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

invention relates to methpgds, vaccines, immunologigal Qsiti i ating and/or
preventing 10 strain H5 IR iﬁﬁ'ﬁ@ﬁz Yl cﬁﬁ%@&(ﬁﬁéﬁ m%%oggégénggdulating an immune

response to strain HSN1 avian influenza virus. Background Art Avian influenza virus is a significant
worldwide infectious disease of birds that is 1§§8ﬁ§l§gapﬁ¥ A strains of the influenza virus. All birds
are thought to be susceptible to the disease, which can result in symptoms ranging from mild iliness to
a highly contagiolibeaprisensittycfatianpateioy sneaidlydobion tteadocreBpratinney. syt dintypes of
influenza 3’"“ Ae-kaewnieinfackRitdR s RIQULING ApsyteRsia s esennis. ahipilurnra, ivses

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

they provide PEEEHIVERBP TIPSR ARt ISTH o SRR Sifeh REWSHATHIFS UK Which are
particularly sugegmiiple:ine pieanitscofwianityl fatekinthi nr asstlisetbresiksdof firenmidghlstingthngenic

form have been caused by influenza A viruses of su es H HZ. j . nf areas
and destructiof BHT&EERESF 5‘3(%‘3%5&#& saa\rfg%%a%%%?c? %}@oaggdé}%%ggrﬁegﬁff%%%gﬁt%% the
spread of avian inéihedzaaitises:ioweves)agict poomuitonsanddtibriy ireatingraalifsy evsmine
Contagimf&“e%&aﬁaﬁ%ﬁ LRRsrERIan A0thlong e stakiliaah s ul vs- uaidarabith naialdost, but

they also carry a heavy economic toll in terms of both implementation of such measures and
destruction of isaRRRSHta SuZR A G RenGIREEBII TS train of avian influenza virus jumped directly
from 30 birds to humans, causing severe respiratory disease in 18 humans, of whom 6 died. This
infection coincided with an epidemic in Hong I%or}aé%‘poulgy}xp?pulation of avian influenza virus caused
by the same strain. A further outbreak in 2003 AP ERSES and 1 death. Further cases of human
infection with aviaviafluefizensdiusiave betmifisatvediidwale mfationsridsdars udibirdseiNetterlands,
ietnam S ARG 1 A0S0 mALS e shERLP WRIER BbUdRialGEIAMY R iRkt Ay

s~ ca eéi. rP/
have been reported irreastern Europe and particularly Turkey. o )
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
infection 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 H5 and H7.
Quarantine of infected areas and destruction of infected or exposed flocks are standard
35 procedures aimed at preventing the spread of avian influenza virus. However, such
measures are not only hampered by the high contagiousness, ease of transmission and
long term stability of the virus outside of its natural host, but they zlso carry a heavy
economic toll in terms of both implementation of such measures and destruction of birds.
In 1997 in Hong Kong, the H5N1 strain of avian influenza virus jumped directly from
30 birds to humans, causing severe respiratory disease in 18 humans, of whom 6 died. This
infection coincided with an epidemic in Hong Kong’s poultry population of avian
influenza virus caused by the same strain. A further outbreak in 2003 caused 2 cases and
1 death. Further cases of human infection with avian influenza virus have been observed

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



H5N1 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 facilitating further spread at live pgultry markets and by migratory birds. Data on
the clinical progression of human infection with H5N1 avian influenza virus is very limited, and antiviral
drugs, only some of which can be used for both treatment and prevention, also have limitations. The
present inventignis pregicatesk tirtheisRvaldpritntief Hifikiokirite suddeeenlisglaytsl Sterasiimith
particular application of such@aﬁ‘zm% o display of membrane glycoproteins as vaccines. In particular,

the present inyeIRISHAPSI BREL &y

S; vaccines, immunological compositions and kits for treating
and/or preventingeEsianisnipardenian oo @ss duisteseiethadssormdgubadnt addpiriupivEsonse to
avian influenza wiius, UMM Of e I YN Uhimat BORS A8NEE:BETSRdeLe WK sEsxACEIDE for the
treatment or preévéntion of a disease In-a subject, wherein said vaccine comprises an expression
vector compridiigy: pejbagruisisic zusidcan csuRty SR tisare je Jrasanh EiET s AT vRe HESEitFom white
spot syndrome, yirus QRatakly Jinked teotag RUEsIE aityeRsoding.anantisrbic pratidersushitbat in use

said anfigenic peptide Is expressed by said expression vx—ﬁ;tor in said subject. In another aspect, there

is provided anexgréssibe D@@Eﬁ’,%g?ﬁﬁ%%w l?/tiagctor comprises: (a) a nucleic acid
encoding an antiggpis feplideanad §8 aesiebpisroteniremoibiiesROHSI diiae Minsmpataisly linked
e ot SRR BRIy o8N A AREh NG PN gt co!
and prevention, also bave limitations. :
The present invention is predicated on the development of biomolecule surface
display systems, with particular appﬁcaﬁon of such systems to display of membrane
glycoprotéins as vaccines. In particular, the present invention relates io methods,
vaccines, im;mmalogicél compositions and kits for treating and/or preventing avian
influenza, and to associated methods for mbdnlgﬁng' an immmune response to &Vian

influenza vires.

Summary of the invention

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

subject. -

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

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

nucleic acid encoding an antigeme pephide.

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

defined above.



&
- 2a - In another aspect, there is provided a composition comprising an immunopotentiating agent
selected from the group consisting of the vaccine as defined above, the expression vector as defined
above oithe host cell as defined above, togethg? Wwith a pharmaceutically acceptable carrier, diluent or
excipient  In another aspect there is provided a vaccine comprising the expression vector as defined
above, the host cell as defined above or the composition as defined above for the treatment or

prevention of a Hiseasefinra aubfett, WhEkeinSaBratdestse fs RITERAEPNitFARRRERE 3R another
ispect, there I8 Br%ﬁ’égg%ﬁ%? &%%PM&&X@%%? s definedakbnyethe meassion ¥eawumiad defined
above, the host Gell as defined

above or the compositjon as defined abagve for the manufacture of a

medicamanrfortecrpochsiatiornspnpsiGranme Feeforkle hof crlbadteRgsd AP IS 498 ided the
use of th%¥£°a%{§nh%l%§agsiﬁb%ﬂa@9&\é +1BR expIsssnRYEsiaap Rafined above, the host cell as defined

above or the composition as defined above for the manufacture of a medicament for the treatment of a
disease associaigd WillkANIHS. terlApRIARERSRRBEIBRISHS PIRARE acpreikiod fRcriesenting or

displaying an antigenic polypeptide, wherein said method comprises: (a).inserting a_nucleic acid
encoding%éiﬁ%cﬂ%ﬁ%t @gﬁ% bz ABUNES Y esian CERRASIPR ASIHBE D RGN Eexpression
vector COmpAisesa JpLARRRIeE framudite sROLRYNGHIBEYIME diseasthisibannResine Ak least one .

host cell with said expression vector, and (c) expressing said polypeptide from said expression
vector wHEFEM said polypeptid.e, is presented or displayed on the surface membrane of a baculovirus. '
In another aspegt, theteeisRfRvidaska sygervidet mhesaatoftior displaying defandgdnicepdiypeptide,
wherein said system comprises; (a)ga %chc acj ene in %ﬂid é)o{y&%p&crlg igég{}tg%sinto a
bacuIovirﬁ§$§ﬁ?’@§s?6ﬁf%ﬁdﬂr?mréh‘? i BTN SHIRL BT Ve Hor Comprises an iel promoter
from whitg SRISYHFORS Vs Mh)HiEanE (9T frmeditaatiing firlehstmodubaiircell witfrsaighexpression

vector, and (D) means for expressing said polypeptide from said expression vector - 3 -
. TESpOnSE. :

In another asjnéct, the;e is provided the use of the vaccine as defined above, the
eXpression vector as defined above, the host cell as defined above or the compositién as
defined above fdr the manufacture of a medicament for the treatment of a disease
associated with a VlmS '

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

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

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

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

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

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

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



whereinsaid polypeptide is presented or displayed on the surface membrane of a baculovirus. Also
“disclosed is a vaccine for the treatment or prevention of a disease in a subject, wherein said disease is
associated with an avian influenza virus, and wherein said vaccine comprises an expression vector
comprising a nucleic acid encoding a hemagglutinip 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. The avian influenza virus may be an H5N1 subtype of avian influenza virus. The expression

vector may CQIRRESe @iasHovemsiexiy assiniveaier diptabad ubnyithis exfiessimembeis may be
pseudotyped with a vesicular Stomatitis virus glycoprotein. The expression vector may further

comprise a ph?ﬁ%‘?éqmﬁhe promoter may comprise an iel promoter from white spot syndrome virus.
The promoter may:heiprEsbly Jipkethdgdhe nucleic acid encoding an antigenic peptide. The

hemaggintitin g e%tlde m %’ gce%g ri ean mmg){3 q&%%ng&%&%gnfm anHoNL %gﬁg@f aV|an

influenza viru a vaccine for the treatment or prevention of a disease in a subject,
wherein said wiseanezidasidhiance mmamé\mrmﬁu@m&a’me SATRVIREFC R SERTPRENEFmprises

an expreSS|on vector comprl (%@dn%ﬁ!:%&ﬁ,plg tinigpeplisenansk(andd
promoter from RS o?syn rome virus operably linke the nuc eic acid encoding a hemagghitinit

peptide such Maggh@m@am@ﬁﬁg@‘mﬁﬁﬁ?% e @B%P@%%é’@%@r ﬁf:@)@’r@%n vector in said

subject The subject may be human, avian or poreine.
The aviap influenza virus may be az SN subtype of avian influenza viros.
The expression vector may comprise 2 baculovirus expression vector. The baculovius
expression Vectdr may be pseudoty?ed with & vesicular stomatitis virus glycoprotein.
‘The expression vector may further comprise a promoter, The promoter may comprise
 aniel promoter from white spot syndrome virus. The promoter may be operably linked to
the mucieic acid encoding an antigenic peptide.
The ‘hemagglutinin peptide may COIMpPrise an amino acid se:quence usnve& from an
H5N1 subtype of avian influenza virus. :
Algo disclosed is a vaccine for
the treatment or prevenﬁon of a disease in a subject, wherein said disease is associaied
with an avian influenza 'VIIUS and wherein said vaccine compnsas an expression veotor
comprising:.
(a) - -z nucleic acid encoding & bemaggiutinin pap‘ade, and
(b') an iel promoter from white spot syndrome virus operzbly Iinked to the
oudleic acid encoding a hemegglhutinin peptide '
such. that it use said hemaggiutinin peptme 15 expressed by said expression vector in
szid subject.
| Also disclosed is an expression
vector, wherein seid expression vector comprises:
(&)  &nucleic acid encoding m mlﬁgenic peptide; and
(b) an el promoter from white spot syndrome virns opersbly linked to the
nucleic acid encoding an anfigenic peptide
wherein said antigenic peptide comprises a hemagglutinin peptide comprising an

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

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

prevention of a disease in a subject,



Also disclosed is an expression vector, wherein said expression vector comprises: (a) a nucleic acid
eaaconing an antigenic peptide; and (b) anpromoter from white spot syndrome virus operably hut- ad
to the nucleic acid encoding an antigenic peptide wherein said antigenic peptide comprises a
hemagglutirdn peptide comprising an amino acid sequence derived from an H5N1 subtype of avian
influenza virus.  ~ Also disclosed is the expressiorfvector as described herein for use in the
treatment or prevention of a disease in a subject, - 4 - wherein said disease is associated with an

avian influenzandsis, mmgmlyﬁsgaﬁ@%%wﬁﬁ%em%bﬁ I%e%é% fagector in
e

said subject. Also dlscmse%il)?ﬁ] host cell comprlsmg the expression vector scribed above. Also
disclosed is a%%8 BRI AP G SEPEeT BRI aE Enbaié Idiastirom " the group
consisting of the yagcine, the fXPfes su? vectr%rmor he host cell as described herein, together with a
pharmaceutically acceptable carrier, ore C|p?é‘::}r{l]f’relsﬁlgnc‘b‘f’ﬁ]iﬁro@ﬁSﬁ‘frmWBﬁ‘ffbnalIy comprise an

adjuvant Also disgloged Js. vacgl mprising.the expressmn vector, the host cell or the
composition as described herein fo?%]%%tlre%%%m “Orprey B e PR T SiEtiBfePtherein said
disease is as<BTERE ﬁﬂ?ﬁ‘%ﬁ%@/ﬁ%ﬁ?ﬁ%ﬁzg‘?ﬁ%@eﬁ}% thisslosedt ibahoetieidd@escribed herein,

together with a pharmaceutically acceptable carrier, diluent or excipient.

The composition may optionally comprise an adjuvant,
Also disclosed is a vaccine comprising the expression vector, the host cell or the
COMpOSition as described herein for the treatment or prevention of a disease in a subject, therein

" said disease is associated with an avian influenza virus,

Also disclosed is a method for

modnlatmv an immune response, Wharem said meﬂm& comprises administering o &
sub_]r:.ct an effeciive amount of an iImmunopotentiating agent selected from the group

consisting of the vaccine, the expression vector, the host cell or the composition as described

herein.

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

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

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

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

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

_composition as described herein for the manufacture of a medicament for the treatment of a

disease associated with an avian influenza virus.



modulating an immune response, wherein said method comprises administering to a subject an
effective amomt of an inimunopotentiating agent selected from the group consisting of the vaccine, the
~expression vector, the host cell or the composition as described herein. Also disclosed is a method for
“the treatment or prevention of a disease associated with an avian influenza virus, wherein said method
comprises administering to a subject an effective~abrount of an immunopotentiating agent selected
from the group consisting of the vaccine, the expression vector, the host cell or the composition as

described herein,, , Also q%@s&@&g%m@ thenvwaesing H&g@x&rg@g@yggt@l@e@g Hhast cell or the
composition as described herein for the modulation of an immune response. Also disclo %d is the

use of the vagéiivet thbeesp Rt G RsCO PSRRI S LR IFD AR éﬁ?ﬁﬁ’ﬂfé’lt?@%é“@e%‘ﬁ{%ﬁ% h for the
manufacture gf.g-medicaraantdontheestneatef ddiseasd associatgdsivith andeiapeirifuenza virus.
-5 -'In another aspect, there is provided a kit for use in treating or preventing a disease in a subject,

wherein said disease is associated With.a %\ggﬂrj@fg@m%&nﬁgg{&wherem said kit comprlses the
vaccine, the éxpression vector, the host cell or the comp §|t|on as gescribhed herein Brl Descrlptlon '

of the Figures T'ﬁ'bﬁmm‘tm\?@m@h%ﬂlw DscieReEdie PV WA STERR 5‘1 %m?;‘r]l errg?erence to
the f0||0WIngtgqy£%noﬁiggrﬁ tg;onstructlon and production of recomblnant baculokuses (A)

Schematic representation of the genome, of vAc-Bacmid vA nd VAC-G5- q?ﬂﬁd VSV G
or HA expresaoﬁiglﬂﬁée@é%‘%’r@ﬁ%@?ﬁe m{)%#? Fﬁgnlo am%ﬁrougﬁ %e =specific

transposition-grRplayinga Bﬁglg)@géﬁysstﬁmp(ds};smqlumdmmﬂ miSsCeElls. ifbetdasiath
vAc-G-HA as indicated hy white arrow. Im es were. ]gg% E:degr11 %}5 qgggg tﬂ@aﬁlﬂe step
growth curve¥ S¥abh & WP&BP@S@?E% & Mean va ree mdﬁ% infections. Sf9 cells were
infected by inglivightalfir st MOT i g a Baute-BaChzrscte Batimeripmdiapnaios Bh the
surface of ba ) | ifi ﬁé@@gbﬁﬁg&@tHA
particles. Pu%&%ﬁf%ﬁég‘é@rveé— as a p%ﬁﬁSﬁé@’BfUﬂﬁe e 9&1&@%

ositive control. Lane 1, purified vAc-Bacmid virions as

negative condlh Ipm ﬁamﬁﬁ@mdﬂb&@p@ﬁ&%?ﬁh/mﬁaﬁléﬁ@ PRICEFRTRIPR T REBBO; lane
3, complete VAe-G-HA tons, lanesd. tatal cellilasexiaisdeninidsall vintaatedwithvirhe-@itiA; lane 5,

total cellular ex rac S rom 519 cells'infected with vAc-G-HA; lane 6, complete vAc -HA virions, lane 7,
purified nucledsidsSirom.vAcHA vinous treated with Triton X-100. (B) Membrane-association of

. VSV G in purified VAgarlA. W&M&mﬁgmmmﬂma&mw@;s vectors.

Honaggbltlnatlon act|V|ty of HA-djsplayi %I?; cuIOVLr S Trﬁg yggsﬂ%@mned
using serial tA& saﬁf“ﬁtﬁ%? % énﬁxl'bae?c esan gn(?g%o suspenzlon of chicken -

erythrocytes MSMWEME&MQ@MM ofrtr@l. Lans 1, purified vAc-Bacmid virions as
pegative control; lane 2, purified mucleocapsids from vAc-G-HA virions treated with
Triton X-1 0_0, lane 3, compiete vAc-G-HA virions; lane 4, total cellular exiracts from SO
cells infected with vAc-G-HA; lane 5, {otal cellular extracts from ST cells infected with
vAc-G»ﬁA;. lané 6, compiete vAc -HA virions; lane 7, purified micleocapsids from vAc-

" HA virions treated with Triton X-100. (B) Membrane-association of V8V G in purified
VAC-G-EL&"pafﬁcles. Lanes 1-4 were the same samples 2s in (4). (C) Hemagglutination
activity of HA-displaying baculovireses. The hemagglutination titer was determined
using -saxial twofold dilutions of purified vAc-G-HA particles and a (.5% suspension of
chicken erythrocy’tes per test well with a starting dilation of 1:2.

Figure 3. (A) and (B) Tramsduction of the HA gene by VAO—G-HA. MDCK or Df-

1 cells were transdnced with vAc-G-HA at a MOI of 100. 16 h later, the cells were fixed
for an IFA test or harvested for Western blot analysis. (4) Fluorescence micrographs of
transduced mammatian cells in the TFA test with 2 HAl—Spsciﬁc monoclonal antibody.

- Arrows point to positive filnorescent cells. The fluorescence signal was detected using

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



Figure 3. (A) and (B) Transduction of the HA gene by vAc-G-HA. MDCIC Df1 cells were irangduced
with vAc-G-HA at a MOI of 100. 16 h later, the cells were fixed for an EA test or harvested for Western
blot analysis. (A) fluorescence micrographs of transduced mammalian cells in the IFA test with a
11Al-specific' monoclonal antibody. Arrows point ta gositive fluorescent cells. The fluorescence signal
was detected using inverted fluorescence microscopy and the images were captured by a digtal

imaging - 6 - system. (B). Detection A.in.bath transduced cells thrqu estern blot assay with
AL seru oD MR B o e HAB S £ i e o e e N
virions as positiveldéitsetn(C) QuarijfivBICK akithidak Axtraste date displéyle detinluA cxGabiAluntohs

through antig ?i@&”ﬁﬁh'%‘tgﬁ’ﬂ ified oG o, guitieadion,and;amanedenakanibadywee used

as detector and capture antibodies, respectively, In the assay. 10-fold serially diluted HA' protein was

employed to c8isatayet LLBtaHufHdaireatichretgbeandigtpwipture BEFA-4PpaYiahtigbhiEdRalysis of
VAC-G-HA; A GiaHBa 0535 iG® AMKAMEDI e uiibamIUS RGBS IR MiSh YA Saphbfe RaisdesssT WO
control mice (ClI and_C%_%,wer to in'ecﬁd in h egual oa&%ﬁ: putritied vAc-Bzcn%%d virion%.gThe
induced antibdBP Y THoMRAPEAOE ISR A EIA| FHBtE T ROLEEISE A/ES SR SRR s are
expressed as theandadh Qlasdtificetioa ofdd & dioted sera. (B) Serum Hl titer for mice immunized with

Ac-G-HA. The HI titgk i ] INt-i ld dilufi ' . tigeni
analyas of HA il B B he e LI b S od with

VAc-G-HA, vABEppusaiavatEdadsi witR8A g HACTREEASR Thaw kandis). mise|6d lserd e Barristes from
each groyp Werg.tesiariay B Auithp wr s A Proleincrates as the.cantuEe ARligeLResIIts are

expressed as the mean absorbance of 1:10 diluted sera. (B) HI assay and neutralization assay for the

pooled serum BERREIRSHiAMURITEH i AEOHE FARIRE AL B S8R SHH B EFPEESH two-fold
dilution of seraslththadaaulsadizakan aSsay, diletédectal qBrSaha HiDHfMlidd hbdtmnvedenitixed with
an equal volume of vi duent containing influenza virys at.2 x 103 /ml. The presence of
el ot waB RO e oL R SRS s P 8 B o S b uralzation
titer is expressed as Figumdp it fntipemierabintiohH26dbwlnigbacubevivecs HBiein Siveneoh
‘comprising” 15ans REw diGRERGRAY A O hECRe sl RCIeNG AN haTReR VSRTATRRC! the

) "corggfrlses", have correspondingly varied meanings. 30As

word "comprisin%; such as "'comprise” an
used herein th&feis-Basatidginahadurlmiented srrm sryRirt Bre ashyeRR SFREuyFE <oRYition or

symptoms, presEIsAheisibiEmnieat okagandiien o iseaseronnibaivissevenixpiaded, setard,

vy whatsoeuBF o R B R SRR GG A S RS e

non-toxic 35 bptaleffistewtmaopies dfam iagemisedongeolihe 1 providetheessedine thefbadpoiiarexact -

7- 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 % 10° TCIDsp/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 “ireatment” refer to any and all uses which
remedy a condifion or symptoms, prevent the establishunent of a condition or disease, or
otherwise prevent, hinder, retard, ameliorate or reverse the progression of a condition or
disease or other undesirable symptoms in any way whatsoever.

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

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



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". Hgwever, for any given case, an appropriate
"effective amount” may be determined by one of ordinary skill in the art using only routine
experimentation. As used hergjn, the terms "pol tide:'. "peptide;. and "protein” arg use
interchangeabqf}l?miéfgﬁ?g% p%@né’%f%}rﬁn%l giéépr?éps%lg\]aésdgggp% rg‘érr?gn gf&\?gsriagﬁ%sl, Ef’étsngilggues,
orthologues ospevins logue sréhted oheT hgs atite genteainsoagislpb ofhths ankisotickekpysaitimdrém which
one or more aming Acid esidyes;is a gunthetic.pan-HalalyaCcHERg AR ARISUSR,AS chemical
analogue of a corresponding naturally occurri# amino acid, as well as to naturally-occurring. amino acid
polymers.  AgdpsisiFFien 2ie R & I ol doiR b o iic 'RcRpesiy (e HatErcHE ¥ Ebly and
designate;a malasine COMPERF 0B a0y Bk Neiske OlislegRbpiealigefsioatidedintt adyagament
thereof, includéi%%but n élimited to%NA OSE(J. NA#ud otides ar combinations the{%of. Within the
scope of the t ?ha,nﬁpoofl)% Bﬁ]a'e [Ebgb (ol ”58}§r?uc¥e160tlf’ &* SHB*RugIeic atid" as used
herein are fragmekss aed Vhaeiaiis thercofpinclmiypdpidatyt [ipiiied revdrsthodemplintest vied
antisense f Of”fateorfcf%% QueleRles 30 AL ARS8 108 180R.JANNY IBIREHO Prrignts

polynucleotide or polypeptitle sequence ncodes a constituent or Is a constituent of a full-’length

protein or genanalp gapsPBhetrepes ool amect deprroht Wuy plbsse Jerauafitalv & Hib g aactivity in
common yyith thesfulliiengthinraieish The rmonasianic asidsreibeseins refeyadesystantiathtisimilar
sequences. Generally, 25 nucleic acid sequence variants maé( encodergoé}i;)e tides which-possess
qualitative bioREEAIEARIBPAKbIHADAS é@%\%‘fﬁ}%&%ﬁ%ﬁ & QUTRNRE B R N P G Bossess
qualitative biolggigalsanl)juiiyvislicarmmaturHiytberties erpoly pejdtipid seeence variants may share at
jeast 50%, 95%. AN PRG el the fortts 30U Rl a0, PRt BVG A Y. U2 R felh-mRABIGNCE
identity. 30Further, a'variant polypeptide may include analogues, wherein the term "analogue” means
a polypeptide widiclsigratterivalsaisfaporiistisss poiypepradsotidasirtan vligoaustinbfads addition,
deletion g, substiiionpiane ﬁ%ﬂ&?%%ﬁﬂ'%t%&ﬁ%&ﬂﬁﬁﬁ?@b%ﬁ@%%%é@@B&lﬁb{h&i@ﬁﬁa'|y the
same function asthe native polypeptide from which it is derived. - 8 - As used herein, the term
"expression véBdrieans a nucleic acid that has the ability confer expression of a nucleic acid
fragment to whichsitiigigpesabhpliniedeitetmectipoienilirgR BypreRki pyptiekt, Viithindbleataietext of
the present invention, it is to.he understood.that an expression vector that compri I fer as
defined herein%qayngglgcaaﬁfgsr%?dl,mgact}?g?%%r%%aeﬁ,agﬁgea%esmafl : gglél%ll% rﬁ?ﬂﬁéogj%ﬁﬁg%p?ﬁl%enomic
fragment, or oibmitedisiety astccomplinentanshantisvisg farmsorf rpisatiegtitaeroibgetia ©addsn an

expressible formagghauld iche intrpdiged e fogrlhcibnigsed fatgithihe esmnapaiatlydinked”
refers to transcriptional and translational regulatory polynucleotides that are positioned rel?tlve toa
polypeptide-erfcSaRfituent or is a constituent of a full-length protein or gene. In terms oI the

polypeptide, the fragment may possess qualitative biological activity in common with the
fuli-length protein.
The term “variant” as used herein refers to substantially similar sequences. Generally,

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

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

it is derived.



ro polynucleotide in such a manner such that the polynucleotide is transcribed and the polypeptide is
translated. As used herein, the term "promoter" includes transcriptional regulatory sequences of a
genomic gene, including the TATA box or initiator element, which may be required for accurate
transcription initiation, with or without additional regglatory elements which 15 alter gene expression in
response to developmental and/or external stimuli, or in a tissue-specific manner. In the present

context, the term "promoter” is also used to describe a recombinant, synthetic, or fusion malecule, or
derivative which A6 barsitatle SranRmesdhy ?ﬁ%’i@ﬁw&?ﬁgﬁé’fgiﬁa{#& e b%(l)? Which it is

Oletufe
operably linkeghn@aceyiisk eneddesmal pieptite fAQAsntsedwidohit; thempnbellakidnimawetizer virus”
includes any virys.causing or. suspected gf.causing a disease i | i | t:nqt, lipyited to
avian, porcine 8t Hmhe asgfg&ég Fﬁﬂ&arﬁhﬁ’é‘ﬁ @gigﬁﬁﬁﬁgeogzgl {gli'ﬁg%gléi%dgﬁ)g@ g 133&5 %gf) ag%an
influenza viruspifwchicidghztencrlimikentvasipe thatapatistypenoraskir i s may Rcluding

but not Ii@ite%@g#ﬁ%p&%tﬁogﬂag@gﬁg@ﬁﬂﬁNésﬁ{@&{ phiZ Bk b iinod Feask| @it )or AS

used herein, ase "disease associated with an avian inf[ggefnza virus" means isease,
disease state @hefisaelsiccagidetrpAPl b SHRmHRG REnCR iR TTeND T RIREOUS &8 Rrein, the
term "modulatingraadiae fisedtishiirtieBd maodovalirgorespnnse 30 means increasing or decreasing,

either directly or indirectly, an immune respon inst an.antigen. Best Mode. forming the
Invention  Th e%ﬁ&’@ﬁ‘%gk?grﬁﬁvé%é\%%p%%f@g@rﬁ%ggcu leSelszrfgg(% %ﬁ%ﬁ/%t%% ,%v%ﬁ%%%%ular
35application fegdispiay ebmembkitesy frdprsteipssitonedcirdstive particubalyn@idosendngg - have
demonstyatec i, aRplGplI0nof 703 HSNIYS S BSSII0. ISHh B8 AU WIS R R0t

influenzaleirugﬂ%ug. synergistic surface display and gene transduction of the viral hemagglutinin
(HA) protein. Phiyedfititaisdispstaiedt inununodominant viral membrane HA protein on the surface of

recombinant baculgyjsus ialeng withthe oM &S prakedes eenterpaomaiaativantisgménceacdaation
strategies against influenza virus,, In r%jd i ?ag) 9gplication of this batcul viﬁus expression Sygtem as a

X a

vaccination ve2tBPifessie MehiRaias RS AR AR S BB e 8410 haratieride 1 e.s{ructu re
and function ofawigle vatietiptibuiraltntonbraith ghy ovifroteinddionr itmietmy otlobtwsievkigiomoter
from white spot syndrome virus, the HA gene xe of:H influenza virus was.efficigntly.exRiessed in
both insett an%ﬁtr%aﬁ%%@laeﬁgﬁeﬁse} gﬂlsfﬁs&)g%agu%ﬁ?géh ct%nrs. Concu?rent display of HA with vesicular

stomatitis viruspgisiSeprowmiardio e nsermst eraterhicibadyreT [nremepy s Hascust i dfailtice. The
partially cleaved B Brateinwas-Aisplayedan higesuréacs oferaulayinisckhesaly comievarrg viral

o mice st ENERF R ERIEREo A BARLS Eh FRAE Gt Gh - GRS TOE: Ths
baculovirus exgiesgsiaiRaystepehirikefore harbors the antigenic HA peptide as a structural protein and
sustains tzr{])e abilit}ﬁxgones)é rﬁgrseﬂrl],etﬁg %t}ixcrle?séhag% VR SADRANC R udes any virus causing or
suspected of cansing a disease in subjects including but not limited to avian, porcine or
human subjects. In particular, “avian influenza virus” includes all types of avian influenza
virus, including but not limited to type A, and all subtypes of avian influenza virus,
including but not iimited to subtypes H5 (in particular H5N1 and H5N2) and H7 (in
25  particolar H7NI).
As used herein, the phrase “disease associated with an avian influenza virus” means
any disease, disease state or disorder caused by or associated with an avian influenza
virus,
As used herein, the term "modulating” when used in relation to an immune response

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

an antigen.

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

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



20 Methods, kits and systems for presenting or displaying bioinolecules 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 limiteto 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, a membrane glycoprotein. Accordingly, in one embodiment, the present invention
discloses méthueldekitnsiraiesy e ppplsaiorche PIEBIGUHBH MPBHIHRNSHEED 45iSp A BPRERfrane

glycoproteingeJhese mehatulbis A YERES Hakuzetnboau usbasesiagaidisplay 30
systems exemplified Rerein in relation to produc_tio%ﬁgea accine againsy, strain Hff?Nl avian influenza
virus. Howevef e demesl e GHHammoltny eﬁﬁ&?}ﬁﬁéﬁ%a tHATIHE it and
systems for \@ggiBRusquGiioin ol virgsstitacef dispimpintn dahtariens) ybon otétin shar¥ $tGimited to
production of the vaccines disclosed herejn. Accordingly, the entj i rQVi ods for
oresentiny oP A HE & Jo et e S
nucleic acid eddutingesajplsijoe pfdeiiecal pecioviniessiopression At icaiidmsiisaindieulovirus

expression Ve, GBI R4S ALaaolsk LR e sRAAYMIRTAN Y Sicn D ATRIRgHAD at loast
sald e

one host cell wit xpression véector; and 5(c) expressing said polypeptide from said expression

vector whefSia widg pempbeplivkampsebamme SSFWEIEPEd on the surface membrane of a
baculovirus.  The,peesRabinRNETIHIEs RiAvise Soystenits fpopseséniing drdshiajingsane
o & bebulo i Sl BRSBTS SE VRS RRLTOTL Craroiioh DB aaa o e
promoter fromsivigjtéamiéEymdraetervirmetrmh etiss fpr efaHefevtithy wesiculer oientmiscairwgith said
expression vegtor. and. (e} Me30R[Y" RARIASSIAG, SidROBRRYLS iR ~aidwxaraasien vagior
partially cleaved HA protein was displayed on the surface of baculovirus, thereby
conferring viral particle hemagglutination activity. Intramuscular injection of the purified
15 HA-displaying baculovirus into mice stimulated the production of antibodies with
hemagglutination inhibition activities. This baculovirus éxpression systern therefore
harbors the antigenic HA pepﬁde as a structural pfotein and sustains the ability to express

the peptide through in vivo transduction.

20 Methods, kits and systems for presenting or displaying biomolecules

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

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

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

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

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

35 polypeptide, wherein said methods comprise:



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 wherein said
vaccine comprises an expression vector comprisirlgla_nucleic acid encoding a hemagglutinin peptide,
such that in use said hemagglutinin peptide is expréssed by said expression vector in said subject.
The subject may be human, avian or porcine. 25The avian influenza virus may be an H5N1 subtype of
avian influenza vittlsnTrengxp ressitn eictenendinscuiprxd admidsdvirus RpHOSSIOR GEBERIFIThe
baculovirus expressionyesiQLMeY-BR PERYEOYRSHNIb.R Y esiGHALS BMaLilsotsS dhkpRmtRIN.

The expression vector may comprise a promoter. The promoter may comprise an idl promoter from
white spot syrilSHEHRRE TR promoter may be operably linked to the 30nucleic acid encoding an
antigenic peptide (b) FhefennageletisioRapiidednay hoaiprispraniamiratagidmequence derived from
an H5N1 subtype,qf avian lnfluer&za i“és'ti datggr% Qg&e(igygtr@ée(}rgi‘([)n t%Iso provides vaccines comprising
the expregsion ve(g P KOS B &S Pégrﬁ’po& lons as herein (}escr?ﬁeé, for the treatment or prevention
of a disease in a $5sujestidvhelginptiaicl Higeasmisiassolikplesed/itn dheaviufrpsiveminaneus! a
Expression vegfars and.host cells  The present invention also provides expression vectors
comprising a nucleic acid encoding an antigenic peptide, wherein said anti%%nic peptide comprises a

hemaggiutinin 5 pEjtidEcEsHh pRYReM & aRievadtiuaneEBR B dEiFIERSH SR LisalBE Sf avian
influenza virusolypeptide, wherein said systems comprise:
10 () a nucleic acid encoding said polypeptide inserted info a baculovirus expression

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

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



The present invention further provides expression vectors comprising a nucleic acid encoding an
antigenic peptide, for use in the treatment or prevention of a disease in a subject, wherein said disease
is associated with an avian influenza virus, such that in use iosaid antigenic peptide is expressed by
said expression vector in said subject The presea t invention also provides host cells comprising the

expression vectors as described herein. Compositions and hnnzunopotentiating agents 15The 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 carri ilyent or excipient The immunopotentiating agents may be
formulated in%%%%sgzrﬂg)ggflc;g g’é‘ﬁéﬂ%g% %g 20 salt forms. Pharmaceutically acceptable salts jnclude
the acid additioriTsaler¢ieniniy wterr alsaPTAVIdND GERIFHNE AR ) PTG IR &S hith
inorganic acigécggﬁjggﬁ, 498 id Graskiaricier Resphosipagidsoanstshdrganighdida such as
acetic, oxalic, tartaric, maleic, and the like. Salts forme W,ith%rg free Ca[-ﬁlr%%yl %?#PS ma .%Ilso be
derived ffomBABHGSREBREEE, T 288 WA FHRRGH MY Fo AL, ShimoRiumt 25calcium, or ferric

hydroxides, apghsmeh@rganic basis as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine,

procaine, and the like. In general. suitable composif mgy‘ggtgggggﬁﬁgi% rdingiia.mgthods
which are knowr t6 rggeéﬂo gfd}ﬁg?ﬁi%lgfn%%%lé%tga%gﬁay include phar ace%ct)ical_ly acceptable

diluents, adjuentirenaionégsisie peptifhefanwsatn depuvertmenh PeRENRINEIN S FES5Ec_ptable”

in terms of b%ubge%ferm@m%esmmm&tmmgw@m%%ma vivg, Retileleteriaus to the

recipient thereof. Examples of pharmaceutjcally acceptable dilyents are demineralised or distilled
water; s#fline Sif AR RIS EM&?@&X&?@?@%%W%&?IW&% ofi¥% oil, cottonseed oil,
maize oil, sesampneils-&ieshiasagenuilqil psafitueiosi coliveaitpesitantecekpitssiaizeesihsesame oil,
arachis oll ori%%(:q%uéﬁg; silicone oils, including - 12 - polysiloxanes, such as methyl polysiloxane,
pheny! polysifsR&He” rFilfé‘thylphenyl polysolpoxane; volatile silicones; mineral oils such as liquid
paraffin, soft paraffin or squalane; cellulose derivatives such as methyl cellulose, ethyl cellulose,

carboxymethylgelluloss, Sodipm. saipspomnBimgeige Or

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, diluent 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-ethylamino ethanol, histidine, procaine, and the like.

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

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

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

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



5 hydroxypropylmethylcellulose; lower alkanols, for example ethanol or iso-propanok lower aralkanols;
lower polyalkylene glycols or lower alkylene glycols, for example polyethylene glycol, polypropylene
glycol, ethylene glycol, propylene glycol, 1,3- butylene glycol or glycerin; fatty acid esters such as
isopropyl pahnitate, isopropyl myristate or ethyl olegte; polyvinylpyrridone; agar; carrageenan; gum
tragacanth or gum ioacacia, and petroleum jelly. Typically, the carrier or carriers will form from 1% to
99.9% by weight of the compositions. Most preferably, the diluent is saline. For administration as an

injectable sol RS BPXARSEeTadh 28 omstiic privalrsrans, aaptanr milverre srdameiyiiitiude,
Ringer's Solut%smyga ReCRAMTTIONEesie; (MaTalisstioniccalingophbsphdie byifered-saline; ethanol
and 1,2 propylene, glycol. Some_ examples of suitable carriers, diluents, excipients and.adjuvants
for oral use inﬁﬂ?ﬂl@%anﬁ%%}?ﬁ%uigeﬁgﬂi‘%ﬁs, SOt ﬁJ'IJh caasrbor%?ﬁ%gthy?gg 198%e, %nglggﬂﬁlllggéé, sodium
alginate, gum acbaigrgtinyltraidcsnth, dextrossiismcrose, sorbitdloxyrustidteelashe and lecithin. In

addition ”s!eSegﬁé%&%é?%@&k?&ﬁ@é%ﬁxﬁ%ﬁﬁ%ﬁ%ﬂ&ﬁ@? (po ARk £0'eHAge B0eiS-UhRs,Used in
capsule form the capsulés may be coated with 20 compounds such’as glyceryl monostearate or
glyceryl distedpatervaidkeaeley laremteghalbrlenagitcals otylauanalkyitee Sxroieis, erttiifiers,

ickening agGRISERESCalSs, baseisides andufcing, naen ayiolcfopyiador ggabadmpistation
ers

may contain bin acceptable in human_ and 25 veterinary pharmaceutical practice, sweeteners,
disintegrating HYEIFRS & s‘?rﬂ&riyc?ﬁﬁﬂbgf‘%aacﬁﬁ% PSR 5re SSrEaRTaRY %ﬁ%&ﬁf&&ﬁ%ﬁ' e delay
agents. Suitabie/hinste sy istlvidel e mipdiayigetativac cogarstamchzguam;tnna tagtitastdarpualginate,

carboxymethylcellulos%oré ggﬁgﬁnﬁggggﬁgl{gggﬁgﬁﬁ Qsi%ﬁgjsgo%l#é%?ﬁl}y?g | g glucose,

aspartaml(g or %%a&:ﬁaaﬁng uit ratin agents INnc .e COI‘[‘] . tarch, met e ulose,
polyvinylpyrrohstonaghiueli thernxpesitiansgMastusatersedy.dhssldussidoielinar. Suitable diluents include
lactose, sorbitol, marigiteh dexirase.kaqlihicalvlesaicaliiun calpanats; i silicareagicalcium

phosphate. Suitable flavouring agents include peppermint oil, oil 0 .Wintergreen cherry, orange or

raspberry flavaERES REBRIE TR ATE INCude SoRHErSolES B2 SR ENERSS and/or

methacrylic agijiemy/aotbait egiaes pisbatddiiffatedhiiaezeinusetldd arpgbpteione-glcolSuitable
preservatives inclyde sodium beni.o%té%b itamin E, alpha-tocopherol ascé%laij% 9%%, F&?@%ﬁ Qgraben,

propyl pataben o ggbqu%aﬁ}gb%kﬂ ¥ ¢

2 IS ents, excIplents an :
e NS0Te Ubrcants ncld e%agnesmm Stearate, stead acid,
sodium oleateirsbetlanpehivridé ofitaltl [ieaffitoneditor crabadmiatbiieibnlenay wettaieentessdition to
the above agepfs, 2,5 ighid capinl- auitablediquidhcacriens inclidayvalien ols sishas pliveied, peanut

oil, sesame oil, sunflower oll, safflower oil, arachis 6il, coconut oil, liquid paraffin, ethylene glycol,

propylene gchﬁﬂl,aﬁéﬁlétﬂﬁy}r‘éﬁ@j&fyé%I?@ﬁ%}%%@%mmyﬁ%@al??m% Brigtene

triglycerides oA dbiggiherectnBiusyansiansifon ermisatimivisir dtio papmaieiurther worpitiad digpersing

agents and/or
20

compounds such as glyceryl monostearate or glyceryl distearate which delay
disintegration.
Adjuvants typically include emollients, emulsifiers, thickening agents, preservatives,
bactericides and buffering agents.
Solid forms for oral adminisiration may contain binders acceptable in human and
25 veterinary pharmaceutical practice, sweeteners, disintegrating agents, diluents,
flavourings, coating agents, preservatives, lubricants and/or time d.elay agents. Suitable
binders include gum acacia, gelatine, corn starch, gum tragacanth, sodium alginate,
carboxymethylcellulose or polyethylene glycol. Suitable sweeteners include sucrose,
lactose, glucose, aspartame or saccharine. Suitable disintegrating agents include corn
30 starch, methylcellulose, polyvinylpyrrolidone, guar gum, xanthan gum, bentonite, alginic
acid or agar. Suitable diluents include lactose, sorbitol, mannitol, dextrose, kaolin,
cellulose, calcium carbonate, calcium silicate or dicalcium phosphate.  Suitable
flavouring agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry
flavouring.  Suitable coating agents include polymers or copolymers of acrylic acid

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



io suspending agents. Suitable suspending agents include sodium carboxymethylcellulose,
methylcellulose, hydroxypropylmethyl-cellulose, poly-vinyl-pyrrolidone, sodium alginate or acetyl
alcohol. Suitable dispersing agents include lecithin, polyoxyethylene esters of fatty acids such as
stearic acid, polyoxyethylene sorbitol mono- or di-ojeate, -stearate or - laurate, polyoxyethylene
sorbitan mono- or di-oleate, -stearate or -laurate and the like. 15 Emulsions for oral administration may
further comprise one or more emulsifying agents. Suitable emulsifying agents include dispersing
agents as exeTAPRAEIPABSTEEY FaibrmdsuTAistcReag tiar Gamin dm 2iebe i eyl ayaifith.
Methods for psgiparinghgarenieeallypAR pistia e eatositispsfiR-anpaiesk itthnaatskiladds the art,
and are described in,more detalil in, for example, Rernington.s 20.Pharmaceptical Science, 15th ed.,
Mack PublishiR§eEoHHEAMY: 31%?1?@5“.?@?% mﬁlﬁgeil)er%g’rS? %?é’r‘i%%’ét#érein. The composition
may incorporate amuilifainle furfaetadnsuitratioa ey enitatgtioriddiiooiteielsuréagganis sach as
sorbitan ester g palyerelivlans sieivpiierIDgERlSUSREN g a0Rs SHGD 8, NAlkial s

cellulose derivatives or inorganic materials such 25as silicaceous silicas, and other ingredients such

as lanolin, masesies B, isenigacer obralBewesalimrchs siterrranit dbdingd aarpEinse@densctives in
the preparatio )Qfom BRtentisting SIOBARASHIO B oot CHHRERD AFANNMRMS eSHRIBRINEIAAMS: known to
persons skille§|n the %&?ﬂs& sg)ch cor_nposigilc?;lsgre prepgégéd%z injecg‘?lgés, eit%ter as liquid
solutions or s %‘&ﬁlﬁ%%@? Sy e é’ﬁﬁ?ﬁ m in, or suspension in, 30 liquid prior to
injection may als@ippdgémaredr the plegaiaticivmmeplSotheremmisifieddifjeesagtiveamsnamiigenic
ingredients are often.mixed with.excipients that. are rmageuytically ac tgl&ilg [ble with
the activéoingrséla?éeﬁ . qgﬁﬁ%%ﬁ%%ﬁ%éﬁﬁ%tra%c?rgg%«sc%?&l%égS{%o(%%l m%%o S g@ g}ggfé%\%%%%ntion,
vaccines and MQbsﬂﬁnsmia@mmﬁmﬁm&@&W@ﬁMWhﬁen%m@ma@ﬁ@ionalIy
or locally. Thepagieiaianie daanbiEiaiandoausedinensaieelpinsianes Wdepend on a
e

number of factors, including the nature of disease to be treated, the seyerity and extent of the -
disease, the r&{Hisddd s8R aOTERE TAde DRl ROFRIDL IS DB} BATRT QA dirRiGHE: ptemtia Cide-effects
of the desiredivaeeé) 86! 06:0RMgRSIHeOMHitarhobaxasR R0 Itatil Ctitasianseantats aritlithecitired that
appropriate concentrations qf the de 'red.vt? cines or %%gﬁ{)ositions.are deliveredredirect .fo.the site to
be treated, 10 a%fﬁ??t%ﬁo?ﬁrrr%y bael%leﬂgnl%naa Father than sefls?gﬁiﬁgsﬁé’é}ﬁ)r?gl Raminietration Erovides
the capability afaédivEntaplemrivigifiioegakgenedndationtipethiogliegaws sncsimepidredoshpusitions to
the required sjtg. ang ggﬁéfg@@%f%gﬁcg&(ﬁym&eoggﬁwa%ﬁﬁ%utic or preventative effect whilst
e

avoiding exposure of other organs of body to the vaccines 6r compositions and thereby potentially
reducing side effééRhabBPWATRIFEBLRATIECHIN RISHARTAE Sorameg o wh Ao aRRERRS &t theSfhvention
may be achievgfiiby anyistapdarshioutesdiRcHKbD g FasRVEa! inilagRsiealnipleaReacatn's
intraarterial, intfravenous, subgutaneoys, topical.qr gral, Infracavitary administration may be
intraperit&%e;}ﬁ %Fﬁ?ﬁ%%%ﬁ?gl.g Fass éid% e%élg‘;’eé& o &a)k]uéi{ss?}%ﬁs%%ﬁ%flrﬁrhgﬁ%%%mn%’ﬁo%%'%’
agents suitablimcorporated by reference herein.

P{tiating

The composition may incorporate any suitable surfactant such as an anionic, cationic
or non-ionic surfaciant 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 also be included.

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

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

pharmaceutically acceptable and compatible with the active ingredient.
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20for 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 ispjated from a subject or a compatible donor.
25With regard to nucleic acid based compositions, all modes of delivery of such compositions are
contemplated by the present invention. Delivery of these compositions to cells or tissues of an animal
may be facilit@egtdsyofidreimisienite bombardment, liposome mediated transfection (e.g., lipofectin or
lipofectamine), elgcironaration, alcimsRhaspRals: orREE: decanmedialassansiacien. ser

example. In an alternate 30 embodiment, a synthetic construct may be ysed as a t?e%rﬁi‘{euﬂﬁ or
prophylactic cerRpesiaesd il Yhemsriide makty s SRIFBLH0H LR n° th&aft. A™C
discussion of ghitRble-gelivery methesismay oeéoued in ShegienchtGURRENTIPREEDGOLS IN
MOLECULAR BIQLO Eds. Ausuybel et al.; Joh iley & Sons Inc. 7 _Editio Internet
site DNA\faccfHﬁ@SH’.% ﬁ%oé&ﬁﬁ’g’éﬁ%%gﬁ%%@ & agr(rﬁl%r(ﬁ%%%%%%y ?ﬁ'%?]{gl%%%lsglv 5 .%%?%%%njeﬂm
delivery) or insathesiisdaserdhtesquitds -dofine steihopmtiodacicnpeusintochie ddiyasdestdbanto a

arget el wil difceepending o0 46 aiepds s & sississyaad can invalve one o more of

non-viral and ¥ira vectors, cationic liposomes, retroviruses, and baculoviruses such as, for example,

described in Mullareramle( 1098 Samstissscuhosion rpaniies Taah srRPRUS FEISRREEHY Rference.
Such methodgigandarldedgn&xampleapoditidical-apalicatandalie sunthetigtpatyrucleeiist; by

injection (Wolff et al., 1990, Science 247 1465-1468, which is hereby,incorporated by reference),
surgical i%ﬁplaﬁ%&ﬁ?ﬁ%@ﬂ&f@’@ﬁ%%e%ﬂ?ﬁ%é eﬁogélnagf‘s%gg TR w?‘élé%t%?lr?ation
with local appliapiigtibydfjeetionrisgroiesl imglaitatbromstillationorodntita dtbissdnesnednast cells
responsive to the pratein encoded by the.synthetic pql ' s, ipdnciease theshegtiveness
of that treatméfit. E?‘ﬁélﬂll}gﬁ?o Car %%sep Bg%%}gﬁgﬁscggr%%%%%?égvat Focag)application byrgikr%jection,
surgical implantativeiistiiaticicor shjlertmsioidagn sxprerphbohsopweractidhe dateditolthe

activity of said prefein o c&nggga%ﬂf‘aﬁé éﬂét@m@)?%v&mahg,mm@éﬁ@e&calabretta atal., 1993,
Cancer 15 Treat. Rev. 19 169-179, which is incorporated herein by referenc?) or,RNA?? alone orin

combinatién with RFOEBY EARPLE: A0MBEHAoR ARPERS N0 PINTSRR 25 S FOETATSR Fi&tein by
reference), virgk GRBRidedONanp RAIIIIES (Reejrigohiditg98hcRivterinkpptsBibchemmis889-405,

which is incorporated herein by reference) or any qther mediator of deli Imprayved farasting might
be achieved b?ﬁﬁ%@%e%@%‘}t/ﬁ% H:S’Z%Jpo %ﬁg e(’)%’c?eﬂzt%ﬁngrtg%%t%élda r%a(l)%g%ﬁe thle §(‘)1:ca giéj ?’I‘r)nagic
bullet" approabk mmgieyingsdbeiztamtaraln antibody), or by local application by injection, surgical
implantation or any gther Means.AfaRethek Ao LAiAGIY SHeamrarfasthe ARibvilyeatsthadspiein

encoding said synthetic pc’)lynucleqtide , Or of cells responsiye to, saiid prgteir%Il de Injre{:tionl?r
implantat®n of EWFERHsl A AptFrBatRI SPlsane AR, oulset, implanied in the body or topically

applied thereto for the relatively slow release of such materials into the body.

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

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

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

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

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



25 modified ex vivo by transfection (for example, in the presence of calcium phosphate: Chen at al.,
1987, Mole. Cell Biochem. 7 2745-2752, or of cationic lipids and polyamines: Rose at al., 1991,
BioTech. 10 520-525, which articles are incorporated herein by reference), infection, injection,
electroporation (Shigekawa at al., 1988, BioTech. £: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 reffouirdpMiiligaodusss, iBeisymbaic0roPe1odeotifitanta o sageiterdl 3%H A% 60;

F{?ﬂs% 129}8diewhich ariclesiaseincor pesaied ersinabyd@ference)

Salmons etal,, 199¢ %-]L% Genyg
or other vectg?g%%ri%é er aaents of modification such as liposomes (Zhu at 35al., t993, Sci nce 261
Wi EEE B%rtling et

209-212, whiehaks Verierh o1 erin dipns iy Fe FETENERT S ATda BRI S A
al., 1991, BigigehiAPpl iinehenr 1S 330930%iwbichas 9n6erpry athitiérhindby teferpora) by any other
mediator of modification. The use of cells fi%f% eliver \Ig,hicle for genes or gene products has been
described by BiFFRseaP Y g@éﬁeﬁ%‘%& FEPA%d by Dhawan et al., 1991, Science 254

1509-1512, which. 4 atiitleslisatinsefptratydtheiepobyrsientided yTiaetion EWosA siud.d&fi¥red in
combination with any nufrienk groweh f%@fth MatrReALYthGIAaRRLORT Wil RepRaRhednsseatival in the

treated subjecf:.lencﬁne compositions may also be administered’in the form of Iiposogg;:%.ﬁ L('%posomes

are generallyithplvidiframiiblesiontistsasy ofisri RSt stare e afdo iR d Bhd* o or
mhulti-lzzllmellal?;g%g{ﬂggg%ilgﬁ@g g{é@gt@ Iﬁ@@igﬁgiggg&ggﬁilmg@m @m@%maﬁiums’cﬁ&aﬁmmﬁmc, )
physiologically acceptable and metaboljsable lipid capable rming lipgsomes.can ed. The
compositfonsaReBERH e FSHISTESP LB {8%1’?5, Eﬁ}%osgéef%g\l}lggsé%f&g rﬁgigrllltlzf{t)ﬁ%eﬁjﬁﬁg) The
preferred lipids aseithe-phosphelificivanesthefpihas pleatidyhthlie soguithiers), Yethbaanged! dnd
synthetic. Methods to.form lippsomes js are known in.the ] iop Lo thi ickgference
is made to: PP@?@’&W@&}N I%’S%Ea ég%{loﬁgéé?%%ﬁme&g @Q&%ﬂ%}%ﬁ%{? %r’ggg,ﬁ @%orﬂgﬁf\lm
(1976), p. 33 etheeosating domeihts Scigrioh fectaroistiaed fndheinchy izl eHéd B68ages 20The

effective dose leyel of theadminisiered oypounrdesnay PAC ersuRiRstovil dependaipesr a variety
of factors including: the type of disease being treated and the 5@? e of the disegrﬁ?\; t%?.) ac(t}i%/'gy of the
ea

compound erdreldEvhk daRpdSiBRISH IS R AR KR BTG Genr "

, €eX And diet of
the subject; thgipigabadministiptisnntie (Thne of admibistatiboictive ratd of8qudstretivh ob
compounds; the duratjop of the 25 treatment; drugs used. in.c inati ipgidental vyiéblt’he
treatment, tod@fﬂ@%&ﬁgoqﬁrgﬁe%tég%%%? vvgﬁpk%ag\?\;r%no{hlg%%%%ir?ggéﬁ?gﬁ?g the art would be
able, by routirkicegteripehBimheto. dR et arwiidcivincaarmieiol BosHyRYWRIEFIFSLRT BEequired

to treat applicghle Rl dUese il mosLoliag.beisiguassian arsEkingse batsuid0in

terms of weight, rapeutically effective dosage of a compasition for d[‘ninistratg)n to ag&aatient is

expectedto beohrihdeeilfd LR AHETHDDRANGIICEBE ST pBrRY BEUG WEEHASA 2R R
typically, aboub0 ckensinte, a0k bRIIPY PEbKdcearyppitigtibpély 2djbains; sbgiteD imigtiatsoat 100mg

per ko bocly welghtper 24 houts: S09HL0 2, 6, AR0ul-A Q008 50 ARG PRI ABRMS O

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 ef al, 1987, Mole. Cell Biochem. 7 2745-2752, or of cationic lipids and
polyamines: Rose et al., 1991, BioTech. 10 520-525, which articles are iﬁcorporated
herein by reference), infection, injection, electroporation (Shigekawa et al, 1988,
BioTech. 6 742-751, which is incorporated herein by reference) or any other way so as to
30 increase the expression of said synthetic polynucleotide in those cells. The modification
can be mediated by plasmid, bacteriophage, cosmid, viral (such as adenoviral or
retroviral; Mulligan, 1993, Science 260 926-932; Miller, 1992, Nature 357 455-460;
Salmons et al., 1993, Hum. Gen. Ther. 4 129-141, which articles ate incorporated herein
by reference) or other vectors, or other agents of modification such as Hposomes (Zhu ez

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



- 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 5 aboytlgq to about 2500mg/m2, about 25 to about
2000mg/m2, about 50 to about 1500mg/m2, about 50 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 og%ma%ﬁkjbantity and
- spacing of individoapattiskgdBSwilite dctdmffld BiotseinAtord HabsiEnt 61 iRE-Eonditidibing

treated, the f&r &g{gdq&geﬁgg}pf@ggﬁgﬁt@ngﬁ. @ﬂg@ﬂﬂ@d}a{w@ﬂhﬂmﬁkﬁmtmm%@dﬂgl being
treated. Also, such optimum coriditions can be deter, meﬁ by? congentl nglt;(e niques, bt9\i\nll also be
apparent to ¢fié GEBYE ISR fﬂrtﬁ%“ﬁ?t%ﬁ?‘iﬁé’r(?ﬁﬁ?ﬁ% SOreR SFtERed b B gr als LB L ber of

doses of the ggrMReSIEANGIYEN e walt imBheanbeastertaiiedSoictitosts4kilf-ihdt arkigBing
conventional cqurse of treatment 15determination flgatmentAlsgepatemplated by
the presént AU ?ﬁ)r?ﬁerelﬁ?gfﬁ%?s%e ?or%n%rggﬁla%t?ngr %%s?ﬁ%?g%gsgﬁ)nse, wherein said methods

comprise adrnibisstig teithsutyjectrimte geutielasmsumatirer aibe aasmbPotant barrel it telected

from the grousgrg,%na?iﬁ{i@g 8~E£@é‘d\§§8ﬁ&?s’ expression vectors and host cells as described herein. In
addition, the present invention provides methods for th Ir?t,%% ent or Frevention Bf agc(i)iseeg@m(_a‘3
associated with ZheeaaPRTiiEIH AR R BB RSH CEB R b HESS AT n iSRRG TS & Subject an

effective amquptoi gruivedTeRatsRiipiodmae ot stecladdafbonnties, grdigvechmsistriy ofahe
vaceines, expresslon Vol prs 30 AT Salc AR ARSEIR G MRS ASHGRSIREL S iHAISatign efficacy

non-toxic, physiologically acceptable and metabolisable lipid capable of forming

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

s 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 “
20 The effective dose level of the administered compound for any particular subject will
depend upon a variety of factors including: the type of disease being treated and the stage
of the disease; the activity of the compound employed; the composition employed; the
age, body weight, general health, sex and diet of the subject; the time of administration;
the route of administration; the rate of sequestration of compounds; the duration of the

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

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

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



The effectiveness of an immunisation undertaken in accordance with the methods of 30 the present
invention may be assessed using any suitable technique. For example, CTL lysis assays may be
employed using stimulated splenocytes or peripheral blood mononuclear cells (PBMC) on peptide
coated or recombinant virus infected cells using 5_]1 r labelled target cells. Such assays can be
performed using, for example, primate, mouse or human cells (Allen et al., 2000, J. Irnmunol. 164(9):
4968-4978 also Woodberry 35et al., infra). Alternatively, the efficacy of the immunisation may be
monitored usirg kebodyl Feightmerd4duhwmiqudsin&iml b aledimatpss rmes 8185898 amer

staining of bath fr Q@gewg{%%mg&%%%wgﬂ;%@@ naURF&Y. proliferation assays

(Allen et al., supra), Elispotml Assays and intracellulay 111F-garruna_stainin QAII%n et al., supra),
ELISA Assays fohipeairrie| rregprises dateniaiens BB o otos 35 xpra&Eiig theintigenic

peptides as dgassikedibaieins KiftotedTbdpiashatingentanarolideskitst (500sagmtcatiglr
preventing a diseasg.in a subj erein sajd disease is associated with a [anAdn virus,
and wherkein %?&ﬁéelgit@oﬁﬁ?ﬁggssé;%\é@dn%%%xggefgioan ?/%C%@é?ﬁlﬁ ot def%s}go&c%{rjné%gf%%s as
described hefgioOmgypichiyt ﬁﬂsd@bom@ﬂﬂ@mlﬂa,m%ﬂboétﬂﬁtﬁeam@@@m@fm{ain all the necessary
reagents to ca%%s@emmgfggg h'l&&ﬂ@é@&%% inyeptian. wil &Qméi%?tﬁﬂﬁ QuAAgER

containers, containing for examplé, wash reagents, and/or other reaiﬁ%nts capable of 15 nﬁl asing a

bound compaménsifasiazaosdiyliisiak Srsressnell: brefetrminethby s &R Be AR FELEH ShvRhtion, a

compartmentglisesikit iaplgdesepy kil bwhisfueagerisatteaiiamaddn, sedaiaiasontaifigrs, and
may include small glass containers, plastic containers.or strips of plastic or paper, Such containers
may allott the &It B?loﬁ‘?@ &’éeﬁfgdl‘rdﬁxsc%%u&gr?%éﬁ eﬁ%glaﬁ%%hceg}l ggrﬁﬁ%%%ﬁ%%ilst 20
avoiding crossocgosatginrianicmtfitre samples and reagents, and the addition of agents or solutions of

each container from compartment to ano Ip.8 ‘%”ﬁ?ﬁ.tﬂpﬁ%fﬁtﬂ%'ﬂ%@ Kitsimawalsg include
a container whic v‘ﬁﬁg%ggogega%gf%%r%opé%agﬁtalne which contains the polﬁtner,s used in the assay
and containerseatichtconthinswistnraakpemt desriafiheepRastiphEaYen BeliNalt tHas GRERE and

like). 25Typically a#itPf the prrsenkinugniioningll Asodask deReliieifnsbEdésing thealdient
components to conduct thé appropriate methods. The present invention will now be described by
referenc&to tﬁ@%ﬂé‘%ﬁfﬁ’é@éﬁ?ﬂples, which should not be construed in any way as limiting the scope of
the invention. 30Examples

Methods of treatment
Also contemplated by the present invention are methods for modulating an immune
response, wherein said methods comprise administering to a subject an effective amount
20 of an immunopdtenﬁai‘ing agent selected from the group consisting of the vaccines,
expression vectors and host cells as described herein.
In addition, the present invention provides methods for the treatment or prevention of
a disease associated with an avian influenza virus, wherein said methods comprise
administering to a subject an effective amount of an immunopotentiating agent selected

25 from the group consisting of the vaccines, expression vectors and host cells as described

herein.

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

30  the present invention may be assessed using any suitable technique. For example, CTL
lysis assays may be employed using stimulated splenocytes or peripheral blood
mononuclear cells (PBMC) on peptide coated or recombinant virus infected cells using
S1Cr labelled target cells. Such assays can be performed using, for example, primate,
mouse or human cells (Allen et al., 2000, I. Immunol. 164(9): 4968-4978 also Woodberry

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



Example 1: Construction of recombinant baculovirus HA-expression casettes Hemagglutinin (HA)
of H5N1 influenza virus is one of two major membrane viral 35glycoproteins responsible for the
production of neutralization antibodies (Bosch, et al., -19- 1979, Kawaoka and Webster 1988). To
determine the potential of generating a baculoviruggdased vaccine against HSN1 virus
(A/Goose/Guangdong/3/97/H5N1), the inventors constructed two recombinant baculovirus expression
vectors, each containing a HA-expression cassette. The first baculovirus expression veﬂc% E)/ %\s

s

produced withrtes khaiqirsseiRndinssrngh dErtRt Lobltdt St W YSs B RRS

(WSSV) iel pramptel SamastsASHMAE@ed Ar Ehasaeoniichasunyisusrexprdtiantiectasayas
produced with the HA-expressi%gié:as%tte and an.ad itioH a\gel?\i@ular storg%gil% v

[ Kﬁe%lyé%protein
(VSV G)-explédisp s SHRisPthe ORI BRHEHSCUIBTUS polvhadrn prof%{)ter, naméd
VAC-G-HA (Figipid)) EIQRar thsayerferatinennBheslevompiisemntandcWesieus bisttons, ehid perniery

polyhedrin promoter-controlled VSV G I s(ﬁi NiGagseligor WSSV tel promoter-controlled HA
expressign cgégléﬁ%i%e@g fiﬁlgéﬁrélg Pr%t%iég EI§hutt§e vector pFastBad and integrated into the baculovirus

genome within DH1OBACTm according to the protocol of the Bac-To-Bac system (Invitrogen). A
control virus, yAg-Bacmid, was also constructed by integrating an 15 empty pFastBael vector into the
bacmid genome (Fig. 1A).. - The desired VSV G or HA expression cassettes ere irgEerted.within the
polyhedrin Iocus%ﬁmﬁ%ﬁé@gﬁ%@i’ﬁcﬁﬂ SIS B NG S B S R BN R G 8V & cDNA
with a p-globigtseminaisrewasithencRE R asplified fvith pV/SiaGiniitedre primemsdswherein said

CGCGGATCCATGAAGTGCCTTITGTACTTAG-3! - 20 aesoribe
CCCAA&DI A%’EE‘RESR%%Rf‘f‘E?E’XSAféP/K%Sé"?S"Egol &%@%’\%’@@% Oé% was plgcedb a

downstream &kthm.polyhedrin promoter, which was PCR amplified from a bacmid oenome with the

primers TCCCC T ] T, o iH3 NGtadh amdiBe
CGCGGATCCG%%%ﬁ@%gééﬁgﬁﬁ%ggcgﬁjg%%D NO?%)%@I'JF% HA cDJﬂA 25 vxrllgge:lfﬁaiéiﬁed

from the gendreBtstie aBK eWitbemabagh FP! s s gupion will comprise one

5'-ATAAGAATGLGOGSRGT AdGaAGAGAAGAKK Gashheapkats,Grd/¢5 ERdigant)apable of
5-CCGCTCGAGCGGTIAA TGCAAAT'%CTGCAlTTGEAAC%QTCé%élSE(gle NO: 6). HA cDNA was
then pladéd ufERsE® HPHRISOME BFRH AR R A BERLIB ACI VEttor and downstream of the tel
promoter, which iathamplifieddfdhe thesot\WSestioge acwutesializabbitvinel epringer it 506
TCCCTACGTATGAATTT T 3’ 1 7)andi B AC GEAT GGACC |
I oAGT GO A R A T A o col o
VAC-G-HA restinseinare et eoskinesn 96 SIHRY LI leBic PR BrendlyBE MAERGE TR0 r§qﬁigh

expression levghek VSR RrotgiRayiénR5 Fogimbraneotusienmastivity Mmpther palyiyadrivent onbdter.
20 avoiding cross-contamination of the samples and reagents, and the addition of agents or
solutions of each container from one compartment to another in a quantitative fashion.
Such kits may also include a container which will accept a test sample, a container which
contains the polymers used in the assay and containers which contain wash reagents (such
as phosphate buffered saline, Tris-buffers, and like).
25 Typically, & kit of the present invention will also include instructions for using the kit
cormponents to conduct the appropriate methods.
The present invention will now be described by reference to the following examples,

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

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

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



- 20 - The kinetics of virion production in 5f9 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
al., 2003) of these viruses were similar, although peak virion production of vAc-G-HA lagged behind
those of vAc-HA and control vAc-Batund. Titer of vAc-G-HA increased to 109 PFU (plaque forming
imit)/ml at 120 h p.i., while vAc-HA and vAc-Bacmid’generated the same titer at 96 h p.i. (Fig. 1C). The
extensive syncytium formation of SIP cells infected with vAc-G-HA might delay the release of virions in
the late infecti®9] GExemipde 20dVIdebstme WBPlaylof Hetmaggietitin pathetialvedt@enpatiiad ¥Ac-HA,
vAc-G-HA ang vAc- id fro t fi ted } i tigpa. TO
investigate wt%%?@e%‘%%%% %igéftz%%e;%%%&z %Seﬁ\rgbgﬂ?e.g o} vﬁ%ﬁi@}%\gl%g %ﬁg@%&ﬂ%d virions
were treated WivHIE0E FATSHUCEDbHR Fa RHARDATHRIATPE ¥ RSP ErAlFane Sk GERiFEINRA then

viral 15 nuclegaapsidesusre-seliecietibmugbaditacemnirikgalionn heqmdueepoihadyvagaihst HA

protein, His6-tagged HA| was expressed and purified_from baculovjrus-infected SF wit
polyclonaf anfBodFHGSHo%: BRI ?a%%&gf)ﬁt{f iﬁgﬁnﬁi&’ %i?@otﬁ’s%#géngee‘énﬁ%\mggmg%n.
Western blot aralysis,shawnel that HA {#s. detgctEders¢hendutifiedoiiion Shmforeotrevtpi@nadth Triton
X-100, and nqt detected.in the colle llet i f j¥a | ig.RA). It
was found th ﬁrﬂ%ﬁi Wa%% tbtﬁaertlal yec%%{%% dﬁfc? gI—‘%A8 &g\%ﬁﬁ% %%ﬁ%%?%%ﬁ%c%%@i% the

purified vAc-Gelitapateic €8 SHeMycsprission easets wndpuhasanisiial thedmsorresaelyhedidata

suggested th%g;gop&cgmg&uv%@@tg.{ &qp{ _qi‘sxpolay HA-like viral glycoproteins, with similar
post-translational modification to its natural products, 25 Western blot a saﬁgﬂ?%an %%ti-\lsv G
monoclofal antibBek/ BfsEenrtat gltis IRAaE DP ISP Y SHLS0 RSt TP B nent in

purified VAC-GridAotiiastbiid?BEV Goetpiessitneastether tRESBAC W vitvsstrfacatchtipth et HA
protein sustained authentic biological property, the lutination.activit rifi [flops of
VAC-HA 30 antr-OReSEIHASIVAS Fé%ﬁ%ﬁﬁtg%ff %g?ﬁ@&? I %cr&\’/r ?ﬁfﬁgﬁyv%é‘%‘?é‘%i%gay‘#e@%f 1010
PFU/m1 gavetadwomigg ptinaionwitisn dPHAGIH Usrrgrdion o dhe meotengdlofifaiSasdeaaivood et
al. 1985). The jesigdoicated taleersispiay OAVSYcfi ok huouidaaisiopifisashuisgee the

displaying efficiency of HA on the baculovirus membrane. - 21 -
15 empty pFastBacl vector into the bacmid genome (Fig. 1A).

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

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

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

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

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

35 membrane-fusion activity by the polyhedrin promoter.



Example 3: Transduction ability of vAc-G-HA As VSV G confers a transduction advantage of
VAc-G-HA over VAc-HA, in vivo vaccination experiments were undertaken to assess the transduction
ability of vAc-G-HA. A transduction assay was performed (Hsu et al., 2004) in the cell lines (1) canine
MDCK 5 and (2) chicken Df-1 cells. Fig. 3A shov!s%%@lt VAc-G-HA efficiently transduced these cell lines
as indicated by the positive fluorescent cells. The Expression was further confirmed by western blot
analysis of the total cellular extract with anti-HAI serum raised in guinea pigs, as shown in Fig. 3B. To
further monitor tiraeokiastity of tieddAnnhisindarfP ayis was theostriaunedbargenier g A, o
antigen-capture ELISA was develo ?ﬁ ; inea:pi ti [ and a
HAI monoclo‘?}{gﬁ) ﬁﬂgﬁ%ﬁ%"ser(e)gg}{%ec %%\%%%Sgé}é(%%%%%?%%%%? w%é%ﬁgggggé I—?ig \;sv;gagiinxpressed
and purified feorwibacutoesr(Einfacedd S5 )cefidhses comatrscrEe Hmilaxgitesialy Berk Uik with a

pFastHTa V%?B%%&B%F@ﬁﬂ@*—%llég@&%dﬂﬁdm%&QM%@&;M@M@JE@MMW{M HA

cDNA described above with a primer sef of

5'-CGCGGAPECSATES Arsreasca I THE PP Fias Y ihING? gy fhile vAc-HA
5-CGGGGTARGRAEGHmAGef RS T Gind tHGERIOIND: (B}, FG).piiteixmxpressionyBi cells
were infected. with the r binant virus,at.g MQI nd harv t ' ficaty f
His6-tagged ﬁ?ﬂ?ﬁ%fbﬁ?%r%gr;c q%’ {0 3?%]8%%%% é%fr%agit f/%ua%% E)g%%%%%dr %v?ﬁ%é;dﬁig%{chargoé%ﬁesin
slurry. The antigéectiapiure ELISA was designed by coating roicrotiter plates with purified IgG from
guinea pigs. The bound antigen was then detected with hybridoma supernatants containing
HA1-specific monoclonal antibodies. 10-fold serially diluted HAI protein was employed to construct a

standardequantification curve. FH@mBRIBARMSPIPRING tsrlAx ¢f hsmagglulinitie was determined as the
point value in thergtapdartbeupieital vARIEE RS dHE-BammakearPanaddi¢a0nnsdfkigB@) drom this

curve, each 25 jil of vAc-G-H a titer of 101 PEU/ml was found to,contain about . These
findings indic&l@mﬁtﬁﬁﬁﬁr Ye?#@ﬁ%’tl LA e %%%agam |ﬁ%ﬁ%rﬁiﬁ%yégﬁ%gggfﬁcientIy
displayed on the sistfheancf dfieviactiib\indsy30-SxEmplbet phrifivshuisme ivyest mates- AT he

'mmunoge”'c‘l‘%ﬁ?{wﬁ,‘&ﬁa g@c‘f}’gsﬁﬁ%ﬂeﬂg%&%ﬁd&@% iRURATRMECHRLIRE R aten of:8r8 week

BALB/c mice with pari I weeks after vaccination with 5 x 10 PFU of

Avirions. At : \
VAC-G-HA particleecansidaisesiperellssisdiderameh Ihwrentafigatifbule gromishtshatN s iter, the
mice were bl@‘f‘ﬂ'}fﬂﬂ&ﬂ}fﬁs@ﬁ@g@ﬂm@h was expressed and purified from baculovirus-infected SF9

cells, with polyclonal antibody against HA protein raised in guines pigs using Hiss-tageed
KAl as antigen. Western blot analysis showed that HA was detected m the purified
virions before treatment with Triton X-100, and not detected in the collected peliet
20  comprised of only viral nucleocapsids (Fig. 24).
1t was found that the HA was partially cleaved to HAY and HA2 in both the infected
SF9 cells and the purified vAc-G-HA particles, being similar to that of the purified H5N1
virions (Fig. 2A). These data suggested that the baculovirus vector could display HA-like
viral glycoproteins, with similar post-translational modification to its natural products.
25 Western blot assays using an anti-VSV G monoclonal antibody also indicated that VSV G
was a membrane-associated structural component in purified vAc-G-HA. virions {Fig.
2B). " |
To determine whether the baculovirus surface-displayed HA protein sustained
authentic biological property, the hemagglutination activity of purified virions of vAc-HA
50 and vAc-G-HA was tested (Fig. 2C). Each 25 pl of vAc-HA or vAc-G-HA at a titer of
10'° PFU/ml gave a hemagglutination titer of around 2° using a standard
hemagglutination assay (Wood ef al., 1985). The results indicated that co-display of VSV
G with HA would not significantly reduce the displaying efficiency of HA on the
baculovirus membrane.
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- 22 - plexus and serum from each animal was tested individually for antibodies against HA by ELISA
and hemagglutination inhibition (HI) assays (Wood et al., 1985). The ELISA test was set up to
monitor the HA-specific antibody level by coating 96- well microplates with 60 ng of purified
Hiss-tagged HAI protein per well. As shown in 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 anBisaeplesporasdicins YR ¥dend Avith a titer in the range of 23

to 23 (Fig. 4B). The vhantboslyiaspansRswese campalablsrto e thasa miee vaecinates invanasally

with live H5 influenza viruses that demonstrated a titer in the range of 24 to 27, as repor y Takada
et a1 (1909), TGS HE BRI B ERCHH O PO Se S B UL IR TAE A
indicated thatthediavaraiaciia wisplayefhanthdviral surfaced4 iedpesidthth @ ghmiaMBEEduction
sustained its anfigenicity. 15ln.qrdey, to further, c r] e uggfggﬁ‘ IGILY; $3-Héand
VAC-HA, 7 Weaé’ﬁf @L (é:/krfqﬁce? |v%eir’111s'|’ce gac Ag%%% t\gléirge% f}r&}%ra-muscu aréﬁ?n%rf%%}f[ﬁ%%vith purified
virions. The ineldtiiatech SMiRRE Wnchnoesitie AnpimeentrsailyDEK cmsREenEEs d8BFositive

control, with vAcBacinig vaccinatetimics.Reiad,iseed ana Regalive-eRmolitd 4iasks aligin

intramuscular vaccination with 256 HA units of Zé)%)urified baculovirus particles or inactivated
H5N1/PRS viFaisehieiire HedetPaNR thEi&arke amount of virions. One week later, the mice were

bled through the Tgtrararfitabpieiscandhe podedBemoldamm deslagdup heSuriee wisAested
individually for antibodies against HA b. ISA as describe et gt 2000 and by, .. 1144
FemagolErinata i A B S R L b B S Boo Er e o o R AT IAL o
monitor the Hgvlsphaifi aisbodly dedalsiylcoating @8ivalibeidyo plarrowithmeevirpPurfiteids-tagged
HA], protein pfgro ell. As shown in Fig. 5A, mice immunized with vAc-HA or vAc-G-HA developed
significant anfi o%y' responses as detected by ELISA in which purified HAI protein was coated as the

antigen. Mice immuriiztsdtagtrd/ BA Buek FIRIRSHrS Y GWHE) grobAsPisEUs Anfsted BEhSAL-G-HA
and vAc-HA indugcediseiume it anibedisespapsRsimdhe iranizad fice: wittha Bier 1d-B4Eig. 5B).

The HI titers of baculovirus vectors were comparable ;o.tho ice inated.with the vacgine strain
H5N1/PRB ths¥fge- 44t cod?ng sequence was gmﬁ%e&%rom%ﬁe% K cﬁlascnbeé bbove with &

primer set of 5-CGCGGATCCGATGGAGAAAACAGTGCTTCTICTTTG-3" (SEQID
NO: 9) and 5’-CGGGGTACCCTCTCTTTGAGGGGTATTTCT-3" (SEQ ID NO: 10).
For protein expression, S0 cells were infected with the recombinant virus at a MOT of 5
and harvested at 72 h p.d. Purification of Hiss-tagged HA1 protein from the total cellular
20  extract was performed with a Ni*" charged resin slurry.
The antigen capture ELISA was designed by coating microtiter plates with purified
TgG from guinea pigs. The bound antigen was then detected with hybridoma supematants
containing HA1-specific monoclonal antibodies. 10-fold serially diluted HA1 protein was
employed to construct a standard quantification curve. The amount of HAT in the vA¢-G-
25 HA sample was determined es the point velue in the standard curve that represents the
same absorbance at 490 nm (Fig. 3C). From this curve, each 25 pl of vAc-G-HA at a titer
of 10 PFU/m! was found to contain about 50 ng HA1. These findings indicated that the
HA protein sustained authentic hemagglutination activity and was efficiently displayed on
the surface of the baculovirus.
30
Example 4: Immunogenicity of vAc-G-HA
The immunogenicity of vAc-G-HA was then investigated through intra-muscular
immunization of 6-8 week BALB/c mice with purified vAc-G-HA virions. Af 4 weeks
after vaccination with 5 x 10° PFU of vAc-G-HA particles, the mice were boosted with

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



8 average liter of 2 (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 HSN1/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 thé Baculovirus-vaccinated mice indicated that the HA
molecule displayed on the viral surface or expressed through viral transduction sustained its authentic
antigenicity. plEssimiitoune dtoati zationmbititywes tesiéd doéeddantivddy antibafien weaiesd By e
HA-dispIayin%E%cXIog@g&g%%é@m@%m{ﬁ%qﬁ@gﬁ%m@asﬂq pogthe HSN1/PR8 and MOCK
e

cell system was per?gune reported previously by Rowe et al. 1999, The ‘sera induced ? both

HA-displaying badaUHSdetsstoweietuBidnmeRien S AiATBRciRE BH o8y IevR EtfeisR 1 Re
induced SeruW@ﬂ%ﬁ){mﬂ@@%@?%an]ge&'ﬁﬁiﬂﬁéﬁmsﬁ@égeﬂiﬁfgﬁepﬁﬁ&n perBeslth 5. ¥otvh @rlinch, H

D Klenk, and R. Rott. 1979. The structure of the hemagglutinin, a,determinant for the pathogenicity of
influenzasvirﬁ&.%nﬁbéﬁ@‘.’f@zﬁgﬁﬁ ‘%V!fll%pe(%mégr ?J%?‘E% ?4?%&38%%?%%‘%%?&}?%%, B.1
Fenner, and Jh& WAl 20Q05iGhanaidiedi#io pofteones| onated ritibadigeydist SARSHEOIoNHEras

nucleocapsid.anti

en and elo nt of ' iral, Methods. 127:46-53.
Hsu, C., Y. HW&Wgﬁgfi gqn% V%Eﬁﬁggﬁéﬁ‘%%%%aa%o ofg %% ir#gét\rsaen}%\égéc%bn io conditions for -
baculovirus-mediBiedArefeFis indnpidesranithanabodgirsseaise imall Bisunprigglnies; With & awaoka,
Y. and R.G. Wehsiem 938 3¢a9qp0e r&@%{ir&me@ﬁmmmg Astheatienwintuenacbie
heniagglutinin expressed in. mammalian cells. Proc Natl Acad Sci USA. EE :g 4-328 ]12 u, &Q. Du,
and N. Oﬁejaﬁ&%@?%%@%%%&ﬁ%%ﬁ%ﬁ ifm &t e EarR, g? ERTE SR B efficient
replication of Auteoraphacatiienicasnetiplelriickiadlybed (1909)in Hooshe pidienist sigdiadbptera

littoralis Cells'a‘:xll'ti g%lf rzzﬁggs% f?grg'nﬁce inoculated with vAc-G-HA indicated that the HA molecule

displayed on the viral surface or expressed through viral transduction sustained its
antigenicity. '

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

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

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

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

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

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

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



Lu, L., H. Wang, |. Manopo, L. Yu, and J. Kwang. 2005. Baculovirus-mediated 20 promoter assay and
transcriptional analysis of white spot syndrome virus orf427 gene. ViroL J. 2:71. Takada, A., N.
Kubolci, K. Okazaki, A. Ninomiya, H. Tanaka, H. Ozaki, S. Iltamura, H. Nishimura, M. Enami, M.
Tashiro, K.F. Shortridge, and H. ICida. 1999. Avirulent Avian influenza virus as a vaccine strain
against a potential human pandemic. J. 25Viral 73:8303-8307.  Wood, J.M., Y. Kawaoka, L.A.
Newberry, E. Bordwell, and R.G. Webster. 1985. Standarization of inactivated HSN2 influenza vaccine
and efficacyjagginst etiteldiehipkes Re shsyly i die 088 idfeetidingdvidhe Disrogigeti-ee2. Rowe T,
Abernathy RA HuBIIBL o POmpsci Wil 5 WARHSEARD S0 NebeH (ol . 1999
ody to fluénza A

Detection of anti avian in za fﬁSN ) virus in human serum by using a com inzation of
serologic assay$R).Gliw pkeiBpiand19egigepbauy ot responss frem A SV PEHVRE i Hhe
treatment or. pfeveRiiongkdisease inasuhiestpniedain aidvaceinteompnsesad tpnghsion
vector comprising: _(a) a nuclejc acid encoding an antigenic peptide; and  (b) an iel promoter from
white spdt s?’ﬁ@%gfﬁ@‘iﬁﬁz}g%ﬁ‘éﬁj&mﬁqiﬁ%@ﬂ%%%%ﬁﬁ%c Id encoding an antigenic peptide iosuch
that in use said ERdigesiePeatittistoprbitetbihsdidiecgpt estinlyers tharsteried hjdbe Hix vaccine
according to glaim 1 whereln e explestion YaeienaamRash aRpcKoy iR pEReHIoR aRIO"

MDCK cell system was performed as reported previously by Rowe et al., 1999. The sera

induced by both HA-displaying baculoviruses showed a significant neutrlization titer of
10 80, while the HSN1/PRS induced serum gave a higher titer of 160 (Fig. 5B).



3.The vaccine according to claim 1 or 2, wherein the subject is selected from the group comprising
human, avian or porcine. 4.The vaccine according to any one of claims 1 to 3, wherein the antigenic,'
20 peptide is a membrane glycoprotein. 5.An expression vector, wherein said expression vector
comprises: (a) a nucleic acid encoding an anjigenic peptide, and (b) an ie./ promoter from
white spot syndrome virus operably linked to the 25nucleic acid encoding an antigenic peptide. 6.The
expression vector of claim 5 for use in the treaLinent or prevention of a disease in a subject, wherein
said disease is associated with a virus, such thdtFHETEBSER] antigenic peptide is expressed by said
expression vector in said subject. 30 7.The expression vector according to claim 5 or 6, wherein the

antigenic peptide is a mem e.glycaprotei .ﬁﬁo t cell,camyrisin ression ve of claim
5,6or7. -26- 9.Bﬁ%gn%gitiﬁn @gﬁ?ﬁ Si%gsa wﬁmﬂr?ggo antia |h§9ggier?§§s€e%gtce ré)?nI the group
consisting of thensagtitieiacedetingitorrfyrdhe wiutamisittoinheasgravsisnieduayaB8oiding to
claimb5, 6 orr% im 7 or the host cell according to claim 8, together with a pharmaceutically acceptable
carrier, difuen or excipient. 5

He, Q., Q. Du, 8. Lau, I. Manopo, L. Lu, S.W. Chan, B.J. Fenner, and I. kwang.

2005. Characterization of monoclonal antibody against SARS coronavirus nmucleocapsid
antigen and development of an antigen capture ELISA. J. Virol. Methods. 127:46-53.

Hsu, C., Y. Ho, K. Wang, and Y. Hu. 2004, Investigation of optimal transduction

w conditions for baculovirus-mediated gene delivery into mammalian cells. Biotechnol.
Bioeng. 88:42-51.

Kawaoké, Y. and R.G. Webster. 1988. Sequence requirements for cleavage
activation of influenza virus hemagglutinin expressed in mammalian cells. Proc Natl
Acad 8ci US4, 85:324-328.

15 Lu, L., Q. Du, and N. Chejanovsky. 2003. Reduced expression of the immediate-
early protein 1HOQ enables efficient replication of Awutographa californica multiple
nucleopolyhedrovirus in pootly permissive Spodoptera littoralis cells. J. Virol 77:535-
543.

Lu, L., H. Wang, L. Manopo, L. Yu, and J. Kwang. 2005. Baculovirus-mediated

20  promoter assay and transcriptional analysis of white spot syndrome virus orf427 gene.
Virol. J. 2:71.

Takada, A., N. Kuboki, K. Okazaki, A. Ninomiya, H. Tanaka, H. Ozaki, S.
Ttamura, H. Nishimura, M. Enami, M. Tashiro, K.F. Shortridge, and H. Kida. 1999.
Aviralent Aviap influenza virus as a vaccine strain against a potential human pandemic. J.

25 Virol 73:8303-8307.

Wood, I M., Y. Kawaoka, L.A. Newberry, E. Bordwell, and R.G. Webster. 1985.
Standarization of inactivated H5N2 influenza vaccine and efficacy against lethal
Alchicken/Pennsylvania/1370/83 infection. Avian Dis. 29:867-872.

Rowe T, Abernathy RA, Hu-Primmer J, Thompson WW, Lu X, Lim W, Fukuda

30 K, Cox NIJ, Katz JM. 1999 Detection of antibody.to avian influenza A (H5N1) virus in
human serum by using a combination of serologic assays. J Clin Microbiol. 1999
Apr;37(4):937-43.



10. The composition according to claim 9, further comprising an adjuvant. 11. A vaccine
“comprising the expression vector according to claim 5, 6 or 7, the host cell according to claim 8 or the
~ composition according to claim 9 for the treatmenr£dr ioprevention of a disease in a subject, wherein
said disease is associated with a virus.  12. Use of the vaccine according to any one of claims 1 to 4
or 11, the expression vector according to claim 5, 6 or claim7, the host cell according to claim 8 or the
composition according to claim 9 or 10 for the n¥&Ad¥acture of a medicament for the IS modulation of
an immune response. 13. Use of the vaccine according to any one of claims Ito 4 or 11, the
expression vector according to claim 5, 6 or 7, the host cell according to claim 8 or the composition
according to claim 9 or 10 for the manufacture of a medicament for the treatment of a 20disease
associgted with g virus, , 34, Akt for usedndreaing-QrRIeveping:a diseasq inugjsubiedenherein
said disease is associated with a virus, and wherein said kit comprises the vaccine according to any
one of claim&if fBAacEREICHNE R 5He SEIBASTEE 1 Aot efARf t8T8aim 5, 6 or 7, the host cell according to
claim 8 or the copaposHigR-a56AEGiNGh i &lRin.P 9k k8nic pdpridsagthod for presenting or.displaying an
antigenic polypeptide, wherein said method comprises: (a) inserting.a nucleic ci(}éagc ding said
polypeptide into &bacafbviiP3aRkre<8Hh r,%ﬂ%lséﬁd&?&ebﬁ’tfﬂfowﬁga@p r?’6?n Gedtr

COFSIO“SGS Qfﬁ&@ald%@i@@i@bdﬁﬁ(ﬁ?awﬁﬁam §ygdﬁ&me virl:js; f(b) trans(;ecting at least one host cell with
said expression Vector; and (e)expressing .said polypeptide from said expression vector .-27-.16.A
system%or prese t%?tdféﬁ?&)ﬁ éﬂﬁ%?%'&eﬁﬁp Bé%ﬁe‘ﬁf&é%%g}’esiﬁlgg’ FESER VRELSE ifdac

subject. -

2. A vaccine according to claim 1, wherein the expression vector comprises a

baculovirus expression vector

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

20 peptide is 2 membrane glycoproteln.

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

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

2
Ln

nueieic acid encoding an antigenic peptide.

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

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

is a membrane glyvcoprotein.

8. A host cell comprising the expression vector of claim 5, 6 or 7.
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system comprises: (&) a nucleic acid encoding said polypeptide inserted into a baculovirus

expression vector, wherein said baculovirus expression vector comprises an iel promoter from white

~ spot syndrome virus;  (b) means for transfectin%ﬁ’at least one host cell with said expression vector;

and (c) means for expressing sal&rfol eptide, from said expression vector wherein &s%crjnpg peptide
a accor

is presented or digplay&d SRS Hat 7ok SPRBEERISARGERS 255 AYISSHRS ing to
claim 15 or a:sygiemnaceardnyie clairirkbdreurtiah theapromutarfisiaprsablio lifkéd texthressirleic acid

encoding an antigenic polypeptide. 1/4 SEOUENCE LISTING <110> Temasek Lifesgience
Laboratory 565 #6 @%&P&QC %Be%ﬁ%rp%ié}lgnd (fstt Ed Sr%% <i§%3>r§>ﬂ%§%§#\§[@1g01>0%§1§£70>
Patentin versioh Sphs2idQeud2aly 3eg2dite dMar<@itnstisi@abient. _

5

10.  The composition according to claim 9, further comprising an adjuvant.

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

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

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

15 modulation of an immune response.

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

20 disease associated with a virus.

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

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

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

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

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

from white spot syndrome virus;

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

(é) expressing said polypeptide from said expression vector

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

35 baculovirus.



<220> <223> synthetic <400> 1 cgcggatcca tgaagtgcct tttgtactta g31 <210> 2 <211> 30 <212> DNA
<213> artificial <220> <223> synthetic 2/4 <2103-3 <211> 33 <212> DNA <213> artificial <220>

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

{a) a nucleic acid encoding said polypeptide inserted into a baculovirus
expréssion vector, wherein said baculovirus expression vector comprises an ie/ promoter

5 from white spot syndrome virus;

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

() means for expressing said polypeptide from said expression vector

wherein said polypeptide is presented or displaved on the surface membrane of a
baculovirus.
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17. A method according to claim 15 or a system according to claim 16 in which the

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



<223> synthetic <400> 3 tcccccgggg gatggttggce tacgtatact ccg33 <210> 4 <211> 29 <212> DNA

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

1/4

SEQUENCE LISTING
<110> Tamasek Lifescilences Laboratory
<120> Biomolecule.surface display and uses therééf
<130> T47345M
<160> 10
<170> PatentIn version 3.2
<210> 1
<211> 31
<212> DNA

.<213> Artificial

<220>

<223> synthetic

<400> 1

cgeggatoca tgaagtgecet tttgtactia g 31

<210> 2
<2ii> 30
<212> DNA

<213>» artificial

<220>

<223> synthetic

<400> 2

ccecaagette caacacacta trgcaatgaa 30



<400> 5 <210> 6 <211> 41 <212> DNA <213> artificial <220> <223> synthetic <400> 6 ccgctcgagc
ggttaaatgc aaattctgca ttgtaacgat c41 <210> 7 <211> 34 <212> DNA <213> artificial <220> <223>
synthetic <400> 7

2/4

<210> 3
<211> 33
<212> DNR

<213> artificial

<220>

<223> synthetic

<400> 3

toceocgggy gatggtigge tacgtatact ceg 33

. 210> 4
<211> 23
<212> DNA

£213» artificial

<220>

<223>» synthetic

<400> 4

cgeggatcecyg gttteggace gagatecge 28

<210> 5
<211> 42
<212> DNA

<213>» artificial

<220>

<223> synthetic

<400> 5

ataagaatgc ggcogctatg gagaaaacag tgottottct tg 42



tccctacgta tcaattttat gtggctaatg gaga34 <210> 8 <211> 37 <212> DNA <213> artificial <220> <223>
synthetic 4/4 acgcgtcgac cttgagtgga gagagagcta gttataa37 <210> 9 <211> 36 <212> DNA <213>
artificial <220> <223> synthetic <400> 9

3/4

<210> €
<zZli> 41
<212> DNA

<213> artificial

<220>

<223> synthetic

<400> &

ccgctcgage ggttaasatge aaattctgea ttgtaacgat c 41

<210> 7
<211> 34
<21i2> DNA

<213> artificial

<220>

<223> synthetic

<400> 7

tcoctacgta tcaattttat gtggetaatyg gaga 34

<210> 8
211> 37
<212> DNA

<213> eartificial

<220>

<223> synthetic

<400> 8



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

4/4

acgcegtogac cttgagbgga gagagagcta gttataa 37

<210> 5
<211l> 36
<212> DNA

<213> artificial

<220>

<223> synthetic

<400> 9

cgeggatceg atggagaaaa cagbgottct totttg 36

<z19> 10
<211l> 30
<2iZ> DNA

<213> artificial

<z20>

<223> synthetic

<400> 10

cggggtacce tetetttgag gggtatttot 30



