- 1 - Biomolecule Surface Display and Uses Thereof Technical Field The present invention relates
generally to biomolecule surface display systems, 5 particular application to display of membrane
glycoproteins as vaccines. In particular, the present invention relates to methods, vaccines,
immunological compositions and kits for treating and/or preventing avian influenza, and to associated
methods for modulating an immune response to aviah-influenza virus. More particularly, the present
invention relates to methods, vaccines, immunological compositions and kits for treating and/or

preventing to strain HSN1 pysmieanre ST S5ty ained nathadsiesraeulating an immune

response to strain HSN1 avian influenza virus. Background Art Avian influenza virus is a significant
worldwide infectious disease of birds that is 15 caused by type A strains of the influenza virus. All
birds are thought to be susceptible to the diseasgcihhichl ¢ggieesult in symptoms ranging from mild

liness to a highly contadious and rapidy plal pathogenesi, esuliing In severe cpidemice. jfiteen
subtypes of influenza virlis are known to infect birds;’thus providing an extensive-reservoir of influenza
viruses within Ipiattipoipubaidiestiin padispitar obevauisene glvgpattipdhirdeaavamemntin gHytiradist e to

infection, they pravide; 2 BIBRLYEROTARUNBAICD R AMRe i PARMIBHARS:SHERAR dmsaligpoultry

which are particularly susceptible to epidemics of rapidly fatal influenza. All outbreaks of the highly

pathogenic forfHeREYS HEker IR Hiftemr o< 1édt o retnsigidsmatheds fay modulatingniiof
infected areas anedRssdion of ifeciachphexpasedvieeksaieusiandaied espipiaduRs allprd at

preventing the spread of avian influenza vjrus. However,.such syres are not only hampered by the
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host, but they alstc@iF{ & heavyndconomitis)landtrmsafifetmivibteinéntatishibfisg ein measwes and
destruction of l?'ér#;%n\l!é HISIYA Haeg qu%@gw%ﬁlrain 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 gaseslodcasesand 1 death. Further cases of human

infection with avian influenza virus have been Qgser\t/ed deseXeralchtuntrie includﬂc,;t e ettherlands,
Vietnam and Chin& A atiHEIFA e 18,2, sigmificant worldwide infectious disease of birds that is
15 caused by type A strains of the influenza virus, All birds are thought to be susceptible to

the disease, which can result in symptoms ranging from mild illness to a highly
contagious and rapidly fatal pathogenesis, resulting in severe epidemics.
Fifteen subtypes of influenza virus are known to infect birds, thus providing an
extensive reservoir of influenza viruses within bird populations. In particular, because
20 migratory birds are paturally resistant to infection, they provide a potent vector for
mfection to other bird populations such as domestic poultry which are particularly
susceptible to epidemics of rapidly fatal influenza. All outbreaks of the highly pathogenic
form have been caused by influenza A viruses of subtypes HS and H7.
Quarantine of infected areas and destruction of infected or exposed flocks are standard
25 procedures aimed at preventing the spread of avian influnenza 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 also carry a heavy
economic foll 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 pouliry population of avian
influenza virus caused by the same strajn. 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



recent outbreaks of birds infected with the H5N1 strain have been reported in eastern Europe and
particularly Turkey. HS5NL1 is of particular concern because it mutates rapidly and is adept at acquiring
genes from viruses infecting other animal species. In addition, isolates from H5N1 have high
pathogenicity and can cause severe disease in humans. Birds surviving infection excrete virus for at
least 10 days, both orally and in faeces, thereby faciltating further spread at live poultry markets and
by migratory birds.  Data on the clinical progression of human infection with HSN1 avian influenza
virus is very limikag ap AT diugs Ak o Aloviiat cane LRonDphfieatnenkigand
prevention, also have limitations. =~ The present invention is predicated on the development of
biornolecule sﬁ%@@%@%ﬁé‘d@%ﬁpanicular application of such systems to display of
membrane glyCoppBRiNSAsfvaaenes: RariculakuthePresenkinyaatioarelategds metagasingaccines,

inununological compgsitions and, kits for treating .and/or preventing.avian Is influenz 0
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acid encoding said polypeptide into a baculovirus expression vector, whereiri said baculovirus
expression veEFEROMBITERBi Yanpieitsored BomigmteeyRisisyndrome virus; (b) transfecting at

least one host cellyisraiReLtRRER|AB BN aNHua{e):erprossiFithJarNnalypanitde dreavid
Paculovirus, - = XEBb A FL SR SELEE S N ETE B P 4 DU B e for
presentingoor displprenendopohipeidicelimvitgiens.said system comprises:: 30(a) a nucleic acid encoding
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vector comprises an tel promoter e spot syndrome Vvirus; means for transfectlng at least

one host cell wiispdardsasisrassisithy setbeulis epplicgsipm eAriebrasisras sin glisaiah 6K pessabfaifom said
expression vegiai.oRaEsls SaidpalReptide jaaresantad opdisplayeepiomedutéace masmyane of a

baculovirus.

vaccines, imnmunological compositions and kits for treating and/or preventing avian
15 influenza, and to associated methods for modulating an immune response to avian

influenza virus.

Summary of the invention
According to a first aspect of the present invention, there is provided a method
20 for presenting or displaying a polypeptide, wherein said method comprises:

(a) inserting a nucleic acid encoding said polypeptide into a baculovirus
expression vector, wherein said baculovirus expression vector comprises an fel promoter
from white spot syndrome viruas;

(b) transfecting at least one host cell with said expression vector; and

25 (c) expressing said polypeptide from said expression vector
wherein said polypeptide is presented or displayed on the surface membrane of a
baculovirus. ‘

According to a second aspect of the present invention, there is provided a system
for presenting or displaying a polypeptide, wherein said system comprises: 4

30 (a) a nucleic acid encoding said polypeptide inserted into a baculovirus
expression vector, wherein said baculovirus expression vector comprises an fel promoter
from white spot syndrome virus;

(b) means for transfecting at least one host cell with said expression vector; and

(c) means for expressing said polypeptide from said expression vector



According to a third aspect of the present invention, there is provided a vaccine for the treatment or
prevention of a disease in a subject, wherein said disease is associated 5 with an avian influenza
virus, and wherein said vaccine comprises an expression vector comprising a nucleic acid encoding a
hemagglutinin peptide, such that in use said hemagglutinin peptide is expressed by said expression
vector in said subject. The subject may be human,-aian or porcine. The avian influenza virus may be
an H5N1 subtype of avian influenza virus. ioThe expression vector may comprise a baculovirus
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virus glycoprotein. € expresston vector may further comprise a promoter. The promoter may
comprise an téepabymgtsr from white spot syndrome virus. The promoter may be operably linked to the

nucleic acid emoﬁ%&ﬁh@%%%@%@ﬂ&%-oﬁﬁ@%@?&ﬁ@ﬂﬁﬂéﬂ{mﬁ, ReRtde Pavisamplise:me amino acid
sequence derived from an H5N1 subtype of avian influenza virus Accordiﬁ%to a fourth as%gct of the

present invenfigh HEReR BFRIRIEEEOD 0Bt eAsthin e SiRest gpﬁ%{}éﬁfﬂ) PRI SIEINE subject,
wherein said diggase iviassadiaiachwitiugqnuayiahdriluenidawittiss anthydierein sajdamrsinegamprises

an expression vectar .zocomprising;. . .(a) a nucleic acid ]%m emagglutini pgp]g e, ggd (b)
an iel promotecr()ﬁ%’rrnlS\)l\I/’f%tél sngglfééflna r%im%l%?rﬁﬁ%goserﬁggia ﬁ% tgpﬁﬂte{i%{?fcl%%ﬂagl elnco mS a

hemaggMtinintpeptdhitinin pepéldenacipigsied bidshisheapigenion pdpridesridsprssted by said
expression vectorifl. Za5aid iRIeChunHECHUASLQA IR aspect of the present invention, there is

provided an expression vector, wherein said expression vector comprises; (a) a nucleic acid encoding

an antigenic peptitke afan(RIRETE? BB o WA SHEvRgAhASIAR WHISTERRYy linked to the

10 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 further comprise a promoter. The promoter may comprise
an el promoter from white spot syndrome virus. The promoter may be operably linked to
the nucleic acid encoding an antigenic peptide.

15 The hemagglutinin peptide may comprise an amino acid sequence derived from an
H5N1 subtype of avian influenza virus.

According to a fourth aspect of the present invention, there is provided 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

20 comprising:

(a) a nucleic acid encoding a hemagglutinin peptide; and

(b) an iel promoter from white spot syndrome virus operably linked to the
nucleic acid encoding a hemagglutinin peptide

such that in use said hemagglutinin peptide is expressed by said expression vector in

25  said subject.

According to a fifth aspect of the present invention, there is provided an expression
vector, wherein said expression vector comprises: '

{(a) a nucleic acid encoding an antigenic peptide; and

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

30 nucleic acid encoding an antigenic peptide

wherein said antigenic peptide comprises a hemagglutinin peptide comprising an
amino acid sequence derived from an H5N1 subtype of avian influenza virus.

According to a sixth aspect of the present invention, there is provided the expression

vector of the fifth aspect for use in the treatment or prevention of a disease in a subject,



30nucleic acid encoding an antigenic peptide wherein said antigenic peptide comprises a
hemagglutinin peptide comprising an amino acid sequence derived from an H5N1 subtype of avian
influenza virus. According to a sixth aspect of the present invention, there is provided the expression
vector of the fifth aspect for use in the treatment or prevention of a disease in a subject, - 4 - wherein
said disease is associated with an avian influenza vifius, such that in use said antigenic peptide is
expressed by said expression vector in said subject. According to a seventh aspect of the present

invention, therg,is providacsa hasticell cRmpiisipanng SRIsssionuestaral theithersisth aspects.

5According to an eighth aspect of the present invention, there is provided a composition comprising an
immunopotenfaHSEriRARIKIN S RBETHBRT IHLSEI0 GEREBHIS TR OF tRSTESEMECE the third or fourth
aspects, the expresgigaingaion aktradifthecsudhirspestavithatiast thelbds thewaventhaspett,
together with a (g)har.mac ytlcall#:acce%% Ae %ﬁﬂéeéﬁ%ues% Qr excipient. laThe composition may
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optionally compPrieg anadfivaRt. RECOTdIG 10 & ninth aspect of the present invention, there is

provided & vaccind@ondprisiry tite eightssisresiectbribé tpseiint oinsisalias plerg tive prosidss| of the
Seventh aspecl gt e £AMBRSHaM oLiE, AGhI,ASRESK9r 406 I AmMENhaRPIRV g adlisgase i

a subject, wherein said disease is associated with an avian influenza virus. Is According to a tenth
aspect of the [etnt#reERtoh i 8 dsop EHEBREPRIENENT 1EFRTSRIOMAHRY AP iRTUR BT ST,

wherein said agibad somprsasadarfistesingioaaul)ectaneetietiiveiameirtitdry acceptable
immunopotentiatin nt tselected.fr m the group consisting of the vaccine of the third, fourth or ninth
aspects, the eﬁ?ﬁ% &5 Vectdr o & ifth or sixth aspects, the host cell of the seventh aspect or the

composition of th&ksgiuthy2Bétspectay opticontingommrsemvedittvagpect of the present invention, there
' provided a methodder e yepimantabpiederionflaisrasn e sariaied pubiasayidRdaiyenza

virus, wherein said method comprises a mlnlsterlng toa sub'=ect an effective amount of an

immunopotentafigisigerihe srzmgamnetins gfdhp tBhasaghorpreatahedebahiig, s58e8urth or
ninth aspects, {eexraastompssiRsob te:iftbhar sistecmpestszdhenkasbeptbobihierseyedibeaspect or

the c_ompositio,n of the ei_ hth aspect, .. According to elfth aspect of, th%é)resent invention,_ there is
provided use d?ﬂw%“%%&%ﬂi‘%’fefﬁ@ﬂ%rﬁs%ﬁrfﬁ %Srgﬁ?ﬁ%%%vgﬁét?g ?%@e%]r‘é%s%ﬁl Vettor of the fifth or
sixth aspects, the hastrdéil abtheestivarphcasiidbe qrthent ommpusitio thefehe migtitedgpaetitiod the 30
modulation of %ﬂm%ﬁ%ea@ BN response, wherein said method comprises administering to a

subject an effective amount of an immunopotentiating agent selected from the group

consisting of the vaccine of the third, fourth or ninth aspects, the expression vector of the

fifth or sixth aspects, the host cell of the seventh aspect or the composition of the eighth

20  aspect.

According to an eleventh aspect of the present invention, there is provided a method
for the treatment or prevention of a disease associated with an avian influenza virus,
wherein said method comprises administering to a subject an effective amount of an
immunopotentiating agent selected from the group consisting of the vaccine of the third,

25 fourth or ninth aspects, the expression vector of the fifth or sixth aspects, the host cell of
the seventh aspect or the composition of the eighth aspect.

According to a twelfth aspect of the present invention, there is provided use of the
vaccine of the third, fourth or ninth aspects, the expression vector of the fifth or sixth
aspects, the host cell of the seventh aspect or the composition of the eighth aspect for the

3  modulation of an immune response.

According to a thirteenth aspect of the present invention, there is provided use of the
vaccine of the third, fourth or ninth aspects, the expression vector of the fifth or sixth
aspects, the host cell of the seventh aspect or the composition of the eighth aspect for the
manufacture of a medicament for the treatment of a disease associated with an avian

35 influenza virus.



According to a thirteenth aspect of the present invention, there is provided use of the vaccine of the
third, fourth or ninth aspects, the expression vector of the fifth or sixth aspects, the host cell of the
seventh aspect or the composition of the eighth aspect for the manufacture of a medicament for the
treatment of a disease associated with an avian 35influenza virus. -5 - According to a fourteenth
aspect of the present invention, there is provided a-Kit-for use in treating or preventing a disease in a
subject, wherein said disease is associated with an avian influenza virus, and wherein said Mt

comprises the vaecipg@hthesthirdufRein asfuatbaskestecia IR g eRtarRhdae fiflty gbsixth
aspects, the host cell of the seventh aspect or the composition of the ejghth aspect. Bri%f e%ription
of the Figures ™T R HAEGE T HTEIHIORHFIEH b 83%@%&6’7 %?}'Wéf/abgf 3?3?%% BhRFNIth € erence to

the following figusesnt dFigemealviGonatietioreiarmdip ot vetigmisfsréeoratinantihe tidwvir fisash O&)
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or HA expression casSettes were inserted wit edrin locus through site-specific
transpositfon efyslliatpecBectis- Baereyiien By Shlyasiridormation in SO cells infected with
vAc-G-HA as indicated by white arrow. Images were captured at 15 72 h post transduction. (C)
One-step growth curves. Each data point represents, the rpean alue of three individual infections. Sf9
cells were infected by individual virus \ﬁft‘ﬁ’i S © t??g%’r%”ﬁ?%haracterization of HA displayed
on the surface of Paeplevintdwetidos. WA) Mentlerdereréissh Gigtioay off ldbteinppe vifilyg wAl ddframet
VAc-G-HA parg)cl(gg.fﬁyrified % IE|§3N1 virions served as a positive control. Lane 1, purified
%

vAc-Bacmid virions as %%/61 control; lane 2, purified nucleocapsids from vAc-G-HA virions treated

with Tritoi X-100 Higweesl coansietstioncasl Hmaiaber obrrsarbirant Aoy Expabt§Hopsismatisl|s
infected with VARG zhiAidansrouiotalcallular dapisiom wA eells infeciad with XATHe-thirane 6,

complete vAc -HA virions; lane 7, purified nucleocapsids from vA¢- 25 HA vijrions tyeated with Triton

X-100. (B) MeMbYale BsSatiSHRiT 1D o soTifrfe BVAIES WAR B AR RV REATEL PHINGIRR same
samples as in {fg-sfleditie magghsinat empkipity ofBid-digayngdiacBy\Brusgsumhéhemagdiutination
titer was detergyned,usi ial twojold-dilutions af purified vAc-G-HA particles and a 0,5%
suspension of € icoﬁqel% lélryﬁﬁ'?%réﬁégvg}a?tés wen Wi hC%gegtagXiﬁygﬁl fidfion o 7115%858%{9%?&61)5?{ ?E)agnd (B)
Transduction G2theesAtpesdusiianA B - Pre-94D G shDiryese o dhetetarpeist vuasenth WaEGMHA at a

MOI of 100. 16 fatsr the-Crlsuiara RreddaraniFAdestrbanvastacPrVasian biakanalysis. (A)

Fluorescence micro raghs of transduced mammalian cells in the IFA test with a HA1-specific
monoclonal a d&?.o' :
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, particles. Purified

20 HSN1 virions 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 vAec-G-HA virions; lane 4, total cellular extracts from S{9
cells infected with vAc-G-HA,; lane 5, total cellular extracts from Sf9 cells infected with
vAc-G-HA; lane 6, complete vAc -HA virions; lane 7, purified nucleocapsids from vAc-

25 HA virions treated with Triton X-100. (B) Membrane-association of VSV G in purified
vAc-G-HA particles. Lanes 1-4 were the same samples as in (A). (C) Hemagglutination
activity of HA-displaying baculoviruses. The hemagglutination titer was determined
using serial twofold dilutions of purified vAc-G-HA particles and a 0.5% suspension of
chicken erythrocytes per test well with a starting dilution of 1:2.

30 Figure 3. (A) and (B) Transduction of the HA gene by vAc-G-HA. MDCK or Df-
1 cells were transduced 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. (A) Fluorescence micrographs of
transduced mammalian cells in the IFA test with a HAl-specific monoclonal antibody.
Arrows point to positive fluorescent cells. The fluorescence signal was detected using

35 inverted fluorescence microscopy and the images were captured by a digital imaging



Arrows point to positive fluorescent cells. The fluorescence signal was detected using 35 inverted
fluorescence microscopy and the images were captured by a digital imaging - 6 - system. (B)
Detection of HA in both transduced cells through Western blot assay with anti-HAI serum Lane 1,
MDCK cellular extract; lane 2, Df-1 cellular extract; lane 3, purified HSN1 virions as positive control.
(C) Quantification of the HA molecule displayed on VAT-G-HA virions through antigen capture ELISA.
Purified 1gG from 5 guinea pigs and a monoclonal antibody were used as detector and capture
antibodies, respagtivelipymifiectisaoyt LOsfeldnseiiathdilidteld A preken WastempiRyegds oonatruct a
standard quantification curve as shown. [ 4. éé} Antigeni lysi VAC-G-HA. A group of 5
mice (M1- M5) av%é%gi&r%‘trsgrrﬁﬂns‘gg%ﬁ?l m?éfggg W‘g'l?lﬁ]%%fc- ?FE g%ﬁﬁcsréasﬁg%vgg(%% ro }‘rtﬁ?c%’ %%gd C2)
were to injectegumitece GiEN hnvotrns of ppeiittey AceBeleniid) vitionsifidat dndot éblea hitib oolplaade

monitored by Ekis it HALISinCoaled asa cantuin anlidepuResi s arestipiensed s he mean

absorbance of 1 uted sera. (B) Serum HI titer for mice immunized with vAc-G-HA. The Hl titer is

expressed’as tRERRIPISH AN 2 tperseenrlieribrderscriysee 53 BoixitigaMiccanBrisrgpodies,
HA-displaying hagutaviiises tHdhien gronss okd by aicastara npraneuseulasinested witinig-G-HA,
VAC-HA, inalctivat(?jfglggI Nl/sz a%nd vAc-Bacmid individually. Pooled serum samples from each group
were tested byal'—_s‘lt_ wﬂﬁaﬂd |5d°ﬂ,&?lbvr%?§i ¢0ated as the capture antigen. Results are expressed
as the mean absorbakimioé 4. (8)dintestiseran By assaytaid ndgratig atidmiss dylfoMbpwwaoled
serum sample j ized.mige., - 1Herk is S g% -fold
dilution of serail{%%%ggﬁ%%}agggﬁ& t e@%&fﬁ%ﬁmtﬁ% r'f(])grr{?‘%(r)v%@6%%1 \;&vé\éve%r%%(ed with

an equal v8lunisiested-wdthiresal amem Ry PiisT 3G Baaps witnst Ahsomuretaiiheds N of viral
protein was MaRSBEoY ARIEEASSIH AN E:0RIIORAIAR it iberun Thesitey e sgtisndr i
expressed as the endpoint.in the serig| dilution. efinitions used herein, the term "comprising"
ot A EE A AR R L TR s B
"comprising”, sush-GsHaofipr He titards'eoprystist 88 thawstpoint speetivfghy vanechrofsanngs. 30As used
herein the terms "treating'. apd, '{re T ng al i d onditi r
symptoms, prevent t#é’%%é liéﬁ%ﬁ%‘%&acc%%é%r? I?oir{l |§%a§%igg%§|§ot ge‘%%@bég'{%?e\%%?%h%%gp ?gtard,

amelioratésor révaiee Wyeeprigrasasukdy angesieftivHiby disbabebo v StEr urigedliraitd BANABRS in any

way whatsoevehd vAASaaRd RRFIEE,CIToledfaetie SR Mg ah kD reroaaRinn By

Moo 35 B e A A B e e P e R e I el ot s et
the mean absorbance of 1:10 diluted sera. (B) HI assay and neutralization assay for the
pooled serum samples from immunized mice. The HI titer is expressed as the endpoint in

20 atwo-fold dilution of sera. In the neutralization assay, the two-fold serial dilutions from
10 to 640 were mixed with an equal volume of virus diluent containing influenza virus at
2 x 10° TCIDsy/ml. The presence of viral protein was monitored by an IFA test with the
polyclonal anti-HA1 antibody. The neutralization titer is expressed as the endpoint in the
serial dilution. '

25

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 “treatment” refer to any and all uses which
remedy a condition or symptoms, prevent the establishment 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 "effective amount” includes within its meaning a non-toxic

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



- 7 - amount required will vary from subject to subject depending on factors such as the species being
treated, the age and general condition of the subject, the severity of the condition being treated, the
particular agent being administered and the mode of administration and so forth. Thus, it is not
possible to specify an exact "effective 5 amount". However, for any given case, an appropriate
"effective amount” may be determined by one of ordihary skill in the art using only routine
experimentation. As used herein, the terms "polypeptide", "peptide" and "protein” are used

inttarclhangeablﬁﬁ@ﬁﬁf%@@i&ﬁ@iﬁm%g @&@h Qssiisk fQ@iQﬁﬁ]ﬁ%ndﬁ&ﬁfﬁﬁ@@H@adtgﬂ;a&;&&haé&atﬁ@Ur?S,h
orthologues or homolagyes thereof Thus, these terms apply.both tg amino i id polymers in whic
one or more ar‘?ﬁ’ﬁsl%gc?rbe‘?‘é%m%d?s%es%?h@gcg?&%i?‘ifa?é) *ﬁ}O&ESr%ﬁﬁgS%%}h‘?ﬁ%%&eX é)i éﬂghemical
analogue of a cordisipandeigznatatedy Gecyraitinglamigerdctdiss whitiasteahtend|yhecowrdmgaimino
acid polymers. ./ Hagdiersin. ibeyilisripgyusleaidauiusieic asiel are taed isgchanoeably
and designate a molecule comprising one or more nucleotides, or an oligo _ucleotlde,,gr a is fragment
thereof, indludifgGHEtnoINTKRET-tFRNIRIOIRDKIA $sSle i B BIPESHbI TS HE HEPEBR Wathikthe

scope of the tegisyREH) onRAIYRRRESS sk PERtide art ROPYURIotdenaBe cRusisiReid” as used
herein are fragments and variants thereof, inclqﬁdir}ggbut,nqit limited, to, reverse compliment and 5
antisense forms o?ﬁolyﬁfijcl FrdBs S ARTRSic ARIGRPHThe RFRTYFagflny FErSH 1ol use

polynucleotide intepcitypepiitie isagiienoethalyentatdesmncondtitimintues isnd corfstinentspfrarfilktength
protein or gene, In terms of.the polypenpti r S litati iological.activity in
common with tﬁ%%ﬁ%ﬂ%%hg%ﬂhg r%%ﬁ]y. Héé?ﬁﬁé@g%éﬁaﬂr%}%% rl?;’%%;’) [?ggéqu??&i%%sg%hg%%%%%a yl%lgmilar
sequencet? Geartaiglyes s sitigbidre QicheEaiant s fthyeeess dspolypeptte sovhiehpBbsess
qualitative biO'%@ﬂiﬁgtMRﬁ%%mﬂaﬁeﬂﬁ@iMl RRAYRSRICIe: SRANSPELIMA IRRtRNAY RiSRiReSSess

gualitative biological activity in corrmion. Further, these polypeptide sequence variants may share at

least 50%, 55987BBRACKEG5, WRIbAS 1S 9RTHBYY - HETIBEHGEACIO BTG, 98% or 99% sequence
identity. 30FurtherAa waiddrigo)yhe pide Maysinciladed alo Guedeivheidinthaster intéaralogudlyneans
a polypeptide whi (I'}: is a derivative of the disclosed polypeptide ich derivative camprises.addition,
Geleton or subL R B B o S R e A e
same function &sghentdtissqiolppgiicetmbnoiliicied 1o Botvad DML nugsoldes drereibiniiagem
"expression vegigiegfieans a nucleic acid that has the ability confer expression of a nucleic acid
fragment to which it is operably linked, in a cell or cell-free expressign system, Within the context of

the present inventBARiLS KRG TS PRt pr R or tREPIS prRUERHrSHter as

defined herein may‘hecieic acid” as used herein are fragments and variants thereof, including but not
limited to reverse compliment and antisense forms of polynucleotides and nucleic acids.

20 The term “fragment” refers to a polynucleotide or polypeptide sequence that encodes
a constituent or is a constituent of a full-length protein or gene. In terms of the
polypeptide, the fragment may possess qualitative biological activity in common with the
full-length protein.

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

25 nucleic acid sequence variants may encode polypeptides which possess gqualitative
biclogical 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%, 97%,
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 substitation of one or more amino acids, such that the
polypeptide retains substantially the same function as the native polypeptide from which

it is derived.



5 a plasmid, bacteriophage, phagemid, cosmid, virus sub-genomic or genomic fragment, or other
nucleic acid capable of maintaining and or replicating heterologous DNA in an expressible format
should it be introduced into a cell. As used herein, the term "operably linked" refers to transcriptional
and translational regulatory polynucleotides that are positioned relative to a polypeptide-encoding
polynucleolide in such a manner such that the polyn@cleotide is transcribed and the polypeptide is
translated. As used herein, the term "promoter” includes transcriptional regulatory sequences of a

genomic gene. including,the.FATA banoLiales plemer B TRIGE 189 B nAcSHrrg

transcription initiation, with or without additional regulatory elements which 15 alter gene expréssion in

response to depaisperanmrandbr ondrifarskhitacsrnh ' fduce 4 e arerbinHeket @ Sréseht

context, the teggj-preMatesifoals9usad teidescileRireoBPinaNbreHheticafiddsinnimplassle, or
derivative which ugong%r?ﬁ,éﬁctivates or enhances eteéggéession of a ntucleic agjd g%olecule togvhich it is
operably linked™4Rd A A SRS B A < R T A R O B S8 A AT R UBAY & Sirus

includes any viry$acatidihgaersyspectptagboadsiognadiseaseih-gubjettsanghucimde Hegnstdinoted to

avian, porcine uman su ject arti "avian i THVESN of. avian
influenza virusf%%%u@%%lbugté%gté|é1£}%g?d %%C%%gtﬁ% %%@%ﬁ%ﬁ%é@%ﬁqﬁ It%lﬁ%aﬁ%?ﬁéﬁ\éguding
but not limited espsatpbe Bt iThpddidbrirsfcehiase-and H7 (in 25particular H7N1).  As

used herein, the phtasejdisraserasansiateskyithampyiandnily en zandsstinernseadisnasd,
disease state or disorder caused by or associated with.an avian influenza virugigggt?ﬁ%_used herein, the

term "modulatiFF@HAesh RALEFCIRIEHEh 5% FFRnRATEASH0AEESE nidaks 1 §1E988asing,

either diractly @olpgirdetiydarinnsmtne respensadgdinsttan potjgecieBdd: Modenséedomdiribshe

Invention Thle invg@torsﬁha ggveloped a biomolecule surface display system, with particular
o gptide 18 translated, . . . .

35application t’% cpfgp?ay of membrane glycoproteins as vaccines. In particular, the inventors - 9 - have

demonstrated the Appiehliorios thotom Soius s aslisessyateninionsl iesRlaterinyraersenPhaainst

influenza virusthrouigh syieigistieisyiHace Alisplayapdiaene raradictionioh ey akbamagahtinin
(HA) protein. The efficient dis_play of immunodominant viral n;gmbrane HA protein on the sgr.f%ce of
gonah Krse ation

recombinant At FESSHY IR EnTHARG B M O St R nEATReTHS B
strategies agaiilsirigBne sxprsitis in edehiien to dppligatien0faidbacsaulrsseipressiontisygtem as a
vaccination vector, the viral memRgrane displa t an also he t ter tructure
and function of’ %e\?vilg@dge 1§‘/1<%]11r:l11|e?§/ 0 \%%Pﬁg%gﬁgég%ﬁy%%ép% elng%(géﬁﬁse%g@n%% %?{hﬁeg??]%gémoter

from white spotesynthioans \dsushatie prAfaune HedPEibN PInflgeratalQirtibigaseHER MR BkEPe8sed in

both insect andparpRealiancalsHHNG RacUE UsiMesNER ufc QBCHERRYH BNAY:ah I Ainih, vesicular
stomatitis virus %I%/?coprotein id not reduce the efficiency of HA display on the baculoviral surface. The

partially cleaveti¥R FReR8RS ABEHSblayed on the surface of baculovirus, thereby conferring viral
particle hegnagglutinaticsd detieity. nirghnasctilabinjéafiomed thieyptirifielddes any virus causing or

suspected of causing a disease in subjects including but not fimtted 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,

inchuding but not limited to subtypes H5 (in particular H5SN1 and HS5N2) and H7 (in
25 particular 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
virus.

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

36 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



15 HA-displaying baculovirus into mice stimulated the production of antibodies with hemagglutination
inhibition activities. This baculovirus expression system therefore harbors the antigenic HA peptide as
a structural protein 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 particulaPapplication of such systems to display of
membrane glycoproteins as vaccines. As will be apparent to persons of skill in the art, these

biomolecule syrface displawSySiesAGAM UnieddadirRatisiia appications.disslesad hgrein, but

find broad application in any 25 situation in which it is desirable to present a biornolecule, and in
particular, a nigkeeFanEaEIfcinshTens, Vit ey IR EridceTwE ek e ReSE ATIRRABITHIOH
discloses methogss, Wisl anchaystems:foaaGeReiRr qleaitiviavaligpigsuffaesdisplayicimembrane
glycoproteins. These methods, kits and systems may utilize the baculovirus-based s rfgp&pl' play 30
systems exerﬁbﬁfﬂ%ﬁ% fh?ﬁofgﬁ%t?gnqgs %‘?é%%ecﬁoﬁ% Iglb\llré%%?r%cgg%%% ’s?ir%rllr% ﬁgﬂ# avian influenza
virus. Howevetopsns ansfatskilhiajthexdvintiieccoymiziading wrdtasesnaetiest thdlnseraodsukils and

systems for vagsiie,PIRdUEHION IR oMg PliAGS dolay.omPrbiane A CRRIRIEKIS Qg dIobmIted to

production of the vaccines'disclosed herein. Accordingly, the present invention provides methods for
presenting or vishragiransstisaloh sptiaR onelenPeaRFiaRbuaERp e sgrre andimeligtng a
nucleic acid epepding saishRoReRtIgR e AAcHeYHtdReXpression vector, wherein said baculovirus
expression vector comprises an jd |.promater fro Wr)%;[e spat syndrome virus;. (k) transfecting at
least one host celfSieh &%@Lﬁg%‘ﬁ %/egc%?%(%%r e ﬁe%é?ﬁ Sgél%%g?y%@f)sﬁ ler%ﬂrﬁ &4
expression vesfdisNWhefbiansaidips! ypeptifeisge semedadr ididpitybgash the surfaseiarenbsane of a

baculovims. _The presgnt.inveption furgher e r pr i i i
polypeptide, v]\;ﬁlé%inaﬁal?g‘gsf%\éfe‘r,ég?:%mgb%g?%}aggssmﬁeﬁg% ?ﬁ%%iﬁ%ggfl%la%{:l %%%/%%%ﬁﬁr}l r?serted

into a baculovéisieopxpirinstshngs sediom Hea sfficisnep at iloviliselax e s Snerdrksirdhsed B id |
promoter ffoﬁbmﬂhg@ﬁ%@éa%)éadt@m%@fe&: was displayed on the surface of baculovirus, thercby

conferring viral particle hemagglutination activity. Intramuscular injection of the purified
15 HA-displaying baculovirus intc mice stinmlated the production of antibodies with
hemagglutination inhibition activities. This baculovirus expression system therefore
harbors the antigenic HA peptide as a structural protsin and sustains the ability to express

the peptide through in vivo fransduction.

w  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 to present a biomolecule, and in particular, 2 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 HS5NI
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:



(b) means for transfecting at least one host cell with said expression vector; and  (c) means for
expressing said polypeptide from said expression vector 15wherein said polypeptide is presented or
displayed on the surface membrane of a baculovirus. Vaccines The present invention also provides
vaccines for the treatment or prevention of a 20 disease in a subject, wherein said disease is
associated with an avian influenza virus, and whereif!said vaccine comprises an expression vector
comprising a nucleic acid encoding a hemagglutinin peptide, such that in use said hemagglutinin

peptide is expressedy.Said SXRIGSRIORMESIREM s SWRISEpTaE SHBIGCEABA-RE.DWHARAHan or

porcine. 25The avian influenza virus may be an H5N1 subtype of avian influenza virus. The expression
vector may colffsifte BSEEn et FeipratsisHREIOR TP h SRUBRHISR iht SRRttt il be
pseudotyped wiibt ayv@isichdarigiomatitis virus glycoprotein.  The expression vector may comprise a
promoter. The promater may comprise an flelsptr:gwotn&r gzri%ne}\%ggses %g%te%yndro e virus. The promoter

may be operably | ed to the 3Bnieisid ada ehcod g an antigenic pep ide. ™ The hemagglutinin

peptide may comyﬁﬂ@f@ﬁ%ﬁpﬁ@'@d@b@gﬁéﬁc&%ﬁ@dﬁmmmmsubtypg of avian influenza
virus.  The presgpt innention, 350-pHGESMREHDES CARPIS AL SNEHXRIEERIOMMGHALS. Res] cells or

compositions as herein described, for the treatment or prevention of a disease in a 35subject, wherein
said disease P38 HRd with an avian influenza virus.
The present invention further provides systems for presenting or displaying a

polypeptide, wherein said systems comprise:

10 (a) a nucleic acid encoding said polypeptide inserted into a baculovirus expression
vector, wherein said baculovirus expression vector comprises an fe promoter from white
spot syndrome virus;

(b) means for transfecting at least one host cell with said expression vector; and
(c) means for expressing said polypeptide from said expression vector
15 wherein said polypeptide is presented or displayed on the surface membrane of a

baculovirus.

Vaccines
The present invention also provides vaccines for the treatment or prevention of a
20  disease in a subject, wherein said disease is associated with an avian influenza virus, and
wherein said vaccine comprises an expression vector comprising a nucleic acid encoding
a hemagglutinin peptide, such that in use said hemagglutinin peptide is expressed by said
expression vector in said subject.
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 fel
promoter from white spot syndrome virus. The promoter may be operably linked to the
30 nucleic acid encoding an antigenic peptide.
The hemagglutinin peptide may comprise an amine 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 diseasein a

35 subject, 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 comprises a
hemagglutinin 5 peptide comprising an amino acid sequence derived from an H5N1 subtype of avian
influenza virus. The present invention further provides expression vectors comprising a nucleic acid
encoding an antigenic peptide, for use in the treatimant or prevention of a disease in a subject, wherein
said disease is associated with an avian influenza virus, such that in use said antigenic peptide is
expressed by said expression vector in said subject. The present invention also provides host cells
comprising the expression vectors as described herein. Compositions and hnntuttopotentiating agents
15The presentipveniionectwempiblestaeifipositions comprising an immunopotentiating agent selected

from the group cqRsiSing.ef earRCEeS, SIPIRRS U eclRss RAON colipasidiescrbediberain,

together with a pharmaceutically acceptable carrier, diluent or excipjent The imm nop%gntiating

agents may bE AR ATHESACCRRPPOSINEEL matt attel BRSPS A LSRR S ceptable
salts include the-agidadditionsalis MemoesivitefirarninovgioipmoithE PEptidb)ymedod/ hidarare
formed with inogganic acids such as, for example, hydrochloric or phosphoric acids, or such organic
acids such as"3cette?oRalic, tartaric, maleic, and the like. Salts formed with the free carboxyl groups
may also be derilide froeindnyentioh dsithsuphouiicio exasmisie VSO BORSBIIM s, 25

calcium, or fegie Jgioydss; ANt UG MORRIGLASIES (ORERRYIBIIRR JilBR by ldWings2 ey lamino

ethanol, histidine, procaine, and the like. " In general, suitable, co#nltﬁositions, may be prepared
according to FRIRSHIWPIRR SHs ISRAIE i ASREATD U SRATIATIERFR S Pt use

pharmacguticgliy aesenirie dilanis raisvehisaddianexsitniestsombadiuebisstadjuvants and
excipients must he 30"acceptable’ in t(?rms of einHO%Pmeﬁatible with th%]other inglredignct% r%f ége

composition, and St FEETE 1BV e tha TR AFE K thereof  EXamples 6f pRatmaceuticaly acceptable

diluents are déeninibraliserdior 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,

35cottonseed oil, maize oil, sesame oil, arachis oil or coconut oil; silicone oils, including
Compositions and immunopotentiating agents

15 The present invention contemplates compositions comprising an immunopotentiating
agent selected from the group consisting of the vaccines, expression vectors or host cells
as described herein, together with a pharmaceutically acceptable carrier, dilvent or -
excipient

The immunopotentiating agents may be formulated into a composition as neutral or

20 salt forms. Pharmaceutically acceptable salts include the acid addition salts (formed with
free amino groups of the peptide) and which are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such organic acids such as acetic, oxalic,
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-ethylamine 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  “acceptable" 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 oil, safflower oil, olive oil,

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



- 12 - polysiloxanes, such as 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
carboxymethylcellulose or 5 hydroxypropylmethylcellulose; lower allcanols, for example ethanol or
iso-propanol; lower aralkanols; lower polyalkylene gli#ols or lower alkylene glycols, for example
polyethylene glycol, polypropylene glycol, ethylene glycol, propylene glycol, 1,3- butylene glycol or
glylce_rin :I fattyd%ﬁrﬁféﬁﬁﬁe%y @S IRORePYt pﬁémmé@aa@p qm&a@%&m's‘fﬁﬂ&m&m Q{E?‘W@ipheﬁyi
polyvinylpyrridone; agar; carrageenan, gum tragacanth_or gu acacia, apd petroleumjelly.
orcaly. the S BPLiFer S R GHLAIH 000 b AP a5 b e: S Lo a8 AR TN
preferably, the ditatimieis sadihdose Fofeatiatinistratiochas=an imedigblecstilition oretugpensitmhoseon-toxic
parenterally ac le dil [ carriers can | de, Ringer, ' ' hain triglyceride
Eﬁﬁﬁgﬁgﬁxg&%m & Po&% C%ESWQ%%%@STC X

(MCT), isotonic sa E‘bijffered saline, ethanol and 1,2 p ne glycol. 15 Some
examples 6f suiseEvaaris civientalesesidrms akansuviantsromalal dbeoplclRi dspaapranst; liquid

paraffin, sodlumefb%m&mwwﬁ}o?ﬁwmﬂ%ee 0536 SOt ABIDRIR, GHALRCARIA cBbible
tragacanth, dextrose, sucrose, sorbit ,manptol,g;a%ine % Iecm%ln. n addition the e?raic
formulations mBSFESHY RS i, f%fﬁaeﬁ?ﬁa Y &18 in‘@% GontE XiRte PR c§‘§f§a e fothii the
capsules may betgieatedivath 20 ebragininiistgustideglycenytimen dsipanate palgliteeryidistaayrhte
which delay disintegration. djuvants typically include llien Isifiers, thickeni nts,
preservatives, %X&%?%iggg%%% %’r%%é@éf%éﬁ%ﬁ ns f%arnf)gée%é rﬁi%‘f’eé?rg'[}f%ﬁéérﬁ%ncgo%%%n
binders adteptatsieianandpeirekiie Biveterinesllyh ity prateutt apprastied]l Swadienetd disi@irating
agents, d“Uentﬁny@é@h’tr W9fe %@ﬁ%ﬂ&ﬁ@&@%&f%@ﬂ@%ﬁ%@@!ﬁ@ﬁ aifgéor time delay agents.

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

carboxymethylcelIE%S@BP%%’(?&I@%T"BI)‘/‘&J(’iﬁt%ﬁagrﬂ]éﬁé%é‘feﬁ‘é?%eﬂ?b?ﬂdél%"é?ﬁgePﬁﬁ%@élélucose,
aspartame or sacepabredibisiiable distiisgrat ngeagieniBinesleobaion I«akatahhmeathyitedkridse,
polyvinylpyrroli uar gum, .xanthan gum, bentonite. alginic agid ar,agar. Suitable diluents include
lactose, sorbito@,qma %lst%ﬁ%(éi r(Tf)mseé,p R m%%gﬁf%rseg,sc%%?ﬂﬁ% ggﬁ%éﬁatﬁ?@é?aﬁr%ngiﬁ%gt%ﬂor dicalcium
phosphates Suitablerfiaveusrmyeagdntsitnblederpeppditnintsilexiimevamordgrdatyantiefey, wrhivige or

raspberry flavoupnge ttfable pafingAgeRISANC YHSRA R OREAR MM Aenii afithanand/or
methacrylic acid and/or their esters, waxes, fatty alcohols, zein, shellac or gluten, - 13- Suitahle

preservatives iPRIHR SHERASHEHFOATECVitaPHIH EXegHSHE R0 CHPITERS:, SBBicRERCn et Hataben,
propyl parabergeiagaenm istiphite: Sidiatlatebsicantinalldizmagiesiumistesdie, fieanidracid,
sodium oleate, sadéu chloride orsta@?}uquid gomis foru%rall.adm' istratiogsmayl C%gt%iana’t%ﬁ %le ition to

the above ageﬁ?s, & ‘f.‘a“Lﬁé 8%?%?. Egblllgﬁlqﬂ?dcg THers Inclu g\(/:\?gtsélr, oifs SuCh as olive Oi , peanut

oil, sesante oil comnmonds cikchafflowglyeityaravhieitatbeont alywld pistadfiric ethiche dtlasol,
propylene glycgisiggggﬁ@%gne glycol, ethanol, propanol, isopropanol, glycerol, fatty alcohols,

triglycerides or mixtures thereof. i . . . . .
Adjuvants typically include emollients, enmulsifiers, thickening agents, preservatives,

bactericides and buffering agents.
Solid forms for oral administration may contain binders acceptable in human and
25 veterinary pharmaceuntical practice, sweeteners, disintegrating agents, diluents,
flavourings, coating agents, preservatives, lubricants and/or time delay agents. Suitable
binders include gum acacia, gelatine, comn starch, gum tragacanth, sodium alginate,
carboxymethylcellulose or polyethylene glycol. Suitable sweeteners include sucrose,
lactose, glucose, aspartame or saccharine. Suitable disintegrating agents include cormn
30 starch, methylcellulose, polyvinylpyrrolidone, guar gum, xanthan gum, bentonite, alginic
acid or agar. Suitable diluents include laciose, 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 alcobols, zein, shellac or gluten.



Suspensions for oral administration may further comprise dispersing agents and/or 10 suspending
agents. Suitable suspending agents include sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethyl-cellulose, poly-vinyl-pyrrolidone, sodium alginate or acetyl alcohol. Suitable
dispersing agents include lecithin, polyoxyethylene esters of fatty acids such as stearic acid,
polyoxyethylene sorbitol mono- or di-oleate, -stearaid 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 ew@ﬁm&&mﬁé%ﬂ&e@a&m/m%w%mw%,dgagﬁasa&& gis azgsrmplified
above or natural gums such as guar gum, gum acacia or gum tragacanth. ~Methods for, preparing

parenterally adififhiSiBYE eERlSBsRIORY e BB AP TR JEE R it {uhrgaafe Beldfbed in

more detail in, fQiexampie:daningian sc2f) Ridamabeujcakibgietidernidbidr ede, Mack Publishing

Company, EastonLPa_ t%ereby incogpo(riated reference hgrein. com sition may incorporate
. %gwtﬁ orms 1or oral .admimsiaion ma% COTRLAIN, il agdition 1o 0 a OVC% enis, 4
any suitable surfactant such as an anionic, cationic or hon-ionit surfactant such as sorbian ésters or

polyoxyethyyleriydidrivativesIhibeblf liqushermieny aupvds surtkrasiasurhl gumsecellulpeadesilatives or
inorganic mateyials,sush pafsilicaneous siicas and i eningedients sHeh @3 daralin Mmaxriso be

included. One or moré immunopotentiating agents can be used as acfives in the preparation of

immunopotentBHFR)-RbESoRy cdu A B rIRAFEA GGk CHBT e IF RS IRPRIARRRS b &¥EFS s killed in
the art. TypicalipURidiGINROsIHASE erpreRarediradpfectables, either as liquid solutions or

suspensions; solid, forms suitgble for salution in, or suspgnsion in, 30.liqyid prior to injection.may also
be prepared. The ?%gﬁé?ﬁn%ﬁfa?%ﬂsm%%gﬁié’a@ﬁﬁé%g ive it %Sﬁn%ls grlﬂs(]ini%gal% ?[gn s%a;(rr)lé often
mixed withy excipipetditint gnap Harntahbe stipetiyiag cegstab i elndecomipuisieithrtiemsblislimgredient.
- 14 Routes ot adpimin oAORda0Ne Mhads f prasen INniaR, YARGINGs A0d.
compositions may be administéred by any suitable route, eithér systémically, regionally or locally. The

particular rout®orerirhiriabatiors s dspeminayvsrinshuderseithie Ral@SyERYIEH SHeBEr of
factors, includingihRiaakue ot thediseagejaRaduriesetheiseanbnens axiaehef thedisease, the

required dosage of the particular compqunds to be delivered and the potential side-effects of the
eniren vacor LB G TN LEoe BRI A oAt B it o e
appropriate concefriralions dbtherdesiethisaetine suay chntipasitons acechelive nedidimutisityithe site to

be treated. 0 sUmISLAN WS R0 onAlIaer ban e, BRoianaladiRiETAIAR Biovides

the capability vering very hi ncentrations of the eSired vaccines or compositions to
the required sifeEHY SHOYS BIefuRa BREYTEUHG ISETI A6 St W 8o H3BaRButic or preventative effect whilst

avoiding exposure,piiiberarpapaaidhakady:A0thenactiaps eoepuRasiions andihgrebihaetentially
reducing side effects. 15By way of xamlee, a%%n'nlstration %CCO{ding 0 embodi iﬂfys of the jnvention
may be achievﬂ‘d%&‘fdﬂy 2 ar @YD TS SRR g ThPAS i infra v RS AR A i R PR S

intraarterial, inftaaveneeastisiibSutaneyukjttopital BlaokaPihiistoayit&yngemynistestoon Rmy becby
intraperitonealiﬁédﬂ%?ﬁ'&%?'reference herein.

'The composition may incorporate any suitable surfactant such as an anionic, cationic
or non-ionjc surfactant such as sorbitan esters or polyoxyethylene derivatives thereof.
Suspending agents such as natural gums, cellulose derivatives or inorganic materials such

25 as silicaceous silicas, and other ingredients such as lanolin, may aiso be included.

One or more immunopatentiating agents can be used as actives in the preparation of
M1un0§0tentiaﬁng 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 alsoc be emulsified.
The active immunogenic ingredients are often mixed with excipients that are

pharmaceutically acceptable and compatible with the active ingredient.

35



If desired, devices or compositions containing the immunopotentiating agents 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 indirectly via delivery to cells isdkated from a subject or a compatible donor.
25With regard to nucleic acid based compositions, all modes of delivery of such compositions are
contemplated Y, the pFe; ent i,nveﬁtion. Delivery of these compositions to cells or tissues of an animal

may be facilita eg%f/ |cro%?%fteig|%”bombardment, liposome mediated transfection (e.g., lipofectin or

lipofectamine), eldeeorsbnatintheateribedshos Prrsato DAL d SREERR P ACHRPIHITFREABH RSt

example. In a%a{{ﬁ{ﬁ@eﬁ%é%%%gdm@mea sithetigeongtrdatimagy, be-predins arthesapgutiter
prophylactic composition in the form of a '_'nake%%:))NA" composition as is known ir‘;tge art, A
fiscussion of SHRIBILEIRIED ALHBES A B 65 T CRABEFD SFRBREENT PABTICRES IN

MOLECULAR i3aBep6 Yallhis, ibtlaidhe] ticalatdaiut mﬂléyfﬁ&smbdmat&&%@@nmﬂy endalnﬂhst Internet
site DNAvaceine o, The commposlion Ay b6 3RA0RISIE cehipo iR Y5 TRl ey'sino ganictrm

delivery) or intramuscular routes. The step of introducing the synthetic polynucleofide into a
target cell will giffettise pdadiffgctirihibedesingd oy wrséogher SOEWBELIRE can involve one or more of

non-viral and virakyectors, gatignig iRRSaRies walieviriseauastd faculRvipses susbasafenesxample,
described in Mulli%an, RCEp (1993 Science 260 926-932]) Whié:‘if heretg)%r/“itggor orated by 5 reference.
ti

Such methods& N fRERHEAFsIES A SIETPORN PR 47 % S TKERRoN BFSHY s %PtSo‘iQfRFd B35S by
injection (Wolff&kalis3200, SelcRcrZbnal 4601 468, syitichiis Regahwlindotipiratddryrseféeetice),
surgical implaniation, institafion,or any. oiher;deanien THisMisihodeagalae bruiRad i eambipation
with local appllcg Ion B’y |njec?|on, s&glc implantation, instillation or any io otﬁer means, of cells
responsive to theprotiimehrtitaddwredesiontbtinpisyrtditofitads eing i fesisedtheerativeness
of that treatmegt. Thismehod gaq alsqifeseddn eopibination will lesalapeliqationoly injegtion,

surgical implantation, instillation_ or any other means, of another factor or factors required for the

activity of said YIRGIBRS.OT BIEREeEs spdirebyaREniially mlrgios BEDNE K alabretta et al., 1993,
Cancer is;Treat. RevwhY $69xhrdiyhichiisitnaatpoiateddingrairhyseferancey, the RNétaiomeapr in

combination wjth liposomes (Zhu et al., 1993, Science 261 209-212 whijch is.ine¢o ein by
reference), Vil’éFC% & grgor%gﬁgﬁgarji%%sf %ﬁ?i’nlélcgfl a%Pgl fc %T(g?é%hmkgﬁ?%é%’cﬁ%%% ?%@%—405,
which is incorpotatetthehsirtbycraferenbs)taneons cmsrahenitasbr SiteRsRYERTY IFHpYRNEEERYERNg might
be achieved by ligking.the,supiistic-Ralscleotide to a targeting molecule (the so-called "magic bullet”
approach employing, for example, an antibody), or by local application b){ injection, surgical

implantation or ark} BeHEFnEEACCTRATHRIRREF RIS COR ARG R RE AR AGEBE R BRbtein
encoding gaid synihetieqodynbelesiidat relcaicelisidaspansitetoispidpedtainhe b&ly ojecidralby

examplo, in B SHES PR Bhes Gl g B = s ars2,
or of cationic lipidsdmdnirsigtionindsiRogeastiah, 4eur, @ibTectell 8y duskgedilirearidfeditd
incorporated hgrain, by LelRrenR) {EGIAN.INISRYON BlakaReratior P bioskRANa: Shatked§BRa
BioTech. 6 742-751, which is incorporated herein by reference) or any other way so as to

delivery to cells isolated from a subject of a compatible donof.

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,
calcium phosphate or DEAE-dextran-mediated transfection, for example, In an alternate

30 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

35 administered by infradermal (e.g., using panjf:i:TM delivery) or intramuscular routes.



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 etal., 1993, Hum. Gen. Ther. 4
129-141, which articles are incorporated herein by reference) or other vectors, or other agents of
modification such as liposomes (Zhu et 35al., 19931 Seience 261 209-212, which is incorporated
herein by reference), viral capsids - 16 - or nanoparticles (Belding et at, 1991, Biotech. Appl. Biochem.

13 390-405, which is incorporated herein.by ref c er. medi f ifigatief, The use
of cells as a deIi\%g \%ﬁlﬁc e %c%r a%%céggo%%gﬁlgir’ggu?g%ﬁas ‘élgggl%d{eng%:rigbed eﬁggr?rﬁ%?&%gl,
Science 254 spahdByaticeiyiBided dreangdtSIoos, WW@W—QBMTWW’B’VW&&%% are
incorporated Rgreinby.refersnee. Tigatedselscanbedealiverredn sompinaianyihaeampeent,
growth factor, matrix or other agent that will promote their surviyal in.the treated subject. e
compositions ‘iiﬁsa‘i’ﬂﬁ@&%yagﬁ%s?e%d(H?ﬁé?&?ﬁ?%??ﬁiégé{r%g?‘ﬂ% 6%%‘5?%}’9%3 #%Or}‘aﬁgg(?é’rived
from phospholigigs;oe. dher tigitsiistanedsdarfdraneafoptaed by mono- it) or multi-lamellar hydrated
liquid crystals that are dispersed.in a ueous medi n -10Xi } icallyya table and
T%?ié)pcgg%)%ﬁgtmn F A SRS f#%uﬂ%gé@% ﬁ(g%cﬁgﬂﬁwgﬂf:gll 129988

metabolisable lip rming liposomes c compositions in liposome form may

contain stabiliSeisicered&tvatiiss] éxBipiwhistanis themby. Thecpreraadd TpideRrengse piBBFRlipids
and the phosphaidyl6BRIingsAiealhING. heth fabirahand syniheticedMRtheds Wsborse lipaabmes 15

are known in the art, and'in relation to this specific reference is made to: Prescottt,. d., Methods in Cell
Biology, VoluffEaRigateeatiilesetssRlIREmBHIIGcL Ot 876 °F. SPRPLAHP IS LORIERE Fhich is
incorporated hexeinyeferesterdpsagesta@ihpreftactverdedbeielsphithaiagoiinistizetiiesmpound
for any particular, subject will.de upon a variety of factors | ding: the type.of diseasq being
treated and th& sﬁdg%?aﬁ?e%fisegaﬁgg;t %é}easéti(\)/ltytl%fyt#gat%reﬁ%bun erglnp g’)?e&; the composition

employed; the:agbitatidy withycgepplidtionliry sdgcting, dieestinaslivjetothiyiatonaimfistration;
the route of adminigteation;he fale Af feuestiatiqaphcamnanadsithy sesation.atie 25 treatment;

drugs used in combination or coincidental with the treatment, together with other reli;\é?d ctors well

known in the art. B-d??é‘@ﬂlI@&Wi?edﬂf%]ﬂ’ﬁéjﬁﬁf@?kﬁﬂ%ﬁre(g%ﬁﬁ%ﬁfa fon! 16-d&t8Phe an
effective, nontexic tesage YgicTyvauis-hesraquiiaddedrratapplicabirces)ditidRN AT htse wilimost

often be determingd on a case-hy-case basis. 30In term weight, a t pestically jve.dosage
of a compositﬁ%ﬂl%ngt&?ﬁin aﬁgt%c’tsoo%l%sat@rﬁuiseéxgébtgﬁ%’ tfé%llr?l}ﬁ% ?’%\%e%?aiggbﬁg%%ﬂmato about
150mg per kgibadpaeightpertshofrssuypicaiial aboside anmpnorasieied S8mBpRckgbotPveight

per 24 hours; ghou0. 1 19;3b0u, 1P9Sh RIS RRAYWRIGH) RF QHBRESH ABSIHOREr 300Ut

100mg per kg body weight per 24 hours; or about 1.0mg to about 100m . .
I gotherymedigtor gf delivery. Improved targetingg might be aclneveg by Hnking the synthetic

20 polynucleotide to a targeting molecule (the so-called "magic bullet” approach employing,
for example, an antibody), or by local application by injection, surgical implantation or
any other means, of another factor or factors required for the activity of the protein
encoding said synthetic polynucleotide , or of cells responsive to said protein.

C. Injection or implantation or delivery by any means, of cells that have been

25 modified ex vivo by transfection (for example, in the presence of calcium phosphate:
Chen et al, 1987, Mole. Cell Biochem. 7 2745-2752, or of cationic lipids and
polyamines: Rose ef al., 1991, BioTech. 10 520-525, which articles are iﬁcoxporated
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 ef al., 1993, Hum. Gen. Ther. 4 129-141, which articles are incorporated herein
by reference) or other vectors, or other agents of modification such as liposomes {(Zhu et

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



- 17 - per kg body weight per 24 hours. More typically, an effective dose range is expected to be in the
range of about 5mg to about 50mg per kg body weight per 24 hours. Alternatively, an effective
dosage may be up to about 5000mg/m2. Generally, an effective dosage is expected to be in the range
of about 10 to about 5000mg/m2, typically about 10 to about 2500mg/m2, about 25 to about
2000mg/m2, about 50 to about 1500mg/m2, about 59-to about 1000mg/m2, or about 75 to about
600mg/m2. Further, it will be apparent to one of ordinary skill in the art that the optimal quantity and

spacing of individual do il e, determingd byihe patursand exient pf thepconsdivandaeing
treated, the form. Tol %r%%%gjt%/%ﬁ a%rﬁ%ln%s'fration’, and the nafi%re of the i0 particular individual being

treated. Also, isaetperstivd herdsiineiscasn B Ay thes @eBiios MW ertdifisrtcan ditrisee ofEs also be
3pparenft tr? oge PHAKIINAR/BILIREtNEALE magéh@%aﬁm ﬁ@yb%grpﬁé@ﬁﬁﬁam%; Baehas/ thpumber of

oses of the compositign given per unit time, can be ascert . those, skilled | art,using
conventional M‘?o%ﬁ?e%%»éﬁ% l%&@pehﬂipa%%%%gfsfl e?%%%s%%??ggt%ge%ﬂﬁ%é%gl c?dn ehlrﬁsélated by
the present inyeielian are ietpdstar madidatiyg mﬁemmné?m@nsdlwh@neihesgidlmﬂdod@
comprise adminisering (o 4 publeg A £f6IE ARAUNLA0:0LA0BUBARSIEVR G AR S locted
from the group consisting of the vaccines, expression vectors and host cells as described herein. In
addition, the present imtdatmatedswiestmethods for the treatment or prevention of a disease

associated with afy,avign BlxeRz NS HelsiR seic e adssonTish adninistesingiaeasebject an
effective amount of an immunagpotentiati %ag nt se‘i&%ct d.25from the gér?#egﬁc%nsisti({}g of the
vaccines, expP&aE] U RISt SRS S ¥ SPTRURISATOh efficacy

The effegtivenessawifidariitarhightied Ligddrtaksenlinizatcosdiinseseitinthe sqetusdseflBdthdpyesent
invention may be sti?issg dys‘ﬁ%i%{%@a’f%gs labied eCh”'%‘%e ARSI Bpfa T YFH AN ARG 0e
employed using stimulated’splerocytes or peripheral bloo ) .
liposomes can be used. The compositions in liposome form may contain stabilisers,
preservatives, excipients and the like. The preferred lipids are the phospholipids and the
phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form liposomes
15 are known in the art, and in relation to this specific reference is made to: Prescott, Ed.,
Methods in Cell Biology, Volume XIV, Academic Press, New York, N.Y. (1976), p. 33

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

Dosages v

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 expecied to be in the range of about 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 .1mg to about 100mg per kg body weight per 24 hours; about
0.5mg to about 100mg per kg body weight per 24 hours; or about 1.0mg to about 100mg



mononuclear cells (PBMC) on peptide coated or recombinant virus infected cells using 51Cr labelled
target cells. Such assays can be performed using, for example, primate, mouse or human cells (Allen
et at, 2000, J. Immunol 164(9): 4968-4978 also Woodberry 35 et al., infra). Altematively, the efficacy of
the immunisation may be monitored using one - 18 - or more techniques including, but not limited to,
HLA class | Tetramer staining of both fresh and stimhiitated PBMCs (see for example Allen et al.,
supra), proliferation assays (Allen et al., supra), Elispotrm Assays and intracellular INF-garruna

staining (Allen, gt @l p5HPrRY il (34 £sRaYS faulineapR- ARl 1espABSsR and Wesiqinbirisf el

samples 5expressing the antigenic peptides as describe herein. Kits The present invention provides

kits for use in HatRE GRBFAIERARE E & S WLE BRESE RALYSiR 8 8 Fi 8 2948 associated with an
avian influenza visusr@atvfieigirSait o Risapapriscs:the acdioes 5eapmassion Cretatdhest cells or
compositions ag described herein.  Typically, kits for carryin etho, he inventi ontain all
the necessarye eﬁ%@%é"?&%&fﬁrﬁ@&" %ﬁ%’?r%cg?h% %a& eaﬁ;rgt{fwoglf#s; %f% %{gltng%snét%ﬁ %ifl%'g%g%%’se one or

more containetsytohlaiingytort e3cifpiemiashawagénts, abeiibroiiengbagerhswaplble abest
releasing a bol%@rﬁ?/ﬂ??ﬁb%@t Kom Qb%‘&kyﬂﬁ)@ﬂﬂ%ﬂ BRONBERY NS AR slibihglntext of the present
men

invention, a compar talised kit includes any kit in which reagents are contained in_separate

containers, and rﬁﬁ‘gﬂ?ﬁélﬁd@igrh5@@5@%%?&%1%?&%%@3%%@&%%?& R ERA R Hper.

Such containesgirggcaliovrtheiriticanddansfertl teagieaisfiemigntheentpa entttanothbe
compartment whilst, 20.avoiding cross-contamination.of.the samples and reagepts, and the addition of
agents or solUf t18pebae(‘:’ﬁgc%?%§ﬁl?e?ﬁler6p H%nrg%%ﬁ%%?#ﬁeont? éggﬁ%)st %t%glﬁ’ f&‘ﬁg}?ﬂ aaﬁ'\l/ree PES%‘I%I’]. Such

kits may also jrclisanindividingd iainig breaiitdcodpt, sudsvatimple canddvamennbisidnteoniagd dihe

polymers useg?lﬂvgh%gﬁaqgcﬂg%&gbntainers which contain wash reagents (such as phosphate buffered
saline, Tris-buffers, and like). 25Typically, a kit of the present invention will also include instructions for

using the kit comBonBhelst RoApRAEER: &P OB A EFiglsin the art that the optimal course of

treatment, such as, the number of doses of the composition given per unit time, can be
ascertained by those skilled in the art using conventional course of freatment

15  determination tests.

Methods of treatment
Also contemplated by the present invention are metheds 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 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
3  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
$Cr labelled target cells. Such assays can be performed using, for example, primate,
mouse or human cells (Allen et al., 2000, J. Immunol. 164(9): 4968-4978 also Woodberry

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



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. 30Examples Example 1: Construction
of recombinant baculovirus HA-expression casettes Hemagglutinin (HA) of H5NL1 influenza virus is
one of two major membrane viral 35glycoproteins responsible for the production of neutralization
antibodies (Bosch, et at, -19- 1979, Kawaoka and\ebster 1988). To determine the potential of
generating a baculovirus-based vaccine against HSN1 virus (A/Goose/Guangdong/3/97/H5N1), the

inventors congiryiec R REAMRIARAN Dari| g s RXPISS HOA VEEte NS Teash GORRIMNA0HE both
HA-expression cassette. The first baculovirus expressign ctor Vﬁegrodgced ith the 5

HA-expressioff Shsdsttstiaioth B R ol SSE S GRS St S & e URTE: N & Biomioter,
named VAC-H@ (Figedh). stibesetina il ddenisméipressibiaydbiBpaas priaotei(Mientaeal.,
HA-expression cass d,an additiopal vesicular Itis i in = ession
cassette undet He ’c‘(i;’tril?lrs'glrlgo‘?t S%YS%’&OE\%‘FS% %Jo%ﬁe%%%g%@r’ggh(ﬁ%ﬁ%ﬁ%ﬁggﬁﬁ%&ig. Ag)g. ioFor
the generationxgrtheng tombiigenibperiicsirasdreetbes #BESReMNPY polyhedrin promoter-controlled
VSV G expression cassette or WSSV tel promoter-controlled HA expression cassette were inserted
into the shuttle vector pFastBacl and integrated into the baculovirus genome within DHIOBACTm
according to t@ﬁ)rotocol of the Bac-To-Bac system (Invitrogen). A control virus, vAc-Bacmid, was also
constructed by infegratirgmdnteatptyppHasiBaitk viectosdrito tieetibaconidrgemiime {Fiircas)in The
desired VSV G or HA expression gassettes were. | ed withi '

site-specific tr%‘}%%%s}}’%er?eé%sﬁfé]/ﬁsge%Fl%l%%lsg- %li%e;aéi{ééfgen rvn\!i %@\%ng%%%%gv%?ﬁ&lﬁg%gﬁ?ﬁ%minator
was themPCRiroptifiddefr dhe Pe@ingG, wrbresdqprivseiers host cells or compositions as described
CGCGGATCGALGAAGTGCCTTITGTACTTAG-3' (SEQ ID NO: 1) and 5'- 20
CCCAAGCTTCCAACACACTATTGCAATGAA-3' (SEQ ID NO; 2). VSV G cDNA was placed
downstream of theYpisIkedFF FroniBeiagRcharae F?%f‘hﬁlfﬁgan%?nc&rgﬁ‘&r%& B%n%?ﬁ%sm the

primers 5'- TGeeEGEESCAT GEMEGSIC TAG T THGIE 6L i(SE@AIDWND c@hpnsSae or
CGCGGATCCGGTTTCGGACCGAGATCCGC-3 (SEQ ID.NO; 4), N ified
from the genoﬁﬁ‘g%??ﬁ%%ﬁ £ ?}i}ﬁ?{ﬂ%} g 6 ﬁ’ﬁ“i‘éec gav%tﬁeg eﬁﬁsfe%ngg%%og'ﬁe? %aégé %@&W
5-ATAAGAATEQERAC0ET ATGHBAGL M CAEPaTTT oTiegraidhesed ID NO: 5) and
>-CCCCTCCAGHGE T TR TG\ st il eftohCd %%ﬁﬂ@ﬂ%ii@@@ﬂ 868 )add A BONA was

then placed upstream of the SV40 terminator in a pFastBacl vector a}gd dovv_na{lrgam ofﬂwe tel
promoter, whicHiag EeriifedrfrainRingh VY SeRAGN SARATG S ARD6HS) WIETEDAMEY sErst 5'-
TCCCTACGTAshéafvArd, HRYAT cobiimers AASHESS A i S Qubier NucE) canthiiiers may allow the

ACGCGTCGACCTTGAGTGGAGAGAGAGCTAGTTATAA:3 I : Q). I -Jnsect Sf9
cells with vAc- -ﬁ%fretgﬁftg qgir? e%?ezlﬁgji%% cge%cgﬁ?ug%nrp ?Il—tlgl.egfsBE)t.QT?%op%gr?cﬁmsg}%v&éh%%‘g%afhe very

high expressicivdéiie ciaiS oG pratelipwith 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, a kit of the present invention will also include instructions for using the kit
components 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 baculovirus
HA-expression caseties
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,



35membrane-fusion activity by the polyhedrin promoter. - 20 - The kinetics of virion production in Sf9
cells was also examined by generating a one-step growth curve of infectious virus production (Fig.
1C). The temporal kinetics of the growth curves (Lu et at, 2003) of these viruses were similar, although
peak virion production of vAc-G-HA lagged behind those of vAc-HA and control vAc-Bacmid. Titer of
vAc-G-HA increased to 109 PFU (plaque forming ui)}m1 at 120 h p.i., while vAc-HA and vAc-Bacinid
generated the same titer at 96 h p.i. (Fig. 1C). The extensive syncytium formation of Sf9 cells infected

with vAc-G-H igh e rale i inthe | tign. ple-2.,] ng display
of hemagglut%%qQT#é%?\éﬁé%loaé%pﬁ ie%@\%?ﬁ%; v%c-é%}g%ﬁgﬁlgd %%c%gaécﬁr%% f%rig %ﬁ(?%}l%%n%atant of

infected insectesntovipstizredntrsgiasonsaresintodtiyaiew Héudr ok Gransd/@d BAlHe: Hsmbrane

of VAC-HA andyhGiGrzbndhecnidr R0 viians el 8 Eeriaey tRpt8asibrtosctrd Ot éar chatpiiges to
disrupt the viral membrane structure, and her?) viirl?l 15 nucleocapsids were colle%ed ro%g;%w
ultracentrifuga%?*@??%%Sfés%ﬁjiﬁb(ﬁ&? ITSCHAYBrS P EEEAG59E HA Was sxpradsed and
purified fram b;ﬂ@uhx@‘mihmfeeheeﬁsEﬁml&pwmmlwmnwmbpdymdmyﬁﬁﬁﬁé};éi in "
guines pigs using His6-t as.aptigen. r cted in
the purified vi 5%%%?br%%g§§tﬂgtﬁ%th |'t(;1nA§{-ef}L%ﬁ§, %er?ﬁ(gﬁ ggﬁtébééggir\? ﬁ% colll)g::iégt?ellet

20comprised arrodpsdraithutiedddperaseasion Zagsetie wdsap additivat netinlaagiomatiin El8ved to

HAI. and HA2 %@%&E@ﬁ; infestesh ks salismanckthie aviieroiataiidfRariclasyheing BiRtanto that
of the purified H5N1 virions (F}i%.éiZA). Thg@sxg data suggested that the baculovirus vector could display

HA-like viral gBrOBR e RRNGHIAGHRTE bEL8 kA ational modification to its natural products. 25
Western ot assass: tisingwsraiot- WS Garonbiclondaantibvacy atsdoindibatadial V $vlGisdais a
membrane-assgciated structyr Ig%:{}p nent. in_purifi C- irigns, (Fig. 2B). . To detgrmine
whether the bé)éaﬁ%(\)/??ug%% ggg- ispla@ee Hﬁ%%ﬁ&%%ﬁ%tﬁ%é%%ﬂhlgzt% %%% ogicgflp?operty, the

hemagglutinatismrastivitycakpiisifictevirrstiedinip hpgt arerips eiiastiak aad dsrgarignceach 25

ill of VAC-HA opyAesGrblAahdhiitariid 050 FfE N v gavsraihe gl Wisalien ditenoianwnkas using a
standard hemagglutination assay (Wood et at, 1985). The results indicated th%t co,-dis%g%of VSV G
;‘B@fﬂa BB

with HA wouldSHSEEIHIER#R e Autd iRl HebtayirgRemRign P e PCor S Erfibrane.
-21 - Example gagisapahusiiciy ehditines ib4snddgeAenéIVig tanfers a transduction advantage of

vAc-G-HA over VAG-HA, in vi inatiQn experiments were n%ert%%? . 3%%%%@% uction
ability of vAc-G-H .\ ?%ﬁ%%ﬁ%ﬁ] a%rsay V\?gg%g’r ormea gu‘% g‘f af.l? é%;%hﬂ%e celf lines (1) canine

MDCK 5 and (Ryuhibkeseibsite celisifitigagipetivasanplovine e-ReeticRansysiems Fice Fidbeicell lines
as indicated by,the @9%1&%&'%%9&5}%%'?ehé'ﬂ“?(%%ﬁﬁﬁm\’fﬁﬁﬂﬂm@kaiﬂm&ié byiwiestsro blot
Analysis O e A AT e R A LT T SRACHARES " QAP B9S8R Wi Fig: 35
20 CCCAAGCTTCCAACACACTATTGCAATGAA-3’ (SEQ ID NO: 2). VSV G cEBNA
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°-
CGCGGATCCGGTTTCGGACCGAGATCCGC-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-3
(SEQ ID NO: 6). HA ¢DNA was then placed upstream of the SV40 terminator in a
pFastBacl vector and downstream of the ie/ promoter, which was amplified from the
3 WSSV  genome (Lu e al, 2005) with a primer set of 5
TCCCTACGTATCAATTTTATGTGGCTAATGGAGA-3” (SEQ ID NO: 7) and 5°-
ACGCGTCGACCTTGAGTGGAGAGAGAGCTAGTTATAA-3’ (SEQ ID NO: 8).
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

55 membrane-fusion activity by the polyhedrin promoter.



To further monitor the quantity of the HA molecule displayed on the surface of vAc- 10 G-HA, an
antigen-capture ELISA was developed based on the guinea pig anti-HA1 polyclonal antiserum and a
HAI monoclonal antibody, as reported previously (He et al., 2005). His6-tagged HAI was expressed
and purified from baculovirus infected SF9 cells. To construct the HAl-expressing baculovirus with a
pFast HTa vector of the Bac-To-Bac 15 system, HAllcoding sequence was amplified from the HA
cDNA described above with a primer set of

5"CGCGGATCE%$@%§®?W%Q%E§&IJ 8@@1&3@%{% ARE AN ) 89rating a one-

5-CGGGGTAC AIQG GTATTTCT-3' (SEQ ID NO: 1\%E§E§Jtzor proteln.egresgion, 819
cells were infeteedzwiiitiamecehibieia rissmiodstien SHad harjdsdermord Kipsies iistion of
His6-tagged Halpmoteindon thetaial coltalpo2Aesy astiess werdosmeryihia iz pedlargedmesin
slurry. The antigen capture ELISA was designe coati icrotiter plates with purified.laG from
guinea pigs. W@%@Eﬁ% %Y%%’ 1 {W§§Fg’é?§ﬁ%ﬁ%ﬁy%g%%r§aa%égggr{lré)?a\ﬁ%slcbgo%{gféir%{%
HA1-spegific mbnac!GrElantipadiabtol IHTEHEépatiyafutethgdiproten 1#8hampislie t6-edhstruct a

standard quantiicalion.curvs. The AMONDL L AN Y46 Gr? 114, semplenuas delsingd as the

point value in He ¥ andard curve that represents the same" absor yance at 490 nm (Fig. 3C). From this
curve, each 2&imation et celisinfestest wirkoArGrHR Wi e tBe AR DS HEHREPHAS. These

findings indicatgd;ihatiihg 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
innnunogenicity of vAc-G-HA was then investigated through intra-muscular immunization of 6-8 week
BALB/c mice with purified VAc-ExkidiplisiensicAtbtane elispdéte of heomgidirtivith 5 x 109 PFU of

vAC G-HA particias, (S TGS WS 0RO I 2048 famie Aol AR BMRRInlajer, the
mice were bled througxllﬁ fhe retfo-orbral - 222 plexus and serum from each animal was tested

individually foirdtieddissAgalisbrnltseatrdreatinn nEriaygrigativhaieniio e fiselgyd food et
at, 1985). Thg ELISAviaSL Was,SeLHA teenitantiieHArsRrsifieantinady develtueaaking 965 well

microplates with 60 ng of purified His6-tagged HA 1 protein_per well. As shown in .
Triton X-100 for 15 minutes to disrupt the viral membrane structure, and then viral

15 mucleocapsids were collected through ultracentrifugation. To produce antibody against
HA protein, Hiss-tagged HA1 was expressed and purified from baculovirus-infected SF9
cells, with polyclonal antibody against HA protein raised in guines pigs using Hise-tagged
HAl as antigen. Western blot analysis showed that HA was detected in the purified
virions before treatment with Triton X-100, and not detected in the collected ﬁellet

20 comprised of only viral nucleocapsids (Fig. 2A).

Tt was found that the HA was partially cleaved to HA1 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 patural 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

30 and vAc-G-HA was tested (Fig. 2C). Each 25 ul of vAc-HA or vAc-G-HA at a titer of
10! PFU/m! gave a hemagglutination titer of around 2% wusing a standard
hemagglutination assay (Wood et 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.
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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 the range of 23 to 25 (Fig. 4B). The HI antibody
responses were comparable to io those mice vaccitated intranasally with live H5 influenza viruses
that demonstrated a titer in the range of 24 to 27, as reported by Takada et at (1999). The specific and

significant antibody response fr@%&i@p@p@%&{@yﬁg@@dﬁ@n@i@m that the HA molecule
displayed on the viral surface or expressed through,viral tran%ductio stained%%%%tigenicl;iy. 15In

order to further cHsraCEise tRBIHIRRBREHIRF oI VAR RES A éfhlbcilﬁ" HRAVWE LBic Mice (five

mice each gromplineis:ripemise|adye muttiken withsprsrifiedruidnstidinebitigetfatea GEMN1/PRS

vaccine stian amplid o MDCK.cell a1l o, PARIYGSAUCOh Wi ¥AG ARG (Gecinated
W ' Inati

mice being us}é‘ as aur?gagtfi\if’(seaggﬁ%?o?? t eeks after infranfuscular vaccination with 256 HA units of

20 purified bagudo@ushizirickes beitisctFeiHsnmpke videGrikd ¢rcndsdaednasdibesame
amount of virigs.{Qae Weelilalrl b MICsNerRbirdbrangitine. retReosRiiakalaxusasangtiize pooled

serum from eachgrou of 5 mice was tested i_ndividually_;ir antipodies against HA LISA as
described by FRAEFBED BYS Sy HinaRy i thT (RRDIGEE(ER) A EL5) 48 F85eH0Ea 5T Rood et
at, 1985. ELISAs«25wetenseipi tessanitoiitieg?Bspecific antibody levels by coating 96-well

e ds G gnsd el i mspecti anibol evels by c0alng SOe e
microplates wi rig purified Hiss-tagge rotein per well. g JRiEe Jmmunize
with vAc-HA or ng%_é%ﬁx&rd%%tgﬁgh s%ﬁégr?t% z%rlﬁfc%){/% ng%onse%%%%ﬁé%éllcted by_eIlELIS_A in which
purified HAI pfdEia,was aoienapitte d§én wascddvstapeizbesodtion AenaEns Bispaiicd/hly

background seia,30 fiers, ROULY ARG HAPIASHA nduGedl SemLanUhesieaRoases,n the 6

immunized mice,"with a titer of 2 (Fig. 5B). The Hl titers of baculovirus vectors were comparable to
those mice vaéeifated with the vaccine strain HSN1/PR8 that has an 8 average titer of 2 (Fig. 5B).
Hise-tagged A1 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 ¢DNA deseribed above with a

primer set of 5’-CGCGGATCCGATGGAGAAAACAGTGCTTCTTICTTTG-3’ (SEQ ID

NO: 9) and 5"-CGGGGTACCCTCTCTTTGAGGGGTATTTICT-3” (SEQ ID NO: 10).

For protein expression, S9 cells were infected with the recombinant virus at a MOI of 5

and harvested at 72 h p.i. Purification of Hise-tagged HA1 protein from the total cellular
20 extract was performed with a Ni** charged resin shurry.

The antigen capture ELISA was designed by coating microtiter plates with purified
1gG from guinea pigs. The bound antigen was then detected with hybridoma supernatants
containing HA1-specific monoclonal antibodies. 10-fold serially diluted HA1 protein was
employed to construct a standard quantification curve. The amount of HA1 in the vAc-G-

25 HA sample was determined as the point value in the standard curve that represents the
same absorbance at 490 nm (Fig. 3C). From this curve, each 25 yl 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. At 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



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 - 23 - levels 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 thathe HA molecule displayed on the viral surface or
expressed through 5viral transduction sustained its authentic antigenicity. The in vitro neutralization

ability of the i ﬁﬁ%@%%@y Was hen iesied hystheEAdisnlaving Rackioyimses.Auxtandasy

microneutrali ased on the H5N1/PR8 and MDCK cell system was performed as reported
previously by Rbl%é épdhenogslvtnatica ihibiticad B BWW@’%%F&)%&%@ loviruses showed a

significant neutrlizafiom fitet @f0R8s While thertabld/RRSINdyseifisanb@aVR eehigheratiier 96-160 (Fig.
5B). - 24 - References Bosch, F.X.,.M. fli H D Klen d R, Ron. 1979. The structure of the
hemagglutinin™; h’é’l‘@fﬁ?ﬂﬁ‘éﬁ?ﬂf’dﬁ‘tﬁg paf %%%@%’P?h?ﬁ%%%dz%?u%‘é’é‘%iPSFo‘a’ﬁﬁgsf?ié‘g N

He, Q., Qs DuFf. kay all §lanopmited mi@. ivehen] Bghifementiodiirdsprases, 200Btected by

Characterizati I [ i i ' i -
development g?%a%&éq%%ggﬁ %%%gﬁ‘%ﬂ%%%%ﬁ @?ﬁ%ﬂ%ﬁ%@%&%ﬁ . :ga\@gb% WK%ng, and

Y. Flu. 2004. linastigsdoni®f bpiheRrsriddimiavrtorlyibereeroredseidiicis-mediated gene delivery
into mammalian cglisyBiteshnchdRiRanenssS KL adiibody KapnRksin'al B ehiRGniie bsias, #2B8.

mammaiian o FrOEENERER Lol GSk BoEsa 558 oy B N B 2003

Reducedexpressiomiof e dinaretiateneaily prididin<BS ieflables eificientwdplicativiratdatdigrapba

californica MuliRle. THELE R RS9I HH URBR BV RELRISPYP (FB0YIPPHAIAIGIAS AP Uil iR
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 H5N1/PR8 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 FISN1/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
aptibodies apainst 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-gpecific 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 HAT protein was
coated as the antigen. Mice immunized with vAc-Bacmid displayed only background sera

50 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 28 (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
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such that in use said hemagglutinin peptide is expressed by said expression vector in zosaid subject.
5.The vaccine according to any one of claims 1 to 4, wherein the subject is selected from the group
comprising human, avian or porcine. 6.The vaccine according to any one of claims 1 to 5, wherein the
avian influenza virus is an H5N1 subtype of avian influenza virus. 257.The vaccine of any one claims 1
to 6, wherein the hemagglutinin peptide comprises?é’n‘amino acid sequence derived from an H5N1
subtype of avian influenza virus. 8.An expression vector, wherein said expression vector comprises:
(a)a nucleic acid encoding an antigenic peptide; pagkgételan id promoter from white spot syndrome
virus operably linked to the nucleic acid encoding an antigenic peptide  wherein said antigenic
peptide comprises a hemagglutinin peptide comprising an amino acid sequence derived from an
115N1 subtype of aviassihfl FeKzairdslincR6 H.D. Hichhe mxpiRsBiotn. iEGter Thelsinmc8iforafsddn the

reatment or PIEYSINANALS Sliease g ALbieq bl st lssase isassosiaindydsapavian
influenza virus, su at In use said antigenic peptide is expressed by said expression vector in said
subject. 5 1@0K.host cell comprising the expression vector of claim 8 or claim 9
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5 11. A composition comprising an immunopotentiating agent selected from the group consisting of the
vaccine according to any one of claims 1 to 7, the expression vector according to claim 8 or claim 9 or
the host cell according to claim 10, together with a pharmaceutically acceptable carrier, diluent or
excipient. 12. The composition according to claim 11, further comprising an adjuvant. to 13. A vaccine
comprising the expression vector according to claif@®8 or claim 9, the host cell according to claim 10 or
the composition according to claim 11 for the treatment or prevention of a disease in a subject,
wherein said disease is associated with an avian igfjygRga virus. 14. A method for modulating an
immune response, wherein said method 15 comprises administering to a subject an effective amount
of an immunopotentiating agent selected from the group consisting of the vaccine according to any
one of claims 1 to 7, or 13, thecexpressiernreaetentec prdingtior!sim Ewmaseldim Spthechosherin

according to claim 10 or the composition.according to.claim 1.2. 15 A methad far the freatment or
prevention of %?H?;é&%aes%sléo%%?gﬁ‘ %?/‘tlithwal%l aian 2 iﬁﬁ%leeﬁzég_ \}ﬁ%g’ v%/%er%?rll said method comprises
administering donapsistient anmHstove/aFUSRBP BT TSt PrigtiFradiaat s diedrsEeivEfithe group

consisting of 25%%{3&0%@%1@@9&@993@ 30y AR RLAIBIMS ddnidoll3ghaseansession yesteEagcording
a

to claim 8 or claim 9, the host cell according to claim 10 or the composition according to claim 12.

16. Use of thevﬁﬁf@éwfééc%ﬁtaﬁ% to any one of claims 1 to 7 or 13, the expression 25vector according
to claim 8 or claim 9, thernesteelhacesseing: t calm 1widhenchmpasitisivaceotdingtpskain 12 for
the modulatio)g o&fn immune resgonste. 17. Use of the vaccine according to any one of claims 1 to
7 or 13, the exPrESEHY BB ECE0TdiT to claim 8 or claim 9, the host cell according to claim 10 or the
composition according tdttaimcti2darcteedingriofeleiord ofr sctaisaidanhaneifo fih & HRERRFRENY 500K a

disease assogigifd Wi naVIaN EHRRY I whikSpbudhlarise Uity RiRveRyAga

disease in a subject, w In said disease is associated with an avian influenza virus, and wherein

said kit compritleinacid aRodins iy aMigIB aRSPEAR of claims 1 to 7 or 13, the expression vector
according to claim § or claip@itbediastcalhassardingéoeptaim d00dithesedmpasitiontasberdimg to

35claim 12. - 27~ $9.A method for presening, o JisPlaxing. 2 PhRePide MIRIEn s REihed
15 comprises an expression vector comprising:
(a) amucleic acid encoding a hemagglutinin peptide; and
() an iel promoter from white spot syndrome virus operably linked to the
nucleic acid encoding a hemagglutinin peptide
such that in use said hemagglutinin peptide is expressed by said expression vector in

20 said subject.

5. The vaccine according to any one of claims 1 to 4, wherein the subject is
selected from the group comprising human, avian or porcine.

6. The vaccine according to any one of claims 1 to 5, wherein the avian
influenza virus is an H5N1 subtype of avian influenza virus.

25 7. The vaccine of auy one claims 1 to 6, wherein the hemagglutinin peptide
comprises an amino acid sequence derived from an HSN1 subtype of avian influenza
virus. |

8.  An expression vector, wherein said expression vector comprises:
() anucleic acid encoding an antigenic peptide; and

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

nucleic acid encoding an antigenic peptide
wherein said antigenic peptide comprises a hemagglutinin peptide comprising an

amino acid sequence derived from an H5N1 subtype of avian influenza virus.



comprises: (a) inserting a nucleic acid encoding said polypeptide into a baculovirus expression
vector, wherein said baculovirus expression vector comprises an iel promoter 5 from white spot
syndrome virus; (b) transfecting at least one host cell with said expression vector; and (c)
expressing said polypeptide from said expression vector  wherein said polypeptide is presented or
displayed on the surface membrane of a baculovirug8020.A system for presenting or displaying a
polypeptide, wherein said system comprises: (a)a nucleic acid encoding said polypeptide inserted into

a baculovirus expregsionmecionWhiere R.srRid JTaquAVH USSR S SIRNMARIRLEAMRSesRR s
promoter from white spot %drome Virus; g%;émeans for transfecting at least one host cell with said

expression ve&SF2shER G TH RS s YO B AL PRI ASISRos ALY & o AT SIAPeREREESR Kt R
wherein said pilyienpiide-dk] preseniegagtidisiaypcbandbe saidfegprazeimbracterdhadideuligudtus. 1/4

SEQUENCE LISTING <1392 Terassk LIGseiRess Laparaion, 4205 Epmalasyls surface cispiay
5 11. A composition comprising an immunopotentiating agent selected from the
group consisting of the vaccine according to any one of claims 1 to 7, the expression
vector according to claim 8 or claim 9 or the host cell according to claim 10, together
with a pharmaceutically acceptable carrier, diluent or excipient.

12.  The composition according to claim 11, further comprising an adjuvant.

10 13. A vaccine comprising the expression vector according to claim 8 or claim 9,
the host cell according to claim 10 or the composition according to claim 11 for the
treatment or prevention of a disease in a subject, wherein said disease is associated with
an avian influenza virus,

14. A method for modulating an immune response, wherein said method

15 comprises administering to a subject an effective amount of an immunopotentiating agent
selected from the group consisting of the vaccine according to any one of claims 1 to 7 or
13, the expression vector according to claim 8 or claim 9, the host cell according to claim
10 or the composition according to claim 12.

15. A method for the treatment or prevention of a disease associated with an avian

20 influenza virus, wherein said method comprises administering to a subject an effective
amount of an immunopotentiating agent selected from the group consisting of the vaccine
according to any one of claims 1 to 7 or 13, the expression vector according to claim 8 or
claim 9, the host cell according to claim 10 or the composition according to claim 12.

16. Use of the vaccine according to any one of claims 1 to 7 or 13, the expression

25 vector according to claim 8 or claim 9, the host cell according to claim 10 or the
composition according to claim 12 for the modulation of an immune response.

17. Use of the vaccine according to any one of claims 1to 7 or 13, the expression
vector according to claim 8 or claim 9, the host cell according to claim 10 or the
composition according to claim 12 for the manufacture of a medicament for the treatment

36 of a disease associated with an avian influenza virus.

18. A kit for use in treating or preventing a disease in a subject, wherein said
disease is associated with an avian influenza virus, and wherein said kit comprises the
vaccine according to any one of claims 1 to 7 or 13, the expression vector according to
claim 8 or claim 9, the host cell according to claim 10 or the composition according to

35  claim 12.
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<220> <223> synthetic <400> 1 cgcggatcca tgaagtgcct tttgtactta g31 <210> 2 <211> 30 <212> DNA
<213> artificial <220> <223> synthetic

-7 -

19. A method for presenting or displaying a polypeptide, wherein said method
comprises:

(a)  inserting a nucleic acid encoding said polypeptide into a baculovirus
expression vector, wherein said baculovirus expression vector comprises an fel promoter

5 from white spot syndrome virus;

(b)  tramsfecting at least one host cell with said expression vector; and

(¢}  expressing said polypeptide from said expression vector

wherein said polypeptide is presented or displayed on the surface membrane of a
baculovirus.

10 20. A system for presenting or displaying a polypeptide, wherein said system
comprises:

(a) a nucleic acid encoding said polypeptide inserted into a baculovirus
expression vector, wherein said baculovirus expression vector comprises an fel promoter
from white spot syndrome virus;

15 (b)  means for transfecting at least one host cell with said expression vecior; and

(c) means for expressing said polypeptide from said expression vector

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

baculovirus,



<400> 2 2/4 <210> 3 <211> 33 <212> DNA <213> artificial <220> <223> synthetic <400> 3
tcccececgggg gatggttgge tacgtatact ccg33 <210> 4 <211> 29 <212> DNA <213> artificial <220>

1/4

SEQUENCE LISTING
<110> Temasek Lifesciences Laboratory
<120> Biomolecule surface display and uses therecof
<130> 747345M
<1l60> 10
<170> PatentIn version 3.2
<210> 1
<211> 31
<212> DNA

<213> Artificial

<220>

<223> synthetic

<4£00> 1

cgeggateca tgaagtgecet tttgtactta g 31

<210> 2
<211> 30
<212> DNA

<213> artificial

<220>

<223> synthetic

<400> 2

cceaagette caacacacta tigeaatgas 30



<223> synthetic <400> 4 cgcggatccg gtttcggacc gagatccge29 <210> 5 <211> 42 <212> DNA <213>
artificial <220> <223> synthetic <400>5 <210> 6 <211> 41 <212> DNA <213> artificial <220>

2/4

<210> 3
<211> 33
<212> DNA

<213> artificial

<220>

<223> synthetic

<400> 3

toooeegoggg gatggttgge tacgtatact cog 33

<210> 4
<211> 28
<212> DNA

«<213> artificial

<Z220>

<223> synthetic

<4Q00> 4

cgeggateog gtttcggace gagatecge 28

<210> 5
<21i> 42
<212> DNA

<213> artificial

<220>

<223> synthetic

<400> 5

atsagaatge ggecgetatg gagaaaacag tgettettct tg 4z



<223> synthetic <400> 6 ccgctcgagc ggttaaatgc aaattctgca 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> <223> synthetic

3/4
<210> 6
<2i1> 41
<212> DNA
<213> artificial
<220>
<223> synthetic
<400> 6
cegetegage ggttaaastge aasttcebgea ttgtaascgat c 41
<210> 7
<211> 34
<212> DHNA
<213> artificial
<220>
<223> synthetic
<400> 7
tccoctacgta teaattttat gtggetaatg gaga 34
<210> 8
<2il> 37
<212> DNA

© <213> artificizl

<220

<223> synthetic

<400> 8



4/4 acgcgtcgac cttgagtgga gagagagcta gttataa37 <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

4/4

acgegbegac cttgagbgga gagagageta gitataa 37

<210>
<211>
<212>
<213>

<220>

<2Z3>

<400>

g
36
DA

artificial

synthetic

3

cgegygatcey atyggagaaaa cagtgettet tetttg 36

<210>
<211>
<212>
<213>

<220>

<223>

<400>

10
30
DNA

artificial

synthetic

10

cggggtacce tetctttgag gggtatttoet 30



