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the present invention features conpositions and nethods for the prevention
or 1kreatnment of one or NPAEKGCROMSDOF FHEYNIFNRIGN us, as well as other
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years. Chikungunya virus (CHIKV) has infected millions of people in Africa, Europe, and Asia since

20  its re-emergence in Kenya in 2004. The evolution and spread of the virus into new geographic areas,
and the disease severity present a serious public health in the absence of a vaccines or anti-viral
therapies. Therefore, the development of anti-viral therapies for CHIKV and vaccine
development remains a high priority. Phylogenetic analysis of CHIKV showed that there are
three genotypes: Asian, East/Central/South African and West African. The Asian and

25  East/Central/South African genotypes are most similar, whereas the West African strains are
more divergent. Therapeutic and/or prophylactic methods for treating or preventing
Chikungunya viral disease are urgently required.

SUMMARY OF THE INVENTION
As described below, the present invention features compositions and methods for the

30 prevention or treatment of one or more strains of Chikungunya virus, as well as other
alphavirus-mediated diseases.

In one aspect, the invention provides a virus-like particle (VLP) containing one or

more (e.g., one, two, three, four, five) Chikungunya virus structural polypeptides. In one



particle of the previous aspect or any other VLP delineated herein. In one
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t he Chihkteigunya structural polyprotein is encoded by an expression vector
of any previous aspect. In one enbodi pent, the expression _yector conprises
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20 In another aspect, the invention provides a vaccine containing an effective amount of
one or more Chikungunya virus structural polypeptides that is any one or more of capsid (C)
and envelope proteins E1, E2, E3 and 6K.

In another aspect, the invention provides a vaccine containing an effective amount of

a virus-like particle of any previous aspect or containing a polyprotein containing C-E3-E2-
25 6K-El.

In another aspect, the invention provides a vaccine containing a polynucleotide
encoding a Chikungunya structural polyprotein or fragment thereof. In one embodiment, the
Chikungunya structural polyprotein is encoded by an expression vector of any previous
aspect. In one embodiment, the expression vector comprises a CMV/R promoter. In another

30 embodiment, the vaccine is a DNA vaccine.

In another aspect, the invention provides a method of inducing an immune response
against Chikungunya in a subject (e.g. human), the method involving administering to the
subject an effective amount of an immunogenic composition of any previous aspect or any

other immunogenic composition delineated herein. In one embodiment, the immunogenic
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20 like particle of the previous aspect or otherwise delineated herein.

In another aspect, the invention provides an expression vector containing a
polynucleotide encoding one or more alphavirus structural polypeptides wherein the
alphavirus is selected from the group consisting of Chikungunya virus, Sindbis virus, Eastern
equine encephalitis (EEE) virus, Western equine encephalitis (WEE) virus, and Venezuelan

25  equine encephalitis (VEE) virus.

In another aspect, the invention provides an immunogenic composition containing an
effective amount of a virus-like particle of any previous aspect or otherwise delineated
herein.

In another aspect, the invention provides a vaccine containing an effective amount of

30 one or more alphavirus structural polypeptides or a polynucleotide encoding one or more
alphavirus structural proteins, wherein the alphavirus is selected from the group consisting of
Chikungunya virus, Sindbis virus, Eastern equine encephalitis (EEE) virus, Western equine

encephalitis (WEE) virus, and Venezuelan equine encephalitis (VEE) virus.



effective anount of an immunogenic conposition of a previous aspect. In one
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or

entry, wherein a candidate compound that reduces viral entry in the cell relative to a control
cell is identified as an inhibitor of Chikungunya virus entry. In one embodiment, the
candidate inhibitor is an antibody, or fragment thereof or small molecule.
In another aspect, the invention provides a method for identifying inhibitors of
25  Chikungunya viral entry involving contacting a cell that expresses a Chikungunya virus
receptor with a candidate inhibitor and a pseudotyped virus containing a reporter gene; and
measuring expression of the reporter gene in the cell, wherein a compound that reduces
expression of the reporter gene relative to a control cell is identified as inhibiting viral entry.
In one embodiment, the pseudotyped virus (e.g., lentivirus) contains one or more
30  Chikungunya virus envelope proteins (e.g., E3, E2, 6K and E1). In one embodiment, the
candidate inhibitor is an antibody, or fragment thereof or small molecule.
In another aspect, the invention provides a virus-like particle (VLP) containing one or
more Chikungunya virus structural polypeptides for use in treating or preventing a

Chikungunya infection.
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embodiments, the VLP induces an immune response (€.g., a protective immune response) in a

subject. In other embodiments, the immune response treats or prevents a Chikungunya
infection in a subject. In other embodiments of the above aspects, the VLP induces

25  antibodies against homologous or heterologous strains of Chikungunya. In embodiments of
the above aspects, the adjuvant is an immunostimulating agent (e.g., Ribi, aluminum salts,
muramyl peptides, bacterial cell wall components, saponin adjuvants).
In other embodiments of the above aspects, the vaccine or immunogenic composition is
administered in one or more priming immunizations and one or more boosting

30 immunizations. In still another embodiment, the priming immunizations are administered at
one, two, three, four, five, six, seven or eight week intervals. In still another embodiment, the
boosting immunizations are administered two weeks, one month, two months or three months
after the priming immunization. In other embodiments of the above aspects or any other

aspect of the invention delineated herein, the immunization protects the subject against
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having at least about 85% amino acid sequence identity to a naturally occurring Chikungunya

virus capsid or envelope protein. In other embodiments, the amino acid sequence identity is
at least about 90%, 95%, or more.

By "agent" is meant any small molecule chemical compound, antibody, nucleic acid

25  molecule, or polypeptide, or fragments thereof.

As used herein, the term “adjuvant” is meant to refer to a compound that, when used
in combination with a specific immunogen in a formulation, will augment, alter or modify the
resultant immune response. In certain embodiments, the adjuvant is used in combination
with a VLP. In other embodiments, the adjuvant is used in combination with a DNA vaccine.

30 Modification of the immune response includes intensification or broadening the specificity of
either or both antibody and cellular immune responses. Modification of the immune response
can also mean decreasing or suppressing certain antigen-specific immune responses. In one

embodiment, the adjuvant is Ribi adjuvant.
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By "analog" is meant a molecule that is not identical, but has analogous functional or
structural features. For example, a polypeptide analog retains the biological activity of a
corresponding naturally-occurring polypeptide, while having certain biochemical
25 modifications that enhance the analog's function relative to a naturally occurring polypeptide.
Such biochemical modifications could increase the analog's protease resistance, membrane
permeability, or half-life, without altering, for example, ligand binding. An analog may

include an unnatural amino acid.
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In this disclosure, "comprises," "comprising,”" "containing" and "having" and the like

30  can have the meaning ascribed to them in U.S. Patent law and can mean " includes,"
"including," and the like; "consisting essentially of" or "consists essentially" likewise has the
meaning ascribed in U.S. Patent law and the term is open-ended, allowing for the presence of

more than that which is recited so long as basic or novel characteristics of that which is
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vect or ;oficampounds for effects on a disease described herein with high-volume throughput, high

20  sensitivity, and low complexity.

By "fragment" is meant a portion of a polypeptide or nucleic acid molecule. This
portion contains, preferably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% of
the entire length of the reference nucleic acid molecule or polypeptide. A fragment may
contain 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100, 200, 300, 400, 500, 600, 700, 800, 900, or

25 1000 nucleotides or amino acids.

"Hybridization" means hydrogen bonding, which may be Watson-Crick, Hoogsteen or
reversed Hoogsteen hydrogen bonding, between complementary nucleobases. For example,
adenine and thymine are complementary nucleobases that pair through the formation of
hydrogen bonds.

30 By "isolated polynucleotide" is meant a nucleic acid molecule (e.g., a DNA) that is
free of the genes which, in the naturally-occurring genome of the organism from which the
nucleic acid molecule of the invention is derived, flank the gene. The term therefore
includes, for example, a recombinant DNA that is incorporated into a vector; into an

autonomously replicating plasmid or virus; or into the genomic DNA of a prokaryote or



aut onomously replicating plasmd or virus; or into the genom c DNA of a
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By “reference” is meant a standard or control condition.

A "reference sequence” is a defined sequence used as a basis for sequence

comparison. A reference sequence may be a subset of or the entirety of a specified sequence;

25  for example, a segment of a full-length cDNA or gene sequence, or the complete cDNA or
gene sequence. For polypeptides, the length of the reference polypeptide sequence will
generally be at least about 16 amino acids, preferably at least about 20 amino acids, more
preferably at least about 25 amino acids, and even more preferably about 35 amino acids,
about 50 amino acids, or about 100 amino acids. For nucleic acids, the length of the

30 reference nucleic acid sequence will generally be at least about 50 nucleotides, preferably at
least about 60 nucleotides, more preferably at least about 75 nucleotides, and even more
preferably about 100 nucleotides or about 300 nucleotides or any integer thereabout or

therebetween.



t her ebet ween. By "specifically binds" is neant a conpound or antibody that
recogni zes and binds a pol ypeptide of the invention, but which does not
subst ant iwbl2g10roeedgni ze and bi nd ot her nol ecul es in a sagopluso®oocexanpl e,
a biological sanple, which naturally includes a polypeptide of the

i nventi on. 'ﬂr}ﬁ ﬁé&ﬁ@ﬁ Lﬂgﬁﬁé a6 it 41061t Sihpbunld'd %Hﬁb&ﬂéitﬁlgﬂ%c%udﬁeéggph%xr?d}t d ON

I ncl ude any erc a I'ecul encod
i nvent iprotyp@ptldb dfithg n’e/rehtmmmmlchs‘dueh nownlbemnnaim nécas@hm:aridebmm etldr not be

100% i dent wi th an _endogenou ucl ej c a guenc t wll typically

exhi bi tmé]e%ﬁ?sama.sampf é?ﬁqulmma&%lm eeh @MB%#%*&S.% i dentity"

to an are typically capabl e of hbr|d|2|n with at
e o e R Y Bnded huct e ’ g

| east oubl e-stranded nucl eic acid nolecule. Nucleic acid
mol écul es uafdiic acidinha ecrdesnasdful aif thelmethodseoftthe mvienténunelweyanpnotleicc aci d

Such: nsimaesBF fanaresh 8o hERadRe e mnieh Gehirear ek B Edogenous.

nucl ei Qlu@&idjacﬁ?ﬁ%}%ﬁﬁs neea ndY el 100yPideAtidaY withintndogetet abtlerl acidlent i ty.
Pol ynucl eoti des having "substantial identity" to an endo enous sequence are

typi calsbgrue@a@é?bt wﬂbfynr@ablmeethﬂmtrﬁglbmutaladenlt@aslfolmlmtmﬁ aghg gsubstantial

doubl e-. n nugl ei acid no to form
O toun aer B A an FfasnbyF Sedbelt 88 WilsalSianiie b Al Tizing vABTRaeREbS oo
(e10., skafCoEa dafté-kpatdich@uelelt) acidmoRRulel Qﬂl&lélh@élﬂ@xﬁoleﬂﬂéb&ﬁseﬁﬂﬁm €Hés
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SCSTP S LSRN B 5 ST oL Al
MM t ri 90401Wad g6 IniMt teisoditigh clﬁ"atSQSefekdblyllmt}&nmbelfltGSOO&dMENbGdhm’fEm mM
trisodium citrate, and more preferably less than about 250 mM NaCl and 25 mM trisodium
citrate. Low stringency hybridization can be obtained in the absence of organic solvent, e.g.,
formamide, while high stringency hybridization can be obtained in the presence of at least
25  about 35% formamide, and more preferably at least about 50% formamide. Stringent
temperature conditions will ordinarily include temperatures of at least about 30° C, more
preferably of at least about 37° C, and most preferably of at least about 42° C. Varying
additional parameters, such as hybridization time, the concentration of detergent, e.g., sodium
dodecyl sulfate (SDS), and the inclusion or exclusion of carrier DNA, are well known to
30 those skilled in the art. Various levels of stringency are accomplished by combining these
various conditions as needed. In a preferred: embodiment, hybridization will occur at 30° C
in 750 mM NaCl, 75 mM trisodium citrate, and 1% SDS. In a more preferred embodiment,
hybridization will occur at 37° C in 500 mM NacCl, 50 mM trisodium citrate, 1% SDS, 35%
formamide, and 100 pg/ml denatured salmon sperm DNA (ssDNA). In a most preferred

10
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Laboratory Manual, Cold Spring Harbor Laboratory Press, New York.
By "substantially identical" is meant a polypeptide or nucleic acid molecule exhibiting
at least 50% identity to a reference amino acid sequence (for example, any one of the amino
25  acid sequences described herein) or nucleic acid sequence (for example, any one of the
nucleic acid sequences described herein). Preferably, such a sequence is at least 60%, more
preferably 80% or 85%, and more preferably 90%, 95% or even 99% identical at the amino
acid level or nucleic acid to the sequence used for comparison.
Sequence identity is typically measured using sequence analysis software (for
30 example, Sequence Analysis Software Package of the Genetics Computer Group, University
of Wisconsin Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705,
BLAST, BESTFIT, GAP, or PILEUP/PRETTYBOX programs). Such software matches

identical or similar sequences by assigning degrees of homology to various substitutions,

deletions, and/or other modifications. Conservative substitutions typically include
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BLAST, BESTFI T, GAP, or PILEUP/ PRETTYBOX prograns). Such software matches

I dentical or simlar sequences by assigning degrees of honblogy to various
subst i t utwonsio/dedoet i ons, and/ or other nodifications. Ceosarsy@bioves
substitutions typically includesubstitutions within the follow ng groups:
glycin ] I LN u r tamc

act d, " aubs Bl B e Bl ol U el Balite: AR, kbudibdeudier 2T
phenyl ahlmmmecldtglnttammmd,l arspanag'mxeglptamlye a;ppnegah:ﬂeonme;dgsme jarginivg; hink degr ee

of |den a BLAST, pr gramrra be used, with a propa |I|t score bet ween
e 3 and’ %emmormmenﬁl%{lae iy apioacitp detepmupiog thesdesreg $tidentity 2

pol ypr RO B er, | east

t wo se?aL(r%% gf%(r)ém;/gemgtl%ddegg tha%aggﬁ%?gﬁ?@ rggggje\%/fga%nggpsﬂg&g?%egﬁ%/el ope.

In bne cknblqdclrzrmdtqumdmeepol ypeptides are susceptible to cleavage with a
viral enzyne D t gpr ot ei pase_and si gnal a An exenpl ary
Stractor ol by fieat BgRE s GRhS RiRc e deng AR TRlleete rERBRENS
ABX400QB1ehst twdhie ablﬁB _lﬂ/P e6htR8h@Wute to a viral capsid or envelope. In one

VEFI PTQTFYNRRYQPRPWI PRP | RPRPRPORQAGQL AQL

| SAVNKLETRANFEDOPERRNRESINIAEK areusrepiRENOIckaP R thariiekeg®re (e.g., capsid

ERMCMKI E DCI FEVKHE YACL VGDKVIVKPAHVKGT| DNADLAKLAFKRSSKY DLECAQ
PVHNKSBJ& W%ﬁéﬁ%@QYSGGQFTl PTGAGKPGDSGRPI F

DNIKGRWAI VLGGAAE@@RI PlaSVIRMISKIPAMION protein s Ehodl iP¥idvidedNT Tenbank Accession
PCSQDPCTPCCYEKEPEETLRNLEDNVNRPGYYQ_LQASLTCSPHRQQRSTKDNFNVY
KATRPYINHARE00d crbmbas praredicsd DEfP QVSLQ G KTDDSHDWIKL

RYNDNHVPADAERAGL FVRTSAPCTI TGTMGHFI L ARCPKGETL TVGETDSRKI SHSC

THPFHHPR PV GREKIHES RGBS R PGS XM FARTAISER 5VHVPPDTPDRTL VSQ

QSGNVKIT EMNEOTMRHONOSERNEG KDRDRBOA HINCHIRROHAXK B A IIQREIVING PL
VPWEIWNWW%W@WWWMWEE@YRN

MGEEPN POEFANDMIIESPR TXAT FECR ES PG KSYRPE SHTGEFAPERIORETE L YYYEL YPTMIVWASVATF
| LLSWWW‘TWEE@&AEEWSMIPVMCLLANTTF

- ‘
AHVEKS@%%&EMMM
GPVESAWRRRANNISbMNTRY RN
WAVWWSWWEWMMW@WWW@\WI S

YYYELYPTMTVVVVSVATFILLSMVGMAAGMCMCARRRCITPYELTPGATVPFLLSLI
CCIRTAKAATYQEAAIYLWNEQQPLFWLQALIPLAALIVLCNCLRLLPCCCKTLAFLA
VMSVGAHTVSAYEHVTVIPNTVGVPYKTLVNRPGYSPMVLEMELLSVTLEPTLSLDYI
TCEYKTVIPSPYVKCCGTAECKDKNLPDYSCKVFTGVYPFMWGGAYCFCDAENTQLSE
AHVEKSESCKTEFASAYRAHTASASAKLRVLYQGNNITVTAYANGDHAVTVKDAKFIV

30 GPMSSAWTPFDNKIVVYKGDVYNMDYPPFGAGRPGQFGDIQSRTPESKDVYANTQLVL
QRPAVGTVHVPYSQAPSGFKYWLKERGASLQHTAPFGCQIATNPVRAVNCAVGNMPIS
IDIPEAAFTRVVDAPSLTDMSCEVPACTHSSDFGGVAIIKYAASKKGKCAVHSMTNAV
TIREAEIEVEGNSQLQISFSTALASAEFRVQVCSTQVHCAAECHPPKDHIVNYPASHT
TLGVQODISATAMSWVQKITGGVGLVVAVAALILIVVLCVSFSRH"

35

An exemplary expression vector encoding the structural polyprotein shown above is

provided at Genbank Accession No. EU224268 (Figure 24).

A second exemplary structural polyprotein sequence is provided at

Genbank Accession No. ABX40011.1", which is reproduced below:

40 MEFIPTQTFYNRRYQPRPWAPRPTIQVIRPRPRPQRQAGQLAQL
I SAVNKLTMRAVPQQOK PRRNRKNKKQROKKQA PONDPKQKKQPPQKK PAQKKKK PGRR
ERMCMK I ENDCIFEVKHEGKVMGYACLVGDKVMK PAHVKGTIDNADLAKLAFKRSSKY
DLECAQIPVHMKSDASKFTHEK PEGYYNWHHGAVQY SGGRFTI PTGAGKPGDSGRPIF
DNKGRVVAIVLGGANEGARTALSVVTWNKDIVTKITPEGAEEWSLALPVLCLLANTTF

45  PCSQPPCTPCCYEKEPESTLRMLEDNVMRPGYYQLLKASLTCSPHRQRRSTKDNFNVY
KATRPYLAHCPDCGEGHSCHSPIALERIRNEATDGTLKIQVSLQIGIKTDDSHDWTKL
RYMDSHTPADAERAGLLVRTSAPCTITGTMGHFILARC PKGETLTVGFTDSRKISHTC
THPFHHEPPVIGRERFHSRPQHGKELPCSTYVQSTAATAEET EVHMPPDTPDRTLMTQ
QSGNVKITVNGQTVRYKCNCGGSNEGLTTTDKVINNCK IDQCHAAVTNHKNWQYNSPL
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| DI PEAAFTRWDAPSL TDIVSCEVPACTHSSDFGGVAI | KYAASKKGKCAVHSMINAV

Tl REAEI EVEGNSQLQ SFSTALASAEFRVQVCSTQVHCAAECHPPKDHI VNYPASHT TLGVQDI
SATAMSW/Q@KO 2018@¢e300AVAAL | LI WLC VSFSRH " An exenpl ar y PeXrse@sioas2ovect or
encodi ng the structural polyprotein shown above is provided at Genbank

Ac c es s iv@RNAY cpRkEkE42 BB (ANECHWE K2 AN PTVAY SI8RRDEL ISP AP AISYRS T I UCt Ur al

pol ypr MiceErNySIRgWeI&e EVTISIVRT EstideRcMNEP Y KIaPR RTINS B@ssiEo i No.  ABX4001 1. 1",
whi ch ivwYERmTeTwRE Vs oVsMMERVGRRQRRYMRR Y CERRRWARRRTS V| RPRPRPORQAGQLAQL
| SAVNKICTNRAVREDKERRNRKINEK QREIQAPTINBRKICOPRQKR KPICRR ERMCMK | ENDC

| FEYKH VECKSARTY S A EHYTHKRNTIKG PRAHATKITR B SR LAKE NS RSE BROBLDY I

DL ECAQ TS THIVINS BASRE T HERIEE AR AR EAR DY SR PGRERPEBSERP| F DNKGRWAI VLGG
ANEGA| E BAKKE B B Y RASHT, XEE 'V, NGDHAVTVKDAKFVV

e L LA R %@L
RYNMDSHIRARNTRAGN MRS A SalEviA d AR e G bk d PO TSRk ST C
THPFHHERBWS) EHSERIHYRBL K¢t PCBINES TAT Akdels kYHMPPDTPDRTLMIQ

W,
QU TVNCQIVRYCNGEESNE T LT, NG, PO A ThHOWEYNSELVERAEL SRR H P

FPLAI WTCRVP
MGSQEP Y Wahiie PoViX Y \RIRFEHIMNGT AHGHPHE | L

NYiERMMT blidhE Bl oV ,
YYYELYPTMIW VSVASFVL L SMVGTAVGMCVCARRRCI TPYEL TPGATVPFLLSLL o
CCVRTTKAAT Y Ranagsyproridedbera ey underodve brishathanddokatl afha values within the

VMSI GAHTVSAYEHVTVI PNTVGVPYK P, E EPTLSLOYI o
VKTV B YA EL P Ry PO G R DR, combination of
AHVEKSHRtbFs-65AbRARE Ab i ik IRrau SNt VR YASGDHANT VIRAKRW 11, 12, 13, 14, 15,

GPMSSAWTPFDNKI WYKGDVYNVDYPPFGAGRPGOFGDI QSRTPESKDVY. ANTQLVL
QRPAAGTIHVA SR SE- RN BREKE 2N PR GREY AT RIBVRAYRICRY & 2,36, 37, 38, 39, 40,

1 READVRVECRGCT Q1 OF STAL ASKEFRUDIST QVHCARAGHPPKDH VNYPASHT
TLAVQDI STTAMBAISKhE(Sin/Ehd MAMA Iredt) WeGtivGF SikehtBient, S aind thetlikeirsfermearetuaing
AP TR WA AT s e o T
e AR iy LA A g B
conbi naohditionpr symptoms associated therewith be completely eliminated.
As used herein, the term "vaccine" refers to a formulation which contains VLPs or
25 DNA:s, or other gene-based vaccine vectors, of the present invention, which is in a form that
is capable of being administered to a vertebrate and which induces a protective immune
response sufficient to induce immunity to prevent and/or ameliorate an infection and/or to
reduce at least one symptom of an infection and/or to enhance the efficacy of another dose of
VLPs or DNA vaccines. Typically, the vaccine comprises a conventional saline or buffered
30 aqueous solution medium in which the composition of the present invention is suspended or
dissolved. In this form, the composition of the present invention can be used conveniently to
prevent, ameliorate, or otherwise treat an infection. Upon introduction into a host, the vaccine
is able to provoke an immune response including, but not limited to, the production of
antibodies and/or cytokines and/or the activation of cytotoxic T cells, antigen presenting
35  cells, helper T cells, dendritic cells and/or other cellular responses. In certain embodiments, a
vaccine can also be a protein. For example, recombinant proteins have been produced by

genetically engineering cells to produce one or more foreign genes, which in turn produce

proteins that serve as the immunogen.
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nunbers, or sub-range fromthe group consisting 1, 2, 3, 4, 5 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 328006386 34, 35, 36, 37, 38, 39, 40, 41, 42, r¢3usdebo/od@4 46, 47,
48, 49, or 50. As used herein, the terns "treat," treating," "treatnent,"”
and the |ike I r 1 NQ: OL 1: ' td 1.SQr . s
2ssoct at ed s ey fERT S A-IREBRIA (VT R IR AR A IRHETY
t r eat i nuneattdba@rdembies coimah it ovhicokes mobeeredpmaorstrafedito bé enfelétioms d€irys-
conditign or synptons associated therewith be conpletely elimnated. As
ised hafk Rt QleRnAEFQFIaRcE Cith e 1RYAMEPE dp o CATEY BRTIeks Prajﬁmﬁrwr%ﬁwgif% VLPs
or DNASye B0t Qh6f thd $itas-BRE pertithssCl Y8 WARR: 1k pah e 10§ £ Mirall SB4ERE1A0,

whi ch i sePr?ta {]ormt a% ' sf’calpabl er%ep %ei ng al mpr#tsteesr eﬁéto %1 ertebrate
and Swhi théreforellacesominfechowsc in adidifionvimes-liks partedescah biten be praduceédihuiarge
imunity to.prevent and/or aneliorate an infect] and/ or to reduce at

| east #@“té&’/%phyc}?ﬁtgf’%éﬂuf ?ﬁpéﬁsts}o&f“ar?@/’%fa ef‘%fyé?ﬂﬁ’zﬂ)f e the efficacy of another
dose of VLPsy@QessdPbci¥idsify §18d of ¥Bi68S fribm doheexy 3R GsBPh&GOIMPHeIEEn Bor” is
conventional saline or buffered aqueous sol ution mediumin which the

conposiunderstapid to be ipresient Unlgsesperidigall s steted e nbieigus froth epngexicas used t hi s

form the.co si ti,on,of, the,present .invention can, be ed conveniently to
pr eventl}er%{ﬂ’etggg e? ’Q?n ofﬂ‘ir%es%retupggrtsmgﬁ t?ﬁ?éléltgfﬂ&ﬁ?r ﬁ%(r)ag. i nt roduction
i ntj@ a host,Uhles spacifichldy itstedldk obvioupiroMOdanteXh, dsiistRereS hensen aduutisng,

but not limted to, the production of antibodi es and/ or cytoki nes and/ or
t he actyndasiapd astwithjn arengeof nogepl teleranse iy the ash &yeaxamply withing standagdy T

cel s, S1oHEh! bEnehd:s. AhPLarld\HachIAALRTOON S0P £0b MBSk AN, avg
S, SO be a prot

enbodi nen a vaccine can a rotein. For éxanpl €, reconbi hant

pr ot ei rEo /el %ee.5%H 0030k 05%y oge 0 Yl afahd stated yalvee Unieps oterwist @lqar Gdce one
or nore foreiaﬁn genes, which i,gg;urn, produceﬁk%)irot I ns that serve as the

i munod@Rterd allauinericakyaluesisavided hsreip gre sqdy ANEIIEIEA0QWy P) refers to a

striycture thpfe rjeE‘itzﬁfogl (tﬁ%slfjsgﬂggf ghdrhic AUYBupERGRD iR Bniiok T UV aRbble Woterh has

not been denonstrate ecti ous. rusli T ke particles 1 n accordance
wi t h t hecludessdefingiond of tiet ve@atly aganedingle ignduprorecoinbmatiooed listgd fgpoupsh€he

0r v ebion B P T Lh e IER b Sied FRBR G °
parti cl gg1€ anbedihRit BeinloffbieRdni With Aty0stheanbddiinests By pbRiofk elePgsTus

expression and can be easily ﬁurl fied.” Unl ess specifically stated or
obvi ous fr onieyeeraresitiens arsesthedsrpepyided hereinegambegombired widle pre eororarhe

i n¢lusive. Al ess specifically stated or.obvious fromcontext, as used
he?é)i n,aqyﬁéwee&?%gr wgw,osl*t%?ﬁlsf‘na@;ﬁnc?kl%tdﬁgx&é?eeﬁeﬁ%grstood to be singular or

plural. Unless specifically stated or obvious fromcontext, as used herein,

the term "about" is understood as within a range of normal tol erance in the
art, for exanpl e wi t hiBRIEEDER(RIPTION OF THE DRAWINGS

Figures 1A-1D show the characterization of CHIKV E pseudotyped lentiviral

vectors. Figure 1A is a schematic representation of the CHIKV genome and CHIKV E

25  expression vector used for incorporation of CHIKYV E from strains 37997 and LR2006 OPY-
1 into pseudotyped lentiviral vectors. The CHIKV genome consists of nonstructural
polyproteins NS1, NS2, NS3 and NS4 and structural polyproteins capsid (C) and envelope
(E: E3, E2, 6K and E1) (top). The polypeptide E genes from strains 37997 and LR2006
OPY-1 were inserted into an expression vector (bottom). Figure 1B includes two graphs.

30  The graph on the left shows the infectivity of the indicated pseudotyped lentiviral
vectors in several CHIK V-permissive cell lines, including 293 A human renal epithelial,
HeLa cervical epithelial, Vero renal epithelial, A549 squamous epithelial and baby hamster
kidney (BHK) cells. The pseudotyped vectors were standardized by HIV-1 Gag p24 (left)
or the indicated concentration of p24 and used to infect 293A cells (right). After
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devi ations of the mean. About can be understood as within 10% 9% 8% 7%
6% 5% 4% 3% 2% 1% 0.5% 0.1% 0.05% or 0.01% of the stated val ue.
Unl ess otwerwimms2®bear from context, all numerical val uestpseavdeoher ei n
are nodified by the termabout. The recitation of a listing of chem cal

! _ AP : in incl initi f th
020 A S W U AR A A B

reci t atwasineabured. @hbesperinéntfwais perfosnédinl thiplhicat@sPgate e imiwmddsmwbudes t hat
enbodi nent as any si nﬁl e enbodi ment or in combinatjon w th any ot her

enbodi I8 thiat shy thegd-dependsptentixof GHHEoRSepdMRedlentiaral ¥8€oBr ovi ded

hnd ot Ramo ol REVREL Lok etiin e BN breSiite Bl BUACHORRRAZ | 0"
| D §hownrnimiwrh ahladdeflefh)aind ehlordqGhik Kivglid).p The dopenpacnt wad parforatedviact or s.
schematic r entation o eno and, CH KV E

Fi ILA.I t.he CH KV
expr oo dTBYEAE D3 e G FBI<d 415 BECSRPBOLACUY RNE IGHPLPS FETITED7 and
LR2006 4Rty ith B freBRUAOFIRRE | DA Eiph oWt el R P GETE

consi sts of” nonstructural polyproteins NS and NS4 and structural
pol ypr pseidetypedgeitivi(allveatods mrseed bpm 1hice ifectedaithdBRHEQY (§rdin St2))Serahe

pol ypepti de e frgm strrains 3799 oPY: re | rted into
an expr“ée§%1n8}lfbageé£§(s5]?e lfaﬁ?fegrﬁ].ugﬁsg‘ﬁ&ézllsgjgnéﬁﬁ]ggésq%3 Jé"’r%%?‘i#ﬁ? graph on
t hgo! efopBhaEpsdulbtypBd Bsltivitht Yec®rs hitEthie i it afefte@ triDddeelld. enti vi ral

vectors in several | KV-perm ssive cell lines, including 293A human renal

epi t hellivgiferapepciivityrwascaial yegd 2A diopes| afteyifectionn alheegriperieientyas pgfgmeduanous
epi t hel.i b nﬁhn@ fer | v% ¥ typed vectors

wer e stdéﬁkcpéggtg'zgg’ %’{} ' ?’atgﬂé&g&fﬁ llﬁle_@r}"%ﬁl L?h‘&%ﬁ‘&?ﬁﬁ%ﬁ% concentration of
p24 and useigdes A2t shd93ihe eellehtutiC kepgédentatid beplasinidxptessionvedtogseudot yped
vectors for 24 hours, cells were | and luci ferase activi tty was

d
measur é8d charactenzatipn RbHIKYSVERS 1 B&@%a% Prvidiqs|a SChemati¢Teprsent®eon ncl udes
s 01 JPRGNKRAL. 12 B chBfestibl: SERGRAREY rEBNX Vabeifthit/vEeqHdgioRed | entivi ral

vectors. Pseudotype ntiviral vectors were I ncu e presence of
t he i ndihedlEIK \astoucttal podlyproteing capsahplos eieldpedCEE) amigl alome droog siraias (ri ght ) .

The ex I.ren rformed iin triplicate. Data are nted as the
por contagal grd L3P0 BIPNG e inweiied e an dommTar 46706 L LETRHES w th no
treat MpRhsfebtb@WAR ehdh 65tha il @Ry ;ﬁﬁh@?ﬂdﬂ gEﬂ%b%IsfcﬁJ WasthéR0rdaRRHARY W th

pseudotyped lentiviral vectors in sera frommnce injected with CH KV
(st r ai ragsf2dtjon ISeWastaar blottimgas slesatibed prevéouslydi2@hwish adiisena reapdvenvith VSV- G

U8 SR PR RN O RS Sl EEA 3 e e
after ivdreputified f1dif tB¥ BEPEMBANtINGS2I3F E€llsRensfected with C-E expression
vector (c-e37997) (left). The supernatants were harvested 72 hours after
transfection followed by OptiPrep density gradient centrifugation. Each fraction was
characterized for its buoyant density (left upper panel) and protein content (left lower
25  panel) by Western blot analysis with antisera to CHIKV. The fractionated VLPs were
observed by transmission electron microscopy with magnification 20,000x (left, bar
100 nm) (right). Figure 2C provides a comparison of cryo-EM reconstructions of
CHIKYV VLP with Sindbis virus showing that CHIKV VLP is structurally similar to
alphaviruses. Shaded-surface representation of the 3D density map of CHIKV VLP
30  (left upper panel) and Sindbis virus (right upper panel) viewed along an icosahedral
2-fold axis. The white triangle marks the boundary of an icosahedral asymmetric
unit. The numbers show the positions of the icosahedral 2-, 3-, and 5-fold axes
limiting an asymmetric unit. The central cross-section through the cryo-EM maps of

CHIKYV VLP (left lower panel) and Sindbis virus (right lower panel). The orientations
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in triplicate. No inhibition was observed with control non-imune anti sera.
Fi gures 2A-2C show the schenmatic representation of plasm d expression
vectors awgofamsadseri zati on of CHI KV VLPs. Figure 2A proviugesmo@shenati c
representation of CHIKV CE or E expression vectors used for DNA vaccine

and VLP production. ~T I tr ur Lyprot.el | | us envel ope
(G E) (S)rf ﬂ{f 1g{>’sg%1%<?r]a Ir@ﬁﬁrft%%}s{)lg)ﬂ%gsa‘ﬁgi %Béﬁa%g?eé}gl&gﬁ allxgss%?t ed into an
expr esshewn wethitvitite 128 TMaps hie caRfufatéd ris§ Reésetutiint h each of the indicated
pl asm ds. Expression was neasured 48 h after transfection by Western

bl otting as fagues 3HetP precgrppissthwingthe peytrelization et GHIRYcstrains 3490 cHi Kv.
Figure aﬁﬁgh&gbg?ﬁﬁ(ﬁ HePPNA Wﬁ?%c&b&i@g Mic laﬁ&%ﬂ{o%le f§e99 K3pp. VLPs
I e C r C

were puri romthe supernatants o ell's anstected wth GE
expbes impnunvadtmice (| C-dags 88et)thé fiablt iinmurtizatimpesre aésted witheTHIKMastraiat ed 72

hours after transfection foll owed b i Pre ensi r adi ent
cent ri FUBKI (l%svreéa@rprfﬁ%%qq6o¢#’m(Feéa€§§>érwsgego%%f} lentVigtlogeaters-densi t y
(left yaRehwdeifninBRd \AQHP%%‘H{?&}E&%?}\% Ok %[Jmlgp\eﬁgeh PARQk E [@¥aiiesioonn bl ot

analysis with antisera to ractionat VLPs were observed by
t r ans masdiLRL0O6 ARY dn respectostyyplasmidiwasagjecfadca Dl dand 6, 0&Rx. (pebft, bar 100

G ' Vit b vith e S By PR sl T R RPN y o1 i | ar

t 018! PhRYforHEE S tripIFCHREl- THE k3080l SREW IRNUREA b fThe FEMPER ARIbrd showap Of
CHI KV VLP (left upper panel) and Sindbis virus (right upper panel) viewed

al ong dhe stendsadh edorof the frglan. The surveie welicalsulaid msrgefiwarch&Figandary of

an ico dral a tric,unit. The punhers show I.$\i_ons , 0 he
Cosanet 0w refiN B blodtl] il Wit S Y D sBRRbD S ¢ Mol o
cent r al24ckeske: YeaéutRlizing Qsghwidrromyed FithrCHK W tr&hl3KYO VUESR phrdlf of ower
panel ) and Si ndbis virus gri ght | ower panel The orientationsof the

| cosahddt2406 QRY-1drightppge ﬁmeaﬁotan%islea%vw@?\dect% intserafipdlerted foBef ol d (g3)
B 08 cdmuRIR OB I Paqsafe: calBBRnRREA “HESRbd Cttpdie aFae | S0

and LRI sPMohkayfstaad baNAhow thd ftandaed emart ofthe inmeani EeguandiDishokeyte. Ser a
frominmuni zed m ¢ce 10 days he final .inmunization were tested with
CH KV dtepdpkizing ggtwmgj‘m% Céﬁ%gh%&é@@é’%@ RN RAnAECYE §55288t yped
lentivigabny/ Sad ﬂ'?simnMn‘?ﬁtiWﬁ!i §ab EORMHAAD Y dtihdaREplagil fdb&shPNA or VLP37997

Each GE or E (strain 37997 and LR2006 OPY-1, respectively) plasmd was
i nj ect actutxbliZdtion tesh PBNTReRhe syinbakaxhipwiiheraveragaiof teisixRnénkeydjandant was

inj.ected at, 2 and 6 weeks. The experinent was performed in triplicate. The
sy ol %%S\HW%@%WéCSE"S‘?Of{}ﬁ% eEl‘)‘(}'e m ce and bars show

Figures 4A-4D are graphs showing protection against CHIKV LR2006 OPY -1
challenge in monkeys immunized with VLPs and in a CHIKV mouse model after passive
transfer of purified IgG. Figure 4A quantitates results obtained in monkeys injected with
PBS (Control) or immunized with vLp37997. Monkeys were challenged with 10" PFU of the

25  CHIKV strain LR2006 OPY-1 15 weeks after the final boost. The peak viremia at 24 hours
after challenge was measured by plaque assay. The serum dilutions started from 1:200 (limit
of detection = 1000 PFU/ml). Error bars represent the standard error of the mean. Figure 4B
is a graph showing the percentage of monocytes in the monkeys’ white blood cells. Monocyte
percentage was measured using a hematology analyzer before and 7 days after challenge with

30 CHIKV. Error bars represent the standard error of the mean. A non-parametric two ¢-test was
used for statistical analysis (Control vs. VLPs at 7 days, P = 0.0036; Control at 0 days vs. 7
days, P = 0.0015; VLPs at 0 days vs. 7 days, P> 0.5). Figure 4C shows the number of viral
RNA copies present following passive transfer of purified IgG from a monkey immunized

with VLPs (Immune) or a control monkey (Control IgG) into mice (2 mg of total IgG per mouse,
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t he standard error of the nean. The curve fit was cal cul ated by Prism
software. Figure 3C shows results from nonkeys i mruni zed with VLP37997 or
PBS (contwol2p1oais2®s 4, and 24 weeks. A neutralizing assayTwssooppodes ned
with CH KV strain 37997 (left panel) or LR2006 OPY-1 (right panel) E
pseudot Y] : : | I Li keys at
10" day o aprepolh), fecic RLPLErd lEhG PG, Ry IR APE)IREL7,
nonk ey L. R20D6 [ B- 1sdhalle gea(36 PERLY dydnteadeanaldhjettivn. fBwnvirehkiig ur the dbicshfbers t he

neutralizing activit ai nst. CH KV. LR2006 . CPY-1 i.n i ized nonkeys' sera
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i muni élecl1 ith VLPs and in a CH KV nouse nodel after passive transfer of
purified ag%?geFi gure 4A quantitates results obtained in nonkeys injected

with PBS ( <) i i <\ enged
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and 7 dagisneafation gratadriteaydesaribéd @il ikivsly EQuentiheatonrod graskenitfracienssisandar d
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el ys LoV BB indfe G WS S fyof Mol og 8 EnY S b o ARG
days, Rh&ekhedled baoyafit density for HavSirMparticlélr(108- P 138mb)(uperpdfi€l). 4C shows t he
nunber of viral copi es present follown assive transfer of purified

| gG f r oWestemntcapalysinodigradieniiftastionsdeor CHME;”@;% and GagaregthoWdnkey (Contr ol

g i m 2 mg of total 1gG per nouse, n=5 per group). Recipient mce

we&é C E’;ﬂq’feéﬁggeﬁm hours after IgGtransfer with a | ethal LR2006 OPY-|

chal | enge ( 3qgkEd)shbys itid CROERAEHIKN] ©@B3-B2-6KFBE plastedr{Strdim 379&7)mi ce after

chal | enge was neasured by quantitatjve mt of det ﬁé%li on = 40 RNA
srté?)

RT- PCR (i .
copi es/ m ). TEBwE Apghiowvsithe peauignge qfife wser 62EQ 1§N9f1)oflws7 AYSEiGure 4D
shows i : 81 tws! apsferred with control 1gG or
CHI KV %ﬁ%}%ég{hﬁ:&gﬁgﬁ)&?{%@ sﬁg%ﬁﬁgié%{%g(%g%?@g 1 challenge. Figure 5 shows
t he char act efigwatdidoshowfs tBHCKIV R-LSHKIOCRe 82160 E ] plasalid ¢ Birain @GP H1). buoyant

o RS B S TP et R TG kR B RSB o
VeCt or SH1hdtif sequence (SEQ ID NO: 4).
Figure 9A shows the CMV/R-Middleburg virus VLP plasmid. Figure 9B shows the
entire plasmid sequence (SEQ ID NO: 5).
Figure 10A shows the CMV/R-Sleeping disease virus VLP plasmid. Figure 10B
25  shows the entire plasmid sequence (SEQ ID NO: 6).
Figure 11 (A and B). Panel A shows the CMV/R-Getah virus VLP plasmid. Panel B
shows the entire plasmid sequence (SEQ ID NO: 7).
Figure 12A shows the CMV/R-Venezuelan equine encephalitis virus VLP plasmid.
Figure 12B shows the entire plasmid sequence (SEQ ID NO: 8).
30 Figure 13A shows the CMV/R-Western equine encephalitis virus VLP plasmid.
Figure 13B shows the entire plasmid sequence (SEQ ID NO: 9).
Figure 14A shows the CMV/R-Eastern equine encephalitis virus VLP plasmid.
Figure 14B shows the entire plasmid sequence (SEQ ID NO: 10).
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293T cells. Forty-eight hours after transfection, supernatants were
harvested and run on sedi nentation gradi ents as described previously.

Quant i fi cwoizorv/oek39gr adi ent fractions is shown with the ipodiusatedobs ai ns,
show ng col ocalization of Env with the Gag fraction of the expected buoyant

density for g (BING | & - / I t
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g |783$; eplﬁ?!&qﬂamigizmlﬁﬁw(ﬂr?m NOel IgW/ 5 CEII KV C E3-E2-6K-E1 plasnmid (Strain
. Figure shows the sequence of the insert (SEQID NO 1). Fi 7B

shows t he s@d&iﬁﬁé@AéhOWﬁéheeﬁM\g -%ff%lfﬁfar%ﬂ&@ﬁ\ékl’p %-DF‘IEEBYG %B smﬁig 8A

shows ttﬁ?en%éﬁ%nﬂ? éé}fu&ic%?(sggl‘ﬁﬁ\l@@.asm d (Strain OPYl). Figure 8B shows

t he sequence e I'nsert QID 3) . Figure 8C shows the entire
pl aSm d seqlFipoe 17 SER0WDHNCEMA/R -Faloion paddkeahdivense heu VPR Adndd| Egurg vi r us

VLP pl id. Figure 9B sho t he Lr l.asm d sequence (SEQ ID NO 5).
Fi gureﬁ&ﬂgﬁﬁwg qofize gwg\%q@@meﬁgﬁ@@)eﬁgew}'rus VLP plasnid. Figure 10B
shows the eqihi:e1RARRIWE IREONBVYRER bs3FRVER NG VD plabinSdir Bighte (8B aftfvsthe
Panel A shows the CW/ R-Getah virus VLP plasm d. Panel B shows the entire

pl asni @ndeqlenud s¢@racd SBQ@IDNO: Bgure 12A shows the CW/ R-Venezuel an

equi ne encephal it] irus V md. Figure. 12 hows .t.he. enti | asm d
cequence.( SERith kG halrd g CRAE RIS ohern e St RNty TGt P
engephahdws ﬁle\éhfikbi%lj?rﬂrﬁd&'e ice (SEQIDROL18H. shows the entire plasmid
sequence (SEQ ID NGO 9). Figure 14A shows the CWI/ R-Eastern_equine
encephal i ti Figure d9Ashpwp FIEFS&W/RFMQM@TQ vims VdHbplasmite Eiguie29Bsheyisithe
sequence,. . HeHMeN1 shows the CW/ R-Si ndbi s virus VLP

pl asm %St“%ﬁ’g“%ﬁégfg@egégﬁﬁ?ﬁg I\Z(r)l’tl e plasm d sequence (SEQ ID NO 11).

Fihgur e %6A Figws 21 AasheWiti SPV/RkBarfntaheldrest ivirus WIPPblpdraginiRigurki2g Brshode B
shows the entire plasmd sequence (SEQ ID NO 12). Figure 17A shows the
CWI/ R- 88 ¢Rise B@ﬁ@i‘%%‘?éluﬁi@fﬁgg NG WP plasnid. Figure 17B shows the

e, ! ST Ry VB vl DU e
| D NO pla$inid b¢quenee (BEQ HDNG: e CW/ R- O nyong- nyong virus VLP pl asm d.
Figure 198 . e 23A shows the CMV/R-CHIKYV E3-E2-6K-E1 plasmid (Strain 37997) and the
sequence of the insert without the capsid (C) (SEQ ID NO:19). Figure 23B shows the
CMV/R-CHIKV E3-E2-6K-E1 plasmid (Strain OPY1) and the sequence of the insert without
20  the capsid (C) (SEQ ID NO: 20).
Figure 24 shows the sequence of Genbank Accession No. EU224268, which is a
Cloning vector pCHIKV-LR ic, complete sequence. See, Tsetsarkin, K., Higgs,S.,
McGee,C.E., De Lamballerie,X.,Charrel,R.N. and Vanlandingham,D.L. Infectious clones of
Chikungunya virus (La Reunion isolate) for vector competence studies, Vector Borne
25  Zoonotic Dis. 6 (4), 325-337 (2006).
Figure 25 shows the sequence of Genbank Accession No. EU224270, which is the

complete sequence of the Cloning vector pCHIK-37997ic.

DETAILED DESCRIPTION OF THE INVENTION

30 Chikungunya virus (CHIKV) has infected millions of people in Africa, Europe, and
Asia since its re-emergence in Kenya in 2004. The evolution and spread of the virus into new
geographic areas, and the severity of the disease, present a serious public health threat in the

absence of a vaccines or anti-viral therapies. The invention provides compositions and
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shows the entire plasm d sequence (SEQ ID NO 15). Figure 20A shows the
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20

Immunogenic Compositions
The invention provides compositions and methods for inducing an immunological
response in a subject, particularly a human, which involves inoculating the subject with a
VLP comprising one or more alphavirus or CHIKV polypeptides, or fragments thereof, in a
25  suitable carrier for the purpose of inducing or enhancing an immune response. In one
embodiment, an immune response protects the subject from a CHIKYV infection, or
inflammatory consequences thereof (e.g., arthritis). The administration of this
immunological composition may be used either therapeutically in subjects already
experiencing a CHIKYV infection, or may be used prophylactically to prevent a CHIKV
30 infection.
In certain embodiments, CHIKV candidate vaccines were developed by comparing
the immunogenicity of gene products derived from two disparate strains, the 37997 strain
from West Africa and the latest outbreak strain, OPY-1, of the East/Central/South African

genotype, to develop CHIKV candidate vaccines. These strains share ~95% amino acid
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prevent the infection and spread of CHI KV and rel ated pathogenic viruses in
humans. Accordingly, the invention provides inmnogeni c conpositions
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ns. e i

conpositi nportant Teature of VLPs is the ability to express
sur face pr offer asansple t ¥l Ptdomprisimgrumesy staxenCHIKY paypeiirdas,eorifrgueat an

| Nune response ainst said pratein. However,. not all proteins can be
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pharmaceutically acceptable carrier, which includes any carrier that does not induce the

production of antibodies harmful to the subject receiving the carrier. Suitable carriers
typically comprise large macromolecules that are slowly metabolized, such as proteins,
polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid

25  copolymers, lipid aggregates, and inactive virus particles. Such carriers are well known to
those skilled in the art. These carriers may also function as adjuvants.

The VLP comprising one or more CHIKYV polypeptides, or fragments or variants
thereof may be administered in combination with an adjuvant (e.g., Ribi). Adjuvants are
immunostimulating agents that enhance vaccine effectiveness. If desired, the VLP

30 comprising one or more CHIKV polypeptides or fragments or variants thereof are
administered in combination with an adjuvant that enhances the effectiveness of the immune
response generated against the antigen of interest. Effective adjuvants include, but are not

limited to, aluminum salts such as aluminum hydroxide and aluminum phosphate, muramyl
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(e.g., Chikungunya infection).

25  Polypeptide Expression
In general, VLPs comprising one or more CHIKYV polypeptides of the invention may
be produced by transformation of a suitable host cell with all or part of a polypeptide-
encoding nucleic acid molecule or fragment thereof in a suitable expression vehicle.
Those skilled in the field of molecular biology will understand that any of a wide
30 variety of expression systems may be used to provide the recombinant protein. The precise
host cell used is not critical to the invention. A polypeptide of the invention may be produced
in a prokaryotic host (e.g., E. coli) or in a eukaryotic host (e.g., Saccharomyces cerevisiae,
insect cells, e.g., Sf21 cells, or mammalian cells, e.g., NIH 3T3, HeLa, COS cells). Such

cells are available from a wide range of sources (e.g., the American Type Culture Collection,
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suspension, tablet, pill, capsule, or sustained release fornulation.

| mmunogeni ¢ conpositions are adm nistered in a manner conpatible with the
dose for mubavios2396he i nunogeni ¢ conposi ti on conpri sespam/usxongned209i cal |y
effective anount of the VLP and other previously nmentioned conponents. By

an | 11 Cardal. ffectiv | n SJl.

Cﬁrrposi % | gﬁgg’@ﬂdﬁi}%&? é%egdg'ﬁh%a&{]ng#% It Bﬂ"?“gﬁz'ehs?gr@%‘ﬁﬁé?x%ﬂg‘? S ngng té:(ei lsl ve for
t he tr ed, Spodopdéraprnpdrtla OBf) @tllgr.d. ST% Sf2 RiTrichbelusiase caltvyery. Sligh Brvew | |
vary, deﬁendi rﬁg on_the subj ect togbe %eat,eéfc,tﬁlg subjcect' J he%lttheand
ph%/_s 13 cj}e %@H@Ieh rpgwhile fe ‘}E'&%a’éﬂ‘%‘?ﬂ_&? of gslimgludipg é’equﬁﬁﬂ%E"@?ﬁ"e to produce
anti bo o - re¢;,.ang ; r ors.
Pr eci seegeﬁrr}{)sﬁ&nf g(l%g'ioﬁ@/cgc{ai%gb?%arngg isgéanct? Sr eq ualnr@[ebg] 1\9“Elflﬁfn§e(%eaz%@%s %rﬁg@

j ud§eneyitbrofa, Ukymerpillas nidiilaseSchimsticdhpporapades pombe (® poetbek AiclbagastoriSidy of

e s e PSS e S B e RAT S

Pol'y penfibidg 1Feehs SSNCAP cils, ERiREe ham¥feFsv 09 icBiSs, BGFaR errBRY¢hi kY
pol ypepti des of the "nvent i on rsraymge pr oﬁdﬁ((:@;gogy t7anstormatlon ofd%&

su: t abl(BEK)sells; A fricen gieenmmonkey pelts, CM1 cellp o gloealis dMENCIS delly Vrueked ¢ aci d
nol ecul.e or fra nt thereof in a suitable_.ex ssion .vehicle. ; Thos

ki |1 ed Tt erlls” PRPRrdotio paeiiftaPr St B3 RAMPR RGPy ne bR5eEs o
Wi de Varrbliryotdf hBXBEIRSA¢108e BAGérfIReR Yok atiphs] B eoM B \shB€lS, hed r econbi nant
protein. The precise host cell used is not critical to the invention. A

pol ypepny@bagfria.-he i nventi on may be produced in a prokaryotic host (e.g.,

E. col) or i LG ) ks [

el 1 5, e g, Meodd A Bhb Salbibneleat knoWif fNAE D RSTRERRI U, B | 022
; el 1's) .enBodifig 6 epdcsfi@CHIKWasr aalyl atpHaviras protéidean bepelanéd ORTRGR (rony. , t he
o S e FHIFN A e T oo R e b pleeigianiar said vifus. The=17¢!
Spadopt . \ | . 5 . |

o o3 PR 0B 4and Sl pEAohS oy BNGirer P& hyelion IR 1 feclr Seets™ i ng
yeast) tholst meaisiby veliieh $nucleiceadid caehe popygatedoandbmdranatettied bewvdeact i s)

S ' f .Candi ' di C. al bj .and.C.. gl abrata, As .gi 4 |
o dul arfSSanTR, S6Ua 0 U /CEP B BeY S oy Plefinih A ey CaPeEoPRaS
Yarrow Iﬁ'o-lv'hﬂQés}’f)Cl'l BT30S aTBIER chAtndsBhieS, and @h&ike, @t réplicagby

i
hanst er ki dney ealc%%s,l mouse L cells, LNCaP cells, Chinese hanster ovary
(CHO cmitdromdushysor cenfntggraiedntol ajehagmosiErg ofahoss celhfA iveetar eanealsp b Reked

o, Nyt APk R s i s i

EL gmr @Fﬁhﬁgﬁ%ﬁhiﬁ td sanmenlatider P9t pihdtorjagdted DN oeR N lagepfide-col i, B.
conjugated DNA or RNA, a liposome-conjugated DNA, or the like, that is not autonomously
replicating. In many, but not all, common embodiments, the vectors of the present invention
are plasmids or bacmids.

25 The invention further provides nucleotides that encode proteins, including chimeric
molecules, cloned into an expression vector that can be expressed in a cell that provides for
the formation of VLPs. An "expression vector" is a vector, such as a plasmid, that is capable
of promoting expression, as well as replication of a nucleic acid incorporated therein.
Typically, the nucleic acid molecule to be expressed is "operably linked" to a promoter and/or

30  enhancer, and is subject to transcription regulatory control by the promoter and/or enhancer.
In one embodiment, the VLP comprises one or more alphavirus envelope proteins, and in
particular CHIKV virus envelope proteins. In another embodiment, the one or more envelope

proteins are any one or more of E3, E2, 6K and E1. In another embodiment, the VLP further
comprises a CHIKV virus capsid protein. In related embodiments, the Chikungunya virus
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promoter, the E. coli lac, phoA and tac promoters, the SV40 early and late promoters, and
promoters of retroviral LTRs are non-limiting examples. Other suitable promoters will be
known to the skilled artisan depending on the host cell and/or the rate of expression desired.
The expression constructs will further contain sites for transcription initiation, termination,

25  and, in the transcribed region, a ribosome-binding site for translation. The coding portion of
the transcripts expressed by the constructs will preferably include a translation initiating
codon at the beginning and a termination codon appropriately positioned at the end of the
polypeptide to be translated.

Expression vectors will preferably include at least one selectable marker. Such

30  markers include dihydrofolate reductase, G418 or neomycin resistance for eukaryotic cell
culture and tetracycline, kanamycin or ampicillin resistance genes for culturing in E. coli and
other bacteria. Among vectors preferred are virus vectors, such as baculovirus, poxvirus
(e.g., vaccinia virus, avipox virus, canarypox virus, fowlpox virus, raccoonpox virus,

swinepox virus, etc.), adenovirus (e.g., canine adenovirus), herpesvirus, and retrovirus. Other

23



I nvention. Expression vectors useful for producing such pol ypeptides
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transf &% 6Ki MEE1, or@ortidridnbéresMasalescribad X .das futthed endbaligens said vettudi ng
t hose descri bed herein, into eukaryotic cells and/or
and/or host cell consists of CHIKV protein comprising capsid, E3, E2, 6K, and E1, or
portions thereof, as described herein. These vector and/or host cell contain CHIKV core E3,
E2, 6K, and E1, or portions thereof, as described herein, and may contain additional cellular
25  constituents such as cellular proteins, baculovirus proteins, lipids, carbohydrates etc.
One particular bacterial expression system for polypeptide production is the E. coli
pET expression system (Novagen, Inc., Madison, Wis). According to this expression system,
DNA encoding a polypeptide is inserted into a pET vector in an orientation designed to allow
expression. Since the gene encoding such a polypeptide is under the control of the T7
30 regulatory signals, expression of the polypeptide is achieved by inducing the expression of T7
RNA polymerase in the host cell. This is typically achieved using host strains that express
T7 RNA polymerase in response to IPTG induction. Once produced, a recombinant

polypeptide is then isolated according to standard methods known in the art, for example,

those described herein.
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condi t ism@esgy(eeg.ul@y the mgtheds described in Solid Phase Peptide Synthesis, 2nd ed., 1984 The

Pierce Chemical Co., Rockford, Ill.). These general techniques of polypeptide expression
and purification can also be used to produce and isolate useful peptide fragments or analogs

25  (described herein).

CHIKY polypeptides and Analogs
The invention provides VLPs comprising one or more CHIKV polypeptides. Also
included in the invention are VLPs comprising one or more CHIKV polypeptides or
30 fragrnenfs thereof that are modified in ways that enhance or do not inhibit their ability to
modulate an immune response. In one embodiment, the invention provides methods for
optimizing a CHIKV amino acid sequence or nucleic acid sequence by producing an
alteration. Such alterations may include certain mutations, deletions, insertions, or post-

translational modifications. The invention further includes analogs of any naturally-
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one or more amino acids with respect to a reference sequence. The variant can have

"conservative" changes, wherein a substituted amino acid has similar structural or chemical
properties, e.g., replacement of leucine with isoleucine. Alternatively, a variant can have
"nonconservative" changes, €.g., replacement of a glycine with a tryptophan. Analogous
25  minor variations can also include amino acid deletion or insertion, or both. Guidance in
determining which amino acid residues can be substituted, inserted, or deleted without
eliminating biological or immunological activity can be found using computer programs well
known in the art, for example, DNASTAR software. Desirably, variants show substantial
biological activity. In one embodiment, a protein variant forms a VLP and elicits an antibody
30 response when administered to a subject.
Natural variants can occur due to mutations in the proteins. These mutations may
lead to antigenic variability within individual groups of infectious agents, for example
CHIKYV. Thus, a person infected with a particular strain develops antibody against that virus,

as newer virus strains appear, the antibodies against the older strains no longer recognize the
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25 Non-protein analogs having a chemical structure designed to mimic CHIKV VLPs or
one or more CHIKYV polypeptides functional activity can be administered according to
methods of the invention. CHIKV analogs may exceed the physiological activity of native
CHIKV. Methods of analog design are well known in the art, and synthesis of analogs can be
carried out according to such methods by modifying the chemical structures such that the

30 resultant analogs exhibit the immunomodulatory activity of a native CHIKV polypeptide.
These chemical modifications include, but are not limited to, substituting alternative R groups
and varying the degree of saturation at specific carbon atoms of the native CHIKV molecule.

Preferably, the analogs are relatively resistant to in vivo degradation, resulting in a more
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cont ai THERVARASn&IfHddshan L-am no acids, e.g., D-amno acids or
nonnatural |y occurring or synthetic amno acids, e.g., .beta or .gama
am Ao aci ds.In|ganerdld the iomentwnfintindésemytnucleis 390 pedugnee enchdinga/¥hPi on al so

e RO KRRl 56PS) L REBeASigh et B SR , voe

enbodi ARdices an frmgAe fdspbissetAr Balated Hhclddid HdlEcubdlis Rn BE hitdipuidted Bast 30
contiguous am no acids, or at |east 50 contlguous am no acids, and_in other

enbodi fesemebipant N4 tehmiquss selidmonsrie et 3 nygleplidesaquencemenigifsht s of
the inyg Q%f’tpr ‘fixa\thl%ﬁ sgﬁﬂﬁ%a}e‘éﬁic%n TRLNQIRnENRVE %Pwh&%f@ﬁﬁéxja%ee&ah{‘ the art
or may resu rom nornal “protein processing (e.g., reroval of am no acids
fram t eadiias (ROR) primep sqejueneesthaad beonadisuddsed £igebnsderbd isobited, byt a aliclaict i vity
or renoval of am no acids by alternpative "EF'A splicing or alternative

pr ot ei ACKYSERNSE §YISH)S Ht B9 NAtRGEHIAE Bt 1S PATWRANSY S PRbvi NG CertAR&XFBRIDS r uct ur e
desi gn - 1 . ¢ ' : ti onal
et o1 S, i N S Y RSP S Telo B8 MRy
anal ogsegmynteardegntdnes thbrnest. ol logvecadr naagt fuvihey cahpmseta ORCRI pomobdet Abds of

anal og design are well. known in the art, .and synt hesis of anal ogs can be
carri ed’eﬁtl‘}fgﬁé’éiﬁocﬁo 116 (R caRs ﬂtﬁa’s_"b?fl}‘?gﬂ’@ef‘ejlt?‘ﬁbeo ‘he chenical structures
suqR that thg okRs ukémplarpOiabatmeftshinRivecioP Borh PRUIARRAVEIBOpibtélf kbiékted Of a
native CHI KV pol ypeptide. These chem cal nodifications include, but are not
| i mi t edran thesgroup consisting oA EBe ERK vandfE Igrlogsaiarmxanplesi g vapeinelagyee of

saturation at specif,ic,carbon at of the,native CH KV nolec

Pr et er SBProt RS Ero b2 85 81 B a1 QRRye i BIS; i Bpght Ry TRt B2ui on,
resul tigkandER nor eprol onged therapeutic effect upon adm nistration. Assays
for nmeasuring functional activity include, but are not limted to, those

descri bed i rAeoREdips ihpartadn prefested coppadimenys of theliBventioasCrEnvyuerds set fothe

I nwant i | . nugl. e i . i Ng ; 1 one
or 280r SSHED STT L ERALE B ool S YR o NN, E M RS BRI
I nducesN@r3; Eavgiyg sespfonthaas SBQ IBN@t2d nucl ei c acid nol ecule is can be

mani pul at ed
P Stix%wn below is the nucleotide sequence corresponding to the capsid (SEQ ID NO:

21) and E3, E2, 6K and E1 (SEQ ID NO: 19) of the CMV/R-CHIKV C-E3-E2-6K-E1

plasmid (Strain 37997). The CMV/R expression vector is described, for example, in US
25  Patent no. 7,094,598, which is incorporated herein in its entirety.

E3-E2-6K-E1

SEQID NO: 19

Atgagcctecgeccteceggtettgtgectgttggeaaacactacattcecectgetctcageegecttgcacacceetgetgetacgaaaaggaacegg
aaagcaccttgcgceatgettgaggacaacgtgatgagacccggatactaccagctactaaaagcatcgetgacttgetctccccaccgecaaagac
30 gcagtactaaggacaattttaatgtctataaagccacaagaccatatctagetcattgtcctgactgeggagaagggceattcgtgecacagecctate
gcattggagcgcatcagaaatgaagcaacggacggaacgctgaaaatccaggtetctitgcagatcgggataaagacagatgacagecacgattg
gaccaagctgegcetatatggatagecatacgecageggacgeggagegagecggattgettgtaaggacttcagcaccgtgeacgatcaccggg
accatgggacactttatictcgcccgatgeccgaaaggagagacgetgacagigggatttacggacagcagaaagatcagecacacatgeacaca
ccegttccatcatgaaccacctgtgataggtagggagaggttccactctcgaccacaacatggtaaagagttaccttgcagcacgtacgtgcagag
35 caccgetgecactgetgaggagatagaggtgeatatgeecccagatactectgaccgeacgetgatgacgeageagtetggeaacgtgaagatca
cagttaatgggcagacggtgcggtacaagtgcaactgeggtggctcaaacgagggactgacaaccacagacaaagtgatcaataactgcaaaatt
gatcagtgccatgctgcagtcactaatcacaagaattggcaatacaactccectttagtcccgegcaacgcetgaactcggggaccgtaaaggaaag
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reconbi nant DNA techni ques well known in the art. Thus, a nucl eotide
sequence contained in a vector in which 5 and 3' restriction sites are
known, orwbaniwdse®s pol ynerase chain reaction (PCR) pri rer/tseauan2es have
been di sclosed, is considered isolated, but a nucleic acid sequence

exi sti rhﬁ:chd&tchéa%c&@ttt lo¢Saa %@fkﬁgd agtfcSaddBiciigahachAfdgtastttdQpanahdho SRk AR gctg
exenpl afyfar&iedidiBith Sttt ﬁcé@% ool ah<§a§§tta%'c§aléggﬁ acdcdchhghbeaggttacct
Chi kunq Y@olhliche el BE SR ﬁ g@a%geﬁ@é} §cata9£a aE fca tor

may furtO8La @it REQATA tEJ ctgtdgi& %ggg&%t@étgcqc@%egaggggg‘
capsid gEEé?ég"gaﬂgtg@fgt&gEJc@ e RBER L tated tEHcHccRIRAEY
vect or GRAPLIAESaglosiINE aQQ&gaggc%ggcata&@thggac%gac g&agecrc gttcgggalg@ag%aeéat&kgaag Of
E3, E2, géé cct%%ﬁ gciahtg&egramtcﬁg RORLES: aga S Ut %ﬁ?gxg&gggg&c%&ae

E3, E2,; L:gtaacLaQ 9? o SBccgt x&&&;& aQ?aé %g%g&%bc%@atgé
S gua et disptegl g%%a . %M&&a E%f gteé aﬁ% g{ﬁéﬁé é%ét%
NO Tok :%% g:gjac t:% :ggggif&g o g claSccaftht c ct

C @v3é§

SEQ I D} QWalcSadd %mﬂh‘c'?r & @ég%@ alag daf 1 he
capsi d é ttgég%rcc %}3%{0 gaclgéag BXCaRAtha Zﬁé%u sa%gg‘ g:gccac
CWI R- h % ﬁ&tg@!g@é&%ﬂaé@ﬁc@& g it acglt aﬁ:?a% £8

vegkor g'c§a acatdt 5cc§t)§&€tpi cacbzﬂctg %&Eg L}a b
| ncor pQ%@ctgﬁ cgé %céara&cgi g Qz @faaa tt C catﬁ%ggat gectt
Al gagcqld % &E& éaﬂg,%a{%@é&%g c?é‘c tE&&E&E&E&@&é‘g@Q@E&G if&gﬁc accc
tgct gCta@ gcta tgtgcagtacattcgat accaacgccgttaccattcgagaagccgacgtagaagtagaggggaactccca

aaagcacgiot &QQ&@&&&E&%@&%@%@G& 19 BRI B Al RuLARE At ARORHBlc A 9act t

gc t2@t c cﬁ%&g%ﬁ&g&?a%&%&?agccagcatcacacaccacccttggggtccaggatatatccacaacggcaatgtcttg gtgcagaagattacggg

gcagt ackeatishasidblenl il clalaandraraadbealakatalct cat Lot cct gact gegdagaag

ggcattcg agccctat ¢

gcat t ggagcgcat cagaaat gaagcaacggacggaacgct gaaaat ccaggt ct ct t t gcagat cgggat aaag
acagat gagagccacgattg
gaccaagctgcgctatatggatagccatacgccagcggacgcggagcgagccggattgcttgtaaggacttcagc
accgtg

accat ggga actttattctcgcccgatgcccgaaaggagagacgctgacagtgggatttacggacagcagaaag

at gagccgy
coddit %&%3%33 ﬁﬁg R o

ttgcag G £a§ cagaaga. caaaacgacccaaagcaaaagaagcaaccaccacaaaagaa ccggete
caccgety eé%@égégégifgi HEREEAANRLARKEEHHRRSORRRES SRl ARG CagCa
gtctg g él ataaagtaa aaaccagcacatgtgaagggaactatcgacaatgccgatctggcetaaactggectttaageggte

cagyt a a T e TS YT L B R T TS P
tgatca f% g;% ‘% ttcag aggccggttcactatccc acgggtgcaggcaagccgggagacagcggcagaccgatcttcgacaac

gat cagl st Ligebackgdleedicn AR A Al e E b oA EHEIRAREAL ! 02
ct C09993Ls & g éa%f cccat cccattggcaaacgt gact't gcagagt gccaaaagcaaga
aaccctacagt aactt ggaaaa ccaagt caccatgctg

ct gt at cct gaccat ccgacact ctt gt ctt accgt aacat gggacaggaaccaaat t accacgaggagt gggt g
acacacaagaaggaggtt acct

t g&6cgt gecct fttogadepitw igtheguticatdd spyygraaoaasmpad gHd dbacapsaloiSHF Uy dMYyat gt ct a
cgaacggl 3Ct IELCR) ¥ Snd E1 (SEQ ID NO: 20) of the CMV/R-CHIKV C-E3-E2-6K-E1

plasmid (Strain OPY-1).

E3-E2-6K-E1
40 SEQIDNO:20

Atgagtcttgccatcecagttatgtgectgttggcaaacaccacgttccectgetceccageccecttgecacgecctgetgetacgaaaaggaaccgg
aggaaaccctacgcatgettgaggacaacgtcatgagacctgggtactatcagetgetacaagceatccttaacatgttctccccaccgecagegac
gcagcaccaaggacaacttcaatgtctataaagccacaagaccatacttagcetcactgtcececgactgtggagaagggcactcgtgecatagtceeg
tagcactagaacgcatcagaaatgaagcgacagacgggacgctgaaaatccaggtctecttgcaaatcggaataaagacggatgacagecacga
45 ttggaccaagcetgegttatatggacaaccacatgecageagacgeagagagggeggggctatttgtaagaacatcagcaccgtgtacgattactgg
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acccacat gagat aat ctt gt act at t at gagct gt accccact at gact gt agt cat t gt gt cggt ggcct cgt
t cgt gct t ct gt cgat ggt gggcaca

gcagt gggasoghgigkays gcgcacggcgcagat gcat t acaccat at gaat t aaearamsgeageact gt t ccc
ttcctgctcagecctgectatgetg

Cgt CagaaGLd Ei@é&&k% AR ALIRRAGL S AIERL Ml A SHARG IR ARATR GGG I L CL g

o e R A SR o

2t gagc Ra bR

agcscgcaafgﬁg S T R L0 IR AT RV T
tac agc ﬁ&a@&tg& %(g rcaaatgtaacatgcagggtgcctaaagcaaggaaccccaccgtgacgtacgggaaaaaccaagtcatcatgeta

gat ggagel aG Al GadL AICE b OIAR e HRRRE I e LA A AL de URBbARaRRR ot cat
CCCCt C% g&: ﬂg & é a gtcac%t gcaacaac agcc ataagtatt CC cafttatctacaaac aca cccatg
9199t ACeiiad YR EIIA T GE Ty ST m Y. O R Tt attta
R P R o
S ggg AT A RS gace

p2=)
ggcct a%f Na0CCe

at gccgta g&t Qcttt agccaacactatcgcttgattacatcacgtgcgagtacaaaaccgtcatcccgtetccgtacgtgaagtgct
acq3a0ts it Aok 8 L T0RG Ablolid, Sk BoGARARL SR LAt AdgHOCOaC
gtctac g L& tgagcgaagcacacgtggagaagtccgaatcatgcaaaacagaatttgeatcageatacagggcetcatace
Ct t 1t 0G0k ANgA AR AUUR AR b O AL AL GRAAYL A SR b GIR AR RARHAR Hlshdga! 9CCA
acact C%gz;a 1S G tcagcctggacacctitcgacaacaaaatt acaaa acgtctataacatggactacccgecctt
gccageaigiiatiin ot IRV R Wl oY TR e o7 IRy

1dC g C C a acca a. a aaaagaas cglcgctgcagcacac. C
caccatl i 9&%%%%%%9‘2%?@5%5%@@%@5&5 O R o aE L O L aa s A Akt t cca
qELLaL C%%%&é O A G R A AL T L e AL hegaact
C

tact ag

84

%:% g
1 99999GBL5RkkRL gﬁ &4
acagagel g6
aagf ag

R AR Bk D RGBT o L ARAdG RaaC gt ag
gotgoaks ;gg 4Efifdetacceonctpatictaaicagaieetatgongronticageaggons | o aagt acact g

cgcagcqggat gccaccct cc
aaaggaccacat agt caat t acccagcat cacacaccaccct t ggggt ccaggat at at ccacaacggcaat gt c

ttggoat Q,ﬁﬁg 1 8£009
aggagt agg ??gg(?t g%t gctgttgctgecttaattttaattgtggtgcetatgegtgtcgtttagcaggecac

Core S
A ggagt L BB Ko eenmdaaipammereneraeeamecomadociucmEieRentios 1o
A aggt S SPEAC %C&??% &? geaagctgggcaactigeceag Ctcagcagttaataaactgacaatgegcgeggtaccacaac

&
cgt ccalRgEE] 6‘65%%?&8?%&?8&%?6&?&5&?@PE@@%&&E&%&E@&&W@%&%@%?&Q@t acct
caac ag&ﬁ@‘& e@gg@aé:aggctcaaaagaaaaagaagccgggccgcagagagaggatgtgcatgaaaatcgaaaa gattgrattitc

at cggaXaasiengERYeERAPSAaG e AR EIRrG e ARE aRARS AR SR ERARE RS Bl§ARERER @accac
aaaagadegataggeqggacctggecaaactggectttaageggtcatctaagtatgaccttgaatgegegeagataceegtgeacatgaagtece
aadagaazgegyagaelielnycagl g yragagrERt lagea geraacicp gasragth gt i eg decgett@r caagce
at gaaggaractadagategtpgcaaaccaggggacageggeagaccgatcttcgacaacaagggacgegtggtggccatagtcttaggag
ct acgc pagasitgaicgageonhenroiiorgagRacageatahgianseiganatcat agagankagagai ct ggc

t aaact ggg@lt t aagcggt ¢
gt ct aaat acgat ct t gaat gt gcacagat accggt gcacat gaagt ct gat gcct cgaagttt acccacgagaa

acccgagggoat ag hpharald@mbodiment, a nucleic acid molecule set forth as SEQ ID NO: 1, 19, 3
cat cacggagcagt gcagt at t caggaggccggt t cact at cccgacgggt gcaggcaagccgggagacagcggc
agée c gar 20 inaladses aqucleotide sequence encoding a polypeptide having at least about 50%, 60%,

aacaaaguinr et B L e R B A AR DA e B RO 99
nucl eotoqels 9594 969K 67%0 D8ES POMArdidchtityl(Bg., GenicdmpafeQ th Bhd\s¥erdP)engthbfE3, E2,

6K and El (SEQ | D NO 202 of the CW/ R-CH KV C E3-E2-6K-E1 plasmd (Strain
OPY- 1) the amino acid sequence) to a polypeptide encoding an envelope protein selected from capsid,

E3, E2,6K and E1 or E3, E2, 6K and E1.
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E3- E2-6K-E1 SEQ I D NO 20

At gagt ctt gccat cccagtt at gt gcct gt t ggcaaacaccacgtt cccct gct cccagecccctt gcacgcecce
t gct gct acweaRgy236 CJgg PCT/US2009/006294
aggaaaccct acgcat gct t gaggacaacgt cat gagacct gggt act at cagct gct acaagcat cct t aacat
gttct ccccac . . . . . . -
Jcagcaccang il iaine pRBddiments of the invention proteins may comprise mutations contaiping o

ggcact apégaomtwaick e@luce silent substitutions, additions, or deletions, but do not alter the

t agcact agaacgcat cagaaat gaagcgacagacgggacgct gaaaat ccaggt ct cct t gcaaat cggaat aa
aggcgg m%&éifg ©F a@t&gties otg the %ngoded %rotglg%r hgw e proteins ar%gmade. Nucleotide 99

tt ; t
ggaccarghd %éﬁ%&@%ﬁé@%?%@?&%ﬁa&%g@g@gxg%%‘&gﬂ b&idd Bt gagaacat ¢

agcaccgtgtac ggaacaat gggatacttcat ¢c t gt ccaaaaggggaaact ct gacggt
ggght t paticgiac hodt $ggdhf apdta tpabli¢atiah 068/0t 88191, herein incorporated by reference in
cccatttcaccacgaccgt cct gt gat aggt cgggaaaaat t ccatt cccgaccgcagcacggt aaagagct acc
tt gcagétééﬁtt‘rﬁg’ggééﬁé’&&"’%es'

caccgecgcaagt 36459 9R03E QGRS REAFALGRERCAIRAARE ARt HRl QURBCAIdARtglmacaaca
gt ccggcaacgt aaagat ¢

acagt c aerggonabacigin ngyntaoaamt grwantedyoytptigos (lheanclgatidesaan dacubdoreshgacaaa

1 tt 1 1 tt . ) ) ; oy
gat caal P a0 EEREEIanY telers g Pagalovims) o5 SERisEsipR iR amesell ARFPHR S et gaa
Ct § 999 IRCHPa@RRAGSLBARat various subcloning methods are available and are possible.

attcacatcccgtttccgct ggcaaat gt aacat gcagggt gcct aaagcaaggaaccccaccgt gacgt acggg
aaaaaccaagt ddtigelatgdtnacleic acu? may be substantxgally punﬁed,gbut need not be. For example,

Ct 9t 2t GG RRCAGEAARRIEHIEEH Wi ASRANYAHAYA0RAARFRIRILA' A BRATARRY! 9901 9

ct aaccgbapagAeilgaangIrtcaageiof drahaeodcaakaatuageioh atraddéatSigheageryd t at ct
acaaacggt acagcccat g

ccaccc@edtigghetedans gleg}?@? isaised hetshs beganse H dnrepdily meniulaiable by stagdetdgt ggccac

gt teat t - .

t gggag?%cég@%?%% gcar?g)ttg?gef:gfcoégglargasé(gtl bnctgfggbaccgt at gaact gacaccaggagct accgt cc
ctttcctgcttagectaatatg

ct gcat cagaacagct aaagcggccacat accaagaggct gcgat at acct gt ggaacgagcagcaaccttt gt t
Ut goct £030g¥ dee? Rrpdugtion

ct ggcagccct gaklgtdntibAbLE63FAGHILLLAPAGE fid AeHBHY frFrbdicAiPa VUt @asdrsidd t agee
gt aat gagcgt cggt gcccacact gt

gagcgc iHIK)apolypetiiasagtiramentghercat; g5 gt ga gomposjtiansanghmwethodgthebat agacct gg
ct gcagccccat gat ak.t. . .

agat ggdHEtAE g%t %ﬁ&%ﬁ%ﬁ Yi§RgedustionFar expmnlg dbe addition oftegder Sequensesi@ecat ca

t cccot GheCHIRVEPAAETH?2, 6K, and E1 or portions thereof, that can improve the efficiency of
gcggt acagcagagt gcaaggacaaaaacct acct gact acagct gt aaggt ct t caccggcgt ct acccattta
t gt ggg@eejgodrospaiting tithin the cell. In another example, a heterologous signal sequence can

C! 00024051, 4333 0100080 AR BRGA! B9BIPRALAEARALIC19BARARBARARKL ! 903t ©
cat ct g ¢l gt seagat et deivet donntggraabiacaiseactlit aAnotige afetliagictaaacggcgacc
at gccgt,cacagt t aaggac%c .. . :

cadat t ARAreasE GHIATCN A H IR Prodyetianyig 42 sedan antigige theysleotideheiingedgaggt gacgt

ctat aa%we%ﬁf&: PE@?EQ%K, and E1 or portions thereof, for a specific cell type.
t ggcgcaggaagaccadggataat t t ggcgat at ccaaagt cgcacacct gagagt aaagacgt ct at gct aat ac

acaact ggt actMethgdsgafacloning said proteins are known in the art. For example, the gene

c99ct 91 409l acoal acacal 0pCAL A5, ol SATRSASSRISLANE! LHARE & R9URR IR0 00000
cat t t 9GplyRAERAAREARTERS RRBEEEE HoRPENY FEHEHIRATE LA G fetled GUAPGRAVBEE CRRECT CCat cg
acat accggaagcggccttc

acBAgggesifingpeng car be cloned anie HHRS nsgrtdrfogorstpgt Abe seyortvgetos creders éethéagact t t

gggggcat caceat t at,t aaata . :
C oeagc s E xitn £RR18s gid sap e prenagaied 209 gn ranfoT L RNCPR SIEBIETN gagat aga
agt t gazgygaatélflaavaiponents. Vectors include plasmids, viruses, bacteriophages, pro-viruses,

caaatctctttctcgacggccttagccagcgccgaatt ccgegt acaagt ct gt ct acacaagt acact gt gc
ggccga@@%@é%é%@élggﬁags’ aﬂ?ﬁcialgchgomgsomes, angd e?l e tgat regllcate autonomgus y or 9tg

gaccacalaaheAReAGGCIIGHbSARALAL AT Ol CAARLIr CAYIRE BE allak8F RRGOJCTat gt cat gg
gt gcagaagat cacgggag
gtgtgggactggttgttgctgttgccgcactgattct aatcgt ggtgctat gcgtgtcgttcagcaggcac
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Core SEQ ID NGO 22

At ggagtt cat cccaacccaaactttttacaat aggaggt accagcct cgaccct ggact ccgcgcecctactatc
caagt cat caQQo1m/062396 PCT/US2009/006294
cagaccgcgccct cagaggcaagct gggcaactt gcccagct gat ct cagcagt t aat aaact gacaat gcgcgce

ggt aCC?%@%ﬁcleotidet, a naked DNA golgnucleotide a golamucleotide composed of both DNA and
agaagccacgcaggaaf cggaagaat aagaagcaaaaycaadaacaacaggcgcCacaaaacaacacaaat caaa

agaagCcRNA within the same strand, a poly-lysine-conjugated DNA or RNA, a peptide-conjugated
ccacct aaaaagaaaccggct Caaaagaaaaa%aagcCg%gc,cgcagagagagqat gt gcat gaaaat cgaaaat
gatt gt 4N Aof RNA, a'Tiposome-conjugated DNA, or the like, that is not autonomously replicating.

gaagt c3agLa0 ARGt ARIBhARGRAHDIAMSAN! BE VOt ANIHIBRAGRHRALBAGRGAAGAs acat a

aaggggacca
t cgat aatheqgidsct ggccaaact ggcct tt aagcggt cat ct aagt at gacct t gaat gcgcgcagat acccg
t gcacat gaag

gacgcttcg aaéﬁ‘(ﬂ:‘é’a@ﬁ etk SIRrtss qyelgetides dhat seelfeteins stding imEHEct cagga

ggccggtihf@&les, cloned into an expression vector that can be ex;t)ressed in a cell that induces the
cat ccct acaggt gct ggcaaaccaggggacagcggcagaccgat ct t cgacaacaagggacgcgt ggt ggccat

agt ct t &gummeagion of VLPs of the invention. An "expression vector” is a vector, such as a plasmid

gagct a aa ccegt acagecect ct cggt ggt gacct ggaat aaggacat t gt cact aaaat cacccccg
o 00a e A o B G DiPF sty SONED o1 T HEUaE Gl el 9 A NGB e e sot
fonph aﬁereSiEQﬁyﬁidél@y, the nd8eichclI todf dxprdsstdias "aperatill Biakédiao K§6@RBEL agdyepdi ng

a pol ypeptide havi n%_ at | east about 50% 60% 70% 75% 80%_ 81% 82% 83%
84% g3mhargenmAng MsubgRy40 temerimim reguletory pogtra boythepmmadepandggsenhares. 989,
or nore._i ntity e d. t f anm no

Ot e dn e Bbbiinlelt She VIBUnGRTBA K r ol PRV ELOU Rl JRARAT 10

capsi d,palt@uldcCHIKR &irds &dvelopelpdotend, Ibndahet dnibddimenmtihe b o nved tsvebdpet he
i nvention proteins may conprise nutations. _containi n%éal terations which
pr oduc PTEINS Ate selastad; fromithmgroup gamsistingot By Edeplaand kd, IBahoasr not alter the

prqgert| L \tp ' il e
Rl b T L R S g b S
t 0 opt iChikwngnogovirexqpsidgiroeinf isused. plaranothet embbdistenGake VLBs apeatommirised

publ i catiqn_2005/0 8191, herein incorporat reference in i. ntirety
Por. al 1o0r Bostlo and BT dariH Shp henfartraanBg: oL iare SemeBtEcar bk Ens ur o
that the gRrdnA%t1. GR%inBhef E8bORMENE e SPERHNARGA R NBicufHudivectdny unwant ed

mut ations. The nucl eotides can be subcloned into an expression vector (e.g.
bacul ovi r us)THednvantionatwi wovides mathodedf produging e MLRvkepaking CHIKM he art

under st ands that variou ubcl.oni ng et hods, are..avai |l abl e and .are i bl e.
Ang:ssol 3@’81’“%5? & a%?rﬁs ﬁ’ﬁ{/eolg'e rgg}ges?xgmp?%ﬁﬁl?m&h :‘llfl?‘éo Mt reﬁ%‘@é%ﬁgg g%e.

For exailghucheolidé bfdodimcds GHIR® pdl$pdpiat ah@ Bultriny saidecetll, tHeréby pRodwiig essi on
vector is not pure in that it may conprise only a tiny percentage of the
mat er i Y LPs Inieae gmbodimenitd sl (e ramancsll) Suafectedvich @ DN Aypering Whest at ed,

25 e DA s DIOEAspRESRHRR e AP KRB AL s O

capsid protein or one or more alphavirus envelope proteins, or fragments thereof to produce

25  analphavirus VLP. In particular, the alphavirus is CHIKV.

Depending on the expression system and host cell selected, the VLPs are produced by

growing host cells transformed by an expression vector under conditions whereby the
recombinant proteins are expressed and VLPs are formed. In one embodiment, the invention
comprises a method of producing a VLP, that involves transfecting vectors encoding at least

30 one alphavirus protein into a suitable host cell and expressing said alphavirus protein under
conditions that allow VLP formation. In another embodiment, the eukaryotic cell is selected
from the group consisting of, yeast, insect, amphibian, avian or mammalian cells. The

selection of the appropriate growth conditions is within the skill or a person with skill of one

of ordinary skill in the art.
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CHI KV VLP Production The invention al so provides constructs and net hods for
produci ng a VLP conprising CH KV pol ypeptides, or fragnents thereof, as
wel | as owoposidsezdas and net hods that increase the effi ecenusgoohoozhP
production. For exanple, the addition of |eader sequences to the CH KV
capsid, E3, r | hat | :
efficiency (l)\jrlz& }pl)(r)(%'t$ 8ig2&tg rcgﬂrgssglgtr fﬁ%ﬁg‘ﬁe\%} FF:% QP{}IESIE‘{:CQFIP&Hqcﬁ‘?&z}hg{}%{ég\ég&gﬁf(&,

het er otq®ateh, batghrfidd, serttirmivae andiperfisidnisticcultard teehridflidsV 16 aps eshbodithenEa, 6K,
and El or portions thereof. |n one enbodinent, the signal sequence can be
der i vedeH compEHBg g&iakeY oaﬁlpbh%@tPOi)@uFl.eom%tsmwm ASPIEONRI ease

effici . ' ' Lo ' -hat
encode TR ok Sl AR SRS frob B R exRies Bk n (O RUGRPRIREFRGRT i 1 c
cel 5 t yarepuritiehtimdandofsolationi figpisally cpll otkumss perforkredwndemstérile, @mtrolledr
exanpl e, the gene encoding a specific.CH KV or any al phavirus pratein can
b | SOl GRIH{F A APERTIEBCHBE Jab ) PIETERF HrRA BRY PECPER @ FUTE RIS un ch
had beghitéRebafetlal Borkfitichs\Wuth s tehpRrdt@RUAtilo3Bh 6 M3ita86 RRY/6! H1R6h BS 2
DNA insert 1nto a vector. The term"vector"” refers to the nmeans by which a
nucl ei enaagtotede dn obe embogisagat.shie hivd¢astortis aptaindess ettebdiamben by gwthesns, cel | s,

or oot PGSRt k3 AT pR B BB P RERR e
thap r eldeewhRr, Y PNRBHUE} dmBEdimRAL, ball Pod-stelizdd FladicHBALe aRSAHFEt 6 Lao host

cell. A vector can also be a naked RNApol ynucl eoti de, a naked DNA
pol ynudPeoLitags. a pol ynucl eoti de conmposed of both DNA and RNA within the

trand _Lysi | RNA, i de-coni d DNA
o RA a1 TR s R AGT AR AR oD R P eI ARA OB TS,
repli cafddiéht certrifiayonilg., 6stumichloride subrvse and iidivanbk as et agenindad of t he

present invention are plasmds or bacnids. Thus, _the invention conprises
nucl eotPrEEsationdechoiqusa anrdingi ¢, ionfxrhangs gnd geliiirHonshematesapyt oned i nt o

an | expr essi e‘fﬁﬁ&@i&g{i%%ﬁ e n%lg&?}@%f ﬁé@&%fﬁe& thOirfefifdn cdr VY mhdd istsied RS

formati on of VLPS o tion. An "expression vector" Is a vector,
such agusifipd.admetsonhdtskilkindhgat lappretiafes tiray theng arxadddmmabmethads that taralse

replication of a nuclei cid incorporated therein. . .Typi.call he nucleic
acid t&s toé??}?ee@géﬂu’&% ({’@ e(}\fﬁ?@?‘i‘ﬁﬁ%gﬁm"t‘aﬂg‘é“ ’ﬁr'l?rtrf)‘f‘é{)edz?l&?%heti‘ﬂﬁ%ncer ,
and is gubineghefeth.transcription regulatory control by the pronoter and/or

enhancer. In one enbodi nent, the VLP conprises one or nore al phavirus
envel ope pr dhegemsal, preductiopef VLBs bhthe Dieritioniis apsomplishedyy ssedingians. | n

anqt.her _enbodi nent, the one ar nore.env t ei e . m t he

ar o CRREPELT g cecdumtas e G Fidhey T oG BINF I8 o BIT R TRLRD Ui

conpri sBskeR fIklskMI0A e $h& diitd eRpNdaind scdlihg g @tthe casgdwnmdtmultiphe(for
example from a 125-ml flask to a 50 L Wave bag). The medium used to grow the cells is

formulated for the appropriate cell line (preferably serum free media, €.g. insect medium
ExCell-420, JRH). Next, the cells are transfected or infected with an appropriate vector (e.g.,
25  mammalian expression vector or for SF( cells recombinant baculovirus at the most efficient
multiplicity of infection (e.g. from about 1 to about 3 plaque forming units per cell). The
polynucleotides, or portions thereof, are expressed in the cells where they self assemble into
VLPs and are secreted from the cells approximately 24 to 72 hours post infection. Usually,
transfection or infection is most efficient when the cells are in mid-log phase of growth (4-
30  8.x10%cells/ml) and are at least about 90% viable.
VLPs of the invention are harvested approximately 48 to 120 hours post infection,
when the levels of VLPs in the cell culture medium are near the maximum but before
extensive cell lysis. The cell density and viability at the time of harvest can be about 0.5x10°

cells/ml to about 1.5x10° cells/ml with at least 20% viability, as shown by dye exclusion
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Chi kungunya virus capsid protein is used. In another enbodi nent, the VLPs
are conprised of E3, E2, 6K and El . In still another enbodi nent, the VLPs
are conprweedinds2wapsi d, E3, E2, 6K and El. In anot her egivascemmnde24 he
expression vector is a baculovirus vector. The invention also provides

ot Moo B AR SOIRY bl ok 4 N ARERLRLR: O HLAPUEL S

t hereo oné "exa Vol ves expr essing 1 n

pol ynueb@@htrdteore@ﬁewdung 4ao @bthudM @M pﬁﬁbﬁab@&o&mdumbu\mrtbragoﬁiavm cell,
t her eby producing VLPs. In one enbodinent, a cell f] , human cel I)
i nf ect @ASHREILIPA Iﬁmema&el. éellméﬁellqlwéiquﬁpatéieﬁé icy emd%cqoa&ammg

conpri Sy o ¢ Iv@rﬁtf\ona&'n%e%%gmﬂﬁsh%a%?Qéﬂkgnﬁﬁft?dérphﬂYdt{oH%Tﬁﬂpgr fl a%r%l@ | n Or

one or nore al phavirus enve rote ments the
an al pluacnpmsteidhﬁ:d hoilop\aﬁbercmi ar 1 00 Inen &ltpiheaviridgs or 8 sighildf\devicependi ng on t he

expressi on syst nd ost ell selected, the VLPs a ced by. grow ng
host cel s tiehefbrtiad §lag e%ﬁblwgmegméa%n%&é?c{ SoRlgan ﬁm@n\%ﬁ%@oy t he
r eCO”b'd%%ablH 9}@§teﬁ11@édesmoqﬁéﬁe'ulwe ghPéu%mﬁlwrﬁger da&negé eRbodi ment,

the invention cConprises a hethod of ucin VLP, that 1nvolves
t r ansf @omengawééﬂd’rss:aa hesliafiated ageasttlooméulabqalbﬁ\im t0s8.0 pbosphateitniffered

SU|tabI ell and sai d al rus protein under condi tions
Chat “aHit GBS porlied:s M N OF o et R eihi o 1 ¢ coll i s
selgct ed frametcbfcegtrated, GafRERH VICPsQfan bt Gaghered Bﬁﬁﬁéd o ARDY PV, avi an or
mamal i an cel|'s. The selection of the appropriate growh conditions is

wi t hi n diseentgriops suarose gradisatinpt h2HBY lpu &ir vothe0.6tM aﬁlrba(ro)cmmgatmnmtt he
art. Neia*ﬁ%%%céiaoaqrs%‘ﬂuﬁ z{ gﬁ?ﬁtbg{: Ctﬁﬁgg% MRS W8y Vs d&lﬁ %%léu%‘c‘ de, but

are no continuols an I on ce? culture

t echni gisitsle bamd We&th BOW to adoGied 1% exTPsd i dﬁ@cﬁn@rfal&’(lﬂra 2% BAd 60%4S
pol ynucl eotide is in a bioreactor_or fernentation chanber where cells

pr opag atee gahy 13)(%‘@8%%1 Bsr enllepted Fromythergsadiendiand stored- ol i peyducheanhigr ditutedt i on
' S?+ éédhgﬁge 200Rh &R0 Mac ! ,;%f?d‘l’ oA Br t %ﬁ{ %tg% g??ﬂzl;&ﬂﬂﬁ&atﬁ{n%rb&l%s This

con rol erature and atnospheric condi oreactor
chanbelpromledcdmaamuVLHs end:ﬁialyszohtmmimitachbmﬂcb\rimsrmrﬁczhés condi tions such as
t enperature can be. noni th?red | n. one

re a t1on, an
e ot Furthonpiieanon pP VLB 8 b ArhiSted By iron. sehaest chyhmaingtagby. o

embodi H 4 B B dnfid 7 &&hRESdhr fy%h
Cel | ba m%lsoé%\k/l\%v%'cgsg? g%:hén %er%lt g%\%\g? er, .d % ng%(g)(% hgrpgggrbagd?,’ne%t sai d

pr e- st eamplezfsun fhesmsiciase @e@sem(wealbom) igaded mtqo@lom doatpening henodiw ar e
o 207 oML BT GO Faeg e ERP AR Py A Vi i UHOTERY o
vvel | a9 sheREB6E POM bf N@Cl)&ﬁatt&ﬁ REpiate $hd VEPUEIM thef cOntamiriifesq¥ ghange and
gel 1 lbtagu%\lll(r)uns a(rzldr]gI{ImA}é)IgA) In the sucrose cushion method, the sample comprising the
VLPs is added to a 44% sucrose cushion and centrifuged for about 18 hours at 30,000 g.
VLPs form a band at the top of 44% sucrose, while baculovirus precipitates at the bottom and
25  other contaminating proteins stay in the 0% sucrose layer at the top. The VLP peak or band
is collected.
The intact baculovirus can be inactivated, if desired. Inactivation can be
accomplished by chemical methods, for example, formalin or .beta.-propiolactone (BPL).
Removal and/or inactivation of intact baculovirus can also be largely accomplished by using
30  selective precipitation and chromatographic methods known in the art, as exemplified above.
Methods of inactivation comprise incubating the sample containing the VLPs in 0.2% of BPL
for 3 hours at about 25 C to about 27 C. The baculovirus can also be inactivated by

incubating the sample containing the VLPs at 0.05% BPL at 4 C for 3 days, then at 37 C for

one hour.
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The followng is an exanple of how VLPs of the invention can be nade,
isolated and purified. A person of skill in the art appreciates that there
are addi twonalo/mseiohods t hat can be used to make and pur iPCY/UR09/006294
Accordingly, the invention is not limted to the nmethods descri bed herein.
I n general, L, O, OF fotd NG A ' L PR edi ng
a mamal i an A(Q%?ﬁh’%ﬁa%ﬁﬁ%ﬁﬁé%ﬁ bﬁ}e‘:ﬂ? i\{‘?%%téé)’ﬂf’ligﬁgﬁca Iajg)%gggn @%(%é%el | s
( non- i nhethtedihfiitration stepkte rerhdasday, reageno fomgtht eacaehticn dtep axdparmhyanddsatal i ng
up as the cells grow an ltiply (for e le froma 125-m flask to a 50
L Wave SBEgYS i plats nft gﬂéwqdrm%%g?% Rl_%f)f Jﬁ&wg@t@a CEPTISiNg

appr 0PIy iseaf Helsterf1 264 6P MR whh UIB dif @6, TR Afiltfatidn) APRGled R dicim
ExCel | -420, JRH). Next, the cells are transfected or m?ected wth an
appbopmrefaigerateger dreeter. g. , mammal i an expressi on vector or for SF( cells

reconbi nant hacul ovjrus. at the nost. etficient multiplijci of infection

(e gt rom Agabote eshiSinftn e Seinitruiecs efhrs ety of Beleod Grample 1°

pol ynugiagie hm_%,ﬂéaks,@gfﬁe%tlééjepe@induM1 QX&T BidaRGtord) THbi6Rhtdrsaar e t hey
self assenble into VLPs and are secreted fromthe cells approximtely 24 to

72 hourcempose either @stainlass stealsankyor atprensteridized phastin bagr(fercaxample, shawystem

efficien : | .are in.m.d-l.o has f...qrowt h = 8. Xl .
Col 1 o Sl v Aut Bforb, BaBERalch Ny oo el S dp e b bl o il i,
hanges tnesht dgyrabld foRitRinpudPose® 120 hours post infection, when the |evels of

VLPs in the cell culture nmediumare near the maxi mum but before extensive

cel | 1ysis. Irgertaipiembgdinaents, adpljAwassing of Y L& compaises agengs, sy asgurclesan be

about ! I : u C i 9

vi abi | %F@)%‘ggg‘gﬁsgﬁ%ﬁg? 6‘&%"5@‘5’t&%‘?"&?@é&ﬂﬁ?‘f‘?‘ﬁé&iﬁ?fsq‘ﬂ%@%%aégu“ﬁé’ ?@é/?regrr@\é]ed and

cl ari f iagents Ne€Chewian beelchidered td a phtientredi um t o a concentrati on of about 0.4

to about 1.0 M dgr ;eéabl to about 0.5 vojd VLP a The
C

Mt regation
renoval of cé_eqcPr _ P IPTESSR 19%gHIo8 H’?Yiﬂ?strﬁét?‘egﬁ’ E‘Eﬂ“ﬂ’ﬁr"ér%ﬂ@ﬁgﬁﬁ? E‘Bﬁ?rai ni ng
VLRS OfgiddAerd Qﬁlﬁglftﬂt%s HRRSHEVIRER OSRbri S ethiRt oaemrsﬂag&gfclggweﬁg&tweat i on

(TFF) wth a si e use, pre-sterilized hollow fiber 0. 1.00 mmfilter
cartri dgeuot ofa phamnaegutideliorenositiemtcompriving anVLRer ONA ioff thedfocmitag heremme tti um

are conceptrated by ultrafiltration.using a di sabl e re-sterilj.zed
500, 000 BICES Er® PG LT G TRED] GHOFIBE ETERNFp T goa Pefhed B isalos &t ed
VLPs cafbjee: shffefihg ot Sisudbiebtibid to k0vim® i8R fonDirdl: disdaSe & disorder or symptom
phosphat e- buf fered saline (PBS) containing 0.5 M NaC to renove residual

medi umtheegfo Tdwtsethathinciusies dint sten efadministeringde gy repmmat athasepeutie Oher ed
buob. . Honhyiatis amo@@fo@yar'%cggﬁ as«'?38&58ur§&ﬁ{r&§gggf5&gatgg;regrlﬂkg slast o

riftugatron a 0 ours at about

4 C t o aadeddr o Qyrfaptods thatdoy, uAdes corditiorsanch thatihtdiseatd oradisordéenik prdvenad

bet ween about 30% to about 40% sucrose or at the interface (in a 20% and
609  or treated.

The methods herein include administering to the subject (including a subject
identified as in need of such treatment) an effective amount of a compound described herein,
25  or a composition described herein to produce such effect. Identifying a subject in need of
such treatment can be in the judgment of a subject or a health care professional and can be
subjective (e.g. opinion) or objective (e.g. measurable by a test or diagnostic method).

% 4L

As used herein, the terms “treat,” treating,” “treatment,” and the like refer to reducing

or ameliorating a disorder and/or symptoms associated therewith. It will be appreciated that,
30 although not precluded, treating a disorder or condition does not require that the disorder,

condition or symptoms associated therewith be completely eliminated.

b2 E13 7 ¢4, 3% <<

As used herein, the terms “prevent,” “preventing,” “prevention,” “prophylactic

treatment” and the like refer to reducing the probability of developing a disorder or condition
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step gradient) that can be collected fromthe gradient and stored. This

product can be diluted to conprise 200 mMMof NaC in preparation for the
next stepwonrotos2arifi cati on process. This product contarris20dess2and may
contain intact baculovirus particles. Further purification of VLPs can be

hi P 0 .
ach evita Bhial o, B8 ERYG OIS RO AP ool GUBSES AUSHERG, cush o
sucroseogdlﬁﬁi’n ent (see above) is |loaded into coI um containing a nmediumw th

an anion (e’l‘% Matri x Fractogel END TI\/AE() and el uded via a salt gradient
(from about Iheshaurneytigmiiaods of the wvenian (Whighsinclugs pg@&a}a&tléﬁﬁw@wﬁpﬂf rom

ot her shi on
et hod £ CoRfE it R her Do DA e ok e B S B N o
and5 certi¢h ésug‘éﬁPfooDI\hAooﬁb fdx&uﬂwheremtto aAGubett (g.g.,\AnRaalf bumam) inareed at t he top

f 44% whi | b I I, i pitat t th tto d oth
cont ant SO amBtyPie e bhiahe S mrmiari o BRD The VLP
peak o 3dﬁm§1eﬂea t&%ﬂgéﬂ'&% gﬂmc'ﬁﬁ'frl y KUrRds, aﬁfeﬁhg\fforn%aeﬁ@ aescem&é frated, if

desire I nacti vat i be acconplished by chem cal” nethods, for exanpl e,
f or mal irisk (ﬁcvr a distaae, d;mnmqlnrobras;{rmpietn(tmﬁﬁqf Dwmaatmmﬂ thosd suhiscts/at fiskl aah

i nt act bac Vi rus al so,be acconpl i,shed b S|n sel ective
preci pleéR 8 YR OBWFEH%?{)W&%HIVE dgtgfrﬁlgagorkHQM1ngo§t}fyte% ggoré?g?'rpl i fied
aboye. sﬁﬁ%&l%‘ij%eﬁfh ¢a9@€ fdWdri(©B., geraNciteR, dnagmbeat bftﬁelhhﬂarﬁéﬁwlﬁk@rqaé ai ni ng
the VLPs in 20 of BPL for 3 hours at about 25 C to about 27 C. The

bacul odifined @ﬂnhlfmllbblﬂtmcmdﬁéﬁ dfehyTherpegntatherain mey bsatsel used onthgi ni ng t he
Ivh2§ t ?v agtngCS { ?F f-ler (%1 rtigtrs 1r§ w(iln Ganc%lg'ﬁaﬂm%g n?’az' b(é %ﬂ%&;c&gg hour. After the

ep, the produ conpri S can be run through

anot her di afth bh¢ énhb@dirrﬁehﬁ fhé MvestitaVrotidys & mwﬁoﬁm@mdrhg theagnéntvat i on step
and/ or any residual_ sucrose, and to Iace the VLPs into the desired buffer

(e.g. mesyessTHbesmthad iBRludetibeisispif dote lrea&aﬂfeve&fewm%a Mk eF(MASK) known
in Bhe (@%t "(j ag tﬁgﬁﬁéahe% l{érélhrn%du? &d 899 c5in 5 lllé}el (ﬁélﬁ'og?ﬁcﬁé br OF
freeze Th o ni quées can e pract i across vari ety of scal es.
For exallmé(ff etth loadlagnosticakeashiteasdns (e. g psanexsy; aisayllheassub;qgt sﬁfdrmglfsm ioal sized

bi oreactors. The hjoreactors can co se .eithe i nl ess el tank or
a pre- SPseplible fpja B}Sagd@r er %@PtPF’éFh‘?g‘gﬁ?ﬁP%@atF‘i&“éﬁta&ha@’ 3]s, ‘B)}”ﬁ\}é\/@ Bi ot ech,
(?(rals ??:‘élﬁféﬁ?t haybée& adrfinfedre® thériftuBK birouhfofld@nisdunWihleteil BeRTcithaio thdat MOST

or their purposes. In certain enbodi nents, a DNA vacci ne or VLP
conpr i sksdisgpsavssyrspioms dlsereefc | Hiedewad iofl Mrskarigtesmined) IRN;&: mgthod sRnbe

¢ h%HDt Qggn%gr%ﬁttcl) k&8 Tév%ls oflmgrkelgmaé}t%@} ﬁéalt%?%ggﬁaloéogﬁols or in other afflicted

patients to establish the subject’s disease status. In preferred embodiments, a second level of
Marker in the subject is determined at a time point later than the determination of the first
level, and the two levels are compared to monitor the course of disease or the efficacy of the
therapy. In certain preferred embodiments, a pre-treatment level of Marker in the subject is

25  determined prior to beginning treatment according to this invention; this pre-treatment level
of Marker can then be compared to the level of Marker in the subject after the treatment

commences, to determine the efficacy of the treatment.

PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

30 The invention features pharmaceutical compositions that comprise VLPs of an
alphavirus as described herein. The pharmaceutical compositions useful herein contain a
pharmaceutically acceptable carrier, including any suitable diluent or excipient, which
includes any pharmaceutical agent that does not itself induce the production of an immune

response harmful to the vertebrate receiving the composition, and which may be administered
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agents that need to be delivered to a patient. Accordingly, the present

I nvention provides nethods of treating viral diseases and/or disorders or
synpt ons wbensafe23sii ch conpri se adm ni stering a therapewcirasboog/oedzbecti ve
anount of a pharnmaceutical conposition conprising a VLP or DNA of the

formul %tﬂ?ﬁf ﬁrllcﬂlettgx@ltz Hg% QQ}LP(@f tle mv%nﬂgﬁ?é us%H?n?re%? the @"{ﬁan) Thus, one

enbodi nent 1s a treating a ct sufteri'ng fromor susceptible
to a vi"phdrmmanéwechilpacceptabdd” nkane bsmg(appnblvsd) bgl arregrlatsymngemny phthed®fleralhe

met hod i ncl udes the step. of aﬂwﬁgi rin he ma a thera %utic or
or ophyloaetsraee SRSEDER T Isted B B R RBrE) PRACHAROR BROHED L r ont

the di fé dwece%ﬁ%di SharflacSHRIQRE iRl als, %@%ore?amchlasmnwﬁﬁné hat the

di seas | sor I's prevented or treated.” The nmethods hérein include
adndni Sthese cmgnpqslttdm cawbg esaful(dsrcvagding gnd/os anfi ganic ¢aepusitione dorasducingieed of
such tre t an effective a%Pﬁft of a compound descri bed herein, or a

corrposiptr?S Vc?é YN5SESHYEP eI Y Pluce such effect. Identifying a subject

in need of gHGAtichRRAEAMOBHIntHs, B inVerdthd dndsaipBREs & artigeHid Bfhulafiod heal th
care professional and can be subjectlve (e.g. opinion) or ob{ectlve (e.qg.

measur Sompripipgay IplésSwh@h CGmgﬁRSsﬂt ﬂe@smerwca)l prqmgmugus @xfraplsiane alphavires s

"treat," tre 't r eat nent
anel i orpé?teWgaI}e(f’g%h(? e (5’)e o?le(s:tfﬁp 1%Pcc al}% S?f gh? bu?g#ﬁ Igﬁfd){o’l | be
appoeciGHikechguhsd virgs, Shﬂibﬁﬁ‘mt‘lﬁ; Emaﬁldqdmé,enbérﬂnahtmgsm)dwmr Wadstedl eqanigli tion
does not require t hat the di sorder, condition or s ngtons aSSOCIated
t her ewepﬁepbéh%%ﬁﬁ{ﬁ@b ¥irys,&nd Yeaggusipn wlﬂfsf‘é’&emlélﬁlﬁ h¥IBer s " prevent ,

"preventing,
reduci ng tﬁelnﬁﬁlgéﬁ\éfﬁ#gye ?fﬂﬁ{%ﬁobl ng}hhﬁ?i%gsegﬁ er or %ggg}:{gﬁgﬁ%ér%e\gﬁ% ject,
who doechikwiguhga/eirud)and b phatmacesticatify aocepsatde eqticb| Ia dtherdenteingpefeged
di sorder .or..condition. The therapeutjc nethods t i,nvention (which
" nel udEmOdimg b ehqrwes&w%o"? SREPRIPT e LTS BT GRS o

thqgapedg%uvggtl gg{dggf]gﬁ{abg&“ﬁ blg&gn@lgents herein, such as a VLP or DNA
for

|'ae her |ntoasu1ec (e.qg., animl, human) I n need thereof,
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| s 058 sor ers
may be Elmhlo@l@dredamples, the VLPs are comprised of capsid, E3, E2, 6K and E1.

The invention also encompasses a vaccine formulation comprising VLPs that

comprise at least one viral protein, for example one alphavirus protein. The alphavirus may
be selected from the group consisting of, but not limited to, Chikungunya virus, Sindbis virus,

25  Eastern equine encephalitis (EEE) virus, Western equine encephalitis (WEE) virus, and
Venezuelan equine encephalitis (VEE) virus.

In certain preferred embodiments, the vaccine composition comprises VLPs of
Chikungunya virus, and a pharmaceutically acceptable carrier. In other certain preferred
embodiments, the vaccine composition comprises VLPs of Chikungunya virus, an adjuvant,

30 and a pharmaceutically acceptable carrier. In one embodiment, the vaccine composition
comprises VLPs of Chikungunya virus envelope proteins, for example, the envelope proteins
can be selected from the group consisting of E3, E2, 6K and El. In another embodiment, the
vaccine composition further comprises a Chikungunya virus capsid protein and a

pharmaceutically acceptable carrier or excipient. The Chikungunya virus capsid protein is, in
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I n one enbodi nent, the invention provides a nethod of nonitoring treatnent
progress. The nethod includes the step of determning a | evel of diagnostic
mar ker ( Msiokeroyostm@sg., any target delineated herein nodecatusdodopo@oconpound
herein, a protein or indicator thereof, etc.) or diagnostic nmeasurenent
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pr ef er rigan QARGHHMRN Suit the FiRIeloraainifftatioRV R a plefd¥Ridk@ibddimbmethgubj ect is
determ ned prior to begl nning treatnent according to this invention; this
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in thee%w)' ect after.the treatment commences, to determne the efficacy of
the tr CEUTI CAL COMPCSI TI ONS AND ADM NI STRATI ON The i nventi on

f eqpur es phariseaifositiah, Ffdesies), tailso thahineRipr arheuntk BEweftingroral phavi rus as
descri bed herein. The pharnmaceutical conpositjons useful herein contain a
phar macalsibang geentss eppHiudtesag agents. Theqompopigion sen beasald gy, suenes or
exci pi i ' thi : [ f
nduce TRl RELHESR APYBAAITRGE SR sAUEH, sheiBheifh tnilion, B8
r ecei vipill, dapsule copaiied relaasedornuihiial) orpywber. Odati foimstleti@dedrt inolutle staddad
toxicity and a,  VLP of the i nventiog. As. ysed herei r]b the term

R mB%’i“Ha

" phar nef@ELAS suph a5 Pharpaseutigal erades ’_léﬁtﬁf%f@ac nagnesim, sigagte, agency
of jishe s%aglﬁrg ScoRirin®, SdIRISIRYBHRNER barBbndtb $4€d i n the U. S. Pharmacopi a,

Eur opean rmacopli a or other generally recogni zed pharmacopia for use in
manmal s, andnrertaginpartiodouéns,| the Vil.Preompositiofhe supptiedpokquid demn,danexsmple ef ul

as a vaccin nd/ or antigeni ¢ conpositi.ons for .i ndpgi rotective inmune
" esponsB asalgd Gantiagt eieAting the gt dnd QRsssierignpLihe; Ve rRvBRT oM
enconPaseRpabiy) tREiqule Foren bPTHEL B tOMpEAiidH issup@icdlifs hemeticatl9pileges at

| east one viral protein, for exanple one al phavi rurstrotel n. The al phavirus

may be costaisr etilehstahpetidd we/olpmetsrereterably atdeast pbeut 1@ He/mi, @b ipagiabout 200
BT AT B i Rt T o5 ne cncenhel 1 (EEE) vius,
(VEE) Vi rus.GéderalBy, VaiPR op DY Arvaecineydfatie irvehison dreadpiisisteruddntanedfective
conpos| a{rrilc?ur;lt 8? (r]TJJ)arniti?ye(sas \élégiib%d herein) sufficient to stimulate an immune response against
one or more strains of a virus a described here, for example an alphavirus, e.g. CHIKV.
Preferably, administration of the VLP of the invention elicits immunity against a virus, for
25  example an alphavirus, in particular example CHIKV. Typically, the dose can be adjusted
within this range based on, e.g., age, physical condition, body weight, sex, diet, time of
administration, and other clinical factors. The prophylactic vaccine formulation is
systemically administered, e.g., by subcutaneous or intramuscular injection using a needle
and syringe, or a needle-less injection device. Alternatively, the vaccine formulation is
30 administered intranasally, either by drops, large particle aerosol (greater than about 10
microns), or spray into the upper respiratory tract or small particle aerosol (less than 10

microns) or spray into the lower respiratory tract. While any of the above routes of delivery

results in an immune response, intranasal administration confers the added benefit of eliciting
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Chi kungunya virus, and a pharnmaceutically acceptable carrier. In other
certain preferred enbodi nents, the pharnmaceutical conposition conprises
VLPs of GwDkomgeesgsa virus, an adjuvant, and a phar naceutrcraiskgoomeszept abl e
carrier. In one enbodinent, the VLPs are conprised of Chikungunya virus
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formul ation should suit the node of administration. In a preferred
errbodl reemunts dfmepizalizing s¢anetorysansl serumb petifaskiesaand dosagesadiested ¢ vagampdons

Corgos EPIe hegysa SEL AR et o PEBRRBE ! et 1 g o
errul si fyi ng pgmetBoosfr PH buffering agents. The corrp05| tion can be a solid
form such as a

The present methods also include a variety of prime-boost regimens. In these
methods, one or more priming immunizations is followed by one or more boosting
immunizations. The actual immunogenic composition can be the same or different for each

25  immunization and the type of immunogenic composition (e.g., containing protein or

expression vector), the route, and formulation of the immunogens can also be varied.

For example, in one embodiment, the prime comprises administering a DNA or gene-
based vaccine as described herein and the boost comprises administering a VLP as described
herein. In another embodiment, the prime comprises administering a VLP as described

30  herein and the boost comprises administering a DNA or other gene-based vaccine as

described herein.

One useful prime-boost regimen provides for two priming immunizations, four weeks

apart, followed by two boosting immunizations at 4 and 8 weeks after the last pnming

immunization. It should also be readily apparent to one of skill in the art that there are several
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| yophi li zed powder suitable for reconstitution, a liquid solution,

suspension, enulsion, tablet, pill, capsule, sustained release fornulation,
or powderwoQoalock®smul ati on can include standard carri ePsTASCIVIDE6294
pharmaceuti cal grades of manni tol, |actose, starch, magnesi um stearate,
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conprises a ne ornulating a vaccine or antigenic conposition that
i nduc esntheumuwow rowesef adniietstraton of a edmpesitsen omeprsympVoRs bh &reeoiferttmna

manmmal , co ri sin I n o said formul atiion. ffective dose of. VLPs,
o CHRINGgS an By S hine eheohsh i il indRie Gk pENETioR ageins

i nf ect ig@ier sfrths BRMBRAMRs. AdniRRiratidrtdnase ihRamGiuld Naiba¥dnal| inttapertbAchD] S
virus, Eastern equine encephalitis (EEE) virus, Vst ern equi ne encephalitis

( VEE) i pog prmd\mm@ﬁuebmntl‘@cﬂdﬁnew@mplh amtirmmssc(ﬂaEE) virus. In certain
CII oot IR BRI, U R Sl KRS LALS S RUB,
r Out e, ih @ucﬂxCd'lﬂnQMﬁbr b deget hrdosd] ieles il Grdl&ﬁﬁﬁéiicetsan&ﬂdnurﬂ:fraﬁ}icﬁ'lse fitahe exanpl e,
mul tiple adm nistrations may be required
of immunization. For examplé, mucosal tissues such as gut associated lymphoid tissue
(GALT) can be targeted for immunization by using oral administration of compositions
which contain adjuvants with particular mucosal targeting properties. Additional mucosal
25  tissues can also be targeted, such as nasopharyngeal lymphoid tissue (NALT) and bronchial-
associated lymphoid tissue (BALT).
Vaccines and/or antigenic formulations of the invention may also be administered on
a dosage schedule, for example, an initial administration of the vaccine composition with
subsequent booster administrations. In particular embodiments, a second dose of the
30 composition is administered anywhere from two weeks to one year, preferably from about 1,
about 2, about 3, about 4, about 5 to about 6 months, after the initial administration.
Additionally, a third dose may be administered after the second dose and from about three

months to about two years, or even longer, preferably about 4, about S, or about 6 months, or

about 7 months to about one year after the initial administration. The third dose may be
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to elicit sufficient levels of inmmunity. Adm nistration can continue at

I nterval s throughout chil dhood, as necessary to naintain sufficient |evels
of protecvoanoagasonst infections. Simlarly, adults whoraraspawiicud arly
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care ' S. of i]d he

ci dor | PGy AtoRERE) YRGS Se i Bl o B Cinud b B0 el ckihted i

I Mune thy/ssh@fand@y ufift€ of maicosal sécpdtdnk bTtheisubjetodfter tige ®Bb@biosehieand/ or

mai ntain protectiyve i mune responses. Levels of induced jinmunjty can be

moni t oPEHETEbFMBRdimSRE 2SBS0 &1 Hpinistsiet 2oyt opemORH) 35Tt Btret ory and
serum %ﬁﬁﬁlﬁ&%tﬁﬁ’anQQthg ABUER aﬁf'yil‘éﬁ%&q agf)?tvsqg ﬁ‘io'ﬂ s AHP HeSRSAI Rfinffration.
necessary to elicit and nmaintain desired [evels of protection. Prine Boost
The5pr ds andthersdniitmdisments thei sacdndddose isvainieistered atpnit six-rhowbs afterghefirg. | n

t hese t hads, . one or nore  primng i i zations is followed.by one or nore
boost i AGTIHRETCRaM SHeLCr PROGRTa: SRS BE e dvestiBn cPR PEATRINTEE Ao same
or di f fganeth hribifaeh theripyiFeatiMplaNLPSE th RfveRfion CARPORRRuTat&PWRRSI ti On

(e.g., containing protein or expression vector), the route, and fornul ation
of t he otharimogesgeniapompesitidns, sntivirats andr aptibiopcs, AiViLRD maydetaddiinisiered t he
prime corrglri sgs agm' ni steri n% ag_g{\%lﬁ or. l_gen based vacci.ne as degscri bed

her ei n QR THEY HHBEFVERHSr PTIUEY Xt oﬁlberémm_u,gog%magglgp?% & herein. In
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but ar ermetahples,terdntsalpacretions. Shidathsages san bt deterriimed from animed sudis., A

i ntramuscyl ar., intravenous apd subcut apeous epi dur al , d nucosal (e.g.,
intr ané@&ﬁ‘“&‘ﬂag h)‘?ta‘_?faa&ﬂmﬁlﬁluﬁﬁcﬂté’ﬁ“‘g’otﬁ‘ﬁ SQ‘EC_BFY égvﬁ‘gﬁﬁéér?cll‘bdrqa@g_)g?"nleﬂ P speci fic
embodi MRRsier FAPRSEHih@iTa, PhousB @nd ESERIYat, laRY ABA hMa PRIn®MAEs. NSkt 8hifthls are

i ntramuscul arly, intravenously, subcutaneously, transdermally or

i nt r adeotmdthsal hddetacinfigstions agents i gamstilhshrveiinsstediesiobyariowy aspagtseatitent

rout.e, for exanple i nfusion or bolus injection,.. b r pLh-Qn .t hyr ough
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VLPs of the invention, to partially characterize the immune response induced, and/or to

determine if any neutralizing antibodies have been produced. For example, many studies have
been conducted in the mouse model because mice are small size and their low cost allows
researchers to conduct studies on a larger scale.

25 In addition, human clinical studies can be performed to determine the preferred
effective dose for humans by a skilled artisan. Such clinical studies are routine and well
known in the art. The precise dose to be employed will also depend on the route of
administration. Effective doses may be extrapolated from dose-response curves derived from
in vitro or animal test systems.

30 As also well known in the art, the immunogenicity of a particular composition can be
enhanced by the use of non-specific stimulators of the immune response, known as adjuvants.
Adjuvants have been used experimentally to promote a generalized increase in immunity
against unknown antigens (e.g., U.S. Pat. No. 4,877,611). Immunization protocols have used

adjuvants to stimulate responses for many years, and as such, adjuvants are well known to
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conjunctiva, nasopharynx, oropharynx, vagina, urethra, urinary bl adder and
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the VLPs, or can be administered separately. Either the protein or an expression vector

encoding the protein can be administered to produce an immunostimulatory effect. Thus in
25  one embodiment, the invention comprises antigenic and vaccine formulations comprising an

adjuvant and/or an immune stimulator.

Methods of Delivery
The VLPs of the invention are useful for preparing compositions that stimulate an
30 immune response. Such compositions are useful for the treatment or prevention or a viral
infection (e.g., a CHIKV or other alphavirus infection). Both mucosal and cellular immunity
may contribute to immunity to infectious agents and disease. In one embodiment, the

invention encompasses a method of inducing immunity to a viral infection, for example
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antiviral, antibiotic, or any other agent that prevents or treats an

al phavirus (e.g., Chikungunya infection). The dosage of the pharnaceuti cal
f or nul at iwo 208mek®edet erm ned readily by the skilled artcsamsoonc2exanpl e,
by first identifying doses effective to elicit a prophylactic or

t hera AR I I rus
speci ??gﬁ%ﬁm%no rmbs 1ﬁfe%§8;§)r?n l%}yldr@ﬁfsh%{@%ﬂrt S&’ﬁ%&rg]zgﬁllo (%lﬁgn;/: b(L)IdI es
in sermrus?ﬂhﬁ’lcnaDNA wHCCine. sarrpl es, mucosal secretions. Said dosages can

be deternn fromanlga dles nwléllmtln Ilstﬁﬁéglmalsasedto
study the effifdByeptigRa a@eﬁ“ﬁ gsweﬂmé% caunwa ity qyvirg] dpteetion ox gt Ieast o
chi nchight amﬁ@ﬁ%eé@f’up&&ﬁl?&tr&imprﬁsﬂ% Mnﬁ%@?ﬁa@ a@[éag%r?eseffém% dédidral s are
not naturd osts to infecfious agents but can"still serve in studies of

var § ouVIBpdoN4 viccinkas deswibsd hetém ferxexapips a é{rLy’ @ﬁnnrkwn@dnmm maoricrvadal can

be dosed .wi di d 0. VLPs of t tiall
ohar s PITS Tofereriiih At SolBrmCHTY it svelnes Bro\ies i DNA R any o
neut r a'cbﬁlbﬂﬁlngﬁtnhblédd £5d BeprferP @R IO ABRaviiRlcafid PRItéin oFBAY oS inded €S have

been conducted in the nouse nodel because nmce are small size and their | ow
cost alelpbagirgseswaloph eraeing, ardrasmantssthergp € singgrtgin %ﬁ@ethes\ébl’ durthes addi ti on,

h I ' b h ed
o f oct CPHEE 2 Fht hEa BROGH” RERO BRGdnlf, MedhBfod PomPhS b ey o e
rowdi nemandityed & vicalowfectiontdg (aIHIKVTIIﬂEctmmmaeadm stym;h@neﬁaie@g@,d will

al so depend on the route of adm nistration. Effective doses may be
ext r apSfimiragenngiaid frmulaignipdaul tipleiosesderi ved fromin vitro or animal test

systens. As VBLP%qut*’éﬁéi VKRR nrinflﬁ% s‘%BgtantEJ'Wg | %%ﬁéﬁr)(tn:}% £ Hﬁﬁx%x;;)cu' ar

conposition can be en anced use of non-specific sti rs of’ the
I mmune whesa pdmse steﬁeﬂamaldsmﬁtdbmm fThe subAtintivbimtrauticy eestleeflomsmdmmune

experinental ly ener I zed increase in nit ai nst
unk novm‘iesgﬂ{‘qed’@ﬁgm( Qig }'ﬁ}egn % profegty or gmeljgratep m%%% |362 °ast ot ocol s
haye usgeflcadi swe,l%ﬁl $fAnfchiBhb 8] VENMRRS O shRfe lﬁﬁanfcey QK safWhrRBratdlfsh,

adj uvants are known toone of ordinary skill in the art. Some adjuvants
af f ect 1mfnqedvasyld| infeshpe wikbe |ag1emstoara90p1’1m@mcmde nﬁcyr’oeewanﬁuléy proftestivemune

response is | ease tein are prec i tat | um

e o Freatieo i B g B tlsns il Sh e e L gPrald

pr esentyafl Ieﬁpeneﬁb@rddﬂ@ém%m@moﬁﬁs o@'ﬁ)éh&@érlﬂﬁﬂz[ﬁondﬁ“%?ﬁx ipbsfk ¢cﬂnﬁ€ﬁ€d§{o #hol ., "A
Conmpendi um of Vaccine Adjuvants and Exci pients nd Edition)," herei n

[ ncorp(bmatuétleéyeﬁ@hréﬁeence inits entirety for all purposes, is envisioned

B0 9638 Abob Y PO TR Al ARk o
cont ai rhlnﬁ@mky kd sl@hwmbﬁﬁabﬁm oMmattledse baeis ysptemn, thereo DI Qibgeckr@uijtising
administering at least one effective dose of a VLP and /or a DNA vaccine comprising a
nucleic acid segment encoding an alphavirus capsid protein or one or more alphavirus
envelope proteins, or fragments thereof. In particular embodiments, the infection is CHIKV
25  and the VLP comprises one or more CHIKYV envelope protein as described herein. In
another embodiment, the invention comprises a method of vaccinating a mammal against an
alphavirus comprising administering to said mammal a protection-inducing amount of VLPs
or DNA vaccines comprising at least one alphavirus protein. In one embodiment, said method
comprises administering DNA vaccines comprising capsid, E3, E2, 6K and El. In another
30 embodiment, said method comprises administering DNA vaccines comprising E3, E2, 6K
and E1. In another embodiment, said method comprises administering DNA vaccines
comprising C-Envs7g97 as set forth as SEQ ID NO:1. In another embodiment, said method
comprises administering DNA vaccines comprising Envisg97 as set forth as SEQ ID NO:19.

In another embodiment, said method comprises administering DNA vaccines comprising C-

43



adj uvants and al um num hydr oxi de adjuvant. O her adjuvants conprise GVCSP,
BCG al um num hydr oxi de, MDP conpounds, such as thur-MDP and nor-MDP, CGP
( MTP- PE) ,wbizpiob6Zg96and nonophosphoryl lipid A (MPL). RI BCI/uskeooos2ont ai ns
t hree conponents extracted from bacteria, MPL, trehal ose dinycolate (TDV
and cel | ] ,gé\@)'.ao en:- | S8l so is
cont errp}%nzﬁggﬁl. as:%?@wﬁo%a om%@%ﬁf@%%gﬁ&t& %’gﬁﬁ %511(5915 SO c%gﬁglssgsjd. The
VLPs ofadntimisienng MNArvacanesadompriséeng Errvig|_atasdetotth a8 ISEQUIR NQ:Roulmémer s. "

These are the body' s chem cal , nessengers_(cytoki.nes) to_ingrease the
e GCETER, A0 isthOR CoMARSRoS L AT GG CPT FATGERNE GARSICHB: Frrfik 88 { o,
vari OUSg LY dtRGSombodiRBRK & theBf GREIRKS ABRinN¥térkhg m@e&{abﬁyhgmrm, ,

i mmunopotentiating, and pro-inflammtory activities, such as interleukins

(e.d., GM aind El.Un2nelemb®diné¢ntsaid ineth@d cbnptiSys; adgmioistemingACkh Ry eonfperisgd of

gr anul oGyt e- macrophage (GW -col ony stinulating factor (CSF)); and other
immnos@%/‘mgélf‘éﬁy%%évf PEPTOENh as macrophage i nflanmatory factor, Flt3

l'i gand, B7. I aBéthér eib6dimbRE the VB dhmpses ¥ niv Rt iRduGida Potective
adm ni stered in the same fornulation as the VLPs, or can be adm nistered
separ atesliplar Eisponse to pevingl mfedtion or ablgas vpe syBpOm thereodin & AekjeltnepmpPTising ot ei n

can be aail ol EheLellsLORLHINCE ANl LFTVASR hmihaler Y gf fect . Thus in one

. n . .
enbodi nent el nvent1on conpriseés anti'genic and vacci ne fornul ati ons

conpri si ng ams mehtivrisdtabanél/the VAURs bfitherigv&itiompratent or fddhidvodidest ohel i very The
VLPs of the inyention are useful for preparing conpositions that stinmulate
an i mmAYEPEQs 96 s tnfedtipnrn asupisst. ¥y iHYCtiandn dsyvinptom gpay beedeteratnednt or

prevent acal.es g [ I - al |

Pt oot 1 Satelglf ol bbiBtuNel, 2ok, @ delistmenchy TR b Al Afcily CALor 1y
t 0 i nf éptdondsctageant appeoydiatt assayser measutaneent Q. adyriemperatire)nirehtdingg) e.g., a
encorrpassiaslf;af {}:et hod of in ucicilg Il munity to a.viral infection, for

exanpl SERIRUAJURFSSCHRGY 4 Hpwed Pragression of yHplinfectigy on adhifPRal MRS 2t he
SURj5eC1redudell iskHRRY BY AirMi sy tothdo0f sittablhsyAs ¢ BCantiHofy it GRE/PT-&IS 0
provides a nmethod to inddcée inmmunity to viral infection or at |east one
synpt oractigiancdssay). Theehjpete, assassmpentsomprigembath sniendl pgd humae gssessomgnts.
effective dagse .of ag. VLR or vacci ne.,as..descr.i bed. her.ei for exanmple a
VLP compr i si M BHettisy! ahs ORISR O pshEity FybIeis AL el Sy SomRsF B kv
Virus efY&kORR dMbyddhes, féneficilY mbaified 1 g60d8lE ekpregsifg AUedstbfie aci d segment
encodlgg an al phavirus capsid protein or one or nore al phavirus envel ope

pr ot ei rishikerguhyayirelreecniore fagsther mithcaay cairacepiers svhighhmight pe reguingd forconpri ses
?ng(}:: :Jfllaﬁe%ggﬁ gr 8&8’ %QSe cle'i]ls %&Oéetﬁ%{ica?l%&!liﬁgﬁ' fn thter%gn@ilgqge)p &H?égs%es
reporter gene, such as an affinity tag, a fluorogenic protein or an enzyme able to convert
substrates into fluorogenic, chromogenic or luminometric products. Coupling this type of
reporter signal to an inhibition of viral infection is accomplished by arranging the expression
of the reporter gene to be strongly decreased (downregulated) upon infection with the virus of
25 interest. In principle, this can be ensured by any suitable means, but especially preferred are:
The reporter gene product itself is fused to a cellular protein which, upon infection
with the virus of interest is itself downregulated. For example, the reporter gene product can
be fused to the corresponding viral receptor, which in many cases is downregulated upon
infection.
30 Thus in one aspect a compound library may be screened for the ability to inhibit the
infection of cells with Chikungunya virus (CHIKV). An appropriate indicator cell line is
generated that stably expresses a reporter gene. In one example, these cells are seeded in

microtiter plates and incubated with CHIKYV particles in presence of different compounds,

e.g., antibodies, in each well. Upon infection, the fusion protein is downregulated due to the
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immunity to a viral infection, e.g. CH KV infection or at |east one synptom
thereof by adm nistering said formulation in nmultiple doses. VLPs of the

i nvent i orwoamoaseisce substantial immunity in a vertebrarer(ts2@/0ec2baman)
when admi nistered to said vertebrate. The substantial immunity results from
an i : :

el { orApss iR PERE, APk, Yobfediindy Sl AR AT R RERMEERBI Rt (1 4
vert ebrGHKYV iwill erpiess thetrepuates gend. This, wallsgthaeeiiathic apesitise repbetet @ghalsai d
infection will be as tomat | c. The response nay, be not fully protective
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agent, JBgeNEbAMMAFevihl decBERES ROGECHBAYE Rl Ia%'EldW'd@al § bfth

durati oaﬁﬁ)pofe synpt ons corrp(frced to a nor?flﬁmmi zle ({/;(@rte ratle. I%’rlalﬂone ©

enb6di mssy,in e idetad nSipecificaippiin seseraborbineny thef reportierggeng caubs expressed

inmmunity ta al phavirus infection or at | egst one s tomthereof.in a

subj ectheagRfEer ferutr T Sha (hAEeparer esnebemsdoriEelned UREE I EtioR Wp and
for a Qhndasodn&RERAE $irMadtidMCAre pSerdblyped SHAERHrtiABE SsthpSsiAfoRd Bhavi rus
capsid protein or one or nore al phavirus envel ope proteins, or fragnents

t her eofmoregnpelppé protein ardsteptionalht, the capsidipndtein from GHIKY KV and the VLP

conpri ses one ar,.nmore, CH KV envel ope prot.ein a escr.,bed herei.n. In
anobher - enbaANRE ST RE ey T B SR EaaP LBE w hofs B AP uRERiProry o5
mamoBl \aQaEms) usifly akdpoatét b SYRRRY AsSdxeopHasE RERIETBAEHY, thSmventioaal  a
protection-inducing anount of VLPs or DNA vacci nes conprising at |east one
al phavinregdes isembinant]epihvrad ypejesraxptessing ip depaster 8ene: drgllsi ase incybistedpad er i ng
DNA vacgi i o E2 K a . i ment,
oni o ORI RARAUT AT G BRIt beolot o X pn 0B i, ol ARBIREQRIRYE TR0
El . | n wimgtdwindarbredhnignds, sai d net hod conprises adnini stering DNA vacci nes
conprising CEnv37997 as set forth as, SEQ I D NO. 1 . I n another enbodjnment,
sai d net hod ¢ Blated4nio; Qﬂeé{ae‘érpiﬂﬁthjN?PC\‘fQEc ?ﬁHME%&)ﬁ@}%ﬂEﬁM@Wi as set
fontkh NO: i . 1 i

15N a%croRcBie thel pottr Qta@ﬁrs?fm%%g\@g%maﬁﬁ{uqoﬁe?{ﬁ?%rﬁ%{%as 'tsg(%g D

adm ni steri ng DNA"vacci nes Tonpri si ng pg- 1 as se
NO 3. Ipsewadotypedrveetotroate theamt incwhmitad with Hedcaodidptei inkibitadmirior $¢ addingtheNArus.
vacci nes .conpri si ng,Envopg-i a t forth as SEQ ID NO 20. I n one

enbodi el ACbeR ied Hoge Cal by seaTet ane HeseBPTsI Eo0e AN IS M WG capsi d, E3,
E2, 6K 1amditéds-ofhita £ iRHAGLE BB, onthé expressicio LB RéposRe g@fdm ni stering
VLPs conprising E3, EZ, 6K and El . In one enbodi nent, said nethod
conprises adm nistering VLPs conprised of Chi kungunya virus envel ope

pr at.ei Tén anot her enbodi nent, the invention conprises a method of

[ ci :}gla protective cellular response to a viral infection or at |east
one synpt omTHedhesitionalsd robides for aghainactufichl pack or kit comprising one or more

containers filled with one or more of the ingredients of the vaccine formulations of the
invention. In a preferred embodiment, the kit comprises two containers, one containing VLPs
and the other containing an adjuvant. Associated with such container(s) can be a notice in the
25 form prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals or biological products, which notice reflects approval by the agency of
manufacture, use or sale for human administration.
The invention also provides that the VLP formulation be packaged in a hermetically
sealed container such as an ampoule or sachette indicating the quantity of composition. In
30 one embodiment, the VLP composition is supplied as a liquid, in another embodiment, as a
dry sterilized lyophilized powder or water free concentrate in a hermetically sealed container
and can be reconstituted, e.g., with water or saline to the appropriate concentration for
administration to a subject.

The invention also features a kit comprising a VLP as described herein. The
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adm nistering at | east one effective dose of a DNA vaccine or a VLP. As
ment i oned above, the VLPs of the invention prevent or reduce at |east one
synpt om olvoanio/met®eti on in a subject. A reduction in a ggmusecemmeseIbe
determ ned subjectively or objectively, e.g., self assessnment by a subject,
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recept .together wfh any co-receptors which mght be required for
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protein or an enzyne able to convert substrates into fluorogenic,
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to an i.nhibitign.of viral infectionds acconpli d by arrangi t he

exor esdianng Erembts Py danato vk BEERTR VLERoRb el raBt ieta ot eq)
upeo i Rkigled irdthe\arttupohtevieivdfshddpeciticali®s t Thd §topé bR tHeAh®entioRisko@an be

ensur ed by ani/) sui tabl e neans, but especially preferred are: The reporter
gene pithsaefere, pe determingd moswithreferenee q thie aboyst daseriptiath behinsigpdshauld Bet i on
with t ' ' i S, | f . r :

Feport ARebhindd st pcR BRI thade B NG B ftir Ko BRPER el

whi ch i n nmamhe pastise b thepreveaginvadittch enpsioyd, nhkRes otherwisdimlidatedpne aspect a
conpound library may be gcreened f@(iﬂr) the ability to inhibit the infection
of cel Ic@nYgnEIANatcqbnigyish 9 hmpigeykar brolpgyifincluging serogtnnant EechRiguest or cel | i ne
i sigeneg: r; : fﬁm ese
cellgs g&@g@&égﬁ%@ﬁ%@@%tﬁ @E’?’ﬁ% tagg ngln Fﬁ%ﬁlg‘g? f;cg a&@yﬁﬂ&ﬁﬁ@iﬂg rt |ltg es in
pr esenof thefskilefifagisant Scohpeshndses &egxplaaet ifulbylinethe literatbes; lsuckedd, . Upon

infection, the fusion protein is downrequlated dye to th ression of the
vira ool ERngeALepority W unal s st Hipe (erbhekn Pect ed i th
CHI KV wolllgofudMotide SyRhes8PaGAIEN 998 AnfhAlGelVEhinsret (Brestiehi 10g7)a positive

reporter signal confain conpounds that inhibit infection. _\/arl ations and
modi f i ¢Metlnds imEnzhmeelegws SHgndbapk lof Baperppentalimrivrniogiid Weir,d\Wah); “6goei ons

of ,the . deseription i.ch expl ain . ndividu ar f. 1 he S i n._nor e
Se2R T TGRSl o Mefthoigh Cellet ikt SRR He 7l EBRR e ®
when i Mslehil@Biokgyr $ALAINREN IBMANPLRE THRIWIGErageChailR dagti O MIVRY1Y, at ed

upon infection. In further enbodinments, the viral particles are pseudotyped
viral papdk cCement daptorels iy Immanglogy” (Coligan, 1991). These techniques are applicable

to the production of the polynucleotides and polypeptides of the invention, and, as such, may
be considered in making and practicing the invention. Particularly useful techniques for
25  particular embodiments will be discussed in the sections that follow.
The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the assay, screening, and
therapeutic methods of the invention, and are not intended to limit the scope of what the

inventors regard as their invention.
30
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nore envel ope protein and, optionally, the capsid protein fromCH KV. In
anot her enbodi nent, the invention provides nethods for identifying

i nhi bi t orwoabimicemb entry using a reporter gene system asTasenploodwed
herein. Briefly, the invention provides reconbinant lentiviral vectors
expressggnfpr.egorter gene. Cells are incubated and co-transfected with an
expression vector, e.g., Env37997, Envopg-i, and a reporter plasmd using a
standard techniques. Cells are plated into one day prior to infection.

CHI KV Env-pseudotyped lentiviral vectors encoding the repgrter gene are
first th¥ampled: Lyn W?la‘recmrpm'tﬂﬂtyngrtarcawrﬁ%vemeggwa@@ﬁgw vectors

are thefré %@%Qﬂxeﬁﬁééﬁabﬁ% gfiﬁﬁp&g{,gvgggl bitors prior to adding the virus.

Cells are then lysed using ce fer and the reporter gene activity
i s feasur ed.Td exairhing¢ thesnexhanvismaindepedificity ef CHEQVI deiledtryalsptivical vetter

expression of the reporter gene. KITS The inyenti S ravides.for a
phar G e ARG B RS prrinsdHam PR RURY SalEe g it ¢
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invention: Ina preferred enbodi nent, the kit conprises two containers, one

cont ai rhietegodymers, wheret Bleglycorrptetnsrmediate dgsiom ardiE2 ghyeoprotgisvisiteradavith the such

container(s an tice in the formprescribed rnent al
oonay TRt Rberfin SHEY RORcneE eiitessil (bl RSl GhepRes, 1Y E2. AIOKT AR Bin,
bi Qbogifeedhe B799ILIGidfor MR2006 DY - Strhigh Meed thsedidd Drcin SipréfRpnagene YEDI997
manuf acture, use or sale for human adm ni strati on. The invention al so

provi deaadBQRY 11 heFigump Ao Higuras 0.0 .08, 98e BAge)- | Thednperpaation &f the 8wa) ed
Conpos TV ER S R RIBGbE Rh PR VERLR ANt thlsFaft AL} deallen

| i qui d,sedimeatatibhef thendingi Bl CHAK VaE dny HdVer Gap had theysapte Yuoyed deayitess or
wat er free.concentrate in_a _her icall I 0 ji.ner and can be

r econstlfqt!}?’é‘a Pa’él.ci_f.sf%F\&uf%s)V\/éﬂ@r%‘é%7 §’é‘_% Fﬁ@ag‘g(ﬁ)ﬁ{e‘? ggm% PP BtYQS‘g_cent ration
fon sadmiiiaial 4dt&S idfected §é’«ﬁ%lr%‘b%nni§§i€e &Y BRLS (QBuAsat LA WISS. Pafbt. 3,

dt '
conprising a VLP as described herein. Theinvention also features kits
conpr i S8AE2G07MINA mersuredeydscifiasserieparter aetiwity; vanbt 4 esitrolidevaadof CllKYse. The

R Bhe ol SBL U5 B S L ey U, KRy SR B LB 20 °

boost idg?gmeﬁ i@lte 1BNAhQ! | owi ng exanpl es are offered by way of
illustrati on,ﬁ(tr?o?[}by vva;%ﬁtgf limtation. Wile specific exanples have been

provi ded, t Heo determineiwbethiepentonodeyrred thigeghathe vama mechenisnas netive vives, theny
ongeor prﬂ)ar?d grrdoggrge Eieep%tn L& ocffen{rg)%vag ragt\l/l'y?eu allsydeggr%er(i' p?@ﬂo&ﬁ? Wﬁr{rgee[}tcﬁ., gan be
Virol. 78, 5642 (2004)). CHIKYV infects cells through a process of pH-dependent cell fusion.

Thus, addition of ammonium chloride or chloroquine, which prevents acidification of the
endosome, caused a dose-dependent reduction in CHIKV pseudotyped vector entry (Figure
1C). Similar inhibition of entry was observed with VSV- G, known to enter in this fashion,
25  but not with amphotropic murine leukemia virus (MuLV) glycoprotein 70, which enters in a
pH-independent fashion. These findings demonstrated that lentiviral vectors pseudotyped
with CHIKV envelope mediated entry through the same mechanism as wild type virus. Sera
from mice injected with a CHIKV strain were next examined. Incubation of immune sera
with the CHIKV pseudotyped lentiviral vector but not VSV-G pseudotyped vector inhibited
30 entry (Figure 1D). The specificity and potency of neutralizing antibodies could therefore be

quantified without exposure to infectious virus.
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conbined in any manner with one or nore features of any other enbodi nents
In the present invention. Furthernore, nmany variations of the invention

wi || becowe appmemnat to those skilled in the art upon recras2ab/obdres
specification. The scope of the invention should, therefore, be determ ned

not wt e t { REiQr.  but instead should be
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( Aus ubelasmi@sZIE3799Trr CTR@PFs] pntheaxprestian Medersciesatbed abie, IE33997004) ;
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and E2 gy ¢@Rh 37996y bRER6RRlici0bddpyrbfealdSV LP LG AR Y sanfd thKMhBIdped €S
expressing the native pol ypeptide, E3-E2-6K-E1 polyprotein, for the 37997

and f orapp&2@Ge aOmyld type vas Figane@ B, mgbt ed i nto an expressi on vector
(E’7997 and EOPY-1) (Figure |A ,Eigures 6, 7 7B, and 8A- |
b por at drvarieqhs PO Epkan Bk DG Rion foalB s BB R 1P, cct or
was VeritdsaRsir s yinetAndhot@dghat¥h@ VM @Ad an external diameter of 65 nm and a core
diameter of 40 nm (Figure 2C, left). The potent immunogenic E1/E2 glycoproteins are
organized into 240 heterodimers, assembled into 80 glycoprotein spikes arranged with T=4
quasi symmetry on the surface of the VLPs (Figure 2C, left), closely similar to the structure
25  of Sindbis virus (Figure 2C, right). In addition, the organization of the nucleocapsid core is

also remarkably similar to that of other alphaviruses.

Example 3: VLPs induced a more potent neutralizing antibody response to CHIKV

than DNA vaccines

30 The immunogenicity of DNA and VLP vaccines was determined in mice immunized
with DNA vaccines encoding C-E or E (strains 37997 and LR2006 OPY-1) or VLPs from
strain 37997 (VLP37997) in the presence or absence of Ribi adjuvant. Mice injected with
VLPs with adjuvant generated the highest titer neutralizing responses against both the

homologous strain 37997 (Figure 3A, right panel; IC50, 1:10,703) and the heterologous strain
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sedi nentation of the virus. Both CHKV E and H V-1 Gag had the sanme buoyant
density as lentivirus particles (Figure 5). The 37997 and LR2006 OPY-|

CHI KV psewodabypsedokent i viral vectors infected several pecmussiweos2es! |ines
(Sourisseau et al., PL0oS. Pathog. 3, e89 (2007)) as neasured by luciferase
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specificity and potency of neutralizing antibodies could therefore be

quant i facedtyfotbeduboraglegeus and heteralogens Brpnsaftal primagygnmunizatien that haye

mor phol, i ' onSt.r ugal. ph i NS,
ez et o R i e SRR oo B L i R o
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t d i bed ab , 7997, OPY- | Fi [
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proteins were detec in the supernatant after transfection of the
C- E37997 or CEOPY- | vector, suggesting that CH KV VLPs had been gener at ed.

V58 e L R LS53R Mgt
that frofiicyuenéds of APORV Ghfectionst rai n 37997
The ability of the VLP vaccine to protect against infection was determined by
intravenous challenge of monkeys immunized with VLPs or controls using a high titer
LR2006 OPY-1 virus stock 15 weeks after the final immunization. Similar to humans,

25  infection in the NHP resulted in non-lethal viremia and a pro-inflammatory response as
measured by an increase in monocyte counts. The control monkeys showed viremia
beginning at 6 hours and lasting until 72 hours after challenge, while all of the immunized
monkeys controlled the challenge virus completely (Figure 4A). Similarly, the monocyte
counts in control monkeys increased markedly relative to vaccinated monkeys by 4 days after

30 challenge (Figure 4B, Control vs. VLPs; p = 0.0036). These data indicated that immunization
protected against viremia as well as the inflammatory consequences of infection. To define
the mechanism of protection in these animals, the question of whether immune IgG could

protect against lethal challenge was examined using an adoptive transfer model.
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was therefore chosen for further VLP characterization and devel opnent.
Fractionation of clarified supernatant showed peak incorporation of El/E2
at a denswoypomiosizo® g/ m (Figure 2B, left), conparabl e toTiuseoodenebiy of
wild type CH KV. Exami nation of the purified fraction fromstrain 37997 by
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(Figure 3A Areberfiéd el VLPIhad plasesdiDNA vartireatagainbtaCHIK Psvert ecaltistdd a
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char actfer thsi ability fo.elifdtedossnatienitalaingcatibdiss. pnigatiqn with (Y-rig)spr edictive
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[ njlgcteS BV\AQ(%IE%\Q/fIgg% g'%hlc;ur : B ggf%gnﬁgﬁalggg%%?@.%&%&?@?ﬁ%mni zg%lveand
cont r olshowadk presection @gaiestt Cd Ky an fiestionCHlakdose highienthdid Hedr likaly tbR2006 OPY- |

pseudot yped | entiyir vectors. All non-huyman, primgtes (NHP) i nmmuni zed with
Ot Pe actBrapesd el | Horuss sarutn s ere Spey Bomh mABkeroButLt a

het er ol\G@PVEP§ bfdIsd Al aRéthABhYIIEdBEURA b 2l A niliie théWdl SABiCH saddesfs
boosting (Figure 3C, left Eanel' strain 37997, right panel: strain LR2006

OPY-  1)thatThe bemeial rasponse is restanh faripoeleetiongatnstCHIKY . i Hreyriestigutbraeks, a
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vaccine. These infections represent the spread of a virus first recognized in Kenya in 2004

before dissemination to several islands in the Indian Ocean in 2005-2006. The Reunion
Island outbreak alone infected 244,000 people with an overall seroprevalence of 35%. The
virus then spread to other continents, and by 2008 was reported in 37 countries

25  (http://www.cdc.gov/ncidod/dvbid/chikungunya/CH_GlobalMap.html) with an estimated 1.4
— 6.5 million cases in India, Africa, Europe and Southeast Asia.

In 2009 the number of cases has continued to increase, in part because the current
epidemic strain of CHIKV has adapted to a new vector, the Asian tiger mosquito, Ae.
albopictus, which can survive in more temperate climates, including Europe and the United

30 States. CHIKV continues to cause substantial morbidity and has resulted in significant
economic losses. While there were no reports of mortality in previous chikungunya
epidemics, more than 260 deaths during the latest outbreak were directly attributed to the
virus. To date, there has been limited success in developing a safe and effective CHIKV

vaccine. A live CHIKV vaccine candidate caused transient arthralagia in volunteers. Other
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fromthe i nmuni zed nonkeys elicited neutralizing anti body responses agai nst
LR2006 OPY- 1 at titers that exceeded 1:40,000 (Figure 3D). These data
suggest edwohato/mesesssr al i zi ng anti bodi es usi ng pseudot ype@cirarstoogion@b4 vect or s
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The results reported herein were obtained using the following methods and materials.

Vector construction

25 Plasmids encoding the structural polyproteins C, E1, E2, E3 and 6K (strains 37997 and
LR2006 OPY-1, GenBank EU224270 )(Figure 25)and EU224268 (Figure 24), respectively)
were synthesized as previously described (Yang et al., Science 317, 825 (2007)) (GeneArt,
Regensburg, Germany). Plasmids encoding the polyproteins E3, E2, 6K, and E1 were
amplified by PCR using the sense primer 5’

30 GCTCTAGACACCATGAGCCTCGCCCTCCCGGTCTTG 3’ and antisense primer 5’
TGGATCCTCATTAGTGCCTGCTAAACGACA 3’ (37997) and the sense primer 5’
GCTCTAGACACCATGAGTCTTGCCATCCCAGTTATG 3’ and antisense primer 5’
TGGATCCTCATTAGTGCCTGCTGAACGACA 3’ (LR2006 OPY-1). Xbal and BamHI sites
were inserted for cloning. Each fragment was digested with Xbal/BamHI and inserted into a
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showed protection against CH KV infection at a dose higher than that |ikely
to be encountered in the field. Mreover, passively transferred anti body
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rel evant nurine nodel, which suggests that the hunoral response is
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candi d t arthralagia in volunteers. herefforts, which
i ncl ud% @\%?g? e%%?g“g' vaccine, a formalin-killed vaccine, a Venezuel an

equi ne encephalitis/CHIKV chimeric live attenuated vacci ne and a consensus-
based DNA vaccine (Mut humani et al, Vaccine 26, 5128 (2008)) have not yet
pr oven Rroduetianoefpscudetyned lextivixal iveetors\l t hough CHI KV strains vary widely,

i ndi vidual strains are antigenically related, so a vaccine that works
agasnst het eemiviigbustat eapressingyl ybepratdsefved di flerent CHIK ¥tstrains , wefen J Tr op.
Med. H)ég 6, .786 (1967) The saf eté@and ef fi Cﬁ%% of VLP vaccines in

gener al eThﬁéFﬁOHP “éa‘??&"géln"cﬂc@ést resging @ JPE FFEFSCJERATIST BRAPECTSr ¢ known t o
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responses t han ‘'subunit vacci nes based on individ proteins. Such VLPs
aut hent(i2¥),| Yang @sénbcignaesd17s SIS(é’@OQ)demeﬂar 280 cfdtsevem rwpdrmlnfestqdmah

repetiti.ye t e ctiwv elicits § ni |on s to
Pl S0t gty e Bavbid foty el stpinitthy ISRV e Y TS PINg RN | ng
angdoMHenedBag allhicitiRadea@pbréd t(ifaﬂk'dmr AdciRRtAs pldithigeagd atugocmf Hf high
titer specifirc antibodies. rom ot her viruses, i ncl udi ng hepatitis B

virus (plﬁIB(ﬁ)glrmﬁIdaﬁDMPp@pinlglWllﬁwmmlencé’l\ﬂ@ﬁtl (HIYhD tstrueturah prateias i zi ng
antib O%CW&%%% éh?{les?c%ﬁ]a{r ko%étﬁls virus glycoprotein (VSV-G), 2 ug of pNGVL-

4070A amphotropic MuLV gp70 expression vector or 500 ng of empty vector served as positive
and negative controls for these pseudotyped reporters respectively. After a calcium phosphate
25  transfection (Invitrogen,Carlsbad, CA) overnight, the culture media was replenished with fresh
media. 48 hours later, supernatants were harvested, filtered through a 0.45 pm syringe filter,
stored in aliquots, and frozen at -80°C. The viruses were standardized by the amount of HIV-1
Gag p24. CHIKV pseudotyped lentiviral vectors harvested 72 h after transfection were
normalized according to HIV-1 Gag p24 levels before infection, as previously described

30 (Yangetal., Science 317, 825 (2007)).
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to protective immnity in humans. The vacci nes described herein represent
the first use of reconbinant VLPs to prevent infection by al phaviruses. The
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pseudotyped "Tentiviral vectors Lentiviral vectors expressing glycoproteins
f r om dinhduse serunOh<KM00s Theicss Wescelcetated with Prisen pefpwangi(Merston|3nt i vi r al
vectors expressing a luciferase reporter gene were

Electron microscopy

20 The morphology of the VLPs was examined by the Image Analysis Laboratory at the
National Cancer Institute. VLPs were purified by Optiprep density centrifugation and were then
fixed in 4% formaldehyde in PBS. Negative-stain electron microscopy for viral diagnosis
has been described previously (Palmer and Martin, Electron Microscopy in Viral Diagnosis
(CRC Press, Boca Raton, FL, 1988)). Briefly, 1.0 pl of the sample was placed onto a carbon-

25  coated Formvar-filmed copper grid (Tousimis Research Corp., Rockville, MD) and VLPs
allowed to attach. The VLPs were negatively stained by addition of 2 pl of 1% PTA
solution (phosphotungstic acid, pH 7.0) (Fisher Scientific Co., Fairlawn, NJ). The grid
was then examined by electron microscope (Hitachi H7000, Tokyo, Japan) operated at 75

kV. Digital images were taken by a CCD camera (AMT, Danvers, MA).

30
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produced as previously described (Naldini et al., Proc. Natl. Acad. Sci.

USA 93, 11382 (1996), Yang et al, Science 317, 825 (2007);. Briefly, 293T
cel | s werwocotnms2sysf ected with 500 ng CH KV E pl asm d f pomusaoda®ns2sd r ai n

(E37997 or EOPY-1), 7 ng of a transducing vector encoding a |uciferase

report ee @ctf&ﬁﬁjg\ﬁ[c élf(?flﬁé%e squ) and 7 ng of a packaging plasmd

S
expresm?g)ﬂuman | mmunodef i cl enc s- 1 (HFV-1) structural proteins
(pCWaRs8. 2) . Clgkumguofa VMsMaﬂmmlmlmlw grids igliguid pthaheilmagdsSver®) , 2 ny

of pNGVL 0 hot.r.o LC ESSI on vec 00 n of enpty
Dechor EegalaaTk Bagno it as s Oe FED e SOpemrin leson dotkigtyped
report e bl%&ﬁﬁ&t%ly\’ﬁi JIAANAIEMiGoLd Pﬁé WERNGRRER s 34 pRSHiRAL WRIhg a
(Inwtrogen Carl sbad, CA) overnigh the culture nedia was replenlshed W th

f reSh ridikion scah8eth dudlsnduak particle ipages atcanboxodewsimgtibe progtatis2toktt iortkel t hr ou gh

i rusod AN el TanSece sy N MabATRoR GROD) ST PSR EIRE pecudot yped

| enti videtdrmyRdtagd h&b@ﬁ Wesd i ?pe?o?ushn {He TTHIT HSdramtfradi M ANCpatkh gz € d
according to HFV-1 Gag p24 [evels ef ore infection, as previousl descrl bed

(Yang eludgke et abed §m‘@t Biof, 128,82 (1A997) Amdnitiebmpdelpwasiconstructadiy EMANe udot yped

Ient|V| y assay
S0 e AR 5, B AR ATTRN ke PO RS, RATRR SR ARRD 5
A tht alsyﬁfme‘tgllmeaémbai dfparttl & intapedted iito ﬂwﬁxlml\naiohstaicnan%smem di sh one
day prior, to infection. CH KV Eggseudotgped lentiviral vectors encodlng

| uci f ergiigg gdingl repolution pf 18 Adpsed or a 0 SFowrer shelbeprrelation thresholdunt s of

pseudotyped lentiviral vectors (with p24 levels of approximtely 50 ng/m)
were then incubated with the indicated dilutions of nouse antisera for 60
m nut estﬂyamdanslqngmdimmsednptdmtmmamiylimgnd Iparification of ¥1Pssol uti on to

293A |1 104 cel |l s/ well di sh m / l., | te
Sera 1(‘: (raomsn oY ﬁ@‘s gadie F%‘?@ﬁ Wb@ﬁ%‘{“ﬁ?&?gﬁgsé"a\é\g@q‘fﬁ% BIFI{%PB?‘? Aft er
a 4% h%féwbﬂél%@&kéf&'ﬂa et@®! Isviver 99, 603880053). "EH&R), |32|9¥§1e§1v9&'§1i5?@n5(16;?l:é11

Signal ) and the Iucn‘gerase act|V|ty was neasured using M crobeta(r) J
( Per ki nEen293F @uy kU0 Fcliﬂ)éht}')trcmﬂni)wtrgnsfn@qunhd%ﬁactlh tran&fcq:ticmmgermssay

R TR IO N WS

(1 uci f eTtassApéaahtairts Werd BaSdstdd 78 eficlatanpRetidreaid Midréed thV(ﬁfghQrO 433 gopckizel | s
I ncubat ed vm th the indicated dilutions of nmouse antisera) / (luciferase

act i vi titercthen layered seiocotpp Eptipeapt (ledixanolvnediym (Inyiegeny apd|cratrifpgadit ed
) ”‘@éwg JnJFjJB hQWth ?%u&% M?or g;)%ﬁug%g%% I%QQntsU?e?e }&R&e\‘iﬁé

calcul a r'msmso twar (vers nmcro
leave 4 ml above the virus band and mixed to a 20% final concentration of OptxPrep A

density gradient was formed by centrifugation at 360,000 x g for 3.5 hr with an NVT100
rotor (Beckman). 500 pl of each fraction was collected, weighed, and the densities of the
fractions were plotted. 20 pl of each fraction was separated on a 4%-1 5% SDS-PAGE gel,
25  transferred onto an Immobilon-P membrane, and blotted with sera from mice injected with the
CHIKYV strain S-27 (ATCC, VR-1241AF) and goat anti-mouse immunoglobulins linked to

horseradish peroxidase (Santa Cruz Biotechnology).

Immunizations and challenge of mouse and monkeys

30 Nineteen pg of VLPs (equivalent to approximately 10 pg of E1/E2) in 60 pl
normal saline were mixed with 60 ul of Ribi solution (Sigma Adjuvant system, Sigma-
Aldrich) per mouse following the manufacturer’s recommendations. Female 6- to 8-week-old
BALB/c mice were injected in the right and left quadriceps muscles with VLPs in normal

saline or Ribi in 120 pl total volume, two times at weeks 2 and 6. For DNA vaccination
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The norphol ogy of the VLPs was exam ned by the |Inmage Anal ysis Laboratory at
the National Cancer Institute. VLPs were purified by Optiprep density
centrif ugaizon/@esdever e then fixed in 4% fornmal dehyde i RCPBS2009/006294

Negati ve-stain el ectron mcroscopy for viral diagnosis has been descri bed

revio I I

br css. thnks G IRE Rt I FER! aneNghbiRapRIn Bt it MEOTETHE  ont o
a car bofipaifiedplbonid@r - f i | med copper grl d (Tousims Research Corp. ,

Rockvi | | e, VLBs_al | oned to, att The VLP negatjve ai ned
by adaFePaE g B RGBSRl 0 RS SBBE NS TRrcaBrds Sp¥esked) 3

(Fi shepn$ei Bt Hxéé?grgﬁﬁlwé:@lr{‘é@ww'}ﬂx s afléi8h@lasGinjRBoh R ééﬁd by

el ectron m croscope (H tachi H7000 okyo, Japan) oper at ed 75 kV.
Di gbt awereregdlesteder e t aken by a CCD canera (AMI, Danvers, I\/A) Cryo-el ectron

m crosco ' ik Ps hol

ari ds in ) 1N EERE SRS RS ot R e B T8 W &

| CNBOO hrféetéd ﬁfr@ﬁﬁ&ﬁ@ar%‘ ihh@féridradiawss Lvﬁuehﬁemvea@mg)dﬂwpﬁnyl RAPPBS/ A2.
mcrogra hs were digitized at 6.35 nmpixel' 1 using a N kon scanner.

| nd| vi €VEP gpaipd pel el |P|B§g@9nq/\@petrcﬂcﬁ@w) aswegkstOhé apd 34r Simnearke ¥ ronp were
EMAN2 Pac&a&eslégé”&,g %hllgéted th RERLIEL ane (?%' itdr oglhﬁ&Tﬁ{,gb, Yo, 5 ReP Sp2pt ef s

vere devEFHI ne wer € t11pped dsing rbgram’ rromt he

EMAMN paekage 108.LTieH ﬂnenleéysa(h 3 pér @tdupptand&nd)j}' selé&&l fidzh éd&%))ﬁp)ﬂvﬂenenl tial
model was construct e, I Ng. assi -, and 5-fald views and

vas repme@gpwmm CR(] AT ke KL S BP0 AREE Py Firavenanbemegionp Blaci os
I ncor pQf; @fceﬁ ga%uifé vn?émla%genétzwas £ 9ﬁfaﬁola%9ms%aurp OrH rﬁbrnﬂegf
a S on thre

resol ution o sed on a 5 Folr 1 ’er correl atl
Bu oyantwed:emnﬁye@atal:ﬁ8elmhftsechairhengat’ﬂmrwhmiaIWmctcdh:dwmrméasueﬁd lmng)a VLPs

B d | ysi i f d
ooer bedammes! yrrier URERAAgrortes, Ih5; Westpok, Saaife Blecdntay EORA ef 1y
2935 deahtv&qgayéee%g% -08ldu éhe@dlemﬁﬁﬁ@r Sringt08r Calu tubkViter 0gen) was

transfected wth 293fectin ransfectl on reagent I nvitrogen) and 125 ng of
C- E3799nxphumrhlaod whlhmeiremor érbdigenot Exesed 2676 (d 2 arantho wath mipiraore

supernat a arvest 72 h after transfection and filtered through a
0. 45 m%rﬁés/gw‘@ﬁ}‘g ‘teglrove‘?ﬂ‘e g Weﬁl‘eé 8F™ a 60% Opti prep (1 odi xanol)

medi umAll fvhilreRpeiherddefeaslibwbd SRTapptove@ bY@ Anithal Chrelin8 Use Golinitte§Ur espi n
630 rotor (Sorvall). The supernatants were renoved to | eave 4 m above the

virus DBhseingResesrshedenter (Y RGhNenipral lessitete of Alerayrandrinfostipys Riseasss densi t v

AP ot bR R o ERH bid BRI i hoodtindON it ol robfant ol 08T

t he demaitibh&lInaftutehef Healeh goidslingeraad péguldtzas. 20 ml of each fraction was
separated on a 4% | 5% SDS- PAGE gel,

Virus preparation

CHIKYV (strain LR2006 OPY-1) was prepared and the virus titers were determined as
25  previously described (Tsetsarkin et al., PLoS. Pathog. 3, €201 (2007) and Pastorino et al., J
Virol. Methods 124, 65 (2005)). Briefly, viral RNA transcribed from plasmid CHIK-LR ic
was transfected into BHK-21 cells by electroporation. The supernatants from the
transfected cells were aliquotted and the stock virus was titrated and tissue culture infectious
dose 50% (TCIDso) endpoint titers were determined using Vero cells. To produce virus for
30 vertebrate challenge, C6/36 (Aedes albopictus) cells grown to confluence in T150 flasks were
infected with stock virus at a multiplicity of infection of 0.03. Supernatants were harvested
at 48 hrs post-infection, aliquotted and titrated to determine TCIDso endpoint titers on Vero

cells.
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transferred onto an | nmobil on-P nenbrane, and blotted with sera fromm ce
injected wwth the CH KV strain S-27 (ATCC, VR-1241 AF) and goat anti-nouse
i mmunogl ovol2oteek3onked t o horseradi sh peroxi dase (Sant aPCrus2009/006294

Bi ot echnol ogy). I nmunizations and chal |l enge of nobuse and nonkeys N neteen
ng of VLPs (equivalent to approximately 10 ng of E1/E2) in 60 m nornal
saline were mxed with 60 m of Ribi solution (Sigm Adjuvant system

Si gma- Phghié 883y per nouse fol | owi ng the manufacturer's recomendati ons.
Femal e 6- tq 8-week-old BALB/ ¢ mce were injected.i he right and |eft
quadri ceps MFEHN &EMpfes feth tssted ©On(CHIRY neutraliangantigody B¢ sisngard plagve|

vol une, .ok hé(ﬁl%ligétio‘f’ﬁgﬁ %PI%Ng'ﬁl(%%ﬂy',: Hfog%e\{%&ie% { iﬂQ&NﬁLﬁBS&t sdre nice

were injected 1n the right an t “quadri‘ceps nuscles wth a total of 15
mg 6f or3¥imeohtgsiaad dilutedhs Viogs/diveS7(PBB/ o BIA}: DilutelgRivim sampgesewmered i n 100

m of nornmal .saline three tj t 0,. i,ye mce/group were

i nj ect é’@i‘.xg% “539§q‘é?fltvgiunﬂﬁhg%$§gfai‘ﬁl}eﬁ&?ﬁmm i—ﬁ@ggg%}’ \Eﬂ;{éﬁ‘ﬂ]"\f@(’%e’ ol | ect ed.
I n the pPNkeN FreesixowRen ?latéshﬁ%b'&ﬂd&@ﬁ@féec%llﬁ MRfeipaculitedWit)2008i1 8hiRg 3- 4 kg
were injected intramuscularly in the anterior quadriceps with either twenty

my of \semsm-vimsimixtywesindupticateqng )inenbatediat BEX. doohbr. Pdaes wete apeslap) at weeks

0, 4 and.24. .Si k : i nj d. | d
measur it My B R R0 9% perofs BlosRaReABEe, KESASHANE) 860.,° 75
The ononkabatedtE3 7P€ in 81594 EO2riadskandfos 2ldepd. @dsccondbeataly niddos) wer e

chal l enged with 10 10 PFU of CH KV (strain LR2006 OPY-1) by intravenous
i nj ect icontainBgeentiahed @of | 1&e agatoseov ardhenaddediapd theplates gergincpbatedig 72 96,

120 and. ARSIk pHBBRKUS.NELLaRPEHINLE Wl Shret B BBl phBLCNgC.

The who wer e neasured using a henmatol ogy analyze XX
Labor atchall@ge wasdneastied thyrpague dvkdyn 8)x-will pdates sfron flaBitNdabiceagueteat ed usi ng

20- 22 gauge need| es _and_ei ther syringes or yacuum tubes. The nmaxi num bl ood
vol une IPW@HWHLGOQ&Q ofhecermy (TREXTHES ;{ggu Atenbig pErum GRS WECe t han

15%6(9 1gidd<g?4ob,eﬂ§a@,§ :géb'd, 09 0300 AN ), 6002 Ynch 18R BAuRNRESiERES S Wer e
revi ewed and approveéd by the Aninmal Caré and Use Conm ttee, Vaccine

Resear oherCebseeved(ivRE) cellsdtetoctain limi tli200tdlutibn A 1600RFEHN).| nf ect i ous

Di seases (Tittp://ww. niaid.nih.gov/yrc ') and perforned in accordance with
all relevant federal and National Institutes of Health guidelines and

regul atpRESe trdnSHE of IRRARIRgIdYulE NS cHatleh2é Ih HFRQARORYced ) Was prepared and
the virus titers were determ ned as previously described (Tsetsarkin et

al ., PLoS. HENw@R 3niceag1c kindigzjveay Rodstt SedagnéDagiel D. Binschewer. IgG was
20  purified from the serum in monkeys immunized with CHIKV VLPs or injected with PBS

(control) using a HiTrapTM Protein G HP column (GE Healthcare) following the
manufacturer’s recommendations. IgG was further purified using a Melon Gel IgG Purification
Kit (Pierce) following the manufacturer’s recommendations. Purified IgG was dialyzed 3
times against PBS. 2 mg of purified IgG (from approximately 200 pl of serum) was

25  administered intravenously into each recipient IFNw/RR mouse by tail vein injection 24 h
before challenge. The mice were challenged with 30 PFU of CHIKYV (strain LR2006
OPY-1) by intradermal injection.

Detection of CHIKV RNA by quantitative RT-PCR

30 For RNA isolation, serum samples were spun down at 10,000 x g for 1 hr, liquid
poured off and 1 ml of RNA-STAT 60 (Isotex Diagnostics, Friendswood, TX) added.
Samples were then incubated at RT for 5 min and resuspended in 250 pl of chloroform by
vortexing. The samples were spun down at 10,000 x g for 1 hr, the aqueous top-layer

removed, 0.5 ml isopropanol and 10 pl tRNA (10 pg/ml) added and precipitated overnight

56



Virol. Methods 124, 65 (2005)/ Briefly, viral RNA transcribed from plasmd
CHK-LRic was transfected into BHK-21 cells by el ectroporation. The

super nat anp0foreesdshe transfected cells were al i quottedpamarstéve/osd20€k virus
was titrated and tissue culture infectious dose 50% (TCI D 50 endpoi nt

titers d 1 i I 1O j te
chal | oibe CEFAEDE A UHbITHoR | £, Wiihed GuB LA 130, Uil an@ SputFidaPol

f | asks anether lionf.€RN A dvasireduspdnded in/3¢ ukRINA se: frew watgpl FariRE-PER, il 0FeRN Aomasof

0. 03. Syper.n S were rve d at 48 hrs post-infection,. aliguotted and
Ui L at A00R0 denllaniigenel Bap R pRiees Fovir STnC AL AGRE it Al Gy
Serum ?ﬁéﬁ&i Kehowieng aﬁﬁﬂiﬁ%&' id 977@'@&@4&&%%&0&'%&{@@%& Bl?c}éyﬁeﬁk)@ndar d

pl aque ‘reduction neutralization test (PR Briefly, nonkey sera were heat
i natt i \Bxteflgl, the s&Byile faas ré&@rse-martsesbedrat 487C daredd mim. \hietdiat 3°Cdent0 mirB8AE0

BSA). Dil ut I i xed Wi th . I I f 40 PFU, CH KV
Cotr ai Ao R o eRnat G To e B i TR B asisRiptifEed o Sardard

conf | uitve EkRoWR ch&ewﬁﬁﬁodsra%msaﬁ@@bmiﬁihémMIowowel SeQubtive\Saititsg at

m xtures_in duplicate and incubated at 37C for 1 hr. Plates were overlaid

wi th 3 18] don eebisepymbrandimulhglied byd Agivivea detestion rmgedremnd#0- Sckl and, ME)

and i ncubate ty 37C,] 5%&%% i r. . S, ay
medi umcgglr(ﬁ/le{ﬁ“h?\r%lg?aﬁn l}%gr\g?rerpee d an%d @o%ggéa?%gfé‘gxﬁé’é‘ e? fl%nrﬁi %@d%%g%%sﬁgd %I at es
wene i miidratedighoy esmseglt régbo oL thd Bhstasctwal growis ged. Peiched Beljuencsst €HIKThe
virema in the nonkeys after chall enge was neasured by plague assay.

Si x- well 3' AP ESCOHOCERECIdIn Vepd Géland GiKeRihocul ated with 200 M of the
' i i . Qi 1: 200, 1: 400,
17800 G BhE TR T O TS B SRR, O B B o ot oi i es

wer e OlRANTGTATTICRGCEMGGATAGCTTHIT AMRIA asldbfbad pravioosly tHh&DetRAELW .M ) .
Passi ve transf of i nogl.obul i.n d.chall en in | /bR m ce | FNa/ bR
m ce mé/r‘ré’l-erg’l&%/”ggz\()é%?“ B%FEaISéggFOIal}ﬁthﬁgﬁ?g‘f’ %.Qggﬁéchewer. | gG was
purl'afi ed fromthe serumin nonkeys i mmnized with CH KV VLPs or injected

with PBS (control) using a Hi Trap(tn) Protein G HP colum (GE Heal t hcare)
f ol | owiOthet Eenbvakimentst urer' s recommendati ons. 1gG was further purified

[ Mel G Purifi N Ki Pi f ol . qwi he .. .
manuf act ur en R bcReRE TS oB ] bt ARrat e SrriftPeRdod Moifieriggs nst
PBS. 2 nigy tf mady tofth@fhvefiior ddseAbaPiyronitoadeptit 180Rribhs MagéeiniQondafons.
adm ni stered intravenously into each recipient |FNa/bR nouse by tail vein

i nj ect iSysh embpdimentsrase ke Wikng ghe stape of the follavang kimenged with 30 PFU of
CH55V (str aiﬂe'?%%?lgn %X]ils?ing 3t élglrh%r?tg i m défﬂil&% i)f)apvariable herein includes
definitions of that variable as any single element or combination (or subcombination) of
listed elements. The recitation of an embodiment herein includes that embodiment as any
single embodiment or in combination with any other embodiments or portions thereof.
All patents and publications mentioned in this specification are herein incorporated by
25 reference to the same extent as if each independent patent and publication was specifically

and individually indicated to be incorporated by reference.
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Detection of CH KV RNA by quantitative RT-PCR For RNA isolation, serum
sanpl es were spun down at 10,000 x g for 1 hr, liquid poured off and 1m of
RNA- STAT w0 2010wk Di agnosti cs, Friendswood, TX) addedpcsarsphoesosres e t hen
incubated at RT for 5 mn and resuspended in 250 m of chl oroform by
VortEXiVVﬂatisTaﬁiﬁe? | es were spun down at 10,000 x g for 1 hr, the aqueous
top-layer renoved, 0.5 m isopropanol and 10 mM tRNA (10 ng/m ) added and

preci pi.tated overni ghtat. - Sanpl.es were spu own for.1 h washed with
Bt 7dos ot mrbte-BrePatls G35 rORBRsiaR60ne: MG ¢ hika A ay Pedlreptithed i n 30
M RNAggnpe@fiesat er. For RT-PCR, 10% RNA was added to TagMan reagents
(Appl i ed "Bi osystens, Foster City, CA) along with priners and probe (listed
bel dw) and anplified in a 7700 Sequence Detection System (Applied

Bi osystens) ThBV I bf/clainhé, wherpinghewstsuaterabpagpeptales arei sekedtedtfrotd thef grous 0

mn., held at 95C for 10 mn, then run _for. 40 cles of 95C for 30 s and
60C f orcORsI§{ing o ?ﬁ@‘i?b‘%ﬁ‘?vﬁ@sﬁp&%ﬁr%d&og% agfl%dard curve of known
concentrations of plasm d containing the LR2006 OPY-|I sequence starting at
107 down to 1 copy/nL and nultiplied by 10, giving a detection range from

40-1 08. copiThe/MHP of¢lping dnwhersintbe ¥ LFeqomprisesienvelon protdinskd. E2r0K andi Bler s
an(lilgprobe were designed to bind to a highly conserved regi on on the El
struct ural ot el ne. . Prjner se nces: . CH KF, 5' AAGCTCCGCGICCITTACCAAG
31and O k. AreVidoPamrt o prise 2o LRIIER S G B B
FAMCCARKEFETTCAGCCTGGACACCTTT- TAMRA as descri bed previously (Huang et al .,
J. Virol. 78, 12557 (2004); Pastorino et al., J Virol. Methods 124, 65
(2005) /5. Ot hékn iBolatedi pokyrtusleptiderendodinfeoy wgws- ke pRetieleiofrnpaf claimsyl 451 pe

apggr ent that variations and nodifications may be nade to the invention
destribed herein to adopt it to various usages and conditions. Such

enbodi Nt s TheQsAhte@ polyhlitlBotidieo fataiRes, Whekdif tHopdlpinidiédtide @hoaies he
recitation of a listing of elements in any definition of a variable herein
i ncl ud&hikuoppnya visispdyproteit cppiang 6-BEEarK-dilngl e el enent or comnbi nati on
(or subconbination) of listed elenments. The recitation of an enbodi nent
herein includes that enbodi nent as any single enbodi nent or in conbination
W th argy ot haf expiéssitineotos comppisihg iagodynubleptidd encdidingpateantnsorand
publications mentioned in this specification are herein incorporated by

r e8r erfdikungupyvisusatrustrdpolypephifeseach i ndependent patent and publication
was specifically and individually indicated to be incorporated by
reference.What is clained is: 1. Avirus-like particle (VLP) conprising one
or nor @.Chi Kiegupseasivn vegosoff daitrud,avheueih tiepelytedeotide encodes one or more

structural polypeptides selected from the group consisting of capsid (C) and envelope
proteins E3, E2, 6K and E1.

25
10.  The expression vector of claim 8, wherein the polynucleotide encodes envelop

proteins E3, E2, 6K and E1.

11.  The expression vector of claim 8, wherein the polynucleotide encodes a Chikungunya

30  virus polyprotein comprising C-E3-E2-6K-E1.

12.  The expression vector of claim 8, wherein the expression vector is capable of

expression in a prokaryotic or eukaryotic cell.

35 13.  The expression vector of claim 8, wherein the structural polyprotein is derived from

Chikungunya strain 37997 or LR2006.
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2. The VLP of claim1l, wherein the structural polypeptides are selected
fromthe group consisting of capsid and envel ope proteins E3, E2, 6K and
El . 3. ThwoVhi/mwbksel ai m 1, wherein the VLP conprises enveraps2@oov@vns E3,
E2, 6K and El . 4. The VLP of claim1, wherein the VLP conprises a
pol yprotein conprising CE3-E2- 6K-E1. 5. An isolated pol ynucl eoti de
encoding a virus-like particle of any of clainms 1-5. 6. The isolated
pol ynudHKeot iTie expresdion medor afhdaiei 8 wieeeip the/veotdreotiipisesthe (MY /R p@hétengunya
virus polyprotein conprising CE3-E2-6K-E1 . 8. An expression vector
conprising a polynucl eoti de encodi ng one or nore Chi kungunya virus
struct ysal ARkLREREIGE Sectdr of CMINEKRIIRISh We é’)&ﬁés@foanecfb!r?d MB79oheEeln the
pol ynucl eoti de encodes one or nore structural pol ypeptides selected from
t heSgr &@P¥dnsi sting of capsid (C) and envel ope proteins E3, E2, 6K and El
10. The expression vector of claim@8, wherein the pol ynucl eoti de encodes
envel op proteins E3, E2, 6K and El . 11. The expression vector of claimS8,
wher ei net he Applokatyelie ot belarr atecostfiscompeRingURE UiprassYdr WetRANRY Ohebh
conprising G E3-E2-6K-E1 . 12. The expression vector of claim8, wherein
t he expglassBdd- vector is capable of expression in a prokaryotic or
eukaryotic cell. 13. The expression vector of claim@8, wherein the
structural polyprotein is derived from Chi kungunya strain 37997 or
LR2006.174. HAiringnpiopeaicaomppeition cofnpeisitignn@ffesties @hourithd awetikdikegartjvlé ses
the CWfR pronoter. 15. The expression vector of claim@8, wherein the
expr es$f 6WiMetdor is C E37997 or CEOPY- |. 16. A prokaryotic or eukaryotic
cell conprising the expression vector of any one of clains 8-15. 17. An
i mrunogeni ¢ conposition conprising an effective anount of a virus-Ilike
parti cll8. of Al imimendigebic cbhpobiionroompeoigmgian effenpposarhount of ariplP somgrising a

effectiye anmount of a VLP conprising.a i struct.ural polyprotein
conpri & n@'—"EY:.’a-@‘Pﬁi‘i@l@lmagghc%?‘g‘?}%g]éii'éa%j@éﬁrﬁ?ﬂ%d’gmvé%orrposi tion
cogprising an effective anount of an expression vector of any of claim

8-15. 20. The i mmunogenic conposition of any of clains 17 -19, wherein the
VLP i nd@ces Agnimmunogenic composition comprising an effective amount of an expression

vector of any of claim 8-15.

20.  The immunogenic composition of any of claims 17 -19, wherein the VLP induces an

20  immune response in a subject.

21.  The immunogenic composition of any of claims 17 -19, wherein the immune response

treats or prevents a Chikungunya infection in a subject.

25 22.  The immunogenic composition of any of claims 17 -19, wherein the VLP induces

antibodies against homologous or heterologous strains of Chikungunya.

23.  The immunogenic composition of any of claims 17 -19, wherein the adjuvant is an
immunostimulating agent.

30
24.  The immunogenic composition of any of claims 17 -19, wherein the adjuvant is
selected from the group consisting of Ribi, aluminum salts, muramyl peptides, bacterial cell

wall components, and saponin adjuvants.
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i mmune response in a subject. 21. The i munogeni ¢ conposition of any of
clainms 17 -19, wherein the i mune response treats or prevents a Chi kungunya
i nfecti orwonom/sedpect. 22. The inmunogeni ¢ conposi ti onPofi/imry9ode2ed ai ns 17
-19, wherein the VLP induces antibodi es agai nst honol ogous or het erol ogous
st rai ns<of i . T cLHOTYRSESY PRESE B f clains 17
- 19, Wr?g'rei %t eng Ju z?r?t a'sn an c|hmTunosti rrfﬁlngftal ng %glgﬁgtﬁ %%ﬁdr\}f‘ e

i mrunogeanétorat polypeptides seleéted frpnothe gr@aipnniifting 6f capkier(€l) and kevaoheuvant i s
selected from.t ou onsisting of Ribi, alumnumsalts, muranyl

pept i d@é?teﬁégtlegf’ﬁ@gf¢£ml | conponents, and saponin adjuvants.25. A

vacci ne conprising an effective anmount of one or nore Chi kungunya virus
structural polypeptides selected fromthe group consisting of capsid (C
and5enél ope\ pacsingi cosnpElsingzn effedtingameunt dfa. vinissldeqiantécle ohry ofi ahajmesnl -5
effective ampunt of . a virus-like rii any of clainms 1-5 or

conpri &F ﬁ%mBnﬂBg)?é’PWé?tﬁmccé)mSﬁgg(g'%f%'-%g-ﬁ}S'K- El. 27. A vaccine conprising
a pol ynucl eoti de encodi ng a Chi kungunya structural polyprotein or fragnent

t hereof . 28. The vaccine of claim 27, wherein the Chikungunya structural

pol ypr @ei n A vacsieogaprisinghpdxmrcdensidg gncedingp Chikungynys steichirals 8- 15, 29.
The vacgj f clal rein the expression vector conprises a CW/R

pr onot @g!ﬁgﬁglmﬂ%ef%\gg%%?%lg%é?’ claim 24, wherein the vaccine is a DNA

vaggi ne. 31. A nethod of inducing an inmmune response agai nst Chi kungunya in

a subject, the nethod conprising admnistering to the subject an effective
amount 28f  arl Heresingehelain d hpwsreindhe Ghikapgupfa stiugtumal pfﬁxmt.emaé engied et hod

of cl aib?r?éiexeygggg)giv&tgp@fz{nglrmggﬂg@gigglSqonposi tion conprises one or nore

Chi kung ITus structur pepti des selected fromthe group
consisting of capsid (C) and envel ope proteins El , E2, E3 and 6K. 33. The

met hod of cl aim 31, rein.the i munogeni ¢ conposition co I Ses a

pol ypr &8ei n T@’Srﬁ?f’?‘gi’ ﬁg&@%@éﬂh%ﬁﬁﬁ? e’%’d?ssﬁ’e" IF8EPEFe%d @‘1 wher ei n

the;we&}p&gotiepduces neutralizing antibodies in a subject.35. A nethod for
g o

treati r preventing a Chi kungunya infection in a subject, the method
conprising admnistering to the subject an effective anount of a vacci ne of

any On%O(.)f Cllh(’jlelvraggcine of claim 24, wherein the vaccine is a DNA vaccine.
31. A method of inducing an immune response against Chikungunya in a subject, the
20  method comprising administering to the subject an effective amount of an immunogenic

composition of any of claims 14-24.
32.  The method of claim 31, wherein the immunogenic composition comprises one or
more Chikungunya virus structural polypeptides selected from the group consisting of capsid

25  (C) and envelope proteins E1, E2, E3 and 6K.

33.  The method of claim 31, wherein the immunogenic composition comprises a

polyprotein comprising C-E3-E2-6K-E1.

30 34. The method of claim 31, wherein the method induces neutralizing antibodies in a

subject.
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21-23 or an i mmunogeni c conposition of any one of clains 14-24. 36. The
met hod of claim3 1 or 35, wherein the vaccine or inmunogenic conposition
i s adm niwoansxbesvsone or nore doses. 37. The net hod of pclraisoo8@oc2eher ei n
t he vacci ne or i munogenic conposition is adm nistered in one or nore

prim ngci n i

et hod st oy 07 afthe 105y BlenliRE £ AR LIREHEN S5 \HIEey Byl
one, t\womptisinga@dmimstering tothe sebject apeffenti vs artb@hlof weakcine1b Lansadise. ofZPaimhe

met hod of claim 37, wherein the bogsting inmunizations are adm nistered two
weeks, 2b1%8 ArSAIRMUNREEHE RORBOYHOR ﬂ?@ﬁ’ efsRfictms 1824 he primi ng

i muni zation. 40. The nethod of claim 37, wherein the i nmunization protects
t he subj ect against virema or the inflammatory consequences of infection.
4 15 TR6. neflhednalfioddailamB®] onhs veieneit tiee vaetinedr frmotwacg@dc Eomopoditerhal i ty
42. A rTEt hod faqr. Eroduci ng.a virus-like particle, the method conpri sing
expr es afmIstered ip ang orgRETedosilr e Chi kungunya structural protein capable of
self-assenbly to forma virus-like particle. 43. The method of claim42,
the nethod further conprising isolating the virus-like particle. 44. The
met hod 38f c[Themetind effadaigi 36, twherdhithkavagamgar smmuapgerat cgmposifiorsisar e

sel ectedq fromthe group consisti.ng of capsid,(C) and envel.ope proteins El,
o, © s Smipiaien 18 ok SR R Mg R irAiA5: 2P e O PRI Rng Ly

st ngct whalunPafde. NS are present in a Chi kungunya structural polyprotein.46.
A virus-like particle (VLP) conprising one or nore al phavirus structural

pol ypeptides 47. The VLP of claim42, wherein the structural polypeptide is
a capsi,gd or . j . \/ . LmAas3, - { e

2l phavitus. (10eSEBREoRTHESE ien e prile i lio o B B84 B drds

Si ndbi swy| tht¢s, forpdivel sixespvener eighewbel intdrsal§.EEE) virus, Western equi ne
encephalitis (WEE) virus, and Venezuel an equi ne encephalitis (VEE) virus.
49. An isol ated pol ynucl eotide encoding a virus-like particle of any of

cl 35S 344- 46 e%ﬁethﬁ‘ﬂoieeiﬁ'h?§§,'v9f{kr iR Gh oo%ﬁﬂgghﬁllu\gl\%aﬁo ¥ 85 fQEidgwncodi ng
one or nore al phavirus structural pol ypeptTdes erein the alphavirus is
sel ect ecteks, one nvatly two mavmsorsthiaegnafth-Crfkde tingpmpan gvimmomsnizaiondbi s vi r us,
Eastern equi ne encephalitis (EEE) virus, Western equi ne encephalitis (VEE)
virus, and Venezuel an equi ne encephalitis (VEE) virus.

40.  The method of claim 37, wherein the immunization protects the subject against

viremia or the inflammatory consequences of infection.

20
41.  The method of claim 35, wherein the method protected from lethality
42. A method for producing a virus-like particle, the method comprising expressing in a
cell one or more Chikungunya structural protein capable of self-assembly to form a virus-like
25  particle.

43.  The method of claim 42, the method further comprising isolating the virus-like
particle.

30 44. The method of claim 42, wherein the Chikungunya structural proteins are selected
from the group consisting of capsid (C) and envelope proteins E1, E2, E3 and 6K.

45.  The method of claim 42, wherein the Chikungunya structural proteins are present in a
Chikungunya structural polyprotein.
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51. An i mrunogeni c conposition conprising an effective anmount of a
virus-like particle of any of clains 44-46. 52. A vaccine conprising an

ef f ect i vewarmwmis2®t one or nore al phavirus structural pecypspivdeRoor a

pol ynucl eoti de encodi ng one or nore al phavirus structural proteins, wherein
the al phavirus is selected fromthe group consisting of Chi kungunya virus,

Si ndbi s, vir . Fastern,. i encephal itis (EEE). virus, Wstern, equine
encepha iti2§YVE%§£%P?H§@%XE%)9@W8§ﬁ@588€8&&““%58ﬁ@85ﬁ§FP9W§3€9 pW&?us.
53. A nethod of inducing an i mmune response agai nst an al phavirus in a

subj ect, the nethod conprising adninisterinq to the subject an effective
amount 4df arfhenfiihefelaine 42.orpsinthe trusture] polypeptidedsia capsid ersgrtyslopef cl ai m
53,5mh %g&@tﬁ e i nmunogeni ¢ conposition conprises one or nore al phavirus
struct dral %o ypeptides. 55. The nmethod of claim53, wherein the nethod

i nduces neutralizing anti bodies in the subject.56. A nethod for treating or
preventing an al phayirus infection in a subject, the nethod conprisin

admi ni ¥8er i dge'd-k akclamy féovherpinghe élebﬁveasa%éﬂﬁ%t%frow the EQURECOBFISERGP T 44

or an i#g | GO f otk L% : t r{xsl of
any of c|la| %gﬁ%u ‘é,r&sén iﬁhs\ilﬁﬁt?iiséﬁé%h%éég%%ﬁglé& @,}i}?)f\ﬁ %hﬁ%&né‘lu\ﬁﬁg
i mmunogecephalittn{WEE) vivus, ahd ¥epenfelanl eguine echdepalias (MEE}8iruand i nstructi ons
for use in a subject. 59. The kit of claim58, wherein the i munogenic
coﬁBosition is provided in a first, container and second innunqgfnic

conposi®i on Asisplatsdinebmucisotide sresdingchyirus ks partiglg of gay plielaien®-f6r use in

a prime boost inmunization. 60. The kit of claim58, wherein the
i mmuno@@ni c Asoenpoesisionorecion comprisiag erpdlywnleatide enadimg dreay naorylalphavirvs|

pol ypeptide, ,or, vira | ynugl eot.ide. 6 1 thod for identifying

Pon b Bl BRabiatfe KR oSl Bys i tieclpedBort M eBbe £ tngs e ho
CONpr i ThillkingaRyAehisNSindbizalitus! PaterQhiRs $Aephalitid (BERYUANR, Wdsiétn ERERPT OF
with a Chi kungunya pol ypepti de sel ected fromthe group consisting of C E3,
E2, 6Kenggphalgns @ﬁEEgvm@n@é{@ee@@}wmnme e@ﬁ@p@é@ag\/ﬁ ;)f’lcws-vi ral entry,
wherein a candi date conmpound that reduces viral entry in the cell relative
to a centrol, cell is identified as _an. inhibitor of Chikungunya.,virus,entry.
62. *The et Kt pUideshi @ mrafiepdSpisit i S hy Somh st e R i Potis Doy
or fragfany of &1g8inecf4-96. smal | nol ecul e.

20
52. A vaccine comprising an effective amount of one or more alphavirus structural

polypeptides or a polynucleotide encoding one or more alphavirus structural proteins,
wherein the alphavirus is selected from the group consisting of Chikungunya virus, Sindbis
virus, Eastern equine encephalitis (EEE) virus, Western equine encephalitis (WEE) virus, and

25  Venezuelan equine encephalitis (VEE) virus.

53. A method of inducing an immune response against an alphavirus in a subject, the
method comprising administering to the subject an effective amount of an immunogenic

composition of claim 51.

30
54.  The method of claim 53, wherein the immunogenic composition comprises one or
more alphavirus structural polypeptides.
55.  The method of claim 53, wherein the method induces neutralizing antibodies in the
35  subject.
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63. A nethod for identifying inhibitors of Chikungunya viral entry
conprising: contacting a cell that expresses a Chi kungunya virus receptor
wi th a cawdidawes23oehi bi tor and a pseudotyped virus conpPCIIUSZR/00@POrt er
gene; and neasuring expression of the reporter gene in the cell, wherein a

COTPOUSE 1ok BRUFEE T s SO By L S eyl

wher ei reoirpeisingeiddoniyfeeidg vo ﬂmsubjenmn Séstion ameuntmﬂaev&bmk ofiglaity #4\or fahi'S

envel ope proteins. 65. The nethod of claim63, wherein the one or nore
enveloﬂEmHF@B@Pﬁ§m§P%$§%ﬂ@E?@@‘ﬂ70n1the group consisting of E3, E2, 6K and
El . 66. The nethod of claim®63, wherein the pseudotyped virus is a

| entivirus. 67. The nmethod of claim63, wherein the candidate inhibitor is
an antidody,A &it compgriagta YhR o€ahy of clgmsd 1-5naidaostnectiof8 forAise r us- | i ke
particle (VLP) conprising one or nore Chi kungunya virus structural

pol ypeptides for use in treating or preventing a Chi kungunya infection. 69.

A net hogg f orp k{18 Hgmgranﬁﬁﬁﬁﬁﬁkéﬁlg c@m%élhéﬁgp&i/}aoﬂ d4iffst 13019 ot SR45ERIGOd
conprising admnistering a virus-like particle (VLP) conprising one or nore

Chi kungosipustions fes use incsubjest. pol ypeptides prior to, subsequent to,
concurrent with, or in any other sequence with the adm nistration of one or
nore of another inmmunogenic conposition, antiviral, or antibiotic agent.

10 59.  The kit of claim 58, wherein the immunogenic composition is provided in a first
container and second immunogenic composition is provided in a second container, and

instructions for use in a prime boost immunization.

60.  The kit of claim 58, wherein the immunogenic composition in the second container

15  comprises a VLP, viral polypeptide, or viral polynucleotide.

61. A method for identifying inhibitors of Chikungunya virus entry into a eukaryotic cell,
the method comprising contacting a cell that expresses a Chikungunya virus receptor with a
Chikungunya polypeptide selected from the group consisting of C, E3, E2, 6K, and E1 and a

20 candidate compound, and assaying for viral entry, wherein a candidate compound that
reduces viral entry in the cell relative to a control cell is identified as an inhibitor of

Chikungunya virus entry.

62.  The method of claim 61, wherein the candidate inhibitor is an antibody, or fragment

25  thereof or small molecule.

63. A method for identifying inhibitors of Chikungunya viral entry comprising:
contacting a cell that expresses a Chikungunya virus receptor with a candidate
inhibitor and a pseudotyped virus comprising a reporter gene; and
30 measuring expression of the reporter gene in the cell, wherein a compound that
reduces expression of the reporter gene relative to a control cell is identified as inhibiting

viral entry.
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64.  The method of claim 63, wherein the pseudotyped virus comprises one or more

Chikungunya virus envelope proteins.

65. The method of claim 63, wherein the one or more envelope proteins are selected from

the group consisting of E3, E2, 6K and E1.

66.  The method of claim 63, wherein the pseudotyped virus is a lentivirus.

67.  The method of claim 63, wherein the candidate inhibitor is an antibody, or fragment

thereof or small molecule.

68. A virus-like particle (VLP) comprising one or more Chikungunya virus structural

polypeptides for use in treating or preventing a Chikungunya infection.

69. A method for treating or preventing a Chikungunya infection, the method comprising
administering a virus-like particle (VLP) comprising one or more Chikungunya virus
structural polypeptides prior to, subsequent to, concurrent with, or in any other sequence with
the administration of one or more of another immunogenic composition, antiviral, or

antibiotic agent.
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