- 1 - Biomolecule Surface Display and Uses Thereof Technical Field The present invention relates
generally to biomolecule surface display systems, with particular application to display of membrane
glycoproteins as vaccines. In particular, the present invention relates to methods, vaccines,
immunological compositions and kits for treating ang/or preventing avian influenza, and to associated
methods for modulating an immune response to avian influenza virus. More particularly, the present

invention relates to methpgds, vaccines, immunologigal Qsiti i ating and/or
preventing 10 strain H5 IR iﬁﬁ'ﬁ@ﬁz Yl cﬁﬁ%@&(ﬁﬁéﬁ m%%oggégér‘%gdulating an immune
response to strain HSN1 avian influenza virus. Background Art Avian influenza virus is a significant
worldwide infectious disease of birds that is 1§§gﬁﬁ§gapﬁ¥ A strains of the influenza virus. All birds
are thought to be susceptible to the disease, which can result in symptoms ranging from mild iliness to
a highly contagiolibeaprisensittycfatianpateioy sneaidlydobion tteadocreBpratinney. syt dintypes of
influenza yirus, are known a infecibirds . WS REAWILING ApcByteRsNaseaemais. ahiplenra, ivses

within bird populations. n particular, because 20 migratory birds are <ghaturall resistanéj%{in ction,

they provide PEEEHIVERBP TIPSR ARt ISTH o SRR Sifeh REWSHATHIFS UK Which are
particularly sugegmiiple:ine pieanitscofwianityl fatekinthi nr asstlisetbresiksdof firenmidghlstingthngenic
form have been caused by influenza A wruses of su es H HZ. j . 0 f areas
and destructiof BHT&EERESF E&%‘é‘é“%é“ﬁé%&%aa‘r’g%%a%@ %}@oaggdé}%%ggrﬁegﬁff%%%gﬁt%% the
spread of avian inéihedzaaitises:ioweves)agict poomuitonsanddtibriy ireatingraalifsy evsmine
Contagimf&“e%%faﬁaﬁ%ze{ LRRsrERIan A0thlong e stakiliaah s ul vs- uaidarabith naialdost, but

they also carry a heavy economic toll in terms of both implementation of such measures and
destruction of isaRRRSHta SuZR A G RenGIREEBII TS train of avian influenza virus jumped directly
from 30 birds to humans, causing severe respiratory disease in 18 humans, of whom 6 died. This
infection coincided with an epidemic in Hong I%or}aé%‘poulgy}xp?pulation of avian influenza virus caused
by the same strain. A further outbreak in 2003 AP ERSES and 1 death. Further cases of human
infection with aviaviafluefizensdiusiave betmifisatvediidwale mfationsridsdars udibirdseiNetterlands,
Vietnam and Gliag, |, 3deltion, MOLS ke i eGRALOVIRIEKS BIAY IR IRGCIRE VR thekhphi sgrain

have beeit repcce)ir eeéiirye tern Europe and particularly Turkey. H5N1 is of particular concern because
it mutates rapilily dirdaseadeiicht eRqaRTAY dRnBERETYiAMeeh Eom guldciingihdPspetigtdin .

addition, isolaigs, fiem.5iadil-Have high patieesnicily-andcam cauae spdersicisease in humans. Birds
surviving infection excrete virus for a_trélﬁast 10 days, boé%lgrally andfjn f%%c(ﬁs, tﬁ%%reb fa%litating
further spread at IWEHBUTHYFREF KRS 5655 BPEE R BESH

e clinical I}Sares%iglr}l of
human infectiasfeitivel 3dsbravianinfiflenzze winses weitizintitat] papeativihsirdh gratisponlybsereeof which
can be used for both treatment and pre ' h imitatk [ Tol: NI

SN BB IIBHRURRS pro TR RISRAALINNRIIOR IS
predicate?(‘f on The' aé’%lt)gf)%sen %f‘%%rr%%?e%%g{eg saurfa%e display syséégr?]? With_p%ﬁrﬁcular application of

such systems tofeipryoifiembiEnegiyesersicrriaasy SemsEic PegkriciichHabREERt R Ention
relates to methQds, vasciaes: dmenologitalcrmprIitiens.and iisfenitsessting ldafppaiieyeniing avian
e, N o e cua by Jomens I 0920 IS LERRoRTHY, avian influenza virus.
Quarantine of infected areas and destruction of infected or exposed flocks are standard
35 procedures aimed at preventing the spread of avian influenza virus. However, such
measures are not only hampered by the high contagiousness, ease of transmission and
long term stability of the virus outside of its natural host, but they zlso carry a heavy
economic toll in terms of both implementation of such measures and destruction of birds.
In 1997 in Hong Kong, the H5N1 strain of avian influenza virus jumped directly from
30 birds to humans, causing severe respiratory disease in 18 humans, of whom 6 died. This
infection coincided with an epidemic in Hong Kong’s poultry population of avian
influenza virus caused by the same strain. A further outbreak in 2003 caused 2 cases and
1 death. Further cases of human infection with avian influenza virus have been observed

in several countries including the Netherlands, Vietnam and China. In addition, more



Summary of the invention In one aspect, there is provided a vaccine for the treatment or -
prevention of'a disease in a subject, wherein said vaccine comprises an expression vector comprising:
(a) a nucleic acid encoding an antigenic peptide; and (b) an id | promoter from white spot syndrome
virus operably linked to the nucleic acid encoding a;iantigenic peptide such that in use said anfigenic
peptide is expressed by said expression vector in Sdid subject. In another aspect, there is provided an
expression vector, wherein said expression vector comprises: (a) a nucleic acid encoding an antigenic
peptide; and (B)cat tekBredmoter fialn whitecdpotihyticy GBI Visisinperab ydinkeghtothemeetein acid
encoding an-antigenic peptide li_another aspect, there is provided a host cell comprising the
expression vegﬂff’%%aﬁg Q/'e?maﬁfg In another aspect, there is provided a composition
comprising an impsNostehfiaticglagent sete Hemsert thatgrourpichsistidgoadapt vaagaErRe defined

above, the exprecsion veclor as defined Ve pilie Jasi celbamegliped AU A iR iR a

pharmaceuti-ceﬁ?;?%cce%lta € carrier, difuent or excipie In another aspect there_is provided a

vaccine complisshgpeieoesuiriysiod \REBIERES IRETEER) EBRRE, ih &FBsreelads quRTEirgHBfRE B the
composition ag defined abaye,forthe trealmenia BraugnionieiR.siseasedpamuiechavherein said

disease is assoclated with a virus. In angther jspect, there is provided the use of the vaccine as

defined abovesBrEEK IR SRINTERTLES ARRRSFLBHT Y RERost cell as defined above or the
composition as defipsdabevaiasthersasaisfaatoféahanetiahmentier s rdentaiverct arimmune

ESPONSE 4 very limited, and antiviral drugs, only some of which can be used for both treatment
and prevention, also bave mitations. o

The present invention is predicated on the development of biomolecule surface

display systems, with particular appﬁcaﬁon of such systems to display of membrane

glycoproteins 2s vaccines. In particular, the present invention relates to methods,

vaccines, immmmological compositions and kits for treating and/or preventing avian

influenza, and to associated methods for mbdnlgﬁng' an immmune response to &Vian

influenza vires.

Summary of the invention

In one aspect, there is provided a vaccine for the treatment or prevention of a
disease in a subject, wherein said vaccine comprises an expression vector comprising:
(2) = nucleic acid encoding an antigenic peptide; and | .
(b) an iel promoter from white spot syndrome virus operably lnked to the -
nucleic acid encoding an antigenic peptide
such.'ﬂaat m use said antigenic pcptide: is expressed by said expression vector in sald

subject. -

In another aspect, there is provided an expression vector, wherein said expression

vector comprises:
(a)  anucleic acid encoding an antigenic peptide; and | |
(b) an ie] promoter from white spot syndrome virus operably linked to the

nucleic acid encoding an antigeme pephide.

In another aspect, there is provided a host cell comprising the expression vector as

defined above.



In another aspect, there is provided the use of the vaccine as defined above, the expression vector as
defined above, the host cell as defined above or the composition as defined above for the manufacture
of a medicament for the treatment of a diseaséassociated with a virus. In another aspect, there is
provided a method for presenting or displaying an antigenic polypeptide, wherein said method
comprises: (&) inserting a nucleic acid encoding said polypeptide into a baculoyiras expression
vector, wherein Eaicebathefoviesseekpréagion ec@io¥titbrises SHMBPPHISRotSCHEMSHEite Lpot
Syndrome g oendiPOsIcc I ALl B OMRE S s b ks e assionuesiastiand ()
expressing saldo oJiypepu e from said expression vector wherein said polypeptid.e, is presented or

displayediorvthdhsurfares itenvbeioTed g reier the hoslfthas A65aet ahereid985Hfed a system

for presenti rdi 1! |¢eRabRe PRl e R gﬁ@,@ id system comprises: (@) a
nucleic agéﬁg% %%ﬁ%%%%%%%y%%{%%%%serted into g&%iﬁoi/irus expression vector, wherein said
baculovinis exprﬁsﬁg&gp%g&’omargqgspmg&@@m@&g{efmﬁ@g@@&g@@gﬁgﬁg@ﬁ&,\ém@;a@b) rirankE for
frmasfecting at least one host cell with said expression vector, and (D) means for expressing said
polypeptié%%@ﬁﬁ?e%r%%@i@%ﬁﬁﬁmﬁ 2[&riTEHPRR RIS FEied BRE & diplayed on
the surfagg. SRR REARAHR Hiks: A S0 dissiasesisraivasainadaii e taatnent RiREevention of a
disease in a subject, wherein said disease is associated with an avian influenza virus, and wherein
said vaccH@&®omprises an expression vector comprising a nucleic acid encoding a hemagglutinin -
peptide, such that imysesaig-bemasehutipieviedite isexidréssestbinsaid dofressibrvectior in said
subject. The subject may be human, avian or porcine, The avian influenza,virus may. be an H5N1
subtype Mﬁﬁwmﬁ%a&iﬂ?@e%ﬁé%%ﬁg&%ﬁﬁétﬁ %ﬁ%‘e‘? ARSEL BE TR

’ comprise a Sculovirus expression
vector. Thehaculgviresexmessianireies ofay hedisaneatfpedwithodviesionlaf stoimatitisevirus
glycoprotein. The expression vector may further comprise a promoter. The promoter may comprise
aniel proM&&rfFfom white spot syndrome virus. The promoter may be operably linked to the nucleic
acid encoding ap, yGeNIG AR HrORMAIKINIID ReRie Mak RTRESEABRTINBECI
sequence derived rrom an H5N1 subtypé of avian influenza virus. L :
expression vector as defined above, the host cell as defined above or the composition as

defined above for the manufacture of a medicament for the treatment of a disease
associated with a VlmS '

In another aspect, there is provided a method for presenting or displaying an antigenic
polypeptide, wherein said method comprises:

(&) inserting  mucleic 2cid ecoding said polypeptide info 2 baculovirns
expression veotor, wherein seid baculovires expression vector comprises an iel promoter
from white spot syndrome virus; .

(b) tramsfecting at least one host csll with said expression vestor, and

() a@ressing said potypeptide from said expression vector
whersin said pnlyj:epﬁdz; is presented or displayed on the sucface membrans of &
baculovirus. '. |
| In.another asﬁcct, there is provided a system for presenting or displaying an antigenic
polypeptide, wherein said system COMPrises: ‘

() = mucleic acid encoding said polypeptide imsertsd into & baculovirus
expression vector, wherein said baculovirus expression vector comprises an je] promoier
from white spot syndrome virus;

(t) means for transfecting 2t leest one bost cell with said expression vector; and

(5) means for expressing said polypeptide from said expression vecior



Also disclosed is a vaccine for the treatment or prevention of a disease in a subject, wherein said
_disease is associated with an avian influenza virus, and wherein said vaccine comprises an expression
vector comprising (a)a nucleic acid encoding a hemagglutinin peptide; and (an id promoter from white
spot syndrome virus operably linked to the nucleic acid encoding a hemagghitinit peptide such that in
use said hemagglutinin peptide is expressed by sarti expression vector in said subject Also disclosed
is an expression vector, wherein said expréssion vector comprises: (a) a nucleic acid eaaconing an

antigenic pepfidg=and.;a(Porammetey aremibitexspéissimarbme el ssopferabiy dmitradetaihe nucleic
acid encoding an antigenic peptide wherein said antigenic peptide comprises a hemagglutirdn
peptide com V& amino acid sequence derived from an H5N1 subtype of avian influenza virus.
Also disclosed is the exprassion vecter @s described herein for use in the treatment or prevention of a

i se said &G B R e B e e s A osed
a host cell comitiisingae mnfuessiovirvector Fbhdusorisd WioRE AMITPHRRS Bk ELBMPBESEion
comprising an immunopgtentialing agen ssiacier SeMbpeintinin peptide, such that in use sid
hemagglutinin peptide is expressed by said expression vector in said subject.
The subject may be human, avian or porcine.
The aviap influenza virus may be az SN subtype of avian influenza viros.
The expression vector may comprise 2 baculovirus expression vector. The baculovius
expression Vectdr may be pseudoty?ed with & vesicular stomatitis virus glycoprotein.
‘The expression vector may further comprise a promoter, The promoter may comprise
~ an je] promoter from white spot gyndrome virus. The promoter may be operably linked to
the mucieic acid encoding an antigenic peptide. S
The hemagglutinin peptide may corprise an amino acid sequence derived from an
H5N1 éubtypc of avian influenza virus. :
Algo disclosed is a vaccine for
the treatment or prevention of a disease in 2 subject, wherein said disease is associated
with an avian influenza Virﬁs, and wherein said vaccine compﬁsas an expressibn veotor
comprising:. : S |
(2) - - nucleic acid encoding 2 hemagglutinin peptide; and
) an iel promoter from white spot syndrome virus operzbly Iinked to the
oudleic acid encoding a hemegglhutinin peptide _ -
such. thet in use said hemagglutinin peptidé 15 expressed by said expression vector in
szid subject.
| Also disclosed is an expression
vector, wherein said expression vector comprises:
(&)  &nucleic acid encoding m mlﬁgenic peptide; and
(b) an el promoter from white spot syndrome virns opersbly linked to the
nucleic acid encoding an anfigenic pepﬁée |
wherein said antigenic peptide comprises a hemagglutinin peptide comprising an
" amino acid sequence derived from an H5N1 subtype of avian infiuenza virus.

Also disclosed is the expression vector ' as described herein for use in the treatment or

prevention of a disease in a subject,



" the group consisting of the vaccine, the expression vector or the host cell as described herein,
together with a pharmaceutically acceptable carrier, diluent or excipient. The composition may
optionally comprise an adjuvant Also disclosed is a vaccine comprising the expression vector, the
host cell or the composition as described herein for the treatment or prevention of a disease in a
subject, therein said disease.is associated with an-affian influenza virus. Also disclosed is a method for
modulating an immune response, wherein said method comprises administering to a subject an
effectiye_ amow[g@&ansm‘gtgné@geg@g%@%c%g%%g%&ogﬂﬁtiﬁﬁto t.il%evgag%ine, the
expression vector, the host cell or the composition as described herein. Also disclosed:is a method for
the treatment BETEFRIRSI FEARERSE BX SBIG 8T SRieR A eI T sAisbAEakus, wherein said method
comprises adminigsteris ubject an effective amount of an immungpotentiating agent selected
from the group ccf%%sﬁ%g%?%tr%e %%Oé’ifﬁ%,%me? exp Zgé% VERBHE RodreRitd AR composition as

described hereinﬂsmlgggglgsaeg % t&%g e of the vaccine, the expression vectar, the host cell or the
composition as described herein for the m§ Ufation 6 an (MRS Fadsigrsent A5 iaisEisRed is the

use of the vacth¥ IR BEES P aetshEnwaeresirp v eeconpsiios asldesesbedhesein for the

manufacture obgeiredicament-ferdacisakoaninl edisease.assogiaigg,yith an avian influenza virus.
- 5 - In another aspect, there is provided a kit for use in treating or preventing a disease in a subject,

wherein said dis&%%ﬁ@mmmmmmaﬁmﬁnd wherein said kit comprises the

vaccine, the expregsieRuBetols the-estcelarihe.comnosiign.as,deseriped hereln. Brigf,Description
of the Figures The Er.esent invegléidoa lel;ﬂ’%\ﬁ‘ be described, by way of example only, with reference to
0 ]

" the following figPRE R 8 O OREH A DR AR e PO FEB RV BR e Shifirspiena cuTBirtisisren)
Schematic reprastsesti Gresbtinsed ovitime wiwpAniBagantvAcd-HA, and vAc-G-HA. The desired VSV G
or HA expression c-Rgsettes were inserted within the polyhedrita locus through site-specific
transposition emﬁt@iﬂ‘é@ﬁ%g’-i‘o@gﬁf’g%’iem; (B) Syncytium.formation in SS cells infected with
VAC-G-HA aS'mmgbmmmm@mﬁM@ier&ﬂ@%g@m%gko e-step
“growth curve%lgggp-&gt%g%w,tere rggnetngsftgne mean value of three individual infections. St9 cells were
infected by indivtdual viris with a2~ - Jmtmopotentianng agent selected from the gowp
consisting of the vaccine, the expression vector, the host cell or the composition as described -

herein.

Also disclosed is a method
for the treatment or prevention of & disease associated with an avien infiuenza virus,
whereln said method comprises administering o & subject zn effective amount of m
immunopotentiating agent selected from the group consisting of the vaccine,

- the expression vector, the host cell or the composition as described herein

Also disclosed is the use of the vaccine, the expression vector, the host cell or the

composition as described herein for the modulation of an immune response.

Also disclosed is the use of the vaccine, the expression vector, the host cell or the
_composition as described herein for the manufacture of a medicament for the treatment of a

disease associated with an avian influenza virus.



MOT of 0.5.  Figure 2. Characterization of HA displayed on the surface of baculovirus vectors. (A)
Membrane-association of HA in purified vAc-HA and vAc-G-HA patrticles. Purified HS5N1 vistas served
~as a positive control. Lane 1, purified vAc-Bacmid virions as negative control; lane 2, purified
“nucleocapsids from vAc-G-HA virions treated with Triton X-100; lane 3, complete vAc-G-HA tons; lane
4, total cellular extracts from 5i9 cells infected with%Ac-G-HA; lane 5, total cellular extracts from 5f9
cells infected with vAc-G-HA; lane 6, complete vAc -HA virions, lane 7, purified nucleocapsids from
VACHA vinous treatgdithTsiomete k0 8- iRl e mbran@asseciatonof MM In awified, yvAc-G-HA
particles. Lanes 1-4 were-the same samples as in (A). (C) Honaggbitination activity of HA-djsplaying
baculovirusesubitrs N gtRiGnETRe e TR SR (BT AV RS B TRERE KVBToRRLHERS ﬁf%iﬂfﬁ‘ied
VAC-G-HA pagiicleaantkafdais suspension otahickeherytirocitesopeotesnwelenitived starting dilution
-of 1:2.  Figure 3. (A) and (B) Transduction of the HA gene by vAc-G-HA. MDCIC Df1 cells were
irangduced with vAc-G-HA at a MOI af;10GJ&-Rleieh Breraelisinerssfixed for an EA test or harvested
for Western blot analysis.-(A) fluorescence micrographs of transduged mammalian Ils%'.n the IFA test’
with a 1lAI-spe&ﬁ@'%%d@ﬁ%%h??ﬂ%ﬁ?%ﬁ%{%@m@ ﬁiiﬁ%@ai%ﬂ@é’e@ REfGoFescence

signal was degtegtedusing fluorescence microscopy and the images were captured by a digtal -

imaging -6 - system. (B) De ection of HA in oth transduced, cells, through. Weste, with
anti-HA1 serum Fitgiee 1. @E@W@ﬂ&lé‘i“%ﬁ’ﬁ‘ﬁ%{?}?&ﬁe TBE é%?ﬂ%tlb%&‘#r%c : aer%é Q&);%Qr"l %&ﬁ%Nl |
virions as positiveGan. é@)t@ugﬁifiﬁatmﬂ(dkmﬂdﬁimd@m&%isﬂdyeﬁ@ﬁ%-@&mdmms :
through antigen_capture ELISA. Purified 1gG from quinea,pi i used
as detector gﬁﬁ%a‘ﬁtﬂ@%tﬁ?%?é‘%‘,opegﬁsé%%\%I?#t@%@%@%ﬁ %%%%%&A protein was
~ employed to genspuphia stangesitionantifioptienacBaetaSsitomystem. @B Sy irpAREgeHR dRalysis of
- VAc-G-HA. A _group.of.5.mice. M erg intr JRiact 'gmylég- P RaHieles af WO
control mice %“ﬁ%sé%eﬁgge%%nfe‘égfgj%%equai agr%c%%/ts of pgﬁﬁfd vAc-eB%cmid v-iﬁons. ?I'he
induced antiby et trositarshE L PBASENZFONT i stsTs: Siaeh e PeH TRE ST SR its are
expressed asv%@ﬁf"%?acﬂréé’ﬁﬂéﬁ’a&&& ofA A lilusest seme. ReSerdBmi!iendoritise-ins unikes with
|

VAC-G-HA. The er Is expressed as the endpoint in a twofold dilution of sera Figure 5. (A) Antigenic
analysis of HM&spfd/ing baculoviruses. Three groups of 15 5 mice were intramuscularly injected with

.. VAC-G-HA, VAC-HA, jastivatachrbMe/PRBasTI a:Bilanidl dacividuafiecRddiachierms savopies from

each group were tested by ELISA with purified HAL protei ted as Qg apju ligen Resylts are
expressed asheYHEXTERSBHATRE Bt -dﬁﬁ‘éﬁ'@%gre}f C)%é%@%%‘an‘g neutralization assay for the

pooled serunEsNIIpEsidiemstmaliniz ed poitevE etk tkeLane xpbr quuiicd s the-Bagpdh (5108 aStwo-fold

dilution of sera. In the neutralization,assa: twafold serial diluiansdrem 1948840 were waixed with
an equal voluﬁ?gacﬂ‘v\ﬁrﬁ%%f’géﬁ?%%nfa rﬁ%ﬁﬁ%enzag\%us at 2 x 103 TC1D50/ml. The Zé%?aegzgge of
lfzation

viral protein wstomoKiidreplinedn ermptesrwitnGndporrisesalansinehrabday SFreeh

titer is expresgegl ag dhe.andppinh i ¢1e setial-oduiipn iRiet sidens: HHmUSBIcERsdifsthalteith
"comprising” means "_mcluding principally, but not necessarily solely:, Furthermore,. a%'ratiogig_f the
word "comprigiig*Csticks danecbntarmaieta T ScompieBSaYe Zﬂé&%ﬁ%ﬁﬁ%’?ﬁm&g Meanings. 30As
used herein the JepRsireating Wis ‘tFRaimeniiraB) Manyrans atotsetonwhif VRN Edn aedfetition or

symptoms, prevent the establishment of a condition or disease, or otherwis e 'Qgggi- tard,
ameliorate or TéveiEhdBrogiEs BReS L& BRGtoR %art%ﬁlssé?sél %Sr'%stﬁ%r@%‘d?egr%%& ptomé%ln any
way whatsoevghiviry 45 HeedispleimthedertovistiestiEhanicormg shainddenntitin feeemdaiamgusd
non-toxic 35 but,sufficient a fan 0y, Upd | ' L-&he gxact -
7 - amount red’ﬁ?%’d%i’%ttwn#gwgﬁ &on?%g%u ”%ﬁ%%—@‘;iﬁ Mgﬁg%&jg%@%eﬁ% i :

ar)9 om Sll,llbjeCt ject depending on factors such as the species being

' treated, the agiehergeyiraicytrditotesiwet Siuljedtanasdlsrgrst

the-condition being treated, the
particular agent beingrgdinisiarpgangfhemese g SR pRGES I AP ATSADIE:
possible to specify an €xact "effective _ )
1 cells were transdnced with vAc-G-HA at a MOI of 100. 16 h later, the cells were fixed
for an IFA test or harvested for Western blot analysis. (4) Fluorescence micrographs of
transdnced marmnmalian cells in the IFA test with a HAl-specific monoclonal antibody.
- Arrows point to positive filnorescent cells. The fluorescence signal was detected using

" ipverted fluorescence microscopy and the images were captured by a digital imaging



5 amount”. However, for any given case, an appropriate "effective amount” may be determined by one
of ordinary skill in the art using only routine experimentation. As used herein, the terms
"polypeptide”, "peptide" and "protein™ are used interchangeably to refer to a polymer of amino acid
residues and to fragments, variants, analogues, orthglogues or homologues thereof. Thus, these terms
apply both to amino io acid polymers in which one or more amino acid residues is a synthetic

non-naturally occurrin ino acid, h as a gchemical analogue,of a sponding naturally occurri#
i acid, nS TR RS- SE Ry S Ao o RS A et
"polynucleotidetitoiAlicteivmddhark, MECKteeinbmgedllyt:aldad2sighidtedniaievttectolamprising one

or more nucleglidgsof3R pliganussaidesiaa Lafaomes! Beieskdnelidino futag: inliedio RNA

or DNA nucleotides or combinations thereof. Within the scope of the terms "protein®, "polypeptide”,
"peptide", "polgistaredictar ¥AG-Fribfeivisions Sy WdieTn SFONEyRERS aduwEshIEHErEDS,
including kut nafilisiteddaravenseRimantaad aniisanst irmaRiqaoimiusipalidemansiacleic

acids. 20 The term "fragment” refers to a polynucleotide ar polypeptide sequence that encodes a
consttuent or TSRS E DS AE i A FFORLM SPUEHEAN RVFRE 3T R fE agment
may possess guaditddndegbialifjichloactivity # garwmon with the full-length protein. The term "variant" as
used herein refers to tially similar: rally, leic-act y jants
may encode polypep?i’iglét-:‘las§ %EI(%%%@ %‘%%%%?Bﬂo%rgg&é%ﬂé %%ﬁ%gﬁﬁggﬁgiﬂ{/&%
polypeptide segtiamesoviaibinial petsd a8 pousEsElaupdialoe Do grardcming (Ferthioh. Wikher,

these polypeptie-ReuHARcE NAT ARt AAY SAKE RS BRI 15E%rE 0YnBE%cE9 %or % §%6, 85%,
90%, 95%, 96%, 97%, 98% or 99%£§uence identity. 30Further, a variant polypeptide may include

analogues, wHEAEHCIRE B3R EAh S5REIR TRA I RIEERHTE A 8 RO R AT freTaisetbsed
polypeptides, whitb glesivativaineizpsited adiitied sl s onsy PRtttofoOhidtchamirediviho acids,
such that the polypeptide retal ubstantially the same function as the, native. polypeptide from which
s derved N B R e o e the
ability confer expressiégrot &.r(4d| dintinsid fragphysistabhivhidisplayiop beablyvinkesd, Thugcetbopcedl-free

expressiof system. Wi e CaneEXS! Hedpe ARt WNERISN I3 Irbe URASIFINRCHERY Aks,

expression vector that comprises a promoter as defined herein may be 5 a plasmid, bacteriophage,
phagemid, cosiRfid VRSt dgidbriiaatly EReHT SFan SHERIFOTHER HACTeiB AR BeiSalsiedr bY
maintaining ang 0% seplitapngthateraigausibbbAttd anaxResciblentormarsbaudit beprisadused into
a cell. As used herein, the term "operahly.linked" ref transcriptional and translational regulatory
oy nucleotoeb LA TN e L S5 . BT 15 B S o
manner such thetitdes prolyrraohpdtidesdas tiansorbebimive. (ikeddlyipeptivexiz¢essmbhsttn. endpoindanl herein,

the term "romofer 150 URRS: 2 BSCERIeRRLLEOMIRARLSEAHERCE H 0t R ARNATRIC AENR:PRILGIRG the

TATA box or initiator element, which may be required for accurate transcription initiation, with or
without additiohaftEGHIRtER Bigrlemit Ahies b alary shuisitusn Fimtreapsistueraevéspthental
and/or externap stipga TR, Aissue-prResife BTaineHiitdhevRIesRMiRRRleY. Ahererastpramaier” is

alsp used to des r(i3 e g reco g ant,bs n?%ﬁtéc %L&Jaijoa .mo%r;cu{e,eor derivativ gvhi h confer, .
activates or erﬁ?{fﬂ 83%@%5 {;éﬂ)th Sﬁé}é CeiC atid %ﬁ%li‘le €0 W?Sﬁﬁqaiass era mﬁ%g(fland
which encodesaigefitide20As used herein, the phrase "avian influenza virus" includes any virus
causing oj, :
Definitions
As used herein, the term “comprising” means “including principally, but not

necessarily solely”. Furthermore, variations of the word “comprising”, such as

“comprise” and “comprises”, have correspondingly varied meanings.

30 As used herein the terms "treating” and “ireatment” refer to any and all uses which
remedy a condifion or symptoms, prevent the establishunent of a condition or disease, or
otherwise prevent, hinder, retard, ameliorate or reverse the progression of a condition or
disease or other undesirable symptoms in any way whatsoever.

As used herein the term "effeciive amount” includes within its meaning a non-toxic

35 but sufficient amount of an agent or compound to provide the desired effect. The exact



suspected of causing a disease in subjects including but not limited to avian, porcine or human
subjects. In particular, "avian influenza virus" includes all types of avian influenza virus, including but
not limited to type A, and all subtypes of avian influenza virus, including but not limited to subtypes H5
(in particular H5N1 and H5N2) and H7 (in 25particufar H7N1). As used herein, the phrase "disease
associated with an avian influenza virus" means any disease, disease state or disorder caused by or
associated with an avian influenza viru As used herein, the term,.'modulating” when used.in
relation to an ﬁﬁ%‘ﬂﬁer?%% %Hﬁjé”el o %Z%Osn}nsc?g]jegntgoosru %écctg%gfr?!glfhé’iﬁﬁgrrl |?8%gﬁ§/ g?%d%?e%%y, an

immune respapseieybéins snatattigbe.aBe st @sretd] Rorfditiom gibd vubinrbnthe sTveeindriers have
developed a bigmaigauie sUrface disniay ﬁxﬁ%mmvv@geﬁgr%%r ahakplicalionta displayef membrane

glycoproteins as vaccines. In particular, the inventors™ - 9 - have demonstrated the application of a
baculovirus ex3sieitrsmtiss@ 48 FAtRmEInG ispRtnPatilif i ReRY wiustougieciergistic
surface digplayaigh@entienadusiion’ thesuiraldaemaogpiiifdd Aepiatein. Zhewffliciany display of
inununodominant viral membra A protein on the surface of recombinant .bacgél%virus, along with the
VSV G s prot t,e %%%% 2 a i?‘?\%%@fig%lﬁg réié%lfeseaax IRetinfienza virus. In
addition to applicatiorugfithisizacultbrusmxprépsippeptidtdm Yeptidat cimadiofpveieiol, thre virsdd
membrane disp| e [ i ide variety
Sﬁt%}’cﬁéécéggﬁ%‘ %@E?n%e?“igﬂz&féﬁﬁf‘ 3SR HYSIYR 30 IHAGHAD of A.ud

of viral membrane g eins. e"control of the 1e.1 promoter from white spot syndrome

virus, the HA geplesuebadbnesne eh hevaplREvrs SlerRIB niijuex Hhese derms sl Tneelst hainmalian

cells using baguavidisastalsyiEencHEen! HisrlanphéAguithyasiaularSiamatis s alegprotein
did not reduce the efficiency of HA display qn the acg{lgolgfvgefl urface. Th%ﬁgrtiaﬂ leaved HA protein

was displayedOGAHE S 060 SEEhdHf S FreT fhg SAFFRRICREHE, | GRAHO activity.
Intramuscular #ajaeliesid)kiheswdfiedidtbrkdB-displalyip grhacutoidrpsl ymtermice stimulated the production
of antibodies with iemagolutinaion nhibiion Actviies. s arulodins sxiiessianorsipmyerefore
harbors the antigemc‘;lﬁ-el peﬁjﬁﬁe 2873 Striictora protein and sustains the ability to express thé peptide
through in vivethdsdgetion 0 dddthespikiinantesystophe foelsatiseatienearadispnagipefBhiviofecules
The presegnt inyention disclopespRMQIBEHIR SHHACE HSlaY sy BRMASnibbRasicy asapplicaton of
such systems to display of membrane glycoproteins as vaccines. As will be apparent to persons of skill -
in the art, thes@ olecule surface display systems are not limited to the particular applications
disclosed herein, hutfinaereagapplication:in Gawed’sitipalinrepriddTctpipsdiEsitatimtelpotident a
biomolecule, and in particular..a membrane. glycoprotein.  Accordingly,.in one.embodi e
present inventf’tg‘?‘%1 d%%?‘gé%%"%getﬁ%c‘}é? its : §th§§5 S%Islcfgrs vaggc?/r?g %nr% ug¥%)%ﬁr%fr§ \5|ﬁr111 ni%ﬁ%ég display

of membrane dipitproteingsT hesplimsticas itsensd Eysepipalayusiviédaserbouiirasidased
surface digplay 30rgysLemsexeRpliiadhersin &ﬁ%@%@ﬁ@%ﬁ@%ﬁﬁ&%&&i@@ﬁ%&&@m
Wi C

H5N1 avian influenza virus. However, persons of skill in the art will recognize and unders(;[éand that the

methods, kits &nBP85EHRSAS fr FarcRBBIBETLRIN AN PRELL AR i 8P 8P mBmIErSe G 8 proteins

are not limited gerpsestut e gidhea sraesiasocissiepatitheveibiohndostimglyitthe poesect iwitntien
provides meth%ﬂilf%g%%s&&%ng or displaying a 35 polypeptide, wherein said methods comprise:

The term “variant” as used herein refers to substantially similar sequences. Generally,

25 nucleic acid sequence variants may encode polypeptides which possess qualitative
biological activity in common. Generally, polypeptide sequence variants may also possess
‘qualitative biological activity in common. Further, these polypeptide sequence variants
may share at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, %7%,
98% or 99% sequence identity.

30 Further, a variant polypeptide may include analogues, wherein the term “analogue”
means a polypeptide which is a derivative of the disclosed polypeptides, which derivative
comprises addition, deletion or substitution of one or more amino acids, such that the
polypeptide retains substantially the same function as the native polypeptide from which

it is derived.



-10- (a) inserting a nucleic acid encoding said polypeptide into a baculovirus expression vector,
wherein said baculovirus expression vector comprises an lel promoter from white spot syndrome virus;
(b) transfecting at least one host cell with said expression vector; and 5(c) expressing said polypeptide
from said expression vector wherein said polypepgide is presented or displayed on the surface
membrane of a baculovirus. The present invention further provides systems for presenting or
displaying a polypeptide, wherein said systems, comprise: (a) a nucleic acid encoding sai
polypeptide inseredstbhsTsHe s iFTR g‘?@ﬁ?’ﬁ%’i?fﬁ‘(f’é’éﬁ’&?fﬁﬁ%‘&eﬁﬁ% ﬁ}%%céélg\?itr %Se{:}%%r&égs’glign vector
comprises andghifarempies HiooT whitelspoicy g trusihictb)t riveepsdly transfp dtir aatlleast one

host cell with sgid expression vector; and,,. {¢) means f i Dolypeptide from gaid
expression ve%%%ﬁ@?g%ﬁzggiﬁyﬁgoéff/lpg%fﬁéé%s%ﬁe?@r%%ﬁ%?ﬁ?sppa%g onlpltghe surface membrane of a
baculovirus. adcisesd e ssptdssientoriasebrovitdseszcoiaw o ah defisginersin Fsebention of

a 20 disegse i a spbiech, yherain sajd diseaseisassoniued withamayianiluao e vinds: aad
wherein said vaccine domprises an expréssion vector comprising a,nucleic acid encoding a
hemagglutiniWE@t@@}@H&?%&?ﬁ@%é’gmIﬂif}]iﬂ”p@éhﬂ%t F@@Q@B‘ﬁ;%gfg%&r%ssion

vector in said sybigeihite-si4bipehmaybeaniwdandautan oelporcine. 25The avian influenza virus may

exprossion vectol A HEEETBNILE BB oeEn Db oy e gt o o EBEHLT

virus glycoprotegplatoRhepekpresisisidsedivt may qursipiiseda pretisieto Thenslondtidersagoédifprise an

idl promofer from white, SROUSYOHIPHSifS: THEPHRITRIR! JaRBaQReRRVinkeritagd the
polypeptide is translated.

As used herein, the term “promoter” includes transcriptional regulatory sequences of a
genomic gene, including the TATA box or initiator element, which may be required for
accurate transcription initiation, with or without additional regulatory elements which

15 alter gene expression in response o developmental and/or external stimuli, or in a tissue-
specific manner. In the present context, the term “promoter” is also used to describe a
recombinant, synthetic or fusion molecule, or derivative which confers, activates ot
enhances the expression of a nucleic acid molecule to which it is operably linked, and
which encodes a peptide.

20 As used herein, the phrase “avian influenza virus” includes any virus causing or
suspected of cansing a disease in subjects including but not limited to avian, porcine or
human subjects. In particular, “avian influenza virus” includes all types of avian influenza
virus, including but not limited to type A, and all subtypes of avian influenza virus,
including but not iimited to subtypes H5 (in particular H5N1 and H5N2) and H7 (in

25  particolar H7NI).

As used herein, the phrase “disease associated with an avian influenza virus” means
any disease, disease state or disorder caused by or associated with an avian influenza
virus.

As used herein, the term "modulating” when used in relation to an immune response

30 means increasing or decreasing, either directly or indirectly, an immune response against

an antigen.

Best Mode of Performing the Invention
The inventors have developed a biomolecule surface display system, with particular

35 application to display of membrane glycoproteins as vaccines. In particular, the inventors



30nucleic acid encoding an antigenic peptide. The hemagglutinin peptide may comprise an amino
acid sequence derived from an H5N1 subtype of avian influenza virus.  The present invention also
provides vaccines comprising the expression vectors, host cells or compositions as herein described,
for the treatment or prevention of a disease in a 35gubject, wherein said disease is associated with an
avian influenza virus. Expression vectors and host cells The present invention also provides
expression vectors comprising a nucleic acid encoding an antigenic peptide, wherein said antigenic
peptide compsestentmasteajedutiniArpliraiioncot GrapFARIIHA SrATREIaB dvstdyancs HBRMBEHSmM an
HSN1 subtype ol.ay E@g}f&f{l{ﬁﬁﬁ%&[%usﬁﬁ%&gﬁ%%&?mtmwh%wmpgeﬁwm@mvﬁctors

comprising a nucleic acid encoding, an_antigenic peptide, for ggﬁ in the treatment or preventign of a
8 A

disease in a Sh¥pecYTRHarRIRSS LN B 4d REQfely iSRhan AR drninai i hat in use
iosaid antigegie-neRidEIa expressediny safteexiressimbiventblsaichs dijeg willhthpréSE¥rEinvention
also provides haost cells comprising the expression yectors a SEIi I itions and
hnnzunof)ote?ﬁ%?fﬁg HOeRE g%’ﬁ% par%géln%%ﬁ\}en ntion lgg(%r%tgen rﬁsg%?te se%bogrgap%%%%ls%gc%nﬁ?ﬁh ﬂ%n
immunopotentiditign dgeppEektiore dfitbin thelroais cCOpsisHng aFie\AcEYRSSIBSIR SS9 AVE8tors or

host cells as 9&%&%%%@@&&9%%%%&%@9%@@%%ﬁ%&@ﬁ%@%@@:ﬁ@fﬁ@aﬂ yeRiRRexcipient

The immunopotentiating agents may be formulated into a composition as neutral or 20 salt forms.
Pharmaceuti©finadesprgieod il meruar ARSI salts (formed with free amino groups of the
peptide) and whigh sserfraapeovid ineranifoarits Swueh ahittosexamdienty dieshibEdox phesphoric
acids, or such organic acids such as acetic,. axalic, tartaric, maleic, and the like. Salts for with the
free carBBxylﬁrB%%gi USRS D e G}ﬁi%ggrg}é%ﬁ%sﬁ%({sn%l gﬁ%ﬁ %g?%fa%éél?nple,agggﬁgn%
potassium, amsingnhsmylaGicaiciavion:. f€richydnbxitpdaand sishvothavesitizlels senstiiropymine,
imethylaming, . elMAMIRC ARGl MR iGLREOCH AEs A0 iRedihe biRSABIPaSlaDIe
compositions aypbe prepared according to methdds which are’known to those of ordinary skill in the

art and may inettieldypkiesvied Slfcanytaisc syraiSpiryER 1o Sy BTSN o PeRiEHts. A uents,
adjuvants and gxeipients Musi-be SREAGSeRIBRIE oI JaTms ohbeingseomDaitieonist the minited

ingredients of the composition, and_not deleterjous to the recipient thereof. v 4 .
J 15 HA~disp1a§)1ing baculovirus into m{ce st?m ate% Hme proz&cnon of antibodies with

hemagglutination inhibition activities. This baculovirus expression system therefore
harbors the antigenic HA pepﬁde as a structural pfotein and sustains the ability to express
the peptide through in vivo transduction. '

20 Methods, kits and systems for presenting or displaying biomolecules

The present invention discloses biomolecule surface display systems, with particular
application of such systems to display of membrane glycoproteins as vaccines. As will be
apparent to persons of skill in the art, these biomolecule surface display systems are not
limited to the particular applications disclosed herein, but find broad application in any

25 situation in which it is desirable tc present a biomolecule, and in particular, a membrane
glycoprotein.

Accordingly, in one embodiment, the present invention discloses methods, kits and
systems for vaccine production involving surface display of membrane glycoproteins.
These methods, kits and systems may utilize the baculovirus-based surface display

30 systems exemplified herein in relation to production of a vaccine against strain H5N1
avian influenza virus. However, persons of skill in the art will recognize and understand
that the methods, kits and systems for vaccine production involving surface display of
membrane glycoproteins are not limited to production of the vaccines disclosed herein.

Accordingly, the present invention provides methods for presenting or displaying a

35 polypeptide, wherein said methods comprise:



Examples of pharmaceutically acceptable diluents are demineralised or distilled water; saline solution;
vegetable based oils such as peanut oil, safflower oil, olive oil, cottonseed oil, maize oil, sesame oils
such as peanut oil, safflower oil, olive oil, cottonseed oil, maize oil, sesame oil, arachis oil or coconut
oil; silicone oails, including - 12 - polysiloxanes, suc s methyl polysiloxane, phenyl polysiloxane and
methylphenyl polysolpoxane; volatile silicones; mineral oils such as liquid paraffin, soft paraffin or
squalane; cellulose derivatives such as methyl cellulose, ethyl cellulose, carboxymethylcellulose,
sodium carboxyrretindesingcsevcie’ it cnebpyredtamntse i er raasisssresertple
ethanol or '30ﬁ&%%}%%ﬁr@ﬁéﬁm&o&?ﬁ?ﬁh@%éﬁd%%&hiﬁ@iésoa[d%Yeﬁx%llﬁ)ék%ﬁﬁr&h/‘és@!ﬁe for
example polyethylene glycol, polypropylene glycol, ethylene glycol, propylene glycol, 1,3- butylene
glycol or glyceHi?t EIRGTaRE B8t8rs such as isopropyl pahnitate, isopropyl myristate or ethyl oleate;
polyvinylpyrridongb agalkfeatrage enanoaeivdt aghearinl gumdeanaciar@ndndetroleum jelly. Typically,

the carrier or carrtglis will farm froc%n Jl% 10,99.9% b v(\{ei ht of.the cqcmlpositions. Most preferably, the
DO
B A

. . . EXPIESSIIE Sa] eptide o 1d € €8S1011 VeClo . .
diluent is 2aline. “B6FAGITTSTA B Injectable solution or suspension, non-toxic parenterally

acceptable diluentéertanist pobpintiicd Ringstsisotudisplayeddimitehainfatglyoembesiy ofTy,
isotonic saline, phesphate buffered saline, ethanol and 1,2 propylene glycol. 15 Some examples of
suitable carriers, diluents, excipients and adjuvants for oral use include peanut olil, liquid paraffin,

sodium carboxyrrEiRyRERRbIEY mERY SahBsereddfns aimadoy upreaestre, gundimrlgynsnth,
dextrose, sucr, g@ﬁb&%ﬁa@ﬁ{&@a geletineangrdesithin. In addition these oral formulations may
contain suitable flayouring and cplourings agents. When psed in capsule form the capsules may be
coatodt wilh 20 coRb IS TS GRS FHOREERINE SR e ArE A Ry o
disintegration.veddjuvhatsitypiddhcniciics expolligints yertulsifiepsistisiekeningragetasiipre sdratives,
bactericides and pgjff%i&ge ts. Solid forms for oral administration may contain binders acceptable
in human and sf?ve}t’%rlnary phafmaceutical practice, sweeteners, disintegrating agents, diluents,

flavourings, coatirfly apenssiop teassfoeling gt lenti eastosherBritithedd esrarssion vedrasdoinders
include gum acacig) gelatins: &qsfés%ﬁag%bigW}p@gﬁ&@ﬁ%@@iﬁ%@é@imﬁe@ﬁﬁboxymethylcelIuIose or
polyethylene glycol, Suitable sweeteners include sucrose,. lactose, glucose, aspartame or saccharine.
Suitable #sintegrifiEF RSt INERERES :«Rf‘%ﬁ%f?éﬁ ?ﬁe‘iﬁﬁ%é’ﬁﬂe@gefgﬁo%%ﬁ?pﬁ?gﬁaéﬁ%,o dar gum,
xanthan gum, leslonites.alginic acid or agar. Suitable diluents include lactose, sorbitol, marirlitol,
dextrose, kaolin, cellulose, calcium carbonate, calcium silicate or dicalcium phosphate. Suitable

flavouring agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry flavouring.
Suitable coatiff@ragfants include polymers or copolymers of acrylic acid 35and/or methacrylic acid

and/or their estersyyaxes.fetiy SRR 7SI SalI I RLAIEBR. trel BeaShiiable preseialivsIsnClude
sodium benzoate, vitamin E, alpha-tocopherol, ascorbic acid, methyl paraben, propyl paraben or
sodium b?§uIpﬁi‘t%’.aéeiﬁ’fa%Féﬂ?iﬁﬁgc‘ghﬁmqﬁgﬁﬁé&ﬁ??g@ﬁﬁa%gb@amd? B?f?ﬁ?n"mésaf’él,dgodium

chloride or talevhigglidstodns:tnreoralmditnisiratianssiay canticompadaiamteitie alidvemderys, a 5

liquid carrier. Suitable liguid carriets incl ater, oils ive all t Ol |
sunflower oil, éa;%ﬁglv?/%gi %ﬁ?lélrge tlls&%l ,uggggﬁg%noﬁﬁiEi?}%S%ga%g%%gL(ftﬁly#eeg%%%gﬁ%ﬁ%%%@l}?%{l@coI,
polyethylene giypotsdtharestopiapaidaizbéetiropanol, glycerol, fatty alcohols, triglycerides or mixtures

thereof. The subject may be human, avian or porcine.

25 The avian influenza virus may be an H5N1 subtype of avian influenza virus.
The expression vector may comprise a baculovirus expression vector. The baculovirus
expression vector may be pseudotyped with a vesicular stomatitis virus glycoprotein.
The expression vector may comprise a promoter, The promoter may comprise an ie/
promoter from white spot syndrome virus. The promoter may be operably linked to the
30 pucleic acid encoding an antigenic peptide.
The hemagglutinin peptide may comprise an amino acid sequence derived from an
H5N1 subtype of avian influenza virus.
The present invention also provides vaccines comprising the expression vectors, host
cells or compositions as herein described, for the treatment or prevention of a disease in a

55 subject, wherein said disease is associated with an avian influenza virus.



Suspensions for oral administration may further comprise dispersing agents and/or io suspending
agents. Suitable suspending agents include sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethyl-cellulose, poly-vinyl-pyrrolidone, sodium alginate or acetyl alcohol. Suitable
dispersing agents include lecithin, polyoxyethylen(j esters of fatty acids such as stearic acid,
polyoxyethylene sorbitol mono- or di-oleate, -stea :}[é or - laurate, polyoxyethylene sorbitan mono- or
di-oleate, -stearate or -laurate and the like. 15 Emulsions for oral administration may further comprise
one or more emulsifying agents. Suitable emulsifying agents include dispersing agents as exemplified
above or natgral gums %u&g,%%gg%&%lsgum acacia or gum tragacqnth. Methods for prepfclring.
parenterally SARSGalte compositions are apparent to those skilled in the art, and are, descyibed in
more detail in, forhexaressi, Reeatinpcise zw@if%m@@mg@@ﬁ%ﬁawg B AHE S A Ing
Company, Egstonif2am befgbyiinsarpasatatRinefarenegdiereiastiad kersemposiliendpglntingorporate
any suitable surfactant such as an anionic, cationic or réon-igﬁi%surfact cgb%sfpso(r)l%jtgna%sters or
polyoxyethy|ERRHdEr RSB TR ATEN, BENIRTE SGER S SUEH AL Rhfital gtims CelRilose Qerivatives or
inorganic majgfdssudhgbas silicaceous silicas, and other ingredients such as lanolin, may also be
included. One.pf mote I BRIl praendted PebSASeSbRRAGINES M tNe preRAratien of
immunopotentiati agompo& IonS. SUC preparation uses routine methods known to persons skilled in -
the art. Typicathpdugheenisssitoprptife, fapise inathmieaiarat caimey asingnf aslissaisipr
suspensions; solid fqpms syitahleon SOl UOR a0l SHEPEASGRNMAQditdidRKiokiaHRiReioRsBaY also

be prepared. The preparation may also be emulsjfied. The active immu?rﬁ%e\%%ngredients are often
i he active ingredient.

mixed with esaifiarigmiaPaPs S mRrsSHl NS S NEERPL YA
- 14 - Routes of ggpjnistatinR erfioaostingrevibies methaeisofpnesishtgriie rtipressRuCiveegoanes
compositions may. be administered by any suitable route, either systemically, regionally or locally. The
particular rouilgs Fg'a%rﬁﬁﬁglﬁation to be used in any given circumstance will depend on a number of
factors, including the nature of the disease to be treated, the severity and extent of the disease, the

required d053&%9‘;%?&0%};&‘kﬁ{n?%lngm%&g godglivered and the potential side-effects of the

desired vaccinesor compositions. For examE; e, In circumstances where it is required that

appropritite concBRrrBEFEeH STpRIgRS COBASHH PBS AR LB & R EYBUAPLLR A5 6e site to
be treated, 1Q-godninisteationmay beugaionatiathef thanasysianigpRegianatedminiditatiosilprovides
the capability of delivering very high Igcal capcentrations of the desired vaccines.or ¢ iBilons to

the required Sie %5 '#’?’?t}l/‘?ta it %&ﬁ%\/i% %%Oﬁ?gag?%rg%(ggﬁ%% %’r S?Ié%%rﬁté%@g%sﬁect whilst
avoiding expesufpiaftother organs of the body to the vaccines or compositions and thereby potentially

reducing side eff Sﬁ%ﬁé{oﬁ@é@{a%@gwmrﬁmmfmaglteo%mmgam@tﬁéafmﬂnvemion
es,

may be achieved by any standard rou including intracavitary, intravesical, intramuscuéar,
intraarterial, istkiemsud hsupeeaielisasemtaiie seia innindt Raarf addiensatis A rgrp it
intraperitoneakgr intiapewials basiregideviers-arn coap doitindsvign iainingib ecidusudopgténtiating
agents suitable 20for sustai%ﬁg or intiamit ent release could be in.effaeg sirﬂ aQteag: iHCthgxgﬁ)gly or
topically appliEFERFefy P TS A RIOBRN e 030 BN TR AR AR (S e v, ’
tartaric, maleic, and the like. Salts formed with the free carboxyl groups may also be

derived from inorganic basis such as, for example, sodium, potassium, ammonium,
25 calcium, or ferric hydroxides, and such organic basis as isopropylamine, trimethylamine,
2-ethylamino ethanol, histidine, procaine, and the like.

In general, suitable compositions may be prepared according to methods which are
known to those of ordinary skill in the art and may include pharmaceutically acceptable
diluents, adjuvants and/or excipients. The diluents, adjuvants and excipients must be

30 l”accep’cable” in terms of being compatible with the other ingredients of the composition,
and not deleterious to the recipient thereof.

Examples of pharmaceutically acceptable diluents are demineralised or distilled
water; saline solution; vegetable based oils such as peanut oil, safflower oil, olive oil,
cottonseed oil, maize oil, sesame oils such as peanut ofl, safflower oil, olive oil,

35 cottonseed oil, maize oil, sesame oil, arachis oil or coconut oil; silicone oils, including



Administration of an expression vector or host cell may include delivery via direct oral intake, systemic
injection, or delivery to selected tissue(s) or cells, or indirectly via delivery to cells isolated from a
subject or a compatible donor. 25With regard to nucleic acid based compositions, all modes of delivery
of such compositions are contemplated by the presgnt invention. Delivery of these compositions to
cells or tissues of an animal may be facilitated by microprojectile bombardment, liposome mediated
transfection (e.g., I_i{)ofectin or lipofectamine), electroporation, calcium phosphate or

DEAE-dextraiiHRuansirafiafa cid it tne eehysikoFins, ZRemyha s Eenaotimdngtyinhmeyt
construct may,BR4ipekane tpsareslickkpraphviatisicamposiitguid thedofn) obf pasdtiad DNA"

composition as is known i t]%e) art. A discussion of suitable deéilv ry n}?é.gods m e found in Chapter
9 of CURREN'! oc‘f%]L iR N%EE%WARS%L&Y”&E J?Au"’s?u 9%t alfa?%%{)hn ?Rﬁf‘u &y & Sons
Inc., 1997 Editimbpoymeftikdtitdonst site DNAwedorime.com. Therbonypositidesdiniese be 35adnwhistered

by intrade;nialhgeF 'X@%ﬁ@%@l%@?r %H&L&gac% KYlESe elmnol |5E SEprehprducing

the synthétic polynu a target cell will ditfer depending on the intended use and species,
and can involNevereasaarsoiosrr wirdy akl e sl zeab o deimi calipd gpmmsly okt FoF LSS RIRd

baculoviruses gigbiatoler gAmIPIBopscphieskntyuligann o (983 SpiepRROR9ES3R wnich s

hereby incorporated by 5 reference. Such methogds can include, for example: . A. Local application of
the synthetic ERHEGeBYIR! bFigRERDR: (o ¢ I.‘?%%O?@%Tﬁcgoﬁwpﬂ%@ﬂ%’v@ﬁ? ereby
incorporated hyyetereraedisirgicat; poilantetionridetidiation;orangetiar peansgitastmetimdican also
be used in combination,with local applicat injecti ical i ﬁp@;l'!g i si&o i 2any la
other medhs, %?at%ﬁsa?gs%%tgr\%ﬁwé écg %gﬁﬂ h%%d%e%agf %r%%%lrét%]gglc_po yr%% egtflgéb?s%gc'gﬁo '

increase the eifewtbignadsleof chapesitionsAdophissfrathby herdilksnis t#4@€-in combination with local

application by injegfionsseigicaldnnlantationcinstillatinnion ARy AtheriReamnsnabaRofesdasiasor
factors required for the activity of said protein.. B. General systemic deiiv_ery t%%Li,njecti % of DNA,

(Calabretta at33ceRgble Ehaty aoprass et neidadtnerny it en BB e erence),
or RNA, alonemidTsesshinrtionmwthisssasies Zbi aliat, H9305eienceR64y200-g2olvhich is
incorporated herein by reference), viral sids of nanoparticles (Bertling at,at, 1 Bio JAppl.
Biochem.13 39054?%,%%%? in o?%%%a%&%%slh )?ure éfe%)%éggg@%rﬁ%oﬁ]dé?‘fﬁrggié Srog%&de hery.

Improved targétitedmiptrrine adhidwsitibyaiafiing sedisynthahozmpsdiytstidotee nshtadbipsg,
molecule (the %%%Hegémgjcﬁw%mrm emRloNing. SRy examRIRGYR antibady) Rkhybecal

application by injection, Surgical implantation or any other means, of another factor or factors required

for the activity&staHe Ehivo dib g Ao fRFRAEh BIRIAESHAE 2 O BB SR AEr R TR B aid

protein.  C..Ipjachsinainaplaatationneelveinbypryléntens ief eefisutbatngyvedesndab witdified ex
vivo by transfection (fo examgle, in the resence o caz:l1 éurgjghqggga}e:dghe@a%jt al, 1%87 éz‘lé))e. Cell
Biochem 27 274598 % B CatfSniEHoidE and polyamines, ROSE Atal., 1 oV eaRt 18 0-525,
which articles dignitvgmaponated herein by reference), infection, injection, electroporation (Shigekawa at

al., 1988, BioTect) §.4%«/ Hpitdiein dacumaAlaf haimin e Teiencm patolitaisgsas to 30

increase the expression of said synthetic polynucleotide in those cells. The modification can be
mediated by phestaiiideiciad 2@88AHd, viral (such as adenoviral or retroviral; Mulligan, 1993,

Science 260 926-§32 Millets 18925 N atihenibré b AsP coaime srdiab , ab083bleiin. Bienad hed 4
129-141, which articles are incorporated herein by refer nc%zor ther vectors, or other agents of
modification sﬂgﬁﬁgaﬁﬁos’%’ﬁ@@&ﬂﬂc 3%’5"1‘.“1%?593,5 CieRLe 618555? ,n\%higﬁe%%slhccﬁi%%%%éd
herein by refer@nea)ivisg| @apisiglagerdt, preservatives, lubricants and/or time delay agents. Suitable

binders include gum acacia, gelatine, corn starch, gum tragacanth, sodium alginate,

carboxymethylcellulose or polyethylene glycol. Suitable sweeteners include sucrose,
lactose, glucose, aspartame or saccharine. Suitable disintegrating agents include corn
30 starch, methylcellulose, polyvinylpyrrolidone, guar gum, xanthan gum, bentonite, alginic
acid or agar. Suitable diluents include lactose, sorbitol, mannitol, dextrose, kaolin,
cellulose, calcium carbonate, calcium silicate or dicalcium phosphate.  Suitable
flavouring agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry
flavouring.  Suitable coating agents include polymers or copolymers of acrylic acid

35 and/or methacrylic acid and/or their esters, waxes, fatty alcohols, zein, shellac or gluten.



or nanoparticles (Bertling et al., 1991, Biotech. Appl. Biochem. 13 390-405, which is incorporated
herein by reference), or any other mediator of modification. The use of cells as a delivery vehicle for
genes or gene products has been described by Barr et al., 1991, Science 254 1507-1512 and by
Dhawan et al., 1991, Science 254 1509-1512, whicjys articles are incorporated herein by reference.
Treated cells can be delivered.in combination with any nutrient, growth factor, matrix or other agent
that will promote their survival in the treated subject. The compositions may also be administered in

the form of lipSeisPhts PIasaYaiives IdweradiRPdRsRaT FotEREs Shallphadterostarkimaceiistances,
anddare form%iby:ﬁmﬁ-ﬁﬁrﬂfiﬂ%ﬂg}%mﬁﬂ%bﬂg{@@diwi’@i@ﬂ}pﬁib | e%sl» Ti’fﬁ&?ﬁ@ msgeaﬁﬁimmaeaqueous
medium. Any non-toxic, siologically acceptable and metaboli e lipid capable of forming
liposomes cafPBETEEH g‘ﬁé@&rﬁ%&&%ﬁ%’iﬁ éb%%&i?g%F&%g&%g?nogfﬁﬁcﬁisers, preservatives,
excipients and theilikil Thepiiofesredalipidts g itverpino sphizlipids ahititte phbsphatidyd gintdires
(lecithins), bo I ti EQQ% [ [ in:th in
relation tosthié?lhg{p}ie%gi{f%l‘r%?:rsgﬁ@glg ir‘rf%%f to: Prgeglgg{lt@%(?%% I\%e’?ﬁagfj%%ﬁc%?l%lo 0%131/’, %/%%ﬁlg%ilv,
Academic Prezssamenily sirilnwer oib peflowgnoll seephimeaibsirony eflwinsiiisarisps@deferein by
reference. DogageE PRIRRaEAR1INS, dRsipaayRine! Hie a0l ol HRRNOLBA-INGAAGY PRURIAT
subject will depend upon a variety of factors incluging: ?e type of disease being treated and the stage
of the disease,gf%%ﬂ@ 8?%%%4%8&??8‘8%?5&?@8? he composition employed:; the age, body
weight, general hgalflansieoxaifist diefd eldihinistibiiat; iy tinehef acimprisirdiipearsihg ppetesoind/or
administration; the rate of sequestration of co unds; the duration. of t 5. t, s used in
combination osrug}cj)?ﬁ?aénﬁ?ﬁtf?ﬂ@%&gﬁﬁﬁwﬁg%ﬁ%ﬁw}ﬁﬁ?%({ﬁeéggle ate a%}fglr%s,%zvggﬁ %%L%wg’m the art.
One skilled intrehatesiivldsebbydiay bippulmicth d-qsbiitnen tasloryiny deyaehidrmasedfantiolinm-toxic
dosage whichyQuid beueRuIeSum:ralgralisabiscandiinns hess, yiliBeskaliRadedeiqymined on
a the

a case-by-case basis. 30In terms of weight, rapeutically effective dosage of a composition for
administrationf@@ﬁaaﬁ%ﬁ%eﬁ%a%%@wg @Wﬁ@?&ﬂ@%ﬂ&f)ﬁﬂ%ﬂl@@%@ Bt T 96T kg body
weight per 241agts; Spbioaluinhenu H:bing indbout I50ggestkghody Iueighi et (R Hesrrs; about
0.1mg to about 1Q0mg.per kg bod ight per 24 hours; about 0.5mq to about 100mg per.kg bod
weigr?t pélE 24 ho llg:ugtlg Soﬁrl%an}:gav%l al%%ea%%@' ﬁ# S pg?lﬁla%sgd?/n\?/eqaﬁ?%rgr ?%Lﬂ%ﬂlsgﬁvlor)(/e
typically, an effeative $insdkangals g agent solbdude ispengegoigttues exgmphbod tabonegaper kg
body weight pﬂt@rﬁl%?suéﬁ%%ﬁﬁ’%@ﬁﬁ&%@@d}%@ﬂ% %08 up to about 5000mg/m2.

Generally, an effective dosage is expectedto be in the range of about 10 to about SOOOmg{OmZ,
S€

typically 5 about MetBodsdot PrveRRgPEeaissit Y B IEsEaP B OIRGHHI IR SRR E B
1500mg/m2, aguidbehtaiabert 1000me/ Mectbadaut Avie ekl 6006/ exAmte|rtRemih yikhse

apparent to onge of ordinary. skill in the_art that the. optimgal quantity.and spacing,of individyal dosages
will be deferm %??HB%&E%"%%% e% nt %1’ t}%&eacc‘:'Fij nrgﬁlbc}?\sl%g%é f}rlélgfaég:’ %%8%, r%Utgeé%gcY site of
admin_istratiorirxanwquéw@%fm@mrp’grticular individual being treated. Also, such optimum
conditions can berfglalmusBy £R91ERIARALISERGHESIe (i llAlSg,Be ARRRIGRER AR dinary

skill in the art that the optimal coursé of treatment, 'such as, the number of doses of thé composition

given per unit inOTciRiseSadRERBi rvgh psTeEdtaR;rsteih MaralYUsIRgsns deryaty ebdheeek

treatment  Suspending agents such as natural gums, cellulose derivatives or inorganic materials such
25 as silicaceous silicas, and other ingredients such as lanolin, may also be included.

One or more immunopotentiating agents can be used as actives in the preparation of
immunoﬁotentiating compositions. Such preparation uses routine methods known to
persons skilled in the art. Typically, such compositions are prepared as injectables, either
as liquid solutions or suspensions; solid forms suitable for solution in, or suspension in,

30 liquid prior to injection may also be prepared. The preparation may also be emulsified.
The active immunogenic ingredients are often mixed with excipients that are

pharmaceutically acceptable and compatible with the active ingredient.
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15determination tests. Methods of treatment Also contemplated by the present invention are methods
for modulating an immune response, wherein said methods comprise administering to a subject an
effective amount 20 of an immunopotentiating agent selected from the group consisting of the
vaccines, expression vectors and host cells as de:s?glged herein. In addition, the present invention
provides methods for the treatment or prevention of a disease associated with an avian influenza virus,
wherein said methods comprise administering to a subject an effective amount of an
immunopotenitatirey ab@htadhsatéad25from the group consisting of the vaccines, expression vectors

and host cells as feaRREcierE o, Assessment o muLRISatoR s Thm Biagienass vi an

immunisation undertaken’in accordance with'the methods of 30 the present invention ayjoéeI
assessed Usir§raysEuRALRY teBNn et ieoraxamBBeC Fistyaisadbsagesnaiie & o udthg
stimulated splgngeyias-enteeipleEkkieadmenenisetear aefistRBMEontpeptidécdaietion a
recombinant virus infected cells using 51Cr lgbelled target cells..Such assays_can. r d using,
for example, pPMREE f’ﬁ%ﬁ?@%}nﬁuﬁ}%’gﬁ éﬁlg feh etz% eaﬁsa?f&%? 33}%}3%%%0%}@1%? %a@gé%%%% also

Woodberry 35st tak, distrae, Alte meqtiredy dtisegeffifdby pirtieuimeemizatids tadye slivesiored thsing one
- 18 - or more t gﬁﬁgﬁxg@&%ﬁé%ﬁt@é‘?&%&@&@&nt& H ss;hd€tramer staining of both fresh and

stimulated P see for example Allen et al., supra), proliferation assays (Allen et al., suprg),
r linear

Elispotm! AssaysEotdramate|inl sk earnransru RS khihsoouifsA S1ad 2PBIRIaTISgaReRIAeEgDY ¢

B cell responsgs, @anddyesieindlas efcobsameescigicasngithedntigenic septdds agsdredcribed

herein. Kits  The present invention proyides Kits for use in ggatinl%fr revengin&a %iw gs%(%l a

subject, %er&%&?ﬁ%&%@?&ﬁ@%’ﬂﬂ%ﬁa&}ﬁﬁ A AV S o BRSS9 SEE okt

comprises thecupgisiies of x{etissitig veetprdiifiosibcsllsancotryusitions the déssiridettdveinin. or

Typically, its ot cartying outa method ehingvoion sapieRAlLihe AcassanEReRi R any out
e | g

the method. Tf/%?lc%(fﬁ}, itS of the invention will comprise one or more ctontainers, containing for

example, washrrgagentstinnd/gedtthiteageriding saprswe 19 refbesinteab dththe SAfvrientfom a
polypeptide orfragment HagtEMitions and thereby potentially reducing side effects.

15 By way of example, administration according to embodiments of the invention may

be achieved by any standard routes, including intracavitary, intravesical, intramuscular,
intraarterial, intravenous, subcutaneous, topical or oral. hitracavitaxy administration may
be intraperitoneal or intrapleural.

If desired, devices or compositions containing the immunopotentiating égents suitable

20 for sustained or intermittent release could be, in effect, implanted in the body or topically
applied thereto for the relatively slow release of such materials into the body.

Administration of an expression vector or host cell may include delivery via direct
oral intake, systemic injection, or delivery to selected tissue(s) or cells, or indirecily via
delivery to cells isolated from a subject or a compatible donor.

25 With regard to nucleic acid based compositions, all modes of delivery of such
compositions are contemplated by the present invention. Delivery of these compositions
to cells or tissues of an animal may be facilitated by microprojectile bombardment,
liposome mediated transfection (e.g., lipofectin or lipofectamine), electroporation,
calciom phosphate or DEAE-dextran-mediated transfection, for example. In an alternate

3  embodiment, a synthetic construct may be used as a therapeutic or prophylactic

* composition in the form of a "naked DNA" composition as is known in the art. A
discussion of suitable delivery methods may be found in Chapter 9 of CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY (Eds. Ausubel et al.; John Wiley & Sons
Inc., 1997 Edition) or on the Internet site DNAvaccine.com. The compositions may be

55 administered by intradermal (e.g., using panjetm delivery) or intramuscular routes.



In the context of the present invention, a compartmentalised kit includes any kit in which reagents are
contained in separate containers, and may include small glass containers, plastic containers or strips
of plastic or paper. Such containers may allow the efficient transfer of reagents from one compartment
to another compartment whilst 20 avoiding cross-gentamination of the samples and reagents, and the
addition of agents or solutions of each container from one compartment to another in a quantitative
fashion. Such kits may also include a container which will accept a test sample, a container which

contains the pol{iressepsediiinthi cegasharmyubatsimaywisientlniatn Wwasrers sEnTa lsttifas

phosphate biyfcred spline T is:hilieteind UekShmisalitnaikd ohie arosastuiuantionail also
include instrictions f6r using the kit components to conduct the appropriate rﬁetho S. Thzepresent
invention willviy Yseterss e b ipareraRtd B THE RS o fig REREIRBRIS SV AIEH 8ottt REPPe tonstrued

in any way agliniiieg iheenone of ibe yentiernddBsanyes Bxahidiedhddnstuatioratidbgombinant
baculovirus HA-expressign caseties . Hemagglutinin iH,A) of H5N1 influenza virus is one of two
major méme&%%l%@Blm%? TS %%B%%Tsfg[lg%?ﬁﬁ%production of neutralization antibodies
(Bosch, et al., -19-T1R70pHamtiokafitic: Welistic poBBycTotididninieahend Vel sF gdA&ating a
baculovirus-hased vasgine gaains SN VifLS (AIRARSE/ GUARRHRRAISIYT/ HINRIcH e Wrgeiors

C 1 . .
constructed two recomblnant%bacu%okus expression vectors _each containing HA-EX&%G sSion
[

cassette. Théﬁ;&mﬁé@ﬂodﬁ&@@éﬂ@ﬁ%ﬁ%&&%ﬁ%u&ﬁ VAATRRE 5 ASDraEsibiTt dsette
under the congsphaf s, whiteiseat a?ﬁli’éﬁmﬁ M aSQASS DriglaromgiaranameaiatibtrofFigy 1A). The
second baculovirus expression vector was produced with th é—l@ggres%gﬁccqﬁsegc e%ﬂﬂe%
additiona? veé%@l‘ﬂéﬁn%?nafiﬁ%“ﬁFﬁ@@%ﬁf&éﬁ?‘?ﬁuéﬁ‘%’% e28ioh cassetie linder the control of the
baculovirus pglyhesinepromeiarioaivetesA oA tBatmeA). T omtibodepmration bé theedeombinant
baculovirus vectgre, he AGYINEY polvhedin RIomelRrConllss Mol GoesaIsssinacassels O

& - Ll ¥

WSSV tel pro?ﬂ Y ression cassette were nserted into the shuttle vector pFastBad
and integratedfirtotbmbadamvies fgeleo g remTaENCTR SEEsr dheid BRSHotocol of the

Bac-To-Bac systgmAlnvitiogen -4, m%y%y&gﬁm Wagalseeans ueierbby, idtageating an

15 empty pFastBael vector into the genome (Fig. 1A).. The.desired V?g(lig s II—1IA e>{8ression
Siti

cassettes werl s ed \MilliR-IHE pBRIsB ARIPROEAY FPLHRYSISERR P oh employing the
Bac-to-Bac sygtapmMoy @igbNipovithés peglabirteniintios wasites POR 6fhifidd frbinlpUsV-G
with the primers 5- CGCGGATCCATGAAGTGCCTTTTGTACTTAG:3: :1)a - 20
CCCAAGom?é‘iQﬁR‘BE%E’E FRPTECK 5%/1’-5” |§3’?§|?5:%)‘."{?§\¢/%é% NA@‘V{}? fnlﬁ%&’eggﬁ’
downstream @itiecholyddBivphemotér 3Mi¢SwabiFICR BeprREHRJraD RS HREERTEhM HHth the

primers TCC%%%%%Q&Q@J GQUNEGRC ot el Eﬁlﬁ% RS Dy Ik Fre synthetic
CGCGGATC TCGGACCGAGATCCGC-3' (SEQ ID 4). T eu A,CDNA Zg wa am%llfled

from the Yendrmbsidisetids iSRS R RIeAER St e rifess GmpIOYID
5'-ATAAGAA TG GRRGROGT ARBEHS: AABA AL EEToT 6 TGeBtitBEQuEonl Gmblaatation or
5-CCOCTCRAGCGCTIMATCCAMATTGTCOATIGTACGATE 7 (SEQURMDL Pkt AERNA was

then placed uftré: JPitBSs P F8rThatsin a p ac vector and downstream of the tel
promoter, whiehcadisgamip ifiathfreptipn8olwsis) oy ehests gspansite 2068 Witheiprimer set of 5%

TCCCTACGTATCAAT T L =y (B NQné) 3ntkatsAkde GE&ECfaadCC |
1 GAGTOBACASA A A AR (St T . B, Bl 888 .
25 modified ex vivo by transfection (for example, in the presence of calcium phosphate:

Chen ef al, 1987, Mole. Cell Biochem. 7 2745-2752, or of cationic lipids and
polyamines: Rose et al., 1991, BioTech. 10 520-525, which articles are incorporated

t" approac

herein by reference), infection, injection, electroporation (Shigekawa et al, 1988,
BioTech. 6 742-751, which is incorporated herein by reference) or any other way so as to
30 increase the expression of said synthetic polynucleotide in those cells. The modification
can be mediated by plasmid, bacteriophage, cosmid, viral (such as adenoviral or
retroviral; Mulligan, 1993, Science 260 926-932; Miller, 1992, Nature 357 455-460;
Salmons et al., 1993, Hum. Gen. Ther. 4 129-141, which articles ate incorporated herein
by reference) or other vectors, or other agents of modification such as Hposomes (Zhu ez

35 gl, 1993, Science 261 209-212, which is incorporated herein by reference), viral capsids



Infection of insect Sf9 cells with vAc-G-HA resulted in extensive cell-cell fusion (Fig. 1B). The
phenotype was due to the very high expression level of VSV G protein with 35 membrane-fusion
activity by the polyhedrin promoter. - 20 - The kinetics of virion production in 5f9 cells was also
examined by generating a one-step growth curve Qg infectious virus production (Fig. 1C). The temporal
kinetics of the growth curves (Lu et al., 2003) of these viruses were similar, although peak virion
production of vAc-G-HA lagged behind those of vAc-HA and control vAc-Batund. Titer of vAc-G-HA

-~ increased tod0S:Rmparolas (Badtingng infio) k9P bt Bigerhy AnphiBiogemal IntPYxEB K %ﬁi‘ Jenerated

the same titep, al 36 anin it B0 TRRGK eRsivg suRexium i aTaiionintdih cetl taiectedlih
vAc-G-HA might delay the release of virions in the Igte mi}\ec%)n. 1 Exabmg %Meng%an&,gfsplay of
hemagglutinitf @ FHEvRIYersRIe TR HEasH AC-BERC P ARLB R AR R TACBACHId Trom the Stipematant of -

infected insegtalis byalimEenyifigatony Dhiwestigatk, iBetheSdihor25didpREd4d18n edhembrane

of vAc-HA and vAe-G-HA, the purified virions were-r d wij o Tujon X-10Q f nyies to
disrupt the vi?ﬁ?ﬂ?@n%?aﬂ%cgﬁ%g l}?e,dgﬁr(f ]ﬁméb vi?gféf é%’cl\gé%%%id%%)erﬁo%gc%%ﬂ%%lé%g‘
and

ultracentrifugatiobindopredhcapntiody, sy iasonisstix fhotieagger il WiPspRie

purified from bgwl i l{ﬁ-iﬂf&({éﬁ%& ucells, with polyclonal antibody against HA protein raised in
guines pigs uSsmé I%é%-taegqu HAI gs antigen. Western blot analysis ghowed that.HA was detected in

( a
the purified virioRh&erBrRORERIs SR ARD PREFTIISHTCE H HE { el R OB e iR S et
20comprised of onlyviraiudciRasansigdhigd24) othedipiduntdthnteh el awdsrpadibiiyisieaved to

HAI and HAZ2 In both the infected SE9 cells and t rified.vAc-Gyk rfi Q@m{m}iﬁ to that of
the puriftéd F@P@l“%?&ﬁ?ﬁﬁg% "’}te‘?’%leg%lé a%’t"égt%{l]sg%%é%%%hsgﬁ %ﬁ%&bacu%\(j%%&s}ector could display

.

HA-like viral glysopieipsysitibgimiar pospihivs|atidnaiatbdlirshiorinidiscantiial plodeiiros
Western blot assaysusing a1 3thv ¥ Ganesienslanihadyalse adicaledshat sibiuas a
ntin

membrane-ass0cated structura component in purified VAC-G-HA virions (Fig. Bi"é’ti To determine
whether the haestowtiysss gHeipieais gl ty m&ep?&%ﬁmmﬁﬁmg%‘? %%388?@"‘ the
hemagglutinqﬁmizﬁ%\dg iAot Miany, obvheatiARaandnike:6-Nistuals tesied(Fips@B)s Each 25
Il of vAc-HA or vAc-G-

1A at a titer of 1010 PFU/m1, gave a hemagglutination titer 2 using a
standard”nen?&@&&ﬂm’éﬁ%ﬁh&s%ya(@%ae&% s .s?ﬁ%%ggéﬁ%rgg%%gtgg ?ﬁé‘%bﬁté%‘gfg;}ggf’vsv G
with HA woulslfaaicsigpificantisi sesiyce’ tentskiaying sftoisntsest Mavor eik, BhEUIO\EAM: Metbrane. -

21- et seq., the contents of which is incorporated herein by reference. .

Dosages ]
20 The effective dose level of the administered compound for any particular subject will

depend upon a variety of factors including: the type of disease being treated and the stage
of the disease; the activity of the compound employed; the composition employed; the
age, body weight, general health, sex and diet of the subject; the time of administration;
the route of administration; the rate of sequestration of compounds; the duration of the

25 treatment; drugs used in combination or coincidental with the treatment, together with
other related factors well known in the art.

One skilled in the art would be able, by routine experimentation, to determine an
effective, non-toxic dosage which would be required to treat applicable conditions. These
will most often be determined on a case-by-case basis.

30 In terms of weight, a therapeutically effective dosage of a composition for
administration to a patient is expected to be in the range of ebout 0.01mg to about 150mg
per kg body weight per 24 hours; typically, about 0.1mg to about 150mg per kg body
weight per 24 hours; about 0.1mg to about 100mg per kg body weight per 24 hours; about
0.5mg to about 100mg per kg body weight per 24 hows; or about 1.0mg to about 100mg



Example 3: Transduction ability of vAc-G-HA As VSV G confers a transduction advantage of
VAc-G-HA over VAc-HA, in vivo vaccination experiments were undertaken to assess the transduction
ability of vAc-G-HA. A transduction assay was performed (Hsu et al., 2004) in the cell lines (1) canine
MDCK 5 and (2) chicken Df-1 cells. Fig. 3A show_sltlglgt VACc-G-HA efficiently transduced these cell lines
as indicated by the positive fluorescent cells. The expression was further confirmed by western blot
analysis of the total cellular extract with anti-HAI serum.raised in guinea pigs, as shown in Fig. 3B. To
further monitpetfie hudntityiglhitper 3A hovteciviotdpRigalyo aisElaatifa cosst sARES i euppated o

antigen-caplyje; IS, 1a3 fiusiongd Baseronine siingadiy aaistifd palyelagal antiserum and a
anti

HAI monoclona ody, as reported_previously (He et al., 2005). is6-tagged HA' \ggs expressed
and purified fronfbisERatvis MfeEieditrdosase YRR A0 APONREALSin PBREAINGIAS with a

pFast I;Ta v?tget%feth@sag@fa @xﬁ@@e&5cﬁbfﬁ@%d1&ahg&)dﬂi@:@&qm®uv:a§%ﬁpig[aﬁ,ftgﬁimﬂg HA
cDNA descri above with a prj set e _
5-COCOBATES 9@%&%Rﬁ%%%o*ﬁ&%&ﬁ%%ﬁ(g%ﬂ’gﬁé: Boaha’” about

5'-CGGGG TACUGEGT= MG GBI THTTI0I08IYBEIBHNG 750Y, sborbrefeng@xpression, Sf9 cells
were infected wijh e regqmpiiRniodiua ff SMO abmagtiarealed i hodpiufigaiamet
e

g
His6-tagged HAI proteih from tal cellular 20 extract' was performed with a Ni2+ Chﬁ%%e resin
|

slurry.  The andigerciebafrandividyrbninsasssigril s, ebamRBcfoRY dhfe PRTER SOd e G from
guinea pigs. Thedpeud-aigenwamhamteissiedmitibyiridemassapesaiantsccoattainifghe
HAZ1-specific monoclonal ,anéil:)#ﬁ)ies. 10-fo?I% s&ﬁal% diféute HAI pr%?%%\gacs ergg)lé)&ed t]%a%)br?truct a
standard buaRFHEENRERGEuar REBEIGTHT O APIT ThE SREEPZ5HA Ghiple Was determindd as the
point value inghe staindsircbchiriemdinat represents the same absorbance at 490 nm (Fig. 3C). From this
curve, each 25 jil of vAc;G-HA at a titer of t ' : Qe EAle These
findings indicategtt‘ﬁéﬁtﬁlgo A 6?8%% %asﬁ)s?é%lén)égj gg‘ﬁ?ﬁﬁg%y eﬁ#ﬂ%ﬁr@ i:t%%%)nd was gfficiently
displayed on theatsufbcends e hacoirnof TR ke SomBANIRSYSIIP & VAL #8508 CoprRe

immunogenicily,of ¥AGiGrHAHRs teminvestigaiedhraval intia-srussulacinmyInizationekht8 week
BALB/c mice with purified VAc-G-HA virions. At 4 weeks after vaccination with 5 x 10 PFU of
VAC-G-HA pafitfeainatan i€ vere boosted with 35 the same amount of virions. One week later, the
mice were bled through the retro-orbital - 22 - plexus and serum from each animal was tested
individually fo&g%iﬂ?f%di?s a igg} HA by ELISA and hemagglutination inhibition (HI) assays (Wood et
al., 1985). T ¢ testwas set up to monitor the HA-specific antibody level by coating 96- well
microplates with 80sngroitpunitaeirisshagmrsem Anersiemasemadipds fanpadpiating an immune
response, wherein said methods comprise administering to a subject an effective amount
20 of an immunopdtenﬁai‘ing agent selected from the group consisting of the vaccines,
expression vectors and host cells as described herein.
In addition, the present invention provides methods for the treatment or prevention of
a disease associated with an avian influenza virus, wherein said methods comprise
administering to a subject an effective amount of an immunopotentiating agent selected
25 from the group consisting of the vaccines, expression vectors and host cells as described

herein.

Assessment of immunisation efficacy

The effectiveness of an immunisation undertaken in accordance with the methods of

30  the present invention may be assessed using any suitable technique. For example, CTL
lysis assays may be employed using stimulated splenocytes or peripheral blood
mononuclear cells (PBMC) on peptide coated or recombinant virus infected cells using

S1Cr labelled target cells. Such assays can be performed using, for example, primate,
mouse or human cells (Allen et al., 2000, I. Immunol. 164(9): 4968-4978 also Woodberry

35 et al., infra). Alternatively, the efficacy of the immunisation may be monitored using one



5 Fig. 4A, all 5 immunized mice developed significant antibody responses, as detected by the ELISA
in which purified HAI protein was coated as antigen. The two control mice immunized with the
vAc-Bacmid displayed only background sera titers. The vAc-G-HA induced serum HI antibody
responses in all 5 immunized mice, with a titer in thg range of 23 to 23 (Fig. 4B). The HI antibody
responses were comparable to to those mice vaccinated intranasally with live H5 influenza viruses that
demonstrated a titer in the range of 24 to 27, as reported by Takada et al. (19992._T,he s? ciﬁ%c and
significant antibogyertasbaigsestiopivging thﬁ%%ﬁﬁ%&ﬁéﬁﬁ?ﬁ%ﬁéﬁlﬁé HRE R HBRcule

displayed on ghenvirad SUHACRAr BXMEsSaskttseughir! NHasducligrssalaiprdiftsasiotigesigity. 15In
order to further characterize the_immupggenicity of vAc-G- VAc-HA, 7.wee B/c mice (five
mice each gr%ﬂ“}%r‘gﬁﬁﬁﬁg‘?ﬁ@%%y' ﬁi%%%ﬁ%%#ﬁ%%?%%@?ﬁé%&i %e ffg 1/PR8

vaccine straigmp)iizdsromMmMpCRctiswdd osbdapepssitivé Foetion ittt BHchiaplesccinated
mice being used as.a negative control.. | muscular vaccination with 256 HA units of
20 purifiesd baGHIGVTUS %gr?ﬁ%: E8°0F ?r?g%t@é\}%gv eﬁ’glﬁ\%@é{éﬁus mice were boosted with the same
amount of virions. One week later, the mice were bled through the retro-orbital plexus, and the pooled
serum from epgh group of 5 mice was tested individually for antibodies against HA by ELISA as
described by He et at, 2005 and by Hema gluti,na%)n- Inhlbit'%::n HI) assa%s as des ritéed t%X Wood et
al, 1985. ELISAS SRR SEIVERHRHENGFIHE RS PR it ?ﬁ‘r%’&d%é’&e B ESating 66-Well
microplates Wit;66 Rehprvikies d-Hssdegigedsiddial otiinapervivelinfseszowiis, Fig. Bicremicaid

immunized with vAc-HA or vAC-G-HA develc%éleﬁ% %&{Egllgaﬂgﬁrgm%_rg%gg)gﬁ%&sge&ggﬁgegy ELISA

in which Buriffdl BRFGESte R WA EB&ted A5 the antigen. Mice immunized with vAc-Bacmid displayed

only backgrotreebsera 30 titers. Both vAc-G-HA and vAc-HA induced serum HI antibody responses in

the 6 immunized-fyige, A sy 012 LFIChAR TRl JHeRe GRAGUID iHm PSP SerIarable
to those mice vaccmated’with the vaccine strain HSN1/PR8 that has an 8 aver?ge liter of 2 (Fig. 5B).

In the ELISA te8geatstisayYeuhdissthnsicCUPMAIRRs 10 ofdhe Bromiiam 308 S8WRIRRPESA that of
VAC-HA. Surpgigindiynifgerio RSy 6t Basisi wadyeagaighend28ofeyetmgimntigniiereSponse

than the WA GSSFIRG A ASFRRLITTE B SA ERLIE) Pk SORARY ENSrifcant antibocy response
from the baculoviiusheagsiteatedf riticiestivatevetifnhe sampariaeuteliseshlay derhenasyirkiisitrface or
expressed thrx(v)v%lqb@l VrigglggﬁpSéjrgcggﬁﬁﬂéﬁaiﬁe%fﬁﬁ%h%ﬁ@iﬁ&gg%B@itﬂlay include small glass
containers, plastic containers or strips of plastic or paper. Such containers may allow the
efficient transfer of reagents from one compartment to another compartment whilst
20 avoiding cross-contamination of the samples and reagents, and the addition of agents or
solutions of each container from one compartment to another in a quantitative fashion.
Such kits may also include a container which will accept a test sample, a container which
contains the polymers used in the assay and containers which contain wash reagents (such
as phosphate buffered saline, Tris-buffers, and like).
25 Typically, & kit of the present invention will also include instructions for using the kit
cormponents to conduct the appropriate methods.
The present invention will now be described by reference to the following examples,

which should not be construed in any way as limiting the scope of the invention.
30 Examples

Example 1: Construction of recombinant bacuiovirus
HA-expression casettes
Hemagglutinin (HA) of H5N1 influenza virus is one of two major membrane viral

35 glycoproteins responsible for the production of neutralization antibodies (Bosch, et al.,



The in vitro neutralization ability of the induced antibody was then tested by the HA-displaying
baculovimses. A standard microneutralization test based on the HS5N1/PR8 and MOCK cell system
was perfauned as reported previously by Rowe et al., 1999. The sera induced by both HA-displaying
baculoviruses showed a significant neutrlization ti-tirgc_)f 1080, while the H5N1/PR8 induced serum
gave a higher titer of 160 (Fig. 5B). - 24 - Referefces Bosch, F.X., M. Orlinch, H D Klenk, and R.
Rott. 1979. The structure of the hemagglutinin, a determinant for the pathogemmty of influenza viruses.
Virology. 95:1979s 2R@waokk ear@., WelBigr S19880, [TMalebpoyite LibeSpnteisneB gerRestingr, &ind J.

kwang. 2005. C@ ol %%%8”&&3}9@%%@%' ﬁ@&@o%@mmmgﬂgae gjﬁ@@fﬁw%@d

antigen and deve opmento an antigen capture ELISA. J. Virol. Methods. 127:46-53. Hsu, C., Y. Ho,
K. Wang, andiveptarooastisied ianernsTaaihba Saa R (6O tRBRS f°hSeHis RS dnediated

gene delweryHﬂ%ﬁ]}@éﬁﬁ%ﬁ\"%é‘&ﬂ@ ﬁ@tﬁfﬂﬂ RLEHORNRY c88:éediod vectdﬁ%@@k@dﬂce&ﬁ%ﬁ GeWebster.
1988. Sequence requirements for cle e aC%\é%E f|nf enza irus henla%%l%h@ps% sjsed in
mammalidn cEHs BPESTER AR S SR €SP SHIramg fanovsky. 2003.
Reduced expkgsaiottQfihadinmecHis- @aglylpkmtéfhelmmmmawmasmwwﬁrumrapha
e e RGP e loRoalche Pk, BRAMRR R IR Sl M

77:535- 545. anopo L. Yu, an Kwang. 2005. Baculovirus-mediated 20

promoter ass&i’}’aﬂpmtamdéﬁi)‘t’@ﬂatmawyg @?Smﬁﬁ%‘e‘l@é@t %Vrﬂﬁ@?ﬁé(if the euborigeneolvhRsion . 2:71.

Takada, A., N SHROIEI K kAR kG- AANIBEMIXg, H. Tanaka, H. Ozaki, S. Itamura, H. Nishimura, M.
Enami, M. Tashlro K.F. Shortridge, and H. ICida. 1999. Avirulent AV|an infl \(/u' sa% vaccine
strain agéﬁnstap@é%%ﬁ%&ﬁgﬁﬂﬁoﬁﬁgw)%a‘f DI F565rS, W%%@ DRjy: oka,

L.A. NeWbef%r&nBt@fd:W@ﬂol@élﬂ‘RS@ M/eiqatﬁsxdﬁaﬁss%n@iaﬁmvmaf mmtemb:lﬂﬁﬂlﬁdriﬂaenza
vaccine and efficac ainst lethal A/chi n/Pe nsylv ma/l 70/%% ’% Vi 9:867-872.
‘%ﬁ?ﬁ B rn}r)‘{mern?ilS e'fctﬁ& @l ?_v%% OEI 1At thsi % ﬂ%aG

Rowe T, AberfiHth ompson Cox NJ, Katz JM.
1999 Detectlobaaﬁlamtrb&@yrtmm/mthnﬂMk@ﬁ%@%mﬂml@hﬂn@@m@@@@%ﬂ*@%ﬁ%&%mmlon

of serologic a%?@t%ﬁl &ﬁ%é@fﬁm@%ﬁ %Lﬁﬂf’§lé4%§cﬁ'tﬂ%va§2§§%%ted by integrating an
15 empty pFastBacl vector into the bacmid genome (Fig. 1A).

The desired VSV G or HA expression cassettes were inserted within the polyhedrin
locus through si’f:e-spediﬁc transposition employing the Bac-to-Bac system. VSV G cDNA
with a B-globin terminator was then PCR amplified from pVSV-G with the primers 5°-
CGCGGATCCATGAAGTGCCTTTTGTACTTAG-3’ (SEQ ID NO: 1) and 5°-

20 CCCAAGCTTCCAACACACTATTGCAATGAA-3’ (SEQ ID NO: 2). VSV G cDNA
was placed downstream of the polyhedrin promoter, which was PCR amplified from a
bacmid genome with the primers 5%~
TCCCCCGGGGGATGGTTGGCTACGTATACTCCG-3 (SEQ ID NO: 3) and 5°-
CGCGCGATCCGGTTTCGGACCGAGATCCGC-3’ (SEQ ID NO: 4). The HA cDNA

25 was amplified from the genome of the H5N1 virus through RT-PCR with a primer set of
5-ATAAGAATGCGGCCGCTATGGAGAAAACAGTGCTTCTTCTTG-3” (SEQ ID
NO: 5) and 5°-CCGCTCGAGCGGTTAAATGCAAATTCTGCATTGTAACGATC-37
(SEQ ID NO: 6). HA cDNA was then placed upstream of the SV40 terminator in a
pFastBacl vector and downstream of the fe] promoter, which was amplified from the

9 WSSV gemome (Lu e al, 2005) with a oprimer set of 5°-
TCCCTACGTATCAATTTTATGTGGCTAATGGAGA-3® (SEQ ID NO: 7) and 5°-
ACGCGTCGACCTTGAGTGGAGAGAGAGCTAGTTATAA-3’ (SEQ ID NO: B).

Infection of insect SO cells with vAc-G-HA resulted in extensive celi-cell fusion (Fig.
1B). The phenotype was due to the very high expression level of VSV G protein with

35 membrane-fusion activity by the polyhedrin promoter.



51.A vaccine for the treatment or prevention of a disease in a subject, wherein said vaccine comprises
an expression vector comprising:  (a) a nucleic acid encoding an antigenic peptide; and  (b) an iel
promoter from white spot syndrome virus operably linked to the nucleic acid encoding an antigenic
peptide iosuch that in use said antigenic peptide ig, gexpressed by said expression vector in said
subject. 2.A vaccine according to claim 1, wherelr?‘t e expression vector comprises a baculovinis
expression vector 3.The vaccine according to claim 1 or 2, wherein the subject is selected from the
group CompriSin@'kiwm&ﬁsa‘dﬁniﬁmppmﬁwtimﬁhé%c@iﬂseﬁmcmdiﬂmtmd}bamw@ﬂ@im@% 3,

wherein the aptlgenlc 20 peptide is %@g%‘ﬁgg%g{y enc%fﬁg @fﬁﬁé@éﬁ@%ﬁ?ﬂﬁgﬂs whgtein said

expression vegpogrcomprlses efc acl Ing ah antigenic peptide, and (b) an
ie./ promoter growthwhiterepGLuy st dm 080 06 Bea [y iFpkasd W SIDSian cRthoxERy ?ﬂ%‘bd’ﬂ?’é’%n

antigenic pepie 08 RRSERIon 1R RiSBBALQisRIm e RakiRan: A¢ piRadlTal o

disease in a Subject, wherein said disegse is associajed with a virus, s that in Lse s id,aptigenic

peptide i§ exﬁfé@%‘é'@@%é‘i%ﬁﬁ%é‘élb% @chSPlﬁflgﬁl%? aﬂ%“”; %gQQp?éss ci#? Ve orﬁnéccordlng

to claim 5 or ggavheramdhedptigeneiibptdedsirmaentiigne GHedptéihe extensive syncytium
formation of Sf0 cells infected with vAc-G-HA might delay the release of virions in the

late infection.

10 Example 2: Membrane display of hemagglutinin
The inventors purified vAc-HA, vAc-G-HA and vAc-Bacmid from the supernatant of
infected insect cells by ultracentrifugation. To investigate whether HA was displayed on
the membrane of vAc-HA and vAc-G-HA, the purified virions were treated with 1%
Triton ¥X-100 for 15 minutes to disrupt the viral membrane structure, and then viral
15 nucleocapsids were collected through ultracentrifugation. To produce antibody against
HA protein, Hisg-tagged HAL was expressed and purified from baculovirus-infected SF9
cells, with polyclonal antibody against HA protein raised in guines pigs using Hiss-tageed
KAl as antigen. Western blot analysis showed that HA was detected m the purified
virions before treatment with Triton X-100, and not detected in the collected peliet
20  comprised of only viral nucleocapsids (Fig. 24).
1t was found that the HA was partially cleaved to HAY and HA2 in both the infected
SF9 cells and the purified vAc-G-HA particles, being similar to that of the purified H5N1
virions (Fig. 2A). These data suggested that the baculovirus vector could display HA-like
viral glycoproteins, with similar post-translational modification to its natural products.
25 Western blot assays using an anti-VSV G monoclonal antibody also indicated that VSV G
was a membrane-associated structural component in purified vAc-G-HA. virions {Fig.
2B). " |
To determine whether the baculovirus surface-displayed HA protein sustained
authentic biological property, the hemagglutination activity of purified virions of vAc-HA
50 and vAc-G-HA was tested (Fig. 2C). Each 25 pl of vAc-HA or vAc-G-HA at a titer of
10'° PFU/ml gave a hemagglutination titer of around 2° using a standard
hemagglutination assay (Wood ef al., 1985). The results indicated that co-display of VSV
G with HA would not significantly reduce the displaying efficiency of HA on the
baculovirus membrane.

35



8.A host cell comprising the expression vector of claim 5, 6 or 7. -26- 9. A composition comprising
an immunopotentiating agent selected from the group consisting of the vaccine according to any one
of claims 1 to 4, the expression vector according to claim 5, 6 or claim 7 or the host cell according to
claim 8, together with a pharmaceutically acceptabjg carrier, diluent or excipient. 5 10. The
composition according to claim 9, further comprising an adjuvant. 11. A vaccine comprising the

expression vector according to claim 5, 6 or 7, the host cell according to claim 8 or the composition
according to claim 9 for the treawempls foJransaiciion abildyaefcaGtiflect, wherein said disease is

associated with MindG Ja%n%i%@ PhRUAsRINSACEREIN G £0,ARYCUIRAOF GHRIMSCIHA 4ipNik the
expression vector according to claim 5, 6 or claim 7, the host cell according.tg.clai ort
composition 5%%9@&8’@%@@“1@?%@%%&&?@?&?@ *@F&fﬁ?éé?&%% ﬁbtyt?gl’f%&f#é%ation of
an immune respeRs@uctionldshise kfihdoraed (Hacaordgdd ainylonebficlesrts tendheMRChe
expression vector.acgardin laim 5, & or.7, the | accorgi clal sition
according to 81%4)@ %Pi?@e%]rs%ﬁ% %@%u% u:%g an%Z %fé’n%gr?? fgﬁ%ﬁfgﬁkﬁe%%f%% f%%{iﬂs%%ase
associated withlalinassas inficatedibiothspdsiientingissqseveriing Afseasesiios sisebEhtherein

said disease 3 assacipied Wiha Vi, At whereln SAURKILERALR e MeMBC GRE BECO g0 any
one of claims I'to 4 or 11, the expression vector according to claim 5, 6 or 7, the host cell according to
claim 8 or ther86pAB B RRIESI AT 8T8 8P10.  15. A method for presenting or displaying an

antigeniq pO!ypemmﬁM@%m@Mﬁ@mgm ﬁﬁ)}ﬂ&&@ﬁﬂ@hﬂd@@i&]ﬁdﬂr@@mﬂm@mid
Compriods ar i or RGP FRRTATTE Lage ythorts e o o D o MR i
said expressipoliéchal; zansefeje)qprbs ity samhpdiypd pritibddynes st et eseibrsacbe e ol.,
2005).
Hise-tagged HA1 was expressed and purified from baculovirus infected SF9 cells.
To construct the HA1-expressing baculovirus with a pFast HTa vector of the Bac-To-Bac
15 system, HA1 coding sequence was amplified from the HA ¢cDNA described above with a
primer set of 5-CGCGGATCCGATGGAGAAAACAGTGCTTCTICTTTG-3" (SEQID
NO: 9) and 5’-CGGGGTACCCTCTCTTTGAGGGGTATTTCT-3" (SEQ ID NO: 10).
For protein expression, S0 cells were infected with the recombinant virus at a MOT of 5
and harvested at 72 h p.d. Purification of Hiss-tagged HA1 protein from the total cellular
20  extract was performed with a Ni*" charged resin slurry.
The antigen capture ELISA was designed by coating microtiter plates with purified
TgG from guinea pigs. The bound antigen was then detected with hybridoma supematants
containing HA1-specific monoclonal antibodies. 10-fold serially diluted HA1 protein was
employed to construct a standard quantification curve. The amount of HAT in the vA¢-G-
25 HA sample was determined es the point velue in the standard curve that represents the
same absorbance at 490 nm (Fig. 3C). From this curve, each 25 pl of vAc-G-HA at a titer
of 10 PFU/m! was found to contain about 50 ng HA1. These findings indicated that the
HA protein sustained authentic hemagglutination activity and was efficiently displayed on
the surface of the baculovirus.
30
Example 4: Immunogenicity of vAc-G-HA
The immunogenicity of vAc-G-HA was then investigated through intra-muscular
immunization of 6-8 week BALB/c mice with purified vAc-G-HA virions. Af 4 weeks
after vaccination with 5 x 10° PFU of vAc-G-HA particles, the mice were boosted with

35 the same amount of virions. One week later, the mice were bled through the retro-orbital



-27- 16.A system for presenting or displaying an antigenic polypeptide, wherein said system
comprises: - (@) a nucleic acid encoding said polypeptide inserted into a baculovirus expression
vector, wherein said baculovirus expression vector comprises an iel promoter from white spot
syndrome virus;  (b) means for transfecting at legst one host cell with said expression vector; and
(c) means for expressing said polypeptide, from S4id expression vector wherein said polypeptide is
presented or displayed on the surface membrane of a baculovirus. 17. A method according to
claimd.15 or aﬁmm}ém?nﬁin@m edeinatitois wasdbstbd iprovidiel ysfopartibpdinsesainstiibiiticleic acid
encoding an [ ' 1/4.SEOL. SoilO> T k Lifesciences _
Laboratory <%%§$E?§gn%%§t%%§guﬁﬁg¥g ﬁglr%i/%%%%ége% %ﬁgﬁ'gf <13%L;’e;2§?35l\/| <160> 10Q <170>
Patentin version The BIE- test Tyas 34t 2p1to-oNiehe AspfciGr2pihady level by coating J6-

well microplates with 60 ng of purified Hiss-tagged HA1 protein per well. As shown in

s Fig. 4A, all 5 immunized mice developed significant antibody responses, as detected by
the ELISA in which purified HAI protein was coated as antigen. The two control mice
immumized with the vAc-Bacmid displayed only background sera titers.

The vAc-G-HA induced serum HI antibody responses in all 5 immunized mice, with a
titer in the range of 2° to 2° (Fig. 4B). The HI antibody responses were comparable to

10 those mice vaccinated intranasally with live H5 influenza viruses that demonstrated a titer
in the range of 2% to 27, as reported by Takada et al. (1999). The specific and significant
antibody response from mice inoculated with vAc-G-HA indicated that the HA molecule
displayed on the viral surface or expressed through viral transduction sustained its
antigenicity. '

15 In order to further characterize the immunogenicity of vAc-G-HA and vAc-HA, 7
week BALB/c mice (five mice each group) were intra-muscularly immunized with
purified virions. The inactivated HSN1/PRS vaccine strain amplified from MDCK cells
was used as a positive control, with vAc-Bacmid vaccinated mice being used as a
negative control. At 4 weeks after intramuscular vaccination with 256 HA units of

20  purified baculovirus particles or inactivated HSN1/PR8 virus, mice were boosted with the
same amount of virions. One week later, the mice were bled through the retro-orbital
plexus, and the pooled serum from each group of 5 mice was tested individually for
antibodies against HA by ELISA as described by He et al, 2005 and by
Hemagglutination Inhibition (HI) assays as described by Wood et al., 1985, ELISAs

25 were set up to monitor the HA-specific antibody levels by coating 96-well microplates
with 60 ng purified Hiss-tagged HA1 protein per well.

As shown in Fig. 5A, mice immunized with vAc-HA or vAc-G-HA developed
significant antibody responses as detected by ELISA in which purified HA1 protein was
coated as the antigen. Mice immunized with vAc-Bacmid displayed only background sera

30 titers. Both vAc-G-HA and vAc-HA induced serum HI antibody responses in the
immunized mice, with a titer of 26 (Fig. 5B). The HI titers of baculovirus vectors were
comparable to those mice vaccinated with the vaccine strain H5N1/PR8 that has an
average titer of 2B (Fig. 5B).

In the ELISA test, antibody responses induced by vAc-G-HA were around 18%

35 higher than that of vAc-HA. Surprisingly, the H5N1/PR8 vaccine strain induced higher



<2_2_3_> synthetic <400> 1 cgcggatcca tgaagtgcct tttgtactta g31 <210> 2 <211> 30 <212> DNA <213>
art|f|C|aI. <220> <223> synthetic 2/4 <210> 3 <211> 33 <212> DNA <213> artificial <220> <223>
synthetic <400> 3 tccccecgggg gatggttggce tacgtatact ccg33 <210> 4

=23 -

Jevels of antibody response as shown by the ELISA. Accordingly, the induced anti-sera

demonstrated four fold higher HI activity than the HA-displaying baculoviruses (Fig. 5A.

and 5B). The specific and significant antibody response from the baculovirus-vaccinated

mice indicated that the HA molecule displayed on the viral surface or expressed through
5 viral transduction sustained its authentic antigenicity.

The in vitro neutralization ability of the induced antibody was then tested by the HA-
displaying baculoviruses. A standard microneutralization test based on the H5N1/PR8 and
MDCK cell system was performed as reported previously by Rowe et al., 1999, The sera
induced by both HA-displaying baculoviruses showed a significant neutrlization titer of

10 80, while the HSN1/PRS induced serum gave a higher titer of 160 (Fig. 5B).



<211> 29 <212> DNA <213> artificial <220> <223> synthetic <400> 4 cgcggatccg gtttcggacc

gagatccgc29 <210> 5 <211> 42 <212> DNA <213> artificial <220> <223> synthetic <400>5 <210> 6
<211> 41 <212> DNA <213> artificial <220>

-24 -
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<2’23>'synthetic <400> 6 ccgctcgagce ggttaaatge aaattctgea ttgtaacgat c41 <210> 7 <211> 34 <212>
. DNA <213> artificial <220> <223> synthetic <400> 7 tccctacgta tcaattttat gtggctaatg gaga34 <210> 8

<211> 37 <212> DNA <213> artificial <220> <2225 synthetic 4/4 acgcgtcgac cttgagtgga gagagagcta

gttataa37 - ' '

- CLATMS

5 1. A vaccine for the treatment or prevention of a disease in a subject, wherein
said vaccine comprises an expression vector comprising:
(a) anuclelc acid encoding an antigenic peptide; and .
(b) an iel promoter from white spot syndrome virus operably linked to the
nucleic acid encoding an antigenic peptide
0o such that in use said antigenic peptide is expressed by said expression vector in said

subject. -

2. A vaccine according to claim 1, wherein the expression vector comprises a
baculovirus expression vector
3.  The vaccine according to ¢laim 1 or 2, wherein the subject is selected from
- the group comprising human, avian or porcine.
4. The vaccine according to any one of claims 1 to 3, wherein the antigenic

20 peptide is 2 membrane glycoproteln.

5. Anexpression vector, wherein said expression vector comprises:
{a)  anucleic acid encoding an antigenic peptide; and

(b) an iel promoter from white spot syndrome virus operably linked to the

2
Ln

nueieic acid encoding an antigenic peptide.

6.  The expression vector of claim 5 for use in the treatment or prevention of a
disease in & subject, wherein said diseass is associated with a virus, such that in use said
antigenic peptide is expressed by said expression vector in said subject.

30 |
7. The expression vector according to claim 5 or 6, wherein the antig_'exiic peptide

is a membrane glyvcoprotein.

8. A host cell comprising the expression vector of claim 5, 6 or 7.

35



<210> 9 <211> 36 <212> DNA <213> artificial <220> <223> synthetic <400> 9 cgcggatccg
atggagaaaa cagtgcttct tctttg36 <210> 10 <211> 30 <212> DNA <213> artificial <220> <223> synthetic
- <400> 10 cggggtaccc tctctttgag gggtatttct30 ~26~

9. A composition comprising an immunopotentiating agent selected from the
group consisting of the vaccine according to any one of claims 1 to 4, the expression
vector according to claim 5, 6 or claim 7 or the host cell according to claim 8, together

with a pharmaceutically acceptable carrier, diluent or excipient.
10.  The composition according to claim 9, further comprising an adjuvant.

11. A vaccine comprising the expression vector according to claim 5, 6 or 7, the
host cell according to claim 8§ or the composition according to claim 9 for the treatment or

10 prevention of a disease in a subject, wherein said disease is associated with 2 virus.

12.  Use of the vaccine according to any one of claims 1 to 4 or 11, the expression
vector according to claim 5, 6 or claim 7, the host cell according to claim § or the
~ composition according to claim 9 or 10 for the manufacture of a medicament for the

15 modulation of an immune response.

13, Use of the vaccine according to any one of claims 1 to 4 or 11, the expression
vector according to claim 5, 6 or 7, the host cell according to claim 8 or the composition
according to claim 9 or 10 for the manufacture of a medicament for the treatment of a

20 disease associated with a virus.

14. A kit for use in treating or preventing & disease in a subject, wherein said
‘disease is associated with a virus, and wherein said kit comprises the vaccine according to
any one of claims 1 to 4 or 11, the expression vector according to claim 5, 6 or 7, the hest

25 cell according to claim 8 or the composition according to claim 9 or 10.

15, A method for presenting or displaying an antigenic polypeptide, wherein

said method comprises:
(a) inserting 2 nucleic acid encoding said polypeptide into a baculovirus

36 expression vector, wherein said baculovirus expression vector comprises an ie/ promoter

from white spot syndrome virus;
(b) transfecting at least one host cell with said expression vector; and .
(é) expressing said polypeptide from said expression vector
wherein said polypeptide is presented or displayed on the surface membrane of a

35 baculovirus.
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16. A system for presenting or displaying an antigenic polypeptide, wherein said
system comprises: |

{a) a nucleic acid encoding said polypeptide inserted into a baculovirus
expréssion vector, wherein said baculovirus expression vector comprises an ie/ promoter
from white spot syndrome virus;

{v)  means for transfecting at least one host cell with said expression vector; and

() means for expressing said polypeptide from said expression vector

wherein said polypeptide is presented or displaved on the surface membrane of a

baculovirus.

17. A method according to claim 15 or a system according to claim 16 in which the

promoter is operably linked to the nucleic acid encoding an antigenic polypeptide.



