VACCI NE CROSS- REFERENCE TO RELATED APPLI CATI ONS [001] This application
clains benefit of the filing date of United States Provisional Application
Nunmber 6IWd19102E8743f1 | ed 24 June 2009, the di scl osure ofPCWEP#H0/059006

i ncorporated herein by reference. COPYRI GHT NOTI FI CATI ON PURSUANT TO 37
CFR 1.71(E) [002] A portion of the disclosure of this patent docunent
contains material which is subject to copyright protection. The copyright
owner has no objection to the facsimle reproduction by anyone of the

pat ent docunment or the patent disclosure, as it appears in the Patent and
Tradenark Office patent file or redo¥esIN l%ut ot herwi se reserves al
copyright rights what soever. BACKGROUND [ 003] This disclosure concerns the
field of immnol ogycd&%gseRﬁ@EREﬁwEaﬁbmamﬂmﬁme@l ates to

conposi tions and methods for eliciting an immune response that reduces

i nfecti a
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nost coannn causes of lower respiratory tract infections (LRI) in infants
| ess t AaR“Bfe year of age. The spectrum of di sease caused by these viruses
includes a wide array of respiratory synptons fromrhinitis and otitis to
pneunoni a and bCORYRIGHTINOTIRIOA TIGNtREFRIWANTI KRB EF.Re hgl@ysoci ated with
considerable norbidity and nortality. [005] Respiratory syncytial virus
(RSV) i[6023 papdregestthe &ﬂs&lb@u@&fthiaq)afeamldcumeﬁtr@m@\thart&da@h@ubhaﬂéclt ¥
Pneunovi ri nae, genus Pneunovirus. The genone of I.s.a negatlve sense RNA
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envel ope. Two groups of human V' strains hav een described, the A and B
gr oups Ofbeseadens fil o rfrEerrds betsotharwiskh ecsanves glé pdnyiright raghts \hbat@egttycopr ot ei n.

[006] Human metapneunovirus (hMPV), Ii ke human respiratory syncytial virus
(RSV), is classified in the Pneumpyig %Ixﬁj’bf am ly of the Paranyxoviridae
famly. However, hMPV is nost close y gen cally related to avian
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viruse aSSI enus a n unovi rus, h
relates to composmons and methods for eliciting an immune response that reduces infection

and/or symptoms of infection by the leading causes of lower respiratory tract infection.

[004] Human Respiratory Syncytial Virus (RSV), human Metapnumovirus (hMPV), and
Parainfluenza viruses (PIV1-4) are the most common causes of lower respiratory tract infections
(LRI) in infants less than one year of age. The spectrum of disecase caused by these viruses
includes a wide array of respiratory symptoms from rhinitis and otitis to pneumonia and

bronchiolitis, the latter two diseases being associated with considerable morbidity and mortality.

[005] Respiratory syncytial virus (RSV) is a pathogenic virus of the family Paramyxoviridae,
subfamily Pneumovirinae, genus Pneumovirus. The genome of RSV is a negative-sense RNA
molecule, which encodes 11 proteins. Tight association of the RNA genome with the viral N
protein forms a nucleocapsid wrapped inside the viral envelope. Two groups of human RSV
strains have been described, the A and B groups, based on differences in the antigenicity of the G

glycoprotein.

[006] Human metapneumovirus (hMPV), like human respiratory syncytial virus (RSV), is
classified in the Pneumovirinae subfamily of the Paramyxoviridae family. However, h(MPV is

most closely genetically related to avian metapneumovirus (formerly called turkey



hMPV the first in this genus to cause disease in humans. hMPV was first
described in 2001 by researchers in the Netherlands, and has since been

i denti fi esloiznioc@emBri es on all continents except Antarctrccar2iives e a

si ngl e negati ve-stranded RNA-envel oped virus. Two major groups (A and B)
and 4 subgroups of hMPV have been identified to date. [007] Human
parai nfl uenza viruses are a group of paranyxoviruses that rank second only
to respiratory syncytial virus (RSV) as a cause of |lower respiratory tract
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parai nfl uenza virus (PIV), and respiratory syncytial. virus (RSY). The
ant i g_eﬁ%SOFlﬁteah’@th_c“GmF AT SFPHRETY %%menaﬂvrﬁ?ﬁ%@itﬁ@?@ RERITHAN e T
modi i Qd f0reghaRl ik Biatddqyiliy d0BE ifscREef usi on conformation. Also
[008] Various approaches have been attempted in efforts to produce a safe and effective
vaccines against these respiratory viruses that produces durable and protective immune responses
in healthy and at risk populations. However, none of the candidates evaluated to date have been

proven safe and effective as a vaccine for the purpose of preventing infection and/or reducing or

preventing discase, including lower respiratory infections (LRIs), caused by these viruses.

BRIEF SUMMARY
[009] This disclosure concerns immunogenic compositions that include at least two
paramyxovirus F protein antigens sclected from among the leading viral causes of lower
respiratory tract infection in humans. The immunogenic compositions disclosed herein include
at least two F protein antigens selected from metapneumovirus (hMPV), parainfluenza virus
(PIV), and respiratory syncytial virus (RSV). The antigens in the combination are recombinant
F proteins that have been modified to stabilize the trimeric prefusion conformation. Also

disclosed are nucleic acids that encode the recombinant antigens, and methods for producing and



di scl osed are nucleic acids that encode the reconbi nant antigens, and

nmet hods for produci ng andusing the antigens to elicit an i mmune response
speci fi c wonoawi4bmast two of these viruses, for exanpl e PCIEPRIIONSWD6 agai nst
i nfection and/or disease caused by infection with these agents. BRI EF
DESCRI PTI ON OF THE DRAWNGS [010] FIG 1A is a schematic illustration

hi ghl i ghting structural features of the RSV F protein. FIG IBis a

schematic illustration of exenplary RSV Prefusion F (PreF) antigens. [G ]
FIG 29 %esa%ﬂgéiﬂ% clddid ﬂﬂﬁﬁﬁine%‘stpwﬁs%%pé‘éfﬁmr A Madt 6 OF @LL RQLYPRPL i des of
RSV, hNP and Prv. [012] FIG 3A is a phylogenic trees that illustrate

r el at ednample.ob pesteatpiansy infeqtimnpad/of dinddy/causeddy BB clign with myepgentsabl e
provi ding a pairw se conparison of %identity. [013] FIG 4Ais a
phylogenic trees that illustrate rel atedness of exenplary strains of PlV-3.

FIG 4B is a summary tapt@rseyditifi9oR GRITHIM SIEAQANRR! | son of % dentity.
[014] FIG 5A is a phylogenic trees that illustrate rel at edness of

exenpl &0 1] sﬂ@ulrz’fslsafscmtlcml@traﬁﬁl hlghlaglﬁmthunahibh@rqsmémediéﬁ\gFa)rcpahrvvi se
conpar i 015 raphs illustrating
i tors i s kbR bR sk REY P PR o REl oBRLT i ted by Prer

antigen. [016] FIG. 7 is a graph show ng protectlon agai nst chal | enge
provi d¢all 1y FIGe RS¥eRrcate dighingetbetweani cgemp laB/1F prokdisolyBotidexdo flR SW,e bar

gr aphs hhkys&{ﬁé%ﬂg titers of 1gG and neutralizing antibodi es specific for
conpon@ nogeni ¢ conpositions conprising conbi nati ons of
paranyxovirus F protein antigens. DETAILED DESCRI PTI ON | NTRODUCTI ON [ 018]

The thiee]l eadiangiseghyRsctit tbawhit iNesAidrala@css beedenipkre straignof HMEY Ui Ng
severe nmanjfestati ons such as bronchiolitis_ and pheunpni a, in i nfants and

young EHP1 R Bri sgpanary fpb &e@fe\éﬁ@gﬁ@asw&ércom%%saproét/mdﬁmgyncyt. al virus (RSV),
human net apneunovi rus (hMPV) andnenbers of the parainfluenza virus (PIV)

fam |y [o[BYe FRG eseRta iy Rehas s HASHIdRRS RRURENAF LQRMPYAT SIrNBS L IHL3 . pr ot ect
agalnst viral p thogens of the paranyxovirus fanlly, and provides for an

opt i m &0 Bhisgfsupmeary tableiredding s pstWesg gp@parison o€ V4 ideritte prot ecti on of very
young infants in accordance wth a vaccination schedule that is conpatible

withr (PMtéli] ”%I(E.Wﬂia%ﬁ’yio%[%'nic trees that illustrate relatedness of exemplary strains of RSV.

FIG. 5B is a summary table providing a pairwise comparison of % identity.

[015] FIGS. 6A and B are bar graphs illustrating titers of IgG and neutralizing antibodics
specific for RSV elicited by PreF antigen.

[016] FIG. 7 is a graph showing protection against challenge provided by the RSV PreF antigen

in mice.

[017] FIGS. 8A and B are bar graphs illustrating titers of IgG and neutralizing antibodics
specific for components of immunogenic compositions comprising combinations of

paramyxovirus F protein antigens.

DETAILED DESCRIPTION
INTRODUCTION

[018] The three leading causes of lower respiratory tract infection, including severe
manifestations such as bronchiolitis and pneumonia, in infants and young children are, in

descending order, respiratory syncytial virus (RSV), human metapneumovirus (h(MPV) and
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[ 019] PCT/ CA2008/ 002277 di scl oses the design, production and utilization of
novel antigens including a reconbinant RSV F protein that has been nodified
to stabi Iwpeotdnaot4si meri ¢ prefusi on conformati on. The dipstiRPe@d/s®oONDI nant
antigens exhibit superior inmunogenicity, and are particularly favorably
enpl oyed as conponents of inmunogeni c conpositions (e.g., vaccines) for
protection against RSV infection and/or disease. Al so disclosed are nucleic
aci ds that encode the reconbi nant antigens, inmunogeni c conpositions
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the F protein polypeptides assenble into nultimers, preferably trifers.
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(hMPYV), parainfluenza virus (PIV), and respiratory syncytial virus (RSV). The paramyxovirus F

protein antigens are recombinant F protein polypeptides that include an F2 domain and an F1
domain of a paramyxovirus F protein polypeptide, lack a transmembrane domain (e.g., are
soluble) and are stabilized in the trimeric prefusion conformation by a heterologous trimerization
domain. For example, the heterologous trimerization domain can include a coiled-coil domain,
such as an isoleucine zipper, as exemplified by the amino acid sequence of SEQ ID NO:15.

Upon expression, the F protein polypeptides assemble into multimers, preferably trimers.

[021] The F protein polypeptides typically include an F2 domain and an F1 domain with no
intervening furin cleavage site. Such that the F2 and F1 domains are not cleaved during
processing and in the mature form, the F protein polypeptide retains an intact fusion peptide
between the F2 and F1 domains. Typically, the heterologous trimerization domain is positioned

C-terminal to the F1 domain (e.g., in place of or within about 20 amino acids N-terminal to the



the mature antigen). The signal peptide can be fromthe same paranyxovirus
F protein, froma different paranyxovirus F protein, or froma different
protei n avoageviaer43 For exanple, the signal peptide canpPoe/Eredieos®mds at t he
di scretion of the practitioner to facilitate production in a sel ected host
cell. [023] The F protein polypeptides stably assenble into triners that
are engineered to maintain the prefusion conformation. OQptionally, the F
protein pol yeptpides al so i nclude one or nore nodification that enhances
stabi li f :
nndifi%g¥F§%s‘pﬁgpﬁgngﬁsu gﬁﬁgi?ﬁgﬁibggﬁgggl?ﬁ%ﬁgpi?wTﬁﬁéﬁéggkﬁngfgnino
aci d i mraeihydr ophobi ¢ domain of the F protein extracellular donmain (e.g.,
HRA and/or HRB); and substitution of an amno acid that alters

gl ycosy02 i mpic@pt itteriaprotein pdigpdptifeschdinde popyad epttiddéwhiek lcardescleaved from

pol yhi sti di ne sequen 0. ther tag,to facilitate purificat 024] In
Do i i T REesE T Sl il bt BohiB i ShEeBey oS EpLEh 4t dnst "one
par anmy Xefdrédd pafeniyk OFifisF el eptromie @ffemmm&@m%getﬁéra@%&an{m@ fiRQfignallhe G
proteln pol yp egtlde can be a full |ength reconmbinant G protein, or an

i sol at ®aPtidaramnogesieced 3t Myritrretion Oaﬁﬂterﬁrﬁ%mpeer(t@ifacﬂf% mmﬁiuytlwataéﬂecte@. t her
to a Fy Q£Qkﬁln pol ypeptide or to another fusion partner) Wen a fragnent is
sel ect ed e fragnent typically retains at | east one inmunodom nant

epi tOPﬁEBjSQ‘he %%t&ﬂ d%?%a#%ss%hbﬁé‘iﬁto‘?ﬁ?é g;’tHEnOatr@éd%meEl%% maﬂlteﬁf?r tain

enbodi IC conposition Inc ar anyxovi r us
prote|anntmgemson%hmMemaﬁmhemﬂbmﬂmmhnsmeqmﬂqummﬁeuommﬂmk(mhernmnunogenlc

ORGSR S S At e S e T L

pr ot ei modifitabmeincledd aghsiBMtibEs oﬁdaaltiommg@%mlmas htil @Ma hpGbptehdsc an RSV
F protein polyp tide in conmbination with an protein pol ypepti de or

a PIV gewes o ol piotg peecclytangonsimivrey i ami/vr HR&t)énﬁ spstijsieptof des. | n
ot her %Mcmtalsaltel's dow tﬁ)ngWF g&% qiﬁ? 1nchﬂle§‘£id' tion to the

at | east two paranyxo rus F p ein antlgg one additiona
antlgemdyﬁmnmexanmbmx(nnﬂadd@no6mﬂnm65u@ﬁQMan pol ypepti des correspondi ng
to RSV, hMPV and/or PIV, the inmunogeni c conposition can also include an
addi ti ¢oR] pacarmyanbadiseras thegemumgatic asnmit}énpalem BiChldth epephe de
correspondi n d|ffeﬁent RSV strain. .ALtern veI b Ef I hmunogeni ¢
conposi BPGHQUH APt B YOG oY Brm sy grgne %?Oef. APSAPTGER such as a

F prot gbRpoaldRerbd 8eulCIengtR SREABINMGt G protein, or an 1solated immunogenic fragment or
a chimeric (or “fusion”) protein (cither to a F protein polypeptide or to another fusion partner)
When a fragment is selected, the fragment typically retains at least one immunodominant

epitope, e.g., amino acids 184-198 of the RSV G protein.

[025] In certain embodiments, the immunogenic composition includes two paramyxovirus F
protein antigens. For example, in one specific embodiment, the immunogenic composition
includes a F protein polypeptide corresponding to a hMPV F protein and a F protein polypeptide
corresponding to a PIV (e.g., PIV-3) F protein. In other embodiments, the immunogenic
composition includes an RSV F protein polypeptide in combination with an hMPV F protein
polypeptide or a PIV protein polypeptide, or both hMPV and PIV protein polypeptides. In other
embodiments, the immunogenic composition includes, in addition to the at least two
paramyxovirus F protein antigens, at least one additional antigen. For example, in addition to F
protein polypeptides corresponding to RSV, hMPV and/or PIV, the immunogenic composition
can also include an additional paramxyovirus antigen, such as an F protein polypeptide

corresponding to a different RSV strain. Alternatively, the immunogenic composition can
5



to a different serotype of PIV, for exanple, such that the conposition

i ncludes antigens of PIV-3 and PIV-1 . In other enbodinents, the

i Mmunogerwo 20omE@erBt i on i ncludes a third or subsequent aatriEpenofoswNs a
virus, such as influenza (an orthomyxovirus), adenovirus or SARS, which are
al so responsible for respiratory tract infections. For exanple, the

i nmmunogeni ¢ conposition can include, in addition to a hMPV F protein

pol ypeptide and a PIV protein polypeptide and/or an RSV F protein
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caused by, two or nore of PI'Viand RSV, and optionally one or nore
addi t i &% F peospin palo'pmldp,aamho@@mga Hfhangigen.hi s di scl osure provi des net hods
for eliciting an i Mmmune response agai nst one or nore of hMPV, PIV and RSV
by ad m[®ﬂ6s}t &r ¢angint foveraklalgnbodin(eatsgthe lramnummcwb]pemtlpnmﬂm) ingimdmadexi ¢

onpositions dis ration of the i nogeni c
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pr eventsrmiuldt@titeBn Bjudint,|peersiablywad afljubddeVhat Blidttsanth RR¥cd As@ohdichignye. thi s
di sclosure relates to the use of the paranyxovirus F protein antjgens in

the prdparatyay opriselhewcitdnentagse @ Pr@a@@rlﬁf‘gmtnéunj respswm%hquh@usmaf ections
caused uH&’uetﬁéQct&genfEﬁS/% ok tﬁ%@\éopﬁh‘%r@@% RdhatdsQhd APl €, the F protein

anti gens nucl et acidsy are used in the preparation of nedicanments for

the pur@_p,g)e\,@{en RSV%&L}][%% f@lﬂﬁéét bk Qﬂdlﬁ%nad? @]Eﬁ@ﬂﬁ&ﬂm‘ﬁﬁf& ¢ Py one or nore

of hMP IV an Anot’her ‘aspect o e present scl osure
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t hat encodes the reconb p{é irys F otein antl agl scl osed
her i n e GaL R OB B RE g e b PRy SelerBY st PrfDig® o tpr ecsi on i n
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against one or more of hMP PIV and RSV by administering to a subject (e.g., a human

subject) the immunogenic compositions disclosed herein. Administration of the disclosed

immunogenic compositions favorably elicit a Thl biased immune response that reduces or

prevents infection by at least two of h(MPV, PIV and RSV. Accordingly, this disclosure relates

to the use of the paramyxovirus F protein antigens in the preparation of a medicament for

treating (e.g., preventing) infections caused by two or more of hMPV, PIV and RSV. For

example, the F protein antigens (or nucleic acids) are used in the preparation of medicaments for

the purpose of prophylactically treating an infection caused by one or more of hMPV, PIV and
RSV.

[028] Another aspect of the present disclosure concerns recombinant nucleic acids that include
a polynucleotide sequence that encodes the recombinant paramyxovirus F protein antigens
disclosed herein. Such nucleic acids are frequently codon optimized for expression in a selected
host cell. The nucleic acids can be inserted into a vector, such as a prokaryotic or eukaryotic

expression vector. In certain embodiments, the nucleic acids are introduced into host cells. Host



expression vector. In certain enbodi nents, the nucleic acids are introduced
into host cells. Hostcells are favorably sel ected from anong bacteri al
cells, imnseaviceabiss, plant cells and manmalian cells. TERVEPR@BDFIOURI ess

ot herwi se explained, all technical and scientific terns used herein have

t he sane neaning as comonly understood by one of ordinary skill in the art
to which this disclosure belongs. Definitions of comon terns in nolecul ar
bi ol ogy can be found in Benjam n Lewi n, Genes V published by Oxford

Uni ver I )5 I .- The

L v SR SRS ok BRARRE R S Sy g b

1994 (k88BN 0-632-02182-9); and Robert A. beers (ed ), Mol ecul ar Blology
and Bi ot echnol ogy: a Conprehensi ve Desk Reference, published by VCH
Publistﬁg Inc., 1995 (I1SBN 1-56081-569- 8). [030] The singular terms "a,"
"an," & he" include plural referents unless context clearly i ndi cat es
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t he pr gtice or testing of this disclosure, suitable met hods and materials
are desc¢ri bed bel ow. The ternl'conprises neans "includes." Thus, unless

t he cont ext reqU|res ot herw se d variations such
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or step, or group of conpounds or steps, but not to the exclusion of any
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values, given for nuclelc a01ds or polypeptldes are approximate, and are provided for description.

Additionally, numerical limitations given with respect to concentrations or levels of a substance,
such as an antigen, are intended to be approximate. Thus, where a concentration is indicated to
be at least (for example) 200 pg, it is intended that the concentration be understood to be at least

approximately (or “about” or “~”) 200 pg.

[031] Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of this disclosure, suitable methods and materials are described
below. The term “comprises” means “includes.” Thus, unless the context requires otherwise,
the word “comprises,” and variations such as “comprise” and “comprising” will be understood to
imply the inclusion of a stated compound or composition (e.g., nucleic acid, polypeptide,
antigen) or step, or group of compounds or steps, but not to the exclusion of any other
compounds, composition, steps, or groups thercof. The abbreviation, “e.g.” is derived from the
Latin exempli gratia, and is used herein to indicate a non-limiting example. Thus, the

abbreviation “e.g.” is synonymous with the term “for example.”



abbreviation "e.g." is synonynous with the term"for exanple."[032] In
order to facilitate review of the various enbodi nents of this disclosure,
t he fol | omonglexpi4anati ons of ternms are provi ded. AdditipomaiP2aiens®oand
expl anations can be provided in the context of this disclosure. [033] The
term"F protein" or "Fusion protein" or "F protein polypeptide" or Fusion
protein pol ypeptide" refers to a polypeptide or protein having all or part
of an am no acid sequence of a paranyxovirus Fusion protein polypeptide.
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to a nucleic acid or a polypeptide {e.g., a paraggxovirus F or Gprotein
nucl ei CCRETIRE Hiriapt) PRdisty Hailehic é%n%ﬂt_éﬁﬁ'gl)g dae of thigchisslasurgc fFremplagy iiypept i de
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ctruct aaPy Be st SRS gy (CEnE et § el R BRSSP hn Bt} e
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[ e term

with thé sane or a “erent am no acid sequence).
these sequences are publicly available in the GenBank database (as of 24 June 2009).

[034] A “variant” when referring to a nucleic acid or a polypeptide (e.g., a paramyxovirus F or
G protein nucleic acid or polypeptide or analogue) is a nucleic acid or a polypeptide that differs

from a reference nucleic acid or polypeptide. Usually, the difference(s) between the variant and
the reference nucleic acid or polypeptide constitute a proportionally small number of differences

as compared to the referent.

[035] A “domain” of a polypeptide or protein is a structurally defined element within the
polypeptide or protein. For example, a “trimerization domain” is an amino acid sequence within
a polypeptide that promotes assembly of the polypeptide into trimers. For example, a
trimerization domain can promote assembly into trimers via associations with other trimerization
domains (of additional polypeptides with the same or a different amino acid sequence). The term

is also used to refer to a polynucleotide that encodes such a peptide or polypeptide.

[036] The terms “native” and “naturally occurring” refer to an element, such as a protein,

polypeptide, or nucleic acid, which is present in the same state as it is in nature. That is, the
8



is also used to refer to a polynucl eotide that encodes such a peptide or

pol ypeptide. [036] The terns "native" and "naturally occurring” refer to an
el emrent, wochia9m3pr ot ei n, pol ypeptide, or nuclei c aci ecTEP2@l/0F®OPr esent
in the sane state as it is in nature. That is, theel enent has not been
nodified artificially. It will be understood, that in the context of this
di scl osure, there are nunerous native/naturally occurring variants of RSV
proteins or polypeptides, e.g., obtained fromdifferent naturally occurring

strai n%le‘ﬂ{en{ BRIt ﬁ%n%ﬁodﬁ%ﬁ' arlif 3l -ﬁh@lﬂ &4 tMd. gﬁ%oﬁp@lgttlh%lcdil?efx?stthfso a

pol ymer 1 n which e nononers ar€ amno acid residues which are joined
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basi c region obi'c core c-region).
[039] Thamider ns "polynucleotlde and "nucl eic acid sequence" refer to a
pol yneric formof nucleotides at | east 10 bases in | ength. Nucl eotides can

be ri boossg! eotsighespepla®xy b khanabingatiddeguend (e@%f)ﬂoﬁdnzftéliyfl’& 26fanfihd feds
nucl eotide. The termincludes. single and double forns of DNA. By "isol ated
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universally located at the N-terminus of a polypeptide, and are frequently cleaved off by signal
peptidases after the protein has crossed the membrane. Signal sequences typically contain three
common structural features: an N-terminal polar basic region (n-region), a hydrophobic core, and

a hydrophilic c-region).

[039] The terms “polynucleotide” and “nucleic acid sequence” refer to a polymeric form of
nucleotides at least 10 bases in length. Nucleotides can be ribonucleotides,
deoxyribonucleotides, or modified forms of either nucleotide. The term includes single and
double forms of DNA. By “isolated polynucleotide” is meant a polynucleotide that is not
immediately contiguous with both of the coding sequences with which it is immediately
contiguous (one on the 5’ end and one on the 3’ end) in the naturally occurring genome of the
organism from which it is derived. In one embodiment, a polynucleotide encodes a polypeptide.
The 5" and 3’ direction of a nucleic acid is defined by reference to the connectivity of individual

nucleotide units, and designated in accordance with the carbon positions of the deoxyribose (or
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contiguous (one on the 5 end and one on the 3' end) in the naturally
occurring genone of the organismfromwhich it is derived. In one
enbodi nenwo 2a10p@bpaucl eoti de encodes a pol ypepti de. ThePB'T/ERpalo®590d6 r ect i on
of a nucleic acid is defined by reference to the connectivity of individual
nucl eoti de units, and designated in accordance with the carbon positions of
t he deoxyri bose (orribose) sugar ring. The informational (coding) content
of a polynucl eotide sequence is read in a 5 to 3 direction. [040] A
"r econby . ei s VT . i S nat ural |y
R ot i R S I S S
t wo ot Betol’ decatiepar at ed segnents of sequence. This artificial conbination
can be acconplished by chem cal synthesis or, nore commonly, by the
artifi ¢o4l] riffrcpohbiniigi nofleic soldat e thade atsuoficeribag liena namraly,oceurgng oby
geneti ¢ _engi neering.techni ques..A."reconbinant” protein is one that Is
O code deby SURBe A i By el BB R i RH G B Betre et T b been
i nt r odyeg@ndd tThiPariisil do@ibinatioh 64h BSacRompleshed bkhddiic Ukahyed drcmegd | . The
nucl eic acid can be introduced, on an expression vector,having signal s

4
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pat hogenpable ¢ c&PIFMIE tht Prot€in Bh@dEd Pgthe iraddiegenkldeiad 6r thontdidc psiocass of
removi ng.conponents froma conposition, the presence of which is not

desi r ed@® inbegrrted #4e fhsdopteecl chiomosoMe term and does not require that all

traces of the undesirable conponent be renpved fromthe conposition. In the
cont exf{001 vEedEme Tstaelaseusowithgesrrstite aringgleicieldudi alyBertde o thodhisses as

centri ch’l?ﬁEuj: C%HIpOﬂé.Iﬁi,l ih&i@gttgsotﬂﬁt til@@drﬁ?%laﬁt' HEurs th@f@{ fgglro?l%}}ﬁ’all? Aflind in nature
si ze-excl usi on chromat ography, affinity-purification or precipitation.
Thus, th&ot et bpginatey &dh adobgemobucequspeeicabsol ute purity; rather, it is
intended as a relative term Thus, for exanple, a purified nucleic acid
pr epar §8420n Tls tame*“punifickicli (¢.pewitheciptiteda patbdginror asompoeti@ncantiiedg than t he
nucleic acid.is in jts generative environnent, for instance within.a cel
or i n RBPEENETET A i BEEETGH TERAHBEFOM pOTSHE DL SPPBRIOBUBEPRTIERT y pur e
nucl ei Ghaeh idl nf dePir@L Giuiifie@bnle a Rlitiveit@eh, SHE Bodshidt relitiiee GhesdIT @debithei ¢ acid
represents at |east 50% of the total nucleic acid ) )
undesirable component be removed from the composition. In the context of vaccine production,
purification includes such processes as centrifugation, dialization, ion-exchange
chromatography, and size-exclusion chromatography, affinity-purification or precipitation. Thus,
the term “purified” does not require absolute purity; rather, it is intended as a relative term.
Thus, for example, a purified nucleic acid preparation is one in which the specified protein is
more enriched than the nucleic acid is in its generative environment, for instance within a cell or
in a biochemical reaction chamber. A preparation of substantially pure nucleic acid or protein
can be purified such that the desired nucleic acid represents at least 50% of the total nucleic acid
content of the preparation. In certain embodiments, a substantially pure nucleic acid will
represent at least 60%, at least 70%, at least 80%, at least 85%, at least 90%, or at least 95% or

more of the total nucleic acid or protein content of the preparation.

[043] An “isolated” biological component (such as a nucleic acid molecule, protein or
organclle) has been substantially separated or purified away from other biological components in

the cell of the organism in which the component naturally occurs, such as, other chromosomal
10



content of the preparation. In certain enbodinments, a substantially pure
nucleic acid will represent at |east 60% at |east 70% at |east 80% at

| east 85%woavideas 90% or at | east 95% or nore of thePpCotezkomwsdoss c aci d
or protein content of the preparation. [043] An "isol ated” biol ogical
conponent (such as a nucleic acid nolecule, protein or organelle) has been
substantially separated or purified away from ot her biol ogi cal conponents
in the cell of the organismin which the conponent naturally occurs, such
as, ot h I n
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protection fromdi sease caused bg, t he pathogen. The term "T-cell epitope”

r ef er s T¢58°1 Oéﬁth%?Héeftpﬁ%%e dHd Vi rﬁﬁ?egﬁbﬁé‘&ti”élt"é INAEhEPRESF e i s
speci fi,eahdy pQ{%QQl By cﬁ)m-fnéh%ﬁu%%}ﬁc%gﬁoﬁ%s GRl tho§e%ﬁﬁ€é ?crl)ameﬁe 'BaGPhdn €Pi tope”
is an epitope that is specifica ound by an anti body (or B cell receptor
ol eculrepgnip@hls] thahostadmuve msteni @Sdhmagenqcthnrfmm éﬁh@ﬁ@@@ed hEtl}@rp@thsrgcri on of
an I““""l]]g RO egltgli)ea rnf%fsstggﬁ I 1ltor‘ﬁe G b(%?n %?ﬂr rla%ﬁ/[ (E' f‘hoﬁec le
suspensi ons of mn f num h I OXI num osp €) onto
whi ch  andpiegiéiballysboads by bqtbellqn‘iulaSIf @ﬂIISr;ccdpftﬁ} uzdl“Bg:eWapﬁdSpel” odnl gpitapdthat is

oi | -i n-wat nd vari ant he i ncludin oubl e enul si ons and
rever 5|51?ﬁ° C@H& ghRy)an "WFIE%%’&{@ ﬁa?ﬂl geespoy i‘lﬁ%ﬁ‘gﬁsacchar i des,

i munost i mul at‘or nu,(,:l ei c acids (such as CpG oli ?onucl eot i des) ,. | i posones,
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agoni s tsﬁéciﬁ@tﬂgnn\é?:r COMRI0f 9&%&1@& InPhde QJspéﬁéﬁ;ﬁs %PW@E'ﬁum, aluminum

hydroxide, aluminum phosphate) onto which antigen is adsorbed; emulsions, including water-in-

oil, and oil-in-water (and variants therof, including double emulsions and reversible emulsions),
liposaccharides, lipopolysaccharides, immunostimulatory nucleic acids (such as CpG
oligonucleotides), liposomes, Toll-like Receptor agonists (particularly, TLR2, TLR4, TLR7/8

and TLR9 agonists), and various combinations of such components.

[046] An “immunogenic composition” is a composition of matter suitable for administration to
a human or animal subject (e.g., in an experimental setting) that is capable of eliciting a specific
immune response, e.g., against a pathogen, such as hMPV, PIV (e.g., PIV-3, PIV-1), and/or
RSV. As such, an immunogenic composition includes one or more antigens (for example,
polypeptide antigens) or antigenic epitopes. An immunogenic composition can also include one
or more additional components capable of eliciting or enhancing an immune response, such as an
excipient, carrier, and/or adjuvant. In certain instances, immunogenic compositions are

administered to clicit an immune response that protects the subject against symptoms or
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[ 046] An "inmunogeni c conposition” is a conposition of matter suitable for
admnistration to a human or ani mal subject (e.g., in an experinental
setting) wbaviwmmapabl e of eliciting a specific i munePCEHPNBH59066 J. ,
agai nst a pat hogen, such as hwMPV, PIV (e.g., PIV-3, PIV-1), and/or RSV. As
such, an i munogeni c conposition includes one or nore antigens (for
exanpl e, pol ypeptide antigens) or antigenic epitopes. An i nmunogenic
conposi tion can also include one or nore additional conmponents capable of
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r esponsespoirat). |Iﬁt1np bitigenas detveil rﬁ@nt apathegent the antcgenaptqlﬁq lteypcm‘se = apat hogen,

:ﬁg?csggé‘[ﬁ%g%gt m | n%/ e@%ﬂg@ b h%ggrohecﬁ)ve @Hﬁﬁn%arés%inssey an1 ne r H%quatdeat h)

1 on ogen ve | ne response
can be ifeBisur d@thiméil femmsn loe acthlytytohe pathhgetm feidoges (DfifeM[olh&iy apadgedtor on or
assa Ll SA- utrgélzatlon assay,

pl ague formation in qu ctlo
or by AEYSHFT HERYBS S’P‘QH@% 5@“5& ’Eﬂ%’l @H@%EY HeRaigeet oA gTotggtive |

bi ased ;hAHORpERP OB m&sﬁﬁér%%;@a‘iﬂ EByhie 1hﬂi%n%‘%§%ﬁ§1€‘reﬁlfca%d‘r pladiR! per
cells that produce IL-2 and and ? the secretion or presence
of | L- Zorarpgon Ene gjaquq rgduction assay or ELISA neutrahzatlon assay, or by measuring resistance

to pathogen challenge in vivo.

[048] A “Thl1” biased immune response is characterized by the presence of CD4+ T helper
cells that produce IL-2 and IFN-y, and thus, by the secretion or presence of IL-2 and IFN-y. In
contrast, a “Th2” biased immune response is characterized by a preponderance of CD4+ helper

cells that produce 1L-4, IL-5, and IL-13.

[049] An “immunologically effective amount” is a quantity of a composition (typically, an
immunogenic composition) used to elicit an immune response in a subject to the composition or
to an antigen in the composition. Commonly, the desired result is the production of an antigen
(e.g., pathogen)-specific immune response that is capable of or contributes to protecting the
subject against the pathogen. However, to obtain a protective immune response against a
pathogen can require multiple administrations of the immunogenic composition. Thus, in the

context of this disclosure, the term immunologically effective amount encompasses a fractional
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contrast, a "Th2" biased i mune response is characterized by a

preponderance of CD4+ hel per cells that produce IL-4, IL-5 and IL- 13.

[ 049] An wormmunabmagi cal |y effective anount” is a quanti PETEP2@008POSi ti 0N

(typically, an inmunogenic conposition) used to elicit an i Mmune response

in a subject to the conposition or to an antigen in the conposition.

Commonly, the desired result is the production of an antigen {e.g.,

pat hogen) -specif ¢ immune response that is capable of or contributes to
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protective I mune response agai nst a pathogen can require multiple

adni ni gratedtivemsmohe tehgonsenmmunogeni ¢ conposi tion. Thus, in the context of

this disclosure, the termimunologically effective anount enconpasses a

fracti ¢orl] ddbe adjbaive Cpmrmabautied]y avcepvatid "nadicaes thattthe pfevitousuivblefabsequent

adm ni strations to attajning.a protective i e response. [050] The
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sui t ablseicheys, BRI W.SMaalnl Mack PuBlishihR RCIE&®nIPA, IBtNBA®ON Pro7a)idedtibsibj ect ) .

Rem ngt on' s Pharmaceuti cal Sciences, by E. W Martin, Mack Publishing Co.,

East on,COIPAQSltratsﬁnééqrmuk?ﬂom@w}@mgj@b@ﬂ%b@gtabléﬁﬁﬂmafm%fﬁgﬂ%aelwswmﬁ ations

(incl ud i: i : : | i : t herapeutic
Q%e?%)eﬁﬁ(l[ Mﬁi%ri)(%](ﬁ)l lakﬁp&(ﬁnﬁogftloﬂaﬁc{ﬁtﬁﬁ%ﬁ?%%or%gﬁlc cgﬁf)éfslt@(fns. .

and/ or phyl act | ositions, 1nc ogeni ¢ comnpositions. [051]

The ter(ﬁ@%”"ﬂ&é‘t@&?”m&&hl&t f R ERRSCE R a?re&%ﬁgé’@&cgras HERnRRe A dITYRGE RSPONSE,
means to alter or vary the onset, nagnitudé, duration or characteristics of
t he respongearyAhe agenmaghatdenddetiat @shanctensticn ef the sgppose. aAt egent thht | east

one of the onset, magnitude,, duration or.characteristics of an immne

e apon S BN gy Bbeihe At PSR T piae ArebPideafufiasd? one of the
onset, chABgAEidideof AhihdhineRePbneTall@chE itk 88 kiskiSti 6Q¥P el tdrPatdedsLIRIFENCE
agent. [052] The term"reduces" is a relative ter such that an agent

r educ edhernsespagyBiderdussiogior chaagieristipas snapesste agefcemairgsnbn i s
quantitatively dimnished follow ng adm nistration of the agent, or if it
i s di mi®iZ3hekhertenm Gigtlyrgs aid girel o tan. oichothat peaganfapducess respnasa pepndision

ref erengg, ?e%ﬁ&}se o§+JHtho'h'i§’ uatnﬂfaati’i/agm RSBV E RS wird Qi MOk a{0G S BRA, lellrt}/oﬁma”
t hat an agen conp ete Yy e?ll m nates the response or condal tion, Sg ong as
at | easfiit snemotixhead Gillemiisg admioistrative af elspaeste aocongondl tb aoefereaceddent. nat ed.

Thus, an | ogeni ¢ conpasition that .reduces or prevent n . infection or a
r es ponSun Il Hedm, rsyenb dgrecia nresspphancinghyy e <G epmucatdROES
di seasgesp6iB.or BEHAItEHRE S0 RAL 2NRAEKESid dhiracRAR 3 fehy/reShdnkt BradoadBide ik an
i nfection or response, so long as the infection or ) )
climinated. Thus, an immunogenic composition that reduces or prevents an infection or a
response, such as a pathological response, e.g., vaccine enhanced viral discase, can, but does not
necessarily completely eliminate such an infection or response, so long as the infection or
response is measurably diminished, for example, by at least about 50%, such as by at least about
70%, or about 80%, or even by about 90% of (that is to 10% or less than) the infection or

response in the absence of the agent, or in comparison to a reference agent.

[053] A “subject” is a living multi-cellular vertebrate organism. In the context of this
disclosure, the subject can be an experimental subject, such as a non-human animal, e.g., a

mouse, a cotton rat, or a non-human primate. Alternatively, the subject can be a human subject.

PreF ANTIGENS

[054] In nature, paramyxovirus F proteins are expressed as a single polypeptide precursor
designated FO. In vivo, FO oligomerizes in the endoplasmic reticulum and is proteolytically

processed by a furin protease to generate an oligomer consisting of two disulfide-linked
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response i s neasurably di mnished, for exanple, by at |east about 50% such
as by at |east about 70% or about 80% or even by about 90% of (that is to
10% or | ewe 20tverdy748he i nfecti on or response in the abserce/rrohsvoagent, or
in conparison to a reference agent. [053] A "subject” is a living

mul ti-cellular vertebrate organism In the context of this disclosure, the
subj ect can be an experinental subject, such as a non-human animal, e.g., a
nouse, a cotton rat, or a non-human primate. Alternatively, the subject can
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are expréssed as a single polypeptide precursor designated FO' In vi'vo, FO
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F proteins of other paranyxovjruses (inc¢ludjng the Pl V and hMPV_F proteins)
are cl edggdCdermindifi gragment ancherp dhedippofest indhe MR@OIARE VRrEAGAEAES Obr oduced by

furin %&&%ﬁl@(ﬁﬁc Arﬁmk%m?dwf& QQQdJQEéng{d@ﬁﬁimnB%mdtc P& @i N@lwiR@Et i on Of

t he FO precursor. I'ar ger, C-term nal ragnenP anchors the F protein

i n t he repegiizethley t\hpx (Ef S§1é1qué1m:eét ibht thy @Ibhmh@imne FAnk Inondd&i ate commpely ar e

adj ace i I tail. It will be recognized by

t hose g%mé%ng%gfﬁq%ﬁgpéﬁﬁwqﬂégﬁﬁqﬁ EL?eV|at|ons FO, FI and F2 are conmonly
designated Fo, Fi and F in the scientific literature. [055] Three F2-F1

di mers| %&}o(fhmt@%ﬁi dimem aasotrt oo proatwee A pravbincwhiablegdpss ameestalsic abl e

Con or AeTeate Elcariest Dot Ea BRI bis et ke gBeizb S Ehml drel SHhes °

conf or wRén ednddct mamgﬁgawnmm&y dmenaliraSAAUENGEs cldewy aaﬁydtrdmo&us' on
peptide, which associates with the host cell nenbrane and pronotes fusion

of t he SeARERTCakROVORS thpdusianyRestide whigh Fssrciteseniticide hostgell mephene apget cel |
menbr a I

donain?ﬁnﬁgggg%ggggﬂﬁaﬁ%gﬁg heC‘Qn a%?%dg%c%g?ﬁfS&QQP%EB%@?%rﬁ' ﬁ%ﬁ%lon

peptide and transnmenbrane anchor domai ns, respectively. In the prefusion

confor&@ﬂﬂoﬂhefhéBQQGFrodwﬁéﬁtk@ﬁﬁEOhQ§Wb@n@ﬁﬂWM@a@(hﬁémévhHRAsmﬂ&Hﬂ&re in

which th RA d d n t]

globulargﬁ’ d’?ﬁ ?f&ﬁ:eﬁ{ﬁé %%? ﬁqmggn%gyﬁﬁﬁgcﬁgé%%éq%an (ﬁth

coi | sthathle peeﬁmmdcomjoriﬁannm tth@Fl}Eadlmﬁg‘om a ddisuldchend ambitilk etudturonint he

refu5| ost.fusi on conformatio t he HRA do
P h tﬁe H&A Eomalns are (1)n a segmented (exten: ec’i) conformation 1nnl?e gobular head. In

contrast, the HRB domains form a three-stranded coiled coil stalk extending from the head
region. During transition from the prefusion to the postfusion conformations, the HRA domains
collapse and are brought into proximity to the HRB domains to form an anti-parallel six helix
bundle. In the postfusion state the fusion peptide and transmembrane domains are juxtaposed to

facilitate membrane fusion.

[057] Although the conformational description provided above is based on molecular modeling
of crystallographic data, the structural distinctions between the prefusion and postfusion
conformations can be monitored without resort to crystallography. For example, clectron
micrography can be used to distinguish between the prefusion and postfusion (alternatively
designated prefusogenic and fusogenic) conformations, as demonstrated by Calder et al.,
Virology,271:122-131 (2000) and Morton et al., Virology, 311:275-288, which are incorporated
herein by reference for the purpose of their technological teachings. The prefusion conformation

can also be distinguished from the fusogenic (postfusion) conformation by liposome association
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col | apse and are brought into proximty to the HRB donmains to form an
anti-parallel six helix bundle. In the postfusion state the fusion peptide
and transwernbroaag74domai ns are juxtaposed to facilitate memmpane/ 052986 on.
[057] Al though the conformational description provided above is based on
nol ecul ar nodeling of crystallographic data, the structural distinctions
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protein, such that in a popul ation of expressed protein, a substanti al
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nodi fi cations results in maintenance of the major inmunogenic ‘ngl t opes of

the préPEENOFEIEHRIEPGTRL ﬂ&rpr?%ﬁ%mrﬁgrm%wé%lt%’fmgawtr@fiuqﬂﬁé OIBFh@FPr heltgen into
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foll owi ng adm ni stration
to a subject).

[059] First, a heterologous stabilizing domain can be placed at the C-terminal end of the
construct in order to replace the membrane anchoring domain of the FO polypeptide. This
stabilizing domain is predicted to compensate for the HRB instability, helping to stabilize the -
prefusion conformer. In exemplary embodiments, the heterologous stabilizing domain is a
protein multimerization domain. One particularly favorable example of such a protein
multimerization domain is a trimerization domain. Exemplary trimerization domains fold into a
coiled-coil that promotes assembly into trimers of multiple polypeptides having such coiled-coil
domains. One favorable example of a trimerization domain is an isoleucine zipper. An
exemplary isoleucine zipper domain is the engineered yeast GCN4 isoleucine variant described
by Harbury et al. Science 262:1401-1407 (1993). The sequence of one suitable isoleucine zipper
domain is represented by SEQ ID NO:15, although variants of this sequence that retain the

ability to form a coiled-coil stabilizing domain are equally suitable. Alternative stabilizing
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to a subject). [059] First, a heterol ogous stabilizing domain can be pl aced
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to conpensate for the HRB instability, helping to stabilize the - prefusion
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substaggi&,ﬁéptg@rekfsgqsgftrlﬁlgp expressed protein into trinmers. For exanple, at
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75% or ; u‘ém‘éfortv'aﬁneg g%lﬁfﬁﬁgtltﬂféh SR%l ‘?es‘?ci{fe §u%h§§1>§mterdrmﬁfn(as$1060] I'n order

to furt er enhance ity, utra residue w thin uch as
| euci nelutarsiok)e Udir asgmyde, i dici qoeyextdmnb@\éEbEtmtlgﬁnedlebwcmepodidue lpeéddate (such

| | ut ap t of RSV
pr er” st iehs P Ae TR e PREPDER N niTncP A by ol Be57E0 B s The
nat i ve oFBereatepla)y BEF bigeRpefypegiicloe SEQleDutogedTmy s@bslijsib enfod&2AKe of t he

exenpl ar¥ PreF antigen pol ypeptide of SEQ ID NO 10). This substitution
i mpr ov &8I gdy@1l hydrophobic remdue per10d1c1ty Similarly, a Iysine can be added following the

amino acid at position 105. Corresponding or comparable residues can be selected in hMPV and

PIV-3 F proteins by those of ordinary skill in the art.

[061] In addition, deletion of the (one in the case of hMPV and PIV, and one or both in the case
of RSV) furin cleavage motif(s) further stabilizes the prefusion conformer. With this design, the
fusion peptide is not cleaved from F2, preventing release from the globular head of the prefusion
conformer and accessibility to nearby membranes. Interaction between the fusion peptide and
the membrane interface is predicted to be a major issue in the prefusion state instability. During
the fusion process, interaction between the fusion peptide and the target membrane results in the
exposure of the fusion peptide from within the globular head structure, enhancing instability of
the prefusion state and folding into post-fusion conformer. This conformation change enables
the process of membrane fusion. Removal of one (or optionally both, in the case of RSV) of the
furin cleavage site(s) is predicted to prevent membrane accessibility to the N-terminal part of the
fusion peptide, stabilizing the prefusion state. In the case of the RSV F protein, the sequence

between the two furin cleavage sites, designated pep27 can also be removed. Thus, in exemplary
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coiled coil hydrophobic residue periodicity. Simlarly, a |lysine can be
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glycosylated at one or more of the glycosylation sites present in a native F protein polypeptide.
For example, the native RSV F protein polypeptide of SEQ ID NO:2 is predicted to be
glycosylated at amino acid positions 27, 70 and 500 (corresponding to positions 27, 70 and 470
of the exemplary PreF antigen of SEQ ID NO:10). In an embodiment, a modification is
introduced in the vicinity of the glycosylation site at amino acid position 500 (designated N470).
For example, the glycosylation site can be removed by substituting an amino acid, such as
glutamine (Q) in place of the asparagine at position 500 (of the reference sequence, which
corresponds by alignment to position 470 of the exemplary PrcF antigen). Favorably, a
modification that increases glycosylation efficiency at this glycosylation site is introduced.
Examples of suitable modifications include at positions 500-502, the following amino acid
sequences: NGS; NKS; NGT; NKT. Interestingly, it has been found that modifications of this
glycosylation site that result in increased glycosylation also result in substantially increased PreF
production. Thus, in certain embodiments, the PreF antigens have a modified glycosylation site

at the position corresponding to amino acid 500 of the reference PreF sequence (SEQ ID NO:2),
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antigens. [063] Optionally, a PreF antigen can include one or nore

nodi fications that alters the glycosylation pattern or status (e.g., by

i ncr easi goaniodeT4easi ng the proportion of nol ecul es gl pcosmpb@beshoad one or
nore of the glycosylation sites present in a native F protein polypeptide.
For exanple, the native RSV F protein polypeptide of SEQID NGO 2 is
predicted to be glycosylated at am no acid positions 27, 70 and 500
(corresponding to positions 27, 70 and 470 of the exenplary PreF antigen of
SEQ | D_NO - i f%%q s1d\n i 0.1
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500" of 07 RE sy ST 2P B bATR Mgt Rl SEE Sufash B ARSI 18 poor t on
470 of nidiefice il vV Bné PIVaREdFg@ti gons FRY oxX a1y at amin®akdifld @atckgndingad onc

i ncreases glycosylation effjciency at this glycosylation site is
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Interestingly, it has been found that nodifications of this glycosylation
site tRas. B8znd/or #46 ¢frtbe whgewe gy dydtainipotypaptads af &EQ D NR:Subst anti al | y

i ncreased PreF production. Thus, in certain enbodinents, the PreF antigens

have a i ful 1§ i: . . LEj oD CQnk: i m no
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of t he sRbiEingnbigen swhenplcbilédecbibiforSk@npIod, MGsolé@dine Bppdr abmein),ppefefablyat i ons

i ncl ude. t he uences: NGS; . NKS; NGI: NKT ami aci.ds corresponding to
bost &1 SiitatgtR TRECASBR i Fa b Pl e DR AT b et s S dan s o

Si mi | anysyne, QﬂtM@ﬁwbgidwaﬁBtd@ﬁlaﬁ@fbrﬂmam fluti8 dlckva gk Mo tiFMRM oRd1 b f Bhnin Pr eF
antigens, for exanple at am._no acids corresponding to one or nore of

posi ti e geavagersitea gl grmabBBeagion pha gky@@%ﬂ@ﬁéélt%aﬂn&eﬁnpﬂlw@éi% cBPIHEH: | de
sequen 0 . } LAds:coLresponding to
R A R LS Rl e

pr ot ei mquofiopperpt ifbe cxxfmBE MDRNY BBeF jfdh, sdmyerologowfcotlbcat @pthiezi ng

nodi fi ¢ati ons discl.osed herein,, e.g. dditi.on of. a.heterol ogous

Crabi | Poh e RE AR st e BFF i8R B Rit e B B S ne

Zi pper nel@fdatidn indd fdesmbbiy rédibnlahé&dr inovhieofGepET, Bhdiad re@iddal@ff ohdrer titieF
antigen; .nodification of a residue, such as leucine to |ysine, in the

hydr ophgH eeares stsnaidior remal &f 2 gen-Rurin gleayagy digvayermadificatippabyal of a

nonf ur i o6 &aNAGRe Sinf @rtaANPEGfic FRISAMERL, ROR Y PReIOAMEES W RidbOR CSbinGngan be

enpl oygf}’ i i conbi nation
coiled-coil (isoleucine zipper) domain, a stabilizing substitution in the HRB hydrophobic
domain, and removal of both furin cleavage sites. Such an embodiment lacks pep27 and
includes an intact fusion peptide that is not removed by furin cleavage. In one specific
embodiment, the PreF antigen also includes a modified glycosylation site at amino acid position
500. In an hMPV and/or PIV PreF antigen, a heterologous a heterologous coiled-coil (or other
heterologous stabilizing domain) can be utilized alone or in combination with any of: a
modification in a hydrophobic region, and/or removal of a furin cleavage site, and/or removal of
a non-furin cleavage site, and/or modification of a glycosylation site. In certain specific
embodiments, the hMPV or PIV PreF antigen includes a C-terminal coiled-coil (isoleucine
zipper) domain, a stabilizing substitution in the HRB hydrophobic domain, and removal of the
furin cleavage site. Such an embodiment includes an intact fusion peptide that is not removed by

furin cleavage. Optionally, the h(MPV or PIV PreF antigen also includes a modified

glycosylation site.
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with any one or nore (or up to all-in any desired conbi nation) of the other
stabilizing nodifications. For exanple, in an RSV PreF antigen, a

het er ol ogwo=20n0i4bEd- coi | (or ot her heterol ogous stabili pcmgErdanmss)s can be
utilized alone or in conbination with any of: a nodification in a

hydr ophobi ¢ regi on, and/or renoval of pep27, and/or renoval of one or both
furin cleavage site, and/or renoval of a non-furin cleavage site, and/or
nodi fication of a glycosylation site. In certain specific enbodi nents, the
RSV Pr n I - CQi | I

ol ot e R S e R B SRS & G R

r enov alforofhiplos Hre[FumtlgermIs desnzde Fei etxempleﬁuttﬂle aatse@rﬁﬁﬁﬂ’ meRSVIPaokES}z@JZ? and

i ncl ude an, | tact . epti.de  t hat not ur| cleavage. In
one. Spetti o Bp SRR kDR iRp i RGBT udh e iohPrY e

gl ycosyhabdiaiensi the Fadrotai podypaptidt 1Dﬂ&|HpI@f¢uﬁ@ﬁresérﬂe(ﬂf}/ S®YD amdkor PIV PreF
antigen, a heterolo ous a heterol ggous coil ed-cail (or other heterol ogous

st abi | W%&H&tlﬁﬁl CAMPES o f ProFanrAyRanEdey from dEEREH RaY ¥Mi*th any of . a
modi fi Rkl 1'11"\7\/@2608%@mWh%hrl§9fc%ora@éMe%1n b¢ f@é’l@ﬁce%r tflie fph‘lyogb & eavage
site, and/or renoval of non-furin cl eavage site, and fication of a
gl ycosyratdingadditienal ¢wnm®St0éBr$Vslbelm Gipeoteimsoaticnenst-s, t he hMPV or PIV PreF
antigen includes a Gtermnal coiled-coil (isoleucine zipper) donain, a

stabilizing substitution in the HRB %dro phobi ¢ domai n, and renoval of the

furin ¢06dvaydesiseeof hBIFSh aan Actridbth grent. AhBluBekstam, onfrawtvafierss ﬁwrepéptu de
that i r C 0 II PreF
ant1 gen A SaC IRy Stkalbos ik G RHE bbb R oituenty Bl B et ¢ 7

pr ot ei polyptptiale s thd & m@tambepremnadtb@rcﬁﬁq IDerw NumemUeaddnmdnat banpiasaififFxovi r us

for which a eF d. .For in the case of RSV, an
RSV A @FO%@OEP%H@&% hg rFl&ﬁN% Pipipsare ﬁ&a@p?d lea@lﬂaﬂ?{ m@fﬁo}/@ L.can be
sel ect gy, 10:11 3zef £33 (PO SIRLIRLYn AFRASEIBEL S, fol 1€ phrpBisfRiiftiRAERERplage 1S
the F %rot ein represented by SEQ ID NO 2. Nunmerous additional exanples of F

pr ot ei AMFOY §psécmlnd@q;letl@e@nﬁaﬁrflpléfyeﬁlplemldssteﬂmmgs eandedpasiely adeafiphby\C20081

14149 rat, herein by reference for the purpose of

provi dlcfér{l%lleg%dﬂl '[%}iléod?{ aggéinpﬁ%se of RSV F and G protein sequences). [066] In

the case of hMPV, any Aor B (e.g., Al , A2, Bl , B2) strain, or from

vari an{@7 hér ‘é@fcaS(eaﬁ Pélﬁé;fanry@dalabolve)%d fam sowteeh ek edfromnagaents éuercOéﬁe@rrpl ary

gggoijbr&e@%i ab e?hgr (I\)/Ec\é/sellze ro;[ 8n8)fapmé%(%9r? F 8érg§?slltis._c)ntc{2351gne tlé)%treevlegt lowgr esented by
respiratory tract disease, the PIV is most commonly a strain of PIV-3. In certain exemplary

embodiments, the PIV F protein polypeptide is the F protein represented by SEQ ID NO:8§.
Sequences of additional PIV (e.g., PIV-3) fusion proteins are provided in Prinoski et al. Virus
Research 22:55-69 (1991), which is incorporated herein for the purpose of disclosing exemplary
PIV F protein sequences. Exemplary nucleic acid sequences can be readily identified by

reference to the GenBank database.

[068] To facilitate understanding of this disclosure, all amino acid residue positions, regardless
of strain, are given with respect to (that is, the amino acid residue position corresponds to) the
amino acid position of one of the exemplary F protein. Comparable amino acid positions of any
other paramyxovirus can be determined easily by those of ordinary skill in the art by aligning the
amino acid sequences of the sclected virus F protein with that of the exemplary sequence using
readily available and well-known alignment algorithms (such as BLAST, e.g., using default
parameters). Additional variants of these or any other paramyxovirus F protein can arise through
genetic drift, or can be produced artificially using site directed or random mutagenesis, or by
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protein polypeptides fromdifferent hMPV strains are disclosed in Boivin et
al. Energ. Infect. Dis. 10:1 154- 1157 (2004), which is incorporated herein
for the pwopomel49f43di scl osi ng exenplary hMPV F protein seqmraaesssobkxenpl ary
nucl eic acid sequences can be readily identified by reference to the
GenBank dat abase. [067] In the case of PIV, any strain selected from
serotypes 1-4, or fromvariants thereof (as defined above) can be sel ected.
For exanple, in a conposition designed to prevent |ower respiratory tract

di seas ?ecohﬂ%a? by of ﬁvo@%ﬁorg ?f@éﬂ@‘!l Yo ParBhfs a'Sﬂc}pztddeo\{alsvarllaﬁ'ts %Feratls%' JitsBE ppl ary

enbodi nents, the el n ypeptide iIs F protein represented by
SEQ | Dtmogtex%ﬁ:theﬁrc@s(almﬁaﬂd})tamg@ls dBIcMSf(dehegem PI V-3) fusion proteins are
provided in Prinoski et al. Virus Research 22:55-69 (1991), which is
i ncorporated herein for the purpose of disclosing exenplary PIV F protein
sequend@®] En@dpua@MwadﬁﬁubnauwwfﬁadUen@asooanfﬁ@lnﬁhdamynﬂd@n@nﬂr@d:by

refer entclg 5tostr1ctl§/ GeeirgsBaar%to 1ng‘ltu8 e entu[e%é a]nd;lc_)r FE[ 8}n|afnt 1caé§lec[)r§fto gl ngl of
this dl SCIlI Osur e, acCl resi due posi i ons, 8 ra n,

are gi cemiddritions espethpdrantd Watn detectihfe sME@Qn&S@odfrﬁ@ﬁtrﬂM@ftﬁ@EI 'dblﬁﬁln

corresp nds to) .the am ng acid positijon ne of he. exenpl ary pr.otein.
Corrparér pg t %ﬁﬁ%%or%ﬁd? ﬁm%@s BPOIRY Oéﬁﬁé %tofa?lkt?geseaﬁqn@gf and

det er mgpgedireastht iéol?;yepttl'a@sﬁs afsclfagééﬂ lﬁ@@r/@m(bdg/oozztfﬁ% @errfanbain@ddhggﬁtpg the
ami no aci d sequencés of the selected virus F protein wth that of the

exenpl ariphdegueRS¥ Fuypisy, theddi domaaviaicluded amiamdcidielt-1n owecdhin greraplery
al gori th %11(1} ﬁ%%&%@%ﬁ?ﬁwtﬁ/ Bprordfs RO H&S a4 Ecﬂﬁfe?% [82as 16941 § 1{1 onal

vari ant’s ese par amyxovi r us can ari'se through
genet i cethtin é;tcmlﬂairyeafmobmansoduﬂedg alPtIVfFi peotainl the u?§| doghasi iheludésraatihe acidy

random genesis, or recomhi nat i of twq o eexi n ariants.
Such_ addiooRaR %{rY%ﬁP@fﬂﬁW@ga}l% ragqticaipes inrenate (Beggtion. e ﬁe e pr e (and
Pr eF- G%rgﬁkggﬁﬁgagu@qﬁgggg hemweln. [069] In selecting F2 and FI donains of
the F protein, one of Skl|? inthe art will recognize that it is not

stri ctly;opeceiany, d ®asncdusdgutle (&rﬁrd nfdf At 10onkdin Q%@Ebt@d adyPi cally,

confornatlonal consi derations are of nportance when sel ecting a
subsequyeyigeed(to maintaig ﬁéﬁtbbe cgflfométlcrnzth@tomludﬁs immygodanhisart2pidnsarhithe pi cal | y

IO]E]Clt Eg%%qu Pl %Xe é)la?y eﬁlgg rcl)tgg Vln%%%]?#%&%cl | I %%@ﬁé&%’*@eﬁ?ﬁ%e“ ability

enbodimﬁmpﬁxsmvbhynngnamnﬂswuﬁ2p2d86bﬁm1RE§Iﬁ&o&nmmﬂnxmndéUMEmeanmno aci ds
IZ:S égﬁéﬁn{ﬁ%gﬁ%{aﬁﬁ rawﬁ% %Elpdfgn%g%ggglrr]l}c%n{pﬁ\s/e%l a\r/rlurrllo ac1ds QMPO 516 of 2(1) BS{VQ’F the
protein polypeptide. One of skill in the art will recognize that additional shorter subsequences
can be used at the discretion of the practitioner. In exemplary embodiments involving an hMPV
F protein, the F1 domain includes amino acids 103-480 (e.g., 103-481), and in exemplary
embodiments involving a PIV F protein, the F1 domain includes amino acids 110-481 (e.g., 110-

484).

[071] When sclecting a subsequence of the F2 or F1 domain (or as will be discussed below
with respect to the G protein component of certain PreF-G antigens), in addition to
conformational consideration, it can be desirable to choose sequences (e.g., variants,
subsequences, and the like) based on the inclusion of additional immunogenic epitopes. For
example, additional T cell epitopes can be identified using anchor motifs or other methods, such
as neural net or polynomial determinations, known in the art, see, e.g., RANKPEP (available on
the world wide web at: mif.dfci.harvard.edu/Tools/rankpep.html); ProPredl (available on the

world wide web at: imtech.res.in/raghava/propredl/index.html); Bimas (available on the world
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certain exenplary enbodi nents involving a PIV F protein, the F2 domain

i ncl udes am no acids 19-105. However, variants having m nor nodifications

i n | engt wolioadeisBi on, or deletion of one or nore am neCAMEPAG)/059086 al SO
possi ble. [070] Typically, at |east a subsequence (or fragnent) of the Fl
domain is selected and designed to maintain a stable conformation that

i ncl udes i nmunodom nant epitopes of the F protein. In exenplary enbodi nents
involving an RSV F protein, an Fl domain polypeptide conprises at |east
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wor | dwi de_web at: intech.res.in/raghaval/ propredl/index. ; Bi mas
(avai | abhfirmsd bymecapwsinedbgibindial tas SPWMHmof@mrqndﬂwrﬁhfgbw |t ptiraplate

bi nd/ i qdc%ﬁ%%@héreﬁﬂ%] 1§¥}§:PJ% %éﬂﬁg%@té}g the world wi de web at:

syfpeith Cri erver.dl |/ horre ht rr) For exanpl e,

al gori a&oré‘b qgé Preg%gggre[rrrl]ﬁ gﬁcﬁllc’f%% "P?%Pnelang %etnlé] &3 %d lfe Q[\@GR lu%{iasé and

to sel ct t ose scores em‘a
ant i bodignhli peiidhgcottespondBigtta i eafnfessrmt s)ysteﬂfhﬁor&kgﬁpllel mﬂiamafaﬁalbals\eﬂﬂ eughaher on

the effects on, VHC g.of a particular am.no acid | ar

pOSi t | @ﬁpﬂcfeh%lcefaw& §V§:r9 IRHYS BSRA) SEIUSRISHE SoPmungyeids lc%ﬁa %@%M °H at a
par ti cyhft, RART L PEE SI 11 ). %)f @Icatnmpvmr P ﬂgtn%fag?lap@h{lérﬁg k&5, shigti tution
in anmtif- containin peptl e. Wthin the cont ex an |rmunogen|c

pept i decidy1+18ohSE Pesiot gk " Typicaliethomigas peptide is selected to be compatible

with the cells selected for recombinant expression. For example, a signal peptide (such as a
baculovirus signal peptide, or the melittin signal peptide, can be substituted for expression, in
insect cells. Suitable plant signal peptides are known in the art, if a plant expression system is
preferred. Numerous exemplary signal peptides are known in the art, (sce, e.g., seec Zhang &
Henzel, Protein Sci., 13:2819-2824 (2004), which describes numerous human signal peptides)
and are catalogued, e.g., in the SPdb signal peptide database, which includes signal sequences of
archaca, prokaryotes and cukaryotes (http://proline.bic.nus.cdu.sg/spdb/). Optionally, any of the
preceding antigens can include an additional sequence or tag, such as a His-tag to facilitate

purification.

[073] Optionally, the PreF antigen can include additional immunogenic components. In certain
particularly favorable embodiments, the PreF antigen includes a paramyxovirus G protein
antigenic component. Exemplary chimeric proteins having a PreF and G component from RSV

are described in detail in PCT/CA2008/002277, which is incorporated herein in its entirety with
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appears in a significantly higher frequency than woul d be expected by
random di stribution at a particular position in a peptide. Anchor residues
are consewoeadiwesiddues that provide a contact point w tircrBP2000bi0s9v06 ecul e.
T cell epitopes identified by such predictive nethods can be confirmed by
measuring their binding to a specific MHC protein and by their ability to
stinulate T cells when presented in the context of the WHC protein. [072]
Favorably, the PreF antigens (including PreF-G antigens as discussed bel ow)
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e.g., |scie¢ttreth8|3d>brespogldad> othepiatutell Yatcalbrawearanhixohirises lindedng ifgnaampkguences
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facilitate purification. tiona en can include

addi t i GFEFIN PANRERSKEhE pé%iféne REL 1D Noée%t af> ﬁmééﬁ K$§ant ' ?y nd VoY Bpl e

enbodi ng ?Eénmgye PreF antigen includes a paranyxovirus G protein antigenic
componen Exeénpl ary chineric proteins having a PreF and G conponent from

RSV ar o3 f hfthe @ < Al fo R EAR AR HOPRR T WAk ViR Ar al ed

herein‘in’its entirety wt spect detai |l ed dé&scription of exenplary
chi mer iskarPs@peGeproil ity vithGongarcatsheored efquengns ot blss be emplogediieshgned and
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cor r espigneicngnilQith Bttwcal PiFaatgin folgeplidaai$polON1DkideEg@ctks hhdselissai ns
can corresgond in_sequence to an RSV A or B strain, such as the comon

| abor atEioy) 3 derarobgeaids (Ghkpesdeorise s7auerssy in gnciahly canhsesrpieatcdimicrys 8k cur ri ng

strain t similarity between the sequences, otherwise referred to as sequence identity. Sequence
identity is frequently measured in terms of percentage identity (or similarity); the higher the
percentage, the more similar are the primary structures of the two sequences. In general, the
more similar the primary structures of two amino acid (or polynucleotide) sequences, the more
similar are the higher order structures resulting from folding and assembly. Variants of a PreF
polypeptide (and polynucleotide) sequences typically have one or a small number of amino acid
deletions, additions or substitutions but will nonetheless share a very high percentage of their
amino acid, and generally their polynucleotide sequence. More importantly, the variants retain
the structural and, thus, conformational attributes of the reference sequences disclosed herein.
Thus, PreF protein polypeptides having 1, 2, 3, 4, 5 or up to 10 amino acid additions, deletions
and/or substitutions relative to one of the exemplary PreF sequences of SEQ ID NOs:10, 12 and
14 are also embodiments of PreF protein polypeptides as disclosed herein. For example, a
suitable embodiment includes an RSV, hMPV and/or PIV-3 PreF protein (e.g. of SEQ ID NOs:

10, 12 and/or 14) with an amino acid substitution that modifies a glycosylation site (as discussed
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isolate (as disclosed in the aforenenti oned WO20081 14149). Simlarly,
sequences can be selected that correspond to other naturally occurring

par anyxowouseei49i4acl udi ng, for exanple, hMPV and PIV (asTdips@ioos®ds i n t he
aforenentioned Boivin et al. Emerg. Infect. D sL :1154- 1157 (2004) and
Prinoski et al. Virus Research 22:55-69 (1991), respectively). Exenplary
PreF protein pol ypeptides are provided in SEQ ID NGs: 10, 12, and 14 (RSV
hMPV and PI'V-3, respectively). [075] In addition to such naturally
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the variants retain the structural and, thus onformational attri butes of
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havi ng étiuegce adignfhentin@hoddRinll 90141910? ﬂ@ul@&dr@ B dNCEI BRisic ASLAA 1R AN/ Or
substitutions relative to one of e exenplary PreF sequences of SEQ ID

NOs: 1G6gartl Tapld BLASAD éAkdchul @ nbolli MehtBolb2 1 PABE, 19P0) iervailobleyirapsdvdes as

di sclo her i I 83 AN V, hMPV
and/orggg °3' raEgt é?%n?bgﬁm%bfg EE@P@>§EE$ nﬁoﬁgband e%ﬁ W't h an
am no agd 6n ﬂubﬁttetntet,l férane irh@hnemidh Widisthasdgliyeo aydladis prio gﬁm{se)la(sqg blastn

di scussedab larly, a.suitaple enbodi.nent can.jncl ude

subst i E”ts ﬁ’%g a«i‘ﬁ tﬁoAadc??‘Hlpﬁlﬁﬁf’? Y & SRR CRYRSS ldﬁ%ttyllﬁ’é‘g@lél eavage
site (@sohidsUSafbIcOPNRINVBILRHRS Bek iA@msEQ | D NGs: 10, 12 and/or 14. In
certain enbodi nents the PreF pol ypeptides include both such nodifications

relati &7 7t 5Nk 'i-'?lsm%es, 4 1Prélf2arﬁ‘1%gns%s one or more amino acid modification relative to

the amino acid sequence of the naturally occurring strain from which it is derived (e.g., in
addition to the aforementioned stabilizing modifications). Such differences can be an addition,
deletion or substitution of one or more amino acids. A variant typically differs by no more than
about 1%, or 2%, or 3%, or 4%, or 5%, or 6%, or 10%, or 15%, or 20% of the amino acid
residues. For example, a variant PreF antigen (including PreF-G) polypeptide sequence can
include 1, or 2, or up to 5, or up to about 10, or up to about 15, or up to about 50, or up to about
100 amino acid differences as compared to the exemplary PreF antigen polypeptide sequences of
SEQ ID NO:10, or analogous PreF antigens based on the hMPV and/or PIV sequences (such as
the exemplary sequences of SEQ ID NOs:12 and 14). Thus, a variant in the context of an F or G
protein, or PreF antigen (including PreF-G antigen), typically shares at least 80%, or 85%, more
commonly, at least about 90% or more, such as 94%, or 95%, or 96%, or 97%, or even 98% or
99% sequence identity with a reference protein, or any of the exemplary PreF antigens disclosed

herein. Additional variants included as a feature of this disclosure are PreF antigens (including
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[076] Met hods of determ ning sequence identity are well known in the art,
and are applicable to PreF antigen pol ypeptides, as well as the nucleic

aci ds t havoenmode7s8hem (e.g., as decri bed bel ow). Vari oesTmrogoassoand
alignment algorithns are described in: Smth and Waterman, Adv. Appl. Math.
2: 482, 1981; Needl eman and Winsch, J. M. Biol. 48:443, 1970; Higgins and
Sharp, Gene 73:237, 1988; Higgins and Sharp, CABIOS 5:151, 1989; Corpet et
ah, Nucleic Acids Research 16:10881, 1988; and Pearson and Lipman, Proc.
Nat | . '%?@PCJG a§ﬁlgens)q§‘§t i_ﬁ udétor ﬁaﬁ%a Ifﬁ‘tlte&? LUr aﬁltin@ébid &Jﬁ_{l&{(}@ STRAES frofithe 19,
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PreF anti gens disclosed herein. Additional variants included as a feature
of thi streipskyt dlidss eerapqoentsubseapepeasrommeylple sgPre P @y arfiang @ aenscRyat

the. nat iSRRG e O A R PR TSRS TS ol vim
et al . chbedighentsnéreatr more of the polypeptide domains is modified by the addition of an amino

acid sequence that constitutes a tag, which facilitates subsequent processing or purification.

Such a tag can be an antigenic or epitope tag, an enzymatic tag or a polyhistidine tag. Typically

the tag is situated at one or the other end of the protein, such as at the C-terminus or N-terminus

of the antigen or fusion protein.

NUCLEIC ACIDS THAT ENCODE PREF ANTIGENS

[079] Another aspect of this disclosure concerns recombinant nucleic acids that encode PreF
antigens as described above. More explicitly, such nucleic acids encode polypeptides that
include a F protein polypeptide antigen that includes an F2 domain and an F1 domain of an
paramyxovirus F protein polypeptide, which includes at least one modification selected from: (i)
an addition of an amino acid sequence comprising a heterologous trimerization domain; (ii) a
deletion of at least one furin cleavage site; (iii) a deletion of at lecast one non-furin cleavage site;

and, (iv) at least one substitution or addition of a hydrophilic amino acid in a hydrophobic
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Dis. 10: 1154-1 157 (2004) (hMPV) and Prinoski et al. Virus Research
22:55-69 (1991) (PIV). For exanple, in certain enbodi nents, the RSV PreF
pol ypept iwe 2hasi4at43] east 89% sequence identity to SEQ | BCH@P2d10/0590he hMPV
PreF pol ypeptide has at |east 94% sequence identity to SEQ ID NO 12; and
the PIV PreF pol ypeptide has at |east 95% sequence identity to SEQ I D NO
14. Additional variants can arise through genetic drift, or can be produced
artificially using site directed or random nut agenesi s, or by reconbi nation

of WO 4Ok Y ren i ﬁ%@i&&itfhgelﬁﬁﬁxj Rkash, (@b{gJa%gg ghéGH) aolgtg nu%?croha@&rﬁzoﬁés% BLpo
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i ncl udescrspaoresncsueddekindesscivans efing pidotbermaienscludsd (egehyfrom a
consen%y%933&8%6%3&36%%%@2?%}@/d@l& ni ng mul ti pl e strains of paranyxovirus

Vi rus poﬁ pep al n enpodi nents, one or nore of the pol ypeptide
domains is nodified by the addition of an am no acid sequence that
const i {QR0&s Iracdragy embnidirherftg ¢hd retabimsars nbhd eiqueids agprcodesgitingjzar fopur i fi cati on.

Such a tag can be an antigenj.c or  epitope tag,.an, e mati ¢. t.ag, or. a

ool yhi SEREIIR PGl oRgd PRk Herkagorichet pila: REMNO SRAOPTIHETHRRIR end of
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aspect nsEH|ag. ¢g-seHEs gplls. eis mEwiide ip Bed oM HIR(O0AYET sihichds ingarporitd encode

PreF antji. e?c?fa'gg.s ?ﬁg{bﬂﬂa@@ﬁ%ﬁaﬁmnﬁ e‘i?@ééicﬁj, h}e)/nucf%}&_ idduel ﬁé c acids

encode pol ypepti include a F protein polypeptide antigen that
i ncl udescogrrFal toenavertandichas Fbrofaryaiinond cukaryptic axyresionvastor: Idosvrdisn

pol ypept i d whi ch includes at | t one nodification.selected.from. (i) an
baa b Biefne SO RS Seltis B e e By e R SRR GRC T b &t L on
domai nihi HisgloguréleFRlokdie kst @lls iasle pedl@nfotit i(Me. Hae@maly Bos ick1®;, sichiak E. a
del etion _of at |east one non-furin cleavage site; ]

coli, as well as numerous cukaryotic host cells, including fungal (e.g., yeast) cells, insect cells,

and mammalian cells (such as CHO, VERO and HEK293cells).

[081] To facilitate replication and expression, the nucleic acids can be incorporated into a
vector, such as a prokaryotic or a cukaryotic expression vector. Although the nucleic acids
disclosed herein can be included in any one of a variety of vectors (inclding, for example,
bacterial plasmids; phage DNA; baculovirus; yeast plasmids; vectors derived from combinations
of plasmids and phage DNA, viral DNA such as vaccinia, adenovirus, fowl pox virus,
pscudorabies, adenovirus, adeno-associated virus, retroviruses and many others), most
commonly the vector will be an expression vector suitable for generating polypeptide expression
products. In an expression vector, the nucleic acid encoding the PreF antigen is typically
arranged in proximity and orientation to an appropriate transcription control sequence (promoter,
and optionally, one or more enhancers) to direct mRNA synthesis. That is, the polynucleotide
sequence of interest is operably linked to an appropriate transcription control sequence.

Examples of such promoters include: the immediate early promoter of CMV, LTR or SV40
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and, (iv) at |east one substitution or addition of a hydrophilic amno acid
in a hydrophobi cdomain of the F protein extracellular domain. Optionally,
such a povgpnooleagissde encodes a PreF antigen with a nodipCir@Eeeionsdons a

gl ycosylation site. Additionally, in the case of an RSV PreF antigen, the
nodi fications can also include deletion of one or nore am no acids of the
pep27 domai n. The nature and structural details of such pol ypeptides are
disclosed in detail above. One of skill in the art will readily be able to

det er &Hcgﬁgféénc ?ﬁﬁ%ﬁ&ﬁ%cﬁlb@bseﬂc%%@&%r&&gm%ie'r r%ﬁlfa & 0% o feRbhped
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and HEK293cells). [081] To facilitate replication and_ expression, the
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can be of various origins, both natural and synthetic. If desired, the efficiency of expression can
be further increased by the inclusion of enhancers appropriate to the cell system in use (Scharf ez
al. Results Probl Cell Differ 20:125-62 (1994); Bitter et al. Methods in Enzymol 153:516-544
(1987)).

[083] Insome instances, the nucleic acid (such as a vector) that encodes the PreF antigen
includes one or more additional sequence elements selected to increase and/or optimize
expression of the PreF encoding nucleic acid when introduced into a host cell. For example, in
certain embodiments, the nucleic acids that encode the PreF antigen include an intron sequence,
such as a Human Herpesvirus 5 intron sequence. Introns have been repeatedly demonstrated to
enhance expression of homologous and heterologous nucleic acids when appropriately
positioned in a recombinant construct. Another class of expression-enhancing sequences
includes an epigenctic clement such as a Matrix Attachment Region (or MAR), or a similar
epigenetic element, e.g., STAR elements (for example, such as those STAR elements disclosed

in Otte et al., Biotechnol. Prog. 23:801-807, 2007) . Without being bound by theory, MARSs are
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sequence of interest is operably linked to an appropriate transcription
control sequence. Exanples of such pronoters include: the imediate early
pr oot er WO 2049143 R or SVAOpronot er, pol yhedrin pronot ecTaP2o@os4008i r us,
E. coli lac or trp pronoter, phage T7 and | anbda PL pronoter, and ot her
pronoters known to control expression of genes in prokaryotic or eukaryotic
cells or their viruses. The expression vector typically also contains a

ri bosome binding site for translation initiation, and a transcription
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is inserted, exo 0 ransl atjonal c ignal.s, including an ATG
initi atdﬁifﬁge%w%ﬁgwﬁi@ﬁaﬁ@a PRI eI ?Qﬁoﬁkéﬁ%@, %ﬁenhﬁan@ﬁl%lal:\eﬁaﬁencodi ng
PreF agppigahon d51&VOD2/HY86h RhRRYRNInEtpRaRE Blrcid by REr&RE). ELddifiGRIMNR f rane
to ensure transl ati on of the polynucl eotide sequence of interest. Exogenous

t r anscseqchess shat edrebaaived taagndlanagi cxprgssiemoicotistese acahensediag a\Pagh andigenr i gi ns,
both n I t S} fd Gi ssion can be
Fort heroiibeLBRG, SYOARRMAR MARBRILRIARLLR, SR GO0 S AGHEEES O

syst emdeseribe®in((Gedberfal. eNatake MR8, #I4P176B) 2002 (disdDbdetl @r G2iBank2%cc6R2i0n1994) ;

ot andBe, Ex it dadpad B PRAFTR ;13072 Vit porti bt 8L Qo TRRDe

ant i geRyiil Appro€lfs 1 xREssivalcan adthet bOMaliulsed Be faetiak aBARSha Pkt &hnt O
i ncrease and/or optim ze expression of the PreF encodi ng nucleic acid when

i nt r oddEeEnaditolenel v sehagegment,@g fis igReFY) for MAR E8r dhdairedrisbemaibiet ARt he
i : .‘ . . | "
nucl el %?@‘re‘]h 3 f&hﬁ‘&e&‘sn@oe%%refséwn BF £Pre i %Q;Iah BEC kdéﬁﬁﬁgd\)oe}l %5&%%%@{5&?&09 suc

as a Hu rpesviru Intron sequence. Introns een tedly
denonstda@mbasds, tfar cxample, using software such as MAR-Finder (available on the web at

futuresoft.org/MarFinder), SMARTest (available on the web at genomatix.de), or SMARScan 1
(Levitsky et al., Bioinformatics 15:582-592, 1999). In certain embodiments, the MAR is
introduced (e.g., transfected) into the host cell on the same nucleic acid (e.g., vector) as the PreF
antigen-encoding sequence. In an alternative embodiment, the MAR is introduced on a separate
nucleic acid (e.g., in trans) and it can optionally cointegrate with the PreF antigen-encoding

polynucleotide sequence.

[084] Exemplary procedures sufficient to guide one of ordinary skill in the art through the
production of recombinant PreF antigen nucleic acids can be found in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, 1989;
Sambrook et al., Molecular Cloning: A Laboratory Manual, 3d ed., Cold Spring Harbor Press,
2001; Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing Associates,
1992 (and Supplements to 2003); and Ausubel et al., Short Protocols in Molecular Biology: A
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enhance expression of honol ogous and heterol ogous nucl ei ¢ aci ds when
appropriately positioned in a reconbi nant construct. Another class of
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internedi ate | evel of enhancenent, as is reported for MAR desi red,
al t er naptiangs AR chsgdiBBasinfay /. En@r&é@‘éﬁgDeM@rléééﬂcbW 61004) (PP\@V)@MﬂI gen can

D OB RRE, My PRSI DA oSN S HRRBE T LT BRI B ARLAR SN v @

such as Ei Ader (aval e on

SMART e shcddawdihabEPIoNPicA@rotghs at pgﬁmmiﬁ SEQd®)NOen 1 ﬁhd&RSeagmedtw(alyew tsky et
al ., ng@nfornatlcs 15; 582-59 1999% I n certgln enbodi nents, the MAR i s
i nt r oddXdgHonal s§auenes Kariansha hare secgchgrddensiey WiR e SRmPRE WARBSSER PRi ¢ aci d

{e. o0 prdfﬁ@é(p(;)) thas% 6f@§111pﬁ% a@ptm?dan? NEOMIE: SEAVERGS wﬂurbn%ueal t er native
enbodi nment , is introduced on a separate nucleic acid {e.g., in

trans) pah’ﬁeﬁttde%ﬁlﬁt djﬁf?t laneg myregbimtegerat’e anisth of K& oRrdBS “ant Peferet éh‘i?c odi ng
amino acid residues. That is, the encoded polypeptides share at 1east 80%, or 85%, more
commonly, at least about 90% or more, such as 95%, or even 98% or 99% sequence identity to
one of SEQ ID NOs:9, 11 and 13. It will be immediately understood by those of skill in the art,
that the polynucleotide sequences encoding the PreF polypeptides, can themselves share less
sequence identity due to the redundancy of the genetic code. In some instances, the PreF antigens
has one or more amino acid modification relative to the amino acid sequence of the naturally
occurring strain from which it is derived (e.g., in addition to the aforementioned stabilizing
modifications). Such differences can be an addition, deletion or substitution of one or more
nucleotides or amino acids, respectively. A variant typically differs by no more than about 1%,
or 2%, or 5%, or 10%, or 15%, or 20% or of the nucleotide residues. For example, a variant
PreF antigen (including PreF-G) nucleic acid can include 1, or 2, or up to 5, or up to about 10, or
up to about 15, or up to about 50, or up to about 100 nucleotide differences as compared to the
exemplary PreF antigen nucleic acids of SEQ ID NO:9 or to analogous nucleic acids of the

exemplary hMPV or PIV PreF sequences of SEQ ID NOs:11 and 13. Thus, a variant in the
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pol ynucl eoti de sequence. [084] Exenplary procedures sufficient to guide one
of ordinary skill in the art through the production of reconbi nant PreF
anti gen nwol2eiwci4amBds can be found in Sanbrook et al., Folr@podi@nsgbheni ng: A
Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, 1989;
Sanbrook et al., Ml ecular Cdoning: A Laboratory Manual, 3d ed., Cold
Spring Harbor Press, 200 1; Ausubel et al., Current Protocols in Ml ecular
Bi ol ogy, Greene Publishing Associates, 1992 (and Suppl enents to 2003); and
Ausube lc?ﬁExt%lf an ng'/ofﬁ b 8 'b?&t&ﬁ%@réﬁa ! R l%iﬂklﬁ%ngw&@@)ﬁgtiﬁegg gﬁﬁ&g&afﬁm of

Met hodstrom Current Protocols in Ml ecular Biol ogy, 4t ey & Sons,
1999. [(8&llyBhanpitdeapt §136.) @i86 %@oiogscanraonlemt brist dBpetP0ano1 e, poh upifi des

are represene oSEQ | D NOs:. nd.i n PCT/ 008/.002277. Mar.i t hat
e uddr SR e S s Bl RS ARG o B SEN ol

cor r espamd] Ngort13. paklitidnalnvabidtts 0in HEQthBPuEcActadriffer paobtsedudey al tering
{e.g., mutating) the nucleotides in the vicinity of positions 1408-1414 (as
conpar ey uslogise dircdies! ariendon) PRGBS YL Sequdirasiop et BEmPIRG 1) .

Sui t ablyg..3RAMNENG BRSO ISuVEl BRI 0ERiahQ RNAQARIEbY GPBY LB AN YIRI Preadl € 9.
that increase glycosylation efficiency) 1nclude: aacgggt, aacaagt, aacggga,

and aa®adg@) antigeey disdlosgd hewguences, such as cagcagt, which elinminate a
gl ycosylation site are al so possible. Additional variants of can be
pr oduc ¢eBohy Irmsbieindsl to tlge wniahtogolese d€idapdevidystyodeséribeg olug pepadi dishsd éybrediee s

| ected f f the k .sub I i
par amco91e denge¥e s o MGl P GepBOay Skt 1B NOSD Fhan 1 Lndaeto
vari antSgQap N0sa| 95@d 5) CarBdiobeused indthe c&iBNt@f nhdéieatids Basdacbdelbr- 1 157
(2004) (hMPV) and_Prinoski et al. Virus Research 22:55-69 (1991) (PIV).
Exenpl aP§28d| Qatiel Tt indhe e #ilb apseciatn ot Braddiieniay “apeiupney 188y pr ot ei ns

are proyda0ed 4isBusEQub P NeBtheliddiRRDF & uch &SRR BLivec AR hicRHALiGEGURNCE

variants that share sequence identity wth the exenplary variants can be
pr oduc ebilitytothybsdizof Thkinbie similarhaec the sequeygsk ohtheywo nhdeingeldsitle meied vari ant s

wll engo I i -ha i.5fer n han 1% . or..2% or..5% or
Yo% oRERaEn R SBEBIORE ARy OOl Bfbck N IRE Sk hBricfforiog kol
pol ypeptd dgscnsbrdéendént hedsit dB0Yent@hd&Siferomtrcavieatimgmml paratieteke alfus,about  90%
or nore, such. as 95% or even 98% or 99% sequence identity to one of SEQ ID
NOs: 9 ixﬁrlﬁ%ﬁl%@nﬁvowﬁuﬁw 1P RARigR At gyeeaﬁgaﬁg%lazﬂ%wrw%en&ngﬁm| in

the ar ettt of I HPBHYRHEL SRl e FLRGUE HEER BARHING dh%rRAes (RO YPept i des,

can thensel ves shaie | ess
hybridizing nucleic acid sequences. Generally, the temperature of hybridization and the ionic
strength (especially the Na” and/or Mg concentration) of the hybridization buffer will
determine the stringency of hybridization, though wash times also influence stringency.
Generally, stringent conditions are selected to be about 5°C to 20°C lower than the thermal
melting point (T,,) for the specific sequence at a defined ionic strength and pH. The Ty, is the
temperature (under defined ionic strength and pH) at which 50% of the target sequence
hybridizes to a perfectly matched probe. Conditions for nucleic acid hybridization and
calculation of stringencies can be found, for example, in Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2001;
Tijssen, Hybridization With Nucleic Acid Probes, Part I: Theory and Nucleic Acid Preparation,
Laboratory Techniques in Biochemistry and Molecular Biology, Elsevier Science Ltd., NY, NY,
1993.and Ausubel et al. Short Protocols in Molecular Biology, 4th ed., John Wiley & Sons, Inc.,

1999.
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sequence identity due to the redundancy of the genetic code. In sone

i nstances, the PreF antigens has one or nore amno acid nodification

rel ati ve wo 20tvei4am3no aci d sequence of the naturally ocearmra@osssoas n from
which it is derived {e.g. , in addition to the aforenentioned stabilizing
nodi fications). Such differences can be an addition, deletion or
substitution of one or nore nucleotides or am no acids, respectively. A
variant typically differs by no nore than about 1% or 2% or 5% or 10%

or 15% 083/r %Q os@§ oi‘tﬂé’&fé'é&lt%f&!o%er%i H&%ondi HBn eéﬁé”&gﬁss @onﬁﬁ‘foh?”t PreF

antlge (|nc u Pr eF- nucl eic acid €an inclu to 5, or
up to abdartwhich h}(brldaptunrowzlb@ﬂy odeyr ifdherep lew thdpd o Bixmateh bmwem thﬁbout 100

nucl eo e di ffe nc red to t PreF anti nucl ei ¢
e ds S PR TGRSR AT GBT LG B ER ALkt i B AR ey or
PIV Pr @Eﬂfzﬁl@,ﬂ&ﬂﬂesf Qfmﬁ@ D NS predibe detthifleh. THudSas weediadiéiaiftmddaraidrecont ext
of an RSV F or G protein, or PreF antigen (including PreF-G antigen)

nucl ei SUHETREY copids e @ﬂ%?rl@éerawhlpléa@? ceplgsAVit Mogs N g ross casifp Myatcly

l'east 3ROWL: RBULE: d%ﬁﬁ%on%’tc*ﬁm%%n?éfﬁl Qe ’eé&%@ho%g%&rr w%?c%rﬁ&g&lﬁ&%tﬂ dentity
with a PreF protein polypeptide 1!l rated in SEQ I D NG 9, 13

Addi t i oma¢ thaard pArismeth vsaklmgéh}fondaagdmdqen@tlms of ‘hifgh Strmgelm atﬁethqzmomdéfed
artifichally 915%%'(:&%1‘?15 Sqt%redth{me%"/e%11?1521&}%&?1%&3%5?&%@ dedtiti?k o yve;fﬁ%ﬁb' nation

of two or Feexi vari an |ona varian e -al
sui tabIsemlgénctyhareabdssteemﬂemm}h@qﬁ’frel?s wanehoky ®bn € raRtmagandll dbsiolbeigizd. her ei n.
[086] In addition to the varlant nq?l ei c. aci ds eV| ousl e{ﬁjiescrl bed,

nucl ei COHESHAVEIRSRCy Bief Rybridizegindere Toyy Sﬁﬁlﬁg@cwo féor@x 95t 8P aci ds
represeqnt %u@ﬂce%ﬂh’aom}l LequbdccllicntBy 6%?%8/%%1@ snﬁ% UeRcd¥@ thelnucBic and 5)

can al so used in the context of nucleic acid encode PreF antigens.
One of aglkll IIHWIﬂlnthﬁﬁ?éor&rtte Wﬁlﬁtoaéﬁ}ﬂé&ea?@wsh@tlaﬁltﬁOﬁweﬂ‘i amdythattaie % sequence
i denti I i ty
pet veet A dra SFREH, SRR o BORRQE ol Ko B sPOTHARELS B are
t he sedmemesthefpottimes thaoentadd thic &2 aloimad i, antihhae Ebdc&nah of thgénirottehae Foondi ti ons
at which t br| di z The stringency, of hybri d| 0 condi i ons
are seaza%ﬂ@ S&gfb RS B Py ST e, e A ST

par ametsgxsid N9, 1 hykpddizzati on conditions resulting in particular degrees
of stringency wil | vary depending upon the nature of the hybridization

met hod [@ds] Cﬂ%&ﬁn@&ﬁm‘bﬁ% ROARASE B&ﬁi‘ar@'l&irddﬁ&ﬂltlﬁto%fellé B8 veuBsisdiai @ nucl ei ¢
acid sequences Ceneral ly, the tenperature of hybridization and the ionic

st r engtirqdgetscinglcrpressien lmmmkarwle celigyeg., @omlewlsafi)rm)am@ie # Recleic acid
hybri d'n%c%du?é]a g&gﬁlﬁﬁeowdé Lequence that encodes a PreF antigen can be introduced into any of a

variety of commercially available or proprietary vectors, such as the pET series of expression
vectors (e.g., pET9b and pET2d). Expression of the coding sequence is inducible by IPTG,
resulting in high levels of protein expression. The polynucleotide sequence encoding the PreF
antigen is transcribed under the phage T7 promoter. Alternate vectors, such as pURV22 that

include a heat-inducible lambda pL promoter are also suitable.

[089] The expression vector is introduced (e.g., by electroporation) into a suitable bacterial
host. Numerous suitable strains of E. coli are available and can be selected by one of skill in the
art (for example, the Rosetta and BL21 (DE3) strains have proven favorable for expression of

recombinant vectors containing polynucleotide sequences that encode PreF antigens.

[090] More typically, the polynucleotides that encode the PreF antigens are incorporated into

expression vectors that are suitable for introduction and expression in eukaryotic (e.g., insect or
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determ ne the stringency of hybridization, though wash tines also influence
stringency. Cenerally, stringent conditions are selected to be about 5Cto
200C | owawotzheni4dtie t hermal nelting point (Tn) for the spEmprkilo/oswguence at
a defined ionic strength and pH The Tmis the tenperature (under defined
ionic strength and pH) at which 50% of the target sequence hybridizes to a
perfectly matched probe. Conditions for nucleic acid hybridization and

cal cul ation of stringencies can be found, for exanple, in Sanbrook et ah,
Mol eculyar, fIRRIRE). Aty 3LAT ¥uNaOMads ar@&&n%@ébﬁ‘&gﬁ@ Qpfeshgbpratory
Press, Cold Sprlné Har bor, NY, 2001; Ti|]ssen, bridization Wth Nucleic
Aci d Psdbes] vdearthokt cell TheareexamdlaNuarhleidemewi ttie Polypadiertido ngqueadschatt or y

Techni ques, i i gchem str.y and ecul ar Bipol o evi er, Sci en Ltd.
v SRl e PR A ed B B PR B pREV B s By i
ed., JolbazdBiokysicslsFns , THep@lypepttR9s EXABdkcd@idepal t B ERSIVO hrobfdeerpieB adthe

di scl osure,. "stringent conditions" enconpass conditions under which

hybr i dif2aeiss sgily ﬁ%&% (GyteMegploVirupmapaotes edestion phie sudlyfaanisetet callst ween

the hyhghdigatthOPolfpaas senaRbaldit nlBE Aglity T WERERfectePLENNI G w GaRdi ti ons”

can be broken down“into particular |levels of stringency for nore precise
def i ni tabssnce affpgytamsnarsechErkd that haye sencessBullytintegrged dye' pifolddire dtdaty ar e

t hose ' I ' 1or €.t 0 ' will not
nybr 1 cibody BRI, B M AP SR

nol ecul(@kitathih & Sptheadel amvyhfeoSaicstzaicelly dah bk cloailljnssdpahdtidzad chaisktadrdiféd ons of
"hi gh stringency" re(igfge Pnder whi ch sequences wth nore than 10%
nisnat@ﬁpﬁﬁsqncﬁa?3%§ﬁ? i°z &° °tions of "very high stringency" are those
under which sequences with nore than 6% m smatch will not hybridize. In

cont r agg91] NuCARitier 3gdrisic, tthapolivRIdot g &quade that bRWdsd the PEENGYig&ORdI ti ons
i ncl ude those with nuch | ess sequence identit&, or with sequence identity
over onlt{pdyegskintod pssetslie Helas 2 Breylparysdixpesstondiegor Pyt (BEVeher ef ore, be

unders : i V.af; i : j ' : assed
R A e e e e b S L S S Vs
3, and aBaikblelveawts, bieand{dreygpons, isarhsastthaB Ddincold&otdwysted fdomBIhBmidichdre FI

donmmi n . of .,the F protein. For exanpl.e,.such nucl eic .aci C bridi ze over
et ey e balBh @ty e R mF S5 S S R AD 25

13. [ 0884tod. MHear Kot ¢elle BN RTop b ipisd ik )araed-tenstdceedibytpadaeeathimeio cells
via vectors sujitable for introductiaon and expression in prokaryotic cells,

e.g., E_lasgl&} @ndd%lp ﬁ@gulp@plde%mgg tlg lm@p@fi(ge%fgpla DNA of the baculovirus

Autographa californica nuclear polyhedrosis virus (AcNPV). Following transfection,
homologous recombination occurs between the pACSG2 plasmid and the Baculovirus genome to
generate the recombinant virus. In one example, the PreF antigen is expressed under the
regulatory control of the polyhedrin promoter (pH). Similar transfer vectors can be produced
using other promoters, such as the basic (Ba) and p10 promoters. Similarly, alternative insect
cells can be employed, such as SF21 which is closely related to the Sf9, and the High Five cell

line derived from a cabbage looper, Trichoplusia ni.

[092] Following transfection and induction of expression (according to the sclected promoter
and/or enhancers or other regulatory elements), the expressed polypeptides are recovered (e.g.,
purified or enriched) and renatured to ensure folding into an antigenically active prefusion

conformation.
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i ncl udi ng a pol ynucl eoti de sequence that encodes a PreF antigen can be
introduced into any of a variety of comrercially available or proprietary
vectors, wochiiztdie pET series of expression vectors {eCyEP2pEISMM0and
pET2d). Expression of the coding sequence is inducible by PTG resulting
in high levels of protein expression. The pol ynucl eoti de sequence encodi ng
the PreF antigen is transcribed under the phage T7 pronoter. Alternate
vectors, such as pURV22 that include a heat-inducible | anbda pL pronoter
are al sgepibbaRbEpRDIRIINEIRS XU PRI HSCYPEPTHEN! roduced {e. g., by

el ectroporation) Thto a surtable bacterial host. Nunerous suitable strains
of is. [eB]i Tae Bre&mtigabl(mcmdmgd’aﬁ beans g¢rscanelchlfoywinmeamflicadablel Giantigdoe) ar t
(for exa t he Rose n roven favorable for
Exor eo SO G aE sfaT e B8k Se cduh Rt R B TRy Bl b ad Cences. ¢ ha
encode pﬁ’flﬁ&'_atl@ﬂbf grombinpAGRdtelor Brocydurésalufficiert Regidd yritudlskiditih desart daatbeencode
the PreF antigens are incorporated into expression vectors that are

sui t abif@nddp thefpleswae rsfeisnem S wXPdsdidbnMofrcwdr S&rapds d fabogiory Mewegbt

or Manmlol @i Histhor IFBYRERY PYoss, THINSHHE ﬁé&o@W%O@fa%d%Qﬁﬁ’&l opd/i BR&ed for
expression in the selected vect'or/host cell. In’one exenplary enmbodi ment,

the polRyeactledt MdieciegBioss, 4 heat. Jehc Bibs & BensPhsf 999 Additiond andspeodigced

|nto a %gﬁggr H§%%ﬁ %ﬁthﬁNpEEl4 vect or devel opped by Lonza Bi ol ogical s
F? él I s expressed under a constitutive pronoter, such as

the |nned|ate early CW (CytoMegal o Virus) pronoter. Selection of the

st abl y [@Hdn8kewhlmdant ehdlsic exids dwsenrgdd the Ppdd ampigpidsi (deddseriedcbotrassd on t he

ability of,t transf ed cells to gr t he ahsence ,of | ut am ne

2 our e it kR TE b int et iR A AP o SRS B e AR o ow
in thefyi I?Weﬂite@ﬁ%%ﬂb@ (. UksafB @&mibaeials QvéllﬁBlem%E&ﬂna)l%ﬁﬂéct@Kpr esses
the GS (d utam ne H¥nthetase enzyne. Selected cells can be clonally

ex pandé%ﬂgél?fds%héi" R QEGRAMIE208P e5 ERONSEECTRE " HeStleiam mhosithagio| ypept i de.
LO9L] LRcAnQ Plirs i BRI KOHEL 90D PetRHens ibRaf v &REOGRMJNe PreF
antige ntro uce “into Insect ce S|n a Bacul ovi rus Expression
VECtorcS¥sten1(BEVS). Reconbi nant bacul ovi rus capabl e of infecting insect
cells can be generated using commercially available vectors, kits and/or
systens, such as the BD Bacul oGol d system from BD Bi oSci ence. Briefly, the

pol ynud¢0¥dt Hoet wlgthehimeludn mdlinhglamﬂﬁelémtiggeﬂm@nigmelreucezttldsmr@ tlmsealm S&
transf r . vector Is odo tera g

T el e P R B R STk B R DB n s ni ng e

| I near isdehthsge aoMas wialNAs afimedoas &ﬁ@kﬂoﬁv hbdtseclls, including fungal (e.g., yeast, such as

Saccharomyces cerevisiae and Picchia pastoris) cells, insect cells, plant cells, and mammalian
cells (such as CHO and HEK293 cells). Recombinant PreF antigen nucleic acids are introduced
(e.g., transduced, transformed or transfected) into host cells, for example, via a vector, such as an
expression vector. As described above, the vector is most typically a plasmid, but such vectors
can also be, for example, a viral particle, a phage, etc. Examples of appropriate expression hosts
include: bacterial cells, such as E. coli, Streptomyces, and Salmonella typhimurium; fungal cells,
such as Saccharomyces cerevisiae, Pichia pastoris, and Neurospora crassa; insect cells such as
Drosophila and Spodoptera frugiperda; mammalian cells such as 3T3, COS, CHO, BHK, HEK

293 or Bowes melanoma; plant cells, including algae cells, etc.

[096] The host cells can be cultured in conventional nutrient media modified as appropriate for
activating promoters, selecting transformants, or amplifying the inserted polynucleotide
sequences. The culture conditions, such as temperature, pH and the like, are typically those
previously used with the host cell selected for expression, and will be apparent to those skilled in
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Aut ogr apha cal i forni ca nucl ear pol yhedrosis virus (AcNPV). Foll ow ng
transfection, honol ogous reconbi nati on occurs between the pACS& plasmd
and t he Bsoubwwvi4p4s genonme to generate the reconbi nant PCTEP2010/05DN€
exanple, the PreF antigen is expressed under the regulatory control of the
pol yhedrin pronoter (pH). Simlar transfer vectors can be produced using
ot her pronoters, such as the basic (Ba) and pl O pronoters. Simlarly,
alternative insect cells can be enpl oyed, such as SF21 which is closely
rel at eghd 0 4f6n %e%efe?éﬁfée RELK 'ﬁ'iﬂghl Eicmn%%% He@ﬁnegﬁﬁ99/4&}@uitﬁfyef@\n%ﬁ9bage

| ooper, Trichopl usia ni. [ 092 Fol ransfection and i nduction of
expr es$ietn a ft at offf Bayidt Bechiig ‘emgtwbmnpNﬁhvtém&aﬁuVHbﬂemﬁahteﬁsmnrsother
regul at or resse es_are recove

a1 S8 S TR oA A R LT B P BEDLNS p Gy Fr Y SR o 8o cat 1y
act i ve bppeidusddin n@%ﬁtﬁidﬂ&élls@ﬁc}i\rﬁw y%t PRI Kk N6pa Bﬁﬂ/th%ﬂﬂib GiENIlddition to
POLYPEPTI DES [ 093] The PreF antigens_(including PreF-G antigens, and al so

where apPPIAOkcRERE, angAsphelsiayls fearding el wlipisican b ugd irbe@a e(ei B39l |

est abl ipphed PLACeAUERSIAA inlThGui8 SREESS) H dHA Wﬂ@'y &Woh§ 'Iﬁ@tNe%“Y o, kgconbi nant
protei Ns. Procedures suifrcient to gui de one of skill in the art can be

f ound iGantbleeg gl Rholpneds)efl &350 btang Celbakisnuoe ganlf ul,@undaaren@l dethogs A

Labor a t Fbrbor
aDor St 3 o RV L S ERRERCA P53 SR

John WHMeYh&mﬁ©k$fhha©bmk&&91N@ddﬂﬂ@%ﬂ&ﬁuanéagﬂeaiRmﬁndﬁta|Is are prOV|ded
her ei nbel ow. [094] Reconbi nant nucleic acids that encode the PreF antigens
(as de$(¢9’7i]bﬁdb@hﬂMEéys&hﬁ 4 Rl e e echreRion viaersts o@ﬁbb Sel&fedbdipefin@upoarthet y of
wel | - known proce ures, such as el ectroparati on, posone nedi at ed

transf E‘éft inﬁﬁg%fogo;h;;?eﬁijdyﬁgﬁﬁﬁg EESIRJG agm%r% %1m§2§m§@molm€a%%e tection
reagentf, ol tifte B&AM fOh I t ARSI
phosphé?% pre0|6itat|§n i nf GC%IOH tr%nslectlon and the ]chﬁgdependlng on
t he sebemt%@nuﬁﬁhw@tpnkgwahﬂahn@@¢bﬂhﬂ§wdP@gkvﬂﬂﬂs@mpbWt¢ Suvhtvettnrsl ude

:)fe C? m)!é& 'S osur e tlllﬁ%\%or agf%?tqﬁ?ngfongﬁ% 1€ |°ﬁgll %rlggasrlono‘feicg)lris&(:ﬁlaf eature
bact er IBiJUES(HSIPTC(SﬂrJtthenS),IQhWHﬁh the dbding,se@ﬁ:nmﬂmtaﬁesmgeracpugrneuk@trd,e@tfi c host
cells, |nclud|ng§fun al as Sac haro ces cer

g., yeast, suc i siae and
Pi cchi Ay¥THP & deseitpegt @ ﬁ%é@% g%@%@ infqyt Eﬁve%ﬂv ramgrm WWCF% the

amino-terminal translation initiating Methionine and the subsequent 7 residues of beta-

galactosidase producing a catalytically active beta galactosidase fusion protein; pIN vectors (Van
Hecke & Schuster (1989) J Biol Chem 264:5503-5509); pET vectors (Novagen, Madison WI), in

which the amino-terminal methionine is ligated in frame with a histidine tag; and the like.

[098] Similarly, in yeast, such as Saccharomyces cerevisiae, a number of vectors containing
constitutive or inducible promoters such as alpha factor, alcohol oxidase and PGH can be used
for production of the desired expression products. For reviews, see Berger, Ausubel, and, e.g.,

Grant et al. (1987; Mecthods in Enzymology 153:516-544). In mammalian host cells, a number

of expression systems, including both plasmis and viral-based systems, can be utilized.

[099] A host cell is optionally chosen for its ability to modulate the expression of the inserted
sequences or to process the expressed protein in the desired fashion. Such modifications of the
protein include, but are not limited to, glycosylation, (as well as, e.g., acetylation, carboxylation,
phosphorylation, lipidation and acylation). Post-translational processing for example, which
cleaves a precursor form into a mature form of the protein (for example, by a furin protease) is

optionally performed in the context of the host cell. Different host cells such as 3T3, COS,
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cells (such as CHO and HEK293 cells). Reconbi nant PreF antigen nucleic
acids are introduced {e.g., transduced, transfornmed or transfected) into
host cel Iwp 20owi4exanpl e, via a vector, such as an expr ePETEP2MOO5WN6 AS
descri bed above, the vector is nost typically a plasmd, but such vectors
can al so be, for exanple, a viral particle, a phage, etc. Exanples of
appropriate expression hosts include: bacterial cells, such as E. coli,
Streptonyces, and Sal nonel |l a typhi murium fungal cells, such as

Sacchar %’i&ﬁﬁ@/mﬁ R, 293 S8 d&@%@égp\%mﬁ@egmﬁ%&ﬁwﬂcﬁ% crideRs ect
cell's such as Drosophila and Spodopterafrugi perda; nma l1an cells such as
373, Cmchmﬁims iBPK}chIﬁEK tm@amnaB@mmth@m chobearto cgwird the comedtudi ng al gae
cells, The host red in conventional nutrient

Co o W Ee&“%‘ldprﬁfﬁs% LR naSal, RS %%nﬂré’ G omoteran ool bottng
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be apparent to those skilled inthe art and in the references cited here| n,

i ncl udieAggen@ogpeptitesshingpdyced oy thaosi el usme AnprsEionCETloss Whick/eeniain varl Basi ¢
Techni Ggins of RlichifRfliol LABgedl BirobichioaN KRB LGk RENCes Ci ted

t herei n. "EXpressi on pro s correspondl ng t he nuc elc a of the
i nvent iFoHowiag tlad isodrtipn ofithe edctom celbrraslavedd te gﬂOIvssfos liehdags nmnaﬂmmhedy east,

f , dt Sanb b |
heroi | SRAGERR B0 Wiichbd BroeleBift Bidin- DBt e e EP e S8 5y Oy e

Cel | aren{i @sis@ndatb sele@ionNard iGihrekcRysdlions cdaith alil feeyve&y Sf)(ﬂﬁls whith. New Yor Kk,
NY; Ganborg and Phil |ips (egféﬁ (1995) Plant Cell, Tissue and Organ Culture
. FundaneatSlnespirstibe gyrady Seﬂ%w%rf@apxans&? ITFRGANt GEUPR T QOERIHE

Hei del Q%BE/ t%‘é‘fe%ﬁé&ell@@% ‘t% Iﬁﬁfe?zﬁ'&i R ?t{éﬁ*?ssﬁ@a%re t@&m‘ﬁﬁ@ggﬂﬂgrgﬂe to the cell

M cr obi ol 6gi cal Medi a Press, Boca Raton I n bacterial
syst enmgypediavtiedle l’fraofffomaqdr\@ﬁsa mm:lme@ctl@ egcoding agck ehtegsh etk cdﬂélpeadm qwjfutedon t he

use | n ﬁdg%grtl(ilpons Slll%? N rrent S%fe%agtggccfrec Wby § e:fﬁﬁgp c%decw]%ﬁ'em R54% guant ities

of a polypeptide or ereof are e pr o duction of
ant i boduese. vectors mhlch direct high |level expression of fusion proteins
that are readily purified are favorably enployed. Such vectors include, but

are nofol01NFbeslving tramdduttidnTetsuRitad hést c€lDline HldQRduG odfid RX{IHS s N vectors
such as BLUESCRI PT (Stratagene), in which the codi ng sequence of interest,
e.qg., APHEPYHEES le(éﬁnﬁ@é ths scfagiediprRPBRET 16 dise LRSIPTEAteARERR (- & S MBE W g at ed

into t@ﬁiftvcﬁ%&ﬁlchﬂnéldc%ﬁ) Mfdtcgllssﬁgeﬁﬂﬁééfofr% a&d?ﬁo&'l‘bé}%dt &I tonaly, tfeans! ati on
initiating Methionine and the subsequent 7 residues of betagal act osi dase

medium includes components and/or additives that decrease degradation of expressed proteins
by proteinases. For example, the medium used for culturing cells to produce PreF antigen can
include a protease inhibitor, such as a chelating agent or small molecule inhibitor (e.g.,
AZ11557272, AS111793, etc.), to reduce or eliminate undesired cleavage by cellular, or
extracellular (e.g., matrix) proteinases. Optionally, the cells are cultured in serum free (and/or
animal product-frec) medium. The cells can be grown at a convenient scale for the purpose, e.g.,

in shaker flasks or bioreactors.

[0102] The secreted polypeptide product is then recovered from the culture medium.
Alternatively, cells can be harvested by centrifugation, disrupted by physical or chemical means,
and the resulting crude extract retained for further purification. Eukaryotic or microbial cells
employed in expression of proteins can be disrupted by any convenient method, including freeze-
thaw cycling, sonication, mechanical disruption, or use of cell lysing agents, or other methods,

which are well know to those skilled in the art.
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producing a catalytically active beta gal actosi dase fusion protein; pIN
vectors (Van Heeke & Schuster (1989) J Biol Chem 264:5503-5509); pET
vectors (Wowvagenry7stbadi son W), in which the am no-term mral/Erediviossonsne i s
ligated in frame with a histidine tag; and the like. [098] Simlarly, in
yeast, such as Saccharonyces cerevisiae, a nunber of vectors containing
constitutive or inducible pronoters such as al pha factor, al cohol oxidase
and PGH can be used for production of the desired expression products. For
revi em@@l@?ﬁx@‘égs@@@reﬁﬁﬁggﬁlcm @Q%co@er and%t@l'ﬁte II‘PI]eCO n%ﬁﬁ%’c W%lﬁﬁ’ééso i n
Enzvrol ogy” 153: 516- 544 I'n mammal I an host™ cel a nunber of expressi on
systenﬁnyDﬁ&nmdhﬂgfbmﬂhdeaﬁkmsmamdhwwmahdbasgdmswswensﬂﬁcaneﬂem@hiIized

[ 099] A host a

xor os SO aHoL R R eRPba Dalith ABTT By o e b udlih dntoned sPREL et i m 1
t he de%hfoﬁdttcfg@e@ihy%hosﬁuﬁﬂlmIcfltdﬁ&ultd@ﬁ@ypﬁydr&@obi’eﬁﬁt@taﬂtwrﬂ&l‘lrd)tﬁﬁogﬂﬁpﬁy,ar e not
limted to, ycosyl ati on, (as as, yl ation, carboxyl ation,
phos phaﬁfw%(tq%@rmat@grﬂ?h@rée RoMSia a%%@ih%&a@@ﬁg Syabag% nqt?dal%%qﬂa} iydrarYlapdidessi ng
for eX%%h%to@Mﬂh? khn‘ﬂ'l@@%%rd%a%ﬁ%ys PhotERATBRo 1 dMLstéhs Tab Hé ﬁsefdoz[srﬂe@ﬁredt he
protein (for "exahple, by a furin proteaseé is optionally performed in the
cont extcompletlhgc rragioh bf thmntamarc ertteihoEinaldp high prolohmanse3M8id COS, CHO, Hela,
BHK, MXK, I hi

char acter St pn&%ﬁglﬁpgga% ti‘e ﬁ%ost aF r{isf%a %%1% Ih?%c?{/tll %lntgstheand can be
chosenrﬁbmﬁaSMb&dwbewgawmﬁﬂyoﬂpﬁﬁﬁnﬁ@imemoanﬂepmn&ﬁsﬁhngmehnphdumﬁgxoduced,

foreign protein For term . hi i el d production of reconbinant
PreF afits-d&ts i Fath et & ff’ Mé—@é%ﬂ)ég@ﬂéﬁ‘g@ esérlé“’t’%‘f cal ly
used. lﬁanlagézadm996)q>%tlemlM&ﬁ@dswdmlt%abha/y E?&E)r}@i%walk%’f @5o@tHI8Bkcin

pol ypepti dé are introduced Into the host cell 'using Ere55|on vectors

whi ch EseteenlnHandbaok HpmghtBregt NI eldarris and Ang%KI%ﬁQJBWm yriicaiopssi on

S'esrgr%i@e&&m_@&m%ﬁ L O T

t hey aPerifivitioahBrihdidesalddeidtice 3‘Frﬁd1ta>n S‘p‘hﬁgqm)/replag G\IYSJ‘J ahdtm @dllﬂd&mm%&mr ker
d | ows g

isto onfe% S|st% t J
recovei?ﬂgﬁ—égﬁﬁgg%h 3 .
exanpl ayildyesTst AVt a6d Wp&r @F9989P1%W1@Pr0ﬁfco§t(ﬁt(tly mw}afr@inms@ erhj s can be
proliferated using tissue culture techniques appropriate to the cel

type. Hogitoa¢ @l Jm% éx%ﬁpﬁlipémlweﬁththe Pfepcﬂrsfeﬁls% e SREQAIE cAls aE@d:dl‘ﬁQTtd gen are
optlonalléﬂcu tured under conditions suitable for the expression and

r ecovelithe foflowig paribertiod sphcorceifiollpwog isisoduction efiy igcombinant nucleic acid
encoding the PreF polypeptide into host CHO cells, transiently transfected host cells or expanded

stable populations comprising the introduced polynucleotide sequence are grown in medium and
under conditions suitable for growth at an acceptable scale for the desired purpose (c.g., as

generally described in Freshney (1994) Culture of Animal Cells, a Manual of Basic Technique,

third edition, Wiley- Liss, New York and the references cited therein). Typically, the cells are
grown in serum-free medium at 37°C and passaged at 2-3 day intervals in shake flasks or in
bioreactors. New cultures established from cells expanded in these conditions, are typically
carried out in bioreactors in serum-free medium and incubated at 27 °C with pO2 maintained at

20% for 5 to 7 days in order to produce the preF antigen.

[0105] To recover recombinant PreF antigen, the cell culture is centrifuged and the cell culture
supernatant stored at minus 70°C until further use. Following thawing of culture supernatants,
the supernatants are diluted 2 x with MilliQ water and adjusted to pH 6.0 with HCI. Diluted
supernatant is loaded at 75 cm/h onto a 3 L CM Ceramic HyperD FF resin packed in BPG
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[0101] Foll owi ng transduction of a suitable host cell line and growth of
the host cells to an appropriate cell density, the selected pronoter is

i nduced byoapprapr3ate neans (e.g., tenperature shift orCTiEPrI0A59006

i nduction) and cells are cultured for an additional period. Optionally, the
medi um i ncl udes conponents and/or additives that decrease degradati on of
expressed proteins by proteinases. For exanple, the medi um used for
culturing cells to produce PreF antigen can include a protease inhibitor,

such ag,@s6helighh r&}uﬁﬁ)‘?ﬂ&d ﬁ’ib(ﬁﬁﬁ@il ﬂhogﬁﬂa Cﬂ'ﬁ 6. h%ﬁb&(ﬁﬁg 6€h8 samﬁgl 1557272,

IR
ASl 11793, etc.), to reduce or elimnate un8e5| red cl®gavage by cellular, or
extrac etllluhblatlom buf@r is pratesiod) thpugh dicrrabem to@ot bask &b UV basﬂmecéftttswahmg

cul tured erum free The.ce can
o or ot el SRS PLg 2 ARl A5 oureL oM Rpedtnd Rt o

bi or eaetiMPhosh@tQE 7.0 beffsewneitts @oN papL.i de pr oduct is then recovered from
the culture nmedium Alternatively, cells can be harvested by

cent ri foi@al TaA CMIHSp&HI edalys @iyed T3k vith TaM SikpHReaPEL 7. @dtbd frecck&aul ti ng
crude extract retained for further purification. Eukaryotic or mcrobial

cel | s GRS 0Y/Ed| ydippragdr dppol CBW&ne(iP?”fé‘eé #hXEe 0 eélﬂﬁl;bfaé‘?ji Wigh 28 M BRyeni ent
met hod )ﬂﬁf{é@'@ﬁ@ J, LESFRILNAY. %hwgnn 2l 81%1 Q?@hﬁ'ig% &’Bﬁg‘ﬁl’igm‘{f%' on, or

use of ce i ng agents, or Now to t hose
skil'l edi\f)neltlh@l iaptrfprokd3kinExP0esNIRD PN péln'ti)geﬁﬁ@ containdeg ¢.£dbNeCkbd and
purified fromreconbinant cell cultures by any of a nunber of nethods well
known [0 O7h&haHA, eluartciﬂmlocn:gsedmtrbhnmﬁmsutd@‘smct)atl@mhlamslcoptaemme wéhitten, acid

exchandb Dt S b kbR bR Bes SRk kbR bRy F3) @Mphobic

i nt er aghbPRate PHONBL YT 3RRNing aﬁtﬁﬂSrKEV)éf@dﬁhmtl%hﬁ@BH A®eghtaingiongviany of the
taggi ng systens noted herein), hydroxyl apatite chromatography, and |l ectin
chr oma BB AYiferpslptics in Derdgrglcdiupige stl@pMdAashatapbd) ba&‘q ClosfaiEgg 00V

conpl etjhg,configuration of the mature protein. Finally, high performance
liquid cC omat ography (HPLC) can be enployed in the final purification

steps. 1’?)82%&: F%&E Acf?leltehé‘f‘ua'i %e%%ﬁéenﬂ?ttegﬂaﬁg%%e’r%@@ Mirfo%r%cc%%glpg% ol Cat Hon

met hod nown in e art, iInc ose se
Sandanardpa@9vy siBi a&thpwnaﬂlrcmmtogralﬂrquEcmsolumAc@dEailtmtﬂanesmfolrmed usmagmi BoI | ag

et al. Pr ot ei ods. n Wley-Lis | ker (1996)
The Pr 3@@%@9@?&8@1@@6% AoBR™ ﬁ%%ﬂrsf Beine pmgssr%?wpéh L & lgR § i990)
Pr ot ei maiHal fsi fletddanr hiPCANEWNS 20K 1B0R6F ifitiat, ud¥aIRk @36R1 ¢1Rkafde 8&H. Bllis
Oxford, Oxford, U K ; Scopes (1993) Protein

nanofiltration step can be cither placed aftér or before concentration on Pellicon membrane.

[0109] Preparative SEC is then performed using a 500 mL Superdex S200 column and 10 mM
phosphate (Na/K;), 160 mM NaCl, pH 6.5 buffer (corresponding to final buffer) as mobile phase.
A volume of concentrated PreF corresponding to 5% of SEC column volume is loaded onto the
resin at ~2.6 mL/min. Typically, fractions of 10 mL are collected. Analytical pools of fractions
can be analyzed on SDS gel by silver staining and western blot anti HCP (Host cell proteins) if

desired to optimize yields while minimizing HCP levels.

[0110] Purified bulk is obtained after filtration on 0.22 um Millex filters (alternatively a Sterivex
filter can be used). If desired the purified PreF antigen preparation can be stored at minus 70°C

prior to use.

[0111] Alternatively, PreF proteins can include a polyhistidine (e.g., six histidine) tag, which can
be used to facilitate purification. For such histidine tagged PreF polypeptides, the following

purification protocol can be employed. Prior to purification using immobilized metal ion affinity
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Purification: Principles and Practice 3r Edition Springer Verlag, NY;
Janson and Ryden (1998) Protein Purification: Principles, H gh Resolution
Met hods awo 24ppi4pat i ons, Second Edition WI ey-VCH, NY; pamdkP2éiblosroog 1998)
Protein Protocols on CD-ROM Humana Press, NJ. [0104] In one exenplary
enbodi nent, the PreF proteins are recovered fromcells according to the
follow ng purification schenme. Follow ng introduction of a reconbi nant

nucl eic acid encoding the PreF pol ypeptide into host CHO cells, transiently

transf %ﬁltoﬁgtc{%@aﬁla%ﬁw@ ).9he &XRANFRDuSLARME lmaﬂé@wo@aa i ORI riaSHBfhnt hE

i ntroduced cl eoti’de sequence are grown I n nedi um under conditions
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medi um at 37C and passaged at interval s in_shake flasks or

bi or eat'§¢s mem@womplee@afe\g?% Iflt"erFé%IWftIléIIﬁ R pukEainasePiar 1o é%med

condi t iyQiNgpe eﬁh@na&éﬁqmﬁ’é Ilc}&rv %61!{ e A he hotkifls Q’e@é&%&&?&rﬁi éhﬂe&@y H%Hnﬁs@ medi um
and i ncubated at 27 mai nt ai ned at 20% f or days in order

to proglutien DﬁéO(meM%mMg@(}OmP{/IO&Q@@]M‘EOd i Mcselr H@chmmaﬁ unt@ﬁ@ﬁrfaﬁtlﬁeg en,

i mus R TR sb AR E PPy Bl i G RIR LI RR pbR T

t he suped nattamttSotangeudng at e I-IlsXagl\aritlIboM IIoIde@c’d\ﬂh%@l’gg&hﬂreﬁdjr@tsﬁle@rztcﬁoﬁﬁﬁ 6.0
wi th HC D|I|1|ted supernatant. is |l oaded at 75 cmih onto a 3 L CM Ceram ¢
Hy per DCREDS R 9?1155’6 EPHRUIBB AT Y P | urm eqU| I ibrated in 20 nM
phosphat e After | oading of the sa ilibration buffer is

pr ocess$@ld?2 I ﬁh%ﬁﬁ’ﬁle@hgfe@dﬂrﬁﬁﬁﬁ c%ta@éng Pertkisd uwﬂbfa%felqlﬁéuffﬂﬂ% E90Mshi ng with
5 col UfE?cM@'SBUi%MNQM pﬁ‘& 3% J%%hﬂﬁg%ttsgwﬂm%stam %%ma% Iétlb&i%d'oﬁ .

perfornmed using a te confaining O
[ 0106] IVidg @Vh&ﬁyﬁﬁeﬁF Bsml loraied Wlté;l Mplkthbldn@e @&k Heilthea2d (av qﬂmmmoalmrpH 7.0

tob XK
50) e NaRRRE TR AR s R BE A bR A 1 BoltPS ! SR A RASHE L ey
was hi ngoitheell eaituﬁimms e diined &gt Fowtiabugh Thd:fcfoﬁl’mr( s Jvahod, wieh 2arhin i s

ontal nin

perforrred usi ng pH 7.0 buffer g.0.5 M Nadl .
[0107] ilazela g srtte r?fgo‘ﬁr%%%mné@%n%% fre %tpé"tF‘é‘é ﬁ@cﬁlmads 82 Wt es
contac Tehitl'off%f Mdnwtlﬁﬁdarzg@ DS PSA'@IEOstﬁné&@ltHIeo&f%&Q bARRAH &SRB daRasked in
XK 26), equilibrated in 20 nmM phosphate pH 7.0. After washing with 5 CV of

10 mM Mpl’@amérfme?l tQ idgaifyaionitifig fractiony
[0113] The pool from IMAC can then be concentrated to a concentration of at least 150 ug/ml
using a centricon concentration device (Millipore) and the protein can be dialysed in PBS buffer

supplemented with 500mM L-Arginine. Resulting protein is quantified using RCDC protein
assay (BioRad) and stored at -70 or -80°C until use.

IMMUNOGENIC COMPOSITIONS AND METHODS

[0114] The PreF antigens disclosed herein are useful in the formulation of immunogenic
compositions, especially those that include a combination of antigens from at least two different
paramyxoviruses that arc a significant cause of respiratory disease, including severe lower
respiratory disease, in infants. Typically, such immunogenic compositions include at least two
paramyxovirus and a pharmaceutically acceptable carrier or excipient. For example, in certain
embodiments, the immunogenic compositions include an hMPV antigen and a PIV antigen, such
as a PIV-3 antigen or a PIV-1 antigen. In other embodiments, the immunogenic compositions

include an RSV antigen and either an hMPV antigen or a PIV antigen (e.g., a PIV-3 antigen or a
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arginine buffer, elution is perforned using a 10 nM Phosphate pH 7.0 buffer
containing 0.6 Marginine. [0108] The Capto Adhere eluate is then
concent r avecdosppezi mately 10 x for processing onto a pPEpaEPatinnsI08s ze

excl usi on chromat ography (SEC) columm. Concentration is performed using a
50 kD Pel I'i con pol yet hersul fone nenbrane. Before being processed onto the
SEC colum, the material is filtered through a PLANOVA 20N 100 cn® filter,
used as a viral clearance step. This nanofiltration step can be either

pl aced P‘N/tlezrntlg él)b?ﬁ & &%ﬁﬁﬂérﬁ@ttﬁeqwogé?{%% %&%sﬁ%ﬁ? e tl{rQe]'Qg%ens
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(alternatively a Sterivex filter can be used). 1f desired the purified PreF

ant i gemapmypayiatsiPoeF vdigeire stored at minus 700C prior to use. [01 11]
Al ternatively, PreF proteins can include a polyhistidine (e.g., siX
hi st i di[®d)] ﬁragartamﬁmbvdimmtbehajsemriogerﬁac@mpdsatoas peniédioatthamedugoor such

hi sti di t d P ol f t t I
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af fi ni tixchinamdgags acnﬂpbs(tio&q{&\ﬁ)e,va&&@es&mt Irecmud: bw@v@uppﬁm&bgmhl respodid ut ed
tvvofoldlnbuffrA( nd_pH is adjusted tgo 8.5. The
resul t ifRHpvERg WfssAn Wéthwé%fa@dwe o BM%VS Bb‘ﬁé%s%ﬁk&) g Pegonally thecar e) |
€. 0., GhnfRodBhiconfpBbiHBRs Rl atﬁéﬁ%x%uﬁjev a@t‘i’géhé éé@é&éde%r}’ﬂﬁdﬁf‘er@}ﬂf fer A

PreF proteins are captured on the colum, al ong sonme host cell
cont anmpaanysoviliies @@ tsaheetedrﬁdndlMBWpHNemdéiﬁ\h)eetre Munluhltqdm/leh ftdeast quict h t he

| MAC pur n.s ALE N ai.nedan [ Ii'n ntheflow
t hr Oughdclhfllﬂga‘fil t(? en otf?a(;i I,eéenst Qttho %téc dVlléuE d Fg xtaglé)?%ghe éﬁ%}s}{o 9 or rlﬂltcia% n of
200V aﬂ&ﬁfﬁ%raﬁQ@iﬁMan&@@ﬁMs&ag PWNa@here B{ﬁﬁsm@hﬂdﬂﬂVoi PI\nB)? roEB'ﬁcalab@

el uted dur'n theBI_Stlrst ste at 20 tionally, rec can be
o ¢ or LT HEeSEE AR THARY (e 0 LB GUEIH I g i A MG
ant i bodly ofh@r dfbEthedifehd RAGRAIPMEERMLAL &I icdRd lRB IR ARKRBoPOO86LPT | OF
to continuing the purification.

the number of inoculations required to protect a subject against a plurality of infectious

organisms. For example, the antigen can be derived from any one or more of influenza, hepatitis

B, diphtheria, tetanus, pertussis, Hemophilus influenza, poliovirus, Streptococcus or

Pneumococcus, among others.

[0116] In certain embodiments, typically, embodiments in which the PreF antigen does not
include a G protein component, the immunogenic composition can be formulated with one or
more isolated, recombinant and/or purified paramyxovirus G protein. Numerous suitable G
proteins have been described in the art, and include full length recombinant G proteins and
chimeric proteins made up of a portion of the G protein (such as amino acids 128-229 or 130-
230) and a fusion partner (such as thioredoxin), or a signal and/or leader sequence, that facilitates
expression and/or purification. Exemplary RSV G proteins for use in admixture with a PreF
antigen can be found in PCT/CA2008/002277, WO2008114149, US Patent No. 5,149,650, US
Patent No. 6,113,911, US Published Application No. 20080300382, and US Patent No.
7,368,537, each of which is incorporated herein by reference.
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[01 12] The (pooled) PreF protein containing eluate is diluted threefold in
buffer B (20vM Bi ci ne, 500 NaCl, pH8,3) and pHis adjusted to 8.3. The
resul ti ngveabuwi4emazi s | oaded on | MAC sepharose FF resi npcoabea owsdons Ni ckel
chloride (GE Healthcare) (e.g., of 5 m of colum volune), previously
equilibrated with buffer B. PreF are bound to the resin and the majority of
host cell contam nants are eluted in the flow through. The colum is washed
with 20 I m dazole in order to renove weakly bound contam nants. PreF

\F,)Mr ?Lei: I(z;l 1@1 Ph&hib&aich ScSithe EArHE 9Rd Qicu%m I%lﬂ%%%nd \S,Qﬁoéa s%géteﬁt ai ned
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concenrprah: fideEar St 255 by IR srcaeaih b yPE P aq bl Ees

buf f er asd/ppitesiRRt Etamblel o BYRBMiindstabilizing agdﬂﬁslubmdm@et@gaﬁglm dxamgleant i fi ed
usi ng RCDC protein assay (Bi oRad) and stored at or.-800C until use.
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The. | magahene Eishnodioplae A B et ey lnnt GElbuhi G Rl TRy

ant i gefprdduc@a RirMuBifibh G@fblcEobdelivaryib Msdbjeditbly@anlcoted adithd/oft adathik@Rdh. | n
ot her enbodi nents, the imunogenic conpositions include three antigens. For

exanpl g1 tiop sgmeamqﬁémmbma@tvﬁthohh@mumn PYERHLL PERBMORIE F@a& (PE%Pde an
hMPV antigen, a PIV antigen and an RSV ant | gen (for examp

anti ge@ortatOPIT‘W@l%?th'éﬁélfp}éWOéWe Relu ekt giemrollmmN@ﬁd?W@enwa@mt%m t he
' mmnogﬁﬂ%ﬁm% %%%hl%bﬁ@figk&“ﬁ#ﬁ%‘?h ng@’g)!.[g?\rchﬂ%QZ*aﬁgz*t ‘*Méu é%LBfa‘ﬁatoﬂﬂ v

antigens (such”as a anti ge anti gen)’ conposi tions
can optdivaieatl tafioalrdated sdtsubahiathréeV [athicbaygml ddd¥ mmab;bte(;thas)l dOget osed herein

the antigens are ra irus Pr ens \[r b ain

enbod FEAEET ChobE SR S ar SRR b ear . vakw oo Trah b Bhten op:
Octylglucoside, Lauroyl maltoside, Zwittergent 3-08, Zwittergent 3-0, Zwittergent 3-2,
Zwittergent 3-4, Zwittergent 3-6, CHAPS, Sodium deoxycholate, Sodium dodecyl sulphate,

Cetyltrimethylammonium bromide).

[0120] Optionally, the immunogenic compositions also include an adjuvant. In the context of an
immunogenic composition suitable for administration to a subject for the purpose of eliciting a
protective immune response against RSV, the adjuvant is selected to elicit a Thl biased immune

responsc.

[0121] The adjuvant is typically selected to enhance a Thl biased immune response in the
subject, or population of subjects, to whom the composition is administered. For example, when
the immunogenic composition is to be administered to a subject of a particular age group
susceptible to (or at increased risk of) RSV infection, the adjuvant is selected to be safe and
effective in the subject or population of subjects. Thus, when formulating an immunogenic
composition containing an RSV PreF antigen for administration in an elderly subject (such as a

subject greater than 65 years of age), the adjuvant is selected to be safe and effective in elderly
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prevent infection with at | east two of hMPV, PIV (e.g., PIV-3) and RSV. In
sone enbodi nents, the inmmunogenic conpositions are vaccines that reduce or
prevent avpabvtwisemgsdcal response follow ng infection w tirCAEPR@ESHEIDHWO Of
hMPV, PIV (e.g., PIV-3) and RSV. Optionally, the imunogeni c conpositions
containing at |east two PreF antigens selected fromdifferent
paranyxoviruses (e.g., selected fromhMV, PIV and RSV) are formulated with
at | east one additional antigen of a different pathogenic virus. For

exa”p' %%HEJ?? Qﬁﬁﬂaﬂ?e\%& tRe Hﬁﬂﬁ@kﬁ@@oxﬁg&ﬁﬁtﬁ{ coﬁ%aﬁrﬁf.lé"thgfPréPaJrﬁgy%B\fhtEﬁ{ﬁ;d( e.g.,
ere the first strain of PIVis PIV-3), or it can avira

pathog@waﬁnm$mmesmhwum®1mﬁn&atmmﬁ@wﬂsmhmh&mﬁan$@ﬂwnywmmhamtmeggt@fas an

i nfluenza_viru e..addi t |ona ﬁ ﬁgns are sel ected

Lot oo v B ol 1 PEISIFR0 bYERE Bug SRS RE b OB eSS o eeutt o

to protect a subject against a plurality of infectious organisns. For
exanpl@nzamaddnbhggnﬂe&ﬂﬁb&mﬂeq@kmhyﬁﬂenmhmymmeeaﬂhhﬁn&mnémﬁnﬁkuamma,
hepatlt éghtherla éetanus @%@gh hJIus i nf.l uenza,

pol i ovi Q‘E}?IS@F Brdeye ke fB’rmsﬁ ! eHﬂ‘BH PlﬁéPP’glpoilﬁ(in $6] In certain
enbodi ABRAtSsterby. pF&ae&hmpleewh&ﬂfoﬁﬁmbﬁng &h Mﬁh@ﬂgw@c&fﬁ&%uwdogml PreFOt
include a G protein conponent, the inmmunogenic conposition can

f or mul apegenvipt reserrdmonstFrsion, Nretspeameschnd maetpBiarxiey orabld T bwmgfeidwants
bed
par amy XV i kst g’h% @{eﬁhgm?%éﬁﬁ[en t%’dbﬁ ?s% $PatRl ?oé%t&%uﬂaﬁ% %ﬁﬁ&sﬁﬁ%ﬁ“ e

inthe art, reco |nant proterns I meric
pr ot ei radjumdemumdmfg oac pombieost 30--MPhe sqBappnoteg.nNQS2Uchp@asmasriandonail aisl 128- 229

or 130- nd a fusi partner (such as thioredoxin), or a signal and/or
Ieader“@‘ﬁﬁéW@@?“?ﬁz V@%@Vﬁ%?%f%s expression and/or purification. Exenplary
RSV G proteins for use in adm xture with a PreF antigen can be found in
PCT/ 0227. 0081 14149, 5,.149,.650, US. Pat ent. No.

6, 1 ﬁ@%éi%nﬁé‘“é% AR Rbbﬁ"’ '8 8?1%@‘:?3‘1%“ W%%%@%B%%’ﬁ IS 4 BeP- 08 PRESHE! No

7, 368, igdpolpacihaiiic Wivalivd. SAh BERINOsBL Qtable meh%@ydérﬁzfam@mq)d Alis17]

Pharnaceutlcally acceptable carriers _and excipients are well known and can
be sel d¥ngphaspharyldaud gforamqre partigulphy3-Aisacylugd merapheskoryklpad éa(l?’PrMP[dr

exci pi gpf. Mq‘»@ns fayar@b e ﬂaﬁfe‘ MBE b9 ASSHithkBRE B@aﬁ%wg Nt/@ earfdaig bdfEhod

exci pient also contains at |east one conponent that stabilizes so ub
and/ or tlgbediiobi ydOEMmmpm@wamr§BHMBLlS%LﬁgksmawﬁﬂH&ngmd@ahﬂé36ﬁ%?ude

sol ubt i) LB TR A e < PR Bio Re SR8 eﬂtr%%p%?%ﬁ'sﬁweﬂhpm yol s
(such ag IBNGH(PBE.phthi&hsd. BEeMEIdcah R prddeedd adbblﬂaafgqu %dlh&h&@sc‘(ﬁwldséélld y
GB2220211 A. Chemically it is a mixture of 3-deacylated monophosphoryl lipid A with 3,4, 5
or 6 acylated chains. In the compositions of the present invention small particle 3D-MPL can be
used. Small particle 3D-MPL has a particle size such that it can be sterile-filtered through a
0.22um filter. Such preparations are described in W094/21292.

[0124] A lipopolysaccharide, such as 3D-MPL, can be used at amounts between 1 and 50ug, per
human dose of the immunogenic composition. Such 3D-MPL can be used at a level of about
25ug, for example between 20-30ug, suitably between 21-29ug or between 22 and 28ug or
between 23 and 27ug or between 24 and 26ug, or 25ug. In another embodiment, the human
dose of the immunogenic composition comprises 3D-MPL at a level of about 10ug, for example
between 5 and 15ug, suitably between 6 and 14ug, for example between 7 and 13ug or between
8 and 12ug or between 9 and 11ug, or 10ug. In a further embodiment, the human dose of the
immunogenic composition comprises 3D-MPL at a level of about Spg, for example between 1

and 9ug, or between 2 and 8ug or suitably between 3 and 7ug or 4 and g, or Sug.
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acceptabl e carriers and/or pharmaceutically acceptabl e excipients are known
in the art and are described, e.g. , in Rem ngton 's Pharnaceuti cal

Sci ences,wbyott/149W43Marti n, Mack Publishing Co., Easton, PEAEP2410/0E®0¢ i On
(975). [01 18] Accordingly, suitable excipients and carriers can be
selected by those of skill in the art to produce a formulation suitable for
delivery to a subject by a selected route of admnistration. [01 19]

Sui tabl e excipients include, without limtation: glycerol, Polyethylene

gl ycol Igéel%ﬁ())n ot hdcAmenf! qh’%?&P'SJ&’ll‘%%g%{%?‘ﬁ% Bﬂst’gr fu ﬂhﬁi&”dﬁ haride,

-proli et ergent sul orlde I ea,
Tri met hay eotibel m)U&:lEa,terKNo 6082 69MYRHER PithizNq. omgmam Ginbef sidl] iiathe ratt

cation relate I ts, t hi ot hr ei Di t hi qer [y - oet hanol .
G her el readRebl naribedigime Loiptrnig vebens MREEREEITHE L on
X-00, NRcHilgs 5REsEQEreiBBscs OMonbiBb1dGOSdcH ) f tHeMeﬂ%fénc@@istlﬂlﬁ)'rﬁﬁateczlﬂi\ér%ﬁl%gent

3- 08, ZmAtter%gnt 3-0, Zwittergent 3-2, Zwittergent 3-4, Zwittergent 3-6,

CHAPS, refewneam laegdijiemts the aforapitignsdisdaungbtigypph fhet arGamylat mﬁ%@tﬁsﬁltammm um
brom de).; ofﬁ@gﬂ MPRLrRRMPY ), oDt TBHIOREM: fic GRTRRSIchAPR deﬁL/%tP/ p%rb&‘ée an

adj uvant. e context of “an’ 1 munogeni ¢ conposition su
adm ni $tsubcpomrontt®tha aboma] strottufeort NP amﬂiq:omlealdé a@hvanlti iIngthar pnbédmtnty.e

i mrune response a th vant i.s s t a Th
bi nseq eiriat s SRgHBRte (oY SEHEAL GOk of SR ASEIS) SILEL afbris
enhancen@inthilde uasRthot THE@to: @&mpm(@-deax}u% auiab ,v_ [(FOL3- MU&@MO\%E%Q&
subjects, to whom t he conposition is adnlnlstere For exanpl e, en the

i m‘runo@é‘?ﬂn@ylé@%rq plmsph@OtﬁyDb@ummaﬁp@tlle%{a@)t%h)&r@iyltﬁt@é@ca@wl@mm} o cul ar

age gr suscen S | t he
adjuvaﬁ#gmgqggf lgéy@8g%% gmgzgkfﬁig%pmb.5&f§&ﬁ§§2%%? 6(ﬁ%bpulation
of subld@@écﬁnoym@%trau&%ﬁoﬁ%m A1xDG-BA-JRIYRQGENI C coNpPOSi tl on contai ning
an RSV PreF anti'gen for ‘adm nistration in an elderly subject (such as a

subj ecﬂly@rpéﬂ?@fvdepmvflae‘anlémas 10f0-diglel). 1 0-bhs@lilagaspaenhophatra (WEL ¥U6O4Y1be safe
and effe de I y en the i mmnogenic
conposﬁ??g%yggp#%leH%b¥ﬁggpﬁ@ﬁigﬁ?ﬁg§ﬁ Fé 3$¢§nded for admnistration in

neonat @bd@andm@mraawah@}qmm@mmo@Sazawbu(g):g31 b@&y@ﬁﬁddaaﬂdymnﬁﬂ@qd&d@a- age of
two years) juvant is selected t and effective in neonates

and |nf18h9t‘§011[1§11112’2110g%%h9ﬂ@ﬁ§| 105/6- Wéolgaﬁwmw% Y44i2éhl | y sel ected to

enhance a Thl imune response when adm nistered via a rout

admi ni $Q2&1 Ceher ThRAigaeds Whieh paprherisg@aic elkybpisesanipide ipbosphates (AGPs) such
as those disclosed in WO 98/50399 or US Patent No. 6,303,347 (processes for preparation of

AGPs are also disclosed), suitably RC527 or RC529 or pharmaceutically acceptable salts of
AGPs as disclosed in US Patent No. 6,764,840. Some AGPs are TLR4 agonists, and some arc
TLR4 antagonists. Both are thought to be useful as adjuvants.

[0127] Other suitable TLR-4 ligands, capable of causing a signaling response through TLR-4
(Sabroe et al, J1 2003 p1630-5) are, for example, lipopolysaccharide from gram-negative
bacteria and its derivatives, or fragments thereof, in particular a non-toxic derivative of LPS
(such as 3D-MPL). Other suitable TLR agonists are: heat shock protein (HSP) 10, 60, 65, 70, 75
or 90; surfactant Protein A, hyaluronan oligosaccharides, heparan sulphate fragments, fibronectin
fragments, fibrinogen peptides and b-defensin-2, and muramyl dipeptide (MDP). In one
embodiment the TLR agonist is HSP 60, 70 or 90. Other suitable TLR-4 ligands are as described
in WO 2003/011223 and in WO 2003/099195, such as compound I, compound II and compound
I disclosed on pages 4-5 of W0O2003/011223 or on pages 3-4 of W02003/099195 and in
particular those compounds disclosed in WO2003/011223 as ER803022, ER803058, ER803732,
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adm ni stered. For exanple, when fornul ating an i nmunogeni ¢ conposition
containing a PreF antigen for nasal adm nistration, proteosone andprotollin
are favorwbl2e1ofiab#bi asi ng adj uvants. In contrast, when trhe/EPROMOSWesn C
conposition is fornulated for intramuscular adm nistration, adjuvants

i ncludi ng one or nore of 3D-MPL, squalene (e.g., @21), |iposones, and/or
oil and water enulsions are favorably selected. [0123] One suitable

adj uvant for use in conbination with PreF antigens is a non-toxic bacterial

i popolﬁ)fa%@ﬁmaER§64d%€?rEN@Mo‘é§ EI@S?)49%§@W8@4M2 RREM d5BPIR FIOMY QK| for

derivative of 'Iipid A is nono liprd A or nhore particularly

3- Deacykangd, qmmolmbdrsﬁbkwhganqblsdi%%eﬂ MPL). 3D-MPL is sold under the nane
MPL by d axoSnmithKline Biologicals N A, and is referred throughout the
docunemn®l28$ ANRitiooal TR MPRInistsSee alsd oscfidxapphlvegntT HRatrent TINO sgomdst AB67 Y7 ;

4, 877,61 1; d 4,912, 094. 3D- WP ri.mari . pr pnot CH+ T cell
o ondBatiy Mkt R ra G Cuntpg a blﬁaaﬁtﬂggﬁs@onsgki‘%%h%ihi‘éﬁnaﬁ%wﬁ@ﬁayas%%. ng
t o t he agrUhedsigthdss! ifGRAtY thr&ddI8&itidef Lesned dryexbgenbas Rt X Suere  of

3-deacyl ated nonophosphoryl lipid Awith 3, 4, 5 or acylated chains. In

the comp@sler prthege LR goPIEEAR DF Hipd i REHN&nsIor a%fhﬁi@naéﬁ(éu%tm Heh be
used. gé(ﬁw( oP@AELIIELETB %Qﬁdélﬂ%ﬁt l%cef%fré uscﬂrswaé & ISHGR & D@ral BiolBRI DS

steril tered throug Such preparations are described
i n WOOAih2goq A¢iQ1I4P:1A1 3, Qﬁ@ﬂooﬂgpsap@hami attjuwmtwhcla@e 3D-dvPhot loairedde used at

amount s bet a se of..the.i nmun conposi tion.
Such spenm B e BERS TR 2 AT B e TaR b o SieSutel?” o SR BRERER & o8 oo

20- 30 ngdjusanttaa@irymbﬁgaﬁlemo&@oﬁﬁmmﬁhexb@hme@ aa&dmdntzaﬂm Riclbatdmem ths3 and
27ng or between 24 and 26ng, or | n anot her enbodi pent, the human dose

of t he STHRFABYEHIZC cao%%vé. AP, aéﬂliﬁr? agoniss L NP agenisf. ¢ ELB4 dgonsh JR-p  Ony,
for exﬁm& P@EW&O&S@%R]@QQJms%% TI@Y@ |8yag9ﬁgtw?ﬁﬁ &ag%ﬁgt %flggomf)ﬁlﬁtl(ﬁf(arplo?g

bet ween~7 and 13ngy or between 8 and 12ng or between 9 and 1l ngy, or

In a fthaéndr enbodi ment, the human dose of the i mrunogeni c conposition
conprises 3D-MPL at a | evel of about 5ngy, for exanple between 1 and 9ny, or
bet wee 029 frdoBrgntwdinsent bhthle prdsettweentin, aild R agpnot isdisedithaig capbleSify. [ 0125]

I th d the |i ' be I

o ‘secc RAFTR gk spiriadrp RFCRART SR, R FERaR5d bi et BEed o o
729 A73igBhling 1XpRne thedtich ITLRAL tskelceted fﬂéﬁlu ITel- d&?lafe@df}fbbé{)tl@@ @.Psp ppEduce
various |ipopolysaccharides, such as 3D-MPL, based on the teachi ngs of

these PeipRicarrdln W?@@ﬁ@l@@@bemw&ﬂ’ tsh@éeblﬁ(@fﬂétrl&ﬂl%é’) (SRPhpoPPIMhL ed
herein leYmtoyl-(R)-Cys-(S)-Ser-(S)-Lys(4)-OH, trihydrochloride (Pam3Cys) LP which mimics the

acctylated amino terminus of a bacterial lipoprotein and OspA LP from Borrelia burgdorferi.

[0130] In an alternative embodiment, a TLR agonist is used that is capable of causing a signaling
response through TLR-2. Suitably, the TLR agonist capable of causing a signaling response
through TLR-2 is one or more of a lipoprotein, a peptidoglycan, a bacterial lipopeptide from M
tuberculosis, B burgdorferi or T pallidum; peptidoglycans from species including
Staphylococcus aureus; lipoteichoic acids, mannuronic acids, Neisseria porins, bacterial
fimbriae, Yersina virulence factors, CMV virions, measles haemagglutinin, and zymosan from

yeast.

[0131] In an alternative embodiment, a TLR agonist is used that is capable of causing a signaling
response through TLR-3. Suitably, the TLR agonist capable of causing a signaling response
through TLR-3 is double stranded RNA (dsRNA), or polyinosinic-polycytidylic acid (Poly IC), a

molecular nucleic acid pattern associated with viral infection.
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reference. In addition to the aforenentioned i munostimul ants (that are
simlar in structure to that of LPS or MPL or 3D-MPL), acyl ated
nonosacchwoizde/api3di sacchari de derivatives that are a ®ubmpPesiniosmot o t he
above structure of MPL are al so suitable adjuvants. In other enbodi nents,
the adjuvant is a synthetic derivative of lipid A sonme of which are
descri bed as TLR-4 agonists, and include, but are not limted to: OML74
(2- deoxy- 6- 0- [ 2- deoxy- 2-[ (R) - 3- dodecanoyl oxyt et radecanoyl am no] -

4- 0- ph I

ST e bR e e S R L o N
-3-[( R)feSpdmsd dloangy TRyt Surtaldlgcthe R aagbmel] capaldx of Gusing a 9(gR) lifg(rRypoBse

hydrox etr no can- 1,10-diol, 1, 10-bis(di hydrogenophosphat e)
(WO 99 ap,g,gg ?/\%?%Wg% %, and OM 197 MP-Ac DP ( 3S-, 9R) -3-[(R) -

dodeca tet adecano m no 0X0- 5- I OX) tetrad canoyl a
i no] di@éa?f%aw gt SRR R T R S R )
01/ 4612dponse @rdbdh TLRE SUi It egRIOR §g oMt € Hp a6 RIb I U aBing@kdepb

d ucosarﬁlber)lrl1 de ﬁ%sphat es I%S suchg asttipose di scsiﬁ(;%?ejségf nn%\o g8r;sg0399 or

US Pat éxpuglol L 63@glyszﬁckeﬁﬁld&@%é@n,fdmachaf@é&Pa%qdd}heml-smbée me@lig so

di scl os¢ Qigtlon lum;g@;l%ngg:}ggd&gnggﬁg%@rzo@@/@gmeut| cally acceptable salts of
AGPs as |sc ose US Patent No 764, 840. Sonme AGPs are TLR4 agoni sts,

and Sor@ﬁlﬁfn J&ﬁérr&%@%%&ﬁﬁﬁ%m ?‘T%'R ARt | E%&'e%ﬁ atlidc Eblk‘%?@elrﬂsmg% s?g&;laHHf”t S

[0127] r suit I gands, “capabl e o cau a si
r es ponsaspoine cughghl TR 4 . (SS#hrlpaheTLAI a,godﬂst @p@Ude pf ¢gausBPa Slgndrrg, resfponseex arrpl e,

| i popol sa(; ide fro a i cteri.a and its derivatives

1 homeriaag bk s F e R AT B B e b Bt R pEons
3D- MPLIN7 £, osaH indbdBqUikRiRgoRipstisd, dF 8srivagad theROE Kinphet@bsditddihe10, 60,
65, 70, 75 or_ 90; surfactant Protein A, hyal uronan ol bgosaccharl des,

hepar ar L&utgoRist & imiaihechFarther T Rgmeonish ¢ degerbeddn WO BPOHOIAS pept i des and
b- def ensi n-2, and nuranyl dipeptide (MDP). In one enbodi ment the TLR
agoni s10533] asm gpraige gmbodimert, i dERsagonighis ascilithat4s ¢4pgllp @8 cansmgasignelieg i bed

and. conaund 11T SRy b el AR S s g B B Dt B e s 4

of W23 HOPIRE isndingke spamded RN A (ssRhA9 eancianiaoqa soldiesedlosdawitin aMER D3/ 01
1223 as EF 022 R803058 3732, ERB04053, E 7, R8Q4
ER8040561Vi Rg)éﬁﬁé?il?l;[e W&%%@gb reRBARIG S 2 ?ﬁeﬁﬁpﬁ% F%?gnf}wg gﬁﬁﬁ%& e TLR-4

| i gand Otger BREO4 QBohists which can be used include those described in WO 2004/071459.

[0136] In an alternative embodiment, a TLR agonist is used that is capable of causing a signaling
response through TLR-9. In one embodiment, the TLR agonist capable of causing a signaling
response through TLR-9 is HSP90. Alternatively, the TLR agonist capable of causing a
signaling response through TLR-9 is bacterial or viral DNA, DNA containing unmethylated CpG
nucleotides, in particular sequence contexts known as CpG motifs. CpG-containing
oligonucleotides induce a predominantly Thl response. Such oligonucleotides are well known
and are described, for example, in WO 96/02555, WO 99/33488 and U.S. Patent Nos. 6,008,200
and 5,856,462. Suitably, CpG nucleotides are CpG oligonucleotides. Suitable oligonucleotides
for use in the immunogenic compositions of the present invention are CpG containing
oligonucleotides, optionally containing two or more dinucleotide CpG motifs separated by at
least three, suitably at least six or more nucleotides. A CpG motif is a Cytosine nucleotide
followed by a Guanine nucleotide. The CpG oligonucleotides of the present invention are
typically deoxynucleotides. In a specific embodiment the internucleotide in the oligonucleotide

is phosphorodithioate, or suitably a phosphorothioate bond, although phosphodiester and other
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[0128] Additional TLR agonists are also useful as adjuvants. The term"TLR
agonist" refers to an agent that is capable of causing a signaling response
t hrough awolLBiwi4grial i ng pat hway, either as a direct |i gaod/BEpeoionsionect |y

t hrough generati on of endogenous or exogenous |igand. Such natural or
synthetic TLR agoni sts can be used as alternative or additional adjuvants.
A brief review of the role of TLRs as adjuvant receptors is provided in

Kai sho & Akira, Biochimca et Biophysica Acta 1589:1-13, 2002. These

pot ent iilﬁkrnﬁﬂké’d’d%%ﬁ%é al?g'w%‘ﬂﬁl thO %o éBFth@%vehh&H &M, §rR1 &ﬁ‘l &’Wnﬁfnsthé Ropd b2,
TLR3, TLR7, TLR8 an Accorg y, Iin one enb ment , 81 uvant and

i mmnoglmimzerxtiorrp@mltgpmmlefdmdcmnh mmrqirlntsemclant@d}nlwmt Mthasks fmsprs@lcergt ed

Lot & PRodhopRiGe0 LA Qs By oo S Bl A PPN TS

TLR- 8 agmbj1Ss, 5, T18R0R aagd WD 96/26004.2 conbi nati on thereof. [0129] In one
enbodi nent of the present invention, a TLR agonist is used that is capable

of causorg] a)ﬂsdrgﬂy@bngthme@ﬁ%es@edlhﬁﬁu@hogdnfé—dompoﬁubﬁﬁbityaPwmﬂg&sagom st
capabl e of cau5| ng a signaling resEonse through TLR-1 is selected from

Tri - acyiatoddhgiy %%@rpmucaé@mﬂ%ywthé Mo ansther pEant Acsongddiseri-éFd um

tubercg%&ﬁng LR §21.3- bi s(pal m toyl oxy) - (2- RS) - propyl ) - Npal m t oyl - (
R) - Cys Ser - “Lys(4)-OH, trihydrochloride (PanBCys) LP which mnics

the a0g) ka6 AN RO B TS AL CRLBROUSE ok PAPI0BE1 DAk GBRA LP from
g o??e i K

Borrellab nanaternatl dlrrent gonist is
used t batlogisal anrbaltﬂrma@ﬂogxmhactngtm of smaim.@ytcmq:ohnmmvdl IﬁrpchB@B -3BBR- 2.

Sui tabl t he T 0 capabl e, of usin i gnal.i response t hrough
TLR 5 S st SRS Or e Bop SeaHaay it PSR SRRT Rl

| i popemidgdemé.r 94polvink dRaidtdd o5 fosmir3 daubﬁdlosrohﬁlrohs prwakgalhitelfpam pephkidegl ycans
from species including Staphyl ococcus aureus; |ipotei ch0| c acids,

mannur 8Af £ pecipstatingshodestarel. (Yhanraporpacre pgas el membrages thee pispts 2o%riksl ence
fact or gy, i }ﬂtﬁé Rdvbrdie i &S H@eetﬂgggh%}dn@ 't@bul@{'ﬁagﬁ{&?§@9f £y Pﬁ%c&f‘e@% an

[0131] In an alternative enbodi nent, a TLR agonist 1s used I's capable
of causkagplaofihiaichamgenroaspybiek és albIDWQ/hOf"IéIQRaIB bunbt @bkaponinke TLR agoni st
capabl e of causing a signaling response through TLR-3 is doubl e stranded
RNA ( d$(RNA] Sagmirpokykivesi asiadjyyaty aytdcdips for asiahi¢ Bihinist@ion. & hoeljeeardtar

A1t er ndPy BRI o AP ERE gOBy GTBTaD TCHBM B 6etlEisi ng a

si gnal iDW@ois and Wagner, supra). For example, Quil A (derived from the bark of the South American
tree Quillaja Saponaria Molina), and fractions thercof, are described in US 5,057,540 and
“Saponins as vaccine adjuvants”, Kensil, C. R., Crit Rev Ther Drug Carrier Syst, 1996, 12 (1-
2):1-55; and EP 0 362 279 BI1. Particulate structures, termed Immune Stimulating Complexes
(ISCOMS), comprising fractions of Quil A are haecmolytic and have been used in the
manufacture of vaccines (Morein, B., EP 0 109 942 B1; WO 96/11711; WO 96/33739). The
haemolytic saponins QS21 and QS17 (HPLC purified fractions of Quil A) have been described
as potent systemic adjuvants, and the method of their production is disclosed in US Patent
No0.5,057,540 and EP 0 362 279 B1, which are incorporated herein by reference. Other saponins
which have been used in systemic vaccination studies include those derived from other plant

species such as Gypsophila and Saponaria (Bomford et al., Vaccine, 10(9):572-577, 1992).

[0140] QS21 is an Hplc purified non-toxic fraction derived from the bark of Quillaja Saponaria
Molina. A method for producing QS21 is disclosed in US Patent No. 5,057,540. Non-
reactogenic adjuvant formulations containing QS21 are described in WO 96/33739. The

aforementioned references are incorporated by reference herein. Said immunologically active
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response through TLR-5. Suitably, the TLR agoni st capabl e of causing a
signaling response through TLR-5 is bacterial flagellin. [0133] In an

al t er nat iwe 2embagisaent, a TLR agonist is used that is capapeoiofhsmaasi ng a
signaling response through TLR-6. Suitably, the TLR agoni st capabl e of
causing a signaling response through TLR-6 is nycobacterial |ipoprotein,

di -acyl ated LP, and phenol -sol ubl e nodulin. Additional TLR6 agonists are
described in WO 2003/043572. [0134] In an alternative enbodinent, a TLR

agom sts oRirt! am%,te1'§m@o%a§édﬁaﬁfouﬁ@%%b& o §l<119cf'§’ddgngerr}ﬁﬁ%9'a§§'e stRough

TLR- 7 |ta TLR agoni st capabl e of causing a signaling response
t hr oughrnﬂﬁlgﬂoﬁmoscompssmglh eﬂéftanfagm@ly@wl(lssﬁm) a ldvolxdraboitépg, afog@@mpslﬁ ne

anal og & at t| ons m d i nQ or
cor 1 vabruBen PRk Ut et DR o R B bR SO B hor
Furt hEPbet'ﬁleEH 28BN S§ 12 5ak eind@stEt BaisbdiieddOhe ﬁﬁkﬁér@&&s@@&he[lﬁhﬁﬁﬁbgdnﬁb an
alternative enbodinent, a TLR agonist is used that is capabl e of cau5| ng a

si gnal |Cﬂlap95é%<§b«‘r?§§>rwﬁ%%@hat?ﬂ of akopt %%for@ﬁ@nﬁﬁh@@%? 8nd E3ea Db
causi NGe@yesh GNRY ioNEhr ESRARBEwlRE @umgﬂflﬁe@ve'ef% 831 8l rwich angdgd BNA

(ssRNA), an i m dazoquinoline nolecule with anti-viral activity, ‘for exarrpl e
r esi quilfwg Io RguB)er embedioghtrthg hugaaldsss ddaimreunyizerie coypesitiapreoprivgsR- 7.

Q h

5004 oHaba: BB Bo WG or Bl BEGS. NOLLE phAREE2 HERER RS BV

t Egt dl 8- n@pﬁ?lhaug%for caps Sﬁkglt tarrﬁmlgngfﬂslcafglpﬁﬁﬁ@@sse aﬁd\&}mﬂn}feralllﬁv&beeh@hm?h )
odl ne IS capa e.o0 ca I N n I N res se rou

'?'LR 9 |%Q$I§P%Sf“h{rﬁe?tﬁ%‘rﬂl?%%¢ eRis "“hi’f—’zf%fa’b‘fﬂ %f?w&%tﬁ%rg*r Pﬁgl sgfor ?

si gnal iR pI8SH Gﬁ&yﬁéiﬁlqe@&nm%r&w Be BaFHLEd BlimHun¥idndd cog%sm%ﬁg Bh ai ni ng

unmet hyl at ed CpG nicleotides, in particul ar sequence contexts known as CpG
mot i f s 2digy@! compasing mgombingtimmf| Qg iad sholpderee a predoni nant |y Th
response. Such oligonucleotides are well known and are described, for
exanpl ¢014ilh %@%WO@SB&J’HVWDC@%ISB@SB@@mindJal$altmpb At aNgBMIGYr0 08¢ AG0mand

5, 856, 4 Fsé ntspualg %Iumci:ﬁ)l%m %((i)&e gl%%lrlllglulgl S%h?l c a%8n uIen hoggl}ahe pl table

ol|gonuc e conp 05| resent

i nvent ie@amsle @n@ﬂﬁv@ﬁl%ﬁlaiﬂlmml\ﬂﬂoMnMdtldﬁWlthmtﬂmaiMsmagal ning two or

nor e di ucl eoti de Gm)lf ﬁ%{ag |.east three.swtabl(%/ at | east
SGUHRE o b

si x or 2HEMBUAL R dEsT fea “)3{1 "ﬁﬂaévpd%%gmﬁ%qg@%ca@p%ﬁl wed by a
Guani n%oﬁ%irfgospr@ﬁantTg%ﬁf&a%@nﬁﬁlg@aqﬁﬂq$ @qaﬁﬂng@@b?éct.t he present invention are

[0142] Another class of suitable Th1 biasing adjuvants for use in formulations with PreF
antigens includes OMP-based immunostimulatory compositions. OMP-based
immunostimulatory compositions are particularly suitable as mucosal adjuvants, e.g., for
intranasal administration. OMP-based immunostimulatory compositions arc a genus of
preparations of outer membrane proteins (OMPs, including some porins) from Gram-negative
bacteria, such as, but not limited to, Neisseria species (see, e.g., Lowell et al., J. Exp. Med.
167:658, 1988; Lowell et al., Science 240:800, 1988; Lynch et al., Biophys. J. 45:104, 1984;
Lowell, in "New Generation Vaccines" 2nd ed., Marcel Dekker, Inc., New York, Basil, Hong
Kong, page 193, 1997; U.S. Pat. No. 5,726,292; U.S. Pat. No. 4,707,543), which arc uscful as a
carrier or in compositions for immunogens, such as bacterial or viral antigens. Some OMP-
based immunostimulatory compositions can be referred to as “Proteosomes,” which are
hydrophobic and safe for human use. Protcosomes have the capability to auto-assemble into
vesicle or vesicle-like OMP clusters of about 20 nm to about 800 nm, and to noncovalently

incorporate, coordinate, associate (e.g., clectrostatically or hydrophobically), or otherwise
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typically deoxynucl eotides. In a specific enbodi nent the internucleotide in
the ol i gonucl eotide i s phosphorodithioate, or suitably a phosphorothioate
bond, al twougty/bmsphodi ester and ot heri nternucl eoti de pomdP2@oes%wné hi n t he
scope of the invention. Also included within the scope of the invention are
ol i gonucl eotides with m xed internucl eotide |inkages. Methods for producing
phosphor ot hi oate ol i gonucl eoti des or phosphorodithioate are described in US
Pat ent Nos. 5,666, 153, 5,278,302 and WD 95/26204. [0137] O her adjuvants

that c kDl ] i it 1 i ., on
thel 1 ot e 0 B DR iy Mk e Loy Ab RSy, Ff

her ei n praprrtigmpetiodghat sesohs mshQBrdr m¢rplii3684 prSegpoerinnantgn verugiir or mesicle-
Lacai l |.e-Duboi s, M and \agner H._ (.1996. revi ew of t i gl.ogi cgl and

ohar 57 GRe iegtte DR OGSt B F Sl IS P58 355,
Saponi REmPsLtiEls B Ohdorahore IOMPY, peifeludddy/ e tbin digsdafinttRinyof Br&édsblut ed in the

pl ant and mari ne ani mal kj ngdons. Saponins are noted for_ form ng coll oi dal
sol ut i SHACISAMEREWY DS MERAFE S EX FrYRAPIS Azt giDed Hthe 8t (TP e¥: pP Sal #nty©-

chol estsenghor Yhers. $aPRai 55385 €4) Nt REhks HRMHN-ARRIT HEMdGESBEE pore-1i ke
structures in the nenbrane whi ch cause the nenbrane to burst. Haenolysis of

er yt hr dpyradgsarchagde exlargoligoseéchahies(Lfiveon ditsn oaspeaiiplyholignatingrfopethey  of
certai Jt | NS . 9 oni re. ' ts in
vacer nowti vty Bnne IR OR Rt 0GR MR Bl PGPS IR AR i £y
of i ndithin@¥abf thapaili QP papabeien. ext ensively studied in the art (Lacaille-
Duboi s and Wagner, supra). For exanple, Quil A (derived fromthe bark of

t he Soyoh3ArEStédGamed i€ obbddell PrimaSBpRaEmRalMD b tRR)ed oaRd nfemBedne pRSeihher eof
are described in US 5, 057,540 and "Saponji ns_as vacci ne adjuvants”,  Kensil,
C. R, (@MPy) et Medserioprgystidss mosthsparins 4 ghB ay well gs clpys-4 QVEY, majpgineg o 362
279 Bl i Rt dnod] RiRoSh (USRI @S, PhRLIREs HIMRRowld NI DL % GRERLIX €S

(1 SCOVS), conprising fractions of Quil A are haenolytic and "have been used
i n t he imaginé¢sabt: luiceinoMMaPobdrsy (VbKeion BB oboERS) cdQ Neg4Q@erRrationd «@6ihds. 171 1;

VO 96/ %&W%fk&lﬁ%eﬂ?g elr >ﬁ1' 9 95%2%12%%%@%{%0&)” s%lge ﬁolflplﬁfé‘te%u\{fik fi%@ie y
fractions o | ave %een eSscri ecf as poet enlf system C adj uvantss, and
t he mebfiatigehs duarias pyaifdue récombiBinthrs eimsietvédfrddd viralt otcedNondyddidy/thb40 and

EP 0 362 279 Bl,. whj.ch are i.ncorporat herein reference. O her saponins
whi ch afifep@@ﬁﬁ@ré@'&cr%e Ytiang: %@eﬁﬁfﬁf%ﬂr %%f@%qnégdlﬁla(w BERSSThosE der i ved
from otpRaIRtARYal SPEGLESISNERs AR (RRIRRRE hartidRtke FHPRPRSHiAcdBABIR0LE et ah,
Vacci ne, 10(9):572-577, 1992).

approximately 100-200nm in diameter (Lowell GH. Proteosomes for Improved Nasal, Oral, or

Injectable Vaccines. In: Levine MM, Woodrow GC, Kaper JB, Cobon GS, eds, New Generation

Vaccines. New York: Marcel Dekker, Inc. 1997; 193-206).

[0144] "Proteosome: LPS or Protollin" as used herein refers to preparations of proteosomes
admixed, e.g., by the exogenous addition, with at least one kind of lipo-polysaccharide to
provide an OMP-LPS composition (which can function as an immunostimulatory composition).
Thus, the OMP-LPS composition can be comprised of two of the basic components of Protollin,
which include (1) an outer membrane protein preparation of Protcosomes (e.g., Projuvant)
prepared from Gram-negative bacteria, such as Neisseria meningitidis, and (2) a preparation of
one or more liposaccharides. A lipo-oligosaccharide can be endogenous (e.g., naturally
contained with the OMP Protecosome preparation), can be admixed or combined with an OMP
preparation from an exogenously prepared lipo-oligosaccharide (e.g., prepared from a different
culture or microorganism than the OMP preparation), or can be a combination thercof. Such

exogenously added LPS can be from the same Gram-negative bacterium from which the OMP
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[0140] @QS21 is an Hplc purified non-toxic fraction derived fromthe bark of
Quillaja Saponaria Mdlina. A nethod for producing Q521 is disclosed in US

Pat ent Nowo2p06i49E40. Nonr eact ogeni ¢ adj uvant fornul ati eas/EPesaswnang QS21
are described in WD 96/ 33739. The aforenentioned references are

i ncorporated by reference herein. Said innmunol ogically activesaponin, such
as (S21, can be used in anobunts of between 1 and 50ng, per hunman dose of

t he i mmunogeni ¢ conposition. Advantageously QS21 is used at a |evel of

about %%rzﬁgratlt)ﬁ) (Vél?fﬁ% berdf ta‘m&lerg%rgrg I{EEatlv%lﬂaEt@Hhﬂll I?%tmﬁ @h(%&d glgo ’HQ OI‘

bet wee etween 23 -27ng or “between 6ng, or 25ny.

anot hemunéarigoeld meltlonallyenﬂucﬂraltrpldm gkycolﬁpldSh gl}acmvmwogmaﬂ wolepdss, DI tbn hfkgrrpr i ses
Q@S21 at I t exa et veern 5 an 5 uitably
ot weornEeeriy it R Ty BBl Sl R, R G ST S betuen
9 - 1l Pa@nt Appllca@PPublidationf NG 2083/0@mansli ment, the human dose of the

i nmmunogeni ¢ conposition conprises 821 at a IeveI of about 5ng, for exanple

bet weeno1459 C3Ehbirfiomed MkfEdcrd adBiVBntSlsudiidsttAbe ndaeib W&t radnabdle, @an 4lso 68D, Of
5ng. Such formul ations conFrl sing QS21 and chol esterol have been shown to
£

be sucdeRskinGPmppItians;vih B ﬂ@t@ai u%(r‘i’ﬁ‘%m%e% Argrdyifoftde @SEbGE brer with an
ant i gef,, & to n%&her%ﬂ{% %/IPIFF]’r e B !)XPQBEI des. Mﬁﬂ\xfﬂ%@ﬁ&ﬁ ¥e H?thsmf&ef’%{@d in

i munogeni ¢ conpositions with an a juvant conpri sing i nation of Q821
and chdl:d8ttei @t |; oo 4s1]:5@pb i hrvalﬂloﬂjtgn sub@taatigtlbvlant Tancadllysibe irsiol lﬁldEthm ner al

salts such a aIu or sal t.s arti uar al um, ni

yar ot i o arl i bl s STas 2 Anlhe Fntinps B BRSPS T

adj uvanD-p@ntaat ah BgindkuMRalt] Juck evdlumatiig ydok e aWiath Usinnilated Sal t (e. g.,

al um ni um hydroxide or. "alunt) is suitable for_fornmulation in an
|rmunoﬁé‘ﬁPElafé%hﬁB%qulaﬂat@Gr%‘%F?ﬁaﬁﬁe%P‘F‘t“éFn BReCi gk B AARe P& r ation to a
human subj ect. [0142] Another class of suitable Thl biasing adjuvants for
use i n 91O smconsges Hhppdrvaghforgalygon meludeoy Civm- WasRMYFARIMSSt | nul at or y

conpositil, 99Ssa1 VT #%ﬁﬁgldm&&ﬁﬂlﬁm lsﬁ* b YexGN ?R:Q:%lctn*rﬁ) g% m@flﬁe Rifchinfidl ar 1y

sui tabl e as nucosa juvants, e.g., for iIntranasa nistration.

OVP- bagpbokphatmoen elsmiimuindtydroxidconposi ti ons are a genus of preparations of
outer nmenbrane proteins (OWs, including sone porins) from G am negative
bact er i[@iL47$ﬁ[C$Dn3fsqu&1dﬁmﬂD$ thd aafjtvadt indpddNeinoslentd avaspemiubsson, s.ge an eilgn-, Lowel |

R e e S R e e T M A ST
Vacci n@gsqudide.@ttocol MICAla tBelpkeb], el GiphaMewpXerok andBa sirfactdi®REch as
sorbitan trioleate (Span 85™) or polyoxyethylene sorbitan monooleate (Tween §0™), in an
aqueous carrier. In certain embodiments, the oil-in-water emulsion does not contain any
additional immunostimulants(s), (in particular it does not contain a non-toxic lipid A derivative,
such as 3D-MPL, or a saponin, such as QS21). The aqueous carrier can be, for example,
phosphate buffered saline. Additionally the oil-in-water emulsion can contain span 85 and/or

lecithin and/or tricaprylin.

[0148] In another embodiment of the invention there is provided a vaccine composition
comprising an antigen or antigen composition and an adjuvant composition comprising an oil-in-
water emulsion and optionally one or more further immunostimulants, wherein said oil-in-water
emulsion comprises 0.5-10 mg metabolisable oil (suitably squalenc), 0.5-11 mg tocol (suitably a

tocopherol, such as alpha-tocopherol) and 0.4-4 mg emulsifying agent.

[0149] In one specific embodiment, the adjuvant formulation includes 3D-MPL prepared in the

form of an emulsion, such as an oil-in-water emulsion. In some cases, the emulsion has a small
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Kong, page 193, 1997; U. S. Pat. No. 5,726,292; U S. Pat. No. 4,707,543),
whi ch are useful as a carrier or in conpositions for inmnogens, such as
bact eri alwonrow/med43ant i gens. Sonme OWPbased i nmunosti nmul aCompP2@iompmssé t i ons
can be referred to as "Proteosones,” which are hydrophobic and safe for
human use. Proteosonmes have the capability to auto-assenble into vesicle or
vesicle-like OW clusters of about 20 nmto about 800 nm and to

noncoval ently incorporate, coordinate, associate (e.g., electrostatically

hyd |l
or ny %ﬁ@{&f&%z%ao rhodd thafl'o %Wﬁad\%rﬁ&%o%&é&ﬁs%g% Wo 91/21@2” E%PEia%gg(? é}ée{“‘gf‘ )

partic antigens th hydr ophobi ¢ noi et
met hod p'alhl'ates béSIDH\tIBL cin bdendidnenghmeriersainite ﬁlmtecethmoughmﬂmmmbronmnandﬁaml ar or

vesi cl e form_including nmulti- ecuyl ar, nenbr anqus,_.s ctu es or nolten
Fobal SRR Bty im0 5. e SO S  Chi it he
defini %ke%ﬁre@fm PlipbLam0Rmukition. e@ﬁ@é@ﬁyﬁﬁ@acﬁ@vdﬁf @d?ﬂeﬁﬁl@i 3 PE)S@I”@' €, as
descri in the art (see, e.g 5,726, %92 or S. Pat.

5, 985, zlsmatwpﬂm@@s%ﬁ}?e@d@é% aalaééltle@%itnammaﬁn@ﬂ%@ecﬁmnwpopol ysacchari dé
or |Ip00| gosaccharlde (LPS or LGS, respectively) originating fromthe

bact er i[@&l 50 dde aupmd rekscich éo bﬂ\ﬂafep@dn affsctive ig the pewbkten fawkigetices) , whi ch
gener al Iln}{lu}% emc c%nl@%?fﬁoﬁ ﬂaaﬁngl@tg{edt Ii} t%d a}{]'é’ﬂ{? ég@ﬁ{ %1%,39 fo{r8&l%§l>ns

Pr ot 0SONES osed prinari enlca menbr ane
pr ot ei m;am(a&[nyl?ﬁc)ludermdsre INE s st vt cmnpcgnehn tﬂ;ltrSls(tymGaﬂlly)fOLpﬂhn as iffaaicknBilamnnel |

as class 4. intained in solutlon det ent (Lowel|

Pr ot eoi%ﬂ%&gf\{g‘) forﬁ@%%&sma&apl Igygfer eH‘PW é‘ RN alHé%d‘%_{n: Levi ne
MM Vbtadalgs\h@@@mM% Bex @@u&&s cﬁgﬁssteMWq@ﬁ&fér AohOD NI B/ or New Yor k:
Marcel Dekker, Inc. 1997; 193-206). Proteosones can be formulated with a

vari et ylctstecah tichen svemdid caspandpi i1 expmplary Euositiaah sUrcomponantaenibged fr om
viral ?Pééglﬁ%%the fs‘l%vbig!fw Q&&Jﬂ? fgﬁﬁFonl?ll-ng toh RS e ﬁdn%‘?é’ldlﬁ §ldlene Cin

di afil Ion or tradrtiona ySI S processes. e gradual enova of
det er gérid 180l abpim todo@hérol aralt fraom 03fto Pédr twicem B@t Eyhiyadiyothle mtnocoﬁsquqid:rex edphaf

appr oxi mat gl 100- 200n di a Pr ot eosones for | nmproved
o berd g7 Skt BTt e S o TR iyt SR bgmaneoreteskamis Sg,

Cobon Emuedrn chews&entsiatiseBilvacci nes. New York: Marcel Dekker, Inc. 1997;
193-206). [0144] "Proteosone: LPS or Protollin" as used herein refers to

prepar ?@FSQP?OPéxaprﬁit %@@Q@ﬁmﬁ&fﬂg&@i@ cofipSkitiorPWith E‘?re@&%@ﬁﬂ%@lﬁﬁ% Additison, with

at | east one kind of Iipo- pol ysaccharide to 5rOV|de an LPS conposi tion
(whi ch feamlatehior iadmmeﬁéraa@n forptiniest thedoaagsof adigrgné & defasmyned to be effective

and relatively non-reactogenic in an infant subject. Generally, the dosage of adjuvant in an
infant formulation is lower than that used in formulations designed for administration to adult
(e.g., adults aged 65 or older). Generally, the dosage of adjuvant in an infant formulation is
lower (for example, the dose may be a fraction of the dose provided in a formulation to be
administered to adults) than that used in formulations designed for administration to adult (e.g.,
adults aged 65 or older). For example, the amount of 3D-MPL is typically in the range of 1 ug-
200ug, such as 10-100ug, or 10pg-50ug per dose. An infant dose is typically at the lower end of
this range, e.g., from about 1pug to about 50ug, such as from about 2ug, or about Sug, or about
10ug, to about 25ug, or to about 50ug. Typically, where QS21 is used in the formulation, the
ranges are comparable (and according to the ratios indicated above). In the case of an oil and
water emulsion (e.g., an oil-in-water emulsion), the dose of adjuvant provided to a child or infant
can be a fraction of the dose administered to an adult subject. Where alum is present, e.g., in
combination with 3D-MPL, the amount is typically between about 100ug and Img, such as from
about 100ug, or about 200ug to about 750ug, such as about 500ug per dose.

48



Thus, the OWP-LPS conposition can be conprised of two of the basic
conponents of Protollin, which include (1) an outer nenbrane protein

pr epar at iwo 20fo/9Beosones {e.g., Projuvant) prepared fPromEBz@0HH®ELI Ve
bacteria, such as Neisseria neningitidis, and (2) a preparation of one or
nore |iposaccharides. A |lipo-oligosaccharide can be endogenous {e.qg.,
naturally contained wwth the OW Proteosone preparation), can be adm xed or
conbined with an OWP preparation from an exogenously prepared

| i po- ol ' : g : f [ t :

i o1 ook e o A T her e
Such exoegemalddsy trdaddofltRSandman bed fandmprérerasldryecoty ammond gechingeedhact er i um
fromwhich the repar.ation s made .or froma.different Gamn tive
bact er PhpbraBP e T BRbE B L et Ralh b B gt Ffalq PR NEERY

| i pi ds.is ghny@al idpiceibed @l Bhaspicot®dahBiot&iBdlbgyT0Ioe6 U\efecin® Dekiga-thd d@unidmd
conbi natjons thereof. The Protollin can be prepared, for exanple, as
descr i BV appreachpeditediby Rowiell @ad Nswmppptlppuse Pess-NGYS 20w/ Ioeuls 406, [ 0145]

Conbi Ngyay OBSmEHts B VERIReapt Y @BliG er BH. %i@ési%j‘@éﬁ PHE{! tﬂaﬁﬂﬁ&ehﬁlﬁ&‘ldﬁapwe’
can also be used in conmpositions wth PreF antigens. For exanple, as

al r eady/-hét &978. ABrapspiatiob evithor Inpdsemesdis desgaibeb foneixpmp RO WAL lerPhelUSat i 0 of
Qs21 -] i jn.t r 1o 1.1 _such as
oo A iR CohBlefin 45 BSelR g echORul ichiseiqia i Almpicly SUOD B
range afikhatebU:S. Patesx 41372,9453d MPlArmQBS2: 1., B Phent £40T73vat i on adj uvant

formul ati on i ncludes 3D-MPL and an alum niumsalt, such as al um ni um

hydr oxi[oles3] Wgidaltyg eiaHnaiuatof frote ihichat dogd of thBiirBmassdRhiRabhpbsitanisenhance an
antigen-specific Thl inmune response. [0146] In sone jnstances, the

adj uvantlciet FANAMBHT WRCh iRfbsesHR IBIMUWPpoiestYs reahamrs Ehout sieniicantnedvarsesal t
such agjqR c&al i Qfpidl UHidd UMk obrotd @ive B RIRLEc RISt HOR REQS RN hRan

al um ni um phosphat € or al um ni um hydroxi de. [0147] In sone enbodi nents, the
adj uvawbmpletslupketechye againstimé:ctian; et meang Ipsitention eganst samptoivis-or disedser

emul asi_on. . exampl e of a i brian- enmul sj ri .
ot aboPHegifTy SRS Rledlleblilin W WA Pncaiubl A ERIPERSER, Rpgpaing,
al pha- wpewwhizh @pecifadichrurdigéd Rehiphdyed S Geheraldy, $tas bipicatad thait edchdiumah Ipan
85(tm) .or pol'yoxi/et hyl ene sorbitan nonool eate (Tween Bgéotn)), in an
aqueoudvild spmpiaie 1-10P0gof BiofeidBet MR about hig & Fboph L Qg etor efmds.diPoes not

cont ai oGt BER e S e, WO A8 h THk 0RA R, plous BB RRFO T ebuCBER, 1 e

as QS2%1pout Thgg, aBUGEPEH g CONT 3 igCatdubsugl 6F al¥esRIge The amount utilized in an
immunogenic composition is selected based on the subject population (e.g., infant or clderly).
An optimal amount for a particular composition can be ascertained by standard studies involving
observation of antibody titres and other responses in subjects. Following an initial vaccination,
subjects can receive a boost in about 4 weeks.
[0154] It should be noted that regardless of the adjuvant sclected, the concentration in the final
formulation is calculated to be safe and effective in the target population. For example,
immunogenic compositions for eliciting an immune response against paramyxoviruses, e.g.,
RSV, hMPV and PIV, in humans arc favorably administered to infants (e.g., infants between
birth and 1 year, such as between 0 and 6 months, at the age of initial dose). Immunogenic
compositions for eliciting an immune response against paramyxoviruses, e.g., RSV, hMPV and
PIV, are also favorably administered to elderly humans (e.g., alone or in a combination with an
influenza antigen and/or antigens of other pathogens associated with COPD). It will be

appreciated that the choice of adjuvant can be different in these different applications, and the
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phosphate buffered saline. Additionally the oil-in-water enulsion can
contain span 85 and/or lecithin and/or tricaprylin. [0148] In another
enbodi nenwoabioiag74snventi on there i s provided a vacci nePCOEPRGIONEWNG
conprising an antigen or antigen conposition and an adjuvant conposition
conprising an oil-inwater enul sion and optionally one or nore further

i munostimul ants, wherein said oil-in-water emul sion conprises 0.5-10 ny
nmet abol i sable oil (suitably squalene), 0.5-1 1ng tocol (suitably a

tocop h%Pﬁ’IInal a?iﬁlﬁzlan fi%hﬁ&ﬁfrgﬁﬁ%p&{cﬁ a3 cBh Be det iﬁé@%nﬁjifié’éll?%gﬁ%%gbf

[0149] I'n one specific enbodinent, the adjuvant formulation es 3D MPL
pr epar eklliinthetvet. f or m of an emul si on, such as an oil-in-water emulsion. In
sonme cases, the emul sion has a snallparticle size of less than 0.2mm in

di anet er., i scl i I e tthcles of 3D MPL
can e el PeROrSfeR® S Qo lReP Mok By el HEMEn GUBRILLE T 0 dne
(as desgocmphtatidn bfia budiopean fRatatihg (ithtreheBp D8 alfS5b) owihtoe prophylueicylly t he
3D-MPL can be prepared i.n.a ]iposonal f i.on. i.onal |y, the_.adjuvant
cont ai ﬁflﬁbtogﬁ&ﬂrg{%Pr 13%68891? {)/Bég’f% WWEP@M@F& a?‘hgg&’d% S%?]¥%‘HH? ’Pf%ﬁjal

I MUNOgHskRha! LIEweLNMREMEH for BRI anlidfmadireipdie dogins@Nerey athvidle rRsaf e and
effective in the population to which the i munogeni c conposition is

adni ni 47 &pukgect mra fagiunetof Akgl diselgarre.ySushpudthads appduderadanitigiering 2t i ons typical ly
i ncl ud f i: : IS, i : i p.nf ant
tor it Srincogiea B AR Rl B BBy REER ankiel A ub o
such ans ehuhsi subjeanCommboulyethaddmnposdtial inclodgamendiusantftiat cBxigraplld, bissedh as

chol esterol, squal e al pha tocopherol,, and/or. a detergent, such as tween
o0 or et DR s B b R RRTARY o Sl R b R e B aeent i n
t he folhMPN IFIVaARBUARSY Wit alanding vied ik cRabESYIAL Obntadt AR adybAc d0MHese
squal ene, from2 to 10% al pha tocopherol and fromO0.3 to 3% tween 80.

Typi calPpiiogense Thaftis, shegfonygsisive ieformylpted ta fdopde & a T8 bigsed imyingr | ess t han
1 as thi VA : ' t | ati on
can al S0P e R o e
conpos iptdvents wipathobglerkbtesppoke/fodpwingenizati angerth hesd waramyatvedses oAlthough the

adm ni st r at i.ton to.an inf.e%nt bt he d%saﬁ& pf 9§J’Hwant S detg/r ined to be
ef f ect CUBPERY TSP LF ABISTHEA LY 8 437 Gy SRTE TR TN PN EOLIB Bel™ General Iy,

t he dosag@nedenadjoiparitiohsurateliviefcdnly anahtamhatilanor iftrdrawdkodthan t hat used in
formul ati ons designed for admnistration to adult (e.g., adults aged 65 or
ol der) 2d@B¥EREPTy © t he dosage of adjuvant in an infant formulation is

[0156] An immunogenic composition typically contains an immunoprotective quantity (or a
fractional dose thercof) of the antigen and can be prepared by conventional techniques.
Preparation of immunogenic compositions, including those for administration to human subjects,
is generally described in Pharmaceutical Biotechnology, Vol.61 Vaccine Design-the subunit and
adjuvant approach, edited by Powell and Newman, Plenurn Press, 1995. New Trends and
Developments in Vaccines, edited by Voller ez al., University Park Press, Baltimore, Maryland,
U.S.A. 1978. Encapsulation within liposomes is described, for example, by Fullerton, U.S.
Patent 4,235,877. Conjugation of proteins to macromolecules is disclosed, for example, by

Likhite, U.S. Patent 4,372,945 and by Armor et al., U.S. Patent 4,474,757.

[0157] Typically, the amount of protein in cach dose of the immunogenic composition is
selected as an amount which induces an immunoprotective response without significant, adverse
side effects in the typical subject. Immunoprotective in this context does not necessarily mean

completely protective against infection; it means protection against symptoms or discase,
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| ower (for exanple, the dose may be a fraction of the dose provided in a
formulation to be admnistered to adults) than that used in fornul ations
desi gned wonosdmbraBstration to adult (e.g. , adults ages#céEporioobaes ). For
exanple, the anobunt of 3D-MPL is typically in the range of | ng- 200ng,
such as 10-100ngy, or 10ng-50ng per dose. An infant dose is typically at the
| oner end of this range, e.g., fromabout | ng to about 50ny, such as from
about 2ng, or about 5ny, or about | Omg, to about 25ngy, or to about 50ng.
Typi calel¥eoiath €6RrQechsd Ssot3 el hith iR ifyQ il Aldudiof dufiged BRYSS, @pEndiogTPar abl e
(and agé%Fﬁi g tg t%%sraggﬁsg%ndicaté above)}ll% thgecase fﬁén oiT and
wat er @pon whoh speifg immaumogen isiecmphatedr Gemarhly, ony exichied thos eacbfhuadj dosnt

provi ded.to a.chi or infant can a fraction.of e dose admnistered to
P ncung ot 1 Gng ob o S dBuheboid Fig & yeRuctenS Pl diihn. woL
the amypaift 11,9 1 MRE 8|0y sRBIAEE8:3R8 Uboh{ W a e 5| b f Ue[lg 3okt G about

| COng, or aggut ZOOnﬁk¥% about 75g%b,osuch as ab%%?'%OOHB&pe? doggi[0152]
An i mmabagefjig aboutdsitdbont I0ugi dwiut 40 p ot @ionsSug. iTanopntattdietd menquant i ty
(or a fractional dose .t herepf f the antigen and .can be prepared by
convent PBAPEPEIHIPGRIES 15&?@595? Bt A ¢ SURE RSB Eonpal Froﬁ@%ﬂysm udi ng
t hose fAQr Rkl Rin&lirtdbd Ophrfi I EBRPoSdY QG2 asdePraBBNBY dahdard@sdies ROElving

Phar maceuti cal Bi ot echnol ogy, Vol.6 1 Vaccine Design-the subunit and

adj uvarbscayiepaE ptibedy titses B\l othpagsponpatinnaissts, Frllenngppintdd vagoagsionNew
Tr ends QpENd j I dj Vi . .ah: iversit
Par k PrS ggs]gc,tp%\aﬁlert% I nor e,O%ﬁ;al? fygﬁgﬂfhﬁ%gkg Fgrggggl%&g’g%@%}nghs%%n&ngﬁwn i

| i posommeswhsgeteswnipositon fartaisxgaiiret attigeftd dneinfapnsubjdeStheRaitiehand4, 235, 877.

Conj ugati on of . prateins t | ecul es. i s .di sclosed. for. exanple. b
Lt ki £ B oo S SRERIE B ot Sal T SEREre npUR R yFner

[ 0153] tHiypérgodd. | y, the amount of protein in each dose of the inmmnogenic
conposition is selected as an anmount which i nduces an i mmunoprotective

r espons@ 58 trhe ilowii éxahpBRtare ROVIGESH iBh@REFERRrtichlat RRndyRing®r Ssubj ect .
| mmunoprotective in this context does not necessarily nmean conpletely

pr ot ectembediggaisndbeserprampley phouid naiba gensped wdimip theagentien tostherpargemaror

di seasg, 6P imSRVRLGiglljsease associated with the virus. The anount of
antigen can vary gependlng upon whi ch specific inmunogen is enpl oyed.
Generally, it is expected that each human dose will conprise |-1000 ng of
protein, such as fromabout | ng to about | OOrg, for exanple, from about |
ng to about 50ng, such as about | ng, about 2ng, about 5ng, about | Ong,
about 15ngy, about 20nmgy, about 25ny, about 30ng, about 40ny, or about 50ny.
The amount utilized in an
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i mrunogeni ¢ conposition is selected based on the subject population {e.qg.,
infant or elderly). An optimal anmount for a particular conposition can be
ascert ai €0 2oyw/mbaadard studi es invol vi ng observati on ofPCamr2oodyIonétres
and ot her responses in subjects. Following an initial vaccination, subjects
can receive a boost in about 4 weeks. [0154] It should be noted that
regardl ess of the adjuvant selected, the concentration in the final
formulation is calculated to be safe and effective in the target

popul ation. For exanple, imunogenigat@ipesitions for eliciting an i mune
response agai nst paranyxoviruses, e.g., RSV, hMPV and PIV, in humans are
favorably adm nistered to infants {e.g. , infants between birth and 1 year,
such a&xhaplgdeExemplary Byehpefigess at the age of initial dose). |mrmnogenic
conpositions for eliciting an i Mmune response agai nst paranyxoviruses,
e.g., RSV, hwPV and PIV, are also favorably adm nistered to elderly humans
{e.q., RatmireorpSyiaytial Wgwshi nati on with an influenza antigen and/or antigens
of other pathogens associated with COPD). It will be appreciated that the
choi ce [OfS%h Exevplaty maampreviis PreF entigans werragedugied bescénn thegp3Y Eardtomsis and

t heopt i A j ng,r-ation for h_.sict uat i on be- det er m ned
o 11 ey Eh RGIBEA M GRRT A Raoh e FE R B RGP o
PreF anterg@nde iartha RSV & ot iddrddhad steibatte progin inmitd grefupioe padfaimainof a
medi canent, for treating (either therapeutically follow ng or .

pr ophy P&t o8 dhd BredFiig ety 1BNHIGE GrseORss SperpiRf B BW_ﬁW&%?%mam%fFof hVPV,
PI'V ang,dpRMbRratiady AcfugabmitddRb ﬁﬁahbv%ul%:g‘i@)eﬁtsﬁiﬁ&ing leb kR $teon SKELRO SR/ $0T
eliciting an imune response agai nst hMPV, PIV and/or RSV in a subject are
a f eat @ther pfentstinwoleidsiangsshrenc f8rien thesethodercasied the effwden ofi the profasivan

i mrunolr%?'bﬁ:s@! ly effective amount of a conposition conprising a PreF antigen
to a subject, such as a human subject. Conmmonly, the conposition includes
an adj t, eljgits a.Thl .hi as i.mun onse. e osition is
For mul SVAH O3 BB Rl PLRG T BE RS N iR P ana) or  Rev
W t houtrecantbanai aigigens: HIGA1 A éesepiesddtaivnrng tleREAED pyitéih. dyis ape-@bteihese

pat hogens., .Tha% is, the .con¥osi tionis formulated to and results in 3 Thl

bi ased PGS Of e&pynga apidst Thelilimsrefrings piptaohicplly woessss! andighyqmdeied pr v

and/ or tRRViANHARatibs dUCEEaPhcpREURNLISIs datBALhl QDb Calioh £ PRANRE, {RLdOW Ng
infection with these paranyxoviruses. Although the conposition can be

admi ni $mesleipni the Nbpreergiciofio tofreémubin cndswlaemic (W3t Newwniarside inffbe RE is
| MTUNOGER|¢ o §RARARLL I WAL SirdlUHRLS BY nARgikD! FAMHIRMAL oPFo hOldARRS?

route
F2 and F1 peptide domains, which are folded and assembled together as a trimer of F2-F1

heterodimers (that is, 3 times F2-F1). In its native state, the F protein is anchored to the
membrane by a transmembrane helix in the C-terminal region. Additional features of the FO
polypeptide include, 15 Cysteine residues, 4 characterized neutralizing epitopes, 2 coiled-coil
regions, and a lipidation motif. FIG. 1B illustrates features of exemplary PreF antigens. To
construct the PreF antigen, the FO polypeptide was modified to stabilize the prefusion
conformation of the F protein, thereby retaining the predominant immunogenic epitopes of the F
protein as presented by the RSV virus prior to binding to and fusion with host cells. The
following stabilizing mutations were introduced into the PreF antigen relative to the FO
polypeptide. First, a stabilizing coiled-coil domain was placed at the C-terminal end of the
extracellular domain of the FO polypeptide, replacing the membrane anchoring domain of FO.
Second, the pep27 peptide (situated between the F2 and FI domains in the native protein) was
removed. Third, both furin motifs were eliminated. In alternative embodiments (designated
PreF V1 and PreF_V2), an immunologically active portion (e.g., amino acids 149-229) of the
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adm ni stration. [0156] An inmunogeni c conposition typically contains an

i nunoprotective quantity (or a fractional dose thereof) of the antigen and
can be prwpansdi4bp3iconventi onal techni ques. Preparati onpPafi/Epoomosesi C
conpositions, including those for adm nistration to human subjects, is
general |y described in Pharmaceutical Biotechnology, Vol.6 1 Vaccine

Desi gn-the subunit and adjuvant approach, edited by Powell and Newman,

Pl enum Press, 1995. New Trends and Devel opnents in Vaccines, edited by

Vol | er R%tV@ otH_'ﬂ' a%raﬁﬁlédyto %(B—té?ﬁl%*?ﬁ dorﬁ@i_ht 'Iﬂ@géﬁuelll\&r&f Itl?crlg(em a§y V:b?gfg
Encapsulation wthin [iposones Is described, for exanple, by Fullerton,

U. S. Patlegen iglepBSer8aby 8IoQjlDgdDilbn of proteins to nmacronol ecules is

di scl osed, for exanple, by Likhite, U S. Patent 4,372,945 and by Arnor et
al , U. {lePatentischsedrid,détil.in POTB7A20088I02 AT 17y thetehemplayuirtF efitigen stasislowm each

dose of the i nogeni ¢ _conposi ti i e as anmopunt whi ch i nduces
o § B G R RS FSRERE Sier e B8 PR iy P ERe St ecr o
the typiGahd BeiljaBgihg ahtiBHAN @RPOISESE L FIGR 7iiMustbics psttieX hoAReR SNahfcogsessari |y
mean conpl etely protective against infection; it neans protection agai nst
synpt ognfsrredipsaaaipisEalacefihg sxeawlasy Bredijwtigde associated with the virus.
The anpbunt of antigen can vary dependi ng upon whi ch specific inmunogen is
enpl oyﬂumamwtamﬂewygvims (hMPE)(I@_\M'P@@mﬂﬂﬁlﬂZad/ﬁWh3KP%w dose will conprise 1

| OOy of protein, such as fromabout | ng to about | QOng, for exanple,

fr om abh@l92] Addigionsl Pagloentigsomyere prrsticedscogtserandingrig thed ddRY apg§IV-diierien 5ny,
about | 0 0 y 0 Ong, or
about £B%§E&fﬂ§”hh%%§%gﬁF$¥?§§ Pﬁggﬂégﬁﬁkﬂéégg?g%ggﬁ%%gﬁ??%ﬁﬁgé%ééﬁég?ed

based esspthwclyulysecds spopn f@atR ONP{E.agtigen, thicdMPVWand&PTE8 IPYJE potypeptiddsyalf

anount for EggarticuLar]poﬁfosition can be ascertained by standard studies
i nvol vt Bk BIVEMCEIN 8¢V i body titres and other responses in subjects.

Following an initial vaccinatio ubjects can recejve a boost in about
4-12 wéeis!] Tpapn%%lm@}ogﬁmw %ﬂ{hf ﬁ@e%qd&}VﬁPﬁemh@@@m% B8 HpBLRY N
contai @ﬁéﬁ%uﬁa‘tﬁﬁ%g AR B8 PortuRe A ol of "J’Q%c%?et for %@@eﬂtf‘ﬁg thfalicAng subsequent

i nocul ations can be adm nistered to coincide with other vaccinés

adni ni sepEdodmsFhgicchvercpamupiged oh Bemumpgenfcglomprbifignseseampisias cae er pr ovi ded
toill 'Tll%[ré Erte%lpé?){g)tgftli s 91]%5& Ia%&’ 1ln 811{)1%%%“? I{ﬁlep?e %ngt{iga{tio% sqgclllgqg& %ﬁTa-Epeelse

exanpl es” shou ( e construe Invehtion to e particular
featur 2R ?mnr?lagilza 10rﬁt}$rot%gc§lgﬁgg?wwg%ombinaﬁon compositions

Group | Immunogen Dose Dose Adjuvant | Volume
preF (ng/mL) (uL)
(ug)

1 PreF from RSV, hMPV and PIV-3 | 3x2 120 AS03B 50

2 PreF from RSVand hMPV 2x2 80 AS0O3B 50

3 PrcF from RSV and PIV-3 2x2 80 AS0O3B 50

4 PrcF from RSV 2 40 AS0O3B 50

5 PreF from hMPV 2 40 AS0O3B 50

6 PrcF from PIV-3 2 40 AS0O3B 50

7 None - - ASO03B 50
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Exanpl e 1: Exenplary PreF antigens Respiratory Syncytial Virus [0159]
Exenpl ary paranyxovirus PreF antigens were produced based on the RSV F
protei n asodosciseried i n PCT/ CA2008/ 002277, which is i ncecpmpatiedsdves ei n f or
all purposes. Modifications were made in the RSV F protein in order to
stabilize the protein in its prefusion conformation, based on the

predi ction that an i mmune response generated to the prefusion conformation
of F would preferentially include antibodi es that woul d prevent binding,

conf or "[r@l.t6i4£ %nﬁgéﬁ-éﬂe&%cQgglaﬂﬁbo%*ﬂﬁérs @«%f%fﬁe%rénﬂl‘éa!oﬁ%?di'biﬁuﬂ%éﬁaﬁﬁéaﬁlfielé $ion,
t hereby i1 ncreasSing the ficacy of the protective response. [0160] "FIG IA
and B $dheAdBiighl, Byerids|of 96+ved leplftesaw ere eschofoaREWifhOna mek FelxamRSar, WMPNefr

reconbi anti gens. .Fl A IS .a.rept ntation of the.RSV.FO protein. FO
S bt B afim AR ety b S G BB e i D RaTR i <

pr ot eolbydckidglbuffeintaaag seid2 @uhdghdubasy fat2adt foinl eWpbatire. Brshabhtibddy Avasi gnal
peptide, which is |ater renpved %{)a signal peptidase, targets translation

of t he dFieFipd BIBhgEseraish getonilareHifuconivatao sy [eREPIE™Rab®ent peptide in
the RE 3'3%,5,%%%194%@9&1\2&@5@@@ @iylrgé;t BLATSI BESBiOiERES BN )athsRed 44 BOTI €s) .

Furin cleavage of FO generates F2 a FI peptide domains, which are fol ded
and assepsbhedort dGBt o BMA A5G 4eas agiided@-dagh well ér gl thereacfiomaitbspban@ ti mes

F2-F1) n. j IV, t F (NI red. rane by a
Cr ansmyist b S Fer® BB bR & otk SIS it Sl JRID L BNE, O &
pol ypepMiotteuianDEvics, USA).Opsdults Be axpebddas geodgtiamas getsaedneutossd Ce). ng

epitopes, 2.coiled-coil regions, and a lipidation nmotif. FIG IB

il usti‘i‘fsé%“‘feef&%lﬁ‘ﬁé‘%e %Pwék‘ghﬁ]-% PreF antigens. To construct the PreF
antigen, the FOpol ypeptide was nodified to stabilize the prefusion
conf or hk65hAllghree Rectrngigsiseilane e1adapRle ard taipls Goabinaéiop cheitsdistaicant 1gG

| MTUNOQRA &1y 8t QP&IcRld Bye isaPr ot ei n as presented by the RSV virus prior
to bi ndi ng tyo and fusion"wth host cells. The follow ng stabilizing

nut at E@l%gﬁhigz}o#egérfcg)gpgi g titdd O I{enﬁalﬁﬁfé{; %@@B&ligselghgrbgé@gﬁom tb Pe b Qgrrg[aQe oﬁe

pol ypept i st, abi 1 zing col coi | main was placed at t
C- t er mprdéctiondgohstiphrmgxoviasehfccticar Toakraionstofte thiethE@pdl pobespiidbs ara epl aci ng

th nb hori domai f FO S t 7 tid i tuated
bt weer TR A3 GHGE EPASTRF HEmfhe ERRerRacraaopt BT alR) SlaB Pttt o
bot h f WS0B imBfuhfzed Wetcewat evaliasEfdr nétrabikdtRhpatenidl LuBadhaeiRisss. (hessgnat ed

for detecting neutralizing antibodies was based on the TCIDsy method

[0167] Sera from individual immunized animals were serially diluted from a starting dilution of
1:16 in medium in 96-well plates (20 ul/well). Control wells contained medium only or virus
specific antibody. Titration of virus was performed prior to the neutralization assay.
Standardization between the different viruses was based on infectivity on Vero cells. 20ul/well
of virus stock (titers below) was added to the plates.

RSV — 2.67x10" TCIDso/ml

hMPV — 2.81x10” TCIDs/ml

PIV-3 — 2.11x10° TCIDs¢/ml

[0168] . The plates were incubated for 20 minutes at 33°C and the mixture was transferred to
96-well flat-bottomed plates previously seeded with 1x10° cells/mL Vero cells. After 4 days at
33°C (5% CO,), supernatants were removed; plates were washed with PBS and adhering cells
fixed with 1% paraformaldchyde in PBS for | hour. Infection was monitored by indirect

immunofluorescence (RSV; hMPV) or cytopathic effect (PTV-3).
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PreF VI and PreF_V2), an inmmunol ogically active portion {e.g., am no acids
149-229) of theRSV G protein was added to the C-term nal domain. The
sequence Wb 2twei4emenpl ary RSV PreF antigen is represent edTip286@sdons NO.  10.
[0161] As disclosed in detail in PCT/CA2008/ 0022777, the exenplary PreF
antigen was shown to elicit a robust inmune response specific for RSV.

FIGS. 6A and B illustrate characteristic 1gG and neutralizing anti body
responses. FIG 7 illustrates protection against RSV infection conferred by
adm ni sprqab i A P j : t 3 (hvPV)
and Par o A T B e R s TR B MO e |

pr oduc edcarorn-dsplon ¢S pmetbod el piviRutagado P MeaBufaisd arolevet ei ns. The sequences
of these PreF pol ypeptides are represented by SEQ ID NGs: 12 and 14,
respect i vel Weuttsten@ing/stl antnibifony - IRSY tiRr €15 gginl geumhitorhe XMV and Pl V-3 PreF
pol ypepti des sel f assHomltieri(Ofigmi inhitétos) i n sol uti on. [0163] To confirm

i nmunogenicity of the hMPV and Pl V-3 PreF pol ypeptides, and denonstrate

t heir $0i70aRslshéwn AsFlI@N8Bganst thOPreli @t gdhs aviedlidd ialvat bpth doatiiatien fadicited
preventing_infection by paranyxoviruses, mce were immunized with
imnoé%%?@%ﬂﬂ&?%?%%@gﬁﬁmg oh PNV HBPECBIBE pol ypept i des al one and
in double and triple conbination, as indicated in Table 1. Table 1:

| mmuni zation Protocol: RSV, hMPV, PIV-3 conbination conpositions[0164]
Antigen-specific 1gG antibody titers were determ ned on individual serum
sanples by ELISA. Briefly, 3 series of 96-well plates were each coated with
one preF from RSV, hMPV or PIV (0.5ng) protein and i ncubated overni ght at
4C. Serum sanples were serially diluted in blocking buffer starting at

1: 200 and i ncubated for 2h at roomtenperature. Bound anti body was detected
wi th horseradi sh peroxi dase (HRP)-conjugated anti-nouse 1gG (Sigm, ON).

3, 3A 5,5A-tetranet hyl benzidine (TMB, BD Opt EI ATM BD Bi osci ences, ON) was
used as the substrate for HRP. 50m of IMH2SO was added to each well to
stop the reaction. Absorbance values for each well were detected at 450 nm
with a Ml ecul ar Devices mcroplate reader (Ml ecul ar Devices, USA).

Results are expressed as geonetric nean titers (GVMI +/- 95% CL).
Illustrative results are shown in FIG 8A [0165] Al three PreF antigens,
alone or in double and triple conbination elicited significant 1gG anti body
titers as detected by ELISA. [0166] The presence of high titers of
neutralizing anti bodi es has been shown to be a correl ate of
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protection agai nst paranyxovirus infection. To denonstrate that the PreF
pol ypepti des are capable of eliciting a protective inmune response, sera
from tri wsbento/14bissal ent and nonoval ent - ASO3 i nmruni ze®CHEP010OFBO6

eval uated for neutralization potential against the viruses. The assay for
detecting neutralizing anti bodi es was based on the TCI D50 net hod [0167]
Sera fromindividual inmunized animals were serially diluted froma
starting dilution of 1:16 in mediumin 96-well plates (20 m/well). Control
wel I's contajned mediumonly or virus specific antibody. Titration of virus
was perfoelray prior to the neutralization assay. Standardization between
the different viruses was based on infectivity on Vero cells. 20ul/well of
virus stockl(tdn ém@uwelw)come@sﬂam@@m@met@élep$tawe@aramszw2n6fxproem TCl D50/ mi

wore t anuay aedt St B8 R srbinle o Bty SR ). B e L REWPR 31 P
96- wel [(PIM-3, atxbtckoraeay platyasl yirue YROVE! y seeded with 1x1 05 cells/nL Vero

cells. After 4 days at 33C (5% CO ), supernatants wer e renoved, plates mere

hed with.P d adheri | ] hl‘V f | d
P mour 2t s uRORGE ARl R by et A e BT ey

hMPV) - pkotéidt tafd@inb bachebipeite 4F Pro®in pOIHGHidd BempEYad s BUR N didr Hinf ecti ve
dose (TCID50) cal cul atjons were perfaormed using the Spear man- Karber (SK)
met hod daRainge pharRFesir g F Npte@am%weaflé@ V%{@r@ﬂlbtheévpromolmep%ﬁie leeksgy m

i nhi bi ttr(afls}memﬂ}lgﬁgdottﬁatlﬁﬁn(f(%ﬁlﬂrfs&/ metérafe'ggﬁsttﬁﬁperl%%tpoggoﬁﬁw titer (Omg/n

inhibitor) [0170] As shown in of the PreF antigens, whether
al one or in conbination, eI|C|ted speC|f|c neutral i zing anti bodi es capabl e
of inhibitiRAg Therlmlmwnegﬁm%@tmmm@e of Flainpml o1 2, vaper¢insherad drasti toconposi ti on

o oup. SPE SRR AT R R Ry ™ Pk F M BERLART 5 SRV 8) . ana

respiratory syncytial virus (RSV). 2. The i munogeni c conposition of claim
1, wherein ﬂhéflatimltmmsgerﬁwnmmmmvliahMQ oF3 pvlotre theahetdrgegsuseach conpri se

an F proteln ol.ype e.co |5|n n F#g nain and an Fi domain of a
paranyKNW?Wﬁg d%ﬁ%@éﬁ%”& W%é EM%%Hg &AM e F protein pol ypeptide
| acks a

5. The immunogenic composition of any one of claims 1-4, wherein at least one of the F

protein polypeptides comprises an F2 domain and an F1 domain with no intervening furin

cleavage site.

6. The immunogenic composition of any one of claims 1-5, wherein at least one of the F
protein polypeptides comprises an intact fusion peptide between the F2 domain and the F1

domain.

7. The immunogenic composition of any one of claims 1-6, wherein at least one of the F
protein polypeptides comprises at least one modification selected from:
(a) a deletion of at least one enzymatic cleavage site;
(b) at least one substitution or addition of a hydrophilic amino acid in a hydrophobic
domain of the F protein extracellular domain; and

(c) an amino acid substitution that alters glycosylation.

8. The immunogenic composition of any one of claims 1-7, wherein the F protein

polypeptides assemble into trimers.

61



transnmenbr ane domai n and conprises a heterol ogous trinerization domain. 3.
The i nmunogeni ¢ conposition of claim1l or 2, wherein the at |east two

par anyXxoOWWOus10A4pT48t ei n anti gens are reconbi nant F pr ot ecm/Eredippspvsé des. 4.
The i mmunogeni ¢ conposition of claim2 or 3, wherein the heterol ogous
trimerization domain is positioned C-termnal to the Fi domain. 5. The

i nmunogeni ¢ conposition of any one of clains 1-4, wherein at | east one of
the F protein polypeptides conprises an F2 donain and an FI domain with no

I nterveni ngof Ufﬂeﬂmﬁlﬁ@é’éﬂ@?o?ﬁﬂo%moﬁ oflﬁﬁoﬂemfﬁ%ﬁ“éﬁwﬁ&@’f&ﬁé 5‘['1?%‘[ R, any one

of clains 1-5, wherein at [east one of the F protein polypeptides conprises
an i nt @etanfyysvion Fgeptelmtlgetsmmprlsmehmard@rsmrarcpramyhcbfhé viHus (d¥¥) K profein The

i mruno etnleca Q ne of u %—;y one o m | s(gﬁ/{PjVﬁ? r\/\41 ntln at |east one of
the F protdincg y*p8p??cf‘e oY 15EY 8{/“# APl $19E8T M8H sel ect ed
from ﬁoaﬂalrmuéﬁiaahﬂuga(pfv 3} F beash aei@nenzynmati c cl eavage site; (b) at |east
one substitution or addition of a hydrophilic am no aci d i n a hydrophobi c

domai n of thg,ﬁ{%roteln extracel ] ul ar domaln ﬁﬁu}‘% o aci d
substituti oh IMAYNAZNI GEQPRISIHOR OFf By, 01.© T’]r‘?ém? Gélﬁ‘l Tﬁ%b‘é’Y(’[i on of
any on@a@hygbadh¥& protéin IMHGERI Jdniphie Shitht ﬁh@?mhwmﬁg (hdlgsyps pRedm € 1 nto

trimers. 6 19. The i mmunogenic corr{)oleon of any one of clalins 1-8,
wher ei antigea aad aperinfluengs par aHhR6V1 F agoten priégesi n” ant i gens conprise a human
respiratory syncytial virus (RSV) F protein antigen and at |east one of a

human net apieuRViniso é}MD é@mdﬁsﬂloﬁto?hﬁ& MU IR0 Fun PP ALALLY§Nza virus 3

(PIV-3) F protein anti . The 1 mfunogeni ¢ conposition of any one of
cl ai ns réspBatonhyneytnl ving (%W)&axotenmtlg@u anmyxovirus F protein antigens
conprise a human met apneunovirus (hMPV) F protein antigen and a

par ai nf | uendg it ol Bl R A ENLANFASA: 1 1 ruRG coAORgER! ©

conposi tion of any one er conprising a tory
syncyt iidflucuza vigus hRBYYlutnpn GHA) pro&did gen.

13. The immunogenic composition of any one of claims 1-12, wherein at least one of the

F protein polypeptides further comprises a signal peptide.

14. The immunogenic composition of any one of claims 1-13, wherein at least one of the
F protein polypeptides comprises a heterologous trimerization domain comprising a coiled-coil

domain.

15. The immunogenic composition of claim 14, wherein at least one of the F protein

polypeptides comprises a trimerization domain comprising an isoleucine zipper.

16. . The immunogenic composition of claim 15, wherein at least one of the F protein
polypeptides comprises an isoleucine zipper domain comprising the amino acid sequence of SEQ

ID NO:15.

17. The immunogenic composition of any one of claims 1-16, wherein at least one of the
F protein polypeptides comprises at least one substitution or addition of a hydrophilic amino acid

in a hydrophobic domain of the F protein extracellular domain.

18. The immunogenic composition of claim 17, wherein the hydrophobic domain is the

HRB coiled-coil domain of the F protein extracellular domain.
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12. The i mmunogeni c conposition of any one of clains 1-1 1, further
conprising an influenza virus hemaglutinnin (HA) protein antigen. 13. The
i Mmunogerwo 20omE@erIBt i on of any one of clains 1-12, wher ecm/Eroto@s®ve one of
the F protein polypeptides further conprises a signal peptide. 14. The

i munogeni ¢ conposition of any one of clains 1-13, wherein at | east one of
the F protein pol ypeptides conprises a heterologous trimnerization donmain
conprising a coiled-coil donmain. 15. The i munogenic conposition of claim

14, wher ei n 8ty §RA8tun8R&Gi OfonRKition BE Bl ﬁ‘7,%e¥£§9{eih?ﬁﬁ>fg95fpﬁ§rr%%ﬁi@the

trimerization domain conprising an isoleucine zipper. e i nmunogeni c
conposiHRddombinelf gierh id{cimtrdragdlilatdomemst one of the F protein pol ypeptides
conprises an isol euci ne zi pper domai n conprising the am no acid sequence of

SEQ I D NO  15.7417 i ] i ti on of | aj - 186,
wher ei n at %Q‘aTs}fe lfcr)lrrlnyﬁggént%%%%g?% é’?%%@ﬁs"y"gé’%p? %Lé@%}%%%ﬁggf;?agtoﬁ% ggtél one
subst i tFytrotoin poi ypaptddds icompades at leyd bogpimninoacamdddioacdetktion oasubgdtuaph diat ¢
domain of .the E protein extracel] ul ar %&mai n.. 1%. The i m’runo(%g)ni c
conposCMgRIS R i plsvege SYHRIFSSHNAHREYE GSHERS E PERSTHRPFFCPSOL (e HRB
coiled-coil domain of the F protein extracellular domain. 6219. The

i Mmunogeni ¢ 2¢orRamintun0gerdd cobhisitiod 6f amh@lceifRlaihe1-hydvepéiaht Radorabthes t he
HRA donmai n of the F protein extracellular donain. 20. The imunogenic
conpos Ftiretgingrlasptidss durger eprapriss atleast ongmpdifigation that giers ghisovtatiofe F
protein polypeptides conprises at |east one am no acid addition, deletion

or substit ubb OfhetiR@lunBhdnid AL RRItRN bl hiyore FRMAFE 1201 RhRERDBEbr Bredf the
naturally occuring F protein precursor (Fo). 21. The inmmunogenic

conposiat ieath e parapyserus f nedtainrstigens ere sgheetedifrpmathe|geawtofone of the F

rotein pol t . ri . . i | b
gl terls gloycégy a%%*gﬁ&%%%%@%@ﬁf%h%gg%@ O%:(gorqf%%tsn?%] &oﬁ?ﬁmﬁ%g&g ho cl ai ns
1- 20, wher ei n opetedr patppeptidd cdr@isatg dreasdistingof SEQAMyXOVI2E asl FPPr-dFei n

ot gens are el eel e Lo e Rl CL IS o prct o ol yoept de
conprising @§ QU $tprdtinPblypEseidendded bg SEQNE ROR, ¥n BMPV F protein
polypeptide encoded by SEQ ID NO:11, a PIV-3 F protein polypeptide encoded by
SEQ ID NO:13, and a PreF protein polypeptide encoded by a polynucleotide
sequence that hybridizes under stringent conditions over substantially its entire length
to at least one of SEQ ID NOs:9, 11 and 13; and
c) a PreF polypeptide with at least 89% sequence identity to SEQ ID NO:10; a PreF
polypeptide with at least 94% sequence identity to SEQ ID NO:12; and a PreF
polypeptide with at least 95% sequence identity to SEQ ID NO:14.

23. The immunogenic composition of any one of claims 1-21, further comprising at least

one paramyxovirus G protein polypeptide or fragment thercof.

24. The immunogenic composition of claim 23, wherein the G protein polypeptide
comprises an amino acid sequence corresponding to amino acid positions 149 to 229 of the

reference G protein sequence of SEQ ID NO:4.

25. The immunogenic composition of claim 23, wherein the G protein polypeptide

comprises at least one amino acid substitution relative to a naturally occurring G protein
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protein pol ypeptide conprising or consisting of SEQID NGO 14; b) an RSV F
protein pol ypepti de encoded by SEQ ID NO 9, an hMPV F protein pol ypeptide
encoded byoSEQ/4¥48I0. 11, a PIV-3 F protein pol ypepti deprem@rded/obywoSEQ | D
NO 13, and a PreF protein pol ypeptide encoded by a pol ynucl eoti de sequence
that hybridi zes under stringent conditions over substantially its entire

|l ength to at | east one of SEQ ID NGs:9, 11 and 13; and c) a PreF

pol ypeptide with at | east 89% sequence identity to SEQID NO 10; a PreF
pol ype%%lyg@pt}’&e} \bhi@f‘l alln%szlcidgs%%tﬁﬁt%he&%la'tég%ﬂm YudtiBn ol QNP of 1ZciRnd a
PreF polypeptide wth at |east 95% sequence identity to SEQ ID NO 14. 23.
The i neolmogehvical dorgesi ti on of any one of clains 1-21, further conprising
at | east one paranyxovirus G protein polypeptide or fragnent thereof. 24.
The i munoggpi-§. G itio | ai 0t i 0.pol ypepti de
conpri ses aggéﬁFﬁ%Hg%§%£g%%ﬁgﬁggmggg?%g%%%gﬁﬁghggwggpg%gégﬁgb%%@?tions 149
t o 229 comptides arfell Bnhethde pGtqn podlgpeptise que fis®ngirotGR@ompPriNay 4t 1e2b a pdhi@n of
innunogggic conposi tion of claim23, wherein the G protein pol ypeptide
conpri poei} B¥PePHA® ami no acid substitution relative to a natural ly
occurring G protein 63pol ypeptide, which am no acid substitution correlates

Wi th reduct RDMTHRMIMANAYEHId @RkitvaGE tiakn eRRaAresd thel G plotdh Eaptided  The
i mmunogeni ¢ .conposition of claim23, wherein the G protein polypeptide
conpr i PEsey in g fysiqngpgietn enprisingiths HBrojsapttigsd or a fusion protein
conprising at least a portion of a G protein polypeptide. 27. The

i munogeni ¢ 2¢ oIMRAfintunePer cdnhRisMod 3¢ aM G146 A€ 1-B5 PR RLr&h At Rt YWRERE thele 1S

present in a fusion protein conprising the F protein antigen. 28. The

i munodanteingwhyrsstidas derthst cemprissme liskercl ai ms 1- 25, wherein at | east one of
the F protein polypeptides further conprises a linker. 29. The i mmnogenic

conposi tion 29fT}f%| i?}ihgﬁnig%%é’mﬁéﬁ%sﬂioh }8? cllaing b@,rwlﬁ:%mlf .eslﬁr%eltz %‘)ﬂlpaﬁi:sntﬁc Qﬁ:ﬁrﬂe

sequence GG 30. nog c conposition of clarm ereint
| i nker acidspquesesGEGhe ami no

30. The immunogenic composition of claim 28, wherein the linker comprises the amino

acid sequence GGSGGSGGS.

31. The immunogenic composition of any one of claims 1-30, wherein at least one of the

F protein polypeptides further comprises a polyhistidine tag.
32. The immunogenic composition of any one of claims 1-31, wherein at least one of the
F protein polypeptides comprises a multimer of polypeptides.

33. The immunogenic composition of any one of claims 1-32, wherein at least one of the

F protein polypeptides comprises a trimer of polypeptides.

34. The immunogenic composition of any one of claims 1-33, further comprising a
carrier or excipient.

35. The immunogenic composition of claim 34, wherein the carrier or excipient
comprises a buffer.

36. The immunogenic composition of any one of claims 1-35, further comprising an

adjuvant.
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aci d sequence GGSGGSGGS. 31. The inmunogeni ¢ conposition of any one of
clainms 1-30, wherein at |east one of the F protein polypeptides further
conpri seswa 2pmiihi4sti di ne tag. 32. The i Mmunogeni ¢ conp@sirtEPeO100§9086ly One
of clainms 1-31, wherein at |east one of the F protein pol ypeptides
conprises a nultinmer of polypeptides. 33. The i nmunogeni ¢ conposition of
any one of clains 1-32, wherein at |east one of the F protein pol ypeptides
conprises a trinmer of polypeptides 34. The immunogeni c conposition of any

one of clai 8% HdRmdnY %&#@50 R S PiLin? 36 3Tk &h (MR GhtRIER 2 TBPpiastae

i mmunogeni ¢ conpositio a|n134 wherein the carrier or excipient
conpr i semuac bgpdrse.. 36. The i mmunogeni ¢ conposition of any one of clains
1-35, further conprising an adjuvant. 6437. The irmunogenic conposition of

cl ai m 36, r j licits: [ 0 38.
The 1 mmunogan Beasibef i Ko Hob Sttt s T R R ER ISR R RS OO oy
| east oneodBD-KPLMIE21,@821l;inavataichnilsionyabd@Alu@mul si on, and Alum 39. The

i mrunogeni ¢ conposition of claim38, wherein the adjuvant conprises an

il-i t | 40. Th t f 38
Sher el et re 38R o gt o T B ST &5 SHPRGIE sty 8 STt odian &

conposiwat@Rrmaisiany one of clains 38-40, further conprising 3DMPL. 42. The
i mmunogeni ¢ conposition of claim 38, mherein the adjuvant conprises 3DVPL.

43. The i nogeni ¢ _conposi ti on. of Iai further co rising Alum 44,
The irmungwgpl' CIBBBS BT G IROSKIoR 0 of flamm %aﬁ%é‘fhe&fm ﬂdvaé%ﬂl YH. The
I MuNogembascaMRRsi tion of claim 44, wherein the 3D MPL and Q521 are in a

| i posomal fornulation. 46. The i mMmunogeni ¢ conposition of any one of clains

36-45, wherein the adjuvant is
41. The immunogenic composition of any one of claims 38-40, further comprising 3D-

MPL.

42. The immunogenic composition of claim 38, wherein the adjuvant comprises 3D-

MPL.
43. The immunogenic composition of claim 42, further comprising Alum.
44, The immunogenic composition of claim 42, further comprising QS21.

45. The immunogenic composition of claim 44, wherein the 3D-MPL and QS21 are in a

liposomal formulation.

46. The immunogenic composition of any one of claims 36-45, wherein the adjuvant is

suitable for administration to a neonate.

47. The immunogenic composition of any one of claims 1-46, wherein the immunogenic

composition reduces or prevents infection with two or more of hMPV, PIV-3 and RSV.

48. The immunogenic composition of any one of claims 1- 47, wherein the immunogenic
composition reduces or prevents a pathological symptom or discase following infection with

hMPV, PIV-3 and/or RSV.

49. A recombinant nucleic acid comprising a polynucleotide sequence that encodes the

recombinant paramyxovirus F protein antigen of any one of claims 1-33.
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suitable for admnnistration to a neonate. 47. The inmmunogeni ¢ conposition
of any one of clains 1-46, wherein the i munogeni c conposition reduces or
prevent s woheowi4eraswi th two or nmore of hMPV, PIV-3 and REV/EPA@E.0/039ve6

i rmunogeni ¢ conposition of any one of clains 1- 47, wherein the inmunogenic
conposition reduces or prevents a pathol ogi cal synptom or di sease foll ow ng
infection with hvPV, PIV-3 and/or RSV. 49. A reconbinant nucleic acid
conprising a polynucl eotide sequence that encodes the recombi nant

par amyxovi r Yg. ﬁleF}E&tn?dlﬁ'angﬁéélgf chﬁfof @@tﬁfn @@%V}f%{reu? {}f%' nglclggtlde@@él%nce

reconbi nant nucleic acid aim49, wherein th e nucl eot I de sequence
t hat enn@mbsﬂmﬁ@VRSMgamwu@émlm@um@dbhropmtmumemaﬁdrdekbmesé]on in a
sel ected host cell. 51. The reconbinant nucleic acid of claim49 or

wher ei n t he spuglole, Aghd GOTRE LS AROLY BUS) GaLIAE thggsy&gégdsghﬁgeg% from

a) a polynucle de sequence conprisSing or consrs SEQ
| D NO p&]ﬁb/naﬁebtﬁE@aqLﬁlcNQele]:féd ﬁlz»)n a pol ynucl eot i de sequence t hat hybr| di zes

under stringent conditions over substantiall S
pol ynucl eot PHe® BeypL lﬁsﬁe%ynceavﬁam@ymaobmlv %ﬁ@@?@geﬁé@ Jth at
| east 9096seqqagq@ahggﬁtymyNgqga polynucleotlde sequence of a). 52. A

vector conprising the reconbinant nucleic acid of any one of clains 49-51.
53. The vecbbra mfynackeprtidazquense thaf hybridezey sedos strivgers cprdigons oyelokar yoti ¢ or

eukaryotic ex , he nucleic acid
of claim49 OB&@%ﬁggﬂyﬁg%@g%#géﬁg?ﬁgﬂgﬁkgggcks%@%ﬂ&%@hﬂ%%g host cell of

cl ai m 54, whEragayrtuekotidestequaict wiith ag Bhe G0 &cseflnone idestityroapolyhuclbaciter i a
cells, insect ceIIs lLlant cells and mammal i an cells. 56. The use of the F
protein anti geff )one of clainms 1-33 or the nucleic acid of claim49
or 50 in the preparatlon of a nmedicanment for treating an RSV infection. 57.

The use of BtheA Fe@saio@iphisanth@torminatialeltic agidiod aef od dicmido49-6terei n the
medi canment

53. The vector of claim 52, wherein the vector comprises a prokaryotic or eukaryotic

expression vector.

54. A host cell comprising the nucleic acid of claim 49 or 50 or the vector of claim 52 or

53.

55. The host cell of claim 54, wherein the host cell is selected from the group of: bacterial

cells, insect cells, plant cells and mammalian cells.

56. The use of the F protein antigen of any one of claims 1-33 or the nucleic acid of

claim 49 or 50 in the preparation of a medicament for treating an RSV infection.

57. The use of the F protein antigen or nucleic acid of claim 56, wherein the medicament
is administered for the purpose of prophylactically treating an infection caused by one or more of

hMPV, PIV-3 and RSV.

58. A method for eliciting an immune response against one or more of hMPV, PIV-3 and
RSV, the method comprising:

administering to a subject the immunogenic composition of any one of claims 1-48.

59. The method of claim 58, wherein the immune response comprises a Th1 biased

immune response.
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is adm nistered for the purpose of prophylactically treating an infection
caused by one or nore of hMPV, PIV-3 and RSV. 58. A nethod for eliciting an
i Mune r espanBei4amai nst one or nore of hMPV, PIV-3 and REV/EP2éI6/08®Dé10d
conprising: adm nistering to a subject the i munogeni c conposition of any
one of clainms 1-48. 59. The nethod of claim58, wherein the immune response
conprises a Thl biased i mmune response. 6660. The nethod of claim58-59,
wherein the inmmune response conprises a protective immune response that
reduces or ?%%éhé@éﬁ@éfn@% 5@ mef%fhethg) Emﬁﬁﬁ@re?%on@évg \ﬁlprﬁle I‘O%HVBSV 61.
The met hod of any one of clains 58-60, wherein %jec [ human

subj ectimm@fc refpanse thatiredgen |0cprcmms)sl|f¢cmomwmh oapyr wne @hMP\aiRTE- 3landi-ESV or use
in nmedicine. 63. The i munogeni c conposition of any one of clainms 1- 33 for

use in the gy eMEN iRl Hanh i BRns 3% BSYHRARE Alfek: Al SEARS IR

62. The immunogenic composition of any one of claims 1- 33 for use in medicine.

63. The immunogenic composition of any one of claims 1- 33 for use in the prevention or

treatment of RSV-associated diseases.
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