Yeast-based Vaccine for Inducing an Immune Response Field of the
Invention This invention generally relates to yeast-based vaccines that
can elicit various types of protective and therapeutic immune responses,
including cell-mediated and/or humoral 5 immune responses. Compositions
including such yeast-based vaccines and methods of using such vaccines,
including in beaisinhised\Whatine fopdndivingiand mmuwiscBespdsein. A
variety of compositions and methods for vaccinating an animal against
influenza infection and for treatinfieldpighe diventinfluenza infection in an

animal ar?h?é%ﬂv@&fﬂﬁ’%%ﬁcl%%%&ﬁ%ﬂg %a@?%d%@%&&e@%@%&ﬁ%ﬁ&% types
of the most cost-effective measures available to the health care industry for
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heat-stable vaccines that can be administered orally and that need to be

administered only a few timesppseesaidyoeaidyinndifigorAlSO preferred are
comblnatrpn vaccines thattc%[ rotectlnd |duals from more eh

aCCINgsS_are one. o 0§t COSt- ectlve meas res availa %F: to ,the health care
disease, as wellas vaccines ha 50 no requwe an aaj juvan that can
elicidostityriediateptehermoraindndameo sdl drmmsmltSFhQ@TI@mmm Viary dfew, ah urgent
angeYPGEINESMBELA GhiheRe:aueacines iac e AURIRI] RAHMRDRSaiscases,

are fﬁ‘é%uently used in conventional vaccines, and particularly in vaccines
agHIfSt{talinrsctssd for e&&ﬁﬁwe%d\%égfﬁqﬁﬂ@hfa%wweggape cancers,
presasily d uss- aﬁh%mr@lﬁﬁﬂ'&@rﬂmahﬁﬁﬂ%%ﬁt&ﬂ iNpghivaieshy agCiAEcines, for
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As set forth by the World Health Organization (WHO), influenza virus types A
and3BCHs BBt dbivishiBaEle s f i faaisdpirhes frﬁeesé%WAlﬁﬁbuw%%ﬁhat do

VirystyRps-nay.apnas: eptdemicaoéicansiarrblesnonbidiaasdraidality ifunity.
meH%Hza B inf ctlo s are often limite allzed outbreaks, whereas

O infiliefs KTiATEed §Pé’ S ARG & Ci{rféé Sfeiagrr&g?aepldemlcs including

worldwidg pradeniesuiie inflienss YiugdgRmenkar iaf b eHbRNY%ecines, and
virus fan](iﬂl%é%and has a wide host rgﬁge including humans, horses, do
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. pr@ﬁa%t@ﬁ f@wﬂgmwer%qnvmmeeﬁ@n@gg@e wrﬁewcgéw dsAthé {shlee fittenuated

genaralion ehviius) forthe produclionef INUeNEANAREARSd (wdRlIRAZAVA viruses
viruses undergé) frequent changes in their surface antlgens whereas type B

infREHZEGHTSRY BANNGRITNES fratd8hiffiinthifiiey AR thideBr P& HO):

straiflunay natuprotsst m_lkynagalraet subseomaeninacdigenicfvariantespimery illnesses.
Co'Eﬁl%ﬁgﬂ%%thngﬁvu¥Q§]§eQ%ay cause epidemics of considerable morbidity and mortality,

10

30 influenza B infections are often limited to localized outbreaks, whereas influenza A viruses
are the principal cause of larger epidemics, including worldwide pandemics. The influenza

virus is a member of the Orthomyxo virus family, and has a wide host range, including
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10 against influenza must be designed each year to match the circulating

strains that are most likely to cause the next epidemic. Therefore, the WHO
annually collects data based on the surveillance of the most prevalent

influenza strains circulating among people and makes recommendations for

the influenza vaccine composition. Currently, the vaccine includes two
subtypans.obprfised2asA s aiftl Bee influerdn B \aFoReth tiegajiiecipse TREIA virus
vageig-Laiigaliy REoIRSER aRRIGKIMateihn BA%:8R%0rat Realthy, BAHKSIN the nucleus

against clinical disease. Subunit vaccines, the development of which was
mad@hBEsTie b retbmitin SHMONEA tEhRIISEY IR BEEN s pEstigtpold. or
daieynamticeygxinibit  Mytiliitas iMmruNagenisity Pnpagxathplenigithzeredenthicken

clinical teﬁtiqg of seve{ﬁ\EI: '}'Q{é[‘“ an immunodgficiesn&:
W

€ggos, whi erve as ¢_1pr, generation, of ViTus. o Vé%'l 3} S(‘.ijut%ltjigg Olfl influenza
vactihes which has been stoppedodt%e not only to limited ﬁ(l)cacy of the

vacdensgeshut also because in some cases, immunized individuals showed
accelerated disease progression when they were. sybsequently exposed to

i e R B e T M ARSI hiReas e
Schidtuoes: \ee6ct1d9nye GaeftigamianthgauwisUoliniivadeipamndzy wedl dikgin may
Of_ Kﬂteﬁlré/ﬂ'ééisfﬁﬁg A Qm_%@&dié{ﬁ !Hﬁ@}{ﬁc@@?i%ﬁtsi.ségaé Mé@g%%e@%@ga&at&ines
stimulate a strong humoral immune response, they fail 25 to elicit protective
cetSHBHiREHREOR P AIRERTICHBINEMB AN Hodi RS I safgire most
Conterenceawastihatthepri¢aicaimseenaedio varytaiaxit yf cosltaiediateded on the
"eSRONSH 0 PLEVRDt O reduct, fHiinfecivity which 19 date I3 Jackdngin, o ey
vaccines in the clinic. ™ é)ddlﬁon, ﬁR?vaccmes ?esfe 10 (%a%e LETERE ecfuilo
elicicimrmandiytiansHerrthecodhics eafsiessngivereppsitivary Elvrerigctionveceursincludes
B0RMthRIRLE herRBly. ALIYAN S ARMONRA RS LBS IRthE WRited Slateprarccine

the aluminum salts aluminum hydroxide and aluminum phosphate, neither of
wHigh St Bratesdscapime Ry TG AT o heatibmsh ARAHmG A 8R! disease.
formulatigns, AN QLA {rore Rl ¥PREHIZEE wAlg SHED AMIEVRUSHR S Pk combinant

effective with all antigens. Yeast cells have been used in the production

of SMHUiniEhBRMIRYabRlSe QeRicI JHRPUBHIE ofthB¥E: tetstethiM tﬁéglb“ only limited
afaremeidemeryH \Ovaceimplials. MRasicbavelalralbesimiedtosdvanimaly (human
prior, to iminizadion 1o ty,to brime. fhe which has bodn top 10,3 NORSREENS timited
manner (i-e., 10 stmu 15 PRAgOCHToLIE s lo8 1A% iRd prodiiction &
conifiement tedviventerdnl. dke resuks havenbeencamibiguorsd amtivadichs showed

Projenls Rave LIpRE A PIIEFHE CRL M HAGHIMNUNINGFEE: fAV: see, for
example, Fattal-German et al., Dev. Biol. Stand. 77:115-120(1992) and

BiZXMPeleal S e Schicro Bl Lt (A1812 208 5Cooken (1590 e1 gphetifug 994).  One
studigavhanesbowibtha Rateréal for wsingsrecambinaRtSas@RYiStdMYBAE e virus
as a vaccine and i nothera£y vector. See, e.g., U.S. Patent Nos. .
5, 463 Al BRAEY SR UL ARG SRR Tesponse,they fl
2004025 6858cAl and 2006041 075604} Thesejyeasichasadat the 1994 International
IMMHRONGIAPGHECGRLQALGH RIVRNRER SRAWE I GlIGIPUIL SRIRAPRS ponse to
that are capable of killing target cells expressing a’variety of viral and cancer
15PENEBeRs TRdVRfe, HhVa DEGEN Y WhIFR sfeibslagHaaddreg g dR the clinic. In
antig@nosp enniGacdiBt esldd ediates ashiono2aeidlisehtuphs et aluddal. surfaces
Med. 7:625-629 IZE?O and Lu et al., Cancer Research 64:5084-5088 (2004).
MoBEpBERERIN StHEFUOYRES Hive shown that Saccharomyces cerevisiae

are avidly-phageeytosed by andjdiraeihagsiivate dendetia aalsumiich $ae8 are the

present yeast-associated proteins to CD4+ and CD8+ T cells in a highly .
CAIERESD FArHEP SR R ol Bnt A mioR R e Rhal: S48 &be P jmulates

and U.S. Patent No. 7,083,787. In addition to being able to interact
directly with dendritic cells, yeast have a variety of other characteristics that
make them an ideal platform for immunotherapy. First, multiple antigens may
be engineered for expression within a single yeast strain (see, e.g.,
Pichuantes 25 et al., "Expression of heterologous gene products in yeast." In
Protein Engineering - Principles and Practice, pp. 129-162, J. L. Cleland and
C. S. Craik, eds., Wiley-Liss, NewYork (1996). These formulations share
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30 to remove potentially toxic contaminants. The U.S. Food and Drug
Administration (FDA) has designated yeast as GRAS (Generally Recognized

as Safe). As such, the concern over toxicity and safety that exists with other
vaccine vectors does not apply to yeast-based delivery vehicles. Despite

all the existing efforts to produce efficacious vaccines, there still remains a
needllfarediiednsneamibositionadediaemnrel efiaient el tsthrnmaiga cametybef frozen or

imW%ﬁléé&%@@ﬁ-a?ﬂ%r{%sa‘?@ﬁb@‘éfi@ﬂéﬂ%ﬂﬁ@l@‘éiﬁ%@n@tes of illness
among children, the elderly and certain high-risk groups is still significant, and

in developrtgtcstintries, beaaciprtiontia ayddecsivaraldie mranogstisiegeings, including

indisti@lizaek QUGS HRrHGHONBh&UHIRIENI IR ENFa VACEINGIPO also been fed to
accommodate the recipient population is hampered by production problems,

higH E30e RS Sh BB RIS R JAirEY 18 BrotucBetiRV4RRIASRG Y ‘BufrdRptaecific

teahnlegigs. ,Incaddlitidaet peais abriewyitall stiaids anddirei possibititypdfment and

future an(#em'ﬁlse r}gg/lﬁtgalil%gg {nterest in more ef&ecti\@le ang ggiisc'erl/tely
fl :

nterrerpn Suc not generated
produced | g

uenza vaccines. ﬁeer}e?gll%fg]f]ﬁgls’e ?g a neeoplrr(w) the art tor
improigedveactimessitied provideyoseg-fstirigrepie EffcdtVerpratectbnPagalfiet drand.
varjety pf shiainsoh infilenzay and. thahean ke Biodusedrapdlyssnd safelyfor

use in humans and other animals. However, these concerns 15and needs
are not uRiquieu® Srfliss haacyersvimebe pateaka dor tesvth eactypeisaof Yaceindsae yeast

including.vaeeings difpciadie-aiheraduisesand.ofhan Bfacians RAeH%30.463 and
Indeed, many pathogens, including bacteria and parasites, infect individuals

in 48548 prasarthes AR sUB s Brm RS e IRE TRt andy 209t 0755
addressrat eagkstaged maddideizrapany pridogenaiavecavaolved saiiesi@fimune

strategies that allow th%IZOP tho ep to "hiqf:" from ar otherwi ee%/adelthe
. TSSPONses at are.ca fl c O 1{‘% argﬁt ce a €X I'I%SSICIII%S Varlerx Ol vira and cancer
immune system. Finally, as wi e Viruses describe ove, many

patitgensievolveiand anigtitef amiigengepasticuthy dhosdrexpresised grecific, CDS”

locadzed mIbei SHERCa ALY 15330, POBSIDIE 1 he niestes Qﬁd@#‘@ﬂlﬁu et al.,

species or strains of pathogq@ens at the same time, all of which complicate
valdetiofe stratldid2 0By WA i Wamercinrsetidnlvitathes Pudissitaygahown that

caysegimaraldas (@/@visiae are avidly phagocytosed by and directly activate dendritic cells
which then present yeast-associated proteins to CD4" and CD8" T cells in a highly efficient
manner. See, e.g., Stubbs et al. Nature Med. 5:625-629 (2001) and U.S. Patent No.
7,083,787.

In addition to being able to interact directly with dendritic cells, yeast have a variety
of other characteristics that make them an ideal platform for immunotherapy. First, multiple
antigens may be engineered for expression within a single yeast strain (see, e.g., Pichuantes
et al., “Expression of heterologous gene products in yeast.” In Protein Engineering -
Principles and Practice, pp. 129-162, J. L. Cleland and C. S. Craik, eds., Wiley-Liss,
NewYork (1996). These formulations share many advantages with DNA vaccines,
including ease of construction and the ability to target multiple antigens. Unlike DNA
vaccines, yeast-based immunotherapeutic formulations do not require extensive purification
to remove potentially toxic contaminants. The U.S. Food and Drug Administration (FDA)

has designated yeast as GRAS (Generally Recognized as Safe). As such, the concern over
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25 Plasmodium falciparum or Plasmodium vivax) initially enters the body as a
sporozoite through the blood stream as a result of a bite by an infected

mosquito, but then quickly infects liver cells where the sporozoite undergoes
radical changes to become a merozoite. The merozoite is released from the

liver cell and rapidly infects red blood cells, where the parasite multiplies,
differénitiates, spiehcormintiesstovitiieethethecealsvoxtes rdiag )oapitle dp3east-based
vageineAVQLiskRe. able to prime the immune system to recognize and destroy

all stages of the parasite, whether in the blood, in the liver, or in red blood

cells. HoWesite pbsrwidtinesHpstutvabiedisqeticaatons epadiessichencinfdbtioppins a

but,iagtegd %&ff?&%%@ﬂdmtiﬁ&tthﬁea@f%ﬁ&ﬁ the Qﬁ%@e@ﬁ@ 19 GAHSE of immune
disease or be toxic to an individual, while other stages of the life cycle and
quiSRUNEInfECHBACFBRTLIA TkgRrasasgnes. raipypLibinesigreiasatifgn. the elderly
panateruesiofhistectibusdise asettlr diseacamcanged lyetbgihagentsridsiSvaccination
desirabLe to have the abilite&.t(g CPHt?Ol or.influ nc:(;1 the tylpe of immune .
ma € Spgradic or non-cxistent. n 1mdustrialized. coumriesy, production. of sufficient
response Sielic ed, such as %y pre eren(%lasﬁy eliciting a cell:-rhediated immune
respnee{evaccigeneratiomoieiactdhdcFeasiint (BPub)joprisfdranpiiiiy diciiieguction

a oA Rk rasRRNSS RS M apubady rx‘_ééﬁ’i?&ﬁ% Bfo%ﬁEEi@Heb_%MMP%i% current
immune responses, depending on the disease or condition being prevented

or treBRaleisid/ofrrlsiiftunt ikt u oS iNERbiGtaIRviB telise bty Rility of future
papiadbaiiantiges efipathegesata given dmetpeinindn adedigian, puwosledbenfluenza

10 useful to flovifie C Ipositions at %an sti{mulate an efficacious, i mun.%
vaccines. . er? ore, CIc 1S, a necd 1n '[(f %I"[ Or 1Mprove vaf.cmes ?.nPr?V% € long—
response with a few administrations, and that also are effecfive at stimulating

iminsiite respofisdi with xos weits o keitiscbfsamtigert (dfsensparingihat can be

SUﬁ?&H@E_é{d%UP&J%@@Q | F&%JQY@HHR&M‘%&JP&%Qﬁ{ﬁmsprﬁxng%r, these concerns
compositions and methods to address the 15 above-described needs.

ImARIrRFST AR AL BHSHGCR [RIYehvactIFriajh i B VR alhigsH¥pes of vaccines,

vaggingliplattasimdeahsateny afiestiaightionandta fetaducegate. not
neutralized by host immune responses, can be administered repeatedly to

boost antigf&isp@amc MIRNGARSrd8pHEEs bariertoanst Patsites qinfect individuals in
patigpéspesifiaiappragehdarmasubnciviiegs @neembadivenahtieaddress at each

invs(%ggtiec.m fr? I%&%lstig)n,a r}{%%g ig:?th!)rée%gehgé %(\:/E)’l\tzgg \z{asceggse of strategies that allow the
pathogen to “hide” from or otherwise evade the immune system. Finally, as with the
viruses described above, many pathogens evolve and mutate antigens, particularly those
expressed or localized on their surface, and it is also possible to be infected by multiple
species or strains of pathogens at the same time, all of which complicate vaccination
strategies. By way of example, infection with the parasite that causes malaria, (e.g.,
Plasmodium falciparum or Plasmodium vivax) initially enters the body as a sporozoite
through the blood stream as a result of a bite by an infected mosquito, but then quickly
infects liver cells where the sporozoite undergoes radical changes to become a merozoite.
The merozoite is released from the liver cell and rapidly infects red blood cells, where the
parasite multiplies, differentiates, and continues to infect other cells. Accordingly, an ideal
vaccine would be able to prime the immune system to recognize and destroy all stages of

the parasite, whether in the blood, in the liver, or in red blood cells. However, most

vaccines are unable to prevent or eradicate all infection, but instead are focused on limiting



20 includes: (a) a first yeast vehicle comprising at least one heterologous
intracellular antigen; and (b) a second yeast vehicle comprising at least one
heterologous extracellular antigen. In one aspect, the vaccine includes: (a) a

first yeast vehicle comprising at least one heterologous intracellular antigen

and at least one heterologous extracellular antigen; and (b) a second yeast
veHielebddinpribippBrogeasosrash disgeip gobistiriteeiuiadi sdtiake i bilcaethe stages of

leagt one dyeferalpgars Sxthacsiviat Aptioandlnanather aspect, the vaccine
includes: (a) a yeast vehicle comprising at least one heterologous

intracellufereititfe frafendriesparernieteroloigetieuediraes ol aisgniigrmsehiy other

(b)a3cnaniyRaRLHASIEHIRMAASIHON GAWHEND AIHRASI@NB-APHISMNmmune response
comprised by the yeast vehicle of (a) or an antigen from the same pathogen

.Of (a) or ¢ : . g
5 or HistESe e ASinPh P FOFSMALY HELEHNSo hptliiBFTe S | AR o FRFRTBI AL €
30yacain@naopreteioksuDunitsV @Ry, pract kil cidnagtvaiathpaibggese (e.g., an

In th akgiove emb dimeﬁgﬁl‘] thgoi[ﬂventio the Xeast vehiclecf%f canb

a .
oA oAy By I S AT B Fan R s
theonepngmst-brare dreammpsitioticafe( )il onhaspavmarsaintrabaliuiadividual with
anfigen-iSAn pANEEA AT IS LIPHRERRAd e NAYY R RRIBPIBNABIANE it would be

aspect, the extracellular antigen is an antigen that is structurally conserved

10 SR REYarRs SIRestiahe Bap S BRa 3SR L HTacisMs JEutNsr TaTRRYSR With a
IS aswantigersthatossexpiegsethBo tie stidace oft aspailhogen ilihone aspeates with
the )? Oesé%atgqll%l?ervggti en is ark)damti%en .th%t is structurally variable among

t 3 . . . : .
paﬁ18gens of the same f}Bé‘g n ﬁseeagf)relz%% the antigen is from an infectious

pathogen.  Another embodirgentaffhe dvERRREEIates to a vaccine
containing at least one influenza antigen. In one aspect, the vaccine includes

(a) a yeadtGeRIERIANGHSA MTEEREL iflts RERMIPPEteiRdHEt ROk (R esklszs the
15 by opeaissienyday ibalyeastmehveierdhald HafRZ feMrus-iisien) Makginon a yeast-
comprising at legst.a portion gt an influenza prote! %e"?gélﬁéjefmrre“: M eutralized b
influenza ma I’IXQ protein Ard an influsnza 1on chahne prbfleln 55). i y
onboaspectytheesporiee folbdediadisidirst ppagtdbhiclborrteipresges fanimmune

INfIUENZR MRS IAN RIREEIN, %%%Hf-i%@&@% Kl‘/? LPRHIMERRHuenza

protein selected from: an influenza matrix ) protein, an influenza ion _
channel BteiPRNERPE HEdRERAYRIEEIAGS YA S BietElf; ARETHRsRIeadicorrecine
20 additaal: yepstvehjelgithaliaxpessas anatntuenag Mo fosanipiateilular antigen;
comlﬁri ﬁna? at Ie&st a tponijtioln of an .influeplza grotein seI]ected from: Rl . I
he?nag{% ST (XS R SRS R R Rl A 208 RRIAT S s IR She dspuigen- In
thewacoipe inthedes (alcaiyeadevehiele pahos(bh)east iméhielszaonmussfugsion least one
Prof&indabis GxPIGTREd MR 0% 1R YRASLNEBIRex NRMIYP A% ven; and

virus fusion protein comprising at least a portion of at least 20 one first
infllerizEveteirrsetsbiels fAURPIsRSFIUSHE LR RPIRTONEY PritErteHR 3hADERROT at

25 ion&hasnehprpteindM 2x @ndianvaleocapsisl iNfheprRiRA; aRd atdeashaudes: (a) a
portion of at Ilgast one.secorld influen§§1 #rgtein selecte rom: a least
heﬁ?ﬁﬁgYﬁﬁ}% GRPIME AT R AT SRS A PG A f8that teast one
aspetetdhgwawhng:éﬂioladest@)la gﬂ&h@bwgmmyits)adiwt mﬂmkawims}prising at
fusion pEptein bt ISmRIGISsY *ﬁ%g%%?‘@gﬁ91@%%“&)3"89%@{1&%@ HEIEE same

25 influenza virus fusion protein comprising at least a portion of at least one

infRASPRZEH [t etiiesste SYEEN B rHCaPO BT 2AAsa 6 PORLY Py dtethleatsdnfloBn2 PNA
30 ionvghannel RoateiRuival ddiadtsieocapsis: (MR RIetEinReL(C) a second

influenza_virus fusion protein that is expressed by the yeast vehicle, the

second il ROV GEILIBE BB 188?1‘?8%%‘&3??8%&?%4?0? iGH Gthgdgapulated

onéinditierza pyateinsetected difencra. hemeagfghdtinms(tdd)nprioteirhamdiBPeast-based

neuraminidase (NA) protein. In yet another aspect, the vaccine includes (a) a

yeast vehicle; and (b) at least a portion of a1 least one first influenza virus

protein selected from: an influenza matrix (M1) protein, an influenza ion

channel protein (M2) and a nucleocapsid (NP) protein; and (c) at least a

portion of at least one second influenza protein selected from: a

hemagglutinin (HA) protein and a neuraminidase (NA) protein. In the
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10 M2e. In one aspect, the NP protein is intracellular with respect to the yeast
vehicle. In one aspect, the HA protein or the NA protein are extracellular with
respect to the yeast vehicle. In this aspect, the NA protein can also be
intracellular with respect to the yeast vehicle. In the above-embodiment,

in one aspect, the influenza virus fusion protein comprises at its N-terminus
thecemiipstinsi @isdyudh e appesie the dnipa g PONEN i By IAREARYL Ihegheessed
aslﬁﬁ@;mih? B}flueﬁh%ﬁogws fHSIR REBERIN @@@Mﬂﬁlﬁfaft%\ié&{%wﬁﬁﬁl en that is
C-terminus at least a portion of an Aga2 Froteln or a Cwp2 protein suff|C|ent

to PYHSERIY ﬁ?é’i%f’ﬁVﬁFoi‘E}ﬂ%HﬂB"ééﬂWaﬁl Rt YHES/BRS VEHIBR2sPecia g ReFacellular
embadimentofdheénventiondnokidas énuhecingactchfdingitfayan ydasoive hipte), the
b nfluenza virus fusion protein com |S|n Ml anti tha
et BRI K A S E D SO T B R B e come
fusians-pFowip sopdidhagroReEOIIDNG infectioysigthege@mbodiment of the

'nVent'OnA%%Mgﬁén%Méﬁﬁéﬂﬁ d?@ﬂédﬂﬁ‘&bn(i%)naré’lﬁt%%w%'@J@e@@‘écﬁ%ﬁﬁlg at least one
influenza virus fusion protein comprising an H1 antigen that is expressed as a

singfFFA sl fulo R b GEas LOEMIGR, (et fu&ish Yiyedsn and (b) an
com@mgmﬁﬂﬁ mlammtamdtﬁewemessaiemm fpmmdSEQ/lEhd\lﬁé;ﬁtamﬂlcle the
SEgﬂl enza V1r s fusiqn r(a)‘tréﬁjt S emski)r? di ntt%f thx? grllvg etllnopnfﬂl nza r(% selected
vaccine includin E(Sapyeas veni ?63 arinfluenza virus fusion roen
colprising laﬂuarlzamrgen tMeD |Br@t2pr@9é@d aélaesmg@@haiat@émmmlﬁ@@i In one
pr%&%&@%@‘@a&&ﬂéﬁﬂ&ﬁﬁ%@(a‘é@ff&% & r\@ﬁ@&fﬂ@ts%sgg an AP, AGHks fusion
sequence selected from: SEQ ID NO:10, SEQ ID NO:26, SEQ ID NO:28 30
anHr§EQ {ErMEsigs at 16%&%6@%?%%%%&?%?%%%%ﬁﬁlaﬁ%lgfég tgg influenza
Vaﬁmﬁﬁclmmﬁlp@(@h aagyieagtueabiclion astdiyl ap“mra‘inle(ma) VAAdS fusior qEied (NP)
comp |S|ngﬂ?1r} nt| ent da{cﬁse pres e ath5|tn le extracellylar fusion f
prdtein by eas h.c‘?e Yisidn pro e‘i‘hecoﬁsu RSP P RITAIRIAS g fusion
sequém@@@lmma ﬂdmstgﬁl@rmmmbammﬂgﬁ@ Do Xdeared BED [DhNG@RAutinin

YeuaRpist AR MekA DA MERTIBRGIAeS IRANBCEINGCODRRS GRS (a) a

a yeast vehicle; and (b) an influenza virus fusion protein comprising an M1
antigsh, Vel é‘ﬁﬂé@hf’@ lﬁﬂﬂefﬁﬂrVWeﬁé%?@éF%eﬂﬁéPﬁrg é&bﬁ“éé%‘é&ya%r Frovided by
SIn@key&t&a@aﬁulartﬂéﬁﬂﬂh@ﬁ@i&ﬁ@fﬁh@ﬂpﬂﬁ&ﬁ&i@ﬁlﬁaﬂﬁg flustan PHRBRION of at least

consis lng 0 ID NO: Another bodlment e invention
{l 1n uenz rotein se ecte om: an 1 matrl 1‘0'[ 1n, an mﬂuenza 10n
relates t0 a vaccine comprising as a yeas it e;an filleAZaNITHS

fusibmpebemeaoVising muNdomnméMMmmd ahltgmmbmpar@ at least one
expiesaethasf. A pReintacelly '1%1{}’5501%915%9{91&}4 (e Y SARENELHE'E nHiCaminidase

10fusion protein consisting of SEQ ID
(NA) protein. In another aspect, the vaccine includes (a) a yeast vehicle; (b) a first

influenza virus fusion protein that is expressed by or provided by the yeast vehicle, the first
influenza virus fusion protein comprising at least a portion of at least one influenza protein
selected from: an influenza matrix (M1) protein, an influenza ion channel protein (M2) and
a nucleocapsid (NP) protein; and (c) a second influenza virus fusion protein that is
expressed by the yeast vehicle, the second influenza virus fusion protein comprising at least
a portion of at least one influenza protein selected from: a hemagglutinin (HA) protein and
a neuraminidase (NA) protein. In yet another aspect, the vaccine includes (a) a yeast
vehicle; and (b) at least a portion of a least one first influenza virus protein selected from:

an influenza matrix (M1) protein, an influenza ion channel protein (M2) and a nucleocapsid



Another embodiment of the invention relates to a vaccine comprising (a) a

yeast vehicle; and (b) an influenza virus fusion protein comprising an H3

antigen and an N2 antigen that are expressed as a single extracellular fusion
protein by the yeast vehicle. In any of the above-embodiments, in one aspect,

the expression of the fusion protein 15 is under the control of an inducible
préMdrexolpisnenddpeet dfasing peien aciiclaanh sodinserns, TIHBIpreNIRéeifs selected
selggtedfipm LHRbANMAFStein ald PREAIMGHY A0X)Frdisn.

above-embodiments, the yeast vehicle is selected from a whole yeast, a

yeast spHBBHIA% Ve SRR BAYp AR G 3785 Riiddf RAryEaRitaiski from: HI, H2,
preji@radoHsaHd, alsubce HdaHyedst memhrang, exutattiSrafiadiion theseohispact, the
ong aspect of 20.a the abovesem iments, a yeast, c r yeast.
PO R e R R Ve MBI 5. 1 one

reconsbin@athhdidleiciadidsairslicduieanddting the fikioN pidteiN sueh atdiNthe In one

fusignaraiginvig %m&%%fi?geliéét@ﬁﬁ/&ﬁstR@”aﬁﬁmsﬁﬁp&%@%@% 1RQ0A€ protein is
aspect of any of the above-embodiments, the yeast cell or yeast spheropl%st

thalP BT EE b Y R RRGTH DI ERI I Gk 1o RSy RS o d¥ptsdn 1s intracellular,
coBXdrAsHNglaryeasbtytojphagisp2be aoyeasjzegboséhi_ﬂyeast oadl ywpdcprepaxetiprotein is
109 &?”.b?r?ﬂuéaéséé%&?éh@ﬁ%‘blFa{é? extract g fraction thereof 1n,one, aspectof 1 e
any o?the apove-emnpo |mé)n S, the yeasff venicie Is ?I’Bm a non-pathogenic
yeaspeth thadldspesttiofatiedf thpretoovercenbiadiindantyitheespeasto/diiphadsvehicle.

frofp @ivegsicealRoted SFomn SACLRAITHERS 1RGP F RS ACORA RICESist vehicle.
Kluverorrr]lll\[/bces, Hansenula, Candida and Pichia. In one aspect of any of the

above-entholimaPRc sB8atE oty co¥ ek rdVisifbluenzy viHe duygrt gotein
anygtgheabovesembogimentse thevacaine tedireiccorpesasa densEQC KRIINO:1
15 Whﬁ\ﬁ?\'ﬂﬁ)&ge nd gltllg a(l:s,(:"lelzcrt],'Ejl eb S‘l U IOaad eld ulsn Hlaslgo%llula{elz}/n\/\c"trrhthl% %??tts N-terminus
vehicle. In one aspect of any of tie above-embodiments. the vaccine
furthiéi-compriselslasieastope dioloyiwdl mesporse Mopifigptein suffinstidp target the

empadimental g dRRIANIIISS, 1@ g dse of any of the vaccines

described herein in the preparation of a formulation for eliciting an

antigen-s‘f)é%tilﬁ‘?fiﬁ%‘?ﬁﬁ‘é‘lﬁéé’ﬁdﬁge‘mem@ét igplydsereiseimERtigitge(@) a yeast
INvRIMiae; reates tashentisened anyuoffthevasciRas easprified BLra&M ianien that is
pree;})(aratiog ofaforr’?ulation lfloﬁa[?r tecting an apimal a ainstﬂ'lrf{tjenz

20 . ressed as a, single intracellyl uslio, oteln_by. the yeast v €, the fusion protein
mfeclﬁon. %\no er em‘boéllmen Oflt e Invention relates 1o thé use O any

of_ msmt@né§ﬂ©d§§&@p@d herein in_the p_reparation of a formula_tion for
eliciting an, ApHigen:BRgHiG: lmiediaiedMPY0& 'ESRRPSE JARIRAN2) a yeast

influenza antigen. _Yet another embodiment of the invention relates to the
us¥<biany et theapdetirasiadaeriBeameritiniAmersiapardiibanyeen that is expressed

formulatipnfortieating aispiepentngda gisease ht@aditionskapAnekheconsisting of

25 EMBodiment of e Invenion eiales hTROY SWspshE ¥Rsstes
Yet another embodiment of the invention includes a vaccine including (a) a yeast
vehicle; and (b) an influenza virus fusion protein comprising an H1 antigen that is expressed
as a single extracellular fusion protein by the yeast vehicle, the fusion protein consisting of
an amino acid sequence selected from: SEQ ID NO:10, SEQ ID NO:26, SEQ ID NO:28

30 and SEQ ID NO:36.

Another embodiment of the invention relates to a vaccine including (a) a yeast
vehicle; and (b) an influenza virus fusion protein comprising an HS5 antigen that is expressed
as a single extracellular fusion protein by the yeast vehicle, the fusion protein consisting of
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described herein in the preparation of a formulation for immunizing a

population of individuals at risk for becoming infected with influenza.

Another embodiment of the invention relates to the use of any of the vaccines
described herein in the preparation of a formulation for treating a population

of individuals 20that are infected with influenza. Another embodiment of
thetingevivaddiseayaece salseisH ioprodlice HAWE iHe YEQSID ANy andndsQ 1D
(vageings comprising a yeast vehicle) described herein, comprising culturing

the yeast vehicle in the vaccine at a pH of greater than pH 5.5. Yet another

embodim¥Fit BOHE FUBATIBIT TERLES 18VEHIHBH Brou S TR Ingga) a yeast
ya&ehidﬁirmk_ludim glnmﬂmqmgvm;sefasiouqhmtencmmpﬂsiﬂgmmashﬁgtel, an N1 antigen
nuagslAunTlignEa.aliaen and atipast eneexACHYATINIENARORN yeas
, Wherein the intracefular influenza antigen comprises at least a [.I))OI"[IOI‘I fan
influRdicde, ieuisipeotripraipleaitaistfipnf: SHAMBNA D matrix (M1) protein, an
inﬂUe_nzaA%tH&a&ﬁ%dﬁEﬁéﬁirbe%)'ir?%_‘iltﬁfhiFB‘iht@B%_é‘ ¥ iUd%cméCl_%%ﬁl%%ﬁ PR yeast
protein; and wherein the extracellular influenza antigen com&rlses. at 30 least

a pSRIB: A il dRZABra e SEISOR ARSI ARG GBI Rt A pratdie M2e
anandi geasithminidasadNA) prataipldrmnecdispedysibe paathodynblugast vehicle, the
culﬁlljrii(r)lrg trfg)fe%e&%s}/%gicg %@(Wl\%%eater than pH 5.5. In one aspect, the

yeast vehicle recom irfan ly expresses the intracellular antigen, the
extracelludap@ntigewodinirathofi ihsthercagpe ctdattiiey eastovalticienipiolded) a yeast
wWith.tRadNTAceHVIa AR R EXTRGEIHIRLR st ANGHeInd an N2

aspect, the 35 yeast vehicle is mixed together with the intracellular antigen,
the'eigradBitas: srmiger! 8r btinsla s aretielae MbsaRRYAt heBreydsL el is
physicallymaitgcttattabihie ntraaaidas dntige nspba, exiragewan amtigefusdn protein
both. Cgmb&pationts ?f tpe aboge r&ethods tto Jpro ide the antitgep(as? an easg ]
vehicle'ate afso contempfated. I onetaspect, the yeast Vehicle is g ove
foreathwdmistnéti dire tor@motadiviehlralidsl finjedtidh/ 40 E4Rd in another aspect,

the yeastyehiclgisfamuiptedhienpiminisiaiiando @p dlyidualbysiiianasabm a

administration. Anothér embodiment of the invention relates to a method

to Wll?ﬁlécty%fﬁtarﬁﬂéPﬁg&H@i"iﬂﬁﬂeﬁde%Gﬁ&RIaﬁhe%oﬁhﬁ’éFuc?eé’eaSt cell wall
adprpisterang ddansabienal thatRambaend klestedrwitbtiohl yenasr olisoat dgkect of
of bein(();f it%fecl'ged yvitq)i f.Iuentza, an tof tHe vaccipesfldesi:riped El%rein )
coBriding al nGaIES itigen, WHerEin JotRISPAHOR of the VACENETS the ves
anivelakre ducesaosforavdnts tinfluenga hinfeotion bicatdehstderisyenptdmg the fusion
g‘ﬁ#ﬁl&ﬂ Tam influgzainieaien N Be,ARINALy he vE&k BN SRROMMBEAL:. 1n

e invention relates to a method to elicit an antigen-10 specific immune
resPSndP e HhtAnThitle #PevArfiRA B Rt rishy Aahirtsteriderth sphernpisal that

any-ptdhevaseings ¢eseiibrdfareipeanprisioganidlybzpaitigefeast cytoplast,
Another embodiment of the inyention relates to aweeltlhoj‘)d to elicit a
n

anfig€rbpeite g Toahbh B BYANG: dndriEHbA Angen i aPrene exract or

Z
popuatgitorihefdntividuad sspn dleary bétr iactedivitmafivethza cegmgriding from a
admjpistarig e JagPoRUIgiAR,RE ARIRVIFYARIS A0V QLIPS NAGRNSR- ARSG RS e is
herein'comprising an influenza antigen.
from a yeast selected from: Saccharomyces, Schizosaccharomyces, Kluveromyces,
Hansenula, Candida and Pichia. In one aspect of any of the above-embodiments,
Saccharomyces is S. cerevisiae.
In one aspect of any of the above-embodiments, the vaccine further comprises a

dendritic cell, wherein the dendritic cell has been loaded intracellularly with the yeast

vehicle.



Another embodiment of the invention relates to a method to immunize

against influenza a population of individuals that is at risk of becoming

infected with influenza, comprising administering to the population of

individuals any of the vaccines described herein comprising an influenza

antigen. In one aspect, the vaccine is administered to prime 20the immune
system priooie bgesting miihod diffabent-tflbehzanactiaeaccinel irtueotudiiprises at
em@mgﬁggmgﬁgﬂfé@mg@mg@ﬁ to a method to immunize an individual
against alisgse abeanilion: Wmﬂoamgn (O AATISISIETA0 BTeRl VACRIDS HReines

anAn IV{) % wh eren e va cme ses a yea t vehicle G e%nsmcq
ﬁ‘t Crioe ?I‘el nt esp Para lﬂ at10 or € IC tlIl d r? Spe flC 1mmune
s least one heterologous intrace ular an gen Wherein th n| e

asSOETAtEd with the disease or 25 condition; and (b) admlnlstenng asecond
vaccine td theneiiriigrardimeas e threbrsmiear ieadm ihististionaoy (af) the vaccines
whégeinbthike Isgeon th véecprepaoniprise saafpeastaviehidle qgongtisinguarnimal against
extrateiuianhetRiglogous antigen, or an antigen that is both extracellular and
'ntrace”U!Qﬁo!ﬁleP%ﬁl@&Hﬁﬁhtt%? weaghwahisledhihe diratd/accioe A0t the vaccines

10 F?e %ged%telr%ia Sg‘lcf’%?_irérg‘g %J!)lflll%r a O%n é (glo}lhf‘gr Tl ?t?lg tgr? aa}lq]}ggg specﬂﬁc cell-

same or a ent intrace ntlgen

An%lﬁﬁjé?‘t% BOHIRSE RISt A FAVS L PE A P&l%e%ethod to immunize an
individual¥&hannsbed grepedime Qhribstbie A ristsy (qdhadrminfstaring Bgipgccines
vadeisatteddieiinidividbalpaprartim thicaviaeeinletoonfprrisestingyeragevetijola disease or
conypriging. at least one heterologous intracellular antigen intracellularly and

15 at least 0Rﬁdﬂ%€@l%@k&$eﬁ?%ﬁ@ﬁ‘é'Lil@'éﬁ'{%iﬂ@élabé’b%edlﬁbtmeamﬂﬁﬁ%ﬁ&ﬁe vaccines
asgagciated ‘@{&l}ﬁh? 't%@aﬁx%l%;&%dgp@ AR B RIPISIGHAE 2582 bulation of

vacc rl;\]g dtuafs e |rr11S |¥Or%a t%qet e V\{g h ch)lrhsgl eguent to the administration of
&in fhe second vaceme 1s sel rom: (g d east vehicle that
Sl

expresseé‘&‘?ﬁbﬁmﬁ%d%@}e%fsflﬁn@‘&‘wHfé &fs & HifigbRaY8Edhp vaccines
stede{eyhsd dsramtigehefivppaad gaphe fathvgbendedisedss aveerddramef individuals
20 antigenarisigiktradetithanihithzespect to the yeast, or both intracellular and
extracellAaGti) areashinenobiasamesednwalhpariicle mentainhgatifasiny of the
oneQftBe NPIErQIAgO YS: BN HEC RS RGhID §t§‘éasﬁa)zé?ﬁ&& ARG FrametRecomprising
sa) tﬁ?ghﬂ%enegs& fisgass: D ANSRLSIELS 1t wip at least one
of ﬁ1 I% gous antlgens used in step a) o an antP rom the same
pathogen'st BTSHEEEMRAC %NR%E%@%W&?M&%H&%F 8 Bfge an influenza
25 antigemreusistishngteppdayioe aryenstigen doetmasagi [sathopembrgiddasaluenza

(V) axtpretiain sis bemit orecoinecebonprising @l easionewtkthia andigensclsed iffluenza
St%&g&%@&;ﬁﬂ%% ﬁ@ae@ thesane &a%ogﬁm&{zgl%%%%té}ﬂ Aigen fﬁ%ﬂ] an
the SRS Patoget o disease: Al g o acliatas P00 S ucna vius
compnsmg at etero ogous antigens use m& XS ep (R} bt
on@%ﬁée@%éwr&é%manaﬁt@%% tihs §éﬁ?@%lﬁ%?gelﬁfal§ltﬁ% @ﬁtﬂﬁ&eq&mmes at
30 antigena proive agpecipthenmracetinlaclesitiddrois differegetimantiBA) protein and a
extaseiulaaapige) pidwene aspechsHRemaceiidairnigetis ahaniogadhahicle

IS GXRISES? ﬂé’a&%ﬁﬁaﬂ%’ 55‘51031%‘89@% 'e!lt"[’h% JEREGLY é?% RETRGR JﬁHﬁ& I8R5 the

is an antj that is structurally conserve among ogens of the sam

typ8Uid gi N R RRIALS 8%"&8@&%?‘5%%&5&{ 2o ?‘ GEn RFtffafhg yeast vehicle is

expredasbuidrihn élga?ﬁél@@wwmﬁhgéﬂmnean@rmetx thdetkiracunthgr aspect, the
35 antigen vslaclahtigerdhagishstrudtivradyinterdaligaamoignp @b egensbiltientigen, or

Samhtyﬁﬁaﬁﬂtﬁ&eeﬁfb%@ﬁheﬂietﬁ@%% k%ﬁ'i@l@ 1@%@@‘?&}18“%8@1%@@98%e intracellular
Anot er enﬁbodlme f the. |nvent|qE (gj tes to a Kit fotr ttne d%he araﬂijoniS IO Porovi de

%tll ]i ar ant ombinations 0
for mu onforelici |n ace immune response, a numora

reéb%ﬁ%%g%}(@?%dcﬁ%lﬁ%ﬁ}% fherdet ﬁ?‘&ﬁnﬁﬁkﬂ%u@l Oﬂ?eaﬁﬂeébrﬁﬁrbéﬁ?ﬁj yehicle is
pluialitylatgdasidrehiclesjoviersiméachdittheypeast.vehicles comprises at

40 least one intracellular heterologous antigeg or at least one extracellular
heterologous antigen, and instructions for use of the yeast vehicles to
prepare the formulation. In one aspect, the yeast vehicles express the
antigens. In one aspect, the kit also includes at least one additional
composition selected from: (a) a 30 yeast membrane or cell wall particle



disease; (d) a protein subunit vaccine comprising at least one of the antigens

or an antigen from the same pathogen or disease or an antigen from the

same pathogen or disease; and/or (e) a killed or inactivated pathogen

comprising at least one of the heterologous antigens. In one aspect, the
intracellular antigen is an antigen that is expressed internally by a pathogen.

5 Irtishi a8pbet amech irayedtxehacitgefrisaltethiijednat s o tudrindividual by
consened amngngeatheaens of the same type. In one aspect, the

extracellular antigen is an antigen that is expressed on the surface of a

pathogerf* 19 'Bffe AT e UxtPS CONGIAICANTYET iLah Bi5thydhthatqiect an animal
strugitirallyfUasiadb e faciong Pathngeos iatlinie sadneniypenBriehbDasaratibatdfas been
5 Fhen'%éc%gdo\gl}ﬁleirll?lvgrq%g)grlgF][.gr'isjkIgf%eszlcr:lhq%“%cp rwa1¥¥1|r1] Illllgnsztg?tmf he vaccines
influenza virus and several of its compon%nts. ome of the more h gﬁ y
codsenieqd Aatiye aerepasaichadinfluezy antigen, b tMdga Giralipresidhn Yetine to

sheying:the jniaesly! e@éﬁ%&%ﬁﬁ’éb&i le&ﬁBK%M@ﬁQ%sPB%EELQrﬁp(M& rr@éﬁ@ing from
referred to as MP or 1) in yeast. Figs. 3A and 3B show the results of a

cTRHEes kiR i eMPaon of mice 15 with a yeast vehicle expressing
the influemzaamatidx arokeinmdvildfintaaelbnkasty elicie e botheMbs pe el (igantigen-

10 ) B EER WS SPonlIE (FIg, AR SV e ] oG T g Bl 0 an
infldenza-intected {ar%en{ celfe. Ig. 4'1Ss a d}gﬁal}’ima of 5 Western bist
of saksisorh 818 Calls daferched hithninfluenzaAdP RIB/SHiRnEaAting that

P815 cellg can.Pe infesiaewith infugpzaivirusiand fOusdRstaE98EGeIS iMntigen-
the CTL assays. Fig. 5 shows the results of a T lymphocyte proliferation
asSBSFIHWRIER M FRTACESSHRA B AR & HERE YBUEER Eh e ROBYAHSESH dniduals who
infiusazddnatintgredeivith liarudiZ), inttagaikitary @licliediMp-speaiic pgrllation of
responses Fig. 6 shows the results of a T lymphocyte.proliferation
1 R TR P o0 oL VAR G S BRLAR e
influenza4mathix proteitinvnt ) ehtriacetivdatignelidited ieflaengtishecifiomuoek against
reSPARSES: a popuhibilSe HGViAaH{MAge; ol W e e RIid AR @ with influenza,
schematic drawing of a fusion construct (bottom), illustrating intracellular _
exrEYEISH DAHAESZ A A gRaRHIAtE A iy B Ry K ghe-Kiagiflys described
yeasteidAoigp@s5ipoms thecresulis @h CTloassayscintMdvabeildmumizationef to prime
mice by two different route% of adminiﬁtrﬂtﬁ)n with & geast vehicle expressing
thet IF)] urenrl]l%lg system prior to OOStll’lg with a ditferent influenza vaccine.
Yet another embodiment of the invention relates to a method to immunize an

20

individual against a disease or condition, comprising: (a) administering a first vaccine to an
individual, wherein the vaccine comprises a yeast vehicle comprising at least one
heterologous intracellular antigen, wherein the antigen is associated with the disease or
25  condition; and (b) administering a second vaccine to the individual at least 2 weeks after the
administration of (a), wherein the second vaccine comprises a yeast vehicle comprising an
extracellular heterologous antigen, or an antigen that is both extracellular and intracellular.
In one aspect, the yeast vehicle in the first vaccine also comprises at least one extracellular
antigen. In this aspect, the antigen can be the same or a different antigen than the

30  intracellular antigen.
Another embodiment of the invention relates to a method to immunize an individual
against a disease or condition, comprising: (a) administering a first vaccine to an individual,
wherein the vaccine comprises a yeast vehicle comprising at least one heterologous

10
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hemagglutinin (HA) fused to Aga2 (Aga2-HA) intracellularly elicited influenza
virus-specific CTL responses. Fig. 9 shows the results of T lymphocyte
proliferation assays in which immunization mice by two different routes of
administration with a yeast vehicle expressing the influenza 5 hemagluttinin

(HA) fused to Aga2 (Aga2-HA) intracellularly elicited influenza virus-specific T
lymipFseYtdapranfieeatioriredhmdesind afFjgast el dglerelegPey raygegliular antigen,
CORHEHGHQRSARRRIR thahaliRve for RXREE Rl loraiZAIARLTA M RFARLring a
antigen of interest on the surface of the yeast vehicle (upper panel). The

loWES PANSIEC LRI %‘%H@d?ﬁé“?’a??ﬁf)@éﬁWéﬁ%&&ﬁ‘&ﬁﬁ?%?%ﬂé%é?%ﬂf&ﬁ%@oa of (a),
10wkasiivébigieoadgineared telexthfretiulanly gisplayh{clis faycapritsSuiaeeyides at
inﬂllélzgsrezoaeA I'lQe:|h8eg'e3r,(L)1 (l)_| éu H%?i aesn alTseA azs’teHAEe{}jcs)}%% Qﬁgt%ilglfr'g‘ d.@g isZ ede athogen
image of a Western b}o is shown that ndica he expre%smn of AgaZ- R¥08
protedisease, whigiemgBedepiess iexaiigtailasorisinesps el ivethe aptigendphvatracellular

be@ﬁh%&@ﬂ%ﬁ[ﬁﬁ;ﬁ@i@% displayadupiing: %@ﬁ%aﬁ%fﬁ%@}e—r@ﬁﬂﬁﬂ@d@l@am one of the
schematic illustrating examples of how 15 various yeast proteins can be used

as fé"é%&?gél%%‘?ﬁge“ﬁ@.e(ﬁndé%’ié‘?% ?ﬁé%ﬁbgﬂ”é%é%@ﬁﬁafﬁ%gﬁﬁ‘s%ﬂisease; (i)
pratgiasiefeitad iodmigur OBtast LS, diabp iessesoiisand achihA dieiftea) or
the surface of the,yeast via the cell wall protein 2 p2), and shows

b G S TR T TS Bl o onc o
expressigefsoredlonsepiémetrie anégysisohittastvelhsgsompditedsto thea protein
yeashah: vahicle @éﬁﬂfigﬁ’é';pggrspﬁ%v(g% antiéagasus%a/ﬂi]sg(e? ehWsn antigen from

histograms where various approaches (described above and illustrated in

Fighd 6EYhBYVESER PLEHISEY (F HItARYEhifa8hY SNpRABREh theisgrmcad (Vi) a
Figill&Aos hmwsvhedyealss Lantoal {i/dme) 4ol iigsn el aBriankk k26lo doi@Santigens used in

12B-12C illystrate expression by the VK4 (Fig..1 and TK75-15 (Fig. 12C
R R e e

12Eni@@. Figend 2fpandik2imtsivolinbx prdissiors ofiffieiKBabyhe petstevtkrantigen.
theyeast isRbicosylaipaLthigl 25enddeglxresulalrd €19 RELF gty by a

shows expression of HA on plasma membrane of the Lu002-expressi

n
spRatsselst repaistrshshergarasdulannt gg iy anis AL o b coRserved

exphessignabeisagedidlsideigp30 18B)angdotraceluacéfigarlafydafivenzamtigen
herHagl(S;Iutinin Azl, Which maX be combined with the intracellular F)ﬁ)ression
of &&t}se% ofi the surface of 1u

FIUEhS S AR NIBREN M GR Cr B AYC Sxuapspulay gpigenis an
14Bspowicis|sprirnindly Figidda)raemt: antivedysprothection (Fig. 14Anfoaspect, the

thrg&igggimﬁgﬁlqﬁqgféaigu%ﬁﬁoé%ggimen A uses only PBS (control).

Regimen B uses PBS on days 0 and 28 for priming and soluble ovalbumin

protein (dVa)ascobOditBeBbost BR HyBEIRE e Udbdahdgepisparation of a
veldeheuexie §5iRg QyRLEBINHEAY:AN)ifom Bnp riss g sand 1nahdeie iavalial Milponse, or
protein was use to b?ost. Fi%. 14 a%htwsghe results of ip;{ c?# ac}ivatiotn hicl

asdaly BSRG VABEE BBt 8F SEN i SRR hP8tet o i Wi ehictes
restimtdatiorlobiTtioeisabavviestedcroprineicg leust wnizedringlbdehhefetiodb torsentigen
regimeng AeSEI0GH, ARAYE: FHSke A8 DAV HR FESHIS QL SXREIMEPEWEE e yeast

GI1-2010, a Tarmogen expressing
vehicles to prepare the formulation. In one aspect, the yeast vehicles express the antigens.

In one aspect, the kit also includes at least one additional composition selected from: (a) a
yeast membrane or cell wall particle containing at least one of the heterologous antigens or
an antigen from the same pathogen or disease; (b) a yeast vehicle in admixture with at least
one of the heterologous antigens or an antigen from the same pathogen or disease; (c) a
DNA vaccine encoding at least one of the antigens or an antigen from the same pathogen or

11



10 HIV Gag protein, was tested for its ability to prime an antibody response,
compared to the humoral response observed following infection with live

vaccinia virus encoding nothing (control) or HIV-Gag protein (virus). The

saline and control curves are under the GI-2010 and YVEC lines (i.e, the

GI-2010 and YVEC lines are superimposed on the saline and control lines)
15Higpasa.gA) aripf LGB dreuBEHaasETHCCAravising ahiowiny e rbejairiegprnes forantigen
compining &ire pastdationiarsksignals siesivachifom ReiRepalheeln6SBRASES and/or

to peptides derived from the antigen to which antibody responses are sought
(Sitfral M IeHOT NS PLERASSRG EIBHENS % SAUWACIATRRY. hEbsglogous anfigens. Tn
17 dsecaashgitizéd imagelohadizsiernadalonshowingicelsufacmexpissipn pithogen.

5 201'1}”@%9 %%E‘eé?ﬁhg%&ﬂ%é‘efh‘l?ﬁdaﬁ 43932 rﬁ@%ﬁ&g'&f%&t '?sest?}{l?t%r%?Sgggsté?v”eé’famon g
the Invention e invention g neral y relates to compositions an

methibescfor @ftidenatiie dlipitininvedotpagip de oiimaslinarerpgaisesairltiginghat is

Ce'és!ﬁ%@é_@&‘%ﬁll m&w&é%%%%ﬁ%eﬂl{%q{@é H@%Eﬂﬂﬁe_r ERPRAHE R %Héi‘gen is an antigen
combinations thereof. The invention is useful for eliciting 25 protective and/or

theFahB U SHRbhE FR MRS (it $3MERYRSF antigens (including

pathogens), and the rﬁsgpﬁgesricgnnb% gt{;pi&reetsj (ggtgereﬁ%%ﬂgally elicit (or
ensure the elicitation Uﬂﬁeiﬁn%&a?e@nmﬁmmﬁpvmﬁumoral

10 immune @Sp@n@?dﬂb@m@c@ﬁwimam mmmwm@ r@yb@n@allrpf its
addifign, R MBHPSFEIsRARSES lweﬁsawe\@aqmg&% apdkiaegine strategies
of the invention can be optimized to provide an efficacious 30 response
against: paghdgensdigdtifiemge rethya i asitenapld/hinferg the imtivddiid hndtipression of
F“HHBHl@n%E%H&&%&Uﬁ'@%M&}QE&%%HQ&P@H%QWLH%&E@@ or exist in
individuals in different life cycle stages, and pathogens that evade the
immune $ysteddiang afosiwactionssitislatin§ Ty dssection ot hangeuoeligion g mice

15 IMMERNG rfe%@p Dake1€ I%‘?&Mgtl?ﬁe Hfﬁﬁl%ma{rﬁﬁ&&o Bré{é?lpéﬁlﬁ uill?tg%ellularly elicited

efficacious in scenarios where humoral immune responses may be at least
soRfeivYE Etrstif &8 lipitingtrRllyatra géns sRBfitiF td taud aieirsls buell (CTL)
whgiedhefimmune sysiasa neagthealess fails to prevent or detect alternate

forms of the pathogen 5 (mutants or life cycle forms) and/or infection or

occupatidioftdshbstLel BraserpatiEgtn WRfcHf ArsiahEnmaaide eflihiathrsd with
thedmmwaerespgnseilllbelmmtHe PEsPREBE @licEednRyaceinemanehza virus and

vaccige strategies of tple é’/nﬁention can also be optimized to protect or treat an
. sed as tar cells 1n the ASSQYVS. . .
indiViddsI With a"dis8age or ¢ohdition, depending on the type of immune

responserdat svanighbeRosthanelicial for a paricylar pisersAiIOA CERANIAR, which
and depending on the 10 immune status of the patient wijth respect to a iveR/Il
antlgENBFPSthS SHCSt"QtBié}eYﬁ%?hVeet‘Bﬁxﬁﬁxﬂﬁ%ﬂ > thie Ve 88&%33%%%8&'% of
strMégiesotthé&ihwvditied MHRspticfiddtedirefiisacious immune response with
a few administrations, and also are ffec]ilv at stimulating immune . .
responsélgl%vitﬁ e 8V§urt§etorf’c§wtfe\? Is%f ariﬁﬁ%%?ﬁ'&%e%%‘égﬁéﬁ(ﬁﬁésay in which
25 invientiomzaroxide snpothmadmpgsitionshaid axetheds foe alidittngainmmuinedEein (M1)
reSRANSSIS IR A el f ANAShS At sgyl ! protective or therapewiic
immunity and/or for vaccination purposes. In one aspect, the invention
provides Egnipositibgis 1tatreare efieibothra blonteal dandmtirentes ponvsa @odadusion
Celldnedia S mmHNAIERADS AT IR AUIHENA SR EIR AL AR cetutinin (HA)
compositions and vaccine strategies for preferentially eliciting or priniing a
huftigtalemeninié gadgbhs Yarttiding priming for an antigen-specific antibody
30 20 prOdu%ﬁ)r’gd&%&;&g CLJhteO r%gﬁtgrolfnerlﬁda%gg?zs?e%)@ﬁelﬁﬁel%ﬁhn%aft%n of mice by two

preferentiafly eliciting or priming a cell-me ular) Immune response,
inciidierRpcytoteic af cedimedpisiioas. \Bihpreferastiatghiieitingresinmetint ihbpenza
an immune response can be pushed or directed toward a particular type of
immune response, primarily based on hoysthe antigen is made available to

the immune system using the yeast-based vaccines of the invention. The 25
compositions and immunization strategies are particularly designed to

provide the optimization of the immune response as described above. The
invention also provides for compositions and methods which can enhance or

20



More particularly, the present invention is directed to improvements on the
platform 30 technology related to yeast-based immunotherapeutic products

as described in U.S. Patent Nos. 5,830,463 and 7,083,787, and in U.S.

Patent Publication Nos. 2004-0156858 Al and 2006-0110755 Al, and

provides novel yeast-based vaccines for use in eliciting protective and/or
theeipegaietinim(fhé)résppdntepagainde2wide vetriss)ivkdstigensdineilgig virus-
paglﬁgggg@TLnrgg%rgggect, the present invention takes advantage of the

ability to selectively design yeast-based vaccine compositions to express or
provide aftg@nkawtréeaiaididpf dxtyamdipgiaelprildersicastssarfdneviighranrivnyation
or heth nanddasriret diffeent Antigras RAWGAMBINRIIONS Qf BIE&NS: e influenza

intracellular and/or extracellular expression/location, in order 5 to manjpulate
> th e BRI e rdiptshdd thétis preratdntidiy eitadaghsHst spdufeg virus-
antigeinis )T andpalsg topiodinipuiaiedipeability of the immune response(s) to
most effectively immunize an individual against a particular antigen or )
antigens, Fahd {8 n6RICE R B9 PSR B PRat R RS e hak Blodsrighisrpression and
asseciktedbwith afyantige ok gntige hidredt exampleyrifacenef enebagdisnestiicle (upper
using the invention disclosed herein, compositions 10 and meth L.
e R T e RS A A o is
10 provite lodelastirgnieprediriity cstindhvdataniisplae | drotiated iftmunfage) influenza
againglananig &@1%?@&'9;%@%11&'%@@%%%@ t?@d‘i@l’t@i&ﬂ%ﬂé@%@ a Western blot is
advantage of the fact that with respect to pathogens, for example, certain

antlyeHs Bre ATy TR SSRERT g RS Hegere e Rt ins or species of
pathogengs;, In galdiEnR.GEiLRIR 5 1S RIAIRS WRICM.ARIRIMIINE FESP 9%?@1&%&% be

be 15 targeted, e.g., tumor cells, may also share particular conserve

antljeRycS qBnthndieish S Wit freqUBh P Bk pred SSHEMESH AN itie sFamRige Rt how
15 or cafidieyeiheprtigebmadispkryed gpadheswface of a pathogen or cell are

more likely to be readily varied or mutated to evade immune detection and

clearancéfvhédsricrigdaenpernarerirtsitaibol i BIPG YT s edrdpeie. 10B as

move §keyttexpeecan AR A SPidii tOSiraie seHREICS tthspRaIe S/ OeelkdD wall

cell). 20 Such conserved antigens (which if expressed. internally by a

o L A R e S S B B B o as G

antigens) proviseca hasistfow a yeast:basedyyacdinetitiatadscrosempatattivéhe yeast
20 and.aRle gqoﬁg%ﬁgmgjfgg@%l'l-mediated immune response (cellular)

against the antigen (and thus against a cell that is infected with or occupied

by the palieygad M-I thihaspdit|direrconderveduantigansarintefiatamtihemse and

are RIS IRECTERY R CHRPHIABIINY RGN R G HE BRINMANGIAR: Qrface.

the invention. HOwever, expression of these types of antigens is not limited to

intfageligfa s kprdasivriscoriierl htay)ifrediat-ahtyend Edn aldesof 2B-12C illustrate
altexpatively be @spvessead Oripmwvigadrextsaceipiary ondhg-suiacaefdhes. Fig.

25 N SO 3 oLt bl deoa il sty eXpsion

pregdidiMihtipn (eat, bhaxressisns yyintrdesliu(Bigloedingnddegiycotikared (Fig.

mefbed qfiprayidio,an anfiaen ihat i conCHIDIRRR Y ARE YR sing
of the yeast) is generally useful for preferentially eliciting a cell-mediated
imARIAEREShRsBY Higdinst any antigen, or more particularly, provides antigen
in a contgxhiniwhichA ¢ LEHRIEA LG, EME aSPANSE roreadly RIEHER (e
although hamoral immune responses will also be primed or induced by this
30 appibacrdgaticalalpy iftise Bivgeniants hemasalytoér (g Yorehig1ay hagombined
beqniavrilapia dathe: exirrResbdl a3t ndligtb& inPderinfestion diseasgd N2 (Fig.
immupnization). Intracellular expression or provision of antigen by a yeast
vehitidis 5 particularly useful for priming or initial vaccinations with an
antigen, since providing a strong cell-medigted immune response and
preferably immunological memory will enhance the ability of both the
cell-mediated and humoral arms of the immune response to respond to future
encounters with the antigen (e.g., through boosting immunizations, infection,
or disease). Intracellular expression or provision of antigens is useful for the
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10 immune response against any antigens, including the conserved or

internal antigens described above, and the variable or external antigens
described below. In another embodiment, compositions and methods are
provided that are designed to induce a strain, species, or antigen

variant-specific immune response. For example, this approach immunizes a

host agaifigsmdre apbéfR dietgdnectharimiag 0 s d<Biamstapitprdy1yoduction (Fig.
partioulas MHH_RbSHEI0 uSREAIES PrAIfe RYEIR 18060 BrPRHIRORNRDA. Regimen B

particular antigen variant, as is done, for example, in_conventional killed virus
vaEE?ﬁé’th?m&PLﬂéﬁélﬂ/%ﬂ%l%%éofmé@@élé‘&t’eﬁol}il”é? SRR LB Ry thpds used to
yirabgs;oupsuqa%d PrEuidace asidgdns,dntothkic wardsedkiis: aspéathtieVAX) for
invention. ke iuiher advaniage.of (e fach inalmeny pathigens And el or. 1
express variations of proteins Ievané\]b e antigens), particularly on the J
suddbactivatien patbiogers \aricesiuritcel ntidn o edbraisorjelasr dfly the in vitro
refeiseddadigrein ?%ﬁﬁt@fﬁ%ﬁgﬁiW)rﬁmt_ ﬁﬁﬂ&@z&’&@}} AR three regimens
yeast-based vaccine that provides a very directed immunization, or even a
sedeisnibe fiization, against the antigen or pathogen. In one aspect of the
inventionguUGHy %HQG@'iﬁea{@s&}{pi(%f"'&(;%)fﬁﬁ@l%éexgh%%‘ér@?ﬁﬂbd'@‘,ﬂy f‘&ﬂqﬂ?@en expressing

surface) by the yeast vehicles of the invention. Expression of variable or

exteh P HhBERHE- 2% HotifRdd 18 N QBIRIRR L ARAGI0IRBPEtrauBRaiat to the
provisionioktatigens e e yeasihgehielgicauehtantigenscaan alse eficoding nothing
alternatively, be expressed;or provided intracellularly, by the yeast YeRIclas 06 510
the invention, as 1SEdssed below * MEXtracéliular or surface expression or
provigidty BCahtiggen- bythaeyehg e hiade ACECT dingy to¢heppraseptcidhvantignsaline and
(e.GonR¥1§XREGSSION that results in surface expression or 30 translocation of

the antigen to the outer surface of the yeast vehicle, by attaching an antigen

to the outdesudacendribl} secsdtimptialamtigenshomnththy ety qnefer éortialiybining
eligitsd HUMRBh MNUBRICIPRNSPRARASHING RDHISRORLIR! BRRIICHA N from

enhances the elicitation of a humoral immune response as compared to

whibh fREsRtGerhic R asrbedsFarracelararipuslttniisnshdt Gethenn amhdaghpA and
celbimrdntechiwmE desmpnses will also be primed or induced by this

approach. Indeed, one advantage of such a vaccine is that, in contrastto a
conventidnl killsoafgdigetdineemeintiofetcab i, fvararrilleuipie fxpression of
primatinLliRilsl Adeat alizdagantibaodysespanse against the virus, the

vaccine of the present invention can 5 elicit both a cell-mediated and a

humoral immune respons mDthegpti antépens. Extracellular

&p J& dl
EXPressie, Of IAVISION AL ANIASASRY B YSasbYEHGImimUTe) E‘i’éié%%ﬂy eliciting

elicitation of an immune response against any antigens, including the

coN3BPVE YPEInMEATENRPRIGRINSMAY tREUMpRISIE Bnedidtsch dnENtigeisgPonses, humoral
desarifiad abpéasddoweay el BXtaCeI  eRXPresEiRN @k EHAYISIRNQRELNE for eliciting
antigen gn the yeast vehicle is_particularly useful for. the 10 elicitation of an .
ARSI JSHRE i R TR RS e HE X pithefountieens
encoukuténgrptitie gxtsaceliuiiar mifiewses wah rsopoilublel antgegasnoelly elicit (or ensure
SUHACE QRIS T 5B A0HIR 050 PR AR S AC S AR LRSS AN IS both a
development of a humoral immune response against such antigens'is
destiaBredipiedriabpaetakiamas eipiiventivrddisene Sinbesrhe e sgactpied by

appieaabesnds daseribed aboyedintrecaivianand sxtraciuiapRYRICaIeftilcious
provision of the anti%en by the yeast vefhicle) to provide powerful new

valtiR¥E S Bife BN Bl SEILEH PR AT AR A GYAI TRy ith multiple
whipbcgarbadesignégd tonpr oinde fadibgenssbapiofectives imamnmityi adah mordifferent
Specific | ' ' icu [l iant or pathogen.species -
S B B B SRR i
infection, the 20 combination vaccine appyg@ach elicits a powerful immune
response against influenza viral infection in a cross-protective, "universal”
manner, together with a viral strain-specific antigen approach. This approach

will elicit both a cell-mediated and a humoral immune response against

influenza virus and in a preferred embodiment of the invention, does so in

daga

agptionrbh gde
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30 elicit both a cell-mediated and a humoral immune response against the

virus, and does so in both a cross-protective and viral strain-specific manner.

The individual immunized with a vaccine containing such a yeast vehicle will
have strong cell-mediated immunity against the conserved antigen(s) and

strong humoral immunity against the variable antigens, although both types

of rtiertipaspiotasees oallsbeThkniaaesaipstoneth elissaddhamitgrissent yykp@on are
appaen 4aytheae.efoskilinthg.ats hows hig fiket 8 Xamig: CRBpBRSMOLIfiedd0y least

improve or modify the immune response against the virus. For example, both
the VBRLBH & Siittgelfs Rt Bse Darhiieesitg 8Nl ¥al peespflsasy Grt where the
pravigededniyaeel ulaibrhsietheyrast, madtheob deafiahle:antigénsncast ke pathogen

expressed or provided.extracellularly by the yeast, to ensure a better
e e e bR TR 20 W o

celivhetlinge dhan dvaderorai sdireairte rayporsespersainshd oumtysassppnse elicited by

a”U_g&fi@es%q iy igﬁa@%ﬁ &ﬁﬁ&‘iﬁ\(x‘z’eﬁ%ﬂ%ﬁ' Amrﬂpﬁ}mm%ag%&q or treat an
against the variable antigens (e.g.,see Fig. 16 and the discussjon herein).

10iRGNE R i Y i‘é"&e@"&?ﬂﬂﬂ%é’r‘biW?tWé’?é’é&%ﬁ‘?EléeﬁPﬁPse that
expraggeseompro\tciegithe antigepsexitacelielasyofortldaiyeashyekigleding on the
sutfacehcanbe s eame.of aidifferent ysastvehicle than e yeast YeRicle., .
that ¢ expresses or proﬁées antlgenf§§ ntracefiu arly. tR-addition. different®

coirbivatibnlbs. inbacelicizes antheascaadioriegieacdldiar iamtitienms @ansbgwulate an
exprgssesLonisifigrentapasivehitles. @ud EHQM?JHQ%%&,%H%& W Chffective at

separately or together, depending on the vaccination that is desired. In

ger PP RS ATRPSAL BN BIGRORIECHY Vb!BY OfbiiferdHesraparing)-

vehicles i B3 QRBASERINEX GRS AL ARMIN alh ARHEENS ARG A AR Imune
vehicle), the yeast vehicles can be combined gmlxed) for administration as a

SINGRPVRESIHe (@YW Shamigssctivh YF Stifdi e RiPE6LLy ey SrerBetiifet@tunity
yeastve higlesccants gaminisieredseqidpadiathe TventiOn seauiaatiabmpositions that
adminisltratti[())nthca be selparated bg any suit&tble éﬁ@riog. otf éimerhincludin di

small increments of time (Seconds of mindtes) and fonger Increments of tiie
(dayidjtivedksspaetmitbrey slee vemyesiishs Fhe iaventionasegitefiplateSingialty eliciting
these, EMRedIMERLEAMAEARRGAION AL ARHgEAS R 18- APRIREbecific antibody

embodiment, includes at least one intracellular antigen and at least one
exinting difideh e OaTUBEE, ARSI hIgEHs UalPbrrdsrepriiystciting or
usinghany sesmbinatiasdofcyaastyvehiclas (RelEgnalsingie yeastyahieleéhainses.
express or pro 'ide uct:h antti%ens. th'l;he vaccine aglg)roachesbdesc[libfd directed
abbveCan attordingly e MOdHEd by CoMBIMASH GiPsEgustitiaf Pushed or directe
admivasiratiertitelgr, tepprimeivoost ssrategy pofndiflerent y eastdya dedavbgemsgnade
whergidiffersnicompinatiops ol anigens nGliding ARIBALCHMRINAHARRO The
of extracellular antigens arid/or intracellular antigens, and in some aspects,
diffSYBRPLBPRDIfado e BFRGA SHHFOr YariApTEcalfiyedssigrshrisvideryids the
addﬂ_iﬁﬁzy@_@lﬁbf/ﬁwG}ﬁﬁﬁiﬁiﬁép@ﬁ&@ﬁi@éﬁ%&@@b@?m bmdwaﬁu@gwﬁgéxﬁ_esiws for
vaccines, either concurrently or sequentially (e.g., in a priming .and boostjn

o {ORBH i A: HRLRE e TRSB et SREEB R e BRWBREZET of or
protectistfivhgainsiinigotionngnodigeaskasiil oaeambodime N\ yeasinbased
vaccine of the inven‘io that provides at leastﬁi,ell-m diated immunity, and in "
one aspettBAtH LRt dRsrRE SRt BIFHETAIS ARG STRRECAER M e iy dishiy form
or prividivyy acitigdns pedki-intsat @bulankytiamabexicapeiiulasivis idess@atdampiinge Patent
a”%ﬁoé%[@%é‘%?%ﬁ&mfi%i%w%ﬁﬁ .'§.”i%‘ie%'i‘d‘!§§g§/a§§% oLANUGRN% 136858 Al and

pathogen. Immunization boosts are then provi ivery of a

corVBPriId AT Vaddinandspety dssanpighvpatichaee davpreidh st Bunithlidiing piokgctive
killgeh e inRGtyatad RAthesengohyanathatyeastpasedmceinadinehiding fiding
membrane or cell wall particle vaccine) o & combination of a yeast and
conventional antigen preparations or even yeast alone (e.g., in these latter

two scenarios 10 where the yeast is serving primarily as an adjuvant). In

such "prime-boost" strategies, a strong cell-mediated response elicited as a
result of the first immunization (priming) improves the efficacy of subsequent



invention, both cell-mediated and humoral immunological memory is

generated (i.e., memory B cells and T cells that selectively recognize the

antigens of interest are generated). As a result, upon subsequent exposure to

the antigen, e.g., through vaccination boosts, disease, or infection, the

immune system will respond more quickly and more efficaciously, 20 and

impatagenwith vespectoRapEstati o duostskenwdy anitigsedf sstiligatpelectively

usgekiBbgostersal NaRRaSHRASSELHRGEINESHSe O PrX@MBB e EXaMPIERularly,

and Figs. 14 and -16). In addition, the yeast vehicles may work in synergy

witfF BT EARARY. HasedrtHciias StREHAPirhRoe ARdPOreks e BshhizReens and

by dbettaarbinaid tist gpp foa chy siet] asaday/co axbinicitn RNApractindsoatiitn, in order
s YRR A5 U5 SETIEE DRRRSAR R B g i

dosgetigpe(ihgigliallitiés meaigelsicathicahién i dhe yoastis aserpisecoite gravecihiectively

Sh%ﬁﬂﬁ%Yaﬁri%%@m%mga%ﬁ%ﬂ% thatthreatens,Pyolig fea o SivB.dively

becomes difficult to immunize individual more than once, especially in

cirEEMStacEEbT eSS MMM ARGHS i EorIBISiABRECR AL ANEFbds of the

inventionf%lﬁ&ﬁ?ﬁﬂi@%!@n@fécéﬁ%&mgﬁﬁ Qsﬂl%atﬁE %Qleﬁﬁmpéﬁsgg%lrﬂg;ein, compositions
necessarily recombinantly express or otherwise provide the antigen(s) of

10 i tapdappilipfadierditcloset By RrPudRidaRetorsiseite tHRYRIPALINE T 88p GRBEPach to
of proadtigayhating pravidre sepanpetyd@ygccASROMeanventitahya6aiae antigen
including DNA.yaccjnes, subunit protein vaccines, killed or, inactivated .
bt A EIBER, Ui LRI KAES RS E o PIPACH RS pragect o
alreatiyacasriésy thevantigenrinisafficdent eganttibsdonsdivitdaaniongdiiéerent strains or
repenEE A INIGIARERLAT (DRNPORNGRICRIRYINGh YRASINERIPE SULId be

ua

as an indivi at is currently infected with a pathogen, an individual who
15 ha?%?&é%iéﬁcéﬂ%oﬁﬁ?ﬂéﬁié?ﬂha&%éhﬁﬂ%ﬁﬁ?&ﬂélﬁ{ 6?‘5%%@8@6@%‘%38%6“5 are
cafieman peligesstd wiahlied inerpunegsysiertis el aleiantak aganstd on the
Whic%tolerfmce an be brolﬁ;n. This aqﬁfrqach may b combir&ed with a prior
suriface or a pat ogen_or..cell al more (v} to ,be. feadily varied or mutate@ to evade

or subsequent ImMmunization with a yeas vehitl&that e%presses or provides
intiaceltudatetaetior extacetintar heterologopsnatigens ixsroib cussedadivgve or cell
Indged,shergds arept Iexibiibainiavwihe Vacans QiR LIESHRLIVERRR 1§ cenn.

10 designed and used. For example, a "universal” vaccine comprising a

20 yeREEl SRR PGS Sdd BrifsceBiFsRe WYY 2 Radverety it 2 Virus, can
Mixed Batbe koM RiRgieArVIFinGISa taiaNigRBGISUChaaS RANSEEN@Dased vaccine

anﬂ%ctans can be atdministeaedbo an ir]di.\t/idual na eri?lc_iic Qaﬁiﬁ’ in order to

develop’a cros8-protective imimunity in“an thdividuar. This Vactine CaR then®>Ponse
be (calnbinedaiioit €)xamipgen ¢émd bnedgmesor palibdicsbasistedithidddittonmliddby the
YeashiehigIe RPRSlnGRIcCRBRIGKEH NN QIRLANTGRAS, SHEN AR URRRC: sed
antigens, for example, to address a particular strain of virus that is known to

25 pe¥ikigraser iMracpbyathtion Be ineiviohides Ak e dvtersnit dangyidssimesrion of
COm@JﬁWQeWin §H@§hﬁalii§lh|]§t aﬂ%ﬁgfn@c?mr&%u@mt%dpﬁhﬁaﬁam@%&%aﬁteﬂtemal
annually or on any other preferred basis (e.g., emergency or anticipate
o S AR S B B RSB o G 80 tH o b portace of
intére stand/otiiheansostiprdsadé ftepatibogen st (siaduréhgva given period of
time or for a particular geographic region. Other embodiments of the ,
invention ML UPRRIERE T biei FERE cIsQBETTe Broiatd Pebists, sccoipe o the

30 dispussediabotien magnipoyatigestithe typeofieXptesodigr, assagiatibarohathod of
antiaenain g YERSLY SHIES.2chiRy RS ARARICHET IMIUARIROlAI PR e NE, i
can be 25 exploited as desired to "tailor" or "design” vaccines for populations,
incgonsurly, wephrivsurseisundyscleanutions! orgshatrdgErRUNSTERROMSS RESL any
casfibEXBAGRYL A SXRIRBSIOPEViREOVIgIQR OfiRN aViBaR By dveRst @hiehediated
both humoral and cell-mediated immunity; gre elicited, although this type of
expression or provision is particularly efficacious for the elicitation of humoral
immunity, as compared to intracellular expression 30 or provision of antigens
by the yeast. This is primarily because the antigen is exposed directly to B
cells in this embodiment, allowing B cell activation, proliferation, maturation



More specifically, an antigen expressed or provided on the yeast surface (or
secreted by the yeast) can be recognized by a B cell antigen receptor (BCR)
expressed by a B cell (B lymphocytes). Upon binding of this surface antigen

to the BCR, the B cell then internalizes the bound antigen-expressing yeast
vehicle, and the antigens are processed and returned to 5 the surface of the

B deimpnghecipprrofipepriiles dreiedhaleugerienpadomplasewrtppnsgerwill also be
histaeRmRAtRII.GHYPRIRX B?)F@élﬁ@%i&hfﬁ%@[tq@ FiesR MHCRERIAE occurring
complexes are bound by "helper" T cells (e.g., CD4+ T cells) that have T cell
red8PTos PresRPIRAM SRR SE08H2BIh & BisttiCfaKPIEr JB[5GHRD- disease, or
coinplexeatibctivaledantige regpesiia Toceiisvikmhrecagiigentive a yeast vehicle is

5 MHC-peptipIe co X r.esented.b%. B cell inturn“p{ovidet such.10 B cell.
" ar,t cu éﬁ‘g usciu Or primi or 1n 1261)1k.vacc nations lh aH anti el'|l SINCe pl‘OVl mg a
h(ﬁp In the form of signals (&.g., cytokines) that cause the ell to

profiferateedmeritis todogenyneo diffarerivteraist Phativaunedoaistibodpeecraligghance
celige hiSIRELI vRNSHNBY DEAHvatat RvmoniachRl dhed icRHuithesHER @B respond

cell that is presenting the MHC-antigen complex, as well as by contact with
the MR BB RS MPIR X5 AREPRR § 48 ST SnbigRsH s L08R L infection, or
inchixding) dandiititl gal s qnck sivacsopriagesn bl atlditonishscailisertine yeastibd of an
he

10 vehicies,of the wention are avidly phaoeyiased by and diteatly Acvats tpens
MHC Class Fﬁ)afhwafoflanﬁgyen présenting cell§ such s dendritic cefis (in* &

additionbgs! e WiHG! dhessuiapthnaydrmalGDge salbyerdlid tesdoimmune

response, can also be elicited by extracellular expression or provision of the
e, 8 A S S At e T R AN dofenea
humdret androell-spadiated imreemearsponsesarmeliotedspyrextrdeelkiampl, this
eXREpRAON fﬁ{rﬁﬁﬁl\ﬂ%QI‘tBEEQ%a@ﬁL@%&@Xﬁ&@f&eﬁﬁ%&mﬁ@%{XP%@_Essociated with a

expression is believed to be more efficacious for eliciting humoral immune

15 redPEiEy A By THEECSRENSS SXPHESSISH SF8Foiid BPERR Qhtgeafticular antigen
Huvaesal, mmuishée sponsaspraminchidedheiganedatian ohaewdsalzingually include
anﬂlbodie% vtvl&ich alretuseful for th(ta 11or%\l/ention fnd trea[;[me(pt of inlfthtiouts 1
diseases and other dndesirabie conditions. 25ASHECts ot B céh activatdh =™ ™
resulengriords htmsorglaeh wiuthe respuonge takesstirderatibaihyaghovnhie faigsthat many
;gﬁ‘a%ge}@%m?@éﬁgr%&f @rim&sfgf ?Qﬂfﬁllsl(le%ﬁlgnaﬁﬁggﬁstjoﬂamlarly on the

gen may be provided by a non-yeast based vaccine or soluble protein, or '

20 py Syeise @%Pégﬁ?’f@%ﬁ%%ﬁﬁ]ésdﬁ%fﬁ@r\ﬂﬂgé%ﬁ%ﬁiﬁ‘g SFRS TRy OF dRfEeA Grherein
theisukiaael Refesringia tig. bbBethe intasellidasiyaecassingnefiie @oligena very
takc?n up db. the actti.vated B 30 cellsis resentedt.via MHC t(:IL?C;‘,S 2.rece(Ptort,
whidii i TeCBgMIZET By Sna st ates Kntigeh Yoadic HIpEY Tcllésfnd patosen
sighads camgppaytakihe smitramomitied byt actevaiadaintigerespeekicadebelisly (on the
masttﬂﬁée% %g?ga{s@%ﬁf'&?&so@ﬂg Mﬁ[%ﬂ‘n%gééﬂ&ﬁ%lf%gqgfee&séxtemal antigens
intracellularly expressing the target antigen are very effective for activating

25 anit aRiPImIIAG t??%ﬂ?%bé%%?%iiﬁig@iﬁ%%ﬂﬁlﬁdw@fiW%ﬁ“&gens on the yeast
p ;ﬁﬂqu%lysdlasaﬂgg&%@mﬁ afs@li&uﬁ&:ﬂam@lywe A{ﬁif@@&l ?WH@@ ii&rﬁd&lﬁlarly by
effectively elicit en. helper T cell activatjon and proliferation precede or
ar %8&?8 trﬁf’:l%{ﬁfe ogéﬂa:eeﬂ%?ﬁa?ﬁlgaﬁ %ugsgaj%‘fgof%rget antigen. When the
antigen igexprasaed o pigvidesintacallWardvsay eashv@iie®yacelaR vehicle
mediated immune response (both CD4+ and CD8+ T cell responses) is ,
geASIHHEEsY #I% EF&S%%‘&?& B & PGS BN BB MRS FaREssion or

30 |-restiittedianciite MidgEckagbd erestrotdepsttiwayssof cuntigey-presbmiing antigen
cells 3 a5 dsndulic pelsand madiahiages. AydareRad PERYGUSH P it o
e.g., U.S. Patent Nos. 5,830,463 and 7,083,787, Stubbs’et alL, Nat. Med.
76251820 iDNONY EREODL SEANS il ReSE AR GA508a 5088 1poB4l) qiifdtation
T 12 salimaslivatadibydsniRechaniphicaan RIge RS to-RpubeeVintracellularly
production by providing a signal to B cellg that have encountered the target
antigen by a different approach, such as a non-yeast-based vaccine, or by
natural exposure to a pathogen or disease, for example. Experimental results
demonstrating this concept are shown in Figs. 14 and 15. Various aspects of
the invention will be better understood through the specific 15 examples of



20 provision by yeast vehicles according to the invention, the manipulation of
expression or provision of conserved and variable antigens (or internal and
external antigens), and the manipulation of priming and boosting methods
described herein. In one embodiment, the invention generally relates to
novel compositions and methods for vaccinating an animal against an

infilethe Yenss ahirtor akdatialy erlbresdetiedgmuneiuesnansiafetilbalie &g primed or

animalkcing imyeminsdncludes thedstipfRayeaskhased NaaRIRe tR%tdin contrast to a
combination of yeast-based vaccines, the vaccine including at least one

ye SR VRiRal drie  iEusY BT miMBHOACA RGER AT SRl 1o Rty clicits a
imrsuneliasp angbodgaipbintugniatitiection, itharvaninabf Ihartculaliyention can
s Prefirre grbofiments, ey niomIncludes 06 use of 4, coMBINYeN.oh pigens
influenza antigens in the yeast- asedavaccme, where the 30 combination of &
antigbnee Prbyidanress 98- propetionraghinsigevatetihof ipfhierhiclgrsl dseiimdor the
as éﬂeﬂla%%§9§§i{iﬁrﬁﬁﬁﬁ%9€%b§&3&g§hwﬁﬁ'élﬁfggffs"}'iﬁ&'iﬁiﬂég ﬁl%eci%&%@%_r internal
specifically provides novel yeast-based vaccines for use in protecting against
infRILISEASVAYl hreribasihg Y Crabrpietatfoecribat ey VHeRiRwT: extracellular
apprpashipalongoriage ibfethwiihtiatirahstiaipespeaific Rnigent@pprackefkhdr the
10 2PpEQach will.elicit both a cell mediated and anshwé‘tot'i%' Immune [e3PONSE 1o cied to
against influenza Virus prefgé)ré‘bfy 6es <0 if both & Cross-pro ective and Viral
straigospeseifio rivaneraGitobafinsilzsp evicbf thisavhsodigans. tiselprastang-expressed
inventianstalies adyantansceliislac thakerl AN AR £XRIS$S8hmoral immune

internally by influenza virus are highly conserved among viral strains. These

antiGBASErAsRVRIFHEHBHSTY B EINPSs internal viral proteins) provide a

basis for g, ygasthasednepriag thatdssapretamiveand able do-elicitaroaches
effective cell-mediated immune response against the viral protein (and thus
15 andrtribRgaRarGSirecibd e gndamirars AHBtREPaE IR POPIRT S OBloUmABHgen by the
theyprasanmidryantipoviakgs fithe hadvantags aidherfaehthateinflueozacyirahediated
strairasheépre ) varia'%ions ofhsurf e protei t(greferrgd go {{)erein_grepegalg/. as =
extirhal ViFat proteinty A dhR e tsed 48 areatt s Yo At basa R atsnG thap|mty
imandnizes sphoSt againstynanspecificivital sttaies vasast dopethogen species, strain
copventiane! klled vinsvaceings.thatpicpiinalidedires seieeted ¥iflion, the

strains representing three viral groups 15 based on surface antigens. _

20 HotpBIERAtiOR JASFARE FPRFRISE ElfFitehiioiAr il BB GRMIfedgaiichfluenza viral
primaidboglicit 2 Asuabiogvantibady:-saspense:aAdaRsidne Mius ke waetingecific
of the present inYIenjiign can eli%it b.(ﬁth a.c%II-rtpedi lied nd g humoral .
. antigen approach. 1S a4 oach will elici oth _a cell-mediated and a humoral immune
imMmuRe response agalnsP ese viral surface antigens. Moreover, the presenfn
inverspioncaguibies tivege twes vaddine piicfgpredemecdispetcts tbeprovidea does so in
Popsiful AR InfluanzaaeriNg ihat eliciis bathgross- 20 protective and viral
strain-specific immunity, including both cell-mediated and humoral immunity.

25 General Tec¢hnigudsdimenf he phradticenobihelpresenténvention dedl @eplioyany of a

unlessRIeWise i@Qice?&tﬁﬁﬁl%%v&%“9%@&&%1&9&9%%5@19& QISR RIOIADYen (c.g., 2

(including recombinant techniques), 25 microbiology, cell biology,

biotFaiisiAl RuERse) £t RherhTstryd Ln dipvideths1Base sith Rir e wrapkrdvgte. and
to U%%Bl@iﬁﬂigeéﬁ thfrﬁrthe’iy@ldﬁdg&hr@éioy,ega &é&ﬁﬁ@ﬁﬁ@?nﬁégﬁj%gﬁ?dﬂgg@%@ed or
such as, Methods of En ology, Vol. 194, Guthrie et al., eds., Co rn ,
B LB LB FERb B R Yot S s wil

30 al.phdshoﬂcaddmmmmsmﬁynmmmmheymhgmmm the laboratoityloes so in
COYGRR J@S‘éé?ér R i i%ﬂg M%KP&F L3RR, u§1r%%§1&%§%9)\%vith a
The Yeast Saccharomyces: Cell (;yclS ‘and Cell Biology, Pringle et al., eds.,
ColdcSHERgHAHIS L ebd perdh)y BYesswiboryp stigagsisnglizeddrmydesigainst the
GenpexREsHRBn PR fERe, RSer{F HehRINe AR Ak ARIRLON REASSalthough

18
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(1993); The Yeast Saccharomyces: Genome Dynamics, Protein Synthesis,

and Energetics, Broach et al., eds., Cold Spring Harbor Laboratory Press

(1992); Molecular Cloning: A Laboratory Manual, second edition (Sambrook

et al., 1989) and Molecular Cloning: A Laboratory Manual, third edition

(Sambrook and Russel, 2001), (jointly referred to herein 5 as "Sambrook");

Cubpémtmtef:émnrmcﬁam%as Bidldgynimned Agugsdiosh sypee . antggps. It will be
kli IRchsUPRISINeRikINrAUER 290 Eq@%r&*’b@;?nﬂh@"l%ﬁ%@ ORI ReARk8ve or

is.et al., eds., 1994); Harlow and Lane (1988) Antibodies, A Laboratary
Yé%?d@BH%TPFBPSB‘? BRI ANB NS ey BB IBURERE T.%ﬁ%“(i‘b@@')‘gens
Us:mg Altttaﬁdbas aﬂtlgaboratdetamaﬂ GoidoSmedgnHarhhﬂdrabbyatmyeast and the

Press r|n Ha bor NY glntl gd t9 erein as,"Harlow a
vari. ens C{g)l‘ aﬁ 0V1 ra lu ar. %(\{3 east tO ensure a
Lane ? eau age et al. e urrent rotoco sin uc e| i emistr

Johriteyikeyl &nglirisd InemuNewrspopke 20000 @agm@wghﬁmalmmcﬁlégvre cell-
The 8Rgi RLRERQLPRIRARR. Qsﬂélﬁ@s%sggb iR b QHNGHUQR (200 A o provide
S

Vaccines, S. Plotkin and W. Qrenstein, e 3rd edition (1999). General
De’??ﬁtﬁc?ﬁffcﬁé%h%ﬁ%tatrﬂ%‘tﬁﬁh‘@%g&%é‘gt@%r@%‘@ﬁ@ﬂﬂﬂwﬁﬁtlEfor‘a;?ee Fig. 16
progdetioniangstondlb@ithe processes that accompany antibody production
including, but not limited to, B lymphocyte (B cell) activation, affinitiy

matu ratlotﬁ BRrerRbRion F‘ﬁtt’?‘tﬁta%?ﬂti etibsAP R dbg B%‘élt’ﬁ'é‘ﬁl?rﬁt%ﬁxpfesses
gednifalidentae tonpaiioandisaipeswiehing: asdcle Retpee celhaetivatiame or a
signaling, and yto ine production, as we effector functions of
20§r?f%gg| eaS‘%hlceh L|Cnglu{8e n?eﬁutrg}tfazlsé{tlgﬁlh C astst}%tal cgmp emen aoc\t}\c}g i0 amlgen(s)
anthopsdiniadtion. In Adteednmddiated” mmlmswnsemmmma}tle@s and/or
US@QJE@&tHQ@QQ&QMé’&HWXQ%R%Q&@%W&MQ% (Rum veRlar MU icles can be

response) refers generally to the response to an antigen of immune cells
|ndﬁﬁnﬁwrﬁ}%ﬁbaﬁ@eﬁn@%‘?ﬁ&%ﬂb@%|@@H}ﬁ9}9ﬁd’é§}té§%ﬂ% laetsarize when
celise nmagraphagesoaiidatutalokite el sdisfackio gzxtlaaf ttaﬁlaeec@eseastbaposed to
25 accompa fy suchdres ses mcludmgé but qot ]tﬁe? ttgé act|vtat|o b
proetxt%raf on of tRese clz%%ls ﬂ%?t‘ector?un ions ng oKihe pr ﬁsctl‘é?t ? can be
inflyenivesdtiimifiadetion aihotheratelsanecingtt inaadaptive-immugk nem@nses other
ang lngte imUNG: 'RRPARRES NGNS ERRNLT Sa e RRAtioN-AC The

the'present invention, the term "extracellular" as it is applied herein to 30 t

ProGIRIEHIBK aiHAGRiPR eROBIRTRIY OOt Ay raviahin Tied ektice ding small

antigesaith sespecttecaneast vahigls) means fBattoR ABHGESr iSme (days, weeks,
extrac%llular to (on the urf,?,h:e of ortoutsldet ‘2 tlhte eas ast vehicle, W‘LCQ can

be BehIEved (55 Any B nuMiBel S I thEALC RS ML Qs S§nrgapdiments, any
extramélhdaesnvithanggpectita thet mdsmémd@mmamm@edWSaQMdemcellular
(e, Megest YRRIGIe15:0 o Y LeRRIRINRNLRIRG|EHPRL SHE, 74 1R AHARM O b
portion thereof, is displayed on (located on, contained on, localized to)
OURSP AP ESIRE B yéﬁétl%t%léf(ée@“ rebiels wgﬂltétn&m@ahé(@@veﬁétctﬂ) that
the: phasina: previdy ang takideyeast spheroplasts, cytoplasts and ghosts). The
antigen may, for example, be expressed in the ER of the yeast and then

translocald tyasansurtaeedhate Jreasbeditibayh, Myerseradinglth kespeedifged by
recombinabnantigrudRd Betian ielarncestoa @mﬁem SemdBe %ﬂrtﬁﬁerattayeast-

yeast vehicle or extra lar tot east vehicle is inte dto
e BT 3 At G o GO B Lo HEI R TG CormCinations
tranfslammmethmugimmgegetmgl/andrftﬁ@bﬁhﬂmwmgmnsttmammrsmhmesaattgemfferent

o 5§$‘ﬁﬁ%§8§s"%§‘t %.4%&@(? X}?@%} %ﬁ% fe TR E%Emar% FERaon ‘iﬁ‘“aﬂh?f?oﬁe yeast

generically used interchangeably with the ternt ‘provision” and can most
geﬁ@ttelaﬁtﬂeﬁﬁeéﬁdd&%wl\haywﬂw@wm@ Abeahtige fformhacsupfiies gmgurrently
yeastughialeiliyece. 2sseciatigim by othehosihe dsdte B AN RaSREANiEa! the immune
example, an antigen is also extracellular yjth respect to the yeast vehicle if it
is attached to the outer surface of the 15 yeast, such as by a covalent or
non-covalent linkage (i.e., not necessarily recombinantly expressed by the
yeast). An antigen is also extracellular with respect to the yeast vehicle if it is
simply in a mixture with the yeast (an admixture, combined, a composition).
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According to the present invention, the term "intracellular” as it is applied

herein to 20 the provision of an antigen intracellularly (or the provision of an
intracellular antigen) with respect to a yeast vehicle, means that the antigen

is contained within the intracellular milieu of the yeast vehicle, which can be
achieved by any number of methods. For example, an antigen is intracellular
witfeseassecend tive Besistevenhereotitsoiestigandgaaxpradeeippyatite disepse. In one
vehiglederidnt by KReQmRiBANLErRAUStIAR) ARchableast sPHVRISS thaantig8Nmediated
that is 25 produced remains inside the yeast gi.e., is not translocated to or
delfVarE %o HY Siridte Bt ot a1t haadh Br per B yalVerdtf oS bY
or tsgisiciaatedpioiiinguifagen obteiyeasiveliglend Eheardiatellyaruseidiew ppfme an
thelxeast vehicle can .inc%lude but is not limited to tpe cytosol Bhe ER

. immune response against, a patticular ant , Set ol antigens, Or dthogen. Tmm
intérmnal membrane , and secretory vesrcls that have not yePt traversed 10
celbestfatie. than anigeediByadsh Yatyaded gRvantivnrelspeset o thiehyena N Aigke¢ine, a
!t '?1%%1935@9@11'1@tQaUEﬁlé’,e§1Sta(%igedb¥rairﬁ){c§il¢ﬁﬁgl%m%%}ﬂg Qlf U?%BQ{& yeast-based
including electrgporation, particle bombardment, microinjection, lipofection,

adg8rpii6 ﬁ{“ﬂ?@&‘f%ﬁ ’3?1‘8%?8?6&8@4 W@?dﬁ‘)’.ﬁde V%&Et‘??cﬂﬁ@ CtB“EH’él"ﬁl%%B%‘[‘ yeast and
invesitventidhel geteralpisehanain @f dhe tegndt "aotig €n s reterke do anyrpaktietenarios,
of a protein (peptide, partial protein, full-length protein herein the protein is

B R S A s R RN s, o
celitroedl gdhtacdratidrugreahssebdicites aps orgenidimofwheléitgamivmiziisate(@iming)
d i%%ﬁﬁ@&%&ﬁlbgéf%i&%?s%%ﬁ@m @J&@Mi@%&&@%@n@é@ﬁﬁéﬁ%ﬁc% AR provide

cells), or other molecule, or a portion thereof. An antigen elicits an )
antiyihEspe GHEGhPIHE RIHSHER (e §oostimgnidraranct SHisEE - RscRht@geine than
IMIALPETeSPONSe)cagditst heisadi e milaeantigengpihal areeponintetedine.
within the cells and tissues of an individual to which the antigen is
administéte A RRFABGRHUMTEROGEN S R Y PaRsraERng B Spthods of the
refervingdn, stisrulasiomediand mimunaresgonsautioiera aatigsnicaeleited (ie.,
used interc@arigeaglgf Wiltlh H?E% telrmt."ir?munogen"thAn itmmun en, as used ted)
hefein, describes an antigen wWhich eCits & Rurmoral andror Cell-mediated. e
imrvsRereegponze (kehsdguantigepis)rsuethanagministrativpugh theccination boosts,
MAMAO0RR IR ARG e A GG AR R AIESEDLINUGRYAR BIRLS .

an antigen-specific inmune response against the same or 15similar antigens
thatdréRESDiedth isiRTrtHe Hactiption theesiinfarer an%%l%‘?%e‘f?nige used in
usedd@edescrbe wasantiganviiainis preyidadeinafRImx ammintagd Foeke1afand -16).
adpinifﬂrtatior{hsuch tthat thefre IS a redll.(Jced or chawﬁd im_munte_bres onse to h
the RATGER- altd pratersBly SLBEanGAF AR RIBoRSNERESE GRS stie™ s

inabtivationperdetetionac! apimuine! dystencaetizitorespppoedo samtagbyvithmbining

theyQleragen,at ase ?&%EBE?&?QQCQ{nE’{?S%Jirl,gc%‘,‘qﬂetolﬁ@ﬂl%‘é‘- may “heed to be

unization
the

"vaccinating antigen" can be an immunogen or a toleragen, but is an antigen
usé@“i‘ﬁléﬁt%?@cﬂ'ig, ose Y BivlgrErrespyRs P sfitationT B sriftinionng qualities

respeNLSirinleranee nisntonq-licite dagaishthenvarsinalipg, atigam Avmbating an

"immunogenjc domain" of iven antigen can be ; ortion, fragment or 2
eptETE BV A AR TS, ot B B aNE b e PR AR Bfgaduar more
epitopenreothprccolyformiationsdrepitopapthamoomniainsrat least one epitope
that acts as an immunogen when administered to an animal, For example, a
Single prothF CRRORUEAR AT ARFETE e PR RrTE S ihnes Whete & yeast
Immebindgdns danadassadgdarotibmlinga e spegsrencethavitiie @rqiidteihe sugpen(s) of
as indhe £ase kA RUMAT IMMUNG JGERANEE:IRALERIIARE IS f&fined NREEIN that
as a single immunogenic site within a given antigen
is provided separately (e.g., as any conventional vaccine, including DNA vaccines, subunit
protein vaccines, killed or inactivated pathogens, dendritic cell vaccines, etc.) or in the
20
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that is sufficient to elicit an immune response, or a single toleragenic site

within a given antigen that is sufficient to suppress, delete or render inactive

an immune response. Those of skill in the art will recognize that T cell

epitopes are different in size and composition from B cell epitopes, and that
epitopes presented through the Class | MHC pathway differ from epitopes
presasic o ishvideaCibisalrav i CasaehWisyaHsito e SUEHAIdNS dntities to elicit an
segrnGe RisaRioipwtinahrRRIARE S ARNREIMRHRINAIAYIBAIONS hele, such as an
antigen can be as 5 small as a single epitope, or larger, and can include

muipleupitibs RSSO RS Sz Gt AU Eai by Ideas i By sepefenced a
5-TRuamidnoiacidsi(ely. propeptidejtrdidias agesas: a folhlienglh pnogemto which the
inc;llucririlﬂgeasrrsutpcllrtrilrri\er atnd fusi nIprotei S hiﬁneﬁicaoroteins whole cellﬁl.
S not tolerant, or agains W%l tolerdnce can_be, broken. 1S approach
whole micr organisms, or port|0n§thereo e.g.,eiysates of whole célls or
extragtdofitrostganisnasprier auditibseaaerigenaeamireludéhcariyotiydrelidde that
Whéﬁpr_gﬁgs% dﬁ@si@ﬁﬁ%@u&l&%ﬁ?&e&éﬁlﬁ&fuh@%@t&emitiﬁﬂ fl§h§s discussed
invention. It will be appreciated that in some embodiments (i.e., when the
anﬂB‘éY’F'is expressed by the yeast vehicle from a recombinant nucleic acid
m0|eCU|ein&@é‘d,a'&§l£}€rlsisg?eﬁr@fé!ﬂ)iﬁ%iﬁf‘ l%@t%if& chimer ?Gfp{lﬁgeﬂ%s%t invention is
fra&f(g,ent thereof, rather than an entire cell or microorganism. Preferred
infFSHPS G0 Eibtelifd SRR VRN AT q¥eG e douYatie a yeast vehicle that
158vpesipaions esmipiyxenizaliqne.relarsitecthe ghiciatian (ikluatiomhokaproviding)
immune response against an antigen or immungge ic.or olei{a}geniclﬁprticpn
certain_antigens, Su as Conserv ant ns ca a 1N1Stere n_1ndu ual on a
thereor. as atesult of administration ofhe anlﬁgen, alone or'together with an
adpevadic \basisinationlprédedaidore s uitoinmqieotiectivenomihie tapeuticlefiéed.  This
WhereiR SERSBRHERISXRASU &P NG AIIGEN (HeaiRRUE LIS RIS additional

elicits an immune response against the antigen (or source) that 20 reduces

or ?S%%‘fﬁg‘%eﬂ ISEAEIBR O6ramBIS TR I?‘W@%ﬁl’l@bf‘w YirRimagidgsns. for
is welhipaws indthesard. paadinnuaeiiesponse that is alicited Ry be circulating in a
administration.of a ¢ osition (vaccine) of the present invention can be any .
TR R e P AT G2 R e
respogse; fuirhoralaiedpovsesteyiokiresprodustivly) pascompthedtofinttdasis (e.g.,
absgRee ofthe: administationahihe GorpRRRian. S5ATAIIRAED HABRIPY: target

molecular antigen) generally refers to a yeast vehicle expressing one or more
hetSBREGBYS dRtfhanier e IPSH SRS Biffagw) strineburigAEtempard of
or gytesplicallyperiboth exvaephitlatiand Miacalviaiyediaronepens baus will be
been enterall deic ibgd ip the art. ee, e.q. U.S. Patent No. 5,830,463. In
on&PBMBodiment of the bsrce%sélﬁ? ﬁ\(}‘élnﬁon?%mlii of the amino acid sequences

30 descrifedifiakeia aaovbe RiaERRdWIN dlom Rt IFastpagicane upstRialeiibf an
20, additiona}l1 heterolog%usl amino acids flanki{ul; each of the C- and/or hich b
N-EEPaleas SF e 'SPEHA NS ALY CHLERENNTRE TSN prBidincan be
or p_xqiype_ptide denirpk refét‘aféd’focus“dmigi%tmc‘es_sefmiaﬂypmatihesspediifziddals, or
anine, agifl SRAUERCE AR liRcusSesABIUR. ARPRIFIRY tOINSRIERENLS extracellular
invention, the heterologous amino acids are a sequence of amino acids that
areHEE D RIPTRYLTRN (PE AmesttisRinBYid atsracclay By aiiiminad sebiiisgiated
aminmasid seguansedorthaugre mat igktest tethediinction phthaspecifiaticularly
amif}O acid sequence, .or that 5 woulo\cnot be_encoded by the nucleogi es that .
flafk fHE A PRI SEEUATRE RS LI DG Rerite SRBBGME thE 4GS E B grpression
aminpragisiseqtienggeas ityoteuysast. thEhjeisepifnsurdly heclestidesanitiee is exposed
nafirally, QSquring ﬁet‘ﬂiﬁeéﬁﬁo\%ﬁ{&ﬁ %H&l%?ﬁg*%b@ﬂaé{%%@ ?891%55&&%. a%ﬁfation
the organism from which the given amino acid sequence Is derived. Similarly,
thetprthrASRODIPTSIHg e Ssestiamost ciiorerFlysed with reference to a nucleic

acid sequence
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10 herein, refers to a nucleic acid sequence encoding a specified amino acid
sequence that can be flanked by from at least one, and up to as many as

about 60, additional heterologous nucleotides at each of the 5' and/or the 3'

end of the nucleic acid sequence encoding the specified amino acid

sequence. The heterologous nucleotides are not naturally found (i.e., not

found in Metaepsailinady flrmiitigemhexpissieit Adle sdgd endeeoiatdigpaador secreted
Sp%‘}'ﬂf’e@é&@@&kﬂ@eﬁ‘é%gﬁﬁ%@ I@%éh%ﬁ%&ﬁ &@c@}ﬁoﬂ@%@ﬁ Q?ﬁ]@s%ddd?y A% cell (B

encode a protein that imparts any additional function to the protein or
ch SHBRROTHEE TGRS S MR GRS it Bt hen intermalizes

sequelmmd antl,gacek@mgsmcgthemresecibjmvﬂrthemnhlgemembgmu&mimi returned to

aCI%e A8 SFH r}’oracl(fis th nOtttq]eatu gs undo&nelé)p (\:J’vtith major
fOUﬂd In nature, In VIV mg speC| e amlno seque

thdtlamqmm&étedcmnﬁeﬁ@ﬁiﬁh%a%g ssepified aTﬂaﬁﬁmMH@@epfm@enﬂpxes are
thagoyuigynetdsengodad Ry thedyeleptides) that flank thecpati@lors (TCR) that

occurring nucleic acid sequence encoding the specified amino acid sequence
as PSLEERALY RegosEnbePLlicHH ARG RRE ?ﬂ@ﬂﬁfﬁ?al@‘&&%ﬁﬁﬂn ﬂ&“gen specific T
sequmum&gﬁtwsiaﬂadmspemaﬁmdﬂmc@ﬁt@énusﬂgeaferdﬂel@nganlﬁmlﬁem such

ven oaC| ceis der d Therefore, at lea
amlnoeﬁggh(? | %%gs that 2 are ?erglggoa% l)eln ﬁaelﬁszegtlanggeﬁr% %r 1rotl\r{:f;(}c)me and

twdmmmémdléfsi@ue@qhad metwetlmtat@lmhydﬁowm kirlly-thEdlpitadeedls may be

amé{a‘?&!ned bﬁ@&ﬁ’(&k"&f%éhﬁ Qiesat MYENIBNdieiRrenee Qi ReREOMBRYStigen
protein or "heterologous" antigen, includin g(]; a heter%lﬁ%%ous fusion protein, in

coRABelch Wit %‘é)éf@ﬁa\‘iéﬁ’kﬁet%@f MESrpeRits L ATRRIFS REFSE M BVo‘?E}FF gptigen-
anp@sentsngQkAspIndRitiQY aigeio taat @ﬂaﬁaéaimlemreﬁsaddhmmewaﬁ the yeast
althou ion roteln may .include yeast uences or elns
PR a7 VAT AP KB COR L BRI A OB B o1
desaﬁb@d héaetrg)emmméllaMm Matm @f:&n(mfhdénm to the MHC class II
PA Winin@rteinrad i3 ¥aash AgR REQIRIRIS GANSINerRAIRR I &y extracellular
er

ologous protein with respect to the yeast vehicle for the purposes of the
pré‘é‘@FﬁSﬁ‘i‘?}eﬁ‘hB‘iﬁ’VéﬁWBé’gﬁl%’é“ﬁ%’ldﬂ fﬁ%‘fé‘i’ﬁ i8 ﬁ%aﬁﬁéﬂ?é%%%@&%? gln this

yea&tn&eceédin@tﬁoﬁlae eIV inthenp heap@sseleetly@&ndamgsdﬂraceuular
refers to the 5 ability, afntantllgo v, 2 nheqen b|nd metnt or blndlngb leved ¢

partaF SHhe RSB VIS 8 éere’henmy YRpECHEE proteingeved
Mdre specificaityouhéop hhaswgémlmotrdeiylbmd sésnm‘m@ tbath bysipgeifet Wimdxgession
of SPERURIEH I AROIARLAR: 9ARARURRRY, L AAmERENEIP A AP Wncraion of

partner to an antigen), wherein the level of binding, as measured by any

St ABE AN BGicanIHARUMS ASSAY) 18 ShariRrrany Al gHif sty ﬁérmfectlous
thansthe:baskgmuma dQieprnkarithe assay. For example, when performing

an immunoassay, controls typically include a reaction well/tube that contain
antibody OPREStigeh Uindiely Relgivién diombipge ninahbuglsendBBrantitgepynse are
wh@fmmmmmﬁqagmm(e@ 188N-RResifighinding teAhewalhiyIteeB cell
antibod ntigen- blndln fragm ﬁi hereof in the absence of the & en is
T A e R e SR
methodssstaupasind Sitistheyang imcitidingi enayrméninmbn cassaygigergan the surface.
EL@@TM@%@QM baﬁea%‘?‘ra%ﬁl)lar rd%@ssf M%aélnf &Y%ﬁ'?fg‘%‘%} the activated B

preferably’a mammal, more pref erabl ly a human. Mam als include, but are
nofﬁ%néarﬁéelfwﬁmscl@ﬁ&trmﬁs Vﬁéfﬁ,%?ﬁ?%@@?ﬁ%@%éﬁaﬁ?srﬁélgen-
tergped'ﬁw\ﬂérpe} TBIRe Used interchanosabiynwithdaentasm bﬁtrﬂimal:uvated antigen-
subj#ft 0 lilent 20R erenc to an ISOlat"f% rotein or tide.in th%{

on GO T TEHER I IS RO S pra e PRy ton.  Yeast
fragmnnamnt] dmwxpremﬁgruhmtangmlaapgapenearebonﬁmkagtaef@fasu&bltmgﬁem&nphfymg
More specifically, an isolated protein, accgyding to the present invention, is a
protein (including a polypeptide or peptide) that has been removed from its

natural milieu (i.e., that has been subject to human manipulation) and can
include purified



25 proteins, partially purified proteins, recombinantly produced proteins, and
synthetically produced proteins, for example. As such, "isolated" does not

reflect the extent to which the protein has been purified. Preferably, an

isolated protein of the present invention is produced recombinantly.

According to the present invention, the terms "modification” and "mutation”
cathpevisber infetehzmigegbiiic dwtneulBrigvitasr@srp@udtidescribed and as discussed

3083:‘1%%0%%%56}1 Bl Lo hsoamine-acid SerUeNcmA! REPSINSLN ReFHARs and
thereof (or nucleic acid sequences) described herein. As used herein,

theP P aHORRIISG (e TGS CaITEBY R BHIMIN o YePticel Wt i efitfadeen

from a nafially e Cerdind QU HRINQ AERUJRILE SnatREITRIRIPBPE Y st vehicle, a cell-
"wild-étiype" protein) by minor modifications to the naturally occurring protein or

> pePRE LIRS EaRtsm&ME b ?%t@?ﬂgéﬁ%l GHIOREM S RTEBAhey the
nawéa&yt@ﬁmusfing mitﬁgersupfbﬁgnhﬁﬂgeﬁ mnmanmmemalmmm TLHC class II-
Ch?“s%?&e'fﬁ‘ one.ara few aming acid.side. h%‘ﬁ%ﬁia%hc?‘engﬁécoc% Ol fr%\a/lvcra@noes, as
acids, including d&ietions te.q", a truncated version of the protein or pep? e%g

inséatiorsantopsubditations; Eranteanintsteré deAetmstnd of Gite’dY a5tals er al.,
atofms; Ang/eTsay N0 destyAlZRLICN S NC!eding, POt IBLSBLQ:SHRIYBUAN. The T

gchosylatjor%é)hosphorylatiqn, acetylation, myristoylation, prenylation, o

10 paffistSaes Bifdsmassnimscandlio rostfiytosyphbabnairdirtitadiopraviding a
hosgleigeeBcas haverritbenasnihanes thedatiaaseide Obguhstantial yppioatar such as a
properties as compared to the naturglly occurring protein or peptide. A
oS AR Al abor A Dot b S ARGt BERFES o example.
Hoploguasat svile geodosedingihe teohept eeshkeonn fighd Aanfotihe
productiop, of proteins including, but ot imied o, direct modificalions, 9.8 cciric

isolated, S natura y occurring prol%eln, irec pro{eln synet esls, or & P

15 moddioationsg ﬁgﬂh@m&l@'@@@idis@lth@eé_mcddin@thélprim@migsiﬁgmoﬂimited to
eXaRIe, &IRSSIC PhLEFOMRINAN! RNAREINIAUASLP RSS! GRIMAN in the art will

targeted mutagenesis. A homologue of a given protein may comprise,

co ﬁ%@i%é@e?ﬁ?%li? BUBPUAISRE dfcamartiHeskcidsstbrshty thbfa%y rdysto other

abpuhdM aididleastmbaubborRbRIeRE Bleauisd0 MEi%enak atdaasiiapiouin, by

60%ékor at Iea%t %bout 6501/ot.or al'flea%st aﬁolut 700/0, ortat Iq? t abc%ut 75%, or .

at 13886605095, B AR IEBS about 85%. oF At jeAs'ahout 0%, or At Tast "o O

20 abputvéb9h Ienticalydndedeast@ibputOtoiidentical tr aklepsihabowt @8ptession or
IdegcRloR" AldSASH AR L HEHERL R OF IRAShaPa 30 IHERNERh.O! i ne
least about 99% identical (or any percent identity between 45% and 99%, in
whiBrMPHEGeR iplcPEmMBs) e ttingrrdodsidessibed hieistk of the reference
protein. Iig,ope.emhadimant. e RomAlRoS eRmpiseR.cansistaiessapiiatitns and
of, or consists of, an amino acid sequence that is less than 100% identical,
les®¢HaAsHIob it ST RfettieBIME e tih B8N 989 identibfOfesetngrP aBEYENting

25 97Y%ridantiGalelass than abeut 96% ilenticalilasadhan akat:8R%edderticalccine or
and so on, in incremenhs of 1%, to less than about 70% identical to the cle and
naftr 3y SEREP g SR8 skl Sattie ke 1 TS JOTerLIALE B oafy cast Rlicle an
useditrsrein; nflessothepansbs pesified;drefetence tmanper cepb(¥c)agemtitinfluenza

refﬁﬁ%c‘f?.oﬂrlnek{ﬁ"h&%ﬂ% OfJ‘Béﬂ%QﬁMWé}j&ﬂéd%cPSHBSH}%gn‘ﬂéiE‘r%' g‘)eﬂt%rl]'[e‘r%]-u(ées the

2.0 Basic BLAST homology search using blastp for amino acid searches an

blatih fir AueEITARI S cRfrciHBYCHgRh AdgRardid drautcparbrprteraceifferaihere the
30 the-gHenAEeRUSNERiSfiltgrRdiies lowsrplexly raiaas bY AUl influenza viral
(described in Altschul, S.F., Madden, T.L., Schaaffer, A.A., Zhang, J., Zhang, .
Z. Ay, . %ol aRet9. PIYeH M ARHY BUACHE N HSIBIAS T i nigiFntion
gengrationlpipovoidin datdlyase-bearcinprogsdmsiieNupleiccAoidseiRes.influenza viral
25:3389-3402, 5 incorporated herein by reference in its entirety); (2) a
BLAST 2 alignment (using the parametersgescribed below); (3) and/or
PSI-BLAST with the standard default parameters (Position-Specific Iterated
BLAST. It is noted that due to some differences in the standard parameters
between BLAST 2.0 Basic BLAST and BLAST 2, two specific sequences
might be recognized as having significant homology using the BLAST 2
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10 search performed in BLAST 2.0 Basic BLAST using one of the sequences

as the query sequence may not identify the second sequence in the top

matches. In addition, PSI-BLAST provides an automated, easy-to-use

version of a "profile" search, which is a sensitive way to look for sequence
homologues. The program first performs a gapped BLAST database search.
ThePSIoB lUAST progIRMAREY theulfsrrbtivtrfraerrapipadls glgrgfieatngether with a
alignmemsdepredAQiconapehé PasiionsReailiciAcar& madii, \MNERdiated and a
replaces the query sequence for the next round of database searchin%.

ThBYEISA, Y E TG T8t Y EPEA N THE AR CEa Yo 99 8P i BatRy P cross-
usimgtanivensdofitiiesaiprggrainsnannel wo specific sequences can be aligned

to one another using BLAST 2 sequence as described in Tatusova and

Madden, 1888 4BRes b issmhodinens e Rt esolH eBrprlcg Bhpvgssit the fact
anchinuciaatidersetisengesscl EMSnMigropinlfluetizal véiR e 25Qhin comperai®dmong
herein by reference in its entirety. BLAST 2 sequence alignment is performed .
i D C P Re T e el S A Y PR Brovide
BLABFiséarely¢BLASTI Ochetibaeh thestwrtistjiieace il dovihgifentpigective cell-
intﬁﬁ?&i&ﬁé{%%ﬁfrﬂﬁp%@%ﬁ%@ iﬁ&'t%@s«ﬁfﬁioﬂ%léﬂl the R tRDi AHGREN s Shfected

purposes of clarity herein, a BLAST 2 sequence alignment is 25performed
usiri & ettt ersl Hpsrahrdiersnitio REGHEn HBY atiakssifier advantage of
BLASHM GamétuxiAR ewarcttonimaiehss vhideoaity ffoimaienpaieing c2fEeno herein

gap (5).and extension 2) penalties 30gap x ,dropoff (50) expect (10) .

TR 18 o ot L PR S R s B e e

(1imanuestensioregaps{ penpiids 3bghpmingrop affdE@e)iexperti@)ahottsd virus

Si Z@a@)nggt%?‘to{}lnc ally /ﬁ%fﬁ‘@éaﬁﬁgenéé%ggdagﬁlmgﬁﬁy L%(ﬂ?e ?cﬁ#%%@cc i\qral groups
i.e., tha

molecule that has beén removed from its natural milieu (i.e. has been

su Bf’é&fl LR lstini-ty WAFPU Iéﬁﬁ’i‘ﬁ‘,’?fs R&ERNE T élﬂﬁf’e?ﬁ@"ﬂ‘i‘é“ﬁ’éh%ﬂlféj Qprus vaccnes,
chromspme inyvenicah £ heuntatleit agitboiglesplais iguine imaakuke tAsvatEhe of the
"isolatedt".doest.not nec?sstq)ril%refleﬁ_t th?. etxélent o which the nucleic acid st
mdlecile b has beeh puritied, bt ihdicates thal the molecule does hot - 284
include airak sitifecgemt presorMorentire tbhorsosome itiontrichthesrbeteithacidccines
MQleGUle RPN RABHEQNISOIRLeR NUSIelG AR MOleCHIE GANRGINGR @ cross-

gene. An isolated nucleic acid molecule that includes a gene is not a
fraBfitefil 5t AnEnYE o¥BiRe RAS i AR dRCHElRe BotrambrRiinisangdumoral
cogiinguiggion and regulatory regions associated with the gene, but no

additional genes that
General Technigues

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry, nucleic acid chemistry, and immunology, which
are well known to those skilled in the art. Such techniques are explained fully in the
literature, such as, Methods of Enzymology, Vol. 194, Guthrie et al., eds., Cold Spring
Harbor Laboratory Press (1990); Biology and activities of yeasts, Skinner, et al., eds.,
Academic Press (1980); Methods in yeast genetics : a laboratory course manual, Rose et
al., Cold Spring Harbor Laboratory Press (1990); The Yeast Saccharomyces: Cell Cycle and
Cell Biology, Pringle et al., eds., Cold Spring Harbor Laboratory Press (1997); The Yeast

Saccharomyces: Gene Expression, Jones et al., eds., Cold Spring Harbor Laboratory Press

24



10 are naturally found on the same chromosome. An isolated nucleic acid

molecule can also include a specified nucleic acid sequence flanked by (i.e.,

at the 5" and/or the 3' end of the sequence) additional nucleic acids that do

not normally flank the specified nucleic acid sequence in nature (i.e.,

heterologous sequences). Isolated nucleic acid molecule can include DNA,

RNAEE )y ThaRKim) Sof dherwaiisass gtedthe Dmaicr RXHe (e GnidpwAyndFnergetics,

Altgaugh thephease Cokcisicacid aeleculp R arlysrefess e PhYsiEdning: A

nucleic acid molecule and the phrase "nucleic acid sequence” primarily refers

to IHEYEHIRAHEBIhIEBEL S thermletelt Heidnidibdutad bt leib/ghideags: A

candiesee Mtenchiangealyioasisaaiathoithdrespett 2008 oiityaeidrred to herein
s molecule, or,anudieie el sedurnee, being.canable of SNCRAAARIGIE.Or o5y,

domain of a protéin. 20A re¢ombinant nucleic acid tholeclile is a molecule

thaneladingoiupiicadeis shionehol Wiy RGHeithadld veedenEdwn fsdimigranlylohe et al.,

or EH@.[?II@_@AB?W&@&%CQQ?@M Qi@%eﬁﬁ#)b%tﬁé@@%%%b%_%ﬁw&%% atBld Spring

transcription control sequence capable of effectively regulating expression of

the OB B AR eRe T Herken 1ok TR A e pitegeror

"nuelgicaacidldrepeiap Hapomary-iefsr piadhedquhpsicad Macheic Eyidjomaleauterred to

and the 25 phrase "nucleic acid sequence” primarily, refers to the sequence of , .
10 e RS T B RS8R I L R i

intérietrainge dohy, BSppacialRowitinespest doskndeidis soidmolesliidowl’a Toxicology

NUGIRIGAGISRAENF PRGN CIIFRIE TN eRAIRBIIEIEN. AT BEPIotkin

phrase "recombinant molecule” primarily refers to a nucleic acid molecule
op8rd Ve RRKEH s trarfdliRio? €ntrol sequence, but can be used
inteychanesablywith 30the phrase "nucleic acid molecule” which is
administered to an animal. A recombinant nucleic acid molecule includes
15 a recombindninversiomnviric hisspamy netteigasit Be tperdedy picdiistian, and to all of
he}ﬁgop@9&§e§e&u@@9@ow¢yﬁp ismapesRtivelinkrd 0. theI30BIedhBUGRIfed 0. B
afu

acid molecule encoding a fusion Prp_teln of the present invention, which is
capaPRE sy EndbIFsY radbiMitRant HEY UBHURREP I RN BIteiO AP Whidhls: and
is capabie Bideluadngithedauealaic asigmoleatia inta ahost calkaseordiagrioelper
the a[esetnt itnvention. Such advec%or.can contain nucleic ?lcid seguences tk{at ¢
are ot Tty fOERE ajath 1o HEsBiRtae Slicidic Ml Miofaculds {§sdons ©
20 insertiéddieto whech estideTes tvdettooac be @ithemB e B actDMNp sitlderpsonization.
prokaryotjc.or eukaryotig,.and preferably in the present invention, is a virus or
D lasmic HALTT: GRS TR LB P en g SRl B
antiéoriothrehwise wranifpalatioy ohmucteiespoidanotéuslgsyanldy cantibe ag@ain to an
ey PLPEHMACRACS {8 in SN ARNANACERE. A WAMRRIOT N Bbcytcs

vaccine). Recombinant vectors are preferably used in the expression o

nu€feit AciandiatisCsibs maserebieaistd ayefakidlciralls a8ddrpybesign processes that
25 Veﬁt%%ﬁf@ﬂ%ﬂ&ﬂ&?ﬁ&ﬁﬂ@ﬁﬁﬂlmg'[ﬁ]ﬁfﬁ)tcﬁllﬁﬂé[lﬁ t@tf Eﬁtﬁ%ﬁ%ﬁﬂ[ﬁ&%ﬁ@lif&ﬁﬁon of
transfect cell. In a recombjnant molecule of the present invention
ML e R A e
regelatarycdeguienciptsucimas! tearspoiptioacointrak Seguercespdnaeslatibmemory T
cog&pég&q&g&qes, origins of replication, and 15 other regulatory sequences

that are compatible with the host cell and that control the expression of
nucleic adiccodieculeBegirthenpiegeniomvbatiom lexpactidular’, e aomdppianat herein to

30 MAIRCHIGS Rifhe éﬂi arentd %Xﬁ‘&éieq{hliﬂ%"(gﬁtﬂélgi%lﬁs?}ﬁ{doﬂﬁ'%‘Eﬁ’i‘é&]l‘iq%t fMeen) with

operatively linked to one or more expression control sequences. The phrase

"opeTRaRvefy dinRed Vesiels Mainkidgtalifuensigcndideritied e doaeessrasding of or
coptiiel Resty |nCeiR & AR AN s RANBE 28hihednglasylsris SXRIRSSRAMABHS. For
transfected (i.e., transformed, transduced or transfected) into a host cell.
According to the present invention, the tesg "transfection” is used to refer to

any method by which an exogenous nucleic acid molecule (i.e., a

recombinant nucleic acid molecule) can be inserted into a cell. The term
"transformation” can be used 25 interchangeably with the term "transfection”
when such term is used to refer to the introduction of nucleic acid molecules




30 are not limited to, transformation, chemical treatment of cells, particle
bombardment, electroporation, microinjection, lipofection, adsorption,
infection and protoplast fusion. Vaccines and Compositions of the Invention
Embodiments of the present invention relate to a composition (vaccine) which
can be used in a method to elicit a cell-mediated and/or a humoral immune
responsic againsti e dntiyeacsHalatigets ramddn ta prefiered whblsdimdat apgigen is
protgst aBARmR! fE‘ﬁE’ﬂ rrligease. ohcrraitieRLnplediRg ) WIBGHANRY Atigen, or a
pathogenz or to alleviate at least one symptom 5 resulting from the disease or
coRaitioh et diPIRRIGAL B A0, iR NG Ayisdttrhigldra Ay by wlace of
heteeojegouslacitigern.exipy esteddyf@ssbeiatadasithe or, cormeined mdtméerane for
yeast vehicle. Other co sitions may inglude a yeast vehicle combined with .
e B S R R S e i
sudie dR0DNA xeascime, thepristaitosatsdriit thectirfecoplathllexhdr dhetgiatatgeneral,

pathRgenYhendhaneeast 1Aeh iﬁ@a@&@éﬁ?ﬁemw DO ARG SnaRIgERSC of
u

are expressed or provided intracellularly, extracellularly, or both, in any

cof BRSSP CRHETHASRISGTItRetls YIRE aittsdn & drieprsdidR aueRgshe entire
proieinsydiighiase pledigned, hosiabiizahpexpresgiamadiienhaieigbgogsing and

10 Profgin n th%gr?s"’}séa ehige, B%Yﬁgﬁﬁoﬁét%ﬁfﬁééﬁﬂﬁﬁomn?d{ icaton OLe. The term
expresslgdoﬁe ero?ogous protein, @nd/or can, in some em odi ents, cause
the'fBionipnotin 49 foe lgenexpriz seadant¢intingemblyrans| dwattath t@yedsion” and can
surfage gnﬁ}i%éﬁ%aéﬁé’&%#%% Extraceliiarexaressionkilhe SMSion REPIEINST a yeast
also provide a broad cell-mediated immune response and in some

emb5otithErfts 2 PAHORANIPIHT e Tl Ot SRR e rEdl eRpHE s drBiigen is also
thasx eneldifiereih asdjgentcand/ 9e atevenobimad wiihotaryaastowdticlasace of the

15 SxRessing different antigen(s). These ! Sioi}&a%ei’?% AR Mo a% AlY. o rbinant
exgresse as fecombinant protelnscby fﬁhe yego\s véhicle e.g., Q’an intact Y

yeaspwsspddst bpheropladn whigtn danlsptioraiibe fuithesspeocegbeddasavehicle if
yeasteyiaplash ¥eastaRoshap yedsimembiang Qcol wallextagtRbosition). An

fraction or particle thereof), although it is an embodiment of the invention that

on@bEfAUEAKUEHTGEIBIRprotRiFrsREs LI e YRt it Al sase il de the. yeast
as prOteiQ&)anqﬂ{E‘%5%%%&95&1[31%&919&,f{ﬂé‘?&ﬁé’i%&é‘aﬁﬁh“eﬂi'&'?s B

- ] ) {)/lied_ herein to
described herein to form a vaccine of the 25present invention. Yeast Vehicles

20 |n SryPerthieeohipoditisns idreccNiaeings) bt mevpiesahemiurisehulgigntigen) with
folleuyng aspests ielated tecthe yeast vahie Bl@haiudediihB nertDMar milieu
According to the present jnvention, a yeast vehicle is any yeast cell (e.g., a
AN ARl o eI G0 hGnBt FSGU Bt (T g RSP o
conjmigcﬁgim mrmdﬁdebwmdgmémaamwitréedf tﬂherap'@gtids expressed by the
composiign pf déD.g,'rBé?Pé&%ﬂlb‘?ﬁa%% AYANIND e ¥eaSlRDIGIeE @ Bntigen that is

theérefore include, but’is not limited to, a live intact yeast microorganism (i.e.,

25 3 yradvecsireagi Y BHIEs e isnésts ittt diriy lacetst veany, ds kinesd (adhgiyurface of
intﬁg y&i@ﬂ/éﬂi@f@@'ﬂ%iﬁﬁﬁ 1}[16?%63{ iH&iWﬁ&hﬁfﬁ@ah&%@Mo&P@ﬁﬁﬁce of the yeast
spheroplast (i.e., a t cell lac a cell wall), a yeast cytoplast (i.e,, a
S R 1 S e A T Choteg L R R0 5 A ifed to. he
lacking @, cbdl E_&IIinnftmlﬂuseaﬂmany!;opirdsm)mwwbc&iﬂlsvlarhyehsvmmmwersed to
X Céecflf {{AHen Eﬁﬁr&ﬂ%@%‘%’ JﬁEefﬁ?lié{cl 181%%9?‘?&5%%E}}Brﬁ{éey%'i“{?éﬁié’i@qf it is

previously as a 5subcellular yeast particle), or a yeast cell wall preparation.

30 v eloatled Huroaes Are- gyphaatifypraeiie e ashol, Hiagpaiiglstishngfalgetroporation,
veastked walbSuskm mathed iz siasclipadedoh eXampedn MROzaseffEtRboplast
1991, Meth. Enzymol. 194, 662-674., incorporated herein by reference in its

entiiER)

26



Yeast cytoplasts are typically produced by enucleation of yeast cells. Such a

method 10 is described, for example, in Coon, 1978, Natl. Cancer Inst.

Monogr. 48, 45-55 incorporated herein by reference in its entirety. Yeast

ghosts are typically produced by resealing a permeabilized or lysed cell and

can, but need not, contain at least some of the organelles of that cell. Such a

method iS\eexeHiget, fbe exesamlavienioanfigsetneiahlusq 98@in ¢jdheCpram’ antigen”

25313085301 patdnler BuSsaY Gelidd PaiBiachim. BIRAYE: ASIEMORherein the

185-196, each of which is incorporated herein by reference in its entirety.

A VSRS RABIAHE PrRetieRe QUHOHSH PedSi Yttt shEeltraBtrsrfigrbafole cell.

therabfy seéess dzrapredstimembiangihiidacks la oafmah)Ugleesodisrupted cells) or
s SVigniasm. T, parlicle canbe el anysizs including sizes kanding B ANe porion

size of a natural yeast membrane to microparticle procfuce %y sonication

or Birepiméevn ariizerdpdiaistinaniediosie iowntonh sswekifldd §n theugreral and/or a

follQuyerM (ReRAMg. &@&&E@%&{n@(%@gﬁfé vReRlWanYEAR! MRMRIBARuntered

extracts is described, for example, in Franzusoff et al., 1991, Meth. Enzymol.
19188 B9 4 U Maf SIS (e PaBtGHd B yasY HiBniBraARigSRikleadRiistered.
comhdénnyeady e mhigne postionsasidsapien the antigen was expressed
recombinantly by the yeast prior 25 to preparation of the yeast membrane

10 particles, YHEBAGEH S tERSRIRALfeHs 'THRUE EARTEEFifbf&TRe antigen” can be
manyaraneraamithsl suitaceof the membiianenar cambinaiiabgetheseaisde herein,
the,antiden.can be both Insipe and autsige tﬁ‘ﬁ naemorane. gadior Spantingd. .., is
the membrané ofthe yeast membrane partic ef.cln oneem oralment, apyeas{ T
memiigeme) pardiclibasadredombirmt (feastmentsrateeapartiolel tivat caln bevaagine of
intagt, distiptade AlAsHARE andANEsealed yeAstmenbrane hatiachdgsme or

at least one desired antigen on the surface of the membrane or at least
15 partiailrerisaa g ahmdernisatbitiethe tisspgs slhinpiénst-a yeast cell wall

preparatian-{gSQlaipdy fast GCAWAHR GAINING AMANUGEH RRTHSHIREE Shdnt, or

least partialgl embedded within the cell wall such that the yeast cell wall

prépafafibAdRineTrainnitiste by (Bean Wrieduetshii sheass 4 dsmagqasgponse to the
prolegtive) dRImpleerasponsstagainsicihe:iptestieussagemtr AN ashsiiaifion, or
can et.usec%to nproduce? eastﬁvehicle of thetgres%nttinv%gtit n.tY ast are 1
unicefiutar ?niéronélrlélgnslg?nes ha f)elllcl)r{ﬁs 0 e of irds cliisses® ASCHR %e%sa} «
20 Basigiosaygetegresedtiagngehriyparisati. One major consideration for the
selectiongt,a %&)e t01‘ ea%st fqr use as an immune modtuJator is %h?. . d
pathogeriitity’0 aé‘i%%%%?‘fﬁ one emBodiment the'yeast & non-pathsgeric >
strain sachnasv8eocharoogicdsceravisieleihenll asefection wfgonse, tolerance) is to
noBé%%@%g%ggql%gﬁ%t\a@a%gﬁlgQﬁu[gggg‘minimize any adverse effects to the
individual to whom the yeast vehiclé is administered. However, pathogenic
yeast masib€iuseahifgdrecpdehogeénidity gfvire yreashoam [be negatedidy dimgment or
25 MEARSKOON G806 QL 9 DR 4 B G0 Y AINE - AR PRINEE M other

yeast strains, or nonpathogenic mutants thereof, have been used in the past
as @fevaRte B sBilRtoHidbr PBEHEdRO Affe?Bitapfdtaimats Be ansniynogen when

acqendanegenith theaRr@aentrsvextinple NORRAIROYERIG YaAIHERNM@Ie different
preferred. . P(Eeferred enera of yeast strains inglude Saﬁcharom)éces, thi
Caldia WWitien"CAl BE pathiBgRme }“ﬂéﬁf%%&c%?& Hihn ifigar seduences within a
Klyyveiomydess Ridivaadlodddionolal Bohimesageimacomyces and Yarrowia,
with Saccharomyces, ﬁ‘ndida, Hansenula, Pichia and Schizosaccharomyces
39 being mor® SRR, ATl S Actha rORs SR BRINE L GEIRMY B &1ven antigen
prefarradkuffiefern ed dpéciesinhyeastespaists ncludezBaotiiagenyses within a given
Cel R SIRa RACCIAY CoS, FRTSbelgenss, GANFIAR ARIEANS ARG rhose
Candida tropicalis, flyptococcus laurentii, flyptococcus neofonnans,
Hansenula anomala, Hansenula polymorpha, Kluyveromyces fragilis,
Kluyveromyces lactis, Kluyveromyces marxianus var. lactis, Pichia pastoris,
Rhodotorula rubra, Schizosaccharomyces pombe, and Yarrowia
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25 lipolytica. It is to be appreciated that a number of these species include a
variety of subspecies, types, subtypes, etc. that are meant to be included

within the aforementioned species. More preferred yeast species include S.
cerevisiae, C. albicans, H. polymorpha, P. pastoris and S. pombe. S.

cerevisiae is particularly preferred due to it being relatively easy to

maHipkilfhta ddapeiriy rSearirslhRdceghbws Safdifigrerc RASE forducempesition
foqgb 3P MR FGRAS (R ApRIPEOSRIRUIE BRE R BI8 ANHE 298 Fhy differ
One embadiment of the present invention is a yeast strain that is capable of
repieifR) PRESHRGECRICE SRtelafg ﬁ&ﬁschVH&nWéW@efch britgrss can be lincar
cereyigiae cir stigisrmbhiensl. ggrepisia@sitaindidodmguchi@isainAhaiiggen can be as
capable of supporting expression vectars. that allow one or. more jarge .
R T Bl R e o
additioniganyan bt yadbasainschh weingseddn (the, preceirehvshiolgree as: a full
incluginganss, thalaibit redused ARsHiRRSIAtRNA! merifisatiansial whole cells,
expressed target antigens, such as mutations in the enzymes that extend
N-ITHIRSE BHEORFRRISHS 5N BREIEMDBEIFREAE S phefirretl yRhsta Stligi @b EifaCts of
presratdpaanihey. Isrcapiabniae, ahflgsing withdhaecalitypeltasyhihictheay®asbaded into
vehicle andiagugen 18 be‘é‘,‘}% delivered, puch as.a depdrific Cell OF . aied hat in some
mac opsnage, ﬁerelgy effecti g par icufa?ly efficient delivery ofthe yeas{
vehighodanehin trany leam bodinteets [ tiespaerigehisihaoths eehidgploms useeinbinant
hefgine U e Y RShy aHIZE D RIRIGIREEPHAXRE éﬁﬁﬁé?ié%@@iﬁ‘,tlbﬁ'tﬁfagment

of the yeast cell membrane, or 10 particle thereof, to fuse with the membrane

of thertahgatber dengpEenE G hdMGECEIFYF thalreisHag ) keadint st proteins of
synigytia datisiodienlcAsibsERER@iein, a syncytium is a multinucleate mass of
protoplasm produced by the merging of cells. A number of viral surface
proteins (INCRTARGOMoE FRIRRitHIMefelerdy sk ation Griupipnhalan Fgmune
Virgsppadtoxiaissant adere\drus)anc gthier Juisagansn(syeitias thesefinolvedult of
in flésions b(tatwee%nthegglst.and slperm2 15 htﬁ\ve btenen shcpwn tto b\(/-:- abletto effe?t bl
fusion BEfWESN fvo Tembraries (1.8., Between viral ahdt Tiammalian cel P ey
memblanes prolsetiveenthesapeniadiaficcs|vinamibrabes)ieRoeexarmple z yeagtn (or a
veligledhat produsesanidlY dRLAR/eRe LIBRLRI9gaHS ARUIRALA iE5SWIASS that

is capable of fusing with a CD4+ T-lymphocyte. It is noted, however, that

inCSHYGFALE RIET A targhifier iofenrines théhgeaunyenibrocopriRs RinfgrFipation is well
degieRieinngeirs0Me cRaumsiagLese ihAqt 2RcnecessanidRtthgosase @bmposition
ye%st vehéclis that express tthe antiq)ens eétrtacguylagx, this can pe a fH}lher
adVBTEAYE OF BeRESCt URKINISY GRS RECSEIRVEAHIEREGFRADRER O the immune
previpusty steawn tbihinyelastdehigpessef thenpreserstsivnentiontakercegdijuction), as
takenuRdy dangitscals SVl AR QIS ColFe 2apasBRCrOPhages).
Methods of producing yeast vehicles and expressing, combining or

associatidg Yeast2h vehigied withlantigensigee)desoribiéyl bdtow . tAntigeng vehicle
The, 3ANGERS CONSBRIaIG IS U5E dﬂtjtéyﬁslQyﬁg&ﬂﬂl!ﬁlﬁjl(lgl?i?s%%élg,%lﬁracellularly

against which it is desired to elicit an immune response. For example, the
antigeisaddremeliereliptlbarereatiraitaar e vkl antlgeriacsisbeiated wimnagns have

pathegepadnglydingndealiantiganssiungal 80sapkigsnsobagteriazantigens,
helminth antigens, parasitic antigens, ectoparasite antigens, protozoan
antigens,[Broagtigfahedfraentaply Bthafeisri coBRlRg e ALYARRI YN STEH A1gd sequences

inchdsleiphly Rtidens assae@iad Withh abarticulatdiseaseiQiLNEMAN 20, additional
whether from pathogenic qr cellular sourﬁles including, but not limited to,

: t -
caRCSF AR AR s S S05T RhPa T antaifimuEieL sads @l ghe specified
diabetesaaitigensicallGigyrantigens ¢alie ggrdy pepadernalibe reédtmble asil@snsisting
harboring one or more mutated amino acids, proteins normally expressed
pre- or neo-natally by mammalian cells, pygteins whose expression is
induced by insertion of an 5 epidemiologic agent (e.qg. virus), proteins whose
expression is induced by gene translocation, and proteins whose expression
is induced by mutation of regulatory sequences. These antigens can be
native antigens or genetically engineered antigens which have been modified
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10 expressed by the yeast vehicle from a recombinant nucleic acid
molecule), the antigen can be a protein or any epitope of immunogenic
domain thereof, a fusion protein, or a chimeric protein, rather than an entire

cell or microorganism. Other preferred antigens to include in

compositions (vaccines) of the present invention include antigens that are
capeisiighsappresshsgibedundiasinse] secvanasiul Asrdanserbaheypanserdsigkp the
as A IR RS XRIMRIEr I BUE 1BRAS  RNEO HIRM URGLBAKOSN SR ABMR KR Yire not
agents, an':it%ens involved in GVHD, certain cancers, septic shock anéiﬁ]%ens,

anB4HAGEAS AYoiVEd TRt idRtaBE relRctish) Sdek b iiSothigd e acid
butaemnet bmiechte nanttisidmiteSuaydtosgahio sgettied siainids F€glace, or that

pe%d??? £Arespending,to t%cﬁ”c'i%&? AORAD Oh&eﬂqénéﬂﬁrgﬁdo‘é%“%{‘n°fn% leic acid
harmrul immune response, Fas ligands (|.e., 6 compoun sthat%mogto t%e

extratElatastsothee o soficidshiamnef aed uiedurags raceprsesrthiardisy gene, if such
INGHEIRGRIZORIQRESIaihiRDIR i o CORIBHR¥ G R GRRNIRLH BSHCRLANAY BFJR usage

effect tolerization or anergy, T cell receptors, and autoimmune antigens, .
prefSrdIsNPIRASSTROI IR oM RE HbIByiRRR Jsbh seansBesfilr ipstie Bimilarly. the
enprAcN Gl spRressingite | biMediatie d@dmamhhiafeasiadd mimu Aityle X5 ddiN@quence
anfigens g&%PsC%raaﬁ‘&‘ eel@scféfsee“‘dé“céh& yesent nvention can ‘@%%‘éeu"é‘ ce that can
tumor antigen such as a pro elnC} g ycoprotelrigor SaHace car o%y rates from

a thendadel, b fepitopidcrgnng tandovrartigemaan entbeutifbrdeéitiokisterplogous
of M@&g%ﬁ%t%@@@ff tigns theirefde-9- ’eh/é%ﬁ%); hase Q&H%ﬁlﬁlﬁé‘%‘&ﬁﬁhg the

is from virus, including, but not limited to, adenoviruses, 30 arena viruses, )
buPRAAAIRISBEIRY ASHERARYSRES- c@&%&éﬁ%’lﬂ%ﬂ%@%ﬁéﬁ%%u‘?é‘éﬁauy found (i.e.,
EpsteirviBarivindaes, flavivisuseakhgpadnadiisesihegpitisevbiuseis h eipepecified
virjses, Ifyenzaiuses, lenivinyges, MeRSISs MISSS: SUSES YIS hat imparts
MyXoVIruses, oqncogenlc VIFUSes, g P P
orthmmaddatimas donsapill omeeinrsesman oanges sbs, faxcioi g rthavirosas having the
PaL3EQVIHESSI RALYQYIRYSES, picornaviruses, pox viruses, rabies viruses,
respiratory syncytial viruses, reoviruses, rhabdoviruses, rubella viruses,
togaviruséssadhy aoiced| @rerersasyOthen, vihgsasl igoludeninly apphGtraphisequence of
Virysese SRR annunan, Tisalhh RO ePhiG IHRE S TS iU Hanking the

HTLV-l and HTLV-II), bovine leukemia viruses (BLVS) and feline leukemia _
virtReealie apip |&stivREseY ataerineitelacl e dve MaetieRicidhe SPREHHSH amino

(Hiidnelyding, HIVila oo 2t ieniar (&8 oy dlineutididaneheanion (@ \aturally
immunodeficiepc viruses. I .an%tger asfpedct, the antc'l en is from an .

infSCHSLBERIT AR S GRS SO 16 RSH ASHRMAILT BoEds, 1™ occurs in
BrulgiageBandidesiChlaleydies Godeidhaiufiyiitocoocusyg BépliiarkayErscheniditial using

Frapcisgtia. SaBnaraseys: istoplasilia. drGisMRRanMyRRRAGIHY Meid sequence is

Mycoplasma, Paramecium, Pertussis, Plasmodium, Pneumococcus,

Pnétitiesty diisIepekett drastamonenscshigafacsshapaadeseelpgous to the influenza
StraptesoseUsy ioplasia I iBtiesholeiaaieishiariny Goenasnekinth@e influenza

infectious agent is selected from
antigen.

According to the present invention, reference to a "heterologous" protein or
"heterologous” antigen, including a heterologous fusion protein, in connection with a yeast
vehicle of the invention means that the protein or antigen is not a protein or antigen that is
naturally expressed by the yeast, although a fusion protein may include yeast sequences or
proteins or portions thereof that are naturally expressed by yeast (e.g., an Aga protein as

described herein). For example, a fusion protein of an influenza hemagglutinin protein and
29



15 Plasmodium falciparum or Plasmodium vivax. In one aspect, the

antigen is from a bacterium from a family selected from: Enterobacteriaceae,
Micrococcaceae, Vibrionaceae, Pasteurellaceae, Mycoplasmataceae and
Rickettsiaceae. In one aspect, the bacterium is of a genus selected from:
Pseudomonas, Bordetella, Mycobacterium, Vibrio, Bacillus, Salmonella,
Franr$8ell| A gsisrjlotoeesdared Sirbptod deteeoloSRecheiehiayibntesescbdeube yeast
Pagigidiela: @RPpEsiRis: di: PREATRRS (DS bactaiieMig e R RREHSS! naturally
selected from: Pseudomonas aeruginosa, Pseudomonas mallei,
PsERIBHIET A domallei, Bordetella pertussis, Mycobacterium

tUbefCU|OAL%oMM@Qﬂ%Q%éEblﬁR@@nfdﬁ”&@%ﬁ'@aﬁ@'%@l@@ﬂﬁfewbﬁiﬁh?'ﬂ@'ex@&»s to the
Bacillus anthracis, Salmonella enteric, Yersinia pestis, Escherichia coli and

> BRI BRHURSL ey e 0% RBAUIRRBeH & PEEEN RNEESh he PEsERyeRvention
Suit@ pleféasndiasyimiierpspseific ¢ propositidMoer spacting] ¢aid poitide "waeively binds"
more Immynogenic damains o epitones from E‘E%r%g.mea%”aﬁ%%”a . Oh MR Rereof,
antigens immunaogenic domains, o epliopes romt egéame ceﬂ,}fiss or
orgebioding paweco oo ke differenbeapiigbnds vieh rilmadjegiesdoeasiires) yr any standard

epHQsB?_S(QQEn ;Qﬂfﬁ%{ﬁﬁhgé‘él% fisgu %tﬁ'ﬁ@éﬁf"@@ﬁlﬁcéﬁ@s IQQEEJS&%Q ﬂ@_‘tﬁ%ekground
the fusion proteins used in t?iue vaccines and compositions of the invention

10/ fOBEALREARE BHN RS 2B R SR RTHEERAE TG SRBMRFaHeontrols typically
COMRPIREHIR fe 201 VA oGIMEuBaThiN Aol &inNEbOAY p AR e S BURTak Afagrpdutalibnofi c., in

infl&;len a antig{ens. in udigeq one or more immuno erzic domains o;.orlw)e g.r
the a%ﬁence aIlEl cn), w 1n an oun reactw{q e.§. non-s ?ﬁl 1C DIN 11‘1{% to the
more Iinfluenza an |6e §, as desired. en an @fen from p% ogens a

usedisbehizsatie adffuarmdl génikinding dfagkikinin teecaf ticdle ralzscimizef [hagntigen is

term RificrRanPHINRNRFGING. COMRHS NG e YEIRLYERIAIE.S SXRIESSINGHRS standard
pathogen antigens by selecting antigens from reglons of the pathogen

15 gebifetth At HE T GHRY oSSR BYE! (ifferehtostalMeyraie batighet In
addition, Ry Sglgchig PUILYS B egioRs:of e RARPIeR RApRIEYRY AP uman,

such as antigens that differ from strain to strain or may be mutated each .
sed&yRTe g |y eo draprciidiBrterbioe kA SIRNAS: AP BIAS Peteipanates. mice
addrgssispedific epitlemiGsimimaximizedisihimasgeskeishie voinuention hasimal”,
been lgiis%ussgd itn dtetail above. In one aspect, the pathogen is an
influenza vitusPth this aspect, conserved or internally expressed antigens
20 include: theferateix  eataisl AMl)r i panglefWd) antigprsaniclaesapsid (bR full-
antigen, polymerase . PB1 (PB1) antigen, polymerase (PB2) antigen, and .
ORI B () A SRR oF iRl Do SR ARLR LA cptre: o
inched®lbsukernagy ptttm{HXoantigeris {inyonelotrerhpe@subiyqednanethe present
neyraminidase Miﬁ%@ﬁ%&@ﬁ?ﬁe%ﬁ@%Eepé%{t?&é(%%h% Well A5 from its
ed MZe. ntig

extracellular portion of M2, cal hese antigens can be selected as

de8efisdaliByE for B¥eht ABVEPirsE MR BT ABG) BEE PN focteinclude purified
25 iNvgBtigns, Ipena1aspedicthprprilQoebds B MaRAtiisuitdd, seehms hrpaiiiisetically

virus C (HCV). In 2Q this aspect, conserved or jnternally expressed antigens.

RSO QRO N A4 RS R o F Leblayt o
expre@edlantigﬁnwmﬂetﬂe H@E@landﬁﬁéhm@lmp@ﬂ@bhs) .pTdsegeinvention is
anfigens AR R SRS ﬁécgﬁtﬁ?gP&%@B&%@&qw&%‘ﬂ,@lﬂ%q}éﬁhéfa&%‘i%caﬁon" and

strategy according to the invention.
"mutation” can be wused interchangeably, particularly with regard to the

30  modifications/mutations to the amino acid sequence of proteins or portions thereof (or

nucleic acid sequences) described herein.

30
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In one aspect, the pathogen is a hepatitis virus, such as hepatitis virus B

(HBV). In 25 this aspect, conserved or internally expressed antigens include:

core antigen HbcAg and e antigen HbeAg. Variable or externally expressed
antigens include HbsAg (42 nM virion and 22 nM particle). These antigens

can be selected as described above for use in a novel vaccine strategy
according\toutieé hevaintida term "hangplegaspécrsedd prtfiantfen fotain or peptide which
immpeRdeHFeNaY RS, RUahias Pfﬂi‘éﬁﬂ R0hepRenadefigensyMiis (FIVwini-type"
this aspect, conserved or internally expressed antigens include: Vif, Vpr, Nef,
p7 PRI RS SRR VAPHBR SIS fRAIRF RS R SSEHTHRG RENE hefuBeP g1 Dyt which
anehgipdinsTthe $asanfigeris eah i stlectachasdesatibedialtdyedotnisg forén. Such
noyglvacdme, Strageoy, aceording to e invention,,. o1n some,embedimentsy, iy,
the antigen 1s a fusion protein. In"‘one aspett of the invention, fision protein
canhigitdetienoverctr Mvremmigends: [eldipgsetatione fasion proteded vypion of the
inGlclei g QLML R UROAOARRIS AARAIRERL R AR S ERIARSS @fONERE or a
more antigens (e./g., an influenza M1 sequence and an influenza HA )
sedOEntenss AH/RY AREMNe FREYAHFAURIS- aftfuhngpBtlh &t iittdation Metylation,
braagtsayigeoal pptigptoriion@xangeiglaisnultipie doynaionfusiamnyscdtein psefiation,
in the. present invention may have multiple domains, wherein each domain .
o S TR g e
leagsthargmtindesidsedsiduestisainity ediinalasideopérting mvclsdimgredniotaltednaturally
amipq.agid Hatds faupehitthe Rratgiivberein thamutaionds assesiaetin or an
with a particular disease or condition (e.g., influenza infection by a particular
strafAgonist A 3REUFHL JARMEISHES IR BT STeRtS tH A R R rEBiI4E KU db Hrrt for
of the preastthassathuacinmahihe presentlinieationdre Predifted ssingthe isolated,
constiugts that are particilagy usetul 15 1or ihe expression of heter (gloegl?l'lc?eic acid
anﬁgens in yeasf. %’)Pplcall?y,dt]he désired asr’ﬂlgenlb protein §)aor pepti e(s}lare
fuseduantheincadirzotie pmirtah esidgofofzgxamsplecifiessyrmhetiopbiptoeRhe techniques
Stat@@ﬁ%&@ﬁﬁd%ﬁ%??ﬁ%@ﬂe@%ﬁ% Usion protein in the yeast vehicle or prevents
posttranslational modification of the expressed fusion protein (such peptides

are descrbbehinldgtaibf fogexamplieinindySoPatent Fublicationtity of, or consist of,
2091‘1" '591:1'1151@845% &q@é@%@plﬁé{qggt 24@010%'439094& 'ﬁclgﬁptoﬁ%ﬁg M?H} leeast about

reference in its entirety ;%)) at least a portion of an endogenous yeast

proteif, Wbt eRAdr Mot hreder iGe% syrfficaritRPeMnEhEetr stdBthabout
of expressionedt thepretein i theyeasbangior, apierantsRusbansiaiional about

madification of the proteins b yeast.cells (such proteins also.
o L S e o S S B RS B B s g teas
Al aboprayantiioicd) at dehstiaBsuSicreoficaleast proteihh9¢aikesithieor any

fusion RICIRIRG %@,t%&(%%%?&‘ 856, SH f@rﬁ‘élé’fiﬁ'ﬂ%]é{ref?ﬂef&&tsﬁﬁﬁﬂ@ amino acid

protein, described in more detall herein). Also, the fusion peptides or

profeivRicAsy Brothtrecareapnise tHatrarmiodiBsiingl fiomelnges GARRESEY gensists
selectRiRgontosUchRE B anthary a8/ackelpaiRtapRaANIR ARGRINELY IUBRALY, loss

the immune onse against the yaccinating antigen in the cons t..(fuch

TR R A TR A RN R

usdfonh ixbtlne 90 %eidtiotical, less than about 95% identical, and so on, in increments of 1%, to
less than about 70% identical to the naturally occurring amino acid sequence of the

reference protein.

As used herein, unless otherwise specified, reference to a percent (%) identity refers
to an evaluation of homology which is performed using: (1) a BLAST 2.0 Basic BLAST

homology search using blastp for amino acid searches and blastn for nucleic acid searches
31



In addition, the present invention includes the use of peptides that are fused
to the C-terminus of the antigen-encoding construct, particularly for use in the
selection and identification of the protein. Such peptides include, but are not
limited to, any synthetic or natural peptide, such as a peptide tag (e.g., 6X
His) or any other short epitope tag. Peptides 5 attached to the C-terminus of
an ‘eithigendact dedink paraneieryevitionsieabe sz seawtis o Withsdtfthdoadepiiemexity
of thg Msteymiral Repides AiSaURRRAADSME; Mad@ine TUSIOSARNRIFUAt NSEfng, 1.,
in the present invention is a fusion protein that includesg%ii at least one
antgar (it ARG i G SgERRe-dBrhaihe AhdXpReD &-6P4 fiftdidniRLAST: a new
antigemaasmwell pstearioasbasiosepratepasgandshuliplieianfigein dustsicis &#@s3402,
described 10elsewhere herein); and (b) a.synthetic ti none .

5 e G A P 2ot G v e

antigamethes gegstitheccbrisistingofral de X5 thle erhindtiache residuddietiat aparameters

he@&lﬁ_@&-@%é&ﬂ@@t&@&%@M%%ﬁﬁgﬁ’ﬁ‘s M&I@ﬂﬁttﬁﬁ‘e%@gﬁﬁ% SHAbiliz&s thehe standard
expression of the fusion protein in the yeast vehicle or(%revents

poBAAREEHORN b Bifcaton o ie BEaxbrasksBhAddion Pivtefiifrgquences might
symtheio gepiitesamd iNgtetrgainahpontianiofihesantigenBDgsther fesatanfusitsieas a
protein that has the f ' ire £1) the aminp acid residue at
10 R R L B oA T I hing BRE ARSI S B aver
thessyistivetinpe ptit edinafyndthicrviens); sy ehecamid deid mesitiere alnpeddiiom, PSI-
tW‘BEfA@‘? Bﬂ§i9&b9_r£l’ie£{ﬁt'b°tﬂ&?éd? 9!&(91[83185 %H’é%ﬁ@%ﬁi@ -}'ﬁﬂﬁi%@%’é}%ﬁ,ﬁ\m{i’ch is a
acid in the synthetic peptide is 20 not a %I)chme or a proline); (3) none of the
amiTity H¥5d Yakidu Aokt 195 S BIFacs- S WS ESion k&rdi‘éﬁgﬁgl MeRGERTE (‘?.éﬁpped
theB/MBD dgitlsad positionT - 6PSIBLAS TP gitopfdine syesthrticipptidecar than any
s proteinf. if thels%/nthetticgel[%tgrg% is sh?rtetr thant6 aminofacids do not inﬁl de
mEtROATHS) AN (4] NONG SF the SIING st af PORTTons 228 SrHhe rilsh eplaces
préteimisy lysinence énratrlg_inilnet('r.(el.t,_lqlhefadntai@mimrghipgsitiﬁh@@@, it ils to be
whethesBaitRiha R iBEHiG 2R BP IR QL HRE B Aei. if JRASYPTAH %F%QPJ{H@
e

is shorter than 5 amino acids, do not include a lysine or an arginine).

synthetic PEp iR EisrseieRsShent B tiensthimenscaethsit singmBle sreferatitgnce as
at [RastiEe® anminesacidsdineidaéng (39905 "BMNQ acidsicandaGaiwhedoRgebmparing
than 6 aminp acjds, in whole inte o aboyt 200 amj ids, 300 .
20 oGRS 00 S AR 00 AN AL 1 g SO i orprated heren
enthodiieremts anfitsiontiprigte LG isapiaranhigronacidsspgiemed of blastp or blastn

M- @& i -K 8PP0 ‘Mgs{fﬁﬁ'}h% iﬁei’t‘&&ﬁ@@'@ﬁpe‘ﬁ('ﬁﬁ%@aﬁtﬁ@ﬁ@ﬂd@. Aeween

except glycine, proline, Tysine or arginine; wherein X3 is any amino acid, _
ex8¥ptRettdine RYNE s ardhsineirodisraPikaars AAs/aioncuatis i in the
metRigniealigsinendr FiNnRoNRaIEIRaND ihas amBloaaidexepphce alignment is

methionine, lysine or arginine; and wherein X6 is any amino acid except
25 iSRG Y ds B R DRSS AN e X6 residue is a
prdimélaAm axem Bl BGyrMelimseguence that enhances the stability of
expressien Phaninflyenza 5 antigen in a yeast cell and/or prevents
posiiransiatianalmpdifisation of the protein in the yeast includes the
se@RAAIMNAHREAR(ERES él}pl\@gbgﬂafﬁgg MADEAP sequence can be used
30 Withaptherssiigens dprdditionierdhe iflugnza-aptigen. In addition to the

enhanced stability of the expression product, this fusion partner does not

appesbltetpagaip/e Blapadidhentiinune response against the vaccinating

antigen in the construct. In addition, the 10 synthetic fusion peptides can be

deSlgrreghio provide danejpitape thepaatiibe recognized by a selection agent,
35 suenpras gieraifibdblgxpect (10) word size (3) filter (on).
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In another embodiment of the invention, the nucleic acids that encode the
translation start site of a synthetic peptide used in the invention are ACCATG

G, in accordance with Kozak translation sequence rules, where the ATG in

this sequence is the initial 15 translation start site and encodes the

methionine of MADEAP (SEQ ID NO:1). It is to be understood that various
embodiméntsdftadenimleinticid awiesteribbanhdesrmerhipalaylisdhebhasipes, removed

ForEXARRIRuIR ANR-ASPEChR the BVRRIGR:WHEEAE SYRINHCRERIAR ISral milieu
MAD-E-A-P (SEQ ID NO: 1), the nucleic acids encoding the start site for this

pepfide BB REE AN & N oYE sy WSt A SAY SOOI dhtd e As
thesiioketiticlawdll de20appacenirily Hefser diskiidn thewdrith thelnuoké aspeaiolecule
5 Of fhe fyentiol feH*_‘gL}{elaéfc"?Q'ﬁq'% '%é“%@fé’%‘r%“ageg%c'?i‘}lhcfi‘&&é‘%naé}ﬂ &' LdRome or an
expresseg br provided %y &e(hvery or transiocation of an expressed anfigen
pradtice phieatyoorewnolichnthienseleigcecidf trdogalesisyEtiedeifenttatse||fiarisolated

eXB(@ﬁM&d%‘femﬁt%ﬁiﬁéhﬁE%%@ﬁ’éisWH&’JsHﬂ%@%ﬁ&g@ﬂﬁ%%@ﬁl@%&aﬁﬁ&udes a
use a spacer arm for positioning 25 one or more antigen(s) on the surface of

the?fRakt VeniclEedRt Why [0S sPe)satbat Sli9estsictestaca B protelndes the
_of thﬂiagmH@m{sﬂ)nafr@ﬁﬁmtyw&gi@m@mirmtehatviarg&igéhe antigendg)tohal genes that
10 Merestio the yeast cell wall, For example, %ei%fatte'c{‘ ihatcan.ge Usedhis 4, 10
yeast protrelr?’(e.g., cell Wa?lapro ein 2 (gcpr), ,R\ga , Bird'6reid protein At
enalsledethes pasiigehisy ce hsgetenteo hnkaebist(icall avdik SUehddeathihd' end of the

antggRislsairiban theisiriacs ldhe HeatinArPAINR AHReplaRy&RRlcic acid

proteins may be used for the spacer arm; however, for any spacer arm
ProféivEntss!haatitedirablBtErNagaUh &Rt oy e Rl HEEpbdei b addrpdesule can
agaiaﬁnmmaxgau\amt(g@n rakeA than dbevapasebaeithpr asiA. &smgh_geifg., cDNA).
15 OINEHRIRINS afe ‘s‘ese%ufélé-tchScsz?n%ﬁéc%[Q’z inen e spacer fhe' protein hakic acia
is used Should hot generate such a large immune response to spacer
armylrotéin dtse thsuphraiat ' thieliamuaive sepgosse torthe hangétraritigén(spdgence of
ovenMasmedsOme afskill inleRitShOUAA IR aRMalhITMRE [RRRMREeably,

to the spacer arm protein relative to the immune response for the target
anfitRsAtd)y A KBGa i thistesrgistarltay the Rvalsifittde SaneRAufsing capable
respenses iy £prm usadnieis ofaniibeay production lytic assays, etc.) and

are readily known to one of skill in the art. Another method for positioning

20 the targe gehioMel R pe keI YRR YeaRrkiecEas G g udgrhleast one of
segheneesisuch asbmesydphnsphajidykiopsiteb ($shé) 1o RBehssdthedar eptifively
thei.}ﬁ?a %cel watll. Alt%rnati%/elljy, quitionin[? tﬁan be accon]Hfljs?egfb el lati
appending 108G RAF SeqleHeeS A gt the dntige Stey of iftérest into fifg" 218
seerptosyipathweaynvideteanaglovaltowldWoiihibeart oplesmicsfeticd| uitifBiRRh shichhrase
that the.aniggn.Rindste a-Rratain whishds Boyrd e dhg el Wl {81 MPlind the
In one aspect, the spacer arm protein Is a yeast protein. The yeast protein

25 cafledissististare ik feaBRise Wi TERE HbSR800 Aipinenueias of aydewdes on the
prafeinidnaaendk&mebeditmeghiieyeasidicie misdanstabl tes pRQAMinmh respect
acids. In another embodiment, the yeast protein is about 40 to 600 amjno ,
A1 B AP GUIHOE PoAE DA TG o HER CARED 5 BT B ot
ledst KEiamithe ploias, 'atdeadti B0 mnknolecpisnatlieadt:330 amineiacidd  mablecule
lea@egggawiﬂl%e%cﬂgﬁ’tﬁ%:&% t[lég Qo%@&'ge éq&,%u'?%&lt lfSE’eO smmé}c%gl@aﬁf}l with

least 550 amino acids, at least 600 amino acids, or at least 650 amino acids:
30 In BKerbizfsoNeistaddinelgerRt Bhithil rdministsed soramiierhcids in length.

In anothex ‘%EBB’I%QIH%%PEJH%&;?% 3 RGN SiRRzES Eg‘éo?ﬁﬁﬁ %ﬁ?@'&&?{‘%ict% is any

fusion protein in the yeast vehicle, prevents posttranslational modification o
the'eslpieagddaaiaiBee protsmYah Byt ekagars st Fukd o iebisiAney Al Yl ridiliggd to the
compartmnentin: theyRRR(BeLndodne: RXRIESS b RMIBE e RtehllifWfReR) which is
For delivery into the yeast secretory pathway, 25 exemplary yeast proteins to

use include, but are not limited to: Aga (including, but not limited to, Agal

and/or Aga2); SUC2 (yeast invertase); alpha factor signal leader sequence;

CPY; Cwp2p for its localization and retention in the cell wall; BUD genes for
localization at the yeast cell bud during the initial phase of daughter cell
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30In another aspect of the invention, other sequences can be used to target
retain and/or stabilize the protein to other parts of the yeast vehicle, for

example, in the cytosol or the mitochondria. Examples of suitable yeast

protein that can be used for any of the embodiments above include, but are

not limited to, SEC7; phosphoenolpyruvate carboxykinase PCK1,
pheapthiyhfcailing sec MBI PIPdsE phoS Bisaiiesisbriereiseamp Mdeghels capable of
productsifar dkelfutenressible SXRIRSHIRNIMalvcosa@dtumdasolit IpcalizatifRntion.
the heat shock proteins SSA1, SSA3, SSA4, SSC1, whose expression is
indtidd AT WHEBEPRITEING 8 A AT BEE Bt BB ISuRT & Yreido the
to heatddeatmhenticib enidadbondiidhproteimG YHE Ldanimpias tvisttor can be either RNA
mitachenaria; AGT Lo O RimIng;an effsctive umaral MU IESPONSS, iy
the target’antigen s ould be exprgssed or provided in some part on the yeast
surface Klosvsebret&gdopntieayeaserors swhobm irekigs. the Alanthd. 0B digpcing, and/or

angtfé%l%é%ﬁ%mﬁlg%@fﬂﬁéﬁc multiplevariations 10, ¥e 1%9§Siip|§ei9_fery of such
expressing or prow_dlngi?an antigen on the yeast cell surface. One of skill in

the AT S5 pre &AL OIS 86 AN ARb M hasd 1Tt Bafepd apyyectors
to presticierable afethirehariipgess f siterasicarihamsitides.and caingsoftakiifiired to
the art can o timizte theI;e>f< ression olg.grovision of an antiglen en the surface , .

as exgref‘ssu% \ieC Oors. rre cd reco 1hant “ectors are capaole o egl/% CX%I'CESCF m a
of a yeast vehicle In several ways. One such way Is to monitor and/or contro
therassfegicigbosseatlace expression. One possible method to achieve this is to
optimize expression .levels of the a i%en as to rende{. maximfsll im adct. V}lith

n ‘a recombinant molecule .o resen%. mven 1(%11 .HUTC €1¢ acl m? ecules are

some antigens, too0 much expression of the an igen’is toxic for the yeast or
altepastively, fonked imnmunecseds ardtimmersasystereefitherindisdderdednsuch as

otheicagifod o ittie %&g&a&%gm&ﬁmﬁ AR CAUSGURHING A ERE IDEBHBRion, and
system to be suboptimal due to the lack of antigen interaction with 20 the B
ceMhediesBiay raHensst b r?FGn?fHPPﬁ%bé%(nggs'i% bitstn ée]aln‘l‘itf’e pr’y ‘i?éﬁ’i@l the
wedkkrevichtechnigiescRU BANY 6y tamnatete igvehiaS)Iandraoilalatidgmbinant
the expressio Iﬁ\vel with cell viabilitg. Another mgthoq of og)timizin .
olecules, of the present invention .1hclude nucleic mole u%ﬁ that ar€¢ o eratlvely
antigen surface exygressmn Of provision 1S {0 carefﬁcﬂy sefect the spacer arms
frohmkhé toathwvat| fysiorxpastiar .cm_tmi LghHexam plés phy@aét{lxﬁa_tpldbelh&ethétefers
cag, e HEed A5 ARCRIAIIRAE FVaN iR 8lRR BhQNhEA [HY: Iﬁﬁﬁé?}fﬁﬁch that

size of the spacer arm(s) can affect how much of the antigen is exposed for
biddgoacHe sustRiesdndis depstistrs &épe‘ﬁ%ﬂﬁf@rgf?ﬁ’/%ﬁ’féﬁsé‘t‘ﬂ‘?&e?f(éljaa?@aed)
being usrRd: @me of skill in the art will select a spacer arm that effectuates
appropriate spacing for the antigen on the yeast surface. In one embodiment,

the spacetamidiRed s diesPisisheiH oack 4B AT artiisletios. Somsotierefer to any
CORRIIRERBONWRIC R RINYZHAENBINIGaDISUTiRLE BXRISESIAR ISaBEshRithi@ nucleic acid
antigen. and spacet aym.combination sfjould e expreseed.ao 8 MONOMEN e ceg
(e.g., EfA de as shown tn Fllg. ﬁ) Or as dimer or as a trimer (e.g., trimeric
HArgeZmglud soluthlelse ceeted transfection” when such term is used to refer to the

introduction of nucleic acid molecules into microbial cells, such as algae, bacteria and yeast.

In microbial systems, the term "transformation" is used to describe an inherited change due
to the acquisition of exogenous nucleic acids by the microorganism and is essentially
synonymous with the term "transfection." Therefore, transfection techniques include, but
are not limited to, transformation, chemical treatment of cells, particle bombardment,

electroporation, microinjection, lipofection, adsorption, infection and protoplast fusion.

Vaccines and Compositions of the Invention
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HA), or even more units connected together. This use of monomers, dimers,
trimers, etc. allows for appropriate spacing or folding of the antigen such that
some part, if not all, of the antigen is displayed on the surface of the yeast
vehicle in a manner that makes it more immunogenic, if for example the
multimeric form adopts a conformation required for 5eliciting a specific class

of antibodi@sodigenis ak aligipgsantidognsion rela@rie afcoripepitne Gfacars) which can
0DB%@dth?aﬂﬁéftﬁﬂa‘ﬁﬂ&@cﬁfatB@ﬂyx%@&Taté%VHﬁ!ﬁoM'%%@awm{%ﬁé}%&%&%&m an

antigen expression), bath on the surface of the yeast vehicle and in the
cytSSECThY Rty ﬁf@&’é&s‘?ﬁ‘i@{%ﬁ&lbﬂlf@%ﬁ WhPER'S R ARIMAaT 8 s (ligcase or
neuvdiali pdh). (hamdise ah natdrabpHhalpade gptinizeothdaitigen decessibiliiynptom

5 and.SHTace PIeseniaton, 10 &H%I\ {S%the ea?it SRR iy . ctidd? BPIE yeast
state, an trlggert € Immune cells |nd|ngt e east to enera ea

optiphizéay dnthibirehessiolresesnaliadingrpesretiny errsiiisl wﬂm@he@(@@ed with the
INFegamyplRNd QRHEPIZShASHEIONISSARNGES. o yeARONGIREHABING with a

one of skill in the art can use to op tlmlz%geast vehicles for priming for
antlBGERIIRBSHESEN LTS M5B I thid UM St P PSR Xy ORI THIEh as a DNA
amuah&,SaoﬁrymstsgbmﬁsyMQm canaakidlets dh@mmmuaogﬁmegynanufhen the yeast

antigenjcity of the antl en exg gssed on.the surface sin e SU ar. Englet es
10 (?l% ib c)%% ore antigens, an e%l are ex tesse é e ?cellularly
ten S SUC Whengpractlcmgg e inve thI’] the Xistence o

sug&ttrmlehvels' omhetlgunﬁa@evoffq;ebmaa@m iténirpgrgadn gntegiments, the antigens are
thrﬁ&xﬁﬂwrh%'oﬂélcﬁp%&éﬁguﬂ%ﬁﬂe progtantigendsksberld he 9%?&‘3&%0' of the

%/ method can be used to reduce the amount of glycosylation of the yeast.

%S’(réﬂlﬁﬁ?élsd?’fétﬁ‘&u}a e ¥FH y%'&%’c%ﬁ‘i%‘f?ﬂ%t?&ﬁﬁt qhQaa) dupdidfatipagor the
to bayesiew igheosylatigndrig, mank eahianchia em%mutaﬁttss)caaﬁ@me ﬁmuld protein
elimi ate b tati cosylation to guences th

S e
pattepressiery. Hichiasiam mmmplel&@mm@ﬁ@cbsoaﬂ ghtbosylatishiomsurfesponse and
antigeshis PIRVIERRAR EXAMRIS BntrdRathescNs! elf?quqewt@x [2SREELIC HR one

provision of antigen on the surface of a yeast is how the yeast is inactivated

andiffeTpritetisrRirarib o RPNk HEhShtGAHI TRPIStah & iRyt different

exphegsed)onitecsiRae rbieat inachvatigpiefiyeagiris R GtandasehmianOproteins by
|na%t|vat|n %as[t owever heat inactivation hast e tentl t alter the

20 secon&ar { |ary of qugtélpnénrg?c‘sttnb(f&%r%r&'fe fhe St‘érge Iﬂg Reat ptlonally be
indiuuikkaupmtsaas@ctz theasons@iB80 skilitighthre, artyshﬁumrtdkmcam:w mdhgtgract or
the stisiual SHeRIES A N AR RRIGEN Y SRR FHP EINAdR KW BN or much

the art. Alternatively, other methods of inactivating the yeast can be used, _
suShcAeHirEAE i Btetatidaberintidrsktive Bryeat rﬁéﬂ?&f’d Beds fIPEipnYtherwise
the:ompthedobe oy daclosed incstandpidey eagh aulBddng:taxtbeaksSUCu@Sne of the
Methods of Enz mology, Vol. 194, Cold Spring Harbor Publishing (1990).
AnYEFH& S ation strategies used should take the secondary, tertiary or
quatesadpysipdcture of the target antigen into consideration and preserve
such structure as to optimize its immunogenicity. 5Another specific aspect of
the fusiod?BYeM BSnAFRIE GIthéeSredatrinvL At tPiatGatSRNARIQD the following
emhpdimeniscabove frdithaliganibaluiadienliryaiensoal th@&mb@dkmg@&&esem
above (a (Slthou h this is ot required), |nc rEies a vaccine comaprlsn‘@ a ept| e
link&d 13 the’C ‘%8%Yﬁ‘81‘§ of e inAEoh S Aied. \Seﬁ‘”u YBEb K&t bfigevauve
30 leasttvvd @reiholae)dhrasiaubs that aredmgatecfohmgmmls todhe inflaendgeantigernaccine
wherei, gﬁ%&%pé S0SiBHIzES | 1%?8?{68'15 n.of %iﬁ:fiijﬁk nﬁ{gt}%gsyérgﬂ?cle can

yeast vehicle or pre ents posttrans ational mo flcat e expresse
fusisichretans o éxahbiarpaspetlive tREGhveHoHCTRe ot él.c.. a yeast cell

CoOmRiiSeA AR 2BMRPORE! erdance @f Fri (GIWienicadch @cs 9L Riroorganism,

works to counteract hydrophobicity. 35
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In one embodiment, a vaccine of the present invention can comprise a

peptide linked 15 to the C-terminus of the influenza antigen, wherein the

peptide allows for recognition of the fusion protein by an antibody directed
against the peptide. In one aspect, the peptide comprises an amino acid
sequence of GGGHHHHHH (SEQ ID NO:2). This embodiment can be used
aloviede Vatioshjhaeed melitiieghe v ersh spisropiise usionyprotetd abagipegll wall), a
abovg 2QpRIGEEM lag@amﬁa harrast arQieiniReplidRss SRARALAIBS @LNeyeast

synthetic peptide used in fusion proteins herein comprise an antibody epitope
forGelertifidatiar hd HlrtAHE S (R RISEH- St AR pEaTE SRS AFedet or
be faagitabl@dizat Selectivédyrhindtaan erdageralisaatigeticy cad pecreadily as a
generated. Finally, if it is desired to direct. a protein to a particular cellular

5 e R B i, 25 it the
nucleus),Yban thieccgnstiuatecapicds the drdogenoussigioalitetitherye@asteast cell
protejn tg be sure that the cellular.machinery .is optimized for. t eliye
i e e bt I S S e AR
an BMtiboty 14 awailaisieatod pecsdu b deflsnseladtivaliitbinds to the fusion

partner. Rroduction of Yeast Vehicles,. Tannogens, and Compasition
P cemed R SeR il SR IR e ARt PRI Such o method

10 "yeastisshiid-afwigernopipléx" Groyed8iaintiaeh mplexini usbogr. 48, 45-55
genripRila AesalinearY.AsSRCIRNNROfa yeast vehicle with an antigen.
Such association includes expression of the antigen by the yeast (a
recombin®ersyehss)s iﬂw@mgﬂbnmﬁ@wahhgeﬁfﬁatm& yeasucphiligicadr ly_sed cell and
attaghrpgnhthGansiaen R IRRY&R xR RLRe ¥RRsEANA AMI98Rethod is

together, such as in a buffer or other solution or formulation. These gggés of
cofffpfese: Ay Geamibedintaavarpiéishvalin b embtieinfdifta 3r8astd8i3614 and
15 useddapeparel the, ygashive Bapisstransfeskd 86thos, sabielerelaRaus incorporated
nugleic abcid rpolecule. ncoding the antigen such that the antigen is
erein cIerence 1n 1?8 ellhll‘g . . .
expressea y the yeast cell. Slich a yeast is also referred to herein as a

recombinanteyieast Mbadegarmbin anbyaashvehigleachieyeastael Gartaen dereof)

loaded into the dendritic cell as an intact clell, r the yeast cell can be Killed,
reiers t% a &east embrane that a% S ]a natural nucleus or fgtOH asm. (V] partlc € can be of
or It’can bé dérivatized such as by formafion of yeast spheroplasts,

cywpdasiwq, ghmhté_i,lgr_ supsetmdg'ngaﬂ@gshanym which sfollbvwyeasbynk@nbrane to
20 '061919%%83%9?%’&%8 i\{#%ﬁﬁﬂ%‘ﬂd&“&ﬁ@'m%ﬁ%&@ﬁ%%ﬁ%ﬁt%%%@é%own to

be directly transfected with a recombinant nucleic acid molecule (e.g., the

spHaBpIEEsS BrivuEbdaHomcd Rneteenst, antreHid fRirsriueay imlndbrapyeast

progléiarankesamhinandsphBEePlasiatp X e FEa5 @R ARIGEN 1 Y9 DNAABPERLymol.

a yeast cell or yeast spheroplast used to prepare the yeast vehicle js 15 |

tratGho Shedt i ¥ BBl AT S S R Bl REIREHRS RIS e Dk Ggaigveast
suoheﬂﬂaanh@amitbgelalid, rebentbénanidyrexpresgeckizy titeopazstotl or freasthst prior

25 Spl&?‘i&%@%l&ﬂ %F%h%s?e%%&{%‘ﬁq%ﬁ%t ?Hc%s}/?f?esgﬁt@&%rgplﬂl%lgwt Antigens can be

recom_binarlg?/ expresses the antigen(s) is used to produce a yeast vehicle
coRipiRdnigsidsdhamsbiast o yEhdt YHBSE of B axmbiemtas b othereof
yeast. cellovaltipattieha, ¢ fragtiansthereef outside the membrane and/or spanning the

membrane of the yeast membrane particle). In one embodiment, a yeast membrane particle
is a recombinant yeast membrane particle that can be an intact, disrupted, or disrupted and
30 resealed yeast membrane that includes at least one desired antigen on the surface of the

membrane or at least partially embedded within the membrane.
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20In general, the yeast vehicle and antigen(s) can be associated by any
technique described herein. In one aspect, the yeast vehicle was loaded
intracellularly with the antigen(s). In another aspect, the antigen(s) was
covalently or non-covalently attached to the yeast vehicle. In yet another

aspect, the yeast vehicle and the antigen(s) were associated by mixing. In
another aSpestnmel oh ahedsteidrealepntiostinant trdatastisran(spik walpreagpag an
25 facombinarilycRy Bieyrast yehigle anvibe ¥aast @R!Lal ¥2aSluch that the yeast

spheroplast from which the yeast vehicle was derived. A preferred )
nufitHerBf BityaH o be e e g YeaumAL B ERE Praigehie g protective)
iNvientioneis oy seuiptiest dfeanfigensstaincan be reasonably produced by a
yeast vehicle, and typically ranges from at least one to at least about 6 or, .

> more, witfo¥iab St (8 aBoUtw! 40 ROBINShEts aiiyEhSbEIR GRS invention.
prefessedre unicpressiocrafrgimantigantibedoyigast smehidlehadethiapraseAtcomycetes,
invEntjgn iS a comal' hed v i

sin%tech gues known .to those sk'{ltlled ipt e ar%.
S1 10macT €S an mpertecti. fg c €. selection o1 a type
Brietly, a nuc

un m r considerafion for
elc aci m§1ec € encoding aatj?easflone esired antigen Is
insefrteehihttpanexpressionyertonieash asnibhmehiesnipiey nelcldic sieist. In one
MAQlgEula s fParatively iinkeshipt AnSCUREAN GANFOE SERURNER U QSARFsIRe. The

be capable of effecting either constitutive or regulated expression of the
10 nugrdetiaBi@ oot ARNREN raTiSToT B EETS HOSPERLE AN, fYEfefceligrs o the
malekvigsmercatiig heorasordnRIe Bidganscad. DEIGNOBE PItBEERIC yeast may be

eXpIeSSIon.vesiars oparatively linked 1o one ar More SXRIESSIoN SOMOLe of skill in
sequences. artlgulllar }ylmporl%nts expressi con%olngequences are those
whileh @oritre) travigetiptionsinitithole, suibbeasipneasoteraand upsomgathogenic mutants

actiyalenN SRAVYREFES AMMRYIRPIS YEASLRIQMRBIFHIRE B HGifiers, and can
present invention and a variety of such promoters are known to those skilled

150ttt lF"Péf@?@&%rﬁﬁ'ib@&grﬁﬁﬁgkmé%%%‘nnfﬁpﬁﬁh%@é%&?%ﬁ}ﬁ%gs are preferred.
cerevisiagclhoie, Biut.Ale YoINmitar- o, REAMIErS A5 AE08S ENERRINGHE can be
following yeast proteins: alcohol dehydrogenase | (ADH1) or 1l (ADH2),
cuphogeiehhodiiEraes Kihasd ey driosk/ HEEBREE isofsfése (Tppylotorula,
traﬂ&t@z@@&i&'h@i@ﬁ@@éiﬂihﬁfﬁ%fa@ﬁn%ﬂB@&-ﬁ%zkyces, Candida, Hansenula, Pichia and
gly eéraldeh%de-:%- hosphate dehédrggre ase d(GAtE%H %Iso referred.to as deularl
T Z,ngfl?rloasrgm Cgép fate (%Oﬁﬁl rrggeeneaSea)l} gglbcto fase’ (BAL 1 ?1% particwiarly

20 galaetosedl-phosfimaie vhdykiravisferase (GALs/) dDR galaclogeepimeraseisiae,
(CARIN-SYIRSh MBI CL0unagd RIBIEIN(SEGIANE AT ENORRNARSE aiis.
(PHO5), with hybrid promoters such as ADH2/GAPDH and CYC1/GAL10
ProridtOre fséin g PHETE iprefditer osres thier ADTHIZTS APBINH M ster i cH g senula

iNdygpeoMIen KIS SOPERRUAIORE I dhenselk aier OVK (8@ ABouE Ridrtfinus var.
ab?alé'[tiO. c(;lr.cent), as W]?},Io S the the %UP;,GBromot r and the TEF2 20

ia _pasroris torula rubr 1zosaccharomyc ombe. and Yarrowia

profiidter, 15eifig’&Ven more préférfed Tikewisde? & Aufber of upstréant

25 act’v}wat}m&acsedue‘m¢e§3¢l_h®§_tsy,ifalsbtmfearadrmbeawénh;mcgmiweﬂchMm variety of
Pr%ﬁ%‘_é‘i%@ié’ﬁ?ﬁe@%?&%@s{'%‘i‘c?ﬁ&?%&C%JR{ EXPLaREIAN INREE AN ARY RS ntioned
cerevisiae include, but’are not limited to, the UASs of genes encoding the
folkRRAIFY- phbtEirnseiorsdeTd sPFet Ancv e 1S ApprisiapH 28 Hspelamorpha, P.
Geigzr@mﬂa%thwn@%h .ngka@ﬂ&fi&riUﬁa%&ara&i}\ﬁf%iel@b?df@?Ah‘bgﬁ%eelaﬁvely easy
product, 25 with the ADH2 UAS being particularly preferred, Since the ADH2
RS ISRty B SED B RHOHILEN 8 priiabhe O vt gt food

30 thexdiDREs g EiRAWHED /8 reterxelb BolesGERE 4838penativETy liDkOd 0rthenstiodent of
U I iption terminati Xxpression -
S e A B adaygvtar
GAMhoRhHUCP e ] syehas a30Preqeiied SHanStHntidhe Sneidr Saifdetiedsisoone such
expiaas arnes pasthyitrophieisastipelids thectRNSREPHRMC AR Qb e8HRO Sarget
of the genes encoding alcohol oxidase ang formate dehydrogenase.



Optimization concerns and methods for extracellular expression of antigens

by yeast have been discussed in detail previously herein. Transfection of

a nucleic acid molecule into a yeast cell according to the present invention

can be accomplished by any method by which a nucleic acid molecule 5
administered into the cell and includes, but is not limited to, diffusion, active
trapiprsit(shatlop aiitgrarf st peporatidn, aripiefesstiarhigpdeaeliorin addition, any
adsgrRliPR.ArdpIRiopiashiugien. Jré}fésf%&&q RMIRIHACIHIMAIRE UIRICAM OB hibit
integrated into a yeast chromosome or maintained on extrachromosomal

veLtBPE USROG tEURE R RIS e S RIS e R BB s A5y gupns in
veltieles gamerying suehdmaleletaglglcmplmﬁes are disclosed in detail 10
herein. As discussed above, yeast cytoplast, yeast host, and yeast

> membrarl® PAHFNESBERd t}vBﬂF’E? stRdnEtegls ﬁf %%FBHHH&B“O“ is capable of
re(fomtgrwaﬂtlylbyeuﬂaméestmgdmtaetyym%mmaﬁmmgmssofey%a&thvered such as a
spher asts |th desir d nucleic.aci lecules, pr d ntl en
T R R LR B b e yeas
usiridehnid e skmownbeslimests. dkitleotigente. det it sedidipe citopiedhagtiostusion
or 5#99@&%1!'%}91&@%9}5&*@%@9?&@@91 (?H@Fetf% ft@&lé%ﬁﬁ?%ﬂecﬁé %Q&WHMembrane or

desired antigens. Effective conditions for the production of recombinant
10 /e RaftirMh BRSOk BI5r B LSS SPERL ARG GE By AIsEISL Set (i dfelin SRyl tigcell or
effecitvephage)! umtdmgvtu@pmweasmm can lechtgied Ancgffeetive multinucleate

medium ic s medium comprising,assimila .

R G b e R SRR e surtac proreins
miterdidinpehaks Qﬁlmmlo@ﬁeﬁmmnmtmssm@hca@wﬂtaw meflanezgrowth fakteors:s and
Th?d@ﬁ%@iHH} %%&famtt?t%&omﬂt%%@@mowemﬁyfeﬁo%sott‘eft&@&%ggtra% fperm)

medium. Yeast strains of the present invention can be cultured in a variety o

15 cohtamBsen ey |‘ﬁ’d’e‘oi?t%6‘tqfﬁﬁﬂ’efé‘sﬂ8n BRIEEBbYS lﬁr’i’él?fﬁ’i‘é%‘refl’a@kge?@s‘tlral and
tubesmmicikotiéen disﬂtesaraﬁldxpemwatesnﬁultuﬁl B@liseatiett QUL @xample, a yeast
temperature, pH and ox Ppro ate for the yeast strain. Such 2
i L e A e R A%y Sl SRR e e o
artf(sew, Yothex&ibpte Thutiphiecgteal [{esls9ed 9w dvethbdsiin Eparptnl ody, targeting

Vol LR, AEGARMIC, RIeSHcRaRHRAIEAG N NROIPE AR LIAG YA @A not

particularly when'it is desired to have sufficient surface expression or

20 provisoyf ah BataseiyerbshifienevaTeres Bt cRBsr BT Sorachliishal this can be
lmmﬂ&méeap%ﬁﬁgtsaaﬁtr@eaiheeumt S engrenasRin 1@@@@@ nMahatabeesl @k diously

pH |evel f at least 5.5, naptﬁey the H of the culture |s nqt a Io ed to
S QD 3§té’ 1cle t res nventlon are rea é/ ein r1t10 cells (as
drop be ow ﬁf—el er as He yeast'is grow
maieihisedhat e@’ébutlﬁtBaSI m@cthmhags@ects the yeast is grown at a pH level
malntalneﬁ 61;[ % lEJ 5 7,5.8 or za”uother aspect, the east is grown
eas IC eSS a ressin om 1111 or assSO at1 east
at a pH Ieve Maintal ltga% n anolt spe e yea IS grown a

25 pHvlﬂudbmmthttamlgdnata&tﬂmtJ@bSd btlother aspects, the yeast is grown at a pH
level maintained at about 6, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9 or 7.0. In
oth%f%%ﬁ%cts, 5 the yeast is grown at a pH level maintained at about 7, 7.1,

7.2,7.3, Tub Znﬁggn@cz)&elﬁ&atzdgf&rlﬁ@iﬁr RespiveMRIIS AR AR hihen against
cultliélg g.of yeast. One.of skill in the art will a remate%h the culturi

ng.
O T R LB T A VS oG e TSR Gl b
thexculiurbnaissdel]. aAg yeasheukuringes winowpabdgen acithidifge/iribweigegs, fungal

30 gl‘J tﬁ’tr Ss‘p’ fgg%[glgal%ﬁﬁg%‘és%gﬁnﬁ%? LARARMIL L PIAGYS! A iNGe antigens,
protozoan antigens, or antigens from any other infectious agent. Antigens can also include

any antigens associated with a particular disease or condition, whether from pathogenic or
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10 Yeast cell cultures whereby the pH level of the medium drops below 6 are

still contemplated within the scope of the invention provided that the pH of the
media is brought up to at least 5.5 at some point during the culturing process.

As such, the longer time the yeast are grown in a medium that is at least pH

5.5 or above, the better the results will be in terms of obtaining yeast with
desiiBie sttaeastENsibag] BT UsaiEanagnedr MRtige ey laptigegnyaastciated with an
IOr%@Iﬁﬁ%ﬁé’%’i@éé@@l@%@?%ﬁ;ﬁﬁ%@tﬁrﬂﬂ_@én@f,%ﬁ@@%ﬁg@ﬁéﬂEﬁﬁé@gé’%ﬂ%&ﬁ@ﬁﬁ%ﬁ% cell
the yeast as vehicles for immunomodulation. In .one aspect, culturing the

yed R fT NP IR BB P GoBU YRR ATy SE RO ARy eEAtRLPre- or
effecd-antihe belhgeneshionddi’)ep{edns Skowiag xovsi thdstiodbtiay timegerfibe of an
veast ean oninue o grow to;high densiies withoutlgsing el cellyia
pIiaB| ity. In 50" another ai%'pect, the ise of a neutral E)(IEfa ows for the
protuskisationyemst withepliabtdasell sxalksaerl/or yedisethdiyarawenitivs teegulatory
cellyyalheigesting. eRayme S 48t n%%%ﬁ?@ﬂs%@kﬁ@fé’ﬁﬁl JRARIIRY. ahhi&ns which
trait is desirable because yeast with flexible cell walls can exhibit unique )
im A APPSR pBRLKE ds e RORe L rttn Hifky tREVSBLTeHIBRSST By SRR gf, @ fusion
interéeson)/ (IFN:T)bin iheeslishasting theneasibdoiadalitiane. greasar the antigen is
accgsrselsbslel:l(iybto flie antiggns, 23 located in tne ?%ﬂcﬁ’e?” és‘éfﬂ%f%%%é}}’tﬁt‘é Diigen can
cultlite methods. h another aspect, the lse of neutral p?—]l for some antigens,
subh agitheiinfirenzpikpcartigenyalisws fomaietsecof. théngisulfideibopidechimeric
HARyelteaime hytth dithiotueliph{Eb T thatis not possible when the
HA-expressing yeast is cultured in media at lower pH (e.g., pH 5). Finally, in
another d3thectprdtigathatnigsdsce Tihtltylse ioytwiimesitiviie ivesposedofo e, gpresent

by RRAARMIRSRIOARIRGE 30 adinab MeRShEpERY Heinadbe-AesBERR, immune
methodologies, express increased production of such Thl-type cytokines

indiﬁm?f&,ebﬂ{ché‘tsHﬁﬁf"é‘aefb,fﬂfRﬁwmfehéﬁgﬁﬁgﬂs(lﬂlti’?ﬁ“&ﬁﬁ pntigens, inflammatory
usegehereinibes genaiall UseDf IR (@iminneutak pidpiefeisclo mdddan@a antigens
betwezn gboutt fPH 5t z%md abOl%t H %,u%{leferablx k()ietwelela aq)o%lt H 6ta{1d ted €

about’8"“Oné of Sk the At Wi appreciaté fiathminor Hictiations 1%’.5‘.? tenths.
or miftdredths}.cancboparivherrtimessoring WH0Q. ppeptidter cosespottlitige tasd cell
of RRULRPEA 101U UhY BRSNS (BRAS:SnIRRRIN AN SElR AL PRI (ic.

neutral pH for the majority of the time that they are in culture. n one

enfiSGRREAT SRtk Es it SriarRiBIATRE Hif AXEReAG R ENPTEsLIH SpaFpFceptors,
antigesbyeganebipaptynitheyieast ¥ehcleompyeastyyahialel is laadedway as to effect
intrt eJIuIarlljy with the roii?in or tpeé)tid a?ti en, or wtith carbope)fq;ﬁtes O inati
oth&r THSIEELTESTHA serfe 53N Tb AhtiER "SUBSeUERt Mive Veast Veiagton
whigthnowiclgteahsdipematigediirtraceiblany, adnrtveadminigteesdntd thl-mediated
pagg%pﬁd%qﬁqﬂﬂﬁglﬁtﬁarrier such as a dendritic cell (described below). As

used herein, a peptide comprises an amino acid sequence of less than or

equal to dhboutr 30tigenartmoa@idsgam)iledybiotéinresrprisesaenamamoc Bickda tumor
seqhense At HARAPOHL AQRR ANINQAEICS . RIIRIAR ARG MUBMS G, an
A protein or peptide useful as an 15 antigen can be assmallas a T cell

epRBIRPE BOny e BYEPHEN S A BNHE dE MPTersY ) Bt arf duiRabkedszand portions
greatesotharn thadawbjch comprises multiple epitopes, protein fragments,

full-length proteins, chimeric proteins or fusion proteins. Peptides and

proteins daRISeAERaGU AN SgtiEtRar Fathraiysoinsikingtibedyotsligifed to, adenoviruses,
magifigaliaRsCaniNedes bl Bravietiniled 466 yeesdlatidbmegaloviruses, Epstein-
phasphorylation, acetylation, myristylation, prenylation, 20 palmitoylation, .
amfidSticH SRt ST o R EBRIBIRS SR ﬁn&%%‘i?@%%ﬂ%sesv%ﬁs’ influenza
proteinsscambeinnssrteddikactlininig yeaspvelickes, ohthevinesenvinveationviruses,
by techniques known to those skilled in the art, such as by diffusion, active
transport, liposome fusion, electroporatiogg phagocytosis, freeze-thaw cycles

and bath sonication. Yeast vehicles that can be directly loaded with peptides,
proteins, carbohydrates, or other molecules include 25 intact yeast, as well

as spheroplasts, ghosts or cytoplasts, which can be loaded with antigens

after production but before loading into dendritic cells. Alternatively, intact

ﬁ by gene



accomplished by any method suitable in the art, including covalent and
non-covalent association methods which include, but are not limited to,
chemically crosslinking the antigen to the outer surface of the yeast vehicle or
biologically linking the antigen to the outer surface of the yeast vehicle, such
as by using an antibody or other binding partner. 5 Chemical cross-linking
canBAEKevEscsor edenliplaa by MeKseds iRERYNNE ¢itiaralerRsmpdiadiRageviruses,
phga%ﬁyiwda%llgg»rm&mmmﬁ@m@@ﬂ!nys!;es,&[g@g,rnﬁmewmrg&%m%amry
capable of linking di-sulfide bonds, and treatment with other cross-linkin )
chetRAAR STAHMRrd R e, | Fﬂé‘?ﬂ‘&ﬂ%ﬁéfy %“?:%‘m‘i&élf%Saﬁ‘[f?é‘vdfiﬁ?éct%?%vﬁﬂﬁlce”a
thevireast veliidierthairaltersitbiadhargemplibedipid bilayers of yehstanaimibranel-cell
5 0" g someasition,of NG EEL WAl 40, SR ING.LUIR SUFRGE ShNENERR! Biruses
more h efy 0 fuse or bind to antigens having particular charge

ch&RAS)istidsiciias Jeukmninyeimeses (Eh %) aniisodisitvieding Pe pticlade. but are not
solighie-fesentars: arc/othandsands/may /s be incArPEREddnie NG nine

as a fusion protein or otherwise associated with an antigen for binding of the

antighf {8 RE LRI ¢EISE51n yet another embodiment, the yeast vehicle

and the al_ﬂti%‘t‘h@feaﬁﬁgcﬁéecgl 48 %%lﬁtaﬁfﬂ?ﬁé&i%@f&g%ﬁ%ﬁ, a genus selected
non-specific or non-covalent binding mechanism, such as by gently mixing

10 thd st Geribrd 4hdArEdhtige f igetherIA4 b Y BYGindr &iitApieCryptococcus,
forpvalgitiond e . QEsakimiviiare). Mdogembodinenbafihe imienpoRyihe yeastmania,
vehicle ng the antigen are botf}DZO loaded il};racell.ular intoC? carriﬁr such
as'a’déndntic cell or r%ogc?(s)nﬁﬁageafg'?gﬁlﬁ”{'he t re’r'te{f:)lcse’utlc %%mrﬁpl(%ftion ‘ormococes:

vadtiaenof thies preBanheiientidnmitelinativiiig e, antigerndd the imventiomrococcus,

(-, 8 IfHENEB AUSIRN RIOEIR Al AN dDRNHBE) AR REJARAIIBHP R sclected from

dendritic cell in the absence of the yeast vehicle. Various forms in which the
15 |0 oy e f BB OB BN I BE A ESMnplished are 25 discussed in detall

below. Aguggd Retein, fhe £ﬁff£leﬁ'%dﬁgﬁla@%Q&éWﬁﬂVﬁ%ﬁb%%ﬂﬁﬁf%&Q&E/& from:

insertion, introduction, or entry of a component (ef., the ﬁeast vehicle and/or
anfiERyIRtE Areetr (Mcracaeridrtic CEIPiaadensd dctiistreatinfacamarpprceae,
refeis Kadheringsestom ohéndspelictionafithiasempanenttaasciedracalluasudomonas,
co tment of the cell (e.g., through the pl a membrane ang at
o e s e e T o
20 inttaoeliatar spacedbttivéicelyidiodoada Comporéntdntolaceliqefdremncesspery, the
teGhRIGHEPY WBIRT L SRIAOREN IS IRES ISR ERIEHING FRY TN mallei

electroporation) or is placed in an environment (e.g., in contact with or near to
a Rl dietecthe BEsIHELE wiftdderstanasmysikely S ehtsrtiércelfyierculosis,
SOMSPBABRSAAE - Bep RRAIPRIIOSIFN LORGINGReCpsdes iDLikge, Butitie Ndlihracis,
imficd i0: fifusion. pelive ransport, lpasame Jusion, elechonoralion, ca

ph i embo

maonelld enteric, SINLa_pestl
gOoCYylosIs, anacbaptﬁ sonllgca 1on. ﬁ’] a pre errean iIment, passive

25 mechanistasdfardeadingeagleraritigvestioniththamyeastuahitie BNAQ aNEREHresent
are used, such 5 passive mechanisms including phagocytosis of the yeast
Ve RSB SRS 6P HLRrRS SEOre T GA L LTAARE RSP SR e the
(Wisimer mﬁgﬂutwmlemi@mmigwseimmgmranﬁgm@scane!pé@mlfmimlﬂxeosame cell,
ProREsser A MANTETLHR RIOAULE ¥R, Call WAL PIERAAIANR: ¥63%kns, or epitopes
membrane particles or yeast fragments (i.e., not intact) and the yeast
fragfedts @ant, Grls0 isepheTetaBtiftents, be provided with or administered

30 With Othek&‘&@&%?éﬁ%’%%&@,%é%‘éf%ﬁ@&é ‘%rh%&?ig -thP%cY&%CAI?&%oBEé%‘s%ns of the

subunit vaccines, killed or inactivated pathogens) to enhance immun
reSprAEONEpH edeathsiest R yrAaERZ A aRtigfarioTcHepHieAN gram ARt of phyeieagsition
force (e.g., mechanical shearing or sonication) can be used to break up the

yeast into parts that are used as an adjuvant.

40



15In one embodiment of the present invention, a composition or vaccine can
also include biological response modifier compounds, or the ability to
produce such modifiers (i.e., by transfection of the yeast vehicle with nucleic
acid molecules encoding such modifiers), although such modifiers are not
necessary to achieve a robust immune response according to the invention.
Foplexagaiie canyéz@ide sl ¢an.be feahsfeand with ofusdde@2onflyrpzatantigens,
leagt RRmABHIE ARG AllfASLONE RiRIAYICH SeSBPRRE-MHPRKISH GANYRAYUNL dBlired.
a vaccine or composition of the invention can be administered in conjunction
with at leXStanmbesivdica respensse arfoditiérsBiblsdhealnidapea sewmodifiersskill in
inciyde,canprndsithalsanBredutaiadmprune reIPRRSESMPANER MRYREst vehicle
referred to as immunomodulatory compounds. Certain biological response

> mEARIEFS R GRATLESS PRORSEHVRY intiGHREr 88 e e rEgiss Biityspathogen
cagesopRrass arbaiphiyl doruinel respatiffercbiestaiin Oidl dgiqaliegs@onse addition, by
modiiers preferantiall shance a.celimediflad IMmun  cARNSE WHSISRS girrer
others pr ferential y enhance a humoral immune responsé 6.e., can stimulate
anfiigimefrresponseimahichmheredisagh intiensen kegedgrhpel-ragidinted example,
CORRP AR W PUP R IMMYIRrRE VREiNE SAdenTiRETE A& it DEMPERfaspect of the
techniques known to those skilled. in the art to measure stimulation or

10 304ny5pHeadighbss s fdR 96188048 well as to differentiate cell-mediated
immune fgspanses- KoM PmRMal NUNG FRSRANSESs.  In SulaRIRRiIol8gicAled or

response modifiers include cytokines, hormanes, lipidic derivatives, small _
mdRemEtiREeatid SMSFY SR oHG RBILx SRAdMt 199t diRRsy (B12) antigen,
intatavkiapid D), intpde ugdnyéthsd RBNtePRLKIALRH | bolPhetaterteBRIARZgen, and
(IL-12), interfergn ma (IFN-gamma) insulin-like growth factor, | (IGF-I), .
oSG it & obloF Bt (T e AR octhiTarind Qg ncude
15 Ied@nﬂegieénfﬁhélamitygvha (yeasmvehimerwlé)tme@sa(ide}?lpmm;@}pﬁ@) antigens
po?ﬂ?'éfn%e&rﬁi&e' LiBeyihesh 2300000 (R gamma Rie ieR e NaNee e, These

cell-mediated immunity, whereas the ability of a yeast vehicle to express, and

po&BIIRSNE SaPehe slecied| asdgidibid RbPTedREfBTE HtiAMP W NAFABS Widkadr gpcording to

imeemken@sher suitable biological response maodifiers include, but are not

limited to, anti- 10 CTLA-4 antibody (e.g., to release anergic T cells); T cell

co-stimulHtéRs @RFCtaihs-eatesn intiherssts yistiscodbys g@ﬁtﬂ%dfﬁé&(%@}’)- In
20 CamP atheds, deniaukin dliftitern {80 xR AKQ) e 1cdDle TR, protein, HCV

anti-PP- i-PD-L.1, anti-PD-L2 or agents that block FOXP3 (e.g.

b S e S A D50 TGRSR DALY I F1 and E2

imiguirlope(Biclanz) MThSkMa@BFnseaay zmoktited(hedkine®)] TodviiKerregeptarnovel

le@é%&é&%@?i§$§oﬁ§nyt5ﬂ9e"i‘1%m§5ﬁ.(e-g-’ agents that increase the

number of, or ifncrease the activation state, of dendritic cells, macrophages

and othelprofesgienalhantigenqpresehtiprgicets)sSuch bidlegical respdhsEBV). In
25 MagilietgRte Wl Kagwp idhaiR L and g BH%&%'&GQ&%@PL%&QM S g]a?g and e

and theragge)utlc vaccines of the invention can further include any other 2 N
coEEmdt efed aNe idRfUPTS Ot Es e B Rt sroiiac ydriBir&idéadd virion

or geinditigns pinedugingraceinfecinnday BeRRAILAEERs QBAYAIPRRUIRESINAL a novel
treat or ameliorate any.sgmpﬁgm of such an infection. As used herein, a
tase

phaPhTEeleaK ASe AM&PY8Fers to any substance or vehicle
suitable far delivesinga wRagaraseine ofdhe RreseiiiMventon 12 sUlable iRuman
vivo 25 or ex vivo site. Such a carrier can include, but is not limited to, an |

30 adjiiva ?Q?ﬁé&?&ﬁ%ieVr’ﬁ?SoPﬂH@-oﬁﬁéPRzB@’%‘ftd%‘i’ngﬁvﬁae?ﬁ6!866‘?3{yé(rﬁ’é¥%¥essed antigens
Acootdikg Yaf (e ptese p? imvekompsatlj Watislace ¢ypically supistantestigwat include
generally enhance the immune response of an animal to a specific antigen.
Suitable adjuvants include, but are not limited to, Freund's adjuvant; other
bacterial cell wall components; 41



30 aluminum-based salts; calcium-based salts; silica; polynucleotides;

toxoids; serum proteins; viral coat proteins; other bacterial-derived

preparations; gamma interferon; block copolymer adjuvants, such as Hunter's
Titermax adjuvant (CytRxTM, Inc. Norcross, GA); Ribi adjuvants (available

from Ribi ImmunoChem Research, Inc., Hamilton, MT); and saponins and

thedp Hé}ivediepd | suEhess @uilens(avaibebieldetnth SugrseideBiduetdprayss in a novel
Denmank)s ALy aRs:- &g Rotemvingebin the yeast vaccine of the present
invention, but their use is not excluded. 5Carriers are typically compounds

that increliseomhe kalhaidenshts tlikgapigie dorapdsitorpietiie tréatedeansnsgt. of the
SujtRbIRi GRITIRISH PRINES c AHRIcIP AL litad  toaRebiN el RO ALFRIE AHEEIR@SE protein

formulations, biodegradable implants, liposomes, oils, esters, and glycols.
> Cofipatislis S AP R ERBI AR P SEREIRY ShBA EaM e S RGP bRRSG more
manei¢éhsplaarmaceidiiealy Moceqiahte axdipicinfuchsausadkipraics)a Such a vaccine
Pharmaceuticallaceepiable exciplenticiars to Ay substance sylahle ot e o
deﬁ\llélri]r)]g a composition use ut'in a tethod of the pre§en ifvention to a pie.
suitabiwie davwiorfexanvaosiie. Peéfbmgbeptrasenategtidalyragdeptaietiple domains,
eXQREA A 9@9@91! _%&fsmé'&f%' BUNg %HPQE!HB&(% BrofeeaR N&Jﬂf&éecgﬁsisting
dendritic cell comprising the yeast vehicle) in a form that, upon arrival of the )
10 coRfptdsdharmiBe 3%4drirstdusn haking dihsreids tlembiaguiacsmpaitamiae acid
cagablg efwlicitingegidEinunerasppnsaatithcidargetisita (Matingihatuthedisease or

target ile Gan b ysiemic) Bullaple excipients of the present invention

include exc pi%h{s or formularies Katptranspor?, Bt do not specifically target
the vaccinede:astiedialsn rafasiegritehinrein as nanHargetingGriieShe yeast-based
Examples of Reha%"é’}%el“tv‘c%‘l'gnaa‘%ceg% b'cef%&" lents Incilide, buL are N0t 1y useful
limited 16 water,'saline, 20 p osp% e butrered safine, mgert‘s Softition, =~

15 deftrote solutionoseruheicoitginingusaetions, etk sSIsplatitn, bthdragdeougenic
PhyRIGlRQic Al RplRRES A OUQNS: Bl %ﬁh%@g@fﬁ%ﬂ!b’%ﬂ!ﬁtd?\(a&‘)e&“ége%%@%%theﬁc

can contain suitable auxiliary substances required to approximate the
phyERIgyIEal SehidieRsriEof TR YR HRefEsItapRpifin By BRRSAtINGhEHe dspvents
stahility.aridtiseip RicHicAtiXiliar yhsURpianeasieatn gisadncikids pepsacvaliy@8scribed

{
Stabiljzers, such as 25. trehalose ine, .sorpitol, | nosodi
Ay G A b SN T R
20 vaﬁé1y2©®4;ohndirtfpfm$1,t@hbhras tbynpéfrmmn@ Maﬁatmﬁgeoﬁ;a(fr)eez@mymgo§tion of an
PrQGaSSe (o MPOSIoRE-May AR NSiHde R RS BERAP G AVids UGB A S18Y @ nhanced

water or saliné (pre eral;)lg buffered). Yeast vehicles can be formulated into

coiiliftiotts BP9 S8 NP PERIGBh 1B Bhen ¥Rdehirtf 8 parBis pRi toPpE-translational

administereshter apptiepindingctly Rrafirstinaded ptecacaréiglsebtabed in detail, for

dendritic cell, using a nu r of techniques kn o,those skilled jn the art

o SE! Yot P B i oy 1 GV AR R ALl o Teast
25 prefertred d@miyodinpentinPriocsosasl thenfistratiprotem oatiengpnt¢esed deribleitiorel of the

o oGP AT AABIBIStaHAR IR A ARIGRM ¥eRshyehicles can also be

mixed with a pharmaceutically acceptable excipient. For example,

formulatigrisombgy floei v spsidendiept aeidd ubed proside ialietdiiudnt sacheadesigned to

steglle Walhl, 3PS JSRIGRIC Rufferalsaling (b RNOSRNAS RYISHRA B negatively

physiological pH), 5 or other suitable diluent. Lyophilization (freeze-drying) Ts

a fHUBredRSpHBM UL FPRRRALRO ASAEVHIDRISRTG I JiHY Yalkgenel chm ey, Such agents
30 Preparesiy packing yeastinmcakaLtisntalietpetibaasissopRdaryeadstul in the

used in baking or brewing operations. Kits of the Invention
nvention.
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The invention contemplates kits comprising any one or more of the vaccines

of the 10 invention, and/or any one or more of the Tarmogens or yeast

vehicles of the invention, alone or in combination with antigens and antigen
preparations described herein. Included in the kits of the invention are any
combination of intracellular and extracellular antigens for use in any type of
vaccine dndgshiigoutbelprarert yagstioeieladoated saetisetisiey drtive Biveddgyhe C-
of therus NSO ahE@RRISIRRY FhthedusipriPreiginsseseibediRer@iBe@n and

15 protein preparations that provide intracellular and extracellular antigens as .
dedFHEGHEP W?a@f%télbro%iﬁlémﬂ“ﬁ?é el AR At LAHHL PratidRg hytic or
anyidiarad pepcldding ke xprassed oy O (eatheXvisie ) priomvig echerithatypaspyetticlBeptides

5 (83,3, Tarmagen~in.a DNA) aa&c‘a{‘n% as 2. profein preparation, INGUANG A, with or
fusion protein preparation, or as a ﬁFed' or |n'ac%vate(§: patﬁogen. ny suitable
formbpetritigesditre dritoMpersvad. pRGIg diseededrebavaltiple 20 antigen or
antigen PR RN Puec'{ed”ﬁf)%fi‘?h@é‘“%e@n't%nexe%e%s%% afs%o%%?eﬁ‘ﬁ”&ﬁt ipcludes:
provided (e.g., In.complex wit _aal eren yeast vehicle. For example, eac
yeédt viekieie oz axigras§lustingriviseuppgoide dodiffiesemdnpigenssrofmaafull-length

paa&iﬁlgla{ RAthegen, %iﬁh@tﬁ%r%%%%%%@ Qﬁ%fﬁ 84, cRPRIBAHARA as described
antigens (e.g., conserved or internal and/or variable or external) and a
pr

PR APty EeLriRIRt Svith conserved or internal antigens

25 _amd beosiing é’fﬂ%&‘lﬁ%_@%ﬁr SiemR! PRHERNS) ff?ﬁléﬁ”w“ﬁ{éaﬂﬁ{?;ﬁgiﬁﬁh of the
individual or population of individuals. In one aspect, this kit can additionally
indﬂﬁ&%‘tiéﬁ%ﬁ?eﬁ%eraﬁﬁm‘g‘?oc%sﬁgéé ﬁf&bﬂﬁ?ﬁhé‘@r B’é‘&%‘tiﬁ‘@@a‘@é}%es that are
strategyloglana® s eohinadiawitivBclairaeoaspiidelydedipstie kit ftesfien of the
administered concurrently or sequentially, in prime/boost strategies,. and. the
e o e i el alcchisehe P Vempe S e
15 expressword providepaettigend hfosysbetis anptidiuvadtMicdaswiiedtioareintha antigen
Se‘t&femgrﬂ%ﬁ’%f@{dﬁsﬁr&%ﬁhbt‘ﬁd{‘ﬁlciédﬁlg ‘MH’&@{R@ li_l&&ﬁﬁé}ﬁemy;emome amino acid
Culture reagents for the yeast vehicles may also be included. The yeast cells
cafeHiEuF G @RTEPRRI%IAG e StteRSTIEBrATDEIeRIRE &8 t&eX{rbarino acid in the
antigen&iapéeptiaensfeozemior packaging asRast af etk 10peuiavidesh of the fusion
lyophilized Metho?ls of the Inv%ntiog Otrllle emb%diment of &he eresergl . dde i
inVERtioh Yeltet i AThatHol 16 Siidit ah inifitne BYE86HsE, iReiiding s Pepide s
20 celhedlated nmpneEnds pbnsme ahthmonatomenlirsidespanseitaned/ 0 of the fusion
combipatiensiPaisRhANOGE %HI&QB%‘H!ﬁ’l&%Eﬂ?ofﬂ‘@@,“%e‘cﬁ@tﬁﬁttgﬁhe synthetic

method to protect an animal against a condition or disease (includin _
pré\‘?@ﬂﬂ%ﬁréh?jlﬁ?tﬂﬁ’érﬁﬁ%ﬁ@g?éﬁfrﬁ%ﬁ‘ﬁd@flﬁﬁé%ﬁﬁ@Fﬁér? 6?‘6}§é‘é§’é),3méﬂﬁd‘ﬁﬁbme a
anhi@aionehy.adathagen (e ®e anillfluanzavpsisidection) aha [iseaseotein is a
resulting therefrom. The method .includes the ste of2_ mitrllit terin 1()f &lo an e
anih Al A L B o Fiak 5 YRV SHIR, ThRHLe s o KRG il sy hetic
25 patirpgdnanfeciiondjm Vaochyetbrtograpakitioshoftth éypréseninimuedsiat ast include a
deggriped er‘5?%1%)r.e?h'é?%H{hgff%‘{)‘_%BEHé%Q{%%%%%t%@m% WridfCEANGut is more

prevention of infection or reduction'in at least one symptom resulting from the

infERfBrbY thidarimrQIamHE AridhoaHIdne préserfiveinidi phererargdnyeer than 6
elicits RNenlgeNwaRECHitcall; e diatesLimILnsi i SRRRSS(AAAHINS atills, 468%mino
one aﬁ[wti%g in.an animal, at least in the first administration of a vaccine
coffiprisi é? hdeh B Sndividual. Detailed strategies for tailoring an

30 Immune NasRRNSELIliM PAIUGUIAS PRHeBR AP HSE AS SmANrh e HHHACOB IS - X ;-
of an individual to whom the vaccine is to he administered have been . _
deSibat aBoE dhf A& XUt HER N SABYGTERIN fif the*SrPill FikaRyoline:
belafile toruseidiffereht eomkinations afiantigeghsxtypesahexpreshicineop2@rginine;
provision of the antigens, and vaccine compositions, and vaccine protocols
as described herein, to achieve the desirgd immune response. In the
above-embodiments, the vaccine or composition includes: (a) a first yeast
vehicle; and (b) any one or more of the antigens described herein (expressed
by, carried by complexed with, associated with, secreted by, and/or mixed
with the yeast vehicle). The 25 vaccine may include additional yeast vehicles
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30In one embodiment, the vaccine includes at least one antigen that is

expressed or provided intracellularly by the yeast. In one embodiment, the

vaccine includes at least one antigen that is expressed or provided

intracellularly by the yeast and at least one antigen that is expressed or

provided extracellularly by the yeast. In one aspect of this embodiment, the

intrelIRUlaK adathie e il excapti ety avachly Saener angigen; agridn Xs is any

angthab asReskdnerant sifte ﬁ?ﬁh@'&ﬁgﬁ‘g?ﬁi-nﬁ? ANeVaBRAND &N RAHERNSCid except

expressed or provided intracellularly by the yeast include at least one antigen

tha{fl?éhéo%]ﬁss}‘\%‘éla ShtfgERIBF thit L ExPTRISERCE intes iy By ApStioBEN i An

onexemiledinanhedntiggumexphassabaacgsrawdeshaiiradetuparlyiby theayeadienza
s inclife Auleast one antden tha s, variable ANKESN OLINBLIS SXPIESSEin in he

externgalllly l('on}f e sur acgec?%fa patthd)gen. n another embodiment, su

vanigtsleieliedee thabemwnendlateRiB AR PES 4R DQstovidbel MtrBEAR kedyanye can
the,ygast-wiiensLmRRAIMeNRLibE ivRNINeAhe MRssineiNEIHLRS & 1§28thanced

one antigen that is 10 expressed or provided intracellularly by the yeast and
at AR PtiaicaiianeagpreBisd BBy 8uHeE Wt AL ABRIAY By tAY el dmpact
anchéhenvaaeinesisonsedgamprithe thedimmunamygiein againsisthe @antiged(sion, the
10 BY,0riing s meant hat (e yagcineds (he st adminisiation ofihe xacene, by .
Indivi ua(f, §)u8f1 at the mﬁnﬁauaf%gs hot beeh P ewousﬁy immunized Y
usirdpetieraraggenuh aptigentidodbination Thus, the immune system 15 is
“primed” 10 Jespond more. tapidy,and fficiently 1o sUbSeqUENL SCOUNETS, avion
with the antigen e(re.g., %yIBoostlng vaccines or by encounter With the natural
antiggnsiforoérayphetiapeptalsulsad inféstiorvenithnthes pathdgen)-G-Glnmnaecordance
e”\?ﬁ?'i@&ﬂk the,viagsing H&e%’[’és[e@‘ﬁkf?:”ﬁl@rl&'@@ni_m%ks s%ﬁﬁéﬁééqg fe initial
provided intracellularly by the yeast, or at least one antigen that is expressed
15 or BPB%G&EP Eﬁrte%?a?é‘éllﬁﬂ‘é?ﬂ%ﬁ}l?ﬁé%ﬁgf?eo?fb%ﬁéﬂ‘ ﬁ%‘&e@é?tﬂ% Q:1). Itis to
expeessRasaiop rovided du aaalbdiaibn o theeyrashantaniantigen (@rdhaiis, also be
expressed or provided extracellularl the yeast, and the vaccineis .. .
o ot R SO SR A DR e S begriae s Ma-
imi izt GYEQX P SY nih wind zatedmowithl tlsecadtigeheot antitpeios Yhinpepade can be A-
embediens. e YPISRSIAN. @sMARARIGERMAYRR AeSfARe IRGASER 331 be

where the antigen is highly conserved and not likely to mutate. In other
20 enfippairnbindhesg steddion Biegfbvision of multiple antigens is desirable for
cross-profeciive JespPoRses REARIP AL SCPPH IR R ACHRYARIS DY IAIERHNG.figen
single antigen. Such cross-protective résponses are useful for the generation
of inRreresicdactifeyidifion Sy B¥ coriBmigaknn ahiBotkpgeisdratiigen product,
vageifiesy as GiacN$sed akoviafieepFpVideya o aadispeE U NlROREINEISGN. One
immutrple Jes onsesl.Tﬁ]e tt r%etin% tof Hﬂiversaltantig?ns may be af%%i?d in .o
doSE-SParing regimen' becatistithe Melhanish°Of protectivrfs different fiah'*™ e
25 thatﬂae]:nglexlmatgwﬁh amnﬂtaodyjfg@r_ld‘ratm@modnieb, One wayothese a spacer arm is
emBodimentsr G PRRSLG! YACHDG R QA APPSR G AR YRR Shrpets the

based vaccine (e.g., protein subunit, killed/inactivated pathogen) or a

yedBtigrase Pl aueind wHhvasdsdlamtreRotypanstlgeens ResHitleha et &g used is a
yegshmpidbrianegorealwaalpprasticlesapysasidhapisre s gfotaditvamibles the
Witglngég}%? ’tonlge\arogl;:iQ(? (t:csi\t/l?et?fgallls(t“!:%ﬂ wall such that the antigen is located on the surface
30  of the yeast. Proteins other than yeast proteins may be used for the spacer arm; however,
for any spacer arm protein, it is most desirable to have the immunogenic response be
directed against the target antigen rather than the spacer arm protein. As such, if other

proteins are used for the spacer arm, then the spacer arm protein that is used should not
44



5 pathogen vaccines. More particularly, in one embodiment of the present
invention, the vaccine or composition of the invention as described herein
can be administered in a protocol that includes the administration of one or
more other vaccine or immunotherapy compositions, including any
conventional, non-yeast-based vaccine or composition. For example, such
ottEsn¢AatTiiek DlafgHNRGINERIPIIES BB NOPRS aan FRINésHyswihdrat the immune
antigenaconiat Q%@&E%gﬁﬂ%@%uﬁémeﬁw SR3ING RMAAHKIAN aim for a
such as a DNA vaccine, killed or inactivated pathogen vaccine or a protein
sulSTAl VB SRS PURRETARTGER PrapErSHIaRYe Thiydaanpgssgponse for the
vacgige aftthen(pveniigrkio pretetably aiskaiopiigehanmapiigei-speaitiane responses
immune. response, including at least g strong.cell-mediated, and.jn pn

5 oot B S B AERSh TS P L: R0 b g gne of
nofkilersthelBt. pased vaccine or alternate form of the yeast-based vaccine is

preferably used to boost the immune response (cell-mediated and/or

Pomoran Ao B e e e, AL D e RSk on the yeas
vaseifrsofstiveupresanat heqestion Sschdmahistrssdrehtspbobay thesinhn¢rd) to anchor the
respeRse, Ahandndivigughio ANNHARE Op AMIGERS hiabPaYEREB hed by appending

administered previously in a non-based yeast vaccine. 20In one aspect, )
10 y/e 8ngintEABCRdt BRp FISS o MSHHRBHARIS L SHitde BT brdiRd hetsisiBgoRathway via
antiganscaaonbetusee asl@nasdiidvientinsomRrRIciion withiensnmerebantigen($rotein
of i\g}lltj?crg,?stblonuggx% newtge i\%ﬁ té geg‘%t which do not express or otherwise
contain or prowc}e eterologous éintld)(gh are used contemporaneously with
non-yeasinbasedspaacinessiad@r, RNAxacaines) jeaenpanea. theHmpeudieprotein can
response of the DNA vaccine. In one alt tive, 25 yeast expressing, ar
o RAG BB i er AR o el o T Bl o one
15 arewbediire wotianctigpwitmotheotypéstof (A eoinesandenancetitbiecimhodiment, the
reSRANSHIGANOIRS AR SraERSLIMNICHER PALEXRIERS & ALNEVMREN include

contain or provide heterologous antigen are administered to an individual _
alohe Yt RIREgRRUnS HitrpeATe HeadRithitiradh 309 améngsitsy #lgqet 350 amino
invaidiQn; b indly ighabalteadytqaisiesthaantigeidsnadRasuoiant sriactities least
to elicit an immune response upon administratio the non-antigencarryjng.
e e o O A e S R e g ment.
20 antirdividupilotehoi haid @xpérienced acmutatiorgin a cellular protein or
otherwisei expresses or arri?st n antitqen to Whti‘i%hlthe itr}rl1mune S sten;[L it%
not tolerafit S1°agaifist Whith tolefance’ cAR e braker™® Mt Mot e cessar
forpthuee hhete tbéograsisvahititre pseoenth eopgastsiatioiciento b Badentichiho dkh@essed fusion
anfigen HSed/d e RonYRRRIIASRE, SRR Ar SR ANCH 3PIRICCIN . 4., to be

immune 5 response. The selection of antigens can be 'such that the two
anfigRiiseha Ssqietitediniiiise) havesHakideregrsp & geipayepestory pathway,
25 diftgrenpiantigens plotlargetiRathRarRr, buoRe aspechieatigensAISRIBEE hut not
for the yeast-based and non-yeast-based. vaccines to elicit supplementary or _
cor IS AR e Fob b R L BUTE ) B A e e
sitg@arCwhepddhisitnenlimeioe spdngentiothie HeterbloghuBlantigees 6fithealization at
veqst YEICIR IR IR hITU G IBRROOSE I8MEBRUBRAIN 1S and
non-yeéast-based vaccine. The method of uSe of the therapeutic
coRiffisition or vaccine of the present invention preferably elicits an immune

30 reSponseI\(iPa %ﬁ% 2HGR AL 0GABIMAhS F&'é%{?e%‘é‘”?g gy thedis a?a?%%[, retain

condition (inc g Infection), or from symptoms resulting from the disease

or deHerftiébline theinepivifetionyr Aarisddhsersis, widckhias exppptectetherexipsol or
a digeasecihsnieierstJiapsiog hr.smpiams:okihadiseasseraduring the of the
occurrence of the disease, and/or reducing the severity of the disease.

Protecting an animal can refer to the abilifg of a composition of the present
invention, when administered to an animal, to prevent a disease from

occurring and/or to cure or to alleviate disease symptoms, signs or causes.

As such, to protect an animal from a disease includes both preventing

disease occurrence (prophylactic 20 treatment or prophylactic vaccine) and

fusion
y



In one embodiment, any of the vaccines of the present invention is
administered to 30 an individual, or to a population of individuals, who have
been infected with a pathogen, such as an influenza virus. In another
embodiment, any of the vaccines of the present invention is administered to
an individual, or to a population of individuals, who are at risk of being
infeateilimentsuehoaspatisdiien. Blichindividuiritedn inclSEE HophRetbpnolpyruvate
id%ﬂﬁ&@zﬁ%a{mﬁ@f{[l?%&biﬁ%ﬁ%@&ﬁdﬁ?@ﬁ@'ﬁ%rf@e%%%@e HSRARDAPT gene
or entire population of individuals. Such individuals can also include .
poB{ﬂg‘Eﬁihstp%é‘Eeé‘refeé’éFéé‘@a P Pt YrestiARo YIRS P st rvieRt gy heat
duehteleppediadpath @B sisias $8@1, vilabstrgins)ionthamlugabgraphieal proteins
s 1ocalian.of the Ronulalion Such.nopulatians a0, b defingd By A SRS protein
parameter. In another eﬁﬂaocﬁ%ent, any of the vaccines of the present
inveXtidries imheiniste reitorbandyiimdivibllial, or to any population of individuals,
regardiesg, of fielr knawn ot preflicted Infecion stas.or SuSeRIBIS whoud be
becoming infBcted with a particular pathogen. 10More Specific ﬁy, a vaccine
as destribdehprainied e nariiaiterabictoant auitaed H9rthreiviednbd ©F thieast). As
Pregeih! W@@é@ﬁ‘oﬁr%@rmﬂgpgﬂcﬁﬁl FiesiBwhighieaningiiide ﬁUﬁ}?ﬁ;ﬂ%}iaﬁons
of the pathogen infection (e.g., reduction of at least one symptom or clinical
10 m rReEdn BF TR RO BHRS ARAT GFthan ke oot 67 FetridforinctAskill in
timadareimingigdhadnfactiar: poavanitashobthednfpelicinsand/bE sy psqivstion one
relg}edotrg% 1o, an i1t56ressir(§1u! et:igl?r géeffector cell immunity against the
infection, as well as Aumora immun?ty.' In addition, the vaccine preferably
primes therensnyki@ sy gieattoaprepanizoniedusessibinée ghioviyntbepaihagaron the
including Sﬁ' e QGG foms, strains, o mytants of the pathoden, WiGiher I1e€) te
in the Circuldtron or in the celfs or]tissﬁe's of an individudl. "The vacéine also
15 prefeighlys onfe s porgidastidgei ravsiirityragrih so tvbipatibigen (oppiitaastepression
uniyeeRaler HEOsn 2R RIORCTVEIEM MUY, SRR futWRHNEEHORSBYASWo much
strains or mutants are more readily prevented and/or eliminated. ~The
préSBSHRR AL iARTIFaR ISt el orastORIsEME N VaEdhsd B cells and
invientionetoyamimat has idainstaiondaresass Gam ke PR \oMO cause
or in.vivo. Ex vivo administration refers to performin rt of the regulatory. .
e e b B R ehe o8 ot LR et o RS i tion wio
20 prebemt iallention b skiploputetion eh cedisif@ehdriticrcslls) oéthowedgohy asing well-
PafiFRL HAASHERRAILORSSHG) HRhaHFRSLVaNES)aNd BaGR-A RIAANRIBIPlevel
the cell, and returning the cells to the patient. The therapeutic composition of
the'pesdhtRiiition can be returned to a patient, or administered to a
patient, by any. Sitahlg Sefe.aladminitalien. SOAMINRURIRNCLA XasH Ry

or composition, alone or in combination with a carrier according to the

preglst ihgetiss, Atpleiy By steinitadr it ArtTeie prehorEl sottmiesfof yeast
25 a?ﬁ}giéﬁﬁ@?tﬂ@fb_m|b@ﬁ|s@§@§§§£ﬁe§%¥ﬁ@3i@e@$éﬂ| kﬁﬁ&%@ﬁh&%@gﬁ@ﬂ metiuplshe size
o Inistration include, hut are not limited to, intravenous administration,
sk o et M i SRS
gd mitﬁ:istraﬁdre, yedsacOhomatypatinig lenmzhﬁm, einiﬁr_g?afbewisd b&imginisttaﬂ_;iam(elgu in the
intg 2. GArold RSP SURE HANSoMS ARNINIRTRHAR FRASIRIMAL AGHYE Yin the yeast

intratracheal administration, subcutaneous
surface. In one embodiment, the spacer arm is a yeast protein of at least 450 amino acids.

30 Another consideration for optimizing antigen surface expression is whether the
antigen and spacer arm combination should be expressed as a monomer (e.g., HA-cwp2 as

shown in Fig. 11) or as dimer or as a trimer (e.g., trimeric HA-aga2p plus soluble secreted
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5 administration, intraarticular administration, intraventricular administration,
inhalation (e.g., aerosol), intracranial, intraspinal, intraocular, aural,

intranasal, oral, pulmonary administration, impregnation of a catheter, and

direct injection into a tissue. Particularly preferred routes of administration
include: intravenous, intraperitoneal, subcutaneous, intradermal, intranodal,
intRfuseanen trarsdeitmetnishisid i detieinabhls 8ralof Donaaety dimers, trimers, etc.
intw§%€&pMﬁ%@Hﬁdcﬁ\§%§mﬂﬁﬁF§ RaknE areRiaral deliverynt@PatRGUds all, of the

intradermal, intramuscular, intraperitoneal, intrapleural, intrapulmonary, ,
intPAVISAR 0% SLIEBEERAB DS SHEFSP Attt ereatd  vRIGk Ehih B UHRS agkes) it more
deliverynogeninglifidfee axdiples tintianasal e iveny adaptineludefnosei ciofesGred for
intranasal injection, and intraocular delivery can include eye drops. Aerosol
3 (e H s B R st i the
art (see, fomcex@iskplen SisblinghetoplinfPro chd\ @il ofraateSEi thd SBast vehicle (with and
18\9N:i 1022E_e e%g Olbl:lL 9agn 1 \évnhle%hrLcS slpocsrggtligag% hréesrllerﬁcbe)(){;%greeggt,e Vle 1%? and in the
entire y}J or example, irr one embodimen , @ composition or vaccine o e

investoin, Gairetsey fogrhl ataet ierids alcoriblsidonhitlitisiécher Hablis étedeatvemy pH).

U5*ﬂ%%@Hﬁﬁéﬁtﬁhﬁi@ﬂ@l}@&%ﬁiﬁ{z@qw%ﬁ Praldsiery é%ﬁ‘ﬂslﬂ@ih’@' resentation,
solids and liquids that can be taken through the mouth, 20 and is useful in the
10 deEprHENBFREIL S<a) ﬁ?rﬁﬁ&}hﬂ%ﬁdpé‘ﬁgfﬂ% B PBLitisS BRI §elkdhinding
veltielegsantbegeasilye peapapechios o rahdeliversparsexamplitn s daklatg deneficial
capsiies. 2 welhgs being formulated it food and beverage products.
Otherroutes 6F admmistration trat moadulate mucosal Immunity are
particularynusetuhiniibe tigasment afiviial difections aeddripeions Rysothdicles for
Palnogens. Suehiqutes 25, inclile bronehial, Intradermal {0 amUSeae armoun
intPaAnasal, other Innalat ry, rectal, su cu%aneous, top?’ca " transdermal,
15 vagihat@hiyetiylaticoutes. affecin diveismivocimentyohahyaatighecity of the antigen
aboysrdentfieglmatrgssitle VaLEnR isied PiNiStaed R fhee ROt ticing
In another embodiment, the vaccine is administered by gjparenteral route of
I

adfiRYFREGR. Theyetsiiisthel i oamises thEvartie finkatt 30dbhipragson the
dengeiigigRisiondnaarephagrshvheraiant yeastvehiee: eonatéetas Aefandn®d can
to L[le r fterre combinatioqs gef,criqutabo%e exgretssgwg the fuPion 1d
pro %fhfs% i3 Geliverea 0 dendritic’ et D hacrophages exX Vivo and Whérein **¢
20 theyeshdnitiencelton thaichep begescatadningairelyeagyvetyiole(s)egpressingci! and
the, ANYIRRLIIS AdRIStRics A e AnimRlid AReRBEARASMR eptor sequences on
embodiment, the dendritic cell or the yeast vehicle has been addmonall¥ _
loddiedafith FEENtigEEMBIEY aspecoUd Bk R s Wil dhrgyiated glycosylation
adpasiered IpibeGame logaiios ot ancirduidust a5an9thesyeasiob@sedntigen is
vaccine or a Bgnr-r}s/q a§t-based vaccine. In 5 another aspect, a yeast-based

rovided in,Exa € . . ) e
vaccine is administered to a different location in an individual as another

25 yeast-basah e ehiRiéadanyeaskRases ¥aGahesibh GPARERAUNIR surface of a
vaccine js Edministered asa theragﬁutic vaccine. In ar} ther as%ect he

vaceiie 1 BaMnilisedrad A% RiSTORRTait UaoaifB A T g prissaffeets the
invzmt'goni,cam «aﬂhewe@drevtpis@ﬂ@m pmﬁudab{i.éi;edtﬁmdtiwhtistemﬁ}g:at is a standard
vageIng QhiRey 16 GORWRRSHOR:IN ARATG R F VR RS EAMBYRES he secondary,
suitable dose parameters and modes of administration that result in elicitation

of HhtitAnNiEYEespenseuiTwn drhesrasheniesn dideastetivatenionsuh ther one of

30 Is akilisth dhcantsactinoiakeisgsss floaAbditionREafRIathsesthatibepRimalilen by
protected from the disease. Effective dose parameters can be determined

usiEREHBHE A ABRYE i 8 4t 1OV S PRI B S IR FHERES Yeast
inctaolée fioreéxanipls ctletecatirbtiond! sulivhcaiveate$]\SiceteffactSq@. gar example, the
toxicity) and progression or regression of disease. In accordance with the
present invention, a suitable single dose gize is a dose that is capable of

eliciting an antigen-specific immune response in an animal when

administered one or more times over a suitable time period. Doses can vary
depending upon the disease 20 or condition being treated. For example, in

one embodiment, a single dose of a yeast vehicle of the present invention is



25 x 104 to about 1 x 109 yeast cells per dose. The amount of yeast vehicle

that is used in a single dose can be between about 0.0001 yeast units (YU) to
about 10,000 YU (1 YU = 107 yeast). In one embodiment, the amount of

yeast vehicle used is about 0.001 YU to about 1000 YU. In other

embodiments, the amount of yeast vehicle used is about 0.01 YU to about
100thpdriasthedisgioberdinmeritandne arsatincoiyidest ipaiepkusedhs abddedods of

YU 30 2R0utvd0 Yo4. losne shbadimsnbasingle dos6)of Axeastvebiflfization
of the present invention is from about 0.1 YU (1 x 106 cells) to about 100 YU

(1 LR eI HePaYdeRie. BeteoPgarsms AR ULl YRT iter i GyEefirhe target
incaefigenistoicOnlideliocets fierile TucH Q6ycluzxs 106ptind2¢ tOnnjuddsicity.
range of doses can be effectively used in an%/ organism of any size, including

> mice, mofREST ARFAESLSBEE! Of thiyHERRERIR s R GHiHISlRisgnbyn vention that
loadingniher yeashyehidiedanenantigpencintondemdritiacelis] aipreferiadisingle of the
dosgglnarcing of (e Aresat invenion s fiom.About 3 0.5 1080.AB0UL .
40 X 8%algenarltlc cells pergln%lfvicfuaﬂ pe administration. Pre eragwf)a sﬁ%éllg P
dodekedftonthatfottrmina0ef tthabollieax an0sede Huritiertdilscperiinaly iduatl least two
andmeye Qrefesably friem aﬁ‘@%%elol‘o%&@ t,ake Lﬂﬁt%%ffz%%@gf‘eﬂg Wit celSRepeptide

individual. "Boosters" or "boosts"” of a therapeutic composition are

10 pretabdifss athnirfSpratolneh e ittithePresidbntle dainetsthe dhtlgethagevents
wapstafidaioaadacditidrvde tig $0biarsadTasiespense Omibde ekenmamasyect of
response against a particular antigen or antigen(s). Booste n
e b DSBS R g A suen
admaipvistratiorrkrioseigmbd dirdephdmcagministration schedule is one in
which fro aboutbl .105tto about 5 tt}07 é/eatst cellte uivalents of a fide linked
composition per kg body weight of the organism Is administered from apout

15 onethaboatmditimesthy arfhitirmeaptgod whirom thb peptidslahowntfrtaeabgutién of the
maqths: prohOBE SMhRdiBIeEAle QEeRRNHVROHRD, 3fISIVAGRINE the peptide
comprising a dose of yeast vehicle or vehicles and one or more antigens as '
deSEPBEGFn HetdApGed araeh@aspéel pldfethbicBn{shSing a Hi6s?) of This
yeasibsahiee ehvebicies alodeoneeonpie ildiiacel Wik ARgenSofaleNigbiNproteins
coag‘ubin%tignﬁ/vith one or more extracellular antigens, is 20 administered to an
indiviguar of 6)0VBUIation of individuals. In the case of influenza, the vaccine

20 preferablyncainprisesi aklf gk gResOprrenejaiatal ipfisearasastigensnhbik peptide
vaccige can be admitni.ster}?d on any suitable getr.g)%if bastis to the dentiicati d

indiVi ué‘i(sg“%lé’“n S8 "to TRaiRtaiR G Sfict el et atdd ThimUtity Sgaisaron 2

thepanfigans ahthevitreonamogntigémidv ektaveuleady beaintdablottelicitlectively bind

nuOrL SO BHRLAR e AMIORASIN e 6R5° AARATINRIISHRR 25 direct o

as influenza, the vaccine preferably maintains or elicits at least cell-mediated
imBTOKiEY QfaMIEi e 6f! WaFdorminer s viiPShanssatsy SREIpYe Iffemitochondria,
25 \éaM@@@ndv&@dfqéﬁiﬂt@mswﬁ& bﬁ%&@f&e%@@gﬁbaﬁﬁgﬁ&lw&idmb kt plr‘]otein to
asis, every several years, or as otherwise needed. As discusse ve, this
oI5 N BF G WO DTGB Ao e r R g have
vabeme]eanidbaay poovddiettonger tashredenatriyu aityadaidsisvaridabltypegs@fuced that
309@1@'38959 infections mggncrg)ﬁﬁ%gtional vaccines. In a further
embodiment, a second vaccine, comprising a dose of yeast vehicle or
velficldscanad giteor Webid anfigens: {theseenyradiffere \Vihaneds wfchededkinion
the first vaccine above), and preferably comprising a dose of yeast vehicle or
30 vehicles ANEEHE%FBFeP SR ACH TS Entiie g RIone 8r YOUSIHaPIFEA SHERIF:" or
moneistracaiulavapligens pisddeninisidsed tdethatsame individioml of a yeast vehicle
PORKJRIION | %‘g&%‘." Iyals as fesaNeshing: I{?%)gp?gs%li%ﬁ %?_Q}{S-aliﬁg%ffoy% yeast (a

vaccine can be administered together wit Irst vaccine (e.g.,
48




5 single vaccine comprising a combination of different yeast vehicles) or
separately from the first vaccine. In the latter scenario the second vaccine

can be administered sequentially with, but contemporaneously with, the first
vaccine (e.g., where administration separated by seconds, minutes, or hours)

or on a different schedule than the first vaccine, in order to manipulate the
immseRTBiaapoRes tliditedl sl eheofatib aBigaRCIREsa Pepdxapiel thbaghopeng of the

Vagﬁtrg%rpw k@léoaeaanyﬁasa%r@ﬁ*gm@ﬁarﬁrdladgg@ﬁrogyen@mamﬁ af in a buffer or
possible, with the goal of eliciting a universal, cross-protective cell-mediated

|mﬁ?ﬁ?fé?&’é‘ﬁ’&r?ééoéﬁl&lﬁﬂgﬁpIMT&W%@& SR RUEAEiEEm detihioia-

immune ﬁ%%%@odﬁ%e‘ﬁ@@?&&%ﬁ'ﬂ?e@%@&ﬁ% he ?Qa[ll' isteres ARG @ted with
year or as needed (i.e., on a one time basis, more than once per year or as

> relé@ﬁﬂ?@%??ﬁﬁﬂﬁlfﬁ?féﬂbﬁ@ﬁ%ﬂ@g%c %@Sfﬁ?ﬁ‘ﬁﬁﬁ‘rﬁ‘i@é"ﬁb I3 tﬁ‘?‘h’éé‘i’fg?“ed
thebi Shngshpresidleisipathogen strain{skhartbhe popetation at taaﬁmmanorya@t or a
needed t6,contiol crpreyentan epideric.or apandemic,of Infeelion B NG o an
pafﬁog stra egy as i p{ﬁres {0 influenza vacemes is descri
parnt?maneaetmrhvereaﬁt ek ¢he Im\l@He'rbrprsitnmmimiwivetimmarﬁaavéwcfﬁ@sation of
AS)QH‘“S@ fﬁ&@;ﬁ&@é’ EB&M%H&@”@J%Q&QMM PERREET IMEDTIQRIERR Bl1owed by

designed to provide both cross-protective and pathogen
10 strlgpdinaghtbspdeinetiMmiinidye Assetiassy- b&fﬁaébﬁﬂlrf‘éﬂ?éﬁga ARG rdirectly
IMiRLHRTEG NG bSrb&itﬁHﬁhdrﬁ%p&Wdﬁ&ﬁ meaeedierlle wadpaicpiaidisproduced from
Immuniza “oe%s"%‘gg"i‘l% Shat {% Ds.than has been provioysly described., This
strategy IS eadlly adtaplfe o cellufar an |gens Ruch as an(flgens expPesseP
by expriosoelisafoeaxample. In the method of the present invention, vaccines
and theral[geutlc comtposmons n be 2 P grrr(l)n st reddt? an%mgrre(ﬁju #r]east vehicle is
individua parirenB |rica]L}’§2hg any véﬁ rate, par ?a?ﬂ/% any member
15 of thasfetebrate a:lasstnMamhman&lqrmﬂdmgewlmwpdmgahmmnt'pgm(a):@sch that the
rodken! NGB0t AT IQTELE LI YESIQE! IGUe FRMRIALE B B aspect, the
or wo

consumed or that produce useful products (e.g., sheep ol production).

Preféfted htaNfarPhe pRbrd cbshede SXRIBYES HisrantigRids yisdsggbiaroduce

shag@aaat&lﬁciaoraﬁpran@ 30pigs cyiplhumanssbeiiag hariicalathhhgiianeparticle or
Frrst and (ﬁnd qdrcal Uses The invention also contemplates the use

east fraction thereq
ny of the ye StVenicles expressmg or providing extracellular and/or

20 lntracellutar a@ntgen(s) @E%m%%@)a@mgaﬂWSaﬂf@(H@@eihﬂéﬂrW@ny technique
intracell rantl ens, fusion rotel east ve clesa vants,
B ST Tond ab G e A Ay BAEThA L DESH o e
theptreparatidn ﬁloﬁrarfasrmuﬂaﬁmramngﬂﬁd)oamenvzitﬂnamypusenamhlently attached to
pagiculady, ek &Q%H?@%Hﬁ%ﬂ%%%@c‘(%@%a% SRISERRE b 9899&1%’)‘ were associated

including infection by a pathogen, cancer, autoimmune disease, etc

forhiURiBs & ARt ts Ay BRerBrefiatedTor gty e @flﬂgen(s) s expressed
25 adpiRistatiany KCHEing GaRBINAIODS GF FAtesf AOyBIRISPRIOPIAS-om which the

mtranasalEi and/or paren raI) The formulations or medicaments may be

prefSared W?W%évrg administration protocol as 10 described herein. In

one aSpeA;tptafémmglu@nsmﬂm@ﬂﬁwpsmé@r@lI@Iyegtarbmcle of the present
antigen-specific i immy

ponse (cell- edlated nd/oﬁr oral

protEEhRY"4h 4T eéé’r‘gn e HE LY Sﬁfé%"ﬂ%‘ éa ‘bC%"g‘r‘b‘/r Jéﬁf ng acte and
disgaselbr wopditicm farlaasmumrizing &40 podaticroomindiwdiefsat aiskfdrto about 6
be it h as influenza virus, for treating a

50 pogrgj%éllog# %@%gﬁv%aq%ﬂ%gat a‘%gﬁ rgrlrf‘e%%gd with a pathogen, such as 15
mfluenzaExpnsssmnfof protegteng e y@ainalhadainSthp atfeoge miifieddios, accomplished
nclusingnfliGRZa 8- (NTHERZa GRMAPTIHONA ATE(ACCI G eie YBICHRIccule
aspects o e mventlon as directed to any antigen and déscribed above wi
be |IIustrated and exemplified by a detailed) discussion of the application of
the concepts and 20 embodiments of the invention to the influenza virus and
composition and methods for eliciting an immune response against influenza
virus. The invention is not limited to influenza virus as an antigen or source of
antigens. The present inventors have developed yeast-based vaccines

ast that



25 yeast vehicles that express or are otherwise complexed with one or more
influenza antigens can be used alone or combined with one or more

additional yeast vehicles that express or are otherwise complexed with one or
more additional influenza virus fusion proteins, or the yeast vehicle can be
combined with other forms of influenza antigen, including any
noAYesksthridenserTital (el gniDRAs/Eseiied P A IEINe Yaeeind, sUelkilaghnner
or {pacthatad 30INHHRSRNMIUR) operalh QPEifEAD T IMEMs HhE¥ACGIAGO] sequence in
includes a yeast vehicle that expresses orgFrovides one or more internal

infRISAZ X RIS b SIET ST ther ARG BT SO UIETHE QMbg nucleic
antigennaolecigo eapsitd-{NRrantidan, pabpmerasedBINRRBL) aviligesiccules encoding
5 Polymerase (PB2).antigen, 8”‘2'6;%0(')}! merase EALLA).antoen. 10 a00theL ;  one or
em ooﬁment,t e vaccine Incluaes ayeast e |c]Ie that expresses one or
maoreexaneasinicmed watigrass seleteldrirfompeaiavaggiieisian FRiralpgarees are

(aQMo‘QE‘%EdE‘Qf&léHPFYB%é)i i _nﬁﬁfﬁmmi‘é@&? £N%)o%ﬂi9ﬁ'ﬂﬁc_5 B AN ivation
more subtypes). The internal antigens are typically expressed.intracellularly

by e JELSL. MR uebiRachsh Bgﬁ%%teér‘?ﬁﬁéﬁsué‘?% ‘R/Hf&éﬂ@%&’p‘r‘é"ﬁé‘&‘b?“d 4 variety
prayiset prothacstidirdamolthe yeastieiditieatlat aptigens) prthoiay falsexpession
expressed or provided intracellularly, by the t. In some embodiments .
101 o Raieppices ety ge e bat o Pl el T mles b 2Ghet encoding
preferredoming peatic ubaelyi prefderddledehpdivaerisethe @érhabinfluenzdizp CUPI,

pr%ﬁ@@;&ﬁk,gg@égﬂgﬁﬁ&ké@@@éﬁ%ﬁe@é@ﬁmﬁ& QESHOMRS @PY|TYSRSIMGRA elongation

prominent cwculaﬂr& amongJ a species of animal (e.g., humans) in a %ven
peftstPbritime P2 i ER/dagsratdchyfectatiesrhetp dlsbrdrepstentar PPH: also
susgeated tor antiCipatedrinfluenza shitpeak akayaastiaula)typaadaalidivg @AL1),
influenza epidemic or pan ic. Further articylarly preferred

13 O T A LRSS Fmernee (GALI0)
thecyorhbinztion (€MtReé)usecdf irotbiexidial andl dntéplalspifitesn 28Oy emish lhybrid

thig smbe! %%H%é%%@@ﬂ?ﬁfﬁ%ﬁ%\@?@ﬁﬂ@?%&%& BENERRSS Referred, and

provides at least one internal influenza antigen selected from the matrix

prd’t’éiﬁ]@ﬁ%ﬂq{%@ Qﬁ‘a?fﬁ@%ﬁﬁ?}?lﬁﬁb!éé‘?f&&i%‘mﬂﬁ)géﬁﬁ?é% ﬁ?‘ﬂf&%@?&%@lﬂﬁ’fdl are

(Pl antigeronaynmerase (B3 aatigen, wideahsager aserk priidlcantigens TEF2
20 The usetof %ombinations of ti}ese prBIEins 20 is also e?corp asse(t:l b¥. the

prdSR NIRRT TR MtehaT Thfludrza Ao d 1o Breerably Bisraddisy Seauences

intkaceulanso yfthe d/east caltiroagh dfeekaetige Prefaycall spsoeaprewidedon sequences

extacallatiyn TREYAGEING 30 BFLARS SXAIASSIAN APIOVIHIARPYA ¥RASUSs of

vehicle of at least one external influenza ant:gg)n selected from hem:;%%?lutmm
(HAS S tigert@ e JRBOBH RSO Sisty pedS and hellPalhitfase ANRY ahbign S UC2,
(anyMaIne orAMPre8UbMPES)asThelexiesimal ZuisdluanzacantigerRs@Ae4 gene product,

expressed i on the surface of the yeast (extr | nd ma

25 A 5 B B R L BT e I A achodted by the
ermgbﬂil‘rwmt;pbmhhrtypeis_plfe&prksgicxwme_amﬁgem@mDE_ilogeaegmmf@rrI@defo}fogous
the, gxternaLniueP7RIRALILNSADRE 'ﬂH&é‘?'%I%?éﬁ&ﬂ?aﬂg@ﬂb‘ﬁ&?lglﬁl“r’%%ﬂfsgéuences

for"proteins from various strains of influenza virus are known. For example,
sedRlefIEss MHINT STt AZa it Strairr Boathe rer s miionesssiitshepredl the o-

undgedNCRIHPMahase Yicression Nos. M38279 (nucleotide sequence
represented herein as SEQ ID NO: 29, which encodes SEQ ID NO:30) and

30 NC_ 00209 ¢HEe | datithaiBeRjuUEPREteiSFESAFRE dOhRTRIPH B €S0ESQN DR Brpphic yeast
Whigh R18GRE@ESERtion control regions of the genes encoding alcohol oxidase and formate

dehydrogenase.
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ID NO:32). Sequences for avian influenza strain A/Vietnam/1203/04, for

example, are also known. For example, the nucleotide encoding H5N1 from
ANietnam/1203/04 (e.g., NCBI Database Accession No. AY818135) is
represented herein as SEQ ID NO:33, which encodes SEQ ID NO:34. It will

be understood that although particular sequences described herein are

derived flOptitHeakpaD @AM e podtedtBedflion cesakal iarsexpieaiivs, Griatigoakilty yeast
in g Snedit gRALESRMIYEhRgse R difierentstrain or reported sequence for the
same strain and use it in the present invention in the same manner as

described farsfhetidiscloseydequisitaxl@nle dale resiehly edihnoserliagdedhe present

usingeanyofanvaie i AfsaauenceysafiyvareRsadRMS R idenfil¥ic acid molecule
correspondin ,seﬂuences for the ﬂ%mtems described herein in other strains or

5 re gt Vet deiq dn el anlinritier ot athirHER o R sRe Afiiiig aBigort. bath

seqoieties e differasiightyi d0irgenisg poifeusosiratismprisepants @btoplast fusion.
se enrge§ in the Q.ublic. atatiaseis. Such. minar dif[e ences are not xlgected

ransiec e? nucleic % 1 %Cl% €s can be. integrate 1nto a yeas §h n%osome or
to significantly impact the ability to elicit an immune response ‘according to

thenipipésnshompdriohertiorpisahutdiniasi e tvdgaeidmoss dedurbebilled in the art.

he@!ﬁﬁfFI@@%@W@a@ﬂ%ﬁ@ké%ﬂﬁﬁgt%@Hiﬁl?cf&l@ta%?@@&%%l&r REOVidassHein detail

external influenza antigen(s) can be the same or a different yeast vehicle
10 thdirire yendisgriirdebnut: 1t agpronkss SFpRnads kb YRt Rambitnpaticles or
antgen(a)l nepddition, difiesot BOHbinations@hibieinady ibiluenzsieamiigemsct yeast
andlor extemal influenza antens can be expressel or provided an, diferente ne
yeasfvé)Fﬁcﬂes, and the vehicies tan be use Separately or tnc}get er, P g
depetigtimghoreitheavd dbimmafiothehandsigelsiregl tha geererafaniben thesphfitoptisss using
anE&ﬂH%@?kﬁWﬁ%@h@X&W&lfé& MR AR eRideaslphiSeshlsBor&Bbeellular yeast
opposed to providing all influenza 20 antigens in one yeast vehicle), the

15 ye SAMRIANG £ Hash B red BN Ghreath 1SR iFtrage™ as a single
vaccine (Efféea?véi&gﬁtﬁm%%%gwﬁ\ﬁft}tﬁepsfr?é&mm_95451%@1&{&%@55&9@}%551011

vehicles can be administered sequentially. The sequential administration can
be ddpariiéssbraily ¥eacanriskrivaletairhe Hrctiaimg Srrainndish Heashptrain can
time: (seeeats A BIBties havad:langepiaeneme atp @il me dWay soMeekSg assimilable
montlgsho even. t3r/ears). gh 25hinvention conterﬂplates that itn t SS€ ol al
emBOUIMENLS; any conbmBLion of infilienza"proteins Watthelidés at 1east > M
20 onenihtettrval imflicetz s privteinvanaiat leastaometexietnal inflbe nzed proteiaycapmprise
be ised. angihase arateingcanibe-Rioided.YSIng;aRY comRINAton ofiV&aShresent
vehicles (including a single yeast vehicle) that express or are otherwise
corfipfasen wath BeicHSrérding. 307RiERe idf grenieinskibifitg Himsw the Yeicéiméed to,
of HierprassNEnMentian fdesignedrpdmnisasidraligxamale pariusliversatulturing is
vaccinedcom rising a yeast v iclé-:- that grovides internal infguerﬁza antigens Such
caf e adMinisterEd 16 e ifanata s peHotieBARE R Sluer e gaveisp a>
25 crasgupiogestivetionsmuaiteinvathindieidypdrthato welbediatedskThis dacaineee, for
Cag)_(z_mﬁ)rﬂep@ﬁﬁﬁ%%dce@r)?wpﬁeﬁgd@ig@lﬂmglc%yp%pm,b@é{&e\ﬁﬁ'i@Press, San
additional yeast vehicles providing external influenza antigens. The yeast
velK&) providing external influenza antigens can be rotated, alternated or
selected gyl Qpan R ANGHRIRIS OIS MBI Bsired 10 have
anticipated epidemic or pandemic, or as otherwise needed) to 5 target virus
StrafhdcETInteHase SRRIRIPIETECRRISY iSFe alctt Vit EesttRIIED dURRIS &/gRieAnduction of
30 Peﬂm_rﬁéﬁmlllﬁéﬁfuffér@sﬁéﬁaﬂ%ﬁﬁgg Eﬁ@(?kés{@ﬁ@@ro@mﬁg %mrftﬁﬁiiiﬁlﬁﬁkﬁrlﬁﬁthlea pH
invention wil| be apparent in view of the disclosure provided herein. n yet
anBR e Ao &iment BIAY fﬁ%’ﬁi%,ﬂ?;?Eﬁgfevgﬁf’df’el%%ﬁ?é‘él%&dotf’ Srsbidiigr pH
oné.or mmoschéntaipalaitig ees((dgnevor an coihbavationivtitmahet @bonoreS. In other
external antigens)
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10 can be administered as a priming vaccine, to be followed by boosters of
additional yeast-based vaccines or by boosters of other internal and/or
external antigen preparations, including, but not limited to, partially purified or
purified influenza protein preparations, lysates of yeast vehicles that express
the influenza proteins, DNA influenza vaccines, killed (or inactivated) virus, or

cofphsti dresyetsyenstovehit e sHipraeiagneninedt 3o edviel A 15 hétd il dgous another
antjgrosiE QI YERSH-Rassd MAeringLihis RPked At hesRuRe ;mf‘ect, the yeast is

yeast-based vaccines of the present invention are extremely efficacious at

eli &Y &h R UNE rBYIYRLEY Bb8ReEF OacclRedhare st iikdly ¥5H6 hetaeyat @ PH
althoeghiheyimeandoded Mione emboedinenbd, the, presentunyentiarntidiaspects,
influenza MI, M2 and NP proteins are. interpal protei ressed, b

SRR o0 St o R By L Lo a7 748

inflli8neadyiruShstialihls veAakinep oiant isxdelraiuting ety fortinPrarbtHabapythe art will
Adapg}s%ﬁ@éi%%U@M@ﬁﬁ'gﬂf@é&@qmm&wﬁmﬁe QUATHERS {8 culture but the

influenza-specific CD4+ and CD8+ T cell response, and is expected to result

in AREIERATSH Of DR AP IBST2aRE I XEaN BHREARES TR AdAmdgsidic (i.e. Towering

influge rpZ-B-inﬁﬁiﬁd:,iﬁliMﬁlUﬁl%cWhﬁﬂtG(mmbim@WﬁH ulaeeexteﬁrgaﬂ_iaﬂumzlag process.
10 20908 (6,9, 1Y M26, 25,10, external peptidg, of the M2 protein).and/or N

antigens) In the yeast%ase forma{)t, the vaccine further augmgnts

inflesaterapsped fistie lbmedesod tha dhennorarimidedriityt thqopblvidgha media is brought

vagginatiopRlasiorn dhat NGRS AIRSSIREAECHNE SACCINAIRR, IAPIGAR time the

(via the internal antigens), with potential long-lasting effects, as wellas a ,
stréﬁﬁ@éB@c%ﬁ%“ﬁb‘ﬁr&&&ﬁi%th%léﬁé‘?ﬁélp%%éé?’is')‘?%ﬁié‘PFé’ﬁﬁ%éhﬁfél’éta tll be in
adesigssotwbantivageisewieadsirhios epmacidhaidd vaccine of the present
invention is not egg-based, allowing the vaccine to be used in a broader

15 range of %@&%%gﬁw‘éw%{n%ﬁﬂcﬁ%ﬁ*ﬁm?ﬁfé REREHe. Sera) iglngiqel gdeets that
expectedtobemekeeaficierdtyusing aeigklytprodicadsas compameibiu@usientn one
influenza vqtccinet. Finallty as d{sclu?e(ill abO}/e, thedflexibw%'rghvaccine thout
dedigR ST ISroVSet By TR BIESet ivation, Tderhe of the' Ability to! hout any
estadghisheueliieersal thevahigenehileonl sortatgetintpvimgs dubtytheslactonditigied  The
neqthiS P IRNGANI DRIGVEMEN QYREEAVERIANBLRIGRZNRCG SR, 1n

embodiment of the present invention relates to a comgosmon (vaccine) whic

20 5 cHK B deR in'ae ietRba 15 rdett AP anifaalls ffuehygmsthahigie cell

to alleiatr /ot \rast ORE Sy R esuling fipmcthadpiuenzasindectioncdilage) at all
va cinetc m Eises:T(ﬁl% ?X?asaveh'gle'band (%,a rtletet olerg(obLis ini uenza hibit
fusin ItEin Epre ettt Bravbedny il esdt VRN AL uiglugelycan exhibi
abovguthenmventispomeiideshseveratdifferenthintheeriza fufsipolpnetaing. forterferon-

S6 ARRNYIGNHINIIR YBGERERL]AG INYERiiRhon @?éﬁe@ﬁ?&ﬁﬁ%ﬁé% HE dHigens

u
designed 1o stabilize the expression of the heteroiogous protein in the yeast

25 velferepravnepbstithitsrtrsaed Motk sibHrefplplasthreiepsfogdadse of
profaitappialior cane kheane ambadinaentsccaUERA heifesion oIR8 of the di-

expressed on t rface of the yeast vehicle usion proteins also
ot U BRI A P ERARSEE TR L PRRBTILI S TGS RFPRgBsfyde HA-
a hupressihimrune edponsa, aadipreferablpléXpiessidis prduiddynorarthéer BSpect,

O”Qeﬁlﬁﬁ{zﬁ“élj&ﬂ}é‘é”ﬁﬁi ﬂgHQ%Qto%ﬂ%/s‘? VM&C%@Q@%@@%%PMS@E%@ CESther

expressing or providing different influenza antigen(s). Pre
30 cotnpifion st antiehasingltises didbpdestbadrlagiat-infRIesiZaEeRtg Rrafertion of
at lgastionagxteyriiRilugnamntgen: iiesa UsSiPR-prateins.fie Meat-12), and IL-
typically expressed or provided as recombinant proteins by the yeast vehicle
(e.é‘., by an intact yeast or yeast spheroplast, which can optionally be further
20 processed to a yeast cytoplast, yeast ghost, or yeast membrane extract or
fraction thereof), although it is an embodiggent of the invention that one or
much such fusion proteins could be loaded into a yeast vehicle (e.g., as
proteins) or otherwise complexed or mixed with a yeast vehicle as described
herein to form a vaccine of the present invention. As discussed above, the
fusion proteins used in the vaccines and compositions of the 25 invention



5 abundantly produced by the virus. An "external influenza protein” as
described herein refers to a protein expressed by an influenza virus (any type
or strain) that extends through the lipid membrane and is mostly expressed
on the surface of the virus particle (e.g., is a viral surface protein). Such
proteins can be recognized by antibodies and are therefore useful for eliciting
a humorahimyiedncraigp drseengeihssa drike e noredrthatihedffedaza nld range
ioneRARAGLBIR TN (Ml Wivie P el PRgeANaINBA W hiIR thia HMERZ@ne of
virus, does have a small extracellular domain (known in the art as M2e) that
is é&ﬂ%é@%é& SHltHeRG A S R AORUSC $ndTRESTEr By g dths) can occur
purpases«bihiscmientipH, teeM 2 pratainhalikoodititis! gehergltyvcpnsidergdneans
5 10 be apdnternalpfiuenza, protein, (0. PP INAL LG, capARIe 8L BRIy are in
recognlze&’qby an antlgogéy when expre sedOBy an influenza virus or by a 5
celtlatcexpresses or displays at least the extracellular domain on its surface,
can also e considered.io.0¢ AR exeral nfuenZa POty iy 108 wession of an
embodimeént of the mven ion, efinfluenza antigen portion o the vacdine IS
prodtieetiracom birgintyprotedry evirstisileg awenervisioele anligedsinmaceiéulishyegith the
the, fyRianRrateticamieiids: IWRHOE QIS MBURPARRE AQTAINS MhVQRe as an
more epitopes of one or 20 more antigens (e.g., an influenza M1 sequence
10 andgRGH IR LR Be dife HERY. %H%a‘&%’&&iﬂ@%&%ﬁﬁf%i% AptigRan ypsetdary,
imoarizationistedoraahd pagenobpatient sndoor @xaenpleh asraukiplatda@aidescribed
fusion protein useful in the present invention may haye multiple Jomains
B A R G B 2 e A B ELHH B, TR o equal to
pepbiale corisistimgoiadiensild amivioiaciun@siduas ftamking éitb@resideodime than
InCéug_efa@@?&am%aagfé@,rgfe&ﬁ@eaﬁﬂﬁé IS daHACD the Rt PREHAIN Hul as an
mutation is associated with a particular disease or condition (e.g., influenza
15 infaptigrnsymaisatticmat atraih)cell eproah e sl DAY AATHBCAGS in length) and
segueRGRal0E inhterzicgenastaadwhieohyipiateinsanprAga:therepyfimragments,
vatigty of Influenza. types, Subtypes, and.strains are known i e A, ocine can be
Therefore, uglng the guf&ancé’ provided lfﬁerelnpana the referencé to particular
exdapkizedCGithuenraadntigensitrizdfyskilidn thedditanithsezdilinbledgbleutoare not
braghifesand U EgHlaba ! IyanzehRRed IUAARBIOIIRSIOMARY. prenylaion.
influenza strain’in thé compositions and vaccines of the present invention.
20 |n mdnpiedartinventuionradioe certtintetthicranbsehutdrbdnqgiiedl  Peptides and
regeoManhyeasiineunRBr apeyies famuse iorthe prexantisrR@iohbibiterhiques
of 'i?fluentzat irus ilgi?%tiont.hOne of ti%e g%asﬁj&nmunothterartJeuticsrteﬁ)iressesf .
the Tl RZE Tatx protein (M) S8 4 o proteih thdsr e RShrdi BPa o™
indieibieppromotehdpuntmab|btemalysic 1S yedsiatacoinetedl. [ysedgsvalsicigs that

antibodies;AgaN S Ady ﬁ#m&?ﬁ%e‘sh Qg Al %EES&HPJ@Q”&Y%%P/ XRLEERE Anclude

the protein. Injéction of the MI-expressing yeast vaccine in BALB/c mice

25 redbitebirrthdscridhae rplentans. shtriert spepifchatpich aan Reterdsdovitiantizens
IMATNSIRRRADSEHUASIORNB B yRheeVia preliferatina e Gy Lof@xiCiyast can be

assays. Anather yeast immunotherapeutic expresses the hemagglutinj .

A RATHD AR5 SR A PR S sy SHSP TR Ot Ratictes
prwidbdmeebambtggtuﬂlim aAﬁg@niﬁﬁ)@mtéﬁamM&admlllﬁai@ﬁ. iﬁtma@east vehicle in
IMPRNQIRGHARSHICS RrVIARANUgSNS UNAGy &zﬂ@f@%féfg&oﬂgtﬁ&“l’i_ﬁ’x%lé%ﬁ%@?‘éﬁ&ﬁSands

Other yeast vaccines encompassed by the present invention wi '
30 diseilasigih ssansounsid bn aedesdactsf eraing\d itivis oaeenfferzathe loading of

antigemisihen aigakinfiienzapiekeiter korvatiyprotein (M1). In one aspect

of the invention, the influenza antigen consists essentially of amino acids 2 to

252 of inflléAgRavianpiestins it Beareapproxrndgai R ZkRehfudisis Phoadipched to
thahformsthemadix pigigi menhmae iprinflueniasirus @eeyeig: Metle i%an be
a structural protein, and is involved in viralsassembly and nuclear export of
ribonucleoprotein (RNP) to the cytoplasm. M1 is a highly conserved protein
among 20 influenza viruses and is an abundant viral protein, comprising
approximately 47% of total virus protein. Any M1 protein or portion thereof is
contemplated for use in the present invention, as well as any mutants or



30 promoter, CUP1. The fusion protein is a single polypeptide having the

amino acid sequence of SEQ ID NO:4, which is encoded by a nucleic acid
sequence represented by SEQ ID NO:3. In another aspect of the

invention, the influenza antigen is the external influenza protein,

hemagaglutinin (HA). In one aspect of the invention, the influenza antigen
constorsrbisiettRyor arthedagitabietans 8 clinfil@pdiaHeo st and/higprcovalent

inchudesthe NialsninahkR- 1R aRing fignalReaueRce ©f dinfittiBXeledemBfe the
C-terminal residues of HA, thus 5 eliminating its C-terminal membrane

anBRoFSANG EYREPISEE RS O stAdr S8R IREGRIN, A HrBR &b oHgrdo the
essettiallyfafeamiine aeids ERitte 3dzohinblyesing kHAaptidieln, onbiabr exedictepartner.

the 16 amino aci Il\<|.-termi al EE&.-tar ing signal sequence of HA.and
5 ! g 9 g DR BT RGE, T Jutaraldehyd
e O LR e Seci ety R S R Burtaeny

médmkiraherhpichtimaidlehebptadridnalt MAlscarbadieniddsmepabrane pitbtehpmicals
that,is, expreseed R dheusiifaset thad Qrdnfiuenzaivratearticles (feefs G rbhnicals

emagglutinin is responsible for host cell binding via sialic acid residues of

H . . . :

glyt gldp P&’cé‘iﬁtof*ﬁ?&l@ﬁ%%nﬁﬁ?@&l@éll@h %88@?&@%&?&@%%@%‘@@%6 that

fusiberothe k&iaagudohﬂsd_np@cnﬂar@x&es?ﬂrydme eRabSaR era_tfte bﬂﬁgwétgsm&’suhﬁ&tm wall
10 t2ken 4P by.endacytosis, | {?Of‘é%"s?slsa}n'&%sﬁﬁgf;r 3oL antgenic sites, a0, ving

justa single’amino acid subs itution within one of these four regions ca

reuittientire chbility dfathetaristiss15 Tergdingpegimimane surveiikadees abiddmg peptides,

SPLSRbWEIdWIGE exar¥ G IUERAISHRS e AMBRIGIRSNAYE BeeriiRUNd I fusion

human infections, referred to as HE H2 and H3; 13 others have been found in

anPIRAF IR RIePEr VinGseSORRATMEHE! fotigeridcaVidling nbs rtenaley theayeast

pratgireier portion thereof is contemplated for use in the present invention, as

well as any mutants or variants of any of such HA proteins. In one _ _
15 embodim@nych 3Redu apherdims 8o heeyRe NEA &aBre B8 g s HAppstRfipted with

expressareMyre thas pneivdAnproieidife. or, ddi=ddvalete Hiadiif covakiniesh jRuah as by

vaccirHe With.asé/ﬁlast ve?icl%.t at expresses a dh;fer nt HA grgt%in (e.g.t one .. i

vehidle'expresses HE and one véhicle expresses $i2'or another HA protein).

Exémpidaoddscribesnihtigse of a hemagglutinin (HA) external influenza

protein to produce another exemplary vaccine or component of a vaccine of

the presaht HSSHHRR eSS OlHASCIKBHeE A58t el ip it bot
20 celewilsihen8ABddnyam engineere s tohexpressralfitsionl proteicurdegthe form the

CoRtERl ARG dbeRiREROLGE DS RN LIRIEIL ARTP TR G TP AR b ne

antigen '(le‘derlve'd from A/PR/8/34 influenza virus is a single polypeptide N

cofiBFIIAY the Ainguser: dBtjo REER SEbFIDREYE\GRATCPEisoadrb ke Hieadritic

nuelgicnatichseaenetEsRIesRHRE herein by SEQ ID NO:5. 30Example 2

also describes the use of another hemagglutinin (HA) external influenza

protein, irY #iQue8EMihe Mbirhatrolortiee ik thANBABCEt AN &5 Srsquddished are
25 an@t&%@zq@ﬂﬁmﬁy%g&ginﬁms@@m@m@meqé@va@;?iw ahtheveseRtthereof refer to

inventjon. In this embodiment, a yeast (e.g., Saccharomyces cerevisiae .

WA R e oS & ATIBRTOEH: (P e alior antgen)

co mpriskmy_ (h%}nflde@'ai%lﬁn@bz(ﬁﬁydepmrf immoéWleﬂyqnfle@BﬂMnsertion

g‘g%ei%%&ﬂ&{ﬁd%ﬁtﬁ@%ﬁlp&%&egt'&LeiﬁfBEQSi’ﬁlﬁH}% Aming 3FESearg .%3 @fough

ID NO:20, which is encoded by a nucleic acid sequence represente

hetérPBy SETE PG 19! FRoMHBRHE. Aevhedaturiben fuBheAAsPERIAd XARteme, or

30 de%ﬁb;%i%@l%ﬂkﬂ%ﬂfﬁt@@@'M@b&mfeﬁim&ﬁt%ﬁb‘b&k&iﬁﬂt@@%ﬁ By dRGces any
yeast. Briefly, these fusion proteins ¢ontains the N-terminal signal sequences
for BOM KGE? A RS W&%f%‘é‘ﬁlfé 5SS AGHS HIGE iﬁé-fﬁ%iS%‘fcﬁé?Pora“"“)
translopitien into theviedRnisut the. sigrahsequihce ofdrl A actdlasvbestape component
transfer. Because of this, the fusion protein does not make it through the
secretory pathway. 54



10 It becomes an integral membrane protein whose HA portion remains on
the cytosolic side of the plasma membrane. Example 3 describes the use
of a hemagglutinin (HA) external influenza protein to produce yet another
exemplary vaccine or component of a vaccine of the present invention. In this
embodiment, a yeast (e.g., Saccharomyces cerevisiae W303a) was
engineee et Blbxplebsta ansiomprsiby satermitscsd (trdl ohagecYPfy. Loading
PromepiefucshisciugionaraieinovasnesianedioRigyideRxtiaaRiBlar liposome fusion,
expression of the N-terminal portion of HA (H1) antigen, referenced as HAI, .
deRVEHREHRIATARIEIP TR B LB HRE ydast. ARE b EntodmsRt. passive
expiessadin ¢ellkidaical stz ekpiessiiAgaiphiogaliz eshiol¢ha doiancgthwelleéd, such
s the yest cellubutis.alsa santaied nacellahy The fSianPIOE anien by o
comprises an amino acl bnge%u nce of S Q \{e} 16, Which Is encoded >
by dprdritielest. acid sequence represented herein by SEQ ID NO:9. In
another ggpect of the ventian, (e Influenza antien s the extemalinfluenza, o,
protein, neuramini asenfﬁﬂ&), and in another embodlment, n immunogenic
poridacos NANISccgiatch plate dradsedan dnvegnal eraranzcproteinvtlipigparations,
eX@E%ﬁ%%Qn%aﬁ?@p%H[@é&%P&éQﬁ f%EM‘tke@.%% YoahPREICH (ESeRD ik dments can, in

Neuraminidase digests sialic acid (neuraminic acid), which most cells have

10 on P18 egﬂ'i’%?é’él.egﬁn@é BraNidetiiie pardBitietatud e o ORRRSFIES (i dnclude
bingsigerihe gel Dt willdoeineie predize duf@ndocyiasad kiffyd latanacinfaet parHbigens) to
sialig,acid will have been.rempyed,from the nfegled cel surface By Ie aument or
neuramlnidase, markn?g it15 easier 1or the progeny vifions 10 diffuse away
onpbythen) Exitettie Tethe@Banalrminidamesinigitinvolived isedendtretionpohe yeast
the Rycks Byerintheg ?{ggpq%iig%gract. Two distinct NA proteins have been
found in human infections, referred to as Ni and N2; 7 others have been

15 found in dmimal énfheeimranvinisés. JeseiNAngrotain or ponpositihereofiscine can also
COREMRIFGH I & JIREREERRTUMENIRR; 85 WEURER WY FRUAUSRh modifiers
variants of any of such NA proteins. In a preferred embodiment, a yeast
velicte BY tHanHeeirtbitle ki otsitigahit Bidtaiiclsipraddemplisitdemancanive such
NAYOTRIR | iehoidh NZhetodifeds o mhined td vasehe svithoBuyeasiveli@leonse
that expresses a different rotein (e.g., one yehicle 5 expresses NA and
ot SO0 BTSRRI &GRSR i ARG Sapt oaded

20 of thighinwdedioronthenngkre azd ankigenonsedolv@oabeeipenst tinediiee nvorpigutide or a
internaher XSl iusnr RIS, QR FOANRGLRLRIER (MANANSRSRSCst one
of the invention, the influenza antigen consists essentially of the extracellular
pohigiBfthETAANPR M EprdtialocidorkiRORAs AoMDes IHgHe R dhg can
fus@ediadidarhmd( 1REpURS, GFamNR YRGS poteiNathehpatianiBigresthpounds.

Th'g Ptrotq;n MZe? can be deosfc'\gfned for irtltra?etllular (t%yttosolic expression. |

anothel eRbosifent DS SYUSET (68 TN Wail bPotsin't&.g') Alaytge>e Whereas

25 exptassicanosu ppeextr oetididr surfaceropyesst. (2tasabmBigixapnetemmsan thislifiers
an jntedral MemPrang PIoteN AL ARARRNGIMALR RICIR MeMAraNe Alttentially
lipid bilayer and is expressed on the surface of the viral particle (see Fig. 1).
M ZSH 1SR ERLHHBY PR AL PEPSI - Drotarisiy B eP iRgE Pareresselitngich there
thauReaatiRg:ed Yélensinandranmeaseahshit@lzo meduamemiispHR e versa.).
tran -Gol(%i netw$rkfi)£ virus-infected cells. M2 js %E:lo o-oligomer of 97

|

restdBE it A"RGRE FEHUMSHBIANE PR ! padfifijaye stmulation or
30 ensapppassithef ponennagioesphitkes, channdl. Theadiditgreatiytactitiieniodimtaf themune

chan SLi&%&%ﬁﬁﬁ&@fﬂ%hﬁ%%%g&ﬂg&? the present invention, the portion of

the M2 20 protein that expressed externally on the virus (i.e., also known as

the extracellular domain of M2) can be referred to herein as M2e. M2e is

known to be highly conserved among influenza viruses of the A type. As

discussed above, in one embodiment of the invention, a portion of the M2

protein comprising primarily or exclusively M2e is expressed by a yeast

vehicle. In this embodiment, the M2 protein is considered to be an external

influenza 25 protein. In other embodiments, when matrix protein membrane

portions of the M2 protein are expressed, the M2 protein can be considered



30 invention is the internal influenza protein, nucleocapsid protein (NP), also
referred to as nucleoprotein. In one aspect of the invention, the influenza

antigen consists essentially a portion of the influenza NP protein that

expresses in the cytosol of yeast and that is immunogenic. NP is a protein

that is located inside the shell formed by the matrix protein membrane (see

Fig. 1). TheitgphabjotagictbrrabNpes mydifiessisivdaheiugegensmaopss.  lipidic
form & ihRuugleaPIRIIERING) fdtbeQWRAE S RURNAIransCEPHAN not limited to,

replication and packaging, but NP also performs other essential functions
thrilgiobitre Ve it EYeErdinp (LrddpBiisteriihe braldininigisnia 12 (L-12),
infiuenzadmien type S IKNE:anch ,ibnillis- Bkl highty faconsaicadigvemifetmasngrowth

5 V'r?a'wt%é}?%%ta E%il)“&‘é}a{&,b%s %ﬁ%ﬂ%gsegné AILRALY N Bﬁﬁﬁ%}”o%%’e{&%%hicle
thereot is contemplated tor use I'the present invention, as well as an

mutargsraesvariehts plodrse st sneh PeRsidipteipeln alpréfettedZe mbddimBaY:gamma

yeB?é%%ﬂlﬁﬁf@ﬁh%&k‘%ﬂ%e%ﬁ%@%%_iﬁglﬁfy,’\kﬁhgfé’i@Hﬂ@%ﬂﬁﬁ?%ﬁ%@@ﬁ@c thafkle to
one NP protein (e.g., NP fromﬂpe A influenza and NP fromFty e B Influenza)

or FUGHbHEARRERACIHE fuith 21§ Pedst erlclk) Rat E5arES S st ra oral
N Rphairity.(@heangratdhislg @xprassasmihiranc v fluenza byperdnantinoingl to, anti-
vehicle expresses NP from influenza type B). . . Example 4 describes the

0 S TFACTRTRRR e ANy 1 IO RS R o
exentipfdpy&aceiné Briesmpomermiofal vaceine(oinRelyPesedmiedntiodifiiahis(e.g-

embReINED], %M?é‘l’éh(%ﬂ_iaéﬁ‘ﬁ?%EQWQ?%&?WJE@%W@@Q@H}%%;&%tﬂ’lat block
exs%ress a 15 fusion protein under the control of the TEF2 promoter. This

fusioHprotéirwias Besrindbrtd Hrovidd eSdracdibi e presdibrbraie A3 ligand,
(Hahaytigen dexived fyfomMASetnamyihadsid infukinzd virmsisikaindy e (TLR)-7
yeast. This protein,.when.expressed in cells that also express Aga.lp, .

15 oo T FArer G BN byl Bl PR i WLt Cothahggaee the
anamindoacidiseqlderskiné SEIQ Mupicphagewwhidhoibemuotiesl dmlthetigeipiesenting
acid $6aUSNGE KO1beRASRYLBHLEIRNRY:SEQURINGoW R in thEXRHMPIE e publicly
describes the engineering of several HA-containing fusion proteins that have
bed¥7d¥fessed by yeast vehicles of the invention, and that illustrate various

constructs Joh, SUtaGE A REESHIRRc DRILAING, P ¥ GaRh SR RRRAS AR RAY other

further illustrate the effect of glycosylation on surface expression. 250ne
20 fysierpsteeiihifenptedirkivs PSteringer sk groteit ReTdrdAt digres anagydition, 1
SEQIRANO 36 infddicthiHEncoded Ly, SEQID Nptnmandhliusiéates ameliorate any
constructionfof anfusioE gtrotein with the HA sequence placed C-terminal to
the ngatﬁnéé)qﬁuecncaen. T e|sl|E))Irlc')tein, when expressed in yeast cells that also
express AgauRdimdhis Casthacivendtpeaclitdb Rremateneiacatzas t@uith@ince or
outer cell Wa”Pt f%hed)é ast cell, as well as to %hﬁz c?/tosol,.as 30shown in Fi%. -
10%"%&%%8‘%‘% i;e Or el YiHpR s a1Sh AELBRBE LS FIRIEH BrCTRiR btk 4" vivo
25 shownx sohesitatiSadly drdergr toBijolwder g inthovbm enpineered tmalocalizecthent, or
inﬂé‘lﬁ&ﬁe’?‘@p‘%@ﬁ%ﬁ@ ©gihe sellwall using the Aga2 sequence, driven by
the TEF2 promoter. In this construct the protein was constructed with the HA
sequence\ptacsdgNetdremireatto ithenigadpyoenee: Hipisaisoteinianvtesnhat generally
expregiad i MARAXEFSLIRL Ap0.XRERTES NAUNE MIAR UL NISEASI Rdjuvants
native promoter), localizes to the outer cell wall of the yeastcell, and is also
présgifitntPatalkiBetylimiEdetoudiesisto i teripibes s teialne okl components;
30 SedHeNAeRbREQRARNQIZBmAICH ia1encoded bl sneditiaiCiacitiSelHanGRoteins;
represented herein by SEQ ID NO:25.  Example 5 also describe %Iéjsion
prot&ih GahBTE VKIT WA I HREISH SIS Uy SBBVE BIELPP I IdHecopolymer
fusidjuproteinusiasae nineete dlictocalizdjtivennfidsRe Y 5IMA Pataindo he); Ribi
cell wall using the Aga2 sequence, driven by the TEF2 promoter. In this

56



10 construct the protein was also constructed with the HA sequence placed
N-terminal to the Aga2 sequence. The fusion protein comprises an amino

acid sequence of SEQ ID NO:22, which is encoded by the nucleic acid

sequence represented herein by SEQ ID NO:21. Example 5 also

describes a fusion protein denoted VK8, shown schematically in Fig. 10B
(lowkyvarty, (WelengiearBeibtdveanioehinmfRasgar tHAH 1 Hprotem M theeéaponins

walhysing: kR rith@ e WReseauente drivaniy s &prRIOmeteldn AMS Denmark).
construct the protein was also constructed with the HA sequence géll?ced ,
N-(RHHRE 8 e i Brel LB o2 NS QI PLHASE 1 THESu R Hisirsg is not
of thelyéast cell, and is also present intracellularly. The fusion protein
comprises an amino acid sequence of SEQ ID NO:28, which is encoded by )
> the nuclefHiE sEGuBRIE S prosENEYHdha ByrEen s NfDie 20 Rathpiapeutic
5 alsmgisatsibes ahéusianedraiainatiensiicdbldKdarivkichcis@nalogates totVikSited to,
above, except that the fusion protein was .engin d.to localize the influenza
R da B e e i e
prawbgdycdls-this construct the protein was also constructed with the HA
sequence.placed.N-terminal to the 2 sequence..The fusion protein
ompriseC ARG i Lt T e e e g more
10 by phermaesieicdbidsepi@rie e repragentdd heedinbyi S EQPIDIN@ @G ally acceptable
EX@{Q@@_& @Ef’s %%j}' pﬁ%@ﬁ&@éﬁﬂa@[@%%mfﬁga%%sﬁmvﬁgeful in a method of
schematically in Fig. 10B (lower right), was engineered with the endogenous

a-FdE A SigHaN AR RS de A s BBIfcE 18 Bk SYe &8 MitusHEa HiKSFEdiR Wit eRRtically
transrr bl ane slomaind igebn dhenplasmiadne sudiphetiohay/east yeast vehicle or
sphergplast, driven by the TEF2 pr ter. This protein, from 3 hich the . .
R
15 locakzest teethei plasmiasitremitrahed the yeasespheropiasblantidicatiog an immune
PresgRhtrage! 'éél%@b/siﬂéﬁﬁdﬂﬁ% Bl thR-8NJe0eRAUS AfastenRig ”ﬁﬁi gLleadsnts of

sequence to direct foreign proteins into the yeast secretory pathway was =~
préfoRIER ARG %ﬁ}%@@lﬂl@?%@ﬁ%@ﬁ%,@a%pevmﬁrﬁa;@aff@tcgwaﬂy
J. Bigkt@hemcdh®131 543209 (d18A5Y) (o herkixa ple Gables@kbAS 106 Usa @hples of
several intertnalllinfluenztabqroteins. totgrod&u:gcre1 y%t tanotherte>l<err%gcliar&4 !
TaPmaérélgﬁegrlcc?o%pagﬁe nt of aelf’céPrlﬁggelnn%fl fe plrlesaerﬁt Mvention” Inthis' @r’ saune,
20 emiroditrenbudfgred shlmg R Baccharomyc ek deravislagpwas engingensdgoolutions,
SXRIERAAJHAION BIRLEIC IS SRDILAN OISR BBRICLEL. ENSTUSPBycols.

protein was designed to provide intracellular expression of the M1 antigen
andgHEPNPafitigRf e AR SHIRRE AHERIAI3AUPYIISAZ AR hif tRR"ipRate the

anfiggiielfigtading Mam antigensdsiacie ehfrexaniat) the AVRRAS tBinfluenBaity and

virus strain and the A/Vietnam/1203/04 influenza virus strain by %O ttle east.
ISOtOIlICIttBB 111ary. Su s%e%ces cdn ?.ISO NCIU (1? Pfesefvatl.ve . tabi %Z TS, such as
This yeast-based vaccine or the invention is usefufTor the inductioh o

25 crassgretelyenmmenityladgmitest amtigensstdatnargl gomserv@diSaoross be added to
Influanzaa. SRS e ?dﬁ&ﬂﬁaﬂ%%ted%aﬁ%'inRfk%??e@“o%f%}%ﬁ%&%,SQ%GQQG[e%peramre
SEQ ID NO: 16, which is encoded by the nucleiC acid sequence represented
heMafir BYNS ELR| (RS- BN E REMFRIe 7CAERMBIS tHBY sBsBf Bekdeat inteeiding fluid
inflirAza REatenade Rredueeyatidiamathesgxemplary Tarmogen or
component of a Tarmogen of the present invention. In this embodiment, a

yeast (e.d.¢Shcehilsmyersectevisiaiewal eprjinestiée to®xhie s¥eaisinention,

30 ProtRINddprRe.aom el 8 tieihkkipengigiedtigdusion ProtedAdv@snto a carrier
designed to, provide intracellular expression of the NP antigen derjved from

theK/PR A8t 39 A Gelh 25 D dIARATHE RYE My SR R8O DM e 1n the art. For
Al8RbBIE3eintl welnz e svirushe his d easydphiec tRo vabcin & ohthedferexdtonbigliment.
useful for the induction of cross-protective immunity against antigens that are
conserved across influenza strains. The fgtgion protein comprises an amino

acid sequence of SEQ ID NO:18, which is encoded by the nucleic acid

sequence represented herein by SEQ ID NO: 17.



In one embodiment of the present invention, any of the above-described
influenza 25 virus antigens are expressed in a yeast vehicle of the invention
with at least one other influenza virus antigen. Preferably, both an internal
influenza antigen (e.g., MI, M2 or NP) is expressed together with an external
influenza antigen (e.g., HA, NA, or M2e). The influenza antigens can be
expresdeddising taeosapntoatipfiare atdeodstia cedl. PhetbsidypaPingiyempdration with
antjgangdeanResprexicerd @a%tfaﬁ&?ﬂb'|§ﬁ%@)(w'i’f}?ﬂﬁ%ﬁﬁ@%@&éﬂ%ﬁ&%‘%ﬁﬁlﬁkéﬂ)iem.
vehicle

Preferred combinations of antigens to be expressed by the yeast [
incl8E*BUP e HEtIANAY TBNPE dRigusperid Shd NKANR, Hivighleniluggp such as
anekdrift; WiReandiNA ;i Rt AwfideN g1 @rd fHésphMi2- anddddl, v ahasidlMical pH),
M2, HA and.NA: and MI, M2 and NA. In. any of these combinations th .
B A P R M Hputaions
cananPEsipeesRst \shistovida dlive e aseramediSmmmkine geast iSimilkelgr thiablet, such

Othﬁ_fim@l?r%iﬁ%9@&@%&1&@%6@&%@%@6&&9&9”, or variant deSC_”bed
herein. In these combinations, any one or more subtypes of the proteins can

be Expwédrdd vaniwavided, 5 and particularly, any one or more subtypes of

HA or NAl"he.Bllvrén Q)%thgﬁt%rr%qggg ﬁg tcgrfnli)l}%lwvaeg t!olqé ?)'rn Xlgrfetg? the vaccines of the
above-described yeast vehicles expressing or%)ro?;lalng one or more

10 infinsentzpantitos vy coraisinativp btiksudhraggensris eomishistwith theyaasntion,
Ve'&l@h‘% %%‘EHQ%%’B&&_H&WMQ'M@&% %ﬂﬂ[&gﬁf)%ﬁ%é%&&%rﬁfed herein. Included
combinations of antigens to form the yeast vaccine. Alternatively, any of the

ab VAT HAE b B SIS YEHIBleSoBYRaLeref G s BlgRBR & BRRTYar antigens
infliwe nza iantigapsecavheaadmiaigteted sequentiaiy wihidcyeast wabigle or vaccine

ex ﬁ%?%?%?ﬂ% %v”é‘l%i]cemd' JFQ%?&%&%?QE 06 ¢ %“%h%?&hogrsot%fu%”éj Sribed herein, or
Préferably, a yeast vehicle eXpréssiig’or providing one or more interma

15 infieretvza rampigenenisttgmisindd ivithcoll daiministerec belgquaniiity wideayeakherein

Ve%ﬁ%%@@ﬁﬁé@%%&[&tw%&a?lﬂ%e% a6 pxieiaal INTNeBmAMIGEMR, expressed
Preferred 15 combinations of yeast vehicles include, but are not limited %o,_

yed¥t VePiftgpyisxpraydi ofthroviamg it ladminidiracetdgethar g A vaccine, as a
segeeitiaphe puithiyeasicuaiinges Rxpie psog o prRiQvidnY biAaNAKded or inactivated
combhinations thereoflg'igcggrglilngfone or more subl%/ es ft%se.aqtigggsa)r;e multiple

athogen. | Any suita antigen €_GNco aSSCaq. SQ 1nclu
yegs \Y ﬁIC|eS gxpressmg or provi |ﬁg f\lﬁ’ra minisiere togefher or

20 sequiegeiadyanitiey pagtave hicte w expressihgoigpnavieNpg 49l INAT otherwise provided

combingfions iereQfinaluing.a0 a6 QLmaLe SHRRES AL tRese ANLPSHSKe can

and yeast vehicles expressing or providing M2 administered together or
se§RIRtRNY WeRea BEQeIH Ak EXpesdiggoF YrovRATi Hpa PRIACSSH. so that one can
coRinadignsdhesealfnaiding Onge; (e, SubkypesObiNarenantigeos haiable or
anotherg;nbgdlme%t, (?ast vehicles ex ressmt%.or r%;/lcdollrllg %gﬁ two or more,

of KRB a8 €5 BEAtmiiStrdato JEtREE oF SeHUEHISM Wt eade eens

25 vehiclegoexpressitiy eripbbvidingk @A aiNle o) dombinationstirerteofin individual or

(InGlAiNg ANG Ot MR IHOYRES QL thESE ATHAENRS)- I5IalGR SHAIQN IRERIGINZAtigen

Nucleic Acid Molecules, and Cells Another embodiment of the present o

inVRIRAYRtARIUALS ArerbHleuipibeeth DeotHpE G ARy EeRE ~Ronster fusfpination

Prof@in £ampisag iaplabyenzReantigRNks) Amdeseriacshhanreindiso saglugtedly, in

in the present invention are solated nucleic ac'chmol cules 30 encodin y

of U BFBRRIAL FEOmBINARE Lol A500 TETeLIRL comddIHg AGQIAIE gfveast
vehicles that do not express or provide antigens, for use as an adjuvant as described herein.
A set of instructions for use can be included with any kit of the invention. Culture reagents

for the yeast vehicles may also be included. The yeast cells can be frozen for starting a
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sequences encoding such proteins, and cells and vectors, including viral

vectors, that contain or are transfected/transformed with such nucleic acid
molecules or recombinant nucleic acid molecules. Preferred fusion

proteins according to the present invention include any of the fusion proteins
described herein. Exemplary fusion proteins encompassed by the present
invantios SrinEvidesthi cabwgsighprvessriRidernhrsihbleadrrseting eadesinglysafart of
or gRN§ISHPE-&fiRadyapune-cid sequence selected from SEQ ID NO:4, SEQ

ID NO:6, SEQ ID NO: 10, SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:18,

SEMrity i@ 2r BEaryim NO:22, SEQ ID NO:24, SEQ ID NO:26, SEQ ID
NO:28, and SE Iﬁ%‘ NO:36. Other fu 10969{1%%e|n seggegc%gtﬁ\gg poee%eRarent

ne eﬂn odiment of. the I% esent .1 rela(t:f: dan 1mmune
to those of skill'in the art given the guidance provided herein, since various

5 10ifRmngaprotbing segllenedistedamvelinRnownnise thdiaroral iMmnangressgpmse, and/or

INVERHINAAISR idelddes anyHk el @aigMa ecUlg S AAMRKEEIRY 1S ANSISHAD o protect
essentially of, or consisting of, a nucleic acid sequence encodin% any of the

fusid ﬁ%?&bﬂgéll}%&?fﬂ@ﬂzﬂﬂér‘éﬁ (isS Tt HEEE PSR AP gutic treatment
recgnteirandifdueletciaeidan oletidim @aaantiogohSioathetprese i goventidiienza virus
include any cell that can be.transfected or transformed, including any.animal, .
e A R TG SR e R A B RN, B e
10 celoigramnanmihthiideds thas hassheddavalepiogtdd dithsarm explitssémd fdisipnathogen

ProfgiR NG HESROLIEEIRRi AR prIkisEXeMRIfied RN EXARRIED reduce

section and is useful, for example, for assessing antigen-specific T cell
resPaRER ki dreaiiicoadiion-vackiB R ebT AU RIGRIBT B AE iRk} in at least
invettiepmpthe ryaceiye sah conpasiipnsidiraetadiagringthanmisfiéanads the present
antigen can also b tl?sg%(g.such transfecteq.gglelﬁ: .foIIowinrgS on

e .Th .
exP NI SLRe B A 7 piotesor MALHS N ANY drepm cetnst
15 intésadiecheaqtingitithie scopmaf ahizdshiarnbio firs BEramspheEcdamypleine cTihprising the

following RXAMRIR ARIEIBESbe &Q@g@??ﬁ}gaﬂﬁﬁ{gaﬁ(%ﬁﬂlﬁ@ AEHRIY a particular

referred to in some of the figures as GI-8000), an influenza M1 fusion protein

ye&sthggeeifedinie grisERt INTERECHIS0G A HAIBItAdS Bdranitiaeapege is to be
engingaraede RxRress aRGianza M hddsier iaginadndesitheoseniraknf théne art

copper-indycible promoter, CUPP The fusion. protejn is.a single .
Q&Rﬁ reagHy l‘l))e Ebf)e to use dle:rent com 1natlgns 0% antlgens,qypes of expression or
20  provision of the antigens, and vaccine compositions, and vaccine protocols as described

herein, to achieve the desired immune response.

In the above-embodiments, the vaccine or composition includes: (a) a first yeast
vehicle; and (b) any one or more of the antigens described herein (expressed by, carried by
complexed with, associated with, secreted by, and/or mixed with the yeast vehicle). The

25 vaccine may include additional yeast vehicles that express, carry, secrete, or are mixed,
associated or complexed with different antigens as described above. The preferred
combinations of antigens to be expressed by, carried by, secreted by, or mixed, associated,
or complexed with a yeast vehicle of the invention, and the preferred combinations of yeast

vehicles to be combined or administered sequentially, have been described in detail above.

30 In one embodiment, the vaccine includes at least one antigen that is expressed or
provided intracellularly by the yeast. In one embodiment, the vaccine includes at least one

antigen that is expressed or provided intracellularly by the yeast and at least one antigen that
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polypeptide with the following sequence elements fused in frame from N- to
C-terminus (the amino acid sequence of the fusion protein being represented
herein by SEQ ID NO:4): 1) the sequence MADEAP (SEQ ID NO: 1) to

impart resistance to proteasomal degradation (positions 1 to 6 of SEQ ID

NO:4); 2) amino acids 2 through 252 of the M1 protein (positions 7 to 257 of
SEQNDRSE pr Py idigl pairecalpaesdy ntitbevieed tdsusamrethe tis cspediaient. the

fromadiistidingdage(Pasitiong2 28020 X Ot BEMIDNG:A) aA th 4héther aspect, they
C-terminal hexahistidine tag (positions 261 to 266 of SEQ ID NO:4). A nucleic

acti S EH [FE e R RS tABFG I B BrSi AU e B I R L Tsrapidssk gl iularly
heginhoyySEQAUN At llcdst this axepaplaryt yeastdnaseddvaaine oihendvlis gepessed
5 wag %lonﬁd f OmainﬂeLljt%QZea A/Pﬁ/8{)?ﬁ%/He%1l\llj%aiir%fe% tegn%ugrlljsreec):(elrlg’ ?@y or . provided
Rﬂf’&%, nd’the encoded amino acid sequence is an Exact match fOtot e
theteasediNrlydmiis seidt se¢judnaklérshorhignsizainieps nd iy periable @yeggehor that is
an@x@@k&%ﬂ%t@ﬂhﬁyY@@%é%@ﬁ%@@ﬂ%@@ﬁ?‘ﬂ%%tﬂ@@%@&%&%'ﬁﬁﬂ%ﬁable
rfo

influenza M1 fusion protein was performed in ULDM medium. The pH of this

m et HA RS AN US G RETRS PHTesEfiBle sl ey dbenEnsin (i.e.,

reg.ular Y&25he E%BH&%?Q IJOMS WELRHRCH @@f&gﬁi%&ﬁ thedniluapzadvh that is
fusion protein was induced at 0.2 15 YU/m1 with 0.375 m1)/1 copper sulfate.

10 Therpeastdnsrarmafe psairl e Ry dheme BAGSE 51 HaAKiAER b expressed
expressiodeal eheavtlifusipropraieipewsas eaniikmeddiy Westedntblptimaalysisnmune

of lysates from copper-induced, hegat-inactivated GI-8001 yeast (see Fig. 2). ..
OSSRt LRET e AT AL o P LGB T3 pratie o e fi
detelotiontAtistard aie recipedooUinDivdimiddia, felldwaCdimpeodendug)/ hagOtot been
SOW&%X&BBMA%EHH@Qﬂﬂg%%%ﬁlg‘e@@fjaﬁﬁga&%%ﬁh@ﬁ&ﬁzn. Thus, the immune system
15 is “primed” to respond more rapidly and efficiently to subsequent encounters with the

antigen (e.g., by boosting vaccines or by encounter with the natural antigen, for example, as

a result of infection with the pathogen).

In one embodiment, the vaccine includes at least one antigen that is expressed or

provided intracellularly by the yeast, or at least one antigen that is expressed or provided

20  extracellularly by the yeast, or both an antigen(s) that is expressed or provided
intracellularly by the yeast and an antigen(s) that is expressed or provided extracellularly by

the yeast, and the vaccine is administered as a booster vaccine (i.e., subsequent to an initial

priming immunization of first immunization with the antigen or antigens).

In one embodiment, the expression of a single antigen may be desirable in cases

25  where the antigen is highly conserved and not likely to mutate. In other embodiments,
expression or provision of multiple antigens is desirable for cross-protective responses of a
broader scope than achievable by targeting a single antigen. Such cross-protective
responses are useful for the generation of universal vaccines, which may be combined with
antibody-generating vaccines, as discussed above, to provide a broad spectrum of protective

30  immune responses. The targeting of universal antigens may be applied in a dose-sparing
regimen because the mechanism of protection is different than that being elicited with

antibody-generating vaccines.
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In other embodiments, the booster vaccine is of a different type (e.g., a non-yeast
based vaccine (e.g., protein subunit, DNA, killed/inactivated pathogen) or a yeast-based
vaccine which uses a different type of yeast vehicle, such as yeast membrane or cell wall
particles or yeast that are used as an adjuvant with protein, DNA or inactivated/killed
pathogen vaccines. More particularly, in one embodiment of the present invention, the
vaccine or composition of the invention as described herein can be administered in a
protocol that includes the administration of one or more other vaccine or immunotherapy
compositions, including any conventional, non-yeast-based vaccine or composition. For
example, such other vaccines or immunotherapy compositions can include any other
antigen-containing, antigen-encoding, or antigen-expressing composition, such as a DNA
vaccine, killed or inactivated pathogen vaccine or a protein subunit vaccine (e.g., a purified
antigen preparation). The yeast-based vaccine of the invention is preferably used to prime
an antigen-specific immune response, including at least a strong cell-mediated, and in on
embodiment, both a cell-mediated and a humoral immune response, and the non-yeast-
based vaccine or alternate form of the yeast-based vaccine is preferably used to boost the
immune response (cell-mediated and/or humoral). Alternatively, there may be instances
when the yeast-based vaccine of the present invention is administered to boost the immune
response of an individual to an antigen or antigens that have been administered previously

in a non-based yeast vaccine.

In one aspect, yeast which do not express or otherwise contain or provide
heterologous antigens can be used as an adjuvant in conjunction with one more antigen(s) of
interest. In one embodiment, yeast which do not express or otherwise contain or provide
heterologous antigen are used contemporaneously with non-yeast-based vaccines (e.g.,
DNA vaccines) to enhance the immune response of the DNA vaccine. In one alternative,
yeast expressing or providing heterologous antigens (either on the surface or internally or
both) are used in conjunction with other types of vaccines to enhance the immune response.
In another alternative, yeast which do not express or otherwise contain or provide
heterologous antigen are administered to an individual alone (i.e., exogenous antigen is not
administered). In this aspect of the invention, the individual already carries the antigen in
sufficient quantities to elicit an immune response upon administration of the non-antigen-
carrying yeast vehicle, such as an individual that is currently infected with a pathogen, an

individual who has experienced a mutation in a cellular protein or otherwise expresses or
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carries an antigen to which the immune system is not tolerant or against which tolerance can

be broken.

It is not necessary for the heterologous antigens on the yeast vehicle to be identical
to the antigen used in the non-yeast-based vaccine in order to elicit a protective immune
response. The selection of antigens can be such that the two antigens share sequence
similarity, have shared epitopes, or may be different antigens in a target pathogen. In one
aspect, antigens are selected for the yeast-based and non-yeast-based vaccines to elicit
supplementary or complementary immune responses. This is obviously preferable over a
situation where the immune response to the heterologous antigen of the yeast vehicle is

antagonistic to the immune response to the antigen in the non-yeast-based vaccine.

The method of use of the therapeutic composition or vaccine of the present invention
preferably elicits an immune response in an animal such that the animal is protected from
the disease or condition (including infection), or from symptoms resulting from the disease
or condition (including infection). As used herein, the phrase “protected from a disease”
refers to reducing the symptoms of the disease; reducing the occurrence of the disease,
and/or reducing the severity of the disease. Protecting an animal can refer to the ability of a
composition of the present invention, when administered to an animal, to prevent a disease
from occurring and/or to cure or to alleviate disease symptoms, signs or causes. As such, to
protect an animal from a disease includes both preventing disease occurrence (prophylactic
treatment or prophylactic vaccine) and treating an animal that has a disease or that is
experiencing initial symptoms of a disease (therapeutic treatment or a therapeutic vaccine).
In particular, protecting an animal from a disease is accomplished by eliciting an immune
response in the animal by inducing a beneficial or protective immune response which may,
in some instances, additionally suppress (e.g., reduce, inhibit or block) an overactive or
harmful immune response. The term, “disease” refers to any deviation from the normal
health of an animal and includes a state when disease symptoms are present, as well as
conditions in which a deviation (e.g., infection) has occurred, but symptoms are not yet

manifested.

In one embodiment, any of the vaccines of the present invention is administered to
an individual, or to a population of individuals, who have been infected with a pathogen,
such as an influenza virus. In another embodiment, any of the vaccines of the present

invention is administered to an individual, or to a population of individuals, who are at risk
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20 Female BALB/c mice were injected with 3 weekly doses of PBS alone,

or 1 YU or 10 YU of the GI-8001 yeast-based vaccine expressing M1

(denoted "1YU MI" and "10YU MI", respectively, in Figs. 3A and 3B). The

mice were sacrificed 16 days after receiving the last dose. In vitro stimulation
assays were conducted using the Ml-expressing yeast as a target (IVS-M1)

or oshsipatifaciadedihusyiius rehegergStch/sdiniiteleeanuattidmopelksyonsetsntified
angslymphaeie Rrolfesaliohrand suparatantsyer e llgaieriosey¥tokiB8lation of

analysis. P815 tumor cells were transfected with the influenza M1 fusion ,
profdiN s isReb R it alsrRan se ARctudg srBBIifn i @y seliyiedrigr a particular
resulisiod QThegssays aresihontuend-igpctddparksgdissshow @at vaacuaiion in the
of mice with the GJ-8001 vaccine induces antigen-specific (M d influenza .

3 O e S e AR St o, T o e et
celbgrinfetaed Withuinthee neabadiPRAS 1By . ¢fAlS idessiifRsd dh the sigyerhapeention is
illugtratingethat® Shy Fr&iﬁ%iﬁﬁ&l,b&i%%?@p&&ﬂﬁbﬂ@@%&%@ﬂ&? 486 &S their

target cells in the assays described herein. _ Figs. 5 and 6 show the results

of FHABA &Eﬁ'é’?i%?ﬁé?g}{%ﬁ‘éé?&ifs?rl RUEFGPPiie QibReraring Ritryehwie particular
lyspigm gfnyeast expressing the M1 fusion protein (MP yeast). In Fig. 6, the
stimulating antigen was killed influenza (A/PR8). The results show that )

10 G1-8001 AT 86RRS NGRS SreaeiHy fo4etsiRad EeS Ve Roee BeRmis 6k angRimal by
respensesod SoExamptesent Theniadiowirgeexam plediescribesiine efginestingclude
of to, a‘?‘F‘%tb oy %C‘e%esnfé‘cf%% Lesentinyention (At eXpIesses om or clinical
hemagglutinin Ai)ln racellular Y, u |f‘%g" I—Fflﬁ,t&?also feféired 10 Elsewhere
herainiEst@ic8 002ty BfRO004 ¢lantaisecdndcusiieidb IdAtdlstipaferrde tbme to
as G2 n@Onflictith FOFERERIHAREREESSIOMd/or mACTRAFAMYE Rereto, and

cerevisiae was engineered to express an HA (H1 or HAD fusion protein )

15 intF&é‘éﬂﬁiWﬁﬁﬁ%crt‘fﬁéeé‘dﬁ’cF&}lfB?Ytﬁ%atPéh@Gr}ﬁ?GHOé‘k?ﬁg}’ﬁlbf‘ﬁ#&EHS’FEQ immunity. In
praibiten, ieF2dsee grigrdbp@itian) (Hdienfusierpratein senprisingdtite all infection
influenza HA antigen is. a single pol tide with the following.sequence
e T S R b AR SRR, pether
of i fuglorepeotaiinbeing tteprdbentassimsreinbinEEOUD Ni®:6)cdinghdsdupreferably

lengilyeps QSlggﬁh%ﬁ?gﬁgﬁﬁuﬁf tei@qﬁ%ﬂ‘%ﬁ@%&ﬂ%%ﬁ@@ﬁ HRA( AT REER or cross-

NO:6), including its natural 18 amino acid ER-targeting signal sequence '
20 (pduieriya iymengy sedhd NEys ey Yoy R8s T S0 B [N aFs, B pip readily

proieitfpResitions &fabdd of SEQ ID NO:6), which includes the N-terminal
ER-targeting signal sequence of HA 30 (positions 88 to 105 of SEQ ID NO:6)
but excludiB® BECtelhifREPRe dIBIESS othF ACHNES elininzRifeP s - timiqgine of the

mamBhade @nechafiand cropasiieialh R dEiglEIRE RRREGEICSeRaAetheo. Ex
body of yAlﬁrptein frogn tfge histidine ta ipotsiltjions 611t7 to 6t19 of Sc'lz'%tlED fent
NGBS SRS KNSR AP SRS FE Ty (BoLRRSILER'E8 645! 0F BEGR e
25 NOish Asnatteigsacidgsequengssigncodingethechesiompnaiein ©of SREQPURIND @ cells
s TRIRARDiEA DETSM SRR P MR T fsian roteios e 0o, JATVHER and
expressing it can be called GI-8000 Aga2-HA or GI-8002.
antigen are loaded into the cell, and returning the cells to the patient. The therapeutic
composition of the present invention can be returned to a patient, or administered to a

patient, by any suitable mode of administration.

30 Administration of a vaccine or composition, alone or in combination with a carrier
according to the present invention, is typically systemic or mucosal. The preferred routes of

administration will be apparent to those of skill in the art. Preferred methods of
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5In this exemplary yeast-based vaccine, the HA gene was cloned from

influenza A/PR/8/34/H1N1-infected culture cells, and the encoded amino acid
sequence is not an exact match to the theoretical HA amino acid sequence

from this strain/genotype. An alignment of the actual and theoretical

sequences is shown in Table 1 (see Example 2). Table 1. Alignment of
ThadretichhEon proftler Pohram/ PR/ S/8Ugd 1PN YSEID NOITSTTigithinkeperitoneal
?gﬁlﬁﬁéﬁigig@txﬁ{féﬁﬁ infegipnalenedhergindin, sighahseauanss.eeiided{SfkQonary
DTG STPEBART B A RIS U L EBS NGO BRI Bt encous

KONbAGANMa6On, transdermal delivery, intratracheal —administration, subcutaneous

DTICIGYHANNSTDTVDTVLEKNVIVIHSVNLLEDSHNGKLORLKGIA LG
S oA, TRy s R R R R BOR ko e .

LL&NPE EDPURAYRS Y SYIETRN SENGIEY.PGDRID YERIREQ SFY SShponary

RF&@&E@%@&&Q impregnation of a catheter, and direct injection into a tissue.
LLGNPECDPLLPVR%

RFE|FP Kiartipglacty*preferred routes-of-administrationsnctude intravensdtsyintraperitoneal,

SSYHRINEMIM GV AP AR AR PN RM ks Wi RS RESY RN Y MM, oral,
KEVLVLWGIH 180

WSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFE
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EVibWAAKREH LABAUSENTAT, TRt ApEHtonear  htrapredrar  tfipdlthonary, intravenous,
PSS DO ON Y QNENAY VS VIS YNRRETEFIAERRKY RRQACRINYY
HRBWS KEQONIL YASINEN A BVIVIS Ny RRPT PEIMERBK \IRE QMG RN iyt yocular

Wl KE& P'EI .%Q%d****** skkkakkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkhkkkkkkkhkkkhkkkkkkkk
!‘l‘é‘} an' 1 € €yc"

venal C ura Ty can include ear

,Zztéi ca

drops. Aerosol (inhalation) delivery can also be performed using

e
Yeast harboring the TEFZ:: ga2-HA plasmid were grown to mid-exponential
hgkthods standard in the art (see, for example, Stribling et al., Proc. Natl. Acad. Sci. USA

189:11277-11281, 1992, which is incorporated herein by reference in its entirety). For
example, in one embodiment, a composition or vaccine of the invention can be formulated
into a composition suitable for nebulized delivery using a suitable inhalation device or
nebulizer. Oral delivery can include solids and liquids that can be taken through the mouth,
and is useful in the development of mucosal immunity and since compositions comprising
yeast vehicles can be easily prepared for oral delivery, for example, as tablets or capsules,

as well as being formulated into food and beverage products.

Other routes of administration that modulate mucosal immunity are particularly
useful in the treatment of viral infections and infections by other pathogens. Such routes
include bronchial, intradermal, intramuscular, intranasal, other inhalatory, rectal,

subcutaneous, topical, transdermal, vaginal and urethral routes.

In one embodiment of any of the above-identified methods, the vaccine is
administered to the respiratory tract. In another embodiment, the vaccine is administered by
a parenteral route of administration. In yet another embodiment, the vaccine further
comprises dendritic cells or macrophages, wherein a yeast vehicle or vehicles (referring to
the preferred combinations described above) expressing the fusion protein(s) is delivered to

dendritic cells or macrophages ex vivo and wherein the dendritic cell or macrophage
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30 in UDM. The growth conditions using this medium were not adjusted for
neutral pH conditions. Cells were washed and heat-killed, and total protein

was extracted from the cells. Expression of the HA fusion protein was

confirmed by Western blot analysis of lysates from heat-inactivated yeast
expressing the protein (Fig. 7). Western blots of total protein probed with his
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location in an individual as another yeast-based vaccine or a non-yeast-based vaccine. In
another aspect, a yeast-based vaccine is administered to a different location in an individual
as another yeast-based vaccine or a non-yeast-based vaccine. In one aspect, the vaccine is
administered as a therapeutic vaccine. In another aspect, the vaccine is administered as a

prophylactic vaccine.

According to the present invention, an effective administration protocol (i.e.,
administering a vaccine or therapeutic composition in an effective manner) comprises
suitable dose parameters and modes of administration that result in elicitation of an immune
response in an animal that has a disease or condition, or that is at risk of contracting a
disease or condition, preferably so that the animal is protected from the disease. Effective
dose parameters can be determined using methods standard in the art for a particular
disease. Such methods include, for example, determination of survival rates, side effects

(i.e., toxicity) and progression or regression of disease.

In accordance with the present invention, a suitable single dose size is a dose that is
capable of eliciting an antigen-specific immune response in an animal when administered
one or more times over a suitable time period. Doses can vary depending upon the disease
or condition being treated. For example, in one embodiment, a single dose of a yeast
vehicle of the present invention is from about 1 x 10° to about 5 x 10’ yeast cell equivalents
per kilogram body weight of the organism being administered the composition. In a
preferred embodiment, the yeast cells per dose are not adjusted for weight of the organism.
In this embodiment, a single dose of a yeast vehicle of the present invention is from about 1
x 10* to about 1 x 10 yeast cells per dose. The amount of yeast vehicle that is used in a
single dose can be between about 0.0001 yeast units (YU) to about 10,000 YU (1 YU = 10’
yeast). In one embodiment, the amount of yeast vehicle used is about 0.001 YU to about
1000 YU. In other embodiments, the amount of yeast vehicle used is about 0.01 YU to
about 100 YU. In other embodiments, the amount of yeast vehicle used is about 0.1 YU to
about 10 YU. In one embodiment, a single dose of a yeast vehicle of the present invention
is from about 0.1 YU (1 x 10° cells) to about 100 YU (1 x 10’ cells) per dose (i.e., per

organism), including any interim dose, in increments of 0.1 x 10° cells (G.e., 1.1x 106, 1.2 x
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10%, 1.3 x 10°...). This range of doses can be effectively used in any organism of any size,

including mice, monkeys, humans, etc.

When the vaccine is administered by loading the yeast vehicle and antigen into
dendritic cells, a preferred single dose of a vaccine of the present invention is from about
0.5 x 10° to about 40 x 10° dendritic cells per individual per administration. Preferably, a
single dose is from about 1 x 10° to about 20 x 10° dendritic cells per individual, and more

preferably from about 1 x 10° to about 10 x 10° dendritic cells per individual.

"Boosters" or "boosts" of a therapeutic composition are preferably administered
when the immune response against the antigen has waned or as needed to provide an
immune response or induce a memory response against a particular antigen or antigen(s).
Boosters can be administered from about 2 weeks to several years after the original
administration. In one embodiment, an administration schedule is one in which from about
1 x 10° to about 5 x 10’ yeast cell equivalents of a composition per kg body weight of the
organism is administered from about one to about 4 times over a time period of from about

1 month to about 6 months.

In one embodiment of the present invention, a first vaccine, comprising a dose of
yeast vehicle or vehicles and one or more antigens as described in detail above, and in one
aspect, preferably comprising a dose of yeast vehicle or vehicles and one or more
intracellular antigens, alone or in combination with one or more extracellular antigens, is
administered to an individual or population of individuals. In the case of influenza, the
vaccine preferably comprises at least one or more internal influenza antigens. This vaccine
can be administered on any suitable periodic basis to the individual(s) as needed to maintain
or elicit cell-mediated immunity against the antigens and, when an antigen is extracellular,
to maintain or elicit humoral immunity against the antigens. In the case of a pathogen, such
as influenza, the vaccine preferably maintains or elicits at least cell-mediated immunity
against one or more influenza viral strains. For example, the vaccine can be administered
with boosters, or on an annual or biannual basis, every several years, or as otherwise
needed. As discussed above, this embodiment of the invention can be used as a universal,
cross-protective vaccine, and may provide longer lasting immunity against various types of

pathogen infections than conventional vaccines.

In a further embodiment, a second vaccine, comprising a dose of yeast vehicle or

vehicles and one or more antigens (the same or different than is included in the first vaccine
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above), and preferably comprising a dose of yeast vehicle or vehicles and one or more
extracellular antigens alone or together with one or more intracellular antigens, is
administered to the same individual or population of individuals as received the first vaccine
above. This second vaccine can be administered together with the first vaccine (e.g., as a
single vaccine comprising a combination of different yeast vehicles) or separately from the
first vaccine. In the latter scenario, the second vaccine can be administered sequentially
with, but contemporaneously with, the first vaccine (e.g., where administration separated by
seconds, minutes, or hours) or on a different schedule than the first vaccine, in order to
manipulate the immune response elicited by the various vaccines. For example, the first
vaccine could be administered once a year or in longer increments, if possible, with the goal
of eliciting a universal, cross-protective cell-mediated immune response and if applicable
based on the vaccine design, a humoral immune response. The second vaccine could also
be administered once a year or as needed (i.e., on a one time basis, more than once per year,
or as relevant to an immunization strategy) to timely immunize a population against the
most prevalent pathogen strain(s) in the population at that time, or as needed to control or
prevent an epidemic or a pandemic of infection by the pathogen. This strategy as it applies
to influenza vaccines is described in particular detail herein, but the invention is not limited
to influenza vaccines. As discussed above, the vaccine strategy of the present invention can
be designed to provide both cross-protective and pathogen strain/mutant-specific immunity,
including both cell-mediated and humoral immunity, which is believed to provide a more
flexible and efficacious immunization against pathogens than has been previously
described. This strategy is readily adapted to cellular antigens, such as antigens expressed

by tumor cells, for example.

In the method of the present invention, vaccines and therapeutic compositions can be
administered to animal (subject, individual, patient), including any vertebrate, and
particularly to any member of the Vertebrate class, Mammalia, including, without
limitation, primates, rodents, livestock and domestic pets. Livestock include mammals to
be consumed or that produce useful products (e.g., sheep for wool production). Preferred
mammals to protect include humans, dogs, cats, mice, rats, goats, sheep, cattle, horses and

pigs, with humans being particularly preferred.

First and Second Medical Uses
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monohydrate 25.0 500.0 EMD 1.08342.2500 BALB/c female mice, aged

5-10 weeks old, were administered PBS, 0.5 YU GI-8000 Aga2-HA (GI-8002)

or 5 YU GI-8000 Aga2-HA (GI-8002), by either subcutaneous (100 ul) or
intranasal (50 tiL) administration, once per week for three weeks. The mice 5
were sacrificed two weeks after the third dose. Serum was collected for
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embodiments of the invention to the influenza virus and composition and methods for

eliciting an immune response against influenza virus. The invention is not limited to

influenza virus as an antigen or source of antigens.

The present inventors have developed yeast-based vaccines and methods of use
thereof that comprises yeast vehicles and one or more influenza virus fusion proteins. Such
yeast vehicles that express or are otherwise complexed with one or more influenza antigens
can be used alone or combined with one or more additional yeast vehicles that express or
are otherwise complexed with one or more additional influenza virus fusion proteins, or the
yeast vehicle can be combined with other forms of influenza antigen, including any non-
yeast-based vaccine (e.g., DNA vaccine, protein subunit vaccine, or killed or inactivated

influenza virus).

In one embodiment, the vaccine includes a yeast vehicle that expresses or provides

one or more internal influenza antigens selected from the matrix protein (M1), ion channel
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Antigen (mg HA from A/PR/8/34 i.a.)

(M2) antigen, nucleocapsid (NP) antigen, polymerase PB1 (PB1) antigen, polymerase (PB2)
antigen, and polymerase PA (PA) antigen. In another embodiment, the vaccine includes a
yeast vehicle that expresses one or more external influenza antigens selected from
hemagglutinin (HA) antigens (any one or more subtypes) and neuraminidase (NA) antigens
(any one or more subtypes). The internal antigens are typically expressed intracellularly by
the yeast. The external influenza antigens are typically expressed or provided on the surface
of the yeast (extracellular antigens) and may also be expressed or provided intracellularly by
the yeast. In some embodiments, both types of provision of the antigen(s) (intracellular and
extracellular) are preferred. In a particularly preferred embodiment, the external influenza
protein(s) are selected to represent the types or groups of viruses most prominently
circulating among a species of animal (e.g., humans) in a given period of time (e.g., in a
year), or are selected to respond to a potential, suspected, or anticipated influenza outbreak

of a particular type, including an influenza epidemic or pandemic.

Further and particularly preferred embodiments of the invention relate to vaccines
that take advantage of the combination of the use of both external and internal influenza
antigens. In this embodiment, the vaccine includes a yeast vehicle that expresses or
provides at least one internal influenza antigen selected from the matrix protein (M1), ion
channel (M2), nucleocapsid (NP) antigen, polymerase PB1 (PB1) antigen, polymerase
(PB2) antigen, and polymerase PA (PA) antigen. The use of combinations of these proteins
is also encompassed by the present invention. The internal influenza antigen is preferably
expressed intracellularly by the yeast, although the antigen may also be provided
extracellularly. The vaccine also includes expression or provision by a yeast vehicle of at
least one external influenza antigen selected from hemagglutinin (HA) antigens (any one or
more subtypes) and neuraminidase (NA) antigens (any one or more subtypes). The external
influenza antigens are expressed or provided on the surface of the yeast (extracellular) and
may also be expressed or provided intracellularly by the yeast. In some embodiments, both

types of expression or antigen provision are preferred for the external influenza antigens.

The nucleic acid and amino acid sequences for proteins from various strains of
influenza virus are known. For example, sequences for HIN1 of influenza virus strain
A/PR/8/34 are published under NCBI Database Accession Nos. M38279 (nucleotide
sequence represented herein as SEQ ID NO: 29, which encodes SEQ ID NO:30) and
NC_002019 (nucleotide sequence represented herein as SEQ ID NO:31 which encodes SEQ

ID NO:32). Sequences for avian influenza strain A/Vietnam/1203/04, for example, are also
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known. For example, the nucleotide encoding HSN1 from A/Vietnam/1203/04 (e.g., NCBI
Database Accession No. AY818135) is represented herein as SEQ ID NO:33, which
encodes SEQ ID NO:34. It will be understood that although particular sequences described
herein are derived from the known or reported sequences for these strains, one of skill in the
art can readily choose a different strain or reported sequence for the same strain and use it in
the present invention in the same manner as described for the disclosed sequences. One can
readily align sequences using any of a variety of sequence software programs and identify
corresponding sequences for the proteins described herein in other strains or reported viral
sequences. It is further noted that nucleotide and amino acid sequences may differ slightly
among various strains or reports of sequences in the public databases. Such minor
differences are not expected to significantly impact the ability to elicit an immune response
according to the invention. The invention is not limited to the sequences described
herein.In this embodiment, the yeast vehicle that expresses or provides the external
influenza antigen(s) can be the same or a different yeast vehicle than the yeast vehicle that
expresses or provides the internal influenza antigen(s). In addition, different combinations
of internal influenza antigens and/or external influenza antigens can be expressed or
provided on different yeast vehicles, and the vehicles can be used separately or together,
depending on the vaccination that is desired. In general, when the influenza antigens are
provided by two or more different yeast vehicles (i.e., as opposed to providing all influenza
antigens in one yeast vehicle), the yeast vehicles can be combined (mixed) for
administration as a single vaccine (e.g., a single injection or other type of dosage) or the
different yeast vehicles can be administered sequentially. The sequential administration can
be separated by any suitable period of time, including small increments of time (seconds or
minutes) and longer increments of time (days, weeks, months, or even years). The
invention contemplates that in these embodiments, any combination of influenza proteins
that includes at least one internal influenza protein and at least one external influenza
protein can be used, and these proteins can be provided using any combination of yeast
vehicles (including a single yeast vehicle) that express or are otherwise complexed with

such proteins.

There is great flexibility in how the vaccine of the present invention is designed and
used. For example, a "universal" vaccine comprising a yeast vehicle that provides internal
influenza antigens can be administered to an individual on a periodic basis, in order to

develop a cross-protective immunity in an individual that is cell-mediated. This vaccine can
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16, 4, 4,0, 0 (3/5) 6.3 GI-8000-I 1 mg 32, 32, 32, 32, (5/5) 16 27.9 The
Tarmogen expressing HA as an intracellular antigen described above was

also evaluated for its ability to prime an immune response against influenza.

The priming was 5 performed with enough virions of inactivated A/PR/8/34 to
give 10 mg HA. Five YU of GI-80004 was used. A boost was given about 1
moheR ateeomhiaed) fianeranimigliAn pirmibHion) diteesiodieebitasivie ddhidenal yeast
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measured. The virus titer was measured 5 daé/s later. Table 3 shows the

re<BHERAEH ESEBOER R AL U A HE B A gt ignnig!ly or on any other preferred

basis (e.g., emergency or anticipated epidemic or pandemic, or as otherwise needed) to
target virus strains of interest and/or the most prevalent viral strain(s) during a given period
of time or for a particular geographic region. Other embodiments of the invention will be

apparent in view of the disclosure provided herein.

In yet another embodiment of the invention, a yeast vehicle expressing or providing
one or more internal antigens (alone or in combination with one or more external antigens)
can be administered as a priming vaccine, to be followed by boosters of additional yeast-
based vaccines or by boosters of other internal and/or external antigen preparations,
including, but not limited to, partially purified or purified influenza protein preparations,
lysates of yeast vehicles that express the influenza proteins, DNA influenza vaccines, killed
(or inactivated) virus, or combinations of yeast vehicles (providing or not providing
heterologous antigens) and non-yeast-based vaccines. It is noted that because the yeast-
based vaccines of the present invention are extremely efficacious at eliciting an immune
response, booster vaccines are not likely to be needed, although they are included in one

embodiment of the present invention.

The influenza M1, M2 and NP proteins are internal proteins expressed by influenza
and exhibit a high degree of sequence conservation among influenza virus strains, making
them excellent targets for immunotherapy. Administration of the vaccine of the present
invention augments the influenza-specific CD4+ and CD8+ T cell response, and is expected
to result in a reduction of viral load, and ultimately enhance viral clearance in influenza-
infected individuals. When combined with the external influenza antigens (e.g., HA, M2e
(the external peptide of the M2 protein) and/or NA antigens) in the yeast-based format, the
vaccine further augments influenza-specific cell-mediated and humoral immunity to provide
a vaccination platform that includes a cross-protective vaccination approach (via the internal
antigens), with potential long-lasting effects, as well as a strain-specific approach (via the
external antigens), which can be tailored to address current vaccine needs. Moreover, the
vaccine of the present invention is not egg-based, allowing the vaccine to be used in a
broader range of recipients than conventional influenza vaccine. The vaccine is also
expected to be more efficiently and quickly produced as compared to current influenza

vaccines. Finally, as discussed above, the flexibility in vaccine design that is provided by
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Table 3 GI-8000-I priming protects against flu Prime Boost Ill liters (each
animal, post- boost) Virus liter in lungs (logio pfu/g lung) Mean virus liter logio
pfu/g lung (+/- S.E.) None None nd

the present invention, in terms of the ability to establish universal immunity while also
targeting virus subtypes according to need, is a significant improvement over conventional

influenza vaccines.

One embodiment of the present invention relates to a composition (vaccine) which
can be used in a method to protect an animal against influenza infection or to alleviate at
least one symptom resulting from the influenza infection. The vaccine comprises: (a) a
yeast vehicle; and (b) a heterologous influenza fusion protein expressed or provided by the
yeast vehicle. As discussed above, the invention includes several different influenza fusion
proteins for use as antigens in the vaccines of the invention. These fusion proteins are
designed to stabilize the expression of the heterologous protein in the yeast vehicle, prevent
posttranslational modification of the expressed heterologous protein, and/or can, in some
embodiments, cause the fusion protein to be expressed on the surface of the yeast vehicle.
The fusion proteins also provide a broad cell-mediated immune response and in some
embodiments, a humoral immune response, and preferably express or provide more than
one different influenza antigen, and/or are combined with other yeast vehicles expressing or
providing different influenza antigen(s). Preferably, the combination of antigens includes at
least one internal influenza antigen and at least one external influenza antigen. These fusion
proteins are most typically expressed or provided as recombinant proteins by the yeast
vehicle (e.g., by an intact yeast or yeast spheroplast, which can optionally be further
processed to a yeast cytoplast, yeast ghost, or yeast membrane extract or fraction thereof),
although it is an embodiment of the invention that one or much such fusion proteins could
be loaded into a yeast vehicle (e.g., as proteins) or otherwise complexed or mixed with a

yeast vehicle as described herein to form a vaccine of the present invention.

As discussed above, the fusion proteins used in the vaccines and compositions of the
invention include at least one influenza antigen for vaccinating an animal. The composition
or vaccine can include, one, two, a few, several or a plurality of influenza antigens,
including one or more immunogenic domains of one or more influenza antigens, as desired.
For example, any fusion protein described herein can include at least a portion of any one or
more internal influenza proteins selected from: influenza matrix protein (M1), influenza ion
channel protein (M2), or influenza nucleocapsid protein (NP), polymerase PB1 (PB1)
antigen, polymerase (PB2) antigen, and polymerase PA (PA) antigen and/or one or more
external influenza proteins selected from: influenza hemagglutinin (HA) or influenza

neuraminidase (NA).
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(4 doses SC) Low dose live

According to the present invention, the phrase "internal influenza protein" refers to a
protein expressed by an influenza virus (any type or strain) that is entirely, or mostly,
contained inside the virus particle in the core of the virus or the matrix protein membrane.
Such proteins are typically highly conserved among viral types and strains, and may be
abundantly produced by the virus. An "external influenza protein" as described herein
refers to a protein expressed by an influenza virus (any type or strain) that extends through
the lipid membrane and is mostly expressed on the surface of the virus particle (e.g., is a
viral surface protein). Such proteins can be recognized by antibodies and are therefore
useful for eliciting a humoral immune response against a virus. It is noted that the influenza
ion channel protein (M2), while primarily being contained within the influenza virus, does
have a small extracellular domain (known in the art as M2e) that is expressed on the surface
of the influenza virus. Therefore, for the purposes of this invention, the M2 protein,
although it is generally considered to be an internal influenza protein, to the extent that it is
capable of being recognized by an antibody when expressed by an influenza virus or by a
cell that expresses or displays at least the extracellular domain on its surface, can also be

considered to be an external influenza protein.

In one embodiment of the invention, the influenza antigen portion of the vaccine is
produced as a fusion protein comprising two or more antigens. In one aspect, the fusion
protein can include two or more immunogenic domains or two or more epitopes of one or
more antigens (e.g., an influenza M1 sequence and an influenza HA sequence). Such a
vaccine may provide antigen-specific immunization in a broad range of patients. For
example, a multiple domain fusion protein useful in the present invention may have
multiple domains, wherein each domain consists of a peptide from a particular protein, the
peptide consisting of at least 4 amino acid residues flanking either side of and including a
mutated amino acid that is found in the protein, wherein the mutation is associated with a

particular disease or condition (e.g., influenza infection by a particular strain).

The nucleic acid and amino acid sequence for influenza genes and the polyproteins
encoded thereby from a variety of influenza types, subtypes, and strains are known in the
art. Therefore, using the guidance provided herein and the reference to particular exemplary
influenza antigens, one of skill in the art will readily be able to produce and use a variety of
influenza-based fusion proteins from any influenza strain in the compositions and vaccines

of the present invention.
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A/PR/8/34 -IN 25664 323200000 Using this type of Tarmogen, T

cells against multiple antigens were generated in flu-infected cells. The

benefit of eliciting an immune response against multiple antigens is that it

allows for cross-protective responses and allows the Tarmogen expression of
multiple antigens to act as a universal vaccine. By generating an effective
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mesniranRg arsharad CYteRlasmic iajkaadyha Saterminghhsxahistidingtaged in
(positions 621 to 626 of SEQ ID NO:20). A nucleic acid sequence encoding
théiﬁ?él&‘ﬂ?ﬁ'protein of SEQ ID NO:20 is represented herein by SEQ ID NO:

19. Examplgd aspedit fRUAWING S0 F?h‘?h&_’&é%%ﬁ%e}hﬁ BRARESHNS Rlenza protein,
another HA fusion protein, referred to herein as HAI in a yeast vaccine (which

caﬂlﬁté"géﬁéﬁghlﬁ PrerdhcRf SRSt £ @I%@UB‘-‘Q‘%NP% ﬁ%’:?é‘ﬁi‘ iAVE#RIbgonsIsts
25¢hisflagipof ppigini@s2designeditolprov del erecel Mar expeppsiaiimasly 27 kD
well gs intraceyulatrhetx ressit%n, oftthe HAt\ fusion protein b}{ﬁhe east. The Fig. 1)
fusion protein comprising the N-terminal portion ot the nflienza HA antigen & "
(HAD iss aasivtigiespolypoptide awithishafolleding seguescablementsddsed énport of
framiR {1 Mol TieuP) %Stﬁé‘%éll%y%%?gﬁe%ﬁnﬁ&tﬁwa&ﬁéﬂ%@ BIOLEH among

being represented herein by SE
influenza viruses and is an abundant viral protein, comprising approximately 47% of total

virus protein. Any MI protein or portion thereof is contemplated for use in the present

invention, as well as any mutants or variants of any of such M1 proteins.

Example 1 describes the use of the matrix protein (M1 or MP) internal influenza
protein to produce an exemplary vaccine or component of a vaccine of the present invention
(i.e., the reference to a component being to the extent that the yeast vehicle is combined
with other yeast vehicles expressing different proteins or further transformed to express
additional influenza proteins as described herein). In this embodiment, a yeast (e.g.,
Saccharomyces cerevisiae W303a) was engineered to express an influenza M1 fusion
protein derived from A/PR/8/34 influenza virus under the control of the copper-inducible
promoter, CUP1. The fusion protein is a single polypeptide having the amino acid sequence
of SEQ ID NO:4, which is encoded by a nucleic acid sequence represented by SEQ ID
NO:3.
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30 1) the full length S. cerevisiae Aga2 protein sequence (positions 1 to 89

of SEQ ID NO: 10) including its natural 18 amino acid ER-targeting signal
sequence (positions 1 to 18 of SEQ ID NO: 10), 2) amino acids 17 to 342 of
influenza HA protein (positions 90 to 415 of SEQ ID NO: 10), which excludes

the 16 amino acid N-terminal ER-targeting signal sequence of HA and
excludesltheea-sspasingl theidyestonHRCHMpISnGItL@-i6ripgnayternal influenza

mefnitana AR EMOPIRSHICIE B BlENe IR SPBCSAIRASLIARS LA Consists
to 418 of SEQ ID NO: 10) to segarate the body of HAI protein from the

histiIfE ARy ChAT AY 3¢ Srifingl 8" HEkSRredm e QG tpdSitBrack s da dygminal
SHEER Harpi@ngd Q)grkiscpuoten oWhkn expresdattinicelsithatmalseeadpress HA, thus

Agé’ﬁ ill%%%"zﬁss éqtg?e'gﬂt%e%leﬁlr Vl\‘llg ”at?ghtcl;]rea}é acStt(()? qgs‘ﬁg%alizli.g'l%%% ft%.%;ﬁaspect, the
schematlc epICtIOH g]fl'extrace 'Ualal’ expre‘s.5|onﬁsr[r)1g this techmque . e '
protélvenwill ansgdiecerpressedrintthceflwaihe Acdadéitoattd séaudyraga HA protein,

en@@ﬁ’éﬁgeﬁaﬁlﬁ'é?iﬁ{é RteHef §EQ¢%MQ£$%R&§@&§%”§%J]%&]&P&§EQIA and
ID NO:9. 10In this exemplary yeast-based vaccine, the HA gene was cloned

froftSHSR HEL A fPEeray sl et Eeéé’é R CRBPIF I sr{cotiBtinahiiig Rige anchor and
sequ@ptentcneil an aXaah imaichitathothegretical tthianinpeseibseopientie of the

from.this strain@e 0 e.AﬂpaI' nment of the .actual and.thegretical - .
coREAEA RS N0 I R A A B B RSN ot inaie i
betiwdie rneik teislesqeie abess B cHatsiecatoA ligpinenbof thedretid luadessegiomell as

(SEISBSQJEIIQ :ﬁl%)p‘ﬁ’ig? éﬁ&@%h‘ﬁbé@%ﬁﬂ%&b% WRSHIRREANEFRINIUS F R Ras been
NO:12). theoretical HA actual HAI 20 theoretical_HA actual_HAI 25

thé&lf@ﬁé‘QﬂjMAHQETQiEF_iHAIl{é(ﬁﬁ%P&iEtaﬁejq%f%t{]@_oH%ﬂﬁgeniESites’ and just a single
themieticalid$Absiaatmditil one of these four regions can result in the ability of the virus

to escape immune surveillance and to spread worldwide every year. Three distinct HA
proteins have been found in human infections, referred to as H1, H2 and H3; 13 others have
been found in animal influenza viruses, including HS, found in avian influenza virus. Any
HA protein or portion thereof is contemplated for use in the present invention, as well as
any mutants or variants of any of such HA proteins. In one embodiment, a yeast vehicle of
the invention expressing an HA protein expresses more than one HA protein (e.g., H1, H2,
etc.) or is combined in a vaccine with a yeast vehicle that expresses a different HA protein

(e.g., one vehicle expresses H1 and one vehicle expresses H2 or another HA protein).

Example 2 describes the use of a hemagglutinin (HA) external influenza protein to
produce another exemplary vaccine or component of a vaccine of the present invention. In
this embodiment, a yeast (e.g., Saccharomyces cerevisiae W303a) was engineered to
express a fusion protein under the control of the TEF2 promoter. The fusion protein
comprising the influenza HA antigen (H1) derived from A/PR/8/34 influenza virus is a
single polypeptide comprising the amino acid sequence of SEQ ID NO:6, which is encoded
by a nucleic acid sequence represented herein by SEQ ID NO:5.

Example 2 also describes the use of another hemagglutinin (HA) external influenza
protein, in this case, the HS HA from the avian influenza strain, to produce another
exemplary vaccine or component of a vaccine of the present invention. In this embodiment,

a yeast (e.g., Saccharomyces cerevisiae W303a) was engineered to express a fusion protein.
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theoretical_HA actual_HAI 40 DTICIGYHANNSTDTVDTVLEKNVIVTHSVN
31
SVTFVSNCGSHPSTTSKGSPINTQYVFTSDTICIGYHANNSTDTVDTVLEKN
VTATHSVN 120 9999999999999999999999999.99999

LLEDSHNGKLORLKGIAPLQLGKONIAGWLLGNPECDPLLPVRSWSYIVETP
NSER Giosyoq protein  comprising the influenza HA antigen (HS) derived from

LLER&LIN K ORI MARQNIAGYYIeL GNP ERP LRV MBS acid
NSENGICY 180

90868085 956H YA RFH JYYE b §8EYIID0 g I EIY S BIERSoEREs Sented
PGBl DMEFIREQUGSY SSFERFEIFPKESSWPNHNTMGVTAACSHAGKSS
FYRNLLWL 151

> PGDFID VB PR S 128S S8 Epe e ok RS SIRPRAMNIFRIENGS o itle cijraslular
FYRpebivh @38:2989896990999999R9998098A0BHINAINA0:GARAA06@ains the

e RO K SRR SR I SN Lk S BN RN A AR A2t

IS NRET @1 translocation into the ER, but the signal sequence of HA acts as a stop

TEKRGS VBN MY HERISEY béle N QOB SR F QI INENAY Bithway.
VISNYNRRFT 299

10 99 Yd56088L YL BRIITEBbYER DS IITs0 B0 PUHIBEBLE BRIl side of
P Bt PRAKMERIRRARRMNYYWILLKPGDTIIFEANGNLIAPRYAFALSRGFGS
GIITSNAS 271

PEIAERPRYRISOLSENIGY PoviEe RiPAomigatiAie (LA srs Afkipsaiesaein to

Glbr-&NASySGfhother exemplary vaccine or component of a vaccine of the present invention.
99?9 9999 9%99999999999 999999 999999999999999\%%8?%9999999.

n this embodiment, a yeast (e.g., daccharomyces cerevisiae o) was engineered to

15  express a fusion protein under the control of the TEF2 promoter. This fusion protein was

designed to provide extracellular expression of the N-terminal portion of HA (H1) antigen,

referenced as HAI1, derived from A/PR/8/34 influenza virus by the yeast. This protein,

when expressed in cells that also express Agalp, localizes to the outer cell wall of the yeast

cell, but is also contained intracellularly. The fusion protein comprises an amino acid

20  sequence of SEQ ID NO:10, which is encoded by the nucleic acid sequence represented
herein by SEQ ID NO:9.

In another aspect of the invention, the influenza antigen is the external influenza
protein, neuraminidase (NA), and in another embodiment, an immunogenic portion of NA is
contemplated. NA is an integral membrane protein that is expressed on the surface of the

25  influenza viral particle (see Fig. 1). Neuraminidase digests sialic acid (neuraminic acid),
which most cells have on their surface. Since sialic acid is part of the virus receptor, when
the virus binds to the cell, it will be internalized (endocytosed). By late in infection, the
sialic acid will have been removed from the infected cell surface by the neuraminidase,
making it is easier for the progeny virions to diffuse away once they exit the cell.

30  Neuraminidase is also involved in penetration of the mucus layer in the respiratory tract.
Two distinct NA proteins have been found in human infections, referred to as N1 and N2; 7

others have been found in animal influenza viruses. Any NA protein or portion thereof is
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MHECNTKCQTPLGAINSSLPFQNIHPVTIGEOPKYVRSAKLRMVTGLRNIPSI
QSRGLFG 331
MHECNTKCQTPLGAINSSLPYQNIHPVTIGERPKYVRSAKLRMVTGLRNIPSI
QSRG--- 416 99999999999999999999:9999999999
9999999999999999999999999 . Expression of the fusion protein was
coffirtaag]ppdiestseribibe arafpsinvilieates frohreopparuadigcadariants of any of
hegidnaciivatediieast {326r&rigd LA ANREROPREANAUEI DN RIVbi#RHRK pressing
regular (not neutral pH) conditions to induce Agal synthesis, constitutively

expPeSSetf AB NGRS TS HAISHS I MBI AY A &t N CBi SGrtgEdsdiofvined in a
celaawitla SAtmM {2hdk anbidke tbul Te ghuate waslifiaied MAthpghyiasidaseone vehicle
5 €nzymes PNgas E orel.:hli\éBO-h for IhThe re céi%g we{elﬁnalyzed for

Aga—ﬂifiets:onteglrlllt 03}1 esterneﬁ)lf(r)gts(gle—‘?gl\.I 'fsr Both intralellifar and cell surface

HAI expréssaniwere alger\vdhdExasnpte dhe influehhesdoliewing €xamplecine of the
describes,the gngineering of another fiA fusion protein éﬁ%%%tf YA @Lthﬁ one
present invention. nother yeas{lve iclePwas énglneered3 5’expre sthe

hepypeRyefithini (Men)iprotesrinf4Bnfrom tiagia pofisi Streipe NI BtioA the1203 2004 r portion

(H %fNﬁe)dﬁﬁ&r&%%cﬁx'&éﬂ{f N (Exracelupg. F’_Eﬁtgﬂ& Alserejprred 8s88 to the C-
TK88 (Aga2-H5 g{@ which will also be located intracellularly. Refernrgg/i’ésle ain
[

10 16 {RRnBRSpenet Vi HERcREO kR tEHRATIER Sffacle 160X BrAMORYSS) can be
exasplitadod he fugionprgiedicoraprisisioihan aflugez anbbdantige M0d By f8sad to a
single polypeptide with the following sequence elements fused. in frame from , .
e
represinteel dieroin iby GBI NOVtIA)e Tyesnilitenyth B sa¥evisiaeiagagnbrane

ProfinisROMERER LAMING RS LIPHRY s RE QRN RrdoRIYAIPGilS 1). M2 is an

natural 18 amino acid ER-targeting signal sequence; 2) amino 15 acids 2to,
15 53tppehmiehPat Hs iss gYotens (PoSifony BPitsics SPEEchi RieRtnS) ofytifipns in
lackedbdhad-taaminalob-dargeling signdlisequancelief Avandialspuexaiucied cells.
th 6.C-t§rmin_al.residuef<, P).I HA, thus G%Hminatipgtits C-terlgninal {r@gnéprane h
anchior ahd SYtoptaRmie tai 318 ey Eine SPAEEr 1o Sap A ate the body of HA'Mose
proteidufroanehmppristithne tag Geositioh the thame1 9ok SEd i NIO adid)e dmangdf the
a Csmping! hexahistiding g (egsifions 20-62049,673tSE QD NP 4} the M2

This protein, when expressed in cellsthat also express Aga Ip, localizes to '
20 thePestiesy t@éﬂ%ﬁ%?‘iﬁétﬁ%gff QBIthg yis|(ifs %SH@BV%ébF%WINIﬁW&ém of

acisiseauenceraveedingibeifusiompeotaimefiSkWR MselHiihikepsasantadamong

heEl%Pulgy S\Ifzfr sole? ol}lglélg"[é/r%s XQ%Q%%QdQ%gV%?%nogé %gr?ﬁgcﬁ%gnstlgptgeo Hllvention, a
neutral pH conditions déscribed

portion of the M2 protein comprising primarily or exclusively M2e is expressed by a yeast

vehicle. In this embodiment, the M2 protein is considered to be an external influenza

25  protein. In other embodiments, when matrix protein membrane portions of the M2 protein

are expressed, the M2 protein can be considered to be an internal influenza protein. Any

M2 protein or portion thereof is contemplated for use in the present invention, as well as

any mutants or variants of any of such M2 proteins.

In another aspect of the invention, the influenza antigen used in a vaccine of the

30 invention is the internal influenza protein, nucleocapsid protein (NP), also referred to as
nucleoprotein. In one aspect of the invention, the influenza antigen consists essentially a
portion of the influenza NP protein that expresses in the cytosol of yeast and that is

immunogenic. NP is a protein that is located inside the shell formed by the matrix protein
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25 herein and under normal yeast growth conditions. When expressed using
neutral pH conditions, the fusion protein is detected on the cell wall (surface).
Neutral pH conditions increase the efficiency of expression of the proteins

and improve the ability to detect the presence of the protein on the surface

due to the pH effects on the cell wall and the ability of HA-specific antibodies

to demmbratre(srfdee lexpressaamprotanstisn ehdihisiéo encamulfs] Bwinigus genome to

exasmnle Q%ﬂ%mﬁ‘eﬁ@ﬁ?@j%@ﬁ@dﬂim% %%N%Ck%ﬁ&ﬁfﬁlé}ﬂt&%ﬁ&twn and
have been engineered to be targeted to the ieast surface (extracellular

coRafiietes: @(‘.’}t NP a)ﬁﬁoﬁﬁﬁﬁﬁ?%ﬁ%bﬁ%ﬁgt Verpeal gﬁaﬂ%&?éé%vé‘i?b% cycle.
theNremaggiutinia (b1 Aepriateific fiomoinilifiepza as@typash cBIhsdaoet is still highly

5 (extracellu(llael]grq;eetl\geél;lhg Bioéﬁ)lgz r?é? Ia[EBClﬂ%)b[i% ??d |ntr§,t%ﬁlluAarl¥ |r13the ny NP
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yeast Tfse?errlng again to the t e con ction
sulfeteiieRpREsEiINtsieRe i SN iyl &ma@cﬁethmeaﬁytnma@@s xevelaps any

SP&AIfi CUIIEHEERSOF S acR aXRIESRIMOS ?rﬂg?#éf shews:haw ¥3de4Sehicle
yeas roteins_can be used as sgacer arms. While the constructs were used

to 8k LBV TN TP IARI "SSP Gt CBURF HESSpReEELBSIRG e geotein (e-g., NP
meﬁbﬁﬂs/pmk Q@nsématSndAgaZﬂA f;IﬂEBsiﬁmuBrmyem (Sustabmpdlo A fustor with a
o Pr otel 'gtKgXS-r es sho er%?tlcatlel F%g IP1OB égeper Ief%S es?P from

enélneere 0 expre uenza emn on usmg
seqﬁémea tieen dngd m@ W@EEGP@W@‘{@NIPI filoio Uﬁhmmtynbfeﬁﬂrotem was
construc Wlt{% T?ielglc% S encS:e (;[ ! rﬁr)‘pr{g.]alll:l lltll;]ne ﬁ% 2Xstg 1n uen rotein to
proteln W xpresse |n ce-el ﬁ1a also e ress (g 3 IS Case, \I;)en

by nhei@wm prorotenyriplealizesctactheconteencel| Q@allva@nm‘ oh¢hyeasteoelhvastion.
wejl agil o S EHRRO1 333000 18,519, AR PRSL BN IR TURIRRAERIRI R xpress a

comprising the influenza HA antigen is a single pol eptide with the following
&b%ﬂb@%ﬁ‘“éﬁﬂé‘%ﬂ%‘ﬁﬁfgéﬁqﬁ%aﬁ{g@ef%%r%@%r e HePRito g designed to

segm@hﬁ&@lfuﬁmpmw being FRpreEpniadhe RIvey S&QADJN@;@@)QONM

1) the full Ienggéth S. c |ae A rotem se ence%(%o?gdttlons t

V sirail eas rotein 1 cells t at alsq express
SEO 115D |nc amln’o argeting S|gna(ﬂ P

se@%h@d@p@giﬁbtmtmetclﬁa @f:Hs E@ll @f N© :BB5 Y el spdeefutiosgpaleiteciieprises an
AgaZi O NeERReY BASTHBNIEF AN i SLIRu&N? 6@ & RIAKINIEKAence

its signal sequence (positions 90 to 600 of SEQ ID NO:36), and lacking 36
0 c-tepsisalebhsgri P EA IO dRminating its C-terminal membrane anchor

and CVtO@%ﬁ%Bf‘e G4, AL HNCING SRAGE! JO SRaT %%Qﬂﬁg%'s‘iéﬁ%&@iﬂs that
from the histi tag (positions 601- 25 603 of SEQ ID NO:36); and 5

C- e PranHeRETIS T e 18 \PslfoAS B 6g B g@@ﬂb%@@@)"?ﬂﬁ‘ﬂfe‘l’éﬁbﬁmas

aCH)ﬁﬁﬂfé@@@ﬁ;ﬁéb@Qﬂl ngdheifdsian prateipih iR, 1hNQ:iBRiheeRIeseMdar effect
her%i %ID NC‘#’;S This fu5|on protein and the Tarmogen expressing it
can be’ TP’ea Bk ﬂcifipff 42"Fusion Protein (Surface) 30 A fusion

proteln dm@te&%MMr&Bmwaeﬁammmaﬂy,lmE@ OB AYRPRIT gt M8 herein by
xpress influenza HA %[ ino tgéu ell ﬂLusm the Aga2

oS oIS ekt £ R G Qo U G o of

COMMCmdMﬂtWHﬂheHdHA sequence placed C-terminal to the Aga2 sequence. This protein,

when expressed in yeast cells that also express Agalp (in this case, driven by the CUPI

promoter), localizes to the outer cell wall of the yeast cell, as well as to the cytosol, as

shown in Fig. 10B (upper left).

Example 5 also describes a fusion protein denoted VK4, shown schematically in Fig.

10B (upper right), was engineered to localize the influenza HA protein (H1) to the cell wall
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sequence N-terminal to the Aga2 sequence. This protein, when expressed in
yeast that also express native Agalp (in this case, its native promoter),

localizes to the outer cell wall of the yeast cell, and is also present

intracellularly. The fusion protein comprising the influenza HA antigen (H1) is

a single polypeptide with the following sequence elements 5 fused in frame
froming tes A gampauenthealavsihbyadidl Bekyiiereaost thin fildiorppioteinhsaigein was
repigRanied e IO REQULNGIZRN N iheNged BR-Mapelingsianalis protein,
sequence (amino acids 1 to 19 of SEQ ID NO:26); 2) H1 HA from ) )
A1PRTETRICFEOIRME Bighdit JBEuERR S Her E 8RN R e RsTReMprame its native
dopraino(positianis2Adche 33taf SE@alDoNB: 26)53)edl, spadenko pepatatetiellularly.

body of HA protein from the histidine t ositions t of SEQ |ID 10
R S Ao o S B X R RO ey oo
enterdkinasksieleadagpisine (ppisivored BaRitob3 A QIBENYIE NO:26; 6) Aga2
lacking its. signal uence (positions.549 tq 614 of NO:26. A nucleic
e s S SRR it & GSus o
herirt BY SEQNEIN 2R B AitHB- AgadrFsion Pretedn (Slodele) thesaffugsionHS HA
ProjeiaiHanatRd-MK L sigpiakie XK deseiRedRAREN &y exeePEIIALINGILAES thi
the H51HA protein from avia%tinflugr%a (i%/ietnam/lzo}éelgg%f), ngsiéngine.ered s
10 10 exmYERd HHAREHS T HASHE O FORsHVE e e vemigitfePkigad NdGiringkto the
In s Tenpithel. th@rotein prasiaansipitiecivithitteatld sgquercd SEQ ID NO:22,
N-teymijnal to the A seguence. This protein, when expressed. | ’
oo e R K S e B et IR R SRS
intracelluladynplbie fusiasspietein fasippisiat e dafiLie RRashAwaRtigena(ids)yisn Fig.

a sjngle pol tide with the following sequence ts fused in fra :
ron NS B ATe YR B SEih Eofy e AN T I S Bl wsing
15 rephes@wt@dShgr@impvrﬁElQbDM@Q@:prluhéeAgéﬂZ tER tongetindghsignetbin was also

599&%%%&@%{?9 ﬁ‘é'ijﬁx]séau%ﬁcgfp%%lé& Q. NRig) t(ﬁ)h'é'%w& fgél’cg}gnce. This protein

A/Vietnam/1203/04, lacking its signal sequence and C-termina

tralfSmigmibRas q8kaRsfpbaitih&e0tas5 88 lofEED HyNESDY, mjracellularly.  The
hexahigtiglineitag(Rasitions hondadd 269t SO NP IZN @ panvantarskinas®d by

cleavage site (positions 543 to 548 of SEQ | 22:.9) Aga2 lacking its
G P s ek T S TR 8 A mclone i
20 sequencegnapdingatbe fusiapprotrifof HbQ 1 RNREAK reprasentathgsus to

by Q#)D NO:21. 39alt—|t%el-yu;ic(i)w 2 Fusion Protein UIf?Ce}iﬁ%%BéA\{,éﬁzlg%ga H5 HA

protein I RS , shown'sc rrﬁ)é]iréé’f@siﬁn%ﬁrééei t((lo%%r

engimeared tbk_eeoqbkereélinﬂimgrtha Ele@rsﬁetilnn_gn, td!@vc_elbwalbj UBlitg threr@wgp2 In this
sequence, JEyeReY M8 IEFGRIARAIELTD kﬁ@i?&eégqh?&%lézﬁﬁc% RGN to the
cell wall of the yeast cell, and is also present intracellularly. The fusion
prét&P2CEASASIng the v RS RBIGESS T 21806IAGRIYSIRARIpER HAtNO:24,
25 theiglavingesessnar alrmrnis fusqdindepradiom Nrda 6 SEQImINGhs.
amino acid sequence of the fusion protein being represented herein by SEQ

5 ID NORgyplethctisudosriiksitast dpinaiiosdn yeneied dihd. abrignisegepatsally in
SEHR,ID MORRer)i i) HoulranymdBIB 8134 iHa N o8 l90aheRAUSHEE ARf 1eader
C-terminal transmembrane domain (pasitions 22 to 535 of SEQ ID NO:28); 3)

a SPELEIR Separate ARy It RECISIBih O AR mshbiAR g piastigRs on the
53plien3hahihiQ éDaNEX2 8 phdjoplhe xalnst dinentapHpD pidanrscdb3FHB pddedf, from
SEQ 1D NO:28); 5) an enterqkinase cleavage site (positions 544 10 49 of .

50 SEGY No 5Ly GG ARS8 SOUAALE (hASRO, Bate gty ratres
SEQ to N@&E8 niembiclsicoéicid sequepbaaicoding thelfugiangprateicol 8&R. The
ID NO:28 is represented. herein by, SEQ 1D, NO:27. HA H5 - 2 Fusign. .
i R
above, except that it 15 includes the H5 H4 protein from avian influenza
(A/Vietnam/1203/04), was engineered to express influenza HA H5 protein on
the cell wall using the Cwp2 sequence. This protein localizes to the outer cell
wall of the yeast cell, and is also present intracellularly. The fusion protein
comprising the influenza HA antigen (H5) is a single polypeptide with the
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20 sequence of the fusion protein being represented herein by SEQ ID

NO:24): 1) the Suc?2 invertase signal sequence (amino acids 1 to 21 of SEQ

ID NO:24); 2) H5 HA from A/Vietnam/1203/04, lacking its signal sequence

and C-terminal transmembrane domain (positions 22 to 536 of SEQ ID

NO:24); 3) a spacer to separate the body of HA protein from the histidine tag
(POSRIBASCEITYPBBS of BEQIEYINOIR4psajhehexghistding. tBypoSiions! 38 14; or
53940 24dreL SERIRDING24 )2 R), anseniesokinass cleavage site (positions

545 to 550 of SEQ ID NO:24); 6) Cwp2 lacking its signal sequence (positions

551 to 61igamsE® HsMbes4ba yracréicesril sequiehdelloprdingiane fagioriuce yet
profeimaf KEHIRYNG R s ePEeSp0HRA et RE Q@ RJVYR LRt fAAHIRION this
Protein for Spheroplast Expression (Surface)  30A fusion protein denoted .
LuBBEOLHRN dciethititalyinEig 68 (OWEr AghYWAS BRYRer&3PEsss 2 fusion
expressninfidenziac HAnpdteihatTARR tpesisorembranefaoonagmoietack an db@gned to
DRSNS A eash SR onAst ien by He ML AREEIR, TS e
prcPteln focalizes 16 the pfasma membrane of the yeasef sphero fas , andis

alsty BRé&entiirtranedlulayand theyl2e prfigsictorelndihe MBe nbesvglenived from both

exXessiPg/ e fHsiReh PIQER (aigareshtehaloNgaRMK So)al SXESSCSirus strain by

influenza HA protein on the surface of the yeast via the cell wall 5 protein 2
(cviif2y e hifstogranmedriasadratriac O HAC dRpTRLTOH HestkEl Btdtufign of cross-
anplysistiateishomityi aghitstomeserig Hacaraeonidie:bistagranmsndicats iharHaisusion
particular construct expresses.HA very wel its, cell surface as compared to
ey SOMEIE ioha (B T0L UG P NG S Rl e
wherdajariodsapproasipess¢died dribad Bboke HadN@0L filustrated in Fig. 10B)

have beep,ulliged tg. express Inluenza A protein, on fhe surace; of yeasty,cc e
vehicles. THege experiments were all conducted under normal yeast grc?wt‘l% Y
contitionsXewp!maulramoktconditiopewed adlauseghn Pighe pRAc1AAVihismath this

EXQIRSRIRRRY G dRNDOIRNS RERIRTSING YA APA WK taslrHAICh Usee d‘% fusion

Aga2 spacer arm or linker, fused in two different orientations as discussed
abBireirignderaths, sopdral sfedsiorf by tiemeEontBis( Aot Mefeimudy Jetigped to
(Y pre)ifid gnit2B18havs prspiessinief NK4nansh MigivkdGrehows aXpReSSIDMmalienza
TK75-15. Figs.,12D-12G show other possibl igurations for surface
e S R AL BT eSS FIES. 108 age-based
12Fastiow ¢h¢hT anveogen exprassifty WK 8ndubichn wdesCwpltetizespavenigrmgainst

for GXREGSHRNAf Efse TGRSR AU RIS H!&%E@t?ﬁet%ﬁ%?&%eﬁf DBRFHRAUNG amino
glycosylation of the gge)a')s,t on 20 expression of the é)roteln. he

degftosiises VI8 EDrEsNG ThritBifdn FRIIcLIE) his hapPycisis siffhcrquence

expipssian@hktémsysEopa ediathe glycosylated VK8-expressing
Tarmogen (Fig. 12E). Finally, Fig. 12G shows expression of HA t‘)%the

Lu002-eXBreasifbraiegeh Deniesss8ta BsREASpRISt et abing firacEhehintluenza
plagria MepRRsane expressed HESE yastligemenstkatiavbiaiod ket ®fast one other

o A e e SR BB RSTASTRED 1 SR o
is expressed together with an external influenza antigen (e.g., HA, NA, or M2e). The
influenza antigens can be expressed using the same or different constructs. The external
influenza antigens can be provided extracellularly by the yeast and/or intracellularly.
Preferred combinations of antigens to be expressed by the yeast vehicle include, but are not
limited to: M1 and HA; M1 and NA; M1, HA and NA; NP and HA; NP and NA; NP, HA
and NA; M2 and HA; M2 and NA; M2 and M1; M2, HA and NA; and M1, M2 and NA. In
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The following example describes the engineering of another influenza fusion
protein yeast vaccine of the present invention, where combinations of
influenza proteins are expressed intracellularly by the yeast vehicle. 30A
Tarmogen was engineered to express the matrix protein (M1) nucleocapsid
protein (NP) and ion channel protein extracellular sequences (M2e) as an

inteayediuthestusiarbistein hatarctinde AdatdredYithear b SubrisrsbeMG ee Mg, or any
13PortibwBichrexpressian k9dsdhisflysiondeeripifeisd iwatiaiatiagnther, Withilarly,

expression of a second, HA construct on the same plasmid). The M1 and NP
(N|5h§é’(ﬁEF‘éer8?\R/°eFéndB?|\9éﬂf?F8“rﬂ ﬂ*‘ié‘WlfS’Féli8&%‘&‘1ﬂflﬁreﬁ%‘éa§h§?ﬁ“ﬂbﬁ8 herein. - In
4xM2e repteisenbadwaycopies nioM 2ebsgi e de: fpeseiiec AlRR1BiESEd or provided,
|nflu?za st |n and tg‘ﬁce’ gopl |es ofbM2e segﬂenc%gom the A/Viet Nam/
128518864 1 122 strain. 5 The flsion protem comprising the
MI-N1-4xM ZQqﬂﬁeﬁeumBScarﬁengte" pelypeptide, with dhel&)&lmwmges@mr;eest vehicles
emel'gggll‘[lused IQ fr meOltlléoE)T% Qorteol IE%Irernalnu %heoam(l)n %Seqﬁsucﬁ al%l ens is

the Tusion ﬁro]ie)l %el represente erein b ESQ ’i[S rf) g
seqo@hteMADEARYS Fehike N@rqsmglMpemvnémgtaneelt@pret@é@meanugens or
de%ﬁ%%mﬁp%%ﬁgekstq(ﬁ RinER RNOy8iR) INfiienzadiPR18484MMibove-
protein gposmons 7 to 260 of SEQ ID 10 NO:16); 3) a spacer to separate the

10\ Ap1otRRT et (i icies FrRE P oSBT ISBE t3"96Y SIeSEB e 2pigeay can be
mfb.maﬁ;rél&l%&@i&ﬁdﬂ? \pimtelyeéposehwl@ Apet0inHohefob mQHd iNExAGarh)sans or
space e te the NP om th V\/lhl %é)rotelns 03|t|%r\1/§ 1711610Ile oF more
765(”1} % 3“%) ex racellt e)XBrotSe| from‘in
Alﬁﬁm@lwl\m@r@mge(po@tmmg 1018 ProfidBECsIECN| @eq&)nﬁ'é)lh/ settbrfd yeast

MZ%}(%@%‘SML%% 59%1‘8&511{1@0%hénfwe%?epé&k@hﬁhamﬁégﬁz%ﬁgé\ﬂg Preferred
proteln (positions 788 to 811 of SEQ ID NO:16); 8) a spacer to separate the

se&Bﬁ‘Blﬂﬂ%‘Er‘aﬁé{ﬁ?ﬁ‘Pdﬁ%’m%Stm?Hlﬂﬂzeubﬁé?&ﬁt(b@gﬁfbﬁé BRI BIE R HPpEEping or
ID M&idfg Nia thind ddRec(exsroaiu tar)saqa&etmisomltnﬂya@tzaze%iaa;/&lﬁﬁkdv&g or

ggoﬁsellsricfp Osﬁé,x ra14 to 83 1(1)1f tlsollletL[grcL.\g) n?c)lu%l ﬁﬁlal'efl?e;ilrth 1%)2&% te?w these

deﬂular pro ein from influenza
20 gptigein  positivels @30t 86singf & PO VDI NOYP6)dmimds g dat etdiemimaiequentially
hem%léqgﬁevéﬁfél@%%%@éré% t8r§\§81ﬁ’§ %'z:%Ql‘lIR NP cb%bﬁaﬂ%ﬁgefﬁe%g (including

sequence encoding the fusion protein of SEQ ID NO:16 is represented herein
20 py SR IHNOSUPEPes ORHTRYFABIET Y. DYASHH Yol Cles BRI aseinntamEo Viding M2

I||U&dfﬁﬂﬁﬁfe@ﬁdh@gétﬁ@r@fr@eﬁﬁéﬂﬁﬁgﬁﬁvﬁhm@@SMM& MIDNISsxM2Brigiary HA, NA,
proteln @%%ID N 1orc*uunctlon 25 with addltl r@l construct.is

shSWR " &padifilaIy: lfﬁo IR0 PoReteitel RSy SEBCS riGEGRadn another
alsmibeémprmd{medvthaleq mglﬁqsba@mdmmmiwwmaJIm agecdid cofsandtor M2
enﬁﬁ’ﬂj'ﬂ‘eg ﬁﬁdﬂé@é&%&ﬂ&%ﬁquﬁE’ﬁﬁﬁ%%Hhe;/Q P %Hi&é@%@%&bﬁg or providing

ression of this plasmid results in the intracellular expression of the

25 MI MAVZE TN bt iR et d i Lipe prster M TR kIR S AR BT H1SEAR-
alsp b& ACRISYSIPARMNE NREQE A S85P00- AR INgRPenent construct.

Additional Tarmogens '[O pbe produced include the use of the construct

depicted Anbilgerl 3B Hcedimesparfdithg tprthseny KBveonsiruottidscrilvedalboud) protein,
Whé%ﬁlr%‘}ééiﬁgn SYUBESHIL I §{éﬁaﬁﬁ}o%x ESt%?ﬁoQo%ﬁH&l'gﬁAaRr%ﬁﬁ‘enIQ'%JHgé%) as
protein can xpressed in the same Tarmogen with thie MI-N1-4xM
fuﬁéW@%‘ﬂe}iﬁfﬁésﬁﬂB‘e@%éﬁ‘v‘é}@@e present invention are isolated nucleic ac1d molecules

30  encoding any of such proteins, recombinant nucleic acid molecules comprising nucleic acid

sequences encoding such proteins, and cells and vectors, including viral vectors, that
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alone or in combination with the internally expressed HA construct described
above. A separate Tarmogen expressing the VK8 (surface HA) fusion protein
could also be provided in a vaccine together with the Tarmogen expressing

the M1N1-4xM2e fusion protein described above, alone or in combination

with the internally expressed HA. One advantage 5 of providing separate
fusiontprotsint fopinteaed/imasiamace xirie eglnnesipie 858 rmelesudess ar e ¢prinbinant
sufficpnt aniideisiRvailable for both B cell responses and uptake by antigen
presenting cells such as dendritic cells for cell-mediated immune responses.
Example Freferred firaofoiteniding escardple tdéke fitrsenttinvenigimaeslAde ahanbthefusion
inflyienga S RIS QeAs YA CEAEH RS RIERR IR AN MVEIEEEt invention
combinations of influenza proteins are expressed intracellularly by the yeast
velfiglade thoxeTRINAB RERIHAS HRIRR St FOBN TR EXISLELR AN BoBXRSg of and
fusiefinpratrinegnehae kakrod érvhaEEQeEm pmdusied ihalNexreEQeRaN0:10, SEQ ID

NPxM2e fusi i R4 i ind

e mEE e MRS s oz
ExaR{pideNehdoediesehiia: Y. SEPHY NONOE] @xtthtrthisiehemitipoetaenests will
the,comstist i RRLINGIUASE in hdntheiNRE-RXNRRIHSIORRIAtIReEe NRMNDurious

and 2 copies of M2e sequence are all from the A1PR18134 influenza strain.

10 ThEMKYSIEA PRI LBIFISHSHE Wed KAYRIPESHStein is a single polypeptide

15

20

25

30

with _the f@ﬂ@%%&@%ﬁ_@@ﬁ%ﬁle‘fﬂgniﬁcﬁug@ Hﬁ)frar{ﬁ@efl@@clﬂ' tRctecdiBs comprising,
terminus (the amino acid sequence of the fusion protein being represented

heFERVBNNS EEEs SN Of 89 1901 4R Qo M WAIAIS ERAS paBIENP Riepdingny of the
impasibresistancectoraieasmmal degradation (positions 1 to 6 of SEQ ID NO:
18); 2) influenza A1PR18134 NP protein (positions 7 to 503 of SEQ ID NO:
18; 3) a spaEdldub seliate s tordfe oMt sio risplss i Agcording
504 th& PR ahSmQIBN QLY Ayachimsti2ad eiaaalitdal protairdramu2hcluding
influenza A P.R181§4 M2 pr teiq g%g iHons 50 tolﬁsl(l)]of SEQ)(I)Qi NO:lg&;hS()St cell

a S B S s BB e e <R e IO R the Se bR MR HatEN ¢
(posiiomE8dl of BEQ B Men18)seceedeadnthViei@seractiidanprateit opresent

'”f'ﬂﬁ%l%t?oﬁlﬁl%ﬂ%%ﬂ 1M&B§R)tﬂf%(f@9ﬁ{g %rﬁgﬂ%stge% 91I1§EQS!:'RJ,\IQr %Q:mple, for

and 7) a triglycine spacer immediately followed by a C-terminal hexahistidine
tad{PositidARISSE 18e5i6 drosE e IYNG tha jara indiessrtbycid aer e quichawosition of

enaedpRgdhe fusianrproidir oiome o Ny kdishsepiesanigd et mByepEQntigen
ID NO:17 This fusion Eroteczllipéll?xpressed in a yeast vehicle to produce a
u

can also be tested such transiecte S . .
Tarmogen, is expressed intracelltlarly, and can be combined with the
expressiomefatbeigangEHEE(8 Ges @l A skiace @ Piipbiey BakIXRERRSIOAd are
strategy a %isc sseggjn Example 6 above. Example 8 5The following

ox AP PR ShLIGLLS T3R5 ARIBAIBIS a Tarmogen expressing

influenza HA as an extracellular protein primes a humoral immune response.

Examples

Example 1
The following example describes the engineering of GI-8001 (also generally

referred to in some of the figures as GI-8000), an influenza M1 fusion protein yeast vaccine

of the present invention.

Saccharomyces cerevisiae was engineered to express an influenza M1 fusion protein
under the control of the copper-inducible promoter, CUPI. The fusion protein is a single

polypeptide with the following sequence elements fused in frame from N- to C-terminus
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In this example, a single dose of GI-8000-S, which expresses HA on the
yeast cell surface as a fusion protein with Cwp2 (see Fig. 10B, VK8), was
administered to mice subcutaneously, or the mice were infected with a low
dose of live flu virus intravenously. 10 One week after the immunization, the

HI titers were measured. Another group of mice received 5 YU of GI-8000-S.
Orighvaknafierdtbranenerupi 2bgibisi eneidiciidra ngapermenisd ey PR HfO:4):

thig siiydy giensh DR ARRE G- IDhecifacshaws Bat@nsingedessoafal degradation

GI-8000-S vaccine is capable of eliciting HA neutralizing antibody response )
wit PSS &d&tﬁﬁ%ﬁ&&ﬂe%ﬁrﬁ‘e@ﬁ&@m,asw%i%hgﬁ?‘fﬁa axiiflbrge ! protein
nolpygastdasediactBE 16 Nablp, 3 Gl -8Q001x alaiis Hir@hitbody separate the M1
Immunization HI Titers per animal (# ani e ing)Jnfection.wl lo .
ol RN IR B & e G R LR Sl 1L g
0,01e78)isEsiampie (positiasmibderss EXpredsSiHg VRIS Antigdemyideinteqidssequence
WeéﬁcHéﬁ%"{ﬁ’eR[imﬁ EB@HM@IE%@Q-r@}?é@%&@ﬁ&@ﬂ{‘ﬂ'}é‘sﬂ@ﬂﬁ\f@ﬁp Mn this

disclosed herein provides methods to induce 20 humoral immune res%onses

Wh?éﬁ%&%éegﬁt%%%%Ml gene was cloned from influenza A/PR/8/34/HINI-

infected culture cells by RT-PCR, and the encoded amino acid sequence is an exact match

to the theoretical M1 amino acid sequence from this strain/genotype.

Growth and induction of the yeast (Saccharomyces cerevisiae W303) expressing the
influenza M1 fusion protein was performed in ULDM medium. The pH of this medium
was not adjusted to neutral pH conditions as described herein (i.e., regular yeast growth
conditions were used). Expression of the influenza M1 fusion protein was induced at 0.2
YU/ml with 0.375 mM copper sulfate. The yeast were harvested in mid-exponential phase
and heat killed. The expression of the M1 fusion protein was confirmed by Western blot
analysis of lysates from copper-induced, heat-inactivated GI-8001 yeast (see Fig. 2).

Monoclonal antibodies specific the histidine tag were used for protein detection.

A standard recipe for ULDM media follows:

Component g/L 20L Source
YNB w/o
ammonium sulfate 1.7 34.0 Difco 233520
and amino acids
Ammonium sulfate 5.0 100.0 EMD AX13853
OR
YNB w/o amino 6.7 134.0 Difco
acids
Adenine 0.02 0.4 Sigma A9795
Tryptophan 0.02 0.4 JTBaker 2092
Histidine 0.02 0.4 JTBaker N327
Glucose 25.0 500.0 EMD 1.08342.2500
monohydrate

Female BALB/c mice were injected with 3 weekly doses of PBS alone, or 1 YU or
10 YU of the GI-8001 yeast-based vaccine expressing M1 (denoted "1YU M1" and "10YU

M1", respectively, in Figs. 3A and 3B). The mice were sacrificed 16 days after receiving
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One study was performed with GI-2001 (HIVAX-1), which produces the HIV-1
gp160 envelope protein as an integral yeast cell membrane protein

(Franzusoff et al J. Biol. Chem. 270, 3154-3159 (1995)). Western blot

analysis of serum from mice that had been injected weekly for three weeks

with 2 x 107 (2 YU) of either YVEC or HIVAX-1 strains 25 administered as
livéherescdgrsadt céne sadasionaropiasteroendaricd dong tgaiHseyprrsang yeast as a
lysgigst OJIWaiQm/e&Sh%gph%ﬁﬁ@étﬁluThﬁdéV estarnablet shoyvad) thatdniggie CTL
made antibodies to a variety of yeast-derived proteins and that the pattern of .
antiBBOREs Bt ineYRISS B PR EFEH Bn Hiether T Rifce R reotestbd ity tokine
intacilysiast B8 Kpharoplasis. Sata titoricowde vitmihaizeduaitta BV AXsidn proteins or
sPhgtoplasi POl INASLHIVAX:] YRAS! OLYNEGNEAS OEROSIORIANSy. shown
appeared to contain antibodres specific for gpf’éo. ithout being Sund by
thaaryighis filbientgwhs Hikely tHeievesehatxprésaion withgheGinSPAV Axccingsinduces
an jptesral e PemRanRIRHRIGIR AW kit wouldspot be exposed to B cells

on the surface of intact yeast but would be exposed on the external surface

of spherdpkastsshowsri CWiantasst fdahefrésales distairdd wittlHiviaxed, wehainfluenza

fromm/%macﬂmgeﬁéﬂﬁﬂe@vﬂﬁe auLRrmaRg %%W%Qt%@g%lfév@dp% ifected
demonstrated titers of anti-OVA antibody. This result appeared to be due to

the i {THAT X RER VYA e St OISR M e
periplasniifgépﬁgﬁdrast%@%&%ﬁ%kﬂmmwg}ﬁ%ﬂﬁ@ﬂlg&@y@rq@ms 5. the

released through the cell walls from intact yeast. Thus, the localization of a

he By HEs2aHELR Y WithiA TR T eeathBrREt P8 4Re- DAk deriracinisia shlavegsy- In
to drtesileetmheinas aniigody Waslprosticada TA/PRENETHvesligaiBothéhat GI-8001
abilj east 1o induce anti-OVA antibgdies BALB/c mice were
s s i B R T e bl
belwinfplre month after the second vaccination, the mice were vaccinated

with soluble chijcken ovalbumin (without added adjuvant). Mice that were.

mock vac R T PG o s S AR B0y MaSg daines of the
followsery theesingletohatigngewitiewohghie OV Aldn daya&8lulartontrast, icHA (also
tha Werg Y@%ﬁ@@h%ﬁetleefe@nvatﬁ-éob97oﬁ?@f.'ééo@19m><ays%@éﬁms@%m (also
high-titer anti-OVA antibody response after boosting with soluble O
withéiitsdaes %BWPH. This study shows that an antigen-sparing effect is
achjeved /*A',it}m{mi)%%%lem&zhigh titers of anti-OVA antibodies were
observed in mice that were immunized with OVAX followed prior to boosting

with solubleS@¥a@nyexarape sofcavioryeastiddedyacsing)lbA (H1 or HAT) fusion
CO';QQ{_&” ISRV GART QY shiumPHRr ﬁ%@&‘i’%ﬁ@g M AR PIRIE Pg\{énoter,

especially after a single dose of OVAX plus OVA-Alum. Figs. 14A and 14B
alsthlidstiead the’rdsiiesor Shnifariexperifie Aenmrine OV HINES aifigen is a

antipery Jespenar \bagrinationswassuBqamitOMArAtibadydnmeasieMeRIsN- o C-

Day 0
t¥:rminus (the amino acid sequence of the fusion protein being represented herein by SEQ

ID NO:6): 1) the full length S. cerevisiae Aga2 protein sequence (positions 1 to 87 of SEQ
ID NO:6), including its natural 18 amino acid ER-targeting signal sequence (positions 1 to
18 of SEQ ID NO:6); 2) amino acids 2 to 530 of influenza HA protein (positions 88 to 616
of SEQ ID NO:6), which includes the N-terminal ER-targeting signal sequence of HA
(positions 88 to 105 of SEQ ID NO:6) but excludes 36 C-terminal residues of HA, thus
eliminating its C-terminal membrane anchor and cytoplasmic tail; 3) a triglycine spacer to

separate the body of HA protein from the histidine tag (positions 617 to 619 of SEQ ID
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Day 28 Day 56 Day 0 Day 28 Day 56 Day 65 PBS PBS Soluble OVA <1:50
1:50 <1:50 1:50 OVA- Alum OVA-Alum

NO:6); and 4) a C-terminal hexahistidine tag (positions 620 to 625 of SEQ ID NO:6). A
nucleic acid sequence encoding the fusion protein of SEQ ID NO:6 is represented herein by
SEQ ID NO:5. This fusion protein and the Tarmogen expressing it can be called GI-8000
Aga2-HA or GI-8002.

In this exemplary yeast-based vaccine, the HA gene was cloned from influenza
A/PR/8/34/H1N1-infected culture cells, and the encoded amino acid sequence is not an
exact match to the theoretical HA amino acid sequence from this strain/genotype. An

alignment of the actual and theoretical sequences is shown in Table 1 (see Example 2).
Table 1. Alignment of Theoretical HA protein from A/PR/8/34/H1IN1 (SEQ ID NO:7)
with the actual HA protein region cloned herein (HA signal sequence excluded) (SEQ
ID NO:8).

theoretical_ HA DTICIGYHANNSTDTVDTVLEKNVIVTHSVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGW 60
actual_HA DTICIGYHANNSTDTVDTVLEKNVIVTHSVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGW 60
hokkkhkhkkhhkkkhkhkkhkhkkkhkkkhkhkkkkhkkkkhkkhkh Ak hkkkkkkkkhkkkhkkkkk k& kk*
theoretical_ HA LLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKE 120
actual_HA LLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKE 120
R I i S b I I I I I I e I I I I S I R I S S I I b b b I i b b b b b b S 2 b I S b 2 b I 2 b3
theoretical_ HA SSWPNHNTTKGVTAACSHAGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIH 180
actual_HA SSWPNHN-TNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIH 179
‘k***‘k‘k*:*:‘k‘k**‘k‘k‘k* R I b I I I e I e I I I I I R b b b b b b b b i b b
theoretical_ HA HPSNSKDQONIYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTI 240
actual_HA HPSNSKEQONLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTI 239

khkhkkhkkhkkohkh ke hkhkhkkhhkhkhhkhkhhhkhhhkhhhhhbhkhkhhkhhkhkhhhkrrhkhhhkrkrhkhkhkhkhkhhkkkhkx

Yeast harboring the TEF2::Aga2-HA plasmid were grown to mid-exponential phase
in UDM. The growth conditions using this medium were not adjusted for neutral pH
conditions. Cells were washed and heat-killed, and total protein was extracted from the
cells. Expression of the HA fusion protein was confirmed by Western blot analysis of
lysates from heat-inactivated yeast expressing the protein (Fig. 7). Western blots of total
protein probed with his tag mAb (Fig. 7, right) or an HA-specific mAb (not shown) indicate
that the Aga2-HA protein accumulates to high levels in the yeast.

A standard recipe for UDM medium follows:

Component g/L 20L Source
YNB w/o
ammonium sulfate 1.7 34.0 Difco 233520
and amino acids
Ammonium sulfate 5.0 100.0 EMD AX13853
OR
YNB w/o amino 6.7 134.0 Difco
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Soluble OVA <1:50 1:40000 1:93000 1:22000 0 OVAX OVAX Soluble OVA
1:50 1:4600 1:11000 1:56000 OVAX + OVAX + OVA- Soluble OVA

acids
Adenine 0.02 0.4 Sigma A9795
Tryptophan 0.02 0.4 JTBaker 2092
Histidine 0.02 0.4 JTBaker N327
Leucine 0.03 0.6 JTBaker 2083
Glucose 25.0 500.0 EMD 1.08342.2500
monohydrate

BALB/c female mice, aged 5-10 weeks old, were administered PBS, 0.5 YU GI-
8000 Aga2-HA (GI-8002) or 5 YU GI-8000 Aga2-HA (GI-8002), by either subcutaneous
(100 wl) or intranasal (50 pL) administration, once per week for three weeks. The mice
were sacrificed two weeks after the third dose. Serum was collected for analysis and in
vitro stimulation assays were performed on splenocytes to evaluate CTL responses (using
>ICr-labeled syngeneic P815 tumor cells that had been infected overnight with A/PR/8/34
flu virus) and lymphocyte proliferation. For the proliferation assays, splenocytes were
cultured for five days with GI-8000 Aga2-HA (GI-8002) or UV-inactivated A/PR8

influenza virus. Serum was also collected for antibody analysis.

Fig. 8 shows the results of the CTL assays, and Fig. 9 shows the results of the
lymphocyte proliferation assays. The results show that GI-8000 Aga2-HA induces
influenza virus-specific CTL responses. Administration by the subcutaneous route induced
a more robust CTL response than intranasal administration as a whole. However, the low
dose intranasal administration did induce high levels of CTL responses. The proliferation
assays showed that both routes of administration induced influenza virus-specific
lymphocyte proliferation, although the intranasal route of administration produced lower

levels of proliferation responses as compared to the subcutaneous administration.

The Tarmogen expressing HA as an intracellular antigen described above was also
evaluated for its ability to induce a humoral response as an adjuvant. Specifically, two
doses of antigen (HA from A/PR/8/34) were given on day O and day 21 with or without
adjuvant (adjuvant being the GI-8000-1 Tarmogen described in this example) or Alum. The
HA neutralizing antibody titer was measured for 3 weeks after the second dose of the
antigen. Table 2 shows the results of this experiment. The data showed that GI-8000-I has
excellent ability to serve as an adjuvant for B cell responses. In fact, it works just as well or
better than purified protein without or with added alum as an adjuvant. As such, a lower
dosage of non-yeast-based vaccine can be used to attain the same efficacy in generating

antibody response (i.e., dose-sparing).
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Referring to Figs. 14A and

14B, results of T cell priming (Fig. 14B) and antibody production (Fig. 14A)
for three regimens used are shown. In Fig. 14A, Regimen A (control), in
which only PBS was administered, shows that no ovalbumin-specific antibody
5 titer was detected when PBS was used to boost. In Regimen B, PBS was
administered on days 0 and 28 for priming and when soluble ovalbumin
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Table 3 GI-8000-1 priming protects against flu

Prime Boost HI titers Virus titer in Mean virus titer
(each lungs log,, pfu/g lung
animal, post- | (log,, pfu/g lung) (+/-S.E.)
boost)
None None nd 7.14 7.22
7.41 (+/-0.14)
7.18
7.06
7.32
Inactivated Low dose live 64 0 1.27
A/PR/8/34 | A/PR/8/34 - IN 16 0 (+/- 2.55)
(SO) 16 0
0 5.09
GI-8000-1 Low dose live 256 0 0
(HA) A/PR/8/34 - IN 64 0
(4 doses SC) 32 0
32 0
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This example shows that Tarmogens can induce helper T cells for antibody
production and that the localization of the antigen within the yeast plays an
important role in the amount of antibody that is produced. For example,

studies indicate that yeast expressing HBsAg as a yeast cell surface protein
induce anti-HBsAg antibodies. See, e.g., M.P. 5Schreuder et al., Vaccine,
14(5):383/81g 906y r@imprenagen. T quils feHoWi R biRtmapledsmerssteagsated in flu-
thah aoeastiRasegt YR Ofiihedpvanifruhasabadivyant &ffeeiwNeRgens is that

admixed with a non-yeast-based antigen preparation. In this experiment,

G11B8H2™8 PAFS R HORG IR A RLE 1AW WA LAED RS SHRE B protditiple
wastgsad (peetxamplealalnhiiafe BBLBimenided arpeffgnowp)nmm@rse response, this
immunized subcutaneously on days 1 and 22 with either 5 YU.(5 x 107

Giagos e SO AR & T eSS AR et
virgsnixniRaligegdneidprea vrntiaeBivY.G1-8002 plus the indicated

aft unf o OrBﬁqlﬁ-lgal%\ég xd ;re)flsllJoennza virus. Serum was collected 4 weeks

) ays were performed to determine the
presenceofdanarinalizingantifiadies diventesidis eknisexperhmers) $hawvn protein
that yeast ha adjuvant effect when si \}@ dmixed with BPL-inactivated
M A L R
Gaofhenie hiantigktitep @i@glpmda]ppmganvm thefollowing sequence elements fused in

frame from N- to C-terminus (the amino acid sequence of the fusion protein being
represented herein by SEQ ID NO:20): 1) the full length S. cerevisiae Aga2 protein
sequence (positions 1 to 87 of SEQ ID NO:20), including its natural 18 amino acid ER-
targeting signal sequence (positions 1 to 18 of SEQ ID NO:20); 2) the N-terminal ER-
targeting signal sequence corresponding to residues 1 to 16 of H1 HA (positions 88 to 105
of SEQ ID NO:20), 3) H5 HA from avian flu strain A/Vietnam/1203/2004 (positions 106 to
620 of SEQ ID NO:20); which excludes 36 C-terminal residues of HA, thus eliminating its
C-terminal membrane anchor and cytoplasmic tail, and; 4) a C-terminal hexahistidine tag
(positions 621 to 626 of SEQ ID NO:20). A nucleic acid sequence encoding the fusion
protein of SEQ ID NO:20 is represented herein by SEQ ID NO:19.

Example 3
The following example describes the engineering of another HA fusion protein,
referred to herein as HA1 in a yeast vaccine (which can be generically referenced herein as

GI-8000-S) of the present invention.

This fusion protein was designed to provide extracellular expression, as well as
intracellular expression, of the HA fusion protein by the yeast. The fusion protein
comprising the N-terminal portion of the influenza HA antigen (HA1) is a single
polypeptide with the following sequence elements fused in frame from N- to C-terminus
(the amino acid sequence of the fusion protein being represented herein by SEQ ID NO:10):
1) the full length S. cerevisiae Aga2 protein sequence (positions 1 to 89 of SEQ ID NO:10)
including its natural 18 amino acid ER-targeting signal sequence (positions 1 to 18 of SEQ

ID NO:10), 2) amino acids 17 to 342 of influenza HA protein (positions 90 to 415 of SEQ
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(reciprocal) Adjuvant Antigen 5 YU GI- 8002 None <4, <4,<4,<4,<4 <4 <4

ID NO:10), which excludes the 16 amino acid N-terminal ER-targeting signal sequence of
HA and excludes the 36 C-terminal residues of HA comprising its C-terminal membrane
anchor and cytoplasmic tail; 3) a triglycine spacer (positions 416 to 418 of SEQ ID NO:10)
to separate the body of HA1 protein from the histidine tag; and 4) a C-terminal
hexahistidine tag (positions 419 to 424 of SEQ ID NO:10). This protein, when expressed in
cells that also express Agalp, localizes to the outer cell wall of the yeast cell (See Fig. 10A
for a schematic depiction of extracellular expression using this technique). The protein will
also be expressed intracellularly. A nucleic acid sequence encoding the fusion protein of

SEQ ID NO:10 is represented herein by SEQ ID NO:9.

In this exemplary yeast-based vaccine, the HA gene was cloned from influenza
A/PR/8/34/HINI1 egg stock and the encoded amino acid sequence is not an exact match to
the theoretical HA amino acid sequence from this strain/genotype. An alignment of the
actual and theoretical sequences is shown in Table 4. There are 10 amino acid mismatches

between the two sequences.

Table 4. Alignment of theoretical HA1 region (SEQ ID NO:11) with actual HA1
sequence that was cloned herein (SEQ ID NO:12).

theoretical_ HA - DTICIGYHANNSTDTVDTVLEKNVTVTHSVN 31

actual_HAL SVTFVSNCGSHPSTTSKGSPINTQYVFTSDTICIGYHANNSTDTVDTVLEKNVTATHSVN 120
*************************.*****

theoretical_ HA LLEDSHNGKLCRLKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICY 91

actual_HAL LLEDSHNGKLCRLKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICY 180
R I i S i I I i I I I e I I e I S I R I S S I I i b b b i b b I b b b I b b I S b 2 b I 2 b3

theoretical_ HA PGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHNTTKGVTAACSHAGKSSFYRNLLWL 151

actual_HAL PGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHN-TNGVTAACSHEGKSSFYRNLLWL 239
‘k***‘k‘k***‘k‘k‘k************************:‘k:**‘k‘k‘k**‘k Kk Kk Kk Kk hkk kK kkkk

theoretical_ HA TEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPSNSKDQONIYQNENAYVSVVTSNYNRRFT 211

actual_HAL TEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPSNSKEQQONLYQNENAYVSVVTSNYNRRET 299

khkhkhkhkhkhkhkhkhhkhkhkhkkhhkhkhkhkhkkhhhhkhhkkhkhhkhkhkhkhkhkhkehkhkkhoehkhkhkhkhhhkrkhkhkhkhhkhkhhkhhkhk

theoretical_ HA PEIAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPRYAFALSRGFGSGIITSNAS 271
actual_HAL PEIAERPKVRDQAGRMNYYWILLKPGDTIIFEANGNLIAPMSAFALSRGFGSGIITSNAS 359

khkkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkkhhkrkhkhkkhkkhhkrhrkhkkhkkhkhkrkkkkkx khkkhkkhkkhkhkhkhkhkkhkhkhkkkkkkk

theoretical_ HA MHECNTKCQTPLGAINSSLPFONIHPVTIGECPKYVRSAKLRMVTGLRNIPSIQSRGLFG 331
actual_HAL MHECNTKCQTPLGAINSSLPYQONIHPVTIGERPKYVRSAKLRMVTGLRNIPSIQSRG——- 416

R b b I b b b I b b I e N I I I Ik I S S R S b b b b b b b b b b I I I I

Expression of the fusion protein was confirmed by Western blot analysis of lysates
from copper-induced, heat-inactivated yeast (see Fig. 17). After copper induction in UDM,
under regular (not neutral pH) conditions to induce Agal synthesis, constitutively expressed
Aga2-HA1 was released from Agal at the cell surface of live cells with 50 mM DTT and
the DTT eluate was treated with glycosidase enzymes PNGase F or ENDO-h for 1h. The
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None 1 ug A/PR/8/34 8, 16, 4, <4,8 8 95 YU GI- 8002 1 ug A/PR/8/34 32, 32,
16, 32, 32 27.9 28.8

reactions were analyzed for Aga-HA1 content by Western blot (Fig. 17). Both intracellular

and cell surface HA1 expression were observed.

Example 4
The following example describes the engineering of another HA fusion protein yeast

vaccine of the present invention.

Another yeast vehicle was engineered to express the hemagglutinin (HA) protein,
HS5, from avian flu strain A/Vietnam/1203/2004 (H5-N1), as a yeast cell surface
(extracellular) protein, also referred to as TK88 (Aga2-HS HA), which will also be located
intracellularly. Referring again to the top panel of Fig. 10A, the construction for surface
expression is exemplified. The fusion protein comprising the influenza HA antigen (HS) is
a single polypeptide with the following sequence elements fused in frame from N- to C-
terminus (the amino acid sequence of the fusion protein being represented herein by SEQ
ID NO:14): 1) the full length S. cerevisiae Aga2 protein sequence (amino acids 1 to 87 of
SEQ ID NO:14), including its natural 18 amino acid ER-targeting signal sequence; 2) amino
acids 2 to 530 of influenza H5 HA protein (positions 88 to 616 of SEQ ID NO:14), which
lacked the N-terminal ER-targeting signal sequence of HA and also excluded the 36 C-
terminal residues of HA, thus eliminating its C-terminal membrane anchor and cytoplasmic
tail; 3) a triglycine spacer to separate the body of HA protein from the histidine tag
(positions 617 to 619 of SEQ ID NO:14); and 4) a C-terminal hexahistidine tag (positions
620 to 625 of SEQ ID NO:14). This protein, when expressed in cells that also express
Agalp, localizes to the outer cell wall of the yeast cell, as well as to the cytosol and ER. A
nucleic acid sequence encoding the fusion protein of SEQ ID NO:14 is represented herein

by SEQ ID NO:13.

This Tarmogen has been expressed using both neutral pH conditions described
herein and under normal yeast growth conditions. When expressed using neutral pH
conditions, the fusion protein is detected on the cell wall (surface). Neutral pH conditions
increase the efficiency of expression of the proteins and improve the ability to detect the
presence of the protein on the surface due to the pH effects on the cell wall and the ability of

HA-specific antibodies to detect the surface expressed protein.

Example 5
The following example describes the production of additional constructs where

antigens have been engineered to be targeted to the yeast surface (extracellular constructs).
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None 10 ug A/PR/8/34 8, 16, 16, 16,8 12.1 12.8 5 YU GI- 8002 10 ug
A/PR/8/34 8, 128, 8, ND., ND. 20.2 48 * ND. = not determined due to
technical problems with retro-orbital bleeding

Additional Tarmogens have been engineered to express the hemagglutinin (HA)
protein, from influenza as a yeast cell surface (extracellular) protein. The proteins are also
expressed intracellularly in the yeast. Referring again to the top panel of Fig. 10A, the

construction for surface expression is exemplified.

Fig. 10B schematically illustrates several specific constructs for surface expression
of antigen and shows how various yeast proteins can be used as spacer arms. While the
constructs were used to express influenza HA, any protein could be expressed using these

methods and constructs.

Aga2-HA HIFusion Protein (Surface)

A fusion protein denoted TK75-15, shown schematically in Fig. 10B (upper left), was
engineered to express influenza HA protein on the cell wall using the Aga2 sequence,
driven by the TEF2 promoter. In this construct the protein was constructed with the HA
sequence C-terminal to the Aga2 sequence. This protein, when expressed in cells that also
express Agalp (in this case, driven by the CUPI promoter), localizes to the outer cell wall
of the yeast cell, as well as to the cytosol, as shown in Fig. 10B (upper left). The fusion
protein comprising the influenza HA antigen is a single polypeptide with the following
sequence elements fused in frame from N- to C-terminus (the amino acid sequence of the
fusion protein being represented herein by SEQ ID NO:36): 1) the full length S. cerevisiae
Aga? protein sequence (positions 1 to 87 of SEQ ID NO:36), including its natural 18 amino
acid ER-targeting signal sequence (positions 1 to 18 of SEQ ID NO:36; 2) a spacer to
separate the Aga2 from the HA body (positions 88 and 89); 3) influenza HA protein lacking
its signal sequence (positions 90 to 600 of SEQ ID NO:36), and lacking 36 C-terminal
residues of HA, thus eliminating its C-terminal membrane anchor and cytoplasmic tail; 4) a
triglycine spacer to separate the body of HA protein from the histidine tag (positions 601-
603 of SEQ ID NO:36); and 5) a C-terminal hexahistidine tag (positions 604-609 of SEQ
ID NO:36). A nucleic acid sequence encoding the fusion protein of SEQ ID NO:36 is
represented herein by SEQ ID NO 35. This fusion protein and the Tarmogen expressing it
can be called 75-15.

HA HI-Aga2 Fusion Protein (Surface)

A fusion protein denoted VK4, shown schematically in Fig. 10B (upper right), was
engineered to express influenza HA protein on the cell wall using the Aga2 sequence,

driven by the TEF2 promoter. In this construct the protein was constructed with the HA
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Anﬂlse Pq g%renfar I(Eoné Eérml Qt?l)e %%?n%]aéld sequence of the fusion protein being
represented herein by SEQ ID NO:26): 1) the Aga2 ER-targeting signal sequence (amino
acids 1 to 19 of SEQ ID NO:26); 2) HI HA from A/PR/8/34, lacking its signal sequence
and C-terminal transmembrane domain (positions 20 to 533 of SEQ ID NO:26); 3) a spacer
to separate the body of HA protein from the histidine tag (positions 534 to 535 of SEQ ID
NO:26); 4) a hexahistidine tag (positions 536 to 541 of SEQ ID NO:26); 5) an enterokinase
cleavage site (positions 542 to 548 of SEQ ID NO:26; 6) Aga2 lacking its signal sequence
(positions 549 to 614 of SEQ ID NO:26. A nucleic acid sequence encoding the fusion
protein of SEQ ID NO:26 is represented herein by SEQ ID NO:25.HA H5-Aga2 Fusion

Protein (Surface)

A fusion protein denoted VK11, similar to VK4 described above, except that it
includes the H5S HA protein from avian influenza (A/Vietnam/1203/04), was engineered to
express influenza HA HS protein on the cell wall using the Aga2 sequence. In this construct
the protein was constructed with the HA sequence N-terminal to the Aga2 sequence. This
protein, when expressed in yeast, localizes to the outer cell wall of the yeast cell, and is also
present intracellularly. The fusion protein comprising the influenza HA antigen (HS) is a
single polypeptide with the following sequence elements fused in frame from N- to C-
terminus (the amino acid sequence of the fusion protein being represented herein by SEQ
ID NO:22): 1) the Aga2 ER-targeting signal sequence (amino acids 1 to 19 of SEQ ID
NO:22); 2) HS HA from A/Vietnam/1203/04, lacking its signal sequence and C-terminal
transmembrane domain (positions 20 to 536 of SEQ ID NO:22); 3) a hexahistidine tag
(positions 537 to 542 of SEQ ID NO:22); 4) an enterokinase cleavage site (positions 543 to
548 of SEQ ID NO:22; 5) Aga2 lacking its signal sequence (positions 549 to 616 of SEQ ID
NO:22. A nucleic acid sequence encoding the fusion protein of SEQ ID NO:22 is
represented herein by SEQ ID NO:21.

HA HI -Cwp2 Fusion Protein (Surface)

A fusion protein denoted VK8, shown schematically in Fig. 10B (lower left), was

engineered to express influenza HA protein on the cell wall using the Cwp2 sequence,
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protein from the histidine tag (positions 536 to 537 of SEQ ID NO:28); 4) a hexahistidine
tag (positions 538 to 543 of SEQ ID NO:28); 5) an enterokinase cleavage site (positions 544
to 549 of SEQ ID NO:28; 6) Cwp?2 lacking its signal sequence (positions 550 to 617 of SEQ
ID NO:28. A nucleic acid sequence encoding the fusion protein of SEQ ID NO:28 is

represented herein by SEQ ID NO:27.

HA H5 -Cwp2 Fusion Protein (Surface)

A fusion protein denoted VK12, similar to VK8 described above, except that it
includes the H5S HA protein from avian influenza (A/Vietnam/1203/04), was engineered to
express influenza HA HS protein on the cell wall using the Cwp2 sequence. This protein
localizes to the outer cell wall of the yeast cell, and is also present intracellularly. The
fusion protein comprising the influenza HA antigen (HS) is a single polypeptide with the
following sequence elements fused in frame from N- to C-terminus (the amino acid
sequence of the fusion protein being represented herein by SEQ ID NO:24): 1) the Suc2
invertase signal sequence (amino acids 1 to 21 of SEQ ID NO:24); 2) H5S HA from
A/Vietnam/1203/04, lacking its signal sequence and C-terminal transmembrane domain
(positions 22 to 536 of SEQ ID NO:24); 3) a spacer to separate the body of HA protein from
the histidine tag (positions 537 to 538 of SEQ ID NO:24); 4) a hexahistidine tag (positions
539 to 544 of SEQ ID NO:24); 5) an enterokinase cleavage site (positions 545 to 550 of
SEQ ID NO:24); 6) Cwp2 lacking its signal sequence (positions 551 to 618 of SEQ ID
NO:24. A nucleic acid sequence encoding the fusion protein of SEQ ID NO:24 is
represented herein by SEQ ID NO:23.

HA-Fusion Protein for Spheroplast Expression (Surface)

A fusion protein denoted Lu002, shown schematically in Fig. 10B (lower right), was
engineered to express influenza HA protein with the transmembrane domain intact on the

plasma membrane of a yeast spheroplast, driven by the TEF2 promoter. This protein
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COMSIIUCt expresse very well on its cell surface as compared to the yeast vehicle alone

(GI-1001 or YVEC).

Figs. 12A-12G show histograms where various approaches (described above and
illustrated in Fig. 10B) have been utilized to express influenza HA protein on the surface of
yeast vehicles. These experiments were all conducted under normal yeast growth
conditions (i.e., neutral pH conditions were not used). Figs. 12A-12C illustrate expression
by the Tarmogens expressing VK4 and TK75-15, which use the Aga2 spacer arm or linker,
fused in two different orientations as discussed above. Fig. 12A shows expression by the
control (non-transformed) yeast (YEX). Fig. 12B shows expression of VK4, and Fig. 12C
shows expression of TK75-15. Figs. 12D-12G show other possible configurations for
surface expression of HA. Fig. 12D is again the yeast control (YEX). Figs. 12E and 12F
show the Tarmogen expressing VK8, which uses Cwp2 as a spacer arm for expression of
HA. These figures also illustrates the effects of modulating glycosylation of the yeast on
expression of the protein. The deglycosylated VK8-expressing Tarmogen (Fig. 12F) has
improved surface expression of HA as compared to the glycosylated VKS8-expressing
Tarmogen (Fig. 12E). Finally, Fig. 12G shows expression of HA by the Lu002-expressing

Tarmogen, which is a spheroplast expressing HA on the plasma membrane.

These results demonstrate that a variety of constructs can be used to successfully

express antigens on the surface (extracellularly) of yeast vehicles of the invention.

Example 6
The following example describes the engineering of another influenza fusion protein
yeast vaccine of the present invention, where combinations of influenza proteins are

expressed intracellularly by the yeast vehicle.

A Tarmogen was engineered to express the matrix protein (M1) nucleocapsid
protein (NP) and ion channel protein extracellular sequences (M2e) as an intracellular

fusion protein under the control of the TEF2 promoter (see Fig. 13A, in which expression of
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following sequence elements fused in frame from N- to C-terminus (the amino acid
sequence of the fusion protein being represented herein by SEQ ID NO:16): 1) the sequence
MADEAP (SEQ ID NO:1) to impart resistance to proteasomal degradation (positions 1 to 6
of SEQ ID NO:16); 2) influenza A/PR/8/34 M1 protein (positions 7 to 260 of SEQ ID
NO:16); 3) a spacer to separate the M1 protein from the NP protein (positions 261 to 262 of
SEQ ID NO:16); 4) influenza A/PR/8/34 NP protein (positions 263 to 760 of SEQ ID
NO:16; 5) a spacer to separate the NP protein from the M2e proteins (positions 761 to 762
of SEQ ID NO:16); 6) a first M2e (extracellular) protein from influenza A/PR/8/34 M2
protein (positions 763 to 787 of SEQ ID NO:16); 7) a second M2e (extracellular) protein
from influenza A/Viet Nam/1203/2004 M2 protein (positions 788 to 811 of SEQ ID
NO:16); 8) a spacer to separate the second M2e protein from the third M2e protein
(positions 812 to 813 of SEQ ID NO:16); 9) a third M2e (extracellular) protein from
influenza A/PR/8/34 M2 protein (positions 814 to 838 of SEQ ID NO:16); 10) a fourth M2e
protein consisting of (extracellular) protein from influenza A/Viet Nam/1203/2004 M2
protein (positions 839 to 862 of SEQ ID NO:16); and 11) a C-terminal hexahistidine tag
(positions 864 to 869 of SEQ ID NO:16). A nucleic acid sequence encoding the fusion
protein of SEQ ID NO:16 is represented herein by SEQ ID NO:15.

Referring to Fig. 13A and Fig. 13B, a schematic illustration of the use of a
Tarmogen expressing the M1-NP-4xM2e fusion protein (SEQ ID NO:16) in conjunction
with an additional construct is shown. Specifically, the fusion protein represented by SEQ
ID NO:16 has also been produced in a single plasmid that also contains a second construct
encoding an HA protein under the control of the CUPI promoter. The expression of this
plasmid results in the intracellular expression of the M1-NP-4xM2e fusion protein and the
HA protein. The expression of HA can also be achieved via the use of a second
independent construct. Additional Tarmogens to be produced include the use of the
construct depicted in Fig. 13B (corresponding to the VK8 construct described above), which
causes extracellular (surface) expression of the HA protein. This fusion protein can be

expressed in the same Tarmogen with the M1-N1-4xM2e fusion protein described above,
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SEQ ID NO:16. 2.The immunogenic composition of Claim 1, wherein the
fusion protein is under the under the control of the TEF2 promoter. 3.The
immunogenic composition of Claim 1, wherein the yeast vehicle is from 10
Saccharomyces. 4.The immunogenic composition of Claim 1, wherein the
yeast vehicle is a whole, heat-inactivated yeast. S.The immunogenic
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Celgyisiae TARR NEHPRIUNAAGRIC ROMBASINON Of (CIAIMploWREERIR e be provided
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further comprising at least one 20.compound selected from the grou .

conl I o e G AR AR SR Rorcsion is o
imANAEGERIc WHTipUsitibactsmpisinty: for both B cell responses and uptake by antigen

presenting cells such as dendritic cells for cell-mediated immune responses.

Example 7
The following example describes the engineering of another influenza fusion protein
yeast vaccine of the present invention, where combinations of influenza proteins are

expressed intracellularly by the yeast vehicle.

A Tarmogen has been produced that expresses an NP-2xM2e fusion protein and a

Tarmogen has been produced that expresses an NP-4xM?2e fusion protein.

The NP-4xM2e fusion protein is constructed in the same manner as the M1-N1-
4xM?2e fusion protein described in Example 6 and represented by SEQ ID NO:16, except

that the M1 portion of the construct is not included.

In the NP-2xM2e fusion protein, the NP (N1) and 2 copies of M2e sequence are all
from the A/PR/8/34 influenza strain. The fusion protein comprising the N1-2xM2e protein
is a single polypeptide with the following sequence elements fused in frame from N- to C-
terminus (the amino acid sequence of the fusion protein being represented herein by SEQ
ID NO:18): 1) the sequence MADEAP (SEQ ID NO:1) to impart resistance to proteasomal
degradation (positions 1 to 6 of SEQ ID NO:18); 2) influenza A/PR/8/34 NP protein
(positions 7 to 503 of SEQ ID NO:18; 3) a spacer to separate the NP protein from the M2e
proteins (positions 504 to 505 of SEQ ID NO:18); 4) a first M2e (extracellular) protein from
influenza A/PR/8/34 M2 protein (positions 506 to 530 of SEQ ID NO:18); 5) a spacer to
separate the first M2e protein from the second M2e protein (position 531 of SEQ ID
NO:18); 6) a second M2e (extracellular) protein from influenza A/PR/8/34 M2 protein
(positions 532 to 555 of SEQ ID NO:18); and 7) a triglycine spacer immediately followed
by a C-terminal hexahistidine tag (positions 556 to 564 of SEQ ID NO:18). A nucleic acid
sequence encoding the fusion protein of SEQ ID NO:18 is represented herein by SEQ ID
NO:17.
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a) a yeast vehicle; and b) a fusion protein comprising influenza sequences

and expressed as a single 25 intracellular fusion protein by the yeast vehicle,

the influenza sequences consisting of: an M1 protein or an immunogenic

domain thereof, an NP protein or an immunogenic domain thereof, and at

least one M2e protein or an immunogenic domain thereof. 10.The
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addition of soluble purified protein, or without the addition of a non-yeast-based vaccine.

15

Table 5 GI-8000-S elicits HA antibody

HI Titers per animal

Immunization (# animals responding)

Infection w/ low dose live flu virus

(IN) 8,8,4,0,0 (3/5)

GI-8000-S

(single dose, SC) 16,8,8,0,0 (3/5)

Example 9
Tarmogens expressing various antigens of interest were used to prime for antibody
production. As discussed infra, the invention disclosed herein provides methods to induce

20  humoral immune responses, which include antibody responses.

One study was performed with GI-2001 (HIVAX-1), which produces the HIV-1
gp160 envelope protein as an integral yeast cell membrane protein (Franzusoff et al J. Biol.
Chem. 270, 3154-3159 (1995)). Western blot analysis of serum from mice that had been
injected weekly for three weeks with 2 x 107 (2 YU) of either YVEC or HIVAX-1 strains

25 administered as live, intact yeast cells or as spheroplasts was carried out against whole
lysates of intact yeast or spheroplasts. The Western blot showed that mice made antibodies

to a variety of yeast-derived proteins and that the pattern of antibodies obtained was
97



16. The immunogenic composition of Claim 9, wherein the yeast vehicle is

from a non-pathogenic yeast. 17. The immunogenic composition of

Claim 9, wherein the yeast vehicle is from 15 Saccharomyces. 18. The
immunogenic composition of Claim 9, wherein the yeast vehicle is a whole,
heat-inactivated yeast. 19. The immunogenic composition of Claim 18,
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€ Immunogenic

vehicle is from Saccharomyces cerevisiae.
OVAX, a Tarmogen producing chicken ovalbumin demonstrated titers of anti-OVA

antibody. This result appeared to be due to the fact that chicken ovalbumin is secreted
predominantly in the periplasmic space in the OVAX yeast strain and that some soluble
protein is released through the cell walls from intact yeast. Thus, the localization of a
heterologous antigen within the recombinant yeast-based vaccine appeared to determine

whether antibody was produced.

To further investigate the ability of OVAX yeast to induce anti-OVA antibodies,
BALB/c mice were vaccinated once a month for two months with the antigens shown in the
table below. One month after the second vaccination, the mice were vaccinated with
soluble chicken ovalbumin (without added adjuvant). Mice that were mock vaccinated with
PBS did not mount an anti-OVA antibody response following the single challenge with
soluble OVA on day 56. In contrast, mice that were vaccinated twice with 2 x 10’ 2 YU)
OVAX yeast mounted a high-titer anti-OVA antibody response after boosting with soluble
OVA without added adjuvant. This study shows that an antigen-sparing effect is achieved
with Tarmogens in that high titers of anti-OVA antibodies were observed in mice that were
immunized with OVAX followed prior to boosting with soluble OVA (an example of a non-
yeast-based vaccine) or co-administered OVAX and OVA-Alum prior to boosting with
soluble OV A, especially after a single dose of OVAX plus OVA-Alum. Figs. 14A and 14B

also illustrate the results for similar experiments.

Table 6 OVAX primes an antibody response

Vaccinations Serum anti-OV A antibody measurements
Day 0 Day 28 Day 56 Day 0 Day 28 Day 56 | Day 65
PBS PBS Soluble OVA | <1:50 1:50 <1:50 1:50
OVA- OVA-Alum Soluble OVA | <1:50 | 1:40000 | 1:93000 | 1:22000
Alum 0
OVAX OVAX Soluble OVA 1:50 1:4600 1:11000 | 1:56000
OVAX + | OVAX + OVA- | Soluble OVA | <1:50 | 1:86000 | 1:128000 | 1:27400

98




10

15

20

25

30

| OVA-Al | Al | | | | | 0

Referring to Figs. 14A and 14B, results of T cell priming (Fig. 14B) and antibody
production (Fig. 14A) for three regimens used are shown. In Fig. 14A, Regimen A
(control), in which only PBS was administered, shows that no ovalbumin-specific antibody
titer was detected when PBS was used to boost. In Regimen B, PBS was administered on
days 0 and 28 for priming, and when soluble ovalbumin protein (ova) was used to boost on
day 56, no ovalbumin-specific antibody titer was detected by day 65. In Regimen C, a yeast
vehicle expressing ovalbumin (OVAX) was used for priming, and when soluble ovalbumin
protein was used to boost, a rapid generation of high antibody titers was observed. Fig. 14B
shows the results of a T cell activation assay using various amounts of soluble ovalbumin
protein for the in vitro restimulation of T cells harvested from mice immunized by each of
the three regimens described above. Regimen C was effective for inducing cell-mediated

immune responses.

Example 10
The following example demonstrates that a Gag-producing Tarmogen primes

antigen-specific helper T cells.

The purpose of the following example was to ascertain the ability of GI-2010, a
Tarmogen producing HIV-1 Gag protein as a cytoplasmic protein, to prime antigen-specific
helper T cells for antibody production. Groups of 5 BALB/c mice were injected with either
saline, 2 YU YVEC or 2 YU GI-2010 (subcutaneously on days 0, 7, and 21) or with either 1
x 10 pfu MVA-control or 1 x 10" MVA-UGD (recombinant Modified Vaccinia Ankara
virus encoding HIV-1 Gag; intraperitoneally on days O and 21). Mice immunized with
saline or yeast were subsequently injected with 5 ug recombinant p24 Gag protein in saline
(without adjuvant) on day 28. Anti-p24 Gag antibody titers were determined by ELISA
from mouse serum samples isolated throughout the study. The results, shown in Fig. 15,
show that mice that were immunized with GI-2010 did not develop detectable p24 Gag-
specific antibody unless they were boosted with soluble Gag protein. As antibodies were
not produced by mice injected with saline or YVEC, this data indicates that GI-2010 primes
helper T cells in vaccinated mice to boost the B cell responses elicited by soluble Gag

protein without adjuvant.

99



10

15

20

This example shows that Tarmogens can induce helper T cells for antibody
production and that the localization of the antigen within the yeast plays an important role in
the amount of antibody that is produced. For example, studies indicate that yeast expressing
HBsAg as a yeast cell surface protein induce anti-HBsAg antibodies. See, e.g., M.P.
Schreuder et al., Vaccine, 14(5):383-8 (1996).

Example 11
The following example demonstrates that a yeast-based vaccine of the invention has

an adjuvant effect when admixed with a non-yeast-based antigen preparation.

In this experiment, GI-8002, a Tarmogen producing A/PR/8/34 HA as a cytoplasmic
protein was used (see Example 2). In brief, BALB/c mice (5 per group) were immunized
subcutaneously on days 1 and 22 with either 5 YU (5 x 107) GI-8002 yeast cells alone, with
1 ug or 10 ug of BPL-inactivated influenza virus (A/PR/8/34) alone, or with the 5 YU GI-
8002 plus the indicated amount of BPL-inactivated influenza virus. Serum was collected 4
weeks after the second dose, and HI assays were performed to determine the presence of
neutralizing antibodies. The results of this experiment show that yeast has an adjuvant effect

when simply admixed with BPL-inactivated virus for induction of neutralizing antibodies.

Table 7
Treatment HI titer Geometric mean HI Mean HI titer
Adjuvant Antigen titer (reciprocal)
(reciprocal)
5 YU GI- None <4,<4,<4,<4, <4 <4
8002 <4
None 1 ug A/PR/8/34 8,16,4,<4,8 8 9
5 YU GI- 1 ug A/PR/8/34 | 32,32, 16, 32,32 27.9 28.8
8002
None 10 ug 8,16, 16, 16, 8 12.1 12.8
A/PR/8/34
5 YU GI- 10 ug 8,128, 8, N.D., 20.2 48
8002 A/PR/8/34 N.D.

* N.D. = not determined due to technical problems with retro-orbital bleeding

The disclosure of all patents, patent applications, and publications cited herein are

hereby incorporated by reference in their entirety for all purposes.
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U.S. Provisional Application Serial No. 60/765,025, filed February 2, 2006

While various embodiments of the present invention have been described in detail, it
is apparent that modifications and adaptations of those embodiments will occur to those
skilled in the art. It is to be expressly understood, however, that such modifications and

adaptations are within the scope of the present invention, as set forth in the following

claims.

102



10

15

20

25

30

What is claimed is:

1. An immunogenic composition comprising:
a) a yeast vehicle; and
b) an influenza virus fusion protein expressed as a single intracellular fusion

protein by the yeast vehicle, the fusion protein consisting of the amino acid sequence of
SEQ ID NO:16.
2. The immunogenic composition of Claim 1, wherein the fusion protein is

under the under the control of the TEF2 promoter.

3. The immunogenic composition of Claim 1, wherein the yeast vehicle is from
Saccharomyces.
4. The immunogenic composition of Claim 1, wherein the yeast vehicle is a

whole, heat-inactivated yeast.

5. The immunogenic composition of Claim 4, wherein the yeast vehicle is from
Saccharomyces cerevisiae.

6. The immunogenic composition of Claim 1, wherein the immunogenic
composition is formulated for intranasal delivery.

7. The immunogenic composition of Claim 1, wherein the immunogenic
composition is formulated for oral delivery.

8. The immunogenic composition of Claim 1, further comprising at least one

compound selected from the group consisting of: cytokines, hormones, and small molecule

drugs.
9. An immunogenic composition, comprising:
a) a yeast vehicle; and
b) a fusion protein comprising influenza sequences and expressed as a single

intracellular fusion protein by the yeast vehicle, the influenza sequences consisting of: an
M1 protein or an immunogenic domain thereof, an NP protein or an immunogenic domain
thereof, and at least one M2e protein or an immunogenic domain thereof.

10. The immunogenic composition of Claim 9, wherein the influenza sequences
comprise at least two M2e proteins, derived from at least two different influenza strains.

11. The immunogenic composition of Claim 10, wherein the different influenza
strains are A/PR/8/34 influenza virus strain and A/Vietnam/1203/04 influenza virus strain.

12. The immunogenic composition of Claim 9, wherein the influenza sequences
consist of an M1 protein, an NP protein, and four M2e proteins.
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13.  The immunogenic composition of Claim 9, wherein the fusion protein
consists of a single polypeptide with the following sequence elements fused in frame from
N- to C-terminus: (1) an N-terminal synthetic peptide that stabilizes the expression of the
fusion protein in the yeast vehicle or prevents posttranslational modification of the
expressed fusion protein; (2) an M1 protein; (3) a spacer peptide; (4) an NP protein; (5) a
spacer peptide; (6) a first M2e protein; (7) a second M2e protein; (8) a spacer peptide; (9) a
third M2e protein; (10) a fourth M2e protein; and (11) a C-terminal peptide tag.

14.  The immunogenic composition of Claim 9, wherein the expression of the
fusion protein is under the control of an inducible promoter.

15. The immunogenic composition of Claim 14, wherein the promoter is selected
from the group consisting of CUP1 and TEF2.

16.  The immunogenic composition of Claim 9, wherein the yeast vehicle is from

a non-pathogenic yeast.

17. The immunogenic composition of Claim 9, wherein the yeast vehicle is from
Saccharomyces.
18.  The immunogenic composition of Claim 9, wherein the yeast vehicle is a

whole, heat-inactivated yeast.

19. The immunogenic composition of Claim 18, wherein the yeast vehicle is
from Saccharomyces cerevisiae.

20.  The immunogenic composition of Claim 9, further comprising at least one

compound selected from the group consisting of: cytokines, hormones, and small molecule

drugs.
21. An immunogenic composition comprising:
c) a yeast vehicle; and
d) an influenza virus fusion protein expressed as a single intracellular fusion

protein by the yeast vehicle, the fusion protein consisting of the amino acid sequence of
SEQ ID NO:6.

22. The immunogenic composition of Claim 21, wherein the yeast vehicle is a
whole, heat-inactivated yeast.

23.  The immunogenic composition of Claim 22, wherein the yeast vehicle is

from Saccharomyces cerevisiae.
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