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MODI FI ED H B CII{M\ D THEI R DERI VATI VES i p¢ isption 5
Tephnical Eﬁéﬁgl#%% pres I'on relates to the inter;géilonﬁgFBthe
fi'el ds of inmunol ogy and prot¥{'#"engi neering, and particularly to carrier
proteins, 10 and nore particularly to a hepadnavirus nucl eocapsid protein
strategically nodified with an inserted chem cally-reactive am no acid

resi due, a pendentlylinked hapten conjugate of that hepadnavirus

nucl eocapsi d protei n aSBRABEGHCAIY) Qe E AFRAAT I IS e 6IgRE sed of t hose
conj ugat es. Background of PROEFEINgeANDOTHELRI BERDVMNIVEAt anti bodi es can be
raised to a small nolecule by using a |arge i munogenic 20 protein

mol ecul e’ as a carrier. The smal | nnlﬁg%%faéiggnderives enhanced

i hrunogeni city by being conjugated to e carrier is called a hapten. The
phenonmenah of a relatively |arge nol ecul e potentiating the immunogenicity
of,a smal|l nol ecular 25 entity to which it is attached is known in the art
as the "carries& AL portion of an i mMmunogen recognized by the

hel per T cell (Th cell) A |1 [a ] i e. The portion
of an imunogen that is 'Ig% yo}%ns}ﬁ lﬁ#ﬁ%ﬁ ?‘s%ﬁ{aﬁg%B%geFﬁgdet erm nant or
epi tope. Carrigitefdeandiorc &t thadfialels af iimmuniclyglyo ande pdetedm nant, the
“helper" or T (T,,) cell 1INNAI~IBIOOr0o _ - 8. AUG 2002 a WO 99140934

PCT/ US99/ 03055 ninRaradig nadid RFTtE SRl laetter Fafdien PReF6¢eS$ enhanci ng

t he i mmu response fo _anqt. termna t | 1 term t. .alt
IS now w:g?l es %%IW%I{]ee(Pat%ajt qr%oas }g t-'lrgmrTLunIHoe ear#s}l%r\}eicfgl%r ém?:eiggjlcl%%glﬁp to

i nduce B cel | sp#®r 10 ditees st i ddive snodilisad it eld Sndayteerogni zi ng

hel per determ nants on the inmmunogen help B cells to nake anti body agai nst
t he i mmunogen. chered emkl werfac disterainmiac Y omplidved 1By PEOGEMdiYper cel | s
(Th) and B cells yust, b SQCGI Q i ‘ cular entity, but
t hey do not hai/len}'f(?)éblréa“p(catoe\zifgIée)o?lr%:ﬁ&ygeaﬂ:lénkoeé(cjgﬁgeeg,r§ sggﬁ\;%uesal ., Nature,

280: 147 (1979)nuéBedepsd .prdreimmamdlto drR%ndbdetid)partSeherl e et al .
, CT. EScp. Med. ( 164:1114 (1986) 15 and Lake et al., Cold Spring Harbor
Synp. Quiht. Bremprigadssd those)compigaterunogens do not require T cel
hel p to i nduce anti body formation, these are T-independent antigens. A
pat hogen-rel ated protein can be 20 i nmunol ogically m m cked by the

production of gagxﬂgaﬁﬁacggotugepﬁbg@tM@@se sequence corresponds to that of
a determnant of the pathogen. Such pol ypepti de i munogens are reported by
Sutcliffe et al., Naturelt287:R0ewl198d) anhidoedkerercant kg rajmest. 25 Natl .

Acad. Sci. USA_ 78:3403.(19381 rin.et al.,_Proc. . Acad. Sci. USA,
80: 2365 (1983) Fosﬁoﬁgﬁff‘iﬁ? %éujp?cc)?%cﬁ%}ﬁgo %:ﬁ%%aln‘%“él\‘%gs‘l?er%lrﬁa hepatitis B

Vi rus upan i mypbgathonobetlileaasi &r chpuigr sy nihet smablyeepiues having 30
am no acid residue sequences that correspond to the sequence of a

det er ni nant pofhrénderiyesAgnhppced\OngoPaensal pr-bydpeing |
particul ar, resjidue 1Q- 137 Lo u ' Ho r, the
carrier proteiﬁoﬁ & a%ﬁgtégsggét%g?gégﬁaégkééﬁggé %?%%é?e%én3§¥§nin (KLH)
a 2 i T cell-dependashogabli 8" rekhatiielpolatgé hOlettsBein :~ 5 nedical
applications to humans because it is a source of irritation that |leads to
severe infl amepcitentiItéapl thei Amanpagnéattyeef protBahs Bapapeasf
enhanci ng, _t he i munogeni city, of. hapte t hat. do pot produ upaccept abl e
si de eff%éts iﬁnﬁ&ﬁﬁﬁ%fowbﬁéPe%Fslgr8E§?Fgﬁdiﬁﬁu%%a%ﬁi%nna Gra gp?gteins.
For exanpl e, tetanusatexerdefFErtmas been frequently used when a carrier
suitable for human adm ni strati on was needed. However, the use of tetanus
téxoid as a carrier was flst pPetd@ndgé 88 prmobheasnwrefodpsage by

limtations and, risk.of sensitization t he xold itself, In.addition, an
epi t ope- speci f i eé%ﬁ&?@§é&bﬁeg% ggépgﬁgg)tésthgecngﬁig AzpEER EaH occur in
indi vidual s al ready;icpeni Zeteagairtsbnt 8ragus imhllBo§epathktsiB surface
protein has been 20 proposed as a carrier for heterol ogous epitopes.

Del peyr o®0 et &@oundSbiyenas ib2g8y: 472 thz5B( £e86) derepuinadtt e use of the HBV
surface protein (S protein) as a rrier for a poliovirus polypeptide

hapt en. Those i egat5P§r&8ﬁéF&%8F§3 §a§5bFe@SﬁﬁPﬁgnFsdggwégﬁggnucIeic
aci d (DNA) protgj X p-fetnihateni ¢he thal ppreddees arfuséom protein,

desi gnat ed HBsPol i 0Ag, capable of formng particles closely resenbling

aut henti c 22-nanoneter HBsAg particles. HBsPoli oAg consists of HHV S

protein 30 héving mmnﬂﬂmmmWMMWacid resi due sequence insert
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8 AUG 2002 WD 99/ 40934 PCT/ US99/ 03055 -4corresponding to arg aggafgds 93-103
of capsid protein VPl of poliovirus type 1 (Mahoney strain). Hepadnavirus®

nucl eocapsvd g€ ns have been used as hapten carriers. Hecrusvoooss 5

i mmunogeni ¢ pepti de sequences inserted internally in the hepatitis B core;
expressed as fusion particles, elicitedyvery high i Mmune responses in

i muni zed animals in the absence of adjuvants. B.E. C arke et al. Vaccines
91:313-318 (1991); F. Schodel et al. J. 10 Virol. 66(1):106-114 (1992).

U. S. Patent I}QsC ?’ftjnga%xtﬁg?of 4 Wl%@t%r?&g‘étﬁi%ﬁgn?#}? di scl osures of

whi ch are incorﬁorra e rein by reference, SCT I e use of the carrier
effect with hepaindirg Bhd rimie | 2aqoisdd 8 ebthée @ab@nendhe 15

i mrunogenicity of an operatively |inked pol ypeptide hapten. Those patents
descri be the ttienld mpldf detwumisent de hapten to hepatitis B virus

nucl eocapsi d protein through an amno aci esj dye_side chain that occurs”’
naturally in the hepati t.15:998 rh?]’&I%%p%?‘ba%%?%#e?%age’&%%ce. Hepadnavi r Uis
nucl eocapsi d PRlRIfENANedd Fd Yr Wad11 stdidh edy, SERED BSelli @and 2 are the,,
DNA and am no aci d sequences of the human 'hepatitis B core protein (HBc),
subt ype ayw, modlestringeidoodiaes S, DHuPatBntceNds, hyBI@dsRif)izAng82, 145, and
5, 143, 726. Clhe]{ hepadnavi rus nucl eo aé)si d protei nhs gquences. are -a al so
known in the BRSSO gRy § [?INCQ? ATHNGPRR DGR PeS8bhR 1D sel ect

hepadnavi r us mmé{p‘;?&ﬁg}@ A% & hAhbGEnOVer other 30 carriers used
in the art, such as keyhaol e Tinpet henocyani n” (KLH), BCG tetanus toxoid
and di phtheria r WO 9thel093digén i Al ethiPn&60H S USSOGGRDBEAtIoxoT d. KLH,
BCG tetanus toxoid and di phtheri atoxoi.d are non-particul ate, whereas

hepadnaVPr us @t R&C 521 16 pFbreidnd Berelils AWtedit @550 Rteh&T i cl es”. HBe

particles ten i 11 2 "oy niGclLLy n.he it1s.B surface”
ant i gen( HBsAg?O%'grét]?%f%@QD’g‘gféﬁ}%h HEPErT St Efﬁgg 93788L kiS50 (1986) .
HBc is both atd bseldtevatepehdebiniaad. a Jeeel Rudependenkli pmyaeges, |d. HBc

i s one of the nost im*runogeni c proteins known, 10Al nost all hepatitis
B-infected pedP?f el tievEel dp% hpo®FP uPti Afune’r edPBHEE It 0 28P@1465H,

Hoof nagl e, Sem i Ve i 1)57-14 ( 1) Bc ) i Lyersal
responsivenesé?gls%’r'es%%%?%/eé %% ééh’etfé}ébégégrlgﬁ?d.' ﬁgaaggxd?rﬁggwy
activates T cehdisLdb¢iBetehicit sodtir spging, Hagbbrt aypRNS @manidBc
isefficiently_processed and presented by antigen-presenting cells. Due to

t he i nherent | $i6i ghi ﬁ%ﬂﬁ%aeﬁﬁ)f’i?ﬂ/'of SPEE, 1EBHPPERNEd ey BRES TEABEYRI cal | y
not required, f X e, Lk i iye i

sufficient. Thg ?élmfl @gﬁ%pgang@fig?gggﬁ:;gggaga?ﬁgﬁ@ggﬁgﬁ\?e?%%e %ﬁiemal Vi ruses
with a core of-Dhdepbatieatsanhepahktis B i n humans. The hepadnaviri dae
arenot responsi ble for human_hepatitis A _(a single-25stranded RNA
enterovirus), human hepht PREECBEPr AGLREGePFRFELR 6RTSPRgl e stranded RNA

Vi rus), ,@rhu (a6l Lreula i.ye-senseRNA satellite
Vi rus, '2§e| t?@P{lﬁgfgéﬁhg%E)?’egﬁlﬁéggﬁgp%k tglﬂg Exj\gﬁg%tstl%glr %(rize%I i cation).
The30hepadnaviyhdretfianpby ypeekides whepat iskighevidel sesrefspiohas speci es, e.g.
woodchuck, duck, ground squirrel, - $ AUG 20p2 , WD 99/40934

PCT/ US99/ 03055h2h afd2h8rsRX"RAAGdPEI Shet Pae@ierand SSicH an hepatitis B.
Hepatitis B ( her e| refers.t m ly.. h navi.ri dae,

unl ess the di ??%gglg%gllgg gkng‘?lfgtrb ier?é:' tagreargg)é)é:ih‘%&::% xgr(rlﬁ:lcga%g“kgﬁ:ati tis B
core protein gunonmasusel,f 287.:883sqls® )i, ntagids tai¥re ra gy egat,evAgaqwn as
hepatitis B core protein particles (7HBC particles). For exanple, human HBc
particl & ar eMarlpadcasteS(-n¥HS4:n 18i:3%03er(19&Nway et al ., Nature,

386:91-94 (1997), 10 descri.he the .strugture . of hunman HBc, partjgcles at 9 !
Angstrom resol ution, asagé:tl%r rﬁtgéad-l ’f'r?nﬁo(?r’yé\%etlle'c{}fco ‘rn:scclr%‘dgrfdﬁ%hs. Bot t cher’
et al., Natureo:38658819883(019%Rbwedeaaiked he-dtaloament igte fold for the

human HBc nonomers, and provi de an approxi mate nunbering 15 schene for the
am no aci d r eshdmpsnaeeshifeiomabhsipathisliscd wisgisonpendnrheiizatiiokh ng | oop
regions form Bottcher .et al. propose a.loop._fromabput residues 78 to 82
of the hepati f"ilghBCEE?Féeﬁr%to_é’inﬁ. %&%%t&é‘tl SR VEE nonocl onoal
20 anti badi es apfihe HEIUWNeERTIRRN s deR0It0 t0fcdBe sndTaRPed,d 0 about
amno acid residues 75 to 83. G Colucci et al., J. Imunol., 14l:4376-4380

(1988). Two | megmetori wéne [defeamigginto ey iere gegiBsAa); o ot her workers
at amno acid residues 75 to 85 and 130 25 to 140. Salfeld et al. J. Virol.

63: 798 {1989) . Insertion mutants of the hepatitis B core protein still are
able to formcore particles when foreign epitopes are cloned into the

i mmunodom nant | oop region of HBc. P. Punpens et al., 30 Intervirology,
38:63-74 (1995). The HBc fusion -9 Au~, ~~ WD 99/40934 PCT/ US99/ 03055

_7_proteins formparticles in prokaryotic and eukaryotic expression

. N o, .



15 resi dueswo(geiduss C61, C107 and C183). There are several cqxﬂﬂgﬂ}fﬁgci d
groups, D (2, 4, 22, 29, 32, 78, 83) and E (8, 14, 40, 43, 46, 64, 77, 113,

/117, 145, 179) and the carboxy term nusy_However, the native, unnodified
+ hepatitis B 20 core protein particle does not exhibit appreciable chem cal
/ reactivity of the amino acid side chains in the native sequence. The

chem cal reactivity of an_am no acjd sj chain in a protein depends upon
the nature ofpaclﬁtel‘%u_rﬁ%'_ alé?%llg‘il%fé ic:ﬁoa"lfrf’_%a?r% trl_f'% 2% e%ﬂ’?r%‘rﬁ‘?ént in the

fol ded proteifeghshis mhgerssedhd detaidr Nersidal teded i RapJ20wW been
found that the problemof |low reactivity of" the amno acid side chains in
native hepat i $isd B uetedceplsdlie pl npetn temotgamirer CKUFE) bya i nserting a 30
chem cally-reactive amno_acid side chain into the_ HBc_protein sequence. A

st'rat egi cal | y* not¥ 7PN 987 HHHRT i tpapl ReERRRNTUSHEET PER-12T509: 030~ -
.Ruc zag2 r: i I oL = ~~ . C- i
Iaane. ANotlhvr aﬁ&%@%séggfﬁ%?gﬁ%%io %&%Qﬁé‘é?uﬁ—gg&g} 'Fljs;c?t c3](:'at oward

derivati zat i oof of rHEcachohi ches YWweads chensevarel ynflakwed:hapt ens, ar: C
Cro~Tides er_hanced 5 inrruncgenic~, t y to those 1 inked haptens . _ ,
These nodified HBc prot&i A8landtinel 2t paAEJEATEieri RReEe HaHt @P3RKT ugat e
derivatives a j Ln_t j (e that .. caf 1 ~
r-;j" a _-vy é?gﬁﬁ&ﬂé#ﬁg #’He, .Eﬁmlrgﬁé&%ﬁ%&r'rﬁg %r%egéﬁ#&lq%v\s/%% 1|:o¢ri1°rc' ates to a
strat egi cal | ynsedpfy@dcbepasttept Botor eifei BEFepest €hnNhukbat is linked to a
pendent hapten tr:rough c~nem-.callwreactive amo_acid res=due ~raertsd

' rtG 51%he ~Bub3deehs argeoffengippupegepic-pagugpl-preteins. Forg

ncdi f_cat ~or. i ezt iU c f . L'r i A y
C et - eRapkRE, | 2R oAt Phxgidt i (ol begnsePEabehtl vepa X
=."_=,.0i2. _wheh a_chiFibr~6ulitable, forChliman, adaiBAsta&tiénr Resdues ~n
| encth, and inC-udes a_20 chem-cal |l v-reactive am no acid residue. The
insert is profegdadto Hewevey~cthecypresfortetamyst sosmidoagchd resi dues
about 50 to a .1L.00_of it Iis _B.cor I in.sequence show _ ir:
SEQ 1 D N 2. TRerhRa uhee e EL T RR e e R PR B B R RES e he
hepa~itiis B coriaiphetions amdlradeofasknsaeq 7-20icen tat tdleodbxafHD aci d
residue 70 to about 90, nore pre~erably the loop tip recion at about am no
ac_d 78 to abdtsedf -and mesCifien-r & PPt ond wresdifd c7 gupprasEmnenaci d 80.
30 Such an inptr Ehem,cal | \- kve. ' amng acid.residue is
charact ef | 26d Sitn rt%g%t%%%te %g’s 3R T2 bren DB RG34 PeT USe0103055
_0g_ cheni cal | yndeaaidued sSialerectini inniali A \ddtanst ekerineal. group for
pendently linking the strategically nodified HBc to the hapten. Typically,
,. the chemically-reactiThe 4R Hdisd B eixfiace Prpteins hagsbgen cyst ei ne,
or histigine resj r C EP_q_xjy j resi s aspartic acid
or glut aérjnd c a@?g%p%%r%ecfearsgba[ ;alcr yméﬁe(\%}r}t glé(:ear olxoﬁséu%g%lpzil{%%ﬁ%'resi due, and
nmost pr ef er abinellpssivraix e dlapt eschanded 238 {4 chwsri @algey ,10 reacti ve
amno acid residue is_any conpound of interest for generating an inmune
response, and YePABHRE AN BB el thel iR Hiaiace METIt&idbl 4% the hapten is

a pol ypepti de e b p or._a .

non- pepti dal / on-sealg%)hgarlgga(alé) cﬂie% Sfa atlgp%%b%"éln?uﬁ @Oolﬁ%pegr%éiﬁ ment of the
i nvention, thendigdren iBhdspalhagenideltedhaptanctsdich as a B cel |

determ nant of a pathogen. In another enbodinment of a strategically

nodi fi ed2hepat¥eGHUB AR FRPEET HORBH RS eacithe (DR tREAES ircal | y nodifi ed
hepatitis B co ej Se Lmul atin 1 No .acid residue
sequence oper a%’?%%%ﬁgnk‘gédﬁ J(f)%f?htel%:%r%%é/u%e%%ynﬁﬁsé% tagfq}eo%ee%dti tis B core
am no aci d sequeditha el EBEbbYiok®l hcdpebhapsent enthiddepariciallest i mul ati ng
am no acid 25 residue sequence are pathogen-rel ated, nost preferably, both
are rel-ated t Y990 ToaeeBRAENHRAWRRRC1F n22 heandoseeenBAdrent of the

i nvention, the res se t el] _epitope is bo ed by also 30 providin
the T hel per (%Stjgcg}?s de?%?sr’rlg%gln?#gIﬁoéﬁfitﬁrggeﬁgﬁageﬂ%%ﬁ%nt o1l‘o t he °
i nventiomg suckawidyg.asell am¥ 9934@9%8ds i d0e - saqhhh&e 26020 RCTI US99I 03055

determinant is fromthe sane pathogen as the B cell determ nant hapten that
is pendently linked to the strategically nodified hepatitis B core protein
in e order to provide pathogen-specific T cell nmenmory in, 5 addition to
the hepatitis B core protein antigenspecific T cell nenory. A strategically
nodi fied hepatitis B core protein conjugate contains a hapten that is
pendently linked to a strategically nodified hepatitis B core 10 protein.
Looked at differently, a before-described strategically nodified hepatitis
B core protein can be considered to have three peptide-|inked donains, |

Il and 11l (nunbered consecutively fromthe amno term nus). Donain |
conprises a sequence that 15 corresponds to residues nunbered about 10 to

N e - 1 o, - ~ o, . - AN~ 1 ™ R I\ _ I~



20 Donein |. Domain |l corresponds to residues nunbered 50-t#80A4®@08f the "
am no aci veeydWdte of hepatitis B core protein of SEQ | D ROTAIS990A63 n | | |
conprises a sequence that is bonded to the carboxy term nal residue of
Domain I1. Domain Il corresponds to 254resi dues nunbered 100 to about 140
of the am no acid sequence of hepatitis B core protein, and preferably
corresponds to residues nunbered 100 to about 149 of that sequence. In an
embodi ment  ofcd e d NENAP N i Sifltss etk | g . qrodi fi ed
hepatitis B ccore r?r ot el nﬂée)lddcidti onal %c%%b%%%%alﬁf Isg\?[%(l?égl\x?uésé%rgDHBc WO
99/ 40934 5 PUHIUSED/H30srivis tyre ~au(Mahday stsrgiaptt de- bonded to the
carboxy term nal residue of Domain IIl to provide a fusion protein. Domain
IVis a T cell epitope HePRIRAY LT AYGL eReRPF BY MiePelting 1 &ore protein

particle of t ' [ ' e nbl tatitis B core protein
where a plur #%,%IQ}C/&?&? h%gs%%%%?scgléﬁgfgat e%?%%&yoﬁ%}dgl fied hepatitis B '

core pragein swibdeni Al Sep i espdadRe s SiRsPRFdd Clrer xagIlseich of a
m xture of strategically 10 nodified hepatitis B core protein subunits and
ot her hept at itke B1eRR el Bt Ri AOERbUBFREES 2ed on® ehipt ereddatralef cal | y

nodi fied hepatjiis_ B.cor ot el rticle conjugate is co i sed of
assenbl ed hepea TS g%f‘ép%%%ﬁeﬁﬁ?%é sﬁ%‘f’r%??%é%mle‘? el“é{mﬁ?][ﬁrgcii ty of the
subunits are shimiegi €al tNeNBEEELEE BEPARH LI EnEs COrE, B A BifksUbunits. In

this enbodi nent, a hapten is pendently |linked to a hepatitis B core protein
subuni t. PrefakabVgecineshdpteh3ralpat hBdeh; rel aSchbdels €0 abow&, a T cell

car boxy Lo m MEFOF acPRse’ ot CErat S el EBEEL o orr S heRe Ty NeP mepat 111 & B core
protein. Pr ef@r@@éyswat4Eabbpg@mehﬁae§,I4§,ebbs,deé@é fediodsrdel ated to

the sane 25 pat hogen as the pathogen-rel ated hapten. A strategically
modi fi ed hepatftwkig@hcare provepbarphedi beeetonpugetfexdntde i nventi on has

pendent|y-1inked hapte In a cantenpl at ed enbodi nent, of the particle
ot o naS ST Bre L U REOLAED g Pt SR (s O B PR o
nmodi fied hepati {isuB eQreeBEAb8LEA %EBH@EBStBaéhﬁgné’én\gﬁQt ly ~ AUG 20p2 WO

991 40934 PCT/ US99/ 03055 -12li nked haptens, and other hepatitis B core

pr ot ei nl§ubunitsunpgeoneibwbodi AanopeabbuvedylliokaedopelPpépoidehe
strategically nodified_hepatitis cqre protein subunits are pendently
linked to a hQﬁPEﬁ?'S Kpgg808ﬁfgﬁgﬁaa§5c?§ & ﬁgﬁtE&P_lﬁgn?%gate that is
made up of a ﬁb%&ﬁéﬁt?ﬁe?h&ﬁ&@ﬁ'E@'hépﬁ?@hﬁbeﬁ hepati hhe1Bocopsigrotein
subunits and ot her hepatitis B care protein subunits. A before-described
strategi cal | ypnodefinedhtOupbpahi aingnB ecrid pestidur sfidehehanmenhavn

i ncludes a pegtide i nsert ggntain%gg chenically-regctive agino acid
resi due. That °FfBEFt "REHTBE; Yhdf® &%t YFPELINTY Snbt "PEsEPF2BSLBparate B cel
antigenpg detgrptoant seguibhedgh sone B cel | inmmunogenicity of the insert

can 15 be exhibited nerely because of the placenment of the insert into the
HBc protein or particl eHepadmaam riuss arc leacaps idngronedoseasmbodi nents is a

T cell epitope. .Place t of aninsert into the HBc | oop region greatly
di mi shes the %B&rbwggeﬁ%&%dandgf@ &E}i éﬁilciaf’% _8f a?ﬁetgg_sawgi ng

mol ecul e. An Lpgcyhdmcohdtilke s'e'@%ﬁ%?fc'e%” ST $RMmaANnePA¥ALgENEC amount  of
the strategically nodified hepatitis B core protein conjugate of the

i nvention. Wiepnrehprperdant(Hpd)i,nletbtlyqst eryv,s a& plaskadberd2inr 8l. 8t ed

hapt en, _the inocul umcan be used as a vaccine - r to protect a mamal

treated?wi th PRESPRoERS UM BIA Odr FatBifeget> TRES Sid4dnd2Embodi ment  of

t he invention t ' | i alcb%q [ cQr [ onj ugate
is used as a \(/)ggg?ngl%?%@g%gl\hr&éﬁ%gm&reg%e tl ﬁ]%rlé%ieﬁgt %te gg%g%ﬁoger% from

whi ch the haptésoi &ngem ded.thebraetpr efeer ahlgy., SEe IDNoIOw:um-is. REPLACEMENT
SHEET ~ A U G 2002 WO 99/d0934 ~ PCT/US~yl D3Q-= - a Auc Q02 -1~ .
CurD=_S~' ~ CL S~rct<' - yTReRS argcreasgns fopselept bepedayiei§-n Dar 01C1_
CCr: j'.:ga. : N WDl JC L Q. SE__. 7 1V 1t G- ~':aS
SeVe= ~. .~Ar1ea§IC}%%~C§p§’nlg & vog'r?tle{lgesg.s %‘ &gte']r:_rblg%:e§§ef glpsjae%contenpl at es

modi f i ed oF~3C cpietieiy wsedhdn the preteisudtarndeedbbile ltimped While in the
aggregated formof HBc particles. An advantage of the invention is that the
nodi fi ed HBc pesesyRrdinspEayR affCecitafiapventarcdd @nd-diphgheria
_eac=_"~r~.t~ t:war_ derivatizat~cr, as conpared to use of the N =erm-zal

p; Il mar; - ame::e, for exanple. Another benefit cf a contenpl ated nod=fl ed
HBc croteir~ is that t:ze chemstrr cf derivatization



. . . - 8 AUG w2
off such s-de cha=ns iSWJ _-s~'..:u="C~, sC~... ghC=C~rT..iar ~ 8 r.~.
‘r/"~l .Gl VewoBwe@3«LCa.rle. T~l:Cthe. aC JaWaGe oL G CC. | CHET/USIUSH
fTICrC ~le~taC TrrC=n ZS t~"~c. _... cnncnCeS Cr:e | munol oai c rescorae

Ao the cor~ucate haute.”. wsth ~C wh' _chs4t is derivltized. Yet another
benefit of a contentlated nod~fie~d HBc proteinis that It is unllk'ly to
produce urdes~rable I nrnunologlc side effects 1:L humans. 25 Still fsrther
fL.7c' ' nef~ts angkadnar giagesdf, the diieetdxidvehli Bepappares_ t to th_
skilled worker fromthe discussion that follows. Brie. Descrletion of the

Crawi nas 30 | rtaxdwid iane exdromentg calpdre i ofregkashhepdidseidzuse Schene 1
illustrates a reallcti on sequence ., ' SYQUG Z%{ry WD 991 40934 PCT/ US991 03055
-14 5 for pend8HHSPIIRIIDP X IR FTY £% egr&ql PP Rodi fied hepatitis
B core protei {5 HBsPar il &4181 9 &b $UCeLRM Ayl gher

4- (N-mal ei m domet hyl ) cycl ohexane 1-carboxyl ate (sul pho- SI\/EC) . The sm HBc
particle $s depmmireshersi @i thox:Heayilmepddiripw pasxdacel antdgani ty of the
figure) a single pendent am no group. Detailed Description of the Invention

10 A. Defi niti OHRSARe BIFH CLBR i bdthR- MEk ek & &lnol S&JE8CENat is a nenber
of a famly of Y- é/_lfg@ p{@éée)i_ns s | ﬂéP‘HJ%OQJ QRyhi_ns) which can
specifically 15 conbine wih an anti gen. e word "antigen" has been used
hi storically tindeségiate @ entT tyelhadependmind nnngeant i matly, and al so
to designate the entity that induces the production of the antibody. Mre
current 20 usa@@C|iFieRetPle FRANMPRL o MAMPIRH ¢ PRATRLIEN T hound by an
ant i body, ,wher e ra. "] ny'_j t tity that induces
ant i bodyl%rodu%?rlﬁ?)érg| erlge é}%{??ﬁé %jrllfs%%tg%ggj%o rleei %vgqu&% i mrunogeni c
and anti geni c, péwé£feDCemh@néd t r@SpEhEdet o afotMUNDIEN Hip flacdid,i gen wi | |
typically be made according to its intended utility. The word "hapten" is
used to descrifemipl ebives Phat. at &ltapabte(bI8Bhi mHER i9a &F9 e
response (e. g, . produet fon of aplibody) . when 30 ghem cally. qoupl ed to a
protein carrier. e %or G- TRBFt entsed Toroanal 1T nonantd genic nol ecules in
the WO 99/-iB898kgRERnd~~: T18HEEIR: Qi AL 2P0Zctibmtes MU2RP2 t ~ _ |
~, ~~. ~1~rc¢c="J3", ~ca_~, bpi r.~ .., i,. ne_ _ _=st the
mc_ ~u~ that 1BBeoevécpefdetrong)Tqieqll responsest.n' HBgr 18  ~er prote-~. n,
eve N, if ~.t | g n r 2 "1i.5l.0e ermncnt”
re=ers t0 the %)%gg{:ﬁéflgg?’r g ﬁgg%e%ogﬁﬁoﬁrg?e #%dgéﬁgi%pé%%t IS

i mmunol ogi cal | presdfdihy aslasti bodg eenbhai nghstée by Higel | receptor. The
termis also used interchangeably with "epitope". The noun "conjugate" as
used herein rev@mynegenicityj ofCHBC, 1¢omplex’ agpeRnts J3FQ |, - ~r - ~eM. ~er- 1

Q- LL Loy 70 BACOUGN, nAMRoacLg. esl dug, e 0. fhal nac @

éérrier.' The m T COonserva € Su utron"~as’ used herein denotes that
one ammo2aci d heskgduashiae at@dnis_SuffaCientb~J v.TIC~'le~, b _C

: =C_:J s=".".lar =eS=dL:e . r.:: ;:'"Ilp~ eS C~ cOnSer Vat ~' de

Si.i~ ". S~ tut.~CnS The family hepadnaviridae is a family of
enveloped animal viruses with a core of DNA that
cause hepatitis B in humans. The hepadnaviridae are
not responsible for human hepatitis A (a single-

25 stranded RNA enterovirus), human hepatitis C
. (Flaviridae family of single stranded RNA virus), or

human hepatitis D (a closed circular negative-sense
RNA satellite virus, "delta virus", that requires
hepatitis B virus for replication). The

30 hepadnaviridae family includes hepatitis viruses of

other species, e.g. woodchuck, duck, ground squirrel,



i nclude tine subst_tut~~cr. of or.e by rcoheb~ c r s~ due sucr, ﬁﬁG 2002

i sol =ucine, va' ire, ie~~c~re cr ;netn~enir.e for another,
substi t: ~tygeLaozgne acl a= =esi due for 20 another such as h@ﬁ@@@msoss
argin~.".e and |lys~:~e, between glutam c and aspartic acids c~ between

gl utam ne and asparagine ar.d the |like__.The term "conservative
substitu~ion" also includes t;”e use o~ a substituted am no acid ~n pl ace
of an unsubstituted parent ami no 25 acid provided that antibodies raised to

such a pol ypeptide al so jnmungreact with the correspond= ng EOl vpepti de
hav~, ng the URBADISFPBL et aRtin: PR terhléu‘f‘%’f*n?néo?%’ééﬁbn%Pa #tiBs various

30 grammatical f scPsed tiny el alsop n ans the
pepti de sequenceolgg%%rl ed pl 'l(JS f. ~ AU ecalt:g%H%P{\:/\%g E%gggﬁgcﬁ‘ S99/ 03055
-16 or minus fiamibythepedaavioidsed uekedseshat desthesion heth of the

am no- and carboxy-term ni and cont ai ning only conservative substitutions-*
| n particul ar T&RFEBLIRLI BOr @sFREESLAF oPgRTREEpOl ypept i de sequence 5

" Epi tope5 refers to thaﬁpﬁgﬁ{:?@ 8f gjfgoélegg ?ntﬁl%%o' ggg{)gg i cally bound

by a T céll antigen recéptor or an conbi ni ng Epi t ope" and °
"determ nant” aaé@mlﬁ@dlhﬂbeéﬁélﬁllgea@éyegé@eﬁsﬁﬁohﬁr 8sNhepBeiteens" f usi on
protein” 10 designates at |east two amino acid residue sequences not
normal | y foundokenkedtesgephstithefatiPe pperacieely | F@kedxamgéeher

d-t d (head-t bond b th t
tegrm (r)IaIenam(n aﬁ‘éflg SSP% ggc%geg’ﬁ% hrggﬁom% %%tg’lnt(flg‘? ;gsgggdl \bgre

refers in itsgbrpadest ceshexy te any, "Raber<0f 388eshamiyl y1B8@padnaviri dae,
a famly of envel oped DNAcont ai ni ng ani mal viruses that can cause hepatitis

B in hudén. 20eFheiphkr sbe SHBuctuseuscédhbhmen HBfepsritdclesekit $tinul ating

tei havi ' ' id t nat ds t '
e d rosi duc COGRLRER BRCBUBELBY" AE RBBAFIErESELoPPLETYARE) P Bocapel O

protein gene. mﬁer%eaahary wekkcBarkaewa 1nat wadhle 0GR .fglg pr Ot ei n
encoded by the human HBV nucl eocapsid gene’is the “core” protein, subtype
ayw, having tHé 7ol ogesalibeqtibrcps lybeSEQAEDINGS: £branthe? huGain bert, et

al., Nature 281:646 (1979). H eAng,trlgt ei n t he recursor to HBc, 30

i ncl udes the SEGUERBEMGESy hE8PReB Nc GPEY &IPS T4BG  cor e
sequence st t@ehemenqotrerc%naﬁmov@c%%/ %%%éueyatffwﬁ% Y QALHECTI US99/ 03055
t hereof, as shown in SEQ ID : 8 and 9 in the case of a ground squirrel
hepat i tis B nlhrelle@@apﬁedlgaen?peanﬂiheheo:re lpmitieion loegueree dregifiegmat  am no

acid p03|t|on 31 t her-ei t.hus corresponding to am no acid -- 5 residue
nunber 1 of SES Q’ﬁﬁ b Ad ﬂ'}e SEGEERES ﬁ&ropotfﬁé’im FECRY &S i8YSS € %r ot ei ns

are known in ttlg,e 3 tof IF_ang:auil1 atdild & BoWd Ys-tQi¢ protein subtype adr is
provided in SEQ I D NGs: 4, and subtypé adw is provided in SEQ ID NGs:
Sand 6. Ono et al., NucT;lSln:g) SAmth@tRe!spepltlliyﬁ AP @®noSeguerices are al so

provi ded for woodchuck hep tls Bcore ro n at SE IDNO 7 Schodel et
al ., AdVOVird® “di’&éic réwuﬁ@ NCs: B and

9, heron at SEQURNG: Ia@oqn;d a%noaracel@%sqtd&,@dwé ws IGZ and 1. For
clarity, the amno acid nunbering systemshown in SEQ ID NGs:|1 and 2 with
respect to hurdluJwepatatt issl .B ¢br enprotadl .n SWddt ART AR E G (HRB)as a

benchmar k here| n. Clher HBc uences can be aligned with that sequence

usi ng standar "b?di“d‘{j'} ngq TSRy RRRS pgiff‘??befﬁﬁap%’fﬁ)e rBf ocols to
determ ne the seﬁﬂ%%j B core
protein sequencgfeﬂ%‘o @&fg%ﬂ@%ﬁﬁé&;g&%dﬁ%&c ode 12 éé]esé];ﬁ% {/jlorgal

Oncol . 8293- 102 (14089) .sa2X d1fd regf exlenck. i &ixmble 3 ”Beepo{}ym)tl de portion of
any of the above descri bed nat ur alngy OCCUI’I’I n HBV nuc] eocgém d gene
encoded proteins, that ret thRRa 5 f or

exanpl e, that | o4Sitqi [ [ f protein is
referred to orﬁ%% éé% Sl%ltllntlg%esa%%négﬁiréng%@ cb%%]&fl cu gﬁ%%%ﬁ%ln of the
sequence, - Fordigr? 6ga opd® 9Piel (AXh RCTY A EkSAUH ArbundSodsndiyt | ndi cat i on
of the included ami no acid residue positions. The term"immunoreact” in its
various forns lf\%fwlsr%’ef&ﬁ% }Eﬁchdlrig DBTRPS fF ahkigen as a ligand 5 and a
nmol ecul e,gontain n |te uc Fab portion of a
whol e an??body} J']‘?119‘7 S%Y oper F;\idel {/f%éked ﬁés%%%d Herein means t hat

t he |i nkage does not |nterfere with the ability of either of the Iinked
groups to 10 function as described; e.g., to function as a T ar B cell
determ nant. The phrase "pendently |linked" refers to a single |inkage,
either direct or via a bridge, froma HBc protein to another nol ecul e at

ot her than the 15 am no or carboxy termni. The phrase is used herein to
descri be the |inkage between a hapten and a chem cally-reactive am no acid
5| de chal n of a strategl cal |y rmdl fi ed hepat| tis B core protein.



20 coval ently bonded aggregate of protein subunits. Typically in &M,
invention, the protein subunit is a strategically nodified hepatitis B‘ugore
pratei n non8YRM40%Y described in nore detail hereinafter, thtfsEUPYOMSS
protein nononers usually self-assenble 25 into spherical "core particles”
havi ng either 90 or 120 core protein dinméts (a total of 180 or 240 core .
protein subunits). A spherical core particle is an exanple of a

macr onol ecul ar assenbly. °~ The phrase "pat hogen-rel ated"” as used 30 herein
desi gnates a Bpgekkiae Togal barmiuhegeant babkiasyoapabkadotukadyct g t he
production of anti bodies - 8 AUG Z002 WD 99140934 PCT/ US99/ 03055 - 19t hat

i nunor eact wi EFPECEELRBgENSERMFat i ¥8-form , Exenpl ary pathogen-rel ated B
cell and T cell immunoge are.ibl.lLustra ereinaf.ter. Th A

"pol ypeptide" and "pepti Qé‘e glglﬁge%ioi n_%%r %hg’%ﬁg%ﬁ yatsh?rgogﬁﬁgﬁfg%t he
specification ¢ depeddahela-hinRad sabtes depeadsn@pasl defeghdues
connected one to the other by peptide bonds between the al pha-am no and
carboxy groups fertadisatbat haiveo beendsturdlegpeptidesspgatb&oviBret y of

I hs, 10 ei N hei |._(unchar.ged), f or in f whi ch
ol bs, hnd oi t ROERFBA LT RBACAMEaETONE SG0R S5 FERLTPal PO BFde Chai n

oxi dation, or pRaspRorxhat 2aRa0% ie0RAWNI(HY ,t Rask AME figat i@ps. ahy is well
understood in the art that amno acid 15 resi due sequences contain acidic
and basi ¢ groupeducedd cyisae inke residuesl AC)i,omrratiiden fsinat-e cemhi bi t ed by
the peptide is dependent on the pH of the surrouynding nedi um when the
proteinis in %P@Plsoﬁ?‘a('ir Cﬁﬁa?eof'lsfeﬁéhrré ruﬂ%’\ﬂ% e iYPe‘ReE%%SSt ai ned if
the proteigy 20 is in sol idf M, AlSQ 'Bn@&i%egf&éibﬁ Lef il pasare
proteins nodified by additional substituents attached to the amno acid

si de chains, su@veamlglohessylaliyi-treadtiipiedsamioro iawirdyanide ichirinsuch as
phosphat es, asé_‘\lgell as nodifications relating to 25 chem cal conversi ons of
the chains, sudfCadaSivEaSeGiedCesul ONE N IdHRE PIIRRTY S84 Fept i de” or
1 equival ent Jiefill | Srid@Ned Lhlddf lukitn iR AL ALARNO ac d

resi due sequence réferenced, subject to those of the foregding

nmodi ficati ons wesdkiude dKSnendé&sta)qy alichd wicth diwaly toystipepti de or

pol ypeptide used as, a hapten typically contains fewer ,- 8 AUG 2002 WO

991 40934 FTT/ USFFIERE55 (Bnd&f 270 G h@nutitd §3¥si didersaifdsore typical ly
contains a |inear,&hal o AlAule 3di% WI{F 40 @n o acig res dugs, and
more preferably about 10 t0 about 25 T &8 dues. Elﬁm?'s Lﬁot%d %?ét %2'
contenpl at ed 5 7ol yIaptarde Ehaj®,ern4cart e 43pnge, tdwn 70, riasi duas,, but such
a polypeptide is shorter than the naturally occurring protein that shares
its sequence. T wir® ) @6t &P FERYVat e B ypept i de havi ng about 70
or nore amno acid resid A nat ur rd tity. The
words "secrete" and "pro ucee:' ar'e t(%)}étaerglaoculg;egd i%ﬁ%%ﬁ%%&fea%%tﬁ%l%? art as
to cells 20 om wixeh ardtdiodpamd ieclid ekreay enatbteathngsh t Gadgdreedizddlepr oduce

anti bodi es may, however, not secrete those 15 nolecules_into their
envi ronnment . HETREM Cahe St POy i &dif e 3 et P FIPidre 1Bbt ai ned

from the bl ood id Gaup (WU Ale U | oy . dhebess. oy hodigs are
generally referred to as being "produced” 1 n keeping wth t'he phrase
utilized in thekihardcid\ldidemiatmiati th reegprhtesin désmperddedagmt eilre are in
the natural or L-configuration. In keeping with standard pol ypeptide
nomencl ature, fREWDICE GG agesETle ()] | arbblevi ati ons for

amno 25 ggid r 'qlqgﬁ j wi ng Tabl e of
Cor respondgnce, able a{te %%m&bé ;t%(;g ~ PCTI US99/ 03055 Tabl e
1. TABLE OF CORRESPONDENCESYMBOdisdudsdd eip-det 4 21 A NO A DT yrie t yr osi ne-

G4d ygl yci neFPhelL- phenyl al ani neMvet L- et hi oni neAAl aL- al ani neSSer L-serinellle
L-i sol euci neLLERAS | QWi BREFTHERURG it neVw/ap1ohbet nePrRko - praft HelysL- | ysi

neHH sL- hi sti di - gl ' - ' ' X = '

aci dor L-gl utam %ﬁ%brﬁ%% a%%L%#%I?%} %%%Xég%%s}lﬁ%g%?%&@ B

aci dNAsnL- asparmgt NefdAsod i spedt e n acal b - 6ePRE8@e NBLyBde ey Shgiaie 5 B.
Strategically Mdified Hepatitis B Core Protein - The present invention
cont enpl at®s a ShewieR) st FSAGHHTS | FHL M pRehAvS Eddaehadh el it HBeg pxotein
that has an in ed _chem c ctiye 1 00 _aci d,resi .for pendently
linking with hzﬁéer%ra%e%c%%%er%%$ype%t?%g‘]:ép%% c%g% oﬁ?%?g%ée(g. The )
strategic nodification of the invention is the ~ap~G- .. _ WD 99140934
PCT/ US99/ 03055 -22insertion of 1 to about 40 am no acid residues including
a chemcally-reactive amno acid residue into the hepatitis B core protein
sequence in the region corresponding to am no acid residues 50 to 100 5 of
the HBc sequence of SEQ ID NO:2. Such an -_ introduced chem cally-reactive
am no acid residue has a side-chain that provides a functional group for

T T e T e



. . . : 002
have to be such a 90 or 120 dimer. Hybrid core protein t mﬁﬁg
am no acid residues inserted in the regi on near am no Bﬁtﬁd‘&g 8 égﬁg
reported tovwas®entdie into regular 30 shells, even with inserl’t@/w‘hlﬂaﬁgms
46 anino acids in length. Al. Brawn et al., Vaccine, 9:595-601 - 8gA
2002 WD 99/ 40934 PCT/ US99/ 03055 -23(1991)3-F. Schodel et al., J. Virol.,
66: 106- 114 (1992) . The hepadnaviri dae core protein sequence used as a
benchmark sequence herein is that of the 5 human hepatitis B core protein,
subtype ayw, shewndnm/SEQsl BNGS droard 2. e ssulit ypes petsthe hunman
hepatitis B virus are known. SEQ ID Nos: 3 and 4 are human HBc, subtype
adr, and SEQ | DINEES an @6 e HE: R pe -adiv 2 e CS€qerces "éf Yvar i ous
ani mal 10 hepatitij.s. € : ej ns. Al ublj sh The bi ol ogi cal
sequence of duc‘l(hﬁéﬁ‘aﬁ%lgf%lréeg%%{ gsﬁn “L?és?c %?%‘dlo”s% ﬁ"e‘r“gll n as SEQ I D NO:12.
and 13; a porticoemicdine, grouh stasddred, hepatdt4.s quicleocapsisd gene is at
SEQ ID NO: 8 and 9; woodchuck hepatitis core is at SEQ 15 I D NO: 7 and heron
hepatitis Tore IMMSERIID NG | @ dntbsiel. L Exesplranfe®ddi-mal hepatitis B core
proteins are aligned with human hepatitis, B core protei F. Schodel et
al., Adv. Viral Oncol ogy 873 'b?g‘(‘?b%é)&%opﬁt%’trfsatﬁct% fication of
the Core Proteidsidihdreseiticd dViedhd &N o ates-a sliratedeal |y
nodi fied hepatitis B core protein conjugate that conprises a hapten that is
pendent |y |inkedisenssed rin egieadlschosife edhaepbelidws B core 25 protein
(HBc). The strategically nodified hepatitis B core protein itself conprises
an am no acid sequence corresponding to the hepatitis B core protein am no
about 10 to about 30 140 of that sequence. That HBc ami no acid residue
sequence additional |y confagnerageekogenensianm nvlaces gtAUG 2002 WO

991 40934 PCT/ US99/ 03035 _ - 24, acigl ggi.dge igger; Ln_the r_e%inn correspondi ng
to amino acid rest dues-nanbér 8 ADOGT BOCT6ABOUT TODTf {ORT t HeF HEC AN no

term nus, wheregRathesexogrRBQUEoI BSEEhdkht h8piehOrBBOUEL40 amino acid
residues in 5 length, and (ii) contains a chemcally-reactive amno -. acid
resi due. The hapren:falpendeackyvei aARedot ectkherssrdtiegivaktyedoiRifed HBc
protein by:meanghgf ~a_chem cal ly-reacti \L@w%rl"ﬂq_%%i d_residue present in the
insert. 1071t iS“préf&rrad "that resi'dusS I =throagh T0~6f~SED ID NO: 2 be
present in the gsbeategkeabhycrodisti ed HBC :pet-ei murBkeeHl 82 k=i g=further
preferred when any residue is absent or deleted fromposition 1 to 10 that
t hose resi dues B&cHEEBt ed™i AOT5SEEaRERCe @F¢thats Lhéor éralAi A§ resi dues be
present in sequence. ;hqg, viafﬁ,%ufei:ve _residue deletiqn.were cant enpl at ed,

e Sl
= - A

the del eted residaes wodlrd bé nunberéed I-5, " 1'edving resrdues 6t hr ough t he

ng
desired HBc . cawhawyateEnirags dueesant 1 gpidih t hed neertuded0alt is simlarly
preferred that residues nunbered about position 140 through 149 of SEQ ID
NO: 2 be pRésent CHETa CStrat-EFCA TR oA & B gvist& -n nol ecul e. As not ed
el sewhere herein, the regiQn aof tBg r}_Lén%e,roeVdideSAO t:tohr qggr}etah%rcar boxy 25
term nus contains a plurality of argi'ni e 1e€sidues. jose “resi dues bind
nucl ei ¢ aci ds orcpttesidceatiingn wof diBnpardic!ess afdey Spess e, and the
sequence containing those residues is preferably omtted froma

strategical | y ms@otited MBE fprdteiifaffl el & PEBPIRSYThESHEESR th t he

resi dues of positions .1t o 1 X t . I esjdues between
about - 8 ALGTIOR \ié %ﬁ%ﬁ&/ USeE 8%%‘15%‘-’;% p%gﬁ“orﬁg"mo and 149 be
present ared cor riespandidiglooabsendndd) o segiend bad 1 T rercorBhus,onsher e t he
carboxy termnal residue corresponds to the residue of position 146, the
resi dues of posi¥THHLINEAE 130D eI D PF cdRPET AP INAERTDf 147-149 are
absent. Mbst pr abl.y, .ont.enpl d segue j t. shown in SEQ
ID NO:2 from pogetegl%ﬁl'l 7tfrr’g"ug poé?ét?bnrtgﬁﬁ, b’%’rDésllg%’#er\;séegétjleln”céeb of "t he
insert. The insefdzsican de gdacedamiidiacide7 HBeo 19os5eguUENCENd Mddhe regi on
of positions nunbered about 50 through about 100, as already noted.
Preferably, the B¥R&%27% Rest¥m P Pthe 7Rgren2@br? edpbRddthg to amino acid
resi dues nygbered about 70s(0, apoul.90.odbLe Breferaply. Lhe. lpsers is
present in the region 15 correspond:llng to am no acrd residues nunbered 76
to 82. Most prefanahd yacidieresséusd is theatedernzbleineghan cornrespandi ng
to residues nunbered 78 through 80. A strategically nodified hepatitis B
core 20 protein of the invention has from1l to about 40 am no acid residues
inserted. Preferably, the insert is 1 to 10 amno acid residues in |ength.
The insert contains a chemcally-reactive amno acid residue. The insertion
of nore than one chem cally-reactive 25 amno acid residue is also
contenplated. . It is contenplated that restriction endonucl ease sites be
provided in the gene construct for the strategically nodified hepatitis B

. o ' N N 1 o " ——yr e ~N oL 1



WO, 991 40934 PCTI US99/ 03055 -26 some bearing on the choi ce of geaglodzZ| ease.
Several restriction endonucl eases are conmmercially avail abl e ;e. . from
Pronmega CorWO9M9a# son, Wsconsin) and their recognition si PETASHIBAYes and
cl eavage sites 5 well known in the art. Exanple 1 describes such a
construct for a strategically nodified h8patitis B core protein. In one
preferred enbodinent, the insert is a single residue that is added as the
chemcally 10 reactive residue. In other preferred enbodi nents, the use of
restriction ermhemasadnig {trtesiat iner cgivd | ahm ise qusc g avaigeas aabout three to
about five residues to be inserted, |jncluding the desired chemcally
reactive resi FiE™MERIASEFRFOT RRTAH Y o BHERT419- react i ve ami no aci d

residue is in i t tdvg hepatidi ro t position
car.r espondi ngsﬁéagt%déﬁér?ol%g? rfelsele(%jue po%c? t%%%%@boh@%l&%ébout 100.
The preferred vtegidrenifcd Isertd ot ivd aihde heehepaddidise Bcare protein is
in the i munodom nant | oop region (about_am no acid residue 70 to about
90), nor e pr ef SfEBISy IGYIIRLID0PT i T AHRR X HVH AL tFEIRHat i ve
hepatitis B cq Qf.el i L0 b ] no, acid. 78 it qut 82.
Most 25 pref er%q'f%lq’%%eé] |lﬂés)§eir':§d€|92$ %f}gg!e% %%ga}]g{s%%uae%dnuo%egle%% o 80 of
SEQ I D NO: 2. .adAd ussebherahly ikgdlind 5 Satghbharl tdsnddserdgis "at a
position” it is neant that the amino term nus of the insert is peptide
bonded to the BBidubognd ereshupreferaly otyeb®ondi ng ani no acid residue
of the hepatitis 8 core Jprot.ein sequence - Auc, 72002 991 40934

PCT/ US99/ 03055 - 27havi ngio‘i%a‘i‘aél?ﬁ‘ho %%ﬁ?%dr%%i%b% T2l YA ot her wor ds,
the insefy | Mmesiadsly {Rlhovscideréeshdde; atagPatompaied position.
Insertion can be effected by generally _- 5 utilized nethods in the art.
Geneti ¢ mani pulBEerPst bjon PORePAGEAS N hbmire | T¢spene edand Exanpl es 1
and 5. In addition i gonucl ide-nediated site directed t agenesi s as
di scussed in JF%E&E&%%& %?gafsfimg %%¥%}n??5hin%¥§ %rgg%%fagﬁ%y manual , 2d
ed., 10 Col d Spipten Hos borpbiPespt 0dy Rageén, 18- Sdrbénydd889) can be used
to add one codon by hybridi zing a desired DNA sequence with a tenplate that
adds a codon fhaptsémgler rasnouepepolfahédopysacthanpdah (dleemieml hi ng

nucl ei ¢ §§id sequence. wson et. al.. Scieﬁce 15, 266: 776-779 %1994),
describeld nmetWORETE: | i HRi A5C poFPPeprelE ChaFRE SEVERRF P pepifde backbone,
so that a fusigioconl dsbe puthbgup-ob1peski HapteAIMBALS. adhg B cell

chem cal l y-reactive am no acid residue can be at any position within the
insert. 20 Prefetabhinanhecthanpabhbgeneacti ve amino acid residue is in a
position that correspondf to ﬁgbno acid nesiguefnunbered 70 t? 90 of the
native (wild type) core, 1Bn@ RoeET pPBPRPABFYCaPtr 8sFERATHISFRIDR 78 to 82.
For exanple, wWhedifidQ BREbALiaeEdRr 86kdUBrdBekANBoh)Sghtel SthasErted at a
position corresponding to native core protein residue 73, then the

cheni cal RY-r eagtrgeeahtadlicinddidsrdubepstptabePabbye- pactpdsi 8160 5 to 9
of the insert. Wen ﬁ 30 fnigo aﬁig.residue Iongdinsert IS inserted a
position 30 coffBsPondrfigTt 5-AREFO&REr 8W3PS: 8FAcr EEFGHESs8STPRRAS - $ AU
G 2002 VID 991 4693da e FETLUSOARAANGE R caxbidgycBEhealLYokeaaLi ve amino
acid residue is preferably at position 22 to 24 of the insert. An

i ntroduced chehepatliyiseBctipve amino acid sesivéngehasPaefbeabtul|y-reactive
side chain 5 that, provigdes_a functiona roup far derivitizing the
strategically EBHPngE EtFP.é?%CS%Fuéa Fﬁg SCAApe 8k g FﬁénﬁanF?ed HBc) .
Useful sbde chaibp;fyackbglahcar aHRs phRelbydde -eR3kbken,, aghae groups, beta-or
gammacar boxyl groups, thiol (-SH) groups and aromatic 10 rings (e. g.

t yr osi ne and hpseifdrab)y, Thetbhemecakelytedadio U ram) ngchacisdmeesi due i s
typically a lysine, cysteine, or histidine residue or a carboxyl containing
resi due such aB258B9Ft c acid or glutanic acid. Lysine is a particularly
preferred chemcally 15 rgaghkVar@¥cn@mdRid nedi G chkl jhyepetied that the
am no aci d residue sequence of the hepatitis B core protein encoded by and
shown in SEQ | BhECsekpande? tor @sBeckildelepi thge tiwo boossedubyvalesmdogenous

car boxyl -.cont ai ni ng 20 resi dues, .existin | ut am c lu, E) and aspartic
(asp, D) &ci dsPTa¥paset F _sT7%e&ﬁ&r7é.Tnﬂogs§irgefﬁé%b%%m thveht? on
contenpl ates t e lratt-aAUCkYE el Jdde AR AHDIdH, 0% ch %X%gegé?i‘f

chem cal l y-reactive am no a0|& resi due. European Patent No. 385610 25
reports that unsatisfactory results were achieved in attenpts to chemcally
coupl e pol ypeptide haptens to HBc particles. It is noted that those

coupling attenpts were directed toward am no groups and not carboxyl groups
of the amno acid side chains. 30 In addition of the use of an individual



chem cally-reactive am no acid residue in the insert 8 AUG 2002 WO

99/ 40934 PCT/ US99/ 03055 -29such as aspartic acid or |ysine, syBg& Eﬁﬁ“ |y
any sequence of the desired length that contains a chem cally-reactrve t
am no aci dyoesyigse can be used. Exenplary inserts of great ecrijsednozdssi ngle
residue _. 5 include the B cell HRV-2 VP2 epitope discussed in B.E. C arke
et al. Vaccines 91:313-318 (1991), the{4BsAg Pre-S(1)27-53 sequence

di scussed in F. Schodel et al. J. Virol. 66(1):106-114 (1992) and the HBsAg
Pre-S(2)133-143 sequence discussed in F. Schodel et 10 al. Vacci nes

90: 193-198 ( 0 pr Qpkiate C epi i scussed, her.ei nafter as a
hapt en can aljdze%%rém@gaergga{sga#%s%r?.gﬁ%n%%%&gg%%qﬁjse#&esdsl AciUde t hose of
SEQ I D NGs: Z&teddnident Haptdn @i8at 40s H@éh@é&@tﬁﬁ-lﬂrﬁcéd -tf\ddid i onal

Modi fication of the Core Protein It is also contenplated that a hepatitis B
core protein strattegically meodified hepafedtis bR dcehoverdtesiotiter

nodi fications. The cont enpl. (gt ed 20 nodifi cat%ons of%ﬂ:e strat e.gg cally

modi fied cor €Tt Ut PHRVAEE PR Bt Re PRSet 1€ conter hi ™ he T '
chem ca!ﬁy-re@&aiﬁ/foﬁrrwotﬁélHegss«@i@iy@,gtéma;%f%ﬂﬁ Am%ﬂm termnus, _,
truncation of the carboxy term nus, fusion at the carboxy term nus, pendent
25 linking tospéeitaebBxgelérmematyregi on. The insert containing the
chemcally reactive ampo acid resiﬂfe to w@iqg t he hagten i s conjugated
can have a use in additoRCFBERPOGRUT AGPRE tRENFRAF I IR R 5% ami no aci d
residue. It i n i Qs nyal i
chenicalIyreé%¥§€%£§n$ﬁg?g§%ggrggﬁgﬁgﬂ?sgaﬁééggﬁlEéﬁ?ﬁ%ﬁté%?%fnt%y:~ AUG
2002 WD 991 40D3dked0t £CA/ HS98L 680551 hyri mod Afi €d Skepetnieis Sucdore T cel
stinmulating am no acid sequence is preferably a T cell epitope fromthe
same sotifce aRYPHeiB- cefFrokift 8pedt AEETGRFLY be? t RRieEh dRBEEEPeMt i gen, e.g.
poth from Mycobact et Ul Byt B evbashspaEXEND! A1 o £ LopEs; Al i scussed . .
hereinafter. An Insert coxtalnlng a chem ca y-reactive amno acid residue
can al so be chesesnihderder tbohavaf enhraddpepopaé - leskeabdenpimperti es, such
as 10 stability-enhancing or solubility-enhancing properties. A

strat egi cal | yI no8ifaed ﬁgﬁaﬂPPW?eBeéoF@nBFSPEFHeg&nfﬁﬁmcF@#ﬁ%%Hm% nodi fi ed
by net hods we in t. suc Lq are 15 di scl osed
in Roger L. Lt%ﬁ%?gﬁe)TecE%ﬁgéésliEggﬁg?ggﬁ %bg?éﬁgg?%ogngRC Press (Ann
Arbor, Wbchi gaarré8péhdsSuohrebensueal numbdekredabtbons aocecsvse ¢H enhance or
di m ni sh properties, for exanple) a |ysine am no group can be bl ocked to
change the i sbBEeRPiNe B6iAt S2QuSRCEhRIphEPREAT1EaBSsFRYSI Pro®eSRpar at e
differently opracgRr graphi.g | g ' LS al so

cont enpl at ed ?ﬁa%ﬁﬁhgggggb§Xyg?grh?%5§§%P§Pth%%§%BBP§%e#% sequence be
truncated, preésidabky dowbetredahotd aoi bd akbd BegudtieeposDbm@®IN25 140. The
arginine-rich_sequence present beginning at residue 150 of SEQ I D NO: 2

bi nds to nucl éfclficP@sdgald teakhsi FEEPCKNe tELFLPREaEPEAdBAIORandl i ng of the
expr ess cor ein. Q| : rgi.nine- S begin
at posi?ﬁon 1@885££38'prg£g§5g%15t?gfésf§§ﬁF% %Sd#??ééh%%cﬁ%%g%ggﬁ has a
car boxy tern pal tyahione ofVHeesinduwe atidesieduent49of hepdtAKsl U WO

99/ 40934 PCT/ US99/ 03055 -31 iii. Making_Strategically-Mdified Core Protein
The strategiccﬁﬁﬂiPF@&ﬁ¥&1Qﬁ:SﬁﬁbIPeHQE?tisDBmééPeléﬁoF@WHrF§e§yBicalIy
made by known e indg r | eve xanpl e by

i nserting thesgéggﬁgzcgpggsgghggﬁge?o%?hg%%ngggbgg'dgef§9%g§inserted. The
engi neered gemesigukhed ©ME3Sad.i NDamARY gTiTEROrIESPOMAkNEYN in the art,
for exanple in a viral culture in infected imortalized cells. ZO Methods
for proddci ngrRBéAGSSr uElerech 1§énsralaband 14€ pfetber amiper aciafd HBeAg

i icul ar, .l .K [ h t. Th d di
apted Lot hEePBISE B GRS o) ol ccre B bt A p RREFEr 88 81 the

invention. | ncheragdidnadn cdBeAd g HBeAR rean 100 REOodwesd Byosacyariety of
wel | known reconbi nant DNA techni ques. See, for exanple, U S. Pat. No.

4, 356, 270 to khakusggquence.

In an embodiment of the invention discussed

- F

30 before, a strategically modified hepatitis B core

protein additionally has a Domain IV exogenous to HBC



and 4,563,423 to Murray et al., respectively. Those reconbi nant DNA
techni ques can be easily adapted to 20 produce nodified core particles of
t he i nventi wo99Mags4nodi fi ed core proteins can be conjugat ed PETIUSIERISEN
before or after particle formation, preferably after core particle
formation and purification. 25 C. Mdified- Hepatitis B Core HF gtAliG 2
Con~u_crate Any hapten agai nst which anti body production is desired can be
linked to a strategically nodified hepatitis B core protein to form an
| munogeni ¢ st 'i:ﬁraﬁg'i%agE}St‘IEQLBbﬁQeBGQQt £hé ScRPoBFOE&rRIQL LI N conj ugate of
this invention. The hapten of interest typically is a B cell determ nant.

8 AUG 2002 Wpe29£4@934 POTAWS9II03665pruvide a £832idhephapeéen. can be a
pol ypeptide, a carboh%drate (saccharide), or a non-pol ypepti de,
nan- car bohydr aPe™@#8niidalSsach 5812, 8PYFAPEr obenzene. Met hods for
operatively l|inking indiwi | ] S . @ PR O ) - y i de
t hrough an am no acid reéi%Egag?ggggggPnm%gl?hg&p%§ g?%£%$0%0P§%%ptide to
form a persdent lppdtieike@artiienegeti eheothugat eéoneig. madebsanched- chai n
pol ypeptide polymer, are well known in the art. Those nethods include
| i nki ng 10 t hr g§gempdedohepbréityFed 6PTRUREPFBREI WHEBEP3 BAUYAEIBYS side
chains and result .in th rri pr L Lypepti bagkbon i ng
pendent |y i nké -5@?&F@%F%§tﬁin&gds?%%hgpgg?X?3 Pﬁ§§ﬁ5% eﬁggggggéﬁarated by
at |east one siglediRaigrottinVeiihes tkQr hiBki Bgneamplatefr 05€hns to haptens
usi ng each of the above functional groups are described in Erlanger, Mthod
of Enzynol ogy, PAXtEZ Yol ggUPrisaecamdas, méKtare ofcghdatggirahliviol ., Vol . 8,

Suppl . 7,,.7-23 (1978) and U.S. .Pat. No. 4,493.795 t0 20 Nestor et _al. In
200t on 1% o1 FETHTIeA Hreasasieg FoRe FERLSAE QULOPTBBASTH REANEIT e
al ., Biotech., ndpt383t394 (L85 proaribe sudihied. out so that the biol ogica
activity of the polypeptides is not substantially dimnished. 25
Furthernore, as is well Rnhcwntenolasesy strasenichelBoadifietdei n and a
pol ypepti de hag%;n can . e used i@ t.hei r _native fonn1o% their functional
group content cEPRHEIbd RBF BY LGS RFFaLFoR SPPPYSPRE F8si dues or
reaction wth g8t HYMIIQRE nePatulfiy @ ¥brar p¥Btean al so be
incorporated into either carrier protein or conjugate WO 99/ 40934 -33 ~
Auc PCT /108055 shybursidet ivirexsf aamlvgraflintot ioddnsbai skbRniifrisnetrki ol ane or t he
N- hydr oxysucci nim de est er. of 3-.(3diihi opyr.i dyl ) propi onate. .The HBc protein
or hapten can alsd& %f%iﬁﬁfﬂ%ﬁféi?#lﬂﬁﬁ%é&F&FeEaC?ﬁ?c@FOEFﬁP such as
hexamet hyl ene diafife:Hr otharhil feriddiaeal ,mal eapies ok pemdeat 19 ze, to
facilitate the pendent |inking. Polypep tide hapten. Methods for coval ent
bondi ng of a polipegst ie himmatidfie & acneprorainedubondtd are wel | known
by workers skilled in . the i ol qgi cal arts. For example, following U S
Pat ent No. 4, 81%?%%’?a%yﬂalt£re?ﬁ dacpoo%r{lzolysi B (:(I)rgoe)fyﬁ?)éatr%dﬁﬁe ASst er (ICN

Bi ochemi cads, |d¥ove Ora StICEd 1U M8 thyrhu 1l nfiin® GRf Mdskiey@ ohexane-1 15
carboxylate (SMCC, Pierce) is reacted with a strategically nodified
hepatitis B corsequenes rcan Yo rpepii dctharstest toarttieecarfioaty acti vat ed
carrier is then reacted with.a polypeptide that either contains a termna
cysteine or to 9ﬁﬁTﬁP%;1¥ﬁEﬁQW?Nﬁ# éhéﬁﬁ?%ﬁ?Qﬁe(ﬁﬂﬁﬁ%ﬁ?ﬁﬂ§i93uﬂo cyst ei ne
residue has beefeggided; 4 g fir g ent | pr-dxanded stdiptre gtadgedodi fied
hepatitis B core protein conjugate. As an alternative exanple, the am no
group of a pol ypeprierk haprlh detepeidantstis emctastedyitich tessmieni mi dyl 3- (2
25 pyridylthio)propi onate (SPDP,_ PRharmaci and that thiol-containing
pol ypept i %% cang%gﬁ?%%%t%%l ‘%‘ef rP?%O%ecrfﬁ/%%derchgg?arﬁ after reduction. Of
caurse, the sul fur-contaigifr-APepiyaBnF HQUPE £ Do Lo AL H b, M chael
acceptor can be reversed. These reactions 30 are described in the
supplier's |itepabueetn padctdo ¢onjigagave, wie alnvenkidi deem , 79: 233
(2976) and WD 99| 40934 PCT/ US99/ 03055 ~. 8 ~uG zao'j -34 in Lachmann et
al ., in 1986 SyReRdeRtlpeptiiel BRPYERI getid, @ (XML ER i on Synposi um
119), pp. 25 40o(Lh Een O £NGSE 60ar dOBE) . cbh Rigdial eNindigha ke 161 842

t eaches several nbdes of coval ent attachment beiween a carrier and

pol ypepti ge thahadeeupsef ud thiexeure nodnet neet dpidcal Iy yhasdnef ikd socyanate i s
reacted with the carrier in a dioxane:buffer solvent at zero degrees Cto
forman activat BAPREFFF&(5 ﬁ?ﬁ%l95%B?+ﬂesﬂgﬁ?k%si§?ﬁipqrﬁﬁ?é%?%fyhdnixed
and reacted with the activated carrier to formthe coval ently bonded
strategically nodified hepatitis B core protein conjugate. Particularly
useful are a | arge nunber of heterobifunction.al agents that forma
disulfide link 15 at one functional group end and a peptide |link at the
ot her, including N-succidimdyl-3-(2-pyridyldithio) propionate (SPDP). This
reagent creates a disulfide |linkage between itself and a thiol in either

- e o o, - ~ o, . ~rN o2 1 T r



30 acid, 2-brompacetic acid, 2-iodoacetic acid,

4- ( Nmal ei m do- net hyl ) cycl ohexane- 1- car boxylic acid and V[)ggé @%%&n-35 -
~ ~4d~ 1~02~ s PCT/ US99/ 03055 the |ike. The carboxyl groups can be
activated W@ 9e@ehs ni ng t hem wi t h succi ni m de or 1-hydroxy- 2GT/U$9843658| f oni c
acid, sodiumsalt. The particularly preferred coupling agent for the nethod
of this 5 invention is succinimdyl 4-{i¢+alei m donet hyl)

cycl ohexane- 1- car boxyl ate (SMCC) obtained from Pi erce Conpany, Rockford,

| 11. The foregoing list is not neant to be exhaustive, and nodifications of
the naned co ar b d T u z depi cted
in the figur2?9ﬂﬁggl§%é%§#gé %%%tgaﬂignhﬁgag%%é%ngdé?ﬁéabggggggcgf way's
wel | known i nstbensts. Ushabnpepnbdéismgnt heabsuteohni qoeabean besreadily
utilized. For exanple, reconbi pnant and PCR-based techniques to 15 produce
| onger peptides BRe 88EREEIipRtAYisBOghEigdsheratibdbeRcEST8re usual |y
relatively sh sQl | ] hesl.g lkS.uUsef di scussed
bel ow, DNA seggéﬁ%gg %ﬂ%ﬁggﬁgo%gggb§§§?§¥§§o$§B§F§p5%t?d@gﬁéﬁ éns are known
in 20 the artaldbecendemnglaecgieneeal parpeplledesnoiighhe kaagt Ascont enpl at ed -
herein can easily be synthesized by chem cal techniques, fox exanple, the
phosphot ri est BaRdgetRo@Lof WakEBLBcPLeBLiptegicaply mrefiisde. 103: 3185

(1981). O course, . cheni_cal . SY esi.zi.n h i ce, any
desired - nndﬁFPES%E§ﬁ gaﬁ°6$ h%8§g§§n%%yu8§%§u%§?i?E%%%g%%ﬁ%%ggggopriate
bases for thogecgpeogi-BectResiBlhYespepti de sequence. The codi ng sequence
can then be provided with appropriate linkers and ligated into 30
expressi on vectors now dobrbplkyg-deackabed istreftecdcelly WOGFIie034
PCT/US93/03053 - 36 ,and ghe regul atin v%c%%%s.used t.o _transfaorm suitable
hosts tdOrodtER3EHE GeSi FEASPPEPERAT RInGAfer "IF EIOR v Safld suitable

host systemns %re%t@.@é’ aviaiehabkent5eh i 8%aRP 8 R1RMNE - 1 SRQURNGRS eopat i bl e
wi th bacterial hosts are provided in plasm ds containing convenient
restriction siardd fresidusert Toatofinsigrtdesiy & .cdditngs tsegurenide. Typi cal

of such vector plasm are, for e | e, ,._and 3 available fromJ.
I\/bss:Jng, VI 0 atnolt%):hétﬁr‘ﬁq&eras iste?a&atﬁx%nméfﬁ‘ga%%gé@enel.cg%%%tet al.)
Nucl ei ¢ Aci ds o013 Adrlel 28 Be) 101 nitBR322n idvidly Al & Hd apdaw Engl and

Bi ol abs. Suitable pronoters include, for exanple, the beta-I|actanmase
(peni ci 115 nasé&e axdhilkdatess aededy) beramsteeo s ydte s aferel@itaraf. tdte al .

Nature 198: 1056 (1977) and the_tryptophan (tr r qnot er_ syst em ( Goeddel et
al ., Nucl ei c AQSFItRISQER tAs57BC t)e.lnﬂ?g" ng%]inltq exsd’l'cé'és"‘}rbn vectors
are transformag, ddito S taPlg PG Wit RSk e ol dum chlori de

met hod 20 described by Cohen, et al., Proc. Natl. Acad. Sci. U S. A 69:2110
(1972) . Succesgfifone.anFleramsrs ey v ddusert Hnte dihre dBol Yt i de

fragnents at higher |evels than those fou i n, strains normally.producing
the intact pil5$9G" c‘-’{ﬁfrasél,y éé'?tsr}’cﬁﬁ M%ﬁ%qogﬁ‘%‘&t{% ac%% al so be
used, e oyi nehSiHd Bl &V edt e UL CANHAD m nces. WO 991 40934 - 37

Tabl e 2 Pol ypepti de haptéeéns .. d ~uG 2aoz.” PCT/ US99/ 03055 T or
BOr gani smAnt i gencel | SequencieB8EQEpint gpeltihe invention comprises an

NOSt r ept ococcusPs pABKLEEL SDKI DEL%&\E/Z neunoni aesSt rept oco¢cusPspABSQKKYDEDQK
KTEEKAAL EKA26 STEASEERDRAY, %W%&%?ﬂMDAPAAEAPAAEPA
AQR7par vuma%“ B %T@%@ﬁg{g}wﬁngélgﬁg@p% H| GPGRARY), TKN29Foot

and Mout hVP1BY RNAVPNL QV30Di sease

Vi r usLAQKVART IR yirted aod redte rundt yo A e\ SYRIRPNeY SPGsdsopem her | aeBorrel i aO
SPATVEI KEGTVTLKREI DKNGKVT32bur gdor f eri VSLCBorrel i aOsgATTLSKNI SKSGEVSVELNDC3
3bur gdor2ri | M¥E1RHEE DaR HBHATSSEPERAETZF N Pachsed as a vaccine

A8/ PRBHABYRNLLWLT sinj tid ; : .
AgBDI LKV voswk%(%ﬁ%gﬂ% dhBES Lo SRS G NKRE <S80 N ORET RILVDKNL YGYTD
EEl FKASAEYKI L B<MPEITT 4 ENVEESIEKKI 35k DR fESEMNK REEAh ENn&INS YSF NKBAINEL SHFATTCSDHae
nmophi | us pBOVMPBCSSSNNDAAGNGAAQFGGY37i nf | uenzaeHaenophi | u,sE)BO\/PBNKLGTVSYC;EE38
i nf | uenzaeHaenbPpYEP EEPBOMPBNDERYSEKIRRAX/L P30 #ed hepatitis B core

| uenzaeMbr axel BL L C hal | raxel | acopB
BLDI EKNKKKRTEA&&%EBD%&WE%Wr gééﬁﬁ%o%éﬁ?@ﬁéﬁé&l RTEAELLAEL
NK42cat agpohal | sEYPEE Yon agaiddls 200rpN€hO89640934m- BRi PRTHGE9KAB08R

Por phyr ononas HABGVSPKVCKDVTVEGSNEFAPV43gi ngi val i SQNLTPor phyr onbnasHABRI QSTW
RQKTVDLPAGTKYVAggiagivafi s THpaneseharsPL KFTEVASYRPERAPSGANFCAScr uzi Tr ypanos
omaBKAAI APAKAAAAPAKAATAPA46Cr uzi Pl asmodi unVBP1T , SVQ PKVPYPNG VYCAT7f

al ci par unPl asnodi umVSPLTDFNHYYTLKTGLEADCABS al ci par untst r ept ococcusAg2/ 1 1B &
TKPRPI YEAKLAQNQKCA9sobr i nusSt rept ococcusAgl /11 B &

TAKADYEAKLAQYEKDLC50so0br i nusl ynphocyt i cNPTRPQASGVYMENLTAQC51Chor i oneni ngi ti
svi rusShi gel | al nvasi nBKDRTLI EQK52f | exner i respi r at or yGBCSI CSNNPTCWAI CK53sync

S

-



WO 991 40934 -39 PCT/ US99/ 03055 REPLACEMENT SHEET
Mycobact er i umTLLPLLEKVI GAGKPL88t uber cul osi sMycobact eri wrgrAUG 2BEQVI SEEVG.89t
uber cul osi sMRBHAEEer i uniTl AFNSGLEPGMEK90t uber cul osi sMycobact€r FHHPARRGLERG
LNALADAVKVI1t uber cul osi sMycobact er i umlrEKI GAELVKEVAKK | 92t uber cul as§ AuG 2002

sl t Mycobact er i unTGLKRA EKAVEKVTETL93t uberléul osi sMycobact er i unirl EDAVRNAKAAVE
E®4t uber cul osi sFel i ne | eukem aFeLVBCDI | GNTWNPSDQEPFPGY®5vi r usFel i ne

| eukem aFeLVBClI GTVPKTHQALCNETQQGHT96vVI rusFel i ne

| eukem aFel VBAYSNGENRRPSM Abd rarstmldatel v modiizecd hepatitis B core

| eukemni aFeLVBTDI QALEESI SALEKSLTSLS98vi r usEFel i ne

| eukeni aFeL VAKIRERIKORAATFoIvi T UsFel 197 &5 =a¢ rmriunogen.

| eukenm aFeLVDSWEGJ\FN'@SLPav\FJJQ&QPVii:{*m&iEr.]c@s severzal ben=Zits

| eukenmi aFeLVQVMITTPPQAMGPNLVLP10I vi r usFeli ne

| eukem aFel VDQKERSR(BA HSR{YAF102vi r usFel i ne

| eukem aFeLVRRGLDI LFLQEGE.C103vi rusFel i ne . R

| eukeni aFek VOEGGL CAAL EECCH &L e 30415 F us KEECPEER D ERG nBRANPNENFRNP105f al ¢

| parumG r U b s 1875 W%?%%Qig‘é%cgér!g‘??i@?cig&‘#%?ﬁﬁhem stry

is used to coup em cal conpoun carrrer p el ns. ypically, an
appropriate funchional aggoepated tounpl oAgHRS gdestgsddsinto the chem cal
conpound. Anti bodies to the conpound 6-0O Ehosphochol,i ne hydr oxyhexanoat e
protect against StreptocoRRuddpretADRi a8, CREN4PVENCEPEchEr LRECAFRe . 10

Chom cai " Hapt end BT DBoBT0I0E8" Bhark 427 et GRETL ot ohi porrarme

N oxi deU. S.-Pat enthla: 53 304:252phosphetaetanelerivacizatzon, as

or U. S. Pat ent No. 5, 248, 6111 act am denetal ion B

conpl exesU. S. PaFefPRBSS, 2361:825P2. pg] Ngrermznal primary amine, Ior

[7.2.2] U S. Pat egt<%llgp$e208, 152bi cyclic ringconpoundsior_ically

char gedU. S. Pat ent No? 5, 187, 086hydr oxyl - cont ai ni ngconpoundsphosphonat e

anal ogsU. S. Pat ent No. 5, 126ARb8akrcarhefylabde st exsseeeplae sdnabdgsatr er a
etal ., Nature378; 725 (1995) 5 Carbohydrate Hapten. There are many mnethods
known in the arfi2foPEBHFLE &&r FEfF él‘“-@t SRR ISE 019 AechdAtdER E 1A dehy de
groups can be geperated om.eitherdthe reducing end [ Andersen.- lnfect .

| mun., 39:233-238 (1983); Jennings, et al., J. Tmmunol., 10 127:1011-1018
(1981); Poren etaral relbalhvelympreldicz22:1807-919 (1985)] or the term nal end
[ Anderson et al., J. Imunol., 137:1181-1186 (1986); Beuvery et al., Dev.
Bi 0. Scand., 65:197-204 (TESEIT 0P AT GIFFoSHcchdariHeE -3t ivel y smal |
pol ysacchari de, nod g AUG=20QZ 100.991:40934 PCTI US99/.03055 - 41whi ch’ can be
linked to the carrier protein via reductive amnation. Large

pol ysacchari des wmmries cagout utpetethdsy tal tdier dermomd e@cdtdnidsi o gbAnder son
et al., J._. 5 Irfg:r{unol,._, 137;1181-11S6.(1986)] or by random activation of
several funtti ofdt-gt dups SalBiy tHe 39t ysacchari de chain [Chu et al .,
Infect. Immun., 40:245-256;{1983)c hd0r8on. £ U S, ¢ Pat gnt - 44619, 828 (1986);
Marburg, U. S. Patent 4,882,317 (1989)]. 10 Random acti vation of several
functional groupsod Dref tHREC potgsaicthey | deathat ntsawnl 2edll ¥ ot@ conj ugat e
that is highly cross-1inked due to random{i nkages .al ppg_ﬁ;he pol ysacchari de
chain. The opti rACTHIT o 61° ol JR5e cHEP e P9 Cat F F&r = protef n-depend on t he
15 particul ar pohysacsharide, the carrier protein, and the conjugate used.
See Dick et al., in Contributions to M crobiology and | nmunol ogy, Vol. 10,
Cruse et ak?, eds., (S. Ka¥geil fgsoherppsnd8iisdandeadi-agsages20fal., in
Neogl ycoconj uaat es. Preparation. Applications, Lee et al.. eds ,
(Acadeni ¢ Press: tll@9h5“,’grb %%2&@?%%@??%8?@?, t&ﬁcsﬁfﬁ’?a%@?k%f ochem,
10: 259- 306 (1981} y-~@nghStevetlisetiorl enaAd¥s1€aR0hydr. Chem Bi ochem,
37:22S-281 (1980) for 25 detailed reviews of nmethods of conjugation of
saccharide to carrier proteins. The carbohydrate itself can be synthesized
by methods known,in LhS art, for exgrrPLe y_enzymatic glycoprotein
synthesis as destfd e =DE3g=3WomAS Chem Soc., 119:2114-2118
(1997). WO 991 40934n-4Re5£hQuid foPmAHgCa2 b RETNUSEILR3R55 Sever al

ol i gosacchari des, synthetic and sem -synt ﬁeti c, and natural, are discussed
in the foll ow ngdéaaﬁé@ﬁaﬁﬁsséﬁéﬁaﬁpﬁégum:r@ltiegio@a@(ﬁ@&rtil@é’s SEelgae ngee
contenpl ated haptens to be used in making a strategically nodified core
protein conjugate of the present invention. , An oligosaccharide hapten
suitable for preparing vaccines for the treatnent of Haenophilus Influenza
type b (Hb) is made up of from2 to 20 repeats of

D-ribose-D-ribitol -phosphate (I, below), D-ribitol-phosphate-D-ribose (II,
bel ow), or phosphate-D-ribose-D-ribitol (111, below). Eduard C. Beuvery et
al., EP-0 276 516-B1. HOOOHOXHOOHOHOI I OPI OH




OHOHOOHOHOI | OPOOHI HOHOOOCHO ow 1T 11 %g@ CH 1 OH
O U S. Patent 4,220,717 al so discloses a polyribosyl ribitol
(PRP) hapten for Haenophilus influenzae type b. 20 Ellena M Peterson et

N

al ., InfedVP894M3H | munity, 66(8):3848-3855 (1998), discl B&&UF9/03055
trisaccharide hapten, aKdo(2 8)aKdo(2 4)aKdo, that 11 WO 99/ 40934 .
PCT/ US99/ 03055 -43- .' 8 AUG yppZ provilddfes protection from Chl anydi a

pneunon. i ae. Chl anydi a pneunoni ae is a cause of human respiratory
infections ranging frompharyngitis to fatal pneunonia. Kdo is

3- deoxy- D- manfm: qeindent Dy obhink Snaca thaeayt t Analesssaregically EP-0 126
043- Al, dlsclose saccharides that can be used in the treatnent, prophylaxis
or di agnosi s T HEQRrRAPAF hE RSt PoRRT e REREEHY SPRTIRGL RN IH&inDNi ae. One

10 cl ass of f r iyed.f cchari de GIcNAc(31
3Gal . Ander sgg%lrg% ﬁ?fﬁ}t}ﬁ? o %hﬁ%ﬁlgﬁ a%tglfle‘%‘?g%isryl c%?%%@g to be useful,
which is Gal (Sic Yshehheé 31 - 35aBoR}1 4€% C{ ST phEUSREERN Paiendm e 0 157
899-B1, the 15 disclosures of which are incorporated herein by reference,
di scl oses thepalstbi%lﬁ! ohsoffle@h@laﬁécéécal b%l?@‘é@@ﬁaﬁf@%spmmsﬁéﬁ efuseful in-
t he present venté on, P 9, t abl &y iSts neurmcoccal cul ture
types t hat pr% B ¥apt Esaccﬁ%%%e%eﬁ%l%?ﬁl TERSPHEHR in the
present invention. Table 4 PoI ysaccharl de Hapten Sources Dani sh Type
Nonencl at ureU. S. Nomencl at urel978 ATCC Cat al ogue

Nurber 11630122630233630344630455 WD 991 40934 ~ AUG 2002 PCT/ US99/ 03055
-44 .
6A663066B2663267F511035 5663 4 *63121414631415B5417
F1718C5§é,035619A5719F1963192020632022F2223F2363232525632533F70 Mor axel | a
(Branhanel la) catarrhalis is a known cause of otitis nedia and sinusitis in.
children and AO\IVeI’_ié.S.pLLaQD.Ey tract infections in adults. 5 The lipid A

portion of the lipooli g& accharide_su ce an% LC)S%3 e bacterium
is cleaved at the 3-deo 5‘ Dﬁﬁﬁ‘noaBEﬁéPgéfonF‘é 'ﬁg?dtél fc gg‘?ﬁ:‘ﬁ linkage. The
cl eavage prodpgheisstpeabgBe b B kdmahkabe ngESE?gﬁgc/ngltg{ré{égﬁiﬂGf atty

acids while 10 preserving amde-linked fatty acids i pp~
WO 99/ 40934 -451led immunoglobulins, which can specifically

15 combine with an antigen.

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

20 usage limits the meaning of antigen to that entity
bound by an antibody, whereas the word "immunogen" is
used for the entity that induces antibody production.
Where an entity discussed herein is both immunogenic
and antigenic, reference to it as either an immunogen
25 or antigen will typically be made according to its
intended utility. .

The word "hapten" is used to describe
molecules that are capable of stimulating an immune
response (e.g., production of antibody) when

30 chemically coupled to a protein carrier. The word is

often used for small nonantigenic molecules in the



PCTI US99/ 03055 detoxified |ipopol ysaccharide (dLOS) from Nl. catarrhalis.

The dLOS is not inmunogenic until it is attached to a pr%ggj WO -SHEET
Xi n- Xi ng GuUWOer/48934 | nfection and Immunity 66 (5) :1891- W‘
G oup B streptococci (GBS) is a cause of sepsis, neningitis, an F d
neur ol ogi c disorders in humans. The Capsufar pol ysacchari de-specific

anti bodi es are known to protect human infants frominfection. Jenangssgmu
al., US. 5,795,580. The 10 repeating unit of the GBS capsul ar

pol ysacchari deatypebchzl hies=rnd Yrto- (8«1 @ cphldes fc 1:13 )meld{B3-D-Glp ( 1 6
)] - 3DG&lp (14) - (3-Ddcp; (.1 3) - ~i-Ddcp- (1 2) -

[ a- DNeupNAc ( 278F) 1F Fo-p=DPEIPFa-¢/1117Rer 85t Hes bFaeket®ed portion is a
branch connected_tq.the _innedi:atel y 15 _ftoll owi.ng, unbracketed subunit. The
repeating unitgéfEGB ’C§B§JIgF 56I¥§a§6ﬁgﬁﬁdé't§be“ 'i%%aﬁjl[a-DNeuphMc- (
23) -(3-DGlp- (14 yal3gen@eCcpiferninknb")rifeasDdCphe( 1 4) -
[~<i-D-dcp- (13) ] -(3-D&lp- (1 4) -~i-DAcp(l . 20 European patent
appl i cati 6n No2cEYa3 GAFUSERrAl portike mit tBeadet desctddest$he net hod of
obtai ning | adder-]ik ndi ttern.antigen.from Chlanmydia trachomati s,
pneunoni ae and%ﬁgF¥F§€%acf§Q%lgggsgb%ghFQEI té%°§%nfaa§?%9?% %h@ehbdified
HBc I n one enbedi merdeldf ddrepoarent imdie tidign RapheBot akdi s conjugated to
strategically nodified HBc protein is a B cell determ nant of a pathogen. B
cel | det er nmi narf¥gichangasdly paiioders tare"known in 30 the art, and
several were illustrated . e AUG Z5 VO 991 40934 PCT/ US991 03055

- 46pr ecedi ng di scussi ons Tld% %%fpeﬁoﬁl&élghtcf c&FbBﬁ?ér gt'eeﬁapféng?sl n

pref erred enbodigrent:s 1 4 hapherd $aat hegenarr ekated-hapt eAr=dhe use of
a portion of a 5 pathogen's protein sequence or carbohydrate sequence as a
hapt en has di stihauat\VahtaEyey A&C 117 eposuce £baan &et @al pat hogen, and
even over a paa;LM%F%g or "killed" version of the pathogen. Exenplary
pathogen-relate&hﬁaﬁ?ehs of 10 particular inportance are derived from
bacteria such as B. pertussd Sserm "td40sarvay: iRalsabyphehd iAnandsH, C. dip
theriae, C tetani, C. botulinum C. perfringens, B. anthracis, P. pestis,
P. nultocida, \WSRRPIISFRE FENUET grd§ deds N orRcrichegsyduel Baisnf | uenzae,
T. palladiym and the l4ke,:Qher exenpl aly.sources vofc,.pﬁatﬂggen- rel at ed
hapt ens of  particul ar Tnportance are Vifruses Such as poli ovirus,

adenovi rus, paradafdwenzasvifinSes BASEESse FUEPSse IRSRIT-ahoryrsyncyti cal
virus, influenza virus, 20 equi ne encephalonyelitis virus, hog cholera
virus, Newcast|€'G}I4eR, CROWFUPDX-VRFLRY PAbPes Mydarenatdld e sarsdiccani ne

di stemper viruses..foot, apdgould, djsease viLus (PN AMRN And i mi an

i mmunodefi ci ency Vi rUuses, and the' |1 ke. her “Thportant Sour cés of 25

pat hogen-r el at esnbaptensot nchedeubsckett scaes - efnalerd I antk epieM ot yphus,
the spotted fever groups, and the |ike. Pathogen-rel ated pol ypeptide

hapt ens ar® wel RPRhB%A FRCAr 85 dRATURRRdREEHR3RY 30 nuffertts IO HRYE| osur es

such as U. S. Pat;s,, i =35449 3983 328,--and. 4 - sentia

| mmunol oav, 3-d§1h$§§§6|2é9329§§$ %ﬁ %?iééchd%%ﬂgggfgﬁgé%“?ﬁ%fEd_, by
Roit, publishedabpaBhgtkeebhdSthenliikiec PThki cath onsongderFamdanent al s of
dinical Innunology,,bé_Aleﬁanger and.Good, published by WB. Saunders; and
in | munol oav, BYPBELFEAEPT pAbFPshadlbfew BresusRy ftled sSUPRtiiethGr |y
preferred pat hoggn:relatad,ha Eeth , A i S. . Nos.
7 625, 015, 4, 543 558, 5?1%45;‘9%,38%, %és?&sg,ﬁgﬁ,ggs%i %g %g,l%%t AR

Pat ent Codper at rondTreabyidddl nhernahtohabliPybkhcationo NeucM087/ 02775 and
No. W)87/02892, all of mgose di scl osures are ingor orated herei,n_by
reference. AntiBBUYBEPERAE FiGnoFBHECTRALH PREDhERSt FOFSSBPIPFGEScan be
obtai ned by usipg1 ppebiied kv eas) ugahed-wiLhoa polypeptige hapten that
corresponds to the sequence of a determ nant portion of HBSAG] in
particul ar, residues 110-137 of the ~~S~~ (surface) region disclosed in
Gerin et al., Proc. Natl. _Acad. Sci. USA, 80: 2365 (1983%. 20 Anot her

conj ugate corresponds to aninGSAli dSCE3EEPETGE ciPstdSpryBEePHSVPI of

pol i ovi rus ot ype gl 1\t MaheReWsS bisaidled %.Q@lr%ggg§ohot5h5eiﬁ?5.5eby

Del peyroux et al”., Science, 233:472-475 (1986). Such a nodified HBc

conj ugat e provi gesuancielsodieas st itie Pertmdenseeaencei thspolibed Elher
potential haptens from poliovirus type 1, Mahoney and Sabin strains are
described in European Patent No. 385610. In preferred enbodi nents, the

hapten is a pathogen-rel ated hapten that inmmunoreacts with; i.e., 30 is
i mmunol ogi cal |y bound by, antibodies induced by the pathogen. Mre
preferably, the pathogen-rel ated WO 99/40934 -4B .. ~ AU G 2002

PCT/ US99/ 03055 hapt en i nduces an anti body response that provides protection
agai nst infection by the pathogen.



Met hods fox determ ning the presence of antibodies to an i mmunogen in a
body sample froman 5 i muni zed ani mal are well known=ignAtiGigegart. Met hods
for determ ning the presence of both cross-reactive and protective -
ant i bodi esway®/408d4l known in the art. In another enbodi nent pof/uké3oss
invention, the imune response to the B cell determ nant is boosted 10 by _
also providing a T cell determ nant. Fofgexanple, U S. Patent No. 4,882,145
describes T cell stimulating polypeptides derived fromthe HBV nucl eocapsid
protein. Oher T cell determinants are known in the art and can be used as
|5 an operatively.link term nant .in a _cantenpl.ated nodi.fied HBc protein
or particle. IO% alpr)lz’ilrst;?‘1 ug§r %‘rSFegé“rlPé’d a&&%ocﬁeﬁ‘ér?tuegf atthglitﬁ\ﬁfnﬁron, such
a T cell detepgtharf ithedamiined EHAMCERGOXITR PaiRAIAMAS IR BicR) |
determ nant that 20 is conjugated to the nodified HBc. The T cell

det er mi nant s ohlyacdicngeryathvge ssbstd tugponsed ri pairid carltar Antilmgugh it is
preferred that the B and T cell determ nants are derived fromthe sane ”
pat hogen, 25 i‘a‘tc’i%sr l%r‘r’t?@e?gé’fq? ttﬁ?&t pﬂgré(?eé’é?lﬁireoﬁegh’@%e protein of that
pat hogen.g For exanpl e, tihe; |nl m for VPR, otein of the
foot and nout h di sease vi&?}t}go %ND%@%%S:% Ega?glr?jtugate %tnoo;f I[r%lrudi fied HBc
particle, whemsileddle HBatpriet epedif s lfiyr Heemdrigi i €d daillhaving a T cel |
determ nant derived fromthe VP4 protein of FMDV. . WD 99/40934

PCTI US99/ 03055 igen regeRtgraost |3 aftd Podyl GV IR &t et er ni nant can

be i ntroduced -iay-ga%ém%d &%e'é%%narn%%iun;%%f tx{}%éﬂa%%teirccﬂa%v%aﬂi } ng

wel | - known neth thin or at atermnu C protel™ seduence
(am no or -- 5 carboxy trer mseid heredinydithg asyppartuefidheddNeimserted to
i ntroduce the chemcally-reactive am no acid residue, but preferably as a
fusi on ptOt ei MeRIINHRE B oxPAEr HNUSMIAT aFHa ivpsbdue HERNGSDNal T

cell determn jvel. i t I j ugated B cell

det er m nant o?@%%ﬁtlggﬁoa &;q%ﬁééf#]gg)%%epépgtneﬁ%&q%?enpl ary

di scl osures t hsgestasioré e Liendwd quefetir genelicaldy @rgidessitgi’ DNA
sequence that can be used to produce a fusion protein of the 15 present

i nvention can e § RARFIde horg Mehiweaphes magapertiyecdiepeialkt al .,
4,237,224 to e o4 273,875 to Manis; 4,431,739 to Riggs;
4,363,877 to %(K)%%ang%ltaé aﬁ?s,ﬂidglne ‘Rodriguez & Tait, Reconbi nant DNA

Techni ques: An | ntroductThen, phitees <20 Hagiy taird ins @mmangssdaimdshi ng Co., Inc.
Menl o Park, Calif. (1983), whose_ disclosures are incorporated by reference.
E. Inocul a andrS&R%S nEy P55 by qaste st xdnorli afehtmetbe heof riviemt i on, a
nodi fied HBc p j.n icle njugated to hapt-en conj ugat e?
is used as thefal%le:l olgée%g%g%ln}lldnageg’ulau?n%%% i%@u%ne‘gelp?%é uc]%_ltl%g'n of

ant i bodi es t hatonht@mdiamiindl rifesdm et ofamScausaqedper 191 S08 provi de
protection against the pathogen fromwhich the hapten is derived. - ~ AUG
2~ WO 991 40934 1PAT¥¥8Y9/ 03055 -50 A contenpl ated i nocul um or vacci ne
conpri sesga HBeAg conj ugate ghat.d sidissolyed. of i spersed in. 3

phar rraceu?i cal ly accept abl e "di'lTuent ‘conposition that typi car | y al so

cont ai ns wat erce Whest bmarkd it tef etk i s afav Mg N@gedhinefdecai ve anount to
an ani mal such as a manmmal (e. g., a nouse, dog, goat, sheep, horse,

bovi ne, nonkeyregapdie oPeEHARFH fg?atbi%r:(%sp@m;Bat@rﬁrek@mn@uaqze@z, duck or
goose), an inogul um induces tibodies .t hat, | munoreact with the 10

conj ugat ed (peﬁ%ﬁ@?-?%%&%rﬂ'?gh%% %C!}le.é,&%ai%%? n}ée]?‘-’\stJatjtflpﬁevI Ot Rocul umin
whi ch the hapt emsvs Rathegesps el abesk andl ddige | Ndag eslkampi Hodi gs1not only

i mmunoreact with the hapten, but also i munoreact with the pathogen or

di seased2Bel | , knpun neatuedl e ascuneingtbogeninrenteadedcdycehe with which

they i munoreact. T reparation of inocula and yaccipes that_contain
proteinaceousaﬂﬁTﬁ?rg?g %§§%%?$%%§+ gﬁ%ﬂ?eﬁfsng af 6% wePT°hfigBr st ood i n
the art. 20 Tyghsﬁyba,a?wprha«mﬂq?ll@;@rby@p@gﬂ@magéq@éf%@égegfaﬁg
parenterals, either as liquid solutions or sSuspensions; solid forns
suitable for sBPuNOsn Lnandr2 susprehshenti net| afui dNptuoe BBLifAgécti on can

al so be prepared, The preparation can also be enulsified. 25 The
i rrrrunogePli cpac‘l??'%g?ngrpléﬁg%%tp?%t%ﬁengﬁ?x@ﬁeV\PFﬁOEXE?pH%ﬁts that are

phar macegbi cal | §-2G4ER! 2Rt es 876 £OOPSE | Bhe MELR:ihEsagt LyBel pghedi gnt.

Sui tabl e excipients are, for exanple, water, saline, dextrose, glycerol,
et hanol, or thendli ke"and-condl natdeesc80at heheobminhg wddminor, if desired,
an inocul um or vaccine can contain mnor anmounts of auxiliary $ A~ a
cool WO 99140934 PCT/ US99/ 03055 -51substances such as wetting or
enul si fying agents, pH buffering agents or adjuvants whi ch enhance the

i mrunogeni ¢ effectiveness of the conposition. Exenplary adjuvants include
conplete 5 Freund's adjuvant (CFA) that is not used in humans, inconplete

1



are materials well known in the art, and are available comercially from
several sources. The use of small nolecul e adjuvants ie gaAB® 28@nt enpl at ed
10 herein. woaspbesy of one group of small nol ecul e adj uvantPETAISE/03485
so-cal l ed nuranyl dipeptide anal ogues described in U S. Patent No.
4,767,842. Another type of snmall nol eculig.adjuvant described in 15 U S
Patent No. 4,787,482 that is also useful hereinis a 4:1 by volunme m xture
of squal ene or squal ane and Aracel T"' A (manni de nonool eate) . Yet another
type of small lecw e gdj yv : rein i - t. t%g-g-oxo or
8-sulfo 20 gua%%ﬁeeno?’dea%?véahﬂﬁe t egr blgﬁde ﬁ%é.%t%ﬁﬁ %\i&)éj , 539, 205,
No. 4,643, 992,0fNoa drdlird &2fhiantk INhepa %3 S 18, nd s £ STd agaries are
incorporated by reference. O these materials, 7-allyl-8 oxoguanosine
(l.oxori bi ne) iThemeye PLAYSLHrIFRIRIE P Mtathareow ea®d been shown to
be particularly -.effective in inducin n_antigen- (i nmunogen-)specific
response | nocﬁ%sja%laor\l/;%%itﬁ?a%r%lr%’ (L:%lh“\l/%n Ol%?\%ﬁ%“%ﬂéﬁ nt?%t%‘gjercllo paéér)le&nt erally,
by .i nj ectkon, f{e&i@xaMmhibe301 abt N0 SHbOM aneouphy Sqhdheaausstl arly.
Addi tional formulations that are suitable for other nodes of ~ AUG ~ WO
99| 40934 PCTNS99heB(EEpa it baink ntere aproreime| ane ksuppositothesanhd, in

some cases, oral fornulatjon or by nasal_ spray. For suppositories,
traditional biHUE?S l&‘?ﬂ”ch?’r‘?’és"%ﬁ Si?f_&f%d‘é’f&f% ne%‘é‘?r’%@? ?J%ijaT kal ene
glycol's or 5 tglglysesi deSseQUED SUPPOSI 4041 £5 LRY DEnEPHaBsal T o -

m xtures containing the active ingredient in the range of 0.5%to 100,
preferably 1-2frotidéedfomnsEQt IDMOS nch ualedséich Goo nat | 31 eppNogéd

exci pi ents as, foqr. exanpl ei.ghar ceuthaI %rades of 10 mannitol, | actose,

starch, rlgnesftnrf§t€8Fatty 5647 ut S8ethar PREUSRERP UPBS e fRgnesi um
carbonate and phg,lhkg 6P LOSGLhUEK Ohe NAEEE S §0F89é'%5:89e§.ﬁk§§ the form
of a solution, suspension, tablet, pill, 15 capsule, sustai ned rel ease
formul ati on or spowlerNOand [8ohddehsetnal mpuAdgeniéradoantodf 8tvategically

nodi fied HBc protein con{ugate o, strategicallg nodi fied HBc protein
particle conjuddte (2888tt i vBrPHEReBRBAET SN2 BFRi ¢8I Ne8rBodRti 8n, an

i mmunogeni ¢ 20 Nt kst kBt g5 Cabl ¥nodhfigd Rr 9t epoCoBj Ugat e or
strategically H%S?#iég HB% proteln par?ic?e'con?t@gfe ?g aggut 50 ~g to
about 2 m§ of &Oki:ve2 andredienfoperldosey, antdemamenpr ebérdabuybabong 100 ~g

to about 1 ng per dose, 25 The particles and protein conjugates can be
fornul ated int (S‘YtsﬁémvéF}Ei”ﬁe1&55E8uicpa}"o§r‘1séPfi EoMAEDR PREPR&EeGCical ly
accept abl e sal LN Lk Cj ddi-Lian..s 0 M he.free
am no groups o %{“ﬁg %%Etg?éggga%db\%ﬁ?cgkg;:gg?org%?iy%gt %gﬁﬁé\rggg%ﬁg %8 aci ds
such as, for examehehmby#r belrkdni.c OthploEphosequaticds, cam dach or ganic
acids as acetic, . W) 99/40934 -53 - 8 AUG 2~T PCT/ US99/ 03055 qxal.i c,
tartaric, mand@ii@nedndithe tPPkeSCSHERSSt UEABE RiCERIRRE FHed 8arHdxy!
groups may, al S%e%%eﬂ%@' %4 hRER: BRLERAS Q%ﬁ??r%'ﬁ%o@%’ dpr exanpl e,

sodi um potassi u amoni um cal cium or ferriC .- 5 hydroxides, and such
organi ¢ bases aketiexappnepyhamamanoct picriet helsdniues, tdagt MHeameaspogidhduaol |

hi stidi ne, procaine, and the_like. The inocula or vaccines are adm nistered
in a manner corffgt PSPEEREER BhECIEs RFELRIMmMASISHTS &fd SER i1P such anount

as are therapeyd.cal | v ef fectiveand i mpunggenig;., The apantity; to be
admi ni stered d:aﬁgé%ds' %ﬁe tﬁe’gsubj ect fo be tréated, capacity of the

subj ect' s i nmuree ®y-3temti@ssynt hesi ze anti bodi es, and degree of protection
desired. Precise anmbunts of 15 active ingredient required to_be

adni ni st et®d depend on t A€ FEFGREMCSOAS MRds 4@ i i eRfeidf e peculiar to
each i ndi vi dual Vel i I cﬁﬁ.ﬁ% rRIES; der of

sever al hundre(Ponglég\r&glg(raoafn?% ciof%et%leﬁgre i ent per %%ir\%tﬁ%%ﬁsm tabl e

regi nes for 20 ddudrrdnhcadiEwnimiclaEdcapsant dmastaicatat orseeitso vari abl e,
but are typified by an initial admnistration followed in intervals (weeks
or nonths) by Ehathedeafngenjiec 9% i6iitot IRrthatmby stvai i, BB Anot her

enbodi nent of the inventi IS cess; for. .4 ' [ ' in an

ani mal host coer’r?a}msqur?g tthh%rlstaegg c([%loll ﬁsg'ilu a%enlgj}gi%%a%ﬁm*?ﬂ%s% with an

i nocul um3ghe igedl dMaLS gd-dde it & PrEReS D NS | $ESoRNexPIUEDEERI ¢ anount
of a strategically 30 nodified hepatitis B core protein conjugate dissolved
or dispersed i rdesigmatimeiihe Ayt et Aprrion of the sequence,



WO 991 40934 -54 ~,$ AUG ~uuc PCT/ US99/ 03055 diluent. The strategically

nmodi fied hepatitis B core protein conjugate used in the pro@esiG Q0dprisgs a
hapten pendently linked to a strategically nodified hepatitis B core
protein. Woe¥#d¥3bly the 5 strategically nodified hepatiti ECBUSBBIH ot ei n
isin -. particle form The strategically nodified hepatitis B core protein
conprises an am no aci d sequence corréasponding to the hepatitis B core
protein am no acid sequence of SEQ ID NO:2 including the amno acid 10

resi dues nunbered about 10 to about 140 and additionally having an insert
in the regi i G HEFRNH h tOF AMN0 el hd LIRS dnideread @leout 50 to
about 100, said insert (i) being 1 to about 40 am no acid residues in

| engt h, andpdsitisort.ai ning a 15 chenically-reactive am no acid residue.
The hapten is pendently linked tpo the strategjcally nodified hepatitis B
core protein through é?ed Tl cHI TS e ve Ja{‘?‘rih'iga‘ﬁ"ilﬂl‘?‘?si @PS

Preferably, Jfdgdapamn ¢ ggimﬂ@@-ggﬁg&g.ag%@%é@!ag S MBigyRl ned for a

20 time sufficient for antibodies to be iInduced. e invention is

i1l ustriat ed dngd tehendloddwle noomiomi himg t amgarexEngd e scombi e e el : -
Construction of a Mdified He atitig B %re Prot ei n_Expression Vector Using
site-di r ect PR IR, PA HF net cd ¥oTEnt R_AY nt r oduced bet ween

am no aci ds D78 and P#g,0f it he. EBe gepey - 0; Wit dg FcoRl TTC) 30 and
Sacl (GACCTC) restri ctj?})n %ndo%ucl%%seggjf\?ée:gpt% %%?I i%%tueéef e genetic

i nsertion ofhexdiar mondonshdorthe -1 inkdfie 20025 Wb © 91 HOS3Fe RCWildF09/ 03055

- 55pr oduci ng__ strategically npdified hybrid HBc particles. The insert thus
had an am ndhfiaPiesiuwRt seytiedtecs é&EL}l%%ﬁieg%’%’éP@@i s an artifact of
the E | si j rtifact ite.o The

strat gg(?cal I%/Lﬁqrrcgtglldcﬁg% %%éé;élr?llg%&B %:b e' ae%)r%ﬁlgfﬁﬁ%sa% haeref%IreeB 155 am no
acid resi duessl prgprdhwiganst ructi on of the pKK322-HBc155- K81 expression
plasm d is described below. 4 igonucleotide gri mers plF (SEQ I D NO:17) 10
and P1R (SEQ | D NO: 18, Th# PheagenpPenennrbty sinked] vefersise?d @o anplify
the 5 end of, C ( 1-.234,. anng.acids_1-78),

si mul taneous%lyﬁ? n%:;?lp%}rg%gg’ a%ﬁf\g%r ?ég er:Fc Fo\ﬁlgi egﬁfﬁﬁ'qf)raéa}? % he 5 end,
and an EcoRIHBeStrdtdinntsSi ARoCEAATHE) catiléhat 16t BerebHanftiide anplified
product. digonucleotide priners (SEQ ID NO: 19) P2F and P2R (SEQ | D NO: 20,
on t hel®onpl ¥RHEM Py SRFAAYY WerBlnded TBeaRBrafy tHeusedehRIr®¥nt he HBC
gene (bases 2-4 .am acl 1 d_sj neQusly incorporate an
EcoRl 20 res%?i %?léglﬁlglgft gﬂfeﬁﬁ:\kg%&%gaﬁg%ﬁggg' aehggkégsgga Festriction site
(GAGCTC) ad] exenicaDlytreadelineecangdol ysinesgadoanbAMApebgt ween them and a
Hondl Il restriction site at éAAGCTTApt he 3' end of the anplified product.
25 The two PERrpreducdslycheddifngdancretitigasBlcp8eanyohfifo aci ds 79- 149)
were cl eaved with EcoR)], i ther, _at - theLr coRl over hangs,
cl eaved with Ncol and |ﬁ%%gﬁ‘5§%§“l§g%nggsfén %yt h!‘efeg%%ggggi %nn%‘asm d pKK332
(Phar maci a) , co8hD@nslgandanded0abgekabguess phreteesuktibagipkasnm d was call ed
pKK332HBc- K81. This plasm d can be used for the expression WO 991 40934
-56 s Auc 20ppipgE¥lysdn/ bBoss isveatirpat s§ec Py edpdsibegiHBES pRot ei n
bearing a |yg] in.the,i i.:nant _|Loop. The expressed strategically
nodi fi ed Hscg%;ll%%%?%&"é‘g%x%gggggﬁ %C?Pr?% gﬁgr i &P&S, pf%ég%’t‘r ategically

nodi fi ed HBcmeholethi SaExaeplce iteds ihathore desenl Geieesndndi-ng to position
78 of the HBc of SEQ ID NO:2, a chemically reactive |lysine residue at a
posi tion cor FBopeNdPKg PIOBESnt momogersf ushe LR sefl fSEQSEMPAS: 2, and was M
trunca%gd at ,a_position cgr r.espondi_n _itc&?p?‘shtl Qn 149#)]%50%& he HBc of SEQ

| D NO: wWo"e8| 5953+ °8 ATpFé f PEd S &t CBfe Particle
Purificationzo~cAWe 2OERRETIHIRRYLIR5? oBlnalrgineal loy prdi tbed HBc :
particles of Exanple 1 were expressed in E. colt typically E. colt .- 5 BLR

or BL21 fronpNovaedgensghadiissn, Whssphsinicadr cerec@laptiBle fisoAnAmer sham
(Arlington Hei ght z [1I'inois). Tge transfected E. colt der-toted HBc155K81,
were express&FPPasnPd~pK HS- e85 aFg fiS ¥y strategically nodified
HBc particles were puriphlee@dnlQ U & 3RRRRYLRSE Hlatd ClyOrREagr aphy using
est abl i shed procedures. BecCause particlés purify in a

30 herein designates a B cell or T cell immunogen that

is capable of inducing the production of antibodies



predi ctabl e manner, the nonitoring of particle elution Lﬁj&ﬂﬁl npl e
spectroscopy (ODzep), in concert wth SDS-PAGE anal y5|§ ess purity of
i ndi vi dual W Joi4e934i ons prior to pooling, was sufficient to proTaEIoI0be
routine purification of electrophoretically pure particles in high yield
(5-120 ng/L cell culture). The sphericalistructure of the pure
strategically nodified hepatitis B core particles was clearly 20 visible in
an el ectron mcrograph. Exanple 3: Chenical Coupling of Synthetic Peptides
and Modified Hepati Hm%uﬁog%@tP@EEhCJae?a@ﬁo-grQﬁ' shrale QY&aéézﬁn modi T ed
heptatitis B core particle product of tThe eXpression asm

PKK332- HBc155- KRémbl anyEpanpbget - maﬂ;aasdayedelbrandsTcd:mlﬁ cal reactivity

conpared with simlarly expresgid and purjfied "wild type" truncated
hepatitis B cotBMIDOPSPEi BFE HBLYASTahRACRer8iP@tReFcal to HBc155-K81 - S

AUG 2002 REPLACEMENT SHLni - 00u39% 519932} BET: agggvgeéfjde.. 8. AUG 2002 a
) |1 e

cCelt tf:at It _aCv3 t: and -~.ar_:~ng
five am-. Bo aci:gsd Sntert:hehgeapept tHesughantethe) sPEeE £f Lhetd ot ddnd Y
con~uGated to tBc party cl es usi__".g 5 succlnimdyl ~- (Nnal

ei m do- net h~r| d?ségﬁﬁtér e~danear s£exarBoRyl ét“énPSM:“E}l r%tsif@@%? sol ubl e

het er obi i uncti gnal a8 J e reactive towards
bot h sul fl ~rydryf1 aﬁé pr i naryoa%lhrglgoli%%%pg)y gng f‘hralgb he s}%% &R al
cor.jugat' . thb alﬁhar-ﬁhﬂ@lbl anPeskEBexy! groabe Barhajscent -amino~C=€ -~
_~mar _ am no groups have previously beer. nod' _frnd wit: SMCC. Further, the

11. 6 angstrom 8pade. aPolvpertidesd BRnSkECvREipsYt @frbﬁuﬁ*éh%terl c

2' /r\ld;:’:l- _—l%ﬁclt‘JtA' %S.}",)in thegrh%gn%ral qhn%ha.rgelc_llgc grms orL?.n Eorms
|-BC~~.r-:tW ghidh-Mre=sall's,asnbCeStWes" fr@éG@‘fGQ@dJ.EYcELS&lE Wwt~cC .
_~.. WSS Cdrtcn C~rcr tOt~1 aml nC C=QUpS (n atlVe c3.m _"_CQ

CUDS O nad VesmhnGSgsw;ﬁ:ssmmlme Gide chain oxddatioNns er|c 20 =?sidue
of the insert) for rQom t enper.at u sodi ~, rn phosphat e,
PR e S T O e e O e P AT U
removed by repeat ed diedllvsrRieddRroddinoeHe Wil tedkUBMRhESRBE e, pH 7. 0.
The S~tCC derivatization of 25 the HBc part' cles resulted ~n a m n=nal

nol ecul artSwei ghresiiderce Engugnasts mtmtn detighicalind bpsSPSIPAEES . chever
t he PAGE anal,,rs d|d onrlrr el~nC~r g_trtl_e HBC tg rIOr tC
nroce?C~nc CO £f % & cc?nj gactl on s §yr?t R&F ngégh ﬁ o be

coupl ed to the dRe ttllcrel riS WeSpRrdRsitgred t&iécfpnt It thaegub@ceuhldaﬁgm nal
$ AUG 20A2 WO 991 40934 PCTNS99I 03055 -59cystei ne residues to enable

directional comeadjam O\fhﬁﬁ e tinps Haptiensin ealive ioni mary thstnefon the side
chain of the introduc |nereS|du viat St e .sulfh | of the
hapten. 5 Tabl é:thf u“? hgosf'i/r‘i‘fl'h |cl pe 5 rebetﬁi%‘r ﬁé‘% F?‘Smpﬁégﬁﬁ _
cytochrom® P45Q £nzy ks fdhatoMer e ahei gl luaPnini @deedetreniiBe opar ti cl es.
The synthetic peptides were dissolved in 50 mM sodi um phosphate, pH 7.0, to

a concentrati oruy p];@:vtmgi/nﬁ mcidi Fireed dyyntaeit i i qrept isdéstiguentsen added,

dropwi se, to a 5-fol ces over, total. ups in | ei m deacti vat ed
strategically r'?otcﬁq‘qkbedf > B8 artq S esslé)eagﬁ‘aﬁé’rsmtstg f§ react at room

temperat ure forgid,duuys. urmi@ Ni Gerde! i ot Beb HBGHAD IR IklcBS akS were
reacted wth the two 2D6 peptldes (206 and 206 C)as controls. " 8 AUG
2002° WO 99/ 4098sBER R a5 WBAlods ovad i 4STE s emslaID@T«’/gUS@Q/ 03055

T R O o Ul O IS
g.ig?)cg:?RI?;)SIC\I\/IngA% CCA%V%{%%E— cd R81092C- %16‘ tSlAC}Se/“4/07r CiCTVSGA11115
3A5- cCTLSGE112 equivalent terms is intended to include the
appropriate amino acid residue seguence referenced,
subject to those of the foregoing modifications which
30 do not destroy its functionality. A peptide or

polypeptide used as a hapten typically contains fewer



Exanpl e 4: Analysis of Mddified Core particles Conjugates 20 Strategically
nodi fi ed HBc particles pendently |inked to cytochrone Réﬁgﬁugqﬁﬂrninant )
hapt ens of Exanple 3 were anal yzed by SDS-PAGE and i mmunobl ots to determ ne
i f synt hetWe9pd¥984 des had been successfully conjugated to MBSI/USPRE30SS
denaturing 25 conditions of the el ectrophoresis dissenble of particles into
their constituent subunits, HBc nononerd.- Because HBc nononers have a

nol ecul ar wei ght of approximtely 16,000 Da, it was sinple to ' resolve
HBc155- K81 particles chemcally conjugated to 30 either 1A1 (289-302), |A2
(291-302), 2D6h4dR636 2dfinoradid (@833 293) feptndsies, t@si¢hDBe pepti des have
a - a Auc 200Z WO 99340934 PCT/ US99/ 03055 -61rel ative nol ecul ar nmass of
appr oxi mat el yConpHNHad ahiNeder Srdte @A ROV \B sth| abewer £AsaMiRCt he

I I . KB [ oo h ' ' iti
of “Cho conj ugATEd BA-RERe bon noRan e bher b efpafe o SRR T &G

that approxi npt etysb8upercent D§ ndeedBeHSS- K8dorbaapeaseder e operativel y
| inked to hapten, whereas only about 5 percent of the "wild type" HBc149
particl ed wereoclypkedide hapten. CancbapiRraey nchanasel | reshaduad, obser ved

success in pendently. |inki hapten to the strateqgically dified hepatitié
B core proteiﬂugyiﬂ%?t% Pﬂ£9%%§€+§%i%% f$@ft?ﬂgt%%2e?@%d?ggﬁﬁ?%gyoccurs vi a
the inserted bysiipgiA§ pPOPSEH tRaf LNs§i0E [€si dugubhat.is also present in
the "wild type". 15 e shift in nobility of HBc particles conjugated to
shorter C-term nal P450THerwoed peppotdis" (deangndtesrs)posypeptade

pronounced in_the SDS- PAGE_as that of the Ionggr inhibitoré Begtides, but
Vi fitc

shifts of appPo¥ihat 8P§uy0d0° 0B wWBPES cFBLPP y228d et fatAtern Ssful |y
coupl ed hBc1535 K81, 10 oggeﬁrr1h§ shtatggically nodified HBc 155-K81 protein
exhi bited markedly enhanced abiTity to pendently link to a hapten over the
"wld type" HBcl49 partTbkeewprahi theshewetl andi akodongptigareonft2s I n the
nodel of core particles propounded, by Conway et al. of_icgsahedral
particles of BE?ﬂanigécg?n ﬁﬁgg¥sbﬁiEF%daE%r@SpFBtEFilﬁDEBH@rs [ Nat ur e,
386: 91-94 (1997) kn dhEBESq9f mbilechebat hye! ¥pexpasgad i pryngdepipant | oop
regions of the core nononefrs 30 extend out fromthe assenbl ed core particle
into ~ ' sol uprodukekenspbkdseonmaypabewe¥the, "aptkestrare thoseAUG 200Z WO
99/ 40934 PCTNS99/ 03055 -62 closely arranged spatially on the HBc particles.
The stradtegi cTPOESHIE6R oPtPhENFATT BAYLEATMGEFne FBZRdle SRSt he tip of the
spike mnimz : r i f S i n aLnts I; ti to link
APt ens 105 (he aceti e Cors Bart Perest Ao i of P55 narcant Tof t he
strategical | ythedbilved [dBreaondhemsragr ansiubodgsf ul Ngveenhedaised to t he
synt hetic peptides of Cyt P-450. Tg t ampunt of pendent |inkage corresponds
to an aver age 35F1BREIRSHEER SEPSER 3Ypéﬁff6r€8réopéﬁtP@P@gspike. Thi s
proposed di st i i f .ha LN t a hGallay ; hfJ ed HBC
particle is su%%%??g% yl%A%E%?ééglﬁgggn g? ggﬁ? %ngﬁgP?%SBC3%§?¥¥Ens t hat
di ssenbl2® t heapar.ticle while maintaining the di ner associ ation. 15 HBc-2D6
particles, prepared by peptide coupling, were exam ned usjing immunoblots to

+

. g, W . d .
confirmthe presentati ofidf FHE2BEIEprespE e hdRePdBe I e eaRt i - HBc
antisera, the em. cal d L Vi t wo 1di nonomner s
representing 5 pgkiﬁg#%gﬁﬁ#ﬁﬁﬁaﬁgaaﬁf%%%ﬁgF%%qggg'peg?%%%2&%£%§ t he upper
band of "whi ch whltdt tsethndard antliyp2ph idet noaeaclbhearel)y [@nfBiad.ng t he
correlation between nobility shift and attachment of the 2D6 peptide. 25
ammeG:&Qﬁ@@%ﬁ&%%ﬁﬂ@@ﬁo%RWWW%%&%ﬁmeth
inserte ysi I £S5 er, LE iRt i L Rant
surfacefﬁeéxpose%g:ﬁ%?fcgr&:d}legén aen‘ia)r%o%g%%sq‘%-tg&% %&%%dﬁggg (ijarrpl ify
the 5 and 3' Grddsamidricsof Mt eHBC gene and a single |ysine codon was
i ntroduced via the oligonucl eotide priners. The WO 991 40934 -63
PCT/ US99/ 03055 '8 AUG-2 ol igonucl eotide prinmers and the resulting am no
aci d sequences are shown in SEQ ID NGs: 61-82. The "wild type" sequences
are SEQ I D NGs: 59-60.



In order to generate lysine inserts at _- 5 positions 75 tog %d% K75
t hrough HBc-K84), the pairs of PCR fragnments were di gested wth

<.X., restrmadonsmrndonucl ease Msel, which recognizes the semlev@e/%MATT
The nodified gene was restored by | i gating the oligonucl eotide priner
(containing the 10 lysine) at the convermeent Msel restriction site |ocated
at nucl eotides 221-224. For HBc-K85 (SEQ I D NOs:85-86) it was necessary to
generate two fragnments that were ligated at a cormmon Xhol restriction site
(CTCAG that is not present in the wild type gene, 15 but coul d be

i ntroduced at position 239-244 without altering any am no acids. Table 6

Lysi ne inserti @abiet ants of HBTARDE| OFt{ G@RRBABONDBENTRHant | oop
NaneSequenceSEQ I D NO Wil d Type SYMBOL

HBc TW/GVNL EDPASRDLV\SW@QKZ@;_EV\X/G\/~Q;-TL§QE’§§RDLV\SYV§§ﬁ@TX\y@{NKL EDPASRDLW\SYV6
AK77TW/GVNL| ~EDR RDLWWEYV
70K80TW/GVNL EDP~ASRDLV\§YV72K8 1TV\X/C;\/NL EIZPAI CSRDLV\BI(V?XKQETWG\/NL EDPAS#~RDLV\B
YV76 ' s AUG 2002 WOS99I1 40934 - 64 PGI¥US99/ 03058lycine

K83 TWGVNLEDPASR~DLWEYY78K84 TW/GVNLEDRASRD~t LWWEYVBOKRe hWEVAhERRASRDL _ KWSYV
82 To purify the stratggically nodifipdcHBc proteibserghiepigad cell Iysates
froma 1L fernme~~. tatlxn wer e preci pi ted w th 45% ammoni um sul fate and
the 5 resultant pellet subjected to ge %iltration & anéngepharose CL-4B
chromat ogr aphy (2.5cm ® 100cn) . - ~ Par £F&ul at e HBcLh&§Ta&T€har act eri sti ¢

el ution position when @nal yzed using Zhes type of Ledsodrucihiech was

i ndependent of the ami mo acid inserti @as mde to theel@iparticle. The

el even strategically madified HBc partingd es gener aled LonhihRi s study were
anal yzed using this procedure, and the gl ution pl‘?‘fl I «is wer e neasured
spectrophotonetrically _ _at an absor bancé of 280 nm Thee of the
constructs (HBc-K75, HBc-K77, and HBcFEP) were pF‘oH’ﬁE’é&nét | evel s of

bet ween 50 and 100 ng/ K whi ch is compatsabl e wi t hLt-y}pisdale yi el ds for

wi |l d-type, unnodified HBc particles, @lig HBcl49 pathfiistliedneFour of the
constructs (HBc-K76, HBc-K78, 20 HBc-kKg}, and HBCLK%%t\g%_Qleoroduced at
relatively low |l evels %f bet ween 1 an%l%o ng/ L. FanaI lu\éam uacgf t he
particles (HBc-K80, HBC- K83, HBc- K84, ziEd HBcK85) Wgre produced at |evels
deened to be barely detlect abl e (<1 - $LAEAYSEEF WBGS 40934 - 65
Table 7 Yields of purified |ysine- contal ni ng HBc ﬁértl cles froma 1L
fermentation 5 L-glutamine

ParticleYi el d(ng/ L) HBcWL50( K75) 77HBc- I8 K76) 5HBc LSO {yWoraphasaBc - 150( K78) 10H
Bc- 150( K79) 94HBc- 150( K&0) OHBc- 150( K81)akiBc- 150( K82)altdRerikhO( K83) OHBc- 150( K
84) OHBc- 150( K85) 0 PCT/ g599/ 03055 The fregoing deq_,c_ra!sgd,_,q_qcofactlt&p

i nvention, including t specific enb ds' ments and exarED N ntended to
be illustrative of the present inventi-ti: 10 and i & ot 45 %é‘%aken as
limting. Numerous othét variations aftf¥odificat |10r?ssF@a-'rF3t5'e aF¥%ct ed

wi t hout departing fromthe true spirit and scope &f* t he present invention.

- $ AUG 2~ REPLACEMENT SHEET WO 99/ 4093 PCT, ' US99/I03BRradBAadG- D' .. "M~a~.
is clainmed: 1 . A strateS~.*~.| i:; m&ys. ~eo h=pat-~dyscdimeore protein

conj ugat e c~npri i gocapsi d
protein pendently Ilnked to a hapter_, wherein the strategically nodified
hepatitis B core protein conprises an amno acid sequence corresponding to
the hepatitis B coreprot ein am no acid sequence of SEQ T_D NO: 2 i ncl udi ng
=v ~~= a:~m~0 ac~c' St:r esi dues - urrber eabout 1~ to about 1~ 0 and a d; tonal

nupber ed about 50 to aboudthﬁl %}%td %Nﬂ%@)c%%ﬁéé’s aé)out a0 c: ?1?

a0 ad C r sl dueS 1n 1~:1

C .M ~—~Ca_~y-r s&‘aa@;fcaihnencaﬁfﬂad: k&p@uﬁnaﬂ‘:ﬁé@(a@rel ("HB&™) pender.t;y
1Lntedt0 said CG':cr™ .M. 3 =w..tlV_a(.”, 1~C ad C r2SI duE. 2. The
strategical |y npHREYH Wik i3S a w%ﬁ%etﬁr@ttwcalebm RREei¥ecording to

Ceo! dues nunber SEABGTEE et AOG AR FTLARPON WAl ARG 1F G
hepatitisiB such as polypeptides and carbohydrates. The

strategic modification of the invention is the



25 core prote~r. conjugate according to claim~ wherein the i%ms in
the region corresponding to amino acid residues cunbered 788 . 4. The .
strategi cal !Pé nod; =i ed hepatitis B 30 core protein conjugate ac rg%gg to
claim1 wh¥0H40934_ AUG 2~ WD 99/ 40934 PCTI US99/ 03055 - 67 tﬁ%T’H%%{“ is a
pol ypepti de hapten, chem cal hapten or carbohydrate hapten. 5. The -
strategically nodified hepatitis B _ 5-@8re protein conjugate according to
claim1 wherein the hapten is a pathogen-rel ated hapten. 6. The
strategically nodified hepatitis B core protein conjugate according to

cl aim S wher eiinsgé@ttibae sifrat ¢gi eddut mdianied lepat itdssidesore protein
further conprises a T cell stinulating amno acid residue sequence
operatively | tRRéHIEFSt Re c@&m&a}%’e‘ﬁﬁaﬁfs“’(ﬁ NP et i85 Weani no acid

sequence. 15 h t i;cal ifi (S care otein

conj ugat e accéPélznght%o%% EIQI% 2%\,{)1%?%?# s%%ﬁqge%%dlgi&r?u%ﬂ it% amno acid - -
resi due sequetregios lelraieeghcr@iirie txar@mipad agen »wss tdieegpaendearnt lupol | nked
pat hogen-rel ated hapten. 20 8. A strategically nodified hepatitis B core
protein Parti &fe tenpiBssiseguerss e fikAIIR I‘H%'cﬁ-fi ERHeftitis B core "
protein subuni.t_ _havy insert nt aj N hem cally-reacti am no
acid 25 side & girﬁ,du%dgr&lhﬁsr&zlgalnlf}f%%% r:Lgea(ra%irgln S gaecﬂjic%: cfzestelgfrhn@l \fﬁ%ﬁt. 9. A
strat egi cal | y ampdidfd -@thdiepattdd oideiaids i oh@idt fsHdl deogdridioat e
conprising a 30 plurality of strategically nodified hepatitis B core

prot ei n subunipendeertdentliynkink el haptemdpp efhe strategicaldyG z WO 991 40934
-68 PCT/ US99/ 03%3 10, The iset rategically nodified hepatitis B core protein
particle conj er& X laeé%ocra}ﬁrng %o claim 9 wherein about 0.1 to about 0.5 of
the strategegically 5 nodigdmiihepatidas RedrL Mot&bdnssunid,s are . _
pendently linked to a hapten. 11. The strategically nodified hepatitis B
core protein maus.claneonnipd onceol g envelepen ontairdidg a plurality
of strategicall di fi edﬁ'h.e atiti,s B core protein, subunits that are
pendently Ii NIEHF RS 4 R S hapt BhsTUG 53R G 117 &3)i FHFSA IO f i ed
hepatitis B 1%&%@1&%13#‘%@&7&?&% ChE EOPE UGBS E: AES O dbdge tHnEC] M 9 wherein
the strategically nodified hepatitis B core protein subunit further

conpri ses a T HitAg)stdimee i nglanvioraci dhe esedael seguBncerpept i debonded to
t he carboxy term nal re%icfue of tﬂe am no 20 acjd, sequence corresponding to
sai d hepatiti P hCHT PIRYHRITR. 1950 TRRT ST 5ERgi cBPIST ot fi ed
hepatitis H caig. Prot&F N PeEdhELLa T OB HAeE By AREQE JhPIoE Ol @M AR 25
wherein the T cell stinmulating amno acid residue i's fromthe sane pat hogen
as the pendenthspatitkesl Bagren. prdteiin dmmensgenhygsf U8Ponrp2édein 30

conj ugate conprising a pol ypeptidg hapten.pendently_linked o a
strategically %%?Jrg%os‘%%‘b%f??r s Eh%osgrgls\iﬁsQ@fﬁoggﬁuEGgaéﬁyL%bo 0 Cb~
protei n that cOipEdsesstiegiRaptide- beokedcdoanins, gl , pbtrandrldd fromthe
N-term nus, wherein (a) Domain | corresponds to residues about 10 through

50 of thz0an nol aci Basegeend®6oB8hepatllPP3)5 B.ETor Eopwaveeh al.SEQ | D NO: 2;
Nature 386:91-94 (1997).

A contemplated strategically modified
hepatitis B core protein also forms a macromolecular
assembly. Such a particle can be present in the form

25 of 180 or 240 protein subunits, although it does not
have to be such a 90 or 120 dimer.

Hybrid core proteins with exogenous amino
acid residues inserted in the region near amino acid
residue 80 are reported to assemble into regular

30 shells, even with inserts as large as 46 amino acids

in length. A.I. Brown et al., Vaccine, 9:595-601



(b) Dormain Il is bonded to the carboxy term nal residue of Domain | and
corresponds to residues 50 to 100 of said amino acid sequenced AUGH2Batiti s
B core protwomoubestt further contains a 10 heterol ogous i nsePCT/US$w03a$fout 40
amno acid residues in length that includes a chemcally-reactive am no
acid residue; and (c) Domain Il is bond=dto the carboxy term nal residue
of Domain Il and corresponds to |5 residues 100 to about 140 of the am no
aci d sequence of hepatitis B core protein. 15. An i munogenic fusion
protein conj ugat®sBCLOF di dehd@eT! @ nalls, whereirol he @8. sdg-ategi cal |y

nodi fied hepatitis B core protein further conprises a fourth peptide-Ilinked
domai n, Donmmi n(3382Wwherein (d) Domain IV is bonded to t he carboxy term na

resi due of Domain Il a co rigﬁg dceII 25 g f 16. A
st.rategi cal | y-nodi fied h EHFLIBF of BF R ROWpT 81 SRS no aci d
sequence CorrQ%Q&@qa§9atBeﬁ@ﬁM&rﬁ”&@QuéﬁbQ heséoye; & 0o afioyh 30 am no
acid residue 140 of the hepatitis B am no acid sequence of SEQ ID NO:2 and

havi ng an5am nousan dhepat AUEE 2B0ZoV® §8HYE9384 mw%mo&amwm isequence

insert in the re |onmﬁorresg Hd'ng 0, about. resi due_5 about residue 100
of the hepat|t$§ RF ef n2Pfie? nseFieF nErhGEReS %ﬁe % A% eact i ve anlno

acid residue adhiber i BSarbikhschiel Rah. aNsBoanhwey] & dalerMzaNt

An inocul um conpri si ng an i Munogeni ¢ anount a strategically nDdlfled
hepatiti s B comemanoBBcn sobhfwpgat edd| san8vBHQOIDANGpes sathl il axe . 10
phar maceuti cal | acce table diluent, said strategically nodified hepatitis

B core protei figenf WhRYBEcBMNr | STAE ESRUBRERSpRRJERTIIUS iHKE®Y 0 a
strategi gl |y ggégegshsegg bScB: 07 201 01 EbNouBELRLY, | DSt T At gl cally
nodi fi ed epat core rotein conprises n am no aci d sequence
correspondi ng boolbgibapasetjuienBecoEednekt Repaaiths este wespwincapf SEQ I D
NO: 2 i ncluding _the am no acid residues nunbered about 10 to about 140 and
addi tional | y hayFaycaRdi Regreni Ast RECr £Bi BR:28 éB@rE%poﬁcP?Ef%Qﬁzﬂﬁ no acid
resi dues numbefgd §P8H£d58 h?r?ﬁ?u éQ? ;é' AubRagELpELd gﬁ 4o about
40 am no acid residues In eng contalnlnﬁ enlca Iy reactive
ami no acid resgBgeIDSROd8hapten; bebbgcnanﬁenébythtmkedof@ Boigk SEQ
chenicalléhreactlve 25 amino acid residue. 18. The inoculumaccording to

clai m 17 %her efR @i d apfabegreahrpafdaici €@rRepht FERSIR NQ# el hrancdi n
con ate is sen fq Lticles 99/ 40934
PCT}B%99/050525? %5EH¥%g§¥nocgh§%1§g€g@ |n§ CS a|§$%§%¥ﬁzr%¥|1 sai d

hapten is fronaalgaéhogenhahdmwﬁehepatusesoia gard pmoegifdnbynFa mamal i an
host protects said mammalian host from said pat hogen. 5 20. A process
for induci ng afifhfs8aiesti Alan éﬁ?haPuﬁéétCEGFHPEi'ﬁg79_§0%téb%8%ﬁ

i nocul ating said ani mal host with an inoculumthat conprises an i mrunogenic
anount of a strategically nDdlfled 10 hepatltls B core proteln conjugate

di ssol vedoor dispersed i gtgapka Vie i B di| pest
strategically nodified hepatitis B core protein conju at e conprising a
hapten pendently |inked & eaP§PP§Pégﬂ€MQUFlﬁﬁdFPPéGmﬁ p8EPt®#s B core

Dol o hEEELRELEaS1(AROLGILLY pIpdlfad heraLlt LeoBecgre proteln
conprises an anino equence corres ng to the epa?l is B core
protein anm no aehdugagecttatoicobpRilsesNG 2dpteinidibag tikepanuent agi d

resi dues nunbered about 10 to about 140 and 20 additionally having an
insert in the é@k@ﬁ E6r PeSieRdeHE ced lanimes ifdiad hepiagdédsnBnBered about 50
to about ,100, S |) i_n 4 agi i dues in
| engt h, a%d (i ?5?' Com aﬁ%ﬁg a ?ﬁem%éflaltt%gag%c llyvgnoéwmfg%dagll ga?ggl % sai d
hapt en 25 bei ng Q@ﬁéepwdtdunﬂﬂﬂiéMIfﬁwmiﬁﬂgggegigahbb aeduf i ed hepatltis B
core protein through said chemcally reactive amno acid residue, and

mai ntai ni ng saFE@IHRNEE COGIreSPONGE NS dGhenthemat idnsi Bodiods to be i nduced.
30

protein amino acid sequence of SEQ ID NO:2 including
the amino acid residues numbered about 10 to about
30 140 of that sequence. That HBc amino acid residue

sequence additionally contains an exogenous amino



REPLACEMENT SHEET WO 991 d093J PCT~~Li S99/ 03055 ,~ 2 _ - g .AB AlIE 2 ~ ALG
2002 2~ . T:-ie pr~:~cess according to claim20 W1 . 1 .G Str -

ate3l Cai ' _whdoko3d~1_d LlepatltlIS Li COe prcte=n co.” ~uquqm59§,omsgsent
.M the, for;n of particles. 5 22. The process according to claim21 wherein

said hapten is froma pathogen and wheggin, the antibodies induced in said
manmmal i an host protect said manmal i an host from said pathogen. 10 8 AUG
2002 WO 99/ 40934 PCT/ LTS99/ 03055 1/1 Scheme 1 Na03S O O OI sm HBc NH2 +

N.O ~~CH2. N Q H H HST + sm HBc
N-C-CH2' N hap en glgu J‘P%IISI ghsg}%ﬁngﬁ-(lean@ﬁes §ndlm tI%Dapten O W
99/ 40934 SEQEmNGR ld8H N@sﬁlixﬁ% Biuidcetred Asldhuey 5d. tlomametCampl ex | nc.

<| 20> Strategically Mdified Hepatitis B Core Proteins and their

Derivatives <30 tHENHEY 456w G939 nwis40whRrCEiIDSIde ekfigerncd®o- 02- 11 <150>
60/ 074537 <151> 1998-.02-.12 <| 60> 11% 4é c1l70> P%fentl Ver., 2.0 <210> 1~
c211> 553 <2135 | 35 Befft AP ATE TS S5d A Fppd 592>

(1)..(549) <3Uzc1303nd\atiune co3dindlla 383 L4634 AR ami G 2~2
PCT/ U899/ 03055 <4od> 1 atg gac atc gac cct tat aaa gaa ttt gga get act gtg’

gag tta ctc 48idetrefsipiud.e Al PreptEyr iy pe@derPly Ainkaélda tEhrthdal Glu Leu

Leu 1 5 10 15 tcg ttt ttg cct.t ac ttc ttt cct tca gta cga gat ctt cta
gat 96 Ser PHFIZFHF r")%d&flgﬁéigﬁ?é: Iﬁrr(?t§é'rn%ﬁ'l AGF Peu Leu Asp 20

B 50 0% oo iy s S e St 90, 8
- ~ AUG 2d~ insert.

10 It is preferred that residues 1 through 10
of SEQ ID NO:2 be present in the strategically
modified HBc protein molecule. It is further
preferred when any residue is absent or deleted from
position 1 to 10 that those residues be deleted in

15 sequence and that the remaining residues be present
in sequence. Thus, if a five residue deletion were
contemplated, the deleted residues would be numbered
1-5, leaving residues 6 through the desired HBc
carboxy terminus present, plus the insert.

20 It is similarly preferred that residues
numbered about position 140 through 149 of SEQ ID
NO:2 be present in a strategically modified HBc
protein molecule. As noted elsewhere herein, the
region of HBc numbered 150 through the carboxy

25 terminus contains a plurality of arginine residues.
Those residues bind nucleic acids on purification of
HBc particles after expression, and the sequence
containing those residues is preferably omitted from
a strategically modified HBc protein molecule. As

30 was the case with the residues of positions 1 through

10, it is preferred that residues between about



WO 991 40934 PCTNS99/ 030~5 tca ect eac cat act gca ctc agg t8aAUfdZtt ett
tgc tgg ggg gaa 192 Ser Pro Hs Hs Thr Ala Leu Arg G n Ala |Ile Leu Cys Trp
Gy Gu 50 Y PRoka atg act cta get acc tgg gtg ggt gtt aatpcrh@ogesssgat
cca gcg 240 Leu Met Thr Leu Ala Thr Trp Val Gy val Asn Leu Au Asp Pro Ala
65 70 75 80 tct aga gac cta gta gtc agt_4sd gte aac act aat atg ggc cta aag
288 Ser Arg Asp Leu Val Val Ser Tyr Val"Asn Thr Asn Met Ay Lau Lys 85 90
95 ttc agg caa ctc ttg tgg ttt cac att tct tgt etc act ttt gga aga 336 Phe

Arg @n
aca gtt
Ile Qu
tat aga
Pro Pro
aga cga
Arg Arg
cga agg
Ser A n

Leu
at a
Tyr
cca
Asn
cga
Ay
t gt
Ser

g %I? ?Helﬂ)Saﬁ&elﬁrbggér%'%%ngg%ngﬁ gé’sp’}érgi g 05 110 gaa

a tct ftc A u Thr Va

Le&lbéa/@ht Sei PheeGhyniihl Thgnhée. Arghddy vh'i]eB:elZ:Qlé-25 cct cca get
eca aat gcc cet atc cta tca aca ctt ccg 432 Pro Pro Ala Tyr Axg
Al@aﬁia@xwéepéhns?err%%d%uwmemd_%s:qmega*gemueact gtt gtt

a £¢.5C ga_aga_aga.act 4 f|hr Thr Val Arg
S06e L FLofLa R0 R 80008, JE U Il A28 oF ot aga
CaaréCQléégpﬁgéeﬁQCaﬁgatﬁgget§E P28 fﬁ§)é¥% dBefN g Arg Arg Arg
Pro Arg Arg Arg Arg Ser 165 170 |75 caa tct cgg gaa tct caa tgt

tagt A n Ser AMgsd prséer@ahyeaascsaagemmleisee waseq@aue@:z» PRE c213>

Hepatitis B

Val Qu
Asp Leu
Al a Ser
Pro Hi s
Met Thr
Ser~Arg
Phe Arg
Au Thr
Pro Pro
A u Thr
160 Pro
| 75 A n

Hepatitis B virus <

Leu
Leu
Al a
Hi s
Leu
Adp
Adn
Val
Ala
Thr
Ser
Ser

vir s <400> Pro,. Tyr Phe Gy Ala Thr
Lefi ﬁwg 18 EéQgE# gﬁe Lgﬁoﬁr ogiriagpl ﬁ%@r VAR
Asps30 gpud0tRae3sdquendeAUE2aht YRL4PL 40434 PCT|U899/03055 Thr
Leu Tyr Arg Gu Ald Leu du Ser Pro Ju H's Cys 35 40 95 Ser
Thr Ala Leu Ehg GhﬁeALacahebEepléyedTWxtﬁiw tthel H@:- 55 60 heu
Ala Thr Trp, Val % Val Asg Leu Gu Asp Pro Ala 65 70 75 80
Le§S9RPFRGAI lgth?y SFAPTAS ?Hﬁlﬁéﬁnﬁ/b?u@?/r%uakt%ta%o 90 95
Lednketigflr BuBle kb, |be Set hr g 105 110
I H ugTyr Leu Val "Ser Ph eeé?§ bgge%rp E? é%%%#%? %@% 120 125
TynnAEgtPne Presgsn Ahatﬁeorbbeobeuoﬁeesﬁhmding 5o 130 135 |40

Val Val Pro Arg Arg Arg Thr 145 150 |55
P?ﬁmA?la ﬂFg AFGS P&egeiu@%%rgér ab&ﬁ%&g %&gga%r’lgt A?é] Ser 165 170
A 0 < 25 | 3>
r&OGEUEgggegéglgyéﬁé§<§§%%9?1§s 5}% 3§§ <§0 <§%€i ucl ei c

Aci ds Resd5 <304e=ritspddd@ing740<afiind 883d<4@@*ddeat gugheradit 7gacoccg t at
aaa gaa ttt gga gca tat %&%f%%% tta ctc 4B 3 8 AUG 2001 WD 99/ 40934

PCTI US99/ 0305582+ Most

20

25

30

bly, the insert is located in the
region corresponding to residues numbered 78 through
80.

A strategically modified hepatitis B core
protein of the invention has from 1 to about 40 amino
acid residues inserted. Preferably, the insert is 1
to 10 amino acid residues in length. The insert
contains a chemically-reactive amino acid residue.
The insertion of more than one chemically-reactive
amino acid residue is also contemplated.

It is contemplated that restriction
endonuclease sites be provided in the gene construct
for the strategically modified hepatitis B protein
near the desired insert region. The nucleotides of
the restriction endonuclease site will be translated

into amino acids upon expression, and that effect has



Met Asp Ile Asp Pro
tct ttt ttg cct tet

Leu
tct
Leu
aca
Al a
acc
Val
t at
Asn
tcc
Leu
gtg
Ile
aca
Pro
act
| 50
528
17S

8 A~G 7002 WD 99140934 <21 0> 11> 183 <21 2>
PCTI US99/ 03055 S2464S Ee51d“ﬁetthﬂ§ 19 8§§§§ Bfo ©

Pro Ser
get PP ¥,
Tyr Arg
gca ctc
Leu Arg
tgg gtg
Gy Ser
gtc aat
Val Aan
tgc ctt
Thr Phe
tgg att
Arg Thr
ctt Sccg
130 |35
480 G u
| 55 1 60
Pro Ser
caa tct

Ser Val
cga
Leu
gaa

A u Leu
gat ctc ctt.Jac

Tyr
gac
Phe
gag
Leu

Lys
ttc
Pro
gcc
du

Gu Phe dy Ala
ttt ccg tct att
Ser Ile Arg Asp
tta gag tet ccg
Ser Pro Au H's Cys
ctg tgt tyebygt gag
Cys Trp Ay Gu 50
gaa gac cca gca 240

é{39Phe
¥gg
Au Al a
agg caa get att
An Ala |Ile Leu
gga agt aat ttg
ssmeLbaaEﬁugAep
gtt aat atg g

| 92 Ser

cta_aaa 288 Ser Arg Qu_Leu Val_Va

ég%g@p Phe

Ser

Leu Asp 20 7Z5 30 acc gcc

cat tagt 14YCHHF?PAP%Sser Al a
35 40 45 tca cct csc cat -
Pro H's Isis Thr

55 60 tta atg aat ctg gcc
Leu Met Asn Leu Ala Thr Trp
Phe Ahaifé @0 €bdBAutteaagg g8avetralgta gtc agc

Tyr Va2

Hﬁ?t€99tE€H EpéOBBCéeaQSSaPEeaaam@§§0éﬁ&1VtgVPgéaP%ﬁ cac att

t eu he Hi s
3% gAr %8OP?8§ é%ocgk 09 g%? #fgWEEEOEE?“ftgnéta
tg@mxctrea&@n&uoﬂihéﬂg’al skguefbdsTyhdl ele¥abhgeesilhe
115 120 125 cct ccc get tac aga cca cca aat gec ect
w82 1pPKpopro i) éhﬁfyﬁrArg Pxampie AsdeAIC§lble§ BhehL ay
I40 C c cga cat

..gi. % tfo g\gé %\g?lé r)}lo hﬁ%gtk%g S A;%g
@@&etggoe@hnggc aga cga agg tct caa tcg ccg cgt cgc
Pro Arg Arg Arg Arg Ser G n 5er Pro Arg Arg Arg Arg

Ile
tct
Ay
atc
Ser
aga
Arg
aga
Ser

cgg gaa tctincgaet grefayrss2e@adsaenty g t8eu i8serd nsCys

%gT <2I3

Ser
ttt
Yal
tta
Thr
aga
Thr
aga tct
| 65 170
180 4

Cys
gga
Trp
tca
Leu
aga
145

atltls 8 virus
he Gy Al a Ser

Val G udeu beuckibel@ekdager Pﬁﬁ beHeRr Bregk rASR %ﬁ%oaa%e%&% Ser lle Arg

Asp
Pro
Cys
du
Met
Thr
Trp
Ser
Arg A

NgNgNg%ﬁﬁ%ﬂ@é@&@@&ﬁ%@&ﬁ%%&q&&@
<211> 558 <2| 2> DNA c213> Hepatitis 8 virus 5

Leu Leu
du
Gy

Pro
Ay

Thr eu

Arg

Asp 20 25 30 Thr Ala Ser Ala Leu Tyr Arg G

du 50 55 . 60 Le n Leu Ala Thr Trp Val .
RGGETG F8UB65SBPORE G G eL B VROt B *

Arg loo | os 110 G u Thr Val Leu Gu Tyr Leu Val “Ser

S Asn
Phe

u Ala Leu Gu Ser
H s Cre 35e40f4FeSeriPtdoH snkysmeshand ghedor Aegog@ratAlom Zl e Leu
Ser Asn Leu

Val Asn

Leu Loy 135 1932 ld e1ﬁl’c£1u§lﬂg|-%%el-%léd&%f%e’ﬁ’lﬁél‘l@ Ser Cys Leu

Ay Vval

Arg Hwactliyel2@sti2Z®eRro Pro Ala Tyr Arg Pro Pro Asn Ala Pro Ile Leu

Pro 130 135 140 G u Thr Thr Val Val. Arg Ar Gy Arg Ser Pro
Thr 145 156T158'SFE0 FPETEM P80 A m%%l%ze Edrved n. Sex~Pro
| 80 <210> 5

<221> CDS <22epath)t ig FSEore3 @i t<dnd:atNec ipeist tAcind s dRee spBingl 3.
1747<307> 1983 PCT/ US99/ 03055
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25

30

tc an amino acid residue position from about 50 to

about 100. The preferred region of insertion into

the hepatitis B core protein is in the immunodominant

loop region (about amino acid residue 70 to about
90), more preferably in the loop region that
corresponds to the native hepatitis B core protein
position from about amino acid 78 to about 82.
preferably,
78 to 80 of SEQ ID NO:2.

As used herein when it is said that the

Most

the insert is placed at residues numbered

insert is "at a position" it is meant that the amino

terminus of the insert is peptide bonded to the
carboxy terminus of the corresponding amino acid

residue of the hepatitis B core protein sequence

8 auc 2~ VO 991 40934 <220>

<306>



<400> 5 atg gac att gac cct tat aaa gaa ttt gga get act gtg gag tta ctc 48
Met Asp Ile Asp Pro Tyr Lys Gu Phe Gy Ala Thr Val G ur §AVGLI2® 1 5 10 Z5
tcg ttt ttovoeduddesd gac ttc ttt cct tcc gta cga get ctc ctaPQgRUSDB®3IBEr Phe
Leu Pro Ser Asp Phe Phe Pro Sar Val Arg Aap Leu Leu Asp 20 25 30 acc gcc
tca get ctg tat cga gaa gcc tta gag tctaget gag cat tgc 144 Thr Ala Ser Al a
Leu Tyr Arg Qu Ala Leu Qu Ser Pro Qu H's Cye 35 40 45 tca cct cac cat
act gca ctc egg caa gcc att ctc tgc tgg ggg gaa 192 Ser Pro Hs Hs Thr Al a
Leu Arg G n Al Jilgy kethtOkni H a8i¥ Feld i bt 9 a0 At Cta get acc
tgg gtg ggt eat eat” ttg caa get eca gca 240 Leu Met Thr Leu Ala Thr Trp Val
Ay Asn Asn Lewrds, Al Rrmedlta ifFedlats 180 ficdd cage tdet retsddgieaagt ¢ aat t at
gtt aat act aac atg ggt tta aag 288 Ser Arg Asp Leu Val Val Asn Tyr Val Asn
Thr Aan Met G%PaLfeLFtL‘%sedB?%tg@natc egg caa cta ttg tgg ttt cat ate tct
tgc ctt act ttt gga agelﬁg‘% : rg.G 8L TR, R i.s L) e Ser Cys Leu
Thr Phe Ay Arg 100 | 05 Oﬂdéalgbrgcc%ngtﬂz} (L:esﬁ'tf gaadtaﬂt%/ti%é;ta?l ct ttc gga gtg
tgg att cgc acitB38dzdd unebHod@lin etheGartlyr dertetMal nEatigliaatGon, Val Trp Ile
Arg Thr 115 120 |25 cct cca_gcc tat age cca cca aat gcc cct atc tta tca ace
ctt ccg 432 Prhy P PR Pagad mefimdb imy ¢ A Arat g ol |1BxamieSerl Thr Leu Pro

| 30 135 140 gaa_ act a tt..qtt age C, £ga ggc .e .GC cct age age
480 6 - $ AI?@Z%OZ%%%@&& ﬁd?‘?—%éﬁ%lgjc%%ﬁég%%&gﬁhart%ré al Val Arg
Arg Arg Asp Arg@if3¥cdd nfieigdiies i G A Sdbsd&d 1557 | Sinmgsbiaadt ccc tcg cct

cgc aga cgc aga tct caa tcg ccg cgt cgc aga 528 Arg Thr_Pr 0,Ser Pro Arg Arg
Arg Arg Ser dal sdiokeeulmy Qhonimgy |solgborazorygeanual ca ted- cgg gaa tct

t gt A Qn Ser Arg G Ser Gn Oys 180 <210> 11> 785
igi2>gPRﬁ‘§g<2lr§g§$—|re%%¥?W gﬁ%%% uq'sa%fzsf%{)go%}p essAsé‘p ]r% 'gsslﬂfs%thr %lGEPyr Lys Qu
Phe Gy Al a Thgz¥ahe Giged atb Ledh lorse tebddn Soy IRRSri@iz e Sededispedhe Phe

Pro Ser Val Arg Asp Leu Leu Asp 20 25 30 Thr Ala Ser Ala Leu Tyr Arg Gu
Al a Leu G u SebNFrose@iendé swilys 3FqoUst Scrhar caddls dHicoddm Mm@ Leu Arg

Gn Ala Ile Leu, Ttp €] 55.60 L t Thr Leu Ala Thr_Trp Val
dy Asn Asn Leﬁl’%ieﬁg"’%%emg"%@"‘“ﬁ?%sﬁ@%ﬁ\rb’l@b‘a LeU AT RAI Asn Tyr
Val Asn Thr AspuMeti @ ycl@UsdyseSEe 90 95wtbe & Jal N teuehesl Trp Phe His
Ile Ser Gars Leu Thr Phe Gy Arg 100 |05 110 Gu Thr VvVal Leu Gu Tyr Leu
Val Ser PRe G 96¥al7drp79| €1294) Thiescyilse za0omepBo@rof PEoniiag Tyr Arg Pro
Pro Asn Ala Pro Lle LeudSerhThr Leu Pro.130 I35dl 40 qéu Thr Thrtﬁl | Val Arg
Arg Arg Asp ArBOEYReRF§3%8eripias iy WPt 14B°RES P 58268888 ¥° SRy zutz w
O 991 40934 PCTLUS991083088ufabd buPL ST oPr fePE9adr grAbteAt . Ser G n Ser
Pro Arg Arg Arg 165 170 175 Arg Ser G n Ser Arg Gu Ser A n Cys 180 185

<21 0> 7 <211> 188 <272> PR chegichabput FeastBvei angna3goird<gesd®ehadel ,

Fl ori an

can be at any position within the insert.

20 Preferably, the chemically-reactive amino acid
residue is in a position that corresponds to amino
acid residue numbered 70 to 90 of the native (wild
type) core, and most preferably at residue position
78 to 82. For example, when a 10 amino acid residue

25 long insert is inserted at a position corresponding

. to native core protein residue 73, then the
chemically-reactive amino acid residue is preferably
at position 5 to 9 of the insert. When a 30 amino
acid residue long insert is inserted a position

30 corresponding to native core protein residue 58, then



et al., <302> Animal Hepatitis B Viruses <303> Adv. Viral Oncol. c304> 8
<306> 73-102 <307> 1989 <400> 7 Met Asp Ile Asp Pro Tyr Lyé,ﬁ_@é? he Ay Ser

Ser Tyr d ulb5 10 15 Asn Phe Leu Pro Leu Asp Phe Leu
Asn Al a Lgvgo\bg/%'bgﬁp 20 25 30 Thr Ala Ala Ala Leu Tyr Au Gu ugll(lﬁPThr

Gy Arg u H's Cys 35 40 45 Ser Pro H_ifs_lsis Thr Ala Ile Arg G n Ala Leu -
val Cys Trp Asp G u 50 55 60 Leu Thr LyS Leu Ile Ala Trp Met Ser Ser Asn
Ile Thr Sar Gu An 65 70 75 80 Val Arg Thr Ile Ile Val Asn H s Val Asn Asp
Thr Trp Ay Leu Lys 85 90 95 Val Arg G n Sex Leu Trp_Phe Hs Leu Ser Cys
Leu Thr Phe &Be GheMigrhbs aaCH &€ THPLIRAI 263 ¢ ¥e8L®Re 18u Val Ser Phe Gy

Vo sob e B dRary 40 bdebr{on 225 qr 0 Tt ARG TRRaEL S P Laos! 03058
Glu Fiis Thr Val |le Argn AicAdv@uéty €hymAtal iygrdhac See AmonSer 145 150

1S5 160 Fro Arg Arg Arg Thr Pro Ser Pro Arg Arg Arg Arg Ser G n Ser Pro 165
170 - 175 Ar PY 7ol dig s @fﬁhgaw@%bysmaNaV%ﬂlgyscn%m 85 <210s 8

(1) (6a1) <300 Hten P Fhpbbiotint! BE0pIEE BB RRGTH oncor.

<3d4> 8 <306>thdad &i 301y WO8Df £4Q@0rR8 algetl atositightingas BhFré@C ctt gtt
ttt gcc tgt gtt cca tgt cet 48 Met Tyr Leu Phe iils Leu %/s Leu val Fhe Al a
Cys Val Pro Cys e modifiedsHBet - gt Vsefulgetdecehasdy Eugctyenait gga tgg
ctt tgg gac at ac 96 Thr Val n Ala.Ser Lys Leu a Leu Ay Trp Leu Trp
Ao Mot Aop 0B T Lugs, Spatl ParaRiS arbip (Bt Rept, et bag 1t g
ttg aat ttt |44hd F68s TYERLYS G—QHPhgrQJ?ssgﬁdsg’foﬁ(Eig n Leu Leu Asn
Phe 3S 40 45 ctt cct ttg gac ttt ttt cet gat cte aat gca ttg gtg gac act

get 1921Ceu Prindgsul(dsp. PherPhener andspikeddisa) Al aTheuckamiAsplihr Al a 50
55 60 get get ctt tat gaa gaa gga _Cta.aca.ggt a cat tgt tct cct 24d
Ala Ala Leu HFaEF1Ve amep E‘éggTﬁFsédveAi‘g @’ngfg?%/é %8?913’?0 65 70 75 80
9  w WO 99/ 40934 PRd/ USP94930%a aat reat aaet ogeh ahktnaggicag gecc tta gtg
tgt tgg gaa gaa tta act 288 Hs Hs Thr Ala lle Arg An"Ala Leu Val Gars

Trp Au Gu LemTain8bg9Pefidugastith astt aapartgg atgdagtr gaatamicaca aca

gaa gaa gtt aga.aga 336.Arg.Leu Ile Thr _Trp Met Ser Q. u n, Thy. Thr Au Gu
Val Arg Arg I%@”?OS LY§1aet 1§t £ BFFtéﬁPléﬁﬁngEegﬁfrﬁgt Cﬁ%ﬁ‘“%élé@a ctt aaa

gta agajgag 384t evt! gmVab AeRgHresYalieAsn Asn Thr Trp Ay Leu Lys Val Arg
Gn 115 120 125 act tta tgg ttt cat tta tca tgt ctt act ttt gga caa cac aca

gtt 432 Thr Leu Trp Phelti sslLeot8dr tbps Lee TminBPhec@dy r@siddies Thr Val Z30

| 35 140 caa gaa ttt ttg gty agt ttt gga gta tgg att aga act cca get cct 4SO
A n du Phe L3GIVERCSePLPRBEARSPIAF S FPp Bl FOTRr g‘—’?ﬁﬁliﬂr §T&PLer BY| 45 | 50 1S5

;6'3 tat aga CgayCLho@at iQCQE%CQDakbst:tlaa%‘aazacke%fpfec‘ifigreggfé §ak aca 528 Tyr
rg Pro Pro Asn Ala Pro I'le LCeu Ser Thr Leu Pro u H's Thr
two consecutive endogenous carboxyl-containing
20 residues, existing glutamic (glu, E) and aspartic
(asp, D) acids, at positions 77 and 78. However, the
present invention contemplates the introduction of at
least one additional, exogenous chemically-reactive
amino acid residue. European Patent No. 385610
25 reports that unsatisfactory results were achieved in
attempts to chemically couple polypeptide haptens to
HBc particles. It is noted that those coupling
attempts were directed toward amino groups and not
carboxyl groups of the amino acid side chains.
30 In addition of the use of an individual

chemically-reactive amino acid residue in the insert



165 170 175 gtc att agg aga aga gga ggt tca aga get get agg tcc ccc cga aga
576-Val Ile Arg Arg Arg Ay Ay Ser Arg Ala Ala Arg Ser=RBrAU2e2Arg 180 |85
| 90 cgc act wessh®bs CCt CcgCc agg aga agg tct caa tca ccg cgt egrusgibdd Arg
Thr Pro Ser Pro Arg Arg Arg Arg Ser G n Ser Pro Arg Arg Arg 195 200 205 cgc
tct caa tct cca get tcc aac tgc tga Arg-3er- A n Ser Pro Ala Ser Asn Cys 210
21 5 <210> 9 <211 > 217 <212> PRT <213> Hepatitis B virus <400> 9 Met Tyr Leu
Phe H's Leu Cys Leu Val Phe Ala Cys Val Pro Cys Pro 1 5 10 15 Thr Val Gn
Al a Ser Lys Le Tr t ASR 10 WO
001 40934 > ~40ES @alsleD%T L%gtgllcgs%cg%a Flhg lﬁsﬁépi%o Tyr t%glg%lggpﬁgéa y Ser Ser
Tyr G n Leu Lewebsrerdee IS e 4edetedricedanh AdadPheRldndr @ Asp Leu Asn
Ala Leu Val Asp Thr Ala 50 55 60 Ala Ala Leu Tyr, Gu u GQu Leu Thr Gy
Arg Gu H s CyShssiaald Borear tAVgRMRe Bt drmesddny [canakg @S9l a Lau Val

Cys Trp u GL T : Thr Tr t l.. Asn Thr
Thr Gu Qu Varh)%ﬁrgblﬁr%’ %ﬁ?%%l%%ﬁ%%%%a%y A&sp =5 Val S&sgﬁg%n Thr Trp
Ay . Leu Lys Valirfhadd ntHd B 1201 12Ty e dyindie dissusiedSan Cys Leu Thr
Phe Ay G@n Hs Thr Val 130 135 140 G n A u Phe Leu Val Ser Phe Gy Val Trp
lle Arg Thr Pr @A a Frarkeist 501 | 5%2q6ngy r9 Iy Prid 8or @ 98390 JAlt&ePro Il e Leu
Ser Thr Leu Prq.Ju H s T I 01?5 Val lle Ar r. g dw. .3y Ser Arg
Ala Ala Arg Se&nﬁ}t? Elr’be"é]{z)l)l %‘8—%‘%5&?@&1%&% Al'lhsrc %Céel%‘ é?'o Sﬁrh\géd,&rl g Arg Arg
Sex G a Ser Pradvg Arg. AvirdD> €001 R0bodvmmHer1ddn J/ia ime Alssager Asn Cys
210 , . . ' '~ 15 <21 0> 1D <211> 918 <21Z> DNA <2| 3> Hepatitis B virus
<220> <221> CDP=BR)(133- Y43 55equence 1@igqussashD 99IM0FBhodeIAeG2~2

PCTI US99/ 03055 g tct c cc tct cca ttc gga.get gcg tgc
caa 48 I\/bf&Trp %Eer ‘E‘%‘gcﬂ?@séﬁﬁﬁg'%% gﬁ% o PHE ERFAES aTQQ/s Gn1l5
10 15 ' - ggt at&eiite_[pﬁftgo £ PEEuEEHIChEréiBatilr CAd PihRCdn Hah CCL tTg 96
Gy Ile Phe Thr Ser Thr Ser Leu Leu Phe Leu Val Thr Val Pro Leu 20 25 30
gta tgt acc attalbse hatuged astabginseéntt atExegplmty geyemiceet 144 Val Cys
Thr Ile Val Tyr, As er s Ley Tyr Met_ _Asp Val Asn Ala 35 40 45 tca aga
get tta gca aat*Ptaitatt ?ec‘t’g ‘E%Q JHtNgat #8c 19t Tt A2 Ser g Ala Leu
Al'a Aea Val TyradspsdasnfrosAsp Asp phe Phe Pro 50 55 60 cag att gat gat
ctt gtt aga gat get aag gat get tta gaa cct tat Z40 A n Ile Asp Asp Leu Val
Arg Asp Ata Lys Asp Ala Leu Qu Pro Tyr ss 70 ~5 ao tgg aaa gcc gaa aca ata
aag aaa cat gtt tta g%t ge r tI.e Lys Lys
H's Val Leu Ile Ala Tnt S=Phe—85-90-95-gto-gat—ttg-a Tt t gg
cag acc act cag ggt atg age £32,336 ¥ahrAspikesaligady Wspafheidrm A n Thr
Thr An Ay Met Ser An 100 |05 110 att gca gac gcc ctc cga gca gta att cca
cct act acc gt acora prat88d steapkgiAsplpl modifiiddgadl desbtribé@ Pro Pro Thr

Thr Val Pro Val
above has other modifications. The contemplated

OR e’-"" arion o 1§

20 modifications of the strategically modified core
include the nature of the insert containing the
chemically-reactive amino acid residue, truncation of
the amino terminus, truncation of the carboxy
terminus, fusion at the carboxy terminus, pendent

25 linking to the carboxy-terminal region.

The insert containing the chemically-
reactive amino acid residue to which the hapten is
conjugated can have a use in addition to providing
the chemically-reactive amino acid residue. It is

30 contemplated that an insert containing a chemically-

reactive amino acid residue is a T cell stimulating



115 120 12s ccg gag ggt ttt ctc att act cat agt gag gcagga.tﬁlﬂg atc ccc ttg
432 Pro Qu Ay Phe Leu Ile Thr Hs Ser Qu Ala Qu Qu lle Pro Leu 130 I35
| 40 aac gat ctc ttt tca aat caa gag gag agg ata gtc aat ttc caa cct 480 Asn
Asp Leu %ﬁ@%’é?”ﬂsn Gn dudu Ag Ile Val Asn Phe A n PPETRAES9/4308% 155
160 gac tat ccc att aca get aga att cat acc cac tta cgt gtt tat act 528 Asp
Tyr Pro Ile Thr Ala Arg Ile His Thr H39-Leu Arg Val Tyr Thr 165 170 | 75 aaa
ttg aat gaa caa get ttg gac aaa get cgc aga ttg ctt tgg tgg 576 Lys Leu Asn
Gu A@n Ala Leu Asp Lys Ala Arg Arg Leu Leu Trp Trp 180 185 190 12 -~
AUG 2~Z WO 9h #4093 RETEPIAOS055weat 4 ar @sll tgcimiatting tpgigga gaa gcc
act gtt aca aat tat att 624 Hs Tyr Asn Cys Lau Leu Trp Ay Gu Ala Thr Val
Thr Asn Tyr 3¢E3 | 9299RCe05s tREe iRt &gt Rt tepieere tifomdihecec gaa aaa
tat cga ggc 6, Thy . Le er_ .- Prq.,du Lys Tyr Arg
Gy Lys 210 %?‘gez%%“’g‘g‘% é%gtﬂg%;b g:egllagpl%%%c%h% Ve %eggtl%:eca atc cag gtg
get caa 720 Aspjuj@c&foadbigehe €3dl AccH | erdhrMpe@bLégeti@n G n Val Ala Gn
225 230 235 240 gga ggc aga aat caa act asg gga act aga asa cct cgt gga ctc
gaa 76850y Qihereglaghsd nEARMPlany GRithpedrare ydigresged) Ay Leu G u 245
250 255 cct aga aga_cga aag gtt aaa acc aca gtt gtc tat ggg aga aga cgt 816
Pro Arg Arg }A’@eﬂ?@f FrLys Thr Thr val val Tyr Gy Arg Arg Arg 260 265 270
tct aag tcc cga ggc agfinagastee &t £OR NS Ca CRReh I a ULY- BEL- HFe 864 Ser Lys
Ser Arg Gy Arg Arg Ser Ser Pro Ser A n Arg Ala dy Ser 275 280 285 cct ctc
cca cgt aat aggnggacadcreagdueacTyalze lecchesescinaggd®t 22dro Leu Pro Arg
Asn Arg Ay Asn_dn %{ir Aé%?fer Pro r Pro Arg,290 295 300 gaa tag A u 305
<21 0> 11 <21 937505 297551 PR SPSF HepatRIPREE PP usS03° 11 Mot Trp Ser
Leu Argoleu E'tébﬂsytfeenﬁwcﬂa@ &yséi@bfiﬁtgénﬁaﬂc%né 10 15 Ay Ile Phe
Thr Ser Thr Ser Leu Leu Phe Leu Val Thr Val Pro Leu 20725 30 Val Cys Thr
Ile Val Tyr PsppSeri€gs Leu Tyr Met Asp Val Asn Ala 35 40 45 918 13 $AUG~
WO 991 40934 PCT/ US99103055 Ser Ar | a Lgu Ala Asn Val , Tyr Asp Leu Pro Asp
Asp Phe Phe Pro 50 55 éoséfﬁtF%Cgé@Y AepAt Etedalhepahingd B OT§s Asp Al a
Leu Qu Pro 5 1 Qa£O180 ~hamd, S r S H's Val Leu
e Aa e Brechin ggﬁggggghﬁgfé%s%yﬂﬁéﬁge% §p£%£§ﬂ2¥T¥%y% n Thr Thr
An dy Mt Beowfd inl @GeZ85tll ONUherédha #sphAtachaiighysgata Val Ile Pro
Pro Thr Thr Val Pro Val 11S 1,20 125 Pro Qu GX Phe Leu Ile Thr H's Ser
du Al &°d u 8i§ciPeepr dnLEFIF30 135 dbladn uegel lmndu Qu

hel
Arg |1le Val @%E'?@E gg& Prerk45,-420 1Ra,! p L Ala Arg Ile
H's Thr Isis eﬁ ra an'Tyr T rr 65%170 gggéﬁysﬁ&ﬁ?ﬁgﬁfﬁ%n Al a Leu
Asp Lys Al a SxghAcrpemdgallemodiipidapidfd bBE #AQfeHts éyhaAsa &rys Leu Leu

Trp Gy GQu Ala Thr Val Thr Asn 'Ic}/r Ile 195 200 205 Ser Arg Leu Arg Thr Trp
Leu Ser Thr BRBiBLgHLPIOPFITARE 9T L§EAPROS218 2¥61REp2RLACPro Thr Ile G u

Ala Ile Thr grg.Breakd 8B o¥rba 8 hinge>:£3012321€40ric point

20 of the protein, causing it to separate differently on
a chromatoéraphic ion exchange resin.

It is also contemplated that the carboxy
terminus of the core protein sequence be truncated,
preferably down to about amino acid residue position

25 140. The arginine-rich sequence present beginning at
residue 150 of SEQ ID NO:2 binds to nucleic acids and
can hinder the purification and handling of the
expressed core protein. In SEQ ID NO:2, the
arginine-rich stretches begin at position 150. A

30 preferred strategically modified HBc protein has a

carboxy terminal valine (V) residue of residue 149.



Ay Ay Arg Asn A n Thr Lys Ay Thr Arg Lys Pro Arg Gy Leu Ju 245 250 Z55
Pro Arg Rrg Arg Lys Val Lys Thr Thr Val Val Tyr Ay Arg Arg Arg Q&)Ageawz?o
Lys Sewdwgdo@ddy Arg Arg Ser Ser Pro Ser A n Arg Al a d ypcusen3s280 285
Pro Leu Pro Arg Asn Arg Ay Aan G n Thr Arg Ser Pro Ser Pro Arg 290 295 300
WO 991 40934 Gu 3@ <210> 12 <21l >=PL18 - <212> DNA <213> Hepatitis B
Vi rus <220>

Ser
| 4

atg
Asn
ttt
Ser
gtt
Asp
gtg
Asp
get
Asp
ttg
Al a
ggc
H s
cat
Val
ttg
caa
Au
att
Al a
get
Arg
gtt
Thr
t at
Ay
get
225
gaa
250
Pro

tgg
Leu
acg
Thr
t at
Ser
t at
Leu
aaa
Al a
att
Thr
atg
Au
gtt
115
432

~1Ud %~2 WO 99/ 40934!

gaa
Arg
cat
Hi s
agg
Leu
act
Asn
aga
Arg
cag
230
768
255
Arg

aac
Arg
tct
Leu
gat
ds
gat
Pro
gac
Leu
gca
Hi s
cat
100
384
| 20
Pro

gaa
I'le
get

Leu
aga
Leu
aac
Myr

ggt

210
720
235
Ay
cct

Arg

20

25

30

<221> CDS <222> (1) . . (915) 8 AUG 2~2 PCT/ US99I 030S5 <400> 12
tta aga att aca ccc ctc tcc ttc gga get get tgc caa 48 Met Tsp
Ile Thr Pro Leu Ser Phe Ay Ala Ala Gys An 1 5 10 15 ggt atc
aca ttg ctg ttg tcg tgt gtg act gta cct ttg 96 Ay Ile Phe Thx

Leu Ledi%er Meysnyabt FhteddtaPl9-M68i20e@5C3Pegbactdinacc att
tct tgc tta tat atg gat atc aat get 144 Val s Thr Ile Val Tyr

Leu Tyr Met TRepskratagacAmadiEigpatagntef &tlga Bheepatibigcec aat
cta cca gat .gat ttc, ttt 792 .Se Als Leu Ala_Asn Val Tyr
Aspcﬂgﬁ %ﬁgt%ﬁg rsotgglgéigg g‘%gga%XAfé%wﬁa ok Sa?? aga gat

g8k the gag eet chat DRAO1Ibye1l| eohspxAmplbedy VahslegiASP Al a Lys
Gu Pro Tyr 65 70 75 80 tgg aaa tca gat tca ata aag aaa cat gtt

atthecgodons 288 rEspongingetoAspesaminpeatydsi e Bes Val Leu’lle
Phe 85 90, 95 gtg gat _ctc att gaa.gac,ttc t cag .act aca cag
qaRSEIE N ALS COGTRETERuSRES PetTEp BFRTSRESTnI G Gy et
1Q3nbleRidR g9&c@aakheant 1a afa gk, gkbrabRamplieCin aCt act act
Ile Ala Qu Sér Leu Arg Ala Val Ile Pro Pro fihr Thr Thr Pro

| 25 refa cadg st inatindectatt iowgréad igad gedlget gaa gag ata cct

pro Ay Tyx Ley Ila Gln Hs Qu Gu Ala Qu @Qu lla Pro Lau 15
S EPAISSS T0685E4091 B8 PIOPTHRSIAE £Fa L1t aaa cac

A9 LA 0 Al HreLaR:R0C ABA G Aslaben Bleskys i s Gn G u
val Sér Phe @n Pro 145 150 155 160 gac taf ccg att acg get aga

Cc fadttigdaer getret ateldc&nsd® Asp the aPto | TheTlsamdl a Arg Ile Hi s
Lys Ala Tyr Ala 165 170 | 75 aaa att .aac gag _gaa tca ctg gat agg
t P ttads d&%ﬁb‘é%?éi%dl 58 &S’ﬁf Gst?]@t&"%eg’fLéﬁ’eAsp Arg Ala Arg
Trntideirﬂécﬁ%l%B o O3 Jaa¢ iaed P thi q&é@yeh%qoqlga @32 get caa

tat att 624 H s Tyr Asn"Gys Leu Leu Trp u Ala dn Val
| laedd 195 00 BHAG einde iRty cegt ke tpragipdetdg Myca act cct gag aaa

aga 672 Ser_Arg Leu Arg Thr Txp Leu Ser Thr Pro Qu Lya Tyr Arg
2 RBRF d\‘%lcgﬁ‘%b %ﬁO%%%%&PH&@&%a atc cag gtg
/;Z%eé' % &F Qe liiipild & Bl At | he T, g Fo od eediurial Ala Gn

gga ggc aga aaa aca act acg ggt act aga aaa cct cgt gga ctc
A and\ry, 143, 447 thiMukdrayGd et Eir. ArgedpesstRrelAr.g Ghodeeu G u 245

aga aga aga aaa_gtt aaa acc aca gtt gtc tat aga aga cgt 8|6
ArgEESRP A RN \RNAT R G dRE S \%ﬁn%ﬁ WA @%%%%fgt%o 265 270
produce modified core particles of the invention.
The modified core proteins can be conjugated with
hapten before or after particle formation, preferably

after core particle formation and purification.

C. Modified Hepatitis B Core Protein Conjugate
Any hapten against which antibody

production is desired can be linked to a
strategically modified hepatitis B core protein to
form an immunogenic strategically modified hepatitis
B core protein conjugate of this invention. The

hapten of interest typically is a B cell determinant.



tca aag tcc cgg gaa agg aga gcc cct aca ccc caa cgt gcg ggc-gcaud Ser Lys
Ser Arg Qu Arg Arg Ala Pro Thr Pro @ n Arg Ala Gy Ser 275 280 2 cct ctc
cca cgt ag& tc& agc agc cac cat aga tct ccc tcg cct agg 912 Pro Leu Pro Arg
Ser Ser SEYOXP934's H's Arg Ser Pro Ser Pro Arg 290 295 308 CI45T 85 ys 305
<21 0> 13 918 16 8 AUG 2~2 WD 991 40934 <211> 305 <2I 2> PRT <21 3> & . )
hepatitis 8 virus PCT/US99103055 .  <A0D> 13 Met Trg Asn Leu Arg Ile Thr
Pro Leu Ser Phe Ay Ala Ala Gars An 1 5 10 15 Ay Ile Phe Thr Ser Thr Leu
Leu Leu Ser Cars Val Thr Val Pro Leu 20 25 30 Val Cys Thr Ile Val Tyr Asp
Ser Cys Leu Tghe WMeiptvAsp ddre Bsmn Ael BoedOidd, Sercitigoyardes Al a Asn Val
Tyr Asp Leu Pro Asp Asp Phe Phe Pro 50 55 60 Lys |Ile Asp Asp Leu Val Arg
Asp Al a Lys A%ﬁ?qqé‘lﬁégeb PPrd T9R-BSLYReRtige, TRent§arsehydsaptser |1e Lys

Lys Hi s Val | e -Al r_Hi he. Val Asp Leu Ile Gu Asp Phe
Trp A n Thr ﬁg"gcﬁab%%};ta{{i%Lg%lﬁ?gﬁg%%éiigelIe Ala Gu Ser Leu Arg Ala
Val 1le Pro Pro Thr Thrvettod of &al ogdbat 201251 PrRiRgoifdBiyvighaleu Ile G n

Isis Gu Gu Ala Gu Gu Ile Pro Leu 130 135 140 Gy Asg Leu Phe Lys His
An Ju @ u Arrplens i SRr@Eeim or FPolyrspiSie 158rpeohAsp apin®ro |le Thr

Ala Arg Ile Hs Ala His Leu, Lys aT al65 170 175 Lys Its.Asn Gu Qu
S5er Leu Asp ﬁ’cglcﬁ:rae%rggueArsgl%eucﬁl%ﬁnT%é %ﬁ PEGEFSs ?gop#@ﬁﬁl%n Gars

Leu Leu Trp @y B A pddderal yThinksa Inhuhbgehfe 8885898cser Arg Leu Arg
Thr Trp Leu Ser Thr Pro Qu Lys Tyr Arg Gy Arg 210 215 220 Asp Ala Pro Thr

lle Qu Al a I¢& Thra Aexpigleedteh@n Malypdpt B pFlym@D, 98r408841- ~ AUG

2(~Z PCTJUS99/ 03055, 2 230 235 240 d A L The , Thr Thr Gy Thr A
L§/s Pro Arg %P"Lréulrézﬁ"iﬁrrzso %‘g?’r%eg?édﬁ; gnf\%{édﬁyilvgﬁngy; Th¥ Th; V<21Ig

Val Tyri16y Agrfidh Ak 260 RbBe 2/0pS8" oY Bunet 16081 Gofpd AR9 Ala Pro Thr
Pro Gn Arg Ala Ay Ser 275 280 285 Pro Leu Pro Arg Ser Ser Ser Ser H's H's

Arg Ser Pro Sexriyws id@90h295s 380dLyas8Db £B10heldax2ikr Brosifd> pRT
<213> I nfluenza_ virus, <400> 14 Ser_ |1l e Mt Ar er Asp Ala Pro Ile @y Thr
Oys Ser Ser (PULXBRPEIGE ppgkdere }?ﬂ?‘nﬁrﬁeﬁgﬁgé}?\y 3\SéFIP‘FFié'Pro Asn Asp Lys

Pro Phs G n Asp, Maln2, 2b;i sPeASNb¥B1Lhke {Ar  fyr 210325 <211> 29 <212>
PRT <2l 3> Ian?uenzanv:%;&r,us:L <4%0>(35 grg Elg IFegPﬁggaéy %Iﬁg lle Ala Gy Phe

Ile Au Asn Gigpdrac&iiubyt 5t 1DedSt GoyeMetidel enAsp. Ay Trp Tyr Ay Phe Arg
Hs G nlésn 20 25 <2|0>M%§h%§s for linking carrier proteins to
haptens using each of the above functional groups are
described in Erlanger, Method of Enzymology, 70:85
(1980), Aurameas, et al., Scand. J. Immunol., Vol. 8,
Suppl. 7, 7-23 (1978) and U.S. Pat. No. 4,493,795 to

20 Nestor et al. In addition, a site-directed coupling
reaction, as described in Rodwell et al., Biotech.,
3, 889-894 (1985) can be carried out so that the
biclogical activity of the polypeptides is not
substantially diminished.

25 Furthermore, as is well known in the art,
both the HBcAg protein and a polypeptide hapten can
be used in their native form or their functional
group content can be modified by succinylation of
lysine residues or reaction with cysteine-

30 thiolactone. A sulfhydryl group can also be

incorporated into either carrier protein or conjugate



- $ ALIG 2~2 WO 99/40934 PCT/ US99/ 03055 <211> 10 <2l 2> PRT <213> Influenza
virus <400> 16 Au Lys An Thr Arg Ay Ile Phe Ay Al a 1,&);9 0> 17
<21l > 23 <R@»9/k¥dy c213> Artificial Sequence <220> <223> DepctilRu/mssof
Artificial Sequence: Hepatitis B virus PCR primer with an Ncol restriction
site <400> 17 ttgggccatg gacatcgacc ttasa3 <210> 18 c211> 31 <2| 2> DNA

<21 3> Artificial Sequence <220> <223> Description of Artificial Sequence:
Hepatitis B virus PCR primer with an EcoRl restriction site <400> 18

goggaatice af g ceaa LLRAAceine dhaA g 18 2 3 dharRlaT N <21 3>

Artificial SeqLYenc ion o r i ficial” Sequence:

Hepatitis 8 VigrushRCR-PRidrRyx M idt ol dankteaclosr gst(si-ction sites and an
inserted |ysine codon <400> 19 cgcgaattca aaaagagctc ccagcgtcta gagagaccta
g 41 19 - 8 AIGH op@TrIGyA0IBZPEIRCIAISH9/ 03055 <21Q> 20 <211> 31 <212> DNA

<2I'3> Artificial Sequen =, <220> <223> sgription af Artificial
Sequence: Hepatitis B vﬁ?ﬁ%%??%’rn v :?fea}?ctl—en'ﬁ&alnl aﬂésso[ F%tion site
<400> 20 g£gcax@iila RPGIAGHHA M LICLWadh b3 v Ozuh e&l1> 14 <212> PRT

<213> Hepatitis B virus <400> 21 Cys G n du Lys An Leu Asp Qu Asn Al a
Asn Val G n Léexanethylek)d iznkdd jor 13chedt i fPREZAEE Medataulies 8 vi rus

<400> 22 Cys Ser Lys .Lys @y Pro a Ser Asn Leu Ile 1 5 10 <2| 0>
23 ¢211> 19 <£{2§W%2P§J%p%ﬁ§$%l Fﬁrr%st?k%wd?é‘tqﬂs% SFhr Qu H s

Arg Met Thr Trp Asp Pro - 7 g Jr <210> 24
507 e Al — b 6o a00s o DEEPE I8 FARElY Wet s TPRIRM e

bonding of a polypeptide hapten are extremely varied

10 and are well known by workers skilled in the
immunological arts. For example, following U.S.
Patent No. 4,818,527, m-maleimidobenzoyl-N-
hydroxysuccinimde ester (ICN Biochemicals, Inc.) or
succinimidyl 4- (N-maleimidomethyl)cyclohexane-1-

15 carboxylate (SMCC, Pierce) is reacted with a
strategically modified hepatitis B core protein to
form an activated carrier. That activated carrier is
then reacted with a polypeptide that either contains
a terminal cysteine or to which an additional amino-

20 or carboxy-terminal cysteine residue has been added
to form a covalently bonded strategically modified
hepatitis B core protein conjugate. As an
alternative example, the amino group of a polypeptide
hapten can be first reacted with N-succinimidyl 3-(2-

25 pyridylthio)propionate (SPDP, Pharmacia), and that
thiol-containing polypeptide can be reacted with the
activated carrier after reduction. Of course, the
sulfur-containing moiety and double bond-containing
Michael acceptor can be reversed. These reactions

30 are described in the supplier’s literature, and also

in Kitagawa, et al., J. Biochem., 79:233 (1976) and



<213> Hepatitis B virus PCT/US99/ 03055 <400> 24 Cys Val Lys Arg Met Lys Qu
Ser Arg Leu Qu Asp Thr G n Lys Hs 1 5 10 15 Arg Val Asp Phe Leu @dn 20

<210> 25 <@llevisben4<2| 2> PRT <213> Streptococcus pmiﬂggﬁgge PERN0S99/630s8> EP-0
786 521- A <400> 25 Lys Leu Gu G u Leu Ser Asp [y p Gu Leu Asp Ala

Gu 15 10 15 c210> 26 <2l 1> 35 <212> PRJ.<213> Streptococcus pneunoni ae
<300> <31 0> EP-0 786 521-A <400> 26 G n Lys Lys Tyr Asp Qu Asp An Lys Lys
Thr Gu Qu Lys Ala Ala 1 5 10 15 Leu Gu Lys Ala Ala Ser Gu Gu Mt Asp
Lys Ala Val A.a Al a,Vval 20.25,30 ' 5 .

<210>27<21l >3122ﬁ|§§Bﬂ?2§| §§c?§pfo%8§1%§rﬁ¥ﬁér&\?—gﬁ%ﬁgﬁ%@§eﬁogs4 <300>
<31 0> W 98/ 0Z320e7sAUGC2002 FRGRANE984030R5-5400>129) G ppAspslys Pro Ala
Asp Ala Pro Ala Ala Qu Ala Pro Ala Ala ulbs10 15 Pro Ala Ala Gu Pro

Ala Ala G n Giidey, LEbiPhestkx :Asp9B6a.20 25 30
<210>28<211>16<212>PRT<213>Human i nmunodefi ci ency virus <300> <3| 0> US o
5, 639, 854 <400> 28 Gy Pr§-Ly&t8PG PPo PhébAr §4AspeFGReaPfShE&h2Ar g Phe Tyr

Lys Oys L 5 10.55.<2:02,391521 131 1EcrgdRe BRI, Eeh33 HupmReimyygodeficiency
virus <300> <310> WD 98/ 07320 <400> 29 Arg Lys Arg Ile His Ile Ay Pro Gy

Arg Al a Phe Tpelypepthdel yhat BreOustininhe220> 30 sfélmeBhod?2| 2> PRT <2| 3>
Foot - and- nout h di sease virus <300> <3I0> US 4, 544,500 22 WO 991 40934 - 8
AUG 2002 r~r ~t98¥ 183604 146OfyPNRSR &Py TERGTEYSYAFY TP RERTAFY ABn Al a Val

T N L

Thr Leu Pro 2 31 <2115 17°<2f Corynebacterium
di pht heri ae <3Q@% veliEd> daR11e399 @ boBlypsdf@Be3haBhenGis Val Val H's Asn
Ser Tyr Aan Arg Pro Ala Tyr Ser_Pro Ay 1 5 10 15 cys <2/ 0> 32 c211> 25
<2| 2> PKRP thereafter admixed and reacted with the activated
carrier to form the covalently bonded strategically
modified hepatitis B core protein conjugate.
Particularly useful are a large number of
heterobifunctional agents that form a disulfide link
15 at one funcﬁional group end and a peptide link at the
other, including N-succidimidyl-3- (2-pyridyldithio)
propionate (SPDP). This reagent creates a disulfide
linkage between itself and a thiol in either the
strategically modified hepatitis B core protein or
20 the hapten, for example a cysteine residue in a
polypeptide hapten, and an amide linkage on the
coupling partner, for example the amino on a lysine
or other free amino group in the carrier protein. A
variety of such disulfide/amide forming agents are
25 known. See for example Immun. Rev. (1982) 62:185.
Other bifunctional coupling agents form a thioether
rather than a disulfide linkage. Many of these
thioether-forming agents are commercially available
and include reactive esters of 6-maleimidocaproic
30 acid, 2-bromoacetic acid, 2-iodoacetic acid, 4- (N-

maleimido-methyl) cyclohexane-1-carboxylic acid and



<2l 3> Borrelia burgdorferi <300> c301> Bockeastedt~ L. R et al @3 i
| mmunol . <304> 157 <305> 12 <306> 5496<307> (1966) <400> 32 Val-& ¢ W'Lys

Gu Gy Thivd/sduohhy Leu Lys Arg Qu Ile Asp Lys 1 5 10 15 Asiri@oproboss Val
Thr Val Ser Leu C-a 20 25 <210> 33 23 - 8 Aus 2002 WO 99140934 <2l 1> 19
<2l 2> PRT <2| 3> 8orrelia burgdorferi <3§8> <30l > Zhong, W et al., <303>
Bur. J. Inmunol. <304> 26 <305> 11 <306> 2749<307> | 996 PCT/ US99/ 03055
<400> 33 Thr Leu Ser Lys Asn Ile Ser Lys Ser Ay Qu Val Ser Val Qu Leu 1

5,10 15 Asn Asp O43,g2l O34 62105 11525 BRI g2l 33 Lokiugnza A virus

<300> <30I > Brurneanu, not ogy < > 2 <306>

85<307> (1996):oﬁ4>(1&an§;4tﬁem GeehValicSenihedePbe G-nydrgxPhe-fAur€&ys 1 5 10
<21 0> 35 <211> 10 <21 2> PRT <2l 3> Influenza A virus c¢300> <30l > Bruneanu,
T. D. c303> | dmsvdfestsoredy <godiun aalt ~ Abs PRriprudprAbY34 <305> 2

<306> 85<307> 400> Tyr Ar ey, Thr Qu Lys 1
5 10 <2| 0>36<f%f>%92r)f oﬁﬁii?%%%?m ni lsggtfn g@f}OOk Big HIl. J. et
al .. <303> | nfigffentd iUl =u3@4niRda53022 (Flms3L6middhecBOTY (1997)
PCTN899/ 03055 <400> 36 Asp Ile Leu Lys Val Ile Val Asp Ser Met Asn His His

Ay Asp Al a 1cycephtkaneyg 1SearbpsyilateAl§MCCY chuaingdAfxod BievgeThr Al a
Gu Leu Lys 20,25 30 Ile er I A.n Ala.d u.ll Lys His Leu
Ser Ser Ser 35UPHY GRP %Pra Iﬁn |{r§ Hﬁgrﬁgﬁlf}%léé? IlFenﬂgn Leu Met
Asp Lys Asn 5Qne":‘ct§1t6Q:cJ—@Jé Bxhalsy iT¥, 3BE ASBiEiBaCibnk! 8£PRReLYs Ala Ser
Ala Gu Tyr 65 70 75 80 Lys Ile Leu Gu Lys Met Pro An Thr Thr Ile dn Val

Asp Ay Ser 8naBEIDxd@BReounds lopn kleavdl Ber ukkd,LgsgAsptBRe Leu Ay Ser

A u Asn Lys 100 105 110 Thr Asn Leu Lys Aan Ser Tyr Ser
Tyr Asn {@/s 115‘511|P3T5>1 §§gepl“e§ ¥ ehe- Flgtnt Y Y

A polypeptide hapten can be obtained in a
number of ways well known in the art. Usual peptide
synthesis techniques can be readily utilized. For
example, recombinant and PCR-based techniques to

15 produce longer peptides are useful. Because the
desired seguences are usually relatively short, solid
phase chemical synthesis is useful.

As discussed below, DNA sequences that
encode a variety of polypeptide haptens are known in

20 the art. The coding sequence for peptides of the
length contemplated herein can easily be synthesized
by chemical techniques, for example, the
phosphotriester method of Matteucci et al., J. Am.
Chem. Soc. 103:3185 (1981). Of course, by chemically

25 synthesizing the coding sequence, any desired
modification can be made simply by substituting the
appropriate bases for those encoding the native
peptide sequence. The coding sequence can then be
provided with appropriate linkers and ligated into

30 expression vectors now commonly available in the art,



'~8 Au@n2 WO 99140934 Asp Asn Asn Qu Leu Ser His Phe Ala Thr Thr Cys Ser
Asp 130 135 140 <21 0> 37 <211> 19 <2l 2> PRT <2l 3> Haenophil us i

<300> <3l 0>oéP 99/3?32 220- H1L PCT/ US99/ 03055 <400> 37 Cys Ser af n Asn
Asp Ala Al Y nGdy Ala Ala Gn Phe 1 5 10 15 Ay Ay
<211>11<212>PRT<213>Haermph| | us influenzae <300> <3| 0> EP—O 432 220 BI
<4D0> 38 Asn Lys Leu Gy Thr Val Ser Tyeéady Gu Gu 1 5 10 <210> 39 <2| 1>
16 <212> PRT <213> Haenophilus influenzae <300> <310> SP-0 432 220-Bl1 <400>
39 Asn Asp Qu Ala Ala Tyr Ser Lys Asn Arg Arg Ala Val Leu Ala Tyr 1 5 10
15 <21 0> 40 <2td>tR8 26gulatipAdGvedtWOsOs4FO034 RCENSTHrOBEESE tedl2> PRT
<213> Nbraxekga catarrhl d.is t3%?> c310> WD 98/0685] - <400> 40 i Leu Asp
lle Gu Lys ASBSE§stPyBYPPuck §hfhAeRIged P*@%%u Gn 1 5 10 15 Ala G u

Leu Asp Asp Lys Tyr A axGymbis Ge shkh 32262103 4l it2uh2 2B st212a PRT
<2l 3> Moraxal |l a catarrhal1s <300> <310> WO 98/ 06851 <400a 41 Leu Asp Ile -

Glu Lys Asn LpgskgmslpzeAngwlhanwaGlabAlea GRox exa@pl el prohibth Ala G u Leu
Asg Asp ;ys Tyr Ala Ay Lys d Tyr 20 25 <210> 42 <211> 28 <212> PRT <213>
Mor axel | & cat §F3HH§F1F3§ @90@9*:& PesssHiadadest A% Asp Ile Gu Lys

Rp Ty Plo GFYoGHAeE yErBeRsE ¢ OT%%%@% FREFEF "o sora0034 <2l 2>
PRT <213> Por phyreiendsngisigiesalficy $33@rtidid ol the<3irdd cedliGy 2850
<307> 1997 "8 Al J&X~2 PCT/ US99/ 03055
. sequence. Typical of such vector plasmids are, for
example, pUC8, and pUCl3 available from J. Messing,
10 at the University of Minnesota (see, e.g., Messing et
al., Nucleic Acids Res. 9:309 (1981)) or pBR322,
available from New England Biolabs. Suitable
promoters include, for example, the beta-lactamase
(penicillinase) and lactose (lac) promoter systems
15 (Chang. et al., Nature 198:1056 (1977) and the
tryptophan (trp) promoter system (Goeddel et al.,
Nucleic Acids Res. 8:4057 (1980)). The resulting
expression vectors are transformed into suitable
bacterial hosts using the calcium chloride method
20 described by Cohen, et al., Proc. Natl. Acad. Sci.
U.S.A. 69:2110 (1972). Successful transformants may
produce the desired polypeptide fragments at higher
levels than those found in strains normally producing
the intact pili. Of course, yeast or mammalian cell

25 hosts can also be used, employing suitable vectors

and control sequences.



<400> 43 dy Val

Ser

Pro Lys Val

Cys Lys Asp Val

Thr Val Qu

Gy Se

5 10 15 Ju Phe Ala Pro Val dn Asn Leu Thr 20 25 <2/ 0> 44 <2J.3>A\£c0
PRT <2l 3> Ras pigopsymonas gi ngivalis <300> ¢304> 11 0 <305> 2 r8H659928055307>

1997 <400> 44 Arg Ile @n Ser Thr Trp Arg A n Lys Thr Val
Gy 15 10 15 Thr
Trypanosoma cruzi

28

Lys Tyr Val

H s Asn Phe Thr

n il
12>

Asp Leu Pro Al a
20 <21 0>_45 <211> 20 <2l 2> PRT <2I 3>
<300> <304> 159 <30S> 9 <306> 4444<307> (1997) <400> 45

S 8 AUG 2002 WO 991 40934 PCT/ US99/ 03055 Ser Leu Val

Ala Ser Val Ile lle u Ala Pro Ser lrénfgzw Gy Asn Thr Cys 20 <21 0> 46
<2l 1> 21 <2| 2> PRT <213> Trypanosone Cruzi

Lys Ala Ala Ile Ala Pro Ala Lyspdlgpébpaidt ahberd¥o Ala Lys Ala 1 5 10 15
Ala Thr Ala Pro Ala 20 <21 0> 47 <211> 16 <2l 2> PRT <213> Pl asnpdi um

fal ci parum <300> <303> Int.

Arch. Allergy Appl.

<300> <31 0> WO 97/ 1%$475 <400> 46

| mmunol .

<304> 114 <305> 1

<306> 15 <Aaaz_41__se,n_szaJJ_G nll Prg Lys V. LELQ_IyL_BLg_Asn—th+LLe-VaI
Tyr Cys 1|5 10 15 <210> 48 <211> _L6T<?II”2§ aRT <21l 3> Pl asnodi um f al ci parum
<300> <303> | RFgapien. AlllAs%igempl . ceddungl . <3Geduepsec305> |1 98R | B
Al JG 2~ WD 991 40934 <3063 15 PCTI Use9i 03965 <400> 48 Asp Phe AsBPHI® |Tyr
Tyr Thr Lestissotbecusl y [eepA u A& Asp Cys| KLEBLSDKIDELDER| 0> 49 25211>|16
<Z| 2> PRT {¥2p8mwnSa¢ ept ocaccus sobri nus <300> <303> Arch. Oral [Biol. 304>
35 c306> SFPperto4FE&RBO7> |(FEBR0) <4BG0> 49 Ly|SSTEKEPERREKTHESAMEKATVEE  u |Al a
Lys Leu Al|2"€%Pu43% G n llys Cys 1|5 10 15 <JASFEMHAVARRES 17 <2f 2> PRT <213>
St r ept ocoq CHEPEIBPTIHUE™<3(E3 <3033 BArch. O [PKBRAPAREIPABPIERQ | 27
parvum DKPADA
HIV P24 T GPKEPFRDYVDRFYKC 28
HIV GP120 B RKRIHIGPGRAFYITKN 29
Foot and Mouth VP1 B YNGECRYNRNAVPNLRGDLQV | 30
Disease Virus LAQKVARTLP
Corynebacterium toxin T FQVVHNSYNRPAYSPGC 31
diphtheriae
Borrelia OspA T VEIKEGTVTLKREIDKNGKVT | 32
burgdorferi VSLC
Borrelia OspA T TLSKNISKSGEVSVELNDC 33
burgdorferi
Influenza A8/PR8 | HA T SSVSSFERFEC 34
Influenza A8/PR8 | HA B YRNLLWLTEK 35
Yersinia pestis V Ag B DILKVIVDSMNHHGDARSKLR | 36
EELAELTAELKIYSVIQAEIN
KHLSSSGTINIHDKS INLMDK
NLYGYTDEEIFKASAEYKILE
KMPQTTIQVDGSEKKIVSIKD
FLGSENKRTGALGNLKNSYSY
NKDNNELSHFATTCSD
Haemophilus PEOMP B CSSSNNDAAGNGAAQFGGY 37
influenzae
Haemophilus pPBOMP B NKLGTVSYGEE 38
influenzae
Haemophilus pBOMP B NDEAAYSKNRRAVLAY 39
influenzae
Moraxella copB B LDIEKDKKKRTDEQLQAELDD | 40
catarrhalis KYAGKGY
Moraxellia copB B LDIEKNKKKRTEAELQAELDD | 41
catarrhalis KYAGKGY
Moraxella copB B IDIEKKGKIRTEAELLAELNK | 42
catarrhalis DYPGQGY




<306> Suppl .
Ala @n Tyr

PCT/ US99/ 03055 p

fl exneri

475<307> (1990) <400> 50 Ala Lys Ala Asp Tyr G
GQu Lys Asp Leu 1 5 10 15 Cys <210> 51 <21l > 16
Lynphocyt i woa@pezanmeni ngitis virus <300> 30
Aced. Sci.

<400> 51 Arg Pro Qr

<300> <303> J.
(1996) <400> 52 Lys Asp Arg Thr

Bi ol .

Tyr

-L%I 2> PRT

WD 99/ 40934 G39ATse
U S. A <304> 94 <305> 7 <306> 3314<307> (1997)

|l a Ser Ay Val
Thr Ala An Cys 1 5 10 15 <210> 52 c211> 9 <212>

Leu
<213>

o385,

~ ~ AUG 2
Met Gy Asn Leu
pRT <2l 3> Shigella
Chew. <304> 271 <305> 52 c¢306> 33670<307>

Leu Ile Gu @n Lys 1 5 <2/0> 53 <211> 15

<?2| 2> PRT-<213> rnQnJraf ry syncytial virus ¢300> <304> 234 <305> 1 <306>
118<307> |17 § 53 % Ser I[B Oys Ser WWWWV%FSFHFA@VﬁTrp Ala lle
Oys Lys Ei:m%"au 5<21 0> B4 <21|>119 <2| 2> 121 3> Plasnodi um vivax| 31 -
~, AUG 2 §§ “‘°Wf 99/ W34 <3pB> Vacci npRASEHRRKTEDLEIGEKY Y, &3668 3y7c307>
1997 PCT/ AnO\ 544Gy Asp-Arg-Ala Aap Gy Gn Pro Al a y|{ Asp -
Arg Al a Ascpru 150015 Prp'Ala Ay BT s FI‘”2> PRT <2l 3>
cl ostri di "’I"L'}/pghé’gé'ma 300 303> \Vaeeire—<304> _1112 EQDR) 4 _¢c306>1377<307> | 997
<400> 55 [GAETyT ITe Lys| Ala Asn %Er Lys Ph WIF‘ PPAPARRATREA 88 Leu| Oys 1
5 10 15 <Gfiznofmett>—26at2 21 3 noaha h. stolytic . > <303>
<304> <3052:2306:0m<307> [ Exp. Med. 185 1p oS TOaTC Li0> 56| GBI G i Oys
Al a Ser THpTa¥abataws G T PRgsrASp s Ser—ty Dmrywrﬁercmmcw g
falciparum
Streptococcus AgI/II B&T KPRPIYEAKLAQNQKC 49
sobrinus
Streptococcus AgI/II B &T AKADYEAKLAQYEKDLC 50
sobrinus
lymphocytic NP T RPQASGVYMGNLTAQC 51
Choriomeningitis
virus
Shigella Invasin B KDRTLIEQK 52
flexneri
respiratory G B CSICSNNPTCWAICK 53
synctial virus
Plasmodium vivax | CS B GDRADGQPAGDRADGQPAG 54
Clostridium tox T QYIKANSKFIGITELC 55
tetani
Entamoeba lectin B VECASTVCONDNSCPIIADVE | 56
histolytica KCNQ
Schistosoma para B DLQOSEISLSLENGELIRRAKS | 57
japonicum AESLASELQRRVD
Schistosoma para B DLQSEISLSLENSELIRRAKA | 58
mansoni AESLASDLQRRVD
Plasmodium vivax B DRAAGQPAGDRADGQPAG 83
Influenza virus Infl B CNNPHRIL 84
Influenza virus Infl T CPKYVKQONTLKLATGMRNVPE | 85
KQTR
Influenza virus Infl B SIMRSDAPIGTCSSECITPNG | 14
SIPNDKPFONVNKITY
Influenza virus Infl B RGIFGAIAGFIENGWEGMIDG | 15
WYGFRHQN
Influenza virus Infl B EKQTRGIFGA 16
Mycobacterium T AVLEDPYILLVSSKV B6
tuberculosis
Mycobacterium T LLVSSKVSTVKDLLP 87
tuberculosis




- g AUG 2002 WD 99140934 Ile Ala Asp Val
57-- ¢211> 34 <2l 2> PRT <213> Schi st osoma j aponi cum <300> <303>
<304> 15 <3QPg 9diqg93$6> 79<307> | 997 PCT/ US99/ 03055 <400> 57
Leu Gu Asn Ay Qu Leulle 1 5 10 15 Ar
Ser Ala Gu Ser Leu Ala Ser Gu Leu G n_Arg Arg 20 25 30 Val

Au lle Ser

Leu Ser

<211> 34 <2| 2> PRT <2l 3> Schi st osoma nansSoni

c305> 1 <306> 79<307> 1997 °

AQu Lys Gars Asn G n 2

e

Asp <2l 0> 58

accCl

|,0>

(gsn Ser
a Lys

¢300> <303> Vacci ne <304> 15

<400> 58 Asp Leu G n Ser Qu Ile Ser

Leu

Leu Gu Asn Ser Qu Leu lle 1 5 10 15 Arg Arg Ala Lys Ala Ala du Ser

Ser
Leu

> CDS
g gaa
Pro
20
| Ay
jer _Tyr |Val

75 of
CDS
a aat
Pro

Ala Ser Asp-leu Gn Arg Arg 20 25 30 Val Asp 33 - a AUG ?~2 WD 99] 40934
<2| 0> 59 <5121f9°%%=t92“2‘5 DNA <213> |& tifici al] OREREEHERCERRO> <234
Descriptio e’ffr"’IlPF.Lsr‘¢aL Sequence: Msel regtriction endonucl edse site
inserted i Nty &P ;ﬁel“ Hdpatitis |B sequence *3FTGFO¥TIEESRL 75 <249 <22|
<222> (1).. '%‘9?; 901043055-<4030>_59 get lacc_tgg gt gtt{ eat tt
get cca gcg | graa‘g Lﬁ’b ctla 48 Al d ‘Thr Trp \&IAFﬁc?Egﬂ‘l“%’gn Leu |Q% As(
Al a Ser Ar 59 51015 gta glic agtte tc Val Val Ser Tyr val
<21 0>60<21] ‘ﬁ §3§>§{f"<2| G>ArLi i gial Sequer)CE"AGELEAPR Thl *Fr p Vs
Val Asn LEL ﬂvn I\]a Ser ,l_\\io-ql ’I_\\sp Lcu .10 185 \/
20 <21 0> 61 tqlggg&lggl <2| 23 DNA <21|3> Artifidi Fl‘gx'quence <220> <"Z‘23>
Descripti or Mi/'coﬂ@tletiLE{ atTSequence 1K ;Iloci‘t‘—ci i a=Ro~-acd—pgsition
I Pt b EXAVEKVTETL _
Hetatitis B G@eeaBacdd - g AUG 4~2 WD 991 40934 Sequence <220> ROV
<222> (1).. b I3055— " =400>—6% esst o agt-gt—a
ttg gaa gat| wueargngsis 41 |Ala Thr |Trp Val d|y VaI Lys Asn Leu dl u Asp
Al a Feline leukemia | FeLV B CDIIGNTWNPSDQEPFPGYG | 95
virus
Feline leukemia | FeLV B CIGTVPKTHQALCNETQQGHT | 96
virus
Feline leukemia FeLV B GNYSNQTNPPPSC 97
virus
Feline leukemia FeLV B TDIQALEESISALEKSLTSLS | 98
virus E
Feline leukemia | FeLV AKLRERLKQRQQLF 99
virus
Feline leukemia | FeLV DSQQGWFEGWFNKSPWFTTLI | 100
virus Ss
Feline leukemia | FeLV QVMTITPPQAMGPNLVLP 101
virus
Feline leukemia FeLV DQKPPSRQSQIESRVTP 102
virus
Feline leukemia | FeLV RRGLDILFLQEGGLC 103
virus
Feline leukemia FeLV QEGGLCAALEECQIGGLCAAL | 104
virus KEEC
Plasmodium B NANPNANPNANP 105
falciparum
Circumsporozoite QOAQGDGANAGQP 113
Chemical Hapten. Related chemistry is used
to couple chemical compounds to carrier proteins.
5 Typically, an appropriate functional group for
coupling is designed into the chemical compound.
Antibodies to the compound 6-0-
phosphocholine hydroxyhexanoate protect against
Streptococcus pneumoniae. Randy T. Fischer et al. J.
10 Immunol., 154:3373-3382 (1995).



1 5 10 <210> 62 <211> 13 <212> PRT <2| 3> Artificial Seqygn@gs 0> 62 Al a
Thr Trp Val Ay Val Lys Asn Leu Qu Asp Pro Ala 1 5 10 <21 c211> 27
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: wo b9pe3st ed at am no acid position 76 of hepatiti pcBusesesoss220>
<22] > CDS <222> (3) .. (26) <400> 63 tt aat aaa ttg gaa gat cca gcg tct a
Asn Lys Leu Gu Asp Pro Ala Ser 1 5 <2l,8> 64 <211> 8 <212> PRT <2| 3>
Artificial Sequence c400> 64 Asn Lys Leu Qu Asp Pro Ala Ser 27 35 - g
AU~G ?~d WD 991 40934 PCT/ US99/ 03055 1 5 <21 0> 65 <211> 2? <212> DNA M <2| 3>
Artificial Sequence <220> <223> Description of Artificial Sequence: K
inserted at position 77 of hepatitis B virus core <220> <221 > CDS <222>
(3)..(26) <400> 65 tt ant ttg aaa gapyed €cCa gcg tct a 27 Asn Leu Lys GQu
Asp Pro Ala Ser 1 5 <210> 66 <211 > 8 <2I12> PRT <2| 3> Artificial Sequence
<400> 66 Aan Leu Lys G u Asp Pré&hamicgdr Hepfer® 0> 67 <21l > 32 <2| 2> DNA

<213> Artifici alieﬁuaa;eﬁzﬂw&mmi_‘ﬂuh&al_&quence: A
inserted at positi of®98i6fLERREPRI s 8 core <22051E3834900ps <222> (3)..(32)
<400> 67 tt ant : - e gttt Aga —gatS2 AT E Gt Lys Asp
Pro Ala Ser Arg %g gg * % 98: 18%34 Lw5ISIOP%§ié6*> '<2gi’\?>041’ lg<2212> PRT

<21 3> Artificiall phe@peda cede> o8 ASNULEU @at dnfs Nesp 5o shlea15er | Arg Asp
1 5 10 <210> 69|<211> 36 <2l 2> DIdA <21 3> Artificial Sequence <220p» c223>

Descri ption of Af@icqtagisle Sequence: R|inserted at amino acid position 79 of
hepatitis 'B cor

%etal ion complexes U.S. Patent No. 5,236,825

[2.2.1] or [7.2.2] U.S. Patent No. 5,208,152
bicyclic ring

compounds

ionically charged U.S8. Patent No. 5,187,086
hydroxyl -containing

compounds

phosphonate analogs U.S. Patent No. 5,126,258

of carboxylate

esters
cocaine analogs Carrera et al., Nature
378:725 (1995)
5 Carbohydrate Hapten. There are many

methods known in the art to couple carriexr proteins
to polysaccharides. Aldehyde groups can be generated
on either the reducing end [Anderson, Infect. Immun.,
39:233-238 (1983); Jennings, et al., J. Immunol.,

10 127:1011-1018 (1981); Poren et al., Mol. Immunol.,
22:907-919 (1985)] or the terminal end [Anderson et
al., J. Immunol., 137:1181-1186 (1986); Beuvery et
al., Dev. Bio. Scand., 65:197-204 (1986)] of an

oligosaccharide or relatively small polysaccharide,



<220> <221> CDS <222> (3)..(35) -a Au~~ PCT/ US99/ 03055 <400> 69 eat ttg
gaa get aaa cca geg tet age gac cta g 36 Asn Leu G u Asp =& Ab ABE a Ser
Arg Asp Lewdodmodfd <210> 70 <211> 11 <212> pRT <213> ArtifipCtHUSBSHSENCE
<400> 70 Asn Leu GQu Asp Lys Pro Ala Ser Arg Asp Leu 1 5 10 <2/10> 71 <2|1>
39 < 212 ~ DN A <213> Artificial Sequenge-<220> 37 ~ AUG 2a02 WO

99/ 40934 <223> Description of Artificial Sequence: R inserted at am no acid
position 80 of hepatitis B core <220> <22| > CDS c222> (3)..(3B)
PCT/US99/0305%P<éHOEaE1bEt1§ﬁkeBtgogéﬁegéérEE@raﬁfo EgntGEaaga gac cta gta
g 39 Asn Leu u Asp Pro Lys Ala Ser Arg Asp Leu Val 1 5 10 <210> 72 <2| 1>
12 <21 2> PRT <2ddztAvei BménakiSaquence <400> 72 Asn Leu GQu Asp Pro Lys Al a
Ser Arg Asp Leu Val 1 5_10 c210> 73 <211> 43 <2|1 2> DNA <21 3> Artificial
Sequence <220> <223> Ded&FPFt PBRYSRCANEF LPEF af2BehBeRtB) URAFRSePYed at

am no aci d posisthan BL.4kaaSPaLtths: BofORnseR05n <22 310D5,5222> (3). - (41)
<400> 73 tt aat ttg gaa gat eca gcg aaa aga gac cta gta'gtc ag 43 Asn
Leu A u Asp PTI(mmﬁlna)lLyS 1Sar: 1A1Q - A&psLemW&b]Vak By5Srafidsal 0> 74 <211 > 13
<2l 2> PRT <213> Artificial Sequence <400> 74_38 ' 8 AUG ~ WO 99/40934
Asn Leu Qu As'lﬁtPWGtAIOél Eyfs SSérnerAulgfmst&@z}ai/agrvupﬂa%omg &heo> 75 <21l >
45 <2| 2> DNA <2|.3> Arg |aI quepgs %205 <2 ?FD%scr tion of

Artificial Se &&H@ afﬁsertg lat anng aérd- p HP epatitis B

core <220> <23lp»26BS25222 963)) ;- GA4HoRCTOUE990088RE 440803, 8%stt ant ttg gaa
gat cca gcg tct aaa aga gac cta gta gtc agt t 45 Asn Leu Gu Asp Pro Ala
Ser Lys Arg Asi3oBéu ;v¥larpairasel.$.5Pagerg| 6>888,3271%1949%212> PRT <2| 3>

Artlflc'fﬂ Squ§§§§% activation of several functional groups along
the polysaccharide chain can lead to a conjugate that
is highly cross-linked due to random linkages along
the polysaccharide chain. The optimal ratio of
polysaccharide to carrier protein depend on the

15 particular polysaccharide, the carrier protein, and

the conjugate used.

See Dick et al., in Contributions to

Microbiology and Immunclogy, Vol. 10, Cruse et al.,
eds., (S. Karger: 1989), pp. 48-114; Jennings et

20 al., in Neoglvcoconjugates: Preparation and
Applications, Lee et al., eds., (Academic Press:
1994), pp. 325-371; Aplin et al., CRC Crit. Rev.
Biochem., 10:259-306 (1981); and Stowell et al., Adv.
Carbohydr. Chem. Biochem., 37:225-281 (1980) for

25 detailed reviews of methods of conjugation of
saccharide to carrier proteins.

The carbohydrate itself can be synthesized
by methods known in the art, for example by enzymatic
glycoprotein synthesis as described by Witte et al.,

30 J. Am. Chem. Soc., 119:2114-2118 (1997).



<400> 76 Asn Leu Qu Asp Pro Ala Ser Lys Arg Asp Leu Val
<21 0> 77 <21 1> 50 <21 2> DNA <21 3> Artificial Sequence 52%8 3> .
Descriptio i ficial Sequence: R inserted at am no I ? b 83 of
hepatitis 3”‘8%%’@%‘22» <221> CDS <222> (3)..(50) <400> 77 t Cg&t%b%%%gaa

gat cca gcg tct aga aaa gac cta gta gtc agt tat 47 39 W O 99/ 40934 ~8 -
auc~ PCT/ US99/ 03055 Asn Leu G u Asp Pro%Aa Ser Arg Lys Asp Leu Val Val Ser
Tyr 1 5 10 15 gtc Val ¢210> 78 <21l > 16 <2l 2> PRT <213> Artificial Sequence
<400> 78 Asn Leu Gu Asp Pro Ala Ser Arg Lys Asp Leu Val Val Ser Tyr Val 1
5 10 15 <210> 79 <21l > S@vexrrl> giNgosarhanidds cistmSwpiehcadc 220> <223>

Description of Artificial .Sequence: R inserted at am no.acid.position 84 of
hepatitis B cgreénl<f¥6£th5lelcﬁ éﬁé%a(%) are C?’S%ﬁu%'i?cgfﬁbﬁ:

Val Ser 1 5 10

tt aat ttg
gaa gat cca ggg1lehwi }ﬁﬁf&%@%l‘g a Pl SPtot ad1 oMM fdd! Asp Pro
Ala Ser Arg Asp Lys ﬁ%ﬁ Val Val Ser Tyr lISSZL 10 o:L5 gtﬁg?/al <210> 80 ' <21l >.-

16 c212> PRT <2ia3> afret idargi enp 1Sdpee ieg et >t Brdsmsed uirGnaldsy Rro Al a Ser
Arg Asp Lys Lle%gVal \al li%r 'I;}/c%iif\/.al 1510 15 50 40 , a Auc 2002 WO

99/ 40934 “PCT/ 58§ CSUSH 1Y FOBE L85 £O7A REPLRIIHPOUIHIAL N QT RS a
Sequence <220%dese2d3% RRSGridtion of Artificial Sequence: R inserted at

am no acid position 85 of hepatitis B ctore <220> <22l > CDS <222> (2) ..
(31) <400> 81 c tcg age Faclkigosmxclhyiadg chagteh asutabd fSer Arg Asp Leu
Lys Val Vval Ser Tyr Val 1 5 10 <2| 0> 82 <211.> 10 <2| 2> PRT <213>
Artificial Se IHORWINST QT WS TERAEYRNVAPE ViRemRRhiAs val 1 5 10

<210>83<211>18222RRIE<2435P 25 (RA U | e 49032 88rom 2 to 20

10 repeats of D-ribose-D-ribitol-phosphate (I, below),

D-ribitol-phosphate-D-ribose (II, below), or

phosphate-D-ribose-D-ribitol (IXII, below). Eduard C.

Beuvery et al.,

e p—

EP-0 276 516-Bl.
OH
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0§ ] OH

15
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Patent 4,220,717 also discloses a

(PRP) hapten for

Haemophilus influenzae type b.

Ellena M. Peterson et al.,

Immunity,

trisaccharide hapten,

66 (8) :3848-3855

oKdo (2 8)oaKdo(2 4)aKdo,

Infection and
{12998), disclose a

that



Asp Arg Ala Ala Gy Gn Pro Ala Ay Asp Arg Ala Asp Ay @n Pro 1 5 10 15

Ala Ay <210> 84 <211 > 8 <21 2> PRT <213> Influenza virus 41 WO 991 40934
<400> 84 Cypobskhosn Pro His Arg Ile Leu 1 5 <21 0> 85 <211>p@pysaodassPRT

<213> Influenza virus $ AUG 2~2 PCT/ US99/ 03055 <400> 85 Cya Pro Lys Tyr

Val Lys @n Asn Thr Zeu Lys Leu Ala Thr,dy Met 1 5 10 15 Arg Asn Val "PBQ‘UGZUUZ
GQu Lys An Thr Arg 20 25 <2| 0> 86 <211> 15 <2| 2> PRT <2l 3> Mycobacteri um

t ubercul osis <400> 86 Ala Val Leu Gu Asp Pro Tyr Ile Leu Leu Val Ser Ser

Lys Val 1 5 10 15 <2l 0> 8Z <21l > JES <2l 2> PRT <213> My/cqbacterium

tubercul osi s R¥§5398% PEQLEEGIOR TSEM AP NGo PREHORAAS 3| Lys Asp Leu

Leu Pro 1 51 ; umdHizlS s <2k L,RE # -8h-i,um
t uber cul osi s %ﬁ%%ﬁ’%%iéﬁ%mu I%ro Lesu aLeu Gu Lys%krl‘gl?1 ;&}é%@%%%&%g Ay Lys

Pro Leu 1 5 1Gnftect2 ons- xahgGRe? DHOO P98 % IRCEH US99AG3AA55 <2| 0> 89 <21| >
15 '<212> PRT <2l 3> Mycobacteri,um_t upercul osis <400> 89 Ala xle Leu Thr Ay
Gy Gn Val |PeegEPrigey cGKGovas QoY P graoreciaRoYlesoriel > 15 <2| 2>
PRT c213% Mycqhaet eri um tubercul osis <400> 90 Ile Ala Phe Asn Ser Gy Leu
GuPro Gy VA-'VAl Ala Gu Lys 1 5 10 15 <21 0> 91 <21l > 18 <212> PRT <213>

Mycobact eri um t uber cul oRehiged A sAlra Ar GrlAr,g BB hew Gae-Ang Ay Leu Asn
Ala Leu Ala Asp Ala val 1 5 10 15 Lys Val

<220>92<211>1%§9W@C@Wé§?&ttéﬂ%rﬁ%fhﬁlﬁ cfeskiis £460> 92 Au Lys lle
S 82 S, Sl B8 e Mo 90158503 <0 1> 17
infections caused by Streptococci pneumoniae. One
10 class of useful saccharides are derived from the
disaccharide GlcNAcPl 3Gal. Andersson et al. also
found neolactotetraosylceramide to be useful, which
is Galfl 4GlcNAcfl 3Galfl 4Glc-Cer.
European Patent No. 0 157 899-Bl, the
15 disclosures of which are incorporated herein by
reference, discloses the isolation of pneumococcal
polysaccharides that are useful in the present
invention. The following table lists the
pneumococcal culture types that produce capsular
20 polysaccharides useful as haptens in the present
invention.
Table 4

Polysaccharide Hapten Sources

Danish Type Uu.s. 1978 ATCC Catalogue
Nomenclature | Nomenclature Number

1 1 6301

2 2 6302

3 3 6303

4 4 6304

5 5




WO 991 40934 PCTI US99/ 03055 <400> 93 Gy Leu Lys Arg Ay Ile Gu Lys Ala Va

Gu Lys Val Thr Gu Thr 1 5 10 15 Leu <210> 94 <21l > 15azﬁé§> RT <213>
Mycobact er i cul psis <400> 94 |le Qu Asp Ala Va@ Ala Lys Al a
Ala Val G UW@JJ%%?{/ 1 5 10 15 <21 0> 95 <211> 20 <212> PRT <BGRUSPA3p

| eukem a virus <400> 95 Cys Asp Ile Ile Ay Asn Thr Trp Asn Pro Ser Asp G n
GQu Pro Phe 1 5 10 15 Pro Ay Tyr Ay 234<2] 0> 96 <211> 21 <212> PRT c213>

Feline | eukem a virus <400> 96 Cys Ile Gy Thr Val Pro Lys Thr Hs @n Al a

Leu Cys Asn Qu Thr 1 5 10 15 dn G@n Gy H's Thr 20 <21 0> 97 <2l 1> 13

<2l 2> PRT <2| 3> Fel ig%& | eukgm a virdus 44 WO 991 408386<400>"97 [d y Asn Tyr
Ser Asn G n TheAsn Pro Pr rao Ser _Cars 115 10 .> <210> 98 <211p> 22 <212>
PRT <213> Feliine | ed®®nia vilrus - 8%auc ?~| PCTNS99/ 63865 <400> 98 Thr Asp
lle An Ala L¢ t—Set—H-e—SeAa—Eep—G-u Lyc(ﬁ%f 1 5 1015 Leu Thr
Ser Leu Ser Ju 20 cZ210> 99 (<211> Ei <212> PRT <21§> > i ne | eukieni a Vi XVS .
c400> 99 Ala Lys TaugArg GIJ Arg Ll LyS dm Ag G g3 teur—Fhe] 1 5 10
<21 0> 100 <21Z> 23 <212> PRI <213> Feline | eukem a virus c400> 100 Asp Ser
Adn dn dy Tip Phe Wu Ay |Trp Pheé® Asn Lys Ser Proe3op 1 5 10 16 Phe Thr -
Thr Leu Il e Sg+—Ser 5& <2103 101 <211 > 18 k212> PRT ¢213> Felinel | eukem a
virus <400> 109l 45 8 AUG~2 WO 881 40934| PCT/ US99/ 03055 G n Va] Met Thr
Ile Thr Pro Pro—Gnypka MetTGy PregAsntent—vat—3—5—316-—35teu—br
<2l 0>] 02<211>17<212>PRT<213>Fel i ne ['eukem g virus

11A 43

12F 12 6312

14 14 6314

158 54

17F 17

18C 56 10356

19A 57

19F 19 6319

20 20 6320

22F 22

23F 23 €323

25 25 6325

33F 70

Moraxella (Branhamella) catarrhalis is a
known cause of otitis media and sinusitis in children
and lower respiratory tract infections in adults.

5 The lipid A portion of the lipooligosaccharide
surface antigen (LOS) of the bacterium is cleaved at
the 3-deoxy-D-manno-octulosonic acid-glucosamine
linkage. The cleavage product is treated with mild-
alkali to remove ester-linked fatty acids while

10 preserving amide-linked fatty acids to yield



<400> 102 Asp G n Lys Pro Pro Ser Arg An Ser G@n Ile Au Ser Ar.ga)(gb,@r 1
5 10 15 Pro <21 0> 103 <211> 15 <212> PRT <213> Feline | eukem a Virus 5 0>

| 03 Arg Argwd #4bdd Asp Il e Leu Phe Leu G n Qu Ay Ay Leupeyrasdofsodd 15
e210> 104 <2l 1> 25 <2| 2> PRT <213> Feline |l eukema virus <400> 104 Adn Gu

Ay Ay Leu Cys Ala Ala Leu Gu GQu Crgdn lle Ay Ay 1 5 10 15 Leu Cys
Ala Ala Leu Lys Qu Gu Cys 20 25 <21 0> 105 <2l 1> 12 <21 2> PRT <21 3>
Artificial Sequence 46 WO 99/ 40934 <220> <223> Description of Artificial

Sequence: Cytochrone.P-450.fra nt <300> <303> Science <304> 22B c306>
436 1440 <3075° 18T L9001 RO REFRGE AP P&ﬁ“oén_ AW An Pro Asn Ala Asn
Pro 1 5 10 <2I 03:LPBns?k 4> 6rr2l dpofRls AS1dbiddsinl (Saguenge 220>
<223> Description of Artificial Sequence: Cytochrone P-450 fragnment <400>

| 06 Gds Met G attechédgtSea prétedhOcatfliex2| IXr6- ¥2HP G PRe < 203>

Artificial Sequence <220> <223> Descg]&i on of Artificial Sequence:
C~t ochrone P- 458L fFL4RRafRE4608URHTY R gt e 837 1{P % 1 5 <210> 108

<21l > 5 <2l 2> PRT <213> %A%égl%iegi alr & " (GG 22 PCTLAIS99/ 03055 47

1 T WO 99740934 <220> <2 scription o Icial Sequence: Cytochrone
P- 450 fragnment sepfiz, la8niygiAia, Vahd Preldfteld ' ndurokdD> dD&xdds 5 <2| 2>
PRT <213> Artificial Sequence c220> <223> Description of Artificial

Sequence: G-t o&Rr BHB2PS450TRRagRRARI ALY DRCEHRT IdR-$PRCMFHF Ser 1 5 <21 0>

O 7L oS ABR R AR, e M s R0 g 10
Val 1 5 infection. Jennings et al., U.S. 5,795,580. The
10 repeating unit of the GBS capsular polysaccharide
type II is: 4)-B-D-GlcpNAc- (1 3)-[B-D-Galp(l 6)]- B-
D-Galp(l 4)- B-D-Glcp-(1 3)-P-D-Glcp-(1 2) - [a-D-
NeupNAc (2 3)] - B-D-Galp-(1 , where the bracketed
portion is a branch connected to the immediately
15 following unbracketed subunit. The repeating unit of
GBS capsular polysaccharide type V is: 4)-[a-D-
NeupNAc- (2 3)-B-D-Galp-(1 4)-B-D-GlcpNAc- (1 6)]-a-D-
Glcp- (1 4)-[B-D-Glcp-(1 3)]-B-D-Galp-(1 4)-B-D-Glcp-
(1
20 European patent application No. EU-0 641
568-Al1, Dr. Helmut Brade, discloses the method of
obtaining ladder-like banding pattern antigen from

Chlamydia trachomatis, pneumoniae and psittaci.

25 D. Pathogen-Related Conjugate to the Modified HBc
In one embodiment of the invention, the
hapten that is conjugated to strategically modified
HBc protein is a B cell determinant of a pathogen. B
cell determinants of numerous pathogens are known in

30 the art, and several were illustrated in the



c210> 111 c211> 6 <2l 2> PRT <213> Artificial Sequence <220> <223>

Descri pti on of Artificial Sequence: C~tochrone P-450 fragme-ntﬂ AUG@w2111
Cars Thr §3y Ala 8 Al G ~ PCT/US99/ 03055 48 " 8 Adaruseonéess

991 40934 PCT/ US93 03055 1 5 <210> 112 <21l > 6 <212> PRT <2I1 3> Artifici al
Sequeace <220> <223> Description of Arificial Sequence: Cytochrome P-450°
fragment <400> |12 Cys Thr Leu Ser Ay ulb5<210> 113 <211 > 12 <21 2> PRT
<213> Pl asnodi um know esi <400> 113 Gn Ala Gn Ay Asp Ay Ala Asn Ala Gy
An Pro 15 10 49 . AyU32. AUYr. A . A A..AN. Al .

CAUy. Al & A f PASARIANY ARG SASCT AN, PA?}(@?P&F%A%.%%‘F?%%YE@&E& AA, . AS. A
fAh3AfAL@%’i7 Ah] .A3. Al LA

. Aye. A&Ay. A&. AL. AH. AAr Ar.A& 9. AB. Ah,y. A . Ale. A. AU AL AS,) . AfR A A3. AAf
e. A& A AL. AS. ALI . A . Ay .IAS. pASrfeAfred @dbd&llments, the hapten is a

) . AY. AFe. AS?. Ae. AhR Ae. Ae. Ae, Ane. Ae. AR AR A R A{e. A?. A?. Ah?. AUl e. Al ?. Ae. AY?
CAye. AL, , . A, PRINRIGN- TGRSR IePtRR A AN SHEAL IS POTIWOMORAFY A L AR AS

I 2. ANe. Ay3R. ! * s e
{vqkf [ ca]%gaa-\yi %ﬁ%g %]pg%] ﬁgs\ﬁ%}c{lae]’%céag\.rqyc{c%]%caﬁgg?ca]ca cae%uae]zccalJ] ca] ca] c<a
] ca] c™a] ca] c’d calree]era]ieey ol taldata)advantagdsnd-Pe LG he exposure

1~yt ni d*Y] c] caV] ca] ca] ca\/] cal ca]lca] ca] calca]ca] ca]ca]ca]calc C]ca] cal c
a] ca] ca] ca] caﬁ% w2 RARRETH] AN QYTa AGFHIBERASSivate

a]ch/I] cla] -(I:-aU] cﬁ?‘% ca] céa%gﬁ%} cg% g@r]ﬁc?% ca]%alb] ca] ca] ca] caU] ca] ca]ca]ca]ca]c

a] ca]ca] ca Exemplary pathogen related haptens of

"HESS % VOO &EE&&&(] ) ) *F+++, }xsni d_ZV] cgca] ca) ca] c"a] ca] ca] ca]
ca] ca] caf ca] ced el @al ah] Lapen] e caam c%ff%h‘(&@aﬁ@‘]‘c peberEa]Tefay cal cal c
?11] (p:)a S. u. X. zaT E. pertuss”s‘?’r/% Y?}éﬁ"? '//‘77 I‘Bﬁﬁifﬁhﬁﬁc]%{sa d %] caljcalc”al]c
a] ca] ca] c"a] ce] caiﬁelaéga&@“adrcai:éeﬂ]waw;ca,b@aw@ahmutca] ca] c*al] ca] caU] ca]
cal] ca] c"aU] ca U cMall ca223A3j 3 44457. 8888999>? 2?7?) ?@d A} AABCHDD

EDE~yt 0j e ZU| pexfrahgapea] Ba] @a]:}éac]%afcafca?@é@]-é$a}’c$é]—léa]>€a@] ca] cal] ca] ca
]#('\:/g] czl\a/] caj ca] ga] cg]ﬁa]__ag] cg] ca]E 1]] H]ga]scal DEg\ggloIrIﬂ]lJ KerM\](hKI KnmKKKL/ LALLLM
MNMMMVEAEN. NRINy i 0E82z4L) cel caheladcahcadsal enkcalikea] ca) cna] cal ca] ca] ca cal
ca] ca] ca]ca]c”a]calc"a]ca]ca)calc ]caU] cal] ca] ca] ca] ca! RN\ NgNj NI Nwi\Nx N| NNNNNN
O QZO0OOP@Pk PPPPPPPPP Other exemplary sources of pathogen-related

o e R e e e s e sl o

SBSSLTTJYUUULNYH#YPYRYEV ¥A¥hyy VWYY YWEYK Y teblk¥ eli¢akcaheaktakc”a] ca] ca]
cMa] ca] c”a] ca ca] c”*a] ca] c”a] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] c™al ca YVWMR$XWW@VPWY$WQYEF@Z virus, influenza virus,

KW A
E:Ea] ca] ca] Sgﬁf% Egﬁ%é%f% %8?%%?(: %‘8 Ca}'l chgl g%aca]lcagca] cajcralcal
u LA aa9h§@éagemlef bielisc @Kdmdfa&ggm&ahh&aﬁo\wsf aliViuel, ckFeawhea] cal ca]

ca] ca] caV] ca] caV] ca] caV] ca] ca\/] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca]
ca] ca] ca] caV] eadhhppkﬂlamnsmmﬁrnvmrnﬁﬁgzr ffoot; @and mouth disease

~ytni d*Yj e

T LT e
oj e c a ca aJca]ca]calc
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$T" % OKRE#ERr paj-hogee -ZellespdabppspoaUl ool alicdieddisddleca] ca] ca] ca] ca] ca]
: "a V~KXs @BXKLwWSs” I
g %alfiLfiLf%m%%@% SR ATEETLE] EAPRPLafn e At AONER o o) oa] cal cal a
] ca] ca] ca ca] ? caLcal eﬂecqhm' H#z ETW GaB~df hq| wr mhe] X1 gb] X] ¢] cal] ca] cal
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[ b xsnid_YTlgb]]calc ca alcalcal chalc al] ca

Bat oo cal o) aw%g] i SRR PEE] CHFCHAA IV CHFRHGT 5] ca) ca
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& \ "} xsni d_ZUV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calc caj ca
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30 thereof. 1In addition, if desired, an inoculum or

vaccine can contain minor amounts of auxiliary



lpquV6. 4. . 110% & ()-). '10% & ()-). '10% & ()-). !'10% & ()-).
1109 & ()-))? 'bF. 4. . 110. 110%W & ()-) . '10% & ()-). ! 10%8&AUM-Aue
110% & () - )wolsdfle ()-))? 'vve. 4. . 110%W& ()-). !'10% & () peTnusddidsnss () -) .
1109% & ()-). 110% & ()-))? 'bF. 4. . 110. 110%& ()-) . '10%& ()-).
110% & ()-). 1109% & ()-). 1109% & ()-))2vV6.4. . 110% & ()-). 110% & ()-).
1109% & ()-). 1109% & ()-). 110%& ()-))?2 1 $*,>AzZ: . 4. . 110% & ()-).
1109% & ()-). 110%& ()-). 110% & ()-). '10% & ()-))? ! ABQUWpzZ: . 4.
0)-) ) o

' AW8& e E%Q%%Id@f&iné:%¥%é%éﬁ§9fyfﬁgy4§%n&g:)%% !pde.4.

buffering agents or adjuvants which enhance the

1109 &

immunogenic effectiveness of the composition.
Exemplary adjuvants include complete
5 Freund's adjuvant (CFA) that is not used in humans,
incomplete Freund's adjuvant (IFA) and alum, which
are materials well known in the art, and are
available commercially from several sources. The use
of small molecule adjuvants is also contemplated

10 herein.

Exemplary of one group of small molecule
adjuvants are the so-called muramyl dipeptide
analogues described in U.S. Patent No. 4,767,842,
Another type of small molecule adjuvant described in

15 U.S. Patent No. 4,787,482 that is also useful herein
is a 4:1 by volume mixture of squalene or sgqualane
and Aracel™ A (mannide monooleate) .

Yet another type of small molecule adjuvant
useful herein is a 7-substituted-8-oxo or 8-sulfo-

20 guanosine derivative described in U.S. Patents No.
4,539,205, No. 4,643,992, No. 5,011,828 and No.
5,093,318, whose disclosures are incorporated by
reference. Of these materials, 7-allyl-8-
oxoguanosine (loxoribine) is particularly preferred.

25 That molecule has been shown to be particularly
effective in inducing an antigen- (immunogen-)specific
response

Inocula and vaccines are conventionally
administered parenterally, by injection, for example,

30 either subcutaneously or intramuscularly. Additional

formulations that are suitable for other modes of
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administration include suppositories and, in some
cases, oral formulation or by nasal spray. For
suppositories, traditional binders and carriers can
include, for example, polyalkalene glycols or

5 triglycerides; such suppositories may be formed from
mixtures containing the active ingredient in the
range of 0.5% to 10%, preferably 1-2%. Oral
formulations include such normally employed
excipients as, for example, pharmaceutical grades of

10 mannitol, lactose, starch, magnesium stearate, sodium
saccharine, cellulose, magnesium carbonate and the
like.

An inoculum or vaccine composition takes
the form of a solution, suspension, tablet, pill,

15 capsule, sustained release formulation or powder, and
contains an immunogenic amount of strategically
modified HBc protein conjugate or strategically
modified HBc protein particle conjugate as active
ingredient. In a typical composition, an immunogenic

20 amount of strategically modified HBc protein
conjugate or strategically modified HBc protein
particle conjugate is about 50 pg to about 2 mg of
active ingredient per dose, and more preferably about
100 pg to about 1 mg per dose.

25 The particles and protein conjugates can be
formulated into the vaccine as neutral or salt forms.
Pharmaceutically acceptable salts, include the acid
addition salts (formed with the free amino groups of
the peptide) and which are formed with inorganic

30 acids such as, for example, hydrochloric or

phosphoric acids, or such organic acids as acetic,
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formed with the free carboxyl groups may also be
derived form inorganic bases such as, for example,
sodium, potaséium, ammonium, calcium, or ferric

5 hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine,
procaine, and the like.

The inocula or vaccines are administered in
a manner compatible with the dosage formulation, and

10 in such amount as are therapeutically effective and
immunogenic. The quantity to be administered depends
on the subject to be treated, capacity of the
subject's immune system to synthesize antibodies, and
degree of protection desired. Precise amounts of

15 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

20 initial administration and booster shots are also
variable, but are typified by an initial
administration followed in intervals (weeks or
months) by a subsequent injection or other
administration.

25 Another embodiment of the invention is a
process for inducing antibodies in an animal host
comprising the steps of inoculating said animal host
with an inoculum. The inoculum used in the process
comprises an immunogenic amount of a strategically

30 modified hepatitis B core protein conjugate dissolved

or dispersed in a pharmaceutically acceptable
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diluent. The strategically modified hepatitis B core
protein conjugate used in the process comprises a
hapten pendently linked to a strategically modified
hepatitis B core protein. Preferably the
5 strategically modified hepatitis B core protein is in
particle form. The strategically modified hepatitis
B core protein comprises an amino acid sequence
corresponding to the hepatitis B core protein amino
acid sequence of SEQ ID NO:2 including the amino acid
10 residues numbered about 10 to about 140 and
additionally having an insert in the region
corresponding to amino acid residues numbered about
50 to about 100, said insert (i) being 1 to about 40
amino acid residues in length, and (ii) containing a
15 chemically-reactive amino acid residue. The hapten
is pendently linked to the strategically modified
hepatitis B core protein through said chemically-
reactive amino acid residue. Preferably, the hapten
is pathogen-related. The animal is maintained for a

20 time sufficient for antibodies to be induced.

The invention is illustrated by the

following non-limiting examples.

25 Example 1: Construction of a Modified Hepatitis B
Core tein Expression Vector
Using site-directed mutagenesis, a lysine
codon (TTT) was introduced between amino acids D78
and P79 of the HBc gene, along with EcoRI (GAATTC)
30 and Sacl (GAGCTC) restriction endonuclease sites to

facilitate the genetic insertion of other condons for
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) ?A protein was therefore 155 amino acid residués long.
The construction of the pKK322-HBcl55-K81 expression
plasmid is described below.
Oligonucleotide primers P1F (SEQ ID NO:17)
10 and P1R (SEQ ID NO:18, on the complementary strand)
were used to amplify the 5’ end of the HBc gene
(bases 1-234, amino acids 1-78), and simultaneously
incorporate an Ncol restriction site (CCATGG) at the
5’ end, and an EcoRI restriction site (GAATTC) at the
15 3’ end of the amplified product. Oligonucleotide
primers (SEQ ID NO:19) P2F and P2R (SEQ ID NO:20, on
the complementary strand) were used to amplify the 3’
end of the HBc gene (bases 232-450, amino acids 79-
149), and simultaneously incorporate an EcoRI
20 restriction site (GAATTC) at the 5’ end, a Sacl
restriction site (GAGCTC) adjacent to it, an inserted
lysine codon (AAA) between them, and a HindIII
restriction site at (AAGCTT) the 3’ end of the
amplified product.
25 The two PCR products (encoding amino acids
1-78 and amino acids 79-149) were cleaved with EcoRI,
ligated together at their common EcoRI overhangs,
cleaved with Ncol and HindIII and cloned into the
expression plasmid pKK332 (Pharmacia), using standard
30 techniques. The resulting plasmid was called pKK332-

HBc-K81. This plasmid can be used for the expression
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Example 3: Chemical Coupling of Synthetic
Peptides and Modified Hepatitis

B Core Particles

25 The strategically modified heptatitis B
core particle product of the expression plasmid
PKK332-HBcl55-K81 from Example 1 was assayed for its
chemical reactivity compared with similarly expressed
and purified "wild type" truncated hepatitis B core

30 particle HBcl49, which is identical to HBcl55-K81
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cysteine residues to enable directional conjugation
of peptide haptens to the primary amine on the side
chain of the introduced lysine residue via the
cysteine sulfhydryl of the hapten. _

5 Table 2 shows the synthetic peptides
derived from human cytochrome P450 enzymes that were
chemically conjugated to HBc particles. The
synthetic peptides were dissolved in 50 mM sodium
phosphate, pH 7.0, to a concentration of 10 mg/ml.

10 The synthetic peptides were then added, dropwise, to
a 5-fold excess over total amino groups in maleimide-
activated strategically modified HBc155-K81
particles, and permitted to react at room temperature
for 2 hours. Maleimide-activated HBcl49 particles

15 were reacted with the two 2D6 peptides (206 and 206-

C)as controls.
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Table 5

Cytochrome P-450 Haptens

Peptide Name Sequence SEQ ID NO,:
5 1a1 (289-302) CQEKQLDENANVQL 21
1A2 (291-302) CSKKGPRASGNLI 22
2D6 (263-277) CLTEHRMTWDPAQPPRDLT 23
3A4 (253-273) CVKRMKESRLEDTQKHRVDFLQ 24
1Al-c CMQLRS 106
10 1a2-¢c CRFSIN 107
2D6-c CAVPR 108
2El-c CIPRS 109
2C-c CFIPV 110
3a3/4/7-c CTVSGA 111
15 3A5-c CTLSGE 112
Example 4: Analysis of Modified Core
rti s Conjugates
20 Strategically modified HBc particles

pendently linked to cytochrome P-450 determinant
haptens of Example 3 were analyzed by SDS-PAGE and
immunoblots to determine if synthetic peptides had
been successfully conjugated to HBc. The denaturing
25 conditions of the electrophoresis dissemble of
particles into their constituent subunits, HBc
monomers. Because HBc monomers have a molecular
weight of approximately 16,000 Da, it was simple to
resolve HBc155-K81 particles chemically conjugated to
30 either 1Al (289-302), 1A2 (291-302), 2D6 (263-277) or

3A4 (253-273) peptides, as those peptides have a
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relative molecular mass of approximately 2,000 Da and
therefore cause a visible increase in the molecular
mass of the HBc protein monomers. From the relative
intensities of the conjugated and non-conjugated

5 bands on SDS-PAGE, it was revealed thaﬁ approximately
50 percent of the HBcl55-K81 monomers were
operatively linked to hapten, whereas only about 5
percent of the "wild type" HBcl49 particles were
linked to hapten. The marked increase in the

10 observed success in pendently linking hapten to the
strategically modified hepatitis B core protein
supports the conclusion that the observed linking
occurs via the inserted lysine as opposed to a lysine
residue that is also present in the "wild type".

15 The shift in mobility of HBc particles
conjugated to shorter C-terminal P450 derived
peptides (5 and 6é-mers) is not as pronounced in the
SDS-PAGE as that of the longer inhibitory peptides,
but shifts of approximately 700 Da were clearly

20 evident in successfully coupled HBcl55-K81 monomers.
The strategically modified HBc 155-K81 protein
exhibited markedly enhanced ability to pendently link
to a hapten over the "wild type" HBcl49 particles,
which showed minimal conjugation.

25 In the model of core particles propounded
by Conway et al. of icosahedral particles of either
180 or 240 associated core protein monomers [Nature,
386:91-94 (1997)]1, dimers of the relatively exposed
immunodominant loop regions of the core monomers

30 extend out from the assembled core particle into

solution like spikes on a mace. The "spikes" are
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9* 109ZZ&' () - SFFeLem-Fa, tfhon of t e introduced lysine residue
on the tip of the spike minimizes the propensity for
steric constraints to reactions to link haptens to

5 the assembled core particle. A maximum of 50 percent

of the strategically modified HBc monomers were
successfully conjugated to the synthetic peptides of
Cyt P-450. That amount of pendent linkage
corresponds to an average of one hapten attaéﬁed per

10 core particle spike. This proposed distribution of
hapten linkage to the strategically modified HBc
particle is supported by PAGE results under semi-
denaturing conditions that dissemble the particle
while maintaining the dimer association.

15 HBc-2D6 particles, prepared by peptide
coupling, were examined using immunoblots to confirm
the presentation of the 2D6 epitope. When probed
with anti-HBc antisera, the chemically coupled
particle yielded two different monomers representing

20 particles with and without the 2D6 peptide. Only the
upper band of which blotted with anti-2Dé antisera,
thereby confirming the correlation between mobility

shift and attachment of the 2D6 peptide.

25 Example 6: Strategic Lysine Insertions
To construct HBc particles with inserted
lysine residues at every position in the
immunodominant, surface-exposed loop region (amino
acids 75-85), PCR was used to amplify the 5' and 3'
30 fragments of the HBc gene and a single lysine codon

was introduced via the oligonucleotide primers. The



10%r& ()-- TF 10% & ()- nF 109%& ()- F 1098& ()-]|[NA4 110! 10! 10!

(@10% & ()- Bs710% & ()-F- 9*10%W & ()- 9*10% & ()- h9*109%3& ()- 0@ [ : NA4
110 L109% & Wp-99/465@A0% & ()- L t10% & ()-- 2&10% O & ()-" u( PRRAGHDIES () -
28109%&' ()-"@>e|[: NA4 110 9310% & ()- smMO%& ()- S&L0W & ()--

1109 & ()- & 310% & ()- 48 310% & ()--k3L[:NA4 110 s-Y10% & ()-F

+10% & ()- P9(:10%!*& ()-f- s&L0%W & ()- s#109%&' ()-z 49310% & ()-8 % ?NA4
110 =8 Aug
/109 & ()-/109%.&. () -/ 1Q% & (- L10% & ( Lo/3l0%.& L )kod 1O & ()= U&( *{ H24hL, 41 10
she ()-110v & PLiSVFRERCRT R Biaete) ot Fr s e A o & () v
1 109% & () -/ 10%:8q(pnkk@%ade( shovhl A% &EQ) IBHNNRRSTR} 82" Y/ 1044 &v{)d/ 10% & ()
-110% & ()-' Y-/10% & ()-/10% & () - TUMKd~| [ ;' YHLO%W & ()-" &@LOWN & () -
*10% & ()- &YLovRed SPREICES ByE BHY & %@EPP:‘“-

' YHHLO9%N & () - " HLOYW & ()~ HLOAW & ()= (<HLOYWL& () - " H1Q%N & ()-"hL, :
HLOYW & ()-'('%410%/\'/ & ()-'(")I(“<H]f81f§g% §°§ )f‘e*“ﬁ%é‘% é%%‘&ﬁﬁ%\%g\é%g?(meﬁ
HLOW & ()5 "' ( SEbAWCH( J75' LB QHiBle~KHEO ¥hk&uGh- biise <KBOYW Shé) - "l +;

' (<HLOYW & () - "HLO%N & () - "H109%W & ()-""' (<HLO9%N & ()-"HLO%W & () - " eE+:

' (<HLO%W & () - ‘PeigENeE ECR ' {ragremneswere' Higrared( yithiobav & () - " eGH;
HL109%W & ()-"" (<HLO%W & .()- "HLO%N & ().-" HLOWW & ():"' (<HLO%N & ()= elt=: -

- (<H10%/\§ 2&' ()S'rﬁf(‘}%k/cé%’l -ﬁze%%wefi-e%%ev '”%S%%ﬁg‘zﬁh( fg‘;ﬂ%%\?i' H‘e eE) HLOWW
& () - " HLOMW & (Perquid b4V &ADr." ' (The MM dd gedbOWMESrekt oA E () - $% dH
) HLOYAW & () - " HLOOAN & ()-" ' ( <HLO%N & ()- " H109N & ()-"HLOWWW & ()-"" (<(+01589:
el +' (<HL0%W & (Q)ida=tosantdig oligrouwleqride pa)inegoalcentpinimgoyhe’ ()-": >AFG
JIMeE+ (<H10%/\7§"( - "HLO9W &' ()-""' (<-.HLQUWAN & )-"ng}:#v.&' ()-"HLO%WV & ()-" MRS
WZ[ \ i KOH1boaw Y(%l-ne)(éﬁl &V CRIIWE ) FASEEIRFECR) S P<HI0MW & () - "]
T| [ OH10 L510%& (Jred S Q&S oridebl OM& s . LOMLOURE' khs Liszd0¥HE& () -

L& 1098& ()-)5vU4 Ls10% & ()- L 9%40% & ()-10$10$10$ LL : 1098& () -

Lf 8TI0%B& () - LEIDEE: 9) 51 )Wgs wigrdsgaryl (M0Rereriate t8H1E%RQMENEE- ¢

H &$10% ( & ()- L10% & ()-. L, # 10% & ()- Lyl0% & ()-)a.ol[:vU4 L &6

10% &' ()E L (L) AR éeﬁé)@qﬁ@@é &) (‘%Pm“‘%/ﬁw({*(@?%( Qe%t'“f%g/@& ErreLe
10% & () - u?uT3 ~PMAFA DU {Q -nZ MK &l Jrhe RiSHOWE Qenle!,” F: $10%<
"< "& ()-t 10#10#10# L&6 1004& ()- ?|[:uT3 N#! 10984& ()- L!1099& ()- Lz
109%4.& ()-15z 109G ¢Juld *e 10V aBIed at @GR 229 -{244T¥1ichonB1098& () -
LL, 21090@& ()- LOJ 1099@& ()- L9 . 109& ()- L99-z109%& ()- N#l 1098& ()-(vUa

Lf #10% (" & () -215R%E98Y (3% (FPUH0aToAD% L Y: 1099&' () - L&8Z10%&' () -
LL5"10%& ()-g) |[:vW4 L LY10% (& ()-zL Ls 10%i% & ()- s 10%&R& ()-

L'10% ("& ()- $10% ( & ()- L10% (& ()-) N wp |[:vu4 L

L3(110% (& ()- L 3(110% (& ()- 3(!'10%0L& 6)- LS 10% (& ()- L4ALS

10%' & ()- LL@0% ("& ()- . .. AvU4. %40%& ()- .Y"10% & ()-

Lf 10‘V&W§§3&' () - Llocyac()/a/&&'( % FYE6RE16PEEE TEO% FT@%E‘%& f’{- IJ‘8%4[ I (3/u4

Ls3- 109899&& () - L&LOYRIBRE ()n Lehe LOMEMESohIndntd 1oRIVEE () -

LY 0%R$&E" () - 9%40%& ()-\|[:vU4 L& 10%0& ()-3 L L& T0%RI8&& ()-3L

Ly#109800&& () oL OgVamsh 99k & () - & 99 0%hercd () - & L&10SERWERE 9+ Ay obU4
L10% & () - 10u#1Qu#10u#l " QYI0%#& ()= L~ 0YI00MRARME (V= Ls- 1008 $8&' ()-y
L+109898&& () - ~Fi1BUFYPe HBFo)f ¥V EYNLEDRAGRPLYVSYV &0

K75 TWVGVKNLEDPASRDLVVSYV 62

K76 TWVGVNKLEDPASRDLVVSYV 64

K77 TWVGVNLKEDPASRDLVVSYV 66

K78 TWVGVNLEKDPASRDLVVSYV 68

K79 TWVGVNLEDKPASRDLVVSYV 70

K80 TWVGVNLEDPEASRDLVVSTV 73

K81l TWVGVNLEDPAKSRDLVVSYV 74

K82 TWVGVNLEDPASKRDLVVSYV 76




o ' = 8§ AUG 2002
&&() #L $10% ' & ()-#L ~$10% ( & ()-# Lyl0% & ()-

L, #10% & () - ~xPQRS| [ NA4 10$H $10$H $10$H $ / 10%H $& ()-L / 10%1& ()-L 1/
10% & ()-  $109%9(2& ()-# $10%',& ()-#Sr~r?2|[: NA4 10 ! 10984 3&
L1098&' () -WOPYHevO & ()-L z FL$109RRE’ ()- L FL$10% & () - PCT/US99/03055
Ls!, 1098& ()-49jw | [: NA4 10 9$109%84& ()-m u9$10%3& ()-nl L&' s1098& ()-L L.
1099& ()- L3 1090& ()- L& 109%& ()- | eéaf| [ NA4 10D10DLOD 4&109%8: ()- L
48109 & ()-L $.11090& ()- $.!11098& ()- LVf, 109%& ()-f%J !|[:NA4 10
Ls10%t& ()- M3 "10% & ()-L L3 "10999%9& ()-L |L3 1094 && ()-
10% U & () - G5 TORE3 & () - PV VINS EDHASREBL S B 10 & (T-F8 LT 107 &
LLFg 10% & ()-nL LFg 109 & ()-m LL10% & ()- Ls10% & () - #f ##) $a$j $$|
10 LLF510% & ()- LUSMA0% & (|)PVe ZaENRASRDKLVISEV S 0% & (86 LI +1C%{
(O 10% & ()ySURUYBUMUEYEWMRAIUA @3 11008118 (V- Il Y3' 1 10084
2110% % & ()|- 10( 10589 ( LY: 10K WRERRASADIEEEYY “ oge ' | B2vn
f'110%& ()- ' @O @O MBI R~
L#109% & ()-F ()))0**|[:vU4  L'4, 10%& ()-L L &3109%8& ()-2 L1! 109%& () -
LL/ 1099& ()- f'!10%t& (Do gurdilBPBEd )strategh.cd iyt @dditfed HBYOR ()-S .
L10% & ()- L10% & ()-10940940% , 8310%4& ()-4 LL, 83109%6& ()-4[+ ,,,-.|[:vU4
s 10% & ()- thrqmﬂ(r@()cleﬂqﬂlmﬁ@ Dysatgmglerqm -a |11s° Frgyeyt I {90 E "10% (
& ()-..A/11Q

L* 10% %& () - f‘J"[ﬁe&l%E}?(‘i% /é&i‘g%}(r& stj’@oa%%%h 16 J}llféﬁwﬁﬁé Jihe

LYnl0% 86 & (ﬁeé@itlé}(tl%élfe?t! 1AM Feded ﬂ%?'gié)f/@&](ﬁrati&l%i?né) z
L@ 109% & ()- CLHLd1(222 3[[:bU4 L LHF' 10% 9% & ()-f s940% ()-L
V8 94.0% %&' () -Sepdao@se ¢)=48 chuanst ogmaghy @199 2680 qgm) 33*4+5\ 555|[ bU4

L L 10% % +10%_.% Oy 10% :! & 10% 9!

0T oa ) LSRR LR TS %%%‘fz%%%@mﬂa%temt 1 iatiga ogatdon®™
AR B z@d%mg A5 0% 96 &by GO0 Ak () -

L&O! 10% ~% & () - 666777 88DA410° 9% L L 5100 & ()2 KS10MRARE ()- < $10%

"8 ()- 1ma¢z¢1(1c)1em LS 0o’ gpimdl CicE Lisef Bl wadé tdlon¢ L E 3310%

& 3$10% E& & | 1094 & s! 109 &
S0 T0() - Bettiplet) haatever serSteaidabiy il tiatobet ()
L S109&& () dP0B&I £ - gbAOPRSed) £dP £nill ét@&}?>\§é>17é782192£3?£é7§-r310
L, f10% & ()- L m0% & ()-10&10&S108& LL! 10%&R& () - & ~ ! 10%me&. () -
1 10984& () - J?029928 @l 1 SuF8d0edut9l 094& the tlum@%(m(:;lleaowa&e()
Lg" 10% & 10%8&' () - L& 10% uT310 810Q% &
00 e () LPTOOREST) SPORET OIS o ok big & 1 Sbsorbance of (- ()’
“910% & () - A7TBBBGLHQC| [ uT310 L LsY+Y10% & ()- LL(410% & ()- Lsf&10%& ()-
Ls$10% & ()- L s!,10% & ()- L9S 10% & ()-QCqCCCDHD| Dj [: uT310 L L610% & () -
LS510% &5() - L3@L0% & (Thret02doRieseonst tudBeR(¥Pe-K75, HBc-K77,

L-f10% & S210 R$10 & D, 0$10% & ()-, L $10%
T2 ()0, S109806MPF 18| 16710 PEOBIBREAT) LEEEEPCOR PERUSTY RD

L10% eS$f & () - 2hF %@%ng%& (ht oA 0YBInG )+ b YA O £,) %9%@@@&1@;4
%WMO%& ()-fH3IHH 1 JUI| [ US210 R L 110% e$f & ()- L3)T10% ="f& ()-|

3) 1 10%#&' () - ol wimd&ggp& (ynmp¥ified HBc particles, e.g. HBcl49

particles. Four of the constructs (HBc-K76, HBc-K78,

~

)-fL
: NA4
()-z

Q°|—|

20 HBc-K81, and HBc-K82) were produced at relatively low
levels of between 1 and 20 mg/L. Finally, four of
the particles (HBc-K80, HBc-K83, HBc-K84, and HBc-
K85) were produced at levels deemed to be barely

detectable (< 1 mg/L).
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4. The strategically mod:i:fied hepatitis B

30 core protein conjugate according to claim 1 wherein
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determinant.

9. A strategically modified hepatitis B
core protein particle conjugate comprising a
30 plurality of strategically modified hepatitis B core

protein subunits pendently linked to a hapten.
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13. The strategically modified hepatitis B

core protein particle conjugate according to claim 12

25 wherein the T cell stimulating amino acid residue is
from the same pathogen as the pendently linked

hapten.

14. An immunogenic fusion protein
30 conjugate comprising a polypeptide hapten pendently

linked to a strategically modified hepatitis B core
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15. An immunogenic fusion protein
conjugate according to claim 14 wherein the
20 strategically modified hepatitis B core protein
further comprises a fourth peptide-linked domain,
Domain IV, wherein
(d) Domain IV 1s bonded to the carboxy
terminal residue of Domain III and comprises a T cell

25 epitope.

16. A strategically-modified hepatitis B
core protein comprising an amino acid seguence
corresponding to about amino acid residue 10 to about

30 amino acid residue 140 of the hepatitis B amino acid

sequence of SEQ ID NO:2 and having an amino acid
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