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MODI FI ED HEPATI TI'S B CORE PROTEI NS AND THEI R DERI VATI VES i ~a Description 5
Techni cal Rveloglsgbe present invention relates to the interseetrhRmoesoss he
fields of immunol ogy and protein engineering, 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 eocapsid protein and to an i munogenic particle 15 conprised of those
conj ugat es. Background of the Invention Il/1is known that antibodies can be
raised to a small nolecule by using a |arge i munogenic 20 protein

nol ecul e"as a carrier. The small nol ecul e that derives enhanced

i mmunogeni city by being conjugated to qi carrier is called a hapten. The
phenomenon of a relatively |arge mol eSG eﬂtlatlng t he i mMmunogenicity
of a small nolecular 25 entity to which |t is attached is known in the art
as .the "carrier effect”. The portion of an i mMmunogen recogni zed by the

helper T cell (Th cell) is the T ceII %prn1®ant or epitoped The portion
of an immunogen that |is_3 ynd by an is tRe |l de m nant or
epitope. Carrier Effdcf8" Ta—d\‘!‘r'z ned- as| i nNufr ‘Q €Helyt efri nant, the
"hel per" or T (T,,) celt—TTTFAl~IBI OO o - X AUG 2 a WO $91 40934

PCT/ US99/ 03055 -2 determinant, of a multidete®ni nant i nmunoge® enhanci ng
the i mune response to another determnant, the B cell determnant. .a It
is now well established that nost 5 i nmunogens require T cell help to

i nduce B cells to produce antibodies. Thus, T,, cells, by re©ognizing

hel per determinants on ttpHi7frunogen feTp B ce| It Qo meke ant dy agai nst
t he i munogen. The antt+gentrc—determ narm-HReogN-22 agnnellper cel I's
(Th) and B cells nust be associated toforma §ingle W WVecul arfentity, but
they do not have to be covalently linked. See, Russel et al., ONature,

280: 147 (1979), Lanb et al., J. Imunol., 129:1465 (1982) , Seherle et al.
, CT. EScp. Med. ( 164:1114 (1986) 15 and Lake et al., Cold Spring Harbor
Symp. Quant. Biol., 41:589 (1976). Sone |nnunoge¢§cgo not req re T cel
hel p to i nduce a body formation, thgse are‘T’lnd%ﬁsro ﬁnt gans. A

pat hogen-rel at ed b ot ei 1'%¥an be 20 irusor-BBcEN e B\ L Re
production of a synthetic pol hapti de lwhose seduence correspon to that of
a determ nant of the pathogen. Such pol ypepti de i munogens are™reported by
Sutcliffe et al., Nature, 287:801 (1980), and Ler ner et aI., Proc. 25 Natl.
Acad. Sci. USA, 78:3403 (1981) . Cerin et Proc. Acad. Sci. USA,

80: 2365 (1983), showed pHmM.@ed pfotection h| D2 pm hepatitis B
Vi rus upon |nnun|zatrUn—wrrh*tar B@EHBoun
nd t

+gesvhawr ng 30
am no acid residue sequences that—eetr+esp o] t e seque ce of ahapten
determ nant portion of HBsAg; in WO 99/44934 P~~~UQ ~®1 1. r

particul ar, residues 110-137 of the "S" (surface) region. However, the
carrier protein used in those studies was keyhol e |inpet henocyanin (KLH),
a2i Tcell-dependent carrier that is not fit for use in :~ 5 nedical
applications to humans because it is a source of irritation that |eads to
severe inflamuation. T cell-stinulating carrier proteins capable of
enhanci ng the i mmunogenicity of haptens that do not produce unacceptabl e
side effects in human 10 subjects are often inmunogeni c natural proteins.
For exanple, tetanus toxoid (TT) has been frequently used when a carrier
suitable for human adm ni strati on was needed. However, the use of tetanus
toxoid as a carrier was restricted due to problens mnth dosage 15
limtations and risk of sensitization to the toxoid itself. In addition, an
epi t ope-speci fic suppression of response to the carried hapten can occur in
i ndi vi dual s al ready i mmuni zed agai nst tetanus. The hepatitis B surface
protein has been 20 proposed as a carrier for heterol ogous epitopes.

Del peyroux et al., Science, 233:472-475 (1986), reported the use of the HBV
surface protein (S protein) as a carrier for a poliovirus pol ypeptide

hapt en. Those investigators constructed a 25 reconbi nant deoxyri bonucleic
acid (DNA) protein expression vehicle that produces a fusion protein,

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

aut henti c 22-nanoneter HBsAg particles. HBsPoli oAg consists of HHV S
protein 30 having an 11 am no acid residue sequence insert 8 AUG 2002 WO
99/ 40934 PCT/ US99/ 03055 -4corresponding to am no acids 93-103 of capsid
protein VPI of poliovirus type 1 (Mahoney strain). Hepadnavirus

nucl eocapsi d proteins have been used as hapten carriers. Heterol ogous 5
|nnunogen|c peptlde sequences |nserted |nternaIIy |n t he hepatltls B core,
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$ AUG ~UU? PCT/ US99103055 toxoid. KLH, BCG, tetanus toxoid ang AUG 2002
di pht heri at oxoi d are non-particul ate, whereas hepadnavi rusnucl eocapsi d
protei ns t evalow4ozmggr egate intoa _"particles”. HBc particl eBCT/E$8/08055have a
hi gher. - 5i nmunogeni city than hepatitis B surface anti gen(HBsAg) particles.
DR Mlich et al., Science, 234:1398-1401 (1986). HBc is both a T
cell -independent and a T cel |l -dependent i mmunogen. 1d.HBc is one of the
nost i mmunogeni ¢ protei ns known. 10Al nost all hepatitis B-infected people
devel op apowerful imrune response_to core. J.H Hoofnagle, Sem n. Liver
Dis., 1(1):7-14 (1981). H§@Q§5%C$P6§?Wguni versal responsiveness,
irrespective of geneticbackground. Id. HBc directly activates T cells. 15HBc
elicits <dt¢pBérieet, Ahtey ekponses. HBc isefficiently processed and
present ed by TamriegEepRdeEsEIt-i ng cells. Due to the inherently
hi ghi mmunogenicity of HBc, conplex adjuvants aretypically not required, for
exanpl e,<1edre stomtaghcalld2Bedidipe rirpebi Hisum ¢ogeSRifoteiseatd The fam |y
hepadnavi r i daseis par{erikys of envel oped ani mal viruses with a core of DNA
t hat cause hepatitis B in humans. The hepadnaviri dae arenot responsible for
human heqabi tsy8-»1( assi/mebs 25st randed RNA enterovirus), human hepatitis
C(Flaviridae famly of single stranded RNA virus), orhuman hepatitis D (a
cl osed Gijhgillpk,/dR@AL I ve-senseRNA satellite virus, "delta virus", that
requi reshgpatiighh Sp2Bayi rus for replication). The3Ohepadnaviridae famly
i ncl udes hepatitis viruses ofother species, e.g. wodchuck, duck, ground
squirrel ,qq. 60P0 A 20p2 , WO 99/ 40934 PCT/ US99/ 03055 -h and heron, in
addi ti on<11'5? h_Lg pozqgg siman hepatitis B. Hepatitis B (HB) used herei nafter
refers to the am’l y~ hepadnaviri dae, unless the discussion is oreferring to
a specific exanple. 5 Hepatitis B core protein nononers self- -. assenble
into sta‘H‘Isg’ai‘ddr egates known:as hepatitis B core protein particles (HBc
particles). For exanple, human HBc particles are 27 nanoneters (nnm) in
di amet er‘.“@:brﬁﬁz&?n"e‘t“ng?‘.", 2NAture, 386:91-94 (1997), 10 describe the
structure of human HBc particles at 9 Angstromresolution, as determ ned
fromcry®t8,ektron nmcrographs. Bottcher et al., Nature, 386:88-91 (1997),
descri be<2alhe 353l ypeptide fold for the human HBc nononers, and provide an
appr oxi ne®lé>mM¥beri ng 15 schenme for the am no acid residues at which al pha
hel i cal <23gpr crepatid st Beriruki nking | oop regions form Bottcher et al.
propose a | oop from about residues 78 to 82 of the hepatitis B core
prot ei n.<ddsbng synt hetic peptides and nonocl onoal 20 anti bodies, the
i Mmunodoggzaandpsl oop regi on of HBc was nmapped to about am no acid residues
75 to 83222» @9l.uemisyet al., J. Imunol ., 14l:4376-4380 (1988). Two
i mmunodom nant |inear epitopes were reported by other workers at am no acid
resi dues.apa-t0 85 and 130 25 to 140. Salfeld et al. J. Virol. 63:798 {1989)
I nsertiR.muapts of the hepatitis B core protein still are able to form
core parliqabesg;when foreign epitopes are cloned into the i munodom nant
| oop regiQ.ofsdBc. P. Punpens et al., 30 Intervirology, 38:63-74 (1995).
The HBc flsiofy.e -' 9 Au~, ~~ WO 99/40934 PCT/US99/03055 _7_ proteins form
particles i n prokaryotic and eukaryotic expression systens. Id. The ability
to use a_prot ein as a carrier for a pendently-linked hapten depends upon
several <:°°5 tactors that have been studied with respect to HBC,
Cheni cal 1§ PBAAF VB QPR 2Ec PP RASThIFhECE AN IS 9P sTRe k) 48 aspartic
aci d (D)¥et 3PRitTfi 2oPa8FQ TVE) Lve §hY FhsdfitedieyErelHe SLESIYUR® (C), provide
functional® groups that 2an be useful fot®nodifying pol ygéptides. 10 The
hepatitis B core protein sequence has several chem cally-reactive am no
aci d si dect b4k rkFgi et KEt AR Ve SE§RATcECa GFrecdtagat st eI ¥3Far y2@ani no
groups, e Phe LehePrariSAD A%r M Rde Rued Sepuyalyiionasy dshdirsA{IK5 and K96),
along with four cysi®ine 15 residue25 C48, C61, Cl073and Cl183). There are
several carboxylic acid groups, D (2, 4, 22, 29, 32, 78, 83) and E (8, 14,
40, 43, d4éx g6d,tcA/gctlt8g tht7cgd 4a defOrcanthat b eat ayycdtekdi nusss However,
t he nati ve; anangdi Aledebepat htd $1B 20 ced as1pr sdeeho @antaial eydoes not
exhi bit appreci agl e chem cal reaaebivity of the amaio acid side chains in
the native sedquence. The chem cal reactivity of an amno acid side chain in
a protein depends upon the nature of the am no acid side chain, and its 25
environment in the folded proteing As is discussed in detail hereinafter,
it has now been found that the problemof |ow reactivity of the amno acid
side chains in native hepatitis B nucl eocapsid protein can be overcone by
inserting a 30 chemically-reactive amno acid side chain into the HBc
protein sequence. A strategically nodified W O 99/4093. i
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determnant is fromthe sane pathogen as the B cell dgbew’%' Q@Qt hapt en t hat
is pendently |inked to the strategically nodified hepaMtis core protein
in _e order W@%?(“BWde pat hogen-specific T cell nenory in , i&ﬁ@% to
the hepatitis B core protein antigenspecific T cell nenory. S rg/é%?%al |y
nodi fied hepatitis B core protein conjugate contains a hapten that is
pendently linked to a strategically nodified hepatitis B core 10 protein.
Looked at differently, a before-described strategically nodified hepatitis
B core pretgidecCadr b sidered to have three peptide-Ilinked domains, I,
Il and |1 bef wabﬂseﬂf}%%gefggt L Vel’yd {18n99h @t afitiota%e tad wus) gaaDonmizn |
conprises a sgguence that cor %pﬁ}ﬁdﬁlat dle dendtis Tmumeres about 10 to
50 of the am no acid sequence i hepatitis B céPe protein of SEQ I D NO: 2,
and prefegaply caortrgs%onds to residues nunbered 1 to 50 of that sequence.
Domai n | ILéuségéncfed % SFhePSCakesoays 9ot ndtvabat esbdya fc 20a [RgRi Ny, Domain
Il corresponds-tdr b AbrIhayTareray B9 taa 180 raf diReagmbp9 A¢i d sequence of
hepatitis core protein offOSEQ ID NO:2. Dopgmin |l conpri se3 a sequence
that is bonded to the carboxy term nal residue of Domain I1. Domain III

cor r espont¥ 62 Mcremsi duegtauadetad gt0Qak0,abQuE 140 of .the anino acid
sequence Y hepasptien Barome ot Ba1 334 PLELEL ig):iy:gco?r%s‘ﬁ%nd@?o

resi dues nunbered 100 tes about 149 of tRgt sequence. ¥n % L&fbodi ment  of
the invention discussed 30 before, a strategically nodifi®d hepatitis B
core pr Ottéicnagﬂjd-htidlﬂa{:idtbﬁstt% gg_.ng;:p tlc}:/ eXxo0 t(_?,‘I’]OUS to HBc WD 99/ 40934 5
PCTI US99/R0@08&y 61d Leu Beu @kl rheldi@l {8 R I desbaAbieFtt g7 ea casboxy
terminal residue ofippomain 11 to p&ép ide & °f it JR* fret@mAardomain 1V is a
T cell epitope. A strategically nodified hepatitis Bl€ore protein particle
of the i @¥aNdd08ti S senbl ed heptatitis B core protein where a

pl urali ty;lef-rg:hgalsgtgariﬁ%sg%:[ %%gﬁtgt 'é'g’i E5F I9Fanekdl toecdthomat héd S Becore
protei n subunitg,s Al'so Cont el af2dd9% Phe 3wt Yall @rwanprissesnof a m xture of
strategically 10 nodified hepati1t2i°s B core proteiss subunits and ot her
heptatitgc.B &£Qr - PLO] ein subunits. A contenplated strategically nodified
hepatitig,B 1_.;‘i,%rglapr ot 1% EFEI3@t Y ag@tagc i ctaC edPaks et 0f.ASSpbl ed
hepatitis B GQré prot éFA B2 BrpdvrtAlanker ela musad hy af, $e subunits are
strategical 'y nodified hepatt#¥s B core proteian subunits. In this

enbodi mept, a h%&ten is pendently linked to a hepatitis B core protein
subuni t . Gﬁ SFCEr3iH gtt 9%k dmapren cos guat ingese rRkalfdagds420, Above, a T cell
sti nul at n‘% T8Ri TS WY dat erigdien seq|@apcerd 88y ko PRt LQQG-A@% ed to the

car boxy t ninal residue 150 the sequence ggfrespondi ng t erpati tis B core
pr ot ei n.cc;g%f erably that pathogenrelated T cell determ nart®®i s related to

t he sane patdrsgear asa tdge fnf hogerared pten. A strategically

nodi f i edPTRefar iRrPsAdy sof arprigeihe: @ﬁté&ﬁfgggg \Jat 62 of St HETi nvé@lti on has
pendent|y-1inked haptees In a contenplgied e et 8F9 1988 particle
conjugate, the particle is 30 made up of a nmixture of ¢{tategically

modi fi edFarepat icghSgaB €O @aRrQfeiy Subunits having pendently ~ AUG 20p2 WO
991 409341RC3¢1J299/A305& Gigléylgke hapt ens, and other hepatitis5B3core
protein subunits. 1gg one enbodi nent, about 0.1 to about 0.5 of the
strategically nodified hepatitis B core protein subunits are pendently
linked to a hapten. 5 Also contenplated is a particle conjugate that is
made up «@koa J1i xture of strategically nodified hepatitis B core protein
subuni t s2apgl ;gther hepatitis B care protein subunits. A before-described
strat egicgabl pppodi fied 10 hepatitis B core protein of the invention

Fncl udesag; peptide.insert containing a chemcally-reactive amno acid

residue. That Theert RIhTHe, but is typically not itself a separate B cell
antigenigogeterm nant, although some B cell immunogenicity of the insert

can 15 QgteAxhl bited nerely because of the placenment of the insert into the
HBc protef 1 °8r T{faPtR v, TISuENs Muimserty 0an ke ad Gl SQNE.ehodi ments is a
T cell eprtope. PlacenBént of an insertiénto the HBc logp region greatly

di m shes the HBc inmunogenicity and 20 antigenicity of the resulting

mol ecul B Afe| kRYCEHFU BeofAsphehd DU NHro0Se:C QUP 1, 388s A0 IUNOgENi C amount  of
the strategically 2fdified hepatitizg B core protein or?ju e of the

i nvention. Wien the pendently-1linked hapten is a pai’ ogen 25 rel ated

hapt en, the inoculumcan be usedzas a vaccine - r to protect a mamal
treated with the inoculumfromthat pathogen. Thus, in one enbodi nent of
the invention, a strategically nodified hepatitis B core protein conjugate
is used as a vaccine to provide 30 protection agai nst the pathogen from
which the hapten is derived. Mire preferably, the inoculumis REPLACENMENT
SHEET ~ A U G 2002 WO 99/d0934 ~ PCT/US~yl D3Q-= - a Auc Q02 -1~
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WO 991 40934 PCT/ US991 03055 -14 5 for pendently linking a hapten 'IQ’A%G
strategicall XyHB%Lfgi»fd hepatitis B core protein (smHBc) particle usi n%
sul pho-succi ni m ﬂ 4- (N-mal ei m donet hyl ) cycl ohexane 1-car bOWJz‘/?J’Sfb/woss
(sul pho-SMCC). The smHBc particle is depicted as a box having or
purposes of , clarity of the figure) a single pendent am no group. Detailed
Description of the Invention 10 A Definitions The term "anti body" refers
to a nolecule that is a nmenber of a famly of glycosylated proteins called
i mrunogl oBfiri ¥ls) sehiach mean ackfdga 15 ¢onmbine with an antigen. The
word "antigen" hass been us?zlphi gt quli %‘Zg 7t B 88T Jrat Puakiesysty that s
bound by an anti body, and also to gesi gnate the entfty that induces the
product i orsesfrdohgi ARt L Bdy. current 20 usage limts the nmeaning of
antigen to thab entity bou?nlcf,vg‘gfap‘nrga & BofyIlenhet Eus Trpecmortu " i MMunogen”
is used for the entity that induces antibody pr&duction. Where an entity

di scussedbghflNml.S, bot.h i nogeni ¢ and antigenic, reference to it as

ei ther an ggmulrﬁ(r)h(:;ﬂernmi% Ag? T?%?F@r’(a\hi‘f]iy Vybireal Lau beuw nadepacgpy ding to its
intended utility. The word "hapten” is used7so describe nol egpl es that are
capabl e oﬁel;s&ix;rrul ating an i mmune response (e. g., production of antibody)

when 30 cheni calty kBuprkdatoSer frotwilnagaimhi elen FOE rd.i s, 0f ten used for
smal | nonantigenic nol eBliles in the W P9/ -1 0934 RE ' T35 SHEET - 9 AUG
2002 -15 - 8 AUG 2pp2t =~ _i ~, ~~. ~1~rc="J"," ~ca_ ~,

bpi r.~. FPB® Afg Glpgleu Lewgrp :trhenirg:_ngu;ezt {13 10 pende n: yJ 11:L::_
© ... th'=C.. -39 prote~.n, eveids if E}?t s {éhrﬁﬁf?;qéuﬁ‘tﬁg nct srnal ? .
“lic.=i geqr:lL}C determincnt” re=ers t0 the 5 actual strttfural portion cf t:e
artiaen that Ths VehmmieotByirgaldey wouRd, by, ap, antibody_combining site or T
cel | receptor. Th®e termis al so yged | nter gﬁén%ﬁéaWbeﬁ K9 "®Wai t ope”. The
noun "conjugate" as used herein revers 1 CJ a fi*¥5c~C . 11= FG-'', | Zed

~~:Jm a ,BrerPro-&fa T9f-ark pro orPinp kil 1 :::=d through an anmmo acid

residue s_deimhain tc a carr ilé.g.#s"Thiéa &P T L GRS Sty attinvdes wost i t uti on” as

used herein denotes that one amo acid residudthas .~e2n ~ * ~ aC_:~ b~J
V. TI & ~' le@x whelrnCrai 28 anad 28> ) lar =eS=dL:e . r.:: ;:'Ip~ eS C~-
cOnSer Vatizsde Si. i~ A. S~ Tigt ~=o{S% fbY dde $9mersubstadeubrg-aky Of Or.e by

rcoheb~ ¢ r s~ due sucrL as isol=ucine, va3Sire, ie~~c~re ggop;netn~enir.e
for anot Bes,so&rptfhe _sybstit:~ticn c_ cne acl a= =esidue for 20 anot her such
as between asregi 1?1{:-’ g.r%li‘égahﬁgyégﬁ’ 58T et veerprgl Mtanks :agdaRsBA tic acids c~
bet ween gl ut am ne and paragi ne ar.d &he |ike. The terqpgs'conservative
substitugion. al so includes t;"e use o~ a substituted amno acid ~n place
of an unsubstr ttCefbEreflrafno 25 acid provi ded that antibodies raised to
such a pol ypepti de*® so i munoreact with the correspond=. ng pol vpepti de
hav~, ng the unsubsWtoted ammo acid. The term "corresponds” in its various
30 grammatical forns as used in relation to peptide sequences neans the
peptide § dehce descri bed pl us ~ AU G 2(p2 WD 99140934 PCT/ US99/ 03055
-16 or ni1as WF to three am no acid residues at either or both of the

ani no- atfd?e¢a®™oxy-term ni and contai ning only conservative substitutions

i n partitlPariepatirdsasivdxaesi dues al ong the pol ypepti de sequence. 5
"Epitope" refers to that portion of a nolecule that is specifically bound
by a T c€RP>antigen receptor or an anti body conbining site. "Epitope" and
"det er m93&ht "crare used i nterchangeably. As used herein, the term"fusion
prot ei n"<229> dasi grabes at | east two ami no acid resi due sequences not

normal Iy found Iinked together in nature operatively |inked together
end-t o- endo{ head-to-tail) by a peptide bond between their respective

t er mi nalesoud MRcAGLO LGS dyes. 15 The phrase "hepatitis B' as used here
refers iBo4s §;broadest context to any nember of the fam |y hepadnaviridae,
a fam | y38f, ehyel oped DNAcont ai ni ng ani mal viruses that can cause hepatitis
B in huggs,, 205;The phrase "HBc" as used here refers to T cell stinulating
protei ns having an am no aci d residue sequence that corresponds to an am no
acid regjgue,sequence encoded by the hepatitis B virus (HBV) nucleocapsid
protein gene. An exenplary well 25 known naturally occurring protein
encoded gf‘ﬁe“ﬁu?fﬁ"n°F1B\Vaﬁu%48eseaps:itdgg£@eai@cttQ 'WegT &, PLotejn, subtype
ayw, having the biological sequences of SEQ ID Né&: g and 7. C%q i bert, et

al ., Nature 281:646 (1979). HBeAy protein, the precursor to HBc, 30

i ncl udes the sequence of the hepatitis B core protein and a "pre-core”
sequence at the am no term nus WO 99/40934 -17 8 AUG ?00Z PCTI US99/ 03055
thereof, as shown in SEQ ID NGs: 8 and 9 in the case of a ground squirrel
hepatitis B ntcl eocapsid gene. The core protein sequence begins at ami no
acid position 31 therein, thus corresponding to amino acid -- 5 residue
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WO 991 40934 PCT/1JS99/ 03055 -18 as by indication of the includet8AMG&&cid
resi due posi (?/8'3&/' The term"inmunoreact” in its various forns neans

speci fic binding t¥%teen an anti gen as a ligand 5 and a nol ecwﬁggﬁ%@#ni ng
an anti body conbining site such as a Fab portion of a whole antibody. The
phrase "operatively |linked" as used herein neans that the |inkage does not
interfere with the ability of either of the linked groups to 10 function as
described; e.g., to function as a T ar B cell determ nant. The phrase
"pendent | Welti adedie rabess iggl 6. linkage, either direct or via a
bridge, froma HBc prgt eisn&?%q'g%o{% ?h?m‘;?&a:%laeseét V3% 941 hewahedt he 15 ani no
or carboxy termni. The phrase is used h&fein to descri bdst he | i nkage

bet ween a thapt@n.and.a ngemcc%LLy-reacti ve am no acid side chain of a

strat egi calek YoyR0glL] iped JIEp@l] LLS BECBTE EPF GttEi 992 Ydhctonnlegad ar sassenbl y”
refers to a non 20 cgyalentty BofdedP Ry §re Jae crgf Aqe De@izauSARINI t S.
Typically in this invention, the prot®# n subunit is asstrategically

nodi fi ed Iggpatc:%tj__cst Saggrtg te;}(rtgt ein nononer. As described in nore detail

her ei naf t ose r F¥S 9oa0Imer stalgugl ey a4 e 25 jinto
spheri cal %‘Ecﬁﬁ Tk P??:I%E"%a##mgleimhenetgﬁmrsé;}flcg{@igg%éi n ’3‘14ITEI’S (a
total of 180 or 280 core . proteimosubunits). A sm_:,;erica?2 core particle is
an exanpl e of a nmacronol ecul ar assenbly. °~ The phrase "pathogen-rel ated" as
used 30 hEFRiftdensi grames wabBetehbg QaaTg&lhl, iq gggn that is capabl e of

i nduci ng Pt PP dHeckinmhofalantébad &8 n ara mw&% 2 307891 #934422

PCT/ US99/ 030550 - 19t hat i mmunorssact with a pat hogen i P8ty WY orm

Exenpl ary pathogen-related B cell and T cell inmunogens are illustrated

her ei naf t %2 atheaanoswds geP@ky Lae"..and "peptide" as 5 used

i nt er chaneeabey mhrmﬁghw&hgpﬁgtsgglggigffc::i ganéoéﬁ%l 9gds3agnatx ggal i mgar series
~of ami no &sci d resi dues coppected oné’ to t}F HThELe AsepRe iAde bonds bet ween
t he al pha-ani no and carboxy groups of adjacent ami no aci ds. ePol ypepti des
can be vaddeehyy @bal®Roths,., 10 either in their neutral (uncharged) fornms or
in forms s g,pg %}f@ L%%I fs} 35%{9& PHe P F 785 oft ARt ceti ons assich 236

gl ycosyl ati on, side chaj.nn oOxi (Tét'fyd'n,vabr“sﬁh‘@épm ¥eatdlgnueyw ngoNt ai ni ng t hese
modi fications. It is well understood in?he art that amigso acid 15 residue
sequencesee0lg.ai.n acidic and basic groups,. and that the particul ar

i oni zat i qtiesﬁagt §i}>§%iab'ﬁge89%}tfhﬁ‘cpeb‘t itde ties depeadent @ Lhe phLof the

sur roundi ng ‘medr um WREIFt Fied ShetiisnTle sen ayel utul 0wk p8L dihal of The medium
fromwhich it was dB8Pained if the pt&rein 20 is in gghid form Al so
included in the definition are proteins nodified by additional substituents
at t ached gf% AT Hnithe wei trtsitte arhatais resugh As gloygosyl units,  1ipids, or

ac

i nor gani €T GRS WRicheuSiphbsphet obl ne wel le1@SrHOELf Leations el A{ing to 25
chem cal conver¥t®ons of the chaims, such as oxi datd on o ISUts hydryl groups.

Thus, ™ polépepti de" or its equivalent terns is intended to include the

appr opr i &t “&Ri IRF bad char eaduea FQGURRCEJ gferenced, subject to those of the
f or egoi ngrwapfm@awmmmochrﬁasgmrm;d%ﬂ r,'i%a tjas"‘?ath Fitial i132. A
pepti de or PB8Pypeptide used g a hapten typi ] Iyrcgé}fﬁ PR Pever , - 8 AUG

2002 WO 991 40934 PCT/ US99/ 03055 -20t han 70 am ho aci d residues, and nore

t ypi cal | 9ax@ent aictsge: bifiagh ' about 5 to about 40 ami no acid

r esi duesGlwamer nmyevr esﬁaggl ﬁ?gg}gﬁoﬁg@g%&ﬁf 98 ¥¥spguest | t4sos not ed
that a cowstenpl ated 5 polyggepti de” hapt € £En FR Ar@ntper Athamr70 resi dues,
but such a polypeptide is shorter than t ht>hat ur ally occurepng protein that
shares idez 8&€§ULRC e word "protein" designates a pol ypeptide having
about 7Gezar sfgrpgo a{%cngiagga :rggs HuEd2 tgHdcqss gt £Oc nmtaUsdd leyt OCGURT i NG
entity. The words gefgse &7 “AHd5*p FOR teE" Prer drhte mrgseel isater changeably in
the art as to cells fromwhich anti body?nol ecul es are opf ai ned. Cells that
produce gt ifodies ga%/, however, not secrete those 15 nolecules into their
envi ronggptg, | Feidy? (e ahtBotAs nol ecul es are secreted and af g, obt ai ned
from t he bl ood Y rGé’érﬁe("hﬁ:l'ﬁ)rCHP anti body). Neverthel ess, anti boal es are
general ly ref erred®o as bei ng "produced” in keeping with the phrase
utilized in the 20 art. All amino acid residues identified herein are in
the natural or L-configuration. In keeping wth standard pol ypepti de
nonencl ature, fJ. Biol. Chem) 243, 35S7-59 (1969)], abbreviations for

am no 25 acid residues are as shawn in the follow ng Tabl e of
Correspondence, Table 1. WO 99/ 40934 -21 ' $AUG- PCTI US99/ 03055 Tabl e

1. TABLE OF CORRESPONDENCESYMBOL-- 1-Letter3-Letter AM NO ACI DYTyr L-tyrosi ne-
Gd ygl yci neFPheL- phenyl al ani neMvet L- net hi oni neAAl aL- al ani neSSer L-serinellle
L-i sol euci neLLeulL-1 euci neTThr L-t hr eoni neVal L-val i nePProL- prol i neKLysL-1ysi
neHH sL- hi sti di neQd nL-gl ut am neEQ uL-gl utam ¢ aci dZd xL-gl utam c
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20 i: Strategic Mdification of the Core Protein The present inveBtAldfh2002
contenpl at es ‘go§t rategically nodified hepatitis B core protein conjugate

t hat conpri se 9’1’1‘%?61 en that is pendently linked to a strat eg'ﬁ,gfl)clfg A

nodi fied hepatitis B core 25 protein (HBc). The strategically no |¥|’°8855
hepatitis B core protein itself conprises an amno acid sequence
corresponding to the hepatitis B core protein amno acid sequence of SEQ ID
NO: 2 including the am no acid residues nunbered about 10 to about 30 140 of
t hat sequet?de> 4That HBc ami no acid residue sequence additionally contains
an exogencasiansno . g AUG 2002 WO 991 40934 PCT/ US99/ 03055 -24 acid

resi due i ngest prfd the regi on corresponding to am no acid residues nunbered
about 50 t«@iabaubark@Ps i Q tshe HBc am no termnm nus, wherein the exogenous
insert (i) is 1 to about U*®%anmino acid residues in 5 | ength, and (ii)
contai ns aggheqgically-reactive amno -. acid residue. The hapten is
pendent | y L to the strategically nodified HBc protein by neans of a
cheni cal | ?Ftemggﬁlveeh%ﬁﬁpﬁﬁ HC W €3¢ he phiesentsdrnvingyis N&QMte, 10 It is
preferred that residues i1 through 10 of 8EQ ID NO: 2 be pr,gsent in the

strat egi C@'e:!-% nodi fied HBc protein nolecule. It is further preferred when
any residue’ i Be di5uchiic 8er debcrtmdrhe b PO §1ON:Y 44 10, that, those residues
be deleted in 15 sedifence and that the renmaining resi ueémb‘és'l’present in
sequence.aél'ﬁjht#;é if a five residue deletion were contenpl ated, the del eted
resi dues Fer mimbeswedyd -23g tRAKLY esi.duyes 6 through the desired HBc
. carboxy term n@8 present, plus 4ohe i %';ér?i.“dgﬁrﬁmi g"‘hi”?’r‘fl‘%(ﬁl y preferred

t hat resigﬁues nunber ed about position 140 through4f49 of SEQ ID NO: 2 be
present i¥PraPsi Has edisCrld Y140dL T4 rotein nolecule. As noted

el sewhere her®in, the region g H cgﬁﬁ%gr%(f ¥SH WARr BgALly Weucar boxy 25
term nus contains a plurality of argini'ne resi®ies. Those residues bind
nucl ei ¢ aeeudse tORsP Wed f 416Gk f, HBG. particles after expression, and the
sequence @ent ai ni ng thosgﬂzggl uvea"slj| §§P|§F§f‘é1“ab$lycémxdpedré AD&N a
strategically nodified HBc protein nolecul 5 As 30 was the gase with the
resi dues sat Sk through 10, it is preferred that residues between
about - S%Géfzdo%ﬂé\)élg 14883 FYPCHUBSD /R 05Hm M2E qUoSidd 140 and 149 be
present and correspondingly absent in a®&equential nmannegs. Thus, where the
car boxy &g r}j,_.gaélnrgesi (:Ii.ue corresponds to the residue of position 146, the
resi dues of positions T P4Bhe His e géscypresenir aad dujogg of 147-149 are
absent. Mbst preferaqoly, a contenpli®sed HBc sequencgqjs that” shown in SEQ

| D NO: 2 g%‘pthovsi tion 1 through position 149, plus the sequence of the
insert. The I'nséft *Taflbaypl krvetaliseki rmd key NRs 40 §§QH&”C—.§, in the region
of positions nitBer ed about 50 te ough about 1004,zas al r da V not ed.
PreferabL%% the insert is present in the region corresponding to am no acid
resi dues” HURBRP3d Tsodts PEo trxroakeiin1QCh-oMpf £ LQEeJeerrgl?l ., Lhe insert is
present in A region 15 cormssponding to am Rp aci ’?é‘ﬂ‘(ﬁf@s nunbered 76
to 82. I\/bstrfﬂrjef erably, the insert is |ocat e& I'n the region correspondi ng
to resi dii@sTrufberved 78 hb§ gha80qr rategically nodified hepatitis B
core 20 ¥Sotein of the imyent igon:%gasﬁf%tg 9%, 6° 458k ub=arfeRo aci d resi dues
inserted. Preferably, the insert is 1 to am no acid red€blues in |ength.
The i nséixP $onPed Asg RGHELYE |y~ r gactd ve am no acid residue. The insertion
of nore than one cherﬂﬁalﬁfﬂ?ga%tri ggn' ?”a‘?ﬁ%br%era Argsprlugetrs al so
contenplated. . It is contenplated tha ®restriction entithucl ease sites be
provi de@lhserNfrdd8Ng QNS cl for the strategically nodified hepatitis B
protein near the ggz?si red 1nsert region. The nucl eotides of 30 the
restriction endonucl ease site will be translated into am no aci ds upon
expression, and that effect has $ AU& 200Z WO 991 40934 PCTI US99/ 03055 - 26
some beagjgigson the choice of endonucl ease. Several restriction
endonuclkgeasesare commercially available (e.g. fromPronega Corp., Madison,
WsconsL;Qbam;fat heir recognition site sequences and cl eavage sites 5 well
known ip,the art. Exanple 1 describes such a construct for a strategically
nodi fie %ep’é’t"l‘ﬁ%‘“B’ac‘Grréspr otein. In one preferred enbodi ment, the insert
is a single residue that is added as the chemcally 10 reactive residue. In
ot her preferred enbodi nents, the use of restriction enzynes and their
recognition sequences causes abaut three to about five residues to be
inserted, including the desired chemcally reactive residue. 15 An insert
containing a chemcally-reactive amno acid residue is inserted into the
native hepatitis B core protein at a position corresponding to an am no
acid residue position fromabout 50 to about 100. The preferred region of
insertion into 20 the hepatitis B core protein is in the i munodom nant
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- § AUG 2002
- $ AU G 2002 WD 991 40934 ~ PCT/ US99103055 -28- _ the chemically-reactive
anmno acid residue is preferably at position 22 to 24 of the insert. An
i ntroduced woeeswsedsl y-reactive am no acid resi due has a chemaraldoynssacti ve
side chain 5 that provides a functional group for derivitizing the
strategically nodified HBc (i.e. conjugating a hapten to the nodified HBc).
Useful side chain functional groups include epsilon-am no groups, beta-or
gamacar boxyl groups, thiol (-SH) groups and aromatic 10 rings (e. g.
tyrosi ne gnd hi stidine). The chemcally reactive anmno acid residue is
typicall? sine, cysteine, or histidine residue or a carboxyl containing
resi due §6%’rf Esaspartl c acid or glutamc acid. Lysine is a particularly
pref er r ed*&Aerittal 5515 reactive anmino acid residue. It is noted that the
ami no acid residue sequence of the hepatitis B core protein encoded by and
shown i n<8 | D NOs: | and 2, respectively, has two consecutive endogenous
car boxyl <89i# ¥ueleig BOidseRe¢iues, existing glutamc (glu, E) and aspartic
(asp, D) <ae4xdgi at positions 77 and 78. However, the present invention
cont enpl aBes> tthe74 ntroduction of at | east one additional, exogenous
chem cal I<ger:e@aets ve am no acid residue. European Patent No. 385610 25
reports that unsatisfactory results were achieved in attenpts to chemcally
coupl e pelhypepti de haptens to HBc particles. It is noted that those

coupl i N 2L LAPhSe \e.‘i{:ecéi' EeClaad davesd ;a0 9&95@% thé;o[._t(_car poxyl groups
of the ag,poAChf. Ssfer N2 PSys Iphéar &’tbhe |nVL &1l BG@n i ndi vi dual

chem cal lysreactive amno acid resid sert 2002 WO
99/ 40934 PCT/ U899/ 03055 295uch as aspartl c acid or lysine, substantially

any sequetnge q__f desr red I ;:Qattc(c:ont ai ns a, cl chem caI Ié/ rggctrve
am no aci easrd %vg% T8t £°6 réat 87°thah a single
resi due . E?Trd’ t?’ner és%e i fEHés Ehl? %8 n B.E. darke

et al. Vacci nes 91: 313- 318 (1991) t % HBsAg Pre S(1) 37-53 seqguence

di scussed in F. Schodel et al. J. Virol. 66(1):106-114 (1992) and the HBsSAg
Pre- S( 2) P§S-9F3 ts2 fF&neE 8P (gasIAP BFE FEagaodet o6F 9P At t¥accihbs

90: 193- 198 (AFoSpr Ma BPHHIBH ATt B uTAte|UeucPiu Spe Pap SBysBied Chigrei nafter as a
hapten can al so B® used as an ins¥rt. Exenplary séBuences include those of
SEQ ID NGs: 28, 32, 33, 34, 47, 48, 49, 50 and 55. 15 ii. Additional

Modi f i catticenc®af cahaa€oaet Bratarcnadd cas gaksattcont eopl @gedad lgagd albhepatitis B
core protsernPt HaS ajiscolid wWlaUuenf hedclss adesTyd bed cabomp Ahs cother

nodi ficationsse The contenpl ated 20 nodificatioes of the strategically

nodi fied core include the nature of the insert containing the

chemi cal | gegr £B£ abY & taNgdl0 ad€ i tdgl §5 dUe,aakl MNC @by GRa0fatt B&a gk no 26er M nus,
truncat i auoketd ker Gakbarey Thervionus, cipSisanaat Lbhesi16akd0%y0 ta@a M NUs, pendent
25 li nki ngsto the carboxy-term nal region. Hde insert contaigpi ng the
chemcally reactive am no acid residue to which the hapten is conjugated

can have @Ugs ggta&ql §LDQet uakr OM qltagaafthsc@r;gsnﬁal gg\e EEaGhLVe 2381 no acid

residue. t n S e
chem cal Isli/etrreg&lr vxe’c%%l ié_sﬁplgglid%gr egrﬂ{jd’gﬂlﬁa 7 ﬁrﬁ st1nu QlLr}r'a - ~ AUG
/

2002 WO 991 40934 -30 PCI/ US99/ 03055 ami no aci d sequence uch a T cell
stinulating amno acid,_se uence |s preferab eI |toefr m t he
sane sour 2T °R2 B2c8r9 @ {_Erﬁ tIf:g’%;e fhe% onJ § §p ant ?gen e.g.
both fro ﬁlﬁy%ogbg Brauubts T bercﬁ? o§§§ %xgﬁi)ll‘zir’fhé"pﬁ ¥ MPe discussed ..
hereinafter. An ins€®t cont ai ni ng a *CReni cal | y-reacttVe am no acid residue
can al so be chosen in order to confer addi tional desirable properties, such
as 10 st a9 ey SEAIRTCERR) TOF 91 8HF I5°F yErEnASM ECAGESTr Bife rEf A8t A 384

strat egi cEY Jrhoal fiedChe Fari ks VE SoF P Gleiviel ctm Bee dRerfitzal |y nodi fi ed
by nmet hods wel | Aown in the art12Nunerous such t¥éhni ques are 15 di scl osed
in_Roger L. Lundbl ad, Techniaues in Protein Mdification, CRC Press (Ann
Arbor, Madt gedngct99E) agbsch cdremplccnod hkcatthotrs ace caideegt 0 4®3hance or
di m ni sh proopes talesTy: arg canixoec hsm AlysSPie Ia€ilRG $HrOMRr can e bl ocked to
change the i sael ectric point £3 of the protein4ocausing it to separate
differently on a chromatographic ion exchange resin. It is also

cont enpl agfdathalctt it GoE RRKYcdLend i &fa LHE 8" &PESE @A SRJUEHRE be
truncated, preferably down to about am no acid residue position 25 140. The
argi nine-rich sequence present beginning at residue 150 of SEQ ID NO:2

bi nds to nucleic acids and can hinder the purification and handling of the
expressed core protein. In SEQID NO:2, the arginine-rich stretches begin
at position 150. A 30 preferred strategically nodified HBc protein has a
carboxy term nal -valine (V) residue of residue 149. ~ % AK uU WO

99/ 40934 PCT/ US99/ 03055 31 iii. Making_ St r at egi caI I Y- Nbdr fi ed Core Protein
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8 AUG 2002 WD 99/40934 PCT/ US99/03055 ,w.. . _ -32 The hapten %QHG@Za
pol ypepti de, a carbohydrate (saccharide), or a non-pol ypeptide,
non- car bohydr‘é’f)e”’d%ﬁi cal such as 2,4-dinitrobenzene. Methods for
operatively linking individual 5 haptens to a protein or pol yﬁé%qua%‘mss
t hrough an am no acid residue side chain of the protein or polypeptide to
forma pendently-I|inked i munogeni c conjugate, e.g., a branched-chain
pol ypepti de polyner, are well known in the art. Those nethods i ncl ude
l'i nki ng 10cvhreticiar ORE V41 AP, y of functional groups on various side
chai ns andiasesult in the cgg? ?\éjrg %%gf“é? r‘lh'ﬁo‘f’ sPé‘fﬁiSGé Prec kboegbei ng
pendent |y |inked-coval ently |inked (coupled¥®%o the hapten kst separated by
at | east séde Ln,. .15 Methods for linking carrier proteins to haptens
using eacﬁfrﬁﬁgségg%{;guﬁﬁ i"dRdIgPHuFSt ot teserphed bgt Bhanges, Met hod
of Enzynol ogy, 70: 1980779 AGP AFeadty Serfin sGcapd.arg. adgmgygol ., Vol . 8,
Suppl . 7, 7-23 (1978) and U.S. Pat. No. 120493, 795 to 20 Nastor et al. In
addi ti on, ‘% sti_ctte-di rected coupling reaction, as described in Rodwel | et
al ., Biotech.. c3°3%88t §97 92P08GY ceantdretsqrri ed out so that the bi ol ogi cal
activity OF t1f8 P fpeprro®a Ber 8ab qubstantial |y dinini shed. 25°°°
Furthernore, as is w1 known in theasrt, both the HBcAg protein and a
pol ypepti de hapten can . be used in their native formor their functional
group content car. be nodified by succinylation of |ysine residues or
reacti on #¥¥ €ysteine 30 thiolactone. A sulfhydryl group can al so be
i ncor por at¢¥> k8%H either carrier protein or conjugate WO 99/ 40934 -33 ~
Auc PCT /63355rky reaction of am no functions with 2-im nothiolane or the
N- hydr oxysiigei negaitdleisest-@iy@f 3- (3di t hi opyri dyl ) propi onate. The HBc protein
or hapten can also be 5 nodified to incorporate a spacer arm such as
hexanet hyt4eme ¢li am ne or ot her bifunctional nolecules of simlar size, to
facilitatwet hgp pa0 told BKLNG. | ypep_tide hapten. Methods for coval ent
bondi ng of 1a pol ypg%?i d%g ﬁgﬁ%ﬁ gfr?‘e)ég?(ﬁl@n’é’r%/ TharagddeOrandiear e wel I known
by workers skilled in the i munol ogical ¥rts. For exanples follow ng U.S.
Pat ent NoseAp i | ei_m dobenzoyl - Nnydr oxysucci ni nde ester (I1CN
Bi ocheni cal s,ﬁ%ﬁg?%mrg&}s{gﬁ? FPfi RM P (Sernvdlennd degetdayhyc g, ohexane- 1 15
carboxylate (SMCC, Prerce) is reactetPwith a strategisally nodified
hepatiti syB %PJE 1prgtei nto forman activated carrier. That activated
carrier is then fedct dFiwieh Aag By peptiedesinhsd: eis hat £an ins a termnal
cysteine or to whi ch an addition#f ami no 20 or cagboxy-terminal cysteine
resi due t;gs Pbeen, added to forma coval ently bonded strategically nodified
hepatitis B COr B*pFdt &b Honpegatre. chs aaa Akt &N} we_e ample, the amino
group of a pc?l°ypepti de haptenstan be first reggted w héSRI'- sutci ni mi dyl 3-(2
25 pyri d'¥.l t hi o) propi onate (SPDP, Pharmacia), and that thiol-containing
pol ypept “8% Me&nTHeleeAde sthrwith vah &:1gChiy aLE e%a%,j r after reduction. O
course, tf® sul fur-contaimong noiety and dgubl'e bond*BdifPaftt ng M chael
accept orscan be reversed. These reactions 35 are described §h the
suppl i er 5%* |Arg ckspt e vaRvd1 a0 i Ykt Aga et al., J. Biochem, 79:233
(1976) and WD 99l 4098« PCT/ Usgé/ 5’%05‘%%1%’8 AepdiefaBly Legqlys Lachnmann et

al., in 1986 Synthetic Peptides as Anti goens, (G ba Foundati on Synposium

119), ppIie2srd®G1oWduelen @ S +,1986). U.S. Patent No. 4,767,842
t eaches several 5 yggdes %%&aﬁﬁ%ii?t%&ﬁﬁ%ﬁﬁ“b&rm Gaycewari er and

pol ypeptide that are useful here. 'n"one nethod, tolid ene diisocyanate is
react ed owut nd RQ; rier.in_a di oxane-buffer solvent at zero degrees Cto
forman acti vatlggq%%réruslepr A°BoY3pEpt iBhe Fupteh Trs 10 nhgreafter admi xed
and reacted with the activated rrier to formtie coval ently bonded

st rat egigzal dified hepatitis B core protein conjugate. Particularly
useful are “/;1 g??;éryﬁu‘?fﬂe??%fprﬂe‘tﬂér &b Pancllieonewlsead@int e 3L, fOorma
disulfide ITnk 15 at one fufé®ional group ends@mnd a peptide link at the

ot her, Iﬂ{ji ng N-succi di m dyl - 3- (2-pyridyl dithio) propionate (SPDP). This
reagent o[ eated a Vot SElf A Ard Mcagestbaryeny hisabi ﬁgda%%hi ol in either
the strategically nodifi¥k® hepatitis B carsg protein or lf:ﬁe hapten, for
exanpl e a cysteine residue in a polypeptide hapten, and an Ani de | i nkage on
the coupling partner, for exanple the amino on a |lysine or other free am no
group in the carrier protein. A vyariety of such disulfide/amde form ng
agents are 25 known. See for exanple Immun. Rev. (1982) 62:185. O her

bi functional coupling agents forma thioether rather than a disulfide

| i nkage. Many of these thioether-form ng agents are commercially avail abl e
and include reactive esters of 6-nmaleimdocaproic 30 acid, 2-bronpacetic
acid, 2-iodoacetic acid, 4-(Nmaleimdo-nethyl)cycl ohexane-1-carboxylic acid
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bact-eri al hosts using the cal ciumchloride nmethod 20 descri bed by eo%ueGn?w%t
al., Proc. N@%I . Acad. Sci. U S A 69:2110 (1972). Successful transformants
may produce t Y ed pol ypepti de fragnents at higher |evel f‘c{' t hose
found in strains normal |y producing the intact pili. O course, @gﬁ‘:}é“?"%r
manmal i an cell 25 hosts can al so be used, enploying suitable vectors and
control sequences. WO 99140934 -37 Table 2 Pol ypeptide haptens .. d ~uG
2aoz. PCT/ US99/ 03055 T or BOrgani smAnti gencel | SequenceSEQepi t opel D
NOSt r ept OMCWSpA%E%%A%V’DAﬁf%%%neumm aeSt r ept ococcusPspABSQKKYDEDK
KTEEKAALEKA26pneunoni aefaFE Er3iit B ARt dire n2G BRDKRADAPAAEAPAAEPA
AQR7par vunDKPADAHI VP24 TGPKEPFRDYVDRFYKCGZ8HI VGP120BRKRI HLGBPGRAFY! TKN29Foot
and Mout h\{R¢BANGEER VPN RGDLQV30Di sease
Vi r'us LAQ(VARTLPCor%E%E%Egeg#ﬁrﬁe(’i)%/JrFTFQNHNSYNRPAYSPGCBldi pht heri aeBorreliaO
SPATVEI KEGTVTLKREI 32bur gdor f eABYSLCBor r el i aOspATTLSKNI SKSGEVSVELNDC3
3burgdorferilnfluenza A8/ PRBHATSSVSSFERFEC34I| nf | uenza.
A8/ PRBHABYRNLL W TEK35Yer si ni a pestisV
AgBDI LKVI YRSVNHHGDARSKL R36EELAEL TAELKI YSVI QAEI NKHLSSSGTI NI HDKSI NLMDKNL YGYTD
EEI FKASAE EI?(%QT TI QVDGSEKKI VS| KDFL GSENKRTGAL GNLKNSYSYNKDNNEL SHFATTCSDHae
nmophi | usp E§§SNNDAAC5NGAA(]:GGY37i nf | uenzaeHaenophi | uspBOMPBNKLGTVSYGEE38
i nfl uenzaéf—iei’énﬁt?ﬁtFE’sﬁ)BCNPBNDEAAYSKNRRAVLAY%i nf
| uenzaeMor axel | acopBBLDI EKDKKKRTDEQLQAELDD4Ocat ar r hal i sKYAGKGYMor axel | acopB
BLDI EKNKKIEPEAEL QAELDD41cat ar r hal i SKYAGKGYMor axel | acopBBI DI EKKGKI RTEAELLAEL
NK42cat ar FHfdPi SO¥REQG¥Lortan AUG 200r WO 99/ 40934 - 38 PCTNS99103055
Por phyr ononas H8B&VSPKVCKDVTVEGSNEFAPV43gi ngi val i sQONLTPor phyr onbnasHABRI QSTW
RQKTVDL PAGPRY \&rigangiepati skl ¥panQsomaTSl i NFTLVASVI | EEAPSGNTCAScr uzi Tr ypanos
omaBKAAI ARARRARMKPAKAATARA4GCTr uzi Pl asmodi umVBP1T |, SVQ PKVPYPNG VYCA7f
al ci par unRloas nodi umVSPLTDFNHYYTLKTGLEADCABS al ci par untst r ept ococcusAg2/ 1 1B &
TKPRPI YEAlANGKE4Dsobri nusSt rept ococcusAgl/11B &
TAKADYEAKIBAGQYBEKRLC50sobr i nusl ynphocyt i cNPTRPQASGVYMENLTAQCS51Chor i oneni ngi ti
svi rusShi gel | al nvasi nBKDRTLI EQK52f | exner i respi r at or yGBCSI CSNNPTCWAI CK53sync
tial viruakbasnodi um
vi vaxCSB \fA AGE4C ostri di unt oxTQYlI KANSKFI G TELC55t et ani Ent anD
ebal ect i nBYECAST C% ADVESEHH Bhelalyi saKeNQGehi @hosamepar aBDLQSEl SVSLE
NGEL| RRAKS57j aponi currAEéLASELQ?RVDSchi sttosonmapar aBDLQSEI GL SLENSEL I RRAKAS8ma
nsoni AES DPl asnodi um vi vax HDRAAGOPAGDRADGOQPAGB3I nf | uenza
vi rusl nf Ikg%%ﬂglﬁq_ﬁﬁ? f9°ulFz Fhe Phe Pro asp Leu asn ala Leu Val As
vi r us| nf | TCPKYVKONTE KLATGVRNVPESSKQTH nf | uenza 20 P
vi rusl nf #%IYRSDAPI GTCSSECI TPNGL4SI PNDKPFONVNKI TYI nf 'uenza
vi rusl nf FOPATR ERSVBEGVEDSIBWERROQNTRE | 45Nn% .
vi rusl nf | BEKQTRGFGA16Mycobact er isanTAVLEDPYI LLVSS%&?U%&S{H osi sMycobact er
i umTLLVS?S%%/gTngLLPNt uber cul osi s ~ B AU G 2U-~t 991 40934 -39
PCT/ US99 59 His His Thr Ala Ile Arg Gin
Mycobact er | URTLLPLLEKVI GAGKPLESt uber cul 051 Sk RapSs 877 (## AFTGGOVI SEEVGL8Ot
uber cul osi sMycobact er i umTl AFNSGLEPGWAEK90t uber®Cul osi sMycobact er i umMTARRGLERG
LNAL ADAVAYO Thxi i@ crdu0 316 MIGORALC gL | JIITEKI GAEL VKEVAKK | 92t uber cul osi
sl t Mycobat er i unTGLKRG EKAYEKVTETLI3t uber E&T ddPsTirc St cherdiant| EDAVRNAKAAVE
E@4t uber cul osi sFel i ne | eukeni aFeLVBCDI | GNTYNPSDQEPFPGY@5\sior usFel i ne
| eukeni aRaLMRCIET RKTHQA LQQAITQ6Yi r usFel i ne
| eukeni aFeLVBG\IYSNQTNPnggg%ﬁ r u?FZ’ L s a2p Thr Trp Gly sew Lys
| eukeni aFeLVBTDI QALEESI SALEKSLTSLS98vi rAfsEFel i ne 95
I'eukem afae MAKERE F99vi rusFel i ne
| eukemi aFeLVDSQIA?EE B\ TE 5L B0V i Seas@SF ok mar phe Gly Gln
| eukemi aFeLVQVMITTPPQAMGPNLVLP10! vitPEisFel i ne 110
'eukem gke PPSEQS ESRVTP102vi rusFel i ne
| eukemi aFe%F ?L%‘:’Cii%fﬁsv‘farlusﬁlpihaesly Val Trp Ile Ar
| eukem aFelLV! CAALEECQ GGLCA®0104vi r usKEECPI gggodi ur’rMﬁﬁNANPNANPlOSf al c
i par unq,zr,gtigspor ozoi tel ~ QAQGDGANAGQP113 Chem cal Hapten. Rel ated chem stry
is used 1o COURI%TEhdFECRIC oaprounai oo AL L&S sPf Ghei 1S, ,5. Typical ly, an

. 3 . . A ¢ eu Pr .
appropri at &3functi onal group3for coupling is;gesi gneg into°the cheni cal
conmpound. Anti bodies to the conpound 6-0O phosphochol i ne hydroxyhexanoat e
protect against Streptococcus pneunoni ae. Randy T. Fischer et al. J. 10
| nmunol ., 154: 3373-3382 f1995). 4 $ AUG 2(10T" WD 99140934 -40 Table 3
Chem cal Haptens PCT/ US99103055 Chem cal HaptenGCitationpiperidine
N- oxi deU. S. Pat ent No. 5, 304, 252phosphol act one
or U. S. Pat ent No. 5, 248, 611] act am denetal ion
conpl exesU. S. Pat ent No. 5, 236, 825[ 2. 2. 1] or
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OCHOHOI I OPOOHI HOHOOOHO ow Il Tl O POO—lO—llO—lth.zﬁz
Pat ent 4, 220Wz)%/ @350 di scl oses a polyribosyl ribitol phosphate (PFQD v
hapten for Hae 6 Ptus influenzae type b. 20 Ellena M Petersep,Rb /(ﬁ|055’
Infection and I nunity, 66(8):3848-3855 (1998), disclose a tri sacc%arl de
hapt en, aKdo(2 8)aKdo(2 4)aKdo, that II WO 99/ 40934 . PCT/ US99/ 03055 - 43-
" 8 AUG yppZ provides protection from Chl anydi a pneunon.iae. Chlanydia
pneunoni ae is a cause of human respiratory infections ranging from
pharyngitis to fatal pneunonia. Kdo is 3-deoxy-D manno-oct-2-ul osonic 5

aci d. Bengiu AnsleihegS@) Qte Alrq, adaPs 6 Q43- Al, disclose saccharides that
can be usess in the treat nq_rg[f,mgr%%‘n%?{ixcag B aFragdiesser okgbmet eri al

i nfections caused by Streptococci pneuroni®¥. One 10 cl ass b usef ul
sacchari des ar rived fromthe disaccharide G cNAc(31 3Gal. Andersson et
al. also foundéer?gglétr@tg ol FACEY| T35 AFY d89tArsharaisef Wbin whi hoi s Gal (31

4d cNAc(31 3&l1-~31 4d c2er . Eur opean P3fent No. 0 157 §99-Bl, the 15

di scl osur g3 of ri ch are incorporated herein by reference, discloses the

i sol ation Of Pheufdtdctsh CHbISps Rrenhssd dbs ashatyare useful in the present

i nvention. The fol I'8%i ng table |ist¥% he pneunococcal culture types that
produce capsul ar 20 pol ysacchari des useful as haptens in the present

i nvention. Table 4 Polysacchari de Hapten Sources Dani sh Type

Nonmenc! atdr8U.8S. Nonencl at ure1978 ATCC Cat al ogue

Nunber 11638425880233630344630455 WD 991 40934 ~ AUG 2002 PCT/ US99/ 03055
-44 <212> DNA

6A663066B2563 2674511935 1BRG3089INI63099V6810A3411A4312F1263121414631415B5417
F1718C561035619A5719F1963192020632022F2223F2363232525632533F70 Mor axel | a
(BranhansR:®) catarrhalis is a known cause of otitis nmedia and sinusitis in
chil dren<am kosver respiratory tract infections in adults. 5 The lipid A
porti on ef2x-hei).i.peel) gosacchari de surface antigen (LOS) of the bacterium
is cleaved at the 3-deoxy-D manno-octul osoni c aci d-glucosam ne |inkage. The
cl eavage<progduct is treated with mld alkali to renove ester-linked fatty
aci ds whii® 1, | ide-linked fatty acids to yield 8 AUG i pp~
WO 99/ 4093?04,>-A@.Iggsf@éégﬁqggggrﬁﬁsoxi fied |lipopol ysaccharide (dLOS) from
N1. catarfdaal §s. e dl't8* s not i mmunogenic until it is attached to a
protein cartigr. Xin-Xing Gu, et al. Infection and Imunity 66 (5)

:1891- 1893707“99%%5) . 5 Goup B streptococci (GBS) is a cause of sepsis,
meningitis, and rel ated neurol ogi c disorders in humans. The Capsul ar

pol ysacchapi dge-speci fic anti bodies are known to protect human infants from
i nfectiof. gaengirzgg%eegl H%tg S. 5,795,580. The 10 repeating unit of the
@GBS cap ar :Fl) C F gpe-t] gtt it8t igct Yqr NAc- (1 3) -
[(3-D Gg*ég TY=1 L0 Pl His BeyDoEa| fpu( vl $nd Ma(g,ip%?gﬁ Q"-? g"l 3%) #8~i-D-dcp-
(12) -*a-DNeupNAc (52 3 ) ] - ~i-Dugalp- ( 1, Where tA® bracket ed
portion Jci_r%tl;)r anch connected to the imediately 15 f ol Foowi ng unbr acket ed
subuni t. EpRICE Nigecladd cOf g8 A I | ysaccharide type V is:

4) - [ a- DRBEPRACELY A2a B E¥s31.Ek Gk Preyl Sf;?;ﬁ -Qsiéii FEpNcoag 196 ) |
~a-DAcp- (1 4) 20[~-DAcp- ( k3 ) | (S D'BUAIP Yet1rep) -~ -D- G cp(1
. 20 European patent application No. EU-0 641 568-A2% Dr. Hel nut Brade,

di scl osesatdae exi kad b tatni dder-1i ke banding pattern antigen from
Chl anyditae tasachaiey i &,Yspcﬁ%ugp@iggg Sa:%dsg&sitf"f 0. Yot fadt hogenifel at ed

Conj ugate to thg Mdified HBc I'p,one Eb O¥T fidft LOF Lewedsnnment i on, t he
hapten that is conjugated to strategically nodi f4%d HBc protein is a B cell
det er m agdtecofe . B.cell determ nants of nunmerous pathogens are
known i Dewd3@rt rﬁ%affé Qg% r}lézei/‘:etr IPE REF PaY Peatttated bac the ger S1AUG Z~ VO
991 40934 PCF} USO91 T3855 “A6Tie @MY Ainsaim skonalohspahypent | de and

car bohydrate haptens. In presfserred enbodi nensg, the hapten is a

pat hoge,_g;:-tr Icéatc%g hapten. The use of a portion of a 5 pathogen's protein
sequenc&aoig:%r BotRfdFat 828 tfdehite aas wthegi gag has géstebpc..advgnt ages over
the expqgure t8"alf aftuts firhbryemnr angd eueR10vuRL & .pagsiyated or "killed"
version of the pathogen. 7Exenpl ary pat hogan-rel ated hapte of 10

particul ar inportance are derived from bacteria such as B.  pertussis, S
typosa, S. paratyphoid A and H C dip theriae, C tetani, C botulinum C.
perfringens, B. anthracis, P. pestis, P. nultocida, V, cholerae, N

meni ngi ti des, N. gonorrhea, H 15 influenzae, T. palladium and the |ike.
O her exenpl ary sources of pathogen-rel ated haptens of particular

i nportance are viruses such as poliovirus, adenovirus, parainfluenza virus,
nmeasl es, nunps, respiratory syncytical virus, influenza virus, 20 equine
encephal onmyelitis virus, hog cholera virus, Newcastle virus, fow pox
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viruses, and the |like. O her inportant sources of 25 pat hogen-T@IAa"f%am
hapt ens i nclude rickettsiae, epidemc and endem c typhus, the spotted fever
groups, andybplgusbgzke. Pathogen-rel ated pol ypepti de haptens a@ce/useddzossnown
in art and are discussed in nunerous 30 disclosures such as U S. Pat. Nos.
3, 149, 036, 3,983,228, and 4,069, 313; in Essential |nmunoloav, 3'd WO
99140934 - $ AU G 2002 PCT/ US99/ 03055 -47 Ed., by Roit, published by

Bl ackwel | Scientific Publications; in Fundanentals of Cinical |nmunology,
by Al exander and Good, published by W B. Saunders; and in Im*runol goav, by
Bel | ant i ca“p&BFl%‘h‘eﬂc‘b;P"W 92 S3&GRAAEES I DSt E9A 4P \P2Br BPePTed 2°

pat hogenEi®[Haf SEP*hapt e AFE CLRdYe WS YRt Hed T GL1& Sipatet ™os. 4, 625, 015,
4,544,500, 4,545,931, 4£5663,436, 4,631,191, 4,629,783 ant? in Patent
Cooperation Treaty 10 International Publication No. W87/02775 and No.
W87/ 0289@a taadlatwf awhosm dise@gbsimacsatameaismospogat eaxttheracagr by3¥éef er ence.
Ant i bodi esg tkat IidTrHACI@aBét \Set eliuhBsth@pat THy s1BGk: a8 Banah®e obt ai ned by
using nodi fied 15 WBe conjugated w Lés a pol ypepti de fnapten that corresponds
to the sequence of a determ nant portion of HBsAg; in particular, residues
110- 137 Qtetdie geSzat (&t Hac )acl & abk dig§Cidas ek iada GRal Bgtadll . 384°r OC.

Natl. Acade 1361 vailaby i 926%eh 103 nr 40oANGL BB 159NVAI0RIP opOT T eSPONUS 10
am no acids 93-4103 capsid proigin VPl of poligggrus type 1 (PV1l, Mhoney
strain), anal ogous to the work by Del peyroux et al., Science, 233:472-475

(1986) . §99h—.r.a EE EegatHQﬁ GQQ) HggcaEEt: gr Qvéﬁeﬁgé‘r&ta!ab&q:' E a tg?é‘t £
i munor eget W 0., Ot ber Son&;anE aﬂgegls_ f&h,gn.poll oyLyus type 1,

Mahoney and ab| ra| ns are _descri ean atent . 385610. In
preferred e Sdi rrents t he hajﬁten IS a pat hogen rel ated hapten that

i mmunoreacts with; i.e., 30 is immnol ogically bound by, antibodies induced
by the p&PRACHENEENMGTEE Frerar dtity9ea g2 tfa?@hb?;eﬁg? ACht BF 9°K\BFBo/ 48934 - 4B |

~ AU G 282 PRisgorostsSehaittefty Natice® &if R7iIBEdY Y 85hSAse that

provi des }Pot ecti on agai nB%i nfection by th¥ pathogen. Met #88s fox

determ ning the presence of antibodies to an i munogen in a body sanple
from an Satnganegedcsnpatigcareconett ko ReF che 980t JaavErhddy o

det er m niTtyg AxwePpe gsendsn 3flapohlty 38 -Ferathy weudtnd ProfdetThye anti bodi es
are well known in the a%. In another e¥fodi nent of thelfwvention, the

i mmune response to the B cell determ nant is boosted 10 by al so providing a
T cel |l dejteraimnagg.agaOhgeyaapisr, tth SgaRptegtt Nag ¥c88&; t4d agescisibes T cel |
stinmul at ivag pod ®pgnirgdRsy dayi edséx oyt Aue EBY ARycdeaopaparg pgot ein. CGther T
cell determ nants arg@ known in the ags and can be usesbas |5 an operatively
| i nked determnant in a contenplated nodified HBc protein or particle. In a
particul afdeyadt eberéRdceeiedi RNtgofaghhecd BYLNMchOthg SHERgA abaCelsl24

deter m nafly ws @ebidedeis QR G SagBBasogen R bheaR geblaget er m nant

that 20 is conjygated to the ITDdsz)b ed HBc. The T ggJ | determ nants of

vari ous pathogens are reported in the art. Although it is preferred that
the B and,[ eII det er % fromthe sane pat hoge 25 it is
not necesl?arg i:t cc%g’ﬁ%r 5(%? ge@cnggaprot ein of that pat hoggvrit;4 For
exanpl e def ef M na omthe VP1 protein of the foot and nouth
di sease vi r ud ctFI\/D\/) can be COI’]] ugated 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 FMDV. WO 99/ 40934 PCTI US99/ 03055 4 9 - -
$ A UG 2f3% °he additional T cell determinant can be introduced into a
modi fi ed ¥B¢>ptidtein on the genetic level using well-known methods within
or at a t€41#PntRF of the HBc protein sequence (amino or -- 5 carboxy

term ni),<3e| Eabatgtiss Bpukrusof the DNA inserted to introduce the

chem cally-reactive am no acid residue, but preferably as a fusion protein
at the cardpoxystermnus. Alternatively, the additional T cell determ nant
can be opestatrivaley bhdlmed tex Che Le® Cunphgatiadey® vel Iprdetyer rdanant or the
strategicaldy nodified HBc protein. Exenmpbary disclosuressthat describe
techni ques for genetically engineering a DNA sequence that can be used to
produce arfivhONGIRl AiLisarOfyd Beu yspieseny 1-avedd rop asgnudteadound in: U S
Pat. Nos. 4,428,941 349 Galibert et alas 4,237,224 to Gghen et al.:
4,273,875 to Manis; 4,431,739 to Riggs; 4,363,877 to Goodman et al., and
Rodriguez & Tait, Reconbi nant DNA;fjechni ques: An Introduction, The 20

Benj am n- Cumm ngs Publishing Co., Inc. Menlo Park, Calif. (1983), whose

di scl osures are incorporated by reference. E. Inocula and Vaccines 25 In
yet anot her enbodi nent of the invention, a nodified HBc protein or particle
conjugated to a hapten (a HBc conjugate? is used as the imonogen of an

i nocul um t hat | nduces product i on of ant| bodi es that | munor eact with the
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$ A~ a cool WO 99140934 PCT/ US99/ 03055 -51substances such as wetting or
emul si fying nt s H buffering agents or adjuvants which enha

i mrunogeni c 3‘?63%‘?99‘8%55 of the conposition. Exenplary adj uvgg?lgﬁllmde
conplete 5 Freund's adj uvant (CFA) that is not used in humans, -l'HeOMBPEt e
Freund's adjuvant (IFA) and alum which are materials well known in the
art, and are avail able commercially from several sources. The use of snall
nol ecul e adjuvants is also contenplated 10 herein. Exenplary of one group
of small nol ecul e adjuvants are the so-called nuranyl dipeptide anal ogues
descri bed 1ie AspSpratent,Ne 7 842. Anot her type of small nolecule

adj uvant descri begkin 1gsU.]Su. %b?it%%ﬁtsﬁo.seﬁ,"mﬁl@weq hat A ahsO usef ul
herein is a 4:1 by volunme m xture 8 squal ene or stfual ane and Aracel T"' A
(meinni de gRpol.eal.el.. yet_another type of small nol ecul e adjuvant useful
herein is a 7, §u€£s"¥ %f%t%&-@leoi%@ @#P ey uhdro A2 1BUANDS KBS 1@Er fyAt i ve
described in lj S. Patents No. # 539,205, No. 4,643,992, No. 5,011,828 and
No. 5,093,&%1% whose di scl osures are incorporated by reference. O these
materi al s, :i AP SR BV ol 08 n ey Imow:iybu@)gﬂ,sﬂigag}t,% %léL%' y preferred.
25 That mof?cul e has been Sown to be partigularly - effective in inducing
an anti geg,—(iﬂ}m"runogen-)speci fic response I nocula and vacci néd are
convent i ohdl Fys S MasTee edgpaime st £ial v Loiegtion, for exanple, 30

ei ther subcutaneously o8sintranuscul arl y, %sdi ﬁgér\lléll 8£%F‘ﬁ’ﬁl"$‘ﬁ ons that are
sui table for other nodes of ~ AUG ~ WD 99l 40934 PCTNS987 03055 -52

admi ni st r¥fd den el Toe TS PRO Y081 LR a2 I.n some _cases, oral fornulation
or by nasal spray. ¥ar suppositori e§35 {l?‘gd%' T GhAISIBi YideAss awd carriers can
i ncl ude, for exanple, polyalkal ene g?ycol s or 5 trigtPcerides; such

supposi t orlieesiarayl el g1 for. A xtures containing the active
ingredient in th@srarﬁ’ge Sg?g%).p‘ggo :n %,Trﬂr%]fi’ei?'ﬁbll-ys Ma2%BxrdOeah formul ati ons
i ncl ude such nornmally enpl oyed eXcipi ents as, foR2exanple, pharmaceuti cal
grades ofrniOndi@Rpl txal,wdact 0Se, starch, nmagnesi um stearate, sodium
saccharine, g | ﬁ#ggé,mr?ag?lue PlUfY8aloRhE Shanellyt ben IHikernARai nacul um or
vacci ne conposition takes thé&3form of a sol utison, suspension, tablet, pill,
15 capsuleg, S\shal Q‘gd VreI ease fornmul ation or powder, and contains an

i mmunogenj;g anount ~of St 3te§PtAlyyVaiouis ited AcrRy eLei fi.conj ugate or
strategically nodified HBE%rotein particlesconjugate as agtJ ve ingredient.
In a typi calA conposi tion, an inmmunogenic 20 anount of strategically

modi fi ed HBE “Br Ot FR° dR) MgaPer Gle stenasagirallay sRALL| ed HRc protein
particle conjugate is¥Pout 50 ~g to abmut 2 ng of act i\ ' hgr edi ent per
dose, ang __gore referably about 100 ~g to about 1 ng peér "dose. 25 The
parti cl es*arfd®piwst &Fn Ao rflugetyeses arghe of pidbgtad Lntq the vaccine as
neutral or salt fot¥s. Pharnaceuti aakly accept abfe i?qtig 35%cl ude the acid
addition salts (formed with the free am no groups o he peptide) and which
are for né’éF WRE Prionezg ane Airg hraCh#ls aSY L, 88, , fLOr _Peéagrzpl e, hydrochloric or
phosphoric aci d®5 or such organgg, aci ds as acet i ¢ INF9H*40934 -53 - 8
AUG 2~T PCT/ US99/ 03055 oxalic, tartaric, mandel i%?®? and the Iike. Salts
formed washseh@lhreae sad QQKYAerQXQIUB}S,S may al so be derived forminorganic
bases such asq for exanple, sg@di um” potassium ammonium calcium or ferric
.- 5 hydroxides, and such’ organic bases as isopropyl ani ne, trinethylam ne,
2- et hyl ami no ethanol, histidine, procaine, and the |ike. The inocula or
vacci nex2ase @@dm nistered in a manner conpatible with the dosage

f or mul atdz2ep, ¢agd 10 in such amount as are therapeutically effective and
i'munogeshg, pkRe quantity to be adm ni stered depends on the subject to be
treat ed,s LIy, of the subject's imune systemto synthesize antibodi es,
and degr egﬂ(;?ﬁ%%% tésctl% Oh*Hesired. Precise ampunts of 15 active ingredient
required,tn be adm nistered depend on the judgnent of the practitioner and
are pecybiar to each individual. However, suitable dosage ranges are of the
or der of<2 2engﬁl hundred m crograns active ingredient per individual.

Sui t abl §“t€gi‘hes #BF 20 initial administration and booster shots are al so
vari able, but are typified by an initial adm nistration followed in

i nt erval‘%°°(>wé%ks or nonths) by a subsequent injection or other

adm ni stration. 25 Another enbodi ment of the invention is a process for

i nduci ng anti bodi es in an ani maki host conprising the steps of inocul ating
said animal host with an inoculum The inoculumused in the process

conpri ses an inmmunogeni ¢ anount of a strategically 30 nodified hepatitis B
core protein conjugate dissolved or dispersed in a pharmaceutically

accept abl e WD 99140934 -54 ~, $ AUG ~uuc PCT/ US99/ 03055 diluent. The
strategically nodified hepatitis B core protein conjugate used in the
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- ~ AUG 2002 WD 99/ 40934 PCT/ US99/ 03055 -55pr oduci ng strat eqi Q.aél m fied
hybrid HBc particles. The insert thus had an am no acid residu %’ﬁ ce

‘A KEL, where the GQis an artifact of the EcoRl site afEY7E s an
artifact Wr94P®4sacl ., 5 site. The strategically nodified hepatitis B core
a protein was therefore 155 am no acid residues |long. The construction of

t he pKK322- HBc155- K81 expression plasmd is described bel ow.

A i gonucleotide primers plF (SEQ ID NO:17) 10 and P1R (SEQ I D NO: 18, on the
conpl ementary strand) were used to anplify the & d.4ef cdahe 4dBc gene
(basesady 234, tcanito agsitte 4ac78FC Shid© ?rﬁE tgﬁeggﬁsﬁgfiﬁgogﬂpr ate an Ncol
restrigii agp HeerdCBAFG@p Bis FHe I BRY P"&nd 'an ECOR| yestriction site
(GAATTC), at the 15 3' send of the anpl i ed product. O’ gonucleotide priners
(SEQ I D NO: 19) P2F and P2R (SEQ I D NO: 20, on the corrpI%eES ggt aryg strand) were
used to amplify Lhe g &dulted diaectBEtgetis F¥hSEE 3¢ am no aci ds
79149) 3¥and s D haneRuehy sl QEUpDE @ PEe FPUERBRID (FALeBTY “8%i on site
(GAATTE)lYa t%le 20€Nd, a Sacl resesiction site (GARECTC) adjacent to it, an
i nserted |ysine codon (AAA) between them and a HindlIl restriction site at
(AACGCTT) the 3 en ogt ttgg ARPLES itgd {a0darctarg 2BETHES Bab P°ER d‘%duct S
(encodi9fg & AD° £ d3 L2i8 ARdsanicye e dgr ¥« K@) Valeper c@aved with EcoRl,
| i gat edvatofet ABF e Taei™ conmop, ECORI over hangsss cl eaved with Ncol and

Hi ndl Il and cl 8Red into the expression plasnm d pKKk332 (Pharnacia), using
standard 30 techniques. The resulting 1 £he eat |wd €K33PRBc- K81.
This pl eeariada cxett B gSePfof 3 %5Le§<:gr §%?§3§1 iPVV%igShAQGQ@mﬁG s Auc 2002
PCTI US98¢:0 308 laf Lep @%Pa’t"é‘g’i’%’alrﬁ modi ?I ed HBg protein bearing a lysine in
t he i mmunodemi nant | oop. The3®xpressed strategical ly nodified HBc protein
spont aneously fornmed particles. The strateqicall i fdedadBc2ed 5 this
Exanpl e cbhusthgat aaciarsestt eat re8sp®ndiAf 1o i%siiﬁi%%?&pfw; he HBc of SEQ

I D NO: 2,512 filaeRigsabp yLeucusk v Aepsphe WESPUE At "a positi oggcorrespondi ng
to positiggn 82 of the HBc7of SEQ I D NO: 2, Zhd was Mtruncated at a position
corresponding to position 149 10 of the HBc of SE | D NOL e V0B 991 40934
_57_ Exqupl £a2 gcdfdif bed ablepati sas oBt GHite “PartF % Bur {1 C@gi on - ~ AUG
20Q2 P;@S%% §§Qﬁu&ﬁﬁ&egiml Lys modi YaledorEd e piit I €3, 0f Exanple 1 were
expressed in E. colt typically E. colt 22 5 BLR or BL21 from Novagen

(Madi son, Wsconsin) or E colt TBl1l from Amersham (Arlington Heights,
I'llinois). The tra GLeficErrL @l der atotaed HBCIFSRET 2%ief ¥ expressed

pl asm d~éﬁ<§§§-ﬁﬁ&£~%§1§8§m Ihe Ty 6ly abegincatinyChodeEited BBt particles
vere pur Vi &8° 155vi s Sephar ose CL- 4Bxchr omat ogr aphy %8i ng est abl i shed

pr ocedur es. Becaus& particles purify in a predictable manner, the

moni toring of particle elutign,UsiangesiceRl &tspectromtopsy e epi®in
concert ®EEFCSDRPACE Aila isihgat.palaﬁ@sp&opwd tryr abrivedi ®¥d¥al 15 fractions
prior toZpedtirnd®® R48 €U fitient, 0 enable the rauasine purification of

el ectrophoreticadt?y pure particlés in high yield (5-120 ng/L cel :3gCU| ture).
The spherical structure of the _pure r L£ ahb Ygag0aktd ced tdvgpatiPtis B core
parti cl esscamsaclaghrtity o8 8% i :%E g\jz:gg; %un%l@,r@gr apb.reExanpl e 3:

Chem cal m@eupli gy ofheSieit e B gb?i dés and Mdipfi ed Hepatitis B Core
Particles 2513he strategical |¥>hmdified heptatitis B core particle product
of the expression plasm d pKK332- HBc155- K81 fr &ak ¥&s asayed for
its chenigal gaeatkl vit resomyartl 9P t $79 AT 12571 Ct?egﬁiggge&nam purified
"Wild typgon hepnssat skl sepatant FEn F1RoFE 36% garticl e HBC149, wdgch is

i dentical ;4§ HBc155-K81 3505 AUG 2002 REPLIRCEMENT SHL ' ~~ WD 99/ - 1093- i
PCT; 1~599%~(1~~ - 8 AUG 2002 a :Celt tf:at It aC v3 & L& apr - L 58G-L1CC ~
5~~~ ~ S, YatCc@Nd e ncar get-aga fatrecamcho 2 FHY .cgéi‘gi = ?}ef-rh? pept i des
(harte:. ~§8W Sheh o Gl 14/ Ac@nEAeGHL e FREQHIBESHA Py % s usi__".g5
succlnim ~ (N-mal g4gm do-neth~rl ) ¥cl ore~cane _ %ar boxyl at e
(SMCC), a water-sol uble heterobiiunctional crosszqu;gn%ét: ;;ggrﬁrggag ot -

SMC~C, ~ s reactive t baoidy §ad falaargedr phc agd i 1°flo g=oups,
enab’ i ng t3Hé %*@qﬁ%%t‘ﬂ’agrﬁ:gaﬁ%gt iaprLysCila Ars Argt¥eot bev FEBt™®es tc- aBc
part~. ¢’ Lvs Lewsp. QIS CM pur Momi no gsoups have previ®usly beer. nod' fnd
wt: SMCC. Further, %% 11.6 angstrom space. a;." ai~crded by SMCC hel ps to
reduce sterlc hindra.” ce 1'Jt4Jee:: tl'le haCLe.”. al:d t:! HbC Ca=a;. .,
trr_~Ve " a. ' nCt':=Ni"%=__Gl~"_,.__L _de _":C?S ~~i_Lly,

| -BC~~.r-:tW ai_d =v.==~ "L' "a=t1C S W="_ SAGI~CCc''iv ~ 3CEwwt~c .
... ~. WSS C-drtC”™ Crcr ta~1 amMnC COUpS (n atlVe c3. m_" CQ
CUDS O naC Ve aml nC grOUpS plus the or e ~MIT . Ch_~ VS ~lc 20 =?sidue
of the insert) for 2 hears at roomtenperature in 50 mM sodi ~, rn phosphate,
pH 7.~, to form nal ei m=de-activated HBc particles. Unreac:ed S~tCC was

e o o, . g = o~



particles, and pernitted to react at roomtenperature for 2 hour%.8 AUG 2002
Mal ei m de-activated HBcl1l49 particles 1S were reacted wth the two 2D6

pepti des (206 9oagh3206 C)as controls. " 8 AUG 2002° WD 99/ #opB499/B0ssTabl e
5 Cytochrone P-4S0 Haptens PCT/ US99/ 03055 Pepti de NaneSeauence SEO ID NO. :5
1A1 (289-302) CQEKQLDENANVQL21 . 1A2 (291-302) CSKKGPRASGNLI 222D6

(263-277) CLTEHRMI'VWDPAQPPRDLT233A4

(253- 273) CVKRVKESRLEDT(QKHRVDFLQ241A1- cCMQLRS10610

1A2- cCRFSI N1072D6- cCAVPR1082E1- cCl PRS1092C- cCFl PV1103A3/ 4/ 7- cCTVSGA11115
3A5- cCTLERELRS BEafft §t4: S iPYI08 B FASURFT FE e 2parefcies &dfj ugates 20
Strat egi &% 1= FYedeBBeepaFR i¢Y &V pYd 8RT 11| THK %R %8 cYi®ochr one P- 450
det erm nant hapt®¥ns of Exanple #%ere anal yzed b3P3SDS- PAGE and i nmmunobl ot's
to determne if synthetic peptides had been successfully conjugated to HBc.
The denatgtiqgg & condicti tawss cbf tcheacs| eext paplraretats cdr s@enddge of72parti cl es
i nt 0 t heiser eostéw BeqtTheuimives ,SekiBthrnewto BEu LysBRcaase digcLymnoner s have a
nol ecul ar weiight of approxi mately 16, 000 Da, 220 was sinple to ' resolve
HBc155- K81 particles chemically conjugated to 30 either 1Al (289-302), |A2
(291-3024at YR €63 bk §da IO4 drdSEt245) cpERitdesy 8§ dcRosa pepdo des have
a - a AYs MQ0Z-INehI9I40884 ARCTAYSHY ARPB20 -ALr elAkkY 1gDERCcUl ar mass of
approxi mgkel y 2,000 Da angsd herefore causgaa visible increage in the

nol ecul ar mass of the HBc protein nononmers. Fromthe relative intensities

of the caplugatsdh apd JanaconbydphedtSahands Q1 PG bla Vafey eveal ed
that appiedidigt gLy g9 diSr #ED 4,0 ek REL bs WL TRNAUBTR.NELe oPeratively

|l i nked to ﬁap en, V\ﬁere4 S onI§/' aci) ut"5,percent o S{hey"égsl l1Eype" HBc149
particles were |inked 3% hapt en. The nmarked i ncrease in the 10 observed
success in pendently |linking hapten to the strategically nodified hepatitis
B core proteldt 8%hH 587 1% AES @A GsTOnIthatt e 8Fs&PRetP™ Fki nit®ccurs via
t he i nserPFed*I% AFherasi¥GpPos &ds t Brathsy ¥rhdat eBi-dGE PREtA59A%] so present in
the "wild type". 1%%%he shift in noB3 ity of HBc parfPcles conjugated to
shorter C-term nal P450 derived peptides (5 and 5-ners) is not as
pronouncedti ¥ra hec SPS-FFRCRIARIBEC Bt PR Heontpar cohivichi 995 fcpepBdes, but
shi fts ofseapirsofeyrdire| §1y7 069 PagwiereSed 8n? |Spr2@lrehigddp ¢Yy Seecessful |y
coupl ed HBc155- K81 nononers. The28trategically nd8éfied HBc 155-K81 protein
exhi bited markedly enhanced ability to pendently link to a hapten over the
"W ld typet HEctdd cparidckes goahacheshawedgal tredrake ceaj crabgodn. 925 I n the
nodel of mereewaksd ixghessrpaspaipdect Byh Canay Sdér ko bk Pwoaadedr al
particles ofze ther 180 or 24sassoci ated corsogrotein nononmers [ Nature,
386:91-94 (1997)], diners of the relatively exposed i nmunodom nant | oop
regi ons Qfaat gy core nononers 30 extend out fromthe assenbled ceig particle
into ~' @q@lution |ike spikes on a mace. The "spi kes" are ~ AUG 200Z WO
99/ 40934 RETNS99/ 03055 -62 cl osely arranged spatially on the HBc particles.
The strategic | ocation of the introduced |ysine residue on the tip of the
spi ke m nimzes the propensity for steric constraints to reactions to link

haptens tg.5 the assenbled core particle. A nmaxinumof 50 percent of the

strat egi cgl1 y ﬂgdi fied HBc nononers were successfully conjugated to the

synt hetic pt] des of Cyt P-450. That amount of pendent |inkage corresponds
e

to an ave<rz§§ i one hapten attached per 10 core particle spike. This
proposed et rfepatittt BV 4Pten Iinkage to the strategical ly nodified HBc
particle is supported by PAGE results under sem denaturing conditions that
di ssenbl e4°R2 rticle while maintaining the dimer association. 15 HBc-2D6
parti cl eMfetprepHeed-pyrpe ek deiscBipSrhFrovkte Cex dpr e 6¥% fg=i nmmunobl ots to
confirmthé presentation®of the 2D6 epi 28pe. Wien probed®ith anti-HBc
antisera, the chemcally coupled particle yielded two different nononers
repr esent$yygI26 pparthrcbes Tt $erahel Wee [Fwgt Léth¥alDhrpegdt Pde.Le@nl y t he upper
band of "which blotted with anti-2D6 antisera, therebyieconfirmng the
correlation between nmobility shift and attachnent of the 2D6 peptide. 25
Exanpl e 6vaiStyatmegi fiel y¥ai nerl Ngeséd eps Lk €ANMeE UGh vBC apardiacl es with
inserted |ysine rgsidues at everysggosition in the gsnmunodom nant,
surface-exposed | oop region (am no acids 75-85), PCR was used to anplify
the 5° and 3' 30 fragnents of the HBc gene and a single |ysine codon was

i ntroduced via the oligonucl eotidegspriners. The WO 991 40934 -63

PCT/ US99/ 03055 '8 AUG-2 ol igonucl eotide prinmers and the resulting am no

aci d sequences are shown in SEQ ID NGs: 61-82. The "wild type" sequences
are SEQ I D NGs:59-60. In order to generate lysine inserts at - 5 positions
75 to 84 (HBc-K75 through HBc-K84), the pairs of PCR fragnments were
digested with the _. <.X., restriction endonucl ease Msel, which
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= § AUG 2002
K83 TW/GVNL EDPASR~DLWSYV78K84 TW/GVNLEDPASRD~t LWSYVB0K85 TWGVNLEDPASRDL _ KWSYV
82 To purify the strategically nodified HBc proteins, clear ﬁﬂ)sgﬂslossl ysat es
froma 1L fernme~~.tation were precipitated with 45% ammonfuhisul tate and
the 5 resHPO¥AP>bel I et subjected to gel filtration.us~~g Sepharose CL-4B
chromat ography (2.5cm x 100cm .-~ Particul ate HBc has a characteristic
el ution position when analyzed using this type of colum, which was
i ndependent of the am no acid insertions made to the 10 particle. The
el even strategically nodified HBc particl es_gener de0brd i s study were
anal yzed Usighgid hies Amossdiyre, T¥AndR e et T f‘ﬁqﬁ agfhfe'ldlfas wer e neasur ed
spectrophotgnetrically at a@Sabsorbance of 2 nm 15 Three of the
constructs (HBc-K75, HBc-K77, and HBc- K79) Wereeﬁr?ﬁug!e_g =t | evel s of
bet ween, 50, ANg .1 GQo MM vanhizghasms Asarfsr &8 &9 19 Typrcal yiel ds for
wi.l d-type, unnodi fied HBggoparticles, e.g.7#HBcl49 particles. Four of the
const ruct’s (HBc- K76, HBc- K78, 20 HBc- K81, and HB:%- ﬁgZ)}v\s/\eI;% produced at
relatively_| ow.| eyel f 2fs iandaRQenyfle. 2R AAT Iy ur of the
parti cl ¥ LEBMRSY" ’%:Oxi%ggwﬁBg K84, smd HBcK85) were %Broduced at |evels
deened to be barely detectable (< 1 ng/L) . - $ AUG 20021V\D 991 40934 -65
Table 7 Yields of purified Sie- i drgctiBeipMeti F8re8i¥ rom a 1L
f er ment ¥a} Gpsken Ile Glu Asp S @?Strﬁf P ¥ 110
Parti cl eYi el d( mg/ BYHBc- 150( K75) 77HBC. 150( K76) 5HBc- 150( K77) 74HBc- 150( K78) 10H
Bc- 150( K79) 94HBc- 150( K80) OHBc- 15Q( K81) ; 2RO (768 HalHBe> ¥BD( K83) OHBC- 150( K
84) OHBC-11B ({148 5310 APETHeUSHTY @%65‘?%% f%rzgg%i ﬁg description of the
i nvention, inchusling the speci 1% enbodi ment s and exanples, is intended to
be illustrative of the present inventign i pko k@ t aken as
i mtingproNEiEGOYSPhet ey T¥arThgt T"bﬁ?eén%ll“rrég? %gaéf‘li%oﬁgg can be effected
wi t hout depagging fromthe t¥%e spirit and scope of the present invention.
- $ AUG 2~ REPLACEMENT SHEET WD 99/4093 PCT," U8994 Oggg?mn"la_QU(} @' .. M~a~.
is clainggd; ady e Bid 8e£Smn"6ld Glu GhR/ATY L' H=Pp%t ~{Ts B gqre protein
conj ugat ¢, c~npris=.ng a srsva~~gically 5 nod3 i ed hepadnavirus r~ucl eocapsi d
protein pendently linked to a hapter_, wherein the strat %gin(l:xal ly nodified
hepatitig B,‘,%grgroorxg,; QLR LOTREL SR BIE IhF skt 258 3EntE Cor responding to
the hepaff®i's B coreprgiei n am no aci digequence of SEQ T D NO:2 incl udi ng
=v ~~= a:~m ~0 ac~c' residues ::unbereabout 1~ to ab{)ut a?li.q;grrgnd a d; tonal
ly have ng an =nSer g e ORys GOlar Bspaagiley ¢ cid residues
number ed “Bokf® AH° tG%ua lé‘u?'uigb, sap?dai; nsert (i) bein¥% to about a0 c:?1?
a0 ad C r sl dueS 1t~ 1Ciil, anG (1.) CCL1C3 ning a _~ .
C:N ~~Ca_~y-r_~CC~Ve a~;' ~n Cor1fl cuSadanr Sa1Chra®e Yy L1 | ~ pender.t;y
1 in:ted g W&%~W‘o?*“_."ﬁ‘.‘g”_‘%. Gad:w t1V_ a(.A,4e5C ad C r2Sl duE. 2. The
strategically ndd&=gad hpatitis E 20 core prote~r. conjugate according to
clai:~ ; wherein the insert ~s i | QRuCRfe eeparg-aly XS am no acid
resi dues amsé&uabﬁj?h?ﬁ?ch%‘b%ﬁ%m%b{ g.gg., 3. %be strategical ly modified
hepatitis B 250core prote-~r. & jugate according to claim~ wherein the
insert is in the region correspondi ng tqQ_anjno iclln ARSI siesigunbered 78 to
82. 4. Thasstmategi Cht [TrenSip 2 %dnﬁe'g’é’i 8{ 231[%1' ég&core pr ot ei2m0 conj ugat e
accordingake claim1l whered¥ ~ AUG 2~ WO 3Y) 40934 PCTI US99/ 03055 - 67 t he
hapten is a pol ypepti de hapten, chem cal hapten_or hydra@ate hapten. 5.
The strat egi,Caly Xrgodafdied Thegasi 5y TBE 275 th} %rﬁrhggg‘?%oggglj ugat e according
to claim1 wherein the spten is a pathog@n-rel ated hapten. 6. The
strategically nodified hepatitis B core protein conJ'[ uggst’ grgc&%r ding to
claim S whgrein 1041408 54 abegiwalrhy TdY+h ¥a* HeFaftt i s B'Core protein
further conprises a jJgecell stinulatirmfsam no acid residle sequence
operatively linked to the carboxy term nus of said hepati tli S ABI am no acid
sequence. 15 7. The Sifahi@Giahty sapdidd edo Mspatin PEd B2t Brotein
conj.ugat e 3%%5‘?'5”{17% to claim6 whegein said T cell 28%inul ating anino acid
resi due sequence 1s related to the sane pat hogen as the pendg%l y linked
pat hogen-rel at ed hapten._ 20 agsgitaal Ayy sedirkp etPThBIA is B core
protein paPEP e BHhPTT spisﬁga% g&ﬁﬁgi cal ly nodisbéed hepatitis B core
protei n subuni?®®havi ng an insert containing a chemically-reactive am no
acid 25 side chain, said insert not itself an antigenic determnant. 9. A
strategically nodified hepatitis B gpore protein particle conjugate
conprising a 30 plurality of strategically nodified hepatitis B core
protein subunits pendently |linked to a hapten. ettt ~ AUG Z WO 991 40934
-68 PCT/ US99/ 03055 10. The strategically nodified hepatitis B core protein
particle conjugate according to claim9 wherein about 0.1 to about 0.5 of
the strategically 5 nodified hepatitis B core protein subunits are . _
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wherein the strategically nodified hepatitis B core proteiQgasnpgonp further
conprises a T cell stinmulating am no acid residue sequence‘gBZptl onded to
the car bo%tersréi nal residue of the amino 20 acid sequencBC ’6’??%‘5’% nding to
sai d hepatVP®¥4"*ani no acid sequence. 13. The strategical |y nodified
hepatitis H core protein particle conjugate according to claim 12 25
wherein the T cell stinmulating am no acid residue is fromthe sanme pat hogen
as the pendently |inked hapten. 14. An i munogenic fusion protein 30
conjugate conprising a pol ypeptide hapten pendently linked to a

strateghgal |y nodified hepatitis B core W O 99/40934 -69 PCT/US9 0 Cb~
protei pgkhat conprises three peptide-linked domains, I, Il and Ill fromthe
N-term nus, wherein (a) Donmain | corresponds to residues about 10 through
50 of the am no acid sequence of hepatitis 5 B core protein of SEQ ID NO: 2;
¢b) Dorrlatzi1 JI{,is bonded to the carboxy terminal residue of Domain I and
corresponds %1(.)8 residues 50 to 100 of said ami no aci'd sequence of hepatitis
B core b’rl(}fel n that further contains a 10 heterol ogous insert 1 to about 40
am no attdr 8% dyes ign dgngth that includes a chemcally-reactive anmno

aci d rest¥hre®eRAA*tTY Domain 111 is bonded to the carboxy terminal residue
of Domain Il and corresponds to |5 residues 100 to about 140 of the am no
acid seq&®tce of hepatitis B core protein. 15. An i mrunogenic fusion

pr ot ei n<g®¥y f8Ate according to claim 14 wherein the 20 strategically

modi f i ed2hzpad ti @B core protein further conprises a fourth peptide-Iinked
domain, Domain IV, wherein (d) Domain IV is bonded to the carboxy term nal
resi due «abobarzain 111 and conprises a T cell 25 idQPEsc 182 Aas

st r at egiazal tog mediftiacaghepatdti CBREDES ptftgt %{an ggg gt':(rz'li g’;gﬂgl@n am no acid
SeqUENCaOrEEMeA MduNgrd GLattt P S§&i 'S 65 die T0 tg about 30 anino
acid residue 140 of thes hepatitis B anitfo aci d sequence of SEQ ID NO:2 and
having an am no acid ~ AUG 200Z WD 99/ 40934 PCT/ U899/c0§q:§§ - %@ sequence

i nsert i&g heeragi &y eet respormlichg ¥ Eigot¥" BESi 35D pﬁg about resi due 100
of the hERALLLIS.cBrniVat einy Lée Lamdent SemErtdes BchEn"EaI1®%- reacti ve ani no
acid residue and thginsert itself i2% not an 5 anti g%‘hi c determ nant. 17.
An i nocul um conpri sing an i munogeni ¢ anount of a st ratsaggi cal yurzodi fied
hepatitis B core protejR eaNjgugaice cicssod rell ¥ %S EF 5t a = . 10

phar mace{t? cc@ | Y, 2GEERtAbEg: dish unBt cyes abd Tyt iR RP \PSROUT | ed hepatitis
B core pP’S e cg)pj ugate conprisigng a hapten pendé&ntly linked to a
strategically nodified hepatitis B core protein, wherein the strategically
nodi fied hepatitis B core 15 REO{LN Ba€ QERIdcaeGatagaBIHtAOtEEC FER seyence

cor r esporféntfa §°¢ He *hepati [ i.§; BrAOhey Real @icNAsyTiARD Hei Bres@geience of SEQ | D
NO: 2 i nclSedi Hef Afd 4 i aci d Jzesi dues nunber egb about 10 to about 140 and
additionally Pving an insert 7Tn the region 20 corresponding to amno acid
resi dues nunbered about 50 to_ ab 0,aa58dd gbSRat gdd Fcbeiang B4P0 about
40 ami no =em dtp ewitdeRts °Fh 9I‘=¢§n§’glah8}’!E I 8(13:) i&amimn@naremﬁcal ly-reactive
am no aci uys a3e RaP) A%F‘G“h‘g&t TP B(sé?ng pendeps |y |inked to saied

cheni cal | ysx eactive 25 ami fd acid residue. 18. The inocul um according to
claim 17 wherein said strategicall difi I hse BacOfx przdeei n

conj ugat etiss dpmesengat rFeRhEFH 6?%‘8% _ gati S’fd’%lhiglgaiéf R AYG: VR O9/ 40934

PCT/ US99/ 93P s- #dr 38p SEreTln&et|™Wh %cdPdiig 1o clai m 1§ wherein said
hapten is froma pat hoge® and wherein us&®of said inoculumin a mamalian
host protects said mammalian host from said pat hogen. ca—cat a9a AP ocess
for inducifag ant icboditesgdangan tani vall cHOSEE BpFiSEH atﬁéfh:sﬂt ég@ of

i nocul at i Rg;sald @iyl choasp vinehTem thdeal Th Bt ESIRSr '€es an i munogeni ¢
amount of a strategigal !y nodified 100fhepatitis B cor’é‘°prot ei n conjugate

di ssol ved or dispersed in a pharnaceutically acceptable diluent, 5 id
strategical |y _nmodifigd hepalshtést Brecore qrtoted neeeEuRfEt €t dpri sing a

hapt en pen?feanfgx jllunge,__d LLO gSivaavenimal txyp PodiThi SRThBFafTe i¥&*B core
protein, 15 0hat €] e strategicakby nodified hep5itis B core protein
conprises an am M6-"aci d sequence corresponding to the hepatitis Bﬁ%ore
protein am no acid sequence, Qf 2k g#a igb€e|gadi gy Bhe <afi ¥R ac

Fesi dues neRbEFESELGHY L ﬁ% C%&s%ﬁogm 220 @ddétd analdzy ¥ewing an
insert in PHe PrregFBhTEf)rlTegspoengl ng to amino acid residues nunbered about 50
to about 100, said insert (i) beinggl to about 40 am no acid residues in

| ength, and (ii) containing a chemcally-reactive amno acid residue, said
hapt en 25 bei ng pendently linked to said strategically nodified hepatitis B
core protein through said chemcally reactive am no acid residue, and

mai ntaining said aninmal for a tinme sufficient for antibodies to be induced.
30 REPLACEMENT SHEET WO 991 d093J PCT~~Li S99/03055 ,~ 2 _ - g All G 2002 ~
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5 22. The process according to claim21 wherein said hapten |§af¢%(r;n2g2

pat hogen and wherein, the antibodies induced in said mammalian host protect
sai d mamak}cdy 4005t from sai d pat hogen. 10 8 AUG 2002 WO QS¢/4§¥93%055

PCT/ LTS99/ 03055 1/1 Scheme 1 Na03S OO Ol smHBc NH2 + NO~CH2.NO OO
pH 7.5 HO~ smHBc NC( ?-CH2 NOOHOII HST + smHBc NC-CH2' N ,
hapten OOpH 7.0 HOsmHBc NNC-CH2 N ~ S--,*~ hapten O WD 99/40934
SEQUENCE LI STI NG <11 0> Birkett, Ashley J. Immune Conplex Inc. <l|20>
Strategically Mdified Hepati t| s B Core Proteins and their Derivatives
<130> SYN-1¥1° 4564/ 69529 <I 48 PCT/ US9Q9/ <14F4°1999-02-11 <150> 60/ 074537
<151> 1998-02-12 <l 60> 113 ,1 , c170> Patentln Ver. 2.0 <210> 1 c211> 553
<2| 2> DNEa<gdt3stHEphtdam caBopp rqps 9P @IT <] gtLRJE <2 saq Fpe, (349) <300>
<303> Neilyrksp<B86€u] #he Glys<BDH S1648430%> 2F§70le VEL N6 Bhe GRCPLESI9/ 03055 <400>
1 atg gaasatc gac cct tatsmaa gaa ttt ggargpet act gtg gagiusba ctc 48 Met
Asp Ile Asp Pro Tyr Lys Au Phe Ay Ala Thr Val Glu Leu Leu 1 5 10 15 tcg
ttt ttg guet cdtCbegacetddy béd agetadtClagigaeCex 984 ahigdd Ba@ajca96 s2er Phe Leu
Pro Ser AsprRhe:Fhge Py 564 a¥al 1A gif\3Raleis ked 1hspai0Td a3Q acc gec tca
get etg tat cgg gaa ofgs tta gag tct cghegag cat tgt 14455hr Ala Ser Al a Leu
Tyr Arg Qu Ala Leu Qu Ser Pro Qu H's Cys 35 40 45 1 - ~ AUG 2d~ WO

991 40934, PCINSQQL Q305 €8s GGk geﬁcag%gc@csggggaa%g o [ Bt ett tgc

tgg g9gg L s H s, [h n Leu Cys Trp Ay
Gu 50 5 661 ct%3§gl§ alglt Ei?:%al'eae?s-g A g R at t gaa gat cca

gcg 240 Leu Met Thr Leu Ala Thr Tr pgﬁlal Gly vaI Asn £l_eu G u Asp Pro Ala 65

70 75 80 tc'g__ aga a(t:: cta gta tc agt tatAgte aac act aat at% g ¢ cta aag
288 Ser g &P Var® 95 88y 2/ASEASRH PiF ﬁnaﬁst“aby tys 85 90

95 ttc agyd E%Fa E’Pcc"tst’ge“t Qﬁ“t"trf’ % CCht At JEl et ATt Tt §ga aga 336 Phe
Arg A n Leu Led®Trp Phe His Ile @er Cys Leu Thr ¥fe Ay Arg 100 105 110 gaa
aca gtt ata gag tat ttg gtg tct ttc gga gtg tgg att cgc act 384 Gu Thr Val
Ile Au T ceeftyAItSREt PER Toytamperqst] grg Ang ¥ agalGgt 2¥a12578ct cca get
tat aga feraderdendirogthr Gre leucSert &ht Rxocain dive TrgAdBZlPrarsPro Al a Tyr Axg
Pro Pro Asn2Ma Pro Ile Leu 8&r Thr Leu Pro 230 135 140 gag act act gtt gtt
aga cga cga ggc agg tcc cct aga aga aga act 480 Gu fihr Thr Val Val Arg
Arg Arg &itygés geBesccPacr Arg diagaty @clhagal 46a B350 Zhbgfid@cecergt cg720Cct cgc aga
Cga agg i€ ACta@rbCIhrCCIe Gt NGCIBHIThagerd eto 538 AmOVSEMlRr@nArg Arg Arg Arg
Ser Gn 8= Pro Arg Arg Asg Arg Ser 165 1%Z8s175 caa tct cgmogaa tct caa tgt
tagt A n Ser Arg Qu Ser @n Gars 180 <2| 0> 2 <211> 183 <2l 2> PRT c213>
Hepati ti ggBg¥é radgs £A00ca 2clBicgAgPr lak€ A aRh @clyégd ¥sa @ed Fae Ges Ala Thr
Val G u t8UckPlUrd Bslond TnSoi:PBS, Y AP rpere-BSp:- By B &0 Ser Val Arg
Asp Leu Leu Asp 20 25,80 553 2 ~$ AUart WO 49/ 40434sBCTI US99/ 03055 Thr
Ala Ser Ala Leu Tyr Arg Qu Ala Leu Gu Ser Pro Qu H's Cys 35 40 95

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
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Ser .Pro His H's Thr Ala Leu Arg A n Ala Ile Leu Cys-Trp Ay du 50 55 60
heu Met Thr Leu Ala Thr Trp Val Gly Val Asn Leu Ju Asp Pro Al a~@5AU6 2002 80
Ser ~Arg Asp MEQONA934/al  Ser Tyr Val Asa Thr Asn Met Ay Leu kycsm%% 90 95
Phe Arg G n Leu Leu Trp Phe Hs Ile Ser Cys Leu Thr Phe Ay Arg §03%% 110
Gu Thr Val Ile Qu Tyr Leu Val Ser Phe Ay Val Trp Ile Arg Thr 115 120 125
Pro Pro Ala Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro 130 135 | 40
Gu Thr Thr Vval Val Arg Arg Arg Ay Arg Ser Pro Arg Arg Arg Thr 145 |50 155
160 Pro SeeiRraofrg Arg Arg Arg Sex G n Ser Pro Arg Arg Arg Arg Ser |65 170
| 75 A n Sepi1Argrdd U Ser A n Cys 180 <210> 3 <211> 552 <2| 2> DNA <2| 3>
Hepatitis<Bil guSe5¢20% $221> CDS <222i (1) .. (549) <300> <303> Nucleic
Aci ds Res. <304> 11 <3§6> 1747<307> 1983 <400> 3 atg gac att gac ccg tat
aaa -gaa ttfy,ed9g; 9gca tat gtg gag tta ctc 4B 3 8 AUG 2001 WD 99/40934
PCTI USQQ/Q&O@%I\;}%% Ast I'le As]g Pro Tyr Lys u Phe Ay Ala Ser Val du Leu
Leu 1 5 10 15 TEtTttT" F§ Bt befrgdent ser Phé @gtaChiAlls (4@ gat ctc ctt
gae 96 Ser 1Phe Leu Pro Ser Asp Phe Phe R Ser Ile Arg Asp Leu Leu Asp 20
Z5 30 acc gc¢ tct get ctg tat egg gag gcc tta gag tet ccg gaa cat tgt 144
Thr Ala SEF At% RReTHy SenrThrGhan Ak teelsdd tySQhy RHQ HupHi 5. 0ys 35 40 45

ro Le
tca cct csc cat aca Yca ctc agg caa get att ctg tgt t3%g ggt'Bag 192 Ser Pro
Hi s Isisg‘T@éhr Ala Leu Arg G@n Ala lle Leu Cys Trp Ay AQu 50 55 60 tta atg
aat ctg 0T Thyr gt Jaygeragdpy aat ok c_cca gca 240 Leu Met Asn Leu
Ala Thr Trp Val @&y Ser Asn Leu qdf%eg“"g?g”’%?a" 08P 7373 8Bdla cc agg gaa tta
gta gtc agc tat gtc aat gtt aat atg ggc cta aaa 288 Ser Arg Qu Leu Vval Val
Ser Tyr V&2 #snaValneAam:Makn Gy 85 90 95 atc aga caa cta ttg tgg
ttt cac att tmc tgc ctt act titg Ja}grg%%}efi?%ml fied APR) PB¢PHeeBrd eu Trp Phe Hi s
Ile Ser Cys Leu Thr Phe Ay Arg 100 105 110 ga® act gtt ttg gag tat ttg gta
tct ttt gga NelasGsat 84 Qu Thr Val Leu GQu Tyr Leu Val Ser Phe
Ay Yal Tep lle Al?g %hfr'euilggz ?‘%% %‘fSMC%tI"YE(ﬂ?Pg&a Lew Gagepreceyxcca aat gec ect
atc tta tca aca ctt ccg 432 Pro Pro Ala Tyr’SArg Pso Pro AsrepAla Pro Ile Leu
Ser Thr Ik o | 35 | aa act act gtt gtt aga cga cga ggc agg tcc cat
aga aga agi lgr(%t 544%8‘8 %:nge %ﬁ? K4l BigaValiigung Argrid WidlgheSer Pro Arg Arg
Arg Thr 145 150 I55 I160°ccc tcg cat cgcdtga cga agg tct ggaa tcg ccg cgt cgc
aga aga 28 Pro. Ser Pro Arg Arg Arg Arg Ser G@n 5er Pro Arg Arg Arg Arg
Ser 165 Ii1r%£0 A% Taalt FuchtP Jaa Tretcloazht ghrtag &52uld hiSel, Arg Gu Ser An
Oys 180 4 8 A-G ZBb2 WD 99140934 62| 0> 4 <211> 183,21 2> PRT <2I 3>
Hepatiti X:irrus PCTI US99/ 03055 <400> 4 . Met Asp Ile Asp Pro Tyr Lys
G u Phe & 8ePeVdru Gy R vebULR Bral Ord GnSorn PRG LEY 21O Ser Asp Phe
Phe Pro~Ser |lé&Arg Asp Leu Leuissp 20 25 30 Thr,Ala Ser A4 Leu Tyr Arg
GQu Ala Leu Qu Ser Pro Qu His Cys 35 40 45 Ser Pro H's Hi's Thr Ala Leu
Arg G a M°%aPR Elretr=Chsu T2p @y nG 615015521, 69 l(%l,g t _Asn Leu Ala Thr Trp
Val dy Seri®sn Leu Qu Asp Prso Ala 65 70 751? er A §FaM%Leu Val Val Ser
Tyr Val Asn Val Asn Met Gly Leu Lys 85 90 95 e Arg Gln Leu Leu Trp Phe
H s || e SeragyseterneThys B dnyeA &1l 0Qq % %10 A u Thr Val Leu Gu Tyr Leu

e8A
y

I
Val Ser ¥Re Ay Val Trp ke Arg Thr 11s°1 3% SBF Fher 61Pae Tyr Arg Pro Pro
Asn Ala Pro Ile Leu Ser Thr Leu Pro 130 1 140 A u Thr TRfOVal Val Arg Arg
Arg Gy ddegriSepr&rme Atk ALY 450 NE, 143 150 155 160 Pro Ser Pro Arg Arg Arg
Arg Ser A n.Sex~Pro Afgs Arg Arg Arg Ve 185 10 IIvRig wrSexa Arg G u Ser G n
Cys 180 <210> 5 <211> 558 <2l 2> DNA c21%> Hepatitis 8 ¥Misrus 5 8 auc 2~ WO
991 40934ys Q> 52215 &S<s222> (1), . (5S5) <300> <303> Nucleic Acids Res.
<304> 13. <306> 1{4¢<3073"1 é@% PETHISISR (Fg5Er<8003eb mipgrgac att gac cct
t-at aaa gaa ttt gga get act gtg gab“tta ctc 48 Met 14sp Ile Asp Pro Tyr Lys
G u Phegd % AN g, Thr Val G u Leu Leu
19: Iél’s Leu Leu Trp :;10’ Glu Ala Gln Val Thr Asn Tyr Ile
205



15 10 75 tcg ttt ttg cct tct gac ttc ttt cct tcc gta cga=deAUG2Mcta gac
96 Ser Phe Leu Pro Ser Asp Phe Phe Pro Sar Val Arg Aap Leu Leu @%2%20 25 30
acc gcc tca get ctg tat cga gaa gcc tta gag tct cct gag c&CT f‘&3 Thr Al a
Ser Al a L%’Q’%S?P”Arg Gu Ala Leu Gu Ser Pro Au H's Cye 35 40 45 tca cct
cac cat act gca ctc egg caa gcc att ctc tgc tgg ggg gaa 192 Ser Pro His Hi s
Thr Ala Leu Arg A n Ala lle Leu Cys Trp Ay Qu 50 55 60 ttg atg act cta
get acc tgg gtg ggt eat eat ttg caa get eca gca 240 Leu Met Thr Leu Ala Thr
Trp Val Ay Asn Asn Leu A n Asp Pro Ala 65 70 75 80 tcc age get cta gta gtc
aat taty,gtt aat act aac23 g ggt tta aag 288 Ser Arg Asp Leu Val Val Asn Tyr
Val Asn Thr Aan Met Gy Leu Lys 85 90 95 atc e%g y%@#ﬂlg tgg ttt cat
ate tctg #gghptﬁgq% +id THE@hagEY3BEF IArE g PEY NEeli L Y. Trp Phe His Ile Ser
Cys Leu Phe Ay #g 100 105 110 ¢&8§ act gta ctt gatat ttg gtc tct ttc
gga gtg tgg att cgc act 384 Au Thr Val Leu Au Tyr Leu Val Ser Phe dvy Val
Trp Ile Ar é;QVIaESLﬁChﬁ&arg\w vart TagScATEAIILNT gee cct atc tta
tca ace’th r%c % ro Pro Ala TywssArg Pro Pro AsR”™™ a Pro Ile Leu Ser Thr
Leu Pro 130 I35 1 gaa act act gtt gtt age cga cgg gg%c}gcg}a ggc egg tcc cct
age age 480 6 - 200, 4893 4 B GAUSED 108 W Thr Thr Val

Val Ar gSe¥ d‘YArﬁerAéﬁ’ﬁ# qél ’?Ag\ﬂ%g%oma Arg Argz4s15 |50 |55 | 60 aga act ccc
tcg cct cgc ag®cgc aga tct caa tcg ccg cgt cgc aga 528 Arg Thr Pro Ser Pro
Arg Arg Arg Arg Ser @n Ser Pro Ar £5péd BeZ7Bragagt ct caa tct cgg
gaa tct reaaudugPrq ags Aeg &% 5o F°5e &sﬁ?gs ﬁrg #§g{ A n Cys 180 185 <210> 6
<211> Z85 <&W2> PRfi <2| 3> Izkg,ﬁatltls B VII’US <400> 6 Met Asp Ile Asp Pro
Tyr Lys Qu Phe Gy Ala Thr Val Qu Leu Leu 1 s to i5 Ser Phe Leu Pro Ser
Asp Phe iglae Pro Ser Val Arg Asp Leu Leu Asp 20 25 30 Thr Ala Ser Ala Leu
Tyr Arg {dsu Ala Leu Qu Ser Pro Qu H's Cys 35 40 45 Ser Pro H's Hs Thr
Ala Leu Arg An Ala lle Leu Cys Ttp Ay Gu 50 55 60 Leu Met Thr Leu Ala
Thr Trp Val Gy Asn Asn Leu A n Asp Pro Ala 65 70 75 80 Ser Arg Asp Leu Val
Val Asn Tyf,.V@8L Asn Thr Asn Met Gy Leu Lys 85 90 95 Ile Arg G n Leu Leu
Trp Phe His ILe Ser Gars Leu Thr Phe Gy Arg 100 105 110 Gu Thr Val Leu
Qu Tyr Lel, Valy Ser Phe Gy Val Trp Ile Arg Thr 115 720 125 Pro Pro Ala
Tyr Arg f’g& ngfﬁggzﬁlv@nk";o Ile Leu Ser Thr Leu Pro 130 135 140 G u Thr Thr
Val Val Afg Arg Asp Arg Gy Arg Ser Pro Arg Arg 145 150 155 | 60 558 7
~ W zutz WO 9I 40934 PCTI US99103055 Arg Thr Pro Ser Pro Arg Arg Arg Arg
Ser A n S&P A}? g, 1485 ské0rle/ BLArmrSeys @R Bar S/ GYH u Ser A n Oys
180 185 <“2I‘o’>l‘*7Me %i §%<2zz> PRT <213% hepatitis B vitus <300> <301>
Schadel , Florian et al.,” <302> Aninal Hepatitis B Viruses <223> Adv. Viral
Oncol . 0304> 8 <306> 73 | Q2 7 gggh Oﬂk Brxd/he/ASkn RBR VAIp Pro Tyr Lys
G u Phe Gy Taf PSRReRy Y GIg <1?1Q Ercl % 15 Asn Phe3teu Pro Leu Asp Phe
Phe Pro Asp Leu Asn ﬂla Lgu VaI p 20 25 30 Thr Ala Ala Ala Leu Tyr Gu
Gu Qu Leu Thr Ay Ar Hs Cys 35 40 45 Ser Pro His Isis Thr Ala lle
Arg A n Absn Legg I\?-&IT’EygV‘I'rp Asp Qu 50 55 60 Leu Thr Lys Leu Ile Ala Trp
Met Ser Ser Asn I135e Thr Sar AQu G n 65 70 75 80 vVal Arg Thr Ile Ile Val Asn
H's Val Asn Asp Thr Trp Ay Leu Lys 85 90 95 Val Arg A n Sex Leu Trp Phe
H's Leu Ser Cys Leu Thr Phe Ay A n 100 105 110 His Thr Val dn G u Phe Leu
Val Ser Phkeidd ysVal Trp Ile Arg Thr 115 120 125 Pro Ala Pro Tyr Arg Pro Pro
Asn Al a Priid esLeu Ser Thr Leu Pro |30 135 140 8 - $ AUG 2002 WO

991 40934 Rgi4LSRQi 03055 Glu Fiis Thr Val lle Arg Arg Arg Gy Ay Ala Arg
Ala Ser Arg:$errntthientaOrik8® 160 Fro Arg Arg Arg Thr Pro Ser Pro Arg Arg Arg
Arg Ser An Ser Pro 165 170 - |75 Arg Arg Arg Arg Ser Gn Sar Pro Ser Ala
Asn Cys 18(g,1,85<210s 8 <2l 1> 654 <212> DNA <213> Hepatitis B virus <220>
<221 > CDS 23355 (h) .prlebEi) aTaG0R KBOBSY ANendle FAPaRT FY §7¥i Flises <303>
Adv. Viral®Cnéef . s 10

Asp Gly Trp Tyr Gly Phe Arg His Gln Asn

Gly Met Ile
Y 20 25
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<3d4> 8 <306> 73-102 <307> 1989 <400> 8 atg tat ctt ttt cac 'ctagA'f'%%tt gtt
ttt gcc tgt gtt cca tgt cet 48 Met Tyr Leu Phe iiis Leu Cys Leu val Fhe Al a
Cys Val Pravéysadese0 1 5 10 15 act gtt caa gcc tcc aag ctg tREI/GSW/03FA t gg
ctt tgg gac atg gac 96 Thr Val Gn Ala Ser Lys Leu Cya Leu Gy Trp Leu Trp
Asp Met Asp 20 25 30 ata gat ccc tat aaa gaa ttt ggt tct tct tat cag ttg
ttg aat ttt 144 Ile Asp Pro Tyr Lys AQu Phe Ay Ser Ser Tyr A n Leu Leu Asn
Phe 3S 40 45 ctt cct ttg gac ttt ttt cet gat cte aat gca ttg gtg gac act
get 192 Leu Pro Leu Asp Phe Phe Pro Asp Leu Asn Ala Leu Val Asp Thr Ala 50
55 60 g e‘tzlgét1 ctt tat gaa gaa gaa Cta aca ggt agg gag cat tgt tct cct 24d
Ala Alai%2d> B Gu Gu Gu Leu Thr Ay Arg Gu His Cys Ser Pro 65 70 75 80
9 w W30 A3F3uepeTr8P9103055 cat cat act get att aga cag gcc tta gtg
tgt tgg gaa gaa tta act 288 Hs Hs Thr Ala Ile Arg G n Ala Leu Val Gars
Trp Au @og>L% Thr 85 90 95 aga tta att aca tgg atg agt gaa aat aca aca
gaa gaa it Lag&lagen386g Aly ileurhd @l¥lalrp Met Ser -Au Asn Thr Thr Gu G u
Val Arg Ang |00 105 1l10satt att gtt gatiecat gtc aat ast act tgg gga ctt aaa
gta aga cag 384 Ile Ile Val Asp H's Val Asn Asn Thr Trp Gy Leu Lys Val Arg
Gn 115 120 125 act tta tgg ttt cat tta tca tgt ctt act ttt gga caa cac aca
gtt 432 Jhp.Ley Trp Phe H's Leu Ser Cys Leu Thr Phe Ay A n H's Thr Val Z30
| 35 I40 gﬁq>g§§i ttt ttg gtt agt ttt gga gta tgg att aga act cca get cct 4SO
Adn &.La Val Ser Phe Gy Val Trp Ile Arg Thr Pro Ala Pro 145 150 1S5
16D tat c a c cc att tta tca act ctt ccg gaa cat aca 528 Tyr
Arg Pro o> E&ﬁ?;ﬂ% Ee%e ¢ Ser Thr Leu Pro Qu H's Thr 165 170 175 gtc
att agg % aga gga ggt tca aga get agg tcc ccc cga aga 576 val Ile Arg
Arg Arg ro Arg | 85 190 cgc act ccc
tct cct EQQ%D ?%’cééﬁtm@ rté%“@({:gsegueme nlg% 4 Arg Thr Pro Ser Pro
Arg Arg Arg ATr°Sef<ts %”Seé‘r vt 2Rr §YRFgT e/fgél‘f gn (5e205 cgc tct caa tct cca
get tcc aac tgc tga Arg Ser A n Ser Pro Ala Ser Asn Cys 210 215 <210> 9
<21l > 21794%21%% PRT <213> Hepatitis B virus <400> 9 Met Tyr Leu Phe His Leu
Cys Leu VedgsPhatgAgacayFsasmalttPro Cys Pro 1 5 10 15 Thr Val A n A3 Ser Lys
Leu Cys Leu Ay Trp Leu Trp Asp Met Asp 20 25 30 654 10 WO 991 40934 ~
~4UG 20Q2 PCT/ US991 03055 Ile Asp Pro Tyr Lys GQu Phe Gy Ser Ser Tyr @ n
Leu Leu Asgro>Phe 3S 40 45 Leu Pro Leu Asp Phe Phe Pro Asp Leu Asn Ala Leu
Val Asp ¥hriABa 50 55 60 Ala Ala Leu Tyr Qu GQu GQu Leu Thr Ay Arg Gu
H s Cys Serz2sPpsa65 70 75 80 His H's Thr Ala lla Arg A n Ala Lau Val Cys Trp
A u Glu keissThetfH 981 Foqgéegeleu Il e Thr Trp Met Ser A u Asn Thr Thr Qu
AQu Val Arg Arg 100 105 110 Ile Ile Val Asp H's Val Asn Asn Thr Trp Ay Leu
Lys Val Asgp-d n 115 120 125 Thr Leu Trp Phe His Leu Ser Cys Leu Thr Phe Gy
An Hs Thi3Vakst3BtiRD ot 4rtBeciGrus@hrnbel WadatDets Bhe Gy Val Trp lle Arg

Thr Pro Ala PLerJd%ck 3i1hesd wibh abykcdg Prsr-Re@oASsicdl @ Pro Ile Leu Ser Thr
Leu Pro Qu His Thr 165 170 1?5 Val Ile Arg Arg Arg Gy Gy Ser Arg Ala Ala

Arg Ser Bp,ALd Arg 180 85 190 Arg Thr Fro Ser Fro Arg Arg Arg Arg Sex G a

19
Ser Pro r 5.2 er Ga Ser Pro Ala Ser Asn, 210 , .
L= 1§cg%afa(5' c?Llﬂ(\1 %% caag t%ggigchﬁA <2| 3> Hepatitis B virus <%0> <221>
CDS <222> (1)..(915) <400> 10 11 WD 99140934 -8 AURXR~2 PCTI US99/ 03055 atg
tgg tct cta aqa tta cac ccc tct cca ttc gga get gcg tgc caa 48 Met Trp Ser
Leu Arg L éb 1€ Pro Ser Pro Phe Gy Ala Ala Cys An 1 5 10 15 '- ggt atc
ttt acg ¢ ¢9tadd tcg ctg ttg ttc ctt gtg act gta cct ttg 96 Ay Ile Phe Thr
Ser Thr Sér21&2Leu Phe Leu Val Thr Val Pro Leu 20 25 30 gta tgt acc att
gtt tat gaE3tArtificipt S99 g gat gtc aat get 144 Val Cys Thr Ile Val Tyr
Asp Ser Cys Leu Tyr Met Asp Val Asn Ala 35 40 45 tca aga get tta gca aat
gta tat g@BO%etg cca gat gat ttc ttt cct 192 Ser Arg Ala Leu Ala Aea Val Tyr
Asp Lau Re@3Adesisirtpbe FharfAfocbd 58qGdhceag Habatigas Fyat ctt gtt aga gat
get aag gat getirts pcgaprivetr wiah EHRICGhyd Ishel AsptiAgpidreu Val Arg Asp Ala Lys
Asp Al a Leu GditRPs aanllyéin SasdfredSlydnkgepdnaia gCC gaa aca ata aag aaa cat gtt
tta att get act cac ttt 288 Tzp Lys Ala Glu Thr Ile Lys Lys His Val Leu lle
Al a Thr HisocPh®

cgcgaattca aaaagagctc ccagcgtcta gagagaccta g 41

19



85 90 95 gtg gat ttg att gag gac ttc tgg cag acc act cag ggt aL

336
110
Al a
gag
Phe
ttt
Asn
att
Al a
get
Asp

a
Val Asp Leu Ile Qu Asp Phe Trp An Thr Thr An Ay Mt Ser Ganl%IOS
att gcly@afise8sC Ctc cga gca gta att cca cct act acc gt apefas®iodoss84 |l e

‘Asp Ala Leu Arg Ala Vval Ile Pro Pro Thr Thr Val Pro Val 115 120 12s ccg

ggt ttt ctc att act cat agt gag gca gaa gag atc ccc ttg 432 Pro Au Qy
Leu Ile Thr Hs Ser Qu Ala Qu GQu Ile Pro Leu 130 135 140 aac gat ctc
tca aat caa gag gag agg ata gtc aat ttc caa cct 480 Asn Asp Leu Phe Ser
An Ju Qu Arg Ile Val Asn Phe G n Pro Z45 1.50 155 160 gac tat ccc
aca get aga att cat acc cac tta cgt gtt tat act 528 Asp Tyr Pro Ile Thr
Arg <42pe> Hi%s Thr His Leu Arg Val Tyr Thr 165 170 |75 aaa ttg aat gaa caa
ttg gat>a®3a get cgc aga ttg ctt tgg tgg 576 Lys Leu Asn Qu G n Ala Leu
Lys <Ala>ANg Arg Leu Leu Trp Trp 180 185 190 12 - ~ AUG 2~Z WO

991 40934 2RET/AJE20:HA3D Heqaéricet ac @aat tgc ctc ctc tgg gga gaa gcc act gtt aca

aat
Ile
aag
21 5
Asp
240
Ay
aga
Arg
cga
Arg

cgg
Asn

tat att 624 His Tyr Asn Cys Lau Leu Trp Ay QQu Ala Thr Val Thr Asn Tyr
| 95 209- 205 tct cgc ctc cgt act tgg ctt tct act ccc gaa aaa tat cga ggc

672 298> AeGctfitidh G ThFeiEipidiCle®Rhcd Nl uBpLi6hsl dys Tyr Arg Gy Lys 210

220 gat gRGuEGRR maLtw,gaamgﬁa:ﬂtreseﬁtcta&a s¢e@ atc cag gtg get caa 720
Ala Pro Thr Ile uAlalle Thr Arg Pro | G@n Val Ala @n 225 230 235
gga &g %g,a aat caa act asg gga act aga asa cct cgt gga ctc gaa 768 Ay
Arg Asn Gdn Thr L ;sta tc‘(_cchrag Lys Pro Arg Ay Leu G u 245,250 255 cct
aga Cga hag 'ﬁ aca gltogtc tat ggg aga aga cgt 816 Pro Arg Arg
Lys Val Lys Thr Thr VaI Val Tyr Ay Arg Arg Arg 260 265 270 tct aag tcc
ggc %38 aga tcc tct cca tcc caa cgt gcg ggc tcc 864 Ser Lys Ser Arg Gy
Arg Pro Ser A n Arg Ala Ay Ser 275 280 285 cct ctc cca cgt aat
gga ¥3¢>cdg aca cga tcc ecc tca cct agg 912 Pro Leu Pro Arg Asn Arg Ay

A n RIR>MRF Ser Pro Ser Pro Arg 290 295 300 gaa tag G u 305 <2/0> 11

<2| 1> 309122|Berapifs<P|dsuplepatitis B virus <400> 11 Met Trp Ser Leu Arg

Leu
Thr
Tyr

Hs Pro Ser Pro Phe Ay Ala Ala Cys An 1 5 10 15 Gy Ile Phe Thr Ser
Ser +49>Lu Phe Leu Val Thr Val Pro Leu 20 25 30 Val Cys Thr Ile Val
Asp Ser GUy SluclysT@ln et aeppCMalAspshriaAben 381 40n46e918 13  $AUG- WO

991 40934 RCT/ US991030555 Ser Arg Ala LeuoAla Asn Val Tyr Asp Leu Pro Asp Asp

Phe
du
Al a
Ay
Thr
Al a
| 1e
Thr
Lys
Ay
Ser
Ile
Lys
Lys
Arg
Ay
36

Phe Pro 50 55 60 G n Ile Asp Asp Leu Val Arg Asp Ala Lys Asp Ala Leu
Pro Tyr 65 TO 75 80 ,- Trp Lys Ala Qu Thr Ile Lys Lys H's Val Leu lle
Thr Hi-Phe 85 90 95 Val Asp Leu Ile Au Asp Phe’ Trp An Thr Thr dn
Met é‘ﬁrbG_l_;n |00 Z05 110 Ile Ala Asp Ala Leu Ayrg Ala Val Ile Pro Pro
Thr Mal, Ppgr Val 11S 1,20 125 Pro Qu Gy Phe Leu Ile Thr H's Ser Qu
Gu Gly.l Jigpalgggul_guvilrag 135 140 Asn Asp Leu Phe Ser Asn G n Qu du Arg
Val Aan Phe G n Pro |45 150 155 | 60 Aap Tyr Pro Ila Thr Ala Arg Ile H's
'IA\IS|S<4_0% 4 &g Val Tyr Thr 165 170 175 Lys Leu Asn Gu G n Ala Leu Asp
a e 8 1 (r Asn Cys Leu Leu Trp
%(sgs%q'ylg Y# %Q lrgpA}%%eL é_yzﬂg Iﬂeﬁ %r Arg Leu Arg Thr Trp Leu
Thr Pro G u Lya Tyr Arg Gly Lys Z1 215 220 Asp Ala Pro Thr Ile Au Ala
Thr Arg Pro Ile @dn Val Ala An 225 230 235 240 Ay Ay Arg Asn A n Thr
Ay Thr Arg Lys Pro Arg Gy Leu Ju 245 250 Z55 Pro Arg Rrg Arg Lys Val
Thr TH°>VAf Vval Tyr Ay Arg Arg Arg 260 265 270 Ser Lys Ser Arg Ay Arg
Ser SEF>Ptd Ser Gn Arg Ala Gy Ser 2T5 280 285 Pro Leu Pro Arg Asn Arg
Aan &G¥>TRRT Arg Ser Pro Ser Pro Arg 290 295 300 14 WD 99140934 Gu
<210s243> 32514‘3"-19# @ virug212> DNA <213> Hepatitis B virus <220> <221> CDS

<222> (1) . . (915) 8 AUG 2~2 PCT/ US99I 030S5 <400> |2 atg tgg aac tta aga

att
Pro
ctg
Ser

aca ct®>®e tcc ttc gga get get tgc caa 48 Met Tsp Asn Leu Arg Ile Thr
Leu Ses Leherid glAHas Alrg Bty The Trplady PPo 1Hag@in &re Rud Asgg tct aca ttg
ttg tcy tgt gtg actsgta cct ttg 96 Wy Ile Phe Thx S&r Thr Leu Leu Leu
Cys Val Thr Val Pro Leu 20 25 30

Asp Leu Thr

<210> 24
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gta
Thr
gcc
Al a
ctt
Arg
aag
Hi s
cag
Thr
ccc

t gt
I'le
tta
Asn
gtt
Asp
aaa
Val
act

act

fihr Thr Thr

get gaa
Au lla
gga gat
Leu Phe
tat ccg
Il e Thr
gag gaa
Ser' Leu
ctg tgg
Trp Ay
ttg tca
Thr Pro
act aga
Pro lle
aga aaa
Pro Arg
tat ggg
Arg Arg
gcg ggc
Ser 275
agg 912
295 300

<2 2> PRE2x3¥ 3%

Leu
Thr
I'le
Leu
Asp
Asp
I'le
Ser
Tyr
Leu
Tyr
Its

Arg
Ser
Val
Al a
Leu
Ser
Au
Leu
Leu
Phe
Pro
Asn
Tyr Asn
Ser Arg
Asp Al a

Adn €

tta tat atg gat atc aat ggtAliglgm%’al Cys
Met Asp Ile Asn Ala 35 40 45 tct aga
gat gat ttc ttt cca Z92prS&puUsonogosdl s Leu
Phe Phe Pro SO 55 60 aaa ata gat gat
gag cct tat 240 Lys Ile Asp Asp Leu Val
Ala Lys Asp Ala Leu Qu Pro Tyr 65 70 75 80 tgg aaa tca gat tca ata
cat gtt ttg att gca act cac ttt 288 Trp Lys Ser Asp ser Ile Lys Lys
Leu Ile Ala Thr H's Phe 85 90 95 gtg gat ctc att gaa gac ttc tgg
ggc atg cat gaa 336 Val Asp Leu Ile Qu Asp Phe Trp A n Thr
His Gu 100 105 110 ata gcc gaa tea tta aga get gtt ata cct
H3>aEPatatigBt viB® |le Ala Gu Ser Leu Arg Ala Val Ile Pro Pro
Pro Val 115 120 125 cea ccg ggt tat ctt att cag eac gag gaa
gd>a24 cct ttg 432 Pro pro Ay Tyx Leu lla Gln Hs u Gu Ala Gu
G0 VAR LyE5Arg Met LyBUG WY -S2r \ADgohéw] GO8AsPCIUSOD 1O808S 130 135 |40
ttla ttt aaa cacscaa gaa gaa aggimta gta agt ttcisaa ccc 4BO Gy Asp
Lys HHs Gn AQu Qu Arg Ile vVal Ser Phe An Pro 145 150 | 55 160 gac
Rtd varpdgebhaa@auadin cat get cat ttg aaa get tat gca 528 Asp Tyr Pro
Ala Arg Ileadis Ala H's Leu Lys Ala Tyr Ala |65 170 |75 aaa att aac
tca ctg gat agg get agg aga ttg ctt tgg tgg 576 Lys Ile Asn Gu Qu
Asp Arg Ala Arg Arg Leu Leu Trp Trp 180 185 190 cat tac aac tgt tta
g9@ .08 get caa gtt act aac tat att 624 H's Tyr Asn Gys Leu Leu
gﬂ Ala Gn Val Thr Asn Tyr Ile 195 200 205 tct cgt ttg cgt act tgg
Iz>C§£-r gag aaa tat aga ggt aga 672 Ser Arg Leu Arg Thr Txp Leu Ser
)égreéx ol c%s l%/emmrxgi 210 21 5 220 gat gcc ccg acc att gaa gca atc
ccaa UG get- cag 720 Asp Ala Pro Thr Ile Au Ala Ile Thr Arg
A n Val Ala @ n 225 230 235 240 gga ggc aga aaa aca act acg ggt act
E280>¢ gt a ctc gaa 768 Ay Gy Arg Lys Thr Thr Thr Gy Thr Arg Lys
G”gf”l_gﬁ’% 86 2#3-250 255 cct aga aga aga aaa gtt aaa acc aca gtt gtc
aga aga cgt 816 Pro Arg Arg Arg Lys Val Lys Thr Thr Val Val Tyr Qy
ARRP>28D 265 270 tca aag tcc g gaa agg aga gcc cct aca ccc caa cgt
fre 18846 Fly \LeuSher ASp IGSUIN #sArgGuater Pep AtArGYPro G n Arg Ala Ay
28D 285 cct ctc5cca cgt agt tcgltgc agc cac cat l@ga tct ccc tcg cct
Pro Leu Pro Arg Ser Ser Ser Ser His H's Arg Ser Pro Ser Pro Arg 290
aaa taa Lys 305 <2/0> 13 918 16 8 AUG 2~2 WD 991 40934 <211> 305
hepatitis 8 virus PCT/US99103055 . <400> 13 Met Trg Asn
kbe1sTBs Pro Leu Ser Phe Gy Ala Ala Gars Gn 1 5 10 15 Gy Ile Phe
Thi2d edrlLeu Leu Ser Cars Val Thr Val Pro Leu 20 25 30 Val Cys Thr
Ty 13 ASPr S§ocSYsus Bhlevhivhidet Asp Ile Asn Ala 35 40 45 Ser Arg Al a
Asn Val Tyr Asp Leu Pro Asp Asp Phe Phe Pro 50 55 60 Lys Ile Asp
\ahoArg Asp Ala Lys Asp Ala Leu Qu Pro Tyr 65 70 75 80 Trp Lys Sex
lheod %8 b ¥setbs  Yal Leu Ile Ala Thr H's Phe 85 90 95 Val Asp Leu
Asp Phe Trp An Thr Thr An Ay Met Hs Au I00 105 110 Ile Ala Qu
goﬁlzzg Val Ile Pro Pro Thr Thr Thr Pro Val 115 120 125 Pro Pro Gy

By I T N

SO 155 160 Asp
IIe Thr Ala Arg e Hs Ala H s Teu Lys Ala Tyr ales 170 175 Lys
Gu @ u_ber Leu Ala Arg Ar !‘nj Trp Trp,J_80I85I90 Hi s
é&PsG‘L“anié‘&aT‘i‘*’p‘ égff‘i%l SA ¥t P\}g"f the VAsrtyPa P81 95 200 205
Leu Arg Thr 2%rp Leu Ser Thr PPo Qu Lys Tyr A?r°g Ay Arg 210 215 220
Pro Thr Ile Qu Ala lle Thr Arg Pro Ile G n Val

acc att gtt tat gat tct tgc
Val Tyr Asp Ser Gds Leu Tyr

gcav@ad4@ig tat gat cta cca
Val Tyr Asp Leu Pro Asp Aap
aga gat get aaa gac get tta

Ala dn 17 VWO

991 40934 Gln-Sly il (~7 PCTIUS99/ 03055 22S 230 235 240 Ay Ay Arg Lys Thr

Thr Thr
Val Lys
Arg Arg
Ser Ser

Gy Thr A¥g Lys Pro Arg Gy Leu G u 245 250 25S Pro Arg Arg Arg Lys
Thr Thr Val Val Tyr Ay Arg Arg Arg 260 2b5 270 Ser Lys Ser Arg GQu
Ala Pro Thr Pro A n Arg Ala Ay Ser 275 280 285 Pro Leu Pro Arg Ser
Seno¥izy His Arg Ser Pro Ser Pro Arg 290 29S 300 Lya 305 <210> 14

<21l > 37 «2b2>31pRT <213> Influenza virus <400> 14

<212> PRT
<213> Cryptosporidium parvum
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Ser Ile Met Arg Ser Asp Ala Pro lle Ay Thr Cys Ser Ser u Cys 1 5 10 15
lle Thr Pro Asn Gy Ser Ile Pro Asn Asp Lys Pro Phs G n Asn V@ g AVGE20230
Asn Lya || ewdhpadogs 35 <210> 25 <211> 29 <212> PRT <2l 3> | nPCORIS2%03055 US
<400> 15 Arg Gy Ile Phe Ay Ala lle Ala Ay Phe Ile Gu Asn Ay Trp Au 1
510 15 dy Mt Ile Asp Ay Trp Tyr Ay Phe Arg Hs G n Asn 20 25 <21 0> 16
18 - $ AtIG 2~2 WD 99/40934 PCT/ US99/ 03055 <211> 10 <2| 2> PRT <213>

I nfl uenza virus <400> 16 Qu Lys G n Thr Arg Gy Ile Phe Ay Ala 1 5 10
<210> 17 <211 > 23 <2| 2> DNA c213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Hepatitis B virus PCR primer with an
Ncol rest3toetion site <400> 17 ttgggccatg gacatcgacc tta 23 <210> 18 c211>
31 <2| 2><DNA wP[98£07420i f i ci al Sequence <220> <223> Description of

Artificial Sequence: Hepatitis B virus PCR priner with an EcoRl restriction
si'te <400po0i82ycggaattcc atcttccaaa ttaacaccca ¢ 31 <21 0> 19 <21l > 41 <2| 2>
DNA <2| 3a1rARbp frivei Bdo $E41UBE R a<BROX152A3>c1L A0k Pl BT afla Anki fi ci al
Sequence: jHepatitis 8 virus PCR primer ¢ith ECORI and Sagl restriction
sites and an inserted |ysine codon <400> 19 cgcgaattca aaaagagctc

ceagegt chg, 4agadacetasto dhalfla onf by YA 99040934a P4 USI9/ 03055 <21Q>
20 <211> 31 <212> DNA <21 3> Artifichal §equence - 5220> <223> Description
of Artificial Sequence: Hepatitis B virus PCR prinmer v~rith HndlIlI
restriction site <400> 20 cgcaagctta aacaacagta gtctccggaa g 31 <2/ 0> 21
<211> 14 <212> PRT <213> Hepatitis B virus <400> 21 Cys A n Ju Lys @n Leu
Asp G u A%Jr? >AF4 Asn Val Gn Leu 1 5 10 <210> 22 <211> 13 <2| 2> PRT <213>
Hepatiti §2%8>vitf us <400> 22 Cys Ser Lys Lys Ay Pro Arg Ala Ser Ay Asn Leu
lle 1 5 19%R2P 23 c211> 19 <2I 2> PRT <213> Hepatitis B virus <400> 23 Cys
Leu Thr &Ip>Hiwrasr frpededicionsy B&MsPro Ala G n Pro Pro Arg 1 5 10 15 Asp
Leu Thr <210> 24 20 S AUG ~ WD 99/40934 <211> 22 <212> PRT <213>

Hepatiti s3®>irus PCT/US99/ 03055 <400> 24 Cys Val Lys Arg Met Lys A u Ser
Arg Leu &BiP>AUP SIGR9@A5H Lys His 1 5 10 15 Arg Val Asp Phe Leu G n 20 <210>
25 <211> 15 <2l 2> PRT <213> Streptococcus pneunoni ae <300> <3| 0> EP-0 786
521- A <4Q800>288Lys Leu Qu GQu Leu Ser Asp Lys Ile Asp Gu Leu Asp Ala Qu
1 5 10 1B1¢2ie>rbex2rke B xil Aop BRT vl 32p Strgepbao e ays @reunoni ae <300>
<3l 0> EP-01786 521-A <460> 26 A n Lys lyws Tyr Asp Qu Agap A n Lys Lys Thr
Gu Qu Lys Ala Ala 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
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Leu Gu Lys Ala Ala Ser Qu Gu Mt Asp Lys Ala Val Ala Al a Valrﬁ%%lﬁﬁzSO b
Gn Adn Ala 35 <210>27<21l >31<2| 2>PRT<2| 3>Cr ypt ospori di um parﬂ/ﬁ WO
99/ 40934 <3IPev/499440> W 98/ 07320 "~ AUG 2002 PCT/ US99/ 03055 @rAMSs M35 G n
Asp Lys Pro Ala Asp Ala Pro Ala Ala Qu Ala Pro Ala Ala u 1 5 10 15 Pro
Ala Ala Qu Pro Ala Ala A n dn Asp Lys Pro Ala Asp Ala 20 25 30
<210>28<211>16<212>PRT<213>Human i nmunodefi ci ency virus <300> <3| 0> US
5,639, 854 <400> 28 Ay Pro Lys Gu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr
Lys Cys 1 5 10 15 <2l 0> 29 <211> 17 <212> PRT <2l 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<kbe Byr Ile Thr Lys 1 5 10 15 Asn <210> 30 <211> 31 <2l 2> PRT <2| 3>
Foot - andyAishhecdi $easysvard Ty=30O>AsB o I8 ¥315840 360 T Arg\D 99| 40934 - 8
AUG 2002 §~r~~99s <4003 30 Tyr Asn Ayid u Cys Arg Tyr ¥&sn Arg Asn Al a Val
Pfo Asn Leu Arg 1 5 10 15 Gy Asp Leu A n Val Leu Ala G n Lys Val Ala Arg
Thr Leu 210,201,205 o30 w183 3da<él 2yd Fat203>aRRTns2led>p40r ynebact eri um

di pht heri ae <300> 310> EP-0 399 Ol 45Bl <400> 31 PhgeG@ n Val Val H's Asn
Ser Tyr Aan Arg Pro Ala Tyr Ser Pro Ay 1 5 10 15 cys <2/ 0> 32 c211> 25

<2l 2> PKT <2I 3> Borrelia burgdorferi <300> c301> Bockeastedt~ L. R et al.~
<303> J. _Inmunol. <304> 157 <305> 12 <306> 5496<307> (1966) <400> 32 Val
GQu lle & aN Gy Thr Val Thr Leu Lys Arg Qu Ile Asp Lys 1 5 10 15 Asn
Ay Lys Vat>Tir val Ser Leu C-a 20 25 <210> 33 23 - 8 Aus 2002 WO ° .
991 40934242 F¥T19 <2| 2> PRT, <21 3> 8orrelia burgdorferi <300> <30l > Zhong,

W et al<2l3z3pgsnghpctenivm HRRTEPTi48304> 26 <305> 11 <306> 2749<307> | 996
PCT/ US99/ 03055 <400> 33 Thr Leu Ser Lys Asn Ile Ser Lys Ser Ay G u Val Ser
Val Gu43@9>1 5 10 15 Asn Asp Cys <2/ 0> 34 c211> 11 <2| 2> PRT <2l 3>

I nf | uenz<ee1A>VER-Us3%93003-8230]1 > Bruneanu, T. D. <303> | mmunot echnol ogy <304>
2 <305> 2 <306> 85<307> (1996) <400> 34 Ser Ser Val Ser Ser Phe Qu Arg Phe
G u Cys daod>14h <21 0> 35 <211> 10 <2l 2> PRT <2l 3> Influenza A virus c300>
<30l > Brepnweam,val. vl HE303r $emBmotiechixd Ggy MB(0Ux fePro GIYAUG 2~ WO

99/ 40934 <305> 2 <306> 85<307> (1996) <u0OO0> 35 Tyr Arg ASn Leu Leu Trp Leu
Thr u Lys " ' 15 10

Cys

<210> 32

<211l> 25

<212> PRT

<213> Borrelia burgdorferi

<300>

<301> Bockenstedt, L. K.
et al.,

<303> J. Immunol.

<304> 157

<305> 12

<306> 5496~

<307> (19686)

<400> 32
Val Glu Ile Lys Glu Gly Thr Val Thr Leu Lys Arg Glu Ile Asp Lys
i 5 10 1is

Asn Gly Lys Val Thr Val Ser Leu Cys
20 25

<210> 33
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<2l 0>36<211>| 42<2| 2>PRT<213>Yersi ni a pestis <300> <3QLl> Hill. ']8 AbG ﬁZ :
<303> Infect. lam-un. <304> 65 <305> 11 <306> 4476<307> (1997
PCTNS99/ 03086 9%4008> 36 Asp Ile Leu Lys Val Ile Val Asp Ser MEX/US®903055s Hi s
Gy Asp Ala 1 5 10 15 Arg Ser Lys Leu Arg Qu Gu Leu Ala Qu Leu Thr Al a
Gu Leu Lys 20 25 30 Ile Tyr Ser Val Ile dn Ala Qu Ile Asn Lys Hs Leu
Ser Ser Ser 35 40 45 @y Thr Ile Asn Ile H's Asp Lys Ser Ile Asn Leu Met
Asp Lys Asn 50 55 60 Leu Tyr Gy Tyr Thr Asp Gu Gu Ile Phe Lys Ala Ser
Al a Gu%:l 65 70 75 80 Lys Ile Leu Gu Lys Met Pro dn Thr Thr Ile dn Val
Asp Ay >8% 90 95 G u Lys Lys Ile Val Ser Ile Lys Asp Phe Leu Gy Ser
G u Asn 13/2> 0% 105 110 Arg Thr Ay Ala Leu Ay Asn Leu Lys Aan Ser Tyr Ser
Tyr Asn $3i3>185rpDip ppmgdpgfert -3 Ay@2n2 WO 991 40934 Asp Asn Asn G u Leu Ser
H s Phe Ala Thr Thr Cys Ser Asp 130 135 140 <2l 0> 37 <211> 19 <2l 2> PRT
<2l 3> Haeophi | us infl uenzae <300> <3l 0> EP-0 432 220-H1 PCT/ US99/ 03055
<400> 37<do¢s HemgSew. Ser Asn Asn Asp Ala Ala Ay Asn Gy Ala Ala dn Phe 1
5 10 15 Ay Gy alysr <210>38" <211>11<212>PRT<213>Haenophi |l us i nfluenzae
<300> <3l -ER0 43%mdadlsiBl <4D0> 38 Asn Lys Leu Ay Thr Val Ser Tyr Ay
Au Qu 13f.18 <210> 39 <2l 1> 16 <212> PRT <213> Haenophil us influenzae
<300> <31Hy.SPr0 432 220-B1 <400> 39 Asn Asp Gu Ala Ala Tyr Ser Lys Asn
Arg Arg Al@.Vajsesleu Ala Tyr 1 5 10 15 <21 0> 40 <211> 28 26 .~ AUG-'d WO
991 40934 gﬁ@% 03055 <212> PRT <213> Mraxella catarrhldis t300> c310>
WD 98/ 06851 "- "<400> 40 i Leu Asp Ile Qu Lys Asp Lys Lys Lys Arg Thr Asp
GQu dn L‘S@Gi? 1510 15 Ala Gu Leu Asp Asp Lys Tyr Ala Ay Lys Ay Tyr
20 25 c2i0>741° <21 1> 28 <Iié2g PETE%Zl 3G>l l\/géa%aklg cat rGrlh i s <300> <310>
WO 98/ 06887 AP W¥° PED TASp 1T BYGLGTLYY ASh TS TS Lys AfY Thr Gu Al a
Gu Leu Gh 1 S 10 15 APa Qu Leu Asg Ap Lys Tyr Ala G Lys Ay Tyr 20 25
<210> 42 <211> 28 <212> PRT <213> Mraxella catarrhali.s <300> <310> WD
98/ 0685| A& 3P @2 |le Asp Ile Qu Lys Lys Ay Lys Ile Arg Thr Qu Ala Qu
Leu Leu 1 5 10 15 Ala Qu Leu Asn Lys Asp Tyr Pro Gy @ n dy Tyr 20 25
<210> 43 <211> 25 27 WD 99/ 40934 <2| 2> PRT <213> Por phyrononas gi ngivalis
<300> <304> 110 <305> 2 - <306> 2850 <307> 1997 "8 Al J&~2 PCT/ US99/ 03055
<400> 43<&9> Yal Ser Pro Lys Val Cys Lys Asp Val Thr Val Gu Gy Ser Asn 1
5 10 15 <cwsPhe Ala Pro Val A n Asn Leu Thr 20 25 <21 0> 44 <2| 1> 20 <212>
PRT <2| 3z2Fnr phyr ononas gi ngi valis <300> c304> 11 0 <305> 2 <306> 285<307>
1997 <40Qz1%4 1dtthehk® :Gvbm@er Thr Trp Arg G n Lys Thr Val Asp Leu Pro Al a
Gy 15 10 15 Thr Lys Tyr Val 20

<300>

<301> Brumeanu, T. D.

<303> Immunotechnology

<304> 2

<305> 2

<306> B85-

<307> (1996)

<400> 34
Ser Ser Val Ser Ser Phe Glu Arg Phe Glu Cys
1 5 10

<210> 35

<211> 10

<212> PRT

<213> Influenza A virus

<300>

<301> Brumeanu, T. D.
<303> Immunotechnology
<304> 2
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<2l 0> 45 <211> 20 <2| 2> PRT <2l 3> Trypanosoma cruzi <300> <304Pd§96ws> 9
<306> 4444<307> (1997) <400> 45 28 s 8 AUG 2002 WD 991 40934
PCT/ US99/ O@Rnpe 48y His Asn Phe Thr Leu Val Ala Ser Val |l e gdgydobisodd a Pro
Ser 1 510 15 Ay Asn Thr Cys 20 <2] 0> 46 <2l 1> 21 <2l 2> PRT <213>
Trypanosome cruzi <300> <3l 0> WD 97/ 1$475 <400> 46 Lys Ala Ala Ile Ala Pro
Ala Lys Ala Ala Ala Ala Pro Ala Lys Ala 1 5 10 15 Ala Thr Ala Pro Ala 20
<21 0> 47 <211> 16 <2l 2> PRT <213> Pl asnodi um f al ci parum <300> <303> Int.
Arch. Allergy Appl. Imunol. <304> 1|14 <305> 1 <306> 15 <400> 47 Ser Val
Gn Il Rseslys Val Pro Tyr Pro Asn Gy Ile Val Tyr Cys 1 5 10 15 <210> 48
<211> l1@3esed 85- PRT <2l 3> Pl asnodi um fal ci parum <300> <303> Int. Arch.
Al | er gy Appd .(abseyunol . <304> 114 <305> 1 29 B AlJG 2~ WD 99140934 <306>
15 PCTI U599] 03055 <400> 48 Asp Phe Asn His Tyr Tyr Thr Leu Lys Thr Gy Leu
Gu Ala fgp, G¢s 1 5 10 15 <21 0> 49 <211> 16 <ZI 2> PRT <2l 3> Streptococcus
sobri nus.,s > < > C | i BB 04> 35 c306> Suppl. 475<307> (1990)
<400> 4 E;Q;%%P‘rk?)&%?‘é fguolﬂﬁ ege%y?h@cleiuu fgg Lys Leu Ala A n Asn Gn Lys Cys 1
510 15 <21 0> 50 <211>717 <2l 2> PRT <213> Streptococcus sobrinus <300>
<303> Arch. Oral 8iol. <304> 35 <306> Suppl. 475<307> (1990) <400> 50 Al a
Lys Ala Asp Tyr Gu Ala Lys Leu Ala An Tyr GQu Lys Asp Leu 1 5 10 15 Cys
<210> 5le§il3§ 16 <21 2> PRT <213> Lynphocytic chorioneningitis virus <300>
30 WD<9323934 c303> Proc. Natl. Aced. Sci. U S. A <304> 94 <305> 7 <306>
3314<307R311FBF) ~ ~ AUG 2002 PCT/ US99/ 03055 p ' <400> 51 Arg Pro A n Ala
Ser Gy <¥ap> Fersiyde v$ariasn Leu Thr Ala A n Cys 1 5 10 15 <210> 52 c211> 9
<212> pRT <2| 3> Shigella flexneri <300> <303> J. Biol. Chew. <304> 271
<305> 5%30896> 33670<307> (1996) <400> 52 Lys Asp Arg Thr Leu Ile Qu d@n
Lys 1 5 «<32k®1if38, Q11 > 15 <2| 2> PRT <213> respiratory syncytial virus c300>
<304> 234 <30&x>ail.,<306> 118<307> 1997 <400> 53 Cys Ser Ile Cys Ser Asn Asn
Pro Thr £3yss Thgedt.athhen.Cys Lys 1 5 10 15 <2| 0> 54 <21l > 19 <2l 2> PRT <2| 3>
Pl asnodi 4gtuviasax 31 - ~ ,AUG 2002 <300>

<305> 131

<306> 4476-

<307> (1997)

<400> 36
ASp Ile Leu Lys Val Ile Val Asp Ser Met Asn His His Gly Asp Ala
1 5 10 15

Arg Ser Lys Leu Arg Glu Glu Leu Ala Glu Leu Thr Ala Glu Leu Lys
20 25 30

Ile Tyr Ser Val Ile Gln Ala Glu Ile Asn Lys His Leu Ser Ser Ser
35 40 45

Gly Thr Ile Asn Ile His Asp Lys Sexr Ile Asn Leu Met Asp Lys Asn
50 55 60

Leu Tyr Gly Tyr Thr Asp Glu Glu Ile Phe Lys Ala Ser Ala Glu Tyr
65 70 75 80

Lys Ile Leu Glu Lys Met Pro Gln Thr Thr Ile Gln Val Asp Gly Ser
85 90 95

Glu Lys Lys Ile Val Ser Ile Lys Asp Phe Leu Gly Ser Glu Asn Lys
100 105 110

Arg Thr Gly Ala Leu Gly Asn Leu Lys Asn Ser Tyr Ser Tyr Asn Lys
115 120 125
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WO 99/ 40934 <303> Vacci ne <304> 15 <305> 4 c306> 377c307> 19&78 AUG 2
PCT/ US99/ 03055 <400> 54 Ay Asp Arg Ala Aap Ay An Pro Ala Ay Aspagrg Al a
Asp Ay A wdes4ed 15 Pro Ala Ay <21 0> 55 <all> is <2| 2> ArOT/&$9983055
Clostridiumtetani <300> <303> Vacci ne <304> 15 <305> 4 c306> 377<307> 1997
<400> 55 @n Tyr Ile Lys Ala Asn Ser Lys Phe Ile Ay Ile Thr Qu Leu Cys 1
5 10 15 <21 0> 56 <21l > 25 <2l 2> PRT <2| 3> Ent anpeba hi stol yti ca <300> <303>
<304> <305> <306> <307> J. Exp. Med. 1B5 10 17931997 c400> 56 Val du Cys
Ala Ser Thr Val Cys A n Asn Asp_Asn_Ser (@Pro lle 1 5 10 15 32 - g AUG
2002 WO %F| heodsn| §i¢ ke SAE JligaPr ot I B SYASH AR 20 25 <21 0> 57 -
c211> 34 <2P¥ PRT <213> Scht3$t osona j aponi cdf? <300> <303> Vacci ne <304> 15
<305> 1 <306> 79<307> 1997 PCT/ US99/ 03055 <400> 57 Asp Leu G n Ser Qu lle
Ser Leu Ser Leu Qu Asn Gy Qu Leulle 1 5 10 15 Arg Arg Ala Lys Ser Ala
AQu Ser ¢mw>Am Ser u Leu An Arg Arg 20 25 30 Val Asp <21 0> 58 <211> 34
<2l 2> PR¥21¢2| 8¢ Schi st osoma mansoni ¢300> <303> Vacci ne <304> 15 c¢305> 1
<306> 79«Q5>pRO97 ~ <400> 58 Asp Leu G n Ser Gu Ile Ser Leu Ser Leu Gu
Asn Ser QGiislgdenopRilthsSidfiudizatrg Arg Ala Lys Ala Ala G u Ser Leu Al a Ser
Asp Leu A n Arg Arg 20 25 30 Val Asp 33 - a AUG ?~2 WD 99140934 <21 0> 59
<211> 63.5xl2> DNA <213> Artificial Sequence <220> <223> Descri ption of
Artificiad, Segpengss JYeeds restriction endonucl ease site inserted into wld
type Hepatitis B sequence at position 75 <220> <22| > CDS <222> (1)..(63)
PCT/ U899<1 0%9537 <400> 59 get acc tgg gtg ggt gtt eat ttg gaa get cca gcg tet

4 Thr, T Val | S A As
125 9% S g Rl BN el R R A0 = S

<21 0>60<21} >21<2| 2>PRT<2| 3>Arti fi ci al equence <400> 60 Ala Thr Trp Val Ay
Val Asn Leu Gu Asp Pro Ala Ser Arg Asp Leu 1 5 10 15 Val Val Ser Tyr Val
20 <2| 0>%F] P1MF 41 <21 2> DNA <21 3> Artificial Sequence <220> <223>
Description of Artificial Sequence: K inserted at am no acid position 75 of
Hetatitis B core 63 34 - g AUG 2~2 WD 991 40934 sequence <220> <22| > CDS
<222> (1)..(39) PCT/US99/03055 ,." <400> 61 get acc tgg gtg ggt gtt aaa aat
ttg gaa gato>xcé& gcg tc 41 Ala Thr Trp Val Ay Val Lys Asn Leu Qu Asp Pro

Ala 1 5 #01x210> 62 <211> 13 <212> PRT <21 3> Artificial Sequence
<212> PRT

<213> Haemophilus influenzae

<300>
<310> EP-0 432 220-Bl

<400> 38
Asn Lys Leu Gly Thr Val Ser Tyr Gly Glu Glu
1 5 10

<21l0> 39

<21l1l> 16

<212> PRT

<213> Haemophilus influenzae

<300>
<310> EP-0 432 220-Bl

<400> 39

Asn Asp Glu Ala Ala Tyr Ser Lys Asn Arg Arg Ala Val Leu Ala Tyr
1 5 10 15

<210> 40

<211l> 28
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<400> 62 Ala Thr Trp Val Ay Val Lys Asn Leu Gu Asp Pro Ala 1:5g%<210>
P g of

63 c211> 27 > gNA <213> Artificial Sequence <220> <223> Desc
Artificial Sgétléﬁg 4 K inserted at amino acid position 76 of %5&;0?58
core <220> <22l > CDS <222> (3) .. (26) <400> 63 tt aat aaa ttg gaa gat cca
gcg tct a Asn Lys Leu Qu Asp Pro Ala Ser 1 5 <210> 64 <211> 8 <212> PRT
<21 3> Artificial Sequence c400> 64 Asn Lys Leu GQu Asp Pro Ala Ser 27 35

- g AU-G ?~d WD 99140934 PCT/ US99/03055 1 5 <21 0> 65 <211> 2? <212> DNA M
<2l 3> Artk#izi par Sequence <220> <223> Description of Artificial Sequence: K
inserted at13poRddak@iha’ o PeRatitis B virus core <220> <22l > CDS <222>
(3)..(26) <400> 65 tt ant ttg aaa gaa gat cca gcg tct a 27 Asn Leu Lys Qu
Asp Pro AkmeSer 1 5 <210> 66 <211> 8 <212> PRT <2| 3> Artificial Sequence
<400> 66 éﬁmh@yg?&agu Asp Pro Ala Ser 1 5 <210> 67 <21l > 32 <2| 2> DNA
<213> Artificial Sequénce <220> <223> Description of Artificial Sequence: A
inserted gf, position 78 of hepatitis 8 core <220> <221> CDS <222> (3)..(32)
<400> 67s£et g\n ttg gaa aaa gat cca gcg tct aga gac 32 Asn Leu G u Lys Asp
Pro Ala Sér ?ng#%%l%I‘Ys ¥ 395 4a838yd A'i'gl'@hfmsp%l@%fnzééf Q <212> PRT
<213> Arti fici al Sequenée <400> 68 Asn heu G u Lys Asp [ 9 a Ser Arg Asp
15 10 <210> 69 <211> 36 <2l 2> DIdA <213> Artificial Sequence <220> c223>
Descri pt it O Bew rgp disal LiSequenaa: e} inpgeélg,e?%%t am no acid position 79 of
hepatitis 'B core <220> <221> CDS <2¢2> (3).. ) -a Au~~ PCT/ US99/ 03055
<400> 69 tt eat ttg gaa get aaa cca geg tet age gac cta g 36 Asn Leu Gu
Asp Lys Pro Ala Ser Arg Asp Leu 1 5 10 <210> 70 <211> 11 <212> pRT <213>
Artifici akl®egquence <400> 70 Asn Leu Au Asp Lys Pro Ala Ser Arg Asp Leu 1
5 10 <2l G211 22| 1> 39 < 212 ~ DN A <21 3> Artificial Sequence <220> 37 ~
AUG 2a02 <92-088#% 0934 <223> Description of Artificial Sequence: R inserted
at am no<am>dumng)@a§4}rg% hepatitis B core <220> <22| > CDS c222>
(3)..(3B) PCT/US99/ 03055 <4 b> 71 tt aat ttg gaa gat cca aaa gcg tct aga
gac cta gi@sg 39 Asn Leu Qu Asp Pro Lys Ala Ser Arg Asp Leu Val 1 5 10
<210> 725915 33,5s¢> PRT <213> Artificial Sequence <400> 72 Asn Leu GQu
Asp Pro Lys Ala Ser ,&rg Asp Leu Val 1 5 10

<400> 41
8 L

10 15

Ala Glu Len ABp Asp Lys Tyr Ala Gly Lys Gly Tyr
20
25

<210> 42
<211l> 28
<212> PRT

<213> Moraxella catarrhalis

<300>
<310> WO 98/06851

10 15

Ala Glu Leu Asn Lys Asp Tyr Pro Gly Gln Gly Tyr
20
25

<210> 43
<211> 25
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Description of Artificial Sequence: R inserted at amno acid
hepatitis Bweoyoposia20> <22| > CDS <222> (3)..(4l) <400> 73 ttecaaisvoymsyaa
gat eca gcg aaa tct aga gac cta gta gtc ag 43 Asn Leu Qu Asp Pro Ala Lys
Ser Arg Asp Leu Val Val 1 5 10 <210> 74 <211> 13 <2l 2> PRT <213> Artificial
Sequence <400> 74 38 ' 8 AUG ~ WO 99/40934 Asn Leu Qu Asp Pro Ala Lys
Ser Arg Asp Leu Val Val 1 5 10 <210> 75 <211 > 45 <2|12> DNA <21 3> Artificial
Sequence <220> <223> Description of Artificial Sequence: R inserted at
am no actd?po¥*tion 82 of hepatitis B core <220> <22| > CDS <222> (3)..(44)
PCT/ US99733305Bp-ehpremerss tgingifalif g gaa gat cca gcg tct aaa aga gac cta gta
gtc agt t 45 Asn Leu G u Asp Pro Ala Ser Lys Arg Asp Leu Val Val Ser 1 5 10
<2| 0> 76<30221> 14 <212> PRT <2| 3> Artificial Sequence <400> 76 Asn Leu Qu
Asp Pro A@>Serxo Lys Arg Asp Leu Val Val Ser 1 5 10 <210> 77 <21 1> 50 <2l 2>
DNA <2| 3z3o&st2ficial Sequence <220> <223> Description of Artificial
Sequencez3de>i msmrted at amno acid position 83 of hepatitis B core c220>
<221> CDgBo9322997(3)..(50) <400> 77 tt aat ttg gaa gat cca gcg tct aga aaa
gac cta gta gtc agt tat 47 39 W O 99/ 40934 ~8 auc~ PCT/ US99/ 03055 Asn Leu
A u Asp Pif-Ahf Ser Arg Lys Asp Leu Val Val Ser Tyr 1 5 10 15 gtc Val c210>
78 <21l >a{fvsel gz PRI 194lda é};at IL{,/A; %gl valCHHERGEe 1400y &8-AaR Leu G u Asp
Pro Ala Sef Arg Lys Aspgleu Val Val Sery Tyr Val 1 5 10 15 <210> 79 <21I> 50
<212> DNA <213> Artificial Sequence c220> <223> Description of Artificial
Sequence, . R_inserted 1.No_aci sition 84 of hepatitis B core <220>
<22| > CD§1u<5&2§>ﬁ(33§:: %Fal?@dx)ggbq'ggol%% 79 tt aat ttg gaa gat cca gcg tct aga
gac aaa cta gta gtc agt tat 47 Asn Léu G u Asp Pro Ala Ser Arg Asp Lys Leu
Val Val Ser Tyr 1 5 10 15 gtc Val <210> 80 ' <21l > 16 c212> PRT <2| 3>
Artificial Sequence <400> BO Asn Leu G u Asp Pro Ala Ser Arg Asp Lys Leu
Val Val S&t°>T¢* val 1 5 10 15 50 40 a Auc 2002 WO 99/ 40934 PCT/ US99/ 03055
<2l 0> 81<&2P12031 <2l 2> DNA <213> Artificial Sequence <220> r <223>
Descri pt re¥>0PRRArtificial Sequence: R inserted at am no acid position 85 of
hepati t i s2B>c 8pxphy20@pnag2@ingitds<222> (2) .. (31) <400> 81 c tcg age gac
cta aaa gta gtc agt tat gtc 31 Ser Arg Asp Leu Lys Val Val Ser Tyr val 1 5
10 <21 0><8®<211.> 10 <2l 2> PRT <213> Artificial Sequence <400> 82

<304> 110

<305> 2

<306> 285-

<307> 1997

c210> 73 <211> 43 <21 2> DNA <2| 3> Artificial Sequence <220>_<%§§§2Illg
t9%%n 81 of

<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
<308> 9
<306> 4444-
<307> (1997)

<400> 45

28



Ser Arg Asp Leu Lys Val Val Ser Tyr Val 1 5 10 = 8 AUG 2002
<210>83<211>18<2| 2>PRT<213>Pl asnodi um vi vax <400> 83 Asp Arg Ala Ala Ay
G n Pro AlwoGbMedsp Arg Ala Asp Ay G n Pro 1 5 10 15 Al a @CI/USY/(R85B4
<21l > 8 <2| 2> PRT <213> Influenza virus 41 WO 991 40934 <400> 84 Cys Asn
Asn Pro H's Arg Ile Leu 1 5 <21 0> 85 <211> 25 <2| 2> PRT <213> | nfl uenza
virus $ AUG 2~2 PCT/ US99/ 03055 <400> 85 Cya Pro Lys Tyr Val Lys @ n Asn
Thr Zeu Lys Leu Ala Thr Ay Met 1 5 10 15 Arg Asn Val Pro Gu Lys @ n Thr
Arg 20 25 <2] 0> 86 <21l > 15 <2l 2> PRT <2| 3> Mycobacteri um_t ubercul osi s
<400> 8GenHis\Ain Pt ToF (bNsBePrd2 184 ik TEeur 1% VA2 e 88F Lys val 1 5 10
15 <2l 0> 87 <21l > 15 <3| 2> PRT <213> M®obact eri um t ubetcul osi s <400> 87
Leu Leu Val Ser Ser Lys Val Ser Thr Val Lys Asp Leu Leu Pro 1 5 10 15 <210>
88 <21l =1¥5Sasn = 2ps PRT <2| 3> Mycobacterium tubercul osis <400> 88 Leu Leu
Pro Leu Leu Qu LygoVal Ile Gy Ala Ay Lys Pro Leu 1 5 10 15 42 -a
AUG2~2 WD 991 40934 PCT/ US99/ 03055 <2l 0> 89 <21l > 15 <212> PRT <2| 3>
Mycobact eri um t ubercul osis <400> 89 Ala xle Leu Thr Gy Ay A@n Val Ile Ser
Gu Qu Mab>Ggy Leu 1 5 10 15 <21 0> 90 <21l > 15 <2| 2> PRT c213>
Mycobactghrh Limt ubercul osis <400> 90 Ile Ala Phe Asn Ser Gy Leu Gu Pro Gy
Val ?)/al A3, G4 Lys 1 510 15 <2| 0> ill <21l> 18 8212> PR‘(I_‘J <213> g
Mycobact u I I,S; <400> 91 a Arg Arg y Leu u Arg y Leu Asn
Ala Leu %%?s‘%g%%ég%fwf% 10 15 Lys Val -
<220>92<é]°%5140212>PRT<2I 3>Mycobact eri um t ubercul osis <400> 92 Qu Lys lle
Ay Ala u Leu Val % s Qu Val Ala Lys Lys ' 1 5 10 <210> 93 <2l 1> 17
<2l 2> PRﬁ;lQ?I‘?&g-ﬂ/&c% cteriumtubercul osis 43 - g au ¢ 2no2 WD 991 40934
PCTI US99/ 03055 <400> 93 Ay Leu Lys Arg Ay Ile Gu Lys Ala Val Qu Lys Val
Thr du °>1#% 10 15 Leu <210> 94 <21l > 15 <212> PRT <213> Mycobacterium
t uber cul 8 3lacddpTleqrly BreyMapkyP Ata Ax3l A FrASTOARE BYE MPa Ala Val Qu
Au dy 13 10 15 <2] 055 95 <211> 20 <2PF> PRT <213> Fel i*Ae | eukenia virus
<400> 95 Cys Asp Ile Ile Ay Asn Thr Trp Asn Pro Ser Asp G n GQu Pro Phe 1
5 10 15 R0 TH ZW1FyRro(hia 20 <2| 0> 96 <211> 21 <212> PRT c213> Feline
| eukem a virus <40®e 96 Cys Ile Ay Thr Val Pro Lys Thr Hs @n Ala Leu Cys
Asn Gu Thr 1 5 10 15 An dn @y H's Thr 20 <21 0> 97 <21 1> 13 <2| 2> PRT
<2l 3> Feline | eukem a virus 44

<210> 47

<211> 16

<212> PRT

<213> Plasmodium falciparum

<300>

<303> Int. Arch. Allergy Appl. Immunol.
<304> 114

<305> 1

<306> 15-

<400> 47
Ser Val Gln Ile Pro Lys Val Pro Tyr Pro Asn Gly Ile Val Tyr Cys
1 S 10 i5

<210> 48

<211> 16

<212> PRT

<213> Plasmodium falciparum

<300>

<303> Int. Arch. Allergy Appl. Immunol.
<304> 114

<305> 1
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WD 991 40934 <400> 97 Gy Asn Tyr Ser Asn @n Thr Asn Pro Pro” B 8Y&dRcy s 1
5-10 .> <2| 0> 98 <211> 22 <212> PRT <213> Feline | eukem a virus - 8 auc ?~
PCTNS99/ 03QRSogrhds%> 98 Thr Asp Ile G n Ala Leu Gu G u Ser pdeusien3odsa Leu
Gu Lys Ser 1 5 10 15 Leu Thr Ser Leu Ser Au 20 c210> 99 <211> 14 <212>
PRT <213> Feline | eukem a vixvs c400> 99 Ala Lys Lau Arg Glu Arg Leu Lys
Adn Arg AGn @n Leu Phe 1 5 10 <210> 100 <21Z> 23 <212> PRT <213> Feline

| eukem a virus c400> 100 Asp Ser An A@@n @y Trp Phe Gu Ay Trp Phe Asn
Lys Ser Pro Trp 1 5 10 15 Phe Thr Thr Leu Ile Ser Ser 20 <2/0> 101 <21l > 18
<2l 2> PRBoe213> Fel i ne | eukem a virus <400> 10l 45 '8 AUG2~2 WD 99140934
PCT/ US99/ 03055 @ n VvVal Met Thr Ile Thr Pro Pro G n Ala Met Gy Pro Asn Leu
Val 1 5 d@oiSed eu Pro <2| 0> 02<211>17<212>PRT<213>Fel i ne | eukem a vi rus
<400> | OspASRe @sA HikS TH¥ @yPrthrSeéu Ay MHncHemetd@uldla &bpi cger Arg Val Thr 1
5 10 15 Prro <21 0> 103 <®11> 15 <212> PHb <213> Feline | esikem a virus <400>
|03 Arg Arg Ay Leu Asp Ile Leu Phe Leu dn GQu Ay Ay Leu Cys 1 5 10 15
e210> 104 <2l 1> 25 <2| 2> PRT <213> Feline |l eukema virus <400> 104 Adn Gu
dy Ay Lay.Qys Ala Ala Leu Gu Qu Cra dnlle Ay Ay 1 5 10 15 Leu Cys
Al a Alaf_%g_li Lys Gu du CQys 20 25 <21 0> 105 <2| 1> 12 <2i 2> PRT <2I 3>
Artificisl Sefuence 46 WD 99/40934 <220> <223> Description of Artificial
Sequence?z%?t rone P-450 fragnent <300> <303> Sci ence <304> 22B c306>

| 436- 144P230FF PEREERHTEPIVE™Asn Al a Asn Pro Asn Ala Asn Pro Asn Al a Asn
Pro 1 5 10 <210> 106 <2l 1> 6 <2I12> PRT <21 3> Artificial Sequence <220>
<223> Dest¥%ption of Artificial Sequence: Cytochrone P-450 fragnent <400>

| 06 Gds WER3>CpreH-elrddk §i%er 1 5 <21 0> | 07 <211> 6 <212> PRT <213>
Artificial®4Sedence <220> <223> Description of Artificial Sequence:

C~t ochr or¥06pP- 8&plf-r 4lfreat c400> 107 Gds Arg Phe Ser Ile Asn 1 5 <21 0> 108
<21l > 5 <A72>(PHP)<213> Artificial Sequeace - 8 AUG 2~2 PCT/ US99/ 03055 47

1 T WD 99/40934 <220> <223> Description of Artificial Sequence: Cytochrone
P- 450 fragmenks<400> 108 Cys Ala Val Pro Arg ' 1 5 <210> 109 <2l 1> 5 <2| 2>

PRT Lys Pro Arg Pro Ile Tyr Glu Ala Lys Leu Ala Gln Asn Gln Lys Cys
1 5 10 15
<210> 50
<211> 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



<213> Artificial Sequence c220> <223> Description of Artificial iegﬂgr}&g
G-tochronme P-450 fragnment <400> 109 Cys Ile Pro Arg Ser 1 5 <2| & 11>
5 <212> PRyo9%8k@s4Artificial Sequence <220> <223> Descri pt iPER/USPYR033 i ci al
Sequence: C-rtochrone P-450 fragnment <400> 110 Cps Phe Ile Pro Val 1 5
c210> 111 c211> 6 <2l 2> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: C~tochronme P-450 fragnent <400> 111
Cars Thr Val Ser Gy Ala 8 All G ~ PCT/ US99/ 03055 48 " 8 AUG ,~ WD

991 40934 PCT/ US99/ 03055 1 5 <210> |12 <21l > 6 <212> PRT <21 3> Artificial
Sequeac &322 psoc2¥a) - Dheadr | Pri-oR-BPR-Artificial Sequence: Cytochrone P-450
fragnmenk3e00% | 12 Cys Thr Leu Ser Ay Gu 1 5 <210> 113 <21l > 12 <2| 2> PRT
<213> Plassodi um knowl esi <400> 113 A n Ala Gn Gy Asp Ay Ala Asn Ala Ay
A n Proc<iod 36149 . AyU3?. AUYr. A . A Al. A AN A . A

. Aly. A{ &3daSf .(Asg¥A. AhY. AQU@ . ASr. AN@ A. A9(y, . AF. A3. A. A>r. AL A. AR AA9. AA, . AS. A
f.Ah3. Af. AL. Ay?. A @R A h] .A3. A . A :

. Aye. A8AY o sAL. AH AAr . A.r. A& 9. ALR. Ah,y. A . A{e. A . AU% Al . AS, ). Af R A A3. AAf
e. A& A 'Nr AR AELn Ala Aer &y APh1 Afya Me%)/blf\}\sn Leu Thr Ala Gln Cys

) . AY. AFe. 9\87 Ae. AhR AesAe. Ae. Ane. Ae. ARRAR A R Afe. A?. AAsAh?. AUl e. Al ?. Ae. AY?
.Aye. AL, , . A .A IR AfI. AfF’? AR Ae. A?. A. A Af5R Ae. AA?. A . A?. A, R AFy. A, . AR AS
I ?. ANe. AySR. A9?. AR A9FR. AyY?. Afy. Ay. 3! hny{7S*: UY2"

{vqkf [ a] éa\/] cal] caV] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] c<a
] ca] c"a] i ] ca] c™a] ca] ca] ca] caU] ca] ca O 57<nt?t QC| f
1~yt ni d”

R\E{] ca] ca]caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]c
a] ca] ca] cal ca] caV] ca]ca] caV]ca] ca 16j q46BF

LKIM | L"<PL ”| F‘@ld\"‘ LAPtaV] ca] ca] call c

a] ca] ca] cal] ca] cal] ca] ca] caV] ca] caV] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca]ca]c
a] ca] ca]€Q°>

"#33$ U VIR BREKEENS-) * F+++, ,,,,, V--n. }xsnid_ZV] c] ca] ca] ca] c"a] ca] ca] ca]
ca] ca] caj¥®abcdica] ca] ca] ca] ca] cal] caV] ca] caV] ca] ca] ca] caV] ca] ca] cal] ca]ca] c
ajca <305> 52

N.pP.Q.S.4B06>233676-........ SITIXI Yl alc/gll/l/100022}xrmhc] XSni d_Z] ca] ca] c”a] c
a] ca] ca] efvalcalwaj c”a] ca] c”a] ca] c”a] cal] ca] cal] ca] cal] ca] ca] craU] ca] cal] ca]
cal] ca] c”aU] ca U] cMaU] ca223A3) 3 44457. 8888999>? ?7?7?) 2@t A} AABCHDD

EDE~yt 0] g408Y)] §AU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c$a] c$a] ca] cal] ca] cal] ca] ca
] ca] ca] cg,]sca]“ga]rgahﬁa}.&ﬁ]ma]m] én] egab)] ca] ca! DEWGH! | | JIK+KWKhKI KnKKKL/ LALLLM
#M&NDM 1

MNIVMVMENSN. NRN~yt oj e ZU] cal] ca] cMa] ca] ca] ca] ca] ca] c”a] ca] c™a] ca] ca] ca] ca] ca]
ca] ca] ca] ca] c”a] ca] c"a] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca! RN\ NgNj NI N\vNx N| NNNNNN
O OZO000R@GRk PRPPPPPPP

ROR3R} xs XSk e] ca] cha] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca]

ca] ca] cal, a>] ca] cal] ca U c”aU] ca] cal] ca] cal] ca 3R6RBRKRR
SBSSLTTYA AAMVARY/ V4 RVATAYAATAV wr ngb] Xj e] ca] ca] ca] ca] c”a] ca] ca
c~al ca] c~&} cafe%ﬂuﬂ ‘1‘8a7‘839§fc£ caj ca] ca\L/J]W\c\é] czT]Jc!a] Jca} ca} ca} ca} ca} cal I:a] I:a] 1:

a] c”al ca YWAKXX5 X7 XUXXXXYYDYFYhYi YYZI| ZnzZZ

[[TVK\ W R%8> n u | vql gb] Xj e] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] c”a] ca]
ca] ca] c"az‘c exa] ca] c”a] ca] ca] ca] ca] ca] c*a] ca] c”a] ca] ca] ca

u 29BEbIbLbNbf b4cl cc@Kdddf f f ggvhxhhhhh{vql f a[ Vj e] c] caU] ca] cal] ca]
ca] ca] caV]’%ﬁa’] 4% ca] caV] ca] caV] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca]
ca] ca] caré®M @da%hhj j kHkwkl I I mmmm nni nnnpzrtttt; uxx

yyzyyyy~ytni d*Yj e] c] c] cal] ca] ca] caV] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] cal]
cay ca] ca]ica] ca] cal ca] ca] calca]ca] ca]ca]ca] ca]ca yyyyy{{{{|4}6} @F1

- 15Ut yt ajve s&d &1 cay|ea] ma] 6ap FapcEHT aYE Capchld ¢a¢ ¢ éleﬁ caV]ca]ca] ca]ca]c
a] ca] ca] cal) ca] ca] c*a] ca] ca] c”a] ca] c"a] ea] cal] ca

$T" % OKP(#ERr _aj zupj e_ZU] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]
ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] c”a] ca! Yi nV~KXs@BXKLw5s*{vql
gb] X] c] cakega] Ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cal] ca] c"a] ca] ca] ca]ca
] ca] ca] calkeal ga] ca] ca] ca] ca] ca] ca! H¥zETW Ga8~df hg| wr mhc] XI gb] X] c] cal] ca] ca]
cal ca] ca]&a]gai]nq.a] ca] ca] cMa] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] calU] cal] ca] c

a] Ca] ca\/] % od um_vivax

g} Rp]i . %? T xsnl _ YTl gb] ] ca] c”a] ca] ca] ca] ca] ca] ca] c”a] ca] cal] ca

UV] cay ca] ca] ca] ca] c*a] c*a] ca] ca]ga] ca] ca] ca] ca] caV] ca] cal] ca] cal] ca

-*, 7TW Of or COTZe6K" {| wgl fa[ VI gb] ]] c$alU] ca] caV] ca] caV] ca] ca] ca] c"a] cal] ca] ca]
ca] ca] cal] ca] caV] ca] ca] ca] ca] ca] c™a] ca] ca] calU cal] calca]lca]lca]lca plee.[}

&4} xrmhc”Yl gb]]] c$] ca] ca] ca] ca] cal] ca] caV] ca] ca] ca] ca] ca] ca] cal] cal] c

a] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] ca] ca

nu! Sr~' {vgkf [VI gb]]]ca]caU] ca]caU] ca]ca]ca]c"alc"a]c"a]ca]ca]cal]ca]ca]ca



VA xrmgb\ V] U] ] UY] caU] ca] cal] ca] cal] ca] caU] ca] caU] ca] caU] ca] ca] oag)]ﬁdlﬂw cau
]ca] cay] ca] cal] ca] cal] ca] ca] ca] cal] ca] ca] cal] ca2é: >BW\ " cf ny

i Qgs| vpj d_whehioyl U 11 cal] ca] cal] cal] cal] cal] cal] ca] cal] capcatseedesU] cal] c
a] cal] cay caréfcaU] ca] cal] caU] calU] ca] caU] ca] cal] caU] cal] ca8! m % 59MITW gk ~| w
r1 ga[ UP] ] caU] caU] cal] ca] cal] ca] ca] ca] cal] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca
] cal] caU] cal] cal] caUl] cal] cal] caUl] cal] ca] cal] cadi mw; |

="yt oi c] WQga[ UP] ] U] cal] cal] caU] caU] ca] ca] cal] caU] ca] ca] cal] cal] cal] caU] cal]

cal] cal] caU] cal] caU] ca] calU ca WV] cal] ca] cal] ca] caU] cal] ca2

) 8<E#ci | | vpi c] XRga[ UP] ] U] ca] cal] cal] ca

WV] cal] exdpca] cal] cal] ca] ca] cal] ca] cal] ca] cal] cal] ca] ca] cal] caUl] cal] cal] cau
] caU] cakfmsaysadiheal] cal Mbgl} 90Xxr | f * ZTNgaU] cal] caU] cal] caU] cal] cal] ca

UV] cal] eadd>cas)] caU] ca] caU] ca] caU] ca] caU] cal] cal] ca] cal] cal] caU] cal] cal] cal]

cal] caUkeadd] ea4=}!*Yu <V

~xrl T ZQGdNgakhealU call cal cal] cal cal] caU] caU] cal] cal] cal] caU] caU] caU] cal] c
al] cal] cg-cales)] cal cal] ca] cal] cal] cal] cal] cal] caU] ca$- 37Q anp

% m'| zt nhb\ VP] U] caU] caU] cal] cal] caU] caU] caU] cal] cal] cal] ca] cal] ca] cal] ca] ca

U ca] calj g ] caU] cal] ca] caU] ca] ca] cal] cal] ca] ca] cal x(Cl L[ _s~#ysnmhb] WJ] U]
cal ca] % 58 99% f gatdcalLatd %ECM aad Q@H@Mﬁalﬂ ca] cal] ca] caU
] ca] ca] ca 3] caJc call ca#>G)q/

#+GJcl } xr rrga[ Uhb] W U cU] caU] cal caU] ca] caU] ca] cay] ca] caU] caU] caU] cal] ca] c
a] cal] cal] ca] cal] ca] caU] ca] cal] ca] caU] ca] cal] cal] cal] cal] ca

T d7| )}vaF@d\]‘?(fgi cal] ca] cal] ca] calU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca
Ul caU] cal] ca] ca] ca] cal] cal] cal] calU] caU] cal] cal] cal] ca) - | dENQTam zZf } xr| f " [ UP
]1cal ca] cal] cal] caU] cal] ca] ca] cal] ca] caU] caU] cal] caU] cal] ca] caU] ca] ca] ca] c
a] caU] cal] cal] caU] cal] cal] cal] cal] ca] ca/ Kci K hR| vpj e_YSf [ UP]] cU] cal] cal] ca
] cal] caWpe@t)5eéal] ca] cal] calU] ca] cal] cal] cal] ca] cal] ca] caU] ca] cal] ca] cal] ca] c
aU] cal zathxad) cal] cal] caROy". r)5: AFuzuoi cM"XSf " [ UP] ] c] cal] ca] cal] cal] cal] ca
] caU] ca]«eath W] cal] cal] ca] cal] cal] ca] cal] ca] caU] cal] cal] ca] cal] cal] caU] caU
] caU] caldeeat)|mas t:3idgutsicecanhb] W | U] caU] ca] caU] ca] caU] ca] cal] caU] cal] cal] ca
] ca] ca] cal] ca] ca] ca WV] caV] ca] caU] cal] ca] caU] ca] caU] ca] cal] cal] ca] cal] ca
Vr OBEHT}4&aysnga UChb] W] cal] calU] caU] cal] cal] caU] cal] cal] ca] cal] cal] ca] cal] c
a] cal] caldosafacaleal] cal] cal] cal] cal] cal] cal] caU] cal] caU] cal] ca/ GWNV W ?W " |
p| { vpke &blab] U] cal] cal] ca] cal] ca] cal] ca] cal] ca] cal] caU] ca] caU] cal] cal] cal]
cal] ca] cadkcadJ] ca] ca] calU] caU] cal] ca] caU] cal] cal] cal] calCL

, 26EN' JM\%@QI f75YShb] W] cU] ca] caU] ca] caU] cal] ca] cal] caU] cal] cal] ca] cal] ca] ca
U] cay] ca]&aVl galcal cay cal cal cal cal cal cal cal] cal] cal] ca*h028<XYj pt ~xr
| ga[ Unb] V\U] cUl U caU] calU] ca] caU] caU] calU] ca] ca] ca] cal] cal] ca] cal] ca] cal] ca] ca
U cay c cal caU] ca] cal] cal] cal] ca] cal ca] ca
BHZ" dj ox a C ca] cal] ca] ca
cal caj] ca‘?%?ca & mJP 39 %gﬁ]ﬁfgaﬁa& ﬁ;cﬂg]l %Zill%]lacg‘]zggt% g%tl]c?aﬂ( 1{ LKNILDJ]R[ g% Xr IU]g
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1109 & ()< "7|%&(017 ~bB. 4. . . |10%&() ). 1109 & ()-). '10% & ()-).
1109 & ()S322190% & ()-))? ' 78FKM “zZ:. 4. . 110% & ()-). !10% & ()-).

1109% & ()<322> 19os 4639 -). 110% & ()-))? ! almopfd. 4. . 110. 110% & ()-)

1109% & ()-). 110% & ()- ). 1109% & ()-). 110% & ()-))? !pqvVe. 4. .

1109 & ()<499>19998 & ()-). 110% & ()-). '10% & ()-). '10% & ()-))? !DbF. 4.
110. | 1098% @Fc)tas gUDERE (Ot Pat |LEGUFag @3t )ccal dFSE @Fa)gac] 4604 &4 ) -)) ?

| VV6. 4. . Ala G0 &xp) V31 GRY(UALEAEY -Deu GILOMFE Rrp-Hla E0FFrE op-beu | 1098 & ()-)) ?

IbF. 4. . 11D. 11098 & ()-F . 110%W & ()-).21010%W & ()-). 10 & ()-).
110% & ()-))? 'vVv6.4. . 110% & ()-).
gta gtc agt tat gtc 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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I ABQUWpZZ: %99/404310%&() ). 1109 & ()-). '10% & ()-). ! 10%cEnfshod3oss
11096 & ()-))? 'pgbF. 4. . . 1109%& ()-). 110% & ()-). 110% & ()-).
1104 & ()-). 110 & ()-))? !vV6.4. . 110% & ()-). 110% & ()-). 110% & ()-).
110 & ()-). '10% & ()-))? !fJ. 4. . 110% !109%& ()-). !10% & ()-
11008 & ()-). 11098& ()-). 1109%& ()-))2 IvV6. 4. . 1108 & ()-). 110% & ()-).
1109% & ()-). !10% & ()-). '10% & ()-))? ! bF.4. . 110. 110%& ()-) .
1109 & ()-). !segosnge()-). 1109 & ()-). '10% & ()-))? ! 03vV6. 4.

1109 & ()-). 1109 & ()-). 1109% & ()-). 1109% & ()-). 1109% & ()-))?

| 34@\BCDf<22d> . !10% !109%& ()-). '109% & ()-) . 1109% & ()-). 1109% & ()-).
1 1098 & ()<2p}2 OBEVY[ gj vV6. 4. . 110% & ()-). !'10% & ()-). 110% & ()-).
110% & ()<2k2> (1)..(39)

a <400> 61
gct acc tgg gtg ggt gtt aaa aat ttg gaa gat cca geg tc 41
Ala Thr Trp Val Gly Val Lys Asn Leu Glu Asp Pro Ala
1 5 10

<210> 62

<211> 13

<212> PRT

<213> Artificial Sequence

<400> 62
Ala Thr Trp Val Gly Val Lys Asn Leu Glu Asp Pro Ala
1 5 10

<210> 63

<21ll> 27

<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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110% & ()-))? 'jklzZ:.4. . 110% & ()-). '10% & ()-). !10%&'(%} ,
110% & ()-). llO%&'() ))? 12Z: . 4. . 110% & ()-). 1109 & ()-9¢ .%%‘()-).
1109 & () -) wo dsidax' ()-))? | bF. 4. . . 11098 & ()-). '10% & ()PQT/US9I9/03055
11098 & ()-). 11098 & ()-). '10% & ()-))? 'bF. 4. . . 110% & ()-).

110% & ()-). '10%8 & ()-). '10% & ()-). '10% & ()-))? !bF. 4. . .

11098 & ()-). 11098 & ()-). '10% & ()-). '10% & ()-). !10% & ()-))? !+, bF. 4.

110% & ()-). '10% & ()-). '10% & ()-). '10% & ()-). '10% & ()-))?

/OFGOF. 4. . . 110% & ()-). '10% & ()-). '10% & ()-). '10% & ()-).
I10%&'() $)? 1GHJK\]bE. 4. . . 110%& ()-). 110% & ()-). !'10% & ()-).
11098 & ()-). 11098 & ()-))? !']7jprvve. 4. . 110% & ()-). '10% & ()-).
11098 & ()-). '10%8 & ()-). '10% & ()-))? 'fJ. 4. . 110% !10% & ()-).
11098 & (230> 6510% & ()-). !'10% & ()-). 1109 & ()-))? !'vVe6. 4.

<21l> 27
<2125 DNA
. <213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: K inserted at
position 77 of hepatitis B virus core
<220>
<221> CDS
<222> (3)..(26)
<400> 65
tt 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
<211> 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
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1fJ. 4. . 110% !10%& ()-). '10% & ()-) . !10% & . 110% &
11098 & ()-))? |/ 2vV6. 4. !10%&'()-).)!10%&'()-9 ?10%&'()-9 .
11006 & ()-). 1109 & ()-))? ! 23?@\ JbF. 4. . 110. 110%& ()-) . 110%& ()-).
11096 & ()-). 110%& ()-). !10%& ()-))? ! IKUZ\ruvV6. 4. . 110% & ()-).
1109 & ()-). 110% & ()-). '10% & ()-). 110%&'() ))? !uvbF. 4. . 110.
1109 & ()-) % 110%& ()-)% 110% & ()-). Mo%w& ()-). 110% & ()-))? !vVe. 4.
L 110% & ()-). 110%& ()-). '10% & ()-). '10% & ()-). '10% & ()-))? !DbF. 4.
110. 110% & ()-) . '10% & ()-). '10% & ()-). '10% & ()-). '10% & ()-))?
I SRL . 10%88s&5s()- . 109%"s& ()-%."3,10%"s& ()-10110!110!. 110% & ()-))?

105" Shit)
.1 10%6" s§16) ve! 109" S& () - q+! 109" s& () - q+! 10%" s& ()-q+! 10%"s& ()-q+
" $1096" 58 { ) B PO EAnce -4 0-d
L F109%8"s& ()-q+! 10%"s& () -qg+! 109%"s& ()-g+q! 109" s& ()-g+! 10%"s& ()-qg+) ?A
<400> 68
Asn Leu Glu Lys Asp Pro Ala Ser Arg Asp
1 5 10

<210> 69

<211> 36

<212> DNA

<213> Artificial Sequence

<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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110! 10%‘3§&°‘(g-q+! 109" s& ()-q+! 109" s& ()-q+! 10%"s& ()-qg+ 109" s& ()-q+)?
A ! vV6sRy221> €DS

1 10%" s&JPR>q1104E)s& () - g+! 10%"s& ()-q+! 10%"s& ()-qg+! 10%"s& ()-q+) ?A !
fJIsRl

| 10%s! 109490887X ) - q+! 10%s" s& () - g+! 10%"s& ()-q+! 10%"s& ()-q+! 10%"s& ()-qg+

)?A 1 1 3@ MGgRdaa gat cca aaa geg tct aga gac cta gta g 39
11096" s&' ( asf+iehO8my %(Qroqﬂrél.&ﬁ/ﬁ"&?z' Adg b LG VR () - g+! 109%8"s& () -q+) ?A
| GHSTUVW JsRi 10

1'10%s! 109%"s& ()-q+! 109" s& ()-q+'10%"s& ()-g+!' 10%"s& ()-g+' 10%"s& ()-q+
) ?A 1 WKf nsvV6SR1

1 109" S& {0044 10%6" s& ()-qg+! 10%"s& ()-q+! 10%"s& ()-qg+! 10%s"s& ()-q+) ?A

I f JSR1 1s

110%s! 10[@125,&?,@ g+!' 109%8"s& ()-q+'10%"s& ()-q+! 109%8"s& ()-g+!' 10%"s& ()-qg+
) ?A 1vV6s

| 10%" S& %]’-qﬁ%% 5 TP eGP 100" s& () - q+! 109" s& () - q+! 10%" s& () - q+) ?A

I f JSR1

1 10%s1 106490 7 +1 100 1100 1100 1100
3o S voa Loe e 918" AL QL AREASHL U 1076758 0 10%7e8 O -
110%"s& (3-q+ 10%"s& B)-qg+! 109" s& ()IY+! 10%"s& ()-qg+! 10%"s& ()-q+) ?A !
f JsR1

1 10%s! 109" s& ()-q+! 10%"s& ()-q+! 10%6"s& ()-qg+! 10%"s& ()-q+! 10%"s& ()-q+
) ?A | ~bFsFqe> 73

1 10! 10%6<3®>( #3 g+! 109" s& () -q+! 109" s& ()-q+! 109" s& ()-qg+! 109" s& ()-q+) ?
A 1 % | 9<¢¥BSRDNA

| 10%" s &<E)3>atdiG¥sim&'seduapse 109" s& () - q+! 10%6"s& () -q+! 10%"s& () -q+) ?A

| <=FGHI Jf JsR1

1 10%s! 10%@2e8 () -q+! 109" s& ()-q+! 109" s& ()-qg+! 109%"s& ()-q+! 109" s& ()-q+
) ?A 1 JKW¥R kv WesdqRliption of Artificial Sequence: K inserted at

5 10‘V?:']s§'1 () - Q&hddV8c SR pb z tibh 100G Sedakibid B0dres& () - q+! 109" s& () - q+) ?A
'Nno~1Js

1 10%! 10%56& () -g+! 109" s& ()-q+! 109" s& ()-qg+! 109%"s& ()-q+! 109" s& ()-q+
) ?A 1 vVBsR > cp

1109s" s&<§)2>q4(g)10/(§1)s& ()-g+'10%"s& ()-g+!'10%"s& ()-qg+!'10%"s& ()-qg+) ?A
1zZ: sR1

1 1096" S& (}.0%510%6" s& () - g+! 10%"s& ()-q+! 109" s& () - q+! 109" s& () - ¢+) ?A

I f JSR1

tt g 3, ¢ 6: t a a ac ct a,

;39;@;@;&‘33 G AR SEDRT B LI EITE 38 (F- v 10%7s2 - 2
1 109%6" s& ()-d+! 109" s& () -Y+! 109%6" s& () - q+t%0%" s& () - g+! 109" s& () - q+) ?A !
Y%&bFsR1

110! 109" s& ()-q+! 109" s& ()-q+! 10%"s& ()-q+! 109%"s& ()-q+! 10%6"s& ()-q+) ?
A 1 & 38: P&ABIRL

1 10%" s&<RIL+B10%s" s& ()-qg+! 10%"s& ()-q+! 10%"s& ()-qg+! 10%"s& ()-q+) ?A

| STA " nolsRsR1 PRT

1 10! 10%'<8 83X Argidit08s "suédceq+! 1096" s& () - g+! 109" s& ()-qg+! 109" s& () -q+) ?
A ! op| vV6sR1

1 10%" s&<aPoi#410%" s& ()-qg+! 10%"s& ()-q+! 10%"s& ()-qg+! 10%"s& ()-q+) ?A

| bFSR1

110! 10%6"s& ()-qg+! 109" s& ()-q+! 16" s& ()-q+! 109%"s& ()-q+! 10%6"s& ()-q+) ?
AlzZ sRl

110%" s& ()-q+! 10%"s& ()-qg+! 10%"s& ()-q+! 10%"s& ()-qg+! 10%"s& ()-q+) ?A
1zZ: sR1

110%"s& ()-q+! 10%"s& ()-qg+! 10%"s& ()-q+! 10%"s& ()-q+! 10%s"s& ()-q+) ?A
136zZ: sRl
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}!zZ:)!lO%lO%!&'()-"!10%!&'()-"!10%!&'()-"!10%!&'()-"!10%!&'4)‘0&)2E
11 >0yX7)!110% 3 " 3109B8" & ()- 111098"& ()- F 01098" & () -

Y. 1098" & () woléobsw' ()-")?$ }!o)|obU4! 10 @0% E# & ()- 108"pkAfAishoid3oss
9z1098" & ()- F S8z1098"& ()- 3 6@098"& ()- 5@0%8"& ()-)5:BSbr|[;bU4! 10
10% E# & ()- "YI0%E# & ()- YI0%E# & ()-Z SI0% E# & ()- -10% E# & () -

| M0% E# & ()-rs|}~bBbU4l 10 10% E# & ()-)?i U#0 10% E# & ()- 10% E# & () -
10% E# & ()- 10% E# & ()-UW9bU4A! 10 10% E# & ()-)?2i U# 10% E# & ()- 10% E#

& ()- 10% E# & ()- 10% E# & ()-WbUA!I 10 10% E# & ()-)?2i U# 10% E# & ()- 10%
E# & ()- MBobeein (Frp Aoy Lys(Jerf Fpuderbeuleh Yabo E# & () -) ?i U¥% 10% E#

& ()- 10% E# & ()- 10% B# & () - 10

<210> 75

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: K inserted at
amino acid position 82 of hepatitis B core

<220>
<221> CDS
<222> (3)..(44)

<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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10% E# & ()- +U9bU4! 10 10% E# & ()-)?i U¥ 10% E# & ()- 10% E# & () ég%E#
& ()- 10% E# & ()-+07; EFTUSbU4! 10  10% E# & ()-)?i U¥ 10% E# & ()- hfl %

& ()- 10% Fh Ria0d3¢ 10% E# & () - TUMKYcdf F* 10% E# & ()- 10%daHusonioss 2i Us%
10% E# & ()- 10%E# & ()- 10%E# & ()- 10% E# & ()-def gh{bB* 10% E# & ( 10%
E# & ()- 10%E# & ()-)?i U¥ 10%E# & ()- 10%E# & ()- 10% E# & ()-uY=* 10%
E# 10%E# & ()- 10%E# & ()-)?i U¥ 10% E#

Asn Leu Glu Asp Pro Ala Ser Arg Lys Asp Leu Val Val Ser Tyr
1 S 10 15

gte 50
val

<210> 78

<211> 16

<212> PRT

<213> Artificial Sequence

<400> 78

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% E# & ()- 10% E# & ()-bF* 10% E# & ()- 10% E# & ()- ,19%@@
& ()-)2i Ut 10% E# & ()- 10% E#t & ()- 10% E#t & ()-~">* 10% E# ~82 0% BT & () -
10% E# & (Wo bQ83E# & ()-)?i U¥ 10% E# & ()- 10% E# & ()-y] AETABI/EI5L 10%
E# & ()- 10%E# & ()- 10%E# & ()-)?i U# 10%E# & ()- 10%E# & ()- ~bF* 10%
E# & ()- 10%E# & ()- 10%E# & ()- 10%E# & ()-)?i U¥ 10% E# & ()- 10% E#

& ()- ().z">*

<210> 81

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: K inserted at
amino acid position 85 of hepatitis B core

<220>
<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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10% E# & 10% E# & ()- 10% E# & ()- 10% E# & ()- 10% E# & ()-)7?i U# 10% E#
& ()-.567<GHyY=* 10% E# 10% E# & ()- 10% E# & ()- 10% E# & ()- TOBAUR 2002
& ()-) ?i Utwidegdoss4&' () - H JKBCDEF~] PC6 1010Q Q 10Q QLOQ Q =3ATICSAFOTES () -
MB+! 109%4" 48 ()- 10% E# & ()-)?2i U# 10% E# & ()-FnB|[: PC6 101 9S 10%t& () -
y&10%%&' ()-- y#I0UMK %K & ()-z- 9 10%%& ()- !109%& ()-

p! 10%$s& ()-2uS|[:PC6 101 L 10%4& ()-c L 10% $& ()-c- % 10% $& ()-c- L
109%vB& ()-c s 10%%& ()- 9S 10%%& ()-& obU4 1 10% & () - 10KK1OKKIOKK-
1$109KK& §gm 1%10% %9 & ()-m 1$10%4 { & ()-mL 10%!s& ()-c!/|[:bW4 1
L10%H &<¢99> B8 yy109R& (Q-- (109 & ()-- & 10% & ()- t10W & ()-

f10% & (CF#/3sq pehBEe Fiis Aq-T¥OHSR ()- H 10%~& ()-s- 109 ()-s-

10%&' ()-st 10%& ()-sSL109% & ()-]|Z9% U4 1 9*10%ZZ& ()-!)9*10%y& ()- F
10%r& ()-- TF 10% & ()- nF 109& ()- F 1098& ()-]|[NA4 110! 10! 10!

(@10% & ()- Bs710% & ()-F- 9*10% & ()- 9*10% & ()- h9*10%3& ()-0@[: NA4
110 L10%28b%)8sg s@O0%B & ()- L t10% & ()-- 2&10% A & ()-° u( 2&10% O ()-°
2810%&' (eil@zse| [ NA4 110 9310% & ()- sSMLOB & ()- S&L0% & ()--

"110% & d2h2> &R310% & () -

<213> Influenza virus

<400> 85
Cys Pro Lys Tyr Val Lys Gln Asn Thr Leu Lys Leu Ala Thr Gly Met
1l 5 10 1is

Arg Asn Val Pro Glu Lys Gln Thr Arg
20 25

<210> 86

<211l> 15

<212> PRT

<213> Mycobacterium tuberculosis

<400> 86
Ala Val Leu Glu Asp Pro Tyr Ile Leu Leu Val Ser Ser Lys Val
1 5 10 15

<210> 87

<211> 15

<212> PRT

<213> Mycobacterium tuberculosis

<400> 87
Leu Leu Val Ser Ser Lys Val Ser Thr Val Lys Asp Leu Leu Pro
1 5 10 15

<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
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4&Ff310% & ()- 1z|[:NA4 110 s-Y10% & ()-F +10% & ()- P9(: 10% ! =88 (ALGF2002
S&10% & ()- s#10%& ()-z 49310% & ()- % ?NA4 110
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' YHHLO9%W & () - " HL09W & () - " HLO%N & ()-"' ( <HLO%W & ()-"H10%W & ()-"hL, ;
H1O9%V &<@30+ BRON & ()-"' (<HLO%N & ()-"HLO0%W & ()-"HLOWN & ()-""' (<eG+;
H1O09W &'<@32* 16 <HLO%W & () - "HLO%N & () - " HL0%W & ()-""' (<HLO%W & ()-"el +;

| (<HLO%ME &2 PR HLOWW & () - "HLOWW & () -"' (<HLOW & () -"HLOWW & () - " eE+;

' (<HLOYMERA { My& dtbaYesSim( pubereakdG%V & () - " HL0%N & () - "HLOWW & () - " eGH;

HLO9W & ()-"" (<HLO09W & ()-"HLO%N & ()-"HLO%W & ()-"' (<HLO%W & ()-"el +;

| (<HLO%% 844 Jes" HLOYW & () - " HLOON & () - "' (<HLO%W & () - " HLO%W & () - " eE) HLO%W
& () -"HRQYWR €.du THLOIAY &if Jein’ (a4l WiOWLE8EN ) eI HIAWME You " HLOWW & () - " $9% dH
) HLO%W & ¢) - " HLOWW & ()s "' ( <HLO%W &' () 1oHL0%W & () - " HLOPAW & () - " (<(+015809:
el +' (<HLO%W & ()-"HLO0%N & ()-"HLO%N & ()-"' (<) HLO%WN & ()-"HL10%W & ()-": >AFG
JMeE+ (<HLOWW & ()- "HLOYW & () -"' (<- HLO9W & () -" HLOWW & () -"HLO9%W & ()-" MRS
V\Z[\]lKOH%_E ' (<HLO%W & () -"HL09W & ()-"HLO%N & ()-"' (<HLOWW & ()-"]
T| [ : OHLG? %&& ()- Ls3109B& ()- L110%& ()- LOMIOYB& ()- LI.10%& ()-

L& 109&3H2)Bvua Ls10% & ()- L O/aow& ()-10$10$10$ LL :1098& () -

Lf 8T1096% j'“Ealo%& -5:1) 4&‘ |& 1098& ()-L z "&$10% & & ()- g

H &$10% (228> (MreoPasof &‘S‘% Fubgz liﬁ’f%& ()- Lyl0% & ()-)a;ol[:vU4 L &6

10%& ()- L L 410%& ()- $ 1#10% & ()-y " 10% & ()- |" 10%& ()- L&

0%(& ()<4992u%%3 MDz 10%CPGE ()- 9z 109 Mb* &' ( % F: $109W' & ()-t!"F: $10%

" & ()Thel O34 Ghe Ohen 387 FOVsAeY FIU AT -Gt Val gt 9oe @Y FYS L1 109848 () - Lz
10%1& ()- 1z 109& ()- 5*z 10%"d& ()- *L@0%W& ()-P(|[UT3  LL310%& ()-
LL, 210%& ()- LOI 10%& ()- L9. 10%&' ()- L99-z1098& ()- N#!' 1098& ()-(vU4
Lf#10% (& ()- Lm0% ( & ()-10%0%0% L Y: 10989& ()- L&Z10%& () -

LL5" 10%@<%Yo>gd2 | [:vU4 L LY10% ("& ()-zL Ls 10%i% & ()- s 10%&& ()-
L"10% (<&16)128$10% ( & ()- L10% (& ()-) N w |[:vu4 L

L3(!10% <4128 $3r L 3(110% (& ()- 3(!'10% (& ()- LS 10% (& ()- L4ALS
10% ' & £I13>Linf@lB%6 edri&in (Juberculosis \VU4  9A0%&' ()- ;Y"10% & ()-

Lf 109R99&& () - Llow&w&&'()-lo_( 10 (10 _( 3(!10% (& ()- "&|[:vW

Ls3- 109R%&KS 6)- LE&I0IRWRE ()-L L 10%R90&& ()-L L', 109RB&& () -
LYAOYES&Z: { ) n %i:%‘@é ok | vy bl Gly&épwe{&l(a)n& hid &bd QUROBARS’ () - 3L

Ly #10%&9¥ -gL 99 10% %46 & 1)-& 99 1986 u#i & ()-& L&IQWRIDEE' () - "W obUA
L10% & () - Ou#lou#lou#L OY10%#& ()- L " OYL09%O8M& ()- Ls- 10%&, $&& () -V
L+10%&W§& G~ [:bUs L SI0%& ()-# $10%& & ()-#L $10%' & ()-#L
~$10% ( &X7)F Lyl0% & ()- L, #10% & ()- ~xPQRS| [ NA4 10$H $10$H $103H $ /
1098H $& ()-L / 109% & ()-L / 10% & ()- $109@(?2& ()-#

$10% ', & ()-#S ~r?|[:NA4 10 ! 10%& ()-3 L109%8& ()-L L9%0%O & ()-L z

FL$10YRRE % L FL$10%m & ()- Ls!, 1098& ()-49jw |[: NA4 10 9$1098& ()-m
U9SL0IRSE2LY> 2 L&"s109%8@ ()-L L 109%& ()- L3 109%& ()-
L& 1098&<t}1> jlédef | [ NA4 10D10D1OD 4&1090& ()-L 4&10% & ()-L $.!109%& ()-

3. '10%15&<€}2>|?9‘F' 1099& ()-f%J !|[:NA4 10 Ls10%& ()- M3 "10%& ()-L L3
" 1099908 <@} MybepactenguR Eierculonizy, U & ()- G L,

10%' & ()-GF Q" "G"# [:NAM 10 L$10% & ()-f L1 10%& ()-fL LLFg 10% & ()-nL
LFg 1098Y<8063 -an LL10% & ()- Ls109% & () - #f ##) $a$j $3| [ NA4 10 LLF510% & () -
L3Y10% &'Gij- lyd 254 G &AYa) Glu [Dfu, Ball 0@ &) Val p1a o &MYS) -2 ° (

10% & () - ySIRYBYMUEYS% MWy U4 @3' ! 10% t10° & ()- LY3' ! 109%8& () -

2110% % & ()-10(10(10( LY:10% & ()- LLs7!10% & ()-%&& "' |[:vU4

f'1109%8& ()-L L&IOW& ()-2 @L0% & ()- @109%& ()- Ma&LOW& ()-

L#10% & (3265(99) 0**[ [1VU4 L4, 10%6& ()-L L &3109%8& ()-2 L1! 1006 ()-
LL/100/@/«1;L<(,,)11> |10%¢&()- £ 11000@ ()-**, +-+ + + +@[ +vU4  10%& ()-S
L10% & ()=, ()-10%40940% , 8310%4& ()- 4 LL, 83109%8& ()-4[+,,,,-.|[:vUs
s 10%1&( o4 )- L10% & ()- | s $10% ( & ()- E "10% (
& ()- 2/1}‘6L’f”° Pﬁ‘ﬁe%oef%o!'}(é&({%&f& @O0% & ()-L L9-10% & () -

L*10% %& ()-f L[&L0% & ()-S s 10% & ()-0200041516171C1| obU4

LYNL0% % & ()-10(10(10(L F7110% & ()- F7!10%8& ()- L310% & ()-z

L@ 10% & ()- CLHLd1(222 3| [:bU4 L LHF 10% % & ()-f SYA0%& ()-L
VE90% %&' ()- SUL0%B & ()- LA"t10% % & ()- @LlOfV 9 & () - 33%4+5\ 555| [ : bU4
L Lss-10% % & ()- L+10% 9% & ()-L L9y 10%:! & ()- 9y 10% % ()- 9y
10% %&' ()- L910% 9% & () - 556R66666]| [ : - 410° (VL L:10% % & () -

L98910% 9% & ()-L Ls710% 9% & ()- Ls5 10% % & ()- Ly2@0% 4 & ()-
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& ()- E 3$10% E& & ()- s!10% & ()- s!10%& ()- s!'10%& ()- $109% T& ()-
===*=/ =K=>z>bA410 ( L E Hs%d0%z& ()- L#10%& ()- L!S10%&& (8 AUERs () -
L1098&' () - 10/Q99M093 z>>>677?8?29?2E2J?2uT310 L, f 10% & () - P CT/US99/03055

L  mL0% & ()- 10&10&S10&& LL! 109&& ()- & ! 10%m& () -

1 1098&' ()-J?02???8@@ [ : uT310 L L910% & ()- Lf $10% & ()- L10% & ()-
Lg"10% & ()-@L -10%&& ()- L& 10% & ()- @GANIAAAA| [ uT310 L L &10% & () -

L 109% & ()- LL10% & ()- W&S 10% & ()-z L910%K & ()-

1910% & () 6A7I§BBC CQC| [:uT310 L LsY+Y10% & ()- LL(410% & ()- Lsf&10%& ()-
Ls$10°/c(&$ L0% & ()- L9S 10% & ()-Q0qOCCDHDI D [ uT310 L LE10% & ()-
LS510% &€ Let‘s’@%%& @y-Tie 6Y0dre @3 Yal Gla O’ V4L Thr Glu Thr
L- f 109% & (- | DDDDDDDAECEUS210 R$10% M &q) -, & D. 0$109% " ¥5& ()-, L’ $10%

f& ()-,1° $10%z& ()-, 10(10(10( L 810% & () - cEEFFGGH| [ : uS210 R

L10% e$f &=¢) - LF 910% e$f & ()- QAO%r& ()-f 9%40%& ()-f 09%0%$& ()-f
0d0% ()-fH3HHI1JUI|[:uS210 R L 110% e$f & ()- L3)!109%="f& ()-|
3)1"10%0#& ()-1 L '10% e$f& ()- LY ,#10% e$f& ()- L !310% e$f& ()-UIIIJ;
K<K=K>KeK| 0bU410 0"10% & ()- 10e$10e$10e$ F, 5& 10%$& ()- F, 5& 10%& () -
F, 5& 10%<28 p4 L s3@0% e$f & ()-eKLALMVNI N [: bU410 0 Lsl 10%)& ()-4
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