TI TLE VLP BASED VACCI NE DELI VERY SYSTEM FI ELD OF THE

I NVENTI ON This invention relates to virus-1|ike
w@arosiogloes. More particularly, this invention PE/AU2®7/001478

to engi neered protein nolecules for the production of

chimeric pol yoma viruslike partjcles. BACKGROUND TO

THE | NVENTI ON Not nore so than in the nodern era of

gl obal travel has the potenti t astrophic

consequences of a pandem c ar+si from

respiratory-borne pat hogens been so acute. As such

there is a striKCtRP VA CENE PELAVBRTS Y STiEMt

| ar ge- scal e vacci ne production. |Influenza virus poses

a particular threat bERIIFBOFAHE DSVENTHONtY to evade

the adaptive i mune response by nutation. Furthernore,

g Pe exi StEE tRhtich RIAKIDY BulMid PakidI RSP0k 'a&iéu&rlgj thd$nvention

i nfluenza i ncreases the chance of rapid energéence.

l=nf | za viruses .continyousl dergo_ .antjgenic .
Dar FEEIS D (AT GER T ollisordhe gt of g pplyoma vims-
evade the i mmune system of the host. The antigenic

var i EBfCiRSHICHS: i nfl uenza viruses fornms the primary basis

for the occurrence of annual influenza epidem cs and

occasi onal pandemBACKRGROIEEBIX) THIEIN VIS EICMt

evol uti on of vaccine conposition. Existing vaccine

product i QUotnRbROSS thar in| thel MEAER dr£loy gIdtaD tRkEINRSs e Sotential
of enbryonated eggs or cell culture, ich are conpl ex

and Ja%xs %?‘1{?9é&ﬁ%@&n?&s%%}%ﬁ&qmi%@%ﬁéggfo(ﬁ{)%fﬁét%-l}oﬁ%sp%thogens

met ho

SO requires speciallze

i\nfrastructure not w del.y available. In particylar,
1Phe BEER F@ AR ABSHSRCTEGS 2 HIkREPesdapT 9@9@ apd eéjw&m large-scale
smal | anmounts of influenza vaccine is several nonths

f ol |\@m1ngproduction. Influenza virus poses a particular threat because of its capacity to

15

20

evade the adaptive immune response by mutation. Furthermore, the existence of a
sizeable animal reservoir in birds of influenza increases the chance of rapid
emergence.

Influenza viruses continuously undergo antigenic variation (antigenic drift
and antigenic shift) to evade the immune system of the host. The antigenic variation
of influenza viruses forms the primary basis for the occurrence of annual influenza
epidemics and occasional pandemics and necessitates constant evolution of vaccine
composition. Existing vaccine production methods for influenza rely upon either use
of embryonated eggs or cell culture, which are complex and time-consuming
processes. Manufacture using these methods also requires specialized and costly
infrastructure not widely available. In particular, the current lead time for initial
delivery of even small amounts of influenza vaccine is several months following

identification of a new pandemic strain. Clearly this amount of time is unacceptable
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15 VLPs have the added advantage that at no stage during biomanufacture is an
infectious virus created. This is distinct to existing embryonated egg technologies and
some cell-culture technologies where (i) the starting point of manufacture is the
creation of an infectious virus, necessitating high biocontainment during
manufacture, and (ii) the virus may be disassembled during processing to remove
20 infectivity (i.e. to reduce the possibility that the vaccine itself might cause disease).
This disassembly process has the disadvantage that the virus structure is destroyed
and consequently that less-effective denatured or soluble immunogens are

administered.



Due to increasing concern over the inmm nent threat of
pandem c arising fromrespiratory-borne pathogens,
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can be rapidly and easily manufactured at |arge-scale
and in swift response to diseagf out break I n one broad
form the present invention is directed to a rapid
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ligation to create a multiplicity of antigenic VLPs
pr esesitatgy-Bbfrkepathioperdathefe eitlststa ed 6 bloAk spebingh @3écines which
In another broad form the invention is directed to
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rotei,n, ,or a fragment thereof on the surface of said
LP.OUBeaK ¢ r st aspect, the invention provides an
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Vi I WBLP which has been engineered and/or modified to include a foreign protein, or a

fragment thereof on the surface of said VLP.

In a first aspect, the invention provides an isolated protein comprising a

15  murine polyomavirus VP1 amino acid sequence wherein one or more exposed loops
of said murine polyomavirus VP1 amino acid sequence has an insertion of an amino

acid sequence of a virus protein other than murine polyomavirus VP1, or a fragment

of said virus protein other than murine polyomavirus VP1.

It is contemplated that in particular embodiments that said one or more

20  exposed loops comprise an insertion site selected from the group consisting of site 1,
site 3 and site 4.
Preferably, the one or more exposed loops comprise an insertion site selected

from the group consisting of site 1 and site 4.

Preferably, the virus protein other than murine polyomavirus VP1 is derived



Sui tably, although not limted thereto, the influenza
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enbodi mentuitaplyealthqugh ngt imipd therate the indlyenag Virys is a HSN1 strain
pol yomavirus VPl is an influenza virus protein
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Preferably, the virus protein other than murine polyomavirus VP1 is selected
from the group consisting of HA and M2.
Advantageously, the virus protein other than VP1 corresponds to a
15  hypervariable region of HA.
Preferably, the virus protein other than murine polyomavirus VP1
corresponds to an exposed loop of HA selected from the group consisting of loop A,
loop B, loop C, loop D and loop E.
More preferably, the exposed loop of HA is selected from the group
20  consisting of loop A and loop B.
The invention further contemplates that the virus protein other than murine
polyomavirus VP1 may be either the same protein in each insertion site or a different
protein in each insertion site.

In a second aspect, the invention provides for an isolated nucleic acid



In one enbodi nent, the invention provides an isol ated
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expression construct of the third aspect. Preferably,
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conprksing,one or nore isolated proteins of the first
aspdetyomayirys ¥Pkt h aspect, the invention provides a

met hod of producing an isolated nucleic acid including
t he st ep lnf thinkapedtrihe imventi@auhvides anexpogssivpcenstruct comprising
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Preferably, the host cell is selected from the group consisting of a prokaryotic
cell and an insect cell.

More preferably, the host cell is a bacterium.

15 In a fifth aspect, the invention provides a virus-like particle (VLP) comprising
one or more isolated proteins of the first aspect.

In a sixth aspect, the invention provides a method of producing an isolated
nucleic acid including the step of inserting into each of one or more nucleotide
sequences that encode one or more exposed loops of a murine polyomavirus VP1

20 protein, a nucleotide sequence encoding a virus protein other than murine
polyomavirus VP1, or a fragment of said nucleotide sequence encoding a virus
protein other than murine polyomavirus VP1.

In a seventh aspect, the invention provides a method of producing a VLP

including the steps of:



t he expression construct of the third aspect into a
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excipient.

Preferably, the pharmaceutical composition of the invention is an
immunotherapeutic composition.
More preferably, the pharmaceutical composition is a vaccine.
15 Compositions according to this aspect may be used either prophylactically or
therapeutically. |
In a ninth aspect, the invention provides a method of treating an animal
including the step of administering the pharmaceutical composition of the eighth
aspect to prophylactically or therapeutically treat a disease, disorder or condition. It
20  will be appreciated that the disease, disorder or condition can be caused by any
infectious organism for which a disease-specific or highly-disease associated antigen
is, or will be known.
Preferably, the disease, disorder or condition is caused by a virus such as

influenza virus, but is not limited thereto. More preferably, the disease, disorder or



In a tenth aspect, the invention provides a nmethod of
i mruni sing an ani mal including the step of

wa@dwsnimser i ng the pharmaceuti cal conposition pET/AIZ007/001478
ei ghth aspect to said animal to thereby induce
immunity in said animal. An anigral can be sel ected
fromthe group consisting of humans, domestic
| Ve%hc??lon IJ C%% ﬁf(ﬂ; erav 1%ueﬂgagfrﬁg ormance ani nal S
conpani on ani na poul er ani mal s of
connerC|aI |nportanc althou h w t hout I|n1tat|on
t her et 0. IPALGHR aspegt, ﬁiengveaﬂpwova@s 3 meiherpdt imgypgsing an animal
preferably, the animal is a human. Throughout this
speadidliding itlamstepu nf e@ainﬁsm@ingdhc ehananuicabsompdsémm afahe eighth
the words "conprise", "conprises" and "conprising"

W | lasp®t tosaad aﬁmaﬂtottﬂerbmnuuémﬁmmﬁdy% k418 affma. St at ed
i nteger or group of integers but not the exclusion of

Besces i P &R o URGREE R RES s g

be r under st ood .and actica
et 1 ARt [Rbay Y B PHTRERS RS foBwaaeE SRy and
way of exanple with reference to the acconpanying
f i guthes apjmealeefrecommerciabienosignes, Alibaigh vethont bmitaéon thpusto.
parts and wherein: Figure 1 Am no acid sequences of
generi c \Peeferably, thehmimadsie nmesnalan be identified as
follows: VPI (SEQ ID NO87); VPI-SI (SEQ ID NGO 88);

VPL- S4 ( SEQeIHR N8 ¥Rl $3a h3ER.| D NO 90) ;
VP1- S1-S3-S4 (SEQ I' NG 91). Flgure 2 Am no acid
The

h d d
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NO 88); VPI-SI,B“(SEQID NO 92): VPI-SI A (sg
NO. 9'9rds Sgompgisg/p & coraprdses HaiMcy comprisipe]” &fil bp aindestopd ty imply the
NO: 95) .

inclusion of a stated integer or group of integers but not the exclusion of any other
integer or group of integers.

BRIEF DESCRIPTION OF THE FIGURES

15 In order that the invention may be readily understood and put into practical
effect, preferred embodiments will now be described by way of example with
reference to the accompanying figures wherein like reference numerals refer to like
parts and wherein:

Figure 1 Amino acid sequences of generic vectors. The sequences can be

20  identified as follows: VP1 (SEQ ID NO:87); VP1-S1 (SEQ ID NO: 88); VP1-54
(SEQ ID NO:89); VP1-S3 (SEQ ID NO:90); VP1-S1-S3-S4 (SEQ I NO:91).
Figure 2 Amino acid sequences of VP1-S1 vectors with inserted peptides. The
sequences can be identified as follows: VP1-S1 (SEQ ID NO: 88); VP1-S1B (SEQ

ID NO:92); VP1-S1A (SEQ ID NO:93); VP1-S1M2e (SEQ ID NO:94); VP1-



Figure 3 Purification of GST-VPl-SIA using GSTrap HP

colum. X-axis is volume in m; Yl is absorbance in
WOrgags/0x®@66 s conductivity in nS/cm Line A reprBGEAU007/001478

the UV trace at 280nm Line B represents conductivity

trace; the vertical dashed lingis the injection point

of sanple onto the colum. Figure 4 Buffer exchange on
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t he trace at 280nm Line B represents t he
ond it t he .ver t|c I|ne |s t he
I%nj edc'a:llgﬁed\ﬁ eyls {}}ee}gﬁ(:tlon n%dmt of S¢ap eﬁ)gﬁ)c "

hori zont al dashed line is the P960 fI ow F| ure 6 Lane

1: dIgded af t SPUkserHdngsyn adeprlHng golpmp; Xraéetlrm%umeglﬁd Ylis
2: cleavage of GST tag fromVPI-SIA Figure 7 Size

exc |absirbancs apuAdy ;i Yohis condvgpetyiexmS$00. Lioe purepregentéthe BlVArace at
after thronmbin treatnent. X-axis is volune in m: Yi

I S BOAMDBIHe rePrefdits refksérits 1O BSHAGEiWytdace; AhdXBH§A dashed line is
Li ne A represents U trace at 280nm Line C represents
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trace; rtica nelsthernjectron poi nt

SRS, SR S Al .

chr omat ogr aphy on a Superdex 200. Lower and upper

bands velumedanlp Ydt is ghsorbanke rrsmAH,r%w@aquﬁwyrm gS/cm. Line A
purified sanple during analysis preparation (i.e. are
systrepipsmksSthe UV trace at 280nm; Line B represents the conductivity trace; the

vertical dashed line is the injection point of sample onto the column; the horizontal
dashed line is the P960 flow.
15  Figure 6 Lane 1: eluate after second GST affinity purification; Lane 2: cleavage
of GST tag from VPI1-S1A.
Figure 7 Size exclusion separation on Superdex 200 to purify VP1-S1A after
thrombin treatment. X-axis is volume in ml; Y1 is absorbance in mAU; Y2 is
conductivity in mS/cm. Line A represents UV trace at 280nm; Line C represents UV
20  trace at 260nm; line B represents the cohductivity trace; the vertical dashed line is the
injection point of sample onto the column.
Figure 8 Purified VP1-S1A sample after separation by size exclusion
chromatography on a Superdex 200. Lower and upper bands are calibration markers

introduced into the purified sample during analysis preparation (i.e. are system



Figure 9 AFFF pl ot show ng assenbled VLPs. X-axis is
time (mnutes) and Yaxis is rns radius (run). Figure
WA Q0RI0&O60 on i cr ogr aph i mages showi ng assenbl BA/YIR®7/001478
Figure 11 Sl ot blot show ng hM2e anti body reacting
with VPl -Sl hMe capsoneres. Figure 12 Amino acid
sequence alignnent of HA across various strains of
H5 N1 Syl lgtype of influenza A virus. The boxed regi ons
mar KEFA" and "B" represent |oops A and B
respectively. The sequences of full th HA, |oop
and Higyp 9B r et plvbﬂhywmﬂsw@lbletbﬂu’fﬁ Pgepﬂags tifms] (rrm%es) and Y-
DQB43 152 (SEQ ID NO 96; SEQID NO 1 and SEQ ID
NO 24]s is DB ARIMSAnmMPEQ | D NG 97; SEQ ID NO 2 and SEQ
| D NO 25); D@43151 (SEQ ID NO 98; SEQ ID NO 3 and

SEQ HigirbiPp26) 'EIRERATRIE géa?ﬁ sN@o%%l 235BIEY MPps 4
and SEQ I D NO 27); (SEQ I D NG 100 SEQIDNO

a I D 2 LD I\IO

andegEd!| p OBl Ds%% (SR gyt SRl g ze
NGO 7 and SEQ | DNO 30); DQ182483 (SEQ | DNO 103 SEQ
| DNGPPETREREF- SEQ | DNO 31) ; DQD23145 (SEQ | DNO 104; SEQ
IDNO. 9 and SEQ | DNO 32); AY741221 (SEQ I D NO 105; SEQ
| D Nfigur¢02and ABEQolaCidNGB B¢ alighvmdiitdf LA SEGs vDiduSstrai@syf HSN1
SEQID NGO | | and SEQ I DNO 34); AY741217 ( SEQ

| DNQuB#HB¢ o SERrNA viris ATtk bk deBioenatkked “AY 4ddl 3 Gefr&leld loops
ID NO 109; SEQ ID NO 13 and SEQ I D NO 36); AY741213

,(A\S(g 1a$g ’?sréscg]e ?‘H\?@Eq‘}} Fme%é&%g%ﬁ% % d@gQ?I%%ﬁ\lé §1é(} loop B
18Vs 8PS RIRCA A 25RO NP 7 BAGE IO NG o S DNO:
NO 40); AB239125 (SEQ ID NO 1 14; SEQ ID NO 18 andSEQ

| DNG: aII.EI) SERIRIN024) M‘fﬁlﬁl@@EQgD BEQ% SHQ 19 Ne» and SEQ ID

SEQ DNG 42) ;
NO:25); DQ343151 (SEQ ID NO: 98; SEQ ID NO: 3 and SEQ ID NO:26);

DQ323672 (SEQ ID NO:99; SEQ ID NO: 4 and SEQ ID NO:27); DQ236085 (SEQ
ID NO:100; SEQ ID NO: 5 and SEQ ID N0O:28);DQ236077 (SEQ ID NO:101;SEQ
15  ID NO: 6 and SEQ ID NO:29); DQ211925 (SEQ ID N0O:102; SEQ ID NO: 7 and
SEQ ID NO:30); DQ182483 (SEQ ID NO: 103; SEQ ID NO: 8 and SEQ ID NO:31);
DQ023145 (SEQ ID NO:104; SEQ ID NO: 9 and SEQ ID NO:32); AY741221 (SEQ
ID NO:105; SEQ ID NO: 10 and SEQ ID NO:33); AY741219 (SEQ ID NO: 106;
SEQID NO: 11 and SEQ ID NO:34); AY741217 (SEQ ID NO:108; SEQ ID NO:12
20  and SEQ ID NO:35); AY741215 (SEQ ID NO:109; SEQ ID NO:13 and SEQ ID
NO:36); AY741213 (SEQ ID NO:110; SEQ ID NO:14 and SEQ ID NO:37);
AY646175 (SEQID NO:111; SEQ ID NO:15 and SEQ ID NO:38); AY646167 (SEQ
ID NO:112; SEQ ID NO: 16 and SEQ ID NO:39); AY555153 (SEQID NO:113; SEQ

ID NO:17 and SEQ ID NO:40); AB239125 (SEQ ID NO:114; SEQ ID NO:18 and



AB233321 (SEQ I D NO 116; SEQ I DNG 20 and SEQ

| DNO 43); AB233320 (SEQ ID NG 117; SEQ ID NG 21 and
WEGHQSODONO, 44) ; AB233319 (SEQ I D NO 118; SEQ PCI/AQ2([@2/001478

and SEQ I D NG 45); AB212649 (SEQ ID NO 119; SEQID

NO 23 and SEQ I D NO 46). Figurgpl3 Amino acid sequence

al i gnnent of HA across various strains of H3N2 subtype

foi T ked A A9\

oL SO HERERy  TARBIGE BT MR G hd o o0
f full | th HA_ | A d | B

SR SaP AP T koD AR B Braspoees v

ID NO 120; SEQ ID NO 47 and SEQ I D NO 61); P03437

( SEAD HONG71 3EQ BEYQ:DI ki@l SEQ IRnNOSHE)D AB23ES I0ASE(OIL BD: 118;

(SEQ ID NO 122; SEQ ID NO 49 and SEQ | D NO 63); J02090

( SEGE@NONLE 22 aESEQPINO A5 ne3 5B&1Y 63 NGHBH D NO:23
(SEQ I DNO: 124; SEQ I'D NO 51" and SEQ I D NG 65) ; DO508865

SE 1~ SEQ | D NO. 52 and SEQ I D NO 66) ;
%%ﬁ?@%%@%@m 126; SEQ ID NO 53 and SEQ I D

NG 67) : DOB08833 (SEQ J D NO. 127; SEQ | D NO. 54 and SE

I D %\gg) , DQSO%@%‘? a?‘odléél‘feﬁc‘?\%ﬂgmfﬁ%t;o%étﬂcﬁs Kigsioys stips oTH3N2
SEQ I D NO 69) ; AY779254 (SEQ I D NO. 129; SEQ I D NO 56

and ssbape of iNdnargp Aswmupg Plssbaxebmgions marked 387 agE® | represent loops
NG 57 and SEQ I D NO 71); AB019356 (SEQ ID NO 131: SEQ

I D MOah8 Bndspstvdll) The §equeARE 130l [ebii@ HA, Nebpl 32 and loop B
SEQ ID NO 59 and SEQ I D NO. 73) ; AAA43099 ( SEQ | D NO

133 respEQivel) NSy ﬁ@id@&?ﬁé%@fél\%lﬁ%iﬁho (SEQHH ‘Nd*ﬂz(ﬁﬁ@% NO: 47

aci d sequerice alignment of vectors carrying .
187 Gpd Y bR B Honedt W TR NohElT S AP N0 ke
¥E‘13§'3 SJE&'@&E&E% }J@\D-/)Filzzs SEG D' NG9 and SEQ 1D N0:63):102090
(SEQIDNO:123; SEQIDNO:50 and SEQ ID NO:64);DQ508929 (SEQ ID NO:124;
SEQ ID NO:51 and SEQ ID NO:65);DQ508865 (SEQ ID NO:125; SEQ ID NO:52
and SEQ ID NO:66);DQ508849 (SEQ ID NO:126; SEQ ID NO:53 and SEQ ID
15  NO:67);DQ508833 (SEQ ID NO: 127; SEQ ID NO: 54 and SEQ ID
NO:68);DQ508825 (SEQ ID NO: 128; SEQ ID NO:55 and SEQ ID
NO:69);AY779254 (SEQ ID NO:129; SEQ ID NO:56 and SEQ ID
NO:70);AY779253 (SEQ ID NO:130; SEQ ID NO:57 and SEQ ID
NO:71);AB019356 (SEQ ID NO:131; SEQ ID NO:58 and SEQ ID
20 NO:72);AB019354 (SEQ ID NO:132; SEQ ID NO:59 and SEQ ID
NO:73);AAA43099 (SEQ ID NO: 133; SEQ ID NO:60 and SEQ ID NO:74).
Figure 14 Amino acid sequence alignment of VP1 vectors carrying HA loop A
and loop B of influenza strain H3N2 inserted in S1 of VP1. The sequences can be

identified as follows: VP1-S1 (SEQ ID NO:88); VP1-S1H3A (SEQ ID NO:134);



Figure 15 Am no acid sequence alignnent of VP 1
vectors carrying HA | oop A and | oop B of influenza

W@ 200a/0#06BN2 i nserted into S4 of VPI . The seqRenavs007/001478
can be identified as follows: VP1-S4 (SEQ ID NO 89),
VP1-S4-H3A (SEQ I D NO 136), ViP3-S4H3B (SEQ ID
NG 137). Figure 16 EMimages of VPl -H3-SI A VLPs.
Magni, £ | i ' ( Scal ebar | OOnm). Figure 17
EM BﬁgbgihgggﬁgéﬁéagoggggLés. Nhgnificatrzn isg
200, 000Ox.. (Scal ebar | OOnm . Figure 18 Am no acid
sequages 13| i grnivaiwo asid sgmpenge aligiment af V1 Nectera cpigyipg HA loop A
and | oop B of influenza strain H5NL inserted into $4

of \4ad looplB ef sipaeracasinddINDbmsertbdrihtiof S4ext \A3L . fTht baamwences can be
VP1-S4 (SEQ I D NO 89), VP1-S4A (SEQ I D NGO 138), VPI-

S4B 3 . . ; .
2 ST S S EQUE 8D D 0130

??d‘&§ESXE3AY§%§I@ﬁhgﬁ??klgB) usi ng GSTrap HP col umm.

axi's s vol | is absorbance in mAU; Y2 is

S N T T T

represents the conductivity trace; the vertical dashed
| i nebar $0@rme). i nj ecti on point of sanple onto the col um.
Fi gure 20 Separation of thronbin digestion and

capsapgmea7pur i EMGahged of VP 1-BSTML VL B4 Mdghifitien id 060),060xd(Scale-
GST-VP 1-S4B (Figure 20B) on a Superdex S200 10/300 GL

Siz jon colum (GE Healthcare). X-axis is
volaﬁ€¥?%ﬂﬁ1; Yl is absorbance in nAU;, Y2 is

onductivity ip nS/c Li ne A.repres the UV tra
100" S8 5. i Aol 4 ket gty 6P B ol iy ng G loop A
B represents conductivity trace; the vertical dashed
i nanidoarié of iBerARGHIpG T serisgiplo Aotk e sequences can be
colum. Figure 2 1 Conparison of GST-VP
W t HETH ¢Rlas S4l6andEBT-SYPEEQ4B Ni9:89), VP1-S4A (SEQ ID NO:138), VP1-
S4B (SEQ ID NO:139), VP1-S4hM2e (SEQ ID NO: 140).
Figure 19 Purification of GST-VP1-S4A (Figure 19A) and GST-VP1-S4B
15  (Figure 19B) using GSTrap HP column. X-axis is volume in ml; Y1 is absorbance in
mAU; Y2 is conductivity in mS/cm. Line A represents the UV trace at 280nm; Line
C represents UV trace at 260nm; Line B represents the conductivity trace; the vertical
dashed line is the injection point of sample onto the column.
Figure 20 Separation of thrombin digestion and capsomere purification of GST-
20 VPI1-S4A (Figure 20A) and GST-VP1-S4B (Figure 20B) on a Superdex S200 10/300
GL size exclusion column (GE Healthcare). X-axis is volume in ml; Y1 is
absorbance in mAU; Y2 is conductivity in mS/cm. Line A represents the UV trace at

280nm; ; Line C represents UV trace at 260nm; Line B represents conductivity trace;

the vertical dashed line is the injection point of sample onto the column.



bi oanal yzer anal ysis. Figure 22 AFFF plot show ng
assenbl ed GST-VP 1- S4A and GST-VP 1- S4B VLPs. X-axis

WO 2008/08@6{ M nut es) and Y-axis is rnms radi us (nNPGT/AU2007/001478
Figure 23 EM i mges of VP1-S4A (Figure 23 A), VPl -S4B
(Figure 23 B) and wild-type VPy,(Figure 23 C).
Magni fication of all images is %OO 000x (scal e-bar
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derived therefromprovide a new and advantageous broad
specuieamalygeicanalisist or treatment of energing di seases

and, in particular, influenza. Surprisingly, the

I nvdiigwe22haveAEEHR pios ekbwihg assatnbieal! GREMPARS 44nanth iGST-VP1-S4B
viruses have evolved to evade adaptive immunity to

pr odpcss. X- Bﬁ?f%chrﬁ@ TnhidE) MRACE LR iV CHdR (il
manufactured rapidly in response to a new vira

hr s | n St s .
Soqd Pusan s rar BRkeRLaEM RS20t WP ss b iy 22 ) ond
manuf acture, and conplies wth regulatory standa

In paid-pea L (ewe gz?tc)c dfagaticatiomet alp ypegse H%%O(? ﬂOOx (scale-bar
eukaryotes to VLP vaccine production principally rely
upon00nmy.i vo assenbly of the VLP from overexpression

of the viral proteins and extensive ex Vvivo

post - expr essi QVEPANKS DESCRIPTERP @FALIEE TRY EXIRON om
structurally related contam nants, DNA and har nf ul

unr el at edfh\é' i3k I‘(Réﬂls gPthe kﬁ? sQﬁtqﬁﬁéﬁloﬁ‘%@\fL@% lﬂlehv&f‘ therefrom

the cell culture Brocess or ough contan1na
gurln he exteﬂ d times required for ce%l cultu ¢
epeﬂr %?1 By apfa ‘K?EFﬂgF?‘ErW% SREEEThRACHY tB?EP?“ of emerging
rel ated physical properties presents a significant

pr ochsgasas gnd hial pastiqydar, Waflpenzac Surpasingly, thefinventors hpessetdised the
on eukaryotic expression of full-length HA and M

pr otratutal me¢Hann whidhovituseo hawperdeddotn efadblhdaptiv@oimmunity to
i ncorporate an illdefined nenbrane which is |abile

dur i ghRE QBRHALsGetruh VA fhe GHEH &Y b@RfAnufactured rapidly in response to

anew viral threat, has low manufacturing costs and low requirements for specialised
15  infrastructure during manufacture, and complies with regulatory standards.

In particular, present conventional approaches in eukaryotes to VLP vaccine
production principally rely upon in vivo assembly of the VLP from overexpression of
the viral proteins and extensive ex vivo post-expression processing to separate the
VLP from structurally related contaminants, DNA and harmful unrelated viruses that

20 may be present as a result of the cell culture process or else through contamination
during the extended times required for cell culture. Separation of the VLP from
viruses having closely related physical properties presents a significant processing
challenge. VLP vaccines to influenza based on eukaryotic expression of full-length

HA and M protein, with or without co-expression of NA, also incorporate an ill-



het er ogeneous VLP structures follow ng purification.
These problens with existing VLP vaccines renain

wo 200g@kopsaunr esol ved for influenza vacci nes, PCT/AU2007/001478
particularly for conplex structures such as those
conprising HA, Mand/or NA proygin that nust be
assenbled in vivo. The present invention overcones the

pur i @éf%%& HemBERE" ﬁhlcﬁnlsprléb‘i’l' eﬁﬁe@@{@c‘ég ugg? Eﬂz 8mﬁlex and
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di sassenbl y-reassenbly processing of the VLP
st r u¥t.Brvaccifies repgiint largelyrenteselsed bert inBnenwrevageines, particularly for
relatively sinple VLP structure in vivo, that is for
exangngpléx Mhich e Hath & these@omptising IHY M &ad/6i NA proteth that must be
VLPs can be disassenbled and the VLP protein purified

ngﬁﬂﬂe@f ; Aency usi ng conventional technol ogies

y aval é% e at large scale. Purified protein can

be sterilge filtered to ensure renoval h adventJthgﬁ d
virus, as!PORIESHEMY PIULLYCLOmSs She REHIFRHET STREF 9P YT !fms an
therapeutlcs Fol l ow ng the preparation of purified
st eravoidss thet @rp@wnppﬁtae?’hP hayengy/p Feqmeplese sHraefteed incipding a labile
vitro through appropriate chem cal control of the
r eaciembeane. By cieetiig a siatple nilidinmabstfel I ethsctoide athidimveroion enables
create a VLP structure in vivo. (e.g. using fastgrow ng

bact gtdssmBycbhsdntty deéler1ng]tJTQhé3VEP%§'§ctﬁfe manuf acture
is further Speeded and si ified. In such cases the

urrent i ven i on t | .
19 c%r cu yre Mheifody ﬁlat 9%& | n?eﬁgt?\%l)a %l{ﬂbﬁe\/lﬁP structure in vivo, that

avallablll Speci a r

ext ended cultlvatlon tinmes, allowng for rapid

pr odScior crxamplgiay ¥lde COMATSIAG tANe; FR5CIEN t FStelis sigh VLPs can be
technol ogi es wi dely avail able for the production of

pr ot disass¢rhidedpelithe 34.P prbeinumeifiefl vathdhiglpeicendy using conventional
m nimalist VLP structure allows for the creation of a

VLP sthinétdgidsavitiély abdiablent larde s@ald SERTHRU YraréihRhn B¢ Qérsle fltered to
expression and purification. Regardl ess of the culture

met NOQ, RTBhEVA df advaitifRR LS, Bs Rfutlﬂéﬁi)?d}hsédqf\’)?ggdvgﬁ]tlonal protein

15  therapeutics. Following the preparation of purified sterile-filtered protein, the VLP is
recreated in vitro through appropriate chemical control of the reactor environment.

For culture methods that do not create a VLP structure in vivo (e.g. using fast-

growing bacterium such as E. coli), the process of manufacture is further speeded and
simplified. In such cases the current invention is not predicated on the availability of

20  specialised infrastructure nor extended cultivation times, allowing for rapid
production in diverse manufacturing sites using technologies widely available for the
production of protein therapeutics. The use of a simple and minimalist VLP structure
allows for the creation of a VLP structure through in vitro assembly after protein

expression and purification.



of in vitro assenbly follow ng protein purification
and sterile filtering provides for precise control of
wo b@svi@eassenbl y step. The assenbly of the VLIRCT/AU2007/001478
structure is under control of the process operator
thus renoving limtations inhejgnt for in vivo
assenmbly approaches. This inproved control overcones

probl ens yuM t h, convent i aI LP t echnpl,0qi es

arti out AR AGE PR HUfSemo st et 8RB s inyention

superior. VLP whi ch has hlgher phol ogi ca
homsd éheitroypssepbly. followipg progin B‘Pﬂﬁﬁlépoaé%ﬁﬁllﬂ? fHtegigg provides for

alloms for the incorporation of precisely defined

ant ipgemsecoDNA of Ul assemblystep hEhegpssambigof\thd VP structure is under

structure, under the control of the process operator,

gi VicBstrél PO HeUprotdss f Perdt@Pitils @¥abvihg QHm@{tloY@QEEd?&t for in vivo
design. Isolated proteins It is appreciated by a
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I's par e prese I NV
he VPl .is derlved from

Pr ef er abl t )

pol ipehiploeisy @RS iy RSkl gwn#geezgu%l'ep aerRespyndaprpduces
particular theory, the presence of |oops on the
sur fsapasionVLE whiclybasgaghter sloephotagidatisorheigsatity divediskaoatol of VLP
for recognition by the i mune system Such |oops are

par takebib®y hio Hllota be thef incolperatibh of prédisedy Hefredodntigenic DNA
forei gn sequences w thout disruption to the protein

str lré&idéﬁ s uﬁt)ttls(hg% J@]CV Lb &l v\}}lﬁQ uhB&RE &ntr\{ﬂéf tﬁggﬁ%éé Sperator,

f ou ace 00ps span aroun
d 82-89 4 247- 249 d ,292- 297 d
1P s Eanomriing frgadia Sxpliidnol Gerhe S5my ot ta g

respectlvely In the context of the present invention,

t ypilediated prateinsough not excl usively, at |east one

exposed |l oop site has an insertion. It can be

appr eci afitesapprediated by apedson of skilhmnke at thanVB1 frampmlywmavirus is

potent or, alternatively a broad-spectrumVLP, one,

t WO paftRROREy WelllsQHEd BithE€SreSERY in ORI BRIGBINIRE VPP derived from
murine polyomavirus.

15 Although not wishing to be bound by any particular theory, the presence of
loops on the surface of a virus particle provide ideal candidates for recognition by the
immune system. Such loops are particularly suitable if tolerant to insertion of foreign
sequences without disruption to the protein structure.

Although not limited thereto, VP1 comprises four surface exposed loops

20  which span around about residues 82-89, 221-224, 247-249 and 292-297 and are
referred to as site 1, site 2, site 3 and site 4 respectively. In the context of the present
invention, typically, although not exclusively, at least one exposed loop site has an

insertion. It can be appreciated that to facilitate generation of a more potent or,

alternatively a broad-spectrum VLP, one, two, three or four sites may comprise an



Preferably, one, two or three exposed | oops conprise

an insertion. Mre preferably, the one or nore exposed

WO e@ps4enpri sing an insertion are sel ected frpom/Abnz007/001478
group consisting of site 1, site 3 and site 4. In nore
preferred enbodi nents, the one1§r nore exposed | oops
conprising an insertion are selected fromthe group
consisting of site 1 and site 4. The isolated protein

of tIA¥TYention may be referred to hereinafter as a

"VPI chinmera ". By "chinera " is nmeant a fusion

bet ween direfeeabdy, dnaptwr ot threesexposal foops oompesenmeimsertion. More
fragnents of said at | east two proteins. Typically,

al t heeRfabhg thee b flowadxposeld 6o LOMptikisg ah Msktiios hittselcted from
however it is readily contenplated that the proteins

1By (08 oAARL RGNS of e | iLShAsié § Meant an ani no aci d

pol yne he am ffo aci ds may be nat ur al or non nat ur a

m no acids no acids as ar
Bncor st odt Hore prACrsen bpiRerly hieor oy Stk e lposs sqmprisie
enconpasses "peptide", which is typically used to
des @i ipgertiomareseleeted Fomrhe groupsersistingolsite 1 pnd st 4.
am no acids and "pol ypeptide", which is typically used
t o descr i'Tie isolped p@itdin bttt ingemtinnandyiserreferiet Yo Kebéipafter asa“VP1
am no acids. For the purposes of this invention, by

"I sQhahsd”. By “PRARFe BhRANR! fuliBRbethRen RAER! fvﬁfﬂ%ﬁ%s ora fusion
fron1|ts natural state or othermnse been subj ect ed

humgn, mani pul at
cupabaeR Pty bl L sud e Fip Plsal: PenPlBiount uorelpsivl
normal |y acconpany it inits natural state, or ‘may he
1Ranithepiaters g uprs afeé hgweye itdpreadily eqigraplated tha the proteins may be

together wth conponents that normally acconpany it in

i ts hoatdloglesstate. |solated material may be in native

or reconbi nant form The invention also contenpl ates

use of a By agprit” Rfmédhe alYRnishhéT8@ pAly@ker. The amino acids may be
natural or non-natural amino acids, D- or L- amino acids as are well understood in
the art.

15 The term “protein” includes and encompasses “peptide”, which is typically
used to describe a protein having no more than fifty (50) amino acids and
“polypeptide”, which is typically used to describe a protein having more than fifty
(50) amino acids.

For the purposes of this invention, by “isolated” is meant material that has

20 been removed from its natural state or otherwise been subjected to human
manipulation. Isolated material may be substantially or essentially free from
components that normally accompany it in its natural state, or may be manipulated so

as to be in an artificial state together with components that normally accompany it in

its natural state. Isolated material may be in native or recombinant form.



alternatively, a fragnent of the virus protein other
than VPl . In one enbodinent, a ' 'f ragnent'"

WO p@BOU®sd a protein conprising an am no aci d SPCUAaNzm®7/001478
that constitutes |ess than 100% of an am no acid
sequence of an entire VPl or aq§irus protein other
than VP1. In the general enbodinents which contenpl ate
a fragne aof the VPl chinera, preferabl he fr nt
conpr | sec edauentn Aot 0 Gedgeriay ot i§ PDgamera or
92% 91% 90% 85% 80% 75%or 70% but greater than
509 aligtatirdy eniragneens pbtheivirus proteip ethst thep Vfdner al
enbodi ments which contenpl ate a fragnent of the virus
protei n dhhae etbadimddt, a “firgeiear altlydésepiotehy o@mnprising an amino
conprises |less than 99% 98% 97% 96% 95% 94% 93%
92 % ac Rl ucHedahaPiisti BB esé Bdh 1609001 G ¥i®A4d s2qlneE of an entire
50% but can also relate to a peptide as herei nbefore
eschhped. .Preferabl he agnent is a "biologically
gct ;:\I/féf?oﬁ‘ar‘Qﬁurf‘epﬁ?temvﬂ?{%rhth?neygiq'ns bi ol ogi cal, structural

and/ or physical activity of a given protein, or an

encodi ng [RUbE @eeeral pbodipeptsew htcesz{énwiatw fragmgnt of the VPI
bi ol ogi cally active fragnment preferably has the

abi |dhimgeraopreferdblyathe drdgimentcmngrosesiest ban 99Me 9810 P %, B6%, 95%,
which virus protein other than VPl to insert into the

expagiegl I300P3%E 9NYHO0TREEY ! 8% 5% bf P0BLHA idatdr igan 50%, of the
particul ar desired end result. The invention is well
suiggguhﬁoghgteins whi ch are involved in eliciting an

i mmune response to a pathogen such as, but not limted

o, inflyenza virus, hu . 1 mmunodef i ci ency virus, .
1hepat it SnAeqthey §Fn%1(ﬂ"g’a"@ff¥“’d§5, Wﬁ’éﬁ&?‘&%‘“@i@%ﬁfﬁgmem of the virus
par ai nfl uenza virus and respiratory syncytial virus.
The riretemrathesthansV Pa preferabls thefragmientepmpsisps lessahand Hh 28%, 97%,
are subject to continuous alteration in circulating

epi %, ©5%4,19a95)93%| 92%S9 ERVISABSC, BOSH, 75Y.aP0PBN6 396,600k, 55% or
correspond to antigenic epitopes of the virus protein

ot heypof Bt aBiko $@5tekS a peptide as hereinbefore described.

Preferably, the fragment is a “biologically active” fragment, which retains
15  biological, structural and/or physical activity of a given protein, or an encoding
nucleic acid. In the context of VP1, the biologically active fragment preferably has

the ability to self-assemble and form VLPs.
The choice of which virus protein other than VP1 to insert into the exposed
loops can be made taking into account the particular desired end result. The invention
20  is well suited to proteins which are involved in eliciting an immune response to a
pathogen such as, but not limited to, influenza virus, human immunodeficiency virus,
hepatitis C virus, Ebola virus, measles virus, parainfluenza virus and respiratory
syncytial virus. The invention is particularly suited to proteins that are subject to

continuous alteration in circulating epidemic strains. It is envisaged that fragments



used for insertion. By "corresponds to " in the

context of the present invention, is neant an am no
waceoodogwauence whi ch shares primary sequence PCT/AU2007/001478
characteristics of another am no acid sequence but is

not necessarily derived or obtayned fromthe sane

source as said another am no acid sequence. In one

enbqg P ' r . Pl i

or on e PhrcsbB 1) ARt b ERs B e ihupRRonty orhk g v, can be
M2. In preferred enbodi nent, the virus protein other
thaﬁ“qb&“ﬂ@wgévbcted fromthe group consisting of HA
and M2. In another preferred-enbodi nent, the virus

pr ot ei n Byt frerrespends P inithe cantéanefithe preseRinvEytmingigimepnt an amino
al t hough not exclusively, the domain of M2 is an

ect ediigeyienct Whixd shael bimaRl 2§ @Inte Cha2adie ke of hotteh €mino acid
virus protein other than VPl corresponds to an exposed

00 ’ r [ :
R, T BisnB oFCls ol Aoes il g1 BRI R (sdile SRR as sed

t her eof . Prefer%@! , the exposed I oop of HAis
sel E0PRE FPEN A eé?%’ﬁf)‘ consi sting of loop A |oop B,
| oop C and loop E. Mre preferably, the exposed | oop

of HA i s IBenecembpdimenh thie viguo prptein reshest thag \Of1 fipepratein from
and | oop B. In other particular preferred enbodi nents,

t he ihflagae niruofuch ay HAINRNA, N hooM2er t han VPlis an
antigenic epitope. In nore preferred enbodi nents, the

f r agmentyy b $réBrréNéh B8 entC e VRS pRiteifiiBthet ThaBWEM RRERCted from
preferred enbodi nents, the fragnent is an antigenic

pit of .an.expo Lo of HA selected fromthe
1groJ%P'gﬁgfs?$§6&6§%ﬂ%%%ﬂ%?'loop B, loop C and |l oop E

pppiE TR O T —
the host cell inmune response and, as a conseguence,
| eacbftM2. Typically, although not exclusively, the domain of M2 is an ectodomain.
In particular preferred embodiments, the virus protein other than VPI
corresponds to an exposed loop of HA selected from the group consisting of loop A,
15  loop B, loop C, loop D and loop E, or a fragment thereof. Preferably, the exposed
loop of HA is selected from the group consisting of loop A, loop B, loop C and loop
E. More preferably, the exposed loop of HA is selected from the group consisting of
loop A and loop B.
In other particular preferred embodiments, the fragment of a virus protein other
20 than VP1 is an antigenic epitope. In more preferred embodiments, the fragment is an
antigenic epitope of HA. In even more preferred embodiments, the fragment is an
antigenic epitope of an exposed loop of HA selected from the group consisting of

loop A, loop B, loop C and loop E.

A person skilled in the art will appreciated that viruses have evolved a number



generation of escape nutants. One such nmechanismis

the presence of a region within a virus protein/s with
w@20mpknocdegr ee of variability, the so named  PCT/AU2007/001478

hypervariable region. It will further be appreciated
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HA degiow whichrdisplay aigh degrgpet wiriabiity acsessayings subfypest

| east one consensus am no acid sequence for an

ant i geniTherfirt p geretal lebpdifndnss WREPHRGi(uSHrdtbid JW3r fifgn VPI is
(there is commobn PgS<~>PaS variability) whereas at

| eagia QG RIGRR H H4S LB bOOE iR 1hzS SHYE ACRad Bhe @hsensus amino acid
antigenic epitope of Foop B 1s PSTNQEQISLYVQASGR ( SEQ

D NO 78 there.is.co n JIslL<;>T LalL ki .
107 REUERES fof A AR i PP T 109idn b a¢RSEREQrR0:7S) (there s
general enbodinents where the virus protein other than

VPl cpmmeR qrerilV atd KcoriRavappbilitiy thsesag at lpgst ppepengensus sequence
virus, at |east one consensus am no acid sequence for

an dot dngeiigenie ppitaeerf déop B P MDA FRHRGKEINPIHY (SEQMD NO:76)
79), whereas at | east one consensus am no acid

seqygifss @bmhRAK 811 vl R MithoutRKEMON BREfdidA thereto.
NO 80), although without limtation thereto.

In other general embodiments where the virus protein other than VP1 is HA

15  derived from a H3 subtype of influenza virus, at least one consensus amino acid
sequence for an antigenic epitope of loop A is KRGPgSG (SEQ ID NO:77) (there is
common PgS<-->PaS variability) whereas at least one consensus amino acid
sequence for an antigenic epitope of loop B is PSTNQEQTsLYVQASGR (SEQ ID
NO:78) (there is common TsL<-->TNL variability), although without limitation

20  thereto.

In yet other general embodiments where the virus protein other than VP1 is HA
derived from a H1 subtype of influenza virus, at least one consensus amino acid
sequence for an antigenic epitope of loop A is SHKGKSS (SEQ ID NO:79), whereas

at least one consensus amino acid sequence of loop B is PSNIEDQKTIYRKENAY



The present invention also contenplates variants of
the virus protein other than VPI. In light of the

wo eosgaion, it will be appreciated that a variBI/AU2007/001478
includes within its scope a natural variant such as,
al though not limted to, a varignt arising from
natural antigenic variation of a virus wherein one or
nor i s,are. different to at |east one consensus
seq ﬁg E@eﬁbdﬁﬁ ' %@1 Eﬁthﬁgg}é‘bvﬂﬁ%‘gihﬂlgﬁofl ﬁ}ﬁrestgh absence of
primary am no aci d consensus sequence between .
ant i geni le@Esepidrentipn alserartapRiaies yarrants of thsywye profedn other than
not unexpected considering the propensity for a nunber
of WPFluses, including influenza, to undergo antigenic
shift and antigenic drift in order to generate escape
mut ant s.In I-ilgﬁtc‘o@ﬂﬁ: f‘ér’é@bi@g}it WiFbeltghpFeciaddd tBatiaGariwhttindlides BEthin its
subtypes of a virus and/or variation between subtypes

f ' i L0 . )
3 ey Hi i 0 o iR MR o Bt fing rom e
sequence .for.loop A deriyved. froma H5 vayi ant
i nf IAFHESUC Yeratiopofpy I@WN&SEFJ PSEHMF W@J“Si?revﬁf&%‘&éo at least
the corresponding region in HA from H3 subtype is
KRGRBSCO{SSEYs s uRixe. gzyill baepredatad thatarn dhsence of primary amino acid
af orenenti oned enbodi nents, variants are contenpl ated
where@nidnsusseladnict bétwetsaritigeRidlepidops AnbEHeRNC EiSusaubtypes is not
conservative in nature. Exenplary variant antigenic
P guPe s e fertha AR oRARIC KR EARIRE SLVIRELE frohing influenza,
ontenpl.ated that eithe .hypervariahle region or a

18ond8btes agteticomit aod st R Shntle R Brafigutant.
be inserted into the VPl chinmera, or a conbination o
t herksgce aTigeantipandesorariahien sithinethe Suksypasaicnyirust ang/or variation
vari ants of epitopes, isolated proteins and encodi ng
nuc |lbetweeeacubtypeshifahvisisase isumotdimptedphératoe By evagl of @kample only, at
sequencei dentity with isolated proteins and encodi ng

nucligist oRCtHSerdts afind Rid Seql&8icRifbr loop A derived from a H5 variant of
influenza A virus is PYNGKSS (SEQ ID NO: 81) whereas the corresponding region

15  in HA from H3 subtype is KRGPGSG (SEQ ID NO: 82).

~ According to the aforementioned embodiments, variants are contemplated
where the substitutions in amino acid sequences are conservative in natu{re.
Exemplary variant antigenic epitopes of loop A and loop from HA are listed in
Figure 12 and Figure 13.

20 Therefore it is further contemplated that either a hypervariable region or a
conserved region of a virus protein other than VP1 may be inserted into the VP1
chimera, or a combination thereof.

The invention therefore also contemplates variants of epitopes, isolated

proteins and encoding nucleic acids which share an appropriate level of sequence



The term "sequence identity" is used hereininits
br oadest sense to include the nunber of exact
woemBeas@e or am no aci d mat ches havi ng regarBPCT/au2007/001478
appropriate alignnment using a standard al gorithm
having regard to the extent thag sequences are
i dentical over a w ndow of conparison. Thus, a

" pergen f ' ity " l,cul at ed .
PSPy RodEAMERESs ddeibodide nucide S80S B Rfperein.

wi ndow Qf conpari son, determ ning the nunber of

posi t i o€ BIMeqeeqTdeniE s Heed heppin indfsdreadest spasgdo include the
(e.g., A T, C G U or amno acid residue occurs in
bot mugbqueiexast nugleptidé dr arhmoragideatcleds hawing meghrd to an appropriate
positions, dividing the nunber of matched positions by
t he alighrabnttiditiQIstadtaddQsdoriti shai Thgré@irdMotHO¥X et that sequences are
conparison (i.e., the wndow size), and nultiplying

he ;5 esult j . r.c f NEE . e
b L e e T
under st to nean.the "match per.centage" cal cul ated

by CHEVBRASSCUBRBIAL P PBLTAN UK G09S pgft the Sindow of
w ndows; avail able from H tachi Software engi neering
Co. comparisongdriermisiag tikr s etposttions atovhiclathe idsayical nycleic acid
particul ar enbodi nents, variants will share at |east

30%baded¥g., 20%, COEN) 6ninb 2l resite odafls indfdth segbdaces to yield the
90% and nore preferably at |east 95% 96% 97% 98% or

99 %03 RBUESYGRatk LR kitt%nyy'dw?dﬁlg ﬁioei ! S RER .ogftilo?s by the total

and/ or isolated nucleic acid f the 1 nvention.
il |__be apprecj.ated that. g vard ant _conpr.i ses al .l .

191,c ayaPeCBl RESIFHS Infanindanioer QosERaihgies Prdvipdre aife). and
val ue as set forth above and others. The VPl chinera .
nay TRy BEnHe irewiltobie 189 toryiedd dhpperreniege efnsaqyensei identity. For
sequences. "Additions" of am no acids nmay include

f usiegamplt, aselyRncprddnainn’ iy bédrenderst@mnt toaneanrtha“matah perentage”
thereof with other proteins or peptides. The other

pr otcglicilat®doy thY DNASIS compateP bRgra® 8Vatkioh .3 {88 windows; available
purification of the protein. For instance, these

i ncl Q?Hﬁaémg . grteie | e rEn & .,rﬂﬂi.t § | c(?scB,r z;h%r[ﬁia, USA).
t
(MBP), green uoresten ot’ei n{ , Protern or
| ut at hi pne S-tyansfer.ase T) . er additjons

1 gn cl ude ?n particular embo iments,(\grslar)lts W% Ehare at least io“%, 40%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85% or 90% and more preferably at least 95%, 96%,
97%, 98% or 99% sequence identity with the isolated proteins and/or isolated nucleic
acids of the invention. It will be appreciated that a variant comprises all integer
values less than 100%, for example the percent value as set forth above and others.
20 The VP1 chimera may also comprise one or more additional amino acid
sequences. “Additions” of amino acids may include fusion of a VP1 protein of the
invention or a fragment thereof with other proteins or peptides. The other protein

may, by way of example, assist in the purification of the protein. For instance, these

include a polyhistidine tag, maltose binding protein (MBP), green fluorescent protein



"epitope tags" such as FLAG and c-nyc epitope tags. It

is further contenplated that nore than one fusion
w@arsoeneimy be included into the isol ated proP€i/AU2007/001478

Vel | known exanpl es of fusion partners include, but

are not limted to, glutathiongqS-transferase (GST),

Fc portion of human 1gG maltose binding protein

( MBP u d xahj.st 1 di , i C " .

bar (CEEDarfoy i M AaE Bty (O BuRh fuditions include

protein by affinity chronptography. For the purposes

of fERIWS tﬁgsotsgahasryﬂﬁ(g plggq-rn%ﬁ e}%p)f)gftqgsnﬁt fsyfurtger c%ntemplated that

chr omat ogr aphy, relevant matrices for affinity

c hr onere depnapieyfusior pagingt miajbe mslyded nmtb dleisolated proteink el -

or cobal t-conjugated resins respectively. Many such

matri ces WeR kavahlcxbmples df Tidién phidiol itlile, 86t 4rB&ot limited to,

Q Aexpress(tn) system (Q agen) useful with (H'S)

usi g@lﬂatmﬁ{n%@ifrﬁnﬁéfgset(ﬁggﬁg% fﬂaﬁfdnaof(ﬁ%;l;laﬂ lfédé,f ﬂé?lg%sk ﬁﬂlding protein

I
system I n sone cases, usi on partne ave

pr ot | eavage sjite as. for Factor., Xa . .
The KBRS SpRuRESeehiiBos HSsbRish BietB i M Bhfubor sglaton of
the relevant protease to partially digest the fusion _
pr otths Fasism praein by affinity shromatagranhgbyFof theepuapeses pefusion protein
reconbi nant protein of the invention therefrom The

| i bguaifieatiqnr obei affodry tdheomitegiaploy, atreldvintomathieesf uforr onffinity
partner by subsequent chromat ographic separation. The

| NV eRtdrRftoghsiey 40 BheiRbAd-Sam P& £1dlnid@I-iof dbbaleconfigated resins
the VPl chinera, such as produced using techni ques

escri bed in RENT P IN B Bl N
18 apraeEley, VAR e e dhe, TR R dpliuch as the
enbodi nents,,the isolated protein or VPl chinera of )
t he QYAexpiess| sysem (Qrea issipbwih dHSaHbsien pamersaad thehbarmacia
selected fromthe group consisting of SEQ I D NO 92;
SEQ G himiBGtioSEReD NO 94; SEQ I D NO 95; SEQ ID
NG 134; SEQ I D NO 135; SEQ I DNO 136; SEQ I DNO 137; SEQ
| DNO 138;156nk Badde) thel B8ion padnésktdsd BanProtk4dd cleavage sites, such as

for Factor X,, Thrombin or human rhinovirus 3C protease, which allow the relevant
15  protease to partially digest the fusion protein of the invention and thereby liberate the
recombinant protein of the invention therefrom. The liberated protein can then be
isolated from the fusion partner by subsequent chromatographic separation.
The invention also contemplates chemical derivatives of the VP1 chimera,
such as produced using techniques described in CURRENT PROTOCOLS IN
20 PROTEIN SCIENCE Chapter 15, for example.
In particularly preferred embodiments, the isolated protein or VP1 chimera of
the present invention comprises an amino acid sequence selected from the group
consisting of SEQ ID NO:92; SEQ ID NO:93; SEQ ID NO:94; SEQ ID NO:95; SEQ

ID NO:134; SEQ ID NO:135; SEQ ID NO:136; SEQ ID NO:137; SEQ ID NO:138;



I sol ated nucl eic acids and expression constructs It

w Il be appreciated fromthe foregoing and al so from
w@hb@soeweut i cal conpositions described in nor ePdEAERI07/001478

herei nafter, that the invention also provides use of

an isolated nucleic acid encod? Bg the VPl chineric

protein of the invention. I'mting exanples of

|soI vided in Figures 1 and
fﬁ%sﬂgﬁﬁﬁJﬁgéPa%%ggg?éﬁ)§§8used herei n desi gnat es

S|n | e- or doubl e-stranded nRNA, RNA, cRNA and DNA

i nclkselated micleipapids gnd EKPresTNACERSIDIA- RNA hybr i ds.

Nucl eic acids may al so be conjugated with

f | uor ochrioneR , beeappyeresed fidnp et fotkgpirgsaral sowdtom lphawaceutical

in the art. A "probe" may be a single or

dou t&o%p%h"u%ﬂéjéé%cﬁbécﬁﬂw&le %@failqﬁre‘?ﬁaf@fg |ty wied BO& R also provides
sui tably Iabeled or the purpose of detectlng

(élo g{)\isg ﬁggrtl %é el .%E nc%?c‘?’%encsab Ec. {/ﬁ% ol:ijlénen‘c Ipro“atem of the invention.
S|n | e- stranded ol i gonucl eoti de, preferably having 15-

o limifingexamples of ispiated pieicihagids %ﬁﬁ%?dl“é ddn Figures I"and 2.
anneallng to a conplenentary nucleic acid "tenpl ate"”
and bei ngltextmnted/dnaadt smstdhaeid dpagritastsifghs ti doublgystranded
the action of a DNA pol ynerase such as Taq pol ynerase,
RNA- RN A, dRINA B DNEY iaSRisi9t o BEDINANZERMEDNA inCBNA-RNA

be readlly appreC|ated by a person of skill in the art
t hat I t
ook SR 06 SR N8y s s

ssort nt o nblnan technlques Exanpl es of

n& TSdh aBefwglg OWYR B GE 8t nucleic acids is given in
Exanples 1 and 2. In a preferred enmbodi ment, the
nucl eoti d& §eqbenaesy decedpinglet e dewblectirapgede abigpmucieptide or

| oops of VP lare adapted to receive an isol ated
nucl wilghualebtides nsuddbiyg labelied ufor phetrirposet dfedetedtany Yéthplementary
By "adapted to receive " is neant the manipul ati on, by
sequences in Northern or Southern blotting, for example.
A “primer” is usually a single-stranded oligonucleotide, preferably having 15-
15 50 contiguous nucleotides, which is capable of annealing to a complementary nucleic
acid “template” and being extended in a template-dependent fashion by the action of
a DNA polymerase such as Taq polymerase, RNA-dependent DNA polymerase or
SequenaseTM
It can be readily appreciated by a person of skill in the art that the isolated
20 nucleic acids of the present invention may be produced and manipulated using an
assortment of recombinant techniques. Examples of preparation of such isolated
nucleic acids is given in Examples 1 and 2.

In a preferred embodiment, the nucleotide sequences encoding the one or

more exposed loops of VP1 are adapted to receive an isolated nucleic acid encoding a



reconbi nant nmeans or other, of nucl eotide sequences in

order to facilitate insertion, excision or nutagenesis
w@boosatioge or forei gn nucl eoti de sequences. ByP@EXU07/001478

exanpl e only, a nucleotide sequence nay be engi neered

to incorporate new restrictionpgnzyne sites in order

to inprove the speed and efficiency of cloning

pr oc\ﬁx(élg lb?(ﬁein epﬁllég Q/Prioﬁ l“b&gﬁtte%dm ;%%fvgt?s mgaﬁﬁh{elrﬁ&'{immion, by

ang are € nos

enzynes 't hat 0 not create an over

amenabl e .to hi gh speed clonjng,of anplification .. . .
pr odEcAeOIBEH ALY %Eerp&“ﬁiwﬁdesﬁﬁﬂwn%ﬁ% grer ?ra%?a%lvate insertion,
pol ymerases such as Pfic. A nucleotide sequence
adapsxediannors etaganesisnpl native erl fooeigmewealigbade sequences. By way of
hi gh-t hr oughput screeni ng of vaccine candi dates. A

per ssgampfe 6Ky b mutldokigte aeduentel| thay edehginepdd @€ liiofporate new
t hat nut agenesis can be perforned using an assort nment

£ . hni ey _

9 ra%ﬁ&mm 9591}351_1198 (r:j éd\?'g% Ldte e@)ém%f?c?%rgg .o’f cloning

suit e techniques Inclu om mutagenesi s

transposon enesi i gonucl egti de-nedi at e r

51 ¢ vaeRaEs ey rhen agbAbLpS R R g be B it fo At ereate an
cassette nutagenesis. In a preferred enbodi nent, the

i soloyedwng aed b anest ameadip i kigh spead doring iof amplifeatipagproducts
encodi ng the VPl chinera wherein the nucl eotide

sequeneeated fbydER evithnauper laxipdidelity [pobmserisas steheas Pyt Atnadeotide
to include a recognition site for a restriction enzyne

wWhi R EeREAERDHRS iR bithltarSifer is 186 aBYAM o BisRth$Gughput screening of
contenpl ates variant VPl nucl eic acids having one or

1 rqmgggggméﬁﬂ&%nces altered by taking advantage of
codon Sequence tedundancy. A particular exanple of a

variant VPl nucleic¢c acid is optinjzation of a nucleic

aci d seq u%ﬁ%ré%efgwla }rﬁbe %W@B@dﬁ%@é@@f%@éﬂ that mpgenesis can be
known in the art. This can effectively "tailor" a
nuclpeiforraed whikgan asgrrtmeit ofrepomelsisant fechmiquespion-ligutingexamples of
organi sm orcells thereof, where preferential codon
usagaithtils tepaiues idldestatdbm mutagenesis (e.g., transposon mutagenesis),

oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis and
15  cassette mutagenesis.

In a preferred embodiment, the isolated nucleic acid comprises a nucleotide
sequence encoding the VP1 chimera wherein the nucleotide sequence of one or more
exposed loops has been mutated to include a recognition site for a restriction enzyme
which generates blunt-ends.

20 The invention also contemplates variant VP1 nucleic acids having one or
more codon sequences altered by taking advantage of codon sequence redundancy.

A particular example of a variant VP1 nucleic acid is optimization of a
nucleic acid sequence according to codon usage, as is well known in the art. This can

effectively "tailor" a nucleic acid for optimal expression in a particular organism, or



The invention further contenpl ates an expression

construct conprising an isolated nucleic acid encodi ng

wo b@sNRloschi mera operabl y-1inked to one or norBCT/AU2007/001478
regul atory sequences in an expression vector. An
"expression vector” may be eithgr a self-replicating
extra-chronosomal vector such as a plasmd, or a

vect or, that .i nt egrates into., a host none, .i.nclusive

of  vaUs BiREeo5r ATy BIETGRT Fodsaffotihad Aerbtablied:

l entivirus, poxvirus and flavivirus vectors as are .

wel | knowkhei inverntienfpgther gpntegplatestinexpraskied copsirugipeamprising an
that said regul atory nucl eoti de sequence(s) is/are
posiikilataé ciuclelcaddid endodirighthe NéRlo simeeendparatdydinkedati 6heobr more
the invention to initiate, control, regulate or

ot hepyaeryleh8&iced BRSXptRiibPPedftd/ Or ot her processes
associated with expression of said nucleic acid.

egul atory nucl eotide sequences. . will generally he

Sonr opr | A8 HEHE Tk el MR ot ro R e B chromosomal
Numer ous types of agpropriate expression vectors and A .
sui t¥§BIoBS alasmyd.o8 auéﬁ%@atafl@gx@#émo 2ot gengme, ipgpsive of
a variety of host cells. Typically, said one or nore

r egweatoorof virabdrept swbh as edpnevices lentlyirisypéxadiess aidiflavavieus vectors
not limted to, pronoter sequences, |eader or signa
sequRREETell khd s oMk aRi Nndi ng sites, transcriptiona
start and term nati on sequences, translational start
and termfaki - [ .
sequenced baIE MHENF 3¢ i b lOREHRES Bl Altde scqueneets

cid packagi ng, signals, Preferably, said npter.is . ..
1BpersBreosHontZANF fothe sepmbITBIelcis 191 B B ivgRiRp to initate
i nclude T7 pronoter, tac pronoter and T5 pronoter.

| nduwontple tegesteersithireissrdieeit teanscr{psigo lang/or pther processes associated
-repressi ble pronoters and | PTG, al cohol -,

met akitloéxpressionaf said nacldicssetde- i nduci bl e pronoters) are
wel | known in the artand are contenpl ated by the

i nventi ofReAfi@Y SubleSSHEsaRERES Wl BERIRIYeSappHipfiaRStofthe host
cell used for expression. Numerous types of appropriate expression vectors and
15  suitable regulatory sequences are known in the art for a variety of host cells.
Typically, said one or more regulatory nucleotide sequences may include, but
are not limited to, promoter sequences, leader or signal sequences, ribosomal binding
sites, transcriptional start and termination sequences, translational start and
termination sequences, splice donor/acceptor sequences, enhancer or activator
20  sequences and nucleic acid packaging signals.
Preferably, said promoter is operable in a bacterial cell. Non-limiting
examples include T7 promoter, tac promoter and TS promoter.
Inducible/repressible promoters (such as tet-repressible promoters and IPTG-,

alcohol-, metallothionine- or ecdysone-inducible promoters) are well known in the art



crystallin pronoters. It will also be appreciated that
pronoters may be hybrid pronoters that conbine
web@smpnoso of nore than one pronoter (such as SRaI/AU2007/001478
pronoter). The expression construct may al so i nclude a
fusion partner (typically provpged by the expression
vector) so that the VPI chinera is expressed as a

f usi otein wth jd fusio rtner, a

her &P gt Griciiipialet by 36 meibo s B8 hispetife eromyro sugh os o
i nclude a selection nmarker nucleic acid that confers )
t r arfEYssahe Promeierse df Wikl @dsoshe Aprreqigied, that| premoks spynbe hybrid
Sel ection markers useful for the purposes of selection

of tpremsfees med doadtimr iekements| ofi endsé ahark @an® moshoteet(®uich as SRa
whil e transformed eukaryotic cells may be sel ected by
narhgg&oQRph as hygronycin, (418 and puronyci n,

al though without limtation thereto. Expression

onstruct.s may_be.introduced into cells or.t.issues .
Boct st verts EXpPrio SORRHECT) R FRUR FifubioR iRl copically
of a nunber of well _known net hods t¥ ically referred .
to dgovidedihythecrprssrion Yecknknfhetthy VP 1 chimgsa fsexpieeiediqs 2 fusion
and the like. Non-limting exanples of such nethods
i nclproteint wiin sdid fusidn gantnbry ahbeatinbéfookdesedited! txpogsaibh aropstructs
DEAE- Dextran transfection, mcroinjection,

|i pasgEsdBRIRE AGelct@ditShaktl ARtldSadd tHat Bofes AR OAned host cell
| i pof ectin), cal cium phosphate precipitated

transt. . : e | . _
i erongabsed stk b AL AR a0 RER R RurkiSh fletecton
ont | ated fhat any re i nant otein expression .

180 el PRnslged Riciee st e BT AR R gyoticcels
bacterial, yeast, plant, manmmalian and insect-based

exprieaysbopelegied byrmapiers sushragthypiomycad G4l éraad puremyasmerlthough
preferred enbodi nent, reconbi nant protein expression

OCC Uxishdub liefalis®thepst@kar yoti c origin. Suitabl e host
cells for reconbinant protein expression are

Expression constructs may be introduced into cells or tissues, inclusive of

cells capable of VLP production, by any of a number of well known methods

2% & 2«

15  typically referred to as “transfection” “transduction”, “transformation” and the like.
Non-limiting examples of such methods include transformation by heat shock,
electroporation, DEAE-Dextran transfection, microinjection, liposome-mediated
transfection (e.g. lipofectamine, lipofectin), calcium phosphate precipitated
transfection, viral transformation, protoplast fusion, microparticle bombardment and

20  the like.

It is readily contemplated that any recombinant protein expression system
may be used for the present invention such as bacterial, yeast, plant, mammalian and

insect-based expression systems but is not limited thereto.

In one preferred embodiment, recombinant protein expression occurs in cells



bacterial cells such as Escherichia coli (BL21 and

various derivative strains thereof which have been
wopiosoimer for certain applications, such as ReGEAU2007/001478

for exanple). Methodol ogy for production of VLPs One

broad application of the isolabgd proteins, isolated

nucl eic acids and expression constructs of the present

e SRSy BB S RSB B AR o econ e
faC|I|tates rapi d assenbly and groductlon of VLPs in

Vit rWCtCWHh‘iﬂllﬁé‘{‘qli’c?é§sékee’CM qolikRbdhandivaripas derivatige styaips thereof
assenbly. Pattenden and coworkers (2005, Trends in

Bi ot whichbhagyeed Gptim8d 5@ Iprtpinappliesions, sockh dsi Rastitaydor example).
exanpl e of such nethodol ogy. The present invention

r eadvieshode g ToF EP&ﬁnch@h'Bf‘V‘LPé' vo and in vitro
approaches to VL assenbly however the invention is

t | I
A U R g
BT L .

Typi cal 'y, although not exclusively, in vitro assenbly
met hafoa whccinePdn partisilas.ethe qreseak prvestsino factitatgs rapid assembly and
pentaneric subunit of a self-assenbly protein, such as

VP1ogrofilittioBL ¥MiPees dirdf t he present invention, in a
reconbi nant expressi on system as descri bed above.

Al t hough VRhy hbbiEde WRBKALWn i gé’ Q’pﬁ?gﬁ?gﬁ i bf)h Pattenden and co-

reconblnant proteln I's expressed in the
fractl

10, ke g0 TR in PSR IF R B8 BividRa Ron-limicing

renpval filtration and/ or chromatography techniques,
f ol | xam@lesf syele piethodplogy r Be pspsentimy erioarreadiky| coniermiies both in

in the art. This lack of a requirenent for specialised
I nf naed andok wire @ppeodches ta & Podssemsblly hoeewer tleaidivéntion is particularly
scal eabl e operati ons nakes the current invention

di stduited toViAIUANSREERSfor RIBRBE VLS eAavasa%emnsferpéd by in vitro
t hese subunits I1nto a VLP is achi eved

methods include high compositional consistency and a process which is readily

15  controlled and amenable to scale-up.
Typically, although not exclusively, in vitro assembly method of VLPs
comprises overexpression of a pentameric subunit of a self-assembly protein, such as
VP1 or the VP1 chimera of the present invention, in a recombinant expression system
as described above. Although not limited thereto, advantageously the recombinant
20 protein is expressed in the soluble fraction of the cell. The recombinant protein may
be subsequently purified using a combination of tag removal, filtration and/or
chromatography techniques, followed by sterile filtration, which are well known in

the art. This lack of a requirement for specialised infrastructure and the use of well-

known readily scaleable operations makes the current invention distinctly



means of controlled changes in the physicochem ca

envi ronnent containing these subunits. By way of
wex@asplwednl y, assenbly of VLPs may be nore faromaabdogo01478

under high salt or alternatively, |low salt conditions.

I nclusion and/or renoval of |oysol ecul ar wei ght

conpounds such as glycerol and carbohydrates may al so

faciljtate th ssenbl y..react j o Met hods t ypi l. :
ot ek Sp PSRN e FErPbo etn s e Gt Spaehiewed by
di lution aor size exclusion chromatography. may be .

ut i 1Teaag of gondrqlled changss imthp ghsiqosherpisal gy ypppepontagiing these
conditions of the subunits, but is not limted

t hersabuitsABy eap nbéexaante miptasiembigayf \HeP sanapteenenetfawourable under
prepared by a person skilled in the art using standard

pr otk 88 aftéha®elyMb® AR OhdiBBAs. IIRCIPAOR 2A%r eéméVal of low-
MOLECULAR CLONI NG. A Laboratory Manual (Cold Spring
|

r . 119 ' r f oy
T S R T e e S
MOLECULAR Bl OLOGY Ausub t al, (John W &

Songhe @%%@@5119%1@95373@0@%9%@9&3 0P T AUGS biffer Gxchange by
reference, in particular Chapters 10 and 16; and
CURRENTsi RRIINCGO0ICS siZd RIUFBnNh8ThEnNgEpIEdmay bel utdised & effect the
al., (John Wley & Sons, Inc. 1995-1999) which is

I nC whpfdes irethe Piysiclchémitakeohditiohdof thdssubahitd, Bud idhot limited thereto.
Chapters 1, 5 and 6. By "purify", "purified" and

“puri Ticat ik QBmbilAl hlotdth ffal Ye E:Sh\lenf‘cgﬁﬁg{aeﬁérted% a person skilled in

reconbi nant protein purification, t en nment

f reconbi nant .protein so that the rel at,i ve.
130 b A Ui PRI darpYorelS s TPL ergmile esipefincSimbiank o ol-
protein is increased conpared to that before

enr i MEREGUL AR CLEON DY tobzbapriory Manyal{ Calsl §paing larbor Press, 1989),

context of chromatographic steps of the invention, is
nmearihcaporated clieneiqusy reseehcepin paracepSeaionsori 6odnd 17; CURRENT
bi onol ecul es (eg protein and/or nucleic acids) from
coNPrATOTYLY B MbEt CEMRROSOIIVOYRIBRS B85utRl ef al., (John Wiley &

st ationarybed phase and a nobil e phase that noves
thr %uoglg, Ith.el 95%?1I d99f allrrl%rlpoerged Ngrleﬁlcb%/l r%?ergr%, in particular Chapters 10
15 and 16; and CURRENT PROTOCOLS IN PROTEIN SCIENCE Eds. Coliganet al.,
(John Wiley & Sons, Inc. 1995-1999) which is incorporated by reference herein, in
particular Chapters 1, 5 and 6.
By “purify”, "purified" and "purification", particularly in the context of
recombinant protein purification, is meant enrichment of a recombinant protein so
20 that the relative abundance and/or specific activity of said recombinant protein is
increased compared to that before enrichment.
By “chromatography” such as in the context of chromatographic steps of the

invention, is meant any technique used for the separation of biomolecules (eg protein

and/or nucleic acids) from complex mixtures that employs two phases: a stationary



be separated on the basis of a particular
physi cochem cal property such as charge, size,

w@tdosnudoyo and hydr ophobi city. Chromat ography negT/BE2007/001478
performed by a person skilled in the art using
standard protocols as for exanmpge described in CURRENT
PROTOCOLS I N PROTEI N SCI ENCE Eds. Coligan et al, (John

Wi PEd ﬁg%% Rd a [{3Bile él?agg Fl'ea? rgnﬁ?/%sr aﬁg}b JEh% s{aﬂég%rg g&gtl\&)cli%@es may

refere herein, i ers
invention also readily contenplates overexpressi on_ of
t he Bes8PpiEd op ﬁﬁﬁ RasHO T ARATIQHAT acwgleméqa& PEOPRIYY Syph as charge,

the present invention to generate an intact VLP, which
obvisateeaffinkiy andbylréphobaityi n vitro assenbly process. A
person skilled in the art will appreciate that there

are a vardibnmabrapkp mesyshedPerfotfile@ By AMpefbn 3kiled Uh e art using
for this application such as, but not limted to,

MRLEAY PRRRdI200 fd SERIHP ASRELEX RE RSTRRENGY BRETOCOLS IN
P SRR p

gener al i ments, the bacul ovirus expression

syst ' ' y apenabl e to expression of a

e EROTERP SENEk L cERER e 4. for BaEE & Bes JpEd995-1999)
that because of the flexibility of the present

i nverhithois incorparpted bs aefoieaer keseior idipagioubsr Chaptawstdwd bf
the present invention may conprise a VPl backbone with
the fol | OMengvernivhi #lad ireaddly i coneeiiptates oV erexpresstorpof dek isolated
| oops: .(a) a single protein froma single virus; (b) a

Pl urbitin¥ afd isGialel RHERL aBIIQbLIB PresErl MvieRBorS@ FBnethiE MSintact VLP,
or (¢c) a mxture of proteins fromvarious viruses. The

f
resent, i;nvention is.also readil nenabl g to _

1B odtlieh SVGF e ReSaTEBYAL FrhBP RS hes aanijed i theart
or nore VPl chinmeras according to (a), (b) or_éc) are )
ass et lapprerigiedhaytisze arg avpdety ege@.r@al@e sysierht wvhich aresHyted for this
vacci ne delivery system The present invention is also
c ontappidatipe suqhrascut batdimief tg mamoediapdpsedand oweadbaded Pspression
by means of introduction of one or nore expression

Cons§tbiat In lBicRal@nfRbimdiia iEBeuble@ expédsion system is particularly
i mrunot her apeuti ¢ conpositions, vaccines and net hods

of amenable to expression of an intact VLP of the invention.

15 It will be appreciated that because of the flexibility of the present invention, a
VLP assembled according to the method of the present invention may comprise a
VP1 backbone with the following combinations inserted into the exposed loops: (a) a
single protein from a single virus; (b) a plurality of different proteins from the same
virus; or (¢) a mixture of proteins from various viruses. The present invention is also
20 readily amenable to production of a mixed population of VLPs wherein one or more
VP1 chimeras according to (a), (b) or (c¢) are assembled into VLPs to thereby produce
a multivalent vaccine delivery system. The present invention is also contemplates
production of a mixed population of VLPs by means of introduction of one or more

expression constructs into a cell.



treatment The present invention provides a VPl chinera
whi ch exploits the selfassenbly capacity of VPl and
wa b@spatoent i al | nmunogeni city of exposed | 0OpSPEFAE2007/001478
vehicle for delivery for VLP production and vacci ne
delivery. However, the inventigg nore broadly provides
a pharmaceuti cal conposition no Iinited to use in
vac ne deliyvery,  but usi v t maceutj cal
S pegr b fnofsFaneue StmBSHAR CEttLinp g methods of
dellvery of a nunmber of palliatives such as, but not
l'i mtreagment snml| nol ecul es, catal ytic nucleic acids
such as ri bozynes and nucleic acids for gene therapy.
The phar MAeepresenalinveatipo pravides ar&P1fchithbar whichpaxipidtsahe self-
phar maceuti cal | yacceptabl e carrier, diluent or

exciRiaHly ca{}ﬁcﬁy of vPbe ﬁﬁ&ﬁlefﬁéfemlaltxhﬁnlﬁﬁgéﬁ@ﬁ}%@ &§RBbed loops as a

COI’TpOSI tl on of the invention is an i mTunogenl C

nQ i.sol a f,ein
cerenEle BB bRV I o Qﬂwowi *rcsfé’l. daifyepy 548&55? 5 ipvention
carrier, diluent_ or excipient. "1 mmunogeni c
mearRoTe REeadiveprevides eh%rrrwgelﬁwalu Q?mmé‘tlpé §egh@ged to use in vaccine
preferably a protective i mmune response, upon
adnidelisdry abutanclusive ofi @bsrmatenigal compgséians guilsaverdloforms such as
t he i nmunogeni ¢ conposition of the inventionnmay be a

VacGleSRIsBE e deliohiG 85 a AuRbe FphilMBvds st s, basiaMtited to, small
when administered to a host. It will be appreC|ated

t ha &QM&S' %t'ﬁgfpgglgé??c%{ ys&ﬁdas rfﬁ)toggﬂés Qﬁd hﬁq@itc RS for gene

e used Ica or prop act'i
UIt bI t he i mmunogeni ¢ conposition and/ or vacci ne
a%vention is adninistrable to an ani nal host ,

|nclu3|ve of donestic animals, |ivestock, perfornance
ani mal s drig phameaseutical composmon may further comprise a pharmaceutically-

acceptable carrier, diluent or excipient.
In a preferred form, the pharmaceutical composition of the invention is an
immunogenic composition comprising an isolated protein, isolated nucleic acid or
15  VLP and an immunologically acceptable carrier, diluent or excipient.
By “immunogenic” is meant capable of eliciting an immune response,
preferably a protective immune response, upon administration to a host.
Thus in a particular form, the immunogenic composition of the invention may
be a vaccine which induces a protective immune response when administered to a
20  host.
It will be appreciated that compositions, vaccines and methods of treatment
may be used therapeutically or prophylactically.
Suitably, the immunogenic composition and/or vaccine of the invention is

administrable to an animal host, inclusive of domestic animals, livestock,



Any suitable procedure is contenplated for producing
vacci ne conpositions. Exenplary procedures include,

wo evosexmepl e, those described in New Gener at i OPCT/AU2007/001478
Vacci nes (1997, Levine et al, Marcel Dekker, Inc. New
York, Basel, Hong Kong) which g incorporated herein
by reference. As hereinbefore described, the
[ | C |t d/ or vaccine of the
invgngggﬁ&ﬁﬁégﬂ%§$é%gggﬁgginnunologicalIy-acceptable
carrier, diluent or excipient". Useful carriers are ..
wel | knoviy syitahle pmdlgﬁa% ORempiated f9F Prodysipe ¥accine compositions.
t hyrogl obulin; al bum ns such as human serum al buni n;
t oxilExemplar piretsderes anmpjudeu farxamplss shasa clesaribedan dNemaGeneration
(CRM of the toxin fromtetanus, diptheria, pertussis,
Ps e Wisuai88 61L.99E; L&/ihd er abt BRRd DeRies Usic. W&l York, Basel, Hong Kong)
Strept ococcus; pol yam no aci ds such as

gol X(Illni}{l'?1sqg({§%*)6%%gih%r|§§?i))ﬂpefer£ﬂge! uenza; Rotavirus VPG,

Par vovi r us epatitis B virus core

oL BB b et RO Y BERHS B e o

carrier protein or other inmunogenic protein may be

us edhe marentiqmmpyeinclude avef‘immepiolagirallytaceepsalde eatragr, diluent or
toxin, toxoid or CRM may be used. In this regard,

r ef exepeery be made to U S. Patent No 5, 785,973

whi ch is incorporated herein by reference. The

"I munol q@erd! Eris CAB RO oW’ ifthe Qb WD lin@lide for example:
excipient” includes within its scope water,

i carbonat e. buf.f er. hosphat e buffered saline or
18, SRR ik Rins SORRMNEES sl S fhinR o Rligs ogppy motan
As wll be understood in the art, an "adjuvant" neans .
one E9sseastves mgtsriah deBMhat the, e dgompistanus, diptheria, pertussis,

i mrunogeni city and/or efficacy of a vaccine

c onpssiddnomas,No welij Staphyfogoesuaapkd Sgrepfocsasius;loly@mino acids such as
adj uvant s include squal ane and squal ene (or otheroils

of ?guﬂr:ysinefgihﬁbxmc: adid)9 el e AR IROTBAfis VRS, FagRiVirsis SIhand VP2;
as

ween(r)-80; Quil(r) A
hepatitis B virus core protein; hepatitis B virus recombinant vaccine and the like.
1. 5  Alternatively, a fragment or epitope of a carrier protein or other immunogenic protein
may be used. For example, a T cell epitope of a bacterial toxin, toxoid or CRM may
be used. In this regard, reference may be made to U.S. Patent No 5,785,973 which is
incorporated herein by reference.
The “immunologically-acceptable carrier, diluent or excipient” includes
20  within its scope water, bicarbonate buffer, phosphate buffered saline or saline and/or
an adjuvant as is well known in the art.
As will be understood in the art, an "adjuvant” means one or more substances

that enhances the immunogenicity and/or efficacy of a vaccine composition.

Non-limiting examples of suitable adjuvants include squalane and squalene (or other



m neral oils such as Drakeol or Marcol, vegetable oils
such as peanut oil; Corynebacter ium v adjuvants

WG R/ 0a®6Cor ynebact eri um parvum Propi oni bact ep¢yav2i®7/001478
ved adjuvants such as Propioni bacterium acne;
Mycobacteri um bovis (Bacille Cghnmette and Guerin or
BCG ; interleukins such as interleukin 2 and

i nter)] edki.n 12:. .nonekines ,such i nterleukin 1: .

t umgtiP S BURBL PP Rk EopalTe s felrE et h RS TSR 80: Quil A,
interferon; surface_active substances such_as )
hex a8k pisnichoes dakepl oni Marcobcyeggiablel odsrisHeh 48 reanut oil;
esters, lysol ecithin, dinethyldioctadecyl anmoni um

br orfaenebactedumederivdé c yddjuNantsN' hick( 2as  Corynebacterium  parvum,
hydr oxyet hyl - pr opanedi am ne) ,

met W&ﬂzﬂﬁmgﬁﬁiﬁ}rg&é{ﬁ/@ﬂ OladjwafksP! sHcRNi & PPFyRbSbacterium  acne;
pol yam nes such as pyran, dextransulfate, poly IC

ar b [ : I~ di: ide. .
o PR ARK 50 NS SN 0 RSP i s o
ﬁ; g rlgtlﬁﬂgtrg&l& £ gag%l EmFsr %%C 0 af%i gxleq%a gllég] %g Erbtgrtleedkina i ;utlrpmgllimlecrosis
saponi n- al um ni um hydroxi de or Quil-A al um ni um

hy drfastord antetferons shels as E@oOR(injerigrog; SSGOVACRNX (Sphstances such as
adj uvant; nycobacterial cell wall extract; synthetic

gl y tepsfetyld@snes usdiadeSylamti)ybetaticpEptainiies a2id odskeds, lysolecithin,
derivatives; Avridine; Lipid A derivatives; dextran

| f ] - i | oA , o
igr gg&%&%‘%ﬁ%ﬁgﬁg B’E:Thwaia C@F g(r)n p SNW%Q%%ﬁ ¢ N bis(2-
1hat IyiEvesgherSpianselc el dhe A HavSpT A Ruronic plyols:

proteins; sub-viral particle adjuvants such as cholera

t oxipaelyaoyingsi suchr asspyraer doftrangwhfates goly 10 agbopbl; peptides such as
adm ni stration may be enployed for providing a patient

Wi t ndri@yl dipeptidee e derivatives) dxasthyligbiinef niftéh; oil emulsions; and
i nvention. For exanple, oral, rectal, parenteral,

sublphRgUp! g1 PUGER! a5 LY iy NPhby A0t HRNARLHC H@bxide or alum;
i PSR

! nt ra- nusc _ar, | nt_ra er ITH| cut aneous,
0 SR AP 0 B B ot namaprr

and the |ike may be englo ed. Intra-nuscul ar
15  liposomes; ISCOM® and ISCOMATRIX® adjuvant; mycobacterial cell wall extract;

synthetic glycopeptides such as muramyl dipeptides or other derivatives; Avridine;
Lipid A derivatives; dextran sulfate; DEAE-Dextran or with aluminium phosphate;
carboxypolymethylene such as Carbopol' EMA; acrylic copolymer emulsions such as
Neocryl A640 (e.g. U.S. Pat. No. 5,047,238); vaccinia or animal poxvirus proteins;
20  sub-viral particle adjuvants such as cholera toxin, or mixtures thereof.

Any safe route of administration may be employed for providing a patient
with the immuntherapeutic composition of the invention. For example, oral, rectal,
parenteral, sublingual, buccal, intravenous, intra-articular, intra-muscular, intra-

dermal, subcutaneous, intranasal, inhalational, intraocular, intraperitoneal,



and subcut aneous injection is appropriate, for
exanpl e, for adm nistration of imrunogenic

WwW@E 0upo#i060 ons and vacci nes. Dosage forns i ncl UBKET/AU2007/001478
tabl ets, dispersions, powlers, suspensions,
I njections, solutions, syrups, 3proches, capsules,
suppositories, aerosols, transdermal patches and the
like,, T f.or I o [. 4 [
| o AR AR o PR B S R B R, R Bluscuter
specifically for this purpose or other fornms_of .
i pl3flt %l%ﬁﬁamuédnlesn%ﬂs éHEFPP‘i‘@ﬁ:a%qrye’iaH‘Pﬂ%i for pdmpipigfration of
Controlled rel ease of the therapeutic agent nmay be
ef f annsohopgnic cerpositians@and yawinebor exanple, wth
hydr ophobi ¢ pol yners including acrylic resins, waxes,
hi gher alpgagds foemainehide kabletf) Alspbivhnb, HoddersPisydisions)ihjections,
acids and certain cellulose derivatives such as

dr Qxy; _ o o
O A BE S ol s

I . ' i d/ ' h o
e e OB AT S g ot

suitable for oral or parenteral adm nistration may be

pr eselsesng deviets siesignasd spapifisallyyfon this perapsagrexsher Jampseafgmplants
or tablets each containing a pre-determ ned anount of

one medififed & idvaddifiendllycinabgrthshicof. Cherdlled eelbaserof thestharapeutic
powder or granules or as a solution or a suspension in

an  aguAgHs, Helefididd bRcAeiRg ARUGRUSol &k, wath hydrophobic polymers
oi | -I'n-wat'er enul sion or "a water-in-oil '|iquid

B R B SRR BB REGRH, B Bt aBhebcote

step of bringing into association one or nore agents

as. ek anBEerVED SolnloFe deri ARV AHFh a5 hYJPORTeRIae Ry LreDylose. In
one or nore necessary ingredients. In general, the
conpdditionpths cantolprdegkasdmby berffecedrby using othet ipnlyimek ynatrices,
adm xi ng the agents of the invention with |liquid

car nifRESmey and/dr@hi¥rodphersled solid carriers or both, and

then, if necessary, shaping the product into the
desir edpr}%ﬁﬁﬂic%mi&ﬁl ‘compositions of the present invention suitable for oral or
15  parenteral administration may be presented as discrete units such as capsules, sachets
or tablets each containing a pre-determined amount of one or more therapeutic agents
of the invention, as a powder or granules or as a solution or a suspension in an
aqueous liquid, a non-aqueous liquid, an oil-in-water emulsion or a water-in-oil
liquid emulsion. Such compositions may be prepared by any of the methods of
20  pharmacy but all methods include the step of bringing into association one or more
agents as described above with the carrier which constitutes one or more necessary
ingredients. In general, the compositions are prepared by uniformly and intimately

admixing the agents of the invention with liquid carriers or finely divided solid

carriers or both, and then, if necessary, shaping the product into the desired



The above conpositions nmay be administered in a manner

conpati ble with the dosage formul ation, and in such
w@rwanioes i s pharnaceutically-effective. The BOBEa8U2007/001478

adm nistered to a patient, in the context of the

present invention, should be sgificient to effect a

beneficial response in a patient over an appropriate

period of .time. The quantity of agent(s) to be

admifrSEREeYy may depend on the subject to be treated

i nclusive_of the age, .sex, weight _ and general health .

condi tionf hewbpzé%ﬁqmwemﬁsnae/rbatadwrwterﬁg@@ﬁ&la&ﬁe&%@pwble with

j udgenent of the practitioner. | mrunotherapeutic

c onpbs dt¢sage forofuldtive, ambviarsucloamont ab & pleedadentically-effective. The

prophyl actically or therapeutically inmunize aninmals

SUChi088 adtHiRdISred O WHdBENt, B € CodBLtNH the PFe@ent invention, should be
contenpl ated, preferably vertebrate animals including

SOt LS W38 1 5 B0, ST e oo

viruses by expressin roprijately inmmunogenic X
pr ottlé’i‘%ﬁﬁrﬁlb‘a‘gté%o?&%%ééf)g’ AIIREIELR Y A9Pend of the subject to be

pol yepi t opes using the vaccine of the invention. A
non-tcaiedinahesive efithosgepeseneightand genesal dealiiceandision thereof, factors
i nfl uenza virus, human i nmunodefi ci ency virus,

hepahattwill depstid siSthe g ment oftise prag@iikines Vi r us,
parai nfl uenza virus and respiratory syncytial virus.

It is envhzagRthedirbti@ncd Ri8nd ESHPANS §nidhYiBhVERy be used to
o ?h

i nduction of antibodies and/or T-cells. So that e
SRR SR MO AST AL R R
are provided. EXAMPLES Exanple 1 Construction of .
generi ¢ \HWOIEE @ther gnimgls\ime cergmplitess PaiFrablyovetedelg animals
ant i geni cpepti de sequences
including domestic animals such as livestock and companion animals.
Immune responses may be induced against viruses by expressing
appropriately immunogenic proteins and peptide epitopes inclusive of polyepitopes
15  using the vaccine of the invention. A non-limiting list of potential viruses include
influenza virus, human immunodeficiency virus, hepatitis C virus, Ebola virus,
measles virus, parainfluenza virus and respiratory syncytial virus.
It is envisaged that an immune response involves induction of antibodies
and/or T-cells.
20 So that the invention may be readily understood and put into practical effect,
the following non-limiting Examples are provided.
EXAMPLES
Example 1

Construction of generic vectors carrying VP1 sequences able to accept antigenic



Murine pol yomavirus VPl sequence (GenBank accession

nunber: M34958) was cl oned between the BanH and"Tz

W@ a0oem4006¢ hi n the nultiple cloning site of thePCT/AU2007/001478
conmer ci al vector pGEX-4T-1 (CE healthcare).

Sur f ace- exposed | oops of pol yogpvirus VPl are known as
Site 1, Site 2, Site 3 and Site 4. These sites can

tolerate insertion of peptide sequences wi thout

di srRfRt ﬁ%ﬁé‘l'ffélgstructure of VPI. Sites 1-4 (S1-4) were
identified on nurine pol onaV|rus VPl ( GenBank

accessi orMutnbetlyommsans §)P1 segpeaee (§rrndpank agegspianangnber: M34958)
restriction sites were created in the SI, S3 and $4 of

VPl .waNelored betveen Gre Rintfd and 7ol et wﬂhimhéﬂluhi?plé dloniag site of the
not a favourable site for insertion of foreign

pe ptdoﬁﬁ%rcﬁi Upetof nﬂGEX&IT i| CtGRNh&dlthese Ve S ErfAdRAXBHsedafoops of
they all owed rapid cloning of any peptl de sequences

nt 9 YPlvglm l{} 1t a?:% Iqugv%{ii Iags g Sosgfté: 5 Yn§ %dtﬁ 4% hese sites can

vectors T enoves

p033|b|I|ty of |nconpat|ble restrlct|on sites that

be pPEEHISEHORgF a@%ﬁdsé‘ﬁﬁ‘iea@sé’%iﬁlﬁ’éh@émpﬁfﬂ%thérﬁrﬁ%)tu%?d?f P1.
sequence of VPlpresent in the generic vectors is

depi ct ed Sites Ai-4 (S e4) wesl iderftifidd] onvesirime tpatyechayvous NEll (fienBank
Nael restriction site (LATSDTED mutated to LATSAGIED).

S3  afccddlonambsl V34988 Thied GhiddebldAt-edrestritedn stBs Weérk Ereated in
(GIT nutated to GTHV). S4 of VPl was nutated to

i ncly IAEEJ anﬁe§4 bF $P19No fe"sﬁlc&&?'é%@\&%@a&%d %j a%is 1s not a

TRSA esul t1ng generlc vectors wth

nce to. enabl e the jnsertion It _
TSI AS st e R ieb vapuds. Bl Rhd e agites were

pGEX4TI-VPI S4, pGEX4TIl - VPl S1/S4 and PGEXATI - VP
S1/ ShosA, aﬁhemiloe\’eﬁ rgohsloning of oy peptidetequentes ingp YP1 without the

vectors expressing a foreign antigenConstruction and
sequeed i to gcredte \wECkD leBdC ah ryectogs/iHéerepi Thop egatte g misooemotes the
and | oop
possibility of incompatible restriction sites that may be present on target peptide
sequence.

15 The amino acid sequence of VP1 present in the generic vectors is depicted in
Figure 1. S1 of VP1 was mutated to include Nael restriction site (LATSDTED
mutated to LATSAGTED). S3 of VP1 was mutated to include Pm/I restriction site
(GTT mutated to GTHYV). S4 of VP1 was mutated to include Afel restriction site
(TRNYDV mutated to TRSAYDV).

20 Resulting generic vectors with modified VP1 sequences to enable the
insertion of one or multiple foreign peptides are: pPGEX4T1-VP1 S1, pGEX4T1-VP1
S3, pGEX4T1-VP1 S4, pGEX4T1-VP1 S1/S4 and pGEX4T1-VP1 S1/53/54.

Example 2

Construction and sequencing of vectors expressing a foreign antigen



B of HBNI: E. coli codon optim sed ol i gonucl eoti des

were designed for epitopes A (7 am no acids, PYNGKSS)
wW@nwsB4008% am no aci ds, PNDAAEQTKLYQNPTTY) f orPCT/AU2007/001478

insertion into generic vectors. The sequences of

epitopes A and B are of HS5N1 (A§Vi et nam 3028/ 2004) .

Resul ti ng constructs carrylng eltherHA epltopes A or B

are g%ﬁ4 I % VE
P = A 2 o -, A=A
pGEX4T! - VPl S| B, PGEX4T1 VP1 S1/S3/ $4 1B, pGEX4TI - VPI
S1/ - and pGEX4Tl - VPl S1/S3/S4 4B. Construction

of vectors carrying M2e: E. coli codon optim sed

ol i gonfict¢ddizoddegptiveised olémingelectides wierestssignédior ppipipiesid (7 amino
(SLLTEVETPTRNEV\ECRCSDSSD SEQ ID NO 83) into the

genekcids, MENGHSS) afEB Yl 1 dnfigo 864 PNDAAEQEKLYIQNPTVRE) farifisertion
deS|gnated pGEX4TI - VPl Sl M2e, pGEX4Tl -VPlI S1/S3/$4

E'\’Q%@gg%ﬂéﬂc VBLtordl / &M?e%aﬂ?' 2 Js PAndS'}i 53’!: ng H5N1

truction o V ors carr

A and loop

i ds y is connercially avallable and
has r?ﬁlé\%ﬁ%(w rget the specific hM2e am no aci d
sequence SLLTEVETPI RNEWGCRCNDSSD; SEQ | D NO 84
col i cBewtingronsiretscaplyingsiherdiA priRpes b PEB Ay lﬂvSPl SIA,

insert hM2e into the generic vectors. This systemis
usepGEX4T pVR0OT SOS3(SAndapt pGIEXI4T1-3Pc 81436/SMosuer pGBK4T1-VPI1
anti body agai nst other cloned peptides is

avaid1abi/g4 Bas HGED{Q@O@FFSI B',S#GEX@H W'ﬂ%lm\@% #BEPGEX4T1-VP1
desi gnated as foll ows pGEX4 VP 1

18 S M85 5B 3ha BEEXE T VB 5 1RSFAB - VPl S1/ 53/ 54 anhee

Construction of vectors carrying M2e:

E. coli codon optimised oligonucleotides were designed to insert M2e peptide
(SLLTEVETPTRNEWECRCSDSSD; SEQ ID NO: 83) into the generic vectors.
Resulting constructs carrying M2e are designated pGEX4T1-VP1 S1MZ2e,
15 pGEX4T1-VP1S1/S3/S4 1M2e, pGEX4T1-VP1 S1/53/54 3M2e and pGEX4TI-VP1
S1/83/54 4M2e.

Construction of vectors carrying hM?2e:

hM2e (23 amino acids) antibody is commercially available and has been
shown to target the specific hM2e amino acid sequence
20 (SLLTEVETPIRNEWGCRCNDSSD; SEQ ID NO: 84).
E. coli codon optimised oligos for hM2e were designed to insert hM2e into
the generic vectors. This system is used as a proof-of-concept model since no

commercial antibody against other cloned peptides is available.



pGEX4TI - VPI Sl /S3/ S4 4hM2e. The ami no acid sequence of

VPl -SI with inserted peptides fromrepresentative
wa@onshiet s is exenplified in Figure 2. Exanpl BCBAU2007/001478

Expression and purification GST-VPI-Sl A and assenbly

of VPI-SIAinto nultinmericallyggefined VLPsS Expression

VPl - SI A protein was expressed in Rosetta (DE3) pLysS

g gg\_ll_ag/gg)lgé%%ﬂ%]ggér;r%ﬁhg %%ﬂgxli%ﬂ\gﬁ@é}é Eﬁ%ﬁﬁg\é;fo}fo%ﬁ‘(}EX4Tl-VPl
5 e é&%ﬁé—e& AR lﬁx‘iwei%é&?%iadv?ﬁ%}/ﬁ% Hilr2e and

O g/L tryptone, 5 g/L yeast extract, 10 g/L Nad, pH
7. O)pGEX‘hUrHPhﬁéMSQfoBM dor cell cultures was
Terrific Broth (TB) containing 12 g/L peptone, 24 g/L

yeast extThCtamifb 4fdid weylengé YooV 1-SP. @ith gisértddHpepHdes from
and 12.54 g/L K2ZHPO4. Al media used were suppl enent ed

‘3' t t}e&gse‘ﬁ%tm: chflstI%@E'1§éylelniﬂ11ﬁ%H% ﬁl‘eéuf@i L of

hl oranpheni col’.” Overnight cultures were set up by

! nocul ati ng si ngI e col oni es ;,gf tge3 transfornmed cells

into 5nmL of TB medi um and c d at 30 OCona
rotary shaker at 180 rpm After incubation of

hourkexpressionygad mlgﬁicaélQPtG$ESV%SéAoﬁﬂ%ﬂﬁsﬂ“ﬂ’(!\D@f tYRie81A into
into 400 nL cultures in 2 L baffled flasks. These

cul trnakinevbvallyalefined MRS t o an OD600 of 0.5 at 37 0OC

and then cooled to 26 OC under running tap water and

sub&ﬁ%gﬁ)hy i nduced with I PTG at final concentration
f The i nduced cultures were then cultivated

Bl SR BEA EIA rpe

of VPI - S| A capsoneres Tvvo from _2x400
cul taiyta lqmr%tr%r@feé%fgﬁféﬂd%hff ﬁé’ lrﬁ_lf*affusawr@ﬁem using the pGEX-

4T-1-VP1-S1A expression vector. For solid agar medium, 15 g/L of agar was added
to Luria-Bertani (LB) medium (10 g/L trypténe, 5 g/L yeast extract, 10 g/L. NaCl, pH
7.0). Liquid medium used for cell cultures was Terrific Broth (TB) containing 12 g/L
15  peptone, 24 g/L yeast extract, 0.4% (v/v) glycerol, 2.31 g/L. KH,PO4 and 12.54 g/L
K,HPO,. All media used were supplemented with 50 pg/mL of ampicillin and 34
ug/mL of chloramphenicol. Overnight cultures were set up by inoculating single
colonies of the transformed cells into 5 mL of TB medium and cultivated at 30 °C on
arotary shaker at 180 rpm. After incubation of 16 hours, the overnight cultures were
20  diluted 1000 times into 400 mL cultures in 2 L baffled flasks. These cultures were
cultivated to an ODggg of 0.5 at 37 °C and then cooled to 26 °C under running tap
water and subsequently induced with IPTG at final concentration of 0.2 mM. The
induced cultures were then cultivated at 26 °C for a further 16 hours and harvested by

centrifugation at 8000 g, 4°C for 30 mins.



L (200 mWad , 40 niMTris, 5mMdithiothreitol, 1nmM

EDTA, 5% v/v glycerol, pH8 with HO). The cel
wWGEempem®s®n was passed through a hi gh- pressur ePCT/AU2007/001478

honogeni zer (N ro-Soavi) once at 1000 bar; dilution

gave a final volune of 175 nl.3Fhe resulting

honogenate was centrifuged at 16000 g, 4C for 30 mns

and 4 he super whi ch cont ai ned sol ubl e
GST}; = BEGGS AS] e ugh an 0.45 nmm syri nge

filters (MI1lipore) giving a recovery of 135 ni.

Prot ein ;(ﬁwq pslicst fram 2w Bk cplgrppwergire-puspandediin 150 mL of buffer
Expl orer system from GE Healthcare. GST-VPI-SIA in the

cl ari 0@ M NasJeHamd! Res, Soayitdithethreisol nmdM EBTiAg 504 wiv glycerol,
HP 5nL col umm from GE Heal thcare pre-equilibrated with

buf fper 8L withh@IdIpumte GRll- MBpdnsivhA Wi SpRbdd @towbtt I high-pressure
elution buffer (Buffer L wwth 10 mvreduced

0 S ) AP T R o
X ERAESSR FoRLEE ol HBAREE I B i e

system The eluate was pool ed and | oaded onto a 5 niL
GSTsupdroatintpehicodamtainesiopol ublado ST-8@ 191 Aovras @itered thigugh amkhi45 pm
was achieved with elution buffer (buffer L with 10 n
redls%ﬁigrethwrﬁumlnptﬁ)s) gifdndatrecdvéryofMBA ). Was stored at

-800C. The eluate from above was thawed on ice and 8 M

urea was P%thﬁlgpeutrﬂicgtlgd Q/Q&l }Eé’fﬂ)?ﬁ&? Mt‘ﬁtai}l%ktg fExB]%o?es :}ﬁ'{tﬁg from GE

i nhi bit capsonmere aggregation after release

1@g#%t@a%g&%?%s@ﬁﬁgaﬁ%ﬁ gvﬁa%%’%% fpgtured using a

i ncubation at roomtenperature on a roller. 500 nL of

t hr rbirap RS e edwno remeGhHsalihsaeeqredqehibrated with buffer L. The
Superdex S200 10/300 G size exclusion colum (GE

He albb G ST- RIS | AbvasieRmled withelfific@r buffer Pk fesrentied ] MinMireduced
0.5 Murea, to separate capsoneres from aggregates,

T AL EAPEOUEC PR ST ek
Purified thawed GST-VP1-S1A was buffer exchanged into buffer L by
15  desalting (Desalting column15/12, in-house packed) on the Akta Explorer system.
The eluate was pooled and loaded onto a 5 mL GSTrap™ HP column
equilibrated in buffer L. Elution was achieved with elution buffer (buffer L with 10
mM reduced glutathione). Eluate (4.2 mg/mL) was stored at -80°C.
The eluate from above was thawed on ice and 8 M urea was added to a final
20  concentration of 0.5 M (to inhibit capsomere aggregation after release from the
solubilising GST tag). Thrombin (20 U/mg of GST-VP1-S1A, Sigma) was added
followed by 3 hours incubation at room temperature on a roller.

500 pL of thrombin treated capsomere was injected onto a Superdex S200

10/300 GL size exclusion column (GE Healthcare) equilibrated in buffer L



al i quoted and frozen at -8C0C for subsequent VLP
assenbly. Assenbly of capsoneres into

woredosiomm®so cal | y-defi ned VLPs The starting nat ePCEAU2007/001478
after S200 separation is shown in Figure 8 Capsoneres
wer e assenbl ed by dialysis aga'ggst buffer 1 (0.5 M
(NH4)2S 4, 20 mM Tris, pH 7.4, % (v/v) glycerol, 1nM

CaCI 2) for 5 L and then agai nst

é? Bteﬁ,‘\\?{nh,h(?g M B a,to 45epz;5rag:/0 pﬁo\r)}er%ﬁ {;%rgraggreg%w%ST and
CaCI 2) for another 24 hours Di al ysis was_at room
t enptbwathw eCanserers fractons ehutoe %.aawlsw Mehlyd 4l were pooled,
Physi cal Characterisation of multinmerically-defined
VL Psaligsstedbhe ttoxdnRe -3B€ domsuhbeguent \OiyP bsstimbhsynmet ri ¢
field-flow fractionati on (AFFF, Watt Technol ogi es)

and ARdsemblyUT cHpONREGIRS nukHneridAI-deink® V8 PAFFF syst em
pur chased from Watt Technol ogy Corporation. The

BPEE" | ke RO TR AR LB Of Copromers
r eSwﬁ%E aw@%@%@w%?%ﬁ%égi %Lg “E@i@pé% %@M Tris, pH 7.4,

spacer used was trapezoidal with a thickness of 350 mm
and 5%l (etvgglycerl, 1608 Cakl) Torel oY keuts.laad dfentagainsigwéler 2 (200 mM
near the channel inlet and outlet were 1.5 and 0.5 cm
r es 401 K@M Thisy s19 Qe 5 84 edv cellderidl0$ enNMETHTHfer aMotHer 34 hours.
nol ecul ar wei ght cut-off of 10 kDa was utilized as the

accuyy e eayﬁdokn teylg,ora@dre%hf a mmqwm%wpmfehmne

rates noni tored and regul ated by a’ Liqui Fl ow

used to regul at e the focus and injection flows.
channel presmbled Wids wesnalysedibygotihasyimeseltie ﬁe@eﬂ%fracﬂonatlon
and overpressure of the channel nodul e was prevented
by r@a&hE, Syaa Pachsdogies)raatlieddctroalmierosGya(lEd). obhe Eclipse AFFF
met hods were witten usingthe Eclipse software, which

S e r %?Qeﬁqoplﬁgﬁgsé& Irobd ‘WﬁEF'FecﬁM& C@”’Coﬂ'fd: rhignat h\éssleParﬁﬁon channel

P Sanples were performed in buffer 2. The
r at eco%n%rrlgcl:" pgf}gthgr% HRWLR (PEEK) lower block fitted with a stainless steel

15  frit. The upper block was an aluminum frame to which a replaceable polycarbonate
inlay was secured. The spacer used was trapezoidal with a thickness of 350 pm and a
length of 26.5 cm. The breadths of the spacer near the channel inlet and outlet were
1.5 and 0.5 cm, respectively. A regenerated cellulose membrane with a molecular
weight cut-off of 10 kDa was utilized as the accumulation wall. The cross-flow and

20  injection flow rates were each monitored and regulated by a LiquiFlow device
(Bronkhorst). For precise control of the focusing point, motor-driven needle valves
were also used to regulate the focus and injection flows. The channel pressure was
monitored by a pressure sensor, and overpressure of the channel module was

prevented by means of a pressure-relief valve. Separation methods were written using



was mai ntained at 0.75 nL/mn during operation. A

typi cal AFFF separation involved an initial increase
w@boosewsd | ow from zero to 0.75 nl/mn in el utPONMATRMZ001478

The cross-flow rate was then mai ntai ned when the

focusing node was started. 1003l of sanple was then

injected into the channel through the injection port

at 2 [mn,. after.which.focusin i nt ai for, .

Aot e FRpsFsaaw e, Shiclteriha ¢ Rt e REEF RURUR REFF bfisis of

detector signals at _the sw.tching between focusing. and

el utVleghsamples were parfosaed 8 Gh\pyHEs2 f Theflow saterdhrangl] the detectors

t hrough the detectors during focusing node at 0.75

mL/ nvas. mAintdileel en@.76f mLdninsduringnopteatidanheA ap@talt AEFhveseparation

el uted under the sanme cross-flow rate for 30 mns,

af t ghvoMddcdh ihiftRl McRaSe dflcRW fladw Erovesers &NPEIMIANH ih @lution mode.
zero to allow elution of highly retai ned anal ytes. The

ég? ul%}gl%r(gsfs]ﬁ?@g%a’%\{ g’g.spﬁgg ln%l%‘r.itg’m&{ @P?{Qt%@?%éugin@ngweewe% started. 100

S were app
gl ow-di scharged, Fornvar carboncoated grids. The .
r emetln®ingpmnle wiag then ipjeeted intg dhepehaane] thioveh thy migetippoy at 0.2
m ns, and the grids were then negatively stained with
2 %nmilr/any/ afeee hathdfofwming2@assmaiiitamed doqanetheo nithe Tgrmohémize the
were viewed under the Philips TECNAI 12 el ectron

M CrRAGARBoANES BbtBitbAkighiIRAE the\RVihafpdbdtvesh ¥SdulBigtdhd elution
i ntegrated CCD canera and i mage acqui sition software.

EM i i Le i ' . .

res R IERA LB S AER B mih{ne® folih L AU prdurird Bousing
Xpressi o eve|l s and purified to high honogeneit

8si ﬁ@oc%&ﬁ?)jétm IR AHhB 4 BPSITRETEN (05 VLSS AHRIY fed under

efficient renoval of the tag (Figure 6), and (ii) this

pr otthé sanameross-ewatteifor dhins, aferewicle the ¢rpss-Nowp rate was ramped

structures (Figure 10) having a size appropriate for

VPl ddliisto (ZEiootdr109) elutforasftighld Eegined siadften ThyRésufth biMhe AFFF
capsoneres and anti body chall enge GST-VPlI -SI hMe

rot.elLp: described in exanple 3 for
gST\ygfﬂ_SlsM@Fe Mo FehESo. nmp

For EM, 2 uL of samples were applied to glow-discharged, Formvar carbon-

15  coated grids. The remaining liquid on the grids were drained off after 2 mins, and the
grids were then negatively stained with 2 % uranyl acetate for 20 s. The samples on

the grids were viewed under the Philips TECNALI 12 electron microscope and digital
images were acquired using the integrated CCD camera and image acquisition
software. EM images showing assembled VLPs are in Figure 10. The results show

20 that (i) protein was produced at high expression levels and purified to high
homogeneity using conventional chromatographic operations and with efficient
removal of the tag (Figure 6), and (ii) this protein could be efficiently assembled into

VLP structures (Figure 10) having a size appropriate for VP1 VLPs (Figure 9).

Example 4



SIA. Protein was purified only once by GST

chromat ography and stored at -800C. GST-VPI - Sl hMe
w@ems®icmemas t hawed and chal l enged in a sl ot bPOI/AGRGON001478

nouse nonocl onal [14C2] antibody to influenza A virus

M2 protein from Abeam (Canbridgg, UK) recognizing the

hM2e sequence inserted into SI of VPl (ahMe), or else

aVPI _ant i bod , Kansas State.University).

R oA g Pl TN bR %s Bpd pRAbBLY SR ¥ s
negative control, VPl native VLPs (prepared by

expr essi dpS TV a2 M4 Rraiein s reeRas 45@%&@@6% gyample 3 for GST-
same anti bodies. VPl concentrations ranged from 10

mg/ nVYP{-SdAeP@d}ein ovad plrifaey orlly phartey G cimontata@@dphyland stored at
| oaded per well. Negative control was BSA. The

memgawe was bl ocked, challenged with primary

anti body, washed 3x in PBS/ 0. 1% Tween, and chal | enged

ith sec ' r i € .
Sovel opmn V1SR ol SRR FOLRIRERE T  got blot wit
VP! BB OR R4 Rp G RHt hEBOCHARA it NG PIPEGLTom Abca
with the unnodified VPl protein, suggesting that this

epi t@embvidd, UK rewighizprgsbenVi@d sequendeansenndimo S of ¥R (ahM2e),
Exanpl e 5 Sequence Ali gnnent of HA from subtypes of

I nf |l rnzavpr Htib0ds BOHRE G, K an SRR (Hivdrk I'ABuire 11 shows the
various strains of " H5 and H3 subtypes of influenza was

f d. . T | f this ali d
o PO 19 Skl 6 potebiie Rl RSV ER P fred by

sequence for the epitopes is:A PYQCGKSS (there is_ .
100 nFRre§Eon NDg BRFUIQVIRNR) \Wrs eglj\p]qugyc)l with the same antibodies. VP1
PNDAAEQTKLYQNPTTY (there is common K<->R variability)

concentrations ranged from 10 pg/ml (lane 2) to 0.1 pg/ml (lane 10) with 200 pL

loaded per well. Negative control was BSA. The membrane was blocked, challenged

with primary antibody, washed 3x in PBS/0.1% Tween, and challenged with

secondary antibody followed by chromogenic development.

15 Figure 11 shows conclusively that the antibody to the hM2e epitope

recognised the chimeric VP1 containing the hM2e sequence, but did not react with

the unmodified VP1 protein, suggesting that this epitope will be well presented to the
immune system.

Example 5

20 Sequence Alignment of HA from subtypes of Influenza virus

A sequence alignment of HA from various strains of H5 and H3 subtypes of

influenza was performed. The results of this alignment are presented in Figure 12 and

Figure 13.

The consensus H5N1 sequence for the epitopes is:



Note the gq<->N variability in A between the consensus.
There is also K<~ >R variability in both A&. Al of

W0 bese40ved at i ons are conservative (e.g. K<~>R ptEaB2002801478
the charge structure). The variability between H5
types is in the A& regions isygnall conpared with the
variability across virus variants. Men¥l is a H3

b
or r esporful I GAS R GEr S SuBRLR R N RA LR S m%be 19) s
commmon PgBS< >PaS variabilit B: PSTNQEQISLYV

(there i SB:CONROAERIKLYQNP TN (thase IS copymony i >Bh‘@rlablhty)

variability is conservative, although there is a |ack
of pri marots¢puehedN vambdity irs AvlietweenShe ¢dnsérous) i hietais also K<--
alignnment is not presented, starting with HN

access vaiabli§ 8d DothoA &BN AN UBesd@SutSRIIR 28 EshsBiy atBled@lgh K<-->R
agai nst UNI P and then C ustal Wthen CONSP. The

e
| nmuni.zatj on th VLPs nt?l Chal l.enge eriments in

A RN PERav ] P VBRI oS GV VoRR: nor7 1

at week 5, after vaccination at week 0 and week 3 with

VPl - Sl VIMMemZbris a4 H3nyarians eFheedequente tias abtaiggshand ghigned; the
| oops A (KRGPGSG SEQ ID NO 81) and |oops B

( PSTNRESRSHMYQRBER: 105FrkD NO. 78) of the H3 Menv1

virus. Two doses of 3ng of HAvviII be given in the

form of spl KRGV?Q@J(th\éH 4 eYRARfoh PSS >Ba® 9idbily§) cont r ol

as this wll e conpl ete prot ctlon after two doses.

1@ﬁ : u renq 3 ?\éwb%s%%Sdlb ?thc\e/rle r1sI gor}l’lmorrl] lISL<--§J+1€}L variability)

Again the variability is conservative, although there is a lack of primary
sequence consensus with HS.
Although the alignment is not presented, starting with HIN1 accession
P18875, a consensus was generated by Blastp against UNIPROT and then Clustal W
15  then CONSP. The resulting loops A and B are:
A: SHKGKSS (SEQ ID NO:85)
B: PSNIEDQKTIYRKENAY (SEQ ID NO:86)
Example 6
Immunization with VLPs and Challenge Experiments in Animal Model
20  Challenge will be intranasally with Mem71 at week 5, after vaccination at week 0
and week 3 with VP1-S1 VLPs containing inserted peptide antigen from loops A
(KRGPGSG; SEQ ID NO: 81) and loops B (PSTNQEQTSLYVQASGR; SEQ ID
NO: 78) of the H3 Mem71 virus.

Two doses of 3ug of HA will be given in the form of split Mem71 virus



9ng/ dose of virus. Wwole, unsplit virus is nore
i mmunogeni ¢ than split. A volune of 50nL of VLP
wo 2osi0s®enmi | | be injected. The carrier VLP w tPCTIaU2007/001478

insertion will also be tested. The chal |l enge desi gn
is: VLP Testing Week 0 *s.c. -4?ase of tail injection
Duration of Study: 7 weeks, continuous nonitoring
Vacci nation: week O t shot. sc 2nd shot
s¢) Vs a%%g%lt%%ﬂnfrgﬁﬁéﬁmu B pfgcte R RRORALOploses
Readouts: ELISA, HAl, and virus neutralisation assay
of serumAssyming thatHA isnth% of dhedeiripny thiscwanld benide gauivalent of
pl aque assay on | ung honpgenat es 5days post chal |l enge
Vacdugélosaopiies. VBholalunsplitediue ¢k rpere imnunbgénic MaPspliveA &olume
expressed in baculovirus, purified by sucrose and CsC
ultr,

aaﬁggﬂ% 6 CUBRRAAH A LY SPA dfhd RSy SR wil o

ne ienples were prepared. Final conposition was

&ﬁ LP protein and 45 ng Al (OH)3 adj uvant per 50
nmL dose. Endotoxin was tested to ensure acceptability.
Exanpl e 7heshallengeddrsien hd sequencing of vectors
carrying HA loop A and | oop B of influenza strain H3N2
i nserted VDP Jlestiigl S4 for expression in E. coli and
insect cells Figures 14 and Figure 15 present two

al i[oVigR group! T ST | R0FamitAS] ' NS Ehidfifdgen Challenge (Mem71,
10*°pfu)

1 8 VLP 1 +
(H3 Peptide A
(KRGPGSG) inserted
into VP1-S1)

2 8 VLP 2 +
(H3 Peptide B
PSTNQEQTSLYVQA
SGR inserted into
VP1-S1)

3 8 wt VLP +
(VP1 with no insertion)

4 8 Split Mem/Bel +
(3ug/dose)

5 8 PBS +

Week 0
*s.c. — base of tail injection
10 Duration of Study: 7 weeks, continuous monitoring

Vaccination: week 0 (19 shot sc), week 3 (2™ shot sc), intranasal challenge
week 5.

Mice: 40 BALB/c mice

Readouts: ELISA, HAI, and virus neutralisation assay of serum

15  post primary and secondary vaccinations and plaque assay on lung homogenates 5



of loop A and loop B in Slof VPl (Figure 14), second
one shows insertion of loop A and loop Bin $S4 of VP

w@ Fiogiemed5) . Resulting constructs are pGEX4TIPOMPAU2007/001478
S1H3A, pGEX4TIl - VPl S1H3B, pGEX4TIl-VPI S4H3A, and
pGEX4T! - VPI S4H3B f or expressi%§ in E coli and
PENTR- VPI S1H3A and pENTR- VPI H3B for expression in
insect cells. Exanple 8 Preparation of VLPs for
chala¥%@%“8§ﬂ@Pgﬁents usi ng bacul ovirus The fol | ow ng
VLPs were prepared for chall enge experinments detail ed
i n exanpl\éacgine symplepi3- S SOAPjestask par st shotHYP's veopepressed in
peptide inserted into the Slsite of VPl VP
1- H3&lIBiviR] paritied Byi shgrokidNd ¢s0p pltBcdiifulstieon Aealidledd into PBS.
into the Slsite of VPI VPl -wt: wld-type VPl sequence
not | ni ' iR igd '
or otSééig WE&?E& %X%érﬂﬁcﬁﬁgl d9(3i1'8P ﬁoMﬁs 1%@& 592?c¥ﬂe sarlngles were

e above constructs were heterol ogous
xpressed, i.n Spodoptera frugip Sf9) Lls _
Bt deeRaedd t%F$%%1°ﬂM 734g 8?&3?&&@6@@83 & Hg AlHH)3 adjuvant
chosen VPI chineric protein. Cells were harvested
apprpex borplaloye. Eadotoast wax testtd rensyre labexpedbility.
centrifugation, and frozen at -800C. For preparation

of VLPs (all the steps weremembrr7ed at 40C), cel
pell ets were resuspended in Lysis buffer (50 niM MOPS,

50 d .. 0. % T 0] . 0). I '
or ancoautepn s AR ARE oP 3reB faskinf My W52 Bhlileor B of
then centrifuged at,lG,OOQx% for 30 mn. The . . .
supdrfluenzastraim HING inspried ip il @ndSdfonexpression i fF- calippd insect
top of a 30% sucrose cushion and centrifuged for 1.5 h
18t 32090 rpmusing a Beckman SW32 Ti Rotor. The
pel l et was then resuspended in Lysis buffer and
subj ect edFig@rekd4 and Figure 15 present two alignments. First one shows insertion
of loop A and loop B in S1 of VP1 (Figure 14), second one shows insertion of loop A
and loop B in S4 of VP1 (Figure 15).
Resulting constructs are pGEX4T1-VP1 S1H3A, pGEX4T1-VP1 S1H3B,
15 pGEX4T1-VP1 S4H3A, and pGEX4T1-VP1 S4H3B for expression in E.coli and

pENTR-VP1 S1H3A and pENTR-VP1 S1H3B for expression in insect cells.

Example 8

Preparation of VLPs for challenge experiments using baculovirus

The following VL Ps were prepared for challenge experiments detailed in example 6:

20 e VPI1-H3-S1A: VP1 containing H3N2 loop A peptide inserted into the S1 site
of VP1
e VPI-H3-S1B: VP1 containing H3N2 loop B peptide inserted into the S1 site

of VP1



seconds of sonication at | ow power setting to disperse

any aggregates. Honpbgenate was then centrifuged at
wazeomospm for 30 min. Carified supernatant MT/AUB®C001478

added to a final concentration of 35% (w/vol) was

centrifuged at 50, 000rpm for 1gghours using a Becknman

SW60 Ti Rotor Purified VLPs mere col l ected by

extracti and omth ég ents.

Recovel ed yBF al e?fqiuﬁ‘lc(? P gf}tg}’ﬂ?gg HY a ffgertion  nor

stored at 40C Proteln concentrati on was determ ned by

Agi | ent Bﬂdhﬁﬁﬁwﬁer Sanpl es for el ectron m croscopy

were prepared as described in Exanple 3 and i maged at

200, 000x \(Bk atateihaforltBerabpve Aditsenctdivedry heeroldfdeslyi expressed in

PBS were formul ated with alum ni um hydroxi de ge

(c 0'§p@ﬂ&ﬁéra"ﬁﬁg%&d§@8f9pceﬂb Yiffeded WA He&ﬁﬁﬂléﬁt baildVhirus Zrécodmg

consi sting of ng protel n equi val ent) of VLP and

ggl%%ﬁ‘v‘%nﬁer hJ H?reﬁs é%frg hl%{x@es%w a%?%a%ly 72h

VP1- H3- S1B. VLPs_ Ex le 9 Constru tion and guenci ng

of \POEHRIPioRa PRYAT %@@Bﬁ{gaﬁa% o ¢ fragep ain- %{ﬁ - Ffopyepgiration of
of influenza strain H5N1 inserted in S4 Figure 18
showsLRsc(gll dlrecssepsl Wweyn perfornaefd atA° Qo ogl] pelletrowere agsuBpanfied in Lysis
i nfluenza strain H5N1 inserted in S4 of VPI. Resulting
CONBUFIELSH rAVE MIGEXASTOmMIRINaSE AQ.0p LBV ¢en\§0l, pB4RD Yaud lysed with
pCGEXATI - VPl S4hM2e. Exanpl e 10 Expression and

DUt o B o R SR Rl R e 000
g I(,fgrs VL PS]&%—?Se Lol {amwf(gl%lwg s&ﬁg a}r}#ﬁwgé Fapfsred on the top of a

i nserted antl gen; control) GST-VP 1-S$4A
30% sucrose cushion and centnfuged for 1.5 hat 32000 rpm using a Beckman SW 32

Ti Rotor. The pellet was then resuspended in Lysis buffer and subjected to 15
seconds of sonication at low power setting to disperse any aggregates. Homogenate
was then centrifuged at 15,000 rpm for 30 min. Clarified supernatant with CsCl
15  added to a final concentration of 35% (wt/vol) was centrifuged at 50,000rpm for 16
hours using a Beckman SW 60 Ti Rotor. Purified VLPs were collected by extracting
the top band from the CsCl gradients. Recovered VLPs were dialyzed into PBS
overnight and stored at 4°C. Protein concentration was determined by Agilent
Bioanalyzer. Samples for electron microscopy were prepared as described in
20 Example 3 and imaged at 200,000x (scale-bar 100nm). After dialysis, VLPs in PBS
were formulated with aluminium hydroxide gel (colloidal AI(OH);) to give a final
dose of 50 pL consisting of 77 pg (protein equivalent) of VLP and 45 pg AI(OH);,
balance PBS. Figure 16 shows EM images of VP1-H3-S1A VLPs. Figure 17 shows

EM images of VP1-H3-S1B VLPs.



GST- VP 1-S4B The purpose of this exanple is to
denonstrate that nultinerically defined VLPs can be

W bioaios®ed usi ng the sane process used for unnorpdCT/AB2H07/001478
VP1lprotein, even after very different insertions (A or
B) into site S4 of VPl. In thiggexanple, "A" in the
above constructs refers to antigenic peptide taken
frominfluenza virus H5N1 cqrresponding to loop A in
the HA protein, as in exanp&ré‘iﬂg&fam no acids,
PYNGKSS). "B" in the above constructs refers to
ant i Gartnchioprandeseguenoing pbygcters|caerying WA gpiteppof loop A and
corresponding to loop Bin the HA protein, as in
exanpée Bof(idfluaipanarabc HEN1 ildpAE)R4L YONPTTY) . For
each construct, protein was expressed as described in

Exanpl e Fjg N sRHEWS deqtdceligim&R SN HRORSH 'AMd: 108p B of influenza
pellet from 800 nL of culture was resuspended in 40 L

f buff .20 Jris, .1 EDT

Ao oL e Ra Lot ve R Bar PO TR s4a.
cell suspension was passed through a hi gh-pressure
hom§&ink - Ve S- a0d pHEX B ¥PhS#hMEe bar.  The

honbgenate was diluted with L buffer and centrifuged.

Super nat ant cont ai ni ng sol uBkanpPIl0f usi on protein was
filtered through two 0.45 mm syringe filters

(M Iipieéston artt Yirification®F OSI-YPRIS4AfrdIGSTNP PS4B and assembly
construct exam ned. Protein purification was perforned

Wi g7 A R SHAVPY BB SR I dbRibd Bdke. 100

ere onobgenate contal nin e selected

T- VPl fusijo rotein (listed above) was | oaded onto
1 ey s A BN BLOFSEGE. Heal & hoar &
preequilibrated with buffer L (Figure 19A and B). The
bound &STGYRVRIYsvildrtype protsimwith sioensgtted anfigeh; ednirol)on
buffer (Buffer L with 10 nmM reduced gl ut at hi one).
El ut edef r@etivanss4f 250 nL were stored at -800C unti |
required. The eluate from above was thawed on ice and

t hronmbin éép\}_P\{néL4B Si gma)

The purpose of this example is to demonstrate that multimerically defined
15  VLPs can be obtained using the same process used for unmodified VP1 protein, even
after very different insertions (A or B) into site S4 of VP1.
In this example, “A” in the above constructs refers to antigenic peptide taken
from influenza virus H5N1 corresponding to loop A in the HA protein, as in example
2 (7 amino acids, PYNGKSS). “B” in the above constructs refers to antigenic peptide
20  taken from influenza virus H5N1 corresponding to loop B in the HA protein, as in
example 2 (17 amino acids, PNDAAEQTKLYQNPTTY).
For each construct, protein was expressed as described in Example 2.
For purification of each construct, a pellet from 800 mL of culture was re-

suspended in 40 mL of buffer L (200 mM NaCl, 40 mM Tris, | mM EDTA, 5 mM



was added followed by 2 h incubation at room

tenperature on a roller. 200 nL of thronbin-treated
w@Eapson®se was i njected onto a Superdex S200 1P¢BA02081/001478
si ze exclusion colum (GE Healthcare) equilibrated in
buffer L, to separate capsonergg from aggregates, GST

and thronbin (Figure 20A and B). Capsonere fractions

(15 t&?f‘%ﬂﬁ% %SR/ lyc?ﬁ%ﬁl,kl).?gﬂdé Qv:stﬁsl-;él)raglgel a5 Q qk%ﬁefjr{s?orn v]Cras passed
g ycerol 1 mv Cad 2) for 17 h, and then agai nst

buf fiBfough (2 duekrraRgier | horaoasrizet iEliropieayt4ones g (1009) bar. The
gl ycerol, 1mM Cad 2) for another 24 hours. Dialysis

was lmnagenatw veaspihugduwethvii bffer 461 0G0 feD Slipeimaging containing
menbr ane. Conpari son of GST-VPI with GST-VP 1-S4A and

GST-s¥Rible W8 R¥idd pRRGh Wk fiBrdll Whtothgh SwohOMP ifl syringe filters
Figure 21. Assenbled VLPs were anal ysed by bot'h

y ield-flow frac AFFE
$ e Cmflg)areéS?v e 6 JF)COVE% oé%@(y Z%é ﬁr ﬁ?%s r\é\gt %xam1t1%1mProtem
as descri bedi n Exanp (see Fi ure
Thr JUgHeRHON Wi P?E)@EIPFCF w&h i A kiafexhlres Wﬁ@nb%@ﬁ QFoHealthcare 100
descri be the preferred enbodi nents of the invention
wi t holubf filtered hogrogéreite congaibing thet seleated (e V@ifodompratein (listed
or specific collection of features. It will therefore

be %BV@?GW@t 188ddaYorith @SS PlapBKHIP!I 5 hil, ¢dM@mA ffonh T Helthcare pre-
l'i ght the instant disclosure, various nodifications

ZQSn%P???aZéd &ﬁﬁﬁﬁﬁ#ﬁ‘@ﬁ% nB1pASHER *%é”o%é%pmbrﬁmo% protein
185t on cureel Saahdiort et (iRt i ulth O iV aee B Rl Buted

i ncorporated herein by reference. CLAIMS 1. An isol ated
pr otfeactionorfiR50gilngerz stared ate8¢6) ynbhwagured. VPl ani no
aci d sequence, or a fragment thereof wherein one or

nore expogREGIAORSmUboseinds fRakved On R aHATBNNIHE (3FU/mL, Sigma)
am no acid sequence has an insertion of an am no acid

S€AUEISAded followed by 2 h incubation at room temperature on a roller. 200 pL of

thrombin-treated capsomere was injected onto a Superdex S200 10/300 GL size
15  exclusion column (GE Healthcare) equilibrated in buffer L, to separate capsomeres
from aggregates, GST and thrombin (Figure 20A and B). Capsomere fractions (150
uL) were assembled by dialysis against buffer 1 (0.5 M (NH4),SO4, 20 mM Tris, pH
7.4, 5 % (v/v) glycerol, 1 mM CaCl,) for 17 h, and then against buffer 2 (200 mM
NaCl, 20 mM Tris, pH 7.4, 5 % (v/v) glycerol, 1 mM CaCl,) for another 24 hours.
20  Dialysis was at room temperature with a 10,000 MWCO dialysis membrane.
Comparison of GST-VP1 with GST-VP1-S4A and GST-VP1-S4B by
Bioanalyzer analysis is shown in Figure 21.
Assembled VLPs were analysed by both asymmetric field-flow fractionation

(AFFF, Wyatt Technologies) (Figure 22) and electron microscopy (EM) as described



of a virus protein other than nurine polyomavirus VP,

or a fragnent said virus protein other than nurine
w@edogommed rus VPl . 2. The isol ated protein of PCl/aUm01/001478

wherein the one or nore exposed | oops of said nurine

pol yonavirus VPl anmino acid segyence conprise an

insertion site sel ected fron1the group consi sting of

site d si The isolated protein of

claﬂﬂiz i %g %ﬁ é?%h% P%gertlon site is selected

fromthe oup consisting of site 1 and site 4. 4. The

i sol at ed ﬁu@w@iont gt spegifisafionothe dimi has been 2o glesgibe the preferred

wherein the virus protein other than nurine

pol yemtdirmergs MRhe mvestidnnaigroantimithngrtkoihyent®nao any one embodiment

i nfluenza virus protein. 5. The isolated protein of

cl ai gPsfleciMOEIIREort ¥&edtiics UR MR thékdtbe bl%'r_gbl%bﬁte'd those of skill in
sel ect ed fron1the group consisting of NK

nd tMc that in tht o%?heaih& t%ﬁs% o%ur% ?ano%s g‘lo@f%atl%see[nﬁrcg%n&es can

he |n "uernza

consi sting of HA and NQ 7 The |sfja ?P gjoteln ﬁf

any tsrigadsiin thepaticulpar gmbedimgpts exsmplified wWithoptdepartipg fram the scope
ot her than nurine pol yomavirus VP1lcorresponds to an
expad ¢l prosymt ofvedtiael ect ed from the group consisting

of loop A loop B, loop C, loop D and loop E, or a

fragment Alnespiter pro r-aEHlG aﬂ%ﬁitlﬁhﬁ atehOdrisBicat ficlitadaftirereferred to
wherein the exposed oop of HAis selected fromthe

gro f | oop B, or a fragnent
the?{e%rﬁggkslh%xjgg&eg hgkegrg ff%g‘?gﬁqcr? of claim8, wherein
1bhe fragnent of loop Ais an antigenic epitope

onprising an am no aci d sequence selected fromthe
group consisting of SEQID NO 75, SEQID NO 77 and
SEQID NGO 79, or a variant thereof.



10. The isolated protein of claim9, wherein the
variant conprises an am no acid sequence selected from

w0 b@sgeoep consisting of SEQID NO 1; SEQ | D NO/AD208EQ1478
IDNO3; SEQIDNO4; SEQIDNO7; SEQID NO8; SEQID
NG 9; SEQ ID NO 10; SEQ ID NO Agl;, SEQ ID NGO 12; SEQ
ID NO 13; SEQ ID NO 14; SEQ ID NO 19; SEQ I D NG 20;
SEQ I D NO 22; SEQ I D NO 23; I'lD NO 47; SEQ ID
NO 51; SEQ I D NO 52; SEQ | D Mers32 SEQ I D NO 54; SEQ
I D NGO 55; SEQ ID NO56; SEQ |ID NO 57; SEQ ID NO58; . .
SEQ I D NOASGSAGd SERSINCF AT EEIE 4 MUrR PofyoF)axirey VP1 amino acid
protein of claim9, wherein the variant has at | east
30%ssqupned) o aifthgment therteof Whereiarming or awrdexpesgddioops of said murine
selected fromthe group consisting of SEQ ID NO 75,
SEQ polyoavirdd Ven dmiklddidsdyakncé Das drtinsekion 6601 amtifél acid sequence

protein of claim8, wherein the fragment of loop Bis

n [ [ [ a .
301 e o (8RR GR THIInE PaRoRRvAT IRADHS REAUETSR vins
SEQ ID NGO, 78 and SEQ I.D NO. SQI or a variant thereof.

13.” Piefgin Qhyr dhaymprt ReVOBVIR Ak 12, wherein the

vari ant conprises an am no acid sequence selected from

t he Zgr oupThoiselatadi prgteaf ofSikdm| ID vihereds thegme or moxieg®sed loops of
SEQ ID NO 27; SEQ ID NGO 30; SEQ ID NG 34; SEQID

NO: 35id 15E6hd PolNGI6irusSEO! | dhihDadid; seGERck RoMpridd an $irtion site
I D NO 44; SEQ I'D NO 45; SEQ I D NO 46; SEQ I D NO 61;

SEQ Ll MPHm the Q)d&Qths@l‘%}of%ﬁQll SeNAR5ite 3EQ | D
NO 69; SEQ ID NG 70; SEQ I'D NO 71; SEQ I D NO 72; SEQ

b et 1, FipisPBRR e 12 WPOBLEE iBHoR e setecea

sequence identity to the am no acid sequence sel ected
f r offfahiegropeansising of 11§ lomdsee D N0 76, SEQ I D NO
78 and SEQ | D NO 80.
4, The isolated protein of any one of claims 1, 2 or 3, wherein the virus protein

other than murine polyomavirus VP1 or a fragment thereof, is an influenza virus
protein.
15 5. The isolated protein of claim 4, wherein the influenza virus protein is
selected from the group consisting of HA, NP, NA, M2 and M1.
6. The isolated protein of claim 5, wherein the influenza virus protein is
selected from the group consisting of HA and M2.
7. The isolated protein of any one of claims 1 or 5, wherein the virus protein
20  other than murine polyomavirus VP1 corresponds to an exposed loop of HA selected
from the group consisting of loop A, loop B, loop C, loop D and loop E, or a
fragment thereof.
8. The isolated protein of claim 7, wherein the exposed loop of HA is selected

from the group consisting of loop A and loop B, or a fragment thereof.



15. The isolated protein of any one of clains 1 to 14,
wherein the said virus protein other than nurine

w@eiogommed rus VPl , or a fragment thereof, is aPGI/AURM®7/001478
protein or a plurality of proteins. 16. An isol ated
nucl ei c acid conprising a nucl ggtide sequence encoding
the isolated protein of any one of the preceding

oL Lyl R B8t B U P A i o

16 wherein the nucl eoti de sequence encoding the

mur | aREgpUE oHeRd FeBPNANE aniannacrd seayerascisldctedatiomt thel group
to receive within one or nore exposed | oops of said

mur i geasipiigy ohS$EQ MDINOPY 5, B8R 0D a0 d7 B agSPQdD M0: 79, or a variant
i sol ated nucleic acid conprising a nucl eoti de sequence
encqfigr a virus protein other than murine

p0|y0nHVIFUS VPl or a fragment of said nucleotide

é ;1 vavi ?Hg Osg,‘g?e% p?(lt\éfnroiﬁlag'gg EFlgtg}tl]ee\;aﬁf 0 c&gg}fllrses an amino acid
conprising the isolated nucleic acid of claim1l

OpersEHISCe pelscierl frem direrarp sRaSing Bl IR PN el §E&I&Npﬁ SEQ
an expression vector. 20. The expression construct of

cl ailb WO;3;iHQ éD INO He SEQeIlD NOhr SEQ dBuNat & rSEQ 8y MmO SEQ ID
is selected fromthe group consisting of an enhancer

of tNENYESENLIDANQ: ANSEQNBINO120SEQIENSOats; SEQ NO 14; SEQID
nucl eoti de sequence for autononous replication,

e I?é@é?ﬁé%?grfﬁ.ﬁé‘%z%ﬁéi“%fﬁo% kﬁ@ﬁ@l@’ SEQID
e a1 SePIBGRORZERRRID NG REParSin B4 sHamiPissesea
roup consi sting of a prokaryotic cell and an insect
cel INOZ%; SEQdDNOt57c EEQ IBXNOH S FEQAD N hanidsSEQ ID NO:60.

bacterium 24. A virus-like particle conprising one or
mor € 1i, Sol Thedsqvited irdisinodf clhimi 9, wherein the variant has at least 30%

sequence identity to the amino acid sequence selected from the group consisting of
SEQ ID NO: 75, SEQ ID NO: 77 and SEQ ID NO: 79.

15 12. The isolated protein of claim 8, wherein the fragment of loop B is an
antigenic epitope comprising an amino acid séquence selected from the group
consisting of SEQ ID NO: 76, SEQ ID NO: 78 and SEQ ID NO: 80, or a variant
thereof.

13. The isolated protein of claim 12, wherein the variant comprises an amino

20  acid sequence selected from the group consisting of SEQ ID NO:25; SEQ ID NO:26;
SEQ ID NO:27; SEQ ID NO:30; SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36;
SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46;
SEQ ID NO:61; SEQ ID NO:65; SEQ ID NO:66; SEQ ID NO:67; SEQ ID NO:69;

SEQ ID NO:70; SEQ ID NO:71; SEQ ID NO:72; SEQ ID NO:73 and SEQ ID



25. A nethod of producing an isol ated nucl eic acid,

said nethod including the step of inserting into each
w@boosn®oer nore nucl eotide sequences that encoBET/AUZ00001478
nore exposed | oops of a mnurine polyomavirus VPl

protein, a nucleotide sequenceggncoding a virus

protein other than nurine polyomavirus VPl , or a
fraqgﬁaa of said virus protein other than murine

pol yohavirus VP, wherein the one or nore nucleotlde
sequences t hat encode one, or, npre exposed | qops o

murilfle polYomelatedigrofpn il wlaim 12.svheaeip: Be Vtaeameltaéu 3 éeast 30%
t he nucl eoti de sequence encoding the virus protein

ot heequehemidentityrie thecinyiooaeiil sepieh? selec?@.frofin thergeoupombnsifting of
claim 25, wherein the virus protein other than nurine

pol \SERM) NeB . 7608EQ ID'RONMENAnd $E0 e0NO:I§0. an i nfl uenza
V|rus proteln sel ect ed fron1the group conS|st|ng of

0
mhereln Nﬁ% |n %ﬂg%zanbﬁgﬁl g Prote ﬁ%9$§ %e ecte ihe said virus

the group consisting of HA and he net hod .

ol aiPHRSS offeF Gpa pwaéﬂwst% VF Ay a%:smté&ﬂ%fo fe? single
than VPl corresponds to an exposed | oop of HA sel ected

f r orprethia aqgaglwrabyredipseteing | oop A, loop B, loop C, | oop

D and loop E, or a fragnent thereof. 29. The nethod of

cl aild 28, Antisslated nubleiceadid s@dprlising a elicldétidessegateeteddoding the
fromthe group consisting of loop A and loop B, or a

fraggﬂ?ﬁ& ngﬁ%lﬁgfan}s&e ottt preddaatt @fings! @i m 29, wherein

rag nt of ldop Ais an antlgenlc epltope

r|S|n cid ence ron1the
1Qr gﬂg  onInE R RIPAIRGRS 1t REHERCHs 3R 0T e
SEQ ID NO_ 79, or_a variant thereof. 31. The nmet haod of

cl ailth 30, Thhésolated nheleig cidank claigmbpi whereimthgmuslsotids gequence
sequence selected fromthe group consisting of SEQ ID

NO eh¢odbig thie MbdnieZyolyeh@vims MOl 3miSEaRid Bequenet; is S&E@tddio receive
NO 7; SEQID NO8; SEQID NG 9; SEQID
within one or more exposed loops of said murine polyomavirus VP1 amino acid
sequence, an isolated nucleic acid comprising a nucleotide sequence encoding a virus
15  protein other than murine polyomavirus VP1 or a fragment of said nucleotide
sequence encoding a virus protein other than murine polyomavirus VP1.
19. An expression construct comprising the isolated nucleic acid of claim 16
operably-linked to one or more regulatory sequences in an expression vector.
20. The expression construct of claim 19, wherein the one or more regulatory
20  sequences is selected from the group consisting of an enhancer of transcription, an
enhancer of translation, a nucleotide sequence for autonomous replication, a
regulatory element for mRNA processing, a selectable marker and a screenable

marker.

21. A host cell comprising the expression construct of claim 19.



NO 10; SEQID NO1 1; SEQID NO 12; SEQ I D NG 13; SEQ

I D NO 14; SEQ ID NO 19; SEQ ID NO 20; SEQ I D NG 22;
WEEHQSHDONO: 23; SEQ I D NG 47; SEQ I D NGO 51; SEQEDAU2007/001478
NO 52; SEQ ID NO 53; SEQ ID NGO 54; SEQ I D NO 55; SEQ

I D NGO 56; SEQ ID NO 57; SEQ | DshNG 58; SEQ I D NO 59 and
SEQ I D NO 60. 32. The net hod of claim 30, wherein the
varignt h €. et

i v aci Sﬁgé{aﬁgﬁ‘?éf AL P A el B8 el e Brdieapeising of
of Fﬁgf 75, SE ID .77andSEQIDNO 79. 33.
The %‘chcfrell@f‘gflﬁf &t fherei n the fragment of 1oop B

is an antigenic e i tope conprising an amino acid

sequdnce é"gt b@&t@@ﬂ ﬁf@m%\’@fﬂdup adwastiymi ng of SEQ I D

NO 76, SEQID NO 78 and SEQ ID NO 80, or a variant

t herzof . AdvindkHikepaithddcodiprising died3 morb &okitddl irbRins of claim 1.
variant conprises an am no acid sequence sel ected from

ggg Iﬁgo K%A;ﬁ;@tﬁ%& bf }{)}gdlgm sbl@temugl%(% a%%ps%g %%ncludmg the

I D NO 36; . S NO 42: S
,ﬁ%pzp?z g Blagach gF Q§E6 rpgemcfg? %E@LIFIBC aéincgde one or

SEQID NO 65; SEQ I D NO 66; SEQ ID NO 67; SEQ I

NO. GRere SEpyserlogps pha nsmelpglmwamus YROPrateing wleogéegsequence
ID NO 73 and SEQ I D NGO 74. 35. The nethod of claim 33,
whereacodih@ e viras pratein dther thin thewdst pa3 Qs 81Pd o adeapmenyof said
to the am no acid sequence selected fromthe group

Consshﬁlts'ﬁ}Gteﬁf otfleRthdd Mukind GolydRfavirks NP1, 7»8héi‘élﬂ tREQ@nkRr more

NOC. . A net hod of producing a virus-1lik
d
Bﬁtr trﬂo ieg}lcr%éc' %t'acﬂ.le &'gi (Jﬁi%&l%?g% glgc?r t‘?@%&{a 10&?% 6of the murine

an expression nstruct of ¢laim 19 into a host cell
(b) RelovRriTy VELPEOtFiB L adapied toTFRaYe BoRRHACHERSedpAce fcoding the
facilitate production of

virus protein other than murine polyomavirus VP1.

26. The method of claim 25, wherein the virus protein other than murine

polyomavirus, or a fragment thereof, is an influenza virus protein selected from the
15  group consisting of HA, NP, NA, M2 and M1.

27. The method of claim 26, wherein the influenza virus protein is selected from

the group consisting of HA and M2.

28. The method of claim 25 and claim 26, wherein the virus protein other than

VP1 corresponds to an exposed loop of HA selected from the group consisting loop
20 A, loop B, loop C, loop D and loop E, or a fragment thereof.

29. The method of claim 28, wherein the exposed loop of HA is selected from

the group consisting of loop A and loop B, or a fragment thereof.

30. The method of claim 29, wherein the fragment of loop A is an antigenic

epitope comprising an amino acid sequence selected from the group consisting of



the isolated protein of claim1; (c) optionally

purifying the isolated protein of claim1l; and (d)
was®eniiosng the i solated protein purified accopdi/ay2de/001478
step (c) to produce the virus-like particle. 37. The

met hod of claim 36, wherein thgyohost cell is a

bacterium 38. A virus-like particle producing

SRS AR o e

protein of claim thel ted ucIeJc acid of claim

06 Gt £ hoTbe mgghad { R%‘:]ﬁ‘ai‘?t cw cistn Hheay iAol COPHIes ¥ Ao acid
and a pharnmaceutical |l y-acceptable carrier, diluent or
excispiusnte sed@tedThem preagrovreansisteg ofcdip) 83 NQ:dn SBR 101 MOM; SEQ
39, wherein the pharmaceutical conposition is an

i MMIDOKOEY; HEEY D NO@IBES) 1D BI0:7:4SHQ IDNeO B SBGRIRE NG:0288EQ ID
conmposition of claim40, which is a vaccine. 42. The

Bharrgg%uélliéq I@@WHOL%EQ'IWO% §E‘ 1P1€095; §EQ‘IE§5N6914t SEQID

ereint phar maceuti cal osition rs capab

di sé‘ﬁ(ﬁﬂ?yéﬁéﬁb“lﬁé.2’603159&?93\1@5235%(23@4%0éﬁ Shonfgur; seo

virus. 43. The pharnmaceuti cal osition of claimi42,
wheM¥PR 11 %EQuIHfNQéﬂz aEQIIPNO;53; &%dﬁ N@HuSRR4DW5S; SEQ ID

44, A nethod of treating an aninmal, said nethod
I ncINEISEGSEQEDIN@ 15 70 SEQAMD MOS8 SEQJ Dt N© : 39wt i 11D NCa6O.
conmposi tion of any one of claims 39 to 43 to said

ani gl t oTRE aRMGAC A&kl 30, O\R'hérglﬁrtﬁ@%ﬁdrﬁ Rhd ¥t Ieﬁﬁaﬂ)"/@ sequence
di sease, disorder or condition.45. The method of claim

yher e the.di Sea di so or ond| tion |
Q auséh {oqhe aﬁligrro add gec{t/llerrlce sefeﬁéd ﬁ:ﬂ%ne 1C Srpup dco&swﬁfl%of SEQID
44, vvherel n said animal is a mammual . 47. The nethod of

cl allﬁlﬁ)ﬂa5 SERHENR: d4japd %m NO57% human.

33. The method of claim 29, wherein the fragment of loop B is an antigenic
epitope comprising an amino acid sequence selected from the group consisting of
SEQ ID NO: 76, SEQ ID NO: 78 and SEQ ID NO: 80, or a variant thereof.

15 34 The method of claim 33, wherein the variant comprises an amino acid
sequence selected from the group consisting of SEQ ID NO:25; SEQ ID NO:26; SEQ
ID NO:27; SEQ ID NO:30; SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ
ID NO:61; SEQ ID NO:65; SEQ ID NO:66; SEQ ID NO:67; SEQ ID NO:69; SEQ

20 IDNO:70; SEQ ID NO:71; SEQ ID NO:72; SEQ ID NO:73 and SEQ ID NO:74.
35. The method of claim 33, wherein the variant has at least 30% sequence
identity to the amino acid sequence selected from the group consisting of SEQ ID
NO: 76, SEQ ID NO: 78 and SEQ ID NO: 80.

36. A method of producing a virus-like particle, said method including the steps
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The method of claim48, whereigzthe animal is a
mamal . 50. The nethod of claim49, wherein the nmamal
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the influenza virus is avian influenza virus.
construct of claim 19 into a host cell;
(b) culturing said host cell under conditions which facilitate production of
5 theisolated protein of claim 1;
(c) optionally purifying the isolated protein of claim 1; and
(d) assembling the isolated protein purified according to step (c) to
produce the virus-like particle.
37. The method of claim 36, wherein the host cell is a bacterium.
10 38. A virus-like particle producing according to the method of claim 36.
39. A pharmaceutical composition comprising: the isolated protein of claim 1,
the isolated nucleic acid of claim 16 or the virus-like particle of claim 24 or claim 36
and a pharmaceutically-acceptable carrier, diluent or excipient.
40. The pharmaceutical composition of claim 39, wherein the pharmaceutical
15  composition is an immunotherapeutic composition.
41. The pharmaceutical composition of claim 40, which is a vaccine.
42. The pharmaceutical compositions of any one of claims 39 to 41, wherein the
pharmaceutical composition is capable of prophylactically or therapeutically treating
a disorder, disorder or condition caused by an influenza virus.
20 43. The pharmaceutical composition of claim 42, wherein the influenza virus is
avian influenza virus.
44, A method of treating an animal, said method including the step of

administering the pharmaceutical composition of any one of claims 39 to 43 to said

animal to prophyactically or therapeutically treat a disease, disorder or condition.



WO 2008/040060 PCT/AU2007/001478

10

15

20

54
45. The method of claim 44, wherein the disease, disorder or condition is caused
by an influenza virus.
46. The method of claim 44, wherein said animal is a mammal.
47. The method of claim 46, wherein said mammal is a human.
48. A method of immunising an animal, said method including the step of

administering the pharmaceutical composition of any one of claims 39 to 43 to said

animal to thereby induce immunity in said animal.

49, The method of claim 48, wherein the animal is a mammal.
50. The method of claim 49, wherein the mammal is a human.
51. The method of claim 48, wherein the animal is prophylactically or

therapeutically treated for a disorder, disease or condition caused by an influenza
virus.

52. The method of claim 51, wherein the influenza virus is avian influenza virus.



