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WD 2005/ 032586 PCT/ US2004/ 031326 Tl TLE OF THE
| NVENTI ON OPTI M ZED EXPRESSI ON OF HPV, 45 LI I N YEAST
wWOo-R@s081366 THE | NVENTI ON 5 The present inventi oPCT/EB20€631326

generally to the therapy of human papill omavirus

(HPV). More specifically, the present invention

relates to synthetic pol ynucl eoti des encodi ng HPV45 L1

protein, and to recombinant vectors and hosts

i;d pol ynucl eotides. This invention also

TH1E($9?§#&§VE%T&&&V45 virus-like particles (VLPs), wherein
OPTIMIZEP BAHRESSI@N OFFRI ¢TLbIN ¥EASEssi ng reconbi nant HPV 45

L1 or L1 + L2 in yeast cells and to their use in

vacci nes and pharmaceutical conpositions for
FIELD Qf EHEANVEYTIQN and treati ng HPV. BACKGROUND OF THE

l WEWﬁ%eé@Hﬁﬁ@enﬁB@reWs %eﬁe ?t@@is ﬁﬁéﬂtﬁ? opﬁunﬁﬁ ESQ[HlIomavnus (HPV).

omavi rus. (HP ave
More spg@&@@ydp%gewn{ igveRtigR @gltq; é(? ;;y@{hgtub@ol}muglp@@ie%%codmg HPVA4S5 L1 protein,

and to rfeB@BiIAkt Fe€Sors blidHvsi eamgm@rsaﬂdlpﬁgﬁaﬂdomeesv\ﬂhis Snvefion also relates to

| i . A5 [ WY t
avas G g Bt T VBN VB s Bodlea S Baptyy e pigent HPY 45
L1 or Llah B2 irlHrRdst Téllscand td their tisg e sacpinsstand phampadeyticbsmgiositied for preventing
d Hﬂ weni gn warts and/or nonnalignant condyl oma
and trea zﬁ$nata of the genital or respiratory nucosa. HPV 16
and HPV 18 are the high-risk types nost frequently

BACK(@&ﬁmQDqﬂemHEwNvENTnﬁntlJ and |nvaS|ve carci nonmas of the
cer Vi

i na, ngd. anal nal . t han 90%
of ¢ e%‘?r?: OLG %‘F“h Besé’? B‘“ﬁ%’s}’& goadr ”ﬁiﬁ'\%]\%r PRt ‘@‘ﬁ%h have been
associat@f witlP/wide vaﬂrWoﬂ]ﬂologlcetl bBenlo@@&; 26mn peregtagreliferadeCOGBNO tnalignant

carcmon?la)é Rﬁa tre]'dle\(scgéﬁcl\g C §a18 ér 2P ngzgl é?ﬂg }_égg?%?ﬂ?)!}hﬁi’\% and

HPV11 @b ghertypes imont qomaton]ﬂwoc)md msth detigrvats andormmaaligrant 90y loma
acurmina®f of%r Shkdlor 5@1{,1 \lzzmustvm% aﬁlwfﬁnqs eRi tﬁ@mbphg&yﬁe@ hmost

evi dence t ha cause cervical carcinonma (seé
frequentlypssqsiatad vgrh in sifu andipyasive easgipgEpas phide cerng(\@@)na valyg apgamal canal.
More th{nl$195 b cenj?@ptdrhmlafethsaﬁla&ﬂeuﬁmtdmﬁéi& 166/ 18PV 18 or the less

|
prevalenﬂ gﬁ‘%g(\a/nz(f t&ﬁesq-g\hﬁc%gh gg %aq%k’%éﬁ 23 (.%Jéscgiggip Irf‘fé 85(12):
958-64 (fl9 e ST'he OR¥esvatio that 7EPW DINa is detentagisin aro&: thdéﬁ]‘%gofatﬂd:a]ﬁiancers

prov1de§ds?r E% eépsﬁ’t%ﬁgolbg'lc ?Qdeng E’l s caﬁ?e cg%% c%f’cn?o?r[a (yee?&gch elt al., J. Natl.

code Vi rus capsi
Cancer fysioB UL hs 796#(12 (89%Ne E genes are associated with

funct PQﬁﬁoxﬁd#zﬁﬁse@&re\éinﬁlﬂ OLEBRA) Crﬁhérﬁr@loﬁé'&dlcoﬁﬁédréﬂ]ﬁm viruses that
trans rotein_Is_t

encode ﬂ,t&e he antﬂtg&o I%FI;J BesC eaﬂpe%?cam rypes é@ﬁ%ﬁ roﬁ%ﬁ v1ra1§§nomes are
designatdth Bl kPEhrnd Bl mdil, tvhee HEMdzhotesqady dndolOtdendnes late. 11 and L.2 code for

virus ca#> %&n@ gM%%I t?egﬁ%%ézss %% 9&3&1?&1\%&11 F‘R@ ons sucB gTe v&‘a? eg){lcél'ﬁgn and

er na protern
thbe@ﬁﬁ“@Wele and L2 proteins are h|gth conserved anong

d' f f eneot.1 Pkl 1|s CHEERYA t]&‘é%%ﬁi pr&éﬂraﬁéﬁds%'?n&écufap@m%ﬂt of 55—60 kDa.
e|n or. a conbinafion and L2 prOtE|nS in

The L2 gfe@g’c is therpaipericapsidprpisin. hgrpeq! ‘i’%ﬁﬂ" %aéa Jugesst thifapaseefithe L2 protein is
interna] kel .1 porgeinl thaamecdpkiyl. Bbth\the USanl TR @rdddhid dr€higBly cMsES)ked among
{ review, see
differen paplllomawruseé
Expression of the L1 protein or a combination of the L1 and L2 proteins in y-east, insect
cells, mammalian cells or bacteria leads to self-assembly of virus-like particles (VLPs) (for review, see

Schiller and Roden, in Papillomavirus Reviews: Current Research on Papillomaviruses, Lacey, ed.
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35 Schiller and Roden, in Papillomavirus Reviews:
Current Research on Papill omaviruses; Lacey, ed. -1 WO
wWQe@5/08538686 PCT/ US2004/ 031326 Leeds, UK LeedeCivEsio0o&h31326

I nformation, pp 101-12 (1996)). VLPs are

nor phol ogically simlar to authentic virions and are

capabl e of inducing high titres of neutralizing

anti bodi es upon adnministration into an aninmal.

Because VLPs do not contain the potentially oncogenic
Leeds, Wi :rleedsgdedien Infermationy pp 4@t 2 o%Qr eVLPéIaF%um{‘PlQ@C@% sipiilar to

authentit' $2ioBd ard! a¥Eca éﬁlﬂé"@f ihdhctdB Yighaseres %eﬁ’l@a\lﬁ Bﬂiﬁfdﬁiwﬁ {1 admmlstratlon
revi ew, see l'er and Hi desh

into an apgmalg ?ﬁwse(‘éleﬁﬁ@)mt Gegiait the Eot?%‘aﬁls ﬁ“cogf}?éc ‘L‘ff %fi‘i’ﬂmﬁ éhe-‘/ present a safe
alternatig€ RARe NRGE likedius PV ivhdcad da&loplm’ém.(ft@ @G v ake Sohillgeind Hidesheim,

. for e vV, nt . of l.ac d. th
1. cin Y8 MG BT i B 368 2 8RN IS AP o
immunditeual arpesfor thadevelopmeit of wbp}wmctlc)wdhhar@eb@cewctmwdeﬂ&}f infection

and disdde. di fficulties associated with obtaining high
expression | evel s of exogenous qenes in successful

t r ans FBRMregcipdelopmet gedroswisrcidlizaton haye base hipduertibt Jigguities
assomat@(i with bbthin®E higth efdion TORI:RE @ic%eno@@ §eﬂ1b§ 8 stift8ssfully transformed host

entlflcat I de. s
organisgh dGHTRSHEP 1011%9%@5%3@% hgerBio A A Ronyof wild-vpe
nucleotM@ bﬁqdeﬂhes &icodihy/HREE $il pedadias suttoasdERAISdH moteimaitivoyld be highly desirable

to deve]ﬁﬁ,elﬁeél Q&%@%\g L Cs%urc!: of cr\yc%e}i[ﬂ_'\P]\!l ér%teﬂ{ tﬂ&t%lﬂz‘{l Ii-ﬁ;\MlﬂtL'l ehgo%ﬁlg

nuc
nucleotidp sdquencesithhtore @upn@dimr@ﬁpnewmh@themtmﬁia‘éHOSh@%k A@élﬂlonally it would

' 865 {vink e FRRMER chidd: £
et AR P L VT ki o

the natwermawn@ JUrdshRrsIRge B apERt i es of 15 the nati ve
proteins for use in vaccine devel opnment. SUVMARY OF

present invention relates to
SUNHW£§EH@€%$$%$§%%ﬁﬂS§EthOdS to elicit or enhance imunity
t 0 t heThpmetseit imvpntod udlstes toxpmpsgmds g ndEhods td dlicly enembance immunity
to the p telr? 1];0598{5 ?)@?e%{éﬁ %§ %@9‘43‘1& %eﬁ/& t\ﬂll(ﬁlq{aVé G&h %@&Qt@& with &vical cancer.

pr esent "I nventi on chg oVvi
Spemﬁmiw ;thue@@t mdté@%w@véfﬂr@b@mmﬂme“ﬁ? iRV 43 dhkpretelts hraein the

polynu@é&tﬂ%lv@ Bleh d6RnRRMRIDE RN hizA @&@T&Pﬁebs‘fﬂnﬁﬁ d y@a@f celli ghe present

el t
meni s SRS PRl e S Satbe e, MheeBl RS s eyt
expressinglrBmbinabedTev 45 Islaord. 1 VLIESingeat @ile auotiatldsys use xHRE4AS Yighs in
pharmaacfuggg%l o aons'itlolx_}sp 2\1/45 ﬁlff\lfif'% ch& %: Spre\le%tlénh n%?&éatx?l&lt ofH?@ qssomated cancer.

use 0 ar maceu
c onposTheippesent drventicagelptaet syuhetic HlNPp melreley eppodingthoHPV45 L1

protein! THALJHBR on]fle HEMe1RSRQ6duRk 8- d@ﬁéﬁ‘eﬁ o a8 udd1Be @Jd%ﬁseﬂ}éferred by a yeast
I nvention relates to synthetic DNA g?%ecules gfo [

cell. ThagmiAENEDOIEauIss g be FFed 7T hEoERSRS AL VAP Lt REPIRI IR Ty selP-assemble
into VIR Sfﬁﬂ'\ﬂﬁ’s@{aﬁ b@leﬁugfwdm@a@svmmuse t he codons

refer b The .s hetlc ol ec S
Emy be‘&]ﬂ g@g}{) y %netg gmeggg’rjé*a ¢ PrESGY D ei} 1on c tmémses as V\ﬁllliﬂ(l:%l% rl}gci}elc acid
molecubewliclassedds e HEVASA. I\irfsin aSeit fbrquSEQ@ Néw2,158id dhugleic acid molecule
compnyl’rg pﬁﬁ%e%ﬁ&ﬂe@&des ’gpse?%mﬁ 3810 mSigeedi ment of the

I'nventi on conprises a ynthetlc nucl ei c acid
30 nol Abapeviged &R espabisen vedies pEvammbinap; hosiels, §ath geakaryotic and

eukarybt® thich BonekttHe[Aud¥ei Beid SdledulBdidibcRdsed tﬁfdughdﬁ@{h%cs‘ék&ﬁcatlon

conpri sing a sequence of nucleotldes as se
SE(rSp | DYy g%esint 1nv%nt10n also relates to a process for expressmg ancﬁ};\;h

recombinant host cell, comprising: (a) introducing a vector comprising a nucleic acid encoding an

5 Lq protein in a
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Al so provided are reconbi nant vectors and reconbi nant
host cells, both prokaryotic and eukaryotic, which
w@ omvsas2586 he nucl ei c-aci d nol ecul es di scl osed PCT/US2004/031326
t hroughout this specification. The present invention
also relates to a process for expressing an HPV45 L1
protein in a 35 reconbi nant host cell, conprising:
(a) introducing a vector conprising a nucleic acid
ding an -2 WD 2005/ 032586 PCT/ US2004/ 031 26 HPV45
HPV45 Hpmtea@ BioP YAt 0% ogtk 489 (by gulfuripg fhe:yeashleps( g5)l upehr copditings which
allow epipkk@s1yleaﬁsh1dhu8\t45qalﬂroteiﬁder condi tions \Mrw]l ch al I ow
expression o 45 L pr otein.. The ese -
i nven& ?‘%Pfe?e&E ’E‘Pﬁeé‘n“"‘? ﬁinﬁ%rerglaéla Ot PdPCSESefgrsF"PB"?S‘%a&rq%%‘é‘}s&d protein in
a recombinarnitiRbkt Sell, tolpprixiret (2) mtrodla:nrget\cenbr cvaptising s huaded hcid encoding an
HPV45 E? gi%'iélﬁ ingcg? g,(a%)r%lgéot 1!1 g%g%ﬁrgﬂﬁwgﬁc? m&fg{?t%e 1:5 ?]&F)% 0 tlmlzed for
optimal yaz;eﬂsloh dsthe gedst hostqulém fh)chburingdheaieast épnrﬂﬁlld@rwn‘btl@@ which
allow e)&%gﬂn IR L Iflq{rotelﬁpt' mal expression in the yeast

host cell and; (b) culturing th ast host cel|l under
Condi 1 RSN Eiaan s e BiGlFte S pHmRGes P aiop i Buglaotides as set

forth in SEQUBIND: 1 (45 Ipr Rt&uémre). enbodi ments, the nucleic acid

oD g L ST IR G i

sequence).
yeast cell$, septhods of meducimg HPY4A5 VLPs.19d iclhedpdusing HBY4F VLPs)

whi chyay grefyh‘e&j Hﬁﬁﬂlﬂléﬁt of”tﬁ@ﬁfverﬁﬁ)h | e yegﬁtlﬁgﬁx%te@ from the he. group
produci ng HPV4 S, hods of using
conmst%ofanffF’@fr@W@ﬂ Ceéﬁb%t H@meme« p?lmm?’m/ é’f?f’i“@qm’f’h @%%fgwces

fragilis,| Ruy»8hoB Kt R dackis, QR SdHz0QcOMPom SN snel Ng oOf .

R IS &5ec S B bRt TP BigP ntle RO s producea by
recombikhntgy@esivnypt BEVHALT bsHP AL Se b roswag kelt.omyces ponbe.

15 An Oftep?r{?tlﬁ% g&:tt optflustlll;\leﬁtléaﬂg gﬁ‘f—ﬂ’@% YT%I @/ﬂmi{"gé{‘ﬂ 1s¥§‘f§r HPV45 L1

wher e nant expressi o
protein grfcof4E\ys qodorpeptipiagd SIPVAS L1 lgznq rn an W@skarymhodlwm of this aspect of

the inve@BQ, R co@PG ARl HPN4S L BYRNohPAsek 8 sé’%}ﬁeﬂdg}{fﬂﬁxciébibde%é &hforth in
conprises an HPV45 L1 protein encoded by a

SEQ IDXdn- optim zed HPV45 L1 gene. In an exenplary
enbodimigrihveafiod dMoSpr(ﬁi&dbe @ tmetod forhigdutiny einiuhe réspense in an animal

compris?]n%cﬁ% ugnntlﬁ%felg 1A se %ru? ?k t;hartg:?erg %%610%% f’ %?me?ef%}il ﬁl}godlment the
HPV45iVilPe atei poorua¢ sty qmodan- @@smadrgemmod for inducing an

| MUN&/Jf BRPRNS edt Br @l 1%&1&@}1 is a nfthol bfsﬁr%nﬁ%r@ﬂeﬁn%rm

HPVA5 virus-11i particles to the aninal
associatgg eEieAl STCerAsTT HER pdmipyigring fo\pmanynabg vageie ﬁ?ramﬁeg&ﬂbw VLPs.

In a preferi€@ S@PodRért BF BRSNS theYBVenfon tREIPVAIS PE P afprédutcd in yeast
I nven

t t HPV 25
associ é?séaéeig?%q%&%at@%ﬁ’?cae E%%%ﬁpggﬂﬁ@gﬁﬁf‘é PHYCIFLVLES):
a mamiehn dtevatied enabodmept ¢fhin gspelf?\dd the WivBigion, thervacine further

compris?:'f:1 giﬁn{)@efg 1e\/£[%99 luﬁﬁﬂ)'il qg) Qhé ’ﬁ’?bnd? fetast gﬁe %dﬁﬁlohﬁw t{)rﬁghlay be any

IS I hven
HPV typ¢ efgniemptainglyding ala/ \é &iPp ée%bﬁﬁlrm me ﬁ§ opfhuspsubsequeatly idgesified. Ina

preferrdﬁ%[rﬁnb&ihﬁﬁ, VP type is a type that is associated with a clinical phenotype such as warts

or cervical cancer. In a further preferred embodiment, the at least one additional HPV type is selected
from the group consisting of: HPV6, HPV11, HPV 16, HPV18, HPV31, HPV33, HPV35, HPV39,
HPV51, HPVS2, HPVSS, HPV56, HPVS58, HPV59, and HPVGS.
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In an alternative enbodi nent of this aspect of the
i nvention, the vaccine further conprises VLPs of at
wo e@s3rsee additional HPV type. The at | east OPE€T/US2004/031326
addi tional HPV type may be any 30 HPV type of
interest, including any HPV type described in the art
or those subsequently identified. In a preferred
enbodi ment, the HPV type is a type that is associ ated
with a clinical phenotype such as warts, or cervical
cancerlhis|ipveRtign Ao é‘ﬁteb%é’ﬂ’é‘in}a@?ﬂm%%P%’ﬁPs conppsisigg HPV 45 virus-

like parti€&s tFufthe, 1 dﬂw‘éhtﬁlﬂﬁlalaﬂew phiiRcdusicA ebpdsRidns don@Misinp BIPV45 VLPs

and VLEM;%.?IC%%%%S dit g@g—é’\f HPVgB Hﬁ%&?% mEPV & t, the at\{east One additional

HPV typiPy58ectdfiénG the igfdup SonstsivSeEr; HRVIGL IHIPMGSHPVBS WDV 18, HPV31, HPV33,

mvssfxgﬁé@%% ﬁd»ﬁ%@gﬁﬁ%é%ﬁﬁﬁ' BPU5Y. 8Rd 11806l SO

és to”’ maceut’cal “conpositions conprising HPV

45 virus- I|ke particles. Further, this invention

r el at LS s m&ﬂgmeﬁy Eﬂe@ﬁl:atﬁ)ﬁ AROSithd %&d@@@i@ﬁﬂsseh@ Gingular forms “a,”
5.VLPs and VLPs of | east one addi ti onal %/

“an, artdy‘ﬁae “}°H‘d§“}§ri’é‘%1r’?fé@“@r\‘ﬂ%ﬁ theprntext ﬂ%aﬂatdlqtaé%fsqthea%e

addi t ianedd thidehduy e spesifis@loa ahdshpblidetdclatig, e Golwing definitions and
PbreviSQRS stll ng of. HPV6, HPV 11, HPV 16, HPV 18, HPV31,
abbrevighiQS abPly: o= o\ /35 HPV39. HPVE1, HPV52, HPVE5. HPV56.

HPV58 Thblmgproambr HPRBS0 a Aogmsiémh sith pmm@h@tﬁtranmw which the RNA

polymel?ﬁ@@ﬁh&g GI%E bﬂ)ﬂ'xo?e? ‘#orfn@ éﬁ ﬂﬁﬁlﬁ&p Vﬁ Boltyﬂlgra% BYEAE and drive

i nclude the plaral
transcnpm}%ﬁwéy dﬁﬁég@plﬁh@andvé Frodified by aAPvRYPedPEIcRtce iprmed “enhancers” or

“upstre&th BAIVWi u%ﬁcdd’s@dnﬁlhlgl f}aﬁﬁ’éﬁbesttglﬁ:‘eﬁ PeehdelsC: at | on and
appen al ns e o oW :
SOOI EIURTER L R—p—
a host organBairhbo Nisssie.t ‘Eheddara viddas gpesaridedtas vxhludimglplaemiaNAziruses (including
X{JE pronoter forms an initiation
adenovg'?sh‘p Qﬁ%%%% %‘%ZCOS gmer ase to initiate and drive
t r anscihiegedignation a*étlrlw&dytypeﬁq@leemﬁerﬁ tethp HEY 4prbdl DN Aegpquence
dlsclos&yhe?éfﬁ AVgHd MOINGBIUSNEGS). %%&?gﬂ thee@ﬂ“@ ﬁ§§[ %ﬂd%rpe DNA sequence has

upstream activati ng sequences” or inhibiting

been deé%rd:\s% B At BotuBtquapRidp find mingr saquence yarjatigus hegyyeen DNAs
obtainell €lo8Y cﬁmicﬁl 1@&@ I’Iﬂi&ﬁﬁ)rd)y répfisedtativBlAs 1.1 agiaryie DA Begaence was isolated

i ntrodu i n st or ' 0 ' he .
rom gl G ey e S benbPRPY RPN BERAMGTHD. 0L waa
type sequiencesveas ufddras Iamecfemgce saﬂem@w cangppre thaoden-opphiagetd Ialumquences

. eRgesi gnation "45 LI wild-type sequence”

dmlos E]‘J’lrug&t oﬂ-t he H y45 L1 DNA saguence di scl osed herein

as SEQheDesignagony A8Y #5 Iak R” o1aj4p kd Ry Hefersdo ayremplagyjsynthetic HPV4S
L1 nucbiidd- SEWECCQBEQSEW[DC&SJI&Sd he?€in DRIRRIHIRS 6dubrRE was rebuilt so that it

comprifEs e B o TR PR O B PR P PRt Pl cal

i sol atBs.teriifeffedtive emowt’t regne sefidiat: vaceind Sorhfositioh @ ihtyqukeced to

producgﬁ% a&%ﬁ&? ﬂ:?/glﬂ ol tle P&%: ga(?eéso til{l_ﬁ%@nﬁ%hx%ﬁ%ﬁ){)s 5 Z%Méhlled in the art

recogmﬁsthﬁml@SESelE@YWd- type sequence was used as a

r ef er eQeg SR HASL &Binb Acif AUFB@LEoE RGe RHGY re%m:érmnz adoné %nuno acid
L1 seﬂuences di scl osed herein (see FI GUJ )

residued)é(gpgt e qhswloa]llﬁym&g E@npam%];emdgﬁs Hxamples Pfeq[u@tf g)nﬁ%'vaélﬁe subst1tut1ons
are: sulBXewiph af dhe BydibpRbicGesiddy difoleucine, leucine, valine, or methionine) for another;

substitution of one polar residue for another polar residue of the same charge (e.g., arginine for lysine;

glutamic acid for aspartic acid).
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L1 nucl eoti de sequence (SEQ ID NO 1), disclosed

herein, wherein the sequence was rebuilt so that it
wa@eow/0825686 codons that are preferred for hi gh-Peweb2004/031326

expression by a yeast cell. The term"effective

amount' 'nmeans sufficient vaccine conposition is

introduced to produce the adequate |evels of the

pol ypeptide, so that an inmmune response results. One

skilled in the art 30 recognizes that this |level my

vary. Thetaamsappaling gefaritnanyaedngnajpdudings humen beiager s

to t heigplpegnmn hleQi{(s)G\nﬁs-ﬁE@ PRickCrdirué-8Rd ;%mé@y
anot her, chem cal I%%m mlar, amno acid residu

Exanpl e¢nftics it s ey UEMAS ol EStiuts cfagied S dhat i paptains a sequence of
nucleotBleb b ik ubd t stk aOMme sehmdl{c@ phazicotides ptedere i ths MdsRietedi@aturally

L S TR L E T A ———

provided dsiettummpfisinhesegvenee ohmc}getu(ee cgmprisang gpening ¢haf e piefesied &yr

s BB WA L Sy606 AnRELfoatl e A0R005, D026,
sequengeed gl wild-{ypg HRY 4ol beana R BENRe-  “VLP" or "VLPs"

mean(s) virus-like particle or virus-like particles.

" pc ti}g e HPV45 LI gene was created
BRIEF?WIP&%@% f]\ééguence of nucleotides that is

not t HEGEREH ias DNAeseqegieslipamerdt shawihgmiclededes pia semwtaltérad in the

synthet{ H—ﬁ’\ﬂ%& lgéz%gé %qhé\?\ﬁgéégégl/%tsé li‘(g g }%ltczgtgcs é’spQS E?MA)S(See
EXAMELH f%h eThedeﬁmn@@QQ@scw the 45 LA wilddrberrequsnee (éEQﬁDuNﬂ hdndicated as “45

L1 wt”ss%gﬁmuﬁ N %%El%@hﬁd&ﬁ1d&%@ﬁlﬂ§btwatm§re§ §J1ng316@dt1on Nucleotide
preferred for expression by yeast

snbed RSOV e BERSFD Heed! HEleatides Srbp 8L revilgpuence are
indicat®@iifloda@aci d sequence as the wild-type HPV4A5 L1 gene

I(:IS(ESLQJREH?IEH??Q sh@&lsoAtth ge:]jﬁghsg/gﬂ?% I—g&r@k‘ pgzlhcle%gﬁeg%%\é\!ng €-code amino acid
sequengeu Nuslpblidhasmnibbas indigned &l thelefd i n the synthetic HPV45

L1 ge t , i

ind Ig . glt%egﬁ{E 3h§?10g§ % ﬁgtggzﬁglégﬂgﬁegﬁ{c/gﬁgl H?V 4511 RNA under high

stringeneyfcenditiens (e BXANELE 4. Lare (4hcantpingis|ug-of JABY 4del RRNA and lane (2)
containk %%bﬁ-ﬂ’d(m@ L1IRENA: alge_%gﬁsfuil e thl-Pé\IM‘ﬁranscr%tﬁﬁs dppMitlof the blot.
ereq nucleoll des a elr
Arrow e%lﬁfté%% Je)%%c{l?oswon &{Pciuhé%ﬁg@@hgg‘*ﬁuhﬁwcrﬂg

cont ai FIG(HJR\E 4 slhbms i WestparBloi df EP&AS Illd\eu’ﬂhd clate HPV 45 L1 R isolates.

Conen USSR, 100 o R s SRUSDER @y 4511 1 o

4), HPG yoLheoiteol dimg 5)5Fifteenpictogtsaiis & totah geas| m@b@fm@é wengiloaded into each

lane of QQU% SWQN@E %@1 ANuat I%Hdll\%ﬁlt aﬁlﬂ@@ﬁfn a!g?mét Q@rﬁ@-ﬁ-@d 452 1t{on protein
r ern (0]

was useéipt@ ép&ﬂf&:ﬁﬁl}f Sderftl&a &HWVA%S L11presRiR. Ehﬂ@‘lrowﬁtdﬁp le gndicates the 55 kDa
positiogt i ngency conditions (see EXAMPLE 4). Lane (1)

f HPV. .45 2 .
cont ai HOURS Ssths Fprpuguoithe i B TR ablpepis e / us ol
proteinfRdA BX/dYiEGE V)ptA ¢enapgarteineensS Lhet dldowo separateabprenofl 48fLt1 R, is
shown. ' ﬁé’du?l?ﬁ?’% 45 lﬂ? \ﬁfPGeQbIQES?& %%bﬁrbﬂﬂm@fy ﬁodeﬁléhel' t%glgﬁ‘lg 45V .

transcri
FIGURE 6 shgws a representative sample of HPV 45 VLPs composed of HPV 45 L1 R
protein molecules, described herein, as visualized by transmission electron microscopy (see EXAMPLE

8). The bar represents approximately 100 nm.
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FI GURE 4 shows a Western Blot of HPV 45 L1 w and
three HPV 45 L1 R isolates. Contents of the | anes
wW@e®s/03586.1 w (lane 1), 45 L1 R #4 (|l ane 2), HGI/LS2084/031326

#7 (lane 3), 45 L1 R #11 (lane 25 4), HPV 16 L1

control (lane 5). Fifteen mcrograns of total yeast

protein extract were | oaded into each | ane of a 10%

SDS- PACGE gel . A goat pol yclonal anti-serum agai nst a

TrpE-BPV 45 L1 fusion protein was used to
DETAIEEEQBSQB&?TI@N@EWHEWV%P@IWV 45 L1 protein. The arrow

at t herpk @faforiteh CAL@Pcd:Biformr aleldBsociPRd Wiith Fectich{34Fecic oncogenic

shows a portion of the data fromt ELI SA experi nments
types of Iﬂmﬁ‘@ P%mﬁomavguf EHP\D T%PWE‘(% ’é‘iv"r’i‘tlf’%"é’ tmm@svyns and methods to
elicit orCARRRE irSiEihityesd e protd ploliuaid ex@fbﬁkeﬂ B g@RPal ik 6efilc GTPSty ps.

Soecifiilly Ul BT 25 £ VPRI, A ar ST LD Qe wich sl

assemblel BRI VB 5 yirasakegpartizpes €6 BPY) atd diglosesmpst ef wafd fdBvudBotidemd VLPs in
pharmag&ﬂpﬁ %grg tthh'E \ﬁdﬁéccjl% sBor tﬁ’J ﬁg\%hﬁbn%h/%f:éﬂ]l,a%ﬁent 4eEPV12888ated cancer.

S VI sua ransm ssi on e

m cr oé@@pvld(twéwmrecleeyde STHHENqsARs pesp F@S’E?ﬁ (&enbank Accession #
NC_008420! Q¥ hiRBDelik a%@@{oﬂﬂann?@m ng/l%%fb/l QR22R8. 186: 13-31 (1994)). The

presentﬁgr@%%%ngy%ﬁ/ 0353 6 ﬁlﬁl’@ c@aw%@ﬁﬁ%‘éﬁ%&ﬁge@& The synthetic

moleculs 8DihE picextht mvéﬂmon Itf)lﬁpisle taquueﬁcespmdbxﬁs whasmagkendt @ portion of the

codonsthX\%q)e%no %liﬁpelﬂqﬁﬁiegﬁleot% dor? m%é/tlerr :}!P\Q Ce(’]lefh Ie]%lgll; C?%gl%&pressmn The

synthetis| al¢cules map htraged @s 4 mmrm ss:gyuen@ fpmpmsmne}f A4S dud pragein, which may

self—ass@fﬁ@l'é %ﬁ§ & pDYSHEVEPs Ry ANGEIRN VL ERVed VB&S. to%rowde effective
pecifically, the present invention

r
lmm“n%PWlﬁ‘&S@é’t‘"i‘Sa é@)l@%&}l%@feﬁmmr%h r&r@%l@ms g prdeflmediated
immun@gsenbl e i nto HPV45 virus-like particles (VLPs) and

dISC| es use 0 u tides an
har gt ane I Sl PR bl S B b Bt Ol byl costettective and
easily adapadntlargaiscalegt@rth i leehemnt. IdweriRMnay TV bl eotemnipelnding HPV4S5

L1 are J@?esggdlag Ie%%eﬁk?)_fﬁ\l(/ é%lg (l?ég%%génl%ﬁ&j tﬁ% \glggéggﬁﬁggg&ac:gﬁlﬁﬁrcml scale-up.
DeI i usAceawlingdf pkgmppse@mwentmpgglateq\)p&?aﬁﬁ&l gengeteaLes that are

“optimit&P forlidgBibvdl %%%sk])on inl D feasttBIRARAAMmkRYENt | ON provi des
t he HPV45 1

synt he ecul es encodin

The sA ‘i’i’@%oﬁg‘? WdpyrRossae o g‘?eé@éeﬁtcarr A ‘i"%ﬁg 0 Variait forms.
Becaus€ €HERY dofl énsgproadpiRamessade fomiﬂym différent @mimoaiidk @asiellas transcription
initiati noaéﬁ Ite%rxlnn%{l?n&r % nor}i%l e can eoe cgt%ﬂ f?rj bﬁrq{;]o?g H’lta{i) %d&pg phenomenon

ons
known exgndes md@mﬂan@h é%r @mh e@tucgmnleﬂehrclnﬁ@@oqdaylteb@tlus eqdlopsargnot

umfom\?\lg gfeg&t ﬁﬁﬁé‘@xﬂggent)ﬁ’sr Dﬁ?&ﬂf agRkinn: 5 OHE \ﬂQSIﬂdéedp{h@ﬁe%bﬁbars to exist a
assenble into Saj d VLPs

may
variablg, gvéerai IRerarcly . BiEaEncy SioE P qsd%\s &ﬁe&émémeé etselle fiﬁsone example,
the amin5 B0 LREAPREPKied b3gay Bdix PHAIcbdddsBi¢iualg OTA, €TC, ONG, CTT, TTA,

h tral tj bod d | - nedi at ed
and TR e A PO B TS B T p ygled
endogendves DA ahE.agé snosf copmionty coosins g 05 E Iencineaspekifyagsiflon, while the DNA

of yeas?sdaﬂg Elﬁlﬁ?}nglfL %&%oﬁﬁi@hl‘? i \% QTTA‘ L{ﬁ@&%%%ﬁ§1ﬁg cddBNeMEhew of this

roteins, "In C
h1erarchy, 1t is generally beheved that the hkehhood of obtamlng high levels of expression of a leucine-

rich polypeptide by an E. coli host will depend to some extent on the frequency of codon use. For

example, it is likely that a gene rich in TTA codons will be poorly expressed in E. coli, whereas a CTG
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L1 are expressed at levels in yeast cells which are

| ower than what is desirable for commercial scal e-up.
wWQQ008082586¢li ngl y, the present invention rel at esSPCDUBRVAB31326

L1 gene sequences that are "optim zed" for high |evel

expression in a yeast cellular environnment. A

“triplet" codon of four possible nucleotide bases can

exi st in over 60 variant fornms. Because these codons

provi de the nmessage for only 20 different am no acids
rich geleea\glllv%q)hab]ggae@@}ysqg(pqeypd tyfhis i{lp,qtt Pigtilady, agmgferred codon for expression of a

leucinetr®hFoRBEHtAB In yeagmsst@ms%uﬁmedmp an be coded for by

nore t e .codan, enonenon 25 known as codon
r edund dylpp?ﬁaPnsr%f agqﬂw%%‘eme BR‘EPPE’P@ P TEFRIRHEAP I techniques are
mamfeal zinﬂ tiesihe Vanenion 6ia$ seavetto BGilain tHahy ﬁr[dﬁfailuﬁkrs eshtevé Righ Bression levels

o s RSB a PAA G b0 0 VB B g g
repeatedly ptépmsﬁletbe mettedf gone g@rthediont cb dertsndry far exgressiontmyp @st opérate as

efﬁ.ciergﬁ‘; P g{éﬁorﬁgﬁ %qu ef‘hat S%R&ti@%%lgﬁgﬁgﬁ vk g&(ﬁ' d@%ﬁ tod.Pcéude a
projectesiast (3 Prefqrmd co@ma prrfr@e aERptiRp fanpef fneiey gqnf;uq)matgreah fmpractice of
recomlﬁaﬁﬂ@ﬁol@ﬁ@xﬁfe%%iﬁ M&LE Snd é%f)ecm)pthi@ HVEARnS % NPS45 EV gakb 8 is codon-

optlrmzteg éor&%q g’?ﬂﬁgls\llg’bg};ﬁ )f%sit ﬁ% CIB a1 erwa:‘l}‘gg ({ Cto ?sl 1g$entlon it has
been foppdidihisthans of hitemeative talennassdinpierminieyproteia lseigiesce anay Ténove the

C of this hierarchy,
Consuak Ty&{ &gree?lsg%a ff}ﬁ\gglﬁg)g&%n% l}?&e‘é Egﬁsl I kel i hood of
o bt a| rﬁhﬁgcomagpﬁ Vi hisgnishtianx PP¥ 451 b gengfsegmentsursraiepnvaried bp

sequenétQ |h¥\§§§fdbﬂi§:ah¥an§'l@te@seqﬁéﬂcés the §/§th WkdrhatidE RRIH uEa%e 20dcribed by Sharp
ext nt_on the qu codon use. For nple, It

enc exa
and Copg (¥ynRpygous Fﬁf“"hUsg"éWé‘ Sacthrimpormar o issndedst T16H7S 1991), which i
hereby mombt)ateﬂ)bg reEact. iThe Methe@lbgy g\ebkﬁﬂgl&:%nﬁstaﬁ&u%g codons in the wild-

type se%uen%e tg %%?es 6ot gc-rr%x/ncé%ﬁ ngﬁm% ?ﬂl \g%lhlblglely e af\r,ewfl%l; lgergs gnbdarglllXcing them
with oppimaf @dpmfockngb wqfr@moempqe& sellon Tl negv gelne sRCneTee isi thdn inspected for
undesn@@ Léﬁﬁ&f&é &ﬁeﬂaﬁg ﬁ%ge J&Qc?nt %eh@n \é\%ﬂ% d‘A%TRT’%equ-Eﬁc%s inadvertent

[ cat1ons 0 CoO rence nonena
cr eatlolp 810N TPHAR TepRgAition cHasi W@Bteéf%trwﬂmnmm sitegy mghtq}@content presence

of tranﬁjﬂ rf@rﬁ’rﬁﬁhnﬁﬁ}{lgﬁﬁi 8 akOre€OERIZE By }'Eﬁsﬂ,\’etcpf ItHdediable Y fRSnck Qare

ressi on |l eve nouys genes
ctiminefi Ty Y G o O S eI T SCtrr iRt eRane o g amino acid.
The synithetiefgene egihergode themigteth for impeaddedprgsspphesent i n t he
'eggfrets”@%or%e%ﬁ#@gis agsglillget&edb&%%eré: 1?33!1 to e%pe Sé/gtgn%{uc geﬁl?]se§ments for HPV45
L1, reswﬁ@mwwcm@g@gp@domh entmsythfbréngltle@é nmeswhn e Yray eellular
env1roﬂi’1§‘e%ﬂ WeiSd @0 esbvt Qrdc&ﬁké'tqgw@es a@ﬁlﬁhl%?to? gmhﬁb?ﬁod@ﬁagf for des1gn1ng codon-

referred cogipns provide an optimal faormof foreign
optimif3l e £ i BRTAT " PURSplt RAREE0RHDY e SO R arpe i vaceine
efficacguin@sabdekprebhius of & b athi®kd bjlintnok PatRAbLsAA tHeprarEdure or by
minor \AEY4S IILn th‘ggen%ergchat is codon 10 optim zed for
i tﬁnf préssion in a yeast cell. In a preferred
e rrbodl Aenotdingly, thei pgespiventticnnelates tohagnthdieeolyhocendidé tmiprising a
sequen&ehrﬁ’ nuagotfﬁtes é}lc&ﬁﬁg‘ﬁ} W4§]913&9t§ﬁe5}%%(¥619 cdi! P%gt?\%rﬂ‘aagment or mutant form
rotei n sequence remove t cons
of an HEVAP &4 ;'PFQS‘ﬂn dhe mmslewe BraveRse ﬁ@mwlrsgéaéqns eplimiged fopexpression in a
yeast hédt 641 RARTEutwhttfBrnisdF the HPYAB 11 @Fbteif R Vﬂ:ﬁe lodt HERG 1BEGIBNEShservative
verted to gaelgruences havi n denti cal

amino 4654 SV IERS R b R Ea] FECS T SR R S ey delstige or

additiomss Abysoch teldgiballyShivefragihbniand oGawent (WBY oy 1Eithsr £5ardein or protein
Usage i n Saccharomyces cerevisiae. Yeast 7: 657-678
(1991)), which is 7
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hereby i ncorporated by reference. The nethodol ogy
generally consists of identifying codons in the wld-
WO 2é/032sgaience that are not commonly associ at eRCTMIB1004/031326

hi ghl y expressed yeast genes and replacing them wth

opti mal codons for high expression in yeast cells. The

new gene sequence is then inspected for wundesired

sequences generated by these codon replacenents (e.qg.,

"ATTTA" sequences |nadvertent 20 creation of intron
fragmegtyhichat ﬂeéétgﬁ'i’ﬁt&tﬂflew ginjigsthe immmalogigalmaapertics of thaHRM4S/ kb protein as
set forth iirt $EQ [MNQER. @Be@?xﬁh@ﬁtpolyﬁlicﬁﬁﬂ&%f t}{éfprés&ﬁ 'ﬂﬁ/@ﬁtioﬁteh&ﬁe mRNA

R AN T —
therapegtibert iroptylactiv PV tvireinexi sti ng codons with d| fferent

codon S()r?eoagf?]&gotf ffis i r{vgﬁloﬁq@%oﬁgﬂ P@lrmzedd nuclelc )1(% ﬁ]eég w&?f;h encodes

ene Segl’re ar e rove
the HPY 3L hpiofeins sefforth insdi BHYOE, st @Clﬁsﬁe@l& olequisavmprising a sequence of

nucleotidéRhd R fofth LSO BeGIENt S for HPVAS 25 L1, resulting in
g.codons optim zed for h| gh | evel

a gene_conprisin
expr es @F?g?lﬁ InyeRiionalsoelpteq o ApComBment veFipRs Ad regqmpbinant st cells,
both pralboyctic pridakalyotic, Whish cei@sin theSMEBR hyid Afoledties ARIROTALRGNOut this
spec1ﬁJa85n desi gni ng codon- optim zed genes for use in HP
accines, it is understood by one skilled in the art
t hat STheisyuthetie TOI46 N A fragareyts drerdofi covstased tanyhalsinehods

describ®f hd&R ﬁﬁy H@ﬂéc&ﬁblﬁ‘ﬁh& @Xﬁ'gss grﬂlcﬂgcrulay @folnﬁé n?d’]a?h Rregsmnsvgctor

%Lgoce ure or y m hor" var | 1 ons
containieg aspigbifgirgmoteiand gEhes npropriptg éfﬁ@ﬁcﬁﬁthﬂéﬁgslﬁaé@y Plemants and transferred

into prc&ylrybtl'ilﬁdrl ekt Mg lceitb gﬁdﬁ&rfEUohﬁ)hﬁﬁk H#PVA389UaRa%IfREs for such

P45 t
mampu akllo S aéei: CQV ﬁvcg e%q‘yggpgxgage N lo ' Oﬁﬁbz}l&r%abgfat% Manual; Cold
Spring Hm‘ljdﬂ_,dbbrapxryjt(bid'ﬁprmg &laghot, NewcY @hit(il 289); SEArRIVGBtocols in Molecular

Biolog)}: gmﬁ)ielselt Fﬁg C%Qe%?ﬁ% &4%% ﬂ%séa?;?mW@r SeRE eSSIAI%:\xLX 5?%%8% %Sast
Gene”an% M@éawmﬁouaﬁeﬂmﬂl Rosgiet dd Cold: Spcloglgenbvdtabmtor)a okl pring
Harbor,20dvelY Stth@ b9dyy Whﬂ:ﬂ%re }@fgb? 91051%6&63@%5/ rdfEe fhgig gnurety

car bo term nal truncatj ons, del et | ons,
addi t i GHE thegrssertirysntipngelgiss anﬂ prgestiof G@ressingapedt V45 L1 protein in a
recombiant/hokt cBMtcampnMng (a) eteatkengd Yk c&nﬁfsﬁl‘g@nﬁclélﬁ adll @ﬁc%&hﬁ an

HPV45 ll\ipc{tglg? 0 %\) gezat%i?f%s PCITI ﬁ]%bgcéﬂ %gljg ﬁeh;[?ﬁ ggﬁ f:eg]ta n\é@r condltlons which

allow exyresgion of sl [P V4Tel MW% L1 protein as set forth in
SEQ | Qh@@egent mgntﬁ)){ et Ileﬁlte%% ¥ %Féesg ﬁ)ﬁ Egﬁ%l%lgé ﬁﬁ\f 45 1.1 protein in

resent invention encod ex ress
a recomfinapf hopticglh compyiniag; (3) introdpging fvestor gemprisinge nudeit a¢1d prreoding an

HPV45t[hqmiau &ltOp pEst hodff ceB; whcRak &Eﬁh@léls a&ft mRleORO¥B88nl dptitdNd for
S.l nventi

optimal S3GE105 1y P VS BLARLCT AP oo UAeE W nessmidons which
allow expinessioPVRBIdHP Y4501 kproteins set forth i n SEQ ID NG 2, said

nucl eigsafledisPua il freeiatgﬁm?l tgLOY ?r[g‘XRfff yf{%%n% %‘B Fi Sigin in a

nucl eoti des as set fort
recombingitdnsticeth campisings Kaatré@du@gae‘@gwmmtsmg eatais acidab set forth in SEQ

ID NO:I ﬁﬁ@i‘@daﬁlﬂﬁ& cBRShd,q6) dufturingdRd i;baﬁrhgh%l%ll'%delccdﬁ&ﬁqtms W 1ch allow
\9 contain the nucleic aci
eXPreSSIa)flggf%‘g@a %#EEFQWHM this 10 specification.

The synthetic genes of the present invention can be assembled into an expression
cassette that comprises sequences designed to provide efficient expression of the HPV45 L1 protein in

the host cell. The cassette preferably contains the synthetic gene, with related transcriptional and

-8 -
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The synthetic HPV4A5 DNA or fragnents thereof
constructed through the nethods described herein may
wheoosmssehi nant |y expressed by nol ecul ar cl oni PQI/UR1004/031326

an expression vector containing a suitable pronoter

and ot her appropriate transcription regulatory

el ements, and transferred into prokaryotic or

eukaryotic host cells to produce reconbinant HPV45 L1.

Techni ques for such 15 nanipul ations are fully
translatipns e%tfséﬁqw%%ﬁw&y ]é‘tke%¥° It 5Y9B 126 & BICHIOLE! B Feﬁ@matmn sequences. In
a preferkéﬂbiﬂibaﬂm{eyt e priahater GOthel S. copFitingGhr ﬁiﬁﬁmﬂeﬁ l@l@lﬁcﬁ@@ thdse skilled in the

o will gy SR By O lhet it 9 iobisth ol e GARCe 6L

ADHI, PDiB3, sxdECprametsrsaocbtMit edpryiotit gams pioamtses miNebe véed. kA preferred

transcri o%%?%mXﬁ@lsig tc%:gedﬂ%%{s:ﬁz% AD&a I't%gxg{ rr,gagt%{m%ﬂ l(‘)[h%? %@)&lﬁanmrlptlonal

terminaggysy mﬁsgalsm%@ﬁ Thﬁ@wnimatv@n of €890 pomoieh réwfélrt@'nh@t@bypamculaﬂy
preferrddicor porated by reference in their entiret y 20 Thus,

the present invention relates_to a process

expr e<H1oH" 25ReqLe IE‘THB?I’O‘F & HEVep wiruslike B?’E}Flﬁ é\ﬁ]t*P)H’é%‘{“‘:ed by
recombirahtly, expeesiitig thé HFV4$ &) of bt + 0d gmemgl aﬂye‘dﬁ céln Iineﬂ@ﬂ@d&ﬂ p‘B(bd‘&Gmg HPV45

VLPs, a%d%?ﬂoﬁ ftu%ﬁlgw ﬁg_,ﬂ(}sgViBs url I2,1]sgse 1‘?]15 eélgfs{' tlﬁd‘gzijorcca)sild protein
of hum‘mﬂi}é rnigshptiptliognsiryhs, chexpabsedin yeagpriawsst cglﬂxs ohmgaligh ddR/diDacteria

(for revkel»v E’Je@cﬁﬂl@r anIIR%de ﬁf‘ﬁ&ﬂzlldﬂﬁ\gﬁﬂ%eﬂyﬁwg Ltfutrﬂgzr RJS?AV@A %ch)%lo%avzmses

rocess_for expressin roteln i1n

Lacey, B it NinLoso Mot ntorggisprapaiong 2 (P99 Morabalssicnly adistnct HPY
VLPs cwieslbdife (2 6d1ipéd 15 dxgreémliguecdoﬁibﬁlaﬁ&i &t tl@ﬂﬂoﬁlﬂm capid 1&#&\!1415 ViLps are

{ t
compo 8L Bl o L TE rshC BT i FO At Fgfopoe . B0(6): 104556
(1991))expr essi on | n the yeast host cell and; (b) cul turing
th whi | | N
exer )e/g\?’?g r%l o 5rgﬁ(ﬁ{glé ‘E@@%@ﬁlﬁﬁgqg{h%ﬁé‘?ﬁ?n% 'ar?cpare @a al@gvof inducing high
titres Oﬁnﬂl‘iﬂﬂwgrﬁeﬂﬂaﬂ@@g upes aélnprrlsstaéglsmfomn agiapy- elemqmgzaacvn ¢fpabBs (Breitburd

etal., JLﬂerlr@t@l 3959%3@19@@))%3@@6?9'(%% eNASPrdeeNda. ACQITRE §SA192(25) 11553-

oduci n rising.a nucleic acid

57 (199&&%11&]{.11? Was slg%@ to \ég%rqéuie Iile:;;P %)llzglgfgtéququ @ed pretest aga%sﬁ prenmental
papillofibirus itiféction. Nidowwdver, peasde tlilﬂE]LPstnbt dOREAET the pcﬁéﬁtiallp&&ogemc viral
genomeV\Ailld c%}] 1% tj semb?x reque%qﬁessecfr) ffé%né ! tv,m%lﬁ gen%?ﬁh%hplgs%ﬁt ags‘glpe alternatlve to the
use of lafs szemhéﬂ’\f Wtc@neadﬁvebopm@g $foorsviewaws Stltikerahditlidegwpm. i/s€. Virol. 19:
67-74 (3®pences designed to provide efficient expr eSSI on of

the 'BPV45 L1 protein in 35 the host cell.

cassetMaais st ‘éﬁué‘tﬂ“?s Jolehaivirel 6483593 @89(?)?:‘11@‘%%@ HR)j 45VLPs,

which \f/&é pﬁoﬂlﬁi:eﬂ ioinSer defé fromah FeNGs5 1.8 oM@ egﬁgéétpﬁ&ﬁ%ﬁ:ulowrus Expression of

004/ 3 6 t t t
VLPs in Bla?c ¢ellS &5 rSQP'flql ﬁég%?o{mg o?ya%mlg% Selggrgglrt ?c&m?t Z %é\gix(fssocmted costs.
Additionaiynit ieadfico dif§adite neadsup dmpresaormféfPéifEbgbandbmeﬂ cultirkedto the
large vl RN ssab Stk Bt E1 Y431 A6ciEtheby, PEPYES %gﬁapdoh&%zf Heast cells

ski ed In recogni ze
have na h%éiﬁscabedotﬁff@fesazmmé‘dbl’s in W@ﬁmeﬁﬁ offeyeibhy aé‘@ntaa@ of being cost-

effectw@%d'—&sﬂ%ﬁted tdqggus—sca]_%vth% feRfahtdl. qmaécﬁﬁéw th@ryea% gbﬂf)me can be
gl # ?églotlc S%]% promot er s may be used preferred 5
readily pifereH0 PPSYF aﬁm%ff?ﬁo ght: traasfoppe ge@ér@b ingreaged gropyth an

expressicarpoiengdlor , al t hough ot her known transcri pti onal
term nators may al so be used. The conbi nati on of GALL
pronoter - ADHL terminator is particularly
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preferred. Another aspect of this invention is an
BPV45 virus-like particle (VLP) produced by
w0 e@sBese@nt | y expressing the BPV45 LI or LI +PCRUSHNEE31326

in a yeast cell, methods of producing HPV45 10 VLPs,

and met hods of using HPV45 VLPs. VLPs can

sel f-assenmbl e when LI, the major capsid protein of

human and ani nal paplllonHV|ruses i s expressed |n

yeast ect | s or bacteria

Yo eieCE DS ol R s ke RS SRS piscombimant L
protein GRegdopbiiantQuir + B2 prokésed HEN A6 rwhessi the eseambihbis @fotein s 3@ ¥ssed in a
yeastce? Leeds UK: Leeds Medical Information, pp 101-12

1996)). Morphologically indistinct HPV VLPs can al so

be pr nre@rrb@ele&qsine@sp e iaV@xtinmthﬁaHPW WP dneproducadibly
expressih@ HPRISITA OQ'WS‘]?I +]\J/Q-E§a h& ségbt %rle cgl%lst(uéga?(

entaners of in a T=7 1 cosahed r ure
Saccharewcgr cereifige, #ygsemala PR ey Ticki ptoris, f@myommﬁggzézr e
Kluyveromycphiak @y hSchi¢osabdakadiycéspompé. hentic virions and are

ble of inducing.high .tit tral
ot DETPBE SO AR E e it a4 AR e HPVas L

protein provhuend EyaeNpossiog a calblyioptsmigdt BPY45UL ldgenet Inad preferded eMibbdilnent of this

sy R 001 P08k Lo e o

forth in YERIDRXL.shown to both i nduce neutralizing antibodies

an d p |Y@I ﬁx@&eﬁaﬂ:@écﬂ st thﬁ)ﬁﬂ@ﬁtidiﬁ?& ﬁhlathocp@ﬂirbdlféﬁ?mu§ VLPs, comprising:
use

@ el R A PO BREB ST - SIEF cocAG HEVARE! BRI or HPVAS L1 +
L2 protedrest (b) adtieniol ehewhasforraeflyesseder doaditiGnsshdl genigapessidndE vhe

: \
1recomb1f?e(n(1:.3 E%@ m@leaﬁlé & P dd(fug% fﬂggelcg eblfl? 6 ?—1??3{5/ ro‘t%em agci &‘sﬂ 1rrg§ﬁ

vaccCl ne eve
recomblmflﬁvéésmmﬂo plodugy Hﬁv4fWLBs| 19: 67 74 (2000)). 25

I\/Iar ai ﬁl 0 LERaUES: & thlg/gg)ect\g V\thl vent@cgl tha ?gaa‘t?ig @énsformed with a

q Tg ag{gdl scl ose HPV 45
codon-optigized HRYA) k51 906 @ﬁdlepwg‘lﬁﬂﬁerﬂ@ a@ﬁﬁw@ﬁbﬁreferre@@mbommem the
codon-opaidédNPVABL1 4P casmiseda Qﬁuenyé-&%ublaotid%§ 8det ofth InSSEGID NO:1.

not a ant ageous for . vacci nment because 0]

The nioRIERER he atpidsaf GRS rEnGRaRT e aongs gp anima
compnsuhgfaﬂmmwltdnng 6iPyda lveusdiikegapicks si thanamhal HRVa prkfegred@sbodiinent, the

I arge vol unes necessary

HEVa> Vgrﬁg%g ﬁ’(alrlécei“1 b atﬁ%’g‘u% d%vé?“ceiprrent HPV 45 VLPs

pr odu&icrnpihenaspeet ofthis inyeryipnisamethed ofnsevgniiesr tredsiog HPV-
assoc1at@<déf\&c§1$ b&@er@%mﬂ?yné/idﬁﬁmbt&lﬂﬁé‘ﬁ tnafilal §va§f:11‘n§ ESingh rﬁﬁé HPV45 VLPs.

vant. ages o

In Joe| n ? ective_ and easil

o prefRe R En oS PR T e B e FEVAD LER e pladhced fgpast.
yeast Thie hoemionalsobeatey madadcmeabmpxﬁmg lE[BVﬁ’lﬁﬂlﬁ-(ﬁke partlcles (VLPs).
sel ecinl gxltg&atﬁ\%%m%l&%ﬁto’f th t’sr a%?e?c’ct ofr tgemvﬁ%gp thegvaewxe further

i NnCrease
comprisgsO\OEHs@E zelsfet eERddigond Eﬁ’dsmezan érpme;rred bebgtimeng ibe at least one

additionhIYI&N be@ R sEigbd £8m bR g\fd)lf L&%nsjlsltlﬁg |‘£ ?@VGCWI c @ﬁ‘g’ﬁb $8% 8  HpPV31,

nant L1 protein or reconbi nant
ey, SESATRON rbess BiNtze FpPss. RS 6 By HENGS JrHBVAS.i s
expr eEseftefefiedemboddidnt 6/hik aspbdl ofth heRidnS the 94006 FIFRBL comprises
HPV169£Pt he i nvention, the HPV45 VLPs are produced by

In another preferred embodiment of the invention, the vaccine further comprises HPV16
VLPs and HPV18 VLPs.
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5 expressing BPV 45 L1 or HPV 45 LI + L2 in a yeast
sel ected fromthe group consisting of: Saccharonyces

W@ erswssB@e, Hansenul a pol ynzorpha, Pichia paspPOF/US2004/031326
Kl uyveromyces fragilis, Kl uyveronyces |lactis, and
Schi zosacchar onyces ponbe. Anot her aspect of this
invention is an HPV45 VLP which conprises an HPV45 L1
protein produced by expressing a codon-optim zed HPV45

LI gene. In a preferred enbodinent of this 10 aspect
of t he It ¥ énethesprelerred cabadimenyiof thaiinventipiia Badcine fesher comprises

mvmmr}mvm QLBE twren6 10k aigbedvidas as set forth in
ID Yet _anot her aspect of this_invention is

ot hod 10 Bi-BBILH PP EPSUERSEPa S CoRpinE HFV 45 virus

like particlexs ffﬁlﬁh@rnlglsyﬁ\&ﬁﬁomlvelal&s & phea@ohitiod RbmphRioND t@pisRg HPV45 VLPs
r HRV4

and Vggﬁ S F? RVEY ad,éhuotn At AR Iﬁgf 0 pEde ggg}b °‘§H’8’§ thg Sﬂgﬁsk 5 ﬁ‘gdltlonal
HPV typrais sqd@qterﬁu ftoneshp igeigiconsistihg ofth BPY6, HISEIAnHPY 46 tHIDNB, HPV31, HPV33,

HPV3IUEEAY, P31 RREHICAPY 5L HARGRME Wﬁ? 4pa BBYEE! n: and
(c) 1sdlating the' reconbina rotein to
pr oduc & 2ppRyEmpesitons|of thg Pfﬁs%‘ft etrvre@wnew@e uppdrilong it appriopriate dosages

defined B @(ﬁftm@fesﬂiﬂgan bfieRlobih optifel MEBSibn bSHE VA i feetidFBshiMintilimizing any
Iomzed HPV4A5 L1 gene agﬁ( r.oduce HPV45

PotenWé’éwl%had%B’élP? U RS YET P PER AL AR RRD Of piHer agents may be
desirabledon- opti m zed HPV45 L1 gene conprises a sequence of
nucl eOt’I'hg gr?l Lﬁﬁ o?x%}usfh%«g &Qﬂ&lgs t§%9dlltr_6)d1|1\c|9d inéd a ‘.‘?‘a%ci-rlig }e%ipient will depend
i nvention ai ro I nduci ng an
on the; iRYARECRISEY) @ﬁwtb‘teeﬁprﬁswd garri preduct. do agneiadjan gmadrlogictleer ng

prophﬂENﬂﬁlWéferﬁVel dokEorRBhti10 hﬁ%} h&d3RieERbly abdut 80 ug t((j) 68 ;/Lg of VLPs is

enbodi pent , BPV45 VLPs_are produc
admmgtea: ’forﬁuksé]a tlé%lﬁeSub?gtlan%&nﬁégonag}gé@qnnélfmtfqﬁugtlon impression

thougl thi ekih,i aﬁﬂl othSr @od®e bhzﬁﬁuﬁﬁtrdﬁbﬁ viehtd MagdritdneAdihirf@nduk, Fb\/mhalauon

dehvegfsasfg !soa %o%gem ga(ri:tééd Etels (a:lg(gjl chr:n eérfpﬁag %}g&%ﬁ %gcrangéSts ?r%lly gg prov1ded
Parentgrabidepinietationtrodh mamtavelﬁow Hintsanas@eart subfutdnkensionvibertmeans of
adrmnisﬁ%ﬂﬂ%ﬁﬁad}ﬂvgﬁts &ch aP 5191‘3%9 Rﬂrdk%l&ﬁﬁl?lﬁﬁ t”]p:{%hg Céﬂa{l‘?&h}’ Q&h or

also rel ates a _vacci ne conpri si I rus
subseqyigRtttp ew@gerekfepgqucuoq o tlamvaaqneeecrf i mvezsﬁm&w@owémtaemus
this aspect of the invention, the vaccine further

conpri Ps. of at st .,one, addi ti gnal HPVt
a pref zﬁf@g}%ﬁ?ﬁﬁsﬁ%ﬁ{‘e fedp g mF%tB%rFteg R reiTense tfc?réli?&“rpose of

describiRyattd/piglastigseitedblegies andmatdaialsgliad tfpht bssed in dd@nedfion with the present

N TR YR e
such diplggge by wirtge pf esfos imvertioanbodi ment of this aspect of the

| n v e nt 'I-ﬁﬂmg H&%ﬂbféﬂ%éf&@edf dMHoli8lents BFRE ilﬁ/@lﬁloﬁp\ihl-&ervﬁcp Sto the
her preferred enbodi ment of the invention,

sccomp Ry GIRALTOR HarLo 0 RIeTeg e s onipnonol R thise precie

embodiinéiss, andl.ﬂhaM@nBﬁkQﬁé@Es?ﬁﬂGndﬁﬁTdahlS@ @04 b0 SEHRA theeill BY one skilled in the
art Wlt%nlﬁtdgﬁari‘tllgj lglrré %cg 83 gps%grgm? Hle 1nvent§ot111€as de 1n%(ri1 tn{ tgen hppter?(gd claims.
The followmg examples illustrate, but do not limit the invention.

EXAMPLE 1

Determination of a Representative HPV 45 L1 Sequence
The HPV 45 L1 sequence has been described previously (Genbank Accession #
NC_001590; see Delius and Hofmann Curr. Top. Microbiol. Immunol. 186: 13-31 (1994)). It is not
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HPV6 VLPs, HPV 11 VLPs, HPV 16 VLPs and HPV 18 VLPs.
This invention also relates to pharnmaceuti cal
W@ 005033586 ons conpri sing HPV 45 virus- |ike paPCT/Ubm84/031326

Further, this invention relates to pharnaceuti cal
conpositions conprising HPV45 VLPs 5 and VLPs of at

| east one additional HPV type. In a preferred

enbodi ment, the at |east one additional HPV type is

sel ect ed fromthe group consisting of. HPV6, HPV 11,

uncompp, begever ey fing mingpipguence ppigtions bepyoem BN Asptged fpyslinical isolates.

To detdrifife 3, reliﬁ\éﬂl'énvelf‘ﬁ?%ﬁ L1INA§pe ﬁﬁﬁé’i@e DN whiR \f@bigted M@%%\ﬁ‘ €linical
0SI1.11.0NS O e e use
sampleg PRIy 335 6 porit B0 98 0t FHEAS e orepi Agpined in.

polymdrzfss thangreaction(BER) dstngdy DINA @dyrherask ahdihe Bolloiviriy pRimetdPNBG 4511 F

c{:%égfdA%’bNEber VM*E“AZ{}%%”P’TclO ’gs%{ggﬂﬂl@'@to&‘iﬁvﬁhwy C

t1on mnlS Ion or s
A A ASHRTH StA B BA BE To6 Kk Azdgermts3’ r‘fﬁ?QﬂE NQi&)s iTiha binplificfipeoducts were

electropBRA4Bd oPfgaldsE bdis ﬁﬂdkf‘f‘su ﬁ%& b}ccl:tﬁiﬁuﬁprrgﬁld'e @Ltafn uggd . 'l%d)opetl bands

vaccl ne reci plent W | ogenl clty

were exgised pl AN gynug Bediusing fee Wpcn meg“@ﬁ&ndqlt (Qiggen. Hilden, Germany).
The DNAWNGE®Pbatal toy TN clofiORbt astiireih e fdaaesavea ] eseniof as

bout. to 100 g, d bl bout. .2
vnsto 8t e 18 DS R LB SRS o o
blue/whilesolemy sdedtiont Ehe@ates warp aweriedrand inatbagedomig hours at 37°C.

intr Od@&l&ﬁ)ﬁlﬁrﬁ% I\Ngtpée%ﬁhe%%n e%gﬁp%ﬂllfb Jotb%w% %h Patﬂng qﬁog{ eggl{ of the four

nodes of a

clinical Fgl#igs/Bidad e GRrmmlified: IRV 421 DRV bty B Rl using primers HPV

45 L1 Egfatigrphst ed. Th sf 1fa PR pﬁ&&to@ Begis@{ee df H@He@@fogts%éonds at 98°C
ar en

acc ti O r OV
(@enactii OB o S0 G R TN LS O o i PR products were
visualiz:d bg ethatien sondde swtnln&g afree agasoso kel e&dm)p’mbﬁehﬁ asdveral ¥dldnfes from each

isolate @Q‘J’ceﬂl\(e%rﬂ Sl% ﬁ&jsc hJ."hfé%ec%h&J%&r I\(étrn’nre%iéh %?llajl Wrglu Igl]ll %d Ip %ﬂ medium with

sequen areh
ampwﬂhnt s\h@laug:%tﬁarﬁi &t 16 heury iipreps o*feret pﬂrbrqu\ze erttiaoiplassiidiDN A from the
colonicddvant ageous. All publications nmentioned herein are
i ncorporated by reference for the purpose of

descr i BNfgeaHsaciag wes RsErimgd o theatpsmisdyicadaining amplifiadiapd gloned HPV

4511 mmtfrom g6 foub elitiGe Bolats. CONAQEA trﬁxﬁlavudtahnﬂmld&g@ﬁﬁé& were compared
e construe

with one &notHer ag?I tlie aeflgﬁ"ﬁﬁ]g{?‘%’e‘{fg[rﬁ ﬁe%%nit:eg Sc{uelé‘i‘?tafl?l}’séﬁ]‘)f% ta our clinical isolates
revealed thabuasegquen2s wesiidbntidalgc the Steneank yequence UEhaP Y A5 DA plasmld from isolate

#33 wak QIY(EQH o theﬁ@ﬂﬂe&g Zﬁgrel.fl%gi t@%ee(fvﬁ{]{ealgengmgqé Jé?eﬂleé toqlerem as the

I nvention w t ence

“45L1 mIMunmfe” (SEQ&D B@ H PGSBS+ Fhis setqn@wie w@qu@nnnesmcleoude

three afb akid/dele@idn which ROSRi RIS s%ﬁseqﬁéif@%h&f@@ﬁeﬁdm?ﬂ%& @8 point mutations
varfous changseshgand di fl(fatl ons nay. be effect

resulting, 1o, fiye §igo acidschapeep pnd pighta dﬁ@né‘rsfle%PPﬁbﬂt“a%ﬁaMWclds 495-497
in the Genbakishgres@opedadstedsip ittei4s Lafwtt haenbanu eiflinb @cidsuntiefsi B ESL>N), 55 (N-

-9, 0 e PRSI sy Al L B DO B -

L1 wt q@bt“éhﬁrﬁ siartingHatishs werrdistibyisd ﬂaougheutmﬁe\seen@nm SseflBRzE!.
The HPMA5 1lyieg) G R E@@as ﬁQ@ésﬁ{g etf?f%% PRIy QY QusldagaTCT

nbank Acc
CAC%S? %Agﬁ%&cw&“GGJ%WGCI%%MGT@&%@ (8EQ ID NO:6)
and HPVIA4) BAS 51—~ GA ONGAILCTTATTTTTTACTACGTATACGTACAC

G -3’ (SEQ ID NO:7) primers to add Bg/Il extensions. PCR was performed using Vent polymerase. The

PCR product was visualized by ethidium bromide staining of an agarose gel. The ~ 1500 bp band was
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WO 2005/ 032586 PCT/ US2004/ 031326 uncommon, however, to
find m nor sequence variations between DNAs obtai ned
wo e@s108d586i cal i solates. To determ ne a repr eBENUSL0YE31326

HPV45 L1 wil d-type sequence, DNA was isolated from

four clinical sanples previously shown to contain HPV

45 DNA. HPV 45 LI sequences were anplified in a

poI ynmerase chain reactl on (PCR) using Taq DNA

nmerase and the followng priners: HPV 45 L| F 5

excised 5nd é@ AmurifipthusingtherQNEXaH ged skiageion it G@Eganb mPﬁRaﬂaduct was then
dlgestecBWWEin%é"f“@ foMﬁ(ﬁ&Taﬁ%MTeﬁ 'k PCREQY BMHob kit. The Bglll-

dlgestecgggy gg@l to \gz?s ﬁgtp%(\g)e%mg-g Ce%tlre &EE@ é argbed in Hofmann et

al., Viraddgai209: r5@6 13’I(11995)) 36DB.cipDHb vhangsformed witlethe ligaichn anxiueNA

?uQr Iaf Ie(,ﬁ)gon%ﬁ% lwg% stcgg%egrlﬁl?g‘)ﬂ f&kﬂilg EBB%E lfﬂls%??] F&Jretc ori (j:ntatlon
Sequen¢ecang Oi‘lfmtaﬂoo rWerfgcontimedby OV segpengins. Ehe vlected:alonesweﬁdlamed

pGAL1EPVES L%ié' Tﬁﬁ%lolaQ wh &%étea R»Hﬁquw LORE R Ilizhﬂﬁttb @aemnne the
m xt ure and on

i cil

st b RO TPV B SRR o UG o BRA Fpggnents e

electrop‘hbﬁﬁﬁson\h@iresd galse Thetksdtitk restactvatiagmba prokite dﬂzﬁ;li}ﬁﬁal&ﬁed by ethidium
pgrforned on eight white col onies

bromidg srt?lﬁﬁnﬁg?cfﬁéw‘?dr%%mgg@ﬁ of the four clinical isolates
t hat MMakifyeeRNRGRs praphicd.i SutcharpycabedrdvisidiibeNsavgere made competent by

spheroﬂfagﬁl@% Gfu'sﬁ?seléﬁﬁ H&sﬁfrﬁgﬁe&lﬁh f)“EXLI ﬂf’[—ﬂl“éﬁz 1886 'hlP\{/efs@ trlni'sformatlon

ecCl protocol " consi sted of 25 cycl

miure s PRSI SO sgréﬁolfsp patepie Lipwisewytol Pitessed m%%ateétm\m@ for 5-7
days at GE8) Qﬁildnﬁ&)weﬂﬂﬂcl&d BhdWHe@Gd 3br 36l 1@&%&0@% [L@l!I()) somBiehl plates. Isolated

r oduct Vi s th ai nin
colonie ol etsganeubeengun et ks Mt SRl Sith EB ol 28 ase
galactoderio mtgag ubeicsinlred 2 30Whib andoedl Lirarbatydisn aﬂ&motsm @gprelssion.

colony fromeach isolate was cultured in LB nmedi um
with anpicillin, shaking at 37C for 16 hours.
M ni preps were perfor medEX8MEEr2act pl asmid DNA from

YeastcB&lﬁopﬁﬂizQ{‘é@S 20 DNA sequenci ng was perfornmed on the
pl asm_ds containing anplified and cl oned HPV

DNA 1 1SR IR OSSR Tec PR Sesetoeg 6SharrpRps! Med Covve, Biizabetn 1991
Synonyhfoﬁ@@d)cﬁ)hﬁﬂiag’.iﬂh Bacchbiofhy &S q&#aﬁﬁ&)&YEﬁS'E 7065ma8)e @xpm'tsﬁd*m of the HPV 45

w1 e el SRR e ot B RGr SEORIEY Doty chape SFAURREER for commerca
productrdevelegnasit, tieaiP V145 E& gerervee rabait utitieng yeat-preforredrod@sn Baid kebuilt

sequen&%%gwd ﬁgreﬁf Xl-ﬂ’%%g-hl Qhﬁ‘és@oﬂ \Llﬁmétﬁ@i}@i s‘?gmt#c%ﬁt a‘&)@zﬁwe over the

nto erep resentative 45 LI w |
Wﬂd-tysfeﬁ?u@we@ vaggige @,veb@mémr Sthep ghersequsnes vues rqbﬁét %@Zma 5eaLt1°Pt1mlzed
codon ééhﬁe@cets)’tﬂ@n&%ﬁt 8 uenéeS&QS'I_D leQJaE alt&e®at ED%BEIOJLQ to pfétiuge 45 L1 R
eguepce cont aj ne i ne nucl eot i de t hree am
R = refyifly Thraming w5 SHATERC ARV RER TS IOAHES (ediitloiie (SEQ ID NO:1) and
amino ANIEQAD N@aYsengentesaie PV #3/B1 Rarahown indICURE 2.

resul t’fﬁ%g;, rJatQ }r (:T‘O}%H]fcﬂ?he & b\fiﬂla\pg R 910%. bérl n se and
k A RO e 4 g by

addi tion a
antlsensemllgh@ersémbmk tl@egqmae ﬁ@éﬂtatm r@llélle@t@@@l wiith y@ﬂh@rafrsrrﬂ coglpn sequences

while nﬁ@maﬁg tlfér@rlgﬁlalatﬁﬁl J&Q@;@e Zhele1EDhers %re(u%éd ix §iace SQ8mplate

DNA uéﬁfﬁ% re‘il&ql(als Agﬂgﬁ)ﬁggrn?)?éwﬁ%w(n%i I\:vbgreiggs%rga %Ec{ usgy toe?g)p\{l?y the rebuilt
sequendd €rofh thé {eﬁiﬁlater‘ﬂligaﬁlb@ nBﬁ;\mm p@im&m&ws Qekdtinthe PGRATLS tivdes.

\?\gg u Zn‘p IO\P§ el con 1ons f%r an@@%ia%ﬁn iere_ SG%SO}?-—S%F %msd‘ls %rlﬁgr%%lst employed
a PrOgYGIA@smlﬂl@g&AﬁCr @I—:@'ﬁﬁﬁ@(@@@ﬁ@)ﬂfm@m 1325 CBEGQIODING fe) 30 sec
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andHPVA5L1EASS' - GACAGATCTTATTTTTTACTACGTATACGTACAC G
- 3 (SEQID NGO 7) priners to add Bgill extensions.
weaRsmaessoer f or med usi ng Vent pol ynmerase. The BGI/BER04/031326
product was visualized by ethidi umbrom de staining of
an agarose gel. The - 1500 bp band was -12 WO
2005/ 032586 PCT/ US2004/ 031326 exci sed and DNA purified
usi ng the Q AEX Il gel extracti on kit (Q agen). The
product was then gest ed wwth Bglll at 37C for 2
(denatu%érSsSOa(ﬁ gorég e d (,a@y:au,sqnﬁa Her b Migtg CkieER), followed by a 7 minute

final exﬂ:‘dglbﬁ hicatd o k@holdTl'F@Rﬁggduﬁts wtddSahia B&PA/ e gell eREfRophoresis.

roduct vvasllglﬁrtedto anI-dlgl:%sted
Bandscg dReAPPTOBYE FiRe WP ragired abd DR sel Ririfigd-o e s Ted fegments were then
used as (h9dg Jo adspehble the 0333 di)l-elﬁumaﬂ’\/t 45ams§eme med with the

| | gat 'lg%ﬂa\%qn)é%éguﬁ% eﬂ?et 89,5 Q a8 %% %?elé&?g’g@/ %(Eéﬁ%funt (Invitrogen)

and E. @édimﬁ@ eel&nmbr@trarefurmtd wmh the ligatioo nﬁxtnwe @olvpieDMNAre grown in 4 ml LB

5 T8 L5 A R G v
was sequpTFgd/forconEiER e pesence pithe ﬁieégfedrqhemge@ fr thecigrdrebuidoThe 45 L1R
(rebuﬂd?fwa‘é f'éeanﬁ'ﬂ’? Yied romlpc@BEIMS i R td bR B?z%ﬁl)lt@nsY&lQ tBoth S plus a yeast

f | ect d.
e e, S P PRl B Aiged gen v
cloned ipyabeteind iplasmid IIN A vassehgerstdi The pipsaiid pGl]RAeBBldt-W LR (®am), was
digeste«!l lvgﬁ' lBam%ﬁ(dd%ﬁlg fll-a) N%emerg el%&?orﬁggrf:se§%g %1%1 ggagony geqs The ~1550bp 45 L1

evi sl ae
R@®B amé ﬁh@m@& wasgdl perifids hga@die Qam%dlm@dm%ﬂ@m@mnmmd into TOP10F’
E. coli @¥dedetfy, HPV 45 L1 #6. The yeast transformation

mxtucf/g was plated in Leu(-) sorbitaol top-agar onto

Leu(-) AR SCHiCREdRy Rfor the St d-1i Thinssrt Bdbe ored).opientation in
pGALl(ﬂGlySeqaénCQQ@ or{antaitih @Sre\WBMTRmEd E}}@NA&B@{Jeﬁdlﬁﬁ amdprépplasnnd DNA was

L .
prepareg Andus For gl%ea% tngr o nlgg gg.ﬁ é%rte?zgl{ze ?eilé\ﬁ’hf) h %gf?ﬁen Wg%ccgppetent by
spheroflastifig. )Th&d@(nsfynmd tybast wkrelatel il &%) gbruitd $ep-agadond@A.eu(-) sorbitol plates,
which \Qé% ﬁﬁﬁlﬁﬁeﬁ lﬁx"értéci)fo?b 'dgﬁ; tddf&ﬁwg Vzlelre lé{rga%e@for glg%(kl\ﬁtéggffeu(—) sorbitol

transcription an rotel n expression

plates. %@b?éqd celoaish wsmspbﬁeﬂwﬂwovz@l oL 3K Epwpradds (-t esafeited with 1.6%
glucose}aY Q%@@&Gmg@ﬁ(iét \ikguﬂeﬁﬁﬁﬁr@s atBad tohAREL CR¥Rerifdoh 2APHLRIN

expressilb% After%é ri'x% %@1@17 gﬁ%g%?lent E)X Sra(glg&%g ﬁﬂ% Ca%tspﬁlletei_cip@e igpematant

cereV|S|ae
was renhdvedvindph@pedliets weasroben ext sadvbddt -106@ever, to obtain the
i ncreased expression necessary for connercial pr oduct
devel opnent, the HPV 45 LI gene was rebuilt utilizing
yeast-preferred codons. BRANMPLERUi It sequence woul d
RNA pRp&Yigle increased HPVA5 L1 expression, which would be
a significant advance over the 25 w | d-t pe for use in
vacci fellpeies sformsglyyssst fndeced é‘d‘?]‘é’l??é%ﬂe\%és [ 5y gplctose induction

were theéd cbnﬁ;:d‘) Guspenist nﬁpa irﬂfbﬂﬁfkol eaRenLEe Q‘H&iﬁﬂegles Git®o BRL) and
mcubat%é; és:t reoo{r%npf:raglgé'lﬁ) cr:%n %s @fe éftw%ﬂume P@%‘&?f?fgljm w%ﬁza%%c}ﬁoﬁ]&e vial. It

was theachakes vigorenste for i & wererds, to mixsand dtcubdtddeat exbm tFimperature for 3 minutes.

Aftera @%hﬁ@&én%u%a%%gaﬁ ? ll\lgms ]t% lﬂ)ﬁ}Qngh%@ Wi c@l?éc&i,d Qﬁ%ﬁ&ﬁg&ito a new vial.

sequences o are shown 1 n
0.4 ml WO@P?Ia’(f’é g§deeipd Bypunter gt ropmderaperpture &5 minuigss CGewrifugation to

pellet RN Rvab B rAYE 18XIpRMYTos ENHBuREIThe supernatant was decanted, the RNA
pellet washed with 75% EtOH and centrifugation repeated. The supernatant was decanted and the RNA

pellet allowed to air dry for 15 minutes followed by suspension in RNase-free water. Spectrophotometry
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30 antisense oligoners that span the gene,
substituting nucleotides wth yeast-preferred codon
wGee@amsases Wwhil e mai ntaining the original amnm POT/ES2004/031326
sequence. These oligoners were used in place of
tenplate DNA in a PCR reaction. Additiona
anplification priners were designed and used to
anplify the rebuilt sequences fromthe tenpl ate
ol i goners. ynerase was used in the PCR of
was Peliemw & e‘%emmwé ﬂ@ﬁpms%avattoa RERNAGH ghefsamplg wping the assppiipn that an A260
reading#Fr1e: AEEL/inPRNARARH EneCA% R¥eMar7-nost enployed 35 a
programresenbling 94C for 5 m nutes (denaturing)
foll owed by 25 cycles of 95C for 30 sec -13 WO
2005/ 032586 PCT/ US2004/ 03k3aappi(lenat ure), 55-50C for
30, .se anneal ), and 72C for 1.5 m nute (extension),
Northe 1Pb§ﬂﬁ%%y a 7 minute final extension at 72C and 4C
hol d. RIR%iugchue fcﬁm:ﬂﬂd&lﬁldegm Wanest. nyvea@a teSBici@@lams of RNA was

combingéi( gllgté rélgﬁ)at 3%1%%’{&3 ﬁPa cgnce £at1t81|;]se ?‘2 ?c[eh? SCP%/;f foglg%vﬁlﬁ? %nd 0.1x
MOPS)pnd dreatebie 650(s &t lasmmeénsp IAa-'tne-tttndl m;nseemeﬂ gel ohding[5:Bf8r was added and the

sample rl&ﬁh‘d !)ﬁto 'ﬂlP\éeIA' %lée%roﬂﬁf&ls v@as ?%(g{ﬁg% Qt?7 g rvg»g%fil lqi M%)t?§ buffe :for ~ 3 hours.

n an uri f
Theg%WﬁVW??%U@h(gmgﬁg TOP10 cells were transforned
Wi th thie RNgatak ﬁﬁhsfﬂrﬁéﬂ weﬂylﬁﬁdimi @&n\m@rnﬂar@é %ﬁe&lﬁnﬂ&ﬁ&cmnces

Piscataézf%éi A\gg% [Tﬁapba}céllgrll ?ve?ﬂgpgxlﬁs %fﬁgw p’ilgw aﬁtn%g@? % the nylon

membragrediyensse tinkiog womf the &urzttmnqow‘émmhm@f (Sthegeaesia otla, CA) auto-

yelpTalel f (rebuild)
crosslifE AR, o ff* ;8 ngien I’%&%Eﬂl‘lg ne- QE’W%ﬁ gt B G Bant

ext enst cp@DH&, ﬁgh@ﬁw Iy galaahyg@gqugzngn Kit I (F. Hoffmann-La Roche
Ltd., BaseR Bwttﬁ@mﬁ&wmsédaa 0Bkl S2AUEDNA HRRhERIMDIGHNE Bdds a probe to

s LB SR B SR S e e, cloned L
developafieiRd usdhg lani anﬁﬂ)lG]allBhﬁdBﬂﬂS)sphaW%conﬂlgg&Sirﬂ.‘ﬁbo&y Wéie Raiontdd per the
manufa%@?er@%%g%%%@%ﬁ%% 4r§rﬂ§ ﬁcé %I? ofnf ] alZﬁe %ttﬁiggcﬁ; g@mnutes with
gentle shaking.i Elap, probegeas denaturedBapnirehtingi tg éé‘tCeﬁm @@Lulesﬁ@d @rdching on ice. The
probe vtrzfs %ﬁ&fdQB %%ybﬁﬁl&u&@ohgﬁ)n an(Eaé)Ig'ﬁQA fo tltge! BYhbhRSEY houilssat 44.6°C with

i es wefe screened he HPV 45
gentle ﬁhﬁeeg -t Therhybrdizatiop rsele&lorbwsél?ﬁla%m%ﬁd Pl the @Lms@ed twice for 5 minutesin

2 x SSSaAHeNTe S ot 186 &tiRidnas fWRMwRd ep Bk addﬁmﬁalbyasm/tssc’c with 0.5 x SSC

and 0. 1§/eg]g§ nﬁ) nlgﬂt w'\é{as?%eﬁ g’?%,‘%a@}f %Hrfmélflte%an Caélp éﬁbﬁﬂ‘ﬁ necpg)m;pgatase conjugated

antibodytappliedias el 1158@hdihmidie for 3Orpixtuent Thayblsplesrvophedsind thg preddnee of probe
bound RN@JH%f &jby ﬁEﬂBCﬁ? El%sﬁ’{)t?{l%%ub]lq oil“tﬁtlfI Qlkal VI\% %B#bﬁa%se conjugated anti-

g ggr onto Leu sor
DK}bW% g®edY i nverted for 7 days. Cblonles were streaked

f 0 r C| BRIl arlabels 3 QR eQﬁreésﬁié@Sll%rs@ggteQEd ththhdi’é ﬁﬁﬁﬁnctlonal HPV 45
colonleg wer e _subseq uentﬁ% rown in

L1 tfan%fﬂ’éla’e alijd TRASIEUG: SRYBPE BI° StHpHFe T a8s gﬁw&wag AR Codon sequences
to obtaipalnantreseal lkvel bfxb@telssﬁ@l, usehe fdrwhztchﬂe&ﬁvéibplﬁdﬂfi The rébailiSe.1 sequence

was en%ig%etrrécﬁtg%ﬁﬁt %r hgﬁlbﬁgh a{u?rte granscréﬁ) i reerg‘%ﬁa 1011 %ﬁ%%%(ensurefé)bust

une e
transcrigtign. pE¢rtherellot anplasis ofishe 4alt JaR transpest revenalod gt falidengthdranscripts were
g“wmﬁﬁgﬁ pregre frozen and stored at -70C. 25 EXAMPLE 3
prepar at ion

EXAMPLE 5
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Cell pellets of transformed yeast induced to express
HPV 45 L1 by gal actose i nduction were thawed on ice,
waeapesasedl in 0.8 m of Trizol reagent (Life PCT/US2004/031326

Technol ogi es, G bco BRL) and incubated at room

tenperature for 5 mnutes. One fifth vol une of

chl orof orm was added to the vial. It 30 was then

shaken vigorously for 15 seconds to m x and i ncubated

roomtenperature for 3 mnutes. After a 5 mnute

HPV‘%éhPth@Fl%@éﬁrPséwnat 13 k rpns, the upper phase was

col | eCE‘leﬂsna/Bakt tdllgreiéte bf gathctose-mdimedvenivads equitaleht d ODgoo= 10, were

SQ
thaWed on s angtS\&s ié@?n %g‘ﬂ%g% ﬁ(?g%ﬁerll 0 % g‘lﬁif(f)zgc%{EOS Ml\ée}ql eqH7 .0) with
2mM PIM'BF RNAd waghe@e 5inar ghasd beuds, kirdaddgdys 0f5griute0 The tubtesere Ydreexed for 3
cycles f#gf G n%s_latnzf" with ¢ recagttegadellalétnj?rg gﬁé\l’ﬁtoqﬁﬁjlﬁ%how S d deiimanc{] vortex
repeatedidior Jdminates atdt°@ndhe ﬁubeSFmec placeg eh licg tforall5 | ngj piesek. @1151 thfprrcedtrljiuged for 10
minute 9J4°é5TH& Qi e fw@L | OWRGBYo SUSPERRLSR ﬁ% elthbeFYBI&T {5 @R yeast protein

er. Spectrophotometry -14 WD 2005/032586

eXtraCt’F‘@’Ffi@Sé@‘GWﬂ@B‘fgfﬁ was perfornmed to deternined the

concentration of RNA in the sanple using the

assunption that an A260 Eﬁg\%’l’ of 1 = 40 tg/mM RNA

when the A260/280 is 1.7-270: MPLE 4 5 Northern
WesterB[Bbdt Awabkiysi s A 1. 1% agar ose fornmal dehyde gel was

cast. 'Fetyleyegs@ ﬂro{egrp?)ﬁa&rf% ﬁfagﬁty (?Jol @Hﬁe%(?olorﬁéy}pﬂ &9945 L1 construct

wi th denaturi concentratio
were atfadiyzath by Megtee, bluss tosmB TR EFHreRsion At ljprsztemmlaamp induction.

heat edTdomBRiera®Rof {1 %Jﬂgﬁrgt%m R Fad @nibthed it ¥BSAFAGE loading
uffe ded . and the, sanpl

di ng
butter fhtge B0 G 1D Ginutip 10t BT ERS BeleA 5P R Do SIFSPACE geland
electroylﬁiréssd loTris-GlydhP¥mftauf A pfrcmSm separation tige. protdifls Wére Wielern transferred

from tl}e el to ‘;tr:] rcegglfldsrg arg(p tpﬁlnklgﬁ%lo 4 1n O%1¥ure§§%1ffer 1r&(%l}1T|€‘rd\A’a§ Perry

LabOfaBH@S)(fDEhh‘EE at rofin sanzpieERivay WItNDC)ckmg Clagdilotivers yashed thaee tonesrand then
1ncubatl§ \J‘tﬂléﬁszsbd ditlliot oﬁgﬁt an h@ﬁ)ERHﬁV \Q@iltsg}ﬁﬁll a( fc?éﬁlcklhﬁera{tﬁ}@ for 16 hours.

nbr ane cross-11nk I.Ng usmg t rat agene
The blwasfheat“eﬁheﬁ Kgge t(rs%sea@ Hgetneed vigh aJlo?ﬁOQ ﬂw °§Eﬂtbg° -HRP conjugated

anubo@rfelsshﬁ Miae blod 6/hd QAin vAa‘sﬁesartm%é eimasgand INBI/BEIP@Bte ORI LGRS applied
al.l owe oche DIGHl(gh Pri

(K“kew %13 R ﬂ@b"é"ﬁ?f‘e@et “P%rﬁ"‘%"‘? PIp et“F: VeISSPRER AL PE‘&"%E"&% on the

blot. Ltd., Basel, Switzerland) was used to label 45 L1 R

5)2'? eite ﬁ%@ﬁé& ‘k&tfﬂ: fﬁa 3 aﬁgaslé er - %.Ilg)r&&ggﬁs EleQected as a distinct
immungyeactiyg baidinAbe mewellhlyﬁﬂqoerpszsatldlegwtoanmommqﬁg}ycﬂ7d@a(§5nem 4). The 16

L1 profdgY %&B?ﬂgbrdiﬁhﬁay 8k134) twas IRl Asalpbﬁ&vemaﬂtw Nad@SAth HPV L1-free

anti body were rfor er the
total Y PEIR R 5 TRgRBmteRiERL I q%?”flgfl y, the blot was
pre-hybridized at 37C for 30 mnutes with 20 gentle

shaki ng. The probe was d by heating to 95C for
5 m nutes and quenchi ng on |ce %’ probe was added
ELISAtAsstshe hybri di zati on sol ution and appl i ed to the
nmenbr aipg, }freggt céilsr&b‘ﬂ'e§n%t}ﬂ“\ﬂ4ﬁﬁ Wbljé rove aestlj" @#ﬂn&gods including

The hybridi zation solution was thén re

rotating fubg C%ﬁ%ﬁeﬂwkwlaé@ g fergepiprsy LB yeps; wepe lxseéeei mmew ee}tr&% were made
to deteDhie fHe afOOINOE emreus A1 Wir@s-likeOpakt QI dvIYs) drodaddd pbid iBib@ram of total

protemW%\ sangwwg ]E‘:Elélx was (Pemgne)éi to gemonstrate HPV 45 L1 VLP expression.
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and 0.1% SDS. The bl ot was then bl ocked for 30 m nutes
and anti-DI G al kal i ne phosphat ase conjugated 25
wa@praosiosasge appl ied at a 1: 5000 dilution for 30 PETUBHS4/031326
The bl ot was washed and the presence of probe bound
RNA determ ned by NBT/BCI P substrate detection of the
al kal i ne phosphat ase conjugated anti- DI G bound
anti body. Initial analysis of yeast expressing 45 LI
wt suggested that there was functional HPV 45 L1
t r ansc Pt &8 Berpclonalisatibady §RADR wltish ecognizes betb dFdyes 18 and 45 L1

VLPs, Wasuse@ tibihd thatt$ N1 Werstound BftRS yead pedp Bxisequ ?H&@rﬁaour%q)rotems were

vt S S L SR 515 Pl e e, v

appliedens gidateetianchntibody niltue aropfomastiinbilyecopt @V ILUIN €LPs were bound and detection

.z
was fa&fritg%g gl]z Ih%:ulkeg% ah% 1~ Iagstrer% (g ﬁkli’-ecglgfl%)ate SP é edty%lgcli) ﬁ%LIBLsTbsﬁate
t r ans cPiepificalby HA$R: 8 wahused fadobt thebgtom df immslon i4HBX 9@ well plates

o 10111 BLEVEE il 5. SO ol A

blocking gy blecking splufipnetP8S 370-Qpsh Aredsd-i 1T BSAe Elel Rlajesouere washed three
times a@d) hhtig&hﬁfﬁtalty@as@ﬁoﬁbatei@ilut&ﬁﬁ QIOCIGH@M&OQ@O 1608 el é@(ﬂ}j were applied to row

A in o GHERET L s Chy P Pk sl e o sy 1 and

2 at 33¢(Ingl] ip é@(dg/ml/\letabyeaddmi@m Th: 15fptenodand telsh eaniplds everabéneserially
diluted YR5 £ QS’WI{ Qarch §01§mﬁ y&%t%stlérg%}l@rmt %&&F%E%A%@% at}é\%fléxgesg ﬁrétigen was

m nut e break
remove@&w@&tratl?lwéiahf‘eﬁia%wasseqﬁ #nese $el supgmatamigontainiessHRE A £L1 VLP

confon’ﬁzltibﬁﬁ@p&ﬂﬁd B&b H25. 1081 1M NWhLBlute@N BN BRGSO bY glﬁfjapf)f?é'd to each
m nutes at 4C. E@@P?qt ernate. was transferred t

wll ol el 4 G A PN Ot 5 ey i o BOwere1 HRP-
conjugaad antibody ditated d:8800lint @king satltlonm apﬁli}d EotANIBEat oom temperature

The plaY&%e% Qas%le(? Ll}dﬁg\% gfsnl-:r e)-le-lgit)hed fgreﬁa r Ot e&t,slsl%llg-con]ugated antibody

I SO oni es

compleéﬁn STth g%tectl%eaétlcgh\gsy@eaedﬂy ﬂWé%iEI@Pﬁ 0{;@1\611-121394.0 Blatep e read at 450
nm wa@IRE@ S84 B cgﬁceﬂtﬁt&ﬁ- oPEPY 85 1.1 & P& s AL AGHE c'toﬁllg\gfségﬁ e reference

en micrograns of total yeast protein extr
standardsinmie Ve AMeARIgmReiIPAGE | badi ng 15 buffer and heat ed

to 95%)2:é tenpatBorbenideeas LThe alwt%%bﬂﬁﬁatéé&%&s _%)_P@Sj@ﬂR oa'ﬂtagsa?ed in
s O3 B FAREDRE, 308y, BRSE LR e, T & G o e

than tha/¥esitlis ohservedgf4dirled (FIGURE §)he gel to nitrocel | ul ose
and the blot blocked in 1 x diluent buffer (Kirkegaard
and Perry Laboratories) for 1 hour at roomtenperature
wi th rocking. The bl ot WBSANEEESD three tinmes and then

Transnhsﬁﬁ)ﬁlmﬂdcﬁénml(tr&c@pyl 2500 dilution of goat anti-trpE HPV
45 L1 um at E E&taswerature for 16 hours, 20 The
bl ot °s el Iawotpin yas infact selfasserabling toform peltamenc-u

capsomgrs 261i0h ohi thmtseibassedblaitts vigadike pifcleq 8 patgallyeshrifie@s bR Yrotein
o Pl el i 202, 7 veshed hree {ies and

Yeast cells were grown under small scale fermentation conditions, pelleted and the
pellets were subjected to purification treatments. Pellet and clarified yeast extracts were analyzed by
immunoblot to demonstrate L1 protein expression and retention through the purification procedure.
Clarified yeast extracts were then subjected to centrifugation over a 45%-sucrose cushion and the

resulting pellet suspended in buffer for analysis by transmission electron microscopy (EM).
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(Kirkegaard and Perry Laboratories). |Imunoreactive
proteins were detected as purple bands on the blot.
wab@s10s2s86 t s denonstrate that in all cases, theCHBS1004/031326

protein was detected as a distinct 25 i mmunoreactive

band on the nitrocellul ose corresponding to

approximately 57 kDa (FIGURE 4). The 16 L1 protein,

whi ch is approxi mately 55 kDa, was included as a

positive control, along with HPV L1-free total yeast

pr ot ei A IexeseRatves3mple ﬁg@aﬁﬁ & Re\Gdtspetdugedds shomotin FIGURE 6. The
diamet&sT\We)sp h&?@éﬁ:ﬁiﬁﬁlez i@isEkldofar)ns ?a\‘% HBOnY6RFLen %6 |a11<§60 nm with some

ex ssin \/ 45 were grown by a variety of
Partml‘?‘?éfsﬁg‘é@‘g a%%ﬂ”l@ﬂ?“ﬁ@"’ ICPRSS’FlFrﬁg tube cul tures, shake

flasks and fernmenters. The yeast were Iysed and
protein extracts were nade to determ ne the anount of
HPV 45 L1 virus-like particles (VLPs) produced per
m crogramof total protein. A sandw ch ELI SA was
designed to denonstrate HPV 45 LI VLP expression. -16
WD 2005/ 032586 PCT/ US2004/ 031326 The H18R. 5 nonocl ona
anti body (mAb), which recognizes both HPV type 18 and
45 LI VLPs, was used to bind the 45 LI VLPs found in
the yeast protein extracts. The unbound proteins were
washed away and H45. 10B 11. A5, an HPV 45 Li VLP type
and conformational specific mAb, was applied as a
detection anti body. True, conformationally correct, 45
LI VLPs were bound and detection 5 was facilitated by
the use of an anti-nouse | gGl HRP-conjugated anti body
and TMB substrate. Specifically, HI8R 5 was used to

- coat the bottomof Imulon 4 HBX 96 well plates
overni ght at 4C. The plates were washed three tines
with PBS and 0. 05% Tween 20, foll owed by bl ocking
wi th bl ocking solution (PBS + 0.05% Tween 20 + 1%
BSA). The plates were washed three tinmes and antigens
(total yeast cell lysates diluted in blocking solution
to 100 g/m ), were applied to row 10 A in duplicate.
Ref erence standards of purified HPV 45 L1 VLPs were
applied to row A colums 1 and 2 at 3300ng/m in 100
g/mM total yeast protein. The reference and test
sanples were then serially diluted two-fold down each
colum. After three hours at roomtenperature the
excess antigen was renoved by aspiration and the
pl ates washed 3 tines. Cell supernatant containing HPV
45 L1 VLP conformational specific mAb H45. 10B 11. A5
was diluted 1:80 in bl ocking solution and applied to
each 15 well for an hour at roomtenperature. The
pl ates were washed three tinmes and an anti-nouse |gGl
HRP- conjugated anti body diluted 1:8000 in bl ocking
solution was applied for 1 hour at roomtenperature.
The plates were washed and TMB (Pierce) applied for 5
m nutes to detect HRP-conjugated anti body conplexes.
The detection reaction was stopped by the addition of
2M H2S04. Pl ates were read at 450
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nm wavel engt h and the concentrati on of HPV 45 L1 VLP
was determ ned by conparison to the reference 20
wet@smases in ng VLP / tg total protein. A conper/iuSmn4/031326

between 45 L1 wt and two separate clones of 45 L1 R

all assayed in duplicate, is showm in FIGURE 5.

Rebuilt HPV 45 LI VLP expression was approxi mately 2

fold higher than the results observed for 45 L1 w

FI GURE 6). 25 EXAMPLE 8 30 Transm ssion El ectron

WHAMSS ISfo denpnstrate that the 45 L1 protein was

in fact self-assenbling to form pentaneric-L1

corsory s R R S M L S e
HPV4Ekt patin asast famiainySECUITOYODr the awilas daddiselildncd/Basdt coded-bgimized for

ioh- r mall scale fernentation conditions,
hlg]le\ggﬁﬁgfggesgw}ﬁgg%%ceﬁpel | ets were subjected to

purification treatnents. Pellet and clarified yeast
extrachs Veh§eatdloppfsnPie nhdBRAGPHBlclIOoAgHNSt r at
LI protein expression and retention through the
purification procedure. Cdarified yeast extracts were
t hen sBbj echAadsticell esiprising U@gatkitoofelagh 3a 45% sucr ose
cushion and the resulting pellet suspended in buffer
for analysis by transm ssion electron m croscopy (EM.
- 17 WoO+2005T:3R518611 pCTlAINER 004 DINSIREt kllieplese fibmtthe/goup
isSRBY QicOlard\ReserdvikidR Milrsshulf | Bich LN
Cons,ls,G. The ¢ c? ir éﬁrrgfser " o%m_te ‘he é?pl’bfe |}}|g g}g{b%g’rltslfglp gé\gﬁﬂﬁs’ {< u# @%ces
fragilis, Klyyreremygst WeiisamgelshicesorhBeryesionde-and 60 nmwit h
some particles displaying a regular array of
capsongrs. 2005/ 032586, PCT/ US2004/ 031326 WHAT | S .
CLAI | S: %@ hog! Cﬁﬁ 8? éfn&n Lohereipdpehast @ﬁe%f’r%?'wgewmmwe-
sequence of nucleotides that encodes an HPV45 L1
proteip as t farth. i 2., the. nucleic acid .
seque ncg:]'e b e?ﬁegnu(%%%g gl-dorgcil?%ﬁ)gzog ga’ygr’ WheTein R SBRPS of ftkfSorides
comprigssifrsegusnenriinpcleptidesassetdenth in SEQ IR N@dt or conpri sing t he
nucleic acid nolecule of claim1l. 3. A host cel
conpri sing Rhe vector. of claim3. 10 4. The host cel
of clai'm 3, AWARPEORPHiHRS e Btclieiqid meleads fdladm 6f r om t he
group consisting of: Saccharoniyces cerevisiae,
Hansenyl a pgl r.pha, Pichia pastoris, Kluyveronyces
(g Ps RRTEER ol fisdefie o By 7.

Schi zosacchar oi nyces ponbe. 15 5. The host cell of

g le?I6\r/r: gl’ a\ghefrﬁg-lﬂ{etpgﬁicﬂg W Ll%?Lclmﬂrﬁedsfﬂgg&%ﬂiaﬁicl%‘?otein or recombinant
L1 + L2 proteins of HPV45, wherein the recombinant L1 protein or the recombinant L1 + 1.2 proteins are

produced in yeast.

10. The VLPs of claim 9, wherein the recombinant L1 protein or recombinant L1 +

L2 proteins are encoded by a codon-optimized HPV45 L1 nucleic acid molecule.

11. The VLPs of claim 10, wherein the codon-optimized nucleic acid molecule

consists essentially of a sequence of nucleotides as set forth in SEQ ID NO:1.

12. A method of producing the VLPs of Claim 10, comprising:
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6. The nucleic acid nolecule of claim1, wherein the
sequence of nucleotides conprises a sequence of
woeesessBeles as set forth in SEQID NO 1. 20 FCT/BS2004/031326

vector conprising the nucleic acid nolecule of claim

6. 8. A host cell conprising the vector of claim?7. 9.

Virus-like particles (VLPs) conprised of reconbinant

L1 protein or reconmbinant 25 L1 + L2 proteins of

HPV45, wherein the reconbinant L1 protein or th

reconbi nant®L1 {rapgongpng yepsh yltaﬁéod%r%%@é IDINEN gﬂ@lggile encoding
HPV4519.protéig oMiIPB4L1 L aipMtdns; Wher ei n the reconbi nant LI

protein or reconbjnant L1 + proteins are en

Dy s codon Bt | LR BSTAB T RIOF O} C AL r o gRO BT g it expression
of the c&ﬁ)nélolatimiEhéDMAFiﬁolecfulccﬂo@rddu&Ch rewhghir@ntpadphilemavirus protein; and

codon- opti nj,zed j I

essential | 31) 1&2&1‘(1;51(1]1 gh% é%%o 1n£[19 g?%ﬁ%}lg%vgglggl%l[e% p{odu%%the VLPs of
Claim10n SEQ ID NO 1. 12. A nethod of produci ng the VLPs of

G aim 10, conprising: -19 WO 2005/ 032586

PCT/ US2004/ 031326 (a)_ transform yeast with a

codon-18pt i } WSEMERGRTSing &g -k érﬁ’@ggﬁﬂﬁéo HPV45 L1

proteln or HPV45 L1 + L2 proteins; (b) cultivating the

transf east der ndi tions. tha roit.

expr o981 on PETRRTHIG BRSBTS PEY B AT SLHE 10

produce a reconbi nant papillonavirus protein; and

50 ai ps10. Ol A BhimRITRN) S £

pr ot elmg to(pg%le é@é@éﬁd&&f%@%\éﬁﬁag@% cléil(ﬁ e&ﬁc{:ﬂlgn'pr ?{%{ accine 0
Claim Breaylamsabf O ai m 10. 1014. Phar maceut i cal conpositlons

conprising the VLPs of claim 10. 15. A nethod of

preventlng HPV_ i nfectian conprising admnistering the
Daccr 6. of A s Sl SRS FTE: A SapHELRRrE

zdnmummﬁMMRﬁgjameHmhnetdﬁﬂﬁﬁﬁ&e in an ani mal conpri sing

adm nistering the VLPs of Claim10 to an aninmal. 17.

The virus-like particles of Caim10 wherein the yeast

i s selléctedhe wijm-tilt@@ag'rc@g pf @@ims 1&whargin dife yeast is selected from the group
consmté@SFME%r&Xﬁ?ﬁce?&fs?&é' ﬁluﬂgml aaPR'QLIa)HJPIBHP Kiluyveromyces

pastoris, Kl uyverony ces 2 rag

fr agﬂ”KﬁEf%?é‘f"@’ﬁ‘gﬁdé@”J e Srlgzosags o S’G}‘ﬁe%&’él%fc h ar 0| nyces ponbe.

18. The virus-like particles of claim17, wherein the

east |s Sacchar onyces.
y aﬁme virus-like particles OF \ialm la/ wherein the yeast is Saccharomyces

cerevisiae.

19. The vaccine of claim 13, further comprising VLPs of at least one additional HPV
type.

20. The vaccine of claim 19, wherein the at least one additional HPV type is selected
from the group consisting of: HPV6, HPV11, HPV16, HPV18, HPV31, HPV33, HPV35, HPV39,
HPVS51, HPV52, HPVS55, HPV56, HPVS58, HPV59, and HPV6S.

21. The vaccine of claim 20, wherein the at least one HPV type comprises HPV 16.

22. The vaccine of claim 21, further comprising HPV18 VLPs.
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2519. The vaccine of claim 13, further conprising VLPs
of at | east one additional HPV type. 20.The vacci ne of
w@b@s03258 wherein the at | east one additi onal PERUS109pE31326
is selected fromthe group consisting of. HPV6, HPV11,
HPV16, HPV18, HPV31l, HPV33, HPV35, HPV39, 30HPV51,
HPV52, HPV55, HPV56, HPV58, HPV59, and HPV68. 21. The
vacci ne of claim20, wherein the at | east one HPV type
conprises HPV 16. 22. The vaccine of claim?2l, further
conpr i23i ng Thpvacege of gaim 235furthey opppreeEHBBeEEBs and HPV11 VLPs.
PCT/USZOO4/031326 23. The vacci ne of claim22, further
conprlﬁlng PV6 VLP H V. 11 VLPs. 3%%%?-The vacci ne

of cl &fm 2 CY4FPRE C%‘ %@W&Oﬁmﬁg VEP®5  The
vacci ne of cI aim22, furt her conprising HPV31 VLPs.

25. The vaccine of claim 22, further comprising HPV31 VLPs.
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