WD 2005/ 047315 PCT/ US2004/ 037372 TITLE OF THE

I NVENTI ON OPTI M ZED EXPRESSI ON OF HPV 58 L1 I N YEAST
WO-R@EEBES THE | NVENTI ON The present inventi on PEI/EBIE4/037372

generally to the prevention and/or therapy of hunan

papi |l omavirus (HPV) infection. Mire specifically, the

present invention relates to synthetic

pol ynucl eoti des encodi ng HPV58 L1 protein, and to

regeRRINAnE VeENRIgy and hosts  conprising said
polwcl eoti1des. This invention also relates to HPV58

YEREXFRESSION OF HRY $5:51 INKEASTn t he VLPs are
produced by expressing reconbinant HPV 58 L1 or L1 +

' nd to their use in vaccines and
ﬁ?%ﬁﬁ%ﬁ%@si tions for preventing and
treati ng HP¥hei préwmhh@nﬁon ﬁé@&%ﬂﬂl@tcﬂﬁe EHETrfthi{E;W&@érapy of
T . I p n |
(lﬁ%{?ﬁp lﬁ%@o whi c%oﬁé)é e DEe sf?eClHnglg i tﬁ? E S {nﬁerglowe&aées to
vaxnihetiopolfnugleafidogércedinpHEW 68 ypg@teuf ambem)n@mant vectors and hosts
I%ﬁlph&ﬁg alid Y& & Nséﬁ’ﬁ@fe&?‘deg Ol“l'ﬁ?l;n‘v&ﬁi%ﬂ L1s§ ?erleﬁésqg @ﬁﬁgé fvﬁ'[lﬁ-hke particles

review,  see Murra
gY(LFY). Wheyemahe ‘élem% profioees bb??@rqu%!FC%fﬂ@n%rﬁ EPM38dd or L1 +L2
ﬁﬁ?éasﬁ&ill'ﬁ@xﬂi 18 tRHSRE intlaiines Whd PhabBBite@iital\@iipSsitions for preventing
gﬁp\% n%: Edl}/l oma acum nata and/or | ow grade

eﬁgﬁ 98 ™Syeni tal or respiratory nucosa. HPV
16 and HPV 18 are the high-risk types nost frequently
@ﬁeﬁbﬁb‘iﬁhﬂ‘bﬁﬁ“@w gﬂd I nvasi ve carci nomas of the

vul va an

cervi x, vagl na anal canal. More than 90%
of cervi cal Thess @p moreeBansi0cypes obbinean@dpillpmvifus {TERY), waey of

afhiéiMvd @eenldg)\gcﬂlﬁd Wlth atviie ‘l/a?é? P 'bfc’)‘l/ cgmheﬁ’&ﬁ%g %n?bemgn

3}/ g es HPV31l - ffman et
IRgefive Wigkie g\ahwg&cms@(r@ origeigy e Mﬁ%@)ay el 1. Exp
Qe VG2L ) 015-33@oo Wm@anﬂimaﬂaﬁdtﬁéjtyp& THEXE ec;mrh&ﬂﬁ?@&%ted
[ ca n es stron em ol ogl cal .
QR Prar B0 e RGO R SR B T ke 2% Sl or e
prltdl loorespiiatarg ewcep.eHE VG dnd(IHV BOwahg higheisk ryped ogse trequently
ﬁtk‘a‘i»flﬂl' in %nd\{ﬁ\ra%ﬁgéarélncﬁﬂas%?g %@&v pv%%%ae{/%’__a ‘5? %Jrl ¥anal.

genes he open rea
tM@re\Plilﬁné?p%gféﬁ@i’f@él CAFCENOHES pig raesp@ate@lth @f@on%\crf&ﬂmwaiiav 18 or

Ltﬁe lewz'}ﬁéxﬁlenl—:oncgﬁﬁﬁtt%s eRNBY, -83) ?%5'; lésl 2nang e@@(s%ﬁlft{nﬁh %t alL} Natl.
V S _Cca
66 T LY S GIPADY v PCT GG SSHDNA iy fagfed in more

rebgpl 90%@sf cerviahehnesh probidés stoaNefiduniiGibgicd evidiire thbt HPVs cause

pce tlcedi arclzlrslontlahe maj or capsid protein and has a

ecul"ar welght of 55- 60 kDa. The L2 protein is the
m nor capsikipplogreiruses dremumb56.¢ oml. ndadnacloprggiestahedna DNA

B3tes 1ok eﬁclaﬁe ﬁ@to@fgm (%!rlg h@t\%ﬂh@ Bk, 'ﬁ“ﬁ (wéﬁ réa&mg %IQ&gg &)RFS) of

in the viral capsid

HhQHFa) senomse g é@ﬁl%ﬁ@l &0 Ef.endhi algfblp@ mhewé'ﬂ" Aepotes earw?nd "L"
200&EN4E 313 aftldT7 532884483 4id proteins, while the E genes are associated with

functions such as viral replication and cellular transformation.

The L1 protein is the major capsid protein and has a molecular weight of 55-
60 kDa. The L2 protein is the minor capsid protein. Immunological data suggest that most
of the L2 protein is internal to the L1 protein in the viral capsid. Both the L1 and L2 proteins

are highly conserved among different papillomaviruses.



Expression of the L1 protein or a conbination of the
L1 and L2 proteins in yeast, insect cells, manmali an

w@edos®4315 bacteria | eads to sel f-assenbly of vPeT/ESio0ke37372
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particles (VLPs) (for review, see Schiller and Roden,

in Papilloinavirus Reviews: Current Research on

Papi | | oni aviruses; Lacey, ed. Leeds, UK Leeds Medi cal
Information, pp 101-12 (1996)). 5 VLPs are

gg rp g E Io le 0 g:‘ Cﬁ%ﬁaé/ssﬁ)h I(HF llrkllg i% tp?otc%}llil Llh ae&ﬁ'l‘i,b?nﬁéhrg J)fQPéQ’ L ?Qrgd ]?errotems in
avrapthpgricesslly pawmeﬁlilﬁn mllstor betcreoin ldagds to selfrasseinbly @f vmrmqq particles

B@ﬁﬁ"&?@or\{w Sw, que S@kiler SRR @R, ih bgng&ktﬁ%k Rbr)idhys© @ﬁﬁg/ftr}ée&amh
viral Z?enone th ey pr esent a safe alternative to

ugePgFllomaieeyilachy. ph Ligeds. Vhe Erode Mrdical I&E\%ﬁton(mwl f2.a1996)).

I QVPEMe m‘éﬂﬁolsglbddlyl sﬁmlaam&?]ddh@lﬁé tfigibihg and are@apz{ble of Yhdu@ing high titres
thi s .reason,

19: 67-
ot el SRR P G R O GG b g Y1 do ot
f omtaithibe peorelalp meopendd vipd gqﬁioyieahdiy wesanich safecaltaymetintel tG the use of

VRGNS R I&W Aﬂ e dbydfd ?)ﬁlteh s iifler A}lp"fﬁéi&gé’ha”? Clin.

devel opnent conme C|a |za |oﬁ ave been eréed

beroldlgF pY-dth KZOD@Q Herdlie reasaveltbpl 4 landb? aéngs haye bhiggtidentified as

exRhRSRERA tluﬁé‘t@ f? 1Rf deCABht B RSl ASHd dhd IEERSRS VabdiNes for HIPV
transfornmed host organisns, limting the production of

plfcHeMdgisetsei n. Therefore, despite 15 the
i dent i fi cat HPW vadcin dedelbgh&ﬁit MdCbeakicitiz&Re beVeCRsn hindered by
N ?f?c& txgg ashocwrﬁl:‘dl w%{e Sfti?llélglg gl %)Ig%avlgp :l;éveIS OF cagal]g &){?&teems ih suctcessfully
r Emmm@loswgwmf limi¢ing the pkvctioh orﬁpm{lfmdrpmthat Therefore, despite

|
;Irhg hdeﬁt%?cla%r;llﬁ’zégu %d—tglﬁ%&ﬁ%‘gg% %ﬂ&k&ggh&ﬁm%qgﬁﬁgfﬁﬁteﬁdg &lich as
cePys8 ﬁbEﬁOEG% Hayouid bej mghho%ﬁswabéeetoaié@ﬁqn a yeglilypprseigle source of

I @wﬂntzm an btc{gé,l@ﬁlapﬁmﬂzll?\ﬁwm1V&P§dda@m%chwlmt%quences that are
muni t.y-conferring pro i es na

R forepregiian it e aERRA b f 3yl Adiishi. N guibevsest o

Tﬁﬁddcbllﬂfﬁéﬁlﬂﬂlﬁﬁh ef HP@S&DI VLByleRing ot if@luait@sorf@ring properties of

c elicit or enhance
BARE b ah QTR RIS AR, cocco by HvES L

genes. SpeC|f|caIIy, the 25 present invention
PsOVVESSY DR Dt BNERTeRs encoding HPV58 L1 protein,

wherei n the pol ynucl eot1 des have been codon-optin zed
for high | ebi Presepiinesationrelafes fo aapositiens|apd mpfheds to elicit or

pérmsﬂaltimmﬁfﬁ@rtb it rétbif tohuctd E@dsska%y W IV debiss: ISb&Sfically, the
particl es

VLPs, in said VLP roduced hy
CRsth el BETn BTy RerEecioy i PSS Brofei et ne
cpdlymicleanitids bive bbas@donie@imizdd fbiflgiedl Pepréssion in a yeast cell. The
It d ' .
R IR A A TR HEARS RISV, ifein saia VLPs are
cHﬁél@Pd byT¢reressiegsiepembinane HEVORLE ef lat € &2 ioyesgtreelie pidodifoigaes use
o WSG\&P%@& Q:ehtlft%l cdilip Vgiﬁoﬂsl and® (/Q:tcﬁlb{‘for #RGr&OARASNd/or

of the s%%é nol ecules are designed so as to use
t fetmens g ﬁ?@@@?ﬂéﬂwﬁy a yeast cell. The synthetic

mol ec _U| €s Mhhe R€schiSi8ebnasn R1a%0 ¥ §athefic bIRX3Boledules encoding the

ﬁjﬁg{/géefbgr\ggch El‘hgacﬁ Bé@as A ng{;/%]egpﬁgs a\r/eL Eélgne?c? éodas\t{)LEsSé the
codons preferred by a yeast cell. The synthetic molecules may be used as a source of HPV58
L1 protein, which may self-assemble into VLPs. Said VLPs may be used in a VLP-based

vaccine.
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BPV58 L1 protein as set forth in SEQID NO 2, said
nucl ei ¢ acid nol ecul e conprising a sequence of

nucl eotides that is codon-optim zed for high-Ievel
expression in a yeast cell. In preferred enbodi nents,

the nucleic .
e, ) RS g R o PEEMENYG P o v
hesckeiorpcidgaolequlenyhiehrneprdes the HEAS84- lrgioinde st écrrth in SEQ ID NO:2,

r QEORIRAR YRCLRSmBAdNE L6408 uclRBiSdes Bl s%odokﬂq;ptinnzed for

prokaryotlc and eukaryotic, ‘which contain the nucléic

S plrlen)ieaereision 1t Barig€ o I P B oo dimgeRsothe muclelc acid commprises
S{eqtdntd cfafutiodtided 4k 3t foftR ESE@ID NObO@EIBAted Bbrefd 88 L1 R
presenL,lnventlon the host cell is a yeast 10 cell
THa"Pfedent invention also relates to a process for
expressi ng ako pita\:ﬁsd m recpmbinentivedtors and ecantinanahdst budistboth
gﬁh% 021? EHJ éu%:cn'g 1c, o (flh cgﬁtﬁlﬁ %&b@gw%ﬁ}\d%ﬁbl glleg gi:gﬁgﬁeﬁ ltl{x!gughout
yi@ispecifisgtions dp p prefaargd e )%Ofbmmtt@f tba @rqsms inyerfirm, the Best cell is a yeast
celll under conditions which allow expression of said

HPV58 L1 protein. 15 The present invention further

relates to ’ghepﬂrﬁﬁ%‘é’évef%‘i‘n a@%?%@% forfpragesHievegresping an HPVSS L1
poroteii in a rdto@bin At O3 ICEIB Rbmpiisstg: ﬁﬂtrodﬁ.‘dﬂfglf vestoR gomp(rﬁing a nucleic
I EQ:F &gisjcﬁ n CI—S}H\YS%CL oS trgl Slzllizpsghos eell: h (,ka)ccu‘;l‘t%rné%th? yeast host
hesd tundes icpnditigine lWélCh atlcm expuession pf:saaddiIIeN 5&)1 lepmtem is

~codon- opt i Mg At n@ﬂﬂéﬂ"ﬁhh&’&ﬁﬁt@ﬁ%' gpoce fgmg%gﬁﬁgfan HPV58

host cell and;  (b) culturing th ost
UnberPteEigh AP REaRPESelh cPBI e Eaé §§W06Wﬂéﬂ‘ 2 ¥eg108 CoImYS@E 2

Lrihcleﬁ%,(hcm][lﬁﬁlﬁiuré -enbdlliny SIFervad. 1%&@1@1'11{’68 B@@as@lﬁos{ &ilISwherein the

ct o e. l.nventi on, nuc I C aci rlses

SRR et e tilof S B g Be Pothast b rosinhs B sipell and
Tlh) sulfurivgetht yeust lkisell neddacaslitions Wb llow exigeskiok 6f said HPV58 L1
ﬁ%§%icles (VLPs) which are produced in yeast cells,

0ds of produci ng HPV58 VLPs, and net hods of using
HPV58 25 \npeeferfed embpdiafents pEdisentrottifiterinvapfion, tie nucleic acid

' d’b‘t’rﬁ;ﬁgés‘ﬁ@equ(eﬁ% of 8@Motitiss S8LieGhed sEpamdg. grou p
consi sting of : Saccharoi nyces_cerevisiae, Hans

pol ynor pha, Tt @Km4op alse Eﬁlart%‘ to HRVé§/v1éliSdH§<7¢>é§IC}ep %I,‘Rsp which are

Kirogueed @IYpaecellk asdthdls ofprdddady HIDEBOTIRR| SaMEsodp Bf kg HPV58
her aspect of this invention is an HPV58 VLP,

&rein the VLP is 30 produced by reconbi nant
ex pressi on lof pkiRY/ER cnibodimeRVER: ibvkntior, theiyeasaisyselasitd from the

{g}l!lp V&ﬁ)ﬁﬁﬁmg i3 tSrBIchuez L ?rgrgecst ﬁ%\/éttg anseDMF % %%%hgu Cz@h HE):@ ris,
c’@aﬁﬁr@wé’mﬁazé@ Kpyseomytesjetes, anld ﬁclawse«;céwpmwy pombe.
Another aspect of this invention is an HPV58 VLP, wherein the VLP is
produced by recombinant expression of HPV58 L1 or HPV58 L1 + L2 in a yeast cell.
Yet another aspect of this invention is an HPV58 VLP which comprises an
HPV58 L1 protein produced by a codon-optimized HPV58 L1 gene. In an exemplary
embodiment of this aspect of the invention, the codon-optimized HPV58 L1 gene comprises

a sequence of nucleotides as set forth in SEQ ID NO:1.
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2005/ 047315 PCT/ US2004/ 037372 This invention also
provi des a nethod for inducing an inmune response in
an ani mal conprising adm ni stering HPV58 virus-1like
particles to the animal. In a preferred enbodinent,

(he FSs e RO, SR8 B
pneviard bmgarbingtadMSmgg FPMSYvasslici rattists tethy ppkl. In a preferred

CAboGimefiO R }ﬁy Sg grgd g}erﬂr&iu‘ééd ctoﬁoriao |gefle, vacci ne

conpri si ng V58 VLPs.” In a preferred enbodi nent of
thi s aspect Y& rnqthgs apneeicd thininventige isgpyesod af prevenying or treating

DO &8 el atbdcar B t:ancaﬂg\c;gl HEME Eﬁﬂnﬁﬁteﬁh§@ arrfia{rﬁlheﬁ% vhé&ind comprising
vacci he conpri s VIT rcl cl.es

R L a kb PR ot Gingonse o SagEfion. IS
adré prothaved iteyeastbodi rrent of this aspect of t he

invention, pLhe nVEHs 10 2 n]'s_ibvﬁa;fl rstto g(zalc%fr)le {)ﬁlfr?ﬁn&%%Sqfuuﬂlke

| east one aohds I ona
aoididds MBPs) H¢rein the EDYRg Vﬁé’s arpyproduced ippyeasbf i nt er est

i ncl udi ng apy, HRY e @mggﬁlﬁéﬂt Beghid a@petch& the ﬁwé?lﬁoﬁ tﬂﬁ%ﬁ%ccme

subsequently 1dentifi preferred

embodi
%h%PWPfW%VFES of o &Ppﬁ Ofl%%ﬁdlt}%alal@‘étyp%t B o e r?n%\addlﬂonal HPV
Ct!y dinSbe %Wtyﬁﬁ)ffhﬁ%stalﬁclwﬁg SnyHPC 8ipY u@salhbeaalmme fart or those

a furth erre he at
I A W M T
cwitisa dinicaplehotypeHablbgs Wiy di certiPAY tancetdPva SyrthelP8fbrred
%ﬁrmeﬁg@gn le'a_y:) gl:?e%ﬁ\(}g@}ﬁiﬁj\ﬂpyﬁ 1\]/s ’éer;]lec%_lg X &PSO g?/ ’con51st1ng of:
tHP%&IWdé erl’thaHPé’é PRV 1L HB¥3%éﬂ’Mﬁ5sHB\ﬁ39HWV4QS{PV5 1,

Vib¥$y, lipk8 s A dcCHP S sRREd BipRBar maceuti cal |y acceptabl e
carrier, vvhere| n the HPV58 VLPs 20 ar(f:f produced in

yeast . Furt Wi Inverior alspialaies to Rharmpogpial qgnpositions comprising HPV
piwifﬁmhwparﬁa&s 2400 APbEihtRAcall Qt’d@bilaslb BgritPWh&eMltiRsSHPVIER VLPs

VLP ddi t i onal Tl 3
e piofiesd in i ek 2 Pivel R Harb L obBSopliPh Bopngeieps,
toppprising SE@VEE Védls S1dOV Rt aglesstipnecdaisiosd] HRY tgpe. In MPY¢€rred

b 5 S0 BRb FICR e o

J8PY6 HRYEA. HRY bugRYuB. NG 1s FRYR3. |PB’éﬁ5oHP‘é%l HEY 4‘?*@"751

appess etbvek aimse, 1950, shauwlveg. forms "a, " "an," and
"the" include the plural reference unless the context

clearly dictates otherwi se. As used throughout the
speci fi cati aAnued dlra;ghandl&ohpedlﬁéaﬁsn artdhie tHe@lppandedgdaimSQhe

dsf:i‘rflglu?ar ‘fcl)rr%rs] Sa ana% ”aa?lg LY h %Eluccl)e e pl%Pal Yeference unless the context clearly
dictates otherwise.

As used throughout the specification and appended claims, the following
definitions and abbreviations apply:

The term "promoter" refers to a recognition site on a DNA strand to which
the RNA polymerase binds. The promoter forms an initiation complex with RNA
polymerase to initiate and drive transcriptional activity. The complex can be modified by
activating sequences termed “enhancers” or “upstream activating sequences” or inhibiting

sequences termed "silencers".
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pol ymerase to initiate and drive transcriptiona
activity. The conplex can be nodified by activating
sequences terned "enhancers" or "upstream activating
sequences or inhibiting 35 sequences terned
silencers 05/.047315 P

term "vect or® ot rlg’f e ?‘éort T e oe m%ylst@ é{ ﬁﬁé%&gme’;w Ean be

fintaglrendtisto @diostveganivinron Host Esbué. Nt herearh amoue typendiyrgtens including
I'b(l)a% Enc%' VAnN&s (rn-gﬂlﬁ{n aﬁ'é'n%vﬂl% 'b9&§r1o%>}f&%§ a&f codpfik Or S

i‘nc I ng asm viruses (I di ng adenovi rus),
bact er i ophakfederan @%@@Wﬂ@m torreiclegtidh or Egusseneace thafigtode

lQpRssadl Frbl%‘%tv'eggr Rlr e@h e, ﬂ%@l@&ﬂetdﬂ 'génel s§qdeﬂcekkﬁco'_ﬂmg the HPV 58
eXpr esse a vector or exa cl eot

I 5BRE VueragRb & CEMESAPHEFIEha SRERBICR SpRb Bl oy vhich, i
gefie embodidentd pafideeregalaiory ss@enees Janapsainahe suclaotdr drgene

Irsgél{oﬁl get gl ytther emvgc])dlmehts tﬂe nuc?en?lde or. gn%S'é {yﬁ' en%e %18(718%/3 tge r%%ulatory

Sequences fo
geqences dopises@ession. &t iueherembqﬁmn@ntﬂse vectoe pmu@tseseme akgulatory

Osreﬂlgzﬁ&@ anf R GG &otE leéegg &qﬁé}l@e fn%%dle@&ﬁér%eguﬁ%ﬂﬁ S&ddyu&iRes. For

t s expression. t her enmbodi nent's e vector
pravPlgdhe wsHE C?Ueiﬁa‘flﬁft fbprymmr fop Henspdline DR guglenside or gene sequence
i@ hiRafutidetidelor g@ﬁeeqsleméqmaiep B aumsdﬁpudmtaﬁﬁnane@ s8q8én0é.yThe

%S%#%S&quus{fc%% W%E 8% Iﬁ&v@eﬁ é>y E:\ioerg 8%: 1?13 ?)ut gaé %06% limited to,

setjareas granamitibierminaticastquedce spifenecepey eahdraoprequencks sintrons,

3k ARSGRAR éegﬁentcgsr 5%1&% p?}r(’gg d@ﬁ%ﬁ“s‘é’iﬁ:‘é cedN€ regulatory

sequences by  the vector include,
but are notTheidesigeationss S8 La tildrizeer ssqueneeyad 387 § wisequence” refer

gkl e@%%e@ose@mréiﬁ 8s @E%QISN@" 3. 286hAGNAE HPV 58 L1
sequences, introns, 15 ri bosone hi ndin Secuen%§§gg

pwlww seqerice hasrbeadrserihed BreviphY: dies PYRTEIBHA ©
WebgbntdReiat&@E befeen DHRAE obthied frontlisied ieRes." Thaéfere, a t o

SRR B P Bl PR SR SRR
dsenswn itcb@dtaprlé}w GBI PINA (sed EXAMﬁbE 104 NElomi$dnl vidd-fypa sﬁqmnn@was used
%%@f@ eﬂ&! {3 I’&g]?ﬁ e 0 ode Q%ﬁm%& 93 ﬂ?ge ERBY disclosed herein

it ca a es 20 representative 58
L(Een/ﬁlﬁélmﬁyli)e sequence was i sol ated fromclinical

S an'pNLESé Er e’l”lhr A at101i§ AWNsE 01 ROMESS 1HRY 68y @Mﬁ\eﬁeﬁﬁﬂfmy
e W ence used
PP R Lot sehvent SERIDI G TEaRee D et Yhucaghe

Lébqﬁdﬁqéiﬁme&llhi bsthhids&anphiesebdons ﬂ&e&e Iptefidie fdrhighfllre] expression
dl;g’ nat i.ons '"HPV 58 L1 R' and "58 L1 R' refer to an
an%l y1 25 synthetic HPV58 L1 nucl eotide sequence
( SEQ | D NO The termli'effet bz acholst siems swiiisieal vac¢ingcomposition is
& &5th d1at
SRAHAIRES al&fﬁlkﬂy inlwetqu%Q e'iléi@fvf thd cﬁggg‘gﬁa ?oc‘t 608 RRuAddponse

are prererre eve EX r I on by a yeast
cipylts. One skilled in the art recogmzes that this level may vary.

A “conservative amino acid substitution” refers to the replacement of one
amino acid residue by another, chemically similar, amino acid residue. Examples of such
conservative substitutions are: substitution of one hydrophobic residue (isoleucine, 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).

-5-



The term "effective anount” neans sufficient vaccine
conposition is introduced to produce the adequate

wo ewslog73of t he pol ypeptide, so that an i nmune PEFPSNSE037372
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30 results. One skilled in the art recogni zes that
this level may vary. A "conservative am no acid
substitution" refers to the replacenent of one am no
aci d residue by anot her, chemcally sim I ar, amno

acid residu et €S l%n e ershto a%opnsa%n\a{l in Yu%l human being.
substit uti ons glfné LB GLT0n 20F "ohe nyaropiEdoic
resi due (i sOVIRicor\¥LP§ euan@eyirusvike [pm@cle@r vnmtlﬁqecpamtlnleg

for anot her; $S H@ﬁé dyh B%&Qt t?ef Hﬁg% ﬁpllgé?ire vfa?él'egt @SJ B4t it contains a

anot her pol a resi sane charge g.
ateghancpel ugleotides thakis ngl the wrie@s Heisepvpre °£§Efé lid%S RERSPRf)in the

&s&&tﬁ&%@l@&%&rﬁ@ﬂ@%% 13 %éne (_BBQ,ItV\QVSEQ ID NO:3). As

i an" refer
B HUECOvpushetis gy s & e Hpd s P IRGE AFEFLT dgleoides
V&:dmz;ﬁrsinig kedopathiat 4t peferred Sy Bkgredsioa b_y yeanslls.halie syhthetic molecules
ran@%ctheere% erﬁ:lcj)\é\a%e ;s:e{rgeatn%{q%gc?d stegl?etncl genvtgla ﬁté)g Y?}SeLl gene

s@dﬁwz@b nucl eoti des present in t he 5 designated
naturally occurring wild-type HPV58 L1 gene (58 L1 wt,

SE D NO st ated above, synthetic nol ecul es
)IEéir (H%IéTWQF HERRAMINGS a sequence of
n ucl eot i deSFICIORWI kisdwRG ss@aﬁuasu@hﬁetm adthpapih € hevldobdesftit were

N L T R
aSS AR Vi Seat-H¥ANPHP YD ST He Tefgene seuShe® ib the NOL2 jwildiPpe sequence

B H%%nﬁ-&tgd\l S SSIH%vtD%QeVﬁ%eot | Rﬁltgrea" H\?C\ﬁ%tlaes are

nce af I gnnent conpari’n es that were
ai @ﬁtedj atj theix ¢veresponding lacationpViggleptide gapberds cantaned Madirthe
'E%ﬁﬁﬂés&nld%%@ huR1eNRUes In the BT € AdoRth @éuence'sc@e i-ﬂalcﬁ{ea witPasts.

i 0 Cypo. BIIONG & Shs EeHbEgs HEN A gt mcei
L dcidind; sirfgRecodX Ao Ecﬂ)sequéthde ab®d. Muclk&leind®berds Rdicated to the left.
e e A N e I
n(sed¢ BEAMPEE 4|)nThdf1E06\8astiobeé bith b cockegiudrgel ameunts of DIG~labeled
[ {

s P Sl Aol e T T KRG Dby g fone i
smdgmed cBerearig pghe g inglicgise He eradisindeizeqf & flldengge s L
nypagkpel s indicated to the left. 20 FIGURE 3 shows a

N o Bl 85 b Bl B KGR B v o
Opro@fitisa HPANBULT Basthclilebat leddrade (B&L’Ien;vﬁvam t@8 ahdlori@-half
Egl\lbrioc\:r(ﬁg%%gsec?f tot;lrlhy%aﬁ: %9({%1}1 E)Ytl:la tewc%a? éenat IAIAPﬁ epp(fle& ﬁoo ahm?e §]§§i PAGE
i pali ERVeS Lilhmmotpimerdis detededsusing agkastralpsgttied Iam‘ngplErPE?@ 3111 goat
t 589&81{ai Btiserum which cross-reacts with 58 L1 and 16 L1. Molecular weight markers
are indicted in kDa on the left
FIGURE 5 depicts the amount (ng) of intact HPV 58 L1 VLPs per
microgram of total yeast protein captured and detected in an ELISA (see EXAMPLE 7). The
results of two experiments conducted in duplicate are included. VLP expression of HPV 58

L1 wt (black and gray boxes) was 36 ng/ug total yeast protein. VLP expression of HPV 58



25 FIGURE 4 shows a Western Blot of HPV 58 L1 w (58),
and 58 L1 R (58R) proteins. HPV 16 L1 was included as

wa@20ehenence (16). Ten, five and two and one- hBd/US2004/037372
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m crogranms of total yeast protein extract were

denatured and applied to a 10% SDS- PACE gel. HPV 58

L1 protein was detected using a yeast-absorbed
anti-trpE-BPV 31 L1 goat polyclonal antiserum which

Cf.9 Rs(wﬁi%@&ti%aeéhéd%&gs) Ltﬂe APt %@as{-&odoﬁ/%t?fn%das's IL’Ye 'wgb %:3 fold

mar ker.s are indicted In
deghe fign ﬁ%’é/ Mot e@fﬁgalowaqmnga?étngmg\fptslsveasi pv@s m;%penment #2.

i cr ogr am oFIGUREG sbtﬁ%%treﬂiés@ﬁtﬁﬂl% seRplt bf HﬂV@Bdﬂﬂ’@'&:@xﬁfy@s@d of
see res

[ SA e | t
DR EPE R R o bR TRI Jerer b horeaes VERah b b rsiosion lctron
ermprasgiydsee FXAWPRLIES). Tht bat refrbieat kipangingteiyyldoaxes) was ‘
36 ng/g total yeast protein. VLP expression of HPV 58

-6 WD 2005/ 047315 PCT/ US2004/ 037372 L1 R (white and
hBREEABEDHBRSCSRIPTION OFcBE INVEREION codon opti ni zed 58

L1, was - 2- 3nd Qhidrityr 806kaltchdofiiVare Sssbckatdd wﬁﬁ(ﬂﬁ&ﬁéﬁs%

reaching 95 ng/g total yeast protein in experinent .

FIRSOIRECE SRR PE of ébm@s@mﬂmawséﬁﬁﬁ - el hsrpreseny lwnwglates to

Cﬁﬁmﬁﬁﬁhs%d nieﬁ’MdﬁB elidit & dan@kemﬁnﬁmdye@thlle 9ﬁ)te1ﬁi %ﬂﬁdt@@@ressed by
ssion electr

eélreso (gS}’é)gp );elalg I zed EEQ/ gt caﬁlyrﬁlg P;S%antr“éVﬁPté%’eFﬁ?Qdes polynucleot1des
apprdng HEV &3 yl l’@@renr_mhe DEYWCL@(DH@E@@E&@%}ENH@E fatHigh-level
I &%ﬁ%&gﬂ af-g ’][']'PEJ %éeﬁé"ln\%tltl odf'lé’o' ;ﬁ@\hde% 5@%%55 11ﬁerpeclrt1cles (VLPs),

ocl ate ectl ons peci f1c oncog
t ypies arsquduwdnn peagh Prdoienlasesise e@ﬂaxsi)polynn@ewdesthLPs in
fﬁéﬁﬁicb&tﬁa!c%h@bﬁﬁoﬂs Qnd 2 cROBLGE bic08Rion Bty SalaRts: raPV-
e ICI or enhance imunity to the protein products
eXHIWLEAY genes of oncogeni c HPV types.

.Specifically, tha vﬁtcb@ﬁd]ﬂPViﬁ/I&IhﬁchﬂtnﬂHﬁqﬁeﬂeéihas been reported

p e%‘a%ﬁ ss1g§§ NCE BSPﬂg 9, EﬁY%?alLé ol efﬁ(ghﬁl 427,1991). The

nUC es are codon-o
em‘pfteefslsve@hon mowémnthw@mmmes enceding the FBIVSS8 L1 protein. The

p@ﬁbﬁle@&ﬁoﬂas? YR8 We p&’e%e ﬁ‘x@n rC()hl i8S s(s%{%eﬁ:?e) of éoéMﬁ's GhheBifat least

produced I n yeast, ose use

pYoraeof the spdang é%"eé’ﬁ%ll 4)49#@ tﬁ’ hsei@: OB ensrPERTeAd) lwl yeast cell for high-

Cleti 5iréskion: ST%H&@&@EB@&JIJS%&}’% @sddlaSy @&Ilhg?ﬂ: andd %F:) expression
- aSSO0CI nc ype

LR e B AR LY B SR S st \gé?é 45 o used in o

ACERdssed mackinbléd _}ﬁ‘G\]ldél&;fecawniﬁhunbproﬁtylaaﬁs ang‘t(phpiQMnavuus infection

o o %ﬁ réesuﬂ% r1] 1‘)(}(8/[3#&)0611 %h(ﬁatlatP 1 nﬂg dguc\ﬁe@# ge}_s'ﬁ;{/gagmﬂis are

prest usplial foﬂ'ﬁ@t@@t o plrdady establigied éE’IVereglﬁons h e present
i nvention Cl@;[ﬁ’éskl%ﬁ oPHP A4 P ‘ﬁ?yeggt R thé’%ﬁﬁh%s gf bel;]neg cost-

| east sonme t he codons have been altered

cAtrohe apt é%SéY F@@teéﬁo kergpesgale gropth infementersh In addifion, the yeast
egegbxﬁé Sin®a readiile alféx‘é& to@hdute %Elctﬁﬁll-ﬂf ?&g%@ﬂlallﬁetriiﬁﬁﬁn&ﬁyeﬁst with
codl n e e or.e 0

RTERe B G Exe 8Bl o Hor s rny HRYUPSH B sluding

uBR54 Inl axe expressed at levels in yeast cells which are lower than what is desirable for

commercial scale-up.

Accordingly, the present invention relates to HPV58 L1 gene sequences that

are “optimized” for high-level expression in a yeast celtular environment.
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i munity. Such VLP-based vaccines are also useful for
treatnment of already established HPV infections.
Expression of HPV VLPs in yeast cells offers the
advant ages of being cost- effective and easily adapted

to | arge-scgk &1@%{%0 uoh eaaﬁﬁ/g&@g ﬁﬁ&%)nhybz@gsdéahieﬁgbinu;@ 60

yeast genone to ensure
s‘@lﬂé@ttfplém Secavgecibessicpdans provida hsfresssagel foy eakyt20 differens gmino acids

| @€ %a@%ngirfﬂ%lhmﬂﬁﬂoﬁ X t6:95h818n P @S UnhiAd aciddRWE¥EEaded for by

many HPV L1 |nclud|ng HPV 8 L1 e

e‘aaaﬁeé%aé}@ae gdop euglﬁgowo%wn % &P 8 THANIAICY BT FRSRRS not

td’bﬂ[plét‘é’lfﬁhndefstdiﬂﬁdhbﬁlh{r&: do@dns agorBrBiiCiraly ;S'ésaht&n the .endogenous DNA

A fd] D ttce hdee q erglf;gv%grt Iton rtgl grga% enaur i V? cﬁy]br
et PR 2 EG" A1 or

eippafasmeb foricertain godaisstin certallruﬂyafrs of pellsr és wemxamplﬁ ﬂb@amino acid

Zlggéée él S;ge%ﬁ eE g%é\?%ot : (}gﬁzgc?o%s inCludin '(ﬂ‘IAebTCC@@GnC'@f TTA, and

four bases can XISt I n over
vEF@aRthapgivegnal Biscf ggronerreden i deaengipoior @éﬁr%@msms has

ﬁs&%%naﬁg@mﬁﬁ IDN.AtZQf ? ichf; ﬁfo@c&%mﬁféh@@o?&hgﬁle dr&sleveielspacifying
ranscrlp | I atl on_an rmnati on

i R U bt P R T DN SRS 1A feveine-
pﬁeﬂmeﬂmﬁmknﬁwnwafﬂnoﬁ@nnmgdum@anmywtﬁbﬁmd&a&bahhnmmodof

Ob%%ll%ﬁﬁ >gﬁ llé(/elsz ef'xpisesg?rgbf aaleIS ?r{enr?cthl %Efﬂg\ﬁﬁg B? al?E foﬂ%)st will

t qpe tofsowe Mte»nt oh thddkeduenth efrC@dqplgﬁeaF@r KYDRIR, lslts hkely that a gene

VAL a8ra abil bBhEsRY & Ps Rl in ERDE, fv@{e?éaQECTt}chh gene will
certain codons 1n certain types of

eRghadlebe Mgy exprasepdde fhés hoste aly, a p@Bﬁ@;‘eﬂ f:(i’dé?a ?g}pxarﬁ?slon of a
Ofeucﬁhéin@f%lﬁ@ﬂﬁﬁfm et meh @05 € bECTEA. CTG CTT, TTA,

and TTG Paushfve ana KSIS lgﬁne codon SE ant DNA
frequenci es ARpe P P Re e TR PG S gtiiinan
etedodpreoars niahifesqfandthe phdnomensi mzcyomm d gxptadmnaiysiotr fadures to

cr b A
AP O M e

spﬂg@mm adess tdefatred” poddnanpydie TGWP@dIM ipeaset hihe insgrtedgene and the

%ﬁ&%e"ﬂl thathiEly fEV&Preb KA mﬁ;hl%t Bﬂ)éfﬁ!: hMﬁQelﬁfy 'I‘Bﬁtpﬂélﬂ)'rﬂ%ﬁon suggests

' evel s of expression aof | euci.ne-r
pwyspfétﬁ@%ﬁénwlgﬂl live pesmidenigiedl tqqnplide fa%fa@ﬁfad pest edpgpreferred
exddend providd ﬁﬁoﬁuﬁﬁﬂfdﬁﬁ 6f/fo@eflgrcg&:ﬂait rﬂﬁ&;al Empraemmm ke pmbinant

t.hat...a gene

L)Eré’}e;ugg‘lé’%ﬁ?%‘g SHs,one éspeésté)if #hls %enn% aISS ag 91%%% LWgﬁne B ; Is codon-
Woptimizqirfobizpi-levilexireghtinm expseseth 4 preﬁetrectemhpdnnent of this

Sin%rltﬁ{ll iV has %eeglr ﬁa‘lrﬁf tflﬁ%daclﬁg gpalfeﬁ{au@eﬁ&rd&‘fs%ﬁas th@same roteln

| euci ne-rich peptl eiln yeas
THRAUeITH ay rﬁmqve ﬂlelcéliiﬁéfa@fs casapasspnef SPYIg &1 prpé‘waﬁq‘%yw&a% gells-

reconbi nant pPNAora4Re ith @H?ﬁw@lﬁi@n eV JsaSit gen@ @ mbRE were converted
phenonmenon may, serve to explain failures to

D e CTR L Rh BeS o o B M B RHGE SOl e
| BesSilea®y Shith layd Cowe\SyasiyRduhOsdonAsggyih SSuBehaportyessscerevisiae.

i %ag; fr&rﬁ‘?‘g& éggﬁg V{Iﬁ%l i? ﬁererzbeyqreu?otr&gzllte\!d lpy re?e?e%%e 'ﬂletme?hodology
generally consists of identifying codons in the wild-type sequence that are not commonly
associated with highly expressed yeast genes and replacing them with optimal codons for

high expression in yeast cells. The new gene sequence is then inspected for undesired

-8-



host cell machinery for expression may not operate as
efficiently. This phenonenon suggests that synthetic

w@een41ss ch have been designed to include a proOJ/E81084037372
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host cell's preferred codons provide an optinmal form

of foreign genetic material for practice of

reconbi nant 25 protein expression. Thus, one aspect of
this invention is an HPV58 L1 gene that is codon-

opt i1 i ozl [ d £ [
A B Pas AR ERS (D, DA SR Bhenfi acvertent
beestion gtigron prlice rasesnitiam sies, anwastadaestneion seoms siercidh G§
t&@ne‘iﬁl'ﬁ%s&{c@bﬁﬂrihscr%ﬁgllﬂ%ﬁﬁﬁaﬁ@%iéﬁ@l@%@a& h&o He%tbFr%eﬁE Stc.).
og(gﬁ)s( ression of HPV58 L1 protelns b%a yeast cells. In

at® LAGREF AhFIEnipaicryspbtitutigpob e paistng fedans i sféerent
Wedenscpiing férahe sadfd atnfhoseidu ARE emtheay k6@ sbdl@intsi aeadhen tested for
t{nga\rgglegte%q Seguences but with alternative codon usage
aS PSS &' B by Sharp and Cowe (Synonynous Codon

Usage i n Satbhmetbodsclesribeat sboveswere usedYe asite Fyntl®h7 gGi8egments

gl_f]og %MS% %g’jé)l':eﬁﬁtirigsin Q %@rﬁ Q%ﬁlnéﬂ%lg]&ﬁ&?sto?ﬂpﬂly;% goﬁ Ihl?g?l-qia%gexpression.

et ogy ~ genera sists’o ({e@gﬂr@
c Bddp dhejahoverpaocgilyrg proyides sweuenc el qup grethaddogydor gFgdon-
agsialealpBsbs Worl tRe M 1BV YacBhBY, @3S XRRE by 881&Rled Mlhe art that
repl.aci n tl}ﬁmvvlth o%tqlirml codons for 35 h]:}}gh .
e dSerdne SHHCAPL QETCRRT SPrepHEN R e BAGRIEYRC &Y pinor
t hentiomsSp e petedioe orbiydaisbrvadation8indhE 29047315
PCT/ US2004/ A nce nerated b hese .codpn..
repl acenent 8%%&%%1?”%%#%%'lg‘éegglﬂnerﬁga&eess ?o i %(Vélglf g? ?Oelir%ucgc’tlde
ceamprisioa agéquienrerod nudgstideenewomgniii V68 Lsliresin, amkémegiehlly active
(r)fﬁ:?f{nﬁénf:&ﬂ Rk TEH6E a8 PSS LD bRk the SN MR tide RERSRRCEmprising

ranscription termnation signals that are
r eRdERAPSEYPCR jonFERstsiondR @ ygast hogfgHs Prid prugant PgueefthsHRY 28 L1
eprof¥inadiedt, byt asduks liinktel toOgbn@rvdtive aio Stild REbsEREOMS attnb Berminal

dj fferent codons coding fqr. the sane . amno acid, The
bR ook G R e Fnkors S 0BHST Aoy A gty
eacpiveSrgdnomt anbife nmidnh otisendedeeithdredraibio\ve pueirefragaed: Witich at least
CLsa gtiaﬁé H{ugﬁg bee i%ﬂr?ok?%&irgﬁhgﬁiesfo rthe'i@@% LI‘II protain ag set forth in
resulting In a gene compriSing codons optinmzed for

hPE 1P &k?. Bhepveibeticaelynuahpritides aftikee presswicdnysntenehgeds mRNA

PROKLARShA eRHEIR YncBbn P HP VIR T N ROV asitObe S€RN Bthd&velopment
codon 10 optim zed genes for use in HPV vaccines, It

i & afhganestiotiPr R AEe RY MisHei n the art that sinilar
vacci ne ef f Da@gypedf thRGHRASROs 8 ¥SdRSHtife® hudeNfsd MBlcule

o P s M P! s S m B BB aRR i
pmelsark camprising iacequeadeal egcldotdss as yettitndt inGEQ ID NO:1.
pol ynucl eot T%&%ﬂ@&égﬁbrpgso‘%eﬁﬁg 't{)elr(l,g(ﬁn Ilanp %%}o?sognld Q?c%vmginant

encodi ng an _ otein, or a brologically acti
1Ipst qellgy ety prefrarypiie amrt cukery pticohigh cospain ghenticlpic aeid meleculge

PALIALE ez h iR tlﬁ?éﬁé&ﬁ&a%ioﬁ.omrﬂr%ﬂ&} GRS nPR thif kR Eflion, the host

for ,ex;:])ressn on_in a yeast host ce Said nutant forns
ofellif

@BVSE €1 protein include, but are not |inited
to: conser vahd syathatid HPVSEDNA S Badrhdnd the@BSF, constructed through the

' =t i | .t ti b - ' ..
AT R ——

béxpresgidrcedctoy containing a suitable promoter and other appropriate transcription

regulatory elements, and transferred into prokaryotic or eukaryotic host cells to produce

recombinant HPV58 L1. Techniques for such manipulations are fully described by

-9.
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conprising a sequence o

the HPV58 LI protein as set forth in SEQID NGO 2. The
synt heti c pol ynucl eoti des of the present invention

encode nRNA nol ecul es that express a functional HPV58
L1 protein so as to be useful in the devel opnent of a

té% %%QE gtt 2{1 { Il/PolecBlra;Q gf‘ z%n%cl\ Labol;'c? y V e&d&lap pf_iold%;gin %ﬁ)%} LQJoratory

Irnvent1on on-opti m
rﬁﬂcb%ming Hagtr vbﬁnvchiménn@@&%scmrmzt Promgls|in Metestlar Biokpgy,Satsubel et

? r éllgﬁﬂ pubsﬁgolcgtey%c?\?vﬂ%? h@er&%k@ iNewaEdrR (1988); §edt @enetzcs A

nucl eoti des as set forth in

dpbyrpiorNepure Mwl grose et Gold eprtnedirrbgrdgboraiony £eldSpring
LSy RbrkY @1‘99@)5 SwhidhChrd &%Wbﬂcﬂﬁi@fatedh@&&feﬁ‘eﬁ&d 1& theliminhrety

pr okaryotl eukar
acid nol ec hé‘§ h%Prgi?P%]g‘éG&tl?rh’}Ae@Lfé ﬁ%ﬁ?rof ef‘?ig Eor eXpressmg an h%VSS L1
SP&€infin £eto@binant hos cgll, edmepriseg: @rinodduvirgta veftot ¢ringprising a nucleic

SO R R L08 ORShi e o
tohld oudgh cordigiongrwhicb ddow ewslb@@f saislr B Y 8y prpigin.

reconbi nantiy. £XPRESREGLUAREA Bh p?dc@ﬂ'f&gaxbﬁgs‘ihg% HPV58
expr ession vector containi ng.a suitabl e %tom)t er

an
delhspteingp A sispmbinantips) selb compisgie: (3 YieRuRe 3/ vesion ﬁ%?ﬁfgsmg a
aﬁdlefcra@ﬂfeﬁﬁfdﬁ@dmlHH%SFLHQK@EM @itb & yerst iwkatlywhdrein desiicleic acid

I ls. t nt V58 L1., Tec
L AT T s
200 PabihpS1h1 PAlEs USEBDAE OBiEB T oW Sa)mbmgmkf seid I’QTVSS L1 protein.
(Mol ecul ar ﬂl?ﬂl'\l&gronégfh fa@s%zy M@yﬂ)!re’\pgklsﬂ %9?[?‘:798 L1

Har bor Laboratory, prin r bor
(Pro8)in a @gpmbinant e celd GP@Pfilsﬁlg G s AT e merlsmg a nucleic

Al 8Lt t6iih indEQ IIXOENn B castBSOEIIAMRE (B RElturing the yeast host cell
W ey-Interscience, New Yorg é&g?%é L east. Genetics: A
§ $]

L“é’ﬂ%rrcgf“@%ns@&ﬂ?}éaé ORAFFRISTSIONE L PESI® Spri ng
Har bor. Labormt @ﬁ&eu@h& oBitei pigerts itantbor can blewsséfolléd into an

t(ef]%-%}%? 1%‘&31[9%9&? 51219 C rlgersesb%erllc%g Qesi rdagoﬁng (%/ o deRli: ggﬁgssfoﬂ of the

i on rel
t BP A5 Y bpress i dire losimels §hencgswﬁe PRigE® LY contagns dheesiypthetie ggne, with

rl%ﬁl ARLRRRLE NP IndGEhbatid ﬁ?{%ﬁbﬁée&&nc&%eﬂaﬂeﬁﬂ%ﬁ [t @uch as a

vec Or conprising a nuclelc acl d encodi ng an é
pPremeleT; 2pdhiepnigatipa $8quepess t Inagreterred panhogiyoept F‘lemr%@ertlh@e S.
YERSsiROALT fr&hbtel) AR ICRORIskillodFh tHOAEWilBlebdpize that any of a

expre f said HPV58 L1 | 0

PR St paicrenr arombes T2 o Gobdd Gy BBl gy pox
a}SfOlHE’LVﬁSor diter Bﬁlﬁtﬁim gére pﬁonlc&cmnﬁy beauned. hAsatefcrfd%dl transcriptional
¢ 0 rnr:?n 1z|1t%r is g]e 8‘ ae)revz dae AJHHP mgmy Eliﬁo%?h ?ﬂ%&)\%h Bns@riptional

num -l eln 1nto a vyeast
h@smn:ﬂeds tmay wlse |be gedt mae mmdaln@h@n afc%lu nroielei ADfd terminator is

a?l?tp &&d for opti mal expression in the yeast
h st ce and; culturing _the yeast host cell

under condi Thisi ﬁs" eWﬂnc,fhm}?F Piatidesgsredaedand pprided AP Ytk

Ldolfepli® ddmpiSind B bdyuéddy 6dnhiBdladidirak Bt ForflEin SEESID N0 2.

process for extgéreaggelcp gf tﬁlg 1nl\_/|e§1\t/1%181 1sLa%1 HPV58 virus-like particle (VLP)
produced by recombinantly expressing the HPV58 L1 or L1 + L2 genes in a yeast cell,
methods of producing HPV58 VLPs, and methods of using HPV58 VLPs. VLPs can self-

assemble when L1, the major capsid protein of human and animal papillomaviruses, is

__)
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protein in a reconbi nant host cell, conprising: (a)
i ntroducing a vector conprising a nucleic acid as set
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culturing the yeast host cell under conditions which

al | ow expression of said HPV58 L1 protein. The

synthetic genes of the present invention can be

assenbled into an 20 expression cassette that

' {

X s ég,seg?% e%&%?%?&ﬁég%égﬂﬂgg cérllg oie)f)é%\/e:rﬁ%foﬁﬁefvhw 2 Sc111lller and
TRedes.ds Saritlemprinag Reddrsy Cwmtdﬁequhr?@ Pyyﬁlm@wrwg ey, ed.
Vi debls, URe h 2L R A1ddi@NBEdrinRidnO Bl 0 181 109690 s»h@bhaagacamg Mdidnct HPV
sequences operatively linked to .it,

pY Bhiae Also BrprofserPhatresiing a gerehipation of ﬁl i1 ﬁP@%%F%Pé]& proteins.
eVDeréT&Hﬁposédlr']‘cﬁ TR petmhes of Iﬁl 1}1}&6‘63 1cosﬂﬁﬂﬁl/$tﬁlcﬁx& @Akek et al.,
e e skilled in the art wll

Zg%aﬁlégo(@r\g?%u%(lbggg 25 nunber of other known yeast

pr onot er s SUERs @s ntolyholaaicdlly, sitGiMr 7o aytiBilic viTiDk3and areR@gable of
e

AR5 LS S BNy AL 5o B
Slnnﬁléwewrsqfa@bﬂe@ettww%t BVirol P96y 3§P0-61 HEPSk frs\tees (Suzich
t étéan HGHL. mab:zomcz Sdi Q9N mzswﬁssrﬁw @bsg) bﬂh mg wasT §h@wn to both

H‘m natt @é ormtetr - t L lﬁ} focti
e O aalge preeees B PRtk PIOLHET S P Ipps infecton
pHOWevdE eansel thOVRPedb i donpeint i ipeientidHy oﬁﬁ)ghﬁc viral genome and can

p&akfyag B{b}eq’?he%%g%r %& ﬁ%ﬁ% si%%%%%&h glreQ gs QJeH(t: ? an?ﬁ'tegnc‘m@é to the use of
i hiveetinp RS vapaingiRe/B & pyient (for rgviasy, pe@r&qhéleem@\mﬂt)shelm, J. Clin.

pf/l(;,gupg%@7b¥(2‘0@gﬁnbl nantly expressing the HPV58 L1 or
L2 genes in a yeast cell, nmethods of produmrgggﬁof

HPV58 VLPs, Thyggth ﬁefeﬁ@agwe?ﬂoagqlﬁas tppyplikg neticloycemmp

Setémbisknt BS ptEM 6 rébvaibidabt L1 -PE2 pRidis of 3IPVisH, whiegdiethe Of
human .an amnal{ﬁ%{%%dlonav ses, is -10 WO
yiy

256%7 FStept P f‘(%/?%’q’ "expressed in yeast,

i nsect cel | 85 stamdmtdvedn apeffdred embhdimbmof the (dventionethie &RV 58
S 14 d 908

OEp Sy b B fhas REE Rl bR ookl E‘eg’% ¥8cted from
L éhe grpup Chosistingefs Scme@nrelayce$ pArorisien Hersendppd! Momba Pichia pastoris,
(k&?\@) Amycb%fr@?l@sl RAIyGbinYeel 1S ﬁﬂmtuzﬂp ychaWﬁes%ﬂzbal SO

be produce expreSS|ng a conbi nat i L1 and
L2 capsid p%?té?rﬁép“‘so hipinveption d \8% @f ‘}'Q‘Ch CoTprises an
PERVSET roféin prbdicsd By 4 eJdonep:sxmheﬂmVSE&er gk UInea firBakced
ﬁ%};ﬂ%{ﬁlg{w&@%&gﬁ :'z]tg}ysegli #Itlregg\(et%%on %%gdcgpo Ql\%}?zr%gi)cf)irll’s\/ gb‘rp gel?er comprlses
cagaghénee of nuclenddes iangpt furhtin SEQIRNGDE. neutral i zi ng

anti bodi es t:

| nTruni zat | o*fgtoc?-o d gngabpéé bf tElr erlfl/?gg!idﬁ C]{Qa ﬁl@th@&] bmbducmlg I—|IPV5 8 VLPs,
6ByisingyBpugsioming 3yast Hﬁlua HogEbipay PiI‘Te"hmgleCI%? engpding HPV58 L1
Ph@in d¥atrv5 8&?1&»sz Pleins L@ﬁclﬁt%(aagé the 1{3&1%5&1‘1153 yéab©8@dr) conditions

w th VLPs was shown to poth uce neutr
alved BTGB FPressign ﬁ? b sepoaga v BRlser's Wéﬁ?@f@ﬁl réombinant HPVS8
Ppipteln; @itB(e) sulatingthe ombinant HOWES pioteib@gaadnes Hhes 8/VEBs.

gg q n g; n cont ﬁn a pret%rrecP gl%lbe gnlae%{ oPthiS r211L'<(,:poeg of Ith% 11\1/\}6351 ion, He 8;{'? is

transformed with a codon-optimized HPV58 L1 gene to produce HPV58 VLPs. In a

particularly preferred embodiment, the codon-optimized HPV58 L1 gene comprises a

sequence of nucleotides as set forth in SEQ ID NO:1.
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sel f -assenbl e when expressed froma single gene, they
present a safe alternative to the use of |Ilive virus

WO poosPyv3vacci ne devel opnent (for review, see SCi/UE®04/037372
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30

35

and H desheim J. din. 15 Virol. 19: 67-74 (2000)).

Thus, the present invention relates to virus-I|ike
particles conprised of reconbinant LI protein or
recombinant L1 + L2 proteins of HPV58, wherein the

reconmbi nant

stat ed abov'gﬁg ?Ir\]lgﬁtﬁn aﬁ?gr " ed§§:§ gthg?%e? hﬁﬁﬁﬁ;ﬁé ﬁﬂﬂmne%sponse mn
i #paeYl GAMPHSRE aquasernzdﬁimﬁsvuaﬁ -Hkgypastiiesdel theﬁmg/@aslp a preferred
| Entbdfent, ey HIPV S errsask sobedi B%t:odohlagtlm&&sgene S

selected fr t he rou consi stin char C
cerevi si ae, 9%‘}9@ Pfcbgq Wi drvaRen 1 @ﬁt}‘ﬁds ?VGP'F and/or treating
KHBY wsegooiaied e&fvfcﬂ@lahdesconhﬂridyfg atdninseeiBg Ecﬁacﬁnhlﬁmalandtccme comprising

char oi ot her . aspect t
SEP LSS ERE N RO PO D5 PEREES sl B v
prrepwidncedimyhasted by a codon-opti nmi zed BPV58 LI gene.

In a prefer f[‘ﬁg m%g’n IR IR to 3fva$clﬂ{e§:oﬁ)1 R&EES 1Y 58 Nfis-like

| nventl on on optimzed HPV58 L1 genhe conpri ses
N@gs)of nucl eotides as set forth in SEQ I D NO

1 Yet anot hed adshetle etbodithest dfﬂﬂ@ﬁi)éc@ Bf ths indetiohN@&lvREine

DB PR (T s S rst e Rl ey b o R o) i giment, the

Lat legsr @i edditiatal HPVSibelid selected fipmahegrmsy cophijtinguif HRGE, HRY 11,

t r t
eggyﬁeégﬁ)ynl%olgpf%%%% [ nahggg%& nol ecﬁﬁvgﬁgﬁ?{? g {755
t HBVp e a8V nand HIPNOY58  protein; and (c) isol ating the

reconbi nant yHRYeBRY Ak IndnPoiRhi9 diest IS/ eNkd?S the VAccthe further
preferred enhodi nent of this aspect of the invention,

t FrEnRpisesEP Y O Visansf ormed with a codon- opti ni zed HPV58
L1 ]gene to Df&dﬂh@@raa\/&ﬁelﬁﬂoﬁgnen{ &F the mpcamgh ,Ghd @g&lye further
preferr odon-optim zed HPV58 L1
g%%é"f’éﬁgﬁﬁ&t@% an‘@%‘f"é’@g&&%&e of nucl eotides as set
forth in SEI@ seDard@er dreferred eod206H o0he BikBntion, the vaccine further
P@S%Fyg el nlggs?;IPVTIP'ViPE W%'\ﬁ&s%&ﬁﬁ'ié"(/h??s a

uéing an I mrune response in an ani nal
conpri sing Ebllmmp@m@lsrqgelmwhvmawncal R@nmmonmoe@nﬁ@g HPV
t 5183v1ﬁf§11f@ bartﬂ:l@s qzuﬁh@rf ﬁ(sﬁﬁ@nﬁ&f‘f@&@gs R pHarmdcBRichiRaR odlifiR

are produced §%1a codon- qp { %%ene Yet anot her
agchgqsm&HPVﬁiB PR gRhY Hotfjagleast ﬁ’é‘? tiops! Hipetyentppgreferred
aadibcdimdntt, @l dt Regst one RN ASSIIRY 8ipeth selREt¢d fréh tifade8y consisting of:

C |

BB 2008, TR B8y R BRI 6 s iy,
tI‘IP&’SAiﬁ?élﬁlS HPVfEf};IHPVﬁQ,emﬂiI-E’N@I he HPV58 VLPs are
produced i nVX&%tcomag\ll)g)éﬁ QY e 1le E!ﬁlt(ﬁllvgiﬁlofl ﬁla Bgﬁse%l o SSlt

vacci ne conpri si ng viru
appropriate dosages which allow for optimal 1nh1b1t1on of V58 infection with minimal

potential toxicity. In addition, co-administration or sequential administration of other agents
may be desirable.

The amount of virus-like particles to be introduced into a vaccine recipient
will depend on the immunogenicity of the expressed gene product. In general, an
immunologically or prophylactically effective dose of about 10 ug to 100 pg, and preferably
about 20 pg to 60 pg of VLPs is administered directly into muscle tissue. Subcutaneous

injection, intradermal introduction, impression though the skin, and other modes of
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10 In an alternative enbodi nent of this aspect of the
i nvention, the vaccine further conprises VLPs of at

wo e@sv4mne additi onal HPV type. In a preferredPCT/US2004/037372
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enbodi nent, the at |east one additional HPV type is
selected fromthe group consisting of. HPV6, HPV 11,
HPV16, HPV18, HPV31, HPV33, HPV35, HPV39, HPV45,
HPV51, HPV52, H_PV55 HPV56, HPV59, and HPV68. 15 In a
p ﬁ&ﬁ@&&gﬁa@. -rﬁﬁpént&fealt mrﬁvemse §f mﬂaﬁa&oh %elmisem 51951

€ vaccl ne rses . I'n anot
pﬁ?(@fe@?ﬂl"é@ éhiléé]dﬁ) panoRbted: thet hOﬁsr%rrv@wetho’eSHeaxP&@éq’wd Parenteral

f Mntnﬂi@t!'ratmﬁodirl@ﬁ hsSRSavElOMs, iftraihReul aNehbERMed & ovleEﬁ%r mla:ﬁls et
anot her r ed enbodl nt of t e |nven

v afogpigtzat erl juvagys lgjégr gr_al_tlcqpﬁlfggently with

Hi\buBszqidnPR ;ﬁfbdtei‘dﬂ’iﬁtrb&c‘ﬁbﬁ’sf thd Macgink bf/em;tm\&ntuai is also advantageous.

rel ates to pharmaceutical conpositions conprising HPV

58 virus-like particles. Further, this invention

rel ates to phaublietensinsationsd dnpt@@i aré wpgrporatodrpy jefdrenge for the

’_El}.ég&e\gkg&cﬁﬁg% M %?Scﬂgln%ﬁgxe%x 195n«1%d "ﬂgg:hﬁfs @lﬁ@{méﬂ% used in
referred I ment | east. one

a@:alingqh@ﬁ 3yith F]pm\preﬁﬁém{egtl% |%]%1%h€fl‘?la A8 tp Il?% cx@}sggﬁg as an admission that

CEIB A AR ) B0l

HPV56, HPV5 a“&% SEERGASTe WE&FM@E‘S%& 8%/‘?‘? {ry prLiog pVighypgference to

pthe aervmphiiedravaingsyiys to e usdetstaddaha thetinveatdor is poti laied to those

IR3A0C SNl o iy E?f{oue Bl anh ol Held R0n2f bEEHRR therein by

aoleti skillsd in the 2% avﬁhwt §@naﬁmgcfwnbtnhe seoe enipirg ot the invention as defined in

a@ghﬂﬁ§g&ggh9@ of other agents 30 may be desirable.
The anount of virus-like particles to be. i.ntroduced

into a vaccilAgfolgwing Féar?ﬁplesvﬂhllﬁtra@e AQnefliniifae invention.
i mrunogeni city of the expressed gene product. In

general , an innunologicaoﬁ R@) ophylactlcally
effectlve dose of about 1 6‘ O g, and preferably

gneel st ered directly

o misc ety ﬁfvgs L%Qcﬁl%mgpﬁéschﬁﬁgpg%waﬁﬁ (gt

i ntradermal "introductio I npression t
afdcestionet Nfpd@d4nt It is nop uygonmems heyergr 8 find minor sequence variations

PEetiyLEANQ44 Ql?tﬁﬁgdzfrorﬁgml&ﬂ fblhat. ’P@ d&é&ﬁﬁhe@ﬁepresentatwe HPV58 L1

|ntraper|tone |ntra enous, nhal ati_on
aPVHd-AYRE SeAUERKS Bﬁﬁw%ﬁse& atqdytrang thige chinic SRR @%&u%@%wn to

besisdie HPVasmMaL I-IBV§8 H[R)Sed)ﬁn@ﬁ Wte%@llfl&ﬁhaﬁi)@mkase chain reaction
@H&{} (@ gltné% BRJ’A PO ;IJ merase ancf] ti]e (i[f %va(%fﬁ‘rlrr oL {L]?W%‘i‘i' h ATGTC

adJQIW@Tﬁ@@tha%Cé'IA@BF%@EQ(UQaNQ@Mﬁ -GAGAT
cenrcgr G'FA)& d\o‘rl‘tﬁﬁ(%@b&w@gg%@ﬁtAt% @@ﬁﬁﬁé% The*i amplified

i ntroduction € vaccl ne his invention is
aBRpariny e glsotrophpresed oB pparaseigsli andrsistalisHidRy qt%éqllemrbrcawée staining.

| MEOL PSUOAT WA WdreE:RNEe@ addNARRrified using Geneclean Spin Kit (Q-Bio
Gene, Carlsbad, CA). The DNA was then ligated to the TA cloning vector, pCR2.1
(Invitrogen). TOP10F' E. Coli were transformed with the ligation mixture and plated on LB

agar with ampicillin plus IPTG and X-gal for blue/white colony selection. The plates were
inverted and incubated for 16 hours at 37°C. White colonies were cultured in LB medium
with ampicillin by shaking at 37°C for 16 hours. Minipreps were performed to extract the
plasmid DNA.
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pur pose of describing and di scl osi ng net hodol ogi es and
materials that m ght be used in connection with the

w@e@so313 nventi on. Nothing herein is to be coPSL/DSEO4/037372
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35

as an admi ssion that 10 the invention is not entitled
to antedate such disclosure by virtue of prior

i nvention. Having descri bed preferred enbodi nents of
the invention with reference to the acconpanying

draw ngs, iy, H&n&n@trQ@thH RASERL Qf)l‘ﬂe ih @&ne i el p'ﬂl\é i r@ﬂricj:tﬁ)n

not limted to those &emse enmbodi nent s,
VERAPRHsiease fHgrgiens AisEF GopHctedc Restasion fgmpts g«pqegeem@e by agarose gel

t ekl&ftl@blibrbsYs andRehidlkh bloatldd sfthn‘ilh BNIA sWindehand wéjseﬂg%fdleﬁ%n plasmids
on as

spirit ] ed
R R e BT et BB RG e ABIeED tenerte
i lefenrsice sdqeench fidr laler optitnizkiion, the nhéeadtide @mt uramlated Eﬁﬁﬁdvl%hiﬁ sdquences

qg&ﬁ%mh&%\}{eoggmg wée Ei?rge%a(?ésdetﬁ El% ugl?shlé!? MP@%S ILJI Ci;equ HEN C§equence

sequ Higen descr
proalysie g thy tr(rckqibanll@solaxwewled mha#nmqmawas identicali tg thed¥enbank

URGRNBD nTSll\e&gmvquPV 5'811f diad #mv&b@ %hés&%%‘%ﬁe r\é@%&eﬁ{ah% L1

bet ween tained fromclinical i1sola
AU HE 18R GBI SF RIS o6 e ‘55 | 49419 e Sequence’” or 58

s\eqsuqlm » (EJBQ IDANO: B, %ei E(SIEEH{H DOThd mﬂewpéeqwne@don&ﬁﬁ@ he§pomt

DR BB i 2 Mo B fchs. hepom

r gateti¢ns mesgBing RCR)ineigidichaiigey wilNAespedt yorbe Gsebaak HPVISE L1 sequence

¢ .

HSSRA PLEH o B BB Bt

Chemdalamisy ATDACKASPT AA 3 C)( drdnprians feid ‘29.93 op lisofeueige to

P&Eidsing. TRY Bre8 kBst pARNALATAL WeR 1632 ABRuclBlides a4 (A5G), 792
I|zeg Qéé> hi di um brom de staining. The - 00

Hbéi e " exci sed and DNA purified using

Genecl ean Sphabsdilt wilddypBt @qﬁ@lc&'ﬁﬁl’cmﬁlbﬁﬂi@ldlsin@@zq pdik@erase and

B b 8B A A P S BERL O AR o

tthéxAlAg@tAl @rA DG TiGeC @n’F:lGrSII @tGe@ —-Gh (SHR) Ixyer6) wnd 3i Bam 58 5° - G

agwi & ¢ O 1?'@*?4&’@% ARe X @Al A LU ALY 410/ W40, BOLBMY, The

and te

sel ection. ates were Inverte
1r681ﬁtéwrPsCRaPr0§% woppyisualigs) hyrigeresanst electipphaipsis fallewedby ethidiom

B BlinidEstaiMidg TRERI1600 by th@)ha§&@h%ledﬂ %@Iﬁﬁ%ﬁnﬁ&f usin% the Geneclean
Qur, ni I rTo

e 5 oE g8 e b PR G rs Famtorged wit

deerbigesipbn atidutch&Viie esleneewat séléged dnd galaged in I_IBhﬁedlum with
H?PEJHIQSDH sfna%ﬁsgtalt §’} F?grnl%;hg)gr%u ﬁ@rse\%edl @\%ggfor%ng E)o teEct the plasmid

d@lﬁf\o de rejedse the[FEOL Yedplhesne me thanckcot baqdénges, BamI‘H wetriction

Sn@britcAgse %l(ﬁl@ %ﬁ%@ff&ﬂqe\ﬁ’a?h@&gas]@%lg?@A Wfa B*’?Ze%lgﬁ ‘fiogaegarose gel

containing cloned LI" inserts

@ ?CFrPe%ﬂrestsaaﬂ Ytewed by gthighugeromige giainingatlde &1 andeyasmaritied using
&BﬂG&[&Baﬁ Rit aﬂdélIthEed efebRdsgRdrl1aiRd, BASIIAUe O GAE BNDHS o E. coli

ﬁsn %Lr%tu%nsforme 1t% ?heqlgatlo ur(r:"u'g(ture To screen for the HPV 58 L1 insert in the
correct orientation, plasmid DNA from colonies was PCR-amplified. DNA sequencing was
conducted to confirm sequence and orientation of the inserts. A single clone was selected
and named pGAL110-HPV 58L1 #10. Maxiprep DNA from the selected clone was prepared.
Saccharomyces cerevisiae cells were made competent by spheroplasting with glusulase and

transformed with pGAL110-HPV 58L1 #1. The yeast transformation mixture was plated in
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fromeach of the clones were conpared to the published
HPV 58 L1 sequences. Sequence analysis of the three

w@bkiosioenls i sol ates reveal ed that no sequence WeST/US2004/037372
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identical to the Genbank sequence. The pCR2.1 HPV
58L1 clone #4 was chosen to be the representative 58
LI sequence and is referred to interchangeably herein
as the '58 L1 wild- type sequence"” or "58 10 wt

FSOCbeltol ﬁ olRt I\? %so‘?ﬁﬁﬂ géapgﬁgs t!nld 1ng_th)§te§ %v%tlted%r 3-5 days

e nce CoO
raeé(m Ct iGotpnies W&m m@keé éﬂdﬁre@lﬁé ﬁgé@lfmﬁm op hewe sgibitelpgar plates.

Rl &Ui‘(,rnﬁés v%subydﬁen@l Iofwn if8 o lok Qméu&ﬁhéd)%%bhtﬂl Wléh 1.6%

am no acid changes W th respect to nbank V 5
|glucescpnd Hesalagiosein rpfaBredybegultse P@&Q tpaindupo 58 k1 gyscription and
qh&gﬁbgeegﬁhno acid 124 from | euci ne to phenyl al ani ne,
and nucl eotide 897 (A->G, altering am no acid 299
fromisoleucine to 15 nethionine. The three silent
poi nt nutations were | ocatBXAMPLIRAc| eoti des 774
(YAaS %)odo 9%ml£a§;0>C) and 999 (G >A). The 58 L1

was PCR-anplified using Ta
pol yneri se ‘émt-prpﬂqged esidpepdiargbash desstibed (Rharpanldd apafaye.

%IZQW nodS CBadH sage in Sag?hgr &sPeﬁEm@a@Y}BA@T 7: 657078
AAAA TGICCGIGIGEC-3" ( SEQ gf Banb85' - G 20
A ARk 00 Bk Bt 6.2
rig&tdstd B@rd3sibh, PEER 58 LIvRErR vits $¢bailt mﬂ:ﬂm@ yhegefedsieyeaw bodons.
e,thglcr t l?rlﬁg Eé:) #ﬁ géqﬁénfgggnrgb%%gg%?s eas o )Zuéméee d:occi)on ds%&uences contained
BrAopciedtide @tieratiins gortpreedie ﬁ@cﬂSéelnwt skquenceT e RORLipg sedurnce is
ﬁ)rhel' élggst %g rh % R§R2reﬂu1]§rk@e FM 1). CRle ltt%né‘l\ﬁ&?ammo a01d

trans‘?orrre ation mxture, Wite col

weaeneetiaddildR wagnat aﬁtqrq:ﬂr einpcleqtida£3H QR WPt R anJ-armno ac:1d (SEQ
amPivOi2h kdgleR¥s AR FOLBR aR/dhol R [n ﬁl@U’R@H Said MHﬁilWe@lﬂ:ﬁce

wer e erfor tract, the DNA., T
URE PRt ﬂE‘é%é fewmerie Vil %?g]h%&a”ﬁ%‘}t&%?n&sitﬁfzﬁt wild-ype

TRﬁﬁ%hﬁbMﬁﬂeda&ﬁ@ﬁﬁmkaﬁSEQﬂMQEBu)ons wer e perfonned.

The di gest eghe%eﬁ}ﬁ emﬁlg%bévg r%guctecgheg% %ﬁ g%%bvas to design long

el ectrophoresis a
sevailmiping sefife@nd antisensel OMMepsuhatﬁp@dhmmnnqubatlh@ng nucleotides with

?eg gtlre?%?edl@oho@{équénb&a&;ﬁfé Ihﬁntgﬁg@(?&ﬁa%ﬁé/ had &queng@ Miese

col i
t ¢lwﬁ§$@ww placg of fepglats RNA %PGBéeaCW %’fr R popygyerase.

tﬂ&‘dl“ﬁl\ﬁ %‘ir%i:;aﬂldiﬁﬁﬁﬁerd Wert B&ignédiddasid ©hinphtyahd @built sequences

plasmd fromcol onies was PCR-anplified. DNA
S ﬂﬂ@ﬁ@t%@o $Sconduct ed to confirm sequence and
ori ent at i onThe ogtiel ¢ondiivhssfor Anslifivglian vedroseetiovaspecific, however,

SeL&al efé)yse? grogragﬁgﬁeoﬁﬁgtg\%% Py nﬁﬁt%s & turt}{gﬂoﬁsm cycles

from S preépare aronzyc
ceff9VG &ir d enivest (denaieing)Patelfor d mpetteinndslingd) peE 451 nﬁtj

V‘%e&‘!@nﬁ&ﬂ StdlI6w&l t@rhdU% fdr rl@ﬁﬁ‘tfu@é H{%@j eMbdsnREAFEL QOIH"PP'CR products

he yeast transformation m xture was pl ated

i ere @&&tmv@ BHAEBIOpSEE dlsc iRyt cﬁﬁﬂ!ﬂ@@?@?@l’f%@ﬁtﬁ sige were excised
smdhmm I gettpmﬁa@ arheQiipAfitEidgmens Webd thel usa@ay tejpplatee® adseehble the

bat % g for 3-5 days at 30C. Col onies were
p‘@ﬂ I@%fé ﬁ & or isolation on Leu(-) sorbitol
agar pl at esFollowing rebuild, the 1497 nt band was gel purified and ligated to pCR-
Blunt vector (Invitrogen, Carlsbad, CA). Following ligation, TOP10 cells were transformed

with the ligation mixture. Colonies were grown in LB with kanamycin and plasmid DNA
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| sol ated col oni es were subsequently grown in 5 nm of 5
X Leu(-) Ade(-) sorbitol with 1.6% glucose and 4%

w@adoaosse in rotating tube cultures at 30C t oPCTUSINE4/037372
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58 L1 transcription and 5 protein expression. EXAMPLE
2 Yeast codon optim zation Yeast-preferred codons
have been described (Sharp, Paul M and Cowe, 10

El i zabet h. Synonym)us Codon Usage in Saccharonyces

C\ﬁa{see\#ﬁ%lte@gr he colome%6b5 %7 §e %] %ilt aﬁh%&%omvﬁﬂ V\pdg sequenced

obtcenfiym thewdesizeks ¥ lel)@bmblsahams Tcméid HiaxtES gxtprsiqne ﬁequa@lds the 58
rﬁpﬂ '(Ileﬁulfdg ivhd 1%' llhg@fr%‘f)ﬁﬁtﬁl@lq-% east whRHRISowidd §imers: 5Bam

rebuil r-ses

uence, whi ¢
SO £ TSGRl e b A Aok S GEE T GC TGO AGAC
m;cl3e(sacplm ROlsshat 3 £ 'B4l5 58 REmAH sd—GCGIAECKB}‘ A wgr TCTTGACC
tlng sequence 1| s rererre to
hEd no Eagglﬁa (R = rebuild, see FIGURE 1). The
transl at ed B anaplified _Hl pégens gelq»ﬁriﬁ@i lmithﬂnw@@lecieztn kit and
|
(LB Sl P s PGB o1 B sl og B R RCRE  blasmia
FVBlURE I gniesSearelcyiatndiin LB grediventish aprieiingghgking et Fas &y 16 hours.
Hﬁ}ﬁlﬁéﬁ%r@?&fo%& Rk e Bla‘s&d@)ﬁAg b td1&8dhe aﬂlwassqg gene

over for use. in yacci ne_devel o
(Germ ﬂE)‘(A‘F&P‘LSEq‘ZPPCGSZ@“’%e%‘P“r“é’Pé NRGRASS Jieertios ?rsa?fEOémed The
t figes@RIDNA wadsudpoRd Wﬁﬁgafo@e gt slegiroph@Bgs arovéswed by iethiflium bromide

ST TR N he—
sBaudrdigsied pidlLd LorePH @ Erwlm gells N@reamnmf@rrm withstbe ligatiow mixture.

These oli g?ﬁgarre&lt‘ﬁﬁr c%}dﬂﬁa@ @efe%cﬁ!erﬁﬁ%y PLREMRE 8PS FONA ihddrt in the

a PCR reaction wt ynmerase.~ Additi onal
agfptertfariepieiiom W%PWI%NW@P@%F% NSEUeRRRaNdEigntpigon were confirmed

amektflb’tuﬁa cEENilbS anﬂ@NJ@ 8éncingd Thé QJBcteadfPnadws named
B LA S ot SR
pfphgbﬁlﬁ%tfn@ &ﬁcﬂhhﬂsﬁ@m&ﬁ@itﬁ ﬂEAEl TO-HIRV 68L (RotirTatThe iyeny) transformation

( g%s npgviﬁc? Jinﬁde)l(?’ )5%)5 # Polp aﬁar onl &J ?jgm it e%@apﬁgt)%s anfié%u#)ated inverted
3o 3+5i dayxt a 30"(3@ Gadorgdsorere plﬂwld landwetgakey for cian@l fselationgon Leu(-)
My atice agak ﬂ tes, eEBﬁféﬁ 'chBm@{‘\geré Qﬂﬁ&iugntlyp @fn‘yjrﬁpcgf% ﬁﬂeu(— Ade(-)

were exa agar ose ge el ectrog@ore8|s

t $rsbitob pith ﬁf6%a$156§¢ 2161 4 pdackase isietiting
p&iﬂs@‘:ﬁ[ﬁi@n ardsroRHY febsﬁ’&l fATRG MBRGUSs, WRtileuré Aeliimél Sqilvaikat to an

%b@ ﬁlgun‘?gﬁ & T %J‘lgtte% e }B%hatgrﬁ QA ﬁmvo\ggcy gréﬁhé‘[;ellets were

f'ow ng re nt ban
pfrbzehlaﬁmlstaﬁdiaﬂ-ﬁg"él ed to pCR- Blunt vector (Invitrogen,
Carl sbad, CA). Followi ng ligation, TOP10 cells were
transformed 35 with the ligation m xture. Col oni es
were grown in LB with kanafdMFrLERd pl asmid DNA -15 WO
2R/ Ré i 3ke, PCT/ US2004/ 037372

Cell pellets of transformed yeast cells induced to express HPV 58 L1 or HPV

re@@F 30 C to 1nduce L1

58 L1 R by galactose induction were thawed on ice, suspended in 0.8 ml of Trizol reagent

(Life Technologies, Gibco BRL) and incubated at room temperature for 5 minutes. One fifth
volume of chloroform was added to the vial. It was then shaken vigorously for 15 seconds to
mix and incubated at room temperature for 3 minutes. After a 5 minute centrifugation at 13 k

rpms, the upper phase was collected and transferred to a new vial. 0.4 ml isopropanol was
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was extracted fromthe col onies by mniprep
techni ques. The plasm d DNA was sequenced to confirm

wao besdesis ed 58 L1 rebuil d changes. To add BankdT/US2004/037372

10

15

20

25

30

extensions to both ends, the 58 L1 R (rebuild) was
re-anplified frompCRBlunt-58 L1 Rwith the foll ow ng
prinmers: 5 Bam 58Rebuild 5'

- GGATCCCACAAAACAAAATGTCT GT CTGGAGAC 5 C- 3

d3' Banb8Rehui | TAGT
%?%9 an% anc?%%% al:t)’ Bo%elgs)era le fgr510 r%@l C?q_& rtggggﬁcgémr-lfugatlon
gek ppriorinkd etdl3ll<snpmg fari@ n@emsc rTéa pUPRINALAR RS d@w@t@édthf: RN@ pellet
d i ﬂ%{d%g )cen g)%;t% refetell STHE uBerh AR SH20 18Mkked and the

asm te colonies were cul tured

[RAA Bt alicied 30 #ihdia i IS rRingifs foUpAd BHGUERensyrpngyaserfes water
fgﬁ@étﬁyphét@mé{}wmﬁﬁ‘énﬂ& & d@ iRl IR oh@nexichat RNANG the sample

D B Sslpund Bl SeSRRbE ol T2 0B KAEL Bty B TLAG 0 017

cti onuc ease
d.@estions were performed. The di gest ed DNA was
subj ected to agarose gel el ectrophoresis and viewed by
et hi di um brom de staining. The LI band was purified
using the Genecl ean kit afXANMBaEéd to
t}@ 0SNG Xi-dsfd, BanHdi gest ed pGAL110. DH5a E. coIi
S were transfornmed with the |igatian métur
The resul tifd lg‘t)‘l‘&%ﬂs%@%ii“ély%geéé’ﬁ%ffsbf TR F?S‘rmlf’ﬁ’grams of
HEVA S2rd-cbnibi®e kithidnauliig beBE (A6l cick@rttians: 6%. fofvhh)ldehy@pSO%

%ﬁ%ﬁ%ﬁ% ﬁg)g’@?? e A Cg E?afgd% ?orr I1§ rI‘I%ﬂ?Lft Ies aclg]n I volume of gel

)-4..)

. deglieytaiffagwasTdidesaidelnt sampkcllmded s thezpe @1ecp@nb_01els®-war9verfonned
, a% |7} ect)lﬁ]ig 1 x%ﬁ@ it op‘?re% I‘fo%fsevfh% 'gQQVaQ %\Jag&d‘f&r@ rﬁﬁﬁ*@s in 10 x

asting and transformed wt
piS&LllO HPV 58L| R #17. The yeast transformation 20 was

plated in LepriaSAS Rhds@rell &P BERA-ON- ﬂyw(mamtﬁﬁrehmt@fsham

31%19; pl ates and i ncubat inverted fg 1% g% Al rNA
cienggseRiseréawiur V) by cuadilpry Agior oy 4R g 8t 10t C:u ¢ RAA was

| thed teld@the Mylog lembrans By Boésdinkagaking Hﬁt%ﬁtagémdﬂaﬂeaialmker auto-

(L; %{}% 1}k ,&afél(m? St?% bse q#is FOIL\}/ 9%5 7 /:ané( nﬁt@% gylg on aéﬂ@ane was allowed

gtala&altpse in rotating tube cultures at 30C to induce

transc r Jk&ﬂe EF@ Pﬁghqirﬁhgb AR ﬁéﬁﬁg Qhd D@tta&tﬁ)ﬁ Kd[tgl [ (Hoffmann-

hours a cu ure vol une” equi val ent to an 25 10
alRerhe bd. FaistlsSwikzerland) pay @sd torIpkel 53k ik %%L%QNA sequences
r @ﬂi’?ﬁf@ tcﬂﬁqls&m% a%&ﬂe%%&té&ﬁtb Qetet5822RwtaR@581.0 R&ﬂmﬁinpts on the

repa on 30, Cel |
CFsriob e o asshy bpeeftion, adtihep g gpresLeigplSaSppent ving
O4n BRNDIGHHkalite phdsphagad emfjupaed kmibody wem peoreet pervieed on

IT%%H%‘%%};% S rgco%l%ldatlogﬁr%ng{ﬁld&e %%)8 lﬁza{ ég»%gl{)pldlzeﬁ lat $C for 30
t mimuees atith ientfechaléngyi The pede c@itailfwas denatures) Rynkeaiig to 95°C for 5

CEEan[egfa cf @G ¥1\@‘§ q&q&g iR tr(h)% c&!k@iﬂ wz!stadmsto tHa & ?b&hﬁlﬁgﬁlsolutlon

VI gor ous seconds to mx and i ncuba

r ensrappkiadise thetmamebrang fordt holupnpt ¢ 0"Cayithegentle Shaking, (ke Y bridization
C &JMit{oh fukad Heh Qdndved At ke @ét \F/zﬁH&i 2 i he 5wEREaEs iasSSOvish 0.1% SDS

col | n ransferr
| %tdﬁﬁ)elg%gg)agtlg%t ol owséd %y ar? addltlon was at 65% w1t9 045 é§C and 0.1% SDS.
The blot was then blocked for 30 minutes and anti-DIG alkaline phosphatase conjugated

antibody was applied at a 1:5000 dilution for 30 minutes. The blot was washed and the
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-16 WD 2005/ 047315 PCT/ US2004/ 037372 added and
i ncubated at roomtenperature for 10 m nutes. To

wp@edoses73the RNA, centrifugation was perfor medP@r/ui®ok037372
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rpns for 10 m nutes. The supernatant was decanted, the
RNA pellet washed with 75% Et OH and centrifugation
repeated. The supernatant was decanted and the RNA
pellet allowed to air dry for 15 minutes foll owed by

Sp&&ﬁm@@moberboﬁ%ma&%f“ra@ Bet¥@lifId by NENBCIF RBGRAIBRICEh of the
W%Is( 1&‘% g dto. det %jg' t he co centrati on of RNA

? %SRE?%?@ CONYERE taﬂté ?8\’&51[2}“8 °®hat an A260
readi ng of Ihitil dx&l;glsrdf ya%bﬁempfbeﬁng S IARGEZRRd ittst theré-was
gfuglF%cggﬁ%%) i ma]f_l, "ﬁlola%%ﬂ &Flilesr rq t1ocr:1 éllsl(% f/}\glﬁiaécén glﬁge\{er ]the level of

nemr@gpmmhbbe ln@me@\éﬁ]@ scaueniereas rehuilh with pieasuprefeged codon
b&éfqtlﬁfces( fin8 ?ébuﬁ%qﬁrge BhtoPs englﬂ%gréﬂ' tg%hﬁltealﬁ%ggssibﬁaoﬁ){%mature

formam de and Q. S) and heated to 65
nirFer&Rgion ﬁ?f@%?éthneﬁlf?htwawwbw trgieseriptiosa Aorlerd biof aralygigef the 58

agd RdraﬁMpt Bakd lﬂflhlt Bicteagd @ehoBitt 6f fult@eng@l transcripts were generated

LR P SRS DR R 1 L T

mnutes in 10 x SSC. The RNA was transferred to a
Hybond- N+ nyl on nenbrane ( Bi osci ences,

Pi scataway, NJ) by capillary action over 16 hours in
1HPY 584¢ fﬁm then fixed to the nylon
menbr ane bYFl%'ié?l%%agt 'céﬂ(ﬂ)éi'lgts@ l'gﬂ%t&s@-@nd%&éd%ﬁ%@@qu%lent to an

S Kk
E)bgé(?-[ 161 qua ty O A%e%ls we{e t%a\ﬁeci on ige, nﬁ%}ls(;)%rrl] %g&)n@%%é ‘buffer (100
atoMbMezHP Qétﬁné 05 MWCI Phie7. @OEIHQIDI’IGWFQ PAdRI-ivasheOBAmm glass beads

i nd Dete ( nn-
08 POl Rfon ol taude IR R Py R yeger s
LthinRteDRIA §eqlh@rﬂ(mute\br¢ah D@L beCWeTuweKI(sza addelead the vortex
cg
hg&%}% etaf%ﬂ Lo = qﬁlf‘mt@?at |'43C Wi’heamﬂe i eg;;lz%csg '61[1 ?c@sf&'r 15%1§th§1
h%lpwad bingenigifuegtien fuorrmmmutﬁg |abéhp dbg @me@m@ mas trensfrgred gna sterile
afitdrofbbdaubd, laBbibR tHADRRNMASE caPR], HESd 8 BRdd foflycver e
performed per the manufacturer's recommendati ons.
Briefly, the blot was pre-hybridized at 37C for 30
m nutes wth gentl e shaki ngKANMPEE@r obe cocktail was

r heating to 95C for 5 mninutes and

d%% 'Eﬁgt‘m{ﬂ rte. The probe cocktail was added to the
hybri di zat i Getalsiehsy protein 0raginfdorapysintydsblated yelas coionios fomeach 58
Tf céhsti@i bvire@haifAa BF Wisteth G161 k6nr
hyb ?l gll zatlrgn agzo u? orﬁ was thén rﬁglér%g%/lg% Uggsﬁclepfﬁtemaﬂer
wepdarse ;dyetiopr 5 minutes in 2 x SSC with 0.1% SDS  at

ggg mt tehnpg I Bérl) i aridAlvb @ﬁ@&leniéﬂngﬁCI@ ik bodal yé’i@tsﬂﬂot@ih extract of
Bt O v iR ad B sPEP P itk LS PACH Bading buffer

piddphied ®@9S°ConjlQigsatued. The 16 L1 protein, which is approximately 55 kD, was

included as a positive control, along with HPV L1-free total yeast protein extract as a

negative control (data not shown).

The proteins were loaded onto a 10% SDS-PAGE gel and electrophoresed in
Tris-Glycine buffer. After protein separation, the proteins were Western transferred from the
gel to nitrocellulose and the blot was blocked in 1 x diluent buffer (Kirkegaard and Perry

Laboratories, Gaithersburg, MD) for 1 hour at room temperature with rocking. The blot was
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anti body was applied at a 1:5000 dilution for 30
m nutes. The bl ot was washed and the -17 WO

WQOB50087315 PCT/ US2004/ 037372 presence of preuBuRmOIeBE7372

RNA was deternined by NBT/BCI P substrate detection of

the al kaline phosphatase conjugated anti-D G bound

anti body. Initial analysis of yeast expressing 58 LI

W suggested that there was functional HPV 58 L1

f Whined @G tihel e iRGThRE hARoAR g(f#ﬁ%é %oq’tlb BBurs t\)vgtﬂs/%:/zgg ;Haéorbed goat

the level of 5 expression m _ I Ncrease .
SETERREY Viad L épumy whigh etessyisacts wite HP¥rlp edd BB @B L1 proteins. The

SEgUeRcRS. walld tﬁl_@@ileiﬂ'nbg anﬁ%c{uﬁa;téﬁ@%t‘lsg ggg(?@lﬂgltuiﬁgl% bpa%ﬁ[g%gt—HRP

t \ remat ure. )
+ S fiEiGt P8 BEL By Crliiives temustshed e Brmep o T/BCIP
Néstdchen sublgtant apphial (K3ikSgaafd dnll @epBLabokatdrick). aiSfhblhctive proteins
revealied.d Jg%\;#ép?egbcaégsaosnetg @g}?unt s of full-length

transcripts nera conpared to the results
seen for 58mnjall codes, R BIREBin i3 dEXAMPAsER GstinkMiraBotedctive

b R g ﬁ‘ iy BFADTEOCRE gy g gensiy
q%él?ﬁ %tStIyl Rypandg prngarediioy e ar n gt seee fon g L g p evmgenting n
36frdved$s PCodpedstion whsldflievddoy b dagddR@ptiandidy. © M Nadl

pH 7.0) with 2mM PMSF. Aci d-washed 0. 5mm gl ass beads

were added at a concentration of - 0.5g/tube. The

tubes were vortexed for 3EXAMBEEGf 5 mnutes at 4C
VtiBAsdaym NUte break. 7.5 1 of 20% TritonX 00 was

added and the vortex step was repeated for 5 m nutes

at 4C. The Yadsensiestee58dl la¥kl expression afportioh®f A8 hlitwesnd 58 L1 R

frodal e ghrdddin GERAET 4548y }a by s ALOrfy })aécgt g%ls %&%ré&%ng-;ﬁﬁ/ 5811
superRal s transferred %’oasterl_le. m cTrof uge
taaﬁiﬁ?’ | éﬁéﬁgw&?‘t%%ﬂ a ypsigiytof gletods. inchding setetingdabesqyltures,
ahakedadtsehd drmeriofs, TheE%%M?JeEs @ert@(%&_&cﬁafrﬁ pt%t%lh eﬁeﬂgﬁks weRd Ahde to

. tei rom t.wen i S e S i
AR DERLE Oy B HPOS LT R 901 BLod ESSL g
\reislt peetainb AosandvaclBiSAr wasele g gred $6 demonbtrabkBHRY 5pLONEIFexpression.

after gal 3508 S I%Tlggl{oég HS%%%%.J’/;@Z)S%&%%IO?% aﬁ%ﬂ\é\%ty?g]gp) yps used to

one-hal f m crograns _ pro € )
B Rtae I8 &4l WIS @ind in the yeastproBinlextriRts. 55l sptaiicalip rezognizes an

HROSTEOVIWP bbhfSHa & EpiloBa driRdmBsink %fotei%\gerﬁ Galid abv®y and
r..10 mnute The 16 LI protein ichis )

g%g?%ﬁllﬁa&@ 9110?5& %B’V P ?W&Wag@egﬁgg@m w@s?applled asa
detattionlantitald@nGrua dohforiMicndltyf dogect! 38 1@l VRASEre B6@Id8h detection
gx)r% %agﬁltrt]%t&lsb ?Iée sg gg !;:énldz\ilnoiﬁ Cgur;tg E%%%%e grftibvgi)iman-lc-ih"[‘eMB
&bstrgteophor esed in

Specifically, F7 was used to coat the bottom of Immulon 4 HBX 96 well
plates overnight at 4°C. The plates were washed three times with PBS and 0.05% Tween 20,
followed by blocking with blocking solution (PBS + 0.05% Tween 20 + 1% BSA). The
plates were washed three times and antigens (total yeast cell lysates diluted in blocking
solution to 12.5 pug /ml) were applied to row A in duplicate. Reference standards of purified
HPV 58 L1 VLPs were applied to row A columns 3 and 4 at 206ng/ml in 12.5 pg/ml total
yeast protein. The reference and test samples were then serially diluted two-fold down each
column. After three hours at room temperature, the excess antigen was removed by

aspiration and the plates were washed 3 times. F4 conformational specific mAb was diluted
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Tris-G@ ycine buffer. After protein separation, the
proteins were Western transferred fromthe gel to

woraosoeslis ul ose and the bl ot was bl ocked in 1 RCOUR20041037372

buffer (Kirkegaard and Perry 35 Laboratories,

Gai thersburg, MD) for 1 hour at roomtenperature with
rocking. The blot was -18 WO 2005/ 047315

PCT/ US2004/ 037372 washed three times and i ncubated at
APARRIRAR Mo ) AT Rtk 3 HonAOROLGR SThpres
r@ré‘awhqdphres gmesjandrap reli-fouse Tpe2b BRBronjagatadpaibags stae diluted in

bcRBg SdiRA aANSbpliBE P AHES Adofh t@mﬂera%ﬁx@o Tdé bldfeh %re%ashed and
conj ugat ed,_anti body The

oat - HRP for 1

LS G b 1T O FR ot Ta s KB RBEPTS Bt BleghFIRP-
soijsdared bftitvpptomsledeki Thedptrtich @ndioPe/ms Stoprb ety dd8sibn of 2M
HIBBACPERE bk GedlsPhSY ﬂ%MJ@ﬂg& RIS R PPV Lp
on the bl ot . cases 1 proteln was
ohat eattredhed by a01dpa$1ts<|>mt©tthd neferemor ﬂardandv & ngh\alk)/ igantotahprotein.
nitrocel lu Sy
(FI GURE 4) I TR ?n{lens%gﬁ%oh gf]t'ﬁg Qﬁlgﬁﬂt gp{/gt’y c(].ﬁé%tel&}ag of total
Rprdniren veast peregriastiBY 58 wvttanchPXéé M%frors &V Sepppate,
eﬁqeﬁﬁeﬁth NP G I PV gredorldveiREBSE8d ON3 618 with RbRYEMon
éq%%ast codon optim zation. EXAMPLE 7 ELI SA Assay To
d U%Pate 58 L1 VLP expression, a portion of 58 L1
wt and 58 L1 R 15 total yeast protei n extract was
anal yzed by ELI SA. The ye expressi ng HPV 58
LI and HPV 58 L1 R were %?%Wygsa vari ety of

BB arpseapyat i ng tube cul tures, shake

{1 asks,  ang,HERIRILEN 156 1 A% G S dtBaE a5 W
protein extracts were nade t determ ne the armun‘fg

pe(prEgsicl copsoppers) Vhigh pitpi; Selff é%selpb)e Py V‘ﬁ?sdéﬁd’éﬂmbéra partlally
gm@fﬁdd@B g.mm;ﬁrotehﬁx&hct W2 Elﬁjpe{&}ted:ﬁ) ﬁ@fﬁ%{yg@ﬂ elE&ttoSAnM@sco y (EMD).
eS|gne t nonstrate S|on g
Protein G pi#’ ?N PEF BRI ﬁ‘% ferrpFS ‘|° peélfﬁeflb gﬁi/
(asilohg pedlsts u&eﬁsub;@ctedb tonrifindt@o trefehtd, RAJJESarfd@mxﬂied peaktie@tracts

HER LD S AnG RS G PO RS SRR AR S0 Aouen

conformati on
gp@p@'ﬁwgomoged\ms ﬁ@ﬁflg@mst@ﬁgactmg then SLFbgec(qd49 centrifugation over

Qﬂ@%ﬂﬁ&roﬁp\fs@&l dndt M B HRRIRIBEHANRY iSRGt fdr GndAR byWas
appl i.e %M) detection anti body. True
6‘%"&5% nally correct, 58 LI VLPs were bound and
det ecti on A&emnﬂﬁlggd 1|rrla§§16f&ﬂe 58/LI Relllél’s grodficeds shown in FIGURE
n - conj uga nt i an
g ugs‘? r 1%1§ter o§pec }f’?ﬂéz llfia&clleﬁ% ‘% f?fﬁ/go to 60 nm, with
bayhe paeticdes diSBimhgaregu}dBMT@ﬁ)f\q@sbmeml at es over ni ght at
4C. The plates were washed three tinmes with PBS and
0. 05% Tween 20, followed by bl ocking wi th bl ocking
solution (PBS + 0.05% Tween 20 + 1% BSA). The 30

pl ates were washed three tines and antigens (total
yeast cell lysates diluted in bl ocking
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solution to 12.5 tg /m) were applied to row Ain
duplicate. Reference standards of purified HPV 58 L1

w/bdes/o¥mie applied to row A colums 3 and 4 atPCDERPO4D3I7372

in 12.5 gg/m total yeast protein. The reference and
test sanples were then serially diluted two-fold down
each columm. After three hours at roomtenperature,
the excess antigen was renoved by 35 aspiration and
tﬁ@mgﬁﬁg@%ﬂﬂygﬁﬁgmashed 3 tinmes. F4 conformational
specific was diluted -19 WO 2005/047315
PCT/USZOO4/037372 i n blocking solution and applied to

each well for ongphgE adll noRRMELS @Meeuenzrm Iﬂbla&terés that

TR AT W e e ——

saidot-bimiasidoctpgh-leed ekmessionhioupeadt cetloom t enper at ur e.
The plates were washed and TMB (Pierce Bi ot echnol ogy,
Inc., Rockford, IL) was applied for 5 mnutes to
detect HRP B confugatregmgrisingthd pudeinpie xekeculdhiclaim 1.
detection reaction was stopped with the addition of 2M
H2SO4. Plates were read at 450 nm wavel ength and t he
concentration of ABPycelgcqmpriging theyestogiehdainiZned by
conparison to the reference standards in ng VLP/ tg

total prote RE 5 s f. the

arount o VEPs GLEdETRalgT S SoSerorn B et bkl
expressing HPV 58 L1 wt and HPV 58 L1 R fromtwo
separate 105 exp

Level s incr eas egfﬁegﬁ)gl[cgll lo(lf;g) \}ywm?ﬁ Wlh%re}{tlﬁe %Qtrc%ﬁ §§ Rldcted from the
OPFPUNGORSSLING OF: apprapyges cereaisiap fé@rsewlceroémqrﬁw Pichia pastoris,
MKBR5sB1RYs fﬂa@zﬂ;omﬁrwmtce%ezst BatschBssaaBatolnybsPofibs)

was in fact self-assenbling to form pentaneric-Li
capsoners, which in turn self-assenble into virus-1like
particles, @ parThetoktcell pBelbin &evhoRin the RbspEcditi€ Sicharomyces
extract was subjected to transm ssion el ectron
ni'croscopy (EM. Yeast were grown under small scale
fermentation and pelleted. The resulting pellets were

subj ected tp purdfd Iﬁl@feicq{gld i%cﬁ@ctumtcﬁqu ?e\lzl%?e%n fid gequence of

clarified yeast extract wer e ana
i FRleAdiss sempriseHRIPaREIce aﬁrélcl_esrtlc}w a1 wf fﬁrtéxrpﬁ‘%@ oNP:&nd
retention through the purification procedure.

Clarified yeast extracts were then subj ec%zg tP .
centrifugation o&PCtorLoRREsTag, e guleie aadmgleculn of dajm 7
resulting pellet suspended in buffer for analysis by
transm ssi on EM ent ati.ve inma of the 58 L1 R
VLPs produégd I§A§R§ co"'—“ngﬂm‘@? %£k$ﬁe di anet er

of the spherical particles in this crude sanple ranged
from30 to P n“%ém ﬁl@ Qfé@ (WS%%£3%?%473%&% 51 protein or

regular arra of cap so
gfv,} gropeins of HPVS 8, wherein the recombinant L1 protein or the

recombmant Ll + L2 proteins are produced in yeast.
11. The VLPs of claim 10, wherein the recombinant L1 protein or

recombinant L1 + L2 proteins are encoded by a codon-optimized HPV58 L1 nucleic acid

molecule.
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WHAT IS CLAIMED IS: 1. A nucleic acid nolecule
conprising a sequence of nucleotides that encodes an

WOHRS@41315 protein as set forth in SEQ I D NO 2, P€T1€S2004/037372
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nucl ei c acid sequence being 5 codon-optim zed for

hi gh-1 evel expression in a yeast cell. 2. A vector
conprising the nucleic acid nolecule of claiml. 3. A
host cell conprising the vector of claim2. 10 4. The
host cell af, cl aj,m3, rej = t,
cell. 5. T(Izle2 "hos hec\éfpls\gg?la% g’&nﬂ%eg\%ﬁéﬁog%b t'@zéie%{\lglt%& acid
cedléculesomptisss b eetuprasof nirdeotidesaa pet derHsin SEQHY Np:1-
Saccharonyces cerevi siae, Hansenul a pol ynor pha, Pichia

pastoris, 15 Kluyveronyces fragilijs | yyveromyces,
lactis, and3schi%8shet REPEHF h‘?ﬁﬂ%& Cg%/lmrlﬂe%‘lsmg'
cel I of claim5,@pher@ingfolrtiag hexst witted todos-optimized DNA molecule

Saccharonyces cerevi si ae. ﬁlgy The nucl.ej i -
nol ecul e of claim 1, Wﬁ%‘ﬁ’%ﬁ T{Seus%ré’heénn%gﬁi 8}‘1:5 53612 proteins;

nucl eot i des conpib) sescuiiwtagitbe renstfrmedipdasionileteondigons ¢hat
forth in SEQ I D NO . 1S
é‘peg?lt gﬁ)rgs@ﬁ% of th% g&gﬁl OR{.LMC& BRA molecule to

nucl ei ¢ aci d nol ecul alm /. . host cell

conpri sing the vect orprefiuce pagcamBinant papiljprpds pregein; and
particles (VLPS)fyonpfsj)lﬁﬁﬂg B reb QaRdR pipilortadir®y @bt€info produce
or reconbinant L1 + ﬁzgﬁi otej ns of HPV58, wherein the
recombi nant L1 prot ei BedPE ARSI b mbi nant L1 + L2
proteins are produced in yeast. 30 11. The VLPs of

cl ai m 10, reip.the r i it efn or

reconbi nant L1 +Rlzliccbnreo°t% %gﬁ;gn%fﬁgvéﬁ%%%&elg&ﬁy'a

codon-optim zed HPV58 LI nucleic acid nolecule. -21

WO 2005/ 047515 W%( %zigons%gmpr-[ﬁ@% ﬂﬂ}ﬁiP@_Bf claim 11.
claim11, erein the codon-optim zed nucleic acid

nol ecul e conpri ses a sequence of nucl eotides as set

forth in SEQ.ID Nettod of grevéhti® HRVdnfat tiqarcophgisingadokigistering the
VLPs of (gl,ailm 11, cl%ﬁri sing: 5 (a) transform ng yeast
WACHIS Ol GHFhLIB R YEE DNA nol ecul e encodi ng HPVGS L1
protein or HPV58 L1 + L2 proteins; (b) cultivating

the transf OHTE d X%e%ﬁd)d%lqgéqc%%%ggﬁxﬁﬁ&sreg ﬂge if? gﬁ .t%g}nal comprising

expressi on of the codon-optinmn ecu
paduavisterizg the YoRbATEAM plapiah kwirali r us protein; and

18. The virus-like particles of Claim 11 wherein the yeast is selected
from the group consisting of Saccharomyces cerevisiae, Hansenula polymorpha, Pichia

pastoris, Kluyverontyces fragilis, Kluyveromyces lactis, and Schizosaccharomyces pombe.

19. The virus-like particles of claim 18, wherein the yeast is

Saccharomyces cerevisiae.

20. The vaccine of claim 14, further comprising VLPs of at least one
additional HPV type.
21. The vaccine of claim 20 wherein the at least one additional HPV

type is selected from the group consisting of: HPV6, HPV11, HPV16, HPV18, HPV31,
HPV33, HPV35, HPV39, HPV45, HPV51, HPV52, HPV55, HPV56, HPVS9, and HPV6S.

-2 .



wo 2si0em1Tonpri sing the VLPs of Claim11. 15 1BCT/US2004/037372

10

15

20

10 (c) isolating the reconbi nant papill omavirus
protein to produce the VLPs of Claiml1ll. 14. A

Phar maceuti cal conpositions conprising the VLPs of
claim1l. 16. A nethod of preventing HPV infection .
conprising admnistering the vaccine of Caim1l4 to a
manmal . 20 17. A nmethod for inducing an i mmune
response in an animal conprising admnistering the
VLPs of Claiml1ll to an animal. 18. The virus-Ilike
particles o2 O allnvegcingeiiclim 24 rdeiranibe 2 lgask gneddR Vo fype
f doipritdagemrarigup consisting of Saccharonyces cerevisi ae,
Hansenul a pol ymorpha, Pichia 25 pastoris,
Kl uyveronayces fragilis, Kl uyveroinyces |actis, and
Schi zosacchzy o ﬂﬂl&Svabcﬁﬁdlﬂ’.clailﬁ 22, Fimehey comsishngk&PV 18 VLPs.
particles of claim 18, wherein the yeast is
Saccharonyces cerevisiae. 30 20. The vaccine of claim
14, f urt her24onpFhesiapgnasfpiin £3.durthes germprésing HPV6 VLPs and
ﬁﬂvum HPV type. 21. The vaccine of claim 20

ereln the at | east one additional HPV type is
selected fromthe group consisting of: HPV6, HPV 11,
HPV 16, HP\L5L8, tiRMadsina38f chiiti38, futtiRY 3omprdM¢3I RV 3PRNI4S,
HPV51, HPV52, HPV55, HPV56, HPV59, and HPV68. -22 WO
2005/ 047315 PCT/ US2004/ 037372 22. The vacci ne of
claim2l, wier ei Tihd ‘aecind ofl cbsdvs 23 dnetheelPdmprigre HRGHpYLRses
HPV 16. 5 23. The vaccine of claim22, further
conprising HPV 18 VLPs. 24. The vacci ne of claim 23,
further condki si Hep BPYee ofichdm 3 furthqpgomprispn b V450V IS
The vaccine of claim24, further corrprl si ng HPV31
VLPs. 26. The VaCCI ne of ai further i sing
HPV31 VLPs. 28 27. Thteeqaeef CS?ém&? By GpBisiy i
conpri si ng HPV45 VLPs. 15 28. The vaccine of claim
26, further onprl Si HPYA45. VL P:
and purifie P Ea%d %/Vbtéfb? e %85]91 Olgeﬁfc‘& C%hl%gsmg 2
sequeanc ef apfincaridsas aat[fcmil 1a§EQéD N@2th in SEQ I D NO 2.
20 -23
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