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MODI FI ED H B CII{N\ D THEI R DERI VATI VES i p¢ isption 5
Tejchni cal EF@?%M?%e pres I'on relates to the intersPec?:tl onﬁg‘sgt he
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 nol ecule by using a | arge i nmunogenic 20 protein
mol ecul e’ as a carrier. The smal | ml@%@ié%n derives 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& r B portion of an i mMmunogen recognized by the
hel per T cell (Th cell) A |1 [a ] i e. The portion
of an i munogen t hat is'fél% yo}%ns} y%ﬂ%ﬁgggf ?‘s%ﬁ{aﬁg%B%%eFﬁgdet erm nant or
epi tope. Carrigitefdeandiorc &t thadfialels af iimmuniclyglyo ande pdetedm nant, the
"helper" or T (T,,) cell IINFAI~IBIOOro _ - 8. AUG 2002 a WO 991 40934
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 vv:[ej?l es %cglr?%%eef at%ajtmqr%nas }gt{gm%unq{oeé)gr@%ﬁ&&%rg ﬁgécl%%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(?)ébréap(catoe\?fglée)oﬁr%:ﬁ&ygeaﬂ:lénkoeé(cjgﬁgeég,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 thoges)compigatefrunogens do not require T cell
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 gagxﬂt:ggﬁacggoiugeggbg@twse sequence corresponds to that of
a determ nant 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%%go? 22t imhidged S

20 protein molecule as a carrier. The small molecule

that derives enhanced immunogenicity by being
conjugated to the carrier is called a hapten. The
phenomenon of a relatively large molecule
potentiating the immunogenicity of a small molecular

25 entity to which it is attached is known in the art as
the "carrier effect".

i The portion of an immunogen recognized by
the helper T cell (Th cell) is the T cell determinant
or epitope. The portion of an immunogen that is

30 bound by antibody is the B cell determinant or
epitope. Carrier effects can be defined as immunity

to one determinant, the "helper" or T (T,) cell
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chi npanzees from hepatitis B virus upon inmunization w th-gapygepgpbound

synt hetic pol ypepti des having 30 am no acid residue sequences that N
correspondvo 99/4da®s sequence of a determ nant portion of HBsAgTAISH9/0305F O .
99/ 44934 P~~~UQ ~2 | |. r particular, residues 110-137 of the "S" (surface)

regi on. However, the carrier protein used in those studies was keyhol e
| i npet henocyanin (KLH), a 2 i T cell-dependent carrier that is not fit for
use in :~ 5 nedical applications to hunans because it is a source of

irritation t I 0 i -Iﬁ_[g@_t' T -stiul ating carrier
pr ot ei ns caprgelttgrgrﬁq%n dnﬁ? &delrglmnogr{éﬁl{%:ﬂn—t yﬁ%#&rh%%ﬁs that do not

produce unaccege=aliesitdee efimhais tebgurmn ) snbtiest Saed &rmidat
i mmunogeni ¢ natural proteins. For exanple, tetanus toxoid (TT) has been
frequently uddw hareld cdetdwerimant abl e for human adnmini stration was

needed. However, the u of tetanus, toxoi s acarrier was restricted due’
to problenms with dosag?ﬁSﬁi’?ﬁ"f atg sesdrr%f’rﬂe‘gftg%ﬂsrf‘??tzati on to the !,

toxoi d igself;mhhiid b AFe 8PidOPE-1PES1 £ b C1 SHRPE 85 SEOT Of & esponse 1 g,
the carried hapten can occur in individuals already i munized agai nst
t et anus. The pwephtda iantBldiese floiwi Mhasllieen B0 mmaywrsedngs a carri er

for heterol ogous epifopes.. Del peyroux et. al., Science, 233:.472-475 (1986),
report ed theg’ﬂéﬁe"‘?ﬁ? C%eh elf%\f‘ss‘?]% & %?%t’éf‘rﬁur%@%‘?o]f‘%fﬂ)]aage%ll%a??i er for a
pol i ovirus polyipeRiddee@pt £ i JEOSERL MRREASGEAT S constructed a 25
reconbi nant deoxyri bonucl’ei c acid (DNA) protein expression vehicle that

produces a fusion proteThe asesigeateddBsRolihakys ecapaphezed bwrmi ng
particles closely resenbling authentic _22-nanoneter HBSAg particles.

HBsPol i 68g coftRes ¢fLlHVIB)pegceth c53 LSaliuff ff BSSHRIFFS4EIT® resi due
i 8 40934, PCT/ US9 085 - di to
oo aci de o5 r S e ot o Eh Y 38, AdE R Poney

strain). Hepatinavé rasvalishebyg apshkledr ot 8éas haveebeen used Rschapt en
carriers. Heterol ogous 5 i m‘runorggni c peptide sequences inserted internally

in the hepatit8Q: B tof:d7kpredddehisefusi gn paMENELes, 18Pi&#62d very hi gh

i nmune respon b i zed_animal s+ n e enc f Lu B. E.
Cl arke et al .%%%%?hegg%%:fégs-e 1%135?1961) E&E %gﬁédeﬁsgf 12?% X?B%)\ﬁ rol.
66(1):106- 1142449020 e &tSalPat coldNSpridg8t8rbaF, S4md820L4ht.and 5, 143, 726,

t he di sclosures of which are incorporated herein by reference, describe the
use of the caPiPér: efteeBowitR7Abpat POME BUFHARIERScPEOBRESFEIBEEEei N t O

Those. pat ont s dSOLt | Barpnec) LRbeg " sReEbBby Skl e, R Rk et 115 B
virus nucl eocapshdepentiehtt kheagghsan ami no acid residue side chain that
occurs naturally in the hepatitis B nucl eocapsid 20 protein sequence.
A pathogen-related protein can be
20 immunologically mimicked by the production of a
synthetic polypeptide whose sequence corresponds to
that of a determinant of the pathogen. Such
polypeptide immunogens are reported by Sutcliffe et
al., Nature, 287:801 (1980), and Lerner et al., Proc.
25 Natl. Acad. Sci. USA, 78:3403 (1981).
Gerin et al., Proc. Natl. Acad. Sci. USA,
80:2365 (1983), showed limited protection of
chimpanzees from hepatitis B virus upon immunization
with carrier-bound synthetic polypeptides having

30 amino acid residue sequences that correspond to the

sequence of a determinant portion of HBsAg; in



Hepadnavi r'wé 99Medsgocapsid proteins are fairly well studi ed.pﬁwg%: 1
Aand 2 are the DNA and am no acid sequences of the human hepatitis B core

/protein (HBc), subtype ayw, as described_in U S. 25 Patent Nos. 4,88, 527)
+ 4,882,145, and 5,143,726. O her hepadnavirus nucl eocapsid protein sequences
j are -a also known in the art, see e.q. SEQ ID NGs: 3-13. There are reasons

to sel ect hepadnavirus nucl eocapsi rofeins as a caryier_over other 30
carriers used3n-tHEIF1 ,res?fc%u s %e@'}?o?t[—}ea cF’fsn%é?a‘ m@’a?ﬁaﬁegKLFD, BCG,
tetanus toxoi goayish di DISHEFER, e G991 409340r Si.$ LR W HRST US99103055
toxoid. KLH, B tetanus toxoid and di phtheri atoxoid are non-particul ate,
wher eas hepadsiaviies rwes coeyipsl el bimpeat nseherngatn atkilEgatee i nt oa
"particles". HB%JCJga ticles tend to have a higher.- 5immunogenicity than
hépatitis B shrf&te SFRFORATHESAGS 1¢art iRt eds BPR I3 | o Wie din |

Sai ence, 334: 1398:040126dPB0Le 1HEE £5 BORL2 Hotells! noperdeni,ang o T

cel | -dependent | nmuno d.HBc is one of the nost I nmmunogeni c proteins
known. 10Al noséf aildr hepeiohi shd: | héads eto pgepkec denel apmapdover f ul | Mmune
response to core. J.H Hoofnagle Semn, Liver Dis., 1(1):7-14 (1981). HBc
can provi deuni versal reSpshsivehdBelatipgspasrios PFOgRRRE | @3RARKT ound. | d.
HBe direct!y aptixplesilocehlssdilboaelicils SETR0g:Tn. £ELL fosponses. HBc
isefficiently processe%i an presen ) y anti gen-presenting cells. Due to

t he i nherentl yobi ghotiiusograceebyable HBGdeCcapkexsadhuManks aretypical ly
not required, for exanple, the common and20i nexpensive alumis

suf fi ci é8t. ThEUWPARFFS RAEBaBRESTr ieAEnPIenirappryraf chyereped- anf@®al viruses
with a core o ha h ki [ umans. IThe h dnayi ri dae

ar enot responélxgﬁél%brE%ggngﬁshggg%%i zTi)(gagi Ir% 21_ Eggﬁ}lgﬁgg %&

ent erovi rus), wheaea hapetiekri suCthbagi Fodadumam hymehisktrgbeost wasded RNA
virus), orhunman hepatitis D (a closed circular negative-senseRNA satellite
virus, "deltan¢pdgd:, HRYEVEEqutPesHEBaPft tetBnyiSr 49xPdA REpRi cati on).
The30hepadnavi i fam_|y_incl atiti i,ruses .of ot.her species, e.g.
woodchuck, dugﬁfggrgguﬁglsséﬁﬁggé#?EE HS kﬁGp%(?\é}e%%\/\Blgg’/ 285328

PCT/ US99/503055 imh tand oher and irlsaddift sensie iMampnand $hel asxBepatitis B.
Hepatitis B (HB) used hereinafter refers to the fam |y hepadnaviridae,

unl ess the di $€§8difon iI& GeFdriOmg afo e idiene fanecddmplsaerrserEpari tis B
core protein n | f- 4.8 | e | t abl e regates known as
hepatitis B c?r%e%g%%?él%% pt):éjr ttlh(ﬁ é%s% §? &%&%% é:ls)a)n. O%%(r%reg(grrpl e, human HBc
particles are ihdindduEie = gat)y iitnthindmRie ragGomsmt @tandls..,, Nature,
386:91-94 (1997), 10 describe the structure of human HBc particles at 9
Angstrom resol ution, as A& &Rt i iR at@i mitéso§egphs. Bot t cher
et al., tur 98- 159%7-, i (N fold for the
human HBc non r?giag)%egﬁfg%ra(()w ex)laenxdg:?))g &%%%gﬁg%sgﬁ%ﬁ&% Sscheme for the
am no aci d r eDedites miuwhdtchalal phecheldeal 2 320 Tnst BN tdws)r, | nki ng | oop
regions form Bottcher et al. propose a |oop from about residues 78 to 82
of the hepati tiePI &S it 328 P I FBY ieiace Ryabades @nd nonocl onoal

20 anti bodi es, e . i { reai on. of. C S t o about
amno acid res?%%eesl ;5 %odagg g e(%f)%g:cia Oa’fc.“fl%% Ip\rglmoéii.':,l%%m 1 4376- 4380
(1988). Two i rAACEION NEdsé | NEvEsEAORaS yeier Fepsd ed by ot her workers
at amno acid residues 75 to 85 and 130 25 to 140. Salfeld et al. J. Virol.

63: 798 {41989) reqomeinanfh RRENTSPAUTIRIBepaidt (BB cvretgitbtein still are
able to form C@%ﬁr@ﬁfé&'@&%ﬁ% éﬁ’é@' b&RLL P Sfxféleor?'é’x“c?tdei'n”,to the
i nmunodom nant oop region o C. . unpens et al .,

designated HBsPolioAg, capable of forming particles

closely resembling authentic 22-nanometer HBsAg

particles. HBsPolioAg consists of HBV S protein

30 having an 11 amino acid residue sequence insert



30 Intervirol ogy, 38:63-74 (1995). The HBc fusion -' 9 Aun$ AUG 2D .
99/ 40934 MIAPUEOH 03055 7 proteins formparticles in prolamjusey/e3osnd
eukaryotic expression systens. Id. The ability to use a protein as a .
carrier for a pendently-1linked hapten depends upon several .- 5 factors

t hat have been studied with respect to HBc. Chem cally-reactive am no acid
side chains, such as lysine (K) , aspartic acid (D) , glutamc acid (E)
and reduced cystel din v, i can be
useful for nodi fylér%gm%gﬁ/%eqﬁl d@s o%&l%gﬁietwaﬁ tclpfgaélf%l%%p&r%ét%ﬁln sequence
has sever al Mﬂafalpq}rcsmuwetmnb fdaltosewestotginds. i n the native
sequence. Core has three primary am no groups, one at the am no termn nus,
and two |ysine resi duesiqREARAVE Re%)IUGTeReARs it BRRRS gAY 15 resi dues

(48, 61, CLO7 83) ral c. acid groups, D (2
4, 22, 29. 3 efgqg%% D PR QTS H%‘gé‘b‘%@/off 113, 117, 145,
179) ands t he ﬁxmhwgeﬁ;e& npéwtsldaosr@q@éncé@em@érﬁ/@i ieeh 1 186 :l‘repatltls B.
20 core protein particle does not exhibit appreciable chem cal reactivity

of the amlu)Qﬁﬁch%@@%l%hélﬁsc@ﬁeth@xmé@$$%ds®au%mﬁxpn'Mﬁi&ﬂ@&ﬁ%a]
reactivity of m e i n |n rotel ends upon the nature
of the am no J%’EEQ dhfgg J%R? ?%%ﬁghfﬁﬁ$Q*ﬁF#olded protein.
As is di SCUSS&dlmau@leml theeass@ﬁ&éeéf aa ﬁ»aén@@W been, feuekd hat the
probl em of |ow reactivity of the am no aC|d side chains in native hepatitis

B nucleocap5|@ﬂpr6@@Cﬁnéan9be3é3e3t@né1%91ins@rt$¢@pdﬁlﬁht al. J.

chem c y-reg cti the HBc protein sequence. A
strat egﬂ%m |y Hb 1Yf|gg1 TPV\%‘%gb? SéggngPLﬁc%NEﬁﬁ*t?gﬁEé‘%Wi S99; 030~ -
a Ruc zao2 r:gpg{lacs}, Tz7as25165,~ aHaC%eh@3Pﬁ§6~_theC&iéé&&bué%

InVe.~. tlvr ai': b~tS sl: JSta|IC|3'. [ i'Cd ~~GC="T;.1"J toward
derivati zati onf ofhHEDL saat intesparahedhbarein’ ber¢f¢mEmbmaptens ar: C

Cro~Ti des er_hanced 5 runcgeni c-. .,
These nodi fi ed® FE%lBFo%g%ngsﬁna tﬁBFrCﬁ%ﬁb@ﬁtFgg??%kﬁighéhﬁQékiﬁﬁﬁugate
derivatives aﬁevﬂh'i@Uﬁﬁ@@eb@abgﬁddbi}é{:@iﬂr%ot Bahahobloms. 1 .~ " caf 1 ~
r-;j' a y ~ . L.~ r he present invention rc'ates to a
strategl@alIylmmdnégedlhepatpﬁlsnBOpgrét@VﬁEN lpnbedipolyheptigel i nked to a
pendent hapte : rough, c~nem-. cal | w-reactjve cid res=due ~raertsd
P e's tho —Bebbeba- Ingge Rarghts pEReEbE BT ARk a" 2721 712

ntdif_cat~or pBiybgﬁthﬁeaHaﬂﬁgntto ECFQEAQQSOE M;rusBﬁuEléggg sid- y

C.:7nCeT a.:CL;t -'xsJ . 116G aC~. ~.
=" . d |2 _Eroﬂeln th:cughcan amlnp ac@ﬁﬁrés;duansmdeaéhamnrehadues ~n
Iencth and i nC-udes a_ 20 ﬁg nrcal actlve am no 20|d resi.due. The
insert is pro9FgBESt BtHEFag~cP © Sr Sgﬁﬁlﬁlﬁnﬁ PYCARPRBPELAd resi dues

about SQoto apoutei B0 s@bukheehepatitis B core protein sequence show _ ir:
SEQ ID NO: 2. The preferred region oT
Hepadnavirus nucleocapsid proteins are

fairly well studied. SEQ ID NOs:1 and 2 are the DNA
and amino acid sequences of the human hepatitis B
core protein (HBc), subtype ayw, as described in U.S.

25 Patent Nos. 4,818,527, 4,882,145, and 5,143,726.
Other hepadnavirus nucleocapsid protein sequences are
also known in the art, see e.g. SEQ ID NOs: 3-13.

There are reasons to select hepadnavirus

nucleocapsid proteins as a carrier over other ]

30 carriers used in the art, such as keyhole limpet

hemocyanin (KLH), BCG, tetanus toxoid and diphtheria



25 inser~icn corresponds to the hepa~itis B core proto=n imrunodo%Angfwz
‘Ipop regi orw@py/giedut ammo acid residue 70 to about 90, nor PGHESOAUSFY t he
l/oop tip recion at about amno ac_d 78 to about 82 and nost preT~rably at
/amno acid 78 to amno acid 80. . 30 Sueh- an introduced Ehemi callv-reactive

amno acid residue is characterized in that it has a a - ~ AUG 1t2 WO
99/ 40934 PCT/ US99103055 g chem cally-reactive side chain that provides a
 chemi cal groupd:yidpendent, Bdd nketairie toixoateahaabkynipdifihed HBc to the
hapten. Typically, ,. the chemcally-reactive amno acid residueis a,_ 5
| ysi ne, cysteitexoigt driestriafimantdsivdigdor wheggasokgbadoavairnBng resi due
such as aspartic acid or, glutamc acid,, preferably |ysine or a
car boxyl - cont d?‘fﬁ]r?go‘?aéﬁltfgé?r%%sttenﬁ é:foe[agg|r§9%/a§§i A8 °The hapt en bonded
to the chem caliy JiQy&act i v aEAG Al nesicdye hev@Ny fegpeynd of
interest for generating an i nmune response, and is typically a B cell

determ naht. Prmfeiaddryicithe e drepast it 0|8y zeptfiade haptigen a car bohydrate
hapt en, or a non-peptidal/non-saccharidal. (chem cal) 15 hapten. In one

embodi nent of {HRSAGVRATOHELehe HFt eIkl B4t Rdgen-SEISRCEI hapt en, such
as a B cel | deéﬂ”jri‘?%—t A1 2 peddogenpd N angrher, gmagdihrent of a
e

strategi cal | y nodi epatitis B core proteln conjugate, the 20

strategi cal | y idépéedettepaid ta ST Bl edgperideint alnmneera T ekl |
stinmulating ami no acid residue sequence operatively linked to the carboxy
termnus of tHEBRehatPRe OB &f NeHF nBERPaEfu S eimSe @By, both the

hapt en a t he, . I i | 1 i i uence are

pat hogen?gel at%wgﬁ%s?f%r}g%%% 'I[']gs a%oﬁfggegdr ésegpg? ?%é%fﬁ%g)n)% t he sane

pat hogen. In tpewebpye emnheé neespohsé heoi dyent i QL H t iboReRARse to a B
cell epitope is boosted by also 30 providing the T helper (Th) cell

determ nant. |femhits pieesrpPéd. enibbgl nent4 of 1940 i nilER im RHde T,, cell
WD 99140934 - 119n’v~rAUlGr2§002nngl US99I 03:?3955s deec'gteirvng nant inse fircom t he sane
pat hogen as the B'GEPT - deTer i nan?ﬁﬁapten TR Ts pen erﬁeiy 5%%ked to the
strategical |l y prékgiednhepatit i SHBcCOL LBt Dy Chdk ivhtes OF daflIH,. provi de

pat hogen-specific T cell nmenmory in , 5 addition to the hepatitis B core
protein afti geHBpeelifréts ebrpngeforsellA maspensgiscal BPCnd&ifi ed hepatitis B

Ctrat boi cal Iy ROGLPLeR hapae o radgoRhd b Rent &1 AR B ent: "G crent 1.

a bef ore-descrpbedestiagegetakly pudi tbednbepahétdst By aoigh protein can be
considered to have three peptide-linked domains, I, Il and Ill (nunbered
consecutivel y frorNeEenafiny &r HPAusFOMDOAKI AT UEIHPT i 8E8 a sequence t hat

15 corresponds residu n er. ab 10 0 t 1 N cid
sequence of heﬁgﬁl‘l SZL&% %%Fe%f): nggﬁ'ogggEac?%}g?\gf Z‘f‘Z)IIlef’anJ'J %‘?%%e‘%é |y

corresponds toinexpduesvaeugbamedslstu@rseiehtt hat sequence. Domain Il is
bonded to the carboxy term nal residue of 20 Domain I. Domain ||
corresponds to residues RbigbérEdlz0lepadpeviridne afi aota®i by sefuence of

h titis B [ f. : 'l s [ I [
(hat i bonded TS RECEnPRGTy it S RaT MAS e OF DBher il TeeBomain 111

corresponds tocdbsketiethaes cigniperied hld@nse alaut hdpldakvi kedas aseaci d
sequence of hepatitis B core protein, and preferably corresponds to
resi dues nunbered regpossibdet Lrzo hpyaphiersssgbéfcd. (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,



In an enbodi ment of the invention discussed 30 before, a stra,L%gA@@Z@%
nodi fi ed hepatitis B core protein additionally has a Domain I*V~ex0g us t-o
HBc VO 9649344 5 PCTI US99/ 03055 -11- ~ a ~auu ~ that is gepidedmsdagnded
to the carboxy term nal residue of Domain IIl to provide a fusion protein.
Domain IVis a T cell epitope. A stratggi_cally nodi fied hepatitis B core
protein particle of the invention is nade of assenbled heptatitis B core
protein where a plurality of the subunits are strategically nodified

hepatitis B core protein subypnjts. Al so contenplated is a particle
conpri sed of %nﬁig?ﬁ?%'oﬁns?$§}%b?%aﬁ?yh%BaﬁDﬂPgi%HmhéBaPPPPEIBlﬁore
protein subungts e i : i.n its.

cont enpl at ed Efra?gg?g%Ffé %Dg$§%é%éﬁgﬁgg%gfgégﬁggrgégggEeF§ Bg?ticle
conj ugate is tamplyshdpafinassenthed tmepasst theBdtseaspioheiis 15 subunits
where a plurality of the subunits are strategically nodified hepatitis B
core protein 58BBRFERY ¥R 2hfReeHbbEi MBATPLE  hapten is pendently |inked to
a hepatitis B core protgj it. f | he hapten
pathogen%related. As 20§%§%§§?E§ # %e%% §%§ﬁﬁ¥3t%ﬁ§°§ﬁ$ﬁosséﬁa resi due
sequence can hesprpiédenbendedble 4§6regabexyxhewhi Aal hegskduesoh the
sequence corresponding to hepatitis B core protein. Preferably that

pat hogenr el at edr¥ psprednt panthahesi $HBe| pactirdeshe s&wer 25apaikogen as

t he pathogen-%elateﬂ ha tegn f stggteggcallg difigd hepatitis B core
protein parti CPEBoHPGGRRE SF ERe*T RvaAt FBR°RESSPENJBAY | ¥7 i nked hapten. In
a contenpl at edjgnbedi-mentoglaiyhetpant i cva teow), ugake g1t pawcbhgle is 30
made up of a m xture of strategically nodified hepatitis B core protein
subuni t $0havi dgspeallenthe strxuptdreop? Womesl HBe3»aPETcU889/683055 - 121 i nked
hapt ens, and g%he% hepatiths B core progein_sugugits. I n one enbodi nent,
about 0.1 to GFE8M5T6FOLHE 18 af8gPEAPFILRGEi £FEF FEFRELRS B Por e
protein subunifi$8Heapaadentbytbhakedtt g1a haphene, S 3tles@gtentenpl ated is a
particle conjugate that is nade up of a m xture of strategically nodified
hepatitis B cdi@9ognot desczabenthe prdypeberdeefatlidt iforB téwr druyoraot ei n

subunits. A before-described %t r at egi cally nodified 10 hepatitis B core
protein of th&ECnTERPMEH S nERGdBE X 1FEp P 8PPRE& At En Rt °g

cheni caldy- r eactjeye 3WNenaChAineshdye rIRalaudisent wiARPe 1Y 1S
typically not itself a separate B cell antigenic determ nant, although sone
B cell i munodgeiiiciatly refithe emdethedan 1imkiaoexividp tregyirerselfprrecause of
the placenent of the-insert into the HB¢ protein or particle, Such an

i nsert can be BRfFRETs Site Hnb&ICREREs & ¢OLPT IFAN At oS isg et of an

insert into the HBC JO@per Q,Qif;,g&igri%at;gl Yl jthe HBc i nmunogenicity and
20 antigenicity of the resulting nolecule. An inoculumof the invention
conpri ses an i nmunogeni &sdmgusyndfhethe sepaticigisc @dd) motidliceddlepatitis B

core protein conj. e of the  inventjon. Wen the pendently-|inked hapten
is a pathdgen af‘#ﬁ%gﬂaéﬁieé:‘d Iiftahﬁt éﬁ‘muﬂ?équtu%c’é’é’n %ﬁéc?%#%? VEctine - r
to protect a nRPRg tHLaRA M @ diPEUPILOMs to 83. a.

Colucci et al., J. Immunol., 141:4376-4380 (1988).

-

Two immunodominant linear epitopes were reported by
other workers at amino 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 form core particles when
foreign epitopes are cloned into the immunodominant
loop region of HBc. P. Pumpens et al.,

30 Intervirology, 38:63-74 (1995). The HBc fusion



t hat pat hogen. Thus, in one enbodi nent of the invention, a strate§i }U&
nodi fi ed hepatitis B core protein conjugate is used as a vaccine to(Pro 1 de
30 protecti 8YP ¥MP¥Mst the pathogen from which the hapten is VY43 SRore
preferably, the inoculumis REPLACEMENT SHEET ~ A U G 2002 WD 99/d0934 ~

PCT/ US~yl D3Q~= - a Auc Q02 -1~ CunD=_S~~ CL S~rct<'-y?all'i ~CC, G
~'1~D~=~~15 ~ CCrc prCte~n Dar 01C1L_ CCr: j'.:ga. _e .ab ::"™. , T;;--i
JC.'1. Th_ O _SE .Mt 1L:1V_:ItlIG- ~':aS SeVe= ~. .~"re:|l_=1~S and

advant ages. 5 ometbenef fokmopaatdeltenphapeskawgbtiedahd3euRasietici s that
the protein can be deriv'_tized while in the aggregated form of HBc
particles. An &g#piREagenofyskem™Snverti-on is that the nodified HBc protein

di spl ays appreci ably enhapnced, ¢ch.z: ~,.ca=. ac=_'~r~ t~ t:war_.
derivati zat~cr, as conpa g& FglgggyoF%tﬁgeN%: Fﬁﬁ%& 6?|%a$?Fféﬁ£::e, for

exanpl e. Anot hebrbangbhtegk 19 -cankeaphabednmadpened HBencketeirkr is that
t:ze chem strr cf derivatization of such s-de cha=ns IS WJ -s~'..:u= C-,

sG~. .. ghG=C-~r factars~Chat. have~pbeen| stuihiedr etitbCasspectTEP: BBhe.
aC JaWaCGe oL CC.| - ~t fTIC.rC ~le~ taC TrrQx.C=n ZS t~"~c. _...
cnncnCeS O e Eﬁﬁﬂﬁ&%ﬁgkérﬁgggg%ﬁeaPGnFﬁgcégr§& §hﬁéﬁﬁe.§9c%cﬁﬁ ~C wh' _ch

it iS,deFiV|ti4?@in¥euKﬁUOEB?%rQ&%eBEHdQUrﬁ,C%ﬁhﬁ%ﬁhﬁl%Qi@DQEﬁleEHdHBC
protein is that "It is unllk Iy to produce urdés~rable | nrnunologlc side
effects 1:L humredsiced5 c8sitlelines rielsedules” d'C)nefoxrtosriaied faghaiionades cf the

invention wll be apparter t to th_skilled worker fromthe discussion that
fol l ows. Brie. I5OYPF &0PGN CEP PRe PEEININZST3FAN HHES PRIYESPSERERy a
portion ofpthis The hepatitis B core protein sequence has
several chemically-reactive amino acid side chains in
the native sequence. Core has three primary amino
groups, one at the amino terminus, and two lysine
residues (K5 and K96), along with four cysteine
15 residues (C48, C61, Cl07 and C183). There are
several carboxylic acid 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 terminus.
However, the native, unmodified hepatitis B
20 core protein particle does not exhibit appreciable
chemical reactivity of the amino acid side chains in
the native segquence. The chemical reactivity of an
amino acid side chain in a protein depends upon the
nature of the amino acid side chain, and its
25 environment in the folded protein.
- As is discussed in detail hereinafter, it
has now been found that the problem of low reactivity
of the amino acid side chains in native hepatitis B
nucleocapsid protein can be overcome by inserting a

30 chemically-reactive amino acid side chain into the

HBc protein sequence. A strategically modified



di sclosure Schene 1 illustrates a reaction sequence Bﬁgmwyg%-r
991 40934 PCT/ US991 03055 -14 5 for pendently linking a t

strat egi cal WMo yyod9ki ed hepatitis B core protein (sm HBc) paerTcll‘Sé)‘?/ﬂ%ﬂSé'l%uz
sul pho-succi ni m dyl 4- (N nmal ei m donet hyl) cycl ohexane 1-carboxyl atBeAl .
(sul pho-SMCC). The smHBc particle is depteted as a box having (for
purposes of , clarity of the figure) a single pendent am no group. Detail ed
Description of the Invention 10 AL Definitions The term "anti body" refers
to a nol ecul e tkakdnsva nerherrofprad=am Iparof: gleyedsyhat gd=peatei ns cal | ed
i mmunogl obul i ns) which can specifically 15 conbine with an antigen. The
word "antigen" HEHEET FEH it GURBHATF 13- desigiiacear2énti-t'ythat i s
bound by an ant.i_bady, - o, t.0. desig he ent] .that induces the
production of t‘ﬁggéfﬁi%y@%bzr%&c%} fdeLnP“%Z% S%J%‘a‘gle”ﬂ“lstm')%‘s“ he meani ng of
antigen to thatcreadidal Bounchiss aepidndHodnE Wehgaked kewnaer@d' | mmunogen”
is used for the entity that induces antibody production. Wiere an entity

di scussed Sher eiinmfuniastarh G 3ROy eMS andl 2 d dartens-ef erence to it as

ei ther an i munogen 25 or_antigen.will typically be made according to its
intended utility. The V\oer'_’e'%eap e ‘%Jl‘%d.u%%él ?5“%%¥b§iﬁfédeﬁ%1eé€ul es that are
capabl e of sti @gﬁéM@iM%immj@ga&,dﬁM¢@ e anti body)
when 30 chem cally coupled to a protein carrter. The word is often used for

smal | nonant i getigscwpedulesthe dheclopr9otha0oBdl RS ~~~: SHEET - 9 AUG
2002 -15 - 8 AUG 2pp2t =~ _i ~, ~~. ~1~rc="J" , ~ca_ ~,
bpi r.~ .., i,. nme ~=st the ntc_ ~u~ that 13 t0 ve pende n: _yJ 11:L:: _

; this O .zx.sersprpier. s ewe fobhr=ob is ar:tige n or nct srnal ? .
"li:.=igenl C determincnt" re=ers tO the
The present inventicn rszlactes to a

strategically modified hepatitis B core (HBc) protein
that is linked to a pendent hapten through

chemizcallv-resactive amino acid rasidue 1inserted intce

13 the EZc segquence. The contemglated sItrategic
medification cf HBEC 1s an insert mutaticn of zns H2C
crctein A concemclated insert 1s 1 tTo about 49
amznc acz:d ras:icdues 1o length, przisraciy 1 to 10

aminc acid rasidues in length, and includes a
20 chemically-r=active amino acid rasidue.

The insert is provided to the regicn
corresponding to amino acid residues abcut 50 to
about 100 of the hepatitis B cors protein seguence
shown in SEQ ID NO:2. The preferred region of

25 inserzicn corresponds to the hepatitis B cors protein

immunodominant loop region at about amino acid

residue 70 to about 90, more preferably the loop tip

5]

egion at about amino ac:d 78 to about 82 and mos:

D
H

r

o]

arably at amino acid 78 to amino acid B8C.
30 Such an introduced chemically-reactive ™

amino acid residue is characterized in that it has a



5 actual structural portion cf t:e artiaen that is imrmnol ogigcalt ywbound by
an anti body conbining site or T cell receptor. The termis also used

i nt er change¥@Y48B4 h "epi t ope”. The noun "conjugate" as usedCRASEYROevers
1CJafi~CC.11= FG'"',lZed ~~IJma ,-~r -~eM.~er- 1 .. r.G~ .L 1:J 1
:::=d through an ammo acid residue s_de-2hain tc a carrier.' The term
"conservative substitution" as used herein denotes that one amo acid
residue has .~e2n ~ " ~aC:~b~J v.TIC~le~, b _C : =C _:J s=" .7 .lar
=eS=dL: e . r. :chemidgidyeSdacTiOeSerivid <lueiSitlat proviidds -CnS i ncl ude tine
subst _tut~~cr. of or.e by rcoheb~ ¢ r s~ due sucrL as isol=ucine, va' _ire,

i e~~c-re cr ; RAENGRY FIHR LotoBRIAenRt LY el UG i%heticn ¢ cne acl a=
=esi due for 2 r het roi Ny 2. | ySe; = ween

ghat an ¢ and_ SeaaT oD A e e e Rt T he
like. The ter mhis asaiiall Me- maisditaldmirio adsid iredidles ig e use o~ a
substituted ami no acid ~n place of an unsubstituted parent am no 25 acid
provi ded ¥ hat Bitiodi S teined %0 Birh A JpEii’ienl s Fathamcgreact with

the corr eSpO”dczodrgl;qaiﬁgi'r}’g{’%pééf’&é‘aé’gchgaé Eséé‘{%é‘afévé(éf’é &k agh%da%l?i'cd- The

term "correspon s various gra forms as n relation
to peptide seqienteprEfnsabhe PePind s efUeRERoBESCdd e i s ~ AU G
2(p2 WO 99140934 PCT/US99/ 03055 -16 or minus up to three amno acid

resi dues at eix¢midug, nd wPst ereferablantyemrdoxy-ternm ni and cont ai ni ng

only conservative substifutions in particul ar_am no aci esi dues al ong the
pol ypepti de sequence. 5'£%$i?%ﬁﬁ9nr ?%é%gtEPt?ﬁﬁ %hﬁ?*?ﬁhiﬁ'a nol ecul e t hat

is specifpcal | yedounge mand £€1d 284iQe8 {ECEP) MFofodiy adt | body conbi ning
site. "Epitope"” and "determ nant” are used interchangeably. As used herein,

the term "fusi Drcerestei FOr 19enRE Hhad cdn ai MieRe t e SRORPE N0ARE| 8 r esi due
sequences not nor mal found | jpked together in_natur peratively |inked
t oget her end-t%%%ﬁﬁ?% _a%- o??%fl??%@r 1%%%?rd2Pﬁ%%%r%%f eﬁh?heir
respective terpapedn afd n® geigpsssideesapdénhe phrseydPepatitis B as

used here refers in its broadest context to any nmenber of the famly
hepadnavi ri dachaptémni ¢y af nenveéppeda Dktennsacohayidal mithemicaks t hat can

cause hepatitis B in hUﬂgn. 20 %Ee Ehrase "HE§" as used here refers to T
cel | stinlatiMPprotei TR AB%i RY°AAT B hoCAcFBer E8YTRE 8B quERSe t hat
corresponds tonah- & N AChHArh8§EHULe 380HENASpEBR0U8A-RYathe Hepatitis B

virus (HBV) nucl'eocapsid protein gene. An exenplary well 25 known naturally
occurring protéénernioded dF ahpahbaaanHBV nucl eocapsid gene is the "core"

D Gl ihert, of al . Nt (Pe2siRes6ora 0 =mEatho pFOTBF RSt TRECEr ocur sor Lo
HBC, modified hepatitis B core protein conjugate, the
20 strategically modified hepatitis B core protein also
has a T cell stimulating amino acid residue sequence
operatively linked to the carboxy terminus of the
hepatitis B core amino acid sequence. Preferably,
both the hapten and the T cell stimulating amino acid
25 residue sequence are pathogen-related, most
- preferably, both are related to (from) the same
pathogen.
In the above embodiment of the invention,
the response to a B cell epitope is boosted by also
30 providing the T helper (T,) cell determinant. In this

preferred embodiment of the invention, such a T, cell



30 includes the sequence of the hepatitis B core protein and a "pre-core"
sequence at the am no term nus WD 99/ 40934 -17 8 AUG ?00Z _Pﬁ}w 03055
thereof, as shown in SEQID NGOs: 8 and 9 in the case of a grou squirrel *
hepatiti s Wiooygdogpcapsi d gene. The core protein sequence begrunsonizossn no
acid position 31 therein, thus corresponding to amno acid -- 5 residue
nunber 1 of SEQ ID NO: 2. The sequences ffgr other hepatitis B core proteins
are known in the art. Human hepatitis B virus core protein subtype adr is
provided in SEQ ID NGs: 3 and 4, and subtype adw is provided in SEQ I D NGCs:

S and 6. Ono et . 1,1 [ 1747 (1983).. uences are al so
provi ded for %%toe?igc iurtl: er%t ?’f‘lég %é%(?%h%}%?%g?’?%é ﬁgqﬁ%é Schodel et
al., Adv. VirgdtdReDhan® H3302n (48989)1s @éﬁ&@@t%ﬂm‘iﬂ}a&d alo S | D NGs: B and
9, heron at SEQ ID NGs:1 0O and 11, and duck at SEQ ID 15 NGs:|12 and 13. For
clarity, the stfateattal hyunbedi hgedyrerat ShowB i eOSEQIEN®s:dn and 2 with
respect to hunman he atitis.g core <grotein supt%/p a%l is used as a i
benchmark her& T CrfeP™ PBLIE BRERCeS  coRe Rl & ign% i T PRat s equence  *
usi ng standarghdiol 991 €3l tRE BEgHENEEs abi SHPENGr HF O adlk protocols to_,
determ ne the am no acid residues that "correspond to the hepatitis B core
protei n sequespecbf iSED ¢BLNOME2thorgee e. g. Schodel et al., Adv. Viral
Oncol . 8:73-102 (1989)._25 If reference is.ppde to a pol ypeptide portion of
any of the above descri%eatﬁﬁPﬁgéF?if%c‘B‘a‘??Fﬁﬁgl—ﬁpﬂﬁﬁ?b%c%ﬁli? gene
encoded prOt?bﬂéteiHanﬁ?L§é€QCth§a§%Q!éché t@htbﬁéthSSééﬁ#éﬂﬁl. or
exanple, that"a T cell stinulating portion of the 30 particular oteinis
referred to otifye@xpbi ai skyadegigadly ngofihfipdrhépat biripas tagre of the
sequence - ~ AUG ZOQE , . VWD 99140934 PCT/1JS99/ 03055 -18 as by indication
of the iPcl udRBPE®iRo abPAKPEsPHUSIHEETENDAY: FheefeFerdesRiiRA®act” in its
various forns (Sl L RALRY a i : igand 5 and a
nol ecul e cont%ﬁ?ﬁ%ggggg%%i @8 %%%ﬁb??ﬁéé@g?? eﬁsgg# %P%@%rg épz%)r?ti on of a
whol e anti bodye dbespleasd topaaati vRkgel pakeideasinised Aeneims reans that

the Iinkage does not interfere with the ability of either of the |inked
groups to 10 Funtii8Rdadldedapmbegedecgnsecytitiftyi BRoBsthe PBING cel |

determnant . Ihenphiase, " BRSO by cbipkedesr &f eLaubfca ehagl e |1 nkage.

either direct or via a bri from a HBc protel o0 anot her nol ecul e at

ot her than t heotbeapbndsotocakbBarvesenumberedhabplitase t& ssedf herein to
descri be the |inkage between a hapten and a chem cally-reactive am no acid
si de chai n of tBeseRanegrcar Ferbgrfee@tnBpREELF$SBBCEPES pPBPREHD

"Macr onol ecul enbl v~ Lef 0 nded aggregate of
protein subun??s%@y%ﬁcﬁﬂ'g’i %Etahpge?ﬁ\glgﬁtl%oﬁ?S}%%%sgir‘%%e?ﬁ subunit is a
strat egi cal | yrepddfieednhepatiedi 3 Boceneofir ahatnsegnenee. Aboglgeseri bed in
nore detail hereinafter, those core protein nononers usual I%/ sel f-assenbl e
25 into spherftéalts" Pereegarto GP@scaﬁgW‘bfgtéFﬁlﬁé‘PlQGeéﬂdue o

20 Domain I. Domain II corresponds to residues numbered

'S

50 to 100 of the amino acid seqguence of hepatitis B
core protein of SEQ ID NO:2. Domain III comprises a
sequence that is bonded to the carboxy terminal
residue of Domain II. Domain III corresponds to
25 residues numbered 100 to about 140 of the amino acid
sequence of hepatitis B core protein, and preferably
corresponds to residues numbered 100 to about 149 of
that sequence.
In an embodiment of the invention discussed
30 before, a strategically modified hepatitis B core

protein additionally has a Domain IV exogenous to HBC



120 core protein dinmers (a total of 180 or 240 core . protein subunits). A
spherical core particle is an exanple of a nacronol ecul ar assenbly. = The
phrase "pat wWag®rs093d| at ed” as used 30 herein designates a B ®€ITusgyo3iscel |

i mmunogen that is capable of inducing the production of antibodies - 8
AUG Z002 WD 991 40934 PCT/ US99/ 03055 -19that i mmunoreact wt hﬁapﬂ!mwn in
native form , Exenplary pathogen-related B cell and T cell i mmunogens are
illustrated hereinafter. The words "pol ypeptide" and "peptide" as 5 used

i nt er changeabl ypLhr QEQgQBEiHeréﬁﬁéaf tGathon-andoLpsi gnpigap | i near series
~of am no acid residueS connected one to the other” by peptide bonds between
t he al pha- am neeaidueactio®pmgioup3Iofoadravedeé anfusiaucipsot&bhypepti des
can be variety of Len%ths, 10 either in their neutral (uncharged) forns or
in forms whi chPeR@i8ait's 1SagdTeFeher ®PLEEPBF nodifications such as

gl ycosyl ati on, side chai [ ' QKY ' o] Lning these
nodi fications. It is wel %§ g?%ngglgg @Eg§g?§&th§%5g§$gé %c?é§%5 resi due
sequences scont airbtadindiparand lkasifc theotipsent 268 iBahafi@eoparti cul ar
ionization state exhibited by the peptide is dependent on the pH of the
surroundi ng nedisgemHed fsPtatétdsnBi sors BEPLELBNWheret AaPlBFalheY nedi um
fromwhich it bt ai ned .i f Ln. kS 1IN lid form.Also

i ncluded in thgﬁiéﬁfhg¥ﬁ%ﬁu§Fe%%%o%%?%geﬁﬁgg%Pgdm8$§gﬁ%gtPgﬁg%lé%%stituents

attached to the ado preitdisi dabehaices, 3UeB asngbMpbsybdupsts, lipids, or

i norgani ¢ ions such as phosphates, as well as nodifications relating to 25
chem cal conversimyislsf aomprdlsgicnef auaixgyrexpdastoptegiscallnydryl groups.
Thus, "palypeptide" .or,its i.valent terns is_intended to i,nclude the
approprigf% anf%%#%ﬁﬁ%?lﬁﬁﬁéayé%fegugﬁgg PgPEFéﬁcsagugﬁgfeé dt8Lgﬁ55e of the
foregoi ng nodi fHegHA S Wicdre3@rd enot steshiex.its functionality. A
peptide or pol ypeptide used as a hapten typically contains fewer , - 8 AUG
2002 WD 991 40934 PCT/ USO%F G3u8&smpi@tiesh stgageoncaddydmpdsfdeds, and nore
typically cont s .a l.inear_ chain %f.ab u about 40 am_no acid

i t. 5
resi dues, and ﬁ’lt?ppéatd'rtéfse albiF afs - 1ot 1%8%{583% 5507 88P4Ges® It is noted

that a contenpladgsh SdiploPepidaad ke tRpacanr ike ol eBger ptBariA0 residues,
but such a polypeptide is shorter than the naturally occurring protein that

shares i t¥s sequerumitthevharre & mlomsilitydedi ghet esbanpobypept i de havi ng
about 70 or nore am no a i%r&ﬁ%h. es, .and i 0 natural ly.occurring

S .a
entity. The wortfs & 2 lﬂﬁ?atgiéso ER*GsBA°FREEr changeabl y in
the art as to calhgnfdoHm Wi ahhiantdndedi Maicecyl esipted QRt dehednt@el | s that

produce antibodies nay, however, not secrete those 15 nolecules into their
envi ronment . Hekigiked ttvre aaenssdy-ifo B qnss pacd esec iseibait i&nd ar e obt ai ned

fromthe blood stream.(-humgr.al .ant.i body) . verthel ess, antibodies are
general ly referééﬁﬁ%?? %?iﬁ%?ﬁ;hﬁrﬁﬁﬁuﬁﬁrp4§$ﬁ%§ﬁiﬁﬁé%%eﬁﬁ t A& phrase
utilized 3¢ therG&rta Alde@MidOmiat RS iieD e ifdsadeerein are in
the natural or L-configuration. In keeping with standard pol ypepti de
nomencl ature, fdeqBimte Ghrerrd PMF iESPOIBEG 196Pe cabthoewi ati ons for

am no 25 acid residues, are as sho in the follomﬁqgaTable of
Cor r espondence tq%mﬂ%g resw§¥§g74 sequence corresponding to

hepatitis B core protein. Preferably that pathogen-
related T cell determinant is related to the same
25 pathogen as the pathocgen-related hapten.

A strategically modified hepatitis B core
protein particle conjugate of the invention has
pendently-linked hapten. In a contemplated
embodiment of the particle conjugate, the particle is

30 made up of a mixture of strategically modified

hepatitis B core protein subunits having pendently-



-21 ' $AUG- PCTI US99/ 03055 Tabl e 1. TABLE OF CORRESPONDENCESYMBOL- -
1-Letter3-Letter AM NO ACI DYTyr L-tyrosine- AUG 2002

Gd ygl yci neFPhelL- phenyl al ani neMvet L- net hi oni neAAl alL- alanlneSSerL serinellle
L-i sol euciwolobaesd4 | euci neTThr L-t hr eoni neVal L- val i nePPr oL- (RGI/USHKBOES |- Iys
neHH sL- hi sti di neQd nL-gl utam neEQ uL-gl utam ¢ aci dZd xL-gl utam c

aci dor L- gl ut am neWrr pL-trypt ophanRAr gL-Bxgi ni neDAspL-aspartic

aci dNAsnL- aspar agi neBAsxL-asparti c aci dorL-asparagi neCCysL-cysteine 5 B.
Strategically Mddified Hepatitis B Core Protein - The present invention
cont enpl at es t [ h i da r ) pxotein
that has an |%§§%%gdﬁ%%gﬁ$%g %ﬁ r%%%?fvgggﬁgggh%c?de?gglBr&tgﬁﬁ pendently
l'inking with saptriss10 Btchnasepbogpephtdeaband calbebydbatieso.%he
strategic nodification of the invention is the ~ap~G- .. WO 991 40934
PCT/ US99/ 03058E - QQPn§EFFF6ﬁ16P1&YtEogbgﬁ?d4beBﬁFhBlﬁcPdCP§§|dues i ncl udi ng,
a chemcally e C t hepat.i core protein
sequence in tﬁgggég¥oﬁgggggggp%gaiﬁéhggﬁg%?nglggg ?gs%dhggtEB to 100 5 of
t he HBc sequentgootoftempDabBd?2isSuchasbiclei pbhgdyeed thami dal | y-reactive .
am no acid residue has a side-chain that provides a functional group for
pendent |y |inRpAg BPhapt anMiBtuke §?rﬁféagéaﬂpﬁlﬁﬁdmpﬁééléérr|er 10
Hepadnavi ri dag _have cl.eoca i .Qr u li.pi.d envel ope
cont ai ni ng suﬁ? é 5P8t§|ﬁ°reT§ gﬁé eocau§9 |s § %gﬁgfé¥l§atlﬁe% cal
aggregate of gorgrprgietBsn( sGBLAIABLI gen”, HBcAg) dinmers. In vitro, the
hepatitis B core 15 protein self-assenbles into "particles", spherical

shell s of icosahedral s&‘xrrbélfpymﬁddecerpb@ﬁ &0 rett epi@aidyamiodis iBdcor e

t di th 18 240 t i.,ts. Th ti.cl bout
260 or 320 AnQEPPONE {PnodPaRG BF: PABpBE (81 YV E" BOr RS G20 ol )

Nature, 386: S%e%%l(ﬂl_&%)ser& EontRlvaYiceh @henl¥RlUNe -38GRUNM Ah¥R7) . A

contenpl ated strategically nodified hepatitis B core protein also forns a
macr onol ecul aracaslse‘ﬁbllyMESucﬁ‘hatparltSlemteC@@nbbﬂe prdsdmt tiypitded Mfyor m 25 of
180 or 240 protein nits, althou .not_.have to be such a 90 or

it.d
120 di mer. HyBOtd & (Fc?reg%ptaotsgpﬁéfa\ﬁet Ié&eoe < ST S "He ¥ ues i nserted

in the regi on N YN ROmRC IR Qg Q%&Qg@rﬁcrl%méfe(iﬂé) ansanbled nto
regul ar 30 shells, éven with inserts as large as 46 anmino acids in |ength.

A |l. Bravn et el exhNaddiage meFe3958Chused o mh@:yﬁncemBmEMﬂbg&ﬁ
PCT/ US99/ 03055 -23(1991); F. Schodel et al . Virol 66: 106- 114 (1992)
The hepadnavi ATREE to o G ridie iR Cs R R T l?srecPa&'stjeF]‘fenclﬁ%ﬁ}k &equence

herein is that rfgfergcheca% TRl N SRA S Rt Gndttd 6id).a SHRiyPE ayw, shown
in SEQ ID NGs: | 2. O her subtypes of the human hepatitis B virus are

known. SEQ | D eddssor® .an®lhacameriiumen aHBcinsann yapetcadxhe F135) SE@D D NGs: S and

6 are HBc subtype adw. The seguences ous ani rral _'LO hepat tis core
proteins are G&fodhtﬁ’?eﬂéd’ c%ﬁ'@'sg’i %&ecyé Ci)ati tis core
protein ¢ di sglosed, herg) b as REQJ RN AR méﬁea portl on of the ground

squirrel hepatitis nucleocapsid gene is at” SEQ I D NO: 8 and 9; woodchuck
hepatitis core is at SEQ.rxLancEaINGmV cafnd:rtfernwettetpmrntq:@nmm@eatarSEQ | D

NGs: | O and 11., Exenpl ary ani nal atitis B core otein re_aligned with
human hepat i t i ¥"BRFLIF cﬁ“é‘?‘}f‘tbf the et egt %"IH A{H?/S %‘F%I Oncol ogy

8:73-102 (198 r i dvdif i r The
present i nven'?% o%%gloén;tseﬁ%lcg%%g %r st rarE e%a%%m%?ﬁ% ﬁ%ﬁ%ﬁ?dlng B core

prot ei n conj ugdétien ttied pempentsles- ladiagd émptent is pepateindédignt i nked to a

strateglcally nodi fied hepatitis B core
related hap en, the inoculum can be used as a vaccine

to protect a mammal treated with the inoculum from
that pathogen. Thus, in one embodiment of the
invention, a strategically modified hepatitis B core
protein conjugate is used as a vaccine to provide

30 protection against the pathogen from which the hapten

is derived. More preferably, the inoculum is



25 protein (HBc). The strategically nodified hepatitis B ggpq_mﬁl\lﬁhﬂ SHEET
itself conprises an am no acid sequence correspondi ng @ ADG 2002patitis B
core protei WVaM®aci d sequence of SEQ I D NO: 2 including th&CHRMG%Ei d
resi dues nunbered about 10 to about 30 140 of that sequence. That. gigRggagi2no
acid residue sequence additionally contail¥s an exogenous am no . g AUG
2002 WO 99140934 PCT/ US99/ 03055 -24 acid residue insert in the region
corresponding to am no acid residues nunbered about 50 to about 100 from
the HBc am no teymm-uess< wherssi ok 198 Exdogenous: I nseriedd ) diss B tawrabout 40
amno acid residues in 5 length, and (ii) contains a chem cally-reactive
am no -. acid rEsidid Prhe tapt e s Perndett | i F i nked-1o°the strategical ly
modi fied HBc protein by means,ofsa.chemoallysreactiyve. am ng.4cid 4 esidue
present in the insert. 10 it s preferred that Tesidues 1 tT1roug'h 10 of SEQ
| D NO: 2 be preseid ddwvdrhesgdsategically nodified HBc protein nolecule. It
is further preferred when any residue is absent or deleted fromposition 1
to 10 that 5t hose resi duesChe fRFeted ¢h A5C0gEEREEARdeREE *2heF%enai ni ng
resi dues be pre ' e Lf a five_ residye ti 2ere

cont enpl at ed, tﬁggéd%%rgt%%%%dﬁ%%hé%ﬁai%ec%ﬁ %rggk%yst,"g?%cgv‘fr%l? esi dues
6 through the desitled dBgregsasdoryritesii HBE paesenlespl us the insert. 20
It is simlarly preferred_that residues _nunbered about position 140 through
149 of SEQ ID NO: 2 be predentdvanaaserafegheatnyerbdrni é8 HBREpkotein

ol ecul e. As nopgd; el SeWaELe PSE&&H,?EQQFEGQ' ng%c'i@ﬁl{)“@ﬁﬁégge@o t hrough
t he carboxy 25 term nus Contar s a plfural ity or~arginrne residues. Those
resi dues hicnd nuakeiezacrdsconvpuyi tbeartorienfi HdBA Apar-td-¢cl es after
expression, and the sequence containing those residues is preferably
omtted froma SFPAEEGFcAPI ¥SRobFf FEd %Béeﬁ%t'léiln?ﬁéﬂ‘éém @M-A8. 36°%has t he
case with the rg%lggeg of positions 1 through 10, it is preferred that

resi dues between abouf = - 8 AuG 200n WD 991 40934 PCT/ US99/ 03055 - 25
position 140 and 149 be phresentrabdnedirtesgordicagitemphaertd mpdafseduenti al
manner. Thus, where the carboxy term nal residue corresponds to the residue
of position 14672Fh8TPesidues &F35osiEi GREMALEIINT L IBPVRtHZSS Iesent and
those of 147-149:aie absent. Mst prefgrably,. a:.cont eml.ated HHBc sequence
is that shown in SEQ D NO:2 from position I through position 149, plus the
sequence of thearasertacthelinseridicardie pl aced within the HBc 10 sequence
in the region of positions nquber ed._about 50 through about 100, as already
noted. Preferably, the inS&Tt-5 HESEHEIH Theé regtorrcdrT®spondi ng to

am no aci d resi dues Nuibeied abaul. /Q 4 o gbout. 90, Mug, prief erably, the

insert is present in the region 15 corresponding to am no acid residues
nunbered 76 to 8Zmmuvisstogureefmrsgiuinge tdre Gmserdnjssdorateabian ey egi on

corresponding to 1ﬁr‘,esi dues nupmbered 78 through 80. A strategically nodified
hepatitis & cor @26 brdt €ih B* tHeiFRenti on has from 1 to about 40 ami no

acid residues inserted. Prefierallohed Neaddsef tofS;1-40-d0- o acid
residues in length. The insert contains a chemcally-reactive am no acid
resi due. The inserdibiredfHimrerdthaim ove theni ctal iy-vwebtkdéle to
produce undesirable i1mmunologic side effscts 1n
humans.
25 Still further benefits and advantages cf

the invention will be apparent to the sk:illed worker

from the discussion that follows.

Brie® Descrivtion of the Drawinagas

30 In the figure forming a portion of this

disclosure Scheme 1 illustrates a r=action sequence



25 amno acid residue is also contenplated. . It is contenpl #@ft
restriction endonucl ease sites be provided in the gene const uct t he
strategically nodified hepatitis B protein near the desired insert region.
The nucl edVPA¥49%4 30 the restriction endonucl ease site wi PCTHSMNPE] at ed
into am no acids upon expression, and that effect has $ AU& 200Z WO
991 40934 PCTI US99/ 03055 -26 sone bearitikf-on the choice of endonucl ease.
Several restriction endonucl eases are conmercially available (e.g. from
Promega Corp., Madison, Wsconsin) and their recognition site sequences and
cl eavage sit ek’ peidekinbywnlinkihe arhaptem@npd ea lsiesesdhes 1such a
construct for a strateglcall nmodi fied hepatitis B core protein. In one
preferred enbtRAifeifd keRathser(BiSO%e PHtelr esPHUEBEhRarsiHRled as the
chemcally 1 S e e e nts, the use of
%5%‘@ YfphssLduesn LR gt DeL - B ShelLeds sabadivR

restriction enz hei r recog n ion sequences Tauses about three to..
about five l’eé‘!ycﬂltﬁﬁeiéh@elLﬁéﬁbbﬁﬁlatéwl(@@lﬂgolmcdﬁsl rexe chiemeal |y
reactive residue. 15 An insert containing a chemcally-reactive am no acid
residue $s i rewrteelenie dapiabedves hepaekthavBngoftoproveposen @f position .
correspondi ng # %ﬂﬁ n¥no ac%d res due ggs%tlon from about 50 to about 100.
The preferred 124t Ffisertfon I nto°20° %epﬁggg??t?@l%Pd%?%I%Toteln i's
in the i munodom nant | oop region (about am no acid residue 70 to about

90), nore preferably in the |oop region that corresponds to the native
hepatitis B core protein position fromabout anmno acid 78 to about 82.

Most 25 preferably, the |ns.rj -Iac d at r-S|du s nunbered 78 to 80 of
SEQ ID NO: 2. . As used Hetr<et Tet ik : sert is "at a
positiofng it is nmeant that the am no ternlnus of the insert is peptide
bonded to the 30 carboxy term nus of the corresponding am no acid residue
of the hepatikis 8debinipionheain sequence - a Auc zoo2 WO 991 40934

PCT/ US99/ 03055 - 27haV|ng that am no é 8 Le5| ue nunber. i iher wor ds,
the insert i mediately FBF 5&&™ h8™FeBPEYe & Fﬁﬁttgtﬁtga POLtEi on.
Insertion cancpgr-eifegt pdmB¥ gerenakhy;is éfUb&&bé@?lgﬁéﬁoﬂfotglﬁge art.
CGenetic mani pul ation, by a PCR-based netKo iSilluStrated in Exanples 1
and 5. In addcalded ohmgopgdbeoflide- netdiahedasi spediféctilymut agenesi s as

discussed in J.Sanbrook et al. Mlecular Coninct: a |aboratory manual, 2d
ed., 1080l d SPFPPHECHAFEEr 2HaBBra86Py Press, 15.51-ff. (1989) can be used

to add one codon by hybridi ziRg aadggbggd gy@ §gg5egggdmﬁth a tenplate that
adds a codon for single residue, | dwed friling in the renaining

nucl ei ¢ aci d hequenmealmawsdndemlghateSanenuelty 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



15 266: 776-779 (1994), describe a nethod of |inking polypeptide chains at
their peptide backbone, so that a fusion could be built H f i SHEET
fragments. WEP9¢H®H cal | y-reactive ami no acid residue ca 5 =2
position within the insert. 20 Preferably, the chem cally-reacti QMO
acid residue is in a position that correspoends to am no acid residue
nunbered 70 to 90 of the native (wild type) core, and nost pref eralﬂl;yu@gm
resi due position 78 to 82. For exanple, when a 10 am no acid residue 25
| ong insert isarnsectiedhat=anpostt men=tgorresponding-tt® maidme <core protein
residue 73, then the chem cally-reactive am no acid residue is preferably -
at position 5 83§ 3f fRe FnSErEeTPhENn a6 aRP nolAcT ¥ Fe3T due | ong i nsert
is inserted a pQsi.tiqn 30._.corr-espondi ng.to_natiye core_prptein residue 58,
then - $ AU %*76023\7\0%89r‘46534“~lﬁc$m§§§1‘oso 5 B-S'E‘“fh'e
chem cal | y-reactive am nozaciidehes ddec-mpeater abky-atcposhdion 22 to 24
of the insert. An introduced chem cally-reactive am no acid residue has a
cheni cal | ¥- r ea@Gitué s isg&UERAITR 15 PORAL Opr @i d&s antiu@erni BAat HFoup for
derivitizing the strateqi cally. nodified HBc (i..e. conjugating a hapten to
the nodified Hl%g')“‘.“t“ﬁilg C“?ﬁlaebc?r‘fg’fin'b?ur‘i‘ iaél%éPO%Yoﬁ £B P8 Lng s P d
epsi | on-am no @groupseNetr@c@pr@gammcib®ern gkodpso tBkal (-SH) groups and
aromati.c 10 rings (e. g. tyrosine and histidine). The chemically reactive
anm no aci d resiidirenchangdaddiy yigh y'sbieone/st ei ne, or histidine residue or
a carboxyl containing resigdu ch, aspartic acid.or glutamc_acid.
Lysine is a particularl ysfp’i{rjee%éjﬁlr%ed C(a:dr%{l@ﬁ‘llgga:cﬁ yafSqugc{"l"%glanFﬁoeaéi d
residue. 11 is qwteadihatulihe@aman A 4 esi-due segquenee,of i kheahepatitis
B core protein encoded by and shown in SEQ ID NGs:| and 2, respectively,
has two consecinaudhdsyeious caisoxaasichm @diengh20r §si dues, exi sting
glutamc (gl u, cEe}mga“nedr aspartic (asp, D) acids, at positions 77 and 78.
However, the pres‘e‘njt i'nvention contenplates the introduction of at |east
one additional, exogenousrigheddwalldodaactdverasumerachd e dge. European
Pat ent No. 385610 25 reports that unsatisfactory results were achieved in
attenpts to chetfRAlISESHUFAT PR peprt denhadterrs 3G CHBESPEE E36s. It s
not ed thai:thosgegpup;éi%@&tgppééoé@gle glg{gpj,g(%:tﬂquygrcd ,,,a:_rII no groups and

e

not carboxyl groups of  the amino acid Si chaimis.” 30 Tn-addi tion of the

use of an indi vigsatueheniecatdyas eatt tyesanio acigiyLsi-dite gy the insert
8 AUG 2002 WO 99/ 40934 PCT/ US99/ 03055 -29such as aspartic acid or |ysine,
substanti al | y ahjChédfiente DO het desth edl | ergtiy 3ran Rt &iavs- e

chem cal | y-reactvg am no,acid, fesidue 8%‘” fgué‘ws?ed- ﬁ%@ w_}rr{ﬁif”%%rés of
greater than a single residue . 5 | ictUde the B cell - epit ope
di scussed in another, or the substictuticn < cne pclar residue for
20 another such as between arginine anc lysine, between
glutamic andé aspartic acids cxr between glutamine and
asparagine and the like. The term "conservative
substituzion" also 1ncludes the use of a substituted
amino acid in place oI an unsubstituted parent amino
25 acid provided that antibodies raised to such a

polypeptide also immunoresact with the correspending

polypeptide having the unsubstituted amino acid.

The term "corresponds" in 1Is various
30 grammatical forms as used in rslation to peptide

sequences means the peptide sequence described plus



B.E. Carke et al. Vaccines 91:313-318 (1991), the HBsAg Pre-S(1)27-53
sequence discussed in F. Schodel et al. J. Virol. 66(48 A0®2M24 (1992) and
the HBsAg Pre-S(2)133-143 sequence discussed in F. Schodel et 10 al. -
Vacci nes 9vd&30628 (1990). An appropriate T cell epitope dperTmusadoss
hereinafter as a hapten can al so be used as an insert. Exenplary sequences.
include those of SEQ ID NGs: 28, 32, 33,534, 47, 48, 49, 50 and 55. 15 ii.
Addi ti onal Modification of the Core Protein It is also contenplated that a
hepatitis B core protein strategically nodified as descri bed above has

ot her nodificatigns. _Th n |La 20 _nodi fications _of the strategically
nodi fi ed coreoltrnc l%éilest e%%a%gggeo%%qﬁg Fﬁé@r tre(,s&ﬁltugisni getlﬁ‘zler o

cheni cal | y- r etV @ falfiHR0 ad@ né - 89idd @ rbokynealyindh 1 0h nd e RFAR ity M nus,
truncation of the carboxy term nus, fusion at the carboxy term nus, pendent
25 linking toaly carsexyatamve sabstégiusnonEhen psett codrtaianing t he
chem cally reactive am ho aci.d residue L_Lo whi ch the hapten is conjugated
can have a us@Sif E@(ﬁltcfu@ﬁ fa&oﬁ’lgo&;h&i RGYREP SEANEact i ve ami no acid

residue. dt is 30 contenglat-edehale ralR o RSLhLE, GONFiAi

chem cal |l yreactive am ng@gci d%r esi due iss aT éael I%tosti r(rjur}ﬁga% r?g - ~ AUG
2002 WD 991 40934 e PEHaUSIY PSS famiadd yaticthreketpyerca Bich a T cel |
stinmulating am no acid sequence is preferably a T cell epitope fromthe

sane source a$tHEH CEHITREST Gfe AP WA EFRETCRY Fdt%ed antigen, e.g.
both from M/calaetefddimas 4 Ubeh el siS "Xl &l qgfttem%eeaﬂ%cussed -

hereinafter. An‘insért containing a chemcally-reactive ammno aci"d residue
can al so be chosen in ordensed tanfeam addie itenal "desiiiable-quenperti es, such
as 10 stability-enhancing or. solubility-enhancing properties. A

strategitally 3%&%%&%%&%% B W P i otes 1 das dskiec EAwa98F nodi fi ed

by net hods wel qﬁ%/jséq | " ch t.echni s are 15 di scl osed
i n Roger L. LuAnO(fEI ad, éllgc}{l%é%{é% l|lr[%k ro%Leélsgréll\}/bé(}"l fl?lca%ltgllh%ee CRC Press (Ann
Arbor, M chi gadpedd%4yel Buchkelie iderlt Haxdidrid-ald @ anredmade 1ta €nhance or

di m ni sh properties, for_exanple) a |lysine am no group can be bl ocked to
change the isé@fé%t??RF%ﬁﬁrﬁond between their respective terminal

amino acid residues.

-4

15 The phrase "hepatitis B" as used here
refers in its broadest context to any member of the
family hepadnaviridae, a family of enveloped DNA-
containing animal viruses that can cause hepatitis B
in human.

20 The phrase "HBc" as used here refers to T
cell stimulating proteins having an amino acid
residue sequence that corresponds to an amino acid
residue sequence encoded by the hepatitis B virus
(HBV) nucleocapsid protein gene. An exemplary well-

25 known naturally occurring protein encoded by the
human HBV nucleocapsid gene is the "core" protein,
subtype ayw, having the bioclogical sequences of SEQ
ID NOs: 1 and 2. Galibert, et al., Nature 281:646
(1979) . HBeAg protein, the precursor to HBc,

30 includes the sequence of the hepatitis B core protein

and a "pre-core" sequence at the amino terminus



20 of the protein, causing it to separate differently on a chromatographic
i on exchange resin. It is also contenplated that the cagbAY§ 2008r m nus of

t he core prwbabmossequence be truncated, preferably down to ®coasIuessio acid
resi due position 25 140. The arginine-rich sequence present beginning at
resi due 150 of SEQ I D NO: 2 binds to nucheic acids and can hi nder 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 i fied C | 0 er i V)

resi due of res‘;[@ureeéliéel’g.aliB SWA&EPI%}@ %%4%341{1%%?%&9%3%54 31 iii.
Maki ng_Strat egb£ad |grdvrd fddh ¥earle H¥mitei i e sid BRgiss D ddneat i on of
the hepatitis B core protein is typically nade by known processes 5 in the
art on the DNAThevaze fRIFCESHFKIUBNIHREIINY atheargeonacidr responding to
the am no acids _to be i rted.. The .engi neered gene is_then expressed in a
conveni ent sys?%%%tr?h% z{fﬁtl}%eelar%,t ‘,atkf%r %?(lélﬁ%?% iﬂlrégvtr?a?m%%? tahcreleéi n
infected Emoriabiged sehbsr ZQMSmpdsn fied . Pr 0dtied NG diBEAG=Hr e8I NS i N
general and the pre-core, core and HBeAg proteins in particular, are well
known in the apthefheepanit hethousre et ginslapredknown héni st afton of the
nodi fied core grotein articles of the invention, In 15 addi HBcAg and

HBeAg can be proURRERICLEVAT YU GRYT Qﬁﬁ&ﬁﬁ?e%%m%YB%n?é%ﬁ£?

techni ques. Sﬁgrow&e&mamé@@ b ofats Neg 4, 350a 2L Pobt MY fsand
4,563,423 to rray et al., respectively. Those reconbi’hant DNA techni ques

can be easily pdapidedt on28EQr Didues nodli 4na@dé corenpaet i ales Nficlhe

i nvention. The mpdified core rotzins can be con%ugated wi t h hapten before
or after1ﬁarti6FédFoﬁﬁﬁti%%flg?Ef FABPY - af PRAVEDYES paFEi 8L 8°f or mati on and
purification. ¢i adRUES ) edobBPRLEL | BeBaRE 85 PROLELD CPBEU AT GEE Any

hapt en againstgaﬁic% antibod? pro%ucti%ﬁais dzsired caﬁpge Inked to a
strategi cal |l y sBdi fbedohepéaSchédeB evralpyofdivn Voradr onanli nBundgeni c

strategically nodified hepatitis 30 B_corﬁ protein con&ugate f this
i nvention. ThelRApt&A88t] I nBEPLRE EGPLEErLy2FsSERBIReNPSd8t 8Pt Aant. ' 8

AUG 2002 YD 99449874, ECTELIS98) 80580, Uha 11, 244, T0EXN3E! Saocan be

pol ypeptide, a car oﬁydra saccharide), or a non-polypeptide,
non- car batsydr atNeschenandl 13uchFas 2l4xdiwi t thbeaméne. abbtihadsbEeing

operatively linking individuyal 5 haptens to a protein or polgpeptide
through an ani S¥S&ERdSheYRrdaB SFBeIPnhNPH : of 2aRAe2piVdf8i HeEPeFGI YBepti de to

forma pendent hy-Lin LapugogeniLcCoRLHEALLE chedgchgain
pol ypepti de po ¥ﬁ%?,5§98kagﬁﬁ nomnei% t he ar?gg%%ggeg t%%dgginclude
l'i nking 10 t hr augpenenmack hereihypedtbbrf HBct senalkengeaupanobevari ous si de

chains and result in the carrier protein ggLypeptide backbone heing

pendent |y |ink&d-68¢4I ¥AtPy *PPHkEGWETGHI ?FﬁosFﬁgdﬁgﬁt§H°ﬁ&€l§€ﬂarated by
at | east gne siglenhakna) 1ankehROds ob@amk BN ERidas RIP eins to haptens
usi ng each of the above functional groups are
determine the amino acid residues that "correspond to
the hepatitis B core protein sequence of SEQ ID
NO:2", see e.g. Schodel et al., Adv. Viral Oncol.
8:73-102 (1989).
25 If reference is made to a polypeptide
portion of any of the above described naturally
occurring HBV nucleocapsid gene encoded proteins,
that reference is explicit, either by stating, for
example, that a T cell stimulating portion of the
30 particular protein is referred to or by explicitly

designating the particular portion of the sequence,



described in Erlanger, Method of Enzynol ogy, 70:85 (1980), Auraneas, et

al., Scand. J. Immunol., Vol. 8, Suppl. 7, 7-23 (1978) and~B.AUG 62. No.,
4,493,795 to 20 Nestor et al. In addition, a site-directed coupling

reacti onWQ89%/4083cri bed in Rodwel | et al., Biotech., 3, 883C8Y89Y0BI¥L) can
be carried out so that the biological activity of the polypeptides is not
substantially dimnished. 25 Furthermige, as is well known in the art, both
the HBcAg protein and a pol ypeptide hapten can . be used in their native
formor their functional group content car. be nodified by succinylation of
lysine resi giges0ri dBaEd h Vb he gy st N eID 4ok ard QD &eAcuid f hydryl

group can al so be incorporated into either carrier protein or conjugate

WO 99/ 40934 pc@3 tioMsc- PCT /03055 by reaction of amino functions with
2-imnot hiol ane or the N-hydroxysuccini m de ester of ,

3-(3di t hi opyridyl) pr oqub%a T THEMEECTR S ol mort HaprEnt Wh 978 be s

modi fied 10 dGRr RYALEr A SPATEInG MR L FUCD A5 Mfg@ﬁ hyd epe idiamM ne or

ot her bifunctional "nol ecul es of simlar size, acll1tate tthe pendent

| i nki nge Polaypem tnadeediapt eronpleihoos dmoramcoiiadaéant cddndiirgy afite pol ypept-i.de
hapten are extrenely varied 10 and are wel| known by workers skilled in the
i munol ogi c&AYFt 38 "’Fcﬁal%x%%tfé?nf%fl DY ). IR BRPARt No. 4, 818, 527,

m mal ei m dobenzoyl - Nh L Ny I L Qkhem , Inc.) or
succi ni m dyl 4-(N—na|gﬁ%?é%%g%ﬁél)gegfgi%§%%%-§$%§%%ar %&%%%?e ( SMCC,
Pierce) is reasied médrs atlsat atlegi tahkygeodoé s edotepat ¢t fereB waiartke protein
to forman activated carrier, That activated carrier is then reacted with a
pol ypept i de tataitHef @breiFher acf ebif i nE§St STAPHIE? 0 whi ch an

addi t i pnal ' 20 0. C rmangl cystei i due S n added to
forn1éﬂgovaﬁg% f&%Bﬁied§é$§g¥%%§tg%[€'hD%?f?%ﬁgﬁéggt? i%hgcggﬁg protein
conj ugate. Aseln adtermbiane. exanpl e, the am no group of a pol ypeptide
hapten can be first reacted with N-succinimdyl 3-(2 25

pyri dyl t hi o) pr opi onat eTiSPPraphal RaRfent lundinkad" t ieberedit & ni ng

pol ypepti de can be te it e ivated carrigr.after.reduction. O
course, the Sglurlpqilj? -%%)%’%%?%l ‘%H%%gt 9§§%8t d%ﬁbYégb%ngyéo%% ai fnglgnréi M chael
acceptor carHbe peyessedco ThRseheeamblestl130aar etHescthedchd t he
supplier's literature, and also in Kitagawa, et al., J. Biochem, 79:233
(1976)1and AN OPR0OBEPREY/ USYULDB055The Bhraeezas' psedshefeimchmann et

110} ' pp. 20O F e Chr cheRaRe BELRER, p SRR b HAR 0Tt Rao

teaches sevesBémbcaDUgsrebceaval antinat kaginentiebehuenod garrier and
pol ypeptide that are useful here. In one nethod, tolylene diisocyanate is
react ed withstheteatepeétyi Bodidiedanerptiréps BoFosat PEPtedRo degrees C to

forman activat ed carrL&gCrAmgggggﬁgkigsgggggﬁpt%gfégsthrgféé r adm xed

and reacted with the activated carrier € covalen onded

strategocal | yorUehit B¢ Bepakit eggBegate probebhetnguBahecsParticularly
useful are a | arge_nunber of heterobifunction.al agents that forma
di sul fide |iRKkPisadivohe EhAEt iBNERtEPBUptERIPARGCANpEPPHARL| inkaat the

ot her, i ncl ug] N- Rl mdyle- 3-o( 2-pyri.dyl dist hi ropionate (SPDP). This
r eagent creag%gggeaﬁgéﬁkgdeo |§%§8e%§§%ﬁég%siPS§P?%a 58§e%ﬁiol in either
the strategi gahbiefdi Aedelepabeld SnBregee detatial Rhetkid@rtBe, hapten, for

exanple a cysteine residue in a
those core protein monomers usually self-assemble
25 into spherical "“core particles" having either 50 or
120 core protein dimers (a total of 180 or 240 core
protein subunits). A spherical core particle is an
example of a macromolecular assembly.
The phrase "pathogen-related" as used

30 herein designates a B cell or T cell immunogen that

is capable of inducing the production of antibodies



pol ypeptide hapten, and an am de |inkage on the coupli %Wer, for
exanpl e the amno on a |lysine or other free am no groug carrier

protein. A waydopfoyzsof such disul fide/am de form ng agents arrcTABWDIIBH. See
for exanple Inmmun. Rev. (1982) 62:185. O her bifunctional coupling agents
forma thioether rather than a disul fideyi$inkage. Many of these

t hi oether-form ng agents are commercially available and include reactive
esters of 6-nal ei m docaproic 30 acid, 2-bronvpacetic acid, 2-iodoacetic

aci d, 4-(Nnel eppldos ppbRxk-rayel Qhexanepde RBLEAXYAI ﬁa@:ﬁx‘ré’ . VD 99/40934
-35 - ~ ~4d~ 1~02~ s PCT/US99/ 03055 the I1ke. The carboxyl groups can be
activated by cerbmplagyt benhwgeh-sataetadnBdeedl 4dndiydroxyt 2- nitro4-sul fonic
acid, sodiumsalt. The parti cullﬁrl ¥ gref erred_cougl i ng agent for the nethod
of this 5 i nvehPMBROIENSUBEENFH-HFFTACER: REFELARBBEEL hy! )

cycl ohexane- 1- car boxyl at §hg8wg§)isob%3@%g§%8{:%§%;@ﬁacgpgggpd@%a? ockf ord,

| 11. The foregoing list is not nean ustriv i cations of

t he nanmedsconpasadsiaaereheagkeybbe uhednghogt, thbespéc st aorSMAndlepi ct ed
in the figure. A polypeptide hapten can be obtained in a nunber of ways
wel | known i n épeigpateygudingapt F@EiefnPReadminpeafhd guesidues be readily
utilized. For examl rec in - based.echni ques to 15 produce
| onger pepti degogpecgggf Spgnggcgl%e%t@ﬁgggg i PSBQ%%‘%UQ réess’eba tal | y

relatively shothe s0bhd-piase ehanceadbosynthesbs bf HEPhsent Asmihscussed
bel ow, DNA sequences that encode a variety of polypeptide haptens are known

in 20 the art.afhdscodPrgdyPepliddee Fon pepveddstyf ofhéehghgsh cont enpl at ed

her ei ily,b [ hem _cal ' , 5 le, th
phosphot Abest of HEBRod o Woart Suitreer apcayoehl sRER, kol HgERsTos' "

(1981). O coupsgchbyreherleal,! \undd esyheheFrelengft Redcediag; sgguence, any
desired - nodification can be nade sinply by substituting the appropriate
bases for thossushcesi 93 iaesydatilea ,p&idedehedguenddatinn, codi ng sequence

can then be proyided wi th appropriate linkers.and |ligated jnto 30

expr essi on vecP §pg‘&ﬁyé@rﬁﬁ?|%\ f%a\f:&r’l%gl}lnéqgn%‘lhﬁ eaF‘P,gl%lV\blzég?iOQS{l

PCT/ US99/ 03055 11:36 saR 1tihid RAHtAEIN G rV @HeD a5 tU Bt Bmi haNgEogm sui tabl e
hosts to produce the desired protein. A nunber of such vectors and suitable

host systléns aresicnearsEdugiiaes Rentaianslad diromdebabisequenpes- conpati bl e

wi th bacterial _host r rovi ded i.n _pl.asm_ds .containin opveni.ent
restriction si ta@éjsf%ﬂ'a%l ‘r%]:skgﬁr BT ot rg 1(%151%"%&0@0&%3 © g’s{gdgéﬁ%g. gifypi cal
of such vector tpaagEgisi @ &s fdé’fpe@?&ﬁﬂﬂ @&n RYUSB prard RHE duayalhakhg from J.
Messing, |10 at the University of Mnnesota (see, e.g., Messing et al.)

Nucl ei ¢ Aci ds Resiiugn 30X 1981 )prayeigBRanZAn @adiutdlene ProfhRewoEngl and

for exa Iae, etdh?fbeéh%' lp%% gri]}alse

Cpeni o1 111 nase) En et boe 11 S Bt diotae Soram

20 is in solid form. Also included in the definition
are proteins modified by additional substituents
attached to the amino acid side chains, such as
glycosyl units, lipids, or inorganic ions such as
phosphates, as well as modifications relating to

25 chemical conversions of the chains, such as oxidation
of sulfhydryl groups. Thus, "polypeptide" or its
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



15 (Chang. et al., Nature [98:1056 (1977) and the tryptophan (trp) pronoter
system (Goeddel et al., Nucleic Acids Res. 8:4057 (1980&) Aﬁamesul ting
expression vectors are transformed into suitable bacterl aq 0STS using the
cal ci um cHVePP/A®34et hod 20 described by Cohen, et al., ProdCTREPPO30AEad.
Sci. U S A 69:2110 (1972). Successful transformants may produce the

desi red pol ypeptide fragnments at higher2d-evels than those found in strains
normal Iy producing the intact pili. O course, yeast or mamualian cell 25
hosts can al so be used, enploying suitable vectors and control sequences.
WO 991 40934 - SHard apbd eardido| ypopt ke dungd nsnd . mélre Wy R28Ox1 1yCT/ US99/ 03055 T
or BOrgani smAnti gencel | SequenceSEQepi t opel D .

NOSt r ept ococ cERPERIBKLEEL Sk DEHERE? 5ph bt o i@ eph@él ct U sTRPABSQKKYDEDQK
KTEEKAALEKA26pne L ae ASEE V, ridi unP. PADAPAAEAPAAEPA
AQER7par vu@éﬁbiﬁ%ggkm% ﬁg%#&ﬁf i?‘%&?ﬁ% TKN29Foot .
and Mout hVP1BYNGEERYBMRAEYVPNLREAE QUSHEE SERSE a contemplated

Vi r usLAQKVARTLPCor ynebact er i unt oxi nTFQVVHNSYNRPAYSPGC31di pht heri aeBorrel i a0
SPATVEl KEGTVTRRREPERNCRE TR2DUE Y dOR T clpe \ISPITERYF r tellaa (B ATTS SRR SKSGEVSVELNDC3

shurgdner 1 e A9, SRRSO PRI KB Rre nacuranny

AgBDI LKVI VDSA@M%%%E@LAE&H&EL&;&& QAEL Ng(&;%@é%g | NI HDKSI NLVDKNLYGYTD
EEI FKASAEYKI LEKMPQTTI EKKI VS| KDFLGSENKRTGAL GNLKNSYSYNKDNNEL SHFATTCSDHae
nmophi | us pBOVPBCSSSNNDAAThEAWCFGGYS7 né L nkbndesiHaeabehi & usp BAVEBNKEESTVSYGEE3S
i nfl uenzael—laegoghi | us pBOMPBNDEAAYSKNRRAVLAY39| nf ) ,

| uenzaeMor axel'PFAEBEBBPPREKIRKRRTTREE RREPPUBC AT af FRAPPERYARREYNBr 8xel | acopB
BLDI EKNKKKWEAEE%%%AQ,E@E@H%%I ESKYAGKGYMor axel | acopBBI DI EKKGKI RTEAELLAEL
NK42cat ar r hal i sDYP -~ AUG 200r 99/ 40934 -38 PCTNS99103055

Por phyr ononas HABGVSPKVCEBY TVEGSSIEFa@Y48ge hgandl I'shETPel phyrontnasHABRI QSTW
RQKTVDLPAGTKYV44qi ngi val | sTr osonmaTSl i NFTLVASVI | EEAPSGNTCAScr uzi Tr ypanos
omaBKAAI APAKARBRPAKRATAR agggggﬁm ABnblf uRBPEY CRVERPKSPYERE VYCa7f

al ci par unPl asgRdiLymySP1TDEMHYYTLKTELEADCABE 8L gL RaRUMBELERLOERGEUSAG2/ | | B &
TKPRPI YEAKLAQNQKCA9sobr I nusSt rept ococcusAgl /1B &

TAKADYEAKLAQYEKBEGEBs ebribudhgaphegyt hoMPTRPQASOYYNENKEAECEhGKRer | omeni ngi t i
svi rusShi gel | al nvasi nBKDRTLI EQK5S2f | exner i resgi rat or y@GBCSI CSNNPTCWAI CK53sync
tial viftgsPl a?ﬁ&&FHH’FS into their environment. Herein, the

Vi vaxCSBI GDRADGR DES riLdj T K| ani Ent ano
ebal ecti nBVECASTV%@%@SCPI ?%%%5%%%5% g}:%} ggK%%%SKégléstg %%-rgg%gf gg QSElI SVSLE
NCEL| RRAKS57] apenibtonlEStEASERQRRUDSEhL stasdbadg) aBDNESELFrShESLENSEL I RRAKAS8ma
nsoni AESLASDLQRRVDPI asnodi um vi vax HDRAA AGDRADGQPAGE3I nf | uenza

vi rusl nf | BONNPRREPBARSS Gefzgenerally relerred to as being

vi rusl nf | TCPKY, T f n o -

Vi TUs! 11 BSI VREDREIGTCoSE0) TINELd ol PADRPECRVRRT R nFFidizge in ke

vi rusl nfa2BRG k@Al.AG-I ENGNEGM DGLSWYGFRHONTNf | uenza

vi rusl nf | BEKQTRA FGAL6Mycqbact er i umlAVLEDPYI LLVSSKVB6t uber cul osi sMycobact er
i UMTLLVSSKVSTVKDLLP87t uberlc @Mg8Ps 214 geggdgesyitdeppidsrsodss iz

PCT/ US99/ 0305 - : : :

Mycobact eri um‘%lfl_ePLllPElE\r/lleGAr\léggfgét SlgerL C S Iogg ilgwggﬁggt'er iIlljl m‘I}'{glelP'IlggQ\/I SEEVGEL.89t
uber cul osi s My edlac tsarandadARNSGpePGAEK dmenel atthiaei, s M. o Bt ler i unTTARRGLERG
LNALADAVKV91t uber cul osi sMycobact er i umlrEKI GAELVKEVAKK | 92t uber cul osi

sl t Mycobact er iHAMEL KRG BEKARKPETLISET3 d 1 c HbSeaNPEdieRe & AMESAVRNAKAAVE

E®4t ub ul osj skel | . akel I PSRXEREPG husFel i ne

| eukem %LVBE%@S@&&%&%?@%T&?%U%W&%10%%?%10&% oq_:l

| eukem aFel VB@HSNEURRY(ERViTatelli.ne

| eukem aFeLVBTDI QALEESI SALEKSLTSLS98vi r usEFel i ne

| eukem aFeLVAKLRERLKQRQQLF99vi r usFel i ne

| eukem aFeLVDSQQGWFEGWFNKSPWFTTLI 100vi r usSSFel i ne

| eukem aFeLVQVMITTPPQAMGPNLVLP10I vi rusFel i ne

| eukem aFeLVDQKPPSRQSQ ESRVTP102vi r usFel i ne

| eukem aFeLVRRGLDI LFLQEGGE.C103vi rusFel i ne

| eukem aFeLVQEGGLCAALEECQ GGLCAAL104vi r usKEECPI asnpodi unBNANPNANPNANP105f al ¢
i parunCi rcunspor ozoi t el ~ QAQGDGANAGQP113 Chemni cal Hapten. Rel ated chem stry
is used to couple chem cal conpounds to carrier proteins. 5 Typically, an
appropriate functional group for



coupling is designed into the chem cal conpound. Anti bodi 958tA3Uéﬂﬁz conpound
6- O phosphochol i ne _hydroxyhexanoate protect against Streptococcus

pneunoni ae. Weaesap93hi. Fi scher et al. J. 10 Imrunol ., 154: 3373QA38HIHI0895) .

4 & AUG 2(10T" WD 99140934 -40 Table 3 Chem cal Haptens PCT/ US99103055
Chem cal HaptenC tationpiperidine -21-

N- oxi deU. S. Pat ent No. 5, 304, 252phosphol act one

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

conpl exesU. S. Pat ent No. 5, 236, 825[ 2. 2. 1] or

[7.2.2] U S. Pat ent No. S, 208, 152bi cyclic ri ngconpoundsior _ically

char gedU. S. Pat gable. 5,.187, 086hYABRDR yOF COORRESPQNDBRPRUNdsphosphonat e
anal ogsU. S. Pat ent No. 5, 126, 2580f car boxykaymeest er scocai ne anal ogsCarrera

etal ., Nature378: 725 (1995}<5 CarbohygeateHapt en. xgRgheaadrs nmany net hods
knovvn inthe artto couple carrier proteins to polysaccharides Al dehyde
groups can be generated on either theT¥&ducing end™ FXRBEAESN, | nfect.

| mrun., 39:233-238 (1983); Jennings, €éidval., J. |ghuaohe, 10 127:1011-1018
(1981); Poren et aI : wbl | munol ., 28e907-919 (198hrhytaltheénterninal end
[ Anderson et al. punol ., 137: 11§L+1186 (198§)_me§ﬁgge1&)geet al., Dev.

Bi o. Scand., 65: 197 20% (1986)] of an&gl i gosaccha |d8 relatively small
pol ysacchari de, UG 200Z WO 991 #0834 PCTI USHSF §B%§ 41whi ch can be

|l i nked to the carrl er frotein via red§€&ive ani nabir88XiP&r ge

pol ysacchari des can beIconjugated by éleher terni balisadelganieon [ Anderson
et al., J. . 5 Imunol 1, 137:1181-11SGe1986)] or Lbyeua,-ad@m activation of
several functional grogps along the pahysaccharide_¢chailRiGau et al.

Infect. Imun., 40:2455256 (1983); GCordgn, U S Pit nt . 4 619 828 (1986)

Mar burg, U.S. Patent 4,882, 317 (1989)% 10 Randoni‘adfivati on of several
functional groups al on& the pol ysacchari®e chain EaRrrPdddt o a conj ugat e
that is highly cross-|i¥nked due to radd®m | i nkaged-dlysiget he pol ysacchari de
chain. The optinal ratHo of pol ysaccharisde to car Li-&isgrictieien depend on the
15 particul ar pol ysacciaride, the carrgigy proteing,. qlttalﬂg_nreonj ugat e used
See Dick et al., in Contributions to Iglqlroblologya oIo VoI

Cruse et al., eds., (S._ Karger: 1989), Q{) 48- 114; @gnnl rrtrgf ecéé
Neogl ycoconj uaat es: Préparati on and i cations, I

(Academi ¢ Press: 1994), pp. 325-371; Aplin et al.P¥XCRC Crit. Rev. Bi ochem,
10: 259-306 (1981); and Stowell et al., Adv. Car boﬁyd?rlut@mme Bi ochem ,
37:22S-281 (1980) for 26 detailed revilews of net hdds mfptegaijaugati on of
saccharide to carrier woteins. The capkphydrate if-seldircate be synthesi zed

by nmethods known in the art, for exam;[& by enzyn&tlacsﬁy,;{._clqprag%

synt hesi s as descri bedl\py the et al. 30 J. Am I_’ChaS arS e 119: 2114-2118
(1997) . paragine
B Asx L-aspartic acid
or
L-asparagine
C Cys L-cysteine

5 B. Strategically Modified Hepatitis B Core Protein

The present invention contemplates a
strategically modified hepadnaviridae core ("HBc")
protein that has an inserted chemically reactive
amino acid residue for pendently linking with haptens

10 such as polypeptides and carbohydrates. The

strategic modification of the invention is the



WO 99140934 -42 510 15 - $ AU G 2~T PCT/ US99/ 03055 Sever al G 02
ol i gosacchari des, synthetic and sem -synthetic, and naturalg aaﬁ‘% di scussed.

in the foll owi ng paragraphs as exanpl es of oligosaccharides_tha e
cont enpl at ¥@ %94P4ns to be used in making a strategically rrBﬂT’P%gé@%sére

protein conjugate of the present invention. , An oligosaccharide hapten
suitable for preparing vaccines for the22reatment 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 (I1I,
bel ow), or phoapkateob pifbdséoDabicuitt @0 (Amino lediciv)residusrsd C. Beuvery et
al., EP-0 276 516-B1. OHOOOHOHOOHHOI I OPI GHOMH OHOOH OH O
| | OP O CH Ereluding & eRegiGR Y- 19acsive emmcoact dofesigus. Pat ent

faZiouni L) SRt e Ay sahe (PRR, henter (o
| mmuni ty, 66( 8kg3348cdixespRdfing dic dntise adid saatiitatdgde thapt ano akKdo( 2
8) aKdo(2 4)aKdo, that 1|1 WD 99/ 40934 . PCT/US99/ 03055 -43- .' 8 AUG yppZ
provi des Spr ot &ét ithe HRSMSESIMARRA £Trido? iN:.2 -CnlSaAhdia pneunoni ae is a " -
Cause of ML AL SR PR SIS LD IIONGD S8 T
al ., EP-0 126 3043uAl.criischose shashaldgles filiadt isHunbeymsgd figy t he
pendently linking a hapten to the strategically
modified carrier.
10 Hepadnaviridae have a nucleocapsid, or
core, surrounded by a lipid envelope containing
surface proteins. The nucleocapsid is a generally
spherical aggregate of core proteins ("core antigen",
HBcAg) dimers. In vitro, the hepatitis B core
15 protein self-assembles into "particles", spherical
shells of icosahedral symmetry made up of 90 or 120
hepatitis B core protein dimers, thus 180 or 240
protein subunits. The particles are about 280 or 310
Angstroms in diameter, respectively. B. Bottcher et
20 al., Nature, 386:88-91 (1997); J.F. Conway et al.
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



treatment, prophylaxis or diagnosis of bacterial infections caused by
Strept ococci pneunoni ae. One 10 class of useful sacchari des a8 AUGe2082/ed
fromthe diweoekeside G cNAc(31 3Gal. Andersson et al. al soPCousep/0305s

neol act ot et raosyl ceram de to be useful, which is Gal (31 4G cNAc(31 3Gal~31
4G c- Cer. European Patent No. 0 157 899-B; the 15 disclosures of which are
i ncorporated herein by reference, discloses the isolation of pneunococcal
pol ysaccharides that are useful in the present invention. The follow ng

table lists the pneupoeocsahsdel telf eal ypes. t hatopr s e cpaul ar 20
polysaccharides useful as haptens in the present invention. Table 4

Pol ysacchari de(¥2$2)en Sources Dani sh Type Nomencl atureU. S. Nomencl at urel1978

ATCC Cat al ogue Nunber116%812%630&%3630§§4630455 WD 991 40934 ~ AUG 2002
PCT/ US99/ 03055 - 44 aviridae core protein sequence

6A663066B2663267£514035 188030899 630990684 04344 1AM3] 2F12631214L4631415B5417
F1718C561035619A5719F1963192020632022F2223F2363232525632533F70 Mor axel |l a

(Branhane% | a) MMmamrhewasit$saBKQOMﬂ proseinf stbtyse media siedmsiimusitis in
chil dren and Iomer § |rator racéaﬁnfect ons in %H¥5 The lipid A
portion of the ?Qpﬁ%l gﬁsécﬁﬂ FhckY ﬁYPﬁ%n ?1%&5 ™dhe bacterium
I's cleaved at fl5,3; deQxy- Pﬂﬁgngrgcwé@ﬁom §2@Ctl-bHICOPANAQ lifakage. The
cl eavage product”is treated wth mld alkali to renmove ester-linked fatty
aci ds whil e 10hymase¥Btngsabtdpel adkedahdt SEQartbd¥0s o5 yard &5 are8 AUG i pp~
HBc subtype adw. The sequences of various animal
10 hepatitis core proteins are also published. The
biclogical sequence of duck hepatitis core protein is
disclosed herein as SEQ ID NO:12 and 13; a portion of
the ground squirrel hepatitis nucleocapsid gene is at
SEQ ID NO:8 and 9; woodchuck hepatitis core is at SEQ
15 ID NO:7 and heron hepatitis core at SEQ ID NOs:10 and
11. Exemplary animal hepatitis B core proteins are

aligned with human hepatitis B core protein by F.

Schoédel et al., Adv. Viral Oncology 8:73-102 (1989).

20 1. ategic Modification of e rotein
The present invention contemplates a

strategically modified hepatitis B core protein
conjugate that comprises a hapten that is pendently
linked to a strategically modified hepatitis B core

25 protein (HBc). The strategically modified hepatitis
B core protein itself comprises an amino acid
sequence corresponding to the hepatitis B core
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



WO 99/ 40934 -45 PCTI US99/ 03055 detoxified |ipopol ysacchari«lg XuG 208 from
N1. catarrhalis. The dLOS is not imunogenic until it is dttached to a

protein caypig8lsgoz N-Xing Gu, et al. Infection and | munit ypca@dodhaoss
:1891-1897 (1998) . 5 G oup B streptococci (GBS) is a cause of sepsis,

meningitis, and rel ated neurol ogic disggders in humans. The Capsul ar
pol ysacchari de-specific antibodies are known to protect human infants from
infection. Jennings et al., U S. 5,6 795, 580. The 10 repeating unit of the

@GBS | | i I . i 4 -(3- NAC - 13 -
(5. bl B YHERI, Bt i bnPregtoh Fotidsloing (o 1 0 ) 4
(12) - [adaNeiepMAcGd residuds numbeRe@bpout 5o twheneutha dor acket ed

portion is a branch connected to the i mediately 15 fol |l owi ng unbracket ed
subuni t. The fmgyeatiengBmiamisfo CBRETEApSUl aheysliys ddehaxicdenopgse V i s:

4) - [ a- DNeupNAc- 2 3) ~(3-DG&lp-_( 4 ), -(3-DDGEcpNAc- (.1 6) ] o
-a-Dd cp- ( f%e)&t- ‘[3l~’i - ?‘a ([:%3 aP%i‘ts‘l;O ]a"zl(’é’- BE4 ﬂieps(%f% PR ~i-D-dcp(l
20 Eurppean Rafcent ARl diGat iQmtMansEd Credl 308 Aleddt i i ldMita Prade,
di scl oses the mét hod of obtaining | adder-1|ike banding pattern antigen from
Chl anydi a t r schighetassidysneuniiite depded psi Peacient2y DirRatchagerciiRel at ed

Conjugate to the Mdified HBc,In one_enbodi nent of the invention, the

hapt en t hat |%t%ﬁ%]§d' t“@dsltﬁf(d;&Bé:alﬂrftr?&(ﬂ A9 ffotein is a B cell

det erm nant Qfp&niRahihgaen. & Gel |anﬁ‘?foﬂa@i’@@e§i@u@%%fﬁ: Rat hegens are

known in 30 the art, and several were illustrated i - s AUG Z~ WO
991 40934 PCT/1J88H03055 - 46precedi ng di scussi ons of pol ypeptide and

carbohydrate haptens. I n preferred enbodi nents, the hapten is a
pat hogetl rel at ed hapt ertt Fife RI&F e ot gipgrdues pdtwspsh ¢ Drotein

sequence or cc?irgcga/dlrﬁt :szeg%{;ﬁg%gens%gdi@p&th@ das .td'ariclb, advant ages over

the exposure to an actual p even over a passivated or "killed"

versi on of t heoduafhedjedBe Exesnmd ar wqiaidadgen- ri ateedhsgieans of 10

particul ar inportance_are derived frombacteria such as B. pertussis, S.
typosa, S. pRERIPHGIY RSPl Sy tiferakaentcoy delftec.ixul i num C.

perfringens, 1 i P tg%?i taci Vq.-chol erae, N

meni ngi ti des,ﬁf\fﬂ{g}o%?fh%%,l% iénﬁ%enrrz%gefagggnaﬁ Idae |él}'r%§a%g the like.

O her exenpl agegqsaute esndftipat hdge neaned iatiady haqdiehse Dfbgpartd canar

i nportance are viruses such as poliovirus, adenovirus, parainfluenza virus,
nmeasl es, munps? FRERFRER or yTRYS eyl GITiNeG iesige RHAE AT ReT90 equi ne
encephal onyel | 1] i h i s g et ir pox
virus, rabi esé%‘?%‘}s@#%?'ng%%?‘%l?}%% fcﬁl%tdérrper V|lrc§sﬁe/s,rH§“()l€)%P%Arld nout h

di sease Vi r usi{FMMavindrare atdlad M athrsugiades | ds€eiead \HEwSes, and the

i ke. Other inportant sources of 25 pathogen-rel ated haptens include
rickettsiae, SPFORRY ct ot RETRFSphURL U HS Pt Ie%t f ever groups, and the

B e 2 B Y PSP PR e B AU A g, e e

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



3,983,228, and 4,069,313; in Essential Inmmunoloav, 3'd \wBdIGH4 - $ AU
G 2002 PCT/ US99/ 03055 -47 Ed., by Roit, published by Blackwell Scientific
Publ i cat i ongjo dopyedayndanent al s of Clinical | munol ogy, by Al exgngesosss
Good, published by WB. Saunders; and in |Inmunol oav, by Bellanti, published
by WB. 5 Saunders. Particularly preferrgg pathogen-rel ated haptens are
those described in U S. Pat.. Nos. 4,625,015, 4, S44,500, 4,545, 931,

4,663, 436, 4,631,191, 4,629,783 and in Patent Cooperation Treaty 10

I nt er nat i onal i i Q27 02892.. a1l of whose
di scl osures argyg%%ggéogggg%nﬁg$§§n9%yg?%$€$%2%%9\ggggﬁééﬁﬁéfﬁﬁiﬁ

i mrunor eact W abséhe bepat séiqseBt Val usanner be TR natkhy dwisd ng nodi fied 15
HBc conjugated with a pol ypeptide hapten that corresponds to the sequence
of a det er mi naRRrpexy| bArBinaBsAgSidne paprrespards riesthesrasigiul? of the

~~S~~ (surface) .regiop.dis sed. in_Cerin et _al., Proc. | . ad. Sci.
USA, 80: 2365 (%ifés% 52048 nglt*%érglf:l%njrﬁazli?%eio?fe%%%ﬁfsorfso'\gﬁ'rfp&;ci ds 93-103
of capsi dsprot g8 ¥PhoOpreskthevhnasthype dr(P¥1.1Mhoneyaisdd@i n), anal ogous
to the work by Del peyroux et al., Science, 233:472-475 (1986). Such a

nmodi fi ed HBc cYapugprefprabldesaanonbeupéstediaiBeSseqmemee ebetthett h pol i o.
QO her potential, hapt ens om.pgligvirus type 1, Mhone nd Sabi h strains
are descri bed Fhow r6Be§ﬁéPgbeﬁb'§b£r§§5€§g?t?ﬁnp}e¥%§¥: SbTdiMfht s, the
hapten is a paghogepigl ahedshadbaBet Bat chanupeegacts with; i.e., 30 is

i mrunol ogi cal Iy bound by, antibodi es induced by the pathogen. Mre
preferably, the pathogenThel ahedrt WAn9bL4pD3deddBithin e GIRO02

PCT/ US99/. 03055 haBten i nduces an antib dégresponse t hat provi des protection

agai nst HAf ect FEALBPEhE palfiogEAL CREeLhoBSSEEXCRE RIAPHTHY 2P hrilence of

antibodies to an LABHNAESALi Rod,bady 2328RLE LEeEyan BrLropnized a0l mal are

wel | known in the aft. Methods for deternmining the presence of both
cross-reacti veiardrpr osepregenantinbtticesegionwebkr&spondingtte art. In
anot her enbodi nent of tge i nyention, the immune response to the B cel
det er ni nant i s2B68St 8G*¥0r6§ 4SS BP@&F&?HQaEO?tc@PItﬂe?%?%?n%%t. For

exanpl e, U S. HaLenk-Meerdn892 1hs daseribes frebhe Sihmhalidgion

pol ypepti des derived fromthé HBV nucl eocapsi d protein. cel |
det er mi nat s arerkeswondinghécarmmiawd acdd resddsedsasuhbeaadoperadi vel y
| i nked determinant in a contenplﬁted nodi fied HBc ?rotein or particle. In a

particul arly pléfer MoFteRBEdE Yof Hfe inS@&ht f§nloSaERdalT BREI

det er m nant isr@%ﬁbﬁe@orresponding to residues numbered 78 through

80.
A strategically modified hepatitis B core
20 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
25 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

30 the restriction endonuclease site will be translated

into amino acids upon expression, and that effect has



fromthe sane pathogen as the B cell determnant that 20 is quh%@ to
the nodified HBc. The T cell determinants of various pathogells are ported
inthe art. Although it is preferred that the B and T cell_deternm nants are
derived fY@¥W®4same pat hogen, 25 it is not necessary thatCVHEBESfrom
the sane protein of that pathogen. For exanple, the B cell determ nant fr.om
the VPl protein of the foot and nout h-#$sease virus (FMDV) can be
conjugated to a nodified HBc particle, wherein the HBc protein is 30
further nodified by having a T cell determ nant derived fromthe VP4
protein of FiBWe be¥Difg/ 4098he PEROISHOILD368080c4uBlease$ AsevErdll U The
additional T cell determ nant can be introduced into_a nodified HBc protein
on the genet FESFEYEF1QEi RPIRBRFIRABRA AEENBATTRFEARALYr a¥R142P&RN nus of
the HBc protein_se C 1,00 -- XYt er.m.nt Lngl udi ng as part
of the DNA iggé?fegggg ?ﬁ%@g58088%ﬁé'cﬁ%ﬁ?%gﬁrywﬁggc ?3é°a%g§o aci d .
resi due, but tpeefefrabbygnasianfgstenspgatatBsatnineleakhagy shieesi nus.
Alternatively, the additional T cell determ nant can be operatively |inked
to the PO coieddgake@wpB é&l FhgeksEnm nENETBL et hedescaiogecaMoR Aodified HBc -
protein. Exenpla iLsclosur : ribe techni f.or. _genetically
engi neeri ng ggﬁﬁk¥gg&ugﬁ%egt%gfgggélggié egggé%ﬁnguggggl &Eign protein of
the 15 presemgbrinyedtiean.can be found in: U S. Pat. Nos. 4,428,941 to
Galibert et al., 4,237,224 to Cohen et al.: 4,273,875 to Manis; 4,431, 739
to Riggs; 4,363,877 tolooensaprefezred gnioRatenguerhe FaisertRdconbi nant

DNA Techni ques:_ .An.l ntroducti The 2Q .Benj am_n- Cunmi ngs ,Publ i shing Co.,
Inc. Menlo P& RITEAFi F_ese%§3$$3%5§ea§9§§| %@urtz? 5%%1"‘11%@&!16’& ated by
referenge. ErchROGWea randdvacci Raso2heknpyel saneidhemmemhadinyent of the
invention, a nodified HBc protein or parF

icle conjugated to a hapten (a HBc
conj ugat e? i $hesegeasft resitpiondgencokyarsi aaculti@itthate dogaidce®npr oduct i on
of antibodi es that imunoreact bWi th the hapt ea\?ﬁor %ﬁ a vaccine to 30

provi de pr ot IR EFaiTEEEhECREEN5GER S FOMPRTCh SEHE FETTENSSs deri ved.
-~ AUG 2~ WRO9AQ934 . RCH, US99A03055 152 ActaMeMiahad Jingeul um or

vacci ne conprises a HBcAg conjugate that is dissolved or dispersed in a
phar maceut i cldartaoeeptestildatedi | uent conposition that typically al so
contains water. Wen 5 administered _in_an im*runoge,ni effective anount to

an ani such as a nmafifal*EET Y COREARBITE. Sy LYSHEEFE S se,

bovi ne, nONkeyn; rAP&ciY JHETRINe Qs Qi rted Anef (Y G d urkey, duck or
goose), an inoculuminduces antibodies that i1 nmunoreact with the 10

conj ugat ed (pepeernitdis |5 moewd) phayitedm aA \wageisie e adnyrespemmdingcul um in
whi ch the hapten is pathogen rel ated and the induced antibodies not only

i munor eact Wit B DTS FRS 8% BAFhee dcPhiddP Y he hdthogen or

di seased cel lapAnd NAY! T dtrZ §orkex e PARAYERD ¥ iH8aseeh Geldo Wi th which
t hey inmunoreact. The preparation of inocula and vaccines that contain

pr ot ei n&¢ eous-hmtherpad] is- i Bactdnee duwgreddi ergt sin shad sionmeiddamidesrst ood i n
the art. 20 Typically, Irsy{,ﬁl’hi nocul.a or vacci nes_ are 0orteopared as
i

parenteral s, €Fher® Vs AU REIG residue 7 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. Most

25 preferably, the insert is placed at residues numbered
78 to 80 of SEQ ID NO:2.

As used herein when it is said that the
insert is "at a position" it is meant that the amino
terminus of the insert is peptide bonded to the

30 carboxy terminus of the corresponding amino acid

residue of the hepatitis B core protein sequence



suspensions; solid forms suitable for solution in, or suspension in, liquid
prior to injection can also be prepared. The preparatl or8 A46 2Ms0 be

emul si fi ed.w@5%y/ddos4 | mmunogeni ¢ active ingredient is often nPEEUSINOBISS

exci pients that are pharmaceutically acceptable and conpatible with the
active ingredient. Suitable excipients-are, for exanple, water, saline,
dextrose, glycerol, ethanol, or the |like and conbinations 30 thereof. In
addition, if desired, an inoculumor vaccine can contain mnor anmounts of
auxiliary — $1Am,a conle WA 40934 RCT/AUSIYA3NE5 - alsuhslances such as
wetting or emulsifying agents, pH buffering agents or adjuvants which
enhance the i nmunbgertiie efrfssott \igmess. agfe ltvh & aldmas itheore sxdewrplodr y

adj uvants include conplete 5 Freund's adjuvant (CFA) that is not used in
humans, |nccnwﬂ@ﬁ%a%ﬁ%ﬁﬁﬂjRQ%%ﬁﬁ9Fant (1FA) and alum which are materials
wel'l known in the art, 8 B ¥ ehlee m&%gé&q&g& veral sources.
The use of small nDIecuIe adjuvants 1s also contenpl ed erein.

Exenpl arys of anei of e wfcissdd |imdec e adjaamatic adahitdia s3G-08al | ed

mur anyl di peptide anal ogues_described in U S. Patent No. 4,767,842. Another
type of small bml@cm%haaﬂqﬁ/anﬁt%éﬁ Bed- ystra-ed g.n FFa?saérml%l 4,787, 482
that is also us h 4. Y t ur e, of Iene or

squal ane and A?‘%%L%T"% nalfltn]i de #&% rge?'la eOtl&Y(e meadno ype of small
mol ecul e adj uvanfedised Uﬁuﬂt&j@idﬂsl§ s GidhsddddtBd-B- mﬁole -l fo 20
guanosi ne derivative described in U S. Patents No. 4,539,203, No.

4,643,992, No.ak; = = =Eale: e mAREALS 13 esedr

|ncorpor ed b f‘rencer_‘ f terial »7-a{ I og i ne

(1 oxori b i{ %g $ Yettr %/r prxg%a??é%t%%y 'I%r? n‘olie% ?18 ﬁé‘( €en 'shown to
be parti cul arlaan 68 f@&dd Vito | A3d NshuCi i BPtih@shi 1 FTmogedegsiati fic
response | nocula and vaccines are conventionally adm nistered parenterally,

by injection, PBA exguphes wnthnarﬁ#mgiﬁkmtémebu@dQSom ¢¢@¢@n®3@ularly

Addi tional formulations t a ui t ot her des ~ WO
991 40034 PCTNSESPB5DS8 2 15Tt trad 1o + AR LR ppls TorAada. 1 n
sonme cases, Orﬁhcieiavéaiaoge@ﬁeme nasg4wssha¥e E0U, sgppeskdories,
traditional binders and carriers can include, for exanple pol yal kal ene

glycols 86 5 tRBGkyeervaes{18%th, s@@%@%lb%rﬁe@ehhydb@ffbmbunmom
m xtures Contaﬁgiggeéggdgcéhalns g 9h39£ beptige backbone, so that

a fusion could be built up of peptide fragments.

The chemically-reactive amino acid residue
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



range of 0.5%to 100, preferably 1-2% Oral fornulations include such
normal |y enpl oyed exci pients as, for exanple, pharmaceutical  gr.ades of 10 -
manni tol, gehQeRss Starch, magnesium stearate, sodium Sa&ﬁéﬂgﬁi@/omss
cel | ul ose, magnesi um carbonate and the |ike. An inaculum or vaccine
conposition takes the formof a solutiggh_suspension, tablet, pill, 15
capsul e, sustained release fornul ation ‘'or powder, and contai ns an

i mrunogeni ¢ amount of strategically nodified HBc protein conjugate or
strategically nodified HBc proteinﬁgarticle conj ugate as active ingredient.

In a typical CHhPEEHs Gt LA $aRhoe eRPEN 2 GHO URES bRuSt #at egi cal | y

nodi fi ed HBc I | : tsategical i f] Bc protein
particle ccwﬂéﬁﬁﬁé?%%gsgggﬁt 1Q%O$O§%b§%t§g %% %?ga£%§ggtgngredient per
dose, and nore preferaliy abobbdlOed ~ghéni ahdLY - 2esPt Pee daseo 25 The
particles and protein conjugates can be fornulated into the vaccine as - -
neutral or sa@3ig grewidyhrdceutiedl rylaxcepeabieesalds, chatiiude the acid

addi tion.salt W ih t i o] t he _peptid and whi ch
are forg%d\Méhégﬁ%aggﬂ¥%§3 g@?%éféﬂ%ﬂ1gg?gﬁoﬁggxg%ﬁfg}tg§ ?%cﬁ%%ric or -
phosphori ¢ acdlsat &4i SaThy OhgADNE Ce@CHPE a5 .aCeEbR;uga¥th§944R98¢0en 53 - 8

AUG 2~T PCT/ US99/ 03055 oxalic, tartaric, nandelic, and the like. Salts
formed with tie ftheanedibbsy| HBEbupsUgajuil sbdeechainvEdnebienshor gani c

b h f | di t aSSi ' | ci ferri
e hydr oxi GFEOURR (L RGEROS, SRR EOBASBL 20T SBBS 0pG T BT R, SEFFGL hyl am ne.
2- et hyl ami no &fhseel1 §&§&§Qin@hienoqasﬁﬁ,gaagthspaiKﬁomlegcinocula or

vaccines are adm nistered in a manner conpatible with the dosage

formul atfon, mmbd0(engsuthrasboatand hiettifanapeut Thal Ehermiftatiyve and

i mmunogeni c. The quantity to be.adm ni.stered _depen on the subject to be
treated, capaf???tBYetﬂgxgﬂb?Ség'§eﬁﬁﬂﬁﬁel§y§¥8 ?gfgyﬁt ¥St28 anti bodi es,

and degree of.profpati ofgrdesktedinkr eeksauanBenhscatpdyactive ingredient
required to be adm nistered depend on the judgnment of tKe practitioner and

are pecul i ar ¢toneathingdresddak. sHioheaer aspartabl ecddsagegiangescare of the
order of several . hundred nicrogrgns active_in i ent pe indi¥idual.

re
Sui t abl e regi 785 or L¥BITRi tFaf RARFAFYERALYORTS ﬁrBSQSFgFm%HB Yare al so

vari abl gg but - agec iy Lihedob¥caR kBktkak adm nistration followed in
intervals (weeks or nonths) by a subsequent injection or other

adm ni stration. 25 Anot her ienbodedenhasf thkeaminenticad resadpeocess for
i nduci ng anti bodies in an Qst. canprising the steps .of inoculating

sai d ani mal hBSEUGRER QA Fﬁgg F%ﬁ?l?ﬁé ﬁn6869u928§€&niﬁnFﬁéeﬂrBXess
conprises an LARUBAGERT ¢naBBENEpOfoR -3t Lalkedl cakly3Q shRdif i gdshepatitis B
core protein conjugate dissolved or dispersed in a pharmaCeutically
acceptable 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 indiwvidual

chemically-reactive amino acid residue in the insert



WO 991 40934 -54 ~,$ AUG ~uuc PCT/ US99/ 03055 diluent. The strategically
nodi fied hepatitis B core protein conjugate used in the=@rAd@2082conprises a
hapt en pendembloysdossnked to a strategically nodified hepatiti scBussnmsoss
protein. Preferably the 5 strategically nodified hepatitis B core protein
isin -. particle form The strategical lypgorodi fied hepatitis B core protein
conprises an am no acid sequence corresponding to the hepatitis B core
protein am no acid sequence of SEQ ID NO:2 including the amno acid 10

resi dues nunberggdiphout, S 4o abguty 140 and addid jonal 't&aﬁg‘{/i Ag,an insert
in the region corresponding to am no acid resi'dues nunber ed‘abott 50 to
about 100, sai Gdquzerde (df tied nipdirted dbmgt MG hed neomaaichsr @si dues in

| ength, and (ii) containing a 15 chenmically-reactive am no acid residue.
The hapten is pRHIERAN Y i5R&SIE 1V (HBLRQ 3t yinen YdpanG@™f iDsd Uséfatitis B

core protein t | d.c ] Y. ' ] no acld resi :

Pref erably, thrg)ﬁegrg%qeaﬁﬂ% glrb%e%goscgg#- r%f%%a%%/% a%ni%g#gqies%ﬂn &ined for a
20 time s ficiielday oY ibash e v be vrwugeidopheliistusdddonn s
illustrated by the following non-limting exanples. 25 Exanple 1:
Construction ofB & Msdigrkal Hepat i t YacBimes & Iy itk 3 X390t ¢ect or  Usi ng

site-directed enesi s sihe codon (TIT} was jntraqdu .hetween
am no aci ds D7giﬁf§% %?fge"osf(f)h%% t YERESIE o W%sﬁ:‘éEclgRI ( 30 and
Sacl (GAGCTC) rastdl ctyonverslonugs easeleéiesa t oL dan)i ldddtind imspenetic

insertion of other condons for - ~ AUG 2002 WO 99/ 40934 PCT/ US99/ 03055
- 55pr oduci ng stRze-e)i2al3I3- hblli seadengdrdds¢iBesgirin & eScifiseli gfert t hus

had an anj po acid resi due segue ere. the AOis an.artifact of
t he EcoRIrT1 ite %nd ‘?%%cﬁefsgghfg$f%§éﬁ%?g\{]he qPPIO Jsa}ttee.TaThe
strategically r@é’ll“'ﬁ‘ﬁii&@é‘tdiééu;@sé@rﬁeﬁe%&f@éf‘ 39S tghedpr@nl55 amno
acid residues long. The construction of the pKK322-HBc155- K81 expression
plasmd is descaldmdodeahnad £bigonivsenti deEpenpbrsy pldayeSE®@d D NO: 17) 10
and P1R (SEQ I D NO; 18, on the conplepentary strand) were used to anplify
the 5 end of tHee eg%kh%s?bageggg-%ﬁoﬁiﬁ 0 attds - 7Yy 4hd 48
si mul t aneously jfcospogagesan Ncol restriction site (CCATGG) at the 5' end,
and an EcoRI restriction site (GAATTC) at the 15 3' end of the anplified
product. ©bigonucleotide prinmers (SEQ ID NO:19) P2F and P2R (SEQ I D NO: 20,
on the conpl enentary, stra g.were sed.to.anplify the 3' end of the HBc
gene (bases 232- 450, 4ni re At F48130+495 I L LR PRuPEameBusty Hot at e an
EcoRl 20 restriction siterf GMTIE cabohbemplattd tRaSag ! nEEstidLd ipn site
(GAGCTC) adjacent to it, an inserted |ysine codon (AAA) between them and a
Hindl 11T restrictoom sroeedh $AASCEF)cahdy3modnfiiefl &ébhedampribe@d product.
25 The two PCR products (encoding_am.no acids 1-78 and am no_aci ds 79-149)
2 HoRags o

were cl eaved w FROERORRFS PFRSFe FREACRE -t hERF CORHORP over hangs,

cleaved wphh Neghgapd-kt fdht! oandhel geedcbgieaihg RXALLS8H08opLasm d pKK332
(Pharmaci a), using standard 30 techniques. "The resulting plasm d was call ed

pKK332HBc- K81. Thtiugéashednsanrbeodsttef onsehe erpressing 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



WO 991 40934 -56 s Auc 2002 PCTI US99/ 03055 of a strateggqauiﬂﬂhndified HBc
protein bearing a lysine in the i munodom nant | oop. The expressed
strategically nodified HBc protein spontaneously forned particles. The
strat egi c‘é(P|9§/4?Péﬂifi ed HBc of 5 this Exanple thus had an PRIBIP9/03055
corresponding to position 78 of the HBc of SEQ ID NO:2, a chemcally ]
reactive lysine residue at a position3®orresponding to position 82 of the
HBc of SEQ ID NO: 2, and was Mtruncated at a position corresponding to
position 149 10 of the HBc of SEQ I D NO: 2. WO 99140934 57 Exanple 2:
Modi fi ed Hepaiirid sadi CoseqiRatide Cl SR id iTatd N st TmALE R aBGH US99/ 03055
Strategically nodified HBc particles of Exanple 1 were expressed in E. colt
typi cal | y E.3%Hltsequengt RorPtierahlomaney skl (ki eem, s d8isin) or E
colt TBl11 fr rli o) i ght [ Il noi s he .t.ransfected E
colt der-t ot%%}'ﬁgfﬁ%‘g%%émg%g%x%lggs%@%%esrﬁhll ~plj<%]:3]2:5?-780t~1-1%5- K81. The 'w
strategi cal | yoripshidt ed dBeipail i€lps vaire P frpeoBLcrési dgphar ose CL-4B
chromat ogr aphy using established procedures. Because particles purify in a
predi ct abl e hebherruleRés ronEXeMPIRr0iepHiopes caxd udisrussedig sinpl e .
spect roscopy, CIZeg% in concert with SDS-PAGE anal ysis to assess purity of
i ndi vi dual 12°¥FHeF+bRE  prior to pooling, was sufficient to enable the

routine purification Oi\neiﬁséf@p&&{@éiﬁzl?ﬂéyapé&aémpééiiflféaé&\m gh yield

(5-120 ng/L cell culture). The spherical Structure of the pure

strategi cal | ynimdi £ced hepadueicamB Tse parcheses wasordearty 20 visible in
an electron m crograph. Exanple 3: m cal Coupling of Synthetic Peptides
and Modi fi edc%f)%?i ?gglﬁl%gg %%?H%ﬁ% BECRTEC LFF o BYFRaFFy nodified
heptathbi s BsgQhelpaytighenkingdust Sb1the expresghoniRyasnid

properties.

A strategically modified hepatitis B core
protein can be chemically modified by methods well
known in the art. Numerous such techniques are

15 disclosed in Roger L. Lundblad, Technigues in Protein
Modification, CRC Press (Ann Arbor, Michigan: 1994).
Such chemical modifications are made to enhance or
diminish properties, for example, a lysine amino
group can be blocked to change the isocelectric 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.



PKK332- HBc155- K81 from Exanple 1 was assayed for its chem cal reactivity
conpared with simlarly expressed and purified "wild type" t r uncar®duu 2

hepatitis Bvaoywa80 particle HBcl149, which is identical to MBUUSHOKBS - S
AUG 2002 REPLACEMENT SHL '~~ WD 99/-1093-i PCT; 1~599%0~(1~~ - 8 AUG 2002 a
:Celt tf:at It _aCiv3 t:le; M"t~0GLICG =~ /5~~~ ~S ~lie and -~.ar_:~ng
five am-.no acids. Si.~_thetic peptides (harte:.~) were chem cal ~vy
con~uGated to tBc party cl es usi__”~.g 5 succlnimdyl ~- (Nnmal

ei mdo-meth~rl ) cycl ore~cane _ 1-carboxylate (SMCC), a water-sol uble

het er obi i unctional cross=l~ n'Jring reagent . SMC~C, ~ s reactive towards
both sulfl~rydryl and.pMoRany 8frabegrodbIy-RoabTiag tbeeseauesinal
cor.jugat' _or. cf .. s _rntheti= pest=des tc- aBc part~.c' = . ~ ~~~Cc=e ~

~mar_ amino groups hav&hgr s¢ratsgycheedifasat ipruohi the SMEBREFLiSher, the

11. 6 angstrom_space. _a;." .al z¢rded. | ps reduce sterlc

i ndr a8 ce. 15 ER38e BEOEERL TRACYE: AEL I (e, By KekBCpF8E8:C
e_"_ai._'5s nC iy The 28T on €nk~DNA. levbl, CFexr exbmpPe byl ihk¥rting

| -BC~~.r-:tW ai _d =v.==~ L' "a=t1C S We="_ SAC-~ "'iv ~3GEwWwt~ c .
. _~ . _: W $BeCeofonsCoorgespenidngltanthe emdupSachdst Evebe3. mi _~_C Q
CUDS O nad Ve anl nC gr S plus the ar e ~"IT_ , Ch ~ VS ~.l¢c 20 =?sidue
of the insert)lnis(?rrt?‘ﬁea SIS BRCEERpEFRFUrE FREBOSHRESEERS, IR Bhosphat e,
pH 7.~ to foryRisidrdeatkhyahednHBe Rakt bekes robnegamped $at €C was
removed by repeated dial vs~s aaa~ nst SO crust sodium prosphate, pH 7.0.
The S~t CC der miatailz atilamref i25 inlfeckEBd parprtellégedeselfied ~n a mi n=nal

nmol ecul ar_ wei ght i ncrease ich _was not. detectabl e by SDS- PAGE. Hcwever,
the PAGE%nal ,, rs=s di dNEe%drsmfPﬁepzﬁég&ngy I”Ia_czs‘fahBX'Héélﬁ‘rsotléLrs prior tC

nroce?C~-nc COdh,o RAPLIME GRNIPHGALRR SieRe 3ASYRLRS! EQOE%RHsd?L% to be

coupled to the HBc particlrs were designed such that "they had N-term nal
$ AUG 20A2 WOt PCHEYSO 91eQ30 Knowdodys ttdien@ntesi dhes siameenabl e

di rectional conjugation of peptjde haptens to the primary am ne on the side
chain of the if‘fﬁ%ﬂﬂfcéﬁ?%%%é%ﬁ:é%i‘% He%gﬁﬂann@fsﬁlhﬁhydryl of the

hapten. 5 Table 2 shoys.d.he Surdie! ip%r&qreflie%e%fd%rﬂevgwegﬁmomma&n

cytochrone P450 enzynmes that were chem cally conjugated to HBc particl es.
The synth®ti c qkhitides, WMBaglisssbHEeRg r©ab0 heMswdiugedphespghat e, pH 7.0, to
a concentration of 10

/m__ 10 The synthetic peptides were then added,
dropwi se, to a'3F¥tH ‘ggd’éeésl Wit gt O"E%ﬁf}?dlfg $SPIFYSST deact i vat ed
strategical |y gmdif¢ed SR K Pargdc! &g, and penid ted g kgact at room

tenperature for 2 hours. Ml ei'm de-activated HBc149d particles
and 4,563,423 to Murray et al., respectively. Those

recombinant DNA techniques can be easily adapted to
20 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.

25 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
30 B core protein conjugate of this invention. The

hapten of interest typically is a B cell determinant.



1S were reacted with the two 2D6 peptides (206 and 206 C) as= @oAug "8
AUG 2002° WD 99/40934 -60 Table 5 Cytochrome P-4S0 Hapt ens PCT/US 03055
Pepti de NaneSeauence SEO I D NO :5 1Al (289-302) CQEKQLDENANV g} )
(291- 302) CERAHUEHSGNLI 222D6 (263- 277) CLTEHRMMDPAQPPRDLT233) Z’US99’“3"55

(253- 273)CVKRNKESRLEDTQKHRVDFLC241A1 cCMQLRS10610 -,
1A2- cCRFSI N1072D6- c CAVPR1082EL1- cCl PRSIBRC- cCFl PV1103A3/ 4/ 7- cCTVSGA11115
3A5- cCTLSGE112 Exanple 4: Analysis of Mdified Core particles Conjugates 20
Strategically nodified HBc particles pendently |inked to cytochronme P-450
determ nant &M énpwin banibe 8 pel epapiel §& £da bya SEGPAGE:- @nd | nunobl ot s
to determne if synthetic peptides had, been successfully conjugated to HBc.
The denat uri nFEBFHEGHAR) oY A PR RPEYPERPHBE esTQN UF3ERABY RT3 parti cl es
into their cq nt t Because HBc nononers have a
nol ecul ar wei @ %&l Q%ﬁ%%%ﬁﬂ%%l%1@hgﬁngggg%gﬁge? was sinple to ' resolve

HBc155- K81 partl cl es cheniladd Yt sonpp@abedvé Dy 30igkihgr idddv{ a8 302), | A2
(291- 302) 2D6 (263-277) or 3A4 (2S3-273) peptides, as those peptides have

a - a Auc Joortens gmlzﬁ)qsrzpmmLgewgmgpt@deethrwghrmne@mm rrass of
apprOX|nater 2, 000 Qg and t gre Cﬁege a V|E]ble |ncr?ase #
mol ecul ar mass™ o E?ﬁEQ%% %ﬁo?el Wn3 Ee ProhTtHe F eP3tYVEP h?%n5|t|es

of the conj ugad exb@nch ¥h ygaiﬁﬁkédb%ﬁlﬁne?eﬁ% PAFughteWas reveal ed
(0]

t hat approxi mately 50 percent t he HBc155- K81 nononerS were operatively
linked to hapted, . viherrerched ychdbut pelpeepehteopol imetwi hdet ypet HBc149

ticl | i nked t.0 hapt Th ked in.t 10 ob d
Coccoss i n eI |5 1510 R napTERCE oVERGoREr APBORURI 19 RGBPY i od hepat it s

B core ppot ei fhSURPOIdSe the rﬁ&P&'t‘?ﬁ)QE bhakuhbeiehaer yedupknkhng occurs via
the inserted |lysine as opposed to a lysine residue that is also present in

the "wild typeérld§ET$Ed$h¢malnﬁ apdi resylof inBchpartrecties ponfegated to
shorter C-term a é%é%élvgd epti des 5 and_5- EE %) is not as
pr onounced idp? SEPPRAL PBENENR PgﬁBE}Y| AR F@ofy pepti des, but
shifts of app&ggéfgg@jy 790 Da \ebL8p gbaarlky ggeeﬁggg ﬁsuccessfully
coupl ed HBc155- K81 nononers. The strateglca ed HBc 155-K81 protein
exhi bi ted markephyateadapgedt abebstyohe peddenhbynllnk to a hapten over the
"wld the" HBc149 partlcles m@lch showed m ni mal conjugati on.
ods 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



25 In the nodel of core particles propounded by Conway et al. of

i cosahedral particles of either 180 or 240 associ ated Cokeg Rppt i,N nononer s
[ Nat ure, 38609d/ad944 (1997)], dimers of the relatively exposeacr/ﬁﬁ%mdgm nant
| oop regions of the core nononers 30 extend out fromthe assenbl ed core
particle into ~ ' solution |ike spikes agp_a mace. The "spi kes" are ~ AUG
200Z WO 99/ 40934 PCTNS99/ 03055 -62 closely arranged spatially on the HBc
particles. The strategic |location of the introduced |ysine residue on the
tip of the spike mi_nimzes Aropensity for .sterjc_constrai.nts to
reactions to Iblynl%ﬂer?é:pt):tlé’r!\ls ot%ggmtqﬁoep%srgéeén%cfnesd wc%&le Zﬁéﬂl’ln&%t&l%&arrrlaexi mum of 50

percent of thestuht &ging@dokymdidirethidBe dareamRyrs 3wgne successful ly
conjugated to the synthetic peptides of Cyt P-450. That anount of pendent

| i nkage corr esiididopyy igly laverenjeorft @ne hapten attached per 10 core

particle spike. This prqpos distribution . of hapten |li.nkage to the
strategically nodified &%’be iR s?fb&?ﬁt@dp&?rbﬁor Sul ts under

sen denatdir i NghneBdidd @Rs st rgh St esghepandd cleidhidse maintaining the
di mer association. 15 HBc-2D6 particles, prepared by peptide coupling, were
exam ned usi ndiexamgtdihvlers tdiaeire row tdieher dsidhrattiomagf mdiecD@sepi t ope.
When probed with anti-HBc antisera, the chemcally coupled particle yielded
two i f1er ent Hortines giferks MpShl HAtS Cies RATFiind MIRHU ¢ he 206

peptide. Only the upper(:%%gwécﬁa Lotte é’%‘{ayégﬁ% t?g&;,r??%trjtser a,

t hereby confirmng the I on bet'ween nobi attachnment of
the 2D6 pepti deon@indoxaai edl yistpat dei leabtysi nerd reertdanglsy ardest ruct HBC
particles with inserted |ysine residues at ever ‘y position in the

i munodohf nant3"S ¥Rk posetr | 36 pve e oh e 1 dd? dh/5- 85), PCR was
used to anpli fﬂmﬁd}ﬁ:l%gdim 330, fragrent s, fe,t %dlﬁ%%%.@d a single

| ysi ne codon was I ntroduced via the oligonucleotide pr rs. The WO
991 40934 - 63 RGEHAIFOND3I05B 18, FRIG-2moha oimidendnze, prNyers and t he
resulting am no acid sequences are shown in SEQ ID NGQs: 61-82. The "wld

type" sequence¥ WXXSHTI I MRS 595607 (R REPCRY ekt at B¢ yisie inserts
o o om0 B B ond b of PO
whi ch rec®gni zesrbdeylate (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



sequence, AATT. The nodified gene was restored by ligating the

ol i gonucl eoti de prinmer (containing the 10 Iysine) at the convenient Msel
restricti ofycddfgodsocat ed at nucl eotides 221-224. Fﬂ[’ Iﬁ K8 S50k das

NGs: 85-86) it was necessary to generate two fragdb § at were ligated at
a comon Xhol restriction site (CTCGAQs4hat is not present in the wild
type gene, 15 but could be introduced at position 239-244 w thout altering
any amno acids. Table 6 Lysine insertion nmutants of HBc 20 in the

i mmunodom nant NaneSe ceSE .
HBcTV\X/GVNLEDPA%R%Eg\EWB‘BK?gT - SRBEY BYNKE EDPASRDLWSYV6
4K77TWGVNL| ~EBP B%V\smgmwam KDE Y@MVQ%Y TVWGVHE EDKPASRDLWSYV
70K80 TVWGVNL EDP~ASRDLWSYV7 2K8 1 TWGVNL EDPAT CSRDLWEYV74K82 GVNLEDPAS#~RDLW\S
YV76 ' s AUGR208% . WOh9eh48884 :- 64°PEYT/. US99/ 03055
K83TMWGVNLEDPASR~DLMBYV78K84TWWGVNLEDPASRD~tLMBYV80K85TWWGVNLE ASRDL_ KWSYV
82 To purify the stratefi-€al FF-ABdi FPed?HBE 'pPéteFRECREFSFEATREI | | ysates
froma 1k fergpgast gk %«mg@mp@%@h@hﬁ@hedb@kmeﬂ% agpepRL¥myayl fate and
the 5 resultant pellet subjected to gel filtration.us~~g Sepharose CL-4B
chronatographpo@&p&@muﬂelmﬁam)a{e Baefu&uhare HBEnhaseamehhodct eri stic

el ution position when yzed using t'his type of colum, which, was

i ndependent oFogﬁéegﬁi%&%ﬁﬂqyapﬁ§§rgﬁoﬁ§aﬁﬁaé PathhERSOCREFLPEI &7 The

el even strated gkl mdhidced 196 vRak! bel 65, 0°RE63EEA FOEO! Bbgnshudy vere
anal yzed using this procedure, e elution pro es were neasured
spectrophoton&bmrvﬂdadzﬁanmleabsomb@ndgpebtza& heptéh TBree of the
constructs (HBc-K75, HBc-K77, and HBc-K79) were produced at |evels of

bet ween B0 andhESGARHAL, apficied 160 MEACAB e Wiithh tRepPEARVREERds f or

wi | d-type, %Egg( of the
constructs (Hggﬂkggﬁdﬁgﬁ K%%Jﬁﬁwaﬁg%tlngéﬁé K§%§8k8§é°§?g uced at
relatively | omddavele afedeaiineian Bl cvié 2ote/ih donfakkye.f our of the
particles (HBc-K80, HBc-K83, HBc-K84, and HBcK85) were produced at |evels

deermed to be barely det &a@bi@ ey M@ﬁﬁPl are-a$1A@Ge2993bﬂB 941 40934 - 65
Tabl e 7 Yiel dg, of Ryd 4,64 | NSNS LAVAIANI 086, Ralkiches ok 9ma 1L

fermentation

Particl e el d(artg/dr)é-lli‘ﬁ:rilcﬁﬂ(dﬂaﬁl) ARG i 16HE) SHBepEI KT dnkd HBC +1=0( K78) 10H
Bc- 150( K79) 94HBc- 150(K8:BOHBC 150( K81) 17HBc- 150(K82)1HBC 150$.83)0HBC 150(K
84) OHBc- 150( K8)er, including N-succidimidyl-3-(2-pyridyldithi

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



PCT/ US99/ 03055 The foregoing description of the invention, incl u?‘gg é&@
speci fic enbodi ments and exanples, is intended to be |IIustraI|w

present i nwanbde34l0 and is not to be taken as limting. NUFCE0s89/08658 € T

vari ations and nodifications can be effected wi thout departing fromthe

true spirit and scope of the present inyention. - $ AUG 2~ REPLACEMENT
SHEET WO 99/ 4093 PCT, ' US99/ 030~3 ."BAUG- ' .. M~a~. is clained: 1 . A
strateS~. "~. | i:; nva_..~eo h= pat~tis B core protein conj ugate c~npris=.ng
a s~ ra~~g|call h o i endent |y
linked to a hg’pe lq?gﬁhe?gfnggg EBF FEH B ggﬁ%%%PP?is B core
protein Conprb@ﬁby@ﬂn@ntnemawndhsequemnemﬁdérespmnﬂyﬂgokp theitepatitis B
coreproteln am no acid sequence of SEQ T_D NO:2 including =v ~~= a:~m ~o0

ac~c' resi dued-sulfsaicabedd 1508duBbEAE L 1~0TRAIPATELIEBAAF1Ly have ng an

=nSert _=': the.r a resid nunber ed about
50 to about 1éﬁe€§%5$| ﬁggPﬁgig gelng %r gH%b% #HO 855’>kl‘ls§a0 aCIC r° sl dueS
In I~1Gd |, &@ﬁe(rzl:ﬁonc@lslgﬁc&hﬁﬁlmiid;ﬂ - (W-mafaimydbmzChyVe a~; ' ~n0 aC _d

S du, S CnaCte="1:. i~ pender.t;y 1 in:ted tO said C':cr*_.". 3 -
= =W . tIV a( Gy<:1l-€®ea<@r@-rIZSIaer@EXYZatﬁ?héSmt?Cét egi:eamesi fode= Qaarﬁpatu tis E

20 core prote~[. conju or the i sert ~s in
the region coﬁ?ﬁgﬁﬁﬁ; %Eé%€a§ﬁl §&EC|d %Hasgoﬁﬂﬁbiﬁég éﬁoﬁ? 70 tc about
90. .. 3. The jiJyral &l Gl leknaREifivad aﬁaahball%léaa%ﬁgr@prﬁée r. conjugate
according to claim~ wherein the insert is in the region corresponding to

am no acid regiauss cundrenrslds 78nt ¢l82rly. behasetly, akegi-cakhy nod; =i ed

hepatitis B 30 core protein conjugate _accaqrding to claiml wher ei n ~ AUG
2~ WD 9@%0935%%@@%% é@% thet ﬁ %éﬁ’”ir ‘a pol ypepti de hapten,

chem cal hapten or car b@h%l@tp%p@aateeaap%enm%nsﬁa%ab%ﬁla%lewﬂﬂDQ'f' ed
hepatitis B _ 5 core protein conjugate according to claim1l wherein the

hapten is a patuntgen-ofklvatyed wedpdt dmowd. mhef.hst rategi Uashlay pedicfided
hepatitis B core protein ate acc n claim.S wherein 10 the
strategi cal | y THRf' ?%&Ftﬁﬁéﬁd% g <§%§#1YfHFHHéFeggonF§és a T cel

stimlating and d fs?c%ngﬂ%éﬁqlé%'ac%ﬁpga@édv%leEhHl%%g t@ the carboxy
term nus of Sal epatl tis am no aci d sequence.
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,



15 7. The strategically nodified hepatitis B core protein conjugate
according to claim6 wherein said T cell stinulating am no aCi/g%rA%‘mm
[

sequence i §, d to the sanme pat hogen as the pendently I'&F
pat hogen-rglpag'sjé@ssﬁapten. 20 8. A strategically nodified hepg I 959/ OCor e

protein particle conprising a strategically nodified hepatitis B core -
protein subunit having an insert contarAfng a chenically-reactive am no
acid 25 side chain, said insert not itself an antigenic determnant. 9. A
strategically nodified hepatitis B core protein particle conjugate
conprising a 8fdptheakegyletispr aeegiocsl hpedpdic itewnsdgeatr tsus tBbder e
protein subunjts pendently linked to a hapten. """ ' ~ AUG Z WD 991 40934
- 68 PCT/ US99/ 9555 £6. PYREVEEr & gflt?illlrfgnﬁdrioftieéﬂ"hepati tis B core protein

parti cl e conj ugate accopdingrke et Wagkek ahpiits, O Lk ahout 0.5 of

the strategically 5 nodified hepatitis B core protein subunits are . _
pendently |inkgdtemsaarapnemw. alhiltipdest r &cegiccalnpl empdidnicatkrhepatitis B
core protein particle conjugate _accaording to claim9 10 having a plurality

of straté€gi caPPHURBARFi E@RESANILS BN HE SO MUt that are :
pendently i ”é?@vﬁae@' Lherenniant %ta]i%ring‘eco?w&h%?{tcal l'y modified

hepatitis B 15 core protein particle conjugate according to claim9 wherein
t he strategi cakky riediibned iepatiidd 3 riBerarieompral alie Addimdd fasdier

conprises a T cell stinulating _am no acid residue sequence pepti debonded to
t he carboxy- t GefigaCees/TYWE Gl (He saath &0 Qe iRl i @& ©oorfis pondi ng to

caid Nepat 11 3,80 ol saughes b g oL AP £higu il 1
wher ei n itche TagekheStunTileatding HH MiakigbdLsighe, 6. J 1 omdds mpne: pat hogen
as the pendently |inked hapten. 14. An i mmunogeni c fusion protelin 30
conj ugat e com@di-si Aycd g3l Asdists dteshaft &P Debildrihit) ly 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.



linked to a strategically nodified hepatitis B core

W O 99/ 40934 -

PCT/US9 O Ob~ protein that conprises three peptide-Iinked don:a'gnbU,G sl

and |11

fr ovp ddapodN- t er m nus,

wherein (a) Domain |

about 10 through 50 of the am no acid sequence of hepatitis 5 B core

protein of
resi due of

SEQ I D NO: 2;
Donmi n |

(b) Domain Il

aci d sequence of hepatitis B core protein that further contains a 10
het er ol ogous insert 1 to about 40 am gbflgi

i ncludes a chem cal ly-reactive am no acid residue;
bonded to the carboxy term nal p&s

residues in length that

and (c) Domain |11
Ode Dogiand | and corresponds to I5

COr r esponpeT/ASIIrssss dues

i_§-honded to the carboxy term nal
and corresponds to residues 50 to 100 of said am no

is

resi dues 100 to about 140 of the am no acid sequence of hepatitis B core
protein. 15. An imunogenic fusion protein conjugate according to claim14

wherein t -L-ed_ha%a.t_ r
conprises|a fourth pepti jle-l i nked|ddn®@*n2 Domain 1V,. wherein ([d) Dongin |V
i s bonded |t o PREaBAFBoxy |ARHAIAR |reSedde of Don@S¥USACeand conmpffles a T
cell 25 epitope. 16. A stirategicallgpieed¢iled hepatitis B core BPHRi|n
conpri si ng sane@m@caccwaCi d [Feghience | @or r espondiLsgLIDKIBEIGBRE am no| Z&ci d fesi due
| 0 to aboytrn8@rcmpaeo acid resi due{140 of the hepatitis B am nol acid
sequence ofStSBOOCEENG: 2 arigPhavi ng Ban am no SREKYPEDOKKIRBEAZEFER \J9 99/ 40934
PCT/ US99/ 03985ranige sequence insertl in the rictHEGWPRYPANQOSoNndi ngl to abgut
resi due 50 FBPeAF80¥1di88| 23100 ofl Bt he hepajt XXPAPABAARFAAEPAPARNET nsert
i ncl udes 4PAR¥M cal ly-redctive anilno acid rig¥PA and the inseft itself is
not an 5 anttVgenic deterni®fdnt. 17.7 An i noclfEFCEMBPREERg an | #hunogeni c
anount of |[a_strategically nmodified hepatitijs B core protein copjugatg
di ssol ved |6*Vdi spersed i %*2° . 1@ phar macett BRI REEEDt abl B2Hi | udnt
sai d stratiegi } eﬁ—he-pa-u } ol-ein_coniygat-elcorprHSi Ng a
hapt en penig!ﬁgzlzdyﬁhtei&? t? é_ st Ir:at eqi gal{! yﬂr%}\ i iﬁﬁﬁ%ﬁ)j&?@q B?O(:or+e _
protel n, Whekohdbabblrahr qtadimal by ottt et et ipngseet e —thyprotal n
conpri ses |3l aMd19.4C1 d sequence dorrespondj ng to the hepatitis B core
protei n antgErracizd—Sequentssal —SEQH D N2 Tt ki D aekvTo| g1 d
resi dues nuwikegssdeabout 120 to aboyt 140 and| @gidi tionally having an insert
in the regBdFrIaCOT TESPUTGEFAY 10 [Tl MO aci fTi &t sHESsvSNBIReE ed| apout |50 to
about 100,| wabdodmesert (i) being 1 to about|{ 40 ami no acid residues in
| engt h, anEnfiudnzaORE/ARAI MR a chemxal | y-T epsduseeErECNO acl d r €34 due)| sai d
hapt en beijng pendently lijnked to daid chem tally-reactive 25 am no acfid
resi due. 18inflhenzandeiArRaM BECCOr di M@ t o cl al (YANLLWERHKei n sai d s{Bategijcal |y
nodi fied hepatitis B corel proteinjconjugatelis present in the form of]| 30
parti cl es. Yersinia pestis V Ag B DILKVIVDSMNHHGDARSKLR | 36
EELAELTAELKIYSVIQAEIN
KHLSSSGTINIHDKS INLMDK
NLYGYTDEEIFKASAEYKILE
KMPQTTIQVDGSEKKIVSIKD
FLGSENKRTGALGNLKNSYSY
NXDNNELSHFATTCSD
Haemophilus pPBOMP B CSSSNNDAAGNGARQFGGY 37
influenzae
Haemophilus pBOMP 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




~$AUG WO 99/ 40934 PCT/ US99/ 03055 -71 19. The inocul um accor i

gauGes ai m 18

wherein said hapten is froma pathogen and wherein use of said inoculumin
a mamal i awohsbo3pr ot ect s said mammal i an host from said pat

A process
I nocul at i

for
ng sai d ani nal

host wit

i nduci ng anti bodi es in an ani nal

h an

host conprising t
ulum that conprises an i mmunogenic

/0305
e s

55 20.
teps of

amount of a strategically nodified 10 hepatitis B core protein conjugate

di ssol ved or dispersed in a pharnaceutically acceptable diluent,

sai

d

strategically nodified hepatitis B core protein conjugate conprising a

hapten pendently linked tao a strategically nondified hepatitis B core
prot ei n, 1?r\ﬁﬁ§¢°§1°ﬁaf he ategi Al Ty nodi fF‘EtTKH%‘@éIFV*Eq%EB‘\%’O(éE‘ prot gin
Con'pri ses| i 10 guencelcorrespon q‘TT a_the hegat LI i B core
protein argigéi "§ 8%quen®e of SED I D NO: 2| RIETIRAXTCHHETER nb 4ci d !
fesi dues Sred about 10-to byt 140 an S9nTng@;f|nnalé having a
i nsert in regl on corfespondi pg to ami np>Aci 4 s Hies '?’?id?mt“)é? gg apout 50
t o about ~t+Asert—t—berpg——to—apout WN Lresldues I n
| engt h, an@yutiﬁdﬁjg cont ai ning a cheﬁrﬁdcal | y-reac IAP HEPAEE 188 due ~said-
hapt en 25 dEiRgaRgndenttyydinkedrio—sard—s S\?UI%%I;YPNG pdi-f Leg7he-paiﬁ Itis B
core prot efg—ncgpgﬁggh said chem cplly react am no aC| resigue, and
mai nt ai ni MELEAbdt e et fggsta tT e suffiei NHYYT—I@},GLEMCU. es—t+ggbe—+nduced.
30 REPLIAGRNMEDNT-WSHEET WO 991 d09BJ PCT~~Li 599/ 03055
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 VECASTVCQNDNSCPIIADVE | 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 RGIFGATAGFIENGWEGMIDG | 15
WYGFRHQN
Influenza virus Infl B EKQTRGIFGA 16
Mycobacterium T AVLEDPYILLVSSKV B6
tuberculosis -
Mycobacterium T LLVSSKVSTVKDLLP 87
tuberculosis




,~ 2 _ - g A! G2002 ~ ALG 2002 2~ . T:-ie pr~:~cess according tRuglz%m 20
W1 . 1~ Sd.:.G Str ate3dlCai' ;| tT~01~1 d Llepatltl$S Li Ci)ge prcte=n
co.” . ~ugat e zsent . the, for;n of particles. 5 22. T

accordi ng th(g?sg?fr%xgl wherein said hapten is froma pat hogenhifca-l‘r?l‘c:'ié)g\(/‘%ﬁﬁ(§s '

the anti bodi es induced in said manmmal i an Pgst protect said mammal i an host
from said pat hogen. 10 8 AUG 2002 WO 93 40934 PCT/ LTS99/ 03055 1/1 Schene
1 N03SOOO!I smHBc N2 + NO~~CH2Z. NO OO PpH 7.5 HO ~ smHBc N C(
?-CH2 NOOHOIIlI HST + smHBc NNC-CH2' N, hapten O OpH 7.0 H O sm HBc

N-C-CH2 N ~S--_2~"~ hapt « Q WO 99/ 40934 SEQUENCE LI STI NG <11 0> Birkett,
Ashl ey J. I|AFGARRSESAPIEX Iinc. <I 2QF Strat egi| ¢&PHEXNB#CKPed Hepdtdst i s 5& Cor e
Pr ot ei ns aH upbprgylo é?Luadiva <1dQE SYN-101] 4564/ 69529 <l 40> RCT/ US99/
<14] > | 999-|0¥CYRLEEYR 60/(074537 151> 1998-AILIEUFEICH 13 89
A tuberculosis
Mycobacterium T IAFNSGLEPGVVAEK 90
tuberculosis )
Mycobacterium T ARRGLERGLNALADAVKV 91
tuberculosis
Mycobacterium T EKIGAELVKEVAKK 92
tuberculosis
Mycobacterium T GLKRGIEKAVEKVTETL 93
tuberculosis
Mycobacterium T IEDAVRNAKAAVEEG 94
tuberculosis
Feline leukemia FelV B CDIIGNTWNPSDQEPFPGYG 95
virus
Feline leukemia FeLV B CIGTVPKTHQALCNETQQGHT | 96
virus
Feline leukemia FeLV B GNYSNQTNPPPSC 97
virus
Feline leukemia FelLV B TDIQALEESISALEKSLTSLS | 98
virus E
Feline leukemia FeLV AKLRERLKQRQQLF 99
virus
Feline leukemia FelLV DSQOQGWFEGWFNKSPWFTTLI 100
virus sSs
Feline leukemia FelLV 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 108
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).



Phe Gy
cct tca

Pro Qu

Thr Al a
get acc

Val " Asn

Cys Leu
gga gtg
Trp Ile
tca aca
Leu Pro

Vi rus <220>

cl170> Patentln Ver. 2.0 <210> 1 c211> 553 <2l 2> DNA i@ggggfbpatitis B
8 2

<221> CDS <222> (1)..(549) <300> <303> Nat Uf 8l <306>

646<307> 1979 - $ AUG 2~2 PCT/ US99/ 03055 <400> 1 atg gac atc gac cct tat
aaa gaa

t two g@domet act gtg gag tta ctc 48 Met Asp |l e Aspperasiyesossys G u

Al a
gta
Asp
cct
H s
act
Leu
tgg
Ay
gte
Thr
t gt
Thr
tgg
Arg
ctt
130
480
150

10

Thr Val Glu Leu Leu 1 5 10 15 tcg ttt ttg cct tct gac ttc ttt
cga gat ctt cta gat 96 Ser4Bhe Leu Pro Ser Asp Phe Phe Pro Ser
Leu Leu Asp 20 25 30 acc gcc tca get etg tat cgg gaa gcc tta
gag cat tgt 144 Thr Ala Ser Ala Leu Tyr Arg Gu Ala Leu A u Ser
Cys 35 40 45 1 - ~ AUG 2d~ WD 991 40934 PCTNS99/030~5 tca ect
gca ctc agg caa gea att ett tgc tgg ggg gaa 192 Ser Pro H's H s
Arg Gn Ala Ile Leu Cys Tawi&dy Gu 50 55 60 cta atg act cta
gtg ggt gtt aat ttg gaa gat cca gcg 240 Leu Met Thr Leu Ala Thr
val Asn Leu G u AspChemisdd 6Bpt@rgs 80 tct aga gac cta gta gtc

aac_acL_aaLTaLﬁ_ﬁgc_cLa_aag_28B_Eku_lxi;JQQa_Leu_A&u_Aﬂi Ser Tyr
Asn | Met CREDLEY BE8® 90({95 ttc aggCeEatePe ttg tgg tit cac

etc ettt agEiae0 g Ao gt etwwew Fgr Be i [l e Ser
Phe &Feﬁgl%%ONT%%l%%o gag'ac'apgttt nataog'ag ‘tat ’t2tg gty tct ttc
at t [gesptiol3dt odel oNr Valu .1d.€ BFdcentyNd.es &g, garn Pha Gy Val
Thr |1 15 120 125 cct cca get tat aga cca eca aat gcc cef atc cta

ccg |43ZtAMEder 0 Ala Tyr Akg Pro Pro Asn Ala Pro Ile Leu Ser Thr
135

140 gag—act—actgit—git—aga—cga—€cga—gg96aggtec—<eel aga aga
Au ﬂ%traqTﬁror\/éﬁon\?gle*EFg3)\pggzr d:’ aée;}l‘t/i?“g&' ‘gégr'c%r%d BRFQ Arg Arg

2535 02711 or 17.2.2] 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)

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.,
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,



ccc tcg cct cgc aga cga agg tct caa tcg ccg cgt cgc aga aga tct 8 Pro Ser
Pro Arg Arg Arg Arg Ser An Ser Pro Arg Arg Arg Arg Ser 1&58313@ 5 caa tct
Cgg gaa tcwaesmobmt tagt A n Ser Arg Gu Ser A n Gars 180 BEPUSP/03W®31> 183
<2l 2> PRT ¢213> Hepatitis B virus <400> 2 Met Aap Ile Asp Pro Tyr Lys Qu
Phe Gy Ala Thr Val G u Leu Leu 1 5 10-4H6-Ser Phe Leu Pro Ser Asp Phe Phe
Pro Ser Val Arg Asp Leu Leu Asp 20 25 30 553 2 ~$ AURart WD 49/ 40434
PCTI US99/ 03055 Thr Ala Ser Ala Leu Tyr Arg Gu Ala Leu Qu Ser Pro Qu His
Cys 35 40 95 9@t R BaHl e $nkhl Abach8UcAED; G- Npfbpelhieyhgu Cys Trp Ay

G u 50 55 60 heu Met Thr Leu Ala Thr Trp Val Gly Val Asn Leu GQu Asp Pro
Ala 65 70 75 8edSetrimegakspakteéonVal Val Ser Tyr Val Asa Thr Asn Met Gy Leu
Lys 85 90 95 Phe Arg G n Leu Leu Trp Phe His Ile Ser Cys Leu Thr Phe Ay
Arg 100 105 110 Q u Thr 19%Be PRLEFRCH)RrTEEES VapnSee PRBIGEFLSEI PYrp I1e Arg
Thr 115 120 | T Pre Ile Leu Ser Thr Leu
Pro 130 135 I%gtgég $%?"%?1V§Ft®g?tgég K%‘gdé?g" ;g/tArgg'Ser%'Pro Arg Arg Arg
Thr 145 50 | Smml@1Pr, 0 186r: 1R8a -ALge Al go86Y] Avg Bexr&hdoher Pro Arg Arg Arg
Arg Ser 165 170 |75 G n Ser Arg Gu Ser @n Cys 180 <210> 3 <211> 552 <2| 2>
DNA <2| 3> HepactivatBop pfs seyegsl<fppstiprakogrpups) alongsabe <300> <303>
Nucl ei ¢ Acids_Res. <304>. <306> 7<3Q7>.1 98 400> atg gac att gac
ccg tat aaa g&? FFFCS% rdg% FgPlat3égggggt§lth§ﬂ§eCQ’ %mmu%.,

40:245-256 (1983); Goxrdon, U.S. Patent 4,619,828
(1986) ; Marburg, U.S. Patent 4,882,317 (1989)1].

10 Random 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).



3 8 AUG 2001 WO 99/ 40934 PCTI US99/ 03055 Met Asp Ile Asp Pro Tyr
Phe Ay Ala Ser Val Qu Leu Leu 1 5 10 15 tct ttt ttg c
ccg tct Phe Leu Pro Ser
Ile Arg
gag tet
Pro Gu
tgt tgg

ac ttc tt

As

ccg gaa cat tgt 144 Thr Ala Ser Ala Leu Tyr Arg u Ala Leu Gu
H s Cys 35 40 45 tca cct csc caf?aca gca ctc agg caa get att ctg
ggt gag 192 Ser Pro Hs Isis Thr Ala Leu Arg Gn Ala lle Leu Cy
Trp Gy Gu 50 55 60 tta atg aat ctg gcc acc tgg gtg gga agt aat ttg gaa
gac cca gca 240 Leu Met Sesenadu cAligoRacchay Mes G sytsdretish ams G u Aep

Ala 65 70 75 8Q t.cc_a aa tta gta gtc.,agc tat gtc aat. gtt aqat atg ggc
aaa 288 Ser A°g G ﬁyfgg’e%df’vflncg&a%ra a?rfsnd%%‘fuﬁeﬁi%d? S Leu Lys

90 95 atc aga feAd chtidd b rid@frdots GAC Bidnd s tUE St igdedcdildr 9ga aga 33
Ile Arg Gln Leu Leu Trp Phe His Ile Ser Cys Leu Thr P%e Gy Arg 100 105

gaa act gtt ttdafagreatcantipmplated haptegyyn o got ggsad tigealaictg 384 G u

S Al -
at o) gﬁlt ctc ctt gac 96 Ser %6 § 0 Ser
Ic‘)vcfeu‘w eu Asp 20 Z5 30 acc gcc tct get ctg tat eg E‘S’éggbg%@%ta

Val Leu gu Tyr. _Leu Val
get tac aga cCXYELEHLD
Arg Pso Pro
gtt aga cga
Arg Arg Ay Arg Ser
cga agg tct caa tcg cc
Ser @ n 5er PP&%}‘%%&%
tag 552 A n S
<211> 183 <21 2> P

10

VR I

D-ribitol-phosphate-D-ribose

phosphate-D-ribose-D-ribitol

Beuvery et al.,

OH
O0—
O

WO OH

15

NN O—P O OH

er Phe

c'%%cflfgte{d
Asr A tPrigd it e, Ser Thr Leu Pro 130 135 140 gaa act
cga ggc agg tcc cat aga aga aga act 480 G u Thr Thr Val

Pr o o&r o larqpseartidride hdneh Sdulttible cfdxrg cat

cgt cgc aga a%%tct 528 Pro Ser
1Fa TRt AP

i34 e B ) 18D dace b5 2005 P S9IAP934 <21 0> 4

Yal

T

repeats of D-ribose-D-ribitol-phosphate

— OH
— OH
— OH

OH

u.s.

polyribosyl ribitol phosphate

Lo

T Ile A Th
GG BF AR { CORIPHED T 16t 0

115 120 125

Pro Arg Arg
Ryl ct

(I, below),

(II, below), or

(III, below). Eduard C.

EP-0 276 516-Bl.

nfo— o i

— OH "

— OH

—OH O

—o-—r'll—-—o OH
OH

I

I

Patent 4,220,717 also discloses a

(PRP) hapten for

Haemophilus influenzae type b.

20

Immunity,

trisaccharide hapten,

Ellena M. Peterson et al.,

66 (8) :3848-3855

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

Infection and
{12998), disclose a

that

cct
Al a
act
Val
cgc
Arg
caa taqgt

Lys Qu

t

Ser-
S

Pro
cta
85
6

| 10-
Thr
ccc
Tyr -
gtt
Arg
aga
Arg



<21 3> Hepatitis 8 virus PCTlI US99/ 03055 <400> 4 . Met Asp Ile Asp Pro Tyr

Lys Qu
Phe Phe

Arg Gu Al
Ga Ala Zle Leu Cys Tzp Gy Qu,50 55 . 60 Leu Met Asn Leu Al a»
Ala4§5 5%62002

Leu Arg
Trp Val
Ser Tyr
Phe Hi s
Leu Val
Pro Asn
Arg Arg
Arg Arg
dn Cys

Phe Ay Ala Ser Val Gu Leu Leu 1 5 10 15 Ser Phe Leu Pro Ser Asp

Pr Qy$68/4dok£ Arg Asp Leu Leu Asp 20 25 30 Thr Al a SepcfhylodkBbssTYr
a Leu u Ser Pro Gu His Cys 35 40 45 Ser Pro H's H's Thr Al a

Gy Ser Asn Leu Qu Asp Pro 70 75 80 Ser Arg Qu Leu val

Val Asn Val Asn Met Gly Leu Lys 85 90 95 Ile Arg GlLn Leu Leu Trp
Il e Ser %/ Leu Thr Phe Gy Arg,lo00 |los 1l1o Qu Thr Val Leu Qu Tyr
Ser PR&C 1§e‘§apr‘?FﬁcFF8nAr%‘°ﬂl% Yfg‘@ PISUBCGIBFo Ala Tyr Arg Pro
Ala Pregy gl diQU paiumbii P P10 chdlel 3 Hithal H.*eEB"iryEBrgal Val Arg
Gy Arg Sef Pro"Arg Arg Arg Thr 145 150 155 160 Pro Ser Pro Arg Arg
Ser Gimf8exiPns AagoAng ArprmArdiaSemdlighsl1te fasa® n Sex Arg A u Ser
| 80 <210> 5 <211> 558 <2| 2> DNA ¢213> Hepatitis_8 virus 5 8 auc

2~ WD 991 4093PNeM@R 180 1 KAepd S« 3r5le )~ D (mpsfio-25602 -Ld@$OiGcl ei ¢ Aci ds
Res. <304> 13.,5306> 1747<307> | 983 PCT/ US99/ 03055 <400> 5 atg gac att gac

cct tat
Lys Qu
ttc ttt
Pro Sar
gcc tta
du Ser

daa gaa ttt gga get act gtg gag tta ctc 48 Met Asp lle Asp Pro Tyr

Phe Ay Al a Thr BéalgtGamdetsder e 5110 Zp-tocg 26t o4at-g1gct tct gac

cct tcc gta cga get ctc cta gac 96 Ser Phe Leu Pro Ser Asp Phe Phe

Val Adgsadpase sacehasdfiery YnBrar dyusatdngdihectg tat cga gaa

I%?g tc;c(",&“el(iaﬁcttér\%%g %@Ioptl'gﬁajﬁédé 13}_[ cﬁl.aagr%gléb‘lo% Ib%.%t-le%ria&rg Gu Aa Leu
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




35 40 45 tca cct cac cat act gca ctc egg caa gcc att ctc tgc tgg ggg gaa

| 92 Ser

Pro Hs H's Thr Ala Leu Arg G n Ala Ile Leu Cys Trp

b 2w

A u 50 55

60 ttg atg get acc tgg gtg ggt eat eat ttg caad ca 240 Leu’
Met Thr Leu r Trp Val Ay Asn Asn Leu G n Asp Pro Al aP %'B’UgQ?’O?BSSBO tcc
age get cta gta gtc aat tat gtt aat act aac atg ggt tta aag 288 Ser Arg Asp
Leu Val Val Asn Tyr Val Asn Thr Aan Met 4@y Leu Lys 85 90 95 atc egg caa
cta ttg tgg ttt cat ate tct tgc ctt act ttt gga age 336 Ile Arg G n Leu Leu
Trp Phe His Ile Ser Cys Leu Thr Phe Gy Arg 100 105 110 gag act gta ctt gaa
tat ttg gtc t¢t ttc €f9a gtg (tgg atté cgc act 384 GQueibg val Leud du Tyr Leu
Val Ser Phe Gly\al_Trp || rg Thr 115 12D 125 cct cca gcc tat jage cca cca
aat gcc cct atc tta @®a ace |ctt cc§®432 Prp Pro Alaé¥26 Arg Pro Pro Asn Ala
Pro Ile Leu Ser—TFhr—zet—Pro }367%3§1140 gap—aet—act—gtt gttt age icga cgg gac
cga ggc egg t¢c cct age age {480 6 - $ A G 2002 \?\19:39@ 40934 .
PCT/ US991 0305% @ u TBr Thr Val Val g\fg AT g Arg ASp ggggay Arg—Ser Pra Arg
Arg 145 |50 |1 %5 160 aga _act |ccc tcg cct cgt aga cgc aga tct caa tcg ccg cgt
cgc aga 528 Afg Thr 9o Ser |Pro Arp Arg Arg Arg Seré&ba Ser Pro |Arg Arg Arg.
| 65 Z70 Z75 agga-t-e-t—-g;a—t-el-egg-gaa;ﬂ cap tgt tag Arg Ser G n Ser Arg GQu
Ser A n COys 180 |85 £210> 6 |<211> 285 <212> PRfi <2l 3> Hepatitis| B virus
<400> 6 Met Aspttegpgp Pro(Tyr—tyszG o Phe—GyAa—Fh—Val—Gujeu Leu 1 s
to i5 Ser PhejLeu Pro Ser Agp Phe Phe Pro [Ser Val Arg Asp Leu Leu Asp 20 25
30 Thr Ala Sen Ala hem Tyr Arg QQu4A a Ceuf du Ser Pro Gu Hs s 35 40 45
Ser Pro His His Thr Ala leu|Arg G n Ala Ile Leu Cs Ttp Ay du p0 55 60
Leu Met Thr Leéu Al al?hr Trp|Val d¥2Asn Ash Leu G néasp Pro Ala 5 70 75 80
Ser Arg Asp Leu—Val—Val—Asa{Rr—ValAsn-Thr Asn Met Gy Lleu lys 85 90 95

14" 14 6314 ’

15B 54

17F 17

18C 56 10356

19A 57

19F 19 6319

20 20 6320

22F 22

23F 23 6323

25 25 6325

33F 70

10

Moraxella (Branhamella) catarrhalis is a

known cause of otitis media and sinusitis in children

and lower respiratory tract infections in adults.

The lipid A portion of the lipooligosaccharide

surface antigen

(LOS)

the 3-deoxy-D-manno-octulosonic acid-glucosamine

linkage.

alkali to remove ester-linked fatty acids while

preserving amide-linked fatty acids to yield

of the bacterium is cleaved at

The cleavage product is treated with mild-



Ile Arg Gn Leu Leu Trp Phe Hs Ile Ser Gars Leu Thr Phe Ay Arg.ﬂnRQGlzﬁ
110 Qu Thr Val Leu Qu Tyr Leu Val Ser Phe Ay Val Trp Ile Arg" 5
Z20 125 Prowdyddsfdsa Tyr Arg Pro Pro Asn Ala Pro Il e Leu Ser pEhfusheososy o | 30
135 140 Gu Thr Thr Val Val Arg Arg Arg Asp Arg Gy Arg Ser Pro Arg Arg 145
150 155 160 558 7 ~ wu zutz WO 991 40934 PCTI US99103055 Arg Thr Pro Ser

Pro Arg Arg Arg Arg Ser An Ser Pro Arg Arg Arg | 65 170 175 Arg Ser A n Ser
Arg Gu Ser An Cys 180 185 <2/ 0> 7 <211> 188 <272> PRT <213> hepatitis B

virus <300> <3 1> Sc Fl orjan et, al A Hepatitis B Viruses
$3035 Adv. Vi rarieREores chonePel Baiindtiqe G iRy 2ab0s 7' Net Asp Iie
Asp Pro Tyr Lys.Ghu Rhei @y $65 S86sTHE B dsttrteibdi & 0 15 AsnPhe Leu
Pro Leu Asp Phe Phe Pro Asp Leu Asn Ala Lgu Val Asp 20 25 30 Thr Ala Al a

Al a Leu Tyr G attGoh&iuthea i:ﬂ:notaly a.ﬂazgrﬁm HXSrOps18p GO, 43 Sar. Pro Hi s
| sis Thr AIaIIeArgGInAIaLeu %/? AspGIu505560LeuThr Lys
Leu Ile Ala TrpRfBEtEeR agd @H”FFEYT‘T’] 5§ar KLY 8 659875 80 val Arg Thr

Ile Ile Val Asn H's Val 8uhSH gt'fe;-ﬁ]@c%é’l (fé}eéaysl$5a 90,95 Vg¢ Arg A n

Sex Leu Trp Phe H's Leu Ser s Leu 00 105 110 Hi s Thr Val
G@n du Phe LeuexyaisSemeﬁlnagﬂ:ys)/adand'r:pelétsed\rxgeﬁl'fnsldg.ﬁcI&Dsdﬂﬁeﬁo Ala Pro
Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro_ |30 135 140 8 - $ AUG
2002 WO 99| 4093n humans. The Capsular polysaccharide-specific
antibodies are known to protect human infants from
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



PCT/ US99i 03055 Glu Fiis Thr Val Ile Arg Arg Arg Gy Ay Ala Arg Ala Ser Arg
Ser 145 150 1S5 160 Fro Arg Arg Arg Thr Pro Ser Pro Arg Arg‘A'SUﬁ\rZ@ZSer A-n

Ser Pro 16Qcplofgeas! 75 Arg Arg Arg Arg Ser G n Sar Pro Ser Al@ésnofess 18d
| 85 <210s 8 <2l 1> 654 <212> DNA <213> Hepatitis B virus <220> <22| > CDS

<222> (1)..(651) <300> <302> Animal Hepatitis 8 Viruses <303> Adv. Viral

Oncol . <3d4> 8 <306> 73-102 <307> 1989 <400> 8 atg tat ctt ttt cac ctg tgc

ctt gtt ttt gcc tgt gtt cca tgt cet 48 Met Tyr Leu Phe iiis Leu Cys Leu val
Fhe Al a Cys

Val Pra s,.Pro 1510 act gtt caa gce tc ag. ctqg tgc ctt
gga tgg ctt #FFS 5&“%@11935&159961% alpoéyﬁj%ﬁtal%eragrl‘_‘isc?g?? al_t%u Ay Trp
Leu Trp Asp quatptm_zo 25 30 ata gat ccc tat aaa gaa ttt ggt tct tct tat
cag ttg ttg aat ttt 144 Ile Asp Pro Tyr Lys GQu Phe Ay Ser Ser Tyr @ n Leu
Leu Asn Phe 3S 40 45 ctlin gtefldmyaghentiddindntcet e kiptemtigea ttg gtg
gac act get 192 Leu Pro Leu Phe Phe Pro Asp Leu Asn Ala Leu Val Asp Thr
Ala 50 55 60 F@&h%n'&%lﬁ%%%% @A RIPFHT FaPedt tgt tct

cct_24d Ala Ty GGy Qgndew TY Q¥ gt HapsesSer Pro 65
70 75 80£\9 %ﬁ)@%‘é} Oé:%f PCTIJfUSQ%"lOBOSS cat cat gdct get ef:ﬁt aga cag gcc
tta gtg tot tggy ayasammsen thas atist28f-tHieadHirst ddigs Abeet | ehdrexfdsurd a Leu Val
Gars Trp Qu Gu Leu Thr. 85 90 95 aga tta att aca tgg atg agt_gaa aat aca

aca gaa gaa i? HyRUHABIFRUPE U ANME TN TPFEVER ERFSEYUSIPIThr Thr G u
G Ve M8 M) 000G foalie Ui Blogllegal alc s ot 0t (39 goe ol
Arg Gn 115 120 |25 actetdmplggy tddtlnsderiitelstedighapténacétttt gga caa cac
aca gtt10432 T;?ar.rtLieéJuJ:raExp iPQSOFtI:aSncI:_eeuarSeerdeqr/:fvéguf;:rg;l bpggteGrJYa Czs\?chHl s Thr Val
as B. pertussis, S. typosa, S. paratyphoid A and B,
C. diptheriae, C. tetani, C. botulinum, C.
perfringens, B. anthracis, P. pestis, P. multocida,
V. cholerae, N. meningitides, N. gonorrhea, H.
15 influenzae, T. palladium, and the like.
‘ Other exemplary sources of pathogen-related
haptens of particular importance are viruses such as
poliovirus, adenovirus, parainfluenza virus, measles,
mumps, respiratory syncytical virus, influenza virus,
20 equine encephalomyelitis wvirus, hog cholera virus,
Newcastle virus, fowl pox wvirus, rabies virus, feline
and canine distemper viruses, foot and mouth disease
virus (FMDV), human and simian immunodeficiency
viruses, and the like. Other important sources of
25 pathogen-related haptens include rickettsiae,
epidemic and endemic typhus, the spotted fever
groups, and the like.
Pathogen-related polypeptide haptens are
well-known in art and are discussed in numerous

30 disclosures such as U.S. Pat. Nos. 3,149,036,

3,983,228, and 4,069,313; in Essential Immunology, 3™
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~4UG 20Q2 PCT/ US99] 03055 11e Asp Pro_Tyr Lys G u Phe Gy Ser Ser Tyr @n
PhRP3 Sy 0 ?%uB%ﬁ)aﬁﬁé' Pﬂ‘ébg}ﬁh%pbiﬁe%'%n Al a Leu

A'@ax%ﬁdé?sﬁo Ala Ala Leu Tyr Gu Qu GQu Leu Thr Gy Arg Gu
Pro 65 70 75 80 His Hs Thr Ala lla Arg G n Ala Lau Val Cys Trp
Thr 85 90 95Parygitelatrle phef@rpefibpateog&htrdbatddr Thr Gu
Arg 100 105 110 Ile Ile Va] Asp His Val Asn_Asn Thr Trp Ay Leu
q hertsnd sare o8hane degcrt e@hgnl-ﬂjssteﬁaéerN@?s Leu Thr Phe Ay

voh 138,036 OSSN TIsubpleasgeaffessy Ve 10D Lle A
H §,db1,165, 12062957¥al ahleiAr gadegt ACgofkyatiynSerefty Al a Al a
Arg Arg 180 185 I90 Arg Thr Fro Ser Fro Arg Arg Arg Arg Sex G a
pwgnppéngggogeé Pghglication No. W087/02775 and No.
Wo87/02892, all of whose disclosures are incorporated
herein by reference.
Antibodies that immunoreact with the
hepatitis B virus can be obtained by using modified
HBc conjugated with a polypeptide hapten that
corresponds to the sequence of a determinant portion
of HBsAg; in particular, residues 110-137 of the "g"
(surface) region disclosed in Gerin et al., Proc.
Natl. Acad. Sci. USA, 80:2365 (1983).
Another conjugate corresponds to amino
acids 93-103 of capsid protein VPI of poliovirus type
1 (pvVl, Mahoney strain), analoéous to the work by
Delpeyroux et al., Science, 233:472-475 (1986). Such
a modified HBc conjugate provides antibodies that
immunoreact with polio. Other potential haptens from
poliovirus type 1, Mahoney and Sabin strains are
described in European Patent No. 385610.
In preferred embodiments, the hapten is a
pathogen-related hapten that immunoreacts with; i.e.,

is immunologically bound by, antibodies induced by

the pathogen. More preferably, the pathogen-related
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11 WO 99%83;%0 AUR2~2 PCTI US99/ 03055 atg tgg tct cta agg‘% ks CCC
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Val Thr Val Pro Leu 20 25 30 gta tgt acc att gtt tat gat tct tgc tta tat

atg gat gtc aat get 144 Val Cys Thr Ile Val Tyr Asp Ser Cys Leu Tyr Met Asp

val Asn Al a 353BGeRs 1?’@&105@aa@etar’tttl§°€é’ TEEPWEE LaptgREovigesea gat gat

ttc ttt cct 1%%0%%5: r&’t ’%'é;%lln%‘tf %e%q._qo\[lalb T)g eA§>Btl11% eE?Lro Asp Asp phe Phe
ag

Pro 50 55 60 att ctt aga a get tta gaa cct

tat Z40 G n Ile Asp Asp Methodal fArrg d&;@nedlaulmgs t&ppﬂe@eh@@ gfu Pro Tyr ss
70 ~5 ao tgg aaa@g@c gaa aca at a aag aaa cat g]p tta att get act cac ttt
288 Tzp Lys Alaatdhedptes |tice apydmmunagen gl 3 aedyl sanpad eTHrom &nPhe 85 90

95 gtg g ttg att ac. ct C act, c gt atg a 336 Val

rep Lou e GRS HHhrd e, Rty e S5 M6 305 110 att -
gca gac gcC CleerCEm tdGanidtithAtthe ¢ HenAClo AGHtH @063 -Hea 3846l | € Ala Asp
Ala Leu Arg Ala Val Ile Pro Pro Thr Thr Val Pro Val 115 120 12s ccg gag ggt

ttt ctc att acnd@rdgcigae mngm:m ate weold tinpwaBArPtdieGaxrt@ y Phe Leu

Ile Thr Hs Ser u Al a Glu |le Pro.Leu 130.135 1,40 aac gat ctc ttt tca
aat caa gag gag agg ata gt &% a#‘etrt SRRy 48?56&3'?‘? el_né.}o%net%f‘r Asn dn

Qu Gu Arg | lienfale ASsgdtsddud R 4% PUmlitRr#as d Yofetelt aca
get aga att cat acc cac tta cgt gtt tat act 528 Asp Tyr Pro Ile Thr Ala Arg

Il e H s Ithr Hby ledisArmrNaldifhyg alhr dobl Idéxdabireser 1t g aat gaa caa get ttg
gac aaa get cgc aga ttg ctt t.9g 576 Lys Leu Asn GI u an Ala Leu Asp Lys
Al a Al’g Al’g Leu Leu Tl’p )ga%\ple, . Patent No. , 882,14

describes T cell stimulating polypeptides derived
from the HBV nucleocapsid protein. Other T cell
determinants are known in the art and can be used as

15 an operatively linked determinant in a contemplated
modified HBc protein or particle.

In a particularly preferred embodiment of
the invention, such a T cell determinant is derived
from the same pathogen as the B cell aeterminant that

20 is conjugated to the modified HBc. The T cell
determinants of various pathogens are reported in the
art.

Although it is preferred that the B and T
cell determinants are derived from the same pathogen,

25 it 1s not necessary that they be from the same
protein of that pathogen. For example, the B cell
determinant from the VPl protein of the foot and
mouth disease virus (FMDV) can be conjugated to a
modified HBc particle, wherein the HBc protein is

30 further modified by having a T cell determinant

derived from the VP4 protein of FMDV.
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the carboxy terminus. Alternatively, the additional
T cell determinant can be operatively linked to the
conjugated B cell determinant or the strategically
modified HBC protein.

Exemplary disclosgsures that describe
techniques for genetically engineering a DNA sequence
that can be used to produce a fusion protein of the
present invention can be found in: U.S. Pat. Nos.
4,428,941 to Galibert et al., 4,237,224 to Cohen et
al.: 4,273,875 to Manis; 4,431,739 to Riggs;
4,363,877 to Goodman et al., and Rodriguez & Tait,
Recombinant DNA Techniques: An Introduction, The
Benjamin-Cummings Publishing Co., Inc. Menlo Park,
Calif. (1983), whose disclosures are incorporated by

reference.

E. Inocula and Vaccines

In yet another embodiment of the invention,
a modified HBc protein or particle conjugated to a
hapten (a HBc conjugate) is used as the immonogen of
an inoculum that induces production of antibodies
that immunoreact with the hapten or as a vaccine to
provide protection against the pathogen from which

the hapten is derived.

Cys Thr Ile Val Tyr Asp Ser Cys Leu Tyr Met Asp Val Asn Ala 35 40
$Ad@id residue, but preferably as a fusion protein at
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36 <210>anpmaPisuctylsds a magel DIVA 213 wepsei t iegB gdatus <220> <221>

<222> (1) . . 15) 8 AUG 2~2 PCT/.US99] 030S5 <400> | t i tt
P n e Nanesn (Hlsd DRSS en 95 RRTARE AR TRu A g | |6

Pro Leu Sex Phe OynAlged aGsy A dudk 5020548589t ahCibbiuped tct aca
ctg ttg tcg Tgt gtg act gta cct ttg 96 Ay ?Ie Phe Thx Ser Thr Leu Leu
Ser Cys Vahddtes \@bt Psoadies that immunoreact with the

10 conjugated (pendently-linked) hapten. A vaccine is a
type of inoculum in which the hapten is pathogen
related and the induced antibodies not only
immunoreact with the hapten, but also immunoreact
with the pathogen or diseased cell, and neutralize

15 the pathogen or diseased cell with which they
immunoreact.

The preparation of inocula and vaccines
that contain proteinaceous materials as active
ingredients is also well understood in the art.

20 Typically, such inocula or vaccines are prepared as
parenterals, either as liquid solutions or
suspensions; solid forms suitable for solution in, or
suspension in, liquid prior to injection can also be
prepared. The preparation can also be emulsified.

25 The immunogenic active ingredient is often mixed with
excipients that are pharmaceutically acceptable and
compatible with the active ingredient. Suitable
excipients are, for example, water, saline, dextrose,
glycerol, ethanol, or the like and combinations

30 thereof. 1In addition, if desired, an inoculum or

vaccine can contain minor amounts of auxiliary
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analdégues described in U.S. Patent No. 4,767,842,

Another type of small molecule adjuvant described in

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-
guancosine 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.
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,
either subcutaneously or intramuscularly. Additional

formulations that are suitable for other modes of
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Pro Thr Thr Tiwridtwcéaidddb bﬁﬁhl@ﬁpﬁ’os:.ﬁ’onlasym&'yrbéeﬂoi‘rh@d(Ii‘bthSl s Au
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t :
Arg Ala Arg Aréghieu eg $ 0I 80P %g %églrb—« yr ﬁén rs Leu Leu Trp
Ay Gu A a &@rm{aiaﬁrlﬂbnésmnﬂﬁdél eutA5n3BNa20% Smpléyedleu Arg Thr Trp Leu
Ser Thr Pro Gu Lys Tyr Arg Ay Arg 210 215 220 Asp Ala Pro Thr Ile Gu Ala
Ile Thr Arg PReciPeeT-f 9E) A?r erpample, 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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Arg Lys ValwbWsusddls Thr Val Val Tyr Gy Arg Arg Arg 260 2b5paf@sssisedsys Ser
Arg Qu Arg Arg Ala Pro Thr Pro dn Arg Ala Gy Ser 275 280 285 Pro Leu Pro
Arg Ser Ser Ser Ser His His Arg Ser ProgSer Pro Arg 290 29S 300 Lya 305

lle Met Arg

<210> 14 <21l > 37 <2l 2> pRT <213> Influenza virus <400> 14 Ser
Ser Asp Ala Pro Ile Ay Thr Cys Ser Ser Qu Cys 1 5 10 15 Ile Thr

Ile Asp Gy Trp Tyr Ay Phe Arg Hs Gn

Pro Asn

Ay Ser Ile Pro n_As ProPh n_Asn Val 2 530AsnLya|IeThr
Tyr 35 <210> &9 'g@r d@g’s‘& B Sé}fzghﬁﬁer usadiSo>" 15 Arg Gy
Ile Phe Gy A golh&gAae@ &’hgh&ééecﬂfbbﬁf‘ nna@ ik P pk0 15 Gy Met

5 <2I"0> 16 18

$ ALIG

2~2 WO 99/ 4093de PG ISOOr0 3D8Srg2die Hﬁbe@lﬂmrplfﬁrs <X¥> dxEnlplenza virus
<400> 16 u Lys @ n Thr Arg Ay Ile Phe Ay Ala 1 5 10 <210> 17 <21l > 23

<2l 2> DNA c2133°R ¥ | BPapSSigfieng@monium, 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,

10 in such amount as are therapeutically effective and

and

immunogenic. The quantity to be administered depends

on the subject to be treated, capacity of the

subject's immune system to synthesize antibodies,

degree of protection desired. Precise amounts of

and

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 initijial 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



<220> <223> Description of Artificial Sequence: Hepatitis B virus PCR
primer with an Ncol restriction site <400> 17 ttgggccatg gaca:ﬁb&ﬂﬁtﬂua 23

<210> 18 > <2l 2> DNA <21 3> Artificial Sequence <2203 ST
Descri pti gﬁ&??“%?"t‘i ficial Sequence: Hepatitis B virus PCR pprq rrerB%B’()tsﬁ an

EcoRl restriction site <400> 18 gcggaattcc atcttccaaa ttaacaccca ¢ 31 <2l 0>
19 <21l > 41 <21 2> DNA <2| 3> Artificiar5§équence <220> <223> Description of
Artificial Sequence: Hepatitis 8 virus PCR priner with EcoRl and Sacl
restriction sites and an inserted |ysine codon <400> 19 cgcgaattca

aaaagagct ¢ ccaybugrt a dehpgceateg) 2l 19 mod BE pedrheix D91 408 3dore
PCT/ US99/ 03055 <21 20 <211> 31 <212> <2l 3> Artificial Sequence -

<220> <223> BRERT$HEi OPPBITRTS (155 a7 SRS RR P TR T 558 vPrus PCR

primer v~rithykhosh! heh@sit vl Hkad 118 A0Pr 205062006 1 haq aacaacagt a
gtctccggaa g 31 <210> 21 <211> 14 <212> PRT <213> Hepatitis B virus <400>- -
21 Cys A n dhepysitGa Betrysp@teitsn Arefsnabhy the Leu 1 5 10 <210> 22

S21L> 13,21 22 PRI <2130, Depal L1 8,411 u5, 500> 22, Qs Ser Lys bys @Y Pro

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 Protein 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



<2l 0> 23 c211> 19 <2l 2> PRT <213> Hepatitis B virus <400> 23 Cyid*ﬁﬁﬁsﬁﬁ
GQu Hs Arg Met Thr Trp Asp Pro Ala G n Pro Pro Arg 1 5 10 15 As u r
<2l 0> 24 20WO0 954G ~ WO 99/ 40934 <211> 22 <212> PRT <213> HEPHAISPY438558
virus PCT/ US99/ 03055 <400> 24 Cys Val Lys Arg Met Lys Gu Ser Arg Leu GQu
Asp Thr An Lys Hs 15 10 15 Arg Val Ags-Phe Leu A n 20 <210> 25 <211> 15
<2l 2> PRT <213> Streptococcus pneunoni ae <300> <3|/ 0> EP-0 786 521- A <400>
25 Lys Leu Gu GQu Leu Ser Asp Lys Ile Asp Qu Leu Asp Ala Gu 1 5 10 15

€210> 26 <2l 13,3935k ﬂ%n@@i&lﬁﬁé%msﬂ iqaae <300> <3l 0> EP-0
786 521-A <400> 26 A n Lys Lys Tyr p Gu Asp n Lys Lys Thr Au G u Lys

Ala Ala 1 5 10pdasticlesG u Thes AlseA 18 @A @ tlatvbio Aspid yr=Aldueval Al a
Ala Val 20 25 30 ' dn @n Ala

5 . .
<210>27<21 >31@W&ﬁ%y&i&%r‘?*&ﬁ [P in At ifasoRiddsy

EcoRI site and the EL is an artifact of the SaclI
5 site. The strategically modified hepatitis B core
protein was therefore 155 amino acid residues 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 NcoI 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



<300> <31 0> W 98/ 07320 "~ AUG 2002 PCT/ US99/ 03055 <400> 27 A n Asp Lys Pro
Ala Asp Ala Pro Ala Ala Qu Ala Pro Ala Ala Qu 1 5 10 15 Pro Alag Aug Zphu

Pro Al a An Asp Lys Pro Ala Asp Ala 20 25 30
<210>283§§?§%&§12>PRT<213>Human i mrunodefi ci ency virus £§661>599</g;106> us
5,639,854 <400> 28 Ay Pro Lys Gu P%Phe Arg Asp Tyr Val Asp Arg Phe Tyr
Lys Cys 1 5 10 15 <2/ 0> 29 <211> 17 2> PRT <2| 3> Human i mmunodefi ci ency
virus <300> <310> WD 98/ 07320 <400> 29 Arg Lys Arg Ile His Ile Ay Pro Gy

Arg Al a Phe Tyr IIe Thr. L:%/s 1 5 10 15 Asn <210> 30 <211> 31 <2| 2> PRT <2| 3>
Foot - and- Wkﬁdﬁ@?@%ﬂw%wg a\D 99140934 - 8

AUG 2002 r r~~ A fé&\ rg Asn Al a Val
Pro Asn Leu yﬁ?rg 1?(]%?1 Q-:&:EY y. thg?é/\/ Leu A%%/\gréag d?s Val Ala Arg
Thr Leu Pr @t&&t?&gf&lwaﬁo@ﬂff@dlmﬂpf&&émPéﬁoﬁeéﬁeo&gmy/nebact erium
di pht heri ae <300> <310> EP-0 399 Ol 1-Bl <400> 31 Phe G n Val Val H's Asn-
Ser Tyr AarfaePrRricigg . SeFheratmpyegically modyEied|HBe 3 c211> 25
<2|2>E?KT this Example thus had an insert corresponding to
position 78 of the HBc of SEQ ID NO:2, a chemically
reactive lysine residue at a position corresponding

to position 82 of the HBc of SEQ ID NO:2, and was

-

truncated at a position correspondlng to p051tlon 149

10 of the HBc of SEQ ID NO:2.



<2| 3> Borr el

A u Gy Thivosaoddar

Thr Val Ser

Bur. J. [ mmunol.

<400> 33 Thr

<300> <30l > Bruneanu, T. D.

I a burgdorferi <300> c301> Bockeastedt~ L. R et al.~ <3 J.
| mmunol . <304> 157 <305> 12 <306> 5496<307> (1966) <400> 32 vaw&c&ll!ﬁ

Lys

Leu Lys Arg Qu Ile Asp Lys 1 5 10 15 Asay/Gogoboss Val

Leu C-a 20 25 <210> 33 23 - 8 Aus 2002 WO 99140934 <2l 1> 19
<2l 2> PRT <2| 3> 8orrelia burgdorferi <39> <30l > Zhong, W et al.,

<303>

<304> 26 <305> 11 <306> 2749<307> | 996 PCT/ US99/ 03055

Leu Ser Lys Asn Ile Ser Lys Ser Ay Gu Val Ser Val Gu Leu 1
5 10 15 Asn AgR4 §e<§|~0> 34111%@%%5?&%%%5@3%E@TB<@E§> | nfl uenza A virus

nmunot ec

ol ogy <304> 2 <305> 2 <306>

85<307> (1996) <400> 34 Ser BartValieSeurdeticBReodd u Arg Phe Qu Cys 1 5 10
<21 0> 35 <211> 10 <2l 2> PRT <2| 3> _Influenza A virus c300> <30l > Bruneanu,
T. D. ¢303> I mmunot echn8Fbgieg3gadly pgdified HBc particles of

10

15

20

25

30

Example 1 were expressed in E. coli typically E. coli
BLR or BL21 from Novagen (Madison, Wisconsin) or E.
coli TBl1ll from Amersham (Arlington Heights,
Illinois). The transfected E. coli denoted HBcl155-
K81, were expressed plasmidFpKK332—H§di;5—K81. The
strategically modified HBc particies ;ére purified
via Sepharose CL-4B chromatography usiﬁg established
procedures. Because pérticles éﬁrify in a
predictable manner, the monitoring of particle
elution using simple spectroscopy (OD,,), in concert
with SDS-PAGE analysis to assess purity of individual
fractions prior to pooling, was sufficient to enable
the routine purification of electrophoretically pure
particles in high yield (5-120 mg/L cell culture).
The spherical structure of the pure strategically

modified hepatitis B core particles was clearly

visible in an electron micrograph.

Example 3: Chemical Coupling of Synthetic
Peptides and Modified Hepatitis

B Core Particles

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

particle HBcl49, which is identical to HBclS55-K81



~ AUG 2~ WD 99/ 40934 <305> 2 <306> 85<307> (1996) <400> 35~ ByAURZMZAsn Leu _ .
Leu Trp Leu Thr Gu Lys " ' 1 5 10 <2l 0>36<211>| 42<2| 2>PRREZRBACEMENT aSHE =
pestis <3003y, <& Hill. J. et al.. <303> Infect. lam-un. <304 §3,5395> 11
<306> 4476<§/007§) ?9‘97) PCTNS99/ 03055 <400> 36 Asp |le Leu Lys \'/‘é??@%a

Asp Ser Met Asn His Hs Ay Asp Ala 1 5 10 15 Arg Ser Lys Leu Arg u u
Leu Ala Gu Leu Thr Ala Gu Leu Lys 20 25 30 Ile Tyr Ser Val Ile Gn A a

GQu lle Asn Lys His Leu Ser Ser Ser 35 40 45 Ay Thr Ile Asn Ile His Asp

Lys Ser Ile Asn Leu Met. Asp Lys Asn 50 55 60 Leu Tyr Qy Tyr Thr Asp GQu

Gu Ile Phe Lys8 % ser™# a* d t* Ty 65 70 758 1ys 49 Ler @WeeLys Met Pro
GAn Thr Thr Ile Q@ nMalAsp Hv¥e S8F-185 90: 85 Au Lys Lys Ile Val Ser Ile

Lys Asp Phe Leu Ay Ser AU Asn Lys 100 105 110 Arg Thr Ay Ala Leu Ay Asn
Leu Lys Aan Ser Tyr Ser Tyy~#satlyspddSided [2&c2%8ns) 'wdrsdu@n2 WO 991 40934
Asp Asn Asn Qu Leu Ser Hs Phe Ala Thr Thr Cys Ser Asp |30 |35 140 <2l 0>

37 <211> 19 <2| PEPRI2<DY 3SORREFRpRT I 13 FRF | BRAZAE KBS &| 0> EP-0 432

220- H1 PCT{ US99, 03055, 54803 37 adelim - HSN ASth £ Ala Ay Asn
Ay Ala Alél e né‘gh‘éf’?l‘g*%‘ 15 @yﬁc}% Ti]sgé REEnfeN LPELRRLL

l-carboxylace (SMCC), a water-soluble

heterobifunctional crossilirking reagent. SMCC is

reactive towards both sulfhydryl and primary amino

groups, enabling the sequential conjugation cf
p! symthetic pertides te H3C partsiclsass whiss gprimary
amino groups have previously besn modifisd with 3MCC

|

urther, the 11.6 angstrom spacer arm

SMCC helps to reduce steric hindrance
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temperaturxe in 350
form maleimide-activated EBc particles. Unresac:zed
SMCC was removed by repeated dialvsis against 30 mM
sodium phosphate, pH 7.0. The SMCC derivatization cof
the EBc particles resulted in a minzmal molecular

weight 1ncrease which was not detectable by SDS-PAGE.
Hcwever, the PAGE analysis did ceonfirm ths integrizy

s

30

ot the HBc proteins
peptide conjugation

Synthetic

step.

peptides to be coupled

particlrs were designed such that they had

v
ne

to the HBc

N-terminal



<210>38" <211>11<212>PRT<213>Haenophi | us influenzae <300> <3| 0> EP-0 432
220-Bl <4D0> 38 Asn Lys Leu Ay Thr Val Ser Tyr Ay Gu d ¢ §AY6GIA02<210> 39
<2l 1> 16 <24®99RbBB4<213> Haenophil us i nfluenzae <300> <310>p8P1R899iB8Bs5s220- B1
<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 <211> 28 26 .~ AUG-' 59D 991 40934 PCTNS99/ 03055 <212>
PRT <213> Miraxella catarrhl dis t300> ¢310> WD 98/ 06851 - <400> 40 i Leu
Asp Ile Qu Lys Asp Lys Lys Lys Arg Thr Asp Gu G@n Leu Gn 1 5 10 15 Ala

Gu Leu Asp As éﬂé%éé.ﬁg%@/ éa/serﬁmewiQe%&%f%gég?nﬁgégiﬁ 28 <212a

PRT <2I 3> Mora a catarr s <300> <310> WO 98 Leu Asp
Il e Glu Lys Asaf Lysptide Lysptfergs T el g amddw dreitheGaom Th8 5adk5 Ala G u
Leu Asg Asp Lys Tyr Ala Ay Lys Gy Tyr 20 25 <210> 42 <211> 28 <212> PRT
<213> Mor axel | gheht apf hehe | Sniaptaced s s gEUehs Eedhes2 11e Asp Ile

Ssﬁ tﬁ ,I&g; ‘qu%(Y gglgssg%n@fyy?y& %?33%%%%& Iz_lguélilgSlS Ala du tey
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.



27 WO 99/ 40934 <2| 2> PRT <213> Por phyrononas gi ngivalis <300> <304> 110
<305> 2 - <306> 2850 <307> 1997 "8 Al JG2~2 PCT/ US99/ 03055 <40G>g4)ugrVa
Ser Pro Lys Val Cys Lys Asp Val Thr Val Qu Gy Ser Asn 1 5 10 15 G u Phe -
Al a Pro VakoGhmgedsn Leu Thr 20 25 <2| 0> 44 <2| 1> 20 <212> Rih/oRd3055

Por phyr ononas gi ngi valis <300> c304> 11 0 <305> 2 <306> 285<307> 1997 <400>
44 Arg Ile Gn Ser Thr Trp Arg G n Lys (r Val Asp Leu Pro Ala Gy 1 5 10~
15 Thr Lys Tyr Val 20 <2l 0> 45 <211> 20 <2l 2> PRT <2l 3> Trypanosona cruzi
<300> <304> |59 <30S> 9 <306> 4444<307> (1997) <400> 45 28 s 8 AUG 2002
WO 991 40934 PCT/ US99/ 03055 Ser His%ﬁiﬂ Pge Thr Leu Val Ala Ser Val Ile lle
GQu Ala Pro Ser 1 5 10 15 dy Asn 6y 20 <21 0> 46 <2l 1> 21 <21 2> PRT

<213> Trypanosone Cruzi  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



<300> <31 0> WD 97/1%$475 <400> 46 Lys Ala Ala lle Ala Pro Ala Lys Ala Ala
Ala Ala Pro Ala Lys Ala 1 5 10 15 Ala Thr Ala Pro Ala 20 <2l 05 &AuG2002> 16
<2l 2> PRT sai@mo$d4asnodi um fal ci parum <300> <303> I nt. ArcheCPU$®08855Appl .

| munol . <304> 114 <305> 1 <306> 15 <400> 47 Ser Val @n Il Pro Lys Val Pro
Tyr Pro Asn Ay Ile Val Tyr Cys 1 5 10-45-<210> 48 <211> 16 <2l 2> PRT <2| 3>
Pl asnodi um f al ci parum <300> <303> Int. Arch. Allergy Appl. |Inmunol. <304>
114 <305> 1 29 B AlJG 2~ WO 991 40934 <306> 15 PCTI U599] 03055 <400> 48

Asp Phe Asn Hrg1d¥ivdYhoTBEubEY k¥8sTBE ShyprbRim&tH14 a,H58p E¥Saddd 10 15
<21 0> 49 <211> 16 <ZI 2> PRT <2l 3> Streptococcus sobrinus <300> <303> Arch.

Oral Biol. <364=rg8for806ausappl vigIb«80inctesee) in40b= #0legylPro Arg Pro
Ile Tyr Qu Ala Lys Leg Ala An Asn An L§s Cys 1 5 10 15 <§IO.> 50 <211> 17
<21 2> PRT <213358; PEptB8EolEhsPEBHFTRUSCRIBESS <3053 R Lhe EFAPTAYEI . <304>

35 <306> SUpp&ntéZEfgggg 6E988) ééggﬁgéged and non—gonjugated

5 bands on SDS-PAGE, it was revealed that 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)], 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



Ala Lys Ala Asp Tyr Qu Ala Lys Leu Ala A n Tyr Qu Lys Asp 5 10 15
Cys <210> 51 <21l > 16 <2l 2> PRT <213> Lynphocytic chori o'hﬂrmhg S virus
<300> 30 WO 99/ 40934 ¢c303> Proc. Natl. Aced. Sci. U S A <304> 94 <305>"7
<306> 331MBW/409341997) ~ ~ AUG 2002 PCT/ US99/ 03055 p ' <40BETHSIABESSPro A n
Ala Ser Ay Val Tyr Met Ay Asn Leu Thr Ala G n Cys 1 5 10 15 <210> 52 .
c211> 9 <212> pRT <2I 3> Shigella fl exnéRi- <300> <303> J. Biol. Chew <304>
271 <305> 52 ¢306> 33670<307> (1996) <400> 52 Lys Asp Arg Thr Leu Ile Qu
An Lys 1 5 <210> 53 <211 > 15 <2| 2> PRT <213> respiratory syncytial virus

c300> <304> 234se395arkand@er shh8$31x Lttt DAreue18er. | taeCys Ser
Asn Asn Pro Thr Cys Trp Ala lle s Lys 1 5 10 15 <21 0> 54 <21l > 19 <2l 2>

PRT <2I 3> Pl &s#edeagnvilgprtdpn of theaugtagecedhdy swn=09r50934 <303>
vacci ne 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



<304> 15 <305> 4 ¢306> 377c307> 1997 PCT/ US99/ 03055 <400> 54 Ay Asp Arg
Ala Aap Ay Gn Pro Ala Ay Asp Arg Ala Asp Ay Adn 1 5 10 15 Pro Ala Gy
<2l 0> 55 <awd>99i4893¢2| 2> PRT <2| 3> Cl ostridiumtetani <300> #808/8998085 ne
<304> 15 <305> 4 c306> 377<307> 1997 <400> 55 @ n Tyr Ile Lys Ala Asn Ser

Lys Phe Ile Ay Ile Thr Qu Leu Cys 1 5-48-15 <21 0> 56 <21l > 25 <2l 2> PRT
<2| 3> Ent anpeba hi stol yti ca <300> <303> <304> <305> <306> <307> J. EXxp.
Med. 1B5 10 17931997 c400> 56 Val Gu Cys Ala Ser Thr Val Cys Ghéslg

G Lys Grs n8hiaPRbsgebEisy pEipsrsoed e el B A o bomm

j aponi cum <300ze§3@dze¥aaaienehsd®d 2nl SEQ3AD>NDs<366>879<30He #@HTA
PCT/ US99/ 03055 <400> 57 Asp Leu G n Ser Au Ile Ser Leu Ser Leu GQu Asn Gy

Au Leu Ile 1 5YPE"15SMUGACSF A B9 38 NRS458-A0Ser Leu Ala Ser du Leu
Gn Arg Arg 20 25 30 ValIé?%rder to generate lysine inserts at

5 positions 75 to 84 (HBc-K75 through HBc-K84), the
pairs of PCR fragments were digested with the
restriction endonuclease MseI, which recognizes the
sequence, AATT. The modified gene was restored by
iigating the oligonucleotide primer (containing the ‘

10 lysine) at the convenient MseI restriction site
located at nucleotides 221-224. For HBc-KB85 (SEQ ID
NOs:85-86) it was necessary to generate two fragments
that were ligated at a common Xhol restriction site
(CTCGAG) that is not present in the wild type gene,

15 but could be introduced at position 239-244 without

altering any amino acids.

Table 6

Lysine insertion mutants of HBc

20 in the immunodominant loop

Name Sequence SEQ ID NO:

Wild Type HBc | TWWGVNLEDPASRDLVVSYV 60
K75 TWVGVKNLEDPASRDLVVSYV 62
K76 TWVGVNKLEDPASRDLVVSYV 64
K77 TWVGVNLKEDPASRDLVVSYV 66
K78 TWVGVNLEKDPASRDLVVSYV 68
K79 TWVGVNLEDKPASRDLVVSYV 70
K80 TWVGVNLEDPKASRDLVVSYV 72
K81l TWVGVNLEDPAKSRDLVVSYV 74
K82 TWVGVNLEDPASKRDLVVSYV 76




o ' = § AUG 2002

<2l 0> 58 <211> 34 <2| 2> PRT <2l 3> Schi stosoma mansoni ¢300> <303> Vacci ne
<304> 15 c305> 1 <306> 79<307> 1997 ~ <400> 58 Asp Leu @n Ser Qu lle Ser
Leu Ser Leu Qu Asn Ser Qu Leu Ile 1 5 10 15 Arg Arg Ala Lys Ala Ala Qu~
Ser Leu AIVOSYH09&pH Leu G n Arg Arg 20 25 30 Val Asp 33  FPCI/UR90305D WO
991 40934 <2| 0> 59 <211> 63 <21 2> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Ms&k-restriction endonucl ease site
inserted into wild type Hepatitis B sequence at position 75 <220> <221 > CDS
<222> (1)..(63) PCT/US99103055 <400> 59 get acc tgg gtg ggt gtt eat ttg gaa
get cca gcg [Tel aggggac Cl g FGVNLEDBASHADIVAISYY ¥ val ASTHgea 3 g Asp Pro
Ala Ser ArglAsp Leu 1 5 10{15 gta gtc agt tat gtc Vval Vval Ser Tyr |val 20
<2l 0>60<21l 321<2| ZEPRT<2| 33AMVGUNLEDPARRPEACERI00 60 Al&0 Thr Trijp Val dvy

Val Asn Leu |du_Asp Pro Al r Arg Asp ley 1 5 10 15 Val Val Ser [Tyr Val
20 <21 0> 61 [c211> H85 <2l 2> |FWVRHEPERIRALEVGY Beqlence <B20> <243> .
Descri pti on ‘ef—Artt+Hctat—Segquence—Kinsertetd—at—anrnre—acted—post+ti on 75 of

Hetatitis B core 63 34
To purify the strategically modified HBc

proteins, cleared cell lysates from a 1L fermeptation
were precipitated with 45% ammonium sulfate éndjghe

5 resultant pellet subjected to gel filtration’using
Sepharose CL-4B chromatography (2.5cm x 100cm) . «-
Particulate HBc has a characteristic elutién position
when analyzed using this type of column, which was
independent of the amino acid insertions made to the

10 particle. The eleven strategically modified HBc
particles generated for this study were analyzed
using this procedure, and the elution profiles were
measured spectrophotometrically at an absorbance of
280 nm.

15 Three of the constructs (HBc-K75, HBc-K77,
and HBc-K79) were produced at levels of between 50
and 100 mg/L, which is comparable with typical yields
for wild-type, unmodified HBc particles, e.g. HBcl49
particles. Four of the constructs (HBc-K76, HBc-K78,

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).



- 8 AUG 2002
- g AUG 2~2 WD 991 40934 sequence <220> <22I > CDS <222> (1)..(39)

PCT/ US99/ 03055 , . " <400> 61 get acc tgg gtg ggt gtt aaa aat_f{t at cca
gcg tc 41 XOP¥P4Trp val Ay Val Lys Asn Leu G u Asp Pro &cgn.%@&? <210>
62 <211> 13 <212> PRT <21 3> Artificial Sequence <400> 62 Ala Thr Trp Val

Ay Val Lys Asn Leu Au Asp Pro Ala 1 %30 <210> 63 c211> 27 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence: K
inserted at am no acid position 76 of hepatitis B core <220> <22| > CDS
<222> (3) .. (26) <400> 63 tt aat aaa Talglgahd gat cca gcg tct a Asn Lys Leu
Gu Asp Pro Ala Ser 1 5 <210> 64 <211> 8 <212> PRT <2l 3> Artificial
Sequence c400> 64 Asn?i§%9% eRf PYrhsh=Pr by A RS ePRFIBRENT - g AU-G ?~d WO
991 40934 PCT/ US99/ 03098, ]pérégéf)és 6p,-5711>1 R 7 s DNALM <21 3> Artificial

Sequence

Particle Yield (mg/L)
HBc-150 (K75) 77
- HBC-150 (K76) 5
) HBc-150(K77) 74
o HBc-150(K78) 10
HBc-150 (K79) 94
HBc-150 (K80) 0
HBc-150(K81) 17
HBc-150 (K82) 1
HBc-150 (K83) 0
HBc-150 (K84) 0
HBc-150 (K85) 0
5
The foregoing description of the invention,
including the specific embodiments and examples, is
intended to be illustrative of the present invention
10 and is not to be taken as limiting. Numerous other

variations and modifications can be effected without

departing from the true spirit and scope of the

present invention.



<220> <223> Description of Artificial Sequence: K insertzd A¥G2®eition 77
of hepatitis B virus core <220> <221 > CDS <222> (3). (mPEAQEMBﬁTtSH&mﬂ
ttg aaa gaad¥@ar+¥&h gcg tct a 27 Asn Leu Lys G u Asp Pro Al BCBEFMIP3IG5<2| 0>
66 <211 > 8 <21 2> PRT <21 3> Artificial Sequence <400> 66 Aan keg Auggdsd U Asp
Pro Ala Ser 1 5 <21 0> 67 <21l > 32 <2l 2>€BNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: A inserted at position 78 of
hepatitis 8 core <220> <221> CDS <222> (3)..(32) <400> 67 tt ant ttg gaa
aaa gat cca ge@gatctisagdagaed32 Asn Leu A u Lys Asp Pro Ala Ser Arg Asp 36
WO 99140934 1 5 10 <21 0> 68 <211> 10 <212> PRT <2I 3> Artificial Sequence
<400> 68 Asn Leu Qu Lys Asp Pro Ala Ser Arg Asp 1 5 10 <210> 69 <211> 36

<21 2> DIdA <21 3> Artifigial Se 220> 223> Descriptian.of JArtificial
Sequence: R inserted at amino aci po%l‘il‘on‘ of hepat s 8 Sore <220>

<221> CDS <22Z»d[B)prdc3i)n -orirga RCKE 40 J3055% A= H3 cally
S modxf1ed hepadnavirus nucleocapsid protein pendently

linked to a hapten, wherein the strategically
modified hepatictis B core protein comprises an amino

: ‘ acid sequence corresponding to the hepatitis B core

. protein amino acid sequence of SEQ ID NO:2 including

~h

h

amwno ac:=2 ra2sidues number=d abcu

- 1
e e -

=
>
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and additionally having an inserc in the ragion
corrasponding tc amino acid rasiduss numbered about
50 to about 100, said insert (i) being 1 to about 40

amino acid rssidues in length, and (ii) cecntaining a
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2. The strategically mod:iZ:ed nepatici

119

o
n
m

core protein conjugate according o claim i whersin
the insert 1s in the region corresponding tc aminc

acid residues numbered about 70 to about 20.

-

3. The strategically modified hepatit:is B
25 core protein conjugate according to ¢laim I wherein
the insert is i1n the region corresponding to aminc

acid residues numbered 78 to 82.

4. The strategically mod:i:fied hepatitis B

30 core protein conjugate according to claim 1 wherein



tt eat ttg gaa get aaa cca geg tet age gac cta g 36 Asn Leu G u Asp Lys Pro
Ala Ser Arg Asp Leu 1 5 10 <210> 70 <211> 11 <212> pRT <213>"4 AV6i20Ral

Sequence <4Q839/4dd3Asn Leu Gu Asp Lys Pro Ala Ser Arg Asp Letribsdoléss<2l 0>
71 <211> 39 < 212 ~ DN A <21 3> Artificial Sequence <220> 37 ~ AUG 2a02
WD 99/ 40934 <223> Description of Artifigal Sequence: R inserted at am no
acid position 80 of hepatitis B core <220> <22|> CDS c222> (3)..(3B)

PCT/ US99/ 03055 <400> 71 tt aat ttg gaa gat cca aaa gcg tct aga gac cta gta

g 39 Asn Leu S : 1Q < > 72 <21 1>
12 <21 2> PRT gﬂ%?ﬁ?‘%’?i%a&f @ﬁ%ﬁ:@%%@p#%@%@&%& glagé%QlPro Lys Al a
Ser Arg Asp Ledr \@drHolpydfhied Ifkept/én <211> 43 <2| 2> DNA <21 3> Artificial

Sequence <220> <223> Description of Artificial Sequence: R inserted at
amno acid position 81 of hepatitis B core <220> <22| > CDS <222> (3)..(4l)

<400> 73 tt aat ttg gaa gat a gc aa tct a_gac. ct ta ¢ _ag 43 Asn
Leu Gu Asp Pro Ala Lys.%Er i:f%eA%%r%éﬁgﬁ?lﬁglmgﬁsflﬁ?ag%p@q%&%%ll > 13
<2| 2> PRT5 <213z AL tpfdcd Bh S8AYEHE€e according to claim 1 wherein

the hapten is a pathogen-related hapten.

6. The strategically modified hepatitis B
core protein conjugate according to claim 5 wherein
10 the strategically modified hepatitis B core protein
further comprises a T cell stimulating amino acid
residue sequence operatively linked to the carboxy

terminus of said hepatitis B amino acid sequence.

15 7. The strategically modified hepatitis B
core protein conjugate according to claim 6 wherein
said T cell stimulating amino acid residue segquence
is related to the same pathogen as the pendently
linked pathogen-related hapten.

20

8. A strategically modified hepatitis B
core protein particle comprising a strategically
modified hepatitis B core protein subunit having an
insert containing a chemically-reactive amino acid

25 side chain, said insert not itself an antigenic

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.



<400> 74 38

amno acid

8 AUG ~ WO 99/40934 Asn Leu Gu Asp Pro Ala Lys Ser Arg
Asp Leu Val Val 1 5 10 <210> 75 <21l > 45 <2| 2> DNA <2| 3>™ArY 8fAUG 2
Sequence <220> <223> Description of Artificial Sequence: R inserted at
WOOY40PHn 82 of hepatitis B core <220> <22| > CDS RGYYSIN03YSS (44)

PCT/ US99/ 03055 <400> 75 tt ant ttg gaa gat cca gcg tct aaa aga gac cta gta.

gtc agt t 45 Asn Leu Qu Asp Pro Ala Sef8tys Arg Asp Leu Val Val Ser
<21 0> 76 <211> 14 <212> PRT <21 3> Artificial

1510

Sequence <400> 76 Asn Leu GQu

Asp Pro Ala Ser Lys Arg Asp Leu Val Val Ser 1 5 10 <210> 77 <2l 1> 50 <2l 2>
DNA <21 3> Artificial Sequence <220> <223> Description of Artificial
Sequence: Rinserted at am no acid position 83 of hepatitis B core c220>
<221> CDS <222> (3)..(506P-<43bs #rretegaraity padifaedcbergeatist Baga aaa
gac cta gta gtc_a

47 39 . WO 99140934 = =~ PCJ/ US99/.03Q55 Asn L
9 S8 83 S ke AR O B BT o Lo

10

15

20

25

30

wherein about 0.1 to about 0.5 of the strategically
modified hepatitis B core protein subunits are

pendently linked to a hapten.

11. The strategically modified hepatitis B
core protein particle conjugate according to claim 9
having a plurality of strategically modified
hepatitis B core protein subunits that are pendently

linked to different haptens.

12. The strategically modified hepatitis B
core protein particle conjugate according to claim 9
wherein the strategically modified hepatitis B core
protein subunit further comprises a T cell
stimulating amino acid residue sequence peptide-
bonded to the carboxy terminal residue of the amino
acid sequence corresponding to said hepatitis B amino

acid seguence.

13. The strategically modified hepatitis B
core protein particle conjugate according to claim 12
wherein the T cell stimulating amino acid residue is
from the same pathogen as the pendently linked

hapten.

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

linked to a strategically modified hepatitis B core



gtc Val c210> 78 <21l > 16 <2l 2> PRT <213> Artificial Sequence <400> 78 Asn
Leu Au Asp Pro Ala Ser Arg Lys Asp Leu Val Val Ser Tyr Val 1 54 . <210>
79 <211 > 5Gyg8dspasdONA <213> Artificial Sequence c220> <223>pEps€69/@3 g?oﬂlbf
Artificial Sequence: Rinserted at amno acid position 84 of hepatitis B
core <220> <22| > CDS <222> (3) . . (50) z30 <400> 79 tt aat ttg gaa gat cca
gcg tct aga gac aaa cta gta gtc agt tat 47 Asn Leu Qu Asp Pro Ala Ser Arg
Asp Lys Leu Val VaI Ser Tyr 1 5 10 15 gtc Val <210> 80 ' <211> 16 c212> PRT

<21 3> Artificial ce <400> BO Ast Pr Ser. Arg Asp Lys
Leu Val Val Sét* Gltﬁ 5P S0 e é’eﬁ}:césfg' %A‘ia '
PCT/ US99/ 03055; <24 P> r?ti fﬁlllﬁé}r;]. t1d 37 dWMh i3> WidAdi £ al Sequence <220>

r <223> Description of Artificial Sequence: R inserted at amino acid
position 85 of hepatiti s(eB C dyasmai2P (> M%@ﬁxmxd@'}dues (But<400> 81

c tcg age gac cta aaa é;t agt tat, gtc 31 Ser Arg Asp Leu Lys Val Val
Ser Tyr Val 1 ¥ 1%h roug of t e amino acid sequerice of hepatitis

5 B core protein of SEQ ID NO:2;

(b) Domain II is bonded to the carboxy
terminal residue of Domain I and corresponds to
residues 50 to 100 of said amino acid sequence of
hepatitis B core protein that further contains a

10 heterologous insert 1 to about 40 amino acid residues
in length that includes a chemically-reactive amino
acid residue; and

(c) Domain III is bonded to the carboxy
terminal residue of Domain II and corresponds to

15 residues 100 to about 140 of the amino acid sequence

of hepatitis B core protein.

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



<2l 0> 82 <211.> 10 <2l 2> PRT <213> Artificial Sequence <40Qag&aﬁ$uu Arg Asp
Leu Lys Val Val Ser Tyr Val 1 5 10 <210>83<211>18<2| 2>PRT<213>Pl asnodi um

vi vax <400> 83 Asp Arg Ala Ala Ay G@n Pro Ala Ay Asp Arg Ala Asp Ay dn
Pro 1 5 1WOP840P4 Gy <21 0> 84 <211 > 8 <2l 2> PRT <213> |n19?%H§93’°€95Fus 41
WO 991 40934 <400> 84 Cys Asn Asn Pro Hs Arg Ile Leu 1 5 <2/0> 85 <211> 25
<2l 2> PRT <213> Influenza virus $ AUG/2~2 PCT/ US99/ 03055 <400> 85 Cya Pro
Lys Tyr Val Lys G n Asn Thr Zeu Lys Leu Ala Thr Gy Met 1 5 10 15 Arg Asn
Val Pro Qu Lys @n Thr Arg 20 25 <2/ 0> 86 <21l > 15 <2| 2> PRT <2| 3>
Mycobact er i usedudrece uinsest <dH0th86rdhdodakolreespbrndAag Pooabyputl | e Leu Leu
Val Ser Ser Lys Val 1 5 10 15 <2l10> 87 <21l > 15 <2| 2> PRT <213>

Mycobact eri uRFELBee caf otPsalapb>rgsidug LOQ 4l tBer hseptiyisvBl Ser Thr Val

Lys ASp Leu Jeu-PLo 1.5 10518 <207.88 .1 LAchd car $91224860,52! 3>

Mycobact eri um erculosis <
amino acid residue and the insert itself is not an

5 antigenic determinant.

17. An inoculum comprising an immunogenic
amount of a strategically modified hepatitis B core
protein conjugate dissolved or dispersed in a . -
10 pharmaceutically acceptable diluent, said
strategically modified hepatitis B core protein
conjugate comprising a hapten pendently linked to a
strategically modified hepatitis B core protein,
wherein the strategically modified hepatitis B core

15 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
residues numbered about 10 to about 140 and
additionally having an insert in the region

20 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
chemically-reactive amino acid residue, said hapten
being pendently linked to said chemically-reactive

25 amino acid residue.

18. The inoculum according to claim 17
wherein said strategically modified hepatitis B core
protein conjugate is present in the form of

30 particles.



Leu Leu Pro Leu Leu GQu Lys Val Ile Gy Ala Ay Lys Pro Leu 1 5 10 25 42

-a AUG2~2 WD 991 40934 PCT/ US99/ 03055 <2| 0> 89 <21l > 15 <212> PRT <2/538 AUG 20
Mycobact er morpd400Br cul osi s <400> 89 Ala xle Leu Thr Ay d yra/us¥WaBossl e Ser
Gu Qu Val dy Leu 1 5 10 15 <21 0> 90 <21l > 15 <2l 2> PRT c213>

Mycobact eri um tubercul osis <400> 90 Il e-Aa Phe Asn Ser Ay Leu Qu Pro Gy
Val Val Ala Qu Lys 1 510 15 <2/0> 91 <21l > |18 <212> PRT <213>
Mycobact eri um tubercul osis <400> 91 Ala Arg Arg Ay Leu u Arg Ay Leu Asn

Ala Leu Ala Asp Ala Val {55 1Phd5iAySuMah according to claim 18
<270>92<211>14c212>PRT<2|l 3>Mycobact eri um tubercul osis <400> 92 Gu Lys Ile

Ay Ala G u Lethafzin ysaid uhafptedl bs Lisothyas pathhdget) a]l Oched@ig2| 1> 17
<2l 2> PRT <2l 3> Mycobacter| umt]L.JbercuI osis 43, - g au ¢ 2no2 WO 99| 40934
PCTI US99/ 03055322105 3 3Rl 1 siAry B3+ g iPdy PIRTEWE @ u Lys Val

The Gu Thr 15 10 A5kets 52105504 531 2218 52023 ERT
5
20. A process for inducing antibedies in
an animal host comprisiné the steps of inoculating
said animal host with an inoculum that comprises an
immunogenic amount of a strategically modified

10 hepatitié B core protein conjugate dissolved or
dispersed in a pharmaceutically acceptable diluent,
said strategically modified hepatitis B core protein
conjugate comprising a hapten pendently linked to a
strategically modified hepatitis B core protein,

15 wherein 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
residues numbered about 10 to about 140 and

20 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
chemically-reactive amino acid residue, said hapten

25 being pendently linked to said strategically modified
hepatitis B core protein through said chemically-
reactive amino acid residue, and maintaining said
animal for a time sufficient for antibodies to be
induced.

30



<213> Mycobacterium tubercul psis <400> 94 Ile G u Asp A %@E& NI PHEET
Lys Ala Ala Val Qu Gu dy 1 5 10 15 <2/10> 95 <211> 20 <213>

Fel i ne | euke{d go Yok us <400> 95 Cys Asp Ile Ile Gy Asn Thr TperAseE6s Ser
Asp Gn GQu Pro Phe 1 5 10 15 Pro Ay Tyr Ay 20 <21 0> 96 <211> 21 <&#@

PRT c213> Feline | eukem a virus <400> 96-Gys Ile Gy Thr Val Pro 8 $Y
Hs An Ala Leu Cys Asn Qu Thr 1 5 10 15 An dn @y H's Thr 20 <2L
<2l 1> 13 <2I 2> PRT <2l 3> Feline Ieukem' a virus 44 WD 991 40934 <400 @6752002

Ay Asn Tyr Ser Asn G n PDPr - <2l 0> 98
<2)1/1> 22 )</212> PRT <213> %’el i ne T e%n a valoc’}ﬁ? C’Z’Jauc Ca ]}%‘CI{?S%/ 03055
<400> 98 Thr Aspnite:-(du#if astesedducd U, SesdldedSafepiim diay fPHdbtys Ser 1

5 10 15 Leu Thr Ser Leu Ser @ u 20 c210> 99 <211> 14 <212> PRT <213> Feline
| eukemi a vi xvs BPZODS QP B2EHES La® NFHFEBRIU W Fhedays adn Arg A n dAn Leu
Phe 1 5 10 <2l OSaLt(:)chezle> 23 <212> PRT <213> Feline | eukenia virus '

5
. 22. The process according to claim 21 wherein
said hapten is from a pathogen and wherein the
antibodies induced in said mammalian host protect

said mammalian host from said pathogen.

10



c400> 100 Asp Ser GAn @n Gy Trp Phe Gu Gy Trp Phe Asn Lys «Sgraffy rp1l
510 15 Phe Thr Thr Leu Ile Ser Ser 20 <21 0> |01 <21l > 18 <2| 2> PRT c213>
Fel i ne | eukeologvadong us <400> 10l 45 '8 AUR~2 WD 991 40934 BeThidsH®0853055
G@n Val Met Thr Ile Thr Pro Pro A n Ala Met Gy Pro Asn Leu Val 1 5 10 15
Leu Pro <2l 0>] 02<211>17<212>PRT<213>Fel i ne | eukem a virus <400> |02 Asp G n
Lys Pro Pro Ser Arg A n Ser An lle GQu Ser Arg val Thr 1 5 10 15 Pro <2l 0>
103 <211> 15 <212> PRT <213> Feline | eukem a virus <400> |03 Arg Arg Ay
Leu Asp Ile Leu Phe Leu Gn Qu Ay Gy Leu Cys 1 5 10 15 e210> |04 <2l 1>
25 <21 2> PRT <213> Feline leukem a virus]1£300> 104 dn Qu Ay Ay Leu Cys
Ala Ala Leu u Qu Cradnlle dy dy 15 10 15 Leu Cys Ala Ala Leu Lys
Au Gu Cys 20 25 <21 0> 105 <21 1> 12 <21 2> PRT <2I13> Artificial Sequence 46

WO 99/ 40934
; Scheme 1
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<220> <223> Description of Artificial Sequence: Cytochrone R-gHyG 2080ment
<300> <303> Sci ence <304> 22B c306> |436-1440 <307> | 985 <400> 105 Asn Al a
Asn Pro AswaMwmogssmsn Pro Asn Ala Asn Pro 1 5 10 <21 0> | 06 <2pdruspoads2> PRT
<2] 3> Artificial Sequence <220> <223> Description of Artificial Sequence:
Cytochronme P-450 fragnment <400> 106 Gds Met G n Leu Arg Ser 1 5 <210> |07
<211> 6 <212> PRT <213> Artificial Sequence <220> <223> Descri ption of
Artificial Sequence: C~tochrome P-450 fragnmeat c400> 107 Gds Arg Phe Ser
I[le Asn 1 5 <21 0> 108 <211 > 5 <2| 2> PRT <213> Artificial Sequeace - 8 AUG
2~2 PCT/ US99/ 03055 47 1 SEHB'GoFA803% <220> <223> Description of
Artificial Sequence: Cytochronme P-450 fragnment <400> 108 Cys Ala Val Pro
Arg ' 1<31Qp3Bhsketo Aghlex & <2| 2> PRT <213> Artificial Sequence c220> <223>
Descri ption &fmue; Pemrdieg| ISequence: G-t ochrone P-450 fragnment <400> |09 Cys
Ile Pro Arg Ser 1 5 <210> 110 <211> 5 <212> PRT

<120> Strategically Modified Hepatitis B Core Proteins and

their Derivatives
<130> SYN-101 4564/69529

<140> PCT/US99%/
<1l41l> 1999-02-11

<150> 60/074537
<151> 1998-02-212

<l60> 113
<170> PatentIn Ver. 2.0

<210> 1

<211> 553

<212> DNA

<213> Hepatitis B wvirus

<220>
<221> CDS
<222> (1)..(549)

<300>

<303> Nature
<304> 281
<306> 646-
<307> 1979

<400> 1

atg gac atc gac cct tat aaa gaa ttt gga gct act gtg gag tta ctc 48
Met Asp Ile Asp Pro Tyr Lys Glu Phe Gly Ala Thr Val Glu Leu Leu
1 5 10 15

teg ttt ttg cct tect gac tte ttt cct tca gta cga gat ctt cta gat 96
Ser Phe Leu Pro Ser Asp Phe Phe Pro Ser Val Arg Asp Leu Leu Asp
20 25 30

acc gec tca get ctg tat cgg gaa gee tta gag tct cct gag cat tgt 144
Thr Ala Ser Ala Leu Tyr Arg Glu Ala Leu Glu Ser Pro Glu His Cys
3s 40 45



<21 3> Artificial Sequence <220> <223> Description of Arthqégmgl Sequence:
C~rtochrone P-450 fragnment <400> 110 Cps Phe Ile Pro WQI c210> 11l

c211> 6 <2| 2YPRK0VI13> Artificial Sequence <220> <223> Deschi ?]dsg %f
Artificial Sequence: C~tochrone P-450 fragnment <400> 111 Carsd% r &)ﬂ SBer
Ay Ala 8 ALIG ~ PCT/US99/ 03055 48 " 8 AUG , ~ WD 99140934 PCT/ US99/ 03055
1 5 <210> 112 <211 > 6 <212> PRT <21 3> Artificial Sequeace <220> <223>
Description of Artificial Sequence: Cytochrone P-450 fragnent <400> |12 Cys
Thr Leu Seéa @cy L €2l 0> 113 <211 > 12 <2| 2> PRT <213> Pl asnodi um

cde e J’°é °&°G:§9A€§‘5 299/ aAF £tAStEAkag Gay &dan Prea 1 5 10

know esi 1
now esi  s40Q214;3 ﬁy &L%\J[ AP g Gln Ala Ile Leu Cys Trp Gly Glu

49 . AyU3?. AUYgA . A Al AT ANCAMTA
AUy, A{& A f.A AA ANY. ARUQ@ . ASI> AN@ A. A9(y, . AFSA3. A A>T. A A AR AA9. AA, . AS. A

f.Ah3. Af. AL, Ay2. A@RAN A3 A.A
. Aye. A&AyY ;ﬁﬁ AR A TAC (ASALET AL 98k, gktARa e g sl Aba ASy) - AR A A3. AAf

e. A& A AL.ZAbMREITHK, U8y Ah, TRGr Toif Hal MY VAL Asn Lew Glu Asp pro AL
) AY. AFe. AS?. Ae. AR Ae. Ae. A8. Ane. Ae. AR AR AR Ale. A?. K2. AhT AU e. Al 2. Ae. AY?
Aye.AL,,. A .A IR Afl. AfF?. AR Ae. A?. A A Af5R Ae. AA2. A . A?. APPR AFy. A . AR AS

| 2. ANe. Aygﬁ:i AS® AR FAFRAWYR. d&ty tfty g8 W{ Zc%* 'ayt.Y%'tg ggce cta aa 288
er Arg Asp Leu Val Val Ser Tyr Val "Asn Thr Asn Met Gly Leu Lyg
85 90 ’
95

tte
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<400> 8

atg tat ctt ttt cac ctg tgc ctt gtt ttt gcc tgt gtt cca tgt cet 48
Met Tyr Leu Phe His Leu Cys Leu Val Phe Ala Cys Val Pro Cys Pro
1 5 10 15

act gtt caa gcc tece aag ctg tge ctt gga tgg ctt tgg gac atg gac 96
Thr Val Gln Ala Ser Lys Leu Cys Leu Gly Trp lLeu Trp Asp Met Asp
20 25 30

ata gat cce tat aaa gaa ttt ggt tet tect tat cag ttg ttg aat ttt 144
Ile Asp Pro Tyr Lys Glu Phe Gly Ser Ser Tyr Gln Leu Leu Asn Phe
35 40 45

ctt cect ttyg gac ttt ttt cet gat ctc aat gca ttg gtg gac act gct 192
Leu Pro Leu Asp Phe Phe Pro ABp Leu Asn Ala Leu Val Asp Thr Ala
50 55 60

gct gect cet tat gaa gaa gaa tta aca 99t agg gag cat Egt tet cct 240
Ala Ala Leu Tyr Glu Glu Glu Leu Thr Gly Arg Glu His Cys Ser Pro

65 70 75 80
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cat cat act get att aga cag gec tta gtg tgt tgg gaa gaa tta act 288
His His Thr Ala Ile Arg Gln Ala Leu Val Cys Trp Glu Glu Leu Thr
85 90 95

aga tta att aca tgg atg agt gaa aat aca aca gaa gaa gtt aga aga 336
Arg Leu Ile Thr Trp Met Ser Glu Asn Thr Thr Glu Glu Val Arg Arg
100 105 110

att att gtt gat cat gtc aat aat act tgg gga ctt aaa gta aga cag 384
Ile Ile Val Asp His Val Asn Asn Thr Trp Gly Leu Lys Val Arg Gln
115 120 125

act tta tgg ttt cat tta tca tgt ctt act ttt gga caa cac aca gtt 432
Thr Leu Trp Phe His Leu Ser Cys Leu Thr Phe Gly Gln His Thr Val
130 135 140

caa gaa ttt ttg gtt agt ttt gga gta tgg att aga act cca gct cct 480
Gln Glu Phe Leu Val Ser Phe Gly Val Trp Ile Arg Thr Pro Ala Pro
145 150 155 160

tat aga cca cct aat gca ccc att tta tca act ctt ccg gaa cat aca 528
Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro Glu His Thr
165 170 175

gtc att agg aga aga gga ggt tca aga gct gct agg tcc ccc cga aga 576
Val Ile Arg Arg Arg Gly Gly Ser Arg Ala Ala Arxrg Ser Pro Arg Arg
180 185 190

cge act cce tect cect cgec agg aga agg tct caa tca ccg cgt cgc aga 624
Arg Thr Pro Ser Pro Arg Arg Arg Arg Ser Gln Ser Pro Arg Arg Arg

195 200 205
cgc tct caa tct cca get tece aac tgc tga 654
Arg Ser Gln Ser Pro Ala Ser Asn Cys
210 215
<210> 9
<21l> 217
<212> PRT

<213> Hepatitis B virus

<400> 9
i Met Tyr Leu Phe His Leu Cys Leu Val Phe Ala Cys Val Pro Cys Pro
1 5 10 15

Thr Val Gln Ala Ser Lys Leu Cys Leu Gly Trp Leu Trp Asp Met Asp
20 25 30

10
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Ile Asp Pro Tyr Lys Glu Phe Gly Ser Ser Tyr Gln Leu Leu Asn Phe
a5 40 45

Leu Pro Leu Asp Phe Phe Pro Asp Leu Asn Ala Leu Val Asp Thr ala
50 55 60

Ala Ala Leu Tyr Glu Glu Glu Leu Thr Gly Arg Glu His Cys Ser Pro
65 70 75 80

His His Thr Ala Ile Arg Gln Ala Leu val Cys Trp Glu Glu Leu Thr
85 90 95

Arg Leu Ile Thr Trp Met Ser Glu Aan Thr Thr Glu Glu Val Arg Arg
100 105 110

Ile Ile Val Asp His Val Asn Asnp Thr Trp Gly Leu Lys Val Arg Gln
115 120 125

Thr Leu Trp Phe Hig Leu Ser Cys Leu Thr Phe Gly Gln His Thr Val
130 135 140

Gln Glu Phe Leu Val Ser Phe Gly val Trp Ile Arg Thr Pro Ala Pro
145 150 155 160

Tyr Arg Pro Pro Asn ala Pro Ile Leu Ser Thr Leu Pro Glu His Thr
165 170 175

Val Ile arg Arg Arg Gly Gly Ser Axrg Ala Ala Arg Ser Pro Arg Arg
180 185 190

Arg Thr Pro Ser Pro Arg Arg Arg Arg Ser Gln Ser Pro Arg Arg Arg
1985 200 205

Arg Ser @Gln Ser Pro Ala Ser Asn Cys
210 .. 215

<210> 10

<211> $18

<212> DNA

<213> Hepatitis B virus

<220>
<221> CDs
<222> (1) ..(915)

<400> 10

11
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atg tgg tct cta aga tta cac ccc tct cca ttc gga gct gcg tgc caa 48
Met Trp Ser Leu Arg Leu His Pro Ser Pro Phe Gly Ala Ala Cys Gln
1 5 10 15
ggt atc ttt acg tcg acc tcg ctg ttg tte ctt gtg act gta cct ttg 96
Gly Ile Phe Thr Ser Thr Ser Leu Leu Phe Leu Val Thr Val Pro Leu
20 25 30
gta tgt ace att gtt tat gat tet tgc tta tat atg gat gtc aat get 144
val Cys Thr Ile val Tyr Asp Ser Cys Leu Tyr Met Asp Val Asn Ala
35 40 45
teca aga gct tta gea aat gta tat gat ctg cca gat gat tte ttt cct 192
Ser Arg Ala Leu Ala Asn Val Tyr Asp Leu Pro Asp Asp Phe Phe Pro
50 55 60
cag att gat gat ctt gtt aga gat gct aag gat gct tta gaa cet tat 240
Gln Ile Asp Asp Leu val Arg Asp Ala Lys Asp Ala Leu Glu Pro Tyr
65 70 75 80
tgg aaa gcc gaa aca ata aag aaa cat gtt tta att gct act cac cet 288
Trp Lys Ala Glu Thr Ile Lys Lys His val Leu Ile Ala Thr His Phe
85 90 95
gtg gat ttg att dgag gac ttc tgg cag acc act cag ggt atg age caa 336
Vval asp Leu Ile Glu Asp Phe Trp Gln Thr Thr Gln Gly Met Ser Gln
100 105 110
att gca gac gce ctc cga geca gta att cca cct act acc gta cca gta 384
Tle Ala Asp Ala Leu Axg Ala Val Ile Pro Pro Thr Thr Val Pro Val
115 120 125
ccg gag ggt ttt ctc att act cat agt gag gca gaa gag atc cce ttg 432
Pro Glu Gly Phe Leu Ile Thr His Ser Glu Ala Glu Glu Ile Pxro Leu
130 135 140
aac gat ctc ttt tca aat caa gag gag agdgg ata gtc aat ttc caa (-3 480
Asn Asp Leu Phe Ser Asn ¢ln Glu Glu Arxrg Ile val Asn Phe Gln Pro
145 150 158 160
gac tat ccc att aca gct aga att cat acc cac tta cgt gtt tat act S28
Asp Tyr Pro Ile Thr Ala Arg Ile His Thr His Leu Arg val Tyr Thr
165 170 175
aaa ttg aat gaa caa gct ttg gac aaa get cgec aga ttg ctt tgg tgg 576
Lys Leu Asn Glu Gln Ala Leu Asp Lys Ala Arg Arg Leu Leu TP Trp
180 185 190
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cat tac aat tgc ctec ctc tgg gga gaa gcc act gtt aca aat tat att 624
His Tyr Asn Cys Leu Leu Trp Gly Glu Ala Thr Val Thr Asn Tyr Ile
195 200 205

tct cgec ctc cgt act tgg ctt tct act ccc gaa aaa tat cga ggc aag 672
Ser Arg Leu Arg Thr Trp Leu Ser Thr Pro Glu Lys Tyr Arg Gly Lys
210 215 220

gat gcc cca acc att gaa gca atc act aga cca atec cag gtg gct caa 720
Asp Ala Pro Thr Ile Glu Ala Ile Thr Arg Pro Ile Gln Val Ala Gln
225 230 235 240

gga ggc aga aat caa act aag gga act aga aaa cct cgt gga ctc gaa 768
Gly Gly Arg Asn Gln Thr Lys Gly Thr Arg Lys Pro Arg Gly Leu Glu
245 250 255

cct aga aga cga aag gtt aaa acc aca gtt gte tat ggg aga aga cgt 816
Pro Arg Arg Arg Lys Val Lys Thr Thr Val Val Tyr Gly Arg Arg Arg
260 265 270

tct aag tec cga ggc agg aga tece tet cea tee caa egt geg ggc tce 864
Ser Lys Ser Arg Gly Arg Arg Ser Ser Pro Ser Gln Arg Ala Gly Ser
275 280 285

cct ctec cca cgt aat cgg gga aac cag aca cga tcc cce teca cct agg 912
Prc Leu Pro Arg Asn Arg Gly Asn Gln Thr Arg Ser Pro Ser Pro Arg
290 295 300

gaa tag 918
Glu

305

<210> 11

<211> 305

<212> PRT

<213> Hepatitis B virus

<400> 11
Met Trp Ser Leu Arg Leu His Pro Ser Pro Phe Gly Ala Ala Cys Gln
1 5 10 is

Gly Ile Phe Thr Ser Thr Ser Leu Leu Phe Leu Val Thr Val Pro Leu
20 25 30

Val Cys Thr Ile Val Tyr Asp Ser Cys Leu Tyr Met Asp Val Asn Ala
35 40 45

13
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Glu
305

<210> 12

<2311> 918

<212> DNA

<213> Hepatitis B virus

<220>
<221> CDS
<222> (1)..(915)

<400> 12

atg tgg aac tta aga att aca ccc ctc tce ttc gga get got tgc caa 48
Met Trp Asn Leu Arg Ile Thr Pro Leu Ser Phe Gly Ala Ala Cys Gln
1 5 10 15

ggt atc ttt acg tet aca ttg ctg ttg tcg tgt gtg act gta cct ttg 96
Gly Ile Phe Thr Ser Thr Leu Leu Leu Ser Cys val Thr Val Pro Leu
20 25 30

gta tgt acc att gtt tat gat tet tge tta tat atg gat atc aat gct 144
val Cys Thr Ile val Tyr Asp Ser Cys Leu Tyr Met Asp Ile RAsn Ala
35 40 45

tet aga gcc tta gee aat gtg tat gat cta cca gat gat ttec ttt cca 192
Ser Arg Ala Leu Ala Asn Val Tyr Asp Leu Pro Asp Asp Phe Phe Pro
50 S5 60

aaa ata gat gat ctt gtt aga gat gct aaa gac gect tta gag cct tat 240
Lys Ile Asp AsSD Leu Val Arg Asp Ala Lys asp Ala Leu Glu Pro Tyr
65 70 75 80

tgg aaa tca gat tca ata aag aaa cat gtt ttg att gca act cac ttt 288
Trp Lys Ser ASP ger Ile Lys Lys His val Leu Tle Ala Thr His Phe
85 90 95

gtg gat ctc att gaa gac ttc tgg cag act aca cag gge atg cat gaa 336
val Asp Leu Ile Glu Asp Phe Trp Gln Thr Thr Gln Gly Met His Glu
100 105 110

ata gcc gaa tca tta aga gct gtt ata cct ccc act act act cct gtt 384
Tle Ala Glu Ser Leu Arg Ala Val Ile Pro Pro Thr Thr Thr Pro Val
118 120 125

cca ceg ggt tat ctt att cag cac gag gaa gct gaa gag ata cect ttg 432
Pro Pro Gly Tyr Leu Ile Gln His Glu Glu Ala Glu Glu Ile Pro Leu

15
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130 135 140

gga gat tta ttt aaa cac caa gaa gaa agg ata gta agt ttc caa ccc 480
Gly Asp Leu Phe Lys His Gln Glu Glu Arg Ile Val Ser Phe Gln Pro
145 150 155 160

gac tat ccg att acg gct aga att cat get cat ttg aaa gct tat gca 528
Asp Tyr Pro Ile Thr Ala Arg Ile His Ala His Leu Lys Ala Tyr Ala
165 170 175

aaa att aac gag gaa tca ctg gat agg gct agg aga ttg ctt tgg tgg 576
Lys Ile Asn Glu Glu Ser Leu Asp Arg Ala Arg Arg Leu Leu Trp Trp
180 185 190

cat tac aac tgt tta ctg tgg gga gaa gct caa gtt act aac tat att 624
His Tyr Asn Cys Leu Leu Trp Gly Glu Ala Gln Val Thr Asn Tyr Ile
195 200 205

tct cgt ttg ecgt act tgg ttg tca act cct gag aaa tat aga ggt aga 672
Ser Arg Leu Arg Thr Trp Leu Ser Thr Pro Glu Lys Tyr Arg Gly Arg
210 215 220

gat gecc ccg acc att gaa geca atc act aga cca ate cag gtg gect cag 720
Asp Ala Pro Thr Ile Glu Ala Ile Thr Arg Pro Ile Gln Val Ala Gln
225 230 235 240

gga ggc aga aaa aca act acg ggt act aga aaa cct cgt gga cte gaa 768
Gly Gly Arg Lys Thr Thr Thr Gly Thr Arg Lys Pro Arg Gly Leu Glu
245 250 255

cct aga aga aga aaa gtt aaa acc aca gtt gtc tat ggg aga aga cgt 816
Pro Arg Arg Arg Lys Val Lys Thr Thr Val Val Tyr Gly Arg Arg Arg
260 265 270

tca aag tcc cgg gaa agg aga gcc cct aca ccc caa cgt gcg gge tec 864
Ser Lys Ser Arg Glu Axrg Arg Ala Pro Thr Pro Gln Arg Ala Gly Ser
275 280 285

cct cte cca cgt agt teg agec age cac cat aga tct ccc teg cct agg 912
Pro Leu Pro Arg Ser Ser Ser Ser His His Arg Ser Pro Ser Pro Arg

290 295 300
aaa taa 918
Lys
305

<210> 13

16
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<211l> 305

<2125 PRT

<213> Hepatitis B virus

<400> 13
Met Trp Asn Leu Arg Ile Thr Pro Leu Ser Phe Gly ala aAla Cys Gln
1 5 1o 15

Gly Ile Phe Thr Ser Thr Leu Leu Leu Ser Cys Val Thr Val Pro Leu
20 25 30

Val Cys Thr Ile Val Tyr Asp Ser Cys Leu Tyr Met Asp Ile Asn Ala
35 40 45

Ser Arg Ala Leu aAla Asn Val Tyr Asp Leu Pro Asp Asp Phe Phe Pro
50 55 60

Lys Ile Asp Asp Leu Val Arg Asp Ala Lys Asp Ala Leu Glu Pro Tyr
65 70 75 80

Trp Lys Sexr ASp Ser Ile Lys Lys His val Leu Ile Ala Thr His Phe
85 90 95

Val Asp Leu Ile Glu Asp Phe Trp Gln Thr Thr Gln Gly Met His Glu
100 105 110

Ile Ala Glu Ser Leu Arg Ala Val Tle Pro Pro Thr Thr Thr Pro Val
115 120 125

Pro Pro Gly Tyr Leu Ile Gln His Glu Glu Ala Glu Glu Ile Pro Leu
130 135 140

Gly AsSp Leu Phe Lys His Gln Glu Glu Arg Ile Val Ser Phe Gln Pxo
145 150 155 160

48p Tyr Pro Ile Thr Ala Arg Ile His Ala His Leu Lys aAla Tyr Ala
165 170 1758

Lys Ile Asn Glu Glu Ser Leu Asp Arg Ala Arg Arg Leu Leu Trp Trp
180 185 190

His Tyr asn Cys Leu Leu Trp Gly Glu Ala Gln Val Thr Asn Tyr Ile
195 200 205

Ser Arg Leu Arg Thr Trp Leu Ser Thr Pro Glu Lys Tyr Arg Gly Arg
210 2158 220

Asp Ala Pro Thr Ile Glu Ala Ile Thr Arg Pro Ile Gln Val Ala Gln

17
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Asn Lys Ile Thr Tyr
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<210> 15

<211l> 29

<212> PRT

<213> Influenza vVirus

<400> 15
Arg Gly Ile Phe Gly Ala Ile Ala Gly Phe Ile Glu Asn Gly Trp Glu
1 5 10 15

Gly Met Ile Asp Gly Trp Tyr Gly Phe Arg His Gln Asn

20 25

<210> 16

PR



t JSRL = 8§ AUG 2002

110%s! 10%"s& ()-q+! 10%"s& ()-q+! 10%"s& ()-q+! 10%"s& ()-q+! 109%6"s& ()-q+

) ?A | ~bFSRv0 99/40934 PCT/US99/03055

110! 10%"s& ()-qg+' 109%6"s& ()-q+!' 109%6"s& ()-qg+! 10%s"s& ()-qg+!' 10%"s& ()-q+)?

A 1% /9<vV6sRl

110%"s& ()-qg+' 10%"s& ()-q+! 10%"s& ()-qg+! 109%6"s& ()-q+! 109%"s& ()-qg+) ?A

I'<=FCGHI Jf JsR1

110%s! 109%6" s& () g+!' 109%"s& ()-q+'10%"s& ()-q+! 109%8"s& ()-g+!' 10%"s& ()-qg+
)?A 1] [1P<h 6sR1

llO%; s&%Pz PRT10%6"s& () -g+! 109" s& () -qg+! 109" s& ()-q+! 109" s& ()-q+) ?A

| no~f JsER13> Influenza virus

110%! 10%"s& ()-g+!10%"s& ()-g+!10%"s& ()-g+!10%"s& ()-g+!10%"s& ()-qg+

) ?A | vV6sRD> 16

1 10%6" s &) Lyp'G1OYETs & ¢ o1y 11096 S&Y (Alag+! 1096"s& () - q+! 109" s& () -qg+) ?A
'zZ:sR1 1 5 10

11096"s& ()-q+! 10%"s& ()-q+! 10%6"s& ()-qg+! 10%"s& ()-q+! 109" s& ()-q+) ?A
'fJsR1

110! 10%s: 58> (27 g+ 109%6"s& ()-q+! 109%6"s& ()-q+! 109%6"s& ()-qg+!' 10%"s& ()-q+)?

A lvVGSm2

Ié,g%; S& 2(1)2>q5m10%3 S& ()-g+' 10%"s& ()-qg+! 10%"s& ()-qg+!109%6"s& ()-q+) ?A !
%&bFsR1

110! 1096752 (3G T PeR TS g+1 109" s& () - g+! 10%" s& () - g+! 10%" s& () - q+) ?
A 1& 38: P,E V6$R1

£220>
:é—ol-?\/s ?lf;f) R?_gelslcg:(;{gtlso% gg J.OC(ZGQI ssgéq\(.xgnc(l-l-l epatltls(g q+l 109" s& () C]"‘) ?A

110! 109" s& (Vigee Ih@=imey j"“q‘lI‘TO%“"&&’?%‘“%:I‘B}P%C%%& ()-g+! 109" s& ()-q+) ?
A !op| vV6sR1

1 10%s" s&<§9%>q37 109" s& () -qg+! 109" s& ()-q+! 10%"s& ()-qg+! 109" s& ()-g+) ?2A

| bFsR1 ttgggccatg gacatcgace tta

110! 10%"s& ()-g+! 10%"s& ()-q+!' 10%"s& ()-g+! 109%s"s& () - q+! 10%; s& ()-g+)?
AlzZ sRl

1'109%8" s&<£3oq2B10%"s& ()-q+! 10%"s& ()-qg+! 109%"s& ()-qg+!' 109%"s& ()-q+) ?A
1zZ: SRl <211> 31

1 109%6" s&<f32-qphd 096" s& () -q+! 10%6"s& ()-q+! 10%"s& ()-q+! 10%"s& ()-q+) ?A

1 362Z: SR¥213> Artificial Sequence

1109%8"s& ()-g+!'10%"s& ()-q+!' 10%"s& ()-qg+! 109%"s& ()-q+!'109%"s& ()-q+) ?A
16789: ?@aksil

1 1096" S&<£230bkdd¥Upt 8 bF- Atit0miSSedulentd! 108Fats&ld p- q+! 109" s&' () - g+) ?A

! @\Q‘/X“qVVGSRL:.rus PCR primer with an EcoRI restriction site

1109%8"s& ()-g+!'10%"s& ()-q+! 10%"s& ()-qg+! 109%"s& ()-q+!'10%"s& ()-q+) ?A

I qr st ubFsR,,

| 101 10% L5 1) 0 AQUBI S (VAL AUeL 58 (-1 10% 58 ()- g+ 109 S& ()-q4)7
1109%8"s& ()-g+!'10%"s& ()-q+!' 10%"s& ()-qg+! 109%"s& ()-q+!' 10%"s& ()-q+) ?A

I bFsR1

110! 109" ‘§&°’() 9q+! 10%"s& ()-q+ 10%"s& ()-qg+! 109%"s& ()-qg+!' 109%6"s& ()-q+)?
A 1 vV6sRE2:

1 10%" s& gjﬂﬁwm%; s& ()-q+ 10%"s& ()-q+! 10%"s& ()-qg+! 10%"s& ()-q+) ?A

I ~A>sR1 13> Artificial Sequence

110%6"s& ()-q+! 10%"s& ()-q+! 10%"s& ()-q+! 10%"s& ()-q+! 10%"s& ()-q+) ?A !
| "#f JSR1 <220>

1 1096" S& 2R3 g HebOf4pts @h (- #utilfiodals Gefyenge! 1MPALELE)B +! 10%6"s& () -q+) ?A

| #$235EHzZ: SRivirus PCR primer with EcoRI and SacI restriction

1109%6" s& () - qdit@ysanalay )inge+ sy sifie( dodph! 109" s& () - q+! 10%6"s& ()-q+) ?A

' H VWKYZf JsR1

110! 109" "@80§ )req+! 1098 s& () -qg+! 109%6"s& ()-qg+!' 109%6"s& ()-q+! 10%"s& ()-qg+) ?
A T Z[\] " datged¥leci0%adadaddte d694chécdsd gagagaccta g a1

LSl -10% ! & ()-10s"s10s"s10s"s! 10%"s& ()-g+) ?A ! ~cCsR1

109 10% ' & ()-"110%!& ()-"110%!'& ()-"1'10%!& ()-"110%!'& ()-

, #10% ! & () -fJIsR1 19

104 10%!'& ()-"110%!'& ()-"110%!& ()-"110%!& ()-"('10%!'& ()-")?%$
}'zZ:sR1 '10%!'& ()-"110%!& ()-"110%!'& ()-"110%!& ()-"110%!'& ()-")7?%$
F'fIsRL 110110% !'& ()-"110%!& ()-"110%!& ()-"110%!& ()-"110%!& ()-")?%
}! zZ:sRL 110% ! & ()-"110%!'& ()-"110%'& ()-"110%!'& ()-"110%!'& ()-")?%$



}1,-./0fJsRL }
1 201 10% 1 & ()-"110% 1 & ()-"110%1& ()-"110%1& ()-"110% ! & ()-")a?éuem
3! 01?7 @BUXZ 4y 84093 PCT/US99/03055
F10% ! & () - '10%'&() "110% ! & ()-"110%!& ()-"110%!'& ()-")7?%

|

}1 XYf ghi j f JsR1

1101 10% 1 & ()-"110%!& ()-"110%'& ()-"110%!& ()-"110%"'!& ()-")?$

}'jkyz| zZ: sR1

110% ! & ()-"110%!& ()-"110%!& ()-"110%'!& ()-"110%!& ()-")?$ }!~bBsRL

110% 1 & ()-"110%!& ()-"110%!& ()-"110%!& ()-"110%!& ()-")?$ }! ~">sRl

1 10% ! & <@J0%12P0% ! & ()-"110%'& ()-"110%!& ()-")?$

}1110% <8113 71 aE) ! 10% ! & ()-"110%! & ()-"110%! & ()-"110% & ()-""110%! &
") ?$ <212> DNA

}rllo%'&16$ArlZf:)cliﬂ%e!qh&%'&() '110% 1 & ()-"110%!& ()-"110%!& ()-"110

W!& ()-")7?%

}1£J) ! 10%0b4 101 10% 1 & ()-"110% ! & ()-"110%'& ()-"110%!& ()-"110%'& ()-")

?$ <223> Degcription of Artificial Sequence: Hepatitis B

%' &+- BEVVE) ! lﬁ%iciaéh'&l(n)er WitH%nET ) rebdl%idh Ghea! 10% 1 & ()-"110% ! & ()-"

} I EFLMNGRI,3) ! 40% 10% 10% ! & ()-"110% ! & ()-"110% ! & ()-"!110% ! & ()-"!10% ! &

9
}l()PQen2 h~-SPT83 958 5O T L) T 0TI T () - "1 10% 1 & ()-"110% ! & () F110% ! & () -
") 7?

}lfJ)llo%lo%lo%l&() "110% 1 & ()-"110%1& ()-"110% ! & ()-"110%!& ()-")?
$ }1VV6)TPR0%%0% 1 & ()-"110% & ()-"110% & ()-"110% ! & ()-"110%!& ()-")?$

1) 10%0%40% ! & () - 1110% 1 & ()-"110% 1 & ()-"110% 1 & ()-"110% ! & ()-")?
$ }!vV6)I2EB%BRT | & ()-"110% ! & ()-"!110%!& ()-"110%!& ()-"!10%!& ()-")?$
}bF)|1o%1£eIWit&s(7wrme%l&() "110% ! & ()-"110%!& ()-"110%!& ()-")?%$
}!#8&27Z:)1 109 10% ! & ()-"110%!& ()-"110%!& ()-"& 10% ! & ()-"110%!& ()-")?
$ <400> 21

& IOG}fa])ﬂ:i@Mhll@'slG% L&l (Asp" Gn_xown&l(a) Add 894418 Ldu "1 10% ! & ()-"110%! &
()- )°$ 1

H ZBGH"sz)'10%10%'&() 110%1&() "110% ! & ()-"& 10% ! & ()-"110%! & (
) -

}lbcuknaﬁli),'ﬂi)%lO%'&() "110% 1 & ()-"110% ! & ()-"110%1& ()-"110% ! & ()-
}'OpzZ)Tzllé(Zéi:gy/ol&() 110% 1 & ()-"110% 1 & ()-"& 10% 1 & ()-"110% 1 & ()-")?
}'fJ)'10%15'%pf%tllt8fs(fvlrﬁ%l&() 1109 1& ()-"110% 1 & ()-"110%18& ()-") 2
}122:) 1 1096,1090 1 & ()-"110%! & ()-"110%! & ()-"& 10% ! & ()-"110% ! & ()-")?$ -

19)1 104 o 1 " 1L0% | & 110% 1 & ()-") 2%
%IZZ))II 7%1%5&0‘1‘95 %‘54%}?5&9 %Lg&fﬁlsfog/%é&%(’)&llfg)%?& (§) I10%?& (§) )2?$
}lfJ)|10° 0110061 & ()-"110% 1 & ()-"110% 1 & ()-"110% 1 & ()-"110% ! & ()-")?

L CGzZ:)110% 10% 1 & ()-"110% & ()-"110% 1 & ()-"& 10% ! & ()-"110% ! & ()-

}!Gl-lNCPUV?ﬁ)"}?%lO%'& ()-"110% 1 & ()-"110%!& ()-"110%!& ()-"110%!& ()-
,>$ < >

}IVV\bcer63¥'>)P&'b% 10% 1 & ()-"110% ! & ()-"110%!& ()-"110%!& ()-"110%!& ()
)9$ <213> Hepatitis B virus

Flvwf ) 110% 10! 10% ' & ()-"110% ! & ()-"110%!& ()-"110%!& ()-"110%!& ()-")
2% <400> 23

}1'zZ:) ! 1094 18% T ¢)u Hh.é.()%gl Bey )I‘hi‘l'lm%én&l’(:é’ -Ala] G4 PEL (Pzd' A% ! & () -") ?$
}! >o0yX7)110% 3 15

Asp Leu Thr

<210> 24

20



S31098" & ()- 111098"& ()- F 01098"& ()- VY.1098"& ()-!10%! & ()B_qu,gmz

}-0)| obU4! 10 @L0% E# & ()- 108"108"108" 9z1098"& ()- F S8z10%B8"& ()- 3
6@L0YB" & (WobPIB" & ()-)5:BSbr|[;bU4sl 10 10% E# & ()- " Y1eGH/Esh9R3@ss- Y10%
E# & ()-Z S10% E# & ()- -10% E# & ()- | m0% E# & ()-rs|}~bBbU4! 10 10% E#

& ()-)2i U#0 10% E# & ()- 10% E# & ()- 10% E# & ()- 10% E#

<211l> 22
<212> PRT
<213> Hepatitis B virus

<400> 24
Cys Val Lys Arg Met Lys Glu Ser Arg Leu Glu Asp Thr Gln Lys His
1 S 10 1s

Arg Val Asp Phe Leu Gln
20

<210> 25

<211l> 15

<212> PRT

<213> Streptococcus pneumoniae

<300>
<310> EP-0 786 S521-A

<400> 25
Lye Leu Glu Glu Leu Ser Asp Lys Ile Asp Glu Leu Asp Ala Glu
1 5 10 15

<210> 26

<21l> 35

<212> PRT

<213> Streptococcus pneumoniae

<300>
<310> EP-0 786 521-A

<400> 26
Gln Lys Lys Tyr Asp Glu Asp Gln Lys Lys Thr Glu Glu Lys Ala Ala
1 5 10 15

Leu Glu Lys Ala Ala Ser Glu Glu Met Asp Lys Ala Val Ala Ala Val
20 25 30

Gln Gln Ala
35

<210> 27

<21l> 31

<212> PRT

<213> Cryptosporidium parvum

21



& ()-U9bUA! 10 10% E# & ()-)?i Ut 10% E# & ()- 10% E# & ()- 10% E# & ()- 10%
E# & ()-U9bUAl 10 10% E# & ()-)?i U¥ 10% E# & ()- 10% E# & ()- S§AUB208 () -
10% E# & ()wOkbuibsd0 10% 10% E# PCT/US99/03055

<300>
<310> WO 98/07320

<400> 27
Gln Asp Lys Pro Ala Asp Ala Pro Ala Ala Glu Ala Pro Ala Ala Glu
. 1 5 10 15

Pro Ala Ala Glu Pro Ala Ala Gln Gin Asp Lys Pro Ala Asp Ala
20 25 30

<210> 28

<21l1> 16

<212> PRT

<213> Human immunodeficiency virus

<300>
<310> US 5,639,854

<400> 28

Gly Pro Lys Glu Pro Phe Arg Asp Tyr Val Asp Axrg Phe Tyr Lys Cys
1 5 10 15

<210> 29

<211> 17

<212> PRT

<213> Human immunodeficiency virus

<300>
<310> WO 98/07320

<400> 29

Arg Lys Arg Ile His Ile Gly Pro Gly Arg Ala Phe Tyr Ile Thr Lys
1 5 10 15

Asn

<210> 30

<211> 31

<212> PRT

<213> Foot-and-mouth disease virus

<300>
<310> US 4,544,500

22



& ()-)?i Ut% 10% E# & () -
10% E# & ()-)?i U# 10% E# & () -

10% E# & ()- 10%E# & ()- 10%E# & ()- & 110

10% E# & ()- 10%E# & ()- 10%EH ~407;

EFTU9bUA! 140 deiida# & ()-)2i Ut 10% E# » BrAlG-M98ss

<400>

30

Tyr Asn Gly Glu Cys Arg Tyr Asn Arg Asn Ala Val Pro Asn Leu Arg

1l

5

10 15

Gly Asp Leu Gln Val Leu Ala Gln Lys Val Ala Arg Thr Leu Pro

<210>
<21ll>
<212>
<213>

<300>
<310>

<400>

20

31
17
PRT

25 30

Corynebacterium diphtheriae

EP-0 399 011-Bl

31

Phe Gln Val Val His Asn Ser Tyr Asn Arg Pro Ala Tyr Ser Pro Gly

1

Cys

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

<300>
<301>

<303>
<304>
<305>
<306>
<307>

<400>

5

32

25

PRT

Borrelia burgdorferi

Bockenstedt, L. K.
et al.,

J. Immunol.

157

12

5496 -

(1966)

32

10 15

Val Glu Ile Lys Glu Gly Thr Val Thr Leu Lys Arg Glu Ile Asp Lys

1

5

10 15

Asn Gly Lys Val Thr Val Ser Leu Cys

<210>

20

33

25

23



& ()- 10%E# & ()- 10%E# & ()- 10% E# & ()- TUWKYcdf F* 10% E4 %A@L‘%% E#
& ()-)?21Ut% 10% E# & ()- 10% E# & ()- 10% E# & ()- 10% E# & ()-Udefgh *
10% E# & ( WwOM/46834& () - PCT/US99/03055

<211> 19
<212> PRT
<213> Borrelia burgdorferi

<300>
<301> Zhong, W.
et al.,
<303> Bur. J. Immunol.
<304> 26
<305> 11
<306> 2749-
<307> 1996

<400> 33
Thr Leu Ser Lys Asn Ile Ser Lys Ser Gly Glu Val Ser Val Glu Leu
1 5 10 15

Asn Asp Cys

<210> 34

<211l> 11

<212> PRT

<213> Influenza A virus

<300>

<301> Brumeanu, T. D.
<303> Immunotechnology
<304> 2

<305> 2

<306> 85-

<307> (1996)

<400> 34
Ser Ser Val Ser Ser Phe Glu Arg Phe Glu Cys
1 5 10

<210> 35
<211l> 10
<212> PRT
) <213> Influenza A virus

<300>
<301> Brumeanu, T. D.

<303> Immunotechnology
<304> 2

24



10% E# & ()-)?i U# 10% E# & () -
& ()- 10% E# & ()-)?21U#t 10% E# & () -
& () - 10% wo 99/40934

<305> 2
<306> B85-

<307> (1996)

10% E# & () -

10% E# & () -

Tyr Arg Asn Leu Leu Trp Leu Thr Glu Lys

<400> 35
. 1 5
<210> 36
<21l> 142
<212> PRT
<213> Yersinia pestis
<300>
<301> Hill, J.
et al.,
<303> Infect. Immun.
<304> 65
<305> 131
<306> 4476-
<307> (1997)
<400> 36
ASp Ile Leu Lys Val Ile
1 5
Arg Ser Lys Leu Arg Glu
20
Ile Tyr Ser Val Ile Gln
35
Gly Thr Ile Asn Ile His
50
Leu Tyr Gly Tyr Thr Asp
65 70
Lys Ile Leu Glu Lys Met
85
. Glu Lys Lys Ile Val Ser
100
Arg Thr Gly Ala Leu Gly
115

Val

Glu

Ala

Asp

55

Glu

Pro

Ile

Asn

Asp

Leu

Glu

40

Lys

Glu

Gln

Lys

Leu
120

25

Ser

Ala

25

Ile

Serxr

Ile

Thr

Asp

105

Lys

10

Met

10

Glu

Asn

Ile

Phe

Thr

90

Phe

Asn

Asn

Leu

Lys

Asn

Lys

75

Ile

Leu

Ser

10% E# & ()-uY=* 15\;)_@ E?S&@% E#

Hig

Thr

His

Leu

60

Ala

Gln

Gly

Tyr

His Gly

Ala Glu

30

Leu Ser
45

Met Asp

Ser Ala

Val Asp

Ser Glu

110

Ser Tyr
125

10% E# & ()-b

Asp

1is

Leu

Ser

Lys

Glu

Gly

95

Asn

Asn

#
PCT/US99/03055

Ala

Lys

Ser

Asn

Tyr

80

Ser

Lys

Lys



B# & ()- 10% E# & ()-)?21U# 10% E# & ()- 10%E# & ()- 10% E# &§ 10%
E# & 10% E# & ()- 10%E# & ()- 10%E# & ()-)?i Ut 10% E# & ()- 10%
& ()-y] A* YO96Hb934 PCT/US99/03055

Asp Asn Asn Glu Leu Ser His Phe Ala Thr Thr Cys Ser Asp
130 135 140

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

<300>
<310>

<400>

37

19

PRT

Haemophilus influenzae

EP-0 432 220-Bl

37

Cys Ser Ser Ser Asn Asn Asp Ala Ala Gly Asn Gly Ala Ala Gln Phe

1l

5 10 15

Gly Gly Tyr

<210>
i <21l1>
<212>
<213>

<300>
<310>

<400>

38

11

PRT

Haemophilus influenzae

EP-0 432 220-Bl

38

Asn Lys Leu Gly Thr Val Ser Tyr Gly Glu Glu

1

<210>
<21ll>
<212>
<213>

<300>
<310>

<400>

5 10

38

1ls

PRT

Haemophilus influenzae

EP-0 432 220-B1

39

Asn Asp Glu Ala Ala Tyr Ser Lys Asn Arg Arg Ala Val Leu Ala Tyr

1l

<210>
<21l>

5 10 15

40
28

26



& 10% E# & ()- 10% E# & ()-
~bF* 10% E#

10% E#

<212> PRT
<213> Moraxella catarrhilis

<300>
<310> WO 98/06851,

<400> 40
Leu Asp Ile Glu Lys Asp Lys
1 5

Ala Glu Leu Asp Asp Lys Tyrx
20

<210> 41

<211> 28

<212> PRT

<213> Moraxella catarrhalis

<300>
<310> WO 98/06851

<400> 41
Leu Asp Ile Glu Lys Asn Lys
1 5

Ala Glu Len ABp Asp Lys Tyr
20

<210> 42

<21l1l> 28

<212> PRT

<213> Moraxella catarrhalis

<300>
<310> WO 98/06851

<400> 42
Ile Asp Ile Glu Lys Lys Gly
1 5

Ala Glu Leu Asn Lys Asp Tyrx
20

<210> 43
<211> 25

10% E# & ()-)?i U 10% E# & ()-
' (Y- 10% E# & ()- (;LO%E#(&'()- 10% E# & ()-)?i U# 10%
&’dg9/409134

10%:E€ ' (&)_

PCT/US99/03055

Lys Lys Arg Thr Asp Glu Gln Leu Gln

10

Ala Gly Lys Gly Tyr
25

15

Lys Lys Arg Thr Glu Ala Glu Leu Gln

10

Ala Gly Lys Gly Tyr
25

1s

Lys Ile Arg Thr Glu Ala Glu Leu Leu

10

Pro Gly Giln Gly Tyr
25

27

15



& ()- ().z">* 10%E# & 10% E# & ()- 10% E# & ()- 10% E# & () ;\g%)
& ()-)2i Ut 10% E# & ()-.567<GHyY=* 10% E# 10% E# & ()- 10% B 10% E#
& ()- 10% E%0 99/40934 PCT/US99/03055

<212> PRT
<213> Porphyromonas gingivalis

<300>
<304> 110
<305> 2
<306> 285-
<307> 1997

<400> 43
Gly Val Ser Pro Lys Val Cys Lys Asp Val Thr Val Glu Gly Ser Asn
1 5 10 15

Glu Phe Ala Pro Val Gln Asn Leu Thr
20 25

<210> 44

<211l> 20

<212> PRT

<213> Porphyromonas gingivalis

<300>
<304> 110
<305> 2
<306> 285~
<307> 1997

<400> 44
Arg Ile Gln Ser Thr Trp Arg Gln Lys Thr Val Asp Leu Pro Ala Gly
1 5 10 15

Thr Lys Tyr Val
20

<210> 45

<211> 20

<212> PRT

<213> Trypanosoma cruzi

<300>

<304> 159
<305> 9
<306> 4444-
<307> (1997)

<400> 45

28



& ()-)?i U# 10% E# & () - H JKBCDEF~] PC6 1010Q Q 10Q QLOQ Q =3+ 805 22 () -

MB+! 109" 4& () -

1$109KK&' ()-m 1$10%) %y & ()-m 1$10% { & ()-mL 10%!s& ()-c!/|[:bU4 1

10% E# & ()-)?21 Ut 10% E# & ()-FnB|[: PC6 101 9S 10%t& () -
y&10%s Y6 &' Wpro9/ay3d 0K MK & ()-z- 9 10%%& ()- | 1098/&' ()PCT/US99/03055

pl.10%$s& ()-?uS|[:PC6 101 L 1099& ()-c L 10% $& ()-c- % 10% $& ()-c-
10B& ()-c s 10%%& ()- 9S 10%%& ()-& obW 1 10% & () - 10KK10KK10KK-

L10%H & ()- 'S yylO09R& ()-- (109 & ()-- & 109 & ()- t10% & () -

f10% & ()-/sx|[:bW 1 OF 1008)& ()- H 10%-&
Ser His Asn Phe Thr Leu Val Ala Seér Val Ile Ile G

1 5 10

Gly Asn Thr Cys
20

<210> 46

<21ll> 21

<212> PRT

<213> Trypanosoma cruzi

<300>
<310> WO 97/18475

<400> 46
Lys Ala Ala Ile Ala Pro Ala Lys Ala Ala Ala Ala P
1 5 10

Ala Tﬁr Ala Pro Ala
20

<210> 47

<21l1> 16

<212> PRT

<213> Plasmodium falciparum

<300>

<303> Int. Arch. Allergy Appl. Immunol.
<304> 114

<305> 1

<306> 15-

<400> 47

gg-s- © 109K () -s-
Ala Pro Ser
15

ro Ala Lys Ala
15

Ser Val Gln Ile Pro Lys Val Pro Tyr Pro Asn Gly Ile Val Tyr Cys

1 s 10

<210> 48

<211> 16

<212> PRT

<213> Plasmodium falciparum

<300>

<303> Int. Arch. Allergy Appl. Immunol.
<304> 114
<305> 1

29
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109 ()-s  10% ()-s L10% & ()-|Z9bWs 1 9*10%&Zz& ()-!)9* 15AHYE AR
10%r& ()-- TF 10% & ()- nF 109%&' ()- F 109B& ()-]|[NA4 110! 10! 10!

(@10% & (woBsadB & ()-F- 9*10% & ()- 9*10% & ()- h9* 10%Bpon@Es [ : NA4
110 L10% & ()-g s@O0%B & ()- L t10% & ()-- 2&10% A & ()-" u( 2&10% O& ()-"
28109%& ()- @ >e|[: NA4 110 93109 & ()- smMO0%B & ()- s&L0W & ()--

“110% & ()- & 310% & ()- 4& 310% & ()- 1z|[:NA4 110 s-Y10% & ()-F

+109 & ()- P9(:10%!*& ()-f- s&0% & ()- s#10%&' ()-z 49310% & ()- % ?NA4
110

/109 & (J3064008-8& ()-/10% & ()-/10% & ()-/109% & ()-/10% & () - %&(*/ 024hL, 4/ 10
W& ()-1109% & ()-' Y/ 109 & ()-/10% & ()-/109% & () -' Y49: <>CDFeG+4/ 108 & ()-' Y
/1098 & (J+0h1088 & ()-/10% & ()-' Y/ 10% & () - FHWNPRSTel +4' Y/ 10% & ()-/10% & ()
-1 109% & oo pNe LAWK (¥ TIOWE v EAWVIHG—Ey 'LHHIOMMIE @p "cy&@LOVW &' () -
*10% & () &Y109W & ()-40!/10! 10! /1098 &of ) - eE [ ;

' YHHLOOAN & () - " HLOYW & () - " HLO9%W & ()-"" ( <HLO%W & ()-"HlO%/\'/&' ()-"hL, ;
HLOOAN & () - " H1098W & () -"" (<HLOYW & () - " HLO%W & () - " HLOWW & () -"' (<eG;
HLOoAN & /A/éz) {HLO9W & () - " HLO9W & () -"HL0%W & () -"" (<HLOWN & ()-"el +;

' ( <H109 zg ic HLOOAN & () - " HI09W & () - "' (<HLOYW & () - "HLON & () - " eE+;

( <HLOWNY H1094V & () - (<H10%N& ()-"HLO9W & () - " HLO0%W & () - " eGH;
H10%N&‘( R<"Hloty<w& HLO9MW & () - " HLOOW & () -"' (<HLO9W & () -"el +;

| (<H1098W 3(’) ‘"’1%26%/9"&“% sab ’B’%N& ()-"" (<HLO9WW & ()-"HLOWW & () - " eE) HLOYW
& () -"HLOYW & () -"HLOYW & ()-"' (<" HLOWW & () -"HLO9W & () - " HLOON & () - " $% dH
) HLO9AW &539°>" HLOOW & () - "' ( <HLO%W & () - " HLO9%W & () - "HLO%W & () - "' (<(+01589:
el +' ( <HLOPAAPEAYGR." P&@%?M}() "HLO9W & ()-"" (<) HLO9W & ()-"HL0%N & ()-": >AFG
IMeE+ (<+BOSAR' ()-"HLOWN & ()-"' (<- HLO9W & ()-"HLO%N & ()-" HLO%W & () -
W[\ ] i KOKBOOANSEORL) - 275-<HL09W & () - " HLO%N & () -"HL09W & ()-""' (<HLO9W & ()-"]
T| [ : OH10<3®20%B®0)) - Ls310%& ()- L1109%$& ()- LOMLOYB& ()- LI.1098& ()-

L& 10%$& ()-)5vU4 Ls10% & ()- L %0% & ()-10$10$10$ LL : 1098& () -
Lf 8T109%5&4 0> 4b610%5& ()-5:1)[[:vU4 L | & 10%& ()-L z " &$10% & & () -
H &$10% fy& pleb- adgl 0% & 1) Tyd cu 20K Bys( Leu [ALROSSAEY G)a;Iofs] Cxel4 L &6
10%4 & ()- 1 L 410% & ()5 $ 1#10% & ()-y1b 10% & ()- |" BBYK & ()- L&
10% & ()- u?uT3 Mz 10%$G ()- 9z 10% MB*& ()- F:$10%' & ()-t!"F: $10%
"< "& ()-t10#10#10# L& 10%t& ()- ?|[:uT3

<210> 50

<211l> 17

<212> PRT

<213> Streptococcus scbrinus

<300>

«303> Axrch. Oral Biol.
<304> 35

<306> Suppl. 475-
<307> (1990)

<400> 50

Ala Lys Ala Asp Tyr Glu Ala Lys Leu Ala Gln Tyr Glu Lys Asp Leu
1 5 10 15

Cys

<210> 51

<21l1l> 16

<212> PRT

<213> Lymphocytic choriomeningitis virus

<300>

30



N#! 1098& ()- L!1099& ()- Lz 109%& ()- z 109& ()- *z 10%1"d&'§)

L@O0%& ()-P(|[:uT3 LL31098& ()- LL,21098& ()- LOI 1098& () 8 AYGA2 ) -
L99- 21098@vb)oo/abdh L09B& ()- (VU4  LE#10% (" & ()- LnL0% _(° &CTUSIBOMEDAE 0%
LY: 1098& ()- L&Z1098& ()- LL5"109%& ()-g) |[:vU4 L LYI0% ( & ()-zL Ls
10%i % & ()- s 109&& ()- L 10% (" & ()- $10% ( & ()- L10% (& ()-) N wp
I[:vU4 L L3(110% ("& ()- L 3(T10% (& ()- 3('10% (& ()- LS 10% (& ()-

L4LS 10% ' " & ()- LL@0% (" & ()- AVUA - 9A0% () - 5 Y 10% & () -
Lf 109R9O&& () - L10YRIBARE ()- 10 I({10 (10_( 3(!10% (& ()- "&|[:vu4
Ls3- 10%&304R&PEYe- NEHOIRSPRESTY - P-1-R100R9&& ()-L L', 10%RWRL () -

LY409R$&3O4>) 949409k ()-\|[: vU4 L&l 10988& ()-3 L L& 10%R%W&& ()- 3L
Ly#10%R@@&& () -gL 99 10% %94 & ()-& 9g 10% u#i & ()- & L&LOYRIRE ()-~W obU4
L10% & (ped:Ou#1Qu#10u#L " 0Y10%#& ()- L " OYL09%O@M& ()- Ls- 10%&, $&& () -y
L+109R9B4E6 { Jas4D: bU4 L $10% & ()-# $10% & & ()-#L $10%' & ()-#L
~$10% ( & ()-# Lyl0% & ()- L, #10% & ()-~xPQRS| [ NA4 10$H $10$H $10$H $ /
1096H $&a6ds ls1/ 10%& ()-L / 10%

Arg Pro Gln Ala Ser Gly Val Tyr Met Gly Asn Leu Thr Ala Gln Cys

1 5 10 15

<210> 52

<211l> 9

<212> PRT

<213> Shigella flexneri

<300>

<303> J. Biol. Chem.
<304> 271

<305> 52

<306> 33670-

<307> (1996)

<400> 52
Lys Asp Arg Thr Leu Ile Glu Gln Lys
1 5

<210> 53

<211l> 15

<212> PRT

<213> respiratory syncytial virus

<300>
<304> 234
<305> 1
<306> 118-
<307> 1997

<400> 53
Cys Ser Ile Cys Ser Asn Asn Pro Thr Cys Trp Ala Ile Cys Lys
1 5 10 15

<210> 54

<211> 19

<212> PRT

<213> Plasmodium vivax
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& ()- $10%(?2& ()-# $10% ', & ()-#S"~r?|[:NA4 10 ! 10984 ()-3 L-9uuad 2002 |
L9%L0%0 & () - |_ z FL$109RRE ()- L FL$10% & ()- Ls!, 1099& ()-49jw |[: NA4 10
9$109%84&' () %3, PUYRSE ()-nL L&' s1098& ()-L L 1098& ()- L3PCOMBRIEYSS

L& 1098&' ( - jC ef | [ NA4 10D10D10D 4&10%D& () - L 4810% & ()-L $.!1109%& () -
$.11098& ()- LVF,1099& ()-f%J !|[:NA4 10 Ls10%& ()- M3 "10% & ()-L L3
"10909%9& ()-L | L3 "10% & ()- , 10% U & ()-G L,

10%' & ()-GFIQ"G"#| [:NAM4 10 L$10% & ()-f L' 10% & ()-fL LLFg 10% & ()-nL
LFg 109 & ()-m LL10% & ()- Ls109% & () - #f ##) $a$j $$|[: NA4 10 LLF510% & () -
L3Y10% & ()-L L2$10% & ()-L LV .S 10% & ()- LI +10% & ()-z ~ (

10% & (¥30039R9BYA5Y=% Wy U4 @3 110%t!"& ()- LY3' 1 109& () -

21 10% %®936) vdddia®( 10( LY: 10% & ()- LLs7!10% & ()-9%&& ' "' |[:vU4
f'110%&8d4ap- b5 L&IOWR ()-2 @R10%Y & ()- @10%& ()- MERIOWAE ()-

L#10% &<f9ssFa()))0**|[:vU4 L 4,10%& ()-L L &310%4& ()-2 L1! 109%& () -

LL/ 1099834e- 357 109%4& () - ' 1 1098& ()-**, +-+. +/ +; +@[+vW4  10%& ()-S
L10% & Q)67>L19% & ()-10%40%0% , 8310%9& ()-4 LL, 83109%& ()-4[+,,,,-.|[:vU4
s 10%{& () L L 10% & ()-L LLy10% & ()- L10% & ()- ] s $10% ( & ()- E "10% (
& ()- % :vU4  LOGLO% & ()-L L. @O% & ()-L L9-10% & ()-

L* 10% % & ( 2 O0fhd5 164 ALE1dx

LYnﬂJ)W”§%§é@ F)k%ﬁ)%giQA g 153G§ ]é}é(§§4xb QEH;? Agés E: qb

F7T109 & () - 1098&' ()- L310% & ()-z

L@ 10%{& )- CLHLA1(222 3| [: bU4 L LHF10% 9% & ()-f SYd0%& ()-L

\\& 94.0% Y& (‘2%5 SUH0%8 & ()- LA"t10% % & ()- @L10% % & () - 33*4+5\ 555| [ : bU4
L Lss- 1698 M9&SYY - L+10% 9% & ()-L L9y 10% ;! & ()- 9y 10% 9%& ()- 9y

10% 9& () - L910‘V 9% & ()-556R66666|[:-410" %L L:10% % & ()-

L9&910% 9% & ()-L Ls710% 9% & ()- Ls5 10% 9% & ()- Ly2@o0% 4 & () -

L&O! 10% 9% & ()-666777! 88DA410° %L L @$10%' & ()- KSL0URERE ()- < $10%

& ()- <2109 B | & ()-M L"10% & ()-MO"_% 10" _9% 89: ; <<==|[:-410 ( L E 3$10%
( & ()- BIB$SIG% E& & ()- s!10% & ()- s!10% & ()- s!10%& ()-
<212> PRT

<213> Clostridium tetani

<300>

<303> Vaccine
<304> 15
<305> 4

<306> 377-
<307> 1987

<400> 55
Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu Cys
1 5 10 15

<210> 56

<211> 25

<212> PRT

<213> Entamoeba histolytica

<300>

<303> J. Exp. Med.
<304> 185

<305> 10

<306> 1793-

<307> 1997

<400> 56
Val Glu Cys Ala Ser Thr Val Cys Gln Asn Asp Asn Ser Cys Pro Ile
1 5 10 15
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$100@" T& ()- ===*=/=K=>z>bA410 ( L E Hs%d0%z& ()- L#10%me~(8 AVG 2002

LI S109&& ()- L10%&& ()- L109%&& ()-10 ( 10 ( z>>>6?7?8?9?E?J?uT310

L, f 109% & ()woledmuts4 & () - 10&10&S10&& LL! 10%R& () - & " ! 10%m&P¢TAIS9/03055

1 1098&' ()-J?20??2278@A[: uT310 L L910% & ()- Lf $10% & ()- L10% & ()-

Lg"10% & ()-@L -10%R& ()- L& 10% & ()- @INAAAA| [:uT310 L L &10% & ()-

L 10% & ()- LL10% & ()- W&S 10% & ()-z L910%X & ()-

9109 & ()-A7BBBC CQC|[:uT310 L LsY+Y10% & ()- LL(410% & ()- Lsf&10% & ()-

Ls$10% & ()- L's!, 10% & ()- L9S 10% & ()- QCqCCCDHD| D [: uT310 L L610% & () -

LS510% & () - L3@0% & é)' LLO10%R(2& ()- L.10%& ()-

L- flO%{& §3 ALBEEEDHEAS S 19 RATOHM & () -, & D. 0$109% " A" & ()-, L $10%

f& ()-,!" $10%z& (3%,10(10(10( L 82Bog& ()-cEEFFGGH| [: uS210 R

L10%e$f& ()- LF 910% eS$f& ()- QM0%& ()-f %40%& ()-f 09%40%S$& ()-f

9409 ()-fH3HH 1JUW| [:uS210 R L 110% e$f& ()- L3)!10%="& ()-I

3) | 10%0#&219> B7L ' 10% e$f & ()- LY ,#10% e$f & ()- L !310% e$f & ()-UIJIIJ;

K<K=K>KeKpDbU#40 0"10% & ()- 10e$10e$l0e$ F, 5& 10%$& ()- F, 58 10%& ()-

F, 5& 10%<28& s prT L s3@L0% e$f & ()- eKLZLMVNI N| [: bU410 O Lsl 10%) & ()-4 sl

109% *} & (r:¥b 3&R4LQYedmad){Ponsc@B&IM0% ) & ()-s LI 10%& ()- "109%" & ()-

| NXNYNZN[ Ni NuNzNNvU410 LY 10% % & ()- L10% % & ()- L310% % & ()-

L$f @0% Yok ()- 10* 10* 10*

L' 10% & QQ;,NNM\N}JQII\IaE) 8&10% % & ()-&10% % & ()-' &&10% % & ()-&10% % & (

) - &109% 0/‘

L |1ov NNNNNNNO‘H 8&10% % & ()-'&&10% % & ()-&10% % & ()-&10% %

3 - COOO%O0O<CeE, &10% % & () &10% % & ()-&10% 9% & () - &10%

(V& () % (V& ()-&10% % & () - <O=0KhOeCf O CsOhL, &10% % & () - &10%

%& ()- oo T&() 810% 9% & ()-&10% 9% & () - " 85 ONOXO0OC00E G+H&10% 9% & (

) - &&1ov % & [)-810% 9% & ()-8&10% 9% & ()-' &&10% % & () - OO00000EE+&10% _%

“&()-810%8°0°8 ()-810% % & ()-&10% % & ()-' & &10% % & ()-&10% % & ()-O

ooooooornesgﬂtﬁ% b3 &7 )21 S%’ &ep)SeTgkIn Rt uode v 180K FEE ()- &10% % & (
* 8000000 G, &10% O/‘&() 8&810% % &9)-&10% % & ()-BO0% % & ()-' &&10%
9% & () - O%PQQRRRRR| [ OC7&1010; ! 10; 1 10; ! % &10% ! & () - m W% &L0%&&' ()-m

U 810% P38’ K25 MO 1D PTRSEY -Ser obewl bR, SeY - BRRRSL S8Shfg BEY&I01 Y g

109%9& ()- Y g 109% &20)- 91099&' ()- PEOWE ()- P ! 10%P¥#v& ()-3

1 1098&' ()-3SqTTT U@ [: OC7&101 >9' 10984&' ()-y Y1098&' ()- sS10%& () -

SS1090@&' (Vei BHLOWE ()- L10%& ()- UaVWIVBWA [ : OC7&101 L&I109%84& () -

. s1099& ()- , 1098& ()- +109& ()- L' @109&' ()- sL!1098& () - WRXOOOXXXXVUL&

1 $10% K# & ()- 9110% | & & ()-3109%4.0%40% : 1098&' ()- f8$10%84& () -

11098& () - XYOYYYZSZ|[:vU4& Y10% | & & ()- f10% 1 & & ()- 9%40% ! & ()-Z %40%!

48 ()-Z <LAB6Is8 & ()- @:$10% & ()-SZZ|[[\\b]|[:vW& B#! 10% && () -

4#! 109858 {2h1> 3d 1098& ()- = 10%& ()- G 10%& ()-& Gz 10%
& () - &b] | R B ¥ | [ NA4&1094.094.0% U96 1098&' ()- Z96 10%4%& () -

8410% | & §16) -scalskh0% wlinbdmy 31-&10% # & () -y " AAAK__| [ NA4SLO ~
(10% # & ()- $ ~

<300>

<303> Vaccine
<304> 15
<305> 1

<306> 79-
<307> 1997

<400> 58
Asp Leu Gln Ser Glu Ile Ser Leu Ser Leu Glu Asn Ser Glu Leu Ile

1 5 10 15

Arg Arg Ala Lys Ala Ala Glu Ser Leu Ala Ser Asp Leu Gln Arg Arg
20 25 30

Val Asp
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(10% % & ()- 940% 1) & ()-_ #L10% 1) & ()- f10%1) & ()- .

L10% 1) & ()-_6 " aaasb| [ NAM&LO $10% 1) & ()- b$10% & ()- b 8 AU, & () -
E ~ (10% F& w0 09/4093£~ (L0OWWE& ()- 7 ~ (10% ~' & () - 8b=bFbQbRoT/DERABNA4&10
)i10% 1) & ()-)i10% 1) & ()-'h)il10% 1) & ()-)il10% 1) & ()-)i10% ) & ()-tbw
bxb| bbbbbeG+4) 1 10% 1) & ()-'h)i110% 1) & ()-)i10% 1) & ()-)i10%1) & ()-'h)i
10% 1) & () - bbbbbbbeE+4)i 10% 1) & ()-)i10% 1) & ()-)i10% 1) & ()-)i10% 1) &
"()-"h-)i10% 1) & ()-)i10% 1) & ()-bbbbbbbchL, 4)i10% 1) & ()-)i10% 1) & ()-
"h)i10% 1) & ()-)i10% 1) & ()-)i10% 1) & ()-'hccecY%e(c)c-ceGrd)i10% 1) & ()
-'h)i10% 1) & ()-)i10%1) & ()-)i10% 1) & ()-'h)i10%I) & ()--cCcFcGeKeacde
eE+4)i 10% 1) & ()-)i10% 1) & ()-)i10% 1) & ()-)i10%1) & ()-'h-)i10% 1) & (
)-)i10% 1) & ()-dcecfcgchcicvecee”=)i10% 1) 910%& ()- 10%& ()-'

SMLO%/&' (92128°$9 “h10 1) 10 1)")i10% 1) & ()-' hccccecccaEr=)i 10%1)°

SOX 10988 £311E &8 SOX1098&’ () - ESIx10984& () - ESIx10984& ()-E

"1099& ()<niescmeceEr=)i 10% )"

SIX 10984, £313ESOhQYBK1( kedERB¥ 090’ () - E WSIXx1099&' () - ES9x10%9@&' () - Ecccdd" ee
dCr'=)i10% 1) 11 10%#H& ()-hE 1098& ()- H 3"10%(#v& ()-

3" 10% $" 8. {>SIX10%8& () -E we"fVEAf _gg-h|[:"=)i 10% 9/ 10%& ()-F

% ! 1098& (I3, %J&%%ﬁ&éé Jare: SRLQVER fudacd:” ROIB& () -

mossas () AU F‘Ei“@é *‘%ﬁ%‘*‘%w RAECG, Gheo WAL 1)

94' 1098& () - nh%Fﬂﬂehﬁ?ﬁfféjl M% ﬁ% %?)%Wiwm%&- () - bMLOY&I#4& ()-b
S#s10%4#48 () - yS10%4#4&' () -

S109%4#4& T42%Rhhhhhhi sW MLOYMLOY#4&' () - bMLOY#4&' () - bAT

L1MLO%#4 ’(if-‘b‘hﬁlowm&' ()-bT LMLOYA#4&' ()-biiiii i#i $i xX@WLO%r

LMLOY#4&°33%7b M0 88 () - bT LMLOY%#4&' () - bMLOYA#4& () -bT

L$i 1i 3i 4i Ai Di Ei Ri pX<MLOYMLO%#48&' () -bT LMLOY%#48& () - bMLOY#4& () -bT
LMLOY#48&549°>bRA 0% #4& () - bRi Ti Ui bi di eiriti sWMLOYMLO%#48&' () - bMLOYA#4&' () -

LLI +10%R#& () - L)109%2#& ()-j k3kkl I n{[:bUAMLO " f&LO%M"!h& ()- g ,&10% ~$;
& ()-M Cged @k %% €3t Mtc 63
Val Val Ser Tyr Val
20

<210> 60

<211> 21

<212> PRT

<213> Artificial Sequence

<400> 60
Ala Thr Trp Val Gly Val Asn Leu Glu Asp Pro Ala Ser Arg Asp Leu
1 5 10 15

Val Val Ser Tyr Val
20

<210> 61

<21l1> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: K inserted at
amino acid position 75 of Hetatitis B core
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, 810% $f & ()-MLL,10% R & ()- b"z#10% $6 & ()-nFnnno6oo|[: Q Mg

/10 & ()- Ly- 10% R & ()- L*10% R & ()-Y s% 10%& () - m

& ()- f&1QRH 9840933 00#pIpYp&p/ pCppvUMAMIO @%0%) 53q & () - Pféfr%lda%s%s'.()-

#10% & ()-10 R 10 R 10 R L7 10% R & ()- LL6"10% R

& ()-pp&aPqqqRr | [: vUAMLO L10% & ()- 910%%& ()-3 L[910% & ()-3

L9O@O% & ()- b y9z#10%' & ()- L& 10% & ()-Rrr8s;scss.t|[:vU4aMLO

Lsh+10%$& ()- sh+10%' $& ()- Ln)10% & ()- L (10% & ()- LI10% & ()- LL

10% & ()-.t;ttttttuuyX7MLO L10Y&RX#&& ()- L !'s10%&L"&& ()- 10' 10' 10

-f59$10% & () segud’59$10%9&& () - L210% & () - uu)uTuuuu| [ : yX7MLO

LY 0YR&X#&E' () - LL, 1098X#&&' ()- LL-109%8X#&&' ()- L ' 10%&X#&&' () -

L" 109&X#8&&2¢3 - LALOYRXH#&L () -uvovvvvTw [: yX7MLO  LL! 109%&X#&&' () -

Lss10%&X#&&1 % )epsLs @ OYBXH&EL' () - L& 10%8XH&&' () - Ls10%&XHE&L () -

L 1098083263 - wwwaoxx*y| [ : yX7TMLO ~ L2" 1098&& () - Lp’ (! L0Y&X#&& () -
T(M10%HE& () - LY9dOYR! &&' () - L#Z109BXH#&E ()- L

" 10%&X#&8e4()b> 5\,12yTyyyyyyy| obUAMLO LsmlO%&& () 10&X#&L0&XH#&I0&XH#& L;

109RXHEE! aak ThYEOG

L 410%&X !s% ¥§¥%§%{ij&&g OAsln LJ%&E &P:r.(o) Tk $1008 & ()

$1098& ( 10% & & ()e L#S 0/&%' Bogs ()-| Y| ||t} k~|[:busMO L
3'10W&'() L$'10%&&() s $I10%/$&'() st '10%&'()-5 z $10% & & ()- u $10%
D% & () - k~~~~~m kvUAMLO Ly  GLOY%& ()-y 4@ $10%& ()- L $10% & ()- ("

1098& () - 10810810& 3! 109%8&' ()-zp2~| [:vUAMLO L L' : 10%& ()- L"1098& ()-L
Lyf 1098&%2 (5% #10%1)& ()- f #109%! & ()- L10%& ()-"}| obU4AMLO

LO' | 109BYET-2P0$10$10$L LLO109S& ()-( L7: 1096& ()- LF4@0%"& ()- Ly(
10968 () -2FPBOAMIO L L10% & ()- Ly&l0% & ()-L LY 10% & ()-( Lss10% & ()-

' OF9AL0%& T3> ABTIAovrd; JoameRde bUAMIO L s10%9%& ()- L10% & ()-L LZ10% & () - (
L @0% & ()- L10% & ()- L10% & ()-1|[:bU4MIO L L' s10% & ()- L@&L0% & ()-L
L$10% & (J400>16210% & ()- LL!10% & ()- Ls10% & ()-Cx|[:bUAMLO L L1 10% & () -
L&O! 10% &1a) Thr ITrh OBHLEETY) VAL [Lys 094n&L¢y Gl 3wsb0% &AL - L) 10% & ()-1{| obU4MLO
Ls! 10% ~" 1& ()-y10' 10" 10" L L810% & ()- @0L6Z10% & ()- 5"10%'' & ()-
Ls310% & ()-J{Z9bU4MLO LLs10%"", & ()- L y10%J, & ()- L y10%

L& ()-1 &P@&SL0%@" @" & ()-Y 0@&$10% & ()-Y

L@ &$10% =185 (9> YATDEFQ vUAMLO L 10% & () - (

(s$Y- 10% 428> (97 (10, A", 10, 7", 10, A", L 10% ", & ()- L3
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: K inserted at
amino acid position 76 of hepatitis B core

<220>
<221> CDS
<222> (3)..(26)

<400> 63
tt aat aaa ttg gaa gat cca gcg tct a 27
Asn Lys Leu Glu Asp Pro Ala Ser
1 5
<210> 64
<211l> 8
<212> PRT

<213> Artificial Sequence

<400> 64
Asn Lys Leu Glu Asp Pro Ala Ser
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10% ,& ()- L3 10%"", & ()-]1myz|[:vU4MIO L ,MO% & ()-@ (P, 18%%
L\ O, 10%&' ()- L10% & ()- LZ10% & ()- L,# 10% & ()-*xWsvU4MLO T 1& () -
eF y#10%& Wodydia% & ()-@ @ ,MO0% !t & ()-@=, M0%q& () - @FoSHMBYp p

& ()-@+,-9IwQ L, -10%~#L& ()-' 010%#& ()- 5 10% ~# & ()-

LF10% ~#L& ()- LL10%~#L& ()- 10!! 10!! 10!'!)Fbz|[:rQ) L L & 10% ~#L& () -
L& 10%.L& ()- Lk&0% ~#L& ()- L&I0%L& ()- LI m0o%~#L& ()-

LFML0% ~#L& ()-2zs|Z9rQ L L 9 -10% ~#L& ()-!L9 -10%L& ()- L"F10%~#L& () -
L9& 10% ~#L& ()- LO9#GLO% ~#L& ()- LO#GLO%.SL& ()-s}|[:-010L~#L L;

t10% ~#L& t)-  OL6@ 109%0& ()- LL6@ 10% ~#L& ()- U " 210%pU& ()-

L 210% ~#L& ()- 179 -10% "] & ()- ENbAOLOL~#L L 9 10% i & ()-M L9 10% & ()-M
L"L10% & ()- Lsml0%' & ()- Ls-10%' & ()- mlOL~#L10L~#LNok|[: AO1OL~#L "L 10%
& ()- LL<2004'6& ()- WLS 10% & ()- LLS 10% & ()- ~S$10% R$t& ()-: @
S$10%+" &'<@)rs pf: AOIOL~#L L s" 10%$& ()- Ls" 10%' & ()- HO® 109%& ()- L’
10%+" & (k2125 dhal10%&' ()- LL 10% & ()-4@ | [: AOIOL~#L L'/ 10% & ()- L/ 10%
& ()- S <RINVMBE{icihb dellce’ ()- s, & 10%& ()- Ls, &

109 & ()- QUAKYZ| [ NA41010+' 10+ 10+ L< 10% & ()- LF% *Z10% & ()- mBgl0%
+ & ()- Q26M 10%' & ()- 7 4M 10%&' ()-Zeq”|[: NA41010 : ! 10%4&#&' () -

h&! 109&& L} 3, hescti@¥didn k- alei#l00B&stdient MM QYL fLaa

L S10% )" pob[B4IDLE widlOURASSy Jao, LLI0%&E ()~ 0%sy10%&& () -

| s f 1098& ()- ) 0SSTOY&&! "(Y-"Ge{| [ NA41010 O f210%&& ()-
LOF. 410% LF. 410% & () L’) 109%&& ()- L) 10% & ()-
L$10%&&'% ﬁ 9| obU410 L$10%&& ()-110&10&10& L; s109&& () LO810%&&' () -
L810% & PS£21006 & ()-9ET! *|[:bU410 L Ls 109R& ()- - S#10% 2z & ()-
S#lO%J&g&; 2 R S100k& (). L#10%&& ()- LITOYE& ()-=FZ| [: bUA10 L L 10%&& ()-
T 10%#-& ()- L 10%& ()- S 109& ()- LS 10%& ()-

<400> 65

tt aat ttg aaa gaa gat cca gcg tet a 27

Asn Leu Lys Glu Asp Pro Ala Ser
1 5

<210> 66

<211> 8

<212> PRT

<213> Artificial Sequence

<400> 66
Asn Leu Lys Glu Asp Pro Ala Ser
1 5

<210> 67

<21l1> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: K inserted at
position 78 of hepatitis B core

<220>
<221> CDS
<222> (3)..(32)

<400> 67
tt aat ttg gaa aaa gat cca gcg tct aga gac 32
Agn Leu Glu Lys Asp Pro Ala Ser Arg Asp

36



s 109%4& ()-Zcw [:bU410 L L,) 109%&& ()- 2 "% 109R& ()- L% 10%&& () -
10%.( L& ()- L 10%R& ()- M 10% & ()-+w{|[9bU410 ! 1$10% 7 ‘aﬁ

" 1$109%R&" (Yo go/ads3d0%2&2& () - LOL-- 10%#& ()- LL-- 109%R&' () -PCIDOISpo/03055

10% & ()-{}~vU410 L' 109%&& ()-' L 109 & ()- LLI 10%&& ()-

-5$10% &z & () - F10&10&10& L; " 109&& ()-1z|[:vU410 L s@O0%&& ()-L z

SL@0% & ()-L Bs@O%&& ()-- U !10%EBM ()- !109%K'b& ()- L,#&10%& () - Z;
|[:vU410 L , (@O%&y& ()-L S$S10%T&TE () L 1S10% #! & ()-- L! S109&& () -
4-10%8&e& ()- L@LOYR&L ()-#C wyz|[:-410&L L; 10%&& ()-L L' 5 10%&& ()-L L5
10% & ()-- 71 1GL0%&b& ¥)- ~F. S1098& () ' L3+S109&& () - z{| bA410&L L

10% & & ()- L F10%&s& ()- LF10%!s& ()- L 10%s&s& ()-

@- 109%9&g& () - 10&108&| [: A410&L L10%&s& ()- OOF10%niv& ()- L F10%s&s& ()-
LF10%4 <&b4)es Lf#L109%6&s& ()- 1098 3& ()-!2;|[: A4108L L$- 10%&s& ()- O
10% & ()e21k> 100%68s& ()- - 109%B& ()- L- 10%&s& ()- m 10%

& () - OXIdoha AGkQ&L 1#10%AGA& ()- OL-, 10% & ()- LL-, 10%&s& ()- R ,)
109! Y& )3, Lacks 4046 8sRghhnce $- 109%& () -1 XNOPQ | 0bU410

L#10%& ()-10&10&10& 09@ 10%8&’ ()- ' 5- 109N _N& ()- L5- 10%&sé& ()-
C1#109D& ()3 _égzNZl[ bU410 L Ls9109%&& ()- } #10%"& ()- #10%W&Y& () -
LsS109&8& 11%04«&&7 bro LATLOMER 4 Jxss5| [ : BUAL0 L Tyf 1096& () -

L yf 10% (5‘ Ly}1 V& Lol 1098 ()10LL 10%@&' ()-

$910993$9& ()-5~\|[: bUALO L t3.f10%W&RIE () - +g109%&& ()- 'z10% & & () -
$T109R& ()- ! S109R& ()- USLO%RS&' () - @[NA41010&10&10& L; s109&& () -
LFO&109%&& ()- L710%&R& ()- D4z109%&& ()- LY1:!109%&R& ()-W][: NA41010 Ls 10%A
& ()- RAVIA & & ()- cLz10% & & ()- L#&L0YR& ()- LL109R& () -

7$- 1098&<3Y->539 [ : NA41010 Ls109%& ()- LOsL10%g& ()- L sL109%&& () -
/ 0sL109&<%H2> P¥ 109 & ()- L's 10%&& ()-=c|[: NA41010 t @ 109%&& () -

., 109 &T&2¥3p- AFAEHMEA8eqIeRce 0g109RE' () - W' z10%R& ()- g s10%&& () - D| obU410
LI 94098& () - GLO&L0&10& L;  10%&& ()- DB1OY&& ()- ( (510%&& ()-
<220>
<223> Description of Artificial Sequence: K inserted at
amino acid position 79 of hepatitis B core

<220>
<221> CDS
<222> (3)..(35)

<400> 69
tt aat ttg gaa gat aaa cca gcg kct aga gac cta ¢ 36
Asn Leu Glu Asp Lys Pro Ala Ser Arg Asp Leu
1 5 10
<210> 70
<211> 11
<212> PRT

<213> Artificial Segquence

<400> 70
Asn Leu Glu Asp Lys Pro Ala Ser Arg Asp Leu
1 5 10

<210> 71

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
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Hf 2109&& ()-Z|[:bU410 L LO@10% & ()- L&LOYR&E ()- &@ 109R& ()- fAu(; 2002
L&ALOYRE ()- L"109&& ()- L9L0YR& ()-$5t|[:bU410 L LL$10%J & ()- LOLIO% ()-
LLI0YRE () -WOONMBAYRE ()- LLAL10% & ()- LO9@ 109&& ()- *: C| [ POUTAS®I3055 " F.
109% & ()- L'F. 109%&& ()- dO & 10% & ()- L & 109&& ()- T L$10% & () -

L' L$109%& () - CT bede| [ NA41010810810& Ly; * 109%& ()- 0°6, 10% $2& ()- L6,
109R& ()- mf2#109& ()- f2#109%/&Y& ()-egs|[: NA41010 #109&R& ()-: t

109%"& ()- L 10%;&5&' () L@¢910%3&s&' () Llo%;&s&' ()-

L$10% % 10% 10ty Ls 10%8&s& ()- @
100/(7e7&'?52)% 45 1@ 6%} ’1155’; /Esi %f%fgg L& 10%&s& ()- !-
10990 9&' () - ‘“°1‘tf0ks@8 ﬁ‘“‘ "‘(t)“ Iﬁ%:&s&'() LO

109%6#5& () PXt|[9NA41010| &4:11098D3D& () - “ 8yl 109 &) & ()- &yl 1098$& ()-
5‘_L*le% é}%?s LL*s1096&s& ()- & 10%0F& ()-' +. /01=| obu410

L | 109%&&<73* 8510s&s10s&s L; 10%&s& () - LU&* F10%s&s& () - 810%8& ()-

S &4 |10W&#&' (3-=(38| [ : bU410 L ? SFS109R& ()- ~3S10% &) & ()- Z! 109&& () -

T @0% & ()- LO#10%&& ()- b#10%&& ()-eM[:bU410 L [ &S109B&BE () -

" S109R& €400>LBLOYRE ()- 0@O0% & & ()- E@OW&TE () -

ds| S10%089&at ) ethirda lobld Idkal ada TEE0MR8AGY gab 5Fb0MER's() - 7 ~010%8& ()- 2
01097 & () asDFeh1084 GRS Koo Lffs BLh gVESs &lsh) ndd $2B4@V U410 L10%RE () -

L", 109&& ()-1LY 109&& ()- 30&10&10& L@ 109&& ()- L9109&& ()-lu|[:vU410 L L&
1098& ()-L 0,- 10%& ()-'L L,- 109&& ()-' " -#109% ~ & ()- z-#10%F&F& ()-

O 10% & ()-0|[:vU410 L LO!- 109&& ()-L W9 10%"& ()-L L9 109&& ()- L9
1094$& ()710.9740%8& ()- & 109%8&& ()-O0<P\|[[:vU410 L L'Y., 109%&& ()-L : &
109& () - L.zlLl;&1 1098& ()- L& 109 ()- LL& 109&& ()- ~9'- 109

s& ()-ul [ O&L L, ; 109%&& ()-L 0s6 10% i& ()-L Ls6- 109&R& ()-
2#109 1096$& ()-#/ >bA410&L L $ °° 109KSKE () -
L 10%:&5 )Arzi#ti’o%} gﬁs‘%‘(‘)"g > 10%&s& ()- LYA0%&s& () - 10&10&R V| [ : A410&L

“s 10% ! Q7 Ls 10%s&s&' () L's@ 10%#s& ()- Ls@ 10%&8s& ()-
109NdN&! 10%3&5&'& | [{A4108L 01 1098 S& ()- LI 10%&s& () -
0Z94.0%33 ”t freu | Sloy B8R, PrE SYE) Ala SppohTy t‘z e 1Hses& () - 2>B w Z9A410&
00SOM 109%&\W& ()-! < sOM 10%c&!’ ()- L F+ 90%8&s& ()- LF+ 10% s& ()-

L &ML0%$s& () - L&MLO%s&s& () -\ cdef nj obU410

LO™ $, 10%&§L ()-| (10s&s10s&s10s&s Lf: 10%&s& ()- Ll %&Z10%&s& () -
<210>

<211> 43
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: K inserted at
amino acid position 81 of hepatitis B core

<220>
<221> CDS
<222> (3)..(41)

<400> 73
tt aat ttg gaa gat cca gcg aaa tct aga gac cta gta gtec ag 43
Asn Leu Glu Asp Pro Ala Lys Ser Arg Asp Leu Val Val
1 5 10
<210> 74
<211l> 13
<212> PRT

<213> Artificial Seguence

<400> 74
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7y100@& ()= mif 10%& ()-nyi | [:bUA10 L \"LyLl0%&=g ()- [! 10YBEBE tg Ayg app
L' f109&& ()- ° SL0%R& ()- L#9109&& ()- LL10%& ()- OB|[:bU4L0 L $
6%210%989&" Wo 99/4083u0%RGCE' () - z10%&&' () - LsylO%R& ()- :sylGERidodrsoss
@sf10% & & ()-!nQ [:bUAL0 L 5710%& ()- DAM 100%4&1& ()- 1M 10% & & ()-
. 21098 ()- LF+10%&' ()- "*3(gl0%&0& ()- QTUWEK-vUA10 L 210% & ()-
210%V& ()- L&MO%&& ()- L 10%8& ()- 108108108& Ly<l0%&' ()-|[:vU410 L
LL10% ()- L "109% & ()-L "10%& ()-L L L Z10%&& ()- LL Z10% & ()-
"210% & & ()- my [:vUA10 L "L- 10%1& ()- LL- 10%& ()-L ~L10% & ()-L
LL10%&& (PR B SGoser (3o Abr La9@Ret Hrd AP WAW¥® Fat sf,- 1099"& ()- Lsf,
10%&' ()-L20s3( 109" $P& ()-L Ls3( 109%&&°()- 0s$f 109V0& ()- LsSf

1098 ()-: O |[:-4108L L@10%& ()- L8 10%& ()-L - "4 100& ()-L L4
1098 ()- “O#10%A q A & ()- O#10%8& ()- bA4L0SL L *#10%1$c& ()-

#1096 81 & 2)o> L7B0%R&! ()- L' 10%8&' ()- L$L09%&&’ ()- 1081081=R\[[: A410&L "9
10%V&' ()e21h9 460%&& ()- 091 10%k H& ()- L9l 10%8& ()- &9 10%L" (& ()-
L&9 10%&&36}> vl : AA10&L " L$- 10%L", & ()- LL$- 109&& ()- LOL 10% $& ()-
LL 10988 &3, fdles LG (Jrubheel O%E&! () - 82| [ : AGL10&L ' *SO- 100 ()- LsO-
1008& () - “ f., 100V& ()- Lof,, 10%& ()- 0 F( 10% H& ()- L K

10%&' () -J M41010&1o&1o& L<10%&&! () LY%(lGlO%&&' ()- Ls9L10%&& ()-

04109$&’ ( 9 E QUR& ()- L &
10%&&' () ‘)”é %9{% cibi) % ?ﬁgﬁ%ﬁ‘ it 3; fé;;ﬁ}’T‘fjaNAmmo oL@ 0%& () -
9@L0YPEP& () - YRS

10% &\ & () |v5|[ NA41010 Vs® 0S109%M&né& () c’ 9 S109% &f &' ()- L & S10% & ()- O
&@LO0YRE TFY” @#@O0YR& ()- LL @O0%&x& ()-g| obU410 Lsnml0%s&s& () - 10&10&10&
L, ; 100&& F> LSHf 109€&’ () - 0*s6f 109&& () - 153810%&& () 1} [: bu410 L

D fyl0vk&ié&2t) (3 -E4%100x8<& ()- | f10%R& ()- L gl0% &

<400> 75
tt aat ttg gaa gat cca gcg tct aaa aga gac cta gta gtc agt t 45
Asn Leu Glu Agp Pro Ala Ser Lys Arg Asp Leu Val Val Ser
1 5 10
<210> 76
<211> 14
<212> PRT

<213> Artificial Sequence

<400> 76
Asn Leu Glu Asp Pro Ala Ser Lys Arg Asp Leu Val Val Ser
1 5 10

<210> 77

<211> 50

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: K inserted at
amino acid position 83 of hepatitis B core

<220>
<221> CDS
<222> (3)..(50)

<400> 77
tt aat ttg gaa gat cca gcg tet aga aaa gac cta gta gtc agt tat 47
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& ()- LLT10%8&s& ()- L'l 10%6%& ()-290K [:bUAL0 L /gl0% & & ()- .3
S10%€&c& ()- L S10%ss& ()- L 10%&s& ()- L10% s& ()- A”Gm
LsY10%s &s &W0 994m§3d9bU410  Z510%R&' ()- " 1M 10% & & ()-!- 1NCHOOSHIBI05) -

L' S, 109%68s& ()- LS, 10% s& ()- L3(10%&s& ()-vU410 L&10% & ()-( L&

109&&' ()-( LOy#10%&& ()-' 10s&10s&s10s&s LS<10%s&sé&' () -

L910%&s& ()-1*Yu|[:vU410 L LL 10%& ()-L LO9L10%&& ()-L LIL10%& ()- X &
MLOYB& ()- L& MLOY ()- L &LOY&& ()- <V|[:VUA10 L LsYBLO% ()-L

LOS109%R& ()-L LS10%& ()- LO 10%8& ()- L 10% & ( L 10%6&d& () -

‘e [ vVU4102E™ 222199 PP FFo 12 B B9RLEYP) 2EP Eful ) SeEYF10%R& ()- L,)10%
& ()- *0s%B1Bo%l&d& ()-c| oBU410 L$Y10%&&' (¥° 10&10&10&L Lf B00RS () -
LO7109%&& ()- L710% & ()- ~210%0 &0 & ()-7Q[| [: bU410 L LT#10%&h& () -
OLT#10%atch& ()-L LLT#10% & ()- " 10%&F& ()- 10%AA& ()- L' 10%8& () -

% m[:bUsl0 L LOL " 109%&& ()- LL " 10%& ()-L T 9109%&& ()- L910%& ()- LO&
109&&' ()- L& 10%& ()-"1][:bUs10 L TO 110%&& ()- L 110% & ()-L LO'y,

109@& ()- L'y, 109 ()- TOL9' 109&& ()- LL9' 109& ()-1xvU410 L' 10% & () -
“H#10% & £)10l0R10&10& L<10%R&' ()- Ls910%R& ()- L 5@0% & ()-(C{Z9vU410 wi,
109 & () z211>y1¢b10%#& ()-& ( y' $109%%Z Z & ()-& L"L10% & ()- L'L 10% & ()- LL
10% () - Groh[sa4410  L"-10% & ()- Q0s10% & ()- Ls10% & ()- Ls 10%& ()-

L 10/§1(>)Art'=fmla9‘y§sq(,)e g9 [:vU410 y2&10% & ()- WS/ S10% & () -
@3+S10% & () - L3+S10%) & ()- L (109 ()- LO"-10% & ()-kS7410 6G

10% & () 28,085 10%&' ()-6G 10% & ()-E 6G 10% & ()-6G

Asn Leu Glu Asp Pro Ala Ser Arg Lys Asp Leu Val Val Ser Tyr Val
1 5 10 15

<210> 79

<211> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: K inserted at
aminc acid position 84 of hepatitis B core

<220>
<221> CDS
<222> (3)..(50)

<400> 79
tt aat ttg gaa gat cca gcg tct aga gac aaa cta gta gtc agt tat 47
Asn Leu Glu Asp Pro Ala Ser Arg Asp Lys Leu Val Val Ser Tyr
1 5 10 15

gke 50
Val

<210> 80

<211> 16

<212> PRT

<213> Artificial Seguence

<400> 80
Asn Leu Glu Asp Pro Ala Ser Arg Asp Lys Leu Val Val Ser Tyr Val
1 5 10 15
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10% & ()- "(),sX7410 yf;10%& ()-6G 10% & ()-E 6G 10% & () - Q%ﬁféw
6G 10% & ()-,-./;S nwU310!'yLF 10%-& ()- yO#, 10%I!-& ()- '()-6
yL 10% Q wWio(9pr40934 PCT/US99/03055
y.10%!-& ()-10%40%d0%\fJ* 109! 6& ()- 10%®! 6& ()- 109! 6& ()- 109! 6& () -
fT 109! 6&' ()- WOLF 10%+6! +& () -
$%-HI xX@ 1096! 6° 1096! 6&' () - 109! 6& ()-61 109! 6& () - 109! 6& ()-0lJcl " ?@1
0% LO@*10% & ()- L@10%& ()- OOsS10% & ()-!LsS10%1& () -
LsS10%&' ()- 109%®!6& ()- d{Z29@1 L 310% & ()- L310%& ()- L/ m0% & ()-
QO+ 10% & ()-!L+f10% "' & ()- LY(10%& ()-vWd L yl09%& ()-( L$"910%&R& () - z(
L 109&&<%30>(8D" 10" 10" L, <10% & ()- L9gl0%& ()-7||[:vU4 L L&IOY%& ()-L
L&10%& €311> BD10%R& ()- L10%& ()- @10% & & ()- XO yl0%&R& ()-)-1d|[:
L L Y(4D9érarx)-L L Y(10%& ()-L LOL@*: 109%&R& ()- LL@¥: 109%& ()- LI9MLOY%&& () -
X081 0%&&2 (3p- ENGRJikiall BoGherc@10%R& ()-L L :109%R& ()-L "510% & & () -
01:!10%&k& ()- 1:110%9q9& ()- LO Y(10% & () - RSTanbA410&L L LL 109 () -
L0910%&&o>) - L910% & () - LI9nl0%-&& ()- LL$I 10%-&& ()-10&10&Z| [ : A410&L
0" S10%egas 5( )Jes&-ri%lgo{&o@)nrtla $iQYoffubnce:l & insedQULhE (2- LOL
10%-8& ()= ohine o10¥0Bosl&idk) sZlle addAL08ls bSAQIBE ()- L $7 10% & ()- L$Z

10%-&&' ()- L' s 10%&& ()- Ls 10%& ()- L 10%-&& ()-/Kc|[NA41010~&10~&10~&
LS; 10%-&& {.) - L6F 10%-&& () -

<221> CDS

<222> (2)..(31)

<400> 81
c tcg aga gac cta aaa gta gtc agt tat gtc 31
Ser Arg Asp Leu Lys Val Val Ser Tyr Val
1 5 10

<210> 82

<211l> 10

<212> PRT

<213> Artificial Sequence

<400> 82
Ser Arg Asp Leu Lys Val Val Ser Tyr Val
1 5 10

<210> 83

<211> 18

<212> PRT

<213> Plasmodium vivax

<400> 83
Asp Arg Ala Ala Gly Gln Pro Ala Gly Asp Arg Ala Asp Gly Gln Pro
1 5 10 15

Ala Gly

<210> 84

<21l1l> 8

<212> PRT

<213> Influenza virus
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R R B g
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<210> 88
<21l1l> 15
i <212> PRT
<213> Mycobacterium tuberculosis

<400> 88
Leu Leu Pro Leu Leu Glu Lys Val Ile Gly Ala Gly Lys Pro Leu
1 5 10 15

42



|[:bU410 f f&10% & ()- f!MLOYWE ()- ~glO%8& ()- i f1098& ()- 8 ALELMD -
f#910%& ()- '2||[:bUsl0 f fILLOWA ?)- 610((’/6)?/&' ()- bof 2s!()10cya/&il()-

Ff 25! 109 &0 qo/dodsa10%0& () - f &1008& ()-!vU410 4010% g% & (PCT/USBOBA0SS () -

fS 1098q9B& () - f"1098q¥B& ()- 1094.0940% ff; 1098& ()-!Vk |[:vU410 4
f010%Sq¥S8' ()-* f10%S S& ()-f f# 10%Sq¥s&' ()-f f10%8"S& ()- N S10% q% & () -

fS1098 S& ()-k u 11E) %A0%t& ()- YA0%t& ()- Yd0%t& ()- ~ 10%t& () -
f 10980988 ()- i 109%/Q V& ()- SW 9%40% %0%& ()- %d0%& ()-1
VA0%& ()- YA0%& ()- YA0%& () - .Eaj 17 Y%40% %A0% & 210%& () -

Q. 10%4%280 P21 " L*1090& ()- L*10% & ()- 9%40%& ()-a{|[ NA4 %4010%40% 0%
<1090& (PI1HA69E ()- 0710% & ()- 710%A& ()- " & 210%& ()- .=J| [: NA4 94010
#1096 U<g82 PRT @ 10%X&S& () - 10%#°& ()- " &LOY%EX&S& ()- sMOYsX&s& () -

#1096 X8&sE11>) MIO¢Hachideti Bl OPrRIDISINE & ()- 10%: s& ()- " 10%X&s& () -
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<210> 90
<21ll> 15
<212> PRT

<213> Mycobacterium tuberculosis

<400> 90
Ile Ala Phe Asn Ser Gly Leu Glu Pro Gly Val Val Ala Glu Lys
1 5 10 15

<210> 91

<211l> 18

<212> PRT

<213> Mycobacterium tuberculosis

<400> 91
Ala Arg Arg Gly Leu Glu Arg Gly Leu Asn Ala Leu Ala Asp Ala Val
1 5 10 15

Lys Val

<210> 92

<21l> 14

<212> PRT

<213> Mycobacterium tuberculosis

<400> 92
Glu Lys Ile Gly Ala Glu Leu Val Lys Glu Val Ala Lys Lys
7
1 5 10

<210> 93

<211> 17

<212> PRT

<213> Mycobacterium tuberculosis

43



'&()- TMO% & & ()- MLOY& ()-& S|[:uT3 %4 $0 %409B&S& ()- 940% ' &

010% & & ()- 10%' & ()- ~010%&' ()- " 10%&& ()-So|[:uT3 % 71008 &YE)
109%r#& () - BICEmonBE’ ()- / @0% ' & ()- OL*10% & & ()- L*10% ' &y ,Ug%b%;vm
% 9109 ()- 10%X&s& ()- L10%sX&s& ()-10' & 10' & 10" & y<10% &

qO7100&& ()- $b|[:vU4 %4 = s10%s& ()-  10%X&s& ()- " 10%Rs& ()-
LS10%6X8q& () - LS10%S& ()- " 9L0%X&& ()-b.|[:vU4 %4  vOSL0%KE& ()- $10%L
s& ()- ", 310%$s& ()- ;",310%X&& ()- 10%6#s& ()- 0S10%"L& ()-.5Qkt|[:vU4

% 42104/ 94% ()- "yl 109 X& & ()- y/10%s& ()- ~9*10%X&s& () -
9*10%3R5c§§ J0$10% & ()-vU4 % 910%sX&s& () -
&F10% X&$& ")eulb‘é%(&ﬂ(ﬁslx&lfo@%&éﬂ? HIGOERL SR (Yys VE1 O%E XA -

4zlocyc>x&>a ()-h[[:vU4 84  00910%& ()10 { 9109%&& ()- AK0YEG s& ()-
#91096X8s& ()- Y 10%t& ()-F 29- 1094X84& ()-+EN[:vU4 %4 °° 109%6X8&s& ()-
109%67s& EF% L 109gX&q& ()- L 1096s& ()-  LYLOYGX&S& () -

LY109%6?s& ()-$DM [:vU4 94  00s3. 109E& ()- g s3. 109%&& ()- s3.109%6% s& () -
s*10%s#s& ()-  US10W."L& ()- " ¥S10% @& ()- |obUs %

V0% X8&s& () - 10sX&s10sX&s105X&s , ; 10%X&s& () - 910%sX&s& () -

41097 X&ZEH pa 45109823& ()-!\x|[[:bU4 %4  "s10%Q' Q& ()- s10%s& ()- "3
109%gX8&0&'<6)t> 3510%gHI& () - 109gX&&' () - S10%sX&s& ()-*3|[:bUs %

| 1096 Hs &<b)z> ¥RAOYAE () - VO109X&E ()- 10%h s& ()- @s109%6X&sé& () -
109%6#58& (b1 0l bpbosithedlle BLOMESEIL) - | +1096X8S& () - | +10%HS& () -

0, &109X&&' () - , &LOYSZS& () - T10VEX&s& ()-:=>?@ [ NA4 % 10sX&s10sX&s10SX&s
<1096 X85 &y h o o5 910%6XESE () - 910%P s& ()- 7410%& ()-

0010% L% 0% & ()- 109l &B& 10% && () -
10%¢§ 8“ Gl@/}éﬁy&é"'?) %’ﬁng% ii R (s, g&f‘l?\ml%lul(e;&@m ()- 8510% && () -
(-

s109%& ()- 0 sS10% &&' sS109&' () - 10% && ()-|[: NA% % 10 kO
(109%#& ()- vO (10%&& ()- (10% & ()- $10% && ()- $10%#& ()- 109 M& ()-$
|[:NA4 9% 10 06f 10%&& ()- 6f109%& ()- 0110% &&' ()- 0110%&' ()- 110%X& ()-

-mlo%&&i ' , - 8SovW 9% S10%<& ()- FI!10%&& ()-z ~

Fl 1 109%-&F327) 2%10| &10| &101 & S; 10% &&' ()- | %.-10% && () -0 LIt [:ve %A
010%&& ()‘2121>o%“& ()-~ 1 10%t& ()- |' S10% &) & ()- S10% & () -

" SLOUKIKER Y- Feyine! leukppia gilres 83( 1098& ()- O#MLOYER ()-~ #MLO% & () -
0109%R& ()- 109 ()- "109& ()-!11111""sW4 94  &3( 10%&'()-&3( 10%&&' () -
&3( 109R&4(9- &3( 109%R& ()- &3( 10%&& ()-""" "I u"yX74 %

_08s- 2 109EE&sp) T1eSepe B19 Win(ThudBip PRUER o ker &36 aﬁwﬁh (rod3fe 10%R& () -
u"yn "I'|obU4 94 SLeMl0%%& ()- 10EQLOE&IOES S; 10%E8&,() - SOL510%E&&! () -
SL510% & ()- S91° 109%E&& ()-"""##: #CH|[:bU4 % S SQFglO%gg& ()-

S9" @ 0%y ¥ER'chy -t OHOIUKIKE () - S910%gg& ()- LO&F 10% % & () -
S&f 10%gg& () - CH##H###CS| [: bU4 %4 S QO 10%%& ()- S 10% 9& ()-
SOL10%g%g& ()- SL10%gg& ()- 09yZ109%& ()- Q 9Fgl0o%e%es& ()-CH_$$3$$$$| [ : bUs
% S S s010%gg& ()- s010% h & ()- [0s3+10%%& ()- Ss3+10%gy g& ()-
S0s&10% Y& -(ds Ss&10%g{ g&' () - $984 % %a%h % %4 obU4d %4
S$310%&&8.41-100%9109%109% S, ; 10%%g& ()- V0510% % & ()- S510%

<212> PRT

<213> Feline leukemia virus

<400> 96

Cys Ile Gly Thr Val Pro Lys Thr His Gln Ala Leu Cys Asn Glu Thr
1 5 10 15

Gln Gln Gly His Thr
20

<210> 97

<211l> 13

<212> PRT

<213> Feline leukemia virus
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" #$9R' () * we .99Qd3B8456789: ; PCT/US99/03055
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P"#$UR' () *+, -./0123456789: ; <=>?@\BCDEFGH JKLMNOPQRSTUVWKYZ[\]"_6Ti nes New
RomanAri al Couri er New'h Root Ent r yWor dDocunent
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<211> 17
<212> PRT
<213> Feline leukemia virus

<400> 102
Asp Gln Lys Pro Pro Ser Arg Gln Ser Gln Ile Glu Ser Arg Val Thr
1 5 10 15

Pro

<210> 103

<211l> 15

<212> PRT

<213> Feline leukemia virus

<400> 103
Arg Arg Gly Leu Asp Ile Leu Phe Leu Gln Glu Gly Gly Leu Cys
1 5 10 15

<210> 104

<211l> 25

<212> PRT

<213> Feline leukemia virus

<400> 104
Gln Glu Gly Gly Leu Cys Ala Ala Leu Glu Glu Cys Gln Ile Gly Gly
1 5 10 15

Leu Cys Ala Ala Leu Lys Glu Glu Cys
20 25

<210> 105

<211> 12

<212> PRT

<213> Artificial Sequence
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<220>
<223> Description of Artificial Sequence: Cytochrome
P-450 fragment

<300>

<303> Science
<304> 228

<306> 1436-1440
<307> 1985

<400> 105
Aan Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro
1 5 10

<210> 106

<21l> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Segquence: Cytochrome
P-450 fragment

<400> 106

Cys Met Gln Leu Arg Ser
1 5

<210> 107

<211> 6

<212> PRT

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Cytochrome
P-450 fragment

<400> 107

Cys Arg Phe Ser Tle Asn
1 5

<210> 108

<21ll> 5

<212> PRT

<213> Artificial Sequence
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<220>
<223> Description of Artificial Segquence:
P-450 fragment

<400> 108
Cys Ala Val Pro Axrg
1 5

<210> 109

<211l> 5

<212> PRT

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:

P-450 fragment

<400> 109
Cys Ile Pro Arg Ser
1 5

<210> 110

<211l> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

P~450 fragment

<400> 110
Cys Phe Ile Pro Val
1 5

<210> 111

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

P-450 fragment

<400> 111
Cys Thr Val Ser Gly Ala
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<210> 112

<21l1> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Cytochrome
P-450 fragment

<400> 112
Cys Thr Leu Ser Gly Glu
1 S

<210> 113

<211> 12

<212> PRT

<213> Plasmodium knowlesi

<400> 113
Gln Ala Gln Gly Asp Gly Ala Asn Ala Gly Gln Pro
1 5 10
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