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BACKGROUND
[003] This disclosure concerns the field of immunology. More particularly this
disclosure relates to compositions and methods for eliciting an immune response specific

for Respiratory Syncytial Virus (RSV).

[004] Human Respiratory Syncytial Virus (RSV) is the most common worldwide cause
of lower respiratory tract infections (LRI) in infants less than 6 months of age and
premature babies less than or equal to 35 weeks of gestation. The RSV disease spectrum
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. Humans are the only known reservoir for RSV. Spread of the virus from
contaminated nasal secretions occurs via large respiratory droplets, so close contact with
an infected individual or contaminated surface is required for transmission. RSV can
persist for several hours on toys or other objects, which explains the high rate of

nosocomial RSV infections, particularly in paediatric wards.

[005] The global annual infection and mortality figures for RSV are estimated to be 64
million and 160,000 respectively. In the U.S. alone RSV is estimated to be responsible for
18,000 to 75,000 hospitalizations and 90 to 1900 deaths annually. In temperate climates,
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These studies demonstrate widespread need for RSV vaccines, as well as use therof, in
industrialized countries, where the costs of caring for patients with severe LRI and their
sequelae are substantial. RSV also is increasingly recognized as an important cause of

morbidity from influenza-like illness in the elderly.

[006] Various approaches have been attempted in efforts to produce a safe and effective
RSV vaccine 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 RSV infection and/or reducing or

preventing RSV disease, including lower respiratory infections (LRIs).

SUMMARY
[007] This disclosure concerns recombinant respiratory syncytial virus (RSV) antigens.
More specifically, this disclosure concerns antigens including a recombinant F protein that
has been modified to stabilize the trimeric prefusion conformation. The disclosed
recombinant antigens exhibit superior immunogenicity, and are particularly favorably
employed as components of immunogenic compositions (e.g., vaccines) for protection
against RSV infection and/or disease. Also disclosed are nucleic acids that encode the
recombinant antigens, immunogenic compositions containing the antigens, and methods

for producing and using the antigens.

BRIEF DESCRIPTION OF THE DRAWINGS
[008] FIG. 1A is a schematic illustration highlighting structural features of the RSV F
protein. FIG. 1B is a schematic illustration of exemplary RSV Prefusion F (PreF)

antigens.
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BRI EF DESCRI PTI ON OF THE DRAWRGS 11.ED DESCRIPTION
INTRODUCTION

[015] Development of vaccines to prevent RSV infection has been complicated by the
fact that host immune responses appear to play a role in the pathogenesis of the disease.
Early studies in the 1960s showed that children vaccinated with a formalin-inactivated
RSV vaccine suffered from more severe disease on subsequent exposure to the virus as
compared to unvaccinated control subjects. These early trials resulted in the
hospitalization of 80% of vaccinees and two deaths. The enhanced severity of disease has
been reproduced in animal models and is thought to result from inadequate levels of
serum-neutralizing antibodies, lack of local immunity, and excessive induction of a type 2
helper T-cell-like (Th2) immune response with pulmonary eosinophilia and increased
production of IL-4 and IL-5 cytokines. In contrast, a successful vaccine that protects
against RSV infection induces a Th1 biased immune response, characterized by

production of IL-2 and y-interferon (IFN).

[016] The present disclosure concerns recombinant respiratory syncytial virus (RSV)
antigens that solve problems encountered with RSV antigens previously used in vaccines,

and improve the immunological as well as manufacturing properties of the antigen. The
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conformation of the F proteln, that is, the conformation of the mature assembled F protein

prior to fusion with the host cell membrane. These F protein analogs are designated
“PreF” or “PreF antigens”, for purpose of clarity and simplicity. The PreF antigens
disclosed herein are predicated on the unforeseen discovery that soluble F protein analogs
that have been modified by the incorporation of a heterologous trimerization domain
exhibit improved immunogenic characteristics, and are safe and highly protective when

administered to a subject in vivo.

[017] Details of the structure of the RSV F protein are provided herein with reference to
terminology and designations widely accepted in the art, and illustrated schematically in
FIG. 1A. A schematic illustration of exemplary PreF antigens is provided in F1G. 1B. It
will be understood by those of skill in the art that any RSV F protein can be modified to
stabilize the prefusion conformation according to the teachings provided herein.

Therefore, to facilitate understanding of the principles guiding production of PreF
antigens, individual structural components will be indicated with reference to an
exemplary F protein, the polynucleotide and amino acid sequence of which are provided in
SEQ ID NOs:1 and 2, respectively. Similarly, where applicable, G protein antigens are
described in reference to an exemplary G protein, the polynucleotide and amino acid

sequences of which are provided in SEQ ID NOs:3 and 4, respectively.

[018] With reference to the primary amino acid sequence of the F protein polypeptide
(FIG. 1A), the following terms are utilized to describe structural features of the PreF

antigens.

[019] The term FO refers to a full-length translated F protein precursor. The FO
polypeptide can be subdivided into an F2 domain and an F1 domain separated by an
intervening peptide, designated pep27. During maturation, the FO polypeptide undergoes
proteolytic cleavage at two furin sites situated between F2 and F1 and flanking pep27. For
purpose of the ensuing discussion, an F2 domain includes at least a portion, and as much
as all, of amino acids 1-109, and a soluble portion of an F1 domain includes at least a
portion, and up to all, of amino acids 137-526 of the F protein. As indicated above, these
amino acid positions (and all subsequent amino acid positions designated herein) are given

in reference to the exemplary F protein precursor polypeptide (F0) of SEQ ID NO:2.
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amino acids 137-516 of an F protein. However, smaller portions can also be used, so long

as the three-dimensional conformation of the stabilized PreF antigen is maintained.
Similarly, polypeptides that include additional structural components (e.g., fusion
polypeptides) can also be used in place of the exemplary F2 and F1 domains, so long as
the additional components do not disrupt the three-dimensional conformation, or otherwise
adversely impact stability, production or processing, or decrease immunogenicity of the
antigen. The F2 and F1 domains are positioned in an N-terminal to C-terminal orientation
designed to replicate folding and assembly of the F protein analog into the mature
prefusion conformation. To enhance production, the F2 domain can be preceded by a
secretory signal peptide, such as a native F protein signal peptide or a heterologous signal
peptide chosen to enhance production and secretion in the host cells in which the

recombinant PreF antigen is to be expressed.

[021] The PreF antigens are stabilized (in the trimeric prefusion conformation) by
introducing one or more modifications, such as the addition, deletion or substitution, or
one or more amino acids. One such stabilizing modification is the addition of an amino
acid sequence comprising a heterologous stabilizing domain. In exemplary embodiments,
the heterologous stabilizing domain is a protein multimerization domain. One particularly
favorable example of such a protein multimerization domain is a coiled-coil domain, such
as an isoleucine zipper domain that promotes trimerization of multiple polypeptides
having such a domain. An exemplary isoleucine zipper domain is depicted in SEQ ID
NO:11. Typically, the heterologous stabilizing domain is positioned C-terminal to the F1

domain.

[022] Optionally, the multimerization domain is connected to the F1 domain via a short
amino acid linker sequence, such as the sequence GG. The linker can also be a longer

linker (for example, including the sequence GG, such as the amino acid sequence:
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amino acid, such as lysine, will be added or substituted for a neutral residue, such as
leucine, in the hydrophobic region. For example, a hydrophilic amino acid can be added
to, or substituted for, a hydrophobic or neutral amino acid within the HRB coiled-coil
domain of the F protein extracellular domain. By way of example, a charged amino acid
residue, such as lysine, can be substituted for the leucine present at position 512 of the F
protein. Alternatively, or in addition, a hydrophilic amino acid can be added to, or
substituted for, a hydrophobic or neutral amino acid within the HRA domain of the F
protein. For example, one or more charged amino acids, such as lysine, can be inserted at
or near position 105-106 (e.g., following the amino acid corresponding to residue 105 of
reference SEQ ID NO:2, such as between amino acids 105 and 106) of the PreF antigen).
Optionally, hydrophilic amino acids can be added or substituted in both the HRA and
HRB domains. Alternatively, one or more hydrophobic residues can be deleted, so long as

the overall conformation of the PreF antigen is not adversely impacted.

[025] Any and/or all of the stabilizing modifications can be used individually and/or in
combination with any of the other stabilizing modifications disclosed herein to produce a
PreF antigen. In exemplary embodiments the PreF protein comprising a polypeptide
comprising an F2 domain and an F1 domain with no intervening furin cleavage site

between the F2 domain and the F1 domain, and with a heterologous stabilizing domain
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sequence:

neutral linkers are known in the art that can be used in this context without disrupting the

conformation of the PreF antigen.

[027] Optionally, the G protein component can include one or more amino acid
substitutions that reduce or prevent enhanced viral disease in an animal model of RSV
disease. That is, the G protein can include an amino acid substitution, such that when an

immunogenic composition including the PreF-G chimeric antigen is administered to a
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am no acid [ xtracel | ul ar
domai n. ByA%){/amg? 31‘}]& h@% gtgfngﬁgg%gﬁ kltu%SH% the f%hlact)éi'ﬁ:“enF oip:IsSér u%ﬁe %s | ysi ne,

can be sul:;sutnﬂbnﬂ@ﬂbjmalaﬂme dAsnc—hméa@IraﬁﬁMclchtmpNSi?IA)on 512 of the F
protein. Alternatively, or in addition, a hydrophilic amno acid can be

e e AT L %58 PR AR 80 LR G

aci ds, suchatasrveyss aneid t@)EpIilnﬂéatiloﬂS@hé ethnidle, Va fidiistiddRitdd. SucHtgkad (e. 9.,
followng the am no acid corresgondl ng to residue 105 of reference SEQ ID
NO 2, suchPedemped fewn thgdinalpradycd desitsdand 106) of the PreF anti gen) .
Opt i onal | y, hydrophilic am no acids can be added or substituted in both the
HRA and HﬁBz@'P”Whéiﬁe Akdeq! thaPieF@hdgend DfdePdo ifRARolBIHT FABRR kA h8Shelbes can be
del eted, so long tphe overal | conformation of the PreF antigen is not
adver sel y lpma@tlréwrotelpmlmhlﬁe%mmpblmeapqu&xpepwssquhl& rdwgvr P at i ons
can be us / Lot her
stabilizi ﬁ&};%gi?’l g%t@}lng%s} 95?2 gﬂstg%ﬁ er e!}%mte %@%ﬁce &gntl gen. In
exenpl ary matb@dpmmssi RR¥ Hprefeimr ot ei n conprising a poI ypept| de conpri sing
an F2 domain and an FI domain with no intervening furin cleavage site
g te;\gllelelnz;[ 2@ 6;]3 Airlm%/lnﬁltlpe lg}ré'ﬁ artltik%nf dinc i 'Ig}eF-@g}ti@é&spdigclgs%a %r@%nocgg ¥z

favorably used in immunogenic compositions for the purpose of eliciting a protective

immune response against RSV. Such immunogenic compositions typically include a
pharmaceutically acceptable carrier and/or excipient, such as a buffer. To enhance the
immune response produced following administration, the immunogenic composition
typically also includes an adjuvant. In the case of immunogenic compositions for eliciting
a protective immune response against RSV (e.g., vaccines), the compositions favorably
include an adjuvant that predominantly elicits a Thl immune response (a Th1 biasing
adjuvant). Typically, the adjuvant is selected to be suitable for administration to the target
population to which the composition is to be administered. Thus, depending on the
application, the adjuvant is selected to be suitable for administration, e.g., to neonates or to

the elderly.

[031] The immunogenic compositions described herein are favorably employed as

vaccines for the reduction or prevention of infection with RSV, without inducing a



(e.g., trinerization domain) positioned Ctermnal to the FI domain. In
certain enbodi nents, the PreF antigen also includes one or nore addition
and/ or suwwetnau7dp™a of a hydrophilic residue into a hydrophooes/oeRx7and/ or
HRB domain. Optionally, the PreF antigen has a nodification of at |east one
non-fiirin cleavage site, such as a netalloproteinase site. [26] A PreF
antigen can optionally include an additional polypeptide conponent that

i ncl udes gtatHobgsial mepansnisndesvaccinponhansed vifal diseasRIVlGvipg edminstratipraer i s, in
certain erret))(ggiu%etr(}tlgsvthe PreF antigen is a chineric protein that includes
both an F protein and a G protein conponent. The F protein conponent can be
any of the PreF antigens descri bed above, and the G protein conponent is
sel ect ed t[63He Iapomerrobmiinogits el ilmmunogene qorpbsiten intluddser REVar@igen ot ei n (up

to and/or jincluding a full-length. G prot.ei exenpl ar nbodi ments, the
G protein (If)‘bq%fﬁgﬁt"’%ﬁ‘@p]laﬁ'ceinﬁpd’gggeé’ﬁ*nr‘fﬁtpﬁ%qtla's%lﬁ g@géc?fqgﬁ S@\{)Bgot ein (where
the am no puypdp@Rshitigihideah 6 se@inddaipeatnM THe G Bfotdie BsiEponentltfisicalypr ot ei n
sequence represented in SEQ ID NGO 4). One of skill inthe art wl|

appr eci at en¢lndas ableastaminoracils 1£9-d7° ofra ¢ PeripiRnplthqueh seallst pericas of e be used,
so |ong asprBﬂEﬁl Gc%ﬁ‘ 'b@ﬁéeﬁ?suf@ﬁ’ﬁiagrﬂéhﬁ &Fﬁl‘d@ﬁclﬁd}?atﬁ%ﬂﬁﬂﬁ, thé‘ﬁﬂfﬂﬁl!oﬁﬁic‘él features

of the larger protein fragnent. In particular, the selectedfragnent

retai ns th®ningnyapitopgiotarhing acidsrl §alfi8. ddiermapeclpdhaSroteibout inglnilho aci d
positions - .00 aci ds .180- L > gufficiently long to
Pord and AREErdy ot il ¢ pRIL R BE b G ROz 8 B 3 R bl s oh

i mrunodom diamdnt €Pa taegee prokchm gach dsradglivngth G protein, 90a biimedieolypeptide. f r om about
amno acid 128 to about amino acid 229, up to the full-length G protein. So

long as t el.ected fragnent falds into a staple confor ion i he
context of!08He 1R AMRERT iRt no BB maeion i Rard ML pgendate  on,
processi Ngs @lchidteddptdtdin thADERo MERNEGET pfoda® Bdthpbashtl (Much Bs the SkerfihdyS -
Optionally, the G protein cg&ponent i s connected to the F protelin conponent
via a shormbedimtuidpgdrated iy EQGRYNOséand 40k Tha & rrakincegper@eoGach #he | i nker
can al so Deided P or Pralk6] adifp BpRAI (eNBH R RalGhiPRANAA089 FIHFESESS:
SEQ I D 140: 14). Nunerous confor 1onally neutral linkers are known in the
art that cantelne Assadicated atove smeli¢rex largar flagmentsl{sschgstamip acids 128229 omat i on of

the PreF apti ! 7 tionally, the.G pratein component can include one
or nore amﬁtr?éggg?%fhé éﬁ%?t%)llff? gﬁ%{’%/?lsgfl’ i A(H@gaé S immugd m%‘ﬁﬁg TEYi r al

di sease i nre@iheddnd@bnfoBfktionof tlRPRIGa6aSA is ddialiversly idpactéd.pr ot ei n can

i nclude an am no acid substitution, such that when an i mmunogenic

conposi tion_incl udi the PreF-G chinerj.c antigen j§ adqm nistered to a
P [%34] (Sptl%nzrﬁ?y, theelmmunogenlc compositions can algo Qxcfuae atqeast one additiona

antigen of a pathogenic organism other than RSV. For example, the pathogenic organism
is a virus other than RSV, such as Parainfluenza virus (PIV), measles, hepatitis B,
poliovirus, or influenza virus. Alternatively, the pathogenic organism can be a bacterium,

such as diphtheria, tetanus, pertussis, Haemophilus influenzae, and Pneumococcus.

[035] Recombinant nucleic acids that encode any of the PreF antigens (including PreF-G
antigens) are also a feature of this disclosure. In some embodiments, the polynucleotide
sequence of the nucleic acid that encodes the PreF antigen of the nucleic acid is optimized
for expression in a selected host (such as CHO cells, other mammalian cells, or insect
cells). Accordinlgy, vectors, including expression vectors (including prokaryotic and
eukaryotic expression vectors) are a feature of this disclosure. Likewise, host cells
including such nucleic acids, and vectors, are a feature of this disclosure. Such nucleic
acids can also be used in the context of immunogenic compositions for administration to a

subject to elicit an immune response specific for RSV.



subj ect selected froman accepted ani mal nodel (e.g., nouse nodel of RSV),
t he subject exhibits reduced or no synptons of vaccine enhanced viral

di sease (wWOo@og/@e®snophilia, neutrophilia), as conparedPpCo/Gze@mel ani mal
receiving a vaccine including that contains an unnodified G protein. The
reduction and/or prevention of vaccine enhanced viral disease can be
apparent when the i nmunogeni ¢ conpositions are admnistered in the absence
of adj uvar{t)3((]biﬁhe RoF, antlgwnsemfmréaly u#wérﬁortth@pramntlgemsi/qrt@a@m ?iRYered in

the Pr esen fﬁt{ ﬁ- ilt%:%ig? %fuaé%ec gfqg gllg?ur!a gon%nl%gam ﬂ{gdtf& Iﬁ@lltln the am no

aci d substl vaccrne en ance V|r dlsease when
admi ni st erigghuin® rapbissaghist RSVC (The Ad&tlﬁ&aﬂmhes admiaistering aﬂnirﬁnamlagmaagi d

substituti iis the replacenent of aspar OSI tl 0 n al ani ne
(Asn Al a e?t%%gﬂﬁer?gmé}&i‘&fpr!PpoﬂFi@&WPtaml{‘%?%bﬂi‘?%?Hé i Je&h{} t:l%&/‘u‘ﬂa‘f‘gen
descri bed ahgye) Qlﬁﬁec't)”@ld%ﬁs@dhoﬂ%@hﬁfnﬁﬂnﬁiolo%?‘c‘&ﬂ?@@&t&é‘%oﬁﬁ@ﬁé as an aid to

purification. One exarrple Is a polyhistidine tag. Such a tag can be
renoved er@mPDﬁEOI‘F ¢lisath alpnmﬂm@treﬁpbnﬁéswféfdfor 61{1@9?5 verent andbe Bk @atigenhe PreF

ant | 9ens LR fnb i ATBhECHl el @119 B0M2RsPTRL Sl g ORLUT e protel

t hat i ncl u ypep e preF antigen
pol ypepti deatrai&wﬂnhbodwst) andiiortT reélrreipbmes (@@,ethbbmdudtlhﬁ opcybkindspn

confornatl the mat ure, proGgess rot.ei.n 30 ny of the PreF
ool oemat Parhiy: (b imuRs eendRre SEHe] Byt Preg nRERdRtes elietis M ag: bl beon
in i mno%@élﬁc ﬁﬁ’ﬁpl@&dt bh@éb%f&r@lﬁtlédaﬁeﬂ?t%@ﬂ%&n%n Bk bf%lfdsidﬁgzoﬁfo%éﬁcﬁf‘df Ive

i mmune resgonse agai nst_RSV._ Such i munogeni c conpositions typically

i ncl ude a tBnRENdcatein: aihe\Prefcandipensioné cerapasitiops eande gdmaisisrpd torsubigeich as a
buf fer. %Hﬁ &ﬁﬁn&ggvﬂm ¢ (&R c%n thgt‘ﬁf;ﬁ?\df %\LOQQMI eafqgib Qﬂt&%ﬁsat i on,

t he |nnunogen|c conpo |t|on pi1 cal so i ncl udes ] uvant n the
case of i ndiohasgédhereincodrpomblyi fommlztteﬂ mehurmge:nmg)r@opmonseaitclt ué’ hil aserte r esponse

0 Wvant | CHECTSRSROHE A Cey s of By SmRron Rt B8V dofBr e ohiE Bhusi ng

adj uvant) .a datiilegdal Yespdride folldjvinganfectich witl £R§¥d to be suitable for
adm nistration to the target population to which the conposition is to be

adnmi ni ster us dependi ng on.t he catio t he adjuyvant is sel ected
to be sui t@gﬂe P P%%Onsgarg a‘ft"‘Bmﬁté’E? 13 VAHEDI 0 TRUES: o] der | y.

[31] The Ilm&ﬁgm& &@M@ﬁtr&ﬁa@ﬂsthﬁi‘%ﬁn‘éétl}bﬁﬁ’cehﬁ‘éﬁ’eﬁ aftigen iPMRERPWih 8RP| oyed
as vaccines for the reduction or prevention of infection with RSV, w thout

i nduci ng amucosa of the upper respiratory tract. Alternatively, more traditional administration routes

can be employed, such an intramuscular route of administration.

[038] Thus, the use of any of the disclosed RSV antigens (or nucleic acids) in the
preparation of a medicament for treating RSV infection (for example, prophylactically
treating or preventing an RSV infection) is also contemplated. Accordingly, this
disclosure provides the disclosed recombinant RSV antigens or the immunogenic
compositions for use in medicine, as well as the use thereof for the prevention or treatment

of RSV-associated diseases.

[039] Additional details regarding PreF antigens, and methods of using them, are

presented in the description and examples below.
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pat hol ogi cal response (such as vacci ne enhanced viral disease) follow ng
adm ni stration or exposure to RSV. [32] In sone enbodi nents, the

I Mmunogerwo 20empPe®it i on i ncl udes a PreF antigen (such agcrleazecsaopdrary
enbodi nent illustrated by SEQ ID NGO 6) and a second pol ypepti de that

i ncludes a G protein conponent. The G protein conponent typically includes
at least am no acids 149-229 of a G protein. Although snaller portions of
the G protiRMB8an be used, such fragnents should include, at a mninum the
I mmunol ogi cal dom nant epitope of am no acids 184-198. Alternatively, the G
prot ei n cdf4dindh undler @ fhadlitgereypor vf tha vafous kmbaliments ef this dsselolsurasthani no aci ds

128- 229 30- 230, optional | | t of al s a
R L

enmbodi mentgevilldiEinitkgenRgestitkis dRePARE.L i on includes a PreF antigen that is a
chimeric protein that also includes a G protein conponent (such as the

exenpl ary (oo din®E behetwibdipladle@ thllt¥chafct dnl sbieiff tarinth ubél) hereih Bave the Ot ei n
conponent of 'such a chineric PreF (or PreF-GQ antlglen ty |\():&I, lhgt i ncl udes at
@ﬁg ic

| east ami rféma@legaing a9copprgonly urdegstgnddane of grdinpyyskidbin dep Rl | er or
| ar ger fra&&?&h% lfeﬁ)‘dg{' BtirfBnd Bt Efnlufich o s'iﬁ%%lé%ma}ﬁfaro%g% & foliflfinG Protein
be , so-long t epitopes

can al so use as the I mMmunodom nan are retained, and
conf or mat i Benjamiin {ewirPGekes@, anblishehbyi Gxfouk Underatyskkess, 19934 E3BNI0-19{ 34]

Optional |y, %17ei. ogeni oposi tions can.al so i ngcl ude .be t one
atidi 11 onal SARTT b ACBo8 ek (OQLN e 60 GART LA oL WEr 4 Ao RSPEDIBF B anpi .
t he pat hogeiatievedr GamtsNdl, 9994 USBN 9-630121 81-bp BndRR{bertsALMIey@ss (Bay,ai nf | uenza
virus (Pl ﬁi{' neasl es, hepatitis B, paliovirus, or influenza virus.
Al t er nat i VHplgculgmigiology ﬁ'efg@ﬁreéh'ml%h@ Samprshenseve Peplefeenqenpublished bys
di pht heri ayciigt8i4srs, RE!, 1 9FSISBN TeRPRR6d-g)s | nfluenzae, and Pneunpcoccus.
[042] The singular terms “a,” “an,” and “the” include plural referents unless context
clearly indicates otherwise. Similarly, the word “or” is intended to include “and” unless
the context clearly indicates otherwise. The term “plurality” refers to two or more. It is
further to be understood that all base sizes or amino acid sizes, and all molecular weight or
molecular mass values, given for nucleic acids or polypeptides 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.

[043] 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
thereof. 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.”
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[ 35] Reconbi nant nucl ei ¢ acids that encode any of the PreF antigens
(including PreF-G antigens) are also a feature of this disclosure. In sone
enbodi mrenwe,20a09mg961 ynucl eot i de sequence of the nucl ei cratiah2bdsan2ncodes
the PreF antigen of the nucleic acid is optimzed for expression in a

sel ected host (such as CHO cells, other mammalian cells, or insect cells).
Accordinl gy, vectors, including expression vectors (including prokaryotic
and eukar y644]c Respiratey soeyia giros RS VAriea pathieganio vguodf théfamilgi scl osur e.

Li kew se, INESN j . NUGl ej i a v r r.e a
feature ofﬂ]a?%[i&ysx%gllng % ’cs)lrs;b??ﬁé{ﬂy Egec %Sllglc %%(e:ﬂasgn s&%grﬁls'a?@eog%g&gg ggsi@r%gt he
cont ext ofa negniiveasgasei RNA afgbalet whink edcotdesald mproteins.r ‘Bightonsdematian sfibgect to
elicit an | ne response.specifi.c_for RSV. .36] The PreE antigens are
Favor abi v RVAGerure VHOTE o BTG Gits 8 rosarHoNterBR RS PRAGER Lon. Thus,
anot her a&ae&bp@fm&'r%%ﬁd TRLRGH RS VGRRGShd\e be M dftBE AQhH B drbw}@, an i nmune
response agai nst RSV. e nethod jnvol ves adm ni stering an i mrunol ogi cal |y

ef f ecti ve tapshandifierences bripe antigeninitefthaCralyegpmtent dfumsiepsydrming 6F BSYubj ect
(such as g,,0up8R iQiat@{oMle. TOIFEL)strafid Haftatli b§deRBadk and/dr EMBINO! Ogi cal 'y

effective anount of the conposition elicits an”immune response specific for
epi t opes pressinn rmmbeheanPedfundnn We3008 Bidd 49, avhichneineerpprtddese yan | ncl ude B

cell responses .a., the duct i of . neutralizin ti bodi es d/or T
Coll T oopoRESot frfhie puihe Bf StEedfe BrRA sl b B st Rer S Bt REV ot
response et ifd ¢ pebtdis SuREHIEFR seiRtPreantighif! (1hdREing |cBitRiit Prdfiaan@des)speci fi ¢
for at | east .one confornmational epitope present on the prefusion

conf or mat | B bforeipaatiRaywith Brebiasfigens-Thedipprat stgipy &Y amdkelyipbsi ti ons can
be adm ni SLALEH h gt AUiCLa WiliIDHL (EROBRRSDIsKAl, db saRsBrkal! ow ng

contact with RSV. Favor ab. Y, e PreF antigens [ose rein and
sui t abl y fascompassesdaiiantyarogefran sawplhs déouomg (eki pievioaslTht subseguerdlyi nmune

response t iﬁ%iﬁqg ?tgzﬁgsj g& rgeIPertig \cllﬁﬂt osrfailétmcgeﬁ E}i(,'ngl?elsﬁn;‘atrelﬁl/ {)la recl%sn\v'l\?i?%%ép r reduces or

prevents a pa gl response W ction RSV. [37] The

. ; 1% beadni ni st e ety Ut es.
et udrng D4TE oRR b oF Rt Foratd MRS of Pt poliehB REeBREE ot  gen
i n cont actprifetnpolypeptideC efers & a bélgpdpRiesr presiainadh@ bl of parCdf.an Anirrdeat | vel y,

nore traditional adn nistration routes_ can. be engjl oyed, such an_

i nt r anuscuiearence ok @ RV husiemhpreteinaalxpsptide; Sgnilarly, Se terme Qrrgtesy’ oanG of t he
di scl osed |RSWirARy »¢ ' L bid Hh¥iRg B BPRHAY AR Amfto i

medi canentﬁ?olrrﬂ{yrb}ergﬁl%g ‘%‘@Wﬁ?@%ﬁpgﬁé %ﬁ%‘? lexarrp%e, 8pr ophyl act ioc%fdl y
treating otedganeyefnn RV Attack@ent protsot padypeplide. AweransRShisanedd Accor di ngl y,
this di scl aiheeRl O RE Ral:EetaGhRA 3 LERATR DARLPYGATY hggRS o the

i nmmunogeni ¢ conpositirons for use in nmedicine, as well as € use thereof
for the preXd2008idd 149 setsromaéxvamplarpF amBU-pacisia vaddned fah exaraple snaturally

occurring variants) publicly available as of the filing date of this disclosure.

[046] A “variant” when referring to a nucleic acid or a polypeptide (e.g., an RSV F or G
protein nucleic acid or polypeptide, or a PreF nucleic acid or polypeptide) 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.

[047] 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
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[39] Additional details regarding PreF antigens, and nethods of using them
are presented in the description and exanples below TERMS [40] In order
to faciliweteowwsyisew of the various enbodi nents of thisPdira2oemsuwozz77t he
foll owi ng expl anations of terns are provided. Additional ternms and

expl anations can be provided in the context of this disclosure. [41]

Unl ess otherw se explained, all technical and scientific terns used herein
have t he seaweno®adhetermds demusod toyrefen ther prilpwmidieptydedhas endodos siichapgptiski | | i n
the art to_whj htdhis di scl osure bel ongs. Definitions of common terns in
nmol ecul ar %ip81y§<e;ﬁ/ ¢an be found in Benjam n Lewin, CGenes V. published by

Oxford Uni Si Press.. 1994 (1 SBN 0-19- 854287-9): Kendrew et at (eds.),
The. Encycl SEIGHTRE smgoRaid a0 el gedising TEReG B B TeRh Sl S nce Lid
1994 (/| SBNrbtetm3golPpbide S)riuckitchefpthar ik pfeservinyhe Sanfeedlatd as iM3lie aatlr TBatol ogy

' hnol : rehensj Ref erence,, published by VCH
I%Egl :315 ﬁg?gis,Qﬁﬁglg%quggg%g%@qdﬁgM%é@ g) wlrll be understood, that ?n the >éontext
of this disclosure, there are numerous native/naturally occurring variants of RSV proteins

or polypeptides, e.g., obtained from different naturally occurring strains or isolates of
RSV.

[049] The term “polypeptide” refers to a polymer in which the monomers are amino
acid residues which are joined together through amide bonds. The terms “polypeptide” or
“protein” as used herein are intended to encompass any amino acid sequence and include
modified sequences such as glycoproteins. The term “polypeptide” is specifically
intended to cover naturally occurring proteins, as well as those which are recombinantly or
synthetically produced. The term “fragment,” in reference to a polypeptide, refers to a
portion (that is, a subsequence) of a polypeptide. The term “immunogenic fragment”
refers to all fragments of a polypeptide that retain at least one predominant immunogenic
epitope of the full-length reference protein or polypeptide. Orientation within a
polypeptide is generally recited in an N-terminal to C-terminal direction, defined by the
orientation of the amino and carboxy moieties of individual amino acids. Polypeptides are

translated from the N or amino-terminus towards the C or carboxy-terminus.

[050] A “signal peptide” is a short amino acid sequence (e.g., approximately 18-25
amino acids in length) that direct newly synthesized secretory or membrane proteins to
and through membranes, e.g., of the endoplasmic reticulum. Signal peptides are
frequently but not 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).

[051] 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
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[42] The singular terns "a," "an," and "the" include plural referents

unl ess context clearly indicates otherwise. Simlarly, the word "or" is

i nt ended wo 200w0i7omde " and” unl ess the context clearly in@#CTatA2s0smizrw se.
The term"plurality” refers to two or nore. It is further to be understood
that all base sizes or amno acid sizes, and all nol ecul ar wei ght or

nol ecul ar mass val ues, given for nuclelc aci ds or pol ypeptides are

appr oxi matiemediattharamtipras (e dnftr 5’ dedand que oo the A di@f))tm haadtusplly nuner i cal
Iirritations i.ven W th.respect ft S0 2 substance,
such as ar’“&h m%%eno §r°£ﬁ}ent%a% edt? ?rﬁ%b C%rht ra%é?%?ra (.gnefﬁj\tﬁ)gl,h%wﬁiére a

concent r atpobmu¢lsotide @hemteesl pctlsapdpedeatTHeéa&td I tvection afiphec)ci@fd pglefingd i s
|ntendedthat the concentration.b ersto to be | east approximately
(or " aboutbY Tgferencetp thegpnpechivity ﬁ@PSIM%P%dWQIﬁOWGIUI’i‘Bﬂ@%ﬁ?f‘ ir“? als sinmilar or

equi val entacéRddnd® $ath URS@FY oA PBsiSHsRIf theCRBx Mo BEribd3e) fgarRingCtThee or testing
of th| s di sclosure, suitable methods and naterials are described bel ow. The

term"co npnfogé@nonnle(a@fhng)lcmtpmé g polympnleptide pauense tisrféafbﬁr@t%%)t 3 ﬁﬁﬁfﬁiofle s

ot herwi se, the word ' _rrprl ses,"” and variations such as "conprise" and
"conpri si r{952]wi Al“ragembinaat? su%da@dusqnplﬂgat hasea sequenessthatris pet ngtusallyt ed conpound

or conposi { ol Hffp or group

of conpoun&gl%glfl %Ssa Sg(g’l%l’ %tqicﬁlg%%bg' ugélgﬁmgi?lman%?% gt;he@%%gounds

conposi t i caparsttd pgments o@saquqmcel fikis enificial frenEidios carald amomplshqi By is derived

non- i m t 1RGP RERIES e S berg s ranipul ot SEGHRS sdmenti 1 ¢ ne

term"for ¢hnadBilacids, e. g[ %]ge&ﬁ&hglﬁé@fng teRMAigies] al “rydombmaﬁR%temss éne
pat hogenic virus of th am |y Par anyxow ri dae,  subfaml ¥1 Pneunovi ri nae,

genus Pneuh®vs wgdedmél @&ﬁ@ﬁ@%ﬂe Revcombipanaiysleic,asids Bhish haikerol ecul e,
whi ch encqgﬁéd&;c%ﬂfooéﬁdspéell lcfL 2 BRIQE! Hul &icéeg ﬁ:‘ﬁuw 8 Bcageh the

viral N protein forns a nutleocapsi vvrappe I nsi envel ope. Two
groups of 1htnmhmed?8ﬂasbxmessmnlvacﬁa laemg siiesls cafabld of exmeesfing tiet fBotginoups, based
on di fference nthe a city,of,the,G gl rotein. ,N rous strains
of RSV haveend i nur e SRl el S i A PR it MO B9 conBank
and/ or EMBlellABasmsb@e nunber can be found in W2008114149, which is
incorporated herein by reference for the purpose of disclosing the nucleic

aci d and pobypephd @fin SRAHEIBEAS” Kith RYedt tod4Indeldié étﬁ@larp% é@bﬁbﬁ(ﬂl@l‘ éndtidr use in
PreF antigens (including chinmeric PreF-G antigens) i n conbi nations

wi th PreF KHulkpemaponent; lmilsﬁaq thatrthg;¢amgpogent str%lwléerf ltkSew npinalx foundimit ed, and
are encom&m@@mﬁtﬂaw@ M&fﬁ%}{t oﬁcm%&& the genus of RSV

enconpasses variants arl om natural Ty occurring (e.g., previously or

subsequent joyyf denl i, ﬂf%@npgégbwltgfégsé fo ffidfden G Apliic a_synthesis

and/ or rec S|on protein" or
protein podomaepng aipa‘thccgen):mﬁarm tlptrmb@smfpahwmg)mmtmhemefremsa dompesippal,ypept i de

t h .aci RSV _Fusi
or ot oi n_poP peptaa aRhiPRl e HnTl RS RS GE oo Blaraity

pol ypept i dtﬁat afll&faeéssof&m: whdpsitaylReBinbetenObe e« ffonk th¢icoBipadifionon far t of an
am no aci d sequence of an RSV Attachnent protein pol ypeptide. Nunerous RSV

Fusi on and°oBtexbefiitesiee pPetcErpPUREcAtiop cipdassich prosessesf Cs}%t@ AR to those
of skill iRafiRBoRNdn- eﬁé@ﬁ%@%ﬂi%ﬁfb%r 8Y, 2@ Sibe-EX AR hboniat h dimtye

variants (for exarrpl , haturally occurri ng variants) pub y avali I abI e as
of the fi |purdicatitneor pfecipifadordiTbey, Bwuerm “purified” does not requlre 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
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[46] A "variant" when referring to a nucleic acid or a pol ypeptide (e.qg.,
an RSV F or G protein nucleic acid or polypeptide, or a PreF nucleic acid
or pol ypepoi2d@®)o79®6a nucl eic acid or a pol ypepti de that pdirfdaznes/dem a
reference nucleic acid or polypeptide. Usually, the difference(s) between
the variant and the reference nucleic acid or pol ypeptide constitute a
proportionally small nunber of differences as conpared to the referent.
[47] A "ddmt Gﬂ%crtleastﬁﬁ%jptelmst 80t lepst G, at least Y% tar atleast 86%yr swrd ofed

el enent WI e de o ein, For exanple, a "trinerization
domai n" E‘é\ﬂ’iwﬁ%g é%{g rgéfhnecr?(r:leenp()fq ki alraltlOflypept i de that pronotes

assenbl y o tri r| zation
domai n caﬂB o é@@@’ f?g1cﬁlt°8“ipf’?ﬁr&rl§£5§°‘ws£ nélglégzg) gtqmlﬁcuti%pf%el dPher
trimeri zatdrgumeni@rnas Beéen Gatistantlsliyt deparaed pOpUYiTRY bwaleomiotier bibgRkalme or a
different amno acid sequence)., The termis also used to refer to a

pol ynucl e SOMPEnenp ﬂ&f@gﬁﬁ@eﬂ&?ﬁlsﬁl IBé‘@ﬂqhd@e eHMneBen) Batgrally gccurs, aegh afhe t er s

"native" gy’ ﬂ%hﬁﬁcﬁﬁe{lﬁn@%}ércrh!r&ﬁbsoﬁﬁlfmﬁaﬁd RN r&élwtof%aﬁa@éa as a
protein, pol ypeptlde or nucleic aci d, that is present In the sane state as

it is in rudeieacidseal prqﬁems thet havebesnt ishlatednimclude awrleiv akids and paateins i ci al | y.
It will : _ A
w r})u%J Rde E)ig s aq éd?qitcalji(ﬂl Ao kOhE éh‘[l gfsg %B@#‘pnﬁlgltel%salﬂ{dg and NEre are

nuner ous ive y occurring variants €i ns or
pol ypept i desteine ptpared by sdcomablinbiit@rpressidndn ahbst ell axwdll 35 chernigalty ng strai ns or

| sol ates of
synt'ﬁesmed nucleic acids and proteins.

[056] An “antigen” is a compound, composition, or substance that can stimulate the
production of antibodies and/or a T cell response in an animal, including compositions that
are injected, absorbed or otherwise introduced into an animal. The term “antigen”
includes all related antigenic epitopes. The term “epitope” or “antigenic determinant”
refers to a site on an antigen to which B and/or T cells respond. The “dominant antigenic
epitopes” or “dominant epitope” are those epitopes to which a functionally significant host
immune response, e.g., an antibody response or a T-cell response, is made. Thus, with
respect to a protective immune response against a pathogen, the dominant antigenic
epitopes are those antigenic moieties that when recognized by the host immune system
result in protection from disease caused by the pathogen. The term “T-cell epitope” refers
to an epitope that when bound to an appropriate MHC molecule is specifically bound by a
T cell (viaa T cell receptor). A “B-cell epitope” is an epitope that is specifically bound by

an antibody (or B cell receptor molecule).

[057] An “adjuvant” is an agent that enhances the production of an immune response in a
non-specific manner. Common adjuvants include suspensions of minerals (alum,
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.
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[49] The term "pol ypeptide" refers to a polyner in which the nononers are
am no acid residues which are joined together through am de bonds. The
ternms "povopeptdze®é or "protein” as used herein are inteqdaA2bas/00270MPaSS
any am no acid sequence and include nodified sequences such as

gl ycoproteins. The term pol ypeptide"” is specifically intended to cover
naturally occurring proteins, as well as those which are reconbinantly or
synt het i cd0$8] pmodmpedogemiscomppsiiion’ iggeamposition af matfes seitpble fob a pol ypept i de,
refers to I - i : V. j8e... The term

" mrunoger?‘lﬁ ?%%%%@r@%ﬁ%?eoﬁgn 1?“51§ g‘i%fe%ﬁggg}ﬁrlg%ﬁ %ngﬁxngﬁélo%@%gjp@%dse that retain
at | east eapabbr efcbdiniting aspdcifivimnyan raspa@e,tegpagaihsttalpathbgdn, suchngREVE efser ence

protein or pol ypeptide.. Oientati.o ithin a polypeptide is, generally
Peci ted | b sDBpERAE SPRPOI Gy S OB It GPHECGErPAfGAMB -t he

orientati l@%ptld&%nﬁﬁ@n@}br&ﬂd%e@lﬂféﬁﬁéfpésmAh%hﬁ_ﬁog%BiclcBﬂl[pMdiﬁtHﬁdanarﬁb no acids.
Pol ypeptides are translated fromthe N or amno-termnus_towards the C or
car boxy- t érgigaene or iy additiogal gamporsaistcpprble ofsligiting oF enhangingandmmmng equence
(e.q.. ap . AUl o . .

synt hesi Zgg%lé{:é?gcg)ré;31%&&@%@%%@%?%’?&&%%@39@E%Fa:lrﬂi?%tﬁgﬂ#,ﬁrﬁe]#bu?g e}slc, e.g.,
of the endoplpasitivrs areadngistgred tSelipitaan ipeine chegonae thaf pretgete Hielsybibeit not

universally located at the.Nterm nuys of .a polypeptide, and are frequently
ol eaved oty ShGRaR st SRS el YBFRE RS oPiBlhS: 1

menbr ane. diegstadaused hyrapathvgdnyip peatdted ©@oredaded ok hthél&)rstéxmwnrgﬁgiﬁugh u[) al
features: an. N-termnal_ polar basic. region (n-region), a r ophobi ¢ core,
and a hydrigRffatipnofthe pathogsy (e.g. [ BIY) f?’h‘é""%Fﬁ%““ﬁ@?%ﬁE‘l’J%ﬁ‘? Bepathogen ucl o ¢

aci d sequeRgk’cohR&ESS thi® dRcIBRIrY, 1B fefm R dREnil UshSRIHoASE1 BE uhRRSdodkd bases
in length. Nucleotides can be ribonucl eotides, deoxyribonucleotides, or

nmodi fi ed faneerspass canpassionnihel asointanded fpnadmisistrationdd agelyeds onppralagian ofloubl e

f f : jder i i de t hat
(o not i st AR e AR AE Ry p Rt RERELER, (T AT

it is i nmREV é&hatliy, vacire @umpusti¢eoe varinet)e 5° end and one on the 3' end) in
the naturally occurring genone of the organismfromwhich it is derived. In
one enbodi[08%t ,Am‘imaiuyia usp@st’! ida repondesa eelipdfltypiamiind 8ystehinagudi asaridl 3

direction oh ? agcl eic acid is, d?f [ %edwg%/ reference t (;héhq connectivity of
i ndi vi dual ut FE6ET BaNeic © 8 LM te S0gMEIUBE TSPOTSE £ REHR £°LFCERPEhe car bon
posi tions Wfich REuIEER M Pr&RBEorl &fspédiﬁloéﬁl)o&&g Qlchak Rgtiged SfecifRinenitddzingnal
(coding) content of a polynucleotlide sequence is read in a 5 to 3
di r ect i on.antibodies. An immune response can also be a T cell response, such as a CD4+ response

or a CD8+ response. In some cases, the response is specific for a particular antigen (that

is, an “antigen-specific response”). If the antigen is derived from a pathogen, the antigen-

specific response is a “pathogen-specific response.” A “protective immune response” is

an immune response that inhibits a detrimental function or activity of a pathogen, reduces

infection by a pathogen, or decreases symptoms (including death) that result from

infection by the pathogen. A protective immune response can be measured, for example,

by the inhibition of viral replication or plaque formation in a plaque reduction assay or

ELISA-neutralization assay, or by measuring resistance to pathogen challenge in vivo.

[060] A “Thl” 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 IL-4, IL-5, and IL-13.

[061] 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
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[52] A "reconbinant" nucleic acid is one that has a sequence that is not
naturally occurring or has a sequence that is made by an artificial

conbi nat i W0 2009/a79196 0t her wi se separ ated segnments of sequenTAA2008/092277
artificial conbination can be acconplished by chem cal synthesis or, nore
comonly, by the artificial manipulation of isolat ed segnents of nucleic
acids, e.g., by genetic engineering techni ques. A "reconbinant” proteinis
one that icompntiteieet thyn antigen éTtb¢ ggm@tlpe §0mm09b’o"{h§|dﬁ%mﬂfeshl§éﬁtb¢ c acid,

whi ch has

eukaryoti c?lP &E‘IQ 161{1&3%%%%% (e-¢ atﬁloég %Pe 1m¥1r ?ngcf% gseatg%[qgéﬁé?(lgr ession

vect or ha\uomylbategtmqirstectmgahﬂ bbbt mmstehcspanlg)gbﬂnerwateemobtamcadmiedjyfet he

i ntroduced nucleic acid.or the nucleic .aci d]lJl an nh ?ﬁhed into the host
cel | chr orfBEBRE Fesponss peatiit.a paipogen an weAvfoPdl Q“\‘;d“fndsnia g% G0 a a nucleic
acid, a pamyR@pidnitecoiposifion. MEusSialtheddoatexCoMES BREIbsurd, i tei es that the
conmponent occurs where it is not nornally found in nature and/or that it

ori gi nat edmppugaiogically ¢ffsctive anaint encompasseseciracgonal F%S&]tha‘rﬁ@tltl@rt‘?ﬁ in
"purifi Catdoﬂﬁl)mal @ith vaops 5163%19&?1{1%& erﬁlngﬁ%mg Qatfiini Qt?vetlhf?ﬁhne

contai ni ng a pat hogen ers to the process o reno conponents from a
conposi ti argpotidee presence of which is not desired. Pur| fication is a
relative term and does not require that all traces of the undesirable
conponent [B&2]r dito ud:idctfvteO‘pharimeceutimblgstbcteptable” indidatze thmothe ecferentfis wamblene

G al i vat | dhr SRS RNAR DU e oRPRbD i Bl BeoReon

chr omat ogriphifacedtidal Sdidteq by Ef IWaMaﬁ[h Mack PESlisRin ajol @astor, IPAS 15thhe term
"purified"_does not require absolute purity; rat it is intended as a

relative tishen GR(Y, deﬁmbeész%rmswon%\awpm@wnﬁGeqlaﬂileg dilentshiudtable &5 on i s
one in mlﬁﬁﬁé&@utfcaﬁ&‘ehfvé@%fa{e%em dhd/of Yo ﬁ&'ﬁb E&ﬁﬂc;sﬁtfb%‘ lﬁ&@dlﬁglcl eic acid

is inits generative environment, for ins ance within a cel ina
bi ochem cammusggeniogompesitives: . A preparation of substantiall y pure nucl ei c
acid or protein can be purified such that the desired nucleic acid
repr esent §061] | Ehsterd &%dlﬂatc’h'm refeteate nagésppuseatichl as:zuritrmnme ofsporise,
preparation, rrbodl nent a,substanti al nucleic acid wll
Fepr esont “Htens f S8y FERRTL Tyl ot Sty St eipofas, "5t cast
90% or atA#h egst thgﬁ%bdiﬂatémi’nﬁmﬁfuné Feepdneé alterdatddaed che a€ihd oﬁfet JaghRade, cont ent
of the pre(Par ation.

uration or characteristics of an immune response following its administration, or that

alters at least one of the onset, magnitude, duration or characteristic as compared to a

reference agent.

[064] The term “reduces” is a relative term, such that an agent reduces a response or
condition if the response or condition is quantitatively diminished following
administration of the agent, or if it is diminished following administration of the agent, as
compared to a reference agent. Similarly, the term “prevents” does not necessarily mean
that an agent completely eliminates the response or condition, so long as at least one
characteristic of the response or condition is eliminated. Thus, an immunogenic
composition that reduces or prevents an infection or a response, such as a pathological
response, e.g., vaccine enhanced viral disease, 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.
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[ 55] An "isol ated" biol ogical conmponent (such as a nucleic acid nol ecul e,
protein or organelle) has been substantially separated or purified away
from ot hewokn@loogiseal conponents in the cell of the orgaoiramzoes/onti’ch t he
conponent naturally occurs, such as, other chronosomal and
extra-chronosonmal DNA and RNA, proteins and organelles. Nucleic acids and

proteins that have been "isol ated" include nucleic acids and proteins
purified HYOHt apfaubiecpiis pfiving mubiircehaas yerebratp ergpripmn bl the ceie gE®ES nucl ei ¢
aci ds and ' ' : [ [ el as

el | ae crieteie e BARTLADCRS L BERTRLR AliecE NRUGRIABR Hulaf iRl &7

"ant i gen" meuse, acwipwrancr amomhoman primate.0Alteutstchnthe stlfjedt carabe shunmanl at e t he
production pof antibodies and/or a T cell response in an animal, including
conposi ti oH¥that are injected, absorbed or otherwise introduced into an
animal. The termantigen” includes all related antigenic epitopes. The term
"epi tope" RreF ANTIGENSI ¢ determ nant” refers to a site on an antigen to

which B a r T cell nd. .The "dom nant antigeni.c epitopes’ or
"Gor nant \06Eh dpasiits BeRSYELPOisiY B RERE fi Sae P ROl S i 1§ cant
hOSt | MUNgNiAGBRAYIAGength, Besigndfed F0! DAY, F) RS BOAGEePin the drisbdmicesponse, is
made. Thus, with respect to a protective i mmune response agai nst a

pat hogen, Ttitlyeaidisprotephyticglnprocespidibyselyria proteapron dwe panisejaed Birifipi et | es t hat

when recogni : gpalelg . %mm i FeR136 rom di sease
caused byq{&h%e%pasgﬁ%&geg%sq%%c%eer gl{f%e epﬁgggéwﬁgﬁé%sﬁf%t lgg epi t ope that
when boundSEQ I&rNQQdp) oprehathte avVoligondr eonsisting of typatisul fidedinkyd begmehtdy a T cel |

(via a T cgll receptor A "B-cell itope’ . .isS an epi e that is

Creai 11 cal [ BEIRPTSSL reneot SmeCF HREGigates st B MR wbierion ofs 7y an
"adj uvant "thé 50 grrc@@@N It wilidde reddRRREESy thbR oFEIAH Wethe @A tigi (RAbbEMAGhsT esponse
in a non-specific_manner. non adj uvants i ncl ude suspensi ons_of mnerals

Com . > susp:
(al um al uifl- KlAndpscrmeonty derppaied onbsrde &) the srientifkilicsatars ilgen is
adsor bed; gl $\.@RRinal F1GdsHeRCanbRirs the Fpr&tein in feInibrareVid¥edclerdc8BF Vari ants
t herof , including doubl'e enul sions and ‘reversi bl e enul sions),
| i posacchaniddpbobit apopcicids.avtotinare déjacent tora Pdcstinmadidicytoptasmictadi dheei ds (such

as CpG ol i | eotides ld posones, - Tol l.- 1 ik ecept 0 ni sts

(parti cul dr bt SepoasSiifa o RS ROk phicis MEiHAEHE R masfiPFR T ous

conbi nat i ogrsfusdgesid¢iprefasipwn eoifdrmation T3] isAiiggetadidl GRIPESD L£cobfmmatardal on” is a
conposition of matter suitable fOf adq}nis&gatio to a hﬁnan or ani mal

subj ect (ec.qﬁf.‘g,e 4RQn Sontast pdthiaangetpell smembrang) Thig senfpranatigpal shangs £XRA¢sA ti ng a
speci fiC i KASpROBIE SRRABRR, kidwlas th@BIKbR péptie P PHSRiat&Uith B8 h&3B¥ell AS such,
an i nmunogeni ¢ conposition includes one or nore antigens (for exanple,

pol ypept i decabrang@drometenfusionohthe mepibrang of the Aprus, wramdpstadcelbonpobe t i on can
al so incl LOR UmdRLe additional conponents capable of eliciting or
enhanci ng arif | mune response, such as an excipient, carrier, and/or

adjuvant. In certain instances, immunogenic conpositions are adm nistered
to elicit [AA7) ritherdd fragsentreetainsat legat bvebdptadirbmatdanjadst deagaatad HReyandt ons or

condi ti ons,j,gduce a pat.h n n. SONE. £as S tons_Qr di sease caused
oS Dt o BB B9 T e sk SRR AR R S e g cton BT g
replicati omspettitdhe Ipalidymgbion €ordormaRon/)thd kll-F Diinteg fozonp @ globalapheatiifd subj ect
to the pathaogen. In the context of this disclosure, the. terminmunogenic
conposi ti oﬁ’iggfwmﬂ% 15 WMéF%IgE‘At%n@H’éﬁﬁﬁaﬁe%%éﬁt?‘gﬁ@ GORLMARR N vt ended
for adm ni gt pRbilahda8. B sorlthe®Ghe ARBRIBRIAING ForfiTa MifeeSubhdRE LSiIddil gk pur pose
of eliciti n% a protective or palliative immune response against RSV (that

is, vacci n&digdian ths hsadgegion.c Pprggtyansition 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.

[068] Although the conformational description provided above is based on molecular

modeling of crystallographic data, the structural distinctions between the prefusion and
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[59] An "immune response” is a response of a cell of the i mmune system
such as a Bcell, 1 cell, or nonocyte, to a stinmulus. An i nmune response
can be a \Bocetdo7emsponse, which results in the producti enTafA28(8@02%77 C

anti bodi es, such as antigen specific neutralizing antibodies. An i mune
response can also be a T cell response, such as a CD4+ response or a CD8+
response. In sone cases, the response is specific for a particular antigen
(that is, mtfHMdog&msm icz{uibﬁmmitmmdsxei‘ﬂ)out iefort toerystallpgraphyi. Foder i ved f rom a

h h - fi i f
A br ot et POEPRT TN E SR EoR oo R ARAR diTfy SR IRR S RSy £ o0
det L i ment aﬁosn‘fw‘mid (Iabﬂnﬂfve@&ielsfgndtéd p}éfulgog@ﬂlb Iaﬂcgﬁjﬂogehﬁﬁtkﬁﬁ@'m;tsif)mﬁdf (r)(r; mby a
t , ecr I NC r
P ot on Bmoneapriona o Hratogian 2 Pat Fab B eop Sfrsion i 1 o ur ed.

for exanpl®,.0%. 2T8bew15151hér@hﬂcb%3ra@efd hebedifiby Fefddérice ritRpuRposPbP@ee formation in
a plaque reduction assay or ELISA-neutralization assay, or by measuring

resi st ancee¢hgologicalgrohinghal henrgfissipm confyrmation eg)als be-plistinguished &@m therune

or oduce. 1 L08R SpRES Cabrddlfin®l SRERER el L PELIRANS: ' 1T 2 ana

| FN-y. | n CombHpetal., BrocTNa!|. AvndsSed] USAiNiel 79635-pi908€2008),ottactais ko i zed by a

preponderance o t hat produce | L-4, @5 and |L-13.
ool “An | ATROPGE PERINEY TRt fo e aiau of 1o Shng il 588 & conpos: tf on
(typicall YAdcﬂﬂoﬂaﬂﬂlﬁ?ﬁﬂﬁﬂm EndCfasaResik LorTomatis ffkah e lstifduishadudifigamiBodies ponse
in a subject to conp05|t|0n or to an antlgen in the conp05|t|0n

Conmonl y, (€ige neRoerlpra aptthodies) that sperdfigally meegnizrropformationmpiteRes preseny on

pat hogen) - SR&¢ kel ek mggréf&?&%mo% fobr of HRANEE ?xfote‘?ﬁ baLit bh it es to
protecting the subject ai nst the pat hogen. Howeve t3 obtain a

pr ot ect i veothenfome Sl@hpmlfgmae@alepmpeacqndxIdog&rprcfamnméqxlpqseremﬁ bt i pl e

adm ni strati.ons f t he nogeni c,.co Si nt ext of
this di sclBYEFE ?tﬁrgu?aél#?ﬁl ﬁ?ﬂa 85&‘82&%?“% %Etfﬂ 6‘@%&8&9 aE‘r‘i’f?%rrpasses a
fracti onal epitops chﬂﬂa;ﬁsecfﬂiﬁi thie Putpsition 6fuNkihé adidstRat\atd AbnIoBNERUS inGhe SUbsequent

adm ni str t| ons étal ning a protective i mmune response.
1near polypeptl

[069] The PreF antigens disclosed herein are designed to stabilize and maintain the
prefusion conformation of the RSV F protein, such that in a population of expressed
protein, a substantial portion of the population of expressed protein is in the prefusogenic
(prefusion) conformation (e.g., as predicted by structural and/or thermodynamic modeling
or as assessed by one or more of the methods disclosed above). Stabilizing modifications
are introduced into a native (or synthetic) F protein, such as the exemplary F protein of
SEQ ID NO:2, such that the major immunogenic epitopes of the prefusion conformation
of the F protein are maintained following introduction of the PreF antigen into a cellular or
extracellular environment (for example, in vivo, e.g., following administration to a

subject).

[070] 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
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[62] The adjective "pharmaceutically acceptable” indicates that the
referent is suitable for admnistration to a subject (e.g., a human or

ani mal suwwpeotya79@eém ngt on' s Pharmaceutical Sci ences, byCECAMosSMaz1Tn, Mack
Publ i shing Co., Easton, PA, 15th Edition (1975), describes conpositions and
formul ations (including diluents) suitable for pharmaceutical delivery of

t herapeutic and/ or prophylactic conpositions, including inmunogenic

conposi t i alemains[feld]intdlaesotieskonil thas grdnates assembiyeiter tamees of mudfiplesponse, such as
an i nmune I, .or n uration
or char acté?}&ggl%ghavqg%a {Ehﬁcgﬂe%ongéiog m¥a()}{e {‘ab?r fl %%mop a eé&gégﬁimr(r)rmn
response aloimirsisah isolasihe ﬂpﬁero%ntehanﬂa@eﬁqleu&mg i pipexcivmaiiiis el enpineered

h teristi . an i.nmune .| owi n 1.Nj ' or that
rere ot e GoRlis B e ER R G otte & B stk o a MR LIF G 8 ¢ e
conpar ed t”lihe%ediu%fa@é IG5 smﬂ&@l@tlsoledcﬁé]zlp'ﬁéﬂioh@ﬁrms ép%ib'nﬁé‘@by $EQIMNEH:Li ve term
such that an agent, reduces a response or condition if_ the response or
condi t i on dlhovdhavaripntaef thisispaugnen thitgelaia thenbildiinigm aepilidseoilaabdiving t he

t, or e ' . | t ent, as
agen dofmaid ar %(Illfyll s DI q&lfegl th%’@é%}ﬁgllﬁﬁ%"%ﬂeé boitk n%l?izﬁ’c{on (ﬂﬁxagqg

conpared to a referente agent , term"prevents” does not
necessari |ipclpgad W@t(GENBa’@Hﬁ@ Axocspion Nel 91293|3rfg1n2§515@$108harrmm(m§é90r

condi ti on, ) L ong_as st _on of ther e or
condi ¢ on 1ESdmRERulin LAt BN BRI LBak i B hEet FPEE M abces or
prevents aMaﬂrlﬂlhelC(Wch%s@ﬁNa oemomgxel,ztswqm amind Rk 594-018; CMP (Bgppmse, e.g.,
vacci ne en@gnced viral_ disease, ut does _not necessarily conpletely

el i mi nate SdaRceason NPeT‘éhOQ%W&r[gr‘é@ébwéeaml%aqléﬁ@%{@% HR3F T (frcsesiosNoor

response i gANBESUI[BR4 1565198 rbhﬁﬁt%&dsfl‘% 1@%%9'0%111%@&541&@1%& NP @gi0R0% such
as by at |east about 70% oOr about 80% or even éa bout 90A)O‘f (that Is to
10% or | eslgi:4¥aA§3]t srinp p¢ide 1 G403 8ot lselsnsomé@atmsmh cawenvetiondomdie agent, or
in conpari 5 Is.a livi

mui 1 col 1010 0P pEPEDETESuRRAL pord Rt o BB Bhreit T telt xur e, ¢ e
subj ect caexmpleam le»sp&!)% aﬁmteadamlsmhjt eedF, powpeisncﬁ&aanglamrhwmﬁomm e.g., a

h rimate. Alternativel t he subject can
gg u Ze h u ﬁac 9 e 1nF§)r %‘ﬁnﬁfxﬁﬂr g:_;f_e;%g?sréss%d Ly A%E-MAL&) Typtlcally, a¥ least 60%, J

more favorably at least 70%, and most desirably at least about 75% or more of the

expressed polypeptide exists as a trimer.

[071] In order to stabilize HRB even more, the leucine residue located at position 512
(relative to the native FO protein) of the PreF can be substituted by a lysine (L482K of the
exemplary PreF antigen polypeptide of SEQ ID NO:6). This substitution improves the
coiled coil hydrophobic residue periodicity. Similarly, a lysine can be added following the

amino acid at position 105.

[072] Secondly, pep27 can be removed. Analysis of a structural model of the RSV F
protein in the prefusion state suggests that pep27 creates a large unconstrained loop
between F1 and F2. This loop does not contribute to stabilization of the prefusion state,

and is removed following cleavage of the native protein by furin.

[073] Third, one or both furin cleavage motifs can be deleted. 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
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[66] In nature, the RSV F protein is expressed as a single polypeptide
precursor 574 amno acids in length, designated FO In vivo, FO

ol i goner iwex0iw7919e endopl asm ¢ reticul um and i s proteolrgriaaabispomocessed
by a furin protease at two conserved furin 109 consensus sequences (furin
cl eavage sites), RARR(SEQ I D NO 15) and RKRRI 36 (SEQ ID NO 16) to generate
an oligoner consisting of two disulfide-linked fragments. The smaller of

t hese fragaiseitmenbranciesdl inthe grppsureiod theduséen gepbida frere withinghergleblapor t i on of

t he FO pr t. | ' t Is L 4 he art that
the abbr el anwrgniioeing 5db8ROHENE BB DRARaTARE b pb st & Lt

t he sci entdohformer. tTéhisadonformatidvechhagegashlesGhé¢ provdss af méhbhinafysient Removedr s t he F
protein in the rane.via,a sequence qf hydrophobi c.am no aci.ds, which

B 6 d] ac Rt o Botaal G fils Ay e ralp eIt BEFOR TieEme SSee o e &

associ at e thoNtemiha paRbbihe filisidl Rbedd) stabiliziap thrGedFhsorpstat@t ast abl e
prefusogenic ("prefusion"”) conformation that is triggered to undergo a

conf or mat i | change upon contact with a target cell nmenprane. This

conf or mat i [@ﬁ& Qfﬁ'é?ﬁ%_éﬂ et e nentiyn SlFa8s diesar flanReremenety [ ASXEmRIt usi on
peptide, vy GBsRSRAUIBhES: Mbrk AmitdeackiBS Fortihinp REORE AEnt AR dBAQERE&RSs UST On

of the nenbrane of the virus, or an infected cell, with the target cell
menbr ane. thitgmperpaadifipnsioondpenistto eloaiaas b cegtain ragiglioprateingsep thedPrepeat

domai ns, ' =B, - it i . usi on
pepti de aﬂaﬁlﬁkgﬂ%@gﬁ?@ggﬂﬁﬁ?ﬁ?ﬂﬁﬂaﬁ@?&rﬁggg% %g%s!fm P Fethﬁtﬁgfeg‘?aég usi on
conf or mat i @ayrring beth2eri-dmiob eids f Praxd 143 gf the Btedrantigmdbeiwekenst labdinesdtr uct ure, in

whi ch the HRA d ins . are in a.se ted (extepnded). canfor.nat | (0 the

ol bl ar  HRSAdOn TA2 aalfits & BoRuST AR QudrlrEetrof Rie Rrldesptte ot St ol [ e
coil stal kN@?QQEA@édﬂ&n%l&,Orﬁbdiﬂ@atf@ﬁ%ﬂoﬂe&ﬂ'nﬁiﬂe arkb iabids WitRiA$hib te@fonfdam t he
prefusion to the postfusion conformations, the HRA domains col | apse and are

br ought i rnedusscleryagey thedrehivntigrn ks gxample. the leening ai posian Lidgembe el si x

hel i x bundl getithidd Kk i LS '&F : nbr ane
domai ns aré1 fhxttgggtgg@gt?%é#am iat%gl?ge&trlré? ?lgﬁéh‘?ﬂgﬁgﬁfp}l (@]ﬂ: grﬂtn? ﬁgégﬁ t he
conf or mat i asid#lonallys thei ghycirerat pestidndidd cabbs/mibstiutbdbed saine wpbleging.ar nodel i ng of
crystal |l ographic data, the structural distinctions between the prefusion

and [075] The native F protein polypeptide can be selected from any F protein of an RSV A

or RSV B strain, or from variants thereof (as defined above). In certain exemplary
embodiments, the F protein polypeptide is the F protein represented by SEQ ID NO:2. 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 the exemplary F protein. Comparable amino acid positions of
any other RSV A or B strain can be determined easily by those of ordinary skill in the art
by aligning the amino acid sequences of the selected RSV strain with that of the
exemplary sequence using readily available and well-known alignment algorithms (such
as BLAST, e.g., using default parameters). Numerous additional examples of F protein
polypeptides from different RSV strains are disclosed in W02008114149 (which is
incorporated herein by reference for the purpose of providing additional examples of RSV
F and G protein sequences). Additional variants can arise through genetic drift, or can be
produced artificially using site directed or random mutagenesis, or by recombination of
two or more preexisting variants. Such additional variants are also suitable in the context

of the PreF (and PreF-G) antigens disclosed herein.
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post fusi on conformati ons can be nonitored without resort to

crystal |l ography. For exanple, electron m crography can be used to

di sti nguiwb 2o@vorema t he prefusion and postfusion (alterratricazbos/designat ed
pref usogeni ¢ and fusogeni c) conformations, as denonstrated by Cal der et at,
Virol ogy, 271:122-131 (2000) and Mdrton et at, Virology, 311:275-288, which
are incorporated herein by reference for the purpose of their technol ogical
t eachi ngs.[07le lnrseleatingdr? andnil slomainis ohthe Xprefbiscongef ghill in thgartsvikd from t he

fusogeni c L QF f ' ' I ak| says as
I N B N S T s
(2006), wilypicallg, cehfoemativmel qoosiddrattbnk ereaif importanef whearselectingra subseqpeancpose of
its technol ogi cal teachings. .Additionally, .prefusion gnd fusogenjc

cont or rmt - BhgaaOE T 1 S o s G Al s S pep PORBP S na

ant i bodi esg2 ddnain aeftifitates hskmbRGAE BiaBifityCaThOFolFepide. GR bér&me@(eml@w nt on
one or the other of the prefusion or fuso?enl c formof the RSV F protein,

but not orvaries.dhhiet denesiminclidesareiop peifsair Tn Hgsieveprasiastahaniag aurort o
pref er ent '%diﬁéﬂﬁﬁy{an@h () afilib) SRl ol &ﬁlﬂére%i&o@%&}g& acg of the

nol ecul e. ternative rmati onal epitopes can arise fromthe

j uxt aposi tpossiblef am no acids that are non-contiguous in the linear

pol ypeptide. [69] The PreF antigens disclosed herein are designed to
stabi |l ize [@Adl nEypicalynattidast psublaqsercn (adragmenthdf tha Fbtlombie iRS¥cted pndt ei n,
such that |n a popul.ation expresse rotein, a sybstantial porfion of
The popal aisrisneE S SudlessaRERARRAIN IRtk i diidsBiatertinPlkon)
conf or mat i Pprofegn. For eﬁ:ﬁlélﬂé,ﬂﬂiis etreehll9)eSitableab Yéledt a ke Qlenéd Gty nani c
nodel i ng or as assessed by one or nore of the nethods discl osed above).

St abi | i zi rRplyRsBlide domainothal ingludes spitepgtiteeernized 8y acwelizipg aptihodisy imthet i ) F
protein, SeBnasr dulifio SAKRLITY (;Ellipfz%gﬁ Heu%%liz%ﬁ%)'éi?d%%-%é @é‘ﬁ{bc& at the
maj or i mmunogeni ¢ epltopes of the prefusion confiormation t he protein
are mai nt adhd@tF Mag\b).ondditjonallyy dedinatilé wrindfdet heellRp#fpeard & gierthd mgion af cel | ul ar

or extracel |l ul ar..epyi {Qnrent (for .example, in.vivo, e.9d.,,follow.ng

i ni st 1 aPign g DGR BRY edmpinys RARngte oMbl it LB g

domai n can(elze spdnairgdintho 4dids 2621406y bBuapitopaicontd Beretamed i 4 d¥dthetiy order to
repl ace the nmenbrane anchoring domain of the FO pol ypeptide. This

st abi | i zi myIeBHaMAt Eludsdbise frarmuRToRIBEeRiapes 2f discqniiauqyrlemeatsabi 1 i ty,

hel pi ng t O3s8dnaided inZ&tdbleonfBhtthl AMug AR FPUBRAIn pblpSRFRbAPYseE HOMY ment s,
the heterol ogous stabilizing donain is a protein’miltinmerization donain.
One parti caborrdnying asidy 2BH8 6ok anBS¥ Fofrotsinaiolwpeptidst & onamontlimiting exenipdn  donai n
s atri ma];rb‘;lﬁéd Re?eiQRH@i:{‘dorEﬁ%S gg&lﬁrﬁs\és %fnggglhg ?‘H t8g16 of a native F protein

polypeptide. One of skill in the art will recognize that additional shorter subsequences can

be used at the discretion of the practitioner.

[078] When selecting 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); ProPredI (available on the world wide web at:
imtech.res.in/raghava/propredl/index.html); Bimas (available on the world wide web at:
www-bimas.dcrt.nih.gov/molbi/hla_bind/index.html); and SYFPEITH (available on the
world wide web at: syfpeithi.bmi-heidelberg.com/scripts MHCServer.dll/home.htm). For
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domains fold into a coiled-coil that pronotes assenbly into trinmers of
mul tipl e pol ypeptides having such coil ed-coil donains. One favorable
exanpl e olVoaowwd7emesi zati on domai n is an isol euci ne zi ppecT/Garo@erilary

i sol euci ne zi pper donmain is the engi neered yeast GCN4 i sol euci ne vari ant
descri bed by Harbury et al. Science 262:1401-1407 (1993). The sequence of
one suitable isoleucine zipper domain is represented by SEQ ID NO 11,

al t hough \exeinalet dgarithmh s usebrodateaning the “biotiag threshelds bf péptides andtor m a

coi |l ed-coi ili.zin .0 Al al | v .sui Al L.ernative
i1 ot g ReRRe i opef PR 0 BB bR RloeRt) bAREE: o kB a1
Accessi on dseain@ERH33 The hthBﬁﬁﬁJa&ﬂaSed&iﬂhﬁ@rﬁhg dfec&%—MH@&)ndiﬂ'gwflmrmoz pondin 1
Accession No. P07996 [gi:135717]; amn ids 291-314); Matrilin-
EAccessi orPaﬁ&“laéQ@H@d‘c{dg*\t ?‘Pﬁ%‘ﬁéﬁ‘]lpf’js‘,“o&rfﬁ?l%&&&giO&éné.@’ﬂy g’)i@ngd@lﬁ (matrilinl)
(Accessi opapieouldNEmBHe%3id0t E@hﬁiéé@n?o%ﬁﬂoh, AMPreds o %irﬂﬁng-o@?amb@&r '
:61362386] ; 65-191;

(Accession No. AAX42211 [gi amno acids 1 and Cubilin

( Accessi orsukigitutigndn @@if-2oteining Heptiste 3 Withamiha sontext @& an amurmgenig peptide.ex pect ed

that a sui ] i.Zat i . i

substanti agfacglc’)%{‘lsegrrlé%édet %ednggvg)l?cggl?g r%?%tg l ﬁic}c‘ﬂ%ﬁ}?x}eﬁr@éﬂmé%gg& ‘évgleilf‘rpl e, at
| east 50% tefexpeatelyndndvandistebetonmn b papdiptlad®stiar imgpeptitie. | Amdchor@sidass domai n
will assenmble into a triner (e.qg., as assessed F- MALS) pically, at
ast " 5056 T EY Bridhpa it idkatcoRGsbomn 4 o MHEGPOEBIS Teel bast about
75% or nor&itepestifdtiB¥PbLARE PredRtiVORBIhbEL a8 %t Sé1TirAed By InkhsiBhg thelr71] | n order
to stabilize HRB even nore, the |eucine residue |located at position 512

(rel ative diadingo wesifie IS progimand bygheir shalitpiestinglete By when nreseaidd by a
lysine (LAB2K Qhtekhér B EAR @ro%irfr eF antigen pol ypeptide of SEQ I D NQG 6).

This substitution 1 nproves the coiled coil hydrophobic residue periodicity.

Simlarly, | VS| : | t ' ition 105.
[ 72] Secon[g?%], y%géplgt}lgfgtgﬁ?%g%gg%é%&g&hﬁﬁ%?&g i(gg%t aéqés%td?sgg 6‘?%‘?1&%de| of the
RSV F pr otieclndé msigiwd peptidt ueirasporsiingt te tieeggesdion dyktam, foe pRatpde,@at es a | ar ge
unconstrai ned | pop between, Fl .and E2. Thi oop. daes . not contribute to
SEani T »atmamaRaTor el S oo e sushiz a Re¥ RO RRE S8R PabefRihg: B8y age of
the nati veacRisQtE ¢f SBQ MINOR or dmind acldy 1125 of SED) B Nood)h Thpically, Hegvnage notifs
can be deleted. Wth this design, the fusion peptide is not cleaved from
F2, prevenSPHEF isstlagadbtore sampatbleivighthe sellsrelseted for rerembinant gxprsssieonf or mer

and accessy (Qiekétﬁyle,ta%ié}ﬁpﬁéﬁﬁdsg?ggf é%@ﬁﬁculé)vqgﬁ %%g%l' p?@[i(%%ﬂ’iﬁ@&efitjﬁﬁ sigiial on

pepti de and the nhenbrane I nt ce i s predi e a mpjor issue in the
pr ef usi on Beptde camixt substititeq for Bxpressipnt inensectields Juiteldle phant sigrnabpeptitiéson  bet ween
the fusi on,.p %%v'vndﬁ tffi‘ena(.jrt,tith aeplant expression system is preferred. Numerous exemplary

signal peptides are known in the art, (see, e.g., see 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 archaea,

prokaryotes and eukaryotes (http://proline.bic.nus.edu.sg/spdb/). Optionally, any of the

preceding antigens can include an additional sequence or tag, such as a His-tag to facilitate

purification.

[080] Optionally, the PreF antigen can include additional immunogenic components. In
certain particularly favorable embodiments, the PreF antigen includes an RSV G protein
antigenic component. Exemplary chimeric proteins having a PreF and G component
include the following PreF_V1 (represented by SEQ ID NOs:7 and 8) and PreF V2
(represented by SEQ ID NOs:9 and 10).

[081] In the PreF-G antigens , an antigenic portion of the G protein (e.g., a truncated G

protein, such as amino acid residues 149-229) is added at the C-terminal end of the
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target nmenbrane results in the exposure of the fusion peptide fromwthin
t he gl obul ar head structure, enhancing instability of the prefusion state
and f ol diwg 20009p6st - f usi on conforner. This confornati enTa»2neg®ozatabl es
t he process of nenbrane fusion. Renoval of one or both of the furin

cl eavage sites is predicted to prevent nenbrane accessibility to the
N-termnal part of the fusion peptide, stabilizing the prefusion state.

[ 74] Opti cweastiugt. Bipidapghe Grpeoteipsomporient ig jadzpdde thedi preteinanamapbrent bie ar enoved,

for exarrpl f? ﬁ%e Erggﬁééghéﬁckopor efxa\?ﬁlg,[ 19rthe %ﬁgﬁﬁ’ dﬂ?F a\?;1' &16%1 t‘ﬁE G&ﬁml

experi rrenta evi ests Ions C du0| eto cI eavage
by certai r]omedmltheBreBtcempmsbya#(K}SIEGSGGSt iugen(SEQﬂDJNOCII@dnm in the

bt voen’ aHo A DS VA g Flead B B igdb AU GGy QSCHRE: NG me at

posi tion JIEZN@ﬂdEgiréfCMZQlang gBRfmks (-0G- )%Bhﬂ{erthe reference F protein
pol ypeptide of SEQ I D NO 2). Accordingly, nodification of one or nore am no

acids wit t hj ion can reduce cl g va e of the Pr antl e For
exanpl e, ﬂhgﬂ gﬁﬁqrﬁelgea%nt B Prodein Pabypeplife famaip st inglyde aﬁ 2 fferent
am no aci %rot%iﬁcs'éleé‘éd SRl ﬁ&"RS’VaA%E RSV)H)&FAB{‘GIH cerbdid @)Eeﬂfﬂldr%’ %Mo&ﬁlents the
additionally, the glycine at position 113 can be substituted by a serine or

al ani ne. T‘PE]telfl'Fﬁe(ohlé@ﬁ%eld@tlp@ld@)éhﬁGﬁmt?lpé?nwsd@te@:bZﬁSE@ IBé‘i@ét ed fromany F
protein of defi ned
&Htl@%/e)é es O %.{Ilflgbl%t(n%@'la{éin S(r%ﬂlée,n(:%hrgieix pr @ ﬁl Wlaﬁb ep?)s d .

above). In cer alne el n poly e is the
F protein (Mmhesmb@dratr;d hSEQb}DeﬁdQnEe). To facilitate underst andl ng of this
disclosure, all am no acid residue positions, regardless of strain, are

o e, A hRSPOEL Mt Bl APuR RO B B R e

aci d posi t(opfisgréntPoTithe0t PesteilRtidt Atais the m{mxﬁioaolﬁmantnecau%aépv(g)@cig gasily by
those of ordinary skill in the art by aligning the am no aC| sequences of
the sel ectBgrasy of ppiopcigsd B3+ Rasudras fragments ppthe Bypreteig b sucluds apgna eadi | y

avai | abl e fpd 1welhbe knowno alriigguIBabe a’%@i@é Glﬂ?&ﬁm( W&Q e?ém aboRinfent, USI NG
defaul t parameters). Nunerous additional exanpies of rotei n pol ypeptides

from di f f ethe Gt prvsivi p@bmaptrdy ing subdéquencgderdfragmeny) 26@8&@4 QQO(mchpeptsde
| ncor por at @t BALEA DY i {SHARE &1 R5hAG Y BRES SR Qg addi ti onal

exanpl es o ro el n sequences iOnal ~variants can arise
t h rough gepodypeptidt iOde, of@klllammelaﬁ il ecadite apprécidté thai lahdey otishiorter wirtions di r ect ed

random agenesi s, i nat.i on_of two nor e preexisting
varl ants. ‘%ﬁ% AT CHH Fo‘g%?SF‘gﬁP néﬁét}ﬁl@ﬂlogﬁFlfﬁﬁé)@‘?ﬁmt he context of the
PreF (and d%mﬁma)imfan; HereibHizd iof BisRPESkpRAEIEN, Tolding of PlocdsBing 8f @6 PkdFdGF2 and FI
domains of the F protein, one of skill inthe art wil | recogni ze that it is

not stri ctanfigeiec@rtivaply. ths G protaye domaie inshdps an qnzn%md gibstitutierpaigosition

Typical l'y, 40 ﬁi&rﬁg&, sel ecting a
subsequencleﬁ( {cﬁl% gﬁ rQ\’/] Sl}p?& é’gqnglog‘fe&fﬁ%gﬁ%ﬁd&g%%g%ﬁg typically

i ncl udes aenbamded diseast chdmctd%&edibyreosmopluha afsadatbd tvith dsmaks eattivatedREVst abi [ ity
of the pol ti rtaine a |ant the F2 domain includes
o no- act (RSB S torgle Tk it i betey SyeRriBrochiting FdPaiged n 1 ongth
(by addi t @918y GGrbteis odh Rifo@dce. 0F, in0$ BateRviPABli@GLAIND. Z008/084B30p0sSi bl e.

which is incorporated herein by reference.

[084] For example, with respect to selection of sequences corresponding to naturally
occurring strains, one or more of the domains can correspond in sequence to an RSV A or
B strain, such as the common laboratory isolates designated A2 or Long, or any other
naturally occurring strain or isolate (as disclosed in the aforementioned W02008114149).
In addition to such naturally occurring and isolated variants, engineered variants that share
sequence similarity with the aforementioned sequences can also be employed in the

context of PreF (including PreF-G) antigens. It will be understood by those of skill in the
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[77] Typically, at |east a subsequence (or fragnent) of the FI domain is
sel ected and designed to naintain a stable confornmation that includes

i mmunodomvoanty/Epissopes of the F protein. For exanple, PCTiGA20@we2AlNl Yy
desirable to select a subsequence of the FI polypeptide donain that

i ncl udes epitopes recogni zed by neutralizing antibodies in the regions of
am no acids 262-275 (palivizumab neutralization) and 423-436 (Centocor's
ch101F NAWt, thatidie singlasity hetwabe Sretodntigent mplYmpﬂidniendrptdeIclee@detsogj@gcesasg. ,in
t he region, of. n cont i guous
portion ofde?‘i'rnlé)%?—'})ggwgum({rp?égﬁp%%ggmgﬁﬁ%lﬁ&%m@ uSXCaecszl C%Q%Q %gg’f but epitopes
coul d be rexprbseddn icAnaofxiasimiafitg bsmaeﬂﬁeeqlhﬁdesldmcdrwdeseférkwse as

i nununodoni nant gltop s as di scontfnuou el ements assenbled in a stable

conf or mat i AIENGHIGENtItySequence IdRnHIY S froGheptY BEAsUtsoR ICEBSOLRTIRE8E about ani no

aci ds 262-idéfitpfor ﬁﬂmlﬁﬁl&) ﬁh@ﬁ@h&'ﬂﬁb RAlNPREN ihedBore sThiRR Gre M prichd¥y t i Ng exanpl e
provi ded herein, domal n conprises amno acids 137 to 516 of a native

F protei n Syorwse Qf thaéwo exapienses. sligenerqlnthe moresimiles the ey gincteres %ﬁvo

addi tional, ShoL Lo SURTEIHS Sﬁs%q&e%@esbﬁie £sifllal 1€ (hH hFhE h&%t t
ggﬂ en se %h %% rﬁ OITB.II’] (or

practitioner. ectl ng a’ subsequence o
as w || beesliltigfsse tbliies and assdnibly. e&’pmmts dfa Pcré“Fep(ﬂszmptndee(and miyupmhende)of

certain PreF-G ant i n addlt onf or al sideration, it
can be. deceRiDre CERIBLe o Bl domel Siphét gt Sy Bt SRS RE 0o, “and < he
| i ke) basegbaiutidae butheillushaRelek siadéh térg m;:glh peftBhtARITheir Riihd 8€Sind For

exanpl e, additjonal T cell epitopes can be identified using anchor notifs

or ot her ngstgglyth eg@@ﬁ“‘a"ée%’éﬁﬁ%ue%t Mygre panoytaghy, the vy ¢iaiatheons, known in
the art, S@Rcwufi Ind, HRENKREFMAGHI altﬁ@lr}f Bftnt l%?er&%rel gqgll\éﬁcqs ie’flgse‘atherem.
ep

m | df ci . har vard. edu/ Tool s/ rankp ProPre val e on the world
w de web vai | abl e on
t he worl daﬁ(/\)ns%j]e Egaféfde{yn%@%r%\é&éﬁ r@%&.ﬁféﬁg@%ﬁe@lﬂgbﬁﬁn thE gﬁ I %%ex. htm ) ;
and SYFPEI zibblh@zﬁﬂfetb [Pad¥ antigen pdigpepiides chswietles Wemualkic acids that encode them

syfpeithi. I C scri pts/ VHCSer vend exanpl e,
7 gor1 ¢ a2 fereq BFAE oVAPI ORI B e A BT OpepbBlipes.  and

to sel ect $higsendivelRrB&OUES Appat M@l ©:480£1983; Necdleniah @B& Wnkdhy J 0MoMHC or
anti body binding at a certain affinity The_ al gﬁ(;rlthms are based either on

the ef f ectopf8itde: H7QaHiggins andShasp. tqe(’?ﬁl P& aiv¥t Hiegies apd ShapacdPEN ar
oS L1 0n, 4161 SbRE DR ATMAOENRA REIDA 1 IBAR Ak PPeadh By 21 0 at 2

particul ar positiodn, or the effects on binding of a particular substitution
in a noti fLipwandime. n@atybeﬁmddéa \N&Akﬁ5r24t4hel988>nAbscﬂlukﬁrt abnVatunadresgfeni ¢

pepti de, 1@395&{ RFegenrtseas ﬁll Sé{ ed cox?suf():r %ovmggequeangg gl?gn?]n P ?tggé gcmdf | cantly

hi gher frequency e exp &ct rando i'on at a
par ti cul arhgnoségdyi dattulatioss. ﬂéxpNGm.Ba&mhedl Arlgamdmt&mh FoclqBsasTed resi dues

t hat provi ont act int.w h iC npl ecuyl e. TceII epi t opes
identifi eo(%gVaE‘EEt_rf’lp e@ﬁ’&g’\?{e%ﬁﬂéﬂgg%—%a‘@é@% PRy SHEISYUTRESa 1 their
bi ndi ng t oha NaR6Hal tkﬁeﬂ%@i%&&ww%yqﬁfdm{ayn&nml aiithdsda) MI9) slilodheat € T cells

when presented in the context of proteln
internet, for use in connection with the sequence analysis programs blastp, blastn, blastx,

tblastn and tblastx. A description of how to determine sequence identity using this

program is available on the NCBI website on the internet.

[086] 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 amino acids. A
variant typically differs by no more than about 1%, or 2%, or 5%, 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,
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[ 79] Favorably, the PreF antigens (including PreF-G antigens as di scussed
bel ow) include a signal peptide corresponding to the expression system for
exanpl e, wormnowmbioan or viral signal peptide, such as aRCR&A26B/002177Vve
signal sequence (e.g., amno acids 1-25 of SEQ ID NO 2 or amno acids 1-25
of SEQID NO6). Typically, the signal peptide is selected to be conpatible
with the cells selected for reconbi nant expression. For exanple, a signal
pepti de (suah tasbout ﬁa@uummi aboet 190 gmario qg'elphﬁ dencenpas hpared|to tmenersplgmal

pepti de, uh [ I I | e pl ant
si gnal pegﬁ%}le%gg Plegvme geﬁu?r}'cnes é{gﬁfﬁ# 1%38:@ &élig}r elghglls C??]Vagl%{tntéﬁg
preferred. coN&ﬁﬁff@ﬂRWEﬁpG@thelﬁ,l @ PadF amagén (Md&rgel)rkmamngen)nmcalyt (see,

e.g., see Zhan protein Sci 2004 i ch

descri besﬁ% g‘dﬁ@%% (% Mare H‘&qn&’egt) e%?ﬁ OélF CS‘E%E%’ES’Q%E“S@Q °Tin the
SPdb si 9“%%@9@%'0@'99%%& ﬁ&ﬁldeﬂﬁ*fyﬁﬁhh%éru&‘é%r&éxﬁ@é t%@?éf&@ﬁ&%effen@ésc haea,
prokaryotes and eukary httg /' proline.bic.nus. edu.sgi spdb/)

Opt i onal | yillusirgiedan SEQéDmI@@eﬂu% angier l@enrsanwﬁ the gueroplary fschhandigensonal
sequence Oc{lsctl(ﬁgd Eesréﬁﬁh A%ﬁltl%nh"vﬁrlén@sginslﬁdéélaag C?tt\ﬁé 6f ﬁrérdlgclogfﬁre la¥ PreF [ 80]

Optional ly, antigen can I nc tronal 1 nmunogeni ¢ conponents.
| n cert ai mnpgersi(maludimg PréfaGantgene) thatixwdiidewt tos part dfen RckeBtidendriagemo aont | udes an

PreF and CRGRROIRE ot BRESPILY Pomrath vigaps dectred o 3R RDELRITE) SBoi o
NGs: 7 and ABjdiaéidl RirRits\en 4riseRire S deaétichitifiSb2ahBe &J@lu&d&mﬁdmy using81] In the

PreF-G antigens, an antigenic portion of the G protein (e.g., .a truncated
(3 prot ei rsitcgifgseder rapdoppmyiageneris of anéf«gomhryawg)f tyg Oaraa@wr%@m%% C-t er ni nal

end of t heyargRRSSEdhGddindNA 'v&ﬁaln'@fare Slg&‘sxﬁal%% ik ot TRPHE PleF (§nd PleP&s) to the
F protein conmponent via a flexible I'Inker sequence. For exanple, in the

exenpl ary @tigenpldisglos¢dgrerein. hEor@xmnmwhﬂmpélﬁpmon@dn boa stﬂvetltml@Fofmprponent by a

chorter . rReielifRTinchg: Mo diiboa B il FERRS &R 10T 5y o1

has 2 gl ycinhias adid$3b Yo fib@ﬁt teh B0 acids, or more) that do not alter the conformatlon or

immunogenic epitopes of the resulting PreF antigen.

[087] Alternatively or additionally, the modification can include a deletion of one or
more amino acids and/or an addition of one or more amino acids. Indeed, if desired, one
or more of the polypeptide domains can be a synthetic polypeptide that does not
correspond to any single strain, but includes component subsequences from multiple
strains, or even from a consensus sequence deduced by aligning multiple strains of RSV
virus polypeptides. In certain embodiments, one or 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

[088] Another aspect of this disclosure concerns recombinant nucleic acids that encode

PreF antigens as described above. In certain embodiments, the recombinant nucleic acids
are codon optimized for expression in a selected prokaryotic or eukaryotic host cell. For
example, SEQ ID NOs: § and 12 are two different illustrative, non-limiting, examples of

sequences that encode a PreF antigen, which have been codon optimized for expression in
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[ 82] Where present, the G protein pol ypeptide domain can include all or
part of a G protein selected fromany RSV A or RSV B strain. In certain
exenpl ar ywertbedi7omat s, the G protein is (or is 95% i dentctalA2basjoordte G
protein represented by SEQ ID NO 4. Additional exanples of suitable G
protei n sequences can be found in W2008114149 (which is incorporated
herein by reference). [83] The G protein pol ypeptide conponent is sel ected
t 0 i ncl udenamblégmst g.aCEOL sdlyudndeilitae répliagmanang expressioe, t: puadieaqids hat
retains the imunodom.nant T cell epitope(s), e. in the region of am no
ot ds 18- 10 E ERRRARY AR A Eafif SRR Bl ot Akemble tEEHEE Elrho aci ds
151- 229, 148t &R inclididgl8cotdinik PRTaatigevieenCodigoirleit aclds afdsoexfeamicaty

enbodi ment ;. the G protein polypeptide is a subsequence (or fra nt) of a
native G pRSEECIesEs ljw@mbied@s{%élf inchiy prakaryeltq (.6 basiarial) oSt s BHCAGS o

residues 149,038 a9fufelda! dukBryRiPhRE &S, iH&ﬁdﬁHfﬂﬁ&ﬂ?e.g%ﬁ‘%elﬁ in the
l'y hat | hort er

ki ll
art wll rea((:)ll appreciate t onger or s portions of the G
prot ei n canseal eels,lpad opaunalisn céllsfgpchas €HO, FERO and HK 298¢adld). does not
conformational |y destabilize or disrupt expression, folding or processing
of the PreF-G antigen. Optionally, the G protein domain includes an am no
aci d subst[08%Ut iTorfagilitafggeplication and Exprgssianhthh ayclpie ecifoens by itromeraetbipe 2 o be
i nvol ved i ' . ' I S C .eri zed by
cosi noph 1156 SHEL A% BRGNS} FHAAHHRY-GRERGTEG MRRGuEteRRGLE 10 OV
descri pti ceidsfdisclogeddietain basi tesindfdeddd anyadnk pf @ eariety ofhgctarsdirsldirgs, fdrut ed
(N191A) G proteins can be .foupd, .. In US Patent Publication No.
2005/ 0042 25 PlinfieRLPIFGY Bhrce N HapUPYin,y Patplismibe veclqrdqed,  exapl e,
Wit h respefém tomBiahesmt bPPladhids RAYPAEECONAOVFR DI Slich s Yatcih®d, HledblyusOCCUr ri ng
strains, one or nore of the domains can correspond in sequence to an RSV A

or B st r aifeW! Bercrirugspserdorahigpnisieneansradenn-gsseaiaiedvian, rgeevigiseptand mapyor Long,

or any ot a ' ' ks ; | in the

ot or oent 1 At OB TRmbREGHS Vet vih bR eRheckiBR VAR BRI P ERBRERE T "and

i sol at ed vaypeptids, expregsiorepoduttsy dn papxsessionvegdrathe nsdejuaecid enmdmgltbe ity with
the afore | oned.seguences can al so .be |l oyed in the context of PreF

(i ncl udi ngﬁr%@ﬁlgé?lsatﬁ?F Bragranged ip Proxing ﬁﬁg’gﬁ%tg%%’o“’waw{i}%‘éat%f skill in the

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 promoter, polyhedrin promoter of
baculovirus, E. coli lac or trp promoter, phage T7 and lambda Py, promoter, and other
promoters known to control expression of genes in prokaryotic or eukaryotic cells or their
viruses. The expression vector typically also contains a ribosome binding site for
translation initiation, and a transcription terminator. The vector optionally includes
appropriate sequences for amplifying expression. In addition, the expression vectors
optionally comprise one or more selectable marker genes to provide a phenotypic trait for
selection of transformed host cells, such as dihydrofolate reductase or neomycin resistance

for eukaryotic cell culture, or such as kanamycin, tetracycline or ampicillin resistance in E.

coli.

[090] The expression vector can also include additional expression elements, for
example, to improve the efficiency of translation. These signals can include, e.g., an ATG
initiation codon and adjacent sequences. In some cases, for example, a translation

initiation codon and associated sequence elements are inserted into the appropriate
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art, that the simlarity between PreF antigen polypeptide (and

pol ynucl eoti de sequences as described bel ow), as for pol ypeptide (and
nucl eot i dwoeauEn™®es i n general ), can be expressed in tecwrCcaabosidoz277
simlarity between the sequences, otherwi se referred to as sequence
identity. Sequence identity is frequently neasured in terns of percentage
identity (or simlarity); the higher the percentage, the nore simlar are
t he pri marexpessioevastae sinpfltapdoesly wothskrpeynuekotidersegenes eflintetektde. gpre si ni | ar

h [ : f i Q. aci.d ‘ I l id , th
R L Sy e e e

asse nb: ?/ : I\rll/mévaﬂﬁts cadts whdre exlﬂly a@bbggmub?ediﬁ@s&umb,ém gqajbﬂi@_h itl@beéof,sigg uences
typically have one or a snml.l nunber .of  am po, aci el etions, additions or
subst i t ut i BHECHOFIPPS e IW_L@P erngrolsignals H‘CG‘QW R pErEeneelgr 15f ¢ hei r

am no aci dyroABel B ReRsRhibY of A8 hiclAe byl UrdodRE IPHEr a"hﬁgéh? MR initfida dofiBiPist ant 1y,
the variants retain the structural and, thus, conformational attributes of
t he ref er aleswsd swtha coress redilive figme do ¢nsrsitranslatjaeryf themohwudegide dequeneeiafi ng
sequence i jt Ko the arf.. [ | i to Pref.’
anti gen pol %g%%tgxﬁgé@ugg%\%ﬁﬂ%\g@ t!tl een%uag?éélgatg)g %8@’“?#%61 eeéntf:%%ﬁ!é‘%t hem (e.g.,
as decri beatighes, both nat\feet arelsyniheig rifidesirad) dheadftiganos of exgdrgmioh chnise fartkerdescr i bed

in: Smth and er.man, Adv. t Math. 2:482, 1981; Needl n and Winsch,
"ot Bi ol Mergased s (egadesion ot sl Rcera ARpreraiato CiesRl Syiem Prise (UBEET e ilggi ne and
Sharp, CA @)635 ResdifProtl YR8 Diffor 0e125652; Bltter U] (8987) Mekttbds [RErS ﬁ@i; 16: 10881,

1988; and Pearson and Li pman, Proc. Natl. Acact Sci. : 1988.
Al tschul et33a116:54kht ure Genet, 6:119, 1994, presents a detailed

consi der aty i . ods l.aiions. The
GBI Bast oL peal SAE HEAGSs A SRPATRLARRR ARG IO B GEPRY Rhile:

Bi ol . 215:i#4¢8desnd 0) mbs addiiioha btqeficechnsatsaelatted winaese andiod aptiinigg t he

Nat i onal Center. for., BiLotechnol o | nf or nat i.on ( NCB' et hesd MD) and on
the int enet PrFEP? ﬂétge P’f?theBﬁ‘HPéIlgtrg%]ﬁlc\/ﬁc{dhw eﬁéntgoéjﬁ]‘ffgﬁﬁ@a 3tlc§'§i Ebrpr ogr ams

bl ast p, bl aaple, I @ghin embbliafhn, tBopuddid asdsthat AnchAs eiel REF £itiged indRMe t O
determ ne sequence identity using this programis available on the NCBI

website on?"t‘ﬁ@‘”i WE%F’:SU_CI[%H‘F%%%‘?SW%% Ees seqpence ﬁeéﬁ-&rﬁﬁ%@is has one
or mor & an\00 33CiufhoDIE bechlrt Rtclfl Rfrbifraled 1§ Bhafll ABreBGLFbRAIERGR, OF Lhe
naturally occurring strain fromwhich it s derive e.g., in addition to
t he af or enasdthictsrdegoss awil¢ic a¢idgwimsdippioprately pejitior8d dtha ticombinanicesstuetn be an

addi tion, i substituytion of one .or re ann cids. A variant
o carty Al Bh B BRI Lo PR BhndoeyRgR 5t R Es BeaiRiadh 23 ' Ty,

or 20% of MaeixantacbmatiRtgioa$ordMAR), drakinfikasfib@cti@elvméntpng, FTAR anti gen

(i ncl udi ng PreF-g) pol y ept%de seasuence can include 1, or 2, or up to 5, or
up to abpu"tle‘?_‘l@‘,ts Pr XAmpls, sgh At thesy STAR: clements digelpsed insQtte €fral~u5’_0f"6h%out 100
ani no aci dpgligf iﬁ&ﬁ@ﬁ?mﬁﬁg?%ﬁ?&iﬁg%ohﬂ&bﬁh%@! RAARsBEEkeligild 19 SRR diate

pol ypeptide sequences of SEQ ID NGs:6, 8, and/or 10. Thus, a variant in the
cont ext of tha AnqRexagEobr tagepPdieieruenss tophemuckaar ingleia, ganeretingi¢higm@indpors

anti gen), j: 9 5% KPLRD, I at | east
about 90%%(%&@%%3 {é%t)é)s(%cﬁ&g@a@%%ﬁ%?‘é lé%%é%}gg%tg}c%ﬁmgauence& l%lfjénti ty with a
r ef er ence q@nmatireany,obgiogs constizes sret@peinade sqqerenabar mbdtesiisistdne tatune SEQ | D
NG 2, 4, 6, 8 apd/or 10 r.a of the e | ary PreF antigens .di scl osed
her ei n. Ao@lp??rf)ﬂ’gqe PLY ?@H?‘éghi&(ﬁ-lcﬁﬁt&f’%&dég%gﬂr oémBTtmﬁi?Pé’ngFt%a@fiosure are
PreF anti gEise fdgivnb bshentto Porafbdat sabrdagnuctufesdthat nEY belproaé to Mandart of a
nucl eoti de or am no acid sequence selected fromthe naturally occurring

variants diBRPE¥EAN] maxmslygea soreagwWindug; elngnblCWENthay sensseeverpsahe se t hr ough

genetic drifcleati6d pdiftTorfraRl QPHaR6h. B8dvihi Ginple! AT-HEH Qusct frolFHRGE H&nOT
random nut agenesi s, or by reconbination of two or nore preexisting

vari ants. @stesptedivith MavRabequencesinigs ther A-bex.dbe Bbox.dB¥ 4 unwinding masifs.ext of the
PreF (and & I@&{@gtﬁh%ﬁﬁ%&[ Xﬁ/efﬁ%g%nﬁé&g%fogois?%ﬁr%é g’ssitq%s\l}ér modi ficati on

can be a substi oné’ or nor'e am am no aci ds,
three am neertabiatts or Deasophilal BReraplagtMARIsvqieAdss Ak d@sdrihed infublishealisut ten

am no acids, or nore) that do not alter the confornation or inmmunogenic
epi t opes ofateng gppglggqﬁntqong()qzs 15]:849%»@;16 gyjinternational patent application no. g

WO002/074969 (which are incorporated herein by reference). Additional MAR sequences
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[87] Alternatively or additionally, the nodification can include a deletion
of one or nore am no acids and/or an addition of one or nore am no acids.

| ndeed, iwoade®ia7edys one or nore of the pol ypepti de domaiPa3/caamosine2217

synt heti c pol ypeptide that does not correspond to any single strain, but

I ncl udes conponent subsequences fromnultiple strains, or even froma
consensus sequence deduced by aligning nultiple strains of RSV virus

pol ypept i dbaf.can he wwed taenhangetsapicssian of a ngeleicaeidepeadingfa Rrple angigey pspide dc
domains is | e I11j0 ' |
constituté?ﬂgg%;§$83£¥%hﬁfg@gﬂ#F%&ggﬂgﬂggg§§%€$6%%%§g§§gﬁgﬂg?k%%@%?ication.
Such a t agn&irdlzeaaNamnt Mpehdes, 4014761581 2002 (disadosedin @enBaniaAiccessiaigNos. a

Phe” or ot ef HRoa DLBLE0, nob B DA, i RADEH Al st DR af BT o ¢
fusi on pr ol appreblafelsfrlt xpiedsidn cAirtthithEMNREdubikdrbeARIELEHIENIMA Rl B prativeésher

aspect of this disclosure concerns reconbi nant nucl ei ¢ acids that encode

PreF ant i gévistepaedinieleveliod gnhapesment, phisgenortgd for MdR drhdh desired. plternaldsnbi nant
nucl ei ¢ acy : I 1 : | ' ryotic
o eukar ol & REnEadintiidl Eafesiof o GHREF RR|GR A b AdGRIEF bEGaRAR

di ff erent setjhanst daighaves, fon exenipleriusing spftvexasnoh esMAR-EBnderd aradsble hatheencode a

P a0t K YRR SRR TR 5 s B RASEA T

aci ds can $MARScAT PQEevtsRY ei dIl, Bicdnfy@Rdriof 15:582c5D22$998). Pin@kAkiN @mb6difients,
eukaryotic expression vector. Host cells includi nﬂﬁr econbi nant, PreF

ant i gen- en8e My IsinErdired G -dendpcted) indp th hoggell pr thsmamapuclys add brstir e
Favorabl & eRk) &ehe Frek BHdASRIIRHEAESRILE 16 bn BromdRE bRbbAMinAS AR S, such

as E. coli, as well as numerous eukaryotic host cells, including fungal
(e.g., yeagtrpdused pwa siparateonuclsis del (e.gneh manshandiibganopliomlly seivtegats WOHO, VERO

and HEl C29g¢ ?LeIFsa}ltigen-encoding polynucleotide sequence.

[092] 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 ef
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 Compendium of Methods from Current Protocols in
Molecular Biology, 4th ed., Wiley & Sons, 1999.

[093] Exemplary nucleic acids that encode PreF antigen polypeptides are represented by
SEQID NOs: 5, 7,9, 12 and 13. Additional variants of can be produced by assembling
analogous F and G protein polypeptide sequences selected from any of the known (or
subsequently) discovered strains of RSV, e.g., as disclosed in W02008114149.

Additional sequence variants that share sequence identity with the exemplary variants can
be produced by those of skill in the art. Typically, the nucleic acid variants will encode
polypeptides that differ by no more than 1%, or 2%, or 5%, or 10%, or 15%, or 20% of the
amino acid residues. That is, the encoded polypeptides share at least 80%, or 85%, more
commonly, at least about 90% or more, such as 95%, or even 98% or 99% sequence

identity. It will be immediately understood by those of skill in the art, that the
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[89] To facilitate replication and expression, the nucleic acids can be

incorporated into a vector, such as a prokaryotic or a eukaryotic

expr essi omoveexwn796Al t hough the nucl ei ¢ aci ds di scl osedPh@Erca2n080aze7he

included in any one of a variety of vectors (inclding, for exanple,

bacterial plasm ds; phage DNA; bacul ovirus; yeast plasm ds; vectors derived

from conbi nati ons of plasm ds and phage DNA, viral DNA such as vaccinia,

adenovi r uspolynueleotidsxsequences engralingdbe Bisk @slypentideso vanrthemsehige slmralsssoci at ed

\é;(r us, .retsre I\J/elngzéj %gﬁtit? pg%ﬁmﬂ re8ﬁn*21§£cs of thrgo%}letlccocggg 'fllg % ehi%st\a/nec%g Ue Wefﬂ be an
pression vector suftable Tor generati rﬁg pol ypéptide expression products.

I n an exprasigémhayeetd@mort ir@ind ucid enclifivatich ehdiodiorthe irhiao Reid bequaidegdn i S

typically arranged in proxim and orientation to,an appyopriate

LT anser i pt oG Ptz BRER T EhE Bt Aefir § Bone. or mor e
enhancer s)afb@méhticied stabilbifg ioaifle@sins). Shombiffefencdshen POAYAMaIAOddIdRnSEqUENCE
of interest is operably linked to an appropriate transcription control
sequence. eubbfuion of org RrNgse Berdtobides qrgelingpsidse eepertivebdi Av#iadhr | y pronot er
of CW, LTR. I i hopr t | oWinsUS. .cE. coi |
| ac or tr|ot lrg}glr@t(égr,s B%ﬁgg{é’%r“?a‘g%‘;d% Pgﬂﬁbﬁg @'Opg?)bﬁ{oltdg/{r”,opg%’ %;Q}%érj&porf onoters
known to cbatuadotids prsileed. dior efangpds) e yatiant Preblaatigent(includmgPudtaGy oddlaic cel | s or

their viruses. Th pression vector. typicall | sO tain ri hosone

bi ndi ng SHEG P BTfRIr 95 7.6R5F 19+ OLER Bt R o Al Ty 3R ettt or . The
vect or optdraipad biyout DO MdestiaPEBRAdes hecHRRENG 6 ekehplaRiirell Mitiggn €Xpr essi on.
In addition, the expression vectors optionally conprise one or nore

[ ne. t Ol 1
sel ect abl eYsstsAstds@E RES IPINGY: ov T-Fe 12kt TBie arvpmant inpthe cabpget3on of
t ransf or i : t in
resi st an@?g?ﬁ%&ﬁ%&%ﬁ i()liﬂggla@cegl(l%@gﬁé g%e@sﬁgﬁ?ggs %%gcrfé&g}’ }}%@tﬁg racycl i ne
or anpi ci | $hares aidsast 8&now 850, Boramtimonly, @0leasT Alsoue AhH @s Bloom sucb@s 85%ca@n al so
i ncl ude addi t i enal pression_ele ts,. for exanple, to ipprove the
e 11 61 ency gt oPAn ePARE R bl A Bore Rl SRR, B, @ TR arc
initi Flt | ONseqxhOEs iHﬂgﬂra&djir&SEQtIDS‘gﬁlll,EQ6e_$,.9, ﬂﬂoﬁmﬁr ﬁl@z&‘(ﬁﬂlxe diler eongliye, a g
translation Lnitiatiqgn codon and associated sequence el enents are_inserte
into the al?}_s#“ BHtecarEC eléﬁﬁﬁ%%‘é‘ﬁ?ﬁ?d bR ré‘dé‘}t‘rﬁ‘ﬂ?ltv&ﬂ%%’élFl}‘d%d%ﬁ featgre of
pol ynucl eohisdRscRBGd AR hntl gohLHRAdidotPrF-G MtiBds) 8t iRdIRdd alc@ @R bral N such
cases, additional translational control signals are not required. However,
in cases wihslestidmiequencesnlspddidng the marally osauingasiants diselogrdrini on t hereof, is
i nserted, r . af | ' .. 4:RC ' G
initiation cogggﬂ%?%r%\%@éi %?Lttg rgg{r}%sr{sahr?)dr%ﬂ %?41 %%ﬁghﬁuérﬁgb(@gg%? -éncodi ng
PreF anti gatificidllyeusing site directed araaalom utpganeds or by tebembiastionatf tweacknog f r anme

to ensure translation of, the pol ynucl eoti de sequence of interest. Exogenous
transcri ptI?rS"ﬁ(éﬁ%mg VALY SU Eﬁdq?%qr‘%/’r%?{‘ia%tﬁ a’i%’gsé?ﬁgl%tcé nyfhe “t?f’teef%l‘?iji’tﬁ‘h}gregri gi ns,
bot h nat ur@hd BRE-G)dntiBékidisclobdd éesh.r ed, the efficiency of expression can be
further increased by the inclusion of enhancers appropriate to the cell
systemin (098] (19a8@tibn BfthéariahtlRRekc d@ﬁﬁﬁ}&ﬁ)uﬁggwcrig@d, hudpit h&ds ik 125- 62;
Bitter et at Fié_1987) Met hods in Enzggn}tl)l 153:516-544). [091] In sone

i nst ances, hybrdiza teconsias mose of the exempiasy avaleie acds)reprasented b SEQID NOs:br b F
antigen ingl it I e £l .ed to

i ncrease aSr:iJ;j g"ra@oa%? ?%Béneélg({(%r%g(gﬁooéﬁl%(}? I???ﬁ%ﬁ%]%’ éﬁlg gglgﬁ%%ntﬁg%’rg%ﬁaci d when
i nt r oducedapprectesthitos ddiedr to tieoYo seqmngel identitynmemnteadliscusedasvermnother t he

nucl ei ¢ aci ds. that encode.the PreF antigen i.nclude i nt ran. sequence, such
e e gia s St S b SRR R st A B TS T e oo
have been meesihitdlaye tessgonaicesdfahe fwd rclRICHRsakPhORSriigetithd@ibitiogous and
het er ol ogous mfﬁhei C ci’d . when appropri _at grlh% positioned in a reconbi nant

it

construct.® ¢y willyybri e'ejklﬂfrst’é‘:é@e%‘i’}’-%vﬁﬁ iGN SRAIARE 8% SERHePeRdes an
epi genet i CdepbRIRNMndSHCA iBRnAmE! différedchAcdiiRAtal FEh&Brs( PhudAR) . or a

simlar epigenetic element, e.g., STAR elenents (for exanple, such as those

STAR el e dizpiel esndigionsresulting inpaticular ddgreeeefstroigendyrwiyl. vap3iegaudii®d7, 2007)
W t hout i hepr v a bel i eyed to nedi at.e t he anchorage
of a tar geﬁ%&r@ I%g‘ggg%t@é h%%m?ﬁéo%ﬁlg Ihg%P f‘?rlﬁ) ¢ iaQ(? S SRBPRYGRgd Eeflgﬁ’a‘#?n | oop

domai ns t hihe hgbeideting mucleivacibsehnaces. [Genball ribclamperaturd oftgbidizatidhiaheé MARs do
not contain any obvi ous consensus or recogni zabl e sequence, their nopst
consi stent feature appears to be an overall high AT content, and C bases
predom nating on one strand. These reg&&ns appear to form bent secondary
structures that nmay be prone to strand separation, and may include a
core-unwi ndi ng el ement (CUE) that can serve as the nucl eation point for
strand separation. Several sinple AT-rich sequence notifs have been
associated wth MAR sequences: e.g., the A-box, the T-box. DNA unw ndi ng
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that can be used to enhance expression of a nucleic acid encoding a PreF
antigen include chicken |ysozyne MAR, MARpl-42, MARpl-6, MARpl-68, and
MARpx- 29, woesaxi7hmd in G rod etal., Nature Methods, 4:72CTTA200820877
(disclosed in GenBank Accession Nos. EA423306, DI 107030, DI 106196,

Dl 107561, and DI 106512, respectively). One of skill w Il appreciate that
expression can further be nodul at ed be sel ecting a MAR that produces an

i nt er nedi aheidnastiengsh (espdviatiy dhreNa’ andlor Mg r @posmtretior)) of thivhFbridigitionf desi red,
alternativ enc f f Pr t| gen can
be identi f&l %pglf&%mhqﬁe Stglé%ftrjlc ce%lga atg’gé@l%@o‘?asggéneg 20 %tﬁls?%g sof tware
such as Mﬁdﬁﬂl‘genQe rGenaradly| saritigentadnditienswedsebictet! tid b etwof 5°@rtg/20l¥£r Fewetler ) ,

SI\/ARTest ( va bl e .on.the we t nomatj x. de RScan evi t sky
otal. P e R ) oG8 Becii s Epiest A IO A HEHESLTE he. NAR i s
intr OdUCGOlanG?JHJ Thel T, A8 He@ShReature Mhflet HFinBO fohicGBEhgtiRtnd f1§) 5 MRRKFBYSI & C¢ acid
(e.g., vector) as the PreF antigen-encodi ng sequence, In _an alternative

embodi mentthe target pgamencs hybridigns e e perbtlamstsped pioke. fipadisios e perlgieagd, in
trans) andf Jdﬁaﬁbn%ti b&%&%ﬁﬂg@%&& e{a}tc& ¥ follnd BG KA ﬁ]g: JRSh@GROEPF0di g

pol ynucl eot’i de sequence. nplary procedures sufficient to gui de one
of ordi nargl., Maldcular @ ldarives: dr kaboratay dferudneCold Sgticg HarbooEatoetagiPrasant Pr eF

antigen n i .acj.d fqund in.Sa oning: A
Cabor at oryC NARGaFE HEFoE Y. hafd e A REPHAT Y Aifae el AP P Soo

Sanbr ook eTheaky: and¥lcRecd Al PLIporiiting; LaBoﬂa@bPT%ﬁquedVﬁMemﬁdy@ﬁﬂ Col d
Spring Har bog Press 2001; , Ausubel et Current Protocols in Mlecular

Bi ol ogy, QMelepWariglogy; I"ﬁl?FdleA§§'6’€:‘iea{tt%sNYi§§2l?qér?&déth‘é‘&ebﬁé’ﬁt§h0( © 2003); and

Ausubel - et pakocols P MolechiuPBRAR S4 &4 NBhLRHERR @n@llf?&y}%é‘ Conpendi um of
Met hods from Current Protocol’s in Nblecular Biology, 4th ed., Wley & Sons,

1098, So TPl A O e ik SR R A ARR: POl YPPL | o
can be pr odndddndyndaswekiohhybrglization wijbmﬂy éccand therqois ddsethan piftoynpiepatclle .
trai ns. of e ¢y AR Qe R s Buie 4 S Rt hoaR SEBuence

variants tHSbﬁirolSdh&To&mSﬂiq particalal e dftsyringeidy oMo PRk ALFniNE!. | BiikSascan be
Kill .inthe art. Typically, the nuclelc aC|d vari ants

roduced se of
\I?vi | | encod %B‘i’@‘ﬁe%’f‘?‘fﬁ&e ftringeneyy foopditipgs %thﬁi?r"éld?’ﬁélﬁcﬁn)@ egiplespwith mpresoy  or
10% or 15¥an 95% 3Qfete hiSRa@fWPnd B BHidiSsS bohdRfons If“%ed'nﬁm sthﬁgen%ycéfe'ed

pol ypepti des share at | east 80% or 85% nore comonl east about 90%
or nore, sthese uaderoPugh mﬁleehd%W@B%mth@Ql%/sm@p@mtnd&e’&'lllahethybtlshze landwi | | be

I mredi at el %nHi@fgg{ St ‘?1%‘?1 s’i}}ﬁg%ﬁ‘&s greq{wsg n&er whlcht (ﬁjeg Leks Wltﬁqufflore {hag 10%

mismatch will not hybridize. Conditions of “very high stringency” are those under which

sequences with more than 6% mismatch will not hybridize. In contrast, nucleic acids that
hybridize under “low stringency conditions include those with much less sequence
identity, or with sequence identity over only short subsequences of the nucleic acid. It
will, therefore, be understood that the various variants of nucleic acids that are
encompassed by this disclosure are able to hybridize to at least one of SEQ ID NOs:1, 3,
5,7,9, and/or 12 over substantially their entire length.

METHODS OF PRODUCING RSV ANTIGENIC POLYPEPTIDES
[096] The PreF antigens (including PreF-G antigens, and also where applicacable, G

antigens) disclosed herein are produced using well established procedures for the
expression and purification of recombinant proteins. Procedures sufficient to guide one of
skill in the art can be found in the following references: Sambrook et al., Molecular

Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
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pol ynucl eoti de sequences encodi ng the PreF pol ypeptides, can thensel ves
share | ess sequence identity due to the redundancy of the genetic code. In
some i nstwoce®/,07919e PreF antigens has one or nore am noPpratich2nasdiotizecat i on
relative to the am no acid sequence of the naturally occurring strain from
which it is derived (e g., in addition to the aforenentioned stabilizing
nodi fi cations). Such differences can be an addition, deletion or

subst i t ut i ldarbat N¥n@0Q anddrsbalet bk otoddkoiorolain Moeadirddiologe 4pedt Johal y. A
vari ant typi I if [ h % . 06 2% . or 5% or 10%
or 15% or\w g&k‘ O%Gngoj’fln{'{elgegéh%dldg%fl %g?rgeegﬁigtﬁgﬁyégi’ @i%%l%rg?,nbglo%tri ant PreF
antigen (including PreF-G nucleic acid can include 1, or 2, or upto 5, or
up to aboui097]0,Regombiparitmuclbio atidd that emcodepgh¢ PreBlntigen$&re irorodugedtictohbssiut 100

ne o0t 06 ) ESRRDS R SR et ST Bt ERE, 1

of an RSV thediiteGrils@ic@bnie. gOusinp Qlomiiet @81y abhildleu 'Mnd?hellr‘sf&tiamda?@m)
nucl ei ¢ aci d, t/g/]%i cal ITy shares at |east 80% or 85% nore conmmonly, at
o ESION

| east aboutcly PERSTAMINE 2009 og SHRANSKF ""Ygoplopmgosria§uence i dentity
with & refgeaRtfioR SHRERCaRidiion aldifc HIE! BURAGR: SEHYSOESDNoF LS BPd T
SEQIDNOG1, 3, 5 7, 9, 12 or 13, or any of the other exenplary PreF

ant i gen nuiseteds.aExaieplatiy sutleis ecidhbpesnpode el antigensl (inghadingPreF-Griotigated as a
feature of 1 S: djisC re -k i gens i ncl udi Prek- G . gens)
that 1 nol (e PardB R ID SIS 2812 o b GRS Sk 0 B 3 Bhie e

nat ural | y SKEQID NOs, 729,i12nhd 1 3asdllvgailveiand WOA0@Rded4d ¥OlimAimgdi Foronal vari ants

can arise through genetic drift, or can he produced artificially usjng site
di rect ed GPRIIBRTRHSIeQH Bapencishatgye et@*&ﬁsﬁnﬁ REOT<R aafS%m'é? ¥osior e
preexi sti ng (¥ar fphksnte @UINOsON B anM a0}, B tRat@iffor BhEDyIM fedidldandyn t he

context of the PreF (and PreF-G antigens discl osed héréin. (&094] I n
addi ti on t¢f thhgengtig ¢ogda(suglias by dltemativiscoder optinieationgasshe v BSEQIR| ei ¢ aci ds

t hat hybridhzet d ' NGS..4 apr.asent ed by
SEQ 1D oo 0 2y o Ry BEulBi il of BE LTRSS fSITR B N, Fpln:

anti gens. ©n%imilarlg kpolynu¢leotidesequebcenitat inalpge egration-elilahcing elanhdnttisach t 0 the %
sequence identity neasure. di scussed ahave, another indicia of sequence

S bar ¢yl RS it SRR fhe 38t he IR EL Gy BB R The - ror o
simlar argmilfi€lEeausns Mustthted RESEOID Nt £ s RGintloyell NONEBF &dimbsyisRAENt the
conditions at which they will hybridize. The stringency of hybridization
condi ti onsindheearswil repreaizg dist perebinationsiofsugh modifisationt aghiewiselpiibieent
envi r onmeng;al: r e in

parti cul apé ! éltfjﬂr:i g’é@ Hﬁo%gﬁsrsleﬁgggg%sysg%aw ﬂ\%‘%&/& ggﬁ%g?%%v?goﬁﬁnf %‘Iéwélﬂa%re of the
hybri di zat fequennestthgdhat suistantia sequdndelidentipnpodisdussed above, ¢apratpbtbe ofedtthe

hybri di zi ng_nuclbeirc _acid ences.., General |y, the tenperature of

ybr 1 di 2t SBRE AT Spfigin. ISCRRE reTanat Busibn b pis Rl Hifireg oy

concent r atsuitahly 6é irfttoeuded Irito Host aélisand Rsedfte prodidel Prefeiigehs(encludggFréF-ggency of
hybri di zati on, though wash tines al so influence stringency. Cenerally,
stringent %ﬁEﬂS§ ?‘Eﬁin‘ghe&? %ppélé?t%g&é’ﬂﬁ’ﬁ’ﬁpt’élés-about 5C to 20C | ower than the
thermal nelting point (T",) for the specific sequence at a defined ionic

strength p Th "..1s the t erature %nder. defined .ionic strength
ona* o) at OB dHoskel Bt insfuct g BIRR ARG ety Bicoding B ST Al | v

mat ched proQe fefrdifithio Bisclbsire. TEbADIE hosicellIMEuddhrairidiRe (a@,cba@@hg?ll ation of
stringenci es can be foun for exanple, in Sanbrook et at, Mol ecular

d
C oning: Aaskesssuel 3 vgaibas Wellgs aumprpvsrykpiptisohost eelloringledine fapgals, ol d
Spring Har@or, , colah : o0l g k| ' ' id Probes,
part 1 Tty Can e o AP oM Rdthd Piochld ol s B BB T
Bi ocheni stplgntagelds, myl mammakianRiel$ Gysh asiEIH@ andHERZ9eertls). [Redombindht PReF, 1993 and

Ausubel et Short Protocols.in | ecul ar Bi ol 4t h ed. 0 /ley &
Sons, Inc.%n?i%gbg".cgem[ 3 o\n{rgﬁl}cﬁ%géb&’%ﬁafls‘fuﬁ%fg%sg dar @}Sgeﬂ?pglflpﬂﬁs i ngent
condi t i onséellgfoexpask, viaadiedton Bschus deexprdision véudi! iAdideatibedabaive, lthonl y occur
if there is |Jess than, 2?% ] smat ch between t he hgbri di zatj on nmol ecul e and
the tar getv%@&tf'éﬂ?,s&ym%”?%@md’ b sahy vestqrs can also be forresrmplegovirali nt o
particul ar I ri d £ Lk L. | : , as used
herein, " n%alggfitazphgéef ?tﬁgg%%@ls%%f%gﬁo Oz%%e:ﬁ{réés&? ﬁggégsel%lggér' Ib\?\ﬁ?ré%tyér%l ecul es
with nore than 25% sequence m smatch will not hybridize; conditions of
"medi um stringency" are those under wh% h nol ecules with nore than 15%

m smatch w Il not hybridize, and conditions of "high stringency" are those
under which sequences with nore than 10% m snmatch will not hybridize.
Condi tions of "very high stringency"” are those under which sequences with
nore than 6% m smatch will not hybridize. In contrast, nucleic acids that

o, o " o o



METHODS OF PRODUCI NG RSV ANTI GENI C POLYPEPTI DES [96] The PreF antigens
(i ncluding PreF-G antigens, and al so where applicacable, G antigens)

di scl osedwber@/at9mse produced using well established precedazess/oz77t he
expression and purification of reconbinant proteins. Procedures sufficient
to guide one of skill in the art can be found in the follow ng references:
Sanbrook et at, Ml ecular Coning: A Laboratory Manual, Cold Spring Harbor
Labor at or ysufl ask cotoﬂ'tckp@pn/bﬂganda?abmnellehmumaﬂnigaiwsllﬁbellch@s all Short
Prot ocol s ohn W n 999.
nddi ¢ onal RNPeREd Fre il 2e ARy B relb eI R g I e coni nant
nucl ei ¢ acDxtsOﬁMatan@SmﬁptetdﬁuﬁeeEa admrggias céllsauchdsr3aduces, CHOPBHESt cel | s
by any of rj et | | - known pr.ocedur e such as el ectroporation,

| i posone TR LG Eodinar o Pieat 1S, eichng e GRNeFEi al |y avai | abl e

| i posonmal transfection reagent, such as LI PCFECTAM NETNR20Q 0 or

TRANSFECTI @P&calﬂﬁ Cﬁﬁg§ ¥lkred ig canveptionsd purent medisdmedified asr anst ect i on
and the |idggrop ﬁ@@ff&ddcﬁ%tfﬂ }d?n%t&@'s@l%&th@rira%foﬂ%%s% dQﬁlE ifRhe -

Exenpl ary nucl eic acids t at encode PreF antigens (inclu PreF-G

ant i gens) mlﬂlupheotvdecseqpenﬁﬁssﬁ@ pubtuNCEoNgitioRs, Sl93h a$ EmNethiurg. pH::ml thelikki 1| in

and not | rireRALALE BoRuTriilEty RERM B Bt Celedl &7 REbE BBl 0L hat

encode t heapparent tpitteiseskilieddin (H8E dnDil\Be :r&ereicea mﬂed%ereﬁm igluditiggpgesent ed by
b : b

35?& |D c%&%&%@ﬁg@]@ , o rEdli’éfgagCMf| ;thQ | D

NO 12), cawilepdiisy New Y!ﬁl?dnd ﬂﬂé&&@fénceé cﬁe’ﬂQhe@éiﬁ”Ekﬁrééélo‘ﬁ%!ﬁ@@es of SEQID
NGs:5, 7, and 9. Simlarly, polynucleotide sequences that include

expr essi orﬁogiﬁmnémago e andleie gcidsefcthe msention éahaisd Be prediiced mrmwd-animalons (or by

st rac odt o eREE PR R SR iflera ol FOMLE 10y & SRS HETEN | <) ) e

art will r@doogmulzeé, detrals re(gelrdhlg‘caﬂ iculige odn tELfmhndnncﬂajfjne](czeatzl @992ﬁ?lm\tllﬂ'§\ldg\rm sR gv 5
bl r

:;J Ir ;lan % | ?blilélr\gﬁeé' ‘gﬁﬂgi ’?%NSW‘%@E%%Q‘S R%tity, as

di scussed aiacr\hﬂhpsc(ams)m%)s) Eﬁn&@@lthsﬁhe%@(R@ dnefe; Boidagenal Memdaed, any of
t he varian{ nucleic aci ds previ ousléﬁdl scl.osed can sujtably be jntroduced

into host ¥ines LabdMaweal Spangsr-yatiee(Borlireide e New(Yask) andiAilgs prdharks
anti gens) @ad THE$aRdEUBR b FAGbG ofGaRA M glgd@%[kcb%%a SRabRIPIS that

i ncl ude reconbi nant PreF anti gen-encodi n eic acids are, thus, also a

feature of I . t|c(|. -
bacteri al )[Oamﬁn%‘ﬁﬁka@%%%h EW@B&%F&ﬂ?%g&%ﬁ&%%%@%@ﬁ%ﬁ%?{ oti c host
cel |'s, i ncipeditiegust imepaled (o thp qxpmdlp;odsctc an&am;tacwmmla;geqsamﬁileevf si ae and

Pi cchi a pastori sec nmal i an cells
(such as” aRsHehide & isBent FREST i Besck AR PrefGoR it FRBAIRUURTS ac ds-ar e
intr oducedw(ueh gLrect higans@legthssibi anfadion pRetimthit hrnedeiypadfied 4t avbasly cel |'s,
for exanple, a vector, such_as an expression_ vector. As described

above, t hee%@f r Speh ystors inglyde, bptape éo%llné@fjnt‘d muliifunclionsl £ eelf elpaing and al so

be, for ex@(ﬁ&'sﬁon @echrg ﬁlch B@BLUES@RI@F @ﬂ‘aﬁgene?tlﬁ'whgﬁmoﬁﬁggéqléﬂ&roq priate
expr essi on sts include: bacteri al
interest, e.g., a polynucleotide of the 1nvent10n as 'described above, can be ligated into the

vector in-frame with sequences for 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 Heeke & 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.

[0101] 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
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such as E. coli, Streptonyces, and Sal nonella typhimurium fungal cells,
such as Saccharomyces cerevisiae, Pichia pastoris, and Neurospora crassa;

i nsect ceWbomuobrdas Dr osophil a and Spodopt era frugi per @ar/asanosedozan cel | s
such as 3T3, COS, CHO BHK, HEK 293 or Bowes nel anonm; plant cells,
including algae cells, etc. [099] The host cells can be cultured in
conventional nutrient nmedia nodified as appropriate for activati nlg

pr onot er s, Bagdreduiuhel. andaagt Granberal, (1957, Meghods yn Engymblegy hskpteedit4). In

pol ynuel eqj | ) | . L . : arure, pH
B the | 1 patifaSEYSIRIE o AR CH SR GREbR B S PR EIRFALY

sel ect ed flasedesypems.sianhe utlivedwi | | be apparent to those skilled in the art
and in the references cited herein, including, e.g., Freshney (1994)

Cul t ur e of [0A0t]ahosCed!] is pptionin talsernfor Bashility Tealodulape ehe exptesgdorestitheé on, W ey-

Liss. New .York. and the references cited therein. Expression_products
cor r espondi¥fged Beqﬂlﬁ‘%?eﬁﬁrctf’(?F‘?Pe%éb%?‘pfﬁssegrpém?lﬁ\%ﬁ?ﬂﬁﬁﬁ‘%é%?ﬁlﬁpsﬁg@e produced in

non- ani mal metitatiofsétth@sroRiPntiBde, B8O notTMNEH to, RRCbSI4iIBn ABIWEINSS, kigke. 1N
addition to Sanbrook, Berger and Ausubel, details regarding cell culture

can be f owsetylatiomaprbexdation, plosplerylatigng Hpidatian ang aeylatioay (Rostiianslatiendln Li qui d
Systens J {: ok 3G - L1l (eds)
(1995) PI %?ce&{q?f’or%d?%% “g{rll y ag%%%g{ugsgrr‘%ﬁﬁiﬁ an%‘%tsm%%sbg%‘pri nger
Lab Manual (forsgamplggry-afarih peptéaBeris omiohidlydekfoemeagl ihldivwe cdoteki) ofalmchost dells and

Par ks (eds)..Jhe ndhook , of C i ical I 993) Press, Boca
Rat on, FL%’[%&% oSt ﬁqué'd“thearsiﬁzll"’ é@g’t%%‘g“anﬁﬁ%gméﬁégrwg@%ﬁ W&t ors can
be sel ect egeelp ediiildr thadpiaerytah@ chisRtdridtieme@enik@s fdrechepopt ©msadorar oduct . For
exanpl e, when |arge quantities of a polypeptide or fragnments thereof are

needed f oractiKdlehrBiFas e shpsert togRsyre Bigicaect modifisationgad procassiedf thsi gh | evel

expr essi oninggdljcg@if&@iggrp%tghns that are readily purified are favorably
enpl oyed. Such veéctors I nclude, but are not limted to, nmultifunctional E.

colt cloni I R r - LSt ne), in
whi ch t he @g%@%r Sohpheim: bt yictd ‘cee’rdgcsftﬁ?{%g?%??‘ﬁg’ggﬁnﬁ’glﬁée‘gtdﬁsggg‘%’? t he
i nventi on leseinetabld dxpressitrosystems are thpicdliygaed dFor axampild) eell bugsovhi¢hrstdblyane wi t h

sequences for thF m po-te m na tr.a s(s at | op tihnhti at.j ngx Met hi oni ne and t he
subsequent “PrebR Pk autiesn nolwpselive are ipoduSed it she bost Feil S he XPRAYT cal | y
active betwc@ad whiclsordn irdlwsighe oPepli€itivn ofdniioM@ehDexpresiaiclblaekeadd SSchust er
(1989) J Bi ol qwem 264 5503_5509%@ ET vectors (Novagen, Madison W), in
whi ch’ t he %%Cﬁé-etf%a}rhﬁrﬂame- fAlAV gt nﬁ%dqcrlg}h?fébe yestory cshpargiatioved |i st i di ne
tag; and thgwlihKes dhfii0d ertidlbd MEdiY befoft HEARE swikiheM oAl SRRGRERL RS S

cerevisiae, a nunber” of vectors containing constitutive or inducible
pronot er s Bupdse abthgisgipciatilemarker is &0 ewifrsiresssandaiweselgeitbnP@id itsameseceused f or

productio nalf%nvs tgpo%vtg %ﬁ& rreec'\(()jve%g( S &iis ivﬁirc]h Q&C%gslélﬁﬁ@ 'eprr(e)srs t}rle%\rll{.rg uced ssealefences.
For example, resistant groups or colonies of stably transformed cells can be proliferated
using tissue culture techniques appropriate to the cell type.Host cells transformed with a
nucleic acid encoding a PreF antigen are optionally cultured under conditions suitable for

the expression and recovery of the encoded protein from cell culture.

[0104] Following transduction of a suitable host cell line and growth of the host cells to an
appropriate cell density, the selected promoter is induced by appropriate means (e.g.,
temperature shift or chemical induction) and cells are cultured for an additional period.
Optionally, the 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.
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Berger, Ausubel, and, e.g., Gant et at (1987; Methods in Enzynol ogy
153:516-544). In mammal i an host cells, a nunber of expression systens,

i ncl udi ngwbavdy/qEbmsm s and viral -based systens, can be ®CiITldAzews/000102] A
host cell is optionally chosen for its ability to nodul ate the expression

of the inserted sequences or to process the expressed protein in the

desired fashion. Such nodifications of the protein include, but are not
limted tdOlQflyldessareied pmypeptide meduct idhengeqpvered fremthaeylyre medivBoxyl at i on,
hosphor vyl gt i.on. .l D ' | - Past - n ' rgcessi ng

1? or exanpl lgl?érﬁﬁll’vgﬁlx’ %Flgej g%/ﬂe%rhﬁ& rgtg@E%l g%tr[m?ggrur%n’l (ﬁ%p%& ﬁ%ﬁl{f? %hl?dc})?{rﬁ:@fc £lt he

pr ot ei n ( froeangxaadegesultingardderekmacp retdisifen furtberqutificatmhl Fuleeydtisroned i n t he

context of_the.ho cell. Different host. cell.s suc 3T3, COS,. CHO Hela,
. ok mistiat GalssThlgved B ClpRSRb et Rking Bt G B SiledRy Al omigpn

char act er ifiéthéd, R0 Bev¥Be-tHaty cyHlaty, dsdatidd, aRshaidaDdigtup@di bMiskb€seland can be
chosen to ensure the correct nodification and processing of the introduced,
forei gn pri¥tas peenfsparpser msthods, yauehearevelh kg pi taesq Sb‘“%lﬁ‘%’é“f% of reconbi nant
PreF antigens disclosed herein, stable expression systens are typically
used. For @kdixgrested|Brel antigensian bhresouemdyand ppiitiedfrom meambinanticglon

pol ypepti dg@cepby EIItl)r QUGS Hifeth R WAKho &R the' S B GRS SRRbMAGMY ect or s

whi ch contain viral  origins of replication or endogenous expression
el enent s asutfata os etherod atscipitateonk eqid epsraetiont-&lttation, yrafifteationt centifiegation of t he

vector, cells are.allowed to grow for 1-2 da i n,an enriched nedi a before
they are sav?dlcfncq{éatl?noexgléqnggf}?r\(} atﬁ%rﬁplgf’ p%‘ﬁgh(ﬁfﬁﬁ@%eec%qma?%api% ect abl e mar ker
i's to configrophsbis ira¢te@ioh @h®alatptdpa, affdity chidindlig@shn ¢eg. ahdidhy f eist h and

recovery of cells which successfully express the introduced sequences. For
exanmpl e, ra&§eg %’ﬁ?n’é%ﬁﬂz‘e@m)’dﬁp@ﬁy Ratigs chemypsraphyapickleitfed cell's can be

proliferat &Qoﬂéb%}gpﬂyi. PPMEin GtbIdiHpRtdp EAH BAMES 2 8BRIER _@Jn?plétf?llgt he cell
type. Host cells transformed with a nucleic acid encoding a PreF antigen are
opt i onal | ycoafipwratienpfkrraptuteamelrini Ginslly ighaterformance tiguid ehrpmetogtaphy and
recovery O(fI-IPtLlﬁ‘i c&pgeogr?;qo%ﬁ% fle Qinglrpqmﬁgﬁloln sFeBL.t 1 a3dition to the references

noted above, a variety of purification methods are well known in the art, including, e.g.,

those set forth in Sandana (1997) Bioseparation of Proteins, Academic Press, Inc.; and

Bollag et al. (1996) Protein Methods, 2" Edition Wiley-Liss, NY; Walker (1996) The

Protein Protocols Handbook Humana Press, NJ, Harris and Angal (1990) Protein

Purification Applications: A Practical Approach IRL Press at Oxford, Oxford, UK.;

Scopes (1993) Protein Purification: Principles and Practice 3" Edition Springer Verlag,

NY; Janson and Ryden (1998) Protein Purification: Principles, High Resolution Methods
and Applications, Second Edition Wiley-VCH, NY; and Walker (1998) Protein Protocols
on CD-ROM Humana Press, NJ.

[0107] In certain examples, the nucleic acids are introduced into cells via vectors suitable
for introduction and expression in prokaryotic cells, e.g., E. coli cells. For example, a
nucleic acid including a polynucleotide sequence 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.
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[0104] Follow 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 byoapgpropmrsat e nmeans (e.g., tenperature shift oPCTleATI@SA102277

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

cul turing [6&08] sTft@xlpImdmoectPrisﬁrltmdtutegéngcbmelmtrdpuméma ipp @tseigabée | nhi bi t or,
such as a ¢ t cul.e inhi hiory 1557272, AS
111793, etbc?CS%“g‘thSQ‘?é‘? e“’“s S“‘é%“ﬁ%‘wkg ey ‘1%1 é‘é Sélec@i% dlar, or
ext (rj acel | Ldnal’hof fléll gn the an(i?r ]E@annﬂ@}]lelmiste&nd HLQé@EB)TsI&lemsha\reqirmlnpol ypﬂoti de
product is_t ecovere romthe culture nedium Al ternative cells can
be har vestf%"rgg BB SRS A mbigp ESAR o]afiegidl Strsknesh o mans,
and t he reﬁlud,ddp}grgﬂﬁgg@ extract retained for further purification.
Eukaryotic or mcrobial cells enployed in expression of proteins can be

di srupt ed b}/ any conveni ent met hod, including freeze thaw cycling

soni cat i orl019% diersitypigally; the plynusieotidss that encode the Pref aptigens aafglé?ﬂreorataé ot her
met hods, whioGhp egeowéc{ormgwxré é?ut%l!il@?& ﬁkddh&tﬁﬂk anf eig}@ssi%tm elk3h0aE Fefg pressed

PreF antigens €an recover ed purif from recombi nant “cel [ €ul tures
by any of lasqqmmmmﬂlmlrlﬁ)dgameawy, lsmh\mclﬁw apideararcpdon opcimiziidfgr anmoni um

sul fate or a)lc?}egﬁ&ﬂn tn«{ elfc%d ?étox?lpdst &4 Forg)(t rcpef% AR uen es 1fh%ttr8ﬁ'§ n.SEQ gr aphy,

ultrafiltr I on, Ce Ion, ani n r ion
phosphocel IDUNOs:8, T 9randwa? ar;rcapdsryoptnlnyzkrddbﬂmdpre@swmheﬂm belh;m Imlonenat ogr aphy,

AT R R L T AR

ref ol di ng isfréRReE M PeectbtSfich esSth@gEErmcmk Hev‘é%ﬁé(ﬁ;y' Nhz& oA hpn of the
mature protein. Finally, hi gh pertormance |iquid chromatography (HPLC) can

be enpl oyekhe nelxpretide)ineipressad undera qo@ﬁlt%t!\@momqtﬁr, sushias theimmedialeearlef er ences

not ed aboy, wwwm@.mﬁw {n‘hffi omtﬁg%{%gf}'%g&cd c%f‘so rdsdln he art,

i ncluding, e. Se se ndana osepar 1on
Pr ot ei ns, thcaoigpnpudPrsemlﬁ bhsed on tleradhiliBpbf the)tresfaated cé]lﬁ@ @)ovaaheabaeMet hods,

ond Edition Wi ey: Li 1996), The P togol s Handbook
umana. Pr o0& EEtinghhe "t Uik e sarSomvan Gl dRpbE T B o

Appl i cati OiRske ddséica st &xoatnobp prutatihe, bEﬂauEﬂE@?EIﬁIM ve¥oPEressHfiyds U. K. ;
Scopes (1993) Protein Purification: Principles and Practice ri Editi on

Spri nger V&Hytagine qynthgiased spzyaice SRpetesh cqlis 99‘896 penpllxierpanded #dcat i on:

Princi pl eSohatde@h 36804 ikds@bn Mohb 8lSred mﬁp%gg ptfg@l | ons, Second Edition
W1 ey-VCH, NY; and Wal ker (1998) Protein tocol s on CD- ROM Humana Press,

NJ. [0107] In certain exarrpl es, the nucleic acids are introduced into cel I S
vi a vect or@ Q)i ln apetheriegampla thopRlipuclsatidargaesnps beisineedes thegirdicantigen isc cel | s,

€.g., Cittrbdue8d nfo inbRS @éaﬁg%gpsgﬁ&g%%%%ére?s%n%é Q'SggerQBévg | ynUg' eot i de

sequence t hat encodes a I ntroduced 1rnto any of
vari ety of Reomimant mehlyviasaapabld of infectimgdmectethy ganbe getrerated wigh as t he pET

ot ng. SeqteRREoRLY Tyl Bl P et s dend hs i Hp g MeGRR e o ot i n

expr essi onfront B BRISyiBhER! Gmieﬂsil&hémmﬁ%tlw&q@nweﬂcbﬁnfﬂﬁﬁnﬁg&l196n i's
transcri bed unger the p er. Alternate vectors, such as pURV22

that incl Uger %%fhelwggglﬁqaésjf?ré’ﬁﬁﬁh Hhendioststle SFAeSwodarssa Gugipgided

are co-transfected by pAcSG2-chimeric plasmid and BD BaculoGold, containing the
linearized genomic 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,
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[0108] The expression vector is introduced (e.g., by electroporation) into
a suitable bacterial host. Numerous suitable strains of E. colt are

avai | abl evendosoeardbe sel ected by one of skill in the artcticno@oaryie, the
Rosetta and BL21 (DE3) strains have proven favorable for expression of
reconbi nant vectors containing pol ynucl eoti de sequences that encode PreF
antigens. [0109] Mre typically, the pol ynuel eoti des that encode the PreF

anti gens aweh i pdvich ie dlosely telassdop s Brand dlest Idigh Fiviesell inedesived Ebme f or

i ntroducti Xpressian. i.n eukaryotic (e.g., insect or manmalian
cells). Fé’%?@gf"y"?’e‘gzg’ﬁ% gdgfderlnb acids are codon optim zed for expression in
the selected vector/host cell (for exanple, the sequences illustrated in
SEQ | D NOJ90511] Follgwimgdragsfecior audulductiop of enpression (accaring ésthe oeledted CHO cel | s) .

I n one exenpl ar odi nent, the polynucl eotj seqguence t hat..encodes the
Prer ant 1+ AP 6! FP SORRER priotBE1EKplAlOH BleREhsh e PSR Bl R

devel oppedebiyele@niz g, Rirtfled @k e@iched)iahdrendfifedae bysaRIbidiR ihtd adapligakeally under a
constitutive propoter, such as the inmediate early CW (Cyt oMegal oVi rus)
pronot er . 2SHYCREIUSIN SPRiPRRAtGR Al y transfected cells expressing the

pol ypeptide is made based on the ability of the transfected cells to grow

in the absgMENUGENE CORMPORTENS ARD MeTHeODSat have successful 'y
i nt egrated }b&géﬁEEM are able to grow i n_the absence of exo%enous

gl ut ani ne, [0 §@PoHdedhEEIMMyBAeBic camppsitions including@ay otihg Pratrantigens

Synt het asey; : l and

char acter?az%cg& %?%ggﬁggg%tgﬁse%gk%@éﬁ%e%g%ﬁe Ilgfrqglg—“ %3%‘& '?dl%gg. [0110] In
anot her exghaphaseutidally paskptable caoel atexepigotence t hat encodes the PreF antigen

is introduced into insect cells using a Bacul ovirus Expression Vector
Syst em ( BHVS)3] IReertaitbemboutiméras by pically Lesnbodineentsan ehichilieckitF agigendesst cel | s

can be generat usi ng, commerci al |l y. aval vectors, Kits and/or systens,
St as Mo BisTEs ] BRisTTogyrenen i et BP 604 ke Shupgtsht soprgdfon

pol ynucl eadah Ghe:lwie G edltede RO bingnt ah@oPpirifige G préteinh PRintceslsishitapld e PAcSE2
transfer vector. Then, host cells SF9 (Spodoptera frugiperda) are

co- t r ansf RIPEHS hyvehkersdescrbadiip theartopndipgludefy I%EihBMLW(%F  preteips idni ng t he

| i near | Zedc_lﬁﬁ%gr&e%ﬁg%lﬁ b Rl Ohd Uprditth QLR RNAniGALLAOT AL 2R dpuc ear

pol yhedrosi s virus ollowmng tr t1on, honol ogous

r econbi nat 130230t andr sfubien peener (sheh AlIBERAophRond §lgnahdnd/drdeddacselivance,us genonme

to generatg_ the.reconmbinant virus.. In o exa e, .the Prek antigen is

expreseed WA IBRESHEIRE ey of e’ BReFRERR: Piath oo AL ERR oy

Simlar trahishereFuatgedrcan arfouhe iPpWwotoosid 4 usi U§ FateieNo (3, BISTE50, 1SS Paiwath as t he
. S I . ; ]

2%;: gy(ega)Ng%(,jl 18!91?, I% Slrlrtﬁ}sﬁerds App?{cgtllolnal\rlcl.%OOS%3 (()3?{83,a eEnId\{JeS ll)arggn?(l:\lto. cells can be

7,368,537, each of which is incorporated herein by reference. As indicated with respect to

the chimeric PreF-G proteins, a smaller fragment of the G protein, such as the portion
between amino acids 149-229, or the portion between approximately 128 to approximately
229 can favorably be employed in the context of mixtures involving a PreF (without G)
and G. As discussed above, the important consideration is the presence of
immunodominant epitopes, e.g., included within the region of amino acids 183-197.

Alternatively, a full-length G protein can be employed in such compositions.

[0114] Pharmaceutically acceptable carriers and excipients are well known and can be
selected by those of skill in the art. For example, the carrier or excipient can favorably
include a buffer. Optionally, the carrier or excipient also contains at least one component
that stabilizes solubility and/or stability. Examples of solubilizing/stabilizing agents
include detergents, for example, laurel sarcosine and/or tween. Alternative

solubilizing/stabilizing agents include arginine, and glass forming polyols (such as
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such as SF21 which is closely related to the Sf9, and the Hi gh Five cell
line derived froma cabbage | ooper, Trichoplusia ni. [0111] Foll ow ng

t ransf ectworro@nd9oionduct i on of expression (accordi ng to trhe/cebsonzxt?
pronot er and/ or enhancers or other regulatory el enents), the expressed

pol ypeptides are recovered (e.g., purified or enriched) and renatured to
ensure folding into an antigenically active prefusion conformation.

| MMUNOGEN! sBcrosivireBidse @hibthaliRe )VNTHODSs plidma@iticalls acqepble dediesragdiormunogeni ¢

conpositio incl uding. any,,0f the PreE antigens, disclose bove. (such as
Chose. exerRmpEuHaLY Bl kesirbnt e knf R e SRR R H ol T
accept abl eRewangror’s PharnticeitiphleStiencdsOiylB] W. rMaein] Mack Rublisidhgr€ot Bastdny pi cal | y,
enbodi ments, i i.ch the PreF antigen does not include a G protein

! Daintd

conmponen Lo )-D NO 6), the inmunogeni c conposition can include an
i sol ated, reconbi nant and/or purified G protein. Nunerous suitable G

protei ns MaYES|RLBrddRHE khiBR dkBipleR® aAd Earrids dan BrGeleeked bthosd M@HNn the
reconbi nant G proteins and chineric proteins nmade u f a portion of the U

) . ! p o
prot ei n ( sttt PAadugsd Fremylationssutalle Sorgleliyery o spBigyt byricselected suéhotpar t ner (such
as thioredgxlifiat@h @ Signal and/or |eader sequence, that facilitates
expression and/or purification. Exenplary G proteins for use in adm xture

with a Pr ty oo I 5, 149, 650,
Us Patent R S G i hBae ol Bl (e BB sbBa>. ana vs
Pat ent No.(PEG36BraBY, Tretmbdye 0¥ -laviiytdarcosing seelompsaltal egrohiee, Nam detergeef er ence. As
i ndi cated w r.espect..to.the chi ic PreF-G . protein S gr fragnent
of the & pripBSE LR motBefid Died Ch B Aok al HaoMs5o  or 't e
portion beviwEemn&pmd owiendit gkt caéh elted RRIEORitHBIRiW], 2RDidarol,an@pabl y be

enployed in the context of mixtures involving a PreE (wthout GQ and G As
di scussed BgERLoethangl. | %ﬁr@‘&lﬁten@(ﬁﬁ%b%@eég(?“&ﬁq@mﬂ% THF@@Q{]@@@W&

| mTUNOdo Tyah X, NPRRS Enfoigin BH, DRLMIRASE Tty RSS! 20l aci ds
183-197. Aternati velzl,’_ g%};g%lnl -I’eng)?% GSlpr’ot efbr}l, can be’ errlp ogggﬂc? ?Sl’)l such
WItt

conposi t i ofmittergent 3-0, ergent 3-2, Zwittergent 3-4, Zwittergent 3-6, CHAPS, Sodium

deoxycholate, Sodium dodecyl sulphate, Cetyltrimethylammonium bromide).

[0117] 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 response.

[0118] The adjuvant is typically selected to enhance a Th1 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 subjects. Similarly, when the immunogenic composition
containing the RSV PreF antigen is intended for administration in neonatal or infant
subjects (such as subjects between birth and the age of two years), the adjuvant is selected

to be safe and effective in neonates and infants.
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[0114] Pharnmaceutically acceptable carriers and excipients are well known
and can be selected by those of skill in the art. For exanple, the carrier
or exci piwotzowartofoavor ably i nclude a buffer. OptionallypcCrieazeemvoorsr or
exci pient also contains at | east one conponent that stabilizes solubility
and/or stability. Exanples of solubilizing/stabilizing agents include
detergents, for exanple, |aurel sarcosine and/or tween. Alternative

sol ubi | i zi g} Y tlxdslitianally: gheaglarvant is typicalliesetactgid o erdancgradlhy |imeming msmrtsgl pol yol s

such as r . I . i ke I y
gccept abl e&%glra(ralﬁlzl}lsst&%%g c?(r)rggtﬁg??rdantggﬁ%rﬁogll %%/wgigfgg%? %uﬁ@%&%ﬁ%ﬁé&%@@r{ar e known
i n the ar tisaddinistezed d%¢ exdngie, véheq formutatiRean mghwogémc Sinagoskion bodntaiaing

Sci : . W rtin, . Mack Publishin , ton, P Edition
(o75) - T oAb AP At s ale P r e oo v pde dhlt b sel ect ed
by those ofiasikd ddjuvafits! econtrhst vheRtRAHMUNBgdnR (Bl pakitiomisTorntuddibefof or del i very
to a subject by a selected route of administration. [0116] Suitable

exci pi ent sinfraepseular adminissation) adiyveats inplnding apeof Brore G0y MPhy sauplengfeygol

(PEG, Sork&talis a o . | | lt, L -proline, Non
det er gent (gg?l?blﬁ)pgggrﬁ%é, Cﬁgﬁli {i?“g{eﬁ%@glgﬁf%ﬁ ?ﬁgf% rsgg,h% ri met hyl am ne

oxi de, KCl, Ca2+, Myg2+ , M2+ , Zn2+ and other divalent cation rel ated

salts, Dt ' MY r; - 13- : _ her
oxci o ent o L] B shfible SlbiahPBE N ComBRlich SRRt BRSO S8R0 NS o0,
NP- 40, EnphagtsriaiBpopdysagtigride derivdtive. LAonueayiplerdlatsoitgibtbejonAvkit dengemt of3- 08,

T
brom de) . lipid A (3D-MPL). 3D-MPL is sold under the name MPL by GlaxoSmithKline

Biologicals N.A., and is referred throughout the document as MPL or 3D-MPL. See, for

example, US Patent Nos. 4,436,727, 4,877,611; 4,866,034 and 4,912,094. 3D-MPL

primarily promotes CD4+ T cell responses with an IFN-y (Th1) phenotype. 3D-MPL can

be produced according to the methods disclosed in 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.

[0121] A lipopolysaccharide, such as 3D-MPL, can be used at amounts between 1 and
50pg, per human dose of the immunogenic composition. Such 3D-MPL can be used at a
level of about 25ug, for example between 20-30pg, suitably between 21-29ug or between
22 and 28pg or between 23 and 27ug or between 24 and 26pug, or 25ug. In another
embodiment, the human dose of the immunogenic composition comprises 3D-MPL at a
level of about 10pg, for example between 5 and 15pg, suitably between 6 and 14pg, for
example between 7 and 13pg or between 8 and 12pug or between 9 and 11pg, or 10pg. Ina
further embodiment, the human dose of the immunogenic composition comprises 3D-MPL
at a level of about 5Spg, for example between 1 and 9pg, or between 2 and 8pg or suitably

between 3 and 7pg or 4 and pg, or Sug.

[0122] In other embodiments, the lipopolysaccharide can be a B(1-6) glucosamine
disaccharide, as described in US Patent No. 6,005,099 and EP Patent No. 0 729 473 B1.

One of skill in the art would be readily able to produce various lipopolysaccharides, such
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[0117] Optionally, the inmunogenic conpositions also include an adjuvant.
In the context of an immunogenic conposition suitable for admnistration to
a subj ectwbanowdieropur pose of eliciting a protective | MmO/ aAR8@BIISE7agai nst
RSV, the adjuvant is selected to elicit a m biased i mune response. [0118]
The adjuvant is typically selected to enhance a Thl biased i nmune response
in the subject, or population of subjects, to whomthe conposition is

adni ni st erasdD-FBL. easedhpn the tespings Heéhaserrefrenseni Monchwises rachofithese t o be
admi ni st err@fire&lg%s]ﬁ? ﬁa&%@fa%efdgfg{eﬁho ef SHdk 2 AGRORIPHP @feggsééa' e to (or at

increased riIs e adjuvant I's se 0 be safe and
ef f ect i ve immunbstirsulinjte@hat are spogbarlimstheturoto tbatlof EE$ st MPhuws 3DvWRh), f or mul at i ng

an i nmunogenj ¢ .conposi ti.qn cpntai.ning.,an RSV PreF aniigen fo

B ni st 1 JEBIR ToTRmeE T p QP Re pa TR e g DT R ASE A 65
years of ag@iturd dTMPIChre\usuitablesl Rkt dinf Rhed embadimembdheidj@ahiive i n el derly
subjects. Simlarly, when the i munogeni ¢ conposition containing the RSV

PreF anti gehthetic destvativeed Lipisk A.came of whicheregiesqrbedaohaR-41agemsts.#dnt  subj ect s
h ubi i, t f , the adj t i
(such as sybL&EHS é?@hé!l‘gﬂn el%e?HJ.@M%?(%—J%@X&?-&%%%}%-K@?—@) € agjuvant 1s

selected to be safe a ective ants. [0119]

Addi t i onal dodecanbdosd¢travdenanoyfantingdideabhospbmiodt: Degludopyrandsaj€e[(R)-Ihl i nmune
response v@en adm ni stered via _a route of admi nistration, b@/ whi ch the

i munogeni BdEsgadacaraylaninfenglusopyposylbhydesgsmphogphalehd W G 8/ h28%i ng an

i mrunogeni YRS 13K cONR_A | snasal.adm\ni stration,
pr ot eosorreélz\a/ﬁd pr oPtgf??% g:{téﬁjf gk%/dgr aaylgﬁﬁﬁf%?%dg?ﬂgmgﬁl ﬁ\?’gﬁ? sa.zgggt)cont rast,
when t he i[iRuBrdydmkdeteadrposyltinge]desanf bi Grdioht &¢Hbis@lihyidndgenonhe sphhtz)

adm ni strat i uv i.ncludin r 3 squal ene (e.qg.,
21y 11 pB RS ot R 0B Tl SRR s SRRy sel ect od.
[0120] Onedodeiédnaibeyteelideoaabylahb]-4oRo 5z )AL i on with PreF antigens is a
non-toxi ¢ bacterial |i popal ysachari de derivative. An exanple of a suitable

non- t oxi ¢ REFyistadesarstylamipgldecan-1;19-dig)Hogihydisaenophosphase H0-©-or nor e

parti cul ar]yinFndEas W;%lqm hoshoryl lipid A (3D-MPL). 3D-MPL is sold
under the nalﬁe MPL ge?/ d axoSmQ?)hKl ine Biologicals NNA., and is referred
throughout[otl

: . , Pat ent Nos.
4, 436, 727: 4?@7@‘?%1@;1[ I'41,1 %ﬁ%%@ﬁﬁgar?}%@ﬂ? 5‘821 Gl&%ﬂ?ﬁﬁﬂﬁhﬁ?@r@% pr onot es
CD4+ T cel (AGRs3 pehsethosd dikclasad IFFNO/98/TU3PY oplis Reteytido. 6303 BRL (premsdee pr oduced
according to the net di sgl osed in GB A ically it is a
m xture offtoﬁpﬁg%fﬁ'gﬁna?t}oégfpﬁc?ﬁ%%ﬁ%‘?ﬁﬁw& S‘M‘%E&mof ﬁgg‘%nﬁr 5 or 6 acyl ated
chai ns. | npHahiface®igans hédeprable odltstoll & GPs @S 8iddloded VEUS iPaRRnSN& 6l 76pR101 Cl € 3D- MPL
can be used. Small particle 3D MPL has a E){arti cle size such that it can be

steril e-fiYenes 24Pt areddd agowstsapdseme el LREgatagenisp deth prsriboughtodescr i bed
in W94/ 21,984 o] QiéllysA |1 popol ysaccharide, such as 3D-MPL, can be used at
anounts between 1°and 50pg, per hunman dose of the imunogeni c conposition.

Such 3D I . : r I t ween
20-30p0,  SeiFARE iRt 153 UGHE, BobBBPUER ] Senle sEBRE LI DO 2 2
27pg or bethMddr{Sabtoaetcl, I6R3 pd 63RSyame, forrexample Ngpropelytrochanide fromtdgaemhuman dose
of the inmunogenj c,. co sition.conprises 3D-MPL.at a |l evel of .about | ,
for exanmpl &&H ev\kaecﬁer‘%r‘ligﬁﬂs ‘i%ﬁ’@t,wegz‘?tf%]i“ﬁmfﬁiﬂwgtﬁn i e Y exarrpolgg
bet ween 7 dufigtathd qi@.PSN(suek by\8BMBL)AMHhel 2pigabl THRCh YR aPe: 204t shddkGrotein 10pg.
In a furth S/gﬁo@i pent, the human dose of the i mmunogeni c conpositi on
conpri ses @B—P » 605 6 7Pelpr 985 susligefant Prodgin 4. hyalusensnoligopasehinaides. henan ot i g,
or bet weensubphaRdra3REnd! fittbhcc Al frio Rk VB Binode@ P&htiARTan@ b-dbf@RM.- Dy O 5pg.

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 III disclosed on pages 4-5
of W0O2003/011223 or on pages 3-4 of W02003/099195 and in particular those
compounds disclosed in W02003/011223 as ER803022, ER803058, ER§03732,
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[0122] In other enbodi nents, the |ipopol ysaceharide can be a p(1-6)

gl ucosam ne di saccharide, as described in US Patent No. 6,005,099 and EP
Pat ent NowOQow2ag9#Aé¢3 Bl . One of skill in the art woul d IpeTreadisiop2zabl e to
produce various |ipopol ysaccharides, such as 3D MPL, based on the

teachi ngs of these references. Nonethel ess, each of these references is

I ncorporated herein by reference. In addition to the aforenenti oned

i mrunost i NER840S3, ERBA4055r BR8(140D8, IR 80A0 59 FR3A44AS HRBOAGR. arsk ER§B764. MPL or

3D-MPL), qﬁx%%%ﬁh%qgn8§%BEQﬁﬁLgﬁggﬁq gkgﬁﬁﬁparide derivatives that are a

sub-portion to above structure o are al so suitable adjuvants. In

ot her enbadifents,..t Luvant 15 a synthetic derjvatiy f li.psbd A, sone
of b o aP L AR R bR art BRI iR B SR Rgpbife 1Y o Feg
to: OML74 Iéf%rsﬁi@%yigegrt ﬂﬂ?'rsdi@;ﬁklé-olic{u(sﬁ)g-a?signali%g respogse [';_hrolughaTLR signalirllg] 2. [(R
dodecanoyl oxyt et r.a- decanoyl am no] - 4- o- phosphono- P- ucopyr anosyl | - 2- -
3- hydr oxyRaEMaY aeitsh#A drfchiegand ondirgetly ?%&;W@fwgm AMSphat e), (WO

95/ 14026) ?ex@én%gs'lli d( Sh Rl or synthetic TLR afonists can be used as alternative or
-3--[(R) - dodecanoyl oxyt et radecanoyl am no] - 4- oxo-5-az_a- 9(R) -

[ (R) - 3- hy cadditigndtadiniassind prisireview o€ thenole of DLRS esladiuvant redepion ib prowisigd 2 OF?%)sph
WO 99/ 0462 _ : - 3- )
ate) ( R K%?Sgl?r%c gf('ﬁia Wl%c?%érz?a gt%?z%hg.g}gq % i1§_§%._|}4[:i'(’:%90_0gfﬁles% %otent%ﬁ)

dodecanoyl oxy adecanoy noj -
hydr oxyt etadpanta ejidabun aledechmitdd thQgahias ot TLRRTHICRDJERGPTORY et € 1046- |
am nohexa ) .01/46127) .. [.0123]. Gt her TLR4 |igands which. can be use
are al kyl "BRE AR D AR gRRERE Apgapiand ggmﬂlﬁ%@lc&m%@% in WO
98/ 50399 Ofurth? cBRbR&ES aNadjuPand ARicB4s/selcRie@ GRASES gloBp cRsRAAS 6t hIDROf AGPs are
al so disclosed), suitably RC527 or RC529 or .

agonist, a TLR-2 agonist, TLR-3 agonist, a TLR-4 agonist, TLR-5 agonist, a TLR-6

agonist, TLR-7 agonist, a TLR-8 agonist, TLR-9 agonist, or a combination thereof.

[0126] In one embodiment of the present invention, a TLR agonist is used that is capable
of causing a signaling response through TLR-1. Suitably, the TLR agonist capable of
causing a signaling response through TLR-1 is selected from: Tri-acylated lipopeptides
(LPs); phenol-soluble modulin; Mycobacterium tuberculosis LP; S-(2,3-
bis(palmitoyloxy)-(2-RS)-propyl)-N-palmitoyl-(R)-Cys-(S)-Ser-(S)-Lys(4)-OH,
trihydrochloride (Pam3Cys) LP which mimics the acetylated amino terminus of a bacterial

lipoprotein and OspA LP from Borrelia burgdorferi.

[0127] 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.

[0128] 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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pharmaceutically acceptable salts of AGPs as disclosed in US Patent No.

6, 764, 840. Sone AGPs are TLR4 agonists, and sone are TLR4 antagoni sts. Both
are t hougho 20@/1e79asef ul as adj uvants. [0124] O her sui rablca20isRoZ27ri gands,
capabl e of causing a signaling response through TLR-4 (Sabroe etal!, JI 2003
pl1630-5) are, for exanple, |ipopolysaccharide from gram negative bacteria
and its derivatives, or fragnents thereof, in particular a non-toxic

deri vati ve0639]liPgn élmnmmvasmB@DllNE!Lt)aTERhmm%uﬂ usad)thet iTcaablgoficatsingar e:  heat
shock protei n tein A

ot onoribd BidondOmaidh 18RS, luay, L TER 2oL LAGHANY oRIBRS 0

f ragnment s, sigriabifig RegRse Hegigh TER-PRbadteritt lagdlim- 2, and rrurarryl di pepti de
(MDP). In one enbodinent the TLR agonist is HSP 60, 70 or 90. O her

sui t abl e TOR0} Ih ag alidiBative emBodithesCa lfDRdgdarﬁstVﬁngﬂﬁf i@]:aﬁéBIg oatﬁahsgig aV\P ;
2003/099195 uch as c¢ ound Il and compound I]I| disclosed on
pages 4-5 H0 aﬁm %mﬂ(ﬁ% é}i@t@ TLR peopsb eapePle 659858 Ad | n
particul arg E%%g %egpdﬁl@@ ﬁhLRCéfa obd&t&é@%&%ﬁ(&é&%&% edEFBA3022,
ER803058, ER8O 053 ER804057 058, E 4059 ER804442,

ER804680, maolERBMemulmoAdémamifFéR6@g@m$mamdbﬂcequ_lmMolmg?dﬂ%Bm ER804057.

[0125] Additional TLR agonists are al so useful as adjuvants. The term"TLR
agoni se r e0é3ld Inen alteragjivaembpdimentsa dhRabondstds uscéﬂ@mgambbiog”nalsmw response

i ougn genrice Btm BrfEh IR ShbBFLoETR e et Tor
Zygt he]E| c sTgxﬁhag?s]tacﬁﬁsstm?JghmRuEedt s&tgleedtl’hﬂdddalNAlﬁsRN{Aa,ddxdribmg?gV?gje gv:’aﬂt S.
rief review. o e role .o vant receptors is
Kai sho & A&iaP%Fmeé}‘%‘Sﬁ?erﬁt@aS‘E?mmﬁﬁ 8%14“ ‘g”*z li}e PP’ These
potenti al @givitfRNh&edNth SiftomHdEimeaL, @henFI'ER hdomist REmiqRirRGL Phghe? TERY TLR2,
TLR3, TLR7, TLR8 and TLR9. Accordi %g/ i N one enbodi nent, the adj uvant and
se

i munogeni agoaisisgesdeserihed i M 202418 s an adj uvant which is selected
fromthe group consisting of: a TLR-1 agonist, a TLR-2 agonist, TLR-3
agoni st, al0T323-In anglternative embwlmeatg@ﬁLBtagOIastTuRe@tlagmnhmble ofcgusingzgoni st, a

TLR-8 ago ngigr%aling l’els?ﬁognsggx(r)(puigﬁt’PLR% . S%itgbcf)r{i%f.xenf‘]tglk ggorﬁsrt] (caaqpagle of causing a
signaling response through TLR-8 is a single stranded RNA (ssRNA), an
imidazoquinoline molecule with anti-viral activity, for example resiquimod (R848);
resiquimod is also capable of recognition by TLR-7. Other TLR-8 agonists which can be
used include those described in WO 2004/071459.

[0133] 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 Th1 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 muotif is a Cytosine nucleotide followed by a

Guanine nucleotide. The CpG oligonucleotides of the present invention are typically
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[0126] In one enbodi nent of the present invention, a TLR agonist is used
that is capable of causing a signaling response through TLR-1. Suitably,
the TLR agonoeto7empabl e of causing a signaling responsePCGa2gi8/002R71 is
selected from Tri-acylated |ipopeptides (LPs); phenol -sol uble nodulin;
Mycobact eri um tubercul osis LP; S-(2, 3-

bi s(pal m t oyl oxy)-(2-RS)-propyl)-N-palmtoyl-(R)-Cys-(S)-Ser-(S)-Lys(4)-0H,
trihydroc MCQKYIWG?CQ&HBQ@%GQR ehbedimentithecisterrveleaiidetip thetadigonuelaatide igr mi nus  of

a bacteri ' k i.n f rrel ' 127] In an
alternati 3%1 0@%@%&“&%@?’, org'gfhbgg@bOEF%%rgtﬁ@%ﬁg%&tahgq@F?H%Q%%g%sge‘ro CPc ausing a
si gnal i ng otkes paasecltdtide bgids BréRwithin Siel sceyel of thetireenfibiR Algo inichided evjthinltike of
causing a signaljng response. throu TLR-2 i s. one or .nore of | i popr ot ei n,
e bt L dogt Y PR eI BRI paes Maghd

bur gdor f erfor ploddciB@pHossherdthideR bliERREKERIRS of pHRSPHORRIGthREtelalRCdedcbRdin

St aphyl ococcus aureus; |ipoteichoic acids, mammroni c aci ds, Neisseria
porins, baé® BaterNgs; pbed. b3S, 5:928.302mnd WO RS2 -f act ors, CW virions, neasles
haemaggl utinin, and zynosan fromyeast. [0128] In an alternative

enbodi ment (013 0theragorpris thakcande gsadinimmynegapa spmpesitionawithad’ref si gnal i ng

response th. h, TLR-3 . Sui t 3 bt | a: causing a
signal i ng Jr]lélg%%hes%’ ﬁ@glagﬁhfﬁﬁ%ﬂ}bﬁs&‘ég%ﬁg%%ﬁg gﬁ er%ﬁﬁﬁ& a?ﬁlg’%tltNA) , or

pol yi nosi ndes@iiey byteind gdeisgpoamsckucirad @S21C) , a nol ecul ar nucleic acid pattern
associated wth viral infection. [0129] In an alternative enbodi nent, a TLR

agoni st i s[0U3EBaphdhs are tanginaiv [ercaifle-Dabsis, N\ and BagnalH. (IPI6 A poriae of the ough
TLR-5. Suit.ably,. the TLR aganist. capahl e of using a sigpalj response
b ough TUROSEY 4y Gbamased el i ioeA of Fpesey. TPHOmRIae 3P B 8 od ment
a TLR agong#pbning aréSRebid Bedkitdrens %B@@sli&swid&ﬁwi@ﬂrﬂameaimg PRhi 4hd miLmeonse

t hrough TLR-6. Suit abl g t he TLR agoni st  capabl e of causing a si ?nal I ng
response t#iBadHngAPIS 652poniny ardwiedder farming geljidal eqlyfiong in watgn whiekifaam and

h | - sol . 0. i t.i D of . : in WO
FZ) 082? 0 43276244_34&1(1{{8,%11 '8} pr&ﬂﬂfa{lhé)%ﬁesfgw WASR Qelp%hl%s Qtreqleﬂ%éﬁ Eﬂegﬁ)gankgl

they create pore-like structures in the membrane which cause the membrane to burst.
Haemolysis of erythrocytes is an example of this phenomenon, which is a property of

certain, but not all, saponins.

[0136] Saponins are known as adjuvants in vaccines for systemic administration. The
adjuvant and haemolytic activity of individual saponins has been extensively studied in the
art (Lacaille-Dubois and Wagner, supra). For example, Quil A (derived from the bark of
the South American tree Quillaja Saponaria Molina), and fractions thereof, 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 B1. Particulate structures, termed
Immune Stimulating Complexes (ISCOMS), comprising fractions of Quil A are
haemolytic and have been used in the manufacture of vaccines (Morein, B., EP 0 109 942
B1l; 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 No.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).
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[0131] In an alternative enbodi ment, a TLR agonist is used that is capable
of causing a signaling response through TLR-7. Suitably, the TLR agoni st
capabl e oVocawmsi7amyéa si gnal i ng response through TLR-7 i eCa/ci2naploe250r anded
RNA (ssRNA), | oxoribine, a guanosi ne anal ogue at positions N7 and C8, or an
I m dazoqui nol i ne conpound, or derivative thereof. In one enbodi nent, the
TLR agoni st is imquinod. Further TLR7 agonists are described in WO

2002/ 085908137 @232 ]is amHpin paﬂifﬁ@rmttbxiefrmtbudbnimdtfronathﬂbﬁrka)g?&milbﬂa is used

t hat capabl e cau r 8. Suitably,
Lhat LR coRRifadolia) A ftns Bt BRALGRIQSFPRANSR SRS S LAY,
singl e st rSa@ﬁTeidORMn(rsaet@‘gémc a@]nvannfodmlaqmmohtammgr@(fmw desoviticl naItvjvltO v :c ral
activity, resi 4 resi inmod.is so c eo
Fecoont 11 ot By S Beatoretradbhed Rt ik iR koD bEel” PR ude « hose
descri bed jirndiQloRRAHY &zll«é'saa%omﬁlos@ms lea@arﬁﬁélﬁéd‘ﬁltdrﬂb@n@@%wgﬁm and® TLR

agoni st is used that' is capable of causing a S|8nallng response through
TLR-9. | n ¥he. rerboaamdgse of thn@nmu@g&g@ﬁp@posetmab éan@rge@@lys(? iaussdghal i ng

response tJ‘leQe‘f%FatI)'uBZsﬁgpon'gs?ﬁ?@e bé“lv%e?ﬁ@@ %blé/h)%tva- ke 204 %¥ capabl e of

causi ng a srgnaling r roug teria raI DNA, DNA
cont ai ni ngaetwmalyzsugeﬂ béipEem2E 2 0p bﬂmweanrmp%ug, orl 5. Bmu‘(hmce contexts

known as t| fs G cont ol i gonucl eot.i des indu pr.edom nant |y
T oo oritepoTan oy KR i i ok IR rpRoh omerias O CefiRs. For
exanpl e, IdfaH\Qu%fLQZf W¥o 13 e384 8Rd 83)ch, ShifablyBatveah 6 NORuig, for @mplH0 and

5, 856, 462. Suitab CpG nucl eotides are CpG ol i gonucl eot1 des. Suitable

ol i gonucl estwead f ngsbéth‘f“Pnlghézngﬁ‘fﬁﬁ%é%?c“@Srﬁf Spgilpadurgrert he present
i nvention &g Qgeﬁt QHJ‘ﬁlﬁ‘ﬁa‘ﬁ'dBSe &*th&ﬁiﬂﬂ&i ég@ﬁosﬁ%b@ﬁéﬁ&mg?ﬂéﬁl dpg two or

nor e di nucl eot G notits separ ate y east Sul tab at | east
six or nord ahuaingg,tﬁOde@mpk @p@endtIu, oshetwey2o8iner suitailebitiveen 3—6phg owed by a
SSPLQFI SuéF lﬁ%} o ng. g &%ulgtlld %(r)]rlrjlgrliseﬁ?gt Qgﬁs (af hglgset\ergfhavg geen showi'to jon are

be successful Thl stimulating adjuvants when formulated together with an antigen. Thus,
for example, PreF polypeptides can favorably be employed in immunogenic compositions

with an adjuvant comprising a combination of QS21 and cholesterol.

[0138] Optionally, the adjuvant can also include mineral salts such as an aluminium or
calcium salts, in particular aluminium hydroxide, aluminium phosphate and calcium
phosphate. For example, an adjuvant containing 3D-MPL in combination with an
aluminium salt (e.g., aluminium hydroxide or “alum”) is suitable for formulation in an
immunogenic composition containing a PreF antigen for administration to a human

subject.

[0139] 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 are 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 are useful as a carrier or in compositions for immunogens, such as
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deoxynucl eotides. In a specific enbodi ment the intemnmucleotide in the

ol i gonucl eoti de i s phosphorodithioate, or suitably a phosphorothioate bond,
al t hough wbasphogisest er and ot her i ntenucl eoti de bonds a&ce/cai2vdsin217he scope
of the invention. Al so included within the scope of the invention are

ol i gonacl eotides with m xed intenucl eotide |inkages. Methods for producing
phosphor ot hi oate ol i gonucl eoti des or phosphorodithioate are described in US
Pat ent Nosbactriges viralantigng.7 SQ@@Qh@hbhswrmﬁumwlatOD@msiﬁbwn &dj uvant s

t hat can e S ntigens, e.g., on
their ombrgfreﬁig(ﬁgc% m%‘?‘%% w}?ﬁﬁ%g%%%lféﬂo%% aé‘no% Rer a ]%EV%M descri bed

her ei n, arRroteagoars have theicdpability@oito-apLihBk|intbapsicie neveaick-lileUMP clusters
Lacai |l | e- Dybpi s nd, \a 1996. Ar\uewofthebloloicland
ohar ol GY PR 206 0 b 808 hmctad oS hrliet o uainag. A0S 336)
Saponi ns e, eleBir@tAicaly drwa@bmugj YERBEARS cvbpdedty wHh plokdibatitRend N the

pl ant and mari ne ani mal ki ngdons. Saponins are noted for form ng coll oi dal

sol uti ons (Agsaargulagh Qﬂﬁlgﬂ@éhﬁt bavesHhdraphobia meictn Any peeprigtiommicthgd that

chol ester pore-like
structur egje?url\t ﬁlle %atgng@gﬁgm%ﬁc% catﬂrg)%hé W@Lﬁ@gﬁe\%{& g%l%ﬁ(;eg?l% Haenol ysi s of
er yt hr ocytiesludisg multemah:pvhler roémbranais ptnertoaeoramglteniglobhlar-EkaOMPoper t y  of

certain, but al | oni nS..,[ 013 aponi ns e kn as adjuvants in
Caceines rameastioBatens AR LR Rontte3RmE: B8 R usttiRuRBeRel ¢ act i vity
of i ndi vi diadeosonies barise prasarddc & e%ﬁ;ﬂél%is d&chbetin eHeask (kd¢, & UM Pat. No.
(Lacail |l e-Duboi s and \Wagner For exanple, Quill A (derived fromthe

a) .
bark of the/2AfI0r Nk Fikt AYe- ’f‘?%%%@i lloéﬁjoépng’éﬁé%%lﬁ%?“%m%%ﬁdogﬁ‘dﬁﬂsfract| ons
t her eof ¢ euvants”,
Konsi | a'fﬁ%pgl?%éﬂa?i@gof l;bogi;gotsDra%ﬁZméﬁ@ng?png?Q%bmlﬁ%rlg?Sﬂgﬁorﬁg% ond EP
0 362 279 tBlctenPawdlt@moau@ the OO pories (e.4. eVaiwerid speoies), Shichngersradllygrvitldapl exes

(1 SCOvb) , dRk N t S.0 | A are haenvolytic and have been used
in the manlg%)s {uzﬁ)éog 5/03%191\%2%”?%?0%‘% B., EP 0 109 942 Bl; WD 96/11711;

WO 96/ 337 tic sa (HPLC purified
fractions 4@?te%°nﬁ%% ‘BRBEC gg@ﬂﬂgéﬁ%&?lﬁg}?? Eifls ué%nbe%‘f’(ﬁ]ﬁvant s, and
t he net hocbroﬁexntsl(@MPspfrmdmtss@m mémginm (msstgl pbitindUSaibB anivelNas Saddd7, 540 and

EP 0 362 or ate j.n_by reference. her saponi ns
whi ch haveg%'@gﬁn%%t@ﬂe(? in solpnhy v&e&&ﬂ%\fﬂ)ﬁHS% gunss fon lgeoven Bewalder i ved

from ot heropl @mn}&awe *eafccﬁfés: hn: ab%vﬁ%é REAPWobdroREC, JapeN A, iRbéBasfQkd et al,
Vacci ne, 10(9) 2-577, 199
New Generation Vaccmes ew York: Marcel Dekker, Inc. 1997; 193-206). Proteosomes

can be formulated with a variety of antigens such as purified or recombinant proteins
derived from viral sources, including the PreF polypeptides disclosed herein, e.g., by
diafiltration or traditional dialysis processes. The gradual removal of detergent allows the
formation of particulate hydrophobic complexes of 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).

[0141] "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 Proteosomes (e.g., Projuvant) prepared from Gram-negative bacteria, such

as Neisseria meningitidis, and (2) a preparation of one or more liposaccharides. A lipo-
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[0137] @S21 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 NowO2p@Z79B40. Non-react ogeni ¢ adj uvant formul at iPomaCAzersimeatrng QS21
are described in WD 96/ 33739. The aforenentioned references are

i ncorporated by reference herein. Said i nmunol ogically active saponin, such
as (S21, can be used in anobunts of between 1 and 50pg, per hunman dose of

t he imrunogigmaccl@ddpwiheieodogemdngag@maﬁy gon@izt with the O RProteob@me|  of

about 25 | 4 j Ly, n - or

et ween 227y SAOEPBRTARERHTR i f OFE BRI R LGLaERAP |

anot her enfreehraddipio; oligbao&han&a(ec@o,mpafedtffmédnﬁﬁerm@%m T Gdiprosighniem coNpri ses
Q@S21 at a, ev I about . for e and 15 suitably
Sotweon 6 g OMP FRENIEN.O bt WP G DT EOERSRECORDoHAED, | bt neen
9 -11pg, arpsléhse floth tBe Eanid GRM-AERGEH viBREum ot WHIRMe@MPB pfparafiéh was

i nmmunogeni ¢ conposition conprises Q521 at a_ |l evel of about g, for exarrpl e

bet ween 1-10l or érpnbaedlﬂe@nt Gramgnegatiye bacteriyny Jropallipehogldalspie vy eratoocls@g

5 S n hovvn to
e Successu AL & BREN Bl KRR G B BENEe AR T
anti gen. Tdmuﬂ);natloms the«awfplTé;a Pm@ﬁnpmihppnq:naredeﬁ)r caampfl@uedabtihedbe Ushpl oyed in

i mrunogeni W th conprising a conbination of QS21
and chol esIt%éerngfq‘Bol?C@& Stgiﬁ'fmo r@? |2§$/¢’%%%dj uvant can al so include nineral

salts suc l.um r cal.ciumsalts rti ar .al uni ni um
ot ox; o T0EF1 Ehefbishor et G, 3 tesCrRRcned BRhayiind U0
adj uvant cawwuaedwmcaﬁapbﬁhoﬂswmmige@n méﬂmyb aéw&aym&ajsm(e g.,
al um ni um hydroxi de or "alu is suitable fo ornmul ation in

|rrrrunogen|‘i§m('?6ﬁ‘ﬁﬁ’§iaﬁddﬁgeé]?fﬁ% AhYPh- Phe ratigef pé@h 318M%Idmlhiy§l°ﬁlé)tb%n to a

human subj ] f. syi n ts for
use in forlrﬁﬁ% ea(%r?%rj?ggwl?k@fd::llfSgér}llfaﬁgesﬁg 5| gc{uﬂ es %taﬁ%%@'dl '?lr'r'?rﬁr?ost ‘mul at ory
conposi ti dheratigiPintsreugd ¢fiAMoltoi Il HR-dIRL: Q‘Sﬁ‘]boahoﬂlmnmmtiqnaadj\h\@m arly

sui tabl e cosal .a for ranasal adm t| on.

VP based PRSI PR CLEUPE sng aemylm L SRS AletR R Tons of

out er nmenbWaeefopnoket s cdnidiigion) thislcogibingtichosaR efilditd ) antig@npeiioThegat i ve
bacterla such as, but not limted to, Neisseria species (see, e.g., Lowell
etal, E%H‘“WE‘EFPO‘?LSGY 658, 1988; Lowel| etScience 240:800, 1988; Lynch et

al ., B| oph S. . J. 45:104, 1984:; Lowell, in "New Generation Vaccjnes" 2nd
ed.. MarcelP1# QRé?me igtances iagadigyapt fopsaulation ipglpdes gp Al-in-pageenyision g7: U, s,

Pat. No. Syifdfi @@suclpas% cal@im oMNQumfhivi? ZallSﬁﬁ)exadM]E Cdlcithphbsshbdl as a carrier

or in COITDOSI tions for | mrunogens, such
aluminium phosphate or aluminium hydrox1de

[0144] One example of an oil-in-water emulsion comprises a metabolisable oil, such as
squalene, a tocol such as a tocopherol, e.g., alpha-tocopherol, and a surfactant, such as
polysorbate 80 or Tween 80, in an aqueous carrier, and 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.

[0145] 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 squalene), 0.5-11
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bacterial or viral antigens. Sone OWP-based i mrunostinul atory conpositions
can be referred to as "Proteosones,” which are hydrophobic and safe for
human usewORn@iiEo®enes have the capability to aut o-assemrbiraA2nismorEsi cl e or
vesicle-like OW clusters of about 20 rimto about 800 nm and to

noncoval ently incorporate, coordinate, associate (e.g., electrostatically
or hydrophobically), or otherw se cooperate with protein antigens (Ags),
par t i cul arhgtoasl(Fyjtshly a theapheral such ahy@ﬁwﬁoﬁiemlmdé)t‘w mgreyybiEper at i on

met hod thaa‘glgesults in the outer menbrane protein conponent in vesicular or
vesicle-like form including multi-nol ecul ar nmenbranous structures or

nol ten gl i ke 05|t ) Iuded
wthin ¢ndOtstn ot et <BRORER e B Py BOBuRlo eSS TEMEL Jrbifed s
exanpl e, ds tisbefomi bb:ﬁfbnhtﬂs@ﬂ]euaif ds af oi€n- mtegemulkloﬁ IR@ine chies, the JrﬁﬁsBEZ or

U S. Pat. No. 5,985,284). Proteosones, can also contain an endogenqus

| i popol ysdwe Aampl gargjele |5125861|ef59tb§1a%tham dametees disclosedin W&%%lt vef 9

Nei Sser | o SarpRei BaPREREI MrioGH bk Ampl GRNER 1 Qe ICTROE BoukRad ot o v
pr epar at i dh22nfiorba@jenPratce@s desesbedrie Eumvpmls}h@bnpnumlw DI6g9 654)0 hem cal I'y

por1 ns A dnirgpy ;6 ABMPLRLE ettt IR b B RAASRROE TR et er gent
(Lowel |  CHdjiRamtcenamirs3D-MPI (@ph datbatiNathadeof) lsaincludes alrﬂidé’ﬁioﬁ&ll e Vacci nes.
In: Levine MM Wodrow GC, Kaper JB, Cobon GS, eds, New Generation

Vacci nes. w%molatwrcemwmker Inc. 1997; 193- 206) Pr ot eosones can be

formul ated with a variety of antigens such as purified or reconbi nant
protei ns d@MAd@r pragple, Whan am ppuiogenic RMRASIteR “tltlh@ RseEopol prsplidrcantigeio s

di scl osed 1@?Jrﬁfu&ted%xgadmlﬁmréiioﬂfté het i@t di’)fsa%e o@%&g%dﬁ?ﬁl feféhﬁ*nwtosoepr ocesses.
ows the

The gradual renoval det ergent al ' tion of particulate
hydr ophobi etffec@mﬂnéxdstlwly EOPITET0 2enic dh 9«1 G0t AdEem Genewllathe dosagd dfnel | GH.

Prot eosoneg;. F al .nj.e bI e yaccines n: Levine
W voodr o e iR AR IS Eorbiiin s Mernl e th L RBP a3 ARERY e Vor k.
Mar cel Dekzidﬁﬁmsthflmn t(i&ﬁﬂ’t (e.393dul0@ged 450k dlder). Popéxaapiethe almdtntaf 3B- ot ol | i n"
as used herein refers to preparations of proteosones adm xed, e. g , by the

exogenous MAkiit yeisallyingdbe r2pgq of due-200ke. Rickers 48- 1001 951 QHeadi8 2T dRset 0 pr ovi de
an OVP-LPS, 1;? ﬁbste lgﬁg&g@b&*ﬂ@%&ei éﬁﬂ%?fkh?s”r 9@ I IHUROS! gggé) Qt%o% y

conposi tion conposi t1on be conpri two of the

basi ¢ Conpiﬂplgniuﬁh@fffrﬁhab@itbugl,,or\éb(btﬁbug ra)ehbtdlemmg), toPdboOIISQE, sresBicune prot ei n
preparation of Proteosones (2«4{9 Projuvant) prepared from G am negative
bact eri a, Xeh Tapically, eheqeiQd wSﬁ@mﬁh@lf@muhﬁm(ﬂmra@gega@;&am@rﬁblﬁ (®d one or

more i pos&(&&]aﬁlg 1SR ratfos! 1ﬁd?(91ted above). For adult and elderly populations, the

formulations typically include more of an adjuvant component than is typically found in

an infant formulation. In particular formulations using an oil-in-water emulsion, such an
emulsion can include additional components, for example, such as cholesterol, squalene,
alpha tocopherol, and/or a detergent, such as tween 80 or span85. In exemplary
formulations, such components can be present in the following amounts: from about 1-
50mg cholesterol, from 2 to 10% squalene, from 2 to 10% alpha tocopherol and from 0.3
to 3% tween 80. Typically, the ratio of squalene: alpha tocopherol is equal to or less than
1 as this provides a more stable emulsion. In some cases, the formulation can also contain
a stabilizer. Where alum is present, e.g., in combination with 3D-MPL, the amount is

typically between about 100ug and 1mg, such as from about 100ug, or about 200ug to
about 750ug, such as about 500ug per dose.
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ol i gosacchari de can be endogenous (e.g., naturally contained with the OW
Pr ot eosone preparation), can be adm xed or conbined with an OW preparation
from an ewogemwwmustog prepared |ipo-oligosaccharide (e.g, pprapanmmotzzom a
different culture or m croorganismthan the OV preparation), or can be a
conbi nati on thereof Such exogenously added LPS can be fromthe sane

Gram negati ve bacteriumfromwhich the OW preparation was made or froma
di f f er ent [G48hAveigenunegeniaenmosition tyPicallptdntainssnomingmepretsctivg quantiy &irood t o

[ 1y Jncl | i pid lipid | ' || | es,
e e, oo Beiuo S PP VEPRER A R o™
exanpl e, @egh@ioniobBaminmbgbhiScompds@ivhs, ApdldipathosfolRidiinistedtion o Nenan

2003/ 0044425, [0142] Conbi natjons of different adjuvants, such as those
ment i oned HBICESHasTFElly dsseribediy Plb@“li’é@@@@@ﬁ?ﬁ?@@ﬂﬁ%‘ﬂﬁvy 6I%8r eF ant i gens.

For exanplSesighsth@bbard ¥nd Wi ®dnt I @it %y POl hAd REWMOE Pidhafn Medsh 3D- MPL.
0621 i B o1 - 10 to 10:

The ratio of 3D-MPL"W I'| "typically be in the order o 10:

1; such as!9955New Tsends and Bavklapimeats i Yberineat ddied Yy Yoller er aly fintversity Patkhe rati o

is in the - Pras t p X . i i on
adj uvant f%%%ﬂ %{ﬁllfngﬁ’ ?ﬁﬁ%ﬂ ég%‘%} %ﬁ%ﬁgk%&@ﬁ# rﬁm%r%@g%?sﬁ ?H%ﬁfgﬁetdas
al um ni um foyekampieg by Fillfsetonf G.SnPdtertt d(® 35,877 obdmjugatiooof, prothins tacconbi nat i on can

enhance an antigen-specific Thl i n 0 o 014 sqQume i nstances,
Che-ad uy REBRFHISS ORI deeanis o LRRREIES 2t i 28772’ 1t nor o
salt such &sndd £, ). QPaft Ahpnyyy um sal t, for exanpl e cal ci um phosphate,
al um ni um phosphate or al um ni um hydr oxi de.

[0149] Typically, the amount of protein in each 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 disease, especially severe disease associated with the virus. The amount of
antigen can vary depending upon which specific immunogen is employed. Generally, it is
expected that each human dose will comprise 1-1000ug of protein, such as from about 1pg
to about 100pg, for example, from about 1pg to about 50ug, such as about 1pug, about
2pg, about Sug, about 10ug, about 15ug, about 20pug, about 25ug, about 30ng, about
40ug, or about 50ug. The amount utilized in an immunogenic composition is selected
based on the subject population (e.g., infant or elderly). 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.

[0150] It should be noted that regardless of the adjuvant selected, 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 RSV in
humans are 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 RSV are also favorably administered to elderly
humans (e.g., alone or in a combination with antigens of other pathogens associated with

COPD). It will be appreciated that the choice of adjuvant can be different in these
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[0144] One exanple of an oil-in-water enul sion conprises a netabolisable
oil, such as squal ene, a tocol such as a tocopherol, e.g, al pha-tocopherol,
and a surwecvemt7979such as pol ysorbate 80 or Tween 80, i RCACA20084020T7
carrier, and does not contain any additional inmunostinmulants(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
exanpl e, phidepriepelisstiorseansthe eptingad adjnvant endaeasanirationefoneach situaigr e3n kenul si on
can cont ai | tebln Lar tricaprylin. [0145] In another
enbodi m&*ntd%ae ﬁaggﬁﬁi@%%éﬂgnéhtgﬁgﬁfgh%@%%@i ded a vacci ne conposition
conprising an antigen or antigen conposition and an adjuvant conposition
conpri si nd0&¥ ]dn keriain evabagimenty, thei immuapgenispompasitiong apmecanesrthat geduge ether

i mmunost i nul an er ej [ I ] -1.n-wat er | Si CONMpIi SE 5-10 ny
et abol | sArarbnfectOEM A Be” ol e smafbolal v M SRORE T R,

t ocopher ol vacah&hha sedakphiepré@anppeticddglicah rdpdhsé follotingeaifiettiinfwitgS¥gent .

0146] In one specif.ic enbodi ment,. .t he adjuva ormul ation inc|ludes 3D MPL
|[or epa]r ed i ‘t‘ﬁéﬁ) aW“ﬁ%FW@PSH?nSﬁE%i% ﬁe%??tgie?m?’iﬁé?‘é‘}“k’é V8hon, In

SOIME CasSesyt léa%n@%ﬂiﬁ&rﬁ[‘arﬁ%%n &f @g@ﬂdgelﬂ%@aﬁﬂsﬁ ottlef fhaR RSVe Fr BRAPIQ them | N
di aneter, as disclosed in 94/21292. For exanple, the particles of 3D MPL

can be snetathogemie giganigmisan be @psthagen pf the respirateny digetH sech@s 22irheeton nenbr ane
(as descri . r . : j vely, the

3D- MPL can&g%nlﬁlpégagf %%g%regﬁ {a?%%g{g%arﬁ?ﬂ gg Fr% Fégl% ‘T‘Aage?\g th&oﬁﬁngﬁ(%%wf t he adj uvant
cont ai ni ngcodipodiRbn {mitaids aheantigent devieed finem e phthogeniovitus othedihsn RAVagdh ts onall

i mmunosti nul.at ory conponept . . i .
a Vlms(%hzx causes an 1nféct10n of the respiratory tract, such as influenza or parainfluenza.

In other embodiments, the additional antigens are selected to facilitate administration or
reduce 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.

[0152] Accordingly, the use of PreF antigens or nucleic acids that encode them in the
preparation of a medicament for treating (either therapeutically following or
prophylactically prior to) exposure to or infection by RSV is also a feature of this
disclosure. Likewise, methods for eliciting an immune response against RSV in a subject
are a feature of this disclosure. Such methods include administering an immunologically
effective amount of a composition comprising a PreF antigen to a subject, such as a human
subject. Commonly, the composition includes an adjuvant that elicits a Th1 biased
immune response. The composition is formulated to elicit an immune response specific
for RSV without enhancing viral disease following contact with RSV. That is, the
composition is formulated to and results in a Th1 biased immune response that reduces or
prevents infection with a RSV and/or reduces or prevents a pathological response
following infection with a RSV. Although the composition can be administered by a
variety of different routes, most commonly, the immunogenic compositions are delivered

by an intramuscular or intranasal route of administration.

[0153] An immunogenic composition typically contains an immunoprotective quantity (or

a fractional dose thereof) of the antigen and can be prepared by conventional techniques.
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[0147] For exanple, when an i mmunogeni c conposition wth a PreF pol ypepti de
antigen is fornulated for admnistration to an infant, the dosage of

adj uvant we 2@remsned to be effective and rel atively nenTreaedssgeatrc i n an
i nfant subject. Generally, the dosage of adjuvant in an infant formnulation
is lower than that used in fornulations designed for admnistration to

adul t ( e.Pgeparatibml afémagmdgﬁﬁc ommpx}sdiizm)s infloding tixosp fer, adntinistratbunto humaBDVPL i s

t | t h h 0-10 014-50 d
a1 nf anouhigs ' gergrn drory b R dRdmaa L RiptenoRey. Yoo Vaeetat From -
about 1 gydshnafeYhbuGndSH gﬁafi’tsapi)fdﬁﬂlh %Qﬁéﬁ by POwelP indREWan) Flemith F@&L@Ut 109,

to about 25g, or to about Typical 'y,” where Q821 is used in the
f or mul at i1685. New Tran@ﬁefmddbwetnpnmtsah [Vac¢iaes edicasiorydV olderted ak Hémrvamty)gark

i ndi cat ed, abo For, .ad ri Iatlo t he fornul ati

ypi cal ©yrERcp e e fan, O HLS7R: EbeRBBiRURt WEHmomss P Round i n
an i nf antf,f Q{aiﬂﬂl@tﬂy%llehan R?St Peﬁéﬁtalf 23f5(¥7'7U|C%hjL%B§oﬂJ§f piBtedf3 181 | - i n-wat er
emul si on, such an émul sion can include’ additional conponents, for exanple,

such as cmdr«mmbmdbs isslinekdsediepr edaptpde, byd oldtiter bILS. Patedt 4372 94 amd yent , such
as tween 80 or s In e ry formul ati ons, such conponents can be
present i‘NM&! f’g’alﬁg\npﬁ@ma%xﬁﬂ?%a from about 1- 50nmg chol esterol, from2 to
10% squal ene, from 2 to 10% al pha tocopherol and fromO0.3 to S%tvveen 80.
':IL'ypl C?Ih | jOliﬂeTmalla &F amgual efrpsotein llpwacltm?pﬁﬁwommlmog@fugpompomon llésts t han

as is a hore enul sion. 1n. s ses ation
can al so Eredien o8 Bell Fhish s mip itprol S e RRRE RSB ot Pon
wi th 3D Mdkerst bide @ffeetsin ths tpicil sabjkot. DainiBEprofloald inkBRGoARE: dddnosuch as

from about 100g, or about 20014 to about 750pg, such as about 50012g per
dose. [ OE&SSSay menmeaBypiaicly praiegitysiagniost mf;epﬁlma lif] peans prefeqiionagainst

i nmunopraot ective a fra tional eqf the a gen and
can ber pre PRt S s et o Rl e ar ot AR MRS irbs reralinBEbh  c
conposi t i Mkigen tACYard HeyenHin@SHoh Whi E1Ki8 it Afuh ntlﬁ)eﬁhgm%d SGeh@slly it isS
general |y described in Pharmaceutical Biotechnol ogy, 61 Vacci ne

Desi gn- t rexpsaitdithat eawhduncp tosswilbhpymmriseH, 10001 eﬁlprlo;euPcsweh s faord abewtntug,

Pl enum Pr esg 1995. w Trends and Devel opnents in Vaccines ed| ted by

Vol | er etlod out( 90y erter example.drom ahout 1ngtq ahast éOuwpgh ayabout @A 0%978

E I h I d

e AR e B R R A

di scl osedyof08; %ﬁﬂﬂbﬁ T drhdihk Lifflized-iPan Rﬁﬁlﬁﬂ&geﬁl%p%%oﬁ@sé%éteﬁr nor et
aL, U S. Patent 4,47 [ 0149] Typically, the anmount of protein in each

dose of thHased mmhecsgbjnct@opulapos(etgomfam oselkiexdy)ed\raeptmmlanmmntfowal ch induces
an i mmunopr ot ective response w t hqut. si adverse S|de .effects in
t he typi C}:%rt gﬁgcgg}posmﬁﬁﬁ%bq Beeraingeby %&T‘{ﬂés‘% At wplvingeRbsaryation ssarily
mean conplghehy tlﬂésoinﬂ%ﬁéf?e%gﬁéegﬁ sdbnéc?sCtFo(Pl'awM% AHAP v ﬂ{aﬁg{‘;"sﬂﬁ cBgal nst
synptons or di'sease, especl y seve e di sease 5500|ate e Vi rus.
The anmpuntaneécedvetd st Maabourd-y2 ceplen diongxarmpple, whérciinsipBtiring@ni nmmunogen is

enpl oyed.. General ly, it .i;s expected that each human dose w_ |l conprise

1- 100014 1BME0gERL ﬁom§%ﬁ%§orﬁma%@d’csaﬁ anptigendo ap i@y subiegfothg inifigh andy anp| e,
from abo

about (L)%u béé&ge t%@é?]%ﬁ?n@irb ET%%CP%%% ¢ évﬁtl?gt?lglt o%%gtﬁ{éﬁswg%ou
401.tg, aiurmgohntspﬁﬂ{)&g The am)unt utilized in an inmunogeni ¢ conposition
is selected based on the subject population (e.g., infant or elderly). An
opti mal JOD§EY THeofollawiiy dxafipladrareropided td Winsteas chrtidpattilal feefrdyandtoandar d
studi es involving observation of antibody titres and other responses in
subj ect s.emkadinonthg Theseienamplgs shawdd petdeiconstrusd ip Emitdhe Hyyentiandoibe a boost in
about 4 lar[tQJt %o}%mﬁg&imeﬂ Q@S({}%tegd that regardl ess of the adjuvant
sel ect ed, e concen ifonitn thetinal forrmulation is calculated to be
safe and effective in the target popul ation. For exanple, inmunogenic
conpositions for eliciting an i mune response agai nst RSV in humans are
favorably adm nistered to infants (e.g., infants between birth and | year,
such as between 0 and 6 nonths, at the age of initial dose). |nmunogenic
conpositions for eliciting an i nmune response agai nst RSV are al so
favorably adm nistered to elderly humans (e.g., alone or in a conbination
wi th antigens of other pathogens associated with COPD). It will be

appreci ated that the choice of adj uvantsocan be different in these




di fferent applications, and the optiml adjuvant and concentration for each
situation can be determned enpirically by those of skill in the art [0151]
I n certaiwoenyadpsent s, the i mmunogeni c conpositions ar ecraxcirsam217hat
reduce or prevent infection with RSV. In sone enbodi nents, the inmmunogenic
conpositions are vaccines that reduce or prevent a pathol ogi cal response
followng infection with RSV. Optionally, the inmunogeni c conpositions
containing a PreF antigen are formEMABMPLESt h at | east one additi onal
antigen of a pathogenic organi smother than RSV. For exanple, the

pat hogeni c.organi sm can b t hogen of the respiratory tract (such as a
virus or b espiratory infection). In certain cases,
t he i muno | CC sition contai ns an antigen derj from a pathogenic
Vit us ot nelUToREHSSRERF SR waS Aief Fn AP o f Bt RS prl B brBR e
respirat or yabiligethe pfotiindiss prefhidioiesohformiati@a badet bh uRpEaliction tiglk Aeimmune

enbodi nents, the additjonal antigens are selected tq fa,ci I i,tftt e
admi ni st r afSsBseeencRide thepelpsiomeqniymation e il weyld prefereniiglly sgiudg protect a

subj ect agaiihicgal Woal %)I'eylel‘ﬁfbiﬂdm © Crif Rt S Sfthe IRy/or'otier BY@MRhfolvddne
antigen can be derived ffomany one or nore of | hfluenza, hepatitis B,

di pht her i ajn membrans{usiorstherslyi ingreddemashéfficacyioh fHeypeoteciive pasponse. r us,
Strept ococcus or Pneunopcoccus, anong ot hers. [0152] Accordingly, the use of
Pr & anti gef¥5d} Fitiid Aeind Baschetsatichidyt illesteatdieattiies nf RV tFhang exspaplay Pok of a

medi cament _for treatjng (g r. therapeutical,l ow n .

o ophy | act FEamPRERRRts o i ] Rsh FEraBTHionaR e OR) B, is s,
feature of pidtdis cslisBEhOSAH7@ anihdRVdsS The m?ﬁqﬂ&eﬁm poteoBitAlRprédesieahd e
response against RSV In a subject are a feature of this disclosure. Such

met hods i nélyeerylatdrfrlipwng trapdation. Ardianaregtide which igktearamoyed Byp sighalof a
conpositio ri.Sd : i 3 : i : man

aUb) ot ;| CLAURERY lafyehcrdtsla AT of AL KRR o (MR A SRR AT s & Thi
bi ased i mlascengptidsio theTRe istberpglicosytatedsat fimltipié sitee (represeateddiyt an i nmune

response specific dor RSV w ut enhanci viral di sease.fol |l gw ng contact
i h Rev.  FiRelen FofhoRaheb st FE Hoe R TP gpdf1 e egmERE Shiskis B, °Th

bi ased i Muneassaslehogethérak atSelecdF2M1 Hetetodiers (thatfig Gttinted FRIR1). B iBSV and/ or
reduces or prevents a. pathol ogical rﬁ;pon e followng infection with a RSV.
Al t hough t RENESHFo etk BiAteinia B0t 19 e &7 é%leg’y adrapspgrahyrgnedyeliyin he Cant

routes, nMSmGRAMTERdNY AdHiiendl %M@%ﬂﬁﬁ@ﬁﬁm?ii&é iHéladéa g % %l:i'h% RiRdedy an

i ntranmuscul ar or Intranasal route of adm nistration. n i mrunogeni c

conposi t i orhargqirizad neutrabping ppitopes 2 icoibadrasi regienst anden lipication mptif. ofIGa 1B
fractional ;o8I RELEIL eRinpidl PRBLLESAs 200 GRud he¥:EPAHEM:, e FPNVENt | onal

t echni ques.
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 FQ. Second, the pep27 peptide
(situated between the F2 and F1 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 RSV G

protein was added to the C-terminal domain.
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Preparation of imrunogenic conpositions, including those for adm nistration

to human subjects, is generally described in Pharmaceutical Biotechnol ogy,

Vol . 61 Vawoizo@/De®hgn-t he subunit and adj uvant appr oachpcediazew/dog27Pownel |

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

edited by Voller et ad., University Park Press, Baltinore, Maryland, U S A

1978. Enca suI t|on th| n Iipasones .is descrtbed for Au.n by

Ful | erton, s gction andd ugitication,g OB IS 3+ onol ecul es

s di sclosed for exarrple b L|Idt he, U.S. Patent 4 372 945 and by Arnor

et al, U. 90138t/ Freombungnt m%uclf%@saqqu?w.eeaqdrrge anhemERBTAE SRR BR% n i n

each dose ﬁfro&d&@d NOMROGRD &116 RTRRTrdduetod & IB&H £RLEF PansidhtlgMarTctedhi ch

i nduces an i mmunoprotective response W thout significant, adverse side

ef fect's i nhasheells ppéxpandedstableqopulptinns sorpprisingthe indroflyced pplynuciestidst does not

necessari | J

protecti onyeggal W% resr%?$‘$'§%1¥e£ ds:'éﬂéi\égw%ggmgiémflﬂg ?0(}3/3}92 ad‘irl 'S ea‘%)%Dle

associ at edscaletfor thédesited purpostiie g.aangentrallf danthbe@emFreaheyar%@w plesrelbfig upon

whi ch specific i ) enpl.o ed at each
B, BrErdhiont Meles i R Lovbuted e

human dose2tte

about 100 ﬂef@encf:@&teﬁ&ﬁam}h)e T chllISl @ﬁ%Q!éIls Wil gh bl QerumoPdm el i ﬁﬁk@bOUt
| g, about 214, about out 10 about 15ngy, about 20ng, about 25ny,

about 30rrgﬂastsba}t&7 tht,b. C@rz anghpastag -3 daydntgryal§ner iy biorqagters 3t 49%n

|rrrrunogen|‘g,tg§5F tlﬁﬂﬂéhdt%‘?e' ected based on the subject population (e.g
I nfant or f 9?‘ n opti mal anount for a particul ar conposition can be

ascertained by standard studies involving observation of antibody titres
and ot her [Oéé?ioTrsresowenresonbple@ttts?reﬂmhgmﬁmgelanultun¢ wasanentref@gcdraad thereell subj ect s

mmunagent i aEhd RRRH st Gyt BEtpL el o PRI Bt e IRPARBIEC, 1 e
initial anef=lkskessigerianacwbridilons 2c aﬁthb&rlﬁarmmﬁtn& ra&jdst‘éd)toqﬂ{ aSivdth with
other vac CNQ&% %?uren s&lﬂe?r}atearnte \Cajlas oatleg%t ;[t Itytesofplﬁ l?mln onto a Q Sepharose FF ion

exchange column (60 ml, 11.3 cm), equilibrated in 20 mM piperazine pH 9.5. After

washing the column with the starting buffer, elution was performed with a NaCl gradient
from 0 to 0.5 M NaCl in 20 column volumes (fraction size 10 ml). Fractions were
analyzed on SDS PAGE gel by silver staining and western blot. Fractions containing

substantial PreF protein were then pooled prior to further processing.

[0160] The pooled elution of the Q step (~130 mls) was subjected to buffer exchange into
10 mM phosphate, pH 7.0 using the bench-scale TFF system from Millipore with the
Pelllicon XL PES Biomax 100 (MWCO 10,000 Da) membrane cassette. The resulting
material had a pH of 7.0 and a conductivity of 1.8 mS/cm. 100 ml of this sample was
loaded at 5 ml/min. on a 10 ml Hydroxy apatite Type II (HA TII) gel (XK 16,
height=5cm) equilibrated with 10 mM PO4 (Na) buffer pH 7.0. Afier washing the column
with the starting buffer, elution was performed with a gradient from 10 mM to 200 mM
PO4 (Na) pH 7.0 in 20 column volumes. Fractions were again analysed on SDS PAGE

with silver staining and coomassie blue, and the positive fractions were pooled.

[0161] Following affinity chromatography, the pooled fractions were concentrated and the
buffer exchanged into DPBS (pH ~7.4)using a Vivaspin 20 concentrator unit, 10,000 Da
MWCO. The final product was about 13 ml. Protein concentration was 195 pg/ml,
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[ 0155] The follow ng exanples are provided to illustrate certain particular
features and/ or enbodi nents. These exanpl es should not be construed to
limt thewOrem7dpm™e to the particul ar features or enbodiPoceEmA2oa®za7ibed.
EXAMPLES Exanple 1: Exenplary PreF antigens [0156] The PreF antigen was
nodi fied as conpared to a native RSV F protein in order to stabilize the
protein in its prefiision conformation, based on the prediction that an

i Mmune r espgRsed BENewat Sshyt Puiityovasroedats tian 9suN fbispatifiehPRF ahtigenul d
preferentially include antihodies that woul d, prevent binding, conformation
shifting aREPaRleR Wéfrﬁ@éﬁflgzqdﬁ%ﬁ‘??g 3 Onfe REPTHASE usi on, t her eby

I ncreasing the efficacy of the protective response.

Example 3: Characterization of the PreF recombinant protein produced in CHO cells.

[0162] PreF recombinant protein produced in CHO cells was characterized by
asymmetrical field flow fractionation (AFF-MALS) and compared to a chimeric antigen
including RSV F and G protein components. AFF-MALS allows separation of protein
species according to their molecular size in a liquid flow with minimal matrix interaction
and further analysis by multi-angle light scattering for accurate molecular weight
determination. FIG. 2A shows that more than 65% of purified FG material is found as
high molecular weight oligomers (1000-100 000 KDa) in is final PBS buffer while 3%

remain in monomeric form.

[0163] FIG. 2B shows that the purified PreF protein is folded in his trimeric form to a
proportion of 73% in PBS buffer. 10% of the material is found as 1000 to 20 000 KDa
oligomers. These results indicate that the recombinant PreF protein expressed in CHO

cells is folded as a trimer as predicted for the native state.

[0164] Purified PreF protein was also crosslinked with glutaraldehyde for the double
purpose of confirming the soluble nature of the protein in phosphate buffer solution and of
generating aggregates for comparative in vivo evaluation with FG protein (see Example 7
below). Glutaraldehyde crosslinking is known for providing a good assessment of the
quaternary structure of a protein, and is described in (Biochemistry, 36:10230-10239
(1997); Eur. J. Biochem., 271:4284-4292 (2004)).

[0165] Protein was incubated with 1%, 2% and 5% of glutaraldehyde crosslinking agent
for four hours at 4°C and the reaction was blocked by addition of NaBH4. Excess
glutaraldehyde was removed by column desalting in PBS buffer. Resulting protein was
quantified by absorbance at 280nm and evaluated by SDS PAGE in denaturing and
reducing condition. The majority of purified recombinant PreF was determined to migrate
as a trimer in PBS solution. Increasing the incubation temperature to 23°C was required to

convert majority of trimeric protein to high molecular weight aggregates, as confirmed by
SDS PAGE.
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[0157] FIG | A and B schematically illustrate features of RSV FO and

exenpl ary PreF reconbi nant antigens. FIG |IAis a representation of the RSV
FO pr ot eiwoO 2b@9/i78798 pre-protei n consi sting of 574 am noPpratia008kioz277FO
pre-protein is proteolytically processed and gl ycosyl ated fol |l ow ng

transl ation. A signal peptide, which is later renoved by a signal

peptidase, targets translation of the FO pre-protein to the reticulum
endopl asni Exan | Mg yirgNeutiahizatign I ' she PeFantgenn, gl ycosyl at ed at

multiple sites : epesnt e ¥ ri an(tgl es). Furin_ cleavage of, FQ generates
F2 and FI pelti g’é“"@éﬁ%f?ﬁ%‘,m% rem vehuaToees| Wrkeiscagraehios Erpinaly 2edig¥tiver Aas a
trimer of I onSnhiBtibd 7 it Hy¥g sState,
the F prot E? ﬁ*@%ﬁ%ﬁ%ﬁgg&% %eéth{i%&ohg?héb:{gé%@Za%ﬁ%yaﬁiﬂgvﬁa%ﬂg}%ﬁﬂglé%eg\ﬁi n the
C-t er m nal priogR8M.newddizeticormmienfigditatiesestablished fGr@agiodeppe pmipde Breflyide, 15

Cysteine residues, .4 characterized. neutralizi epl topes, 2..coiled-coil

r egi ons, a%c%raaw‘frf’ Bll’éeélt‘?’@hm%ﬁ?ﬁ‘p.mtﬁlln&&y}i%oﬁ a}‘foﬂ'grglrpé&glél $ggﬁp8p@gg of exenpl ary
Pr SFf anéI [ g%@@ntiég@ltﬁ ﬂfb&il‘iﬁh@‘ic E(f?eisd%s%E irﬁUfS iPgefit, Nd. 3¢l 95,695101@@@&& Rjﬁth ]
nodified to stabilize e prefusion conformation of the F protein, thereby
et ai i g CABBRERRSADRSHE TN Eh S5 ¢ B snegiort 0.5 B8 7

present ed byuhdigie BoY gyl gbﬁaﬂ?éiﬁ)_(alltlﬁviﬂbgéﬂ),%d‘i&uﬁdiéh { .58 PRoutd 4t 7PO8k acel | s.
The following stabilizing nutations were introduced into the PreF antigen
rel ative t dotetieg wiebo?Q/pdhe serel dilmtiprsof sera gndiproteinsivrege mief éa toohd  dormai n was
pl aced at t ~Jeer 14 4 o)

pol ypepti debf(‘gﬁ(rngpg}6 :\&{ﬁn%gt% P@ﬂ%e \F gﬁgregﬁz o‘?ﬁﬂ%\égt“égaﬁwlﬁ?gﬁg#lBE%L ﬁggg%ﬂ;d, t he
pep27 pept iseen sindpleat e révaiting emixfules wezk iatubafet fat@Faninstes &t 36 M@ umdet 5%

pr ot ei n) wzcs enoved. ird, both furin notifs were elimnated. In
alternativ %%@dﬁ?‘ﬂtéﬁ't ‘(desi gnated PreF_V1 and PreF_V2), an

i mmunol ogi ¢ ctive partion (e.qg., amno acids 149-229) of the RSV G
protein mﬁlﬁéé@e gATHED T EPMRAfreTBtra n P ae&@wa Rrevoust ¥ergeelion and
Purificati agedell fiRf BtohPTPWEN PRt af iRbdaRkd Féromdei@t 389d Srior kdddaGlondf

reconmbi nant pol ynucl eoti de sequence encodi ng an exenplary PreF antigen was

i nt roduced litAplofimepsiuncEtheclatesswere furtheeingubsted den b dayts aPEC with $9&02
Transi ently, Li 3z 1%‘1"138% Rcsetalsga 'fthﬂEtergd%Pe%{}&lﬁC%o?l%@a\i}léeﬁx%{?&i‘%o?ﬁ hOtwit
pol ynucil eotl q re grown

conpri sing e 1 ntroduce e sequence i'n med um and
under condi % parafosmaltieiykle irf ghosgha\ituffert saline gPBE)pplatel eredddoked with2te desi r ed

pur pose (e. Q.. rally describ in_ Freshney .(1994) Cult of Ani mal
Cells, a Naﬂ@%{}’ﬁgfgcgﬁ&ﬂ%&hﬁma@rﬁgﬁd %nag@&@@ﬁ%léwﬁf tiop; L4007 %83, Vor k
and the refgu@neeaciwéPdithdiRFatiRg and iMAibaRH kot 2 Hobi at RlokrSteMBErBtutt @7, 1 N
serumfree mediumin shake flasks at 37C with 5% CO2 and passaged at 2-3

day i nt er vatagplesrvargwashed dawith PBSand pusceqqt sU-BUXL (Pagma; di498tindockng, [ 0159]
To recover tfu?fé%’&é AL toF%B@Eeﬁé?tTth,g&tes geo%%ln! ina]l'ﬁlaéeﬂ & ¥R sGf R‘rgnﬁuged and
u at | 0

the cell culture supernatant stor unt urther use. r further
anal ysi s, twawhéd 2eas ahbvequionr o sadiog| A welllwas censglepdpositisnwhener & fldotescentd 2x

with purified water a ] Wst .0 pH.9.5 with Na uper nat ant was
| oaded at asyP%?E“Emo‘f’asl‘%%ﬁﬁ%&r# ﬁ": g(g/ﬁ%‘ﬁ“ c‘&ﬁ?‘?,é‘bf‘ém%’r"8§8s"§§q”ﬁb% calellations

were performed using the Spearman-Karber (SK) method and percentages of NI calculated

as follow: [(Neut titer of Opug/ml inhibitor — Neut titer of 25pug/ml inhibitor)/Neut titer of

Opg/ml inhibitor] X 100. Exemplary results shown in FIG. 3 indicate that PreF is superior
to FG in NI in 16/21 donors tested.

Example 5: PreF antigen is immunogenic

[0168] To demonstrate immunogenicity of the PreF antigen, mice were immunized twice
IM at two weeks interval with preF (6.5, 3.1, 0.63, 0.13, and 0.025 pg/ml) and a Th1
adjuvant containing 3D MPL and QS21 at 1/20 of human dose (“ASO1E”) or preF (1, 0.2
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exchange colum (60 m, 11.3 cm, equilibrated in 20 nmM pi perazine pH 9. 5.
After washing the colum with the starting buffer, elution was perforned

Wi th a Na€b2g0%ddpmet fromO to 0.5 M NaCl in 20 col um walrumesos(obezact i on
size 10 ml). Fractions were anal yzed on SDS PAGE gel by silver staining and
western blot. Fractions containing substantial PreF protein were then

pool ed prior tao further processing. [0160] The poqo] ed eé)u ion of the Q step
(-130 ni s) 2(A8-Odusmlyamds Th aslppatico é‘?@ﬁ“&r?ltﬂe B W dgse pH 7.0
using the l@emggr{deseﬁﬁfwg&m%{wm%kg Mgpre W|th the Pelllicon XL PES
Bi omax 100 (MACO 10, 000 Da) nenbrane cassette. The resulting material had a

pH of 7.0 i@%ﬁ&ﬂg&#ﬁhﬁb mgtl%dﬁtlmm d&&‘ﬂnﬁgéi i oBl*éH §er§fﬁ@%§ ¥‘%§ | oaded

at 5 mM/m apatite Type
hei ght =5cmEldSdiakdondiag E)dstamdarld p1®eduvbS°CBhe¢1Ma96 -Weil pletes pylerewoaed mﬁther washi ng

h I h h I d di
T AR S S0 R TR
agai n anal yse. (Bbruﬁﬁ)&rﬁmeiwifetséhaﬂy ldi/lﬁlfed it odkinpduferstadagmsaiisitill ue, and the

positive fractions re pool ed, Fol ] .ng affinity, chromatography,
the pool ed @?cgetr?tmﬁ\xépea e'eaqwmwit% dnoyseilgnienar Y} at $@Hignged into DPBS

(pH -7.4) U%bﬂ&nﬁtaﬁ@n!@?fb()rh 1 £RAREEBAERIR 2h HYbbm t&ﬂpe@&@re%d%@auﬂoﬂ? final
product was about rotein concentration was pg/ m, assessed by

Lowy assaywas ldgﬁeme«j' wthélogcr@ésleperoméwe OIEBA)-oej ugated nmtf n@dseﬂg@FGSmmas gein
preparati on $85 shidhGheibdldd AV BON BATH, BIFBGsAELRS, I WikGised

as the substrate for HRP. 50ul of 1M H2S04 was added to each well to stop the reaction.

Absorbance values for each well were detected at 450 nm with a Molecular Devices

microplate reader (Molecular Devices, USA).

[0170] Representative results detailed in FIGS. 4A and 4B show that strong titers are
elicited against both RSV A and RSV B following immunization with preF antigen.

Example 6: PreF elicits neutralizing antibodies

[0171] The presence and quantity of neutralizing antibodies was assessed in serum
samples of mice immunized as described above in Example 5. Pooled sera from
immunized animals were serially diluted from a starting dilution of 1:8 in RSV medium in
96-well plates (20 ul/well). Control wells contained RSV medium only, or goat anti-RSV
antibody at 1:50 (Biodesign international). 500-1000 infectious doses of a representative
RSV A or B strain were added to the wells, and the plates were incubated for 20 minutes
at 33°C, 5% CO,, before the mixture was transferred to 96-well flat-bottomed plates
previously seeded with 1x10° cells/mL Vero cells. Cells were incubated for
approximately 2 hours at 33°C, 5% CO; and refed, prior to incubation for 5-6 days at the
same temperature. Supernatants were removed; plates were washed with PBS and
adhering cells fixed with 1% paraformaldehyde in PBS for 1 hour, followed by indirect
immunofluorescence (IFA) using a goat anti RSV primary antibody and anti-goat IgG-
FITC for detection.

[0172] Representative results shown in FIGS 5A and 5B, respectively, demonstrate that
significant neutralizing antibodies against both RSV strains are detected in sera of animals

immunized with preF.
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Exanpl e 3: Characterization of the PreF reconbinant protein produced in CHO
cells. [0162] PreF reconbinant protein produced in CHO cells was

char act erwpeadodyomsymmet rical field flow fractionati on eAFEAMISBHN22ENd
conpared to a chineric antigen including RSV F and G protein conponents.
AFF- MALS al | ows separation of protein species according to their nol ecul ar
size in aliquid flowwth mniml matrix interaction and further analysis
by multi-a gemple 7; IQeCs apUBSt RGN C1akeneet e npl ecul ar wei ght

determ nation. FIG 2A shows that nore than 65% of purified FG material is
found as hil@h3dMisewersimpuaniged twiss b ey teroegb ontersal ap descriedgpoyenapds i nal
PES buf f er lichgediick HEBLLhilcRinIRARARiéetib P WTh REVLR Sbrofdfion AHirshRYw that the
purified PreF protein is folded In |% trimeric formto a proportion of 73%
i n PBS buf fveas evalaas by measurieg the viaws presefitdn hunga 1000 challedge.Odorichidungs

ol i goners. JThese results indicate.. t_the.r i nant  PreF i N
expressed ifﬁo ¢ ciléisanlméa1§ ngrgggae géar@r rp?ﬁegrf&g%"%% i CE Sé%g}do‘}r%sg %(gfnnat ive
state. [016HV Redium wihgPrwhinpgsof ¢ mlAvmg iml Sml mbes dlunpkeerehentweighed

gl ut ar al deh for the double p se of confirmn e sol ubl e nature of
the protei ﬁ‘}/’s ﬁorﬁﬂ%f?&ﬁgf Ty @ﬂnu_égﬁ(?mdw ﬁﬁﬁ%?ut@r@%sci g?treﬁgora@%j%at es for
conpar at i V&FisRerVN¥feaf ON) Ul icBiitrifigbd1atP65 Pk QS Tm{rdRe aReATIHE viudple @ -

G ut aral dehyde crosslinking is known for providing a good assessnent of the
quat er nar y 18 thesoparnatanss was tgengd by seriabgidintion (dight ceplibates startiggitdcaoh et ry,

Protei n washIRERAPRr Vet b BT 5y Hnftn Ser UG il BREE

agent for ffous ddyouRSVatvasdieteated by ndire@dEA ifdlowigsihgikiéd by additi on of

NaBH4. Excess .glu a S .renpve col umm .desal t | j n .PBS buffer.
Rooul 11 ng. pRERATA R TR AT SR ege s bsRars AL b ed by
SDS PAGE i ninflgad18Giseebnand ah@sbdagi ng condi tion. The mejority of purified
reconbi nant PreF was determined to nmigrate as a trimer in PBS solution.

I ncreasi ng [bimey) iRepHBRkAtRB rdsERPROFh U BIAS06 A 3d BRRmOBGAE REddses &RAMS ok

majority of trimeric protein to high nol ecul ar wei ght aggregates, as
confirned BygtephapA@HLg when given in presence of adjuvant elicit strong protection against

RSV.

Example 8: PreF does not induce pulmonary eosinophil recruitment following challenge

[0175] To assess the potential of the PreF antigen to provoke exacerbated disease
following immunization and subsequent challenge, groups of mice (5 mice/group) were
immunized twice each with (a) 10 pg gluteraldehyde-treated preF, (b) 10 pg preF or (c) 10
pg FG without adjuvant. Mice were challenged with RSV A 3 weeks post-boost and
bronchoalveolar lavage (BAL) was performed 4 days post challenge. Total leukocyte
infiltrates in BAL were enumerated per mouse as well as differential enumerations (300
cells) based on cell morphology of macrophages/monocytes, neutrophils, eosinophils and

lymphocytes.

[0176] Total cell numbers were multiplied by differential percentages of eosinophils for
each animal. Represented are geometric means per group with 95% confidence limits.
Representative results shown in FIG. 7 demonstrate that eosinophils are not recruited to
the lungs following immunization with preF and challenge. Furthermore, these results
suggest that the soluble nature of the preF antigen, as compared to a deliberately
aggregated form of preF (gluteraldehyde treatment) or FG antigen (naturally aggregated)

does not favour eosinophils.
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Exanple 4: In vitro Neutralization Inhibition by the PreF antigen [0166]
Human sera obtai ned fromvolunteers were screened for reactivity agai nst
RSV A by wol8A/mEasmeused in the neutralization inhibitiorcCARo@a®za77 at

rel evant dilution based on prior RSV neutralization potential titration
established for each serumsanple. Briefly, Sera were m xed with inhibitor
proteins (PreF or_a control protein corresponding essentially to the

chi meric FEeaweses bisERE i n US Patent No. 5,194,595, desi gnated R xFG at
concentrati ons of 25ag/rrfL in DMEM wi th 50% 199-H nmedi um with 0.5% FBS, 2

mM gl ut ani €2 B0 enamycj.n_ ( 8 InV|ntc£oquenc} and, incubated 1.5 to 2
hours at 37%C, 0N & T ﬁ%;fnlknzgccgg Eg§ & serial "diTutions of sera and

prot ei ns wWekggdgeX ab&cacgéag@&abgéata@mc%ﬁcae@utcaétagrcgga@amtag%vgﬁtt:tgred to
optim ze t heciange attdaafidictinnafetataghhgsgiddmsanpieracttieadrestdibiag

m xt ures weretdmcuatedapiortt@Gantamabesaadtad3C canteraBUée CORadt@ariantai N pH.

[0167] The @é?@gr?ﬁfﬂab?qaéﬁaa\ﬂaﬁwtm%mﬁaést%e?@Gt:m,iﬁaﬁgaewCPmt@ctmﬁéW ousl y

Vero cel | - $éé %Féﬁcﬁgéf‘acﬁ‘é T

gger at
33C prior t(i %%@ i gcaﬁgg) P’ﬁ% gﬂ?ﬁ taégi({ﬁ?z%t
i ncubat ed 108 , 560 §aggﬁ . gteegglt tatéfg%&@ ligpescence.assay
for tit ehagdetecdiagihask: @waegtatw@tahmg Magdt ROGFat W daBaddugcaactg
par af or mal ctehygia@ttdtaadmmamrceadm&cftebwasadtlaaeag@EBS)taqﬁbe&aescaxg@t@tabboc ked
Wi th 2% m |dkAPBSt aaudaBltockt dkddcerataGoma t gatt-ot REVatant idsbahyct Bitedesiegn

I nternati 0r?;tciqaéeﬂa)gt%ﬁ%tgé@@éﬁaattét‘Ecééﬁtg\ﬂléﬂacﬁ\ﬂctaﬁmtaﬁ%éi Jearatiareddbat ed

for 2 hour Sagaggata%%??(ggtﬁgigﬁﬁ%%% ?a[‘%catctﬁ gﬁzg\ﬁgﬁactgagﬁégg%tg;g% an
anti-goat GG ElL T8, @eg iBg B e
wel I's. The qf c%éamggca@g%ﬁ@ii&gy@q T ﬁeegas;g RIc.and: eshed: 2x as

above pri oratt;@ttrgeaacﬂaﬂgatgécwehiaawa@t@eams;b te@btpaﬁdat:m&cmg&clt{dtgo& escent
syncyt i um wasgcidebectaes:aadtr abfnt ¢ s tmasat dgtigyabnégebddeatdaset apIdgbho)

cal cul at i orgtaertet perfvraerdtasicagtdthectSpemtarrrcKarbertaf SKparachoaand

per cent agestaéfa%Ft%t&F%iﬂaé%%g%?é?CFﬁalabwat f(%é*’tﬁacﬁ‘?tttéﬁtaﬁc‘(?ft%? PEA23CRNI bi t or
- Neut titel Bf2S8HNE EW@E@E“?E@ 1200 i“ttQﬂﬁ%tia IEHIESTY; X 100,
Exenpl ary raetwiit -slow. é ELGl e a%@ité’a@@cggﬁr EdcSanuers ol £a, FG in

Nl in 16/2]at@§ﬁ516§gﬂ§§§533 ataatattgcatttagtaactaa

SEQ ID NO:2

Amino acid sequence of RSV reference F protein precursor F0

Strain A2 GenBank Accession No. AAB86664
MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGT
DAKVKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGV
GSATASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISN
IATVIEFQOKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSI
MSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKV
QSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGII
KTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINOSLA
FIRKSDELLHNVNAGKSTINIMITTIIIVIIVILLSLIAVGLLLYCKARSTPVTLSKDQLSGINNIAFSN

SEQ ID NO:3

Nucleotide sequence encoding RSV reference G protein

Strain Long
Atgtccaaaaacaaggaccaacgcaccgctaagacactagaaaagacctgggacactctcaatcatttatta
ttcatatcatcgggecttatataagttaaatcttaaatctatagcacaaatcacattatcecattetggecaatg
ataatctcaacttcacttataattacagccatcatattcatagecctcecggcaaaccacaaagtcacactaaca
actgcaatcatacaagatgcaacaagccagatcaagaacacaaccccaacatacctcactcaggatcctcag
cttggaatcagcttctccaatctgtctgaaattacatcacaaaccaccaccatactagecttcaacaacacca
ggagtcaagtcaaacctgcaacccacaacagtcaagactaaaaacacaacaacaacccaaacacaacccagce
aagcccactacaaaacaacgccaaaacaaaccaccaaacaaacccaataatgattttcacttegaagtgttt
aactttgtaccctgcagcatatgcagcaacaatccaacctgctgggetatctgcaaaagaataccaaacaaa
aaaccaggaaagaaaaccaccaccaagcctacaaaaaaaccaaccttcaagacaaccaaaaaagatctcaaa
cctcaaaccactaaaccaaaggaagtacccaccaccaagcccacagaagagccaaccatcaacaccaccaaa
acaaacatcacaactacactgctcaccaacaacaccacaggaaatccaaaactcacaagtcaaatggaaacc
ttccactcaacctectccgaaggcaatctaageecttetcaagtetecacaacatecegagecacccatcacaa
ccctcatctccacccaacacaacacgccagtag
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Exanpl e 5: PreF antigen is imunogenic [0168] To denonstrate imrunogenicity
of the PreF antigen, mce were i munized twce IMat two weeks interval

wi th prefwO@od®;07879&, 0.63, 0.13, and 0. 025 ug/nl) and aPCTHICA204SWO2ATY
containing 3D MPL and QS21 at 1/20 of hurman dose ("ASO E") or preF (1, 0.2
and 004 pg/ml) and a Thl adjuvant containing 3D MPL and alum 1/ 10 of human
dose ("ASO4 | serum was col |l ected three weeks later. [0169]

. g)IDaQ 4 : : :

ANt i gen- speGEld 6.1 G, antibadyedi [8LS. NEr € [dgterm ned on pool ed serum

sanpl es by vEki:SAr Prx@ Of sty D L N 0L S b i EanNd kPR ettt A& T BT efdry ri88nmEktr pl at es

wer e coat ecaws dola kit re el ionagich yetvesk IRSY 1A L2RSYW Brandrhvackagorsops eF

pr ot ei n and&piTHOBREHPEUKRIMBTHIEGINEVRAS 149 BP T SR CHRISHNTE S TWEHTEKRIEKT BHKPYK di | ut ed
i n bl ocki nGBTHHEEYPIIKREEP Y T8 TNART TLATNT aFNPK BT FOMRT AT I SEANIGF SAV-SEDSEHEFGNg Wit h
purified nmoGSEE® Sigma, ON) at starting concentrations of 200 ng/m and

I ncubated for 2h at roomtenperature. Bound anti body was detected with

hor ser adi shcperp¥bdase (HRP)-conjugated anti-nouse 1gG (Sigma, ON).

3, 3A, 5, 5A- retranedd i bhenzé disnerof TVBL o PR Gt z&d AIMcu®BD Bi osci ences, ON) was

used as t heaasubgtratetfsepctebRRtcE0gianfaddvciA25M cnais-cagitted-dgogeachawel | to
st op t he reaetivnctcabsorebiatreecarabasgsyftoracaetropettiocimcecatot eseeabcsec 450 nm
with a Ml &QFWCWF%C%C&EWF%&%C‘F‘!éiéél*éiaCg%lgé%c&%‘?ca%ﬁicé?%@amﬁg

tgcaacggcaccgacgccaaggtgaagctgatcaagcaggagectggacaagtacaagagcgecgtgaccgaa
ctccagetgctgatgcagtccaccectgecaccaacaacaagtttetgggettectgetgggegtgggetee
gccatcgcctecggcatcgecegtgagcaaggtgcectgecacctggagggcgaggtgaacaagatcaagagecgcec
ctgctgtccaccaacaaggeccgtggtgtceccctgtccaacggegtgtecgtgetgacctecaaggtgetggat
ctgaagaactacatcgacaagcagctgctgcctatecgtgaacaagcagtcecctgectccatctccaacatcgag
accgtgatcgagttccagcagaagaacaaccggctgctggagatcaccecgegagttecteecgtgaacgeecgge
gtgaccacccctgtgtccacctacatgctgaccaactccgagetgetgtececctgatcaacgacatgectate
accaacgaccagaaaaaactgatgtccaacaacgtgcagatcgtgcggcagcagtcctacagcatcatgage
atcatcaaggaagaggtgctggectacgtggtgecagetgectcetgtacggegtgatcgacacceccttgetgg
aagctgcacacctccccectgtgcaccaccaacaccaaggagggctccaacatctgectgacccggaccgac
cggggctggtactgcgacaacgececggceteccgtgteettettecectetggecgagacctgecaaggtgeagtee
aaccgggtgttctgcgacaccatgaactccctgaccctgecttccgaggtgaacctgtgcaacatcgacatce
ttcaaccccaagtacgactgcaagatcatgaccagcaagaccgacgtgtcetceccagegtgatcacctceectg
ggcgccatecgtgtectgetacggcaagaccaagtgecacecgectccaacaagaaccggggaatcatcaagacce
ttctccaacggctgegactacgtgtccaataagggegtggacacegtgtecgtgggecaacacactgtactac
gtgaataagcaggagggcaagagcctgtacgtgaagggcgagectatcatcaacttcectacgacectetggtg
ttccctteccgacgagttcgacgectecatcagccaggtgaacgagaagatcaaccagtcececctggectteatce
cggaagtccgacgagaagcectgecataacgtggaggacaagatcgaggagatcectgtceccaaaatctaccacate
gagaacgagatcgcccggatcaagaagctgatcggcgaggectgataatctaga

SEQ ID NO:6

Amino acid sequence of PreF analog
MELLILKTNAITAILAAVTLCFASSOQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGT
DAKVKLIKQELDKYKSAVTELQLLMQSTPATNNKFLGFLLGVGSATASGIAVSKVLHLEGEVNKIKSALLST
NKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTP
VSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHT
SPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPLAETCKVQSNRVFCDTMNSLTLPSEVNLCNIDIFNPK
YDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTESNGCDYVSNKGVDTVSVGNTLYYVNKQ
EGKSLYVKGEPIINFYDPLVFPSDEFDASISOVNEKINQSLAFIRKSDEKLHNVEDKIEEILSKIYHIENET
ARTIKKLIGEA

Seqg ID NO:7

Nucleotide sequence encoding PreF V1 optimized for CHO
aagcttgccaccatggagctgctgatcctcaagaccaacgccatcaccgecatecctggecgeegtgacectyg
tgcttcgectcecteccagaacatcaccgaagagttcectaccagtceccacctgeteecgeegtgteccaagggetac
ctgtccgeectgeggaccggetggtacacctecgtgatcaccatcgagectgteccaacatcaaagaaaacaag
tgcaacggcaccgacgccaaggtcaagctgatcaagcaggaactggacaagtacaagagcgccgtgaccgaa
ctccagetgetgatgecagtccaccectgecaccaacaacaagaagtttcoctgggettectgetgggegtggge
tcegecatcegectecggeategecgtgagcaaggtgectgecacctggagggegaggtgaacaagatcaagage
gcecctgcetgtccaccaacaaggecgtggtgtecctgtccaacggegtgtecgtgetgacctecaaggtgetg
gatctgaagaactacatcgacaagcagctgctgectatcecgtgaacaagcagtectgectceccatcetecaacatce
gagaccgtgatcgagttccagcagaagaacaaccggctgcectggagatcaccegegagttetecegtgaacgee
ggcgtgaccacccctgtgteccacctacatgetgacaaactcecgagectgeteteecctgatcaacgacatgect
atcaccaacgaccaaaaaaagctgatgtccaacaacgtgcagatcgtgecggecagecagtcectacageatcatg
agcatcatcaaggaagaagtcctggcctacgtcegtgcagetgectetgtacggegtgatcgacaccecttge
tggaagctgcacacctcececceccectgtygecaccaccaacaccaaagagggctccaacatctgectgacecggace
gaccggggctggtactgcgacaacgecggctecgtgtecttetteectetggecgagacctgecaaggtgeag
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[0170] Representative results detailed in FIGS. 4A and 4B show that strong
titers are elicited against both RSV A and RSV B foll owi ng i mmuni zati on

wi th prePwvaneggemsExanm e 6: PreF elicits neutrali zi ngpramtdArowsioes277[ 0171]
The presence and quantity of neutralizing antibodi es was assessed in serum
sanpl es of mce inmmunized as descri bed above in Exanpl e 5. Pool ed sera from
I mmuni zed animals were seri startl nfccq I n

cga aacarlc -
RSV medi um_jcfi; 96236t nfat acac aac Z P%g az C gi’/@i Seontarhed, EQSV
nmedi um onl ){;,Eg%cgg%t:g@éu:bt Zaécg’i@t |a9%§bzg:r3glj %Eaﬂ:@eﬁé@na ) -

500- 1000 i nkeetdcoss gasgsqt aca;tr;ecpfaes&@t;@dgw@cas.\étet@@tcﬁggstaaraalcabt\@eée added
to the wel Itspgtandtddheaqhatersaywrecgtacibati@dcfagrcB caicaatest atga83Cct 6% CO2,
bef or e t he a¥pXtagret onascIesaIrgferceeetat erog6r Mt bdachi@pobiore orpaEcqsladasstc

previ ously %é%@éagwcﬁ?f:gﬂaﬂ%t%Cé‘lt?%cﬂﬁtga%?%‘a%tlcpéaga%qqcég%éf‘?atﬁ?ﬁfﬁ%‘f ed for
appr oxi mat &I %@g@tea@@ﬁ@@é@f A gg@gﬁb%tgg%g%ﬁ g@@@?%@ﬁcfor 5- 6

2R

aagcagc cttgaCaagcccgaca acttcta C ttcaa

days at thecg i’;i@ﬁpggﬁ c%ct f%%giﬁgwﬂgggga pDMEd, . LAl 5 washed
W th PBS and.adherdddadetlsah (yas@ Pt c194Ras 2k oS8k &%ngcmag’ abor 1
hour, fol | cwee-thygddadideeicdanrasnofdcuereserneactidArtdtai Ng a goat anti RSV
primary anti body and anti-goat 1gG-FI TC for detection. [0172] Representative
results shdsa IMYHEGS 5A and 5B, respectively, denpbnstrate that significant

s 51 PR R LA AL R 51 BEL SR LRREE 2 O

LOLLMOSTPATNNKKFLGFLLGVGSAIASGIAVSKVLHLEGEVNKIKSALLS
TNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQOKNNRLLEITREFSVNAGVTT
PVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQOQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLH
TSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPLAETCKVQSNRVFCDTMNSLTLPSEVNLCNIDIFENP
KYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNK
QEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEKLHNVEDKIEEILSKIYHIENE
TARTKKLIGEAGGSGGSGGSKQRONKPPNKPNNDFHFEVENEVPCSICSNNPTCWAICKRI PNKKPGKKTTT
KPTKKPTFKTTKKDHKPQTTKPKEVPTTK

Seq ID NO:9

PreF V2 for CHO
aagcttgccaccatggagctgctgatcctcaagaccaacgccatcaccgccatecctggecgecgtgacectg
tgcttecgcectecteccagaacatcaccgaagagttctaccagtceccacctgeteecgeecgtgtecaagggetac
ctgtccgecectgeggaccggetggtacacctecgtgatcaccatecgagetgtccaacatcaaagaaaacaag
tgcaacggcaccgacgccaaggtcaagetgatcaagecaggaactggacaagtacaagagegecgtgaccgaa
ctccagctgctgatgecagtccacecctgeccaccaacaacaagaagtttetgggettectgetgggegtggge
tccgceccatcgcecteccggecatecgecgtgagcaaggtgectgecacctggagggcgaggtgaacaagatcaagagce
gcccectgetgtceccaccaacaaggecgtggtgteectgtecaacggegtgtecegtgetgacctecaaggtgetyg
gatctgaagaactacatcgacaagcagctgctgectatcgtgaacaagecagtectgeteccateteccaacate
gagaccgtgatcgagttccagcagaagaacaaccggctgctggagatcaccecgegagtteteegtgaacgee
ggcgtgaccacccctgtgtccacctacatgctgacaaactccgagectgectcectecctgatcaacgacatgect
atcaccaacgaccaaaaaaagctgatgtccaacaacgtgcagatcgtgecggcagcagtcectacagecatcatg
agcatcatcaaggaagaagtcctggcctacgtegtgcagetgeectetgtacggegtgategacaccecttge
tggaagctgcacacctceccecctgtgcaccaccaacaccaaagagggctccaacatectgectgaccecggace
gaccggggctggtactgcgacaacgecggetceegtgtecttettecctetggecgagacctgcaaggtgeag
tccaaccgggtgttctgcgacaccatgaactccctgaccctgectteccgaggtgaacctgtgecaacatcgac
atcttcaaccccaagtacgactgcaagatcatgaccagecaagaccgacgtgtcectccagegtgatcacctee
ctgggcgccatcgtgtectgctacggcaagaccaagtgcacecgectccaacaagaaccggggaatcatcaag
accttctccaacggcectgecgactacgtgtceccaataagggcgtggacaccgtgteccgtgggcaacacactgtac
tacgtgaataagcaggaaggcaagagcctgtacgtgaagggcgagectatcatcaacttctacgaccctetg
gtgttcccttccgacgagttcgacgectccatcagecaggtcaacgagaagatcaaccagtecctggectte
atccggaagtccgacgagaagetgcataacgtggaggacaagatcgaagagatecctgtceccaaaatctaccac
atcgagaacgagatcgcceggatcaagaagetgatcggegaggctggeggcaagcageggcagaacaagect
cctaacaagcccaacaacgacttccacttcgaggtgttcaacttegtgecttgetecatetgetccaacaac
cctacctgcectgggecatctgcaagagaatcecccaacaagaagectggcaagaaaaccaccaccaagectacc
aagaagcctaccttcaagaccaccaagaaggaccacaagcctcagaccacaaagcctaaggaagtgccaacce
accaagcaccaccaccatcaccactgataatcta

Seq ID NO:10

PreF V2 peptide for CHO
MELLILKTNAITAILAAVTLCFASSONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGT
DAKVKLIKQELDKYKSAVTELQLLMQSTPATNNKKFLGFLLGVGSAIASGIAVSKVLHLEGEVNKIKSALLS
TNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQOKNNRLLEITREFSVNAGVTT
PVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLH
TSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPLAETCKVQSNRVFCDTMNSLTLPSEVNLCNIDIFNP
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Exanple 7: PreF protects against RSV challenge [0173] Mce were i muni zed
twce 1IMat a two week interval as described above, and chall enged three
weeks af two 20év078m6ond i njection with RSV A Protecti onpragaiars8is/RE77was
eval uated by neasuring the virus present in lungs follow ng challenge. In
brief, lungs from i rmuni zed ani mal s were asept i cally renoved foll ow ng

thanaS|a and dlumusmk%g éj ] &%%\/k% E915n1
S T RGITKTESN Y T G
tubes. Lund e ggsgﬁ %}qg@@; i Ml R R R e
with an autieapiee; RRERDEEeUF b @éNNP Q@Eﬂa KPGM&TQ}%‘R&H‘CUQGC’
at 2655 X gKﬁQ{KDBKg@rmﬁK@SPT@k 4C. The virus present in the supernatants was
titered by serial dilution (eight replicates starting at 1:10) on a
previously SseeidetoVéro cel | (ATCC*| CCL- 81) nonol ayer in 96-well plates and
i ncubat ed fFEPMB 28A llqﬁsv%aél%?é?%ﬁ%élbfiﬁr ndirect IFA following fixing in
1% par af or TRF Ry PESERFEBL IS t h goat  anti- RSV primary anti body and FI TC
| abel ed antd 019G secondary anti body. [0174] Representative results
shown in FIP(E%F g&g’%@dpﬁyg@[@g@rd@t@@hat doses equal to or higher than 0.04
jig when gla\t@djhgcegwcemgﬁgetc@dgmaﬁcce&daetcttcgwgaegtgpewt@e@dteagcagm nst
RSV. Exanplsgc8igzPealadpegsayot ciandupecyput mpnagorgensaaabelacreyujdorent
fol |l ow ng clvaktsagersf &E78}ICTodasserscrdyet potatet i traIP¥@RCHPEFgen t o
pr ovoke ex%@?%&ﬁ%ga?%a%@af‘%ﬂalgmcﬁ alcﬁ?ﬁ}ﬁFaza@laWﬁ‘fg%ﬁﬂdc%‘ifﬁé é‘htthtg

\J_<4

chal | enge, Zg oiRgg "4 g‘fﬁgéé Sa?ﬁjgg a%;gga X ﬁ?*zggg £ g CRIW th (a)
10 jig glut QQQ@QE&@QEE ia%cg a 2 tEgcgja E %é)? Eiiwthout
adj uvant . MregadseE® chal: @J@ge Wk frts cél&a b0astc@Bsk cqag

br onchoal veskasgchaasagec aBé\;lc):tgmg@ﬁlt mgﬂ@QaétMyagtpeesigc@gab{@ag&gcb@t al
| eukocyt e |qtfgt¢11a|catta@stqqquﬁaamlceaﬁmmamOedamacqmutmcwcmedalacwcag
di f f er ent i sa9ermsrerartonrsa{300ragetdosycdsasedstrrteeddca s phiok expycafooag
macrophages‘%’aﬁ‘ﬁ)‘i‘ﬂ%g‘icé%ac%@%‘“’tgt‘:égf@gF%gCt%%PWﬁﬁ?q@a%ﬁ?dc?:}g gacc Cé cacacg

agcccgctgtgcacgaccaacac ggadggcagcaacatctgcctgacgeg ggctggtac
tgcgacaacgcgggcagcgtgagcttcttceccgectecgeggagacgtgcaaggtgcagagcaaccgegtettce
tgcgacacgatgaacagcectgacgctgecgagcgaggtgaacctgtgecaacatecgacatecttcaacccgaag
tacgactgcaagatcatgacgagcaagaccgatgtcagcagcagcgtgatcacgagecteggecgegategtyg
agctgctacggcaagacgaagtgcacggcgagcaacaagaaccgcggcatcatcaagacgttecagcaacggce
tgcgactatgtgagcaacaagggcgtggacactgtgagegtcggecaacacgctgtactacgtgaacaageag
gagggcaagagcctgtacgtgaagggcgagceccgatcatcaacttctacgaccegetegtgttceccgagegac
gagttcgacgcgagcatcagccaagtgaacgagaagatcaaccagagectggegttcatccgcaagagegac
gagaagctgcacaacgtggaggacaagatcgaggagatcctgagcaagatctaccacatcgagaacgagatc
gcgcgcatcaagaagctgatcggecgaggegecatcatcaccatcaccattga

SEQ ID NO:13

PreF antigen polynucleotide with intron
atggagctgctgatcctgaaaaccaacgccatcaccgecatcectggecgecgtgaccectgtgettegectee
tcccagaacatcaccgaggagttctaccagtcecacctgeteecgecgtgteccaagggectacctgtecgeccetg
cggaccggctggtacacctcecegtgatcaccatcecgagctgtccaacatcaaggaaaacaagtgcaacggecacce
gacgccaaggtgaagctgatcaagcaggagctggacaagtacaagagcgecegtgaccgaactccagetgetg
atgcagtccacccctgeccaccaacaacaagtttetgggettectgetgggegtgggeteecgecategectee
ggcatcgccgtgagcaaggtacgtgtcgggacttgtgttecectttttttaataaaaagttatatectttaat
gttatatacatatttcctgtatgtgatccatgtgecttatgactttgtttatcatgtgtttaggtgetgecace
tggagggcgaggtgaacaagatcaagagcgccctgctgtccaccaacaaggcecgtggtgteectgteccaacy
gcgtgtcegtgetgacctccaaggtgetggatctgaagaactacategacaagcagetgetgectategtga
acaagcagtcctgctccatctccaacatcgagaccgtgatcgagttccagcagaagaacaaccggetgetgg
agatcacccgcgagttctceccgtgaacgeccggecgtgaccacecectgtgteccacctacatgctgaccaactecg
agctgctgtcectgatcaacgacatgectatcaccaacgaccagaaaaaactgatgtccaacaacgtgecaga
tcgtgeggcagecagtectacagecatcatgagcatcatcaaggaagaggtgectggectacgtggtgecagetge
ctctgtacggegtgatcgacaccecttgectggaagctgecacaccteccececetgtgecaccaccaacaccaagg
agggctccaacatctgcctgacccggaccgaccggggctggtactgecgacaacgecggetecegtgtecttcet
tceccectectggecgagacctgcaaggtgcagtceccaaccgggtgttectgegacaccatgaactecctgacecctge
cttccgaggtgaacctgtgcaacatcgacatcttcaaccceccaagtacgactgcaagatcatgaccagcaaga
ccgacgtgtcctccagegtgatcacctecctgggegecategtgtectgetacggcaagaccaagtgcaccyg
cctccaacaagaaccggggaatcatcaagaccttetecaacggetgegactacgtgtceccaataagggegtgg
acaccgtgtccgtgggcaacacactgtactacgtgaataagcaggagggcaagagcectgtacgtgaagggceg
agcctatcatcaacttctacgaccctctggtgttcecttecegacgagttegacgectecatcagecaggtga
acgagaagatcaaccagtccctggecttcatccggaagtccgacgagaagetgcataacgtggaggacaaga
tcgaggagatcctgtccaaaatctaccacatcgagaacgagatcgcecccggatcaagaagetgateggegagqg
ccggaggtcaccaccaccatcaccactga

60



[0176] Total cell nunbers were nultiplied by differential percentages of
eosi nophils for each aninmal. Represented are geonetric nmeans per group with
95% conf iwero®/d7mst s. Representative results shown in PCECAZo@@RRTIL I at e
t hat eosinophils are not recruited to the lungs follow ng innmunization with
preF and chal |l enge. Furthernore, these results suggest that the sol uble
nat ure of the rﬁF%—antl gen, as conpared to a deliberately aggregated form
of preF (gI nt) or FG antigen (naturally aggregated)
does not fg Q@Jd‘sz sﬁﬁ}gegrh%%cg‘%u%equence Listing SEQ ID NO 1 Nucl eotide
sequence encodl ng RSV reference Fusion protein

SEQ ID NO:15 ;

Furin cleavage site
RARR

SEQ ID NO:16

Furin cleavage site
RKRR
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Strain A2 GenBank Accession No. U50362

“at ggagt t gct aat oct caaagdaaat goaat t accacaat cct cact gcagt cacatttgttttgcett
otg

~ gt caaaacat cact gaagaatttt at caat caacat gcagt gcagt agcaaaggct at ctt agt gct ct
gag CLAIMS
aact ggtt ggtat accagt gt t at aact at agat t aagt aat at caaggaaaat aagt gt aat ggaaca
gat
gct aaggt aaaat t gat aaacaagaat t agat aaat at aaaaat gct gt aacagaatt ccagttgctca
tgc 1. Arecombinant respiratory syncytial virus {RSV) antigen comprising an F; domain and an F;

33290 A8 R SRR AL S U89SRI AHaYRR 8L RR AT, AL 8RN L AT AR A £ 3553
aaaaaaand talFgdciderg bt dulgoda gr paR pepdida aghag@tiptios b ¢ gietd deby thmgidagbi dgddin

otg o . ,

caat cg@BIGYEGTTUBL Githa 'e9HEBt oct gcacct gaaggggaagt gaacaagat caaaagt gc
tct

act at ccacaaac amg gebgbiagiteagbitatcaiaaig §AgHetagihg hotetorbGag MRRAGbIddagae

cto . . .

aaaaac Pt BNSd SA RN 1: 48R Ug L gaacaagoaaagoLgcagcal at caaalalagoaac
tg

t at agagt t CC3acChasagabeARRIYARIzacHRGHE bl ACEAGBHRAN t1 dght iR Fagghah a

act . . . . .
acacct §ithagiseveninedt gt Yeaee st agt gaat t at t gt cat t at caat gat at gcct at aacaa
atg

at cagaaaaagll! ank gdcoppinsarb@iitgantagy saosdcRBeaA ghérahlikd BRERAMG LaRgisaadt
aaa
agaggadGetatRoainnef ot RYVJrataiaPrNeerHet crreeerRAGHiGE toamieici 46-4¢% Ytheygiesnce b

cac protein precursor polypeptide {Fo) of SEQ ID NO:2.

acat occoct at gt acaaccaacacaaaagaagggt ccaacat ct gt t t aacaagaact gacagaggt g
gta . . : : : ,

ct gt gacaat gagd$areanP Aty steer efanuaror’ §amedat yhersnghea dpwan s eryiet 3
tet least a portion of an RSV F protein polypeptide corresponding to amino acids 137-516 of the reference F

t gt gacacaat gaacagtttaacatt accaagt gaagt aaact ct gcaat gtt gacat att caacccca
aat protein precursor polypeptide (Fg) of SEQ 1D NO:2.

at gatt gt aaaat t at gact t caaaaacgat gt aagcagct ccgt t at cacat ct ct aggagccat t gt

gtc 6. The recombinant RSV antigen of any of one of claim 1-5, wherein the F; domain comprises
at gct at ggcaaaacaaat gt acagcat ccaat aaaaat cgt ggaat cat aaagacatttt ctaacggg
tgc an RSV F protein polypeptide corresponding to amino acids 26-105 and/or wherein the F; domain

g 3; at 9tah G ARIIQAALIIPAGAGHM Shel BhAIYLARNRARLE MALLR AkAdadRAgGaaga
t aaaagottet ategiraapalgepryealtdabtdDa®sd. t t ot at gaccet t agt att cc=ct gat gaatt

t
gat gcat caat gt o6 3a8hERAR KV AREA LART BRAGERIAY WhERN A IARLRAALLAARY

t at

Pacat a&bgithagbgotfggt aat ccaccat aaat at cat gat aact act at aatt at agt gatt at agt
aat , - .

att gt t at V't aatIRPPERIE SRV GUESER WPyt aaggccagaagcacaccagt cacact aaga
aag at caas)t gagtmiaithia i aykaizgomt bt stgizaacbrichEy ek ENRGhZal T atiralehgh
sequence of RSV reference F protein precursor FO Strain A2 GenBank
Accessi on No. %&%%@6’%%5' which polypeptide comprises an amino acid sequence corresponding to a
MELLI LKANAI TTI AEIME,QZUA%W JiEfat YQSTCSAVSKGYLSALRTGWYTSVI TI ELSNI KENKC
NGT

DAKVKLI KCEL DK TRt ICeMithieS T oA T RARSSREICE PRUKCOTLERNRRRPANTE SRRk rtie= GEL
LGV comprises an amino acid sequence does not correspond to a naturally occurring RSV strain.
GSAl ASGVAVSKVL BL EGEVRKI KSAL L STNKAVVSL SNGVSUL TSKVLDLRNY! DROLL PEVRKOBCS
| SN
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Nucl eoti de sequence encoding RSV reference G protein Strain Long

At gt ccaaaaacaaggaccaacgoaccgot aagacact agaaaagacct gqqqacact ot caatcattta
tta

~ttcatatcat nggct tat at aagt t aaat ctt aaat ct at agcacaaat cacattatccattct ggca
atg

at aat ct caacttcactt aT_aat tacagccat cat att cat agcct oggcaaaccacaaagt cacact
aaca 8. The recombinant RSV antigen of any cne of claims 1-7, further comprising a signal

act gca%&@dteacaagat gcaacaagccagat caagaacacaaccocaacat acct cact caggat cct
cag

cttggaat cagcttctccaat ct gt ct gaaatt acat cacaaaccaccaccat act agctt caacaaca
cca 9. The recombinant RSY antigen of any one of claims 1-8, wherein the heterologous
ggggt C%_?. éera go%cd%;ng%acgrggr%%scgg)%ggg&ad%%%%t adaaaCaCaaCaaCaacCcCCaaacacaaccc
aagcccact acaaaacaacgccaaaacaaaccaccaaacaaacccaataatgattttcacttcgaagtg
ttt 10. The recombinant RSV antigen of claim 9, wherein the heterologous trimerization

gggt tt %E)r%glﬁ(c:{grggr% SC{_%Q%E glﬁ. %grge(r:.aat ccaacct gct gggct at ot goaaaagaat aCCaaacC
aaaccaggaaagaaaaccaccaccaagcct acaaaaaaaccaacctt caagacaaccaaaaaagat ctc
aaa 1l. The recombinant RSV antigen of any one of claims 1-10, wherein the RSV antigen

cot caaggeast AARGEARRTNARALAS CARsARsARgoccacagaagagecaaceat caacaccace

acaaacat cac gpct asngddgich CRICANSARGAC AR AIGARDAL FCARIGEIEAS BREiEARAIYHAR;
accC

ttccact caacgtcct ctt t ct ccacaacat ccgagcacccat ca
caa coct cat @ccagggggggﬁgg%%éﬁ%gég‘%ﬁ&%%%gng NO 4 Amino acid
sequence of RSV reference G protein )
MBKNKDORT AKTEK Toistetqof ) lesstpnerenfykigiclseyage steg. AM | STSLI | TAI | FI ASANHKYV
TLT

TAI | QDATSQ KNTTPT ¥&IgnROhiE Shioh Siihd SFE BT tHe ASTFRGMKGNHIPTTVKTRNTTTTQT
QS

ﬁg‘LLK@Q’\'KPRh\'KPNM%F&\éENE}{B% SN YA (R RN R i KRV SEREBI KTTK
PQT TKPKENET $HIRF EBFTdi INDTH{daNL RTdRInhaTNNT T3NPKL TSQVETEHSTSSEGNL SPSQVSTTSER
PSQ PSSPPNTTRQ

12, The recombinant RSV antigen of any one of claims 1-11, wherein the RSV antigen

comprises a multimer of polypeptides,

13. The recombinant RSV antigen of claim 12, wherein the RSV antigen comprises a trimer
of polypeptides.
14, An immunogenic composition comprising the recombinant RSV antigen of any one of

claims 1-13, and a pharmaceutically acceptable carrier or excipient.

15. The immunogenic compaosition of claim 14, wherein the carrier or excipient comprises a
buffer.

16. The immunogenic composition of claim 15, further comprising an adjuvant.

17. The immunogenic composition of any one of claims 14-16, wherein the adjuvant

comprises at least one of: 3D-MPL, Q521, an oil-in-water emulsion, and Alum.
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Sec 1D NO 5 Nucl eotide sequence of PreF analog optim zed for CHO
‘aagctt gccaccat ggagot gct gat oct gaaaaccaacgccat caccgccat cct ggccgecgt gacc
ctg

t gott cgoct oct occagaacat caccgaggagtt ct accagt ccacct got ccgccgt gt ccaagggc
tac

ct ct ccgocct gcggaccggcet ggt acacct ocgt gat caccat cgagct gt ccaacat caaggaaaac
aag 8. The immunogenic composition of any one of claims 14-17, wherein the immunogenic

tgggaacQ&%&%ﬁ%ﬂ?&%&%@%%@%&%%ﬂ%&%ﬂ%ﬂf%ﬂ&%%% @&pagagegecgt gace

ct ccagct gct gat gcagt ccacccct gccaccaacaacaagtttct gggettcct get gggegt gggce
t Cc 19. The immunogenic composition of any one of claims 14-18, further comprising at least

gocalegeekeARYGANHER 5P} SAMAROTLSGLISASSHI0RYOUCIagat gaacaagat caagage
gcc
ct gct gt ccaccaacaaggccgt qgt gt occt gt ccaacggcgt gt ocgt gqct gacct ocaaggt get g

gat 20. A recombinant nucleic acid comprising a polynuclectide sequence that encodes the

ct 0220986k 381 S0SARBS 345} B! HeflALCA gRacaageagTect get coat cocaacat cg
accgt gat cgagt t ocagcagaagaacaaccggct gct ggagat cacccgcgagt t ot ccgt gaacgcc
ggc 21. The recombinant nucleic acid of claim 20, wherein the polynucleotide sequence that

Ot qaceageael gt AL SRE8 2SAb9SHAR%AI8U SSARIG! 9% L ReL gg) caacgacat goct
accaacgaccagaaaaaact gat gt ccaacaacgt gcagat cgt gcggcagcagt cct acagcat cat g
agc 22. A host cell comprising the nucleic acid of claim 20 or 21.

at cat caaggaagaggt got ggcct acgt ggt gcagct gcct ct gt acggcgt gat cgacacccctt go
tgg . 23, The us oithe RSV antigen of any one of claims 1-13 in the preparation,of a medicament
aagct i goacaltt occOeEt §tycaccaceaacaccaagyagggct claacatbl ot Hatet§yat
cgac fortreating an RSV infection.

cggggct ggt act gcgacaacgccggct ccgt gt ccttcttccct ct ggccgagacct gcaaggt gcag
tcc . . . . . .

aaccgggt gt t éFqcgiiate gt YaE BEET L Calt Fe WP e SRt Tent iz igynsest iy e
atc purpose of prophylactically treating an RSV infection.

| t caaccccaagt acgact gcaagat cat caccagcaagaccgacgt gt oct ocagcgt gat cacct cc
ctg . . . . .
ggcgecat cgt §Tect §BtREUNYRARY AR FEAV P &t LABLE B Y AT T YA cat caa
gacc composition of any one of claims 14-19 for use in medicine.

ti cLccaar 2ggct qcgact acgt gt ccaat aagggcgt ggacaccgt gt ccgt gggcaacacact gt a
ctac . . . . .

gt gaat aagcadaggd S E A H N At 2LYYCHa 5L h kAT vAhe 88 ccot ct g
gtg composition of any one of claims 14-19 for the prevention or treatment of RSV-associated diseases.
ttccattccgacgagttcgacacct ccat cagccaggt gaacgagaagat caaccagt ccdt ggccttc
atc . . . . .
cggaagt ocgalgaga e E R Y Stgr RE YN Pat elrRigRl AT e gindbaeaAPRPaL BYC
at ¢ gagamee agabligane geatdangasgoeiaibe goagageeat. gat aat otaga SEQ I D
NO: 6 Ami no aci d sequence of PreF anal og

MELLI LKTNAI 'gél L T\/'I'L. %I%?SS%JI;E%EX%TCSAVS&?YL SAL RT(%N(T SVI TI ELSNI KENK

CNGT e recombinant any one of claims 1-13 or 27, wherein the recombinant

g?KVKLm&@&&@&¥¥5&&mﬁéﬁhhﬁﬁ&EﬁI%hK&h@FhH&ME§AH&§§%AM&KMMH#EQEMNKH%SALL

NKAVVSPSRER/SVL TSKVLDLKNY! DKOLLPI VNKQSCSI SNI ETVI EFQQKNNRLLEI TREFSVNAGY
;r/g'I?YM_TNSELI SL1 NDVPI TNDQKKLMSNNVQ VRQRSYSI MSI | KEEVLAYWQLPLYGVI DTPOVK
;II;I-II_-CT TNTKEGSNI CL TRTDRGWY CDNAGSVSFFPLAET CKVQSNRVECDTMNSL TLPSEVNLCNTDI F
$ADEKI MI'SKTDVSSSVI TSLGAI VSCYGUTKCTASNKNRG | KTFSNGCDYVSNKGVDTVSVGNTLYYV
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Nucl eoti de sequence encoding PreF_V1 optim zed for CHO PCT/CA2008/002277
aagctt gccaccat ggagct gct gat oct caagaccaacgccat caccgccat cct ggccgecgt gaccct g
tgcttcgect cct occagaacat caccgaagagtt ct accagt ccacct gct ocgeccgt gt ccaaaggct ac
ct gt ocgccct gcggaccggcet ggt acacct ocgt gat caccat cgagct gt ocaacat caaagaaaacaag
t gcaacqgoaccgacgccaaggt caagct gat caagcaggaact ggacaagt acaagagcgccgt cacCcaa
ct ocagct gct gat gcagt ccacccct gccaveas8g8aar sagaanttt t ct qggctt cct gct gggecgt gggce
t ccgccat ogect coggca- Jege 8EQURNgE dd§§ENfot gcacct ggaggqcgaggt gaacaagat caagagce
gcce tg cf, gt ccaacggcgt gt ccgt cct gacct ccaaagt gct g
gat6%g%hg%&%ﬁ%ﬁ?ﬁ%ﬁi@%%gggggkg;(Ekééék@gtgaacaagcagtcctgctccatctocaacatc
gagaccgt gaAungay} tauyagsagaagaacaaccggcet got ggagat cacccgcgagtt ct ccgt gaacgcec
ggcgt gaccBledegt NarpaBe acct acat got gacaaact ccgagot gect ot ccct gat caacgacat goct
at caccaac _gﬂ% at gt ocaacaacgt gcagat cgt goggcaccagt oct acagcat cat g
agcat cat caaggaagaagdt ect ggcct acgt cgt gcagct goct ot gt acggcgt qat cgacaccoctt gc
t ggaaz®Et gracmbihac aociigghgoaccaccaacaccaaagagggct ccaacat ct gcct gacccggacc
gaccg gct q%actgogacaacgcoggctccgtgtocttcttccctotggccgagacctgcaaggtgcag
ecad eq%i7§?gogacaccatgaactocctgaccctgccttccqaggtqaacctqtqcaacatcgac
at ety cRacgEAARYE AL gact qcoagat cat qaccagcaagaccgacgt gt oct ocagegt gat cacct cc
ct gQusnc cab@tigt prt get acqqcaagaccaaqt goaccgcect ocaacaagaaccqqgqgaat cat caaq

acct t ot ccaacqqct gegact acgt gt ocaat aagggcqt qgacaccqt gt ccgt gggcaacacact gt ac
tacg§§§?t§ > g@%ﬁggcaagagoctgtacqtqaagTrgagcctatcatcaacttctacgaccctetg
t gt fotct o qt't agacqcct ccat cagccagqt caacgagaagat caaccagt occt ggectt ¢

at eegg@magliecgacgagaagct qcat aacgt ggaggacaagat agaagagat oct et ccaaaat ot accac
at cgagaacgagat cgoccggat caaqaagot gat cggcgagqct qgcqgct ot ggcggcagaggeggct oc
aacCa ggéﬁﬁﬁéﬁdﬁﬁéﬂ@b@aécaaqcocaacaacgacttccacttcgagqtgttcaacttcgtgcct
t get.s¢@t cfqct ocaacaaccot acct gct gggccat ct gcaagagaat coccaacaagaaccot ggcaag
aaaagCBCCaegAmagoot accaagaagcect acct t caagaccaccaaqaaggaccacaacgcct cagaccaca

aao&élbagguagtqcoaaccaccaagoaccaccaccatcaccactqataatcta Seq I D NO: 8
<213> " respiratory syncytial virus

<400> 1

atggagttgc taatcctcaa agcaaatgca attaccacaa tcctcactgc agtcacattt 60
gttttgcttc tggtcaaaac atcactgaag aattttatca atcaacatgc agtgcagtag 120
caaaggctat cttagtgctc tgagaactgg ttggtatacc agtgttataa ctatagatta 180
agtaatatca aggaaaataa gtgtaatgga acagatgcta aggtaaaatt gataaacaag 240
aattagataa atataaaaat gctgtaacag aattgcagtt gctcatgcaa agcacccagc 300
aacaaacaat cgagccagaa gagaactacc aaggtttatg aattatacac tcaaaatgcc 360
aaaaaaacca atgtaacatt aagcaagaaa aggaaaagaa gatttcttgg tttttgttag 420
gtgttggatc tgcaatcgcc agtggcgttg ctgtatctaa ggtcctgcac ctgaagggga 480
agtgaacaag atcaaaagtg ctctactatc cacaaacaag gctgtagtca gttatcaaat 540
ggagttagtg tcttaaccag caaagtgtta gacctcaaaa actatataga aaacaattgt 600
tacctattgt gaacaagcaa agctgcagca tatcaaatat agcaactgta tagagttcca 660
acaaaagaac aacagactac tagagattac cagggaattt agtgttaagc aggtgtaact 720
acacctgtaa gcacttacat gttaactaat agtgaattat tgtcattatc aatgatatgc 780
Cctataacaaa tgatcagaaa aagttaatgt ccaacaatgt tcaaatgtta gacagcaaag 840
ttactctatc atgtccataa taaaagagga agtcttagca tatgtgtaca attaccacta 900
tatggtgtta tagatacacc ctgttggaaa ctacacacat ccccctatgt acaaccaaca 960
Caaaagaagg gtccaacatc tgtttaacaa gaactgacag aggtggtact gtgacaatgc 1020
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PreF21 peptide for CHO PCT/CA2008/002277
MELLI LKTNAI TAI LAAVTLCFASSO TEEFYQSTCSAVSKGYLSALRTGWTSVI TI ELSNI KENKCNGT
DAKVKL | KQEL DKYKSAVTEL QLL MQSTPATNNKKFLGELL GVGSAI ASG AVSKVLHLEGEVNKI KSALLS
TNKAVVSLSNGVSVLTSKVLDLKNY!I DKOLLPI VNKQSCSI SNI ETVI EFQQKNNALLEI TREFSVNAGVTT
PVSTYM_TNSELLSLI NDNRI TNDQKKLMSNNVQ VRQSYSI MSI | KEEVLAYWQLPLYGVI DTPCWKLH
TSPLOTTNTKEGSNI CLTRTDRGW CDNAGSVeERBPAERTRYQASMRVECDTIMNSL TI PSEVNLONI DI FNP
KYDegy MFSEIDISSEM tT SE (FRAICYEETGR THORAGNIARIREY AR T FRRGEEDAgSAKYDTVIERTL YYVNK

CE Ll (Y 2 19 Wﬁ% = | EEI | YH ENE
N S R T DS T RS RIS ARSI RS
KPT KtdaldeKd IK KDtk Pt § KRt wPialiga Serr chbadde: §atfotadgdd? gévacgCHid 1200

aagot t gccaccat ggagc: gct gat ect caagaccaacgccat caccgccat oct f | ocgccgtgaccot g
oo PRUHRCEL LR (IRUCIRE A8 R TR A AR A R AR S A SR BESCRERMt gt CeBRg et ac
Ct OhsEaReehSGATRERGAE AT RCRRE! GRbERGAEsRlesAROM S RBBRGR! Caanupaaacaaq

t gcaaci ggcaccgacgccaaqqt caagct gat caagqoaggaact ggacaagt acaagagcgccqt oaccoaa
et c 8680930t ¢ du§eejRe € ROt HIE attaiaWATa SRIAGYI R0 RAATICLEER gct €9t gggc

tec t cacat g aca caagago
goco HR AR R e e R B R B B A oot g
gat ghtigaqaas tatat €R9€ aaegagdagoiguatadagot aagecatge agt arhged ccatisoocaacat ¢
agaccq7. gat ogagt t ccagcagaagaacaaccqqct gct qgagat caccogcgagt t ot ccgt gaacgcc
00CGEPHHAEE OBt et AP AL T PR BERAON o BUCEL LI candtROat goct

at eagcaARGIRL Cgacﬁéé?aacﬁﬁ%&%&%&Qaﬁﬁé@ﬁﬁﬁo@P&?@E&&Og%&%ﬁﬁé oct agpgcat cat g
agcat cat caaggaagaagt oct qgcctacgt cqt gcagot gcct ot gt acggcgt gat cgacaccocttqc
t (adtRr9gcat IReUeTWOC cagfcqcareatgacsaicdaacipaghigic ateaedeatat gccté§lcccqgacc
gacgggggg&g t%%%gﬁgacaacqcoggctocqtqtccttottccctothcogagacctgﬁ@ﬁqqtgcaq
t ocaaccygqq gf&o gogacaccat gaact coct gaccot gcot t ccgaggt gaacct gt gcaaca=qac

at et t caaccccaaqt acgact gcaagat cat qaccagcaacaccqgacgt gt cct ccagcgt gat cacct oc
ot qgdtQrecdt cqt gf cct qct acggqoaagaccaaqt qcaccgcect ccaacaagaaccggqggaat car caaq
ace§ %ﬁpcééégyuLycydctdcgtytecadtaaggchtygacaccgtqtccT:gggcaacacactqtac
t acgbysiat RaLwad9eA0SrAARAEPALighacat qaagggcgagect at cat caact t ct acqaccot ot g
gt gt t ccott cogacgadt t cgacocct ccat cagccaggt caacgagaagat caaccagt occt qqcottc
at cegf@aglocgacgagaagct gcat aacgt qgaggacaagat cqaagagat oct qt ccaaaat ct accac

at cgagaacgagat coc at caagqsagct gat.cagegagq gcaagoaqcwcaqaacaagcct

cctgﬁgggﬁo %éé@gagggg??gﬁﬁc%@%éﬁggﬁat 5%2@Tﬁ%gt g%g?ﬁgﬁécatetgetccaaceac

cot acct got cqqgccat ot qcaagagaat coccaacaagaaqcct qgoaagaaaaccaccaccaagect acce

aagaaqcctacct t caa accaccaacaaqgaccacaaqiectcagaccacaaa%octaaggaagtqccaacc
e

accééﬁc‘é?@cﬁ'&'&z%&a ¥Salladt!gatela %3{ £18eAeN) D1Mhid.3§2)“ Glu P

Tyr Gln ggr Thr Cys Ser Ala XS1 Ser Lys Gly Tyr Leu Ser Ala Leu
45

Arg Egr Gly Trp Tyr Thr ggr val Ile Thr Ile Glu Leu Ser Asn Ile

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys val Lys Leu Ile Lys
65 70 75 80

GIn Glu Leu Asp Lys Tyr Lys Asn Ala val Thr Glu Leu Gin Leu Leu
85 90 95

Met GIn Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu Leu Pro
100 105 110

Arg Phe Met Asn Tyr Thr Leu Asn Asn Ala Lys Lys Thr Asn val Thr
115 120 125
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PreF_V2 peptide for ONO PCT/CA2008/002277
MELLI LKTNAI TAI LAAVTLCFASSQNI TEEFYQSTCSAVSKGYLSALRTGWTSVI TI ELSNI KENKCNGT
DAKVKL | KQEL DKYKSAVTEL QLLMQSTPATNNKKFLGFLLGVCSAI ASG AVSKVLI 1LECEVNKI KSALLS
TNKAVVSLSNGVSVLTSKVLDLKNY!I DKQLLPI VNKQSCSI SNI ETVI FFQQKNNRLLEI TREFSVNAGVTT
PVSTYM_TNSELLSLI NDMPI TNDQKKL MSNNVQ VRQSYSI MSI | KEEVLAYVWQLPLYGVI DTPONKLH
TSPLCTTNTKEGSNICLTRTDRGMYCDNAGSVGEBBEGEEEKVQ&NRVFCDTNNSLTLPSEVNLCNIDIFNP

KYDCKI MTSKTDVSSSVI TSL GAl VSCYGKTKCTASN NRCI | KTFSN GVDTVSVGNTL YYVNK
ﬁ]\gg% LKEYEL VT SR PRAST RGOl Ef RS W(R/ DKI EEI LSKI YH ENE
| ARI KKL GGKQRONKPPNK DFHEEVFNEVPCS NPTCWAI CKRI PNKKPGKKTTTKPTKKPT

FKTTKKI DEI KPQTTKPKEVPTTK SEQ I D NO 11 Exenpl ary coiled-coil (isoleucine

Zi p%g )SeEDvdaEEﬂw«llamrElquARﬂKKLa 729 ser Lys val Leu His 523

Glu Gly Glu val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn LyS
165 170 175

Ala val val ser Leu Ser Asn Gly val Ser val Leu Thr Ser Lys val
180 185 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys GIn Leu Leu Pro Ile val Asn
195 200 205

Lys Gln Ser Cys Ser Ile Ser Asn Ile Ala Thr val ITe Glu Phe Gln
210 215 220

GIn Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser val Asn
225 230 235 240

Ala Gly val Thr Thr Pro val Ser Thr Tyr Met Leu Thr Asn Ser Glu
245 250 255

Leu Leu Ser Leu ITe Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
260 265 270

Leu Met Ser Asn Asn val GIn Ile val Arg GIn GIn Ser Tyr Ser Ile
275 280 285

Met Ser Ile Ile Lys Glu Glu val Leu Ala Tyr val val GIn Leu Pro
290 295 300

Leu Tyr Gly val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305 310 315 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
325 330 335

Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser val Ser Phe Phe
340 345 350

Pro GIn Ala Glu Thr Cys Lys val GIn Ser Asn Arg val Phe Cys Asp
355 360 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu val Asn Leu Cys Asn val
370 375 380
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SEQ I D NGO 12 PreF antigen pol ynucl eoti de OHO2 PCT/CA2008/002277
at cgagct goccat oct gaagaccaacgccat caccaccat cct ogccgccgt gaccct gt gctt cgccagce
agccagaacat cacggaggagtt ct accagagcacgt gcagcgccgt gagcaagggct acct cagcgcgcetg
cgcacgggct ggt acacgagcgt gat cacgat cgagct gagcaacat caaggagaacaagt goaacggcacg
gacgcgaaggt gaagct gat caagcaggagct ggacaagt acaagagcgoggt gacggagct gcagot gctg
at gcagagoacgcoggcgacgaacaacaagtvwezz&8ggrisTestigat gggcgt gggcagcecgegat cgcgagce
ggcat cgccgt gagcaaggt gct gcacct ggagggcgaggt gaacaagat caagt ccgcgct gct gagcacg
aac g t cggc C a cgacct gaagaact ac
atcggggggcggg%g@?ggcgg?gg?ga cg%g?gggggt%%gggg%%gg%%%ggtcgagaccgtgatcgag
tt ocagcagaagaacaaccgcct gct ggagat cacgogggagt t ct ocgt gaacgcaggcgt gacgacgccc
gt gt ot acgt acat gct cac cagcgagcet gct cagect gat caacgacat gccgat cacgaacgaccag
aagéé@c?éa?ﬂa&gﬁaﬁ%aggfﬁggﬂ}rc §?€§§5c @{c’égaaéif a‘@ggi%t géf gagcat cat caaggag
gaggt gct ggcat acgt ggt gcagct gcccct gt acggcgt cat cgacacgccct gct ggaagct gcacacg
agcccgct gt goacgaccaacacgaaggagggcagcaacat ct gcct gacgoggacggaccggggct ggt ac
tgc@&ééﬁdg@@b%%&dd@tgﬂgdhfdi@og A5 do§gATnAYY ga&btgéagagcaaccgcgtotto
t gcgacacgat ga goct gacgct gccg g%gaggtgaacctgtdg acat cgacat ctt caacccgaag
t acgact gcaagat cat gacgagcaagaccgat gt cagcagcagcgt gat cacgagcct cggcgcgat cgtg
agcLgsttheg dgacgaagt yycas gupgage ¥at asxgraaot gegaeiat ealk @gpgacgt t cagcaacggce
t gcgact at g#¥fagcaacaagggcgt gifcact gt gagcgt cgddaacacgot gt act acgt gaacaagcag
gagggcaagagcct gt acgt gaagggcgagccgat cat caactt ct acgacccgct cgt gtt cccgagcgac
9agtrhf 9AQ0582 962t I30RERAF 9ARCIRI AP B A NARGE RYIAHH §TIF ¢h § cat ccgcaagagegac
gagaacocts@oacaacgt ggaggaeisagat cgagcagat ccagmgcaagat ot accacat cgagaacgagat c
gcgcgcat caagaagct gat cggcgaggcgcat cat caccat caccattga SEQ | D NO 13 PreF
ant i (o] ti hth.4 ntro

atgé gg¥goLégﬁghﬁggaggiggégg@cg?%gg%dﬂéa@%%ﬁaﬁér60%3%5§§cctgtgcttcgoctcc
t occagaacat caccgaggagtt ct accagt ccacct gct ccgccgt gt ccaagggct acct gt ccgccot g

cggaccggct ggt acacct ccgt gat caccat cgagct gt ccaacat caaggaaaacaagt gcaacggcacce
gacé&%ggécggééﬁet tég%gﬁadﬂ§gé§@ gé&ﬁtgkhégéd@@cgg%@é&cgaactccagctgctg
at gcagt ocacccct gccaccaacaacaagt 7t ctggge7t cct get gggeyt ggget ccgecat cgect cc
ggcat cgcegt gagcaaggt acgt gt cgggactt gt gttccccttttttt aat aaaaagttatatcttt aat
gt t &flatlasal ke tsocdlgt Segtigat Alearle goetArgghys tSeotAspacbatgugt t t agg- Jgct gcacc
t ggagggcgaggt g29caagat caagagcge@tt get gt ccaccaacHfygecgt ggt gt occt gt ccaacg
gcgt gt ccgt gt gacct ccaaggt get ggar ct gaagaact acat cgacaagcagct get gect at cgt ga
acaage agisCAtg val CnChATS @ag aty0serangt Ot RIAGY & MRagERIaRgaacaaccggct get gg
agat cacccgblfagt t ct ccgt gaacgi2dggcgt gaccaccoctsgs gt ccacct acat got gaccaact ocg
agot gct gt ccot gat caacgacat goct at caccaacgaccagaaaaaact gat gt ocaacaacgt gcaga
t COLRPYNRARFAYY QO ACRUC Gh G Al HagF&, Ght I?e%aggfa%g@gﬁteggigg/g?t acgt ggt gcagcet gc
ct c7gt agzggcgt gat cgacaccagtt get ggaaget gcaeggct occocct gt goaccaccaacaccaagg
agggct ocaacat ot gcct gaccoggaccgaccggggct ggt act gogacaacgccggct ccgt gt oct t ct
t occt ct ggccgagacct goaaggt gcagt ocaaccgqgt gt t ct gcgacaccat gaact occt gaccct gc
ctt gﬁé% tb%égﬁfdpgbéﬁggygdg%aﬁﬂlF@Eggéogﬁhd?gégﬁcfﬁt%%gatcatgaccagcaaga
ccgacgt gt ect ccagegt gat cacct occt gggegecat cgt gt cct got acggcaagaccaagt goaccg
cct ccaacaagaaccggggaat cat caagacct t ct ccaacggct gcgact acgt gt ocaat aagggcegt gg
acat¥ytApPce it dQHcTc abadt gt ARt é@@t@@a‘ﬂ@a@'&%é@ég@@caagagcct gt acgt gaagggcg
agcct at cat caact t ci®cgaccct ct ggt gt telct t ccgacgagt t cgacgect ccat cagccaggt ga
acgagaagat caaccagt ccct ggcct t cat ccggaagt ocgacgagaagct gcat aacgt ggaggacaaga
t cga aBcct gt ccaaaat ct accacat cgagaacgagat cgcccggat caagaagct gat cggcgagg
ccggggg?cgﬁﬁaccaccatcaccactga

<213> respiratory syncytial virus

zgggzcagaa acaaggacca acgcaccgct aagacactag aaaagacctg ggacactctc 60
aatcatttat tattcatatc atcgggctta tataagttaa atcttaaatc tatagcacaa 120
atcacattat ccattctggc aatgataatc tcaacttcac ttataattac agccatcata 180
ttcatagcct cggcaaacca caaagtcaca ctaacaactg caatcataca agatgcaaca 240
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SEQ I D NO 14 Synthetic |i nk er sequence GGSGGSGGES SEQ | D NO 15 Furekfycaz008/002277
cl eavage site RARR SEQ I D NO 16
VU62788PCT_ST25. txt
agccagatca agaacacaac cccaacatac ctcactcagg atcctcagct tggaatcagce 300
ttctccaatc tgtctgaaat tacatcacaa accaccacca tactagcttc aacaacacca 360
ggagtcaagt caaacctgca acccacaaca gtcaagacta aaaacacaac aacaacccaa 420
acacaaccca gcaagcccac tacaaaacaa cgccaaaaca aaccaccaaa caaacccaat 480
aatgattttc acttcgaagt gtttaacttt gtaccctgca gcatatgcag caacaatcca 540
acctgctggg ctatctgcaa aagaatacca aacaaaaaac caggaaagaa aaccaccacc 600
aagcctacaa aaaaaccaac cttcaagaca accaaaaaag atctcaaacc tcaaaccact 660
aaaccaaagg aagtacccac caccaagccc acagaagagc caaccatcaa caccaccaaa 720
acaaacatca caactacact gctcaccaac aacaccacag gaaatccaaa actcacaagt 780
caaatggaaa ccttccactc aacctcctcc gaaggcaatc taagcccttc tcaagtctcc 840
acaacatccg agcacccatc acaaccctca tctccaccca acacaacacg ccagtag 897
<210> 4
<211> 298
<212> PRT ) )
<213> respiratory syncytial virus
<400> 4
Met Ser Lys Asn Lys Asp GIn Arg Thr Ala Lys Thr Leu Glu Lys Thr
1 5 10 15
Trp Asp Thr Leu Asn His Leu Leu Phe Ile Ser Ser Gly Leu Tyr Lys
20 25 30
Leu Asn Leu Lys Ser Ile Ala GIn Ile Thr Leu Ser Ile Leu Ala Met
35 40 45
Ile Ile Ser Thr Ser Leu Ile Ile Thr Ala Ile Ile Phe Ile Ala Ser
50 55 60
Ala Asn His Lys val Thr Leu Thr Thr Ala Ile Ile Gln Asp Ala Thr
65 70 75 80
Ser GIn Ile Lys Asn Thr Thr Pro Thr Tyr Leu Thr GIn Asp Pro Gln
85 90 95
Leu Gly Ile Ser Phe Ser Asn Leu Ser Glu Ile Thr Ser GIn Thr Thr
100 105 110
Thr ITe Leu Ala Ser Thr Thr Pro Gly val Lys Ser Asn Leu GIn Pro
115 120 125
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Furin cl eavage site REAR CLAI M

syncyti al
an RSV F proteinh pol ypepti de,
bet ween the F2 donain and the F1 domai n,

to the F1 domai n.
whebr Thrhéaheyerdirogou

the F1

Lys

145

Asn

Ser

Lys

Lys

val

225

Thr

Lys

Asn

Pro

mai n.

Pro Thr Thr

Asp Phe His

Asn Ash Pro

180

Pro Gly Lys

Thr Thr

210

Lys

Pro Thr Thr

Asn Ile Thr

Leu Thr Ser

260

ser
275

Leu Pro

ser
290

ser Pro

<210> 5

<211>
<212>
<213>

1566
DNA

<220>

<223>

<400> 5

aagcttgcca
gccgtgaccc
tgctccgecg
atcaccatcg

aagctgatca

Lys GIn Arg
150

Phe Glu val

165

Thr Cys Trp

Lys Thr Thr

Leu
215

Lys Asp

Pro Thr

230

Lys

Thr Thr

245

Leu

GIn Met Glu

Ser Gln val

Thr
295

Pro Asn

Artificial sequence

GIn Asn
Phe

Asn

Ile
185

Ala

Thr
200

Lys
Lys Pro
Glu Glu
Thr

Leu

Phe
265

Thr

Ser Thr

280

Thr Arg

Lys

Phe

170

Cys

Pro

Gln

Pro

Asn

250

His

Thr

Gln

Recombinant PreF polynucleotide

Pro

155

val

Lys

Thr

Thr

Thr

235

Asn

ser

Ser

ccatggagct gctgatcctg aaaaccaacg
tgtgcttcge ctcctcccag aacatcaccg
tgtccaaggg ctacctgtcc gccctgegga
agctgtccaa catcaaggaa aacaagtgca

agcaggagct ggacaagtac aagagcgccg

1. A reconbi nant
virus (RSV) antigen conprising an F2 domain and an F1 donai n of
wherein there is no furin cleavage site

respi r atey2008/002277

and wherein the pol ypeptide _
further conprises a heterologous trimnerization domain positioned Cterm nal
2. Theermsrahigrapit¥eSV antigen of claim 1,

Pro Asn Lys Pro

Ile
175

Pro Cys Ser

Ile Pro Asn

190

Arg

Lys Pro Thr

205

Thr
220

Lys Pro Lys

Ile Asn Thr Thr

Thr Thr Gly Asn

255

Thr ser Ser Glu

270

His Pro Ser

285

Glu

ccatcaccgce
aggagttcta
ccggctggta
acggcaccga

tgaccgaact

Page 6

Asn

160

Cys

Lys

Phe

Glu

Lys

240

Pro

Gly

Gln

catcctggcc
ccagtccacc
cacctccgtg
cgccaaggtg

ccagctgetg

?gErThreTH"zah'ronrd?l{')aWhriCdnpbm' Seoned C-ternminal to

60
120
180
240
300



3. The reconbinant RSV antigen of claim1 or 2, conprising an F2 s86aRioisadch77
an FI domain with no intervening furin cl eavage site. 4. The

reconbi nant RSV anti gen of any one of clains 1-3, wherein the F2 domain
conprises at |east a portion of an RSV F protein pol ypeptide correspondi ng
to am no acids 26-105 of the reference F protein precursor pol ypeptide (FO)
of SEQ I D NG 2. 5. The weézzaBeCcNaATR5RIY antigen of any one of clains
1- 4 ATYFRGTEFH CCRETICLag FAACAAEEIAPE T IEEgIgat TeIctepmeotI98ated an REY F protein
pol | fere F protein
pre)cﬁg?és)ctg gg%lccg pt | gedé(glgg?é&fa&%ql g&ﬁg 5&9%69&39@ aé%éalg%gegereco%?nant RSV
ant ageaaga‘gcgrcycogct(gme aiccada@am decgrggttyer ecatgtbenaF2ggtvgtar conprd8fes an RSV
F proteln i de corresponding to am no acids 26-105 and/ A wherein
thegﬁc% rfy g%ﬁ%g%e@aéﬁtﬁgg %acﬁgﬁi‘féigna?@lgfzﬁ%c&t P‘d"egCGB?'?Cespon% Ag to anino
aC' gﬁgaﬂa'iﬁaéé-@g‘@f:cﬁ_/d%@crﬁt@fé‘&%ﬁ &t dYhGA RigNt PIREEGEO EcflayRePt | de gob0) of SEQ

he reconbi nant RSV anti gen of any one of clains 1-6,

get Glu Leu Leu Ile Leu Lys Thr Asn Ala Ile Thr Ala Ile Leu Ala
10

5

Ala val Thr 58u Cys Phe Ala Ser ggr GIn Asn Ile Thr Glu Glu Phe

Page

30

7

quaﬂéF#ﬁQFﬁﬁﬁIWSVTQQﬂQBQeﬁﬂCF§9Q9§BetﬁQ§dCQWQ§na@Qﬂ§gg¢Qiupa@ﬁaCCCCt 660
gtgtccacct acatgctgac caactccgag ctgctgtccc tgatcaacga catgcctatc 720
accaacgacc agaaaaaact gatgtccaac aacgtgcaga tcgtgcggca gcagtcctac 780
agcatcatga gcatcatcaa ggaagaggtg ctggcctacg tggtgcagct gcctctgtac 840
ggcgtgatcg acaccccttg ctggaagctg cacacctccc ccctgtgcac caccaacacc 900
aaggagggct ccaacatctg cctgacccgg accgaccggg gctggtactg cgacaacgcc 960
ggctccgtgt ccttecttccc tctggccgag acctgcaagg tgcagtccaa ccgggtgttc 1020
tgcgacacca tgaactccct gaccctgect tccgaggtga acctgtgcaa catcgacatc 1080
ttcaacccca agtacgactg caagatcatg accagcaaga ccgacgtgtc ctccagcgtg 1140
atcacctccc tgggcgccat cgtgtcctgec tacggcaaga ccaagtgcac cgcctccaac 1200
aagaaccggg gaatcatcaa gaccttctcc aacggctgcg actacgtgtc caataagggc 1260
gtggacaccg tgtccgtggg caacacactg tactacgtga ataagcagga gggcaagagc 1320
ctgtacgtga agggcgagcec tatcatcaac ttctacgacc ctctggtgtt cccttccgac 1380
gagttcgacg cctccatcag ccaggtgaac gagaagatca accagtccct ggccttcatc 1440
Cggaagtccg acgagaagct gcataacgtg gaggacaaga tcgaggagat cctgtccaaa 1500
atctaccaca tcgagaacga gatcgcccgg atcaagaagce tgatcggcga ggcctgataa 1560
tctaga 1566
<210> 6
312 et
<213> Artificial Sequence
<220>
<223> Recombinant PreF Antigen
<400> 6



a) a pol ypeptide conprising SEQ ID NO 6; b) a pol ypeptide that hybficaiceeso2277
under stringent conditions over substantially its entire length to SEQ ID
NO 6, which pol ypeptide conprises an am no acid sequence corresponding to a
naturally occurring RSV strain; c) a polypeptide with at | east 95% sequence
identity to SEQ I D NGO 6, which pol ypeptide conprises an am no aci d sequence

does not correspond to a nat ur aiub¥788ectrsTBgexRSV strai n.
Tyr Gln ger Thr Cys Ser Ala V81 Ser Lys Gly Tyr hgu Ser Ala Leu
5 4

Arg Thr Gly Trp Tyr Thr Ser val Ile Thr Ile Glu Leu Ser Asn Ile
50 55 60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys val Lys Leu Ile Lys
65 70 75 80

GIn Glu Leu Asp Lys Tyr Lys Ser Ala val Thr Glu Leu Gln Leu Leu
85 90 95

Met Gln Ser Thr Pro Ala Thr Asn Asn Lys Phe Leu Gly Phe Leu Leu
100 105 110

Gly val Gly ser Ala Ile Ala Ser Gly Ile Ala val Ser Lys val Leu
115 120 125

His Leu Glu Gly Glu val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr
130 135 140

Asn Lys Ala val val ser Leu Ser Asn Gly val Ser val Leu Thr Ser
145 150 155 160

Lys val Leu Asp Leu Lys Asn Tyr Ile Asp Lys GIn Leu Leu Pro Ile
165 170 175

val Asn Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr val Ile Glu
180 185 190

Phe GIn GIn Lys Asn Asn Arg Leu Leu Glu ITe Thr Arg Glu Phe Ser
195 200 205

val Asn Ala Gly val Thr Thr Pro val Ser Thr Tyr Met Leu Thr Asn
210 215 220

Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln
225 230 235 240

Lys Lys Leu Met Ser Asn Asn val GIn Ile val Arg Gln GIn Ser Tyr
245 250 255

Ser Ile Met Ser Ile Ile Lys Glu Glu val Leu Ala Tyr val val Gln
260 265 270

Leu Pro Leu Tyr Gly val Ile Asp Thr Pro Cys Trp Lys Leu His Thr
275 280 285
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8. The reconbi nant RSV antigen of any one of clains 1-7,
a signal

donmai n.

Ser

Thr

305

Phe

Ccys

Asn

Lys

ser

385

Ile

val

Glu

Asp

val

465

Glu

Ile

Glu

Pro

290

Arg

Phe

Asp

Ile

Thr

370

cys

Ile

Asp

Gly

Pro

450

Asn

Lys

Tyr

Ala

<210>
<211>

pepti de.

Leu

Thr

Pro

Thr

Asp

Asp

Tyr

Lys

Thr

Leu

Glu

Leu

His

7
1855

cys

Asp

Leu

Met

340

Ile

val

Gly

Thr

val

420

ser

val

Lys

His

Ile
500

further cofRE209g2277

9. The reconbi nant RSV anti gen of any one of clains 1-8,
wherein the heterologous trinerization donmain conprises a coil ed-coi

Thr

Arg

Ala

325

Asn

Phe

Ser

Lys

Phe

405

Ser

Leu

Phe

Ile

Asn
485

Thr

Gly

310

Glu

Ser

Asn

Ser

Thr

390

Ser

val

Tyr

Pro

Asn

470

val

Asn

Asn

295

Trp

Thr

Leu

Pro

Ser

375

Lys

Asn

Gly

val

Ser

455

Gln

Glu

Glu

Thr

Tyr

Cys

Thr

Lys

val

Cys

Gly

Asn

Lys

Asp

Ser

Asp

Ile

VUG62788PCT_ST25.txt

Lys Glu Gly

cys

Lys

Leu

345

Tyr

Ile

Thr

cys

Thr

425

Gly

Glu

Leu

Lys

Ala
505

Asp

val

330

Pro

Asp

Thr

Ala

Glu

Phe

Ala

Ile

490

Arg

Asn

315

Gln

Ser

cys

Ser

Ser

395

Tyr

Tyr

Pro

Asp

Phe

475

Glu

Ile

Page

Ser Asn Ile

300

Ala

Ser

Glu

Lys

Leu

380

Asn

val

Tyr

Ile

Ala

460

Ile

Glu

Lys

9

Gly

Asn

val

Ile

365

Gly

Lys

Ser

val

Ile

445

Ser

Arg

Ile

Lys

Ser

Arg

Asn

350

Met

Ala

Asn

Asn

Asn

430

Asn

Ile

Lys

Leu

Leu
510

cys

val

val

335

Leu

Thr

Ile

Arg

Lys

Lys

Phe

Ser

Ser

ser

495

Ile

Leu

ser

320

Phe

Cys

Ser

val

Gln

Tyr

Gin

Lys

Gly



10. The reconbi nant RSV antigen of claim9, wherein the heterol 0geus/cazo08/002277
trimerization domain conprises an isoleucine zipper. 11. The reconbi nant RSV
antigen of any one of clainms 1-10, wherein the RSV antigen conprises at

| east one nodification selected from an addition of an am no acid sequence
conprising a heterologous trimerization domain;

VU62788PCT_ST25.txt

<212> DNA

<213> Artificial Sequence

<220>

<223> cChimeric PreF-G Antigen polynucleotide seqeunce

<400> 7

aagcttgcca ccatggagct gctgatcctc aagaccaacg ccatcaccgc catcctggcec 60
gccgtgacce tgtgcttcge ctcctcccag aacatcaccg aagagttcta ccagtccacc 120
tgctccgecg tgtccaaggg ctacctgtcc gccctgegga ccggctggta cacctcegtg 180
atcaccatcg agctgtccaa catcaaagaa aacaagtgca acggcaccga cgccaaggtc 240
aagctgatca agcaggaact ggacaagtac aagagcgccg tgaccgaact ccagctgctg 300
atgcagtcca cccctgccac caacaacaag aagtttctgg gecttcctget gggcgtggge 360
tccgecatcg cctecggeat cgecgtgagc aaggtgctgce acctggaggg cgaggtgaac 420
aagatcaaga gcgccctgct gtccaccaac aaggccgtgg tgtccctgtc caacggcgtg 480
tccgtgectga cctccaaggt gctggatctg aagaactaca tcgacaagca gctgctgect 540
atcgtgaaca agcagtcctg ctccatctcc aacatcgaga ccgtgatcga gttccagcag 600
aagaacaacc ggctgctgga gatcacccgc gagttctccg tgaacgccgg cgtgaccacc 660
cctgtgtcca cctacatgct gacaaactcc gagctgctct ccctgatcaa cgacatgcct 720
atcaccaacg accaaaaaaa gctgatgtcc aacaacgtgc agatcgtgcg gcagcagtcc 780
tacagcatca tgagcatcat caaggaagaa gtcctggcct acgtcgtgca gctgectctg 840
tacggcgtga tcgacacccc ttgctggaag ctgcacacct cccccctgtg caccaccaac 900
accaaagagg gctccaacat ctgcctgacc cggaccgacc ggggctggta ctgcgacaac 960
gceggeteeg tgtccttctt ccctctggec gagacctgca aggtgcagtc caaccgggtg 1020
ttctgcgaca ccatgaactc cctgaccctg ccttccgagg tgaacctgtg caacatcgac 1080
atcttcaacc ccaagtacga ctgcaagatc atgaccagca agaccgacgt gtcctccagce 1140
gtgatcacct ccctgggcgc catcgtgtcc tgctacggca agaccaagtg caccgcctcc 1200
aacaagaacc ggggaatcat caagaccttc tccaacggct gcgactacgt gtccaataag 1260
ggcgtggaca ccgtgtccgt gggcaacaca ctgtactacg tgaataagca ggaaggcaag 1320
agcctgtacg tgaagggcga gcctatcatc aacttctacg accctcetggt gttcccttcec 1380
gacgagttcg acgcctccat cagccaggtc aacgagaaga tcaaccagtc cctggecttc 1440
atccggaagt ccgacgagaa gctgcataac gtggaggaca agatcgaaga gatcctgtcc 1500
aaaatctacc acatcgagaa cgagatcgcc cggatcaaga agctgatcgg cgaggcetggce 1560
ggctctggcg gcagcggcgg ctccaagcag cggcagaaca agcctcctaa caagcccaac 1620
aacgacttcc acttcgaggt gttcaacttc gtgccttgct ccatctgctc caacaaccct 1680
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(ii) a deletion of at least one furin cleavage site; (iii) a del ett@R2008/08t277
| east one non-furin cleavage site; (iv) a deletion of one or nore am no

aci ds of the pep27 donmin; and (v) at |east one substitution or
addition of a hydrophilic am no acid in a hydrophobic domain of the F
protein extracellular domain. 12. The reconbi nant RSV antigen of any one of
clainms 1-11, wherein the RSV anté62p88PCT_ST25.txt

acctgctggg ccatctgcaa gagaatcccc aacaagaagc ctggcaagaa aaccaccacc 1740
aagcctacca agaagcctac cttcaagacc accaagaagg accacaagcc tcagaccaca 1800
aagcctaagg aagtgccaac caccaagcac caccaccatc accactgata atcta 1855
<210> 8

<211> 605

<212> PRT

<213> Artificial Sequence

<220>

<223> Chimeric PreF-G polypeptide

<400> 8

Met Glu Leu Leu Ile Leu Lys Thr Asn Ala Ile Thr Ala Ile Leu Ala
1 5 10 15

Ala val Thr Leu Cys Phe Ala Ser Ser Gln Asn Ile Thr Glu Glu Phe
20 25 30

Tyr Gln ger Thr Cys Ser Ala VS1 Ser Lys Gly Tyr hgu Ser Ala Leu
5 4

Arg ggr Gly Trp Tyr Thr Ser val Ile Thr Ile ggu Leu Ser Asn Ile
55

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys val Lys Leu Ile Lys
65 70 75 80

GIn Glu Leu Asp Lys Tyr Lys Ser Ala val Thr Glu Leu Gin Leu Leu
85 90 95

Met Gln Ser Thr Pro Ala Thr Asn Asn Lys Lys Phe Leu Gly Phe Leu
100 105 110

Leu Gly val Gly Ser Ala Ile Ala Ser Gly Ile Ala val Ser Lys val
115 120 125

Leu His Leu Glu Gly Glu val Asn Lys Ile Lys Ser Ala Leu Leu Ser
130 135 140

Thr Asn Lys Ala val val Ser Leu Ser Asn Gly val Ser val Leu Thr
145 150 155 160

Ser Lys val Leu Asp Leu Lys Asn Tyr Ile Asp Lys GIn Leu Leu Pro
165 170 175

Ile val Asn Lys GIn Ser Cys Ser Ile Ser Asn Ile Glu Thr val Ile
180 185 190
Page 11



conprises a nultinmer of polypeptides. 13. The reconbi nant RSV ant isgemasibs/002277
claim12, wherein the RSV antigen conprises a trimer of polypeptides. 14. An

i mmunogeni ¢ conposition conprising the reconmbi nant RSV antigen of any one

of clainms 1-13, and a pharmaceutically acceptable carrier or excipient.

VU62788PCT_ST25.txt

Glu Phe Gln GIn Lys Asn Ash Arg Leu Leu Glu Ile Thr Arg Glu Phe
195 200 205

ser val Asn Ala Gly val Thr Thr pPro val Ser Thr Tyr Met Leu Thr
210 215 220

Asn Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp
225 230 235 240

GIn Lys Lys Leu Met Ser Asn Asn val Gln Ile val Arg GIn Gln Ser
245 250 255

Tyr Ser Ile Met Ser Ile Ile Lys Glu Glu val Leu Ala Tyr val val
260 265 270

GIn Leu Pro Leu Tyr Gly val Ile Asp Thr Pro Cys Trp Lys Leu His
275 280 285

Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys
290 295 300

Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser val
305 310 315 320

Ser Phe Phe Pro Leu Ala Glu Thr Cys Lys val GIn Ser Asn Arg val
325 330 335

Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser Glu val Asn Leu
340 345 350

Cys Asn Ile Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr
355 360 365

Ser Lys Thr Asp val Ser Ser Ser val Ile Thr Ser Leu Gly Ala Ile
370 375 380

val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg
385 390 395 400

Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr val Ser Asn Lys
405 410 415

Gly val Asp Thr val Ser val Gly Asn Thr Leu Tyr Tyr val Asn Lys
420 425 430

GIn Glu Gly Lys Ser Leu Tyr val Lys Gly Glu Pro Ile Ile Asn Phe
Page 12



15. The i mmunogeni ¢ conposition of claim 14, wherein the carrier @br/ca2008/002277
exci pient conprises a buffer. 16. The i nmunogeni c conposition of claim 15,
further conprising an adjuvant. 17.The i munogeni c conposition of any one

of clainms 14-16, wherein the adjuvant conprises at |east one of: 3D ML,

0S21, an oil-in-water emulsion, and Al um

VU62788PCT_ST25. txt
435 440 445

Tyr Asp Pro Leu val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser
450 455

GIn val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser
465 470 475 480

Asp Glu Lys Leu His Asn val Glu Asp Lys Ile Glu Glu Ile Leu Ser
485 490 495

Lys Ile Tyr His ITe Glu Asn Glu Ile Ala Arg Ile Lys Lys Leu Ile
500 505 510

Gly Glu Ala Gly Gly ser Gly Gly Ser Gly Gly Ser Lys GIn Arg GIn
515 520 525

Asn Lys Pro Pro Asn Lys Pro Ash Asn Asp Phe His Phe Glu val Phe
530 535 540

Asn Phe val Pro Cys Ser Ile Cys Ser Asn Asn Pro Thr Cys Trp Ala
545 550 555 560

Ile Cys Lys Arg Ile Pro Asn Lys Lys Pro Gly Lys Lys Thr Thr Thr
565 570 575

Lys Pro Thr Lys Lys Pro Thr Phe Lys Thr Thr Lys Lys Asp His Lys
580 585 590

Pro GIn Thr Thr Lys Pro Lys Glu val Pro Thr Thr Lys
595 600 605

<210> 9

<211> 1834

<212> DNA

<213> Artificial Sequence

<220>
<223> Chimeric PreF-G polynucleotide

<400> 9
aagcttgcca ccatggagct gctgatcctc aagaccaacg ccatcaccgc catcctggcec 60

gccgtgacce tgtgettcge ctcctcccag aacatcaccg aagagttcta ccagtccacc 120
tgctccgecg tgtccaaggg ctacctgtcc gccctgegga ccggctggta cacctccgtg 180
atcaccatcg agctgtccaa catcaaagaa aacaagtgca acggcaccga cgccaaggtc 240
aagctgatca agcaggaact ggacaagtac aagagcgccg tgaccgaact ccagctgctg 300

atgcagtcca cccctgeccac caacaacaag aagtttctgg gettcctget gggegtgggce 360
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18. The i mrunogeni ¢ conposition of any one of clains 14-17, wher ecfychiv@s /002277
| mmunogeni ¢ conposition reduces or prevents infection with Respiratory
Syncytial Virus (RSV). 19. The i nmunogeni ¢ conposition of any one

of clainms 14-18, further conprising at |east one additional antigen of a

pat hogeni ¢ organi sm ot her than RSV. 20. A reconbinant nucleic acid
conprising a pol ynucl eoti de sequenmepth&UZEnmmdes t he reconbi nant RSV
antigen of any one of clains 1-13 The reconb|nant 2 cleic acid

21.
of EFHHAES C\ﬁﬁ%cr%’icﬁt {996 CHHPRAAIELIGIIE ASHARINGY F9R90t 9 odes RS RSV
ant Qe ch8q£ 9e0FcABEL NYreesk faat £HBEERTYOFytchcfyteetfdggegtrst cakb.

tccgtgctga cctccaaggt gctggatctg aagaactaca tcgacaagca gctgctgect 540
atcgtgaaca agcagtcctg ctccatctcc aacatcgaga ccgtgatcga gttccagcag 600
aagaacaacc ggctgctgga gatcacccgc gagttctccg tgaacgccgg cgtgaccacc 660
cctgtgtcca cctacatgct gacaaactcc gagctgctct ccctgatcaa cgacatgect 720
atcaccaacg accaaaaaaa gctgatgtcc aacaacgtgc agatcgtgcg gcagcagtcc 780
tacagcatca tgagcatcat caaggaagaa gtcctggcct acgtcgtgca gctgcctctg 840
tacggcgtga tcgacacccc ttgctggaag ctgcacacct cccccctgtg caccaccaac 900
accaaagagg gctccaacat ctgcctgacc cggaccgacc ggggctggta ctgcgacaac 9260
gccggctecg tgtccttctt ccctctggec gagacctgca aggtgcagtc caaccgggtg 1020
ttctgcgaca ccatgaactc cctgaccctg ccttccgagg tgaacctgtg caacatcgac 1080
atcttcaacc ccaagtacga ctgcaagatc atgaccagca agaccgacgt gtcctccagc 1140
gtgatcacct ccctgggcgc catcgtgtcc tgctacggca agaccaagtg caccgcectcc 1200
aacaagaacc ggggaatcat caagaccttc tccaacggct gcgactacgt gtccaataag 1260
ggcgtggaca ccgtgtccgt gggcaacaca ctgtactacg tgaataagca ggaaggcaag 1320
agcctgtacg tgaagggcga gcctatcatc aacttctacg accctctggt gttcccttcc 1380
gacgagttcg acgcctccat cagccaggtc aacgagaaga tcaaccagtc cctggecttc 1440
atccggaagt ccgacgagaa gctgcataac gtggaggaca agatcgaaga gatcctgtcc 1500
aaaatctacc acatcgagaa cgagatcgcc cggatcaaga agctgatcgg cgaggctggc 1560
ggcaagcagc ggcagaacaa gcctcctaac aagcccaaca acgacttcca cttcgaggtg 1620
ttcaacttcg tgccttgctc catctgctcc aacaacccta cctgctggge catctgcaag 1680
agaatcccca acaagaagcC tggcaagaaa accaccacca agcctaccaa gaagcctacc 1740
ttcaagacca ccaagaagga ccacaagcct cagaccacaa agcctaagga agtgccaacc 1800
accaagcacc accaccatca ccactgataa tcta 1834
<210> 10

<211> 598

<212> PRT

<213> Artificial Sequence

<220>

<223> Chimeric PreF-G polypeptide

<400> 10

Met Glu Leu Leu Ile Leu Lys Thr Asn Ala Ile Thr Ala Ile Leu Ala
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22. A host cell
The use of the RSV antigen of any one of clains 1-13 in the preparation of

a nedi canent for treating an RSV infection.
antigen of claim 23, wherein the nedi canent

conprising the nucleic acid of claim?20 or 21.

RSV antigen of an

onelof clains 14-

9 for

use in nmedPcine.

2

peT/cn2008302277

4. The use of the RSV

is adm ni stered for the purpose

of prophylactically treating an RSV infection.

one of clai NHGZIYBBBCDJSTEhs:xitmmn%ge
20’

25. The reconbi nant
ni c conposition of any
The reconbi nant RSV

antigen of any one of clains 1-13 or the i Mmunogeni c conposition of any one

of slaivas - %gu fag bHEE AP &éen

TYyr

Arg

Lys

65

Gln

Met

Leu

Leu

Thr

145

Ser

Ile

Glu

Ser

Asn

225

Gln

Gln

Thr

50

Glu

Glu

Gln

Gly

His

130

Asn

Lys

val

Phe

val

210

Ser

Lys

Ser

35

Gly

Asn

Leu

Ser

val

115

Leu

Lys

val

Asn

Gln

195

Asn

Glu

Lys

Thr

Trp

Lys

Asp

Thr

100

Gly

Glu

Ala

Leu

Lys

GlIn

Ala

Leu

Leu

Cys

Tyr

cys

Lys

85

Pro

Ser

Gly

val

Asp

GIn

Lys

Gly

Leu

Met
245

25

Ser Ala val Ser

Thr

Asn

70

Tyr

Ala

Ala

Glu

val

150

Leu

Ser

Asn

val

Ser

230

Ser

ser

55

Gly

Lys

Thr

Ile

val

135

Ser

Lys

Cys

Asn

Thr

215

Leu

Asn

40

val

Thr

Ser

Asn

Ala

120

Asn

Leu

Asn

sSer

200

Thr

Ile

Asn

Ile

Asp

Ala

Asn

105

sSer

Lys

Ser

TYyr

Ile

185

Leu

Pro

Asn

val

Lys Gly Tyr

Thr

Ala

val

90

Lys

Gly

Ile

Asn

Ile

170

Ser

Leu

val

Asp

Gln
250

Ile

Lys

75

Thr

Lys

Ile

Lys

Asp

Asn

Glu

Ser

Met

235

Ile

Glu

60

val

Glu

Phe

Ala

Ser

140

val

Lys

Ile

Ile

Thr

220

Pro

val

Page 15

30

$4r0R19Ashl Et MeRtciaf cISkhé@ssoci at ed di seases.

Leu Ser Ala Leu

Leu

Lys

Leu

Leu

val

125

Ala

ser

Gln

Glu

Thr

205

Tyr

Ile

Arg

Ser

Leu

Gln

Gly

ser

Leu

val

Leu

Thr

190

Arg

Met

Thr

Gln

Asn

Ile

Leu

95

Phe

Lys

Leu

Leu

Leu

175

val

Glu

Leu

Asn

Gln
255

Ile

Leu

val

ser

Thr

160

Pro

Ile

Phe

Thr

Asp

240

Ser



27. The reconbi nant RSV antigen of any one of clainms 1-13, whereiBrich®os/002277
reconbi nant RSV antigen is stabilized in the prefusion conformation of the

F protein. 28. The reconbi nant RSV anti gen of any one of clains

1-13 or 27, wherein the reconbinant RSV antigen is a soluble RSV F protein
pol ypeptide stabilized in the prefusion conformation of the F protein.

VUG62788PCT_ST25.txt
Tyr Ser Ile Met Ser Ile Ile Lys Glu Glu val Leu Ala Tyr val val
260 265 270

Gln Leu Pro Leu Tyr Gly val Ile Asp Thr Pro Cys Trp Lys Leu His
275 280 285

Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys
290 295 300

Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser val
305 310 315 320

Ser Phe Phe Pro Leu Ala Glu Thr Cys Lys val GIn Ser Asn Arg val
325 330 335

Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser Glu val Asn Leu
340 345 350

Cys Asn Ile Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr
355 360 365

Ser Lys Thr Asp val Ser Ser Ser val Ile Thr Ser Leu Gly Ala Ile
370 375 380

val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg
385 390 395 400

Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr val Ser Asn Lys
405 410 415

Gly val Asp Thr val Ser val Gly Asn Thr Leu Tyr Tyr val Asn Lys
420 425 430

GIn Glu Gly Lys Ser Leu Tyr val Lys Gly Glu Pro Ile Ile Asn Phe
435 440 445

Tyr Asp Pro Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser
450 455 460

GIn val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser
465 470 475 480

Asp Glu Lys Leu His Asn val Glu Asp Lys Ile Glu Glu Ile Leu Ser
485 490 495

Lys Ile Tyr His Ile Glu Asn Glu Ile Ala Arg Ile Lys Lys Leu Ile
500 505 510
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VU62788PCT_ST25.txt

Gly Glu Ala Gly Gly Lys GlIn Arg Gln Asn Lys Pro Pro Asn
515 520 525

Asn Asn Asp Phe His Phe Glu val Phe Asn phe val Pro Cys
530 535 540

Cys Ser Asn Asn Pro Thr Cys Trp Ala Ile Cys Lys Arg Ile
545 550 555

Lys Lys Pro Gly Lys Lys Thr Thr Thr Lys Pro Thr Lys LyS
565 570

Phe Lys Thr Thr Lys Lys Asp His Lys Pro Gln Thr Thr Lys

Lys Pro

Ser Ile

Pro Asn
560

Pro Thr
575

Pro Lys

580 585 590

Glu val pPro Thr Thr Lys
595

<210> 11

<211> 28

<212> PRT

<213> Artificial Sequence

<220>
<223> 1Isoleucine substituted GCN4 leucine zipper

<400> 11

Glu Asp Lys Ile Glu Glu Ile Leu Ser Lys Ile Tyr His Ile
1 5 10
Glu ITe Ala égg ITe Lys Lys Leu %}e Gly Glu Ala

<210> 12

<211> 1563

<212> DNA

<213> Artificial sequence

<220>
<223> Codon optimized PreF nucleotide sequence

<400> 12
atggagctgc ccatcctgaa gaccaacgcc atcaccacca tcctcgceccgc

tgcttcgcca gcagccagaa catcacggag gagttctacc agagcacgtg
agcaagggct acctgagcge gctgcgcacg ggctggtaca cgagcgtgat
ctgagcaaca tcaaggagaa caagtgcaac ggcacggacg cgaaggtgaa
caggagctgg acaagtacaa gagcgcggtg acggagctgc agctgctgat

ccggcgacga acaacaagtt cctcggcttc ctgctgggeg tgggcagcgc
Page 17

Glu Asn
15

cgtgaccctg
cagcgccgtg
cacgatcgag
gctgatcaag
gcagagcacg

gatcgcgagc

PCT/CA2008/002277

60
120
180
240
300
360



ggcatcgccg
ctgctgagca
aaggtgctcg
agctgcagca
ctggagatca
atgctgacga
aagaagctga
atcatcaagg
acgccctget
aacatctgcc
ttcttccegce
aacagcctga
tacgactgca
ggcgcgatcg
atcatcaaga
agcgtcggcea
ggcgagcecga
agcatcagcc
gagaagctgc
gagaacgaga
tga

<210>
<211>
<212>
<213>

<220>
<223>

<400> 13
atggagctgce

13
DNA

tgcttcgect
tccaagggct

ctgtccaaca

caggagctgg

1685

tgagcaaggt
cgaacaaggc
acctgaagaa
tcagcaacat
cgcgggagtt
acagcgagct
tgagcaacaa
aggaggtgct
ggaagctgca
tgacgcggac
tcgcggagac
cgctgecgag
agatcatgac
tgagctgcta
cgttcagcaa
acacgctgta
tcatcaactt
aagtgaacga
acaacgtgga

tcgcgegeat

gctgecacctg
ggtcgtgagc
ctacatcgac
cgagaccgtg
ctccgtgaac
gctcagectg
cgtgcagatc
ggcatacgtg
cacgagcccg
ggaccggggc
gtgcaaggtg
cgaggtgaac
gagcaagacc
cggcaagacg
cggctgcgac
ctacgtgaac
ctacgacccg
gaagatcaac
ggacaagatc

caagaagctg

Artificial sequence

VU62788PCT_ST25.txt

gagggcgagg
ctgagcaacg
aagcagctgc
atcgagttcc
gcaggcgtga
atcaacgaca
gtgcgccagce
gtgcagctgce
ctgtgcacga
tggtactgcg
cagagcaacc
ctgtgcaaca
gatgtcagca
aagtgcacgg
tatgtgagca
aagcaggagg
ctcgtgttcc
cagagcctgg
gaggagatcc
atcggcgagg

tgatcctgaa aaccaacgcc atcaccgcca

cctcccagaa catcaccgag gagttctacc

acctgtccge cctgcggacc ggctggtaca

tcaaggaaaa caagtgcaac ggcaccgacg

acaagtacaa gagcgccgtg accgaactcc

tgaacaagat
gcgtgagegt
tgccgatcgt
agcagaagaa
cgacgcccgt
tgccgatcac
agagctacag
cgctgtacgg
ccaacacgaa
acaacgcggg
gcgtcttctg
tcgacatctt
gcagcgtgat
cgagcaacaa
acaagggcgt
gcaagagcct
cgagcgacga
cgttcatccg
tgagcaagat

cgcatcatca

PreF polynucleotide sequence with intron

tcctggecge
agtccacctg
cctcecgtgat
ccaaggtgaa

agctgctgat

Page 18

caagtccgeg
gctgacgagc
gaacaagcag
caaccgectg
gtctacgtac
gaacgaccag
catcatgagc
cgtcatcgac
ggagggcagc
cagcgtgagc
cgacacgatg
caacccgaag
cacgagcctc
gaaccgcggce
ggacactgtg
gtacgtgaag
gttcgacgeg
caagagcgac
ctaccacatc

ccatcaccat

cgtgaccctg
ctccgecgtg
caccatcgag
gctgatcaag

gcagtccacc

PCT/CA2008/002277

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1563

60
120
180
240
300



cctgccacca
ggcatcgccg
tatatcttta
tatcatgtgt
tgtccaccaa
tgctggatct
gctccatctc
agatcacccg
tgaccaactc
aactgatgtc
tcaaggaaga
cttgctggaa
tctgectgac
tccctetggce
ccctgacect
actgcaagat
ccatcgtgtc
tcaagacctt
tgggcaacac
agcctatcat
tcagccaggt
agctgcataa
acgagatcgc
actga
<210> 14
<211> 9
<212> PRT
<213>

<220>
<223>

<400> 14

acaacaagtt
tgagcaaggt
atgttatata
ttaggtgctg
caaggccgtg
gaagaactac
caacatcgag
cgagttctcc
cgagctgctg
caacaacgtg
ggtgctggec
gctgcacacc
ccggaccgac
cgagacctgc
gcctteccgag
catgaccagc
ctgctacggc
ctccaacggc
actgtactac
caacttctac
gaacgagaag
cgtggaggac

ccggatcaag

tctgggcttc
acgtgtcggg
catatttcct
cacctggagg
gtgtccctgt
atcgacaagc
accgtgatcg
gtgaacgccg
tccctgatca
cagatcgtgc
tacgtggtgc
tcccecectgt
cggggctggt
aaggtgcagt
gtgaacctgt
aagaccgacg
aagaccaagt
tgcgactacg
gtgaataagc
gaccctctgg
atcaaccagt
aagatcgagg

aagctgatcg

Artificial sequence

synthetic Tinker peptide

VU62788PCT_ST25. txt

ctgctgggcg
acttgtgttc
gtatgtgatc
gcgaggtgaa
ccaacggcgt
agctgcetgcec
agttccagca
gcgtgaccac
acgacatgcc
ggcagcagtc
agctgcctct
gcaccaccaa
actgcgacaa
ccaaccgggt
gcaacatcga
tgtcctccag
gcaccgcctce
tgtccaataa
aggagggcaa
tgttcecttc
ccctggectt

agatcctgtc

gcgaggccgg

Gly Gly Ser Gly §1y Ser Gly Gly Ser
1

tgggctccge
cccttttttt
catgtgctta
caagatcaag
gtccgtgctg
tatcgtgaac
gaagaacaac
ccctgtgtcc
tatcaccaac
ctacagcatc
gtacggcgtg
caccaaggag
cgccggcetec
gttctgcgac
catcttcaac
cgtgatcacc
caacaagaac
gggcgtggac
gagcctgtac
cgacgagttc
catccggaag
caaaatctac

aggtcaccac

Page 19

catcgcctcc
aataaaaagt
tgactttgtt
agcgccctge
acctccaagg
aagcagtcct
cggctgetgg
acctacatgc
gaccagaaaa
atgagcatca
atcgacaccc
ggctccaaca
gtgtccttct
accatgaact
cccaagtacg
tccectgggeg
cggggaatca
accgtgtccg
gtgaagggcg
gacgcctcca
tccgacgaga
cacatcgaga

caccatcacc

PCT/CA2008/002277

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1685



<210>
<211>
<212>
<213>

<220>
<223>

<400>

VU62788PCT_ST25.txt
15
4
PRT
Artificial sequence

Furin cleavage consensus motif
15

Arg Ala Arg Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

4

PRT

Artificial sequence

Furin cleavage consensus motif

16

Arg Lys Arg Arg
1

Page 20
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