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their full-I th.counterparts, incl.udin ed. .
expression | %Oénb&ﬁ@rf —%]fo%%%%% }Ei'.’c% (lﬂe%ﬁ.%agtldes
. HowgrindC-ftrefdvmial | ihddmiied £d(paféite@ st €nPn neles edrt
to display heterol ogous, epitopes are often unstable,
e By IHNERHG QA RkeS ¥ NERC f @RiMeHs hsCortaiping

. ¢ . oyl .
PR, LR R oS M Sl v been
noppasddad de sttrarctlvgsus usxpge swdbor if ok | eidagvariety
purification. Such | ack of stability js.,exhibjted.b
barth QR T SAtE GHO L nr $oL b noRET B8 ¢ FAToAPb:
C telmaadl ¥a tEHncales 48, "B&c@ﬁéi*&zh%@e&”r@e@@ﬁi akse.

contain the above residues 2-24 of the influenza A M2
pr Gtesi n. £ resrasnihlaay Pumeprons eelt tdoht (O] dlrypevirology,

henadnayi 72l GOf &80 A815: S SYBRELOEn T E8LE Sote the

work of several research groups. Native HBcC



upstream of the HBcAg start codon is directly involved
in the prevention of particle formation [ Schodel et a

WO 2¢03as95715, 1993) J . Biol. Chem , 268(2) : 1BSRUIBBH941879
Wasenauer et al . (Mar. 1993) J . Virol.

)
R T e R R R O R

thal.jniepBd tppe sHBgAg74t(Be:cyst-aisBe resi due at
position - 7 of the pre-core sgguence, which is

present whenSHRE HEFeCHaRE™Ps Of F&Rs PFRPEG™ Fom aTe 3
upsttgany-hak-bhakekyrelhrboniAenahnBeS oy e3@ctir®n
responsi bl e for preventing particle fornayion and

t herefosegobyci ompeired theperansileisofhtohasi ticul ate
H to.secreted, non-pagticul ate, HBeAg. upon

¢ hEe SRt P e SRRl et te Sloand enaget )t e

i ngl BEbOMedf, , 00800080 @02ESL el 18 Eewicduescai the
position prior to the_initiator nethiaonine of HBc;

i . ensexkigns edi BgESEEIPOPYS EPLLOPSSt A e beeHmad Y
to = kRN : u f I 1, to
ac%%gﬁfékggsﬁg%i#%%gaegggr%?%a%ﬂggh%bg?ggﬁﬁﬁﬁfd
padébthbsliatihgr afifentstabil hybriikemarAislwd [camatedre
fromthe di,sgussion that follows, the present

| nRERCTORoHr 601488 Pl HPESTPRRECKFe SSoerRy ™ d Sahesie]
expechat i Qns 94 ) BREe SUMYNRY G . THEE2!:N¥EBYTh1@YcThe  Thus,
present invention contenplates an hepadna virus-based

| ntenBgehimsiricndBei RgraAriEsdres ro thetahleaddiatultdiey
.O'OEBEL? %%a‘%:ge gk by ?%ﬁ?i@i%.t%% et'oh” M)y ANLAN chat
i nocul'untrand a vacci ne conpri sing that T munogen

di sheyseadel nnaepbysirabigi oal kthetyolstrcabhemi lpcent .

Her ei pafter, the designations " and "Me" are used
PR PRAR GG TR o brEPa: B i disah Bt cmabie
sekbraggephhed sRaktiopheneonpri sed of reconbi nant

hepatitis B virus core (HBc) chinmer protein nolecul es.

Each of thos@8hspokécikceduwens leéngtlh oflS@fdut 150 to

ab ' agid -resi,d I .nGl. :

6 8 e eIs e ice of SERTD RIS Ea o Al g ing
f ouhipepti del whketh &biendnaerd adePcdypesaquEnceqleTriasis
fromthe Nterm nus that are denom nated Donains |

|1 28] FheaNa tRymiThS £ ther CabfaMt R USofgch et eSS es
abputm{Rit 0 abeut-+16Q @R A RS iHIehat N ticle are
sequence of this Domain includes at |east the sequence
of 2&heor 89i deed dukespesi then N4 tetmmgagts .abore Fesingpifues
75.0f HBc. One_t ree cystein es| due re, .
prégl ﬁffgfﬂialypoé—il %i t&ﬁ i%r? ?r‘%f% gﬁsgeﬁer#olae%caﬁh% ; aéaeosrgrbjtnus'
one to -55, prefterakl wlt.9 ghowt)- 3-and Naxke. Acad.
preferably to about -20, relative to the N-ternjnus of
HBECéf - SEQSI-B -x0 16 :LR1DefrRar sGRdttdivh s idhRe (g £
Theoblt eLflRals;ers e Re sheshUem AL A CHA dddiikdy
sequence ot her than that of the pré-core sequence of
HBof A tysheihed &&icdsequendendintdrean.valfsedse to the
prgsgnt in the two tq._four sequences of q&&g; 6 égf
abGaf ~SFSESUGEE STt TANOFECTET TR U ol Ffdpt | de*5E

| XcBXmd% 4%n%iled/xhT %Pk dd X sekdendx fiRnkdx by
17x 18x 19x 20x 21 -X22X 23X 24 f SEO - 1D NO: 9 such
asaappief ofr ad vedinppapcihd & LRRIDAEXANBNE 1T S7ETES MIeRNE 1ng

X 196308 AT AR A6 20X 20X 222 HE2Y OnfostFQ 1 D
particles were said to effectively elicit antibodies

against native GFP in rabbits as host animals.



are peptide-bonded to or within about 15 residues of
the N-term nus of the HBc sequence, and whose

wawsosiopt ed X resi dues are defined herei naf t ePCT/ES2004/041879

wel | as one or nore or HBc residues 1-4. The second
domain, Domaidsl! pafQIRY hes s3B!, 028! ad,ahal

am no acid residues peptidebonded 't o about residue 75
of £Detrahnplottinsi cloxfied feom bo ahltitemicedadues i n

t he seguence of HBc positions 7 rough 85 are
pr égéﬁglﬁeﬁfe?&éﬁﬁo y&¢% &“?Clol )(lgnttg’ﬁt ilgwn%c]éj‘?ﬁ
abgut wBehOrahabiedd 7eesindues bhat Ganstdidde QN8 Rle 144

more repeats of the above influenza A M2 pol ypepti de,
of oSECRFDoKD-termiTed tthiungagedaii®c -Domxnrggged isipn

HB¢ uence fro t ROsitio 6 rRth_- o) :
poglrélggrl]%ﬁg’egeep{%aggf%&ggﬁutclg gtg%ulptr?)e& ueoq’gé).qEt -
f ouhhhbdamaingibodi’isn Wwhdn ediffiniiseerdd itrhes rresditdues

of positions 136 through 140 plus up.to nine residues
of 2BAMABe afifo tAGST S ediditey S8gFerdd S HTBYSI 430"
141-*!&15;%&*1 1 149 Reptdeshonded 4a Ahe d18si1due, afealout
position 135 of Domain |11, (ii), zero to three
cy&t:8i006 -AésiodPe£ox( ithe) fusdem vt eiguwidityittienel app

| ysi ne residues, _or, m xt t her eaf adj,acent_t.0 each
ot REFSTEAG™( |a\?)Sa dﬁ]toorg_é@gglrjt OFo ¢ i WS A& T i tdifes i n
a seguanee1hat erol ogous to HBc from position 164 to
the Ctermnus, and preferably a s%%ljsnnce het er ol ogous
to HBc from PositiEsHerss No the 3¢ Bdritipches the

co chi ner. I i i t han
oA T S e o A el e e

r ebieghacd tile Bhedddc megesnc ehati s slelrfkass erdl eshapiten .

particles . .that, are substantially free of bindin 0
PAPE; TOR e SRR P TER ol ToEHd Thodes
park elentau® PHL Elablig arrdHaiiLan ddidkaie a
particles formed froman otherw se identical HBc

chickemichatl V-Fees siare aeing Mdd w§tdinde sditne ¥y
or . [ 1 nal tei ne residue present in
th(kela ﬁ:g%eggn%%é{(%ﬁt[gll@sqﬁlgp aced by another residue. It
i s preferredRdwnttihe hBel isdopdente wf/ Il ntdadined udeat

the_resi dues of positian t hr ou osition,75 al on

ol Ghent e TadteHasn hih P by Aot AR o F othl
f urtheorpiefey redridate shiid aplate i dBameg esr
contain one cysteine residue within Donain IV al one or
i n a@seareno resiRgdtdsiale iR € Haerigialh oS tol Pt
of HBc¢ f.ra Qsi t ] 64- tQ t -er'rw(‘s: toi

palrc toln(c%u & @éo psfeé#d ee%}:e% 34% att%et hmgattqh\;eei a"qgo]l ogolués' sergkllfé%ce
copldcdosart edldo epirape tdfat nfiaanziadd foAnnt he by
enbodi ment conprises an i nocul um or vacci ne t hat

COMpLiedde ng SBFEiR® IRt 5 '@ SRt lize the

di g%qlt\i%qe%f_ digpenseddiha phaldpcelt i 51 Jues of the
acCept abl e di |l uent “conposition that typically al so
comediive Watce rse i e ditinng Sitadredldy iup e damupbgend c
effective anount to an ani rral.ds%::]h a8 a r@rr%mé orglil{dnot
an GHEETTRY A3 RSE EntTHo fiES (1" Mifor eact
speeiduigld.y Wil duren ol v@maintd ot Thiglentbdogdées to
so induced al so i munoreact specifically with (bind

t ofreRH@aR & e tedrditeremahdilp sequence was said

to include a C-terminal cysteine and an optional

sequence that defines an epitope from other than HBc.



protein. The present invention has several benefits
and advantages . A particular benefit of the invention

WO 2005/053957Tt s use as a vacci ne provi des extraorBPCTEE3004/041879
antibody titers against influenza A . An advantage of
the inventiop {$. - L {i fi-ters
have been prgahgéég%ﬁtEE?ﬁ§p§?g$8?l%% 2&1%%%%?333
appeavidsf oheudelenibunetfs onAnotrhewreendf itheoff dure
invention is that the reconbinant inrmunogen can be .,
pr@EﬁFgan%agﬁPﬁaEﬁdpFﬁSFEFg@tqggﬁtFFF@§"§§WW@O native
welbakngwni geh i AUkt BE gt @ERNCAUeS A AT Q¥ dltleansf or med
host cells. Another advantage of the invention is that
t heeshdunogefhat emrpiligapiopapdgousecaghis [Chatowe

regombi ngnt _techni ques . _Yet _anat enef.it _of £h

| OSREFER bR caoPer r Bl At 0gtn By £roh

gr pabeeifit abhkirt yhah elRevabednbenperatiBeepadtaod @f the
other HBc chiners . Yet another advantage of _the

i NFEREFBAS] §°t Ratmede GRtEBIFate 3 MtERogeT itdie added
suggﬁeg Lally free of nucleic acids . Still further

ben and advantages wi Il be apparent to the worker

of ordinary BkblhishedmPCHe agipd dlcasuoast leatr fesidagwbing to WO

FoPA{AG Bopbet FOH BP DRYAH0Cer ostPBo A" it yReion of

t wo-parh 8223 yvFtgunbAradd HBcY paldBi dle@Vicdes N achieved
allgnnent of six published sequences for mammal i an HBc

pr 6hEPHEhf EBM §BR P @8iEs OXTHOTR PedeCSEStSiNg (gesidues in
hu i.E S [ / u

pubEs e BIHERIRS Bt WhS RV ELRIPMAS AR B
28456460684, t Mhosecaddddurgsteiing reejuerce SEQdUFht to be
NO 2), of the, ad ubt ype, s .publ i shed by Ong et al
Oatoks) Akakl Ere- Norgr s G B ARRET Y a R

third human xi gakus@auencecaShQel Rn@ed)s dhe Gftddielity

adw2 subtyEe and was published by Val enzuela et al .

AnPirafuVilrisngsheBes pafitdicd et cauld dgs retagamibniviiile
P 57+ ZQ:x £ auyr
o1 EbRogREtndOLha{ PRATERRISR M i e ATl T -

t hatngas HBbl pakedchysPaseklet bal highl97Perddtiurinl in
282:575-579; the fifth sequence (SEQJD NO 5), is that
o RAE RO AEREARPTE e WERIE e SORECERYA L Gal | ber
et nablectdB82Y del iV sysAkmnl- Ghdeaand theidxtdt al.
mamel i an sequence, (SEQ I'D NO 6), is that of the

gr dundhedui reeenthaewigy wibltinehaig<hp ISéEge chdmeys as
(1 . 1.LO 367 =375, _Fig. ’ t .
AR Pohe FmETE e e RSRS8Ot
pKK223182i rf1bbe) prepdeatiicoPrefss)| astied thaeicdmpotential

pKK223- 3N used_herein for_ preparation of reconbi nant

HBELERLABEs tO PRe SRITIET @5 &fFerde THSES 1IBIRSTS)1T s

sh e ; seque f il Al l e

kg e P M R S G S L S e i

si teadrvershotntiranksdeer cfaseidletitepsidsd ithe adddiaekr

bases are ghomn w th dou %.underlines, erqgs th
ost. A pPo

del"8FE4"Fas8s *Hr & "EHOWT secon entia

problem is interference from preexisting immunity to
HBc. A third possible problem relates to the
requirement of reproducible preparation of intact
chimer particles that can also withstand long-term

storage.



dashes. The two restriction sites present in this

segnment of the sequence (Ncol and HindlIl) are
w0 pabsos96d. Fig.. 3 is an anal ytical size excl uBCDINS2004/041879

chromat ogr aphy el ution profile for 1CC 1603 particles

i n which absgrbance_at 280 nm i

and time in gé@oﬁgg VEs TEREWK "G 1§ g@xﬁéfsggﬁfqgﬂﬂﬁﬁﬁ
i Sa? Beamakyt E@ﬂl:a&hzeea&hhn%ﬂsomhal‘&r enmt g ased ejcut i on
profile for I CC 1590 particles as di scussed f r %éé é%
. PVgIrCoTes OHRTaRAMPt CBE PStERTdRd RO €S di'sclche
chpgmBLogLariy ¢ hut'a@ B %fdllo%efd%éx%@nalfa‘c@& paitd cl es

di scussed for . is an analytlcal si ze

expkasenﬂ dhwemmnogr@mbwu@aﬂ|am®qhaﬁ|HH§1Qh1mQK?@%@5

particl.es as di scuss r, . Fi

anBIEPViLERS SPSEPECEE Vb%l %ﬁﬁ ﬁ% ?éﬁ%s

prg@'l%sﬁoﬁnkgge%@%4 @ﬂdﬁﬁﬂ‘5héﬁéé#éﬂhﬁ§ﬁ§bproﬁﬁ@BsEa
. i s an anal ytical size exclusjon

chsoa:wttogmamoy téley Hireb Lot Qfe BRst qigmen gfapility as

part Ies é%%£ﬁ§ﬁ11é¥ Hncd of iheiRdS &g

and| s S &eXcIiusion ¢ ronat ography el ution

pr Qflindarfgora]dl@@twgﬁ et |c13:trfs§::a3:td1 scirssstiftoromr @ 3

. Fig 10 i.s a phot ogrgph of SDS- PA nal S der
red%%ﬂ¥@ﬁé%ﬁﬁﬂ4ﬁ?9%5%9£AQﬂﬁ *ﬂﬁﬁl qé é%%%loﬁg

| i3 SBNAHTBIG (éﬁEﬁIHEé MSibodies.
unstgggﬁ%ﬁf nﬁ’éﬁ%ﬁb (Ezne 2) as conpared to the
|cc 1492 consﬁhmabqwearmmlcwtinmbqhﬂgtx LHedaygs

475 and | 7
Gt a5, Dot LG TS, (e ) i P
parﬂﬁitsﬂlsim&rm@@,gm@mk@s PACGE amttqlses 0$99)
Cv- 1818 partlcles t hat contain three s

[
cogiatzieg Merd MBR(HY yiolept |dee6%1fjf%?05t§%aa#’ Qaﬁb‘aiﬁe
mMVED] d
o on, g A o e e o e o houn.
ovethiaeeh mm&mnnonuaxmﬂﬁntkmp@r@@nmenéﬁﬂ24F¥981¢M§ and

37C (Fig. angd ustr S S
cl %%JEO%\A? %ljtrﬁ%jhu%]?z%gh%‘% Q§%§R %Mgglrhelgg%}ldéflg
( Orw@si 2 S24Pl €y afe titosane, pﬂﬂhedl es resmeeea fpoffull
freezer storage just prior to use . Fig. 12 in two
paﬁbﬂ&gﬁmdﬁﬁcphotographs of SDS- PAGE anal ysi's
demonstratingLogesd deteglysireel oogeRlenabr! be
Cv-1818 particle tollow ng storage at room tenperature
(RRB1. hetzoozkavaeninai 20e31eapeiadlr eowhawAdf ar fussgon
or 3 hours, as shown t he can tro S
(F|%Pn%§%ﬁc5rs%?f%?“%ﬁﬁiﬁﬁeﬁdgF %F%?age % aE gfzéélryan
Fi Got 131 1 Nab¥0e PaRets §h@@ﬁp@eaebbﬁStQﬁcsuB&muﬁa@sed
SEC graphs showi ng anal ysis of heat - treate &%
houtlsdt pdisttpeedshor¥l§ - alper 6¢ RAt - ?ﬁéaﬂﬁewpl the
(H 13A ng,th n n 0 ek
balndy st Eouesy (HESR; TRhnE08 Fen oRI08E e
phqhév@h@@hlﬁé aestdue) ngf SOBRABE gebtshnwo@vlmcl@enza A

particle nononers foll ow ng Eurlficatlon usi, % t he
pr O¢@SsCaEBEPRDEYR PnelBlFAgtO ysine resi

engineered into the loop in a C-terminally truncated

HBc (1-149) that also had the cysteine residues at
positions 48 and 107 replaced by serine residues.

Their results indicated an increase in anti-M2 titers
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the heat step (Lane 1) and | acking the heat step (Lane

2) . Fig. 15 is a photograph of a reduci ng SDSPACE gel
wW@r@b9sios7 of particles containing 0 (1123, LankRCW/PS2004/041879

(1604, Lane 2), 2 (1817, Lanes 3 and 4), and 3 (1818,

Lanes 5 and 6). copi es qf r d '

t o2t eeﬁ-%laé’ﬂ%dhﬁs ot V8B (gz%t ?@e?@?unﬁdﬁsﬁéaﬁ%@d@d‘n
POSbhi@Rut49 canrd it wditegmamaddded iors trefateetesi due

at position 150. Fig. 16_.is a graph show n ur.vi val

of i ce | mMUAPRePTREIPURY Gi SRS GHC (e HYDEId HBC
Mee- ;i ' - thelrGhinkd My rL@Mdol as
no?é%%%%?fﬂe Q#€3?§H¥%ﬁ%§hgaé Ieﬁhgi cﬁ%llenge W th

i nblppanzatAoris ust ferfE gevErals salvpraRoehoweg HeRir

te rature of the mce of Fi.g. 16 in the
fi goﬁﬁé' qtg'hgcéﬂn}/ﬁeﬁ?a}r%ﬁ’uelhzc& l\/l#ju%iq%%fggw is a
or aph Showidiy Meiail Hfd tiheakay edtne Ehedl ergerl. with
influenza A virus. Definitions Nupnerals utilized, in

coRfamieotsiTon Gui ttermBER K er g HEA L R tHel PosFrFtieehed

the HBg a j ' e QAL N1,

at G g e P O e oo

delweifd ffiram ihesegienee, thaga diless Haikhevhessociate

addi tions aqr_deletions to the amno ac'#d {e\%llgﬁe

s e IR & R § rRAEM CURRR , SHBM A T Rdt 2ar 24 ¥Rat t he

9hijg;§§reesrgd§oﬁ,t SESthe 241 e easotiBet 49int €156n-

i ndi Cates that that same chinmer contains _a_ cysteine

r egjadueiaulHBe posiciwred 5 ErGt 2w/ o6 fRLLSWEBENce

nunbers_of SEQ ID NO:J._ T erm .’ ! "Lipe t eed
A T e

gl yspsyd o Bl @5 ot eipsisad | efl ¢mmeaoytoBBEi melenhilen that

can specifically_ bind to an %nti gﬁn. The.gord and

" AT L HERIRRLHY USBANFR SO FRaFFG PBSAESPEnatd &R

entify, thah i 8, beHadaBYvan a8t shedy20par egepher indldenza

al so to designate the entity that induces the

pr agudz imnooéinhe anti body. More current usage linits

the nmeaning o ntigen_to_th ti bound, .

anti body or réEgsfgrEav eFé%§£F§§ %%%5 g#m%ﬁ%)ﬁgggpei S

usegehQansherant tbyet hatigafducascastebady rpsaduet i on

or binds to the recegtor.V\here an enti,ty di scgﬁsed

herepptreaBoPh CRAUHBERHI ECaRl SREPHerFc IFEFErEnce to

It a3,61408" iﬁnth@p@e%ﬂt%naetfi gartiis 1ty Fogaalty omde
according to its intended utility. "Antigenic
det ¢sohodal" etebérs (Tent hé5Sacl8aB) str-u@igdal @&t i-on

of t Jds_inmmunal ogi.cakly d 4Ry%-3N 7.

anti&ggé‘g?cg%’ggﬁﬁﬁg%i 8561 -eg::e%:t %Iélc'ep(tg%lrg]' 'Fhe ?erm

i s ghseiused7i(Byenghangsabl;y andt Nakepilt ee’al. Tidelwor d

"conjugate" as used herein refers tq a h%gé n o

opetafBvely Midwedd t 8747 afP0dr 4griotei n 2 Etll}ﬁe(?uﬁoéw

am no_acid .resi_dug_si chain. phRedt erie’ CoRTRrivat i ve

substPru ansigg gglebﬁﬁgr IeE?P denotgts that one am no

aci deseghduathansiedonr epl atedhey paeotdrere sequence,

ghgglgglf:g? :‘]_lgx §§C‘Iergell‘lacr Wri’lee?’ll (fj: % c%)n(:%n%leense oifS Ccornasneglvaattéci/ e
from an upstream initiator methionine at position -
30, is responsible for preventing particle formation
and therefore facilitating the transition from

particulate HBcAg to secreted, non-particulate HBeAg.
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i nclude the substitution of one hydrophobic residue
such as isol eucine, valine, |eucine or nethionine for
W@r@si0s3957 or t he substitution of one pol ar resPdEsi004/041879
anot her such as between arginine and |ysine, between
glutam c and_aspartic _acids er he e
aspar agi ne a%&st%%e Wﬁq{le%h%héa%toé%mtﬂ%%%r ?s%%lﬁl saijcell(%{é?'t s
Vabheusognaneipeedl ther thdsisised dfn ared atd oz
pepti de sequences nmeans the peptide sequence .descri bed
pl G¥seirenFeSifues B e PARYTo Akl itd%JZ*s‘“eat
ei thet ;qk Hoth ofi dhe AWM aRANG € baxy -4 ardd fuand
containing only conservative substitutions in .
papbisitian afi lesacitharesirgueslatong ttire Pt Weprimgus

sequence. The term” [ n'_ i sed herein tQ, nean a
poltii G%eoﬁeﬁfuﬁé]&&‘&ﬁ%@ E@c I\f:%%“rfe%orm c:dcu Tthat is

| deisichined 1By d-)aresirtie magiddd nyherd ngareldtéye
to the position nunbers of HBcAg subtype ayw as

r epathed Hocalstsdritl igte fihen. (%ﬁgﬁl%t]%ﬁ gseen from the
281;. - ( I i . td L ons
of ]da:\L% %I%éq' %g ?3 e %%%:r %&ﬁ%’ lt:HéF Izgjagnéldeqfarlngf%%ﬁl eved

t 0 pexhEidesn r@ssiltid arthdterdreargorftoranyt d-¢ Hghose
correspondi ng sequences of naturally occurring HBCAg.
Asea@&Ttl"f‘@rlé?%rﬁ' the term"fusion protein" designates a
pol ypepti de that contains at |east two am no acid

resi due sequences not normally found |inked together

in nature that BRIEFFEPMARKIGF |THk S4TVEBHet®er end
-to-end (headsto-tai Y; A -Aeptd de Q&ng n,their
respective cgrr eog/]?ééa%%galnr?\ﬁo - <$erglrrcl na ggénﬂ\%% %%i d

I edicfigha Therdibaoredrotmimsyed fde jmdseingi avenbodnes
are HB¢c chi mer nol ecul es_that induce the_productjop, of
antqcb§a}9e§}‘f%cqjﬁri'b]rﬂ)’f e%?:‘?ajv/ﬁlt a&b%ljgfbfe lf?la%at%algz
CORRORAS ML )aM 104 agh 0 ASShUUE SRIULNELeEonbhe
pol'ypeptide portion of the fusion protein. The phrase

" hepatonisimgy "that uretimegen r@dferersediin droadest

cont.ext. t.o _an e f ' of '
nopie R TR G o€ APfheae ™ HRfTBbLfer, che
" palegieptd denamndis pephid deM2ar eaxis edsédt Encbangenbeybly .
t hr oughout the specification, and d%é%gnate a I(iinear =
serf} EOTHETR HE R HATRRF LS R nfett et BRBPL gt Rarticle
ot ety feptd de-hangds: Retvwestpd hee ab Phao 8 80capd (HBC)
carboxXy groups of adjacent am'no acids. Pol ypeptides
carchoiener arotwin ofoleqiglies, cFadlerof nthpeermaeacuaes

el TS e et T TRE e 10 net SR 407 o paEpangie

S e IR fe £ 0 N it Nu @€ Oh Co&dfde S | 6 06 OtpSabantd phat

the particular ionization state exhibjted bX the |
pepteticiues deherentD Ot he pRf\aPeabprst helr peptide-
sur [ p [ S u :
L e e R M
peptidermisnug sleht dafer dendhisat gdl Ypeapindel, of Ijt §1I
equi valent terns is intended to include the

appt ri%t e amino acid residue sequence referenced. A

peptide or pojypepiide ssmaiMaysoslownt heesinpriked about
left to right and in the direction from am no-term nus

( N-Terind raixdut ol ¢@rdokpot eeafinues{@uiedr ni Bi8) sequence of

this Domain includes at least the sequence of the
residues of position 4 through about position 75 of

HBc. One to three cysteine residues are also present
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The term "residue" is used interchangeably with the
phrase am no acid residue. Al am no acid residues

w0 desosfosed herein are in the natural or PCT/US2004/041879
Lconfiguration. In keeping with standard pol ypeptide
no ng!gggﬁﬁio JinBERE'CQEﬁ mo %%ul%S%%'égxﬁﬁgqgﬁg’to
abbrevi ations for 'amno acid residues are as shown in
t hesbol bowifagalball ecotbCortr eSPoacten cereT ABicEe@ably to

CORRESPONDENCE 1-Letter 3-lLetter AM,NO ACI.D_Y Tyr_ L

-t §PBEFna2E: car?}aﬁf&enéost%ﬁe&cﬁa@ﬁ;ﬂua £ FE M NetSEQ

L- #Bt RboRi N&-Ach@nhiakpi-Rend Ssikhead)ne | e

L-isoleucine L Leu L-leucine T Thr L-threonine V Val

L- ¥aFpneipabr gyBLpioki meskdups priey reeemtHwithin a

L- hiistidi ne n,_L-al m Gu _L-gl utam cid

G seabfePaethSicred el e e oot et

R ABg.L- ar giystaenk Aspikuaspdr Dokhade d NaAsmlso be

L- asparagine B Asx L-aspartic acid orlL-asparagine C

CyBTESE téFl_nEhBE’FP(PLE |§9§(3§RIS|5'QIUGQCG§_ E

Theppesent rLBYRNELOR CRR! eMPIRILS AR MITHRAGRIEANEA
vacci ne or I noculum conprising that inmmnogen agai nst

t h81KnkhdaRzd cA7¥glYs 0X 1A X0 oRt e sdt e lig¥my¥ageh 9% @21
particle conprised of reconbi nant hepatitis B virus
cor&2ekBaK2pr 6fe BB APMEIO foIstell &6 i tref 9Rft h of
aboug 150 t'?i about 375_and preferably about 150 to 235
anPROYREPY 1 AEsFated 3t Uas S ~ peptide-linked

; m o o Lo
A A TP AP dan s red Thors: e 10 FO* 49 ha
| Voren %e&)@. 1R egnekst ]?.'on S §SitdUes A RiPes s Hudd of

near the N-term nus o i

the chimer and two to four
pokypepticeesiomst afnithg ERD sHumEnc® reerl dlexsef the

i nfluenza A extracel | ul ar in r _\ee
OFVbERE b ety xCtesiats e, ST M Bgnsy p o
NOwt@1 as dekl bednbekeioibelmw rediciyyLsent.

pepti de- bonded (fused) to the chinmer nolecule. It is
to be noted {TH&t SEFEOTIVRETEGHen QG Hidrarf O"RA e Sind

s ke 8 EP AR A e brade

i deonidedl toasbane resiidues 75 Diambr@it) Iofof hérintmabi)

an%e§:vc\>/i 1% \éilrlu 5 rélsli&u%rseeinvitrhl”lesessequence of HBc
positions 76 through 85 are present peptide-bonded to
(i1) an optional sequence of about 6 to about 48
residues that constitute one or more repeats of the
above influenza A M2 polypeptide of SEQ ID NO:9.

The third domain, Domain III, is an HBc
sequence from about position 86 through about
position 135 peptide-bonded to about residue 85.

The fourth domain, Domain IV, comprises (i)
the residues of positions 136 through 140 plus up to
nine residues of an HBc amino acid residue sequence

from position 141 through 149 peptide-bonded to the

residue of about position 135 of Domain III, (ii)
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share the positions of the two cysteines (17 and 19)
and have identical residues at positions 22-24. Even

W b@sgssoshe ot her positions can contain differBe/Us2004/041879
residues at the other positions of Me, the residues

di f%QfohHgaEh?S?;ugg}ggeEggﬁggg?ﬁgégﬂﬂgﬁll efre]%veirn than

erent 1SoO es”suc

seqiienceaeginsnst sralgsNaenNsEsigaadenee RQ&t@EEStQ%%%eof
viruses . |n a conte Iated |nnunogen|c chi ne

par® $FESE afomBRaRnOFeBEnpRRded idhotp 75 Bboubod00160
am N 261 -1 8st 0 e n at Iea

t he stquen%e ofg%ﬁgu%%sﬁguésggga gg%tﬁgﬁg%o%ﬁgough © HBe
abokifopaePeiohoZ5164 HBcthéne-tertnhneas, cystiepReferably a
res a Iso rese at a position in the

chi %éﬁﬁéh+ecu é %? 3%%% BQeE%S %BBWtPO§5tlBPeﬂ§5aEPythe
t o @boettmi@@sand nore preferably to about -20 ,

relative to the N -termnus of HBc of SEQ ID NO 1
[N-terninal cysterrempbatedeciiingr. myhecheelmd nabntains

cy [ e u
o his P CERANCEy | FokBEE) BORSERLANLIRLD BuBRHEREC
cy stnei me aQdeneSDduébnﬁmntheCHBcab§@u€ﬁcére$€m§ ka1an

optlonall but r ef er abl present (i) two to four
‘i‘g Rt C r"e%%u%@e ofuaftapbial Ayt gee

i nfdﬂJthZI@dﬂl HohYPEPL &
X76X8TX X 1|%/$<? 2XI 3XI 4x‘|E g%e(Cl 6X 7X 8x%%%%%g§%x?<§2?< B3%E
24 9el9r0 and thoge meoricles eive rredr@okiy@bbel de such

X 08- x 19x 21X
22fo %3%2%88%5%&%2@% }EifEefJoc Fat P%JF ’E?‘Bea’BoﬂB aryyse
or MiertiirabdiBe 1Eh st dilest of adhe @hi@rzﬂlwﬁmﬂﬁai he

HBc sggyence (See, Table 4), as well as (ii) one or
S)1-9F i ikFh a0 | B FeERERR A M2

polc);mﬁ e SEQUANC & rd £511AUES hd hapual,. éhof‘éguf‘é’seé‘t

or present, and when present are the resi
naﬁﬁ%&QQF4ﬁ¢$éﬁKmhﬁntnﬁaﬂdumroteln sequence that are
t hreoni ne or

met hi oni ne, cine Cc

proline, gl ut am ?J ShrAq nteh Li%l %‘%I%ﬁ%n?%q%%?ﬂe ot

as@@mallm &ClchrLe&peﬂ*Ié el dd ot heo P ovd:s 0 thtough
when aqne subscrlpted X residue is present,

an?roé?ﬁﬁjfﬂ J S HRAE RIS Rtnikerst MyRETt el pt
or gi?%ﬁ:eli@let il SaPry %rt}?%ﬁoﬂéefgxexsee&]t Lt

dis
| euci ne or hlstl rese and i s
i s@loélﬁ@m@éa@red hmemmqwn X}onxa:sq pn&sen,tsiaamhe Sresidue

ar 3 g Aresent and i s asparagine
or g’sglﬁqﬁleg | S pl"’l Ind T SRR AHG Feidue

gI yeqne;nci‘ee?nled:ldﬁ‘blﬁ]gg'ﬁsa&@ XM tATE RIS o o APRENn
d when present are tryptophan and glycine or

gI Eifsémté’ 5@|edc “TeIPedisvel yt rissirdussl A pref earmed
preggpt tﬂ%ta?l%%rétx’ol%@%u\gq% g%re%sc%mco%lrp?rfsned%oelndeqt ly

cystelne serine, or ~al ani
epitope of influenza A.

Another embodiment comprises an inoculum or
vaccine that comprises an above HBc chimer particle
that is dissolved or dispersed in a pharmaceutically
acceptable diluent composition that typically also
contains water. When administered in an immunogenic

effective amount to an animal such as a mammal or
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residue X Qis present or absent, and when present is
arginine or lysine, and residues X20 through X24 are

wWEe@sofSDr absent, and when present are the rPCT/USHS4/041879
naturally present in the M2 protein sequence that are
spar agi ne, .gl yci.ne qr serine A e I.d .

SRS A8, ekth HndtEry Sop R UL B8 Mrunoreact
respeetifyebY lywhiik i ReieDicoMinee tdhate iwlen orfthe
subscripted X residue is present, any remaining.,
substibpdégsxspesinsiveasl ER S LFRB RIS i%ﬁeﬁgﬁfﬁ@“Y
down.to 155 al\S : ?gﬁry I INpeS
ab\c/')ygtthze(gjgnfio tggo%th%gg\ﬁg:%%ﬁl&%i r eslirb(ﬁiueosﬁcg{el%“tr il\gég
- bpmedbed it about residue 75. This sequence incl udes
(i) zero to all 10 of the residues.of a sequ e of ..
HBC from HBc p6s MESiF 6 RGP RS Hepi T e -agg;boeerbe%lots
(I bhganQrbi-erals sequence of about 6 to about 48
resi duesthat constitute one or nore repeats of 6 to,
about 24 resAdwestofcudrrrabenefiifr IQferdie Avpention 1s

pol ypept.i de of SEQ | ; . ggra% | HBc
se&%‘ﬁcétﬁ omaBbout™ 5’05| llngen p@%)c\%]hr oug }E}%\%)%c%ﬁa%%m ion
13%inithaiodys tierintdexdunintad itref Jalmuta rZesi due 85. d )
Domain |V conprises (i) the residues of, posjtians_ 136

t hrough 140 &‘r‘hg?@}baqtd’zgﬁ ﬁfeéﬁ"ef e’sr?‘ﬁ?fétsl‘g‘f‘ Hh 1%%%1: those
am I3 048, SEQUENGEs T Rasdt i ®Roddded hwotighthe
158%%3'3?%1%}5 gaginded C%% the residue of po%kt)i on 135 of
Dorsiich dfl lan @Edjuveery appudvesd g teselp cRiERs;

(iii1) fewer than.four. arginin VA I dues

m Xt ures therbg]ocfnc%ej‘a]%eer}}%%o o:fa(: h%t%%‘?jgngﬁg (#%) tl&%['

t 0 RO Ute kb g Mo Bfithdgst dues bhe prepguedceasily and
het er ol ogous to HBc from position 156 to tgi

C- tle¥ mianee THARE L BhMa| WPV dEmthi FOWR Fehlt CrhEUES
resig cgj PASh 1005 1363 dA%-ndy st enpbai gd chi mer
nol ecul e S contains up to about 10 percent _
conser vat i velAnstist | advantzgd nof aghe tevedbésni ast heat

HB , i | £ bl | pt t)
ar R DTSy L8 /ER b1 BT 95T o RbaP ol e ek AS B

eX FOaSSihdnt acb@shigebs, and those particles are
nore stable on formation than are Earticl,es f ormed

froman ot her{®seaneeheT carneBet ch !TE]flet EﬁYePEERE‘ $8id
N-tgr lpf@?éff@& fﬁﬁ'HH&eﬁséxﬂfbiﬂsmﬁkEQtéB Beability
-tefm nal ‘cysteine residue present in the chimer

ol #c W evst @ pt acperbyurnast tleanresi duker AHBrefbimeys -

hi I I t ai tei jdue_that.is .
orecent at a [Osi TRONDE BOTR-S50 Pb ABLFIiTion 1S

rel @iy e, t@ohhemdt 4 £681 DMSusbgéBcidssiBsthhustlayedrin
Fig. 1 and SEQ ID NO:I1. The concept of a negative

am o me¢ebost€idR.is usually associated with a

| eader sequenge; pyCh, AsnLherhEEOLe SRAEAGENeEgERC w11
That concept TS used simTarly here in that one can

Si mpd yappagenia govenechopker nof eontiénseyuekdeé lwiftrlom the
that of SEQ ID NO:| to_determ ne the position of the
chi FEFCIPRETe oF RaEpbRELOYE -t hat of the starting

met hi oni ne residue of position +1 of HBc. Inasnuch as
am no acid residue sequences are nornmally shown from
left to right BRIGH PEIGRIFATION iOFh THE MRRAWENGSri nus to

Cterm nus, Y the drawings forming a portion of this

disclosure:
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al i gned chiner nolecule residue to the left of the
position occupied by the HBc start nethionine has a
We@ansvs7 position. A contenpl ated cystei ne r eBCTHUS2008041879
occur at a position about twenty residues to the left
of the ali gngd start, % hli?lmt%% an'é@%ta] Posi ti. e
correspondi ng P t’h star meth oni ne am ni ng
theibengbh ploicest emplatietmdBet offi mEr, psx}udnsshed
reconbi nant protein can have a | ength of_ about, 150 to
ab86EUSPSSEMTRE ﬁ‘émaiéﬁnd@& PBREFFEhIRFOT X | engt h
S 150 Ve gl efierabl y,
thgg g%%tsh |sThgb%Et('z%tlt7g(%t%cc)gr g?oght@ﬁq)é reS|ag{Jes ajI?"ihese
d| tkguences iin otfen@eh aami seotyem @h@ng@@ v lHesheahgith

of G%ng ?7p35t | gégqgr es adcuoart I lile%r a éts{‘tgr mnéirgler

seguened hehenokagaus stefqddB@d S(steSEemNo HBc @it sadw
having a Domain | that contains nore _than a deletion

of stbEYPer stashPe® lamiyest &nioRs sEnAtler midrdl3) BT HRES
haye, ;ReeRJLpon fﬁ % ll']ﬂsﬁllt7§7n the ‘-E‘?'I]Hlaetl‘ﬁlman v1ral
di Sappear ancé o c chimer proteinin E. coll cells
Puppenenete aISEQ, IOLWE)3 )|, ntier dfr alhegygdvdB: EﬁE@’W]pe @nd

t he other ha rec t st ud n ich an | nogeni c

D DSg: LI e By TR N Ay R G

f U%}%%ettqcfshe EH%Qd\Féteram nﬁidsﬁeql}!@f&ﬁnfﬁp@ﬁ@éis I hadw therk
sion protein f or med particles when

r es(lléP@éJs) plag¢80f5t7he70nattahﬁe fiqpir e qustee isra! repiareee

11%%‘%%82 pé%?gfzgéﬁ? caW%ﬁat 5’?’1 <0 t he

ar tpubaa@mﬁ tblyan?apm]{ ied esl .cafl S8 )m Nehianran Za&l'de@% 579;
am no aci d _sequence is res nt tide- n%gd h one
of Fh&sifdifdd fe@‘%ﬂ‘nq%c( p@r’t il € %r m

' f W RAH i Qﬂ%‘uss%q'léecn%é SuBesHg and cr,@;rfoéfaanet al.
reS| dues 1-3 are deleted fromthe N-term nus of HBc.

(Maaar)mmmv:sre:q?uenc@el pelpt§ e -Pohddie tHiwHe BROIPRELan

first five N esi due C in a
SerameRtE WD D i B R il e R
hetefiglregausHaa MBey pulel iskteddst issegdr aetprator €1984)
se uence can bej(%:esent in a conten‘pl ated chi ner

c o Iexetip /Y Setuences i ncl ude an influenza A B

Cell or T celd;£pid apgsys Ut atod B shstissedade to
herei nafter, asequence of another (heterol ogous)

pr atcmine SUcH gel apmighl et iosl dHSR 3% T ain oeeerpraparation

fUSI(f'O prot)reéI epci's a r@?ﬂ%as t%@edeﬁ(&[eefﬁ'f -system

é?er € sequence o reS|dues

of JegidiaiorR-of ?rec%mlélxnziﬂﬂf(mg&‘l foshdéton 7Bhef mbBtfied
Domain | also contains one to three, %freferabl one,

ad FEHuSRste| (FEQ &t d% Ts)iarhars erp| yequence of
' n@l’%decsor& Oalf £S5, fPopd (? 9 RBOYY . 24The
resi dues O

quence of the extracellular reglon
of Ydwesd nff Lt&[EaadﬁMd\qubt@lm pept | glecbongedlaverhease

am_no-term nu s di ussed herei n bel ow.

RS (T (e PR SRS, S oTr o oyt o by
t heymt-hi gnide vﬂ?e%féiav@ ©Ohe POS1 ¢ &0 Badés HBEe aBHoRANaS
i ncl ude del etions of the residues at HBc positions 2 ,

3 atmbles. THEhemwe ore$irvbctien of Hlee? cRTEERBL| 1 ( hRey

segment of the sequence (Ncol and HindIII) are

indicated.
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present at a position in the chinmer nolecul e of about

one to about -55, preferably to about -30 and
worerepsefer ably to about -20, relative to the PCT/US2004/041879

-terminus of HBc of SEQ ID NO:I [N-term nal cysteine

residue (s)] w:Jhus, .Uusing uence_of SEQ | D NO: |
as a refer encgl%b’l %t%gt%lg Rﬁgigr%rﬁngﬁgl SEJSt SfﬁguFégF’due
(s)chsohatagedphy ¢hettbhnprofnlecibe atcaiposi bh@Ricles
that_c rreﬁpoggs to the nethionine at_position 1 of
SEdIFEY"iNf TRPQrPaNCe oRt 5284 PBsiEi showp P8 &bB6ut 50

r eshIBSa teShhEaR hé Ok t BBERAS § LOBLoMISLLPERLET ably,

an N-term nal cysteine is |ocated at a position of
abPs®@h@sS@e about nminus 14 relative to position 1 of
SEQID NG 1 py he4oln§ Oor nore {é\kteﬁlm nal c¥s ei ne

resi dues are present” w thi 373 LeqtiBncEr6EnEFtHEAC hat
of dheomsieognieh B eSLIRATEn Obr&BE1e ABoWagCca0t 860 particles
previ or%ié%/lh%t he HBeAg. nol ecul e contains the pre-core

sedtie g4 nkPx a eystei ne residue. That

mol ecul e doesgppot £ of rij ; e icles

are desired he{r% n. T u‘%? %]{I%jh}gﬁhﬁg}gng%%eg%é%g ~on
cysthiona testaphy calubiomdpaceitiet foa PLE-THEE particles
se nce, such.a_residue |s not present wwthin a

pr gagsgrcglssceﬁj%%%ef%? gél%oné enpl at ed chi mer nol ecul e.

Donmai n | can fwaye @ 1engi haod1 ooyt 169,& esi dYUEs: o
Preferably, Domain | has a |l ength of about 95 to about

145 THATRE Q@ AP e <3 itekon apiep T hbe ufies IUB-1605 opart antles
pr gfershl v, L4y 1.nfl.yen A M2 pol ypepti de epitope
sequences o% S%%%%%%e ?’such as a sequence of SEQ ID
NO 10, that priferably dmdnmiestidel Gies ndnal udfon
resi.dues ,of the M2 polypeptide of SEQID NO 9 . _

Re U RS AP TRV it JERE | it T Rel 68 1 66 04 rigrticles
resigluBisdisddeamd rgg the, first glutamc acid residue
(between residues X5 and Xg in the above sequence) are
or can be cl &&gd &urd m Eeparatdéoh sk escprbssion by

on ' rt W eases t t hough
D0 S U e R RS A1 S pe P e
i nlisbidtiedunsgaheiod rmEtcharesul f onyl fluori de (PVSF)]

or a netall o%r.ot ease [ whose acti,vi%]}/ can be inhibited

by et hyl enedi‘aid net et &3y HGat (Hre)gxclumien

sorRrihefdgrabRadiiTeM $A84 iz aner @ 18 L%agji:igféles

or shorter M2 sequences whose N-term nal resid
t h@sgddesmissesciferatFig.63.n SEQID NO: 9 . Mre

preferably, id. heen found that t actjvity of the
prot ease can Ftk} %%nilrﬁﬁ ?eéj%ﬁ:(fqﬁﬁpé} )Fhrglalr}ﬁét%'e%h‘%
heanbigsd sbufrider selduidior Jorddie: iHITeToIPRIW ] §atioi @le

tenperature of about 50 to about 70 C for a tine
pePr68asrtapauthats showspdde A0S 8 TImacafer gorgftruct

thgaBr oheass1ean ralso 508 JI it zed or, el %g:geﬁj.tbél the

mai nt ai ni ng the particlhes-in an aqueous CO ion
t hafCall¢82c ornsitmsica [dilanease-,i nhithi HBeg lamWTaref 1),

EDTAA(€. out 1-10 or a_simlar sequestrant .
AnIége?er)llggra apgu%)oﬁn%gp—%gfsmmane 5) serving as
nmehabil epbabeaseieehibirt Wby gBRAURS RS (chel ators)

include 2 ,2 '-bipyridyl, dimercaptopropanol,
et hyl enegl ycERgbi ¢1 {R»- wonpeniplls shws, ifhdtographs of

te a C ' 4 i.trilotri.acetic.,acid (NTA),
ot P e AR L Re CEL GV AP PR I S Gt
three serially linked copies of the M2e polypeptide

after a stability study using 0, 1, 2, 5 and 10 mM
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(TEA), bestatin, and phosphoram don. The sequestrant

and protease can be renoved fromthe conposition by
w@wsasespf the otherwi se purified particles OREF/US2004/041879

si ze-exclusion or simlar colum followed by dialysis

or shai | a nt.. The proteas an als e dealt
Wi t%b% gﬁmﬁ’%éﬁg%ﬁqi ﬁagwgapfslgaﬁglggﬁanp&{cgn?aiQﬁlﬁfglde
aquetusagenpasieroasokhbhs ehepeeapar tbthes. a¥hetent wo
or three Me seguences arehgepti de- bonded toget her and
t her BBSCTRFNED $BF7aFly; #+He) c§8€ePreCr 8idueblB} esand
at OneuSErdets oheP9BLLLO08SoE7 of, 5 @AtV e 5
sequence f:an beabgentﬁééﬁggaogoﬁ?gfgrg%gteeglﬁht %trdrc#ﬁé% of
cystRTAe(k et do¥) canThe poeseal K6 wees ansadgad bE the
se .the N -term nys_.of the HBc sequence. .

B o B e L T AP LR N PP RaF 26y o bLPragRs Just
pr eseidr i to ongeor nore of the M2 sequences at one or
both of positions 17 and 19 of the native sequence. A
cysteine can begpresent ifoesshe0f LWG,Qr

sequences, in the N -term na I\/E sequewgep%gt%ggg%]tns of
postiT orRGE2aRelysys denonatnidihe seduendepubttbigsis

(at i tien_ 30 _r-j(3) or,.in,th uence
joionggy C%%ot%%é ¢ %}é%u%\zc]éB %tpaaﬁ%b?lﬁog?iigwlp@ gForage
- 8)at nhem tewperathiree(dR) sepiLNCEScAtReRAE€SENthel t
is’{:)referred that one_or two cysteines, preferably two
cys

RS He® pPee®nt TPh the W2 3eheeree pepehaen, of
bonded déndiher e seamgace;; | (8iq. {182 )Pogeguepge fhat

is bonded directly to HBc sequence’ or t

di stegk foforstdmreade - (Bied nM@Bbf the nol ecul e. Donmin
I1, which is £ tigf-bgr%ed tojaabout resi due, 75,
contains about”Zero t o abbutPES B HeCUE i @ Fetiadest
ThissifBanimipb s | SEE SgZLH10s (NeRRing 2da Py el er 8bl Heat -
| east 4 resz dues, and nore preferably at |east 8,

t hri gt et | CLi gt heP el skepieteert bgi afiesr ot habout
g b ol ST £ . |
ggﬁﬂgnal I yr;t?ng:%%)'es a)asequet%gezf%%ﬁga%%ulflpgg?@ég%%%{lgﬁég

r esiciueng htek oats tFoen ecomeeatuns e (Fepeat 38pf t he

bef ore- nenti oned i nfluenza A M2 pol ypeptide of SEQ ID
NO 9 . The iffd uenzaiA dvibipsd yqpepsih def sg quenceinshens -
pr ,_i1-S preferabl epti de- bonded between HBc

r egpj?%é@% i 7‘%‘?%%30 éf)a}rtolrclt%én%%m%au%%%ow%@n
POShir i ot AdH QU PTHeS U LR absefarded {0k Lenza
A M2 pol ypeptide sequences for insertion into Domains

| &he headr siatrh, (Isfnea DYorstrehyl atleithy eclombherint s 8o
chi(m%rnearze;enurrer ated in Table A, below A sequence
beginning 'with a nethionine residue (M is designed to

be N -term n@igequence & PhosRrdponot i orddiecMg sps-
-t er mi_nus _of mai n |, whereas a sequence free of an
N-FEFT Fal Rredsisdfe 9 RfehigHEs fmtaiseing oh (k3.

Dommia hh. Tabich | nfddensa ol gy B Cellog.
Epi t opes )éequg(lnce SEQ 1D %’S@LWI 3
SLETEVETRILRNBWGIRONBSSD a1l Sl)L HoyEER RNEWGARANDSSE dad
e
~truncated after position 149 and including an added

cysteine residue at position 150.

Fig. 16 is a graph showing survival of mice

immunized with one or another of the M2e-containing
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SLLTEVETPI RNEWGCRANDSSD 17 SLLTEVETPI RNEWGARCNDSSD 18
MSLLTEVETPI RNEWGCRCNDSSD 19 MSLLTEVETPI RNEWGSRSNDSSD

W@ oMB8ET TEVETPI RNEWGCRCNDSSDELLGALWE 21 PCT/US2004/041879
MSLLTEVETPI RNEWGARANDSSD 22 MSLLTEVETPI RNEWGCRANDSSD

e e TSI REBCRaRDSAB 58 RePCPEvRTpPENERES o Betse

26f SELTEVESPL BNEWGSRSNRSSDShe TEVEGR REUEWCSRENDSSR2 A
SLLTEVETPI RNEWGSRSNDSSDSL L TEVETPI RNEWGSRSNDSSDSLLTEVET
Pl RNEWSCRCNDSSD 28

SLLTEVETPI RNEWGARANDSSDSL L TEVETP| RNEWGCRCNDSSD

29SL L TEVETPI RAEVWGARANBSSDSERPEVERPVRREWSRIMNDSSDSHEFRY ©

EVET T PREVSRORDSEREVETBI AR XAESHERDRSD 32> £9u7e

EVEREL RAEWSSREADESDRYETRhRAERNGSRENBSSDEVETPI RNEWGCRCND
SSD 33

SLLTEVETPI RNEWBSRSRDEDEL EFEVET BPRNERESHSNSESDS T FAGET

Pl BBE\P@ES«R%@S@Q&&&E%EE%EMEV\@%@N@%@ A 18Gus.
SLLTEVETPI RNEWGSRSNDSSDSLL -

TEVETPI RNEWGSRSNDSSDSLLTEVETPI RNEWGSRSNDSSDSLLTEVETPI R
NEWGSRSNDSSDSLLTEVETPI RNEWGCRCNDSSD 131 X 1X 2X 3X 4X
EX 6X TPIR/NXEX8 17- 15X 1 6X X1 8X 1 9X2 0 x 21x 22x
230e24n1tQoX=s1X2X3X4X5X6 X 7TXPlI SRNEX 1157X-16X x 18x
19x 20x 21x 22x 23x 24X,%T X%§4X 5X 6X 7TXPlI SRNEX 1
5X1 6 - X1 7Nymgxrelexsitdgldze 1@2%%@%@% Wit HBC

- XXX d - ZXIMEXSE TR RNEX s§t>£o%1 §nXthel HB ko
205 TN T30y D3x sk 2T K3 XA X 5X BT TXPI BREX T EX 1

6Xati@d rexgidge @9)@112@)@62@5 2P IBx NEuyl 2tXIUich BN 0T
7TXPl 8RNEX. 6X.1 7 - 1.8 9X 2

SRgre ReRituds be¥ pech adied’fol |"1>(2>ﬁf"§F %%%?? The
X1lgbudné¥, 1r8%atdi%2 0% 2 he2e 23R4 ions or

IXLX2X3XAXEX6XTX8TXI Xql | XI 2XI 3 14xX| 5- x16X 7 x 18X
195%@%&2%@23‘@3 Che apigo REkAXTR GRS POAHIISE B3

%Xgenﬁlfsxbﬁﬁl 8 Xplbd% 20X 34 2L K23 6 24 13 %hlmer ends
34X5X6 X7 X8TXI Xgl I'XI2XI'3 14xXI 5- X 16X 1

18&X9X2s@ﬂuélX422XM@®XE2¢XH2€1X3K4X5X6XVXEH@®Q&¥eS that
xIﬁI%XIB 14x 15~ X %7 18xt19x 20x 21u 4:%ﬁ%:
2axiat RABEXCRTK FREFARER (R Ep e FP AP
16%0k1x 188X 159X r2Qatd e 22X thd3X sdudnb XXk 4560@:(3
x87TxXl X | gXl 2XI 3Xl 4X| 5-

ID NO:1.

The term "antibody" refers to a molecule
that is a member of a family of glycosylated proteins
called immunoglobulins, which can specifically bind
to an antigen.

The word "antigen" has been used
historically to designate an entity that is bound by
an antibody or receptor, and also to designate the
entity that induces the production of the antibody.
More current usage limits the meaning of antigen to
that entity bound by an antibody or receptor, whereas

the word "immunogen'" is used for the entity that

induces antibody production or binds to the receptor.
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Xl 6x 17x 18x 19x 220l xX22 x 23x 24x 2-
X3XAXEX6XTX8TXi oXlI | x | 2x 1134xXl5 ~ x16XI 7XI 8 x19X2
WXRF/02302X23 X 24X 2~ X3X4AX5X6 x 7x 8t XX | ql XPQKIUS2084/041879
14x 15~ x 16x 17x 18x 19x 20x 21x 22x 23X 24x 2~
X3 AX5X 6X7X8T 1i Qi Xi.2XL.3XI - 1 [ r&ﬁﬁé% .
55538%237 3 s%&?éé?%ﬁﬁ@é&ﬁs@é{%ﬁ thit
SLhEEVEEEIBHEMECREHBSSBntQStSLhEEHETBhENE%E@RGﬂﬁﬁﬁhogen

136 SLLTEVETPTKNEWECRCNDSSD 1.
SLexEvetpﬁRﬂeaEckmEagsﬁalysS‘%@L?@Vﬁﬁﬁﬁe\?@cﬁéﬁ:@w

13 EMELL TRNGWECKCRDSSD 140 I nfluenza B Protein
N%IIIEI\@N\/NPI SHIR* 381 n the pol ypeptide o f SEQ I D NO

, residues "Kn]clg‘ehwuglht)érg\mseltdbg@lﬂer@r bsr dgent
prese he t he .resi $.nal I S nt
i naFﬁélaﬁn b A e BRaGACE (Tt T o T
Sek ihhendledgicaely! euainde byt ha_l’rﬁ@rﬂtﬁ.ﬂbdﬂy probineing site
glutam c acid, valine, and gl utam c acid or aspartic

acpéf Tr@@éécffle@éeworwtﬁhﬁw Fbviiss & tIatiSAtkn one

ri mn any rerml ni ng
su Eggir |I%;h%glg§a%§?h gﬁg{ subscri pt nunber up to 8
is al so preséahi, wxw’tﬂ l"s:qmjesgaﬁe"awds isayt dlérein refers

| euci ne_or histidine,, sent and i s

i s6Pe@ciRRtEM Pﬁ’reg&’?l 1Y><Jllfﬁﬁég{ & oo Oy Protein,
ar GisnNichs-RigH %8l Rghind b2id LM Atk ichaspar agi ne
or serine, %( 4 is present and is glutanmic acid or

gl ycine, r eSITdIl@eé;eXHtS'W%‘@tdr\@ et Wl s et
and ese I t I &Lidue h
al &S\;wrgrileglegfml d. Iatreéng)&%ct ive t;g}?%sﬁglecg C{]% an13<l-le"1<—j9s
ar ®ecpire s@iil sefedalse pino taret: vwieublmga&aa’ﬂtly,\r%imilar

[ ndependent I #t cyst ei ne serine, or, alanine,.resjdu

X~ § s Pise &Hft  CORRPIRN. 7 8T Y %I%?%l ne

or ;hyShRg t@{éd éﬁ:ﬁét@%“tﬂ@ SN QU P RA S TF 5881 06
absent, and when present are the residues naturally

prmm as Hﬂtddwcztrfﬂ,ot@hrs@qmrt@]@r grethionine for
ST RHANAE, b YA BN P AN SHAfH Msidue for

gl et e st Tie Tan

re?aﬂﬁﬁihéﬁﬁ@hcl’v\natsh Hehavemrovazsgmm avirenlpaene, between
subscrl pt ed X reSI due |

S prese

R B S LT G LI ST L W BELRE pnd
'?at&‘g{xdé%\fh % alsg present . In the simlar
'ypeptide of SEQ I D NG 10, X through X3 are absent

or present, ahte Weem ﬁI@@WﬁSW@% heln ekl gluearious

naturall pr esent |nthe Iep orte t e

i “I‘Wee{v %ﬁl rﬁg erther ?eum ne, 1\7@%%%9 & n?%&gygg

gl Lgeaméh@é‘s thednASfas tpsptatdd, saqhémes @@@lcgibéanpmus

acid, respectively, with the proviso that when onge

su@%ﬁﬁlmlﬁj WO it privcesmtaniy 2ehdi et debstti ptelex or
re%&ﬁﬂf(ﬂ%tghéigﬁﬁﬂgi and carboxy-termini and containing

only conservative substitutions in particular amino
acid residues along the polypeptide sequence.

The term "Domain" is used herein to mean a
portion of a recombinant HBc chimer molecule that is
identified by (i) residue position numbering relative
to the position numbers of HBcAg subtype ayw as
reported by Galibert et al., (1979) Nature, 281:646-
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subscript nunber up to 8 is also present. Thus, when

X] _is present, each of X2 through Xg is al so present.
W®R0S08395Y, when X3 is present, each of X4 threcmyiS24g4/041879

is also present, and the like. On the other hand, X g

cap_he sent W t hout _any r h
regﬁguéghﬁasﬁnggtg Iomgg'v %ﬁggeggbé%ﬁﬁﬁ?%ﬁ%) er elng
p[) esaBt. ciﬁgﬁl\?hWSb&u@ﬁsX15 a1d aXi6 :camﬁ apfeSSﬁr]hleﬁire_d to
apsent, an en present are tryptophan_an Cl he Qr
gl eKaRtC iacPd SiMddgac tRFERFIYR é§raué§> éﬁgﬂy Qﬂéi ng
pf@ggﬂgnﬁ a%?fe?lta’tu%‘il%%%cﬂrx%%% HH AR, ndependently

cysteine, serine, or alanine i's preferred that at
| east one of A% usedntieXpig, b@h@y§ﬁemnéfQﬁmqn(an%ﬂ%n"

when an M2 pol ypepti de. e resent at -the

N BEFTEREE T = RELURERS o BRl EONTEE iy d oot coro
pr ghehbed ikt dARuey SlethRes e rﬁﬂﬁi‘rﬁfﬂmaﬂhlqn found
plurality of M2e sequences are present, and that those

tmélcl%@ﬁelt@é@tﬁ@rprléls@mtwr@ ttﬁ@tl\/@%%qﬁﬁ?@et Ienestinked
Si q
ReS| gu %f glél%sd tr eseen a?gztedr;'t%%laﬁd ﬂ%%iedrﬁ] l?osnd

ar@emm&%nomﬂeﬂmlrésﬁamﬁuyﬁxcdﬁhbxyw(nqﬂ1amthHmermlnal
present or absent, and diesent ar the r:é ues
nat’"ﬂ‘rléllq P e FERHLGUE S he ﬁ't@p %&W%? 6t Sequthce;

reRIRANANIIR 1 H WHN Y Selinksr MSRaEil&s &ﬁhéj: or
gI cine, serine, serine and aspartic acid
r espleiuqa/eﬂg,e QMQduCtth@rpmi/|8§ﬁ23tbﬁﬁl%e?h%‘helmmun°reaf3t
subs pted X 1S .pr t th
R e e e
Thli%sﬁdife eafHeie Whert 2 dlspesaid , poot koe elcthof
residues X 15 through X22 Domain IIl contains the
seé@&%ﬂ?cﬁr9¥§9%mout position 86 through about
position 135 tilehanded afr id 5 B i €481 AlSd tigeBOOUL
resi due 85. The fourth domain, Domain IV, conprises
(| Yretffeers eisi ohuf% Ifoantes it | et €86 t@r@@mhmqmm‘{)l @5 tpe

SIS ForT O 110 R LR DUGh pael 1 o 15t " 5hd

prqﬁg&ﬁhﬁy ni ne reS|dues through 149 pepti de- bonded to

the residue of about p03|t|on 135 of galn |||a
zero to threé“%%éméﬁﬁé IR RRRE IR PR ePERTY %nea €

Cyﬁiseéc{‘%x{@ ééﬁi& éﬁﬁl@&%M@@ £ QUr s 3£01 PLASL 96N and

| ysine residues, Sri%ktures ther eof adj acent to each
(nrayslgnutilw)llmean soles 190 anino acid residues,

pr ef er abl p to 50 am ng_.aci eS|d e

o SLShabledit OB AL D9 B TSRl Ees, BOaIbBcueen
hetiafeo! LOOMS- 4@ iiBCahd OFR POSKY | @flowl}_ﬁé oﬁr a@ﬂ &tenabbyino
from position 156, to the Cterm nus, greferred

th&ﬂxﬂbﬁalhP¢MYE@m¥h¢%Su%a@db$o%rY@€heF¥sP§u sngEhgn
HB 9forms
pege% saquens %ﬁ%{l} pﬁgﬁ% 0 1%@&&&%&&5‘ POk 88 1A% orm

0 resi ., an HBc sequence
tfﬁﬁh&ﬁthé sh1bst helt ess duel bf updsikstondl13s thatacan
conti nue through, position 149. Thus resi of

posretane i esent &g Frauenectchahaonore e Sha
%@ »R;?é' t59astd36 theoygbriddiaer ibhikesidde
141 I'sS presen

so i s the sequence of residues of
positatomsedBEbi bedulgh 140, Depnidel Yscdapandentonnabhe PH

th t d d
o St et “Grenerthooee it teat flluban Epe BebEobdues
carpoxyol €f fbAUSof kBAH1 BESEthe medium from which it was

obtained if the peptide is in solid form. Thus,
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of the chinmer nolecule. Preferably, one cysteine (Cys)
residue is present, and that Cys is preferably present
w@2006k8596ar boxy-term nal (C-termnal) residue, PAMUSNE4/041879
an influenza T cell epitope is present as part of
Dopain. 1V, n ch.a T cell it .S . ot
or ParREP 8T BBy ard, 2By i Fhn PREG ettt rhee
fivRclededuRe abpibpriBeechmiro. atliel meesence seiqudnee
above-di scussed N-term_nal cysteine residue (%%
pr 69F 8681 GR%uneRpREPEA I8N RENBEHFREPS deh e SafiliMayP sfown
t hRe£AE HEE -BR %%egot Qi hpEMyskakhe dHaNegRY iGn from
particles (discussed heréinafter) . Thus, a
coangnptaesuinBe dNi-rerminmsnogen coalpbsvt-¢ efayrimus
par({:i gl es.t ha§ stay together upon collection and
ini‘ti FrBEJF}lF' cation as neasured by anal ytical size
excl usi on chrasategmaphysidhese igetidds iarertistiteed v
herei nafter. The contenpl ated particles can also be
novétht hBrerhBagec orpss el FEsiraeaf t &llagimiga igid
ar L@l Lar ;ghi par L lLLacki:ng it [ -
e B e el o ab 1 oo lbe
neasufédurscignls fer cerpiSDSWRAGE sgelrsland pqlamtard gk

di spersed in sanple buffer (reduci . ar

st& W@BCS§FH§Q@H§I“FHS§1€18I Clnd th%)en 325%% —j’zgedaaﬁ%)é ’

t ypepebvihakhist ¥ drS hahicewed d o-ka i Ritedagaidat in
hydrol ysis, whereas the stability determ ned by size
exthasifohleniogalledplaplof Cormespagdanda i al particle
formation. Particles that additionally contain one or
nore C-term nal cysteine residues exhibit enhanced

stability in formati on gn@Ial ©F COFRESMRIENISEIti onon
aging, with some particles containing both N- and C
-termnal cysteines usually exhibiting greater

stabi Lit}-LEt&iether nedshSdtan t hose par tAM]NY ACID

havi ng onl ¥ an added cystéivie a t eitHertyiesipe o r C
-term nus. gDomai n |V contains fewer thfAnydiow arginine
or lysine gesidues, o r mpydires thereof,adiaceninig
each ot herM Ar gi ni ne and |l\%/5‘tl nes are present. in the
C-ternminal “region o f HBc that extends ¥ om posnrfl on
156 through the C-terni nudl@f the nathAE dditul e.
That regioB is sonetines r¥fwerred to d-ssatime
"protam net or "arginine-rixch" region o fasdheudmhecul e
and bi nds nucl ei c aci ds. nt enpl at gd HBc. ghi nmer

nol ecul e and particle are Iy]free o, f bound

A,
ubst anti al

nucl ei ¢ acitds. The subst ar@?%l f r eedorht -4 FRILHRS ¢
aci d bindi Ng can b e readiV3d det er nmi nde-line
conpari sonpo f the absorbange o f the Ipgstoldms in
aqueous sokution measured @,d both 28G, ang260 niti;
i.e., a 280/260 absor bancq%lrsati 0. The cqntanpl at ed
particles do not bind subst@antially to nucl €l ¢, aci ds
that are ofi gomeric and/ orS¥dl yneric DRA-SHEPTRINGE
speci es orEginal ly presentGiwm the cel Ils-@litamec acid
organi sm uged to express tdime protein. Sughutbtel €igcid
aci ds exhibit an absorbance at 2 60 nmgand rel atively
| ess absorbance at 280 nm whereas a pfoiBifheusd a s
a contenpl gt ed chi mer absolqbq rel ativeﬂytiﬁ%@galg 6 0

nm

R Arg L-arginine

D Asp L-aspartic acid

N Asn L-asparagine

B Asx L-aspartic acid
or
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and has a greater absorbance at 280 nm Thus,

reconbi nantly expressed HBc particles o r chineric HBc
W@2005/083965 t hat contain the arginineri ch sequePCBEUS2004/041879

resi due positions 150-183 (or 150- 185) exhibit a

ratio o f absorbance a t 280 nmto absorp e at 2 60

nm (280: 260 absorbance ratio) o f abozt"aﬁ%%%é\ﬂ?‘enreeas

particles €ree o f the ar §i¥fi nerich ndcIMEESHAS

bi nding region of naturally occurring HBc such as
those that contain fewer than four arginine or |ysine
resi dues or m xtures thereof adjacent to each other,
or those having a native or chineric sequence that
ends at ab "'H%?? L ey by | BVBEsTbijon
149, exhi b?‘?ﬁTa :?%% absor alﬁlcgﬁr%?i?oiof about 1.2
to about 1.6 ThéhiprekentHBov@arttiicsl eprdfenthle e sunt

invention are substantially fr.ee of. nuclej i
bi AAFHEOTRE ERF Bi 1725 F88: 260 léb%%lbué‘hcéeo‘*rp;’i%% that
abqutnhodeh 23R tl the ARtk Nz Wheiahly, about 1.4
to about 71.6. "This range is due in |arge part to_the
nurisert o latedatimunaden da ¢ R tdels frasntsedh of
Domai ns.I.l_and.l V _qf. a gi - chi IC HBSPASLECE £n
That FIhgEas & goﬁlrﬁpsgr%/q&ulgmt ﬁ]ﬁ; pr es)e?%e of the
Cy £HifeRomrile i eaf val tdont enpigittecbt bmert;, Whdsteo about
presence can di mnish the observed i 0 }k:% aboué 0.1
n%%.a“’r O

for 7 rads & aliesehly FREENt13P drfk act
cot Rl At Lqd 1ol MBI HEBc P o dihie | RSp 18 e DI 18 Sd afhend Nacid

aqueous buffer at 37C over a tine period of about two
veeless itdnealrmguen e rntedhinhafrer a1 e e8ings npget are
froma HBc .chjner contajni t S ptigdezl L gked
Doncggir}?rrﬁrfatﬁ(% rBes?rﬁnaajlr{% ;;}]:é’qui;%’cefsﬁan anﬁgt he?l\?\nesegsarrgee
Dormidt direequsnicidd ane chrddentone: tar theae chst ei ne
resi dues [N-term nal cysteine éesi due (f%lufare ab

sent
or Mr TR e i h PR TRRT iR pr e et e]B?%%Bﬁpgﬂ?des
anoéé]‘?{airrﬁﬁ{#j% SUChh &St By ab a8 Mee & 65t e . idAUSenkara

exanpl e, particles containing an influenza A Me
polYPepttitied il Wommi dohaie. (or ING:) 150bypepEieresf SEQ

th include two cysteine.rgsid re,no

t hi‘P NPt i EE iadgentfslil%%l O%aﬁ? c#g:N?I A 1%%33&9%&1
parid€d asle ass et e dof ¢ oan e hpapt i dollecndied WhasedN to
-term nal M varjant_sequence contains serineresidues

i n Pracdriorer Heks@ttfnes. Simlarly, particles

contai ning ! he. ahove, SBE! RSt EANERLEI Bl MbLUBBEACHCes of
cell epitopes In main | and a single cysteine at the
C tleumamusayiLC-A6d5spanei théshenra Aoveryeasl 8rehdEsry
are otherw se identical .particlescin_ wh h :
cys?le‘\“ﬂéa:?s absdht , THELCArR JIL"essm%t{'g\]%?eirl}%ﬂg}nl %%g fRas
par{{ £h&sSs CORE 3l MbREiERE, t w8 Alret egifakscysvebnds9-10
| CC- 1590 particles or those particles_that contained

bot®f Neheriman amd evieenvharseyst ePhéstPree: Yeguses
partjcles | Ss ed.t t ; t Bk
rmlsé}&ﬁ:eesé%? %?%ﬁl{;ﬁ%yggrgﬁ%ogg?i {:gtggglgrag (29 SRmas)

i nt gnehaageabdignt béelr edstduby theppsetirnsl @8-24.or Even

the prefix-"Cv-" follomed,b% a four-d'{: It UI%’I%GI‘, Qr
by FheRch FosroBRETt PRENDEPTH EROUECRCRIE! PR L LFRGD
the]&%g%g%éc&léﬁg Barti-chesicouhd aksmabe tekereed dies

as particles or just as 1590 particles. Each
desbfjnahéohuhas thgusame hedmi hgen found present in

different igolates such that the human sequence

23



A contenpl ated particle containing a N-term nal
cysteine residue is also typically prepared in greater
wQe@b@s9Ran is a particle assenbl ed from a chi PEF/US2004/041879
nol ecul e | acking a N -term nal cystei ne . Although the
T ffo B | h ctive in
enﬁl:‘lﬁﬂé?%%&g%té % égﬁ?%lgg%%'s%% ‘? cg ]6ef—"ﬁ?rr%bff§teed) to
' cariresksimmunogeni ¢ sequences foI I oW ng vacci nati on,

HBc does not fct ivate influenza-specific T cells,
except in restVidtEPFHERLRHER $mRgRogRBHTachivel |

eplﬁéﬁp@l@p@t ald) NGomeayenCeo@bs9s£ONLBLNE é} tge}abghliz:a

eplt e. hﬁéf ensure universal primng o I nf
Jp@gu&mbncr peregifliss whoaddsequente Bnezhibies ame
or u za- Speci T hel per epitopes, |,
|s§g% eré%$y %%:%#%ora %dg?%tﬁeﬁggﬁﬁ?eﬂtlg?ﬁatlon 4
| munegesh agisohts poeat Bsh i s DorBiBel V 6het B8 three
nmunogen. A plurality of t he above or another T cel

eplci %%nr%%l‘%i%%%eﬁ FFe Do?dbFR PYesenandt her pBsiblibn
ePILORNE Al Ao PIR5 AL 1d o B S08LE °0nl' 861 466, DogBI N

IV has up to about 50 residues In a séeq !
hetref exgpoolky ttoo HB.oputi\/bf:eo pred enabé ypréﬁefalsbguemabb&t
up tgo abo 25 r e nd i ncludes_a T cell

Becazaose JT\%[‘?‘-S e§< %?1’6‘5%?‘11?/ % H}ﬁ?e%xf-e%EgeFPsNO 1
it s dheipot Qﬂ;éiﬁélﬂ@ S8 V@uass ] targel 9 erminal

i nfluenza -specific CTL activity. The extracelTular

dorfiFF $ina rRiskdune i (arbhepresente mathamabaeguence
whigh, By f Up he function.o

in an anaﬁ o%gaiﬂ%]anﬁgrﬂmé (fzcﬁe% a%ee dr?ljé B

amant adi ne, & apistdiee aﬂégi@jeo&tfqﬁora@imbpdcyan also be
dependent ceI I uI ar cyt Otlofl CI ty (ADCC) and/ or

conpi% Tt PTG ALLY ndeeeseRhe (1

extgwaceld Lﬁcﬂ.{r Cgé"@iéhdéfs Vs r@stcp%b@@% f@sf@ﬁ‘é% ?E an

at | east two distinct human CTL epitopes, one at
[ J@RssmTrated influsggs) A M2 \Bolypept7ixid 13ud682s 8689]

o e s g B Lk B sk K 2l SR e

I nflxy ?%r : ef Nf ent erreld swyi A M%%J{%&g@ypgﬁtide

t he pre d nechani sns of target

C oratte th MY X LRI, 1 RXCAUSE TIUTHN X ,/t§e% 1
subject to MHC restriction. Ther%?lo‘r)?g . 1 |§X§€

ev &lea Xeuiixdiantoft iSRY SToNGrLd ti%tanatrebqhgﬂslde bonded
di splaying a required |1gG subclass profile, and Me
spé& B MtlyEhigh el te gk ¢ asrishtb sprat edte O teeomoissus of

di yeLs =AY S he city of antl bodle

t he ext%r acc%é{qg]l n%rédo(r?ae-léﬁ 0 %@% 43 have st Fll) one
bi olrogiccal efff eBlc wasilduest 1descrileddnh Zebedes @tba A
Laph, o showed that the nonoclonal anti-M anti body

PPN P IGr SRANSHCShe virus in culture [ Zebedee
t al, (1988 | .6 7 0,
et al, ( et i My K4 %hr%x%%hat t%h Plapsddt 199

Tr eanor and col | eagues Ishowe e sane rmnocl onal

anpirbedyitsueees shiehl yricrliki tad ivHd li%%%iu‘éé/ 'I{al’b%rally
replication in mce [Treanor et al ., (1990)

Vi PEPSENE4AS) ths782e3p7pteipaldestionsett halt are
def.gt gﬁqgiéha% g% V\@%u%g CVI hUs, eyt r%I 4] g%qﬁnr%

vi vo, I hf ect gl 'S A
proline, glutamic acid, wvaline, and glutamlc acid or

aspartic acid, respectively, with the proviso that

when one subscripted X residue is present, any
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gromh in vitro; however, it failed to cure the
infection [Palladino et al ., (1995 J . Virol.,

WG 2(04)ps2075- 2081] . The authors of the |atter PEpPEs2004/041879
duly noted that 14C2 is an 1gd subclass antibody, and

th n ffect ye at fixin
co?r}p?dé%e%?ng %U]Lg%ep%g Yﬁ)téﬁ 3rﬁ IeﬁGs“‘LﬁFrExl%ﬁdi ng
to rﬁmgksé:tlupetepsoms ansdKpeekést, | ndeed, as is shown
hereinafter, high titers of |1gQXa antibodi es in the
mouse, whi ch %1@ t5pprarert aldnhisi REOAENEespenSéne or
ap i rrelate with protection. An inmmune
rers%g%‘gnse&t%%t can provide anti-Me nediated |ysis of
i nfl uenza-i nfecy eds CohéSeNt aa AP angdb oL EPRei Syt hus a
preferred response. Anammestic anti-M responses have
r epgatedtindeen observed fol l owi ng chal | enge of mice
previously i rEErunl zed with HBC-M2 particles, which is
i ndi cative of*MetEETPFRT PRl b?l ﬁi—”fﬁ@nwesﬁ’éch"ﬁénﬁrl
cells. To i nv§st|]g te th| S %)% [im nar%Estudl es _were
Whe

conducted to H‘ﬁ/es igare” r P yHpROEGP LSt PEnFeTrine,
i muni zed m ¢ I b d
vitro. Signi f}? [ c%%%géesﬁlg% ‘ty g%ﬂﬁ%@#ogmd oF

I ntednfeairan,- garrma secr eting cells was observed
followng recall with peptides derived fromM , HBc
p85-10 0, and-SEEHMDT ers HBE AR 6 bate nprepeD- d20absent,
froénj}&c The recall with HBcAg was nost promi nent,

W SRR i HeR {Ry R GRIGn pRR@ @l CERe | or
| MPINAERNY. € QM & Ni Gk FeRY; ~fif ry:tl onal T cell epitopes
for BALB/c m ce [Salto et al.”, (2001) Vacci ne,
20(1-2): 125- 33 idws af17 wind % Zme | easemppenr sdsént,
be st on er for |ynphocytes isolated frommce

WGPt Bot ifdanandantky seigstemapeserine,

parotﬂ al%mgn s result indicates that | CC 1604
particles may be a superlor T cell inmunogen conpared
with to | CC 1569 dar tN1d dss peoamevEr o1 talbSentpaaidnihen
to note that the M2 recall antigen for these studies
WaSTREETC2 1534 R rIdfHineh QoS ine c 3@ ne resi dues at

17 and 19, ang Jn ef r ul honDIo us for
| CC-1604 parti cI es an?%?ot%rq%e%{%ggz aY e chcaﬁjse
t habsahiter se@ntdidis IR B8 duRs fébﬂi@é%e r%ftdﬁaelly
two cysteines residues. The reduced | evel

r eBEFFEP&t flon Bhier M2VBe ofteri o @@qlmq)aﬂtamlae& ver sus

| CG=1804 Rt i ni ze e cauld ex ned it
theS%yst %e rg ues atgr %gsrllt%l on$ PR q:r%(ﬁdiflé) ‘

comﬂ;ynentas strdne ,oserine hneeldspepdiepadis . Hovvever,
resence of g}(%l ne residue-containing T cell

epFFgﬁgg d8EL Yot i Itkien PrRy issy b st cate
restibauk-apien W thhiBedel ped A0k 9% inin
observation of an anammestiC response, regargd to
anfHbrpEiptedr & resiitow g thi pall cotead Iseﬂm:mfpthEEmﬂ:l&r

z pears to_indicate the presence of at
| oTYph2El Thrge 2RRESbRelan:

one ope in the Me domain

(positions 2(54)Dom§ﬂneﬂﬂt@ﬁ %IQ%%bV%%dEEQ@k&Qﬁto about
i nfl uenza nucl eoprotein (NP 2 , Which is

br 8AdRYieadEide r?ﬁlﬁuﬁﬁwepﬂﬂﬂeBHOHdHLdAtDR’gbout

HL B 9
(3)&%3?2&%%1% j eghl .s8 hlﬁlél %o%é?:lﬁde ALé/ C Zl%rge%é’r @11

coh? enpl tahedrésnduse asTacekhuepckopEs Hrer Erdm HBc
Particl es W|th quhIS lglpito e
position 76 through' 85 Beptlde—bonded to (ii) an

optional sequence of about 6 to about 48 residues
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fused to the Ctermnus of HBc particles have been
expressed and purified. Additional influenza Th

wWe@piosop®s7 are al so consi dered, such as NP 341-BORUSIP4/041879
297-318 and NP 182-205 [Brett et al ., (1991) J .

I ., 147(3):984-991]; th
urg?‘%gt EW‘SE%&HX‘% kSFS 7 sg}pltreeg §:: Set%%;ée%ﬁf;r ﬁuasbool%t e

t he MR EuBXPHES SINGHRAN iiglfausiesa iMd ystInatdpeide of
secsluences are provided bel ow. NP Position Sequence SEQ
| DSRR 206MN0229 FWRGENGRKTRSAYERMCNI LKGK 39 341- 362

LRVLSFI ROTKVSERCKRING 43298 3B upe aequence fxon
SLVG DPFKLL SLI 1 182-205 AVKGVGTWMEL IRM
KRGHNDRNp42 1A icantSenmitatcedily edondsi marel tHdBm ¢k jmevhat 1s
nol ecul.e is typically present .and is used in an

i nﬂ?ﬁ’gjgﬁ"gpn\‘;ﬁgcia'ﬁ?e a&%@ FOF G55 eibl ed particle.
These parti clygs phf iGPMBf iERbafseeB0( )0 P wddiRlies of

mol ecul es that separate into protein nolecules in the

pr esenEdoss didsulthrpaigteddd myi ufgel £ urhctren residues

2- pt.oet I : U, i .

T ai SERL AR A R e R T e

paritdiic ke royghr ass peprtaitd tbamtest dod i s, restdidese

i nteractions are stabiljzed by éth; presence 1_9%‘1

di Qﬂsfjitd@nbéﬁés.OmelﬁéyIth'l e ar ST tar-to "t he

pardjdtlasohsqrvrbd N patd entswd i e de gt hat@hibaitor

these particles are non-infect ious . Upon expression

i n lyadineu s gevickersyotde ikt wigarsimiechosdsacene to each

i ndi.vi dual__rec i nant, HB ' | s Aas

i n YHE ot n@cy paurR itccf e%?@aﬁ%%%#eﬁ%?yﬁg@ﬁ@es

harivest eddu«emd hethasil epdls. 4o Keldi fion posibeon 156

bef ore-di scussed N - and C-truncations and insertjo v

of Ghfahfefzd NP8y peptit diftdpestV ac%?l?%?rﬁl At etS2

chifir mlecu fLafk 3lsoi camaimeonser vati ve

substitutions In the amno acid residues that ,

constitute HBc Momemsldted |chimgr anel¢suleohber vantgins

substi tution re as _defined before re_r .

O GRS A Vi B R P Ao e S L Yo

gl yEhite Widi ardd ypieophan tlse comt espiadede, AaL pgeess -

m nor variations can also include am no acid deﬁﬁﬁi gﬂs
[

or AsRERRlahsint RRAHLCERF ddire FFF dBERFRFAFNY ce
am no kgﬁ{&&x{?e%i & b£c§&§>85ﬁt&k§ﬁesggéﬁr t8da Bbst
eted wtnout a (f

del ol i shing biological activity can be
f ourell lusiargl odmpert erapt bgt assave| hokaowhabhet fB art,

f | ASERGENE ft STAR_| . j ,
W EGERIE FicIRt (T0h, D1 oL e er ORBT AchT B REhEt se
pr e 4 swveniponchiher perit onadiayi 881 8 he-tBemsaglence

that has other than a sequence of an added epitope, or
hetergivlgrsreederies) syrt HatwhtehaaneNr EPERLBALlenzyne
artjfact. as,t agy cjd1Leghdue
seqé %céej]'%{org%ssﬁl%%?%é%ﬂ? o%ré h’rﬁiggj&?ﬁggbiﬂype ayw °
t hatepla bty i anditiger 1réSEMeED NO: 1), when present.
Sonewhat | ess preferred._are , the c ondi ngaam' no

orres

aci d residue %’éjée@_f c@h%??prégiﬁ‘a FCadRBtantcalyw

that, ar & .4l SR SN0 tRafi 9s JréSERE! B NeBpoditidnapd

4) ." Less preferred still are the sequences of

woozlohic k- Bhdt @r aodidt st reeatave to the N-terminus of
HBc ag is illustrated in Fig. 1 and SEQ ID NO:1. The
concept of a negative amino acid position is usually

associated with a leader sequence such as the pre-
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al i gned positions 2 through 149 that are the |last two
sequences of Fig. 1 (SEQID NGOs :5 and 6) . As noted

web®smswse, portions of different sequences frBOT/US2004/041879
di fferent mammal i an HBc proteins can be used together

7 GoTbIOLRSHLIE hen. (g B cRRrLLn, o B ENLTEL oo,

seduenseinf thateomal can sBephp| atubgs at gposht LORmeZ

t hrough 156 or through position 149, when present,
bec%%g%cB B BrInBREe cBhskr FhervelfsEBet [PuPohs thas
beefeFBARindtthe PEEI 16/ fheﬁenehméﬁ EH%E &8 responds
percent, and nore preferably no nore than percen?,
andtooshapref erlabl gt avt imgemehhnoBiper cent dat blie

am no acid rﬁfiq§%§ are fubstit ted as,conpared to SEQ
| D RCFH11 9P obt posi FFon 2 PAFBUGH 289oBinesgcid residue
con et es £he esrind1 149sHBenr esbduesseanot bepgtongy
contain up_to about 15 or 16 residues that are

di fierieht ¢FeertiRrelspm It epnois 1tat Cpbekmions, 2any

t hr 9 y 7.0r resi.dues.
Nbr%%}é%ér%% Y, ﬁg@{%&gﬁ%ﬁé‘g?&#@%i %egggrgeﬁgf Pgr ERE
f r qrod hiel ay o segpisnt eoy SEE | EB&NOstdrat meeBidHEne has a
positions 2-149, Wiere an HBc sequence is truncated

2
f ur?%?’tjaYe %%sbﬁ’l%t h %e?ﬂ?ﬁ?@?%ﬁ%eﬁu%fé\:eéﬂe residue
subsdr tak @ rasi duessiei OnopeLLE Oe%ﬁﬁ/ydféé%geé- to the
Del eti ons el sewhere in the nol ecule are considere
consdfty a2 ¥ Vidis ubstined | obart oneplui poses of BRBEctbathen
o) £, i e e mai.n_| re to ve a
C tﬁe(%g?nl%iuésna %%esgl%?ﬁg?gnul%gg ? nsbdhd® ?IES%?Q]?QI\Bnlne'

resi dues (134rrarskahdi)ingutide beepgen usBdat 8oheerpeseal
for_purposes of calculation. Chinmer Preparation A

cornt W'crﬁ%h it JFWN%JQ%?P‘F SPHPepEr e BsnAyet fe
wellerefann £ echinidues of o r 26auDi D20t NG t 26h50LogY 4 e |
Thus, sequences of nucleic acid that encode particular
pol B tatel we duleic ey eh atitlezband 180 et@daboom phe

pr S equence th e des_.HBV, A contenp| at ed
chie'tcrregji(%{elsfﬁm%ogreen ]g/epl%rar}ﬁ;yuﬁlﬂ? 7EEER T eppgut 170

resicluoquiesEe dabidieedPs eress e asrdfendbas t £ M 884t h
cysteine. Primers for the prcraﬂ:%igratl on_of such chi ner

molE S S IR iIGRaRdsD Hutldienkrstbioh DPemging| ot L8eand
encgdi nghanH8G 1l ' S '

When a cystrbei ne dmcag%%?cnﬁgq %%I@%g\gt]%éi%%%{)%elss
notPyasEydntarat whsd et er @ riusymireel Medwsmiaal
cysteine-can be proyjded by in vitro nutagenesis using
a glre!ecr?eﬁojﬂ%etuserjl%og%dsc jﬁ%tg%e%%rt ei ne -containing
portion of thmdRmaamepiddtdra dshdm e Nnder BHehins
start sequence such as Met-Cys- or Met-Ay-Cys- . A's
wadF& ddiapy evidedsibion f Hle i matoddniemmminop i s

us : ci ke nei-ng \ bqut positions.,75
e s R R T

i nte@ctulgr direitine Boaplrfdauehizepbddrdh@eldf HBc chimer
epi to%e-.cont ai ni ng sequence can be placed into that

| MRIOEOM HinE 1 65 s effdarice GUBSRA 0 21 That1995)

pl aerE@Aki :ilehantisalday Al | Maptes e dBaang, a recent

i mmunogeni city and antigenicity of the HBcC EI oop

se§liznae inwwihiehp pas émmiumpaeand d rPfa -renz o Wil 1 | from

epi.tgpe iA_an_extrenel y i.nmuno i C sition_in the

aslslfﬁé’%bﬁélﬁc Rer M%apﬁoé{:leé‘gl. was tised To 'che’ Hec
N-terminal sequence reported that the resultant

fusion protein formed particles when residues 1-4 of
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One of two well-known strategies is particularly
useful for placing the influenza A M B cell sequence
WO 06/053967 | oop sequence at a desired | ocati on BCOSHS4/041879
bet ween residues 78 and 79. A first, |ess successful
strate referr s in i
S A T i N g A
r epl ac (édcmbber[LIA99blaNaenmdﬂ!&dar) |5r(fl|0L)er.12LaS 7A1INMB 3B and

cell sequence. The second strateg s referred to
i ne2F eRbnaPRIMAAEACRNVPRPPUSAZA A%WSB &&E a§é¢q&éﬁ€§1 es

| Schogephed ; BebweenadhareRhehesindueRidd ke d @Rl d
Site-ditected nutagenesis using the polynerase chain

r eaegiizlencePECR) pirssessdpeptadeekomglesr  heeginge evfent .
approach to_provi.de_a chi HBc . DNA sec enc t

en 8ﬁé§ugsp&$ gPFFeF’%ﬁFePSSPﬁr&lF&ﬁ &e f%%m it
Ecall aandt$aehkl QGQuéﬁ@é gachrereéndf alde more than

i mmunodom nant | oop -encodi ng DNA, Exenpl ary residues

r epeaédaegr & -6 2R é@éﬁ»ts&i Frre [thsp Nevesdimgss &t iHir -
(s excised, 2R WtLugAEA1ANEHCR] RN rERLP A
sequence f1an on eac ub ap r priate HBc

sequencé rLtasi ofdestl ilwegut—eemnmh hces:leista"a ctfi ¢iBc can

sites _and the resultln DNA i s t st HBc
ChPRBFa18ee SFGReBRa e SETEh) EL00s SuriictRe fhat
(1998) hkRbetieuR0¥o 3863474 forn @@ﬁmﬂcﬁf )bﬂlsaefpréf a
simlar technique. Al ternativel y, a single restrjiction
S| cerer SﬁmeQC@@a@abeb@réﬁ@@&eéﬁ r’ﬂ saherdgitas aihgner
E%E:u or ené{é? S/I s% u%@l@é'ge u{& rérrpv'rfjf.ﬁiuenza A

propri at I cky- or

bI Bnt:eendeﬂr hetcerlal @gﬂlmplalﬁAsmegmﬁ ddegatiedtigrea t he
cut ion. Exanples of this type of sequenc
rep Fﬁ@gﬁ"éﬁltelrnt G EBEUERS e (?ﬁﬁ’d:hfer:lf tﬁ%fﬁﬁ‘ﬁ?%)t ed
in t .al C r et .
VaBEEReL T PR B e RE e Can s st o & ¢
Spfuegoh'ialph@lt,elwa\éorak,rmlﬂ%ﬂﬂqe Sohoteds iedn adystem
Behring Inst. Mtt., 1997(98):114-119 and Schodel et
al usedy | Exp. Med., (1994) 180(3) : p . 1037-4, the
latter two p@)%%[a%nd'ls‘fﬂ%%'e&%ﬂl %@%@té&:}fhéﬁce of
vacci nes agai nst mal ari al pathogens P and P .
berrglseduersesﬁemamlanAZr-epIBacmrﬂ élhm\mjy Rdmsttion
re It renpva S f

n& o?ﬁ% nt T4 s l.?‘%l?&ﬂ ICO%lt u'Lerhse eérg]eq:hree’
I ngeklrieendls e erdedd Idys’ctlasnjﬂd usdgiatieves )em[rplaelsrﬁ
the insertion strategy, site-directed nutagenesis is

us BFetereRdat ért%dfeésttﬁ"ioctticbrf%ﬁ LB HSTHOR &
ot her a%%%tb% ns, engdingadiacest @ no aci d

resi dues, suc as t ose atre3|due positions 78 and 79.
Th extmdaﬂlqﬂ.@mdmuqmque tﬂmarpﬁlue;nz&]di M quieo feoum

am no _acjid.res vvofor e; restrlctl nS|te
TR R e g e P R
Uperelieavaewv t hdnPed qstﬂué:ﬁémeert@pmal 1y g@dmgmms
of the DNA coding for the illustrative influenza A M

se@ud@d@tam ofpreds slies toft hich enangel el o R HBRae of
CODRRG L e AP AG, A RRAEIEE dn SR8 e

bef terrup ermn

feS:le@lieBae@W%iﬂ&{Bcb)pdél&:J.%ns resty iadd on. site, fol | owed
toward the C—termnus bythelnfluenzaAI\/B -ceIE
epi t ope sequérte OISR INRF Sigie residues 1is(are)

present at a position in the chimer wmolecule of about

one to about -55, preferably to about -30 and more
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het er ol ogous, non-|oop residues encoded by the 3 1

restriction site and then the rest of the | oop
waemaesoe? This same strategy is al so preferabP@gT/uSmd4/041879

for insertion into Domain IV of a T cell epitope or

one or. no cysteine residues-that ar t rt .

T EEFFe‘éBEEXpéP ﬁlb&uﬂﬁ - |D’sfrre%taé:jb’eug‘%ng%%aen?\{_ﬁ%erﬁr{l?%lnsa

bepwegncr 8si dues 182 nand §¥-iceridperlt e dueiSehoedel et

al ., 1990% F. Brown et al . eds ., Vaccines 90

Corressgurhg) Mar bBVSab&EaHer FReCHEIISHGS @ THARHILD R

York, .p - . EQr_.ex | & & DNA eqyance [fhat

enggdgsBS%%-%teé?% r?acl)ﬁrjttr'u%?%t gd t%Bc squluence (I—I|IBEJ(1:I 49)

i sresgiinedsed ito loanattaion iadjtdee mhiksoRnEmt Saclatsia es

bet ween resi dues 78 and 79 eavage qf that DNA with
boPﬁSéﬁiﬁﬁegﬁtoﬂod?sesa?élqsr %’l‘r%ﬁ“{e 172 hle%e.saﬁch
POSLLL@RSN11 7@ £3 sfz%qrxjﬂmtled(wgt.h 8N EeoRlt o igdefition

end, whereas the other fragment has a 5 '-terminal |
Satp $oi ekpusn® Oame sditbsde sndsianie S M JdRt iRfRL tARn -

14 i gation_of a synthetic .nugl e J N2 at
AA%?%V%H%\E&&&%&YI ’omaéjdtxﬂye/teé&“slglq%uleﬁdegsﬁlar?e gfﬁ%oid}gcs a a
desi pe@itnbnuerzabdbu® dhecald @pittopeian B AGTRBIve to
"overhang provides a HBc_chi mer sequence thatencodes

th@esgtden lesift 6 fidikd on each side by two
het er ol Ogousgfh%sléﬂée%l( R dy Flerm ASPE e Mo
bet ween residues 78 and 79, while destroyi nghthe EcoRl
si tresditiepr eser \nraparie WWadlinia equeier | ey riarayy

can.be u for insertion of a Cterm nal

cyé:th&%n éffgg:ﬁieaiprﬁ G Feguente. He roeifj }@:QORl BhdH nn; e

I egrdvaldudl 51 tt8fe aimemNgidleanelk idottatihe e DiA-core
sequence after amino acid residue position 149. After

di FestiesTan th eSS L UgRe 13 rfarﬁ’rtf?lfge YT hEET ¢ at
haydadie ahaue MTTeSipuehanadol | amedeby gaficelis
epitope-encodi ng sequence,” a stop codon and a 3 ' AGCT
ov erteaniy sieresl |heyatou. i flous hea i lyesyedar ejueptainal
form a sequence, t hat encoded.HBc residues 1-1
folqycﬁ}v?é?o“%/ TSR HET 7T %u%d}aé%ei%%e%g( I)Jg'etﬁemstop
codnnanttd hesddndh | Fesidee PR GPbiééenti oithsing pre-
forward prinmer having a Sacl restriction site foll owed
by GPZfe FRSHSNAM (i hg PHeS R FRf ngh 5FST eBPage e -
posi tion 79, Aghlawed by, digesti onebih Sacknand 160

Hi ndl || provided a sequence encodi ng- HBc positions
79-rek9i dulass. t erd fwrzidtied Pesatuet had ahéemggbl pf about
epitope at the Germnus . Digestion of that.cq ryc

oh 195 S ARRE | Tea TBISr ATFeES T he eanprBre’ Jongied o
encqdli Mg, dasd e f 86QFD) NaRte&Ben ediaREal ANMMBDOgEN

havi ng the sequence, fromthe N-term nus, of HBc
popeprROULIdS epikonddeddresrenedl BRE LR NQedzguah as

M2- sequence. co in e epitop d
R IR L 0 D AP PPACPER LBt e
andcider keehin€pi 19peesidites sofiotkd WMRapoippeptide of

preferred use of two heterol ogous residues on either
si dEERf IR ffAnki ng) a heterol ogous i mmunogeni ¢ sequence

containing B gell,prsd,88Ll BRILOPRE:LEtadMRhEEr Bk
conveni ence. A's aconsequence, one can al so use zero

t o Whreeuinahoresadded npstdeew fham she Adrspapiuspmic
}23@$§ dﬁ%%ﬁ%@%géBQEﬁééﬁeéegﬁdﬁgéhxg'9%% %% 38 the above
sequence) are or can be cleaved during preparation

and expression by one or more hitherto unknown
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or both ends of the insert and HBc nucl eic acid can be
"chewed back"” with an appropriate nuclease (e.g. S
woewses®s) to provide blunt ends that can be | POEHUSIH04/041879
toget her. Added heterol ogous residues that are neither
part of the serte cell . or T, eII it or a
paPFOB?a?ﬁE 31:335362@81157#% St coundé%g |%%t%ﬁeﬂgnunber

of LLeskbdyes [RheseNkciAva theiahe heDamimi tletd sy al so
not ed that one can al so synthesize all gr a part of a

depheatlmetbabPABAL OB Wridﬁ%ucqf’éﬁsé* ciF i ng

vvel I ti hqy |
SErrarBrSrangE! [EHORE BT 9 0° CRp P AN ed by
sy@th@&e&edﬁaﬁﬁaeté’tﬁa&a@qﬁwd 2DNA t (ERT2icoddBitshe Sgne

residue ri gul ose his spha car boxyl ase- oxy%enase

si QAR CPER BOGFLRERSE S Lidoh SR euiRE P & ¥ °F
on%h%;aﬁe%ypltzh%%bﬁ%n@@@'w?ﬁ)s'e ang drimiw=ih r&asﬁldﬂé ¥ the
‘sticky” end that can be ligated to Domains Il and IV
t ogprorinde acédnatr Fet IhBEQRB d85e -a cont en‘pl at ed

HBc chi mer that contains_zero ad ed reS| du S thet th
N-termnal sM@&coPreHeBRiel *p ‘—t}qa €

the %%l%q@ rfe%%ugy%&%g&e et Qfé“n[leﬁln%z‘iﬁi Qnd@t1fbely

Dorai ['1'l junction or at sone other desired

| oeammmamdnw Gice tdaigl & dyudine (agniem )of Hate chimer
encodes previ ou des r| bed HB o | o
a & 5?}7,?5( of at%ﬁ\f“ ng seqé:eribcgm sr,?(gl £y SR o° ¢

coRl atie@ Rerdidd udbaumhuc)Bito aab@tsengs The
present in isolated and purified formin sope

pr effiacéd Entidd REIRTS29% qa}r%/lalftlgg%rlbeaﬂjs‘?ﬁé“w% & no

ac 'e('i c‘tl ?qlr’r%ﬂ Dfn£hd f&&@'ﬁhﬁélmwﬁ@t Adfl€adSeous
di rect yre ated via the genetic code to the

de @oddednticne ithadac |ajL#\CDNﬂ9ntSaexxmrﬁ:epmt¢¢@e gemkilbhaing

GegoRerRop oG Gt 1 ad0c SM ondT PSSR

CO@&;’%M&}& RNA S eguaRses e ed coBcotisdr cane bel
prepared as desired that encode the sanme chiner_am no

acin tradsl e teedfericdsl D Hutnaree iR s F 53t | (et fErERL
from f e di e e two
sequences % not %I{‘brl izyen% o] s%%ng%%%?, but do
hy it lzmeatl yoederlate- 62 famgereyhy H ¢h, lﬁtlﬁmgency
condltlons can be as c |S|n br,i di,zat i

at EHARS D raecléfl ;ﬂﬁcgﬁ) 5011%1*'5 ARdC AT ﬁﬁ{ﬂA) ’

vwasty-iato HHaRanatdl endf M?Dld BXESC. tM’)QEhahelamlne
stringency conditions conprise hybridization at a

t enﬁ@@tur@ﬁa%uta@@@@%wl@%c i fhe. segpeptzant
M Na | | oned S t 0 5

A LML ARG B SR RO0G 0 Bpesty B
nUC@@gga@qmrtqee (e setpencerdf iad RNA-seleencedr a
that (1) itself encodes, or its_ co ncodes
i 4 1T 4RO o TBLL BBy COBOR T Gl FOtpH Y Siaifsie
posc}\ﬂgfhﬂléﬁr%ﬂé& Whes Presefte bsntBaboOheSERM1t

, or 6 and (2) hybridizes wth

a DA ls dopestoel lfr SEERL D’lC.NCBf 43, saquedbragh; cautginagy

at |l east at noderate strin c ve) ;
anda%%ﬁ"%o%%“f?%a‘?e%eﬂgegg hgg%? #%’gg? gggpe)rcent
and nore prefgiakt yewd b@aﬁhrée peEcestuennds are

peptide-bonded together and thereby joined serially,
the cysteine residues present at one or both of

positions 17 and 19 of a native M2 sequence can be
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even nore preferably at |east 95 percent, and nost
preferably 100 percent identity with a DNA sequence of
WOEHQSOSBINOs: 43, 44, 45, 46, 47 and 48, is defPCEUSHS4/@41879
DNA variant sequence. A s is well-known, a nucleic
acifd_segu e_s t I u [
20% aERR1SRAC U8l o TAE AR STPLALA0MUELRLS 3 G cue
apaaﬁpbeapeepéﬁﬁDbéthEnaanaariderir Mat eeqxuemesas |am1a1 the
system as di scussed el sewhere herein.

and B§BWATHECPEI EPgcHHC( BRAVSHCRNA) PL& l% Yt'hé"t .
e”88&1‘8%@189%9&%@%%&@ @%t@h@cﬁlseﬁr%s@rﬁo in one or
contenplated as part of thi§ invention.: A chiner
anmbug nﬁcthecMacsququeﬁc@topmet Qrc@lm&?e@nm%ltlons
e| Cc §egﬁence encodes a _HBc a S%elner %%{nd%e
Ceflentd Lt g RRESYE EEErERy "y TEie
pr gierahky iat cheasbroQupebeehreandinesiqueieieer,aily tise
| east 95 percent identical to the HBc sequence
poNtF@ﬁmﬂﬂé‘ﬂn Més PagEepesi t<ﬁ<§n apolkr HOGH LSS dfe °oF
pos | 3 5 and
6 o BuA SRR PeRarEr 88 ro e ary ab
"apabagioh" -60 banaBegoovs tia' thesegurmreeof] cdnadtite che
acid of SEQID : 43, 44, 45, 46, 47 and 48, _and
hyHPFd??gél%ﬂehl}% aﬁﬁ&‘lteipé’s&glamse‘&ué)ﬁcé%a Ixz%‘eirb two
NOBi 4BrefdMadBectbncdlt and Hierithelil GRrRTRMSEd

herein under noderate stringency hybridization
cohbipti ORS. OR KUEl EVETEING Sy h P e&Reeddy v bgomes.
seque on_s a r c expy

|§§ g S(:E'sqzlal1 l(1:‘£I%)-ltr?t gﬂr??pls%t C% ?e?qtlg%f rerﬁ%sﬁgoé;{bshe
of iBe baveecpref,etierces ther M2 pacictdeart hedddrs tltmmhed

used for _encoding a_particular anmn aC|d r Sld
Sugﬁrés&&ﬁ( Pef:@%eﬁ@é’s SHAESRES 9%n ® from

SegH@”ﬁet%&%ﬁ%hﬁgo% desi ned cciEr sequence can be
altered, using in vitro nutagenesis for exanple, so

that host pr ePormedad dddomdiate it iNeptddie-drongled to about
partlclar ost i_ch.th d

exlﬁregslse 7I A ad ttaY%n I;ck))r?életcgzlr%@aq SO [j““s?&qi’ﬁ%o amino
degener aé)'élﬁfﬁlet‘she ganet Donedde :Irrclemamjezetﬁme (hlee) , and
portian ence of SEQ | D NOs

or p@@tfﬁatab&ofma& o lggsey énﬁeﬁlq%ﬁwt .aﬂﬂ \K%‘CP%E :Prﬁ@@%’ﬁbly
SEQ:| PNas g 4%hx4>$gh4%’1‘16,1048’£" 4 apd hRlduence

conpl ements. 'Thus, a useful anal ogous DNA sequence
nezdsngduelyy ot wtm@pﬁuth@nﬁjcﬂ@&hm@gieeﬁm&@%ltlon

unggr c%atlﬁgﬁg%flsﬁggéaona orﬁglgcr%gly,asbco@e%u@g?IOf

pravode & contempitaied rekiitkie Tzl |@nAtiggatatag: or
acccttataa a <’:l<’:ltttg:%&‘l tactgtgg agttactctc gttttthCt
60mpEEgFEPERt St Pc %16 nionghgatfddigpza A M2
cc 8@%@%@% 19ALFIgeRA 1%)2%&090“919%@ HIGRHA0GE M2
ttgttcacCt caccatactg cactcaggca agcaattctt 18

t gpbgg@@@g:laiacts&alw@amet,cm&@ai aoeegegyyt doytyrd ety igga

agat cc g.240, t acc a ta t.c ttarqgtc

o PERE Iy orcesh s 4885t g 12 and
acatitit efet gzlflteCt}%Cts egﬂﬁa&@%ﬁﬁadﬁgiﬂcﬁi agR HAsidH g
360 tctttcggag tgtggattcg cactcctcca gcttatagac

cadcapaegendcct at ccta 420 tcaacacttc cggagact ac

tgttgttaga cgacgadge
ccctcgectce g%grgacgaag(li glc caa cg ccgcg%a%g)a gaagat ctca

at skeg@gaa H4drt G.tr%t@briﬁ&z%\ﬁl\mﬁﬂm RANAHA3 or
gacattgf acccttat aa agaatttgga gctactgtgg . agttactctc
q tEATRIgiandc gipatdtigner are
ct agacaccg cctcagct ct gtatcgagaa 120 gccttagagt
ctcctgagca ttgctcacct caccatactg cactcaggca agccattctc
180 31



t gct gggggg aattgatgac tctagctacc tgggtgggta ataatttgca
agat ccagca 240 tccagagatc tagtagtcaa ttatgttaat
wW@ewaaswsyg gttt aaagat caggcaacta 300 ttgtggt t PCI/US2004/041879
atatatcttg ccttactttt ggaagagaga ctgtacttga atatttggtc
300nlGLELEAEAG ! GLOGAT BCOLLAELCC! RO ORI ALAAG  nning
caccaaat gc Ccctatctta 420 tcaacacttc ggaaacta
t givi ght agmechaogdaacecegddgeady c iecdeajaagal 480 be
agaactccgt cgcstcgca cgcagat ct .caat,cgcc gt cqgcagaa
at@rE%ﬁW&Fagwe Eﬁgt %P ég‘F&FEC%@ElA 8\%&8%@%@1{%8
44t ggagaht ¢, ageet-takaa agaakhtadF et adt GO%-terminal
agttactctc gtttttgcct 60 tctgacttct ttccttccgt
cafagasitduectggdesdggedc forgeneeritionc gagea Pr2x@in II.
gccttagagt ctcctgagca ttgctcacct caccatactg cactcaggca
agccattctc 180 tgctgggggg aattgatgac tctagctacc
tg9gtgggt a ataatttgga agatkegaigean 240 tct agggatc
ttgtagtaaa ttatgttaat actaacgtgg gtttaaagat caggcaacta
300 tt gt ggipfeugnapafctegPEREEAl: £ Legqadiha§REES
ctgtacttga atatttggtc 360 tctttcggag tgtggattcg
cactcctcca gcctatagac caccaaatgc ccctatctta 420
tcaacacttc c@eamacicac tgttgttaga cgacgggacSEddr Ayt c

coarEaRaRdrRpRITRENREED: COnt ot 540 cgggadictc aat g

HBEADYEvENA T SREWERRNRDAS At ggacat t g accct t atopa

agaatttgga gctactgt agttactctc gtttttgcct 60
tc5ééEEVEFPﬂﬁé@WF%@%%fﬁéﬁhgatctt ct agat accd%cgcagct ct

gt 8t £eegalp ZAEARERLAPRAD ctcctgagea tigtt gacct

cacca?gc g cactcaggca agcaattctt 180 tgctggggag
ac BLATEYET PIGNANCISRONDISEPYt gggt a ct aat t t agad fagat ccagca
240_tcta acc tagtagtc ttat gt caac actaat.gtgg
gc@P&EEE&%&%&@M@% ttgtggtttc acattt]z%{tg
t ckeaeElErraGaasREGAXDHGE t Ct aga gtatttggt 860
tcttttggag tgtggattcg cactcctcca gcttatagac caccaaatgc
cc ELATEYES PARYEERREYESS® cggagact ac t gt t gtifaga
cg %@ﬁﬁ&kﬁgnﬁﬁgﬁpgaact 480 ccctc tc
gcgéggggggig%c Caatcg ccgcgtcgca gaagatctcgﬁitctcgggaa

54fISt LrEFarpT RNENSRAANDSSTSEQ | D NO 46 at gguttt gg
ggcatg aca tagatcctta taaagaattt ggttcatctt atcagttgtt

60M85 4 é@?@?ﬁﬁ%%?ﬂ¥btttcctga tcttaat gct

ttggt goaeprei@siiakiigc 120 cttgtatgaa gaagaget aa
caggt aggga acattgctct ccgcaccata cagctattag 180

ac MaGE T EVE TRLRNFNCHGI NRSFdat t aac t aaatt gat @4yst t ggat ga
gcgghi%gggi%ﬁgnﬁﬁ&g faagt aagaa caat cajf gt
aa gatacc

catgtc aat ggggacttaa 300 ggtgagacaa
agMeLatrgyE THIGAHWENRUNAIGEICt cact ttcggacaa4at acagtt ca
360agaattttta gtaagtttt agt at ggat caggactcca
ch@g&F§W§§ﬁ%ﬁ§ﬁﬂéﬁ%§ gcacccatt ctctcgattc
U1 Ge99aacaTAGAEhRAHCNEgRpaagag gaggt gcaag 80

agcttctagg tcccccagaa gacgcactcc ctctcctcgc aggagaagat
ct CRATENEE PIANRRSARYESEDAddchuckDNA SEQN DNO47

atgtatc ttgttttt gcctgtgttc,.catgtcctac
tgttcaaé@@éﬁ#ﬁgﬁgﬁﬁﬁg%ﬁb%ﬁ%ttggatg gctttg 'gc

at gaacaiae ratireanicHreargasiiitggt 120 tcttcttatc
agttgttgaa ttttcttcct ttggactttt ttcctgatct caatgcattg
180 gt gG&EVEGIRY RtEEIgEiNitS 3 dlgaagaa gaatt aacag

gtagggaqﬁﬁ. tcatactg ctatt ca
ggccttagtg tgt gggaagc§% E%gctag attaattaca 300

t AL TEYET FrAFRREWEISINEFIdagt t agaagaatta ttgttgatca
t gt caat aat 360 act&gﬁgﬁgg%ttaaagtaag acagacttta

t ggt t t cAEt Harcaryt SR t gga 420 caacacitag
ttcaagaatt tttggttagt tttggagtat ggattagaac tccagctcct
480 tatagaccac ctaatgcacc cattttatca actcttccgg

aacat acagt cattaggaga 540 @gaggaggtt caagagctgc

t aggt ccccc cgaagacgca ctccctctcc tcgcaggaga 600

aggtct caat caccgcgtcg cagacgctct caatctccag cttccaactg
c 651 Gound Squirrel DNA A reconbinant nucleic acid

o A IA o .




and a pronoter suitable for driving the expression of
the gene i n a conpatible host organism i s also
weosespsated i n this invention. Mre parti cuP@r/ig2004/041879

al so contenplated i s a reconbi nant DNA nol ecul e t hat

co LS| a pronoter for drivin
th2§%¥%$2%2|%ﬁﬁ%@é%ggﬂgﬁkﬁéﬂgf nphost organisn1ce||g

oper at i VEEYETPDREHWGARARDEBBSsEgNENt that defines a

gene for_the HBC Eortion of a chinmer or a DNA vari ant

that hasTAYETRLRYEYGCRENRERP i dentity t o tBE chiner
gengyefo SER:MBipd3p 44, 45, 46, 47 or 48;3nd
hybri di zes with that gene under noderate strlngency
condVETBhRNEWERENRESDBUEEAPl ated i s a reconbi nant

DNA nDI ises a vector containing a

pr onot er #%§E@$$%Fﬁ§g?he expression of a chPfer i n
hostvErgeRNENESRtASsopeyativel y linked t o a DNA
segnent that i s an anal og nucl eic acid sequence t hat

encodes BRI AOREEPESPEYEdue sequence of a HBcchi mer
portion $¥%Htﬁ 80 percent |dent|c nor e
preferably ag?%%ﬁﬁgggentlcal and nost préferably
95 PEFTEVETPIRNMEVEGARSKDSEheLHBC porti on of a sequence
of SEQ I That reconbi nant

6 .
DNA nDIé@%&%§PB%%EW§§R§§B$%D§P§LSfect|on and

expr essigiviTp frABESREhbssPEANL des a contenpl at ed
chimer nmolecule . It is noted that because of the 30

am no actRVFESINEWRCRENREHRI sequence of giadnd
SaubdielydBordasscoobuAligR U th any of the other HBc
sequences, sequence an% its encoding nucleic acid
sequenceREETP I KENGEREPDbesESL.E-are not included in

t he above_€ercenta@es of identity, nor are the
por t i onstfETEREFEGERPUPE AP LENncode that 30-resi due

SeqUenCQﬁWETﬁfRﬁQW@éﬁﬁﬁﬁésﬁ§ﬁﬂ in hybridization

determinations. Simlarly, sequences that are

t runcat edF\EHTRIRKEFGORCEoEBD of the HBc N - aRd
entity cal cul ati ons,

C-t

nogg Fgﬂgﬁgé% %eﬁu%n%%ggl 1ﬁgl@gl7e5|dues of the

' d df t f

et er of agbtaleat PR B ERRL N Tl ose Fhe Zncod ng
baS§§X§X3Xﬁﬁéx%%ﬁﬁgﬂﬁﬁlRﬁ@xﬁ§§f6if?l are present in a

chi mer nolecul e are included and conpared to an

al i gned Iyt 892 @) dX s Xk f€i d resi due sequence in
the identity percentage cal cul ations. |Inasnmuch as the

codi ng sSedueiadesX g TR HRNEREsX ghscl osed herein is
|IIustrated in SEQ I D NOs: 43, 44, 45, 46, 47 and 48,

|solate il a3 100 3520 %0 whaprkat %24 pr ef er abl y DRA

nal gs t hereof can be
gﬁ?@égéﬁégﬂfgﬁgéifigﬁ &173as is well known in
the art sand, disc nt Protocols In
Mol ecul a}lfleg(lo?}é %Zf}g%%a%% 2% . eds ., John Wl ey

& Sons @@@q zﬁﬁﬁy t hat begin at
the initial E%%% for aiﬁgﬁéﬁg' end at or just
%

downst r egrpgfext each gene. Thus, a
desired restrlctlon si'te can be engi neered at or

upst r eam:&f, A¥es 3y 4 TRIRNEK CH0H4K | #hd at or downstream
of the stop codon so that other genes can be prepared,
exci sed Xapk1ise @2 % mel | known in the art, so

Iogg as the
1X2X3X g X5XgX7XgTX1 0X11X12X13X14X15-

X16X17X18X19X20X21X22X93X04 2
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required nucleic acid, illustratively DNA sequence, is
present, (including start and stop signals),

w@adwsnssal base pairs can usually be present BECT/E51004041879
end of the segnent and that segnent can still be

Y h in. . This, of ,
or SRS AR BT < DB SE St <ob~an operatl vel y
l'i nked h i on,
expr ossaal S UL RET o o G2 E s Sbhaumos t he enzyme
desired xg@%ﬁmggﬁgﬁxﬁj@{%fﬁlﬂf oduct that

consunes a wanted reaction product produced by that

desired wml@tléx@@xw pXpARpheres withe
expression of the gene of the DNA segnent . Thus, so

| o BX 1 heX N pegPeng X1 sX{ 52e30f 4 Bugh i nterfering
DNA sequences, a DNA segnent of the invention can be
about 50t 4% Bbif1 9% 0001 Pasko pie4%¥2in | ength. The
maxi num);}ir)f of a reconmbi nant DNA nol ecul e,

parti cul &%ﬁ%ﬁﬁ@%@@%l%bﬁmgl‘ﬂ%l@mer ned nostly

by convgpi gnce, and the ec}%or size that can be
accommdatBa- by & kst 0cet F225h282412 " of the ni ni mal
DNA equene | epyt | Ion_and expression,
vvhensdgsi redi?%}gé ¢ pé{%gje%?{.lilg\}r%%cﬁ%}gﬁﬁr S| )z(gs zfle

wel | knownx st @%ﬁ?gﬂ?ﬁﬁ are not preferred,
but can be use .rb%gzsegrren S a?4 encode t he
befXortdestyi 4 ohi TRl o XAIK peX sy0f resi zed by cheni cal

techni ques, for exanple, the phosphotriester nmethod of
Mat t eucceil ety Al s X (P82 K22 AmXL£em  Soc, 103: 3185.
chenical ly synthesizing the coding

O course, b

sequenc&3%}%@%ﬂ}?ﬁm§&ﬁbﬁiﬁﬁm 5~ be made sinply
by substj tufi e opri ate bases for those

encodi ng%%7&35§§%§é23&4 e sequence.
However , ts. 1 nel udi guences di scussed

pr evi oué%ﬁ?%%%@l%%%gnﬁ%%d HBc chi ner
can be ml%oﬁ%y%ﬁ%ﬁ%ﬁ%é}%eﬁ% er of transforned

host systens t hough expression

i n acel XXaxsx 1 4T30, B4, 4 cont enpl at ed.
These h;%t}@cg IGE(I%aH} sys%}?rrj?l nc ju e%t%%—t are not
Iimit ed ZieX1miXarsdargay Bl siicin s, bact eri al32
transforned with reconbi nant bacteri ophage, plasmd,
or SEEdMmVE TBNRNEWGHEA P ect or s; yeast trahst or med
W 1o 1 @RS I RRICRRRIRRN DG or s; i nsect cell systens
infected wth virus expression vectors (e.d.

b a SHILAEVIEITEL RNEWEDRCNGE D syst ens transformesk with

v E R B MR E N O %o W'tk bactert B ¢
exBressverT PreNeWER KCSEsp T plasm d); or ;39

appropriately transforned ani mal cell systens such as
CHOLS EFEE Ld&NGHCCRGENSHent i on is not |init3 by the

ho %H@‘&%ﬁ“% gnments containin gene
en?%é‘ﬁ%gbtiﬁ'e c chiner Szfe preferably obt gliéﬁoed from

reconbi nant DNA nol ecul es (plasm d vectors) containing

t hat gene. Vectors capabl e of directing the expression
of L1REIHERZE BoREOLREE the protein of a HBc chimer is

r efehretvirRviereifras an "expression vectoryy . An
expressi on vector contains expression controei el enent s

i ncludi ng the pronoter. The chi nercodi ng
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gene is operatively linked to the expression vector to

permt the pronoter sequence to direct RNA pol ynerase
whrediosrysand expressi on of the chi merencodi ng PENES2004/041879

Useful in expressing the polypeptide coding gene are

pronoters that_a [ cible, Jviral ynthetic,

constitutive %g Eggcgggggggyiggs?§oﬁ§§iQét%QF%'(1989)

EMBO J., 3:27t8saddeUr}| tRtoabh. x19858) aNatuie or

313: 810, as well as tenporally regul ated, spatially

r egerafedt , anddsphenopeapentl byer ehel ateddassgneemrian 1y

Ch .. (1989) .Science, 244:174-181. One
pr :ﬁ%%%%%L p%%rr%ggrr)“? oprﬂgglpnsﬁg’dﬁﬂf:?of:%‘@tc 8Ffs such
as fmethtohinés tbeiRes Yenkonw| el etibabel sthrdugiblke Sy

exogenously supgl ied nalidixic acid. A nore preferre
pr oo einNes Bresanici achfaswrdivect sndigENeBmic acid or

(avad f Pr is_Lpducihble by.
reainabt oo somp omgaL LDyl Sy ehY' 88500 cnar
- D-widmgahactobpyraposdde (&I@he. 1A prekbndDrany
preferred. pronoter, . the tac pronoter, is present in
pI&gﬁ?%l%%§$o?uBﬁﬁﬁﬁgt%da%dwfghaﬁsglgﬁaﬁcﬁBpécﬁypt
exageness! Yo stopsi 6 4PIG pFbgepKK223-3 plasmi d can be
successfully expressed in a nunber of E . col

strains, suchXas Xe-preggit 8u@liandr8LRneusiagcaheubr
25 to apout 100 mM I PTG for induction. Surprisingly,
conteMtI& R dns of about 25 to about 50 nM | PTG have
been found t oy i esul ' . 1_shaker

fl asks and fg%ﬁ£h¥%g§r€§%§%?%%§i%% %éogggéﬁ%%ngfated
chivreresdeeul e in other m crobes such as Sal nonel |l a
like S . typhi and S . typhimuriumand S .

t yphi muri um E12 cb? iPFSARHsang ebst argiebnasos lysine,
cerivisiae or_Pichia pastoris, _in manmalian cells such

as Chi nese hamst efS RETSFRICHY cbF | ITPRFRGHER FBneesine,
and di cot plapt cell rally and rticularly in

di cot pl ant :}?Jo‘}r algée Egrr%%%gt SUch 3 %ﬂﬁ i) }cs%%ﬂé{o?r
fryityasavhere an oral vaccine or inoculumis desired
and in insect cells such as those of S . Frugi perda
cell's or Trictepldisda Xy usel 0f; Aoy raphsecal of oibéeat,
nucl ear pol yhidrosis virus (AcNPV) or bacul ovirus are

di SATsSEET PRRASHT 3% tHYRfaIRIian e d s Bre abr

appji 4 . el {4 i shed WD 02/ 14478 A2
Thgse%ddlgg %:?ldé\ﬁp%ee%%doﬁ%%’hough contenpl ated, will

t her ef or e notrdss dliest UgSedrddiiheradenetraserft V@t | @byent ,
of methods have been devel oped to operatively |ink DNA
t 0 APEL MBIed \BLESESH | afe itteleparutriti Me ¢wsteime orsdtime,
ends. ShHQf, ﬁg;tance, conpl enent ary honopol ynmer tracts
can be aéﬁé ‘o the DNA segnent to be inserted into

the vector Ditksithe ¥eGt dis anteddWk segmider! € 48 when
j oi ned by hydrogen bondi ng between the conpl enentary
hoRég&ieyRe disc argiilng nteo oo ripsdecontzinant DNA nol ecul es

. Alternatively,. nt hetic,linkers containing one or
nore restri c%%{sﬁ éﬁy? o?ﬁ%@l AU é@%ﬁ%@%q PT
j obpskhe e ression .vector, .as
noted bef2§§§§$%%§£§ﬁ%%§%ﬁca&?ﬁ%@%@:%é%§é%%%mﬁﬁ§9§§}ly
bl presended nDithes @@mpnios ey iseeuizaidang Hate daunt - ended
DNA se%nents W th g Iargp excess of synthetic |inker

e

nof BRAFEFR 't HeYird§e e S 1T e AR Ttikardid s e to

cagalyzaet haehiigal i aa9heblupt wepded ;PNA Ny ecul es,
such as bacteriophage T4
respectively, with the proviso that when one

subscripted X residue is present, any remaining
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DNA | i gase. Thus, the products of the reaction are DNA

segnments carrying synthetic |inker sequences at their
wepas/0559These DNA segnents are then cl eaved w PET/UR®04/041879

appropriate restriction endonucl ease and Iigated into

an ex \Z:] t been cl eaved wi,th a

enz§%§§§%g Q%?o u%géléggnwgﬁﬁ atrhl u%FFﬁlPﬁo§€m@Fr

t hedsymthetis fisnkegso ﬁyebéﬁth i nkers containing a

variety of restrjction endonucl ease sites are

commerci al |y avaFP&bFemi+ 8 BOhVRBRE18e §6uPEESID NO:10,
| nck pdi meodNgMy £pokaad b sired
DNA segnent ca%ga%gg %Ebg%?a§ﬁe§§%§%%g Pgﬁg %glgresent

i N ane cthé hee$ DAUBE nabdrs BYLT SPeBERAELS EH@t #eBorted M2
desired restriction sites that can be cut after

amP TG TR | BRI ERat 1t e, gepehtanine, | aewined Letigine,
t hep mect:f . Ahies Y ts._can be dlrectly
cloned into vectd?gﬁ%oﬁ%%?ﬁgﬁ%g %gér EngEPEPFofegstd
Cor\pa.l 1860074 Mptlisani c VMyids tespettikedyn vachhenart
ﬁgex aﬁfed QQIHEYIC rotein selfassenbles into
parti B iR oSt %%§?§lp9ﬁ%t%e¥slﬁr§ﬁﬁ§Fe any
Celﬂénalrnlr[g c@lbscyiphed 2 radibce! | ebnheshi ol
particle- contalnlng cells are harvested u3|n% standard
pré%g&ﬁﬂ@§> drgnbere welte %H%SI@%@@ pséagna. Freheh, when

{ d. b
e M SR I s RSPt ohal < £ poredent .
I\k:-‘VSlG)fﬁ.l'\ﬁ?s)ly Al fiedn C}t?trié ﬁ@ééé’rﬂ: of 1 he Lysat e””f‘? ?h Xg

particles are precipitated wth 45/%annnn|u

r esitgs pange bias Sk pidds otidim DROSPhed eshdtbfndr aRdha, xg
di al yzed agai nst the sanme buffer. The dial yzed

matceir dle inredent fwiethdyt tanefotdent réf uges | oemangi hdex
supernat ant .subj ected to filtration chromatography
ust%g %"Eeﬁhar}bas ‘HQDLa?I@ Efgglr“far]tﬁ‘eéi IR hi Ry ?V%@?o?@lng
ar ericdemt .f i ethe St elead ;1.0 hat oxyapatd tﬁres;ent or

chr omat ogr aphy, and repreC|p|tated W t h armoni

sulebatatpr iaord tmdw.arespmmﬁj Qe dimBtytsdshantarsd %13}@1ne
filtrati %n and st.0 a at -700 C | nocul a and

Vagglﬁ SERYS G BSSt irsdonhi Ratiduss ofinend X1

I LN par | ate formis dissol ved
2%5% |%n§%ﬂ%ﬁ%ﬁﬁo§%ﬁiéﬁgﬁ? S artiht in a
phandapetmﬁjecmlljyy aetefiiral| eorahic! %ﬁ@m&ﬂé on tihatg
%rgferags¥ ueous to form an i nocul um or vaccine .

gt R atto Leags ongniafalXin ansk Kigf be

i on_orin i C bodles are desired.to be
igggg’lcéilsuéhpasrt&cm%% %‘e& an, My Hﬁﬁj: Yogpitope
shespprheese, aBovihRe N-FeAkeYiusARE tHe HHBR Yol ,_F!L

a chi cken, turkey, duck or goose) , an iInocu

(e.qg..

inagcé§ Qﬁ??b@éﬁé@rﬁﬁéttbﬁﬁuﬁ@be@@@hﬁhﬂ@smbalpﬁammMQ

A e r n |nnuno

e SCpLUERLIORE o T8 ettt T S Ga
inhbﬁbréhoselnwmlmgsWeuheébbadpE@behheiﬁ ke R

virally -inf ected s and protect the host froma
pa?ﬁ%ﬁ%ﬂFE_FﬁFFﬁéﬁzﬁolHP§CN|EﬁrmAnéén§@§#ﬁU§hcﬁhéﬁﬁ:ﬁBC
a Y8§GtNEe! Bo2BeoaNn! nﬁésgaﬂebﬁ n; 'sn%%% lég}t QU %%%terlll%r
host , as ere the antibodi est8re i in a second

hoshdtwaéni srasentniiecthedilynknbkueyzana . ﬁ'&%léﬁﬁ‘é‘émxzo
of recombi nant HBc chi mer i munogen utilized i n each
i nelnduali Bpai ereepeesedt or absent, and when present

are the residues naturally present in the reported M2

protein sequence; i.e., asparagine, glycine or
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to as an inmunogeni c effective anmount and can vary
w dely, depending inter alia, upon the reconbi nant HBc

wa@e kiosessosnmmunogen, ani mal host i mruni zed, and PEEUS2004/041879
presence of an adjuvant in the vaccine, as discussed

bel ow. | munogeni.c eff.ectiv ts -RY I
anSFﬁ&E‘SruﬁF’B%% ide S |5°|’rot%éL £ gl%'orge%:ﬁr?eﬁo%e%l% Wt
achkphlyicr a8RECrew@lat ifiedsyssad theltei mhefarse that
Vaccl nes or inocula typically contain a reconbj nant

HBYhER RBE PHREFEGEN SCorcdft PHSSGRof 3Pohemp1ning X
m baut i1 M UndHRGM [ A QK W t g
dog%%g?ﬁg]ngqgﬁe%e}gé]le? aékl)icl):%;tr 1 rrinéir ogr ams tcgl%bout 50
m efegr arespat .unifhusos ol muampdat,i ofsen Kag ces
typically contain 10 or 20 ng of chiner particles. The
t eDIESERIL §6s@reasdch wfr rasisiues XnmddiiRygr X22-

i nocul um of the present invention.refers to a

physi cal |y dPSERefe I C@hds ¢h%s SHEMHTarst di%ge
f oL aRiMRlSi teREN s¥Nith CARIAIHAE HERdeler Magseptide-
quantity of active material calculated to_individually
or booldegceitvéltg pr-ddumei i tdesihal itARFOER M- ef f ect

in associati with the require |4 s : :

carrier, or \C/@t% éﬁtoél.rt% s#or% lenuniq%o d—’lol?gr%f’ accgp rr}ﬁ??y(l)

of il tredQTRR CAT R diseibrisn PO e wrh | unobenitp to

ef fective amount of recombi nant HBc chjper i nogen
LFT5 B

partipdiess) resdduRss U Aol £ t3pt ®par ed
fr 0 Qi 850 IFLAO0EEs, and
b R KGR J TRk e o I 6 an
physiedicogibdat Inj rteolereaiee g dduepiah] €4° doépichie vepnded

such as water,, . sal ine.phosphate-buf f d | ne. (PBS),
acetate S I B & iﬁo%iéﬁ%%%ﬁeﬁg %%?%Jtﬁﬁ%ﬁl(lofﬁ'
t he(ilihkedr fray rﬁmeac%gﬁswm@rmidm@m, Jhe piéfensbly
vehicl e can al so inc|lude o] eagi nous materi al s such, as
pednft Bidteigudeiicwr: skt eneewRrr | Thaft skl egrainine
her ei . 8 nogen; . : i .

o (i S Y B ot Pt S e o3 5°
ac ceptmttheand aoihpatvblep viie helbdiet atd ¢ vemingradiént .

Sui t abl e exci pi ents e, for e le, water, salin
R

CoiatdnSoitdseghiy | agsli b 25 desideds, abn a

i nocul um or vacci ne can contain m nor ampunts of
audaduancs Jisteneeg e htasiBet £7ery BPSerLPRi $§fngCr
agen f ' t ect - )
LR (KhA R 198, ETTERCR e
cont enpl at ed Maccs nerefeinod ut lumt ablvaat agédusbptalisoup
i ncl udes an adj uvanc'g:};1 Sui fabl e _adj uvant s foggvacci ne

AN GSHTE DT T BRes it PRVBRTI SRIYGRERT SEOTRBeg L Ton
adj wantis-d it S8&i €aPabL £ ObesbhaBchogather antebodye
responses against B cell epitopes of the chiner, as
wel13%s fadd uvam sHRapadirecote eahahchPagieel vikRdr8eed
responses towards. T. cel pi e 0 Lk [

chi Ty o dhin o1 IR AN rARE S o PRk e PrkDRen

ar tpdseeiod or4 exanphes , Vagcctne Pesigue- oFfhpoSibtpnt 148
and Adj uvant Approach , 1995, Pharnmaceut i,gal

Bi ot ahrRIRly, S| LFeble casTupRGel PL wpseduegngt

Ne Jﬁﬁs e:gtx%P S$47 Newr YoEk -apdslanden, 15SBN
0- g@%]id}-& )gjﬂ; err% gry Z\blj uvant sri ncl ude corrpl)l ete
Fr epirelbsntadj styahd € I0FAyetthabhcesohoreasddesnofiupasd tions

inconpl ete Freund' s adjuvant (IFA), squal ene,
13[T6p through 1490. J ( ) q
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squal ane and alum[e.g., Al hydrogel (tm (Superfos,

Denmark)], which are materials well known in the art,
wa@pasaswsavai |l abl e comrercially from several sSPUF/USR04/041879

Preferred adjuvants for use wi th i munogens of the

present inveptjon_ ingl ' r..cal.ciu I

(for exanpl eﬂ%%ggx?geggﬁ %g%?pﬁgtg%géﬁ t%se)%lo. @’85%}{1%@

paeibeuliael yepiahiesr addadhosanCybkoresdeluker eive irsregrent

al um num hydr oxi de gel _such as_Al hydrogel ( .. _For

o\ TR RYarexPorael-60e 6 e R rehror bre (G
adgbéﬁl_dan%s holehenadibuvart: §0160kat caboutF& 1:®1300Wne
800 mcrogranms of alum numare present per dose, and
prefetabhy d6ysl 4e6itucabsuPreBen.ceogr & tays 1is

t | Ci hosph ticles.(CAP) i
P PR d by g aE T o, thy BAgRRR; Pt s an
(Lifpcekrahhge) kkkidudhe unmegrogen ieff lrirerest =l be

either coated to the outside of particles, or

enERpEAPSt &6 PASEEBtoRSt PALtnSddadTetl Vel  Whapsuch a
2000 i Diaan. L nek. : - |E

Ang't Srglpgptl i[elc?{[%l)lgar1 Isyg%re g’}e g;?gur, eghae,djpar\é%m%? Cﬁ;s% lvﬁ th
anpireferepdly ofithie pheséentceamientli dadts Hvemdsidirres

A caontenpl ated. enul sion can be an oil-inwater enul sion
or 4 %z‘ﬁeﬁBicnp&llmegnul sion. In addition to the

| munogeni ¢ affid®ric@ic@l BbPAHd HiRSre -AUETBMBHESI 0Nns
conprise an oil phase of squal ene, squal ane, peanut

oi N-sermiadlj kysasiamce rREILIAUe SN PLaH de i egFRrected

R e S ane Y nd e TS B e

acifdresteendlef iserubidasmiangareninldes sittis@asssat bit an

nono- st.earate, sorbitan nono -ol eatea nni de nono
-oﬁ@éﬁé.naﬁqrﬁmnggéﬁ-'cﬁt%%%‘é’%ﬁﬁﬁ‘gﬁﬁgcai tmer

adni i $iRfed tRh@N tRMAH P haf R alnat Sty together
emul sions are water - in - oil emulsions that conprise
squalceneolglepddicnt amsd ianidurlacuntE et oy ararireured
nmono- ol eat e .(Arl acel (t Y ' |

SquS SHE G P AT e e e Sy e g
i N @t aaqueclls phasaissEte roideipheespr ef erabl y

conpri ses about

0.1 to about_10 percent of t
vacci ne, and%&%}t@‘@%ﬁ%ﬂ%ﬁﬁl@ tcba%tﬁi;ﬁ?olbe more

percent.. Alternative .conponent il - S

i nﬁ%ﬁt?elealtﬁn -eccoOéT}?pﬂ?el?Co%,Dn n‘%‘ecxefdzﬁa%ﬂ?%lo-é%ﬁggt%lan are
gl weerildes crank s grhitiar s tierc i il d hdah ovyes exampl es

of such_enul si ons i nclude Mntanide(tm | SA-720,  and

b AEEHI R + m)THiSA 1205 sdpme O e arceFraii) 1 1t aeaR
Of ihicfell 8- RSP LAl ShhOb AR QU 2Ny R
squal ane, W th squal ene predom nating in each, but to
a lpeasercled ehtspardvshtiani sy PS03 (redbsing) .

preferably, Nbntanjde(t SA-72 0 is, used nd a

r aﬁ%%falé |~°’-ttaol-rb%é éJrs(Jd?rg 7&%"%%%8 i ‘rh%eaé.‘n%t ‘r%%‘?n

Pr efrRyiesb P | ik el aie el Si o BOfWVaatiSel Netadeto be
those disclosed in 95/17210 and EP O 399 843. The
usedfilsied aad gl adfeiemts, i wherews core epprat £ty

herei,n._ ne e of_ snal u ' ef ul
herdgeftnerirgl%e%}%ﬁ b%tzl? %é - -%%g-é}g?&gégﬁ%?%%a%%ﬁ%%t
derd v atri mel lessathied ¢ nfdkdmt Rawent s No. 4, 539, 205,
No. 4,643,992, No. 5,011,828 and No. 5,093,318, whose
di scl osures @@ HRDHOrRe PRI PR bHEeCORF 2 ReQBE OF
MR St il d] - Spo QUAMIANOS] AGed | XRIDDE NEhnbAced
particul arly prefterred.

stability in formation and also toward decomposition
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That nol ecul e has been shown to be particularly
effective in inducing an antigen- (inmmunogen-)

WG p@sisios7 r esponse. A preferred useful adj uvanPCT/US2004/041879
i ncl udes nonophosphoryl lipid A (MPL*), 3-deacyl

nmonophasphoryl.lipid A (3D:. MPL _F) .- _
POy AR BN e SEL GPBR By bortss Cobr oL R n - and
f opoeEkiREDI chisrenaekemsuHaliy! eodibibrtrenareHer

adj uvant contains three conponents extracted fraom
bastePiditifoAepRaSHRET PRSI CERBLFIRSE Bddi)

di te ( el l; | @10 LOWR)e N-
(I\/g%%?fbghw %a%&)‘asgcgas}ﬁgﬁglér\%ge%tl% emul sei §n. o'I'rhi S

adpuvamtnicaus .be prepared by the nethods taught in GB

2122204B. A preferr form.af 3-de -O.acyl at ed .
rmnophosphor?ﬂonlailﬁi g[q}Acio§1tiaﬁrJtshéfd oerrmtg{‘azéla%toeurﬁjlasﬁ R
hawing v i$i@B e RG] SrSia&thess Whrddb2 dfddent to
di ametéer (EP O 689 454 Bl) . Mst preferred are a
corpetin@téeriict drgimineee@ced visd NFEL 38 REgeRal jedhe
am_noal kyl__gl ' RRQsS e S4eh tihase
avgi_I%EEﬂ%L %om%%%mxgﬁ@r p %%étr %t)ﬁ%gg%si gnat i%t%m
RC1529 tthdouad] wtantC(24n(iRus of the native molecule.
3-tetra-decanoyl oxyt et r,adecanofyl am'o{qu -et hyl.,-2 deox-y

. Zb@ipﬁ€§ﬁﬁ5hdﬁg- metimes referre o as ’the

[ ( Ro3ntgliriecanom aield-adeqanaddior?-of the molecule
[ (Ry-3-tetra-decanoyl oxyt et radecanoyl am noA- _

p- Brgl ibopls anssliade adisishy| dmasniiaizkated HBg qeinse

9 adj.uvant is available in a Eﬂfl’ S
RC@@%riaendarf N paanrtalqculfouagf S Srmil ation a %%%9%&%&%(1
availakdie fammdori xa Corp. (see, U S. Patent No. 6,

355, 257 and No. 6, 303,347, US 6113918; and U. S. 3
Publ i cation NG*© (BHUTITE4: 1 .flf—ecﬁ %ro%oﬁf‘éjrfpjr%t%%l
adlbﬁm%gg gl ude Synihes i el @anue | 18Pt d deomeh By adh Sof
containing the CpG nucl eotide notif one or nore tines
(pltins falsatkilranee e ndes )pastal ¢ s el rameoreysolution
Phar maceut i cal .G.qu The ' . designate
avd9%HteE ragﬁ’n%qﬁ? FZaBOBiaoIb girérr%égﬁe}%t idlc'a Y a%n%?igﬁlg%@ an

i MaHRl9giced | ¥t | Verlsapast nedfis et édnsahavéhgs do not
adj uvant activity derived fromthe park of the South
Amstinghreub st at by &£ SAYRL T i 0 THDI FRAC (3.

Quid4(¢t ' %@Iﬁﬁ’@'ﬂ’é DA PRQURIGA | &8

o sl do AR GAELAR £ 0% 290, beri vt ‘Ves of
Quidritainal 1y fore ssmpple Q821c¢khs HPE Char pfgadisnm used
fraction derivative of Quil( A a . kn S

. i OEETST T iRt h ‘a‘ééu m‘}ég%egagé\%dg eshfhie
di sl QasshriSente synt hed cnmnshsyné hetieetigrizasi ves o f
Qu.illa.ja. Sa.pona.ria Mlina saponins are also

us efRBoriAREe a3t t A% eNBesEReHRAYS | & RFILCFat HER RB. 2
5,977..0 0 j Lpa
Vst ARttt i d P PAL VALY, FERATMETREY
Patgid shd¥e. a Sg7&&t 87 Salandrdiance, 862 801nmMir any|

di pepti de adjuvants are al so contenpl ated i ncl ude
N-acet yl - mur ahy#s L- FRYEBrRen Ys%ﬁngﬁ?ﬁﬁ?ﬂgﬂg?hﬁ?-rﬁ/bﬁ)les
N a&?f\?(éfferlflﬁ@rﬁ&%&iéiééa@Hét'Ebh@Qﬁ]h%hé"h@Qih@@—
11637, referred to ‘as nor- MDP] , and

N- acitly| seqaeyte Lakl aayiddeisogl tianenypOLaBaANi(AE- 150-
(1.)-2 '-dipalmtyol -sn-glLycero-3-

hyd]r%éy p%d]@gl%gly? oy &Y h% aﬁ?ﬁ%r%?]&ff’) 219858, "FeF&rred
to AssMibaE: at Theosamcabsed2sur apybrbapept rdeio) of

anal ogues are described in U S. Patent _No, o
about 0.8, whereas particles free of the arginine-
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4,767,842 . Preferred adjuvant m xtures include

conbi nations of 3D-MPL and Q521 (EP O 671 948 Bl) ,
wo@Rrdososs9%mt er emul si ons conpri sing 3D MPL and EESRUSI00MN41879

95/ 17210, PCT/EP98/05714) , 3D-MPL formulated with

ot her. carriers (EP.0,689.454 Bl). 21 formuilated in

chBRER: B SBnPEER Ry THifos SReh WD OB Y or

i mpuBQsti Ayl aber ¥ueh genuabeet itthes CABLIBADIEHEr .than

Adj uvant SBAS2 (now_ASCR) available from SKB (now
Q &R6T SAFBRRLRfePYcIHEAPRs TSP FURRd QVPIXT Ues thereot

oi L=l r Lshoni I fudl it tq
R e b A s R A R e
noghameirdul atguenspendietcnends pdl yivopdt MH® nee ssitdhey

UK Pat ent i cation. No. 7805.8) ...The e of an
GPRoaEorn B b Rl taeE ae S ARk & 2950
t obbzbirkencecepias 4£( BRd) 1such asmutVAL adj uvant
or a structurally related conpound such as an

RC-529(tm) afhdwemicotBg piagitd CASH At itdie AHFEDY
al ong wi.th _a gQni I - u Y -
RS B S AR a0 fae oo A e
mobihdisigpantd ewhadiy pr efser:red. sSuchradjas/ arisio of

enhance t he production of ga - produci n 8+ 4+
TTEEPRE dng i SEOHE iRy P Sy it e ARTHE 4 -4
copteaphat-ed lgMURGHEaN:G IdRC-GORA NiNd N igdEs 1 the

chem cally linked to such™an i nmunogen. Al'umalso can
benpmbsentfi rromett lan sadingy antidrivaidiies HreIPNL in

results _indicate that alum.tends,t. ! t T.
i ni?&ﬁlglflgspgn?él hat %fgvao 1v§rno§&1cﬁ%fe§’{1hhcggg$%é%%/{)%le'
antrhbedirasigewier edssd Hen RGEE2 Biey peo adjavardsdavorst ahe

Thl i mune response that favors production of |1 gQ&a
an§YBg &P DafEiiBodiVe £ Tarfd SoE Tl 2 58 faHeRE I SRS

L lsER0QER, IH RASEN RS disdRREase wWhen, HBSutr 0.1

ce
particles conprise the i nmunogen. A nost preferred
adjfioramt neastcur &heonprd geeserEtiablunkgawsr - i n- oi |

e €
ndte) SarEa e IR Mgt S A e sRosma sk

[ ( Bexr3-cdetorfadérarioydvex yesthsadet oyl ammo | et Hy| than are

2-deoxy-4 -0p- hosphono- 3- 0- . -

(REP TS el et ay IO & PR CHOYT] .otqining the

( Readret @ldderano iy tiduaidecanoyi am 18] IV sequences

- p- D-gl ucopyranoside triethyl amoniumsalt,)} is the
mogindhieef @thEE Wik s AN ef -5HBiFnedut 3 Wl ¢ls the
descri hed.i 7.0 j 4 Sl jlived i
ad%%l\?a%?) gnﬂt)%l?\r%‘),c%eﬁswf%ﬁ%a%dévl;ar{%g W Pﬁ ﬁ%%%%?%va %?e@ﬂe
hoste sAriuea]s )anch ree v tardr HBcs ol e rN + pemmogeh. residue
Typi cal amounts can vary from about 1, to about 1 ny
DL BTG AT GEPIARAS ki AT THEIANT RAGH That

apRYRiA & Longentrations or anounts can be readily
determned . Inocula and vaccines are conventionally

admi ni st er ed ParsentByalexample i pactiokes f opnexbnphe, an

ei t,h subcut.a usl y. or i.ntranus |y.-Additio
ForHiatEtoi 4 e i idd To o Todes o 1o
adnizyos ty=atd 101 dd1C] tigker stppinsdd ofweScpdite ind Be8Edues
cases, oral fornulation or by nasal spray.. For
SURKSs IMaTE e ahkadita Ry wRe 1Rt 67t | RrstEahes

I ncjude Jp APl fas PO YALISH E0EEBLY COL SO molecules

whose N-terminal M2 variant sequence contains serine

40



triglycerides; such suppositories may be forned from

m xtures containing the active ingredient in the range
w@b008/05%1 0 10% preferably 1-2% Oral fornul ap¢DOS2004/041879

i ncl ude such normally enpl oyed excipients as, for

exa a Lcal ades _of .manni tql., .l.actose,

sta?%%?dﬁggngsi %gé%egFa?é? 888?5%?§§cch§ﬁﬁﬁéér Y,

cel batose] esngostaumi ngr bhaabBoaadskhenkl-kentAining

|nocu%gnéor v CC|£g conposition takes the formof a

sol Ut %,HE%S%eﬁﬁ' nSPLaBPeE, 1pi PPmadapduped sustaicded

r el epseei0e it athonco , - aj

innﬁ%%genic effectiSeﬁgﬁggﬁggo#§egcﬁggﬁnggitggéF§9agff

as parFeiereklegthaet ave phijeedieat identachyppeaticles in

co Lo an. i nogeni ¢, effectj ve anount of

pre e?#%deﬁﬁ% %%%ﬁ%?n%a??i%PagnFs B6uBTE H§SEoSkBRdE

1 nohat et iviee i pgredttaé PeRtH088ngabHe"H8 N-terminal
preferably about 5 to about 50 ng per dose, as
not B Het et KW-Gate? hePartinbesl am tsosgpbaatligles that
foraatad Bebd Abot 1 ter rap | sral -
adninistratioﬁ?&@agn%€§@§né%g%%?z%t?%%gggég SyPFrages
out [E¢B-teRbareoosi¢le¢SC) intra -nmuscul arly
(IM,intravenusly (I intraperitoneally (IP) or_
intra - dernd yyfI%§Qé%h€h¥EGP%HFh%}eﬁa?FécF § ghdmer
HBanaslhe dEXe Past | vith Bk OMhaIaLBS SaRsPEfipERULALed into

t he vaccine as neutral or salt forms. Pharmaceutically
acceptatenggally  vrfemeed heo dey dthedprébhxs4al€€-*, or
(far i4:h, the, fr in ups.of the otein or
haptﬂg%fg&nﬁdl%r Eetq%or %Od V\A‘?’%d igﬁr)n}grég)aj%(lm(l:ra%gr%glE sﬁ‘&rﬂ£3§,’ or
f orbyexiar! & fouwdr-otid o i cumise phoshont Ca as+E5ix0r SHGH,
or3§$i%1acid§“%§ qg;tic, oxalic, tartaric, mandelic, .
and thei¥e 1St QQ%tdl Th ¢Held rabsedppokgferred
0r eupsCay Al huderdued d0ryidaos9anssobases; syich.
as, for exanple, sodium potassium anmmoni cal crum
or H&ty iqe sHyphadhd de hiaaridis i ryean tndpases  as

i sopropyl aniyn | Jret am ne, 2-ethylam no

et hanol , hi st gzlorﬁei{érﬂp‘xgrﬁo{%%dn ,aranlqcf%ec?'%%nﬁl% a

| ndttlearmimaiacytartesi rar eceatlirdud Steretsd Nt wo IBANEY

co atibl%gmﬂth t he dosage fornmulation, and in such

ambUt °dS ‘ard SH&rdgeutiicald e ekt iy eamfeicle |

| MmasReeRNicdl (F@naRt idaG m%&ﬂé%ilgée PPLESth Vg1
amount, as is desired) . The quantity to

adfYRitsti&ced depends on the subject to be treated,

capacity of t LeGt's e . syste 0 t.hesi ze |
anti bodi es, gnghg)gl?rhegth& fp|rrgo£‘tlitrsllctl'f "?l?é?su‘%@ﬁ%cﬁ%‘é 1s
ambughl yok fdetcitded ngr ediremic irRfWHntehd®B, B sponses
adg‘n.nl stered gepend on the judgnment of the

¢t Pri Gnéfldndeaité tsdtulticar e amsh iimmunaarnic
HoweyeEencad Fabhedes29e JARAeS A € . ¢ ee%o rder of

several hundred m crograns active i ngredient per

i néctiidade inShiueabke spegiifés florcdllid,i axcept in
ad?]ég;:§tir%t idon nd.%ooiter shots are _al so vari abl e,

but S5rEEYBET BBy A Lt teral i vion Bs 198t SFiAIRRwed
i ncontativahy cwagekscer aMeet kehihy & sulsequant.,; ope.
|nJ§ect| on or other adm nistration. Once inmmuni Zed, e
ho

P &Rl RaPIPYrRAFALARHEE Lf primiper iodd ioff Micea-
SuéﬁéEif@E &Oﬁeﬁﬁér cells, in addition to B cells, one

or more influenza-specific T helper epitopes is
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reconbi nant HBc chi mer i nmunogen to induce the

production of a sufficient titer of antibodies that
wWhewd/ 05395t he M2 protein. The naintenance tinme POF/US1004/041879

production of anti -M antibodies typically lasts for

I.od bout _th {.0. t twel -
BFBiE A Bos EPTPRERGRT ERNnes FaG S TR et AT Do

t hgnMagsi NBcaPelihii HdDbABHAI Z8t bENthe dkhf@mnogen.
contenplated, if desired, at a tinme several weeks to

five years aftBAUEREIEYr OFf CRRUAPSYES OF apetiter T cell
parti I opte :ha ) K N4 evel
ti Fg%%ébg%n%éﬁ‘éog%eg?igggggt g:ﬂnegwﬁﬁle%\yggg %g{dgd host
anteall epippeterabl penpireisainned dn prafearadgiractice,

anti body titer by periodic bqoaster .i ni,zati ans
ARPRPeberdufiae TRt EPvAPSUs hbdee LLAS A B gARe
. TR€ eRH2dHelisOR cOfiBaNt | b@@eeweiermy Y rasgerdeainstte
by obtaining a plasma or serum sanple fromthe

i neniupe ¢ chedruand Sagsajidng st kadadtidewiass a fersd i for
their ability to bind to a synthetic M pol ypepti de
an??égﬁ’plen an ELI SA assay as described hereinafter or
by anot her i mata0ResSdR SUClexasres IS tedrundardtlyaoy s

wel | known in _the art. It is noted that the
borBEEaEsc e art oM SH% SaTRIICe ¢ B TR At
fremihe B9od 0f Jhe Nosfe uF g ol ladtiomty. The

techni"ques, and then reconstituted into a second
vaecsitnededrl ylass idosmaiimmirs Zaticnsidsld ffladngny site
kngwn. Sini | t echni.ques e ysed f - '
g 2R Gt e g e o SR e
ong @lcta e Mof drmmamiszed dwmsts namde tps echei t at ed

I naqueous anmonj um sul fate_ (typically at 40-50, percent
of tHEmARAUGY Arush@maie-35Hids pitatEd dMs pidiBgetion of

pur i fd; fi@)@rﬂﬂ; Kl da R Potse Of e pf {ABbdy
chrag%ﬁ%%ﬁp In \ﬁch an M pol}lcwélopept'i de fs utilized
as arie cantdagerl ammrsbideeetiant tdwe ehwohet tbgr 6EPF -
colum. I nocul a ar r.eparation tare .

substanti al | ﬁrfddeeeﬁf'i B:é}é)teox %%%%lnfelg,fa%uéo%?len u%% %nhaaS

hoYe @i dwrl "t Mt 8t | hodiessit ocwafdlenzacarieuman CTL
desired to be induced, but_in which protection from
i nfanidiored s I afesi 1. [9AMeRRR urdher &F2B% af'ion,

L JEDE! | oppth hhaleonss sk |4t [ dndhigerdr Ca0L1 UST Ng
t he 'precedi ng description and the detail ed exanpl es
bel e, anfirdriizest hel pr e€2MO0) rent | rmteolts L P bst38-

extent.. The follow n referred. specifig, enbodi ne

ar &°4hher U M1S %%djg%m%c?r{?é%l%soﬁejr%ﬁ/uenza' IEPLEtea
i | lustratyme, aene /4 nad ngapfbd hens eppé ndereaf the
di scl osure in any way whatsoever. Exanple 1_: B Cell

Epinepearcosnai of ngp e here P ebas b8 i ofopParer ephfat Foh-
of .plasm d ve 23- ifi
oSSR S5 O RS R e Fia 067 €5 e
nmodiddied dyidhe estabdishapninodbalilnyque ékcoke
restriction site to enable jnsertion of, K HBc.genes as
NCGTIREIRACTY T HERTF F ot Al s Bl SaLeEauLAY 1o 2
expféﬁﬁﬂfgh'fbéiéﬁ%élggétpfgfife,TQnEDQEEYSbQ@ificity,
should evoke broad protection across diverse
populations.

The capacity of antibodies to the

extracellular domain of M2 to have a biological
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pKK223-3 plasm d vector, a new Sphl-H ndlll fragnment

was prepared using the PCR priners pKK223-3/433-452-F
wW@nsps¥223- Ncol - nod- R, and pKK223-3 as the  PCT/US2004/041879

tenpl ate. This PCR fragnent was cut with the

restgpikctio nzyne hl._and .H ndlLl] to provide 46

bp #%%%%n?aghg rﬁgsggﬁgﬁlgﬁag¥gdkﬁ#Fﬂe§ @féG%BH%' who
f r aghewed ot htbet hKKRA33031 88861 Oénth—MQCbh\é@b)bdfFeﬁlél@@i ng
the original 480 b S&gl -Hindi 1l fragnent. The
res%l?%ﬁttbﬁagﬁPUtﬁpR PBe3Kirus73nppyliyrehdPeborecl st
bp shor{essthap yheopar gaispl §§B‘bdzé}99]‘3°”%ﬁ' R%90
nodi f1 ed nucl eoti de sequence upstream of the !

i ntTodaced dicdl cellieagses Fhgwe@ thiah whecbambe dashes

indicate the absent bases) . Restriction sites . in
ol RO HRSL SIS ke8P, RO EaFBAChY FABLE I RRE inFluenza
nucA epiide sbangest radeihomibe PKK22353 Barant ,pl@ssie
are_indicate %fan underline as shown bel ow.

4

pKK223V3rajs3. P S CEATECALGGAPRAY R SiEao| BENGL - 49

pK = = - T Cccat - ,

T e AT sapi T GPTATGOGCTE: GG T BE R 80m8 10

Pr epavat i lont ofli&/Zoin¥1nbadcd@ €hObhsngn¥eehBibited virus
Modi fied HBcl 49 {(]VZ and V16) or HBcl 83 (V8) genes,
abl F B ActRpYL Hhe! diPERYbnat ti hdétefoRoofusgntheti c
dsDW¥d&@OsEN Sail M@ hbec Myunodeds gant 41 0gp . £egi on,

were constructed using PCR (The plasnid acceptifg

i Nns&t {4 bR Weeh08B. anBhe7auidhdrs raficahedl aot¥t4papes

.dwith diti ..
oy i Rl A T e harda T VA e CLan ST Ret bbadi o
accapl itight Ngels hed vesED/drandos 9eandct 8l At ENGing

at C183, was called V8) ._ The HBcl 49 and HBcl 83 genes
wer®d Tehed FREY viirhadbel SPeEietotPCRoBti ARE

pail ' | jfi.es theanino termn th

ot I 0, 20 R T ARSI b e, oy V2, ChdRed, as

prdduciisowt Héwe ACR te@ACthDRS @l€eBs 24D PPatd antibodies

-term nus) and a 243 bp fragnment (C-termnus) ; for

VI B2 tHE pRUtRRt Rt anaotwei ¢l tef nd ntie} AWEuRAC 246

bp fdagment | (£ ' ' : re

249 TR er i) and T S08 bp 1 eprere Y Rl oy
Thenune treasporse frlagmerds prephdedmer eMzie gesfbdted

Wi t ol and EcoRl, and.the Ct i nal fragnents, were
di &S’S%\J‘;Sd Ovﬁa ' %%ﬁzaa‘ﬁ&l%?%‘$ |‘?§ir11n% Y2 RHEC apd/ 9F gcbC
fragmatupal nsramie-ddercdpgaied together at the .
conmon EcoRl overhangs . The resultant Ncol -Hindi ||
fragment s werF@aHEE i Qaddl i ore Heopid@ 23BN vect or,
whi,ch had, j [ i [ _an .
R R T
an@rT%fimmm gisnmtghiezeai)mictm iR e-Nd m&m?ﬂi@eﬁledis
Wi t. coRI, an restriction enzynes.,K Synthetic ,
lﬁaatdﬁﬁqtosfs Maq-ifse AP L C IR AT HMRS M&gpecific T
oveihanrds Wﬁfﬁﬂﬂ%ﬂiﬂgg%ﬂtﬁﬂﬁs|'bfﬂﬂid¥ﬁ§¥¥jé@hdé@@vwere
and glutamc

and V8, glycine -isoleucine (EcoR)

acicereivsites (tSacinvestiios tac ivthqidiars, Lynenketttess  from
in |.l . _epjtopes. The .insert restriction,
S| ?g@%ﬂﬁlﬁ el néd" i%r(le tﬁweec%r]ﬁ‘fiﬁ? E&%\Eewée' 1n

HBeli4%Ncolsilgnificant increases in the number of

interferon-gamma secreting cells was observed
following recall with peptides derived from M2, HBc
p85-100, and recombinant HBcAg, but not pl00-120 from
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5 '-TTGEG CCATGGA CATCGACCCTTA SEQ ID NGO 51

HBc- D78/ EcoRI - R 5' - GCGGAATTCCATCTTCCAAATTAACACCCAC SEQ
w0 DosIgss952HBe - P79/ EcoRl - Sacl -F 5 PCT/US2004/041879

" - CGCGAATTCAAAAAGAGCTCCCAQCGTCTAGAGACCTAQ SEQ I D NO 53

HBc| 49/ H.nd] | | TAAACAA ,
SEGPFD NGBA U6 B 491 KGR "5 THFGECONER ek

CAIQGéﬁggEEédSEan@ N@i51 iHBer PE¥/emroRl d815 immunogen
- GCCGAATTCCATCTTCCAAATTAACACCCAC _SEQ I D NGO 52
HBgopVQAEé@R|mggy|fpn§tlonal T cell épitopes for BALB/c

BTG ARG TR 5 AN TACTAGS 7 Lo 3P

AACAACAEWAEWG%E%HEAMGtﬁE@lﬂDdﬂ@ﬂ@@ﬂﬁSaﬂﬁﬂaﬁﬁd«ﬂﬂ ﬁQS

o S S A

HB%l%%Q&E@Qakﬂia%kTEf@les versus ICC-1569 partlcles
CCCGAATT CCCAGCGTCTAGAGACCTAG SE

NOT53EBale8B/LE ddidilcames 'that ICC-1604 partic es may be

P BpaP RO o 74 TartUEE S HoR et oF e ket 15 256

HBgl24% igares, akwever adcepts tiealitraect itonaloteserat orhe
of synthetic dsDNA fragnents into the N—teraruﬂg_zé)

r editoFecslly antHged £ordass TONIG,
COQ&&E&PE@%H&%dEJé%é%eﬁﬁ@ﬂ%ééfaueéié$a17e£§@dﬁﬂ adhd

HBc sequence termnating at V149 was nanmed V34,
mhamga&hﬂn@ﬁﬂnﬁmunlxrﬁnukyuhﬁmniQﬁpuﬁki%@qU%%céﬁ04

harbor|n an ad #%hpﬁ%%f$§§ge §%tlcf§§rn§@%aﬁ§b\gﬁg

e was anplifred in

ha'l&&éﬁ'd&ﬁldd@l@@%ﬂnwespﬁidés anepdcab£hthe two
anplifies the amino term nus, the other anplifies the
cary®hainas mafisiusor V34, t he products of the PCR

reacti ons werg,a 5&&(f$4éﬁrBf“%Qséiﬁ@ﬂ@@ioﬁnﬂl@h M2e
484 bp (C-term nus ragnment; for V55, the sane

N- tferi Tet - ﬁ&@mﬂtmmwm BHA90e Op B?:ar’étﬁiﬁal

f ragnent epar he N-t

or COEREH B BB e i beR SR oot ap Sadet= 4
thefe%ltcﬁferg nal doagmemis llwer&q&l/cgﬁsiedamtdﬂoﬁ_adnends of
HndlIl. The V34 and V55 fragment pairs were

| i preed® dthet Galt mPEwRPAS)Sad %%‘?‘ﬁ%ﬁgstherhg‘—”eseme
re%%té?gt%gé%ﬁggi%?Uélcéﬁ % wekg1 1 hepitbgatedoes

intot ector had been prepared bK
mgyﬁﬁlaxpluiﬂ1meﬂredmbéﬁrﬁbvél of Brestimulation wit
|to cont a i nsertion was acconplished by a
tﬂq¥%v t?éghg??ﬁthat outlined above for the V2,

V16 and V8 o sy eei©lSn Hesifi ghhvnestiesragponse,

underlined in the oligonucleotides priners )

belwiilvaomsl to anti-M2e titers, following viral
challenge of M2e-HBc- immunized mice, appears to
indicate the presence of at least one T-helper cell
epitope in the M2e domain (positions 2-24).

. Th epitopes derived from the influenza
nucleoprotein (NP 206-229), which is broadly reactive
in humans (HLA-DR1, HLA-DR2, HLA-DRwl3) [Brett et
al., (1991) J. Immunol., 147(3):984-991] and also

functional in BALB/c mice are contemplated for use as

44



pKK-BanmH -F 5'-GCG GGATCCGGAGCTTATCGA SEQ | D NO 57

HBc- Ncol / EcoRl / Sacl - R 5' - GCGGAGCTC TTTTT GAATTCCCATGG
wamiFBETCCTTAT SEQ | D NGO 58 PreC- Sacl - HBc- FPGI/US2004/041879

GCGGAGCTCCTTGEGT GECTTTGEEECATTGACATCGACCCTTATAAAG SEQ

A LR R R LR OoCRRRG BAES B8 s gpitope

HB@hé@dCtHlBﬁblb~Be5miﬁﬁ@ éﬁ(ﬁﬁ@bApartlcles have been

CTAGCAAACAACAGTAGTCTCCGGAAG QI 5D.
Pr éﬁaFstﬁ@ﬁ Sfldv@’?lrl‘@i@dandp’ég N%@f\?é&% Th

EtsgeE'BsE@ 22k HRe fs%e&%@es sRb & d wmegeptsdhe np
d|r cti insertion of synthetic dsDNA fragnents
| n1267t—aé8NantieNﬁ’| A2 -REGI dﬁrbétv\@én agnmind18&ld J.

dues .13 st d The
pI &ige énCogﬂgé% ‘@% 9%% ﬁerEHt%e%ms%%%%cp C\? 49 was
nagediMatelthBephasmed arc %xﬂ@saraﬂ-lﬁiﬂﬁlmﬁfem@ﬁhm iy
an additional cysteine, Ctermnal to V149, was nhaned
Vs&heaNder REPFERSHE SFESdicAG -an THBS S Hilgistrative
ter JABE, V48) . For v47, V48 and
VSEqu%b(c;%g ?%r?eop%al r ﬁ;?égg)éﬂd to anplify the
am no-term naI fragnent fromthe tenplate HBcl 49,

i ncludi ng a sequence preceding the HBc gene. The
resz S 'LQth_D Eorthe C-term-nal

ltant PCR fragnent has ey mad
fr agmRt PEE1GAPD fhe HBc gegr?él‘%ﬁdécearrpl i fied uéﬁ%glg NO
PCR fpr o T® AR TR 0
V54, thg'?j tagrm ncnl%%#dgc}%ent 1?Ss 475 bp. For|the
C-term pus-0k2V48, mmmmmml i fied4@sing

a PCR-priper—pair—Fesulting_in—a-5/4—bp-tragrent—
The |cl gﬁfﬁg%@gewﬁé“’&@f%@ﬁ@@%ﬁ vas Gt
| denticalgtgoEhal |QUiidvEedrRfEona et hfiSri€ | oni na.2
vectlors V34 and V55. To insert heterol ogous!sequences
into the V47, V48 and V54 plasm ds, the plasmds were

first di gest wi_t h d Sacl. restri nmes.
Synt heti c ds F- é%@rﬁ STt s ISb%lff‘lcf ?[nd 3

R0l cOMer H@@Waﬂﬂyh@résr@fﬁf ta&ﬂj (otesed estract i on
enzymes Af 1111 and Ncol |eave conpatibl e over hang%li1
| n AEMUNeRsEs orvzvﬂcw st BUL T 1assereRl e R G-
tod [OF OQYISE b MR OGRTHh&x
sequence%%l re(;%q1 y fo ocvvsrﬁsr%el& dcﬁe M; the glutamc
ac imblleeudiese tHELL) mmmlmmlpmtmmlmulﬁﬂm the

Sacl t t foll th ted t
TR ' SR s S TRl AT | THea T L

mi2¥M@¥3ﬁ?¥dé¥hdﬂdIﬁHﬁﬂk&ﬁﬂ&%uﬂ%ﬂg\ﬁéﬁgéﬁks such as
pKK(167-1 - F5' - GCATAATTCGIGICGCTC SEQ | D NGO 60 HBc

- 1§D§comhe— R@L T Ao Theg Tt ken) jpro

%@W&%ﬁ%&&@@&ﬁ%&%@m and

these interactions are stabilized by the presence of

disulfide bonds. These particles are similar to the
particles observed in patients infected with HBV, but
these particles are non-infectious. Upon expression
in various prokaryotic and eukaryotic hosts, the
individual recombinant HBc chimer molecules assemble
in the host into particles that can be readily

harvested from the host cells.
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SEQ ID NO 62 V47 HBcl 49/H ndl11-R 5

' - CGCAAGCTTAAACAACAGTAGTICTCCGGAAG SEQ I D NO 54 V54
wOBpEASHE H ndl 1 1 - R 5' - CGCAAGCTTA PCT/US2004/041879

CTAGCAAACAACAGTAGTCTCCGGAAG SEQ | D NGO 55 V48

HBcl 83/ Hi ndl | L-R_5'.- T CATTGAGATT SE
I D NO 56I E . reaéﬁaﬁ% ?\#egps Pﬁ&‘%&c&ssﬁ W2 Snd

enatlerttheatishenanl Tneelkiepi b@pesrtachhe ot er m nus
of a HBc chinmer, a new vector, V7, was construct ed.

Uni BRLYREBRI A8 naPSaaPRESt 7| EPn*éﬁm’@iLﬁ_égdméhém'ﬁnrs goilegule
bet wegn,yabi BSﬁ%éi?naBQn%la?vE'tE%' EugéEﬁﬁ'geﬁ.gﬁ%l it e

directional insertion of synthetic
EcoRnippndti¢l fesidgeRl tBatl fonsesttirtei HBcsDbesinkhe,

i £ of i | _used lify the HB
Vaothonbtoi HHCal Kool CPBSTFVELiER. €hbEEL hRgohs are ac

am aefieedl pasoadd EcoRl, Sacl and Hindi Il sites at
the carboxyl-term nus . The product of the PCR
reacti on (47MPpF TRseHY gest ddonrohsRvhtivaedl chaane,

cloped in - o_f .. JTp.insert T cell
epi(?'o%é’s%%ﬁg pI asmgl(})%\ﬁ)gi@\g%y%?g‘é% lédaEggﬁPFﬁPﬁapl f-S
(orcéroRpBaced . anthsyogbesi aidsPNAafi agieatschavingo

EcoRI/H odl |1, (or Ec / Sacl) overhangs, were |igated
intjon%i;uge * ?|a<€ﬁ3§%ﬁ%ﬂ=h@ﬂ§,Oifhénﬁ%‘ﬁ*alloaﬁi nerabpgh.

of matdaecdBen (Y& dARL A4 @chltlhgmﬂll&séc?giy?gs@ahgs()fcan

the inserted T cell epitope are separated
gl Yo% neubsbl tyesthe Hrpepteéde srqdebheeedodedhbut by the

nu ' e EcoRl, restriction site.  For
ep?ét%%%isg?%ns%%{e%f%{%o@? RAt Y RRP P Gr go‘éﬁéi FEoRdl
gl e etacipi-dgtmdene 251 kiuewn afh ekhé hgrd, CebL example

epi t]%gge rior to the Zerrri nation codon, contributed
by %t E SiEvwaes (PRASEAR sTRes dfedagann Wis.)

underlined i WH@Q&%W@i&Q%\f‘ a %%églsﬁgfééﬁlé of the

' - TTGG GCCATGGA CATCGACCCTTA SEQ |
HBJ 12757 Bele | LIEcIRI 148 - R 1%e ' p@GCHAGCTAALNG the HBC

GAl T CAA AGICTCCG SEQ ID NO 63 F .
COREIATEAENAEIEIN SRIDN 2L e

Pardpialdpe , Tramn aaited-FPesdd@s e5e JDHGLNEY at ga @XREESSI ON
pl asm ds, for truncated HBc particles, a single am no

t eﬁﬁﬁ%l?ﬂ:‘i%rﬁfﬁyé%ﬁ i Aesl P ety RR@EeUEp Ne ohaF) the
wa ; i I -
o SR A DAL B 4 U L

- exprigssiforsybitagre diyw Hehadr i iershddBe | 49/ MNop) -F egED ID
HBcl 56 \(E. ¢R).- H3-R were ed. T enerate the HBcl 56
(Eﬁog&))Jr’nglxe)ﬁjr éjgselsowetp'l aﬁﬁ“b%“fhatothg%ﬁsr freterred are the
HBAAYNpind ran i 268 d BLRIGB-Rpengdseds 10

addition to truncating the particles -"and i n sone
caSEPOLYREST Ftvat iadya aod edimdihaty s el sesltuen -in

ol o tieea oFY AR R e p R e B

r apgeartdieniseeuendess dfowubdahuat iarel MR aeluencesrd Neat
aligned positions 2 through 149 that are the last two
sequences of Fig. 1 (SEQ ID NOs:5 and 6). As noted
elsewhere, portions of different sequences from
different mammalian HBc proteins can be used together

in a single chimer.
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HBcl 56 gene was synthesized first, then used as a
tenpl ate for the HBcl 63 constructs; the HBcl 63

W@ owsN59sT was then used as a tenplate for theP®iBUE2004/041879
constructs. The sequences of all priners used are

di spl ayed be] ow. I ro S e ¢l e i

the restri ct{qgﬁneﬁbﬁngggl\ggﬂﬁgg‘rﬂ? ﬁ:ﬁﬁgl cﬁﬁ%%\r%d%gwgtﬁ% ©
inte the BxBEEsSi PAv¥AEion PKK223h3N, thhinch kadueeer of
cut with the same enzynmes. HBcl 49/ Ncol - F

5 ' -TT
GozATEEA: EAFOGABECTPASSERE| BENSCST CHBEFS6( r‘éh&ﬁ%u% R%
e e

TR LA B R bR A R RGP AR R B R S3S  S ©F
64mbBEL666sEEvat RreH3ubRES tutGONGANGET been made, it is
CTAACAA GOGECCTCGTCGA CAGTAGTCTCORG SEQ | D
NOPrége‘FIEE%G’S'h@E ER) %?R%g%g%oﬁeé&&&gﬁn Hore

CTAACELLA CHEPEAREACECHATEEECTEa SRS NO 66
HB?I%BC(E. C )-QEIS-R 5 "-GCC GAACGCTTA

CTRAEAABEDIAGBCAGPEECLEERCEABSESASEESECTES SEd D ag3d

67HBcl. 71 (E_.cR). ;H3- ' - .
e oA TN e v B M ot 501D
NOf 66 HBELZLGH B t&Rpudh -1R %5'orGAGEAGCH Aontemplated

CTAACACGGOGAT TGAGAGCGT CGACGGCGA GT SEQ. D _NO
69CELERE REnBéP EFen& LT SEV-18d G%’iﬁaecc tain up

CVv;.16 I : QY (£ HC
OB R I G e iR BB (a0 o

HBELPEEE ofRSED Bl :d 2t mRsdfarens ¢h Wir@ahet4®, and

Cont aini nqg -l nfluenza A Pal v:p | de
I n?gﬁfiqegr?%c}fy Ialml{%e%z 8 rx%l\/d: eﬁvl-cﬁ’gérérﬁ nﬁ%%ﬁﬁ?ﬁ%}%
, MbH ¥ &boutb,5 ¥kiddks a48,dMMEerand M Glloni agw

Vectors For V2, V7, V 8, V16, V34_and V55 const ujgjégs,
sy REREnRedsEER fhdint)s HodisRiFu RO Seuence” -
(residues 2- infidenza, wtehdy SEQHD
I\Io%ﬁjﬁ)%véarrg }%csgﬁégﬁ}dn{ol%coﬁ /%g!é% P{:st riction .Or
si fesh Weameiast f drhevATymbes, o arelibAazl toked rgegsdues is

resi dues 1-24 aof the sanme were.i ' / S§ac
CEAR O L. /O ¢ RN Y Saren S e o the
pr eparad; y diidshSolpt et iyreaniye stivantedt Dds
ol i gonucl eoti des at equi_nol ar concentrat%on , _heati ng,

t o IBBT HWIPE R it ¢ L AR hetR cBol Fidt t bt r obnf *omP
t erﬁb‘?ﬁ(fitryrf' e fate o 5 1o 0G PRInNE n&%ﬁ}?ogﬂ:#}on 133

anneal1ng reaction was perfornmed in TE fer. The
douhlssesid anflex DNAswaree shiwes bél v andhl3he waebdelde

ePiLope Sequence, shown above. . VALVILYBLY SLY3H YoPol?
AATTAGCCTGT TAACCGAAGT GGAGACGCCGATCCGT AACGAAT GGGGCTCCCG

TCGGACAATTGECTTCACCTCTGCGGECTAGGCATTGCTTACCCCGACGEC
Chimer Preparation

A contemplated chimeric immunogen is
prepared using the well-known techniques of
recombinant DNA technology. Thus, sequences of
nucleic acid that encode particular polypeptide
sequences are added and deleted from the precursor
sequence that encodes HBV.

A contemplated chimeric immunogen typically

utilizes a cysteine residue present in the M2
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CNDSSDEL SEQID NO 70 CTGTAATGATTCTTCCGACGAGCT
SEQ | D NO 71 GACATTACTAAGAAGCECTGC SEQ I D NO 72
WO/A@SM@@S’X/54 M (1-24) MSLLTEVETPI| RI/ESMLH41879

R IR O T o,

c I\beﬁﬁaﬁﬁnLoSEQJbB b@uﬁérTﬁme@@%E [ GATGAGST
ID NO 74, ACA TGCTAACWTCACTAC SEQ | L 75B .
Ins RGeS A %.eeéyney‘%eeFheewepapeangnfameﬁza A

M2 %I@ém@aargoaﬁgeesgé@(ﬂ gg.zggﬁm%én%/ L8k ihe-

into V47 Expression Vector ment’d®
enc@féﬁwlﬁm dﬂl%qulyﬁdp‘oide hepik/ﬁopeonel nowi plrekbat at

cy her osition 17 o 19 nutated to_serine
ar Z&g ow ’Thg}if V\g Téepﬂ%]%? edYPhESEhERCBR/ Sacl

r egb:rmciciélﬂl }sy tes of t¥é7m@§a%§§ééigegs hﬂapér Eré‘m@?o\fgat

VA7 M2(1-24/Cl7S) MS L VET
TRACSEEREOMES COOOTANCAANCCAMT CEEECTAE AR

CA
A TACCCCCAGATCT
C % D% géoz E L S%W GTCATEARES
SE@Udh NG mmwge@ﬁmmﬁ@&(g ID NO 78
I\/Q(124/C198)MSLLT§ RNEWGCR
CATGWCTCTGCT FEACAARCEARBGGGEGTGCAG
A A%ng
SNDSSDEL SEQI I\IO79T CJCAC;»{TT%
SEQAI NG 5 ASSIICHTAAGTIRGACTAT Ser;om@%n\ms 8fifom the
| nsert ejne- ated In nz
N et S P, L1 06 o protein.
Exﬂlf&sum‘ﬂu&tztaorps M8,B Ul 1 Wltdﬁﬁvc@ﬂﬂai@ﬂndjoéeéﬁgence ‘
and V1 str ynt hetjc dsDNA fragnents

<& stth

hartor 1% sEMyRERRERIBRs. okl Bedierce

forost lmeragael ITMUNogan G RAURNce LS 4 of the
i nfl.uenza A M2 protei n)Cp were iInsert eéd&%ﬁ?%aﬁl Rl / Sacl

reﬁ%ﬁ”@ﬂa@@%ltﬂ’@ H%mdgﬁnmy\@@ anntdlgér4101ty of

cog%ter Si 1 24 qf, he same vvere |nserte
into : %acﬁj res (et onq%:'I i3 DRt Luenza

f r agmnes awdrle e@:rleﬂiifeecb.rﬁ&‘arﬁeﬁ@iﬂé?@ly mrﬂﬂr&ogﬁe@MVe :
V16 ,M2(2- 24/C17SC19S) SLLTEVET RNE
@og ion' in the assembl ed chimer particles.

D s e ey
C AGAGACAATTGGCTTCACCTCT
S Raptgcglpriyl usE@ulD NND 82 SEGCTAATGRAT AGETIGRGACGACIR B
SE L_L? %Ig g% GATT%CTAHCGAlGACTGC SEQ ID NGO 84 |
Me(T-24FCE7S CTos) ' $TE LOPRE SPqEepds PR Fesitss R
CAIGE%%@CE%GC@%AGEEW/&WQ@%WCT AG
flrst less successful strategy is referred to as
replacement in which DNA that codes for a portion of
the loop is excised and replaced with DNA that
encodes an influenza A M2 B cell sequence. The
second strategy is referred to as insertion in which
an influenza A M2 B cell sequence is inserted between
adjacent residues in the loop.
Site-directed mutagenesis using the

polymerase chain reaction (PCR) is used in one
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AGAGACGACTGGCTTCAACTTTGGGGATAGTCTTTGCTTACCCCCAGATCT S
NDSSDEL SEQID NO 85 TCGAACGATTCAAGTGATGAGCT SEQ
WO D oRIEsBE7 AGCTTCCTAAGTTCACTAC SEQ | D NO 87D . PCEES100406011879

of Additional Copies domain of the Influenza A M N

-termnal _onto the N -termnu f . th r£ssi on. . .
e R e R e
natiB¢eDNR sequence [Matledrlicer ampladtre d M iSHriente
[M2(1- 24/ C17S, Cl19S) was cloned N‘termnally to the
exFSEERGCRBOPLS2ERSseuncECORT SBINs AT ] MsgF each
cl apgs ot Eﬁeoﬁhlglh?@doﬂﬁhléhl%n hRSJ-SHRRRA DygUCh t hat

t he adaed copy supplies only oné initiator nethionine.
PCRxemplasydresiduks tdepleorst ruet 96 rhnemdly &jnent®he
To_make the ¢l one containing_twy tive . copi es

[ NBPIDRFORAnRD SES IR 1o Be Rel SFe N B 2P B
wagetgedpt @ opBPkinkp diins lsddie e tharamkeal dif agi@ntside
whi ch inserts an Xhol site (and, therefore, amno_

- ac s appePEe 2 tEo HBSWEE WErgeu rafidugs d)s dfist obainto
th r I fr S 1 b e LNED

neoC FERLLERRTpR, Slted Und (TR 0 45 0]

N- ter pixpakstot82 @Bct lhik2rseqerce,fdrherstmpreentialnge 2
the net hionine (resultant fr nt is 538 b T

maﬁ?é FHEPERSNE e Brit-ai nﬁ%&sa ?F?ﬂ M i c?qu(/ega)go'ys?’a'o74 for
Nakkuardapy ekeM? iV kindd/el F3Bkdgfd4. M (2-24)]),
the tenplate V54. M(1- 24/C17S, Cl9S) was used to .
gener at e t he ANEegn@Etiae 1fhagmsritng eh ies R« G- Qe rei Fal or
fr . 1.S 1.denti cal t b ( Ul ta

fr SRt teR, SR Ands e An AR Wit Tne Dym ou
f r agrRants reeepdred one reg Qingest) e d onvigidoBateH " snicc kXhol or
and the C-termnal fragnent was digest wi th ol and
H S3CE! . 2PFagRe APPFARTS ARG & HIRY T iYattd togdt at

t hecerEmRgXhel PRveRAISt Thediestliay BardudAdidn.
fragments \%/ere then |igated i%{o thel pKK223-3I\lI3/ec]{%, i
whiEchripd ¢ sbeén thrispdivare BE degamsiriasn nerla @it areko

Hodi Il _..T addj t.i o opi.e f t at
sec%%é:nggnv\gfe\g%c ucr)%e %Qﬂeeﬁvrﬁ%l#al%ﬁ%yo%ogxﬁgt%\%o% Ze-t
24kx1sequence.) AgaiBrowanlat aile iglid.atwcdaidd oni neCobd
preserved_at position one of the %%ne, tokyi e}:l)d t he
coRSEE TSt Hﬁﬁb@f- W’Péor@’wm( ring Harbor, New
24KCLTS, GLISHYRA M (el AJRIN., tAHA]QNETNRS,
producéd in tw PCR fragnents. The tenplate V54. M

(| 224/:C1L7 $9CTIS)B )wdsl dursld tagyetrdrateadl tdfe &N -, t&ér nExval
fr nt, 1L,Gh i nts _a Psil, sjt and r.ef or

am crclf‘e‘aici(é’\sej{g’ﬁguc?‘lsnrbse(,%)f'oll?'0\/\1120t 7by4’gﬁ:l}{ea%ante%&§f$§? g?apers
I egiide s b0k Heh@raanit iMh sEuees (desadd andt
fragment is 353 bp) . The tenp|ate M )
(12dpcird, CROSOETRNME ( 2L F g Hoveeiidetised to

gener - - t ey d t | insarts. &, st |4
si?%s%-te?gtﬁ&%%g t(‘? 2 o]T C{ e nutsg'nt V\%%equence, ln
t her elay remowiarlg dfheramitdhiesni fveon( rgsl iraminddegimamt i s
613 bp) .. The N-term.nal f nent prepared was

di e&%ﬂsﬁaé&ﬁﬂln%dlﬁfé &?era%ldl't he C-terninal

fragnent was rdi-gestiesh Wd orRstdr@d HiWiad lillustrative
example of the insertion strategy, site-directed
mutagenesis is used to create two restriction sites
adjacent to each other and between codons encoding

adjacent amino acid residues, such as those at
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Fragment pairs were then ligated together at the
comon Pstl overhangs. The resultant BanmH - H ndl ||

WO eagnees7 was then ligated into the pKK223- 3N REDUSI004/041879
whi ch had been prepared by digestion wth BanH and
Hondi ,LI. M (1-24)/V54, -24) :
wfﬁ?éﬁ%ﬁg?gé%f%sﬁlvﬁr’\{%‘z-%%) )EF&-SBEr?ﬁPPﬁque adds
5' + GETAGAGRAZ CoEASCE AT CEACTAEAEBGSERIND acid
NG 88M2- D24/ Xhol - R 5' - GCGCTCGAGA TCACTTGAATCGIT SEQ I D
NOre89aNRSXHEWPSEOE SechaEeeEdaiACn site) between

- | 9
ggg%gggic%ﬁggﬁeﬂ 061 96Qs! PrNehe98Bc 100p.
5' - CGCAAGCT TEETAGCALACANEAGTABT CHECBEAAGISEDArD UG YIBES ,
M2_ (1 -24/ C17S, CL9S -, 24/ C17S, C19S) -/ V! . (2-24
KR RS %@-Th%@ééf&é %&G&%ﬁ%&&é%&%sm)
| DiN@1 2 A-MPADRS/ ReblueRc2 <HACEKITAGA i BRAGET GART AR to
SEQ ID NO 91 M-Pstl/S2-F 5' - GOGCTGCAG

TCfoTaCHBACCBANSTSEQLhE KBC JdPomBamMgACAg it iSadyense is

CGCAACGCTTA, CTA @%GE@ CLCREERAAG I i

. 83%%;80 %ﬁ%ﬁ%ﬁcate G\5(e§:-rl—ssi on of l%la%? vé(:eldl\)}%)-b Bgdge
The wer irgisialueh? erBodeanstyr udte [Neimagtokiaticl .site,
(Cctober 1999) Nature Med. , 5 (10):2157-1163 : WO
OOFOISTIE RaWEoniaendd SRS ot IS Ry P
HBg - e eated t Mg due eftd r e
ge%e%%gg %D%\?g\tgﬁ)i%n‘tzsgéd{]he pKK223- 3 exp?ggsi on vector. To
ac hiedeertlirigoust; haqsl -dnaR] BAH3uSFH RS fovikR dby

the University aof CGent Q%p% or a
PCRSEEACGoY r%/ﬁa{'tteyiaaddetg@e} gcfrgegulgetssto?) ft52 Sjcsoérhi S

pr eduptenitrs, ditgast ethnw tdtreesdgy cits crl emzyneeibly lused
and Hndi 11, and then ligated into the 23-. 3N
vedid  ingaH Aad e PPrEiarkd aljijfge%% rCR & B RicBF

an | ngi de - ddides Mesds Rues that are not a part of
: Gl iss SEQ 1D NO 93 HBcl 49- Hindl I | - R

5 'a -TCRGAACCHHAANEGAACACTRATTGROCEIAUSEYY | NG 531 d one

(0 TS Vs N (2 BT & 1453 o W (BB

CV-ckaR B45H 140 GV- (5650 V1B, MBrdin 24¢ GITS, €19S)
CV- 1586 V8. MR (2-24) CV-1587 V8. M2 (|-24/Cl17S, c%ggé
CVv-VisBgings MO ( £ REHEHFHIZORPIALA o' 1B

VAT M (] - SNehdNoiY- 290 Y5AodR (1-24) CV-1605
vsf%’gl' }ga%bg";s C19S) AL 606 V48, M ( 1- 24)
For example, a DNA sequence that encodes a

C-terminal truncated HBc sequence (HBcl49) is
engineered to contain adjacent EcoRI and SacI sites
between residues 78 and 79. Cleavage of that DNA
with both enzymes provides one fragment that encodes
HBc positions 1-78 3'-terminated with an EcoRI sticky
end, whereas the other fragment has a 5'-terminal
SacI sticky end and encodes residues of positions 79-
149. Ligation of a synthetic nucleic acid having a
5! AATT overhang followed by a sequence that encodes
a desired influenza A M2 B cell epitope and a AGCT

31overhang provides a HBc chimer sequence that
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CVv- 1607 Vv48. M (I-24/C17S, C19S) CV-1671 V47. MR
(1-24/C17S)CV-1672 VA7. MR (1-24/C19S) CV-1816 M

W@ 10024559¥64. M2 (2-24) CV- 1817 M PCT/US2004/041879
2(1-24/C17S, C19S/ V54. M2 (2-24) CV-1818 M2(1-24/C17S,

%‘gg /gE%((: Ba}%esc%\g legjls)é/evlgé an%%:dm rtelag?;p EI?IS.SRY

Putwél rdtpablbgbas wereddekut(ed hﬁdaEﬂ:on@%@blé@ﬁ:llﬁwel@f)
O mg/mL in coating buffer (50 m\V sodi um bi car bonat e,
pmgte§eanaeéé§p@a dfit 80EhE dnelhd 16f dEBLSRYING f&ior

plﬁégﬁl(égtgtéﬂﬁlF%eseIanngﬁé shiciPg jwer e i ncubated

room tenperature overnight (about 18 hours) . Next
nor ni ng, t heAweliind lner etwaskgy wiatnh bEL iS&dndshr buf f er
0S te buffered saline.(PB H 7.4, 0Q.05% Tween
(F1E587 8470 B0tk CatrIH A5 BERCE DRESFBALI G (75

nLiwglhbhce . ELESACSt ELBRIVWERE StiokedT deptraletidi0Gites
unti| needed. To determ ne the anti genicity of

papreckrgingatiedeia Wwer Ehgi EBCedNds |S|¢§1uf%0@sﬁﬁtr¢rpmllno
and 5 I ge

gca:\ %erg‘g ﬁﬁlcl:lubgtgegqfl ?Q‘%ourﬁf\%%?hggg%gtﬁ% A vvash
buEEeRI( ahav H)Lnall:[d ipr abeg*nux@emg ca@Nan thia~imigs e;he above

géé???ﬁ Blndligp%%bﬁpyggpg ﬁ§¥iﬂg3&5qge7ﬁncodlng

ot BekuaPREOPL %tt%ﬁs eeaRdARKARE i3DORGHIO IR HAHY RSre
After washing with ELI SA wash buffer the reaction was
vi $dghizdd ibyot beaddioeistedofsetMepiage toulfstiymatee SBpence

ot bREaByoPRE SR P L SN DA IO R ol 15" %nd

reﬁdtéﬂo&@gEleSéce@ll@h%sr qader, stie attofb@adn 2nd the
Synt hetic Peptide ELISA A 24 ami no acid residue
syﬁﬂﬂ@@ﬂé Sépei-de M2 is diluted to a concentration of

2 ng/nL in C@@ﬁ!%%@HQEE%%tﬁ§%_%Mfﬁgnéﬂﬁdywéydxﬂﬁﬂﬁér
pH 9.6) and coated onto the wells of ELISA strips (50

m_heelihpy a E@mll mtmtdlqned%wrﬂ dalieovgsl by By sequence

i ncubat.i.n bout 18 h rs) N d with

t h&™ 8)‘?9&& t%g n%nrgnlang,rets"ne el dsSlat{r!Lé%vvas ed

W FR1ELWSA WS i ikidseion phespitricy Eid eried NEl ip}mvjp}.dad
7.4, 0.05% Tween 0-20) and bl ocked W|th 3% BSA i n _PBS
(78 REANEICE eecofimgyHBEPOSA taS S %rld St Ue%l th Ewo

at ad&gg watdslg faeedeth T ‘Bil‘stc:(aé'lrl1 Qﬁ)lacrg]_dé)%q—y lﬁien(&ﬁg of

particles, antisera (nonoclonal or polyclonal) are
di Eetred nusi. ng DIL%easAqnn OPBS hadndt GG yate Wi tdddEmb k gand
ang:lgen coated E Il s. Sera are |ncuba ed for 1

A SRe &M e@LIt K SR = %nd pr olbe%l tsi ng

an gagt ke 3@ on@DraiiitP HEN jdidaded: AmeiMiefers eCONGaS the
anti body (as above at 50 nmL/well) for 30 m nutes,

waSREeaGS n fxorh thie YA SRIFH I &F HR Raferfions 1-78,
|
Vi 28! Lped Py thieAdo thoh (ofea IS, (A0 JUdugldd o

ot her approprlate Substtate er ,
r eachiceinisisopEad pitdepeadditvworadaied Ptd-ﬁd-i(éqs,( TR

LML, 0 e o EHLA Bl el bt 450
| mgynegeRi city of particles,
It is noted that the preferred use of two
heterologous residues on either side of (flanking) a
heterologous immunogenic sequence containing B cell

or T cell epitopes is a matter of convenience. As a
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mce are imunized, IP, wiwth 10 ng of particles in

adj uvant of choice, and then boosted once or tw ce at
w@20mepk®sT ntervals with 10 ng in the sane adj uREnUSNOo@11879

were bled before and at 2 , 4 , and 8 weeks after

, 6
each i muni zation. Exanple 4 : term.nat.i of
286CPBIABEG baRbE RATY 82 o S EFnche ) 80 Fa o
abggpbangeshatice @hapukirki edtpaatdtclofs tHeheimarddqlease
were diluted to_a concentration of approxi matelr%/ 0.2
ngenLeihhel AW SedbumisEss fhate Bﬁ’fsteé’&,e‘ipﬁeél‘%’: S ©One
absor e u ern vanel : Of 5 2
280N e aBs S batce At o at 350 o e S A
bybthechalved abcRE0 wint erdetpemeprd attte IR80L6E & iD.

The ratigs were obtained for, sever | es
i netudh eﬁﬁ?i)vgopé%rﬂv&%@s%(lﬁégl éaéﬁ%ls s%%t St i3S es
tryngated abbeineesi dudeesiHdterclidyduiBatdd)duednthat

several HBc chiners that are identified el sewhere
hepeien nedtdeshear thalforhien inasieer B mall |Fhgt rell

parti.cl es | CC- 155 e i rticl es
fi thl%rogsgr Seggli%n%@gﬁrtr yoﬁfc%rh%?%g%% %‘%r%éé]lg%9 IEl\clgat%ure
Medounbedl@h the/ mikled arfd matiehtesapptesamtti am a
W00907839, whereas full length particles |ICC 1607 are
si FECAEeFaPA @& i n which the M2 pol ypepti de

cysteines at 1poliybeptd de Qs tHiNSs dife adh 1P1s4 X €7
and X*g of SEQID NO 9) were nutated to serine
r esiytirdesizel @lll Rartd dartFed aarpired Heggmgrt HBC

Nunber or Absor.bance C Termn @/l Q Tr . (T
HBCPSFF G184 O i R Gl TSR ¢
CVit4HdJE NE G Wi dsdedbr(V-1M0O2s Trdt &3 €W 1559* F

0.68 CV-1560 T 1.36 CV-1569 T 1.38 CV-1588 T 1. 16
CVPESSIET Np -5, 5% ~A kb Eor 1tles Rt af sphe\t 160828

T 126 Gl 9. F B IO 3000d 2ed Q- 16011 dod 825
C\/—fl 4T 0.92 CV/-1632 T 0.96 CV-1642 T 0.79 CVv-1643 T
0.@hd@@thEldﬁﬂﬁbxylaSiﬁﬁkﬂQQH&HeVﬁigm@ﬁ pesEide of

IR AN Jo® LUBGIRE SSEIL P

Puridni-gthpar tdred esT welteh i sk top Bstbakent eadi thaof

! rcr:l‘:]a/nn%oeusli ir;;gatSeOd rtpo'vl DNgrrI?a%/_\ns’ PIHI 6énc§ IV to provide a
construct that expresses a contemplated HBc chimer
that contains zero added residues to the N-terminal
side of the B cell epitope and zero to three added
residues on the C-terminal side or at the Domain
II/III junction or at some other desired location.

A nucleic acid sequence (segment) that

encodes a previously described HBc chimer molecule or
a complement of that coding sequence is also
contemplated herein. Such a nucleic acid segment is
present in isolated and purified form in some
preferred embodiments.

In living organismg, the amino acid residue

sequence of a protein or polypeptide is directly
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and sodium azi de was added t o a final concentration

of 0. 02% o prevent bacterial growth. Sanples were
woreoosdsast h SDS- PAGEsanpl e buffer (reduci ng) apdI/posaeooou1879

15% SDS- PAGEgel s. CGel s were stai ned usi ng Coonmassi e

Fi FEFAEFOnY ARGl Y61 GoBF Ry PrApat EBFe SRRy EL e e

fiktiatiioRapnabyakacel opukhti gdnbybha@ HBdepartiorcles:
was performed usi ng a 25 nL_Superogse (r) 6 HR 10/ 30
chpsatedyr apBhese oFbxRUEBTERSh ¥R PhEPRYE; fegeneracy of

17-0837- . an Bi : S r i :
LrF R0, SR B Liskponios
noRNAOBeguaavekerfgtblefic28eids) Tha bel pmepsasd as
equi | i br tegwithSCoI%rm vol u sgl%CV; about 75, nl)
of ABGEFEF FBBENRPRARE 41 SATS. 7 10PTa F1ER AR'E of

0. fash(181 BUbBenclBe Pakt hekesulre 1be canaky 280 ffent
diluted to a concentration of 1 ng/nL using 50 nM NaPO

4 frpH 6.Bef2@6-Niecusisesr gensl pealerive $aRH &hgertevo
then | ocade nt .l_aop.a hNj : t
cofHRIRE 80 BB AYB-TinirBs Bt Blai RIS, (Wi ao
mMvihNaPQd4ze pH GoBeabte fHtevnoeneyaf 0.75 nl/minute.
Particles containing N -termnal cysteine residues, or
sinlar partHdPBs SFFéélgﬁpcg'uEﬁ”a}&l&q’?e§a\ﬁe?’éa é#aquﬁee%
usLag bherakevs B&%&%@H&%ﬁib&t%&r%tM@%ﬁ@%éﬂﬁ%éugf!HBout

trace was carried out using Bi oCAD(tm) "software
( PERSEPF I/ di(it rBX9SE capt ovi denahewads 1t s2 | peER@Aprerg of

(E 058 i e welPabEe £E) Pk e RRLL¥aRE  FicRs
99/c%§§|%séeﬁ%%§€1i_tz%%ifda!§iath Of e r2d 8 ¥F agdslic s0°C

extracel lulaf donmain of M2 to the N -term nus of

f ukb- bepatheBEBc parvicl es (HBcM8RhC],| dokilpgednibiyo

acid residues 1-4. A schenatic representation of that
comsshioy pé&f eboad 56 °Rekei pbavt| MEFBCiR sO sHEWASBel Bwl %

in ich the 24- ner .is llinked to the N-term nus of
HB@B%Néﬁ@élHE‘L PEVEYP! DSSD- HBc (5- 183) SEQ I D

NO 94 In ong nhlcustiratdacpicRicePpaTall Buqudiesdvibiepirt apen
was inserted into the imunodom nant | oop, of hepatitis
B e6MBeRRE) pabeitcl@d ddralle@ncRdes | @F -y SoER-ement

SP%&%%%feg',' Ry 1 R LA sl N Lechni auss
di scussed ‘previously for such insertions and
putdieliidat pos.itAomutlattdo-orrytsil®s ofwhtdre tviesspilt opes et

whi ¢h two teine residues, at_. M2 tiv si.ti.ons,17
an(?%l@E\Qelli]yi\]l?ﬁs't ij‘('u?efd o aﬁwi%enél?ﬁ}cgu@g, R 5%es
expihessed pvd therdaraenegomamntp eep. 43 CG4dA735, 46, 47

particles) and the resulting particles purified. These
t worpdst iatl dsagite At mpstarated sfehdaaneal (i d

HELDIE
'CC'47-HC£1'8§7"' L W@?% t 80
LR (7604 450 ST T S TR AT e T e
( 1 p&3)cetalC- Sdl MATEPIRNAYFERANDSED- I 244800 | H8erdet®) , -dhd
SEQ I D NO 96
éven more preferably at least 95 percent, and most
preferably 100 percent identity with a DNA sequence
of SEQ ID NOs: 43, 44, 45, 46, 47 and 48, is defined
as a DNA variant sequence. As is well-known, a

nucleic acid sequence such as a contemplated nucleic

acid sequence is expressed when operatively linked to
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The 1 CC-1473 particle construct yielded approxi mately

7-fold nore purified particles when conpared with the
wo20050859sequence (1 CC-1475) . It remai ns to bePCT/US2004/041879

determined if the nutation of the cysteine residues

alters protectjve potential_of_th A S. ver
iR oreBE b oky crPeho s vt AERERE SFES s on
areyyseml by aigoukbeantlyewheeei hsuadgeni ¢ as conpared
to when they are fusedto other regions éi,ncl udi ng{ t he

N -term nus)2n apaleesort ARELPIPEFC PSSR Bt S ddiePr
ant ' o] LCj aLt | I heen

oy iay L ReLBRHORRRL CehbodeBan ehPephane R Ba e
wasol asetlet dst hdshN cotneemphasedf a€- pert wdl thrigncat ed

hepatitis B core particles. That ionstruct %I CC- 1438)
al $BVEBRL A ned®t ABIREFePRPASE pPEIEIFe 254Gy e SEQ ™™

| D1 NG B6)pleficfit Bl anue0Bstr Hel AWasqpespdl ehddiis a HBc
contained a single cysteine residue at the end of the
hyamidoppeidi neldoelaggyencenthilts igasé iledsdi &%l y

At bel oAl é;r%glé%g}?t BE e 880 0, THRIR:C O Pt dehtd Gnd

wn SC | Ca OW.
MGhSk £ TEYET B RNEWGTRCAES SBEEE GRS r{cePBC i-dba)i cBHQ HD
NO-. 97 ICC - 1492 I\/GSLLTEérTPI RNEV DSSDELLGN.WG
- HBee ( BBC1 gefiuengespert HINGE O88 TES 1SHGu P S 18t €d

t hahbagguacd;agal p%te, itranshalkl ehdw tiraigeen fy amd her,
natural "HBc initiator r_nsthl oni ne, thej codon for that
regi dde %asSmandt 6d ThicodAf or &NA 6 asdareadkdiue.

Resi dues cantri huted by EGORL. (, WE

reg?ﬁeéﬁ 8h §it e‘s—’mgdeggur? erloilrnegr)a%%%%ﬁlr%ggggrg sequence
seg@eBcaucs chiecihiced be&t waen toheicwndeanl,i mad S r esd dues
and "-HBc (2-149) ". .Analysis by SDS-PAGE as .djscussed
ol SBinéPe HerorHbTIRGGER ISR Bhon st AHReCe
| CGe- éﬂ:§8 TRPRGAERT 460NSYr Ugls Wag Unst able sd-ane e B8
conpared fo the | CC 1492 (Lane 3), w th HBc-149 (Lane

1) conpTeid s s( barei4) uader] COIRAZES & [Smd IB)EIssr vi ng
asaddi t.i.onal_.nmol ecul . ar_.wei ght .cont r.o0l.s. on..t S

- %?%régilziaﬁlgpg.Cofﬁl.ltf‘ﬁélsgnstp‘akﬂulc’{ eylcofact]hépeqi@ - 1438
NMOBOFBHS WaS: Bk 1S¢clenscdgidhgegnalpdrd calitgdlle

filtration of particles. Both | CC 1475 (Fig.10, |ane
4) tERasrectieny 3ncriegPresyigie Bl SeAFBRSER & to

ha | -y 4 | ecul ar wei ghts than | CC 1438
anggf%gb?}ééc?édbgg%ﬁg?t he former two contain the M2
sequence i ns@itfdereintedidss wtfE arhédavemprsf@nangrs for
| oop and .therefore | ack the pre-core seguence (SEQ ID
NO?G?)argrlé: i %IO -%‘?4%? é%(fq -rlfﬁ)é:% g e%(pect ed,
| Coal492uRs laafigey adian deGdiderd andH Codety 3;

however, | CC-1438, which is identical to | CC- 1492 save

t herefeaemass a@ps eilde knegind gad & % H9918761S | ar ger
than | GC- 1475 - Rent 4

ol Shekeint B Rl e bt e d R, AP el rered,
exusder i ari tsequenece cas: sdiss ditss exkangiler e 4o nidek tlwost -

e toe Nod e (Comin ) Sredoop LS L), and
(Dappiilcy) 19¥fe By alse s emlaiftha. In addition,
one can also use the degeneracy of the genetic code
to encode the HBc portion of a sequence of SEQ ID

NOs: 1, 2, 3, 4, 5 or 6 that avoids substantial
identity with a DNA of SEQ ID Nos: 43, 44, 45,46, 47
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To nodify the am no-term nus of hybrid HBc particles

cont ai ni ng i nmunodom nant | oop fusions to incorporate
W@ 2@ysswsne residue, and mini mal M-derived sePUBEOSM)4/641879

series of synthetic ol i gonucl eoti des are synt hesi zed.

To make V2. Pf1 .(N-MP 17 24/ C17 t he

ol Pﬁoﬁgci}goﬁ’aé /g 7me§‘}_tlg Cl7§§1uﬁd Q pSgfyt analogous
HBgkA 94 EHNehtE- ReaBenusetybeidiplk Wt&he:}feybiudie‘dﬁi(lde
gene fromvector V2. Pfl. The resultant 546 bp fragnent

i ssereaReaswPth SREoLDaN@ski Adr | F4andindét &d 9 ¢8 oF
PK ' beaRebeaved Wdde Ahe ST dgithey
engygrrésp§$me% %\C}%%SPF ? (17-24/ C18S) . the

ol bganuehestiidés pM@v@ﬁé— a4fccmsmwed: cdmgner molecule.
HBcl 49/Hindl 11 -R are used to anplify the hybrid

HBcgene in vector V2.Pfl. The resultant 540 bp

f r aggBated sccet@aasethamictdyaNeadctamad sbktadictd |gt1amdgcct 60

i ns<ég#éd°ti %tcig; R acz%tstmta%ﬁ?zg gopeen Ty 120
W aa

E‘ié%gﬁs&g&gﬂcdg Ea@éyaaki ‘E 'at gg gcctaaagtt caggcaactc ggg

""T S ok 3@@2@% 4 ZS@S)

i ?Z@tm o Solutin el By o

%%\%E{Ql&é : HBc Chimer Ml ecules Wth

ut Both N - and C-Terminal Cysteine Residues

sl chiats contardiet TRgiauEs 128 ol HHEL

I ngi(ﬁag@% E:C caoEtg %E@gt% elt gme&eﬁbcataga}aégf?ﬁar t E%ﬂ?

RS M e

420

101ct&§%CATGGGGT GT. AACGATTCAAGT GACATCGACCCT TATAGA TTTGG
A series of HBc chiner nol ecul e- cont ai ni ng Eartl cl es co
I\I- teitggopus aectf:gaHBa: wheseadc- foeguybIre SRtwErs tdop LraetEteEd? at 240

o 8§1589°12 eI -Thhene: TP “CEHICHSR) - 3R Ol S ul e
CoMLSPRAE SeTeahCACL A halEnios b Cae| vodi
an tMEcsegleqReacdic VaEdanda, cgaMgmrmgg;@Mtaqueﬁgaga 480
C- reraiongl @%s‘tgé?ghéch%ggFﬁu@at%FTgcﬁEFﬁ’C’F‘?aéﬁ Pareicres >4°
|i SY8FCH T36fe 2 , below, were anal yzed by anal yti cal

Si zecaex okaussmnIociy emat ogr aphy to assess the retention
articul actcgt structure fol | WI ng tac ctc cation. .
patf Tt o diends Ul et b
tgecrtmgra c€@é8§a@baﬂEtgb&&bﬁueﬁ¢até¢t$p¢aay®dgcﬁ\ﬂgd®lﬂﬁecOf
di seserd Ma%gmtsaw r e et e SRR TR I
beCEEEnE Seace o e thod,
( ceEdreedhy chvarsmel pasttdcedasiec
10@@aasen;cmd aact&j mdtaqtaﬁnada?@ pacegfag
g,dat ‘i §Pfhé?9§a% PIACRRF % G F e 63 Te? aé:r‘i
xcgp for the nutation of two serine residues to
Ccy st@pwrer¥re SIEdU@SNO 45 t he N -term nal M2 sequence,

60Q
120
180

ac, a a %go
% giﬁ@ iémtéé caﬁﬁ%giange 360

tife @kbcap@roxtnmtehy 420
B‘-’ttl%qcé‘sﬁgi*age 480

540

r eveal eq ! Iggtc tahaail: acagpt%t A UCt %%gacp&rctétg&ltéécg 60
f Olttﬂi@éﬂ% @Eﬁbiidig@i dQEbtciM ga& £g§ | €H3c£6EH I JthtdgRE 120

180
240
300
360
t wa20
480
540

ar @bld’tdagfh@@@t@e@:@ﬁﬂ s;gth@hcacSatia bt d
artgqteggga} aatﬁa tcta

SO SRl
di §%§c§%{5 tatiﬁ@iﬁ %% Z@Qﬂg ot ARV 6 e
agp aéﬁglgﬁﬂt% cadtbas tmgacpdfa@t:aeuatgcactcsmthnas

h+ ternvaras cgipgfq§Fq1égttgttaga cgacgaggca ggtcccctag aagaagaact
ccctcgecte gedgacgaag atctcaatcg cecgegtcgea gaagatctca atctcgggaa

tctcaatgt

| catcabge iy

HBcADYW DNA SEQ ID NO 46

60
120
180

atcagttgtt
ctgctactge
cagctattag

atggctttgg
gaattttctt
cttgtatgaa

ggcatggaca
cctttggact
gaagaactaa

tagatcctta
tetttectga
caggtaggga

taaagaattt
tcttaatgcet
acattgetct

ggttecatctt
ttggtggaca
ccgcaccata

acaagcttta
aacttctgaa
ggtgagacaa

gtatgetggg
caagtaagaa
agtttatggt

atgaattaac
caatcattgt
ttcatttgte

taaattgata
aaatcatgtc
atgtctcact
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gcttggatga
aatgatacct
ttecggacaac

gctetaacat
ggggacttaa
atacagttca

240
300
360



residues, revealed that it too was particul ate

follow ng purification, although it did exhibit sone
waelewsessost di sassenbly (Fig. 5), suggesting the€T/Ukm®o04/041879

stabilization was not quite as robust as it was for

a3 . Glge, Lo fgct ek tetminal 420
gg&diﬁggt %‘%E%ngg %&ﬁgaﬁdc*ﬁg@a@%a@g@ﬁ@e@ 480
Tadrect oy, tdyerepatadaceraytce sOWSTOh RPITRTF ST erFrec 540
poSi%TEH® of the two cysteine residues in | CC 1560
patddaedues ois shi Mot @dsby 3 am no acid residues relative
to | E:C 15t90 pca}:rti cl %5 t\t/i at he.tde!:eti Qon of tt hr eecam' no_,
ac Eg z;@sgtd%% gggEngttgglgg clg'zgggcitég t:@ _ctigig agygﬁt@g@e 120
reSét@é@StMtil@gJaegﬂtét% tlQghec it Rl dbsdgaqiee fr o
O T e E T e e S
cr 292 : al agrg: a a r
e e S T
| CeratofdZagparchiseh@stungyeass hovewadtnt fogtta@at cocagpicdt y 480
di SASSEAM @aﬁ?ﬂcgw%gtjatﬁai FoF EaE998 172 <3FR 95%&%‘1???58@ 540
ol SIS DRl oL i
tot

I
c
(

I B Rafdcedies ar & Si mi | 85
ose of |ICC 160§ particles, except that the

| CC- 1605 conponent chi mer nol ecul es have a single

C rternd palirsft aBrl i zing cysteine. A plasmd was nade to

direct the expression of |ICC 1605 particles to

i nvesti gate If gg |0 - 1 er 4T L el.ne,

residue to Iéc-ltetlyé) giaar tl %ﬁleg&gléﬁ#p@%eﬁgater as

st abDivat ynodrectlie pardniped iesirepld omdaigpp urpdraat valy

| CC-, 1605 particles were anal yzed usinhg anal ytical size

ex P 54i08n FonPEET SN (RS 1) SCHb TEaMES BT S &

st et dempisty alreddpatndar tdide sdahidd zatdone Wasat

more conplete than for the I CC 1603 particles, but
i neoeeideise ac syppdarestb tar e CCIERTY pard | & s sRg choove,

o %tn@ 1S g}r%o%l? os_& :Lq{a{g 1%61' e red SéIE_LIA\ﬁq'}% %@ ;&z?pfé‘gs & of

C-térmn I'ZI'ng cystelne.
Si amief igeart iameuriongfatd 1<l 6REY enmyaretsparis cal st e,
there was _evi dence qf, a het erogeneous m xture,

of
sulbPFEPLGIta% 4t rtt}?:‘_t% ey STHEO Ry ut%r%\/%?r%%%?]o%ﬁlx
range. Thexenphsalamti ons sUggesindhatofRrmd hesuty beh sk
particle (1CC1603) , Ctermnal stabilization as
f owethpind sleGCa1 665 e td sl sierg | e seruriptet EO¥ Rl Y bR
the . N-term nal. stabili.zation found . -
par ecleé?reﬁgllorﬁlgos itgkg ecr%%qréergolﬁnrgaﬂt“?%% Ic?c‘f%érgfsm cells
condpaied iamg1Ro lantkeanrimxy IpNergedmdnicyisiiet néefines a
stabilization of hybrid particles, an expression

pl &sHcd fRds [WendRURVE I A e tChHEP BT 3P Erriant
: gghalcﬁgfaso%rtt &l B5 J&%Mq%em%rtmﬁé%ﬁfm@f

-1604 particles contain both the t
amgene erfimakgl I A4 i 4hg Lysteh net 6 esd dues P8 esedt

in_a.natjve M2 pql ypepti de sequence s in |1 CC 1590
o i diges Gl W 'l IR o dir s oS Ta oy
| Ceokl3 iRd.icles) . Analysis of |1CC 1604 particles
showed that they retained a ]?a%r%geneous particul ate

st at ef ol | owi ARLHUeY | cerlem 79,2 | FRIFeERI AN aliA
b G- g
! NGO SIAR 2 | i SREDOMS, Al CONPLAIBOLAL ¥g aRd. can

be Used T'n concer ernative |inker
Seqnees baore elr hind\- tles nxprse of i didcofinal ¢thimer in

N-term nal cysteine residues were iny setFégat ed usi ng

pamash XIS I bR PREAXIE Bot H6Fd  hese PNA
pardd{nlft GUaI s 48 analog nucleic acid sequence that

encodes an amino acid residue sequence of a HBc
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am no acid sequence ELLGAWGE DI (SEQ I D NG 103)

bet ween the M2 fusion and anmino acid D4 of HBc . Am no
w@eiod/ 053987 dues LOGNWE DI are derived from am npCHUBZI94/041879

6 of pre-core to amno acid 13 of HBc, with the

initiator codon of, HBc.nut at I i

pr EGLRET PRA Fg?lgﬂalnﬂFig Ega 7,80 PEQC%%% Tﬁéﬂ%lcal

ion romtls posi ti

Whinshe Bk He €8BPY 05 0S Belrbenst ud¢ntIhalHBamﬁeﬂwte
sequence includes a cysteine at EOSIII on -7. These

papteERBabdyf Par E@réﬁW LHepkdcpactor hBE the REE SRR ©F
corrp'_’%esma ggl ger o EBI %Chgste&m Qat gd at ROSIA ion H4Q+
of C, V\ﬁ thé

ereas 1492 ¢onmponent ‘chi mer nol ecul e
t eracbabédaat DYA mblblBulandupom siuicabd e gm@nsflection
cysteine at position 150 rel e to t HBc of SEQ ID
NoRRd W@ﬁeﬁﬁéf’?zéﬁ By?‘é’ﬁgl t:Lt}ail p&@l‘”‘ﬁ%l Pat i on,

USbBﬂt@ﬂ\p@laE%Bnéhh\ﬁ%rbbhbl%'cml'ear met hod to that
di scussed before, whereby particles elute at

appr oxi mat el ﬁtlgsnﬂﬁﬁﬁés thigét lpesamser ¢dt $hgerdd B

to be partl a [, n IifdeC n
SR R VT ek e RO e
deBIQ&SHbéTsedlotheldgmmhlthl lairtyy ocff taned mtheemd{Bc

car boxyl -term nal cysteine stapilization of trunlcat ed

palsfai%l{e@é:esan&hﬁﬁeste&‘l&n&‘?c@ IS Sngndigle nucieic

vari-ahi gty e elkh@ @M 1aC iR and (i‘lc% ane®l uded
bet ween t e Ntermnal cysteiné residues and start of

t henHB@ege@@veT@@r@@aafqaﬂnos“emt@mduw &ee sHefwn

T 2A,. 2B d 2C b bl e
INE]P&% l%%ls ﬁgcnﬁ i eS|a(§:ues%Vévlat-E2r m@% %erm e

FU $le@ft er@ieMoBe tiwee r p 1k ritu alseice 1@/§t}ej»n‘neiﬂaariomnd
HBC Acid Stab | CC -1438 M2 (2-24) D 2 ELLOAWG 149 No
N 24)519211@@@&&\&9@[%% (ﬁ%O)

4
(LB SE SRR TRt W D R 149

I\IOCNCD: 2G2S rCRcE AhdNider 24) iRierRli gy oeaNecYeat ions,

C150) | CC-1605 1- 24 D 4 49 No. Y.

( f%) %@@@ \EEse 30, i F e ($EER
|anﬂ?§91%d\%\l(rih‘rﬂ:4)l Erd &emfesedrefof 228t {&183F a
| CC-1671 \MP (1 24) D 4 EL 149 No No (C17 | CC-1672

( 1Imbemleg@us 4P iNeRG (GHYS), | CEY g 1%9102%1}?0%11119

B TR B0 IR Tl 76«

- 1818 i (b12Bulle Add 9 Wedlesnd compared to an
aligned nucleic acid or amino acid residue sequence
in the identity percentage calculations.

Inasmuch as the coding sequences for the
gene disclosed herein is illustrated in SEQ ID NOs:
43, 44, 45, 46, 47 and 48, isolated nucleic acid
segments, preferably DNA sequences, variants and
analogs thereof can be prepared by in vitro
mutagenesis, as is well known in the art and

discussed in Current Protocols In Molecular Biology,

Ausabel et al. eds., John Wiley & Sons (New York:
1987) p. 8.1.1-8.1.6, that begin at the initial ATG
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(2C2S)/ (C150) LQ M (2-24) (2C2S)/ LEH W

(2-24) Tabl e 2B Construct Loop 5 /3" Fusion Cterm
w@ewads5385t er m Nunber Fusi on Fl anki ng End Nucl ePCT/US2004/041879

Cystei ne Sequence Acid Stab ICC -1440 M2 (2- G /EL 149

4 24 E 9 )
gl MR G S 0 e o
| CEx45860RN( ZorGeAEL §B8BeYes THes,24) deBiseN |b Icc 2%:587
M2 G [EL 183 Yes Yes (2-24) (C183) (2C>2S) Tabl e
coﬁ%?gE&F%&PPeFﬁFﬁaFa%B?ec%9gﬁ8§F%&ésaé—P r PSSR of
C-tremiNughat 1EHSE8ROhEr AhBehveer MoanEReeMClod ¢he
Cystei ne End and HBc Acid Stab I CC-1588 M2 (2-24) V149

GI smla) £PdRB RO ThBEeoBhepepeiess ks ben palebgmesht

S t onflguratlon of the Nnterm ni of
HB C,&E%ﬁdgégrt@?(@ﬁgge arboring N-term nal fusions.

Sequences ar@sal sgnetil aknowdi hg thearirto ac doresisdlehe

osi tion fro the N us of HBc_of SEQ I D NO: I
? hatdys*s aPES By<aPf?t ong]tlEHéHatNVteéVmDﬁ%l S@ﬁélteéicr‘?e

resk dﬁﬁése%en (@ﬁ@%&&nga.&%a%dﬁhh' gedoT
Construct Nanme Sequence SEQ | D NO HBeAg SK

| >rA@8ticaalaB8seCPalng2can usually be present at

EVEIRI R I D 104 | CC- 156
VEL L TEVET B! NEDELACAERSE 105 M T800 PPEReRt cah” 28411
- 166 44t OCi £6Q6t YBELBEYESPL RMEYEERSURSSDERRS]06f course,

| CC- 1603/ 1 CC - 1605/ 1 CC- 1607
VERESTEVETPI RREVWRRESRESSHEL Dheoreprentepf an operatively

T

VBEXTEYEFPE RNENGCRINDSSDL&SL L TEVET PERNEWBERCNDSSBEIZDme

NPT EURT O BN e PRSP E PP ED BT B RRENEEARRBEBED

11ad>1€£urh§Q8aWAhEE&’EiFEhBNw\ﬁBgNaﬁS&@baﬁégaTBlth&{at
EVWGSRSNDSSDL ESLLTEVETPI RNEWGCRCNDSSDELD 112 Table 4

bef®Wi rproongEsca PELAFRErBASEf interferes with

expression of the gene of the DNA segment.

Thus, so long as the DNA segment is free of
such interfering DNA sequences, a DNA segment of the
invention can be about 500 to about 15,000 base pairs
in length. The maximum size of a recombinant DNA
molecule, particularly an expression vector, is
governed mostly by convenience and the vector size
that can be accommodated by a host cell, once all of
the minimal DNA sequences required for replication
and expression, when desired, are present. Minimal
vector sizes are well known. Such long DNA segments
are not preferred, but can be used.

DNA segments that encode the before-
described chimer can be synthesized by chemical
techniques, for example, the phosphotriester method

of Matteucci et al. (1981) J. Am. Chem. Soc.,
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the results in which stability was assessed for
particles containing an N-term nal influenza A M

W@ e@aesos7 or vari ant contenpl ated herein. As i BCHESV)4/041879
st abI e particles have been prepared from HBc chi nmer

FAULEREL RSO A0 2 N Lot £YSIRLD R,

N E%Eiﬁhﬁuﬁ;e@_[hetn@% H%%ys%léﬁli%@ Qfocﬁ&@daﬁﬂ\dﬁs Jedr be
about the N-termnus itself. Table 4 Construct AmM no

Acmééeséﬂvo@éw Ot evrstdltuSias PP TiaEhdases for

St gg%g]en% cet ti':'xg, '%%éa a tlQIIe a%ﬁ. toe'gszdQ%:%m

|C@ea;_¢a&cé8 16ichieas, m@ b@@ﬁlelﬁ:SlﬁMédefﬁ&g | e GG S
No Yes | CC-1590 9 7 No Yes J OG- 1603 - - No No
|cé1f6’e‘»§S§ 7 PYEY Dpd s YoB L Fe S err " Yes/ No | CC- 1607

- - Yes Yes hColfllnglaf ¥ HIRS driimelb 1 be Nord@isced
| CC- 1816 34*/ 9 32*/ 7 Ves Not Done | OC-1817 9 7 Yes Yes

| CCex@rassen)Yes \éemuﬂfhﬁxmcs%mﬂ\ﬁqmﬁﬁ m@stpsystems,

CO%@ rr&lly %EarY:IIe ag'l I}I?ugllg are exegsfge)'{sés}gi aSOf

m |a|clegELalrI&er J:aaurvlfﬁﬁd, pardtetiesi f radm@ Effkertplated.
culture. Presence of bound nucl ei c aci d was determ ned

by FB&SEr |hﬁP§ M@Wmﬁ dtlude RHG 3" Dot
paﬁ‘ﬁxﬁ't%d %ﬁ@%&d@ dhdiLates; Ho bound

nucl el ¢ aci d, | ess than 1.0 indicates
t hemnwf@lmeadoﬁﬂlbﬂuméqmmmamtad@abtammaﬁ napldsmid,
Ienth I VP escri bed |, Fiers and col | .eagu

No Gt D ShenShth Sl 4SS qrmea
an@zﬂ&@i sﬁtpﬂéxpiaetss)irbrv\m&&?&?@,] 1m§ecﬁfhec§]ih'883’a§tems
| CC- 155 Particle Me Insertion C Term nus Bound

Yi ind esE@ee med 1S i W P Re TG 00R HeP%®P n{§ - 9123 None

(2 R [T S Sl S S T BB 1004

MR v(:.‘lruyl)ex}bﬂe&;smcvruwe'rcht 6xl/g Nocael 7 Bma@r | ngeaic

1569 M2 (2- | mmunodom Truncat ejté%lg . 2.%{:178

nart- 16p 39 T TSk or 78 ARECBHbY L 1475

M2 otrr2Bs dldATURQE s - (dTdincateddlNomdd)l; or
appropriately transformed animal cell systems such as
CHO or COS cells. The invention is not limited by
the host cell employed.

DNA segments containing a gene encoding the
HBc chimer are preferably obtained from recombinant
DNA molecules (plasmid vectors) containing that gene.
Vectors capable of directing the expression of a
chimer gene into the protein of a HBc chimer is
referred to herein as an "expression vector".

An expression vector contains expression
control elements including the promoter. The chimer-
coding gene is operatively linked to the expression
vector to permit the promoter sequence to direct RNA

polymerase binding and expression of the chimer-
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nant | oop Stabilized (Between D78 and P79) Exanple 11
Antigenicity of Various M-Containing Particles The
wW@niosQexsTi ty of the various particles to the PCT/US2004/041879

nonocl onal anti body 14C2 was exam ned using an ELI SA.
O _ensyte retentio of articles in the| nat|
coﬁ?ﬁ?#ﬁ? oA “BLI S FﬁﬁeénmgFng§F§P Jcod @dixﬂ$ptlde

pobygk pyafeant abedyrem@b@rb) thatcapbuiadukd Hart kdlred,,
whi ch were then probed with various dllutlons of
ei ﬁMéFh?ﬁéCM@nﬁﬁ%@ltéN&I agnfrB6dy Lo Pyng ok qristie et

mopecl gm@ég?nhm@dbes Wi, %ﬁpsﬁaf beletiy &er tlhe (1985)

i munodom nant Toop rfegi'on of HBc particles.
pr #sented Bh3tA20, abkewedlows @em@wgaﬂéWenﬁgnlated

resenta on of th on1na op of. HBc
PogsePs el orbonlater) PterbndcretEReAh e%g&rlaﬁ%i
M2gsegizepeihochiig é&%lmnqglsgmalsﬁraﬁdmdmw al -0 .

to presentation at the N-term nus (I MHBc/ I CC 1559 and
| CC- 1604) .OnRepredorardabironstwdr &ofotissurist i si ng

becau S reviqusly n 4C2

DOEAUREEL L EASpBIMN LA LQUSLY haan sahaun Laat

? @%o?&teandhﬁé QE(N&dufa®lepegsefdgeﬂdusﬂyt&upphmﬁd

Zebedee et al ., (1988) J . rol., 62 2762-2772
PRLAHAFEFORCIAl|  palOrs B85S NRTIRS FE S @3(9%3% i‘ch H}”res

|C@nlgﬁgsmﬁat@b@%@raﬁﬁﬁgé@'q%yﬁﬂm&5¥§|frdﬂapromega)
nonoctfonal anti bodi es 3120 and 3105. The | oss of

r etbghi teoAandycibds by sxeoencosslyy soprdrivistl isopropyl-:
phenonmenon for gartlcles Wt h seg@inces |ns%{ted into
i

-PriihBa8hRRERE PYEEHCSAAE tIRFLHypi CaliVH 1l I%i%at es
OPFEQQE‘%Qd ”%oholé@i I @3RORSES Fr¥fmdase Pardidas in

oW ng | ni zation. Nonocl onal antibodi és 3105 and
312laswadeVpat©Ma9@K2QﬁoﬁlBm@.ﬁ@kpdﬂqnmndunxbkﬁ by

51 059 E oLy S T i o, B Rt an

| Ceel@0dctstfhllGCelpiRsbed th XampleddE E. coli
I mrunogenicity of Various M- Containing Particles The
| nﬁﬁﬁé@@ﬁlrcﬁwhoﬁsl &&16044nd BEG f%g Bldt 1 4§69 V%RO ut

EE e P ¢ Dotk Ihd Eag T i Es, e LY

S' %htc' g@ggt%&lf %%”%%dd% the t@tabaa%c std %ﬁi SIPMAS have

observed between the two particles.
pabeieal Eoundi th @neatides qghnmddmamdrﬁs lico, Ielsleikted

ant. c titers that, |ike |IM2HBc, were approximtely
1061?§E§ RPGh&P IR YHfose for | CC- 1569 particl es.

These data rexeHeRasize dhe fasit dipatatdicsrapthen of
the i mmunodom nant | oop of HBc, by epitope insertion,

mﬁep@é@l e joyhegs uistrakesoghiatt GiF biptRneRka like S.
%m%”%hd S. typhimurium and S. typhimurium-E. coli

hybrids, yeasts such as S. cerivisiae or Pichia
pastoris, in mammalian cells such as Chinese hamster
ovary (CHO) cells, in both monocot and dicot plant
cells generally and particularly in dicot plant
storage organs such as a root, seed or fruit as where
an oral vaccine or inoculum is desired, and in insect
cells such as those of 8. Frugiperda cells or

Trichoplusia by use of Autographa californica nuclear
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anti body 3105, dramatically decreases anti-HBc
anti body responses. Conversely, both particles

wW@bdosisma7 anti - Me anti body responses that werBCT/US2004/041879
simlar, and conparable to those seen previously for

;g%§ﬁgﬂé&¥e%§é9vi%%é (BBREDP! BE BLEESYOkus are

oXI nmat e rticles were ornuﬁeted on
Al bydeogetdt i deaatll gioupbeobefOratnetwdr pairemimilz ed
with 10 ng doses. of fornul ed rticles ays O
(oere} GiitoB abotr ot ger SPvBHBLaRaRS, i 92 ia e e
th@hé§é°ﬁ9dé§]SEteQﬁrégéléﬁtlaﬂBﬁo@Qﬂ abhieM@eated,
anti body responses using ELI SA assays. Pool ed sera

f refllothecefare2ngecks goscubsest fisEbeankeyedd in
ELI SAs, wi th, Moe %%i?i%gségEﬁgﬁ'ChB@@tbg%ea%%velqged to

reconbi nant FB&S serving as t capt
anbpgeasivAldi Leak DNApasbi septofrs| Calbbiparten€ari604
particles in the nouse | ethal challenge nodel reveal ed
thﬁ?hﬁﬁﬁﬁepE?FWEFésormﬁeHnFo?ﬁéﬁate§8 APRERGGel (tm

abheidranconp! RLE-PLOLRELI PRabE@M-anl BkhakgchaldLngr

dose These results are"therefore consistent with the
obEEAvaEgmanthao bethnpartedlegteltbetvecﬁpEaDNﬁutemhe

of an bodi on _of da

oLrerbPs Faaolih eeERng, SRR HBbE ] othelln PRy g
UnbyaashEybet webantheUsbhiglamedk bRy abmdpbﬂ%erﬁlc tails
particles and adjuvants, has_reveal ed evidence of a

pot8i BPENCBEFelai Rt bBNAeBRLEFI4RS -of anti- M2e of the
| g&a SUbC|aﬁ§té9ﬂa959&§glL%?gfkgkgécilnykg% containing

di spl ayi ng anti - M rs of nore than 104 are
r ebhabby movéec&edrﬁcbmpa katibalicdkalskesgé e swiveme &s

' hat hi b bel 104, but
| EFoE b 400P hBPONRaRCEBAL I EAF S PRGN E%

coppkebe, past a6tk@nbeFhese dahe Baveneelievanegd @ tdhe
potentlal mechani sm of protection in that they suggest

thattaﬁhedwee BhurBoanesddNAoEesIRpICy BlYodRadhating
ﬁ&' 87 uft- %@dfdobﬁﬁr %eh'ﬂ% gfl‘ega%t hanwould he ¢

epen ent G subc bia ther, “because
noayathgeﬂa @anﬂetgﬁﬁbﬁcaﬂesthe nbstpehhemwenbf an

bcl for f d i,ng,FcgRI |

¢ oBapY RS ki CF GPASoRpr CoLadvay KReCar PARLTREh o

al bluht28dieANDMA Beyechmnolsucwaé5%a4:%%lmd/§mg@l)tczacz
or

uggest an i nmune mechani sminvol vi ng CDC and
ExBNﬁlélmase -Ant i body Subcl ass and Protection A

summary of Sfﬁﬁéa'tﬁ&“@%%%HSQSW%EC@h%a%%%%%l¥@?5@%3DNA

constructs ( my/ nous various adjuvants were
assaymdntAbedkrohaghaihtherec lpnkadmiseigsienatdsomtantheir

about one-half i.n. For each grou 14 n1ce) the s%
wefBdfool EB°ERIPNAeSEPTERTST 24ft iH e CHFEVETH

an5b998b9§a%@8rg§£§&6t&eg ehBgnieshie %&%.ﬁﬁ%ﬁ&%kﬂlnto
t aken one week after the second boost . For mce where

t hen| ggRacsition wastawr shehahasOdernt bd cby@d mitdy amas

20%8%;%é kﬁg%ap%%ggggsoge?%&%gn%ogﬁggg%lgr%& %}I%%égy%f
the synthetic linker. Synthetic linkers containing a
variety of restriction endonuclease sites are
commercially available from a number of sources
including New England BioLabs, Beverly, MA. A

degired DNA segment can also be obtained using PCR
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< 104* 4 70-95 Adjuvants are increasingly being
investigated for their ability to enhance the

woregniseee and persi stence of i mMmune r esponsesPCDUS2004/041879
vacci nes, as well as nodul ate the Thl/Th2 bias of the

i mmung response. ALt hough ny experipnment al adj uvants
arEeEﬁHQiogﬁvé§tngFgoﬁgeaE%ﬁ%PgﬁaPﬁ§F?'g%ﬁﬁ%/prlmers
adiuuantnt RakiredareerReBEAbnOkiEBA- appROVeE HRCGUeS
inthe US. Typically, alum biases inmmune responses

t ondE8s amPRATigpeionhseh thetndbief esned dap tife inserted
product i igh | I - ' ' ' :

" PES: SR ERbe%h LA Pt ar e nee B T 6 s
el Beirkcalyi giichiedanhtbg@ectesponset dioviewe T, - dvg@2e eyl
I g&b anti bodi es, which are Thl indjgators, are .also

ol NEFPEAT= ROIR -at Pel0  HoGriaRce Hile 36t difL ot lon Jrewm
Th%htggg Lg® subcl asses, the inmmunogenicity of

Al hydrogel (tm) -fornulated particles supplenmented with
RC-529, a coffbeusdpresgeduciiimprial st aia el f-

devel o by .Cori xa rparati.Qmn,. tested j ] ce.
Th%?geg‘?)gf&iseéL%gv 5y ggc{i At “Jil%é’lll?g?%}? %0%0-85%91 i'n the
Al hydregel (thmsifeneulatlilen oresul teed lish wi tdriamat i ¢
enhancement of anti-Me Ig&R2a titers, increasing.the
antliperddes et -r afffe BRTgSHGiGR@y g (Sid s gye
m ﬁgrb@s% hu@i%gp%t%a%xﬁoﬁo%e%%eog,ota% ahd rQm1g

| ethal chall enge;” however, tThere was an indication of

r edveed ymecbiudiitng @t émpecdt gpree sgeuree ase land e zyme ,
Iossﬁéin mce in%%g zed wth I CC 15 f.or.mul ated with
Al R98EEGECE mPeRoRESSSE ™ Pér SuS AR BEEI 1T  al one
Exampbeckuikadd ahte rianeai=ad ddBe Pantdvwed s MA) .

Synt hesi s _of Expression Vectors for Expressing

Papfiter ¥ lpriddandd opacti dhes 18 aiiep &ia tebGres st ioh

P! ?;"@Cq ift%rte@( RSi&35 143G %@({r&drﬁ!drﬁ/ & ,e%éﬁ%pended
particles, a single amno termnal oligonucl eoti'de PCR
pr e o khB |sAiNo phe)sphes cys gl i & e ndtdlgeed th a
uni que C-term nal pri . For__exanple, t repare the
HB@E’%“(SE e |S5Ee) ] é'ik%ses)"{m (S T R i o

t he1pAdim8IS HRE AY/NC Alerft rarfdiddRel &6 iRl 1R -dbdt@deant
used. Primers HBcl 49/ Ncol -F and HBcl 56C (E .cR)-H3-R
ar supsegtiesl fregsle HiHEMHE BB FREIR) LT IRIBC-IHHY
particl es) @xpressionEplaanids. The sequences of al

pr PREFSTESE] &l 4R s pFaydd P& R H 0t i Hpns are

U1 ygeatiing ddie RAHdAR6 o aRfiddkaaim: gases the
incorporating a Ctermnal cysteine resjdue - codons
t hehrame toerdapdly f emdexqanssstian tat g ool ih vareoni wo

used. Jt is known that, several argin C : :
A e e N
ar%i@@f&%ﬁ%ﬂ‘éﬁ§3%gﬁ%&é%?%ﬁ‘lfdwceffiCient expr essi on

of "proteins In eading to stalling of
pol ypepti de synthesis during translation, resulting in

premature termpation. OF the 16 argi nine codons
beﬁﬁ%@ﬁde@' 383 5° HBc, 7 are encoded by the rare

AGA codon anty 2 ci-LIHnias Bug the o nda TG himer
codon. Therefore, in this study, all AGA and AGG

codowmsinesieay e eleath it K auorisi akatarformris dissolved or

fr<e:{(1l’lsepnetr|syeciJ Sierij al%}/ i%mqg{c;genic effective amount in a
pharmaceutically acceptable vehicle composition that is
preferably agueous to form an inoculum or vaccine. When

administered to a host animal in need of immunization or
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To enabl e sequential replacenent of the rare arginine
codons, HBcl 56 genes are synthesized first (ICC 1600
wW@eeseEoF66+C | CC- 1601 particles) , and then uBEHUSE0H041879
tenplate for the HBcl 63 constructs (1 CC 1634 and
HBcl 63+ 632 particle e HB I63 onst.r uct
5P CHBY Ghr PBF LHOER Hs A RFEIE o Por O B REOCAEY BEh as o
Coﬂé&ﬁﬂEt$e(ECC 4642uaad HB§17§b§t|C@hké$3 paidseG| @sline,
; finall e HBc 171 constructs are used as a

temnb@]és PBFE.t RE BYEPR) NBTCBAZA JFt-Pirzéd HBAKER akdrkey,
. Bc| r
A B e R s S
PCanﬁndneastawethJ aavedf\mehzahe Mes & icetlilorpanopee present
Ncol and Hindi Il and_cloned into th expr.essi o
vetRoFBKKBBENSFSIhi R ﬁaaaﬁgéﬁeCUt steﬁ glrr@ntlbOdleS

enézgssbéﬁ1ékréalJ%%eqm9ﬁh%&@acﬁmlmp vieidTiwialn RYiFRY to) the
Sequence (Ncol restriction site_is underlined) :

HBE L 294 New| vpcrallwm@mm@ﬂ\i@e&@@cpmtm thenbost £rom

Car box Term nal_RPr r (Hi

o8t PREPPIRREr, AR AP RSP Saa T Bl KRS i et 1o @
S v%@i\A@CIEAGEéA%CBCG%CB@GEﬁGAWM@TﬁH‘m host,
G SEQ | D NO 64 HBcl 56C(E. cR) - H3- R

5' 2B0CAREET FRET AREARQESERGEESCETERFEEACBARCARSREFAERSE that

o T1
CC@@ éEQ th@@t%@%(lﬁe &Rk .- H3- 265SE80|GSA%T Tée

HBcI 63C( E. cRIhER aRoBINCGOGAAGCTIinant HBc chimer

o7 FECFoeE CRY %%%%@W%%%ﬁ&%d

CT A@%GAET@&% ACE CAGHAGE SEQ |RINXa68
HBcI 71C(E CR) - H3-R 5' - GOGAAGCTTA
MW@QMW@%

PNl SR i 0, U
TCpsEQEhBeN@flb&-HB@bgﬁﬂHGlR.$he333NM33ELAaS dlscussed

CT éGAGA CCOGAGATTGA |.D_NO 114 HBC% “Rocine
RUEPRACATT IS NO1L15

HB@lnfh9/aHI aalbldumns W%Tﬁwwm
SEQ I D NG 54 HBcl 49+C/ H ndl I -
5' ae@em@mm@smﬂm&xm m@@a@%%ﬁ@ﬁ%% 55

Table 5, bekq %@A@h@qﬂdﬂ%tg@h?lé

t he conflguratlon mni~ o thefull-length
HBcrAgo(nHB@la&&) Hmablra]rderpaanM@IhaIdlmem;}ra@;!tcm mihabout 1

2T SFBErATe oS 11 FUT A HEY erH R o o

SEQokR) NOghdt Rteficsrably about 10 micrograms to about 50
micrograms per unit dose. Immunizations in mice typically
contain 10 or 20 pg of chimer particles.

The term "unit dose" as it pertains to a vaccine

or inoculum of the present invention refers to a
physically discrete unit suitable as an unitary dosage for
animals, each unit containing a predetermined gquantity of
active material calculated to individually or collectively
produce the desired immunogenic effect in association with

the required diluent; i.e., carrier, or vehicle. A single
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shared by all constructs. Ctermnal cysteine

resi dues, when present, are underlined. Table 5
w@ensH596t Nanme Sequence SEQ | D NO HBcl 83 PCT/US2004/041879

VRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQC 116 HBcl 82

VR| S RRRR 7 cl.71 +

VR SE§ Igipggﬁiﬁgﬁéth?@sﬁ%?% E%IBJa We Bt o
VRBRGIRSRBREN PSRREBBGQER 1 £9 fHBEL6H2( BmeRtCof recombinant HBc
VRRRGRSPRRRTPSPC 120 HBcl 63( E. CR) VRRRGRSPRRRTPSP 121
HBERSBEE. dRFUBCYRRREBRIPECLSS -HBC| 56( E. CR) VRRRGRSP
123Exanpl e 165 c-BFapkiCle 91%@%&%0'&::%”@ kil o A% a
HBc Chiners Wth and Wthout N Term na Q/stel nes A
sefiren of réggvechdnyecopwbomms H@@ntcénlmenxg ighmmogen
N;terF‘i.nzl fgsign%to am'n ehepatltls B
copeE i hest B S0 psTet P Chifo Hare SIrSharad « hat
cophgknelozeral (patbilehebl89hccebreRal)i eliamcki92 and
1893) , _or 2 éparti cl e 1890) cysteine residues. The

chiVREi Sl ReFECANERYy Yad olsi BgLdnsl prrsahadiereudhiansd on
choorehagnaghy (SECL:Q 253683 RALLhAke | (YN Hinger s
ol ow ng purification. The sequences of t

I\I-Beﬁm:mah busktbas latkcdz itsolfatred ayi elgiecare chepesiition.
bel pw. Table 6 Yield Chi t.ern nal SEQ

| DIpRoRSBERE BRBRELE Fa SreoNbrEaNdS R A oS
N%B@@@@§1é24uéh8 ab8PL MIBRINDSS stz 14RO L8 alene as
MGSRCNDSS 126 1.9 1893 MSCRSNDSS 127 6.7 The three
chﬂﬁefilﬁﬁéﬁé?ﬁsh@éﬁtléﬁarﬂt@g one or nore cysteines were
successful | y ngi t
6.8 ng/ 500 F“lm%q'l %{J %Z“E’% ?fe c%%t%aﬂtnllgsg o
cymﬁebdem(:haekbdbéebﬁi%)thatt pas pma&eaitdcﬁa,lly

rel ati ve the|n|t|ato met hi oni ne, he sin
cy§F8FﬁEa§$ p&?ﬁt CORPE (l,[?&ret |W&|t21 )afi}o'elr" %dgdmt-
i nsnheagneybﬁb%l%@mara% t(fotrh%x(émﬁl%r %Vdéié], &aline,

single cysteine at position 5 (particle 1892) Chi ner
pr 6eBtneseonoalAieng Ineictthenadysioal dreg lokes a:fbijl d not

b f. I h
epu el BAcPArLiel e, Su0uRRL Al e ey

Erf ol ectl 6 does ot rmsta
an dhpzeaduby canabyidica SECcoaltlaithhEedy einedhuist s of
exhi biited a dogu nant peak %Cutl ng at gEprom t el -8
pi BUXHAhieRYr SHPESERCE Sp &UGHC PEs VeRhileS iGHdisTyt st Yﬁng
copheast, t guCRLFRERR! @idnts that enhance the

immunogenic effectiveness of the composition.

A contemplated vaccine or inoculum
advantageously also includes an adjuvant. Suitable
adjuvants for vaccines and inocula of the present
invention comprise those adjuvants that are capable
of enhancing the antibody responses against B cell
epitopes of the chimer, as well as adjuvants capable
of enhancing cell mediated responses towards T cell
epitopes contained in the chimer, if present.
Adjuvants are well known in the art (see, for

example, Vaccine Design - The Subunit and Adjuvant

Approach, 1995, Pharmaceutical Biotechnology, Volume
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nol ecul es particles |acking Nterm nal cysteine (s),

such as chinmer particle | CC 1048, which exist as a
woreooss®spf particles and | ower order struct urBGI/US2004/041879

(nonparticulate material) . Mre detail ed anal ysis of

t heg SEE I gif’érbgfl r ey eal edaﬁ{i‘%e%&ﬂerMpﬁot ebﬂeﬁgrl'ne%%ess

1890 f'or ned superior pafticle W th no détect

| oviéew oY obek atat Uobndes, hbENeas3chi-aw861882.reveal ed a
smal | amount of an-ﬁgrtaculate natei gl and_chi ner
1893 reveal e ATOr3YHeRePaft LG UtE RBFRLFER . To
exam-aend he a?@j tlnrérYt ofcinf ek Rhpal s CySte|;884ar ¢l HURSnKO
stabilize particles_displaying heterol ogous epitopes,

a chiperrlelet direwmd beurd] wasneonEFRLct eduahane,

al f chi
TBot T R R P T o PR LS P RuBE 0T
( NANENVPNANPNANRNAND ¢ 1+ Da NO 421 8) khowar tadthe art,

t he i pmunodom nant_| oop between_am no acids 78 and 79.
Fol %% MF FUFFF AT oFOMRRECT At EYr fmmoreﬁarﬁﬂcrseglrces

fromthe resubtdNg-£&h NBE (I8¢ ¥Es ﬁQ t ac&f‘eagru{lﬁgens

particles of a simlar chinmer protein't

quﬁrﬁhﬁupfeﬁﬁmﬂrxnﬁﬂmﬁlonSimtbuéeyslemoﬁumhesecalc1um
i uct shqyed t$at c I mer ,1045 e ted g st for

bot part SENEP T 5?%%?es?ru% ﬁ?@ atQ SPMFar

an@aﬁtscwiaﬂye shed Be £ 064 CARTBTaA 89808 h@wdhéﬂem is an
igglarned | ack of partlcle formation that is being

TR }rﬁf}é%ﬁ?br%e 1921 | sneiogenhEhydB89et " Par FPEl es
Wtélé@fﬁ&{' &% 'Z}%Jfé M ahn2 EROt {:ﬁfﬁe}h rotein is

|nnunogen|0|t|e ticles genetical 'y engi heerée
t 0 adwixtdh wigrh alie adpiesnofsdPthdt 4664t (E/anpl ebout

2), 1817 (Exa or 3, 1818 anpl e 9
{ ol b SRR AR SEe ayECeT THBB: fobt, and
Thq&leaﬁéifatbl%} esoNed 14 @ 0@@%@&&@6@@%&%@9@&@ hea to
mnimze the effect of a protease believed be

pr e%@ﬁentas &W@fm%@h@wwwmwhwné%m is an
U, fdébgfg$%%s%%e%§oé ni zed, via the

|ntranus ar r partlc?es (25
nmy/ ﬁo:srec)o]frwhmﬁea,t ellwi t i hidnagedéh nd £ (5R0epgst can be

al umi .nu er d /| RC-529- AF, (25 er dose)
Raﬁ%?ﬂ% dﬂuﬁﬁyé %Egp %1%%%5 69T and
bl eéhdupame@rlqm(ﬂ@t&@e@ﬁe ,iddiaL8[udbe@ng 70(nSHr a

were tested for the |levels of anti-Me anti body using
ELI3500)THel i1 SN ages- pep or Feauee] ng T er 0$99e90§)] at es

gggbfdl\g Lgur’mfé%n%ﬁ tk% dﬂe@ﬂy%ﬁeﬁg%r Egséra an{"%or

addegk tvmﬂlharpllartn&mpge’n chip | it loat @y e Sdat tirlﬂr@elﬁlt:L@n 11é0an
O dilution and contln in 3-fold dilutions, except
pr &BF T nhife Y2 NP 19T pFaR . aFgoil-in-

det,gglie @mﬂ!slﬂc%?%xarg IWpadie5; 1 8ty BN &P t g HRP

conj ugate was added fol lowed by the chrongenic
s ulssididtieorT N Db | tde 1mugm@etrtns: prl’ebh@lecpld@ltmn Iparticles,

cut - offsm r%faém %ed foreﬁ bM% ach
ser U HI TS Sy AE S AThd é’lbaa%ef( u?félu

st @aﬁerlchrﬁew@arma;s i1 tde qHe- iair@eedaéearf@nvs@ﬂfpl }en&@ﬂ
zero) End point titers were determ ned by

démd fy i HERaTe 1ngs eassium dianriwh e Mispeweing agents
ab%‘}reb %ﬂfeefe\i@lelﬂe HF %Il%h tm%&%& % é)]fl.fldea Snéh I V&g

di-Cyp-Coyg-fatty acid esters of sorbitan and mannide

such as sorbitan mono-stearate, sorbitan mono-oleate
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serumdilution. If an individual rabbit was a

nonresponder (i.e. titer of zero) in a group where
wo@rivensabbi ts gave detectible titers (i.e. >0)PCT/URM®04/041879

nonr esponder was assigned a titer of 10 to enable the

cal cyl ation .of e L.C n.itit.er ﬁp@k far: 1

gr%ﬂ% mggﬁgggig?ﬁgl§?8%%é'pg§?ié g§%®§% onﬁg%gr%P%ble

copyudbibReibusamihastbeel ter mnnesulE604). failed to

yield a detectible anti-Me respgnse (Table 11) ; . :
however, par ?F@FES?"%SYT ﬁl"i‘&hlﬁg&ﬁl&n%e@r&et‘”@ eifb"!lél_Oll
anLiuMBeohaMungLr esRpRIes isush1bhedays el @i idmary

infection (Table 7) . The peak titer for 1817 -
pastic€bhesaot tacb38swasnoiser weacowlgaf 70 ATMRSIdas A)

the peak titer .tor 181 rei .of .
ob?BE%QHa(t)L Yo¥y© 6.sq}1{ﬁ$|a?’%l2eet |Ut%%’rlgl\f\e/e%f‘e"\%%g{ tggetsecc}%lem *
i npabyeeh bhethabbist Sni epUBebUESPhasaf t ety A1, miase
3 doses. Table 7 GWl's for rabbits imn%ized Wi th £
vaPreGerRPe Y GRIRIAPRS FaUtclfed B4 GRAW By PEFISHF ©
28, bay 79,16 Tl 9 & £b%bout 1
14?8%0"%%13?%84%? ,8‘%’5%2%,1%5% g, 1 o%é%é%spl e 17

Av pietticeg tEnd ad erous tRvet exswolstribd tof Cdra iaidli mrasks k

has sho t ha - cont ai ni.n artjcles are subj o
cl é&ﬁ&é’gnebﬁqﬁﬁ?‘auwﬁl?ﬁ&ﬂﬁ?eﬁro&vgérglé’(ﬁ(ifﬁhaalﬁq pecglr—s E%)&ggerja_
nebakl-epiielelas e e Galea tRirpteeflarsd s e ThQamowardiathgbes

can be prevented by the inclusion of 10 nM EDTA in a
bubfesugse @uiugis liogis dficdmden dlattaibigte of L 9Ame’ 20, and
particles.. ko dat ' I f 4l ﬁ_rgzsent |  Wach of
ED Rn\%é’lr%éda sc}%gAf fe{ed(g in(\%eé,gpéés-}t aa} Ity 'stﬂfjlg%/ﬂévq\%a})z ach e
perihdicied susing tetel@CtI8 Idrpar in dash ppepakret: iand
Exanpl e 9 and di.scussed above.. Thes articles were

ol ZEBAIARSy SHGTaGE RO o e 20 AR S da it
phesphale: alxgddt’ % Mt alsercodmined. O,mdst 2 , 5

or 10 mM EDTA. The results, presented in Fig. 11, .

c| @adfershiow t ManterideEDTAA <735 ©F fexedvead aoraiio
EDTA at. -pr.event.i el ysi.S,. Cc rations

I O\Aogr OtlhlarF N er?éy%%’%obééwe@ e%gf]ﬁgigd Su%}é:l?% ngly,

i N diee cahiseh el 101 {EREA, expraeind e sadvasyarets cege 5ed87C
conpared to roomtenperature incubatio Thj

obdd1aEs i%‘r?%%f@%f’éit]gg V{%a%S/te]h%znij ot s‘gp n%si%% %%hl y
l'abi l e and thgfef ore subigell tiol daglé vadi@raits is also
relatively |ow tenperatures (40-600C). Therefore, a

st whnteapliatied ek i deng rivies | 9f t frea bk Jhebegéie
actiwvit oul d est royed. b e te_xbile
rraialﬂjé’r\%/ﬁrhch ‘f%eetbulelntcl%e%jfrel% ot %{hz %21}?%%% etg‘ié@T% dhol Cox
eval uatlerd - hpupossind |déwyiwdt e ngeschiadd stepUt ®.

i nactivate thec{)rot ease, particles_were heat eg Bo 492
50, PTG NOOE F012 edtherNa: 5% 0743 fiddir SO The, 011,828

| Ntegy iy, of JPNOIES S W@éﬁ%f&%éﬂﬁe@@gﬁﬁc&fbgrated
12 , and the data show that all nononmers appear

si iyt are faftencdeatOf rdatsematenisbeond-gélylpBesent ed

" it TLRlRYRe} "0 BB SR PR Lt Shrca
t erpelatib Fedilld  haes&as Mabdnh Ct8Sbéhgbrticularly
effective in inducing an antigen- (immunogen-)
specific response.
A preferred useful adjuvant includes

monophosphoryl lipid A (MPL") , 3-deacyl monophosphoryl
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were heat treated at 400C show reduced cl eavage, those
i ncubat ed at 500C show m ni mal cl eavage, and those

WO palstosed at 60 or 700C appear indistingui shabtBU$2004041879
non-i ncubated controls. To evaluate the effect of heat
treatpeAt AON3papbrl) e i npepfit Sy ed
partigFes_vvere anal jyzed usi ng %%vg y??%%?gggd?alf’ﬁga@ured
datly pees®at€drbn PfgSkE3ALlshofothvatrliye®tittir gaim@ichen,
at 00 a_mn i mpact _on particle
intgg???g?gésﬁéggagﬁc‘edeﬁﬁ ggyliv@ CREF8ase ithree
nonesmpédees preksictwli ebofl Bheraktiar the R
particle E)eak. Heat -t reat ment. _at 500C and k?giﬁowpﬁggy%o
appatRht (Mphtt AontrrBaseecefiinvenlpisf i(TBM) saggdestilig
thaf,, pardi el £soM 0 ep_wWith,no adverse
effe%ts . SEC 3na@|t)(§§|tsg gyﬁﬂggﬁﬁ??gég egnpgr i'cl es
f ol $@uwd hgnafTeaenwekk &ulsicrbat i T €| £&fhyah€Veah Sbe
t he_proteo ysistélglf t he n-heat-treated control, as

n e
Vi RICHCUE By NP nRrEaSed BRUPRbN LR #8 af2PRE4E. A
parpiet erpeake bFhdok 38 aKIos Th
con%j stent with the proteol ygggii%)ggr@ggoégaﬁghgﬁg&%@
(FibinTB)A ahel Smggest Eorhaet chragagesdbnMieviingna” sthel
particles results in reduced particle size. The
hea‘%%lfc’%lecg][%oﬁjs%ﬁp]r%ésaF]Pa%x?n i ¥ 5T AaATStRRt 4BP 0 689
pardgclme peaks, which is again consistent with the
| ack of cl eavage reveal ed by SDS-PAGE (Fig. 12)
These data sUfp@stpraberhedtate eat oempousddstpucturally
in i ot el yti ¢ activily res sible for ,
cl gé\%/lla\r%%%@?gn aiarﬁ%r}é’aﬁlarﬁa&leesé 3\ OJQ(X/]I ghiyrosamide
optilursflortds NM{A¢Pg) psatiedy Stlos®r Fh aB1Y sty €Srixa
suggest that a 3-hour incubation at 55-600C may be
opt] L R VPR PRt BT VRG 552 Pacadvavaeh, {aniKR) -
MR 3t U NG L d i ' i m_of
t he manuf act uri%%ﬁb%%%%fg%a?% ﬂé@?@ol og%ljéﬁng’ 8eoxy
pr é-&-adicsdhema - re bR st 2k d tordode pend ol oeg- Pt +of 0

Se -4 e o that,nononers and di gers that
ar gﬁ ?J(re %233’3155‘ 2a_sB[ g{)c%n_zteeqiﬂé%_cdee %Efn?}féo}f‘?éa‘é?tjé?ggc Hryl-
ef faetitiol elpy I-ermveshy riie dises eriéﬂﬁyl’@fﬁrﬁ@r@iﬁ‘fﬁ)’sﬂ@?! e
particles to be stored in the absence of EDTA. Exanple
18 PIPRGPPCa B (i h gt EBTVR b IR Heatad rerstkgn®esul t s

| ncSashePadicles Raserhan e dals, pLgsenied above

a prototype purification process 1ncorpo i ng EDTA
and offeatl aitriant iamtROE AR herapirlottelss ef wet | Mt dxd hadrp .

cl S been t ested using CV-1906 particles
thgg\égdnt%gii%ﬁ RNFH rﬁorra@'cépﬁ% % awe N 4y 386347
1818 panbioalsgs and nked e ilBG RBAURNC e 3 T o SE AL S
at residue 4 (aspartic acid) and in which cystel neés at
posi ti ons 48 FaREIE7 aard amedledest aduvasers newclude
renpve

regl t.he - Hi i s fruncated t

oSy e e SRR AR R ST e B TERE e

r eSp@usundsoaddied mt ifosind o T« HBelA UBILLAES K ing
Cl15 Oh . O ‘the six ?Lystei ne residues that could be

pr ESEREIFRSY hé VPRred Lo fires 6 lmre Phovimpaas itagd Group.
cyshei Ba§ukAnthecMenseeuenes C! %%%Sitlﬁatbqet %oﬁ?o%&uila

sequence are in fact present , ‘'with the other

cyBieprhesmpeengiceglsacddchy der ame itesindlesyicHgy

pu % t rocess involved the use of 10 nM EDTA in

SRR ABGRER Re By R e 55 end ST
derived from the bark of the South American tree

Quillaja Saponaria Molina (e.g. Quil™ A), and the
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of the protease via heat treatnent, at which point the
EDTA was renoved during Sepharose" CL-4B

w@ koososooyr aphy. A conpari son of the process CPRPCI/HB20041Q41879
or | acking the heat inactivation step was perforned.
Th e ised. | id.ed bel:u i [
i S EPRE I r S RSP Burtor G it g et
20%manBpnbunsa0l.f aberprediipietatifo@uildhty,i figatdmmple

R i f I l.et, i I M Nad /10 nM EDTA P [
1 e8P nC TRBoBRE BEEiR Y St e ety L™ A
Heatl sbnaabinatisopab800C andB Jte:s )f radefiltalsdsfuch Gls 417

chromat ography in absence of EDIA Ceramic HA _
cheoraedgraghy CiRisedcompamitisva tdreddy sy ealmddnethisg |
as .expecte t -1 . ' ; ' :
hegfergtv 3p lgfggsa%%clge{lzfvllg’%gag? agggirﬁg ?ﬁoeﬁ%%ir}% v%;srﬁﬁ§eare
regmgedusiefal, faldmowiangnSephalcase iGledB( fi g5 . IRgtents
Lane 2) . In contrast, the CV-1906 payticl s_vpurified
usfeg £hé7gr 08ds Snchdle i feldfded 2he ascfjéb #&ai ned

' ,”B%% i 5% e dl firslBNEr k)1 ab X EHRIne ASirc?l 2@ udies

W t Imers Containing 1 , 2 or 3 Tandem M2 Pepti des
Hy Beist riBedVE@ paid.i Aadsentis Naero,709, 879 ad N andem
copi Z@ of OI¥2e fused to the N-term nus of HBc were

exr?r' ed%'n E . coli and purified (Table 8) . These
particles wengralga fdigrait iald erdfheint preparatson and
thawed just prior to use,_ as_discussed before. The

si FOTGRTEHE bRsy iB8\s TRFHGHRS RS oIl gt hreonyl-

HSPRTRGE (B, e e iy 7

of S were consistent wmt elr
ex pdetad -Polieglart aminght ECqTdbl 63 B) rofdteed Detas | Bor-

of - HBc rid Particle i-es Tot a ;

R e e s R ey e P S
16.95n46R4 21 (173 219 bk ifdik 2o 11-%h 2238 A818- 3 223
25.20 Exanple 20: I.munogenicity Studies Wth_ Chiners
CoﬁwﬂrrﬂWgDhPS,P@lﬁfl@Wﬁef%&éfﬁW%pE {cfeR) Thes3a,

[ n@g&ggglrgi it X ti fidc ¢l es
geneti ca d?/tgynd;ﬂ]ng%% ﬁ' c\é]ﬁqt'egi%}é \%?%%eﬁgﬁ%?%s of M
2 [chpetGl4ie 2nalkBiks ars8 deddiBied useditH. t hatent No.
N-termnus was conpared in BALB/c m ce using the

| ethal® o84 'enge nodel . Pat hogen-free, fenmale BALB/cC

m ce vere obtmidrd-fdOENardes Rivelirdsel faiydeand
were used for inmmunization at 8 weeks of a

aniqrais nagrieTro e BB TMRL (% bir B2 r%%fé%‘-{gem) r
CTLONEN 4 ks s i St 5k apdcosn (o
95/17210, PCT/EP98/05714), 3D-MPL formulated with
other carriers (EP 0 689 454 Bl), 0S21 formulated in
cholesterol-containing liposomes (WO 96/33739), or

immunostimulatory oligonucleotides (WO 96/02555) .
Adjuvant SBAS2 (now AS02) available from SKB (now
Glaxo-SmithKline) contains QS21 and MPL in an oil-in-
water emulsion is also useful. Alternative adjuvants
include thoge described in WO 99/52549 and non-
particulate suspensions of polyoxyethylene ether (UK

Patent Application No. 9807805.8).
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Al'l the mce (14 per group) were vaccinated i.p. wth
100 mM vaccine using the follow ng i nmuni zati on
w@e@soswE7 first vaccination, first and secondP@DusS1004/041879
with 10 ng Me-HBc particles, fornulated with
Al hydr ogel (t e(&gg B‘E/ gﬂsg 'ﬁggngcthg%g'céﬁt_(a]igs one or
ng/ dose) at Fee week | ntervals. These particles were
al gertr ageniatsefopr epaialige ardephawed j(TSR-@#)i cudio
use to nminigze the effect of the pratease. Before and
t weSweBk¥Fhf BeH WA i%i%”ﬁgiﬂlpao‘ro%q‘f éﬂ?p?‘isc%ﬁ’%und
C."Eh?ﬁt ed BY RbessbmgagfiulRetrvent kalipald avelifethie
final bleed was performed by cardi ac puncture. Bl ood
cl el.bhrgowaslpegnivitbd ahopglodistutfes FLRIP ©uaid aferaum
was col |l ected, by taking.the rnat.ant f ;
SuBSBAUBREYREREH: PhGHE Sirery kg PR copRirtho che
Mepapeetlifc ikgtavet eudeatermpred dryeld.l SBudd eeljuvants
i muni zed with 1817 or 1818 particles exhibited
corpheneestihei PEPIHEEEGR /R FABRNRCOSEhge 8+, CD
uheress hoe LERUBZEdh 1LARApaRUOL R XL
sorgffer %thglilgt bq?geké],% Fiog.l 16) © M ce inmunized with
nowiMRe ac cphaiempig tpdr timphesgehliz3 HBC ~-grormeRg ning

exhi bi ted 100 percent rtal.i Fig. 16 hi ghl i ght |

t h@aﬁitg}ﬁqﬁsr Pﬁgé’h@?l&aﬁ%ﬁ&ﬁ%é#&gs e a@n%&‘%‘%&’ geid.
prateat haRo Bahh®eMpge deiuninz efhaM tah HEEinantt Mk ure.
particles was conpl enented by reduced norbidity

(wenghd alogssand sr daddcias® ithafody Weksad jr)enhance

" AL Yl QPO PRLICHRS LAY dliRindditon of
prot'ection " was nore robust 1Tn the mce i muni zed wth
pargical-esypex pmheddiodg €2 ,owhereeE ehe fRAVER (-184% and
1818), , conmpared with_ just one (1604 Fi.g. .17_and

Fi GIP8PRE ARVCTRRE trl}k{lerlém%}dé’ree("ueeﬁp %e‘%‘%}%i%@"om
ELLSAqUELiSA Rratregieeaicoriceet aaiiidiited abouita 18 cell

hours) at 37Cwith 50 m_of a 2 ng/nl Me peptide
somgtsibomsien WSBTRA Jodiadrh biariRgRR dhuEtesentppy s the

Mcratiter plates (ty ' (« e

s SaTe s i bt o oAb P Urfladodi e o,
BSA sol ut i on Mmas s ed-effridddd ngrarf terxthtwucomprises
i ncubation, a series of. 1/3 dilutions .of the different

seruRtSTS SECe AT TH SO0 SO R B W ERS
| oadad RN kAP dRdRatied waldSphathes hawnd antdbedesed

were detected with a peroxidasel abel ed anti body
di rectbd .adaitrestt NespeotlidelSLhouse 1HE amdneyteal

( Saut her n _Bi_aot echnol.oqy. qci | il uted_
et e PR S BE (R el Dot A 8- 52
wasihizng; (R)he rdetrelddemqtiases: sweradarnt bemins] Sethyl
mnutes with of TMB substrate, The react

St GutEe By LrGHRARPRARY 1 TBPOR A § 41 SRR &< %
45Q Ia‘(’:é?egzl fiis nqr_ezd_. [,\}Q-EQ —va—t@ét{‘réc!ﬂ@cé’ﬁé}}foiﬁeﬁf§—

speci gto e, the absorbances obtal ned for
t helquremdyriramiencera ey lea eyt r e ettld riom ¢ eyl ammonium
absor. baz} es, obt.ai ned for the i%un%sera at t

ta

Coroa oty i (1 Hn PEL1SA T & GRS S Rayaterin-

pardiclas 1k8ikh and dfS-phdLifedi@nddsdPes | gA titers
that were 10.4- and 8 .4 -fold higher, respectively,
than those obsEruanForansodt bhiEed| 3. a5 3] Ay eyt

P VALV e hariaren Pt Lot

t hathd recombinant HBc chimer immunogen. Typical

amounts can vary from about 1 pg to about 1 mg per
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those observed for 1604 (Table 9) Table 9 Conparison
of Anti-Me Titers for Particles 1604, 1817 and 1818*
WQ b@Soszand | g&a subcl asses) Particle Anti- M2ePCTGE2004/041879

| g&a 149, 850 9, 100 1604 (82,901) (7,386) 1,564,546
50,469 1 605, ( 26,7316

AR gL I 15R02, FHBhel BaTR BiZRheT AL ORrIR P
”1gppmﬁpelas&awedceﬁtaadabﬁsdev1ahmmm&samershmwwraadlly
parent heses . For anti-HBc determ nation, ELISA plate

(t 9pBSFMipSE -Maxi Sorp(tn) ) were coated with 100 mL of

a 10 ng/n seludt-i,99 Q.degla)ﬁ‘éll?l%l aﬁ:%b@otnv%@it'l@ﬁ)ﬂ.ly

di rected agai nst HBc (DAKO) . After washing t
pl atmsniatPBSd+p3¥%eBSAradlyt i &y ma@e@morﬂmro@%iaﬁ@le,

Af t er . washi capturing of H nt
bi 8&FB8ﬁatsél%%HFﬁ&%fl\f&¥g pé&r r‘h‘nt s %f%lafur 3%%1§r1%na1
waghi-fidl a2 198k €5aef akk3 sdﬂ1|tlalbl@1$cﬁf dhediddarendt

serum sanpl es, starting with a 1/1000 dilution, were
| oadmanadmteRe ims Lacl @@m%’fﬂﬂd@ﬁ @éﬁ% Jél some

detected wth %rﬂhﬁad't'll gGB?g%g};gga@,% - I 4 body

di rected agai nst nouse 1/ 10 OOO
I neBBPotitYrBSA., A&ta@ut\nmialln@)ﬁrmaﬂﬁerand [greshipipissare:JleL 2t

pl ates were 1 ncubate for nut es W|th ubstr at e.
Thénﬁ Y6fharroF &&° a?é%?éﬁ’bed & the
Valc%@gfl?rcetﬂ@e%oe%'ufdkp sﬁ,@ﬁﬁisil\ﬂdr\ﬁéé) rﬁa@e H@Fﬁﬁlﬁﬁécﬁ Brom
core an t he absorbances obtai ned for the

pr @mwﬁ@ @@rm:«mm Sditst padtiare fimsradierdbsor bdives
othal n%d ffor t e %err .k, J%yt@hcgrrescg%(pl ng
di ! of t

For ermnation
anEerB.(l—aItlltcﬂfES :frmludedlaucduaiozsmﬂm}eamplttwdubund

anti bodies were detected wi.th a _peroxi dase bel e
anEFESRY e Aed ffai Tt isus HGE(8Y aih%f grades of

Bi tha%%@logma%m% ateBSrdHIC nagrillid Ui b dd HQ0% | NeBBSuim
+ 0.5% BSA '+ 0.05% Tween -20. After washing, the

m @ﬁ@pha@nrmlat@l@@alnm%w%rc%fb@%ﬁ%sawttﬂle

TI\/% ubstrate . The reaction was stopped by addition
SFBPO4 and t he absorbance at 450 nm was neasur ed.

ELI SA dat a r evealmstilnal partdadiase ]gaﬂrﬁ‘p@amtﬂ;&i&akes

elicited anti-HBc 1 g3, titers that, wer %%b4 and
1006 ™ Rferd FUIPSQ v IYEPFIHEPT hdsE bhserREt! £ or

1604 Rantd clashakle ﬂ&)easeThF&ﬁn@Pé@lé@%ﬁa"%&ﬂ&@t and

i ncréased 'M2e density at the surface of the
parcintlad rec tar el ymungumreiss exf et ol ypresporeesiie the

HBc .carri er. or. nt e - HBC
ra héLg‘e(]ﬁ g@ %%‘?aéjq%g%glpaam eré‘f ogr‘\gl%%{ part i cles,
and nég-d@lghthi ghet 4 aryplifda pﬂfrﬁpcﬁlé:el&onpoaimaixﬁdunogenic

W thl1604 particles (Table 10) . Thus, the inmnune
r e§fdesdive amount of preferred HBc chimer particles is

about 1 pg to about 1 mg of active ingredient per

dose, and more preferably about 5 nug to about 50 ug
per dose, as noted before.

A vaccine or inoculum is typically
formulated for internasal (IN) or parenteral
administration. Exemplary immunizations are carried

out sub-cutaneously (SC) intra-muscularly (IM),
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agai nst influenza M2e in the vaccinated host is even
hi gher than that against the HBc carrier particle,

W e@ds53967 be hi ghly i mmunogenic . Tabl e 10 ConPe¥/USm04/041879
of Anti-Me and Anti-HBc Titers* (1gd Subclass)

Antj - ; [~ Ant. ., - [ tod 3 -
4 5B GO R04 0T 04 (B5EBOTT ( IBI0769) 1 86k sib 1
1, d66md23y181D)0 .8 9 (605,630) (473443) 1,261, 731
420,577 1818_3.00 (654,156) (218052) *S sannpl es
from i ndi vi dBhE APEG CHIFET BSFEQCIRE: ardnr B irons
ar?a:?@@lé@e! BoP3leaithesean Backoehullbe dentienis ward
articles cited hérein is incorporated by reference.
Theaasénef ashaeatrpdl o galsr fogfs i s Fhnrameentigally
i ncl ude or re. .The f.ar [ . Well he
exARBFES AR FAOSRded S Copr AP iis Sl B
be (Fakeadasikihmithiengrest iaklinet beoupar icdt itdres pridtdim or
t he ;Eirit and scope of this invention are possible

anBaREPP) r 8adi Py SpredaiRd PRéERs ePEIFY G RESE S IHUT e @S
'nfggeeﬁéﬁgl@ﬁa%gd%&gﬁyd??$ ok pHRASRANTR natlds, or

hepatitis virus core (HBc) protein chinmer nolecule
W thch begginh cofacdldpuasl Beettd cabowa 137 drinta e d

resi dues .t hat contains,four _peptide-|inked am.no '
r e@?ﬁé@iéé’qu@ﬁl e 5 S f r gr%%t%ﬁe%eﬁ; eedr( r‘r“lglntﬁls )ctr}heatat‘:Il ae(rjee
deparbbated PN Tan dllso e dided e eirordgynic

Domain | conprises (i) about 75 to about 160 am no
acPaseEsFHGEs aghofO s SFRERdE /i FAdIdEy ROYEHE R he

se f .esi d I ; oughy ahowt
pootRETg SH IR S et e i

I esirdaes cpbesest st igqposigyilemiine t Her ot therlaroleeul e

f about t t .-55 rel.at. to the Nt
o SERUS L0 oty B LSl 8 40BN L L

(Shkkesaid one or nore N-term nal cysteine residues
being present within a sequence other than_that of the,
pre-core seqF&fcdICWHBe CTANRIIN9S iakd R IR Yed in

i
fouyr f. . ; res) t
o TR e R e SRR S Ry e
peph eechoraedtto cor aMe hilrerspeutt ildnlesi elliesctofve hand

N-term nus of tpe HBC J.g)e enc%.é’(f(ig‘?ﬁ Dorgai n%lll
conpfiiees<asut Ferph out™ At Tesi dues
peptidedardedritirabouls rHasiqie v )of Whehgddnt zey oco
to all of the sequence of HBc is present from position
76 behpgingmigs exadl (depents opt itdiralsWetR@ncee dre etxepted,
about 48 .resj st . CONSY i Qrofore & Size
of cgptaglécgoﬁfd}jxer eér‘sl?":B eeéswo %ﬁﬁﬁ}}{{%nz% A(ﬁ/E m
polaypdplddde 0f SR ddyree of protection desired.
Precise amounts of active ingredient required to be
administered depend on the judgment of the
practitioner and are peculiar to each individual.
However, suitable dosage ranges are of the order of
several hundred micrograms active ingredient per
individual. Suitable regimes for initial
administration and booster shots are also variable,

but are typified by an initial administration
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NO:9 ; (c) Domain Ill is an HBc sequence from about
position 86 through about position 135 peptidebonded

W@ 20080083957 r esi due 85; andd ) Dormain |V conpri SBGT/[153004/041879
t he residues of about positions 136 through 140 pl us
up . X5een § &8l of EBerapmbaenagi &, esi due
segég%égégrgﬁ1pgs%??gzsliYé?hrouéh 156 pgptPge-bonded
t osttheegesntuéngecakhont opostheonaddsnak tDertmion .| | |,
(ii) zero to_ three cysteine residues, and (ii,i) up to
about 100 anPRGSallgPege ue%ﬁf f S%e&ﬁ%ﬁ@& id
hel,giatagAEs EerHBC pbLaBYPeSi tige thEftieikhe HB: the
Ctermnus; said chinmer nolecule (i) containing no
norecoBinapt pEBeesb imeis ervERPgeRy touBSLucs &eani no
acid resj S_kn_t : u Il : :
cePfoSRETHR g A eE EaE FERCE R, O bt
freenaf tbi adeny2t proweliai.c Fhiedsadntexpmessitdmea rfar the

host cell, and _said particle ei ng, nor.e abl_.e gn
foPﬁﬁ@PSFlPﬁaﬁfa@Qt&éM?iépééipgﬂﬁédtypéﬁ Xﬁ%ﬁﬁiﬂ:ﬁ?r

i dﬁ”g:bﬁ?@bd"@? aRLIR! thihak kackscs@i & iher Rideds, and
cysteine residue (s) or in which an N-term na
cystei neciesiedaebpossem isecome gyl Zisicecul e i s

repl.aced not her. residue. .2 . The [ ; :
chgﬁ@}nﬁﬁg¥8?ﬁoﬁbpgcﬁ § accor Fﬁg oqgigﬁﬂiﬁﬁyﬁﬁégﬁécn
ongs0h18al donesipuesed,] it drdiXedy eft eneiofe smivterl
pol ypeptides of SEQID NO 9 is cysteine. 3 . The

r eWgRbEN&RL THBE &ﬁ@%@raﬁF@FéFFQnﬁaéﬁH G AR Pt o 1T

cl ai [ [ Les] a | .29 ane- of
ety pp AR e ARR TR SR & P e
al apived. t4terThd eadtdidoidiast idBatdkilmed pridteivaccinated

nol ecul e _accaording tq clai.m 1 wherein said

I\/Qkﬂ&s p8ptGes 15f %§§%qu% JI4He alHleest s PudS3pH that
t heouahoX? 4ite® byTherieearbibeat 186 rehiteta e n
mol ecul e according to claim1 wherein two of said

r egfAdas SREF 8N @ EX IOt VEHE 6ff SRV F& VHRPE des of
SE?eEQsNO :9 are cysteine . 6 . The reconbi nant HBc
chimer protein nol ecule according to claim1 wherein
Domai n | conghst pressertiical Iof emtifeddBe segueerdl ¥y om

position 2 through.position 75.. 7 . The reconbi nant
L R PREUAR ARG S EE S
wher e themaihunY RN IRISS ZRT A gRLsiigid e Hesdmltsod fes
The reconbi nant HBc chi ner protein nolecul e accordlgib

t o téleaiedhn fmpre tdiad TDGVRI 1ty tis ik tF & oy e

h t : it 5 ' .
o° PRt RAE OM MR e e
ac terdiimg fitercloai fyl asverieim iDoaicadSdy rlauess aa

sequence of _about ni ne ino acid residues of the HBc
seg]@é‘ﬁ@gnf it &5 dife i T4 ?cﬁ'fem?g"ﬁt about

position 149 peptd dgsdendedid @ HeHue -4k sdPibdde

reconbi nant HBc chi mer protein nolecule according to
cl anmiboshieseise Bothiqed darclheldsarmead tierem npe blood

VSRS BeOun I T LSRN (B, U e

| Vreconstituted into a second vaccine for passive
immunization as is also well known. Similar
techniques are used for gamma-globulin immunizations
of humans. For example, antiserum from one or a

number of immunized hosts can be precipitated in
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i ncludes one C -termnal cysteine residue. 12 . The
reconbi nant HBc chinmer protein nolecule according to
w@b@snossswher ein Domain | includes three of saPdI/NR2004/041879
pol ypepti de sequences. 13 . The reconbi nant HBc chi ner
PfQgsgaugvgﬁﬁa{&uﬁcgeﬁ.%ea teyphigbmmy \gﬁew @oDe@lazeﬂt
i ncFudes two of said M2 pol ypeptides™.
reoﬁnbhnanat&Bn)chanértpﬁop§enlnnte®@ﬁea&@mhaﬁnﬁyto

reEFHbé%m%fcgﬁgmggaggﬁgélgﬁgg%ra?r #:%%s?r:o%£%§nlty

t hERYBRaBEgraphy. ihehiesorhi manbolBpephiicRy iRy aftailized
nol ecul e accordlng to claim9 wherein one of said .

resbdbbe Xntigag Xmobflageds ogatienvchreBRFepEREs

SEgg Y 9 is cysteine. 16 . The reconbi nant HBc
chirnér protein nolecule according to claim9 that has
a length of ahouhlé?arEOpabpataﬁl@nﬁe$h@mesrer7 . A

reconbi nant hepatitis.B virus core rotein

R PRBRCABr eIl E Rt A Catqhon e e e P G, Lssh i
233 BALRO;AGHE1r ¢8i fHeent Bat igeRlidisn® S AWFluenza are
peptide-linked domains fromthe N -termnus that are

dedesiimatiedoDbrailngured, | but| Ln aid dhv prghacdiier sHrom
conpri s [ ut 95 to about 140 am no

ac?ﬁfgggpauesSmﬁ%éegs%q%%%Ce i ncl udesat |east the

sequence of the residues of position 4 through about

position 75 of HBc, (ii) one to three cysteine

resi dues present at a position in the chinmer nolecul e

of about Onewtleheﬁ%utfurt%%ﬂ ehatdowe thidd, he N-fL B uSred

of HBc of SEQ ID [ N-term nal cystelne resi due

(s)c]natsame sﬂxeldledm@me tiiet emti mln,cylglagnéheegmmg

resent W t.hi I, t
prgegggé gé&&eﬁgg 53 °H e%%' %§||| |né$%) \M;ﬁ%}fﬁ%
f ouhes pareerees iafeaBadvhn Got dtabauil 126y @it(ﬁiﬁs ofThehe
i nfluenza A M2 pol ypeptide of SEQ ID NO :9 that is
peépﬂ&@%@ﬁd@éetf@ré‘ﬁdwsﬂﬁ% Ediso GRS IMER T AT t he
N £ QEMRUSOT tENeHBESRURRC &8s (R BT Udtrative,
conpri ses about zero to about 60 am no aci d residues
pepniddeoctonded tiogaledutt heesiethee rice ofo fnttieh diigeleswre
to.all _of the sequence of HBc is present from position
76 - th PG g &5 ", %ﬁ SC5YF T an optional sequence of 6 to
about 48 residues that constitute one or nore repeats
of 6 to_about 24 residues of an influenza A M
poEygeptiedd :of Sedli BaNGoPey Cont@inddidin 111 consists
essential |y ofChimerHBrepsqiaddic@® f rom about position 86
t hrough about position 135; and d) Domain |V conprises
(i) the resi due®repaaiadiitorpad th@anllB@etdtmgbKHmB -3N,
plus up to sixteen residues. of a 0 aC|d
resi due sequenc&f¥or St

pepti de- bond@dats%@efer&%xdwmﬁzaa@m (tpmraa?&lzgf was
Domain I11, (ii) zero or one cysteine residue, and

(i mp)illipeldobafb@lhle 5 tahlnehaend dsiaduasique eN%%huence

het er 0l aogous to HBc fro SItI 6 o
C—Fgls%rn%(s%loélal C |t_'r(rjerenljl ﬂecun 510c%n aini ng‘?enes as

NMRNeoI-HindIII restriction fragments and subsequent

expression in E.coli host cells. To modify the
pKK223-3 plasmid vector, a new SphI-HindIII fragment
was prepared using the PCR primers pKK223-3/433-452-F
and pKK223-NcoI-mod-R, and pKK223-3 as the template.
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than 10 percent conservatively substituted am no acid
residues in the HBc sequence, (ii) self-assenblinginto
w@aosisd9es t hat are substantially free of bi ndP@IyUSI®04/041879
nucl ei c acids on expression in a host cell, and said
particles being;gopeRs Lon.than,are
particles forneég?r§ﬁ1gﬁggﬁﬁg?mﬁgén?ggngﬁggl@H%c
chimestthatibackszgmed Sbhérandalingitfiei ne pesivdde GsSke7
or Jin ich a term nal. cysteine residue present in
t he®Rh ﬁ%?mﬁﬁgggﬁ?g W@Srgﬁféciagﬁ§e§nwﬁﬁgraré%Péu@P
18. fAhgmé e 0Fbi HRAt pkig2 §hs MpECRHRL LR FaRLEGRh &
according to claim17 wherein Domain IV includés a
seqURPERC BRI abbat oni aénahi #80abPdSphErHindIadfl fhegkBot .
se C r S| Si i1 41 .t hr h, about
e e e e O R
r ecodar efite HBE Iohi sRorpeot ehannvhecpheeaecpndishgdt and
clain117,mher§%n Dqgain | includes one N-termna
cys?%ﬁ?@%?%s@ tfio .nﬁﬁ%e?Eégﬁb?ﬁgHFnFBcuEﬁFﬁéﬁm of the
Pr of 8t FodRb 86 UEo ACE LI Ngeb Opghai i 17 ﬁ&@hniﬂgnﬁaghes
IV includes one Ctermnal cysteine residue. 21. The
r econdi pripe HBe ahéeet paseel n nBeetulietdonoedirg tn

cl ai 7. i Q%gain l.includes three of _.said M
poﬁ%%%% }%Qgég%%%hces?r%Zl?g%ﬁ%g?écbﬂb?ﬁgnt2FBE chi mer
pr o Ted®l @€ ubltaigeordhag t6 €hai priZ2vher phpeRpMai n
I includes two of said M2 pol ypeptides. 23 . The
r eQOYAT et 2 FBCl Rl pFePrbY erit WoreELLBeagsoREPHE below.
claim 17 wherein said M2 pol ypeptide of SEQ ID NO :9
i ncl udes residues Xg through X24 .24. The reconbi nant
" HBPKHZi2aeB / p3 D4 2r Fin | eQRIGSATCCBREGNEATD cl 8EQN IIY NO: 49
wherein Domain Il conprises the am no acid residues of
t he sequence of HBc from position 76 through 85. 25.
TheokkeeaniicoamntoddBc chi mer protein nol ecul e according

to : , : : ¢ . :
e e R T
through 85 that further includes 6 to aboutSE3 ID NO:50
resi dues of the influenza A M2 pol ypeptide of SEQ ID

NO 9 . 26. The reconbi nant HBc chiner protein

nol ecul e according to claim 17 wherein one of said

resi dues X-~h_and X*"g of said M2 pol ypeptide of SEQ ID
NO 9 is cysti ndfTSRRTa PR gl na%f6 HBed chi mer
protein nol ecul e @ coOrdh Nyt St @& 17 that has a

| engt h of about—I70 to about 215 residues—28:

Particl es coffpdisiedfEBecbib(Wanndepas] tos BBwisds (V)
core (HBc)_ .prot.ei n chimer,_.mol ecul es. according to claim
1 TS PatiTIS %Cgcﬁ@rr{-?sté%e e ohBi n}nﬁ%ﬁ%ﬁ?]?i B
Vi rysitdertel  HBONproteimests it sof1es Ul feuaseonthag: t 0
claim28 that include the Ctermnal 19 residues of

t he- QW INFEHAE A WX H Ity deedfusstey | BFRO 9(Bee
Par{yi OISt f Eggggﬁjggﬁg epad i 1 [
co?ga%hgé% proﬁg%%%%%fﬁ%r nol ecu é?baccor%é%g % %#%in1
17 txr@itatat thia |\Est T oy irsetkdfVT econbi st hepahidiwith

B virus r.e Bc rotein i mer nol ecul es
an addﬁ%loégi Jyé%elne fé%&ow{ng V149 was named V16,

and the plasmid accepting inserts between D78 and P79

and terminating at C183, was called V8). The HBc149
and HBc183 genes were amplified in two halves using

two PCR primer pairs, one of which amplifies the
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according to claim30 that include the C -term nal 19

residues of the influenza A M2 pol ypeptide of SEQ ID
WONEN08/05827 . A vacci ne or inoculum conprising arPCT/US2004/041879

i mmunogeni ¢ effective anount i mmunogenic particles

acc Lhg claLm dj v . <dLSp ed_in a

S i KT

i notcetmimes npr Ferny2anthanprodenie off ehki veramewdt ions

I mmunogeni ¢_particles according.to claim3Q dissolved
or %?%p%r%é% PR éﬁbﬁﬁFﬂéﬁgﬁ?i gﬁl? aécepPabraggrrient .
34 (cThermasehne obri PREY! UALaEEORALRY heeChabmo33
wher ei n sai d reconbi nant chinmeric HBc protein ol eul e
par {¥ cresnireshrasdne 2A6pbanfrapwent (C35erfheus; for

vacFADeceL LPGSULUD SES0LO109 Lo SHLELTE gt i L1

acdop di ngghene! aCcrt3bmihesei n sai d adj uvant is al um

37. The vaccine or inoculumaccording to claim35
wherei n sai d Hef Wahernsnal skhprEMABEEcHrerasreciveye
framdder &5 oypecoRshst Lag EEO?% waﬁmkﬂbpepgg%ml
7-substituted- 8-oxo- or 8-sulfo-guanosine derivative,
nmonioprersghios yWete pldgéstedl whithuRtoRIcahdi Himdaltts. The

38..,.The. vaccin Lnocul um accordi ng to. claim 35
wher | ﬁ‘”s@i da%‘g i ‘8@ aﬁ? a?@e%{? BRHTE h‘é{?ngtEﬁm @FHPEsd
Wi thogat et natiNeige NE6mipah t EELRS @aelrﬁahgs o The

pharmaceutically acceptable diluent . 3 e vacci ne

or TeEHIMT Reok oihgli bl cFapansst ahepepnthgndligated

e r - [

hase and ST BN oo f TR 20 RRY' BUeR BBkBhrea by
accbraisigl om el ah NNG8T whed ellim&aid. enul sion is an

oil-in -water,_enul sion aviﬂg a water phase agd an oi
phase. 41. Th%?vh%%?ﬁ% r<¢ cﬁ?hﬁ?B@EpFBFﬁgt § dFai e
40 ahered rpldemdid, PhRs eaPbrsgt-fa€aUbshONi QONREI 888ested
squal ene. 42 . The vaccine or inoculumaccording to

cl IR IBEGHRE 7 t e bi Fephaset bpn sandyeasl si Spnthetic

COgu fgbm% 43 ;. acg] or_Lnogulu
accor&?ﬁéﬁto c éﬁ%%%ﬁpg %?%&% %heﬁgg %rgﬁﬁdgoikaﬁ ases
of cerhame siare atlecenithsefted. bylanaebutaséyi nyg2, vies,
agent.that is a sorbitan or manni de Cl2-C24 fatty acid

estBId By IR RRCET RS YT 1 R0 EEFORT hedB dg%BtFB¥EI3Fﬁ¢‘

38 mheigid s erathshd Yhdgd ageits | srBaiRNPLEe: £sd2E8a B
24 fatty acid ester.45. The vaccine or inoculum
accordi P itrre i m Bae winsertred arelsicRettor4sihesyare

Sldi PRt i m e At redares CoRostonds! e
o e M e A encodes o

reconbi nant HBc protein nolecule according to claiml
, Qr_a variant, analog or conplenent thereof. 47. A

nu j i-d-that encodes a reconbi nant HBc protein
nol ecul e according to claim 17, or a variant, anal og
or conplenment thereof. 48. A reconbi nant nucleic acid
o [HES14® ANet I -ddnpri ses a vector operatively |inked to

a 5" -TTGGGCCATGGACATCGACCCTTA SEQ ID NO:51

HBc-D78/EcoRI-R
5'-GCGGAATTCCATCTTCCAAATTAACACCCAC SEQ ID NO:52
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nucl ei c acid segnent defining a gene that encodes a
reconbi nant HBc protein nol ecule according to claim1l

WQ 2@5/08595Rr i ent, anal og or conpl enent ther eof , PENTUSH04/041879
pronoter suitable for driving the expression of the
gengsd Moo LOMPRE L HLer hpst organism 49. A reconbi nant
nucl ei ¢ acid nol ecul e that conprises a vector
oper at GGCFAATT PAGRAAGAGCHUCTRGCCECTAGRByaEMACdef i n
a gene that encodes a reconbi nant HBc protein nole
according to claim17, or a varient, analog ID
conpl enent thereof, and a pronoter sui tabl e for

driving the expression of the gene in a conpatible
hoSIB&¥ 4 e PIEE)‘RA host cell transformed with a

1o O R R PR or i ot EPay >

50 wherein said host cell is selected fromthegroup

éstlng of E. coli, S. typhi, S . typhimnmurium and
a g?—%—yp#—ncurl um-E . coli hybrid. 52 . A host cell
transformed with a reconbi nant nucleic acid nol ecul e
according to claim48. 53 . The transfornmed host cell

ac U4 NPkt m 52 wherein said host cell is

select ting of E .

t yphi %éd;&}%%%iw% t yphi nmur i u%ab I]§ @8I Pl
hybri d. SEQUENCE LI STI NG <110> Bl RKETT, ASHLEY J .

FI ERS WQLTER <120> | NFLUENZA | MMUNOGEN AND VACCI NE
<136 PP R 140> PCT/ US04/ Unknown <141>

2004 L rsen 32 862 AEdRe 2003- 1 150>
PCT/USOSF05I96‘<fg?E&g%OS 03-51 <1805 US 10%%%4?%i§8'52
<151> 2002 10-21 <150> US 10/ 082, 014 <151> 2002- 02- 21

9 <151> 2002-02- 21 <150> US
09 0 9 égﬁ%gﬁz%%ﬁﬂi%gs 15 <160> 140 <170> Patent!n

V erss'i - CRAA TIR R0 A e dctre A8 c@i@en BRI 18
Hepatitis B virus, human ayw subtype <400> 1 Met Asp
lie Asp Pro Tyr Lys Gu Phe Gy Ala Thr ValSERulRelo:53
Leu 1 5 10 15 Ser Phe Leu Pro Ser Asp Phe Phe Pro Ser
Val Arg Asp Leu Leu Asp 20 25 30 Thr Ala Ser Ala Leu
Ty HBal4 SGA/ HAnsl 1IdirRA u Ser Pro G u Hi's q/s 35 40 45

Ser P%@%éﬁ"ﬁcﬁedﬂﬁdﬁ%ﬁg&cﬂ&&& |§ Leu Os

SEQ ID NO:55

in
cul e
NO:53

V8

HBc149/NcoI-F
57 -GGGCCATGGACATCGACCCTTA SEQ ID NO:51

HBc-D78/EcoRI-R
5'-GCGGAATTCCATCTTCCAAATTAACACCCAC SEQ ID NO:52

HBc-P79/EcoRI-SacI-F
5'-CGCGAATTCAAAAAGAGCTCCCAGCGTCTAGAGACCTAG
SEQ ID NO:53
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50 55 60 Leu Met Thr Leu Ala Thr Trp Val @y Val Asn
Leu Qu Asp Pro Ala 65 70 75 80 Ser Arg Asp Leu Val
wy/a00588395Tyr Val Asn Thr Asn Met Gy Leu Lys 8BCPOSHB4/041879
Phe Arg G n Leu Leu Trp Phe Hs lie Ser Cys Leu Thr
Ph 05 110 Gu Thr Val He Gu Tyr Leu Val
SerﬁBg%éBQ—lgﬁggF%Tgp He Arg Thr 115 120 125 Pro Pro
Al g’ TgcAARGCPTACPAACASAGACATRCECH e Leu SerSEfhrID &(P:56
Pro 130 135 140 G u Thr Thr Val Val Arg Arg Arg Gy
Arg Ser Pro Arg Arg Arg Thr 145 150 155 160 Pro Ser
Pro Arg Arg Arg Arg Ser G n Ser Pro Arg Arg Arg Arg
Ser 165 170 175 G n Ser Arg Gu Ser G nS\%/s 180 <210>
2 <211> 185 €21PxepRTa&irss> ofeyatd B¢ B/SA rus, human
adw subt ype <400i0211mft VASEOMSe Asp Pro Tyr Lys Gu
Phe Ay Al a

Pro Ser Asp yf]?éi heedP 224?9 beellﬁekr kgelﬁ:edﬁ%{eu AsLtergeO

25 33Q b ofld Selrsee«ltaotgﬁ@fngymtﬁm d@mmeﬁra(gmem
Pro Gu H's Cys 35 40 45 Ser Pro Hs H's Thr Ala Leu

Ar ¢ngon thtea N termadgady Lepiprg v 'GP §0'S P T¥F Met

Thr P ASR, ASIy P
é@%%gﬂgf&w dr W\Aérz?clge %so\él Leu Val \LgéiJJL nrp(%f Vol

Asmslmm@s hst c@lopdesl Ay SIS BONGS1d¢ Uy @ ne At

Leu Tr Phe Hi s Ser S Le Thr__Phe
L0y 1A DR PR Lo R R P S e yoded
Vabﬁ“ﬁ%d*é%qﬂéhé@“héﬁﬁbﬁﬁﬁbf&ﬁi&Hdh&idhdﬂébﬁ@ﬁefm@,
Pro Pro Asn Ala Pro He Leu Ser_Thr Leu Pro 130 135
140G herMHmaith o/l 4% WYy DRTEAP Ash AFRF @%FM% Ipe
Pro T.

4 AR 150 8 R s S e
Ar gaaSﬂj‘s GlcmeSejf Artgl H enBeri Gae Qytze 1@@111@512@@10}11%, the
<211> 185 <212> PRT <213> Hepatitis B virus
SRR LA RO T & RS TyRoTy Dty (ehe
Phe da A2 oTﬂﬂrtﬁ@lp@ Urd L4k 181 ]wéréoa 159 $epp Phe Leu
Pro Ser Asp Phe Phe Pro Ser Val %) Leu Leu Asp 20
25 30 tRwmiAlus)Seirageenie Ty ra A PR AfFat%W@lﬁ Ser
Pr €] u H| S, 0 r T e

S GG T A S g R gt ety Hadhant e

used and a 490 bp C-terminal fragment was prepared.

The N-terminal fragment prepared by PCR was
digested with NcoI and SacI, and the C-terminal
fragments were digested with SacI and HindIII. The
V34 and V55 fragment pairs were then ligated together
at the common SacI overhangs. The resultant NcolI-
HindIII fragments were then ligated into the pKK223-
3N vector, which had been prepared by digestion with
Ncol and HindIII.

B cell epitope-containing insertion was
accomplished by a procedure identical to that
outlined above for the V2, V16, and V8 cloning
vectors. Restriction sites are underlined in the

oligonucleotides primers below.
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Leu Met Thr Leu Ala Thr Trp Val Gy Asn Asn Leu Gu
Asp Pro Ala 65 70 75 80 Ser Arg Asp Leu Val Val Asn
waeosNsi9sAsn Thr Asn Val Ay Leu Lys 85 90 95 PCEUS2004/041879
Gn Leu Leu Trp Phe Hs lie Ser Cys Leu Thr Phe Ay
Arg 100 105 110 Gu Thr Val Leu Gu Tyr Leu Val Ser
Phe Ay Val Trp lie Arg Thr 115 120 125 Pro Pro Al a
Tyy34A/ysBro Pro Asn Ala Pro lie Leu Ser Thr Leu Pro
130 135 140 G u Thr Thr Val Val Arg Arg Arg Asp Arg
Gly Arg Ser Pro Arg Arg 145 150 155 160 Arg Thr Pro
é %rga{ﬁﬁg Arg Arg Pro Ser Gn Ser Pro Arg Arg Arg
70 175 Arg Ser A n Ser Arg Gu Ser dn s 180
185<2$GSGEBA&"Q£QSSA95€3TAZ£QA PRT <213> Hepat iS§& 1 NO: 57
virus, human adyw subtype <4 0 0 > 4 Met Asp lie Asp
Pro Tyr Lys Gu Phe Gy Ala Thr Val Gu Leu Leu 1 5 10
15uBer nBhe /EewrRR/@asar-RAsp Phe Phe Pro Ser Val Arg Asp

Leu Leu Asp 20 25 30 Thr Ala Ala Ala L T g Asp
Al &' [ 6GCEPGCRET TR TG AR TR IS T G ST § 1
Hs Thr Ala Leu Arg Gn Ala lie Leu Cys Tr kg YITAND HB
55 60 Leu Met Thr Leu Ala Thr Trp Val Gy Thr Asn Leu
Gu Asp Pro Ala 65 70 75 80 Ser Arg Asp Leu Val Val
Ser T r Val ?_%? ¥hr Asn Val Gy Leu Lys 85 90 95 Phe
rp Phe Hs lie Ser Cys Leu Thr Phe
G' )S A@G&@Cﬁ@T@&ﬁwcﬂmd@Gdﬂm@mﬁmAmmme
Ser Phe Gy Val Trp lie Arg Thr 115 120 125 Pro_Pr
Ala Tyr Arg Pro Pro Asn Ala Pro lie Leu SerSHH I P57
Pro 130 135 140 Qu Thr Thr Val Val Arg Arg Arg Gy
Arg Ser Pro Arg Arg Arg Thr 145 150 155 160 Pro Ser
ProzArg Arg Arg Arg Ser G n Ser Pro Arg Arg Arg Arg
Ser 165 170 175 G n Ser Arg Gu Ser Gn Cys 180 <210>
5 <211> 183 <212> PRT <213> woodchuck <400> 5 Met Asp
|i@IM§?}g_nMIj_M§ Gu Phe Ay Ser Ser Tyr G n Leu
Leu 1 5 10 15Asn Phe Leu Pro Leu Asp Phe Phe Pro As
Led 'ASIEORACQRIANAIANEAS TR W%%?EGN a ThPEAl &P 1XY-
Tyr Gu Gu Qu Leu Thr Ay Arg Gu H's Cys 35 4 0 45
Ser Pro Hs Hs Thr Ala lie Arg Gn Ala Leu Val Cys
Trp Asp GQu 5 0 55 60 Leu Thr Lys Leu lie Ala Trp Met
SerVS%er Asn lie Thr Ser u Gn

HBc149+C/HindIII-R
-CGCAAGCTTACTAGCAAACAACAGTAGTCTCCGGAAG
SEQ ID NO:55

D. Preparation of V47, V48
and V54 Cloning Vectors

Modified HBc149 and HBcl1l83 genes, able to
accept the directional inserfion of synthetic dsDNA
fragments into the N-terminal region between amino
acid regidues I3 and D4 were constructed using PCR.
(The plasmid encoding an HBc chimer terminating at

V149 was named V47, the plasmid encoding an HBc
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65 70 75 80 Val Arg Thr lie lie Val Asn His Val Asn

Asp Thr Trp Gy Leu Lys 85 90 95 vVal Arg G n Ser Leu
wae@sPswsH s Leu Ser Cys Leu Thr Phe Ay G n 1P01/185HH04/041879

110 Hs Thr Val Gn GQu Phe Leu Val Ser Phe Gy Val

I | e Thr . 115 12 r 1
A e i o
Gl aoHvs4§hr wyal nhivedANG4Ar gnar ¢hal ylGsynid @w@w% an

Ser Arg Ser 145 150 155 160 Pr Arg T
SeHBPr 6hARGTAL TR G A §ISEE &Y %%&%%F’%mfé’g 1‘%

99 HARY vaar 5@ < %@za@lﬂs%cﬁltb
<2?§Qr P&%r8<?%?>v§%ou?d®%?ﬁel <400> 6 Met Tyr Leu

Phempils fivett hey simigw -V mine LA fragienya £ yomp Wy tergplpte

5 10 15 Thr Gn Ala SapdT
LeﬁB‘ﬁlﬁ9Asﬂnﬁa'tudA§]§ pa 5’%9‘5@% &s?/%%e#ilr I_{Bys %I}Je'
Phen@ yeSertSeit BUR @xragn@miemmmit@ 35 Boi) @ Leu
Pro Leu Asp Phe Phe Pro Asp Leu Asn Ala Leu Val Asp

Thﬁ—Meems'@aas fepmmeny @ﬁ_ Hyrchg FRY P T Thr

17 1
SLELSH HAYS B0 GRd B S ad s o

90 5 ﬁesrag;ntemx H feorThrs 4Ty pcmetCSeerrr@rwJAsﬁiramme%rlﬂ 475
Gu Val Arg Arg 100 105 110 e pyal

As®Pasn PRir the G&° {WL}S/S f\H/a 4 H%QS{'Z% %g s
Thrybau £hrdy F{{belr% irkeys ;Lﬁh:ThfeﬁhlBtﬁlg Ghya 574
His r Val 130 5 140 G n Gu Phe Leu Val Ser Phe

A ypvdirapmerH € Arg Thr Pro Ala Pro 145 150 155 160

Tyr Arg Pro P 0 P L r
Gu H's Thr %% \}Sfo{%cgu%?;u%% %r%mgwlg foint

Serwahy ng&racJé&aal Arg Seat Ryot Kigedrigei@oe 185r 119]0€A¢é0n1n9
Thr Pro Ser._Pro l%)gvArg Arg Arg Ser G n Ser Pro Arg
Ar ¢ P a0 PO R PPy Ser Gn Ser Pro Ala Ser Asn

Cys 210 215 <g]0pder2 et Sdoxdddus Dbéga@ides 1nto the

Artificial Sequence <220> <223> nodified _plasmd
pkKk2eB, aMm>a7d tVohcebagnidaachignapiaenegggyare first

Cg&ﬁ&%&%&gﬂcagﬁgﬁﬁggf énéls gi e§t§gégfo§8enzymes.

Synthetic dsDNA fragments containing 5' Af1III and 3'
SacI overhangs were then inserted (note, restriction
enzymes Af1III and Ncol leave compatible overhangs) .
In all cases, V47, V48, and V54, HBc residues D2 and
13 were deleted so that the heterologous immunogenic
sequence directly follows residue M1; the glutamic

acid-leucine (EL) amino acid pairs, coded for by the
SacI restriction site, follows the inserted epitope.
The inserted restriction sites are underlined in the

oligonucleotide primers below.

V47/V48/V54

pKK(167-150) -F
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<212> DNA <213> Artificial Sequence <220> <223>
pl asm d pkk223 <400> 8 ttcacataag gaggaaaaaa

W@ eabgsyat c cgaagctt 38<210> 9 <211> 24 <212> RATUSDIB041879
I nfluenza A virus <220> <221> M SC_FEATURE <222>

(D)« ( gﬁfTﬁé@G ition 1 is nethioni 0 .
abs%nt§b$? nmet |on?%%e?§en Xaa in position §%Ph?8ugﬁ-§o
are not absent . <220> <221> M SC- FEATURE <222>

(2) 2 23> Xaa at position 2 is serine or absent,

| f %%éT%%f%% Iéga in position 3 through 8 are not
absent cea@ROrTCReATe M SOrEEAFIREr<222> (3) . okd) 15223% 61
Xaa at position 3 is |eucine or absent, If |eucine

then Xaa in position 4 through 8 are not absent. <220>
<2 1 5 T £222> (4)..(4) <223> Xaa at
pogég?g%éﬁhfgg§é€%?%egor absent, |If |eucine then Xaa

i N posttEGerABreAxmAghAGCaCEAOOt TANSERACAKR208cE221>

M SC_FEATURE <222> (5)..(5) <223> Xaa at position 4 is
threonine or proline or absent. If threoningEgrID NO:62
proline then Xaa in position 6 through 8 are not

absent . <220> <221> M SC FEATUR X <222> (6)..(6)

<228/ Xaa at position 6 is glutamc acid or absent. If
glutam c acid then Xaa in position 7 through 8 are not
absent. <220> <221> M SC FEATURE <222> (7)..(7) <223>
Xaaimd1lpoaiindir7-®Ss valine or absent, If valine then

Xaa in position 8 is not absent. <220> <221>
M ST TR TEAC RS ACTAST COGASCARE at poSFRi BR HOF §4
glutamc acid or aspartic acid or absent. <220> <221>
M SC FEATURE <222> (10)..(10) <223> Xaa at position 10
is \Prdoline, leucine or histidine. <220> <221>
M SC_FEATURE <222> (11)- (11) <223> Xaa at position 11
is isoleucine or threonine.

HBc1494+C/HindIII-R

5’ -CGCAAGCTTACTAGCAAACAACAGTAGTCTCCGGAAG
SEQ ID NO:55

V48

HBc183/HindIII-R
5’ -GGAAAGCTTACTAACATTGAGATTCCCG SEQ ID NO:56

E. Preparation of V7 Cloning Vector

To enable the fusion of T cell epitopes to
the C terminus of a HBc chimer, a new vector, V7, was
constructed. Unique EcoRI and Sacl restriction sgites
were inserted between valine-149 and the HindIII site
to facilitate directional insertion of synthetic
dsDNAs into EcoRI-HindIII (or EcoRI-SacI) restriction
sites. The pair of PCR primers below was used to

amplify the HBc 149 gene with a Ncol restriction site
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<220> <221> M SC FEATURE<222> (12)..(12) <223 > Xaa at
position 12 is arginine or lysine. <220> <221>

WOLBSOFRATURE <222> (13)..(13) <223> Xaa at poRCT/USIW0L®BI1879
i s asparagi ne or serine. <220> <221> M SC_FEATURE

2% fidioelid)e . g gpog a5 gk

(153it¢a 5t g>cxphoayl posinivns15 Thet pyptiophanforhe

S R TR A Tarb R VS g yerredan bt anveod dhangrts

absgid . cldned yohie ©RKDL Bt a1 €oacbdmt ien Xaa in

position 16 is not absent. <220> <221> M SC_FEATURE
<222> (17).. (49) 125985 Kageht ppsEePefA, 1¥hespapsmatd dV7)
pr tgqd : Sit] i t ei ne,
CerTre SO A nEn AR ER UL PRacly L8R EXT Shln:

t hesyposett i ondsIMA t fraggénté aseingt EabREHIind220> (or

<221> C FEATURE <222> (18)..(18) <223> Xaa at
poﬁ??%ﬁﬁ@éﬁg?‘ﬁ?%?mﬁ?si(‘ﬁ%%%r£%\%%Eﬁ%. 1PEOaVdi ni Reropll
|ySTﬂQﬁﬂEﬂkd@Ebjrhﬁ@sfiﬁgﬁsaﬂ§néhé@ﬂgho§7n§E§VQ?ﬁBc

absent. <220> <221> M SC_FEATURE <222> (19)..(19
<2285 Xane a4 Posing orha of 1 sstabameino orcpdestnthei fnserted

pr d sitlio i ysteine, serine o .

al Zlﬁﬁ%el. %Ia%])gjfo ?osé%%s%]?ﬁ}%%a‘i%&i RY o7 e%le\ﬁ(fl?ﬁ'éﬁSOieuClne
posiipepisideb ddmonighe l8ode® Hot BPSEn: . ne@285t £824>that
M FEATURE <222> (20),.(20) <223> Xaa at position 20

i s%ﬁ%r% e ORle (T FRE T HF kP eS b © absERE . epitopes

as P AN Yt FIIHNE/ PP Yohdee t X3 { B -

15 through 19 are no/t a%sent?lﬁé:]leiz%é; <2211E>§OH"9f éi&ggmlc

M SCIFEARYRE nep 288 {R19s . { D9 r <228>T Xeal hit epibsopé pnpPior

IS ti.C_aci gl ycine or absent. If_aspartic_acid
or %S%eneteﬁ%@r?d%ga%%sc%%%ﬁl’t i%%tﬁ%b?%?%%ﬁ 5 2P 2 hot
abgeinte. <2205 r<215oM SG FEATMRE G222 uf @231 ik€d) in the
<223> Xaa at position 22 is serine or absent, If
seATE"% e r? is positions 15 through 21 are not
absent. <220> <221> M SC FEATURE<222> (23)..(23) <223>
Xaa at position 23 is serine or absent, If serine then
XadlBadl49/Ncol-F

5'-TTGGGCCATGGACATCGACCCTTA SEQ ID NO:51

HBcl149/SacI-EcoRI-H3-R
5'-CGCAAGCTTAGAGCTCTTGAATTCCAACAACAGTAGTCTCCG
SEQ ID NO:63

F. Synthesis of Expression Vectors for

Expressing Partially Truncated Particles

To generate expression plasmids for
truncated HBc particles, a single amino terminal
oligonucleotides PCR primer (HBcl49/NcoI-F) was used
in combination with a unique C-terminal primer. For
example, to generate the HBcl56 (E.cR) expression

plasmid, the primers HBcl49/NcoI-F and HBc156 (E.cR) -
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positions 15 through 22 are not absent. <220> <221>

M SC FEATURE <222> (24)..(24) <223> Xaa at position 24
WO 200887611 ¢ acid or absent. If aspartic acid p¢EOS2aH041879

Is positions 15 through 23 are not absent. <400> Xaa

XaagXaR e XgddeXaa %@;Qéﬁ@rggé £aa é@@lé@iE 3
Xaa Xaa 1 5 10 15 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 20

<219spn@sePon >pR4smpda> PRE pZi@EanHBaéHEdNAO\Il Fusnd
<2203 < M,SC . URE <222> (1) <223> Xaa at
posi ?%%gé?gécﬁiiﬁ i fis* 8ru§89ent1n éﬁégﬁPBnFﬁe t hen
Xaat tineasi hd otke znghwaSS aéﬁanh abmentasdg0>

<221> M SC FEATURE <222>, i <223> Xaa at
postRFIRPOTREIRG # ne- perabea tCYﬁ géppnsephdneXaaciodons

- positiens.3 LDE PHED g?érg%g?éggg§§n§g 52297 <4 %Iona%so

M SC_FEATURE <222> ( a at posi
i s heedi neToreadiskat seqfichenal neepheneXaati bEpeikt rare

4 through 8 are not _abs <220> <221> M SC FEATURE
oA Hne §05ousys8usdnia, nab2ve; BRCASFEUFBREr nb o6y

absgnd1s4 fgbgaciag épﬁﬁhéégzéa Pogktl OBRen LBEQUYRD §
are not absent. <220> <221> M SC _FEATUR X <222> (5)

(B3nRbaEs Sem %bep@@¢16@n06n6§ruﬁteonthe BBcaksent ,

b S580RL0E haneg, LDeROTL! LoD, ByLbEoND B 5100

Xaac@tsposttson Thé Sseduéases aﬁldlmrpabﬁ@ﬁb ubéd are
glqi anm ¢ agﬁ then Xaa in 05|t|ons 7 through 8 are
not W ALl PER & PEAFURES<99Ps C¥pavedryith

<2237 @@s@fl@@%ﬁlgﬂzymég Nabingnar nahgent. ah& x%hea

then Xaa inposition 8 1s not absent. <220>
|v| SOUFEARYREXDDISS { @) . v¢8Y) 0x 20BK2 Xaa3 ki pbschu bad8besn

sent. <220> <221> M SC_FEATURE
22 @n(vg%?% '%’1 S%gezﬁn%(%% St position 15 is
\tryptophan or absent

HBcl1l49/Ncol-F
51" -TTGGGCCATGGACATCGACCCTTA SEQ ID NO:51

HBc156 (E.cR) -H3-R
5’ -GCGAAGCTTACTAAGGGGAGCGGCCTCGTCGACGAACAACAGTAGTCTCCGG
SEQ ID NO:64

HBcl1l56C(E.cR)-H3-R
5’ -GCGAAGCTTACTAACAAGGGGAGCGGCCTCETCGACGAACAACAGTAGTCTCCGE
SEQ ID NO:65

HBc1l63 (E.cR) -H3-R
5’ -GCGAAGCTTACTAAGGCGAGGGAGTGCGCCGACGAGGGGAGCGGCCTCE
SEQ ID NO:66

HBc1l63C(E.cR)-H3-R
5’ -GCGAAGCTTACTAACAAGGCGAGGGAGTGCGCCCGACGAGGEREAGCGECCTCG
SEQ ID NO:67
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<220> <221> M SC_FEATURE <222> (16)..(16) <223> Xaa at
position 16 is glycine or absent, If glycine then Xaa
WO p0oposiosT on 15 is not absent. <220> <221> M SEUFESDWR41879

X <222> (17)..(17) <223> Xaa at position 17 is absent
onggf#¥¥chR5tHQ[§sent Xaa in position 17 is cysteine,
serine or alanine. If Xaa in position 17 |sZEresent

t heh- GERAGERSCTECGHIBIFRATBC F E-FECCaBRERTCAEAGT

<221> M SC_F XATURE <222> (18)..(18) <223>g¥aarBino:68

position 18 is arginine or absent.
Xaa in positions 15 through 17 are not absent.

I f arginine then

<220>

<2243, M SG_FRATHRE; <222> (19)-.(19) <223> Xaa at

position 19 is absent or present, if present Xaa in
ST FGHAPTTaCEp A TR e S R PR T ieggAeT

position 19 is present then positions 15 tlymgugb #8:69

are not

absent .

<220> <221> M SC_FEATURE <222>

(20)..(20) <223> Xaa at position 20 is asparagi ne or
| f asparagi ne then Xaa in positions 15 through

absent .
19 are n

ot absent.

<220> <221> M SC _FEATL

(21)..(2
or absen
t hr ough

191 s22 3Munfaar g

t poSiibnenN2iei s ag

JRE <222>
partic acid

. rtig
20 &Ve %0 abs

acid th.%l’\ Xaa Iln_F
8 E<§%i> M

ent HBE3S

ositions 15
SC_FEATURE

<222> (
absent ,
are not
(23)..(2
absent ,
are not

2) 26 0132233
If serine then

4

R@AR-AE @S IR Qi
Xaa 1 n _posjitions

is serine or

absent-163220>

Q) <222 Yaa
e L.J (A

<2 PB=1NBSE - FRATIRE

5 through 21
<222>
rine or

| f §¥ﬁ%ﬂ§%ﬁén

t—posi-tion—23—+5—5
Xaioon 65(}51_'th3 ns 1

5 through 22

ADSERL_1 620>

(24)..(
or absen
t hr ough
Xaa Xaa

4) <223> Xaa

<27 NS AN URE

t position 24 is a

<222>
partic acid

. IV SRR i C

22 Arn nNnnt Al
AN S

aERGIAE EXER )i+t [

1.0\

ositions 15

ant V. WaVa)
Lo I il e FUU-

(aa Xaa Xaa

Z9 Al T 1TOU

Xaa Xaa Thr

IO Add

Prolie Arg Asn Qu Xaa Xaa 1 5 10

15 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 20 <210> 11 <211>

23 <212> PRT <213> Influenza A virus <400> 11, Ser

Leu

Le EXATP1E (? ValPERATHI P H @Y AsrPE /- HH I A y
Influenza A M2 Polypeptide Sequences

Cys

A.

Domain into V2,

v54,

v7, V8, V1e,

and V55 Cloning Vectors

Insertion of Influenza A M2 N-terminal

V34, V47, VA48,

For V2, V7, V8, V16, V34 and V55

constructs, synthetic dsDNA fragments coding for a

M2e-sequence (residues 2-24 of the influenza A M2

protein; SEQ ID NO:9) were inserted into EcoRI/SacI

restriction sites,
constructs,

into NcoI/Sacl restriction sites.

whereas for V47,

V4

8, and V54

residues 1-24 of the same were inserted

Synthetic dsDNA

fragments were prepared by mixing complementary

single stranded DNA oligonucleotides at equimolar

concentrations, heating to 95°C for 5 minutes, and
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1510 15 Arg Cys Asn Gy Ser Ser Asp 20 <210> 12
<211> 23 <212> PRT <213> Influenza A virus <400> 12
w®eeoshs9steu Thr Gu Val Qu Thr Pro H e Arg ABCI/(G52904/041879
Trp Ay Cys 1 5 10 15 Arg Cys Asn Asp Ser Ser Asp 20
<21 1> 23, < < nfluen A Vi us o
<46%§ﬂ%§xéggﬁﬁgu§ieﬁé%ﬁrE%?%eééﬁaﬁ%ug#hg éggeHog Aﬁgcj
Asrped umifmpt &l y Bhas 1abnddl ibg Argadt dcAswaAspeSeEbrberd in
As <210> 14 _<211> <212> PRT <213> Influenza_ A
vi P{éobéﬁ%%%r 14 8¢ %‘éﬁgi%astrﬁ?néggu]?%? &G PRPWPr Befiow
e ArDcsthéd endo@ed ¥poebpd SedleAebIsBbwANaBOFE .S S
20 <210> 15 <2 11>23 <212> PRT <213> influenzaA virus
<400> 15 Ser Leu Leu Thr Gu Val Gu Thr Pro lie Arg
Asn Gu Trp Gy Ser 1 5 10 15 Arg Cys Asn Asp Ser Ser
Asp 20 <210> 16 <211> 23 <212> PRT <213> Influenza A
Vi res/EA008/ibe Bek4 fessLeu Thr Gu Val GQu Thr Pro lie
Arg Asn Gu Trp Gy Cs 1 5 10 15 Arg Ser Asn Asp Ser
Ser Asp 20 <210> 17 <211> 23 <212> PRT <213> | nfl uenza
A Wig us- 400> 17 Ser Leu Leu Thr Gu Val Gu Thr Pro
lie Arg Asn Qu Trp Gy Cys 1 5 10 15 Arg Ala Asn Asp
Ser Ser Asp 20 <210> 18

I S L L. T E YV E T P I RNUEWGTC R

AATTAGCCTGITAACCGAAGTGGAGACGCCGATCCEGTAACGAATCGRGECTECCG
TCGGACAATTGGCTTCACCTCTGCGGCTAGGCATTGCTTACCCCGEACGEC

C N D S 8 D E L SEQ ID NO:70
CTGTAATGATTCTTCCGACGAGCT SEQ ID NO:71
GACATTACTAAGAAGGCTGC SEQ ID NO:72

V47/V48/V54

M2 (1-24)

M S L L T EJVETTU&PTITZ RINTETWSGC R
CATGTCTCTGCTGACCGAAGTTGAAACCCCTATCAGAAACCAATCGEGEGETGCAGA
AGAGACGACTGGCTTCAACTTTGGGEATAGTCTTTGCTTACCCCCACGTCT

C N D S 8§ D E L SEQ ID NO:73
TGTAACGATTCAAGTGATGAGCT SEQ ID NO:74
ACATTGCTAAGTTCACTAC SEQ ID NO:75

84



<211> 23 <212> PRT <213> Influenza A virus <400> 18
Ser Leu Leu Thr Gu Val Gu Thr Pro lie Arg Asn G u

wae@s@3sAla 1 5 10 15 Arg Cys Asn Asp Ser SerP@EPS2004/041879

20<210> 19 <211> 24 <212> PRT <213> Influenza A virus

g asn ey 1B e S e T TR R ser

Ser IA$pu20za2A0M228-€21H*nad <212> PRT <213> Ian uenza

A virus, <400> Val Gu Thr
Pr\é Pﬁ“@lﬁ?g?ﬂgzgagwg/?igs MEL( fél} 9§g] Arg Ser Asn
Aspiee e éﬁ@rggsfggio%%gofmb 35 <212> PRT <213>

I nfTUenza A virus <4005 21 Met dy t1e Ser Leu Leu Thr
Gu Val Gu Thrnppdepi BNAr fragmecks £ngotdngs rpgidUes 1-

Leu250g55%§8ﬁr pé%Bigéﬁl e gghé%%& flt%gf%%f?%f}]g

PRTps2i82ohnil uenza9Am\aitratu&d<460ge22nkfbhr8ershlcﬁm kel ow.
Thr Qu Val Gu Thr Pro lie Arg Asn Gu _Trp Ay 1 5 10
15 AREYAV§Tral anASHtASp 15sP §8@ Ngﬁliéa@mf@sﬁwﬂpﬁ
24<21235PRF §29335] BLLUOIERAAIN L3 <A0Qp AR Mot _Ser
Leu Leu Thr du Val e Arg Asn Glu Trp
Gy 15 10 15 Cys Arg Ala Asn Asp Ser Ser Asp 20 <210>
24 <g;l/.1> 24 <212> PRT <213> Influenza A virus

M2 (1-24/C178)

M § L L T E V E T P I R N E W G S R
CATGTCTCTGCTGACCGAAGTTGAAACCCCTATCAGAAACGAATGGGGGTCTAGA
AGAGACGACTGGCTTCAACTTTGGGGATAGTCITTGCTTACCCCCAGATCT

C N D s 8 D E L SEQ ID NO:76
TGTAACGATTCAAGTGATGAGCT SEQ ID NO:77
ACATTGCTAAGTTCACTAC SEQ ID NO:78

M2 (1-24/C198)

M 8§ L L T E V E T P I RN E W G C R
CATGTCTCTGCTGACCGAAGTTGAAACCCCTATCAGAAACGAATGGGGGTGCAGA
AGAGACGACTGGCTTCAACTTTGGGGATAGTCTTTGCTTACCCCCACGTCT

S N D S § D E L SEQ ID NO:79
TCGAACGATTCAAGTGATGAGCT SEQ ID NO:80
AGCTTGCTAAGTTCACTAC SEQ ID NO:81
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<400> 24 Met Ser Leu Leu Thr Gu Val Qu Thr Pro lie

Arg Asn Gu Trp Ay 1 5 10 15 Ala Arg Cys Asn Asp Ser
W®2005539520 <210> 25 <211> 24 <212> PRT <213> pCi/Usmnyes1879

A virus <400> 25 Met Ser Leu Leu Thr Gu Val Qu Thr

Pro lie Ar n Gy Ser Asn

Asp Ser Ser Eb %Hi%gi%laoﬁzgégﬁﬁ Q@tAE% F 213>

| nfl uenza A viing3uedf8>A2B2MIttSemibell HewmaIkhr G u Val

Gu Thr Pro | 1 510 15 Ser Ar
Cyg Asn AQS sl 2@%92§2€1§%u21%§;?;¥n291E§p£§S§2f@> bitr
<213> | nfl uengacforkrus, <¢98> ¥i73exvsbeuakguviar Gu

Val Gu Thr ProTTe Arg ASn JUu Trp Gy SerArg Ser Asn
Asp Ser Ser ASprS¥® &g Veh TApstrucVal eyvutietipr gdsPOA

sor EhagEnth SngRhofl iy ThRo Y3 B8 g€l o Bb Rl fiB o 8one

| nfadnénzadfnyi fos sHOOM228ibeunbeenkieusEfuete \(&bg@dbaes
Thr_Pro lie g. u Ser /1.5 10 15 Arg Ser
Asr? 28D %ﬂ% ﬁ#%ﬁ@ﬂ%@%@@m%ﬁwwm@
Pr 0112190 2§c§1@1}’$§cf\r9e§§919c5!oﬁr BifEkY%, S@ﬁe@"egssfﬁx‘%ﬂ7

Asp S Ser Asp Ser Leu 35 40 45 Leu ' Thr Ju Vval
ThrV@ﬁio #e Wﬁ@ PenpsGrucTep Ger;u@yssAﬂgz@gfsch%sa@le

Ser AS <210> 2 <212> PRT
<22‘§é6§$n1’ uenza dat @F?u@coigﬁgc%rgggrﬁg 1PBySHESaE u
Val s@hthdbt c PAeDKh ef Asgméa s Gibrdr prebirdiaat 8et@ribed
Arg. Ala Asn Asp Ser Ser Asp Ser Leu Leu Thr Qu Val
GullTHE’aJP’T'oAZ%)b?‘SGSO He Arg Asn Gu Trp Gy Cys Arg
Cys Asn Asp Ser Ser Asp

V8, V16 g

2(2-24/C178,C198)

I s L. . T E V E T P I R N E W G § R
AATTTCTCTGTTAACCGAAGTGGAGACGCCGATTCGTAACGAATGEGGTAGCCGC
AGAGACAATTGGCTTCACCTCTGCGGCTAAGCATTGCTTACCCCATCGGCG

S N D S S D E L SEQ ID NO:82
TCTAATGATAGCTCTGACGAGCT SEQ ID NO:83
AGATTACTATCGAGACTGC SEQ ID NO:84

M2 (1-24/C178,C198)

M s L L T E V E T P I R NEWG S R
CATGTCTCTGCTGACCGAAGTTGAAACCCCTATCAGAAACCGAATGGGGGTCTAGA
AGAGACGACTGGCTTCAACTTTGGGGATAGTCTTTGCTTACCCCCAGATCT

S N D S S D E L SEQ ID NO:85
TCGAACGATTCAAGTGATGAGCT SEQ ID NO:86
AGCTTGCTAAGTTCACTAC SEQ ID NO:87
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35 40 45 <210> 30 <211> 69 <212> PRT <213> Influenza A
virus <400> 30 Ser Leu Leu Thr Qu Val Gu Thr Pro H e
woe@sAsIsSE u Trp Gy Ala 1 5 10 15 -15-Arg Al aP@lEOSA84041879

Ser Ser Asp Ser Leu Leu Thr Gu Val GQu Thr Pro 20 25
30 lie Arg Asn Gu Trp Gy Ala Arg Ala Asn Asp Ser Ser
Asp Ser Leu 35 40 45 Leu Thr u Val Gu Thr Pro lie

Arg Asn Gu TPp Ays€ysidngolysd8dts6n6ld AspiAsp Ser

Ser Asp 65 <210> 31 <211> 1 12> PR] <213> Influenza
A Vi rus <400>&%rfajcj“u°€/a‘%h% %ﬁ?eﬁﬁaﬁi ’é[%Arg Asn G u
Trp Gy Ser ANGt&ysiAsD HsPo lthelN-E8rB@huSebEASp

<210> 32 <211> 38 <212> PRT <213> |nfluenza A virus
<400> 32 G u Ma¢ ErprapgieoVeckonr Yo5AsM2dlu2%ip Gy

Ser Ar S : 1 r_ser . u

Sogol B b ﬁﬁe%ﬁ%%ﬁ%@ %’&s‘é? %\%gﬁgﬁgﬁétgggtﬁé

AsredigperSee BéR (Bsp4 Bb 6]2]1@!2’!:3’3eé2]911>858_{uéﬂ&:2>tgﬂggl—

2 e virus, <400> 33 Ay Val GJu Thr Pro

I<i ?‘Q%ﬁéﬁ @fﬁsﬁr‘ﬁa% Gl Re A&Tgtaj@l%&%ilxs}soltéelo 15

Sere;opit £5¢ 1@ 1 V) GalgddkcEr 0 ThecAhg: ARt EhY fhRse

Gy Ser Arg 20 25 30Cys Asn Asp Ser Ser Asp G U Val

G wiere®r othe ecoiginah @ithiepins 8 nsz@yd%suglzgthat
S e . <210> 34.<211> < >

pher 45 80 Plop ST 02 a8 e S R G FeaT iR

<22@sciiomi n@23>PORavad wosdttonmdké shaetbheditetsr in
absent. _| f nmethionine then Xaa i n positions 2

t hr %ﬁ@@%w%nE%t alR drkeblpe clone containing two
native M2 copies [M2(1-24)/V54.M2(2-24)], the

template V54.M2(1-24) was used to amplify first the
N-terminal fragment, which inserts an XhoI site (and,
therefore, amino acids leucine, followed by glutamic
acid) after D24 of the M2 sequence (resultant
fragment is 353 bp), then the C-terminal fragment,
which inserts an XhoI site N-terminal to 82 of the M2
sequence, thereby removing the methionine (resultant
fragment is 538 bp). To make the clone containing a
mutant, followed by a native copy of M2 [M2(1-
24/C17S8,C198/V54.M2 (2-24)1) ; the template V54 .M2 (1-
24/C175,C198) was used to generate the N-terminal
fragment, while the C-terminal fragment is identical
to that above (resultant fragment sizes are also
identical) .

The N-terminal fragments prepared were
digested with BamHI and XholI, and the C-terminal
fragment was digested with XhoI and HindIII.

Fragment pairs were then ligated together at the
common XhoI overhangs. The resultant BamHI-HindIIT

fragments were then ligated into the pKK223-3N
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<221> M SC FEATURE <222> (2) . . (2) <223> Xaa at

position 2 i s serine or abs ent | f serine then Xaa i
wo2@ess9sons 3 through 8 are not absent. <220>P&RPS$2004/041879

M SC_FEATURE <222> (3) . . (3) <223> Xaa at position 3

[ n n e ; :

o EPEL "R OB B bk [k ENELDE HDeR MRBeYY, vich

M SEREATUXR BPRARIT4) . . (4) <223> Xaa at position 4

i s leucine or. abs | _f-leucine then

posi tions 5 tTHBLEHTBE PR hof SRRt Bubgbet, Bz

M SedeAdRErs2@251 6hdd . N-tébhin22By ¥Xaaedt spasibt MQf(25

i s threonine or abs ent | f threonine than Xaa i

post4) ovRIGERER oughIBiAr cORbY @RSehRitiapos mgzha.omne

M 2> ( 6)..52 a pQsi 6

o Bl ied oty Phaiuien nF 6P r R RhePES, Kigla

Xaathlencqmst:tuohsMZ(thR@ﬂ@h?S GIeSﬁMB(absent . <220>

<221>, M SCIEX AgURE 2§ % 57 %23> Xaa at

pos%‘%/%W% FLRS(RPF k2 67 -2bs - erRIRIR VEPPNELPRENREA |

g@@é&ﬁé@ﬁ81h §w8°PCﬁb§§Q§meﬁ@§0> 281z MbPGr EEATURE
<222> <223> Xaa at position 8 1 s glutamc

aC|%%rM%b%eh%}CkZSOSlQSMWaM SEEEAPURENeZ22e (h6) N-

bserim 85D rE88yEher SBh AT kod 8 FRE PR R ang,.
Xaat}aér@ﬂsfé j osmifioi acgliycieeconeabsentowkfl Blyci ne

then Xaa jn position 15 is not absent. <220> <221>
UP%EJ <2bber (q9§idyg 792429085t RgamatapEsMei on 17

i s absemicor (PEESEPhnt | FrREASENT | Xad5kNLRYSi tigR 17 is
cyst ei ne, serl ne or alanine. If Xaa in position 17 is.

pr e@@mlat@mg)bsrméﬂyssu91&3615@41 MB (ara4nofralwsehbve
<220> - <221 M Scegg@gyR <2§2> 3(5 1(%8§ <223> ﬁ

at p03| Ton 1_1% PSMar gl %% a gﬁﬁeﬁl ne ﬁgﬁ
Xaainseposidi PEST 1§1tBFNU’©@rrii:7n@I etaoszabsa:eehe ma28at M2
<221> M SC_FEATURE <222> (19)..(19) <223> Xaa at

posTRIHRAD | Shapekyt r%rﬁomlé%e*ﬁlfle netpieséne XagspAtant
posLigR.d9 {s gystghne, serine or alanine. If Xaa in

position
The N-terminal fragment prepared was

digested with BamHI and PstI, and the C-terminal
fragment was digested with PstI and HindIII.
Fragment pairs were then ligated together at the
common Pstl overhangs. The resultant BamHI-HindIII
fragment was then ligated into the pKK223-3N vector,
which had been prepared by digestion with BamHI and
HindIII.

M2 (1-24) /V54.M2 (2-24); M2(1-24/C178,C198/V54.M2 (2-24)
PKK-BamHI-F

5’ -CGTAGAGGATCCGGAGCTTATCGACTGCACGG SEQ ID NO:88
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19 is present then positions 15 through 18 are not
absent. <220> <221> M SC F XATURE <222> (20)..(20)
WE2@3m5¥8n at position 20 is asparagi ne or abseeit/US10h4/041879
asparagi ne then Xaa in positions 15 through 19 are not
abgent . _§221> M SC- FEATURE <222> (21)..(21)
<gg§26§%g£%$fp§sition 21 is aspartic acid or absent.
| f 5 aspaetTCGACATICARETIGXAGCEHTPOSI tions 15 smpoughn2d 89
are not absent. <220> <221> M SC _FEATURE <222>
(22)..(22) <223> Xaa at position 22 is serine or
abgentnot fsseri ne then Xaa in positions 15 through 21
are not absent. <220> <221> M SC FEATURE <222>
(28) - CLCRYCERABRSCREATHCAPGOSARGEHGRBALE ser SB@ dD NO:90
absent, If serine then Xaa in positions 15 through 22
are not absent. <220> <221> M SC _FEATURE <222>
(2dBc14 240 /x2A3rTXam at position 24 is aspartic acid
or _absent. If aspartic acid then Xaa in positions 15
t h? oUgFCRACAF BARGRCEPRRRRACRETIASTCTOTSGRPEC FEATURE
<222> (25)..(25) <223> -- Xaa at position I SSeri.
or absent, If serine then Xaa in positionségg ?Rrgﬁg%%
31 are not absent. <220> <221> M SC_FEATURE <2227
(26)..(26)<22 3 > Xaa at position 26 is |eucineor
absent, |If leucine then Xaa in positions 27 through 31
argz (oL28PSENS CfQQQ?M-?ZZl?é%%F@§§RFV§3_2.3@ (2-24)
(27).-(27) <223> Xaa in position 27 is |eucine or
absent If leucine then Xaa in positions 28 through 31
ar gAc @%fggt. <220> <221> M SC FEATURE <222>
(£§§.9%3 <223> Xaa in position 28 is threoninie or
abBernGCTACAGEA FONEERCCIEATXEACTACROSEt | onssS29 thr wogh 7
31 are not absent. <220> <221> M SC_FEATURE <222>
(29)..(29) <223> Xaa at position 29 is glutamc acid
oryabsentpsdf-gl utamc acid then Xaa in positions 30
through 31 are not absent. <220> <221> M SC_FEATURE
<2?25%K3§¥52€3®?CAQQEGA&EQGET position 30 BEQvaDi Ne:6i
absent. If valine then Xaa in position31l is not
absent. <220> <221> M SC_FEATURE
M2-PstI/S2-F

5" -GCGCTGCAGTCTCTGCTGACCGAAG SEQ ID NO:92

HBcl149+C/HindIII-R
5’ -CGCAAGCTTACTAGCAAACAACAGTAGTCTCCGGAAG
SEQ ID NO:55

E. Construction of Truncated

Version of Native M2-HBc

The original M2-HBc construct [Neirynck et
al., (October 1999) Nature Med., 5(10):1157-1163: WO
99/07839] that contained the 183-residue, full length
HBc sequence was truncated to V149, and the entire
gene was moved into the pKK223-3 expression vector.

To achieve this, the plasmid 3453, which was provided
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<222> (31)..(31) <223> Xaa at position 31 is glutamc
acid or absent. <220> <221> M SC _FEATURE <222>

W@ 3®5/057938) <223> Xaa at position 38 is trypt opEOSIING/041879
absent <220> <221> M SC_ FEATURE <222> (39)..(39) <223>

X 1t] g ne n i_ne

KB UAlOBALLOD, BR! BObug e 08, BURAThy U (OISO or
M SCPERATEREL ¥@A28h 480y ie( 480 aZ@SEana aff pasi bian 40

i s _absent g resent, If present Xaa in gosition 40 is
cySEef neroser 626 TAPFF AR, WiEDXZESERIFESPR 6RZYTSSs
preseniTt HeA pPshirens,38 theaugh égearﬁnﬂgttﬁ€3§%k223—
<230> <221> M SC FEATURE <2225 (41) $2555 Xan 4t
posNtventdo, | ‘shachl hadebeenapyepdreflf barr glugeﬁe ipmewith
X oSl 8 through 40 are not absent. <220>
<g§igfmgﬁémé "<222> (42)..(42) <223> Xaa at
position 42 is absent or present, if present Xaa in
position 42 is cysteine, serine or alanine. If Xaa in
poRf+i6A%2-Fs present then positions 38 through 41

are, n M SC_FEATURE <

(4%) @%4 ?égﬁ%Tciaégg?éégégtlon 43 is aspa%%élﬁg gp 23
absent. |f asparagine then Xaa in positions 38 through

t. <220> <221> M SC_FEATURE <222>
(i%? f%§4§ Qgggﬂ &aa at position 44 is aspartic acid
ors absepiacttTAsNELAbSGREEECTbeRcXAa | N POSEL @RSN38 54
t hrough 43 are not absent. <220> <221> M SC FEATURE
<222> (45)..(45) <223> Xaa at position 45 is serine or
absent, |If serine then Xaa in positions 38 through 44

are not absent. <220> <221> M SC FEATURE <222>

(46)..(46) <223> Xaa at position 46 is serine or
absent |f_serine then X

are not AbsemkOne220> <221> M SCCERRTURRME222>
(47)..(47) sdRBarXag at position 47 is aspartic acid
or absenf. If aspartic acid then Xaa in positions 38
;ggo;gg AGQM%&%&& qgsent <4OOV33§M§?§ égiréaa XagﬁM
15 Xaa Xaa agﬁfaa X;%U%g;UkQAQQQQﬂ%%%“*@qug;uxga Xaa
Xaa Xaa [Thre20 425 V16.M2 (2-24)

CV-1492 V52.M2 (2-24)

CV-1560 3453/149

CV-1569 V16.M2 (1-24/C178,C198)

CV-1586 V8.M2 (2-24)

Cv-1587 V8.M2(1-24/C178,C198)

CV-1588 V7.M2(2-24)

CV-1590 V47.M2 (1-24)

CV-1603 V47.M2(1-24/C178,C19S)

CV-1604 V54 .M2 (1-24)

CV-1605 V54.M2(1-24/C178,C198)

CV-1606 V48 .M2 (1-24)

CV-1607 V48.M2 (1-24/C17S,C198)

Cv-1671 V47.M2 (1-24/C178)
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Pro lie Arg Asn Ju Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa Xaa 35 40 45 <210> 35 <211> 70 <212> PRT <213>
WO pfobA8T92A A Vi rus <220> <221> M SC_FEATURE <2PQ@E/US2004/041879
(1)..(2) <223> Xaa at position 1 is nethionine or
absent

8 are ho a senk%ﬂilng;zg;bqﬁr}séa%gﬁ%gf%@meg”

(2)..(2)] <228>1Xem at posi IMDIL-24)5/$81 | MEB(DF248psent .

| f i ne—then Xaa i/
absent | L220% 01s MG FEARRE 828895 1L (8) <35>

Xaa at ppsSTEFOE 3RS LR Tt |% rﬁg ITE
then Xaajin pggfgfons 4 fﬁrgu E 3%3?5 ﬁ%ﬁ abseﬁt
<220><22{l> M SC_FEATURE 2@22}754p1964VV%223Q(Xaa4at

posi t i on'4—s—t-edvei-re—or—absent—t—|leucine-t-hen—Xaa—i
positions 5 through 8 are not absent. <220> <221>

M SC_FEATURE <222> (5)..(5) <223> Xaa at position 5 is
t hreoni ne or absent, If threonine than Xaa in
poBkeiphe B8:t ApsaghP8ogedunes absent . <220> <221>

M SC- FEATURE <222> (6)..(6) <223> Xaa at position 6 is
glutamic acid or absent. If glutamc acid then Xaa in
positions 7 ahradghg8naeetot absent. <220> <221>

M SC_FEATURE_ <222> (73 ;73 <223> Xaa at position 7 is
val i ne or absenParticlisl ERdSRhen Xaa in position 8 is
not absent. E%@Qfléézﬂﬁr%§§e5%€9@5dﬁ§1%>ed(@o 2 (8)

<223> Xaa at position 8 is glutamc acid or absent.

<28@ﬁcéﬂ213tNbﬁCbEEﬁﬁUBE/ﬁ222h €33k ing( Bo)f Fe2233 0Xad
at position 15 is tryptophan or absent. <220> <221>
M sedfFeRTbRE2ZboDStE16PH, I( §6) ang) goaggs a>tnt|5>o§he| giells

oSkt PERkeoRERE, 380 8inE=b B0l iLdSe i o ReAbEaR
<282f1ﬁé7%eré1Zﬁcﬁgagédxa§ @bo&O%eh@@&a£aﬁésdﬂ@yﬂﬂgﬂw

present, if gresent Xaa in
(about 18 hours) Next morning, the wells were

n

washed with ELISA wash buffer [phosphate buffered
saline (PBS), pH 7.4, 0.05% Tween -20] and blocked
with 3% BSA in PBS for 1 hour (75 pL/well). ELISA
strips were stored, dry, at -20°C until needed.
Tévdetermine the antigenicity of particles,
antisera were diluted using 1% BSA in PBS and 50
pL/well added to antigen-coated ELISA wells. Sera
were incubated for 1 hour, washed with ELISA wash
buffer (above) and probed using an anti-mouse
(IgG) -HRP (The Binding Site, San Diego, CA; HRP =
horseradish peroxidase) conjugate (50 pL/well) or
other appropriate secondary antibody for 30 minutes.
After washing with ELISA wash buffer the reaction was

visualized by the addition of TM blue substrate (50

pL/well) . After 10 minutes, the reaction was stopped
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position 17 is cysteine, serine or alanine. If Xaa in

position 17 is present then positions 15 through 16
wa@e@snssabsent . <220> <221> M SC_FEATURE <222BCT/US2004/041879

(18)..(18) <223> Xaa at position 18 is arginine or

bsent i iti 15 th
aBsentp | [o8L0L NS 0gn. X8 |70Bo% 11,00 Lipe s 5298 on
- (dQ) r522R §§aaeakea@§ktgee 38 ugoah&ent or present,

if present Xaa in position 19 is cysteine, serine or
alanine. If Xaa in p03|t|on 19 is present then
positions 15,th a . <220> <221>

M SC_FEATURE" <2 e PhelREISA o position 20

i s asparagi ne ps ahseaot ach@ aspadagi sgnthes iXapeptide
positions 15 through 19 are not absent. <220><221>
M BT FeEATUREtedops €2QPHC€QE¥a2293>Oﬁa3 ao/pésiini on 21

d
| rca30ahh RuBSEe, RhatiRCdhailh RIPAkELEARE. Y Siana
M%EE&\T&RE&%&%%@% 062%11§&2§Er>§g% qtsopg@/weqmﬁ

is serine or absent, If serine then Xaa in positions
15P¢ht bdgh ateadeindt oabsehhe w220s b221nchS®1E§ATURE

<222> <223>, Xaa at posit [ I ne or
SR LR L KAPhUE FnnRaReTn BBoP: PORS. 1 Phidtgn 29
ar exAgksBbsant . Nez20morAZhg, MBe REATURE 22222 hed with
(24)..(24) <223> Xaa at position 24 is aspartic acid

orEhb§%nWaShlbu§§s§rﬂPBOEEth?h@HfﬁﬁéeﬂnSﬁéénﬁ:o@§ Y54,
thro fR242 Rl
<2 2@9 2§§’e§%25%1@)t %gée%%cgt p03|1t%| %n %§I SESEQ%-{SJnE](SJr

ab@ﬁn&elif seri nenbhien XaarbA Beshbkoase?ribHeaygmry]
are not absent <220> <221> M SC FEATURE <222>

(28} . -208) wpBb needed- position 26 is |eucine or
csent |l LRIk Ne0, R LBaOSL L 2Lt WouahaRL,

(2antig@r {ﬂaﬁechaaatop0§bﬂyomoaalbsakeudﬁﬂaumd using
absent, If leucine then Xaa in_positions 28 through 31
ar % BEAabBeRBS , <2pg>522PLAWRL SCARRRTURE apgisen-coated

(2§£1§£2§%1 23>5X88 ?%an 98LL5aP B8 £l Hh%%%g d§§§§

absen reonr ne aa I'n posSitions
3lwatk BDILsAbwesh. buffer, and probed using an anti-

mouse (IgG)-HRP conjugate or other secondary antibody

(as above at 50 pL/well) for 30 minutes, washed again

with ELISA wash buffer, and then wvisualized by the

addition of TM blue (50 upL/well) or other appropriate

substrate. After 10 minutes, the reaction is stopped
by the addition of 1N HyS80, (100 pL/well) and read on

an ELISA plate reader set at 450 nm.

B. Immunogenicity of Particles

To assay the immunogenicity of particles,

mice are immunized, IP, with 10 pg of particles in
adjuvant of choice, and then boosted once or twice at

3 weeks intervals with 10 pg in the same adjuvant.

92



<220> <221> M SC FEATURE <222> (29)..(29) <223> Xaa at
position 29 is glutamc acid or absent. If glutamc
W@e00d/05396N Xaa i n positions 30 through 31 are POL/US2004/041879
absent. <220> <221> M SC_FEATURE <222> (30)..(30)
<223> Xaa_at 14 30 _j | Lne ,or .absent ,
vafiEne Thel E88 heglrAlpbl 4 20°a0t chpallh = Yeske
<22tteM S&chEATMIREI<2222n(31) . . (31) <223> Xaa at
position 31 is glutam c acid or absent. <220> <221>
M SC FEATURE<222> (38)..(38) <223> Xaa at position 38
is tryptophan or absent. <220> <221> M SC_FEATURE
<222> (39) (39) <223> Xaa at position 39 is glycine
or Eabwphe. 4 f Dgkgrimisathen X4a2PA : 69 Poswr3@nas Ratios
absent. <2203 <221> M.SC FEAT . 2>.(40) .. (40) .
<223> Xaa at Tﬁoéﬂl’leswl%_itgéagsggn?%ﬁr ar]?rggsr,‘)é)r?tn,%% fratlo
preseptirXaacinppesities,4@hkespaystelne, weeld 6 1@fted to
alanine. If Xaa in position 40 is present then
podi EPBASIIBBAERPBUGR 3DPEPEIABE aNsEne. ME/EBs 1ap 205 mM
P”é%éfﬁﬁiﬁﬁ§s<ﬂa%é bhbke Q4§h.%2%$>a 2 ofs RPRIddPN 41
is arglnihe of absent. f'a ginine then Xaa in
posaliieasdd8etrmineghatlwave leogtabserfit 2640220 2801 xm.
M SC F XATURE <222> (42)..(42) <223> Xaa at .posjtio
4271 GBERRP=BrCprEREHEES PipPEDaRl XA 1 AGER o Ehe
| sygyskehfeps8ehin@Otetkaine. the %aa :b@opesitiicon 4the
i's present then gosltlons 38 through 41 are not .
absahios<pegs eppainguSEorEATUCRR<22pPles3) in4ayding
<2 . Xaa Lt LS a r agi r
e R R e e R R canoh oy by
abséher x2203us2pdbziiS5G EBATURBX14222> s sevedd)l HBc
<223> Xaa a ositiqn 44 .i s aspartic acid or ,absent.
{ CHIBAF e Lhati 37 EnaR Rkt I o BOFEMDRE BG4y
ar ehBph BBSENt i n<23B1 <221>rih IC1EEATHRE a2 e s
(45)..(45) <223> Xaa at position 457is serine or
ab&BRt 15PP 8EPi AePEEPRTRES N Ofosinel Pagtiglew dugirtd4

?nggg%zggsﬁﬂtNei%é%%kfé%lélM,'§SEtF§6$9$EN§%%%% Med.,

5(10) :1157-1163 and patent application W09907839,

whereas full length particles ICC-1607 are similar
particles in which the M2 polypeptide cysteines at
polypeptide positions 17 and 19, (X717 and Xig9 of SEQ

ID NO:9) were mutated to serine residues.
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<223> Xaa at position 46 is serine or absent,

| f

serine then Xaa in positions 38 through 45 are not

W@bm®eNss5K220> <221> M SC_FEATURE <222> (47).

<223> Xaa at position 47 is aspartic acid or absent.

If aspartic acid then Xaa
<220> <22

are not

absent .

S

itions 38 through 46
FEATURE <222>

(48)..(
absent,
are not
(49)..(
absent
are not

48) <223> )
|farseriiae
absmiber <i
49) <223> )
I f | eucine
absent. <

Kaa at position 48

faa atC{Jegmiinah 49 i

t el IXdenghh posHt i ¢
120><221>0l SC_FEAT]

t hetriaatied, poBi ti (
20> <221> M SC FEA]

S serine or

ns 428Q {#redugh 5
URE Aog22bance
s | euratie or
ns 50 t hrough
[UR X <222>

[=

Lo

(50). . (

absent,

50)HB<283> )

| €EVIE3RY ne

(aa at position 50 i
then Xaa in positi

s | eu®i-aé or
ons 51 through

are not

absento <2

20> <221>r M SC FXAT

URE <2223

(51). . (

S1yv<Po® )

faa at posTtion 51 i

s threoailne or

absent,

| vt by e0nNI

ne than Xaa in posi

tions 82 throug

notvapsent

<220> <p21> M SC

|[FEATURE04222>

54 are
(52)..(

Lv<EEs> )

aa at posrtion 52 |

s gl utlapBCc aci

or abse

NecvE{sgd Ut

am c aci derthen Xaa

I n povi.kBONS 53

t hr ough

oéval g5 10t

absent. 220> <22

> M SG_EEATURE

<222> (

O3EV-1569

<FZZS> Xaa ;at positi q

'n b3 11sz3¢al 1 ne

absent,

Nn 54 115180t

. Pd17)S2004/041879

4

4

54

h

or

Then Xaa +n positid
>—MSC_FEATURE <227

I'cyvasgde
<éyUrs50c s

absent . > (54)..5054)

<223> X

aacgtlg@ﬁir

on 54 T Sspgiutamc

aci d ar. ggbsent

<220> <

P2t ML R

FXATURE 222> (61).

(61) 3243> Xaa |at

positio

M SC_FEATHRE  £822>

My A LT

yprophan T absent

220> 582215

(627~

(og) R223> )

(aa at gpgsrtion

is glycp

[ ”%VU!LGWb

mt, 1 glryCTne the

Xaa 1{Im5gosT T

61 is n

t oSt

faXaXN

<2205 Qéépll.f v Db F

FATURE 1<2%25

(63). . (

SEySeésr

AKaa—at

pUS—flT o 63T

S dUb%lll920l

present

ey P32t

t—Xaa—+tmpositiom

63—s %Y@%EIHB

seri ne

C?'f@l#ﬁ

£ N/
H—Xaa—+Hmposttiot
|29

63 I ?) —ng"EbEII[

then po
<221> N

o bt

S

hr-otgh ﬁ,f are—hot

anCI[T ZLU)
0.77

\JW I_j-_g\f 1LJI_\L-

T

NT

Cv-1672

T

1.27

Examp

NT, not tested.
described by Neirynck,

le 5:

1999.

Thermal Stability Protocol

Purified particles were diluted to a

62
n

*CV-1159 is identical to IM2-HBc

concentration of 1 mg/mL using 50 mM NaPOg4, pH 6.8

and sodium azide was added to a final concentration

of 0.02% to prevent bacterial growth.

mixed with SDS-PAGE sample buffer

on 15%

SDS-PAGE

Coomassie Blue,

gels.

and then analyzed.

94

Samples were

(reducing) and run

Gels were stained using



<222> (64)..(64) <223> Xaa at position 64 is arginine
or absent, If arginine then Xaa in positions 61
wa boosises 63 are not absent <220> <221> M SC_FBEAATBS2€04/041879
<222> (65)..(65) <223> Xaa at position 65 is absent or
pr 1 £ . pr Xaa, i oglk & IS cysteine,
segigﬁﬁ%? éran$§§£§F%8%%aaF% %ggF?%8§%85 IS present
t hen positionsahdlybisugh Bfbarid peat-tdbdest
<220><221> M SC_FEATUXR <22%? 866%,1 . %5?&-<223> Xaa
at position B821YElgapapsadi hdloragpsanenalysis of
asgéfﬁgiéﬁ Lbepi Xaark ?aBE%b&b%n%agl ek Basang a
not absent . <220> <221> M SC F XATURE <222>
(675 . mL63Nper@82®XaatBt 1480t CbHOBR tiograpparct icolawind

or .absent. If,aspartic,acid n a_i oSt i 61
th ,‘%‘aaﬁségma?%aﬁ@?cgﬁsé nt” 955 g0 fé"%wr%s%fﬁ RRT URE
<222RINB8Perfh8)los22BZoNadoalrapbsi Siyeetd | Theeivne or
absent, If serine then Xaa in positions 61 through 67
ar 8cheftabsWas. sep2bs wopisom SCYPEATEREtR £¥>280 nm.
(6 : <2232 L at L 9.i j

bos O e S L B e T Freauns %6
ar ¢Cvipt ahbsent?s wmR20of<RRIifei SCOFENTUREOZ222H 6.8) at
(70)..(70) <223> Xaa at position 70 is aspartic acid
or2absent rafe asparVPcmidmdntien Xaa in positions 61

t hrough 69 a n . +<400> ady .
e Son Saa " fhrBRpe igOAr%% AIRIRRAIR LU ey,
15tXaa XaacXaarXadoXaafXaamidalXasiXen SXaalMXd@mPKag Xah

Xaa Xaa Thr 20 25 30 Pro lie Arg Asn G u Xaa Xaa Xaa
Xah-Xaa X8Q Magr¥datxusg Xed)Xed 3BAGa4®lrasexsa then

Xaa_Xaa . X ht | L e Ar a aa 50
55?888§ga%§5§ agbﬁaﬁtxégo%ag%&%eﬁ%ﬁi(%g%%<%%> 47
<23¢31amBRT $R23zamplibuenzacAuticiuE red?@he<2dl>mn with
M SC FEATURE <222> (1)..(1) <223> Xaa at position 1 is
eb AT B NEPOr - abdeft 8 PE. AefCBnTaea fin Cxde i/ minute.
position 2 t roggh 8 are naot, abse%&tjr<%%gﬁ.<2% > ine

M SC_FEATUR X2&b353CFo§OnF5a)0308 Ny Lo i sy i Y5 18

S sekhfeepr oca2bsentlarl phreaciles tther XFa dudh pesitdicles

3 through 8 are not absent . )
were analyzed using the above procedure. Integration

of the 280 nm trace was carried out using BioCAD™

software (PerSeptive™) to provide the results in

Example 7: Influenza M2 Constructs

Recently, Neirynck et al., (Oct 1999)
Nature Med., 5(10):1157-1163 and WO 99/07839 reported
the fusion of the 24 amino acid extracellular domain
of M2 to the N-terminus of full-length HBc particles
(HBc183), lacking amino acid residues 1-4. A
schematic representation of that construct referred
to herein as IM2HBc is shown below in which the 24-

mer i1s linked to the N-terminus of HBc.
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<220> <221> M SC FEATURE <222> (3)..(3) <223> Xaa at
position 3 is leucine or absent. If |eucine then Xaa
WO p00posiosT on 4 through 8 are not absent. <220>P&RP3$2604/041879

M SC - FEATt | RE <222> (4)..(4) <223> Xaa at position 4
is leucine ofyapggnt. If leucine then Xaa in position
5 through 8 are not absent. <220> <221> M SC_FEATURE
<222> (M$LLTEVE§EZBNEWEQRGNDEEErHBoN54189)threonlne or
absent. If threonine then Xaa in position % r%y%% 8
are not absent. <220> <221> M SC_FEATURE < I
(6)..(6) <223> Xaa at position 6 is glutamc acid or
absent. If glutamc acid then Xaa in position 7

t hrough 8 arénnencabséustrappus RESPATRESCNF KAFUNR

<2222 020 whD) 15823R K2 AL RS (AL RYALN e o o

val ime a i N posI
absepttis220B saﬁé>aNHS§gEtXéIHREréE%%Ze@SXLL@ﬁQ <223>

Xaa at position 8 is glut c acid or aspartic
Abeenr 125 00eeo sSCRRSE R TERPR e D255 %opur(l%d
<2437 lagaéeéhn@ kb QﬂségslsédpéAE‘\r‘i%usllggcf'cﬂe

hi st > <221> M SC FEATUR X <222> (11) (11)
<2ﬁzﬁse1<aaoas posi pu@mfigatsongol edcimgased eawsviome Of

N e e e R e

M S&x FEATHRE1 €2222 (#3hnd. G.93)ve£‘%2%%tb§&dt&1tte|@b$jytl on
13 is asparagine or serine. <220> <221> M SC FEATURE
<22dsnina) regidyesr 2 y8sxahsat eFHSEESeA 1 itd%l ut anic

éf%%;}éagéé%gaﬁt i%%g f%%lh%sga'%%‘\w@éf%@% tko)

aa at position 15 i5 tryptophan or
abseatlt£880paxl2tiecM SCrEEATURE TR22= (1®) padtSxles

AbStht ST PEGFRerre SOPegr it B VAt d Fen xaa in
position 16 is not absent.
ICC-1475
HBc (1-78) -GI-SLLTEVETPIRNEWGCRCNDSSD-EL-HBc (79~
149)
SEQ ID NO: 95
ICC-1473
HBc (1-78) -GI-SLLTEVETPIRNEWGARANDSSD-EL~HBc (79-
149) -C
SEQ ID NO: 96

The ICC-1473 particle construct yielded
approximately 7-fold more purified particles when
compared with the native sequence (ICC-1475). It
remains to be determined if the mutation of the
cysteine residues alters protective potential of the
particles. However, epitopes delivered on the
immunodominant loops of HBc are usually significantly

more immunogenic as compared to when they are fused
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<220> <221> M SC_FEATURE <222> (17)..(17) <223> Xaa at

position 17 is absent or present, if present Xaa in
WEo®SNFIN7 17 is cysteine, serine or alanine. |PCHES2004041879

position 17 is present then positions 15 through 16

are n s 20> < F 2>

B RS e A A

orragseningl paatdrheneeghibysi medtibhed Xa&ii-BEBgositi ons

15 through 17 are not absent. <220> <221> M SC _FEATURE

<22@@uTﬁg?nl?15¥ <223> Xaa at position 19 is absent or

present, if PpresepRlcXafakB ROEL! beBnlPrepaist QimMehich
serine or alanine. If Xaa is position 19 is present

t hehe p¥2i N basmiBailhR4ughrl 8eqrenast wasdmsedgpihe N-

;gé%?w%% _FEAEU@grE%%%i %%gkcaeég)hegﬁ%%%ism%aégfe

0 i's "aspar agi ne, Seri
ab§§ﬁtlclésa8pahaglﬁ@n@tr&etlNECCheﬂ3xaaabsqunﬂhamned
15 through 19 are not absent . <220> <2

FEAFEREI RIS PTEY PPTE( SEAUEDSS> <>’i§9 :}P PEsiqGlon 1
gﬁﬁﬁék'eoﬁgtgucglﬁ%bn% ?a%@%ﬁﬂhatlEoﬁﬂ§¥Héd3éW|d

ycine then Xaa is positions 15 through 20 are not
absengle €2202inR2 I=sNIOSE BEATUREeaZR2E (t2@) hylnr2)d

<223> Xaa n 22 erin r a
sePFﬂEe%ﬂez&ggé ﬁ?zgdsﬁpigﬁéslgaﬁ%rgugegg%'e%¥ru§ter
abgamt 145230>+%22 B MgBaeFEATHRE e<222m ti2B)s (223 shown
<223> Xaa at _position 23 is serine or absent, If
seﬁphémﬁﬁéﬁakgﬁ $1le¥si tions 15 through 22 are not
absent. <220> <221> M SC_FEATURE <222> (24)..(24)

<223> Xaa at position 24 is aspartic acid or absent.

If aspartic acicdi#Bé&n Xaa is positions 15 through 23

(25) - (s R R R QS T 5 2140

absent. |If serine then Xaa in positions 26 dgdy aughue@ls7
are not absent.<220> <221> M SC _FEATURE <222>

(26)..(26) <223> Xaa at position 26 is |eucine or

absent . % hen Xaa in positions 27 through 31
are not absent f > <221> M SC_FEATURE <222>

(27) .. ( BB SZ22BYEXEPT RAEWEER NS S TEL LGB LIVStici Hige 0%-149) -C
absent. If |eucine then Xaa in SEQ ID NO:98

It should be noted that to guard against
translation initiation from the natural HBc initiator
methionine, the codon for that residue was mutated to
code for an isoleucine residue. Residues contributed
by EcoRI (GI) and SacI (EL) restriction sites are
underlined. The pre-core seqguence is recited between
the underlined EL residues and "-HBc(2-149)".

Analysis by SDS-PAGE as discussed elsewhere
herein, showed that upon preparation, the ICC-1438
monomer construct was unstable (Lane 2) as compared
to the ICC-1492 (Lane 3), with HBc-149 (Lane 1),
ICC-1475 (Lane 4) and ICC-1473 (Lane 5) serving as
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positions 28 through 31 are not absent. <220> <221>

M SC_FEATURE <222> (28)..(28) <223> Xaa at position 28
WO 2005/0536Mi ne, proline or absent. |f threoni nePOI/US2004/041879

proline then Xaa in positions 29 through 31 are not

absgad i ¢ K329 rﬁ@?é_@u%:?%_gﬁgxgg UREnE 2873 éﬁg)ch'e( ég%t—.PAGE

<223> Xaa at position 29 iIs utam ¢ aci d or ab
| f geltimiBiaci H0t heBhXaanshaboditions B8Bet iraughs3l

. <220> <221> M SC FEATURE <222>
?58?53%§%§§3%%§£§%§ag%§§§B§iP?bﬂgsanﬁ YE&FFHegﬁﬂ
absgtittrdfival dhepdhencXaa. in position 31 is not

absent. <220> <221> M SC FEATURE <222> (31)..(31)
<223> Xaa at B tTE6R-847F s (Giat hfi claved4dr andpacti-a473

aci ?FR{Z .3:f§<§’§efgne %e?gzé)?ﬁa%@tsgdl: Tl%JaRKl;e<%- %éptly lower

(33 <223> Xaa at posttiron 33 is pro
| evcdecwlahiwtightne. tk220p022428 M€ FEATURE2 <2B233use

34),. . (34) <223> Xaa at,position 34 i s isoleucine or
t( hregb%i(ﬁ%l) S5 W HRE M%@M@R&e%%cﬁe (3ByeTrESs)
<2?c33?ré@§iﬁtirﬁﬂ§iﬂﬂ@nir%ﬁuﬁéd&ﬁﬂﬁ&h@elgg%l 434 Eheéflze
<221> M SC FEATURE <222> (36)..(36) <223> Xaa a
posiadortss nee wapee azpaecnre sE3E@elD I9Q066 K28tesent in

. 223> X Pt 37
PL g4ﬁﬁ§¥#5§g§$ 6%1%¥%%igé%gé%?ﬁ§;¥§§2>?§$g£§é%k%%ﬁE

<222xroe38)c hiB8)C22B75 Xawd atCPOBitd OhdBeves, TCC-1438,
trypt.ophan or. absent. . <22 0 ><221> M SC FXATURE <222>
(35 dys Z8entienl 0 SiRG 13 4% F°Te Gy rieerminaL

gl WhatBel ek Sraabsent .l 81y cihe I, tam &91475
Q% < % §2 >

then Xaa in position 38 is not” absent. 0> <22

M SCFEATURE 72 2e (4D)an ()a=ed 23> Mamvate posi tion 40

Cystoine, seft SOTR Ui RET P 7 pak (TEIAD. o

pr esentadeidm 1pas idd ARSI AB 4N rugh A% A8 MOt aPSEALE to

<2%%?a ?—I%%l?\T~¥e§r§n‘i§5AsTU(%Eom<a2i%i2>I )( 40112 .l.o(o4p1) (Domain II) and
also containing a cysteine residue at the C-terminus
(Domain IV) of HBc is also contemplated.

To modify the amino-terminus of hybrid HBc
particles containing immunodominant loop fusions to
incorporate a cysteine residue, and minimal
M2-derived sequence, a series of synthetic
oligonucleotides are synthesized. To make V2.Pf1l
(N-M2 (17-24/C17S), the oligonucleotides M2 (17-
24/C178) -NcoI-F and HBc149/HindIII-R are used to
amplify the hybrid HBc gene from vector V2.Pfl. The
resultant 546 bp fragment is cleaved with NcoI and
HindIII and inserted into pKK-223-3N, which has been
cleaved with the same two enzymes.

To make V2.Pf1 (N-M2 (17-24/C198), the
oligonucleotides M2 (17-24/C198) -NcoI-F and

HBcl49/HindIII-R are used to amplify the hybrid HBc
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<223> Xaa at position 41 is arginine, lysine or
absent. If arginine or lysine than Xaa in positions 38
wWa boosisiesA0 are not absent. <220> <221> M SC_FEATURE04/041879
<222> (42)..(42) <223> Xaa at position 42 is absent or
?éﬁgtln'& B£8§e95 5@% | nTRESLELOR t42+¢1 $40Y $hLitARgment
e of alanine. Xaa in position 42 is present
theg pbsatvéednsiBB Nbo@ughd4mladéIﬁoandbsaﬁerteﬁzdnto

;gééirh% C§§F§£§E%§ %degég%}ﬁé4 k.gﬁéﬁhtéaaﬁé%e two

aspakagkge or serine then Xaa in positions 38 through
42 are not absent . <220> <221> M SC _FEATURE <222>
(44)..(44) <223> Xaa at position 44 is aspartic acid,
gl fp aspartic acid or glycine then
a%glﬁﬁ gFﬁgg?Q&%D through 43 are not abgent . <220>
<221> MSC_FEASI’URE &2F25D (45)S . P45} 22B>YXah dt T ©
p0.Sd;dd'G@aAﬁa@G&;@cﬁeAw@Ao@AmmeAcMc@ectmmhmm)ﬁamd n
positions 38 through 44 are not absent. <2202 f@ g
M SC_FEATURE <222> (46)..(46) <223> Xaa at position f%
is serine or absent, If serine then Xaa inSEQSiDiX¥nsL00
38 through 45 are not absent. <220> <221> M SC_FEATURE
<222> (47)..(47) <223> Xaa at position 47 is aspartic
acid or absent. If aspartic acid then Xaa in positions
38 through 46 are not absent. <400> 36 Xaa Xaa Xaa Xaa
Xali? Kol HdE1R8A- NP1 Haa Xaa Xaa Xaa Xaa Xaa Xaa 1 5 10
15 Xaa XpagXaa Xga plag Xga Yaar Xap XaayXar Xaa pXaa Xaa
Xaa Xaa Thr 20 25 30Xaa Xaa Xaa Xaa Xaa Xaa_Xaa_Xaa
Xaa Xaa Xaa Xaa Xaa Xaa Xaa 35 40 45 <210>°¥ L8143/
<2é@ec&KEEGS&&a?AAméAﬂmﬂAA@TéA&AT¢GAC€&E@ATAE£§§ATTTGG
M SC FEATURE <222> (1).-(D <223> Xaa at pos EB ﬁo $o2
met hi oni ne or absent. |f methionine then Xa&
position 2 through 8 are not absent . <220> <221>
M SC_FEATURE <222> (2) ..(2) <223> Xaa at position 2
is serine or absent, If serine then Xaa in position 3

theQuehi8 are pel abseRl- AR Wi tY Snd R

Both N- and C-Terminal Cysteine Residues

A series of HBc chimer molecule-containing
particles was prepared that contained residues 1-24
of the influenza A, M2 protein peptide-bonded at or
near the N-terminus of HBc whose C-terminus was
truncated at residue 149. The component chimeric
protein molecules contained different N-terminal
sequences that included an M2 sequence or variant,
and some contained a C-terminal cysteine residue.

All purified particles listed in Table 2,
below, were analyzed by analytical size exclusion
chromatography to assess the retention of particulate
structure following purification. "particles
designated ICC-1603, which contain no N-terminal

cysteine residues, displayed evidence of disassembly
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<222> (3)..(3) <223> Xaa at position 3 is |eucine or

absent, If leucine then Xaa in position 4 through 8
wa@e@snssabsent . <220> <221> M SC_FEATURE <222BCT/US2004/041879

(4)..(4) <223> Xaa at position 4 is |eucine or absent

| f cLne e ' Lil 8
aRef et B0sha°Ba 0T 2ok aRer R FARE R, 3408 % B pethuse

Xﬁahat pposketihoplbted thr bri A806r sglesmdls, Hafngehr eoni ne
then Xaa in pasitiagn 6 through re_not _absent. ,<220>
<o3g5T b HEARETSpo 55 LEAF T Fe) e 5s g R ety
PO$ihbhOoBebohdsyl.utam c acid or absent. If glutamc
acid then Xaa in_position 7 through 8 are not absent.
<220> <221> RiBClREATOREYE2S2 9T PRrtiplesy IEC Hap Ot

position_7 is., Lne a H~Aald Ao
DOURLEn 28] Bifdasle 8 1RR39R0s Mooiddata dias
<2g§a (:&)ebmu(t&):i'é%g)f ng@ sernos tdeari Bidss tmh utwstieine
acid or_ absent. <220> <221> M SC FEATURE <222> (.10

" Feoaarzainaieat oRrr ot eI LR T T
I stidi F i

R e Tl aea T ok IE e sol el ne o

t hpemiifieatd220> wiZzd = IMSOIFRBATUR 1 nep 20> graynd (1340

<223> X t i ti 12 i S . ) . .
5Lt R R L P I Yol 2o,
pogiyt.i ORHl3-d Sv=as PR agiiferite SO idisa sl W 224w

M SC- FEATURE <222> (14)..(14) <223> Xaa at position 14
i s IQICutldAilc raditd Gyl yci ne.  <220> <221> M SC_FEATURE

<222> (15).. A]nS%l 4233 agec@ly A igd A dbed S whose
trypt ophan or absent. <220> <221> M SC _FEATURE <222>
( 16hin(eh pr28n Xda@thapodinag ofr terminal yey glecine

O SLALE. 201 ot Aep a1 01EL e, 0 o B AT gl

M $eIRRARYRE purification, although it did exhibit some
degree of disassembly (Fig. 5), suggesting that the
stabilization was not quite as robust as it was for
1CC-1590 particles. Comparison of the N-terminal
configurations of ICC-1590 and ICC-1560 particles
(Table 2, hereinafter), shows that the relative
position of the two cysteine residues in ICC-1560
particles is shifted by 3 amino acid residues
relative to ICC-1590 particles via the deletion of
three amino acid residues (DEL), indicating that the
cysteine residues may be required to be a minimal
distance from the start of the core gene to enable

optimal cross-linking.

Example 9: Particles With an M2 or M2 Variant

Sequence and A C-Terminal Cysteine Residue

ICC-1603 particles were shown in Fig. 3 to
rapidly disassemble following purification. The HBc
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<222> (17)..(17) <223> Xaa at position 17 is absent or
present, if present Xaa in position 17 is cysteine,

W@ e00s/08596T al anine. |If Xaa in position 17 is pPEHES1004/041879
then positions 15 through 16 are.not absent. <220>
<221> £222> . (18),<223> Xaa at
poé%%?%%sﬁgE%@ggggngggﬁygéﬁgkéFgagégﬁﬁg%Pf3%%&5%%%?(ﬂre
| ysimelbéhehoXahoka pAsSLCCens0i5phtdudbs]7 eadc@ptOtthat
absent . <220> <221> M SC FEATURE <222> (195..(1S)
<2983 365 4POPoSPIPEReTS FeiBpSeRPlErupresente f single
presesim¥aall BtBsh i L1y ke nat el Rep1SEHiRe Ay made
alanine. If Xaa is p05|?|on 19 is present then
posPtdonectsthar sughes8ianecfiof CEbSEAE. Pa220e1e22 o
M SGEEATURE <2222, (20) ..(20) <223> Xaa at p sition 20
islaspgﬁ% ?Eg,l eFP%e?éaFééPﬁeograagégﬁle Ploysteine
aspas hghaetor 16erive3t papt XadeksS cpasil i apsrid ghlnewgh
19 are not absent . <220> <221> M SC FEATURE <222>
(2452P1 23y <9p35hRanagt 1648} t | BRLZPWEEIapyaiEicakdion,
gl y&kn b7 o Lf aLt i id.,at gl yci . .
R R
<2&tclive BOnFEATUREL «@2a8ph(22Fig( 28) .<223> Xaa at
position 22 | s serine _or absent. |f _serine then Xaa
i sposi tions ?éetﬁﬁﬁﬂgﬁSZT%aF lﬁoFLHBXeﬂFmogfﬁéﬁtéﬂzfbat
“Aﬁﬁiff@ﬂ&REtéggzizé2§bn-Qgg)m6§33ao§§§eﬁb ROS IF8R 23e

a

is_serine or absent, If serine then Xaa is positions
15T ¢Frbegh parhaielast ABsehncowpese<gempaES8CEPEATURE

<2%§5—£g§%'%égélfiég3>w éhaéoﬂgggh%ogyg4ah§n%§%%r%E%al
aci d or absent. aspartic aci en Xaa | S positions
15cydroigh 28sadeecnotndbrent-ts2@rai22tabil $&€iHBEATURE

<222> (25)..(2 <223> Xaa at _position 25 is serine or
St L B nSiaR e e tor ks ResrEi SRetins B Shin 1495

ar Lo n@BSEAtt 1 68208 <22h3r-M Se FEATHWRE-£222> 5
(26)..(26) <223> Xaa at position 26 is |eucine or

abkefgrogeneeysi nexthen Xaaswh-pasticvhste? sthuctyredl
24101 PhEER. oy S0 2" I FERIURE 5682 o
absengest f thaeuctoe thes Xgaria pastitdas (28ctheoggh 31
arétgggmfﬁg nétaggfggation as found in ICC-1605
particles was less complete than for the N-terminal
stabilization found in ICC-1590 particles.

To investigate the compatibility of combined
amino and carboxyl-terminal cysteine stabilization of
hybrid particles, an expression plasmid was
constructed to direct the expression of ICC-1604
particles. The component chimer molecules of ICC-1604
particles contain both the two amino-terminal
stabilizing cysteine residues present in a native M2
polypeptide sequence (as in ICC-1590) as well as a
C-terminal stabilizing cysteine (as in ICC-1605
particles). Analysis of ICC-1604 particles showed

that they retained a homogeneous particulate state
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<221> M SC FEATURE <222> (28)..(28) <223> Xaa at
position 28 is threonine, proline or absent. If

W@ boososiose or proline then Xaa in positions 29P€TUS29041041879
31 are not absent. <220> <221> M SC_FEATURE <222>

2 29) <2232 X 29 I
A N i S M L e

t heeuobt 3Biak eingt mabaeds. ag220amp22benvhsy BRATHRR be
<222> (30)..(30) <223> Xaa_at position 30 is valine or
abdend, 1nfCQRFRRE VWAER %ashi REP&Zition 31 is not

absent <220z £2213 M SC, FEATLRE 50200 el oot che

<223> Xaa at position 31 is glutamc acid or aspartic
acNdtermabsenbf HBQOandzzhe N SErFEATUREYySZ2dme

<223>. X : i.tion 33 | |

otkeiaial wREY arvastisBelislad pak Rildsdacya 38
(34nhd- £34)1£323> %@@habfp%btsw@a&%1|cae§@oeit@jlme tHe
t hreoni ne <220><221> M SC FXATURX <222> 3§kh (35)

<22B3nXaacht pegrenss BBLCYLHEGDA ASES I ie.033220>
<2%é il %EE%E’R%S%%? 263 nfo38k 1R B¥ SRR,

pos I on I'S asparagi ne or serine. <220> <221>
hAﬁﬁﬁEEAEUR& fé%idu@&?LGWLWEIDI<223>d%aawﬁd;ﬁrnM|amino
37 is unatlc acid or %Iy0|ne <22%§ <22

M 3@:1# TORRE<PFSsCPES) T 38312353 I da é’c p5Ei 1t Yo sg
i SthEY?BQEEQEOQr )c@a%%nbf 12207t b0 MSGFEABR W ine

<223> Xaa at position 39 is glycine,
glupanrcvaatdt@ﬁn§5§§npn ﬂleW@ﬁhﬂ@(ﬁrqmlﬂh%ﬁ(PQﬁﬂﬁﬁonr

the a osi ti i o nt

B ER ol BOBb bR S RO BREN Bl i ore
40sé&uahs:enhneﬂuﬂreesentcysltfemreesmtpomatmn poki tion 40
IS cysteine, serine or alanine. a i.n position 40

i s present tR&RSFoSRH: ﬁ§e§8dﬂﬁﬁ5ﬁ§éﬁéﬁl hdihe fact
absent. 172292c<33%3 Mo%%o%%@l{u%%ﬁ%%z?n&%ule (41)

<223> Xaa at position 41 is arginine, |lysine or
absemminkftedr gitnpos idri dny didive qﬂwéiBCXa&VhEﬁfﬁ}ﬁj%ﬂlh%ns 38

th&gggg4§9 %E%p%%%n%b %1mer molecule terminated at 149
of HBc and contained a terminal cysteine at position
150 relative to the HBc of SEQ ID NO:1. When
analyzed by analytical gel filtration, using an
alternative but similar method to that discussed
before, whereby particles elute at approximately 10
minutes, both constructs were shown to be particulate
following purification (ICC-1438 in Fig. 8 and
ICC-1492 in Fig.10). This study demonstrated the
compatibility of amino- and carboxyl-terminal
cysteine stabilization of truncated particles, and
the tolerance of substantial variability in the amino
acid sequence and distance between the N-terminal
cysteine residues and start of the HBc gene. The
data from several studies are shown in Tables 2A, 2B

and 2C below.
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<220> <221>
position 42
W@ OBSNFNT 42
position 42

are not absent.

gl yci ne or absent.

M SC FEATURE <222> (42)..
i's absent or
i s cysteine,

present,

seri ne or al ani ne.

(42) <223> Xaa at
if present Xaa in

| PCXES20041041879
is present then positions 38 through 41

<220> <221> M SC _FEATUR X <222> (43)
. (43) <223> Xaa at position 43 is asparagine,
| f asp@aabfeneror serine or glycine

seri ne,

then Xaa in positions 38 through 42 are not absent

<220> <221> M SC_FEATURE <222> (44)..

(44) <223> Xaa at

pogrtiom 44 1S aspantic aci g, grycine or absent. [T
aspadohdtCucali e hingl Y CiuBent NENrXaRed N| PASHL | 0BS:md" B c-term
t hriough..43 lar e, aqt absent .| 52203 1w2R12ndM PGubEATURE teine
<242> (45) {..(45) <223z_Xaa agmpggit on 45|i s.8er | Negrap
or tabsent !£5§§;hn‘ then—Xaa 1 0-pOSH--ORS 38 LR pugh-
44 aF%’ﬁ%% absent. <226%<:221 hﬁ@%LFEK?UR X <222%
(44) (46)| <223> Xda at pobition 46/ is sefine or
abdeftc 4Pt |séF (¥t hen Raa | FPI8ITi pnd*38|t hfdugh 45°°
arg not abdent. <220> <221>| M SC FEATUR X 222> (47)¢s0)
. - (|4 -2 3>mXamz24at [postd i oh 4¥Fodes aspatxi ¢ aged or Mo
abgent. I|f |asparticlacid then Xaa in| positions 38
t hr Uﬁ@:hls% ate (el abSeRt . k2203 221> ST FEATURE 1o
<222> (48) |..(48) <223> Xaa|at positjon 48|is serine
or ebsents rhzquy. ther—Xeat+gposH s 495t hroughss
54 fare not jabgent, 220> <2p1> M SC_FEATURE <222>|(49)
oL (49D _<22 aaat tpositioh 49 is |
£ [1%65¢T%Re tﬁ 1 %Ha |i n PositionE 50 t hibugh 538°aré not
abgent. <220> <221>|M SC FEATURE <22P> (50} . (50} ‘“**%
<223SXHE at "positi dn 5% i s| | eult ne pr Hosént M| f Yes
| eyci ne thegn &zSi n (positiohs 51 thrpugh 54 are ngt (€59
abgene-1606220x2 <224> M S8 _F KATURE <2P238(5]) Yes(5]) ves
<2%3> Xaa dt positign 51 is|threoning, prolline or (C183)
abse@t-Te Tt REGORLNG OTodpT Of 1 NEe=d NEN| Xask | I TioN3es |
52 |t hr ough 54u@g@>n9t absent. <220> g221> M SC_FEATUREs)
<2L?6€L6EJ7:&’) ; 'DK"(FJZLL) 23 D4>/\aa at.‘@\')‘i t Gi’i49'39. iSNgi u’i gllim
aciid or absent., Lf dlutamclacid thep Xaa in positions
53 WWM&QQD EL 149 No No
(C198)
ICC-1816 M2 (1-24)/ D4 EL 149 No Yes
LE/ M2 (C150)
(2-24)
ICC-1817 M2 (1-24) D4 EL 149 No Yes
(2C>28)/ (C150)
LE/ M2
(2-24)
ICC-1818 M2 (1-24) D4 EL 149 No Yes
(2¢>28)/ (C150)
LQ/M2
(2-24)
(2C>28)/
LE/ M2
(2-24)

10
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<220> <221> M SC_FEATURE <222> (53)
at position 53 is valine or absent,
WO 000539657 on 54 i s not absent.

X <2

glutam c acid or aspar
M SC_FEATURE <222> (56

22> (54)

i o3

.(53) <223> Xaa
If valine then Xaa
<220> <221> M SEUFESIHUR041879
. (54) <223> Xaa at position 54 is

or absent <220> <221>
<223> Xaa at position

56 i[S proling, Teuciine or hlst|d|ne. <220> k221>

M SQ_GEATURE <222> (57)s . mé5d)| «228>| Xaanat| postéion
57 i|s hﬁgﬁeuciﬂﬁnﬁr t hreanbyne.| <2d0>| s22diz M SEtERAT
RE <222> (58 (58) <didzceXad at popi k@N B8 issav

ar gi r-ReaE Yo e 220752 2 o M SCFEAFURE <2255
(59)..?59§b 223> Xaa at positijon 59 |s aspaJagi ne or
serijne._ <220 <¥31> M. SC_EEATURE <22b> §nn\ (69
<223> T&a at | Boki¥t dn 6675 gllumdti c| actd of gk¥0|ne
<220p> <221> M SC FEATURE <2223 (61).!(61) <p238 at
posi lt iT6N1BY | s fyptloph&HFor dbséift . | <2B30> k221%°

M SG_FEATURE| <222> (162)..(62) [<223> Kaa at posi®f%n 42
is gl ycine, glutasid aC|d or absent.|If gl ygi ne or

gl ut grEETEel ¢ ENen {aa GIEPOSIfil 0ss 61 1®snotf absent.
<220p <221> M S&,)FEATURE <222> (63).](63) <R23xi¥aa 4t
posi RT3 ts—gbsert—otraresent o fprasent XagesT N
posifion 63 |s gystgine, serine or alanine.|If Xg3 in
position 63 S prgseant t hen poFition$ 61 thfough 62
are ot,ahqut ?g > <221> MISC EEATURE <2p2>
(64)..(64) <223> Xaa at position 64 is arginine,

| ysi ne or absent.
positions 61 through 63 are not absent.
M SC FEATURE <222> (65)..

I f arginine

or

| ysine than Xaa in
<220> <221>
(BPLe<2Z3> Xaa at p05|t|on 65

| s absent—of—present;——presept—Xxaarta—pogtten—5—+s
P <
cysteine, serine or falanine. llze51%1§1e% n._Rosition 6% IS, ...
pr esERTtHeh “posI T ons ro 4|are nat 'gc eysteine
<220> %1 > MISEFEEATURE <2275 86" | ( 66)
End and HBC Acid Stab
ICC-1588 M2 {2-24) V149 GI {M2) EL No No
Table 3, below, shows an alignment that

illustrates the configuration of the N-termini of

HBeAg, and particles harboring N-terminal fusions.

Sequences are aligned according to amino acid residue

position 4 from the N-terminus of HBc of SEQ ID NO:1

that is shared by all constructs.

cysteine residues, when present,

104
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<223> Xaa at position 66 is asparagi ne, serine,
gl ycine or absent. If asparagine or serine or glycine

WO b@s/03a87 i n positions 61 through 65 are not aPGENS2004/041879
<220> <221> M SC_FEATURE <222> (67)..(67) <223> Xaa at
position 67 is aspartic acid, glycine or absent. If
aspartic acid or glycine then Xaa in positions 61
through 66 are not absent TalkR203> <221> M SC FEATURE

<222> é68).. 68) <223> Xaa at position 68 is serjne_or
a&%@ﬁigzﬂﬁiséﬁﬂﬁe_Lhen Xaa in poSEEMERESE1 t hr ofgR 67 NO
are not absent. <220> <221> M SC _FEATURE <222>
(69)..(69) <223> Xaa at position 69 is serine or

abdeedg |f serine then Xaa inpositions 61 through 68
are not absent. <220> <221> 22>
(70)..(70) <223> Xaa at posigkggﬁggﬁﬁgﬁggéﬁrtic acid103
or absent. if aspartic acid then Xaa in positions 61

t hrough 69 are not absent. <400> 37 Xaa Xaa Xaa Xaa
XaBCRah4XBATREaltAP Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1 5 10
15 Xaa Xaa X
XaaX%gg %%Fégngg§§§%§§§§§g§§§§§@%§§%%g§§§%a Xaa XaaQ%4
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 35 40 45 Xaa Xaa Xaa
Xaa Xa; Xga Thr Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 50
55186 %38"Xaa Xaa Xaa Xaa Xaa 65 70 <210> 38 <211> 17
<212> PRT <213> | njicu@nz@eBrrRNENCEAOBDS3IB® Asn Asn Ali@s
Thr Phe Asn Tyr Thr Asn Val Asn Pro [ie Ser Hs lie 1

5 10 15 Arg <210> 39 <211> 24 <212> PRT <213>

I n e g _ Rhe Trp Arg Gy GQu Asn Gy
N%&Eygégﬁﬁlkrbgliég?}%\l%g %%rOGGI uAg 15 10 15 Met Cys
Asn |ie Leu LysMSIYTEYET2URNENEESRENIDSEDERIR? <212> PRD6
<213> Influenza A virus <400> 40Leu Arg Val Leu Ser

Phe lie Arg Gy Thr Lys Val Ser Pro Arg Ay 1 5 10 15

ICC-1603/ICC-1605/ICC-1607

MSLLTEVETPIRNEWGSRSNDSSDELD 107
ICC-1671
MSLLTEVETPIRNEWGSRCNDSSDELD 108
ICC-1672
MSLLTEVETPIRNEWGCRSNDSSDELD 109
ICC-1816
MSLLTEVETPIRNEWGCRCNDSSDLESLLTEVET -
PIRNEWGCRCNDSSDELD 110
ICC-1817

MSLLTEVETPIRNEWGSRSNDSSDLESLLTEVETPIRN-
EWGCRCNDSSDELD 111
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Lys Leu Ser Thr Arg Ay
<213> Influenza A virus
WASPsPs5Phe Lys Leu Leu

Ty
<2
G

r Ser Leu Ii

bec- 1B

e Arg Pro

uenza A virus
t Val Met Gou

20 <210> 41 <211> 22 <212> PRT

<400> 41

Ser Leu Val

G n Asn Ser G n Val
20 <210> 42 <211> 24 <212> PRT

<400> 42

Leu lie Arg Met

Al a Val Lys

Ay lie

1pGI/1820046041879

Gy Val

lie 1 5 10 15

LYMSALYUE@G:YPLRNERSSRANDSADGOASNTEUVEIDI®RN-43 <211> 549

<212> DNA <213> He
accct t abY5°BgHREEP

Iti

G

S

B virus <400> 43 a

LETEYEL L GHH

>

acatc
ttt gcgtlz

60 tctgacttct ttccttcagt acgagatctt ctagataccg
cctcagctct gtatcgggaa 120 gccttagagt ctcctgagca
ttgttcacct c#ebaeaét gbedotcapgoxridgeaat tteftul8lon of

tg
ag

Epecageg e

act aat

t
R0 Lot Bgahac

Sodig oY ratRsma

acpaat atygsgeshaaagtihgCaagsaaeréisfl Hrgha@ddL A M2

ac

atttcttg

tctcactttt "ggaagagaaa cagttat aga

366°HEENEEggEgVRFLaHat COptEaRLatedc Asg&itat a

ca
tg

fEaps

‘g‘a

SECLALEC A A2
cgacgaggca dg

Belh

g‘%%‘b‘atx%dc

ag aagaa

%glt.t t ggt g
is seen,

g%g%f%%%gchimer

ccmbtgcul esgthgacgaatadinc boait-cgrodogedt cyca sjasgatestichie

at

oNA- <318

aa,540 tctcaatgt 549<210> 44 <
1895EEHAN PEs MBI 46 42663 #81acgoicd §he

11> 555 <212 >

acgctbahaguagast thaoapdChachahge gt toxel alre Nttt klgcct

60 tctgacttct ttccttccgt acgagatctc ctagacaccg

ccabagtet ehegNategagaasl 26

&t-t agagt ctcct gagca

ttgctcacct caccatactg cactcaggca agccattctc 180
t gct gggggg aattgatgac tctagctacc tgggtgggta ataatttgca

agat ccagca 240 tccagagatc T=glteagt caa ttatgttaat
Lt aaagat-caggcaacta

actaacatgg-gtd 300 ttgtggtitc
atptatcttg ccftactttt ggaagagaga|ctgtacttga atatttggtc
36/0 tetdttroggag Agtggatt@gBeaﬁkmckccatgnﬁmata ac Stable
caccaagh@e CCChat it andaf LeAREACTT eyeagaaact aCparticle
tgttgttaga cgacgggace %a %caggtc ccctagaaga 480
agaact ccct chct'%ﬁﬁén 5% aYHtet 555?&35% not cgEYY%Ag
atctcaatct 540 cgygaatctic am gt H55 <210> 45| <211> 555
<2 g\ZTB/ HepatitisByirus—~<406;,45atggacaido
acccttataa agaatttgga getactgtgglagttactcte gtttttgect
60| t ctGatt3ect [ttcctcegl cadlgatctc ct¥yacaceg Yes
ccfcaget edoxgt at cgagaa 1270 gaettapagt gksctgapca  ves
tt getgaect capteatactg——eactcaggear-ageeattete 180 Yos
ICC-1590 9 7 No Yes
ICC-1603 - - No No
ICC-1604 S 7 Yes Yes
ICC-1605 - - Yes Yes/No
ICC-1607 - - Yes Yes
ICC-1671 - 7 No Yes
ICC-1672 9 - No Yes
ICC-1816 34%/9 32%/7 Yes Not Done
ICC-1817 2 7 Yes Yes
ICC-1818 S 7 Yes Yes

*from second N-terminal M2 copy
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t gct gggggg aattgatgac tctagctacc tgggtgggta ataatttgga

agat ccagca 240 tctagggatc ttgtagtaaa ttatgttaat
wW@eaaasysyg gttt aaagat caggcaacta 300 ttgtggt tRCI/US2004/041879

atatatcttg ccttactttt ggaagagaga ctgtacttga atatttggtc

360 tctttcggag tgtggattcg cactcctcca .gect at. ¢
ca’ééa‘ﬂﬁi@cggect\éf-@ggaaﬂ ONygglg&Sc%‘F&dcécgig%%c ac
tgttgttaga cgacggumsc BaaasaGaLC pasetiagaaga 480
agaact ccct cgcctTygray acgcagat ¢t ccat cgecge gt cgcagaag
at ct caat ct 540etdggazecerpigesedsss EiiglIETS P 549

<212> . DNA.<213>, at it InUS T < at ggacat t
acEBFtl?t'blgg Qaﬁgf}fgﬁgﬁafﬁg a?t étoé)g%&g?%g?tugtt%d _g??tttgcgt

609&@%@?@%t @F %b&ﬁﬁt ;ﬁl@%tzlgacga?tﬁtdcmtscwd by
ccgcagctct gtatcggga gcctta ctcc ca
t t gepsHEandC §b§agggpg AR Eé&d@a%gg G tpé’r‘iqL ed
g?g%g%&ggggag 226LE3at gac 1 htAgetAC e tOaGtdignites no

ttaga agatccagca 240 tctagggacc tagt a%t cag
t t Bbghcdaaccietaabgtigy goot @aagtilcafacsfs #1590 1.0

ttgtggtttc acatttcttg tctcactttt 334939, ttctaga
gt &F‘%ﬂé’@tt& 53 é}glet @ﬁetst%é’&aeg ot%g tbgogu ar}cg Cy ¢C gég&acg%éé%g

gctal agag16RACFRAN0A Gt IMERB A 2k daaidegt thye
cggagactac tgttgttaga cgacgaggca ggtcccctag aagaagaact
48T icutt GgECCe algiest ot g Teygeg %)

ga ct at a 10, ted C th DA t<210> 47 <211>
543%%15%%%3%%%5%%05%0 1uécczi'k' 2%%%; 47 atggctttgg
ggcairddaca ilagalxes va dnahgaatt thggeemat 86t atcagttgtt
60 gaattttctt cctttggact tctttcctga tcttaatgct

t t Jitgdac® -ct gct act gc 120 ctt gt at gaa gaagaact aa

caggt aggga acattgctct ccgcaccata cagctattag 180
ageRget it Ut g ICt UU U 2L BE dae-Tasantdat aadt ggatigad
ggtctaacat 24H..3astt ct gaaecaagt aagaa caat catdlgic (mg/500
adat cat gt ¢ aatgatacct ggggacttaa 300 ggt gagacehn mL)
aqtttatggt ttcatttgtc atgtctcact ttcggacaac atacaqgttca
340 agaatttttmongt aagttt tip gagt affggedatedfgact Eea 16.6
gat cmateda gacct cctaa 420 t gcacSeaktli&eet cgactc
ttjccg§haca tacagtcatt aggagaaga aggt gcaag 480
agct%@g?% g MeEk éégag'b%fﬁ‘&gﬁit c%ulg‘t g? %cgc “3§gagaagaf
ctic c tcgc < > 211> 1 <2122.7
DNA sz%%> g?lgg%%%gqu%r ?%éégﬁoiﬁﬁg%ﬁat ctt tﬁé
ttcacekgt g GetiQLhtt tmBeehGhOt t ersakgigCt ac gt t caagre

60 tccaagct gicgaGtt godng gedd t gggda lbtggacat ag
atjccct at aa agaasitggt (&B2tweeottcttatc agttgttgaa

ttttcttcct ttggactttt R718cerdjat ct caatgcattg 180
gtlggacact g ctgctgctct t¥Patlgaagaa gaatt aacag t agggagca
ttgt tidEct Mgzﬁét)cai“ﬁ?ﬂn@d@f]a"tt g;%g?;ﬁctta P9 ‘
t gt t gggaag aattaactagﬁ%ﬁ@éﬁﬁiac *Tggat gagt g

aajpat acaac agaagaagtt afjgatta ttgttgatca tgtcaataat
360 acttggggac ttaaagtaaggacagacttta tggtttcatt

t ateatgtet—tacttttgga 420 caacacacag ttcaagaat t
tttggttagt tttggagtat ggattagaac tccagctcct 480

t at agaccac ctaatgcacc cattttatca actcttccgg aacat acagt
cat t aggaga 540agaggaggtt caagagctgc taggtccccc
cgaagacgca ctccctctcc tcgcaggaga_ 600 aggtct caat
cacByaypég thgachBREdPeRASLEYcOAg VAELOFactg ¢ 651
<210> 49 <211> 18,< Artifd ci al Sequence
<220> <223> Anplﬁgkéééﬁggﬁépéﬁ%%Egéﬁgg%%ing a
restricti on emdenaakegseisiittyy of the various particles

to the monoclonal antibody 14C2 was examined using an

ELISA. To ensure retention of particles in their
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<400> 49 ggtgcatgca aggagatg 18 <210> 50 <211> 55

<212> DNA <213> Artificial Sequence <220> <223>
w@k@snidspkk223 <400> 50 gcgaagctt c ggat cccat gPCT/US2004/041879

gttttttcct ccttatgtga aattgttatc cgctc 55 <210> 51

<2%&€i3é_ c8h23 IR 5213a1 ALkl bhokal HRgUeRGesT2203aq
<223> prinmer <400> 51 ttgggccatg gacatcgacc ctta 24
<2@Pth52 w2l¥clB8hat2afbibDNAy<213bbALYi tiocicalp tsewudriee

<220> <223> prjnmer <400> 52 gc attcc atcttccaaa
R O e e e T
ArgifieiahssedueneRer22de $223>mphbdBbnad08ntidody, or
cgcgaattca aaaagagctc ccagcgtcta gagacctag 39 <210>

54&9Qe1snii-EBgoRopRALepad>apkibpdeesl wishuewesiLizgsy

S255% Bhb TP haad0udaReo 1606 kRAD0TREAEER, duriicadan
Semhendats22pres@dBadAlpl cthecabble priloer, denioaistivag e
restriction endonucle%se site <400> 55 ¢ caa%Ftta

ct BYe5aRE§S5REgt AgPcPLc¥gGadl SR THUNSE IS RNt g O0P
<24 2>PNAGSEE3Ro A BifheFakbanedyenae c 12202 s@23asibility

Anplification primer containing a restriction
endénbbkeMB8e sbibora0ds Sbegddfagornacdraadaerdabody,

ga%éfgggvésto presentation at the N-terminus
(IM2HBc/ICC-1559 and ICC-1604). These observations
were not surprising because it has shown previously
been shown that 14C2 binds to an internal region of
M2e (amino acids 8,10,11, and 14 of M2, as opposed to
the N-terminus [Zebedee et al., (1988) J. Virol.,
62 (8) :2762-2772] .

In addition, all particles, with the
exception of ICC-1569, retained antigenicity to anti-
HBc monoclonal antibodies 3120 and 3105. The loss of
recognition by 3105 is a previously observed
phenomenon for particles with sequences inserted into
the immunodominant loop, and this typically
translates to reduced anti-HBc responses for these
particles following immunization. Monoclonal
antibodiesg 3105 and 3120 were purchased from the

Tokyo Institute of Immunology, Japan.

Particle Monoclonal Antibody
14C2 3105 3120

ICC-1123 - + +

IM2HBc/ + + +

ICC-1559

ICC-1604 + o+ +

ICC-1569 + - +
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<210> 57 <211> 21 <212> DNA <213> Artificial Sequence
<220> <223> Anplification priner containing a

w0 e®b053957 on endonucl ease site <400> 57 gcgggarCryS2004/041879
gagcttatcg a 21 <210> 58 <211> 41 <212> DNA <213>
Artg fi | ,'Sequ 32 Lfjgation primer
co%%%?gyﬁglg ?egﬁﬁﬁngonlgﬁg nﬁgﬁggge gite <400> 58
gcggagct ct ttttMQaCbntama@ggﬁPattutdescctta t 41 <210>
59 <211> 49 <5 2> DNA <213> Artificial guence <220>
<223> Anplifi §t98W“BP9ﬁEFC&BNt8Fn ﬁ& &GP s@Fct i on
enﬂ@@“ﬁhQ§S§a§tﬁéié90%a§913989@3% ¢edl Lgggigact
ttggggcatt gacatcgacc cttataaa 9 <210> 60 <211> 18
<2TbsreNmag213stAet dﬁrféeéensgq@@n@@tazmﬁ £d2%xs

t LriGt
onBehrb R LA8 RRLTBE RN BE" MR BOY it ooy
<2402féterddlrn3@hs24AeiDAC<EiBarAr tisld elbalerSeguence

<220> <223> lification prinmer_containin
r %?FW%?PM%U@@%S&@%& e. 1£5085061 P@cr%@é’&tetsoc

ga%gﬁﬁcétﬁaea%étE&&ﬁhoéng%éQE Q%o§§1%31%£ raal2> DNA

<213> Artificial Sequence <22 > [ification
préamnet - HBqtanhemg ahaEStﬁnkel6M2§Bdonwekease site.

S804 50035, 158, RE3A009515 0g6ee! o oqmget o0 @

Seyoentss923a»t$2232 . Anrhiekecakitan rer leﬁ@ha@sqrztealtmieng a
restrictjon endonucl ease site <400> 63 cgcaagctta
gafREEt thatafiexuréaarncadt Ajecimmggodoninggs dH0E211>

526 HBc, by epitope insertion, which results in

loss of recognition by the HBc monoclonal
antibody 3105, dramatically decreases anti-HBc
antibody responses. Conversely, both particles
elicited anti-M2e antibody responses that were
similar, and comparable to those seen previously
for IM2HBc/ICC-1559, with end point titers of
approximately 1:100,000.

Particles were formulated on

Alhydrogel™, and groups of 10 mice were

immunized with two 10 pg doses of formulated
particles on days 0 (zero) and 28. Pooled sera
were analyzed 2 weeks after the second injection
for anti-HBc and anti-M2e antibody responses
using ELISA assays. Pooled sera from 10 mice at
2 weeks post boost were analyzed in ELISAs, with
M2e (2-24) synthetic peptide and recombinant HBc
(ICC-1123) serving as the capture antigens.

A direct comparison of ICC-1569 and
ICC-1604 particles in the mouse lethal challenge

model revealed that both particles, when formulated
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<212> DNA <213> Artificial Sequence <220> <223>

Anmplification prinmer containing a restriction
wepwsnssofease site <400> 64 gcgaagctta ct aaggop@mus2004/041879

cggcctcgtc gacgaacaac agtagtctcc gg 52 <210> 65<211>

55 <2 3> f
Ampli i ‘ggyg eé%lméytl Ialﬁfﬁlﬁgﬁg1trﬁ%%gilﬁg%%om @

end@auaueaﬁalsehge<égg% 65 Thegaagelsid tet aaeaagggefore

gagcggect ¢ gtcgacgaac aacagt agt.c tcc 5 <210> 66
<2$§398a9t@2€ W1PRA tae PPsaLvEticralt E@E“e Raggcles

%ﬁcﬁﬁ%hﬁn&@é&l ‘E‘l}%rgwf CORLAMIN Gt IR LL T ON

onucl ease site < > 66 gcgaagctta ctaaggcgag
gagtgcgcc g@og@gg@gacgcggbdﬁ¢@.igtmﬁﬁmiumpkalmnHEQ

<21 <213> Artif |aI uence 0> <223>

ATBFPRECE: Pon T 3FPer o e NG 4 Fs (P Srei ey of
en@aeﬁel eageng ke 4003 &fF dugFrRgeia ;ﬁr&ﬁ(@mc‘and
gag%gagtgc gccgacgagg ggagcggcct eg 52 <210> 68 <211>
4922 PYSNPRA LRB3X A H6CC e sdqiFe ffe a< RS il >

Ang'o&&' ation Rl t%f %qgge'fy NG & estd LtdONne 19624

onuc 8ase site gcgaagctta et aeggegat
t gagbgighs gaég@&@a@@m@@gw@lca@f <2M0e b A ke illay BRy
<212> DNA <213> Artifici al uen Q
AnpREf Maei SRCSEA ﬁétﬁﬁﬁﬂﬂﬁlm 5%?5%t%1c?F%nrellably
endopuel-ease reiche s<~4QknH9 cgﬁagam@tet a WHAAGAL Qfifce that

gattgagagc gtcgacggcg aggegaggga gt 52 <210> 70 <211>
26exhi@itPRnt¢21@>€ ITefd2ge 24 A <AG0oW (10 e Bek LgdlLeu

TGt B W P el A el

71pf2tbét1&n<213hd@@AdékﬁihdvﬁInﬁﬂﬁﬁhd&e to the
potential mechanism of protection in that they
suggest that anti-M2e antibodies do not simply block
the function of M2, otherwise the protection would be
independent of IgG subclass bias. Rather, because
mouse IgG2a (and IgG2b) are the most efficient
subclass for fixing complement and binding FcyRIII
receptors, which are expressed by NK cell [Ravetch et
al., (1991) Annu. Rev. Immunol., 9:457-492]1, the data
suggest an immune mechanism involving CDC and/or

ADCC.

Example 13: Antibody Subclass and Protection

A summary of several studies in which
various M2e-Hbc constructs (10 pg/mouse) and
various adjuvants were assayed. About one-half
were i1.p. administration and about one-half i.n.
For each group (14 mice) the sera were pooled
and the titer of anti-M2e IgG subclass

antibodies was determined. The results are from
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<400> 71 aattagcctg ttaaccgaag tggagacgcc gatccgtaac
gaat ggggct gccgctgtaa 60 tgattcttcc gacgagct 78 <210>

W@ 2008835037 70 <212> DNA <213> | nfluenza A <400>P@RUS2004/041879
cgt cggaaga atcattacag cggcagcccc attcgttacg gatcggcgtc

tc tlaac ct. 7 1 2 12>
R%@E% nf? ten%as g%ﬁbﬁg % l\/céetecégé %OOS RF G u
V I g T @ 15 Cys
Af”él%? %e E{slge o és\‘értﬁés%rqqﬁs L@ﬁrgoygéné%w 74
<2He TSer2d20eONMR 5213204 nfduenza A <400> 74
catgtctctg ctgaccgaag ttgaaacccc tatcagaaac gaat gggggt
gcagatgtaa 6Q cgattcaagt gatgagct 78 <210> 75 <211> 70
<212> EPNA £gE3n Im;l ushmidoex <f00>] 75 Patrcantt ga
atcgttdcat ctgcaccac tcqtttect gat tt tcaa“ttcgg
60 tgcadcagaga 70<210> 7% 'glﬁ> 26 ]%%cq%liﬁ'l
Artifigral Sequence <220> <223> 1 nﬂ uenza A rrut a1t
<400> 76 Met Ser Leu Leu Thr Gu Val GAu Thr Projlie
Arg Asn Gu Tof Gy 1 5 1@ 15 Ser| Arg CJ§0Asn Asp Ser
Ser Asp—G-u—teu-20{25 <210> 77 <201> 78 <212> D
<213> Artificial Sequence <220> <P23> Anplification
primer |cont a restrigtion endonughease Si te
<400> 717 ca?ig&:t ctg ctgaccgaag ttjgaaacccc tatcagaaac

gaat gggggt ctagatgtaa 60 cgattcaagt gatgagct 78 <210>

78 <211> 70 <212> DNA <213> Artificial Sequence <220>
Adjuvants are increasingly being

J-

investigated for their ability to enhance the
magnitude and persistence of immune responses to
vaccines, as well as modulate the Thl/Th2 bias of the
immune response. Although many experimental
adjuvants are under investigation, alum remains the
only adjuvant that is a component of FDA-approved
vaccines in the US. Typically, alum biases immune
responses towards a Th2 type, which is manifested by
the production of high levels of IgGl antibody in
mice.

It is found that alum-formulated M2e-HBc
particles do elicit a significant IgGl response;
however, IgG2a and IgG2b antibodies, which are Thl
indicators, are also elicited. In an attempt to
enhance the production of Thl-type IgG subclasses,
the immunogenicity of Alhydrogel™-formulated
particles supplemented with RC-529, a compound
structurally related to MpL’ developed by Corixa
Corporation, was tested in mice. These studies
revealed that inclusion of RC-529 in the Alhydrogel™
formulation resulted in a dramatic enhancement of

anti-M2e IgG2a titers, increasing the anti-M2e
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<223> Amplification primer containing a restriction
endonucl ease site <400> 78 catcacttga atcgttacat
w@r@gaswsrc attcgtttct gataggggtt tcaacttcgg GBCT/US2004/041879
tcagcagaga 70 <210> 79 <211> 26 <212> PRT <213>
Artificial Sequence <220> <223> |nfluenza A mutant
4885229 IHEL SBEPohYL BRPTRIEFGNAI JErdome Prg (T ce
A gnABBeH BriliBsGikré eokB1L2elyS R PFTM A al
Ser Asp QU Leu 20 25 <210> 80<211I> 78 <212> DNA <213>
Ar thiilérabeSehavrver<22bera2y3s AfplinGication fh ner
containing a_restrictiog I site < > .
R e D S o D e R
gcagaksgaa &6 cegatintadgiedgatigigaiccrd 5621 FordiledEd> wikth
<212> DNA <213> Artificial Sequence <220> <223>
ABLhvPERERdn pr RfeP28onVErAivfg Ad eKadedt'| gh-one-
endonucl ease site <400> 81 catcacttga atcgttcgat
ctgcaccccc attcgtttct gataggggtt tcaacttcgg 60
t cBgeagiga 120 22103282 y<Tiimc2 eR HRe PREIZIPS :
Artificial Sequence <220> <223> | nfl|luenza A ant
<400~ 82116 SYPLEES ol ETRTEERT VAP Cr SRS AT | | e
Arg Asn G u ThRp@e¥sing PRrtS aSar ArGindeit 8 PASN Sads
Ser Asp Gu Leu 20 25 <ZI0> 83 <Z1I> 78 <Z17> DNA
<213> Artifi GcaPrsegien CErTeEes oz P32 siHsls fi%%t i on
pri i .a ~F rict] REQN - | t
s B B e e e A e ST et hac
gastiggdet anrgeregtiatdaafi dligatcagetlctotgiaty MR 8 me2d 0>

84 <211> < > DNA i fi.ci
(HBcl4 97/(1)\Tc02:[]l%‘) was i%]é%f iélr tclofn|1bcilnaa{t iSOeI'g l’\Inrei Che a< 2112r91>que

C-terminal primer. For example, to prepare the
HBc1l56 (E.Cr; ICC-1600 particles) expression plasmid,
the primers HBcl49/NcoI-F and HBcl56 (E.cR)-H3-R are
used. Primers HBcl49/NcoI-F and HBcl56C(E.cR)-H3-R
are used to prepare the HBcl56(E.cR)+C (ICC-1601
particles) expression plasmids. The sequences of all
primers used are displayed below.

In addition to truncating the particles -
and in some cases the incorporating a C-terminal
cysteine residue - codons that are optimal for
expression in E.coli were also used. It is known
that several arginine codons, particularly AGA and
AGG are rarely used by E.coli and are believe to be
problematic for efficient expression of proteins in
E.coli by leading to stalling of polypeptide
synthesis during translation, resulting in premature
termination. Of the 16 arginine codons between 150
and 183 of HBc, 7 are encoded by the rare AGA codon
and 2 are encoded by the very rare AGG codon.

Therefore, in this study, all AGA and AGG codons were
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<223> Amplification primer containing a restriction
endonucl ease site<400> 84 cgtcagagct atcattagag

W@ WSHsRSTC attcgttacg aatcggecgtc tccacttcgg 6PCT/US2004/041879
ttaacagaga 70 <210> 85 <211> 26 <212> PRT <213>

Artificl e 2 223> u n
B L A S G A e
Arg.doiGu Trp Ay 1 5 10 15 Ser Arg Ser Asn Asp Ser
Ser Asp Qu eu 20 5 <210> i211> 78 <21%

So1ae il §1 GPAFTSblBeRER e bga 1 55l ShnTirry ot (101

pri-gee QQQEﬁhﬁbn@oaoh%StHB@&E@”g%&@%ﬂ@&kﬁ@?&ﬁﬁééized
<400> 86 catgtctctg %@cgg aaacccc tatcagaaac
C

gafil s8dECeragatc gad 1§4gRgetc 7 e 10200
g;&géﬁl> 8 a%lé? QN@la%%S%OQrE%T'ﬁgﬂlégﬂab %%%p>

|f cation primer contalnlngarestrlctlon
encdmﬂuehease asidt €iBc3400: TCeabeac tga iatlegt)t;c gate

S T T TR e KO

ArthEi glbgh 790 queRee £ 203 182237 apk knrBamd 2. c<4QQ: 186 3
cgt agaggat ccggagctta tcgactgcac gg 32 <210> 89<211>

24pa2121215|5w\ ;<Z1i3m1Apt i frhei éﬂBCSéqaems&zm&% used

lificati pr| nta| a res
n 8nﬁc% %EO%> 83r§&3%tncegaga g%tt%gala cott
24182162 %&d<2133b18333 cenb2ruoNA <2b321o4<r-tdpfumnaied HBc182

Sequence <220> <223> Anplification priner_containi ng a
r eSPRPEETLEE dAFSITIATEds & Ss PLE < RITR G It CRRfE©+

gchhabbeas coaag! tgaa AR 2 AksAd W Ah the

restriction enzymes Ncol and HindIII and cloned into
the expression vector pKK223-3N, which had been cut
with the same enzymes as discussed before.

Amino Terminal Primer Sequence (Ncol

restriction site is underlined) :

HBc149/NcoI-F
51 -TTGGGCCATGGACATCGACCCTTA -
SEQ ID NO:51

Carboxyl-Terminal Primer Sequences (HindIII

restriction sites are underlined) :

HBc1l56 (E.cR) -H3-R
5’ ~GCGAAGCTTACTAAGGGGAGCGGECCTCGTCGACGAACARCAGTAGTCTCCGG
SEQ ID NO:64

HBcl1l56C(E.cR) -H3-R

5’ ~-GCGAAGCTTACTAACAAGGGGAGCGGCCTCGTCGACGAACAACAGTAGT ~
CTCCGG SEQ ID NO:65
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<212> DNA <213> Artificial Sequence <220> <223>

Anmplification prinmer containing a restriction
wepasnssofrase site <400> 91 gegctgeaga tcactt geet/USTPDL/041879

24 <210> 92 <211> 25 <212> DNA <213> Artifici al

Se 220> 223> Anplification prinmer containing a

res fﬂ%?ﬁghgg;&éﬁﬁglease site <400> 92 gcgctgcagt

ct Ci'geiC§aS CCHBRYT AECCZAQCCABI G TS ARGACRIRs dONACT A 3>

Artificial Sequence <220> <223> Anplificatigg p@ﬁg§£66

containing a restriction endonucl ease site < 80 )

coCtRi#BGHEctRY gEt-dac eg 22 <210> 94 <211> 203 <212>

PRT: < ﬁhﬁ: ' 4002

Th r5 G%%%Eﬁgﬁé r AE‘P g’bﬁ@e% g Xg %%E%G%Gdé%? Glfggrci%
15 Cys Arg Cys Asn Asp Ser Ser Asp Pro Tyr B8 13 WNRE
Gy Ala Thr 20 25 30 Val Gu Leu Leu Ser Phe Leu Pro

Ser Asp Phe Phe Pro Ser Val Arg 35 40 45 Asp Leu Leu
As B LAEac®erH3NRa Leu Tyr Arg Gu Ala Leu Gu Ser 50

55 @QdﬁbﬁA&iE"TA‘Ji:ﬁc@é%G§%&Gfé&ddﬁ@ﬂbé@géﬂecﬁe%ebé§gﬁr g
75 80 Cys Trp Ay Qu Leu t

Gn Ala e teu 65 70
Thr Leu Ala Thr Trp Val @y Val Asn Leu 85 9BQOED @68

AsprRne1Aa. SeF-#Y G Asp Leu Val Val Ser Tyr Val Asn
Thr Asn 100 105 110 Met GlyT Leu Lys Phe Arg G n Leu

LelP TRy CRRAECHIACTARC AGEF CEYET GAGR CE L CaDECAGERCEREAPREACT
Gy Arg Gu Thr Val lie Gu Tyr Leu Val Serghherane.s9
Val 130 135 140 Trp lie Arg Thr Pro Pro Ala Tyr Arg
Pr 355§ 3AEnc #¥Prfo |ie Leu 145 150 155 160 Ser Thr

Leus PregcthtcTicTANCAYa bAVR TR AR S TA Eh ot obtgcRetcae-
5 Arg Arg Arg Thr Pro Ser Pro Arg Ar

Pro 165 170 17

Ar A CRERFCEE T Sser Pro Arg 180 185 190 ArgSE\@gI’Arl\&ﬂB

Ser Gn Ser Arg Gu Ser G n Cys 195 200 <210> 95 <211>

176H <2_L]8%> PRT <213> Hepatitis B virus <400> 95
Bcl82-H3-R

5’ ~-GCGAAGCTTACTATTGAGATTCCCGAGATTGA
SEQ ID NO:114

HBcl183-H3-R
5’ -GGAAAGCTTACTAACATTGAGATTCCCG
SEQ ID NO:115

HBc149/HindIII-R
5'-CGCAAGCTTAAACAACAGTAGTCTCCGGAAG SEQ ID NO:54

HBcl49+C/HindIII-R
57 -CGCAAGCTTACTAGCAAACAACAGTAGTCTCCGGAAG SEQ ID NO:55

Table 5, below, shows an alignment that
illustrates the configuration of the C-termini of the
full-length HBcAg (HBcl183), and all particles
harboring C-terminal truncations. Sequences are

aligned according to amino acid residue position 149
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Met Asp lie Asp Pro Tyr Lys Gu Phe Gy Ala Thr Val

Gu Leu Leu 1 5 10 15 Ser Phe Leu Pro Ser Asp Phe Phe
woe@s88195Val Arg Asp Leu Leu Asp 20 25 30Thr APEI/B682004/041879

Ala Leu Tyr Arg Gu Ala Leu GQu Ser Pro Gu Hs Cys 35

40 ﬂ:?orﬁe&hé?rl@- T Usrhd a u

Qys Trp Gy % thenthds (BF db8 HEUSHOTD Rofthit ) LI%

VaISf@J&ed/d@YAEH leeng} uds®. A §- teemsﬁa10c75tsnn8er

Le U Va Gu Thr_Pro lie n Gu Trp

G;E%sdlé%'go @re%@%tﬂs%r%ﬂngﬁrﬂsa? Asp Gu Leu

Pro Ala Ser Arg Asp Leu Vval 100 105 110 Val Ser Tyr

Val Asn Thr Asn Met Qy Leu Lys Phe Arg G n Leu Leu

115 120 125 Trp Phe Hls | i &addre Gs Leu Thr Phe Gy

Ar I e 140 Tyr Leu Val r

Phg:éééyt%gt \uf\?aLm%u € %zﬁ?eri;c?% Pro Ala Tyr Args—im

150 155 160 Pro Pro Asn Ala Pro He Leu Ser Thr Leu

Pr %Eg]%%hr Thr Val Val 165 170 175 <210> 96 <211> 177

<213> Hepatitis B virus <400> 96 Met Asp H e

Asp Pro Tyr Lysednsiifirfdypiterdhiribréderteycleu 1114

5 10 15 Ser Phe Leu Pro Ser Asp Phe Phe Pro Ser—Val

Arg Asp Leu Leu Asp 20 25 30 Thr Ala Ser Ala Leu Tyr
% {\'Ia Leu Gu Ser Pro Qu H's Cys 35 40 45 Ser

Pro s Hs Thr Ala Leu Arg A n Ala He Leu Cys Trp

Ay Gu 50 ' BRERIFRRIMEES THRRESOSPRRRAGOSHEPo Val d y17

Val Asn Leu Gu Asp Gy He 65 70 75 80 Ser Leu Leu

Thr Qu Val Gu Thr Pro He Arg Asn Gu Trp Ay Ala 85

90 12RAra A arAsih Asp Ser Ser Asp Gu Leu Pro Ala Ser

Arg Asp Leu Val 100 105 110 Val Ser Tyr Val Asn Thr

Asn Met Gy DVRRRGRSERRRUGIPRARRIGRPLeu 115 120 125 118

Trp Phe Hs lie Ser Cys Leu Thr Phe Gy Arg Gu Thr

Val lie Gu 130 135 140 Tyr Leu Val Ser Phe Gy Val

Tr piHd1& 1AMy cRr Pro Pro Ala Tyr Arg 145 150 155 160

Pro Pro Asn Ala Pro lie Leu Ser Thr Leu Pro Gu Thr

Thr Val Val VESFRERFPRRRIBAPRERRFOSF, <211> 183 <212> 119

PRT <213> Hepatitis B virus <400> 97 Met Ay lie Ser

Leu Leu Thr Gu Val QQu Thr Pro lie Arg, Asn Gu 1 5

10HBSIPBdEGOR)@Ys Arg Cys Asn Asp Ser Ser Asp Gu Leu

Leu Gy Trp hRdrthtridpspc 12‘0

HBc163 (E.cR)
VRRRGRSPRRRTPSP 121

HBc1l56 (E.cR) +C
VRRRGRSPC 122

HBcl1l56 (E.cR)
VRRRGRSP 123
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Trp Ay lie Asp He Asp Pro Tyr Lys Gu Phe Ay Al a

Thr Val Gu 35 40 45 Leu Leu Ser Phe Leu Pro Ser Asp
weh@s@smsPro Ser Val Arg Asp Leu 50 55 60 Leu PSPUTI04/041879

Ala Ser Ala Leu Tyr Arg Gu Ala Leu Gu Ser Pro Qu 65

70 75_80 j $ Th
A B 8 RegY *nipt el § FhEmt Sol ind Repbla AES L
AI a Thr Trp VaI @A;yné{aﬂiBé\SGhiﬁarQ WiBBpahaO 105 110

Pro Ala Ser Arg As.ngLeu Val Val Ser Tyr Val Asn Thr
Asn Met Gy 115 W2bhavt NaferpinghoCAEESERAS ey | e

Trp Phe H s Hye,SeroOyseLeduTnenPhel 38,435 140G,
G u Thr Val I|_1|Ae %ﬁue yr LeuuVa Ser Pﬁg Gli C )éaABQng
| i esidBt 180t ¢66i16D Angidhs PooaﬁnnoAlaalaIyDéLApg Pro

Pro,_As P L hr, 165 170 17 P
& héRre hisaroonf §86nS5ted "85 8951 £ 084 2eb e T
<2lsPeplepalli thst Bo¥htdisns400er88 (Mot GhYel 16958 heu

Leu Thr Gu Val Qu Thr Pro lie Arg Asn Gu 15 10 15
Tr p{Ryt Eydenr §8 29 sanpdnl 23p) Se@rsér RaptErdeLadoreu

LR B sy P Y 085e RS efRlveR] Btfin

Ph eathely i OaBem 28 peﬁh]au@hen PchrSmatngaﬁhg AspcCleto50

55 60 Leu Asp Thr Ala_ Ser a_L Tyr Al a Leu
O P BeR hobs YB" Ter b STy Bgy PRFGHHFAtEPE
Thrrd asdQUe A8 P Hhasti g- gsymgﬁalTEes§én30a%é Gy
Gu Leu Met Thr Leu Ala Thr Trp Val Ay Val Asn Leu
G uisehated 10sldgoareospunsen Aphlasp. Lbglval Val
Ser Tyr Val Asn Thr Asn Met Gy 115 120 125 Leu Lys
Phe Arg G n Leu Leu Trp Phe Hs lie Ser Cys Leu Thr
Phe 130 135 140 Ay Arg GoaBie ¥al lie Qu Tyr Leu
Val Ser Phe Gy Val Trp lie 145 150 155 160 Arg Thr
Pro Pro Ala Tyr Arg Pro Pro Asn Ala Pro lie Leu Ser
Thr (165 170 I75Ceu Pro G U Thr Thr valT Var Qs 580
<210> @9imsetd 1> h&g@ﬁ;ﬁmm <213> Infljuenza A virus
<40p> 99 Met Gy Ser Arg $ ASEQAEDP Ser Seg/ANP Inle
Asp PPEO?ﬁﬂnLys GF#S105*10" 15 Phe Gy [<2103 10Q <211>

59 ture
1890 MGCRCNDSS 124 6.8
1891 MGSRSNDSS 125 ZERO
1892 MGSRCNDSS 126 1.9
1893 MGCRSNDSS 127 6.7

The three chimer proteins containing one or
more cysteines were successfully purified at yields
ranging from 1.9 to 6.8 mg/500 mL cell culture. The
chimer containing two cysteines (particle 1890) at
positions 3 and 5, relative to the initiator
methionine, or the single cysteine at position 3
(particle 1893) were purified in higher yields
compared to the chimer having a single cysteine at
position 5 (particle 1892). Chimer proteins

containing neither cysteine 3 or 5 could not be
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<212> DNA <213> Influenza A virus <400> 100 ggcgccatgg
ggtctagatg taacgattca agtgacatcg acccttataa agaatttcg

WO0583057 101 <211> 16 <212> PRT <213> | nf | ueneeI/BS2004/041879
virus <400> 101 Met Ay Cys Asn Asp Ser Ser Asp lie

Asp Pra,Tyr Lys u Phe Ay 1 10 15.<21 102 .<211>
soDunt S 1A B e S P PR Ry SORE T Ss RG0S0 PiTer
gcgesakgggmet gtaacgabekCaagt gaza tsegadec idaatiiadzgaat t t
gg 52 <210> 103 <211> 11 <212> PRT <213> Artifici

Eequence <22U_beaz231?1?(’%?@@@0911?@3":@%%&?‘43l?l((:%: ;?:lhﬁep?
s Ey:%&%zf%ggbﬁ;ﬁ%dl be abma nbQ <otk 104+l 214

atitis Bvirus<4 0 0 > 104 Ser Lys
Lgigﬁyﬁﬁge\agely BB ey Whp clBl yertesasyrd imAsieles 10
< > <211> 38 ,<212> PRT <213> Artificial .sequence
9303533857801 bt Ao ST En S RHAREhaTIT s B

<400% o 103 M G N ic® FeIcKiel heuekiddiu Madt Qe (B,

Pro lie Arg Asn Gu 1 5 10 15 Trp Gy Cys Arg Cys Asn
Aspustr aSechigerGpartd¢leed G O Wiy 5580 % 7

%%gt}ex}ﬁé’? ?)Ié !pgz\l ASR132 S0 }é%\%qi %]d]@r 24k w82z dR T (non -

a
<2 ci sequenceé < 3> chinmera of
i nphuenza 1A tanthdtepdtalt)i.s Blowk) e tklifl dibtarBely disu dfeche

T Ul O T o b Arg den A TR, G 208,00
1890 formed superior particles, with no detectible
lower order structures, whereas chimer 1892 revealed
a small amount of non-particulate material, and
chimer 1893 revealed still more non-particulate
material.

To examine the ability of N-terminal
cysteine residues to stabilize particles displaying
heterologous epitopes, a chimer protein molecule was
constructed that contains the same N-terminal
configuration as chimer 1890, with CS-repeats from
P.falciparum (NANPNVDPNANPNANPNANP ; SEQ ID NO:128)
inserted in the immunodominant loop between amino
acids 78 and 79. Following purification, the
integrity of particles from the resulting chimer
(1894) was compared to particles of a similar chimer
protein that lacked the N-terminal fusion (1045).

SEC analysis of these constructs showed
that chimer 1045 exhibited peaks for both particles
and lower order structures. A similar analysis of
the data for chimer 1894 showed an unexplained lack

of particle formation that is being investigated.
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<211> 27 <212> PRT <213> Artificial sequence <220>
<223> chinera of influenza A and hepatitis B <400> 107
wOoRW05881951Leu Leu Thr Qu Val Gu Thr Pro H e ArPQI/BS1004/041879
gu 'll_'rp Gy 15 10 15 Cys Arg Cys Asn Asp Ser Ser Asp
2 8 < PRT
o ke dgsh et
hepatitis B anﬂerméﬂM§Hzanléeé4ne$eim8nwét M8ePebéudesu
Thr Qu Val Gu Thr Pro lie Arg As% Gu TrR Gy 15 10
15 Ser Arg SEReALHTARRISR!CEEFCRASBTEPRTEEGRSp 20 25
<2%% e@@gaf3?§=1§n32nég%ga PRTs3i3xnAvhidibeial copaeances
> <223> chinera of influenza A and hepatitis B
<40D>[109160¢ $Bramplel dd) Th, GLE1VallEgpaotier SPrio oM &

SePoRlp (GrimPLE K3 55058 01 6EB O AT "5,
<2&§§a§é&| fhcirabbseguenties22pars223=sc hicrer £rafzen

hepatitis B and influenza A <400> 110 I\/iﬁSer Leu eu
Thefert Vaeld BrERATPEACH ECARGRARH 2§ G Figert

r p u AHRFO0 25
<28%¥§_6L%g §§?[ ég%&g%ﬁg $%§§?§> %rst |d}1|%cl:é| al sdgquence
<2gPeviddd8rychihdedia (tmehepa:ltl EP@mBl&nd |G1fdup@npd A
<400> 111 Met Ser Leu Iae gl % r__Pro
Ar GRRBREE ¥R TN 25 1oVi§q‘9 At 6;%‘%“ Ao fE
Se p,L e I ls12
TR0 ek Rk E i TeE oy dg%;)o%s%iﬂsuﬁ%x?ﬁ
Se{n:L@Ef 3By Ar8g43™ASB 0@ ol el uAS PR pedl Qsk)Y RC-529-AF

(25 ug per dose). Rabbits were immunized on days

zero, 28 and 56, and bled on days zero (Prebleed),
14, 28, 56 and 70. Sera were tested for the levels
of anti-M2e antibody using ELISA.

The ELISA was performed using microtiter

plates coated with M2e(2-24/C178,C198) peptide (2

pug/mL, for about 18 hours) and blocked with 3% BSA.
Sera were added to the plafes, in duplicate, starting
at a 1:100 dilution and continuing in 3-fold
dilutions, except prebleeds, which were analyzed in
triplicate. To detect immobilized antibodies, an
anti-rabbit IgG HRP conjugate was added followed by
the chromgenic substrate TM blue. Using the prebleed
data, ‘cut-offs’ were calculated, for each rabbit, at
each serum dilution, by determining the background
plus 3 standard deviations of the pre-bleed serum
sample Day zero). End point titers were determined
by identifying the last serum dilution that gave an
absorbance value greater than the cut-off as a given
serum dilution. If an individual rabbit was a non-

responder (i.e. titer of zero) in a group where other
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<211> 52 <212> PRT <213> Artificial sequence <220>

<223> chinera of influenza A and hepatitis B <400> 112
woeis881951Leu Leu Thr Gu Val Gu Thr Pro |ie ArQI/BSIV04/041879

Gu Trp Ay 1 5 10 15 Ser Arg Ser Asn Asp Ser Ser Asp

Leu .Ser _Leu Ley Thr u_Val 20,25 30 u Thr Pro
Iier%%lli%ng@fﬁ "Lﬁige@p%b%stﬁsﬁrafél@n ' S&fesBPT3g
40 ASspondéd UwheUaASPghed<2102td130£21d0>t b7 erdbaz RRE
<213> Artificial sequence <220> <223> chi nera of

hep&ttErtaBlandof nk | gepratAlcsuesn1 tdtrEt (GMF) LéorLshe

Thr gnlibyal Gu Thr Prolie Arg Asn Ju Trp Ay 1 5 10
15 %er Arg Ser Asn Asp Ser Ser Asp Leu G n Ser Leu Leu
Thr Gu Val 250rpbi8nédy, ThhePpartielAsgwAsh GhayTap

Gy Ser, Arg Ser Asp Ser Ser 35 4 0 45 Asp Leu G u
Se¥siré%l?e‘80%roés@2?/a$u?fﬁ ?ﬂrtgFoNrFﬁrﬂﬁ&u)%sﬁlépé)SO
55 BRi e €3 Yy QYB3 AL A ScPASP1 ASAnSELMSEr rAsPoE k8Uple
Asp<210> 114 <211> 66 <212> DNA <213> Artifici al

Seqbehc ehWp0sr <2past pahesf 18R7 i andpl BiBr yéentani ng a
rest L. ' n S i <400> cgaagctt.a
e O e e 2Eo e aet T4, Y5
60 afogt ca 6o kBdOp ddbesPider BPaksPd4?2?) DNATKE1B2ak titer

Artificjal_ Sequence <220> <223> lificatiaon priner
c?sllfnir‘%g7 "g%"s:t?]r%?i%g thdbhtic@asebspreedqon>days70,

gcopndeddf iat @@ga&iﬁéfcgéﬂaiélgap%tf@i%s é%ﬁéi?%a,
28 <212> DNA <213> Artificial Sequence <220> <223>
Anpiad i ke promeday oné ai nhimyl aMRestitersEowere not

oranuel 8% 51 18, <4005, 10, 99580ELL 8. CLBRCRLLS? s

1, 2, or 3 doses.
Table 7
GMTs for rabbits immunized with

various M2e-containing particles

Particle Day 14 Day 28 Day 56 Day 70
1604 0] 0 0 0
1817 0, 1,559 6,155 14,030
1818 684 14,030 24,300 8,100

Example 17: Avoiding Endogenous Protease Activity

Continuing work has shown that
M2-containing particles are subject to cleavage by an
unknown protease that appears to be a metalloprotease
because proteolysis of those particles can be
prevented by the inclusion of 10 mM EDTA in a buffer
used for isolation and storage of the particles. To
determine if lower concentrations of EDTA were also

effective, a stability study was performed using the
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<213> Hepatitis B virus <400> 117 Val Arg Arg Arg Gy
Arg Ser Pro Arg Arg Arg Thr Pro Ser Pro Arg 1 5 10 15
WOe@SMAs3YSArg Ser G n Ser Pro Arg Arg Arg Arg SeCT/GB2904/041879
Ser Arg Qu 20 25 30 Ser G n Cys 35 <210> 118 <211> 34
<212> PRT <213> I Lus <400 8 7-Val Ar
A GO GGy AP L L PP oRAE Ay AP IR SPPo "Gl Pro
ArgidchsdBalandie. Ar ghlee BaftEneSetvelleo pAag el d Ay
Arg Ser G n Ser Arg Gu 20 25 30 Ser A n <210> 119 <2
2

11stonage1PuEpPRY &hab>captpingfal OsElussed wep B seirde .

i i | Arg Ar Gy
Zuagg 7 Ergegr%a ‘L"isg gé%}hr 1hed M3 14 8 ArSQdJLl}rsolo 15

Ar gDARG /-\[[‘geSeras(H].ﬂSSeprEBen@yEd 26 F280> 1]120 2Z2Elrdy23

<212> PRT <213> Artifici al ence <220> <223>

neBAPH F8aB MTHnEDER0GS 250 CUSE hig eary Aty Tl JO&R, ot

Sebr@%@néﬁﬁgéﬁgoéégl B sPr 0 188l Y, 0 ot chtrakQ ok Alver
Ser Pro 20 <210> 121 <211> 16 <212>

PR’orha213>mMr mefi eilgb BeqeéReetdy20> <223> hepatitis B

wa Arg Thr BPebsbepegde d Ci Gubebld O B0 13,

15p%dt221PEIs2%33 é«éﬂufcledl alt Sofuencmps2@8>ts228am
hepatitis B nmutant_ <400> 122 Val Arg Ar JArtg
SeFSPPETALYTAr §RAMGEFRPTPr o0 TS ﬂbéen?‘f?gff@nl?u gested

that the protease may be highly labile and therefore
gsubject to inactivation at relatively low
temperatures (40-60°C). Therefore, a study was
initiated to determine if the proteolytic activity
could be destroyed by heat treatment, while
maintaining the integrity of the particles.

To evaluate the possibility of using a heat
step to inactivate the protease, particles were
heated to 40, 50, 60, or 70°C for either 1.5 or 3
hours. The integrity of monomers evaluated using
SDS-PAGE (Fig. 1237), and the data show that all
monomers appear similar after heat treatment. A
second gel, presented in Fig. 12B, clearly shows that
untreated particles are completely cleaved after 1
week at room temperature (RT), whereas particles that
were heat treated at 40°C show reduced cleavage, those
incubated at 50°C show minimal cleavage, and those
incubated at 60 or 70°C appear indistinguishable from
non-incubated controls.

To evaluate the effect of heat treatment on
particle integrity, heat treated particles were
analyzed using analytical SEC. The data, presented
in Fig.13A, show that heat-treatment at 60° and 70°C
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<210> 123 <211> 9 <212> PRT <213> Artificial Sequence
<220> <223> hepatitis B nmutant <400> 123 Val Arg Arg

WR@s@3SArg Ser Pro Cys 1 5 <210> 124 <211> 8rPRRU2H04/041879
PRT <213> Artificial sequence <220> <223> hepatitis B

n‘u]iant <400> 124 Vli Arg Arg.Ai% d Arg Ser Pro 15
84 3081197 11MBaC5190 PRTTLS >1N¥'ﬁgff' EVal 2equence
<220r3&Rd3a Bhi HeE1pgatel Achbeenmi Adhohdiica as4e> 125
Mt Ay Cys Arg Cys Asn Asp Ser Ser 1 5 <210> 126

<znqak9,<wn2shpﬁ#u221§£tﬁﬁtFhﬁcmanns@36§ﬂ§ée<@@@k

A SoR ERERTREAE QLSR8 AR Sh o hEa ] Agbathde oL
<2idpadtt ofi thal SEeqatnceon2pefL223> sNggersm:iim@I that

fusion, protein <400> 12 t Ay Ser
sepa§£%g eg ¥s§hsteog E£T¥E6§t<§EEQ ﬁﬁ? §é%erse

Artitbetal sequence <220> <223> N-terminal fusion
protein <400> 128 Met Gy Cys Arg Ser Asn Asp Ser Ser
1 5 <210> 128EQ2ansalygis2@f>hpRE-£Zze3sed pafrgliciigar um

following an one-week RT incubation clearly reveals
the proteolysis of the non-heat-treated control, as
evidenced by the increased elution time of the
particle peak (Fig.13B, RT sample). This was
consistent with the proteolysis observed using SDS-
PAGE (Fig.12B) and suggests that cleavage of M2e from
« the particles results in reduced particle size. The

heat-treated samplesg all exhibit dominant, intact
particle peaks, which is again consistent with the
lack of cleavage revealed by SDS-PAGE (Fig. 12).

These data suggest that heat-treatment used
to inactivate the proteolytic activity responsible
for cleaving M2e-containing particles can be a viable
option for limiting proteolysis. Preliminary studies
suggest that a 3-hour incubation at 55-60°C may be
optimal for achieving proteolysis inactivation, while
maintaining particle integrity. Further, in terms of
the manufacturing process, it is likely to be

preferable for the heat step to be performed prior to

Sepharose® CL-4B step so that monomers and dimers
that are released as a consequence of the heat step
are effectively removed. The use of this method may

enable particles to be stored in the absence of EDTA.
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<400> 129 Asn Ala Asn Pro Asn Val Asp Pro Asn Ala Asn

Pro Asn Ala Asn Pro 1 5 10 15 Asn Ala Asn Pro 20 <210>
wa3®s542h37> 92 <212> PRT <213> Influenza <400> BEGDUS®N4/041879

Leu Leu Thr GQu Val Gu Thr Pro lie Arg Asn Gu Trp

Ay Ser 1.5 10 15 As L

Leu THIPTELP VA4 Gé\h?'ﬁfl‘ﬁ%l%ﬁg%l ?ﬁg‘{‘A‘?ﬁQA‘g f:IEEJ'?lu:Lng
Trp Gy Ser Arg SeitAphRASRISE IBCIStAMN Seadigit13s 40
45 Leu Thr Ju Val @u Thr. Pro Tte Arg Asn Gu Trp Gy

Ser Arg Ser Besssl mﬁe@gt%prsﬁenﬁ@& S&ovSu A eu

Th 6

Tr %rg:gtég Eﬂfl&l :L%nAlsp%déI St Ssgrn%%srgj%é%Q 3@2 2]5.1%(')13% and
131]1e$211hﬁﬂ:15'avé2\1/.2>|h g&Tt?ﬁl@‘dﬂﬁd%mlmﬁQb 8k Ser
Leu_L Thr u Va u olie

G; sever H2e0ves A&e&ns&es @"géés%sr?aéfetrl%e‘?ﬁ
Le\i'héh;cg'x%a\f?&l 30N £ B¥niR0 %%pa%s?‘%ﬂ v Al ASD 1@k

Ser Arg Ser Asn Asp Ser Ser Asp Ser Leu 35 40
451Bé8 phrrtacde\ssal IdinkethrtoPreo HEGe sqayeaste GhatTrrage

Ser r 60 Asn er
ThPC G aSAR Gy TG o g R 7ot JE Aohigites
Tr Bt%&bs@%&oﬁ@g @rarﬁﬁfloﬁﬁmx&rreﬁ}ﬂradﬁb vSegh Leesr dres
Thr 85 90 95 Ju Val Gu Thr Pro lie Arg nGIuT
GI Feeydugeg G ART ASSIVESTeL0S m%t Wﬂ%g
1 I Iuég{g <622&(,)c>

%%Sllq\;l%%ﬁ SRR, 50 (& 1:O’ft(zljﬁ?l? 124;%> S B oyereine

pometsudmel wa&a Mdadomm@ccmtatbgerﬂﬁo | FHBRt 4R &8 SEC T HEH,

Xaa,_i_n.po 2 t.hr ou 8 are not . abs <2 O>
%é5gI%AT >51(}(2) &ifﬁs%aesatetrgpao%l PSh ég
Sehird@eRf aksets dHréeerd L dIF Nage | roipsi theontwdo

through 8 are not absent. <220> <221> M SC FEATURE
cysteines in the M2e sequence closest fo the HBc

sequence are in fact present, with the other four
cysteines being replaced by serine residues.

The purification process involved the use
of 10 mM EDTA in all buffers until the inactivation

of the protease via heat treatment, ‘at which point

the EDTA was removed during Sepharose® CL-4B
chromatography. A comparison of the process
containing or lacking the heat inactivation step was

performed. The proceés used is detailed below:

e Lysis using microfluidizer in Tris/EDTA
buffer

e Centrifugation

e 20% ammonium sulfate precipitation

e Centrifugation

e Resuspension of pellet in 1M NaCl/10 mM
EDTA
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<222> (3)..(3) <223> Xaa at position 3 is |eucine or
absent. If leucine then Xaa in position 4 through 8
wa@e@sossabsent . <220> <221> M SC_FEATURE <22PCT/US2004/041879
(4)..(4) <223> Xaa at position 4 is |eucine or absent.
If leucine then Xaa_in position 5 thro 8 are not
absent . <220Eg§§§ >HEFS FRAPORECS295> % (etdssy
Xaa at positLQOOSmMsNghggonlne or prollne or absent .
If threonine then Xaa in position 6 through 8 are not
absent. <220»/; H23t>ikWkSCiFEATURE (6222> B6houts)
<223> Xaa at positiong6 is glutamc acid or absent. If
gl utamc aci 8ephaioxaa Ch- pBsFhirematogiPeligh ig ahsemste
absent. <220z <%§% M SCIFEATURE <222> (7)..(7) <223>
Xaa at p03|t|on I's valine or absent. If vallne t hen
Xaa in positieralikbSuROtnabpaRbgragd> <221>
M SC FEATUR X <222> (8)..(8) <2§3> Xaa at position 8
is glutamc acid or aspartic acid or absent. <220>

<221> M SC F R >
position 8 |§ﬁlgu§8n§§%38§§£or aégént aé%%'%%ffi>as
M 5@5&@5&5{&5@2@ (20%. pbiO) ciR23noXaauatj eesidd amel0

is proline, eucine or histidine. <220> <221>
@%?FE%?@R @§2§>C%ffylngli? §9?§>aﬁa§@%:%9¥§1W%ﬁw 11

is_isole C|ne or oni ne. 0> <231> M EEATU
55587845 1650y EDISENLAG sEBRAToRRn O Ahs Eigin
OrLéMéiEE <22ﬁ>céaziaswlSS&EEAVUBEO€2%%%tﬁb&be-(13)
<223> Xaa _at position 13 is asparagi ne or serine.

<2ppsik294>URfing FRATORECESS2S et4)mcé1141)ed<2@@>h>@&§ at
DOétEE?OQe&élhédghﬂkg%; @gtfd oy ghygingy <220><221>

m sc_Teature <222> 5) "<223> Xaa can be any
natural ly occurring am no acid <220> <221>
M SC_FEATURE <222> (16)..(16)

Example 19: Size Studies With Chimers Containing

1, 2 or 3 Tandem M2 Peptides

Hybrid HBc-M2e particles with zero, 1, 2,
or 3 tandem copies of M2e fused to the N-terminus of
HBc were expressed in E. coli and purified (Table 8).
These particles were also frozen after their
preparation and thawed just prior to use, as
discussed before. The size of the various monomers
was compared using reducing SDS-PAGE (Fig. 15). The
relative mobilities of the M2e-HBc hybrids were
consistent with their expected molecular weights

(Table 8).
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<223> Xaa at position 16 is glycine, glutamc acid or
absent. |If glycine or glutamc acid then Xaa in
WQomsNEA7 16 i s not absent. <220> <221> M SC_ PFEATURE04/041879
<222> (17)..(17) <223> Xaa at position 17 is absent or
present, if present Xaa in sition 17 is cysteine,
serine or alanine. If Xaarqaﬁﬁﬁosﬁti on 17 is present

then positions 15 through 16 are _.not sent .. <220>
21 W SC_BEkRIRE SHILY RS TR A S
posi {Tonm 18 argi Mi fgpiLYSuPe [OrTaRsento. [ amgbed ted or

| ysi pe then Xaa iln positions [15 thrpough 17 ake N@ba)
absept. <220> <221> M SC- FEATURE 2223 (19)..(19;
<223p Xaa at posijtion 19 is apsent or preseny, bfers
pr esent—Xaa+h—pastton—19—i-s—eysterpe—sertne of

al anine_1%23Xaa ils position 190 is Di(gsenff thego 22
posi tionst69% t hrdugh 18 are nppt abkéht <;ggn>i?2'_517>
M SC| FEATURE <222> (20)2 . (20)| <223%9%aa atl po<i4-iéh_20
is asparagii®e, sdrine, Jylycineg or 2dsent. [If 25.20
asparagi ne or serine or glycine then Xaa is positions
15 through 19 are not absent. <220> <221> M SC FEATURE
<222> (21)..(21) <223> Xaa at position 21 is aspartic
acigan@hycione armaksefini diftyaspardies atith ahighescs ne
then Xaa is positions 15 through 20 are not absent .
<220> <221> M SCrtEAHIRG 222> 22 THRim M2 Peabdes
position 22 1s serine or absent, If serine then Xaa is
posi ti ons' 15 T duglurideariecingt salyd ertote@2ee @Pibcacy

M SC FEATURE <222> (23)...(23) <223> at sition 23
i's %H%&lﬁl%%ﬂe&ﬁgagé’r ie?ﬂag”trf?eerff%yé}? sc%%:sﬁutril ons
15 thriongh 22, a18 Ret Wabsent 16020 <22dp7 M SE_ FEATURE]

<222> (24)..(5%) <223> Xaa at position 24 is aspartic
acifiised dlvsdiite N-ftespiards ovae | PrRrere Kakh i BApRsT t PHRS

15 through 23 are ng < <221, _F
mﬂﬁé@%%%@. (%al%%%% Xaa at pos| t(lg%%;%rie%'
seridig 1y Elisetd .milde sesteeolitheineGat ropoSharbas Rever
through 31 are not absent_._<220> <221> M SC PEATUR
<o) (] ez e TR pETER AR SR o cicTRE™S
or Absent. Ifnd eucife 4 hedr&XagonSe@0sh t 4 OBSmBdribroegh
31 are not absent. <220> <221> M SC_FEATURE
controlled environment with 12-hour light/dark

cycles, and received food and water ad libitum.

All the mice (14 per group) were vaccinated
i.p. with 100 pl vaccine using the following
immunization protocol: first vaccination, first and

second boost with 10 pug M2e-HBc particles, formulated
with Alhydrogel™ (100 pg/dose) and RC-539-AF (10

ug/dose) at three week intervals. These particles
were also frozen after preparation and thawed just
prior to use to minimize the effect of the protease.
Before and two weeks after each immunization, blood
samples were collected by piercing of the ventral
tail vein. The final bleed was performed by cardiac

puncture. Blood clotting was permitted for 30
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<222> (27)..(27) <223> Xaa at position 27 is |eucine

or absent. |If |leucine then Xaa in positions 28 through
W@ 200085960t absent. <220> <221> M SC_PEATURE <PQ@RBES2004/041879

(28)..(28) <223> Xaa at position 28 is threonine,

proline or_absept,. Lf .threoni or i e I n
polttitohE ig ?‘zr oEgPin@lngggnQ?saggg%tggltggz%Q %??%219}

M Ste FEARSREA £222>£¢3R) twb28)hibs2d8znXaaeal: ridsighitdon2
is glutam c acid or absent. If glutam c acid  then_ Xaa

i nTpesFitens 36 VRPoGERC3E14r é9RoleaBs ERECTEESES byo1>
M SCrEXATURE <222> (30)..(30) <223> Xaa at position 30
is valine or absent. If valine then Xaa in position 31
is not absenMice220muxi22é&d MiSE ERATURrX182B2particles

31)..(31) .<223>.Xaa at iti 1i.s gl ' i d
o ekEhi Pk GeT AL CaptaNe Va1 20 hri e A O
<228311334e, (FBrred23ni¥aa ianupasied oA td3 leDpiRiddiles

| euci ne or histidine. <220> <221> M SC_FEATURE <222>
(3axhibdapd<gonms xexatad ipysi(fesn Z49-sTi6dol elEiGfe or

t hy i G 2 < S R : .
oGRS haen sl SbeRE ATt ek - (120
<231>pPBESCekBABReX 1222pefdent. (G)radd23> (Kagy .At6) ,

position 36 s asparagine or, serine. <220> <221>
i BhiashiencBbe (A9 SERICEREYS ofak oI LEPe
nayeakbhhaBeeHr birbgcaike a¢l ¢he2dlze<3%hrinized with
M SC FEATt JRE <222> (38) . . (3 8 ) <223> Xaa at

podBii7oang8 184 8t ppptighas vesalgsamlerepiediy] reduced
M SC TURE ,<222 9).. . . T
[ Smargg-léﬁg}’ élwﬁflgit( %O)S.S (a%%) r%%%%%l%?lfa :%1t Y tion 39

( _ mc~acid or absent. yCl ne or
gl ybagetattird)t kenaXdas HPASo @ard dlsaotirabisernting

<220> <221> M SC FEATURE <222> (40)..(40) <223> Xaa at
po&hefoihgo Protersdrn W%F@@ngﬁo?%$ﬂ§%&he XL n

POSiili0R 4R i3 £&Y PSR 3R s iRlAR e I foofdiad of
position 40 is préesent then positions 38 through 39
ar M2pot(188Fepnd 432@3 , compared with just one (1604)
(Fig. 17 and Fig. 18).
Anti-M2e titers were determined using

ELISA. ELISA plates were coated overnight (about 18
hours) at 37°C with 50 pl of a 2 pg/ml M2e peptide
golution in 50 mM sodium bicarbonate buffer, pH 9.7.
Microtiter plates (type II F96 MaxiSorp™) were used.
After washing the plates, 200 pl of a PBS + 2 % BSA
gsolution was used for blocking. After 1 hour of
incubation, a series of 1/3 dilutions of the
different serum samples, starting with a 1/50
dilution, were loaded on peptide-coated wells. The
bound antibodies were detected with a peroxidase-
labeled antibody directed against respectively mouse
IgGl and IgG2a (Southern Biotechnology Associates,
Inc.), diluted 1/6000 in PBS + 1% BSA + 0.05% Tween -

20. After washing, the microtiter plates were
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<221> M SC FEATURE <222> (41)..(41) <223> Xaa at
position 41 is arginine, |lysine or absent. If arginine
W@ro0bPSI9FE t han Xaa in positions 38 through 40rPEr/ES1904/041879
absent. <220> <221> M SC_FEATURE <222> (42)..(42)
<223> Xaa at position 42 is absent or present, if
présewbaxad EATpEsMENBReS2WiENc Pt gMﬁ’e,SUg’@%r Sor The
al anipe; oLf Xaagl | Hi,0 kenPogseMm w,bep and the
pog'lg%lgg%gh3§§tghrslgggﬁgglb rgdﬁgttlgggent. <2 O>D<221>
M SEeEEBRALRE 2225 0( 48) waE4Bpas22s - Xad catohiedint itdie 43
I s asparagi ne, serine,. .qglycine or. ab t. . Lf
asPpar&§i % roF@eFPﬁgléll%gﬁﬁ&gﬁggt ﬁgn%’%%d itr?eposi tions
38, hEHEARCA2 B3R N0k dAFBeNthe<22@> ivdiRite MSG REATURE
<222> (44)..(44) <223> Xaa at position 44 js aspartic
acedbtyghytiede faomabdenebsorbagissst [ ARtadE DY Ydise

then Xaa i n_posjtiqns r absent .
<23BUID5, PRy %_ﬁ%@%ﬁé%%ﬁ(lfg .d?l(lilst?‘*’<%3> Xaa at
position 45 iE3,I9NN idee solreatesdrid Hifats gramtel aleemn D7 iand
positions 38 through 44 are not .absent., i <2206> 1<(;24’L_>

M SELREATURE tesh ALt iggl2e (IA%!)l ISdd3H Bt t1on” 46

i S .98 igne g1, 12bs8Rhed | RBIJNE AN, Xagdm qeséd i ons

38 through 45 are "not absent. <220> <221> M SC_FEATURE
<22PsefrdBd .foA7)1 &P Panta 1as post imbrpaly i PISpEF15E

aci r ab t... |1 f. asparfi Ci ' itions
38 H‘%m?é’ﬁf ?Ilgajagr e ]r‘ljbcth:aeb&s ea%f& _2%240> < ztil\/tf]es%gigﬁE}tAér%RE
<2223 4B)5- (AR FRFolan athqositespedsivelsertinenor

absent, |If serine then Xaa in positions 49 through 54
ar &heste shsaitvedbys 0% maéglj‘:[—ﬁl?TURE <222>
(49)..(49) <223> Xaa at position 49 is |eucine or
absent. If leucine then Xaa in positions 50 through 54
are not absent. <220> <221%_ \h SCoFEATURE <222>
(50)..(50) <223> Xaa at position 50 is |eucine or
absent. |f | eqomperthen X#aAnhip¥get féirers1 forr ough 54
are not absent.pag2203 e 20604M S FEATUREL &3P >
(51)..(51) <223>(XgalatnposbtRansbbcilsstksdoni ne,
proline or absent. If threonine or proline then Xaa in

positions 57 t s ougicrxé afe not absentM2e
IgGl IgG2a
149,850 9,100
1604 (82,901) (7,386)
1,564,546 | 50,469
1817 (605,630) | (24,228)
1,261,731 | 69,161
1818 (654,156) | (48,556)

e +*Serum samples from individual mice were
assayed. Standard deviations are shown in
parentheses.

For anti-HBc determination, ELISA plate
(type II F96 MaxiSorp™) were coated with 100 uL of a

10 pg/ml solution of polyclonal rabbit antibody
directed against HBc (DAKO). After washing the

plates, a PBS + 3% BSA solution was used for
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<220> <221> M SC_FEATURE <222> (52)..(52) <223> Xaa at
position 52 is glutamc acid or absent. If glutamc

W@e00d/053961 Xaa i n positions 53 through 54 are POL/US2004/041879
absent. <220> <221> NlSC FEATURE <222> (53) (53)

2 t
Vb EeerEfal’ BEELE' B3shiryn EbHIE R BROERC
<2219 ugﬁﬁaFEATHREafaaaaté5ﬁmffé54)wé%2§érﬁ%tﬁad for 1

position 54 is han1c acid or aspartlc acid or
abBeHE - <2§65622§i§ WMSC EXAFURES<9321/ @5@%1U@59PS<2§3>

Xa t
(58521 9B8SEFL 8 SED BRPLLLS, (Uil Uagoy

podilibhoB7 weresdbedeilnenothehwednisne. Th22BouaZ21>
NlSC URE <222> 8 <223> a at position 58

PR Re ol oF e B CLLaHOTLEDSTD FGRLEBRT RE. <025
(5§hos§5§ﬁaéé233b&@édahn@QEbﬁyoﬁl53ctéda%§&ﬁ%@tn%@@%e
serine. <220> <221> M SC FEATURE <222>

<2338 $@hIEe) podittbadeD/ 18, gpenaﬂ|8B§cﬁd1@rE§%yluﬁéter
<2¢0sntag 1euM RCFEAURE 52823 &91%1a£§%0> &2 g%%%@%%d

position 61 1s tryptophan or absen
FE&TURE&Z@Qnutéﬁ)W1t62$ubéﬁsatXaa Ehepabsbmﬁan@% las 415
%C|ne alutanié acid or absent. If glycine or
Pafiie HePdUFRen Xaa in position 61 is not absent.

<220> <221> Wb SEhEEMURE: <?42de( 63): th83kpeéd3iXaa at

position 63 is absent of present, if present Xaa in
po%@@?%hVBQY|§0cpbﬁehﬁéatséwsn8 @pralantneenlfth@a in

po S n Lons 6 throu
PrabkofRafidelboBEESREL bORTRRORkLOTRN AR D50 220
(6éubttﬁéﬁeéZEEQthheahbposbhnoas6ébtalab@1mbﬂethe

| ysi ne or absent |n|ne or. . lysine than Xaa in

po%T?P%ﬁss%ﬁu?h?Bub% EF%SHBPdéBQeﬁﬂluE2?@> <¥of>the
M &G EEATVRE sSR287 éﬁé)ig@§5£n632ﬁ§cxéét@&sp9§ﬁ4'0” 65

is absent or present, if present Xaa in
individual samples, the bound antibodies were

detected with a peroxidase-labeled antibody directed
against mouse IgGl (Southern Biotechnology
Associates, Inc.), diluted 1/6000 in PBS + 0.5% BSA +
0.05% Tween -20. After washing, the microtiter plates
were incubated for 5 minutes with TMB substrate. The
reaction was stopped by addition of 1M H;PO, and the
absorbance at 450 nm was measured.

ELISA data revealed that particles 1817 and
1818 elicited anti-HBc IgGl titers that were 2.4- and
10.1-fold lower, respectively, than those observed
for 1604 particles (Table 10). These data indicate
that increased M2e density at the surface of the HBc
particle actively suppresses antibody responses to
the HBc carrier. Accordingly, the anti-M2e:anti-HBc
ratios (IgGl) were 75-fold higher for 1818 particles,
and 23-fold higher for 1817 particles , compared with
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position 65 is cysteine, serine or alanine. If Xaa in
position 65 is present then positions 61 through 64
wa@e@snssabsent . <220> <221> M SC_FEATURE <222BCT/US2004/041879
(66)..(66) <223> Xaa at position 66 is asparagine,
serine, glycine or absent. If aggaraghne,or serine or
Bhr

gl YePhertRehckas (Fabdsi tPons 6 §h B8R e TREPOMSE
ab%%@in £22071 52213 MbaCiREATMRE,£22231687hostb4)s even
<223> X%a at position 67 is aspartic acid, glycine or
absegher| thaspahttcageiidsbr theyBBRecelizAcXa®amyicle,
positions 61 through 66 are not absent. <220> <221>
hA%ﬁiﬁ%A?%ﬁé?<gigﬁg¥6é?my?8gfn%§23> Xaa at position 68
is serine or absent, If serine then Xaa in positions

61 through 67 are not absent. <220> <221> M SC_FEATURE
<222> (69)..(69) <223> Xagag%epﬁgition 69 is serine or
absent, If serine then Xaa in posjtions 61 through 68
are not Cop®amisa I AuM2q sEdBAIRE RS Jhuters®
(70)..(70) <223> Xaa at position 70 is aspartic acid
or absent. |f aspartic(%53d S¥RH-38H in positions 61

t hrough 69 are not absent. <220> <221> M SC FEATURE
<222> [(71)y - (71)7<223> Xaa [at pOS|TIoT [hAdcS 3e1d .ne pr
absent|, If sering n [ Skial-0NS 7 r h 7
are ngt absent. <£§§§'3§%%> %PE%L EETJRE’%%%ﬁﬂﬁ?Q
(72) . .2 —<223 ‘X%u at—positon—72-1$teucthe——or
absent|. | fegbeuci pe 9ﬁeﬁ5 ad ﬁ§%§1 foms 73 @ hoaugh 7Y
are nat_absent B2 20121 UL R SO HEATURE <222~
(73)..|(73) g5223>| Xa@54t 5p6sjiti 610 783+ s | euch ng gor
absent| | f I eucine (FRER6RAA |i f4F8$#Bons 74 t hrough 7!
are nat aggigt. <22051<2215 MBC FEATURE <2223,
(74)..|(74 23>| Xaa4alL5p0s|i 1(2a80BL)i $ t hr eoni ne,
proline or absent. If threonine or proline then Xaa in
POSEki-QRsS s&dRpl BeoWghm/ § ndlieidek labtert wes?2 Qe =221 >

M 86+ ERAZYBE 4242 1602) arkl Bhowa2dn Xeaaitipasddi on 75
Is glutamc acid or absent. If glutam c acid then Xaa
in positions 76 through 77 are not absent. <220> <221>
M SC FEATURE <222> (76)..(76) <223> Xaa at position 76
is valine or absent, If valine then Xaa in

~

Each of the patents and articles cited
herein is incoxrporated by reference. The use of the
article "a" or "an" is intended to include one or

more.

The foregoing description and the examples
are intended as illustrative and are not to be taken
as limiting. Still other wvariations within the
spirit and scope of this invention are possible and
will readily present themselves to those skilled in

the art.
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position 77 is not absent. <220> <221> M SC_FEATURE

<222> (77)..(77) <223> Xaa at position 77 is glutamc
wa@eood/osrosasparti ¢ acid or absent <220> <221> PCT/US2004/041879

M SC_FEATURE <222> (79)..(79) <223> Xaa at position 79

[ | i pe l.ne or histidine. <220> <221>
wﬁ@%ﬁgskgdﬁkgiﬁgés (80)..(80) <223> Xaa at position 80
is isoleucine or threonine. <220> <221> M SC_FEATURE

<222> (81)..£81) <223> Xaa at Eg;itlon 81 i s arginine
or lysine . %2203 ©999WOMIRL FEAPBRECL82B>Vigyy Core

(8 2 J.t ' »aspar agi oL, =Sekli
G
<2230 MaaaleupodVbi aniBd acsdgkesatiiesathdtocogipdinge

. £220> <221 N&SQUQEATURE <222> 84.§ .. g§4 <223>
XeEOH oRFHTSn! BATIGTI B Sphan” o0 dBEeFeichss05
<223a M SCEFEATURE ¥2222m{ 88). £188) aFé2dan¥@dndted
position 85 |3¥9L¥C|ne, glutanmic acid or absent. If

a

gl yemdEndr gl tlaePd tHenwRakein position 84 is

not absent. < > 1> : RE. <222> (86).. . (86)
1223% Xan at (BoVTieR 8 (SRbLenT §F progHnt, i Fo
prasent Xea amiposatidnr88itlsesyshebaesegeehpne dhcludes
al ani aa in gositi n_86 is present _then

LT e
DGR t IGHE" 8% hPOGTIES af ot Hot TaBLEHES 25259545305 4
M G FEAT URB> £22330{ 87dn (870 <2335 Xa2) abrosbl Lap a7

is arginine, lysine or absent. If arginine or |ysine
t ars b@bne nrpesdeedreredephr abgh Besaréonotnabkenchimer

< < > E <222> (88)..(8 52232 X at
SR SRR e 0 (80) R
pasttéomiBds i S cyBt ebhesEgeIDNROOL aNapepminkl Xgatiefne

positjon 88 js present then positions 84 through 87
eu¥§?&§h%g§éLt.g@% OgnQ29{>m%¥€dﬂFE§?@PEa¥2QZﬁ eine

(891489 B2y ﬁ?@s@ﬁtp@§£ﬁkﬁngsgeﬁﬁeﬂéeaﬁeﬂggethan
serine, glycine or absent. If asparagi ne or serine or
gl 5z hect hielne Xaree  popostedoascg4of hHBagha8g diéinot
apﬁﬁgfudégzgﬁb to four sequences of about 6 to about 24
residues of the influenza A M2 polypeptide of SEQ ID
NO:9 that is peptide-bonded to or within about 15
residues of the N-terminus of the HBc sequence;
(b) Domain II comprises about zero to about
60 amino acid residues peptide-bonded to about
residue 75 of which (i) zero to all of the sequence
of HBc is present from position 76 through 85 and
(ii) an optional sequence of 6 to about 48 residues
that constitute one or more repeats of 6 to about 24
residues of an influenza A M2 polypeptide of SEQ ID
NO:9;
(c) Domain III is an HBc¢ sequence from
about position 86 through about position 135 peptide-

bonded to about residue 85; and
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<221> M SC_FEATURE <222> (90)..(90) <223> Xaa at
position 90 is aspartic acid, glycine or absent. If
W@ s@ansios7 aci d or glycine then Xaa in positi onBCBUS2004/041879
through 89 are not absent . <220> <221> M SC_FEATURE
<222> (91)..4£91) < >_Xa Lti QR IS _serine or
absent, |f sé?i%gmgﬁgnl agoﬁ rg%%ﬁpﬁg%s%éf Fﬁﬁ&gﬁﬁSQ@f
argboot pbsentons2205 gR2dugM SCOFPATWREP<2222ixteen
(92%.,&92% <223> Xaa at_gositlon 92 is serine or
abseRtSUPF Sbr PR PReA™Ea PRIFoSPELONS SE2ARIESyH TIT
argoBot 1 8RS ent - t72d03n <234 >pMBCaEEATHRE 3<¢22
(9 ).:é§3) <223> Xaagat pos??%on 93 isaggpgﬁt?geacid
orrapsane. of f abephrprpeintdd LREnoKaRoma ipoJiItli,ond 184
the h_92_are not absent . <400> 132 Xaa.,Xaa Xaa Xaa
ngg 2at agﬁﬁﬁg $¥?€?égeXﬁgsiégeﬁaaaﬁga?k&é X458 1% 10
1%apear Xaao XaainaaaXaa XasidaasXaa Xaged@endaa Xaa Xaa
Xaa Xaa Thr 20 25 30 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xae 5@a0}agONe at XaBBXahr XaPREAt 35140 545 %8a tRea HRSa
Xaa_ Kapmfads Thr Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 50
55 60 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa Thr Xaa Xaad68h¥fe¥5mol80uXaa (XhacXaaaXadn¥aaoXadre
X Xa aa Xaa Xaa Xaa Xaa,85.90 <210> 133 <211> 93 .
CoPAR P Bo195nf P PARRE AL LA BLY <8 PR3 hF SECPEATERE 2cid
<222zi ddes . (P €BE3aRXageghenOs] ti(9h) 1sks rFIBLEBERRIRELOr
absent. |f methionine then Xaa in positions 2 through
8 HreC nBRrabebps &hap>arg23ubit STLEEATYREreg22f binding
( . <223> £ LQt L erli r-absent.,
| arTefRotelag 8 BaBLtRaRo;1h AohoRe 0T ath
abseid F2202c¥221be MGCnEEATHRELX2222 E3)mat3pbn<ZR3n
Xaa at_positjon ? i S Iegcine or apsent, I|f |eucine
t HER® Y& FhCposi tPORSI 4L FRPoBGhOB GF¥LAGt 1dp8EAF2L HBC
<2202 2dfa M BEEEATURE §2287miAd1 - £4ht5248> %334k (5)
position 4 is leucine or absent, |f |eucine then Xaa
| Pposi t Wiahsh 5an i obighngnat ecrieteabsenesidpgOpresent in

the chimer molecule is replaced by another residue.

2. The recombinant HBc chimer protein
molecule according to claim 1 wherein one of said

residues Xq7 and X19 of one of said M2 polypeptides

of SEQ ID NO:9 is cysteine.

3. The recombinant HBc chimer protein
molecule according to claim 1 wherein said residues

X317 and Xq19 of one of said M2 polypeptides of SEQ ID

NO:9 are serine or alanine.

4. The recombinant HBec chimer protein

molecule according to claim 1 wherein said M2
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<221> M SC _FEATURE <222> (5)..(5) <223> Xaa at
position 5 is threonine or absent, |If threonine than
wXa@si0ss9pDsi ti ons 6 through 8 are not absent. RRR0S2004/041879
<221> M SCIFEATURE <222> (6)..(6) <223> Xaa at -
position 6 is glutamc acid or ,absent. |f glutam.c
acbalyReRt xdasi ATp&ER: TBNYO7 %t I:‘rflé’ﬁrb‘%e@ §re§%1%‘tesa3<§ent .
<220> <2ﬁ1> M SC FEATURE <222> (7)..(7) <223> Xaa at
po&PEPBAR7XR4 -vali ne or absent, If valine then Xaa in
position 8 is not absent. <220> <221> M SC_FEATURE
<222> (8)..(8) <223> Xaa at position 8 is glutamc
aci d or absest.. <22@>re22hbikb8C FBATUR e Zotein
(15)..(15) <223> Xaa at posi,tion_ 15 is _tryptophan .o
ab@@ﬂw??ué?29909§21}99mt§cf§%&ﬁ“x| R¥REFSFIL (%3 "D*-J(1 16)*
~22821 6aR Ak A0S &) 101! ool YT R 18D Mypdgt i des
gl yci ne tﬁen aa in p(?SItI on 15 is not absent. <220>

<23%¥> sWhSCHFRATUREre2 232 telifk.. (17) <223> Xaa at
position 17 is absent or present, if present Xaa in
position 17 is cysteine, serine, or alanine. If Xaa in

position 17 iss present dhen Ros tﬁé&‘%k@i%éf”z;%@bilrﬁ
are not absent. <220> <221> M SC_FEATURE <222>
(18plecife «22@rMag dto posiim dn wigHesimrpmi He br

absent., | f arginine._then [ 0sitio ough
S oPeishe Al e b e TR iied Sl 35 910
(19bsiti¥n $223xofam Pogaasidd or5.19 is absent or

présent, if present Xaa in position 19 is cysteine,
serine or alanine. If Xaa in position 19 is present

then positio 1 r:gé%ﬂd]j abseot . :
<221> M SC_F@TUE{}%L 22> (gloeiaf?té(zo <223> a]glcg%letgfn
POgidlicam 120 ds-cashiarqadi e lorimals erfterd in dpae bigi Hé
then Xaa in positions 15 through 19 are not absent.
<SPPI %r&ji@r}%‘%ﬂ? é’zefb(gﬁi) .. (21) <223> Xaa at
position 21 is aspartic acid or absent. If aspartic

acid then Xaa in positions 15 through 20 are not
absent. <2208 <27ihe MSOEEMAIRE DO shiney probgin

<22rr?’o>le)%aeieat55§)coc§llcﬂr9§ @@ éfaﬁt‘la’ri %@feﬁqsﬁgﬁaiﬁf IV is
serine en Xaa In _
free of said sequence heterologous to HBc at position

156 to the C-terminus.

9. The recombinant HBc chimer protein
molecule according to claim 1 wherein Domain IV
includes a sequence of about nine amino acid residues
of the HBc sequence from residue position 141 through

about position 149 peptide-bonded to residue 140.
10. The recombinant HBc chimer protein

molecule according to claim 1 wherein Domain I

includes one N-terminal cysteine residue.

131



positions 15 through 21 are not absent. <220> <221>
M SC FEATURE <222> (23)..(23) <223> Xaa at position 23

WO 20080539952 or absent, |If serine then Xaa in poRCT/US2VG4/041879
15 through 22 are not absent. <220> <221> M SC_FEATUR
X <222> (24)..(24) <223> a_at n 24 is .
aspartic acitt or iﬁ?eﬁ?co%glggﬁgrﬁ gglgthgﬁoﬁgéﬁ n

Pogiblé@nte 15t BFQuUAH 23 amlmolL ahéeaﬁ.n 52783 n<2#1>
M SC_FEATURE <222> (25) <223> Xaa at position 25

|sl%@¥m@%so@n%bgehﬁrmﬂﬂa%eFYﬁEe%ﬁénrﬁﬁé MR -posi tions
26 through 31 are not absent <220> <221> M SC- FEATt JRE
<222> (26)..(26) <223> Xaa at position 26 is |eucine
or absent |fi3eri Dhet henoxbanantpEBict cbnsie27 primtetigh
31 are not absené <220> < 21> NIS FEATURE <222>
(279legvdy accoy inﬂaEOaF B&@I%I =591 DRGNS or

absgRtwads feUeLngrt hgngXaa Rlalgﬁé theBs s28ulhicerwgh 31
are not absent. <220> <221> TURE <222>

(28)..(28) <223> Xaa at position 28 is threonine or

absent If threoni h
31 are not a gentegﬁZgggoégﬁngﬂfsgngk$%§E f%%t%q%
(20p1efaDd =2232dXag ab pmanmlmnwaareﬂngbuhaﬁmc1a0|d
or absent. If glutam,c acid then Xag in positions 30

t hiBaghdes &¥e Abt SabSeNe. PLIFPSPEISES -M SC_FEATURE
<222> (30)..(30) <223> Xaa at position 30 is valine or
absent, If valine then Xaa in position 31 is not
absent. <220%4<22TheMcSCoREATERE HBZZSh@3@¥‘£F$$ﬁin

<223 osi.tion _31 luta c acid o
$5500=2355 ShpPeRuEhInr Bren 858, ¢ PEbF AR HRB0TL

at cppprikep 88el amﬁ_hbph@ﬁzﬁameélidab%ebtf t¥22 Fecuidte ©

m sc_feature <222> (38)..(38) <223> Xaa can be any
naHBFafFgMoRRELELRG AR HETREER 220> <221>

M SC FEATURE <222> (39)..(39) <223> Xaa at position 39
is glycine or absent, If glycine then Xaa in position
38 i s not ab3%Bnt. The recombinant HBc chimer protein

molecule according to claim 9 wherein one of said

residues X717 and Xj9 of one of said M2 polypeptides

of SEQ ID NO:9 is cysteine.

16. The recombinant HBc chimer protein
molecule according to claim 9 that has a length of

about 170 to about 215 residues.

17. A recombinant hepatitis B virus core
(HBc) protein chimer molecule with a sequence of
about 150 to about 235 amino acid residues that
contains four peptide-linked domains from the
N-terminus that are denominated Domains I, II, IIT
and IV, wherein

(a) Domain I comprises (i) about 95 to

about 140 amino acid residues whose sequence includes
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<220> <221> M SC FEATUR X <222> (40)..(40) <223> Xaa

at position 40 is absent or present, if present Xaa in
WEo®sNFN7 40 is cysteine, serine or alanine. |PCHES2004041879

position 40 is present then positions 38 through 39

220 221 SC FEA URE
?2??90%%%§§eg%%>< u§%< pOS|P11 THE gegré npﬁglgﬁon 4

abseintoudh abeutipesibeonXas of BB&Iti(0NF 38et RHOHBRce
40 are not absent <220><221> M SC FEATURE <222>
(42§Ys¥ﬂ%§e<§%%¥ Y&a Efe%%§FtﬁBna4EoﬁétéB§ehﬂ g§he chimer

Pregsiieuid HEESEBLE X3he EopQEbEt°”5§2 %?aEX@Eeltgethe

serine or alanine. If Xaa In posit resent
t ha¥- b©smim@@SOBSHB©r@ﬁgﬁEﬂllarﬁommt[Ebtenmlnazzeystelne

<221> M% SC EFQTURE <222> 3%..%4&) <223> Xaa ag
posfTT o 2 a%%%?aﬁ?ﬁe r'3bgelt e a8 pafygirrane

t here Xe@uéd 19OBhd | 9RSsS8:t PLEHOR 42sah8eAet 8bsERt than
<220> <221> M SC- FEATURE <222> (44)..(44) <223> Xaa at

posthiorr4the pEparere aeddeBreapselBe, | Andspaidi c

aci 0 0 r

absg%%fga %b> <2 € fi*%c?%%ﬁﬁfﬁgg ggzgé%ﬁg)g F% ?bout 24

<22@%&Mﬁ@eatob0&hélDmfﬂﬁenzasﬁrMnepolyﬁbﬁemﬂe bf SEQ ID
rine_t Xaa in |t|o 8 through 44 are not
sl\icﬂt ‘52% £5 oant %cb@ #%Rﬁ%%zwk%sl apagf 15

<221?€sf@§e§tof’0@hé | 90 4Bk SuSebENEner uabseRtyLh seri ne

then Xaa in positions 38 through 45 are not "absen

<220> <221> MIsC IPIEFB&TUREIEZQQmp(‘4$§38 ¢ugNt<208> Kaaahbut
poséé' elrﬁ(g( éél&lngét 1.1egC g%ﬁragﬁ Eli% ngsﬁ EI ¢

aa | n positl OnS
abm:.dlfém)? 2 i dh SG FEASLIR ‘é(o<£22>of48}1e éé&hence
<223> Xaa at osition_48 is serine or absent

ser?hdBhets %%”%d%??moﬂgsﬂ©l?ﬁrEﬁgﬁhSQUQhe8ﬁoPHd
absenty £2205 s22dp é%o}&exfl@@t YF €6 <R3220640) 48(%8)513%8

<223> Xaa can be any naturally occurring am no aci
<2ZdﬁﬂzzzmﬁmdGMI@Eﬁ?UHER@@Qe 1SPat£50F &228>akantab4

oA 2P 42 Lucianerasteenl oL el Lhets e,
M S FEATUR X
(c) Domain III consists essentially of the
HBc sequence from about position 86 through about
position 135; and
d) Domain IV comprises (i) the residues of
about positions 136 through 140 plus up to sixteen
residues of an HBc amino acid residue sequence from
position 141 through 156 peptide-bonded to the
residue of position 135 of Domain III, (ii) zero or
one cysteine residue, and (iii) up to about 50 amino
acid residues in a sequence heterologous to HBc from
position 156 to the HBc C-terminus;
said chimer molecule (i) containing no more
than 10 percent conservatively substituted amino acid

residues in the HBc sequence, (ii) self-assembling
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<222> (51)..(51) <223> Xaa at position 51 is threonine
or absent If threonine than Xaa in positions 52
wao boosisiesb4 are not absent. <220> <221> M SC_PFEATURE04/041879
<222> (52)..(52) <223> Xaa at position 52 is glutamc
acid or absent. If glutamc acid then_Xaa_in positions
55 THTOUGRESHCLPE HOPt abbenfubEsansad ity Aree OfehtdPane
<2223 fdS)eic(83)a5233>XBRe63N0cheiany ABLYUr akhY, and
occurring am no acid <220> <221> NISC;FEATURE.<222>
(5492id 5a3repoBes Xoaing poset #babbe Py §prymahienathan
or < > < > URE, < > ( i
A e e P e PR R U OREA a7 ARguriSd mec
<226 @2 1ehdt SCLEEATERE] <R22erfibRh]. €62k etR232eXadual(s)
position 62 1S glycine or absent . If glycine then Xaa.
i n Post?iBRieh #8 NoteLBiRat. c¥sbeinersesifiecPEEATBRELR

<2227 (83) mek 63D 16248 %éaréblgeéﬁtbggaﬁéthéra?égﬂhu%ﬂ

present, If present Xaa I n position IS cysteine,
serine or alanine. If Xaa in position 63 is present

then positions_, 61 through 62.are n absent . <220>,
<221> wlsc;FE;%URé%Q%25%0?%5}???E4§592E%%mﬁgapﬁP ein
poshdlefubd h&cargingneoorlabsent, whkrafgi Dohaihhexr

Xaa in positions 61 through 63 are not absent <220>
<224 pdes FEATeRe RO 2o f (gBput (Bhne<apinoxggigdt residues
POSL 1 O 69p) S B0SEAL  OF BhEFERL aukf pBEEEEBH ?@; tHrough
position 65 I's cystelne, serine or afani ne. I aa in
posakbdown BSsisipneséht pebhendpebbhdedst6lrehidughléd.

are not absent. <220> <221> M SC FEATURE <222> (66)..
(66) <223> Xaa at position 66 is asparagi ne or

absent. |f asparagine +besmX@aahf RS Ehorsr6drbheeugh
65 are not absent. <220> <221> M SC FEATURE <222>

(6Moleerie @oasriiag atopespimoh76PhEEeaBpRPIRENaéi d

or I S |.c.achd . Xaa._ Q. itions 61
thr%ﬁ%ﬁ&% Saé%§n§?£é%§én§i Eggggléngégbﬁg%;FEAT RE
<222> (68)..(68) <223> Xaa at position 68 is serine or
absent, |If serine tgen Xaa jn gositions 61 throu%h_67
are not absen%9'<2§ & recombinant HBc chimer protein
molecule according to claim 17 wherein Domain IV

includes one C-terminal cysteine residue.

21. The recombinant HBc chimer protein
molecule according to claim 17 wherein Domain I

includes three of said M2 polypeptide sequences.

22. The recombinant HBc chimer protein
molecule according to claim 17 wherein Domain I

includes two of said M2 polypeptides.

23. The recombinant HBc chimer protein
molecule according to claim 17 wherein said M2

polypeptide of SEQ ID NO:9 includes residues Xg

through Xg4.
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<221> M SC FEATURE <222> (69)..(69) <223> Xaa at
position 69 is serine or absent, If serine then Xaa in
wWEo®sNFNE 61 t hrough 68 are not absent. <220>P&RB3$2604/041879
M SC FEATURE<222> (70)..(70) <223> Xaa at position 70
Is aspartic acid or absent. If aspartic acid then Xaa
in positions 61 through 69 are not absent. <220> <221>
M SC_FEATURE x222>721}ecbfidlnsRR3a%a8hahepPOSirbil 71
is serine or absent, If serine then Xaa in positions
72 Tpkeighe 7ceprding Bbsehtim22D>whezesnVPSGaknXATUR
X < > . 2). <223> . Ltion 72 is | eucine
o SREZAIA oA AnTag an e Bh1 B0k bRORES, BBaBRtgh ot
77 EBe fiodm absent is2205 sRZ2dxgM SE. FEATURE <222>
(73)..(73) <223> Xaa at position 73 is |eucine or
absent, If leucine then Xaa in positions 74 through 77
are not absenys <220z £22dw,MSC FATURE: 52228 ot cin
(74)..(74) <223> Xaa at position 74 is threonfne or
abseptecu e tageonihegt hancXadmi h7 peserednsDaGat hr dligh

77 0 ent, <220> <221> SC_FEATURE <222>
(7R S iR 2 b T ei0ee oF g fiEaniediaerg of
or mhseftom Ifogd tiiam ¢6 aghfotdians Xaghsd pastheeN$nébudes
through 77 are not absent. <220> <221> M SC _FEATURE
<22+ AYOUY A& eonduse ohtthesitfbnensai 8 'Val i ne or
.absent j t hngposition 77 is not
ab?gf%yﬂ{%ezf%ié %1?% iS%ii\lT:d)E'A%URE <222> (77)..(77)

<223> Xaa at position 77 is glutam c acid or absent.

<220> <221> C _FEATURE <222> (84)..(84) <223> Xaa at
posi tion 84 h%girjﬁ%%pﬂ%ﬁp 1%%@%n%30<§5%9e22E§9te1n

M S IFATRE ced2ei f B o - ¢ BoIm <223yn&Xpai At oRESbEi 881 §5
is glycine or absent If glycine then Xaa in position

84 JesitBiespsentand 30s 92831 T PETDREL kde2sf SEQ ID
83%5H¥8Q% <2%§>,Xaa at position 86 is absent or

reSent 79 Yt esEHt- Xaa in position 86 is cysteine,
erine-or alanine. If Xaa in position 86 is present

then positions 84 through 85 are not absent.
27. The recombinant HBc chimer protein

(
Y
s

molecule according to claim 17 that has a length of

about 170 to about 215 resgidues.

28. Particles comprised of recombinant
hepatitis B virus core (HBc) protein chimer molecules

according to claim 1.

29. Particles comprised of recombinant
hepatitis B virus core (HBc) protein chimer molecules
according to claim 28 that include the C-terminal 19

residues of the influenza A M2 polypeptide of SEQ ID
NO:9.
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<220> <221> M SC FEATURE <222> (87)..(87)<223> Xaa at
position 87 i s arginine or absent | f arginine then
wWXam@5i05395posi ti ons 84 through 86 are not absenPCHEB4/041879

<221> NISCLFEATURE <222> (88) . . (88) <223> Xaa at

position 88 g g present, i rese%% Xaa i n

position 88 7°s 2?%? th ess%?WBﬁlﬁ?dannFﬁgo ipagks |

n ]@@ﬁa’@i@ﬂssﬁ isupresest (ben 9§téhﬁnéh§ﬂxeﬁch&@%t}u%s

are not absent. <220> <221> M SC_FEATURE <222> (89
¥%©9r@2@3>t9@@ﬁ%&mpb§rtlon 89 i s asparagi ne or

absent | f asparagine then Xaa i n positions 84

t hrough 88 are not absent. <220> <221> M SC FEATUXR

<222> (90) .31.(9Pars22BesXaampiipedi bfore@Bmbisiant
as artic acid or absent. | _f aspartic¢c acid then Xaa i

PRIETOHE B4VIRIBUGRT 89 (ERe) naifoaﬁé@n?hl@gﬁogtoé;ﬂ@es
hﬂ§£a§§&££553528£51&9ib that(gﬂélﬁaé3ﬁhéa@ @Erﬁ@ﬁbﬁ'Q@

91 i s serine or absent f serine then [
posesidwes 84t thh@ugmfgaaneanbt Mabsehypepzma ©2288Q ID

M EATURE <222> (92) . . (92) <223> Xaa at position
92'1"S"serine or absent | f serine then Xaa i n
positions 84 through 91 are not absent. <220> <221>

M SC_FEATURE <222> (93) . . (93) <223> Xaa at position

93 | s aspart?c aRiWPeriBBsenrt inpcrlygpgpupEigénd ehen
x@ﬂmﬁuﬂqﬁa 05] & | 0PSB 844 187 94gh, 92, @ﬁ @ﬁ&ng ﬁ?&tléﬁgg>

133 Xaa a Xaa Xaa Xaa Xaa Xaa
ﬁsacdﬁxdﬂ@a1Xaac1a5m1®816133a1%ad XaadXapeXaadXda Xaa
Xaa Xa :ﬁga Xaa §%§1 Thr 0 25 30 Pro lie
Aw Vi ??% 25&GaP aa Xaa Xaa Xaa
Xaa 35 40 45 Xaa Xaa Xaa Xaa Xaa Xaa Thr Pro lie Arg
Asn G u Xaa Xaa Xaa Xaa 50 55 60 Xaa Xaa Xaa Xaa Xaa
Xaa Xaa Xaa 3ha Xad2S@ilXa@r X4ACTht UPr gompsigsngoans

55 . 8 e IRdR R et

<4ffeodBingero Lelalreus Thdi&olVadl & udibpePsedThn Arg
ASEQ—‘G i Trlgglci%%fi\// aécgp%gbi'e dlgugs Asn Asp Ser Ser

34. The vaccine or inoculum according to
claim 33 wherein said recombinant chimeric HBc
protein molecule particles are present in plant

tissue.

35. The vaccine or inoculum according to

claim 33 that further includes an adjuvant.

36. The vaccine or inoculum according to

claim 35 wherein said adjuvant is alum.

37. The vaccine or inoculum according to
claim 35 wherein said adjuvant is a small molecule

selected from the group consisting of a muramyl
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<211> 23 <212> PRT <213> Influenza <400> 135 Ser Leu

Leu Thr Au Val Qu Thr Pro Thr Arg Asn Ay Trp Gy
w@Y®sASH510 15 Arg Cys Asn Asp Ser Ser Asp 20 RRU/0S20086+41879

<211> 23 <212> PRT <213> Influenza <400> 136 Ser Leu

Leu ., Thr Gy ValL GQu Th r ie Arg Asn Gy _Trp Au .
q/sdiP%P‘ibgis ZF’@“%’?E#@E%‘%‘%P‘SSF %ﬁugéoiﬁft‘é‘ﬁloff}?le
<21der23ac2¥3? MBlogRddphbelluengad<4a0031LanSar okeu
Leu Thr Gu Val Qu Thr Pro Thr Lys Asn Gu Trp Qu
Cyscalegiyp 3$831Afg Cys Asn Asp Ser Ser Asp 20 <210> 138
<211> 23 <212> PRT <213> Influenza <400> 138Ser Leu

Leu Thr Gu Val Qu Thr Pro Thr Arg Asn Ay Trp Gu Cy
s 1 5 10 15 Ly8.CySh&8evadspnSeorSenolspudl Bcedid*nd3%o
<211> 23 <212> PRT <213> Influenza, K <400> 139 Ser Leu
LeuCHptn o VAFTALR FALILBGIHHR A §SASR ey tPataly

CySeduPsdPida ﬁighC¥§i§eEmﬂﬁﬁo§8ﬁiée%aé§Qngs<%kg>s%ﬁ%
<211> 23 <212> PRT <213> Influénza <400> 140 Ser Leu

Lewprmrm@pguivara i Faeepeab¥ardatlgensn Gy Trp G u
Cys 1 5 10 15 Lys Cys Arg Asp Ser Ser Asp 20
39. The vaccine or inoculum according to

claim 38 wherein said emulsion is a water-in-oil

emulsion having a water phase and an oil phase.

40. The vaccine or inoculum according to
claim 38 wherein saild emulsion is an oil-in-water

emulsion having a water phase and an oil phase.

41. The vaccine or inoculum according to
claim 40 wherein the oil phase of said emulsion

comprises sqgualene.

42. The vaccine or inoculum according to
claim 38 wherein the oil phase of said emulsion

comprises squalane.

43. The vaccine or inoculum according to
claim 38 wherein the water and oil phases of said
emulsion are emulsified by an emulsifying agent that

is a sorbitan or mannide Cq15-Cg4 fatty acid ester.

44. The vaccine or inoculum according to
claim 38 wherein said emulsifying agent is a mannide

C12-Coy fatty acid ester.
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45. The wvaccine or inoculum according to

claim 44 wherein said Ci5-Cgy4 fatty acid of said

mannide Cq5-Coy fatty acid ester is oleic acid.

46. A nucleic acid that encodes a
recombinant HBc protein molecule according to claim

1, or a variant, analog or complement thereof.

47. A nucleic acid that encodes a
recombinant HBc protein molecule according to claim

17, or a variant, analog or complement thereof.

48. A recombinant nucleic acid molecule
that comprises a vector operatively linked to a
nucleic acid segment defining a gene that encodes a
recombinant HBc protein molecule according to claim
1, or a varient, analog or complement thereof, and a
promoter suitable for driving the expression of the

gene in a compatible host organism.

49. A recombinant nucleic acid molecule
that comprises a vector operatively linked to a
nucleic acid segment defining a gene that encodes a
recombinant HBc protein molecule according to claim
17, or a varient, analog or complement thereof, and a
promoter suitable for driving the expression of the

gene in a compatible host organism.

50. A host cell transformed with a
recombinant nucleic acid molecule according to claim

49.

51. The transformed host cell according to

claim 50 wherein said host cell is selected from the
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group consisting of E. coli, S§. typhi, S. typhimurium
and a S. typhimurium-E. coli hybrid.

52. A host cell transformed with a
recombinant nucleic acid molecule according to claim

48.

53. The transformed host cell according to
claim 52 wherein said host cell is selected from the
group consisting of E. coli, S. typhi, S. typhimurium

and a S. typhimurium-E. coli hybrid.
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