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VI RUS-LI KE PARTI CLES (VLPS) Background of Invention Influenza virus is a
menber of Orthonyxoviridae family (for review, seé Mirphy and 5 Wbster,
1996). There are three subtypes of influenza viruses m ' ﬂ‘W B, and
¢ The influenza virion contains a segnented negativl mmm genone.
The influenza virion includes the follow ng proteins: heggggl utinin (HA),
neur am ni dase (NA), matrix (ML), proton ion-channel -protern (M),

nucl eoprotein (NP ( basi c
protein 2 (PB2), mﬁﬁ@e achﬁWﬁé%fmlﬁémmal protein
2 (NS2) 10 proteins. The HA, NA, M, and M2 are nenbrane associ at ed,

wher eas NPackpBfundRBInvéntionand NS2 are nucl eocapsi d associ at ed proteins.
The NS 1 is the only nonstructural protein not associated vvith virion
particles but 158686l -1 0f ec! Is the
nost abundant Igrot e%%lgﬁsﬁgéﬁife%iaéﬁr@a%%g% Jfogf} facflﬁe}l(i%r %w%% |aﬂ% are
envel ope nggtcrolﬂ%) é‘hmse arafthme(subfym ef ifnﬂuenszh lvnmwdésagnbueém Baamdl derhet ration
of the V|mﬁuel{)g IO lnnt oe ) . e;&g#\he sources of the. major

i munodoni nant. epi 98%%% i &regh P n??@HYer%ﬁ“F ATURY BF STEERFVECD tmuni ty.
Bot h HA amdluﬂb&tlmhllewmg pateins: (hamagghnmdx (Hm m&ﬁmhlﬂmrmar),tm&ﬁﬂmnﬁﬁﬁo&mf or
prophyl actic, infl uenz CCI H&L\]IPEIRn virus. infectio % n| tiated by
the attaclfEhgn 81fpr?tﬁ ﬁ‘e as¢ asfcd’mtﬁms]i@ )JPO ymerase

aci d- contwsmlpngexﬁel(PEt)apolmeﬁw &Edl&%btéﬁm?mtaﬁd ﬂ&ns@fﬁ&uﬁl - The NA
protel(g 20 medl,jg1 mcesm of the sialic acid rece and VI rus
penet 14t i BRIt eﬁﬁé 1 M1 o6 Migyare gymb F%Rﬁaﬁﬁ%lﬁtﬂ%ﬁﬂhefeéégﬁt@?l B Bdcad
endocyt OSN§2 ark RudlbRagsd 5’ds§c1£t6mﬁrbﬁﬁ1§ e NS’ltlﬂﬂé%hlyzrﬁﬂstﬁﬂgﬂﬁ%ﬁR@in n§ONt ai ni ng

an influenza virion, the protei n undergoes conformati onal chan%es t hat
lead to #ersiak with WP%P“H??@ Tt specifis forrinfucazaindectadroghs. G‘h@h{ﬁtpretgmah

M- medi at gkt bElRaR prtéin M Bﬁ@&z@

ri bonucl eopr ot el ns%f RNHI:l>s)ln R%dagr gtﬂgerhly%lhtq’(k)l t‘ﬁgﬁ?gﬁﬁéé{g’%e S for 25 viral
RNA synt hglggoproteips, raspriiside EODVIHIS affachimentend persimation of thergirdl phnticles mto thy cell,
neutradiz di ate
hei 1 Tof { Bareiotitf o Faiok HhhinodbER g ARk KER Rl R b g™

i nf | uenzaimmetg. Bt HAusdWas proteiss 2 eonbideredithe tnastimperthdtycofiponeparfent er al

adm ni st rat | o? .These Z%rvlaé/c%lésant vacci nes are produced in the allantoic
cavity of 8?‘}]3’ 8 8!

Influenza virus infection is initiated by the attachment of the virion surface HA protein to

a sialic acid-containing cellular receptor (glycoproteins and glycolipids). The NA protein

20  mediates processing of the sialic acid receptor, and virus penetration into the cell depends on
.HA-dependent receptor-mediated endocytosis. In the acidic confines of internalized endosomes
containing an influenza virion, the HA; protein undergoes conformaﬁonal changes that lead to
fusion of viral and cell membranes and virus uncoating and M2-mediated release of M1 proteins
from nucleocapsid-associated ribonucleoproteins (RNPs), which migrate into the cell nucleus for

25  viral RNA synthesis. Antibodies to HA proteins prevent virus infection by neutralizing virus
infectivity, whereas antibodies to NA proteins mediate their effect on the early steps of viral

replication.

Inactivated influenza A and B virus vaccines are licensed currently for parenteral
administration. These trivalent vaccines are produced in the allantoic cavity of embryonated
30  chick eggs, purified by rate zonal centrifugation or column chromatography, inactivated with

formalin or B-propiolactone, and formulated as a blend of the two strains of type A and the type
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30 chick eggs, purified by rate zonal centrifugation or col umm
chrondt ography, inactivated with formalin or R-propiolactone, and
formul ated as a blend of the two strains of type A and the type 1 11111111
Frer rerer reeer reeer rerrr reer il rti B strain of influenza viruses in
ci r cul at i Batran®figflidAea MunedinRaBsh@n ven year. The available
commer ci al f']n | uenza vacci nlgs are Whol élfg\%er%ls u%trlor%{?f)eﬁlrvi%ﬁea('% split
or purifi®glaP ciglipflvrars vagripessare sdolenvirgs (WK oM¥ibvaRa (SR, $eNdaulSed
intact, idugedd MALRMvithS ¢8RS es. cines treated wi.th saolvents such as
tri-n-butyl _pehos%hgte (F u-%“h%W,VWg’tnﬁ%%ﬁ%ﬂngaﬁwﬁ‘i“éﬁt?ii‘sn?féaWy all of
the viral Vagqmq;érteeﬁe@lmtbrs@wmcamjtrsmbatyofahdspma/m@shiemyuiy@m%deég MAGEI nes
sol ubi4 i z&d ., ¥\ A - 100 (Fl uzone, nnaught; Fluvirin, Evans
contai’n agg rl}ééﬂa%%ge g‘ﬁ@ﬁ“éﬁ%&%@é@? mGHomepfdhenprah eavistappsn SVyvaceinesisoluplized
resi dual wioTmtos Xel‘OOc(Fhleone\/'CbﬁiauglitfElﬁ{rhliﬁnzaﬁvaﬁE)Q;oﬁ'@aﬂxsag%{egatgg &58R onafmer

u

potentialygol dypAdapted |ive attenuated influenza vi vacci ne uM st
Med! mmu nelfg\/\z/!élg N}g‘r an pggy, r?)atg Al APR AR of oEeE Fira] pirisfurehproteinA afeqrresent.

comer ci ah posaEgecaé- minptedlivonriadiddinfRe el inyeys IRe Mg cat ed for
active in%ynr%édzat'k n and tée I ven&li on. of ié?sggggé/gaus{eg?}}é%ﬁ%%aﬁza A
and B vi rused THHEEPRVEAPGeehy A& Helr saremprcial uBgd 7 griawanasdllyage and

heal tHy deiludrédvatBind hdiart Jorakti AARmuAEM nant .products have been
devel oped ‘EF reggﬁn&i nant i‘ncf)l uenza vacciﬁéllg'lm{ctgﬁ |dé§1u8§9f secay, aches

have foc Bgmypesdn heplihy ghildermcandadolessants, (5ul 7 $daesaifiaphadihealliy

i nf | uenz adaPER-49 ydhrsaiFdedNA proteins, including expression of these proteins
usi ng bacul ovirus inf ec%ed insect cells (Crawford et al, 1999; Johansson,
1999; Treanor _et aII ., 1996?, viral vectors (Pushko et al., 1997; Berglund
et al, 1999), SEYrelERERMPIIEE] RTaducHREVe brengleyadpsd s mrombinant i9Bhza vackad or d et
al . (199%andlesenshdsah ' rressed. i n bacul ovirus infected
i nsecf_cel|s is capab eoé)cpéi}?agg_gdﬁg%ﬁgﬂl%ﬁe@?%’Ipff’ ‘z'téondF%‘gpd’é’@C@%P&soéd by
avi anH5 HREFnrtYPDAHA PN ADrefeins, yippdiiing\exprdasions aftRese ipAGeinS ikt d Wb uIBYiRk P

denonstr | - ssed_ influenza HA and NA proteins
e | rapoel it D6 (RN 2RISR st oA Sl o alts08). Byl vacton

convent i dRushke aiodi, 297 Betghmezoal, B399 kand DAOO9ccinb m&e&ggﬂ)ﬁéﬂw aﬁ%s@;f | cacy
of bacul ovi rus- expressed hemaggl utinin of equine influenza virus was

conpared to a icci ne . candi date (A sen et al., 1997). Taken
t oget her, the %%}‘fé%%?ﬁlst rﬁ%éégb%g#a%?d t?W’S‘FFﬂ&%ﬁA&éP@FSGQ@ bacalosires infectedjai nst
i nf | uenzansectags sivapablegerevantingdethal difhedzaditdasd RERADRLIAL HFANE H7NA

20  influenza subtypes. At the same time, another group demonstrated that baculovirus-expressed

influenza HA and NA proteins induce immune responses in animals superior to those induced by
a conventional vaccine (Johansson ez al., 1999). Immunogenicity and efficacy of baculovirus-
expressed hemagglutinin of equine influenza virus was compared to a homologous DNA vaccine
candidate (Olsen et al., 1997). Ta}cen together, the data demonstrated that a high degree of

25  protection against influenza virus challenge can be induced with recombinant HA or NA

proteins, using various experimental approaches and in different animal models.

Lakey et al. (1996) showed that a baculovirus-derived influenza HA vaccine was well-
tolerated and immunogenic in human volunteers in a Phase I dose escalation safety study.
| ngever, results from Phase II studies conducted at several clinical sites in human volunteers
30 vaccinated with several doses of influenza vaccines comprised of HA and/or NA proteins
indicated that the recombinant subunit protein vaccines did not elicit protective immunity [G.
Smith, Protein Sciences; M. Perdue, USDA, Personal Communications]. These results indicated
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proteins, using various experinental approaches and in different aninal
nmbdel . Lakey et al. (1996) showed that a bacul ovirus-derived influenza HA
vaccine was well- tolerated and i mmunogenic in human volunteers in a Phase
| dose escal ation safety study. However, results from Phase Il studies

conduct edth&tcosPmedtdhal €hitdHe i 1 man | unt eers 30 vaccinated with
several daoses of jnfl ugnéng \a/iast%% %@%%ﬁ‘%?%%@g@nﬁi&%amﬂ%ﬁﬁmlp&mwbns
i ndi cat ed" PHEVEHEDOERY A the gheitatioh ofmeutplifi Citib¥&es Oﬁlj;ﬁ:l,erh%%i jcit
protective immunity [G Smith, Protein Sciences; M Perdue ,~ Per sonal

Communi cat i onHWegardRE W th&8HA Sf Jupdk 2 that conformati ohal epi t opes
di spl ayed on the surgf ace of I—gfdﬁbgl“@eggapqr%tﬁ‘é’??%FOWW%F%EGZW@PMGMS wer e

i npor t ant “3PHidita 2 Bpmbsriof stndias kve beent castisdziun nchidingd@6 eRseriaiisRERIRE | Ve

i Munig y. infReaas i [ ' of other influenza proteins in
reconbi nant i nf | udéuﬁig{gl&\?/l’écwg? h}éﬁé gﬁﬁ&?‘&ﬁf“@@‘,’n with, Nrpapteni(Ubmerci ak, 198% &lberen

carried ofitl 19981 Zhan atplt A5 Tperer akribos). Myt Vﬁd&ﬁxe@aﬁdﬁﬁété&?&ﬁ%g%% eoprot ein,
NP, al on&o@osdd o?ﬁlfg‘gf-ﬂ . WIh .M protein (Uner et at., ; Unmer et
at., 1998; Znhou et ]ggt . ,@é‘i"g‘g’é&rﬂﬁ?’l%&eﬁa elicifesyphroadrinesioum sromiuniey thauvdi dat es,
whi ch wermmasidngstiglari(both Gdd sind IODEA iearitiry TRERY. Miekd ks icited a
broad spegt dr% b hattP ﬁgs ‘peﬁl mari | Seﬁéeilﬂe_lgﬁ %@e%g%tgméﬁﬁlﬁgﬁase +
mem)rll%c T ce NESQ) eSS P B AR %Vége\ﬁwutlﬂﬁ@f_mmtﬂdeNAherﬂ%d@I agvi ral
genetlilc wesitofrem eitpdraentsalith boaeO@ s8I TTUMGR 11 ookl d re _needed, as
10 resul tg, s, with ISo_wer -d%sﬁcagﬁlmgﬁnﬁ%ﬁf?&(Fﬁ?ntqtél-’or no

%)r c%xﬁﬁéi rrenﬁ. )
prot ection &P Ceiragr preclinigaland clipipal aeseqrol whp be rageirtd wiecvsilata Rletiisiincal

r esear ch Dix-bassdragstuadhedinktvavahia uc - based approaches
i nvol vi ng i nfluenza NP alrllld M \éare g%ffg?g%mggﬁ ge,’ eg?‘NF@lVﬁé‘Pgipﬁs’éW@t:

Recently, in an ailten‘g%\éto devel op nore effective vaccines for influenza,
particul ate 3“'8 g YR 8PVELoP e pifcvafactingd foeinfeddd, R ulke

epi t opes.prdthias wateiugdtiods @artess cTaMR ' an- M- based vacci ne was that
in ag:srral M%l eqi fr,ot ect vse_ ?ﬁmﬁ#ﬁ%&%ﬁ rgogeifuhes%%??ﬁ Fﬁ%ﬁ?‘&ﬂaﬁ&@réwe&qpﬂ@@foéy MR
lor ot I\/ES:I? SPRFShKiCRInE fvagthat in poTmyl stuilies pmm::ﬁveﬁtnmliuit%r(aéﬁﬁs?lnﬂiﬁ?i v@aSZ_?:E ﬁat i
ong M. diitidassyan ng termn usi on_partner wi e
- hepatitis 1B Vi rus g‘?%g?qgﬁ’?sggﬁ%( Egclgg%) ﬁ%ﬂ%%ﬁ‘s%@ R wpedd?3-apletis)2on t he
e e M i, b0 SRR Sl O, 0]
at . bot hnf; .an - HBC i nduce etectabl e

anti bodi es an prgg)gcte%%rﬁpfh%ﬁn%%%pﬁfw%ge ﬂﬁ%??@f@?‘%&ﬁapﬁidﬂﬂﬁe@aiﬁnm.uenza
vacci nes HOUTe, tibalibdzexbbilaiivlerni W erdBin RO IR, A8V S AR. P Ot ei 0
was %es%iecéﬁlelaﬂﬂﬁoﬁgg%ndf{%gn@ﬁ%ﬁgr . virion, was weakly an ¢! S

. i gent ¢,
unable to elicit an tind Ve ualikelyr thatdfataze infinénamsaccines would

be based exclusively on the M2 protein, as the M2 protein was present at low copy number per

virion, was weakly antigenic, was unable to elicit antibodies that bound free influenza virions

and was unable to block.virus attachment to cell receptors (i.e. virus neutralization).

Since previous research has shown that the surface influenza glycoproteins, HA and NA

25 are the primary targets for elicitation of protective immunity against influenza virus and that M1
provides a conserved target for cellular immunity to influenza, a new vaccine candidate may
include these viral antigens as a protein macromolecular particle, such as virus-like particles
(VLPs). Further, the particle with these influenza antigens may display conformational epitopes
that elicit neutralizing antibodies to multiple strains of influenza viruses.

30

Several studies have demonstrated that recombinant influenza proteins could self-

assemble into VLPs in cell culture using mammalian expression plasmids or baculovirus vectors
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and was unable to block virus attachnent to cell receptors (i.e. virus
neutralization). Since previous research has shown that the surface

i nfluenza gl ycoproteins, HA and NA, 25 are the prinmary targets for
elicitation of protective inmunity agai nst influenza virus and that M

provi des 39 r I nity to influenza, a new

vacci ne cgtr}fg?eg aﬁ{ae%%get 2 1@9% I\éé?&r[aﬁ:gs v%’%‘} ﬁé}aﬁzaamﬂlb)tcmmez-hertas

macr onol eéidl 6(r195f%ﬂ@mmsmte®thahefﬁmemfbﬂﬁaﬂoh%@ﬂﬁéﬂzh%@sde Enfs o EurL her the

jarticle fI enza ant di spl a comporma negP % opes
Ito hat eli cygtvgge%{l | ZI N H%W&ﬂ?e&%pﬁ) ?ﬁﬂ%ili‘q@ﬂgnmymmlm cx;fressmhlpmmz@ P

Vi r;Jses B@edSsyseenaﬂor g&mﬂhﬂgrﬁ@ﬁe%ggﬂm@VLp H’ﬁ'ﬁseﬂf cﬂets %WB, antlﬁlléq%lﬁenza
prot ei ps a e into s i'n ce Afn
expr esg i 0%9‘% 'é’?ﬁe é%‘a%? ?@Qm%?ﬁﬁdd}ée fpeBatinnef mu@mﬁﬁzpsau erseaselgtmﬁ&ted 1999;
Neumann etvithkrecomBRAR batidd i caBghrtRInar ). rtas et al.
(1999) de nstrat@g tﬁat ef fi c?ﬁbr{t %‘nor%tlﬁé’g&%’f %eé’ﬁi Aestdissends on
the expr e nonstratgan inflysnza,yirign Prﬁtmsennssel%mmmpﬁh c8lexpreAQ) eSHRRL | Shed

a mamael i esMsexpressi on plasn d- based system for generating infecti‘ous
i nfluenza virus-like particles entirely fromcloned cDNAs. 5 Lat ham and
Gal arza (§001 reported the fornmation of influenza VLPs in insect cells
i nfected L nt bacul ovirus co-expressing HA, NA, M, and M
_ genesb&These studies denonstrated that influenza virion proteins may
sel f senbl e Amoniufgctoﬁie @ssiifventith sSumar | nvention
10 Accordinhg to the res;ﬁnt i nvent | oﬁ*%%%og%clu&f rogﬁlﬁ?mﬁ%‘fsé‘ﬁ&%‘fi?%%tures
are provi FEPTERAYD PHRTER LiEustyperh HONR| aoding acarienass farype (PenHINR AR RON

AJ4006 Sk GenBank A
SNﬁq“Z?ZSS%é mNﬁéﬁnBankﬁf\i‘%ﬁ%?‘?n'**“*ﬁ%%ié%@é%%ﬁm%qs@&%gwﬁé&ié."Bn
No. AF255 ég? %WSQI@N@MZﬁaéﬁsmm (GenBARR AB0k4=kdn K5O f5@§421_|§%?e65eh

or Bank

conprise 4d codi ng seguences
15 Accessi onmmc{_)ﬂﬁﬁsg%%%égﬂﬂw% for ?‘%ﬁﬁ% FRAESE@IEBFas fOmiBA ((BMMOB) The
genont RAPRessiand¥eliAda] k%é)smd.foxfm@aaaanw&bes%ﬂm mm&%' Bl ggt ed

i nfl uenz %b ql ﬁﬁ or . fromti sues i nfl uenza fect HOIBIF
Each of th CHII%&%l&ng Seg(%au Atal genes F’&?hg? He aéﬂ&rﬁémbmﬂumza e'nmmsolatss dﬁﬁi‘d”msn.ﬁﬁest ypes

of infl uequeﬂumzaﬂmfelcmdcfgaﬁsﬁs ABABSIf ERAETS: nal ters within
are expressed in cerll'%tslémgggs °p HeFon

expressi op_v rs
provi des’ ﬂm ‘3 ‘(%RBSI géﬁuﬁﬁ’zapw & Gongd Fi%’tlsilfeém@énaHmpmal(mam@celfswlﬁn

expressmn vectors and are expressed in cells.

20 Thus, the invention provides a macromolecular protein structure containing (a) a first

influenza virus M1 protein and (b) an additional structural protein, which may include a second
or more influenza virus M1 protein; a first, second or more infiuenza virus HA protein; a first

. . . 4 td
second, or more influenza virus NA protein; and a first, second, or more influenza virus M2

protein. If the additional structural protein is not from 2 second or more influenza virus Ml

25  protein, then both or all members of the group, e. 8., first and second influenza M2 virus proteins

are included. As such there is provided a functional influenza protein structure, including a
subviral particle, VLP, or capsomer structure, or a portion thereof, a vaccine, a multivalent
vaccine, and mixtures thereof consisting essentially of influenza virus structural proteins
produced by the m_ethod of the invention. In a particularly preferred embodiment, the influenza
30  macromolecular protein structure includes influenza virus HA, NA, and M1 proteins that are the

expression products of influenza virus genes cloned as synthetic fragments from 2 wild type
Vvirus.



i nfl uenza virus ML protein and (b) an additional structural protein, which
may irclude a second or nore influenza virus M protein; a first, second
or nore influenza virus HA protein; a first, second, or nore influenza
virus NA protein; and a first, second, or nore influenza virus M2 protein.
I-f the addltldihahnasﬁommdﬁculr rofirOd@ second or rmre i nfluenza
virus M rotein, thenagﬂ())th or gﬁéﬁaﬂ%e?%E@ %’nﬁﬁﬂ}‘)&%ﬁ ghuggl profein st and
second in fﬁ%ﬁ’? » RBUSIFIPTRICI R e mambrag e prateing firete épeciS oSiERan ﬁ(ﬂﬁ‘ﬁfﬁlehéd

provi ded vinis¢sngl b dtabrinehptdigh ructure,. jncludin subviral
particle, VLP, or. capsorrer stﬁ‘raﬁlg{ﬁ&%éhﬂu RUOa: Waﬁhﬂ?éc§8$dgﬁ@ﬂ@m0me, a
mul ti val eRRMMYiARorigems %@lﬁnﬂentwb%eﬂdfanﬂimhzmaﬁlﬁélhmg td %H% of

e

i nf | ueNzanithd; I oLl NS roduced by the rret h
i nvention. | rrllH iv@e??étjlo%%@{ @anr%laéflg? P@%agﬁﬁ'&ﬂ? Féfremoleqdar prpteinetraeme)

macr onol e¥liFkinciestagiontiantaf atlbast end pretertiesinighfhdlen 28t and Ml
proteins that are the expreSS| on pr oduct sgof ﬁ(?l ueﬁr%g{'ialhl'\é/<|i F@‘sﬁﬂg@ﬂnzéémﬂsl oned
as synthetic forRgRERRALT; t rus. .4 The macronol ecul ar
protein structure may a so | qcc%&gﬁmdt}?ydﬁ%‘ﬂd@g?@@F{ﬂﬂwlecplaopmtam for
exanpl e, S&ﬂﬁ%|tba§mtbes¢if emblemmmﬁxoaﬂmm@ﬁ @td&§mﬁ1’h%c§ﬁ?ﬁ¥tesf gther than

noni nf | ugp e ein froma non-influenza source,
whi ch are ﬁ?aééegﬁ?ﬁ%ﬁ%g\%%ﬂﬂ%‘?ﬁﬁ Vﬁfﬁ ;‘ﬁ @Flabllh%toaﬁﬂa&sﬂmblemmhomu@pmpes

of i ¥ uesm Baterptypissviruis il patticigs SUPSYRE: derRFoBfBmb Lt HeReRs iR esa Al
I C

I nventio nmeric. cronDIecuIar protern

i ncl udesrbag%ﬁoéls' thrbtl)n g’fmgflﬁfa'hﬁ‘g 1[:)Sr Bekara prosertive 'ﬁnermmbgttlcﬁmha)plﬁmuced by
i nf | uenz avavdizemmpokitien evhidh@MoQbnthinf b HERiEAN Lishe pr ovi di ng
a macr onol cuI fﬁl ein structure that may Ylggglé(% n@ g' tignak ¢
cell fronfd" Hoe # BRtid Od%égamwmees&ms q@&ﬁjegbmﬁﬁg,ggt ure of

t he i nventifuetegeading biewabthérithe) l; o..ho ic 10 or
het er.qt ypi ¢ v?ﬁraus %I kVev parrt [ cﬁlfeugshoEﬁ @@?ﬁ@#&?&%@‘ﬁéﬁ 5 NieRTPigiRg from
epi t dpes R OHRCHYEFaNIaES 6F BDeRs Thﬂmctcineahaymnﬂudmuﬂﬁ@ha FHridChr@Bink B ér@%zﬂhhat

are prot agfd MBuenZEink t y ci ne conposition, Ich a
cont ai nsqgﬁ car rﬁngr %m%ﬂe lir&'ér g?:?/ he gﬁucggjaﬁvgtfqps cqmEning hetinfireaka VLPLfdruenza

VLPs eli calﬁom?@lﬂtfﬂ&reio,ﬁlmﬁgf tardtm*&rdc&oasthaqammtstrﬂﬂﬁoﬂﬁﬂ es of
i nfluenzg,g %héau‘sdcgg& $39,49 e&g the functi ona%@@uér%gﬁﬁ%ési%gnt ain
HA and/ or NA protel ns rode’smsé?{E uHﬁ‘P%ORﬁanaﬁs@tqhaﬁtnmt@tlvet inpemity The

vacci ne ragginitiood ordeore sfrdivesrzgpey bf inSudiotBhd)S that are wild type influenza
virus proteins. Preferably, the structural proteins containing the

i nfl ygnza VLP; Qﬁam%me?ﬂﬁlhr}mtemﬁrpvﬁggggf% y be derived fromthe various

strains of wild i ype In givention may exhibit hemagglutinin
: act1v1ty and/or neuraminidase actmty

The invention provides a method for producing a VLP derived from influenza by
constructing a recombinant construct that encodes influenza structura] genes, including M1, HA,
and at least one structural protein derived from influenza virus. A recombinant construct is used

25 to transfect, infect, or transform a suitable host cell with the recombinant baculovirus. The host
cell 1s cultured under conditions which permit the expression of M1, HA and at least one
structural protein derived from influenza virus and the VLP is formed in the host cell. The
infected cell media containing a functional influenza VLP is harvested and the VLP is purified.

The invention also features an additional step of co-transfecting, co-infecting or co-transforming

30 the bost cell with a second recombinant construct which encodes a second influenza protein,
thereby incorporating the second infiuenza protein within the VLP. Such structural proteins may
be derived from influenza virus, including NA, M2, and NP, and at least one structural protein is

5



i nfluenza vaccines may be adm nistered to humans or aninmals to elicit
~pfotective imunity agai nst one or nore strains or types of influenza
“virus. 20 The nmacronol ecul ar protein structures of the invention nmay
exhibit hemagglutinin activity and/ or neuram ni dase activity. The

i-nvent i oniefiv@Mrée svign lhdRdallaa oriph® d4 ¢ Piderived frominfluenza by
construct.iﬁ%aa recombi nant const ?ﬁgt'w?hgt?ucgﬁ%{ka%gmiw&ﬁgﬁfbdw@?‘F\i‘é@Br al
genes, i AETTRAFHYrUSES. Agaording feiths inveatien, thteosisdetl metylbeal eupar9bied delides i ved from
i'nfl uenzaadujﬁbﬂstheszgﬁ@gpg@ﬁ&teﬁf%%truct is used 25 to transfect, infect,
or transforma suitablé host cell W th the reconbi nant bacul ovirus. The
host cell is, cultured under conditions which permt the expression of M,
HA and at | eadt® BIVENtogpisy deatiren a petbec phforeulatinerh dimg sobsnhtd ety &US and

t he VIsP iigfiias bi; clﬂ%sge - i.nfected.cell nedia containing a
functional i nfﬁglr)\_lz)gup\c}légui S h%o(ri\?/délléat%ggn%ﬁamf ﬁn@o@xﬁg, WeRza Vi) games imichhst

i nvent i orf°ii ¥ #fleringseléassembly of thearramist@pinateeoviLIPRGERE 9 furf e, €Ct i NG
or co-tr%ﬁfo%m&get@gé’;p%eﬂ:pﬁ}ceﬁseli.%wlé}]h a second reéconbi nant construct

whi ch encodes a second I ntruenza  ptot BHHeEZ2 Vhriisglated ead poifiadiand atthe second
i nf | uenz &ubttaceisfompjuidiedrontaming the infuetizaSVIRI CIH @ g Rb&hSeRsay Bdher QG 1AST | VEd

frominf |aH%Hjé@'g1\f_i E%Siﬁk’?’gd}né’%%@gﬁyﬁl;o"ﬁ’ anq NP, and at |east one structural

pr ot g]:on i's errve Tor fognHatingphdsug produdt byal
pr ot eifn metingeuch asdring substarke @6mtaiBingian ihM@RZAV VP Gk s ding to the
oy, D6 o i ?ﬁ’lphdb\%g‘ggcr HrohBO HEC vLp

i nvent.i on,,. . ho cell .may, be a eukaryotic c

may be aq?hﬂ{ ‘;r]reglrclﬁc %%Eslb%mfﬂ aﬁﬁ%%i’%ﬂr bet&rgtypis MLdisaraybudes hoctlapbd patiers at i ng
a drug sUitest the defeataindelis. MRGuadedSnfushl4l | ducl recombi nant
const ruct encoglig?t%gi nf | uenga viral geﬁg‘?}nﬁ% éélg{eﬁta@gw%ﬁegﬁa al | owi ng

sel f - asséNHSH o SelBmB chramatography endmg vibsahcepnod &irmaiatdatomd of wagt | onal

honot ypi adfafteieh o Ney i | % influenza VLP is jsolated and
n e, & B oF Mol B B S e Bichas yasshea Vi P

purified and a drug substance is fc ( , L

The df_ug 1@1){8%051&21@& DIPYide preenhapgst umimutnalnglaﬂ jegdﬁﬂire fdrémea?gbltégéarli% uidhe

i nventio : at.| rug product, m xi n
PaREONS 465 1 328 RIHGds {n%{)lgg%{e%m%gﬁ?ger gp y J

such a drug substance ‘contal hi n AP wit h a lipid vesicle,
i.e., anon-ignic |jipid vesicle. Thus, functional honotypic or heterotypic
VLPs may bud &8¢ &eréion peridsae miethiod for detenting inendralfigeiuady &fhhSensd Pgubudded

i nfl uenzagniy ; [ urified hy ulgracentrifugation or
col um chr o&ngo'?ég? g%’%gmge:@ r%‘gasng Egetsarﬁgé?t H‘ﬁ](’f%@ﬁﬁ 8¢we anfibody-detectiviet h
adj uvant éiﬂ@u@trpfaﬁlum_afmms(cm)hav&gm Tedst@ine ednfOyenaB M@ epi{di',g of afSundl g

produgt s vid§ Hxa@rﬁm\éé&ﬁh%%c‘mre. The test reagent is contacted with a sample of bodily fluid from
a vertebrate to be examined for influenza virus infection. Influenza virus specific antibodies
contained in the sample are allowed to bind to the conformational epitope of an influenza virus
macromolecular structure to form antigen-antibody complexes. The complexes are separated
from unbound complexes and contacted with a detectably labeled immuno globulin-binding

25  agent. The amount of the detectably labeled immunoglobulin-binding agent that is bound to the
complexes is determined.

Influenza virus may be detected in a specimen from an animal or human suspected of
being infected with the virus by providing antibodies, which have a detectable signal producing
label, or are attached to a detectably labeled reagent, having specificity to at least one

30 conformational epitope of the pafticle of the influenza virus. The specimen is contacted with
antibodies and the antibodies are allowed to bind to the influenza virus. The presence of
influenza virus in the specimen is determined by means of the detectable label.

6



15 Novasones(r), which provide an enhanced i munol ogi cal effect, are
further described in U S. Patent No. 4,911,928, which is incorporated
herein by reference. The invention provides a nethod for detecting hunoral
imunity to influenza virus. infection in a vertebrate by providing a test

r-eagent i ncl udibagnenti®f Vi '&Q:?éé unt of influenza
virus protein having a ﬂrlggggstrﬁ%tﬁgkcon o&gn%ltl orngg‘g‘pf“E C¥HNGPPIOMCHYfenza 20
vi rus macBHBrEeshre bKPﬁiIG@H‘ﬁf@g trheertebsate wegtietive dArso@06t 86 batboMtoh oAmsanp! e
of bodil yinfdngosl from a vertebrate to be exam ned for influenza virus
infection. Influenza virus specific antibodies contained in the sanple are
allowed to bind to the conformati onal epitope of an influenza virus

macr ool ecul ar™EFaEelyrthe mguense VLA firagerbstands e foanpheX 8Slabok8rycoMpl exes
are separgh@ets ubsamr MARGHIR JirORRL tacted with a detectably

| abel ed |% |.obul i n- bi ndi n 25%%2%(?&%‘%%& F‘ﬁgnﬁslﬂctafﬁévsclélfbéélﬁ‘&ml%ﬁ

| abel ed i B%ﬁ‘ﬁb‘tm far Beatige i ualg?émrus hpadmisiskoipen tHediie amGQHBE £X€S 1 S
determ negbmploggbym@m%}{tgﬁ goﬂ%ﬁgt ed in a specinmen froman ani mal or
human suspected of being In ecte *he virus by providing anti bodi es,

whi ch hav & det ect abl e signal producing I|abel, or are attached to a
det ect ablm%ﬂﬂ%hh@w ng specificity to at |east one 30
conformati onal epitope of the particle of the influenza virus. The specinen

tacted 19 dtoth
i s contacted \Bigde 1 déﬁmtbfhélna@ie@{ca@! sédﬂ@n&'ﬁf’a@iﬁﬁime&r ﬁﬁlﬁjﬁ %%% Q?Zézwn o the

i nfl um‘n a@fé 51 The presence o i nfluenza virus
det er i ne b{% FEuseusminifase (A beans (SEQ MADEY:1). 6 The i nvention provides
nmet hods for treatment, prevention, and generatl ng a protective i mmne

response by acmgmstiqﬁcttmxetneclaoti&%é baclc? Ly
conposi ti %6 |nvent| on. Al teq‘rﬁnatl ng&nﬁ] e Il’ﬁ/ﬁ rrg D) 3{:? ug

subst ance ?’Fr%g‘étf%’a(%%) $e&5(§r3é35391052)r eagents used for influenza
virus structure studies and clinical diagnostic assays. The invention also

provi des a ki Figfuse 3 teppas ihoaubindtlde 88@an sl ter ffective
amount Of%ﬁNngﬂ)fOSI tion of_ the m%ntl ﬁ@ﬁ%@?@%% kB‘?"/ﬁgéfggBrl ef

Descri pti GO (WU gene (FBRIIBINOBRe nucl eot i de sequence of
avi an influenza A/ Hong Kong/1073/99 10 (HON2) virus neuram ni dase (NA)

gene SEQ | D Riguid 4 déalgyme tranﬂﬁpﬁeﬁtbﬁ 6 avi a
nf I uenza_A/ Hong Konal 107 3 nfHEhi&EO G R IRE 0SS Oviuses for
CXpIessiono aviatlinfluenza A/HOHE Kong/1073/99 (EI9N2) HA, NA, and M1 proteins. Figure

4A depicts a transfer vector for expression of individual genes and Figure 4B depicts the transfer
vector for multi-expression of the genes.

Figure 5 depicts the expression of avian influenza A/Hong Kong/1073/99 (HIN2) virus
20 HA, NA, and M1 proteins in S£9S cells.

F1gurc 6 depicts the purification of avian influenza A/Hong Kong/1073/99 (HIN2) VLPs
by the sucrose density gradient method.

Figure 7 depicts the detection of influenza virus protein by gel filtration chromatography.
The antibodies used in the Western blot analyses are as follows: (A) rabbit anti- HON2; (b)
25  murine antl-Ml mAb; and (C) murine anti-BACgp64.

Figure 8 depicts the detection of avian influenza A/Hong Kong/1073/99 (HIN2) proteins
including subviral particles, VLP, and VLP complexes, by electron microscopy.



(HON2) virus hermagglutinin (HA) gene (SEQ ID NO 2). Figure 3 depicts the
nticl edti de sequence of avian influenza A/ Hong Kong/ 1073/99 (HON2) virus
matrix protein M (M) gene (SEQ ID NO 3). 15 Figure 4 depicts the transfer
vectors for construction of reconbinant bacul oviruses for expression of

avi an i nf | uenzBigwsd PlaspictsainghehOig hAioHANRD g 20d rofeins. Figure
4A depi ct X8 iﬁﬁ&gi@ﬁ ¥e%or fog}hexpressi ot?]’%g\lp I ncﬂ%imﬂ‘d%ﬁu OR8d Figure
4B depicts W{ A ViBetor for multi -expression of the genes. Figure 5 -
depicts the expression of avian influenza A/ Hong Kong/ 1073/99 (HON2) virus
20 HA, NA, andFiftire pd demicts Shei rRuRfmidSisS i ,%gﬁ g 0. depi ct s

purificat i.on /?{73 pgﬁ? h{u{r]ltréenza A HSng @Ké’fﬁ %@&aflﬁg{kﬁ?za\}t&mgby t he
sucrose denst § ¥ thod. Figure 7 depicts the detection of

i nfl uegza virus protein by gel filtration chromatography. The antibodies
used i A the WSSgwe hl Bbmitts iy eesa @@ ’ rabbit anti-HIN2; (b)
25 nurine_a Bmal\l/lljfﬁb anﬂk(c Tur | r?.e ant iegg%&%g&%lgﬁr%wgogmd‘éﬁ’ismof he
det ecti on o AUT &AL FRFA Y, %}Hf@f:ﬁaﬁgﬂ Réenza A7HOQOK (I NZ/B/9OIEDRR)SLP4 ic! udi ng
subviral paeticles, VLP, and VLP conpl exes, by electron mcroscopy. 7 . e -
Figure 9 depicts the hemagglutination activity of purified avian influenza
Al Hong Kong/ HONZ2) VLPs._ Figure 10 depicts the neuram ni dase
activity of pljjig @é 2%1%)\}?%@3? % R ATRpERgiCitK GGy HOMBE MNPt/ Ps. 5

Fi gure 11redembindns inflnenziarHONG VBbd. RRpuRNG AD dule.for the

i rmunci)(genjw%‘%_% sélﬁ%ﬁ f  recaonbi n%ﬁrt% in ‘{le‘ég:gsz%&vhf‘flﬂbm?‘f%%%ed

i nfl uenza g a}/}'IPGfQWQQSC(iH@HQ-) Nih. pad Mil proteioe frofri ayish enfh@n£ho@iu he t he
resul ts oA/RANZHongle@niorsoy. siu)izBRied ' ;zed with reconbi nant

i nfluenza, HON2 VLPs. Figure 12A depi ct cég?ﬂg %@%QMW‘PMM zed 10
with recolffit VR pRACH B g ainBeny intAypeak BIOMR Wiir®tabtas with s @l

I nf | uenzaconkainise fn¥dRaredatiINA{ 0 Figure 12B depicts sera
from New Zeal and whi '?g raabbi ts | %%%égﬁﬁam%g??@@t%@@ﬁdmﬁd avidnuenza

virus typEHRCIERRpus e FOND: (lrdesd anid 4\est ern bl ot's

15 Detailed Description of the Invention
As used herein, the term “paculovius,” also known as baculoviridae, refers to a family of
| enveloped DNA viruses of arthropods, members of which may be used as expression vectors for

producing recombinant proteins in insert cell cultures. The virion contains one or more rod-

- shaped nucleocapsids containing a molecule of circular supércoﬂed double-stranded DNA (M
T

6 6 : .
20 54x10°-154 x 10°). The virus used as a vector 1s generally Autographa californica mclear

. polyhedrosis virus (NVP). Expression of introduced genes is under the control of the strong

promoter that normally regulates expression of the polyhedron protein component of the large
nuclear inclusion in which the viruses are embedded in the infected cells.
As used herein, the term

“derived from” refers to the origin or source, and may include

25 naturally occurring, recombinant, unpurified, or purified molecules. The proteins and molecules

of the present invention may be derived from influenza or non-infiuenza molecules
As used herein the term “first” influenza virus protein, i.e., a first influenza virus M1
protein, refers to a protein, such as M1, HA, NA, and M2, that is derived from a particular strain

o . : .
ot influenza virus. The strain or type of the first influenza virus differs from the strain or type of

30  thesecondi I I « "1 i In, i
second infiuenza virus protein. Thus, “second” influenza virus protein, i.e., the second
8



containing inactivated avian influenza virus type A HON2 (lanes 1 and 3) or
cOl d- ddapted avian influenza virus type A HON2 (lanes 2 and 4). 15
Det ai | ed Description of the Invention As used herein, the term

"bacul ovius,"” also |aiown as baculoviridae, refers to a famly of

envel opedinfidzy/vifut3EE prdfeid kb 6P i fp AL £h ‘be used as

expr essi o vect or foIr) _produci_nég)ﬁr%ggg’%g?ﬁ%ﬁ\gﬁmgﬂi >t Isdertyed) |

cul t ur es. TR & SFPRG PrRRrinliensa v, whichr ediffornt srhimpe typa Wdn QRS RS Sonza

cont ai ni n@n@prodiecul e of circul ar supercoil ed doubl e-stranded DNA (M 20 54
x 106-154 x 106). The virus used as a vector is generally Autographa
californica n:ﬁzl e‘gg aol%hedrgsi s virus (NVP). Expression of introduced
genes is under™S{URed RegiRrtBe tear “hemagsiuBingCtiying meftms to theabilibosIFeA leimthigidyl| at es
expr essi Oftofns,t\VTeps Rk i _ f..the ]arge nuclear

i ncl usi o(rjlmi n whi chp?lr%) il; %@ffg’ﬁgﬁwglgﬁ%%ret%%oq%ﬁh%{c%@:ew%é_ As used
herein, the tgrm"derived frogl refers to the origin or source, and may

i nclude 25 nz\sd’fs TP RUPHR nefuranipig At ashYiey,” refem do thioatimanic agtvidyfor RE.-

mol ecul esconthidngprertial, VI AN JHRERS LRI esent. i nvention may be
derived from.i ng?jluenza or nol,jrqls?t:1 nf ﬁﬁ%ﬁ;gﬁ%ﬁ%g‘ﬁﬁ%@?&&g‘dﬂ? %@’?’é‘ifﬂest he term
"first" i'hfY Qs SHL 35 i n, i.e., a first influenza virus ML protein,
refers to a protein, such as M, HA, NA, and M2, that is derived froma
particul ar st igiused Hefeih Hhd ©8R i - strain or.type of the first

i nfl za.virus differs from f%é&g rgi F\e-f%r?tot yﬁgkgﬁore déétg PYRES OBHEISRE | uenza
Vi rus pro’f“é‘F'n. Thus, "second" influenza virus protein, i.e., the second 8

i nfluenza virus ML protein, refers to a protein, such as M, HA NA and
M2, that is desiwakherdis, a8 @ T 3 fond za virus, which is a -
different strain or type than the irsltfllfeigsnt Ioﬁ%ﬁ%%&ewmrnuos#%t ein. As used
herein, the t%rsmsé'd engl?%lléuti nin activity" refers to the ability of

HA- cont ai ni ng 5 Br 6T P 1S TR pracreRolselir psytein sieataro? refars toi thelcomBigluction or
aggl ut i narengeatntdfond oc@bleprteihyt hr ocytes). As used herein, the term
“neuram ni dase activity" refers to the enzymatic activity of NA- containing
proteins, VLPs, rtions thereof to cleave sialic acid residues from
substrates i%‘élug%llh%gmbrt%ettgﬁsmglﬁﬁﬂe qucgtneir?fgrsm;a VRsee hgaimst multipheetygesr m

" het elSot yisttding effisfhuentaovimee or nore different types or strains of 10
virus. As used herein, the term"honotypic" refers to one type or strain of
Vi rus.

As used herein, the term “non-influenza” refers to a protein or molecule that is not
derived from influenza virus.

As used herein, the term “vaccine” refers to a preparation of dead or weakened

pathogens, or of derived antigenic determinants, that is used to induce formation of antibodies or

20  immunity against the pathogen. A vaccine given to provide immunity to the disease, for
example, influenza, which is caused by influenza viruses. The present invention provides
vaccine compositions that are immunogenic and provide protection.

Influenza remains a pervasive public health concern despite the availability of specific
inactivated virus vaccines that are 60-80% effective under optimal conditions. When these

25

vaccines are effective, illness is usually averted by preventing viral infection. Vaccine failure
can occur as a result of accumulated antigenic differences (antigenic shift and antigenic drift)
For example, avian influenza virus type A HON2 co-circulated with human influenza virus type

A Sydney/97 H3N2 in pigs and led to genetic reassortment and emergence of new strains of

9



As used herein, the term "macronol ecul ar protein structure"” refers to the
cbnstriuction or arrangenent of one or nore proteins. As used herein, the
term"nultival ent” vaccine refers to a vaccine against nultiple types 15
or strains of influenza virus. As used herein, the term"non-influenza"
r-ef ers toLBMAY oileénza oruswiesmbiemichatentis) - ri rom i nfluenza virus.
As used herein, éiﬁte. term "vacci ne!?,argfer(ga%l%etgz?p#og)ggr]&ttg%ﬁvemofdb@:d or
weakened “patRogensitls ?13’8?@1?W@ét‘eanpingsmmﬂmmwamaﬁe%otm@h is used to
i'nduce formation of antibodies or 20 immunity against the pathogen. A
vacci ne gi ven sootheradsetefor apahdity dr e dl.588se,  for . exanpl e, influenza,
which is g&k’ﬁt%g et%%.i nfl.uenza vi r%,ses. T'-ﬁrzeaq%?es RPERS ?Eﬁllaﬁp(ﬁ](»'\ﬁhms
vacci ne conpos! ti W%ehﬁ?@byﬁﬁﬁﬁmm@mmﬁmmmge@ia%Sﬁ%h?éﬂ%aéoﬂﬁ—éluenza
remai n§ amms&ﬂwsw&i&éadagéﬂu?re%%ﬁg%bcgesgi%fe the avallabi[1Ty 0
specific e]'grﬁn?c.ti vated_vi rus_vacci nes that ars 60-86¥peiepeeginicty andiade
optimal cBATITT SAYE AR 1oHisHs 28 poarte imith allapies RichBEbhAE ofd bOGRR b2
usual |y aueftetaifaddirBeRtiiigetl . I nfection. Vaccine failtré ~can occur
as a result of accumul \gt ed anti lg’iﬁelﬂlhlgén F‘f‘?’&?"é’ﬁ@@@‘(%ﬂ?‘?j’@mvwcshift and
antigenic drifg).. For exanple, avian influenza virus type A HIN2
co-ci rcul at ed ‘%ﬁld(“ﬁo’ﬁﬂ}ré??cpwqddéﬂwzwvmabm oftén RyldBetniln HRNA i A0 95 and
| ed to geNatdosforBamaalr a5, v, L e. of new strains of 9 numan
i nfluenza_virus wit hr#egn emic .poﬁgﬁtnlgg?ﬁ@éiaﬁ%\g@ﬁ angd play po@idrrolt m t he event
of such BREPEEAEEINS FESeRse. Thus igativhtek eiral vidvides G WeBAb sHAC HLASSoU! d
provi de amiefihdre iRhAGHHRR r&@ﬁ%@cr' [eason faor the paucity o? Hf 1 uenza

| &t e&& Vijdhadeetaisreateetion. mtim dtyer @Andci t ed

vaccine prograns iis the relatively o

by the c urfﬂﬁ‘gﬂ‘f‘m\?‘&%' iPFRSGIN StRipurese suchias OEGbiBGY, ngvﬁamgﬂagsé g% (Elg rg{,%}%l, %Pﬁ]gl &

measur es mekbRGhS; sr@ﬁh e . use .of current vaccinhes

r eact ogenj ci P y a%gl Si %{’ gé‘&e’@? Sﬁ‘ﬁ{%aﬂ@%hm emtopes, dbidhyare aRvshtgeeRl € with
al | er gi esiof PPt Bensm immofogenigisy. whi ch are used in manufacturing of
commercially licensed inactivated virus influenza vaccines. Additionally,

i nactisvat ed i R0ZR; ] cines often | ack or contain altered HA and
NA conf or mat i grf}%g epi %n\g‘f)%dsb? d\%\%ﬁ @?Pr@f plopipg H%@W@MW@A&MﬂMgﬂWﬁM play a

maj or r ol @NR) ving Hpk.dlAeend b gged insta i SEESElovi 1act i vated viral
vacci nes,mgﬁmvgh%r(ﬁﬁctggrgf. r-econbi nant g?mnong‘r,%?é?ﬁ?eﬁ%nn‘éeﬁogal(eg%prtmpr otein
vacci nes, deliver Inadsquitase feerne sandidates or meagentheomyrisnd of rebiesigap! ecul ar

pr o][ eid n snfiuenragtesirad prokeikshs 1S UEBNSle it mﬁict"icﬁ’llal ael%ri}niré:ulng gémcago%o%picVL P,
I ncl ude ' :
macromolecular protein structures, including subviral influenza particles and influenza VLP, in
20. baculovirus-infected insect cells. B

The present invention further features the cloning of human influenza A/Sydney/5/94
. .
(F3N2) virus HA, NA, MI, M2, and NP genes into baculovirus expression vectors and
production influenza vaccine candidates or reagents comprised of influenza structural proteins

that self-assemble into functional and immunogenic homotypic macromolecular protein

25  structures, including subviral influenza particles and influenza VLP, in baculovirus-infected
insect cells.

In addition, the instant invention describes the cloning of the HA gene of human
influenza A/Sydney/5/94 (H3N2) virus and the HA, NA, and M1 genes of avian influenza
A/Hong Kong/1073/99 (HSN2) into a single baculovirus expression vector in tandem and

30

production influenza vaccine candidates or reagents comprised of influenza structural proteins

that self-assemble into functional and immuno genic heterotypic macromolecular protein

10



mul tiple copies of native proteins exhibiting conformational epitopes,

whi ch "are advant ageous for optimal vaccine i nmunogenicity. 15. The present
i nvention describes the cloning of avian influenza A/ Hong Kong/ 1073/ 99
(HON2) virus HA, NA, and M genes into a single bacul ovirus expression
vect or al etfeen@es, ildludind AR PRt FUGEHL00 of -1 nfl uenza vacci ne candi dates
or reagents conpri sedgof r econbi nag%ﬁgﬁe%ﬂﬁﬂﬂ%z%ﬁcp&a‘&ﬂowmf?ﬁ@ t hat
sel f- asseMSFE it o functional and i nmunogeni ¢ honot ypi ¢ nacronol ecul ar
protein structures, including subviral influenza particles and influenza
VLP, in 20 batThi vbdtiesid AHEGIRE LIRS |s. The present invention
further features the cloning of hunaﬁf}it';lﬁ]‘ciﬁilﬂ%“ﬁ'?%e’ﬁ%“gg?fn@?%?h@mdD@H&N’I’Z)
virus HA, “RATUGHES ligptings ehe cpntepshefalliraerenbas pdtentd didspuBKiieE .‘3"318#{1?‘%%5 el
producsi oBitddthloHSHbEANKAGEEA80LE Leates or reagents conprise I nfluenza
structural prot efﬁir?l)g .thgg se rgag&s&gﬁe’ H%EF?WBG@ thetSeaveare bisting, rrunogeni ¢
honot ypi ¢ E@PHHIhewe tyrrefsrentei n 25 structures, including subviral
influenza particles and influenza VLP, in baculovirus-infected insect

cells. In addition, the instant % i the cloning of the HA
gene of human influenza A/ Sydney/5/ h? I and the HA, NA, and M
genes of g i 'gfl uenza AfHong Kong/1073/99 (HON2) into a single

bacul ovi ru’s@‘@iﬁfr sion vector in tandem and 30 production influenza vaccine

candi dates or reagents conprised of influenza structural proteins that
sel f - asseMategiaisahdMEthndgd | onal and i mmunogeni ¢ het erot ypi ¢ nmacr onol ecul ar
protein 10 structures, including subviral influenza particles and influenza

VLP, i@ bacul oyj:fUSxi d .jns ells.This invention is further

i |lustrated by&lﬁe ?%@%ﬁ%‘g&&ﬁﬁﬁ@gm)mmm, N, abeM ] genstwaied as
limting. exPhessclon Serbpteat frigiderd LBt BFOR el BALS i shed pat ent
appl i cati Qﬁﬁloﬁ’%‘ésct%ft ed throughout this apgllgﬁgga’t@ié%?i‘@g'%% USRE Wee Figures

and the Seque F’§ i TS0 YstP e Biregd AalV A daridev b igeneb wereadyaihedis. by SREC! FI C
EXAMPLES re@@&ﬂn&ribub@ﬁﬁpo%ﬁer@@@h%g&ﬁ)f& (%%R@{%I@HM kyenza AV Hong

Kong/ 1073/ 99 H%ﬁ% virus HA, NA an gene m avian
_m_%uenga gng Kong/1073/99 (HIN2) virus (Figures 1, 2, and 3). For reverse transcription
15

arlld PCR, oligonucleotide primers specific for avian influenza A/Hong Kong/1073/99 (HION2)
virus HA, NA, and M1 genes were used (Table 1). The cDNA copies of these genes were cloned
initially into the bacterial subcloning vector, pCR2.1TOPO. From the resulting three
pCRz.iTQPO-based plasmids, the HA, NA, and M1 genes were inserted downstream of the

AcMNPV polyhedrin promoters in the baculovirus transfer vector, pFastBac] (InVitro gen)

resulting in three pFastBacl-based plasmids: PHA, pNA, and pM1 expressing these influenza

. Vvirus genes, respectively. Then, a single pFastBac]-based plasmid PHAM was constructed
encoding both the HA and M1 gene

20

s, each downstream from a separate polyhedrin promoter
(Figure 4). The nucleotide sequence of the NA gene with the adjacent 5°- and 3°

the pNA plasmid was determined (SEQ ID NO:1) (Figure 1)

- regions within
. At the same time, the nucleotide
sequences of the HA and M1 genes with the adjacent regions were also determined using the
PHAM plasmid (SEQ ID NOS:2 and 3) (Figures 2 and 3). |

25

Finally, a restriction DNA fragment from the PHAM plasmid that encoded both the HA
and M1 expression cassettes was cloned into the PNA plasmid. This resulted in the plasmid

PNAHAM encoding avian influenza A/Hong Kong/1073/99 (HON2) virus HA, NA, and M1
30  genes (Figure 4).
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expressed in Spodoptera frugiperda cells (Sf-9S cell line; ATCC PTA-4047)
usi ng 'the bacul ovirus bacm d expression system The HA, NA and ML genes
were synthesized by the reverse transcription and pol ynerase chain
reaction (PCR) using RNA isolated fromavian influenza A/ Hong Kong/ 1073/ 99
(-HON2) virus (FMadmil eNANAM wRRkd3) cosPic-EXerse transcrjption 15 and PCR,
ol i gonucl eoti de pri gers spe“(,:i fic f(%? Sg'\{/l?téﬁg?o Sﬁ‘?ﬁé‘ﬁ?%‘f“f&ﬂ#@?f@%@ﬂm@g
( HON2) vivﬁf?fs‘s%&?ﬁ R Mheens ingrsrase intortbe gaethe( dieb iewistreat ROt MBaGRPI €5 Of
these genesultefr®s soiyHe8Sh pioRiotd: Ahbe¥id he .bagterial subcloning vector,
pCR2. 1TOPO. Fr_omItydh’e resﬁloﬁong_t r%dé1 ® .Sﬂ‘f‘b%%)gﬁﬁéﬂcﬁusa*ﬁlfh‘@é,msﬂlﬁeg HA,
NA, and MEcgBHaR! hagubovims esuled inl owrgressimmod thekdrec AMNRM foalythedii ik o
pronot er s cdinintBeq RAG WAV d i%&@gas{ﬂer. vect or, pFast Bacl (%Qn\ﬁtrogen), 20
resulting in three pga%tggac Ypased 8?”5&% ds: pHA, pNA, and pM expressing
these influenza virus genes, respectively. Then, a single pFastBacl-based
plasmd p Has constructed encoding both the HA and M genes, each
downstream from a separate pol yhedrin pronoter (Figure 4). The nucl eotide
sequence of t hEmeNRn@ENE Phbdldtstin it aGeydt ﬁ and 3'- regions within the
PNA pl asmd gag dmg?erm' n%\%.(SSEQ I'D N%.(fed%ce %W&ﬁrcg“iﬁt?nﬁéat??ebrwﬁ%ﬁ@qmﬁ, t he
nucl eot i d€128Y SDGTRMNEE analysis, heompssisitievrotyarsesining tahd WigteatiaaRBbiof €9i ONS
wer e al soardBkishp ek - Ysd M -HRss . m d | D NOS: 2 and_3) (Figures
2 and @). Fi.nal | y,g a re'strjgcpti o%&%%h% gg%ﬁtsf'f Fenqhlor araksts west hat
encod®d’ bEAHedGvEUsipg rabpitantibodiaaised agabrst indlaseh tvirss %@Aﬁk&ﬂgq&nignb?? hhie pNA
pl asm d. mz)[]@g,ljg@ﬁtg eg{%ﬁ %gﬁrd ENAHA encodi ng avi an,’i nfl uenza
A Hong Kong/ 1073/ 99 ( HORD) it us RAT MRS BARPARPal 2agbedsite influphaplvié prbyein 11
Plasmd p W%Hhxsébk,tbba,@mmmcmmaof&@@ﬁpécfbam&o1&%&ym1\gb{sx§4E&’%b?{‘ ni ng
i nfl uenzaand\gilrlgdsreg\ﬂ,%cﬁ% =ll eectﬁ_%g)&%? integrated int.o the-genone, 84tn
downstream froni a ‘separ AT deteerd by, TRLTR JRipHaehiet snalyvsnGlompareti bf thet i on of
per m ssi vansnt FF1A psecih detedtbdinhit Bsshy) €hd 198 WrdtkiA G i nant. bacul ovi rus
resul {ed ;egmgg-ﬁﬁier e%%h?n g{ tnﬁzﬁ three i#| uenz%weggﬁ‘g%rfaﬁgg%wl fa?’g‘é 5
cel | infected wth &ehtiqs i HATY GEND Firns. dgplaniRessifor the BRmusigdr essi on
product s detectahfe@TA prbtehf mBfade@loher WBFRsiE Lagd at . hr stinfection
(p.i.) by, SDS, PA@E ag%l ysis, Co_orr%%si 3 ‘Efé;}'g@%?f)‘@?‘\r}p@%& ﬁ?‘ﬁ&fggﬁaﬂwst ern
i munobl ot Colgf) Zith apco YeRgpacplovigndes smpgetiofthcHAprothiadioasr fehitaiy 87 &) -
Véstern | W@Qﬁ@%er@ﬂ%&‘ d@ndMrtng conditions in the Western immuncblot assay (due to the
elimination of important NA epitopes during gel electrophoresis of membrane binding),
20 NA-antibody avidity as compared to HA-antibody,
serum. - .

lower
ora lowc;r abundance of NA-antibodies in the

The culture medium from the S£-9S cells infected with recombinant baculovirus
expressing A/Hong Kong/1073/99 (HIN2) HA, NA, and MI proteins was also probed for
influenza proteins. The clarified culture Supernatants were subjected to ultracentrifugation at

25 27,000 rpm in order to concentrate high-molecular protein complexes of influenza virus, such as

subviral particles, VLP, complexes of VLP, and possibly, other self-assembled particulaies

comprised of influenza HA, NA, and M1 proteins. Pelleted protein products were resuspended in
phosphate-buffered saline (PBS, pH 7.2) and further purified by ultracentrifugation on
discontinuous 20-60% sucrose step gradients. Fractions from the sucrose gradients were

30  coliected and analyzed by SDS-PAGE analysis, Western immunoblot analysis, and electron
mMicToscopy.
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10 carried out using rabbit antibody raised against influenza virus type

Al Hondg® Kong/1073/99 (HON2) (CDC, Atlanta, Georgia, USA), or nouse

nonocl onal antibody to influenza M protein (Serotec, UK). The HA, NA and
M proteins of the expected nol ecul ar weights (64 kd, 60 kd, and 31 kd,

respectively) InfinenzdEieqidad Byotdlesdreldley ot. anal ysis. Conpared to the
amount of H .p?rot ei n_ det ect eg inthis %ggEaW&]gl?JﬁémNAWﬁg}Hﬁ@FW dstesiRdin | ower

reacti vi t ¥ W FREb sty gradigytdrectensibyfCapensasie BhERRL SN E W ER( @;ﬁ-ﬂ@g@%ﬁz)
ude

Virus. Exphaysat(Fipas ) OThit : et.ectabl.e NA protein 1nc ower
expr essi on Ievge{(}s ofd)t he ﬂ‘%g?f@gﬁg%tr‘fﬁﬁ%%ﬁa?%tw#@mwmw als fre

r ecombi naftSTHAEG HEATRRIGxes 6F highmwlasular weight sitdh 2 c&s6nBrs, Auﬁw\%g&%@fé pipt y of
in the sterrn ’

the NA Watdiort\irs i.ng .condi tions in
i mmunobl ot._assay @%@gg& %ﬁ%ﬁsg&gﬁc’g@ BonstsBtly detectedibse@odmmsseis bileir i ng
|

gel el ect FBPHEPRS Vestsim imspnoblobaralysid] which waOWedly dek t%@iﬂ%ﬂj@& th%vrziﬂ{%ht y as
odres tn the

conpar ed b@i-fbuah k I I ndance, of NA-anti
serum The culture ne ?‘%ﬁﬁ%“f@zr%‘%\ﬁ%“éa %Aspr@m’élth%Wé&tP@dlmmbblbmmyW&ant

bacul ovi r BESISER{Y ésestedgn Atusamigiddenaizyrhd 1349 abdH#9 MR y,NA, and ML proteins

was al so probed for influenza proteins. The clarified Cul ture supernatants

wer e subj ect edrde@rddbideas &Iy | at 25 27,000 rpmin order to
conceﬁl@r a%.g,a{i]i ghfprrml ecul g&&%@%&@gﬁ&aéﬁ%‘ggwd brigsl idtration ehroustogephy as

subvi QUOF frem sugTpee densityl gmadeent rhctibnPcordifinp m%@awgage%na Vfag loaded

sel f - asseghb ed dsd el Etume® ri.sed.of influenza HA,
proteins. Pell g’?@fﬂ prgf%n pro 3%?%“0%5?%“9%W%eﬁﬁimlmmmxmaﬁbmbuffered

sal i ne ( PHESh deytan bimp 2600) déxtranlyellovguad vitggint 2;{%%&8&9 ‘Pﬁg% rmf Ue%%ﬁ {3(0 o
e

di scontin - 600 step gradients. Fractions

gr adi ent sigvv}eir’é:éég%&@ c% cﬁéﬁé@@@%gj@ ’(g)rq a7 le?h iRl S DSreRACEy ey ahy SieS/oi MWRSIRS 37

i munobl othe avlatny sias deterntnel @GtekpettedMhiGhs : | nfluenza HA and M
proteifns gf w_r)i?%ﬁ)épe%g%d I ecgjiéalﬁe V\nﬂél%%?og&% ]enh%eerfzgé’fr& TPIGIns pigrates ine
sucrose density grad t°°ﬂf)‘5‘c?’ h¥apghaCrtariatic o bmizrormolsdudir fkdtein @ RELUEST er n
i nmunobl otirus padiklys FsactibhOwére afhl | st ed at _influenza vira
proteins fraom.inf e(:.t.(;:d1 Sf-9rS ceﬁeggg?%é&ggg'}nélﬁlzg{’t?ga[}ah'sﬂsd?rﬁﬂ@%éfsﬂugnzaand

hi gh- ol el SFTREFAFES: Forenmils, M msesnins sverexiotpciot ad thpabidivehes, ﬁ%ﬁg’lgf and/ or

VLP conplehiels aisol¢vatalidd el 84S profdids HQQ j.nconsi stently detecte
Coonassi e blue staining and V‘Erst er ggl"rmu’}r?bbl ot analysis, which was |ikely

due to the i naI?li it rf tEe rabbit anti-influenza serumto recognize
denatured NA p SFE{%O 98Y oh efipgnge SLEs andprotsirisah SWESSA gradivat Ractions was

. 20 elu id t i 7 3 e
cidated by electron microscopy. For negative-staining electron microscopy, influenza proteins

from two sucrose density gradient fractions were fixed with 2% glutaraldehyde in PBS, pH 7.2.
Electron microscopic .examination of negatively- stained samples revealed the presence of
rr'xacromolecular protein complexes or VLPs in both fractions. These VLPs displayed different
sizes including diameters of approximately 60 and 80 nm and morphologies (spheres). Larger
25  complexes of both types of particles were also detected, as well as rod-shaped pérticles (Figure
8). All observed macromolecular structures had spikes (peplomers) on their surfaces, which is
characteristic of influenza viruses. Since the size and appearance of 80 nm particles was similar

to particles of wild type influenza virus, these structures likely represented VLPs, which have

distinct similarities to wild type influenza virions, including similar particle geometry
H

30 architecture, triangulation number, symmetry, and ofher characteristics. The smaller particles of

approximately 60 nm may represent subviral particles that differ from VLPs both

morphologically and structurally. Similar phenomenon of recombinant macromolecular proteins
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consistently detected in neuram nidase enzyne activity assay (Figure 10).
The présence of high-nol ecul ar VLPs was confirned by gel filtration
chromat ography. 10 An aliquot from sucrose density gradient fractions
cont ai ni ng | nfl uenza viral proteins was | oaded onto a Sepharose CL-4B
col um  f off dHaertsBeaRand sopalegiesomasmiso TepcTied FRRKUFVINRS, FoRbiff,at €d Wit h

dextran b itamn B 12 (Arrers am Phar naci a)
with appa{;eg(ﬁqt1 @9%3 c%gglpgeﬁl&%% SIA%) 0\%18? %é VIR §orms paryglss ofdifferent3izes, ddichons,

r'espect i vidvy differant arhbteaturdandcd-lmlaﬁﬁn nlfBer ok YN TVWAS,
expect ed, ;dy, gh nol ecul ar i nfluenza viral proteins ni Sg)at ed W(@?%l‘?fﬁé“’vo. d
vol une of the col um, which was characteristic of macronol ecul ar proteins,
such as virus partlcl es. Fractions were anal yzed by Wstern i mmunobl ot

anal ys?s to defecharaptafitetbn ot propertibsnfithie isuri
p " 'é@hﬁiu@ﬁza;ﬁﬁrﬁ Q{S’n? 002?(19 ai ned

pr ot ei ns M@@@ n.the vaid volune fractions
bacul ovi r Us p of elg(r% ?‘ﬁg wcreeesﬁdm?ﬁ‘émﬁinhﬁ%F%%ﬁsﬁf(Flmﬁ Q)einQan&ﬂrﬁsmmaﬂ

proteins $mayme gssg)sﬁlmam)elmr i m&aggﬂﬂnm asily OLf38d & %gs

m Crosco ﬁdcm.gﬁlca%ae
PY1 f‘%r a| ni n ectron m cr oscopy, 3] i ns
fromtwo sUcrose Rarar e ‘gfr?da}éIPP‘B?FélS\mfi@CubamtﬁGfmr 2% or 16 hr.

of
gl ut ar al dBiwmtent HEBSgglmhhaﬁoxzwas R0 8 Auil il R bfes AL D AL OO

negatid/el st ali ne Le S. reveal ed the presenc
protein c%ﬂb TEXRS °8}5 qf3eyinating WHIMS:BIEFWmEtéiinB&ddh@ﬁE@ﬁ&ﬂ(Wguf f er ent
si zes | nC@)UﬂEﬂ@ n6Hn@ HR RIS ﬁ%&tﬁ@?&c?&&btﬁﬁﬁsﬁgélés 0 xg};‘ﬁ”ﬁigm an nor phol ogi es

(spheres), er 25 conpl exes of bo Fraieaiinaion) ayity,
det ect ed, %% %esvé’ﬂffﬂ AJLIRRIn mesrpRalECplar adonenmu(eRt Gums of BifluesalprabfineRaed

macr onol elgrudeﬁtrmgﬁl &Ht&sdel?e%%d pl omers) on their surfaces, which
is characteristi cg%% i nf uenzgpi\?:igagée%aé"" oL etnsmment, Wildriypedpfieazance of

80 rim pafiShazdeng s germmsg]atedla(mtqnafl QO@(BS‘h@ﬁexﬁﬂgEﬂthtRﬁ) ésﬁ?y'réb%%@thxqtﬁé‘s

(D

theselgst {6t ave distinct simlarities
to wildt Iéd/ﬁ)e |n%f%f %ﬁ%ﬁ%@%@% eﬁ%:al ’%JEFOH Ké’f’gﬁlp W2 Visusgbodhrapd 30
ar chi t ect M @rotging \&ﬂgﬁinafncmaﬂy actmeeTms ﬁmdrtuatt@}qse% ﬁﬁa%%ge” ISt i Cs.
VT al

P"

The smal | g n%a(;éﬂ omﬁghlel 60 nm may rep resent
particles t°|£| | f Sﬁ’P‘RS? 8@11%*1)11196%@1 te thatafitheraild y .
Simlar ptbrmof‘reem@mwufs recorrbl nant macronol ecul ar proteins 13 of different
si zes and nor phol ogi es was al so reported for other viruses. For exanple,

reconbi nant caqrg; ' HBc of hepatitis virus fornms particles of
different si ze%é@lt&ﬁ%liﬁgﬂﬁ&f?n gﬁ?&ﬁpﬁt}@é@gp@ emetmpies afipurifat HON2

nunbe0 TYLBmTheTaBount efypariiiviahgy aét@it?‘&ﬁ B\Rfos€ teridlty praddBPAdctions was

determined using fetuin as a substrate. In the neuraminidase assay,

the neuraminidase cleaved
sialic acid from substrate molecules to release sialic ac1d for measurement. Arsenite reagent was

added to stop enzyme activity. The amount of sialic amd liberated was determined chemically
with thiobarbituric acid that produces a pink color that was proportional to the amount of free
25  sialic acid. The amount of color (chromophor) was measured spectrophotometrically at

wavelength 549 nm. Using this method, neuraminidase activity was demonstrated in sucrose

gradient fractions containing influenza VLPs (Figure 10). As expected the activity was observed
1n several fractions, with two peak fractions. As a posmve control, wild type influenza virus was
- used. The wild type influenza virus exhibited neuraminidase enzyme activity comparable to that
30  ofpurified influenza VLPs. These findings corroborated the HA results with regard to protein
conformation and suggested that purified VLPs of influenza A/Hong Kong/1073/99 (HON2)

virus were functionally similar to wild type influenza virus.
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5 To characterize the functional properties of the purified influenza

Al Hong™ Kong/ 1073/ 99 (HON2) VLPs, sanples were tested in a henmaggl utination
assay (Figure 9) and a neuram nidase enzyne assay (Figure 10). For the
hemaggl uti nati on assay, 2-fold dilutions of purified influenza VLPs were

mi xed with 0. 6Yhgtsinedrori Ge H6seaha nd.i ncupated at 4C for 1 hr or
16 hr. T exgtjﬁnt %&%}ﬁenaéﬁ@ute i na?sg%%&\l/v%gay?ﬁ%db‘?&d tgrRIgsianye! inflienzh e

hi ghest di RO 107 Y8 FBTNAHA A auid| M poeeim vads @R i ARa e%el?-fdssemlély

dggl ut i nathdgadspett & foRdios 8 N1 RS, m ned and recorded (Figure .

Agai n, rra%fracti ons from the .sucﬂr@l%{s@ en ?E?ggfrsaﬁicém Sexep thgse influenza
hermaggl ut i 1rAPF B EeT: itsysemieoBembngructund proskind BloueREGAMRIASHLA 8
mononesi ¢ bidehdi®ichrpBiie! I L RS ﬁ\ﬁre. resent. The highest Tl

det ect ed \évgés Sel%@ %_0 Bd;hllt;n %H%%be rt%}sgngb'lé Wéﬁw%alvelm@,ylpe@e inffubnm VAPs

Al Shangdo STRIEAS T etee eebniormatiers infludli g20@ce o qggg | utinati.on
assay reveadheghatvi@inet he 15 reconbi nant VLPs consfes%il&ﬁ%égo |%ﬂ%?éﬁ§%?u)5?ll—bng
Kong/ 1073/99 (HON2) virus HA, NA, and M proteins were functionally
active. T?:' Uﬂgested t hat the assenbly, conformation, and folding of the
HA subuni %@f AsREF ER lonfng oflaPmninfieerai M/Haﬁgﬁané/ﬂ(?ﬂydgqa,lalgo t hat of

the wwld type influenza virus. Additionally, a neuram nidase ‘F']nze)s/rre assay

‘was performed bis anabjebes tef prévéhd ihis .20 VLPs. The anmount of

neur ag ni dase act | éitf\{ in spucr ose ﬁg?llg'?otl\ﬂéovglg%ﬁlp He Ryclgie peidheequenses capable

det er m ne LS FRAUGTon efyecpmahinnnt influenza Wﬂuiﬂ?&teﬂz@.@@ﬂ%ﬁitﬁ’é’i%%u@l@iﬁ%%’id the
ease

neur ami ni skaBenced WY B6tainsd B } ' m substrate nolecules to ré
sialic aciﬁhg[&f .gr neas,urlgn%ﬁﬂt, f-e@e&‘r@g{er%%s%ﬁep%rogga(gmlwa dgaderction IGR) netimsre

activi ty. USERIREEHYirsmasral igpronsic RIVA isbiera o m@m.e#ﬁftﬂé é\\g‘gos% Eg 1cally

Wi th thi ool he1RG roduc i_nk col or that p rtional
to the arréwlj_nt of free chlstg%i\ge?l?cre%éﬁtHMﬁWA@fwmmeﬁmmmW) was
nmeasur ed Yk encoptsdhaproteim.cal |y at  wavel ength 549 nm Using this method,
neur am ni dase activity was denonstrated in sucrose gradient fractions

cont aini ng ianﬁ%ﬂu%r&?m(ﬁﬁs, n%{]@gg/?%\@%@épect ed, the activity was

observed (&% n@s%vl%éial 1:actl 0 Wirp§ Was provided sDma Kp Sebbaiay €
control, \WCPWIStIgAIs¢ass Comsrd. oA tanta) SAWERS A ) Ugiagl i pe i nflyenza virus
e M

exhi bi t edyaguia pi cLivity conparable to 8¥¢ i ed
i nfl uenzgpﬂ\%/E%s?%E%%g&ﬁ ‘%%ﬁﬁ%ﬁn%@wsm@w 3t(BELBYronmamicnsconiditiang #qaycd t o

protein W O0BLS pagan(natgges Catbid i Ti VLPs .of influenza A/ Hong
Kong/ 1073499 0&5@@@% YLLUS V\Bfﬂg, funct] ?nAaP ‘§5§Pm %ng‘l}ewflﬂéf’ HphBNART | uenza
virus. 14 The results TroffEHPtensves MWsessetrmsapsay aniidized a8 pthat

expr ek owsingfoligorfucleatideprimers specific for HA, NA, and M1 proteins and Taq I DNA polymerase
(InVltroge_n) (Table 1). The PCR fragments were cloned into the bacterial subcloning vector

pCR2.1TOPO (InVitrogen), between Eco RI sites that resulted in three recombinant plasmids
containing the HA, NA, and M1 ¢DNA clones. -

EXAMPLE 3: RT-PCR cloning of human influenza A/Sydney/5/94 (H3N2) viral genes

25 Influenza A/Sydney/5/94 (H3N2) virus was obtained from Dr. M. Massare (Novavax,
Inc., Rockville, MD). Viral genomic RNA was isolated by the RNA acid pheno] extraction
method under BSL2 containment conditions at Novavax, Inc. using Trizol 1S reagent
(Invitrogen). cDNA molecules of the viral RNAs were obtained by reverse transcription and

_ PCR using oligonucleotide primers specific for HA, NA, M1, M2, and NP proteins (Table 2),

30

The PCR fragments were cloned into the bacterial subcloning vector, pCR2.1TOPO, between
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Al Hong Kong/ 1073/99 (HON2) HA, NA, and M proteins was sufficient for the
sel f-assenbly and transport of functional VLPs from bacul ovirus-infected
insect cells. Since these influenza VLPs represented self-assenbl ed

i nfluenza structural proteins and denonstrated functional and 5 biochem cal
properti ekcs Rivkited that fesilRase 4 reld Lofluenza virus, these influenza
VLPs cons§§ve§ i nportant struct lﬁ%?%@%ﬁ%ﬁﬁhﬁop‘mgﬁﬁ%' M1 M3 aed NP
epi t opes X %% for effective influenza vaccines. EXAWPLE 2: RT-PCR

cl oning of avian influenza A/ Hong Kong/ 1073/99 viral genes It is an object

Capable. 10 o dir oot e br ohoce ot VORI Kond AR A P chniisiniae

capabl e %gﬂﬁf .directing production o
pr ot ei ns. ﬁv“é'iﬁrff"ﬂ’éfeir(‘le?’fﬁ’él eic acid sequences were obtained by reverse
transcription and pol ynerase chain reaction (PCR) nethods wusing influenza

virus Aatural Bennhe SCRNATOBO!baéed @lkmRds, %MMSOTBJQ% t he: eg{ﬂP se_ of this

applicatig L?uﬂ)eﬁluﬁpé{aci d sequence refefrs to SCIg d into

synt het i ¢ PVEF%&h PeRpY Y Faos{iR Y eoter laalaegsn) wship ot reilyhedrbB 1dbs & Ttf digaza

A/ Hong Koat ddwastr@sh ¢HRNZculbh il I by Dr. K. Subbarao (Centers
for Disease Control, Atlapta, ,0%%6&@%#1;3%?&%%%8%@ © RRl¥adenylptgned by
the acid “BREAGKRATEIRbETPORCEEHed with TdrDNEA igade ek or theaN R gede, 6 BSh3).

cont ai NMeRbrn TDNN 4 | ri.zol LS reagent (Ilnvitrogen,

Car | sgéld, KPCZ USA) . %ﬁ&% ecullggbgf RVRE Fd‘RfQA&"” %&fénédtgaﬂnbd by

reversé tPESReC] plarraid RNA ritpr KisiNA penepas Bed RHIDNN&&%E@E@&&% B%ﬁﬁﬁ piyAnd PCR
pro

reverSE { PEHSSKI phio Rdhriy s 5cd REDRAT Ignd F
Taq | VA oty ey ok o Bt B RSB aptdria P Mewf smoroitos Rigneh c! oned

into the Bagedtfram pSREITORMN I wers timerted m%olm@gs&hgﬂ&a%g%mﬁgﬁ#ﬁeen Eco
Rl sites Q%W?LJZ%HE thr egm&econbi nant pl asm ds, contalni e HA,
NA, and M cDNA cl ones. EW 1rqgpneete dapsfermg d otithibesa DN A fiatinn z a
Al Sydney/ B, H3hIprmedcalon@e reedted 2hd I Hable AR 5/ 94. N irus
was ot akﬁﬁgﬁiﬂgm"pf M age SIié&lgovavax, ﬁg%éé%@‘%elr?sg%?sﬁﬁckl
genon ¢ S sdpa?séaacg@f‘iﬁ’ §R% P cndrpERsBacd Vi avetd characteEkdisy under
BSL2 cont mstminiort eneymelintprinsortdoaiiey i ' Jrizol LS reagent
(1nvit rogfir%ﬁ.% gD?A f%?cﬁ%s 5 thgé%ﬁ%t}r@ms%\%@rgceleoélgf SHHENHYP Fevepz e
transcri pt o and ° WES Refes ey slsgamined Pyl eutpmated D3 Aspgadnking. PR HA,  NA,
ML, M, aseduddce piiadfsRisRewddhaklue fr nts were cloned into
the bacterial .g-uba((lz)}ltsorfi n vector%angg@ﬂe%qgétﬁwgﬁs were 1dentical to the
nucleotide sequences for these genes as published previousty [NA, HA, and M1 genes of

20 influenza A/Hong Kong/1073/99 (FH9N2) (GenBank accession numbers AJ404629, AT404626
and AJ278646, respectively)].

EXAMPLE 5: Cloning of human influenza A/Sydney/5/94 viral cDNAs into baculovirus
transfer vectors

From the pCR2.1TOPO-based plasmids, the HA, NA, M1, M2, and NP genes were
subcloned into pFastBacl baculovirus transfer vector within the polyhedron locué and Tn7 ait

sites and downstream of the baculovirus polyhedrin promoter and upstream of the

25

polyadenylation signal sequence. The viral genes were ligated with T4 DNA ligase. For the HA
gene, a Bam HI-Kpn I DNA fragment from PCR2.1TOPO-hHA3 was inserted into Bam HI-Kpn 1
digestcd pFastBacl plasmid DNA. For the NA gene, an Eco RI DNA fragment from

30 pCR2.1TOPO-hNA was inserted into Eco RI digested pFastBac plasmid DNA. For the M
gene, an Eco RI DNA fragment from pCR2.1TOPO-hM1 was inserted into Eco RI digested
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Eco RI sites that resulted in five reconbi nant plasm ds, containing the HA
NA, M~ M2, and NP cDNA clones. EXAMPLE 4: Cloning of avian influenza

Al Hong Kong/ 1073/99 viral cDNAs into baculovirus transfer vectors 5 From
the pCR2. 1TOPO based plasm ds, the HA, NA, or ML genes were subcloned into

pFast Bacl pfragBhd)\HidsHsd DRan InVifrogen) within the pol yhedron
| ocus and Tn7 at;'Ij Sites aﬁgﬁg%m%egéaa%%?ﬁl 4 Eagmen ifrogspGRA. Y HERID-hi2

pr onot er a"f‘ﬂﬁ_l%ﬁgﬁdﬂé@yﬁ@fmﬂ&@ﬂp@p@a&my|p&&inQIlDNﬁi. Bi3he ﬁ?%&?e%gne cq-_r#ﬁ)w ral
genes wer erdeh@atRs, kgl'rré %F]l ase. For the HA gene, "a arﬁ - N’f)n I
DNA fragment from p%.' 5 %%vbasfﬂieﬂé%?ﬁgdm figestedafastBhelpamnlid DiNgest ed
10 pFast Bé?,qmpﬁ?ea%ﬁrmli@ﬂﬁamaeﬁah&eM&nﬁeﬂﬁed\ﬁ'ﬂltﬁ%ﬁ@A .fragment from
PCR2. 1FOPQ A, $olo erl gdi nt.g Eco Rl digested pFast acﬂnrﬁe&ggﬁtﬁ,d DNA. For
the M geg}zgmgré&%co E&% Eﬁﬂie £ §94 alfclongs somed ITterGuingwFastBaseiagd i nt 0
Eco R di , PHastBa BaltH A p) pFa st ek 10MAA o e . j bacteria
(InVitrogephg A%I'ghwsfornerg?vw th thes’e@ﬁg‘flfgg%’ﬁgﬁ%ﬂé%m@d
t ransf or me g :i)\?onl es 1 Bt iaRpierizad by rsristipmenzyine neping oh agsebe gERETHLSUI ti Ng
pFast Bacl ntgedisis sciuphas of 6 clopdiashBasd | - nd pFast Bacl - M
were char @g@gﬁ(jezag% by . re ihr@i gtion e‘nzr;e/#eétmn%g%qsﬁrfgﬁgor?ag%apgééewgmgﬁ%re
4A). The nucleot uenza B, Uy, 841, M2, add BP gehQ ned
LR ks 0Bt ez T o kb

genes lfler édedtitabronthemetidoydsyesRtof: MNA ncing. . DNA sequence anal ysis
showed that the cloned inﬁggenza HfA NA%%%%WII%%%@W\%?I& identical to the

nucl eoti d for thes nes as published previously [NA, HA and
ML genes ;Ef % ?ﬁ]sﬁle ﬁ%é’ﬁs%ﬁu%oflﬂﬁ& gicikpenlogiyug tghiger (@miBaﬁﬂﬁdﬁ@Ngﬁm' /N
LE 5:

nunber s A3¥ign §HBienz) AHHZ K ongANG3 /99 9if-3P es [ €Spectively)]. EXA
Cl oni ng of human influenza A/':Sydney/ 5/924 viral cDNAs into bacul ovirus

transfer vect m t he 1TOPO based plasm ds, the HA, NA, M, M,
and NP ge gg}; \?\I/Ee:r%é&%% csolﬂl%fcg%fqaﬁ]c' 235t Raqrmd tandferovebions expiesdingaasitigl Vect or
Wi t hi n t heuhenzp AetomyK ompe1093/09 dHAQ) ity oS 0 eam of the

bacul gyi rﬂ%@%g{ﬁeq” 2 gr onot er anc} u s#?%g’%ﬁlggﬁk?%‘gnavg%%%ggh% fragmsat si gnal
sequence. #P%-Mb pesmifeeriainngthe Mivgenh widclens it sitEf pHaBiBa A

gene, a BHANTHE rdspifed in tH 4o BGHIRNE TOPQ- hHA3 was inserted
into Barn, Hl - gn I di_gg%t ed pFas:%%c %&3&%80  andgM 1 gpges Mithigene, an Eco
R DNA fr Z§FREATD PPRTsHE propestes mwmdmmécﬂthmnﬁ@ld)fiséﬁa&tgﬁﬂy@dﬁﬂi gest ed
pFast Bacl pfolmaters. d DNA. For the M '

Finally, a Sna BI-4vr Il DNA fragment from pFastBacl-HAM containing the HA and

20 Ml expression cassettes, was transferred into Hpa I-4vr 1 digested pFastBacI-NA plasmid

' -NAHAM encoding three independent expression
cassettes for expression of influenza HA, NA, and M1 genes and expressed under the control of
separate polyhedrin promoters (Figure 4B).

DNA. This resulted in the plasmid pFastBacl

In another example, the H3 gene from pFASTBAC1-hHA3 (see Example 5) was cloned
25  into pFASTBACI-NAHAM as a fourth influenza viral gene for the expression and production of
heterotypic influenza VLPs.

EXAMPLE 7: Generation of multigenic recombinant baculovirus encoding NA, HA, and
. . ' o d
M1 genes of avian influenza A/Hong Kong/1073/99 virus in insect cells

The resulting multigenic bacmid wransfer vector pFastBacl-NAHAM was used to

30  generate a multigenic recombinant baculovirus encoding avian influenza A/Hong Kong/1073/99
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gene, an Eco RI DNA fragnent from pCR2.1 TOPO-hM 1 was inserted into Eco Rl
di gested 16 pi- asWacl plasmid DNA. For the M2 gene, an Eco Rl DNA
fragnent from pCR2. 1TOPO- hM2 was inserted into Eco Rl di gested pFast Bacl
pl asm d DNA. For the NP gene, an Eco RI DNA fragnent from pCR2. 1TOPO hNP

was i nser thiN2) iAg N&G andRM 10ieg@StheskpRissiah | d i 160 nt E cols
DH5a bacteri.a &gre tran fggrmed Wi tph St he?gﬁglgﬁ%ﬁ'gr% CP%&’&WAB‘WTG

t r ansf or nEJYESF K FitsSPepn Fecepbingtion a5 aelykedrinl and Tofes DISA sajuettes Bdigegesul ti ng

pFast Bacl phamad] -NABSIBISA REas L4BRGRPd st Bacl. - . pFast Bacl - hM ,
ASTBAC 1- AND v eE *{éﬁﬁz’?%i‘%%ﬁns i‘ﬁfr‘]’% F%E‘F’FHEECPPEWO%nzyrre

PFASTBAC - nd_ pF/ |

mappi ng OR%‘F“§§@ISQ(£‘I\§1F°W&(FIMQﬂﬁbﬂedgnbiambmm‘a DNA WagiselaRdes tgemigs were
det ; ; ' | ysi howed t hat
he. ol onem T BT ok B Ao FR 5 ot ST oy B H0E e woeme i ALEECTR 1 he
nucl eot i den¥iwgen dadloming tremsfseiog omeambinan biul Sivasks ey isOlh YpladeX PR, 6:
Const r uct RN td ' lkavirus. transfer vectors encoding nmultiple
avian infl uerz}x%%ﬁ%’ hogr%% %%ﬁ?%gg%svfﬁwe%@??@?eﬂﬁl%‘?‘%ﬁsﬁﬂsqcbcfllblﬂsd ruct

pFast Bac| chszesterizésefonexpressipmniivian infichos sird KDY, 865208 Mbdni P}o uctl %Hi;”za

A/ Hong Ko )7, - Vi I us nes, jniitially a Sna Bf-Hpal

f r agment {é:%}%?"r%% pﬁaagl?%%foyws %‘I‘Sgcgeﬁigﬂétﬁ%ﬂ?’%ﬁﬁil\ﬁ %™Re M gene was cl oned
into Hpa | _site of pFastBacl- HA. This resulted in pFastBacl-HAM pl asmi d

encodihg BEAMBLE 8nExiviessiruy ecunitinanti avibeianeainh AFHBAERSh ﬂoﬁ?@lﬁ_&%{e and
expr essediyUpeef e control of separate polyhedrin pronoters. Finally, a
Sna Bl-Avr |1 DNA fragnent from pFastBacl -HAM containing the HA and 20 ML
expressi on cassettes, was transferred into Hpa |-Avr R digested

pFast Bacl - NA p¥Srinsct ipmainkiined ne sushémmibnicolnirdinkth agn ke FasO BAE sk NAHAM

encodi ng &Y B&ihR i} eXRLESSion rrassettes for expression o
i nfluenza HA ~NA @gﬁg WE{ nes e’:ﬁ%ldeg’)m)e‘ggréaﬁi‘ﬁﬁﬁe? atcpk density pH2 x66° separate
pol yhedr i ¢l ndthdhesre¢drlzjuame batBlovirhe) bAGLANIHENG BPY ﬁm@i}@ﬁ@% %mg
pFASTBAC - P §%e %ﬂ@#eﬁ%qlwas cloned 25 into pFA - a
fourth influenza viral “geh& drprocendedfon ks te allew expressivo of influerh proteins.
het er ot y pExpréssioh oeadan iflitgiza EXAMBEEnE/ 105806 (18N H Ry 0 Lagenic.r cngbi nant
bacul ovi r;[{g encodi ng Igﬁh Ae—@ ]S%% M gdenes g? az‘\?i ang?%??ﬂléé‘%%s ﬂ/lﬁgﬁ
Kong/ 1073 Gt SR Was popiirmed.y S AGE and Western immunobiot analyses. SDS-PAGE :
analysis was performed on 4-12% linear gradient NuPAGE gels (Invitrogen) under reduced and
denatu;ing conditions. Primary antibodies in Western immunoblot analysis were polyclonal
20 rabbit antiserum raised against avian influenza A/Hong Kong/1073/99 (HON2) obtained from
CDC and monoclonal murine antiserum to. influenza M1 protein (Serotec, UK). Secondary
- antibodies for Western immunoblot analysis were alkaline phosphatase conjugated goat IgG
~ antisera raised against rabbit or mouse IgG (H+L) (Kirkegaard and Perry Laboratories
Gaithersburg, MD, USA). Results of these analyses (Figure 5) indicated that the HA and M1

25  proteins were expressed in the baculovirus-infected insect cells,

EXAMPLE 9: Purification of recombinant avian infiuenza HON? virus-like particles and
macromolecuiar protein complexes

Culture supernatants (200 ml) from S£-9S insect cells infected with the recombinant
baculovirus bNAHAM-H9N?2 that expressed avian influenza A/Hong Kong/1073/99 (FI9N2)
30 HA,NA, and M1 gene products were harvested by low speed centrifugation. Culture

supernatants were clarified by centrifugation in a Sorval RC-5B superspeed centrifuge for 1 hr at
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The resulting nultigenic bacmd transfer vector pFastBacl - NAHAM was used to

30 generate a nultigenic reconbi nant bacul ovirus encodi ng avian influenza

Al Hong Kong/ 1073/99 17 (HON2) HA, NA, and M genes for expression in

i nsect ce{ | s. Recorr1t))i nant bacm d DNAs were produced by site-specific

reconbi natl,090 xagang8' G heal i GSaabtol Winitdnd R bet

pFast Bacl - NAHAM IZ?I%\VLA a&&(t he ACMNPC bacul ovi rsﬁe%g;lg%%éfﬁ‘?a}%%%é Hife onpet ent
coli DPHEEAE VeiPSipgaton ot vdeHs! QIE-§6 nirad@rituie fositir apIN000asHias SHNA Was

i'sol at ed UsingtatServal TH-62 1 RWaidY Rekd: b4 0Bt hod and transfected into Sf-9s

cells usi('?)gr?tfel -%%hiﬁoni c Iég(i d 'CEI__LFEC_:TIh RV B JETIDenes i &g PBS

transf ectP8r;2r'8 MR &7A0- {6 (W/3Vdisagntanone secross elep tphmiond laadHSor i tyf | €d,

and ampl i deheithgationSh 2 %S a - ock re prepared in Sf-9S
i nsect c«la,ill_é agﬁd cﬁar aca?g?ggﬁﬁb !El)cr%mgx\ﬂl egg’rsfé)l?f%ilﬁﬁqwMf“l%@m&aﬁbrwdl HA,

NA, - and Ehtesr agions (0.57md) were sallettien Gromerae topi o it su RS Qi US  Was
desi gnat ed bNAHAM HON2. 10 EXAMPLE 8: Expression of reconbi nant avi an

i nfluenza A HuifgeltaRgdtdiad 3 j i n.insect cells Sf-9S insect cells
nai nt ai ned as suse_penrmi‘ton cutlg?aﬁgggr?&%ﬁgﬁ%rm °H g?ﬁ@éﬁé@@%‘%"e@%ﬁﬂd free

medi um ( Hy & SERPERPCIP ARaLyset aredpscrivry almyedn Erdmat 60TIRIHLA a6@M1 £eBSE $4cOf 2 X

106 cel |foundin Wietshmé SiRrdse GRiARinDA -ga@%,gvﬁ b HONZ, at a
mul tiplicit ection MO ) %mof p?éﬁ?/agé?‘?"i’nwﬁé?%miaﬁ%l&%@én

~of in

proc e@d ecfugg?ﬁte‘giﬁlah‘;% HA and ¥I| preteinspress aisociated as midro9 oSl R REL @gmk}lexes

Expr essi ofig®fhe B j HENZ 8 ong/1073/99 (HIN2) "HA an proteins

ininfected i ?ée%? 1_\?:2?1{0_5 was r-%dr???r%ne%fugv ERONEERe SHeroweadions suggesting bl ot

anal yses . @ issqisegmbingns vigalipsoteias were résoriard with rdaci@ibibine %fotegﬁ @&{ﬁégﬁes NuPAGE

gels (I ”Vdifférélﬁﬁgﬁsit}éﬁ‘gﬁc{%f@% ed and denaturing conditions. Primary

anti bodies 1 n Western | NoDI Ot anal ysis were pol yclonal 20 rabbit

anti serumrai sed agai nst avian influenza A/ Hong Kong/ 1073/ 99 (HON2)

obt ai ned FXAMPLEIG: Analysis 06 cécombinant avime ifTieh SEHINY %Psiaflﬁtp&l&@ﬁgbls\/%elpr otein

( Ser atsec, fikio éﬂSBQQg%%h anti bodies for Western inmmnobl ot anal ysfS were

al kal i ne phoquhat ase €O jﬁgat ed goat 1gG antisera raised against rabbit or

nouse | gG (H+I13%9F(Ki rkegagr dl and Perry Laboratories, Gaithersburg, MD,

USA). Resul t sPitein megemaleatilysash aFVHRE @dMonoRRHE Bidkdh d 25
PlcRimd tifftard @?ﬁé@}%é&%m

prot ei NS MeLiln X . in.the bacul ovirus-infected inse
9: Purification g%eee?%@glr?}épﬁfé’ PIORAPLIR COIFIE Based opiir sk sige dnidksbapald i cl es

and macrdsi¥phiae whetherthateedmbinamd fimwea proteins from sucrose gradient fractions were

monomeric proteins or macromolecular protein complexes such as VLPs, a chromatography

20 column (7 mm x 140 mm) with a resin bed volume of 14 ml of Sepharose CL-4B (Amersham)

was prepared. The size exclusion column was equilibrated with PBS and calibrated with Dextran

Blue 2000, Dextran Yellow, and Vitamin B12 (Amersham Pharmacia) with apparent molecular

weights of 2,000,000; 20,000; and 1,357, respectively, to ascertain the column void volume.

Dextran Blue 2000 eluted from the column in the void volume (6 ml fraction). As expected, the

25  recombinant influenza protein complexes eluted from the column in the void volume (6 ml

fraction) also. This result was characteristic of a high molecular weight macromolecular protein

complex such as VLPs. Viral proteins in the column fractions wers detected by Western
immunoblot analysis as described above in Example 6. The M1 proteins were detected in the

void volume fractions (Figure 7). As expected baculovirus proteins were also in the void volume.
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Cul ture supernatants (200 m) from Sf-9S insect cells infected with the
reconbi nant bacul ovi rus bNAHAM HON2 t hat expressed avi an influenza A/ Hong
Kong/ 1073/99 (HON2) 30 HA, NA, and ML gene products were harvested by | ow
speed centrifugation. Culture supernatants were clarified by centrifugation
i-n a Sor vEKANIAIBIE WiancReaitrsse 1 . at 8 10,000 x g and 4"C
using a GS-3 rotor. Virus and VE%?%?@@@%?%PQEMW%JP& arified culture
supernatants hky cen %'efwgnrg,ﬁ%} nin a Sorval OID-65 ultracentrifuge for 3 hr
u

dt 27,000 rpmand 4C ¢ Bgpromplerapproteindontilexgs holatedton kirgk. The

vi rus pel fredientaamdreestamiird@ehbitindavidn i 7..2), loaded onto a
20- 60% (%L\{%ﬁdi.sconti nuous. sucro%é slggﬁgg?gﬁ?geg%‘t@dﬁ?&’m SyERlapip 5
centrifugati of I 'HO%: dSFRn migrpssapts VrEiREcemof negaely sidinciGampleslyag 7, 000 rpm

and 40 uspenigrmedS®evethbinddta®idd infl A/FbLREkI were collected from
the top o‘;‘v t he sug_j sem%r adi e]#t .%Il%f ueﬁ%%bﬁ%?goté&ﬁ%{%%cméwgu@m#ée@r adi ent
fractions v ‘5”%--‘%?‘2"@6 Byl Sronpag arexfupernyests by nltiatanui Btk oﬁ'&%ké&ﬁﬁﬁm_ﬁs |

t he

descr i bedualooy@adishtd iz rDef; oteins were found In
sane sucr osed%z%di ent fracti ons 5 Eﬁg’u?’gﬁé% 8£{hSﬁW°@§adwy§fr@mnwm

anal ysi s HA§ Sy @utagaldehyda intPRS, pI&7 Anabsdrbedors &Edhsdiy&&?e_ m}cglhog[?_ as
of ei

macr ondl esktbd@priddl M6 3hELWRE . so the and ML pr S were found
in f:]lg)cti ons %rkllroughout t he gﬁ@r&gswea@%r 1séWPE|§W§’§é§aﬂliq€lgV1tthocﬁmse

r econti ndResphpuagsta; oHe. hendebservasd ssisg atrtmtsid e@&&%@e@hﬁk tein
iti 10

conpl exesxiQron ¢ t i ties. and conpositions. al ysi s of
r econbi nant _8{1/?dééﬁggﬁﬁgﬁgg%ﬁmﬁim\?ﬁ%?%ﬁ P Eenostbingntayiagahfiuetze BN r at i on

chr onat og¥¥piR yopplgresifrennerer woobepadies faidedhs gﬁov&édgg?&ﬂgl ﬁg@o%%dopr ot ei ns
r

mgrate Rt filtration or size exclusion ¢h graphi c
col ums giasgd ?gb%ﬁgﬁ?orﬁa‘?%gsgcf%%ngﬁm. The patbeles hadrigffantre slaey (60 gt

r ecombi n&Anm) ahd memhalogiemtla'rgwccfxﬁpléﬂe§Bﬁsaﬁﬁyggg 'aﬁ.ig}es racti O‘{Ee o ;ﬁg
i'n conpl exes %"E‘T‘P a

nNoNORRr i r i NS _ar ronol ecul ar prote ,

chr orrqgt o??";@&%" TURS Ip&ﬂﬁ?ﬁ‘f%&‘ﬁef@-fdbobﬁﬁWéWmtciracmqﬁémuheﬂ:eV@kmﬁf?ed%ﬂcé4 m
of Sephandilis eurface digjeChoR rede@Blin ) size excl usion colum was
equilibrated wi t#l PBS and cal i%aﬁrﬁ%?_%nggw i Lﬁ%eal)@(%ggwepép}gg g@‘@?)t,hegéﬁﬁfrdan

Yel | ow, ARFUPEattithe Biom padsies WarsimHan ot afwitd tybe RBREEE Rin eyl

: I fBbse
wei ght s afrucureide presdhtddQRs ~ , spectivyely, to ascertain the
col um void vol et e rggveé%g R e e s Pt o mpbrpwaety voi
vol ume ( 8V R BrPRaclyireripsenisg sebvirelnastitlest the dffersderein Bic A86e VI¥dgsanza protein
conplzexesmﬁﬁﬂd,q@;gajbngmstuk&%%_um in the void volune (6 m

EXAMPLE 12: Analysis of functional characteristics of influenza proteins by
hemagglutination assay

To determine whether the purified influenza VIPs and proteins possessed functional

activities, such as hemagglutination and neuraminidase activity, which were characteristic for

influenza virus, the purified influenza VLPs and proteins were tested in hemagglutination and
neuraminidase assays.

25

For the hemagglutination assay, a series of 2-fold dilutions of sucrose gradient fractions
containing influenza VLPs or positive control wild type influenza virus type A were prepared.
Then they were mixed with 0.6% guinea pig red blood cells in PBS (pH 7.2) and incubated at
30 4°Cforltol6hr. Asa negative control, PBS was used. The extent of hemagglutination was

determined visually, and the highest dilution of fraction capable of agglutinating guinea pig red

20



fraction) also. This result was characteristic of a high nol ecul ar wei ght

nacronbl ecul ar protein conplex such as VLPs. Viral proteins in the columm
fractions were detected by Western immunobl ot anal ysis as descri bed above
in Exanple 6. The M proteins were detected in the void volume fractions

(-Fi gur e 7plood\selexqae BéterchilAGH BN oy URY: @t 8i:ns were also in the void vol une.
19 EXAMPLE WJ%F p‘gﬁﬁue‘“ Fon.m o §g’§’lo ';}P“aﬁ{lg‘éeéto‘?r%a Hinatiar Figs Abservel By tho

det er ni ne P R Restansul arL :£000] ehich 6/ RkR S (5OLAL &,‘égg\%yﬁl%c rose

gr adi ent Swﬁﬂ%(ﬁ{ﬂ@ﬁﬂice&d‘le‘?@gﬁ)%&apéo@ovi an influenza proteins
nmor phol ogi es simlar to influenza Virrons, electron mcroscopic

exam nati g tively stained sanples was 5 perforned. Reconbi nant

avi an inf %@M&%@Mﬁm@nwh@m@sm oftigfllerd7@ PRbRIR Dy VeI e

concent r ah@gaanfdidhbshied from cul ture supernatants by ul tratentrifugation
on di sconti nuous sucrose gradients as described in Exanple 7. Aliquots of
the sucrose gradient fractions were treated with a 2% gl utaral dehyde in
PBS, pH7.2, ab FBJé?Bm&ﬁP?}“FF@sqqsecﬁcﬁtimahgaﬂuqnmmP%ﬂaﬁ;hgrgncﬁ%gg grids,
and vvasheﬂaoﬁbhdmsﬂc&tehhﬂn@&ibmgggmagﬂgdagg%zll,e tgere stained with (Vg sodi um 10
phosphot upgs a{re H 35.5 and” observe usﬁngn 15552y b N4(grengyme) actsd on
M cr oscope f‘#ﬁ i E)fg‘?‘m ane] relepsed giakie etibghapiits rafern oG8 hidkaly sd) & sanpl es
of recombctieaint. TAY h@bur : ot ei n. conpl exes fromt sucr ose

gr adi gnt fra?:i ons shé%%ﬁggﬁgr@ggﬁdgg{f%t&-%%p rically withdhethicbmibifuice 8)
from ifctheEodyeqd rink cdloran propomion Theedadlicia6ide s, Hi b grgnt sizes (60
and 80 oRG Les. rgeyr conpl exes of both types of particles
wer e al sg_a%jret eg%dgg?&ggéa%%algpgcs Pg%t-o n&b@ﬁ%@?@%ﬁ%mﬁm,&)depﬁeﬁ
obser ved PFEs $ shoradithat a significhntneswedTishlis 594 S0 K4 Je%lTéevﬂgrface.

proj ect i ORSHELTE lspﬁgsei newf.\u nza virus HA and NA peplonsr s TSR e si ze
and appearance o é ?ﬂ%&ﬁﬁ%@@ée&wm gertespontial tbhiadse Ghetivink d t ype

i nf | uenzeexhibiting hemegghttinetion dcligiye Structures |ikely represented envel oped
i nfluenza VLPs. The smaller particles of approximtely 60 nm probably

repr egenteda S\ icles.th differed fromthe above VLPs both 20
nor phol ogi cal | y\ﬁa%aglhsn??{?g:ztam)'épf %{*ﬁmg@jﬂnmyhmommmmmﬁm

char act erih8uénzs HIN2iVifBsuenza proteins by hemaggl utination assay To
determ ne whether the purified influenza VLPs and proteins possessed
functional aq¥j vitd s ;.hemaggl uti nati on and neurarni ni dase
activity, whi ph.m/entrldé&%ﬁ%ﬁﬁé L&l g oo bmagh pfengenyaPyi was, ascheiqdr bji ed
| nf | uenzdmVRgatanbTpriat ollogedinr Wekes 126t abilyReSRA L B3 A QAN vrps

. ug/injection) comprised of viral HA, NA, and M1 proteins from avian influenza virus type

20 A/Honk Kong/1073/99 and purified on sucrose gradients were inoculated subcutaneously into
the deltoid region of ten (10) female BALB/c mice at day 0 aﬁd day 28 (Figure 11). PBS (pH
7.2) was administered similarly as a negative control into five (5) mice. The mice were bled from
the supraorbital cavity at day-1 (pre-bleed), day 27 (primary bleed), and day 54 (secondary
bleed). Sera were collected from blood samples following overnight clotting and centrifugation.
25

For Western blot analysis, 200 ng of inactivated avian influenza virus type IA H9Ni or
cold-adapted avian influenza virus type A HON2, as well as See Blue Plus 2 pre-stained protein

standards (InVitrogen), was denatured (95°C, 5 minutes) and subjected to electrophoresis under

reduced conditions (10 mM B-mercaptosthanol) on 4-12% polyacrylamide gradient NuPAGE

gels (InVimogen) in MES buffer at 172 volts until the bromophenol blue fracking dye

30  disappeared. For protein gels, the electrophoresced proteins were visualized by staining with
(=3

Colloidal Coomassie Blue reagent (InVitrogen).

Proteins were transferred from the gel fo
21



neur an ni dase assays. For the hemaggl utination assay, a series of 2-fold
diluti'ons of sucrose gradient fractions containing influenza VLPs or
positive control wild type influenza virus type A were prepared. Then they
were mxed with 0.6% guinea pig red blood cells in PBS (pH 7.2) and

“i"ncubat ediEacefost @dnthranks froméfhainl by Ase amgﬁwey@mqgwﬁreéedmﬁ%ﬁmmw . The
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was hi gher than tRe ¢t ITep gw@\me Rrafsse Whigh [were Ylgeked ifith #94 zaseing wereakactedhi ch
was 1:52006th PoiAMpLAntideds fo6l MsruSesOft rbomCleingtak,: teristics i nfl uenza
prot ei ns “p%f 5 geur am ni qjgag assgyt'lzhe. gtrer_rill)lgnt o%%ﬁc%g%mﬁi %‘glgjég'ggc‘)tul%’intgy in
i nf | uenza VEE® CORPEPRI AR OStE FEEragen Y inphosphage birfered waimedeheionicogginby t he
neur am niThese 20Ssedark Anfidetay g SAN-nh ( cted.on 1|
substrate (fetuin) anrz rel ea:l[,sged si alu?lgmg%?d.g rs n?r?%hagé%wga%éwi&%d to

stop enzy¥res0at angapkby te@ - sikalingrphomhatsse somjhgate @icl GO00)paertesbiNES0 minutes

- det er m Reeh eerbERhhy PNIHR; 0 I Luric cid that produced a pink
col or_ i anF}roport,i on to %lggfntér‘g?‘%h?gagﬁ&ﬁ%‘/a %gor@ BFeBPET 8’“@&%"8ﬁ‘ﬁﬁhor)
was ndas PEEEreH salne splation ephiiraEven 281 aviody-binging prAdna the AR nbAlRs was

depi ct ed viduRifh thmfﬂ: si.gnificant anpunt of sialic acid was
pr oduced Vll)y \X/IfP;gggﬁ’tea' rnnl%ng r %gl? F%n%ené‘?S‘{Dﬁ%a%%ﬂ’EP%@Baf%‘aﬁP diVdtreged) -t hat

t hese fractions corresFonded to those fractions exhibiting
henaggl ut i nat itBf reekts ¢F tWesters biox ammlysis (BiguraiZinivegt ihan pafeiAwRh CnBlbGW t h

functi onaleidMakyiR o ¢if [ i nfl uenza VLPs The i mmunogeni city of
the recombinant | nf | uenggﬂ%/lﬁ%gmv\%gllog%%se aarnrqg%)'\%‘} TeSRRRRING ) onesh toposiive e

fol | owed “By=aheere éFigurn|13B) ambderesivem afice immmeizaiewth HBLERRNDANLAYLES Hofky

pg/ i njsectyan) LPfrixS € jal . .and ML proteins from avian

i nfluenza vi r(lthsé typzéAS'Zgh% ﬁ%\é{ﬁﬁsaﬁgﬁg*?ig%/t TeGombiBa imflusazo HONY Mdserlone

gr adi ent $VereImeninegenid iatneide uthisubate ebadshifisiritiga. t he deltoid region of ten
(10) female BALB/c mice at day 0 and day 28 (Figure 11). PBS (pH 7.2) was
adm ni stered shofhawin [ ve control .into five (5) mce. The mce
were bled from tohe ség?%rg%?tg%ﬁﬁéé)gqﬂr?tﬁglg?relaé’wifer@%- bl eed), day 27

(primary bl eed), and day 54 (secondary
Berglund, P., Fleeton, M. N., Smerdou, C., and Li}j estrom, P. (1999). Immunization with

recombinant Semliki Forest virus induces protection against influenza challenge in mice.
20 Vaccine 17, 497-507.
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Three-dimensional structure of hepatitis B virus core particles determined by electron
cryomicroscopy. Cell 17, 943-50,
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bl eed). Sera were collected from bl ood sanples follow ng overnight clotting
ahd céntrifugation. 25 For Western blot analysis, 200 ng of inactivated

avi an influenza virus type A HON2 or col d-adapted avi an i nfluenza virus
type A HON2, as well as See Blue Plus 2 pre-stained protein standards

(-1 NVi t r 0g@6thez-Pisiad] N AliHacd _ utes) and subjected to-

el ect rophgresi s. under ?%%c%agfﬁgéﬁ’gi ‘?llvgghé"?)fﬁz’%gftfﬁg’rir@ég?ﬁ@?%ﬂé?%-

on. 4- 12%%03?%@91%911 @& infhugrr sres-Rerpaeicley dbrendneyoh BRARMEssich IMER dulfer at
172 vol t Sprgmbis)J @ I@;&Wﬂmmgl ue tracking dye 30 di sappeared. For
protein gels, the electrophoresced proteins were visualized by staining
with Col]oidal Coomassie Blue reagent (InVitrogen). Proteins were

transf er r425pBpPt k1829, Tronunizption Wit twluentaos @irtEiER2ERENih RndBébanalaRY - t he
standasd &lced ; . VLP- | nized mce and rabbits.
i muni zedMevi t h. ﬁﬂlﬁgﬁﬁlﬁ?gg avi asnrgﬁ'ﬂrﬁ;ll%éﬁ?ﬁnc\?fi?ﬁi%e‘% FyEmeTgPonsEont r ol
sera) wer¥PER R evantpralingeie. Yaginerlds per-208el y, in PBS solution (pH 7.2)
and used as prinmary anti body. Protein bound nenbranes, which were bl ocked
Wi th 5% coaey,D.LVeranbCRs! Sp khidr Beryg antisera for 60 mnutes at room
t enper at y th_const ang gﬁtéklia\r?fsgill:ﬂgf %%‘%omp\ﬁﬁ%ﬁi’sﬁmﬁha’%rﬁﬁﬁﬁanti body
menbr anes VWA RdsfRd Erighis B-Br (69063 Retorabisadt baduovime ittfRukiya 0henlap@RANiR 0,

secondar yyvzaehé Lne: | -..al i ne. phosphat ase conj ugat e
(T 10, 0oy aes S Rell @Ahec 2 b 8 Rl sl delples B o Apiridl o

(1:10,000)], were reacted 60 mnutes wth the nmenbrane. Foll ow ng washing
of sek nd‘;f‘]r%aﬂ}aﬁrt’ias@)@;?laﬁ@n{)Mdé@lepmmsﬁMdeyﬁ@mmhﬁ@mdnﬁ@bim%yti on

cont ai ni NgrHNREN c¥ine &RtulRdYs BiRdi: teins on the nmenbranes were
vi sual i 22% by devel oprent - wi %(%Q(#;ﬁg&%lﬁ?ﬂgén gom LUl Proteias. Jykirolas, REFBCI P
(InVitrog®®. The results of Western blot analysis (Figure 12) were that

proteins with nolecular weights simlar to viral HA and ML proteins (75

and 30 kdyies£$ iye Sh{do¥ep control sera (Figure 12B) and
sera from n? %E%‘A{nf izbée(r Z’\?\? {{,ﬁﬁtp h@elggbgﬁgﬁﬁgﬁim ﬂ#?%ﬁf&c fldseamphenjgops

(Fi gure 1aylraresse R4 dhosniuisdicedrtichaiobiaied HeaOERikan: haldienza HON2
VLPs g4 ong;, "Ry §pig@panogenic in nmice by this route of admnistration. The
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24 O her Enbodinents Those skilled in the art will recognize, or be able to
ascerfain using no nore than routine experinmentation, many equival ents to
t he specific enbodi nents of the invention described herein. Such

equi valents are intended to be enconpassed by the follow ng clains: 25 \Wat
s cl ai ne¥hatis clAmedicr onol ecul ar protein structure conprising: (a) a first
i nfluenza virus ML protein and (b) an additional structural protein

sel ected {f romyt he droup consisting of. 5 (i) a second infiuenza virus M
protein; (ii) (a% RQIPGRAr PRGiFin § e GOmprEsingA protein, (b) a second

i nfluenza virus HA protein; (iii) (a) a first influenza virus NA protein,
(b) a second [(Mhlfigendmendarvies MY méeh@A; and 10 (iv) (a) a first influenza
virus M2 protein, (b) a second influenza virus M2 protein; and wherein if
said addition LG | protein is not from subgroup (i), both nenbers
of at |east ogdg %%J%%E{%ﬁﬁ%"?ﬁ °In 3516590 fropp the @ranp candstnpekuded. 2. The
macr opol ecul ar protein structure of claim11, wherein the macronol ecul ar
protefn 15 struct(O@éC¢0@déﬁﬂwaedmﬁmnprbﬂ&;group consi sting of a subviral
particle, virus-like particle (VLP), capsoner structure or a portion

t hereof, a vaccingi) a Ltd-wa @Rt vaccipe, and m xtures thereof. 3. The
macr onol ecul ar prgt)ei n(ggtarﬂuréétt ureh%af nz:ulsé'ﬂbh*’rffe%erei n the additional
structural protein is 3e| ected fromthe group consisting of nucleoprotein
(NP) and nenbrane pr ot & R$e4qng inilsensivems Hat freteirt han noni nf | uenza vi ruses.
20 4. The macronol ecul ar protein structure of claim3, wherein the

addi tional struct (iial QlfRdt i . rane. protein froma non-influenza
source. 5. The macrom)lpzcul a?n%dretﬁﬁgtaéebllﬁnlgggr e of claim 1, wherein the
protein structure is s l)f- assenbled in a host cell froma reconbi nant
construct. 26 a second mfluenza virus NA protein; and

10 (V)  (a) a first influenza virus M2 protein,
(b) a second influenza virns M2 protein;

and wherein if said additional structura] protein is not from subgroup (i), both members
of at least one of subgroups (ii), (iii), and (iv) are included.

9 o .
The macromolecular protein structure of claim 1, wherein the macromolecular protein

15 structure is selected from the group consisting of a subvira] particle, virus-like particle (VLP)
capsomer structure or a portion thereof, a vaccine, a multivalent vaccine, and mixtures thereof

3. The macromolecular protein structure of claim 1, wherein the additional structural protein

is selected from the group consisting of nucleoprotein (NP) and memb

rane proteins from species
other than noninfluenza viruses. '

20 4, The macromolecular protein structure of claim 3, wherein the additional structural protein

1s a membrane protein from a non-influenza source,

5. The macromolecular protein structure of claim 1, wherein the protein structure is self-

assembled in a host cell from a recombinant construct,

26



6. The macronol ecul ar protein structure of claim1, wherein at |east one
structural protein is derived fromavian or manmalian origins. 7. The

macr onol ecul ar protein structure of claiml, wherein the structural protein
is deri v%g fromdifferent subtypes of influenza virus. 5 8. The

macr onol deul afhqmatrenoleatliredtiin Qtr@furs o kil pein the subtype of

i nfl uenzqieg‘iler ETS i s selected fromthe groupi’cvgﬁr}%f%?ﬂﬁ@“{i’?e% BoRIE”d B

i nfluenza Vi |d SBLAViag or-pammaliap gRgipecul ar protein structure of claim?7,

wher ei n "[ghe influenza virus conprises a wld-type influenza virus. 10. The
macr ool deul afhqmatrenoleatiarpedtetn Str@urs bakTinl 1 rein said macronol ecul ar
protein ﬁ%&cﬁ&ér‘éx%ts%e conprj ses at | east one’%r%hﬁrsﬁ?mbﬁag%@?eﬁufﬁwve%as
the ability to SeIFoREL “RZ/{VgUS-het er ot ypi ¢ virus-like particles (VLPs).
11. Asmaérormlﬂgcul ar protein structure of claim2, wherein a portion of at
| east Soné- pr oTls macramoipeuilg @otéin SioRBE bECIREOY S ucture having a noiety
not prodyced by.influenza virus. 12. A conpdg’l%f%é]{hggﬂ%ﬁ’es?r}aﬁ@ﬁ‘{e% virus

macr ool &cul are protel oW FsF iR sHbtEped sndBanfinenzacdruseser 15 or di | uent .
13. The gorrpo}s}ilti on of claim 12, further conprising an adjuvant. 14. The
macr onol écul aFhemmast@noleaar patiein em@ture bodimh7 Méf‘eﬁ:ﬂ infileS, SELucture s

sel ect ed @i ei&ﬂﬂ?ﬁ’as‘if“ ons that exhibit hermaggl ut |h%| M aCT Wit YOmBrEses arp g
.macr onol ecular protel W Structure of claim2, wherein said structure is

sel ect edé&r Omfh 20 compositions that exhibit neuram nidase activity. 16. A
macr onol étul afhepnastameiesiar poitait enefure€bBilaint, WHRRR 1.5 gnf.ormati onal

epi t apes s@fzrrd &ﬁﬂgﬁgékza@le\i&%ng hat induce influenza .v_éla?durggcﬁgﬁl@F S Prorgm

anti bodi es. 17. A vaccine o AP L PEein S bassthe gbilitydo selfassemble b ar pr ot ei n
st ruct ur keterptypicaims-lile pamtclesgVEREY i er or diluent. 25 18. A nethod for
producing a VLP derived frominfluenza, the nethod conprising: 27 (a)

constructing @ i t _construct encodi ng i nfluenza structural genes,
wherein the ré{?lg%n%%%gﬂ?p %8%&8 th’{?sc’fé?:‘?%ae%’gml,n aportioared atleast emsiroere fir st

st ruct ur edmpsisestadhimetierproteit stra@ite hbvthg B MRy Mot iSin %cﬁ) t pansfecting,
infecting, or transformng a suitable host celﬂflj W ys‘B@H“’F%E’&‘Fbi nant
12. A composition comprising the macromolecular protein structure of claim 2 and a carrier
15 ordiluent.

13. The composition of claim 12, further comprising an adjuvant.

14, The macromolecular protein structure of claim 2, wherein said structure is selected from
compositions that exhibit hemagglutinin activity.

15. The macromolecular protein structure of claim 2, wherein said structure is selected from
20 compositions that exhibit neuraminidase activity.

16. A macromolecular protein structure of claim 2, comprising conformational epitopes of

influenza VLP that induce influenza virus neutralizing antibodies.

17. A vaccine compoasition comprising the macromolecular protein structure of claim 16 and
a carrier or diluent.

25 18, A method for producing a VLP derived from influenza, the method comprising:
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5 bacul ovirus, and culturing the host cell under conditions which permt
the exXpression of M, HA and at |east one structural protein derived from
i nfluenza virus; (c) allowing formation of a VLP in said host cell; (d)
harvesting infected cell nedia containing a functional influenza VLP; and
ce) purifyi ng(® kensvuding HeddhbinREcoRBiha 0,18, Wherein the

struct ur%co%ot etibnﬁ}ger.i ved frominfl ueng%&gfn ﬁ]gﬂchza g’é‘ﬁc'@&lgaueﬁ’r‘ﬁhﬁf‘t%@egroup
consi sting or A, PRPOVIS Fnpgdes Mg, Mh@%ﬂmmfﬁmls&héﬁﬁﬁpmmﬁ%ﬁﬁ%l cas
one strudtfiveatapr@tein i s derived fromavian or manmmalian origins. 21. The
met hod of claim 18, wherein the structural protein is selected fromthe
group 15 concaiﬁrti r%% .of é.gﬁbtype A and B influenza viruses. 22. The nethod
of claim 18, WHEFEYHIREIIEEE erasioaminga skisabjticstcatioith ssBrecdigin®t hod of
cl ai m518 bawiedres, and BetYRE HOFRN dof & hperic VP~ 24 The method of -
claim18, further conpri gi ng t he.ﬁsﬁ%cg Cg{l](!i{lrc?nas.)wch&c | RSP dhecprention ofdMlAtect i ng
or co-t rans?‘d?aﬁ’i‘??gs brpteagierived riomanfamonndr20 r econbi nant const r uct

whi ch encodes a second i nfluenza protein, whereby said second influenza
protein is inEorlwriag fmutidddfa VIFen Yhid hodey.The Mt hod of fornulating a
drug substance containing an influenza VLP conprising: (a) introducing

reconbi nant c¢ uct s. encodi i.nfluenza viral genes into host cells; (b)
al | owi ng sel f&izgasrg?ﬂl) 5 ?cgﬁfﬁﬂ?@é@r?ﬁ’i‘wmg4ﬂﬂ¢tmhlziaﬂuén|zamprmdei ns into a
functional 25 honotypic or heterotypic VLP in cells; 28 (c) isolating and
puri fying the(e) pirifyispttee WL, and (d) fornulating a drug substance
containing the influenza VLP. 26. The nethod of claim25, wherein the drug
- substiancegf ursy j adiuvant. 27. A nmethod for formulating a
drug pr odtgjct, theetgret ﬁoéclia?@?r%bé\%?? St SrICWFab progin derivied frothiefludhzalving is

subst ancéelesteddtont the 2Boup eohsisting OGNANMRDEAdgPza VLP with a lipid vesicle. 28.
The nmethod of claim27, wherein the lipid vesicle is a non-ionic |ipid

vesicle. 229. fhdBERNLL Bk t i hunoral immnity to influenza virus
infection in a vertebrat émngﬁ%eﬁ%lglgﬂﬁag one structural protéin is derived from avian or

mammalian origins.

21.  The method of claim 18, wherein the structura] protein is selected from the group

15 consisting of subtype A and B influenza viruses,

22.  The method of claim 18, wherein the host cell is a eukaryotic cell.
23.  The method of claim 18, wherein the VP comprises a chimeric VLP.

24.  The method of claim 18, further comprising the step of:

(a) co-transfecting, co-infecting or co-transforming the host cell with a second
20 recombinant construct which encodes a second influenza protein, whereby

protein is incorporated within the VLP.

said second influenza

25.  The method of formulating a drug substance containing an influenza VIp comprising:

(a) introducing recombinant constructs encoding influenza viral genes into host celis:

(b) allowing self-assembly of the recombinant influenza viral proteins into a functional
homotypic or heterotypic VLP in cells;

3%
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(a) providing a test reagent including an effective anti body-detecting
anmount’ of influenza 10 virus protein having at |east one conformational

epi tope of an influenza virus macronol ecular structure; (b) contacting the
test reagent with a sanple of bodily fluid froma vertebrate to be

exani ned for (chisbla@RZahdiukitdingd B SoEY )._al l owi ng i nfluenza virus
specific anti (b(y;di egﬁ%orﬁﬁai ﬁ%‘é‘é?‘% sal Igé‘hs\él(‘ Iaé‘gto bind to said 15

conf or mat i ona{g pi t ope of an influenza virus macronol ecul ar structure to
form anti gen- H?CIB‘B g % ErpgIsEhsance ¢anfaining treandlngzswi g, conpl exes from
unbound conpl exes; (e) contacting the conplexes with a detectably | abel ed

i nmunogl 86ul i Thdrmetdodef RGRITS, h@agtgec%‘, erm ning the amount of the
det ect abl y | abel ed i nmunog| ot)‘gl in-bin |%%ubgg‘éﬁetﬁ1ftﬁgtc MPBPER R p& Ut d

conpl exegs 30 é.ho of detecting_influenza virus in a specinmen from an
ani mal ofr hurrjétrrf'lb‘é gg’? 8rc$8’dula%‘?g %‘%P%&Oﬁﬂqtééﬁ a¢thed chmprsing the k16 oCANRM 1B NY:

(a) pPovildigiygpstants dfadkiRS shariaith SiRfentd 01 b Y%k 1354 L Sa5L one

conformati onal epitope of the 5 particl e of sal H"H‘ﬁsf nza virus, wherein
the anti bodi tectabl e signal producing |abel, or are attached
to a detectab fqﬁéé%% %ff??aﬁ%?rfiew‘le*‘fm%@%(lmd ¥esieleis einogriatielisigeedisen with said
ant i bodi éaé; (c) b%lglfow ng the antibodies to bind to the influenza virus;
and (d) t erérinstheg fortvisteptinsiamueal dhmiuafty teRARensh LA 0k 4 A e speci men
by meanscqfpdsfyg. detectable label. 5 31. A nethod of’ ter@tzgr{]&rlrgﬁfrtmtﬁh
conprises admnistering to a vertebrate an effective anount of the
conposition of claim13. 32. A nmethod of preventing influenza which

conprises adrRHireYidingadest reagen avchehgahefdstive %ﬁ%ﬁ&jd\éﬁcﬁxgﬁﬁ‘cﬁ]&fg i ?t tﬂel?ﬂ?vi’ac cine
ec e

f or mup at {iaR Pdieifs had; 3. A pethod of providing a pr
response V\/nipgéhec?)]?r‘;pr %tégasg%flrﬁcﬁf"fg%@%oﬁﬁl %PHere ofen D& s maoformoleaitg 13. 30

structure;

(b) contacting the test reagent with a sample of bodily fluid from a vertebrate to be
examined for influenza virus infection;

(c) allowing influenza virus specific antibodies contained in said sample to bind to said

15 conformational epitope of an influenza virus macromolecular structure to form antigen-antibody
complexes;
(d) separating said complexes from unbound complexes;
(e) contacting the complexes with a detectably labeled immunoglobulin-binding agent;
and | ,
20

(f) determining the amount of the detectably labeled immunoglobulin-binding agent that
bound to said complexes.

30. A method of detecting influenza virus in a specimen from an animal or human suspected
of being infected with said virus comprising:
(a) providing antibodies having a specificity to at least one conformational epitope of the
25  particle of said influenza virus, wherein the antibodies have a detectable signal producing label
. D ’
or are attached to a detectably labeled reagent;
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SEQJENCE LI STI NG <110> Novavax, Inc. <120> FUNCTI ONAL | NFLUENZA VI RUS- LI KE
PARTI CLES (VLPS) <130> SP7391B <150> US 10/617,569 <151> 2003-11-7 <160>
3 <170> Fast SEQ for Wndows Version 4.0 <210> 1 <2U> 1404 <212> DNA
<213> Avian <400> 1 atgaatccaa atcaaaagat aatagcactt ggctctgttt ctataactat
tgcgacaat a 60(p) tHiickiast a0akd catcttagca acgactatga cactacattt
caat gaat gt 12%)) acgaagchgeaép&%%aacaa%g% ©4§Bgcca t gt gaaccaa tcat aat aga
aaggaacat a 18% acaga%at atg)tgcatt_t gaa taatactacc atag agaagg aaagttgtcc
{ aaagt agca 2492 S5 agpodies fybindwaha ofiyematvius;caaat t acag ggttcgeccce
tttctccaag 300 gacaactcaa ttaggctttc tgcaggcggg gatatttggg tgacaagaga
accttatgta 36@) déteatifiag Heorist A3 LafRLgnJlAccaattt . gecac-ttgggc agggaaccac
- tttgaacagg 4%861€§acactcag at ggcacaafgn%c‘g@f;g’t.e ?j%maé’f @eemganm@fmtt

aat gaacgag A8F ablyggt gt t ¢ catttcattt gggaaccaaa caagtgtgca tagcatggtc
cagct caagc 540 tgccatgatg ggaaggcatg gttacatgtt tgtgtcactg gggat gatag
aaat gtgadt. 60Q megodaf Godte@ntwitich Glgd 599?35;98 tacc gacagtattg gttcatggtc
taagaacagfthGGO ctca gac,tc aggagtcelljglaea gcg%tfi tO%[vC«ggqr_aﬁ%e e ameugt
agt aat gac ?Wp(’é’éi‘f’ﬁg ¢lgimyliat caggaag ggct gat act aaaatactat tcattagaga
agggaaaa%zt: 780 gtccacattg gtccactgtc aggaagtgct cagcatgtgg aggaatgctc
ctgttaccés 848metydbépeeaningagieaaaitct Hutd-Q6 .gacaat t gga gct ccaa
tagacccg&?ecggoamoct@t at aa. at gt gg&aga tt_at%gt%%é ggtfﬂtm%ttogg’ﬁt&ggﬁ%t gctc
aggact t gt 0 Yy %@h%&%méé%’& pwyaf eaiat Hhgct cc agcagcagt a act gcaggga
tcctaataac 1020

33. A method of providing a protective immune response which comprises administering the

10 composition of claim 13.
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gagagagggg gcccaggagt
ggacgiacaa tcaagaaaga
t ggact acgg ctaattccaa
t ggt ct gggt attct ggt at
tat gt ggagt tgat aagagg
atcattgtat tttgtggaac
aat at caatt .t catgtctat

aatgttcct

gcaacaagece i

g

t ad
aatttgtaé’é%T
ttcaaaccsgsl §
gct ccat
tt aaaag
ttgccat taees

gelit

a

ttcaggtacc
ataa 1404

gaatacaaga
gacaactcaa
tcgtgcggtce
aaacactcaa
ttgggtgttc
tgccatgatg
gcragcatca
ctcagaactc
gatggaagtg
gtccacattg
cggtatccag
ctatatataa
ggcgacacac
gagagagggg
ggacgaacaa
tggactacgg
tggtctgggt
tatgtggagt
- atcattgrat
aatatcaatt

<210> 2
<21i> 1683
<212> DNA

aat agt ctacagmatigyyoagttgaggtaat

attggtcaaa
ttaggctttc
ttggtaaatg
atggcacaat
catttcattt
ggaaggcatg
tttatgatgg
aggagtcaga
catcaggaag
gteccactgte
aagttagatg
atgtggcaga
caagaaatga
gcccaggagt
Ttcaagaaaga
ctaattccaa
attctggtat
tgataagagg
tttgtggaac
tcatgtctat

<213> Avian

<400> 2

atggaaacaa
atctgcatcg
aatgttectg
gcaacaagcc
ggcaaccctt
tcatcagctg
acactrttta
aatgtgactt
tggctgactc
ggaaagagca
aatttgtaca
© ttcaaaccag
tattggtcgg
gctecatggt
taaaaggtg
ttgccattee
aatagtctca
tttggagcca

tatcactaat
gccaccagtc
tgacacatgc
tgggacatcc
cttgtgacct
‘taaatggaac
gttcecgctag
acactggaac
aaaagagcgg
ttcttttegt
taagaaacga
tgatagggcce
tactaaaacc
atggacacgt
gtaattgtgt
acaatatcag
aactggcagt
tagctrggatt

o

accgcaatgt
tgcaggcggg
ttaccaattt
acatgatagg
gggaaccaaa
gttacatgtt
gatgcttace
atgcgtttge
ggctgatact
aggaagtgct
tgtttgcaga
ttatagtgtt
cgatagctcc
gaaagggtgg
ttcgegetcet
gtcacaaata
attctcrgtt
gagaccacag
ttcaggtacc
ataa

aactatacta
aacaaactcc
caaagaattg
cctcattcta
gctgttggga
gtgttaccct
ttcctaccaa
aagcagagca
tttttaccet
gtggggcata
cacaacaaca
aaggccectt
aggccaaaca
tctttcagga
agtgcaatgt
taaatatgca
cggtctgagg
catagaagga

R t
<400> 2 %Fﬁ@aga g%t 3fcact aat ‘aactatacta ctag-tagtaa cagcaagcaa tgcagataaa

60 at ctgeat cHugTtanagi-tuads ARRAGE G G
t gacacat gc caaagaattg ctcca

caaattacag
gatatttggg
gcacttgggc
agtccccata
caagrgtgca
tgtgtcactg
gaCagtattg
atcaatggaa
aaaatactat
cagcatgtag
gacaattgga
gattctagtt
agcagcagta
gccCtttgaca
ggttatgaga
aataggcaa
gaaggaaaaa
gagaccagag
tatggaacag

ctagtagtaa
acagaaactg
ctccacacag
gacacatgca
ggaagagaat
gggaatgtag
agaatccaaa
tgttcaggtt
gttcaagacg
catcacccac
agcgtgacaa
gtcaatggre
ttgcgagtac
gggagccatg
cagactgaaa
tttogaacct
aacgtagcctg
ggttggcecag

1

ot

tt gagactgas actasaat 99¢
ERig8tcagcamcana

e

ggttecgeccc
tgacaagaga
agggaaccac
gaacccttrtt
tagcatggte
gggatgatag
gttcatggtc
cttgtacagt
tcattagaga
aggaatgctce
agggctccaa
atgtgtgctc
actgcaggga
atggaaatga
Cctttcagggt

g tcatagttga

cctgcatcaa
tatggtggac
gctcatggec

Cagcaagcaa
tggacacgct
agcataatgg
ctattgaagg
ggtcctacat
daaacctaga
tctteccaga
cattctacag
cccaatacac
ccacctatac
cagaagattt
tgcagggaag
gatccaatgg
gaagaatcct
aaggtggctt
gccccaaata
Ctagatcaag
gactagtcgc

1683

Ctgghggggg

Bcc cctcattcta gacacatgca ctattgaagg
ggcaaccctlsoet Ugtigaet sgpct gt t ggga ggaagagaat ggt cct acat
t cat cagct'gtt ad¥Ygdkdc gt gttaccct gggaat gt ag
acact t t t4i@ogtst ccgct ag ttcctaccaa agaat ccaaa
aat gt gactt acactggaac aagcagagca tgttcaggtt
t ggct gactéOadassas gy Windewsavest ogtit caagacy
ggaaagageaod tcttttcgt gt ggggecata catcacccac

aacga cacaacaaca agcgtgacaa
Agggcc aaggeccctt gtcaatggtc
tattggtcgg tactaaaacc aggccaaaca ttgcgagtac
%%Z&aﬂggacacgt tctttcagga ggaagccatg

aaaacct aga
tcttcccaga
cattctacag
cccaat acac
ccacct at ac
cagaagattt
t gcagggaag
gat ccaat gg
gaagaat cct

FeEER

<212>

gy

G5 HgRI> dag enges

trtctccaag
accttatgta
tttgaacaac
aatgaacgag
Cagctcaagc
aaatgcgact
taagaacatc
agtaatgact
agggaaaatt
ctgttaccee
tagacccgtg
aggacttgtt
tcctaataac
tgtttggatg
cgttggtggt
cagtgataac
caggtgttrtt
ttcaaatagce
cgatggagcg

tgcagataaa
aacagaaacc
aatgctgtgt
actagtctat
cgtcgaaaga
ggaactcagg
cacaacctgg
gagtatgaga
aaataacagg
cgagcaaaca
gaataggacc
aattgattat
gaatctaatt
gaagactga:
aaacagtaca
tgtaagagtt
tagaggacta
tggctggtat

DNA

tt

g&@ta.
40
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1404

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080

' 1080
aaagggtgg gcct-ttgaca atggaaatga tgtttggatg
?tcggggtct ggttatgaga ctttcagggt cgttggtggt 1140
gt cacaaat a aat aggcaag tcataattga cagtgataac 1200
attctctgtt gaag gaaaaa cctgcatcaa caggt?ttttléggo
aca agaccagag tatggtggac ttcaaatagc
Pt eaggt aCe. Latagaac cat ggcc cgat ggagcg 1380
<213> Avi an

cacgct aacagaaacc 120
aatgctgtgt 180
actagtctat 240
cgt cgaaaga
ggaact.cagg
cacaacct gg
gagt at gaga
aaat aacagg
cgagcaaaca
gaat aggacc
aattgatt at
gaat ct aatt
gaagact ga=
aca:

300
360
420
480
540
600
660
720
780
840
900
960
1020



tttggagcca
ggt tt Ccage
aaggcaattg
t at gaaat aa

tagct ggat t
att caaat ga
at aaaat aac
ttgat catga

cat agaagga ggttggccag gact agtcgc tggct ggt at
t caaggggtt ggtat ggctg cagat aggga ttcaactcaa
at ccaaggt g aat aat at ag t cgacaagat gaacaagcaa
attcagtgag gttgaaacta gactcaatat gatcaat aat

1140
1200
1260

1080 1

1320
1380
1440
1500

accaaat aca agacgt atg gcat ataat g cagaattgct agtactactt
T

aagaggg&aggéggé f@a%@&a % E% L28TEHOR ateadcrasaa gl g

C@@%‘ % ggacagoran dzemt
daat gt g@ﬁgamwcgag@aht@ga@cﬁ@dﬁggc@@ &WG g

§§
agagaggdg aﬁ@ Qé@ 5&& g % iaa*aa caggacabg%siﬁa 1560
act t acaaaatdrgetL a ‘g 'gétgﬂag E 1620
tttgct g@@?gétggea@mmag g%cmgagzaaaﬁa

G%ilatl g
guﬁguaﬁ §g § ?@3 1680 1683
<210> 3 RRfaeaBaces

wat &m@@x at;wgc d e6dpaaccgaggt
cgaaacgtiae gttct ct cta t a%acca?ﬁt cai;aég%tc%fcQCB@atgé%PagéEwﬁatat i%ﬂgcagag
acct gagg§%> gtttttgcag ggaagaacac 3ygct aaa
At

agatcttgag 120 gctctcatgg
gacaagach ggt gt cac ctctgactaa
cgt gcccﬁnbgag:cgaggac t gcagcgt ag

aagat t gat

ggggatttta 180 gggtttgtgt tcacgctcac
acgatttgtc 240 caaaatgccc taaatgggaa
t ggagacé&al¥ticat gg acagggcagt taaactatac 300 aagaagctga agagggaaat
gacatt ccapo:ggagcaaagg aagttgcact cagttactca 360 actggtgcgc ttgccagttg

cat gggt @ttgagt:tatcacmga@gatggg@gmc ag;;ua@g‘cggzagcgg&caﬁaggé&gg&c E(S ggcct agt

at gtgcc tcgtaatmcagg;gé&iacicca [Py agAt ggcgac
t accacc chg%ggﬁgétﬁﬁ %&:@%@% Cﬁg E%tggg{tﬁ aﬁgm tdmcggct aa
@wat cwagd gaa Gadd @&c tcgcaag

ggccatg gagaara 2
e s LR
gatgc ccaacatcgg

tcaggct 4§
420
tcccacaggc agatggcgac taccaccaac ccactaatca ggcatgagaa cagaatggta

aggt ct a@aag 480
540
ctagccagca ctacggctaa ggccatggag cagatggctg gatcaagtga gc
gaagccatgg aagtcgcaag tcaggctagg caaatggtgc gggctagggg Saﬁgg*‘é%g;g 280
actcacccta gticcagtge aggtctaaaa gatgatctta ttgaaaattt gcaggcttac

660
cagaaacgga tgggagtgca aatgcagaga ttcaagtga 7o

759



cagaaacgga-tgggagtgca aatgcagaga ttcaagtga 759 2 1! i Fraction#* Titer
1< 1¥500 3 <1:500 5 1:500 7 1:1000 9 1:2000 11 1:2000 12 1:4000 14
1:500 16 < 1:500 PBS** < 1:500 A/ Shangdong/9/93 * * * 1:1000 *
Fractions from 20-60% sucrose gradi ent ** Negative control * * * Positive
eontrol TABLE 1 3 V4 _.r Mirar Strain Gene RTPCRPrinmer Type A (H3N2)
oydney/ 5/ 97 Heanggbai nin (HA) Forward 5'-A GGA=CATG AAGACTATCA7TCCTI -

JAG 3" Reverse S -A 99=7CAAATOCAAALI 91 TpCACCTAAT(r3' Neunnl n) due (NA)
Forward 5- GE('i GACAAGL rw ACAAAAAAGCA( i oc TTAGAAG GAGATAGAACC ATG
AATCCAAATCAAAAGATAATAAC-3'  Revert 5' - GGGGACCACTTM ACAAGAAAGCE GRO7' CCl . ATAT
AGG CATOAOCATMATGIC CGC-3' Mstri-x(M) Forward 5" - AAA GAATM ATG

- AOTCnCTAACCOAGGT COMRTIPAES' Titer
1 <1:500
3 <1:500
5 1:500
7 1:1000
9 1:2000
11 1:2000
12 1:4000
14 1:500
16 < 1:500
PBS** < 1:500
A/Shangdong/9/93*+* 1:1000

* Fractions from 20-60% sucrose gradient

*k ‘Negative control
**%  Positive control

TABLE 1



Reveve 5' - AAA | ECDAA' t TACTCCAGCTCTATGCTQACAAAATGAC3' M2 Forward 5' - A GAA=
AYG' AGQTCTTCTAACC. OAGGTCGAAACGCCT ATCAGAAACGAATGGGGGTOC-3'  k r e 3' - AAA

| MQAA TTACTCCAGCTCTATGCTGACAAAATGAC-3'  Noci eopntain (NP) Forward 5 -A M|
- ATG GCGTCCCAAGGCACCAAACO 3' Reverse 5'-A

C.r C, CTTAATI UTC("' 9" ACTCCTCTGCATTGTCl ' CCGAA GAAATAAG 3' Typo B Harbin
Hommal u idn (HA) Forward S'-A SBA= ATG AAGOCAATAA7TTGTACTACTCA7GE3'  Reveoe
S - A GCC : CLWTATAGACAGATGGAGCAAGAAACATTGTC  TCTGGAQA- 3' Nemmrt m dau ( NA)
Forward 5'-A O ATT CATG CTACCTTCAACTATACAAACG 3' Reverse 5'-A C

.nrrr, f 7TACAGAGCCATATCAACACCTGTGACAGTCr3' TABLE 2 4

* Vins Strain Geno RT-PCR Primer
T . . ;
Yo A (EBN2) Sw 7 HA) Forward 5™A GGATCCATG AAGACTATCATIGCTITGAGY'
Reverse 5"A GUTACCTCAAATOCAAATGTTOCACCTAATG S
"+ Nouraminidase (NA) Forvard 5*-GGGGACAAGTTTGTACAAAAAAGCAGGCTTAGAAG
GAGATAGAACC ATG AATCCAAATCAAAAGATAATAAC-3'
Roverso 5"-GGGGACCACTTTOTACAAGAAAGCTGGATC
CTATAT
AGGCATGAGATIGATGTCCGC-3
Matrix (M1) Forwand F-AAA GAATTC ATG AGTCTTCTAACCGAGGTCOAAACGTAZ'
Rovene 5'-AAA  TICGAA TTACTCCAGCTCTATGCTGACAAAATGAC.3"
M2 Forvand 5*-A GAATIC ATG
AGTCTTCTAACCOAGGTCG
ATCAGAAACGAATGGGGGTGC3' pracseer
Raverse F-AAA TICGAA TTACTCCAGCTCTATGCTGACAAAATGAC-?
Nucicoprotain (NP) Forward 5%A QAATTC ATG GCGTCCCAAGGCACCAAACG-'
Reverse 5™-A GCGQCCGOTAATIGTCGTACTCCTCTGCATIGICTC
GAAATAAG.Y o cona
Typ B Harbi i
in Hermagglutinin (HA) Forward 5*-A GAATIC ATG AAGGCAATAATTGTACTACTCATGG-3*
Reverse 5™-A GCGGCCGUTATAGACAGATGGAGCAAGAAACATIGT
CAAG
TCTGGAGA-7' HascATIOTCe
Newrmminidas= (NA) Forward $'-A QAATT CATG CTACCTTCAACTATACAAACG-?'
Roverse 5'-A GCGOCCOOTACAGAGCCATATCAACACCTGTGACAGTG2'



