruses 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 ¥ EyJ hinanelicatianddiatestiodicd PTovesioril dprplication Neo SR Be3te filedmbined to

create the conmpRBeiNRuenzaVReR RGBiIcChsPIRIERl I adiyaleniMaCGIng{0004] There are a variety
of problems which can occur which can compromise an entire vaccine batch. For example, problems

with sterility Ie%lC e gegertification of Chiron's vaccine production facility in 2004. This situation
illustrates how tnreliable traditional vaccine production methods can be. Moreover, current influenza

vaccine productiqpongthodsiRpRieniketssae ahbundmrdeionilinasief shicken:Ruds gashyaar. The

storage, handling, and .processing steps are time consuming,and labar intensive.. Addijtionally, given
the long 1 WO S UL G Eoy G B P AR LR R AR S of fluenza
virus became precifimitapodidengeahiids sedsompetinantieygroaied prodatitio o fimeibeotenvediig take
several monthg fQk &iRSWNRAEDE Reterokaryotic filamentous fungi that can be use to produce a

population of multivalent vaccines.

Background Art

[0003] Vaccines are currently produced by a variety of methods. Typically, influenza
vaccines are produced using fertilized chicken eggs. In the United States, the Centers for
Disease Control will select three virus strains which are thought to represent the most likely
viruses to strike in a particular flu season. Samples of the selected viruses are provided to
manufacturers as seed virus stocks which possess the desired antigenic characteristics. The
seed viruses are injected into fertilized chicken eggs. These eggs are incubated .while the
influenza viruses 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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be produced. [0005] In view of these limitations, a more flexible and efficient method of producing
antigenic material, such as an influenza vaccine is sorely needed. Recombinant Fungal Expression of
Proteins [0006] The cloning and expression of heterologous genes in fungi has been used to produce
a variety of useful‘groggzdg/? For example: Lambowitz, U.S. Pat. No. 4’486’5336 discloses the
autonomous replication o BNA vectors for filamentous fungi by mitochondridl 518%0@05&?,& and the

introduction and expression of heterologous genes into Neurospora; Yelton et al., U.S. Pat. No.
4,816,405, ghaclasps toals, andesystems thatesabliadhe madiication pRlimpesR ke in s of

filamentous ascomycetes to produce and.secrete large quantities of desired heterologous proteins;
Bxton et oSO SHTNSE FERb R I RECe L OHAEH GRS SPGNBSTTERF £ oA
vector that demaidsaiselectable marker capable of being incorporated into the host A. niger cells; and

McKknight et aloh5. RaklNe O35 diRclonssnmalnod dorRupiessiad ghstenprvotic genes

in Aspergillus involving promoters capable ofdireqtlng the expression o eterologous gene in
Aspergillus &MERISRFERlee e Rl espraietstsivedhagdseen used to clone the mir gene
involved with amino acid transport in Neurospora crassa ("N. crassa”) and to verify the tight linking of

the cloned DNA tq gepamic nmarksisdlankingthispgspgdn vivo. Stuart, W. D. et al., Genome (19&8)
30:198- 203; Koo, K. and Stuart, W- D."Genome {1991) 34:644-651. [0007] Filamentous fungi possess

many characte 929k Winehw therrissderciramiogors eeaes i Hres bembpemasd; stic proteins.
Filamentougpfuhgicarnsegret asshimplexprot@inssxaapiectiymiblosince simensionalggrstsns including
disulfide bo rmation: tically cli ins following.translation; and glycosylate proteins
sing NIk B S R SR 6

organisms atraRilBNAdfhe weoghudiation exeseriorel ietoribiuaneprotétsNoviasKenzie, D. A. et
al., J Gen Miwehiat 1998) B3 N295828005 RERLs6hS 1dofs antr@nRdsiRInd A6 NRLAA% §3A2dhA 2:50-57).

[0008] Neuroispora crassa hasfpfaen used as a host cell for recombinant homologous and
heterologou® proteiA Brogtedor: 3(@5%&%%?%f’,%%’%effsﬁ?@éoé‘é‘ieﬁg JEEUER TSI TS E612- 6616:
Yamashita, RsiteddtetdrolgenpaiGeimeti Bukiowsteitel (3 995. SuphiSB5,249, Kiatdodss takal., Fungal
Genetics Newalgliala (A% M@iﬁé@ﬁi@ﬁﬁ%ﬁmf@h %{&%Fé&%hﬁ %FQ@S&&%%%]ZQP@.(}%‘}J 96

YCT/US2005/037249 Newsletter (1995 X ), 42A, Nakano, E. T. et al. Fungal Genetics Newsletter
(1995 Suppf.))c being incorporated into the host A. niger cells; and McKnight et al., U.S. Pat. No. 4,935,349,

discloses a method for expressing higher eukaryotic genes in Aspergillus involving promoters
capable of directing the expression of a heterologous gene in Aspergiltus and other filamentous
fungi. Similar techniques have been used to clone the mtr gene invalved with amino acid
transport in Neurospora crassa ("N. crassa") and to verify the tight linking of the clomed DNA
to genomic markers flanking this gene in vivo. Stuart, W. D. et al., Genome (1988) 30:198-
203; Koo, K. and Stuart, W. D. Genome (1991) 34:644-651.

[0007] Filamentous fungi possess many characteristics which make them good candidates
for use in producing eukaryotic proteins. Filamentous fungi can secrete complex proteins;
correctly fold three dimensional proteins including disulfide bond formation; proteokytically
clip proteins following translation; and glycosylate proteins using N-linked and o-linked
glycosylation reactions. Thesse 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.) 424; Kato, E. et al,,
Fungal Genetics Newsletter (1995 Suppl.) 42A; Buczynski, S. et al. Fungal Genetics

2



40:54 0). In addition, Neurospora crassa has been used as a host cell for expressing recombinant
heterodimeric and multimeric proteins by means of a heterokaryon, US Patent 5,643,745
July,1997,Stuart435/69.1. Summary of the Invention [0009] The present invention provides
heterokaryon fila 85%‘505%)%”5 that produce multivalent vaccines. [0010] -Il-)h%hnsczl(i)\/isc/lo%z?l ©
heterokaryons of the present invention are generated by fusing a first, and a gecond’, ancf, in the case
of trivalent vaccines, a third parent fungal strain and, in the case of higher levels of vaccine valences,

one additioRglLRRERN| E5H3IRIANSAach Seh REANIgENS: addeds AathafeRtligiesenianing ihe

necessary markers to maintain a heterokaryotic state as well ?ﬂz an ression ynit that encodes a
Pl

naturally octlirfirg VAPLRESH AP SRESA S aRRATR HES iy S Oh SRFGEhed variant of an
antigen of aauitvvaderiicacdinerional rantonelycgeneiatdy varandid kteasitigeom U atkintalent
vaccine. Thy}gﬁnﬁg%gppg% Ratraksyasignts, variants, generated through the use of chemical,
physical or site-directed mutagenesis or other techniques can be produced. [0011] The heterokaryons
of the preset invention a eful for selectively producing desired multivalent vaccines of defined

antigens. [0 &hove, the present invention provides heterokaryons that produce

variants of mufialpniyAgelags. RrrkRescuRkonalie r AR AL AL, 0aws the
nucleotide sequence (SEQ ID NO:1) of synthetic hemagglutinin 0 (HAO) gene (A/New
Caledonial/ZWiggerHYANIEETd conceptual translation for fungal expression, The initiation codon is
underlined. [OQibFigusandishmishtieckininond eittise prisnitantiidd RriNeid)ncogatsing the synthetic
hemagglutinin 0 (HAO) gene. The fungal signal sequence is s n in bold. [0015].Figure 3 shows the
nucleotide ?gata%%%sfé%ﬁ ﬁBJV\IlB:th 8%55% g r%r‘ﬁaé’é‘g% iAin %Pﬁfeé‘g#‘q&ég‘ ki A S
(A/Vietnamresodf dodar sl piThecinttiaisncesdms islditigeslinagn{coaigfrigede detnbopsiggasamino
acid sequengg B Efeh IR MPsbhanertad:Ry thensyaihelicn HRNPAIHAINE(H A SeNer iR fungad signal
sequence is shown in bold, 3 WO 2006/044796 PCT u82003/0372,4§9\g 017] Figure 5 shows the
nucleotide & ?rﬁfb%%@“fﬁ%’é%%?%ﬁﬂfﬁ&f@%a BTSRRI O S % 3004/HSN1). The

initiation codertigalentiertiviat) a rationally designed variant of an antigen of a multivalent vaccine, or a

randomly generated variant of an antigen of a multivalent vaccine. Thus, in addition to natural
variants, variants, generated through the use of chemical, physical or site-directed mutagenesis
or other techniques can be produced.

[0011] The heterokaryons of the present invention are useful for selectively producing
desired multivalent vaccines of defined antigens.

[0012] Based on the above, the present invention provides heterokaryons that produce

variants of multivalent vaccines.

Brief Description of the Drawings

[0013] Figure 1 shows the nucleotide sequence (SEQ ID NO:1) of synthetic hemagglutinin
0 (HAQ) gene (A/New Caledonial /20/1999/H1IN1) and conceptual translatione for fungal
expression. The initiation codon is underlined. .

[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/1194/2004/HS5N1). The initiation codon is undertined.

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



[0018] Figure 6 shows the amino acid sequence (SEQ ID NO:6) encoded by the Ml gene. [0019]
Figure 7 shows a western blot detection of expression of the synthetic HAG in Ncrassa. Medium from
2 day shake-flask cultures of strains HAOS and HAO8, aawell as untransformed Control (C), and 50
and 200 ng of con{,c%l I;)|A6/8§4/7|}lew Caldonia 20/99, Protein Sciences), were fractionated by SDS PAGE
and blotted to nitrocelfulose. Iifaemagglutinin was detected using a goat polfc%fyaﬁzgwp-ﬁ 9(HIN1)

antibody (BioDesign), followed by anti-goat Ig-alkaline phosphatase conjugate and colorimetric
detection. [00260 Figurg Bshaws aufeopmarsaif kiRt OiueStined. 9pl of medium frand.day shake-
flask cultures of HAQ an%lgﬁ%%. @g@g’vel Iigll%secreted protein is produced by 2 days in
shake-flaskB 0 theSBEBrdRIbAL 10024 Fig e g W s Siam & dateii®ekpression of HAGS.
Western blot dbai8tidingufrofrsiao ' tay static aultuequehetARE) HANDoipinsoded dtiesieidsasesabove in
Fig.7. In this eypegment, e majot dGLseiad, RAd R ki ot ¢ @s&ﬂh%?(ﬁ?%%%%ﬁ?ﬁ&@? on amino

acid composition), versus 72 kDA for the control 1A protein (C). Disclosur e Invention [0022] A

"heterokarydt" ¢i%a MedirokEryptdex phake bk raHiness rbriake Feibraed EdOfrnverd)ailamentous
fungal parenhstiaiidsmeaChhaBokan@pralithosEostaining ML (eNsore)eanetizedy iffeignt nuclei.
HeterokaryQns contain nuclej.from pare ins.that are, generally homozygous for all heterokaryon
compatbiy STOTE et e B e e e R S AR Fon
chromosomédtistidizsieciesativentitodfontiHate (BRA beiftedmn(BitiDiitien)hotloed by, det-godtet-i,

het-5, het-61DglieAi a8 t2:a0Hi ekl ShAQ MR RIg.tofarged to exist. Peris et al., "Chromosomal
Loci ofNeurospora crassa”, Microbiglogical Reviews (1982%)46:426-570, at 478. [0023] The present

invention advalil&W iidask Bri tisemesis ey biuniingheshofanedigadigac? day 61958, 140 by
providing mtkbdaland. ainiismand Acr§radiacing alipdpidatied ppdtiai i yadentabiegRekysing
heterokaryogig filamentous. fungi. c%g&ﬂig}gghods and compositions are useful in the discovery and

production of multivalent vaccines, such as antiviral vaccines, antibacterial vaccines and antifungal

vaccines. 4 WB3beTizuy 8shoesya §osobres rosiai MR oMedepyblel pdaneditmdiiomrits [0024]
The presenkiayention qavidasnays! methessiand cempesiionsberarnamtingamipopulation of

@t e S A A Y B RS S PR e L A S AL D amin acid

composition), versus 72 kDA for the control HA protein (C).

Disclosure of the Invention

[0022] A "heterdkaryon" (or a heterokaryotic cell) is a cell formed from the fusiom of two
(or more) filamentous fungal parent strains, each heterokaryon cell thus containing two (or
more) genetically different nuclei. Heterokaryons contain nuclei from parent strains that are
generally homozygous for all heterokaryon compatibility alleles (except for the mating type
allele when the tol gene is present). At least ten chromosomal loci have been identified for
heterokaryon incompatibility: het-c, het-d, het-e, het-i, het-3, het-6, het-7, het-8, het-© and het-
10, and more are inferred to exist. Peris et al., "Chromosomal Loci of Neurospora crassa”,
Microbiological Reviews (1982) 46:426-570, at 478.

[0023] The present invention 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.



a random combination of defined antigens. To obtain a multivalent vaccine, a heterolcaryon is
obtained in a method comprising the steps of introducing a first, a second, and sometimes a third or
more populations of DNA molecules that encode defined antigens of a multivalent vaccine into a first,
a second fungal a imes a third or more host parents, forming heterokaryotic fungal strains
using the first, sec%%)jz%w@@ﬁwetimes third or more host fungal parents, and Wéﬁzﬂ”ﬁ(ﬁﬁ;}é‘%rime,
culturing the resulting heterokaryon under conditions in which the subunit encoding DNAs are
expressed afpgl further sgraening.the esulling.hgterokaryons for the production of a multivalent
vaccine having the desired properties. Each of the elements, namely the fungal parents, the DNA
molecules and {he2f]siDi meibads-antiogescihkd ivdtiadthelowndNatusestfonidongaietisihyagi and
Background Rediements for Heierokanion Comateni00ae) Eundl,can 9eeurn sndlSered o
mononucleated ¢é fsr%hafrillejlda}l amentous murtinuclear stran S, yea% cells, fruiting bodies with

diverse sporesaedmiycrosatisatira el dedifretantiacas Terbalya Théjvelentaaesiagist hataigantldated
forms. The pgnGinah glemenialfdheproning. fesm of afdngusashmelddsdnehyRiifeddianching

tubular structure, about 2m-10m in diameter. Hyphae grow Qhy elongation at their tips (apical growth)
o by prodU ) SERPAREABEES i EEAGHAY GFOTE (ST AAGU I AEHwining
strands. [0Qzﬁicsmm_athyrﬂraemnmtﬁt&ﬂgnbat@sommeemﬁhﬁnmomMthma‘npsgbmislrg_owing to
absorb ”Ut“%@réﬁé@%&%ﬁ'&?&?g%{?&lﬁﬁuﬁﬁ%%@ﬁ?&?&%é!&d%‘?d%%ﬁ@&&é%ftﬂﬂ% BSHBCLSQNRHILE an

"aerial mycelium.” Most colonies grow at the surface of liquid or solid media as irregular, dry,
filamentous g tnaRiobeRFEarpsorHaity pHRE e rEdEns Peftekayandedifeerndiion® Phese septa,
however, havghitiierhesibiaiomsin IS, AveR sgp@iedwrhaeiaerdaaaigithatamgngmbedded in a
continuous mass aof cytoplasm and, in.effect, contain a multiplicjty of nuclei in g transportabl
cytoptasm, (0003 FAE e T o LR, A e 8 SRR vougn
a mass of brah&keigrsrisioeriely fhafeasl paranialths lRArelagpleschis thedysiovansthpdsdiie the
passage of cytQplasaubaiwgerisampartments due to perforations in the cross walls. 5 WO
20061044796 PCT/US2005/037249 Many of these fungi form meiotic spores within a sac when

propagated %%é%ﬁ%é'xfWﬁ&é@%ﬁ@%;PQ%%@@&%&L%%%@S&&% m?goéy', of which is not
entlrely unde 00d, reproducton can occur asexually. IS manner or repro uctlon, spores known

as "conidia" Formation

[0025} Fungi can occur in single mononucleated cells that yield filamentous multinuclear
strands, yeast cells, fruiting bodiies with diverse spores, and/or cells that are differentiated
sexually. They can also exist in- multinucleated forms. The principal element of the growing

_form of a fungus as a mold is the hypha, a branching tubular structure, about 2um-10pm in
diameter. Hyphae grow by elon gation at their tips (apical growth) and by producing side
branches. Thus, as a colony grows, its hyphae form a mass of intertwining strands.

[0026] Some hyphae penetrate into the culture medium on which the fungus is growing to
absorb nutrients, while those hy phae that project above the surface of the medium comstitute an
"aerial mycelium." Most colonies grow at the surface of liquid or solid media as irregular, dry,
filamentous mats. In most species, the hyphae are divided by cross-walls called "septa." These
septa, however, have fine, central pbres. Thus, even septate hyphae have nuclei that awre
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.



are borne externally at the tips of budding projections formed at various locations along the filaments.
[00281 The filamentous fungi used to generate the heterokaryon panels of the present invention are
generally Phycornycetes, Ascomycetes, Basidiornycetes, and Deuteromycetes. The Phycomycetes
include all non-se | as some septate, filamentous fungi. Their a re of
various kinds and%%%%%&éxgg%angiospores contained within sacs formed af‘t%‘ey gén §15 %%é@cialized
stalks. Different species have different sexual cycles. [0029] Ascomycetes are distinguished from other
fungi by thexasgUs: 1Bes@aikE Bl HEIWB tROPAINIRGERXHSPIEE prRRWBRR-ASC9SPVIBShd he
ascospores are the end product of matinglijl the fklljsion o%rnfg;llC and {erqalﬁ nuc&eigttwa meiotic divisions,
and usually®BREFHAIF ARSI RGBS Y BaiGiBIFR RatEE Qe HitiginsHEd 1) AP Shores that form on
the surface epadspasiatinedcstrasiuad1¥He Deutemneydotscdrs ifte spreferrecito s tenpafect fungi
because no, sexual phasahas yeliBeen BRREREHLERRLINRhRR Are.5eRLAIR A GRAgALforms are
similar to those of the Ascomycetes. [0030] The preferred filamentous fungus is of the group
Ascomyceté@»’f‘%?é preferably, from the generaNeurospora, A.spergillus, Fusarium, Tricodernaa,
Chrysosporiwnoepsy Bericiismod aticlashd usgtutspetiesdiookdNeur papdsafteiusesdhtintermedia, N.
crassa, N. sitopula, and N. tetraspora, of which the most pyeferred species.is.N. cr seful
species of }ilé’ﬁ%trlﬁﬂlﬁrg it ﬁ%ﬁg }?‘%?85%‘8% ’.%a%rfl,yﬁ\e.tﬁg?%%sélgﬁlﬁc .efﬂ?nnggeﬁ]ﬁtgr @fi%'he
vegetative grbskhyofiteneteriaindtmbnovehrssnageiwal diisishserticdilaaicnienivarbdisThis type of
cell division £ensistaRf aseXHahiRRIAIHANAR LR uiRepiRiMais:ef SRR B NIteudged

involvement of gametes and without nuclear fusion py way of conidia. For example, the species of

Neurospora®tgisi Pdc?H‘éﬁ‘rahﬁiqé@é%eﬁlzﬁ%g’ﬂéﬁ?e‘éﬁ?ckﬁvc?s%ﬁweég?tég%ﬁah%ﬁ 1§ a single copy, i.e., the

vegetative org{niize issamiaietes hnisdiaphgaishedtfrdm typiodlipgniainte necid asngikegelidigrowth and

during asexalepradustionraugh the(ermationoHaidia, N33 Sexval peRiackstiansan also
aploidcells (hyp

occur, and then two hae or conidia)  of different mating type fuse to form a dikaryotic
cell containitg fviraitmalemad Smpkawreinamdnsintie divinoescardpaine Smd witditasm and, for
a time, dividgviRase BrdRSSHifcaynaRronyinfesheld byivates ssaespenddanatinnsthfwevés the two
different hapioid Jcicl 6202 WO BA0CIMA/AR.PETIBA0NRI0R 240 ARlRl ARg M lRimadiplord
nucleus, whigh CoRtains pairs o ﬁomoﬁ)go S Chromosomes.

sexual phase has yet been observed. Their hyphae are septate, and conidial forms are similar to

those of the Ascomycetes.

[0030] The preferred filamentous fungus is of the group Ascomycetes, more preferably,
from the genera Neurospora, A.spergillus, Fusarium, Tricoderma, Chrysosporium, and
Penicillium. Particularly useful species from Neurospora include N. inter}nedia, N. crassa, N.
sitopula, and N. tetraspora, of ‘which the most preferred species is N. crassa. Useful species of
Aspergillus include 4. nidulans, A. niger, A. terreus, and A. fumegatus.

[0031] The vegetative growth of filamentous fungi involves nuclear division with cell
division (mitosis). This type of cell division consists of asexual reproduction, i.¢. , the
formation of a new clone without the involvement of gametes and without nuclear fusion by
way of conidia. For example, the species of Neurospora contain in their nuclei seven different
chromosomes, each having a single copy, i.c., 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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This diploid cell then begins meiosis. [00331 A "heterokaryon” (or a heterokaryotic cell) is a cell with
two (or more) genetically different nuclei. The heterokaryons of the invention must contain nuclei from
cells that are homozygous for all heterokaryon compatibility alleles (except for the mating type allele
when the tol genewa RI& §n7t3 In Neurospora for example, at least ten chromgsomal loci have been

. e 0067044796 L :

identified for heterokaryo?{ |4ncompat|blllty: het-c, het-d, het-e, het-i, het-5, het}zg,r"r‘ljg%%?/ﬁsé’tz-ﬁ, het-9
and het-1 0, and more are inferred to exist. Perkins et al., "Chromosomal Loci of Neurospora crassa”,

MicrobiologigahReniews k82 RA2 Greitds akHiéB a0 Jhitweorstraiom sarsysiferaptrieles at one
or more het |oci, they arﬁtﬁ]%\%e,to form stable heterokaryons. Protoplasmic killing occurs after fusion

of unlike hyB]HéélB]rmgff@ FeCHOH Bt tytoplasm or extracts into unlike strains. When duplications
(partial diploid@pzaie Atterazigous fdphehanmbnrmicedllckes ceftovith tisdr{bibited pgmbdiighily abnormal.

A number aifﬁ?ég{%a&%m%g&ﬁ&@fﬁﬁg 196h6SResificalNa el el nii AR LW R Gy fir st defined by

heterokaryon tests. Het-5 through -10°loci were detected bz using duplications, as differences at her
y

loci are corRerETAMNALGF Al IR RNeer e sB e tspecaliBede mating v <Alel s vbs8 het
genes in N ggsasisandigughisomensiavshaiciakaniabie, atavth iashastlodviiduinjesiddr@xperiments

have implicated. proteins in the killing reaction. Thus, site matin are also generally
mporian 1OV EDAbIE BURHE ALCS LRI RN e e o B LT A Loy

rokaryatic aseogenous
hyphac. Id. ket-436 - 147 8ndHoersvere iithieabigend. iBeprasehalthé-rapeespivel (hetepbkaryon)

incompatibiliy,, gs306 atad il eRPAsIS MAtNG iRe pllelescsnd A iasuRrpressed without sexual

compatibility being affected. Thus, (tol;, A+a;a) heterokaryons can be fully compatibl %é]}? stable if the
other het loci B8 ffﬁ3”§§?ﬁ‘§nélfaﬁr¥o¢g8’f?§ﬂé}r}ﬁseﬁﬁtooﬁﬁé’ro‘ﬁﬁffcgﬁc}%%’m%%%%% 8H'the tol

geneis p_resehte m&aﬁdaﬂidmprmdmqucﬁﬂﬁgrmMtasfﬂs'a@arﬁmti_haﬂeﬁmwﬂlaﬁe_morr_1patibiIity loci
are providagh eY.0IaY (s AIRRDUR IR SAMRMGHIWRRAMAA MBI B Riced as

described below. The resulting culture will then contain nuclei from both strains circulating inthe
shared cytoBRRFHISEELesHIn B ATYeShaperatlieleherrdhdn iBhibitpicad BisinAPHEBiNg a Mixed
Population aflefingd-antigens: [AQ3AJaisraeitingdhefionsntienc the follawinpweraireiogy will be
used in accordange, Yith e JeNnions S QUL DRI MV 0 PR EEAIBRAAIRIOR 249
differences at het loci are common in natural populations. Id.
[0035] Mating type alleles "A" and "a" also act as het genes in N. crassa, although some
slow heterokaryotic growth may occur. Microinjection experiments have implicated proteins in
the killing reaction. Thus, opposite mating types are also generally important for the complex
events associated with the proliferation of heterokaryotic aseogenous hyphae. Id. at 436 and
478. However, if the tol gene is present, the vegetative (heterokaryon) incompatibility
associated with opposite mating type alleles A and a is suppressed without sexual compatibility
being affected. Thus, (tol; A+a;a) heterokaryons can be fully compatible and stable if the other
het loci are of the same allele (or conallelic) and A/a duplications grow normally when the tol
gene is present.
[0036] If hyphae from two different strains that are conallelic for the compatibility loci are
provided, they may fuse when grown in the same medium, in particular when fitsion is forced
as described below. The resulting culture will then contain nuclei from both strains circulating

in the shared cytoplasm of a common myceliél 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:



[0038[ The invention involves the production of "heterologous multivalent vaccines" in the filamentous
fungal heterokaryon. In this context, "heterologous” means that the protein is not ordinarily produced
by the fungus. "Multivalent” means that the ultimate vaccine product is made up of at least two
a_ntigens or gntige\%/%‘ggm;w'ghe prod_uct may be a heterornul_tivalent va_cciq,%,r g!,%g 49f entirely
different antigens or can be homomultivalent, made up of variants of a single subunit. Examples of
multivalent vaccines include, but are not limited to, mixtures of recombinant antigens from cell

surfaces, viral gogPrateins. sREGHG RaliRIsRif.BMIsIN Rigensuantihea likevdO039L A thecleotide
sequence encoding an antigen” is that portion of a seguence for .which th%tt{anscrjtglinis tr%ﬂslated into
S

a polypeptidHARTER S EEHI) SieSATS a Bh YU FE bRt 6l S¥IencEe” e coding

uénces. The b%eu%?arleslso?t
sequence aseddataypioeathyty siafcpdotivatitivie(anvino)tetthinukimad sendpsBHONStp codon at

the 3'<°afbOr%ﬁé%;g'y%eﬁ%%ggé%gnf&%a 50.5R0-RE HRT e e fEom 86 XRmBlgupokaRIOtic genes,

cDNA from eukaryotic mRNA, genomic DNA sequences from euka%otic DNA (such %s fungal), or

may includevegeitRetRm NN, ok PerAHEH ISR SRS ARP AR B RESBIbH AL Rk AT Beduence will
usually be logatad o3 19k sosling. sravsreef [R0A0)Ancodicigeseatlanc®iis dopetallyilidkded to" control

sequences when the contrq{i sequen%1(;_'Ss,ﬁtﬂ90frfftla(c:gﬁhg%I g(c%ei%i n?é% (%’E?e%? isn 358#%%0%égig1e

appropriate RESES AT FEEATTRA-BISFEESISR thic s & at contains a coding sequence

operably linkecitoaatigontraidsbeliénce or region” that directs the transcription and translation of the

operably linkedgsegliencs, in.an-RREIAAIAIS hRst Oe aRish URARL FRRIGPIAlaRRRMIORS. 100421 A cell
has been "transformed" by exogenous DNA when sych e ogeno%%%[g%&as been ln%roduced into the

host cell meYHFh ke torgipidsfatsated iofP A B RRRHET RO TYS: 2

V) B Maintained on an
episomal elegent seiphmssaiasoiti-Becsithe didimestousdeag ddorhanal el eidEreodukatyotic), most

stably transioumad fungsest ceds saniain b Fossna RN RISt e Avamasome. So

that it is inhente %ﬂllmd) ghter cells through chromosome replication. [00431 A "recombinant host"

refers to celkediendaaee bredasivardionwin issampits iy it s AL o fETR SEXBFaRAF: A
recombinaniteehniques, RpcinelEas treationpnallycl ansingaigdrand cndiudesspntigicogeny

thereof. 10044] A variety of methods can be employed to generate a i cules
that encode 2 ﬁaﬁ%@ggﬁﬂ%ﬁﬁa VEraA g %fuésr(f?gjn (l)glglé[ﬁ su aﬁlr?ll% (S)ef%(;Bgenwf’i’1 {%ﬂﬁi l?bg%gg

multivalent vdccine, 2) randomly
generated oB'seléetedtiariaqismwtan antigen of a multivalent vaccine, or 3) rationally

[0040] A coding sequence is "operably linked to" control sequences when the control
sequences effect the expression of the coding sequence in the appropriate host cell.

[0041] An "expression unit" is a DNA molecule that contains a coding sequence operably
linked to a "control sequence or region” that directs the transcription and translation of the
operably linked sequence in an appropriate host organism under appropriate conditions.

[0042] A cell has been "transformed" by exogenous DNA when such exogenous DNA has
been introduced into the host cell membrane. For prokaryotes such as bacteria the exogenous
DNA may be maintained on an episomal element such as a plasmid. Because filamentous fungi
do have nuclei (are eukaryotic), most stably transformed fungus host cells contain the
exogenous DNA integrated into a chromosome, so that it is inherited by daughter cells through
chromosome replication.

[0043] A "recombinant host" refers to cells that have been, are or will be trarasformed 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
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8 WO 2006/044796 PC17US20051037249 designed or selected variants of an antigen of a multivalent
vaccine. In the following, an influenza vaccine is used as an illustrative example. A skilled artisan can
readily use the methods outlined below, or an equivalent method known in the art, to generate the
population of subunit encodipg DNA molecules. [0045] A population of DNA molecules that encode
naturally occurrinng%%f’é{ﬁ@émgf’ an antigen of an antigen having natural heterd’&gﬁl&ﬂ}"égﬁ%“é produced
using standard cDNA generation/cloning techniques. In general, a population of inRNA or viral

genomic RIe 5. lishisqlaies iomds BeiliRgsn o RXAMRIS. NG BRsp Rl Pilenga vaccines.

directly from the genomic RNA of the virus Itself. The isolate%fopulation of RNA molecules is then

used as a e eciprigBiEaBHBrEBNASKGIRKuIR SH st e FPRIBRMY MetBYs such as

RTPCR. Thg geqilationsdoitbiN b malgauesthushproducacicar be, inseredtinte apspiiklien
expression u&itQl S descri&nlgdlgxﬁlgvr%.o[oom] Alternatively, for antigens whose protein sequence is know,

e . 1 Q it enco ecules; . .
an artificial € sequence can be generated using methods known to the art, said sequence

incorporating ¢0itshs Avphistiatics oSBY Animbfiaflesdbetreapady taaflymearouRsfumdantscdtastrain to
produce its gyl CHAQDERUS Mﬁ@_ﬂ%@l%?&r&@&@ﬂ}“% witgsliteciadiap sRdera amtagenesis can be

performed on_ an isolated or artificial eDNA molecule that encodes an antigen of g}rﬂnéjéltivalent
vaccine to prOWRRIOHGI RgHRINABET SR B Re L RRBRT AR ‘}fé??trfﬂ\]dﬁa?rsﬂff’dﬁf?“ﬁ?c}é‘f ¥such as
random or et ditaciedanisheatahestt GRopeitaing e imkée-scanrdindglmutagaenasis, diretibniroad and

physical milagencsle (AL (GIRUNRE HasE 1RIEnsIA S ARaRMnAl BhETQIzeHies lhaf gncode

rationally designed or randomly generated variants of an antigen. For example, randomly generated
or rationallyadesipjatede Gr genieiencls A Bty s erdioparvmiBE ardedustiéfogeneity in an
antigen encadipgreertidaaeallR4 81 Ssusar beiri thasatankisGaitkinhecatiopadydesigned when a
selection criterion,. such as prot indf Iging or selecting a particular target residue or region, is used in
generating ?ﬁ%r?fﬁf?é‘n‘fnétrassé?eesg |neg t eeo\"/’vairiant-encoding DNA molecules. A variant is said to be
randomly gendlédel witenat witefticntigitsridvss protaisedivehenigbrmsyating oiictbeihg\the variant-

encoding DA molecsiles, JOMARLT henpralaseciasaatsite ior, spnaralinabalaspasasity oRsultivalent

vaccine subunit is the immunogenic epitope and surrounding amino acid sequences. In the case of
the which are used in high Trequency by the filamentous fungal host strain to produce its own

endogenous proteins.

[0047] In addition, site directed or random mutagenesis can be performed on. an isolated or
artificial cDNA molecule that encodes an antigen of a multivalent vaccine to pro duce non-
naturally occurring variants of the particular subunit. Procedures such as random. or site-
directed mismatched PCR priming, linker-scanning mutagenesis, or chemical and physical
mutagenesis can readily be used to generate a population of DNA molecules that encode
rationally designed or randomly generated variants of an antigen. For example, randomly
generated or rationally designed PCR primers can be used to generate random or- targeted
heterogeneity in an antigen encoding sequence.

[0048] As used herein, a variant is said to be rationally designed when a selection criterion,
such as protein folding or selecting a particular target residue or region, is used in generating
the variant or selecting the variant-encoding DNA molecules. A variant is said to be randomly
generated when a selection criterion is not used when generating or selecting the variant-
encoding DNA molecules.

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

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



influenza antigen genes this type of creation of variation would center on the known naturally 9 WO
20061044796 PCT/US2005/037249 variable regions of each antigen. As an example, one could
change each amino acid in the variable region one by one to produce a library of known variation.
Construction of Expressi its Encoding Antigens of the Multivalent Vaccine_ [0050] The expression
units containing a@&?@o@%gﬁolecule encoding an antigen of a multivalent PSLARR B Bdhstructed
using well known techniques. In general, an expression unit is generated by placing the subunit
coding sequeneas.inie; GREIADIS inkage Xdth conirak, spausnacadhal discisths Lx@igssion of the

subunit encoding sequences in the ultimate filaméntous fungus host. [0051] A variety of control

elements ar&BrREERTE RHATENPIRE RFPFYF BB THER WL FEEEHE-of an operably linked protein
encoding sequence in either a constitutive or inducible fashion. The choice of a control sequence will
be based on the fupgaistrain, Usedneansitions empiavesdorayiburinathefiuneusyibadevel of protein
expression desired, and the nature of expression required (for example, inducible yersués constitutive).
A skilled artisah/@3f) r R PIRTTAD BHFRITAPES R OILEHIE RSP RSB AL 8ThPE&sion units
used in the presgnichetesckasye nopanelef0BDR] wrlakicitionddsiggee feeshat ciresttieestoanscription
and translatign. of the protein- encodi C | ' ; ) L tion may
fther cont T LR B e igen
outside the cistiupncrshahdispeiadre e5RJeaTmS st BraikPRARATA FRAvRRISOIS fimytialke provided by
Dalbey R. E fiighakold BRghé Hobd-478 (1992). The skilled artisan can readily generate expression units
that contain secretory signals. [0053] Another form of expression emit of the present jnvention may
contain a fusion [t eﬁ‘?ﬁéﬁtﬁﬁ[g‘é?gtf%@%ﬁ’ﬁatesna{% eéegé mem 1%% Wailtfsfglﬁ %ng ﬁhgst cell or
heterologoussxmessibrarferamohabls dgkmsimetontenthding Hequefae entsjthesiorpastithibet eeindicible
heterologous;gall, s4ifacadnelacHie 48041 RReIRPlcation tRIAMAINALIEN Wils Riagenerated

instead of the expression units. In such a'use, the subunit encoding sequence, ar fra me(g}t of an

antigen encoTRP &S FaiRetn Rty hedrR oSN tRBTCRER ataht e dalis
homologous égpasssiohaggaiied(siieckaniple, iodtdibhgedrsisaionstitve Vi) Fokbilnds sdspusmoasaity then used

to stimulate gl dire S BQMSIAHRHR J 7R PIBURY PGSBS SREAMRINAUAN LS AL e host

heterokaryon panel.

[0052] In addition to sequences that direct the transcription and translation of the protein-
encoding sequence, the expression units of the present invention may further control signal
sequences, expression control elements that direct the export of an antigen outside the cell. A
review of secretory signals that are known in filamentous fungus are provided by Dalbey R. E.,
et al., TIBS 17:474-478 (1992). The skilled artisan can readily generate expression units that
contain secretory signals.

[0053] Another form of expression unit of the present invention may contain a fusion
protein that directs the antigen to the cell membrane via fusion to a host cell or heterologous
membrane anchor sequence or to the cell surface by fusion to a host cell or heterologous cell
surface molecule.

[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 prefexably first transformed

with an expression unit that contains an expression control element followved by sequences that
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chromosome. When recombination units are used, the host strain is preferably first transformed with
an expression unit that contains an expression control element followed by sequences that 10 WO
2006/044796 PCT/US2005/037249 are used for targeted recombination. For example an influenza
antigen can be int{‘c])glzjocﬂ%%m]tgo a host fungus and then homologous recombination units can be used
to introduce heterogeneity Within a targeted region of the host chromosome?’ ﬁé%%f”?ﬁ%?ﬁ‘?ediate
hosts are sometimes used to produce intermediate vectors capable of transforming the ultimate fungal

cells. The intermadiate hacierial iaRsaERzabts camibanikt.gravn el thersitediguantities of

DNA, which can be used to transform a desired, filamentous fungus ost.‘Egamges of commonly
available bAeFERREYE RS- bR roas Qe racoYBRHRSHALS (RRS AR B RSP XS iR 322,
pUCS and pi#69. Adelitianativseffhintesnadiatessectors include pHY201, pKBY2, pTZISR, pX182 and
pCVN2.9, pN80O7.. p'846. [00561 In.another er [ t anfigen or.antigens oL inerest are
expressed as?'fa%lﬁu,ss}io%t%j%%ﬁ?/vlt%sg ?lrfhsg% lﬁt%%%é%%{ian?g%h as EAS.IFungaI hydr%})%hobins are

typically exprastoningibesdirasse fimpalgeltiuAhatusmdias hrgeaidlgrandonmanta it &ated with the

hydrophobigswihe $eREptRIe SiePéeaARYAr 0NN gHaA BalNbealDn tkhisfaggegation feature

allows for the preparation of aggregated recombinant proteins, which form antigenic particles. These
proteins Caﬁlﬁ@%ﬁ%ﬁ@gggﬁggﬂﬁﬁa 8??;;‘9%0 r%wﬁall,[t%i ke cbla%terlal vectoTs Hga% can sp

htigens'are expresseae hthe same
culture, multivatestiantiganic ipeitidke Sonrepnpth o8R 3200877 $t anil BECInddrditorlthetithis description
and disclosiite of 116 QYERIQR I8 JUGRARS A0 RaYPS FremRogimentsfrtaievithiggde spirit and
scope of the invention. For example, it is within the knowledge of the art to insert, delete or substitute
amino acid&MAtlin the amino acid sequence of an open reading frame without substantially affecting
the antigenicitpgd¢han melest ensadhaunt) frudiiatent antigen soiseanthecgepessiatiwitivdeletions,
additions or_substitutions to.the naturally occurri ubunit I 'p ggg in the invention Natyre of the
Parent Stra?ﬁ%yfﬁbégll e 8%&%%"9%%%3%%5 ?lr}%?;%l %%r%%ﬁs' %Csle%ﬁn rhglglrng%ﬁe %feg{el%%ﬁaryons of the
present invendisreisitddondn ausmsitiper Biespdpneitichecmmaiieia comsxdtdtielieodes an antigen of

a mU“iVél'efh?z IBgnONenfuRgabRARS AtV RYSVA RLGIeE M eddindde caraingarepaiher of a first
population gf DNA molegules that enc,ode%afirst anéir%en c{%h(r:rotu staf anﬂge&% g;l%n {a%ilg&d
multivalent TFEREHEI9NE BRET RICRFELR AR PRHrE At WEE B Rbea e e 1o 8

particles. These proteins can be purified and used as antigens. When multiple antigens are

expressed in the same culture, multivalent antigenic particles are producedl.

[0057] It will be understood that this description and disclosure of the invention is intended
to cover all embodiments that are within the spirit and scope of the invention. For example, it
is within the knowledge of the art to insert, delete or substitute amino acids within the amino
acid sequence of an open reading frame without substantially affecting the antigenicity of the
molecule, and such multivalent antigens as can be generated with deletions, additions or

substitutions to the naturally occurring subunit are included in the invention.

Nature of the Parent Strains

[0038] Since each of the parent fungal strains used in making the heterokaryons of the
present invention will contain a member of a population of DNA molecules that encodes an
antigen of a multivalent vaccine, one fungal parent will have a nucleus modified to contain a
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

praduce a heterokaryon producing a divalent influenza vaccine, one fungal parent will produce
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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 11 WO
2006/044796 PCT/ 9(2' /O§7%49 an antigen group from eDNA from influenza type A H1 Ni while
the other fungal paygngt Wi 0Tor(%duce an antigen group from eDNA from influenza >t{3§%p230/3(0ﬁ|7§4ﬁl2. "To
produce a trivalent influenza vaccine one fungal parent will produce an antigen group from cDNA

from influenzayrg AdlipNiothersecond funaakparspwipreduagiamantipargredpdraivadNA from
influenza type A H3 N2 and the third fungal parent will produc igen group fram eDNA from
influenza tyFe B9 RiiFsR8t4e £ﬁ° Cﬁi\z‘fh {goen& Lljneﬁln%ee Zgrg%eu%%?yﬁg\igf 35%) %lg%:r aetrigglnep e,
exemplary sefjsercesforidie femgsl rchnd &viH PNAYPRVABIZR9 prinvifermachNifugom influenza

(A/Leningr ‘}4#@1*%J}'%ﬁe%@wﬁ@m&%aﬁﬁaggﬁ_@ﬁm§§%)mraﬂaga;%&gw&m cDNA from
(A/Swine/Ontario/42729A/01 H3N3)Lgleuram|n|dase (NA) gene (AY619975), Influenza A _virus

(A/Swine/OHRYAFSROIRE7Y 103 TS S dbird FHnsabRa R Ay RNaYE 8 £5668Y, Fiftrerza KVirus
(A/Swine/SaskatahemanthR8 9102, (NLNdY)ideardmindlase;(dhes gene{BAVEEOSHd)e. IRuenza A virus
(A/Puerto Rico/8/34/Maunt Sinai(HIN1)) s ents 0 aAN viru
(A/mallard/,&ﬁ)ag}?gefzef i ?lr-ﬁﬁff) eﬁlgﬁsra%%%n se EN%%er%%Aﬁ%??g 14;,’ %ihrﬁ%\l?\gé}z{%a& virus
(A/mallardIAtéezireord SR )Y hogenramiaidaseseny QdaeS PRy dasagy Aaridhfluenza A virus
E)A/dUCk/ “é'_i%{@dgﬁé%Yemn{HNo]%)zNTmlﬂi(m )(Dbtdag haa(eéYljZ.QYé&é)(é@ﬁé@gmsaddﬂ'mi@Aaavi39
een modified to contain \ the antige ntige crige
above, the NUERE gg@ﬁgﬁ%ﬂéﬁ%ﬁe%%@aﬁﬁgﬁrg é?s%e%ron %]ilr% %eégl‘%arﬁg%ﬁgf%gsul s??lﬁ g%g?%%teristic
that rendersttveduitiySsdefSesidenhoratis 1H¥e2 AdeDOh ansetmonididuel Qi agrrot e R ¢licleus
andlfor ad?itmﬁé&y@e{hf&g Yiyﬁb;m@@fts/ﬁ;w_'@@aﬁzyﬁgfee%m@%ﬂ@m{?@ml@tmp}'- Thus, the
nucleus of each parent confers a_ characteristic whic uld result jn ure o sin
which it is cB?Jﬂ&?%é%&%%ﬁ%/&’%iﬂ%’ﬁ%%wg@&rﬁﬁﬁ%ﬁ%% & Qe Sﬁe%,%g%ior third
nucleus andidtuanicitioviaks 1A ateil drel e paO9it(HEOT o Xamnpie]jEdase €PN AN aEne (AR EpBrticular
nutrient may, bey gultired, on@ FROGIMINASKIRGIRR RIS Alond Wil RALPBLIDAL dogssaR) have this

requirement. If %hal fusion occurs, the 'nucleus _of the'second parent confers ability to survive in the

absence of thi@Wlriéntdditiensiochagsesi Adifiss hesriin i SRAFRREARS required by
the first. OnlyissngircaniRiniEubO S Atichbahibtive st uble wiaohhdthaykentstaiaslatking. [0060]

The required nutrient can be any sylstange which the lngus sHARSelLIGEAR 0% on the

presence of a second nucleus, and/or a third nucleus and/or additional nuclei for survival under

the conditions used to form the heterokaryon. Thus, the nucleus of each parent confers a
characteristic which would result in the failure 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 haxve 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 nuatrient, 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), glutamine (gln-1 mutants),
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growth or which, when absent, seriously impairs the ability of the fungus 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-l1 mutants), eitntlline (arg-I11
mutants), asparagw mutants) choline (chol-1 and chol-2 mutants), cysteine Sc s-1 mutants),
glutaniine (gln-1 m t% {1 190 20061044796 PCTIUS2005/037249 leucihe tHa M #33dhn -4),
lysine (lys-2, -4 and -5), methionine (mac mutants and met- 6, -9 and -10 mutants), and threonine

(thr-2 and -3 mUtéatﬁ}xe(atm%%%@Pfﬁmeé'afwm@ ﬁfa'd@ Sghi 85 2 YRR Ol anainkenzoic

acid, tyrosine, tryptophan, and phénylalanine {fequired g(ﬁil aro strains cxccpt aro-6, aro-7 and

aro-8), a mixture fﬁ?ﬁfbﬁﬁdﬁ"éﬁﬁ%ﬁéﬁ%ﬁﬂt‘i‘f’e redan B *mutants), a mixture of isoleucine

and valine (required faklved of%@ﬂdma)arﬁﬂd ainpdwenf phandalbpineiasikidasiagdrequired for pt

mutants); (3) V|ta¥m|nsn§é1<% antot slfe

|%n(§l rqgéltﬁ?lééagy} andt |am|ne ttn 12 a(pd th =4
mutants); (4) purlhmﬁasésry 5%’ a4 Ptlnré?f throagh nd aof Bhotant ssl chyt’z)oxanthlne
(ad-2 and ad-3 nantdats)$ nosimeesad @mm@u&ﬁmmmﬁeﬂl@m@fwamrﬁs})lu‘@}%)yﬂmldme

bases such as uacil(pY Gt EERUSAPMABLIS) & %.} whated Aty aoidades), Mtk Qrduisaturated fatty
acids such as C16 or C18 fatty acids having a double bond in the cis conformation at either the 9- or

11-position, fattypléﬁf%%‘&ﬁ“é%BTBSB’@rtﬁeﬂWﬁg LA hration at the 9-position, and fatty acids
with multiple cis ¢oubiedhdnrdsdhterpapteddaic madiplanenwriagesagufshibaind (@)i-Enghyisiblogically
important ions suchl otassium (trk); (8) sugar alcohols such as inositol (acu mutants and irrl
mutants) and glycero and (9) other organic entities such as acetate (ace mutants), 1- ketoglutarate

succinate, malatd oHHRtOBIfGHARRSHEBYfaf-hiRaHED adrbanhub8 Rw s dYpapathineand -3

mutants), and sutmﬁ@miﬂ%&sjqrmutﬁhtsr@tﬁéaﬁd [RRALE Hae-spaeificzexarsple kasestyn a nutritional
requirement is th codln for the orni hlne anscarbamylase. This enzyme is
present in wild ty§5<=?A rﬂﬁ%r u%an%‘gjcl1 T(lng gg%rr?%/ﬂme% ~’strains) can be prepared by usual
non-specific techﬁhmgamﬂbfa%@eia&%mltﬁnﬂﬁﬁhmavw@w@tﬁfaﬁmﬁ?i@ﬂI@W@d%?ls@ﬁéémifﬁg%ased on

an inability to grous @RI RLGSH IHRGRYRIeE WithoRRABHItY LRIK0ML00 & MR GO Maning
acids with a double bond in the trans configuration at the 9-position, and fatty acids
with multiple cis double bonds interrupted by methylene bridges (ufa-1 and -2);
(7) physiologically important ions such as potassium (trk);
(8) sugar alcohols such as inositol (acu mutants and inl mutants) and glycerol; and
(9) other organic entities such as acetate (ace mutants), I-ketoglutarate, succinate,
malate, formate or formaldehyde (for mutants), p-aminobenzoic acid (pab-1, -2 and -3
mutants), and sulfonamide (sfo mutants at 35°C.).

[0061] One specific example based on a nutritional requirement is the Axg B-+gene coding
for the enzyme ornithine transcarbamylase. This enzyme is present in wild type 4. niger.
Mutants 1acking this enzyme (Arg B- strains) can be prepared by usual non-specific
techniques, such as treatment with ultraviolet radiation, followed by screening based on an
inability to grow on minimal medium, coupled with an ability to grow on a medium containing
arginine. Fungi containing this genome will grow on minimal medium if 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 environmeratal conditions such

as a predetermined temperature range to which the other parent is sensitive.
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arginine. Fungi containing this genome will grow on minimal medium if they also include an Arg B+
nucleus. [00621 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 & 6%%};“5%@%%“ for a nutrient as well as a resistance to a toxic effect induced by a
noxious chemical, AR Antibiotie or virus, or a harsh environmental conditions SGEYSAY ¥ rdetermined
temperature range to which the other parent is sensitive. 13 WO 2006/044796 I'CT/US20051037249
[0063] Spemflﬁy@@ﬁnﬁ@&f% %%%@gﬁ%@&%&wﬁa@ ﬁé@é&?&ﬁ?&%ﬁﬁ%ﬂ%%ﬁﬁéﬂwme

(resistance conferred by acr y, with the presence of the shg gene being required for
resistance BrderincArersienes, condpmad by, 001 Sererdlle. (relidhs meeseRsiratibe BRERERCPeRE 1, epic, leu-1
or leu-2)); dygsisugh-asMaad iicgreemlrasisnnoacanicrred-hyAcristeatienaesistance
conferred b ctafil ; galtin_(? anqlogg (rg;istanﬁe to %‘%ﬁﬁgd%@i{‘(ﬁ an a%ég_ giafrgwrirng%urgng onferred by
aza-1; resis ’aanf:'e’t(;) -azaadening 4h S3t'ilzl%lgﬁsarrrlllne conferre %y Aza.ooresistance to “azaguanine
and 6-mercegifepeifing toete nendfdmed ba-RKfrEsiptane end @s (nesivipes ind-cenfsireidenthiap(3) and
mep(10); cyaniff PRseSthcopiered ¥sRinkdi, mzﬁaaéxaﬂefbeﬁr&%%wmw&{r@imgm
(resistance conferred by cya-6 and cya-7); cycloheximidc (resistance conferred by cyh-1, -2 and -3);
chromate (&&iidrienfarampy aEyacesd é’&@@%}t—@%ﬁ}%&%{?‘f@&%ﬁ@é SIRFLTAEEY Bgn); edeine
(resistance memigrrthdyoetirrbabg sy @ihinhiney(t63istantk Gasdesitdthyw@iifietrethpneyp-hithe
presence of.p- | henylalanin | ionine. is { P farm); flworo compounds
such as 5-%0%6%%5@9&?%?&%- J%%%%é}%geégﬁﬂ%%%ﬁgﬁeéﬁ(r{&s%?a%égl Ct{(‘)@f':ﬁll three conferred by

fdu-2; resistflbeoBifecrsivaetoupieehiyrelby tieed idarheomaie druftasnramiercshBgium;
resistance tg,8fyorqdexyvridineaneSsthserisridinednsiagryoaieiie st camfdrred by edr-

fluorophenyfaitila{uigpe é{@.sistan r%chnfe(rarceéj Pe¥rfe%r61 tt r_qughﬁg lillrilﬂ?eer (:rggg%Lré%(%nQitions); 8- azaadenine
(resistance cORterre 13°/nr1nn’§), mlefﬁtf/ methane s&zlf'onate%in ensitive or margeraIIy sensitive for upr-1

); surface-attiveplyantalzick. asdley aalnil ke cHivids, is dnyheit domyl); dhero smporodaiskshand

benzalkoniuchlafide Aeistance cRBiesadRY Siladloatthielalsians AHaN Asanadatedegsistance
conferred by van). [0064] Examples of antibiotics typically exerting a toxic_effect include benomyl

miethyl-| - (AR mETIereEesEIcal bring peatd Piaistdn a8 vometad™ss BINF Sntimycin A
(insensitivitynedinfes tesi soneaitol Irline diah:Zdrdtng amf Hftwttnripoky eoie gatibfetied isyiol-& and

fluorophenylalanine (resistance conferred by fpr-1 through -6 under certain conditions); 8-
azaadenine (resistance conferred by mts); methyl methane sulfonate (insensitive or marginally
sensitive for upr-1 ); surface-active agents such as dequalinium chloride, cetyltrimethyl
ammonium bromide, and benzalkonium chloride (resistance conferred by sur-1); and metal
ions such as vanad ate (resistance conferred by van). \

[0064] Examples of antibiotics typically exerting a toxic effect include benomyl >methyl-1-
(butylcarbamolbenzimidazol-2-yl carbamate!(resistance conferred by Bml); antimycin A
(insensitivity conferred by cni- 1 in the first 24 hours of growth}; polyene antibiotics such as
nystatin (resistance conferred by erg-1 and 3); and oligomyein (resistance conferred by oli).

[0065] Also useful are genes conferring resistance to extremes in various environmental
conditions such as a high or low temperature, the lack of oxygen (resistarace conferred by an),
constant light (resistance conferred by lis-1, -2 and -3) or the absence of light, UV radiation,
ionizing 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 meditum) 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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nystatin (resistance conferred by erg-1 and 3); and oligomyein (resistance conferred by oli). [0065]
Also useful are genes conferring resistance to extremes in various environmental conditions such as a
high or low temperature, the lack of oxygen (resistance conferred by an), constant light (resistance
conferred by lis-1, -2 and -3) or the absence of light, UV radiation, ionizing radiation, and high or low
osmotic pressures WA Hisaxticarly preferred embodiment, the resistance toratosdcoesfectis a
resistance to an antibiotic such as hygromycin. [0066] Strains generally useful in the invention can be

grown on IX Vogel's Minimal Medium (N medium) in cotton-plugged test robes, with supplements
being addePHEPERdREP B E %ﬁgﬁ @ P%rq%{gp ais%‘é%}?%%%%é%ﬁ?ﬁbﬂ’é ﬁ@ﬁ&%ﬁeﬁ“ﬁrginine

and/or inosiitah DypicBdrity B1:2066/UAl a6 P G Hs 20 tAb/037dbediaird may hedbiained, for
example, frigm g EingRl GRARIGSSIRE. W&%J&E%Qéi)s@ﬁgf &9&%6%; Rufestking;Staniqu

University. Another N. crassa strain believed to be useful is M246-89601-2A (obtained from Dr. Mary
Case, UnivbiEityasiedordid; rpdhs). iR s siabls qatvevértinn dptor2a 2i0Rich contains a
stable qa-ZnoathtoMETM246pdan mieSomuhatioio Mbedbjbanshamines £iee6h)an1dtatiepthl he double

mutant ga-g, 3aM:3: acks botl, e Biasunihietic.and:catanalic denydreguinase, activities and is
unable to grow onymlnlm%l‘f1 medium without supp?ement St aromatic ammo acids, SUch as, for

example, pHediyial ifinatad webeeent edtiornstia bBineoidy pehm, foosruefnhewdimiseAt niger
(ATCC 469bdonatatalan availRbiesrapphientungal Genetics Stock Center, as well as strains of

Fusarium, Gelasj ora, and. Sordarig fim or be prepared by mutagenizing with UV light to
form an iSO|at@¢éZf?§%lﬁ%%trg}%%tﬂfﬁ% ’Ef?‘fér{é%m% ‘%8%%3 Foa\ﬁ/etﬁ%ﬂ gva‘g?ﬂ%ﬁrﬁﬁh%ﬁ ia. This strain,
which lack$eraiitritodafbemtanyds tretisfestisins lod S usedvnc Akl eb mapBri3 60 Y5)lalteiei folagrowing A.
niger or A. pidylansare BeSatRethN-E e, BIosRiMBigRvsifaia 1R 11 3::RA:mI0068] Standard

procedures are generally used for the maintenance of strains and the preparation of conidia (Davis
and de SerSE R fROHS EIARRGEERSF B 789181 T i SEaia “VEhASTER M EENs P ARDRRAY cultures for
about 14 hoansf¢25€ hasls adesetibédrnB Griliodiiz Medal fdr GelvBigld(1878) &241 #idilahiast strains can

generally bg.growg | @H%f%%&ﬂlﬁ}?{o _ﬁ'&%sAggrai%q@qg&l[géupplemented with the appropriate

nutrient(s), such as, for example, histidine; arglnlne;sghe, tyr, and/or trp (each about 80 pg per ml);
p-aniinobenzd0e8iaStanstiid PR eI ATy Srerasditet (abbarerisgnserHinraseod trany fungal
strains withptagageisitetdochateciersiicmad SublicViavadableythont1971 ) 17A:79-141). Mycelia

are typically grown in liquid cultures for about 14 hours (25°C.), as des cribed in Lambowitz et
al. J Cell Biol (1979) 82:17-31. Host strains can generally be grown in either Vogel's or Fries
minimal medium supplemented with the appropriate nutrient(s), such as, for exarﬁp}e,
histidine; arginine; phe, tyr, and/or trp (each about 80 pg per ml); p-aminobenzoic acid (about
2 ug per ml); and inositol (about 0.2 mg per ml).

[0069] Many fungal strains with the desired characteristics are publicly available. If not
readily available, however, one of ordinary skill in the art can use selection techniques well-
known in the art for separating out either the desired mutants or the engineered nuclei

providing the desired characteristic. [llustrative parental combinations are shown in the table

below.
Table 1.
Diakaryon Combinations:
Parent 1 Parent 2
Phenotypes requires histidine tryptophane
or requires arginine Iysine
or requires uracil thymidine
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readily available, however, one of ordinary skill in the art can use selection techniques well- known in
the art for separating out either the desired mutants or the engineered nuclei providing the desired
characteristic. lllustrative parental combinations are shown in the table below. Table 1. Diakaryon
%2 Phenotypes requires histidine tryptophane gr requires arginine

Combinations: P LhfeRre
lysine or requiresal(frgcﬁ ﬁ%‘nrl ine 15 WO 2006/044796 PCT/U82008/037245(:111}{&5}0%)37 ombinations

Parent 1 Parent 2 Parent 3 Phenotypes requires histidine tryptophane arginine and tryptophane
arginine histidine (provides fusion partners with) (arginine) (histidine) (tryptophane) Tetrakatyons
Parent | Paiektr@Parent8i®arent 4 Paerdtypes réaeités histidientdyptophane arginine leucine and
tryptophand Srgiiie Ieuﬁ?fé‘érﬁistidineh’é‘r‘ggﬂ‘l‘;aalrlginin%%;ﬂ@e]ﬁ‘é histfd#ie tryptophane (provides fusion
partners with) (leucine) (ﬁ?stidine) (tryBYSpRane) (arglnfrrlle) [0070 As seen in the table, a variety of
complementasyicch asmetedstc/ prbpertyargoingpinatiohstioae) be choserpteddil various fusion conditions. In
general, the nutrient requirement is manifested by a mutant strain, while the ability to resist certain

substancesnay.pRere conveniently bg,canferred by qyadificatiqn,gf he nucleyswith an expression
system for thadegsistancegene. Alternatitiely, the nuttitinnal requiiement candaereffected using

recombinant techniques §l§iich as homéb@?@lﬁ‘@ereco?’f%iﬁation wiﬂhP‘éé{Pransforrrhiﬁ' Pector and the
resistance can be conferf&l by mutatiBA Uder condti®hs wher8 &' toxic coliditi8i€%re present.

f00711 In oneoasebrdimentet the)inventians) host celisiase converiedptasspheraptasts for
transformation. When spheroplasts are used, a preferred method or preparing them is by enzymatic
digestion of the cell walls, for example, by using a chitinase/glutamase mixture. The selection of a
suitable enzyn¥0781 ehwyasatie digedbern iwugthiof eoamplamenrteis charactesfic/property

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

[0071] In one embodiment of the invention, host cells are converted to spheroplasts for
transformation. When spheroplasts are used, a preferred method or preparing them is by
enzymatic digestion of the cell walls, for example, by using a chitinase/glutamase mixture. The
selection of a suitable enzyme for enzymatic digestion is within the skill of the art. Useful
enzymes are those capable of digesting complex polysaccharides, and are found among those
known as effective in preparing fungal spheroplasts of a wide variety’ of fungal species.
Specific examples of suitable enzymes include Novozyme 234 (an itmpure mixture of enzymes)
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 Laboratorsy Manual (1982); D. N.
Gover et al. DINA Cloning: A Practical Approach (1985) Volumes I and II; Oligonucleotide
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enzymes are those capable of digesting complex polysaccharides, and are found among those known
as effective in preparing fungal spheroplasts of a wide variety of fungal species. Specific examples of
suitable enzymes include Novozyme 234 (an impure mixture of enzymes) and Beta-glueurouidase.
Other suitable me{pB% T yp(’e used to form spheroplasts. If suitable methods f | wall penetration
by the use of vectors ar(gql%gntified, however, whole cells of the fungal host r‘g@%gé%ﬁé’gﬁ%élﬁgng with or
instead of spheroplasts. [0072] To modify the nucleus of a fungal host strain to contain an expression

unit for a DN#eReading aeartigulagsukupitof muitinlentiaccingdhecpiastise o8 e invention
employs, unless otherwise jndic

ted, molecular biolo icrobiol rec inant DN
techniques tHAP1EHRHHA A gﬁ?ﬂg@?ﬂ’% S LA t@iﬁﬁ%gl%;s‘&é%n %?(%%/%gg'gtfﬁﬁ ihﬁf?er:e% e%%’re. See,
e.g., Maniati$ ®6at[nvolstud 0ello ninigE vxsinadsqi&io Rrastarns a); (BoBa)aD . APr@twel €uidk ONA Cloning:
A Practical Approash 618%%&4%&5?65 I and 11; Oligonucleotide 16 WO 21)06/044796 PC1/US20 O
510 37 24 9 Synthesis (M. J. Gait ed. 1984); Nuclei Acid Hybridization (Haynes et at eds. 1985);
Transcription and Translation (Hames et al. eds. 1984); Animal Cell Culture (R.l. Freshhey ed. 1986);
nghdralZRnone & $ Rt Ferhn Practical Guide to Molecular Cloning

(1984). Genera{dﬂ*‘;@eﬂ &@pﬂﬁﬁﬁf&{%}ﬁ}ﬁﬁﬁ Afde g%t&mm@e&pmig&mm%

molecules encoding the multivalent antigens is placed into expression units, the DNA molecules are
used to transfPrAPERSITHBEE stha MY Szl sralsitotie dingarsietr R H Qs BEd By Snart,
"Heterologousisifmesss pragei) suphed deadibad beterokarmna ol sioaindniNe prosperarodasshimre
publicly availahle from the Eungal Genetics Stock Center, but indepgndent! ins can also
Do used. MUBHETATER 15U Ao e Se T aran . e SR Al AR £ B
and | laas et $odk éisatiesbyt Ddeneadenty7prpags shgint eaimal wabe arsd- Do ptisreerthsrisdnted. doerkins

from Stanford o\ ixeisity.RH 3instaNe: Mt abnerennoes) X ¥ oget's Miniaat MedigméiNsmedium”) in

cotton-plugged test tubes, wi ropriate sypplements being adde ending on the strain's
phenotype. [éb%ﬁ?éﬁﬁéfb?ﬁaﬁfggfgr&’é& a&salgﬁ%i%g L 8‘?‘?%%%@#%3 ice)%ﬁ.e?% f%%%s%%%tf% %I
spheroplastsUthefitygSsassnocyitetdyaovasmiloVeghts NMimimdilMe didtn 433 opdiate"sipplements in
four to five 1ageplL et H‘é%%él%?&%m‘ﬂf}é%ﬂ%%l%%@lﬂgﬂéﬁg’%ﬁ@eﬁOé'é}ﬁnlﬁk% EHtheGR AT grown

at room temperature for 5-7 days.
phenotype.

[0074] Spheroplasts are used as subjects for transformation. To form conidial spheroplasts,
the fungus is inoculated onto 25 ml of solid N medium, with appropriate supplements in four to
five 125-ml Erlenmeyer flasks, which have been plugged with cotton.. The cultures are grown
at room temperature for 5-7 days.

[0075] The conidia are harvested by adding 10 ml of N medium to each flask, replacing the
cotton plug, and swirling the flask. The solids are allowed to settle for a few minutes. The
conidial mixture is poured to an autoclaved cheesecloth bag hanging in the mouth of an
Erlenmeyer flask and secured with one or more rubber bands. The fil trate is recovered, and the
concentration of conidia is determined by a hemocytometer count, with chains being counted
as one. ‘

[0076] A volume of 2x10° conidia is added to 150 ml of liguid N' medium containing 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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[0075] The conidia are harvested by adding 10 ml of N medium to each flask, replacing the cotton
plug, and swirling the flask. The solids are allowed to settle for a few minutes. The conidial mixture is
poured to an autoclaved cheesecloth bag hanging in the mouth of an Erlenmeyer flask and secured
with one or more rubber bands. The filtrate is recovered, and the concentration of conidia is
determined by a hgvrﬁogy({/oﬁ%eter count, with chains being counted as one. [O%%%]J%% Uif&’of 2x109
conidia is added to 150 ml of liquid N medium containing 1.5% sucrose and appropriate supplements.

The conicia affsImielsdinduf saansaluacd fask i shaking dRQrRABAm)Ien 0 hours

room temperature until more than 75% have germinated and the germ tubes are 1-4 conidial

diameters iRIR@AEFHD WF@%‘@H@%F@‘H&‘?\/%%%Wh(féﬁﬁ%ﬂb%lé}yﬁbmﬂéﬁm%ﬁoi@ minutes.
The cell pelieﬁdi&mﬂged prreattinReswmimgivet e aﬂléﬁt@lﬁw%ﬁ%faﬁﬁ?ﬂm&%ﬂm [00771

The pellet |sdt en.re en fad Iij‘Pdﬁ of 1L.OW s¢ ?? to}, ang the g&gro%%}sg Eg%tlons to prevent

enzymatic remova ofznthee h'coni wall With 4n enzyme Under is
the "bursting®-of the spheroplasts as they are formed. The protocol is adapted from the method of

Volmer and vansiioBiaE:NalAcAdR 4 (ARG A3 880 2o ST LSpesisely. i a serle 250

ml Erlenmeyer flas e conidial suspension is generally added to 50 mg of a solid enzyme sold by

Interspex uRtRSFHE %ﬁiﬂﬁﬂetﬂéﬂf@%\%\?&i’%@‘éﬁ S IR Wik ERS TOOC P S6E M6r about an
hour (4110 i dleshistdig@shtiken CHIDwatl) diti@°Shliereplasiddronafit pratessdsiontipionae by

examining 3 saky ai'Hé?y h%Io st %&%’E%Hﬁ%@%&?ﬂ?&l ¥o%rﬁi0? &&RNT § d&%ﬁﬁf‘ﬁf Q&?Eﬁh%a” be

detected because they yse bsmoticall en water Is a toone e e co er slip. The

process sh@@?ﬁ%@%&ﬁﬁ@?@@%éﬁd@ﬁ@%@tﬁ@}aﬁ@%@é@@ 673 BRdrinstinst berAStideYBOTIL The
spheroplasbgistivgriswiraanies inispacates daclodrepnicat camilifuge tabessandutdsespheroplasts are

recovered bxﬁ{ C?Q}Q Lég emé 52(1\%5)4{1 %e(rl?(t)iénegﬁt?or% as}/\f r?ﬁng bucket table top centrifuge. The

resulting pellet1s rin &n°Once with the following STC solution:
91 g sorbitol; HE07ANM Thﬁss@#@@ammmcmcmmdlmm aN@@]GI 16-adjustitvd gHtG@Odadeds. to 500

nil. [0080] ﬂh@s@ﬂ@kﬁ’é@ %Q'?e%w&@@tb'ysc%ﬂﬁﬁ%@ﬁ%%@@ EB%W@Q%@:Q%@H odimARY buBMSO, and 4

ml of the followin solution: 200 g Yeth ylene glycol sold under t
table top centrifuge. The resultmg pellet is rinsed lce with 10 of 1.OM sorbitol and then once

with the following STC solution: 91 g sorbitol; 50 mM Tris. Cl; 50 mM CaCl; ; sufficient
NaOH to adjust the pH to 8.0; and g.s. to 500 ml.

[0080] The final spheroplast pellet is suspended in a mixture of 1 6.0 ml STC, 200 pl
DMSQO, and 4 ml of the following PTC solution: 200 g polyethylene glycol sold under the
trade name "4000" by Sigma; 50 mM Tris. Cl; 50 mM CaCly; sufficient NaOH to adjust the pH
1o 8.0; and g.s. to 50 ml. ,

[0081] The resulting suspension of spheroplasts can either be used directly or stored frozen
in 1.0 ml aliquots at -80°C.

[0082] In a sterile, 15-ml screw-cap tube, 2.0 pl of 50 mM Spermidine solution, 5.0 pl of
the plasmid DNA to be transfected, such as that containing the expression system for an
antigen of the desired multivalent vaccine along with a selectable marker such as benomyl
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 ul of thawed spheroplasts are added to the tube. The
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trade name "4000" by Sigma; 50 mM Tris. Cl; 50 mM CacCl2; sufficient NaOH to adjust the p1l to 8.0;
and g.s. to 50 ml. 10081] The resulting suspension of spheroplasts can either be used directly or
stored frozen in 1.0 nil aliquots at -80C. [0082] In a sterile, 15-nil screw-cap tube, 2.0 p1 of 50 mM
Spermidine solutlcw %9 %I4g the plasmid DNA to be transfected, such as that containing the
expression system 1o an antigen of the desired multivalent vaccine along witi AUSHSRPARE marker
such as benomyl resistance (usually at a concentration of about 1.0 mg/ml) and 5.0 | of a 5 mg/ml

heparin solyfjon,ate t‘ﬂyﬁ{%ﬁ&éﬁc&m&%&'ﬂ@@mmﬁép&{m%%tﬁﬁﬂlé}fblﬁ BERaIESHRMiflissoIvVing
12.73 mg of spermidine in 1.0 ml TE and ad] ustm&t e pH to 8.0, and can be stored at -20C. The

heparin solltibliaédirebrsrettasssefids oG SoriagT ﬁﬁ%ﬂé@ﬂ%@ﬁfl%ﬁl HepebnickiogshegrbsTC and
can he storethinfrazenaliguotsd ﬁﬁﬁ&ﬁhﬁ@em@ﬂi@eﬁaﬂéﬁhed&m 20enbiaths spun (pulsed) in a tabletop

centrifuge and ed ina bout 50- Id of thawed sphe ts are added to the
tube. The 18 V\}gggbo'g]gllgf%r& /@S%ﬁg}ﬁgﬁ%@ mixture: aﬁf%en w?c[,‘}ﬂ(ée?l?g%?o?r\\fce about 30
minutes, buMadiubutf3a péeiousiaf laﬁ?(ﬂm@bl?ﬂumg;g é@g@e Hes/ohesardscutsdficcdabd 0 mil of PTC

is added an@frws@Q 164 B flickaenthriibs o/ TG Ure/iSingHaled {usthessatdapsgemperature for
about 20 minutes. [00841 A Regeneration "Tqop" Agar is pre(gared by mixing: 20 rni 50x Vogel's

Vinimal MetRBoS TR N B8y SRR o8 g haar CrAS O S At ved and 100
ml of a IOx ¢euEmBagtittspi{eoptainingl plgéhfid CiNge TBegibmssteic Zpgidkgskum&ﬁ Bt RO} aﬂrbose) is

added. 15 mof i 199.0AY IS dne BRis ALR0ARG BNl PHICHIOI BeduR, coniRin
% r?g an% gg e tube 2-3

spheroplasts and plasmid DNA. The contents are qU|ckIy mixe invertin
times and then[mﬂ)rl?ﬂ‘ﬁ putiray %%%H%Véﬁéfbﬁlaﬁﬁ@g'ﬁ’@twr&éaﬁuw@%?%@"B@ﬁom" agar is
prepared bymetking amydeduired CaRpMentaGs albaadiug: ruasiaviegsaneaddingk@x FIGS and

benomyl (if benonnyl resistance is use ker o final concentrations nd. 0.5 [ig/ml
respectivelyA<HI] %’a?fc%c?ﬂ %tfonﬁc‘))?f g?ag d?%‘?f THEY poti EJ‘fgf%‘?ftrf‘;tl}x Bﬂo ed to harden.
10086] After"totdmf @arsmasrbbmtnpdtmed)mm&elbwdm baydepbubbles are removed by flaming.
The plates are g in.anpdighpastionaniidiedonartbasaldlianahouta mipuiey. If the top

agar tends to harden prematurely, the bottom agar plates can be prewarmed. Once the top agar has
solidified, thE4htEsTRRePIAE BISHstP b HRTSHEROSHSHBRibhe top agar has solidified (about 5

minutes). If the top agar tends to harden prematurely, the bottom a gar plates can be
prewarmed. Once the top agar has solidified, the plates are incubated in an inverted position at
30°C.

[0087] For selection of the N. crassa transformants, the host is thus cultured on the
appropriate medium (having composition only the transformed cells can utilize or containing
an antibiotic to which only transformed cells are resistanty and incubated at about 34°C. An
indication of a successful transformation can be seen about 24-36 hours after plating. Stable
transformants are generally scored after three days of growth. The incubation period to detect
transformants will vary depending 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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30C. [00871 For selection of the N. crassa transformants, the host is thus cultured on the appropriate
medium (having composition only the transformed cells can utilize or containing an antibiotic to which
only transformed cells are resistant) and incubated at about 34C. An indication of a successful
transformation ca%ezaﬁl]%g out 24-36 hours after plating. Stable transformants are generally scored
after three days of growth. The incubation period to detect transformants wilf %’F{P&”@E{gﬁ&ﬁ%g on the
host strain and the phenotypic marker. [00881 Selected transformants can be screened for, expression

of the desired ggigens RUAHVLRY slandaihmathodssuchas n ARRIRIRIG A4S A sRlablot

immunoassay, restriction enzyme analysis, filter hybridization, nested deletion subeloning, and the
like. [0089] T BF&RBREOBR HEIEUA RIS e SRR e N ANt e ERRERLEETSHS Used to
produce fungaliasi-Siaing £XPLpsENGA) eIy hegamhinesiianigrmerantgangmopdeachl host
strain having gne or.more characteristics, that negatively affects growt der specified conditions but
IS correctab‘gel%lf/e% E%ep%er fi%rgn g?reeg gljl aﬂgﬁ%%gﬁﬁgﬁé%{gt a(lelr(é rﬁ%}é{?n[&%}ﬁ azcr%ns?ﬁ%ﬁ%%nost strains
are the parefits 38U colfirh teptnstiaraikbiryorssobtitsatimdERibnistgldyogosiauet pgehe

PCT[US20Q3/0314242 QR 1Al erpativel¥r eleGH pRSALIOMPIRERSIHISS: AR AR PSRE IR Jaagform

freshly harvested conidia of filamentous f\tf%gus%uch as Neurospora crassa (Van, D. C. Fungal
T

Genetics NETSTERBING. ASARUBIIEREH (1895 - FGEARr AL LORTRIPAFA HafVesidTrom 7-28 day
old culture$nVhegellEkrewpashedlinid s sdtbitebkaleioniandsidpendad Rb/afinad ecacmgtodtion of

2.5x109 ce"g{% ﬁpﬁ%@%&%{ EOB%R&QT‘ a&&&%%%&g%ﬁsﬁgm@e@ﬂé%ggfmSn gggmhte

suspension and a portion of this is placed in the bottom o electroporation cuvette, for example an
electroporafsitigndnenwifheud DiempgassKntisibctralserahst @Rekeas an InVitrogen Electroporator Il
is set with a vqlieeg gradisihefralefshLbkhy savrRgod wading afinaheiitd foxn el abdthRO0 ohms.
Following electroporation, the, cells are plated on appropriate media with.or without a top ggar
essentially ggraaéaglcsn Sé{%&a{éggie%}fﬁégﬁd&ﬁlg’v%i%ugt?}gﬁgf%ﬁﬁ%ﬁgnr,ngéz gﬁfghﬁrg ue |3ﬁ%§)t§r%a?§%erived
form each raofeowiassierieant isestablighodividedsaseding the culture on selective media for the
particular host cell and expression unit used in each individual case. Production of the Heterokaryon

[0093] Because alﬂ,roof égg[i%n%g]%ettgg%@%%re chosen to be conallelic with respect to all

[0093] Because all of the fungal host strains are chosen to be conallelic with respect to alt
heterokaryon compatibility alleles (with the exception of the mating allele when the tol gene is
present as explained above), when the host strains are cultured together under conditions
wherein none of the host strains can survive alone the fungi are fused so that the heterokaryotic
fungus of the invention is formed. By hyphal fusion, the different haploid nuclei of the host
fungi come to coexist in a common cytoplasm. While not wishing to be bound by any theory,
applicants believe membrane fusion results from the aggregation of intramembranous particles
within each cell, making possible cell contacts between protein-free areas. Rearrangement of
the lipids in the contact areas then leads to full fusion.

[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.

Generation of Heterokaryvons Producing Defined MLultivalent Vaccines

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

expressing immunogenic antigens derived from pathogenic organisms. As described above,
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heterokaryon compatibility alleles (with the exception of the mating allele when the tol gene is present
as explained above), when the host strains are cultured together under conditions wherein none of the
host strains can survive alone the fungi are fused so that the heterokaryotic fungus of the invention is
formed. By hyphawg%i&)gﬁm%gifferent haploid nuclei of the ho_st fungi c_omePthc;g 2)(()ioss'goin,}ia}wcommon
cytoplasm. While not wishing to be bound by any theory, applicants believe membranefusion results
from the aggregation of intramembranous particles within each cell, making possible cell contacts
between profeinfiescarpass ReariragRmantobthelinids: ia-thes contacdaigas thendeagsote full fusion.
[0094] Because each of the parents contains a nucleus -which produces different antigens of the
muItivalent%@é?ﬁé?’[‘ﬁgv%%li(ﬁfﬁlﬁ%terokaryon is capable of producing the completed multivalent

vaccine compfiEifg niuktigtenariti fonisetdORAS] obhbdh eredokes yofivutinas geigenatedussstable, with the

nuclel diVi%%é%&Lt@QQ&HJ%aiﬁ%&&%ﬁ%u@@ﬂff?&o& O HSIRIOIRR QBRAE E‘?H&%@@n'ﬁ%[ﬂ%%%%ﬁva'em

Vaccines [0096] The compositions and methods of the present invention employ heterokaryon
expressing Fhaati geidie abaGEaHBPNCEY BHY Bioma) guprleaieimienia hesas stiseiredlovih 20 wo
2006/0447 96 &(sthickS200 MABIA4 Sornailtretbrakasyend a ganessad Hom ek mefeahost strains,
each heterokacrigon ro ucirll) at.diff%rent mqr!tivalent vggt_}jne; [9097 .Ig)ne eﬁ.?erggplgairs a Shgntgrokaryon
that producglé?m UEHZA & |ge?1'\93r(|’aﬁ?§§n+8 rgalenr;]q’er?g?é Sulh'a strain, conidia sugpe i6rs Sf each
individual phedntratdaimaaretrinixeitdageitretitonmatotitiathetipndnstraferwith dufeansf tetrittosal
supplemenig,, of;in4hes GAIRE ARShcaliaWiih ALESIRIAACE A0 TNMedR GOR ARG thR Fytotoxic

agent. A heterokaryon made from a_predetermined combination of parent strains may be formed or a
library of heT&ABIRNBhAHTASAIHE 17 HRH g TH4T % ®Bsing a microtiter plate or other convenient format.
A few of the many combinations available are illustrated in the following table, Table 2, which is given
by way of example,gpd el Beant §0 adaNURGIR RBY Meihchishler RrzRaRImNaRddeterolcaryons For
Production of Multivalent Vaccines Parent host cells contain genes from Influenza Strains AHIN1 or
AH3N2 or anlith aqti enl}g:.variant gmt}ﬁﬂue%z%gtfaﬂig’i"" A single vaccine production strain can

e ost ce ontain gene
be generatec?rbase on ?‘Ie C 0|§e Ofg e u%&thl or AH3N2 or BHN

with antigenic variants a,b,c,... de.f,... g.hi,...

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

Or a panel of vaccine production strairnis 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;
“variants” = different combinations of antigenc classes of H and N antigens of Inflfuenza 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 NaNO3, 10.4 g KCl, 104 g
MgSQy, and 30.4 g KH, PO,.
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Heterokaryon comprised of: strain ¢ plus strain f plus strain h Or a panel of vaccine production strains
can be generated such as Heterokaryon one comprised of, strain a plus strain d plus strain g
Heterokaryon two comprised of. strain a plus strain e 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 8O B#ii¥nza type B; "H'=hemagglutinin; "N'=neuraminid43&/SaNdms" =
different combinations of antigenc classes of H and N antigens of Influenza types and strains. [0098]

A typical mini edjum contains: pery liter, 5. Dextro 0.0, mis of I lution, (below), 1.0
ml trace eIem@?égzbgrl&ngfn%eﬁ}g sg"f&td%? fg\ré%}%%ég')ipﬁ %ﬁgﬁi‘? &87 rﬁr)?éé%%s? ’ttcl)lﬁde)%%ﬁ c%lé?’form. The
Salt Solutionécofeiisci20.0 ¢ MaNETB, 10U 18.4.6 eNlgSO47dn e 30MUegMadR4204).21 WO

2006/04473%%_‘5/}_%%@@?@35 49 4[9099) The trace element solution contains: 1.1 g (NH4)6 Mo7
BO3, 1.6 g CoC12 6112 0, 1.6 g CuS0O4, 50.0 g Nat LDTA, 5.0 g FeS04.7H2 0,

024.4H20, 11.0 C

5.0g9 MnClZéipPg@?] EHBS?Q.@‘@%S@%W@‘WW%%%B@ TiReLs i HisikaecHs fkaryotic
filamentousfugulstonciis; heteipikanyalicisiatey texterarakioyoingtisngpdicdhinedmGiowing die
heterokarngc fusn,g[%lec lls o minima)fl mgldia "forces” the strains to reltm%

strains %?Eég&eg]gf tﬂ£ I’:\ting types

are opposite the presence of the tot ¢ A R B T TR Stable AT Ay haterd aryons.
[00101] Theamutwwcie nsadbicommngipridie 64 iy kaitrakayeae heterokaiyons of the invention under

conditions favgypfie) tenpisciRAQhis ARtigenR.d B9 Mutivalont ResheaBHINhMaYelRecovered
from the culture and purified in accordance with standard tec nique‘éﬁaq{%ﬁted, of course, as
FEYABRF

necessary {FeSHdieRs fexRfehisdodraTERrgEHY 180465 £ REtHI RAPESIE B mentous
fungus carriesanexpidssiothainitithatndllpuisch e hostideing eiltureddo s ectetgibeadagivddimultivalent

vaccine dirggtly into ﬁe@é@g}}aﬁo %rgs\ég\},]: %@@Hﬁur%ooﬁﬁé ga«aé&g;t_ivalent vaccine(s) can be purified

directly from cell-free _medium. Or the heterokaﬁ/otlc filamentous fungus carries an expression unit
that directs thd003dBrrerstive the htergkeaotisiluanmiars, fsrars catimam s AR IRgERYan be

isolated fromwelldysmiesdisafulpuiiic ationsnetbedsimagtosdancaswii Kiewry procesiin@sire within
the skill of the aft, Sueh 8% kAR TRI IRIREHIA S B SRS B REIARGS dirgrmatography,
medium. Or the heterokaryotic filamentous fungus carries an expression unit that directs the
antigens to the cell surface. Intracellularly produced multiv-alent antigens can be isolated from
cell lysates. Useful purification methods in accordance with known procedures are within the
skill of the art, such as, for example, molecular size exclusion, ion-exchange chromatography,

HPLC, affinity chromatography, hydrophobic interaction chhromatography, 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. Bucaryotic, 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 virases only cause a mild respiratory

illness and are not considered clinically important. Influenza type A viruses are divided into
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HPLC, affinity chromatography, hydrophobic interaction chromatography, and the like. Antigens
[001031 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 inVéhHB*®A8ther use for the invention is to prepare antigedie¢biANS4RBHS
against a number of different antigens simultaneously. A preferred embodiment of the invention
relates to the preparation of multivalent inflyenza vaccines. The influenza virus i stantly mutating
and generatiﬁ%bﬁgwss F‘gﬁﬁgo.lm[c%%?ﬂfneé?ﬁ ?ytfﬁﬁgsmlﬁé iic u%‘f ﬁg?lségi?grﬁarsnea ‘fﬁ\{ tlén %@%s%rglinvention
would be unmevessanielier(tidg. aEhthariaveriibivgs elijpfieabte fovamsmtberintestiamaet Ay pathogen

strain for thagmatiel .A9AL BN There /'S thiredyRes ol ilienzasvitit A Rd &iahRESAand B

viruses cause_ epidemics of disease almost every winter, while type C viruses only cause a mild

respiratory &5 Gt BravRish s kusar i i SRR O EHL. Influenza type A viruses are divided into
22 WO 2006/04gMa6 37 CHe it Si2eRa/ 0312 Ahwsidbtypds hrrsed nenthomprotains odriive Swuafheamofthe
virus, the hem utinin, (HA) and ramini ) infl jruses
that niect e S A B e S B e e o

avian influenyariprtisTgisnhe) wisecrensorAdrpORs it dherLinseths agedare [ouS] "PRENATIIBIfRA virus

famously undgrgees{emendrus antiae Nyl iffosept naHRt Bl efDitsissay oted Bieuad dapwvorld to
monitor the antigenic dri o{;é%w viréjs, o) th%t %?%{ nﬁw f\/%ri nt strains tha%,arise an be, identified and
then used to PrEct i A dRHHE A G REE I ieR HROSH L RIsER PrsRprtHE s ?dﬁ%ﬁ?ﬁ’e;e/‘fts)eﬂﬁoect people in

a given flu smaﬂdpuﬂtiddaﬂtfmat'gmioqﬁa@aaim@ﬁnﬂmM@ﬁﬁﬁé_@slr@mm@Qh@ds of the disclosed
Invention can b%bﬁﬁ%ltgng&{&?e%somﬁl&wﬂkem&@mry&ﬁaa{@rmhww&fa&%éaﬁ& hgassgd to prepare

vaccines. [00106] Another embodiment is directed to preparing multivalent vaccines against

Plasmodium, PRagermsiuan pr 86926 ATttt bRt ifsdorieReriat dati<e marapiatia BMIWEA: Examples
of the four in@yeenPlassnaghisariidudambPlagmeditin datciiasumapgobriphlishofA pateaddssofigainst
which muliivalent yaceines are.conemplated e RUTANRARIATA VNSRS R g 31, human
immunodefic%ncy Sirus %ﬂf\?E ﬁerpes varicella virus, measles virus, Epstein Barr virus, respiratory

syncytial virusimssesitfiud 2ad3 hatpesn dmaplesdsfiséency/ivings didvhéwseessintisidle Kipes. mgptles
Antigens suitahlgsagiaaeisfon the, disslasad WMemtidNirus, 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

ahost.

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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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. FoIIowiQ,gOZZ-O?Og&X;,Qof growth, the liquid media can then be collected under sterile conditions
and tested for the preaence of each specific desired antigen by standard anaftiCA HHEIBAE including
but not limited to ELISA, PAGE, capillary electrophoresis, and spectrometry. [00108] Upon
identification of a ﬁ%%ﬁ)?@‘il@xﬁ@&@ﬂg&@@ ggﬁgé}gle variant of the multivalent vaccine, the cells

stored on the solid media can be expanded to Iarger fermentation cultures by standard methods
When grown URSEPOUREEISEYPRS Sptiea QoA dhat & e th & Yt meetrirsibry dimbst heabathis

expanded hosigeidtolehwihpiodotadfegdasiiasd rouuct iscosificientquantiias foefwdheresearch
evaluation vceﬂtsuu% use.as are accine..23 W 4479 P%H{]J6820051037249

nd ce, for ng}bégaqi\% oiéms suc(R E?SQt 66 49 S protei SpOra.
Assay for CellBufade Directed Kntigens 1051081 ¥ie erokaryons can be constructed that express
fusion proteipsvetias displeapaeotdied. wetiigeriboM it moitire! dieeshomy dhsporectasioe proteins that

are normally difgqtediiQ i Luneate all U peandRl GXRMBIGAYAIRRGDBLRIRIBIBRISUGE as the EAS
protein of Neurospora, as well as permease proteins, such as the MTR protein of Neurgspora. These

proteins are*REEEed e PRt RE U RSARY TSRO ARSI RREER & G P n RN Rl B8RS roteins are

constructedtm@)@xqssahsedtilgylme drsowidibkifiow tendsactihgnd by @tfaﬂaleralatna.u}diwdmﬁtmmins that

EXpress the@%&' &1%’21&*i‘l%ﬁﬁ!é,%%‘E?‘é%%?ﬂlﬁﬁe%%%?é{ﬁgc%ﬁ%%@%r&%ﬁh%'éiﬂ?g{a NGHQ0R, These
clude, elin tibodie

methods in ut are not limited to, direct or indirect cell la g by antibodies specific to the viral
antigen, follBwed©y HetectcmiigespdimshaniftsytinnriussriBakindSiechy vrEarsmsensde st are not
limited to, Elabads iMisua, eniftierstaieaispesirmnekisuanst flavesydoanaisyrbasivid ual stsains that
express antig’(fnns ma)itgendb% fysed%k?g?eretreesstseaqn {)rnsimult neQus. expressi ntogtpe individually
expressed SRR N Pgé‘ﬁs?%ﬁcfatﬁﬁs FESUrin & mattvalent grrlgé?t OF the Tmmune é)f}stem, useful for
recombinantivadieiress efhesstinadiyedmdiftistupliyifisptissedauvagefantidors, SedtbtedeAwitigens [00110] If

the antigensaigARhsREEIRH HsHalLRATHIICARIGYId Ll se0PadamaneHidisiypied by

standard methods and the cell supernatant and debris assayed for the multivalent
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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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 evaluatiorwgn%?olﬁg)é‘.”[%%lll] The following examples are offered to illESTAEEBHPHEt o limit the
invention. Example 1 Synthetic HA Gene Constructs [00112] Synthetic genes (HAO of A/New
Caledonial/20 69?9!8#%9'9%%&% A Yigtnam(d Jsé’q‘r%]l&%%“é\!d?ﬂﬁe@ﬂgrh"!h%f yblic NCBI database,
AlVietnann/1194/2004/H5NI), were designed by the following method: 22 WO 2006/044796
PCT/U82008/88 FoagnfddA? Benesy %Mﬁé&@%ﬁ@%ﬁ%ﬁ%ﬁﬂ@ﬁé@%@ kiR ¥l the public
NCBI databaggedeeth@inddandAtgenese. diungalisignalssraurnce was subgtitttiedfendbe native
leader Squetrﬂ%?'egﬁisri‘%tfk}ie% seguence, a gene f% cltjjrril?glgla!eex&x{lession was reversestran lated and
codon- optimized using Neuros;?ora &r48¢a Toadn pre erences. fﬁ%ugré(heu\g%sc% Was aftefed to a low
free-energyfifesmenongyidhrmwastiompsteehtputed trcrsdicosatand sty sotererinithbaascentmRIZNA. The
resulting geng wasishingReasc e fintirg ﬁaliﬁiﬁglds%efn%(%@&csﬂtg&%&saﬁsﬁ&erAal;?ratlon of the

sequence to remove such sites, the sequence was also checked for transcriptional termination sites,
and any fortfHOLRE DG PR &Y ETP0D 1) S ﬁfﬁi?ﬁ%&?e‘ﬁ%ﬂﬁ%%%@f sequenced. The
resulting DMAnseaiptsuhtloneatinie stegahdng, thheniseapdreacete eheskdor errors in the synthesis.
After sequenc kmation, 1 ubcloned into xpression tor (pl-IDKXLJ for the HA
and HAO gen@g?%ﬁﬁ%&%@ %?%e%%%’gﬁg g%ﬁ‘gl’t%ﬂ%}%‘%‘ggﬁt% }éﬁ‘ﬁ’&%@%@%&“ﬁ‘}iﬁé‘% IIAO
genes werd iy deted foithayrednsacad tacherk forgernrsiNbe pysmss ahBahesdingene was targeted

for integratieshatihe AmMHgene O HMeUIRIR FxXaNRIBressXFEsSIARHRIAD! Nh A 4Q0115] An

expression tor encoding t thetic hemagglutinin.0 (HAQO) gene with a fungal signal sequence
tached (o T RAEE oY VoAt A b A T LS O R SGEALEY
Transformagitsewerecsetectatieitiegfotiddistittio & prdiotropbyNpLhBIOX, did hedvl] gene was

targeted for integration at the 4m gene of Neurospora.

Example 2

Expression of HAQ in N, crassa

[00115] An expression vector encoding the synthetic hemagglutinin 0 (FIA0) 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/MI1 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 devetoped using
antibodies against influenza proteins, purchased from BIODESIGN. Contro} 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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HAO transformants), or for Hygromycin B resistance (pALGAM/MI 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 0.38 $¥44¢ERfract in 125 ml Ehrlemneyers were inoculated REEHUEBHMETHHtely one
million conidiaspores/ml. Samples were either grown at 26 degrees C, shaking at 200 rpm, or in static
culture at the s rature... Samples taken after 2.3, 4.5, and 6.days qf growth, The ELISA was
developed usi gmgrfﬁg(%%%g %fagitr%ls%oﬁl fégﬁsz‘geﬁ% %tlencé} g@%ﬁ%csaelgf’f%%kl %ﬁ?ﬁ%f@ﬁae{ﬁ?trol antigens
used as staleErPsaEA pigritthsErPivalty.PhoiersiSHe medeiCd floorationddst BA spositveveamples were
rescreened hy-Westesnablofsiyising standard methods and reagents. 25 WO 2006/044796
PCT/US2005/ gg@%&%&}ﬂ Various growIEh conditions were tested. Specifically, shaking and static
cultures were Speci &% ﬁ(’:f?%?ﬁﬂ%\m‘?q & YREANEE Aot sd i eeltiese iy warsies were
harvested folemaigisisni 00418} Sarh ptbs weretfpatitimnaid anby DG PG mabstpleiteaéa Bitrocellulose

for imaging. ,He Lkl -S| i clonal anti-HA (HINI) antibody, followed by
anigost o2 L L Bk SRR Toot10) A

western blot Pt oTesieshdeidhtentir dwimesionREhs synereticHAD MighireragsaHighign® shows a
Coomassie bluESiRIReEbEDSBAMERIfOMINe STFfCEAtHAG sloneso FigueSslipws.awestern
blot of staticzculture expression of HAGS, This data demonstra the ability of the present system to
recombinanﬁglggrfpgraég% i%ﬁl‘jveeﬁg%én &% eglésnsst %Hcfﬁﬂ%ﬁl?el':e%é?ﬁﬁéo? R}eﬁﬁgﬁeﬁéié?@sdﬁﬁﬁnﬁrﬁﬁ%enza
antigens in filmghiliterEtiskapsonsyito 20]Expléssity veptersiafbipreparedmaindudiig to the method
discussed in Example 1. The DNA is introduced into Neurospora by electroporation and transformants

are selected according to the methods of ExampleEg{.aA r’?éJgivalent mixture of influenza virus proteins
is produced from the cultures since the expressionve%s“encode HAD, HA, and MI matrix proteins.

26 MCSLLP Claims 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 HAQ, HA, and M1 matrix

proteins,
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1 Filamentous fungal heterokaryons wherein said heterokaryons produce a multivalent recombinant
variant antigen, wherein the antigen comprises a complex of at least three different vir, b%rﬂtsins, and
wherein said heterokaryons are formed by fusing two or more fungal parent strains, wherein said
heterokaryon requires the presence of all fungal parent nuclei for survival, said parent fungal strains
each contain an exogenously supplied nucleic acid mglegule that encodes antigens the at least three
different viral proteins and where said fungal parent strains are homozygous for all heterokaryon
compatibility alleles, and wherein the multivalent recombinant an?t@en is capable of immunoreacting

with antibodies thht bind i ReN S S8R Seteh BT PRBEIAS Btk el L of claim |

wherein thejuitivRiantantiepnRacra sackeies R waelubleneratains ity iemmedisras a complex.
3. The heterokaryons of claim 1, wherein the multivalentﬁntitg&?ns are secrefed as soluble proteins

into the cullG?& SHAc GRS FHPIRE B nAB Y ot IR IS REATS AL SF S LR oA Db s o

multivalent @ntigensiasel wiainedrathinibeieyioi astarot dhe furgal e tarokartans oball iengal
heterokaryons of claj roup

im wherein. the, ira%)ro ein ii derived fli?m a Vvirus selected from the
consisting- TAFSAZE A0S SHERAY ngi%‘ ALY B HONAS " SAPIENE GHOET8 R R Yebilloma

virus 31, herpasivaciceta \ifuls, thieaskesivirust fpsteio aBansvituss tpikatonsymoytiak vnds,

parainfluenza 3, herpes simplex type | virus, and herpes simplex type 2 virus. 6. The heterokaryons of
Claim 1 wh R E AT SNEERS ST Bl TS T b e AR L GRS e F e
heterokaryans aheteimtbewidrdinl¢herantigbimatrentigerpiisegai v afiantauodiedetenzaitiipe A and type
B hemagglutinjn and neuraminidase, 8. ethqd.to produce a multivalent vaccine, said method
comprisingatﬁ%t)sof;a&%s g}ag&ﬁrﬁigﬁ ﬁ?ea %%ﬁ;%o aﬁ,g%ﬁ%‘?&gﬁ% 'inder conditions in which the

exogenously supplied nucleic acid molecules are expressed so as to form a multivalent vaccine. 27
2. The heterokaryons of claim 1 wherein the multivalent antigens are secreted

as soluble proteins into the culture media as a complex.

3. The heterokaryons of claim 1, wherein the multivalent antigens are secreted

as soluble proteins into the culture and aggregate into the complex .

4. The heterokaryons of claim 2 wherein the multivalent antigens are retained

within the cytoplasm of the fungal heterokaryons.

5. The heterokaryons of claim 1 wherein the viral protein is derived from a
virus selected from the group consisting- 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.

6. The heterokaryons of claim 1 wherein the viral antigens are derived from

influenza type A and influenza type B.

7. The heterokaryons of claim 6 wherein the antigens are comprised of variants

of influenza type A and type B hemagglutinin and neuraminidase.

8. 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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