WO 2005/097821 PCT/US2005/009199 TITLE OF THE INVENTION OPTIMIZED EXPRESSION OF
HPV 52 LI IN YEAST FIELD OF THE INVENTION 5 The present invention relates generally to the
prevention alt§13PREPERA! of human papillomavirus (HPV) infection. More sBE&RERIYS818esent
invention relates to synthetic polynucleotides encoding HPV 52 LI protein, and to recombinant vectors
and hosts comprising said polynucleotides. This invention also relates to HPV 52 virus-like particles
(VLPs), wherein the VLPs are produced by expressing recombinant HPV 52 Ll or LI + L2 in yeast cells
and to their use in vaccines 10 and pharmaceutical compositions for preventing and treating HPV
infectioMSILBAGCKER QUMBIENTHE INVENTION There are more than 80 types of human
papillompyis AR M rRaeyelvighRayeihegnyasggciated with a wide variety of biological
phenotypes, from benign proliferative warts to malignant 15 carcinomas (for review, see McMurray et
al., Int. J. Exp. Pathol. 82(1): 15-33 (2001)). HPV6 and HPV 11 are the types most commonly
associdted-WidroamgiNWENS @8 nmalignant condyloma acuminata and/or low-grade dysplasia of the
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244 266’6‘% 002)). Papillomavifuses are small (50-60 nm), nonenveﬁﬁged icosahedral DNA viruses that
28%nc W&?ﬁﬁf%&ﬂ?@‘?ﬂl?ﬂfoﬂ%@%@ﬁt&g PHEHEIE FRGIMCRHORES (ORFs) of the viral genomes

are designated El to E7, and LI and L2, where "E" denotes early and "L" denotes late. LI and L2 code
for virysgapsddanateios: vipHenbelrrgeres are associated with functions such as viral replication and

cellular transformatlo,P1 'Ege é_nﬁ){:gt&% !ﬁ)tp Jna r ca] Sld roteln angl{l%qéa mole VYIG‘% t of 55-60
kDa. 30 The L2 proteln IS the minor caps pro ein. fmmc fmélcaf uggé’s? tﬁ’a{ mMost of the L2
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particles VLP for reV|eW see ler and Roden, In Papillomavirus Revie
on Pa %af the genital or respiratory mucosa. HPV16 and HPV18 are the high-risk

types most frequently associated with in situ and invasive carcinomas of the cervix, vagina, vulva and
anal canal. More than 90% of cervical carcinomas are associated with infections of HPV16, HPVi8 or
20 the less prevalent oncogenic types HPV31, -33, -45, -52 and -58 (Schiffman et al., J. Natl. Cancer Inst.
85(12): 958-64 (1993)). The observation that HPV DNA is detected in 90-100% of cervical cancers
provides strong epidemiological evidence that HPVs cause cervical carcinoma (see Bosch et al., J. Clin.
Pathol. 55: 244-265 (2002)).
Papillomaviruses are small (50-60 nmy), nonenveloped, icosahedral DNA viruses that
25  encode up to eight early and two late genes. The open reading frames (ORFESs) of the viral genomes are
designated E1 to E7, and L1 and L2, where "E" denotes early and "L" denotes late. L1 and L2 code for
virus capsid 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.
30  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 L.2 proteins are highly conserved among
different papillomaviruses.
Expression of the L1 protein or a combination of the L1 and L2 proteins in yeast, insect
cells, mammalian cells or bacteria leads to self-assembly of virus-like particles (VLPs) (for review, see

35  Schiller and Roden, in Papillomavirus Reviews: Current Research on Papillomaviruses, Lacey, ed.
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-1 WO 2005/097821 PCTIUS2005/009199 Leeds, UK: Leeds Medical Information, pp 101-12 (1996)).
VLPs are morphologically similar to authentic virions and are capable of inducing high titres of
neutralizing amtidbadsganen administration into animals or humans. Because yﬁ/ﬁ&%dg%gorgain the
potentially oncogenic viral genome, they present a safe alternative to the use ot live virus in Hev
vaccine development (for review, see Schiller and Hidesheim, J. Clin. Virol. 19: 67-74 (2000)). For this
reason, the LI and L2 genes have been identified as immunological targets for the development of
prophylactic and therapeutic vaccines for HPV infection and disease. HPV vaccine development and
commergializatign indered.by difficulties . gssociated with obtaining high expression levels
of capsid @%’tﬁbr% E%ﬁc%%ﬂ@%%ﬁ%ﬁn%%sh 6%§Pﬁém‘§?ﬁﬁﬁ%@%ﬁmlﬂm#apmiﬁed
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proteinsisitoin ezl RYhER4nt. (Retetne V1ML dd het Bitlphin @%ﬁk@t@}ﬁigg}d&y@g&g 5%%%59%%%@
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enhancéifmmmfBetiycio sftedpeatein products expressed by HPV 52 L1 genes. Specifically, the disclosure
provides polynucleotigﬁ,%ncodi V 52 Li protein, wherein the polynucleotides have been
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synthetfc DNA molecules encodmy e B/ asite Seeiepment codons of the synthetic molecules are
designed so as to use the codons preferred by a yeast cell, In an alternative embodiment of the
disclosaravtia mucleotide sequence of the synthetic molecule is altered to eliminate transcription

termination siz_:mal& tt]at are recognized by yeast. The synthetic
e disciosure relates 10 compositions and methods to elicit or enhance immunity

to the protein products expressed by HPV 52 L1 genes. Specifically, the disclosure provides
polynucleotides encoding HPV 52 L1 protein, wherein the polynucleotides have been codon-optimized

for high level expression in a yeast celi., Hence, in a first aspect, there is provided a nucleic acid molecuie

comprising a sequence of nucleotides as set forth in SEQ ID NO:1, that encodes an HPVS32 L1 protein as
set forth in SEQ ID NO:2, the nucieic acid sequence being codon-optimized for high-level expression in a

yeast cell. In alternative embodiments of the disclosure, the nucleotide

sequence of the polynucleotide is altered to eliminate transcription termination signals that are
recognized by yeast. The disclosure further provides HPV 52 virus-ike particles (VLPs), wherein

said VLPs are produced by expressing recombinant HPV 52 L1 or L1 + L2 in yeast cells, and discloses
use of HPV 52 VLPs in immunogenic compositions and vaccines for the prevention and/or treatment of
HPYV disease and HPV-associated cancer.

The disclosure relates to synthetic DNA molecules gncoding the HPV 52 L1
protein. The codons of the synthetic molecules are desi gned so as to use the codons preferred by a yeast

cell. In an alternative embodiment of the disclosure, the nucleotide sequence of the synthetic molecule is
altered to eliminate transcription termination signals that are recognized by yeast. The synthetic

molecules may be used as a source of HPV 52 L] protein, which may self-assemble into VIPs, Said
VLPs may be used in a VLP-based vaccine.

©An exemplary_ embodiment of the disclosure comprises a synthetic nucleic acid
mojecule which encodes the HPV 52 L1 protein as set forth in SEQ ID NO:2, said nucieic acid molecule

comprising a sequence of nucleotides that ig codon-optimized for high-level expression in a yeast ceil.
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molecules may be used as a source of HPV 52 LI protein, which may self-assemble into VLPs. Said
VLPs may be used in a VLP-based vaccine. An exemplary embodiment of the disclosure comprises a
synthetic nudiiczaesdsnedecule which encodes the HPV 52 LI protein as set fq&m?&@d@ :2, said
nucleic acid molecule comprising a sequence of nucleotides that is codon-optimized tor h|g|§1- evel
expression in a yeast cell. -2 WO 2005/097821 PCT/US2005/009199 Also provided are recombinant
vectors and recombinant host cells, both prokaryotic and eukaryotic, which contain the nucleic acid
molecules disclosed throughout this specification. In a second aspect, there is provided a vector
comprising the nuclei ' ‘% ﬁ) fined above. In a third aspect, there is provided a host cell
comprisingﬁgﬁ:le ve torﬁé%&(%ﬁ}%%?a %f/_%eé? n% 5%&% %??‘é)r E%%%‘?ﬁ% EBARR s gﬁgﬁoﬁ?@'%‘sﬁﬁéll is a
yeast CalEPRE S EAtL R aR iR prgeitahnslceden distisnesskihrguahouPitis Spbdificatioin in a
recombinant host cell;. £REARFISIRG:LA)HAY I Y omprising a nucleic acid encoding an HPV
52 LI protein into a eastégc?st cellg; and_(b)qc% %ﬁ%%h%%%%gt%ég : tce l?]ﬁ%é??%gﬁ | %n@‘%ﬁ?& Bgfned
expression of sald HPV BX P BiSteiT S hirdlidao s diestaetherrarises s agsiocest fiosexpressingrarierred
HPV 52 LI proteivdimeredchebinansihosbebik celrpesiagt (a) introducing a vector comprising a nucleic

acid molecule encodingsanHRY 22 ll.RIQIEIN N0 ayeast host cell, %\«?%r)ein the nucleic acid molecule
LICS f A

is codqp: ontimized for gptimal expression in the yeast oSt ce et CUtLAIRE R geast host cell

under conditions which aifth s$0 P BPUSRS- AoV es cOBHSIERE Hprltiered @xnndameHRY the
nucleic AEH ISR G corersti et st queé (e wfunug | detigestdn setiDiiin SEQiIR:NGd: @rsignated
hereind¥i2ekdibh g quianget) sthis gisgigsure also relates to HPV 52 virus-like particles (VLPs) which
are produced in yeast cells, methods of producing HPV 52 VLPs, and methods of using HPV 52
VLPs. In a fourth aspeet YHER S4B 5 rickRSa o f i Beniespigeam HPY S2-virtrseiks particle (VLP),
the métISIEBRAH LR ool sRmRmsa) dneduring| rwithttheomptsiogeihoistecileakcdifined above:
(b)dculmmﬁiggtiiﬂﬁ%l‘ﬁ@mmmm?eiIywmﬂﬁb@QBIii,Ii%&ﬁ‘ﬂ&%ﬁ&i%ﬁf%i@%ﬁ_&@é&u&fﬁ%dom 4
codoncpRHMELENYSIEIG e.a,recambinant papillomavirus prqtein; and (c
isolatir?snt&} ﬁ[ reco %lélln t%%%rﬁﬁzg\%&%ygﬁ%ﬁ% t%g%rgﬁ%?_ég#ﬁgrfﬁﬁ@ww ﬁ?i‘fﬁ%fg’ﬁ%
embodiment o the AERE FPrartiqRalsid EBX R d-#ameigie- group consisting of. Saccharomyces
cerevisiae, Hansenula groforres pinkpfliohies ths ot il |ayidarisiveats bagbissedd unpiRRyGes lactis, and

Schizasanohaseay 62 SRS EANDHGS S ROGUMER RELhIs- SiSclogyig J8Ap 1PV 52 VLP, wherein the
VLP is produced

This disclosure also relates to HPV 52 virus-like particies (VLPs) which are produced in
yeast cells, methods of producing HPV 52 VLPs, and methods of using HPV 52 VLPs,
In a fourth aspect, there is provided a method of producing an HPV 52 virus-like particie
(VLP), the method comprising: (a) transforming a yeast cell with the nucleic acid molecule as
defined above; (b) cultivating the transformed yeast cell under conditions that permit expression
of the codon-optimized nucleic acid molecule to produce a recombinant papillomavirus protein;

and (c) isolating the recombinant papillomavirus protein to produce the HPVS2 VLP.

In a preferred embodiment of the disclosure, the veast is selected from the group
consisting of: Saccharomyces cerevisiae, Hansenula polymorpha, Pichia pastoris, Kluyvermyces fragilis,
K__luveromyces lactis, and Schizosaccharomyces pombe.

Another embodiment of this disclosure is an HPV 52 VLP, wherein the VLP is produced
by recombinant expression of HPV 52 L1 or HPV 52 L1 + L2 in a yeast cell.

Yet another embodiment of this disclosure is an HPV 32 VLP which comprises an HPV
52 L1 protein produced by a codon-optimized HPV 52 L1 gene. In an exemplary embodiment of
this disclosure, the codon-optimized HPV 52 L1 gene comprises a sequence of nucleotides as set
forth in SEQ ID NO:1.

This disclosure also provides a method for inducing an immune response in an anima!
comprising administering HPV 52 virus-like particles to the animal. In a preferred embodiment,

the HPV 52 VLPs are produced by a codon-optimized gene.



by recombinant expression of HPV 52 LI or HPV 52 LI L2 in a yeast cell. Yet another embodiment of
this disclosure is an HPV 52 VLP which comprises an HPV 52 L1 protein produced by a
codon-optimized HPV 52 LI gene. In an exemplary embodiment of this disclosure, the
codon-optimized HPV 52 LI gene comprises a sequence of nucleotides as set forth in SEQ ID NO: 1.
This disclosure also provides a method for inducing an immune response in an animal comprising
administering HPV 52 virus-like particles to the animal. In a preferred embodiment, the HPV 52 VLPs
are produced by A488Heb pHvgERYeriahis Yetemmothenenbodioant ehthis dliselosireisa method of

preventingmbctmaiiB@ﬁ%ﬁ@%iﬁﬁ%@@ﬂ%s@ﬂ@&gmﬁ%%hadministeringitg mammal a
t

. .. . VACeIe COMmpr, ﬂfe PB\?
vaccine copgrising HPV 52 VLPs. In referred embodiment of the &lsclosure, 52 VLPs are
produced in yeast. %ﬁ%%ﬁ%%%gﬂ%nﬁégf rP

A8 ey ke diRy GanibAising rRVEBDivirerstlike particles
(VLPs), whereinlihié $Pigs82 wisPelare prodused:inoyeastniniarvatenalive.eqbodipent gf the
disclosurewthrmascmefurherrcamprises.y L Re,of at least one additional HPV type. The at least one
additional HPV Itg/@e may be any 3a WO 2005/097/821 PCTTUS2005/009199 HPV type of interest,
including any HPV 3 TRERERIAi et &t bt dioles wabise qacsmly fiddntifiedprina Vomaferred
embodimeésst the M@Mm}qcbélﬁ\/amé“ﬁhaﬁli@ﬁsseﬁ&ﬁiﬁ@lgmilzl}pa&ypgqﬁé)pg@%type such as warts or
cervical cancer. In a further preferred embodiment, the at least one additional BPV type is selected
from the group consisting of: HPV6, HPV 11, HPV 16, HPV 18, BPV3 1, BPV33, BPV35, BPV39, 5
HPV45, HPV51, HPV55, HPV56, HPV58, HPV59, and HPV68. This disclosure also relates to
pharmaceutical compositions comprising HPV 52 virus-like particles, wherein the HPV 52 VLPs are
produced in yeast. Further, this disclosure relates to pharmaceutical compositions comprising HPV 52
VLPs and VLPs of at least one additional HPV type. In a preferred embodiment, the at least one
additional HPV type is selected from the group consisting of: 10 HPV6, HPVII, HPV16, BPV18,
HPV31, HPV33, FIPV35, HPV39, HPV45, HPV51, HPV55, HPV56, HPV58, HPV59, and HPV68. As
used throughout the specification and in the appended claims, the singular forms "a," "an," and "the"
include the plural reference unless the context clearly dictates otherwise. 15 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
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polymerase binds. The promoter forms an initiation complex with RNA polymerise to initiate and drive
transcriptional activity. The complex can be modified by activating sequences termed "enhancers" or
20 "upstrearﬁ”ﬁ’&ﬂ?&fﬁ?&sgéquences" or inhibiting sequences termed "silencemst:ITir tesmyyector”
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 plasmids, viruses (including adenovirus), bacteriophages
and cosmids. The term "cassette" refers to a nucleotide or gene sequence that is to be expressed from
a 25 vector, for example, the nucleotide or gene sequence encoding the I-WV 52 LI protein. In

generakRY eppseftmeompriskeliagay e Bo0Hpe Gesiiseaed into.A ¥osioe WS R SPms,gRRodiments,

providegefaoi A BeAHERGEEHQN ' nucleotide or.gene sequence, [n other
emboc;%i)r%hents the nucl %Ffide or getgégggg r%éé@%%g\ﬁs QSEeg ) ‘&f@d’?ﬁf%‘&iﬁaﬂ%@%%ﬁ@ &@Fpession.
In furth®r “EEY FREt! REREIdF ot emaesitee glirts iastenscdditional e mpcle stidacdr gene
sequerfeeBBpeovitesnsibireof) HENG6y ERY UEIREE 16 0HEYaB) pleviiie Nevter, ¢an/pEoMise - promoter for
trénsCripmgt sherrvl eRtde NGNS S8VeRGeraNG the fWyslegtide or gene sequence provides a
transcription termiﬁtjon sequence. The regulatory sequences which can be provided by the vector

include, but are no itaer U S BAHES NS A et Sequemues; apliEBvacce plat-fiel
donor sequeNBEksnthsrgn fiisdEbE birding sequendes-and-pehAladdiion.seayences. -4 WO
2005/0808RABETAISER0S63 L9yTiom SHNI TP e Y WL PSP RGRL A o2 b w1
sequenge pheterkia %éé%\érézg}el §§%L§§Q§§ i(]%ﬁlcgnszs%%;ein as SEQ ID NO:3. i ough h_éplélPV 52 Li
wgd-tygﬁ,@% ce has been described Erewousﬁl, it1s ORI SHIHEh TG e FmBrSasisices:
variations betieth DRAS CobtaYH e IO IfoAT s STRIEES, HHEYERo R Wdfe SRS hi BERES 5| RN Bt L
wild-ty PE¥e8UdRY 8 SwvamsliEBTHLS 5 from clinical samples previously shown to contain HPV 52 DNA
(see EXAMPLE 1). The HPV 52 LI wild-type sequence was used as a reference sequence to compare
the codon-optimized Spvg LI segtigences disclosed herein (see FIGURE 1). The designations "HPV
52 LI R" and "52 LI R*78187 1o SR RS SRS LanitiRstiand i bo appenderieltivies Jbesipuler(RER TH'NO:),
disclos@8-hagirthe/haedide e shalanteonaswdtniths cdhiakit1A:0pmpLcse siEesaRs that are preferred
ftf high-level expresgionsby tar¥eashe e fiae:iRHNor [ ' means,sufficient.vaccine
compQgitiR;isiipaduced to pro%?ce the adeq%ﬁg\%l%%‘&t&r?g g%%ﬁé?&?ﬁéff%‘é’“ﬂﬁa“aﬁ‘ ﬁ%ﬁﬁ?ﬁé
response results. Oneskilled in the art recognizes that this level may vary. A "conservative amino acid
substitution” refers td ¥RdeFBhIBBPREAT BUR Eoarmaoeation ke esid i Ay mnathewehemicaliy similar,

aminopaditheesicl bindExaeiesmoiaohRonSaAIME cHRSUIUIRRRNA polymerase 1o initiate and drive
transcriptional activity. The complex can be modified by activating sequences termed “enhancers” or
20 “upstream activating sequences” or inhibiting sequences termed "silencers”.

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 plasmids, viruses (including
adenovirus), bacteriophages and cosmids.
The term “cassette” refers to a nucleotide or gene sequence that is to be expressed from a
25 vector, for example, the nucleotide or gene sequence encoding the HPV 52 L1 protein. In general, 2
cassette comprises a gene sequence inserted into a vector which, in some embodiments, provides
regulatory sequences for expressing the nucleotide or gene sequence. In other embodiments, the
nucleotide or gene sequence provides the regulatory sequences for its expression. In further
embodiments, the vector provides some regulatory sequences and the nucleotide or gene sequence
30 provides other regulatory sequences. For example, the vector can provide a promoter for transcribing the
nucleotide or gene sequence and the nucleotide or gene sequence provides a transcription termination
sequence. The regulatory sequences which can be provided by the vector include, but are not limited to,

enhancers, transcription termination sequences, splice acceptor and donor sequences, introns, ribosome
binding sequences, and poly(A) addition sequences.



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 acinb?‘}Qgég?ﬁ%lacid). The term "mammalian” refers to any mammi it B4 A iman
being. 20 "VLP" or "VLPs" mean(s) virus-like particle or virus-like particles. "Synthetic" means that the
HPV 52 LI gene was created so that it contains a sequence of nucleotides that is not the same as the
sequence of nucleotides present in the designated naturally occurring wild-type HPV 52 L1 gene (52
LI wt, SEQ ID NO:3). As stated above, synthetic molecules are provided herein comprising a
sequence of nucleofliie sadgnmiisin(eddbwidhpparenmefeird 5223 exprgssioe’ byfyaashcBlls/ The

synthejicimeleaiiies frovdeddeiein sneogeNte;samRARNINR 28K SEAYGRRES ASIEWildsi¥pe HPV 52
LI gen %Sg(%ﬁ[{éldOZg BRIEF.DESCRIPTION QF THE DRAWINGS FIGURE 1 shows a sequence
b SRR

align RS & AT P QR R AR ST SISt I BT BB P BRE DS the present
inventit{SEGD tloical intieatebhasfop. Rrmpssiaive XRVIPL ELyilfHeprefeesnce wetiselatsd is the
52 lTl \ﬂ@hmcae%mﬁ@@p@&@ldﬁ Aﬂ&va,tmﬁau?ms mmmaeﬁxmbm FfLErﬁé-fﬁitemci,lh )
nucleqjj are indicated at their carr, nding_locati cleotide number i ' within the
paren D s e e S BB o
2005/697523epElosdbersipeed8FHRIURE 2 shows the rebuilt synthetic HPV 52 Li double-stranded
nucleic acid (SEQ I @ssigamibiy SHE\SHyld-BdeddFiiol &ideSaquanca SRyl B 2) HRUgeotide

numb@;ﬂﬁd&@iﬁﬁi@gﬂeﬁ%ﬁb@(@ RHIRE 3500Wa ANArtharRBohOfddiY e vkl Wharddikye2 LIR

g nscrg)nigﬂ_(lseseCSdE At%\%{IPLE 4 Tkg3 c)Io _vvaéfe%obed with § mixture 0 DNA probes_ generate_c_l against
bth tREPEE P TS FPISRY PR S T SE GE HERS S S RIFSAPB R it aNdiRites the predicted position of a

full-length 52 Li trariSeripmiNeffeaive Aptept anpsaie sefiicivel sageiwectothinsiiers sintdotigagd tanes of 52 LI

wt RNArohidk-tlengidyirensseRisfane pepassitdseBaban idhui: Ralfbiie esang osdases wiGWRE 4
shows 3Westcsar];_ a?él%ts?éc fpﬁ'}’/“?g Lll_Wt (52 wt), and 52 Li R (52R) proteins. 10 HPV 16 L1 was

. Tecognize . .
included &s a reference en, five and two and one-half micrograms of total yeast protein extract

were denatured and®apsiOREEr X CIIviRS prid pubesiien referpro e slrssmenief ane MRS reld. HPV 52
15 proteiidwsalsydatehtedlamibalresniiing bidicsilyaijeasEahspied anti-tonkeddtiVe Sibtlighats
polyclgnal antiseiM VN By RdIRA eIl HEIRYCRR 1Rt HRNad GH MRS EUALMEIGRL markers are
indicted in kDa on_the left. The arrow indicates the positign of the -- 55 kDa HPV 52 LI
substitution of one polar residue for another polar residue of the same charge (e.g., arginine for lysine;
glutamic acid for aspartic acid).
The term “mammalian” refers to any mammal, including a human being.
20 “VLP” or “VLPs” mean(s) virus-like particle or virus-like particles.
“Synthetic” means that the HPV 52 L1 gene was created so that it contains a sequence of
nucleotides that is not the same as the sequence of nucleotides present in the designated naturally
occurring wild-type HPV 52 L1 gene (52 L1 wt; SEQ ID NO:3). As stated above, synthetic molecules
are provided herein comprising a sequence of nucleotides comprising codons that are preferred for
25 expression by yeast cells. The synthetic molecules provided herein encode the same amino acid

sequences as the wild-type HPV 52 L1 gene (SEQ ID NO:2).

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 shows a sequence alignment comparing nucleotides that were altered in the
30 synthetic HPV 52 .1 gene of the present invention (SEQ ID NO:1, indicated as “52 L1 R”) (See
EXAMPLE 2). The reference sequence is the 52 L1 wild-type sequence (SEQ ID NO:3, indicated as “52
L1 wt”; see EXAMPLE 1). Altered nucleotides are indicated at their corresponding location.
Nucleotide number is contained within the parentheses. Identical nucleotides in the 52 L1 rebuilt

sequence are indicated with dots.



15 protein. FIGURE 5 shows a representative sample of HPV 52 VLPs composed of HPV 52 LI R
protein molecules, described herein, as visualized by transmission electron microscopy (see
EXAMPLE TOPA&dHAter of the spherical particles in this crude sample rBRGEFEHPHERYeen 40
and 70 nm with some patrticles displaying a regular array of capsomers. The bar represents
approximately 0.1 gm. 20 DETAILED DESCRIPTION OF THE INVENTION The majority of cervical
carcinomas are associated with infections of specific oncogenic types of human papillomavirus (HPV).
The present invention relates to compositions and methods to elicit or enhance immunity to the
protein products exgrEgdBE Bylysyatbafebniogmtictd BV \\i5es] 26u8lsatificddl/ nthieip resb(SHQENtion
provideePolypvsiantidasrneadingittPiia 2ekhenthiarain thenephynualeetides AkexsrHqRsRRiimized for

high-l%\llef ?xpression in yeast. The present invention also provides HPV52 virus-like particles (VLPS),
. ¢ left, . . . . L .
which are produced in yeast, and discloses use of said polynucleotides and VLPs in immunogenic

compositions and vaBEHBE fophpw i NeHiieh teidrbH M edtrhd ivichR B8 b iR sanceniie (530 A
wild-typreANPMER4) muelsiotidasaguenasthasmbeaeie 68poltep:(GakankiACeeasi0Bcth INES0QL582). The

preseRbATHE MM R QYileR: 8Y RGBS MONe SRR €NARUAG NG Hbias i RIRYRILLORE ashect of

S
the invention, the synthetic molecules comprise a sequence of co s, wherein at léast some of the

codorfSRFPheRIA EansrER il R R 80w Jertiddt By 2apddd kelrrss Afgh-fev it B freddion. In an
altern&tingéh dspectip tive ippertiomn HeeSA ud &otid bak dushael dlthe Isyethetic molecule is 35 altered to

eligﬁér/wate trans;réthi/%irge%@i ?%&gﬁ%@%?%?&@f%ﬁﬁ%@gﬂ@g\p%ﬁ@iﬂ RS BYNRHER O W s, f
mo m e uusedasac sequence Jor expression o
T B R R e e T U ALY S0 01 56 T e SRS ROAREH Poksed
vaccirfEofsipiae sFedrra i ane propRY kodd AGaRst hier adire pinfistion WMesagh neutralizing
antibagyhefackab| HRVdiater pibienu Ry decladddtheasadtivactiiesinpayyaisebetisa i damkeatyent of

already etaRiPhAd b adnleaionm ERiasaan eV LES INXFARRFobs PErallS a%%%@ggggtes of

being cost-&ffectivé and. easily adapted to large-scale growth in fermenters. In a 8|t|0n,the

genorB e B BdiaiRy fkhecPrdherietivet e e ngic sifienefiessriePpdiRY Witk increased

gfowthratethexpression potential. However, many [IWV LI proteins, including I-1PV 52 Li are

expressed at levels pcyeRat sallswhirh AtendAVousHIbapMhatiswesiable focempiessial seale-up

see EXAMPLE 2). Accord] , the present invention relates to HPV 52 LI gene sequences that are
( protein mgleczﬂes, escr{gchwre?nP as vzesuahrz]reg ?)y transm?ss:on electron nﬁcrogcopy (srf':ﬁ(::I EXAMPLE

7). The diameter of the spherical particles in this crude sample ranged from between 40 and 70 nm with
some particles displaying a regular array of capsomers. The bar represents approximately 0.1 pm.

20
DETAILED DESCRIPTION OF THE INVENTION

The majority of cervical carcinomas are associated with infections of specific oncogenic
types of human papillomavirus (HPV). The present invention relates to compositions and methods to
elicit ox enhance immunity to the protein products expressed by genes of oncogenic HPV types.

25  Specifically, the present invention provides polynucleotides encoding HPV 52 L1, wherein the
polynucleotides are codon-optimized for high-level expression in yeast. The present invention also
provides HPV32 virus-like particles (VLPs), which are produced in yeast, and discloses use of said
polynucleotides and VLPs in immunogenic compositions and vaccines for the prevention and/or
treatment of HPV-associated cancer.

30 A wild-type HPV52 L1 nucleotide sequence has been reported (Genbank Accession #
NC 001592). The present invention provides synthetic DNA molecules encoding the HPV 52 L1
protein. In one aspect of the invention, the synthetic molecules comprise a sequence of codons, wherein
at least some of the codons have been altered to use the codons preferred by a yeast cell for high-level
expression. In an alternative aspect of the invention, the nucleotide sequence of the synthetic molecule is

35  altered to eliminate transcription termination signals that are recognized by yeast. The synthetic
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"optimized" for high-level expression in a yeast cellular environment. A "triplet" codon of four possible
nucleotide bases can exist in over 60 variant forms. Because these codons provide the message for
only 20 diffeteR2AMit 3 ids (as well as transcription 15 initiation and termiPBalgHR88 & 14Mino acids
can be coded for by more than one codon, a phenomenon known as codon redundancy. For reasons
not completely understood, alternative codons are not uniformly present in the endogenous DNA of
differing types of cells. Indeed, there appears to exist a variable natural hierarchy or "preference" for
certain codons in certain types of cells. As one example, the amino acid leucine is specified by any of
six DNpobgtienstunchedisg GRAOCNE s Qi@ OPTeXPREASIQOAIIP VT3 LE xhettisti vehiah alygisdf genome

codonzyselRGHENTIES: [l HRiITIops SRR PNEBamIE Ve Med: ANREERYS NA gtk eoli most commonly
contains the CT%‘?UCi”eﬁQS?%%ﬁﬂ, codon, while th{LDNA ofr}é%f/lzfts and slime molds most commonly
ITyin

includes a 1 A RUCIHE-apac TR THSE S TRl del MEEHRALY AR BRliavaliatht the

coaon. Inview O
likelihdBEebt S hybersdeiacehes gressisnbsiscfaliion seristepol) pegrdo e tsbtished 13BN host will

depengifiasame extent on the frequency of codon use. For 25 example, it is likely that a gene rich in

TTA codons will be i 0lj CIG rich gene will probably be highly
expressed in_this ho%%%%ﬁ?l arf;ﬁ%aﬁepgefer%rsé é’ga%l%ﬁ%‘?f@rs t-ﬁe'a Var’ft%e Ofvgelr%ﬁ:%%peﬁlegwe G

n for expression of & leucine olypeptide in

yeast F50Y ASRRGHINRIEerk SFRRtin i redddiivtetar ores Brems serhs BRLLaMEIHant DNA
techniguastsrechnetiifest randbiveqph enosfremod yeay ethiecieaxp aiowhany ogosstidiupesicachieve
high expiRssiop:laNaleB0.0feXQHE IS BSNES NS Lansiotmed RSl UgRNIRRE =4 less
'Hefe{é%%; { %g%hng?ydgse e eefacl,tred{l re(s:%pt n ghe mseégggﬂgﬁ) and the host cell machinery for
eXpresaion Mmay Nt D Ate Se Oh e A RIS RR SRy Fré%g ts that synthetic genes which
have been designed'es Higgle thopsierittiarasoeattyssrerbiratseddogmprovideceriloptmal form of
foreigropentiic maicrigh-levqrmagicsaioh neeqvabitamilpreseiroaxeigssion. Thus, one aspect of this

invention is an HPV 52,1, png Hggtcjﬂggg &%a?é’&; ' {g&)r high-levg}ﬁex ressjon in a.yeast cell. In a
. 0 .

preferred embodiment ofl)t%s_mventlon, it ﬁas - g@gﬁ 65?82&5} B( RJ‘%%%%YSB&% been found
that tHEFERAE DRI FRATEPERAH S e MisthRy oW disren: waioasids Muyrbasvesmiptiopnstraints
0h exprewsionaodhMifitd psotedsiiyoyeast ealls: dndaddor dgncersdilnttis fodemntiofhediédva Li gene
SegMERbW WA SRIAVRHGR RS eaMSREEH DAY @%9%@19%1&@@&1@&9%éﬁﬂﬂ@é‘&@é&?%@’ﬁ% alternative
COdO”le‘l Ol%el as descmb%gft@/ Shar %ﬁ}g ?sg%? (Synonymous Codon_Usage in Saccharomyces
cerevisias. ¥east SFOEIA (B%'f%s e S HEF B REDPE SF AT S0 SE Al Ao d A i Bdology
genergfadrsitisabhicrarelify ing meboerch) foecwrinn ppdensduertzie thpsafesdbt conmeenhrpdsociated
with highhmxpiessRiyeaAstspeRRsERAISRIRSIRD NS B avHtRmimA coaons dorhigh-axprepaion in
¥6a5ta%eai lfTEh ERENISY %n%?y%yseo geeﬁ%}x?eecnogg%%esg ti%(:jq&%{mies for microorganisms has revealed

endogenous DNA of E. coli most commonly contains the CTG leucine-specifying codon, while the DNA

of yeasts and slime molds most commonly includes a TTA leucine-specifying codon. In view of this

hierarchy, it is generally believed that the likelihood of obtaining high levels of expression of a leucine-

rich polypeptide by an E. coli host will depend to some extent on the frequency of codon use. For
25  example, it is likely that a gene rich in TTA codons will be poorly expressed in E. coli, whereas a CTG

rich gene will probably be highly expressed in this host. Similarly, a preferred codon for expression of a

leucipe-rich polypeptide in yeast host cells would be TTA.

The implications of codon preference phenomena on recombinant DNA techniques are

manifest, and the phenomenon may serve to explain many prior failures to achieve high expression levels
30 of exogenous genes in successfully transformed host organisms--a less "preferred" codon may be

repeatedly present in the inserted gene and the host cell machinery for expression may not operate as

efficiently. This phenomenon suggests that synthetic genes which have been designed to include a

projected host cell's preferred codons provide an optimal form of foreign genetic material for practice of

recombinant protein expression. Thus, one aspect of this invention is an HPV 52 L1 gene that is codon-

35  optimized for high-level expression in a yeast cell. In a preferred embodiment of this invention, it has
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undesired sequences generated by these codon replacements (e.g., "ATTTA" sequences, inadvertent
10 creation of intron splice recognition sites, unwanted restriction enzyme sites, high GC content,
presence oF’Y%ﬁQQﬁffiﬁpfﬁﬁtermination signals that are recognized by yeast, & USHeSA6Rk
sequences are eliminated by substitution of the existing codons with different codons coding for the
same amino acid. The synthetic gene segments are then tested for improved expression. The
methods described above were used to create synthetic gene segments for HPV 52 15 LI, resulting in
a gene comprising codons optimized for high-level expression. While the above . procedure provides
a sumbsaryicshio draibthedalbefefonttesighing aoddngbtivizecdgerie sdpredserinyHENOvweabeines, it is
undergtpedBiQnesitieddn dhenait shatsiatanyesing: elficacy or increased expression of genes may

be achieved by mingr variations in the procedure inor variations in the sequence. Accordingly,
the present inventjo%?é:%?_]éés SBawééjngﬁe fé"%rgfﬁﬁu%?é%#é{] St ﬁaegtsiﬁéee‘é’ﬂg%eeda? nucleotides
encodifgraict by B ifppisedinariaicistarraats bt with kligmashecrfontesaecier deotiapd P Shem L|
g@;eiﬁn&f@ﬁ@wei?&mmuﬁm?eg&m&m lé &ﬁﬂg@w@m tI ci_ftzafzexﬂse%i@rmgi%@)y@a&hh@st_ OIcell-
ai . | : nat limited to: .conseryative aming aci
el e O S SBI AEeT
such RERYEARFaLaL & AghTemERR S thtiat With i s anrierdupratemer ot prbwne thsgment
yvhich sathe&@@beﬂaﬂﬁdyhig’hﬁxgrdaﬁdw@ymtagiml ‘Phoperti gmefsﬂgmhﬂa% B4 ingpeotedra@s set forth
in SEQn:MQ-@qltiRathalic-paly usieolidasRidiakiesary irvertion-egade. mRNG malecules that
gypress at.fun lopal HPV 52 LI protein so as to D& usetuéiln the deve_log:&eg%tq%a therapeutic or

prophylactic APV VA& IHE° G5 HLSA SBH Y TSR P FSEP SR HeIT8Scule
which¥EesRDIRY eimptos 3ignpls ibasinsrewniarthtinySE6 4. N Olesiaibln selesocgsidanolecule
compukinfa-geguentiaion vElhe idradhabasescomo :RRbmIZedh i hik: Ry S\ LS 8SIR0 ia yeast

cell. IR-.R Eﬁé[ﬁdg%pé)ﬂ@ﬁ? 8%%%%“5%%@% .V%i/%letfigggthe nucleic acid molecule comprises a

sequence of nucleotides as set forth 8%/097_821 PCT/US2005/009199 The
present invention aiSePraistadidraeihibant WeersiedinrredismiBiait sasscemsnisdas BRkaA otic and
dfkaryoticsuitiighice gtain chepristigicodoid npolmdzeid Sodisglokaditbrpraghiout Wislespesiiieation. In a
prefer @&@m@g@amtaoga%&%ﬁg%%mmuﬂae@imgtéaeéﬁ.ﬁglknmg gy&%g%;é'ﬁ%éj Li

DNA, functional equijvalents thereof, and fragments thereof, 5 constructed throug e methods
ooy EEE R i RS BLEPE T I B BT B At PSS S PRy P S S ERSHP Stor

contaigings maukaitbipiedivteriaed gt tiosiprbe pateettarseriptiomoe yulatons isltmeqisnSaid
expression vector mayh@itan SR iaesiHoRatRY Rlisay 18 dkynirtic hefhkell faduadhsans a

20 sequence of nucleotides encoding an HPV 52 L1 protein, or a biologically active fragment or mutant

form of an HPV 52 1.1 protein, the polynucleotide sequence comprising codons optimized for expression
in a yeast host cell. Said mutant forms of the HPV 52 L1 protein include, but are not limited to:
conservative amino acid substitutions, amino-terminal truncations, carboxy-terminal truncations,
deletions, or additions. Any such biologically active fragment and/or mutant will encode either a protein
25 or protein fragment which at least substantially mimics the immunological properties of the HPV 52 L1
protein as set forth in SEQ ID NO:2. The synthetic polynucleotides of the present invention encode
mRNA molecules that express a functional HPV 52 L1 protein so as to be useful in the development of a
therapeutic or prophylactic HPV vaccine.
One aspect of this invention is a codon-optimized nucleic acid molecule which encodes
30 the HPV 52 L1 protein as set forth in SEQ ID NO:2, said nucleic acid molecule comprising a sequence of
nucleotides that are codon-optimized for high-level expression in a yeast cell. In a preferred embodiment

of this aspect of the invention, the nucleic acid molecule comprises a sequence of nucleotides as set forth
in SEQ ID NO:1.



recombinant HPV 52 LI protein. Techniques for such manipulations are fully described in the art
(Sambrook et al. Molecular Cloning: A Laboratory Manual; Cold Spring Harbor Laboratory, Cold 10
Spring Harb &YW ¥3FR! (1989); Current Protocols in Molecular Biology, ABSUHET 008 en Pub.
Associates and Wiley-Interscience, New York (1988); Yeast Genetics: A Laboratory Course Manual,
Rose et al., Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, (1990), which are hereby
incorporated by reference in their entirety). Thus, the present invention relates to a process for
expressing an HPV 52 LI protein in a 15 recombinant host cell, comprising: (a) introducing a vector
comprising a nuclei@izcidecmn¢ detiegtamn Mid\fcBRd lqpratanbintatay yeastand stealihiand Hbtesltsring the

yeast B&ﬁ%?&&%@l@@&@@&kﬂ%%WM@U&%aﬁ%ﬁg%%l@ﬁ Qb ib ERM g & REQIEIBu I RIESENt

invention further relates grocgs& for e gtﬁassm an HPV 52 LI protein in a recombinant host cell,
eIred ¢ 1)

comprigiit mf‘éﬁmht &LP& RN EBAALIRY T RHeR: Leilshe 1?@3%15%05 "52 LI protein into a
yeast host cell; WheTémsﬂﬁélﬁﬁfbﬁﬁ:VM%éu fanstissaberoptiaizethdmobplichitanrpredbioerth the

ygast bastroelango ) teliingieyeastnesiisehyndetcansitions w&gd'@@s@cil @wmamms&mmgsaid
HPV 5&;&9 [aé@.sll el %%%H%%ﬁé’gt@ LlGl %&%&&ré’nc §ﬁ£%§é< n%?é ing.an F fon &1' fotein in a

recom nant st cell, comprising: introdu ng a vector com a nucieic %I’th in

SEQ YEmeRiRSaif FHR5essiRmacHRISRY #ﬂéﬁ&swye@l}ﬂtﬁlﬂ@%%w SEERsit bpd éﬁfébwcnfm%%%mch
allow recpnbisiorBEVsaRd HRWIG2. L TpcbtéinesTioe syhthatiipglniessakdHelpréseribédve mitonican be

aSSG”@@i%ﬂ&SQ amew&%m&ﬁﬁﬁg%mﬁm@wfmae%m @%M%&Q&J%W%&H'C'em
pre sion tg n the ostc I, T ecasse ref ontalns the synthetic
ne, Withs %‘fte traﬂ’s Péﬁ ?ﬁ%i N é"tf(‘f Arddrireria %ﬁ’é@f{;ﬁ‘ﬁ foaly MREEEPit, such
as a pfﬁém@ms arft Walenihigisriannguinvelori{ I P& ensd Genbodimdmbeheqydimeter MatelS.
cerevigiae Al Icgspaier Halthaugivihess skiled panthaatoyilsacoanize 0@t anpha nswger of
othermg Qr&gg%&%?&%%r%ﬁgc@e% %§ GALIO, GAL7, ADHI, TDH3 or PGK promoters, or other
e

eukaryotl gene promoters may e us A preferred transcriptional terminator is the S. cerevisiae
ADH1 terminator, athBtidfif BTRRSHRABTRIGA faiHs (o Adrogem drooxsreussn HRY 17 Bbows7p09 299
e minatonsbinay hsocklp, veegkidihe: ¢conitnabicingof Géthi cprapniaiey a Aldlit seiheinaidinisaparpgularly

preferfgil/imm@éQ%as@mtscay%ﬂaqe) ISuftle Zgéﬁégex&%wlpaﬁﬁ@%éy&rﬁ’augR@H&Hﬁ%ﬁo@/

recomblnam@/ érﬁ S gt e HPV 52 Llor LI + L genes in a yeast cell, methods of producing HPV
52 5 VIEEMSAGHRE ifl%g 8t [diRgEBY 52 VLPs. VLPs can self-assemble when L1, the major capsid

protein The present invention further relates {o a process for expressing an HPV 52 L1 protein in
a recombinant host cell, comprising: (a) introducing a vector comprising a nucleic acid encoding an HPV

20 52 L1 protein into a yeast host cell; wherein the nucleic acid molecule is codon-optimized for optimal
expression in the yeast host cell and; (b} culturing the yeast host cell under conditions which allow
expression of said HPV 52 L1 protein.

This invention further relates to a process for expressing an HPV 52 L1 proteinin a
recombinant host cell, comprising: (a) introducing a vector comprising a nucleic acid as set forth in SEQ

25  ID NO:1 into a yeast host cell; and, (b) culturing the yeast host cell under conditions which allow
expression of said HPV 52 L1 protein.

The synthetic genes of the present invention can be assembled into an expression
cassette that comprises sequences designed to provide efficient expression of the HPV 52 L1 protein in
the host cell. The cassetie preferably contains the synthetic gene, with related transcriptional and

30  translational control sequences 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 recognize that any of a number of other known yeast promoters such as the GALIO, GAL7,
ADH1I, TDH3 or PGK promoters, or other enkaryotic gene promoters may be used. A preferred
transcriptional terminator is the S. cerevisiae ADH terminator, although other known transcriptional



of human and animal papillomaviruses, is expressed in yeast, insect cells, mammalian cells or bacteria
(for review, see Schiller and Roden, in Papillomavirus Reviews: Current Research on
Papillomavirtide380pg@2ied. Leeds, UK: Leeds Medical Information, pp 10 PAR{39865)(9199
Morphologically indistinct HPV VLPs can also be produced by expressing a combination of the Li and
L2 capsid proteins. VLPs are 10 composed of 72 pentamers of LI in a r=7 icosahedral structure (Baker
et al., Biophys. J. 60(6): 1445-56 (1991)). VLPs are morphologically similar to authentic virions and
are capable of inducing high titres of neutralizing antibodies upon administration into an animal.
Immunigagianefsalpiisibeeitenr dirtahsinMiml o6 8(5)1 3969Hs (1985)) Rndiseasd uaichaetal., Proc.
Natl. AC?’&&?%[ USA 92(25): 11553 15 57 (1995)) with VLPs was shown to both induce neutralizing
antibodies an ‘protect against experimental papillomavirus infection. Additionally, immunization of
adult women with HPA"2ESy EReshaltidn dnidopibtediay airstmplike saridetdh Raadwedly cervical
intraepitbehaibingopl asjiacdkon thkyEvVai2 NL1En¢l1 9 1M eehe34d ake4G-E1l (200 Hecadirény EPY da not
containyepolgtially Qreegepiapabarnpme/Apd AR SElkSRERIR MIE R XRBPses i QMm@ single

gene, th resent a safe alternative to the use of live 20 virus in HPV vaccine development (for
review, S AL RIS ALOF RILREIHI S R RO binerF2ph Thsesd o5} 5T REEIRRLaR ELa Y PARHifon
relates tpniruissiikeepastidles andRpiise th ot apiombifram Reviprot dimoeicoariiamt Rdpillotpristeams of
HPV 53..ad¥eeginiihe s ecambipaniipiRie it isexias g0 i a 2y@astpevidaidiosiatad b ed Aoy
preferrcg} gmpodimen oL e ruerntion. (e HEY.52 XbPs e iredliced inyeasl,Jn adyher preferred
embodiment, the veast Is s6 ec%gxﬁom ‘group consisting ot &acehar mycCes cerevisiae,
HaPserfamEPesg o RSl iBRTLpRL I8 Kiugoeiaiipt eeneBmd BRI RIdloiBinpda A 68(@n4t45-56

Schizog#tharornyces pombe. Another aspect of this invention is an HPV 52 VLP which comprises an

HPV 52 LI 30 proteinar pduead by a0y QRHMRZR L HEN R A G816 ‘DA R eie, (e d.ambdipent of

this aspect of the invention, the codon-gptimized HPV 52 LI gene comprises a sequence of
1

nucleotifgs A LT ARG AN B e RIB A PEY RHOTHEF b BB IS THUEREIOR L 2R Beeigpurd
produciigtFR\ViBa P, 386PrIdIRGI  and dogfdtwirnd yeastRyith NadcdmbiNainUBNI(ABeCLIES-
ensoding HEVE )P h MOLSIRQIHBNE Yo iklidch Aduiniaing Mlissitivating the drapsiRrmgduaashunder
conditionsﬂtlr(l)ata Eﬁ@f%ﬁégéesﬂﬂ&ﬁ%,? \{VO}.l 2005[097%2%aP&i{/ilSZOOS/!%O{%;@iﬁﬁge recognbin?nt
DNA niofRcule to produce the recom%ﬂén’f’ﬁ%ﬁopr% ein, aﬁ’al’&%? 1961 ing the recompinant Hpv 52
protein R@tﬁ%%@s%m&g@m and HPV 16 cervical intraepithelial neoplasia (Koutsky et al. N. Engl.

J. Med. 347: 1645-51 (2002)). Because VLPs do not contain the potentially oncogenic viral genome and

can self-assemble when expressed from a single gene, they present a safe alternative to the use of live

20 virus in HPV vaccine development (for review, see Schiller and Hidesheim, J. Clin. Virol. 19: 67-74
(2000)).

Thus, the present invenition relates to virus-like particles comprised of recombinant L1
protein or recombinant L1 + L2 proteins of HPV 52, wherein the recombinant protein is expressed in a
yeast cell.

25 As stated above, in a preferred embodiment of the invention, the HPV 52 VLPs are
produced in yeast. In a further preferred embodiment, the yeast is selected from the group consisting of:
Saccharontyces cerevisiae, Hansenula polymorpha, Pichia pastoris, Kluyveromyces fragilis,
Kluyveromyces lactis, and Schizosaccharomyces pombe.

Another aspect of this invention is an HPV 52 VLP which comprises an HPV 52 L1

30  protein produced by a codon-optimized HPV 52 L1 gene. In a preferred embodiment of this aspect of the
invention, the codon-optimized HPV 52 L1 gene comprises a sequence of nucleotides as set forth in SEQ
ID NO:1.

Yet another aspect of this invention is a method of producing HPV 52 VLPs,
comprising: (a) transforming yeast with a recombinant DNA molecule encoding HPV 52 L1 protein or

35 HPV 52L1 + 12 proteins; (b) cultivating the transformed yeast under conditions that permit expression
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In a preferred embodiment of this aspect of the invention, the yeast is transformed with a
codon-optimized HPV 52 Li gene to produce HPV 52 VLPs. In a particularly preferred embodiment, the
5 codon-optiVize@HPBER Li gene comprises a sequence of nucleotides asP$St/FatiISELD ID NO: 1.
This invention also provides a method for inducing an immune response in an animal comprising
administering HPV 52 virus-like particles to the animal. In a preferred embodiment, the HPV 52 VLPs
are produced by recombinantly expressing a codon-optimized gene encoding HPV 52 Li
orHPV52L1+L2. 10 Yet another aspect of this invention is a method of preventing and/or treating HPV-

associatetheLRIGMIRADTRT AIvRUSIH D PRI IRGIMIENAPIPY 72 YaceiRcaso RPrisREnd Y 52 VLPs.

Ina pr tf&g&glg 81fe ﬁpﬁ% prﬂb‘?j tion, the HPV 52 VLPs are produced in yeast.
ng

This invention also re late to a va cme comprising 1°5V 52 virus-like particles (VLPs). In an

alternative embodimdhf SFtfiEedpredpeboiinatiectind hadeirradar bs 1stdhipnsisnadoybrat
least oredddititmadeb HBWW&] E@ptefecduck o dinAries thia atpledstlarie padelitedrmbid Pxadyp ehis

selgcte@ﬁ&%ﬁﬁm&m@g&@% N3 aHLB &&%P%&@utfh%éfa;@a%\é i 4N e, 1PV 35,
HPV 39, HPV 45 BP%Sl HPV 55, HP ‘?FﬁBPV 9,.and HPV 68. In a preferred embodiment

HPY
of this aspect of the i SRR A0 AR RS 8%?%&3} UG, OGBS TSSO, 2RGtherBreterred
embodisaentisngrdinistaing HRY vacdme ik praticlnmiorise opimal. 18 afireferreddHdingnyltRs. In yet

anotherpreferredremboeitiemd vy tBeoinMamin e pRuaceineithalCanRANises chtb¥ i MeR$HRV 11
VLPs, 'B'FIlijvﬁSylLP d BPV 18 VLPs. This invention also relates to pharmaceutical compositions
comprising BPV 52 V|rus 25 like particles. Further, this invention relates to pharmaceutical

cafipositions compridifigRABTEsPAtSE thisAveR BN F ammehadpieryeRiBRAPLPVEHas Y preferred
embodimsrenizttideatied shore additising lzddRNstypedscelesteddr avathngeonprooms KENGDVHRY 6,

HPV 11, 'a'E\éf&?ed*e%\{oaﬁnéﬂPéé s d3fe¥ SRnd1RVeARRY FRVIR VIR A#ﬂo%i!wézi in‘yeat HPV 56,
HPV 58, HPV 59, and HPV 68 V%fiﬁcomposmons of the present mventlon .may be Used alone at

appropriate dosages gﬁ RksaHoR SIEB Ay MR R BRRIBR B Y infotfisirRaiRm & btential
toxicity. In addition, co-aadidrigiretimnbodisiyiuentins adwinidithtionofivthéheageniseiuibdre desirable.

The ameuipkieésirusslienesickas sadwomrrjplvc%én@ a y@@@jf& E%%Biﬁﬂfbﬁ\!”lﬂé@@%@t &felthe |
chotviy Eé‘i%ﬁf’éﬂupﬁ R B H S g ooy e g
dlrectly%htﬁl?ﬁfs%l@?‘ééﬁe VA HRE s ectibi Mr%é’%\éﬁi@rt%éﬁoﬁln Yniteusidi VI68.

In a preferred embodiment of this aspect of the invention, the vaccine further comprises
HPV 16 VLPs.

20 In another preferred embodiment of the invention, the vaccine further comprises HPV 16
VLPs and HPV 18 VLPs.

In yet another preferred embodiment of the invention, the vaccine further comprises
HPV 6 VLPs, HPV 11 VLPs, HPV 16 VLPs and HPV 18 VLPs,

This invention alsc relates to pharmaceutical compositions comprising HPV 52 virus-

25  like particles. Further, this invention relates to pharmaceutical compositions comprising HPV 52 VLPs
and VLPs of at least one additional HPV type. In a preferred embodiment, the at least one additional
HPV type is selected from the group consisting oft HPV 6, HPV 11, HPV 16, HPV 18, HPV 31, HPV 33,
HPV 35, HPV 39, HPV 45, HPV 51, HPV 55, HPV 56, HPV 58, HPV 59, and HPV 68.
Vaccine compositions of the present invention may be used alone at appropriate dosages
30 which allow for optimal inhibition of HPV 52 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 pug to 100 pg, and preferably about 20 g to 60 pg of VLPs is

35  administered directly into muscle tissue. Subcutaneous injection, intradermal introduction, impression
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WO 2005/097821 PCT/US2005/009199 though the skin, and other modes of administration such as
intraperitoneal, intravenous, or inhalation delivery are also contemplated. It is also contemplated that
booster vacchtAfdh@ M3 be provided. Parenteral administration, such as iRfAEHIE MR muscular,
subcutaneous or other means of administration with adjuvants such as alum or Merck alum adjuvant,
concurrently with or subsequent to 5 parenteral introduction of the vaccine of this invention is also
advantageous. All publications mentioned herein are incorporated by reference for the purpose of
describing and disclosing methodologies and materials that might be used in connection with the
presenthivugbritioskii et othteredeio{adedensirmedchs sinadpaisgiomihat-tenog ntiothagtiat entitled
to antedatfed ARUSH dispiaspiehy ViUR AlRLLIRYeNIQR vhiRvRG.Leacrbsdprefred pImPodiments
of the |_ri)venct}|e%nlwc{th reference t(;blthe. accompan |5{%dra¥vln s, It is to be understood that the invention
|

is not liMied 16 those pracies “emBoHiReme S SVarfou “Eﬁ‘étﬁ%ee‘%‘%?rd’m%f&m%‘&ﬁS s may be
effecteddmarisimbsnorith adiants sheh 2l Merebalungdioiithe suopenhyspifit oftedasemton as

definedpirdherappentied lainis LedhsfolipwingaxamaRs Hiiaaieodast do not limit the invention.
EXAMPLE 1 Determination of a Representative HPV 52 LI Sequence The HPV 52 LI sequence has
been described previously (Genbank Accession # NC 20 001592). It is not uncommon, however, to
find minor sequence 4HPARGRIBEERIPPAY RE SR BiMBaTrBR e ar fersnar orthe dWiBntcg a
represetatibn g G ldsingdtbaedskgite noe platddely s isoigte ddnoenl tinveenelinealvianiplessent
previoush,shawniEanalkRY 52 ONAuARY. 524 saMaRsrS SR ANPINIR] dniadolympipse

C %ﬂ rea%;l_ﬁ.n PCR)éjsm Taq DNA polymerase and the following primers: 5' Li 5" -
ATGTCECTETEEE (‘éE%er%%‘f‘?’é‘té) ’Tb NO:4) and 3'S2BgllIIS-GAGATCT 25 CAATTACAC
AAAG TG - 3' (SEBaingdessyibeh praferpiifiedborsecris ol dhe vleastiophdte sefdreoeedgdhose gels and
visualizaﬁdmp&ihiﬂélﬁﬁbfﬂg(ﬂ,idﬁs&taﬂéiﬂﬂieﬂﬂ&lbd ﬁ@&@mﬁmﬁ; mm&a’sls%agﬁb&% was r|>u rified
using G _ in Kit,(Q-Bi A). The DN s then ligated to, the. TA cloning
vector, %%%E%‘%%?fi%%g‘éﬁ%l‘% %%Egésc%%!pe %%vsgé%rlg)ﬂtsrgﬁa %%%w%v?t rtl?f%i.e‘ﬂ"’]lrlggaai[i%’%]ﬁ Snlﬁjl%ﬂ fe taﬁrt?d plated
on LB &4 {RRt KapatectrPpide iisews ohaiit ghie innrasiommedebinnd s die enpendso dplates were
inverted and incubat&@ddel kévivg s aip B¢ CluGaleniPdhuwdsnpetie imedtin.five white colonies
originating from each of the three clinical isolates amplified. 5' L1 and 3' 52 Bel Il primers were used in
a two-step PCR in which the first step comprised 10 cycles of 96C for 15 seconds (denaturing), 55C
for 30 seconds (annealing) and 68C for 2 minptm r]rsion), and the second step comprised 35
cycles dketenranaieoniofly Remitaenrtery ANV 33 bkSegushes annealing step was performed at 50C for 30
seconds. PCR produgks wekes2lestiephRare $@siuebn described previously (Genbank Accession # NC

20 001592). It is not uncommon, however, to find minor sequience variations between DNAs obtained from

clinical isolates. To determine a representative HPV 52 L. 1 wild-type sequence, DNA was isolated from
three clinical samples previously shown to contain HPV 52 DNA. HPV 52 L1 sequences were amplified
in a polymerase chain reaction (PCR) using Tag DNA polymerase and the following primers: 5' 1.1 5° —
ATGTCCGTGTGGCGGCCTAGT-3'(SEQ IDNO:4)and 3'52Bel 5 ~-GAGATCT

25 CAATTACACAAAGTG-3 (SEQID NG:5). The amplified products were electrophoresed
on agarose gels and visualized by ethidium bromide staininng. The ~ 1500 bp L1 bands were excised and
DNA was purified 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 cells were transformed with the ligation
mixture and plated on LB agar with kanamycin plus IPTG and X-gal for blue/white colony selection.

30  The plates were inverted and incubated for 16 hours at 37°C.

Colony PCR was performed on five white colonies originating from each of the three
clinical isolates amplified. 5'L1 and 3'52 Bgl I primers were used in a two-step PCR in which the first
step comprised 10 cycles of 96°C for 15 seconds (denaturing), 55°C for 30 seconds (annealing) and 68°C
for 2 minutes (extension), and the second step comprised 35 cycles of an essentially similar program,

35  except the annealing step was performed at 50°C for 30 seconds. PCR products were electrophoresed on
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-12 WO 2005/097821 PCT/US2005/009199 agarose gels and visualized by ethidium bromide
staining. Several colonies from each clinical isolate contained amplified products with -1500 by bands.
The colonie$\WW¥@iddd in LB medium with kanamycin, shaking at 37C RFVER8UEIMMipreps
were performed to extract the plasmid DNAs, which were digested with restriction endonucleases to
demonstrate the presence of the LI gene in the 5 plasmid. The resulting restriction fragments were
viewed by agarose gel electrophoresis and ethidium bromide staining. DNA sequencing was
performed on plasmids containing cloned LI inserts from each of the three clinical isolates. DNA and
translagaebesgisle adidiseizen b smiarechBINARdwilly OS2 aRatbeora AR raViswsn pdmished

Genbag HiRY A kkseaHsneRs, paleas snalySin olie dliee claigild gjg%'ﬁt%%e{%}’%e% gl that no

sequence was identical to the Genbank seguence (Accession No. N ] .1 HPV
5211 CiBRESE- WLiERssen to Bl thiorEbr @WE&MWE@S@W%@&@%M@%@&% herein as
the "5@Hithidreytigesed ratices (B E G HDANOBaseat -G R Ed)e Thogsaguenstheidsenain B2 LI
wild-typeind) aoriRiReshe RERRINS RIS WeRN £ARPBLLEL IR R kR kS SAUERt R mGh
cons%ted 0 a%leigt mutation at nucleotide 1308 (adenine -> guanine). The amino acid sequence 15 of
the HBV'BS T 1 WPsgquence was identical to the 52 LI Genbank sequence. The HPV 52 Li wild-type
sequence was amphiad salpepelie 5ras PR PIned mepl{smids containing cloned L1 inserts from each of

AGA ThelthREARR AR ARA AN LS Tiadltiéd @nantIEi KKk aneib eshipardd dith Blensbaescribed
abov SIoNS. B, far sing Tag polymerase. The BCR product was
eIect%ﬁp%f)h(r%é%%gi 8%%’%5%3&’& élnﬁg%figl § ugg%%iu%%@?g%ia%agtglsn?ng.Qrcﬁree%‘gif% by band

Was dxelaey mrertshRIWAR Sarfica tehigpaiseaieiianbapimaareseivcessrion darbRP1228). The
PCR pledicR b sitHe fligatbuid 2 empGREsdnve bothantb TRV CEHY We el transhorerad lwith the

ligatiqR iie hUINE:GRIONIS S WeTR- Shtua e 4B drerimmamit) kanamysin. iShakdog.ata4C for 16

hours. Minipre ere. performed to extract the plasmid DNA. The BPV 52 LI gene was released from
itk b aniile K e T e e e e
subjevthighsagisted efgaiilsrtaraphoratiaertidield68 (agatine ivngusangld el beadniing. SFhbstdusand was
1purified wsing the2Genadeqarkit and Heaied i mazphpephnadriRdudamHIdigested pGAL110 vector.
TOP1OF' E.coli cell f ith the ligation mixture. T.o scre the HPV 52.Li jnsert in
the correct orientati?ﬁ\?m%%ol&%%gﬁ% the <o fgr‘{%ssav‘;\f1 sﬁﬁl A %%ﬁenij%ﬁgﬁsga}‘%eﬁén@ v&\fas
conddtE@d td Eohfirh e dedfehcd Adbtbhidhtafion Gflihd TS The(SERRFSENaNtibndSRd 30
pGAB AN BMD edcibeMMaxiprendiNg floxtditose| IRl wionerfasdal epaerSatenaramyIes

cere&%@@éﬂ&%@éﬂé&&%{@@ﬁ@&%@%@@ FRPAStRGWL@ l&f&iﬁﬁﬁﬁ%&ﬁﬁé@%{ﬂﬁg%ﬂé -~
ormation mixture wa pla

GAL110- HPV 52LI #5. The yeast trans ted in Leu- sorbitol top-agar on Len-

2 orbitTO 00 bp band was excised and DNA was purified using the Geneclean Spin kit (Q-Bio Gene, Carlsbad,
€CA). The PCR product was then ligated to the pCR2.1 vector and TOP10F cells were transformed with
the ligation mixture. White colonies were cultured in LB medium with kanamycin, shaking at 37°C for
16 hours. Minipreps were performed to extract the plasmid DNA. The HPV 52 L1 gene was released
Trom the vector sequences with Bgl Il restriction endonuclease digestions. The digested DNA was

25  subjected to agarose gel electrophoresis and viewed by ethidium bromide staining. The L1 band was
purified using the Geneclean kit and ligated to a dephosphorylated, BamHI-digested pGALI10 vector.
TOP10F E.coli cells were transformed with the ligation mixiture. To screen for the HPV 52 L1 insert in
the correct orientation, plasmid DNA from the colonies was PCR-amplified. DNA sequencing was
conducted to confirm the sequence and orientation of the inserts. The selected clone was named

30  pGALII0-HPV 52L1 #5. Maxiprep DNA from the selected clone was prepared. Saccharomyces
cerevisiae cells were made competent by spheroplasting with glusulase and transformed with pGAL110-
PV 52L1#5. The yeast transformation mixture was plated in Leu- sorbitol top-agar on Leu- sorbitol
Pplates and incubated inverted for 3-5 days at 30°C. Colonies were picked and streaked for isolation on
Leu- sorbitol plates. Isolated colonies were subsequently grown in 5 ml of 5 X Leu- Ade- sorbitol with
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plates and incubated inverted for 3-5 days at 30C. Colonies were picked and streaked for isolation on
Leu- sorbitol plates. Isolated colonies were subsequently grown in 5 nil of 5 X Leu- Ade- sorbitol with
-13 WO 2009%/09P8Y49F&IT/US2005/009199 1.6% glucose and 4% galactoROFESeatingiube cultures
at 30 C to induce HPV 52 LI transcription and protein expression. EXAMPLE 2 5 Yeast codon
optimization Yeast-preferred codons have been described (Sharp, Paul M and Cowe, Elizabeth.
Synonymous Codon Usage in Saccharonzyces cerevisiae YEAST 7: 657-678 (1991)). Expression of
the HPV 52 LI wt protein was detectable; however, the level of transcription was very low and not

detectablgzbyiNesthemubighlicwasipestdaiesbihal res meduretia RRGIRIIMNSHMINRUARMA DS A0

responS|bI[% for thgslscl)vl\{ expression levels of the HPV 52 L | gene. To increase transcription of this gene
and endure l‘1’?Jﬁxr1()engt transcripts would be produced, the EIPV 52 LI gene was rebuilt utilizing yeast-
preferred codons. The sequence was inspected for the presence of yeast transcription termination
signals that are recognized by yeast, and theE&XaaRIgRces were eliminated by substitution with
altgrnativg . codansHWhilgRreserving the same amino acid sequence. The rebuilt HPV 52 Li sequence,
which 15 compnses\;;r east codon-optimized sequences, caontained 379 nucleotide alterations

compared to the HPV B PIRiT a8 ﬁé’%‘sﬁﬁfﬁf&’gg geMRetadrb A e firtaEhs2 Li R (R
= rebuillrsesTRIG JRion LsEhoductbotive eftorativive HOTRAST thé SRAB(IISEQ FRoN@is) aftis2 LI R

(SEQ Imzmls&%eﬁeﬁag&@mm@ iR kvdiner kanslapRauMeoacit sedyanee of 58 LIR
was nogg%g& %9& igS%% Qg 88 t B dﬁf The rebtunt sequence rowdes increa ed HPV 52 LI
vhich Wasrﬁ?cé‘n AR a WA RISE 8P TIRANRARRE e

proteln exp reSSIO IS a sl e OVG

dé9e|o5%%8%é%ﬁ&tggy%ﬁsﬁwédw&ibfé&m@wé%&mﬁw &méc\v@agetwe@@mmé tbxﬁmagpmg
sense and antiscihidenligomesaiftatapihbher ghiced, sShbFiPtiog mug@etm&wuhtymh@rﬁwed codon

sequeréag&wal&eaﬁgnt@ﬂy%&Qgc@wzi@%@ﬁé&a%mﬁelme Cygﬁ%msgg HIERBIACE Al

template DNA in a PCR reaction with Pfu DNA polynierase. Additiona catlon primers were

design é%ﬂ%ﬁ'fa SEOGREH By AFS rf?“ﬂw@“’r%’oi?ﬂfl%‘éc&ﬁ %&%@’ﬁ?}ﬁf‘f@mé’l é‘f@%‘ﬁ&%‘?ﬂ SrithHengbivial
conditiongdien: whijslificstivingibesaectvinspeadifierowe VEne nebstlt ERVIGAL. braployed whitbgram

resemblinghAdls JolsbousipniIaRaliBR-Lo UoNRHaY 26 fyoiesiel %&a%;’@o Qré%@ﬁ{ym
S0-55G,fgy 30, sec %””eg‘ée@ ol 1O %&Q&Q‘&%&%‘ %%L%ER fq%%vﬁgyg’y@ %@gﬁ%%”a'
extenS|on and AChor: oS Wars eXsmined y Agarose’g of the
approp?katgfﬁiié‘w@@%%@%rﬂ%@e@w&é Pt HOND aed 8Rdel Rh&%{ﬁ N4 fragments
were thefuised as RoMpIMESCURESENTReHAR 136 Arifinke At HRVR2 & YENER was not altered
(SEQ ID NO:2, see FIGURE 2). The rebuilt sequence provides increased HPV 52 L1 protein expression,
20  which is a significant advance over the wild-type for use in vaccine development.
The strategy employed to produce the optimized gene was to design long overlapping
sense and antisense oligomers that span the gene, substituting nucleotides with yeast-preferred codon
sequences while maintaining the amino acid sequence. These oligomers were used in place of template
DNA. in a PCR reaction with Pfi DNA polymerase. Additional amplification primers were designed and
25  used to amplify the rebuilt sequences from template oligomners,
The optimal conditions for amplification were section-specific; however, most reactions
employed a program resembling 94°C for 5 minutes (denaturing) followed by 25 cycles of 95°C for 30
sec (denaturing), 50-55°C for 30 sec (annealing), 72°C for 1.5 minute (extension), followed by a 72°C for
7 minute final extension and 4°C hold. PCR products were examined by agarose gel electrophoresis.
30  Bands of the appropriate size were excised and the DNA was purified from the gel slice. The amplified
fragments were then used as templates to assemble the 15 12 nt rebuilt HPV 52 L1 gene.
Following rebuild, the 1512 nt band was gel purified, and ligated to pCR4 Blunt vector
(Invitrogen, Carlsbad, CA). Following ligation, competent E. coli TOP10 cells were transformed with
the ligation mixture. Colonies were grown in 4 mi LB with ampicillin and plasmid DNA was extracted

35  from the colonies by miniprep techniques. The plasmid DNA was sequenced to confirm the presence of
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Following rebuild, the 1512 at band was gel purified, and ligated to pCR4 Blunt vector (Invitrogen,
Carlsbad, CA). Following ligation, competent E. coli TOP10 cells were transformed with the ligation
mixture. ColSHEYREEHown in 4 ml LB with ampicillin and plasmid DNA wBEEXEa6&80885%rom the
colonies by miniprep techniques. The plasmid DNA was sequenced to confirm the presence of -14
WO 2005/097821 PCT/US2005/009199 the desired HPV 52 LI rebuild changes. To add BanzHI
extensions to both ends, the 52 LI R (rebuild) was re-amplified from pCR4Blunt-52 LI R. The amplified
fragment was cloned as above and the resulting plasmid DNA was sequenced. The plasmid, pCR4
Bluntth2dd SRdBHMY sk idigesiedhaites Baoatt aadHhextesizbinggoDNA BRGMBO5NSERSMBERd)

electigphpesnthanAaoRase Aek e RS SRRdRY e bLE (BaTagmant was agl purified and

ligated to BamHI-digested pGAL110. TOP10F E.‘c%{élgnwt ogen) cells were transformed with the
|igati6ﬁs}‘ﬁﬁﬁ§r@aﬁfﬁl§ NGRS SaBTierdwEbe Riersithdt By Pem-forldBams s diersipduithn the
corre SrokiB riatite rSedingried Aufc pnien tators wereetaibipinedsky RNA segoenghglMaxiirepgplasmid

DNA s pranareghas) SHaNIACS LB AIR MNAH S SRMRS IR SRRGEANASHNG dnd disggiormed. The
yeast Og sformation yas Plated N Le%- sr%%ltcil totp-a%?r on Leu- sorbitol agar plates and incubated
ed’ro 5 i Bres

inver AR BTOR e e WETRS SRR e8ke f3rEtBhal isolation on Leu- sorbitol agar

plates. Isolated coldhREwheswbadefErhserond Iy B Brshx HEY. j%del Birsilinitie do8%tglucose
and 4Sfeg@lticiosSeducintalintoliiratull Wes abriREdotnunce Aéqﬁéﬂﬁﬁépﬁl@ikﬁji@bﬁtﬂ%g{m Emnﬁssion-
After . .a cultur equli 0.an OD600 = 10 was pelle the supernatant
was rﬁ%?\/}g%%t 'g%%l‘ggﬁbeg%su\sflxgé% rozggr?%aﬂin%g égt{(%]l%édb %8@3@%%@3@%“£W£@p%&%§ Cell

: | . . NAprep
BhlefLontErametinmees piaied inderesrbitokireeanpiiay sarpielasar latessad dnerbatd ivsrEshawed on
ice, sisfiedaied PolBien hetdpizkidead emtaltdicfdretimblegiernGibbeB Rirpasicdgaqlirate dsalatedm

tempgsiyiesfaee iRdie NGNSty elumer ehehlarofarmyyasaddad 1 denyial. Tawas then shaken
vigorously for 115 secqnds to and épcui ted at room temperature for 3 minutes. After a 5 minute
cont RS T R IR A G n e L GrascEBHoR M AR ransainto AT AR i

isoprpHite ATRLEHYRRIETES tRBNALEAShIkI6Ne TAS e aelstsd-Ah somrretipbratrertereiood thsinutes.

160 pelgtthavBilAoganirfugatienas performed at 13 k rpms for 10 minutes. The supernatant was
decanted, the RNA pellet washed with 75% EtOH and the centrifugation step was repeated. The

supernatant was decanted and the RNA pellet was allowed to air dry for 15 minutes followed by
suspension in RNase-free water. SpectrophotgtéRIds performed to determine the concentration of
RNARNthesgqapimnsing the assumption that an A260 reading of 1= 40 pg/ml RNA when the

A260/280 Cell pellets of transformed yeast induced to express HPV 52 L1 by galactose induction

20  were thawed on ice, suspended in 0.8 ml of Trizol reagent (Life Technologies, Gibeo 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 roorn 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 m1 isopropanol was added to the vial. The mixture was incubated at room temperature for 10

25  minutes. To pellet the RNA, centrifugation was performed at 13 k rpms for 10 minutes. The supernatant
was decanted, the RNA peliet washed with 75% EtOH and the centrifugation step was repeated. The
supernatant was decanted and the RNA pellet was allowed to air dry for 15 minutes followed by
suspension in RNase-free water. Spectrophotometry was performed to determine the concentration of

RNA. in the sample using the assumption that an Agggreading of 1 = 40 pg/ml RNA. when the A260/280
30 is 1.7-2.0.

EXAMPLE 4
Northwern Blot Analysis
A 1.1% agarose formaldehyde gel was cast. Five and ten micrograms of RNA were
35  combined with denaturing buffer (final concentrations: 6% formaldehyde, 50% formamide and 0.1 x

-~ 15 -



30is 1.7-2.0. EXAMPLE 4 Northern Blot Analysis A 1.1% agarose formaldehyde gel was cast. Five
and ten micrograms of RNA were 35 combined with denaturing buffer (final concentrations: 6%
formaldehyd® G&a¥5 ¥ Emide and 0.1 x -15 WO 2005/097821 PCT/1JS20B5KU8298/0MEPS) and
heated to 65C for 10 minutes. A one-tenth volume of gel loading buffer was added and the sample
was loaded onto the gel. Electrophoresis was performed at 75 volts in 1 x MOPS buffer for - 3 hours.
The gel was washed for 60 minutes in 10 x SSC. The RNA was transferred to a Hybond-N+ nylon
membrane (Amersham Biosciences, 5 Piscataway, NJ) by capillary action over 16 hours in 10 x SSC.
The RNAQSS ihéhefiveddd 6 tMefoyiomimesbrane:byndiosh:inkin gl Siaghih & Shkatagengitid\dfiasalinker

auto crosslipk funelianyGHARORA eakéusgé@e&ma%m%%@@amm@m MNEMASRIGWAS Aljowed to air
dry. Th Rochegé)l High Prlm DNA Labelin XI(éiﬁ%tectlon Kit | (Hoffmann-La Roche Ltd., Basel
L

SW|tze FLRETS S Eq_olnﬂﬂué??d“s NA sequences with DIG to be used 10 as
probes to detect 52 LThoRaadv62 iRiRNAtopn HhdadithenplbloneitheapedyloridizatRingdiyiseslization,

and impgaskagisatieylanmenidsnevan anhiiG alkeire phospbaiass: cRBigatet AptiRedy were
performed er tf manu actures., rec endatl r|e %ﬁthe blot Wagegg ‘_é/brl {Jéted at 37 for 30
f

minutes Wi akln ngrﬁsm e WAt cPenature By Reating (O Lafa e
subseqlfdiat ﬁgﬁénélﬁ?@éﬁlgcé‘eﬂﬂ@bmﬁé%% HWH’T@‘%H@ WEYYdlzatlon solution and applied to the 15
membrane for 4 hoummﬂ%tﬁ@:nauqlgenﬂmsmmga&mgwmuw kaluipiasmthenaremeved and

the b'%‘&@%ﬁ@?“ﬁﬂt@eﬁ:@&)%@'ﬂ:&é@ﬁ) NRPSSEEWINGA % ?BM&&@? %esfwa&{ % [2lpwed by an
additional wash at 65C with 0.5 x SSC and 0.1% SDS, The ot was t ocked for 30 minutes and

artti-DI& &R ﬁﬁ@&ﬁ%&b??a&és‘@t%%ﬁ%&a} WWQ&?I@B%@Q@WW@N 30 minutes.
The blbywwiszetieshend anuthelggiesaterel of probesibg emenR M wiis et ehoipbat day-MBIREHP substrate

20 det%tﬂma@fme &%@%@M&B@ﬁﬁﬁﬁa@%@%&ﬁ@hﬂa@&sb%ﬁﬁm@@ﬁx &9&%&6}%{3{&%&&’93“

expres P}{ 52 LI WtS atH V52 rot nwas, ex ressed; ver the level
low. No§r hern b0 ana fs‘?él roﬂrln egs rxotrglcts c%: e uregylne Hee (? geé)%presslﬁwgﬁnév

did notﬁ*&?éalr%weféétaﬁr@w%mbmw asfﬂﬁééoémlgﬂét@moefsqh@mpndmat@%r,@éh@/as
datectederibuas fheanhtiad S0ME THAGNSNIENARBNTRE PibaERIRRsRtide v HEM SR EgaRE Was

rebull yifbieaak BIRIRH 9% SRPAREAVENS S S0 ee. PASBREIGALG RIBLAY, BISARIERES IR

transcrlptlon termlnatlon SlteS to ensure robust transcrlgtlo I't ern t an SIS O
transor T EORAL AR AL T o S A SIS e Plosgdfpr 30 minutes and

anti-DIG alkaline phosphatase-conjugated antibody was applied at a 1.5 000 dilution for 30 minutes. The

blot was washed and the presence of probe-bound RNA was determined by NBT/BCIP substrate
20 detection of the alkaline phosphatase conjugated anti-DIG bound antibody.

Initial analysis of yeast expressing HPV 52 L1 wt suggested that HPV 52 L1 protein was
expressed; however, the level was low. Northern blot analysis of RNA from yeast extracts of cultures
induced to express HPV 52 L1 wt did not reveal any detectable HPV 52 L1 RNA. Since some protein of
the appropriate size was detected, it was clear that some full-length RNA transcripts were made. The

25  HPV 52 L1 gene was rebuilt with yeast-preferred codon seguences and was engineered to omit any
possible premature transcription termination sites to ensure robust transcription. Northern blot analysis
of the HPV 52 1.1 R transcript revealed that full-length transcripts were generated and detectable by
Northern blot analysis (FIGURE 3).

30 EXAMPLE 5
HPV 52 L1 Protein Expression
Frozen yeast cell pellets of galactose-induced cultures equivalent to ODgoo= 10 were
thawed on ice and suspended in 300 pl of PC buffer (100 mM NapHPO4 and 0.5 M NaCl, pH 7.0) with
2mM PMSF. Acid-washed 0.5mm glass beads were added at a concentration of ~ 0.5g/tube. The tubes
35  were vortexed for 3 cycles of 5 minutes at 4°C with a 1 minute break. 7.5 pl of 20% TritonX100 was
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Northern blot analysis (FIGURE 3). 30 EXAMPLE 5 HPV 52 LI Protein Expression Frozen yeast cell
pellets of galactose-induced cultures equivalent to OD600= 10 were thawed on ice and suspended in
300 | of PC BUfeMBY#M Na2HPO4 and 0.5 M NaCl, pH 7.0) with 2mM PREFESAWMHSAed 0.5mm
glass beads were added at a concentration of - 0.5g/tube. The tubes 35 were vortexed for 3 cycles of
5 minutes at 4C with a 1 minute break. 7.5.tl of 20% TritonX100 was -16 WO 2005/097821
PCT/US2005/009199 added and the vortex step -was repeated for 5 minutes at 4C. The tubes were
placed on ice for 15 minutes, followed by centrifugation for 10 minutes at 4C. The supernatant was
transfexdéal tadtbterdaensicpocentrfugedibe’ whisk g labaipdiaisfotaty/slasiqueieinfexiract, dated,

and stgratal 1605w E?%Mﬁh%_lﬁio%/ﬁétﬁ? BipkaRabEISTLeElEASL RIS IR GHACHTTO M YaRtY

isolated, yeast Qg\%nie for each HPV. 52 || conftruct were analyzed by Western blot to confirm
expreSERGREBGELY SRR VaHEPYshsYal Tati ok mer et dRied4nd YR LAt P& half
micrograms of total yeast protein extract were combined with SDS-PAGE loading buffer and heated to
95C for 10 minutes. The HPV 16 LI protein, whigh igpppgroximately 55 kDa, was included as a positive
contro{Ng ong tp Hch/ .lgl-free total yeast protein extract as a negative control (data not shown). The
proteins vlvgre]%% ec 1 nto a 10% SDS-PAGE gel and electrophoresed in Tris-Glycine buffer. After

protein separation, theAstthHETRIEH SRfEstFRIY irRaTy Ferdatos! renst entowiss fonmitebddRY G¥eldnd the
resultinonistotwvasdioskedind WatienlduifeotRirkegpasdandr Revrgl BberatotieseEaithassburg, MD)
for 1 hour@.poom temperature with rocking. The blot was washed three times and yeast absorbed

%at anti-trpeE-HPV 31 L| serum, which cross-reacts with HPV 16 and BPV 52 LI proteins, was applied
aCroom temperature F8t TEen B <™ RBLTBETAL THER SHARN 8h ARt R RS Bt DEsECRied - 2500

dilutiorigh 8Hb-H64IEH RPirp udeteidetitsddg 967CQ thr 10 mair@@eb| SEhwAEPXgHiL Washeid, thtgehtimes and
NB;F@@%M&@? Bssubstiate iﬁ@ﬁc@ﬂﬂﬁ%&‘ﬁk&%@lgt@ﬁl&r@l%{l%ﬁ%ﬂ% ﬂiﬁgg{/@?él%)aﬂ%%%%ttivet .
rotein I elected as pur. anads.on e nNiot. dll case e S detecCle
av (R el e e R R S A e
(FIGURREIPPhprese dn dr-Gllrdop fery Aiftex proiin seBap oan B aspiatatiere Destsgnitieasfiyeteater
thian tifedl Y =2 thinitdoaliol 30 Hd)hk wadt2ly blearwtalaten kehuiliing: herexurssionieyel of
codonspRimizef idF, enitl R AGERBS AR G AR QU Rld. WhIGh G NG ATt gf dingct comparison on

the Westérn blot. .
washed three times and yeast absorbed goat anti-trpE-HPV 31 L1 serum, which cross-reacts with HPV

16 and HPV 52 L1 proteins, was applied at room temaperature for 16 hours. The blot was then washed
three times and incubated with a 1:2500 dilution of anti-goat-HRP conjugated antibody for 1 hr. The

20 blot was again washed three times and NBT/BCIP detection substrate was applied (Kirke gaard and Perry
Laboratories). Immunoreactive proteins were detected as purple bands on the biot.

In all cases, the PV 52 L1 protein was detected as a distinct immunoreactive band on

the nitrocellulose corresponding to approximately 55 kDa. (FIGURE 4) The intensity of the HPV 52 L1
R band (2.5 ug lane) appeared to be significantly greater than the HPV 52 L1 wt band (10 ug). It was

25  clear that upon rebuilding, the expression level of codon-optimized HPV 52 L1 R increased more than

four-fold, which is the limit of direct comparison on the Western blot.

EXAMPLE 7
Transmission Electron Microscopy
30 To demonstrate that the 52 1.1 protein was in fact self-assembling to forma pentameric-L.1
capsomers, which in turn self-assemble into virus-like particles, a partially purified HPV 52 L1 R protein
extract was subjected to transmission electron microscopy (TEM).
Yeast were grown under small scale fermentation and pelleted. The resulting peliets
were subjected to purification treatments. Peliet and clarified yeast extracts were analyzed by
35  immunoblot to demonstrate HPV 52 L1 protein expression and retention throughout the purification

-17 -



EXAMPLE 7 Transmission Electron Microscopy 30 To demonstrate that the 52 LI protein was in fact
self-assembling to form pentameric-LI capsomers, which in turn self-assemble into virus-like particles,
a partially pd¥fedd¥B¥%3 Li R protein extract was subjected to transmissidHCaIEERHH/AIRYSscopy
(TEM). Yeast were grown under small scale fermentation and pelleted. The resulting pellets were
subjected to purification treatments. Pellet and clarified yeast extracts were analyzed by 35
immunoblot to demonstrate HPV 52 LI protein expression and retention throughout the purification
_17_WO 2005/097821 PCT/US2005/009199 procedure. Clarified yeast extracts were then subjected
to centrifugmtion@udiial 468 suciosereustion seiectbbtoasnliifgspetebwas ssspanded jadadier for
analysisehBNBRelMURA Lol HEBERESRIRHNE AP ENR) ey VYR IEWL DS produced is

shown in FIGURE 5, The diaméter of the spherical particles in this crude sample ranged from
between 40 and 70%5?%%%@&1?@%&@5?&%&@%&& R regtrdragrasadr ehpysnmEfSUREWHAT IS
CLAIMEDlignaterohibiclepbesicid raoiaded éncbin privio srage quesrddiofmhettestidi®siad Batforitin SEQ ID
NO: 1@{9@%@1&;}9@&&5@&}3@\(5&@&%@(g%zﬁggfgém in SEQ ID NO:2, the nucleic acid sequence
being codon-optimized for high-level expression in a yeast cell. 2. A vector comprising the nucleic acid
molecule of claim I. 3. A host cell comprising the vector of claim 2. 4. The host cell of claim 3, wherein
the host cell is a yeast cell. 5. The host cell of claim 4, wherein the yeast cell is selected from the
group consisting of: Saceharomyces cerevisiae, Hansenula polymorpha, Pichiapastoris,
Kluyveromyces fragilis, Kluyveromyces lactic, and Schizosaccharomyces pombe. 6. The host cell of
claim 4, wherein the host cell is Saccharomyces cerevisiae. 7. A method of producing an HPV 52
virus-like particle (VLP), the method comprising: (a) transforming a yeast cell with the nucleic acid
molecule of claim I: -19 (b) cultivating the transformed yeast cell under conditions that permit
expression of the codon-optimized nucleic acid molecule to produce a recombinant papillomavirus
protein; and

- 18-



(c) isolating the recombinant papillomavirus protein to produce the HPV52 VL,P . 8. The method of
claim 7 wherein the yeast cell is selected from the group consisting of Saccharomyces cerevisiae,
Hansenula polymorpha, Pichia pastoris, Kluyveromyces fragilis, Kluyveromyces lactis, and
Schizosaccharomyces pombe. 9. The method of claim 8, wherein the yeast cell is Saccharomyces
cerevisia# HA0.13 e methpd ©f claim 7, further comprising: (d) adding a pharmaceutically acceptable
carrier to the HPV 52 VLP to produce a pharmaceutical composition. -20 WO 2005/097821
PCTIUS2005/009199 SEQUENCE LISTING <110> Merck & Co., Inc. <120> OPTIMIZED
EXPRESSION OF HPY 52 L4 iNclsEaaimelesple samprispe s searses e0rsgsgis a1 s15oph0a-03-24
<160> 7SELYD>Neast SaQefosdAkinal BINS 32drsipndin asd Otk mAERFIDSIA: X2k dAINA G2 IdmdAstificial
Sequenggis2205 <3AaT ARV 2k Rve Q& Alolscgickagagaccate cgaagetact gtctacttge caccagtee
agtctctaag 60 gttgtctcta ccgacgaata cgtctccaga acctccatct actactacgc tggttcctc t 120 agattgttga
ctgtcggtca cccatacttc tctatcaaga acacctcctc cggtaacggt 180 aagaaggtct tggttccaaa ggtctctggt
ttgcaataca gagtcttcag-aatcaafjttay2ad wayerdcan deragttcygltickodgadradtagtttct acaacccaga
aactcaaaga 300 ttggtctggg cttgtactgg tttggaaatc ggtagaggtc aaccattggg tgtcggtat ¢ 360 tctggtcacc
cattgttgaa caagttcgac 39_3030?%%%0%50}&%533 rgt%%g‘getag; gtz‘gai%agccaggta tcgataacag agaatgtttg
tctatggact acaagcaaac tcaattgtg 8 ®

4. The host cell of claim 3, wherein the host cell is a yeast cell.
5. The host cell of claim 4, wherein the yeast cell is selected from the group
consisting of: Saccharomyces cerevisiae, Hansenula polymorpha, Pichia pastoris, Kluyveromyces

Jragilis, Khuyveromyces lactis, and Schizosaccharomyees pombe.

6. The host cell of claim 4, wherein the host cell is Saccharomyces cerevisiae.

7. A method of producing an HPV 52 virus—like particie (VL.P), the method
comprising:

{a} transforming a yeast cell with the nucleic acid molecule of claim 1
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atcttgggtt gtaagccacc aatcggtgaa cactggggta agggtactcc atgtaacaac 540 aactctggta acccaggtga
ctgtccacca ttgcaattga tcaactccgt catccaagac 600 ggtgacatgg tcgacactgg tttcggttgt atggacttca
acaccttgca agcttctaag 660 tccgacgtcc caatcgacat ctgttcctct gtctgtaagt acccagacta cttgcaaat g 720
gcttctgaac catacggtga ctccttgttc ttcttcttga gaagagaaca aatgttcgt ¢ 780 agacacttct tcaacagagc
tggtaccttg ggtgacccagiiccaggigaaciigthcatesbibicdaaggiictasnictogiancantgglastigéepasiet stgctttctt

cocaactcea 900 fetggticea tggleagslc,(ACEGAA HONGAARI ARGARCIAAIoRaaRYR 960 getcaaggte
acaacaacgg tatctgttgg ggtaaccaat tgttCgtcac cgtcgtcgac 1020 actactagat ctactaacat gaccttgtgt

gctgaagtca agaaggaatc cactiASYBEHPLLR#4act tcaaggaata ctigagacac ggtgaagaat tcgacttgea
attcatctt c 1140 caatt@gigta ageltcaccitagacegbigat giedigactiacatocacaspgatggabgtiP Y200 Lactatcttgg
aagactggca attcggtttg actccaccac catccgcttc cttggaagac 1260 acttacagat tcgtcacttc cactgctatc
acctgtcaaa agaacactcc accaaa 1320 aaggaagacc cattgaagga ctacatgtic tgggaagtcg acttgaagga
aaagttctc t 1380 gctgcgacttggag%egrglgélggcogftlaﬁlgtgaﬁa% léeéréf%%etty&a f@%%‘i&&%f&%&%%&&“g%ﬁ 449 agaccaaagt
tgaagagdteidi@abetctigceasgaa ctiteaddas gudnadynay 16 00cjioamgaiakas¥sdRie210> 2 <211>
503 -1 We22006L0 7821 RGL1 92005/00819%: 54123 RRE<213> Human papillomavirus type 52
<400> 2 Met Ser Val Trp Arg Pro Ser Glu Ala Thr Val Tyr Leu Pro Pro Val 1510 15 Pro Gly Ser Lys
Val Val Ser Thr Asp Glu Tyr Val Ser Arg Thr Ser 20 25 30 lle Tyr Tyr Tyr Ala Gly Ser Ser Arg Lou Leu
Thr Val Gly His Pro 35 40 45fyribiad Sieildiar By & ixeri e SerSsel GIy adivGRy S B Nat-Leu 50 55
60 Val Pro Lys Val Ser Gly Leu GIn Tyr Arg Val Phe Arg lle Lys Leu

10. The method of claim 7, further comprising:
(d) adding a pharmaceutically acceptable carrier to the HPV 52 VLP to produce a

pharmaceutical composition.
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65 70 75 80 Pro Asp Pro Asn Lys Phe Gly Phe Pro Asp Thr Ser Phe Tyr Asn Pro 85 90 95 Glu Thr
GIn Arg Leu Val Trp Ala Cys Thr Gly Leu Glu lle Gly Arg 100 105 110 Gly GIn Pro Lou G1ly Val Gly lle
Ser Gly His B8 18 1%882Asn Lys 115 120 125 Phe Asp Asp Thr Glu Thr SBFREFINF091RIa G1ly
Lys Pro Gly lle 130 135 140 Asp Asn Arg Glu Cys Lou Ser Met Asp Tyr Lys GIn Thr GIn Leu Cys 145
150 155 160 lle Leu Gly Cys Lys Pro Pro lle Gly Glu His Trp Gly Lys Gly Thr 165 170 175 Pro Cys
Asn Asn Asn Ser Gly Asn Pro Gly Asp Cys Pro Pro Lou GIn 180 185 190 Len lle Asn Ser Val lle GIn
Asp Gly Asp Met Val Asp Thr Gly Phe 195 200 205 Gly Cys Met Asp Phe Asn Thr Leu GIn Ala Ser
Lys Ser Asp Val Pro 210 215 220 lle Asp Il&gy&ggr %Erﬁylgé Cys Lys Tyr Pro Asp Tyr Leu GIn Met
225 230 235 240 Ala Ser Glu Pro Tyr Gly Asp Ser Lo he Phe Leu Arg Arg Glu 245 250 255
GIn Met1Rhe VMak-&rgeHi® Pheihe Asn Arg Ala Gly Thr Leu Gly Asp 260 265 270 Pro Val Pro Gly Asp
Leu Tyr lle GIn Ser Asn Ser Gly Asn Thr 275 280 285 Ala Thr Val GIn Ser Ser Ala Phe Phe Pro
Thr Pro gé('lﬁgt EWE@%I%OO%Q%F%&PGW Ser GIn Leu Phe Asn Lys Pro Tyr Trp Leu GIn
Arg 305 310 315 320 Ala GIn Gly His Asn Asn Gly lle Cys Trp Gly Asn GIn Leu Phe Val 325 330 335
Thr VakValAspsiar #dw Arg Ser Thr Asn Met Thr Leu Cys Ala Glu

<150>
<151>

60/555%26
2004-03-24

<160> 7

<170> FastSEQ for Windows Version 4.0

<210> 1

<2%1> 1512
<212> DNA
<213>

<220>
<223>

<400> 1

atgtecgtct
ghttatcteta
agattgttga
aagaaggtct
ccagacocaa
ttggtectggy
tectggtecace
aagocaggta
atcttggott
aactectggta
ggtgacatgy
teeogacgteco
gcttctgaac
agacacttot
caaggttcca
tetggticcea
gcetoaasggte
actactagat
aacgaaaact
caattgtogta
actatcttgg
acttacagat
aaggaagace
getgacttgg
agaccaaagt
gtcaagagat

<210> 2
<211> 503

HPVLH2L1IR

ggagaccatc
ccgacgaata
ctgtegotea
tggttocaaa
acaagticgg
cttgtactgg
cattgttgaa
tcgataacag
gtaagecacc
acccaggtga
tegacactyy
caatcgacat
catacggiga
tcaacagage
actctggtaa
tggtcacctce
acaacaacgg
ctactaacat
tcaaggaata
agatcaccott
aagactggea
tegteactte
cattgaagga
accaattccc
tgaagagacc
aa

Artificial Secquence

cgaagctact
cgbctecaga
cceceatactto
gutctetggt
tttccecagac
tttggaaatc
caagttegac
agaatgtityg
aatcggtgaa
ctgteocacea
ttteggtigt
ctgttcctet
chtecttgtte
tggtaccttyg
cactgctact
cgaatcocaa
tatctgttgy
gaccttgtgt
ctitgagacac
gaccgcetgac
attcggttty
cactgctatc
ctacatgtic
attgggtaga
agctagetet

gicectacttge
acctecatet
tctatcaaga
ttgcaataca
actagttict
ggtagaggtc
gacactgaaa
tctatggact
cactggggta
ttgcaattga
atggacttca
gtetgtaagt
ttettettga
ggtgacccay
gtccaatect
ttgtteaaca
ggtaaccaat
getgaagica
ggtgaagaat
gteatgactt
actccaccac
acctgtcaaa
tgggaagtcg
aagttctigt
gctoccaagaa

caccagticc
actactacge
acacctecic
gagtettcag
acaacccaga
aaccattggg
cctetaacaa
acaagcaaac
agggtactce
tcaactcegt
acaccttgea
acccagacta
gaagagaaca
ttcecaggtga
ctgetttett
agccatactyg
tgtteogtcac
agaaggaatc
tegacttgea
acatccacaa
cabcegette
agaacactcc
acttgaagga
tgcaagetygg
cttcecaccaa

agtctctasg
tggttocotot
cgotaacggt
aatcaagtizg
aactcaaagga
tgtcggtaizc
gtacgctagt
tcaattgtagt
atgtaacaac
catccaagac
agcttctaag
ctigraaat-g
aatgttegizc
cttgtacatc
ccecaactoca
gtigeaaagga
cgtegtogac
cacctacaag
attcatctitc
gatggacge:t
cttogaaga.c
accaaaggagt
aaagttcoctoct
ttigcaagct
gaagaagaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1512



340 345 350 Val Lys Lys Glu Ser Thr Tyr Lys Asn Glu Asn Phe Lys Glu Tyr Len 355 360 365 Arg His
Gly Glu Glu Phe Asp Leu GIn Phe lle Phe GIn Leu Cys Lys 370 375 380 lle Thr Leu Thr Ala Asp Val
Met Thr Tyr BTkt Asp Ala 385 390 395 400 -2 WO 2005/097821 B HEE56¥8/889199 Thr
lle Leu Glu Asp Trp GIn Phe Gly Leu Thr Pro Pro Pro Ser Ala 405 410 415 Ser Leu Glu Asp Thr Tyr
Arg Phe Val Thr Ser Thr Ala lle Thr Cys 420 425 430 GIn Lys Asn Thr Pro Pro Lys Gly Lys Glu Asp
Pro Leu Lys Asp Tyr 435 440 445 Met Phe Trp Glu Val Asp Leu Lys Glu Lys Phe Ser Ala Asp Leu
Asp 45{(;_];?5 419,9 GIn Phe Pro Leu Gly Arg Lys Phe Leu Lou GIn Ala Gly Leu GIn Ala 465 470 475
K

480 Arg i) Eﬁa’n%a'ﬁﬁﬁ&%@f@xé'%?ﬁé Ser Ala Pro Arg Thr Ser Thr 485 490 495 Lys Lys Lys Lys

Val Lys Arg 500 <210> 3 <211> 1512 <212> DNA <213> Human Papillomavirus Type 52 <400> 3
atgtccg#figgeggcctag tgaggcecact gtgtacctgce ctectgtacc tgtctctaag 60 gttgtaagca ctgatgagta tgtgtctcgce
acaag&‘aifbtscﬁ‘fafféfgg RygEagRep19eF dﬁ%ﬁé&ﬁagl?ad{ébg% feeetitif Rrattdda acaccagtag

tggtaaidgl 480 aaragaolll iaglieccas QuDEIgOE luRAAtaca gggialiadBatiaagity 240 ccggacceta
ataaatttgg ttttccagat@catcttttt ataacccaga agCcCaaadg 300 ttggtgtg@g cctgtacagg cttggaaatt
ggotaggtgacagdotttagy tglgggthtt 360 Ser Arg Leu Leu Thr Val Gly His Pro
35 40 a5
Tyr Phe Ser Ile Lys Asn Thr Ser Ser Gly Asn Gly Lys Lys Val Leu
50 55 60
Val Pro Lys Val Ser Gly Leu Gln Tyr Arg Val Phe Arg Ile Livs Leu
65 76 75 80
Pro Asp Pro Asn Lys Phe Gly Phe Pro Asp Thry Ser Phe Tyr Asn Pro
85 90 g5
Glu Thr Gln Arg Leu Val Trp Ala Cys Thr Gly Leu Glu Tle Gly Arg
100 105 110
Gly Gln Pro Leu Gly Val Gly Ile Ser Gly His Pro Leu Leu Asn Lys
1i5 120 125
Phe Asp Asp Thr Glu Thr Ser Asn Lys Tyr Ala Gly Lys Pro Gly Ile
130 135 140
Asp Asn Arg Glu Cys Leu Ser Met Asp Tyvr Lys Gln Thr Gln Leu Cys
145 150 155 160
Ile Leu Gly Cys Lys Pro Pro Ile Gly Glu His Trp Gly Lys Gly Thr
165 170 175
Pro Cys Asn Asn Asn Ser Gly Asn Pro Gly Asp Cys Pro Pro Leu Gln
180 185 is80
Leu Ile Asn Ser Val Ile Gln Asp Gly Asp Met Val Asp Thr Gly Phe
185 200 205 _
Gly Cys Met Asp Phe Asn Thr Leu Gln Ala Ser Liys Ser Asp Val Pro
210 215 220
Ile Asp Ile Cys Ser Sexr Val Cys Lys Tyr Pro Asp Tyr Leu Gln Met
225 230 235 240
Ala Ser Glu Pro Tvyr Gly Asp Ser Leu Phe Phe Phe Leu Arg Arg Glu
245 250 255
Gln Met Phe Val Arg His Phe Phe Asn Arg Ala Gly Thr Leu Gly Asp
260 265 270
Pro Val Pro Gly Asp Leu Tyr Ile Gln Gly Ser Asn Ser Gly Asn Thr
275 280 285
Ala Thr Val Gln Ser Ser Ala Phe Phe Pro Thr Pro Ser Gly Ser MNet
280 295 300
Val Thr Ser Glu Ser Gln Leu Phe Asn Lys Pro Tyr Trp Leu Gln Arg
305 310 315 320
Ala Gln Gly His Asn Asn Gly Ile Cys Trp Gly Asn Gln Leu Phe Val
325 330 335
Thr Val Val Asp Thr Thr Arg Ser Thr Asn Met Thr Leu Cys Ala Glu
340 345 350
Val Lys Lys Glu Ser Thr Tyr Lys Asn Glu Asn Phe Lys Glu Tyr Leu
355 360 365
Arg His Gly Gilu Glu Phe Asp Leu Gln Phe Ile Phe Gln Leu Cys Lys
370 375 380
Ile Thr Leu Thr Ala Asp Val Met Thr Tyr Ile His Lys Met Asp Ala
385 390 395 400



agtgggcatc ctttattaaa caagtttgat gatactgaaa ccagtaacaa atatgctggt 420 aaacctggta tagataatag
ggaatgttta tctatggatt ataagcagac tcaattatgc 480 attttaggat gcaaacctcc tataggtgaa cattggggta
agggaacccc Waga8t a0 aattcaggaa atcctgggga ttgtccteee ctacagetca tta®édgtiRepivaeigdat 600
ggggacatgg tagatacagg atttggttgc atggatttta ataccttgca agctagtaaa 660 agtgatgtgc ccattgatat
atgtagcagt gtatgtaagt atccagatta tttgcaaatg 720 gctagcgagc catatggtga cagtttgttc ttttttctta gacgtgagca
aatgtttgtt 780 agacactttt ttaatagggc cggtacctta ggtgaccctg tgccaggtga tttatatata 840 caagggtcta
actctggcaa tactgccact gtacaaagca gtgctttttt tcctactcct 900 agtggttcta tggtaacctc agaatcccaa ttatttaata
aaccalaelo pllacancl 960, 0905300005, acRalaag alalioq ggeaaicadt igiioteac agtiglggat 1020
accactcgta gcactaacat gay tatg‘tj gctgaggtta aaaggpaaag cacatataaa 15 {0 aatgaaaatt ttaaggaata
ccttcgteat ggagaggaakigatitaca-atitattthd vk caattgigcamaaattacatagsagsigat gttatgacat acattcataa
gatggatgcc 120 0 adigltttag aggactggca at#ggcctt accccaccac-cgtéggcatc tttggaggac 126 0
acatac%%"ét&i@tcﬁtﬂ&ct’@ﬁa?&%&ﬁ@c %’é LaRdtsederakera 5 HYE32%® A¥fgaagatc ctitaaagga
ctatatgyt toggaguigo.alitaaaaga,aaagilicd 138 0, gcagattag aiﬁgggt;%c,{gegzggggg aagtttttgt tacaggcagg
gctacaggctd#4 0 aggcccaaac taagacgccc tgcatcatcg gcgggacgta cctccacaaa gaagaaaaag 150 O
gttaaaadyt ris=151c2 Le@ 1y Jpc@ 11lps 28h < 2H2>1N A KR B2 ArtHiciauSeguenee -3 WO 2005/097821
PCT/US2005/009199 <220>%523> PCR Primer <430> 4 atgtecgtgt ggcg%@@tag t21 <210>5<211>
22 <2152 BRART1 S AJfficii S &Gefits Sox Sor Ala Bro frg ihr Serihr

490

Iys Lys Lys Lys Val Lys Arg

<210> 3

<21i1> 1512
<212> DNA
<213>

<400> 3

atgteocecgtgt
gttgtaagca
cgattactaa
aasaaagttt
coggacocta
ttggtgtggg
agtgggcatc
aaacctggta
attttaggat
aattcaggaa
ggggacatgy
agtgatgtoc
gctagcgage
agacactttt
caagggtcta
agtggttcta
gogcagggoo
accactcgtsa
aatgaaaatt
caattgtgca
actattttayg
acatacagat
aaggaagatc
gcagatttag
aggcccaaac
gttaaaaggt

<210> 4
<211= 21
<212> DNA
<21i3>

500

ggcggectag
ctgatgagta
cagtaggaca
tagticccaa
ataaatttgg
cctgtacagy
ctttattaaa
tagataatag
gcaaacctceo
atectgggga
tagatacagg
ccattgatat
catatggtga
ttaataggge
actctggeaa
tggtaaccte
acaataatgg
geactaacat
ttaaggaata
aaattacatt
aggactggca
ttgtcactte
ctttaaagga
atcagtttce
taaaacgcce

aa

tgaggccact
tgtgtctcge
tcoctattit
ggtgtetgge
ttticecagat
cttggaaatt
caagtttgat
gogaatgttta
tataggtgaa
ttgteoctece
atttggtige
atgtagcagt
cagtttgtte
cggtacctta
tactgeccact
agaatcccaa
catatgttgg
gactttatgt
ccttegteat
aacagctgat
atttggcctt
tactgctata
ctatatgttt
tttaggtagy
tgeatcateg

Artificial Sequence

Human Papillomavirus Type 52

gtgtacctge
acaagcatct
totattaaaa
ctgeaataca
acatctittt
ggtaggggac
gatactgaaa
tctatggatt
cattggggta
ctacagetca
atggattita
gtatgtaagt
ttttttetta
ggtgacectyg
gtacaaagca
ttatttaata
aggcaatcagt
getgaggtta
ggcgaggaat
gttatgacat
acccocaccac
actigtcaasa
tgggaggtgg
aagtttttgt
geoccacgta

ctecetgtace
attattatge
acaccagtag
goggtatttay
ataacccaga
agcecctttagg
ccagtaacas
ataagcagac
agggaacece
ttaacagtgt
ataccttgea
atccagatta
gacgtgagca
tgccaggtga
gtgctttttt
aaccgtactg
tgtttgtecac
aaaaggaaag
ttgatttaca
acattcatas
cgtcetgeate
aaaacacgoc
atttaasaga
tacaggcagy
cctecacaaa

tgtetetaag
aggcagttct
tggtaatggt
aattaaattg
aacccaaagg
Ltgtgggtatt
atatgctggt
teagttatge
ttgtaataat
aatacaggat
agctagtaaa
tttgcaaaty
aatgtttgtt
tttatatata
tectactect
gttacaacgt
agttgtggat
cacatataaa
atttattttt
gatggatbgecce
Lttggagogac
acctaaagga
aaagttttct
getacagget
gaagaaaaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
9560
102 0
108 0
114 0
1200
126 ©
132 0
138 0
144 0
i500
1512



<220> <223> PCR Primer <400> 5 gagatctcaa ttacacaaag tg 22 <210> 6 <211> 31 <212> DNA
<213> Atrtificial Sequence <220> <223> PCR Primer <400> 6 gagatctcac aaaacaaaat gtccgtgtgg ¢ 31
<210> 7 <2MQ 1991812 DNA <213> Artificial Sequence <220> <223> BSTARHHENEL <400> 7
tacaggcaga cctctggtag gcttcgatga cagatgaacg gtggtcaagg tcagagattc 60 caacagagat ggctgcttat
gcagaggtct tggaggtaga tgatgatgcg accaaggaga 120 tctaacaact gacagccagt gggtatgaag agatagttct
tgtggaggag gccattgcca 180 ttcttccaga accaaggttt ccagagacca aacgttatgt ctcagaagt c ttagttcaac 240
ggtctgggit tgttcaagce aaagggtctg tgatcaaaga tgttggtic t ttgagtttct 300 aaccagaccc gaacatgacc
aaacctitag ccatgtceag, tiggtaaccc acagccatag 360 agaccagtgg gtaacaactt gttcaagctg ctgtgacttt
gaagattgt t catgcgacca 420 ttcggtccat agctattgtc tcttacaaac agatacctga tgttcgttt g agttaacaca 480
tagaaceddyr cattcggtgg ttagcecactt gtgaccccat tcccatgagg tacattgttg 540 ttgagaccat tgggtccact
gacagftgitaatgatHI%FE§agdea gtaggtictg 600 ccactgtacce agetgtgacc aaagccaaed tacctgaagt
tgtggagegf icgaagattc 660 aggctgcagg gttagctgta gacaaggaga cagacattca tgggtctgat gaacgtttac 720
cgaagagttg-gtatgccact gaggaacaag aagaagaact ettctcttgt ttacaagcag 780 tctgtgaaga agttgtctcg
accatggdae cedktgggtc aagatccac t gaacatgtag 840 gttccaaggt tgagaccatt gtgacgatga caggttagga

gacgadadia dyttigsggioberuence :

<220>

<223> PCR Primer

«<400> 5

gagabtctcaa ttacacaaag tg

<210> 6
<211> 31
<212> DNA
<213>

<220>
<223>

<400> 6

PCR Primer

Artificial Sequence

gagatctcac aaaacaasaat gtcogtgtgg ©

<210> 7

<211> 1512
<212> DNA
<213>

<220>
<223>

<400> 7

tacaggecaga
caacagagat
tetaacaact
ttectteocaga
ggtctgggtt
aaccagacce
agaccagtgg
ttecggteccat
tagaacccaa
ttgagaccat
ccactgtace
aggctgcagy
cgaagacttg
tctgtgaaga
gtteocaaggt
agaccaaggt
cgagttcocag
tgatgatcta

52L1R antisense

cetetgotag
ggctgetitat
gacagccagi
accaaggttt
tgttecaagec
gaacatgacc
gtaacaactt
agctatitgte
cattcggtgg
tgggtecact
agctgtgace
gbttagetgta
gtatgecact
agttgtctco
tgagaccatt
accagtggag
tgttgttgee
gatgattgta

Artificial Seguence

gecitegatga
gocagaggtet
gggtatgaagy
ccagagaceca
aaagggtctg
aaacctttag
gttcaagetyg
tettacaaac
ttagecactt
gacaggtggt
aaagcoaaca
gacaaggaga
gaggaacaag
accatggaac
gtgacgatga
gettagggtt
atagacaacc
ctggaacaca

cagatgaacyg
tggaggtaga
agatagttect
aacgttatgt
tgatcaaaga
ccabtcteocag
ctgtgacttt
agatacctga
gtgaccccat
aacgttaact
tacctgaagt
cagacattca
aagaagaact
coactgggte
caggtbtagga
aacaagttgt
ccattggtta
cgactteagt

gtggtcaagg
tgatgatgcg
tgtggaggag
ctcagaagioc
tgtigggtct
ttagtaaccco
ggagattgtt
tgttogtttzg
teccatgagg
agttgaggca
tgtggaaccrt
togggtetgat
ctteoctettogt
aaggtccact
gacgaaagsa
tcggtatbgac
acaagcagicg
tctteocttaay

tcagagattc
accaaggaga
gecattgeea
ttagttcaac
ttgagtttet
agcagcecatag
catgcgacca
agttaacaca
tacattgttg
gtaggttectg
tcgaagattc
gaacgtitac
ttacaagcag
gaacatgtag
gggttgaggt
caacgtttct
gcagcagety
gtggatgttc

22

31

60
120
180
240
300
360
420
480
540
600
560
720
780
840
200
960
1020
1080



agaccaaggt accagtggag gcttagggtt aacaagttgt tcggtatgac caacgtttct 960 cgagttccag tgttgttgec
atagacaacc ccatt‘??qtta acaagcagtg gcagcagctg 1020 tgatgatcta gatgattgta ctggaacaca cgacttcagt
tcttccttag gtdyargie 1086 -4 WO 2005/097821 PCT/US2005/009199 ttgcttt’c’%ﬁ”&%}&%’&%ﬂ"@%otctgtg

ccacttctta agctgaacgt taagtagaag 1140 gttaacacat tctagtggaa ctggcgactg cagtactgaa tgtaggtgtt
ctacctgcga 1200 tgatagaacc ttctgaccgt taagccaaac tgaggtggtg gtaggcgaag gaaccttctg 1260
tgaatgtcta agcagtgaag gtgacgatag tggacagttt tcttgtgagg tggtttccca 1320 ttccttctgg gtaacttcct

gatgta%@agta&%%t;cgg%ég&a@&ccgtatg%:@a%%%g&c%% cggactagace [aliaagg Jagcceatgt fjgaagaaca

acgttogace 2aaca!edaLA40- coloailica-aeReiclan-1canicoaya. Coaga ol CAAgr tiskottc 1500

cagtictttmtedbd@-Stctgacegt taagccaaac tgaggtgoty gtaggegaag gasmccttotg 1260
tgaatgtcta agcagtgaag gtgacgatag tggacaghbtt tottgtgagg tggtttecca 1320
ttecttetgg gtaactteoct gatgtacaag accctteage tgaacttcocot ttiocaagaga 1380
cgactgaacc tggttaaggg taacccatct tteaagaaca acgttogace aaamxcgkttcga 1440
tctggttitea acttctetgg tegatcgaga cgaggttectt gaaggtggtt cttctbette 1500
cagttetata tt 1512




