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ATTENUATED RECOVBI NANT ALPHAVI RUSES | NCAPABLE OF

REPLI CATI NG | N MOSQUI TOES AND USES THEREOF
w@e@sed3ikef erence to Rel ated Application This PCT/US2009/000458

international application clains benefit of

provi sional application U S. Serial No. 61/062, 229

filed on January 24, 2008, now abandoned, the entirety

of which is incorporated by reference. Federal Funding

Legend This invention was produced in part using funds

obt ai ned through a award 1U54 Al 0571 56 fromthe

National Institute of Health/National Institute of

AITENUATERRECOMBINANT A LPHAVIRUSESINCARARBLE OF RERIICATING IN

federal govern ey ' bg this

i nventi on. BACKW@#—@ ?R&%F%ﬁbgl el d of the

I nvention The present invention relates to the fields

of nol ecul ar biol ogy, virology and inmunol ogy of
Cros¥-Réfarbnce &ERelabdd Apgiipationf | cal |y, the present invention

provi des an attenuated, reconbi nant al phaviruses

havi ng rfibhisgoiermationaleapplicationrotaimp desefitef pnuvisiorsal lapplisation U.S.
SerfT St 8RRl TEnBN T BOBETIO URTTIORER 5Bty of which s
incogRaipted ibyirefesencBescri pti on of the Related Art The

Al phavirus genus in the Togaviridae famly contains a

nunber of significant human and ani mal pat hogens.
Fedemablundinglegerd are wi dely distributed on all continents

except * t ' : r

S any {1 s, INERish A’ biSdlERd 1 pat (Al abidhed through s
awarth1Wh4eAI086 1S frem e Natienal Bstituiecof hlegitaiatienat instifute of Allergy and
Infeétick8 TMeédsRd RBnEBRHMY OBE: feliBraMyotéimpiaAy ha s Usehtath rights in this
ersistent, life-lTong infection that has little effect
¥ he bi ol ogi cal functions of the vector. In
vertebrates infected by nosquitoes during their blood

neal , al phavi ru%vﬁ(?‘g?gpp{beﬁ% ﬁqyr%wgﬁmi on,

characterized by a at is a

Fieldofdhe invertiane of i nfection of new nosquitoes and its

Virus (vEBUrerertBhsnon tRBESE MR nBE TR Bbioblpvioioay
andfrnmuadippwof alpbagmses. Norecapetifinaltyu $hey praseot inxeetion provides an

atte@gél’tg&’ re@%mbﬁrgént%@g%{iﬁjgeéﬁginﬁ.ama \}fé}aﬁﬁ@tﬁioﬁpiﬂﬁgrgg&ence and

. em cCSsS an epl otlICSs I NvVO umans, es
discigsgsomethoddefrgsnetating faghs almhaviruees Radnvse of dbesg attenuated

alphBfhuaes MkPiRRKehiB cofpsdtitisa and Col onbi a (1995)
i nvol vi ng subtype |1 C VEEV, about 100,000 hunman cases

occurred, with over 300 fatal encephalitis cases
Deseriiitionf the Réated ARUr i ng VEEV epi zoot i cs, equi ne

nortali due to _encephalitis_can.reac 3% and while

The. overe ARaRvafs G uhe ST oy oRe A o Number of
signifieantchugarcand disesipathdgens uTihess diusesi anet aidebn distributed on all
cont?hteﬂfss' &cegﬁgF ﬁ\le /gn“?grrcﬁé ?ég%h, and represent a significant public health threat

(18, 39). Under natural conditions, most of the alphaviruses are transmitted by

inve

mosquitoes, in which they cause a persistent, life-long infection that has little effect on
the biological functions of the vector. In vertebrates infected by mosquitoes during their
blood meal, alphaviruses cause an acute infection, characterized by a high-titer viremia
that is a prerequisite of infection of new mosquitoes and its circulation in nature.
Venezuelan equine encephalitis virus (VEEV) is one of the most pathogenic
members of the alphavirus genus. It continuously circulates in South, Central and
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and convul sions, can be detected in up to 14% of

infected individuals, especially children (21). The
woovaniwisease caused by VEEV is charact eri zedP@BUS2009/000458

febrile illness with chills, severe headache, nyal gi a,

No‘iﬁ”ﬂﬁbﬁé‘& %nﬁ%tﬁﬁé‘rsbBEHo‘id épldgﬁﬁ’d},gaﬁd"@pf%gtlésnﬁ'lawlm@vé humans,

p.a reticul oendotBe lal infection wth sever
h°r%?ﬁﬁﬂg clhes dpmesticanimals; PHRgtheymest cegsnh majeroutbraak in Venezuela
and Eslohtbiaof 99 H)eintdiing rsﬁmypew\neevaabmum 000 human cases occurred,

IO ORL e e LIRS DLy E e, s
maftality duay@emenhabtnsmmeeam 83%Ian§isshlantulelavel‘al|ldaortallty rate is low in
huﬁn‘éhg k’f@/@)’ n@@fro?oij'léqi d@@&%vﬁﬁf@kng@f&%ﬁ@@ﬂ%téﬂ%eh@l depression,

pite of he cont | nuous 't hreat

ang &P’é"%ﬁ%ﬂsef??" be dptectpgde iuRde %S infeetnd insividinisd esbecially children
(21)hTie Mirhars disdse: &dused wt\/EEvT@cﬁ&a&{ehﬂéd]a% féb%@/um&% with chills,

M TR R O M 2
devéley 4 retiguloeadothietjalhinbection atitts s¢vidre IiAmpheidt denletida, &dllowed by

il ) s 5y iR s

th%é@fh\ﬁéd@vmaé&et'sz( )8, hsmurcaemc ﬁmsmmlaawmm d¢l0adays of the
onskl %mh@é&ﬂﬁi ncidaessistreat &réiléltbeﬂﬁﬁb}a)’ cﬁ‘%é’e@fana'cbma

vac veI op..a di sease pt ons pi cal
of ?eal°g\}E%°° BRYQYS be"\‘eye}/ Eglygf?'eﬁ%{'b’sn F"Pn%%% a'h‘él efficient
vamdusrheevé\tmeaeslesfg‘redtfsr thid) viru§hTise afterlihited TEL8B strain of VEEV was

de\l/gf{)sﬁ/e%‘y r‘?‘lg eI t¥1ah fi)ur d &’?é) Eﬁo Pg L%erlgpé%s%%getq{u% &/g{slt ?ent Trinidad

I NOCU
dorkexr(TRBY straineaf VEEY rguinga pig heatt icelia (4)i oﬁreaadtl;stTmalgs af still the

onlSFB@alﬁiafee\?atc%mefoF %o%{f)@t\h?fﬂérsogn% hfllﬂ PRFAAENERES 8,000 people

enone 1S a n

havg h@#rbV%qcmtﬁfba? FS4oped meecwﬂulatb\sq @ata ainggbigyously tdemronstrate
thamnﬁaﬂga 4bbeoshl lvawh@esaﬁe@@bé al &%e&@\mth I&}ﬁe RfpEm&Ypical of

ratlfi Y& e igloling Pugh sieBme REsk ind etef ABreae |63;§ts (2). This TC83

strain anisemhllokillhewbaorn) pr thot adufts mine dftes i.c.catid s.creinbiutation (31), and

is thgy}i‘?ggg §g J@ Fn‘%herfa o(?af?:ﬁh %Pfrt%? §£‘t%ﬁ§ N@Sﬁfj e eﬁecﬁs of the

mutatlan%pravw Paiogenesis. nonst ructural protei ns ( nsPs) t hat

Conphé S«ﬁEE\h%eHbﬁ"@l IS@HEQHEr‘IbskaBné hﬁnél@@tr‘aﬁ@&b HNA molecule of
UIre for re@ullcalon he vira

X
o ARLar i M Pt P EstUrarof CRBIBRbAST be ARReme RAA contains
bothLngemethwtguBhWaﬁaOd&d;famadB pbryaah@lé!téttbm (24)offedthres which allow

oo g B | L AR, 0B SO or
genameRNAS é@ﬁpﬂnenqugeamaﬁdst flbe $EWG-thirdsofithd @eBBme ss tramslated into
therrﬁﬁlg rhct@fal b"&elﬁk"(ﬁép Bat! & cd?ge%é R % | on&ﬁe@gs”@f tr%E%pllcatlve

emre aced m no a (O]
en?gﬂnaﬁ:%m'ﬁéurﬂwéﬁvdfor teplisatior af &Wawécgenpms and traes@iptigRof the

sut(qeﬂiorialc IiﬁA e sé@enoWRNA%?@HE&d%ftottn@Bﬁhﬁ@%’Fthreug%nome It is

the reversion of

ati1on rat.e,
synfiars APe Hieo bgRionc mapTiStes Rieienglaikdein the oial structura
proteires)t Thehatteridatediphengtypetot tise MEEN seainrmC830i8Sthesteshit of two

ol % SRIEIIB dspoithe M il an R UGl e 120
E2 ighfceprotein, mqm sm)@df@iahgeai my 3 acthenaUTen(1(1323, 24, 43). Thus,
be&a‘&@éeéfolrhﬁ alph8viFd2NR TP hUtdPFAtE tRETel&8RNof TC-83 to a

patﬁogenlc phenotype remains a great concern in the event that the appropriate selective
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I deally, live arbovirus vaccine strains should not be
transm ssi bl e by arthropod vectors, because

W@ 200008®04 on anong reservoir hosts coul d | ead POI/US2009/000458
unforeseen changes that mght include increased

coMditioHsSR8h a-gh\hﬁJs' |§as‘%§§€% @lvb}’ vJoruH:F olcBiir, atM@r@H@éreQ’EEV TC-83 is
st.rai th%éo uced fromw l pe viruses that rely

caR3plg p ing Inmosaitsgells; ﬁgd Wiestina mesaiges fellpvig Vaccination
(33uthpretdrefits transenissiamby @bsduitoeg Faredin @akéumem)dl fied

strains W@atll yreigs b%‘(/ﬂ%%%ﬁig@%%ms r%?r'ngf %ﬁ%&lgﬁoﬂ rr?fglsmissible by

t hey underwe Mt Vel
arthiopid westors decaussr gttulafion lmmangtreservoin hoststdosldERY to unforeseen

cha_r%eés’théﬂaﬁﬁjh'ﬂ%c?&deafneréa?%mﬁﬁléhéé)em&%' ésgfeg%ﬂ{ tfhe for attenuated

Loui si ana durin rea out
S"é‘ﬂFzBEﬂqUE?‘éﬁT%r’ﬁ”@ &yﬁatv'wags tiaadt el PRSP memagrs vheattenuating

mutitiont ARitendy 16d sw]éﬁ(tb lré\ké‘isn@rp"é‘?\ féﬁﬁerékll%l@\/rhbdiﬁéiﬁst%]ﬁé‘%t might

ev e BFBRPLHEatRY BT Bef B eh v EPaL GRuBon Jae former ris
washa:tdenaoghsw by therideteation ef tha MEEV T -8 eascine strairt ive mosquitoes
col\%tedrfﬁf_&ﬂg\slﬁér ggl‘?rgbei‘gﬁy )e%%r?iger 1 dd% %ﬁ@/@ﬂﬁémic that was
restictesbiot kex@pat woul d be functional only |n ceI |'s of

vert ebr atrge Mel@&hehﬁ%?%fec%uﬁ'c'E)NPTr?H? aléﬁ’eﬁhruses %pened an
Ssi on

ext ensi ve t 1 ONn cou revent trans
oPRRHER (S refornahet Ra R0 s St AV FB PB4l genomes, an
apidesqt that imight mininizé anegclade e eversignng tha men pamdgemc pRé&notype.

I
O S e e
elemesatsthatorould beifunatienaleiniyrio ceits ofeertebirater foutysotdinsedt narigin.  Thus,
suéht é)&éﬁé‘?\ﬁeeﬁi\uﬁattlbﬁé BSui@bp ré’UeHEﬁ‘é{ﬁsrrfﬁﬁ?n bf G{thérfeu%@qn&ﬁf i viruses

eplicating o In vertebrate ce res
bym%%'i’ffq‘@r?tq‘rﬁllfl IIs thi s |ong-standing need and desire

i n the a%splmr@ﬁc&'% dd\éfﬁéfﬁrg\hurﬁalg%gd%mﬁﬁﬁ' pEtbgen, its
nven ere is provjde

pohtiglofe L BRpiA MEPRRD ot (RGBT REALE FPBHGAIPUS! atenuated

alpBanituses,tbe humdr adnisrdesieent | omethodts of igahenatiag attérnesedretrains of

alpEQ\;iﬂ)ée?tﬁﬁt Qe & dé@?@%tf o@ﬁéa‘?ﬁg oqw iy v\é'rl{eBﬁaié( I ligﬁg)present

non ruc protel nsP4)

mvgra@nrﬂ@jflbseta@émstan@ngneeqi and ﬁ@smw;‘-thﬁala subgenoni ¢ RNA

codi ng sequence of an al phavirus instead of natural 5

UTR of subgenomic RNA. In a further related enbodi nent

of the present invention, there is an attenuated

reconbi nant al pha\SUMMABYGR FHEINVENTION net hod

di scussed supra. In yet another rel ated enbodi nent of

the present invention, there is provided a vector

corrpr i si Imgpneembastiment of theursessat Ewentibinn therdiés priovidad st method of

ger PRGN AEny ﬁ*e@h@%%ﬂﬁawprﬁvm@S&ﬂlimr%mrd.oﬁid?@eQEBning the

I's vecto

eXpPressi n
intef o SPaSRITH NS b enesnbalorelaardiinWines GMCY HBES) befween the

en@bﬂ\ﬁodﬁﬂr@ttﬁbﬂb@éﬁuh'@§P4F@H&ﬁ§'ééd%!éncé_ hénr%d mltlatmg AUG of a
reco

sutRAREH RO apacesiesstral S gIRIayI FReRd [ Ayl §' UTR of
subgenmptceRﬂl& loar fuither. relatecbernbddihent eMihedpraeent iaderitibn, there is an
attemlgég%cdn%ﬁé}h Ia?;:w'n’avirus generated by the method discussed supra.

In yet another related embodiment of the present invention, there is
provided a vector comprising nucleotide sequence encoding the attenuated recombinant

alphavirus and a host cell comprising and expressing this vector. In a yet another related
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there is provided an inmunogeni c conposition. This
I munogeni ¢ conposition conprises the attenuated

wo ewomnbienant al phavi rus descri bed herein. | n aPOL/082009/000458
rel at ed enbodi nent of the present invention, there is

enfolirheHe bt %éTEFeQ@Fh iﬂfler?ro‘?\t feré WpRovRiel £ %Bafrﬁ%@utlcal composition.

|nfect|ons resultin rom exposure to a

Thig compgsitien %apr@@ﬁﬁh? attenugtad WFQT‘B'FPW'HP?VWS discussed supra and
a phamiasutgalig Ackyptable @atriev.c Irnampelated %ﬁ'nﬂohiﬂwénﬂ'ﬂﬂﬁ\%&ﬁ@éént invention,

nb
e TR be L S A BT e e iop IS By isoBeae cpmgorien comprises
thej amnuafedadacofmmmartt lalphavifuscdesorniteedrheseiht | ng from t he

DRAW NS L B imort e frbeet i ghidh, Here' S provided 2
mqt@éi(ﬂfr@mtaﬁtns FERpiedt firone inferliong reswiting fran @3pekure yedn alphavirus.

Sukh bURghot toRidfiséd adRlitisterifid GHrI@IHMO|O§IC%II %'Wé@ﬁ\'}é Gmount of the
. resentati o of the. des Vi r
RGP AR SORPTISTAING ABCRYAITh aeforman TR RlPhairus described
henemc terélyysroteetitgthedsdiviflual fionise tinfections aésultihglfrop® fe exposure to
the @{RE tion of 1 ng of the in vitro-synthesized RNAs
21 cells, and sizes of the plaques, forned by
|nd| cated viruses in BHK-21 cells at 48 h post
transfection. m@tg!gybgenom c
pronoters. Fil iﬁ;%%\gsggﬂvﬁﬁigg?gmgn S. Fi gure 1B
shows alignnment of the subgenom c pronoter-containing

f ragment Fijurege 1 )XEHY a’lcoﬁ?regmmrm andhé hl%combmant EMCV IRES-

fr ! S| RE
e R R (S P B S R A oot
rep;esgntat@ﬁ af ke siebigoadiral Mnries tinfectivifleg afCtH@3ingeitroraynthesized
RN@@qn Héeinf%@ﬁ’édy‘ééﬁgerqssgy Q/lr rd B>y ﬁrp%st ﬂghgf@&tﬁ)‘?‘n &1 mg of the

I ons uced

in Y}EE\?Nﬁﬁhﬁgeeﬂ F@%@éﬁ@n@%r% gﬂbmnﬁrsumf teeqdaques, formed by

|nd|c§fédai‘rfésseé:lrﬂ§lﬂlﬂ-zl1cceﬁl§%8m iggteﬁangfé’étféﬁd A'rr%\/\%H%ld?éate functional
har vest ed ost transfection.

cel |
Sutiseaemts W%bﬁﬁ%ﬁ?@dﬁ@@ﬁie EM%@ rFigwe 18 shows alignment of
thet subgeheaici mmfcerlcomumﬁgtﬂfagmdnt ‘of tthe- vaavhasiaaeglem and the

oot B RN 67 ind VEEVERYRGIFES | Alle bodarpt thefmoter s

indigeted pytapan bdx. rfBTGSSteIﬂ bf thesnbgereplic RMA i |0 nhe NEBMKFQ—BS genome and
the(b@% ihsing 8ftfle E%\?fﬁ%érg%dd:%@%&%ﬁ% @Yﬁions, introduced into

at |OnS on
the Ve Y/Eut P GARES) grnoame aresshane nHewes §@Seolett?f$e Figure 1C shows

plaguEsaforMmea i im B?K@h d:éllsttJlV@der@éhO RB&edtkd Fé# 2{1/ E%isf}gbg%fgétlon Figure
ared to ence Q
10 RERE bt ol Hihasd e BaHeRBRA R

tlfnehén \(;Eé@%theszed
RNACIrS@BEKeR &Y/ mut SG | RES genomes, having either one

or both g ﬁlﬂlésf o ¢ ?Howgpu%ﬂ&sé NS undf GRL Ltk X ciue -purified

the in vi nt hesized vir in the |nfect|ou
VEEEM@SG#B%vam%twmﬂiaIdembgfeatemmorpreffmera;rrsphaaélon in BHK-21

celisNreP sl dheclr 6/0Ye oee@meﬁr“@/ atﬁ'ésgmsfaﬁar%é of. Resp- TC-83 and

ure 2C shows replicatio Vi ruses

VEE %?Gégﬁﬁsfeahqaélpnt FAGHFecRA FW%\hei'Shgf 1B rytatiqns, found in the
gendimgsasfpiduessalgds Vedmpare@ B tRSpublished sequence of VEEV TC-83 (24).

Figure 2B is a schematic representation of the VEEV TC-83 and VEEV/mutSG/IRES
genomes, having either one or both identified mutations, and the infectivity of the in vitro-
synthesized viral RNAs in the infectious center assay. Functional subgenomic promoters
are indicated by arrows, and EMCV IRES by filled boxes. Figure 2C shows replication
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Fi gures 3A-3B shows nutations identified in the nsP2
protein of VEEV/mut SG | RES variants denonstrating a

wo anga3pbaque phenotype. Figure 3A shows a |i seCDS200€000458
nmutations identified in the genones of the

of N@GHﬁﬁﬁé’& Viru§&s u?@l-ﬁ( 9% JerIQ"th\é'rrti‘é%sféc‘i’iSK of MAIY& Qﬁie in vitro-

ost transfection of the in vitro-synthesized
SVW'@&Y'@' 9eNoPRF-i n t he genomes of i sol ates fromthe
stock th&iguwes BRHIB enews Ynratseg ederitfie@eint theeAsPP protein of

B ASEIRER R e PR e SR e v
a ligf of the metations Ideotifiedfinfie genamtesdefrthe méaque-padrified isotaies from virus
stodR, R?an(e%@ed ?192 Sst' t%s?ﬂl@ﬁj of fAeIHLRRD- %treeglz%iaoﬂNﬂQOng ), and in

anal ysis o e|n ty thesis’in
th %Qﬁﬂ°§1qsr(ﬁd§9'étﬁsefd°%thﬁ stqek thaf was raﬂdstswma%eaas@sed three times in

Vefcﬁé‘eﬂlﬁthaé@} Fi uab IB\Erow R dakzatiBh %(fj ﬂ'ﬁdeeééf{rféﬁ%ﬁtbﬁ&ws%ttﬁb VEEV
ede I N

nsf2 cHhecPosiie, &'Pﬁgz B B0ori GEmeins b AIRVEIS nsP2 (38, 30)
arenedicatedi n the wel |l s vvas replaced by 1 ml of aMEM

I _
SUppuflméﬁﬁéﬂr %‘ohﬁé%)s/ﬂ{w?§%a%‘8fy92(q§ Innr%%doﬂﬂﬂ synthesis in BHK-
21 w&tramteﬂe\w@ theoinayitre-synitresined ymmsraragamwﬁgsemens were

ele%lrSﬁéréfé@h\%I?&J g &hﬁenﬁ&b&bar}m&é aWd rsﬁ:‘ed@&ﬂﬁt@ §5-a% dishes. I
nom are i n i cate

F'Q"égg f 4/ Ih;Posﬁ'Hén‘ifE‘Et\?PI T-‘?E@”Eb‘@éh‘? W@"%WB@ gripRed uNam! of aMEM
suppdérnentad Withel 096 FBSS Actiantl midimi athd [BHjaAdine :@wmmm @fter 4 h of

i Ui e e e e e
Thatpomlons pbyirat gamerhiscandosybgenomid RNAsr areniedidatdd bul Gyand SG,
reép@&ﬁ)e@d The MEE\FRRBSTRH &;lﬂbnédﬂ)g |82i}@;& Y&'F#hagﬂio?e a‘ﬂ‘gééjﬂénd than

dodec sul fate-10% acr
do @Fh%%GP%'W@N@mmW% wguqqsoayca&&se m&h\m&le@ catmIQWées with

thd ?Bés&hd%% RRA. 9 Fighe RBBSidti on% Qéstthrér@erctlon proteln were
ructu af,e recur so

oot BrloR s ST e gl DA GeBired s sBRGABey ulate-10%

polyaatylamide dehThequisitions1sf miolecalal weight piadkers IkDd)tdre indicated at the

e T v

of ERarecshowdi atathe righhvive IORE@cQﬂlt/%ﬁtﬁnﬁ@ ingEatevthe ipgaitions af cellular

protefihs @?@ héat:shbLig Profeind) |'n§u€édstﬁ)}‘§ kin Bﬁtﬂéqﬁﬁgtéﬂcbéﬁﬂg Qfruses.

viral genomes. Arrow'indicateés @p05| tion
functi ongFg‘gﬁﬁggﬁom S Rgseaginghef the I'@@P%Bb@a”t “EMCV IRES-

contﬁdlhga&?/ Vdian3as d’n% ®celf F@@V SAQES? sEhedhiit rePresbatation of viral
Le of the reco i nant te SSa

ge R AciBindigalef S5 RbSRM ontid Ui ERofhl sEbodtits BiphteT, The filed
boxl,mdlca’tesdhe posmen ohBNICAS IRES: vEiguee 58 shaws atte@4ofhthpcrscombmant
ersre@'%ﬁEreﬁééﬁggmgfm @'m s 1§lelllssin %gtrﬂmt lig e's Were infected with 400 mi of

trosynt
wrt@?ﬂ%@'@&‘eha@estmgﬁw ati2hd nmv@rmfe@lonwé BlHK'n?i celfs with the in vitro-

syrﬁl%s%H'RNV\ (F1)H#48 hbost Masstidn @,%%Hé’rt?as‘%d %iR€ indicates the limit

COI’]t al nlﬁ sequence i denti f
S

of Qﬂt%&ﬁ'ea {gre (8w ina:pelelens; of ibe 'Rlé%ﬁewgmmaﬁeﬁaence identified
in mfefpla“qtféﬂ;burfﬂéwVEEVIIRESI\HAHGMS gemehstiatingherficient fé\pabatlon in C;10

ceIFN?é/ Tegﬁﬁgflgﬁ&g IB%SS E%&gue?\rgef I?E d lgﬂtegfbyy lower' Case letters.

VEEV/ nut Bigure REBOWs senticatioR\bf VEES!BnutSG/IF&ESM and VEEV TC-83 in the
NIH 3T3 cells. Cells were infected at an MOI of 10 PFU/cell. Media were replaced at the
indicated time points, and virus titers were measured by plaque assay on BHK-21 cells.
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NIH 3T3 cells. Cells were infected at an MJ of 10

PFU cell. Media were replaced at the indicated tine
w@eintsieoaand virus titers were neasured by pl apCtEUSRSHY0458

on BHK-21 cells. The sanme sanples were used to neasure

Thé FsM‘rﬁé l%ah‘?‘dlé‘sa%ré nu@d"t@%&?éuré‘%?ﬂya/bc@gfég it 6|8Bp'cg assay.

r el eased ar e i nternatl naI
Copeapfrapins %fe'eﬁe@dF@ o §msmd/wa¢rr@florrﬂi elts (Ho)eker @l
W th VEEFigureBY sRéw¥EDWivat 9frhiBEShfectéd Usies VEEV TC 83 and

veBy RIS ES Bt SRl Bl haiab . win ca

1058 tod thedinflisatednorusesit Hﬂlmd{b wetea trioitored for éwlo ahomths.dy deaths
occ%rﬂ%@%tftelr A bQﬁnfe‘&n&Wﬁ Jriee &ge%bg@m s. Figure 8
shows surviv aCC|nat n and chal | enge of
adul t ni Elgure; %éhpwsaﬁuméﬁl- illawingnyacsination Swids ehatiepge of adult

mld&e lFWd—t@BM?é’l&ﬁidﬁerﬁalte\MIHrSMEg%@é Tlvéfenl b%ﬁ:’)@ged)ér ﬁt #fh VEEV strain
nan Lrus at a dos a r
weeRs Ny (EEPMOHAT VI YEi ha ﬁ‘? \g\er“@ cHAI Pgngahgeecweeks after
immunibateom, niist weFd)cbillevigeY ssd. viihne3 9108 PRUOf WEBE\aktrdis 3908, and
Figure 9 shows a schematic method of
momﬁ%%%?% Q enuat ed, reconbi nant al phavirus
i ncapabl Elgﬂreu 9f sboWagansehamatizsnethsAPL @enerating attenuated,
recBiBinahPaibAVIGE inbibati VENECAN, Tlasqaiogsent invention is
drawn to a new strategy of devel opi ng attenuated
strains of al phaviruses. These attenuated al phaviruses
are capabl e WETAIRED DESCRIPTIONYOF THE INVENTIONE cel | s.
Thi s phenotype was achi eved by rendering the
translation of the viral structural proteins and
_uI ti mat elfhe preseht imyEntioat isodravepdndanmewnstrategy of developing
attéflatéd &rafnbb&’sé’lgﬁa\ﬁm*ﬁ q’hE?e %&gﬁ@&@@%mﬁgggaa{rg féep%ble of

VI rus VI rus

repieRfinge RN 0 vartelrate qells: Bhlﬁmapkyeepﬁﬁappﬁéeqi Py rendering the

trambﬂrdn ]EHB \{3@1 stvlﬁiturbmum d?fdQ]ltﬁﬁéthedeWéﬂﬂbéﬂbnadk@ieﬁéént on the
nr ec IO

inte(Pa whdhoRt 5B 1%, dlcsicepheRiye et v (eyER RESP such a
recombrant doc is@iabid and deqonsteated lhighty attenuatezibpleshotype in newborn

mlcaef fy%k '?ﬁcﬁdé%ﬁigro@étfvge“m&ﬁ{y %}%EQ;QWEEQVQQC%BLe IF'uYt‘ta‘\er formalin-

CCIl ne agalns . ectronrs
Inap@motamirteséaiq expersives and dnafiicierds lomddn@ntthethlbl tmse vaccines

alsGT8quild ?ép%%tébonlgsanatmg A FRUFHSE, MY dlaRsbie live
di scussed. her'ei n erOVI ficant a vanta over
attqTygleskxace e aoeingt VEEY ibieetiah s ek SAHABRC SA dBfectfomosquitoes

durétg melmaﬂm@bemtvw@nat&dl Hdr@é@r'ﬁiebbﬁendﬁltléd bﬁihawhhsfés discussed
i neer ed h uses .are

nerBEl ok B Figttait A G et b Y2 afs 104t B eratly avaiabie
singg phe attenbated gehremolitnens mmwérslnbleeFuEb@n‘dhaagnnattpamseegmeered
alp lr‘ﬁgesaér% HB?%FI ?éﬂlleatgfln FrioB mﬁ)aée'IIQ Qhug‘ sﬂgﬁéﬁhﬁ 3&vev3proach

| ncapa I'rcul ati
for @@oewa@pw dive treeompinact V'ﬂ@scwhcﬂ"’éﬁ@ cgpabjenefbieplicating in

mo8q\ftoes BRd trﬁllsphé‘yéa'b‘l’es@r%r(ﬂagngzlﬁ naftfre. opened the

cxpor | Mot dEvaoRMEt of Uas, e U1 GIVAE Es e Sngbisy gt other
alphavitsebi(92005, as)doperidtbfrRneppstunity not only for the reverse genetics
experiments aimed at studying different aspects of the virus biology and pathogenesis,
but also for the development of new recombinant vaccines. Attenuation of the viruses by
passaging either in tissue culture or in chicken embryos (29) generally results from
accumulation of small numbers of point mutations in the structural and nonstructural
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but al so for the devel opnent of new reconbi nant

vacci nes. Attenuation of the viruses by passagi ng
w@Raobasiedh ti ssue culture or in chicken enbryoRCT/BS)009/000458

generally results fromaccunul ation of small nunmbers

gerids, BRY nith@&sabétﬁﬁselérﬁeﬁﬂ%f%tréltgén%é%  example, the VEEV TC-83
nons I‘UCIE enes ci.s-acti ng el emen

VaGHNe At aeliTlnReT oply 2 eeeawﬁvtaﬂortsﬁer Uelenatign. Faiberuon degree of
reastogeanicity ¢34 epfsomiblyordﬂysctg theiinstability af tri aittéMiatiohSmechanism. This

rm%% Af@&%tﬁ) EPO&BE? thS?lglethév&S%Eetg tﬂ% Iv*te%%*h?%%ﬂ@cghte%otype during

i nstab
viryst neelmapn qmvmamd wdividpalss Trhei rusmsbes chcmdemqmsadamube iakditionally

mcﬂe@?séd By &heRY& %@Qgér&ésﬁé"&@}“ but RRIS '"H?S@é?iu?e wgl‘:g{%ot make the

virus replication in vaccinated
'"tf#@eﬁg&%ase%vr%%'ff ole genstis maninwations awltﬁwynfleﬁw@m clones
of thy RNA¢niiwsés Wé@gﬁﬁ%@oSmblﬂﬁés fob gtrohddr smedifcatidH rdf vitlaf Benomes,

and 5008 3h RSl G LlbHles R Enb U8 ARG Rk Rl ossie

to "e”@t RNihe wi gersase speuergeddt 6pd8sil9), lor taditiohalrgesetio ngerial that
m'dﬁp%ﬁdnﬁé‘iﬂe%hnﬂnoébﬁi@& GRORnsand provi de an

opportunit extenS|ve del etions that
woul d rramerﬁt's a'ﬁaaﬁeailcenwn thal geretically altered ahovisuses might be

intré@te8 r‘rﬁ@ﬂ(e%atﬁral %@culé‘tﬁh; mHiaftd Byt mesito Y@BRF4, Cand detrrﬁonstrate a

g Sigion' FiinalloP e oAl g e blr b st of duiring virermia
devgtopatant i vgrtebrater bobtaur mm\/lekamﬁls lmtgé\tusl@eoi MBEMITCE8B, which is

caﬂagfe ftrd?gdd?:ﬂ{é‘ﬁg%ls%é ?ﬁ%%t |h her e\?/wg fcﬁ%p%ﬁts %moaguntoes The
Isolatmgoft'éﬁﬁﬁrf@qm ne@ralkvnnfeeheﬂhemsqunoemscq@nte@iels louisiana (3g) during
theV1h gﬂml'éxé%e!é@id‘éﬁ{l@ri}ndb%c\ﬁ?é& By AL qug%n%mxfgi gg”mee dtt8nuated

use _of , which is capa

alphaupes. JihevsTpeniia efigaingi 2 ev, OeneIaeR of divel YAGERe ﬁtgams it is

PI’UU@‘N@I rrtakesarbchtse§ abednl ﬁlg?fy i@n&ﬁteﬁf Bt A8 lﬂggbﬂ)ﬂé of rﬁpllcatlng
ui.toes.callected in Lou ur i

only {6655t PRRBItE i Oth'%ﬁaao%capfaav«% by elaing foell Spedflc RNA

elemelatasmossnabgemﬂmedndnabh&aslatbetdeadrmke!vpam virus IRES (20), the

EM(-EUesrg%f:‘ﬁE ‘élerrﬁé?\t W%@e%ﬂétﬂgd tb @ﬁ&\{ &%%&ﬁ%féng% %Xrﬁggod %?Ils

e ar
only hi dRithe ﬁfQS@nUwg@tlonbme BMEY IRESawihe ghbned into VEEV TC-83

geri’oﬁfél t'oCrﬂhké‘ %eomab(sléﬁbrpgﬂ vigal @frué’tﬁfatla ‘ﬂ?@é-dgbé‘nde-ﬁh'éne of the

an achi ev cl oni n
GenDiies CoMAHIEd GNRRANa! FyPODRTIRIPMPIST AN teiIRRSan the SIUTR of the
subperionhiyy RINA. VTl'nsJSlrdJRE@s(\alee it 6ts EMRY @ASeHlidecthe! RiBBBHomic RNA

ool G S8, AR, YR et nemes e o
standars caagiepermmtranﬁlatudﬂEEWheT@L&ﬂJrglmnmSt Therhiter déletions made it
capﬁﬁlégﬂeﬂlﬁéﬁﬂ o m%%é o Ik, uﬁ'fe;ge%?cg %Qﬁgnt Wi S g@r}ﬂ&gﬁms in the

enone cont al ne I ONna enom C
subgenRaTie eﬂfomafﬁ?a “ﬁﬁest@tPtE@ itgrmshef s mmhtyfmt neaes b cfe paprdependent

tranSifton. BicGusd $udh ré@é?sn!&h AR reBlite hét%nﬂltihé 'II#HS H@Ie%ﬁ%@SIso the
r onot ed fLﬂ{t er évol ution,

eno
restpBTigh CB44 RUPGRBGMHS: PECTAGFT, KA BPoinaFtiRISd b 13 muisins, direc
rev&rs:omofsﬂhawl mwnple:mptaﬂeﬂepld)eably fépﬁéé‘én?é aOiégﬁd'blé liiek. However, this

Th d
v I AR WA T B AR B
by Wmldﬁﬂngmddtlonal adaptive mutations imsthe msPR gesabiessematations did not

notlE’ééHTEﬁéndéaﬁe%alcﬁ vifhl FNATe |fc?f|c%rﬁ skﬂﬁm%'s‘s B?” tﬁe > viral structural

revert to a ca endent tr ecau
pr°tﬁ@§e‘?'"§h%ihC%Bi"@“?%‘&lﬁ%"@” l'fbtheociﬂ"§ TmﬁsdeﬂQE@dd@uaﬂDmalso did not
but al so the v
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restoration of the subgenom c pronoter, which we

i nactivated by 13 nutations, direct reversion of these
worzdoviiploas mut at i ons probably represents a negl P@i/bEm09/000458

ri sk. However, this variant devel oped an interesting

cre\é@’ar‘i Qdéﬂi&lné{ %ngtn‘él E’hafre&ﬂd ?ﬁd‘r%%'e%é le¥h cfé;h%g |t %é gﬁnome packaging.

enot accunul atin
Thﬁ%t*ﬁﬁ%&@%f‘m 9é th@lpéw@réﬁemgmewm dei eﬁt@rrainednﬁpwever the

aceuphularbpublichéd aatd t\.jdeemlat tHe M!lldkébmtﬁl\é‘f\ the @bhsmbs @f the RNA®
ura ot el

virg R By et e e TEmSShE Gamilezs: A thegdeomes nesd to be
prensamtad iby ise finstiordil dsl?s)todheatmctanal prabtking foin partiley foamatidra22, 30).

Thé %l‘l&’ng{ Wgoﬁfé% ﬁé?gln‘?é (ﬁa? pate C(?cnﬁaug Gp m@enw&@{ 9% involved

ani smao Ioning remaln
in the viEs| geReMe s seRankation Metsa@élsﬁangaﬂmrfge p\u@pp@m@msﬁj ang, thus, the

ideAtifRgiaAtatibrRs cdmtehmck pasifE ﬂiect be tr%ﬁ%fﬁ%ﬁcj:yoif thib @rﬂﬂee“
viruses |.s ,
Vo oxel SR PR motse bRLE dhetalths BeshRbouERiD Bgs to develop

VEEuncarlaotsahatrmésnttapableeofseplwatlmg il arthropad vectbrarand demonstrate a

staﬁ ttn!oFé &tefngé{@tpﬁ%ﬂo&é% S%@er IJ‘vﬁhV@rtEé %%%IBXQC%&EE%’/LH’?L{ISG/IRESM

I case OﬁHIn 0]
Vaft?élt irhb@th\)EH jlpha/hetavdompeted raaddFY sigraliogtdeficient BUK-Z‘t gells, its

ablﬁiﬁlfd(ﬁ\ahé&hlgﬁ\ér%\ﬁehseoﬂﬁﬂlm ﬂstrss@é‘&;ltu}é‘lﬁ r%&@ reduced ability

ent mut at i gns _coul d have a positive €

o 'f"ﬂ@%i@?fﬂdﬂéﬁ@y%@ﬁ@h.'g iesation, and itspabitty g reflicate in mosaquito
celrstsagg@stgmltm@ﬁ/aﬁm nmgmsﬁéét thovearalitdmenas. ltslinﬁimmigeﬁucuty will be

80 8l S RBAAE, Mork . 5751 Bghfs ot e

encephalogenie digitasitosesean B attenuaged by lusivlg 4 bienilkde SEIJGVYAIRES-based

stra\(gﬁ//a W%ﬁ%ﬂé {Bgséc Il‘ég:u’é %Bfnbk tlprglt\\lihth othe f 2pprogg es that have been
de"BHP-eQI’V'E‘ﬁ] thg reggny ysersmw 1% 311t%duce h| gher | evel s of
| FN- al phﬁ'/&lﬁﬁrﬁatyn tHd BsrpEse o ﬂ\ér;ﬁ'esér{tsin@rﬁﬁ@ﬁ lig/ thec dedetshment of

attgtpiatet dphalirisan anf, BeT Amplaatod SBoa s tkas & yaccine against the
encepbgqlitopenic edlpsadngge sthat had:luﬂén‘SEEHr uHEv rarghtWEE&st and other

alpﬁé\ﬂ%@?é %H?ﬁegg '@Iﬁléﬁ‘g?h?aswtmg?g Iﬂdohlgrg\agéj RF ?’vestock

en anlna
Replg:abem%\ﬁwhtaiaha\otuse& vmdde;ﬂ&aeo@m EM@\pHﬁESr tisatsmekes them

incAsabid b??étﬁk&t%q:bh Hﬁ)%&@toaceﬁis%rj AlosqlitdYedt&is> I\h’@t%qgwortantly this

strate can E I n connl nati on
e

pPhestotie i gﬁﬁ?b%{é#&b?%tserm @ét@ﬁswv@%'ﬁe@r'qmﬂmr@ﬂwe into viral
gerfoﬁféerl'herbﬁﬁé Sthéde néw- \ﬂésan&l&an Ib@ u§é’d]”f6itr\bécchaﬁorpwtﬂ&ﬁ% concern

aoclt phrkbift 4T Rl 0P ARsies By AT P BR PERR on as a new
type of Ve presentgwentidn lshbreemdeqorgdneraig@nawenuated recombinant
oo AR ol o WUAL WS Y \FEHARG VB Renry s o
encephalemyplosarsiitisi virus (RIS HRES)| be\twesq:rmdke eRdpdfi oanstoustusal protein
(nsﬁ%dmg%ébiéﬁdésﬁﬁi |H\i¥?é'tirg AlsOens sabhrlnic hﬁﬁ%odhgaéequence of an

es.t’hem i ncapa replicating in nosquit
a'P'&V"Hﬁé'zﬁﬁa:goof\r@éwak% U Ehismishedy w;fuﬂ'tqﬁlcgnmraéﬁm%\éatmg the
subigenomicepremsted ot tHeesiphairus by tchstersd point mtamr?dsfaha eletibh of the
t.hese, new

' d | Th f
natl B 5 SHTECH.th8 sogehdmic B Euredals e, Maktvaibi 8 &6 supgenomic
proedotartmaosairhedifyt the chrtioxg termimesnafimiopsstuctusgl pratein 41 Additionally,
the TRHLY rth mﬁpﬁénp@%gn%&ﬁﬁﬁoadagﬁfwHu%oh? mdﬁcfr?gth?c‘{’urgpproteln

gener at | attenuat e reco
2 (nsP2) effectlve to increase virus replication, release and virus titers. Examples of the
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al phavirus, conprising the step of: cloning the
internal ribosomal entry site of

wepwepsmhomyel ocarditis virus (EMCV | RES) bet we@nus1969/000458
end of nonstructural protein (nsP4) codi ng sequence

adé\;ﬂd/el rﬁhidtlahé e n%@tr%tﬁal%}rb&ﬁm%s)( %cfeogbtngres A RR{Ed to to

i nst ead tur

al phayi ru
Voier G rag PeTolerDechman i KesT Aekt FUAb AT Bereot.  Furthermore,
exsmb@erufnnh@ ﬂbﬁﬁﬂh.%f nﬁfy inbrdal l&ha}él g6 lititedl tdSVBRESLelan Equme

coB iR ARSI ERP8 Pl s Memert e

Engem@_mmmus (WEEY) beChikaggunyt vimesdi fy t he car boxy
term nus-,-gg n[ggg r'ftt irn%ﬁtlrgrﬁlis Qfsgtﬁken:ted @da | Eft%éﬁ"a % chombinant

the nmeth ntro ucl ng
alphavigsigsnsrates %bmeﬁtqdwwsend ﬂ#Rﬁ@ e$tmchzar( alphayirusf membevre:apable

of ﬁe@luédﬁﬁé%ﬁ%sdunfdé% Tn@@ﬂ)étﬂé‘bf t%hsn’ﬁ@in&ﬂﬁ?nﬁ‘ﬁguﬁ’d léktors, capable of

'"dHEJHg b'@h&‘{efﬁngtj 'E@qu ﬁiﬁgg/lq\l{&%ﬁrfr\ldlfgglglﬂ@{phg{b@t%gﬁlls slow growth
in IFNrsignating-deficient BR&(21) ce'.IIs oK3 édmhbinafitdvitBertof. D4 18 A |

g?' 2? h eT aIGHﬁ %@Hnﬁ“%\)eﬂﬂgn {@gpﬂ{qh{ef %r'rte %intl'er%vteggoangérﬁgrising a
nuqm#@lm@nuenqﬁqanmdmlﬁbemnu@teé memmna(nt/BE)h)avurEsadtseussed supra

an@%u haﬁ gé]P QQIHﬁFlélhb%nw E\Ereééﬁ@](hﬁu%re ;rl%” ; &Eﬁnﬂ] vectors and

cephalitis virus
exqs?ﬁ'&ﬁhemvéﬁl'ﬁ @Mﬁr"sk%oafuiu %rzﬁaéazecbteahmaw Evtha@edHence, one
of Sk cmmenmtmaad phestiuct SuBR NRICEIre thdtkd et hallingi S@efmedtation and
K V\gﬁi ¢ % ﬁbﬁaﬁﬁbw rus may be incapable of
ng gqe H? '?18"?' Lﬁ?'&es i ncapabl e of transm ssion
by nosquiTh® pneeenbnvsentloa psatnlrtheoﬂlrecteldx to aghhrmydceutivat cdmposition,

corﬂé %ﬁb‘ ﬂjlephéﬁ@rﬁ;aq Eﬁrr?éMtthﬂal/Fgg a&.@ﬁéé{%{gﬁﬁepﬂ and a

rovvt frcren
Ph%rmacgufdﬁa"a as-‘@ﬁmabéﬁ P@rmlet hEh%@reseT\henmré@enns alseedireetad to an

|mrhl§no‘§tehlb|coﬁ156§|{‘@'r CQMbﬁQﬁ§ﬂ1etéﬁeﬁuéfS&F&6nﬁﬁﬁﬁf élﬁhaﬂﬁ’ru@hereln
nucl eotlge sequence encod |gﬁ he attenuate

r econbi n&RE PESEALVRRLONSS SHTl furtbgr dirpsted Hha ’Hetﬁegpf QEptecting a
suquutrﬂbrrsnfegtlmsd’eemmga&emr@(pbbtﬂre\/te(Hnomphé?m]stdidmdrlsn@ the step of:

st ORI b, Bl o kB MrCRpE foostion
dis¢yssed euranat th?ﬂ@bycmmdlug thes sidijeot drohoinfediiase desaitingfcam e®posure

to tﬁé‘QI‘éF\é\m%@t id Qb é’tff@ehéml}“fgn f s n%trngt?togmglct%m&%ér{‘oﬁﬂgstock

resen I nvent
phar maceu ¢ PEFseRbiysstion snstilicforpen direried Headnetdad £f generating

attdn@ﬁtwadb%mblrfﬂnpﬁﬂﬂia‘/i#% tHoapaie o inteRti Mqﬁltoes comprising the

o ettt ton ol kT
capsmimstdowmstre@nmf itiee agvelidpe giyewah@brkewnbsmdmbpSId gene at

ek BREH) WA BGE e TGN YOS A covi

expressad ima eap-insiependantimanngr amdatheee{wel@pe groteinagenes is translated in
a cab- @eﬁé\ﬁbéh{%arﬁﬁf’r@ﬁﬂ tﬁé REpdidy Sro%ﬁﬁaﬁ?te@ﬁggﬂﬁitseaé Adent manner.

i nrmunol oqgi cal é fectlve anpunt I MMunNo
conposi tApHsed emé'ae taipy 22" ArhapempY JRearcens py maie. As used

herélldhj &@tclélm@éﬁ thaﬁQIsleG ns cbﬁ]&h&tbh vethf fl'@m/@r)élp%H’fpﬂshQ thewords
| phavi rus. ect, bene

a’ ﬁﬁfrbé"q}'u??ﬁﬂ" 8Pelqrv QUE fhan O%e}\ﬁr“g%‘eh?rq'%@?ﬂthgn of Sot%ef may
mean ai leatua sémnddirmecread the samewir huifereft glaine ekivieny or components

thereof.
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attenuat ed, reconbi nant al phavirus incapabl e of
i nfecting nosquitoes, conprising the step of cloning

Wa b@sjiswees nal ribosomal entry site of PCT/US2009/000458
encephal onyel ocarditis virus and capsid genes

downstre %Qfon‘i ﬁ&ltﬁ:‘ﬁvﬁés%ﬂ fed |h¥Fe‘ﬂ'$ rcgﬁ Ehd élﬁrﬂﬁr%te‘l’éc] thdependently,

sai d capsi gene at th e sub genom C
e'tP%TgF'}SﬂeF‘U%Q"YU%"sH‘@HVn 8y ?We "?thMRtaW?éﬁ e'Pnt'IehértcafB§| gxample,
sub@utenpbeslsedmtm\mmmy ngrpemeealy MaRtRape Bhelag, intradermally,

mBSE8 SoESNaP B Dok RR B ahloling commpation dascoee
hetein anay RE® pligec cdeventiomah @on-tdsicu physiobogigally o ephaemageutically
accﬁ)talﬂ% caﬁ'l'ér Gﬁweﬁﬁf%@ tabR ol tHeS mefh%on 3 trﬁﬁfsﬁ"aﬂoﬁ Qad are well

e I'n_conj unc
k"°"&’bt?p?’1 '§$"MGU3' Raying gseinary skill "@)Ph'sﬁih nmay nean one or

nmore t harl'h@ @6mp6§m¢l'$@éisch6éd3hé}em&ﬁé¥ b& bdmitisterat ieped@ently one

or B rpes o ey R GIAE 6" 9PV 1B 8 VAR €GPt s well withn
thec ekip ofi an @amtishers to idetetntiee elosagaror behettier i stitabdel dosage of the

coh@?ﬁﬁ%ﬂ%ﬁr‘ s elél 8rad?ﬁfr?i%t%FQTdC@Jseyoroﬁwf.:'tnBI%aéanﬁms@’eoaggses An

stan

aperopdate mémﬂwendstqname soblerts h?ﬁiﬁ”lemeeﬁélllqtlyn of immune response

andi/Bf bl%ﬂ@ﬁt'idr%ﬁﬁfectlorﬁ Bétis%@eﬁy"(ﬁé |a}bhaWL‘i§ B FSUE 6? bb!mmlstratlon and
r nasal ly. Dosage formul ations of

thech‘Fﬁ)’b‘@%thnlLﬁﬁgdescrl bed herein may conprise convent| onal
non- t oxi G‘he Pollowing egarmples lare)glv§ﬁl%rﬁﬂ1éeplﬁrp6§é loy illustrating various

erBEBRRICH LI ER e HE i et B e ieadstSpuenton n oy
fashiodi \Qrszklllddalwthg adr\dllmp;ecﬂte Iréadilp thati the gorésenthimvention is well
&pﬂé@ﬁ)sd ult ﬂ@&%é&&gn@SBtSlnrlth%}ég?Sné‘%méHtébéé ﬁ%{\tloned as well

I'ndep
as fhose ﬁﬁleétﬁee" dadvaatagge inheteréherein. . Changes thesein and other uses

whith talfé @nédiﬁpééséb hit®ifn tﬂ@ strﬁ bﬁtﬂ@ u‘i\%nﬂ@rﬁ 8§ HefRed B ¥ s@pe of the
he conposition conprises

i
°|aQ"ss‘f"'ﬂ§|°%”ra{B#? ﬁ@?g ?ét or mJI ti pl e adnini stered
doses. An appropriate dosage depends on the subject's
heal t h, the induction of inmmune response and/or
prevention of infection caused by the al phavirus, the
route of administration EfAMRME T or nul ati on used. The

Ceﬁ gllluptygl' ng exanples are given for the purpose of

ating various enbodi nents of the invention and
are not WraBHK-21 teéligivert beoviledbgrRaul Dl (WashihdtoR Wniversity, St.

' d j he,. i
o300 B RS A BSR40 e v
3Te aeIIS)NV@letOHtMBed)!ﬁ]OHEﬂ’Is Americzibt Bype TiksueeGdBurarCbllection (Manassas,
v@ﬁﬁ@%&%@ﬁ%é’?ﬂéﬂ&ﬂ@ﬁg& hééé’?‘é"c |ﬁ§8&:g%ﬁm%ﬂ &5bfital ?ﬂ%gi%m (aMEM)

vantages I n
supplamantesswith %ﬁ%afﬁtahb@nmum 46BR)kang \tltarmnsx Nbsgpltq Ci10akells were

obtbhed 'frBHﬁHéthﬂ-i@ﬁgQstH tciwuﬁuhesﬁq_%m% Dfo&ﬁﬁ NF;s}kéﬁ'édéﬁed in DMEM

st g

h k
RS regyates a5 ni i istoss phosahate gl (TPE).
(Washi ngton University, St.

EXAMPLE 2

Plasmid constructs

Standard recombinant DNA techniques were used for all plasmid constructions.
Maps and sequences are available from the authors upon request. The original plasmid
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Louis, Md), and the Vero cells by Charles Rice
(Rockefeller University, NY, NY). The NH 3T3 cells

woweee/1atsdai ned fromthe American Type Ti ssue RECT/USI09/000458
Col I ecti on (Manassas, VA). These cell lines were

WitHiVEE\AT O3 gdnodte Gndé? the e&ardrbﬂsmrnr@m%we% é@f@)ﬂﬁr pVEEV

( nt ed W I h oviné serum ]
TCH5) WA PHRSd BRUTE 458 | MBEMIRES femainss BYau th firt
4 chidonsyof it BRIC\Wbalypro@irD I’l'hislrsemuenc‘étwasuﬂbrh@, inféthe EEV subgenomic

RN EDAAR. SRRt bR aRP e BRicer e BOTR0 andthe iytiatine AUG,

PVEENBNUtSOURES Erneofedidhe VBN IG- &&tgﬁnﬁtrmdlarwhlch the subgenomic
prarfteRhd kY bg %ﬂ)&'téi&@ oPhiRnRAG, Ltn Ad Bpﬂ %?Eﬂf;ﬁqthe amino

COﬂSthCtIOﬂS s and guences are avai

acigl $eIURNCR &f @elﬁ%bp%amgws of“mé’4dﬂga1 Hapng 1Bl nThiswiral genome had
theVEEhTRTGf&i?e gasglémmuuadewAthet@antrhoé VEESPSCE¥ \nonstructural and

sl R B Btasd Vo Sickiad B ies Shregemerie Rra. T

adaptivefmutations wede)nstrodu¢ddemEMﬁVEEMrympiBGVlRES-enEbdeﬁ nsP2 by PCR

SRSt e SRR NOLISH Bt ERRE Grgpis. fofowes b
replagement efi tg% pwgesmepms\méavvenﬁ'ns@@ Prgiralgepemed The eameﬁ’%—based
techhiqte was\REE for SyniMdisEheidrify o BB AT flagRieP i th\é’agphl site in the

a ered t|on whi ch di'd
U s i GHRES Satorn® b ot the. doped Faomerisopre. seauenced
befory furthesexperineiits with ¢ re$éuedrusBs. This viral genone
had the 5" UTR of the subgenom c RNA del eted. Thus,
VEEV TC-83 nonstructural and structural proteins were
expected to be synthesi zggdajippf §he same genom c RNA.
The adaptlve nmut ati ons were rntroduced into
R_N?\ WLt | RES-encoded nsP2 by PCR anplification of
n nts of interest of the selected variants,
foll omedPtapnmEoWateepmrﬁbchy cehtrifugatios $pCedl ggadfem@andlmneanzed

by 'M]ult &]Qesg{obgh'ms El%og% Tsrieedsgynslyéjﬁpl?aéﬁﬂmgfa n('ne%tﬁon) in the

or synthesi's Cclonin
prensml@ ph@atspmlogu(Ném fAnglard Bmum) of hegielg-and mle%lom@nscnpts

weﬂaené’ﬁ@ ze |b}pfgélh%léét%grécsﬁégﬂﬁ%@Sn&\?—ﬁ@n%ﬁHS”&&fﬁltlons RNA

eforefurther experinments with the rescued viru

ConeRAiAIAe WasBasYad Opr3 EFP'&@"“F’F'&Q% %P'We't“@%?ﬁ?’i @P%éraﬁﬁnpt'on

reaCtiorisiwéregatd for dldcticpbiatigh atthedt iddtivRal purBistiored by
M ul digestion. RNAs were synthesized by SP6 RNA
pol ymerase (Anmbion) in the presence of cap anal og (New
Engl and Bi ol abs). The yi EXAMBhE 4ntegrity of

RN&rtansgr! ?’% s were anal yzed by gel el ectrophoresis under

ing conditions. RNA concentration was

measur edewatrapaamhasiemmrageéel(sgdw?dw pérnerive undandpreviously
oo BRR EPha T R B VS e T MRS v
gertmmBNAoﬂas)Ieiectroporated into the cells (27), and then they were seeded into
100-mm dishes and incubated until cytopathic effects were observed. Virus titers were

determined using a standard plaque assay on BHK-21 cells (26).

To assess the RNA infectivity, 10-fold dilutions of electroporated BHK-21
cells were seeded in 6-well Costar blates containing subconfluent, naive cells. After a 1
h incubation at 37°C in a 5% CO, incubator, cells were overlaid with 2 ml of MEMW-
containing 0.5% Ultra-Pure agarose supplemented with 3% FBS. Plaques were stained
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El ectroporation of BHK-21 cells was perforned under

previ ously described conditions (27). To rescue the
weRrnassp4 1 ng of in vitro-synthesized viral grODDE20RM00458

was el ectroporated into the cells (27), and then they

withehasta agsledattért ® dl\QQﬂmet.&h 8632 dridC Ibedti0fly WYY |determined in
%Q&E’H{thlc efggF_e ts vverefo sferve Virus titers were
plag Nt n@) REr MG AJang eﬁ'iegjtw‘assay on BHK- 21
cells (26). To assess the RNA infectivity, 10-fold
di lutions of electroporated BHK-21 cells were seeded
in 6-well Costar plates containing subconfluent, naive
cells. After a 1 h i ncubEXAMRLEt537°C in a 5% CO2
' re overlaid with 2 m of
P’ ofLiral %h fm % U tra-Pure agarose suppl enent ed
with 3% E&ge ﬂbqqemwemrrmcﬁirﬂy reetbuitédh duripg ttaéring of adiral stocks

(wnf?if Ej%ta%mggb'@n ﬁ&ﬁ%’ %d)oqllﬂxtseg’ zve?e e@tﬂg&fﬁgf?b% ltIYé Lé{ar}%@é plugs into

aque-formng

MEN andﬁm&aofmwaﬁMWEM%e wqdé@mfﬁ@ BifiK-2it rC&"S iedfomesdishes.
Aﬂblaro%%emp%iﬂsoﬁ/‘%@fohﬁad@ﬁt{ vilsesicRils d\Héie‘W\aHés%% "Qr further

out s eutra

f t I
ChajpstaE Ao PRI TN VI8 1PoIB1A0 Hem e BIBSies) cale b TR0l reagent

" acddidihg mtde&thstmuﬁdirss offthé hranUfatiuedr (IMBatrageni -6 008 @tliong, overlapping

frag'g)rﬁtfarg FE% Ceelquss Stg?d@mbq‘ ﬁ#llg%ﬁcﬁygg% e‘ﬂ”?é %j%@naeg%trose gel
eletiophocesis laad sequencest iSequercing BNke SWITR waslpatforiméd bynusing a
FirdtBRoit& REf: ﬁﬂcé%{ g%fn%nﬁ%ﬁ%crrb%@%gé heff@bfli Ng to the

I'nstructions of acturer (I'nvitrogen). ~1000
nt-Iong, overlapplng fragnents were synt hesi zed using
standard RT-PCR techni quggamptE 1 €d by agarose gel
el ectrophoresi s and sequenced. sSequenci ng of the 5 UTR
anaeplgetldmamgs)y using a FirstChoice RLM RACE Kit

ConT1 ol ORR-FETbe BhaTaBRAR Saub Wtk ssPed Mipaoiniditnes. A
the_dmelssndmated indleel Ggurient medis-were deplaesd and virketitersreere determined
by bxﬁ& Q%s%? dnrblllﬁ%fdgg%‘ ?é?n Al tRe EﬁKrflp INRGSS cﬁ'n%h 5 1s were

ers were ned ue assay

seqgef ido Bo-®M dighes Apdinfoetpd at inficateqn g}e figures. Media were
repﬁa“ceal fv&hané@sd@ﬁh UiRiSDHit3R: il haesteanBiplRbRAd&Emined by

in the figures. Media were repl aced
p'aﬂlf)eﬁs@gﬁmr@'ﬂ?g Er’d virus titers in the harvested
sanpl es were determ ned by plaque assay on BHK-21
cell's. EXAMPLE 7 Anal ysi rofein synthesis BHK-21
cells were el ectroporatem&jm of the indicated
AnZiD4S of rotkiRBenthidish of the el ectroporated cells were
seeded 1nto Six-well Costar plates. At 12 %EOSt

t r BRIt calin wese stestraporaledavithet g afitbelindicates BNA. ajd one-fifth
of tHiCHRRirbpSratet cdfls Wefe isBededirth Pf-well Costar plates. At 12 h post

transfection, proteins were metabolically labeled by incubating for 30 min in 0.8 ml of
DMEM medium lacking methionine, supplemented with 0.1% FBS and 20 mCi/ml of
[**S]methionine. After this incubation, they were scraped into the media, pelleted by
centrifugation and dissolved in 100 ul of standard protein loading buffer. Equal amounts
of proteins were loaded onto sodium dodecyl sulfate (SDS)-10% polyacrylamide gels.
After electrophoresis, gels were dried and autoradiographed.
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DVEM nmedi um | acki ng net hi oni ne, supplemented with 0.1%
FBS and 20 nCi/m of [35S]nethionine. After this

w0 p@ab3tsdon, they were scraped into the nedi a, POEUS®O®0458
by centrifugation and dissolved in 100 m of standard
protein | oading buffer. mﬂbLgng)unts of proteins were
| oaded onto sodi um dodecyl sulfate (SDS)-1 0%

RNA@nalysisy| ani de gel s. After el ectrophoresis, gels were

dried ango HEQWE %Wﬂewyﬂ%rﬁ? leéﬁmg'@f@/\% tRis were

anal yze th esi s Of ViIrus-speci
eIeg@mr@p@mthMg@f the invitre- s_rynﬂ@sgpd viral RNAS, and one-ﬁfth of the cells

wed éereﬁeéﬁﬂé RS hrRQfishes a8] ARMASh p@ét@raﬁ@@ctf orf, trhedim IntBe wells was

reregHBY BT AV BABRET IS 0% HRsS AcLD] loigimihAng flurine

(200hCaMBM AFep Bl e BEIRE Eishtioh tat 31&9/otEtBSceuﬁ¢arfRMAs1wa@ i&bl)atemsg/ Trizol

ot G i e B vt

din{eltmyl istifdder pnd calyded iyt dgarddengélaglectraphosegis asingathe previously
WL 1] ' .
sed 8B A 8 ALY epbBd TRLIK i34 P80 ar
an(ba@O'iad@Qr%DhGéscrl bed conditions (7). Gels were
I npregnated with 2,5-di phenyl oxazole (PPO, dried and

aut or adi ogr aphed. EXAI\/P MI pha/ bet a assay The

concentrations of | FNal in the nedia were

IFN'RBRaIp&E aByay@ previ ously descri bed bi ol ogi cal assay

(41). Briefly, L929 cells were seeded in 100 m of

conpl et e The gpacentraiors At EN-alpka/beta in theymedia wene) gegeyned by a
pre'vfcbu@l d%éﬂbeﬁ'b?él@@ca’ﬂ%@séﬁ@ﬂpaBﬁé*lyaLQﬁ @Q{sf\ﬂéreﬁsébded |n 100 ml of

es . of di a harves d fro
COTRPE TRARAAICUSEATENST Pyt 1O GBIl T welretgs gnd cuBated at
370 fori6 &d Samplewofimédia ﬁhﬂasted iffoarcihfextddrNIHIBT 3veells svené ttieated with

e N B BT oG oo 5o
Afterisicubdtion for @del iat i39°, alm_sad(imsngl W0@smh dfl ededia withe 2x10° PFU of
é@l +r%t@rﬂ§|tiswgﬁ\t/§9&w?ﬁ gg? Well%gnd ﬂQuBatlo-ﬁh@Jhtlgued for 36-

wer e stal . VI O
40 poiThen Gells weltee Pained dviths CrvR ] d@iﬁ%e&ﬁdrtaﬁle@ﬁ Reint Waga Agtermined as

thel @dbntslioh®f FRABGEqHR t@fprbtlé€t 5@%'& tl‘ﬁé eand h@ml the \t/SV-lnduced
nor nal i,zat |

S

o N s a0 bl a8 A A5 TR Rbh o oo
ATGC, &he titez$ eamedre’leasedesumwemede&emummﬂbbplq@bacgseay on BHK-21
assay on BHK- 21 cells. EXAMPLE 10 Eval uation of virus
replication in nosquitoes To assess replication

conpetence in nosquitoes in vivo, intrathoracic

i nocul ati ons of Aedes ae ol ony originating in

Gal veston Texas) nosqu%ﬁb‘t%‘%%g ca. 105 PFUin a 1

g alion pauiteesior aci ¢ i nocul ati on was

cel

seI cted over
‘f’o assess repllca{uon comge%nce in mosquitoes in vivo, intrathoracic inoculations

of Aedes aegypti (a colony originating in Galveston, Texas) mosquitoes using ca. 10° PFU
in a 1 uL volume were used. Intrathoracic inoculation was selected over oral exposure

because nearly any culicine mosquito is highly susceptible to intrathoracic infection by
any alphavirus, while oral susceptibility is highly variable and much less sensitive (42).
Following inoculation using a glass pipette, mosquitoes were incubated 10 days at 27°C
and then titrated individually in 1 mL of MEM supplemented with 20% FBS and Fungizone.
A 100 puL volume of each titrated mosquito was then added to a Vero cell monolayer on a
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because nearly any culicine nosquito is highly
susceptible to intrathoracic infection by any

wWab@havienus, while oral susceptibility is hi ghPgT/US2009/000458
vari abl e and nmuch | ess sensitive (42). Follow ng

24 W@W@@t@éh@&bé&bf}ﬂf&t 2&;@2022%@ étgir? é'fﬁ-:i%?é;'ttée @&tectrfdetion. Assay
contrglsi qﬁ‘)‘fﬁ&’l '?‘8“&}?1%3 Pgfeniefis anf ee'ﬁéﬁ BHtaRt-t h 20% FBS

and Fungi zone. A 100 nL volune of each titrated

nosquito was then added é)&g_@e@r,'g cell nonol ayer on

a24 well plate and obse days for cytopathic
Imredrizatibs ahd chisfleage with vipaentOEEVASSay cont r ol s | ncI uded

both the_ TC-83 r virus and the | RES nu
EXAVPLE. BRI I BeiFRara BRgualRd Migpisoety (.c) with
VERYHC-83 straiapr thecielligne Swmiutantsratedoser of candotiPRUEs a total volume of

i el r T - rain.or. t
20 BI;HSTinBn%S dﬁ%,ru tqu\afﬁ t(dn %aéh \géécgh gf a%lrﬁés% m;\alngauileé{1 @r 2 months
withait ane rrm‘nlmmatmh dfor RBJayAf trége wafeeobsmed elaily forokigng of illness

(rufibd ﬁ;rl&ﬁ%{ﬁ gﬁﬁ%zoéﬁid?é@dﬁggs i5\ndforGRalS Wi t hout

any mani m ce wer e observed
dai |y f oFigst-yaek-gid fempled\ikl ~°(WI§ﬁ micegvergr vacgigtesssicopt a dose of

ca.aNg’r PRUAN QY Qﬁlngé\VEEVSF@-BSad?Qh@rre@@tﬂbﬁhant virus, then challenged

surgBhea S H s ok Yoo EEEP s R i SR S5 poco. For

21 dayd, meice svepetnbsarvedtiviagsdailyhfen scgjmaldfelmmé (ruffled fur, depression,

. ter wwth ca. 104 PFU of
an %ﬁ?b@’%%’?%ﬁ@%aﬁ@ n 3908. For 2 1 days, mce
wer e observed twice daily for signs of illness :
(ruffled fur, depressiogxaisgExka and/ or paral ysis)
and/ or death. EXAMPLE 127 Reconbi nant VEEV TC-83- based
Re irant VEE iruseiss st udy was to devel op

al phavi F N35¢% ?eDgNhEsg g)’e\%% ?d ﬁwelépeglkb \ﬁ{%}#?gic'ﬁ@?aélé‘%f efficient

cel I's of Vertebrate
replitatior frghe celiscpfl vertebrase, bt not of mnsqwtpemg?dehereﬂ:epgnulication of

sucﬂnwﬂfs%%ébetcgﬁe% A pFdi&iRs Jrhﬂr\l(\f Héﬁ‘ﬁjérﬁg QRLY furthlon only in

vertebrate ut not 1 n_nsect |eve
verieheatp bttt in ingast ol dospeies Hhisethrorresentrigkention désigned a

memﬁftGSﬁal@ne)Q{reéﬂ@héf/brphﬁwﬁlsfé,tﬁlcﬂiral pr@mﬁﬁueﬁemmeadetné EMCV

IRER SfrbSes iba JSES aid A6k R EE ol i) meaufenes iouf *Rgisfane first 4

codohs ENMEVIQV Ippiypodteinntot axhimiei the enddt effiaiestt teinslatioerdf VEEV TC-83

stchﬁﬁleqeﬂEé Ofh IQ{er gggé‘ n:l_&mtg %t wad d&?ﬁ H'[\@JE H’rgj? ﬂ'ﬁa§8 C#dtgltll)ﬁél%rmmo acids

con ese a
ha%m wsgawed%ﬁq%@nnwruser@atwaﬁ@nebtﬂtetmad detegtaplgspositive effect on the

trarfsﬁ?ibh‘b%n'ré]%tru@lﬁ?alWeﬂgt(é’é&%@{ showyi tive effect on the
transl atlon of viral structural proteins (data not

shovvn) Inipng A the comrtructsn MERYARES, WedRES reasiencs vasreigned into
the fseag@mc mm abwmdaalnnbpthte hma&wbwnqmgc 1R§\Iﬁrﬁéemﬁet !Pﬁ@@bnome

wamgp%ﬁﬁi Z)& cfaé)agé 9, e@og&c BTherﬁ ts R anotﬁer recomblnant
VEERY/mMut®&GARES |the aubgdmemld Eromoter mest mab‘lﬁlé‘tém"by 3@ $yRoBymous point

multangns?'(/f-*?ﬁ% Kfﬂrgn% fﬁ)omkﬁr e"?@%xﬁ&?ecc} { V&Iesgntk%v&rgion to an active SG
RNA promoter. To promote synthesis of the VEEV structural proteins, the IRES sequence
was cloned to replace the 26S 5'UTR.

The genome RNAs of VEEV/IRES, VEEV/mutSG/IRES and unmodified, wt
VEEV TC-83 were synthesized in vitro and transfected into BHK-21 cells. In the
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nmut ati ons (Figs. 1A and 1B), which were expected to
prevent reversion to an active SG RNA pronoter. To

w@e@onswosynt hesi s of the VEEV structural protRBCHES20091@0458
| RES sequence was cloned to replace the 26S 5 UTR The

mfé&‘lBGéTEer{?éPﬁss% ME@#E\HE?I‘ES Wééﬂi&rﬁ@a‘t%e@ne mfectlvnty as the

wer e_synt hesi zed
RO o BAcanckdevisianea.plasisRs o1 A UNFartn $iF FHFBIA (B Aa9sa & the TC-83
(FigentAe and I €AY This lwasVEEt’r‘dnBESdlBé%ndﬁHD A6 tadditiedalf hAdagiaeenutations

wei%1 e%% %%f :fcgryprgauétﬁlg rg{Qﬁag;n r}eh%es%nnd ]d%?rx.gl %ﬁg&ﬁ%ég%ﬁ%ated to
tlteIsAeacgjadir(g 109rHFy/mkasbuatrmsedn@I ititeriscand oirus hegplieasion rates were
ﬂgﬁiﬂ A{t@%er (P@aﬁ’b Hfén'fHBfet bPVE%W—S:f eBHKIAcdIR "transfected with

tive rep | i cation esl VI rus.

anwEqucmslna@bW@aqe@eme@ VERVANYtSG{RIED) \M@C'i(b@?kpfiwhm subgenomic
prdintert pesRickd rrarbcttdljtsamsa@@: weffidnt] r@h C#b). QA théirfféctious center

asepy, Bis cels Flobed Al et prages, AR mLmsr waS alfcut to

estineate Rurpdsingly,ithia lvirge demenstididd\ilrtb e SeY dIiRos, upmhl sehial passage and

rad cﬁ}? 58\%@6&% \?éfggg}ﬂlgieértoﬁﬂgé@&gfer f%)qgg#‘ ﬁﬁgh | ?éda%' ?ﬁot shown).

The graveh cag@s}resemtsé it bigs t1 Pueprresents| thp aeleass of \poth ﬁﬂi‘é" ﬁf\d large
pla L@.m \ﬂ,rygeghel r nunber was difficult to estimte.
urpri si nﬂlﬁ% this virus denonstrated further

evol ut i ofNUpoResEsHiy °I)Hl§§g@‘pgﬁﬂ‘elnéﬁal"tﬁ’l'%?t%%\tf&toﬁéde“t in the
contént ofihe S/ BENGIRES gehope] EWQKRESJJZO‘MWmdLGdEI s]rucﬂ.félip_miems at levels
suf Gk BE SV BPoaflf BAE Loiufubt et FRTRleRCsdbehbiic pomote.
VEBENiqutS G/IRES, pgoduced:aebfecfmm-repmttoegmtus thabfcoulumlve for more

ft'@léﬁterr indicated that, at least in the context of
© t he eE%?I IﬁQES genone, EI\/CV | RES coul d produce

structural proteins at |evels sufficient for VEEV
replication. The constr uytamels 4@ nut at ed subgenom c

pronoter, VEEV/ mut SG | RES, produced a
Mﬂvwmnawﬁﬁm%mt coul d evol ve for

gt | ve e ELARERARSCRIRENT, B e HRALY Brendipe sugoested
an geeaynwaticseel agditional aytations iptheyvieal gesamey Joedeyegsianety the wt

gerﬂﬁn@@éduaﬁb@wae réannpasiﬁué 'eQQﬁ' ddé“tbéiﬁé r§e Innmbafeownfraauced point
reve | ONn geno uence

RO sosBP Sealioh ah eoaaly BUGHEN deregict. 1o identit the

multattorn@dlscmhqmsnbf MEEAI/hmtSG/IRESt bEmlpmsagaNEstéd at 24 h post
redict

el Wi taoDaT, SR et ot S8 GBRREs (EBuinadne 3 and
S'Ud &) | of Swhaplages- ednfa'zd ariantp gere @Ieecenmsbr'létte st ofetie mutations

ideﬁﬂféqgéfb gﬁ%@ﬁﬁ% 24 q‘l’uyf‘ﬁafrfﬂ} bf ﬁeﬁﬁ} F€e§yr(dnpmoﬂg'a'ﬁ9 were not
prog@tdn the-Kemees-aqing | FRNétel%merttth Thuhi e effectionerifp fepligation was

veﬂySurﬂikéﬁenHeﬂe{/é'r fthe -geAbmesher tfﬁtih %lécﬁ&é Q‘folét@@@oﬂ’%ﬁr@ed the same
on us no resent,_in
oG RS HeP ARRS et S O heidenGmeR Bd dhe pe¥t ancoded aa
chgngghlagaimn}(s%va@)very unli kely. However, the genones of
bot h pl ag‘ll ue isol a%es cont ai ned the sane

o test the effect of the mutations on virus replication, Y;;,—C and both
Y370—C and K;7,—Q were cloned into the original VEEV/mutSG/IRES construct (Fig.2B)
and compared the RNA infectivity, virus replication rates and plaque sizes with those of

the original VEEV/mutSG/IRES and other constructs. The same mutations were also
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mutation in the nsP2 protein, Y370(r) C, and one of
t he genones had the next encoded aa changed as wel |

W@ EB?131Q4 To test the effect of the nutati onsPOIUSINUB00458
replication, Y370 C and both Y370(r) C and K371 Q were

cloRb@RRShE WE‘EVt’f@-BQr bSbrﬁ@lto t\éEEMemétffgg( bRl FébﬂéﬁtfoH%f this parental

are infectivit

W\S% Eﬂ? i’% -SRCodRGSEnome BNéa M’é‘ sithesongior hohpdlatians intiee genome,
VEBV/i9utSS/IRESEV At VEEW/MES GITRESIR hdemerafatdduné §am$h‘ﬁectlv1ty in the

3805 U8B 4256, L7 TCREALR eI TS Yot

qumaeaueﬂ sinmitangto fhiose | RESr & NGV NEC-§8n(@iaka Rdbhsshuiwit). They also

solhiat s i P 1) P 20, 101 ot o

the 3psoRd raitatienas; karely detectable. iThts dakesLitogethet. dhe detsaindigated that

thedYgo—VEEMJtI@rﬁﬁ AP Rad & SEoRPpositive efect o VR .léahéa%m and the
Segﬂﬁq_ge sizes simlar to. those_ of the VEEV TC-83

watien didmatynoliceably EnRiR¥e itat When intfadyped inte r“é%é’@EV TC-83
gehdmé, tRe gametniutatidrissdid fof have @npiidtebtdble bffectt bR tied F&t6s of virus

ol SRR o o TG TR B poront was
spenificd® therVEEV/rutS GARES hatanh st rong positive effect on
virus re%é‘?&’édtlﬁéd aQQﬂa V@&nﬁ%m@ A KaL, L) l.ﬂd ?%ﬁ/em only a

noti ceably inprove It intro uce817’| nt ot
fragimngaf g@mm@ mumoaﬁﬂ@dﬁq ta thensffigieat merlicatiore ohrthe subgenomic

prdﬂm%tf@f%ﬂ%‘e?ﬁlt ?E:E;%Céorﬁéinﬁ'l &ir08t Q‘ﬁe%fsf%r}éhfnl?%réaltﬁawlekg&ﬁrh&ﬁs Okt 2161-
29?@& the, Pihsh t@ﬁﬁa&é%ﬁ% °’\‘R/§§séjg%9| f(?'E be samples were sequenced,
haiviebtéd ratt 2Ch IpssERNX tranéfectidreof tﬂ\eﬂhl\iftr@dylﬁﬁeﬂf@mms and of 5

pife ttda, vl SPElshori 3ot gl BOPR Bt AR fflonar’s baddages i

Veregglisc dt wes aoficipated sthbigsuntnpassagingoveuld dedd ta det selection of the
mo'sﬁgﬁcf‘eﬂﬂ)zl d'ii'cgﬁ’n%%ﬁscbszgggrlgf 8f ﬁe IHQntﬁi%ﬁathE ion |s Bresented in

exper| ne e of her ree
Figortss | SeAUansing s PRECTBAR ‘@ée%rféo@e(ﬁfﬂl%rﬁB@CR -derived DNA

frabliﬁtéf;ﬂgsﬂﬁﬁfﬁiees zlgeebr@ﬁteﬁ%a‘hb@f&p@@@n@%@&ﬁi&sh@ sequences in
the g 8RR s bR BT o 9 L FEr e AP ke .

addi ti onall &f prees dsglatesi contained arlitationd ln whe sequenced fragment,
cor"?é%tp élﬂ@%oe@]g ?ﬁ&oxﬁoﬁﬁlﬁﬁﬁggﬂb%fWeggg h%g Istﬁ:gdowhﬁ% of nsP2 and
all ghibe jajtered @minmacidelwere focated rb@tvmanoammp@cms&@ﬂ% Mcneover the
mokst &Mcrgoﬁﬁiutaﬁ%ﬁ Usdtq 'u*i‘ %é"@ﬁglﬁﬁr\f rQ déénee‘?étlebf P '@lécﬂ%poranon

derived DNA fragnents; ere or e, resent ed

a"?ﬂ.ﬂ He Rﬂ%ag%P%%'eW?S%e)—C%nE@ﬁ%§ %‘éﬁ@féﬂ%th? it {ikgly has one of
theﬁhaﬁgﬁoﬂﬁkhvé‘ﬁed{s rétbr dg&@étloﬂt trereféfd tRé @bBPE-described variant with
s

e s o, HEEVEaISRUBR 11, Hgniid e SHERTaRA Gl n the

follbWwingoseichoney terminal fragnent of the RNA helicase
domain of nsP2, and all of the altered am no acids
were | ocated between am no aci ds 348-424. Nbreover,
the nost conmmon nut ati orEXAMPLE 44 t he ori gi nal viral

eSO o AP oSC AbEEn Sy SR AR 0 77 cat on 1 ha

it |ikel ydehdfication of thet dcaptivs mugstioniim & cabdacteemioal fragment of
the ﬁsﬁii S&ced RN RERL:Se vulses&%ﬂé/iﬁ{; da%%cafdbr?cﬂ é’t?ddegptany obvious

explanation for the increase in VEEV/mutSG/IRES replication. This mutation could possibly
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this particular nmutation, VEEV/ nutSGE | RES/ 1, was used

in the experinents outlined in the foll owi ng sections.
wWEX0nRs6044 Ef fect of the nsP2 Y C nutati on onP@I/USE09/000458

replication ldentification of the adaptive nutation in

ha{l__élﬁ %@@Q%Yy bRed Qiﬂllerf&‘i”‘wtrer{gifcalﬁ%ﬁ drSthe IRB0str@&d! proteins

Y I case was surprising and not suggest any .
trapglationuer \ésahpartiglei fermation. emmiepliqative ser@plexes compartmentalization, etc.

HoWekef/ gﬂétrﬁ&‘tl e?%@cfeﬁl@f{e@?ﬁb@ﬁn fir::@éé%em#:vfhtbi RNA@%thésis. Therefore,
| ave a SI I Ul al or ecC el er on .
BHKGET £ola PaIE tanSieRea, B SiTRMNSR2s BPRME o different VEEV
vaitiants) shetbbalizallyrabeledahe pawtyi synthesizedairabRNAsrwith [*H]uridine in the
presgRes, o Aot 6 30h TEERriRl Y, brity HdcARpbPilionTlid the RNA was
anglyzesl bmtsl,uhofﬁ&a i agFtese@blsr(Eig- BAK- 21 cel I's were
transf echﬁ%kgbbiédl YEEWIRESS WS RaphBIE bISULYERSTRS RNA synthesis,

di fferent VE .ants, t abaol [ly |abel ed th \ i
whishicalep R #RES jntrosticed b i § o Sffihe SehasBomYE FhiA SUTR did
nopir\ﬁ?f@ﬁtﬁfthef\ﬁmﬁbe‘r@fni? ﬁl‘bd}%ﬁei adtivirg Wl}:.B\/knum'lRES and its variants

. ctroporation, a n ,
wi B PARURIOTn A APuha edBRle i, Thus, 13 mutatons
intexdpeed édo tVNEPWINRES ssavencabtiesef gendigem cainple@i abolished the

't hesi i idi t -h t i .
e bR, S N ey st bt o
not avera Bpticeablereiart. o BYrasmomeyieBiEAIRR. 8rd NEEV{mUSGIRES/ and
VEEE@MJSGVIﬁ%’@g?ﬁ@&%ﬁebmfaie@rﬁ;setmﬁ%ﬁtgﬁéﬁgigi tg@ originally designed
Ut a n ns roduced no de . )
VR RS GRS Beares oHpirey oo erome WA= ieB RS @ a of the variants
wasagnesiatiaofo that 5£VEENON®S3c dNgpefidat lof treisel matatidng tvas detected in

[r [ i_on. i i.Si .

o S5 87 LR ERRRT Pl B BBt BV
and ¥EEY&)bThis &nding stronghRsugageted trat adpptatien digmot easglt in an increase

in Nﬁﬂéﬂﬂétﬁﬁ | RES/ 1 and VEEV/ mut SG | RES/ 2 genone RNAs

replicated as effi ci.entEIS{y as did the originall
desi gned Sypthgsig it Y irRES Y HFP OIS WAS | e‘(%égtﬁgn%tné 2h post

ele‘B_NGpt}SrQﬁM qagd#@:?@); %i/ lltEr{/an_lt_igteg g/m%mﬁs% %nW?WﬁmtSG/IRES-speciﬁc

simlar to that, o ec .

cai ap el ole” HekureL oo He'e. SrrBro 6 ~BrabilRRegienty than

in WMEFE|IT CaBFetua vith VEEV T(G:82 RNmeThis seasanablydsmall difference does

no%l E'Eé‘éﬂ" fﬂ@drn%{éE}{{a%) 4 304 f)}oréfé 0t ﬁrﬁgﬁmﬂeylowggiﬁﬁetcﬁgus titers of
at adaptation did not result Iin an 1ncrease 1n RNA

VEEYPRES and YEEVEYUERARES visusesi fegpedivelycicomparesytottae fiters of VEEV
TCYES waéteatrﬁé%rﬁ}sleslﬁaveﬁéa aft 2R poSrindtdcasn. (Wibrabid, ABlifference
By that tinme, _EEY/I_R S- and VI Eg‘_&u SG | RES- ,e_czlf{c .
bepigan theymynthiasis I ofiralrProteing (o p%tcs I5sCantaiging the original
VEﬂmhbtst/m@? g&oﬁ@sgem@}é/?\ﬂmoiwgﬁ?sn aad VEEV/hetS®IRES/2 with

transfected wt - ., Thi,s reasq I I
AR PR o MR N2 W58 Relhiec ] e i G Sopeiients. The
distinglésringfeatomg of thedmttemsenf thenlbbeled prateins tirethe edlls infected with the

F : t i ’ Y i .
UL AL QU B 8GR §AES aoREREE AR i were
identifigsl RsMASY sentiomely ashet-prask pretains HEpPP GRJ Hapr @olhg biological
sidﬁmcgﬁg dgrtﬁélﬁiiﬁldbﬁidhqﬁ Aot d&arsen thie Hight Adsutti figth sBmet Minbnalities in
virlalnstructdrallplgo?ein(c's) Cfgfgitmagl I%Iagi%gttlgestr%rslsgclienv%llopment in the cells with the
structural proteins expressed from the IRES.
In additional experiments, the intracellular distribution of the viral

glycoproteins in cells infected with VEEV TC-83, VEEV/mutSG/IRES and
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VEEV/ mut SG | RES genones versus VEEV/ mut SG | RES/ 1 and
VEEV/ mut SG I RES/ 2 with adaptive nutations in the nsP2

wo@dateect ed in this and other experinents. TPEI/US2009/000458
di stinguishing feature of the patterns of the | abel ed

VEPE{E@&S@IR‘E@S/E Oer& Sgéésb@ ﬁ&ttﬁg d?%ééhc&rﬁ these r%rotems on the cell

taln resence

surfans waénanaimmfg@y SiARRg e VERVEPPFES Hitibegies. No noticeable

diffe Rk P Rt duytnaﬁt.éleat th§ fyv,fdopm@ihewas idsrpified aTise plsgsiility that the
bi ol O(%I' ca cance

d
adegli mifaiohecusss dfe 'otion of pireipaDiatsPulB aghal | pe via
genoniewas examined;the mtmatmnrr(oa)axrfmg ﬁagrgenteémirasgond]ngtq reis2§33-2950

S 3 )
of t@%‘éfﬁg&;@%’[&%ﬁé&'@va{shc%@ééé e mgégpﬁz@n% g,gﬁarné and the
recombinant imyidotsayinthesigest RNBM?%WS&G mh@ev'nmlous center assay. No

incPea<PRA O@SGhﬂé bﬁec%lﬂ viru ftR6fLdcimplredERY tHos?3.0f the original
VEEV/ nut SG' T RES andVEEV/ nut SG' | RES/ 1 were assessed and

VEENEnYPE4BESeWas dRtRe8E proteins on the cel | surface was
anal yzed|byn&hai Garmkht \a tSubyEmdmis peombiec andt & HEE\é capsid-coding

bl e di,f ' ' '
R A ST S B e v
additiert Capesichentrressiomsfrara theeshibigheomicrRivd M@nlobmceaase the efficiency of
wr@sdl%h]héaq gﬁl '{tﬂ@ﬁ%c@ﬂoﬁ bQBQ}Iid hdt Hdve éﬂf %sntﬂféﬂgﬁ&tv\@rﬁwrus titers.

I on-containing fr

Lagte meé‘mo\#éﬁw@uﬁﬁlmESzewug%@eapmﬁﬁ@e\m@y'r@bﬁ@ﬁ@}ewgtead of
infétRUS vifusl Was haRizeTR whs \Goe¥fvadt that tiRESvaenadtetheangse: cells

vobc A VEE e oS S B Al i MR i

didot prcmuw sulbdrat particies thad rmuid &d detectdudweultsaceritifugation in sucrose

gr%]gerr?éa{;q% X(EEW %%ﬁug Rbien éthg?ttlgépgﬁglteg#cﬂﬂé’& REfMplex analysis

a su om ' pr orm er d
didorgh point tocnnvwssmh@nwc pxrlangtione forithe very ineffipient repfication of the

on{ E?V/r%ﬁé@ﬁ'ﬁi@ BPRITthe Eoslitﬁ/%t effdeetdihe tdéﬁac%w hidtéii&ﬁﬁ in VEEV

expression rom t he subgenom c. RNA woul
nsPa@nehe deplisation of thee IRES-sentainingvirugp| HOWEV e, th?m‘gm aim of the

préBefli ihiéritoh Wasahé aeviphit di &eeVBRY vansits, witosefrepiijatiom depends

on o EHEM RES ungi and Bl VERVIRES, S0 JeY s pIRER Hbpeared to

meet thissgoahis anal yzed. It was observed that this was not
the case: cells transfected with VEEV/ nut SG | RES RNA
and nmetabolically |abeled with [35S] nethionine did not
produce subviral particlB$AMRLE t&ul d be detected by

Re?lnéaﬁn% f%'llié@-%bgﬁhénpvﬁﬁgrvgﬁ&tg n eﬁ'l?)ts.awfod&‘ilé‘aﬂ@hosqunoes

taKen togetner above-descri b
conpl ex dinal yscwndladematatpoabctuttaipbbwwsenma’mm gnangbiguously

deﬁﬁﬁétﬁi@‘ﬂeﬂ%’%n%\r}%ﬁﬁ Inégn}élzgé@e Fd ?’t) r%{?%n e&g(lr)éss(iﬁﬁ@% tY deletion of

anseﬂfe@erplogous genee{ Bt t40Y, mlgwliadm‘ thay Vers ansegatyg affest on virus
replRBYdC ¥hé@forf ord 6t thggﬁdép&ﬂié&tlﬂhé"gf tHé rpké“‘senf"ih%ﬁ(tﬁfn wéé" Svhether

mal n aimof the present iInven
theyesianed bRy (55 Pdomsedd bR sAHe 204 6Ts Som HERT Dapable of
repiivelion REMmJsYuies b@llb B dedtothis, VERY/ mBEGuitoncells were infected with

VE%EWE@Uan%%éIB\E %sé‘)?rQEé‘ R/%jsets?\a”%gtted a? o h%%ﬁelecmgtlm% of the in
vitro-synthesized RNAs into BHK-21 cells. VEEV/mutSG/IRES was used instead of the
above-described VEEV/mutSG/IRES/1, with an adaptive mutation Y 3,0—C in the nsP2, to
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Replication of the | RES-dependent VEEV variants in the

nmosquito cells and nosquitoes The accunul at ed data
wa@b@at3mbphavi rus replicati on unanbi guously deP@IEB2089/600458

their genetic instability and high rate of evol ution,

tesE lT\% lélnﬁf'e)nﬁ)rérg of fiee \Fia?iaﬁfs' Fg‘eé?sfed %ﬁ¥r RRLFNAR kraHSrEStdE ﬂﬁsthe ability to

rticularly i they have a negative ef
eStétPl'sblr¢R!'§atf°ébP|"Q9§9P'&h°e"Fherefore one of the criti cal

quest i onenothetfirst passags! ai naeﬂtpo@mmf@a.onmt 010 8l the titer of

Ve GTRRSPn e 1500 PR by MorSh i e st
hamestedi iafter thelsesondlpassage (FlgssSA @T\ti @)nﬂs&qmet&)ot:vEE‘s’lmutSG/lRES.

in é’éﬁﬁrﬁsﬂ. Weﬁé: 486 PHUMI Xﬁg'\“nh iy Sp%ijaelétE&%ﬁé g?rlkg?%h&%?d rﬁsidual virus

arvest ed i on
useqqfov |lﬂf¢@D§yﬁth¢ééhaz‘e@?SQR¥\fsV'N$t Rrogigedoin tb% mosquito cells), and below

the \dredtioH linfY éft%li%mmw&@dsécbﬁa @@Ssazje {Figs. 5A and 5B). In additional
above- descrl bed 41 ng P%le t% H S 16}195 danti
exPRIIATI 0 e BIRGUE: TR EaTaG 0! VR VB R IRE RIS W%?%@ aptive
mu@itiohd i NsP2iveart passajeddrs E¢ll (addller Nb lirdedtidas tviran svaesc evemrecovered
r th LA to establish replication in nosquito
aft quPsb"ﬁg)%g%#eée%l rst passage, at 48 h post infection of
C71 O celn gnother expetiment, VIEE\agRES mgssiuieeh sere. Birathgacically
moE)L'l:Iy(e@wnha&d 1@5 PEDok REEVITICRE3 MRSthe AIEERAGSTCARERS @érféﬁk None of
harvested after the second _passa élma? 5A aB 5%?
theTHemesquitegs Brocyiated with @@'Bﬁ%@ut?ﬁt replnateds detegiaply ingte. aegypt,
whBfddsm 7/dl7trﬂbsdid1ﬁ>efsldfnf©tulﬁmfswgﬁ {HehiTe-83 Ipﬁlrefhtr strdiactepticated to
or . nfecti r
delsFiablE EyeiRinche PR ey oL e B PEYRF 1ok PR BRRERS hus. e
IRE®centairomg MEB\ vafiamtr VERY/nMdBSCHRES1 svasoingapalsls aafereplicating in

) ditional experinents, the
m°gF“‘g’ e"éébmg Y andifvB8 ] L o P e RSt h

cont ai nea' Oa@ﬂﬁﬁlﬂv@en*ﬁ!ght titgFss of nVREIRER (eaRsbla & elBradycing the
&%’l‘lom#\lﬂ vaPiEntb Bﬁé‘dds@é’éin%’ nHEsURS cBE twb GRdVIali# d)laques were

er two blind assa anot her experi
fa%’@a%fff'e%g a0f setie mé%mwamézagmﬁwt RE i agBipe. I botn
|soluté§1théﬂRES(EéqBEhbmaé/ﬁEMﬁ§er&ﬂem irt the viral genomes and only 13 and

15 rm%@ﬂ?ﬁ{:ééyo\d? 53 h;vorfqg%gﬁ %%t{?e offglg‘w SFI 88:5"@%% O%fssagmg of
VEEN/IRES vasdant|in mpsquitercelissled % arvacnuguplation ©f t?i\EhtRﬁﬁ angaﬂve variants,
anﬁM/EEV nh\ﬁséﬁﬁﬁé (@%{ %@Re& ‘H@%Jﬁg’éﬁ@ﬂnlccﬂfbﬁl@térf’d@eﬁ& devblo 6mutants

s 1n a mean titer of over
capgbly piyeplifatiog efﬁﬁ@@tly tnrreosquﬁsceuﬁn ai ni ng VEEV vari ant
VEEV/ mut SG | RES/ 1 was incapable of replicating in

it [l's both i ' ' T |
The hioh trters of vERw | EERMBLE D &' of ol oduerng. ¢ he
VEEVPFGBGHRESH\W; naafj da?dmstrafesen atassed gt@n_o_mpgosqw to ’
cells i ndi vi dua ues were S .
ohd sequieceskal et NS Aot BNERbRE PR JEEY variants
molgﬂéllﬁlamf réplicatihd) in sellsabemostiity orighs (ared) ummaslpma@'ngiu, in mosquito
r. pr : Rty
L8l Lol I PGP Ty b e prna
VEESURG-8F1 Ghesdpwerhesiicafions salgh rf VEEWEBGIRES ] aariant raised a
coh% ftHid ﬂrdéerjngﬁt lB@ﬂcéﬁhtﬁ’é"ofar@EV‘t%Hh@H @?teﬁf'até B&lis with intact IFN-

negative vdrlants, and
a/ly ar@pglgqlqm@n@ Siafiogn d—lqyy%t B waisg ”ﬁbfh%léeﬁ oJghe results of the

expaHndHts presented in Fig. 6, demonstrate that VEEV/mutSG/IRES/1 replicated in the
NIH 3T3 cells, which have no defects in IFN-alpha/beta secretion and signaling, to the
titers above 10° PFU/mI. lts replication caused a more efficient IFN-a/b induction (Fig. 6),
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capable of replicating efficiently in nosquito cells.
EXAMPLE 16 VEEV/ mut SG | RES/ 1 vari ant denonstrates an

wartenswbed phenotype The present invention waBCHUSEM9/000458
at devel opnent of VEEV variants incapable of

but agpgﬂeﬁﬂ\} fhEQFN 'Pelgﬂé éldc?'fot gBr%gHiet e %ﬁrb?&;{;eétaﬂlﬁhed virus replication.

As a@m@% 2h gelé (Frtsr aChtr@ré'ﬁ@mnézﬂ Vﬁﬁé/ﬁav%é"%%” was less efficient
thaHthﬁbF meevEEbamIdae spg @sttngl thyER¢ IRESdepdritRnS Yt might be

i cation RES/ i ant r i sed
atrBlad R My, INeeingor A [ RO PrAI MR &8 10 Pru.
86% aphvivedtthe ppféation @nt elid axtalewelbp signs oh encﬂ;matltlsl ENadnttast, 92% of

mid%ﬂﬁé’r&é‘iﬁlic;%rbﬁ?m@ fé ?Eﬁlgf \)é@%%?gm 1‘d113§ 4ken '?S’%etﬁé}e these data

perinments, presen

indicalg. th@, gepetigaiy moglified: IRES- @ﬂ@aﬂﬁm\ﬁﬁ\( wagsmrer attenuatadethan the
parRtaf VEE\NIrHL3T3 cel |'s, which have no defects in
| FN- al pha/ bet a secre ' to the titers
above 20 yE%éﬁ %ﬁli%}&&é@ a0k temained immunogenic in
botﬁhébrﬁétﬂnhd laB it aﬁde I(jmﬂmettwglve(ﬁ:dgy oﬁ)mbdtthamspm’ iwsd i.¢/ inoculation
l not ro t he al rea .
wit EeURBEIRESH, J0r s eddico FPerbgfyl, "7 Pher ppito-vpe veRV
straie|3968 (adingnisteGd 5rve¢£h8date|r oin eontreSEef M2 S (RES)-infeated mice
T .
chduﬁﬁg‘edﬁﬁfﬁe%ﬁé g{ahﬁé} hoRd s@&.v%B?FMEE&) %é%%&@%ﬁﬁﬁsn was

endent nut ant &%enua n__.
alsmrwaunnga@éraadtgtm@p QMRS-¢- "@muf‘ﬁ%‘tﬂ with & 1 PEUd%i?teﬁleG 80% of

mldél indt §.8. @}mueﬂ&m Wéblks &Qéﬁ)vsuuf 1overU (et lmgochflvaE\aadam 3908
e SN (EE8 B o s

mickt manednéi@%&efoﬂéaklmllehgg esuggestind tet thkairecompiéte aretettien after 1

v R 2L o Bl by e 8 BE I on g 3 Pl i o
ThushdtsVisigly/ lavel So¥ at@sﬂajwacrqm a ehigh riegreenel neajetyi dut nrepeated

vadefaflomeni deakeheqiiddl t mce. O the twelve 6-day-old
m ce that survived i.e. inoculation wth
VEEV/ mut SG | RES/ 1, 10 survived s.c. challenge with 104
PFU of wild-type VEEV str@igmpR7adm ni stered 5 weeks
Iater in contrast of 12 sham(PBS) |nfected m e__

TheMEE\ge{éﬂFa?gémméntV\@fSthél &@sérﬂ'{ﬁHV@r&%ﬂ%% r'[1:61/e| expression

adult m ce; e . I mmuni zation wth ca. 10
straieqt Was desigmsh taredHceattguatianbul "@mt@néﬁqkéﬁd%osgumwt%cﬂwty This
strét?;efnvmé@ pfb@ﬂngRﬁéJlREQ%\Mnatr&gﬁ gﬂfr}e\étliﬁ\élo@bh_\)_ dopBR6IB genes, with
anti bo [
thelranefl sere bt 5o §0dpt ik Spgthisrs feaics inupsreame! Ded PR (Figure
9). bEfusy @ satigeEnbeTiymessagggesst Mmade, iwithithe kavelopsoprotein genes translated in
a cP%%‘é?&r‘ideﬂ?Pﬁf bSF Eééﬁ@%g Qé‘ Pcﬁ@in%ﬁsllaie‘ﬁqhyarmall'\r&@&éﬁeneént manner.

con VI Irus rep lcation I n
Replioation phihis new {RKES @wta@t\ﬁelBlﬂf am Verruelis yyascagdine pfficient, but could

not/HeRt&ted iR %ﬂfo §|€§cﬁll% cepéltlnthﬂl@&ﬁ&@ Ghotareibmat PO Meadwk ldegypti adult

blk%/xp uj red EXAI\/PLE E‘iﬁ?iﬁﬁf%{%f
femaleyiogauitoes wiglded o ayiRensa ohterlicalipg . H% Itk YgSion 2 was used
to vattatd midey all HO&WK/&:&&! @ith eckametitersadbaub 2-fpiddewet than induced
by'n%‘r’r%gf L|'8r]83 an ‘ﬁl 18 Xn%rcgsv%’/ér%nprotected by IRES version 2 from lethal,
subcutaneous challenge. Therefore, the new IRES expression strategy appears to result
in less attenuation while retaining the mosquito-incompetent phenotype.
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strategy was designed to reduce attenuation but

mai ntain |ack of nosquito infectivity. This strategy
WO pwoliswod pl aci ng t he | RES downstream of the ePWEUS989/000458

gl ycoprotein genes, with the capsid gene at the 3 end
Tadé| t he subgenom c region just upstreamof the 3' UTIR

(Figure 9). Thus, a subgenom c nessage was nmade, with

the envel ope protein genes translated in a

cap- dependent manner but the capsid protein translated

in an | RES-dependent manner. Replication of this new

I RES mutant in BHK and Vera cells was again efficient,

but coul d not be detected in C7/10 nosquito cells.

ImmlitgE A Gha efficadyHPTOBAIREBIMOEnE]D Aedes aegypti adul t

femal e nosqui §oes yi efFfdestiomo eyi dence of replication.
When| this | REMSRSY si o E%St%f?g'?w)ed to vaccinate mice,

vacdld }pacgwoco Jéxé' titers about 2-fold
straih OWefserbEsiert bylchéierged TC-83, and all 10 mce

IRES\er e|opgpot ect eqk2oy | RE@/M@ersion; 2 from | et hal,

versenhe g@aﬁe@us— re, the new | RES
'RE%g\(Qr AP on st lza?rt“étgﬁ?() B/égrs tojresult in | ess

versi

TC-gal L EBEAt T O WEH76g 148t @jg1T My the nosqui t o-i nconpet ent
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35

initiating AUG of a subgenom c RNA codi ng sequence of

an al phavirus, instead of natural 5 " UIR of the
waemgasiend ¢ RNA. 2. The nmethod of claiml, furk¢BEDS2009/000458

conprising: inactivating the subgenom c pronoter of
qulsaémmgggs by clustered point mutations and

del etion of the natural 51UTR in the subgenom c RNA

3. The method of claim2, wherein the inactivation of

t he subgenamethdd @F@érfé"ratﬁ?%‘fteﬁ&&te@ﬁéb&rﬁblhé‘rﬂ HFHRANY comprlsmg
tht;rmﬂ{wus of non-structural protein 4. 4. The method of

further conprising: introducing adaptive
mut at i onslonimgnottersial vibbsoradl entoy site of éntephalonfyfetadarditis virus

(Emevilﬁﬁé?géﬁﬁ%hw@ ehgg'f h?r?sttrjugﬂralif)?!)t\%ﬁsf éﬁ'ﬁ-di)véod s?quence and

he "a
initipting ANGHef assubgsramic RNAGgdingsequenge If arpalphavins, lnstgad Pf natural

5' TR 60D ssyenBmic RNAr eof . 6. The nethod of claim 1,
wherein the al phavirus is Chi kungunya virus. 7. The

met hod of claim11, wherein the al phavirus is Eastern
Equi ne Eacﬁmmle'trtoids:f\tiarrms,fu&herﬂampniemgod of claiml1,

Encepnal MEEAAIRITHE SehdnlCgRie: BF vEMbARIrus fy siusigred po
mutq‘i'én%tafmw@ﬁ}etmyﬂt@ nateraks dTRiuthesuBBRNOpHaRNAL s vi r us.

10. An attenuated recorrbi nant al phavirus generated by
nmet hod of cI aim 1. The attenuated reconbi nant

al phavi r gs B¢ ERED S oL §laiTp o whE e inpgkaliop & the subgenomic

pronitéiiels fodmotfptheCrirbddg términiSefiiohGfdicturdl pagtaiml £ of
transm ssi on bynosquito vectors, capable of inducing

hi gh |l evel s of IFN al pha/beta, slow growh in |Rvl
al pha/ be#aTheemethodsif olaing 2 ofittheri conipFiBing:

si gnal i nﬂ\}f?@&%ﬁ%@&%ml@yﬁ\ﬂwﬁgu ﬁor%tr@ct EJPHS%FI ' sP2) effective

t her eof uenc
to inpreask vig'stneelicationnelease aﬂédtﬁvﬁaﬁ'tﬁ@nt aI phaV| rus of
claim10. 13. A host cell conprising and expr essi ng

t he vect r of cl 14. A pharmaceutj
o oo { BoRRE GEAtBPd of AR dh el s SaeP e B HgtARS are Yaro—C,

KerRbDRYLHTSDAB—A, 84,531 ondshisingtions rsestt i cal |y
acceptable carrier. 15. An i nmmunogeni ¢ conposition,

conprising: the attenuated reconbi nant al phavirus of
cl ai m 106. Tite méathoeitdfalhirfl, whareiahe alphavisustds €htkuhganmya virus.
i nfections resulting fromexposure to an al phavirus,
conprising the step of:
7. The method of claim 1, wherein the alphavirus is Eastern Equine

Encephalitis Virus.

8. The method of c_Iaim 1, wherein the alphavirus is Venezuelan Equine
Encephalitis virus.

9. The method of claim 1, wherein the alphavirus is Western Equine
Encephalitis virus.

10. An attenuated recombinant alphavirus generated by method of claim 1.

11. The attenuated recombinant alphavirus of claim 10, wherein said
alphavirus is incapable of replicating in mosquitoes, incapable of transmission by
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adm ni stering i munol ogically effective anbunt of the
i mrunogeni ¢ conposition of claim15, thereby

w@e@bastedfng t he subject frominfections resultPemUS2009000458
exposure to the al phavirus. 17. The nethod of claim

mosiﬁlto Vﬁﬁ%{@O?aﬁ%ﬁeeég@?ﬁ&ﬁ%h%h%mﬂF‘N aIBE%/W%SEBWgro% in AN

t Cenuat ed, reco
alphg{bﬁﬂigglmgq\/\hg@fyﬁbp@l sighaling- ﬁﬁf@fl?ﬂiﬁ'ﬂf-@éé@lls or a combination
therésfmpri sing the step of: cloning internal ribosonal

entry site of encephal onyel ocarditis virus and capsid
genes downstream of the envel ope gl ycoprotei n genes
Wi th saild. Aaestol cgepeising & hecléotideeseduerice becadinggtheoattenuated

recoﬁ%%aﬂpalgHﬂ !%?Eltéﬁ?%‘)f the 3" UTR, wherein the capsid
I'S expresse

a cap-independent nmanner and the
envel ope proteln genes is translated in a

cap- depqBdg RostENBMpRAting aR8 expeSsiAg Bediedtdt of bR hat ed
in an | RES- dependent manner.
14. A pharmaceutical composition, comprising:
the attenuated recombinant alphavirus of claim 10 and a pharmaceutically
acceptable carrier.

15. An immunogenic composition, comprising:
the attenuated recombinant alphavirus of claim 10.

16. A method of protecting a subject from infections resulting from
exposure to an alphavirus, comprising the step of:

administering immunologically effective amount of the immunogenic
composition of claim 15, thereby protecting the subject from infections resulting from
exposure to the alphavirus.

17. The method of claim 16, wherein the subject is a human or a livestock.

18. A method of generating attenuated, recombinant alphavirus
incapable of infecting mosquitoes, comprising the step of:

cloning internal ribosomal entry site of encephalomyelocarditis virus and
capsid genes downstream of the envelope glycoprotein genes with said capsid gene at
the 3’ end of the subgenomic region just upstream of the 3' UTR, wherein the capsid is
expressed in a cap-independent manner and the envelope protein genes is translated in
a cap-dependent manner but the capsid protein translated in an IRES-dependent manner.
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