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WD 2004/ 084831 PCT/ US2004/ 008677 TITLE OF THE
I NVENTI ON OPTI M ZED EXPRESSI ON OF HPV 31 L1 I N YEAST
WOEROSB8MREFERENCE TO RELATED APPLI CATI ONS 5 Thi BCT/US2004/008677

application clains the benefit of U S. Provisiona

Application No. 60/457,172 filed March 24, 2003, the

contents of which are incorporated herein by reference

in their entirety. FIELD OF THE | NVENTI ON The present

invention relates generally to the therapy of human
TITLep THEMENTION( HPV) . 10 More specifically, the

t thetic pol ynucl eot i des
PTI@%E%E%@F@%?&?&ﬁﬁNIﬁ to reconbi nant vectors
and hosts conprising said polynucl eotides. This

cmég%@ﬂ%ﬁéﬁbﬁ{ré%%%ﬁﬁﬁ&ﬁﬁ%% virus-like particles

elr use I n vaccines and pharnaceutlc%
conposiThisomplidatien clajme thebensiig b g Prewsipnal §ppjisgtion No. 60/457,172 filed

Marcmwgm%lts-r@gvﬂlMN&@&&B&H&G@ b§ ref@ére ihdeir &lirety.
types of human papillomavirus (HPV), many of which
have been associated with a wi de variety of

FIELI® 0P T0E DaVENITERDt ypes, fron1benign proliferative warts

2”0 nall | g%?senéﬁaggrﬁﬁn of%;ﬁl‘g’s fg%%l% to\{liegt}’l\%%p%/e g 8%%@%%les (HPV).
More apibdlﬁlcﬁ-ny ht peasent tﬂventtoy paaesto synt]mummngﬁzlegg@qg chepdimg HAV3A L1 protein,
and to rec f‘% etCt%rs gﬁ) H%Q?:J F@ﬂgﬁxg 9&?&11?&{ | RBRRied Ol“lf?é:fﬂ%rﬁ@ﬁ §lso relates to

Sila O e genlta or
HPV3rleJ$tp$ hm an¥bRS) AndP i 158 VAPNAS oBi dhatrpggentiplemppgfions for

Iﬁmmﬁﬁggﬁdﬁgﬁﬁ h@@quently associated with in situ and
I nvasi ve carci nomas of the cervix, vagina, vulva and

anal canal. More than 90% of cerV|caI carci nonas are
BACIRGROCKNS @H TwEtmv'Emfre@mi ons of HPV 16, HPV18 or the

| ess prevalent o nic L ypes HPV

and -5 A rp?rﬁé gﬁ tyaaes 0 ymal&lg%m ?o]ma&&s@P\/ﬁ 5mr%ny%¥ which have been
assocﬁté(i 32V2t}1 a vEBBvaidty (0f BRBE)cal phhmtnbs dropsltenign prdiggratiyp\wari® malignant

car01n0{nas ﬁfgr r%\t’lg\g, seQMI%leugrQ}QﬁoanInP A szlth(g 532%‘3”3%33(296 9y! | 1§8%6 and

pr dem ol ogl ca eV|de t hat cause
HPV 1deamn|hg mpea:xamt Fevernenly @ﬁé@cl%‘w\h leepigg warts, ngnmeligngnt condylomata

acumP Qtte rM‘f\’(ll/or 19w- éra%é ér%/s%ﬁéla 6280 %ér)ltal &Q&blrﬁt@ﬁ&ﬂdcbﬁs ePvaband HPV18 are the

nognenve £osa

hlgh-qqkrtwg:eé glogququenélﬁ &ga@at%w%t znestlzt@1 ﬁ]il(i 1§‘yﬁsiv§; cgﬁlaolpg%ﬁ ﬂéet cgrvxx , vagina,
vulvaQeN &Sl cahhle M€ thak €6 ioNger¥icA omsin(rodfase asafciatddevithi infbtions of HPV16,

are . de nat d
e AT R R, 00, A SR E S o
Cancérdhst&ﬁ(l@l) ra3g-64 41998, Phodbeemaion HBVIINA [§ dgtented ing?0el 00% of cervical
cancefs r%owdﬁs s&%&rvgp}dtemf lf%?cta | QRRnSUER I—ﬁﬁ/s\é!nfséter{;l@zﬁlchﬁﬁt)fng Qee Bosch et al.,

ormat on. roteinis th
J. Climefjayrol. Sap2H4eL6p (W08 and has a nol ecul ar wei ght of

55- 60 k%llloyaﬁrusészar@&ﬁatlﬁb'@l@ ﬁmﬁi n%dﬂ@&oﬁé@ﬁﬁés@hdﬂf&@[ﬁl%uuses that

| mmunol ogi cal data sug t hat st of rot?
encodeqipiingiE gy ancive i 45095 9% P o8B roe (L SRy el Ebhomes are
desighft&d 11 107241 [Niagh Ly, WiRrs'®" dexbtarmigandi'Lf émetet late. L1 and L2 code for
virus cap%ldI plrgtggsv : r}He t%e 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 a minor capsid protein. Immunological data suggest that most of the L2 protein is internal

to the L1 protein. Both the L1 and L2 proteins are highly conserved among different papillomaviruses.
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- 1 WD 2004/084831 PCT/ US2004/ 008677 Expression of
the L1 protein or a conbination of the L1 and L2
WEe@He84831 i N yeast, insect cells, mammlian cePCHUS2004/008677
bacteria | eads to self-assenbly of virus-like
particles (VLPs) (for review, see Schiller and Roden,
in Papillomavirus Reviews: Current Research on
Papi | | omavi ruses; Lacey, ed. Leeds, UK. Leeds Medi cal
I nformation, pp 101-12 (1996)). VLPs are
mor phol Bgpré&aibh yf e Il bﬁtelﬂ: & aTombinhigont df theMli Irdn@ e padielnsin §east, insect

cells, %%%?% gl? cgegls arglg &338 %aas tg tself Isltsegr%bﬁy gf; \ill'(l)lg ng‘g ga#i%rtg%?s) éfor review, see
SchillusgirRodBe dalgellomdsudRevieots: CoranaRevedrneonBuymbamairuses; Lacey, ed.
Leed$ lﬂlgig %@éﬂs Me\ﬁ c%?ﬂnfogﬁgt p 1t0h aY (199653 §flps Qre%ﬂfrﬁmloeglcally similar to

rnative to use Ive virus’in
authegigs/ dtiensrpd gre (cmbleroémdwg Iy glptiteys iof mfwhzamﬁjanﬁl%wem pministration

into a9 anilal & a WinfaR! Becjagse A /bs @4 nbtZ30@in)the }ﬁ'ﬂ’éntlﬁl'l'y Sncb&AROhkal genome, they

prese%%ﬁé}tg%gtbvgﬁo ggyelsq\%%/ug Imblgﬁg V!%Fgglg rd%{f:lp@men%for review, see Schiller and
HidedpEi@R ydiac virel. a91<$7t7_h €2E@PPUFbrcthiv esasinnehs L and I:|Pyenes have been identified as
S50 B AR L850 R HRESRRHBARL SIS 88V mtin
and dasseci ated Wi th obtai ni ng high expression |evels of
capsi d ﬁf"@tvﬁécﬂi% d'eaal ﬁtea%ﬁt: Yictali 2 ?Ifl Rz{x)g%? rh‘gﬁ&ered by difficulties «
organlsms e produ ction o uril
assocjptedtvaibrpbtaitieg I@gle@@resa@shqul%oftcm@ld Riet§p fni wagepdHlygransformed host

organ%ﬂsdﬁﬂift’lﬁg the PeSu@ni ofl BurRE YRAGE SThERERE) 'd%ltbﬁl\e{ idehtification of wild-type
ot ei ns such as_ HP

S 0
muclegiide seapsegs Pefogigg HEY L 1113f°t61§®84°§ iﬁﬁ Y85 L Pforeens\@glpﬂmﬁ)é‘gh ctal,
Virolbhydhl i1): 366131 BQI9GY); 1 waeld &k Bighly de@adleltydavempmah&y snewabe source of

crudeﬁ%ﬁ\( Br8té él'l_laép gt&%g%lgggy ][Sw;?r%tg@gé Igl c{leoﬁ]gez Séaauefncesl'ﬂlat grl’éco?)gﬁqugd for
expre@siqar ie i intanded hbsh eell. Mdelitbaalyh asxtoukiéalelusefﬂdd produsedirgy quaintities of

il g
A A S BOARLURAL o 30 U i
develppraenhat i ve pr ot eins for use in vaccine devel opnent.

20 SUMVARY OF THE | NVENTI ON The present invention

relates to COI‘gJOSItIOﬂS and nethods to elicit or

SUMMARN 08 THRANENTIONG the protein products expressed by
HPV31 Lihegeaes inwhiidhchry® depositims ol aétbets\w ¢llvit or enhance 1mmun1ty

I S pfical |y, . t
o 05 oSS SRR KT o e ST B cnc,
Specifibetlyeihe psadndin2éntioo byowided @dgriudesidas enchbdieeHPVOII1 pltomm aherein said
polyn%&@&?d%{ %r@ ‘ﬁj&? H‘ox% %tgﬂmﬁ %ghsgﬂ}g%g&ﬁllnﬁl 181h§%na?srtﬁ );c ﬁlseg?&)gftu?ﬁﬂgf yeast. Also

res

providaisuaiynthetEVaI o e spding HEV Hol.y ribesFie She ppbmupleides bave been

codopsﬁﬂmzéaqgmgmw Rk %6Gioh & a JHa@iRell. eMRIpr&XR RS/t ATultier Brovides HPV31
The present invention, further provi des

VlmS%WB%Etlcl?ﬁ (Néé’s)l ainﬁ éleJaﬁﬁE pgiobeaid VEBS ipymegenic corapasitigagand vaccines for
the pi@fentidh £hd\brMSatindnt STHPNVAERENe Or HBWREsSciate@Rsncand vacci nes

f t t d
- as< Dieig TR et bR TREA plles B prafFE e HR V1 L1
proteihe [labrespeot efitint ihedniion, DidAuctedtale séqmence € thelisyrghetib eokd8 is altered to

elimih:l'e transcription termination signals that are recognized by yeast. In another aspect, the codons of

the synthetic molecules are designed so as to use the codons preferred by a yeast cell. The synthetic
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protein. In one aspect of the invention, the
nucl eoti de sequence of the synthetic nolecule is
W@bkdoenem@3t o elimnate transcription term natiBCI/US2004/008677

signals that are recogni zed by yeast. In another

aspect, the codons of the synthetic nolecules are

desi gned so as to use the codons preferred by a yeast

cell. The synthetic -2 WD 2004/ 084831

PCT/ US2004/ 008677 nol ecul es may be used as a source
moleddfes MRAY34 uded aps edudervf HRWB T D1 pmyeirs elhichasyeniflageinblednto VLPs. Said
VLP VLPsb. Sadi.dav\r%%s Ry clzlanee used in a VLP-based vaccine. A

SPRPCLETdP 2embodi et 0f the present invention

conpr i sk gparticdyrenivedimentmd tHeiaserd divdntiomsbmptises awjmtletic nucleic acid
molec%%c\%galsen%&ﬁs R %3'—1%1%8&@ h@se@ﬁrﬁﬁ% S]ﬁ@ i INO A saldQudiBe acid molecule

sal d nucleic acid | ecul r| S| n%O
compygpgieFraBenst oeicatides arsst @gth §’e$EQ & Nﬁ’ % oF %@jﬁ No 2 or
SEQ I D AQtaded MHove Fyﬁﬁvﬁﬂd BYENM Bre sPRBMIcGRENNAERIIBs b&iing the HPV31 L1
eoti des .encoding the HPV31l L1

nt hetic poI nuc,
gere R Ho 4106 SPRABTRFBTAR PENGPT DTt L aF TR 65 gita i imvention
also prdiides ayithetie pagmcmdddaynqoeﬁg HPVTHI ISl dsri¢enibéd) Whichlagdurther altered so as
es, synt &heotldes encodi ng HPV 31 L1

oVi e
to corggn HOBT A PG V\f?rr%ch eé&]‘cur ther altered so as to
cont ai nAlsopiomisled fratecameinprt efctms gl rbsypmparst hosiedells bothprokaryotic and

eukarﬁtgtﬁowfﬁrc ?{Angﬁxgthgﬁg cl&if &E’Rbféé\ﬁés nsgﬁ)g tEroﬁEnguf ﬁ%%%ﬁ@%n

ost pro aryotlc a aryotic, whic
cont ai nlhetpeespridventiongelpigs ieipsesatsder %p@alwﬁPWl Ll protein in a

recorﬂbﬂfaﬁ%@@éﬁ doBipBisiRP es) 1ﬁtk&1§$1h§£‘veci@ﬂ 601?;5 tnu'cl@ié%@ﬁi'eﬁébdmg an HPV31

elates to aProcess pres an. :
L1 prpseigriep A ypit Bost <D Bheri Qv s eoig Bporeoiig fgfﬁﬂhlg’ferr’(aht)mnsmptwn
tennilildﬁbﬁ Siphhbgd mg age ¥EphiaEd BOyERLt iafid; g caltiringlied a@tbs cell under conditions
COdI ein into a yeast host cell;

whicty V"ee’lx fshoél E&%&éﬁ’é’gg%fam Wlecule is free from
i nt er naThetpreaes uviepidndin ik relatasio mpioren fogiegpredsmg eh 8P VAt &1 protein in

a recorn%ﬁ:r%gm%&‘éll b%n%ﬁgﬁ% (?Q&mﬁaﬁg &ﬁc&o‘xj Ebrﬂ 1551%% r}ﬁ%l%ﬁtacﬁ%ﬁ&odmg an

er con ow expression of sald
HPVHA3totein inp o tyedshhostieed; yhese fie niglgie Asid gi9lecyle isrodon-optimized for

OptlmElFéX fe%%nt 19 tif® y@ﬁs@ ﬁ@s§ Selff 430; (BXRMBS S ASyeast HIFNBI ukder conditions which
recombi nant host cel |, conprising: (a)

protein
allowleﬁErF%"@Hé’lf ?f’gd Ia[PV%]c{‘meE?Shprl sing a nucleic acid
encodi ng pasflerredRMBadilndntg it RiclBiciabid @odpiea s teqnast of@icleptides as set
e he |.ei.c.acid nolecule is codon-optim zed
fO“hF%%W@ﬁ%#@pﬁ%gsi on in the yeast host cell and;
(b) cul Thiy inngptivh elsyehss tGRY 3 lodtus-like paticlenfydiPs), omthods of producing
aid HPV31 L1 protein. In
v, ol L E AR VLR

prefe , the nucleic acid conprises a
sequendla agtefertrdlcabpditnert of the guentiqngthe KIPVA 1 SEds pio prgduged in yeast. Ina

furthe? E)re%@i 'eQb&gnght R st 3eRBkd RImahSRolloatifm to@ Sdg)c\éaﬂomyces
virus-| particles VLPs ngft hods of p&}g CI ng

Ce’evmﬁa”\%’lﬂé‘lpoéﬁﬁ”’lff@t ﬁ’é&fgpfﬁ‘f“’r st TAGE S slGid Oglyces ?“C“S and
Schiz¥u€dngFoigeespohogi nent of the invention, the HPV31l VLPs

are pro ed iny r rred

orhont ot aqpdes BByt st HEWEF VLR EiH Eiffpyipes an HPV3I L1
proteia @relueidibyg HifV313d ehawbinly Sdise from transcription termination signals that are
recognized by yeast.

Yet another aspect of this invention is an HPV31 VLP, which comprises an HPV31 L1

protein produced by a codon-optimized HPV31 L1 gene. In a preferred embodiment of this aspect of the
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cerevisiae, Hansenul a pol ynorpha, Pichia pastoris,
Kl uyvernycesfragilis, Kluveronyces |lactis, and
w@edvsassacchar oi nyces poi nbe. 30 Anot her aspeckCDS1004/608677

invention is an HPV31l VLP, which conprises an HPV3l1l L1

protein produced by a HPV31 L1 gene which is free from

transcription termnation signals that are recognized

by yeast. Yet another aspect of this invention is an

HPV31 VLP, which conprises an HPV31 L1 protein
invenfiioR,dbCedoyptanie@d A ALl gehe &lsikPY3dntially g quente éf nucleotides as set

of this aspect of the -3 WO
forth%bgéﬁgggg)ﬁon% @9{3 / 008677 invention, the
codon- ohis frivareidn HBYBHVIdes gmebodtibniiletiss WSsEMNE Espypsoin an animal
comp?lsﬁgg%ﬁ P B%r\lﬁé ng%]%‘PJS' e alﬁgless't%tt e dnfthdl hIrf e[(;br%ged &Még‘ent the

IS I nv ntlon al SO provides a
HPV oY LPyraeipiofiesedhy » peoneriieisphberse Inp farheiprefred embodiment, the HPV3I

VLP§£@PFOHI§§e@gy Q?Sﬂe ha$ {5 e BAmMHRYREipNdd toSnihdtieR s&%éﬁc’eﬂh@tsaré Bcognized by
t he ani mal n a preferred enbodi nent, the HPV31
YeaStVLPs are produced by a codon-optim zed gene. In a
further Y&raﬁétﬁérra%bcﬁffblﬁdinmﬁm istaRetitf\63 brevifitilg odtréating HPV-associated
corv B0 mate SRRl T 4Ty el O BRREG el es.
prefeifed erabrdineat ofbip espectof theliventiony beHPYA1 ViPaametdtﬂo@bdorﬁ yeast.
preventyig; 0L bk §f§6 ke'i‘eﬂes"ﬂ’v@c%&g Sﬂﬁi@aﬁﬂl R ViR 1k ARG es (VLPs).
conpri si ng adm ni steri ng t & vaccine
conpri sInmg alypy@ive ympadimpn 0§th19®sxmeteqfélaer iggenE e b igegire fgrther
comptngéssxl L@@ B?Qttleagtf onk Q@dlﬁ(‘}h\éﬁﬁp‘{/ @fpe. IJ‘@er@Ngdlerﬁﬂeﬁﬁneﬁf @ﬂe at least one
yeast, This invention also rel ates

ed
addltwa%,léiPﬁ/ety%lﬁﬁ?lF%qdrf@ong%@ue Pongsting et pup4HT ‘flésH{’V/ma%PW HPV33,

HPViin }H’IV39,| HIE\MS?;IHPVEI eIPbGdJ HEVS, HPVBQII-H’mpHBVSQQfand HPV6S.
inventi i

n,.the vacci further
| east o § glaarﬁlpp %ﬁ%reﬁ]zgﬁ\}o Plgzaﬁlgacelllthcag%ﬁnlpe?lts ons camprlslngaIIIPV 31 virus-like
partichesb Gatithee rihis invergioateldtests phameceua@ﬁcmmmsuabnsrdI@Mpngq@HPwl VLPs and

VLPSELERLP O JBLL SR OHP 16 OBSESh BpOfmedRNOy 1ER YL daditional HP
type isiENiE2ed fimyBE groupyeBistipgra/oBP VB, L, HRY1GEp8E 8, HiRY 3, HPV3S, HPV39,
HPV4) YRR Qb AoS PSS, @iP%dl‘i’P@iB%W@@%d gialegonposi tions
conprl sing HPV 31 virus:like particles. Further, this
invention relates to pharnmaceutical conpositions

conpri SAQ@seHFPMﬁighMlt g s@étﬂﬁcaydxﬁ&dﬁf thahpﬂeﬁmltclaﬁ)rﬁﬁ the singular forms “a,”
In a the at

yadditian t
“an, RS e RNt b M s S ST BB RS TET bl

gr oup Cﬁmmeé throughaft theldpadicatiidhd BppebifddiodimiifélBllowing definitions and

abbre%’ap V35, HPV39, 20 HPV45, HPV51, HPV52, HPV55,
V58, HPV59, and HPV68. As used throughout the

speci fi Bzt tbron' pravebterhy reftngtogpprogeiéion sleanad NA pleand ithyhich the RNA
polyrﬁéﬁs@%md? The préHboter f@t% antifi@atioh @&hﬁl@@wftl‘ﬂ RNRI gély@herase to initiate and drive

reference _unless the context clearly dictates

transgsipf@pahpcdity- Abhe pomgler RpmRFgAsRed iy @6 f3kRg FeREeRPFSIFTMEH denhancers™ or
“upstPRPEBHREN £4eqtdiBes” bI@hibRInk fuBigedteiniadi"tileanss and

The term “vector” refers to some means by which DNA fragments can be introduced into

a host organism or host tissue. There are various types of vectors including plasmid, virus (including
adenovirus), bacteriophages and cosmids.

The designation “31 L1 wild-type sequence” refers to the HPV31 L1 sequence disclosed
herein as SEQ ID NO:1. Although the HPV 31 L1 wild-type sequence has been described previously, it
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25 abbreviations apply: The term "pronoter” refers to
a recognition site on a DNA strand to which the RNA
w@oiogneesase bi nds. The pronoter forns an initiBCT/OU8004/008677
conplex with RNA polynerase to initiate and drive
transcriptional activity. The conpl ex can be nodified
by activating sequences terned "enhancers" or
"upstream activating sequences” or inhibiting
sequences ternmed "silencers”. 30 The term "vector”
is notru@@irSor 0 RO n‘EnolifE«a;nmcb yanwtipodbeBiNGn DNegobtaired Gam dhieical isolates.
Therelgc?rg raor(c;il l’}(e:s%r(iltan!lve I-ﬁDV?H Qﬁ?ﬁd gg@alllenc Q4 1scﬁ§c£ &ﬁ%gx%cal Hiﬁﬂ&% previously

rous types ot VecrBr s HE
showg tomohtadu HRy 3 hEHAdWerE}@%MPb%é) &heéﬁ;ﬁég‘elﬁ weqmm s, used as a

refereﬁghesegi%@b@ea %Bllngege 3 Lodoh- ownsﬂzea ¥IP§ ﬁiqtéaﬁféﬁ‘ aﬁ&sgea hEI@in (see FIGURE

guence disclosed herein as
. 1. Al though the HPV 31 L1 wild-type sequence has been

des C ri bﬁ%‘ desi Qﬁiéhgﬁisj 1)1 pattial reBuil® rXOQ4d HEASRuLt, disclosed herein (SEQ ID
OO o N T T

codor&lfbﬁnpﬁﬁlbl dxpebsidnds yeasil the 81 Dl @artial relapld esieptisat alteeatiofd\8 the middle

port10§1 E,gi é-gP\éérlngSII vgﬁ% Q%ﬁclé’\%ﬁ% soe%pgeél%% gxglc %%Vs ?7' g\&a The complete HPV 31
L1 semw&ﬁ alsp reb‘ﬁh‘evvﬁlydaﬁ-pmfbluedwpé@ss@qdeln cadenpgigo bgeld aashe 431 L1 total

buil RsRoSgquence to conpare the codon-optim zed HPV
e mgl @C?sequzjﬁces di scl osed herein (see FIGURE 5 1).

The desThsrierm ‘gfectize amoynt yapans suffigien ypqcie cogpesitiondiintoduced to
produ@@fh% taﬂc@ﬁite lLeQél§ 6t tﬁ§ﬁ£1yﬂ'é§ﬁ(ﬁi 5 thBERihiAundYelpdhse resdty b kkilled in the art

E| nucl eot1 de sequence was partially rebuilt
recogf“éesct ?Hlﬂé? v aREvaSreferred codons for opti mal
expr essA 6¢onkdivayieashino akié sbtitulionyasteds &d the Edplnicd:rdent of one amino acid

res1dqgl%%gitﬁ%sch%mtc§ﬁ astnl‘m aﬂrsarh no ta Q& 1&:51d1§eg ]%Xéln gf% n y zlr 90n€érga§1ve substitutions
are: s@87tuiGMe)one llfjrréopimhp h@tdee Hmk@me,ﬂalcm, wige enoethivamepfos gnother;

substl&ﬁgﬁ ok 6neﬁ90faprdﬁ@éfog%{oﬁfe?{;&ﬁqe&&g%gﬁle séﬁﬁ% &Jélr e. %e{\%ﬁfng Gor lysine;

er el ot al ui I d"
glutarmigacid dorpspagicfasiéh).i ve anount" nmeans suffi CI ent vacci ne

ICo nplos i Tlie%hﬁi “SnabiMaliRPPUERA tb fhy ieRdICiaclhdifs AR,
evel s 1; e an. | ne [esponse
Fosul s Vet R B st e RO SEIRR ¢ i o

| evel rrmynmarcy medils that tHeOIPSEII\Atdenehaa banon@iified so that it contains a
sequeg%e 0 tnuc!rlgottlldo Nhat [Bser{og%hg tstrge atlsqg%sreﬁ]&mﬁ %agot%Ies qrgs%nﬁn the naturally
occureing wild-Gpe HY31 Ek goapl és spfedsbot, wothsfmmdtqw are prov1ded herein

compﬁé’ipg %1{1' 09 ucl@btfites ﬁ&lgtkhzé gllfe&gditg 'rﬁiﬁ‘la’cg Bty foﬁ@é}f?}h‘laﬁ n signals

eucl ne, Cl ne, vallne, or Ionin
recoghiged lzm@@%eAlso PEyisisd hqreﬂpua@rﬁ.‘/@thet@n@olwie& popRIising sedeng Fhat are preferred

for expRe%SESy )Fé@it @éllsr Thé ﬂ)‘ﬂﬁleﬁ’é mblBSu1 PR ided AEYR dnbodd the same amino acid

ardgi nl ne Pﬁ%} %’ %mtamc acid for aspartlc
sequeRees @y t e?’dd‘m’é Pl @8l i an” refers to any manmal,

i ncluding a human bei ng.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a sequence alignment showing nucleotides that were altered in the partial

(SEQ ID NO:2) and total rebuild (SEQ ID NO:3) 31 L1 genes (See EXAMPLE 2). The reference
sequence is the 31 L1 wild-type sequence (SEQ ID NO:1; see EXAMPLE 1). Nucleotides in the 31 L1

partial and total rebuild sequences that are identical to the reference sequence are indicated with dots.
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"VLP" or "VLPs" nean(s) virus-like particle or
virus-like particles. "Synthetic" neans that the HPV3l
wa. 2oogesus3has been nodified so that it contai NSPEI/US2004/008677
sequence of nucleotides that is not the same as the
sequence of nucleotides present in the naturally
occurring wld-type HPV31l L1 gene. As stated above,
synthetic nol ecul es are provided herein 25 conpri sing
a sequence of nucleotides that are altered to
Alter€d hu¥lcoade ateriadiSetddi apthe® Bortedpatidingtiocatiors INgRRbSde number is contained within
h recgﬁnlzed by yeast. Al so provided herein are
°p ?ﬁ &ic nol ecul es conpri sing codons that are
pr ef er r BIGURD? step thesd iLd notblyrelpald siticlewide $SEQTHENO:3) and amino acid

t e t he sanme
o BRI eI IR g sty oo

30 BRI ERIGHEREGRsmmagiestie qhapEeoRaNe fhregBREY 31 1.5 sequence constructs,
whiclS S8 HEBE 6 Ak iGN BB fousth QULAS ifHitales BleipdRont tnﬁ@éotﬂd@ [cEnhty between the

altered in the partj D
indicgtedeamptgict apddhq P INOV@? tygismeng@ﬁrgg% %ﬁ% %@WE@% the gtigo acid
identitye f EHe@RE EoluB e MRS Ethe Surhbee oBrucledtidis kit WP eliGatidgvdepreferred codon

SE NO. |:. se LE 1). Nucleotides in the 31
Seque&‘ies(gﬁ‘igﬁr%ama‘fﬁlberet tg? 5@3%58%% mdYuences that are
i dent i CEIGURE 4 flews e Nertbers blos pobeispeciaally fon diPdal iddl wadethhigh

strin%(%&éfs(aeoet‘E%%A\Q@PB}Q Qﬁ/ %&%?b:h tl?qyt H]%ﬁ;g{g% %?1@31? of t‘ﬁ!: f{ﬁ{/%q L1 full length and

es are |n I cat Q elr respon I Ng
truncyted ganseripts. Nao¢sdeeled €3 hwiitsey frqmé, ﬂ@éﬁﬂﬁRNécprmataﬁpmof Yeps containing 31

L1 WH@-E}%@ thRSRRs. ﬂe@fl@?&b@le@ h%oﬁtﬁﬁs ﬁngALﬂrorﬁ abRle, Rﬁl‘ﬁﬂﬂhé #tbt recognized by

'eot’i de ( SEQ NO . 3) .and nQ acid sequenc
the H?gé@hlwrmbggausqqféh%@ sgéﬁgiela‘é( Cﬁﬂﬁ%@’lfs i'ae lapriabelsde aJeg nis a yeast extract
contalng dodf 1t cod g Fséfuklides. 3 aatHTaBHddZ8 S R AR fﬁiﬁﬁlﬂEﬁ&‘ofbﬁi swp&hte isolated

the three HP nce constructs, which are
°°1°“I1qs§’c(@835161ﬁ ﬂfel?}e( Iﬁéﬁa{ﬁal Ffﬁ'g%f%‘ﬁefl?? col unm i ndi cates t he
per cent Fialti Ebiliogre a polting pf the et fvereitwe bapturé mdiogartmewassay (RIA)

exper?rﬁ{h?ﬁt’]i nt%;nm m‘ixgl?e (g;gme)%% }"%Ml grr%‘ie)fnrg@e%]?%}dﬁ@g rﬁr@i@}l Ia%g]med in the RIA
are a rejative mdlcaii@ﬁ off BRYY e bt bYLPheThelihelatasiemanstple dtcragass 31 dt VLP expression

in yea\@%@teﬁi &ehadndA ya/a%@&tefeﬁsceéo@r)ﬁ Fegulﬁ%emeq&ﬁwg e n c es an d
t he reglon whereé the alterations

4 showsF &Y ¢ H@Wﬁampasewwséﬁn@mfémléak Y&Psr%mﬁpi/h@sim as

visuahﬂedllel G@hsnhlssth eleSiréd MBRREY (e EXBXANLE. dhe baAiéRsventO MO0 nm.
the left indicate the position of the HPV 31 L1 full

l ength and truncated transcripts. Lanes |abeled "31
DETAMLEDEDESCRIGAIQN OF SN TIORpar at i on of yeast

IC ggte Iale 3’1“1{@825 tg ltiilcquJ:a(li &]&\%H&a%%%ﬁg%%g%d %ﬂe&?gﬁ% %fi specific oncogenic
typesioé burgam papidlogvirus KP YIP\Ihg pregent fnveitiien m}@@a}g eorgfositiqas ddgiethods to
elicit Bf éﬂhglg:% RS8N el RS prodfetd %?esieﬁ l%? g%s oNﬁQoge‘n& HT’V types.

%eas extract 15 contai ning
SpeciFaBs i AISEATGIeigh ROV FLPARIREHIEs GRof NGHEAnk bl HPV3! virus-lke

partldle% QVEP@ dnd @i6d16384 @S oLRT [RBHuEIGotldBEand WIIPE iPiafrinindkenic compositions and
3 dseg ?@7 E%‘Urﬁﬁgggowsa ortion of the data
Vacm’?‘?s W E E oF BEBFHRLH saész?ﬁ‘ake PR
The wild-type HPV31 L1 nucleotide sequence has been reported (Goldsborough et al.,
Virology 171(1): 306-311 (1989); Genbank Accession # J04353). The present invention provides
synthetic DNA molecules encoding the HPV31 L1 protein. The synthetic molecules of the present

invention comprise a sequence of nucleotides, wherein some of the nucleotides have been altered so as to
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experinments in counts per mnute (cpnm)/ng total
protein (see EXAMPLE 7). Cpmobtained in the RIA are
w@200ehsssve i ndi cator of HPV 31 L1 VLPs. The RPGT/tis1084/008677

denonstrate increased 31 LI VLP expression 20 in

yeast protein extracts fromyeast-preferred codon

rebuilt gene sequences. FIGURE 6 shows a

representative sanple of the 31 L1 VLPs descri bed

herein, as visualized by transm ssion el ectron
elimintectrapSCippyn iEBwieatioN AlgRRilEths!)are fEbagnizad by ppste S aitetnaliGOembvdiments, the

I

codongg}—@é %@F%@g&%@%—% a%\rlgegfggg{ﬁaa!sss LS al% ggldgrg tp?{é?&‘re % })eés}/cell for high-
level fprespiers | Fliesywhetisgeakicgles mpy basused asngenrse pBPYV bhhmoteus whleh may
self-as(sFiBML intd WEPRY Saﬁ@VLPé AHERUs@Nin 8L BRed &c&%%?dv‘ide%@ﬁctlve

met hods to elicit or_enhance inmmunit
lmmua%?@m% PEHRE P iliop BesRCR t@f@ﬁ%gneairalams&@@ﬂd& apspagll-mdiated
immuhiP ESuch VBPaabddivaadidey aretalie ufiid e teatnitMEdFalreddy ragtgausleesaSHPV infections.
Bglr %/Ingl eOt é}%gif) angﬁtﬁn 13 é/Flsgggei]s ét' and a?%\l{géesvof lioelng cost—effectlve and
easilypdapyaiLio laeget-dcalle gromnid inVfeiReniers. Hmmgemyd{mompmeﬁnspmsludmg HPV31

L1(s MP]Y@Q? lfnl%%%% E&Ed &trl]o%sﬁ_ﬁ(lay '11355;? Qelgn%/r_‘t;v% ee ?Q&% ed 119 accordance

socia ancer
with thepressott invratisediatd pe devhlaxpisesem of éﬁé’ﬂﬂ éd i{ Golteltiywaidugh tetmRNA

transcﬁbt result\ﬂgrffblnptﬂé( pl%ze]iEéLaf traﬁ&ﬁp%]te&m%ﬁ 5 Frgﬁsntﬂgtréke recaogmzed by yeast.

Accessi On The present I nventi on BFOVI
By altggjpg the P Y3 bNJADM f@@umzé@te@ﬁ% BRiPHig! teHeenpeyRsembling yeast transcription

termuﬁh@ﬁ S8 it iJ Pdsiblens hetlitfe (D@D n Of fullléng @RRMAresulting in increased
vention conprise a sequence of nucl eoti des, wherein

HPV3§ PN ERRICSSI0B] eot i des have been altered so as to -6
WO 2004084831y, RGIMmbISADOUhB8E Ths in@bitivh dikeations have been made to the

I—IPV3t1 qu WA ltcpél n%Hatt% ?‘fé{ﬂﬁ ?{141 95&3%9%1%&%&1?3&6{% t?angcr‘ég&ntleﬁ?emanon signals.

Thesetaheratsqnﬁ talh@v pXpIeseibR eﬁh@ﬁllldereﬂdlégvynfe@sgmt as opposagde a trivecated
transcRRREPOGPEE I Qnﬁbfwﬁ‘g éé&‘)?eﬁlorpﬁglh for high- |evel

expression. The synthetic nolecul es may be used as

sour ce Asmojgpyiave; sy nﬁ‘Fféﬁ IANAs oiie psscrBpvengien ?%@%W@OHS from the

wild-th ¥ IO WA1AS]. se@iﬁné’e t‘éﬂﬁﬁeﬁﬁﬁbﬁeb@ elufifgte lyéhsﬁrewgﬁrzbﬁﬁﬁﬁcnptlon termination
rovjide erre

stes. Y138 B 1ty A i Gro Bt g i DN BRI at beopsfusige that encode

the HRVE1i IQetyteimnioit de hbt—cbﬁdmazbz&dtranscrrpmnn teymmé}mnmt&d_ Rreblasg@s for finding
yeast tr %cr 155 1AL SSQ %.Ire weﬁrkn ﬁttﬁmzm ”lora gl ! eag 1nat10n and 3’ end
ABIPERE PR SEHR"

pressi
fonnasr@acs”tye@emIR@A@frecBlrrss ﬁlharemmftﬂag@sgmfs 6@ pmefficiency element sueh as

TATAGIQV;S& ragt(e@ QthééﬁesaQIgmﬁ @ﬁ{ahé/es @Q%ﬁfo@éﬁ& }#o@ﬂhgﬁngc‘ 91@111151& located

flerment ers, wever roteins
dewne%qe@nda) RRgitippyg glemen(sy, éﬁé‘eehé%ewa@hﬁ ocatigneof ésemebéébﬂte and (3) the

polyadeﬁWaﬂlcﬁl\/sﬂl:%lshgﬂ )sz‘@&}n Cel l's. It has been determined in
accord § rese{;gesl nventi on that | ow

| evel BF%‘?& Bﬁ%e&’fmr etg ith desgripiiong ok sequences thakengpde yeast
transctiptonndRifatioiasigisl [See, fasudrhple@GuoraddBhdi@ag Tes@nBRcivin. Sci. 21: 477-481

(1986)% E%Q 35 $}%%%”A}oﬂcg}rz %ﬁ%z‘ Py ?—%?7?6 E}%@@@Qrt%to & Ef?%?%%ﬁééw (1982);
Henlkaﬂiyt qb,cﬁeélrﬁBrGQV 6@%@@&%9@@16111@@@%1 VnBjoly €agt. 268@REIA00 4068 (1983);
Zaret &tQL 01 AL BRN 156 ‘i@ﬁns' (‘i984§ }fé@cﬁ&hl% 'e@al 191t éé‘zl Bibl @‘i 86330842 (1984); and

transcrl tion - eng resul tlng
Russoj Ygeptdd4d 453.‘:1\9@,5_0 LF kerﬁﬂogﬁ, @qlerpf élg(lg r“ég'@ phpvould have no difficulty determining

which sequences to avoid in order to construct a synthetic HPV31 L1 gene that produces a full-length
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15 Accordingly, in sonme enbodi nents of this invention,
alterations have been made to the HPV31 L1 DNA to
webkiomiosgse any potential sequences resenbling BEEES2004/008677

transcription term nation signals. These alterations
al | ow expression of the full-length HPV31l transcri pt,
as opposed to a truncated transcript (see EXAMPLE 4),
i mprovi ng expression yield. As noted above, synthetic
DNAs of the present invention conprise alterations

mRNfAftﬁHi{bdribEm az&r&t!nbcdwttlythe pi'dEMSﬁavé.nlloﬁ egdkﬁﬁl@ﬁlljr hisday ¥\@iderocedures to assess
east-reco

whetﬁmg %Faﬁ%tlra}né(‘ﬁlptl {egg%atﬁqéze%ﬁencg% II)rFsePt w1 Ié 5 Is¥rﬁéﬁt1|c Isequence are well
establighed ginthe &t, sb tiat addilinirg seilledNAsanwloeld bk elsle tadetdpmine if a constructed
HPVY Pfglsgegg%i:ee gor{xﬂ?ﬁ&s tgx{ﬁ‘ﬁga(?lgn setqn&céjpyeﬁ %eéd to BE Qﬁn‘;r‘i'ng’ted b Ut do
ast ranscription termnation sit
Techni gdedeseiredfeboigi thy pre%hlgyentlplaw@@(s it pesheic acid m01ecu16 encoding

HPV e Bl DA hkdin SEAMRREER i dBhélediR! HCIHE @1@%0&@11‘[51@@1 tﬁﬁlgorlptmn termination
ranscri pt| on term nation and end I?Ermatl on

signalpauieh H9AQRRENFZEE, BY Y8t ¢ %@(eﬁw@gemdmen{s the RyeR 'i"l% gne synthetic nucleic
acid hdlkcuddd cehprieia@Bgn®l o FRdMotiBesc s@Sor@Sn SBEDA]‘MJ@Q of BE@IBKO:3.

ool T ol g B PR B BSOS N (4L gene sequences are

"optifpnesd"t boln gk ve legpressioq 51 g yeakticellulatetraraminest. tUodot-ouaizealIPV31 L1 genes
conte%glattela%lygﬁ)e’:ﬁ/é%f%t 1?%&1%1121%%16(#%%?&%1% mcﬁ@ciu)eé?a c%%flé@}ff%’%?éi‘l b t are free from
interngl trémsetition feprinaiinn sighals sdpish nregscoghized té/r»@@ﬂefmgﬂ@ag@mpnsmg at least one

codot fh@ﬂ?GJdoHtob@rﬂmte@fo%@ﬁﬁév@l@xﬁﬂe&ﬂﬁl1§ castells. f or _exanpl e,
@Guo and Sherman, Trends Biochem Sci. 21: 477-481 30

(1986) ; A@J@Ieé'hcd)dgh%frfﬁlgrpos%q nuc@@pcﬂe bagls &pn exisé (1‘69ver 60 variant forms.
Becawsé ?I%s@c?oﬁ@ns(pl&g&) the rhads@de fBif ond} 20 diEbrbnt 2BhiradidS (a3 Well A8 #riscription

S N N TN T .
knowatas eddon dedudahcy. Biodteaschy GotTOmiplisly und&849d, altenadivenetloey are not

uni'foﬁlglg g{'\ég%nil qg%k%ggé:hf&%@gé%%% rg%tg é%@g%%kes o %léfc'es Rears to exist a
variablh satemat higuenghyl o pyederense diof ¢drtginlcpgond at eertpin rﬁymg of agH$. o one example,

the atﬁmg ld&ﬁ‘ @e%&né f3 sﬁé’c‘?ﬂie‘a by RnP b8 DRR cG@dﬁ§§rchﬁ¥ ﬁ@m RREEITE, CTT, TTA,
gene that produces a full-]engt

and TE@@@MB@@WF eE00uP eRsgB #9qu Wwww?g&aapﬁws has revealed

endo@BERTINR GEE Woli h}ndst@nmoasyefohtainmmMBumMe&fy@fgaiohm while the DNA
assags and @r ocedures to ass

of Yo PP B BB HTTATH O BBt DR EoreC peaTule o fniow of i

hieratchy ity pdnketly belkeethmake lieEhone bf obtasihg bigh $dveld of exptdigion of a leucine-
vb hak |

rich RO a/pgpe%%o cao?z hggt%gg ﬂrérl'lé {6 !a,lkxg %ﬁ%@%h ﬁl%rfre elﬁ ﬂopc%dﬁptllsg For

examplempisilisely ‘dtaea géngaich ol B cpsonceid] btﬁh?a‘nrlmewsaeé ithl coli, whereas a CTG

rich g%hé \mll%&ﬁgl'y b@ h@lﬁ&ﬁf&@e@ ?ﬂh@ RGY. eSmﬁllaﬁy Qrp?e?@r?éd codon for expression of a

i nvention fel nucl ei ¢ aci d nol ecul e encodi ng
leucingeiphipg lygergifle Lnlye]s?tépiiucws il bsddi%ei ¢ aci d nol ecul e
bei ng f"r&ambﬁ&aﬁbmsrﬁf@asmlpretféraﬁs §hénﬂﬁ1b1€arbntr6cfoﬁ’ﬁbﬂﬂhﬂ DNA techmques are

o SR eSS R FETER A PAMLSES Hi EXETRY Bl npresion v
of exagzhelisgehes ﬁu&w@essf@mansfemdﬂmqmegwemoia letsC'betiriede®das may be

repeatc'e?ty freos&%t in {he mﬁ_gr%éil gr?%f!\%gd%heq{ogtﬁgﬁg ag?mur% ?or e)\l})@estsmn may not operate as

Ive e rese
offcipfy3 This phemenaeyagstt dst singeoechope i have bedigksitiogh include a

proj e!:t@&’ﬁ‘dst EARLRISHARoddRs ?royﬁ@% oftilal Bk or RMEd QABENhaterial for practice of
don-optim zed HPV31l L1 genes
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contenpl ated by the present invention include
synthetic nol ecul es encoding HPV31 L1 that are free
WO c@a0848at er nal transcription term nati on si gnetCBEUSHCHN8677

are recogni zed by yeast, further conprising at |east

one codon that is codon-optimzed for high |evel

expression in yeast cells. A "triplet" codon of four

possi bl e nucl eoti de bases can exist in over 60 variant

forms. 15 Because these codons provide the nessage
reconfbdianODINY tetlnidiidsf hes)bneaspdroofahis thyertivg isnml WPVl L1 gene that is codon-
optlmlzesl ?Sr%r( T stslo% I’1]% 3 I géttclfaﬁlt inba yprgfn rredt erb?%lrr]ncag:tﬁ eoqnl)us in en 1on, 19?1as%een found
that tlgrhsﬂ ofrfénamntlvelmm eaedggdiersame dwtmtamyenWmay resmsoths corstraints on
expregs%ﬁufﬁp@ﬂax LyBARLiRN RO aLier nat | ve codons are not

uni form sent_i'n the endogenous DNA of differing

types of ae@rdagce Witgisdnvepticays BPYphkhgyesegnsaisgrergeonverted to

sequeeds m&bﬁgeld&afcwt@hsmbﬂeqmbes Hat w1tlD£1&f1ﬁﬁ€é7&ﬁon ﬁﬁge 805 RbBd by Sharp

cod In cert es_ of cells. one_exa
and CHHE (PSS 8 g E Slaechgfrfg@f%cerawﬁge atfysiof 5T a7sitag1, which i
hereb¢ ﬁd@ﬂpﬁrateﬁ(bly udemlg:eCTHe m@ﬂiﬁiiol@@en&ﬁm} coﬂ'sTs@s of i@dheifylng2odons in the wild-

type Sﬁﬁluepce [y rl%‘.\é/nﬁel n:cl)rrg r%né 1ﬁ¥ zésg% %edo n%e}H%g Xr%e&%e léj%& ?nsé%];n%c’:rgﬁ)lfcing them
with aptistal @demsdion lyglcwtmlwsmtyhat Clls Teurgenspgudnky isrlgen inspected for

| [ i |
undesﬁ%j&ﬂueinm %%a ?r%cg(gquy&_f_z f%&ﬁﬂﬁ@?cﬁgleﬂyg g‘3 ﬁﬁﬁﬂl@ %%e&gf tinadvertent
creatigi @ﬁ/mfmn sphfegecogpigipn pitesynwagted @Stg@rpélreamngﬁ SEfé% eley e ndasaable

sequeh&@ aﬂe'el‘iﬁidat&@ ad sﬂfsﬁﬂﬁ&@d)ﬂ’ché@tﬁﬁhgEbdbﬁé’»@l'tﬁdﬁﬁreﬁt)%ﬂ&ﬁ%b&lﬂg for the same

(13 eumgﬁe 25 rich %{ﬁexg E col | host
amm%cF Up §enESREM E‘?St? FE&‘G’ HERFES1 codon

use. Forhe n&)ﬂﬁ;ﬂpﬂ@mbeﬂ ab(ﬁfe IWel@aisyd ﬁoh:&fate&y@ﬁsﬂﬁ géh&sh:gllnéhts for HPV31
L1, re%% J]‘;%lggogggeég@pn?n% F](Pdo ns o 1\1,5'11 eﬁ for%s %q \fell’]e%) S?]IO hlle the above

en
proceduycp psEexh sumniahy of duosiethoilegyl fatrdeylgnlag m@ﬁ@phmaeéw@mfor use in HPV

Vac01{]eg it & )ﬁﬁ)(? Fé@d%ﬁ gé %léllej iEHEL %ﬁa? élﬁ‘npam&}ﬁpeeﬁﬁé ?§ ot 1 cr¥:%@§ Expresswn of

lcations o
genesp%rfbera drieved bh@ﬁ@ﬁﬁm@tléli*ﬁ ip 8@@#&? her kmmn?ré/@ﬁmqqla ésth%weauence

30 mani }f&&tdlng@n thepRRed IR BRI @Qﬁesﬁ@)ﬁ PRt pbBn&Iddkiad Sbmprising a

man rior. failures i eve Xpression | evel s
Sequegge %i&&é@ﬂé‘ﬁ%ﬂ }ﬁ?q’ﬁggé%%tfl&l ‘F;g'? bﬂ?‘é\#@ﬁ}s PHYg figgaent or mutant form
of an HPYANL 5 plteirg tHeQﬁl:‘ynucﬂécﬁifde kdqechce compRRingRBYddne optingipafoeelpyession in a

yeast ﬁsrésgh ar1] eIFll tg{att agg—gﬁgﬂ qdﬁl,,%;ot%g tmc% g% rbg? %% g(gtel{nllited to: conservative

aminoedcfd sob selnttiloys, alﬁmostetphlmh onmeatms Sefges tesninhlidtunsationd) deleicons, or

t j .
addltlgl%n %%X\Qﬁh%lw ?zr o fgglgégg gﬁecgclgr gxgtité egvlzlilggﬁo@a eltﬂFrQJf Iﬁgtjeﬁ(é)r protein
fragmeygt whigheat tgast gléﬁ@tlﬁlaélymatr@rs itk lrrmnolm@é ptoe@“ﬂe? of tige IWY 3L protein as

set fortlDRBEPHPRY. 4PGTE W4 LOORREEtides Sﬁﬁgpﬂeﬁﬁmnvg?men encode mRNA
moletecg@t gues. Thus, one a?}dect of th ntio

Ppregenngtiontl i3 ddreteiB e fsip p betsefiim (g B?Vé@gmslﬁc ofa
therapleiiticor pepayla@tie[HPV Vaecige.pr ef er red enbodi nent of this
i nvent i f ound
't or RIS BT PR g porei e SR8 o g ich encodes
the HP3/ It lgnotem ak bt fazrdnsiSE@l IPtNO: émaldemplemsgd owlafileldPuBdsilg a sequence of
[ Js. 5 1In accordance with this
nucm&ﬁ\g/steﬁts?tosfﬁmﬁ&%gf L1 gene segnments were converted to
sequences having identical translated sequences but
with alternative codon usage as descri bed by Sharp
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and Cowe (Synonynous Codon Usage in Saccharomyces
cerevisiae. Yeast 7: 657-678 (1991)), which is hereby

w0 pmenpssat ed by reference. The net hodol ogy gePer/akb1094/008677
consists of identifying codons in the wild- type
sequence that are not comonly associated wth highly
expressed yeast genes and replacing them 10 with
opti mal codons for high expression in yeast cells. The
new gene sequence is then inspected for undesired
sequen Cﬂﬁotg@laqreatt a{mhnbmvéﬂmeﬁ & a&@d@ﬂopuaﬁieaeleaae had @®legule which

encoddylit VA dd e oL FERLTSERTR B S afle b Rolshly pgmoring
sam@m¢e@nwbmtk$%sﬂwbéhur%%QB)N@éQUences are elimnated by
substit T'ﬁ Oﬁ&eﬁ’tfm\telﬂﬁ rgﬁféostgl'afégtocrggﬁ{ﬂ)ﬁlam vtet't?ﬁ afufl ?erc&ﬂf)mant host cells,

codons sane amno acid
both @r@h@y@@@ﬁé ﬁ‘tk@fyafl@ vhighypoptaigthenuelgic apigymadasalgs élmlmé dirgyghout this
specifiutibfie et hods descri bed above were used to create
synthetic gene segnents for HPV31 L1, resulting in
gene. coRrDENPH EOUTrANA St IPATRBH thesroL RengutiAbrovih the ethods

descr&ié@ hﬁSﬁi |an|§} be deﬂnﬁmﬁrh@ e&ﬁl@séed b}pﬂh@léﬁﬂhﬂ b}bnﬁgﬁ)ﬁtb g 8xpRession vector
met.h

contagqé%%su tEquf Pﬁoglgtgr rgl 0 er ]g)?é’pr%{% traﬂscHE;%an r\eél&%?rﬁ g]semepiis qng transferred
into pnwidesfoiit ondlkhlyommstsklli togebduce re¢vanbarant P31 Isi. iidchixiques for such
mani%\g&%hﬂﬁe ald htge%%{ 12t (UG b?@o%eegal%gfegﬁ%' c‘i&uﬁ’% A ﬁa;‘t)%&?orgg/}énual; Cold

I eve m nor "variations 1 n Yy

Springitiaghor Liahoraiery Bress, iCald Jnaing Heiben Mew Yook, AESGY; GiurrgntyProtp¢pds in Molecular

BioloY, %ﬁﬂﬁel B, e@ltebﬁ)PuH BLREREs I Wﬂc%yfﬁeli’s%khéé New York (1988) Yeast
e CO”prlSlng a uence_of nucl eoti d

nuc eotl
Gene@%é&rah@rafaw Gy Manupl, RoGekding &o PPENpHEPergadaratopy. Cold Spring Harbor,
New ¥61ki, 1996)! a@lmeme haebymtzamratfa@bmefeeéncan thiiMehdirdeyd).

t i .cod
oot o 2B i Bsetl e eSS AR S Ger SpRbicizva1 L
proteinon asecombining hedPVBl coriprpimgt @) mtrpdicingdeecttmudongriging @ hucleic acid
encodnlrlﬁ"a t StICL 1 n&ﬁ@rﬁ%t}f leea}é?hos%ghn@%%h ﬁle%Hg&tc 5{1&' Ho?e@tcﬂe is codon~
no-term

truncati ons car
optimized fieraptimplsxpigssioatin the yeasbhospesll 2pdi(P) cahtgmgAhwye@s}élhst cell under

condiBbR ALl ExReiston o fi@neent Lapdiar nutant wil | encode
either a protein or protein fragnment which at | eas

subst an¥lrea4rff39nt AR aﬂﬁﬁéelﬁtﬁ%ﬁa ﬁé’FQﬁ@%sé%ﬂ eXHF%?H@raﬁI‘Q)sV:‘éle protein in a
recorﬁﬂﬁﬁnﬁﬁ\s’ﬁ’&ll,l—cbn@hﬁh@ (&) uifti:‘odu&ﬁg a o BorhtisBiaQ nublelN@eH. enc-xrﬁﬁlg an HPV31

nt.het i ot.i des esent vent .
L1 pegbERGRE bkt ot YR eishs aBLSRE R el oGhal *Rpapgertion
termihatiopsighadd whisloarasecbgnidzd by yedstdnd; () tlﬂtﬁrln@bhe lyeetteiat cetifunder conditions
whiclf {h%(xﬂ&gr‘éédlo% othaill EI?QQYL?@IO Gy HPV vaccine. 30 One aspect
I nventi on on-optim zed nucleic acid
mol ecul Bhisvaveior Aeberaslates ioer neRygsifon ekpyspsingantE3 1det protein in a
reconibahthositeBESMbRNG (4, 1nt§tﬁ'ugn§]éz'%cﬁ>'r Eoﬁ&isﬁg%@l@fdlagld as set forth in SEQ

conprising a sequence of nucl eoti des as set fort

1D N@@Qr BERQNPND:3 ingo gyrsastcdheal/co't 286 10 )edtyningthpgstesd am ¢er condltlons which

ﬂbwkﬁﬁkﬁﬁmxﬁgﬂﬁﬁPV@th ofid.nvention is a codon-optim zed

I h t.h
o o i SindlR e oF inf Disieht FRSRER 3om B 2y S8 g0 ggrsgsion cassette

that comprésesisequanosspiesigned go provide efficimnexpbssivnel thetHRVESS 1d praeih in the host

cell. 'fl“ﬁ)a{ Ja@seit@gr@i%gbig[ggg{%??theg hdtic %n&gﬂl &Ya%?l nl:tag&ri ti§r%})zérid translations

ates to reconbi nant vectors and reco
contrgl ggqugnces operatively linked to it, such as a promoter, and termination sequences. In a preferred

embodiment, the promoter is the S. cerevisiae GALI promoter, although those skilled in the art will
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5 both prokaryotic and eukaryotic, which contain the
nucl ei ¢ aci d nol ecul es di scl osed throughout this
W@ p@giogdssat i on. The synthetic HPV31l DNA or fr apemensz04/008677
t hereof constructed through the nethods described
herein may be reconbi nantly expressed by nol ecul ar
cloning into an expression vector containing a
suitabl e pronoter and ot her appropriate transcription
regul atory elenents, and transferred 10 into
recogRiOKal o of §mﬁﬁbee ukcaney@ﬁcbvm iwatpmaiftérssdca aPthe QUE 0, GAL7, ADHI, TDH3
ues f.or

conbi nant
or Pd{éﬁ?ramergt qr 8H1§r %Higryatl gepe Brogloﬁ: S r{lzﬁ/ dlls%cy (A;%re erre% I(ransgrlptlonal
termirakar idvbé Scateqisic@ AR rigminAtor.zitbowshother Memoatapnsofotiehal terminators may

also b?@géd gh{@c[r%o%gaél ﬁgp%rfﬂr}{mg%ﬁ SﬁDH??érﬁim%k/L rf)grtféﬁiﬁlqyﬁreferred

ent Pr ot ocol
Bi ol ogyAnothes eipedt obthisgnventiqy is anHPYB! virusdike partiels (YRR, methods of

produ%% eV N8 Ps Ghe ReBod N\ QL VE 1988). Vmes%ﬁﬁ seq:‘ﬁﬁﬁ‘érﬂllﬁcswhe% L1, the

oratory Course Manual, . Rose et al Col
major|QapsibRro eI APt %Fd apglabP AR lorRges WPICSSi@I%Wt NEtRLcell,
mamrial@9 Qél],s oWbdctdhia @ﬂ’oﬁrehfébvﬁhy Sb}ﬁnﬁmﬂ@R&Ieﬁﬁm Wpﬂl@ﬁz&fzﬁm ®evibws: Current

Reseath zleoiézt élgl {olgzragz;ﬂ%F &gcggse%do d)%,g(rﬂg Slgee(a gI{/IS é{\t}tg\lr’]riauglg th 901-12 (1996)).
Morpllogieilly indistiactrFEROOWhPr@antlshbsprodekd by epnesinga ogubifaipn of the L1 and
L2 ca%sné %ggﬁﬁl WP%X g%hﬁd;fe& 17 Er?t!nﬂ&s 8t ]ir,]lul‘ﬁlae[l G i ﬁ)%élgdral TtTucture (Baker et

|n Into a yeast host
al., Bigilors.eh 60(6hé44§u?ﬁ(é?9bl))a0| d nol ecul e is codon- optim zed

for optyml.ExPhRsisdiony kihilP® ai@askc vlﬂ‘ﬁfn‘é aft®drk cdF6le of Rducing high
culturing the yeast host cell under 0 condi tions

titres %ﬂegthahé}qgéwﬁggﬁﬁ BROZ, agppingstradon %togpgg@lai_ 1 nm%f@pqp of-ﬁx}g}lts (Breitburd et
al., J. Piok 69\(6): i395%6H QIQ%)P&rﬂtﬂogﬂisailﬁﬁethD RropNaflesmdf 2. US4 92(25) 11553-57

BRSPSl e AP afgghormene

papillamaviwb eifetiac i Hoveaverp tecagse st HRP 31D noLcibnpnﬂhfepmentlally)OIB;ogenlc viral
genon%( ea%ﬁ rb&ﬁtas bie’ fr \M@Elﬁ 18 %énla ethw(‘}fr!es%htca s@fé'aﬁerﬂ&k&ths% oF five virus in

romln erna t1on Slg
HPV vﬁqpmhd@p@pme@é@nremw, tfy Syleki@tanéﬁuiesl(ebl) Jclet o d91Ge’4 (2000)).

y east h@st utSllsertBdRhtidnaadiet I0ARRs-1iROp MV &RoADHRWof recombinant L1

preSS|on of said HPV31l L1 protein.” This invention
P“““FG?WH%?1?%¥5%§§2$8”%n%ﬁ393§§ for expressing an HPV31

L1 pr otigiaRrefdired emb&ﬁﬁiém lonékB invB@ifh, eHPV3 T YIRS k6 pR@iced in yeast. Ina

tor co ing a nucleic id as
rrtoel Ghie oAb R N BRSBTS R iR e Boiia@inees
cerevivvag tHawsdnbila palythorphb,) Pichik pmamgKMjnenhwsst frapélisl Kmelemyces lactis, and

) L1 ich allow expression of said HPV31 L1
ékhm%@%%é%ﬁ&&%gﬁ@h% synthetic genes of the present

i nvent idethenaspens ogtbl-:;elirmnfm 1 prt BPBh B rvdad compuises geHiPd 31 L1

protelﬁ Bf@)ﬁu&:@ Bk 983139 QUSRS tg&%ogfpﬁ@rﬂaptr%&}ﬁtlgﬁ teﬁﬁfnhﬁdn%‘ignals that are
expression of the HPV58 L1 protein in the host cel

recognppfd Y388t t e preferably contains the synthetic gene,
Wi th refat@the bppaof thptihe@Atdn 1@@1ﬂHPV&DVLBWhQﬂ?com§@§é§ EOHPV31 L1

R RN RN T e ——

inventimb thel icodantoptitnived FPYADL b geriesotsing cSsentalyen i séqaencGAL hucleotides as set

forth %%%wgg}ﬁ?@%%ggg&?gbggsg inthe art will -10

Yet another aspect of this invention is a method of producing HPV31 VLPs, comprising:
(a) transforming yeast with a recombinant DNA molecule encoding HPV31 L1 protein or HPV31 L1 +
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recogni ze that any of a nunmber of other known yeast
pronoters such as the GALIO, GAL 7, ADHJ, TDH3 or PX
wWEe@ans4ss, or ot her eukaryotic gene pronpt er SPAEYS1904/008677
used. A preferred transcriptional termnator is the
S. cerevisiae ADHl1 term nator, although other known
transcriptional termnators may also be used. The
conmbi nation of GALL pronoter - ADHL term nator is
particularly preferred. 5 Another aspect of this
L2 profeitenb) aﬂhviaﬁngﬂhe HREmed yeas uhdek eomlarcmis thlaepefrift E’))pressmn of the
recorri %t?gh ole:{)l}[egg %golgﬁ StgF;Vcso%nSbgAéaﬁ P rcr;rt% hgn%s( ol:#gL i
1fmmdﬂmmtHP%3bMBwnﬂobuhmn&HWﬁﬁdﬂéh4nal paplllonHV|ruses
IS exprgssed: ¢éa HpRiment JFEESHs &@bhﬁe mv@fﬁmhé mstq@rén%fomed with a

or bacterla or review, see ' er and Roden,
HPV Helph gane thab/is fige frP!@\Pliaéiﬁéth@}‘?rP’éf}‘?flon wsaésath% regpeognized by yeast. In

anothgﬁﬁéﬂeﬁ&i@ﬂﬂoﬁﬁ&%ﬁ ffhe £E% traffformke 31%8 a cb%n—dpﬁﬁﬁi&d &‘H’Q’B call gene to
n Mor ICa
produe S HLEs Ho oL @%beoda?e&a °88 %wﬂ%egﬁ?vﬁd L1 gene

consi€ts Es8¢rbiMAb aQ:ﬁqLQ:flcet df@udldotidenths sdt Zordﬂp§iEQ ID’NID Lion SEQVYDRD:3.

|a£; g s gg e qgfngfe ion 8][2 r%glt %gerrgé:'th gtfor 1nf1uc1n%gm 1mﬁnune reﬁponse in an animal
compfifigH admlmlzstﬂ;ﬁngﬁwwﬁml)s)hke parfdesgp @ermmpﬂholn@gzr@faﬁretdﬁmbodlment the

HPV331I g]‘gl-l’saarre fngd&% B}?Q%én% tﬁé& 'ﬁ%Q FofditerdhiGrah ?{?%neteﬁ)ﬁmatlon sequences that

hi gh res of neutralizin odi es
are rea@awmd br veest dna iftnther mﬁelm b dimenthsi %E)é{’:‘ il aéLPéﬁrerpa%ﬁstby a codon-
qﬁmﬁgag&kburd et 15 al. . VlroI 69(6) 3959 63
(1995)). and

Sci . us)&etgé‘atg@)a?p%%* é@s @Vef’(li@%)“)‘et%dtoﬁ DT PG A GHBRHP V-associated
cervidaDcanodr homﬁlﬁbm%&dﬁﬁrliitér&igltd ] ﬁgmﬁﬁl 4 wodhesongnding HPVEE VLPs. Ina

prefelg%%‘é%s %ilrr?e?égoetr t%\g %sp{ech of Q}Ea Ven 1on,n he hgg?& J\’E{’se %rtﬁ g%ﬂuced in yeast.

pot ent | Eii$ inverion g]@mreiate.s itar ?aVacmgemmnmlsgagd-IPé/ém virus-like particles (VLPs).
self - aspelliéind 0 RBodihdb PnlahRol i ARYRRAGSE Rl Ve fither

alternative to use vaécl ne

comptiess MLEp ab#itleapiane additiqnalfiP s gge. s@mnrvféqredaﬁrwomnwes Hisiapeast one
additidnal ﬂP'vnty M EQbotedim B prbfp (9N or: ROV MIs11L BBV 16, HPV1S8, HPV33,

esent 1 nven n cl
v 8RR VRS, B AR S M HE e AL Sk v
L1 + LZnprppéfeidisendbdieMd this dspecofthemeentied, tenzocinernther comprises
HPV %$e i nvention, the HPV31l VLPs are produced in
A Ina further preferred enbodi nent, the yeast
i s sel elotaedthémpofertddenpdupnteodtheistentny, the vaccine further comprises HPV16

VLPs %8 %/ﬁ ?s cerevi si ae, Hansenul a pol ynor pha,
oris, Kluyvernyces fragilis, Kl uveronyces

| act s AN A B ekt OfyleaBVepEPIh e vaggist fidler comprises

HPVEYRRS HPY 1 tvme FI;!\[/I%V{I%VLVLP@ And fPRrS vEMg 1 Vﬁ Pb whi c gv .
nprlses an rogteln prodauce a

gene ¢ s fRention &g e 1O RSRRSFUEPLEREEPT AT Gpmprising A1V 31 viras-like
particle8] FuriRt, itig§ ind ér@ioa katéshaphadiifoeuticaCagipositchs kymyssy HPWHL VLPs and
VLPsao I%Itplpzf% Sﬁﬁﬁl%bﬁ/%]{v}}is Iétgf}l/ g n%e g‘iﬁ] %mgodlrgenlt_l%\a/esjf lealglt%ng\@(id%ponal HPV
type is sd@reddizm e zedp EiReBing of: I@E‘Y‘ﬁa HPWi1 ,aH]kaﬁ HtPNé& HPV33, HPV3S5, HPV39,

Engg ety of n, the
HPVCO og%d tﬁﬁ?kggbiﬁ$g ﬁ?hﬂgﬁeﬁggﬁéﬁg¥§pgggentlaIIy of

a sequeWessing fomppsitient qfdlwr%@sntswnﬁqrwwbeuqaed%@elatﬁmwpzate dosages
definéd bﬁg@iﬂe @355@ -order to obtain optimal inhibition of HPV31 infection while minimizing any
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Yet another aspect of this invention is a nmethod of

produci ng HPV31 VLPs, conprising: (a) transform ng
~wQemswnsasst h a reconbi nant DNA nol ecul e encodi nRECHPY®24/008677

L1 protein or HPV31 L1 + -11 WO 2004/084831

PCT/ US2004/ 008677 L2 proteins; (b) cultivating the

transforned yeast under conditions that permt

expression of the reconbinant DNA nol ecule to produce

t he reconbi nant HPV31l protein; and (c) isolating the
potentié €ty N &Ad 3} 3ch-qanai@tation & spqueplit edditéddtiofloPSthed dgeidts may be
dcﬁmg ef erred enbodi nent of this aspect of the invention,

e yeast is transformed with a 5 HPV3 1 L1 gene that
i s freelherowuttodnseslike tprtiples erbriniadicd igo gmadcme trdviptient will depend

on thegﬁggné%lg%g%?& %tgﬁ‘g by ré’s@@ﬁs%tege [%rgducf" %?Q&éal%n?:%ﬁgﬁ&ggicaﬂy or

east ransfo

prophlgefisaliogffactyedoge efabaut 10 12 feH¥ ugoandirefengbly apmy3Q nykored, ug of VLPs is
admnﬁﬁeréﬁ dﬁﬁ&ﬁ}* &t Bhdc RGeS Sﬁﬁcﬁﬂn&ﬂpﬁﬁcﬁ@ﬂ tntralid¥Bral introduction, impression

n- opt.im zed ene consists essentlally of
thougl th§ éblaeaﬁlé @T@f mﬁﬂfélo\é%fmlalé%a%ag suchias mgApitengalgipyyeppyycyranhalation
delivedy arSEQ) tdatdNladed. This also wﬁermtplm ta&ts'oeowrwctcﬁiﬁﬁora et @ebvided.

response in
parenfe3h s AP IR R Eny S RBOT S B PR o rasent of
admindreti@nitheddjuviants such rag filemroe Weegiriabuh autant, Cdmurrdfllﬂy&/lﬂl or subsequent to
parent\&aFﬁltr@&L%n&{ %H&@a@mﬁé’ oiachlg SRR ards ad@%n%‘:ge&[s.o m i nternal
anscription termnation sequences i~ are
recognlzed by yeast. In a further preferred

enbodi nENgubltARndIRMRbnddHR ﬁelrﬁa[rgm%l?gﬂdfé@@ Bafer@n@ 8ARs purpose of
op timze gene. Yet another a pec %l s.invent.ion

descr lb@g andyligqrsipegrethndalogics sdgnas SrtheA iy DRAgd H5epBFCpRlith the present
inventldn. QRIMALIRIreif RNE BE cEHORIRE S @intdIoh fhas tHR fihvdtidnds Aot entitled to antedate

| .a vacc rising HPV31 VLPs. In a
Su““%%ﬁ?@?P%&“@ﬁB%ﬂFﬁgﬁ?tEP this aspect of the invention,
t he HP\IByinyldPeribedeprpfenaimddimenty eatie invEmia vitivrefatehcerto the
r.
acco Lnl'f‘ﬂlilé(; (ﬁé@'ﬁ?@{té@?%e \6?%?%(%% é]?a?g}r% rl]%\lt%%ltii/](gl 1“&> \@é‘m}éh Eoutﬁogfe plge%lse
emboqippprfs, 48¢ et vagipus dhanges sk inqdéfratiens anay e @ffPFéedfth?rﬁlh &y one skilled in the art

w1th01§:tQ1€ipafrﬁl§get§ony hRsc b ofﬁpullt%@ ﬁlte 1@@&1@‘1@' it firRA @ thEHehJBlairhd)
a preferred enbodi | east .one 20 additi onal

HPV t ydédeidl oyé}gééﬁ@ale% liﬂmateh@t gp BRfgnUbiRe inveRtieg- of .

HPV6, HPV1l1l, HPV16, HPV18, HPV33, HPV35, HPV39,
HPV45, HPV51, HPV52, HPV 5%%@9@4?6& HPV58, HPV59, and
HPVE8. In a preferred enmb of this aspect of the
invention, the vaccine further conprises HPV 16 VLPs.

f th t th
Deterthfla@iQ 4ed Egﬁrgﬁlﬁ&?&)’er}ﬁg\/ ﬁrﬁ)losq'h_#%@é 60 25 \e/LIF’QVZEdI E|rF]’V18 e

VLPs. In yet another preferred enbodi nent of the

I nvent iTQp Hptvmq mamd-gs e § ﬁén@@ﬁas%@éﬁﬂfe's&%@d pﬂawlés@/de%?dsborough etal,
VLPs s and HPV18 VI Thi s i nvention

Vlroloay éUG)eii%r%lsl (11%8%?%"1“]%%’&‘@‘\???5&‘8‘11 &%%5%95 il if BRfLneQmpRo, BoWyer, to find

minor sEMerdck vitiidtisSs bdtk&n DNAs obtained from clinical isolates. To isolate a representative

HPV31 L1 wild-type sequence, DNA was isolated from three clinical samples previously shown to

contain HPV 31 DNA. HPV 31 L1 sequences were amplified in a polymerase chain reaction (PCR) using
Tag DNA polymerase and the following primers: HPV 31 L1 F 5’ - CGT CGA CGT AAA CGT GTA
TCA TAT TTT TTT ACA G -3’ (SEQ ID NO:5) and HPV 31 L1 B 5’ - CAG ACA CAT GTA TTA
CAT ACA CAA C-3’ (SEQ ID NO:6). The amplified products were electrophoresed on agarose gels
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particles. Further, this invention relates to
phar maceuti cal conpositions conprising HPV31L VLPs and
w@ovhss3nf at | east one additional HPV type. PEI/ES2004/008677
preferred enbodi nent, the at |east one additional HPV
type is selected fromthe group consisting of. HPV6,
HPV11, HPV16, HPV1 8, HPV33, HPV35, HPV39, HPV45,
HPV51, HPV52, HPV55, HPV56, HPV58, HPV59, and HPV6ES.
Vacci ne conpositions of the present invention may be
and viss@itedbyeiidaim tappide stainatze Ttos AfEsbp ldefandewerbyxdised biidi@NA purified

usmgttl?efs(gf%’]cﬁnc!@ﬁ{ ﬁlgfﬁrcnzlt%m?# a%en Pﬁlhgfp ?Eﬁ%)b g&zmggﬁﬁéé%}gated to the

TA clpgng wsj_x@aﬂmﬁgmmogm@@m @nlsbtlda %3801 & yoli trepstpaipd, jandhplated on LB agar

with &ﬁbl&ﬁ%ﬂpﬂis ﬁ"f@&ﬁcpﬁ g@lrfmsﬁﬁ]éy'@ﬁ‘ﬁe' &lon?gmdﬁbﬁ't TR 188 Wre inverted and
her agents desirab he. anpunt_ “of

mcub@fieﬁi fps 10 hees gar t<fy W hise gelprisa verm e B} medum hcempidlin, shaking
37°C k206 Rbas tan&\&nhﬂlprélﬁpﬁﬁﬁéjperﬁﬁnédhs ektfﬁ&vtﬁ@gl@ﬁmﬁ ioNya.of the

or °5 pr B RRT RS et gt e R Spdghuctease

digesliB wgre candhcpd ehdviabéd/byadgetate g20elgettophdiesigand fethidils biogide staining.
DNA%Q(F?enc%é Lol %gr %H g Gh l %FI{HHE on@fﬁ% glo&ed iSI lﬁ%m é&%}?&ﬂhc‘f‘@?e% YBnical

isolatesn Gy anc}wnslktpd] amign @cig s¢mppncApUas cmﬁpaa@mlﬂx cme ramth@ @and the Genbank

HPV §PEhse@1§eﬂcQ§ rS%QL%‘hbet L068L of th@fh'fé%‘éﬁﬁ‘l@éi%ola@é's révrégléél fibd Requence was
delivery are also conte ed., is al

identiggd i bpoieaaply sqaHECce b bR I ‘}g)\@lﬁ.d{al&}fgxe |’ﬁ§§/ c}@éen to be the representative
31L1 BéaMrce 8l is rdfertcans Bérain aaﬂ!lm‘m 51 WAd-tyPB seqhblich” @th NO:1, see FIGURE

ntraven cut aneoys.. or

D). ThESehEne] ignabl | E SR ahe St oy it Shoro Mo, }366 and o
changefrover € ko &l ahmuattptideali2D 5, alt@ingulier e&lndidesl airfolacidrfrom threonine to serine. The
31 Ll%%gﬁtﬁ%lsﬁ%&él Vrél%tﬂit geﬁlref gﬂiﬁ l?oNg% %gﬁ? g Cr%%%&w%&? %llé]o en\égé:e a segne at this
locatipnu(sed IIQURENS. Frealt daspscttie dreine peid spquericercane jdontipple dNuglgotides were changed
in the' s @AGRIEW edcD& RULPRIR e y%\ﬁﬁr@fegb@&)d@ﬁ‘ gequences and to eliminate

di scl osi ng net hodol ogi es and naterla s that n1gh be
POtenH@slé‘énﬁcﬂpt@éﬁ‘ﬁ@éfﬁl%fhm%aﬂsﬁsqew Ak 15 invention.

Not hi ngriaen eji Wvﬂd&yﬁé)se&i&nmtaﬁipﬁﬂecﬂﬁmgfﬁhm @ISy’ o TG A TCT CAC

aan @ EARY Bcutiaciiobrgd naaRk [Ag:102 5" - GAC AGA

TCT 'iiee aTirhEh ETETET A €aDadiTGan 6Gof3’ ($1Q IMWEnR)ipaimeisits hdd Bg/ll
extens1on o ?g G atp%ﬁ(; h (% HS%’(I:%C ne\%gﬁ[mﬁn 8?1gm9r"‘% n %e P?f{ &)Ir(f’du& \xﬁl? visualized by
ethldlpm@mrmée stanbg df aneagersse gehdltehalt50Q hp bandswa@ kenisgd sndp A punﬁed using
the QM {% g@laetx{r%%n Hﬁy%@gen?f f&@c@prwﬁf @ésr}hé?ﬁ/d@a@ﬁ:d %Jﬁhlégﬁﬁat 37 °C for 2

parting fromth

hours %4 Pllftﬁeé psipgige [k gpick BﬁRagrl%véfl?th@a ThﬁBngéh%eﬁ é ﬁhéa PCR product was

hgate@ toPRAFBHI dighfted f)@ALPM)‘ CALL) ]ﬁPSQ!'T'%Zﬁ'S'eﬂe hea kBl eColBMEs \d&‘e B@dened by PCR
g gie i nvent i El Dete[im na%tlon of A dbv DNA
for thy E*’ &4 & e Wesﬁorfitag% Sieaced-prgnigtey weie qopfirmed by
sequendihg] -Tthy Bﬂecﬁt&ﬂﬂkﬁﬁ@&s hasedperyl. 1desiPv J1éd #pr evi ousl y
E fglsg)s %%gé’ A v%ag éhseél g:ggr%cll (ﬁ)lgjyzr%%%]]d or%ytces ce;ﬁevzsia% were made competent

and trapsEoamed nTheryga/setrmsformajloﬁuwa@I plated in Leu sorbitol top-agar on Leu sorbitol plates
and incubated inverted for 3-5 days at 30°C. Colonies were picked and streaked for isolation on Leu

sorbitol plates. To induce L1 transcription and protein expression, isolated colonies were subsequently
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m nor sequence vari ations between DNAs obtai ned from
clinical isolates. To isolate a representative HPV3l
wa loomiog483t ype sequence, DNA was isol at ed from PEiF/E82004/008677
clinical sanples previously showmn to contain HPV 31
DNA. HPV 31 L1 sequences were anplified in a
pol ynerase chain reaction (PCR) using 30 Taq DNA
pol ymerase and the following prinmers: HPV 31 L1 F 5 -
CGTI CGA CGT AAA CGT GTA TCA TAT TTT TTT ACA G - 3
grow B 2 5SNOL&) Adeidorbiitd vath 1L6E6 Blubose andeRbgfieAodeA rofalifg TubA cultures at
3OOCCAT ACA CAAC- 3 (SEQID NG 6). The anplified
‘products were el ectrophoresed on agarose gels -13 WO
2004/ 084831 PCT/ US2004/ 008677 and vi sual i zed by
et hi di um bromi de st ai ni ngpxARfprE 1500 bp L1 bands were
exci sed and DNA purified using the QA quick PCR
purification kit (Q agen, Hilden, Germany). The DNA
Yeast¥B&onl Hehikiigat ed to the TA cloning vector, pCR-1]
(T'nvitrogen Corp., Carlsbad, CA), E. coli transforned,
and plated on LB agar with anpicillin plus I PTG and
X- gal fYHasttﬂr&tEJrWUoﬂﬁlsm@{/myn satritet (Sharp ahd €opleptras: We52-678 (1991)).

Initia P%ﬁﬁtugg R%r? 11 8{#1?% ?g%?dreﬁ{; osgnt%l6 h uc) gmot%e %9721%?,0\?\//3%:r%b%’ﬂt utilizing yeast-
prefelsd'daiodasrg Ahe stBGy Proplogdl thoabnidd wastd dedigni lpnggerlowping sense and antisense

ohgo@%% Eh%{ %glg%% gegg(%ﬁtt§ ﬁg {ebﬁlnesgﬁééﬁ?tﬁkgﬁ%desT@lﬂpm%&E@édecodon sequences
whllem@srttmm@g thejareneinine adié aﬂsléenceh Beesg 91 lﬁﬁ@exﬁ@fe@ ek i rkace @f template DNA

in theDTRk i BYE dA@Mtl&ﬁPJnﬂﬁﬁicﬁﬁn‘n pEhRE W RPRGLAS a%d and t@alhpm W rebuilt
rom de st ai ni ng &(i\lljenc ng

sequemea?mnd%lme}%tﬁpggw%?gm@}%ﬁf Molwefﬁ%mggfeﬁa&%e %ﬁnﬁ Olfay 48 The optimal
condifibris ForGalplifiéhtios dkRtseSion IpidifRnkbvigvanmbatem@loged Nfrog@indesembling the

seqguence n th 0
R T
denattia g5 St@ foe 80 edeiannaah 721Gt 26 esnute\eehea, fdﬂaweqhby 8 &2{Gdorcld minute final

cal to the Genbank sequence. The pCR-11-HPV
ean%@f?féﬁggégne was chosen to be the representative
31L1 sdifihepreducisyerre exapitied by 8gpress spleasirppharesis h Barnds f the appropriate

size Wikd GeisdPRd %q}t@ﬂ %S §&§E@i dD’Iﬁ}pariliphtﬁﬁ @ra@hmere en uddats template to
nce cno

sssemie g2 ST e R DAY Rl Hmebiod o epoehia gty the

wild-fiyp@iicRofides 0-725 B'dnd) mqlzenu 513g3'42HSA fmhI IR ting theS'end, the 3'end, and
am n aCI

o oSRR3058y O SRRt R FORRE £ e g g B s
“31 L3 pattielspteditit.vel y) al so encode a serine at this

| ocat i

e onc e CAAREAEHTS el 635 bR RALRS 80 i
constiobies reigi Kot hesmest the (1. | ttabebigidd Mive nnzanprinppias ioHgpmers were used to

generé(t@?@atst' ﬁEi%fr&f $R6h FRIRAISRGHERS ERnANTs 3t Ad %dr B3 &lapping oligomers
ent’i al transcr|pt|0ntermnat|0n signal s

were WW@@)% yeaspprefyereqodpp nyglqods spguenges wehlc?éﬁv%é? After amplification
and galpakifiéatiedl thesé REenichB, d1&nghlith the middETebuAGAcTdaldecdBed AR (nucleotides

o1 5500 U5 A S D LPOR e,

This (%8¢ WhY geneiated @@h-Ba3/HI €SERidnD W@ ge8purified m@uﬂt 316.1 aNA was digested with
Bam}ﬁg]f% ated t@é&;ﬁﬁ%é&%&ﬁ&%l YRS &@srl&f)\;e%ga tar %‘ %%E&MEDM DHS cells.

roduc was VI sua
Colorasheet wrpesddniRGR for t HIPN B 1d71 ingertarde @@r@cg@nentmm Sequence and

orientMAA0 RO HARH MRIDEX céetignd DNA purified using
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25 the QAEX Il gel extraction kit (Q agen). The PCR

product was then digested with Bglll at 37 C for 2
whownssesd purified using the QA quick PCR  PCT/US2004/008677

purification kit. The Bglll digested 31 L1 PCR product

was |ligated to BarnH digested pGAL110 and DHS E.

coli were transforned. Col onies were screened by PCR

for the HPV 31 L1 insert in the correct orientation.

Sequence and orientation were confirnmed by DNA

sequenci ng. The sel ected cl one was naned pGALllO HPV

31L1 #2, 30 t hen epar ed, an
Sacchar AR Q%&%ﬂ/‘?%ﬁ% m‘feé Qe éElIfg ‘ﬁ%%‘f%c}ﬁ comppgnt and transformed.
The et Iﬁ&feq;ﬂz[mﬁn LEtngorpieisdp-dgaamsLar smabitod plategsndohabeted inverted for 3-5

days. IL ﬁ(éjlo Ss? \&%e Ittﬁe\%léerdﬁgr ?q%{oné)ﬂ gJaZ usoisog)t%{)ﬂlégsjc I&&%&%dgcz)loggeg QVere subsequently
growpinckatiofsn Lst-rAskek engbifobwith 4 6P/<ag1u®ﬁe oW 4E/egﬁ1act0§@mkrptabmg tube cultures at

30°chl AEGR lenécﬁ eanl':} rotteﬁ@%%sblgﬁ QR 2060 RIuRL @ﬁlﬂlre volume equivalent to
expressi on, | at ed col oni es were SUbse Uent 14

an O thsw@@qd ppreEsIerneed okt pellgisdingen %ﬁ‘dﬁtofﬁd Cs x
Leu" Ade" sorbitol with 1.6% glucose and 4% gal act ose
in rotating tube cultures %?é: EXAMPLE 2 5 Yeast
codon optim zati on Yeast- ESQ% %I codons have been
descri bed (Sharp and Cowe, Yeast 7: 657-678 (1991)).

RNAIniti Ily, the mddle portion of HPV 31 L1,

—rpé%%@%g%%ti ng nucl eotides 697-1249, was rebuilt
utilizing yeast- preferred codons. The strategy

enpl oy eéecp gell(eﬁ lgfjfrérgfo\“ﬁfdl Jelst! d\?fﬁblgxﬂerle %gceQY@Eﬂp%PHPg 31 L1 by galactose

sense an t1sense oners IP he reg to
indudgien, st ihpyed cglubes,qnidtsuﬂpprﬁig ﬁhlcqnb@‘}(qo}jlégE R ‘{rﬁtted water Cells were pelleted by

centrbf@@%n RaehElebubeh GRSt M GHLREBGedl hybdll 1166+ a8 tih Mdstigpended in 400 pl

T T R N TR T —

phendid sl inhVONEDA @4l 10 B TEY) was bdded S Thetnlee Wassiogeed farid seconds and
ed.. e rebuil t equen .

heateg?c? gﬁoﬁg?r \Xﬁll{llﬁgslj}llgl g ev 10 %a%ges( ? tél%ga gggnttél?r['@gc%zi 8n ice for 5

minufkg) fbligweQAYy cerftigasion s fomfomuhlutes oR® shparnatamp Wes ¢odlagtedoand transferred

to a s%ﬁeetug'ee Chd a&lﬁﬁ%{?ﬁ %b(g %Lﬁ)f pﬁéh\él?éé&‘sf addé'fp file hﬁ)@@lﬂ%ﬁ%@ phaced on ice for 5

rogramrese | an initia

mimlgs it eSS DRSCHDTATAEaY BRI srio b S0 ot chloroform

added ided oM G%rﬁ*’i;fu d. %QSJ afdfk vo Ggal® calRNad Atd@ran§titedf 16 EL s@fdle tube and
SecC _ahnnhea

5 m nu f.ol | owe
0 W38 Rl 57 e i ielion P ELHET RRTh st 8 P vy fce o
one HOUQ Bfi twhidher easexaniugatht highagead asgellgethe RNAC The BINAr e veashed one time

with %ﬁﬁ%@%@f %(fee{}rq%rg i ]El"gggi\!%.lxﬁ ) tt?elnzsflesp%\r/ge egl efrbgl §B%F§Q§v%€eg Kater and heated to
65°Ctfdneﬁnnmsiedtoaisswlemﬂpattmphctoma@swmeefomteé thdRermins|tieotonepatration of

r. [
RNA 1§ t‘hlé slnfqlalglﬁ) Yn%&l ggalgﬁ#tﬁglﬂka{; %ﬁe ﬁ%ﬁ@grlgéedgigr) gﬁ{ -”@ﬁ,glgfé @Q(ﬂ\é}ﬁ Zﬁlgn the A260/280
1sl7a%1@i 1221 1515 (3'end). Afinal PCR using the 5' end,

the 3 end, and the rebuilt mddle was perforned to

generate fuI | -length 31 L1 partial rebuild, referred

to herein as the "31 L1 partial rebuild".
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The conplete 31 L1 sequence was also rebuilt with
yeast-preferred codons. This construct is referred to
wheoosiosusas the "31 L1 total rebuild". N ne | onBCT/US2004/008677

over | appi ng oligonmers were used to 25 generate
yeast - preferred codon nucl eoti de sequences from 1-753
and four | ong overlapping oligoners were used to
generate yeast-preferred codon nucl eoti de seguences
from 1207-1515. After anplification and ge
purification, these fragnBRAMPIAHng with the mddle
rebuilt section described above (nucleotides
697-1249), were used together in a PCR reaction to

Northgmrpéotanadysishe ful |l |ength 31 L1 total rebuild sequencé.

Thi s piece was generated with BanH extensions. The
gel purified rebuilt 31L1 DNA was digested with 30
BarHl , Ipitigkanalysis of ysasierrremsigedt &4 WldATPEFDessKipd baktheprpression yield of

HPV y IeEI Qfoteﬁﬂ\dastoﬁﬁﬁ&@&ll}m@@ thelihtv(ihs BxpesRll.l TOReERle!iBthe low expression was

ni es e sScreene for the HPV
oo S o S e Ao oot sy
the HWE B& L¢ erahsctipiechs pyridohéd. S‘Eﬁiﬂhaﬁ(bldmwere ad /b2 Q€14 INOBABBANA from yeast
expre%sgllg é—#ﬁé}%gﬁl 0086n7vZ/1th Ekﬁsﬁg Lyeas ex e, ss1 I-gfﬁ%liq on%?e same &el to compare

Wer e made transforned.
transciibiesizeeast mere plated in Leu sorbltol top-agar on Leu

sorbi t ol ; pbj gt%seafa dl«ga(flg(li@ée?@a% dave F[{n?gncfr@'rarffs of Rl\g@%ﬁi combined

Col oni es wer strea or1solation on Leu- sorb
with dsnatpring buffifiaplegnesairasions §Yferealdedce e frrmpmids agd e MOPS) and
heated 13 53°Mor (Pg mnes - Blme Ah@r Vo‘ﬁﬁﬁ@dﬂg@i loMidd bulfeBYAHIIEDHE the sample

ga actose in rotatin ube cul tur
toadef i 1 RlgeARhOFISi5Yad AT ﬁfwag% el a sdoes bt o hous. The
gel wAkSvaded TOrIrSSminGids inlsteilewadidtTllodgd by alefite thilute &AsHIDGOD =SSC. The
o PR S  ESAR EPe SRS Pf
capill@g bétiopelverdisdhons it HnSIGr TﬂmRN/é &gt themfikeglo vhemeglon rm@mbeame by cross-
linkin% Esh\?\%%@ %%’?éréﬁ'gﬁ{ Fbés-i'n:}kep et @(?ﬁlﬁt% %rfrfﬂe@u Gleep ﬁxinﬁ‘@ﬁeehylon membrane

on 1 ce an suspen

was aliyved.-te pig dfve d hoEEBEPrang wpy }gac\ﬁé rn@%@q Aegaprclpe Byffer at 55°C for 2 hours after
whlchcﬁptlﬁﬁefddﬁbﬁ;b'eé)ﬂe@ Rakict BRd meidlel frd 6 BURE bIBLEPL. T\Eesmembrane was then

e e e e S TPeTREt B
minutEopy &iom/t@inpéf&tufkfan&&ldéuf f@C faanwiiaited Pt&einNeAolas §oBratelViby PCR using

ey {3 o8 SRell s o sl en o P omnli iRy K& Ry weatment
with pelyxiicigptidy kmyseIBNK) mdtye 32P ARR attA70@ fond howrh e’fheml(amd weapped in saran

wrap n%eexéc%Ed é) x-ﬁg %Hﬁﬁcﬁ 116 EIQLllrL fmﬁ L6414 r+eF1 %ﬂ?brgﬁzeé RNA was

e superna ant was
detectﬁfi%ﬁ?s‘ﬂ@ﬁ(lbé@ﬁorﬂbe%Pt@fﬁ@%fﬁ@tube An addltlonal 400 | of

p he n ol A{i@ﬁys@@g@l@ No%tﬂﬁrfl bwbgesm{?u ansd rev@e!tlt@d:lﬁgt B mhi6BtyloPthe full-
tes an centriruge Su
lenghy HEA b Pad RS B PIOE OB IRCETSRIEr (ool (B e STARE 4).
Howed4}, dded] pﬂ‘h%l&(éjbuﬂﬂ glaﬁi@d%tghe(f g Gﬁiy tdliﬂ&rﬁyd:@@-lpfbﬁr&ﬂtcoms in the middle
te an t

of the%gnaelpglg%%lp k%ecl}gggztt%?né/ pﬁfﬁagaﬁ ﬁe%%g%refeﬁn%élaa y?aﬁst tﬁmfcgpﬁm}ﬁerrnmatlon sites.
Northdrd 0% EitaGHis cldagy sholed dasugoh mbadf_hogz tlmtrlyngtlcd_ theo¥1 Llogeme transcript had
si gmfﬁ%ﬂ# 1n<§£a%&ir t&}éﬁ 1€ ?,%ﬂeg}%gmﬁl Gt el Efltgg ﬁﬂlq{enéﬁ ﬁPV§ B%S Qrahs%ript (not

shown) Thus, premature transcription termmatlon is llkely to have accounted for a significant portion of

the low expression yield from the 31 L1 wild-type construct.
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with 70% Et OH and air-dried. The RNA was then
suspended in 100 1 DEPC-treated water and heated to
W@G204081836 nmi nutes to di ssol ve. Spectrophot onePCHUSEG4/008677
performed to determ ne the concentration of 25 RNA in
the sanple using the assunption that an A260 readi ng
of 1 = 40 g/m RNA when the A260/280 is 1.7-2.0. -16
WO 2004/ 084831 PCT/ US2004/ 008677 EXAMPLE 4 Northern
bl ot analysis Initial analysis of yeast expressing 31
L1 wld-type suggested that the expression yield of
HPV 31 L1 protein was consigder, | ess than was
expected. To determ ne ifﬁ?ﬁgﬂﬁg%%expression was 5
occurring due to a problemat the transcription |evel
.he lation | evel, Northern blot analysis

HPVSFE fRoi E%£%%£E1 transcri pt was perforned. Northern

bl ots were nade fromgels in which RNA from yeast

expr essjpige YSt 18; eﬁé@? éé%sy‘dnﬁﬁbe@%mfrés%%ﬁﬁéﬁtto OD600= 10 were
expressing HPV31 L1 o

n t e sa np
thowd Qe ghenendiadn S0 19 055F Rl 000 TN BEN D0 5 NoglspH 7.0) with
2mMaSSE. Aad-wakied Oghﬂxﬂgla@fbeRMerddoﬂbwgﬁlﬂ)e Tﬁe wbéswere vortexed for 15

mmugeg ?}Fﬁ{ﬂ d ZE% gy Eozf 5}1&%@{,&/ Hiﬁ eX IT\P&%{ %05 % amnutes at 4°C. The

tubeshvea¢ placet] on s@orf ISrmibBiesyihen t:@vsrlﬁlgeddmeLStremmhs atad’ QmEhegfipernate was
I ' . Pe sanple | oaded
trans%ﬁ? %{O%ﬂs %IQ%R%F@%?%%R‘%@? ?Ogéc{v\hgsi per f or med at 65
volts in 1 x MOPS buffer for - 5 hours. The "~ gel was
washed for 15 mnutes in stempegyater followed by two
five mnute washes in 10 x SSC. The RNA was -
transferred to a Hybond- N+ nyl on nenbrane (Amer sham
WestBh O5% big@s, Pi scataway, NJ) by 15 capillary action
over 16 hours in 10 x SSC. The RNA was then fixed to
the nyl on nenbrane by cross- |inking using the
Aner s hafivtelryess plotaik ertrastetonf torenty 0D fonmiitoftadfyes evlgyics for each HPV 31
j drh frer galact
L1 cﬁst‘h?c@ yf(%l'e)éh'ﬁ egl RS’VJV%EP% gggxrﬁﬁﬁ @)épd&%%n %’g it{ggr%obe%gﬁ# {1 after galactose
Hﬂu@wn55c for 2 hours after which 32P-1abel ed probes
We r e ad@&ﬁmﬁ%rdnﬁ‘b‘f R ﬁgasf Rbteh@xhRY 5v§s (ﬁﬁnb%%d 63 SDEYBAGE loading

tines in X SSC at_room

nbr ane
buffog @rnid@ata@ eF &rr IQ@HWWUT@SWFW W&%&d%&m@ 1 $resDPi g Tyeel and
elect%p@%&eé B TrROGIZOnEbuTEEE. €A fté trdt@R BphRHRE ERtpusteinawete TR transferred

fom o yRgeIoo L ot KR LB AU I | Baqgs bufferd

salingwitinBwesen -Ib)efoarfioufsi Gtle DdlAwasamshedlilsbetimépyin TTBAt Mesitanti-trpE-HPV 16
L1 sefrurﬁ rLfBﬁJc%%ﬂc Lﬁilglt tgzﬁ%{o@ &Q&?W{tﬁ%if 3‘? rqu ‘)(fas aégl%d'%?g 1 qg)(gﬁglﬁtlon in

TTB®Sopd $eet roem fenpgiatue. | Thefbbﬁ w%wmhe# %lree Ltlpmﬁ infTYBR and anti-goat-HRP
conju%Ft\é@ EIRIEHE}N&/% a@ %ea‘t QYQBO(ﬂdﬂ%ﬁgn B%B%r 1 getrge Bf%gwﬁssagﬁm washed three

he aut or adi ograph. 25 Anal ysi s of
timesga e ELEFHdgiecsion EFé%‘?le PR Rssidpaershire Braseieiopa ISFEH%WW’ NJ )

AutofiBio@fapliyywa{ thénRrfbkihdd: Ptotdigiirbeolilveddl; thelartidrom twepevisualized by the

detectérgg:géirnlt%ﬁ%rk an(?s o%otges ellugora ogrzgi)hSrml ler than full length
In all cases, the HPV 31 L1 protein was detected as a distinct band on the autoradiograph

corresponding to approximately 55 kD (data not shown). The HPV 16 L1 protein was included as a

positive control on the gels.
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However, the 31 L1 partial rebuild was designed not
only to insert yeast-preferred codons in the mddle
wotoolgisgene, but al so to elimnate any potentPEl/US2004/008677

sequences resenbling yeast transcription termnation

sites. Northern blot analysis clearly showed that

upon rebuilding, the length of the 31 L1 gene

transcript had 30 significantly increased to a size

corresponding with that of the full-length HPV 16 L1

transcript (not shown). ENUSIPIE EMature transcription

termnation is likely to have accounted for a

significant portion of the |ow expression yield from
Radidireu®hssad (RBA) d- t ype construct. -17 WD 2004/ 084831

PCT/ US2004/ 008677 EXAMPLE 5 HPV 31 Li protein

expressi on Frozen yeast cell pellets of galactose

i nducedtheurasteadls caiersina BNt 3 1tld vemsgown by aweriety of methgds dncluding
rotatn%;tubé:&ltﬁfeg s pRadedd feﬁné’h@é?s I THe yodst Whre ll’}éfe@i 81d JrdiO RMcts made to

d
determpjap Hle\RIé’Qﬁ‘g& %Pgrﬁhldl Py hgee@%?‘%ﬁé}/@%é?ﬁ?élacedpebm@bgrﬁrﬂ gtotal protein.

To deffogstiattHEESV Sl & VB lek@¥sibnf Ofortidn of BadhubtelSyeadt pdlein dxtiactl was analyzed by
0% Tri ton)g vvas added and vortex repeated for 5

of
Capm?ﬁrﬁ(ﬁ?lggmg?as% t ubes were placed on ice for 15
m nut esThetRiArwas emformbdl geun 4 detectidn mpmvglopal aatibofig, Hlho, that is HPV

type %%Q&ﬁ‘caa{ con{”o%ﬂ%ﬁ)fnglrgg&qﬁé 4 %f% 1@_@;5746@10 faré{mEELé as it is found

r oc e rifu store !
to bindasac FRVEAL 61 Vsl dgesngftracrogy@g@qnaweét@\hs EVEP R ChifmAprpan be

subsegly@f?{bfetec@ed Falghad a%ﬁln%u@anﬁgﬁﬁftra&&b%d%ﬁthfl@% effelt ik he counts per
cons ruct wer e ana Western blot to

minug ) AR EBOH b TR RS 2 FEV Sk b SEF carpison
gal act q&;eystyléile ibedlld SleteDated ®1th Ap6at elgr A HefV31 O dblyyleas berum diluted

1:100@ EHOJ%]%, gveeﬁrgél{% é)aa %n‘genlf’]\gagh%W1 ci%émescc-)‘:f:ﬁterﬂ%%l Hed Vgater and air-
dried WElrecantigraugl ekl M@r%n&%@%@@l@te@@lea%@omes was then loaded onto the
beads%é%ﬁﬁtﬁo%gg 8BS %ﬁt‘ﬂ 1'°/nB §:& IS T"/GT%enr@éRHfOfle/r Na ﬁfz ?Edncpﬁl%b%e@ with rotation

arati on, rotei ns were stern transterred
for onge rhglm AT ty@elhmgothﬁ peadpwetel|disirivyted apeiper el iyl ©20-Wak polystyrene plate and

1ncubQ:|e<P@lfﬁ3ﬁ3l A6 L6 d’lﬁl‘fbdflaio @50 YorTi7 1ok hbﬁ‘rs I‘Jr@&n&&ﬁﬁe%nk}blf ’fﬁ‘er #R8ds were
saline with T for 16 hour

WaSh‘iféa@ﬁ Hd> dabeled spat ﬁ’é% HWOHSG‘F gas gded ath P?t“’t‘tk’ 6@299(/23980 2[900 cpm per 10
pl. A UiBursathp Géade kwefeaizasmrauﬂrraﬂhanttwe bm\maﬁeb&dw mhplhifﬁ\l Background

1 ,
Sy SEB 5 b For 0 R o e
ti mes iTwolekBSimaends wert perfpomed: Hfdélpemmmt m,guotelgi extracts from 31 L1 wild-type
and 3 ﬁﬂ% FH%#XeﬁQ@? B&t%%oclohlggreg%rhdq%a sgﬁﬁxgxgnt %ﬁg{e ?%ettjg&sé Egﬁg&?blamal rebuild
and 34t ental iahmild wargenmpawed(segdgCURE ) Aﬂ?@ﬁl&tﬁ afiBiegha B hd @artial rebuild VLP

exprefRioRGas. 8YAY grelNd) thar?Pl PRI @9& Oﬂ{eaﬁmd t%ﬁre&ﬁﬁrhas a 1.7 fold increased
perfor ned. “Proteins recogni :}/ he antl serum wer e

EXPTespios, PXeY] t&ee%il Ib]ypqrqlpé rebuild. Therefore the 1 L1 expression levels were increased > 7 fold

by introducing yeast-preferred codon sequences and eliminating potential transcription termination

signals.
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detection reagent as dark bands on the autoradiograph.
In all cases, the HPV 31 L1 protein was detected as a
waele@uiosuss1 band on t he aut oradi ograph corr espoPdi/Is209008677

approxi mately 55 kD (data not shown). The HPV 16 L1

protein was included as a positive control on the

gels. 30 -18 WD 2004/084831 PCT/ US2004/ 008677 EXAMPLE

7 Radi oi mmunoassay (RIA) The yeast cells expressing

HPV 31 L1 were grown by a variety of nethods,

including rotating tube gutmess shake flasks and

fernmenters. The yeast were |ysed and protein extracts

made to 5 determ ne the amount of HPV 31 L1 virus-Ilike
TransBadsioh @legtgon(vicidsdoppr oduced per milligram of total

protein. To denonstrate HPV 31 L1 VLP expression, a

portion of each total yeast protein extract was

anal yzebb demongseaprt thetdha BRY 31 hroetaswayin (et wjf-asswbling & form

cm PE Mp@&ﬂ&g v}fl?dhqg tlff‘n Mﬁ&&ﬂbfé‘lntﬂ@%iﬂ@lﬁhl&é@t d el purified 31 L1
'S pe 31-specific and

total r@@ﬁkdd)(rqulp p@ﬁa&]ﬁ wgspsg‘elieﬂ tQ: %;aqsgnsg_lo%gleqt@n é}ﬁgef,cppyé %'TfE(._l)\fI) Hfsa@st were grown

unded HRE séle forneAtatibh aﬂdspeflétélﬂ drhe pOlIdtOwdre Kubjdetet acpurificMicdtrebtinents. Pellet
VLPs and does not o ni.ze d@gﬁ;ured

PY E V%PS. .
and clppfied YRA% eétéaﬁtsgéer%%m 4 geélaongkr/a 2 é grogein éxpression and
retentafmtthroﬁgluﬁeplﬁ[ﬂciatﬁnm@ode&db OChhﬁéchasMexﬁ'actk 2% thithabitied &,

centn&l&a%%r}oc{lifg} 'crs \/g LTS £ gﬁéf%\%ﬁ{)@ {ﬁ_é% 1H§% rllgg%ﬁ;gaﬁ@&ﬂg bher for TEM analysis

(see FPOURELG).r Resslthimdidatedvbpiche dametel qﬁﬁheﬁpl@ng@@pmcles in this crude sample ranged
from E%%Een JoRa Eﬁ Y vithkoR© b%ﬁ!}l@ﬂﬁépl;ﬁlﬁlrglé%gﬂdr Hﬁ%dof clpslaggg in
overni ght. The beads were then washed

vol umes of sterile distilled water and alr- 15 drled.
The antigen, total yeast protein extract fromisol ated
yeast col onies, was then | oaded onto the beads by
dilution in PBS with 1% BSA, 0.1% Tween-20 and 0. 1% Na
Azide and incubated with rotation for one hour. After
washi ng, the beads were distributed one per well in a
20-wel | polystyrene plate and incubated with H3 1. A6
mAb diluted 1:50,000 for 17-24 hours at room
tenperature. The beads were washed and,| 125 | abel ed
goat anti-nouse |1gG was added at an activity range of
23000- 27000 cpm per 10 20 |. After 2 hours, the beads
were washed and radi oactive counts were recorded in
cpmi m . Background counts fromblank wells were
subtracted fromthe total cpmim, giving the RIA m nus
background value. Two experinents were perforned: in
experiment 1, protein extracts from31 L1 wild-type
and 31 L1 partial rebuild were conmpared and in
experinment 2, protein extracts from31 L1 partia
rebuild and 31 L1 total rebuild were conpared (see
FIGQURE 5). Results indicate that 31 L1 partial rebuild
VLP 25 expression is 6.9 fold greater than 31 L1
wi |l d-type. The 31 L1 total rebuild has a 1.7 fold
I ncreased

pema

I-—
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expression over the 31 L1 partial rebuild. Therefore,
the 31 L1 expression levels were increased > 7 fold
whgooks4seduci ng yeast - preferred codon sequenceRCHIN2004/008677

elimnating potential transcription termnation
signals. -19 WO 2004/ 084831 PCT/ US2004/ 008677 EXAVPLE
8 Transm ssion el ectron m croscopy To denonstrate that
the HPV 31 L1 protein was in fact self-assenbling to
form pentameric-L1 capsoners, which in turn

WHASEB CLASRIEDISe i nto virus-like particles, a partially
purified 31 L1 5 total rebuild protein extract was

subject to transm ssion el ectron mcroscopy (TEM.
Yeast vere gk owateicariibnoleenlt sompeising a fespensa obauclsatidas ¢hat encodes an

HrVRe R8EH as TR RriRGh 8O ID MRS (RURICREI M bRt Hefra ©BddnPtimized for
~treatnents, Pellet "and clarified yeast extracts were
high lgiehexpsessiomip 3 Y5ai Adbl ot to denmonstrate L1 protein

expression and retention through the purification

proceduyr e. arified yea extracts re then

D ubp cotd t o Vet TP Iy o ol &

cushion and the resulting pellet suspended in buffer

for TEM anal ysi 0 Resul ts indicated

that t rl\uélé i b Sg?eﬁézf’{“?ﬁ%“{%%ggﬁ’é 3 Clﬁlglrests'i cles in this

crude sanple ranged from between 30 and 60 nmw th

some pay ti clgg nd Sl SR 3awhEaH bRMho@cEIY s@fcted from the group

_capsoners. -20 WO 2004/084831 PCT/ US2004/ 008677 \WHA »
consisfing ef: ApqofpyoRses qereviSiqry Hrpserilapolgrorgide Eintis Raspsikdpg myces fragilis,
Kluyv&RMyeR (1S bn dSthie @ikt desm)ichadorpacodes an  HPV31 L1

protein as set forth in SEQ ID NO 4, the nucleic acid

sequence being codon-optim zed for 5 high |evel

expr essi. on iThe oy edbdf ctairth K, wikreidthedottoell Sonphiimycestchrevisiae.

nucleic acid nolecule of claiml1l. 3. A host cel

conprising the vector of claim3. 10 4. The host cel

of cl aitm 3, Thherdéinadihaolsede oladdim 1 wheyein dlestseqhenpenfinpi¢ieotides
compNeOW BequéRB 81 fikieBikie@hs scPRAE MBSV R £ €r evi si ae,

Hansenul a pol ynorpha, Pichia pastoris, Kluyvernyces

fragilis, Kluyveronyces lactis, and

Schi zosacchay eues esmpanahe killeR. aciliifolét@Rtof clinh 6.0f

claim4, wherein the host cell is Saccharonyces

cerevisiae. 6. The nucleic acid nolecule of claiml,

wher ei 18. t he Sshgueaticempfisingibé eatdrdédaincbnpri ses a

sequence of nucleotides as set forth in SEQ I D NO 2.

20 7. A vector conprising the nucleic acid nolecul e of
claim &. The nucleic acid molecule of claim 1, wherein the sequence of nucleotides

comprises a sequence of nucleotides as set forth in SEQ ID NO:3.

10. A vector comprising the nucleic acid molecule of claim 9.
11. A host cell comprising the vector of claim 10.
12. Virus-like particles (VLPs) comprised of recombinant L1 protein or recombinant

L1+ L2 proteins of HPV31.
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8. A host cell conprising the vector of claim?7. 9.
The nucleic acid nolecule of claim1, wherein the
WG empuesusgl of nucl eotides Z5 conprises a sequePCBEUSI004/008677

nucl eoti des as set forth in SEQID NGO 3. 10. A vector

conprising the nucleic acid nolecule of claim9. 11.

A host cell conprising the vector of claim10. 30 12.

Virus-like particles (VLPs) conprised of reconbi nant

LI protein or reconbinant L1 + L2 proteins of HPV3 1.

-21 WO PN04/ 9gABHs JPChit$2 0BdreaBbrédondtinanf DEprdteRSoralie recombinant
the reconbinant L 1 protein or the

L1+£288W%WH%%WD&ET?I3f§tprote|ns are produced in yeast.
14. The VLPs of claim 13, wherein the reconbinant L1

prot el ner TNtk noinf ALANShAS P8R8 oinant 1 +

by a codon |n1 zZe T8¢ acid

L2 pro%ins ?ﬁ@n@«t@ﬁib}o# cagiparophimized Pt leh Innucleés asisldgorieasst i ni zed
nucleic acid nolecule consists essentially of a
sequence of nucl eotides as set forth in SEQ

SEQ | D Na 3. ThegVlhis of eyt hgidersin @&%Pm;m%wém%p@c@frnolecule

consibth adséntidly ofafich& dT@ucléctiflest 4 3G Fbr€H HISEQY [PAASL 0ABEQ 1B NO:3.
codon-opti m zed DNA nol ecul e encoding HPV31 L1

protein or HPV31l L1 + L2 proteins; (b) cultivating the
t ransf ortred Xea#tod ofipreductgribk VLPns Gldiamt]14pemprising:

expr ession of the O%Od of n@i%hhﬂ%g ?cﬁdgt V0, Rabe S]thnﬁlzédoDN molecule

produce a 15 rec i nant papi fFomavirus protein
(c) isolating theenpecb@ﬁﬂﬁl’%%ﬂn@l prajsiol dr e ld s Ip?rm@m

to produce the Vs oéultgaﬁﬁg%éﬂ‘ansgoz‘medaye\éﬁcﬁﬁﬂé? €onditions that permit
conprising the VLPs of O aim

Phar naceut i cal coifpEsiin Gl Q?é?ﬁj?ﬁtgﬁl??& 1?% mgjepale g produce a
claimi14. 19. A neédigishaaf papmaﬁﬁmusrpgothﬂ?\éna nf ect | on

conpri sing adm ni erin vacci.ne
mam:al. 2% 20. A ﬁsfrﬁet holaoq? erf&f?é"i‘%an P”r?fﬂ?}?ﬁ‘éus P“’tem t0 produce the

response in an anvVhkdofcaippridsi ng adm ni stering the
VLPs of Claim114 to an aninal.

17. A vaccine comprising the VLPs of Claim 14.

18. Pharmaceutical compositions comprising the VLPs of claim 14.

19. A method of preventing HPV infection comprising administering the vaccine of

Claim 17 to a mammal.

20. A method for inducing an immune response in an animal comprising

administering the VLPs of Claim 14 to an animal.
21. The virus-like particles of Claim 14 wherein the yeast is selected from the group
consisting of Saccharomyces cerevisiae, Hansenula polymorpha, Pichia pastoris, Kluyvermyces fragilis,

Kluyveromyces lactis, and Schizosaccharomyces pombe.

22. The virus-like particles of claim 21, wherein the yeast is Saccharomyces cerevisiae.
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21. The virus-like particles of Claim14 wherein the
yeast is selected fromthe group 30 consisting of
w@awalosessmyces cerevi si ae, Hansenul a pol yni or pP@r/US2004/008677

Pi chia pastoris, Kluyvernyces fragilis,
Kl uyveroi nyces |l actis, and Schi zosaccharonzyces ponbe.
22. The virus-like particles of claim?21, wherein the
yeast is Saccharonyces cerevisiae. -22 WO 2004/084831
PCT/ US2004/ 008677 23. The vaccine of claim 17, further
conpri sisng VRS a@fineaff claf@st, figier aagiiting VaPs biRY leaitypeadditional HPV
24. The vaccine of claim 23, wherein the at |east one

tyPe- addi ti onal HPV type is selected 5 fromthe group
consi sting of. HPV6, HPV1l, HPV16, HPV18, HPV33,

HPV35, %?‘Egg 9I‘he va%/f?r%igvggq:v% W, e}‘ﬁge at'l F!Dyt%%e F&ﬂ\’oﬁﬁ} HIEV type is selected

HPV58, e vaccline o
from i grosp pottstitingef: HBEHRIAG , HPVI4, yiFy 18 JADY 135 BEVERVARNG?, HPV45,
1pvsiOnBYs2, HisY aﬁﬁ‘lfﬂ? HeY 58 ifiBo2md Hitrdsher conpri si ng

HPV18 VLPs. "27. The vaccine of claim26, further

conprising HPV6 VLPs and HPV1 1 VLPs. 28. A nucleic

aci d nolsecul BheGasiReiof clREn 24, SGetdRtEeatWastune HRW tystadmprises HPV16.

that encodes an 15 HPV31 L1 protein, the nucleic acid

nol ecule free fromtranscription termnation signals

t hat arx. refegnatcdedf bipiny2gsirtheP@mphisug EiPVI8 ¥dlpri si ng

the nucleic acid nolecule of claim28. 20 30. A host

cell conprising the vector of claim29. 31. The host

cel | of27| ai The3@¢cingteé leinn24, iethepenmpeising HPY 63d Fs @pedP V11 VLPs.

fromthe group conS|st|ng of . Sacchar0|nyces

cerevi si ae, thsenula ¥nnrpha Pichia p

Kl uyverddy ces? AragF P‘i“%m"le?%} USRPET S &é%un%FGf’ %uc eé?ﬂées that encodes an
HPVAh #oSRCEHb ai iy SaBmplesiietrecXbord Zansdipgion @shinednl sighbls that are

clajm 31, wherein the host cell is Saccharoniyces
recogpziky ¥epshe.  33. The VLPs of claim 13, wherein the

reconmbi nant L1 protein or reconbinant L1 + L2

pr ot ei are

nolecuﬂ% thd%ga%“g g%ﬁﬁhggggﬁg%%ngggﬁagggﬁ#%gtion

30 signals that are recogni zed by yeast. 34. A nethod

of prodyci ngs hHe c M BepRbin B VEIGIf oMBY.I Sing:  -23 WO

2004/ 084831 PCT/USZOOX/OO 677 (a) transform ng yeast

with a DNA nol ecul e encoding HPV31 L1 protein or

HPV31 L3 + LPheogticell 8claiinl30, WiNteitle@6stlcell & ke ectdd fadim the group

consisting of: Saccharomyces cerevisiae, Hansenula polymorpha, Pichia pastoris, Kluyvermyces fragilis,

Kluyveromyces lactis, and Schizosaccharomyces pombe.

32. The host cell of claim 31, wherein the host cell is Saccharomyces cerevisiae.

33. The VLPs of claim 13, wherein the recombinant L1 protein or recombinant L1 +
L2 proteins are encoded by a HPV31 L1 nucleic acid molecule that is free from transcription termination

signals that are recognized by yeast.

34, A method of producing the VLPs of Claim 33, comprising:

-23 -



10

15

20

25

30

transcription term nati on sequences that are

recogni zed by yeast; (b) cultivating the transforned
wQe@ss4satder conditions that permt 5 expressPONUSL004/008677

the DNA nol ecul e to produce a reconbi nant

papi |  omavirus protein; and (c) isolating the

reconbi nant papillomavirus protein to produce the

VLPs of Claim33. 10 35. A vaccine conprising the VLPs

of Caim 33. 36. Pharmaceutical conpositions

conprising the VL@ of traﬂsﬁi‘milngaeaseﬂith #ADNétrhaebulifencoding HPV31 L1

preventlng HPV infectio I n

vacci ne of 15 C % E{Pg]%garlm Otglgg]ﬂ%@&g cl)%u]%glr%e from

i nduci ng an i mmn@ansca@pcm@enmatloarsetalnnmthat@mwﬁm@by yeast;

adm ni stering t he% byL Pscu@tgva@lg”‘ﬂhg{rg’rﬁf&ﬂe& ﬁ%st%ﬁ&émbndn%gls that permit

39. The vaccine of "claim3 further conprising VLP
of at |east one a¥@reesighih EIWAIQ%EIG thBrOdWér?P&B’@}nﬁ%t
of claim 39, wher mohllaem@tprdtaasaﬁldone addi ti onal HPV

type i s select ed romthe ou onsj st i HP\/

HPVL 1, HPV16, HPVY: gipg e ykpgabin Jf:%&P gﬁ%ﬁ%@’”"% to produce the

HPV51, HPV52, HPVBBPS dﬂl?,\lf!ﬁﬁ 33HPV58, HPV59, and HPV6S.

41. The vaccine of claim40, wherein the at |east one

HPV type conprises HPV16. 42. The vaccine of claim

41, furither soapmesomprisHRVASVIPRY Cldm343. The vacci ne

of claim42, further conprising HPV6 VLPs and HPV11

VLPs. -24
36. Pharmaceutical compositions comprising the VLPs of claim 33.

37. A method of preventing HPV infection comprising administering the vaccine of

Claim 35 to a mammal.

38. A method for inducing an immune response in an animal comprising

administering the VLPs of Claim 33 to the animal.

39. The vaccine of claim 35, further comprising VLPs of at least one additional HPV

40. The vaccine of claim 39, wherein the at least one additional HPV type is selected
from the group consisting of: HPV6, HPV11, HPV16, HPV18, HPV33, HPV35, HPV39, HPV4S,
HPV51, HPV52, HPVS55, HPV56, HPV58, HPVS9, and HPV68S.

41. The vaccine of claim 40, wherein the at least one HPV type comprises HPV16.

42, The vaccine of claim 41, further comprising HPV18 VLPs.

43, The vaccine of claim 42, further comprising HPV6 VLPs and HPV11 VLPs.
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