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Virus-Li ke Particles As Vacci nes For Paranyxovirus
Statenent O Governnent Support This work was
waapporeet by a grant fromthe National I|nstitePCEESIDG6/030319
Health Al 3 30572, Field O Invention The present
invention relates to the field of viral vaccines. In
one enbodi nent, the present invention contenplates a
par anmyxovi ral vacci ne effective agai nst di seases such
as, but not limted to, Newcast] eagl sease, , nmeasl es,
par ai nf |'\Gewghike Raydiclys AgrYcrigehForPHamoREys i o
virus. In one enbodi nent, the present invention
cont enpl at es a vacci ne corrpri sing Newcast!l e di sease
virus (NDV)-like particles (VLP). In one enbodi nent,
Statement@f Govermment SYPROIton cont enpl at es a net hod conpri si ng
transfecting avian cells wth cDNAs_encodin
Thisrisk waFUoBE® PHS Sk Eamkn R AL AT oo o G aG05T2
wherein particles resenbling infectious virions are
rel eased with nearly 100% efficiency. In one
enbodi nent, the particles are non-infectious and
Field Ofdnwatitde a safe and effective NDV vacci ne. Background
Over the | ast decade, a nunber of concerns have, arlsl‘gl
The bresed ittvsnter esiajesi tg hecield elaral VG ISar e
vacgi nes th
present i i Euorp aees a0 St a?fféé‘{ee“%%&ng"&dﬁ%%%;;%%%sb‘“
not llmlt&ht'it@§Heﬁb‘dsﬂd ditsasay Iﬁeatsl‘ee pmralmeylzar winisgs, end respirashiyl sthepdidl virus.
di sease vacci nes, %ncher s. devot ed. t?\Iewc |eNBsease

In one rapaCHRFY: SOOREPIBIBEB LGRS § YU P rbroink

virus (N]ﬁﬁf BRY ¥AULICH BESP), I‘ﬂl%h@éﬁl&ﬂiﬂh&lﬁ tlhle &itligvetliio® aafehplates a
een a devastating di sease of try, and_jn macxural

method c@mmsmg sy heting sypasells with PHY A saoading RAIORRYLLY stru
proteins. pfn ﬁh@@?aﬁtﬁé Lng m%%ﬂoﬁWﬂg&lrpﬁarﬁlﬁ&eﬂegﬁhﬁlﬁlgﬁﬁ%ﬁé% virions are

rres en I n countries where Newcast!l e di sease
released way nbalyc Hitsh dﬁriceancy olnome comhpdinient the patidesoe Ape-itfertigasand

still M. th vacci nation and/ or
pmv‘deansé‘f?ﬁ“ﬁll feﬁﬁvegﬁ) ¥a°81f183ecur| ty measures. The variable
nature of Newcastle disease virus strains in terns of
virul ence for poultry and the different
ceptibilities of the different species of birds
Bad{gm an that for control and trade purposes, Newcastle

ratgxﬁ zag 560 %%m%@{ ?(f c%lhcqu ok bR reRAfth E4BE/QEMes regarding

REWC as sease requires the 1solation
paramyxaﬂdlseﬁaadiﬂ@ttbﬁtlhaaé hmwdvel’s@efﬁact u@therpublm‘}@@‘ust(if heserPOngerns

Newcast | e cont Islimte v
affect nof Gy B POREt p Bete re LS of MV BBy ines
but also ﬂﬁéﬂe?sr ddvbied t@?atiﬁﬁ‘glﬁhﬁgls\éhsfc itl@Ciafiatis GPes dpaeasyoeiruses.
di sease viruses may infect humans, usually causing

Hidt&RSMO N w QR4 BeédsY hid Been B blévabtldt‘fﬂg dis€esbofpoulspraaddn many
has neVer been reported. Al exander
countries the disease remains one of the major problems affecting existing or developing poultry
industries. Bven in countries where Newcastle disease may be considered to be controlled, an
economic burden is still associated with vaccination and/or maintaining strict biosecurity
measures, The variable nature of Newcastle disease virus strains in terms of virulence for poultry
and the different susceptibilities of the different species of birds mean that for control and trade

purposes, Newcastle disease requires careful definition. Confirmatory diagnosis of Newcastle
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D.J., "Newcastl e di sease and ot her avian
par anyxovi ruses" Rev Sd Tech. 19(2):443-62 (2000).
wohkavotdeal |y, the |ive attenuated neasl es vireST/hAN6/030319
vacci ne and the conbination nultival ent neasl es,
munps, and rubella (MVR) vaccine have had a positive
Diseasei raqpacss thQImmﬂwdlcharagtﬁnzamon of the Winws imivgd. Eyrrently Newcastle

nt|n nfectl uctigqn of
cisease BT e B o RET B WMo B i Yol pstios
and/or [feta@Bhlad@ICkiMis HEcinRiof ] NR®cadilo\Wease, viib& rk@oiﬂfbct Bumans, usually
result in a significant rate of adverse events (i

cansingilRSiNARRIVES H R PYH§Um AU Epreat has noygpae Serpriegs Alexander
D.J., N{\L&Sﬁé 88 é‘%&’&ﬁ&l a@gag} pg}c]g\:/ney%bﬁﬁgeb’a 'ReL S'L erdch 1@@‘)0413962 (2000).

ess an associ at se events' Gt Rev
oud 5y Gl qpebih, o o e ot
multivabens oehdese nhumpts handiratzdlla |(WR)sv:hcmes bavedtadrap qmtlsfe ampst on the

n di ng res |rator Viru RSY) .and .
health o 4igh SR R TP B P RIS PP AOD 9 PR
antiviraR fnb@ 0 feﬁkﬂ)nﬁ@uﬂ@g/@llsébﬂw%rh&eﬂia%dwlﬁﬁ tvecolds Eledvwaver, are known to

vacci nes to prevent/reduce key viral resplrat

result inj} slgnidisant ratp of st €¥S ﬁ@mé@féﬂanm? i) aﬁﬁmfwr% etal., “Measles
virus mE"écﬁblIZx Qr?c{]\?efcbltnaﬁcﬂf' ?8 all?blg B clﬁoxx @g@?&d&ﬁsﬁﬁ&f AVefsOkvents”
viral respiratory i1 nfections s I ncl ude the
Crit Repimmentli 231@2)0]‘29I-iﬁ/@604f)esp| ratory tract infections and
prevention of infectionassociated norbidities,
Hoesliiiyt, ahd atatsk,mimldrm a:msuseﬂprlbge to Freggeridity, and mearialifgrassociated
. uenz a_tr.ival ent
with V‘Wﬁ@@?ﬁeéf I e*fﬂ’\r&%rr?' 1s3asF§ \/%’ I (RS EE RV eglcﬁlmn u\;f{?egjs]I and
influenXa QGirRBtly, Rl dridITgaalth DY@\ Liftion iSattefipiih i wedgrelopwnd idisribute
10 - 30% . Because it is _beljeved,_that tFe | ow
effective yagsineaie preventireduge ey Yieel R IRABFSHS G [he Bipetsps, however, is
S 8 fnlhati
o OB AR 0o LOOSRG)oh D 7 EOPTERS s
should inaldk thesprévention of lowet whmodory itragl infectionsswd prevepiaamiianigetion-

. | oo | | zat t
oo B AP SRy Sy 50053
vaccineSUp R tvateh®d ﬁa@tlva@éﬂ%é&me \dhati) b siveieetiestiapted) 4tenaated | Vazzcme

low risk, hig ef fective paranyxovirus,
Complipgcye bw%rrer, ¥ @IWPIW 1% $t-ak 8 oA M- dRecapseif }S\klhfrﬁ?‘é?ﬂ that e low
comphﬁﬁ}r %‘?&1 +9 AR l&h o Hi @i GQstlcoRR By AREAEH) @losOTh the art

ummary The present invention relatés to the
recomrriandlthht mseamlu dlouiﬂhmhne%mtq safeoand effepide vaspines fon éll childhood viral
sen v nL on. co al bs
illnesse T é%ep e/rg etaag al%gtg;i; af'r &Fa@&%{l@%&ag A r\é@l%% Wediatr

|se s guch
Infect Di®J. 2‘9@%&%[)682314@43@)4)neasl es, par ai nfluenza virus 3,
and respiratory syncytial virus. In one embodi nent,

et B IRS@ILn kRN in 6w eiRtegHY affediva puaanykoerus vaccine that is

conprising Newcast| e di sease
compatible with population-wide distribution marketmg goals of low cost and high production

rates.
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virus-like particles (VLP). In one enbodi nent, the
present invention contenplates a nethod conpri sing
wao e@nsiedti ng avian cells with cDNAs encodi ng PEl/08200E050319
structural proteins. In another enbodi nent, a nethod
wherein particles resenbling infectious virions are
Summ#argl eased with nearly 100% efficiency, hi one
enbodi ment, the particles are non-infectious and
fhepicdent anvwafien rehdesad fredidd ef W/ vamies.nB oderentdiment, the
enbodi nent, the present i.nyention_contenplates a
present FaYeREER CUBHFBPRLER RESDYBYRY THCHE, ST Eppt daars; puch as, but
not imME&F O Ne®OAMRE dfkitd, WIS Sfventesz £ Ried, Afd fsPembBsdyheytial virus.
di sease matrix protein; ii) a cell capable of being .
In one embatimenit the prspeanEniiecemiempytes § EprsmecompgsingNeweastle disease
T i .Sai ct-or . hti . th
virus 11t b B8 Y R b I PR bl i UIGRE k itthod
compri€ing adisfesting atiag cetstwidocDNAS berodmgnpajosND Vi dieicatra pratgins. In
harvesting said virus-like particles so.as to create a, .
anothercegpodjpeth REwas HHPGH RIS ErBIeLgE el HRRgaPIRdREased with

nearly 1008 BBichady f B dlR@mbe@RIRht, BRSpatii@esh € Rorthinfadislfhned §61ia8 a safe

a vacci ne conpri sing said preparation of particles to
and effectiyaNIKémadsincone enbodi ment, the cell is part of a

cell culture and said harvesting conprises obtaining

$mpuee pabadinemsthe present investigreontamniatend metiod, commrising; 2)

...Nl .one i . | i .

poviy DS RE TEObe B RN YRS SRR PRyt s
matrix PReigrii)faell Bepabbarfbeing eanidiAcd by spid easorehrtoatisfegting said cell with

.. additjonal  Newcast|e di seage viral. proteins selected
said gy BT D SEariLris PG 0T dAe Do LR BE EFirigd. In
one embb@hRRt, BleGh&h& fudAet RIPEIRAHEE stk 6 RirRBHA D Wi B@SEke particles so

protein. In one enbodinent, the particles are free of

as to crpgiove geli-fise tieparatien of nagiclENAn onherabrdiaafolie matod fuber

compri?ers%ﬁeegép J}‘Prh\ﬁ?rﬁﬁiisgﬂnég Oéc%ﬂ}élc%n?ﬁsiﬁ% tdig ?ﬁ%ﬁ&h&q of;ﬁdrlicles toa
conpri sing an expression vector conprisSing DNA
chickers dfjwanembodineat itheg-eH idNmnoastdell cditge asé saidharvrstipgspmiprises

. .capabl e .of generating Newcast|e.di sease vifrus-1lik
obtainif iy paEles FRmOHE BB AR S TR OR P IRaRth i ool culture
compri§RRUBOPhBe@badart@llb.- fl 2@ eRibRidient, it vedior irkhes comfsiises DNA

particles harvested froma transfected cel| conprising

sequenegs casqskrsaidgingliewrastioniprase Vi Prnging ederdstcliem B aihg
consisti%gr@g?@?&%&&@g@g@?ﬁg@%if)h gro‘?éiﬁ,_ta%kl'&_l'{él gglluﬁniﬁtneuraminidase

I'ng I'Sease Virus particles.i
proteino fireondmistidivaert, the hatipleesefteciofiNewtastin diseaseonmp! BiNds a
nmet hod, conprising; a) providing, i) a vaccine
Goompr drsbadimbietywhe ptesent divestameconiampdates kransfactddaied somprising an

sai d particl.es ri sing a wcast | e di sease viral .
expressih Yoot SPRETNE DRYD 4 Gk SeOBE AR B8 |5 B e rotein
capabldl FSRAGSIinPNek SO HidéRYvis@-Kkdlasticley t h sai d vaccine

under conditions such that anti bodies directed to said

In one embodiment, the present invention contemplates a cell-free preparation of virus
like particles harvested from a transfected cell comprising an expression vector comprising DNA
sequences encoding a Newcastle disease matrix protein capable of generating Newcastle disease

virus-like particles.
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virus-like particle are produced. In one enbodi nent,

the host is selected fromthe group consisting of
w@ioani2auri ne, and human. | n one enbodi nent, PEEUS2006/030319

particles further conprise one or nore additional

Newcast| e di sease viral proteins selected fromthe

I8lo@ Bmb6digiest, ittitgpredentink ersion vomemplatas,a racthed; cemprgisg;d

protein and a hennm uti nj n: neuram ni.das rote
a) PTOVl‘glﬁé i ABemRSemPTS %ﬁ%@ dige ﬁ%Fe‘H{‘ngH‘e aﬁ&c 4%@“’&63
compns%%%%&;@ca@@@@i@éﬁé P8a1NeWE R0 &n; Cii)sa&ﬂﬁﬁsu%efﬁg‘él'd tb Néwcastle disease;

rticles, said particles corrprlsm wcast | e
b) 1mmulhlZim’gisaed kst afithrsaidrviascing undét epn ditipng sechethticatibedies dnteﬁf@d to said

arti are free of
s RTS8 DO PPl
cons1st1ﬁ§36ﬁv?éﬂldh1ﬁ1hﬁé1 &Jnd ‘humah dehbenfmsdmﬁ%nedh@phrfwlemﬁlrmer @mpuige one
consi sting fusign_protein lé &apm d protein .
or moreaﬁ@tlanqié%ﬁ‘@gﬂ;tlﬁdlﬁaﬁﬁ‘ﬂ@h profging seleste pAF e groYRcogRistng of a

fusion p%{aﬁdé ﬁ@cnéor?%égﬂ@{)ﬁf&'? gfah at%?hitlﬁﬁl -SRI BSteh

acci ne co a Newcastle di sease virus-|ike
le, SRipIRdsd vacHhOE&thprisid 1
%ﬂogl%e%ggil?‘%g éﬁhe v{gggl}t%g&%ﬁtrt er Scon](a:r I ses %Sllg?tvcas )
disease vims- l\vker[ailrtugd:s] szufb paticien somprisingeNevwbastp dispase vitakmatrix protein. In
0 teins, are ed fr C
one eml%]d}/naergdg? Bﬁt Bllﬁgfargl eé é)ﬁg\fewc'ﬁ tle%rgefl%slln%[ %ﬁ){%\u r]gl%%h% 'b&ﬂment the
part1cle§3fu@l11@ﬂ ddmphi3e oRCobRdAiddivhal vﬁl’abpma:mm sakected lﬁk)heﬂhe group
rises a nucl egcapsid protein.. In o&g enbod glé tei
consistngal ABIORPTOIFIBY BIGFOEOHTS IEisin S Shep gl TR igase protein.
enbodi nent, the Late Domajn conpr ﬁes an FPIV se uence
Ielsveegemom@eni)the PR VEHG ORI 2 55 eV L e CTBRAT!
NewcasHO AREAsE §Fud 11123%"(151% GHE R SR we R di¥adiGhatix ptdleidNE one

enbodi nent, Late Domai n conprises an YXXL_sequence
embodn@ﬁﬁqhb &a@ﬁn@lﬂhmpomp@smﬁ@ daptrientviral gacqpaeiginge I glerf;gﬂ)odlment
the glycegrﬁ)feé%a}rs gaé%o(tm (gn\r;{?lg gérgﬁa;p(t,on?{stl}lggf ?ﬁlgﬁglg)trothlﬂ\éﬁﬁ ta'h@l'illagglu‘umn-
neuramii eSS tenh.  iSorleiekidofimdnt, theevaacide urfiencasprises ams@la@epmd

protein. %ég@{go%felnp é]&é%a%r&g%%g}rﬁg%&pﬁ%% g\éﬁéﬁll 5 o%% él%god’lment

the Lat@ﬂ&ﬁﬁh% n%nséaah“}t“P@V YEARKY RETSITANG): ﬁ)e |Iﬁ‘ eheembddmeithe Late

group conprising a 1uUslon i n and

Dornauh@nmgpgbm PXXRreequcand fﬁ%ﬂ%ﬁﬁ} Dk dinne Prﬁb‘eﬁi@e%tn%&a%?mam
ne furt i
compr 5y N3G RSB0 o SURLERGRARL e

infectio@is.Par anyxovirus virus-like particle. In one
enbodi ment, said Paranyxovirus virus-like particle

@ﬁaﬁﬂhb&ﬁﬁaeﬁt d‘fen@pmdne thvsameouienpdatés dnswmrvtap@n@compnsmg a

one . enbodi nent , ein c Late
Newcasthg gisease Visdike P@ﬁﬁ%&f‘&éh{ewoé dﬁﬁ_eﬁﬁeem&lrr?rﬁ){ 6180 Tses
embodlﬂ‘lrént’: Eﬂe\(/aéﬁﬂéjﬁﬂﬁgr dortglsbPt Nasdivo Vifkl SREo oA ﬂlﬁbﬂe, embodiment,

al d Late Domai n conprises a PXXP sequence (SEQ |
said glyhl@rﬁpemslane gehested from the group comprising a fuston protein and a hemagglutlmn-

neuraminidase protein. In one embodiment, the vaccine further comprises a nucleocapsid
protein. In one embodiment, said virus-like particle comprises a Paramyxovirus virus-like

particle. In one embodiment, said Paramyxovirus virus-like particle comprises a Newcastle
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enbodi nent, said Late Domain conprises an YXXL
sequence (SEQ ID NG 3). In one enbodi nent, said
wapasiRitke particle is non-infectious. | n onePCT/US2006/030319
enbodi nent, the present invention contenplates a
nmet hod, conprising; a) providing, i) an expression
diseasewdnit-dike pantiplei $i ne eibod e saittwatrigproidinynypriseschat Demain. In

. Co

one crnip iRt spbr-AE Do SoBbfies s pER st ISR D ol e

embod#ent 8hid NAELIDShaiInRbmbFiSRATECKP Bé]luéﬁdeC{SE@ 1D K. Haiklone
vector under conditions that aener ate Newcast | e

embodigheyb said Lpfe empinjeampripesian e X eetienss @Eﬂjﬂbﬁﬂ 3)e e one
embodl hlﬁ%§ ‘?ﬂ{gp% lre 1§(n f?l?e%hgu I'n one enbodi ment, the

>“conprisestsu con uent avi an cells. In one

hi
%EE“?%%%EF%‘I%%‘#{‘& PRIt R SRR EICRRR, AR

a) providieg, g}mmpmsnem stdtorgoniprising ubNAnsegnatces encadoga Newcastle disease

o A RS T PSR Bl s B e by
said ve&@ﬂ%?&ﬁl%f&ﬁﬁg dhinGelRbP bl etaAfIder Pnaiiehfthahken@Re a Newcastle
enbodi ment he nmet hod further conprises, releasing

diseasegvifiug-1sp paréicie; whergrseidqiagtiols comprises 12 mAkix ppter Ineagt
embodxﬁ'ﬁeﬂ% tllﬂal ceﬂr}s ﬁg%%hg—glgﬁ 153%1{]:?%%&8 {elljl?.v\o o1 re{aﬁ?fotdhﬁéxﬁ, the expression
vector ginmrmps’ IG(EAG@S Ifvore enbatimamnthe glycoprotqmsese stledted/orhitlongroup

consist G0N S AL PrOtott B AL O PG A L s et U BBeFhaCdment,

the expMR¥BAF&di6 fdﬁﬁ&@%ﬁlpﬁwstascnm %éciﬁeﬁé’&!n@bdingﬁ eluateod Eﬁ& brotein. In
two viral éyotelns ii) a_cell capab ei ng

one embwaﬁ@fﬂ'e&teé@et gher cpEwrises, rel&ﬁﬁﬂn&aalé Y‘@Fﬁslﬂl‘é‘dtaﬁlfée @taﬁncffﬁclency
of at 1e£s‘€ bk%bi{n S Sy REmek:. HPYELs- AR é‘;?alrﬁél m}?ﬁsﬁ?ﬁﬁ%g‘c 184kt two
I'an” vacci né conprising a vi e part one
vuﬂgﬂgnmoﬁmnent said cell conprises sub confl uent avi an
cells. i one enbodinent, said cell conprises hunman
Cglelembodimephef mmwmntimwtmmmmmodmsing, a)

CA
providifp SR SEPe et QAR b I EALD PRR ey e

virus mbit [26teli Dt Ragitdo FirherR@Ptdiéingiil) arell cgiibly dfdsig transfected by
protein_hi one enbadi nent, the vector further

said Ve%terfra}aql e gra%sf%qmgsgléaalé R eaidd Neshen tw&eracqalé&oea thapgqrgrate an avian
Vaccmeq{ogr‘gﬁi alViru@lifke ?%@Q' T Bhe etﬁﬂﬁlnﬂ?ﬁth&% deif ctoﬂﬁfrlses sub-confluent

co s releasing said virus-l1ke particle at an .
avian céfsf ilg Dnme:t;lbm:(ﬁmamt sanchedll @Bfyrises hummea celidh ol anerembodimienit, said

expressgozﬁ voeclé){ c?rggxgs[es P%C&Sﬁ glgpréllpgeﬁgilg}leg e h)égﬁrg?ems are seléjcted from

the gro@®Reh¥RI3a fubibe pRItEaand a hétﬁ@g(}ﬂdtﬁﬁh ﬁ&ﬁ&lﬁﬂ@dla@t: ffotéin. In one
nmet hod, conprising; a) provi i) a vaccine

embodlef@ﬁb thesierigr Surfieneqianrises apléb%\ss@qwmg snqoding graicleoeapsidgetein. In
one em@od\ﬁ‘éﬁtaﬁllteln%iﬂ%dsﬁﬁﬁg 0\5 H§esnr?1'é£§n#os (P\'}lﬁlsnlblf%gﬂot?ctl ét%ﬁ%&'ﬁcwncy

vita ycoprotein capa
of at least 85%. In one embodlment said virus-like particle comprises said matrix protein and

bk

said at least two viral glycoproteins.
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i mmuni zation by said virus-like particle; b)

i mruni zing said host by said virus-like particle under
w@oemwdiotg2ens such that anti bodies directed to sSBETIUS2006/030319

virus-like particle are produced. In one enbodi nent,

the host is selected fromthe group consisting of

Ta\6ha Bmbodinient thegmebehtlimeention sowtpmplatrs @dieteor, comnprsing;

.al ycoproteins are selected, fr.omthe group consisti.n
o) providia F NGieHH PTG & NENtEoa RO T Hhe IR o gt
disease MERLRIAx ptdleiR PRl ATBAEWEikal glyREprotass; fiPa howtbhgible of
conprises a nucl eocapsid protein. One enbodi nent of .
immunization by esidvirus-ilreparfiels; Dammaming wid bosthy pad virus-like particle
C ri sing; .a)..provi . Vik
s o105 S NS 08 LA RR AR R poducet. e
embodiréxt] the hest idsdieveddiinh thediragadsivting st avidy mxripe, ahé humamdn one

cat least two viral glycoproteins; ii). host . capabl.e
ermbodizgent; (giHepBipesHt skl Tk 1 e pbisfo Dk Sgph Broéin, and o
'lﬂ{ﬁm' G iR BREL 1008 BindoMARES, BR VABERE At MBHEdmhRIEs a
hermg“"ﬂsuc t yi&&gﬁlt%ieglgdi es di Pect egl to said virus-Ilike i
nucleocgmid proteen.ar e produced. In one enbodi nent, said host is
sel ected fromthe group conprising avian, nurine, and
Buerembodimenrd teaertihiaNention apetewplates 2y mehod spmpHsiag; 2)
...conprises a Newcast [ h-r 1S = |4 -pankl old 9
providie 00 A BB RS CO B A SRS MRS faficle
Newcastlb @isg4se Wiru€ piamty gowe mdfatkagnwpvobleilycoparteing ii) a host capable of

S B SRR IS ot B30 vcin e

conditioR¥ Sh@ARARSHiBoRE:QhiRLRd td $hiPWeusSRQAIBNAre phdiRc@l. cnt

Invention contenpl ates an VLP vacci ne_expressi on

embodimynt; said bestrisyseleried fignt the group DRMPERBS AYiAR BUHTe, aid kypag. In one
.pr ot ej. ene f ' . d 1k bMSicle. In

embodiBE R, Fi BRE AT Bt s HROGPANE BBAS ARE LK piFicls T one

embodi@eMesdid giycapreens act szaed Stonethdigsrpeemprising adtsien protamdnd a
a third cDNA encoding a thicd,viral, prot.ei ene from

hemagefyting} paBRgaRe DIPIFIT g OBRSBPAEISRD Gefiac iy St Fopprie o

nucleocgfgs@&ﬁio[bhgene is selected fromthe group conprising HN
protein, F protein, NP protein or Mprotein. In one
BRI Bment, B fredeht inFbdtRntoh@mPRI@CSALY vautinekepression
group conprising strain Hertz, strain AY, or_strain

system @mprisingomersbel A oneering ¢ fiest ¥iselpreieip goas rpma WshNgkrstle

. is selected fr i h B sedond

e STy SR OPN BB SOTRS| RteR g Bios

Newcastibdisssseaids straimjand iashisbt BN Aagcédingra thid irabpyetein gene from a third

. conpri i strai rtz, strain AV, or.strai O o |
suain. By cryoanHEince ERCVEFriotersd s e AOGaRLEo cobrsing N
protein, FehrB i W Srothid HOVIPEALIR. TR nsbddemél, e Gisesiain s selected from

protein, protein or Mprotein. |n one enpodinent, .
the groupreemypising syeindiertz; grafppde pegrat B Ihen um%ﬁ? ssepyd viral
. strain ' ; i n.Bl . .
protin Bl Befiid fom T A0k CapPin HERIIGES £ plefein NP proteipor M
protein."Bi die@nibodingkeit, ehd sengndestrain @lselpeted &bm thegwup comprising strain

Hertz, strain AV, or strain B1. In one embodiment, the third viral protein gene is selected from

the group comprising HN protein, F protein, NP protein or M protein. In one embodiment, the

third strain is selected from the group comprising strain Hertz, strain AV, or strain B1. In one
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i ncorporated into a VLP vacci ne conprising contacting
the viral protein gene with strain specific antibodies
w@eoo7mcepor at ed sequence tags. Definitions ThRCT/E82086/030319
used within the present invention are generally used
according to those definitions accepted by one having
embodi@efl thefpyessht 1h{'enltlbn t:blﬁelﬁplbtes wintetthadhfer ﬂ@tédtm\g/l angral proteln gene
exceptions; The "Virus-| Lkeggartl cle' as

incorpopisdapip, a VEP SR s oTsHe Rrerie bl Yoo Eiiar WI‘E.SFW@FPGCIﬁC
antibodi¥s bPinc@pot¥idd @lenc¥tdz@! Proteins. For exanple, a
virus-lrke particle nay conpletely lack the DNA or RNA
genome. Further, a virus-like particle conprising
viral capsid proteins may under go spont aneous
Definitogs f - assenbl y. Preparations of virus-like particles
are contenpl ated in one enbodi ment, where the

PheRAh@bdeaRyiltEn %&)lrésbﬁquehﬁsn ok eﬂérﬁl@}tr LR Sc¥drling A thoS
at | east substantially free, such that the preparation

deﬁmtlmwcemsﬂﬂm ariednaving @rd;@m slif) iy thejans @etbutm@}llowmeemmtwns
matrlxgroteln “menbrane protein", or "Mprotein"
’£he terva dfvines-Wrapartiddelhas used heseist refass fogtrgn-ingstibe vii srbunit either

ndth t
with, o P SRl BSieB P St AR pFtpf ) bbbl e D
or RNASgehumte u F&rtl@dﬂ,cb ﬁu&dimwfo&c&mmmgﬂml tasit protefisemy undergo
pr ot ej n" protei n" as used herein, neans a
Spontans?taseifﬁ%eﬁéﬂy pl?rsPaéef@SPF B bl Rl ctippRiel dinane
embodlﬁ%gt' AheR hOslep£&idn i Bﬁﬁﬁecpﬁ‘ed dﬂﬁ‘ﬁbﬁlﬁlsfvﬁ*?dr@ MobR UdMBERbstantially
he  viral envel ope and the cell nenbrane. However, it

free, su¢lsthnidhe prepenatienihastinguifi¢ient pu@benﬁtto baipdertionn: be |i mited

to functional F proteins. For exanple, an F protein

og/telye “svatridudtely, “mernbrans PrPteidner SY@rotais)’ aphtedhstein, means
any pro eﬂlmr%geﬁ%ea %?tﬁxjéeﬂhe]eg%l%{%: eéaﬁl(/l éﬂ‘eglglé%% %ﬁ%&s <§0\f§ gn ficilitates the
organizafdn andtmantemdnct bethe ummmtrpctoteeand bubdig pﬂcﬁ@asm mcs

naturally occurring F-protein nmutations in avirulent

TeMesh rAisive, prataoh” ion “E ptoltemfwstusecbheremi meawmtapy pariyin that projects

otential side effect ell-cell, fusi.on t he .

from thf Brvikis Shacgiend Tophietithiel Sy BY ndpeita et ByehEhpe vial
envelope MRd BfeQeR infbmiRSncd FRAv e, ﬁ:'lﬁlnotriﬁ‘t@ﬂ@edétﬁafc i 153 @%&Hnﬂ 1rivbﬁﬂon be

associates with grrﬁr;om c RNAE{ﬂ , for exanple, on
limited pepfuaetinnal Beroteias Ffes eyaraple avfopeteisman be rageded By mutant F gene
such as r\#& hgﬂﬁﬁ té%f tgelgtidl(i’g -II:‘IEI fS% rpbeheved to el,lmlnate the norma] cleavage and

magg ut 1 hi n-nedr am nidase protein HN proteil n”,
subsequent detipattineifitheafhisios prbtéinr Bikal 15 Qeranmcanz}tunaﬂymecumnngﬁ{protem

. spans.t V| envel.ape an roj.ects fromthe surf
mtatiog iy nkleg: NBM el ah gl Pyt URHTE ande iy e 068 of
cell-cellfusiBn on k¥ reR¥RMTNELPsPY binding to sialic acid on a

cell surface). These proteins possess both

PRERRA ShadiRabsiPProfie’ dreMPaFbiRintag scliGietdlh,tifeans any protein that

associates with genomic RNA (i.e., for example, one molecule per hexamer) and protects the

RNA from nuclease digestion.

The term “haemagglutinin-neuraminidase protein”, “HN protein”, or G protein as used

herein, means any protein that spans the viral envelope and projects from the surface as spikes to
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The term "gl ycoprotein" as used herein, refers to any
protein conjugated to a nonprotein group that
w@epoiees a carbohydrate. The term " par anyxovPCUBS2086030319
used herein, refers to any virus of the
xQui ri dae fam |y of the Mononegaviral es order;

.. P
famhta%e?f;&lalr%?‘@%bﬂﬂ fx‘pé%(eﬁs@r sxaple bé’tbﬂ%(h’é&@ siis; agidrarsaeeell surface).
These f éﬁf&% s*%EstJtﬁ’Ba R f ALy, di seases

Weastle di sease 3

or exanp
’* u

exa%?ff“np ol Vﬁ.‘kﬁ*&é@ﬁ offeler @) © 9 prokll i g Shgroroten
group thatroompribdsaesdadsohyirates, Respiratory syncyti al (RQ

virus, rinderpest virus, distenper virus, siman

(e dérmf “tpaenpyaovirustias (SdSereid, yeferslto aby yviressf thil Pdrbimcoviridae

fl uenza V|r ses, etc. Sendai viryses may _be |
famity GG Mg Ralen attRi ot e Toerlierense sitsls smsngd BAGswases
respons‘iﬁlé ForSnundel bf fha dnd BRRA iddsdes eStﬂSlaé}dampléD Ne%as@l@ -disease)
I nconpl ete viruses such as the DI particle (J

Paramykguiguses@ichuda, 131t a1} limitpdtoh iexadplel Sepdairgruso e\d@sﬂe disease
n er|al for

i, O Oroc B, Ak BB b S B sk e cisenper
virus, stretanmpiragifiteiDamaius (SUS), typed Inene [[Im hutherh péirginflaedaliruses, etc.

eqgi on | raI rotein that i nvol ved in the L
Senda irs g e Sl e e it Fons, BoeBiGry Papestigans, artificially
construHﬁH’@frﬁﬁ@ or kabe 1618 Q¥R Shchtis DT YarGARBLINRY, 1994, 68,

ifs known to iate protein-protein i nteractions’

8413- Sﬁb%)vﬁ@ﬁle@léw cahg@nucﬂ@qndéa‘», 84 sqror, meayaakyel b, utidized asamatetidlfor

BRI T 0510, ), 7

?ﬁ@%e‘Lat% &%nﬁ%%‘ﬁé‘r%%r% s 1o e[n?nz%gﬁ 1’4 v1rﬁ§)rol{§’ S‘iihat is

her el n, ers to any nuc
involvedxmgwﬂmd@ng) pEviats pamc@@rf&sn e aciﬁb bkasmﬁ nexjhta®s |Bate Mrhiimm

o s T S B S St

protemgl E&Qﬁﬁrﬂﬁl@l A JeabtBice Ala8se8 ¥PHROEHRBmMMELIPDAR (QEQEID NO: 4) PPXY
or insect cell culture system For exanpl e,

(SEQ HBé\EQrP'bW YersKTy EEHQ D Y3 Miee- foeerample, ﬁé{F&Nb@@quﬁaeﬁ)ous
Lepi doptera species. The term"transfect” or
The teraf ¥eatory gs uspd hereiny refersde any nuclestide sesjuane COBPHSINE sm

exo genég}eél c%f!.g{a%be né§ Ezg e'@lé)g?r@sfs JGPHRR L 3LiE df(%&}(%n?ﬁgg Hetor may

s cces ection resdul
compriseapaioleld deyd @fcoﬂllng alvrst metelk Iprdteinexd nEelssst any glypﬁ;frattelm ¢hat are

rried by the vect Transfecti ons
expressgf Bifin et A Tot5L SR BT o ok PAHEl Erp biculovirus
vector thiyetsdsed td @dhs RIS e Bepl@s&h s?’é@@é’sesSI on within a

cell, wherein the vector is no ntegrated within the
mﬂéterrﬁ ElrhnsGRAOGTE traM fBinpALY W8l Heredd, fif@h k@&ﬂyaﬁ&haﬁ’gmw which
nprises vectaor expression within a cell, wherein the

a vectonyBgY b N @ppIRE g arasaelinsupees Hbsthstelion tswe e the capability

of the host cell to express any operative genes carried by the vector. Transfections may be stable
or transient. One example of a transient transfection comprises vector expression within a cell,

wherein the vector is not integrated within the host cell genome. Alternatively, a stable
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The term "host" as used herein, refers to any organi sm
capabl e of becom ng infected by a virus and i muni zed
whoodovi2eus- | i ke particle. A host may be an avP@mnukmgs/030319

(i.e., for exanple, a chicken) or a mammalian host
(i.e., for exanple, human, nouse, dog, rat, cow,

transfecHbE eRnpeice vbctoerxgrdsmmwnhﬂmmﬂicwhemgi thaseatmael ittegratedvyvithin the
refers to any atomor nolecule that can be used to

host celpgepmge a det ect abl e (pr eferably quantifiable) signal,

and that can be 0 a nucleic a r.ot ei_n

Pl gt cbests diged S phegys g AN e Blecof e e Hifeted by a
virus anfdI it %,%? %?%. witu8 Gk Bt WhosERaP bk AR hYiNn hekt @Vd. N8E Example, a

X-ray action of absorption, magnetism enzynatic ,

chickenot & wiatnyalian dost Kiee.J fokexanple, bé@;l@:eﬁ@@wpa@g, yBOWe sheep, etc.).

charged noiety (positive or negative charge)

&h¢ Brmdsiquetiop, tagﬁ‘my upgst hierein.geferrelo ang pton @erqojéml@ thapepgrbe used
to prov@g &SS%S gggggre e6a %1% glglg)gs&%*ﬁ? lcaglh g%aﬁ%éf%eo%ﬁa%% §lahucleic acid
or proteid €HegiERe tRF” map pﬂﬁtcﬁ&t@i@ls&lete’&hbleth@rrﬂnor@dq:me,a:aﬂlba@ts/lty,

used herein,_refers to any conpound whi ch enh nc(\%g dth
colorimetry < BHITIES Y4 Frea GHTATEOR B HHSPPLO N AP LY BR iscPe i and the

like. Aa‘?ﬁcﬁlgﬁdegt PRy b é}%}ge@qﬁﬁéﬂy%ééi’ﬁ‘veQr néBRiveIcHAHE)Sor Bit€rnatively,

ow ng figures are presénted only as an

~ may be |chdtrgs neuttal. ofSeqiensp éagist fan inptbduioraonsist G nuplsiqreiberprotein

sequean %o?lg)tgg %n gx%ggcgl%%e coglpgi {ﬁg?ﬂ%‘%@q&eﬂcgﬁgl’ isrﬁertécﬂt%ie Fi gure

expression of NP,

T 5 B8Rl e g Bt Vo O ot

' stimulatek @tSheeiredespBasaerheAadmidstered edthen aphfgangs). B) extracts

were i munoprecipitated with a cocktail of antibodies
specific for all viral proteins and precipitated
| abel ed proteins are shown on the left side of each
Brief Desdigition@PThaFigueéses i n cel | supernatants were
purified as described in Exanple 4. After flotation
ICht folkwdinigurer aeprstmed mi}z hs gr idldstertion of specifisrenvidiments of the

I, mun itated body cocktail (right side

presemé‘?"e@'é%‘ﬁ rﬂg"ﬁg tmt?ﬂ%e\g&gﬂg W“?ﬁ“ each fraction (g/cc) is
hown  at the b Panel. A. avi an. cel

BISS LAEFa: SR O ORSRES R Ei ot . FifNy e M protins

resulte@iﬁd\/](P FiNhatiVeAR relRsHe0 Ratlioweivwsly labdbdprowinstin both the transfected
- met hi oni ne_ and 35S-cysteine for .4 hours %%%qal % di

(Panel Ahaml infeated dPansl Rbexiragifivsie mpeopsesiniipfadoriisa pesdfall of antibodies
specifi A@ allfg{xlﬁl prﬁmﬁgﬁﬁ}e&? tétéc&a'b@l@? gfé)??réér’:hb Qh(NQlV@n ﬁx% rl@ﬂ ﬂde of each

panel. VDIP pﬁtlbkamnsqell\mpafnqjaﬂtsweteamaﬁedl af @sc@bydrm ﬂﬁzfa@sle dﬁ\fter
medi um f.or 8

hased in non-radi oact
flotetioR g iRE EHRILGHE E3e AT, SRR ey ener i T aocy
cocktail @lgBPSi& &Seach panel). The density of each fraction (g/cc) is shown at the bottom.
Panel A: avian cells, co-transfected with pCAGGS(-NP), (-M), (F- K115Q), and
(-HN), were radioactively labeled with 353-methionine and **S-cysteine for 4 hours (P)

and then chased in non-radioactive medium for 8 hours (C).
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determ ned by the anmpbunt of Mprotein in the pul se and
chase cell extracts. The results of 3 separate

wezpeniaent s were averaged and the standard deRCEHUBIING6/030319
is shown. Figure 2 presents exenplary data show ng

.t hat ein is_suffici ent for VLP rel ease. Avi an
cel | s“ﬂwg?@ ‘AvERSelly idectod Wi DERGESaPAY, with a paydtiplicig Of

ahfbctisiNNIOD ofi sGHR s tho'a?sn Rlerd biddtOUBel PR 96?&1%&&?% ée/nd chased in

| abel ed proteins in the éxtracts at ti

(oefredioatiore otedden fari8diouds, Particles in the
supernatants of avian cells expressing N°, M F, and
HN i ndlangldy @hqmgﬁ thewgrastittine efeffisicad) efhiriéd amit €HP rmase as

EURLARE 85 30 P APIRP G RSl RS g chrsksit fRicis The resuts

rodldisepaeite ‘éﬁfbefmhe@@edvﬁé afdridediang titastindad dek RIbE ACRown.
supernatant. Panel C shows the quantification of the

Fipue 2 presénte sgempligdaiathbwinylel M phfteih BSicier ffort ‘V'LF Eelease.
Av1an¢daZl§ar ate experinents were averaged . and the standard

EES %steé’tegWHWPCfFG@§r1§Pa3%r Q. andeBY indjviduella.
show ?ffects of. NP, or HN pr otel n co- expression
with %%‘? Aoy 6%11%315‘/?1@ labsled profoing i the pxtacts at time of pulse (left)

bh@BiSdse E‘i?@p‘@aﬁbl&l ih t&%ﬁ%}ﬂ&t@n@ 8??%5&?&&119 %§%r%%%ﬁ%@ﬁ J hF and

structura roteln genes W se
IR individupllybwere woncehiratied entl ﬂmted:lﬁNFSucEﬁé/graErth as kibkchPRed above

ﬁl\?gh NP+M wherein F is F-K 15Q . Labeling in a
e-chase protocol is as described in Figure 1.
Parti 6

e su rna.ats re . .
concenlflr? §Pp %18 gl tdng’ﬂ%"f 154t gﬁc{%{%%ﬁ%’i\gg@é‘:tﬁ’reg'o‘ia%?dspmtems
darivtdSoon btk superfitadtpl e 4. Panel A shows | abel ed
proteins in cell extracts at tine of pulse (top) and

c h as ePémad)[lsrhm)vs tRapenhtifBatfowstht BRoMItObLiRE pRItEs @VLPE The

]ES ient fraction after imunopreci |tat|on of

Tl ¢ tﬁw ST W@gﬂwgﬁweﬁ%wr%g flaie bosgsrgiderigdion is shovn.

%j%{,{ hefr ctlons are s the bottom )
Pﬁege Ay, 04 hRE SHFRLT O4R) ot ERGRTDkHHoqvpxpression

with M pf&¢igion VATEErefbe. Sﬁﬂ%‘ célls nﬁ&sfé&%ﬁ@mﬂﬁﬂﬁpcﬂ&ble combinations of two
radloactlvely | abel ed proteins in those

NDV stgicqrplens 9@1%@@1@& (i, rivWesetcambinations in¢lodingdmt 06t lmitdd to, F+NP,
F+M, FR [ vian cel |l
R RSy P 0 PR P UL PR Pl S i onase
protocokisan descrbetbini Figiiren. Partisles preserffiigtheuperfitfgewee concentrated and
then ﬂo%tsﬁgﬁﬁl)] SIE(% dat %}Fgr{tqg?Séggcn%fefd ?nc ]%)%an?gle gxpressing all
Panel A shows labeled proteins in cell extracts at time of pulse (top) and chase
(bottom).

Panel B shows the proteins present in each gradient fraction after
immunoprecipitation of each fraction with an antibody cocktail. Densities (g/cc) of the
fractions are shown at the bottom. Gradients from transfections that did not contain M
protein are not shown since there were no radioactively labeled proteins in those

gradients.
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viral proteins on VLP rel ease. Avian cells,

transfected with all possible conbinations of three
woRM7eI2eTt ural protein genes, were | abel ed i NPEI/US2006/030319

pul se-chase protocol and particles in the supernatant

were concentrated and floated into a sucrose gradi ent

as i npanboUER WS thd Geanifieitiinnef ehch firbeincial VL Eskleassti froner e

i mrunopreci pitated with the anti{:) dy cocktail . tﬁnel (f\d

wansfected gulan golyy: dresilisare fheypipgeq ‘Sﬁ%te&’%ﬁm?fffw © standar

cﬁ’é{:lii?i%nﬁsté?ﬁ)vn?‘nd chase (botton). Panel B shows the

proteins present in each gradient fraction after

HRLREELRAL DAl el asliroty by i antiodo e
viral prddeins bi V&P relgasec Avidn delle, tfansfectedmithatl@ostillamombingtiens of three

bottqm Panel C sh antificati t f
DV Rk i B A Mo Ao o p B
superna¥aPwER| BAGRIRRE 8fd gpattdBitdeaRednt gofdigu bsin HiglelleThdproteins in

protein remaining in the chase ex(f racts, Panel E show

the cell phizacksey eie iTpEuBPRSEFipPistest With fs@atibedyiroeHatlpul se

extracts., Figure 5 presents exenplary. dat how

Lhat Keoe Adhew giinveleninGloxroieoRlisas ahpplse ((op) dnd chase

%é%ﬁé‘h 228Q bl ocked rel ease of M protei n-contai ni ng
articles. Panel | eft, shows pul se | abel ed extracts

A,
of h 1 ﬁgﬁ%ﬁfﬁk %%b&%ﬁ%@r&% £ Sk HRARERMSOY after

£
transfecte (1.0 ng) and either _
jnDeRepechiitation bbHeach GradtionOwith amantibody eepktadk for some of the viral

Red2- Nl - CHW3- REP. (.0, 1, Q.5
BR i R S BT Db Ry o BBl Sl
8 . P l,. B, f t. f
o0l Scb sh G PR S upen R iR of M hau Y Ba GO RAN VP
t d, wit - i
205h 561 68 e RAASES N 19, Sl A AR BB B By tbold
Ieproaaeniatiing nhesehacebttmeaf ter an 8 hour chase.
Transfected 293T cells in both A and B were | abeled in
a pul BeretBahew featiativd arasuntesidviipbeteiniin tHei ppiseex tacts.

Particles from supernatants were concentrated by
ERitd 3 pregats exemphirpdaa shuving thapdmniagntdwgativelewiaints of CHMP3

Exanpl e 4. Papels C and D show percent. .VLPs rel eased

and Vor} BARCh bleskd et U e o R s
r DsRed2- Nl - CHVP3 or - Vps4A- E2 relative.to those
rel ea @%T[\I’Ar lsfh @’é’l"‘i@“&?i"i’glfeg@F@%C%WM-C%IISJ%%‘[ EE
Vigfifiiheon il Yrandtedted Fitkp@AGES-Mhavo fid)end eithdri pDaRedh Nofector (0.1,
protei n expression IS{JU| se | abelg In_the cel] )
0.5 and 1.0 pg) or pDsRed2-NI-CHMP3-REP (0.1, 0.5 and 1.0 pg). Panel A, right, shows

the VLPs released from these cells after an 8 hour chase.

Panel B, left, shows extracts of pulse labeled cells that were simultaneously
transfected with pCAGGS-M and either pBJ5 vector or pBJ5-Vps4A-E228Q-Flag. Panel
B, right, shows the VLPs released from these cells after an 8 hour chase. Transfected
293T cells in both A and B were labeled in a pulse-chase protocol as described in Figure
1. Particles from supernatants were concentrated by centrifugation onto a sucrose pad as

described in Example 4.
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extracts. ldentical results were obtained in two

separate experinments. Figure 6 presents a schematic of
woep@7erhedi mnent of the viral protein structureP@f/US2006/030319

representative Paranyxovirus. Figure 7 presents a

schemati c of one enbodi nent of an infectious cycle

cause®aim}s @ anéprshowmertent/ B LParetaayedovom gells tEingfected 8vith

an ] [ uen 1 6) .. ( Panel

RPAHE M A 2 48 PR PP i B g o released
ERADEH]IS GradsfédtédwitiNg RIS -BI gidsweame oiliyr us nucl eocapsi d
protein (AB 124608). Figure 9 presents an amno acid
sequepagel{ BEAY F BhdVOi) quaittagdn M)pra@ih cxprudsibe giulsddabel) in the cell
sequence (SEQ ID NO 9) (Panel B) encoding a first
Ritichss tiientigaldesdis Were oliainedidyoOFePHata SEREFTERENS: dase
Er otein (AY288990). Figure 10 presents a partial am no

HUEe & BEpS@iRshereie of qqo emhotlinand abthe Xjrakypgater sciurgef a

represeﬂﬂéﬁ{/éepérml\gxoiﬁ%k{ence (SEQ ID NGO 11) (Panel B) encoding
a

I rst wcastl e di sease virus fusion protein (VI
FR8 7 phes @i £schPh L0 o PG dae@b
Iﬁ%ﬁlidplz% P%me‘ A?gfz};n egﬁ)r?uc eogl e segguen e%( SEQ | Ba
represehi@ive BjratiPenvaius.B) encodi ng a first Newcastle di sease
virus matrix protein (AY728363). Figures 12A/B present
biguze Hpohedt injanise goidsegeASHEQEDINSOI @) (Parel A) and a nucleotide

ab Vi X si on. vect or. 3705). Figure 13 .
sequend QL RINDN BB BT S himbais NS oot v hefpdibeia
protein€XBN24gigpn vector. Panel A: pCAGGS/ MCS; Panel B:

pJWI303 (US Pat. No. 5,916,879, herein incorporated by

Féfued @ prsgnts drd ansino utbid sbquened (@Et? Ig?aN o X)G(Pm@\mlsnd a nucleotide

expressi on yector_conpr,) ses. a ri .yt omegal ovirus . .
Sequenw%ﬁfl BN Qs Pame! B eprofme adug i S% @%ﬁaée Vs fiegiagpingnin-
neuramﬁﬁ@g@bﬁ{téﬁn@MYngb?gr aph data showing viral protein

accurrul ation resulting froma pul se-chase experi nment

Fiake S8 phrid Inhi] RIS ﬁé&l@(gﬂQ@ MO 0and] A) and a partial

cells. Panel A: F protein. Panel B:NP protein. Figure

nucleotils spqussenSEQIRRN!: B (Pawl B) etvodingg firbfdNeyiraptls dibeaae vits fusion

. wchase aut or adi ography shown in Figure 14. Panel
pmtem%h@g?otei n. Panel B: NP protein. D anonds: Avian

BRulS11 P IRSR aniPacid §&lubfee (SEQ ID NO:12) (Panel A) and a nucleotide

sequence (SEQ ID NO:13) (Panel B) encoding a first Newcastle disease virus matrix protein
(AY728363).

Figures 12A/B present of a nucleotide sequence (SEQ ID NO:14)for a baculovirus
expression vector (DQ003705).

Figure 13 presents two exemplary plasmids comprising a pCAGGS expression vector.

Panel A: pCAGGS/MCS; Panel B: pJW4303 (US Pat. No. 5,916,879, herein'incorporated by
reference). It should be noted that the pCAGGS expression vector comprises a hybrid

cytomegalovirus (CMV) beta actin promoter sequence.

12
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Figure 16 presents exenplary autoradi ograph data from
purification of VLPs in sucrose gradients rel eased
wo ec@momeisan cells (Panel A) and from COS-7 cel PGI/FBN€030319
B). Lanes 1 - 9 provide banding patterns in sucrose
densities of 1.12 - 1.26, respectively. HN =
rdgure g4 presents eneoplaraniotidingraphatats showmgvifaljgiotain accumulation
resultlr%,fg tng 'a%’ulsg| I%lehsregez%c%%g?%gﬁglt ?orgéa%ésg(lﬂélﬁﬁ%\ﬂgar_sg '%r%trr{ &%ian and COS-7 cells.

Panel A&UF @Eaélin0 Qaad) B: Nmpmbﬁegl residual viral proteins in cell
extract |ysates follow ng a pul se-chase experinent.

Banet 1Hprofetitasxepildrg datRsh@linBihefdontificeibh pulséchasee 18
resents exenpl ary data denpnstrating_the_ inproved

autora 98@9}%@@%& goFotdei Rangl A F oraisige Prich i AV papteopdpigmonds:
Av1anc®lls.V§ g@g?ca{)l mate cells (Panel B) when

trans ecte y an M protein cDNA Radi oactively

|F‘?£ﬁ"é el Ms&ft?éfe&ﬂbl@"a@tﬁfaﬁw(grdpﬁ d%&% Eﬂnﬁ@aﬁgn %ii?/%g!? fh sucrose

gradi enP density fraction
gradients @E)asadsfrcsh@wan celisfBamsl 29 apd &smrfﬁ@SQme(Ianyl B). Lanes 1 -9

prov1de zﬂl? ngl %’ ngszl}ltemzzl Cgﬁfgrl nﬁ ?% a#% Ae;si)g %ﬁﬁ\%—%eamagglutmin—

neuranﬁmdmtp@otaﬁl IF$ =(fRdoeproBin; iR ehuélé@@psﬁ@pidtéiﬂ My= itrkQrotein.
NP, M F-KI 15Q and HN protein cDNAs individually, or

tmgmfle Gir&dnts ah Bger@plml“ﬁhtdﬂéiﬁd)gﬁﬁpkﬁﬂmwﬁlg IMndlEdl lﬁiraﬂiﬁ&ems in cell
Qtein cDNAs, in conbination (. . Figure 2

extract ?%Sé@é bailovdne s oohees ERRsERsEh dene s@dﬂfl@l s fayel (ﬁamﬁ -7 cells.
? a nucl eoti 3:1 a&:‘ Léence (SE 3.6f) ( Pane|
HRET | P BTeseIELRG I At fRta Spnensiplng 1@131&0&5 fictency of M protem
VLP retb%@ﬁ&h%iaﬁ'(Pﬁ%ymvér@ﬁsct?éﬁﬂﬁrﬁ% § %lianleﬁ%) wﬁélgﬁalﬁfe%teh only

resents an am no aci d guence (S Panel
by an I\A))rcém cBNdy cRebedctively éalpul@ &é p{osED(VRING) ISlSI)DW(IlFIa n@dh sByrose

L L

'néur am ni dase p
e R T o R
particle(iPeael frd) aeias @inaDA parslCOfd phevitacsls €PdicEBpafecr tian®ection by
R TR LGN ISR R ——
of NP, M, FER$B (Y Iahd H‘I\Bﬂ)rofe'ﬁ?éDNAQ NRCEMPineAWNRER48) . Figure 24
presents an am no aci d sequence (SEQ I D'NO 22) (Panel

Mguad20 prefund KOS a&ie a&? d(eﬁé@nl WONG) Zhel £pail a Blleotide

encodlng a second Newc I sease virus nucleocapsid
sequenggy (SEE} I NOAR) 6Rrrall) ercpdie @ semng Newsatils dissaseriirye hampgilutinin-
neuramﬁﬁc‘i’éé@ﬂﬁﬁ\l&%@@ﬂfb).m 24) (Panel A) and a nucl eotide

Figure 21 presents an amino acid sequence (SEQ ID NO:17) (Panel A) and a nucleotide
sequence (SEQ ID NO:18) (Panel B) encoding a third Newcastle disease virus hemagglutinin-

neuraminidase protein (U37193).

Figure 22 presents an amino acid sequence (SEQ ID NO:19) (Panel A) and a nucleotide
sequence (SEQ ID NO:20) (Panel B) encoding a second Newcastle disease virus fusion protein

(M21881).
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sequence (SEQ ID NO 25) (Panel B) encoding a second

Newcast| e di sease virus matrix protein (M 6622).
wWOor@ane226 presents one enbodi nent of an am noP@DUS2006/030319

sequence (SEQ ID NO 26) (Panel A) and a nucl eoti de

sequence (SEQ ID NG 2i7gl) ( Panel qla encoding a third
Nigire 33 peesents amamingiacidssequenes (05 B BiO121) a8 é) Newcastle

. QUK . - 2 a nucl eoti de sequence (SEQ
dlseaser\}b&ﬁlg@%%zgpmgé%gﬁcﬁgj?’t% %g)'oli sease virus Bl conplete

). Fi ' ) on t hod .
950803 AEENEHTufle FUOHA BP0 NP TR TR oot
sequentd (SIEQ) AaNEs23)(Bartdl Babh@dingndeprrddesvicasiodibage ViegRicltdapsid
o t?éﬂ{) %ge a bacul ovi rus reconbi nant DNA cont ai ni ng
proteln ja: fgog hd S-tag sequence tags. Figure 30 depicts a

.rcular map of a wld-type PV._C6 _genone containing
%’5&‘%%? BiepRres %}b@WnPé‘&‘g‘i Sﬁ@l@?@%@l& IENR=34) fBinet 4) and gnucleotide

sequenSS{SEd) B NOWES) TP Sk BPYALoRAEG alsBRMII NS dalt1dPdiHa8d Hirus matrix protein
sequence dat abases, hr = AcNPV repetitive hormf%gous

(M1662%gi on positions. Figure 31 illustrates seven (7)
enbodi ments of a baculovirus transfer plasm d (pBAC).
Figyige 20 pesqnteensrenzbodinecnt nhadkimina acidfsequencs{SEE) H2 N@:26) (Panel

c . | . lLeptid .
e U068 3504 BNGAR-4ER Gt ) BRI, THSLSRb e s
virus maEspre®in((U23828)emaggl utinin protein (AY249267). Figure
33 presents one enbodi rent of an am no acid sequence

FRRRSEIDANC A prdséia naiucidtidesdqente (SR D BRD: S®PFRNGSvcastle
discase BT RORRIE WOPREAAAIEN (AY249260) . Fl gure 34

Bl e g B ST G Pl GBS D

TERUNT - TR T N
recomb@iagt BRBOntHRihg Hiis-RAp aﬁ@Eﬂ%gi Rehshcs egyence (SEQ ED

NO 35) (Panel A) and a nucl eoti de sequence (SEQ ED

Nguaf)0 ddpasiel cibdul RepifagyiRi-fybs ALNPRS Bshotle ddsitafrisd P9
. protein (AJl 33 108). Figure 36 presents one ]
PUtativeeRsB dracig fragnesa ieans marksd rithselid arews grskn wandyepmyed in

protein %éég%e dBlabAR4. gr 4 %&%N@Q’t fe%ﬁ%@ﬁ%llé@?%?o&ﬁ%@gﬁ?c&@o%@

|" 'B) encoding a sec VI T usi on
Plofte 1116828 % en (7) embodiments of a baculovirus transfer plasmid (pBAC).

Figure 32 presents one embodiment of an amino acid sequence (SEQ ID NQ:29) (Panel
A) and a nucleotide sequence (SEQ ID NO:30) (Panel B) encoding a first measles virus
hemagglutinin protein (AY249267).

Figure 33 presents one embodiment of an amino acid sequence (SEQ ID NO:31) (Panel
A) and a nucleotide sequence (SEQ ID NO:32) (Panel B) encoding a second measles virus
hemagglutinin protein (A'Y249269).
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Fi gure 37 presents one enbodi rent of an am no acid
sequence (SEQ ED NGO 39) (Panel A) and a nucl eoti de
waewaenee? (SEQ ED NO 40) (Panel B) encodi ng a p¢i/ps2006/030319
neasl es virus fusion protein (Yl 7840). Figure 38
presents one enbodi mrent of an am no acid sequence (SEQ

E%u%@ﬂﬂ&seﬁ@&ﬂ@ lembdiateet af amumiiaetdideequentsaSEQ ICSNQ:BP(Panel
1 42) (Panel B) encodin %I;[fi rst neasles, virus

A) and ppueleesids sequgnes GEQ I N guel B) grredingd third measles viys
mhodi mer i id SEQ ED NO 43

remasIRSHARH @¥RRIE 10 2cid Seauence (SEQED N0 43)
BARE o} s BPoluREE onh AT HAS el (G EFRO0) Eanel

A) and ehuepotaiisequeacd (SEEHUNNCS) (BEC! BpemNoling ) firFanedslepyiranfision

. ti de sequence (SEQ ED NO 46) (Panel B)
pmtemmgillﬁ%‘ a third neasles virus nucl eocapsid protein

L L RN T L

A) and RGeS dedeRaIGREIN NEBHPPAG! BBndoBmpel seBndaneemdi nigus fusion
~afirst nmeasles virus matrix protein (D12682). Figure
protein ¥05¥9dsent s one enbodi ment of an anino acid sequence

SEQ ED NO 49) (Panel A) and a nucl eotide seguen
%m EEPRENSmPe CPRAIMSB) OlAcHNA 8014 SeBERRf SHL] N0:39) (Panel
&) and Y g3 skdibpll (S8} T B0 (Pl OB SLRE AN fuston
protein (P&T0).A) and a nucl eoti de sequence (SEQ I D NO 52)
(Panel B) encoding a third neasles virus matrix

 Pranted fpresuisoae 2eibodimiegtiofansmipe aeid sedientr(SERHEUNReAHY) (Panel

,of an i N0_aci > E ) . and
9§y B P ST BN PERRTA E PBy fghid
nucleocdp§i@gtotdn AMBHIHY. respiratory syncytial virus G protein
(1.e., for exanple, a glycoprotein G protein)(U92
FQ4)e 30present ohd epibesiditns ofareaneind acld seuenaf (SEQ NG 3) (Panel

i d s¢ SEQ | D NO, 55 | A and .
) and feslai EREBAUSTCLI NEH DR sl Booco Bl anasler Ky

1 SECRGn (BRI RasPrY syncytial virus G protein
nuceO%AYBgB%ri;(. Fi gur)g 46 presents one enbodi nent of an

! . i o: |
ettt anA:h S0 A e e i O

A) and a nu¢leotifierseqysneafSHQ I3 YE:4a)i(Banel B) encoding a third measles virus
nucleocapsid protein (X01999).

Figure 41 presents one embodiment of an amino acid sequence (SEQ ID NO:47) (Panel
A) and a nucleotide sequence (SEQ ID NO:48) (Panel B) encoding a first measles virus matrix
protein (D12682).

Figure 42 presents one embodiment of an amino acid sequence (SEQ ID NO:49) (Panel
A) and a nucleotide sequence (SEQ ID NO:50) (Panel B) encoding a second measles virus
matrix protein (D12683).
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virus G protein (ABl 17522). Figure 47 presents one
enbodi nrent of an am no acid sequence (SEQ | D NO 59)

w@ Ranel924) and a nucl eoti de sequence (SEQ | D NErB0%2006/030319
(Panel B) encoding a first respiratory syncytial virus
fusion protein (AY198 177). Figure 48 presents one
@ichoel i Irpresemd orgrensoditnerd of ah sripo endse( SRR (SEQNID M) 51) (Panel

) andyzigpidssediosai S 10 oS PRE B Eaeeuiie it pqoss virus matix

protem\(Alng4’f7.9§l on prote| n (Z26524). Figure 49 presents one
nbodi mrent of an am no acid sequence (SEQ | D NO 63)

@?Pgmsm s@fiforft eMBoldaRdrt AP arb HAMB AR seqfekkd REYIHN0:53) (Panel
ane ) encodln% athird resplratory syncytral virus

A) andfaulslpléﬁtuiﬂ&@ﬂ@qnﬁe( HO:5H @ alp By gn¢ndengemifinst weapiratory syncytial
virus CEBRA @R tor BaPle MpRCARGRR G BUEREBILE v b6y
e

A) and entncldotidrdequdnca (S BQD N 66)d Pasd By ene d{igEQebdhdNCsjfiratory syncytial

anel a nucl eoti de sequence (SEQ I D NO 68)
VlmSG(@QWE]I(A%)%gEg]@dl ng a second respi ratory syncyti al

rus rix rot AY198177, ure 52
BBt Sl il of o Salynert e sty (B b8y tanet
A) and @?ﬁﬂl@btld@ seéﬁ’éﬁc@(SB@ I 80:69) (PasHl B efcddPiQ thiPheEspRitory syncytial
(Panel B) encoding a first respiratory syncytial virus
virus Grjgetet di782%r ot ei n (U07233). Figure 53 presents one
enbodi nrent of an am no acid sequence (SEQ I D NO
Fiznef7 mesentvong eithodBant gbasaniye geid seBrery @E@H?ﬁ'ﬂ) (Panel

iy e S

virus fisicageotes (@NEL98HBHdI nent of an am no aci d sequence (SEQ
ID NO 73) (Panel A) and a nucl eoti de sequence (SEQ
PG #34prefdrdneie eBbodinaant bfign zminhiacid se@spie @EEY ID NO:61) (Panel

) and OB LS T HTRETRD R 8 ¥ DRSS o
virus ifsPEQréInNZ2E59M).( Panel A) and a nucl eoti de sequence
(SEQ I D NO 76) (Panel B) encoding a first

Faguaé 19 plésdidPonéieiribddiEneht 6F 8O4RIRG Iaéid Béq‘iieﬁtef(SGQlHDB@ 63) (Panel
Fi gure. 56 presents one__enhodi mf no acid

A) and §é}&&]§ﬁt‘g@ SeDEnCe E,Q)IQ’N)O @436(3@1 B) el(l)codmg a t{Hrd respiratory syncytial
virus fusion protein (D00850).

-Lw—

Figure 50 presents one embodiment of an amino acid sequence (SEQ ID NO:65) (Panel
A) and a nucleotide sequence (SEQ ID NO:66) (Panel B) encoding a first respiratory syncytial
virus matrix protein (U02470).

Figure 51 presents one embodiment of an amino acid sequence (SEQ ID NO:67) (Panel
A) and a nucleotide sequence (SEQ ID NO:68) (Panel B) encoding a second respiratory syncytial
virus matrix protein (AY198177).
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A) and a nucl eoti de sequence (SEQ I DNO 78) (Panel B)
encoding a first parainfluenza virus 3 fusion protein

W@ DP0O01BRY7 Figure 57 presents one enbodi nent OPCHEIS2006/030319
am no acid sequence (SEQ ID NO 79) (Panel A) and a
nucl eoti de sequence (SEQ I DNO 80) (Panel B) encoding a
Eigeresd ppeents oht erebadimentrafen 3minesicihsegnertcei(BEQ ID NO:69) (Panel

1 T B N P S0 B Tyl e
i iyl SEQ | D NG 82 P | B di
s L catEuoEn, (S50 1D 10 82) (Parel ) encoing

ﬁgﬁ’ﬂé@@ g’igseﬁtrs 256 BB o ARLnEITRA Al ici®éeq@tn RIS PQ IPANU:71) (Panel
sequence (SEQ DD NO 83) (Panel A) and a nucl eoti de .
A) and seuplertide s¢SEQe| (SEQGIDBMQ:72ZD>@?@PI enspdBE B Sepoad fspittory syncytial

. i nfl ' 3 h [ utinin- inid
virus niSeaEpRid eI Fi gure 60 presents one embodi ment
f ' i d = . .
B a5 R 30 SRR ERER AL Fiec B 00:73) fpancl
A) and £AEDEHIAY séquRRE&ASEQURY HOL4) (RmzEB Véncoding a third respiratory syncytial

| hemaggl uti nj n-neur am ni dase protein (AB 189961). Fi gure
virus nuglepcapsidyupten (SARS odi rent of an amino aci d sequence

SEQ E NO 87 Panel A). and.a nucleotid €
{715E8 QSEgrmfg 8)}1)6 € H@plegt) gfélﬂ@gmlq] @clil SquF]{lC&?Sés%eIGB%S) (Panel
A) and PREGLJHdIY gcsevgjﬁ IBNOE el BNérRodiay b it pathdERienza virus 3

‘protein (L25350). Figure presents exenplary data
nucleocgpridiprotein FAt00RPpr ot ei ns may be encased in menbranous

particles. Avian cells were transfected wth pCAGGS—§/I
Biguirer ¥diressotsione eybpdipsntef apaminqetid sqayencg(8HQIRNO:77) (Panel

ur i;fi.ed. [ ; . .
0 R S PR PN S A s
fusion frGte@ID000EG). 1, 5, 10, and 20 ng /m; lanes 2 to 7

respectively) of Proteinase K for 30 minutes on ice.
Figupad7aprbehts ovk Bmbudineni ofcnsatiedadit sdgiemoei(SBR [R-OF9) (Panel

riqQr to Proteipase reatent . ( bot t.om panel.) . Af -
) and R elepicP ot B IECES (R PLHEHRT PER bargtiBhes vins
3 fusioPpteieg(Arsbapityl PMBF. M proteins were then
i mrunopreci pitated. Figure 63 presents exenplary data

Bl SW0prbfats dMe REMbEiTEnt &f Aneeihs edd tafeNdeRSEQI[BENO:81) (Panel
Avian cells were transfected with all, possi

i bl e, ) .
A) and g sntipatisteiseansnet (SEONRNORZ) EhmekBY erceding @tte dergptiuenza virus 3

. HN proteins in the absence of M cDNA (F-KI
matnxﬁrgbﬁ@o@? " 15Q+NP, HN+NP, NP+F-K1 15Q+HN). Particl es

iF%ufe% d ngr%ééﬂ?srdﬁ@te%gaini’éﬁ &f dNBRn® il EdREnccRBREI 1D WO®A) (Panel
prot el

present 1 n eac gr adient fraction. ) ]
A) and Radéleatideisvq@iopcd EEE) BUNO34 ¢Pangl Beéncoding pdirst paeainflppagp virus 3

hemagg?t?tinin—neuraminidase protein (AB189960).

Figure 60 presents one embodiment of an amino acid sequence (SEQ ID NO:85) (Panel
A) and a nucleotide sequence (SEQ ID NO:86) (Panel B) encoding a second parainfluenza virus
3 hemagglutinin-neuraminidase protein (AB189961).
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marker. Densities of fractions are shown at the bottom

(g/cc). Figure 64 presents exenplary data show ng
w@eoo7ocehi zati on of Mprotein with F and HN preCEUSZ06/030319

The cell surface localization of NDV F and HN proteins

and the cellular localization of Mproteins were

Firy @eprelpnts onawntiotlinesne stanoeinoacd ssqepse (SEQ BNNOeS ) ¢Panel

A) and f@t@elm()e l ré%mtg;:% g&TQe g&g sﬁ)%@%ifﬁjﬁ | l%)én@mﬁ%%%aﬁaﬂﬁen@a virus 3
hemag%&m@ne&%&iﬁ'ﬁﬁs@ g)otéiﬂ‘éLZiﬂ?JSO)‘l CDNAs (D). Nuclei were

stained with (bl'ue) 40 h post-transfection.
Frauae 6?2 presamss @@mm gatp ghqménet@t M preteingineay hegmpased in

membrgp tus E O;Blreg t gkfﬁn%gﬁé \Q?rg éﬁﬁsfg’{tﬁ(ﬁﬂtﬁ RU?!G% f\/ﬂngl r\.;c\lg1rogct1vely labeled

Ires as I n
VLPs Wmé hiﬁhbadl and @drified. "EQrdd60dpperi pami) 26d100Ppiiddlet manel) were treated

it AL O ML 3B b M I 01 L0 0L B SEEOMISL K o

Protemﬁt&br 1€ €H30aiduRBbh 1dX0 U BarMI&; X‘@Lﬁsﬁ@eﬁé GubRE ¢ f%qtﬁ’ten X-100 prior
I'mages were merged usi ng Adobe Phot oshop. Figure 65

to Pmt@n@S Entreatrasuws it tiony patet)a Adfteo ichbption iknrAtspicetsppiang tyesmstopped
by addllgigrq mJ?f dﬁ?ﬁt R nf‘oltf%lﬂs Yo %en%tﬁ?ﬁfek}é'&}t label ed VLPs

rom S expressin 15Q+HN (A),
Widurdd3 ﬂﬁ@h@éx@ﬁblar%ﬂ’dth/&lﬁ)w&g ﬂﬁQ\fK Epteamnid rédRit Fix (D) release.

. re lysed. in_ TN 1% Trit
Avian epliseTRIFESToRiEA sShe ipiinai et BN p Ao Voo
encodlwtfa'ahdﬂfN Ee'lns in fﬁ(eoatb%ﬂ&e %FM MA Kﬁ5q+HW|FrK115Q+NP

anti1-HR2, i-Ftail, anti-F2-9 nmonocl onal
HN+NB,rN1i”=H=(<¢£§Q+H%Iht Partiplepingreld |Shpealifﬂ’fm§‘b‘ﬂﬁl‘@§hf(ﬂrﬁuﬂﬁ@¢ Panels show

protemgﬁliegeglt Pye%l(c:);P %glgéegl?ﬁ‘aﬁﬁ%‘l% R%B&c%i%%l? ﬁa&ltega g%@&g&’ gélpésa#act was used as
marker0Densitighdf factiddGre mmnlmwoms(gme) | as pre-inmune
a re used as, negative .contro 0
e B RS BRI (11 S SURCRB I PAURR BY N RORG i  and FIN
proteins. e’@ﬁé cefl shirfde 1804 b OIS R HIN ioldns RIS e8lulg I&talization of
washed three tines in cold TNE with 0.5% Triton X-| QOO

M protaius Wesg enayzesdnyl immurofeiersnecnicaroonst oA War erls yesneithent
transfecﬁ?&ndﬁﬁ&ﬁﬁ# 2& W%é fST q|5 ﬁ/([) BYERPST @‘}(fuﬂ RIp+-M-+F-K115

ectr w one o ree i ndependent
NP+MeHN el Mﬂth 15Q+HNV(/OD hnd a:lbm tDddls (DgsNh¢lsi wée glained 86th DAPI

YA IER L L LR A R

antibod¥dsioR bntRHN SlofiPhRiRiRs hiin@icaell iPMSs paRile CCER we permeabilized
co- i nmunopr eci pitation of proteins in VLPs. Al so shown

with 0.8%% qupétlpamnwetow@ﬁtl@rawﬂh AtEMaprofeimantibedy. Sespndary
antlbodrle%svslfgre %%cpraﬁﬁﬁ gﬁp)!a E’X luEaS[ g%%%é}ﬁl%\cpér(ngfﬁoﬁgeoAlg§%5ﬁqco% ugate

|na|onso erns wt
(red). Ipagbewere n&rg&ﬂﬁn@lAdrrbe%ntosh@xenpl ary data show ng

VLPs rel eased fro 3T cells. 293T cells, tran
Kk §EpiaRB PG 3 SHRTE SRR e BERCLES geins in
VLPs. R¥lioa&iivékiatdleVeps generated from cells expressing NP+M+F-K115Q+HN (A),
M+F-K115Q+HN (B), NP+M+F-K115Q (C) and NP+M+HN (D) were lysed in TNE buffer
with 1% Triton X -100. Lysed VLPs were then incubated with excess amounts of cocktail of

anti-F protein antibodies (anti-HR1, anti-HR2, anti-Ftail, anti-F2-96 and monoclonal anti-F
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HN (Panel B), were radioactively |abeled with [35S]
nmet hi oni ne and [ 35S] cysteine for 4 hours (P) and then
w@hb@3e2in non-radi oacti ve nmedi um for 8 hours ¥/US2006/030319
Proteins present in cell |lysates were
I mmunoprecipitated with a cocktail of antibodies
(G5)), @pENfpretefantipddiesv(intiabf mondcdinas amivddiske aﬂ[—Mpmtmmdoclonal

. label ed .protejns are sho n the.left si ch
anibody gh gpekiapbah ieY saedthic aitodien fa RIS &t .51 &% fuod % wellus
pre-imritle detdPere Abddes nfeéé%fv@tcbﬁ’ti’olk M@ @ d 35 3-SR Spitated with

(right side of each panel), each gradient fraction was

prewashadlﬁmscpbm @rtaatee@t 2vh € mtmstmylxm ISagiples wrise washed three

of, & fra
times nb%q']% Egmfi “@ES toB ?&e l@ t éﬁ e x c%—ﬂc"nr}gur%og%cw1ta§on W{: e
accompisheicdt 48C. Phokeins were r@BIi'edi bmSDSnEAGE@aI ¢ly@roplbmbis. Results show

rotein of the VPS path %/ng tein VLP rel ease.
one of thegedpderendsgihrrreampniaall with idegiic %t}{tscel s (top) and
E@@fp gén&%xé \Mb &Qa Elﬁfvshi&%bt%?elﬁ Bﬁ)tténq Tﬂte&étﬁﬁb C&?V!LPS Inset:
tran ected CAGGS- ei ther rDsRed

Variouwenlbaﬂlméﬂltanévma)l prq@@ﬂ@r@ﬁn@amsuqnsahec@l by rcopmmedrzrmpltatwn of

proteingllgl:,3 3 ch'>: fl}ogxz&aal}g H]C'J)s%r%t%ve é)S 8151n e\ll\a%tlﬁl% that X%}r ?&113 noassembly

ease
of VLP6 hkﬁ”hieﬁﬂb’}/ cble@piessidd of ﬂl&o&ﬂb&iﬁlﬁﬁﬁlém \H, tuhid FEASEGEiy| vaﬂdM protein.

%gygee G Er%%@ée%gégml aQ g)ojﬁglp%g{gg)gg\{w 4A)gt(9!3iggg82 )0’2f9%[1“ cells
transfe&gﬂltﬁ thasds Mpardi %) Qﬁw&ﬁﬁ&ﬂgé B%J(%:@@S(Ibpt MF-K 1530, and —

o-transfected Wlt
HN (Pangishe d@rd\tladweczttvgly Ighedavewith F’ Simaghianipe apfh %S]zmetem)e feyr4 hours (P)

and the r@lg%e ur} %Oéx Ii"@l‘))e(ftwg (&;flwp%or l?lrs((i n?r ?fgelgss é%g r gk}mcc‘ells}?s%ées were

immuné@beprsdedelth & cosktdingt mb&@émpwﬁo Iﬁfralﬂl mtpnommshn
Particles were then purifi

brecipi R A SIS A5 P b AR (A8 15 SIHBOT BB pans). Baicles el
supemzft‘ﬁ{té RoditRs, el eAfky A6taldh RITUEAE grafRAR ! (Hg3RleaT@adh panel),

show quantification of -particles released relative to
each gradiogdracidraseignmhunspraginidted yyith tpantihody epdktalb e gersity of each

fractxon@? ﬁ ngn\{,%gtstgl Lender e obtained in two separate

rgure 69 presents exenplary data show ng
he e .
e
mutant ﬁrcﬁdﬁﬁ\oﬁ the XM Sedtlow Of MAR3AEInCELP Belo{dsa asellA fovanetll extracts of 293T
rr ondi re ea ed VI Ps a from ells
cells (tqf) 24 SREFBRIIN 5l eatr B %I(Ré‘ Sk F% nReCief Withn 4

pCAG(ES-M Qﬁc?él Wp@%dﬁlﬂf‘%ctd?%ﬁ@ )% pEtIS VELCRIMBS aBes2)or pdRed2-

| anes

N1-C Fﬁﬁ@(lme- VHResl Qrshow edteaxtracty ﬁ)azeb'r coflg ffep) adesiRgponding

L o0 AR OB S AR
(lane 1)4VpBDS - Vips4A (lasge Dfor pBlS- VINENA -EDRRQ (hnd 3)3 iPoutedd (E §hBW/S extracts of

2937 offs 58 i Fapmecms Sy (kRIS B By copbBl o SpEC G Gs M

and either pDsRed2-N1 vector (lane 1), pBJ5-AIP1-HA (lane 2) or stRedZ—Nl -ATP1-HA-
CHMP3-RFP (lane 3). Extracts are from pulse labeled cells. VLPs are released from pulse

labeled cells during an 8-hour nonradioactive chase. Particles were then purified. Proteins were
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extracts of 293T cells (lanes 1-3) and correspondi ng
VLPs (lanes 4-6) fromcells co-transfected with the
worRoor/1e4df NDV cDNAs and either pDsRed2-N veR€DUS2006/030319
(lanes 1 and 4), pBJ5-AIPI-HA (lanes 2 and 5) or
pDsRed2-N -AlPI -HA-RFP (lanes 3 and 6). Extracts are
1mmunc§premp1rmﬂcstlﬂﬁﬁBNmtoi@Hi—&psmﬁVIa@fsb@ﬂ@ ané resalyed by SOB-PAGEePanels

ed cells. .durj n 8: ho I oactlve hase,
B, D ang ot wbGpio RERFER P rePE T RO Ghedta HARPld type
VPS protemLidaRbRCidBihticat ReultiSidr oblaMefd irDive sep@RRGixpériments.
anti bodi es and resol ved by SDS-PAGE. Panels B, D, and

Figaoay stestitsl dxef ?Iat}ﬂdiht@ §howliils the effet o domméaat hepativOmutants of
vector and to wi e Vps protein controls

CHMP3, déntcail AIRE of fhs ralets afispmpleisdy LR gkt .51&%% qtracts of 293T
ol (LD R0 o KISl TR e SRR 08 st

enon omain 1 n NDV
NDV cDNpsoérebding B M, BN sindiksprofeins, andeathi pldsied2-iN1 vagtoafangsl 1 and

R S HORU et R o
shows dxbaéid 32293350ells @ales PDLand coffdABnsit sdlédsed VORS (Bhes 4- 6) from cells

positions 232 - 235. Panel B shows extract

co-transfegped yrith dhesaertyrp of grNDH elNAg 3nd eigher §Bé§<m°§§§§ aRgs Wrdd‘*)

pBJ5- v&? 5@52;2& gﬂ%ﬂéﬁ@d’%p% gfgs egﬁ 4}5’% E%Q @Fx@)é}n%\é%gﬁjgg E shows
extractsaonBé'f seligylddes 1) amﬂcdismrmlnr@ YiEPaflangs 4i6) tﬁI@m WHIS gotmapsfected

it S B B R 5 R RUA 4 s e i

(lanes 24rAtFloP pPBRSIAEN £ AGPT IHRORIFR K128 f:6356)| Bretadly alBDonPHéle labeled
Panel s % and E shows quantification of VLPs rel eased

cells. Vszre tedoapes fipmapulsy &?@elmi ﬁ?léﬁ @q@g ap deinu Bafpragigadiive ghase.
PartmleWe?e B phAed 'Prfotre {eA%5Hhs NP ?fcﬁelz specific

resents exel’rp ary at a S’]OV\A he I ncorporation o
antlbodklé)lﬁhd rasoNb(Phy SPSFAGE! PanaleBeDt andrfsslheWt@@nmﬁqahmp; CAWLSs

release(m"e%?we E% or &n@ﬁ%&g}f ?%’8%% (ptr?tel\él%%h?%lg V\:(cfegtlc%\#‘ res@?sg&gre obtained

in two Rp&aiepikbaimehtf.r om cel | extracts (ant| M| P) and VLPs
usi ng M protein-specific nonocl onal antibody. HA-AIPI

F{\g'ufé?’y OhregdntsyexeRgBeddatadendidskthting’thé ﬁﬂicﬁbmhltbad)ﬁ tiie L domain in
d). were detected in extracts a VL Ps
NDVM aw%ﬁ%tﬂaa?lﬁ SRV PANL PO dlylt%ﬁ\? B@é?l@%ww plqnine
substltdﬁ% é’%' ﬁ a&@ bdigdioh Bhnd PR Pﬁﬁﬁzﬂ?)@r BIekidRRS @M‘-‘ﬁigngzgs)

|oa proteln and Al romcell extracts
and YPDiap)PTaédﬂsuVEtﬁstIQItSCﬂt posifons23gu285. 7Rangt Bshowsexdseetiiprepd VLPs

ctesro Bl SRS RS b AR oo

extract fie@dr@ ViIPsieRa®al(Sglex 8oml B0y c@llﬁ@&pt@ﬁlngfi\f?r e TiL: | ms proteins with
showi ng virus (Bl), (u per panel ) ﬁﬂgtel n-only VLPs
either Wil typ & pwtAR) Y Paeiginaey artfglesrers Hign apFi e E TRtPIgREere

1mmun&ﬁ5‘cqf)1}ated using NDV protein-specific antibodies and resolved by SDS-PAGE. Panels

C and E shows quantification of VLPs released relative to wild type M protein. Identical results

were obtained in two separate experiments.
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Figure 74 presents exenplary data showi ng a silver

stain of virus (Bl) when grown in eggs as conpared to
wor@g/oprepared froma | arge scal e tissue cul t UPET/US2006/030319

Detai |l ed Description OF The Invention The present

invention relates to the field of viral vaccines. In

PigreenneicaBRkemplasy gutedwning the éwbipomtioonf &Pl at €EPa 293T

par amyxovi ral vaccjne effective, against diseas ch
cells wase trangtictedop th POrACKES Iigind QU SEPREV I L roGoiop B A tezged

AIP1. %@?A@ﬁéfw&f&aﬁ)a& |aBele @NELrHREPIE@H PRI FYRQK] leRracts (anti-M IP)

ViTus. In one err“’é3 di ment, the present invention
and VLEowiegi mbein-speviicanorochoaipntibedyy Hle MBIs@Y-terainadly éagged) and

virus-1like particles (VLP). | Lnent the.. :
aret-1 (i iy B S ArEne oo B TEE A hongefGrine wine
HA antfbb@N&dr&datdiOniaty harbxif el (BntiWHARB) DRAse] Bruhiowrs Peecipifated raddiMabeled
structural proteins. In another en@odl ment, a met hod
M proteihardbA P Ipd At from eell exdesisiophnd YRRTOPE® viri ons are
rel eased with nearly 100% efficiency, In one. . .
il ARen St HEmBaFY 458 SRABE i PP ineropfogh et Rpfied NDY virus

' : : i ve NDV vacci ne.
and VLE’%?’?&%@\%@@%@%@%%EQat ive, single-stranded RNA
| oh i 1 D), M
T S B0 SRR o RERAp ORI Vi (1) Gapper pane)
proteintoaly VIGP ozt pasel)y andgihgV s ané BN ¥pPs deiveenasel). 150 -
350 nanoneters (run). Cenerally, the genones are )
Pankefepntesvintsexaumplasogatatiwining nsibver fpiornfviradd? Divdion grown in

P " iated with
s oS FE LT BT TBE B Bt TR g™ or b

early infection replication and
transcriptionprocesses. The matrix protein is a

~ RLOM nent ure of. paranyxoviruses and |lines the
Detanleﬁr‘lgegFrl?Q%lez)g ﬁ‘hP Enventlog

e viral menbrane. Transnenbrane

TS e R AR TRSLAL. Pl e chislat

presentGRERli QX &mtdmpletes a mamyxdviral heche effadivepigkiestpiissagss wadh as, but
. and assist with virus, assenb | ocal i.zed, at .t he host .., .
not Tim{ig o, NPUGHH SFISF PTG PERAIIERETS 3 G GRPHAT PR PR Vi,
In one %Ybo%%ggit Nge pdsGit %Weﬁﬁorﬁ@nt&kﬁ&teﬁ?\’ao@&é Lohpdisidg MG castle disease
1998). 1. Uiral Str ucture And Assenbly

virus-likapatigirotN s ds o enlasimestbe Prepent Kivsppon ¢onicsadsiss pmethod

d.hepr wirion . I ;
compr i et L P TR Sy R BRIB B A b, 1
anothefitoldith@s, diytethbe wheliressticlds rxeddling inf.e@imuasilriloas dicgelaased with
nearly {8} ERGHOFY yHe FORITARF G B Ty paretiond il provide a safe
and eff @ ARDW VAl #ae, characterized as an envel oped virus

Wth a genom c negative-stranded RNA (i.e., for

PXAIRKEvinARPRAY MREAE, difHEltrindad RN parkRoAdcstulually linear.
nucl éoprotein into a ribonucl eoprotein (RNP) core. )
Paramyxovirus morphology comprises a relatively spherical shape having diameters ranging

between approximately 150 — 350 nanometers (nm). Generally, the genomes are packaged with
nucleoprotein into ribonucleoprotein cores. Polymerase proteins may also be associated with

these ribonucleoprotein cores which play a role in early infection replication and transcription
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The paranyxovirus RNP core al so contains the
pol ynerase conpl ex, which is conposed of a
weh@spipr ot ei n and Large Pol ynerase. The RNP POY/ES1086/030319
encased in a nmenbrane whi ch contains two transnmenbrane
gl ycoproteins, the hemaggl utini n-neuram ni dase ( HN)
proces@ﬁldThmmfrmqnmmn(lE)l pRonihent featura of perhinyesvituses amdtlinexthe Mhner face

tein, ch is associ at.ed.wi tth the jnner surfac
of the ‘tlwgmemaraaleci ﬁﬁnﬁ&ne Profpingive ﬁ%ﬁémnfénlbeae%agﬁaﬁmn Fuston or
neurarmr? éﬁs@?‘&@iﬁ%}rdﬂd@ﬁn ha_ﬁ% o\ﬂ Bﬁh\%ﬁ@' c&ﬂﬂeﬂgg ?_i &, 18RRI A d 8as spike

: Virology. Third Edition.
protem‘skﬂud agsist@dth virs wssembb&locﬁlzml afly eg cell plasma membrane. Garoff et

a‘-’““ﬁ%lt_f‘tg‘%ag y:ﬁuﬁiﬁs . ’Icr 4 ’Ol opelc?I I%KI%E ﬁ?t?éé(?@:;é%) e
L S R ﬁ%ﬁ%{bh%e%s& 5 W&??Zﬁ?" Yecent 1O
EEirleds A RHOALAG i Rhdhun 4 BOITNE BRI oy a he

aSenosKy oVI rus

plasmaleambrafsof ildlectdd ()él&(hﬁ)i suﬂﬁgﬂ?&ﬁﬂy réltasa brqgenﬂaﬁhdl@yby t]ﬁ process of
assenbl ¥ nd buddin V| rus, Res. 6:117-3
buddinge Npeastislisgase virps (PR G0526 158 PRAIHBERIATErIS Sy b rpfatory

syncytﬁi ‘hnfs %ﬁ%ﬁ)ﬁg t@PEiraII@/%bﬁﬂd&et cﬁ’ﬂa&t&?zeﬂ 9@9[1 eerBlopé@ (irftoRith a

ParanyXOV|ruses . %S ury, enu
genommngwwtramdev RNAG19.; fOP@rmﬁHM, @Bpretﬂnzﬂt Y IGKIBM@hiSmGka@ﬁd with

eny Io RNA Vi [y n Trends Cell Biol.
nudeol?l.rﬂtegbg ?%ﬁlffpr %clhﬁ‘lﬂgl%) c%{e "Escaping fromthe

TR B SRR ol B ﬁ%@%@%%%%%%ﬁ%ﬂ?@ﬁch is composed

of a Phosihiogoteimmd ks Pfdiimeﬁike aThe, RNRobedsbrmnsatan hamsnsbraed which

par anyxovi rus byddi n s Res. .106: 133-45 (2004) .
contamﬁm%sme BNE SRy GRIRFNG o e Bearea lwarnew%dé%d?@@ d the
fusion {F) Ot Rkifs, ab WelllE t}ﬁkiﬁﬁﬂﬁ %Fr&&ﬂ %hl&li 1s %Eso%ﬁm%ﬁmh% inner surface

al SOTGSU|tS in the asse rel ease o

ga
of the lipi¢-pentiniug vipak envelope I(mhlg)al f tRemnre visldae: rﬂﬁler?glﬁw&ﬁ@ Their

Rephc;%?%m%ﬁ E}ggtgplﬁé ?Ié% 2{1/ Fieldd {}"?ro S@?g @?ﬁfl&'&lﬁ%i \Rxfl. IS.,'S Fflhie'b M. K. &.P. M.

HowlepdrippindottdVillBhB@: WiBkiRE PRi&R1pMI0@901). Denirov et al .,
"Retrovirus budding" Virus Res 106:87 - 102 (2004);
(Ghe ysaix @rotsa'h of niahg smrdlﬂpﬁd RINA virbseage befiewddVe play a role in virus

assembﬁ'r ec%@gﬁgg i? a,z%t(ll ‘r‘ lléﬁ Tgé (flén?ter X elf rregéna.t% Congsl 1%%%uddin’g
field” KrdR2BWicrasl. NB5E-0 08B);Fhsenoskiget B VFIlowrd3 biddin Vz‘;\nﬁﬂes
Rev Cell Dev Biol. 20:395-42 200 . 1t has bee

106: IBQ&@@%); Taty plear &t . “Rhmoaﬁuwrpblﬁ huddipes T@Wflieéulé}éﬂ” -32
(2004)¢ ? pIBEREES 2P {E;?x?wﬁ{%% Y&l il g Alﬁo?&ﬁ%ﬁ?ﬂq@l on the

PR one benb
road” p|pn4/2(-7n4560m dhe Penpivabesusas, Fet DoW . &ongsbinyi Bignam, N’bw York, N.Y

aoon gl ail TabrRRanarr cviclapes R Patkufiing Finas 207 biol
12:569-79 (2002); Schmitt et al., “Escaping from the cell: assembly and budding of negative-
strand RNA viruses” Cuff Top Microbiol Iinmunol 283:145-96 (2004); and Takimoto et al.,
“Molecular mechanism of paramyxovirus budding” Virus Res. 106:133-45 (2004). However,

expression of the retroviral gag precursor protein, in the absence of other viral components, also
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M proteins isolated from i) Ebola virus (Jasenosky et
al., "Filovirus budding" Virus Res. 106:1BI -8 (2004);
wqQamenoeky et al., "Ebola virus VP40-i nduced pe€T/U81086/030319
formati on and association with the lipid bilayer” J
Virol. 75:5205-14 (2001); and Tinmm ns et al.,
results m\iBG assernbly ane relesse oﬁgagihﬂisdikﬁiplaﬂ'sleﬁrﬁVLPsO fipomo thei pias\ﬂ?aéhﬁémbrane
| ar stomati

Delchalp o3 yé@é@& é?ecé%sgp (:)L Ves lggegw agﬁcanbles into virus-
like pargb'lgg’ EHBO\{Yg H8536S (19%9)6 Dleﬁﬂro%%t 512 @Q@mvﬂqis bRldiaL” Vzrus Res

Vi ral posones rel eased frominsect cells infected )
106:87 wil @ (Ztoééh memmet aia ‘AissepiblyiandoselspecefiEHY -t precurear riS gag virus-
like pmﬁ%eiﬁ'li% r%%or%’@é acu ovgrtu% a%t%% Elsé(dt céifsl” C']ell 5\5[ 1ro%' 12 (1989); and
Morita eROYBR&rdvaxyie b&dﬁlﬂ@%’fn&%v&ﬂl&év@ok 20:806-625 (2004) It has been

manmal i an ceIIsmfected V}dth Sendai virus_ex S|n%
unelear Wigrese WO NERGPIGHS a7y P M PR iR i parile

fonnatlyﬁﬁﬁ’dx% P263: 230- 43 (1999)) and, iii) influenza virus
Gonez Puertas et al., "Influenza virus matrix protein
|s th & driving force in virus buddi ng" J

| rol ﬁlfA 11538 47 (2000)), when expressed al one,
BSSRIRhS GLR, B8 frdf ifveheRs &t M PSP meHo ¥empRNg alM

protein-deficient rabies virus i s known to be severely
protein |ﬁmpaa pardmiyxo wiiusi withdup prspaddigipnalglseopsoteins,svhesgin VLPs are created.
“Matrix protein of rabies virus is responsible for the
3 potting/iselaigd igadi ng of bul | et - shaped particles and

interacts with the transnmenbrane spike glycoprotein G
1) Ebgla virustFrseapkyg et 3.1 gibyvirgs bedding”i irusdipsy K)6:1B1-8 (2004)

B SPAEAPUETEH  UIEdfe
bilayerV Ur UBok WMVp2@5 4 &l@dﬂ};’uand/'l[’nnmn(s Stv@l l‘fﬁdméulactebyserd\%pba'irus

matrx gk #{Eﬁo"éﬁarﬁ% A EE-ABO B ol e moasl e vi rus

B 204 TR g i e
Res. 106:41389 QZ@&Q&.A(@%— 90 8NiraPligbsbmes foldbedtfrom insbettells Destkal with

virus vector deficient In the mat ri x ?ene does not
recombingntbaghloyiupentreseing sheanafriy REvigin Ok vesiaiay stosmatitis ygug of | Virol.

67:4415 8% g%?%@ﬂéﬁgﬂl et 417 “Bfd ?ra %gyek%lqgé)lbraﬁ§§&?&és ¥Rhdd from

ni g mut ant otein derived from .
mammalizhaelld mfestddemdsSm@alp\anm REEPSalY thc mafr33rRcinefirvgsicwasstomatitis

. so d uddi ng. Patterson et al., "Evidence
virus” ’ﬁ%(f’gjfﬁé %Qp%gr g%ﬁed M gr otein of a subacute
er.0s anen haI Virus active
i1 DPaeE PR R OHT S by r surs VarERHE DRt ai i e
major d¥ivirf foete ig 9ikus laikﬁm%5 J( 2ROIM:11538-47 (2000)), when expressed alone,

assemble into and are released as VLPs.

Conversely, M protein-deficient rabies virus is known to be severely impaired in virion
formation. Mebatsion et al., “Matrix protein of rabies virus is responsible for the assembly and
budding of bullet-shaped particles and interacts with the transmembrane spike glycoprotein G”
J. Virol, 73:242-50 (1999).
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Recent studi es of paranyxovirus assenbly have al so
focused on identifying the viral protein requirenents

wo en7aseenbl y and buddi ng of VLPs and have denPCiHUSRDEB0319
arole for the Mprotein. The human parai nfl uenza
virus type 1 (hPIVI) Mprotein and the SV Mprotein
@&miésiﬁ s¢hetd] paamyroviesdystedshag addo s\lgg%steﬁra(rmetfhethe M protein in

virus afprpE 3 RGP s D BB oA e modiied Y Sverse
genetick chlﬁak RN YRR rg@ﬁe%evgeré I%agrc A RITBRIdIRN @a%ﬁdn%n' AAHoe fhRix-less

ease of "virus-11 ke par | es containing 13
measlemamhsas odpeiods hdelicits ﬁmnazweewll fosian: conseqIcFORE pRpagation in the

T TN R e

the ma&%ﬁé doks a6 foRMPIIRS Phitiglek bﬁﬂ st IeXtemmct &dlitoadell spreading” J.

esi cular stomatitis virus" Vi 0 263:230-43
Virol. 7(71@91@)29 @Q@%ﬂgﬁp&cw %| Moreopeg, %{92 RefHiA{Re T protein derived
from sﬁ‘Ha 1H§ s%léljfﬁng g?ﬂéni%%ﬁxaﬁ@g @PES’%MM&&?&C@{% f budding. Patterson

e vi el ns and acceleration of its
etal., “E&idewthyhﬂljmeunmawd Mipragting§a #tBeute $¢leroging @)menaqdlahus

measlef i 1 ool 6 el Bider PRI s S By or 21525

'(2001)(2001) Expressi on of M protein was al so requi red for

Siman Virus 5 (SV5) VLP formation. Schmtt et al.,

"RBe€d istugive of Far&ﬁi&xdmjﬂ@ Iafk@mbfy }[3136 als? X@usddﬁn igentifaing the viral
Vi rus V|rus i ke partlc es ro 952- 64
proteinpqyaRFBIenIsifpr seinily gnd beadmar s 5 hanh TR St Ko e M

protem‘"@ﬁe @Rﬁaﬁété}aflhﬁﬁ&% vir@d ey M- W?ﬁ@ﬁpro@ﬁf &48'the SV M protein

us expression of SV5 otein, together
expreswi alonplindanef @dﬁh‘grofészRStf@ng ﬂym@prr@trmmigamaﬁorceqwraéd“Human
h. exi ele] ree
paramfﬁreg%a vugfl atl e %lﬁ%%l g 8?18%631%& gelnﬁsp t%}ls%n{lie \Hr{:sgéd M 12
mamm@lﬁhtdellé ﬁhd’ﬁ@ thagedeast bevieusdike pditicles cemaiming 18 duekopipsidelilce

s FETE 3010 GO et B i BB T it

released HoHSmMRaR4iPdls iiBdted With Y8ATR vivhs BpRisSihg th'érrﬁatnx protein of
attri buted, |n part, to Late Domains{infra). Demrov

vesiculat stethatitisviResT Birplogns 261124 (1999)x Sugakers of @b Prramyxgypirus Sendai
virhs—h%% 8%@% f&!?ma%ga Bg)ex&\?%%o&ln%t;nahn@?tvﬁflldﬁ‘gﬁ#lﬁ l%g(\i/ gcc\éierrzﬁ on of its

releaselbydtiproin WirelsgRE2S.: 1-10 Q008); afd T2 6b)q et.hhy‘ﬁkﬂw o‘éﬂnamb( and fusion

N T R T —
was alsﬁﬁ‘&}hn@@ Y01C§°dn|1anmi‘{us% @VS) mlﬁﬁﬁnﬁ’&ﬁ SRR et all\la‘Réﬁu@éments for

mbly and [ | uenza virus" Virus
buddinBobpasy s SmiaDv iR ke pRSiest J41r0! T6RESHERIAND)
of envel oped RNA virus budding" Trends Cell Bi ol
Hvsser, irrgco@mzq PIScind SV, the SYF M proteie s nef siffisient fs VLP
ass

iR AR S PO AR e r

glycopoZddfddyas r&uﬁﬁdk Adthoagh existiNgPepbriflabrée upora kole ehirg proteln asa
partner for HV - 1r6 and EIAV r9 functionjn

budding pragsizeria gy CEIRS PRLicloistsass thesgs filfeipngey Brite protein
requlreﬁgﬂ‘t‘é‘@(ﬂj a%gen?le and budding of virions. The budding capacities of retrovirus gag

protein, Ebola virus M protein, and influenza Ml protein are attributed, in part, to Late Domains

24



10

15

20

25

30

al., "The protein network of H V budding" Cell
4:701-13 (2003). B. Late Domains Late Donmi ns are
wWehowroipepti de notifs that nediate interacti onBCTSIN06030319
menber of the class E proteins, which are involved in
the vacuol ar protein sorting (VPS) pat hway. The Late
(infra).Dosmeirav rabritRegovisedaidding ¥ irunRes Hit:3"hgl 08 @R0DoRpeddnt(s, “Viral

o o5 581 S S SRR e B s e

106: 1qu8 (W)Y skkdresalad MRhhbR viussisergbl9fan@ biddikkS® Bi## Res. 106:117-32

t.opal o caI ly sim.lar processes, Available evidence
(2004):d\griie ar O\é}ﬁlﬁéwé piag e B bR gl #9:398 @éﬂ?%), Nayak
ctal., “WiEnftR} hitl AldAIRHAEL r?glrs”'v%ﬁ%ﬁ%dgﬂ?f%b%%ﬁﬁﬁ& etal,

”Mechdriiskedf dnielppmﬂdU\URr\mmd buMlmg’bﬁemdls CADB20 32 5595/ 9((20022;) Schmitt et

ol “EsChppp iy gt Sell asseBly 484 bupkding 66 eBfive-stsar K wirdien , L Top
Microbidl q;amhn@mgnqs:%gmomt&%k Bfalf, I“Alfdl/ATJIXfi% bMdﬁ{gCﬁahﬁér for HIV -
11: 56-9 (2003 reed "Viral | ate donmi ns'

1 p6 angiBL4|V pg wefﬂgnsm (ippopylding Cel 414:68%99 (2003) @ncivmscﬁwdler et
« - r re essential for
al, Tkﬁ?ﬁ-t lﬂbuglld@%é)ﬁ@%}ﬂ?gg %ﬁ%f’?z@@ﬁmﬂ ta et al.,
‘wRet r eyj_K di ng" Annu Rev Cell Dev Bi ol .
Eg: 39%{2%5?%%%4) Pornillos et al., "Mechanisns of
fég%cgﬁggs %%IA%GZ{'; ﬁéf%g?m | égtgatertgécﬁ{{g ﬁlt&%t{cl)ngaw?dh amember of the
class Etpm;eiiﬁg git@th: are orval vteid mgthac/[acuqletr)prmj&mtshmnglﬁwﬁﬁ) p{rthway The Late
Domaif e Nogloﬁs Mﬁ%ng @y én§%raﬁt8}]g§‘§lﬂg§${l%3°g]re g? %icﬁ&laﬁﬁgcé&%ﬁg Ire'sponsible
for soﬂﬁg&aﬁéoﬂﬁtoflﬂtﬁlﬁwswmlldﬂ Godiss WIVB. THedBintgion GEMVB 165i16189ariithe
2003); von Schwedl er et al "The_protei n network of

buddlng.n)f:/a Wr@] Ej)po]@g}cpllyl sipplar H_@cisg@@é)vaﬂ% §Videass giggepts that

enveloprfrsEClIQFIAn g‘r&ué@s Had bg b %‘p‘ﬁﬁ‘% the ‘éélllﬂzﬁlné%cgﬁxeﬁnﬁgﬁ)(! %koncfnaslly usec(lzi to create

MVB 1®1dnihs<3@t Garter, C. me“ma@n HEV isaivieii te misle b reprdy Miapbid!. 10:203-
205 Rl Pt SRR kot Reciohe ARl e . .

“The Hﬁwnsnﬁon inREfed: ratentadivadtes i Obhwridhedteigyonends Micrbédiel. YVPS6-9
hway may. al so inhibjt l[{)arti cle rel eas
4

(2003) 3 er0e B Virah o RIS Moy s 487SeT B0 ORius fhal.aive 10
and the Ma&fo%%‘r&eﬂ%%rtﬂ% QBEaY G Qfenfial B ANPITRAMNACEA POOLS -6

IS not necessary to uhderstand the nechani sm of an
(2001);iMeréta et dn  Retrovisis baddingadnmuiay GaeDev)Bib!. 3083513 (2004)

i S artlcerele V\/nll bsti.t uti t
Pormll%sog,gl ngfegg SIS O ﬁgﬁ?_lo%e Vﬁ;l.lig (?cf’l g Tre%ctist(geple ﬁzol 1@ 589-79
(2002); ﬂ’@hilll@d & ar E‘?fﬂﬂieﬁg nﬁlchuﬂdjT@Ol%érhitmgiab@w@%f&h@/bﬁﬁﬂm M8 protein”

IS t the VPS p is 1nvol ved
J Cell ﬁz?{ 1t6I2ré1'25 34 (2003) Strack et a?l “AlP 1/ALIX Isa Emyng partner for HIV -1 p6 and

EIA V p9 functioning in virus budding” Cell 114:689-99 (2003); von Schwedler et al., “The
protein network of HIV budding” Cell 4:701-13 (2003). Martindale, D., “Budding viral
hijackers co-opt the endocytic machinery to make a getaway” J Biol. 3:2 (2003); and Simons et
al., “The budding mechanisms of enveloped animal viruses” J. Gen. Virol. 50:1-21 (1980).
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SV5 budding. It was shown that a dom nant-negative

mut ati on VPS4( E228Q (an ATPase required for recycling
w@e@rein4tonpl exes involved in the VPS pat hwayRCT/US2006/030319

i nhi bited budding of SV5 virions as well as VLPs.

Schmtt et al., "Evidence for a new viral |ate-domain

06 SEbpaanes, thE Bfe‘s’ent RgeateRcontdngylatbsflidi digni@intdegative mutant
par arryxow rus” Virol. 79:29 Since it is

protelnwamﬂnqnha vﬁ@ﬁ(r@ﬂmm@f algp i Ftti’la’ftécﬁtlﬁkﬁaiﬂ?’én;?&P RRggdiment, an
! &
XL B B OB e e 1o Y Pt T brob L L KRS Dlofhain
AlthouS\A idhotmscesshen ta dndedtanﬂldmmhan@wof ] prvtsnfe@m itiis belteved that the
suffici P formati Lon an
XL eyl fsts? ek ropbep e PuEof o RS eorf SRl B
and/or PYARFullPresidsesmiddly redddde.r €l ease Of par anryxow ruses are
not yet clear. Schnmitt et al., "Requirenents for
louddi md@ﬁl par amyxovi rus sim an virus virus-Ilike
particles"” J Virol 76:3952-64 (2002). Open questions

W@ﬁlﬁ@lﬁa pardmide@irhafabdiBy it deitioRintth@MhaO VPP pHtB MK m&m‘rmed in the
te domains in viral structural {o roteins

SVS bucling. SO RT i P AT EHHLYS m& atlB‘F SPSHEARO) (PATPase
requlre?E 2 %?R}yﬁnﬁ hér%ﬂl%ﬂ% ifrfd1ved! iR thef ?Itﬁwhﬂ\ﬁi’ﬂlﬁﬁé& bfdding of

and ddi ng process. ous “enbodi nent s
SV5 viribnstdsevqﬂra@ééluﬁs iSakmeiit ¢tah, ‘Erideace fon eslewqu@klateedmnam ore

oL R EERRCLIED e AT RSO RV L6 GR L) v

itis kn&Wﬁ hah Vs £(F228Q) 4lso mﬁib@t@l tHégJF/S pahwsy, bﬂ@inu;r Bbligve Al itsVPS
anot her enbodi ment present inventiagn

pathwaa: wewﬁpcbtne%\’ft b%ge étl @#@tw, epuiiye bate Raman gneveMyas
1dent1ﬁ?tfI £ oW \Mr PSR4 §/I }?}o{eﬁ% nbBsu?Rlibht PGOEES ?Jr)haﬁ&garﬁﬁfefe'a&' e nt

ease 0 d-containing particles (i.
comphwtlag'pheanwnﬁsi)atlomof thisaesulir Tdmbdm gmmal mﬂdsefowe@nbiv and release of

paramyf(ﬂglgt?stﬁ%grgﬂg nett (e:{na) e%%hexfi%ttreq gg( ulre ntseffog B\ickﬁra of Cﬁaramyxovn‘us
simian 0¥rﬁ|\1;iliflrdéllﬂ@|paﬁfcﬂb‘rs]@|mlrdl I‘VBQ9‘5/L-BS (I(ﬁn)ll Opéh Qd%etlcﬁvs fiicdhsdet: Onhe
0 rotein with at |east two other NDY praqtei For
further dg %rng%of WW&’W%%W%%&PWdWHWH‘E@XPF i) Bierrpleer
contrib on%gh G lecR&ﬂ up(ri?ﬁseelsgbﬁnl{lf ohh 11?)QH@€E‘]ﬁlﬁitr $acrs if¥81ved in the
. host VPS sys i nhi bitedrel'ease 'of VLPs. Mirita et

assemb&tandbuﬂémgmqem buddi ng" Annu Rev Cell Dev Biol.
20: 395- 425 (2004): Strack et al., "AIP 1/ALIX is a
Blaridinemipsimens of be presant invep@orsangwel thesg questionhc I @i ng

embodlgleﬁy Itﬁ psreg)e%{fi %kfﬁglon%#eméﬂa%sgﬁﬁetﬁcg foggxg)ﬁh?mm\g@ggs from cells

transfedted with nl€ldic h3id§ 2003ng viral stsrcfuul pheeine o]mtaamhleadbmbb(hﬂnamt the
preseat By <@ iphCQUSITIARY FEPEHUAI AT SRhFRRIRE NG Yaitofen that i
both ne?%%%g aﬁ@o ff%ﬁgﬂj@ﬁﬁi‘%ﬁéo%ﬁﬁ@kbl%ﬁni‘ﬁ%spﬂrtﬁlé@,t(ﬁé NEoFBYanP19¥KPs). In
another embodiment, the present invention contemplates that the most efficient incorporation
(i.e., for example, almost 100%) of other viral proteins into VLPs requires the expression of M
protein with at least two other NDV proteins. For example, it is known that dominant-negative

mutations of CHMP3 and Vps4 proteins (both components of the host VPS system) inhibited
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conposed of NP, HN, F, and Mproteins, inplicating the
VPS systemin paranyxovirus release. Schmtt et al.,
w0 Ewrdenee for a new viral |ate-domain core sePUENSMN6/030319
FPI'V, necessary for buddi ng of a paranyxovirus" J.
Virol. 79:2988-2997 (2005). Confirm ng these results,
releaseanf YdHsnisfiotitanat ght TRegrovirvshuoding? Avipps Bev Uglé DeABEZ28X395-425

o0 R Rl P AR5 A Dot R BT GTT of by yp % pytgioning
in virud BB Gl 1aaks8e199q0003); MkiRbh Achwedlér ¢t abj ‘TG PeotBia bRRIk of

for H V- I 86 and El AV p9 functioning in virus buddi ng"
HIV budding” Ceht 63616062003 0t o Fupther coBimaiegkltisteh IPa s also incorporated

i ’ i pﬁa; . ing" Cell 114:701-713
o VI(%%@%‘)Q?}%%W%%%@. i sp#é%{eﬁg%gg%gry to understand
tﬂ1e mﬁ:cm@._ﬁérﬁlﬁeg{rlﬁ?eq }hﬁﬁgl&tl on, it is believed that the

resul s denonstra erein show that these dom nant
Tihg albimreanpnegative¥ pid moteatmagbloeseelate pfSVYS cir@as or VLPs

cant.ajni nl otein., For ex | e, a.dom nant .
compofid r N NV 3f End M espleiimepioasis 5% {PS sotrmiib baamsRrovip release
Schmite 8R! eRvididnce f@thedy HRANIARAEmAE Fote s\é?le'ﬁb'é, PV O ecshily fofbudding

protein that binds both ESCT | and Il protelns,

of a payapiyrpYirusd NDBwoAT 2P %8- 2954 205 ) webhfimging Slesxrssulést a dominant

. el i N | o This Lnhibition
i QRS SR P00 TSIV T, NS0 .
“Role dfiERCR B in retrovifal bhéding’l AV kyl[ie : 4704 218041 62 008); iSirasleet al.,

« eins, had little ct. on artjcle rel ease. I
AR § Bt e N o A ELAD ForseiosRaingd Ta: budding Cen
114:689-%99 (2003§; @8 d MEYYSMiv di# @elal S Thd protdHeAdTRO & oftHI®SBUdding” cl\e/lzz

results 1 ndicate that the VPS pathway is involved in
114:705413 (2998))r el ease. Many studi es have denonstrated that

{Iz‘ﬁﬁi:,g{@{ % AR né&gsa%or | effafl .e'?ﬁec(ﬁfmiyﬂi ro??ﬁ%*v@?tﬁdg?@g%believed

elr-interaction t specitic no ecul e
that thegasultadymoBitrtidderein showDhat thésatdembnaitineggti vopmeiais tdouked release

host pr.oteins Jin _enveloped virus rel ease” .Virol.o
of partiGffS Lol Ry o N PrTEif 4R e, 4 olta S Rty fdma HECP3, o
subunit\6f 1) ESTIOT 46 ¢8mARS (1) 202dcmiand nh/%{ti'v%imﬁz_tnt ak AIP1, a protein that
.. "Retrovijrus budding” Annu Rev Cell Dev Biol 20: 395- 425
binds bpthdi3T I angh IEleprptemspiahifitabNDVs VLPreipase wpxell agrrieaspxfparticles

i 0 505 o R 3BT P Mt
transfedtionof iigenidd fypedersions ef theseipraisies h{dirtle effecondM particle release.

mhes Sy LSS R R R A ey o,
these redulld ih@ikaté Hiab Bt 5P Spabw iyl Bhbolved i BPRYUEIE H@Sc.aNd
filoviruses (lrie et al., "Budding of PPxY-containing

M godics haesdamongaateditipiln dameing it the sratpy protsineo ! Testeomediate
e T
domaing puchiorsy povdinsis esvlbhed vits edllease™ MRbg)sRHUEN6R(2006); Freed, E. O.,
“Viral l%iﬁ%{dlgglgg)tzsgjy\l;’z%#s 7%6;994{%%9 I(?dba);aa%d 1i\/llch;"rit!a' etda?.%gtror{/?gug {)ucﬁﬂgg”
Annu Rev Cell Dev Biol 20:395-425 (2004). Three L domain motifs, PTAP, YPXL, and PPXY

(Pornillos et al., “Mechanisms of enveloped RNA virus budding” Trends Cell Biol. 12:569-579

(2002)), have been identified in retroviruses (Puffer et al., “Equine infectious anemia virus
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VPS28 and Cdc42" J Virol 80:2291-2308 (2006)). Binding
of the PTAP sequence to TSA A (tunor susceptibility
w@ena/01021) protein, a conponent of ESCRT |, haBChEs2006/030319
reported. Huang et al., "p6Gag is required for
particle production fromfull-1ength human
utilizes an¥HIXd dmbtifowidino yhedatelassembbeddmain béﬁl@l@ﬂg Plwotem” J Virol 71:6541-

o546 (EPDRBRLAT B Hleirh b et dl o AR IRy R o

rhabdowr&slés ARt (e bn BoS '&%temg)l“@smdl MPVPS4LNE W8] 782657-2665
Functi ons ‘of earl and | ate (Al P1l/ALI X)

(2004) ) i ¥R Lesequernice ibas ¢eﬁ léfqmﬁﬁé a§ #iotecd gz innerehemyxovingses (Fui et
. RAEL A oGRS AR, B LSl v

VPS28piad fded2’t DFrakRA: 21291#23@8 (bogddh ng" Cel | 114: 689 699

t ly. Y th .
RPab s b AR seRtont i S5 A1 (uSoh RIS TERaHY e eeprprotein, o
compoHér@BPESCR'T‘qt hé%'%%reﬁnﬁﬂécp Hua'ii V‘ﬁ' |“ p6GadSd ¢4gired Rlle

tani protel ns. The PPXY
producﬁm frpmkfuﬂd@l&ﬁohm@ummm@éeﬁ%@wamﬁ) bwe drselecuda dlones expressing

proteas%x 5 rﬁ ?8&6? ﬂﬁé 38311382(@ n x e%ferd@@w#ga&}%g ﬁef%n AHIOWH to interact

with ABb (aqilapﬁor ptdin) afd APds Chan eialp “BinctisnsGegatly (AR amrglatn‘

(A[Pl/zg;g%fllr{diégsﬁ %gg% %iﬁu{y?e@nfe%%%@nﬁ]x&g:&{lﬁ% bgﬁ@%é 9} gfo} %%gn% (2005);
and Stadle&ae ! ﬁupmmﬁstafblﬂda% r foR HEQ DB 6/ AddUSLARY g@ﬂﬁ@tmmng in
late assenbly donain irol 70:5695-5700 (1996
virus bpedingi/Gail/1 NI (SO resspeetivedy. Bm/‘éRKmeFencgm PXLﬂuenza
n
virus MY nprxgﬁ‘lg{}gsrtwl o 02E§Y ?Jgﬁ?rg{;Tbl &eﬁletﬁ&e’teoglgcﬁ n‘Bt.I gﬁblyhas %ﬁea\é(?fdcéiz, a
membqn af theyRho\farhilg e GTRLHiading proodind-AIhy APXA Bioti€tlindetoddated4dike

particl es, and addition of this sequence in e
(neuralBgicior Fols T b eIy da B LR 40 g ligases
Vana epﬁr tREleQF NelgByPhbiqSitiRARn IR oV Rurduk @b G'rhg' il bO&ding of virus-

ufficient for SV5 Eartl cle release, FPIV is not

like paﬁ@les paricalls” 7 el THA343dB96H (AORE); wnd Xiangichelo “HEeanapping and
t »
chsrackitfu5 8 R s skbifa BREPEYBO thid 3 MRl Pl Bl PHRL ¥:5605-5700
(1996)sequence, FPIV, necessary for budding of a
%ar XOVi

SR M S 8 RS R A FEohody i GE PRACY motit

The se(g@héé BIEYY 86 Ever] iflffile $WHBL pro 1{)\' tirtMapbé alse dangh in paramyxovmlses
eguence anal ysis of the Mor.otei n shows the

Mutatigs QY dnlbite eLeamf\pamsfﬂquanﬁ ad%m@n ofi this, SeqveMnFH IS TRYIFS 828
constru%%ﬁ‘%}l&?% ee%é@%e%@gaﬁc%é'\k WEERGE QY 5 M’Hx%gelﬁ RURE sufficient

fe erbod ment, the present
for SV$ partinle |rdaase,di‘ft1§’rtp hat teediceedYARinction irfdependputlysasragate domain in the

contox A ARE P Sl B b iR S B Sr SRR AR BbencPinfpoman
core seljient§ FPOV, NREQES Y biddinsHapatanttoling” Ve FRan7s:a988-2997 (2005).

|nvent|on it is
Thus, it is not clear how SV5 uses the VPS pathway or how the FPIV sequence might

Thus

function as a late domain. Sequence analysis of the NDV M protein shows the presence of this

FPIV motif. In addition, NDV M protein contains a PKSP and a YANL sequence, not found in
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bel i eved that substitution of a YANL nutation with
ot her known | ate donmains (i.e., for exanple, PTAP or
woBDZp1particl e rel ease may becone fully rest oP€US1006/030319
is further believed that inhibition of particle
rel ease by nutation of the YANL sequence is not |ikely
the SVSJINBprotehy Ihone kmbadiment) thprpresentinfaitioh ngntemhiated at BANL motif

compr B AL AP SRR el A B Y MR s i

particle3EIRRIeN AlBRBuMPRPlis 11 ndecksbfPtod@Bisand it thévdbnit &l Eﬂ{fentmn itis
sequence in the NDV M protein may_not function as

beheved ghaé substittian phe ¥ peHamptation Withothgakpows tfedrraniag Gee Farpgample,

t awld type FPIV
PTAP Ogeque a%@%%ﬁ&%g#gy%ml nsﬁiaveh]%gen shown to
lirif arrthet balievéd thheinMBBioprodtpeitioleAblPhse byimw@atoreoftbel VANt sequence

e R b LG G O g 1t
NDV M’RRJ{ﬁh thay hB&sMnB NSty uafipCbitheMyp ISt 1R ot a8 aR§PDL or a

own to be sufficient for rel ease of particles

PTAP c(oma@am thatethe EPIV seqpencany she WP Vi seyieinmayinog, @.m!c’p%as alate
dpmainﬁﬁci ﬁ(liegt Aé\glp Q%?E&%{n %ﬂeOS?Aﬂi itk ;E{)/tgie\ﬂg%%{géfﬁﬁx has a

i on o I'ts rel ease
wildty;&éFll’.lIl\/O@)quéiﬁE 1-10 (2004); and Takinoto et al., "Role

of rratrlx and fusj roteins in of Sen '

Siprslete dongipsgiare bemehagnip Hierisd oty 1P Dot Adbhgl) one
emboditddnt! %he'\ﬂr%eﬁf ﬁ'véhtfbﬁ%oﬁt@ Fﬂa@s {BR AIBN S RteiMY BlinERUkRased particles

serve as a | ate domain for SV M protein. As noted

containirigmndy M prete8/5M protein is not sufficient for rel ease

g%ﬁ MF{OIP%%[ ogsé.nfdhf‘}é&l% hig £lsc99§eﬁ s $w1l? gﬁbﬁﬁgﬁ@% 50kichse of particles

equurenents
(Sugahaareaniy, XBatamysowiugiSanda viruslike parmls fdnﬂaaomby txpesdh of multlple

o g et U488 OB PO

Taklma% ted ner b F )hatrﬁ{nang\fﬁmb@g Rt bOddiAY oPSendhLEART J. Onrol
the S5 NP rather than the M protein. Indeed, it

75:113 e A RNk dTheriendmysrusyMpprogin basen; WLk @?ﬂ@%ﬂaﬁ@@scould serve
as a lat &ﬁﬁ o5t By glg el% pA?ﬁ@tE BRE, hESvVS¥r Nﬁelﬁﬁ%&'sﬂfﬂﬁ&hfor

e n as ycoproteln
release oRaqther pamdesncsraioem ﬁais angKKmeta"mSzbmntt @1911 s ‘Rncmrements for

budding Qéﬁ%lgy’\éﬁﬁrﬂglga’[{fﬁﬁY’ﬁ‘ S vified el Rl 7Rt 200,

Howevk€ e SVWRPp$otbihaé HBukBér@AE 0l nfdtify incluginigiarYFILL uente.
par anyxovi rus systens exist and %5 be due in part to

AlternagivelyearehY 5 titesdomay piag s pementiqa they 65 NEFathgsthan the M protein.
Indeed 1{ fxé’écn Bl ?e!po o&?{hgt! WS Vﬂg%ﬁgéﬁﬁiﬁéﬁgg@? e\eﬁlﬁﬁg&] T:)y the expression of

entronte ates t VPSpat hway
the SV$ h@l proteat vesh M }p'otairmsmé:bl,m;w gig:oqamﬂeml&lhnnﬂh et AtAKReqroteifents for

buddm‘a gﬁtﬁzg‘%nyx%\élrl\lfs glgn%ne\lll?us@a\%rutstlﬁ(e %En%’:? Yol §6§9§2@§ J64 (2002).
Consequently, it is clear that differential requirements for the release of particles in different
paramyxovirus systems exist and may be due in part to different distributions of the late domains

on structural proteins. Nevertheless, the present invention contemplates that the host cell VPS

29



10

15

20

25

30

[1. Virus-Like Particle (VLP) Formation And Rel ease In
one enbodi nent, the present invention contenpl ates
wo e@n®iedtri ng a host cell with nucleic acid eneodUsI06/030319
only a paranyxovirus Mprotein so that the transfected
cells express the matrix protein and create
pathwap faciityteoM prateiniidsling and dired thes¥ ANRetifihe Hte NDNM prajsiaias the
invention contenpl ates co-expression of two or nore
propertlﬁgpgm@wadg. gl ycoproteins including, but not limted
to, NP, F-KIl 5Q and/or HN proteins (together with M
protein) under conditions such that paranyxovirus VLP

IL mmkmrﬁagwﬁrdpmﬁa@@wﬁ@mﬂém present invention
contenpl ates conditions for the efficient generation

8f ond dRsbdafmeht Vthé Ple8&H: ilf@h@dTYo0RtEniMteSkdndfedtin Nhes €ell with
_enbodi nent, the paranyxoviral strain conprises the
nucleic geig gpcading orly agarapurorists Mipreteia o that thedwasiseted cells express the
matrix ?ﬂo?e?r? crgﬁgéér% 2PURBL U Z R e odimeR tlae present invention
espiratory ync%ﬂ al virus. ['n another enbodi nment,
contemplates YhRspressigr ofdevoton encsa peranyxovirmglyogpradeinsincluding, but not

. . LN j virys...l.n _agnot her enbodinent. . t he, VLPs...
iited 3 Pl 90y B AN GEAEoh QP O i i ititons such
that paraidly 2R WAL fofMation dhdeBleaseeads.ment , the naj or

antigens are selected fromthe group conprising

TYE bRO&R RSicHtidH @inGiniplatbPetdtRIdaS Forlld offigiea ®@hération of VLPs of a
hemaggl uti ni n- neur am ni dase protein, and _fusjon

virulenigpagarayspvirghdragy Jggae pehodiment the rRRINEEFA AhRie cqppFses the group
R e
syncytiglwaibk.abl anokliev embedistetip thed(Ieks cpmpuise thesaia gwjorvhigens as

. . be harvested fraomcell| su nat ant s and rified. B
infectiofh 11, 1B AP BPEOTL TR § CERPTTR e Sepls BBt same
ratios a8 3EéANBEE Geust n bAE EABSEmMEMEthS PGtz @k atdBFlEREd from the group
.responses. . The VLPs can al so be e_ngliasneer ed so that, the
comprijipgyideqearsitb AROESID AR TR ans Al iK GIeteiRpmaegivtn e ainidase

protein%?ﬁsi&ﬁﬁ%@éiﬂon- A. VLP Rel ease Characteristics In one
enbodi ment, VLPs are rel eased fromcells co-expressing

rhe p%gcgoinséfr\}‘@sqﬁ AbcoRrlALEWNE e I boBMAGX lﬁl\éi ﬂré‘s%ﬁt?nvéﬂ@ion is

one’ e ment, NDV VLP particles are released froma

much siziyileread lkelyrodk asst effestivelthanecugontdxpradedle Hige Nrattenpated virus

. an N proteins.that ¢ e purifi )
vacsinely S1 R B P BV i BB Al ah o TR b pprgioggls veed
to purif9fvirlis. P(WDPeL4h 19 dnginkadcé &b iateageahespetthm f frmptise @Eponses. The
cell-to-cell fusion on virus rel ease, In.one

VLPs cahlsp Perenainecssd sgrihadhq gmaiine rerpapseisap R distipgtighed fom fhat

induce é{‘[ﬁ%k‘ecﬁgﬁ.t of NDV. For exanple, as detailed in the
anpl es below, cells (i.e., for exanple, avian or

Rumany; 1 pai e L0 chiansfigkied with plasm ds encodi ng NDV
viral protelns

In one embodiment, VLPs are released from cells co-expressing the major structural

1=

proteins of paramyxoviruses. In one embodiment, NDV VLP particles are released from a
chicken fibroblast cell line co-expressing NP, M, F and HN proteins that can be purified and
characterized. In one embodiment, an uncleaved version of F protein eliminated any potential

effects of cell-to-cell fusion on virus release. In one embodiment, avian cells are used because
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usi ng concentrations of DNA previously determned to
result in expression levels and ratios of proteins
weeowpareht e to infected cells. Cells were thenPCT/US2006/030319
pul se-1abel ed with 35S- net hi oni ne and 35S-cystei ne
and then chased for 8 hours (a tinme also resulting in
birds aﬂmb(é mkrapiarst 6£ND VL dloe as@ple,\dk Betailed inHilse Emﬂlples below, cells (i.e.,
ernata re isol ated gnd_fract.ionat ucrose
for exeg R o {PBELHER RuGaTeoled T IS HEan e DY FHal broteins
using cBAdeh@AERE ¥f DNAP@%@MM%%@M&LB r%ﬁilﬁﬁ%ﬁplfeés%'ﬁ 181k 8nd ratios of
expressing at |east four viral proteins (85

proteing mrpmrdﬁe t infectedeelds. fCdlsevreg thor pilae-tbeicd m\gthp@a?ﬂm@th@mne and
s- cys%? %ﬁ?}hgnrct%gle%%xagxn s gar fifRe als lie%ﬁl'ilgg laJ(l g ﬁgrt@:le release).

ssary o un
VLPs mﬁmrban |sﬁpﬁrﬂ1fta1ﬂﬁwm\mﬂite@md frztctmnatmaby awﬁﬁeﬁlamsﬁtyt hi s
%gl t suggests that four paranyxovirus proteins
ultracelgtp atiog}. o exanpl e, Mprotein, NP protein, F, protein,

or HN protein) prow e an effi t for tio
B i cattoadimer, thg effigiauRkp Pttt HEP roipse ool nlﬁamsssmg at

least foﬁ’PlnY B Adifs g"S "/@r‘b% Rbei 51%51%"{6‘ tH%re@ﬁcﬁérfés} OI_F ﬁ‘lf@ctioh§ f)élﬁcle release

quan tatIV f ect O virus release. Alth oug It 1s
from paremyryims aafeyted@ehlm@é%ét Alfdoughdt ivmeteasessarydp uaderstand the

mechaliﬁﬂ\{ gﬁg%lglﬁerg{otnr {gzﬁ l I Sk % tﬁlg Aoy @&gg%gyaté a,I(t E‘o%lr RXIJEES’XOVII'US

On SUcCr ose
protemﬁ @IeatfbwﬁlaMpleNDgefﬁQm@ plemﬁi Fypriotedd, ok SII\Sj)nogalm)lma}} @sside an

han t.he average an_aut hent
effcienif gl o Bt et Rrtaiess by o4 gt g aivel Gpnde Phginerase or
Phosphgﬁ&%%ﬁ@n%f ha@@ Lt RVRBA v dffect ch VRIsEMAd, that this

resul t i kely due to the absence of the vira
QQ{E@ it B%t hoceb ey Ramibclafs thelniech®nibi bt BemveRidre edbelieved
therefore, that the VLPs are non-infectious. tﬁoug

that paramykevirpdV Lﬁec\@@slam}n hedselpigé pB sunteserslionis have asmaéwelé(n
homo g%ﬂlléég{cgén? %{ %18%13 isﬁ Es%\fﬁ‘agl th? Q‘Fer d%ﬂ@ffépq\f' ah %h%lyﬁt?csvl

conforna vVirt entica
Althougloit éncautdessuty © ut]dBltSBindlthlb raesoéaaqusmbo:ﬁgmthvmﬁlcm pas bélichvedthat this

it i ey TR USSR B BB B B P

believeUhér@fbié, Gha ItHéJ\%LPsVAfE’ﬁoﬂﬁqufous however contain the
viral genone, since the cells (i.e., for exanpl e,

AhBROH iSO BEessa¥¥oGindaktand O MddBardds of 84 RRehE, ithesdieved
particles, are not infected wth virus. Ther ef or e,

that pargipEoGegh Néﬂ’s pes lilghelolded o serforratives viewakeidgnticel toean athentic

v ) BB R 0 90 SO R B8

result, qhen’etﬂaﬂiodﬁsrshd)tddbe as amlgeme aemdihfdltmwnus VIRs ctmaroadyomvér[ cmntain

the v1ra{l éer?q%ig%gg trhfg rcglrgs(tég: lle %ggﬁ% ggﬁpialg " 1051 are fn rm1ng and

releasimRAhée phitidRE Zae Mot iHfcd wﬁiﬁhdul%.\z’.m]\éﬁdf@%, VLPs cannot be infectious and

cannot cause disease.
B. M Protein Function

In one embodiment, a paramyxovirus M protein is both sufficient and necessary for VLP

particle release. In one embodiment, the paramyxovirus is selected from the group including, but
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respiratory virus. That is to say, expression of the M
protein alone resulted in very efficient rel ease of M
w@e@rein4ront ai ni ng par amyxovi rus VLP parti cl eBCT/B82006/030319
exanple, the efficiency of Mprotein release is
conparable to that observed when at |east four
not imPEDloENBF cavtie discade QDS @scaslds viAls) partigfluértzaivirumn 8 and syncyt1a1
necessary to understand th chani sm of ap |nventi
respiratpgy Yigisp Q%P’él\? SRy nEPIESHOR Of &@5&&’@%}5 @Q&‘ §6351R%é 1n yery Clent
release LRI %&%’&&ft:ﬂn@g gﬁragigﬁgﬁhﬁ Vﬂ’fepami@igé Nebr @&k ample, the efficiency of M
par amyxovi r us urthernore, VLPs are reI eased
proteln\nbieerse ondompetabletoghat obsermcbsleamtat le@sirfgmcpremnswere co-expressed.
ni ficant VL nat..occu
Atthoug 8 et SERkTbY by BRALeO oo RS BB 5 bl th i
result sﬁ%est@ GRX 1§ N Prodéin Fhek QIFEItOEE bOAdiIng ofpdrahyfrvatue MLP.
present. For exanple, cells expressing HN p

Furthergioghe) LRsaressicasedomien anhaMepraiehLis PEse QO%WGIIW[Y@ Fﬂﬁm%cant VLP
t .

i ST B A o TP i o o

expressn(ﬂf dfeaoctombanaﬂ;uog of Vird pndteine)np pma‘mt bér eaqampb aslb@xpteysmg HN

._one enhodi t. the present in tlon ates
proteng HGR, FRSRENPTY HET TS S YRl SOV ARy Pralgy toiining
materidl 416 béIPSupenERARNERIT Is\iniiRely it thed matsﬁalqéﬂédtm significant

contai ning particles that refl ect virus assenbl

compongnt AbYIGH asqembév netongeebedimept the RipReaL By e cqatempltes that no
NDV pPRGHh&Th otelY BXH fuﬁ&mn‘ ihddpend@tty v ed rtibak o\f'l-lﬁld containing
particles re ased fromcells expressing onlyM protein
partlcldsahadammg/vmmeseu@é)neous densities because this budding
occurs indiscrimnately fromdifferent cell nenbranes
@thbugtnit ¢ riot ac@ﬁarsploamgsmdrﬂ?ean@h@lmmm on gygntion, it is believed

onsequen n dlffere
ta VIFRRGITeky AP r LY M Pl bl Bosgmsgue
densnlﬁ%mﬂseltthspﬁfddirfﬁ @81&1% (ixmmﬁnfmanﬂy Iﬂﬂbﬁodlr%reh‘t mmmbranawr from
_ ave a higher |1pid tg protein ratio than
differextplasang TerehFA danenies 3nd; ePnarIuGRTG Giefin QetaRaing-fo-ftein raios
due to YRR NIty %telMoB?&h@ﬁﬂﬁoﬁ’f P&t 8hpRegAtit N fothE@ AR er M

viruses can formoligoneric structures. Garoff et a
proteln m/ciyrhme arduglnmahpld o Drptefinchtio tiggn pmtmlqs HpenadrormMb proteiy in an

71 1 99
oigomg e ftis i AR PSP R neps sfaqiila vimees can fom
oli gom&ﬁ@itﬁicﬂlré@@@rdﬂﬁt iah g Wiess Iﬁaﬂnaflolbb}d Hmddgig”W@thM #lcRidl Rev
USA 100: 15936-4 2003 n Functi

2:117RP FROSFod P e i Hglvﬁé%h&ﬂ?%%ﬁ a8 Braltzpdon o Bbola vins
protelnb\ﬁfuoedﬁ?iﬂ L RsibINYuMBink P Brd ORI BRI 08420080 36-1he 0ok

ycoprotelns I'n one enbodi nent, the present

(nventnﬁﬂ,ﬁgaﬁgﬁghﬁ%es a conposition conprising
glycoproteln i ncorporation into a paranyxovirus VLP

WRERat MR B ibub ﬁaﬁ&yﬁm FERfs VY Bliendd th @@lve the incorporation of
gl ycoproteins. Singlé glycoprotein co-expression
both thé HNeand F ghycoproteins. In one embodiment, the present invention contemplates a

composition comprising glycoprotein incorporation into a paramyxovirus VLP when M protein
is co-expressed with at least two glycoproteins. Single glycoprotein co-expression (i.e., for

example HN+M or F+M) resulted in only trace amounts of either HN or F glycoprotein
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exanple H\+M or F+M resulted in only trace anounts of
either HN or F gl ycoproteinincorporated into VLP
weanviocd2¢s. Further, when HN and F gl ycopr ot ei PGI/WiE2086/030319
co-expressed with Mprotein, the glycoprotein
i ncorporation |evels were conparabl e to that observed
1ncorpmtt¢11m¥LiBm§511@n Fotthert wheraHN and i glpeopt@eing werd dohmpessed with

M protfif b8 e ShprOffr RES el 1R Rat eI B R S s et co-

expresdidipéf dt DRstNpliOiBieshi Nnds nore efficiently wit h a
conplex of HN and F gl ycoproteins. This possibility is

abllﬁlauguim BOid @ecedsarpldamidudiand i hévhbnieR 0P 4R BSEHH) itQf believed
two glycopraoteins with Mprotein resulted in

hese
that theﬁfalfeﬁwwa@wa éha(fflt_}lﬂsN[IPé‘Wlﬁé’lréls rmr@ et{isirpy s Hathe eomplex of HN and F
~ I
o 6K I Kbl BERLRUD, YRy PG P2 BT oo
glycoprotednseiith ) prioted teswltedgh yueplym\eruﬂ VIdsdwaeing dingorabbmogenous and

decreasf R B0y M pfely Vg it hecrataly FBed PoblfpBthir ey Co-

expressid]ﬁdf M pEQEiacHitodthePFIM dPiattia] dloid, il md clipb thy %bh@ﬂa[‘densﬁy of M
npl ex affected the protein to lipid ratio

protemwmgmmg ReFticdest éﬂlstbﬁ’éevﬁé Hhst theee repdin mmpaéﬁ thahintqsagtiong PN
t
protein W{!}Oea.nn o Qﬁlzl%l @H *%%%%&g@ghg%geﬁn %’In%% %?ig)tdg :th;eSVﬂIS]syor affected
the membavk frempericlnthepaiticles Wwérdsldasedgood yi el d as
contenpl ated herein. For exanple, co-expression of a
§i Shgllllé bg ingted plnab tnef justany cambipiieot &M prasivlang viral glycoproteins

oo 84 s S0 P 5 Bl SOIP Ay sprsin

ofa sm@llé(gﬂ}&lopﬁuem bd %Mﬁ&’&irﬂ@sxﬂtfs iGL 4M6D%0V EP Pel¥dst Buppireski®a Sthen
coproteins; and_iii) expression of M protejn

compargy ng Eﬂﬁ'«}SP Phearvedialiar: dscorepraapien Withal fow Riotemisgiikepression of

an M pl%%ﬁ’lp{iv?cﬁ%t RBstitso tgﬁjcbﬁ%{%ﬂlsb%dqﬁ) 63@%?1'0@@1 oMnﬁ’ hBLE Empmcal
NP and another gl ycoprote Al t houg 'S no

studies rpéfe@ls@, thai/ thisorelenshesupprasstpnt i eelmahla)nq:csmm@ssm qf M/pmtmm with NP

ved that VLP rel ease suppression by a
mdm°g¢eﬁ§ﬁ'CQ§JP§/e§opr ot ei n +M protein is consistent with

%ﬁ;ﬁF \ﬁeﬁ s%v\ﬁlé%ce% Q) e(cllé\{%tgm? 3 énéagl\e{l‘ Pr (r)m X 2%$entlon it )s believed

that waﬁbmsumemorﬂ weassingleplycrotei M prateth isichndisnt ndther
el s expressing onl

wh dt I f M
observafipi GNP AN msct}glﬁr‘ﬁtl’eﬁaeie i1 Wé@éé%?rme@ GRardiaFricase fom
cells exfn@@slﬁ?ﬁl'l@d@t ot ?lthél% hAVBE00 Tower tvhbs c&ﬁbér@d’ %Qefegﬁ frdh 8ells

arge amount of NP in the cytoplasm may pull Mprotein

expressmgeplyf Manetehe Altheveinitiendmaerssary temslosstapd élwemcqhaglsmtcac an

inventio n? ﬁ(i)sc b fe'v OC{] th\all\f téo}] eqaumGOWf RP Eréf%ﬁ gtgpﬁgléﬁlga%f;ﬁl&glg 5p?c‘iitemgawvay

from thé blaﬁms: ﬁrembperrﬁsmmhy picténtig s Rssocigliyre with eliie inenibeahe and,

redirect both NP_andM protein to a cellular nenbrane
thereforpﬁé}dgw of particles. Consequently, one hypothesis suggests that co- expressmn with

another glycoprotein may redirect both NP and M protein to a cellular membrane thereby

relieving VLP release suppression.
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relieving VLP rel ease suppression.D. Vacuol ar Protein
Sorting (VPS) System And Multivesicul ar Buds (MBs)
w@\donough7 it is not necessary to understand theCT/US2006/030319
mechani sm of an invention, it is believed that
par amyxovi rus M pr ot ei n- dependent VLP rel ease uses the
kbst VaswduRrofsitoSeting 6D iSystemAns) MultivesigulanBuds\(@E/Bs)
system has been reported to medi at e buddi ng of other
dHitherglpit i nat neesssary temderstapd thgimecheiam of an inyentiord dfi in helieved

that pa:‘é‘[gx% 'TRﬁ.\ Htemép%}n \éﬁl?rse:é%g% ? ﬂéeze’l}%gtd"}a ugﬁgproteuh sorting

(VPS) &ystédl e VIPS mﬁ;san&dlsl beBi fﬂportdcﬂto&ﬁélhﬁ@bﬁcﬂﬂ@?c)f otRetdelielgped
retrOVI USGS VI [LUses a n nza Vi ruses

viruses SN gH S Al AR VR AR R AL Dot By, SO S g and

PormllJ§|kQ aV, F’%&%ﬁl\ﬁﬁy oﬁérﬁz@lo%&! KRR Vifusbaadh s ,81%'9_@?2{ B ££569-79

, "Retrovirus budding" V| rus Res
(2002).(2004) ; Jasenosky et al., "Filovirus buddi ng" Virus
" Res. 106:1Bl-8 (2004); I\/brlta et al., "Retrovirus
Budding gf reforiuRRe ilosiusenand Biflspnzadirugssratheugt0gdypend upon the

st cof B e RGBSl BN SRR

“Retro¥@us bu&dmgl Vzlrast Resdidy6es7rsI02 J2004); 17 @éenosl@ ed Bl 9‘Fﬁ$v1('tibflﬁﬂ)lmg” Virus

Res 1RSSR Bt TR SR g 3R Maos s
(2004); Mo@ﬁln&i &lal ] Wﬁhlsg‘lg 3f e&é@p@@RNAO%)s bult¥iB g We%df' @w%z

|nva |nat|on of endosonal menbranes in
12: 569g§&

peshrEn O hieb\atecdormitising: 1ire/edG:46%- W@O@%) and Schmitt et
al., “Esgag)_?ﬂ&gltr% ﬁllé@cl:eetlnlé gsg@x%ﬁlg aRd bﬁdﬁéggf r[egatY\le-s%lanH kjl\?g&g{llﬁs’a Cuff Top

Ke a
Microbiil ﬁhmu;&l 2882003 (20[1493 MO{B3l aD@Sontnéd W&vﬁgmmmﬂ @ffentdSsomal

e e

“Budddﬂg)ﬁit:al GghdkePPRN I EeYentie bh&@hmwyrw%akw d%*e D.mazoyz (2003).
'Retrovirus buddi ng" Virus Res %

The tcme@@m 4?}“ MR formiatian i simlar to fatioR Vigisbidding ﬁp}rmlkmasmembrane

co-opt the endoc%/tl ¢ machinery to nmake a getaway

Bihgs been- p;go;(ogg;l)@y viggh groteing qsgrpethls&ost cell 3 tgghrect virus
buddm%?%ﬁhﬁg ot AY] mReBS%n&eJuddeg Vz% %es 1%% 8%9510ﬂ ﬁg?&é'ol\qﬂ%tmdale D,

resear ch suggests that the for
“Buddmgvﬁal bnwbdexses» -dph tleengogtie nrachlnerpltenmke afgeﬂaway” J Biol. 3:2 (2003);

ot A AR B LU DR SN 000, Boents

research § $uggests thet the faatien oBRORE ihvolves thredgrotdin fompBleRst figt

"ESCRT -I111: an endosone-associ at ed

Characfw% ibsepty @bt coliresvely knevent ths Endesemal Parting @pnml@es
Requirf Tl g STt o s FRLL BRI e, ShooRT o an
endosoracrdssetioted @etequhgbmmnspmmlrmmmgfhreqhirec?for M¥R dsrtﬁg1’ Dev Cell

3 :271-2?%@4086%5 }aﬂg ébaén ééﬁl?ﬂz\)eélcllﬁar bo es a mechamsm to package lytic and storage
functions in one organelle?” Trends Cell Biol. 12:362-7 (2002); Katzmann et al., “Ubiquitin-
dependent sorting into the multivesicular body pathway requires the function of a conserved

endosomal protein sorting complex, ESCRT-I” Cell 106:145-55 (2001); and Katzmann et al.,
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sorting into the nultivesicul ar body pathway requires
the function of a conserved endosonmal protein sorting
W((EmﬁpAOB)QM ESCRT-1" Cell 106:145-55 (2001); andP®eUK10861080319
et al.,"VWrs27 recruits ESCRT nmachi nery to endosones
« ur| orting" J Cell Biol 162:413-23 (2003). In
VPSZ ‘?@g@\f to gndpsomes duripg MYB pestiag” éﬂell\ﬁpdsleﬁy 1413-23

(2003) | ﬁl zid%lﬁwnr Vﬁszf ﬁbte‘irhﬁ ed 'fﬁsé%%lﬂafe' QPA?f’aSE?ﬁ rgcﬂllf'e{i B dissociation

% borg e tein sor
of the mu, |C\P§?S¢q;mplq¢ R@ﬂ@@g@%s‘?f@l@ﬁf soﬂIngnn’@ehhlﬁBesixtular endosomes” Cuff

Opin C%ﬁtB%o‘ﬁﬁéﬁ!S%qg 3), E. VLP Rel ease | nhi bi .t| on Studi es

mber~or"virus types, nmost prominently

tro .shown that cellular proteins
:Eﬁvol y%?ﬁgéﬁsﬁ Iﬁ1‘1‘63/“?1%1“ on of MVBs are recruited by

K .ot ei ns and ot her i X-11ike proteins
ST i R P O R Dol Lt B i
cellulaxq:frotbhxs inMeSedah theetyrm ABRMHIOf MV BY ard keorulteBQiyrr@&‘dnﬁHﬁ gag proteins and
b " Virys .Res 106:87. - 102 (2004): Morita et al .
other ma%@‘t #%RgﬁfP‘i?ng %é{dlatﬁli?@fmrﬁm yirpidiatedRpmaing Witk agfomponent of the VPS
pathwa?z D @it 2L ( %nufﬁlﬁdhlgb 9548 Rel 06: %W@P%Wo%a etal,

« envel oped RNA virus buddi'ng” Trends
Retrovims bgdling’ 4pe0tey; CelldDev Rioh 26:392425 (2004)) Pohrillosckd . ,nametchamsms

hVie t S bl ock
ot nve ORI M Al 2 o ST s M2 5081 85K s
Lt bt O AL, Y B e
' ou I [ )

strack gf gl “TaBUATERY: # Bginaansianier KRe HeeNeASDS finghoning in virus
buddmg ’rtyégmmcggg 49 (Q§03l§el i eved that a dom nant-negative

mut ation of Vps4 or Vps4 A-E228Q is capabl e of

RlB&kihngis MoPhRb&hF) B ALAPURRMNE U c¥inkink §F %@ent{oh % t%eheved

further believed that a dom nant-negative nuta
that a demyppnt-gagaiive mptgtionstYipster Vass ABERASQ iotapdbée <E$(I?R'K1ﬂglM protein

paramyﬁﬁ)mls ‘V%) JefaBiDITE & AL gLl vgd ﬁgt g ,{})@\a’{ﬂﬁgqsé %/Y]L grn{yleggg A SfCHMvP3

ervations |nd|c

(ie. fol‘pﬂm‘nmkya swbunitwé thecdtSGRIC Hhéaiﬂpl&()\inlmaits PusteiefOpdrimPeovirus VLP
release. ﬁ‘é xl?ng@f VILP releasgM th t hat is the Mprotein

t HEEC QSPEEtPys indicae aet hihe Né)s\ﬁag“’f?é{tlﬁ 52 Iveq g prsamyxoviral
budding ©6.§ Rirleyarifie WL B BQEA:)Chuk At it ’MBe ME ro?éﬁg th4t Hﬁ&'ﬂ% GRLGES Sith

are also inhibited by expression o dom na
theVPSrf@&HY?’ryve formof VSP4 inplicating the VPS pat hway i n
SV5 assenbly and rel ease. Schmitt et al., "Evidence

I Bs rgoqmely bosn reported thatdtial hP eod eirise qelesseare 4l ivhibited by
Vi r ol
expressiOE SEBE OULTAnIot o B EPERLBOARY e Vs Bl §1560

assembly BadN@leady. Schntitiet BYSENdpice el andvsving |lat6-\d6ﬂhaﬁ1QoEt6seQuence
SV5 M protein, howeve I s _known

FEIV, g Gy BEPRARA: FORTBRIRE| o Tieq RS SEHaPYD). dtitmors, the
sequence FPIV (SEQ ID NO:1) in the SV5 M protein is believed to be a Late Domain. The SV5

M protein, however, is known not to be sufficient for particle release. Schmiit et al.,
“Requirements for budding of paramyxovirus simian virus virus-like particles” J Virol 76:3952-
64 (2002). Consequently, it is not clear how SV5 uses the VPS pathway or how this sequence

might function as a Late Domain.
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"Requi renments for buddi ng of paramyxovirus sim an

virus virus-like particles" J Virol 76: 3952- 64 (2002).
w@vgegently, it is not clear how SV5 uses theCVBR006/030319

pat hway or how this sequence might function as a Late

Domai n. I n_one enbodi nent, a sequence anal ysis of an

Npongepbestimient, arsememmlyslh of gy ND¥MeproteiraalsciPoVs it présence of

d t
an FPl'i/ﬁlr:tQ'f é@EJ‘ ,!o%n‘pr O] s a &%%JH%E 'n?%?%%@%pﬂ%la)f } oa%%tﬁpnses a
PXXP widiE (SEQ ﬂ]? NGBEndEnNXR], Irflcﬁﬂ'ngQ;IBfS\T (DgD, SE@I%H%%E’ r[btt F48d in the
ei n, e s identjfied in the ar
SV Mﬁif&fﬁ{n 3386 et vt fied B b miialsh @eﬁﬂﬂdl@%t% Epte Domains for
other p&@ﬁ@ﬁ%@iﬁiﬁ'l\"[ lﬁotéﬂlp 8L @bAgins tha€could mtﬂﬁﬁhm%%ﬁegendent of

funCtion in ddi'ng |ndependent 0 er vira
other visplgweteins. D@em)\r ehal.efReftovirug lszeidmg\i%m Rextioh:Rg" 104 ¢2084); and

rea, £50. 00 bt PR PRI, O Ve 1
ik I f
B AR LS T
AR DS T R W

paramySc‘ifiniststystems &Sendai"VRegE Ve nmm sindl SV Spacdfician@ds rangm%between 18%

o, Para viryds siman |rus V|rusI|ke articles”
to 70 A@Sfﬂgﬁ%éeg agg g%qgger% n@fxogi{%us simian virus virus-like
particles’PTI3PH X805 2184 @E@Q?'Sugéﬂai’hsetlal k@ PR oG bs éé?{dg%1¥£QIl£¥)aﬂlcle

expressi on of mul e viral protelns ana acce
formatigy by @@r¢@1@a§@%typlevpalmr@pms and melog»;ao@ 6itd relddis¢ BOO4rotein”

Vzrologg Rds.] ol (ﬁ%zﬂbu ! mot}g Rg i€ “ﬁole ratr.)fx %1{] %1%1[31 pror;gns in budding of

oteins In aidar Vi
Sendai (it@84- Vol 76 2008%-. 91I(r20m)e enbodi rrent the present
i nvention contenpl ates a nethod conprising inproving
Ilfmleeaiﬂhodlrmmyh@ﬁreﬁm[ Avgxtoni dbn&m‘léld%bsraﬁhaﬁs@ c&tﬁpﬁ@ﬂ@@provmg

ells fromthe n host of t Vi
the efigFic S Ry BRI Rlspts btustas cellf sbrte natr g oghsarirus. In
one embdimert] NBaramykovidt id del¥cle8 roblthe %ﬁ%@ﬁcﬂﬁcﬁng 'b%?ﬁ@t%mlted to,

virus, neasles virus, parainfluéenza virus 3,
Newcasilg dispasa i ragpales vires, pwmﬂgenza Virgna, @muamnw,ncatlalmnrus In

one emlﬂfd @dtna | Cltg%\férﬁﬂé) gk 15r & e% cc\ﬁ‘% th ?&ﬂ efﬁcwncy

an e n ano er e
0£90%. phmnethﬂ:r pabtafhmcva pisteid PramyvovireaVem if fdliéﬁbédlﬂ‘&ﬂ 1R8RT 203T

cells.with ff C|enc 5 Fur rnore, the .
cots wiffip ithiey b0f| KUEREeplbe RSP brTroor poth o pgtein VLPs,
as well ﬁcoﬁ@mé ¥LPsMidrs Cde s @%ﬂ%ﬁﬂﬁkﬁﬂ%&éﬂ a5 félé?i@é‘frbﬁ‘l av1an cells;

ower than rel ease from avi an cel di fference that
2 dlffeffinée Higt isagbdyioa lpwererpesrpoelsselon Vlrél\mbtems iy CO&| cells versus avian

cells. A@tﬁ&ig@f iR ﬂopn&%aﬁg&) luﬁd%'gtﬁﬁcrﬁle g}/ 1s(f1$ otg’n anentlhoglug is be‘ileved

IS not necessary "to unders ani smo
that diffeneuensbeoveen ithe dfScibedidsef pdratiyasviris f\ﬂefr g esorabBedud b8 host
Ci egcicc;:,s of paranyxovirus VLP formation may be due

cell- Spe?lg gegﬁag

It is known that the protein requirements for VLP formation in other paramyxovirus

systems also vary. For example, paramyxovirus systems comprising M proteins of SV, hPIV1

and SV5 are considered involved in directing virus assembly and budding, but there are
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cell-specific dependency. It is known that the protein
requi renents for VLP formation in other paranyxovirus
weBreMe4al so vary. For exanpl e, paranyxovir usPCGHES®N®E030319
conprising Mproteins of SV, hPIVI and SV5 are
consi dered involved in directing virus assenbly and
differeieed éh thg rolowt M pmtam ar stlial paticla f@mation tCorona leealqf* HMnan

rotei.n a rti or mat i rone
parain Rt Do bl B ySroled] B5L Rlisierly Gigreseed if 12
mammﬁhkﬁi @‘Il@ inffubé the@EIBRS of ¥ RMSHIR PakticlPdhRnies13 ﬂucl&capmd—hke
ian cells induce the release of virtus-Ilike

Structuzfé’r’ th W@é T3 IRBEB AT I3 himiie plerbe Apequirements f@thuddmmoés
prng St 8015, 59003630 o,y .,
“Paramypcowsu&ﬂand&-ﬂmuk&kp paﬂtmkelfeﬁnatmn Yy mmpreisﬁomﬁﬁalﬁﬁle(v&@mmems and

S N I IO L

matrix BA@FRioASrétBhhs %Bﬁid fadﬂs@ﬁda‘i’fwrhi”SJ rBleasel @\84@?(2%?} Similar to
Vi r ol og % 325: and Taki noto et al.
2

NDV M porofginy Sé{n@dfhé’év bM mpf@tn@ wese sudfigieiet dpipprigle @émauthe SVSM
protem'\kcfvyélteréﬂxﬁaw Eéufgéé §%§ﬁ%§ﬁh§l cb %?gljelmoxﬁvﬂh INEF I}dI at ng t one

ins were sufticient
glycop]fodmn pas téquired foeleﬁimmt fdlhﬁh&i/ﬁldl\ﬂekeamﬁsv 5 Vibre V@dhmﬂﬂ&ﬁal

t
Reaufiindf S o B r o Bt Mo 73052
54(2mg5f|0|ent formation and rel ease of SV5 VLPs. Schmitt
et al., "Requirenents for buddi ng of paranyxovirus

$h Hil@élnh(ddh‘ﬂéntVthE Weeskhth®eRAb Ednh@Splatds Wat iy FOpR8Re -anf %o other
(2002). In one enbodi nent, the present invention

param}@gm@ﬁ;ptgtne gan yodaly @ﬁpc;t VMPmamcéep feleagg dPraons $tedies do indicate that
SVF p?ﬁ%lﬁrﬁy v fbﬁ%n%{l{’?)tngfng?js %{?Q}aﬁﬁg gééi’(/ltg 'd'él%tg sgli\élte@\}gféﬁé %e‘féa?e of

eas revi ous stu 01N
vesiclepccmtagmmg ieyorgx thiethi groim. Sugahaina uk, ‘rooyiosinss &antihnmm;y-lﬂce

h | f gl
puricl Sk et R L e APty
protemswdwgy\zns mswl (QB(@I) Pzﬂfdt"ﬂ‘akirﬁotf) of TatReR d@ma@fxpalﬁsﬁm@ﬂ pRJteins in

tiple vira ins and accel eration of its
buddm% ef el ‘ﬁgﬂSéprﬁmle%ll%‘h?ll&éQﬂ 325:1-10 (2004): and
Taklnnto et al Rol e of matrix and fusion proteins

et F@ls&pn@@g&a&qd Ry the present yvepfion expressing g NIJY F protein,

| alone, did Q9 ieade T SORL-BG tain{i8 i aPerbPAhE @Hhsgél:dﬁﬂesg?{% lgfegy? albhe,

i nvention expressing the NDV'F prot
releaseg @hlaa@ee #Enpuiss ef very bgitt demitygnateriad HiNaproteim dom:ahing matenal into

X y ot ei.n, al ane el eased on tr .
the col SHRTRRENE P oot Pesy B SRl ke BETGRorRRMfy ] vpression of
SV5F &QmN@ﬂyUop@thﬂd @lohg|did AdtQedultén VEIP! paftitdefelate NS chmitt 'Bﬁ‘zﬁe :
observations are simlar to other reports shown

“Requlr@szﬁp@@i RBiddine ofysramygevip synipr sErbYiRiske partiskes, ﬁmoz 76:3952-
64 (20009t Aftfsitghlt ik BoMideRAN 1 GhFerdt Sl @RS frecmbiH bf arShv@ion, it is

believed that despite observations that SV F and other enveloped negative strand virus
glycoproteins have been shown to exhibit budding activity, no Late Domains have been
identified in any viral glycoproteins. Schmitt et al., “Escaping from the cell: assembly and

budding of negative-strand RNA viruses” Cuff Top Microbiol Immunol 283:145-96 (2004).
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"Requi renments for buddi ng of paramyxovirus sim an
virus virus-like particles" J Virol 76:3952- 64
W@ 2000)924A t hough it is not necessary to under BCHOS20061€30319
mechani sm of an invention, it is believed that despite
bseryvations that SV F and ot her envel oped negative
bodnsts ofdheprgscnb inyertioncompyising sarexplsesion ofMatbiciniand NP is
in BUAALING; LV [ been.identified.
oo fn BAIPLHcpdrtedtt (S /0, o e Tl graion of
SV M dnd 0V isfkeowa ttd result aetibiojeasnof VLRt ontpinihig bematiiay frotdisisaBekahara
otal « NA vi ruseg" (%ff Tng thbl ol |.mmunol 283:145-96
» (SOGAFOENE SaPre Kius-gke Rardelpamation byoamession of smbinle viry
protein€ArdexBelea 1061 18 MeRscH el Ero@é’iﬁ*”ﬁrbl%g@kﬁ?l-'l@ éf(fﬁ%%r ast
with those reported in the SV system For exanpl e,
6. mul PRReRPsotExRhemRsticHy of SVM and NP is known to
result in the release of VLPs containing both viral
Eh“é)?@ﬁ% Invepigpnepntemplated using NV aanppoatptyne pSemyaovirus in order to
: ' = ki icl-e f t.lon,. xpressi on. of . .
cariy (e £e13 of &6 pRAL G s sCH b BRI BRI R B Using this model,
certain erpbatisentbint€rate atdefinitiolof e 9yI326teir 1t Quifc2RPML for Bsembly and

et S e o S A et wit

differen@E61BBinditons bB¥irdlprétb@sr Ol € of each paranmyxovirus
protein in particle assenbly and rel ease. Using this

Further, 13 gaine embpdimients drteraientimyentioncenfemplates acdofloerlizitiion @fM protein
ith thd i1 ¥ e ' t $..£ 0Or enbl y_and

with theIF M b o RURAE b ERMRIEE Rl TS ROGrYe R o understand

the mechardsne bfiarpinwergion, it it teediavodd thatshd dutapresentedregdn Whdwithat particle

di.f ferent conpinations of. viral] .proteins. Further, in
asseno s e AR LR B o P BTGP CH bl careg tfecting
of protelt® 14 §rdificzallulenddhdmpdrotein with the viral

| ycoproteins in plasna nmenbranes. Although it is not

OB swhpdiment, thegupssabinventinn comtehplatesY bP pratein intenattiams form
ith all bdmbi [ ted [ el ow
with all bmbiBaff of ek irdut BicfR Rk ROPEARRE Sihgh it Anclitter .
immunopregipdatierpr &t aiather etmbpdiatenonall sunficé Hikednd Fopriotedi@tare co-localized

. argeting of proteins to specific cellular domains. In

with MBI heleResitd e Sanbineis oM <o R epfegice g another

embodinyédft, qor&xpRission BE BFoGkal BRSiAOKHR ¥ pBte Lls&ﬁgﬁ&i@ﬁ{tig%&e&@d the
three and four proteins (i.e., for exanple, whe

co-localiaétﬁqq,fga\/l Byotesi v RN gsiFt profeing)in thaplammet hembrane indicating
increase& ﬁhagét@gtvitgq%p%%a%f ace HN and F proteins are

co-local 1 ze rotein when expressed in different
Teoteing ttesoprotam-plotdih anetaddong VAt fosned witkadidfchak combinations of
odi ment, co-expression af .t viral proteins withM .
s an BT w0 GBS S PR B Bl i
cocktailsisf tham@8pdcARS dnBiBodits Mot B, BINE 0B FWrétBin€  Hifde TeadNifitbolly cocktail
.. proteins in the_ plasma nenbrane indicating increase
precipitated;adl preteing fomyV LRs formedwith M, HN, F and NP, although the efficiency of

 precipitation for each protein varied with the antibody specificity. Although it is not necessary

to understand the mechanism of an invention, it is believed that these results are consistent with a
network of interactions between all four proteins such that precipitation of one resulted in the

precipitation of the other three proteins but with efficiencies that varied determined by how
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To define these protein-protein interactions, VLPs
formed with different conbinations of three and four
wW@e@re1ad7 wer e sol ubilized wi th nonioni c det erBENUSANE030319
proteins precipitated wth cocktails of nonospecific
anti bodies forM HN, or F proteins. First, each
dlrectlmmmyammﬂdplthquremplpatmhpm@ual | proteins from VLPs
t he effici.enc
B o uEtogfitisafer ot giagelefp Y B aheEREoN of

protein&ftbbODs HRAE] Witk bl ¥Yombinhtil 0N thirde proteRR! TRABESSSAUs ¥hdwWa
under st and the nechani smof an invention, it is

specifiqjaferastion betisen Hcand M peqiping baivecen AR prd Mrprotein, land between F
protein @.ﬁ& Yl {Se gTFlrLgHr'gt%lﬁg ?]A 'g?-@%t ﬁ@g{aé\@%e%éenffp%te% gtlideM’]protSéHlC\Das not
dlrectlyp]beempd bwttthctm 1sdﬂ<etyhewe)etlheterachombetween B amSHNJ[trowlﬁshsmce anti-F

protein Bl RigedP o PREE fopy CET BIEad Mot I protes. The

apparerﬁ’ b ity fd POl M pkdtéifs RGhicRIIEsubBER HIP [@oﬁﬂo@ﬁfoh)bf @%6t9i%Qnto
I mmunopreci pitation of proteins fromVLPs formed

these V%iéf fnaa Ibe nésdimtadat intsrastions with eeHNmsetein sAliqmet eely.a intexaction

e IR S AR A0g  r o2 e

Weus, (Ber all Em;g pro@eiﬁﬁ:)re céregipressed, NIhtust Hbtproteinet weerpokated into

tei.n and n vvas ot_.directl obs rved but
vLPs b FiEehubfididn DB bt (R i GO 1SR 1§ ol iprspary to
understﬁfdcth€hﬁShan%nﬂ@ﬁnQﬁ%nhEn Af Bbelidved Mak F%t@ﬁ i [1@615/ RlcbAforMed
protein from VLPs cont ai ni ng M,

mdlrectb’r QﬂGép Hyeraqtipas sthdiand Hﬂmtpmt W i @rrtlmr bﬂusvml Brbeei ns
t
e TSRS GRUBOERL | Aol 0 R0 SPVRLGER, i
protein amd Mprpieot with HNSroeimiattheghyma mambrane waeh bld ﬁoth@hvtaﬁm are co-
protein and NP may al so facilitate incorporation
SXPIOSSEY ocesses. Thus, when all four proteins are
Howewd| whétshly NR apebstdd WitioNirbten), B plré’cglﬁfv%flﬁt’ég%dt nto

VLPs by a direct _interaction with M protein
signifioanidy ingomgyatedaptondigtberause 3 diest mf—é@@%@*awwm tb?ﬁ@é?‘@ PEqteins was
t ob érbé‘d h f '
ookl IREDAHATAY! bl Lot p AL AU b v
co- localnzmlem atF anhl! mptehls NiPthapdastal npfmdirenmn these cellst ur t her

at an X 0 e.four, pr.otej
RPN e oad s ST MERuk RED S sl NP e Fiion into
VLPs wﬁéloNElaﬁd AN grodify Wéreich-expricttedtith tBE hieiwisd ddnitigatidha Piious
menbrane wnhen al |l four é)r ot eins are coexpressed.

reports g RgwthatipeM REpicip of Seadal Xjsreis secauifgdiin tha qyfeplasrhby the viral
nucleoc%gfé G’Egcﬁcll’@ét Al kgﬂllé/ S&@ki viig mafmﬁ)ggr'a{e% a4 é ?etcﬁgteﬂ M Re

ecause a direct interactl en t ese
cytoplaspr by thierviralvaglavodpsolis dunctidn i Ged assEm@lyrmdﬂa@)ldmg” J Gen Virol 75 (

pe5y1REREY 08, Yo BRSS9

Indeed, td1ExRbRTNEL IR PRtEA Q!lﬂh'NF RESRAIGEhDLS. fom su pﬂe&seomfloh pr&ein
associ ations of Mwith NP, there was |ittle NP protein
containing ¥dLgeleatei aresilhelso consistent with retention of M protein in cells by NP

protein.

Although co-immunoprecipitations of VLP proteins formed with M, HN, and F protein
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VLPs when NP and M proteins were co-expressed in the
pai r-w se conbi nation. Previous reports that show that
wWo b@7Mpupt ein of Sendai virus is recruited i nPETES2006/030319
cytoplasn1by the viral nucl eocapsid. Strieker et al.
Sendai virus_matrix proteln appears to be

mdwat?de%&m% gderpriqniod TRY profrim it B praieinaipergiwene obly duva it

of i mco r:ftiéﬁ%tfgw fo 11Y %@gLﬁS@%)h*{aﬂﬁ%%%%bggfgﬂe;]"é’?’i%ﬁegsedomapalr-

wise ccmé:nm’c@at ianh@‘fnom ;lhantt whaglittle cb-ihmcﬂhzam;i o thero prateige flkhe plasma
ulted in a 2.5

protein Wt r
membriif; PeRIES S M e Bk b mtaithrcaat 5 hip Gessost whnsal co-
localizAion 65 I;Hetsaﬂlb$@1@r@rb?ltl¥et @0t thwebﬁ pfe@&lﬁﬂltg' tR&r &kodhifOt Aldthatively, it

in ceIIs by N P protein.
is also pessiblath#dhe exnformagion efthe HN mopenptrmsmenéom@rmmomasmlcl\mﬂ

may be'dlﬂ?fer@ﬁqn &%Qiﬁ%r e rgsgltofx%f f é)%télﬁ%tr NPnﬁrg{ g&%lgtg}&g?s%lqa\:'mmn of

protein wt her e were  onl

HN proteie withdd pratein. Ghe B0Preduetion DfMQ)rMbESVIDP@lﬁpoHNoaBXWéssmn of HN
pai rwi se combi nati on.

ns,_were ex sed. in
protin e B B e Bl 5B 0md B o
previoubMQeurl ¢h BéndalvikikesyRbRs WRoAMREDS AN & PaRRRRARRus SdhdhNRrus-like
absence of other proteins, HN andM prot €i ns 11
particle fprmaign a@wbr@&ﬂmm&m@ﬁphemmh@o@mnd @gqetﬁm@wmfofutls gelease by C

proteln’c ,,j) ﬁgg@g .£hy (%@yentl ng their association.

tively, is al so possible that the
Ii@héldd bateadme(bthatt 1hendﬂbbmb1pitmdn i hetR0®saRyad prodiice purified VLPs.

c tail e different_jin the absence  of
I one e&?@’ﬁgg’%@%ﬂhe Brest &V&%{t&woarmm% B%YQ’ RIGPATIBN CPprising pure viral
proteinsd FF6inedoin§dsibibnd e Icoinhred BetRedb BRIV Wikfe 51% and IXLPS

reductjon of Mprotein VLPs upon co- expression of
that havg gt widsranme FmupeRse@pifatioanAbe daje slpqmﬁbﬁtth@VéR pieepiaratidn does

not contkﬂfht ar@'ﬂ%tkzﬁ@ tHaf %lﬁﬁ?ﬁ%\ﬁ?l fiE& thB{equx{ug Brsap%a{lglg) 04 éeelglrgage 72.

Sendai’ virus syste ugaha ar a
Conseq'&lﬂwathewhﬂsgrd asmrq)artha:whelefvnnsratl on by expreSS| on of
cceleratio its

a rote| n
RSB 16 Yolor Bk b iyl sabinfin of ardiessyiony i s beioved
that VLBshmhed ith NG M 2edIF bRvadingd AFOUREPIAAE tinteBdctiORs hSwBAM and NP
necessary to produce purified VLPs. In one enbodi ment,

and intepagons hebkn f #AdNE - Gieediisre #p)- dios sxemplesF protsyamay kdpcate NP
to the ple@iPfembAGe B%H’vﬁn%’ M @ spBifd ?c:ngg T\g{?%\t}\ﬁhg FpioRRs 'htxdegg Sdata

were conpar ed ween’puri evirus an
Presente’d’lbpsllt ﬂ@lw thatvasidition of NPencreases thmmﬂm@ﬂlemqm df & poantein Witk F

prtin {352 0L b0, 155 e RB O P 08 R RE B o

proteins [Dlﬂ{e@ﬁbﬂﬁ d@dﬂto iR eactibhsHIbBth N pratis QHY ’IPLYivs M ﬁl%te\iﬂ— ASata
ure as the whole virus. Although it is not

presentea é‘&’é’% ghap that mﬁs@ﬂaﬁ HPrwigh H%Tca@drM prateihs mareasptbetd-on,
localizatidn dffM Qﬁa I—ﬁ\flﬁ%t eI v hgbﬁa?‘spg M\é t@neﬁ@isgﬁe\iﬁggotﬁﬁls %u&gests

protelns ar e |n eractl
that NP-NPprotein 1nteract10ns alter the conformation of M thereby facilitating its

interaction with HN protein. Indeed, surface HN protein in the presence of NP appears
more punctuate along the cell edges.

This network of interactions proposed above could account for the conclusions that the
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and interactions between F and NP. (See, Figure 66).
For exanple, F protein may relocate NP to the plasma
woresniose’ drawi ng Mto specific domai ns cont ai PCTYSH006/030319
protein. Indeed, data presented herein show that
addition of NP increases the co-localization ofM
cytoplqsnmi mnmlm (tGT )fof iredidiand Fiprdtéias hdvasedundentiftugotions. | $chingitt et al.,

« t hat VLPs . forned th , M.and HN
Requifsnds 5 DR GEH §F RGPS GBS S (DAL PR 4 Kirol
76:39501306.8 (1008} dr MNRx Mrhp 18, tb PYToRialh of288 B pRStES ﬁgr {ENF-'I\E’
show that” expression of NP with HN and M prot
complgxagiodhe Ela@m@ mebibeng by 2rteiaciong VIR prateip mbile rtlthN protoig CT

dom R Bes P S B T i BRI R AROR " of

tThe et ctiacof Mtpmtemg\nd NP SqueSteacbgrl thardat héreidNs puppbedby studies
eed, face rgel nin the resence of NP

using dﬁﬁ Xfrus. cécebg enfy Agus H)@tr Iptegppiwears {hperecruited in the
cytopla@ﬁt%‘%hé‘vﬁ’:ﬁl ﬂu@l‘e@éa%% 't@ﬂ&oﬁ&ﬁﬂ%ﬁ%@@ﬁ?ﬂ? ahQ Bh&’dlﬁ%c.j?%%g Virol 75 (

he concl usi ons that thecytoplasnic donai
Pt 5): 1@3‘1 t(Hé (H94n Hulﬁhqm opassible ihigractioreofUMY pmoteiimitht otbexsviral protein is
tt et al uirements for b ing.of.. . .
consistg5 I iy Bonion R LR bRl S Mar i Vi s atypoprotens
in paraMlyk@&hruZﬁntB%Z e Bt il 200 2ansfEEd WKR BRafiyxbFifis CONINTBA IDet al.,
F protein nay target NP-M conplexes to the

“Asse iR Togek pEreRE ot a T TN Bcipe SRErH by ygoplasmic
tail and tha@lsﬂélnefaae 8baily bf FPIEER” ol Szv& b§§ 80% fzmbf-‘ mﬁmw etal,
virtue of direct |nteract|ons M prote

“Intéractméqeamqn@h\e SRPiMtgry SyrdyHalauiths ﬂﬁglsm@sm@womasmmede and the

N A —

syncytiajppea hsatii:oploein atd Mtélgdnﬂrﬁsmk’tﬁ seydtoRk m{éph}dehhﬁh selirsmkface

cre RS0 b Pl B 2o St Sy, “Snc v

assembﬁbl M P@fsin Binld &SVildl %Wc@ﬂx@feﬁﬁ tih ﬁ%sﬂftiﬂ'xu%{ HeQb&etdhy Pathway” J
her viral protein’is consistent with nunerous

Virol 6% éﬁﬂdﬁ@%(lé’%}g é@d Yaghidaetiah: ‘Yermabraon(MF protei of BV h (Sentl#i virus) - Its

f
e VLGN PORE 961 P BEAOR RALS BYGE) o] b
resplramfy s,yncy%ﬁdsemlﬁ @ pedteibepatifically inta@actMwith M @tateihn H@mmhﬁthere are no

prev1ou§ ﬁ?})O{t? ag Y ﬁlé?ﬂs }[E%g};tg)&ﬂ%pg&gﬁ%g n }nga{]ngl lﬁfyt Io 1sI pa})ssglble ﬂt'lat interactions
betweeﬁ/ 8l pPEYiAd 6ar§%@ﬂ§1@§arﬁﬁ lrusc@b!nh $eakq@tenttnts for formation of VLPs

"I nteracti on between t resp i rator sync tla virus G
may depinddppn dte&lﬁnbgtt@mfé@ﬁﬁ@n@@m theairal prhsingat r iTke results presented

herein aq 951}% s@sn,t %lltﬁﬁk {tﬁgf the-RHY % glgo%eug A Jd r{aﬁas%g Fson

e respir syncy VI Tus

mdlscrlrmmatd:l)( ﬁprmdlﬂielrent dSBﬂlﬁlad ﬁieﬁibmﬁi mrks alﬁbﬂdetof S)ﬂfetl eiralrpesteins.
ressi gn of the

endent on cell-su e ex
Althou& § i Breersiyr to\ﬁnflw@@@ (g otebming ay pigeion, iishebipecsihat
when b6th ghlcoproted@HAIM prdibias AR R tHY M HaShdmbthid $hd 9 rprotem-
vi ral gI ycoproteins in transit through the secreto
plasma genthigng 'asspmatlon has an improved stability. It is further believed that NP
association with F and M protein may also further stabilize and organize the network of

interactions within the assembling particle.
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Virol 67:651-663 (1993); and Yoshida et al., "Menbrane
(M protein of HVJ (Sendai virus) - Its role in virus
wa@s®enid2y? Virology 7 1:143-161 (1976). | ndeedPCT/USI¥8&030319
been reported that the respiratory syncytial virus G
protein specifically interacts with Mprotein
Aibisepretiein-prioteieinteresting nptvwevk bypetiesisding suppbrt droth olesetvations

compubf B350 RS uboRSREAAA F bbb o Gt

and VI8 F@ecdavith NIB.aY, B hd HDe pfobéibd. rSueEFiaref! WRETBE folPvied] proteins
VLPs iPdepend upon the distribution of |ate domains

are pregept, eV L P sige apst dhape isyveryrviamilpicio the whele airant deawpwsr ednM protein-

only VE!S 9129 %%ﬂé@ﬂ&nﬁ‘e ‘h@ﬁe@éﬁeo% % it @J)m zﬂ-‘ré”to {hlg%vﬂg er1Ms but is still
rotern ses |n I'scrimnate

rmnmkdﬂyﬁmnhmt cellular nmenbranes in the absence of other

I <Rl e et non SRR M QR Pibdiion systen for
NDV. Beddeasteishdirhia, m@m@&hhfagilimmwmb@&ﬁng\@&h%ﬁm VLP

are present in the plasm menbrane, th

buddingjsotidnally| s eaistastin tan ebsgrascdiM praseinh asothﬁr dmmdmetﬂs specific
protemi#@cgﬁléﬂre}’aatlﬁs el# n&/terli’g a?&edq tc%@e?é% %P %nalﬁ]s/ 81%5 In one
embodiaregt ah n&efad:tmnn’tmtwmlM efld HIN mf]?amtcﬁ N dirgdts fhlemargétmg of M and NP

mbl i n ticle. Thi rotein-protein interactin
"ﬁoamﬁgiﬁﬂ? ﬁ@h@&ﬁ%ﬁ?@nﬁgﬁniﬁgﬁort frgn1observations ’
conparing el ectron m crographs of whole virus (Bl)
wth VLPs fornmed only with Mprotein, and VLPs forned
with NP, M F, and HN proteins. See, Figure 73. \Wen
all four viral proteins are present, the VLP size and
shape is very simlar to the whole virus. However, an
M proteinonly VLP size and shape is nore hetergeneous
when conpare to the whole virus but is stil
remarkably simlar. In one enbodi ment, the present
i nvention contenplates a VLP production systemfor
NDV. In one enbodinent, the Mprotein facilitates NDV
VLP buddi ng such that NDV VLP budding is virtually
non-exi stent in the absence of M protein. Li other
enbodi nents, specific protein-protein interactions
occur in VLPs involved in the ordered assenbly of
particles. In one enbodi nent, an interaction between M
and HN or F and NP directs the targeting of M and NP
into assenbly sites within the plasma nenbrane. | H
Par anyxovi ral D seases The present invention is not
limted to NDV, neasles, parainfluenza virus 3, and
respiratory syncytial paranmyxovirus di seases. Many
ot her paranyxoviruses di seases are also within the
scope of this invention. For exanple, both human
di seases (See Table 1) and ani mal di seases (See Tabl e
2) are contenpl at ed.
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Tabl e 1:

Par anmyxovi r us- Medi at ed Human Di seases

Suscepti ble To VLP Vaccination Table 2:

WEF2200a/0¥92aV i r us- Me

di ated Ani nal

Di seases SusceprChUs2006030319

VLP Vacci nati onA. Newcastl e D sease Newcast!l e di sease

“virus (NDV)

IS an avi an pat hogen.

There are different

strains of this virus that have been isolated in many
regions of the world. Sone strains are avirulent and
O hers are
virul ent and cause severe system c disease in birds
he preserth irglentiar is abi liryitfrdat) é\]D‘Bsnw@s, mekainfieenzivieedt 3,tand

II. RaemysedrahPidebses

i ndu

respirai sy i

V’EHVEI'I?I IIIﬁW%t

att enuat ed vacci nes.

3%% %‘sp TR

St at es

over

ment a
o A A so

within thB8cdpBF {d Bmvéion. Moséxaail«; beMshuhian dieadds ($drableat) @6d animal

are vaccinated with an avirul ent
diseaseg (fice dable\ exsi agatemmliigsy er
live attenuated virus,

mld respiratory

blrds have a Iomer

i s not

di sease. As a result,

€S do not—vacci nate

NDV strai n.
i deal .

body vvel ght and Iovver eqgg
[ S gtibl a

The
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infects chi ckens and causes a
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out UI Cde III lIIB
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exanpl e, t
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Respiraparp8uedsitial ty con
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s&qiwsm Respinatndy &nfectiondy

frave ey

Mong br o

dllve
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ange of protect
Nipah birds, clinical

limted to, the

gastroi ntesti nal

UTI l IIdII Curti Blll I y usSHg
elmergingdntsctiNDV i ncl ug
respiratory, neurol ogi
Aguie an’erolc@uqahD@aasesu 0

u debl T
a¥oneput
cal and
ns sugge

€S, III
i s not

stive of

Newcastte—diseas
HendraCormon synpt ons
inability to wal
paral ysis, tw st

, Al € UUDCI VBU lltll III )

Bobngthg, Infegtiorar e not |
k or fly, walking in @
Actﬁeblksrolctgeqal Bisspsgn,

ryoun
iNdneed t
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and hi gh

g brrds:
o,

£ PTG £
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currently utilized NDV vaccines is a failure to

pr ot ect agal nst
Table 2i Baramiyyomizg ki

DUIIBLI es UDCU l

aI I NDV st ral ns.

£.1
LI Ubl\b UI

Currentl

VIIII I S

el im naVﬁmgTwﬁe

U VClLaLaI Ilal

detri nent al

o vIappad

UI I Ub.

ef f ect s of Aaimhdlypesies us

v aeepi-Bpat i an h
vaocoTi1iat T UIT, LIIC
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In oy o o
ImTavec UI1IT

dbogst i nul ate a broad

Rhinderpest
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Birds
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spectrum of immune responses. Further, inconplete

attenuation results in a percentage of vaccinated
wheodsi1eent racti ng Newcastl e di sease. These vaRCI/IER06/030319

are al so nore expensive thanenbodi nents contenpl at ed

by th res i nvention due to the increased

ﬁ%n 31%@? §1W§ﬁ§¢red for inactivation and the

iﬁpltokl of the effectiveness of inactivation.

1 EHsANDYY ) dueny asian lgatmé@ Thgre areehffelentt strains of this

v Bl OSSP i v

used a&lalccattﬁnataad vanangsh @thert hmtvmul-:emem}a&tnsd %ﬁ/&@k?ﬁem&d&se@se ini birds
| ate

wit o e BB b B e SRR S Pt st
governmeiifab slafiifié wadeH: NIEV kiddns dseRbigBAR ARlIRIM Patkilt€ Act.
sequence tag may be detected in vivo, thereby

MienEhiEens ¢ e Uaged Batd drenkBited Rith MBaSHEenNEBY!s §§ nl She
belleved to be a chil dhood jinfection characterize b

currentfvgqpét}e @5‘&% 1S 3%19% @‘he Eccing, gy llxge)eétﬁmaéed drusyingests clnckens and
A S IS o

lower epg predyctivagharolrsecomended bists. Fhethmmn; yaf oth&ecodhigieas®not
wel |l .as the

R AP 4Rt RSB Er S B
forcmg edsdick BRd sIBEhEd @6 YoritSin ERMMBEL . Flé'&k‘é’%i’%ocnfaﬁ%rcﬁlckéns%an also be

gv@|n0|dence of neurol ogi cal conplications of varying
susceptibiafgrsping NIFY, virlentigiems. fanseauentiyhiverethane beaug¥¢vesastle disease

virus oS!y 'tHéqTIﬂ‘ceﬁéS@aE@s GRP e;?d%é féegg%g ¥n gl?tﬁ%eg% i (8?41fP1§na in

severity of t I Sease rtion,
2001-2Q02nunosuppr essi ve resulting in incr eased
susceptibility of the child to other life threatening

Witp s meested is pBIDM caskime that deesaot hiviethepativie rradivtivibOoonIdtences
enuat ed virus

and can%#{"tcg?%we fzfg“?%e plr ?Fe%’@ﬂzl?aélﬁuﬁﬁn% ‘bsreétv BEtRSe i mune
pr o@? Lo Gam%ggé an]l]? %e@ lélgr“f ’j’/o Eﬁdtt% tl“‘?lreﬁplffé?}?’"

neurologindliand gystlroﬁﬁmﬂslayﬁtm(ﬁs t Olulﬁazll%fgﬁa bugabtivR A WewcBRleRRhRare
obs é ose to g 5 me this effect results in

erve Pﬂ?ﬂﬂ YLYIRE SEFH - URHOR REPRigE @%0@5@{ At lipjted do, inability to
walk or @/} h\eﬁlldﬂ@tn@ Bird18d, b%(ra yisds! etvﬁﬁ&ﬁ%cﬁ@ 'd@}gre 115 gﬁ gziequenc?/ of

Vacci nation at a |ater age pl acdes t e rn
sudden dspthy df mammas. siieptimsed Newsastiorditeasel masuint pde, ibahab bt limited to,
acutecoﬁfu{:ﬁ{?ltlg he maternal anti body |evel declines. Thus there
need for a vaccine that wll gener ate an

%‘E tc%%%r&gm'f p@rg‘%héa%lﬁlq“grﬂf uglrytz?& R’f)\; W&I&G%l@ naf%a@t&re% protect
against aﬂ(NDHestmmﬂu ﬁlﬂgmﬁim &&Sﬂn\tr/aeedaﬂDV?bac@iﬂé‘sé(gt@ atldlﬂu{@te@) are sometlmes
e present jinvention contenpl ates
used to P agets M0y of i QB 16PN b s penAbeTomatailve vius
t
o TR 6 e L0 0B s,
spectrunpeidmefung ¢ esporses.abaihee, iv@mpigt eténuntiornmbidtsfin apeentage of

es. Vi r.u
VaCCIHathFberS contractlng Newcastle disease. These vaccines are also more expensive than
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Addi tionally, these enbodi nents provi de systens and

protocols for the | arge-scale, econom cal production
we@booa/omeasl es VLP vaccine (i.e., for exanple, POI/D82006/030319

useful as a vaccine, VLP production nust be easy and

economni cal ) . The resent invention contenpl ates
embod iy eonimplated by pg@nmnmqnunn dlﬁe WLﬁlslnofea&drrnaﬁﬁuémon required

for 1naéﬂr¥'§1H§n Q{H tﬂe HIOHJ’E&‘I@&I@(E efg Iveﬂgeé act 42 e(}n(\J/ ; P? bﬁ? :p g:c s€
I
e ﬁfEVaVC'gél%ﬁgFtﬁ?rqgfﬁﬁverg@ A il virus i

that it it Hfieudte disitngwish hetwleaf biedsithathave el vadoinA&Eand those that have been

nf nbbtgdi ent,, t maj or .anti.gens are selected fromthe

mn ecte@w %mssi PFﬁﬁE‘Ilté%‘@&B%IF ernierlaenantigsppingerppratedrinte a VLP

prepara@ibﬁ E&hﬁnsﬂ?§§] BAfkA t‘rﬂé nln%g tefibBdinfipd tﬁeus%h@é?lcg {a%tn%anje detected in
enbodi nents of the present |nAventron pr

vivo, ﬂ’&}’ﬁbb’g@fﬁl@ﬁd@ # Veagirfatedranirealy di f f erent neasl es strains

t hat may be i ncorporated into a single VLP
Br epaMeesleh. A si gni fi cant probl em of the currently

I e s.a f [re
Ml G RARE B, NOREHPET i Bp bt BB Sl o e,
exampla, dni @bbxyresmﬂatcﬁg trastinfébtictl oriihfiMASIJAR\ANASFBA cHBctivitis followed by a
but not limted to, fever, cough,

di
maculogRes Kepi e Ber Shiserveq b sevity Shehy disgasenarias witl e sirain of the
virus as'WéIMsQH@ﬁea@tﬁ sfalﬂfé FYRSihfecRl Sh3RER 2 NGt cﬁﬁg(ﬂ‘en -Fgafi)vg],][yr 19Lomplete

i nfection may be spread by contact wth
Howeverptheregs e lowringidenceoef rlehmdxmlcab oraplidatibresatf ezdrypxg mmtyT fEnrthermore
malnouhg}ﬁﬂgﬁfj %t}%‘?gg(?e% n (ﬁsetage clale 81‘5’{‘1?',%38 ‘le%g%gegg%tgg 5?‘@“51“{%]{16 disease. In

addltlom zﬂtmnfeahmrms 1mmuac§uppmsslve‘ eedliifin iktedsed biliséeptibility of the child to other
Ci n ion is I| {ed to attenuated live virus that

life threﬁ%g IUeeinns; Rarulalydp adurd wodd sritingeasl es in t he
YREGiriatle dseﬂ%bﬁﬁé is afthe! RAuABirR&hAGY Errd RBL id Qa@ fatm%a protective

Meas| es- Munps- Rubel | a vacci ne can cause autism
immune fesponps- dAemvevierihe aedf snmunizaiinsis pwdoéelmmcc Sfamuinatitmrtbo garly results in a

poor antl?l%%dg nggg%;dﬁgté% %%%s Ogé' gi;%eteag’le (g)lgg I Q?vgaFc%?l}e 1§ ePfect results in

immundsagiresanend inctasatiescdptibility ﬂouﬂlhdrjpomﬁﬂzﬂly li¥e tH@atbhife indé¥ions.
read inmuni.zati On but rates

Voo 3L RS %R B 50  AEEL h  Siton

after the'rR&teinhBanktiBod YRSl déali el "Bk Ydrd ﬁta“ﬁ%e& ﬁfi‘ta v% ﬁ&ﬁﬁ@ﬂl generate an
out breaks of neasles, munps, and rubel can 3

effectiveispmpngresponge ladh@fﬁtﬁ%\g%tn@iﬁn@imetlquymdname m@ottmly, a vaccine that will
t | t P..non Lic
nove B8RRI APk oy N BRR, S gpmpttes o
VLPs are acendiéate fortsielsa eacpmet ed t o generate a nmuch hi gher
conpliance rate and subsequently the neasles
Gureur creiimedioof tie gresgt diventdd avidy virus-like particles (VLPs) as a

safe, broad-spectrum, and effective vaccine to protect mammals from a measles virus.
Additionally, these embodiments provide systems and protocols for the large-scale, economical
production of a measles VLP vaccine (i.e., for example, to be useful as a vaccine, VLP

production must be easy and economical).
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In one enbodi nent, neasles synptons include, but are

not limted to, sore throat, runny nose, cough, nuscle
w@aimpo1fever, bl oodshot eyes, tiny white spotsPCTIEEIE6/030319

the mouth (called Koplik's spots), photophobia (Iight

sensitivity), a rash appearing around the fifth day of

tThe peiisswtdseensionl cordernplaigs donditiond fyrshe pereration af MLPs bfia irasles

virus s%% tpe h?l%d 58 gcgﬁﬁrﬁgg c%h{i)%ira? easfagi,a?qgr ﬁgens%s infectious
virus (pRERbIRE 18k hetdmpIee wiabgdnbha). , Indihﬁﬁh@ﬂ hdiBEaas: vard

papu) es (solid, red, el evat ed areas) that [ ater nerge
Compnﬁ%@éloﬁ antigend hgvingthe same fagips proipfecieusvias Fagnd enghpdiment, the
o A e e e P bR i
proteinShempagghuiniregrotsa, ped fusmaqbrmmh bed rest, acetam nophen,
and hum dified air, The probable outcone is excellent
iGtherreohoginands ddhcaseent inhbwf&vmgltroviﬁenmuigemd cier'med from many

differelan G a%ttaﬁé?%ﬁ%ﬁé@m&aﬁeg n‘g{gﬁ ].ngi O{?@P BWMIP% A significant

problerd of 88 c(RR&M)y utflizb@ eI abEndds h RElusd PP rétet ﬁ1n§todHTﬁéhsles
cause of hospitalization for respiratory intection of

strains.j nf ant s and young children worl dwi de. Re-infection

al so commnI%/ occurs. RSV attack rates for all infant
Dssienisithoneht o hestlighly sontazipvscars! ilvgss havmegrupagy dyrapfoms

1nclud1§g°‘ bR @hird gO(B Gl he%ﬁ gﬁﬁétmﬁeﬂ EV\fEdﬁ%ss l@?? g'ntatlon in

infections during the two yeafs o
membrélreev’f theepted) nanGobicadis g r@h Ahg viRd splectainonyy &/mgdditazl contact with

aropte b hoberip i an DRI A PHEOE 20 P IORiSh ReEojsdhio 12

daysbdfmrs@r&pﬂoﬁglgwnéragogjpbz;ed as a serious pathogen for the
elderly. Currently, there is no vaccine avail able for
Tiinsnidp tothe éideaskatduys dffdr *hGinatibh oPadtivt ifEbdtidon. Currently,
nactlvat d virus greparatlon had the di,sast rous

vaccingPR Simetd 1 MEHERAGVE REUS Bk et fuantased qfsg measles in the

vaccina@RAB14Ee HuBthb@nlel b‘éﬁe\)é' thitShe MaALPERUBER! ©lcBine can cause
subunit vacci nes a simlar effect in experinmental

autism. gB¢fae \sldesptreadsrr@pw@tlm, @@baslhawaqosomoeum duringrehd@modriedt the

mjors PR SRTRRT B SOET FRSAL M, LT el SR B v

several ﬂe&dbd ted/mtlmll& nloﬁéﬁl tﬁé Ushiahdpesadh fb&tausé d)fmdidai;ﬁ@hd&mmumzatlon

r ot ect ponse Ani mal studj es suggest ed
but ratef g ﬁﬂ%ﬁ e ot ol cHherelose. frlin s BT actPiaboroiis that
can caubé‘o@@ﬂehltm méable Imunli-fﬁsﬁid 1@b&la).- %ﬂbﬁ%ﬁh 86 sefldudSOnb Advantage of
Fi el ds Virol ogy, Kni pe, D. How ey, P.

one emlmdp;wmt@cf the piedent lamntlan ¢ th &V RE nomllcatMgFrgeafslcss eetine carries
no risk X\fl Fecjt:'a § \s/ ! no‘ifﬁi’ [\}gccvr%\%altl% '{}llélls g)gpne¥t6d %g{%ﬁa&e&l %.e gfé Ifuglher compliance

rate and mﬂqﬁgﬁn&hh anasléshecpedneathoald drop Stdnmticallye a
protective inmune response
In one embodiment, measles symptoms include, but are not limited to, sore throat, runny

nose, cough, muscle pain, fever, bloodshot eyes, tiny white spots inside the mouth (called
Koplik's spots), photophobia (light sensitivity), a rash appearing around the fifth day of the

disease and lasting 4 — 7 days that usually starts on the head and spreads to other areas,
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and to avoid the adverse effects of unfol ded proteins.
Certain enbodi nents of the present invention provide
waopasifitke particles (VLPs) as a safe, broad-BEEUS2006930319
and effective vaccine to protect mamuals from
Respjratory Syncyti aI Vi rus (RSV) Addi tionally, these
Pfogfe%ﬁ*@d@“ﬁé‘ﬁf%( 3ot ey by 8 megalonaryl Hrphseprasinges boﬂhenacules (flat,
C
dlscolo%&f ﬂ@a%s: (fpa ﬁfe%g{bﬁﬂi ’I%h e@ ev%%ge agﬂggtf IgtRI\?%ég}éle tcége %luent)),
ﬁlrther;ﬂumslcmaprtclmjst be easy and econom cal). The pr esent
i nvention contenplates conditions for the efficient
gEhmec Btriospeafic tfbd?memtf ofaneakles) iemigh BSe shildrbmmal Fequire
di me the VLPs co e .the sane
supple e T A SO, DS G0 itk o EbceAgpvaophen, and
humiditiB@aiVL Phe F1OBTIE SQcHBE AlexBdlichORNMcHAYH R dA6esS "HH@Vever
rati os as infectious virus. In one enbodi ment, the
pneumeytp oF engAphagitin srearoesible cersplicatipneom t he group conpri sing
nucl eocapsid protein, nmenbrane/matrix protein, G or
tacmtat%V§V@¢Wal‘éﬁ@F fusion protein. O her

RGBS RO TE BRI bt PR HER BT il oSee o

hospitalizationgar @spachtarp irdfeaioniofl gifentd/fd youap ahiddre® Worl&w1de Re-infection also

e SRSy LI o LT L it ot
an estnﬁétécﬁﬁ (D")S of BREPESpRE ST tHY BPﬂlHethe\S‘ué;ﬂésduﬁBéme ﬁ1§t t*%%l §}e§1‘é %@ life (reviewed
a ver commmon Vi rus hat causes m

in Colhélwﬁ@b FsniRtosy Sypaytighires welfleldé irotsgychd. |I~émp<n D de/Hw}ey,
Llppln&ﬂl’\ﬁﬁll%ﬁ% AI{HJYY ilfefn3 pidb‘?} HIv Hsrglﬁ) 1?151%5}5%\,\?%9 ﬁ%gglﬂ%ecpﬁ s%ﬁbus pathogen for

especi 0S€ born prenmature eart

the elddrlyng di sease, or who are i nmmunoconpromi sed. RSV is
believed to be the nbst common respiratory pathogen in
Cofremttys theendis yo vagrindivadatée for e pathogeal [Barly REALs ivdth a formalin

i.eve to _infect ne infants by the age t wo
imctiva) SR Seerdes e 1A e ST R Pl harury o Fiete vpon
exposuiRas tie 1B@G/HuY.eRl addRdngprdEReABLEt VitRines BadHBRWRRb fect in
predi ctable in each region. The season typically

expennk?é&# Al s SPe&‘iulate&lﬁHa PERYEIng Ht 1 abrermag) ppmfgnnﬂw pithpr induced
by fornﬁﬁn ﬁ@étﬁm%ﬂt re@éiorﬁg})ﬁéiu?%ca&&m%&lvfgﬂﬁ#fgﬂeﬁlg rﬁ%d in a loss

'imted to, touc ssi ng
of epltoma thatestimiutdteta pritestibg ieuhuneAbspooseg Anirhalistidisatsugeesied gat y

derstand,the nmech sm of a vent i
immngg R GTLE 8B B8P Gre RCQIBRR 9 Berobtipasmovtial
Virus, 1%61‘(1@01@61@@9, FAt Edips D) reﬁhﬁll{mﬂe%/ Wi IGPpiABYt WANiGY 8nd WANins, 2001.
opl ets or objects that droplets have touched. RSV
VLPs f%rglﬁd WItheR$ ) prajeipg wilht llf?ésumcmowm‘éraénroﬁms inkheir RativEace.

conforrﬂattlthTﬁés%‘?mHﬁlnb \ﬁgﬁa\;et}ﬁé ‘50 o 8 st @&ﬁ ¥(§[eé{Rfetl &hg Fesponse

hours on counte tops and I severa on use
and to avpiddleaiverso nifectsiefurfyldedyBteins.

Certain embodiments of the present invention provide virus-like particles (VLPs) as a
safe, broad-spectrum, and effective vaccine to protect mammals from Respiratory Syncytial

Virus (RSV). Additionally, these embodiments provide systems and protocols for the large-
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often spreads very rapidly in crowded househol ds and
day care centers. In one enbodi nent, the present
WO poogt92en cont enpl ates a VLP RSV vacci ne t hat PQT/E5906/630319
t he devel opnent of infant and young adult diseases
such as, but not limted to, pneunonia, bronchiolitis
scale, ecomintieatpedduotiorodf R$E ViiPaddcciaes ey forekartipie, to e gsdfinl aradvaccine,
tracheobrogéhltls crou | none enbodi nent, the

VLP productionmyshbesasy aht econe@ifdlat es a VLP RSV vacci ne t hat
events . the.devel o nt of .a m.l ratory il
© REPSPY WGBH‘QH gant 51 eppditions F‘H%é‘?w&%%ﬁ@ genenation Ogsfg sofa
vnulenﬁRfSV s, @l Erﬁﬁﬁér‘éﬁlb%\ﬁeﬁﬁ% VEPPRHRis8 tiR) sﬁﬁl'efnhﬁéirlﬁtl gens as
public safety and health ri sk. For ‘exanple, it
infectioye Vires da anpiher exaliddilpeny the NLtPe CQIRBLIFO0A PREdIgERs laarvmg the same
ratios as ?ngl %OgéeVﬁZﬂﬁdalﬁtége %ﬂ’lbg(? E(% (g‘l ﬂ?lﬁg%% a{&ﬁge?ec%laofyom ;kxe%gr%%up
compnhﬁg Auqdécapdidipltain, metn)brsma‘/ﬁleum @goteﬂnr Gror atthohfi@ntihrBRAS @nd fusion
i1i) inmmunoconprom sed; or iv) afflicted with certain
p““mnforns of heart disease are at |ncreased risk for

ever e RSV di se se. Even adults ar e pos
%’6 odimsits of ql@ﬁ%ﬁ’“ﬁ‘é‘y@ﬁ’r"é proy t‘ﬁe%sr‘gﬂﬂ%‘ggom many

dlffererﬁq{m/r §ttARShatQha WRMBosthiIARH 'nﬁg 8 s&Fﬁl VB Brephiatidl. SR s%‘hlﬁcant
her risk of "contracting n one enbodi nent,” the

problerp Pg@é mlrrerﬁlyelmlizechRSb’maefrmsa@ @elmowwmt@mm&w pitpins.
but not limted to, nasal congestion, nasal flaring,
Estrgratory gmcyu@lr\@als ﬁRIﬁM) J@bgkymeg kg 2 vq;'y eampiongirus that causes mild
cold—hl«:%I gﬁg&)ﬂ{s 1%{ ﬁltsI aﬁagﬂ(ﬁg h%)eﬁtﬁ tcﬁlllcﬂgn §§9 IITIJ?YeCsdﬁSC s%ngﬁsel"é‘éﬁﬁ‘gtory

SI'S urs i SCO t|on of "ski'h-“cause

mfectlcmﬁ ioyonge b)lblesgﬁes;&maﬂg thoseben pramatareby po ¢1avrg]h‘ea(t®fr ey disease, or
h descri bed as .a "seal bark" cough). It should be
who are irgiocomRron}sad- syrrpt ons are variable and differ with

fants | ess than,one .ye ol d,are
R8s R AP e o e e aowo Rt St e fe
childre®! S}ﬁicfﬁcﬂlgy RPNkecESleto itbd @eartnill BiFRI BisMabid/oftd¥Srears.
col d-1i ke sinrrptoms hi general npt ons

I :
Seasonagln éwa}(s appasy respl@t%y oiF QesHr e yedir @1 2 gélééljs that jyspmewhat
predwtéb?e ﬁ%agipfé ot r’[‘ﬁ@ts ){;:)ﬁrallfg e@lgstalh\fﬁe i Vnd RS Qﬁtg et gsgring.

seIn e art ons preventative

ES’E’H’EW%%?%%@% AR GBI e Refg o

kissing ycmdrsbéalng teands R4thrmo mifectedfubiage Altlooughét ianothiegéssary sk ufiderstand

RSV di.sease, .Synagi however., . nus e .
the mech R % pivatticto RaEReLRU LR Y, g oo s Ty ontact with
contamfR1EE ls€dretidis Ok Bich i invidlveRBlyairayflétd 8NdtHedds thel dfoﬁ])ets Bl¥Stouched.

is believed to be a common_cause of respirato

RSV cagiliye fayhaffianihepg prgmorg Wa,t@q}séqrt sugface. gt %sql?eéleved that RSV can also
live up 9{ At o(r:llgfu?sj dd do%nteﬂﬂﬁs a%lm(} ?hou?ﬂmsus\éh 'ﬁk’s%e% %oﬁseguentll}{ RSV

conmon cause 0 respirator
often spreads very rapidly in crowded households and day care centers

In one embodiment, the present invention contemplates a VLP RSV vaccine that prevents
the development of infant and young adult diseases such as, but not limited to, pneumonia,

bronchiolitis (inflammation of the small airways of the lungs), and tracheobronchitis (croup). In

48



10

15

20

25

30

hospitalized pediatric patients. No vaccines are
avai l able for PIV 3. A nunber of different approaches

W o00vaceihat i on have been consi dered but none P@BUS2006/030319
resulted in a |icensed vaccine, (reviewed in Chanock,

et .al, Parainfluenza Viruses, in Fields Virol ogy, Ed.
one emppdipent, fhe piprgntBYIEYD cvntelnp%ﬁ ACGHR REV viascimsthatptevents the

develoﬁ%édf b8 mikqe #mto%hﬁﬁké%l iR YL laﬁult? e!.nt\{ o%delﬂ%&érel)( infects

he upper and | ower respirat rrently

fm @gﬁ @ameag(?éfgc@rvgg@yh\ggﬁﬁg?xgeg 3igh gktg@%m? ga?my%nd health

e ass
risk. F @mxsmpg: tiiskdicecd tht dadh gerr ap ¢o b2A, (D(HMﬁﬂmtml agdhgspitalized due to

ceptible, to i n be. responsi bl e
sovere RATERL BT S E TR ES TS ET PR
premat@xﬁl?@ﬁ) Qfffeging URroni2Nehgldisdaes; Qi?}’ﬁmﬁtﬁm@&nﬂ%ﬁﬁ&ﬂt o10%) afflicted with
bronchiolitlis and bronchitis and sorreVpneum)nl as. In

certain fQy@s 9é AearbtisqaspHur at mersased sk forseran &S odlsq@aqr “Brebl ko aro

exposed & tHﬂA‘c@Q%opé‘ bt HSRGCHE divk S tdll% ?& X?rniﬁt }&aog Fhool-age
causi ng a runny nose an ynptons may

siblinggpus slsa gt laglsarmsk ef cltrdctirg BEY. t han par ai nf | uenza. Ri sk
factors include young age. By school age nost children
e dogedingonhabepresant paremq‘nfdon'&nmws' R8¥ syivpieinsdslibhdisg, but

not {818, 0% 2Rk Fon ARG FitnE 2o Py i e oem patiing

difficulfyl or@aborddre AXianBhExtndaE @ﬂlﬁ%ath Scﬁﬁ&é@(‘bﬁﬂsﬂ AsddForRiSHITRA caused
clinical manifestation of parainfluenza virus

by lack phegyeenb ihepria Fﬁ’rﬂeralﬁ’éﬁ@&w ngélégft%rr desershpd s ariswairbask! gough). It
should bc’egx% e@%é@’hﬁﬁg@fn@% Blleafl ﬁ ffér %@%gn CE g(%ngfé,s, i anfs less

ren suc trac ronc
than onb V@m ohbye amsmvacly@cffcaatsd amhbftqn, haare thiel rdost coulislp endafhmg

' seen r ai za virus infection.
Converiely. BFRF RS rRASS BRIAHE ol BESutrlatin uisgteal anwtoms
usually ygtr 4-BWaypefek epseu@l ence rates occur during

wi ntertime outbreaks of respiratory tract infections,

Bspesd thbieYs £d oion tréatrGdit sk Mctite RIVHABMELdI ok €HRBE &k Bave
nes of thgrgnort hern and soutfern hem sp heres.

considefsg DEreiaEn JHEY | KU EX AP ECTTBHE Q?raéwwmﬁh}hqs PERMAPETSS for
preventidh SERS®disdaliEin Qhﬂ&l%l? YoRRer §1Q§ I ‘;ﬂo‘:ﬁt}étoiic gé‘\élﬁ@&%sat hi@h risk for

Croup occur in Chl dien bel ow the age o
serious REV slisgpee. Synagiec hpwerer,quet be prestrited and gdferms;a monthly shot to

.o f o that 50% of children in the US are
prowdef%‘ﬁgféfg%g%ﬁtﬁlng the first year of life and al nost all

by 6 BeedinBuenas3 (RIVe3)m ned by ser oepi dem ol ogi cal

sé(gdi S, thnfl uenza viruses generally enters a host

R deh ﬂleffﬁfgtq HeommIheayse olfewiftoy disegse Ghinilis pbaryngltls laryngitis,
bronchiofltlsUshdBHetunBhik e ai‘ﬂlmr&% %eéo%ﬁ%f%m?&ﬁm £ €ause of re]gplratory infection in

tracheobronchial tree, u0|ng e production
hosp ltalﬁﬁd: pediathip patientsa INcr:mcglmes)stre am1abbrfynRIVb330Anmr@lensf§11§ferent approaches

o vaceigiBa P bR R OB ralld b dPasdoSin thabiomed in Chanock,

et al, PatafefluehZairhises, s Brldsyitd1ogy, 8d. Kﬂlp@ﬂysdnﬂq{dvﬂéﬂ' PMTEHPiAdt Williams and
in the upper parts of the respiratory tract. In

n
Wilkins; 3005ht s and young
Physiologically, PIV 3 usually infects the upper and lower respiratory systems. Currently, five
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children, the bronchi, bronchioles and |lungs are

occasionally involved, which my reflect on the snal
w@r@e/ooR4t he ai rways and the rel ative i munol oRCT/EE2006/030319

innaturity Viraem a is neither an essential nor a

ase of infection cal children may
Ser"typgﬁ n?ﬁ?fefgglu@}zalws g5 gV ﬂw@pgf ‘{/X@t efovhicly argraseociated with causing
diseasey d
i e —
approxpaatelyOperoehi tois0 parcentglall znsds Dﬁcmyp,nmé éO betoent&o daysrcent of

ot 1% A5l e 1 B BT e o
parainfRediDis @glﬂﬁ:ﬁﬂfn Bt d0dpaéttd bd verybigh! ﬂmeﬁboc!aﬁﬁhg only a runn Oy nose and cold-like
Qccasi onal | yt he ep| lottitis is rossl swol | én an
SYmptomsHRnRASS 25 HBIPE ¢ald Tather H198 DAL iskefasiges include young age. By
1 Q I . . .
L v e
PMMHﬂWﬁMaMﬁmuélﬂwyoang@rquHnﬁamnmre known, these vaccines

SRR S SBAL B 8, P A b
mamfeﬂﬁtﬁttrﬁ@ﬂ’;ﬁra’ﬁﬁﬂmht@hﬂ& ihfoctiddl PatdifiénLavitised 88 f&ﬁfglttﬁﬁb&hﬂlgnly associated

viral ,proteins. This approach is very costl
with otfigr{Eireioay 14 infpetipnsin dillden speh 35 tyasheqbrenshitishenoachiialitis, and
f t
o088 CRESKRUN S0 D AETIE Il Ll i s
Parainflyenzadgpeet prgdmogca]mambroﬁghduh therypare buitgeek pmmalaﬁce rates occur during
Wlntertfn% (Rfr%ﬁ%‘%fsn retzs?)irgtﬁ}/ CI 0 g{r}]?n I%%%eg%ﬂglgrsc}élbgl %@ﬁ&rgg gHOllléPlout the

temperzbe zéneBo@theyofthéraahd y@lﬂie&ﬁﬁ) Berffsplsedéd NP 4raimBG&izA @irif Bifections are primarily
s the overall virus structure w thout containing

childhogg, sk, g DRl drsRpoifie Aok aiph{oR 65U Garir it Apen stow the age of 3
C

years. fé%tyﬁ 'ﬁﬁie&loné‘ oc‘:’deu’r'r1 g%el}lzétléﬁ g@%t;f:ré;%]tlugntgp% 3 4 "/:tg?h cftrél K the US are

mfectecbbmngrthgﬁrsby\ea@bf liferaatl alpages altiby 6 gyeas,res det@nnmed{ i sérbgpidemiological

the VLP is non-infectious. Further, a virus-Ilike

particle conprising viral capsid proteins may under go

| f- | im t t henti c.
R O
nuclei. pfirp mﬂﬁplmﬁom&@umggﬁdmtHe&ﬁShedBﬁ)tﬁhﬁp@& iduting thy t -
et al es as | munogens

"Virus-like part
Pfoduct*ﬂné% e 6 varal £aids gBthe A%m&%msne gressiyrra ollb santRbstruction
to the irffl}& S HS QMichiiDHBRLRA I ktRido 1 248s Olg'ua v1rus is usHally

corrprlsm a paranyxovirus VL I'n one e
limited fo-gagping tnflammeatios is theaippadafts ofthe espigatoxytrach clnudfan‘g and young

[ e di sease
childres e 0hchl RN o MROE R el o aR TR o R i Einey rofgt on he
small sitmofthe aiewb@dinteint r,elatlhem\fhﬁldt@im ire@atueify. MifeiLis Reithod an

not her errbohdl rrep
essential nor a common phase of infection.

studies.

Typically, children may exhibit a croupy cough, inspiratory stridor, hoarse voice or cry
and respiratory difficulty on inspiration, and are usually afebrile. About 80% of patients exhibit a
cough and runny nose 1 to 3 days before the onset of the cough. Respiratory rhonchi are heard

frequently throughout the lung fields. Radiological examination is usually normal. Occasionally

50



10

15

20

25

the VLP further conprises at |east two gl ycoproteins.
I n one enbodi nent, the glycoproteins are selected from
W0 b@7grewp consi sting of F protein and HN prot BETUS206/030319
Newcast| e Di sease Virus Certain enbodi nents of Ehe )
.present inyention provjde virus-ljke particles (VLPs
the eplg'reﬂﬁls éW@?SYBb?%%lgm%é Exddgnad. DeyerepIrEaY phiruptercmag ensye,
¢ aepNewcast | e di sease virus.
naﬁ%ﬁ%@%ﬁ?%ﬁﬁﬁ%@?§¥ﬁ%%e enbodi ments provide systens and
protocols for the |arge-scale, econom cal production of
VLPs (i.e., for exanple, to be useful as a vaccine, -

Iv. WHIP phQsiiset i on nust be easy and economical). A silver
stain conparision of whole virus (Bl) grown in eggs
VaRnBROPIAILHAL D QackhZs 2RV 1h the A, géilrc?saﬂe‘:\léycqnes are known,
culture denonstrates that VLPs may be produced in

these vagodies gpaaire disaupting ia@urified eirys, exifactiog etgefiane, and reassembling

. 1] ni,Clty. testing jn. nmce). Se Figure 74. VLPs )
partold FTRRTRL B ¥int SR TS ool FlfhneliTs ol icH orilipe, Thi
approadlnis ergidobtat. eAlsarspiee Seadi@tive MaiRkiadie Give Oftud, @ehisQURAger of

Seg, Table 3. Table 3: LarRe Scale VLP Preparations
contampiiipg theyageing,vith {ige wirusy dn additien. thareswdrg vasting g lilgly not a broad-
' 1, . 20 .
i g g o e By iy A A g
from a virgs infecti®5. 08 F 349.56 384.52 NP 140.19 154.21 M 72.02

79.22 813.04 total VLP prep2 HN 109.70 0.5 m 54.85
Paramyxovirus VLPs are believed to be a highly effective type of subunit vaccine that

mimics the overall virus structure without containing genetic material that results in host cell
infection. For example, a virus-like particle may completely lack the DNA or RNA genome
while maintaining the authentic conformation of viral capsid proteins. Consequently, the VLP is
non-infectious. Further, a virus-like particle comprising viral capsid proteins may undergo
spontaneous self-assembly similar to authentic viruses. It is known, however, that polyomavirus
VLP preparations are among the least developed in the art. Noad et al., “Virus-like particles as
immunogens” Trends Microbiol 11:438-444 (2003).

In one embodiment, the present invention contemplates a vaccine comprising a
paramyxovirus VLP. In one embodiment, the paramyxovirus is selected from the group
including, but not limited to, Newcastle disease, measles, parainfluenza virus 3, or respiratory
syncytial virus. In one embodiment, the VLP comprises an M protein. In another embodiment,
the VLP further comprises at least two glycoproteins. In one embodiment, the glycoproteins are

selected from the group consisting of F protein and HN protein.
A. Newcastle Disease Virus

Certain embodiments of the present invention provide virus-like particles (VLPs) as a
safe, broad-spectrum, and effective vaccine to protect poultry from Newcastle disease virus.

Additionally, these embodiments provide systems and protocols for the large-scale, economical
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F 85.42 42.71 NP 98.24 49.71 M 63.50 31.75 178. 43
total VLP prep 3 HN 92.55 0.2 m 18.4 F 53.54 10.70 NP
W@®2001/819287 26 M 0. 89 12.18 59. 54 total Prepar at i PCT/LS2086030319

contanmi nated with al bumn, which co-nmigrates with F

yrotein. Therefore, the amounts of F in Preparation 1
producgetbe%lv LBy &ndaexamels, odwineibias avaqeineTRLR peddyotidmimust be easy
and ec (gg natl on was successfully elimnated hi

reparations 2 & 3 Although it is not necessary to

oPR LS AR PR LPPhAR e B eBNETH 2P wkloahibpusd Vs

grown irrtlatgefscaie tijsua celtde flernomsrates that NE Pkidiag e pFoduced in microgram

quan g 5 G et i i s Ebve g b Besh ot 4. VLPs have been
rapldlyﬁﬁlﬁﬁ% FloRNarge bhRHSts o mehiagh fatéilfa%slafg@\é):alé/WPCﬁHMdtﬁﬁ tddhhiques.
F glycoproteins. In one embodi ment, the present
See, Tarbﬂﬁl%ntl on contenplates an inproved vaccine conprising
an NVD VLP conprising HN and F gl ycoproteins. NDV
subunit protein expression has been reported in the
art. For exarrpl e, electron m croscopi c exam nati on of
2 drepapense| | ul ar fluids (ECF) from
Spodoptera frugl per da cell cultures infected with a
reconbi nant bacul ovirus expressing the Newcastle
di sease virus (NDV) haenmaggl utinin-neuranini dase (HN)
reve Iaé"&“’rlbv-l | ke"@fttlel ope"g0 Wm ch ré¥8hbl ed fhe
envetoepe e g d—St-8HAi ng Wit h
ant oc ant d| es %ng strated HN
ant 82?{“@5@&%%%%3 he I\H)QI i ke eﬁvgfopes. The ECF
fromthe recawpi naot.3nf ect ed cul t woeso®l so ¢ont ai ned
bacul ovi rus ;Mrt | Eﬁ@g vvh| ch resen‘oIMt andar d
bacjul-oy e HB@d pol ar
pr oty §,| ons of the envel ope UnI i ke the errbodl ment s

con F,r%; Ated g the, gEesent 4ipgyent |.*%§§t was
e

Table

- conic d that ND¥adlg i n the abse the{matrix
protein (i.eNPMpamtiein), m ght besalge to initiate
and control tMe 72.02 79.22

813.04 total
VLP
prep2 HN 10970 0.5 mi 54.85
F 85.42 42.71
NP 98.24 49.71
M  63.50 31.75
178.43 total
VLP
prep 3 HN 92.55 0.2 mil 18.4
F 53.54 10.70
NP 92.13 18.26
M 60.89 12.18
59.54 total

52



10

15

20

25

30

production of viral envel opes which are
nor phol ogically identical to those of authentic NDV.

woRgy/oer4nl ., "Synthesis of Newcastl e di sease RECT/US2006/030319
(NDV) -1i ke envel opes in insect cells infected with a
reconblnant bacul ovi r us expreSS| th

FaeRpERgignUt s Gentseninates Nitpadmyn, S —r protein.
Therefgrg the 3mbufs b#P %ilﬁ’liegﬁ‘htl&{‘? r@@%"éﬂl%&h ’WhteH %ox%éareg ?o NP. This

I nvent i on conte conpri
albumip comtemuiatibh yasi StwbdssefuND‘élm/mFatadan (le]ﬂratlbﬁls DBE3
enbodi nent, producing a NDV VLP vaccine is econom cal

ddthoegli itds mtm;acd%aryatmmqlerstaﬁdﬂminmmsmldfﬁm iriveafiom) it is believed
n NDV VLP vace i te oduction of a
tat vl () oM i ¥ Tt Bt S b it B the BpDand
glycopitdiasiitypReH] of @Aruldnit @A]V ¥ €irhs patitPest, AMlikEHhe %%antWE&és%ﬁ YLP

at | east four NDVgIéx@ roteins I n one énbodi'nent, the
productionsmethods miHeR Bifusd \?&B equaryisg FRb anbl gb’ﬁ@ldgtﬂnf»g TNDve

] St |
embodfs BB oy S R SR GRS il 55 v
compﬂsiaglfﬁiamkﬂégbcmmdtemi h nucl eic acid (e.g., in plasmds,
expression vectors, etc) encoding at |east one NDV
WDha Bulgm;t(pmqyiﬁmte%pmssmrrhas rbeerembﬁnﬂadmmﬂie art. orex&hple) electron

micos G P RS e e B Sl i A0

frugipekNCRAIRATES thiydtédbitlDe PRom8HahBiBhIbViriSdxBRAZ S8 ﬂl@we‘&}casﬂe
articles useful for vaccines, In one enbodi hent,

dlseaseg’ilf#l&(NBXh Bafém%ﬁmﬁg@sm&rwm&lla%@%dme@teé|I‘H3V1hke@n@610pes which
resembﬁméﬁ@ﬁbes &I'lﬁth\éhﬁ@lhﬁgl %%gld %ahﬁ%%s &1 tﬁ Gh§ ii{gfv %&

he group” conpri sing
monoclpnaitaehqumsrdehmnmaﬁdém anugenon Gplkmmv-llkh enyeidpe€nThe ECF

from thi SRS ROt BRI RoF 8155 gl paeuloRRES RNAIGE which Gesgmbled
standardNBACuloMitul Pagiblek txdeft thdisoRR GRS p’olﬁr%rétﬂﬁﬁﬁﬁ bafd eht&ope.
chanismof an invention, it is believed that an

Unlike ffgepiiodirateasnicyintiscie bomPrmnsincHiopad s prslised fa NDV HN,
in the abRASE B RakBAlro@RNEE. aMEIISj[nV p 3?‘?{%‘%‘; ab\{é‘&clhﬂlge anldréo% the

enbodi nent, the present contenplates an
productmctf ivirel @Wploegsswlmnh Sly:sm@phaiogrperllysdmcal tb mhose oﬁmwentlc NDV.

Noey oSSR TN DT 06e B8 B Sttt
with a rg@!ﬁﬁa&ﬁefn@h&c;ﬁlcﬁzﬂﬁ@ égbrédsfnfgltlil?c ha@ﬁﬁg@uﬁﬁhgrﬂm%@iﬁd@e?mm’ AGen
. Vi protein gene froma third strain. In one
Virol. i.}%dﬁ%ﬁ?m)t he first viral protein gene is selected
romthe roup conprising, HN protein, F protein, NP
phcRTetent inpefitipneonismplitarametiqd onmrising a
comme&fa'll? 'u@aHléNTDQ} VEP Qfgccfu{eo Thhe er%P@d'f@eﬁtOﬁBﬁﬁcZ%%Q NV @"L@ vaccme is
. I'n dhe

strain AV, or strain di ment ;
economyébmfﬁmmtl Ip ar@ttlmr nnigednments mmhmmtaﬁdn favuth ram INTRV gﬂcm\mocme

. co H roteln rootein, e|n o)
simula S BBl o5 BB S o Bt g Tt g wpedient,an avian
cell lineseh@iodsly lekprarse @t 184sOfRr NDV glycoproteins

In one embodiment, the present invention contemplates a method producing NDV VLP

vaccines in a transient expression system. In one embodiment, the system comprises avian cells
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conprising strain Hertz, strain AV, or strain Bl. In

one enbodinent, the third viral protein gene is
w@edoeoted’ from t he group conprising HN protei nPCTFUS2006/030319

protein, NP protein or Mprotein. In one enbodi ment,

he thir Stra ectedfromthe roup conprisin
transfe!:t (? w.1ttr11 dlﬂczam (?]galnhp d&exg{eﬁ%}plﬁvg]torgd qﬁc)(%ﬁ@odqgg at leas? one

NDV vﬁﬁbgl(y‘ld:dmbm th@ﬂe%tﬁﬁ&ﬂ&eﬂt nﬂ‘l@ Byt cGAPEREBL aligs oAl lin with select
net hod for detecting a vira ﬁrotel n gene | ncorpora At
viral gqngs &5 Rartaihe aiae oed %mmqspmemg geinitheincomotatel wifal géne continually

releasePN@tVeVﬂP% gle\é"ursgfulsfog Wyﬁm%? e e g%gegl? ﬁ@?ﬁ/lraltgﬁzée comprises a

I nCor por sequence n one

viral glpeopsaein. iImmmmnhmhmemI tha‘pirﬂt ghgcoprot@th o 1ee RARFIns 1R Gréup
st em produci ng NDV VLP

b
comp ngﬁ% #Illp(r)?\élét%gl;}\f 8[? %J I?ﬁ Sd prgteit é’E ég%%ﬁoiﬁnt o under st and
E{g 6@?()?@ S f an invention, is believed that
ety e i eparchmitoammistespmpiied of getsraging SLPs
compridify @ltierd fof ﬁﬁh% AfTeRcht ND P stdifd & N 9 Aﬁ%hog%fﬂ ﬁseff‘ost ngcessary to

systens avail . I'n one enbodi nent ovi rus
under St%‘%iptih@ gerhamisey of WWT@@UOEQ belitwed gha ms imdégriic® NDIE ©hdetne confers

broadé Kapsate) Iowrus expr essi on ve
 roa I:;bco ‘2% an %EE@E%B gg%?eﬁe Y PR yac ojP gﬁment the

present finysaitan @akdmplaed sraVIEP @adotb onpiddsien Bacl €thp ﬂ@n% a first cDNA
n one

essi st em encodi ng an NDVVLP vacci ne
encoding o Vitaf protel g, gy %ﬁ% SR peceshi NS esceding esesond viral

protein feerfrobY sedohd 6fralh AndRI Rk L
éeaI i Ssti g vacci ne candi d atlgﬁAl ét%le{)]%lg%}éﬂ&?%é‘gm?gm%%n Eef from a

third strpig. In ong @n@@ﬂfﬂ@gsﬁhé e VY elantehiagent i selveted ftom the group

! i |l -base
compnsprr%(r) 1@13 é)?(?t%heggfo‘?e L, NP f&%@r lgp Vra%%nagg ong g %foggnt Ehe fitst strain
is selectpd ﬁdmdhﬂ% group Torepfising ttrais Heha tstrhidr ANV, @RBYAESL. ah one embodiment,

t duced hi gh-d t
o AR sl 85 o
protein oM pr@BinI &E Vb IAim&R! the sdcbid blifl RdeRBll 30 th§%?

the insect cells used for vaccine producti on®c

as
comprisingstragpdipriz strduA Vaaneteain Bh- beote-etdodinat éhl@ﬂlllrdrvmat lsrptem gene

fectd , JoTo A at hogen

s sl iyl A L ENIRAEH LA NR ISP B lons
embodlrmm),ttbq: ﬂluéﬁpamsssa]nttdda&omtwb@mdmmisufg%ﬂ@ﬁ &84, strain AV, or
eC|es of Lepi doptera

and
i bt SR ek SR Sl st i
protein geﬂei imo@utﬂteﬂ infoQiV1.P Na&ﬂfelﬂoﬁiﬂnrshhé cb§ta& til Vlll‘ﬁg)g(;télyl%tegéjwﬂh

e, chem cal treatnent, i ze
strain Spf’%ﬁ? ﬂg%ﬁé’éﬁ en@cgﬁara&msmeecmgss a of i nsect cel |
hg fgaratl ons, whereas nost VLPs are purified from
prbpdimentetoe prcsent inentien ¢optenitlaebamethodicomsrisiygt em

§t
baculov1ﬁ§ '%)I\(ggsss%éfgéy?%m ogHle[c olgﬁmﬁ Q?tlﬁgne% i égté?ﬂgh] Lo d uf %e&gsnsary to

understapdihe errqgham&m ofamipsaition, N&dﬁilﬁ\&d&bmbﬁdzlﬁb\ﬂﬂls RxPRASGLSystems are
d particle conprises a

r ticle, erei.n
capable tﬁé fléﬁest lleﬁ,/g{sr QX%F%{O& q\gl‘;ll Profeig b a l expression systems available. In one

embodiment, a baculovirus expression system produces milligrams of VLP vaccine. In one

embodiment, a baculovirus expression vector encodes an NDV VLP vaccine. In one

embodiment, an insect cell is transfected with a baculovirus expression system encoding an NDV
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enbodi nent, the vaccine further conprises at |east two
neasl es gl ycoproteins. The use of VLP vacci nes have
whe@nopreposed for the neasl es paramnmyxovirus vPCTES2006030319
only retrovirus HV VLP production was denonstrated in
east .cells ri kawa Y., "Virus-like m crogranms and
VLPy %ﬁ” e Lo e%‘?‘%g'ﬂefi triybachloviramrgectanspmprses s lees) MY structural

proteindPPbi £8P b Mﬁlahstmovac?xgg é&lgg%eg ﬁ\l}%&g%’ be ;I- I?ihg'ed ina safe

proposed technique is RESTEH
expresuQik yisieot thet ip awerableato lgngtsealapid duc®s. Mlnwggﬁsbased ploedin

ul.t ur chni ques
proasclBF M 4 R RSB 5oL BSR4 oo
recombii@me proéinsavag e ipfoduaéd in HeEH-Gerditdlcdf dudtttd dbaditVRE £ eukaryotic cells,
antl Mori kawa' s VLP neasl es vaccines rel |m¥
res“““’@ﬁgﬁ &5’9 FRY 9 saeredily faled antigenp Secany, @éh@fmeoépelbsl used for
vaccinSpBawbtioPeMNELE géd%a%bﬂﬁﬁ&phg& gelh ﬁé s e})p“algﬁl i, the risk of

enonstrate that the ribonuc cor

cultunqgemppﬁ@ustfcmaﬂmpm xowinrizesl. Findd] llhg ba(alﬂlovﬁ‘ﬂls afdd tfbt reaui)rﬁblnant
or e

ther )y oac ste usef,ul
Pf"tem%ﬁ@%rtl%%‘nheaﬁt Brioy 198 E'W’P 80 o5l Wew Reviy RS Lepidopiera, and
therefofenepmescats mpaheat tb&iﬁétﬁuaté&ﬁhﬁicﬁﬂdfés FortR bbb ahANi %ll?lnactlvated
Robi nson et al . "Cbnp03|t|ons and

vacgi ne.
by SlmHEr)ga?f‘é‘H i#@?tn‘ﬁéh &ndiisi lagpliaed mabinia th@@{@lﬂﬂs énd uturenhedia of insect
cell pre {
e Psies, R SIS Yo M SHEAESE gy

baculovarua Byséam eavstfessctliedrupofor hirgaesﬁalegan@n@pmdmdmoan ex pr essi on

cassette conprising an H'V DNA VLP - vacci ne. See

Bl so, Mweslgsara et al ., "Self assenbl ed, defective,

nonsel f - propagati ng viral particles” United States

Poanepmbrgiment, Mremsm(vmggﬁ)c@hEmiauesmnnmhe fradcich db}hpnsmg a

. I t er.nat i ene thera I oacC
s SHRRERE Bt OB U S At LR SEBL 855 e
embodlmmmthamwfaﬂhemmpaeém Idagt tROAEHAGIEs AyVa6les, it her

in vivo or in vitro. VLPs, however, are not

'EM%W[ﬁNM’s&icémdfs HmaBé@Spr@‘pdsb@fo‘t‘ aeah@ ks phlh@kEvids virus, but
aV| us Vi rua li ke f)artl cl es and met hods of

only retﬁ)ggussﬁﬁ? cggn B4F gemonghater dnysagteeBapMorikgwa Y., “Virus-like
mlcrongiQQ 519%%38653 of ﬁ@@@ing the sERSPULAIN Yo P IENL A thJ'lzcc?{ Jnlﬁ;bk Wo.

odi nrent, the present i nventi on con

2 00400(?94 § 3 {409¢ b This propgseddechnique és limitesi tnd/ Id’cﬁnpms&pn gl eukaryotlc

[ art .cl e
bactenag %'1319 'a%cgctrk%% %Pts%%gé(stt Eﬁiieééhcéllfc?vééus o? B 1% ﬁ%l&,‘fq tgfe T\(;&PL&.IGS
Further, tiere 1sx10psh(ms/m|gmhat Itliesen ek aeyivio Af Itﬁemccmém‘a A gLt tafef bl lefBEtive.

tmo resplratory syncytial virus
More lmé’f’%&h ¥o éﬁiﬁ‘g Frslrs vBeAdes Aflice upRrslPe BY biding as described
by GaroffTe@ 8l Glihran Samd eHﬁ»@dlﬁfenﬁ"d¥s<frﬁ>le@h§rgmvc?e%ﬂg '&%ﬁmnétfate that the
passing, it is suggested that many other Vvirus
ribonuclgig @Bﬁdrcﬁtedﬁ yotgpaigtedifet payimysvansbuddamgt esGuiofiis pl. taaglta‘s
al so be conpatible with the disclosed technol ogy. No
her ppprpeshevegestedes psafidldpit thd deelopment of a paramyxovirus measles

vaccine involves gene therapy techniques by administering a DNA vaccine. Robinson et al,,

“Compositions and methods for generating an immune response” United States Patent
Application Publ. No. 20040105871 (2004). This technique has been demonstrated by the stable
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support these specul ations. Barnett et al., Expression
of HIV pol ypeptides and production of virus-1like
w@aoviocd2¢s” United States Patent No. 6, 602, 7BGI/US2006/030319
(2003). It has also been suggested that it mght be
possible to produce respiratory syncytial virus VLP
transfevﬁ%cqf 39St genampiithan exprssrioeassette comprsing gmHIVIDNA VLP

K P Erm
vein O, B 5 e, BB
partlclea’h UngahStd&Is iPateny Ne.y5s8 ead: 96L4ﬁ99$dleﬁﬁ1&h1€6rp5’ﬁlt@lfﬁy Rreree)
690, 938 (1997) (herein incorporated by reference).
. An alﬁa‘ha:lh'efgenﬁmhblfapys a}}iprbz&h sﬁggd:st'sonmoq{gfrﬁtﬂig lileestenled hoiéled @irus into
any technical .information regardi ng para xow ruses,
o oxpRipr GoRF I BOgiRG eenen et iR G0 OB R SCROEAe oo, are o

contem ﬁtf@d' %) meés'lbs‘b'n’ﬁ@ vaRHRS A¥iond PX‘*S‘IARS’ Mﬂﬁxﬁlﬁ virhs Hg@?ﬁﬁcles and

i nruni zati on response) are esl ze
methodg @6 use”f an]rqutms ButposipplcationRedd i ﬁé@&OOHBQMI (2009)B
gﬁl 60_envel ope gl ycoprotein conplexed to m crospheres
d aBefpijatre Swerytiel Yirvsacci ne. Rock, K. L.
Corrp05| tions and nmethods for i nduci ng cyt otoxic T
eristhoprseant byvehtion aentempldes avespirgtonytsgigytial virus

e B 5180 0 o S B e

resplratpaeqyncﬂtabvgumatﬂytpr(ﬂémv it olse @ﬁbdﬂlﬁﬁéﬂt Sfie Vadeii® ottt lcomprises at

so.stinmul ate.thes ot oxi ¢ Iynphocyt es to generate
leaStwgﬁeﬁpmﬁéSW%H%s gl?'?%’(‘é“@% however, no di scussi on,

c etajls o ectati of suyccess
Vel T Ao e Rrodunoae BROERTioHat Scaswin
passmg;’:liﬂ ¥Ys sﬁgg@t&d&hﬁ%@ﬁ@ otifer Virﬁ’s {.3C edspRSofyfyneial Rl zﬁh@rineaaes virus)
rai nfluenza 3 Virus In one enbodinent, the present

might aiSﬁ\Pé rewBHiRR itk st ditcdased toshinalp s | Nedtall, @owemsls\pa@@ntn@ to

cpor GBS . T AT LS A LA s o

virus-like pagticlesiit ViitedoStareeParend No. oy6d205 @06kt , t he vacci ne
further conprises at |east two parainfluenza 3
Hlhgs alpr beepisnggested tan tamghkttetosdblvitdpiddocd regrratag symegtial virus

VLR velfp Pt B b A% TR kBT R PL yAT, 2 and

VP5 gel&lst fEErhalem yt‘@ﬁﬁﬁﬁkﬁﬁﬂiz&fonlvﬂﬂﬁﬁ ?Felﬂa?tidul/ate Adiieh U@l'ﬁ%ky system”
are suitable for other es of

United %faWF ﬁﬂ’éefl‘r]é{? |5®‘?190» Sia?&(h%?é)@erﬁﬁbléwre@na@é byaﬁ@rqnﬁe)s dypide from this
brief méiﬁ%ﬁ Ermfik@bed R Fthite! aﬂp%c cgcﬁl{ggx%?rﬁuc}ngl{%garafﬁ'gtp% ngﬁ'uses,

I stribution as” aeroso ons-Irnc

and is hmmﬁ tonthe Ghbivirue gguiue (Rabvirkdak firgitt)s as, for exanpl e,
phar maceutical grades of mannitol, |actose, starch
hagvesbuss oytatenialyeipheade tmspemecfiar, bnénmesizhtidnassponse) are

hypothes1zgcp %Socglgr] 6 ﬁrngr)lg %}(desure% recomblna%?HIV-l-HIB gp160 envelope

glycoprotein complexed to microspheres and administered as a vaccine. Rock, K. L.,

“Compositions and methods for inducing cytotoxic T lymphocyte responses by immunization
with protein antigens” United States Patent No. 6,328,972 (2001). Rock suggests that VLPs
having antigens to either respiratory syncytial virus or measles virus might also stimulate these

cytotoxic lymphocytes to generate an immune response. There is, however, no discussion, of
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These conpositions take the formof solutions,
suspensions, tablets, pills, capsules, sustained
wo edogase4t or nul ati ons or powders and contai n 1P9%/85806630319
active ingredient, preferably 25-70% In the case of
the oral fornmulations, the mani pul ati on of T-cel
any techuisalatetails wp blqgﬁic‘tagona:@fwumssr@gadmg denapraedchag ilm fact, Rock dees not

addi t tokl nes to various
Showafl%g F%?Ya&gt gﬂ#% ef’f‘? Y AM5%ed oral vaccines with
tim esponses. 1. Adjuvants The present

ven awfh?p%a:}iy{%%m enpl at es i rmunl zation wt h or
e B OB RS i i
compn@mg ampspevivetita MtiaeGanRla Rferdth A parAElE coiP8iesh ?altahﬁ]uenza

resultant inmune response is enhanced. |f adjuvan

3 viruspaatx proteip.s Inesne qmodimerad thareaccing &irfier semprisen ¢ldaast B be

pmmﬁdemgf rg{g}{mpartlcul ar type of adjuvant-or that the
same a once used, be used all the tinme. Wile

tehe p@%ﬁﬁ{& @p{,LpQ,&g&Hésenpl ates all types of

adj uvant, e er used separately or in conbinations,

t\nl%mﬁé ‘3{ ﬁ‘*éef Gt ?gl ?IQJ hvdrtioh Hﬁy‘b%%dﬂxflmgﬁfgﬁ ngtteﬁterally, by

o Freund uvant orretl ate
injectidnp fow ﬁpdlraple, @ﬂwmﬂiblﬁaM}lsly anintrafmedulesly. m@i’t&mabﬂbrmslatloxis which

PN G —
formulatfos of foBhBlatlﬁﬁlé/‘dultaﬂb goraRdtritidvidh as %&dlm&@ el a€i8hs include such

Resear ch, pﬁ@% Q her adjuvants include, but are not
normalfy; f‘rmlwdteefﬂp sepSsion FramienPhaiaesHisAl ades 9 magnitol, lactose,

starch Iﬁh%ffég gh‘lur%t/%%agé ?a&ilqﬁl' ssa@%ﬂn%?@i@!iéeg : %}?gﬁrp ongfel b the like.

f oki nes
These domposu@omtbbdtmémr} off shvhltpne smnsiwemblemnpﬂlempmsas@sﬂned

dmnistratio yaQvi rus VLE. vacci.n 0
releaseiﬂ@w% R SORERLAR Bt BRERER R SriRnet Pelplitdfd B10%
anced not necessa gr st
T OB o ROttt orP P BEFEOR BT B f R i

adjuvarity, taoH genegsickapingrotlthe atigitips of infiRtdial ©fokifsak frious Mekmulation can

di fferenti at| on of hematopojetic stemcells that
result if, frRprA¥Rderyl ‘ﬁ’F%‘B’ﬁﬁc‘@lﬂi‘/%EPlﬁ%d TENURSIESPAREShodi es. I n one

enbodi nment g%tokl ne may be selected fromthe group

conpr si ngAFIH‘tV tFeukin-12" (IL- 12),

anul ocyt e- nac hage col onysti mul ati ng, fact
%@M ¥nveml%f+ foeher %n@ntphe%wmqnmaew ioh Wi °‘(‘t| adjuvant. In
one emB&imert B3 res@ﬁttlﬁvenﬁﬁn %Hmﬁ?lht@!z £6d-80:8MhidtAtibn Bf ah‘lm?{rowrus

chennklnes Especially preferred cytokines inc
VLP vapging agfl anedpsrnt, wh@rf@ryth@ k¢spliant ¢ @tamub@rqama isenhandedu¥f adjuvant is

used, it ?ér)rl'?mg% rl]lggllédeﬁ WPt tthel greﬁggtdl&l%}l%gn ?% hﬁlei“f 2l ?on%xsl %?ar en'q’lag]%s'zant—-or

BiooXi
that thelsyip ijuyztrﬁ ones peydsesuset @ll the time. While the present 1nvent1on contemplates

all types of adjuvant, whether used separately or in combinations, the preferred use of adjuvant is
the use of Complete Freund's Adjuvant followed sometime later with Incomplete Freund's
Adjuvant, Another preferred use of adjuvant is the use of Gerbu adjuvant (GMDP; C.C. Biotech
Corp.). The invention also contemplates the use of RIBI fowl adjuvant (MPL; RIBI
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bring out the specific |evel of response needed to
control or elimnate a paranyxovirus infection. V. VLP
wy/amelme4Expr essi on Systens I n one enbodi ment , PET1ES2006/030319
present invention contenplates nethods to produce VLP
vacci nes economically and at hi g productlon rates. In

Immunggheraisd ReseAEF N9 Otbereadizants B axomat dimpted ttespatassium
alum, &LPR B Cﬁfg%'tez )'%{)ﬁrglelélgrﬁﬂ ks EQSﬂ &%anﬁgé h%rt&hy\a.ﬂ{gr Rrax

nuc C 02 vect

adjuvapt(CayRmowi QuibAVidfevestcci ne cassette. | n one enbodi ment,
the cell culture conprises avian cells (i.e., for
exanplZe, Elyto®imsl | s). |In one enbodi ment, the cel
culture conprises a viruses (i.e., for exanple,
Haoo¢ evbodimnt, the plaskrtrinention oerversplaes b c@atifini@ration of a

Expr essi ste one nment he present
Param’iyﬁglé?ﬁfoﬁ C% e‘WBE ;fs‘fg’&“&‘ WE?IﬁlS&L %ﬂg}fﬂ@u@rﬁﬁmq igguhanced.
Althoup ftaghiot Q¥éds ey BY ﬂid%fs'fh%dlﬂﬁé MechARisAVIfan ishlior W it YEifeved that

, for exanP ELL-O cell culture). In one

(i.e.
oytokinsg ity intadiiate prabifcsaion, grawihy ead dléﬁrqnﬁ@tmmfwemmpeme stem cells
t xQ I al
o8 B8k 08 SRATER oy R B b
selected rom thergtoap cbmpnhhg\mldukmdﬁ 25@lag e) ‘granalocpﬂéQh:ﬁircﬁphage colony-

stlmula]tlgg gz}c Oét(éM/ &Eygr ot I ns ki 6 mS%Ir {%Jfgelé e al 8:?11;&3) :?;Ipha beta, or
gammzBRRELIARBLB, y-1He) d}%h@rﬁbﬂ&ﬁé’s' rﬁkeﬂl@ﬁéf@ﬁe@& oﬁﬁéﬁﬁ&lﬁ@e IL-12 and

from the group including, not Timte
GM-C§hy) Thsreytakines cambreissd a;tapmcms cNﬂbmmmsm ﬁs@-tdnﬁ $hm81(05$e of an

' nlm
enimal B4 el RRABOR oty RE B o TE S Brahoithe wongpeamo
bring outaheé specifiedevesk pf Eslﬁdnﬁgn&ﬂéﬁﬂymttblc&khﬁﬁﬁ&t@a Paramiykovifs infection.
useful to integrate the viral genes into an avian cell
chronosone. The use of retrovirus vectors is a useful
approach to acconplish this integration. Avian cells
V. YAk Veecinn BxptesdomBydteras r et r ovi rus contai ning a
par anyxovirus gene and, as part of the retrovirus
frepid apettodiment,)thé presdni invertionmontertplgesoetodsi tb prddaee VLP

R LM R RN N ——

contempldied B nféﬂ{ddscoﬁ?pﬁﬁiﬁﬁ %aﬂﬁed‘ﬂng IEl%ell Eultlﬁ‘g ity Hc%ﬁ@dcﬁ?exp‘réshon
avi an, cel |l s expres P, and F; iii) avian cel

vector CORIpFising |3|P@Tam}’XRIPrUSa‘ﬁTdI§ mcww@leﬁcs Inzmd einppdiment rthcmlllcglmre

comp 3885218 A1 of Mol 1120 S04 ox G480 o

compna@slabireses(l aj,lfoeexantpﬂﬁa bhanlevatuson of new, progeny
‘ retroviruses in the avian cells (i.e.,
Aon- r &phn Cabiituiony Cell Cuitugeixprabioafpsitaach f or such
studies is as follows. The paranyxovirus genes are
bl @retbbdieny themesent miveﬁtlohh,entemptawsiarmah@hmﬂris'lf@&)(pressing

paramy;?ogvgtiar Qrgte?r%ﬁllél% Iag%vf’aln%&?lcultu-lr-g I(1Sé \fgrcetx%pie ELL—O ce\{l culture). In one

embodiment, the cell culture continuously expresses the proteins. In one embodiment, the
paramyxoviral proteins are selected from the group including, but not limited to, Newcastle

disease viral protein, measles virus proteins, parainfluenza virus 3, or respiratory syncytial virus
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i nconpetent due to the |ack of essential genes for
that process (i.e., for exanple, gag or pol). The
woewro192PNA is transfected into a packagi ng cePCT/UE2966/030319
(i.e., for exanple, GP-293), a cell line expressing
the retroviral structural proteins; gag, pol, and env.
proteind)l Bant eabsdiarhe thepakdmixoeirslgrdioms am sheoteti drorDINA group including,

ncodi ng the veS|cuIar t omat, Vi rus
but not el Tgtrie (M) profers g ?qsap @rotemﬁeé@oe B REOieS T
N Vet 8 vect or
heama%g I?ﬁéugﬁﬁ%&%gél/opj t ed env lg?gﬁg?%rédg?ml | as
T
e B S e e

viral gened iptnt ancavizrcel ehtomosTime. Eh@B@mf getofvinup edi@yiG pyebil @pmoach to
accompiv# Q‘HS léléﬁgr aslogﬁ | téal)?gclgﬁ%gant %) 11’1 ecte Y glnagré 8‘%1{'4%%0}1{2]111’1111g a
paramyk6tifu\defi¢land, bOpdroved the rdhfoai’ﬁﬁé‘ Ieplictaﬂﬂn cidie thetEtrOmrﬂ%nbl&e with

converted to DNA, which is then integrated into_the
the paragyyxonirapeie il sHpEaivdnto tat FPRSOBGi ﬁﬂurcaéﬂlwe&rlglemﬂ be

made: lzém@é&s%gg&@&nom Rel 7, dda9mG pdiand; Ei‘j%vﬂaﬂ%@ifstéxﬁfbséiﬁgm NP, and
ot proceed and nd6 pfogeny virus aré rel eased

F; ii) ayiannellseexpeatsing MaiNR; end 5N prateinspand imiaroert gﬁlleﬁppre@sngtMeHN and

i ntegrated paranyxoviral genes, but not retrovirus

FprOtelélgnes Thi s protocol will be repeated to sequentially
o PR B Ml BB Y L B B

formatlbﬁ bEBNX Proden radenissea idtheaeian etlaE.e., mﬁn—kélpBSab‘imtgm Theegeperal

|1 fied. Vi d
B DRGSR o
the retr@ﬁﬁﬁ Rdd é’_,r’l“ﬁsg h& b&dkagRk §1gﬁéfla'"[|h?sbs‘e%to§ [ORbFERALBEIali &P

Bi osci ences ontech). IR addition, there is avai | abl e
incompgteneditedp tl(e@ackeqfte@ﬂe)aumanw fpsthenngééﬁ@d fetoexamale, gag or pol).
transcription of the target gene is drjven by an
iThe seaterl DNAdsrensfectaddatotapackagingestlilon (casioeetample GP-293), a

cell hné Q} FALi %Elge Ijleﬁéﬁfaﬁ Et?u gl}{'%ﬁﬂ?t%ﬁl% f]ga%regr nﬁid e-me A% I?ﬁltsﬂeh%g with the

uce ce sequences ocate
vector 1a dntahﬁ'rIDNAcentdIE1g/the tesiculatsegnaitis oirus (X SN W5 Ipkoteint(ee.f for e

exampl;(a,ﬂgbt\&\5 25 &g%ﬁ ﬁsa o H%a? %5{’:1 n%/ é)gr S Fg’ﬁg &ﬁe vectortRNAs

in an erReRpb Wlt‘h)thé!\éﬂvl'brbtgﬁx ds QIO thel SVT@meEm Badd 8pkdudstype). These
Expression Systens |In one enbodi nent, the present

cells releaseenarticdss, Yrhighises therpurifisd dngd gpedgo tnect B RYsels rfheypresence of the
VSV—G}X?tteﬁlrgll(om \f%? P%rtlcl-gp{osinﬁ% t1ﬁf@ctlr'(§f§1 thd& i DRGHIs Q¥d Expands the host

ographa ca om ca nuclear pol yhedrosis virus
range of heMBxgviment ai ni ng i nserted genes to express proteins
in an insect cell line (i.e., for exanple, Sf9). See
Foljawing B@nsfddtienphe senér R4k entanvartedstorIdNA| which evthtmintegrated

nmet hod..of inte es in to the AcNPV
into thegiadhicl SRHEFGE Br et B ieh EBrEs ) PRSI b the
retrovitd$ #%ectibR Goes not proceed and no progeny virus are released. The transfected avian

cells thus continuously express the integrated paramyxoviral genes, but not retrovirus genes.
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exanpl e, by co-transfecting cells with AcNPV DNA and
the transfer plasm d, viruses can be isolated to have
W0 b@7gends inserted into the virus genome by hROMDUSIPOEIE30319

reconbi nation (i.e. A for exanple, using BacVector(r)
Triple Cut Virus DNA, Novage aél) See Figure 28. In one
ARRIPIo8 «p,ltwﬂ]tbgrr@mategéﬁ §@1u(311t1 ylntpg]ate@@dnpf the foyDyaramyxovirus

proteinSB@SH ﬁﬁes PR aU@:{lE% f‘gi‘ 5 es%ron?? t}[ng)%ga{rﬁ b g{ﬁ%s ganes apd fhe

syncytial viral par oteln
releasepBNT Ps ifiansthese qelldies Wiltbemrﬁ'rédce r econbl nant
bacul ovi rus vectors. |In one enbodi nent, the

Nectonbindgtackagingeelldoep (Haatromic ketg:atrumxptrﬂ;dﬁn 8p@ny to accomplish

thee s e PR Eblehont LA AR A Bioirasth Couf by anEibae e ic

availables¥ec QNestor)aghi g eﬁgﬁéﬁe@ﬁp&hﬂ%m@éﬁﬁtﬁﬁ oftthe target gene is driven
ent er oki nase (ek) cleavage site. The reconbination iIs

by an interapal progeted onge the prwessivafasatels integmpicd ditn ghe avéanseell genome.

e 0 SR8 o AU PR TR L o

1ntegratMﬁ G@)will iperferevatisthe expressiontdfeheBreMeiontr(y JdabiPomhb these
i S, a reconbl nation

roduc Vi rus ess there
S eq“wmeev 8 8%93%@??@863 ‘ﬂ“ﬁ? PRI ’(ﬂh g‘etr?%YéI@éLTBI asni d;
nati.on_that repairs the circular vi raI

Leco
BNA ga‘fﬂl?véﬂl TSURR PEEMDN. I n one enmbodi rrent t he
r ansf dco ri.ses -1 (Novagen)
B¢ Ytir aogn gl e o fnvegﬂfﬁ'b'%%ﬁ%%@éf&ﬁ! 58 birdr s system
(N ovagéri)e Th%dj@ﬂéhﬁl&@ﬁw%ﬁcdl&){ﬁ@ t/ﬂuﬁ%mﬁﬁa daﬁfopr‘?zlc& ﬁl\{cqgar?l?%edrosw virus
BACAx-| i s constructed such that up f our genes

(ANPY) gonraning inspiactanes 9 eép@ism@p@nyuagmme@ndl ling, Ieeff@‘ree(ample
S19). Sée Pight 3. AGlpYeseht 1{1*{1621}19{1 Eschokl? ﬁHﬁt%X & ?’ﬁqﬁ‘éth%ggﬂ?%% ?uelg ga,rget

expressed u3|ng ei
genes ipiodhe AeNE Vigenome ahlumesuk thtfmem emysfen pgztsrmmh;sb@ﬁsed For

e Q48 L SUBESE R R fE B BORL L CE UL o e

isolatedax paesthé gethedlinsbitbd intdSthb wHiiid g@bﬁk%&oﬁ@lﬂéﬁﬁ%ﬁ@orﬁﬂﬁaﬂmﬁl (i.e., for
ca ab e of expressing the NDV. M NP, HN_ and F genes

example, gVegey Givle ﬁutg\ﬁlyu%%% Navigsh) Ssefienedht
t f
embodifment! fa?%’é@ g&{en eéc ?gfj ah éNP‘y aReds %E lpgléa"f‘n;ffﬂeﬁzaaﬁgpéy Bxful%splratory
syncythé Waqhmsﬁq!mproeema) esgbe/¢lpussi 1p1a>rat PRAG sransFbrgs esnpill agpreduar e
rein the.ex articles

ressed
recombiiBabBeiRlsuralt” Th SpSerbRiSER BErecombisalion iy soopioe
ligation gedepericnt €16%in (LIJ) fechiiique NbdTi e LY. F&%xﬁfn@&eﬂlm transfer
contenpl ates ‘an i nfected cell ressin
Plasmldywpggﬁg%?%méb FesioR e B SKIe Hie dae exsl S g appiidodeniag an
enteroklﬁhsrel{@k)?blea%ger s?t%{) %@F&B%bﬁl\ﬁ?&y i 11\}\/'@1{ ﬁ ﬁ)g?c Il}% %?iences

.y\,herelnt e cel was transtorne
comprisinga yetfse strpida s hodA TEnGAREG ANBATAREH (SEQ He NexR9)e aistiseiseisgand,

) h g drﬁg &gltions, and tinmes of
>t T@xpr‘%qgég?réﬁ %‘&gﬁ;ﬁ;@ﬁ N‘S)e cal e VLP preparation.
Upon transfection, the BacVector® DNA will not produce virus unless there is a
recombination event between the virus DNA and the transfer plasmid; i.e., a recombination that

repairs the circular viral DNA required for replication. In one embodiment, the transfer plasmid
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AcNPV-infected cells are known to produce extrenely

hi gh quantities of the major very | ate gene products;
w@odoghedtsi n (pol h) and pl G 40-50% of the totaPCT/US2006/030319

cellular protein consists of these two gene products

by the end of the infection e. Very late in
comprisesf A CHN1 (Nowagenlo Sea Figurm3 laflléhoughét ipheldiengssarndo understand the
mechalrél(sellp% 0 nﬁ}éﬁ'tgoﬁg %t 1§ B htc)egtc[]thét{e]@f&é@& ?gsﬂ%dg?tlrﬁcjttgdséﬁgp ?ﬁjk qu four (4)

genes @ﬁtble\im%bted ﬁltcdﬁﬁihglaﬁaﬁ@mi@aﬁdbmemﬁdl’e aginglp |A@NWTVO npisells®, believed
whi ch makes themideal for _use to drive the high-1|evel

that caghy gpne dsoxpreseRd Ysing Bleicthe pelhyog die RIQPEAMPtRLs; Proglofier that can result
in verytﬁ?%-?ﬁ:vé/lb b ro%‘?rp&}nﬁs%oﬁ lehen 94 7?90&r9p3s@-@nf€&1&13"191% BAC4x-1

tein pe S can be obtained. The conveni ence
transfeof/ecbaomﬂsdﬁslgmd fexpipesssion of syi-erbyni awtéimsomyldedand is capable of

expf%%%ﬁ‘?%@%{é%dm S o] kel i 86‘6%% B iy Sobfioh.°°
SRRy RSl IR R Rl P RO RS I fectea

cells (1fe§|f@19€§(@ﬁ1pﬂa S geranglaqeBbid Siphs airSEppiecles Tlfb@@pﬁ@ﬁéé are then
for virus growth. Kitts et al &OT%QW

isolated,vhe1ein g'@ﬁxp@g@g)wruw@ﬂc]ieﬁgr@ @pn@gq and @ctenzed for inserted protein
gene efftedslo n%ﬁ gﬁgas i ﬁlaltatﬂe gfé@&ﬁ RiveRfih & ét@@éﬁ 1nfected cell

trans and Bsu36 |-cut virus
expressing Wl@@ongng éﬂMé,rmwles, rseapilyeaga blyusm er resmratory

syncytl\e/a,g%rp?m en@s %egefmf ec gﬂgv g&@o&%ﬁ%tﬂ%&ﬁ%ﬁ%ﬂ%%}r plaggud. In

orPty € progeny viruses
one enibbéignt; the dxpreséies isi chictedrddabnoptingal cepditioegland tiniss off ekPression,
t he targ? ene, thusm nimzing the need to screen and

toSWHWHﬂﬁgﬁﬁﬁi%Vggd%qﬁM¥WPy recombi nants. Alternatlvely,
other cul ovi ral expressian systenf utilize othe
mﬁy

fct@ieq,?élg are,;l%]pwg*%ﬁr&dgce e %‘thﬂlfa&tltles of tfxe major very

e o £, S it

these tWp ggneq)rqgmcts\hyrthg ephghe )nfg:itlgn pycécp aYey latgin infection (i.e., occurring

s o FUAAE LRSSl RSP 80P B oL ES! 3L S50k o

cell’s tfaﬁm@fﬁbmﬁ ﬁttia‘vn;ﬂm d&t&c%cﬁbltﬁ@dlﬁh&ﬂpl@q&bmwefsr M&cﬁﬂyakes them ideal

for usekgcp allé\g uﬁg& g‘?ﬂi g%pr\é%s%%sﬁg’s twvc\{?x a%ﬁe ge\{llgg l repleace &ese viral

genes. rﬁ@l@?@f WARUR0MRS A dek FRleiPhRARSIRBas babhaR@d WM t h
, since the target gene replaces | acZ when the

t’ﬂ‘h@'&&fn%h At ASMBaPulb e ERpraAForVdyEBmE MEs Mipraded if),
third Bsb36 I salltle Wi :é%il)n tr?eylgalélz ?elneﬁrf uer?ﬁ’gmol) g Viruses

having Bsadfc brgstrigion sites ppsﬁwdwthmemsmm gane (s fenexample, ORF 1629)
downst\f%qr#éfrt%% gl]oﬁf)ﬁj)to%\ﬁﬁ%d%?g I%ggg OVI r 3 t n ;G;g_ﬁ%b %ﬂt?h thtap&gestlon

releasek eﬁh@méﬂ@yn@ﬁmtgmﬁquqﬁicaqe@%amm vanegramr. dﬁ(tts’r&t&hl, BioFechniques

5% r econfi recent el ucjdation of the
14: 810&&%1%%"@@&& étﬁ&%t °8 st §O-{ransTemorl Vs AR BRPT ORI wm@mam
transfef f Xﬁfﬁ'd%gd @sﬁﬁ But YrusSORR,, %‘he@é&%aﬁ*?b@ 1@@%@§uen§@% supplied by

gure 30. |'arge nunber of thesé genes aré
the transfer plasmld through homologous recombination. The vast majority of the progeny

viruses derived from these co-transfections contain the repaired virus with the target gene, thus
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unnecessary for gromh of the virus in tissue culture.
These non-essential genes are known to conpete with
wao 200g@0192¢enes for cellular resources and can bRCT/US2006/030319
del eterious to the expression of sonme gene products.
It is preferable to use a bacul ovirus expression
system wherei n conpeting non essential genes have been
minigeingttheineed tp sorven embraviipiyplaqué preifp fee&ﬁﬁhaﬂtsﬂ VAR @Rely, other

sin BAC transfer sm ds desi gned, for
eacuf 0 SRR Bl 8 Sl e e hRB Bfned Fo i
Bacwcm wm%hcesacvlpaaroaam Wz merMﬁclzlﬁthe Bigh Eﬁ‘félféhéyg%%'\/)éctor-looo
ti.a ra @t ein veral potentia
r anst p Ig bBﬁVVI%D&g‘&%\ rE° B ﬁ%ﬂﬁsﬁeﬁcoﬁ é‘o@ﬂia"ﬁ?? ?%%éﬁﬁ!ﬂ @
galactmawmm obAelrbv Eesrhécﬁiﬁ% algwﬁelh@cZ—ﬁHg)itn%' rééo%rbuﬁﬁds YarPe
res e of t er gl_ucur oni dase
disting R 5 A o s P G SRR P s i redak Afg Pl
whentstuineg BABgUGakeri es). Because the gus gene and P6.9 are
carried with the target gene into the bacul ovirus

gdadfrecombicarhiona nlest pibz[@éﬂ.tﬁﬁtzﬁm@é Wikl K%élds’iﬁﬁ tiR ek g63Rne

entl tal The
repla%g }aro S &]ie Erﬁn{}%é’ SPK re c?q%l“é’ilﬁs §dthy tgec Yaiwée“f”ﬁ‘é #uflird Bsu36 I site
within fhel |la;3tgene iiyﬂhk& ra:meesab@luteh&kdamfsdm&dnegrthé ﬂar&itil emlap %Wuce
es Wt sone | arg

uce hi oni n [
and Rl TS e Ghe g rtinly Sty Sy M ARt echnsiosy
produkésipildgaek mﬁt,ard)@ﬁﬁxﬁ@dﬂelﬁﬁ@S%Bmaaﬁp plasnids are
ready for annealing wth appropriately prepared
| Abereceit eBeidationgiithe cdthpletersequeadidf @, 3R89 AHYRINPSLLUERE Bas

reveafg& g 90%13& gc;en?egléﬁ Q e% ggll}f? gﬁ$ eﬂl%e § 9: OZP‘ Eaégggﬁlg}b\é\g gf{}}@@@ gnes are
unnecegsaqyfori glb\ethcxﬁ lhesmrumn&md& c(llilﬁre aTigksd AdaPessiiti MBzehdYarsiidwn to

U uences, spectj vel are produced
comp%;cg’a#h par elf eries ?ﬁ?ﬂ%ﬁl rwcgcﬂng Ic@-ﬁzjsdfg{efeﬁo%s?fg ﬂfiﬁ'eég’@?% fgome
gene pj@dﬂ@ts 'Iﬂ’leprféfeﬁdblean nsnmlbaealsanacekpmsto)& s@dtent HBer€MZYABeting non-

e s of the duplex until a dT residue is
eﬁmmﬂﬂ%%%%#%?ggﬂ“k %ﬁe conplenentary strand, whereupon the

aﬂladglg“@ﬁ%agdugﬁuaflﬁ 81%%%9 n@gntltoﬂcoxg sruas%% p%%tégttrl%%éhplasmids
demgn(eq GOl exPressiar afddred pratsiey (i.c.afod opBAE, NDE, tricadaf @rramﬂuenza

h

e TR L T U —
showngn &} ;mrﬂe?d \Fel:tmleatwoowdousacmﬁbnesf (shawrrge the@@;f)&ﬁfféibnltyib? the

osition relatjve to the entero
e e e N AT I
exampd® thepBddus éenssar Bscausyth®d gusrgeﬁélﬁd PSLQCellﬁe éah;’:’éd with the tar dget gene
: [encode ences e CO ete y renpve
nto the ?cg? gE}l% ggmargcgﬁ% ts e, ucfg] %lpg,lr lasg 'ﬁldé:alap? }d@]ﬁlﬁefl?éé
stammg O\mfnl)ggmat Tlm’boﬁfespfoﬁ&hg iriisfed Blasrhid® faciifly thb QudMAibathl Rne are
mxmt@¢°”'” %lon al | ows, direct subclgnjing of inserts

ooy % BFYCape Hieer Pung PG epBCYIth ope ge insorts.
Th
R, RGNy OB el R BT Rer ekt 35 pRACEs 20p

plasmids are ready for annealing with appropriately prepared inserts. See Figure 31. In practice,

a target sequence is generated by PCR using primers extended with defined sequences. See
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or -2 vectors and encodes a consecutive stretch of 6
wo 2d7ahddnes. Alternatively, a S-Tag sequencepengSa@sosn3le
15 AA domai n of ribonuclease A, which has a strong

affinity for the 104 AA Sprotein. Richards et al, In:
The Enzyne

’ ! &0 uunar
Figure 29ad'%98 gqqa,rg)lprvggtgr cq@g‘u}ég clgﬁ{s%e’fﬂﬁs 8. T?_:ha:ngq abp oRkhe 1@-%

hly specifi 1c1

coding se ﬁéﬁc@% Qesgégiﬁvt@lyy ?ﬂerﬁr&iu?ec% bpﬂeeﬁmemtw:lﬂh@r Bé& golymerase in the
nsitive detection of fusiop protein

presence Sf @MSPe The B'ep ereruclagsi zggﬁ}qéogq,\g IS e cggé’\s"ts or}xe strand of the duplex

until a dwglﬁr-é PS[.?gllg(glﬁl e%%d‘ﬁa tﬂ@&&ﬁé}éﬁéhtﬁ@ s§an7<'ii @hbtespanthprosibibledA is

usi n

S- prot ei n HRP conj
added byf‘ﬂa!@ﬁ‘élﬁcr)l édhﬁi)ty GAsllaRBlss‘ltl bls tusfeic Aqids g%d%&zla@g%) The
treated insere st Elg,.g b(ﬂtan r]{ﬂgsA é’br?etﬂ?rraﬁn &, Q&ﬁh@@ﬁﬁuﬂ‘r@frmsfomed

d&hes rn the 3ane cell. These
V. (St exig enely useful for expression of
mtoNovaﬁfﬂ% nelﬁt proteins, nultiple copies of a gene,

T‘ﬁ@ 8{&@9&9%&&&%&'@@1&& of tarpet iembs stthehinest d@Slrab e position relative
In-protein interactions

to the entélrdilﬂhase tRae 'Sl-t@@)‘]llowmg(thg ﬁig-Ta%ﬁé%xeg %utsmn sec‘fue REES; énserts may

be place @%Wgﬁﬁg% S, 2ol 6%%%%5’1%%%?64 & D3 comPleblPrinyoved bgteniatqlqnase

S knovvn t.hat. bacyl e all
cleavagce&% FIEHOO. Eaidﬂmﬂongiae nmﬁgp@tlggpgyeé%‘légoq sifes in fne el iple

eukaryotic V|r S &1l Aot to GBAC-1
o bk 5y AR S b o1
or -2 serfe@%'le@ﬁﬁds‘ "ﬂmt}ﬁ&Tég Bﬁ\(eﬁmjnmy l:&uncfoapmratgql it feopample, the pBAC-

for exanple, gp64) c naI R
or -2 vedtousland iemapdgs ay@%}@?%‘tl@? Ffﬁet"hc é’%?ﬁr & gtrgegﬁbéw % T\%g S%qg enee

encodesfagllj E&%P p Amoo%@%%ﬂﬁcflea%e iar afecheks Phasy ﬁﬁm&wfob thedddi/yhéd

t ft t
protein. %@ﬁr@ o nglﬁga LRV e genelg‘{ g \A@@n%ﬁh i‘;;de;mc
Press, Nﬁpv (Pergc(g%? ﬁl\,\ﬁl glqu hﬁtﬁxfy s%%wﬁr gtotélfl lp?&@ln@ﬁkxﬁctﬁﬁr@ﬁﬁh@the e for

SySt I's possible to
sensmvg Q%Etfdﬂ(‘(;f fvé’s'ik% jfr@feﬁﬁ Rvithi S’-pﬁ)tém—mpartmetgo]@@ul@ gq»fpp@’ges

QI nc

er—destited ctional Ch 1 HRP
Chemﬂmnmemq:b@ithqﬁ;ﬁr@ of &g gfsgchéﬁ?te nﬁ%aﬁ & o@é:err%'d @iﬂ%‘%ﬁx S bfbtem

n-conte
conjuga%'f @%%u %f‘slférﬁ Yinal (A4S FREDRB S8t 1S Tag Rapiddgypayt Kit] Nﬁ‘é&ﬂen)an

ect”cell culture to express NDV, neasles, 1
Ssr Lah ALY %?_ﬁ@rs‘é&é' dé§1g§ed £k céﬁ%ﬁvsﬁaﬂi Ofl.yp toyingepes ialthe samg ce

el ns. ese cel or .ser
These x&‘zeifotmé exteenmbyradedy é@t exg@%@hgﬁa rgﬁ%s@nn*t Broisifs, g@lﬁﬂe 001;11% ;f a
I ture, rea ﬁﬁé h ¢erattichnsWegdricd
gene, T&Prﬁqegtﬁ?glpi agéf é(?iuéige{s So? fotél i gc;farzc 'gg% @3 (%&8 .
Gen. VRBA 7206 g@qu%saf)gmgadvsat alr, é\fqueq,ﬁmdq

non-specific bi ndlz@g%sgf anti bodi es and ot her reagents
Belyaetletﬁlhﬁsf@e A23heBd proteins. The extracts are

A AR LIRS W vBloped®itto an eukaryotic

\igis kapin El’ra&?%culoﬁEF@,&pmg?l%l e@ﬁ%%ség’ s}P or eng mat i ¢ |
virus d syg g%gstérﬁ WSk dear %b/ﬂé&lﬁioﬁjgﬁlﬂ)aﬂﬁ-aﬁ% @12@@ iBy apprqpriately
engineering the ACNPV major surface glycoprotein (i.e., for example, gp64) functional proteins,
including glycoproteins, can be expressed on the virus surface. A pBACsurf-1 transfer plasmid

d the
may be designed for in-frame insertion of target genes between the gp64 signal sequence an
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I h one enbodi nent, the present invention contenpl ates
a VLP vaccine conprising proteins fromdifferent
W@aroayRaevi rus strains. In one enbodi nent, thePCT/US2006/030319
par anyxovirus strain is selected fromthe group
including, but not Iimted to, Newcastle disease
virus, neasles virus arai nfl uenza virus 3, or
mattre puofen¢odng seqpsBSp water the Fanbroho! theRolipreBgicreae, Figune3 INVith

this Ssteli, 1t id Fosdible W @RAbtruct ShadBiebMarus FBRA JFRBh lﬁ}( Bfoteins for desired
virulent NDV strain may be sel ected fromP e group

functionghehegactegstics. v -and S anot her enbodi nent, the

a\é%l(r)oul enh cf‘train conprjses, strain Bl. |n_one )

et sie FRRRIImeH et PreahinvEipR RGP et Housdr el ug expression

tech@AMSEIQS irfécd Bn SOTRIebtTel Bulfir SO NISS, RG0S bAinAherd £ 3, or
one par am{xow rus, structural protein. |Ih one

TesPRAHE YT virekpaoteing. uEhess eolls prbbetdapied fip stramer serupplee

monélbyes QRERhE) or felinSigioR CRAL, WRMeads! BEIRRAS iﬁf&f\){&v bebbdF otig'n and
sel ected fromthe group including, but not Iim ed 0,

PlaqyGAfRast | e di sease virus, measles virus, parainfluenza

virus 3, or..respiratory syncytial virus. In one ]
e P BAT I8 A dnfeeio g ptadbotalh 86l reuret fonbueking
non-§pletifit Bindind o2RRbBEIEs £1IARAR} ARFHts t6 PRus\hnd WsER bellNiVieRl 2k
may be selected fromthe, gr ou%g@n Si nIg strain AV
extragly qet P APHUHEF FUnBing s neagieen Vet blofsh BLIS o higding
assayd £drieM e i Q8 AN Mich Wirea g)rom\é o34 &rdlyRed ihelPPfates. _
enbodi nent, the avirulent NDV strai'n conprises strain
BlIn'dhe ertvbddinvat, chay@eorritienaen dagmpldiesanatiRitcine comprising

emhodi t, the present .inyention contenplates a. o
Pmteb“g%é’%ﬁgf?fﬁ?t&&r%%moﬁ‘é S J5,0t bodiishl. fispaien pes figin s
selected NewCtas tiloap thchidRgebut hétUisnitdl B, We @ dsNedisdsdMAS] Bsasés ViHE,

ai nfluenza vjrus 3 VILP vaccine, or a

.VLP [
gt 56 0o 8, B3 DL LUSTES, Y S AL VAEELRE 0

- virulana Cli anetheambo tisest, theSAGULINEV k@gn mhf bOREcRATRE] 1B Boup

t.he vacci i,s, adm nistered to.a host. _Ih one .
ﬂmﬁ&%@ﬁﬁ%ﬁ@ﬂ?ﬁ%ﬁ%ﬁaﬁﬁ%@ﬁm@dgﬂ%ﬁ%ﬁ%&ﬁwwmm
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anothendiighidinent, the dveuRhRSeRcompNRtt-@NBront enpl ates a
vector conprising at | east one cDNA encoding a

pdn amysudedingint, tregiresient  invehttmeontemalatts € EAp wiivh co BRI a
In one enbodi nent., the ¢ IS .
DNR EHENS D Bh b o8B AR B (o R 8 empodipgs the
structgi@Nfroiein dompdrgsan &eglytoptateim heat eigbstidnent, the pdgh@virus is

o GBS G DL DAEE ! R BB AL
paraivdhibndaoitys T @ Sesfifeor sR7GNM] vindy ¢ bhddmboa R Eeal S isSRAPed
from § gitlgqurllt 'ﬁj{} Strai rigrailciheg%m%ocgr%{arﬁ, 1)e( gi\ll‘lixleran{%l INDV strain may be selected
from the group comprising strain AV and strain Hertz. In another embodiment, the clone is
derived from an avirulent NDV strain. In one embodiment, the avirulent NDV strain comprises

strain B1,
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gl ycoprotein expressed with a term nal sequence tag.
| a one enbodi nent, the tag conprises FLAG HA and MYC
W0 2@3/0192m7 r esponse to the rapidly grow ng fi el BCD1S2006/030319
prot eom cs, the use of reconbi nant proteins has
i ncreased greatly in recent years. Reconbi nant hybrids
contain a pol ypeptide fusion partner, terned affinity
VIt aYly Vageine %Wﬂﬁigﬁﬁle a sequence tag), to facilitate

tg’glgﬁ glfl |on the tar g‘;)l eptides. The

iyt HingR, s pretent e EOHUNERS  HoRTPoaives VLD

vacchlld lélhdhl a6,ut @91 liafidd €eh Kete e ObealeGRTVILPAALCIRY, thehsﬂ% vaLEvLp
recogni zed. The present invention is conpat |

vaceifies %P%iﬁg%a VAIE B YLy aghpn @ ACESPITAIGEY SYRetiabiving L@maccm

wherbin¥hitl €8c i, corﬁf)ﬁsd's @gcqu&%e@&d % 61{% cRibadindag: BR Q&'fc%ae’ is :«rl]c}n})irrl]igtered

cel | .ul ose-bi nd |n% domai n, A, c-nyc-tag, gluta
to 2 host. Ia pag wpbedunent thesequsgoe twdeta@ed Hi s-tag,

nﬂktose blndlnq protein, NusA S-tag, SBP-tag,

StiP&pe eHRP IS heRTEeRtBYIHON CPQFGB’@WGS a vegigrqopipasing ft leagtone
cDNAreftiny afﬁdﬁahr@ﬁtﬁwrafl ﬁﬂf@lﬂWh@t‘éiﬁ's@iﬁ cBRA. Mﬁ%'y sg%ncc tag. In one

fundanﬁt al s conmer ci al syst errs pl

embqdipent, the cHHINA gdr@gfgctgcgmtoij@gt)ce odngg:@, iy cDNAds
incorpbv@lell irAdTh A&t 8&otheS BB IELSHHoBImNN klﬁQIﬁ\f)@fe?id@sr iff the hoFt
Cytoqri?érrmer ciall y avai | abl e antibodies (i.e., for exanpl e

s AD RRg ybodigpent ke seqHsaen tAgis detegted- pr otein conprises
ern1ngL(&, G tag. In one enbodi nent, the term na

d%prl e terminal. hi another enbodinent t he

i ses, t thou h it is nat
necg?%génﬁnggﬂ {Jn ey hlet S foﬁn eﬁ@Sﬁg’ﬁP 8 (1B g}%ﬁWPHW
glycoptotdis expedspadiwaith ¢ hmnlnﬂ sm‘uelidhl tagl mabneidbainieat, HRRFY dofipHigks

r uence tag (i.e., for exanple, FLAG or

FLA(EIA&‘SEamWCSﬁ% ' It is further believed

reco etely functional.

t riﬁ‘;esm%ltoz%ﬁb IF %ﬁ%&blﬂ% giglﬁ ofﬁXteQﬁdz? thehlsk gi‘ reg(%rr?bmar\/%xigtems

conprising a ncor gorate
has irjcrpgsedigreatly trvieernt gearsi Recwdk@nahytbndwm@m nptlypeptide fugort fuetner,
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termeg )?a r@k??a{grh e. EI%I’ 8@&'@?&: 5 Qegg&g gf F” Qah e%%\néurbf%%ﬁon o? the target
POIYPQE%M fThe Aflpmtagegefonioe fllsagsprd’ﬂamo difdht:[te pmrd'&aﬁ(m and detectlon of

reconﬁﬁ?aﬁf grbt% nf ﬁr%Rvﬁéllr}ecﬁ) Q&P Cﬁ]? ﬁre?(gx? Wen&% on 1 é’fig/bqﬁg mstIé YeIopg

epi tope h
affini{yj sepenss! twumé@hm Ullltmot lmatteeirto arg-tapp mlmodulmgmahngquﬁ)de

cellulgsre—cdﬁﬂﬁ eg ci@rﬁmo b@ﬁg rl:t—m ptag égtgu&%ﬁo%s flr?s?ege%slg,t J.‘Ae(w tangmQXg,

sequénces repor
His- tagnmh]m;p—hgldmb proteintNUsAnS tagdSBiagHts¥bag, kidHhiddotibEQehEXK .,

“OveNgv?c#)tag%%t%ﬂEﬁi@ (W}(%%ﬁ& %%E@%}EEDWEI%MQS to comm)ercml

systerq St £/t djendy] BiSteeptol 40: SLIABHRPQEK) ( SEQ | DNO 94)
(Si gma- Genosys), and HA Tag ( YPYDVPDYA) (SEQ I D NO. 95)

( Re&HeHBMnd MK 6 2R shast pepliadid sequences for Wthh there are commer01ally
avallagégﬁbm&s b)@S: f&%&%mﬁﬁ@,‘ﬁ‘ﬁ&ﬁﬁﬁ h’y(ﬁl)e exgnl? i, EII\P pro:t)’e)m compnses a

terminal FLAG tag. In one embodiment, the terminal comprises the C-terminal. In another
embodiment, the terminal comprises the N-terminal. Although it is not necessary to understand

the mechanism of an invention, it is believed that F or HN viral proteins comprising a terminal
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used as an epitope tag in a variety of cell types. For
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B over ex pr g%?ﬁ fg%c?’ig%% ft%g g{egogﬁééa? %ﬁe{%ene Iplh?'ﬁp{wgﬁ%%%e, wag cloned into
both yggtoRs, il anti-FLiAChmomgol canltantibodids everd whed for datediotlds FBAG epitope-

ottt 0 BRSO B P SBHERSE
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il ol e s AT N LR A
by deletentos kideraffectshasociared Mthgrotsil 8 GdrédpeesS 65 UBNGR ol tikse
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"Anti body preparations specifically binding to unique
determ nants of CEA antigens or fragnents thereof and
wais@7oi2the anti body preparations in inmunoassByBUS1086/030319
Pat No. 6, 013, 772 (2000)(herein incorporated by
reference). Simlarly, antibodies may be raised to

eci fic nuycl eoti de sequences. Tchen et al., "Probe
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systerBEHYIE &F %e@ ?@&e@fiﬁh’&e EQE%%%UH%!O%Q% - lﬁmtm% §mtples of
[ abel , Suc i ncl'ude are no 0
such gygfgmg nclyde @uqrﬁsceﬁyn%rolmnc nayinosvalsws.gadipisetdpin fbeling and
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pB|yA(ﬁghMﬂET@§e i s enployed, an oligonucleotide may
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bSequbire Eh@& Ure§ n@fledtiae aml/or @Reih ABncesd aldb HRIME Mo REVeAhich
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30 orelectrostatic interference. Detection of sequence tags may occur through release of a label.
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fluorescein, tetrachloro fluorescein,
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either visually or using conventional fluorescence
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ability to form peptide bond intact, allow ng the
normal incorporation of dansyllysine into a protein.
wo pooone2¢nbodi nent, the present invention contROPUS106030319
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modified using NHS-BODIPY. Varshney et al., “Direct analysis of aminoacylation levels of
tRNA in vitro” J. Biol. Chem. 266:24712-24718 (1991).
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nucl eotide distribution at the tag site, whereas

current estimates suggest that even the human genone
wepwoder4dnl y about 80, 000 transcripts. SecondPCT/US2006/030319
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e ecogni t Hon ag ?1% g%g%g%’g&lﬁ%g%%& e?@ﬁgtgspsﬁgﬁeggé‘a@g%ﬁg buman
genopg gycodpseaieaboved,009 3@nsorpto nSevad; ageatendtion @fshoffB&duence tags
Tlowsh - q j lLarger.. .The npost 3! .
S SRS A B LB e s
withipjagiggleglane As withseril clionmiéatien byTtingufrs) GRSSinIALMAHRE iR
j i - apscript that corresponds to the
I, S0, RS el D AR 302 0
establighghg/yegister angi Youndahies ofobth tis t hen di vided in hal f and
Iikg)ated via the anchoring restriction site to one of
t uPI:E%d EBNMPW th‘ggg syythesized SoinaRpgA iy n&?ﬂsydf‘e)biotinylated
li ithérS ThE € $teaSt (afohori
I BIPPLS BARNS1R SPOUE LG
enzym At ey heexpesicd daFleavi mmost trasscripEhaiblebst nker Typivallyd esirghied
dorflchdadtyith 4 BB YaBEniQEn &€t L QAL LSl L0, e
e ag gi ng1 en?grre ?‘gﬁ%ﬁ %tgse?r%}h%gltfé('erg@éi}%l?&;é%gcﬁufent&@f CIgVE fer
256 bp R FYer%gee\@éer@p IMORrag FONALs armonsdeahly Brgea Temishaitpoion of the

20

25

30

cleav@lNHINK isﬁﬂen%bqéfgﬁebﬁ}gdiﬁgatg gfrébgav?(ﬂl% YR, \Ral pr\égelélé lgmgii{igs_lcgun?que

. 9- bﬂ tag can be cured.”  After prunt ends are cre
site oR g8 frwcwélpag cmesp@ﬂgﬁgh@re@tég@naitelobitg:hcﬂ&résttt@tl'ezpﬁlﬂradenylated
[pol - Thd GALH thaUfy; i | AL Uetricsion si
d y(@% nmerase chain %‘ﬁé\g&é&ﬁ@ﬁ?@é&g@%ﬁ%ﬁ % 2ughring repfricjon site to
one o&wp gs epeing ¢typoll8 fegeing enkpne). ThpsIlS teapicE@T atddnucleases

leaved AVEARne PHERASES td it al | owi ng anpl.i fi.cation
c. eav of the teag Sequg ﬁdcﬁebsﬁ)dag%aﬁr Si:rtggl tl}xgr abs ov:’é%'xézge ggmon sites. "llhe
linkerpyarp dopigred emthalredpapaga of batligation pfodudtewiththesegimgrasymdyedlts in

releasy 8f the EPREh a Rl of EHRRYI L1 NG anplification )
0

products contaln ‘twtags (one ditag) |inked tail

t Brlexadianke sy i b SRV R il v

the fi nﬂal sequentéﬁn(gg%g%ﬁgat e, ?ﬁ}(&g%gé u }ém(iytﬁgwqﬂilgd Bgld 2
9-bp ta8 38 beigHrPd A fre blugt endgjare Skseloh dheatvd purols bf iclvpe taRtleyigated to

holtRE TAPAbYELS | ey

R g
amplifieption Wi rrinpest eeifiato adblslinker | Tisstipremvecseear] daypoBR&R addition
0 alloBEH ili f. tWo, t ags .bei.ng coupl ed .
oa Oi n%t%ﬁlgﬁf;}%ﬂgn gf; t?g %B f%(fugsﬁéng : lF,n%Qé é)ﬁov];dgp ?og Bﬂﬂggﬁg ang pl?notuatlon
of the tag saquence it svery eqrambigthndért dbs repdtisnirysiAcytion products contain two
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produced by biased PCR can be excluded from anal ysis
W t hout substantially altering the final results.
we@avwsge’ of the PCR product with the anchori nBCEOZ200€030319
allows for the isolation of ditags that can then be
concentrated by ligation, cloned, and sequenced. In
ddi.t i t ovi.di_n ant i atlve i nformati on on the
tags Q5 tlngh Bt RS ﬂﬁfgﬁﬂgxweﬁ? thespehoring nayge kodbe fingl
sequéndimgtidriiplattyihis eosplessis I g ogﬁﬁﬁﬁaﬁoﬁﬁ@dlﬁa@ns&Bﬂ&’énq%(gpi’hﬁmrtanﬂy,
gene

antitativ ual1tative data about
the a@iﬁﬁlse%f ﬁ%ﬁ% f%ﬁ*ﬂféﬂ@g% PAmRSScaion gieps Biozides amems it epgnpletely

elimi@#tz Yore:gial\distortioas indtuckEGPBIR tB @ih §ihte Sob
mes with cl eavagg Sites 5 to E ?ﬂﬁ%to\fﬁrgn!wjo%agsbemg

S °°“PEE b%%‘ﬁ samesHitag fseiafly &ren &ﬁa@mg@ré Wﬂ@%urmeaﬁed fitags pothitilly
prodisted By Bigdkd POR deh b6 efchidel ?reﬁa'aﬁﬁysTse&ia{b‘a Qx@gcaﬁ@%ﬁ? al@finné the final

sufficient anount of a nucleitc acid
res““évg?frvé%? o the PleR grodued valhvhkeanalipsing pl@zyavetaacws fagthe hmtauon of

ditagSBAURA BRn B EGfEdthted b HoRY 8$neﬁﬁ,§h Q%g)g;?geﬁ/bcopl es of

that target, (e.g., as’in st not ably,

a Ireddipgh tb bﬁiwdﬂigaﬁlaﬁtﬁi’cw@ iFbinfa¥od SEHS blﬂﬁ‘x@&ncg YPEHdwilttdascripts,

anenabl bde-~[uaHtidati:ve-aaal ysis.
10 SAG%V%@’ e fﬂgdegrl%&PMXHPﬁSf@a%fé@% SAGcanprovideibeth quehtitiploend
qualwd&‘&sdata(hbaut?gleﬁ@éx@re@élblﬂ Ot ehiBRhAtRR of HitRreGPh: I?Arﬂlrg' ?ﬂrmes with

bet ween the fi nal gnal intensity and anount

varioys pepgpitipn sijs prd-fype %% &WY&I@%W@ elagvagessitanS to i foomafheir

recogRitivREltAges fehd grbdd BeRbAEUS s s%te%@e reaction will not
t hensel ves pronote further reaction, so contam nation

oD.| abDeut Dareonbechdadogpr oducts is not as nuch of a
concern. Traditional nethods of direct detection

15 i NdleadiswiicidaraniventofamdclSoudith ertre deteoted ismgm&mé Rase:
aII .he use of
savarl) B2 B8 RGeS VALY N Rl s e
(e.8., Rau @RR|apd a@RD ststtmtahm gmehodihualosontg biplify 1e sighanat e

Ieﬁ%%%él |V|ty 'n au %&% and%%’%ﬁ%%%m?%@__

attachinigenulifpe fiyen tp PringiecReandidoting, tHeCRR}atichrtdtwddh ﬁfé(ﬂhﬁﬁlw
robe reaction ( ses a
20 intensitp A Anoukft SXE ] L IS0, SR et e e
producrtaglﬁth@lfeamwm nbtehetnlmelvbs/momete fiirthier @ic@iofRd Co@imiaifdn of lab
surfac%hhg’%rgmcits Ol? g&}g ?nrlltgl% 4?2aeﬁrz(j %iﬁﬁw%b@gﬂﬁ gltnlac? Hetgcuon

lnCIUdtnlgé‘fth&nabcﬂ SoRiNgs bloiﬂng antsRNast petdoiith f6dy6 w1y Rqbife the use of
DNA portions

Th I th

radloagtivgt??#écg %rre) %txalmse}‘l%%%ég 61'3{2 (Pe{g RF@I%Q{I ﬁm;ll 0] nl%p«ﬁ@s @V@@@ught to

25  eliminfte thm usdref l‘bab@ﬁht)ﬂ\&ﬁ/oﬁ ifpravd tﬁé’\éeﬁﬁt_:ll_ﬁfﬂh Hﬁf)m'@tﬁlﬂp ?ormats Two
t he process. The signa

exane g s By %ﬁ@%ﬁ%ﬁﬁ%é%m@é%@uws Brachs AL GO o

I e at| ess | ne eases t he

S i B R R SR T b Py el o e viien

central\mktrmnahhcb afmamesthe vt terfeai a&anmrorfmm tIMCRWOA., BioTech.,
9:142 a@%l %ygrrch Pa%[)g E){” t%e probe to a target DNA and exposure to a thermostable RNase
30  Hcauses the RNA portion to be digested. This destabilizes the remaining DNA portions of the
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Branched DNA (bDNA) invol ves oligonucl eotides wth
branched structures that allow each individua
w@bkdogomaeat eotide to carry 35 to 40 | abel s (e. gPCT/US2006/030319

al kal i ne phosphat ase enzynes). Urdea et al., Cene
61: 253-264 (1987). Wiile this enhances the signal from
a hybridi zation event, signal from non-specific

dupley, Frdpapige the rqnaindepef the prabe the targt DNA andvéllwwmg another probe

mole¥d6 & 1@@&1{ 28 plolesO e E@ég%?ﬂgé&%gﬁea%f rgl';]e mo ecu n: ?‘?gurg!lﬂates

cont en'p ates a para vaccl ne CO
at a linggrgate oWhile/the eepeaging propess insiaascattersignl, the élN@apmlmeoﬁtﬁe

oligoRtIdeUB sGuinb b RIERR ?;QQ gja %’ be ctaH%dYI%%ug#n gms Itpg?ul?lgrl% ion,

an | nmune response s 1 nclu

| iBrded A (BEM?%V&)E@Q&I%%%%DH%%%&%MCR s@u{:g.uleyﬁla flow

virus 3, or respiratory syncyti Vi rus |n

cach geyidbeligomisirolide heapy E5terf0 libalséngi dhaline pheniitet eszyaes).
UrdeATELAD o@ei&QS‘MSB §Bﬁg9§§m\7ﬂhﬁttﬁ5 Erﬁlg Eﬂér alefldo lt}yb%%lzatlon

par anyxovi rus VI ccine to

eventesiginh frem ranpagifis bindingHs sikndladly mmdmed condl t i ons t hat
generate an i mmune response. In one embodi ment, the
i mmune response is characterized by neasuring the

ﬁr Qé% rotein antibody Ievels. In one enbodi nent,
"t HEYUPr ﬁ?@ﬁoproteln conprlses an NDV glycoproteln
I e viral gl rotein copprjses a,
rin 8 ee%mq)c:ﬁlrrrbeg[r& Eegs'p &v&ltﬁm cpﬁt lég% ﬁﬁgatpmfms Yh% vaccine
compmslnght lgdsymmmraﬂt @yd@pmmirpwh@ﬁﬁ 15 vﬁ@ir&llf éﬂu@ﬁﬁdc ShaY bBddiment,
nt
the vacc1n<l3‘I gt%nglg%t(e: K %gﬁ%? af%ogse to ??&F??Sﬁjmﬁlnﬁ'ﬂ%’ 'bgft rh)g 11re1r1tgds t% Newecastle
dlseaadmsaslmc tmramﬂyez&a pittd 3, ioetbsiinitdrg SicgtiaNvis ilBasne $n one
l uenza virus r respjratory. syncytial  virus
enboff sl Bl R Pyt Siomiloet BB baT kot dhing a pied
antigepivi pedearyxotirus VL@ vaodiedd awodt (i.d, fer dit&thﬁl@ ch thétist BEhicken) under

condlﬁ%ngghart] gef*enség dri, %@hg rreIF I %.8% éL :gx}lreg@\él%o t %{e:,}gzll’]q%g? ]t;?glaatnsee is

20

25

charadtenZeti By meavufing e seraid tg@bmrbtbﬂﬁgnﬁlﬂﬂy NS T B U AIEnE the
The fO||0MAng

vacci nat e i cken. Ex .
viral %&“ﬁ%’%é °°é‘?1’é‘s?§r?f13“?c‘? elyeqer ?i?va @%%%WFW the i) @ieemetsin
compns‘es ] hﬁas{belfse&&ﬂglywpﬁﬁeﬁﬁ | bnd &ﬁbcﬁﬁrﬁelﬂ Qhe Viftl 888#0tE8 comprises a
Cell Cultures Thi s exanpl e

rwpnﬁ%@@FW%ﬁ@“?H%QQ%PF“%%Itures used in the Exanpl es bel ow
Y A RN
adminfistanag d@umﬁ@idmﬁgeﬁmm thexsles, armiBiflngnzs Vil 30 or respiratory syncytial
virus VLP vaccine to a chicken to create a vaccinated chicken. In one embodiment, the method
further comprises administering a live virus challenge to the vaccinated chicken. In one
embodiment, the method further comprises determining the NDV infection rate to the vaccinated

chicken.

73



10

15

20

25

(ELL-O of chicken enbryos (UWNSAH DF-1) was obt ai ned
fromthe American Type Culture Collection and
worahonsizaed i n Dul becco' s nodi fi ed Eagl e nmedi uPCT/DhEEM/030319
suppl enented with penicillin-streptomcin and 10%
fetal calf serum (FCS). Human renal epithelial cells
ressing the SV 40 T antigen (293T) were also

Efoﬁ"gﬁ)‘g@ hted in DI\/EM suppl emented with 10% FCS,
vitanmins, non-essential amno

I i.n-stre onyC|

a?ﬂ%fsé olloyrine gramplasiarenlNptrat e of specificwmbadisepts o ftig ateseht
invetion@nd iy AbehRAdANE flkRAge09s by standard protocol s.

Exanpl e 2: flasnids Th| s exanpl e descri bes the types

of plasm ds used in the Exanples bel ow to construct

various enbodi nents of the present invention. NDV cDNA

sequences encodi ng Bkadple & Celf Qilngeganpl e, SEQ I D

NG 23), M (i.e., for exanple, SEQ ID NG 27), HN (i.

f thlse@Z‘aWB]eéieSCSE@ ﬂlﬂeﬂ@lltl&&)use@mdhdmmh@wd ®elot td | bon@truct speclﬁc
embcfdﬁﬁen‘%‘s’%ﬂ*ﬁpééﬁee EQeiRNO 20 or, alternatively, an F-Kl

prot erns were Subcl oned into the expr essi on

VQZQE tal i
ta &ﬁ%aﬁs%rﬁﬁﬁ‘ ﬁﬁﬂ%stggﬁﬁﬁ%@s peC : Vné%_%amls;lgszl%g(qtram
(ELLe(P) of |°hlckm5@}mé§ SWEEDBH) wassbeimet fomdhoAmbHen e Keiure

o e AP ol PR Shot G AR S BnSipe wi

interleukin
penicilliy-streptogpycingad d0%oiferal cawsemgmﬁxpr eSSI on transfectants

\M{{yh a NDVel eukaryotic vector" Cene 108:193-9
g4 repalpiheliaheetiprirreseing tic 88 49 Taitigen @ﬁBB)twemmalsmprbmated

'1n DMZH:M MR Qn it SvihEGUEINGE perF ciffikl str%i%my%gpatﬁ{ng H—%%sglz{fi ggmo

in recognition site. Li
acids r‘?ﬂ% gt agnmﬁ.]%]g)/ YRR A gE ﬁ’@?ﬁ‘gﬁf@dm erelgyeitad\chicken eggs by
standatll h@tdcyle fusion protein of Newcastle di sease virus"

. Virol. 72:3789- 95 (1998). pBJ5 expression vector
contai ning the gene encoding a Fl ag-tagged Vps4A with
E228Q mut ati on and pDsRed2-M vector (C ontech)
contai ning the gene EREHHAPHsHRIECHVP3- RFP f usi on
protein were previously described. Strack et al.

" Brippyamiplodeseibgs i testd piramida esedfinthe Hihhipi6s sl &l oO¥stASt

£ BREd ing" Cell 114:689-699 (2003).
varion anpdllga{t?gftw%r\égfeg%? Ye@ﬁ&i{jl nfecti on, And Metabolic

V'%i@‘é?’“%%‘%i’“f@?i“&?ﬁ“&%@ ST 0nt A FRe
exampgq, gg@ﬂp NQ,@@F] dhe., for example SEQ ID NO:18), and uncleaved F (i.e., for
example, SEQ ID NO:20 or, alternatively, an F-K115Q) proteins were subcloned into the
expression vector pPCAGGS to generate pCAGGS-NP, pCAGGS-M, pCAGGS-HN and
PCAGGS-F-KI15Q, respectively. Miyazaki et al., “Expression vector system based on the

chicken beta-actin promoter directs efficient production of interleukin-5” Gene 79:269-77
(1989); and Niwa et al., “Efficient selection for high-expression transfectants with a NDVel
eukaryotic vector” Gene 108:193-9 (1991).
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Transections of sub-confluent ELL-O cells and/or 293T
cells were acconplished using Lipofectam ne

W@ bowviotr2eagen) as recommended by the manuf act ur BET/UI1066/030319
fol |l ow ng anmounts of plasm d DNA were used per 35mm
dish: 1.0 ng pCAGGS-NP, 1.0 ng pCAGGS-M 0.75 ng
pCACGS- F-KI 15Q, and 1.0 ng pCAGGS- HN, either alone or
i nF pokeiRplaNA coniaine a peintmutetionsn élepleevage sigd syequimb@ FAKIN &, which

elimt I Si ] r.to c

imirfteY telkid 1%&%[111%109 1teefpétea§ E?fgftsbf e.lauﬁg? gﬂuﬁ"fjg 6’P|S§5‘}?YB‘F“ 5

infected with a milt
formatiemdirected by @emldﬁgpeoﬁmph p:stmtbﬂbkwcm dB3BasewWirgd” at, @R S$2:3789-

95 (14 gpl in all transfection experinents. Wen only one,
tvvo or three cDNAs were used, the total anount of

feﬁm%n%ﬂ&ﬁtaﬁ@ thE LA %&J&hm@é P?ﬁ%x o Vo84 Dlam B2280

For each transfection

mu*"é‘ﬁ’él amgl pHsRefi2-Ni yrstos €€lantesio contaidpg thWEMemadmchng the CHMP3-RFP
fusmﬁ@rch&ﬁwe :?réﬁ&ﬁﬁ/@e%f%gdd g‘gc‘tll%%?gle d{’@tl /AL@% 157, E]In %&gérﬁ{ggfor HIV-

ut es cél
1p6 wthﬁAwufwmmrmm ‘i beddivgl’ €ell mwm@a (¢@n3).5 hours,
t he Li pof ectam ne- DNA conpl exes were renoved, and 2 ni
of suppl enrented DVEM was added. After 36 hours t he
medi um was repl aced W|th O 7 m Dl\/EMvvlthout1 cysteine

and met hireAre=and
th| nhne ang??sSS- stel ne mxture (NEG 772

(AP deesiies e aii EIAIES s fo sV RIPR andamgresseariRysn
embOEhnmmsdﬂtHeq)rééemtemsceﬁﬁod nc.). After 4 hours of pul se

| abel , one set of transfected plates was |ysed, while

i lranstetios of sib-cohBuaneBLLAD astisarefrlr 8T calis tdrelacfoniflisfd using
col d
G g e IR LT —
plasn@d Deawere used pentin disivals) oniCAeeGRiNrPand pgheAcetd-51, 085 ge
0 erc ntaining Tri nDOC(l
PCAd}/?g_?Id[%IggQ afgol/o g—l(é Ox;ts dggﬁ\{/ glﬁgzr Iée) Orélil] §nj&ese amounts were
prevstbtqqgﬁnmbcétomquéle(/e&w expiadidnssinaidar @o kel udskaddvivd Nbvat a
d honobgeni zed by passing through a 26
mu]tlﬁlﬁ‘lltg(’?ﬁ%e%gﬁ i Sub- confl uent 293T cells

e nee 0O to 15 ti nes.

Y BaPLi)st AR Rl 1INARSI BGhHA LA BT MR on

fferent concentration
expergrm@ Vsmorty ogyvr, aythe cpmw@med @3 amount oftransfected

sed ntro
DNA 936 k&g B 1 SR Yo G AR YR Qo R B mivture of
DNA Ig@ﬁ Splof ﬁ/g:géec‘pmmmeou SIptilveV pedib (GibedInairodasd ok heabatddaveom
) t at . an f r.5
consibs S LSO P B e
were infubgigd éor ouBOtharlipofeataniine A dorhpslexes Merdb@aedd] a4d 2 ml of
suppléi‘i?e‘i{{eﬁ‘iﬂl\f{@iﬁ vﬁasgﬁ’&ér s as descri bed above. Cell

super nat ant was ﬁar vested and virions purified as
dR&6I60E6ks NEL Aok Teplaced with 0.7 ml DMEM without cysteine and

methionine and supplemented with 100 pCi of **S-methionine and S-cysteine mixture (NEG-
772 EASYTAG™ Express Protein Labeling Mix, *°S, Perkin Elmer Life Sciences Inc.). After 4

hours of pulse label, one set of transfected plates was lysed, while in another set the medium was
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were | ysed and honogeni zed as descri bed above. Exanple
4 : VLP Purification And Isolation Virus and VLP, as
wowrdor/os4vi ri ons, were purified fromcell supePCEHUS2WE030319
in protocols previously reported. Levinson et al.,
"Radi ati on studies of avian tunor viruses and
| e di sease virus" Virol ogy28:533-542 (1966).

Ne
fePlaFﬁfg‘CV @ﬁﬁ#’ nal,9f 81k kerngated DIVERN with 9t I Mugisbinethiohil® QNiftifidraD
B.Cﬁrmcﬂ@b . yr i | ock radj ent
10 f) o g b rnI.Jgg‘g?lg 3 9%%6%8 H%‘g%%ﬁ%eg@%%ﬁ@u%%s gﬁliepkg énd the cells were
Iyse@a'otﬁ blysis pyffer spntajuing Eritop TG Frlrison, HO sqdkin? débxychaldte) and

25 -Na leﬁnﬁg/b@li - tr..fuged at 40,000 rpm
? or 1gihﬁlours at 4@)05&9%%621&% .Wlk'rao‘t%grscr@@ééﬂmqgemh@ by
passigg throjgh agh ganssmecdlnt ofla¢imed.cont ai ni ng concentr at ed
s) was collected in 0.5 mM, mxed with 2.0 nm

_ g?g‘%’lcf% et &8¢ coluere simultatiequsiyniranafocted with PCAGGEAMoand
diffefeHCdoRERAtratitb bpé?theﬂﬁg?lvfgﬁ?g%éﬁ%%%?r %@&g@wﬁ {ﬂop

c of 50 %and 0.5 n
orrgspondg cEPRpYestorsTHe wred d§ eomtrom@Bislisoend intibagd dorads H38ss @00the

samelpARe-tRse AdtddoAlast? ient was collected from
t he bott gm [ %t oasi’nlgo?;gﬁ% %%%@F?gbﬁ’vg‘nd eight 0.5 m
f EACLO 0BI%s WiSé MeEcRIROIMNTDBbA - Liies B each.
and 35}1 action were detern ned usj%@%?ﬁlg{’l@?g%éer#e @]’ . é‘{ﬂf’ onine
SPFTRE X B A9 maia sang shased innprredindstineitnbding fof 8 hours as

descripeditRiva CARLRERAPHEEH e N rinent, thus
w &g%bl i g di rlgct conpar | sgﬁ@%@v&g&gg ?‘?@eﬁf’ﬁg&é&?&ﬁeﬁ&n?gﬂs
ere epgnd 8‘@3566@534 #rdsecribpdgbgve. | munopr eci pi t ati on and
pol yacryl am de gel el ectrophoresis,
| mmunopr eci pitati on was acconpli shed by conbi ni ng one
vol ume of cel gradient fraction with
two vol unmes of TN eyUiligahion, And lgglationi ncubat ed wit h
speead fd ' ies-for 16 hours at 4C. Antisera used
_to pr eciovﬁ]gét‘gaﬂl%, n%r%& TR hs? %0?16?816?‘{1’6’6’6739‘6 [Hprafocols
previoysly repersy. Lavinsed cbalal Restiativstidiesatfiaviat eohoNPiYusy ashandaid

20

25

30

diseasP¥@ds® 39,80, a4 I ti7H McGnmes—et—at—;
as"‘l\levﬁcoast Iﬁ)gy di gj’e%?? (\1/?96lr38 sﬂﬁlﬁe% P of Ié]iali"?ﬁ% e enirifiged at 5000 rpm
for 5 gl &t S mavarleid opfion dfe boch gatlientrondisting of 3.5 41 2a%ESY 03-ml 65%

Vidi . _ . iL-F2-9 anti - A
bl PG 0 RORR Bt (20,0l By
re-centzigygd 26 49,090 meth fry 12 howrhet 4°Oluslingg SW3M. 126t Bek¥ma). ThesubNse

dicfh i | sease, virus" Vi.rus Res. .
gra 10e H 311@%%_1?&5_@ éf%%%a{}g%%gﬁéehﬁ?t?c! 111_a£t_1 eé) \o@sscoﬁgqtgiéa l(l)ggtgli, Aéged vith 2.0 ml
of 80%;fugroas; Rbewsrlgd on topsif ¢ DaslS0(/GEIpsd dufsﬂi@{] AdaRlBA1 Way%%%f sucrose
. ' B ei N _sequences from am no acid 96
O g R oM L4 SGER T & t rle e smir e

centrifygsth 6380 owh 6maD hand i Bhygradierd @ds SIREBS FroRUd EBH il one 1
" S;ar ain variatjon_ and nucl ear

I . l .
ml fracg&%n%!e ht 5@%%@%@%&@&&@@ Hk?rpélf“@i Rensiiespf gph fraction were

SSOCI Ion O

determipgd G6; HOBaGRBA) VLIS IRUNG] BB 288N b B omBBIBons |
i ; roteins
were p@@a?@c&lg%dsmtgg eglge%r%hg 'Ehﬁ\s gnF;%Hsor bin Cells, CALBI EI‘EHF:}M)

ng direct comparison of results.
The experiments were repeated three times. Immunoprecipitation and polyacrylamide

gel electrophoresis. Immunoprecipitation was accomplished by combining one volume of cell
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hours at 4C, pelleted, and then washed three tines in
i mmunopreci pitation (1 P) wash buffer (phosphate buffer
W@ 20070824 PBS) containing 0.5% 9 Tween-20 and OP@BR@S2006/030319
sodi um dodecyl sulfate (SDS). ICs were resuspended in
SDS- pol yacryl am de gel el ectrophoresi s sanple buffer
(125 MM Tris-HCl [pH 6.8], 2% SDS, 10% gl ycerol, 0.4 %
lysatprahgperestdiant ﬁ@gtlowwth ¥ A amprcat A bylen a¥asinles BIVES inehated

with 1h€ gntlbpﬂi% ﬁ)’t né héﬁﬁg & 45@ PALRRtskd o %b@mpﬁate NP, F and HN were
acrf/ am de- SDS gel and detected

rabbltamlxﬂ@d ab'hylsed@galmtﬂf\i’ magtiveted HIDW b)salmtdrandgnrotocols anti-HRI
o AN 56 AP B FABL S

the F mtﬁé@s@c@m@@p?f eé $iroh 761 2622,33NR00R2); anti FRASG6 [ambalﬂl-hsMchnes et
al., “I%cgg‘gi% Jf%%&}«%at% ?%césg h Q\ic?caﬂfexﬁ{l'bﬁ%n\@ {1/916 %Olgl%ggil& Xﬁtlv{ty c:!f tl]fe HN
protejouof Neveadtle disgae ainist Virfir RanSBIDVS-88 (19880 AV i nfected
cells had a density of 1.2 1 to 1.19 g/cc (Figure 1,
pdWétE2E)6 wan reibesi aghinstie gluathione Sroemsésase GSD fusictepreteaurthiat

t {.
o IO SEIE-2R B A0 ' ) LIS Dbl
proteimivraag mogsd ingueicienglustitiody rdieed abden pmfwﬁ M peotein. FachrrgRbAL.,
“Strai\ﬁ"v pétfgntagc? m}éll'epa§ ?sso%’la%og f i(PN Q’q\/lﬁﬁx glfote L’F‘)f l?‘ro? %rSr 883 3 Ir?S 8).

ease were Ca pro
Immune petipiexeg (i0s) Wére adsetbed e»cﬁrpianms (Pahstodnn Chk GIAaBéOCI{EM) for 2

hours a?h% g?‘ﬁﬁdo dt}f?en%ﬁ'eqtthrge F es%? nop(r:fﬁ: Ipita tap %10(??)' oaﬁh glfffer

romce
(phosplh?&e lmfieesahrrefﬂBS) sorgaigng as%él 'E&&Gf?ﬂ(aml 6.d¥d ssdiam ddifRy1 mifate

i t ffi f P
DS g 8% reilpdyllfio SISt S0 et e el BN ol r 125
mM Tuad IO pbl (OR8] A% 8D§, IOQ/aglgcter(ﬂ;) Q.4 Fhigromphanbt isug vt 1t 18 '
mercd\';)%le%‘fx‘:?o‘? %X&fdsboﬂgd al nost as efficient as rel ease of

se

resiults denonstrate that NDV VLPs are
e bfdih Sk Yep@aRA TR Do

Quanigfidgtien efarultinglapiotdiserphsswasapsomplighed usiog a Ylupr-p BMdeleTmager

BioRMyi mum protein requirenents for VLP formation, were
determ ned by individually assessing the capabl lity of
each protein to direct particle release. Cells
expressing each of the viral proteins individually
wer e radi oact i Bghiple saBedharftitioneg VI Bdcasdrase pr ot ocol
and  VLPs were isolated as descri bed above. Exanpl e 6:
I\/Célremreﬂsmnlbéb@nMeE tndHIN pRedisarsalteld Rsharckatealf ¥dPeditbal y

. 2,. P
s TN BRI R, VLA S 20T
strain &\, @ifedtdieccBs ndurdenditase 1.2 Ftoglur Bg/@AFigutedN bar@BBR | Although it is not

necessary to understand the mechanism of an invention, it is believed that the slightly lighter

density of VLPs compared to authentic virus is likely due to the absence of the virion RNA
within the VLPs. The efficiencies of VLP and virus release were calculated as the percentage of
M protein remaining in the cell extracts after the chase relative to the amount of protein in the

pulse. The loss of M protein from cells in the chase portion of the experiment is due to release

77



10

15

20

25

Al though it is not necessary to understand the
mechani sm of an invention, it is believed that this

w0 pei7os2¢s t hat nmuch of the pul se-1abel ed prot PCTUSZES6/030319
rel eased fromcells. It is further believed that by
conparing the levels of Mprotein in the pul se | abel ed

extra nd_t he ase extract, the efficiency of
fron i BSIRRE Vi AP B4 I oD dseionsy of VER erlsase wasisgs, while
the effficidnoe oD Veeleat la® I MFriglte ?,%Hé'll%gp 9k Bés0fs %@%ﬁ{? Efeabdor

extracts after the chase (Figure 2A). Significan
VLPQWE}'H?S%aSo‘Tfﬁ%qiés tebspee of visnhot detected in the

Cofres oqdi ng cell supernatant (Figure 2, panel B)

o THUBRU HEPensfate (! NDYORL frars effigiontygntemiadeond geloased from
avial@18 btpadssih € R ISR Ghaldr @ diRL I QLB Min SXPERBRI 'ilﬁ&lt,?\ql\]}ko%sin is

ffF"ng{y 2 anel C, ~shows the quantification o
Suthge c@&’ Tecatn dEPIyRRsteEgsquifgmene for YL Btfoinmtion, were determined

by indiViuMiPaadshivg RSB0 AR 6ﬂ'égéhé7rot5ih‘%o é’i@r&ﬁ(ﬁé Mease. .Cell
rotein-containing particles fromcells expressi n&i/l

expr%lslag e4ch ofithg yialpseterny indivishaltyrveate wdionactively liteled in a pulse-chase

protdbliabi HuPakveRNQILLIS dURFiBSXPIESSed. However, the M
protein-only VLPs had a very heterogeneous density,
with values ranging from1.23 to 1.12 g/cc (Figure 2,
panel B). These results reveal that Mprotein is
sufficient f@&xahpie6r ®t Pk DdpeRht VEP RSled$anpl e 7: M
Prot ei n Dependent VLP Rel ease: Pair Wse Conbinations
AsVIdlsevareicasedrualfion @lldbxpresting the MsproepuFiged 2f PaneMB PAlmost

' optribution of NP,. F or HN
M8y U8 S8 UL A
Althougl it & nekprcesssiyrigualetstapd $sinteclanisandtian atvientive, Dfs Helibved that this

i [ ' t nd characterized as .descri bed
e e R D
that byjjcethparing Kiedeaisaif M phiotkimio therpalse dbeled/bfisict dntl GiérBasd extract, the

: r - o) the absence of M protein,
efﬁclﬁg? S}I‘: re%sc? xﬁ%‘ c%l?l%%tg@{oebe ohd,

el ns éxpressed in pair wse

C NEInBE, REE o MBL FulfeQLR! ' L achs . giter th
8 ho lﬂl r chas e(_) (Fi }guu regst%k)ﬁﬁﬁ ?Ig?}l\ﬂﬁ) di ﬁéiég %ﬁlﬁlélg@fnsexfrﬁcﬁ o
the chgseFigire 249 Siggificas @mpents gfaflths stees alwl readeectddan thewbseponding
1l s§¥REERSFRr, p I ' i thM.protein
e e Rl 2 e IOt LA o VR By Pt
releaspd Gora HRSprofeinprpeesing qsin dligud) 2, pendl C, ghoiwa tlleyquatitfiveticarof VLPs
dubduetn VS Lo E.or HN protei
po 1Tand M pr ot )gdi?n 1\11\1/%5&? ﬁé&%}r?glg%?ﬁu%%t tz|c‘;’rr68ttme%[i3?‘\ the gnjoat 098/1@3
proteipeprpigg partiglanem Bylls eXpressidiz M piotvirt alar vods giRter Fan eherHiN four
tructita W SbinSwi ' s _l.dent | o.that of M
° mci pr %ei n ‘&"EF‘?S& r gss%.{. ﬁggﬁﬁ%ﬁvﬁ plr(lﬁggé) Bilth\?]J‘ oPﬁfhail R &eyhperogencous
densityeridi vajuss rapging fromrly23he 42 ghye (Rgus2,gank! B3 ThdavtieBultsirk@al that
M ha: 1 N-0on VLPs. Surprisingly also, the
progcli}n%'l'sjﬁﬁﬁ%‘%{)’rﬁg{&&%ﬁéeﬁ%ﬁ?ﬁﬁﬁ% ng VLPs was significantly
decreased (by about 2 to 2.5 fold) upon co-expression
of Mprotein with either NP, F, or HN proteins (Figure
3, panel C). These results suggest that NP, F, or HN
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proteins can individually suppress M protein-driven

VLP rel ease. Exanple 8: M Protein Dependent VLP Protein
wo p@eopraat i on Efficient incorporation of ot hePCTUSENNG6/030319

proteins into VLPs requires the expression of Mprotein

and at least two of the other proteins. To exam ne the

effects of expreSS|on of three viral protelns on

partl eHag J 2 Dependons VA PtRelsasef: Bait B

sible.c qatl ons of  three cDNAs. Aga| n, VLPs were
ﬁ?shpé”iné% xnle oY eetein lséi%‘ifré%@if &P WPlpﬁrSGt']él determine the

contﬁmfoﬁ SSNB TF @tfl—ﬂmﬁ’mtéfns t8 ﬂ@pljc')'[éllnp&r%ﬁ Vil f aﬂ&&‘ tVLIJQ %o qells,

not result in the rel ease partic

exprgs'gné @AI 805&1b W@}na@ns of fyospretieing ]wgrg 1$o@ﬁtqdwd ch&rac@ergbchnmkscnbed
aboveUCelt:QiBlesid \%Qaﬁly tRabindd8 o%theﬁfs %«llﬂﬁﬁﬁ\/{ i)f"o%iﬁ b no{ rg{easg VLPs

rel ease of In contrast to pressi
(Figup ﬁ’gﬁ age gﬂ) y EW@?@P’HH tictahsenpeeof M progetig NP, Faod HNmrﬁ'Slﬁs €dpressed

in paﬂfw1m{ohlbﬁlaﬁ&g v&"em: 19 alled ﬂf&g%&tpa%tsvgft%nh crn?rtc (glli:lel?rlél |35&§ dchS
I N Sl gnlfl cant | y I ncreasea | ncorpora Ion o ﬁ

findipg speairisdhat Mhrrotetit i reguuipe prpagtu,ni@relbpsep Zai mseaxﬂﬁmcﬁ)of NP, F, or
pﬂﬁ@mf wRR S MNelergguﬁleJlﬁl t asg%&‘ %’ﬂ’ nltt%%lfn%g?tg plg?emg (Figure 3,

radi ent fractions as el n.

panelfdn kit guingliphowever, ﬂ@eswwly trroe ahmmtsgﬁﬂm’l,lﬁ ot HMyasteidls i@ M
tel P28 A OELALE M pressin protein al one

profe corrpaérgfg F?Iglﬁjrgpr%{%%gﬂ/% Zﬁéurﬁ g‘Eﬂ” . panel B) or M

p e @listibMid o NS FNGH N gxloYe‘ﬁ%%QlE)g{e %}a@lcnt-g Sﬁaﬁ?m&ca ol at of M

i ndj cate that ex Fessi on
pmter E1gurg 3ppaeh In édqinfe@eglg ML densitias Wera:vee)nheterogeneous and were

hllik@‘%}[ap@flﬁ kA8 € rticles
e pr essj otrpl) of II%/I%]Blry g‘”’é’.‘g n S#kﬁﬁ%ﬁﬁ %gﬁenani f@ilgrote'wontammg
VLPSpWaétS@n’rﬁC?@é’Lﬂc?ré@@ fhyiaheut 84s 248 foldlopepor- prezsmmbf MRratsin with

elthet\@@ IF, &St Bt { t B
I, B4 PR Gh(ERRIOL Bl CRUBVLERL FlLOUE Gather RARSHR
Pmtelﬁé?ﬂtﬂ. 1’&41‘é‘§“411bf Svnpéesg%mpf@mdrwaxsvw mélézae. to t hat of VL Ps
rel eased fromcells expressing all four structural
proteins (corrpare Figure 1, panel A and Figure 4,
panel B)EX d |es of these
particle i

ra%gfﬁgcﬁﬁﬂccfré&ﬁﬁ%f ggxﬁ@%ﬁfﬁgﬁ%?eqs gi’n'\{lo gﬁ’?%%ﬁ?‘?‘%%\]ﬁ eixarses%qn of M
proteig glpﬁpart giagi two PEth¢ cbemyaeteink| @Jmm«ihe tiaettebts B expiddsibh 8UihRe viral
proten:ls oxﬂﬁﬂﬁ;le rgl)ease Qéﬁg \@sze ’tl‘a.l% ze g fvﬂf@&ﬂi&’tﬁ?ﬂ‘?gg‘; art}at%pt $ t M

protein i s necessary
CDNAiseffxms y1&nw etetvaty rebcmee frsm@allgrfoepni@tmpPowm t BxgtssioR 36K, F,

ns lS ui r or .efficient
and EN RS RE B0 B Bt fitarblt e frGoaony PesisipfFisn:.
panel §). P’hﬁéinémg ﬁlrlhamtlbngthamﬁ otahclGdd thafR NkdiWRYs tbuired for

releasé(lékv\gd ed in VLP formati on and rel ease. Previous
ies have

In contrast to the expression of a single glycoprotein with the M protein, co-expression of

Al .-.!.‘-’!'.‘:‘. z.',! t| Cl es

both F and HN glycoproteins with M protein resulted in significantly increased incorporation of
both glycoproteins into VLPs (Figure 4, panels B and C). The F and HN proteins were detected

in the same gradient fractions as M protein. Furthermore, the densities of the VLPs were more
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i nplicated i he VPS pathway in buddi ng of other
envel oped~RNA viruses. Demirov et al "Retrovirus
whewdiormg47 Vi ns Res 106: 87 - 102 (2004); Por ni | POBUS1006/030319
al ., "Mechani sns of envel oped RNA virus buddi ng"
Trends Cell Biol. 12:569-79 (2002); and Morita et al.
"Retrovirus, bu Rev Cell Dev Biol.
homoggnayis compayed t?dg% g’?ﬁf‘-’é‘rﬁ?ﬂ fee sxsesging Morrotern alonedepniparel]
Flguﬂamp Riel8 b/ BiBuYR a6l B a8 81 eeAUst LIS {
phe ESCRTglIHI I Fi) co P?ex l\k}gn Schwed| ergg pg?taﬂbﬂ{%#weresults

mdwfsfF &%Pwrwameﬁeﬂbﬁ RN pisdrinsitith Marotein isgress 8y f2@OR)ent

incorp&taii @ ofefth WetnntRpEibke@nsforms it into a
IEomlnant HgggFﬁge protglﬁ which inhibits HV - 1 gag

5 Vi pfepdieasan ﬁﬁtt&ﬁlﬁzhh 1P aali either F beMr&tén'r&uﬁeﬂh R dAGed

| V-1 p6. and El AV p9 functioning In virus

t f
1ncoxg il téqqff{f %mellﬂ_ ﬁ»cg@go}ggtgm(lrgg (ygaps (gyra bt penelo Boind C). The
disti NIRRT SR chifinily BRALIEL f o - 94%033’311%@% A

98. 5% i nhi bition rel ease (Figure panel’s
releasef] dropy cellggxpressing aihfoalf strypirahpioteis mmmamggam pagel A and Figure

4, paked B‘?’ ) GRGHkandf, tB@@enMP e o? ﬁ{elé‘é"@a}‘ﬁcle[\l %f}éaiﬁg%%gg@%eg}gus]\éompared to

proteih, yielded the sane resu
10 partiglggpelegsed Eﬁn crisguptessing M alont, andwens dndby goussophedsiionofdlie

i or s PO CHE AP D

these awaﬁ)aﬂ)ldmrﬁ that Mmrcptﬁtl orecdseasy ar@@lufﬁcmopaarhvlayelease and that
SIS BlotdiPHi tﬁ/h@éa‘a{ )
expre ype g eon len% gaet 0 g (t)h%l‘%oﬁeﬁlg?%%@ﬂ@ﬁé&@ cz%ni'gcqxﬁorgélon of
mh“é%ﬁﬁﬁﬂﬂoﬁﬂévides exenpl ary data showi ng that VLP
15 rel ease i s dependent upon the host cell type. Host
cell type affects basic VLP rel ease nechanisns as wel |

as overall VLP rele _ijiciencie,,_Basic Rel ease
Mechani sns VLP #gﬂgggg—#ﬁgﬁgﬁﬁﬁﬁﬁmgngs (ELL 0 mas

COMBSE 168 AR 1 Sl v

___—Tﬁmﬁﬁﬂﬁmﬂ§7VEﬁﬁﬁﬂWWﬁﬁﬁﬁ@ﬁEﬁ7ﬁFTE%REMT@&HH@WKﬁEﬁﬁ%ﬂSmmnbvbua
G‘R tI Ct h
oMLY o o T Sl B e
200 RNA alflwdwd@dg”oﬁemds\(kll (Blitﬂ,sla 569476 I(ZI]O)S) et Blofiaarey &15 t*Rétrdvir@budding”
t VAl S ti duri e chase
v SPECHEAL BYPSRASLER ol YA S5 ER,SH0 LR LG
dnverp‘éug/mbaa;d @muslecgwm £abuapsfakeBICRT ANcomplex adh SgHwaR: ot
« oi.ein ir ticles at
al, ng I%Dge?ne% gl\% c{éi g )a{ éhlga%&)s Fi gure 14A and
PG 18008
) ‘tﬁ‘f’u%‘ﬁf"*"ﬁﬁ LSt B 880 B BB SR ANARL
25 mhlblﬁs §II¥h bewe VhP Felagser 8track At #ln IR /GILS isl:BBndinespreit VI 1p6 and
EIAV p9 functioning in virus budding” Cell 114:689-699 (2003). Simultaneous expression of
the M protein with CHMP3-RFP resulted in 98.5% inhibition of VLP release (Figure 5, panels A
and C). Expression of another dominant-negative component of the VPS pathway, VpsdA-
E228Q with M protein, yielded the same result, with 96.2% inhibition (Figure 5, panels B and
30 D). Expression of both dominant-negative CHMP3 and Vps4A did not suppress the expression
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Clearly, the anounts of virus rel eased from avi an

cells were higher than anounts rel eased from COS-7
weeilrsiemnd the rate of rel ease from avi an cel | BCIES2006/030319

faster than the rate of release from COS- 7 cells.

This difference between avian and primate cells was

to diffe s jn the levels of protein

or Myt 5 baoplh ESRAD). ol op pisehostort YPS\mathura s sesutal for M
proteiti VBP rgddagé.ei Nns nmade during the pul se | abel were higher

in COS-7 cells than avian cells (not shown), a result

t hat suggests that virus entry, replication and

translation were at least as efficient in COS-7 as in

avi an Exinipde 107l @ypteepesdrovE fdeatontWits had YLD Teldtkd US

particle release is faster in avian cells than primte

c eT hissexamgletpheyidemoxampdary flaty showsn g thdt &4 Peelehse dindepstidait upon the

t han amounts..rel ea
h08t§ ! ?lfo‘rﬁrta%hg@e a:&%&p e?éease %ﬁell%elcgﬁlésf‘%fs ¥l ?Véfaﬁe\ﬂ[ep
releaaiefewaM‘tscel I s were also nore efficient in the rel ease

of VLPs, numbers of avian cells and COS-7 cells
thﬁe&ﬁéef @#lé'dsm‘ﬁth cDNAs encoding the NP, M HN, and

F-KI_ 15Q proteins of NDV. Cells were radi oactively
| affel Bigagedtont witin qelly (Fhbof) avap poraparedpyifis ¥Hl relgack fidre primate cells

(CoSsu pdllgﬁt 423 c&rﬁba?e ViRl ﬁﬁﬁgl'e PAGEL ¥6m et i gﬁ]al B%b?% vian cells

ased). VLPs were subsequent

Qurs .
and 9(03%7 sallsgverg @f?ﬁ&eﬁ &Vlfb v Mp ML &inthe ovl_svgene mdtldaetlvely labeled in
a pul*YRE fliéﬁhﬂﬁéc%d"ﬁ@ﬁ ﬁoxf?&ﬁéa@dn%%?s% fvh%@‘weférhafd%%fs’d ﬁb‘rﬁ bR%8u

radl ents. Sucrose gra lents were gener ate
S“Pef%mt &1 YeriQusEmgseiusng g chaspinddhe prpteine in the wime p@@isled resolved by

polyab§lahide gePSIRQLDhMELY - See Figure 16A and 16B,
respectively. Cearly,- the data show that nore VLPs

V\/e‘ﬁ@ufoﬁd&igs@ﬂ of e NPeunl &prét&lhd % v'irh@;?lartfuﬂé%rﬂ @%ezt tﬁ‘ﬁés o? chase

racts from avi an ce

ysa
are SWPé“JE Afaans e I Heremarsel (eper!: avien RPN EUHGOS-7). A
quantiTRBichdif GRAEvekf @M%&)te@ﬁ%mﬁhﬁiﬁr ﬁ/@ﬁ}ft{l HdBe 15B, respectively.

20

25

cells a%,lg cel | s le 11: Conparison O Specific Vira

ecti vel ortantly, th and M prot el NS
C‘eaf{Xe‘?‘E Aoy %fXYgf&F refrased dygpm %Vr?nefe%‘ﬁer% Ellgheréb@praa@v@ts telqaed from
COS-V b&llsnonthadite afiie¥R fohAen Il WasTRES I4a tleQhte bBrelease from COS-

ent wwth a nore efficient release from avi an
7 celly, %%5 &W&W&PG&‘W&%%@W&@ PBfate kel Waspet duegmdiglpisagey in the levels

of pro®digéXptdsGadin theM@lcoll Bped MRS Rl bdotaP iRl Bl dding” I{%IB% ARG thé
-7 cell extracts. This observation |

pulse I?gﬂéﬁ’%ﬁt l‘éﬁ‘iler\m ERSVicels thagyayiagicellsr(Betehewmm newl@tz@suggm that
virus €4, BplicAWB arld®laBAfBn Q&feret';t‘ RaMiaf BfricihiQh BORS; %]srhtl %cells

particles. Clearly, the data denonstrate t
I thesadfa blfowffﬁ:it@he&ﬁﬂce o€ ViR pafticRIIBME ATk il Svidn 31k hiPBmate

SRt aﬁeréla relgagedriEqmpaydan oplls 4o gignifipandly disherribanamonnts

releasédfedm Midiste 3618, al so nore efficiently released from
avian cells
Release Efficiencies

To determine if avian cells were also more efficient in the release of VLPs, equal

numbers of avian cells and COS-7 cells were transfected with cDNAs encoding the NP, M, HN,
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when transfected with NDV containing only an M

protein. VLP particle release was determ ned from
waeedrsieaansf ected with only M protein cDNA a BCT/US2006/030319

descri bed above. A sucrose density gradient

purification o f Mprotein VLPs were generated from

both avian and COS-7 primate cells. See Figure 18A and
and FKJ 45 @ po&eitB, of NEXH eCatlls \V@tqzradlo}lcamly {abeledhfor fvop (4) heure (i.e\/lpMlsed)
ond QLA Bl B8 { EnABRE A AR RODBL AR B i oo VLPs were
subsectmamtlwh_dl’athd fooro ltlm cald supefnemsie /IiPs dmthp supeBiaeints &ekSpurified by

nunbers of cells were transfected with

ﬂom{:orflﬁ Suﬁﬂse%%acil%ﬁtn CDNA, M protein cDNA, F-KI 15Q

o B8 R, v AT 5 4 SIA BLRDE g et 05
cellswemwcta!eib’ecSta@Flgbna\MAgnd{ll$B frespecu@dl)' Clendy, thpr dataedhow ¢Haldsre
ngg,el%qgggﬁnﬁmgnwaﬁlge? @%ﬁﬁlﬁ t‘%??? %lgpar ed as descri bed

sucr 65e" g a ti on was gener at ed

f%elﬂ?é«‘atk Er%d!?ﬁﬁg%%?ceﬁ%d PRYsLd &3'11?{&'%1% FEARA IR the pulse-label

det erm ne nsitonetr When I OUS
and giiepihe mﬁm@dmmgvma@ Sealighine dﬂédnql hTR, vésderdilvely, Impuhtymﬂy, the HN

F, anl ﬁ\? r%'teqhs vfe?/ﬁotplrgg%egprn ?eﬂy\ﬂ\ﬁ/l'gﬁn Xélf rr'i‘ptg Qﬂe Itt}?a an:c])gnfa 0{10%1&76 chase.
This ﬂbﬂetvamti is Pengistept withed msre e\ftLOEanreieaise ma‘eamceﬂle hmﬁsencorporatmn
into ¢ %o%@gseﬁ’y sgjriu{?ldgnt ?CKIQFS Sf tﬂ%e v1r5]1 d)?(?tgms Fe?'xamre% ;tﬁ% §6|§ ﬁ7d cell

S cont ai er ano
extraghy| Blis ehﬂletvstmes gQJSlSWh ‘ael prstemSeEnﬁhngu C@Sl@(kllamﬂ a lower

I rel e.efficiency
releagé &t Me%léfﬁotlgfgtg éﬁﬁﬁﬂ%&, Y‘,‘le et% {1&(2% detr{%_l ﬁ?a%cf t%xatb\;eqlfreefeas%s more
efﬁClﬁmttmeawweH@mrsﬁwmﬁl@Smlé’ ceI |'s. Exanple 12:

Ceneration of Antibodies To VLP Viral Vaccines |.

I\/bnocl onal Anti bodi es Bal b/c mce are i mmuni zed with

QiAG 4 Ble 100 A , & f ghh ‘z:a e 6 _-.:é e ear e

d Wit h t he ndar g
S e&(orpgle d%%té?,tfzsl tE Aje a?sg mqrﬁ%%&ﬁ ﬁ%ﬁ‘%‘?@ m avian cells
whenllfhﬁsf&etédlwﬁlﬂlQBY)contﬁmﬂ@roﬁ@taaIM grofeiom r esul t ant
hybri domas are then screened for imunoreactivity to
arVId\rrtislerelease owp Hedniiidd fionr @lls papfacte wikionty M pendacNA as
r ' ositive
descrfl HAEY 0G0 TN Mol A0k or P RRB TR PR st
from goth leas andt(W)S: & pbimateicetist iSngFlg‘ude UBA@nd Bigore BB, kespdcyipty.
I d.. .Pur | |
Creae ) Bkl PV T orel el Bl Risn S g BiniO R, ana
therefolwroora eigicap tiyn VAP profdisirelmsed fomeriinag celld. | show a

plurality sfpositive parental signals, from which
moledr dd] nambérbolbpllpwerd tretsfgted Ivoﬁn@ﬁhcmm’ ivetejpro® N, d.

protein cDNA, F-K115Q protein cDNA, or HN protein cDNA alone. Alternatively, the
experiment used cells transfected with a vector having all four (4) viral protein cDNAs in
combination. VLPs were then prepared as described above. A sucrose gradient purification was

generated for each transfection and particle release was determined by densitometry. When the
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| munoprecipitation/Scintillation Assay for Hybri doma

Screening To devel op and screen for nonocl ona
wa@nio7hbodies whi ch recogni ze the VLP viral protBCHUS2906/030319

solution rather, than when attached to a solid phase,

an assay will be devel oped in which
I mmunopreci pitation of an 35 S nethionine-|abeled in

variopp ¥ird prqtein sPNhe erpitRnsfeoted ingivisualynonly Mipawir eshltedin any VLP
vual%kﬁ@lﬁi aichsaf P Qﬁlal\g/f pﬂo{élr%f OWhgn 5%?&%%9%&%%{:&( ch vﬁ1\ﬁ& %}mfﬂueg{gtgms

pro eln 1Is a rm an
VLPjvirakprefginueleasn coutdingd aflfourtpeoteips. i Imblthd‘aa‘es; rrelbz&Bcﬂ VLPs contained

great'-§1t M&ﬂ{srbfvﬂﬁ r(ﬁélﬁls 19%5% ge‘ifs]tver(:\? lﬁqn é?% Lol léA and Figure

xes are precip
5 19B (r@pmtgguyb cmﬂy, $)leamn elff’msct}emfbebhtMmmtatﬁWLPs S@Wdhplete VLPs is

bdwfﬂ@ﬂ%%ﬁi%h&aﬂéb§? nfed in aliquid scintillation

counter round 1S subtracted and the ef ficiency
of precipitation calculated. This

| mmunoprecipitation/ Scintillation assay (I1PSA) allows
for_bot hekbipid PthdARRbY AHRUIED, 929 IDRYAGHRL ! Zat' on
of anti bodies, an e use of

L nnmamkmmahuﬂkah&;ral protelnantlbodles The assay i's
appl i cable, in general, to nonoclonal hybridoma

10 s Updir/naicntesinasmived tith sufiple/I, QyahlatseE afatmﬂtieﬂhgaftéﬂ NDV
pltatlons

viral @%Htld? | )}hgn%c%Yh §owrgﬁl1§zeejd_%§%ja&a?%ﬁl ngge?lo t e mouse myeloma
AGS8 Ssingttimdernd pretotcdd) B vaderlich atial, 0 Frrdds IJ»M/@% MAR1Y1 (18h2).

son BRI b0 Sl rermrsotiis s
ovalbﬁﬁzhrdammed NI maapepﬂme ﬁﬁﬁgﬁiﬁidﬁli&@lISbeB[dtcSls Ethl%‘&a in ﬂg—éﬁart
e at an rom e

nonocl onal e i
ts sbrigidnediiaf v Qi BB e YA B aned 4 e ey
limiting didittioh @nd R Abrisotype adddfsis REfbied? Pififed MAL MG Qi1 B pkd%ed from
on _of b.cells ochem equilibrated

ascites (lellégklmn rtl%mags g YtCQ{OF&FPgES}ga egh?rw Eﬁgﬁepgl,g Wllj_ 5@%%

renand is pHB) |s added and allomed to‘react for an;
prep agditional 2 hrs at 4C with rocking. The cells are

LT ST e ik L

| TOABRRY; ea?xli Qérée%tfbxqﬁor?ﬂfoﬁzﬁ &ntﬂfﬁ ok G h}‘@ggnze the VL v1ra1 3] protein

. uantltatlve tran erre to sciIn | oNn Vi a
in solylipgather, than ‘ah@eaétamﬁ to .50 @ phase ian esshy wtll @rdeedomtlem whikah

1mmuh$ﬁed%ifaﬁo%%rm§ thl(J?lﬁlBH efeﬁ% A4§- tr?iIn IEX 1”/1%'11 p rte?rtl 1esI :
Bihicy Ui 2

I mrunopreci pitate be ca
measulyi rAagitetaidzamouotef df vﬁm nansilatail ViR vataé pmtemﬁlb slidFoedftolfdrer

25 antlbo;a 0{5 r%edé@ e? r{):a%?] 1‘8§ }CF |°%{}e‘?eo°ﬁ’“{£§?§§$°r cct%%sglgpgt{l,i 3}, and
deterg'pmSAgnpmﬁjonb ekfpethﬁ omnmda cohlplekdzsi ase pradipiaitddorith Botelin@M@mnisorb

i) B BRI PS5 B M g L
backgromhd aksulbhactad‘prhli thé diﬁcmﬁgrtqfﬂﬁpipaitioh RelculgadnThis me A LBdJn
Immuttloprrécipritanvo\éigsc‘%nthlafgon_assaly (H’SIAB( allows for both the rapid identification and

80  characterization of antibodies, and will be used to test a variety of monoclonal VLP viral protein
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As expected, peptides to the suspected epitope regions

w Il be conpared with peptides that are not suspected
w@boorepresent i ng the epitope regions. A high prCTES086E0319

of conpetition in assays containing the suspected

epitope regions will verify the VLP viral protein
Anti sera

. c ant j bi ndi ng. specificity, '
st LR e il Hheens e st o wlla
polyclondt bai to iGéntigiritib IR vatnéH A OE @Sed FANHnRAEHEMERH O

preci pitate NP was rabbit polyclonal antibody rai sed
agBiiefht, afgvoriimatelyi Ivixtl €OMINOTY S stcttiickaiclapslat i %ﬁfostraélslated VLP

i AERR GRS, Py SO AP el S bR R 1.
40, m ¢etoeyoinsh¢ I, Wmmausu@dmammﬂi 8%, 9 4156 @g E{‘?féﬁ%}’f’i@% gell

s g i b S RSP Pl o oo B s 4
Afte? Ik, e§0l af a 08k kolSEbnf A OREsorb ceM (@lbxocﬂém) éq%ﬁ%?atéq%ﬁ 3%

-H t
1mm&1}381:68 pg%tlmﬁ)élg"er)@% aglt I@g%g\zchfl %t 4&&5@2@@(}){@&0110 acid,
0. Wmmg 36 @M THUSHA S h@Rd RISl Io1BRBRE g&g&dd@[{bn@gl{} Lt g%th

g % Ii Virol 77: 12968-12979 (200
roc ‘(’%m he gebs §B?eneiﬁ4tbiy§é‘rtﬂﬁﬁ%)éémt5dn@raéé gt aitl G masheil AX

ith $@CpcdidSIetinagidbistipiioR '
wi I;a Aldsinagia e 1{)1 o Bﬁfl\)cg Gpﬂﬁggﬁlg?&ﬁﬁtléﬁ&@ l?amsfé%ed to

soint i qhigfem o é’s%eFlﬁ@a“aIrﬁﬁO@%qfré&lﬁfﬁpnmonmmg therAttBPM
modd. Q‘hdpdﬁ@:n&@éjoﬁVEF Vitdl Yro®fin #b8un ea oh&d rﬂﬁgd\@e\’&?ﬁfa ed.

di sease virus" VirusRes 53:17 5 (1998 I'Serum

usddrabteription bPVLRYieal MopiObBibe vvas a nouse nonocl onal
anti body raised against purified Mprotein (Faeberg et
alTo furtt®r cleiravtevias @ bést @il limnch conpbtitivn 1@&&@@r@iﬂ1t@ﬁorﬂ§cuﬂ@¥mn

586-.593 1988
assayxgwl%&ldl B useaﬂ}ag% fércolnﬁ)lf(# alflghzmm}ag‘é’b 8§'9BF B’EOQVCr‘I%g Regoclonal
antibqirgdea Wbﬁ (Y(Ih]mﬂdbm H/éts adited hmimp@tbﬂhﬁh@ﬂoedolﬁ oG Bk QLo f
1) 5 de ond k ) f
mMmUNoDI of TINY was & parsxid F‘ﬁg‘ sga(ﬁedr%la%%‘m@fmn
As exprestrdcpaptidds t@ﬂklsudpléctainﬁgltb;m Vglélﬁ Vglfm} coryaadipk i€ ﬂe’éndeﬁ that are
Rec. nan ovirus Vectors This
ot S“g@&% P’%h%eeg%‘ﬁm%‘é‘s e BEFFEIo%F 53{%%&%9@8@%? of FofRpatifign In assays
contammgsheraumectmh eiifope egipADwiliaRtifXBE VLD Virklpsot¥ig Glodbenafantibody
blndxn%es§§cn§é1 schenme for constructing bacul ovirus
eCo |ti¥ants is shown in Figure 28. As a first step,
i thgid.prget gene (i.e., for exanple, an NDV particle
protein), shown as a PCR-derived DNA is cl oned

d & €C Q S QCKla any 1€
R R AR S e i L T

Antlseﬁmw 1o precifpiigie NP ias fabbit padrdenal hﬂQOdypBISﬂb@amatmﬂV inactivated
NDV gyoﬂﬁﬁlﬁfd%&bcols. Antisera used to precipitate F protein were raised against

glutathione S-transferase (GST) fusion proteins that contained amino acid sequences 130 to 173

(anti-HR 1) (McGinnes et al., “Newcastle disease virus HN protein alters the conformation of the
F protein at cell surfaces” J. Virol. 76:12622-12633 (2002).), 470 to 500 (anti-HR2) (Dolganiuc

etal., “Role of the cytoplasmic domain of the Newecastle disease virus fusion protein in
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segnents of bacul ovirus DNA fl anking the pronoter and
target gene. A selected clone of the derived

w0 emonbi2eant transfer vector is grown in a bacPer/iusi006/030319
cell culture (i.e., for exanple, E. coli), avian cel
cul ture (i. ., for exanmple, ELL-O), or a human cel
cul tur |l e, 293T) and the resulting

f
assO?‘@é?&ﬁﬁ&ldm raﬁﬁ’hé%“ﬂd i G8s120FRRR0DB oF Y6t 147 danphﬁz+9f6) ed.
Antlédi*unﬁ hed Wﬁ@&ﬁta% ﬁR rétgiﬁ 1[aﬁsfeii1 g?ﬂl‘{‘] sPAR 'Epétnantqﬂltt}ica he mino

B asmd is co- tran eCt earl Ze
acid D6 togl 17 aicd) @&Gimpeg pt b, “Rofleoof catbalplrase plﬁﬁe%mg fénd calnexin binding

in th€ RAAJ éh@ltacﬁwl'iﬁe ﬁ&%ﬁ% ot ef*i?e%ias?l\é g sgase 51&1 Q Ijzzlﬁ? ﬁes J.lsgl 75-185

regi ons of trans or par

(1998 rdniisgmusused tomtvimitatei Mprondis ag ahmou,se ltILdﬂoMl SRHYENeRsd
et ene

agalrgl‘;%drfﬁg?]}(/f lE)aC lﬂr (?Qébe%ae'i hi0 nSt?a'?n V%\'ﬁ%l(gtg) éj ;égﬁ%fl%{]’reapsfg% on o \%

oVvI r énoine

Matrpx pseteiT r@mz m@@ﬁ-ﬁﬁ:S (i|98 D). @,nuﬂmpemeﬂ m@r@ipltadam ta@ Bl @bteins

ransfe ti.on an
was zleIJIr i % i cat | on g}gla?g?r% Iﬂggageﬁtt%flga\lﬁsf’ Bgads gsuﬁf‘@h Seqopdaty
aﬂﬁbvﬁi}fuﬁsd for tokunablopirgpeas eqbeﬁokﬂletcbl@u@wdl’ 10§Usé AbBoclonal anti-HA

mﬁmS@HEHBJ ant. Once a high titer virus stock is
tarne it is enployed to determ ne the opti nmal

tinmes for target protein expression (depending on the
pronoter and the properties of the gene product).

After t 1PBE @Mtﬁfcﬁor@éﬁl&§&9ﬁ£ﬂt§l&ﬁoﬁﬁs kALge .Sca' e
culture 1s prepare use ‘““Té—ﬁ“prU&UC :

Exatpkendld desBidd @Eﬂe@d] nfkhodl i?c?m }‘ﬂe Fc’oﬁéﬁﬁ&ioﬁ%f ;J—elabxﬂbinant
resents a pr otocol that wl resul

exanpl
tmmﬂ%wggegﬁfgn of VLP vaccines specific for the neasles

TR XY
first sty th@Mprgetené ii.ce for eﬁ(mﬁple,)aa e parfii€iofid)@hdR as APER-derived
V. for .ex r ot e| ns
DAL B e B REs iRtos ™ R gt he piebbp g

20

25

Vecwlgkene oA tRPEAESCHNR ). NEAGESTYIveae Ay stitama il downstream

ct ly. Th DNA di th
segmifohat g’ﬁﬁ“@#ﬁ 1 ERR Pt e Biaelimat o L ha 1 or i1
8-1 12. Th ta
r g%@lgaé& UoR oF 'tl‘fe%eﬁ%edqg@o%%m%& tgafxs Fry VeCtot is ‘,g{‘ovgﬁ.}n n‘gacg?ﬂagcell

i ntroduce a glycin
culturg Gig., fqr H@npni% i rai), %(Walcolg outsret (0e.t fOEe)&émp%ELmﬂ)ﬁdr alhRmbi €ell

culturé\@v For Qfeﬁﬁﬁ 393’15?I g}h@? sgf?lg Ioe{cor?l e%ﬂ\‘é a@ﬁgl%',pl%& gtcétarfuefgtg_ed

profein w
and pusifisdnce ol celi-cell lusion mthe culture will l|ikely

i ncrease the gield of VLPs. Cell lines: Measles virus
i B theseennd sigp ermtmf@ﬁtdcymbmmmmmaammi ipcd tmis&cteébvith

t Vi r.al
11near1kéd%§s BNtA 1H8 1115@'& {%e(l € # %fiwu 5%9 o Ip{ﬁt%lgii tﬁ% 153{;%1{1@16 0
baculo(ygpq §F)he ﬂglgq_mggreglons of the transfer vector participate in homologous

recombination with the virus DNA sequences during virus replication and introduce the target
gene into the baculovirus genome at a specific locus (usually polyhedrin or p10, depending on

the transfer plasmid).
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(human enbryoni c kidney cells), VERO cells (African
green nonkey kidney cells) and COS-7 (prin cells wll
wheooawet47 Tr ansf ection. infection and net abol i BCT/US2006/030319
| abel i ng: Transfections of sub confluent cells will be
acconpl i shed usi ng Lipofectam ne (Invitrogen) as
recommended by the manufacturer. The follow r. anounts
of FPloy s t@nwowmd plpgic pykcatien toagroNediatental Ting, pjeh titer virus

stockpi J\Eomlheoalg&!b BiA e Mbintht. Ofbe Qﬁ@ﬁﬁ?@ '\:/rrtﬂ st(}cgwged it is

1. n‘g A total of 3.75
emplgygd ta Setprmpine the pptingsd tipewfer targeépmtemeam@ssem (deprending on the

g e B G0, AR S G,

used, the total anmount o

scalecgliuse drrensyed andinsed fr@eatein podA®es DNA. For
eachtransfection, a mxture of DNA and 5 m of
Li pof ectam ne in Opti MEM nmedi a (G bco/ |l nvitrogen) be
i ncubated a roomtenp rature for 45 mnutes and
added to ceFPsy s & Measles ’- '.'- K The cells

cuba ed f . L. f ect am_ne- DNA
cofrlrlf) fglp Eeﬁ%\/seadprogﬁ?}% [lﬁfuhslﬂ Ipé CE]CP?IW‘I?I\WCCIHES
spec1ﬁdﬂaed1en@éablerrv1ﬁﬁ hours, the nmediumw || be repl aced
with 0.7 ml DMVEM wi cystei ne and net hi oni ne and
suppl emented with 100 nCi of 35S-nethi oni ne and

e TR el (T -

SEQ [MmdN0y43)AA I(wurfe;r egfmpley w IDalS'@lBO),&n@umﬁiav@ifF (ieans e SEQT

o8| BB b A L OB S T B

PCAWMIP@A%}EHHmm pCANGSFF-Kil b]r(hlresBéomﬂgrm"he CDNPOgrRbdifthe MV F

f I has the c er nat ant. wi e .
protefg‘ vf ﬁ%e?’n ga?eldltc?’] elg Bgt Iﬁggﬂm} ﬁ%(éog'ggll sie agﬁlingxgtag@ Ltogflh%l ﬁ'gggutatmn
mtrodcue¢ 4 glasisowipdace df lytilRsat affilre acisiu ll,tthcnlgasﬂxeh Ianeﬂcug@ef ahalt I5Q mutat

in the\g&ll}#)‘#/ ggﬁczt%gngnj&#ﬁgtan:%q legvaﬁvﬁﬂﬁ Q}/o% wh’R}]“R‘P§ §heﬁé}h¥y ofsfhe F prote

tuse.” gHgendy oCa@iitcall fusibn i e el WilllikENyiifidense theoyROIGIOVDPs.
deoxychol ate) and 1.25 ng N-ethyl mal ei m de (NEM .
Cells be harvested with a cell scraper and honobgeni zed
Cell limgs: pelsslengirdstis mlegled affdfengaton hnmed kel pkihdtecell Finkd tut 76 murine ce

T TR TN TINT N L
(humdxreaﬂsfoaail@ﬂey\mém) wmmsuw(mebnogré&m@my lﬁ&{bﬁj&‘,emsﬁ atd ©OS$-7 (prin
ei t her pBJ5-Vps4-E22 Flag or pDsRed2-N -
Corr é€pondi ng enpty vectors will be used as control
Cells will be incubated for 36 hours and the sane

rforned afs descri bed abov
rapgectiopt gty contlyeqt ﬁ%ltSéw%be

acconﬁﬂiﬁt’&ﬂ uﬁiﬁg proﬁbthrhunla QInkziﬁ%@&ﬂ) @ﬁre@dnnﬁéhd&@y Be Rfabuth@ire3 @he followir
abel ed with 35S-net hi oni ne and 35S-cyst ei ne

amougly SARlsogd BNASTHEGHES PR AP nemdstic § MRS QS O v PCAGESM, 0.
ng pCIRHLUAKN9{G 8l 9! '6&% g@%a@\iﬁzfsi{ﬁeg\ 1aROOVH p&g%{ﬁalg ?11d DNA per 35mm pl

and Vviri
will befessd ki dletehnifedtiowex@eivlests Wihen ey byes &b, anﬁirda obdigenicaset, the total

15
20
i f th
cells fllbeus
25
supernat ant” w |
30

amourft ¥f g&%ﬁ:{:ﬂcg’ BgTAa\p‘ﬁVDe kept constant by adding vector pPCAGGS DNA. For each
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Virus and VLP purification; VLPs as well as virions

W ll be purified fromcell supernatants in proto<
wee@viooust y devel oped for virus purification. AEEUSI/030319

supernatants will be clarified by centrifugation 5000

rpmfor 5 mn at 4C, overlaid on top of a step

gradient consisting of 3.5 mM 20%and 0.5 m 6i

transs m}dﬁleNI«SaﬁmS INE LiofdcRinitedR
o N B EDT% _L?r?d CCentri %@%@ﬁ% @gﬁg/ﬁmgm

be H’PB‘?ateﬂ?t mmtema?ra%@@fdéﬂwg 85, sypolded fosely pré\Beuskwmuhed w1th Optid
The JdI8 willb&mb@agd (f&@rﬂoafsnﬂh@ ﬂlp%ﬁ@ﬁﬁﬂ{e Iﬁgﬁgoﬂ?fe;t#scf%rgg)) N Whih mi of

be collected in O. ni, m xed w

suppleipepisd PMEM addesy Miea%hvurs@ fhe medmnowm besemcsm with 9@ ml DMEM wi
cysté?ﬂésalﬂﬁ %thl&ﬁiﬂa’ dnlt ggég 55?196%@50%1‘.0 o mét oping 85(9 I 2 C}’sﬁ"éne mixtu

of 1@%3 ros ere
(NE@eYﬁ%)EéSYTHé} gﬁapmemﬂrowmluab@mg Mmf?S ﬂ)a@ﬁdmaierﬁ& @Q&cémc) Af

hour%@f Os?ntla}bgl?é%‘leos-ggc%lt%]sq’?cte% &lates WLQ rh)a %’éch %grga%ﬁ{hfrm? sg]& p B‘Jﬁglum wil
replagesi wiith hO pd bfsipaletbaeDRMEM Dith QJIthS:oﬁfm&lﬁﬁﬂﬂné @&ﬁitio@.@l Blocheml
Corpffabbrg0 R AES BRI ARt P fes B A b s hiaon, B ot
somopteé peuctedsei cnll-assscmtgd VLB« pEtfeirenultiy Selbsupbinktags Gl le&lombmed The «

will t%q?st%ggﬂr ¢ ? ml ? 1s buﬁ‘%r (g(? %ﬂt\/{ *Iggu E?E@ﬁ&&lé %tl)l 1 T%rs]—HCl pH7 4) contair

Tntonmﬁmﬁp/s ’émop,l lt%ltddﬂlm kaychbateamnm 0§ Neshdae it (NEAG). Cells s

0 f cell sa sucro a ient fractlon
vo bafRe Bl TE b st IREL BisPd 5o e Sanasami thfo 15
wiTtohletdkininp efahd VES mohwis/ lormablvanhmq’oma&mg Qb ddhhe r2§‘3lﬂ$e11s wil

s1mu1§e eorug@rglaps %’I{;\Hﬂ%(gé}é(gﬁ{%ﬁ E‘Hi]‘{})% érgl%tggxglcggtﬁaéqogggf etﬁcrvl\)nBJ 5-Vpsd-E22

Flag ¢njmsRBd/2aNB—¢HW30)Ccﬁﬁeﬂmd&h§| elapt@tve&@is Sill heMEM 85 Bl €NRSwill be
sor be Pr ot ei n (Pansorbin Cells,

lncubéf&%%?r | |r alfd tﬁdﬁamr? o g € ar@@colﬁ@s |p€rt %rgied ahdesenrhss above.
V\Hbtgembr:tth viee ptaﬂtms fir raontmta,J pmpéte 61 Rintadlcbwifl |b%’)inf¥@&fht an MOI o

cgqg?mea@@(u{rg@sfl)hourp,@gd chascd 1

nonravhohdtlvb medlﬁﬁll.lﬁp@likdﬁﬂjasldﬁscﬁaﬁ' db@{fé! avdls nﬁi‘?_}_&'ﬁlt 88l ve harvested and viric
rs-

ec uffer (125
purifig .1 e @/ég Q’l})‘i E? @Fed ad hOI%@PJ&Fﬂaﬁéh%ﬂand %J@ye Wit h
1M b- nercaptoethanol (BNE) and boi | ed. ProtelnS\MII

9 de- SDS and
Virus be § a on; &t“g 4 %é}s grv{r]éﬂjlgerﬂqnfﬁleg Femgall gpernatants in protoc
prev1du91$ldb¢e[ldp@d amtvﬁﬁgﬂmﬁgattﬁﬁ Nihe\Weli !su afdfts Wi)é (ﬁg}ﬁﬂ/‘dlﬂ@ e Bfrifdgation

| u S(t | t Bi oRa
N TR oY -
sucrosERbIGH@X STPNE bRFFGISIHM TRisHAQLHOCO), 155 8M Wa‘if?f 5 'hﬁ\% BT Al A hnd

production of VLP vaccines specific

Cen’fﬂ‘fliégdp%t AGOEHprsion B hque at §1G esing@rdsVg0. 1 seast(B pokmamS\The B faco
(contaﬁﬁ%ﬁ@e%ﬁat@@%l&?wme(doﬂié‘cted ih s X AR Gith 256t dP80% sucrose, an

or exa
overlaid on tog of 1.0 ml 80% sucrose cushion. Additional layers of sucrose (1.0 m1 of 50 % and 0.3

of 10% sucrose) will be layered on top of the sample. The gradient will be cenirifuged at 38,000 rpn
20 h at 4°C. The gradient will be collected from the bottom into one 1ml fraction and ei ght 0.5 ml

87



10

15

20

25

30

SEQ ID NO 66 or, alternatively, M-1), G (i.e., for

exanple, SEQ ID NG 54), and an uncleaved F ( for
weza@mples7 SEQ | D NO 60) protein will be subcl oPerUS2Z#©030319

the expression vector pCAGGS to gene r CAGGS- NP,

r CAGGS- -1, pCAGGS- G and pCAGGS- F- RLOBN R109N,

respectivel y The cDl encoding the RSV F protein will
fractings pige BRIyHtaiticpuns. Dansitiorrd C@}% frajqtiont widl bewletermined using a refractom

VLPs @6:3@8 iohas &b&&?ot%h (c@ﬁ{biﬁ& s o#?gteﬂlg%ﬂ gqr%p%%ﬁqk%6 éuggle experim

preV|oust Gonza eyes
uswb@ygd@ctmmmnsmfoefsum eavage will inhibjt the .
- ability of the F protein to fuse. The absence of
cell-cell fusic wll likely i ncrease the rel ease of
Imnmihdp ccllam K b el ?rjn\ip T hak es
cl eavagean nrbr ?ls Rfr%egeT uesC on acu Vi uﬁ%’fec%pht o wif] b8

accoppbthed By gmgg eve Réyesof cell lyaatq om%adlﬁﬁ §8tion with two
v gl L B B R P v
hourg 886 s Antiserim fisod topreaigtages iR rF(}ingi HA el lE\ArEﬂntlpnlyﬁhhillaﬁﬁbody

. i ti al F
i SRR AP, S ol Sl LI S
adsoied toi Ihgteinzﬂgom)lsorlml Peidy, CALBIGCHEN) frondeseat 4°a| pdliefed, and then
RSB B G PO b B S b T
contaemng @ﬁ%rﬁvve;mzﬁ aad Q.d¥isediymabdecel sulfhte (BI5S)§. rmmwhwﬁalra_s@ﬁ@llded in
o0 B S 2 5 R
10% g}ye@mlewsf & an@hbﬂmé ghle)K\RﬁS pMr ;ahﬁfcy%t&tmm amILE)\élna Y&iled] N

ro n an

proteit Sifl e A P F A OWEPRITE- D5 and MBls e focistogaqessohy.

Quantifitdtioh ef tssittihng Abodalicpedphs will beRRodnplishede@inah FaRE-sMelfufiimager
(Bml#gpg carcinop cells), also reported to be perm ssive

RSV, will be used as well. Transfection. infection
and metabolic labeling: Transfections of sub confluent
cells wll be acconplished using Lipofectam ne
(I'nvi BE0880)s. %o&\ﬁﬁ@w&iﬁjat@& SR’H&/hWHISQ&PUVaccm&The
foll om anounts of asm be usedper 35mm
dl”ﬂi{% ex séﬁ%%b&ﬁ’ that ﬁ’n@&m dMPt ) ‘

2 exdfl Plal A8 N, and 1 %E & f\ﬁpw‘icm?

speci f?SthﬁﬂeSBFatWéﬁﬁﬁYHalm(R@ym pI at e will be used in all
transfection experinents. \Wen only one, two, or three
CDNAs are i the total anount of transfected DNA w ||

Vectdde RSPEDNARSGuBMes Bitodielsl NG & &6t @cﬁmﬁmm 70h N (&2 for examy

SE ﬁ @SJec%b#)n a. mxture of DNA a
Q ] B EE AP, Mot Dhdon gl 5] I Db godhgn weleared F
for exaREMEHE@ D MO:609 protdine RS RLbIdhell Qo the cfﬂr&'él'bﬁ %ctfﬂ"ﬂ@AlGGS to gene

S reV| ously washed with
PCAQ‘G?SIQ ﬁgﬁﬁf}ﬁ%@ @%G%G%/@aﬁpgmﬁﬁ@ -Ri waaﬁemeecw The cDI
cncod HHH R § pt6R Wellbe Bldied 10 WlinBhatSiHRRI W& ﬁgln%%%%on sites at am

After 36 hours, the nmediumwl be re

acids wqm@m} L1 3venreyieuslycgrartedl Heonavler- R@temebﬂ; RBAG A8 9859).
Ellmlﬁﬁﬁ@ b%@&&%lﬂﬁﬁlﬁbl@tﬂ@ akl of){he ﬁwgfu% "[E)@( a@s@fﬂce of cell-cell fusic

35S-cysteine m xtup (
will lipglpingtepselthayelepss@f MLRs. 158@@1316 PaKtdion, IEIQHETfRIIQPNeethnMGms cleavage

Inc.). Afte
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hours of pul se | abel, one set of transfected plates

wll be lysed, while in another set the nmediumw ||
woephacedwith 1.0 m of suppl emented DVEM wi t PCDUS200830319

cold nmethionine (Nutritional Biochem c Corporation).

After 8 hours of chase, the nediumw || be collected.

h | * | N
ond Wi el o ol gl BerosCes b ANGAB e oW Addions

protéies xoo fdyind &cotheF d I
1o cFparat@kdviruvds late I% tﬁ]ﬁ% 8‘@2&%{%5@ E% alllmtfc‘been show

be ngheRiol 2 0T (s 6 Ho b, Rppicsomsmestial Virus, i Fick

Vlrodi%QXEdleﬁﬁpaIB)a andviley2b. MPpie&t WiilisRd
i i?H*} %E,nhar\‘;vegt ed W|th awgléll ?&%g@‘#éa + G protein s als
"R éé?ﬁ BB s hepnirihuiss hp Rropelivg angenaeeming thEhetxdrus.
15 tines, To determne if the VPS pathway is involved

LT VLRlSépuddl ng,. sub confluent HEp-2 cells
& | ERVS S cientlya p senasriokgiel Hings GAGHES M- alnd atithal sources. Howe

HEpD defiea0d1a &0RGE:
p 2 268 (aFI aa o pz%{;)rl:gé ihe Hw%st%ffﬁ:ﬁéntt Hl%?drﬁg&séplon rﬁa(r%vrlr%vt/esgi in Collins,

Respy‘é@f )chai Virgs 1r{}§1@l§s ggolggm Eﬂ(ﬂ(mp@@ pgd Hewﬁeyl,(m Happeatott William
Wilkir 203)@) B0y fRscaRs {iifheSR /pﬁb %%Isc(grgg' £ el ocp?t glw?f'ung carcinoms

erforned as descrlbed a ove. nerate Rt
Ce“SJg als¢ feppiad to b peswiesive fos RSYeilkbenistd asbveelli nf ect ed at an

MO of 10 pfu for 30 hoi and |abeled with

355- net hi oni ne and 35S-cysteine mixture for 4 hours,
Transfection.infeetioniand meiabolidilahsling: vEransédiienmof arb &nﬂtmnfﬁellélﬁnllbe

IQ & har yest ed
acco, 1@1 ﬁ%/dl 1%?% r%zlgmiﬁfaln%l%glll 5@3@; % c"ég%legeﬁd b\x/tg canfuiachugr Thgfollowi
amoqng;ag)@glagwd uwgwgébn wedtipar$ Sestishi bé ¢hgphAGHS-NP LS p@pdAGGS-M2-

075 W RAE SRR NS o ueklcas rens el b

35mmIBkl’elmb bd uied in all transfegtionickpeziteh@NWhER 801G ®ht, two, or three cgé\IAs are 1
theto?a‘r'% v{n(ib 8‘0"ﬁ| arified b centrifugation
Iﬁo &4 DYAwill be kent 5?r&ta6 }It%{émgﬁ/ecgorg(‘e%}(}s DNA. For ea

20

25

30

transfgamm aemixttﬁ@dSEDNA laRg5 OF of3.ifo bkand B i SPAMEN
be mci‘E% se sol utions in TNE Lt’?)uf faer (25mM Tr i S{%?G‘bﬁ@vgrogen)v

IR g A TRIutes gad é@ﬂ@ fo qugntdwauslﬂ@as@aDwnh OptiM.
The celprwifl 0 int@ba@UbSs Rurd A6 14 finfne¥RA -l Ef&& rem?veg and 2 ml of

e interface cont al ni ng co centr
SUBpIESHS LYt AVt S Bt fleaadmron B bt epmd o7l IMEM wit
cysteifid ardfmHQ3RIBUHH QS Srlenttntel \KEHH! 1@1) gCP& 3330 BlonticQ &ﬂ § c%qc/efwe mixture

sucrose ;ﬁﬁnl on.” Addi ti onal yers o CCrE <R (
(NEGyf72 545 @mrewl’rm@w@u@im%y 8, IPbrkheElimyEif@SblﬁﬁedIQ@) Afte

t ntrif
hours @gptﬂslé%b%ﬁm &t %fxgﬁsfg%‘%fy@% WlWIbc 1 e r‘I hile anBElg tﬁ«é medigm will
replaced- i {. Héﬂl BB%WBHW?M@@DMW with Oﬂ maMtcbkdnneﬂlﬁdmﬁé @WtritQn8l Blbchemic

oo AaE MO b Bl Bl 2 o s wit sonic

eacrT
to releggepgll @sgcpqw\t@dv ERsofhe )qsules§¢edil’$u1®ﬁna&inks Vi abih &N ST cells will be

Iysed if rO%trﬁl lgﬁs %el geeg@ﬁgf lgddﬂlkffg\dg@zslﬁ%l@ T%)épl-%ll prrI-? [71 4} clzqontammg Trit

DOC ?ﬁﬁmmpﬂ%csiomumaiebmhcﬂﬁtd) &ah\za@x{g)m-@fﬁbr%kgﬁlde (NEM). Cells will be
e

I t at 1
harves%d w1t m'ﬁllcl E%cé%%ﬁ%}ld%&?gﬂ%zgggﬁﬂ Ismgfh:m%gh\ngQgémge neglatGiodp times.

sucrose gradient fraction with two
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vol unes of TNE buffer. Sanples will be incubated wth
RSV specific polyclonal antibodies for 16 hours at
W@ @7/0MeT serumto be used is comercially avaPdHDE®06/030319
fromseveral sources. |Imune conplexes (I1Cs) will be
adsorbed to Protein A (Pansorbin Cells, CALBI OCCHEM
f washed t hree
OTo é’etaﬂlﬂ{eslf @b v#8 Gatn gCI i is %.Ilv%g\feé an?Lé\E%dqh%u?“P spnfluent HEp-2 cells w

times I n I nmunopr at1on
simuftaieeushhizansfepted fvih p§AGﬁSeM@HBB§l dﬁmfmmdabéiﬂa&bné @elthlel‘c%BJS-Vpsﬁr-

&m do d sul fate (. SDS
E228T2"F1§E %lgl%rsggg% %gﬁcé/‘iel\gﬁ 111%516111391 Vgﬁtp@@ng & zxged as control. Cells
be m@qb@@d fophdres asd e Bqnheqouﬂvdfchﬁsé pfotedl Wid p-Effbﬁned'dgdes)cﬁﬁEld aRove

6. 10% I B h I
ooy dhee e PRI BRI gl il P GHEEIg 3 BMRY o0 plutes 30 hor
and Ighsisd Mﬂ’éis'mﬂth&%nﬁ ahd/ a8 cydtaine BRnSHRr 0 8bud Gﬂ? ShRAG hglg'adloactlve

radl ification_of resulting
medlﬁlg or a Hese g%sﬁ’gl%ln P?V??QEW%W%WGWR‘@C@M virions purified as
descrlﬁleahbqsle@( cmis wllIb isebg@mofBE BRE hs dds3 R laﬁov%,ﬁ
Production O Parainfluenza 3 VLP Vacci ne is exanple
presents a protocol that will result in the producti on

Virusahd VLP puﬁﬁmla@s/ﬁ@ QG wEll & JifbnsWf bOFE R HE
Pl V3 ¢cDNA sensuenceg‘E er?gglgﬁl dof °(ﬂatagts in proto

t
prev1c§u81y\c/1)8 g?rrvsggﬁ,qrm%}“he 9ol sipematants gyill bs‘x@lamﬁ@&@ ckddrifugation
5000 fp@ ﬁe)s mutrm A€, Sreslaill 65 toB AN gra«%ﬁ%k@%%?é‘}s 5 190(9\%4 0.5 ml6:

for exanple

Sucms[?é S $ ﬁ%lnb ﬁ&@cﬁ“ﬁtﬂdﬁ%ﬂ]& HisgiClad] bfh 18 o NafLABBS EDTA), and
centrifygerbatat 60@@&@581 i\ﬁ’%ugﬁﬁﬁg%ugél nﬁg’\%ﬁ% c%%a gﬁgﬁntggaoe

L espectl he
(Contamg‘f‘)@&e%ﬁteé P?rﬂfl?ﬁéfvéu baeollegied in OrSamlp gmetilmth 2&ﬂ hEof&80% sucrose, ar

overlahonop aCi.0lm1 8% suddgse l¥hidAe AQbiisdhdl ?h?lcrl@%f Hicfed8(f (Mb(ﬁnl of 50 % and 0.

o cine. Elimnation o eavage
of 10% ﬁ‘ﬁf‘ge)tw’ﬁlﬁ’é 9%1%@ PR {Pref thegamplep Tt gradiertt wrilf chcwntrﬂ”mcl at 38,000 rpn

20 h aedISe mae cafiehelill He 81l ase t
e easeglgfle\/l_ il Cellelctfsdlillﬁhxgghé%c}ttbm éﬁ%?lé%lsrh%ﬁp? %quterg;‘to 5 ml

*ﬁgﬁuop%usglg\ﬁé}op@faymdwm@e [Dengiiiey 8 €5Ch Hastion mr_m banderpunadmbiag a refractomet

20

25

30

VLP 6@13?5@&6 IMeSiae I
s o TSSO MR R ST
usertah\‘? ‘Jgﬁﬁ%té?ﬁmﬁﬁ?ﬁ%? fiefdisey cel | s) and COS 7 (primate)

cells will be used (reviewed in Chanock, et a],
‘Parai nfl uenza Viruses, in Fields Virology, Ed. Knipe,

ImmurBpreeinitatidd whdolyddryidahi@Pbdd eREtEopMirkdid: B,
accomi? 8?]-% E’ﬁ ¢ ?heslus Ki dnteOD ceﬁ S) lﬁd&ﬁé4 %g%ﬂlbe
TR 9 @11%%“% VolsE P ¢l lysslogr Fucrqse guadient fastittheiph thave

volumds @éTﬁNEllbﬁff&SM leywiB®dnd8

o gmg bocms Ib r?f \gct | olr11 a%tg@ﬂngltig 4 s?féc'if;t@qbo eyclonal antibodies for
uts a4 e@'{tlﬁagﬁg tQpe uselhis commetsiRHy awl]alplg frpin| sevelpad sources. Immune

complea il bl Mﬁé(ﬂﬁ PrdtRR

g AT I e
pe ?tecg ALy W’F’HWW thrge|timsa 1 1mg@umppirpmgﬁim (P »¥ash bufferphosphate

buffer SABARGEES NRButanith (MBRPHEEDMndD.4% sodium dodecyl sulfate (SDS)). ICs

will be resuspended in SDS-polyacrylamide gel electrophoresis sample buffer (125 mM Tris-
HCI, pH 6.8, 2% SDS, 10% glycerol, 0.4 % Bromphenol blue) with 1 M B-mercaptoethanol
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ng pCAGGS- F- K108G, and 1.0 ng pCAGGS-HN. A total of

3.75 ng of plasmd DNA per 35rmp ] will be used in
wa@bkdo7oremsf ecti on experinments. When only one, PEDUSNG/030319

three cDNAs are used, the total anount of transfected

DNA wi || be kept constant by addi ng vector pCAGGS DNA

B&S each transfection, a m xture of DNA and 5 nl of
Bt batled b iteinsvithhe saummierer 8% nobieprybmidevS TS g end subjebied to

autolad b 0Q@nti ﬁ@a%h Bﬁ%&ﬁ‘tf ut es
> ﬁ)lgl%ﬁt%d%el ['s previ ous @taﬁ{ogaﬁiog{a\?nﬁ?ﬁm(%ﬁ%omﬁ]ﬂé ddripg 2
Fl‘m&vﬁ MykilmageBioRed)f or 5 hours, the Li pofectani ne- DNA
conpl exes renoved, and 2 ni of suppl enent ed DVEM

added. After 36 hours the mediumwi ||l be repl aced
with 0.7 DI\/E W cystelone and rrethl on| ne and

SUIOpIenren Bt of Oh Pargin dueng Fscined

772, EASYTAG t Express
T B SR AT S "?iucm o G wrveiess
sPecifmdor)theyk{rmhﬂanSaa)(mepl se | abel, one set of transfected
pI ates wll be lysed, while in another set the nmedium

replaced with 1 O m of suppl emented DMEMwith 0.1

Vect%}g‘: ﬁ%gDﬁ gl?é?l]pes CH g&gr gqr anﬁpgeegﬁ]gtlgﬁf(g%]a{v{ (Eg) for exam

SEQdBINQs8@)eHN (ﬂ’hefocedaimle\j\SEQ I]b &10: 848 £6hd @n bndlaveyB| (1% RHek Bfiple, SE

Cl2, 10
o B e T A e ratepm,
pCAGHY-M, 1115‘\(6\@8 Nl‘éitﬂd)pleM}(E Fﬂrd@aecﬁtNﬁM TheGEINS %ﬁM)hlhg BR PIV3 F proteir
e A S 5 Sgga [ a olrbgeni assi ng
b e o B8 iy 60 BRn S5 PO 5 1 ozt e e 108,
be Chlalﬁgeﬂ ItreglyfFi’&bH[é@hﬂnmﬂybln :oSclba’W@ witldnHibit E’Llalbtydﬂ 'tH%QF% proteR éo fuse. The
n en S W tan transtecte
absen%? {fleﬂ % O%I“QH g}ﬁ%ﬁ' fnrcéefisgﬁille r8{§ E%‘Ef ?/ons of either

pBJ5 Vps4 E22 Flag or pDsRed2-N - CHWP3. Correspondi ng
be

o B S SR PR G s

cells uwho covical@sciemb GERE I Hse

S 6RGlah BAB Fneyl &1 AlcETls
t i h Pect ed
e T e e
Paralﬁﬁﬁnnéﬁhlsmlnrfﬁelww!u@@ By Kifpd)B. £ﬂd>€ﬂ[c;ﬁ1@y g’o %1&)1@9&' Williams and
I.Uum.rtor ours as

n h active
it S AR R TR b i aeseine it

be usad thely hivertgepsictdsifeily @sd desserhbomudel ow. (Jells will
be | ysed and honogeni zed as descri bed above. Virus and
VLP purification: VLPs as well as virions will be
Transfeatiorf indtibn Qb i8@4H01iS hbﬁfnﬁaﬂ‘ﬂaﬂﬁéctioﬂs Hsab 901“@151@1}{ IQHSHiM be
of yiru urification. The ce

S
eﬁﬁﬁﬁﬂ%@%@&?ﬁ) £ réaomel@é%w ﬁhP mgal@fﬁ@wmsd@@ followi

10
rou
15
20
25 aocongjee}gg %P%H

30

amouktP 8 flni SDNANyiBitbe 4G pePYsRrh @i -
> ent1 consi 1st |eng cl)jfe 3.5 mSﬁizlo I%pdAgég Eg&ngAGGs M, 0.
Hg p@@zﬁ&%&l%ﬁ i d9gL8i pe AES -BE fAeuotaq MM [Ty cbfsplaisﬂd PRA ped35mm pl

willb%ésgd g?%éluh feot%P%EmUSI ngﬁ ”t J f“g{ tglfeecggfo&gooo e e total

amouﬁrhétramfeeuecﬂ F27.N Wdldmﬂcaptmbmngancbmmﬂmgrva&t&q)@m@S phexs )FoWea{ch
t th 2.0.mM of 80%
transfecg%l}, & gg)?tﬁgee?DLI\lf}k and 5 urpof Llpotzéctamlne in OptiMEM mgdla (Glbgo/lnwtrogen) Wi
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overlaid on top of 1.0 m 80% sucrose cushi on.

Addi tional |ayers of sucrose (1.0 mM of 50 % and O f
w@R0010%429ucr ose) will be layered on top of thePGHDF1086/030319
The gradient will be centrifuged at 38,000 rpr 20 h at

40C. The gradient will be collected fromthe bottom
into one Im-fraction and eight 0.5 m fractions using
be ingulatsid b toaintterapapaime forlds nmnmtese sncbefddaho leelsrpaetidusty wiishdd wWieh Optily
ref VLP erived from
The & SRR Rk B sholiy BTV S Ecpnempert and 2 mi of

suppkmmmad DYIEM addedi Agdee%ehomr 1h€li’fetlii]ﬂﬁw1ﬂfba lpdpildeed With €9tml DMEM wi
tation and

cyste%%lrgsg fe ocg?m%glgg S u e&egteg Pn%‘gﬁg(ﬁ) %§'| | I@"JS-rnethlonme and *S- -cysteine mixtu
(NEGWBASY@AGW E@isre@rprwmhlLa&qﬁngmwm PR RdRY GRIAERDnC.). Af

}/ me of cell lysate or sucrose gradient fraction
hourspiisp bely e el timsroetes mAigsrvel be bserp ide mnpthbreset the medium wil

labdaGHiBAL. @ 6h1 ¥ duPplBh M3 Iwg!
P a16 hours at 40C. M%%megggggﬁggga%}egﬁ {;:% P%I%OChem]

Corpal%?l})akﬁ‘lﬂéf § hoyis efehesethe ecb sppasrpiant Wﬁihﬁewlimmll J)b@ selts I\A@E pe lysed
0.5 s b*aﬁelg@@ Qﬂ\bﬁgcf 9 s?ﬁr@tl\@%dlz A g W%IQ r}félgﬂ%b] g&}tahmng Ttiton-DOC
a

for hour s ete
Tﬂfo&kds/h é‘lﬂlllﬁmﬁi@éthp}%@% andnl 25me No@h}émalpmu@t (NBMY, IG)ls wa}s‘ma harvested
. 5%

i RS ARSIy Sl kB RO0A g 0 2%

wifoj desemine Hifbqp¥R¥ipathvay iSeelyed pad\tuddingeulednfluent HEp-2 cells w
sxmul@in@&fsf o %%ggﬁlﬁléfﬁ%g?%Mf&ﬁé@%%om e[et rﬂ% fH%lér)p@J_g—VHM -E22
Flag QW%RQQ*HW% derotesoBVEY cmpfot vbaors sl biusod ad evstrali Célls will be
1ncub9fc‘d f2RB AL ?gnootﬂe %Aﬁcﬂ YS@%ﬁ%% o%gl'v%ggplgﬁjmean? de%grii]rleg att)ove

to autora 1 ograp an | res

ado@eraiite gmmagwbw ifdr chatrods e@mwm bhimfected iahan MOI of 10 pfu for 30 hot
and lé't_')!eftég 5N1t§(3is:-%1etﬁ{g nwta gxdm:ﬁs: é Iséeﬁlégﬁﬁg%e fo%ﬁ‘c;‘[% gntﬂié:[aséetd in, rﬁonradllloactlve
mediyrp @rmlﬁm@%ﬂqscmspbmd CMAthesxetqutemﬂ bs hatrem and vaohggirified as

Pht roduced RKfo yie o' i SRR ARSI A232A235,
respectivel y Specific sited-directed mut agem c

i 555 AR 9. RSO 1By 8 B B i

previquglyclievatopeé @rduesplmﬁcg@sl Theeel s@Bhatntd w2IBbe clarified by centrifugation
5000 %ﬁ?’ﬁ? § 'iﬂnY ?'4)‘0 0 gtlegc;/ 81% 135 ? e§te Ad dﬁlter}g%%%ksgpg %m’l\/&@’/‘%‘ gx?ds 0.5 ml 6!

re constructe n
sucrossesglutionsas TNEIbuméXNESIaM TérmHml paLT. 4;!, 150 &M Nadk 5 232 BDT A3 3md

. [ e r ot “?Q{[IA
cne 31 BT O PR PG BREL S5 T e A erc
(contaimbg @aiomlﬁrdtedbyartlhes) muli b\g@]ﬂe&ecsmm)ﬁam;mmied thtzaI deFRO% sucrose, ar
| ustr i e 70 Exa 1

overl nngtéate ﬂ? gﬁng%@ %L}cr@g rs}minon A%dftlogfﬂ Iiayers of sucro (1 0 m?of 5|6 % and 0.
of 10% sucrose) will be layered on top of the sample. The gradient will be centrifuged at 38,000 pr
20 h at 4°C. The gradient will be collected from the bottom into one 1ml fraction and eight 0.5 ml
fractions using a polystaltic pump. Densities of each fraction will be determined using a refractomet

VLPs derived from expression of all combinations of proteins will be prepared in a single experimer
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Thi s exanpl e evaluates the effects on particle rel ease
of avail abl e dom nant negative nutant human VPS
w@e@reind? and whet her human renal epithelial crCT/8S2006/030319
(293T) could support the rel ease of NDV VLPs. VLP
particles were rel eased from 293T cells expressing M
protein alone (top panel) or 293T cells co-expressing
thus kimbling diFecktondfBscaand rdsal. pr ot ei ns (bott om panel ).
Figure 61, Panel A Particles released from 293T cells
expressing M protein alone were very heter ogeneous

knm‘ﬂ@xé%?@cgn?ﬁf?&“%d%glvgﬁ'{)ﬁ% d% gglFélé%%&o%?sisz Zggle réfC}pétﬁ{i)cg\/mgr?e

paner), ve ST T ar partrci es re
accopplished by pqmlsgung gnd\;qqhm (ﬁ' cpll B}lsamer s(uda!;eagrmhént ﬁhaim)wnhl tWo

volu%@ﬂifr ’I%é bl%f}/k’ P s%%ﬁ %? 1rfc{119artgd !gllat%gewgp bﬁgaélgﬂﬁbodles for

FUCT UAT pr ot el ns vvere
16 hdmn&lllf’@) Afifiresen ode kel 1esonm¢raa]$9 avglidblle/frore S@eﬁem&es Immune

comipeel ACY §itoersdfel 0P A e e s BBl Bouws o

4°C, Relftddc artdi the, wﬁEhehdrtHreedmteS mﬁm&ﬂnopcteﬁpltaﬁon (IP) wash buffer (phosphate

vutrg e 0 B ato g anc o 0 s Sl iy s
will Bdwesuspdndéd M&H&Qﬁogy_lgﬁrylééllnﬁie el I—ké)i\fvemgv emr résiiﬁg}y%?ﬁugﬂ(ﬁ%s ml\/% Tris-
rict o} €53 55 b Hiiend U4 Grarooneradiivd M Ngasararpepyno
(BMEﬁﬁldﬂ)@ﬂ&f} Tragis Rl Rksatb B8 golMc@ﬁ%ﬁbJSD‘Seg@Pélﬁ'sﬁ‘tg edtdl to

after a | ong nonradi oactive chase, | ower

| autorﬁﬁaﬁmyp Quantificaoniof gefpltipg aroredipgraptssubdby gccom%hed using a

Fluot-$3¥Neatkiidgley (Bisiadap not shown). Exanpl e 19 Doni nant
Negati ve VPS Protein Mutants Inhibit Particle Rel ease

Thi s exanpl e was designed to determne if inhibition
of particle release was due only to over expression of
dom nant negative VPS piEateplad7 293T cells were

transfected wigih S¥€c‘1"ﬁcoMu LONEESbr L M bty pe CHVP3, wild
type Vps4A, wi F—c}b‘rﬁfwr‘“=gat|ve (dn)

CHWP3, dn Vps4A, and dn AD? 1. The wild type forns of

e adintatiiBS irpthe Veprotetndk SPi dntl [YANIE fegodnc@nut fammb heiie216 and 219 and

t ' | hi_bi t
iR B 1 50T e M B
resp eMﬁl&leSﬁZﬁB:@tbdlhrdateﬁ ethtdybiie plieR whteRlcsighcdas ﬁlbblytu@ IQUroline

anels C a Al P-1 -
resicfes i oL %gﬁvﬁi e @F%%%e@ng%%@%eegﬁw Bosstgms Porad 3k
respeamélyl,:)wth 1lagine Q’[ﬂdﬂl@ﬂﬁl Regmt M\/@n&m‘/éﬁ c@%hﬂﬂﬁg@guﬁéﬁgﬁl PTAP or
orns Inhiblted t

¥ Eiuice: 5 Do Eatie P HPRGIE P BLA Sy bRt 50 dieach M

protefnin@itir® DO wdib eReod i REL th@$dlatiditisOMutahie wishBtroduced by the

I nhi, bi t| oq of VLP rel eaaﬁ w?s not. due to over
mutagenesis protocol. Mutations generated are 1llustrated in Figure 70.
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expression of the VPS protein, but rather due to
specific effect of the dn nutant proteins. These

WO e®albie4support the concl usion that an i ntactP&PBS2006/030319
pat hway facilitates Mprotein particle rel ease.
Exanpl e 20 YANL Sequence Mutations Inhibit VLP Rel ease
Thi s exanpl e presents data showing that the L domain
of an NDV M protein pl ayBxaapledBe in particle budding.
For exanple, the sefpRRtsietfondoddP\cMsProtein has two
possi bl e L domai n Sequences, PKSP and YANL, which are
simlar to the classical L domains PTAP and YPXL,

r eﬂﬁeatamplﬁ éj'alilﬁéﬁﬁd effdets oRparticMeelba bSaVailaie (ﬁﬁ‘ziﬁdn@ﬂ@dﬁve

rus . S Re 106: 8 004) The
g S AR Y o P ) PR A Sl G upport the
releaglosyaymy Sg@ygences, VLP rel ease maybe i nhi bited. The
proline residues in the PKSP sequence were substituted

W VhP particlesweeré MidhReiaAad 93T caﬂn‘.iemfeemﬁg/MQﬁcbtélﬁ alivﬁd (top panel) or

eycine in.th en vveres tltut W th
2991 e R BB s LR G B PP eforaganef Bt 57, Panel 4
Parti¢led i2lthseV iRm0 T RellswRpresseig M prsedilalend W@t vérp dbidiogetrbligwith

Figure 7 P xtra or..jn c nati on with
respeko Aty (st Bhcbon A Fa BRI, Vot Siebto PGP lsAFrlfasgs, Som avian
cells @xgirés3iag 3/ prol3ad 416:¢) (@Ra W& sBowi Bﬁf@ﬁﬁasf NIIPs €Q@bas&d from 293T cells

[ t he MA216A219 nmut ant | evel s conpar abl e

ex ressi n
exrEShE R K SPSEH AU A EFTE PO INETIORY B Jop g pess paticies

were BRgHEly JesBdénse (101 8CHEY) Eas the aﬁt'ﬂ@x{ti% WRS(12 SéQ it nt, In:
reductl on_ of ,partl | es rel eased from cells expr essi ng
Paran dagiJha, HaeirReplication, Aird edijjen eqgyol & i | ar |y,

Llppﬁ@otﬁMiMa@ffsS& mucMsAﬂﬁla&ét@@a (aumq)) {duPloQb&inee ¥ gehorP RN K
15Q and HN proteins resulted in 80% reduction in

p Ma;eodoefbmeé kasaltsatioy BiagMrpeotdin, VIPaasd cddpl@©WDPRS werk adl@sed

ron S5 AL b TR R o5 s bt o

the pédEbntd—Ee Kfplil&(@a‘tﬁiﬁd Nﬂbkqna“uoteenammm cells afeqdomhloardddamtvie @hase,

L VA aVal
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Danal N |l anpe 6 Aan A\ Ta

vas TR TSI RO Gor. b Eoered VP oy Bt gy o
nmut ati on of the YANL sequence was due to elimnation
of L domain activity or defects in conformation of the
M protein, the YANL seql&#emeWas substituted
separ atlBéng&MtNézi’cM@ VRS Pediei NASSitCahibi PAEBBIRRIease
sequences, YPDL andPTAP (Morita et al., "Retrovirus
buddi ng" Anna Rev Cel | Dev Bi ol 20:395-425 (2004);
Stlhzckaraple ats desigAtdio detatnide if snhébitixindipatjclp asl¢asewad due only to

over gy} R BR BRI EAEN (he verL and PTAP
SGE RS APROEHEFIPhERP Eoribt, LA HRVEMIPY iflifbe psas,

particl es.
wild type AIP1, dominant negative (dn) CHMP3, dn Vps4A, and dn AIP1.

The wild type forms of each VPS protein had little effect on particle release. M protein
particle release was inhibited by dn-CHMP3 to about 90%. (Figure 68, Panels A and B).
Vps4A-E228Q inhibited M protein VLP release by about 90% (Figure 68, Panels C and D), and
AIP-1-RFP inhibited particle release by 90% (Figure 68, Panels E and F). The dominant
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Fi gure 705, Panels B & C. The anounts of particles

rel eased from NDV M protein containing the substituted
wORDZ/osma7 PTAP noti f were conparable to wild tB@EUS2006/030319

| evel s. These results strongly indicate that the YANL

sequence at position 232 to 235 in the NDV M protein

functions as an L donmain. Retrovirus particles, which
negative/forms efAFIIPY) (VA veintl A TR bRt the willd tprerfornespinhidited tAERiease

o VLR A b 0o PEE ek siPng i n vi s buddi ng
ﬁﬂes;&%bgég réﬁﬁ S(hg‘&%gt }heqﬁgbl Og\ﬁ_’wll% 2%16‘6%50 %ett('h%ver

an appr oxi ma Sl ze O
expr@Eisn PREEVES ptang Muanamen@le I‘tlepeMlﬁE’ eﬁcom b&thedn mmtam p‘rbtﬁiﬁs. These

r [ or at ed DV  part.ic and
resulfio kot oo A AU A o Pl ih e R Pacidle e
HA-t agged ATPl at either the N-terminal (HA-AIPl) or
the CGtermnal (AIPI-HA), or with vector alone. M

protein particles were rimas@d from both cells

expressi ng MyAOESdquatict MuvichImhiBA ¥ Pa digasEXPr essi ng M
protein and either HA-tagged AEPI. Figure 71, Panel A

The expression of HAAEPI and AEPI - HA were at
c ohpaerabble prases daty fhoyingaha? the Lpdomein of an NB e M praein pisk a role

in pa%’t%{bgﬁld&rﬁg nﬁo&%)(adrrqu %evs% uen&{ﬂfﬁ h&g%%ehrl} g}éoasfs); ¢ L domain

sequomdes, PKAP @rE]nYéNboWbeh pe eiviiler todhedashica i q@maufs iPEAP and YPXL,

S .i h T Q5 ‘
respell RS, 1o b i of v BRP Byl PSPt
(2004)). PEhealtd bslaggbsvs thhtedty ivdEling mayatioes inritess Bdbmaig setjueiees, MLP

y with the Mprotein in particles. Exanple
relea& A}@Joiﬂpﬁn)?tr%opr ecipitation Purified VLPs were

' r’!‘h@ Bﬁ)thﬁgreklﬁuésch? th%‘?’lK@P-Eu% Hiéf L sub4RitM &5{} /QL?H% @4%2151\219)

contalnlng
and ﬂxz tmeme @déewgyenn the YAy paguensk ertaulisguteisvith alanieM-AnsAsss)

(Flgu@(ﬁﬁﬁéleij nﬁfeye ﬁ&%ﬂtlﬁ@ otelfdSyd Q@) ﬁ(élﬂygl' Fxﬁh\y‘ﬁ{z‘tﬁy‘g jgure 70,

=n{:ll at Q ovarnt aht In ce

20

25

30

T oo o

Panclgyeximetpher in P o N T E G AR ang ENarPieins Gigite T0Panai B,
extraés)r@amgé PEe 385 Rl Uéns%g @%@g t@ega fi &ﬁ{u%g?ﬁh&glsl n

E containing 1% Triton A, were
compa@alédo ¢olls espeessing wald dee & prioteird Hignre$, éﬂanem Bdiy
experinments, and incubation was continued at 40C

wilk FROGAY tBgTe WaT & §igpyficat redictipp aipartpelag rolgased diem edlnsrarssing
the Mﬂﬁﬁ%zgs%ﬂtﬁf@ Uﬁgur@ ¥0,38Rd1 ‘B') f S'iﬂﬁfaﬂ? Qo(e;qg‘egg)g M-Qﬂlzl‘@%f mﬁgnt

seconds in m crocentrifuge) washed t hree

protefpi{idl. £df 1 >N Barraleins r@u@d%@% Fadation s poiclqtreleased

Fi guﬂ:eﬁ0:i g%n@ﬂ)égz@ﬁﬁﬁli@ X28s $R10S B PHSREN &L odifl ST RAUPL& from cells

co-expressing the M- A216A219 mutant protein with NP, F-K115Q and HN proteins were
comparable to wild type levels (Figure 70, Panel D, lanes 6 and 7).

To determine if the inhibition of particle release by mutation of the YANL sequence was
due to elimination of L domain activity or defects in conformation of the M protein, the YANL

sequence was substituted separately with two known classical L domain sequences, YPDL and
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Prot ease Protection Assay Protease digestion of M

protein fromavian cell extracts and VLPs was
wa@ewonphltshed by adding 0.25, 0.5, 1, 5, 10, apdi/BS200§030319

of proteinase K per m of sanple and incubating for 30

mn on ice. In parallel, VLPs were also made 0.5 %

W th respect to Triton X-100 prior to incubation wth

PTAR(Merép piced o Retropirysdudding] edviu &av ColhBenyBinbd3A5s425(209¢); Strack et
al., «ATPYPATINGS & Bll}{%é %e}fo%v?}g%g&i By mEQ funﬁ%ﬁr@ﬂ Siths l%}lddmg”

i munopr eci |on tion nixtures
Cell 115680 16R9 (298 ct to Tri ton X-100 and 0.5% wi th respect
to sodi um deox§chol ate. Exanple 23 I munofl uorescence

MESHbde SEPLARE BRAR spquenceg supwprtadrelese afithel NEXY Manetinmiertigles.
Flgurg b85 PasdVB kSC] @ﬁe alﬂu%& o%@raaéﬁefess@d Whl sk e sfoggﬁ contaiping

onbi nat i ons of descr i bed above
the sqbefml@d YR af P\"X/éP énoﬁ,ltf mewecenwr@bie ® wilyl tirpe levels. These results
tr Rridteafdt HePesdr P L LslRliBn §3AB! -
s Onél%c. . Cefel s were \Aé/a}lgﬁ% ﬂ\%l clen Wﬁﬁgz%%féﬂfé%ﬁ%mr&ém functions
as anilrdotmas¥ | uor esecence (I F) buffer (PBS containing 1%
bovi ne serum al bum n, 0.02 % sodi um azide, and 5 ni M

cRefroyirus ppgigles, wiigh heve heaer BeiniE en YESL Infosedie ¢ontpin AP 1
(StradkFet E’lléf“l‘qﬁfl/AElX 2 aBRMILS padiid rdrREVDA6SHA oAV 3»9 @%&oﬁﬁ%ﬁ%s

buf fer containi'ng polyclonal antibodies agal

buddl T Gefbl 1g:68P-6PR(2983)) end may sgptesent g tidgi vith amjaphroximate size of
IOOk]b ?1?&18 ng HAGHMd &ﬁtanﬁ’@gr IQB@WLP Iﬁ'@tgm%rt‘hn(gl 1%§th?ngr Wran, d2§

0, blocked wth fer for at |east ours an
lncomqsﬁeﬂo@toétﬁDV@mmleﬁerlaﬁs thereby op-expreiing Mrprefointeithrandip-tagged

ATIP1 BHintd RONaSGHlih# ?HA | Atb g%r G ﬂ:hﬂﬂn{ﬂQAﬁﬂt A MPRR %E{gor glone M

nmonocl onal anti b 2-E5). Cells were then wa
proteippaigigleg ety rﬂ%ec&@t@ bbtbfcﬂésrexpmsnrmé draggin With uesderiaoh cdlisr

C | u
expre%sa%g?%ré Q%g%éﬂth&a%;c%égigfjﬂ @ f’e‘ ’)g\r Pé%gf(}rx) ?ﬁ@%&%sﬁon of HA-

AIP1 gyl ABUHRA voreoth eqppazabip lpmgmuwé/' lcmnpk@dB@dtr@@ g¢l, lanes 2 and 3).
HoweRB bl ABSRIA 3ok BBV IR GRic R 7 € GhA A, 18 @_‘cg)el lane

ATP14HA eqmfafse oe resiniatedifir pmiféqdidéﬁé@tqgis‘mi’g aigwmﬂdt Pang! Badtihtim
(V@ctashleld(r) Vector Labs, In
i AherA sPnkglerpuated thif éP’olslé 8159/‘1301?169 a%%@mr@. sHegrahaieRl

may bRGtaétRid du8dtRGr fdediRRvifhl tHONI§RA8IR ¢EpdMiddsoscope and
Openl ab(r) software and processed usi ng Adobe
Phot oshop(r). Exanple 24 5 Menbrane Associated M

Protein This exanple p V|d§§mdata confirmng sucrose
gradi ent data suggeaé%gg? M protein

unopreci; 1tat10

Purified VLPs were incubated in ice cold TNE buffer (25mM Tris HCI, pH 7.4, 150 mM
NaCl, 5 mM EDTA) containing 1% Triton X-100, 2.5 mg/ml N-ethylmaleimide for 15 minutes.
Excess primary antibody was added and VLPs were incubated at 4°C overnight. Pansorbin cells,
blocked overnight in TNE buffer containing 1% Triton X-100 and 5 mg bovine serum albumin
(BSA) and then prewashed in TNE containing 1% Triton X-100 and 1 mg/ml BSA, wete added

in excess as determined in preliminary experiments, and incubation was continued at 4°C with
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may be associated with nenbranes by incubation with a
protease. VLPs and cell extracts were either |eft
wapdresed (Figure 62, |lane 1) or treated w t hPAQODUS2006/030319
di fferent concentrations of Proteinase K (lanes 2 to
As expected the Mprotein in cell extracts was
enS|t|ve t w concentrations of protease (Figure 62
cons%ﬁ feast 15)

ing 57t Joast e TTEMES T RPEPIREADE et atios (10,000

1pm foF 80 SR6R1sH HRTIrbRATIIA AW RHIEBS sk ih lfL%IcoM RO b&hdining
pr ot ease _resi stant core. However, pr otelns I n

0. S‘V%ﬁ@l Kol 08 Thpglaisd qomplozes were Fasemesied inegeb enmpilefater. on
(Figure 62, mddle panel). In contrast, disruption of
the particle nenbrane with detergent 15 resulted in
di gestion of the M prot gixampleizgure 62, |ower panel).
Taken together, thegﬁ,tgmb%&loq%%strat ed that the M
protein VLPs are nenbrane-bound particles. Exanple 25

J ZTQ)jczMa Breedteh B Medh@inSrbmViviinRel 6a8#Rts th 91 ??@Mc@o ypl*shed by

ends the data relevant to Mprotein sufficienc

addmg@ﬁSr @Pelasel %@%}Wf@@t@%e Kegeé@g@f sefplglapd incybatigfor 30 min
on icé bﬁ%ﬁﬁﬁeIO{/Lﬁ’J‘w% RO hRad0 99 Gith xggﬂektsto \'PEE)% y 'i@(ﬂ%h? ?oﬁ%xsbaﬁon

al | possi bl e conbi nati ons

with Prﬁtetq%@ KsAfp<bgrsidony phwlelemy@eﬁ@yl @eqrids (BYPFEOdi Mpwasrndded.
F [ [
O o e P P £ e et Toton
X-10Qpndf. Mé‘ﬂ@lf?ﬁpe%@ soptiugrdoryehpleist ei ns (expressed in
pair-w se conbinations) were retained in cell extracts
after the 8 hour chase %FI gure 3; Panel A lanes 2, 4
and 5, and Panel C). E@mﬂe%lts strongly suggest
that VLP rel ease #8 n‘ HiozaseepicMiareseoryl pr ot ei.n.
30Exanpl e 26 M Protein/d vcoprotein Co-Localization

Tl QYRR &n §X P Thfcgﬁtraﬂg{g Lﬁﬁ:ﬂ? chgli ]g/églvg%?rqn%ﬁ{cte% G0

protein in VLP asse
dlffer??é fprkipdionseAPY PNy apfiegpritred aheleHM flor 41 leiurss nwdées were stained

with S&H&1 ¥ 41 Qm@é{nd-w-f%flﬁdfb?er W?B 0 Y §§°€f tC%ﬂ,s Gellv Washed

25

30

Wer e 1tncubatea wtim an protverit or anmt =N Pt otern

twice gith iqscrgideigumpinp froresgeeped (IIF )rbeffﬁE@BS lepianing i % twvine wértm
b 0530 P 5 G DU 0B e
with I%bpﬁf@ Honk houe, anddneubetad fon d trbrart aé d° Gain tIR bk ICOIttelmlng polyclonal
antibodfe€ EéafiﬂsFHN and F proteins.

Cells were washed twice with ice-cold IF buffer, permeabilized with 0.05% Triton X-
100, blocked with IF buffer for at least 2 hours and incubated for 1 hour at 4°C in IF buffer
containing purified ascites fluids containing anti-M protein monoclonal antibody (52-E5). Cells
were then washed twice with ice-cold buffer followed by incubation for 1 hour at 4°C in IF
buffer containing fluorescein conjugated goat anti-rabbit IgG (Alexa® 488; Molecular Probes)
and rhodamine conjugated goat anti-mouse IgG (Alexa® 568; Molecular Probes) secondary

antibodies. Cells were washed with ice-cold IF buffer, mounted onto slides using a mounting

. . a® . .
medium (Vectashield”, Vector Labs, Inc) for immunofluorescence microscopy. Fluorescence
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10 anti body. Vector-transfected control cells and as

well as cells expressing individually MF-KI 15Q or HN
w@e@rming? denonstrated that the F-KI 15Q and PONI/US2006/030319

proteins were diffusely distributed on the surface of

the cells (Figure 64, Panel A). Mprotein exhibited

di ffuse Cét ggll asm.c staining as well as punctate

mages MeE G Ed gping A Nindluereseeacy mergsoge gul Opeatrbl sefware and

procadtkd udld ARG PRREsHEE?.ged 15 i mage). Co- expression of
either F or HN proteins wth M protein, however, had

little effect on the distribution of Mprotein, F
protein, or HN protein. fi 4 little to no

I l'izati thM t
wes obser ved. | Fi g Biine e PN 05 1 gl
COTHiS bkleMrbldds I?ﬁta\égﬁﬁﬁrhl%\%uhllag O%Hﬁ{ﬂ?t 19 Qlfgg%ﬁhﬁ% %a} J@N RLQfein

grotel ns into M protein contai ni
may 63@5&‘6?@%@4%ﬁlembrawlé'xmﬂé@mmthcal prcMaqse otein with at

| eqpps Jn\‘i@el%ﬁﬁ(:ts Wefét EhOSe J.lrkg: (Fa 15 é@ %R}legpgrtuéeia}?d with

di stribution protein
diffegegt eoppanirgtiong ﬁf Wotdmaﬁe Iénﬁkandslm tp 7ot/ axpec:teralpfhe M@dteﬁﬂhﬁ cell

extraefd WlaQQéfi’rtlsﬂtlg@{o'l&g %ﬁMangst p&te (?‘ Lﬂppe p§1ne1) I\i”he lower band

prO el ns. gure ane
beloy dhed¥ prodain i IS\M ptrdrteean digetive adakt uﬂdﬁmﬁmﬁﬁﬂ\i{ @rotédh hadly é)r easc

t th
resisflf b, Bl o ARG I PR R ol ol BOR pRAGRC it
(Figize b npidssad). nhenaiss distdption ﬁﬁ;h@ﬁaﬂtﬂldlﬂ'lﬁ&gbrﬁné/\@lﬁh @éﬂ@l pged

8 iR str ctur i stributed nostly al ong
he eggggrp%}?ﬁ%ﬁomﬁ( B IE ﬂ\g?r aﬁﬁlgt of the F or HN

priskern ngathegrthdse walltsoiaaionsztmtéd\that the Mgrotdf VLB e mEBiah&bound
particfféb Panel D. Although it is not necessary to

under st and the nmechani sm of an invention, it is

believed that this result is consistent with a nore

ordered assenbly of VLP Eﬁvvheln four proteins are
co- expressed. 30 a e results suggest
that co- Iocal|za@i%%gg%—§gggﬁigié¥¥¥ﬁ% i s detected
Wi M hr.ee i s nost dramatic
o AR o MR B AL Piafe: EisP e B3 e ety
Studymélu.ﬂ relsasa bﬁMLEuggbsatbsetnhabf antM bivteii genspeci fic
pr ' teract.ions i nyvol v in assenmbl.ing
C%{I"e‘k’%}e %%E“x Led “P@’ ”gf oSt Wlbéﬂa’“%}s&? g?’ Foi2ae SN 5rig the
absen@'tmfc_th}eM@qm eCafis exprebelﬁg kedokiibinated df}pi’otgfls ﬁﬁ%clkillg ® protein dl.‘ld not
| t |nter tlons i nvol ved i n assenbly
releas T P IR Bt s vt bV vof s e SRERP UERS
(exprés@deh par-WisPsorhiinatidgs) Wetd relinked 8r@n xRN 9ASur Cfiase
FiguR 3PP Rl R: R5 G, 4 and 5, and Panel ). .
These results strongly suggest that VLP release is mediated by the M protein.
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solubilized in 1% Triton X-100 and the proteins

present were precipitated, separately, with cocktails
w@boomomaspeci fi ¢ anti bodies for M HN or F protBCTIES2006/030319

Proteins were also precipitated with a m x of

anti bodies with specificities for all proteins in

order-to precipitate total VLP proteins (lane 6).

First, each anti body codisamiple26r eci pitated al l

proteins from \MPsottio/GadpikdinCOLotdlizationand NP,

al t hough the efficiency of precipitation for each

P r'ﬂhﬂmﬁm‘p&reb(ﬁldrewﬁirﬁxeﬁ therodplbRddy cadhgedtéih G VILP ﬁﬁbﬁbﬂﬁle

AI t h | t necessary
Specgﬁa@ g&ﬁlm o ?WIJFN p@ltpmsl vlrasldgtermmed by
nnmﬁlﬁiﬂu@%@éndehat these results are consistent with a
wor k aof interactions between all four proteins such
t %@S&ﬂ?& cpisyre wRuhsted gith aptdinreteiy or wtrﬁbl%rotem antibodies prior

to ceR P&ﬁieﬁ&ﬁ@ftlb@fb 12hit 6@ bNBKiILEINQE 4 s@ifﬁ‘der]\:sor I—ﬁh‘ ofﬁﬁugélﬁ
so suggested that proteins indirectly Iink e to t

Were é’ie‘ﬁ‘i‘eia iz Using O vo Tt X198 gndithen @P@qu;w ith M protein specific
antibBdCi pi tated than a protein directly linked to a
precipitated protein. For exanple, anti-F protein

anYcistynsicisdicpnteal cells abas/well asephly exprepting ingividully M, F-K115Q
or HI@ E)Q)tttﬁﬁsndéﬁ%nl&rdt&ﬁﬁt'tﬁé RRY BQ gddgﬁ@ g@cews%@%%?e% eﬁ?t&{)@tgd on

sfs here may et ween

the Slﬁfaé? @ﬂ the @ﬁ%le (lﬁgnre %tPamiﬁ)Fan’rwm erhigfiell diffpresyeplasmitiseining as

r
e AR S R S L
image)e

repBepsinicof efther Fios ENdrroteis with Miprotginphowesien Asdliktle pifeet on
the dfé@ibht@on@fm Sl%geﬁrf‘ g thmh: &}Iﬂ\ﬂ‘% ofif) q*“u{'_t!}ér plftgé g 16%o- 1&%&%&‘1 of F

proteln preci itated pro eln and traces o
or HIjp glypapreteiprivifyMerreisin Vima@ba’fensd Fignes 63)PangiB.sThess findings correlate

h .
wit h@ %r? %vg ﬁlﬁ/{,rg%ttl&eﬁ FFoAn F’f{'{?&)?dtﬁnggtt%é{l ﬁf&eng&c@?agﬁlhé/ VEPgTB{e?f)(alr
Wlse?;‘be??@if@%lplpl tat ed M protein and HN pr otein (Fl gure 65,

co- prgm pI tateHN pr otelt and rptnei n 'g ot
distrilgBiop gl prejein| HereexippleMeswoin esakiression mith gl apd $0besins

mcregsgwg? Eﬁ foclgﬁzgﬁ&t &P pfo% mﬁ&ﬁwm; ycﬁ&g; &4 ghr@g pnageﬁ C,

proteln S were a ease contai ni ng
This et ipfopsigtert-vh mn@rwcﬁ ig¢aqugoratigmtof HIN, pr ot protaius whedtyo

F protein, but not Mprotein.
pmtel?lg gu?gk @dtp‘glﬂiellu ane 3). Anti- Mprotein antibody

c WVhsnel ifqyir et WiFe @mdcpMs:vedI thé distributionredM profeirovasi changed to
4 hese -obser v S
more LR PR b BB G e IR BRREI W B gt e P
or HN prateint shamalFeogp@disddrvitnthe MagrdtsinwiFt goreR, Banell B0 Afitheugh titiabot
necesEar?quMrpcr odttgé 1mec (a)tmgr(r)ltof Ennlln\e/er zi’ion, it is believed that this result is consistent

with a more ordered assembly of VLPs when all four proteins are co-expressed.

-X

Altogether, these results suggest that co-localization of viral proteins is detected with

expression of three proteins and is most dramatic when NP, M, F and HN proteins are co-
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Al though it is not necessary to understand the

mechani sm of an invention, it is believed that anti-M
w@e@rmin4ant i body does not indirectly precipitBCEUS2006/030319

detecti bl e anbunts of F protein because an inefficient

preci pitation of NP protein may decrease the amounts of

?%Qﬁ}f g{eci' %l tated to very | ow | evels.
CXPIR§S 89 37elly alspypiargst fhat Bris v sperific meteinrnseteingnteractions involved
in asedra¥lingiphditRs F protein with anti-M protein anti body may
be disrupted by VLP |lysis. For exanple, when VLPs
contai ning NP, Mand HN were used, conplexes forned
with anti-HN protein antg ,ontai ned NP and M
proteins as wel | ag bl Bb&iT okl g4e 65, panel D,
lane 3). In addition, antT-Mprotern anti body
preC| pitated NP and HN proteins (Figure 65, panel D,
ahiés gmampipseddesidantificativopfssevarel spaifei psoteintinteiattions heolved in
Vchagggng eracts with both NP
and Hﬁﬁsirﬂgtcgr}ﬁgnuh%ec%ﬁ?ﬁ{rtt%er g%)nten'pl ated that, in
onadigaiéveibniebrled V%qupmteé ivrithaiifferéd® cpnidhaions ﬂmotems were
soluﬁé?zteﬁ'i@% T %ﬁe}E q\}l) and' tﬁé% ﬁx glesen(tjwe etpgecg)?t tg&s | tagitﬂy,o\%th

{ pr otelns In s res
Cock@tégh@@osmatﬂc @ntitexdies foz 31, ;Han‘ EipromnsaProm’t&I\ng@ﬂchIgEQﬁnated
thEl b f.el .ns nto oS, adn
wi e@ﬂ%tﬁ@&%ﬁh‘%@ c?itwlt\i’és rfcgrtalellprcg% sifls ‘8?5“(% %od)ﬁ%cqug total VLP
PfOteilﬁ@@nﬁv@d int he assenbl y of an NDV virus-like

p"#utsf gz!lcﬁ agtlll dgg%c\an)l(l rec tgé a\/grgfre g}stﬁgg%ff%lni’é“ Séil:m%f agl'N F

provi di ng,

and Nfp qlglgqugbgle efﬁcmlicmgf meChkamaﬁﬁ)f enchl} pmmﬁnﬁ&t)vlith ¥aeHnBbyN
t ransf ect said

spemﬁcﬁe} (i*‘ }gﬁrecfﬁ% ?.lgeﬁs eé houéh gel [ pecessary;to o gtaacyl\t}gd{l@pamsm of
an inygntert, itdobalicvddohe tissciesitithate chiesstas Witk a dbtSOASE interactions
betwe\é}m bif ?oul{ H‘%‘f urgstasﬁ‘téﬂr t%lc G %ec%qtgtll(%xgo l%frx'egrteglﬁtgg 1211Ct51;,r Hrg?lgg%{gg ggt%g other

threesia)iﬁﬂnswrus like particles so as to create a ceII-free
of Caim

PHED st?l’is at¥d s&%gsepca& Ehfltﬁ)rc% 1{15 Bdlﬁcﬂgaﬁ It%ﬁn@ pfeﬁlgltateq/gr@@ilrh\@ere

further co
less effisteptly Buemgltzgai lﬂalpz[ lapmmahnectry lﬁ{kecparatpr&:h}ﬁt&teﬁ ?ro@en@ 'Foﬁgﬁ

antl-FirrC e’lgl%n{:%)ldp glﬁjeg%latzﬁc vgy ﬁ%&g}’ 131” d\i proteng: \?el:ry 1nefﬁcPently (lane 3)

This observation suggests that there may be a direct link between F protein and NP, but not F

protein and M protein.

The protein interactions in VLPs were more clearly defined by precipitation of proteins
from VLPs formed with all combinations of three proteins. In VLPs released from cells
expressing M, F-K115Q and HN proteins, anti-F protein precipitated only F protein and traces
of HN protein (Figure 65, Panel B, lane 3). This result indicates that the F protein does not
directly complex with the M protein.

Anti-HN protein antibody co-precipitated M protein and HN protein (Figure 65, panel B,
lane 4). Likewise, anti-M protein antibody co-precipitated HN protein and M protein (Figure 65,
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conprises obtaining said particles fromthe
supernatant of said culture. 5. The nethod of C aim4,
wob@rein4sai d cell culture conprises avian cel PGT/US2006/030319
The nmethod of Claim1, wherein said vector further
conpri ses DNA sequences encodi ng additi onal Newcastl e
di sease viral proteins selected fromthe group
paneLByrigiess).i Hpsofesutsrstrangip ampsst thatghoMaireteinainferssisovith HN protein but
d a hemaggl uti ni n- neuram ni dase protein.7.
mﬁvﬁﬁgﬁ ? tE%pof CLain?%, wherein said particles are free
0 fVIlesmmesalkoerelﬂah&é asgaiuing NP, MNAd FEK1T5Repréteian SAREF @ebtein

ant1b8$y K pg%cq%g gﬂ*’lﬂn& tp(f(;r%%a uriﬁngt% %%)Iteo 12\ @é&uﬁeg{jﬁf, {)grleFé, lane 3). Anti-

M proteiqaniilsidn go-p&);lpttﬁt@d/Nﬂ laB@M proteid, e act MgoRRNIHigusé 6 panel C,

tane {0 5 ERE obsegrasiorngsits e Hpesid BRIy Bt ?v?t'k?ﬂ’“%?t@h? the
protehi ihteRicld 8&th NIUGEephfirk @attlDanBW@&iﬂ & 1t ﬁﬁéﬁ&,

n said host with s ci ne under
A %ﬁ% ngRaRessafy {0 Yess @ihs @e%aﬁlﬁwg @n tryertign it is believed
that 2wii M Brokdikk @ntiBadt ddeh BotddreRyQAGRE d%t'lectlb_ﬂ?ﬁmﬂ?ﬁsm?@ pedtein
Claim 10, wherein said host is selected fromthe group
becaysp A inefficlryt RiFoipiAfighot R profe may flsoxsesodhe amopnts PRE preksimod

precipitatddl i@y 18 1M1 T RltdnAREG, WMRNPI gtk RS Y Edyi8dd 16 ?f@ﬁ)i’tfﬁ@ F
one or .nore additional Newcast | e di sease vira

proteptheantidM iR pritholy Ay brdisraptedlly ¥bR st Forpxamplg, when VLPs

contali#$d 109 NP bR BNRverdused CoRPraR ThitheR Wﬁl%hﬁ‘-l-@rﬂoém antibody
henmn glutlnln neur am ni dase pr ot ein. A vacci ne

containSABFi2ad MEPrRisins a8 Wrlbaofil @rden (Rigwie 63, PR@I Paleps D} dwaddition,
anti-N kel Moo &) ﬁr@mﬁi@imr NIS WO M?éﬁ%e(ﬁfg{n% i ﬁaﬁéﬁ@ 1Me4§! These

matri x protein. The vaccine of Claiml wherein
obserg%noas #a P@l}sﬁe@éwab @e Fenslision thabthe %qu@uun@@a@ avithiboghy NP and HIN

proteiamt & furli® cHAGRpINed Bht, fd b BhndRimWiene 'pfbtéﬁblﬁi WEhlotef] S8y
further conprise one or nore additional viral proteins
interagl| ect ed from the group consisting of a fusion

PRI esue 6T RAGRIRFrea RS BT [R5@insin VLS as well as results of

hemag 1ut|n|n neuran‘nldase protein,
cellular co- 1ocahzat10n studies provide a rational basis for the incorporation of viral proteins into

VLPs and suggest that specific protein interactions are involved in the assembly of an NDV

virus-like particle.
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Claims
We claim:
1. A method, comprising;
a) providing,
i) an expression vector comprising DNA sequences encoding a
Newecastle disease matrix protein ;
ii) a cell capable of being transfected by said vector;
b) transfecting said cell with said vector under conditions such that
Newcastle disease virus-like particles are generated.
2. The method of Claim 1, further comprising the step ¢) harvesting said virus-like particles

80 as to create a cell-free preparation of particles.

3. The method of Claim 2, further comprising the step d) administering a vaccine

comprising said preparation of particles to a chicken.

4. The method of Claim 2, wherein said cell is part of a cell culture and said harvesting

comprises obtaining said particles from the supernatant of said culture.

5. The method of Claim 4, wherein said cell culture comprises avian cells.

6. The method of Claim 1, wherein said vector further comprises DNA sequences encoding
additional Newcastle disease viral proteins selected from the group consisting of a

nucleocapsid protein, a fusion protein, and a hemagglutinin-neuraminidase protein.
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The method of Claim 1, wherein said particles are free of Newcastle disease viral DNA.
The transfected cell of Claim 1.
The preparation of particles created according to Claim 2.

A method, comprising;
a) providing,

i) a vaccine comprising Newcastle disease virus-like particles, said

particles comprising a Newcastle disease viral matrix protein;
if) a host susceptible to Newcastle disease;

b) immunizing said host with said vaccine under conditions such that

antibodies directed to said virus-like particle are produced.

20

25

11.

12.

13.

14.

The method of Claim 10, wherein said host is selected from the group consisting of

avian, murine, and human.

The method of Claim 10, wherein said particles further comprise one or more additional
Newcastle disease viral proteins selected from the group consisting of a fusion protein, a

nucleocapsid protein and a hemagglutinin-neuraminidase protein.

A vaccine comprising Newocastle disease virus-like particles, said particles comprising a

Newecastle disease viral matrix protein.

The vaccine of Claim 13, wherein said particles are free of Newcastle disease viral DNA.
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15.  The vaccine of Claim 13, wherein said particles further comprise one or more additional

viral proteins selected from the group consisting of a fusion protein, nucleocapsid protein

and a hemagglutinin-neuraminidase protein.
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