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_ 2005/ 032586 PCT/ US2004/ 031326 TI TLE OF THE | NVENTI ON
‘ ED EXPRESSI ON OF HPV445 LI | N YEAST
: wo%@@'}%{’l@él\mm 5 The present invention relat egElr}':JlS%()g:Hn‘s
generally to the therapy of human papillomavirus .
(HPV). More specifically, the present invention
relates to synthetic pol ynucl eotides encodi ng HPV45 LI
protein, and to reconbinant vectors and hosts
TII‘LEORBHBMENQ‘IGM d pol ynucl eotides. This invention also .

oP T S o OBt BY VB 0251 ng T ocombi nant PV 45

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

_.L

FIELD O RGE in3¢ENnGsy Phar maceut i cal conpositions for

preventing 0O and treati nq%aHPV. BACKGROUND OF THE
| NVERT rmpseriHayeation relajes generahiyo &0 theyaps of lpfinan papilomavirus (FPV).

More spedd@fill;, |tﬁ¥!ﬁ¥§eﬁﬁ§ve(1gt? \&late'ﬁ@éﬁ/uﬁltené’%lﬁﬂcl@&}ﬁ%s Qﬁ@ﬂng HPV45 L1 protein,
ciated wwth a wde varj et

I
and to ree bl Yockars and gty ﬁ%ﬂpﬁrﬁwgﬁwswmngvwf . Thie fropion aso relates o

HPV4S vinmdtike pmiﬂesl@m@: whareinse VLR ard oiRws bﬁ@@re&ﬁ&eﬁ@ﬁhﬁhm HPV 45

. Pat .82 1 15-3
LiorLl +ai42 in yﬁﬁ\/ce_l}% agd e uaSF y gwéagmpms( B%W%Fv(dfl 159@&‘01‘ preventing

aﬂdﬁeatﬂwfl}ﬁf beni gn vvarts and/ or nonmal i gnant condyl oma

acum nata of the genital or respiratory mucosa. HPV 16
HPV 18 are the high-risk types nost frequently

- BACKGR QEFU@W 1®¥Nsi tu and invasive carci nomas of the

Cer VIbere ata gHoftahan\80ltys @f‘lﬂm@ﬂ%plﬂé\:ﬁﬁjlms M)emﬁw wi&0A have been

assocmtede]I.lt Cer | Calegﬁ%%fgo %ﬁar e asg %l::l%\;g? gﬂifitl%\/&ﬁdatél on?lg'na.ﬂt
carcinomag (fprss vipiP\e McM3Biay e% Int. 52 Egn §athbI887(He h5-83 (2801t HRL/6,and

HPV11 ardlthe H3bd mo@ﬂﬁﬁgl%& %%\fl-’bﬁﬁ&/?ﬁ%%%lé%ngvg i Gt/ 8 gyoma

obsérvati on n nore

acuminata gt the gefiat e repgAfeREIcORy T \USod FIPYAY ate hedish-tikopges apost

frequently QM‘JD&E&B@ 6;1th E\r&htu Iﬂﬁ’&/ ﬁlvﬁsﬂé&@m‘&@fﬂéb 6@he ﬁ& 'vg%g? B8 end30SA Ganal

Moot it o 77 FCH L S P S HPIAO V18 o e Tss
prevalent aquovEniéymep litV31,cis act:ieditzahd DASuhiffuae st al. NAWNar 2Gmeadese 85(12):

05864 (19981 Bl FAaY pRIDINSG, AL RAGERER 0ol e PER R0,

genones are
provides S'%%lgevld%wéogaqal eamnmezhat\hﬁ’éﬁs@aﬂszcer@ml@wmoe:a Kdey Bawa et al., J. Natl.
cancerImel@ngtws:'s\ls@?ﬁulgbj)) and L2 code for - virus cgpsn dh |
pro Il e are associated wt
Pty S o G B vt cecimey By viruses ha
encode up toreagmﬁm‘l}rmﬂltﬁmlate'@aﬁesL IThe bpﬂn&bzfdlmgfra&d’ée (OWsPHT thEPiSAl denomes are

, demgnated%}qg %z nanagtq aﬁé"ﬁz %vh?ﬁ o8 g Hen%rfes earlgg “g‘f' %{ingiiegﬁte % "and 13_% code for

e m nor
virus capsig pratgies. W@jl@@p E(galg@ a@u:gg:gmedt\mmr‘umns soth atshura].ﬁplmaMn it
ceuulartrahﬁromm)@rnal to the LI .protein in the viral capsid.

Bot h‘g’FEﬁ and L2 proteins are highly conserved am)ntiq(D
di f f PP 1S hoRuoT Fapsid srotm Hiddes p gRleplan wedght of 55-60 kDa.

The L.2 propsio Is&hmmﬁfor Sap6i@ piokeid t InPMun@fopic NQlatal su@Ré thed mBStQ BleN Prdtein is
internal to Ml%i%t otem i ﬁqe viral capsid. Both the L1 and L2 proteins are highly conserved among
different papillomaviruses.

Expressmn of the L1 protem ora combmatlon of the Ll and L2 protems in yeast, insect

S s ceHs mammahan cells or bactena leads to seif—assembly of virus-like partlcles (VLPs) (for review, see
35

Schiller and Roden, in Papillomavirus Reviews: Current Research on Papillomaviruses; Lacey, ed.




cells, manmalian cells or bacteria leads to 29 March 2007
sel f-assenbly of virus-like particles (VLPs) (for

review, see 35 Schiller and Roden, in Papillonzavirus
Revi ews: Current Research on Papillomaviruses; Lac ey,

If:ﬁ(} ﬂ]]éﬁ?eg{amaﬁzl%ﬁ%nﬂémegébgﬂﬁz @g%&s XIIB_{EQ l:r% %‘!{aarphologically

siiifap kol uBl@hGaditidvns abll Biclcd, %abldbf&ttﬁlbﬁg high likd dfORSIrARGgar €
capable of inducing high litres of neutralizing
agihqdiss s dpppratigninie &t umiloBedqapiey 14 daaptasptabe ause

V{cﬁﬁal@%n%me QR h13eRorhd) %ey?ﬁitsﬁﬂ bisat bifer RGO Qﬁﬂiﬁse\éf e vuus

genone, y present a safe alternative to e use of
i B¥ thomsieval@pmmt/(fmzremw,eved Sehdllep prrbihideshio, Jr Ghri. &ino!l 19:

67-74
TN b BRI HL 2 bep el pety it .0
mﬁmmlogﬁmmrg‘etsé'ok thsdeveinprnait ofprophylatar e tlserdpeutictviaecines for

opnen rophyl acti c and therapeutic vacci nes
}&Symk A fhéﬁfisgon and di sease. HPV vacci ne

dev alopi@Reihe aielop@BITRLE tathrh&ahliZafon AVELRE BiMdbABedifitultics
by difficulties . associated wi th obtaining high

agspebeiiyebivipehigh erpreviorlerebe! eyesragusigaes e arecessialy y
trhdsRRPEPEIES L HRE oddcggﬁ &fpﬂﬂﬁéd}ﬁot@ﬁlo?‘ﬂﬁéfo&ndégfme

puritied protel n ne espit
thedféqntlﬁmtlgaof witd-type wdlebtltly peuenaed epotdingH e §il prodess such as

HPV LI r h a HPV45
o5 T B T e D e B b R s Barel bt
cﬂu_&alﬁﬂﬂlﬁlq}rﬁaﬂ Itliae}mﬂizes HPYd® LHEhéddlngmgﬂb(ﬁidB séd"maﬁccs that are
utilizes HPV45 LI -enco tl e sequences t
0@%@6@%{ $XRyesden nghe iy 3 Additigpaliy, i m@gbwggﬁo
folhde-1 QR HY 45L wWa s ¢ f
p | ar geeargﬂ&a{ﬁ?lltl es o}v HP\1/45 E a@%ﬁéﬁé%ﬂlﬁg to#é&'iﬁ}%@pemeso

the matiieiPrgteianior wserin Mepcedpedlenimest. of  the native proteins
for use in vacci ne devel opnent. SUMVARY OF THE

| NVENTI ON According to a first aspect of the present
SUNDMARY &F THIR BYEENSION ovi ded a nucI eic acid nolecule .

A e

mplscilecenpaising a sepeer ofmivéiotidps mdme@phm HPYdaf L1 protein as set

restonlna ast c Acc rdln to.a
fog SR G N P s SR b o P e evel
e)@eémbnﬁimmt&alnucl eic acid nol ecule as defined
above. According to a third aspect of the present

i nveéSEriRg trarepandiaspeptralthedasen inysafion agestor comppping the gucleic
add\GoikEd rdeﬁr?ed%é\}ened above. According to a fourth
aspect o e present invention, there is provided
Vi r ésedriikgto qthird aSpboé of thivpiesent mwmmil,slmde ie provigled arbosh cadlt
ein._or r nant LI +L2 proteins of 2 29

I
CO:UH)P 1% dector asde e

According to a fourth aspect of the present invention, there is provided virus-like

particles (VLPs) comprised of recombinant L1 protein or recombinant L1 + L2 proteins of




HPV45, wherein the reconbinant LI protein or the 29 March2007
reconbi nant LI + L2 proteins are produced in yeast.
According to a fifth aspect of the present invention,
there is provided a nethod of producing the VLPs as

i.ned abave conprising: (a) transformn ast with
N dss e Eherr S BB [Pt SO L Bt argts ar
psdab&d i yedst, HPV45 LI + L2 proteins; (b) cultivating the
transforned yeast under conditions that permt

expr¥ordne i fifferseedahthe present svantiguatheisi i pignided ymethod of
ﬂ?&dﬁ&ﬂg&ew@&%ﬁh&%&we&m- mavirus protein; and (c)

i sol ating the reconbinant” papil|omavirus protein to
produce tlae VitResfommingivenst et a adrlov-eptintica P Amgplecule gncoding

' . lL.nvention, there is
I%?%%?dgﬁggﬁbEQEY%gﬁlggﬁ ?ﬁé?%g the VLPs as defined
above. Adbpr di dafivhtingahesemeftied gspaeiderabnditions fiaepenit
i nventipn, there.is i ded har paceut i cal . .
<ieiFS08 P sdonapispiza A maelecye Buproglic feperpbinags piplomavirus
pR&iRlafd Ng to an ei ghth aspect of the present
invention, there is provided the use of vaccine as
defi ned dPove isakting the secambingnt pemllestaviussefeiasoeraduce e VLPs

aP{&%ﬁﬂ&%&Q HPV infection. According to a ninth aspect
of the present invention, there is provided the use of

VL PsAasrdigfio mssthaipsvief the prdsent prvepingbére is podvided a vaccine
nmedi canent. for .induci ng an i nmune response in an
CQBPﬁEEHEQY%%V%Qggmﬁg?%%h are conpositions and net hods
to e&dcsﬂdtnggcs a SREaR @spledt e bﬁe&\?}] iavdﬁlhﬁn, tli&egﬁs gtovided oduct s
expresse y HPV45 LI genes iC ve been
PRAEAEP AP PTOR HORS SPRPEe tﬁ%%%w.de@&@@mec ally, the
Pr eseRbding YR digith RHQY bARS pREhYIRHGL&D teHES pRVRIeHihE Gse of

HPVAS LI ﬂfrotejn, wherei n the pol ynucl eotides have
vigsian avdedioet abpvd mﬂmemﬁomﬁ@mac&a@bn@m@@mnmﬂv pfegtion.

‘yeas I . ' rein. are HPVAS .vi.ns- |

?or il o iR aSleBor AR AR ER ool Bk ThiRatid R L 6P
VéPpasstefinaigboedn tHeiprpadatidiRd 4 ddlcament fdr indukidg bm ingea@gtresponse
.cells and discloses use of HPV45 VLPs in
“HW&?Wﬁ@eutical conposi tions and vaccines for the

Pr esidsehoRdislie CorhpRRAoRBMI nfkhotiRY B SRR inGARES to the

Di scl osed herein are sgnthetic DNA nol ecul es_ encaodi ng

 profrin papuets Xprepicd beHRV4S Hh gencsautich ave bers asspstatrdith cervical
O SPran By T PEHIR it AS G RO SRR Ene prvas L1
poteyn, vbegimdbe padymickotides baefbesiRivdbn-bptimpized for high Wveldxpression
infeyendt r%'%lL 388 ‘,?ﬁ's?foseedi e M EPVAS e D5ty (A} S5 et Baid
VLPs are produced by expressing recombinant HPV4S5 L1 or L1 + L2 in yeast cells and
discloses use of HPV45 VLPs in pharmaceutical compositions and vaccines for the
prevention and/or treatment of HPV-associated cancer.
Disclosed herein are synthetic DNA molecules encoding the HPV45 L1 protein.
The codons of the synthetic molecules are designed so as to use the codons preferred by a
~yeast cell. The synthetic molecules may be used as a source of HPY45 L1 protein, which

 may self—assemble into VLPs. Said VLPs may be used
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in a VLP-based vaccine. An exenpl ary enbodi nent 29 March 2007
conprises a synthetic nucleic acid nol ecul e which
encodes the HPV45 LI protein as set forth in SEQID

NO 2, said nucleic acid nolecule conprising a
. s§§gpnce of nucleotides as set forth in SEQID NO 1
in AV P-based va6868Y are reconbi nant vectors and reconbi nant

hos tm?&lehﬁlmb&ﬁlﬁbdﬁﬁ&k QBM%é:eEa sﬁaﬂﬁ:ti@ MY é&d HoleM Which
may contain the nucleic acid rnol ecul es di scl osed
cp

Wﬁ@ﬂ)@%ﬁﬁyﬂri ki proteypasepiipetainiSER DN, sideyckpicagidreelequye

] . [ : .protein in a
c?%%omga%gﬁ%ﬁ%{)@{mgéﬂd,g %gér#%‘?@gllnr% 3 E all)qbl' E’t roduci ng a
v ectAlso disdgred sic mgrombinantivedtars and weoreisant hosgedis, botipr@d@ryotic

rech 2007..HPVAS LI. protejn into a yeast host cell: . .
TSP (i o Gl ps e molBrS SRaler St PR S
spddifichtical | ow expression of said HPVAS LI protein.

Furt her di sclosed herein |s a process _for_ expressing
an HPdisqlesedhhereigiisp proress for arprtingamiP bk pratein n a
& OBk HB& cell, @bmpAdifd ¢4 %Wuﬁn%?@éc%r cbRPINingSd lleft acid
nucl eic acid encoding an HPV4A5 LI proteininto a
eiodime afost cel | ; wherein the nucleic acid nolecule is
codon-optim zed for optinmal expression in the yeast
host cell and; (b) culturing the yeast host cel

under - condi tions which all ow expression of said HPV45
LI protein. In preferred enbodi nents, the nucleic acid
conprises a sequence of nucleotides as set forth in
SEQ ID NGO 1(45 LI R sequence). Also di'sclosed herein
are HPVA5 virus-like particles (VLPs) which are
produced in yeast cells, methods of produci ng HPV45
VLPs, and nethods of using HPV45 VLPs. In a preferred
enbodi nent of the invention, the yeast is selected
fromthe group consisting of Saccharomyces
‘cerevisiae, Hansenul a pol ynorpha, Pichia pastoris,

Kl uyveronycesfragilis, Kluyveronyces |lactis, and

Schi zosdechar onyces ponbe. Disclosed herein is an
HPV45 VLP, wherein the VLP is produced by reconbi nant
expression of HPV45 LI or HPV45 LI + L2 in a yeast -
cell. Disclosed herein is an HPV4A5 VLP which conprises
an HPV45 LI protein encoded by a codon-optim zed
HPV45 LI gene. In an exenplary enbodi nent of this
aspect -of the invention, the codon-optimzed HPV45 LI
gene conprises a sequence of nucleotides as set forth
in SEQID NO 1. Disclosed herein is a nethod for

i nduci ng an i nmune response.in an ani mal conprising
adm ni stering HPV45 virus-like particles to the
animal. In a preferred

-2b-




enbodi nent, the HPV4A5 VLPs are produced by a 29 March 2007
- codon-optimzed gene. Disclosed herein is a nethod of

preventing or treating HPV- associated cervica

cancer conprising admnistering to a mammal a vacci ne

(RS L2t o a3ne hbeni moho tonobasseottes o gnder
&ﬁ@ﬁuﬁse@memalmeesa@ksmﬁ oTGhiRHIV43¢1§hdleihS @ vaccine

conprising HPV45 virus-like particles (VLPs). In an
al t diurther dpsslosersteimie A progéss fivricsprasspgen HFV46 B proteinina

A O o S RIR A D

efidodingtan [HPASHS [dpeoteid dité & geeat hdsFBéllt yheecimehe noeleia I’ayld HR)lécule is

el onf it 161Gt BER Ao B 71 B OF Rgrng e yeast

hpstebletnRec@aionk WEK all rpk&?é{oﬁ YiRgidi Iﬁ’\mStD’lHﬁoteﬁlh at is
assqci ated with_a clinical phenotype such as warts or

cer Vi pisferied gubedimengs, @W?lﬁﬁéﬁld CPMBHsSS # aguenep olnusieptides as

S&M%SEQ%tN@Qe@S‘E@R@e e)HPV type is selected from
the group consisting of HPV6, HPV11, HPV16, HPV1S,

HPVAlgo ¢m%herwmwwm§~llwld¢s (VHPszsﬂnclHﬁv/g@aduced in
PV v/
y%lgi: %ﬁ% mHF\{ﬁs?of é)rodug’]g %%45_' W?'g g’ me on_pusugg Eligg/#g VLPs.

pharnacéu Ica
confh a prefigretHElbatBmatit bfithe fnvisstiopathe y@btas seldcted fifoat the ploup
i nventi.o reI ates to phar nposn tions

cquiFie o Y9G hapgRyass ogiepsiag "Wp@lpe mg Pefaglvawéms
KMr&ﬂzﬁQﬁaﬁ VKLY RBom)Bs Rick, ﬁﬁ@&%f%gsa%&m%mombet he

I east one additional HPV type is selected fromthe

pisclasehesin isgn SIPVARE, wherpthe VP pgydupqd\pygecombinant

PV52, HPVS5,
mégbgénotﬁgggsLEB%EEV4and§2ﬁ¢€g¥éﬁsu£Led t hr oughout the
s pe&ligclased hepsin srad HAY46 M Papigeinchatpris¢san it VAb e psoteigehanded
for "a, . y d "the" include h | ural.
by S iPaetinized Bv4: Rl semsiime-eralis poapukat s sspectof the
inoériien wheeododSptitiee HPVALDN gete cbﬁ@n@@@@étfubﬁb@b!f Ailitledfides as
Se&gﬁgnded clalns the follow ng definitions and

& PERI IBhY abply: The term"promoter” refers to a
r ecml&é@{ér&iﬁﬁn&ﬁlo@f@%uéhéﬁg M&emh&ﬁema%
pol ymerase binds. The pronotér forms ah initiation

coppmsing )%dwmtﬂnmﬂl’b’dﬁ yires- h@mlesutmﬂtuml dmalprgfarned
n{n)l;o% f, %ﬁ?@%vﬂfsta{ré’ d¥iced BS a COJEB' @‘ be "Dd'f' ed
y ac Iva Fermdd’ ancg gwe

I'ng Sequences
" up Dlisckasd leedin Maﬁmaﬂgadwmeemg or t@afatmgmm :Islscﬁ:@lted cervical
sequences terned. ' Sllencer?
cancet comprising administering to a mammal a vaccine comprising HPV45 VLPs. In a

preferred embodiment of this aspect of the invention, the HPV45 VLPs are produced in
yeast. '
Disclosed herein is a vaccine comprising HPV45 virus-like particles (VLPs). In an

alternative embodiment of this aspect of the invention, the




The term "vector"” refers to sone neans by whi ch DRDSAarch 2007
fragnments can be introduced into a host organi smor

host tissue. There are various types of vectors

i ncluding plasmds, viruses (including adenovirus)

bacteri ages and c s ds. The desjgnati on "45
VWC}D&?WBE %’gﬁﬁ atlgpstonegddi emer Thatleast one
a8BEMRNERY §ps el g%@gn Pe'tﬂ)e@@ iR, il 3in @VLtSr%é’ﬂelcnbed in

Al t hough t'he HPV - type DNA Sequence

theentrpr &@gfz:srubwepnﬁy edf:n@f@mit 91 a nr«tfenr@ emhodimest hediP Y &pf isrdype
o) 3o BRANARSELNEN LS B LRER, OGS, APL LA (G

pmﬁ'drridbmpailﬂbm the qﬁ.leascalam&tmmb l[-ﬂNetgipefls salectddi frune thk group

SHRICT: HPUSHAVLHPFIGHbYS G0S Ry AT DM eR st

H@VBEHHH&%@HPQSQGHHQB HDVsDagdarydshe codon-opti m zed 45

. LI sequences di scl osed herein (see FIGURE 1). The
designation "HPV 45 LI R' or "45 LI R' refer; to an
exenpl ary synthetic HPV45 LI nucl eoti de sequence (SEQ
I D NGO 1), disclosed herein, wherein the sequence was
rebuilt so that it conprises codons that are preferred
for high-level expression by a yeast cell. -4 -------
------- - ------ 29 March 2007 The term"effective
anmount"” means sufficient vaccine conposition is

i ntroduced to produce the adequate |evels of the

pol ypeptide, so that an i mmune response results. One
skilled in the art recognizes that this | evel may
vary. A "conservative am no acid substitution" refers
to the replacenment of one amno acid residue by
another, chemcally simlar, am no acid residue.
Exanpl es of such conservative substitutions are:
substituti on of one hydrophobi c residue (isoleucine,

‘| euci ne, valine, or methionine) for another;
substitution of one polar residue for another polar
residue of the sane charge (e.g., arginine for

lysine; glutamc acid for aspartic acid). 4a 29 March
2007 WD 2005/ 032586 PCT/ US2004/ 031326 The term
"manmmal i an" refers to any mammal, including a human
being. "VLP" or "VLPs" nean(s) virus-like particle or
virus-like particles. "Synthetic" neans that the HPV45
LI gene was created so that it contains a sequence of
nucl eotides that is not the sane as the sequence of
nucl eoti des present in the designated naturally 5
occurring wld-type HPV45 LI gene (45 LI w, SEQ ID
NO 3). As stated above, synthetic nol ecules are |

-~ 3a-




provi ded herein conprising a sequence of nucl eot iXddarch 2007
conprising codons that are preferred for expression

by yeast cells. The synthetic nol ecul es provided

herein encode the sane am no acid sequence as the

W | dz.t ype. HPV4A5 L ene .(SEQ | D.NO 2 E . ..
DS LR ei: armbTiTNe TR opinge R S aislice

paﬂubem Faither SR MR GtichelaR9td fhafndch@icaV@ipostidicefplising he
nt heti c HPV45 Li gene of the‘ﬁﬁesent i nvention (SEQ

H WRYLEs apd Y LEs Pl leagt ong additfonak HPY Gwe. Inppraipred embodmegt,
theh g&ﬁ 'aﬁ@ammﬁsrm \a}?e ﬁJbaeééd hbm%é %eﬁ}y&ﬁsﬁ r}@}%

I ndi cated as see
Vllﬂﬂ%lﬁa@%& IéBW]déE’VéBeHP%%ﬁ &E’Nél, Iél’VilhBiPiVSZ HPV55
Ry t o Nucl eotide 15 nunber is
: con ’al neggdvvl t th’n arﬁeﬁ&gr ent heses. I|denti cal
nucl eotides in the 45 Li rebU|It sequence are

cyni RO by B SooclHerbiand i R bl LR e it fors

“@tia,” and Ethghnchude tilaq:ﬂleﬂtrefé&nmmﬂam thegontactickaile dlCtaCeSt he
ef FI GURE 3 shows a Northern bl ot probed
d?ef ically for HPV 45 Li RNA under high 20
St r i ngRarHroaghtit the ﬁéﬁ@ﬁm@quKE’ l5d Gihims|-@8 B11oWing definiti
contains 5 ggg% 45 LI and |§ﬁ% (2) cgnfalﬁgm
m!bieﬁﬁﬁhNFV@RQ'Ll R RNA. A single full-length RNA
tra e AP
|nd?%gFg§ ﬁ%lpre F%?é %Bﬁﬁg%eo Iﬁ?&ﬁ%&@ EﬂEEQFQA
palBmesnasetbizdssEhrei ppomote f@tﬂRanhuBttm&ompm with RiN. Pamiym@'ase IﬁPV
45 LI and three HPV.45 1|1 R iso
i g S st Rt oy P e C&%‘)ﬁfﬂoﬁeﬁ%{ F‘%W&t“tg)
seDerlces Bl “chieam€ers) or “dPstledm Betitdfing degitices? or Hhibitile Yeqhénees
LI%% qtrol (lane 5). Fifteen mcrograns of total yeast
t SH$NCERtr act were | oaded into each | ane of a 10%
' SDS-TRAEM I e ctor redi@o sBRE Heh @3 wifdh E)Nﬁ%ra ?ﬂkﬁg SlnRtintfdduced
TrpE-HPV 45 L1 fusion protein” was used . .
intg g dipst orgapismypor heis Hesig. T hedeareyarjoussypiel opyastors includihgeplasniidsy
. . . 'Qgi sition. FIGURE 5
Vngﬁgkgag&%%%¥#0n g?B%%gE k gé?h' mg ELI SA experinents
I N Mhe Wesignhtign 46tEd| wilB3Qppseqieice’” efecto ATV 17]) DNA

seqi g Ahsoeniher o0 RN 5Ptk ey €L B
typdaIN & BRjuideiat Bde déschBddpriViGRBY, itk uhddghnitn tb findMninor
FI GURE 6 shows a representative sanple of HPV 45 VLPs

sequigpAs yaions betmeendBN A olping() fsera cliniead iselatps cEhereierec i bed

I
repRbfiaile 49 6iRGD BRA RO GRL R B Hnples
prexjopsly shavet telcpntaDOIIN45 DB, (sée E20ANMREEH ). znﬂs Din@rild- type
2005/ oséﬁ%G PCT/ US2004/ 031326 DE AI L SCRI %ﬁ“
Seap TTHE P BT TR/ 5P REY °n' ST are
se@Sﬁdé@&@&l@déd‘hhkih(bd&fHGURErlS) of specnfl C oncogenic

The designation “HPV 45 L1 R” or “45 L1 R” refers to an exemplary synthetic
HPV45 L1 nucleotide sequence (SEQ ID NO: 1), disclosed herein, wherein the sequence

was rebuilt so that it comprises codons that are preferred for high-level expression by a

yeast cell.




types of human papillomavirus (HPV). The present 29 March 2007
invention relates to conpositions and net hods to

elicit or enhance inmunity to the protein products
expressed by genes of oncogenic HPV types 5

Speci.ficall t he resent |n ntion .provi

ooty TiaF b et anB et a5 mposiing fintedpged t
progsR MY RledudtedetdR\Athe giofy'fiépﬂdb 168 tRAGH infh@f répbids Yesald One

di scl gses use of sai polynucleotldes and VLPs in
skaltedin i @t eoogizes b B Ieyeb Hay ¥4y vacci nes for the

Pr eVERELREvARE Afinolat AL REoRf reldo h@hiefh FIRCHhino

The wild-type I-1PV4A5 LI nucl eoti de sequence has been

acidseiflueley 3nobah elrnizetly eignilap amino 44g @ﬁd@ngarm ofich

et Sy sunthton o Bhe kbR s GRAR tovsie

vadiye) ton Bt:&ﬂbnMoﬂmi(ﬂmlselﬂstlmnmmdﬂ ang pb]hﬁrekﬂé‘lfsr eldothplr il Irdfsldue
E‘e synt het j c nol.ecul e P 1e]§m§§ent I.nvention

0 SRAge @q&@%€¥= FYRBY St alifacfddast a
portion of the codons have been altered to use the
codons preferred by a yeast cell for high-Ievel
expression. The synthetic nolecules my be used as a
codi ng sequence for expression of BPV45 LI protein,
which may self-assenble into VLPs. Said VLPs may be
used in a VLP-based vaccine to provide effective 15

i mmunopr ophyl axi s agai nst papill omavirus infection

t hrough neutralizing anti body and cel | - nedi at ed

i mmuni ty. Expression of HPV VLPs in yeast cells offers
t he advantages of being cost-effective and easily
adapted to large-scale gromh in fernenters. However,
many HPV LI proteins, including HPV45 L1 are
expressed at levels in yeast cells which are | ower
than what is desirable for comercial scal e-up. 20
‘Accordingly, the present invention relates to BPV45 LI
gene sequences that are "optimzed" for high |evel
expression in a yeast cellular environnent. A
“triplet" codon of four possible nucleotide bases can
exi st in over 60 variant forns. Because these codons
provi de the nessage for only 20 different amno acids
(as well as transcription initiation and

term nation), some am no acids can be coded for by
nore than one codon, a phenonmenon 25 known as codon
redundancy. For reasons not conpletely understood,
alternative codons are not wuniformly present in the
endogenous DNA of differing types of cells. |ndeed,
there appears to exist a variable natural hierarchy
or "preference" for certain codons in certain types of -
cells. As one exanple, the amno acid leucine is

- speci fied by any of six DNA codons including CTA CTC
CTG CIT, TTA, and TTG Exhaustive analysis of genone
codon use frequencies for mcroorgani sns has reveal ed
30 endogenous DNA of E. coli npbst commonly contains
the CTG | euci ne-speci fying codon, while the DNA of
yeasts and sliime nolds nost commonly includes a TTA

| euci ne-speci fying codon. In view of this hierarchy,
it is generally believed that the |ikelihood of

obtai ning high levels of expression of a |eucine- rich
pol ypeptide by an E.. coli-4ghost" will depend.tosone
extent on the frequency of codon use. For exanple,-it
is likely that a gene rich in TTA codons w |l be
poorly expressed inE. coli, mhereas a CTG -6 29 Nhrch
-2007 _ -
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WD 2005/ 032586 PCT/ US2004/ 031326 rich gene will 29 March 2007
probably be highly expressed in this host. Sinilarly
referred codon for expression of a |eucine-ri
WOZ@%%‘S 8gtl de in yeast host cells would be TT/—?CTILT"E%Z'}O4”031326
i nplications of codon preference phenonena on
reconbi nant DNA techni ques are nmanifest, and the

phenonenon nay serve to explain many prior failures to
achi eve high expression |evels 5 of exogenous genes

in S : BQPE ni s
" pr e g‘“?tr@‘z% ﬂﬂ%&%ﬁ ?r%ﬁr ot peat edl'y %mgs glﬁltmn ne'ﬁ%e
i nserYely’ gernbPs ﬁ@ﬁa@ﬁgvxﬁﬁézke@equple navafiétﬁ paitigles.

expr essiHef " HRMnd 0t tﬂé’ﬁP@hfo‘?ene Qfab EehENLd t) t it %‘nﬁms a sequence of
henonen&n suggests that synthetic genes

nucleotldea that isJet § 578 % tei Sﬁ%qeagpeofa;uclﬁqt@je%@@gt iB @t@tde@gpqtedsnaturaﬂy
occurring piﬁl&ftﬁfel’fﬁdﬁlﬁ ed Cg@ﬁe (ﬂﬁ O ivel SR IDRDE IV B A Etﬁfeﬁhﬁﬁvef Qh@bsH nolecules are

nwuhdﬂ%e ic materi % practice of . re bnant g{oteln

P Kot BLETRE aﬁ%&%““"'&’ Bickefidecopprifing @ P‘i‘ﬁf ©

expresserﬁM&Estlg&llsg hesynltetic n®lecdadoproti@eddptdimincedt thofame amino acid
highah e - t cell. In a preferred

Smﬁwnazeég%ginéﬁ%H%?E$E?§&%E§E§gﬁgﬁ?§ft has been found that
the use of alternative codons encoding the sane

BRIEFDHHGEI?H@)I\S@H*FEE‘IEAWGS”UVG the constraints on
: exp l[‘[]—Q?V'AfS LI oteins by yeast cells. In

acc Mﬁqgeﬂfﬁe eBrshowipgaucleqtidgrihat veuglisrrddn the
synthetic KBY4S Kbgeneof thelprieent meqmeﬁ CSEQ thDflg inidetait heads 1.1 R”) (See

EXAMPLE r2"jl ggié%treﬁ%n% s%@u %]eei; the w12d é seeal?e%{/mlh gS%%%%ﬂﬁBéoggﬁated as “45

L1 wt”; SEWIFE Qaéé‘h!@rl@wﬂw@ss @re inshcatsdl altheilYemssponding $otaong Nucleotide .

number is EdRARID) witttdHh€ ParkSindi6e. Q&Eﬁuéz@ GRIRAAALS ﬁxe% Lt ?&ﬁﬁl@ fence are
lnmcMmi%ﬂg met hodol ogy general Iy consists of identifyin

&% in the wild- type sequence that are not
co mmﬂqmem ik ecbuilk $yRhBligHPY 48 XD heSERde YRPShgHEIA8 Smino acid

. |.actn timal codons for high
Sequence. éﬂuﬁ}eé’gs?%ﬁ{b s mﬁ‘ca?ed%{hf:é?pThe new gene sequence is

t he rﬂﬂﬁgﬁ@é’(ﬂheds 4 Dprtherm Hlos probal sganﬁuaﬂy ﬁ's Hpaves Tt R Aluyder high
strmgencytchl?cﬁﬁoﬁ QO RXNSIACAMR LS 1§ €0ngams 5 pi%'\é% f‘ﬁﬁ\m and lane (2)

na vertent 20 creation of i1ntron splice recognit

contains 14 1g BEITPY dkh RN o St-¥eda lengHA e HSRSFER: it HAPGFFIID the blot
Arrow on fitt@BeHies tHRTRGRIEDosBion bF 2NSIEdgH HIPW 45 B4 FhMatipon

TndadorRE et fu e L Y R e P BB A L s

- Contents of fhetlimes e @tll.lng {bod dn 95 Wil (R (lné B, eHIL 1 Roqfaae 61 db DYR #11 (lane

4), HPV 16 £ c&ﬁx%l GS), afgh%&r {' 3108 ﬁ)t:ﬁ %@B&ﬁl &&.ﬂ:‘% @?&Eﬁ%& ﬁ:to each

are then't es I'OVG

lanie of a 1%3‘3&?3 -BeEE gdlo MW@%@@H&@%M@@S@WWV&WSM protein

was used t6 SEpETRESy HaHRY PV 43 Lrotene TUb herh ad tBe RE: G&TEhtes the 55 kDa

conpri sing codons optimnzed for high |evel expression

in a yeast cellular environment. Wile the above

pr o CEGURE Sp;hgws' gpstion sﬁm?ﬁrzertg/fr@ﬁ tWELlSEIéinQh@@&n heNVLP/ g total
C ze r _use

protein (seg Mﬂg? ?x 0L u o er EHWEE 4%EP n%ndot o STpél&lte (%oqeﬁ of tiéi'i Ifl R,is

CCl nes,

position.

- shown. qunﬁt HEY #p LZa VLY gsprisseon veefsfapmamymtabr p) ﬁolzﬂeglsedxae sheri& 34 ivan

of qu@@mﬁ%mg@a RERLEVAT B adtlél Gy as Vi ésbgréaols&gl Jfﬁlﬁv 45L1R

. %(?ocedure or Y m nor_ varl ons 1IN uence
protein mojeepigs. fieseEibsd hetepp apyisedied pyritaasmisden frlgqtratl ECTpYsoRY (sce EXAMPLE

---:---3) The'bas yepiddaitt-ppminyilgi@ihde conprising a sequence of .

nucl eoti des encodi ng an HPV45 Li protein, or a
biologically active fragnent or nutant form of an
HPV45 LI protein, the polynucl eotide sequence

conpri sing codons optim zegl-for expressionin.a yeast
host cell. Said nutant fornms of the HPV45 LI protein
include, but are not limted to: conservative
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am no-acid substitutions; am no-term nal truncat i2omarch 2007
carboxy-term nal truncations, deletions, or 35
WO 2808istigens. Any such biologically active fragreEnis2004/031326
and/ or mutant will encode either a protein or protein
-7 29 March 2007 WO 2005/032586 PCTI US2004/ 031326
fragment which at |east substantially mmcs the
i mrunol ogi cal properties of the HPV45 L1 protein as
set forth in SEQ ID NO 2. The synthetic
DETAILEPIDESCRIPEIIN OFSTHE INVENPIO®sent i nventi on encode nRNA
M t!? 8k ef}%f?&%ﬁé%n%mﬁsgﬁ&&s?@c”ﬁéd @F n§ech ond Wt et oncogenic

so as to e use

types of hurtvarpapidlompGrus (HBV b pHiyel meﬁ@mtanvmmﬂn\rde@s tcecon@ommsascpme!&mds to

eficit or CI@IBHCE lﬁhﬁuhlﬂrvts @ﬁe’ [15kein r@du@@ Ieﬁﬂes?é?it Hg("gfﬁgsdof AHEEhi€ 1Be! t?pes

| ecul e enco proteln as se
Spwﬁcaﬂdeih% Brepeqt E;E@txoa pmu?s p@lawleﬁtaieﬁ eredingit Y Idaiptgin, which self-

 assemble GOHINSI Vigs-AkS mﬁ) anB BiE¢16RE bbast s@id poRbudieViiil and VLPs in

i nvention also rel
pharmace Gl ShBp AR HR (AGF Be A BT P o B PaoREpt IV agspipied cancer.
pro kﬁremld— peaHHV 31k nyaddtide seqirinchh:6 betmicpotddd Gantahleccession #

NC._ 00159'1‘3%3@ E‘S ll&'s'o%ﬁ fiﬂmoégﬁrf J&W(gt Bm:,mol §$a13fgel (1994). Toe

present mtenmreaﬁwé@ﬁﬂ&ﬂ@t%@#ﬁl@u@hemb@nm@p S Idepmtpmb &b synthetic

molecrles BPILE b SR ryEich L ARRIARNHcoH RO RRS Sbhokiin HILAREH bifion of the
onln? Into an e‘ﬁﬁessron vect or containin

codons ha%i}?ﬂF%‘ cgeddp Yifobe FodsmYPIs et Dl sel frdugtyly emrﬁﬁlp% nThe

- synthetic iheietitled @l e adcdne at:s.:hn@.@qudnbms é}ép&efs €ign of HPwsJLDis@fem twhizh may

self-asse emq:crkﬁ;% %ﬁi‘g ﬁg %l}%s%iéo%?g %cgzﬁge iprr(])% t ’%flectlve
lmmunomd[ésflaﬂistaedndﬁyamekn@cuak throaip hextnalizing @htdvndsnfgrd Cﬂl—medlated :
immunity.L@boratory Manual ; Cold Spring Harbor Laboratory,

Col d_ Spring Har bor New Yor k, (1989); Current

Pr ot eession of JBY &d s it yeagsicellseiprs trg adypripecs of heing CO@-PJ%H‘-“WG fmd :

' easily adaflethto 1ASE QG- @Sthan ﬂarMéd:ﬁy Mwe%xs ﬁia@ms@v Ll\iepa«bt\éae Kncludmg HPV45

Ll areex (§§e§ L evegfs m yee%eg &h@e Gévre @fm Y adé%/ %%SE%SFOES?IBH’MCMI scale-up.
‘ Spri A:rgordld@m e, prédeny ie@ntion €1b89 &) HEVALL bera sequnmeethyt are
“optm:uzed %IC}L e@él% rQQémESB E% EI%H%IIQI etnt)f&{me%pt irety. 20 Thus,

esent nventi o to a process for -
ex pr sisipky’ eedonpf foar n_qssﬂp}f: Becdqorids bases capgishin o PO Vm@f forms.

Because tHe8d dodoz@BMideith® ﬁlessﬁée) fot 641y Mﬁbx@ﬁk AAiNEELQY (a@ﬂ&’pis' tﬁhﬂ:ﬁptmn

a.nucl ei.c acid enc HPV45 LI protein i '
niiaion {HAFTPIRIE, VP ITLIARPEYS GPUCh PR EHE JFRLESE cHSu;e dgpymeaon
known as codoeredamiankyt iFongavdis bt comple@ly mamesa,l attarnefivesaidshs kie\Wéb '

“uniformly glese% &ttﬁ? endo%en%u%ﬁieol}tdlfke%v e{}ta%s qr_f' ceﬁ' It he?ered rtﬁérggygagarg 90 SRist a.

ressin
variable natereldr¢sarchnor hﬁ@reml for cetirprodeisiy cer(aa) typwtqf oellsc iAsgnaexample, .

the amino Y6 le8in€ Qﬁ? ﬁédﬁi} a% BP&J: BINA c%ﬁénfi RINGRRE 09A30TC W@Tﬁ‘ TTA,

protein | eas host cell; mhereln the nucleic

* and TTG. fexprpotivn welypie of §£768 6piloyyEq fapeRtiop &or migpOFgFRisTs bas revealed
* endogeno@ XN SSE. Qi indbst dzﬂny&@gsaonﬁaﬁ the@@d leaﬂﬂe-sﬁelal)fy@gll:dddﬁ ivwigle the DNA

east. host: cell I.tions
of yeasts ayd SinkEBBlan MR coRfieniyRelos £ ThR atuafn oty Erd caliam i g of s
hierarchy. fittis gdnerally bélizvebththalikalibemisd obtaininghijhels eilng eapretdPu4ba leucine-

rich polyp&lrétldg 59 Er? PZ :rflogl will depend fo some extent on the frequency of codon use. For

B f-exmnple;nit-~1s~l1kely'that.a.genc rich in TTA codoiis will be pocily expmssed in ‘E:"¢coli, whereas a CTG
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30 reconbi nant host cell, conprising: (a).introd®iMegch2007
a vector conprising a nucleic acid as set forth in SEQ
"Woi(}@s,’l)\gﬁ into a yeast host cell; and, (b) cul i’HHU@%OR/ﬁﬁSZﬁ
yeast host cell under conditions which allow
expression of said HPV45 LI protein. The synthetic
genes of the present invention can be assenbled, into
an expression cassette . that. conprises seguences
designed to provide efficient expression of the HPV45
rich genelslill BFoBAY Be hiZhly3RprbdId 1B @88 hése! Simi '
.g p e? erahly. lé%ntya?%s t he siﬁfsﬁe%lfnéﬁgg’r@?&\%%]&g el fzg{ egession ofa
le“cme"‘t’ﬁaﬂw%ﬁ ingga hosheplls wosld bgdddy 2007 WO 2005/ 032586

PCT/ Th&2fiflibhEchk 32 Eodoh paferéict PRhomERY dudbcohRAMBENDRA techniques are

R NRNIT T SEET S

of exogenonogantein sieresdfidlyfaodformed hba erdadiin-pi RS0 beferred! tddonighy be

. repeatedl% Eﬁn‘%gf ﬁlgi%lé ig?x%téai}i @F(Jellﬁd th@ IilBsth\:”;aﬁ {naéhe'ceo oir §§%%S@§)tg n? néot%%et%te as

. ) nown yeast prono
efficientlzAThigyhegppanon spgyests thappshetisy gep@vipelomye brem, designedtdigelude a - -

projected B REVObrkford€ BSIRY ﬁ%&ﬁn%pﬁﬁﬁl £36m B Rideigd LR ] BhtE G ror practice of
transgriptional _termnator. 1s the S.cerevisiae ADHI

recombingn prRfqin egessigns RtgPhe dtatEL OfiiHomertionrisearIRY 4 Hnbgene that is codon-
optimized for hipinRvel ek preegiondh 8 edstcells @fla prifeered OMBOIIREA QP 1R infoMidn, it has
son o e O T T R P50 LS
constrainty jop gxpréssione cpHPVAT L bpioktme)by pesteedled by reconbinantly

expr §sst-Hdatdd S BRAYS - Qrerprast 1 | ;

cel |, . methods é%ﬁ%{? %&%&ﬁogg%@@ gef g @%E%g : I%gged% ﬁge?t%%g)s
sequencegffaving idegtigpyansiandpequentepbiteph disrmpiiysendpb hagarielsscribed by Sharp.
and Cowel (Sgndaiinolis CAIDE gl i 5dcRainyb ¥Ry A1 ?EHsfm|657-t678 (1991)), which is

| east, L nsect C

hereby m&aﬁdng{g% N e%e%’lqscg.s'gl?e Lﬁeé%iég{oggggng | 9 cgwtseq&idegg 1r§d:H$qlulp iq,the Wild—,

- type sequenasd thiRbxe net domuiealyi asdocinted iwithsigRbvd gy sed Geisk geiks RASGAMCHIY them

ith optit . A i ‘ . eeas K. L »
with .p i 8?%%'& le(ri:l z re%grté?ss(;fn%’m %%&%g%s_ 1’%@ Pfé&%% s’:equenc? IS%?C%%’lSPCCtGd tl"or. |
undesired ReushesE seicEdad By theseipalon replacerpants (12Rs AGAH A% lseayetses, inadvertent

creation oPfn@dh Eftide B oSKBEENEL, Bowah B ARhIAR) 1 sithd) Gich|GARGehZpresence
proterns, VLPs are 1 osed of 72 pentamers

of trans 'ngSi i) 3 A
CrgroLrippatprpisaals BELUREEPENZeE by detsh P BafeyaRlp segponces are
eliminatedpyoquhstgutioh. of G c@istinglobddnsSaith difQ6dt)chdonykREn@foe the same amino acid.

L R

nducl n re neutralizing
ant i Besoethodysiserriberhibayesverankedrio cueate sptheticigamed segments for HPV45

. L1, resultiofRt0éeha bhiapridhe doadid bgﬁm&gﬂ Bk ki3 el &%he"é’:!ion ik yeadt {Rbtar
1 h et al.”, Proc

. 69(.0): . 3959- 63 95)) and dogs :(Suzi . roc.
?“"“‘mmfi@t %ﬂ'i\g‘ﬁd‘%f’@cﬂf eetyangyifon) sumpmany of oy msthogqlggspy deienipg codon-
optimized \¢biRs fovase RHARW vhw@inbe) iths inddisend Be dhd adilledinnghe arimbaaliiasSaccine

ey PR RSG5 A5k SEPE BN B3P BTN b ot
minor variafiensipthersequehdey oncogenic viral genome and can
sel f (1A [ t L
L
sequence phugiorfidzs erqofing ge BNV bphbatoteit. oF 2 bislisioally sesive Segrdnt ermutant form
of an HPVAg d.1 ik steis @b Bblrﬂucle@ide@e%u\{htﬁﬂé)mpg}%l% lc&i%ié% ép_tgt%%&gg%exp@éion ina

LS, and col | eagu :
yeast host?:@&%t} mbﬁagfc ogg%_%&p@ﬁ%&l%pg?tein 1mclude, but are not imited to: conservative

~+=-aminosacid:substitiitions; amino-terminal fruncations, carboxy-terminal truncations, deletions, or

additions. Any such biologically active fragment and/or mutant will encode either a protein or protein

-7 -




10

15

23

30

whi ch were produced in insect cells froman HPV429March2007
gene expressed from bacul ovi rus. Expression of VLPs
WO 20080388eCt cells is not advant ageous for vaceCmas2004/031326
devel opnent because of the high associated costs.
Additionally, it is often difficult to scale-up
expression of HPV LI genes in insect cell culture to
the 1large volunes necessary for conmercial product
devel opnent. HPV 45 VLPs produced in yeast cells 30
fragment vhigheat st sighstantigfbsroimitsabe inBriprobagiriabpropsitidsiofthy EPY 45 .1 protein as
set forth m}mﬁD qeld. Sl‘hgfs{rrﬁﬁe‘hc B@n@c%@iﬁ&sa&t ?Ili aﬂ?@seﬁ’ﬁh&éﬁtl&p&%ﬁﬂe mRNA

fective and easi | adapt ed sca

molecules f‘f@P Herset Emctiopabidly 43 Iowmteﬁbsowé fbe tgeﬁquéhecc&ﬁelbmnent ofa

therapeuud(&@ﬁjﬂhyla&lctlﬁr\edadcﬁgenSure sel ectl on of reconbinant,
tra ormsd ast wth increased. growth and

expr (Eé H:’cvf”ﬁ}‘m 18 ’9“?9“193 rEbrRsieic 48 Deeryiaezieipencodes
the HPV45L]F1@WeiﬂS@ CEAMABTHING) THNG;2, ki@ nil@s £5id mbleMRddn@fising a sequence of

_nucleonde{gs nt%ﬁh}ncgéqﬁyﬁdf ke particles conprised of

I nan protein or reconbinant LI + L2
pr otlde presaft invPvirs alspirelated to redvanbinegovebiorsand regembieant hos cells,

both
o o kb8l TS0 SR 0

.sPemﬁcamélxpres& ng HPV 45 LI or HPV 45 LI + L2 in a yeast

sel aue @ﬁtﬁeﬁﬁlﬂ!ﬂ\h—s mwwmgmtssmdrm cfstructsdR BN ﬂléﬂﬁﬁ&z%ds
erevis Har zsenul a Pi.cl zi a pastori s,

| described fem maeyf% é%bl? ﬁleRr%sngrB%%ﬁ 2§ l'?eént? A.CXD ss1%rh16ector

containing séhtabbmmtmfmdpﬁxesagpmp’uete tAnstingen @gpaocrty e&inehih; #&d transferred
into prokarf ¥R LAR S hBS cE'EYég o UL GOAPYSES AR R bl

proteln rO uced ressin COdon
manipulatigns 2f5clby dqsm@d&wéﬁ@bw i aianene Cotinehi aborqondpenel; Cold
Spring Harbdr IfaBéraioRy €B81d Shing Hlaﬂaoﬁ @@W&Rt (19395 6 RV Aratdebls g?ﬂglecular

eqguence. 0 ides as.set. forth in
Biology, AGRIR AN B TR0 st tuh ppl O blafeeiente. Moy York (G Y
Genetics: A Eabarate tdrse MpuadRiese rYal HPYUES prin P Harboe ot airiCold $iing

t DNA nol ecul e
stor, 3y FUET OP ORI Ib) Dol SRTD Dol IR SRS
- (b) Téus e\P@ﬁSf:rﬁgmtehreortrplam foor mebsy@asxprwdgnn BB¥# L1 protein in a

recombinarlt lBQJt B cBhpriseadd (5 %ﬁio@ﬁblﬁ’é a {ddfor LombiRS u@l@ﬁ'tam%odm an
ecul e toﬁg}r odu reconmbj nant V45 proteln; and

HPV4S L1 P&tﬂ? B35 S PHRoRHFL 10 00 b SPAR BPORop e BRI $egtitons which
allowexprqcssxmdummmmwswmln a preferred enbodi nent of thi s :

as p%& EI%EGHE %el{ti%}ll d.‘r}fglﬁef??gt{ Fg 6érﬁ)gests SIIEF%%%‘E%E&IWS Wl protein in
a recombmm PQSt c¢lh cammreg €A finroklycing @ ¥estar edmpuidbgni nvelkeic,acidlreeoding an

 HPV45 L1 SRAGAAPS dikidRs c'é!f%%rén!l ttd %H%e%gﬁﬁ Hl\%%ﬁljc_% %g&#ﬁ]ﬁrgze%ffor

nucl] eot i des ‘as set
optimal expression i1} Y%ﬂs%‘l?Sb‘feH\?‘P‘B é@ faﬂtﬁaﬁ'eafb@ ygagihostralh endeg cepditions which

allow exprdsﬁﬂmﬁ%afd&mel prern - ani mal  conpri sing admi ni stering

HPV; V|rus I rticles to the ani.mal . |

pr o A P %f&ﬁﬁ%’i@%ﬂ% B Rroce TP \?‘ﬁﬁidﬁaﬁw a
recombinaig hew delh cmppmsmgz &l irgretecingYetecan ch]hlﬁisn%&pﬁﬁlbw atidtabées forth in SEQ
) NO 1 m{OrEV)%QEt o3& cél% afid m&ﬁgrmgf th® g'ea\étel'ﬂ)tstl & un&er eonda tolngl %hl'_ﬁallow
expressmn of said HPV45 L1 protem

.. The synthetic genes of the present invention can be assembled into an e,xpressmn

TRt &cassette that compnses sequences de51gned to provide efficient expression of the HPV45 L1 protem in
- 35

the host cell. The ca_ssette preferably contains the synthetic gene, with related transcriptional and = -
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associ ated cervical cancer conprising adm ni st eri2agdrech 2007
a manmal a vacci ne conprising HPV45 VLPs. 25 1In a
d enbodi nent of this aspect of the i

wo ﬁﬁgﬁ%%{/sis VLPs are produced in yeast. Thi s |%€/¥1}#0&%H3%
also relates to a vaccine conprising HPV45 virus-1like
particles (VLPs). 1In an alternative enbodi nent of
this aspect of the invention, the vaccine further
conprises VLPs of at |east one additional HPV type. In

translations qonedleéduetteeofieaiveBlinked B &, fich heAHbmORE an@iihiki®RAkquences. In

s peterei bR 536k i § &Py G B ulyoiiss sied n e

. art will rep{RulyS thaHRy 3P a nkBLE bf ofENGRwn bflEﬁde&OmHENEﬁGh HRMBGALIO, GAL7,

ADHI, Tlﬂ%‘/ %QPGﬂ go té@ & o! ?‘L JhE groglngrs meg/%t %d‘{r@ﬁﬂfﬂ%@

Py Sht 1on: EVACCIMe
tfanscnPtﬂWI@“WPﬁ Is tth edTeviFied A-'@Héteenmetdr elivogh othat knofvn tdaescriptional

Fsihy: h
S S SR A O e O A e

preferred peT/ US2004/ 031326 In yet another preferred enbodi nent

of t heothmqmtu oFfihis 0ventioA GLdn TP 4SS Tik SR @\em phb%v&d by
VLPs

recombmawﬂg %Ircﬁressmg e;%EP\féfgl ]'é}t Oé\s(.]IQf-OL Pi?sﬁgg é!é'ﬁlzs?/ %’ b mgtBM Ip{ngcﬁgg HPV45 -
VLPs, ancb@ﬁﬁbqacls of pripe IRV 45 VLPy. UELPs|cak elfpascnibid wisn IRy theedor cipidsprotein

of human hﬂﬂi‘/ Rl ‘Bﬁbxﬁcﬁ'ﬁéﬁrﬁ %efﬂ?%@&ﬁag ?%an@éc{ &§ @gﬂamkﬁ)a% tells or bacteria

npLi si ng

(fDI I'eVIC\g,cfa«f §qhgﬁépndwe{1,};ﬁ gapzﬂﬂm@nw Bervdgwse Q’m@mg Sdrareaiton Rapélomwmses
Lacey, ed| Beslt, UK d.caditddi@n ﬁiforﬁ'fa’ﬁ'oﬁ Ypeoi-52 369 %/tﬁgrpﬁélggbmg%dlsunct HPV

VLPs can %@ggpr%&g%é}l r{%‘ﬁ%gg o Pg%% @%%gapsﬂp%gns VLPs are

ComPOSBdHPV/%BentdﬂEXﬂSLIHPVE{%V 1®mllecﬂ1lﬁl\éﬁﬂctufd&Bﬁi¢eﬂa: 2.0 BPPKst J. 60(8): 1445-56
(1991)). of the present invention may be used al one at

appropri ate dosages defined by routine testing in
or deVrEsromewhalogisellyaimilar ihiughentioviriods aapertSapableedftinduning high

titres of néhh:lah@lgrﬁnﬂbdﬁﬁe%'uﬂgn AfhmistioR @18 B hrdnail @tinGhibMion loPrabbits (Breitburd

0 C n tratjon or Sequent|
el J. i bR BosolS O ot Qs alom et S 154 9P 1555
57 (1995) lawittuMil Psofas shavastol iokein@ae hbwtdaBisEng Qltlb@dléd’ﬂnﬂ@ﬁﬂé‘& dgalirﬁf &périmental

' paplllomaylg.& ‘i{é}f@c@mﬁ eﬁb\péx%p tbcggukel th(gi %’g ?o ncIQ coné%ﬁ g)'g 510 eula%ﬁ( oncogeXm viral

e expressed géne

genome and ey prbfasgioablel W&Bﬂcﬂxprcpﬂeé E;‘nlyll agtgleceahd, heg pfesatt i wafe ditsmatioE to the
use of livedid@b!fn H®/ Ghckifle 4813 meATEhr RIVETE E%cﬁllg%ﬂtfﬁgégh P C@zgt Hirol. 19:
6774 (20 5) VLPs is 15 administered directly into nmuscle’

ssue. Subcut aneous i njection, |ntraderna| : )
i Nt ridelais mhdevllebguies @S SledVirdl lOUTH -336 €20067) ralscmdﬂpv Ias VLPs,

;;vhlch wergﬁgﬁﬁceﬁ in iﬁge%l c@:ll% itl’r%ﬁlt aa:n(%-tﬂ:; 4§ S‘.H (ggﬁ’ei %;(gge;s)saegsr A nlglovﬂ‘us Expression of

avenous, or
VLPs in insesh eedlvii net adyantagedus foa vaagine dmehlppiemtechlmma’(thé)hlgls tssociated costs.

AddltlonaIYﬁ@t% Srehidgfsn B Y% A8 up E}EbYéSgglg of HPRE § Eén%.f; ?!1 insect celllculture to the

dm ni stration, such as 1 ntravenous,

farge volugeifegts b G copineis o mip g pvelopment BRVAS U BRrshvosd i east colls

have not baﬁj daveRibeds E{kif-‘f]@ma@ oHRNWVORPs IMBJe G cAlls Wik iR RAYAHMRES being cost-
20 subsequent_to _parenteral

; :
ofective o LSHE HEREA o e BHEE AL hEORME] 8 TP RoFoR gonamegan be
readily altfaéi/@mlawlﬂ:stlon of recombinant, transformed yeast with increased growth and

expression potential.
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Al'l publications nentioned herein are incorporat e NMuarch2007 .
reference for the purpose of describing and
WO 2005/652586si ng net hodol ogi es and nmateri al st hat PEIgiseos831326
used in connection with the present invention.
Not hi ng herein is to be construed as an adm ssion that
the invention is not entitled to antedate 25 such
di scl osure by virtue of prior invention. Having
descri bed preferred enbodi nents of the invention wth
r ef ENICE PEEH H@fﬂﬂ%&&lﬁtﬁ%\mﬂﬁﬁﬁlﬁ? BARtiFigRcompisqdof egorplnant L1
protein or rétDaBINSAtAAG- LN plotdilieot IHPVEN! wifeih thetedonbimiht R6leia® dxpRS®RA in a
preci se enbodi ments, and that various changes and
nodi ficati ons may be effected therein by one skilled
i n Inteeprefamed evnbdulindnt dethaintvemign f the HIPVAE VI P pre porducegiby i t
30
oxpresing BV U3 S DAY, 2Ep AP0 | IR ol ed AT ISR P,
Saccharomycrcerewsian Homsenulgrplymphe, Ridiepaarin Koovatmyges fragilis,

ﬂmeronz;%%gﬁﬁﬁeﬁﬂd@cfz%&akﬁ Vrcf}r%lcéaj po%ﬂ uence The HPV 45 LI
sequence has been_ descri bed reV|oust ( Genbank

' Acchudismeesef thie myertsgds 2osdeV el 1 svhigheompstamtih L1
protein prodhog byRipeeahy Dtodohplutiatd I L11§cn3:1 II( iﬁl%ﬂa)r):d embokdinhedt of this

yeast cell.

‘ aspect of thwwgéaaf?ﬁga :?Eh 20% E%XQ? ﬁ%‘ﬁé:\c?gapnseis g S?quﬁ%fer?f ﬁuc}eotldes as set

forth in SEQByNénke vari ati ons bet ween DNAs obtai ned from

cli {: i
BPVA ?ét%ﬂ{)thélsﬂgla ;gispﬂéus é%\gﬂfgcﬁx Clg:rx H}eﬁl%d af 1%| S%?%ﬁ‘@é\g&s \)’Iﬁ’s comprising;

(a) transformigg yeast Wik & grcomsiam i RNA rolegy 69@%&%&%@ PEQSRIR 8Y HPwl +
L2 proteins A5} ddifvati e ﬁ%nifbmfeﬂ@ﬂﬁﬂﬁﬂ@r dbﬁﬂiﬁoﬁmhhﬂ ﬂehﬁ‘t@le}ip?esﬁon of the

recombinanf B TERERTe it BF GropBlitl T ony B afentg

'recombinanEHPV:{S PCEINCPraluCa HRVAAVRABGTATTC 3 (SEQ D .

%&#ﬁ%ﬁﬂéﬁ@gx CEES gs g &I:BI\Jbvegstlon 'HI‘F eyeast is traPsforéned WIth a .
codonﬂpﬂnam&@%‘(‘b"’ Inegeae tepreduce 5EYGP 384 bra pagigubsly Pge@rsed &mgodiment, the
codon-optinkikeIUBMV A5t R¥ie 8bKY I‘ijéeymegﬁéi‘ﬂé S€nieicBlifldsAY set 7 in SEQ PO Ny 1.

e S Do R o by 8 o
compnsmg ddreniiAn )\ EHE VU h &hud-lﬂ@qiaﬁdlets @ the Eiﬁnﬁl dniaipgefaedieabodiment, the
strvas ViSO BbEORE Dy OO0 Rn oA B O b e and prat ed

ranstor ne ure and plated on LB
aga¥etwnetherapict pf this nnvgmw 1§ PIMSbad df pMeyrpiting enrtreating HPV-

associated cgllvﬂ:%f kdy %oﬁxﬁﬁﬁﬁ@’ 2B RhiSElingd8 2 REnd |a%§§nevb% h%&éxﬂg@\mdvms
i ncubated for 16 hours at 37C.

| on
Ina Preferreaéfffbsihﬁgéat Yrilig st qﬁfhetvéve%crnomeé?w \éwﬁaem pglucsdyyeast.
e aC'Ihl@fnvthmfa[su Irelated iohivaédinel copipeitiag HPvab viadike @eiicPOR/LPs).

‘a d HPV I|f|e usi
P i fatien R A e PR TRlehirg e YReP i
comprises %Dﬁadbastmdéitmlal P V25pec\inh @sef@fedk@t@émmdﬂw atle@8@e

additional Hﬁr c&?@ﬁ %&1&4&%& iz )the g°t ﬁ%ﬁ?&gg (Qgﬂﬁ%cfﬁﬂﬂﬁ @&@&@ﬁ@w V31,

~ HPV33, HP\Vﬁé Y Fe Yy 1 V%ﬂ GRVES.dH . BPYS R RV ¥ wdHRGEr ose

gel el RELHAPHAERBhH oSENEREL f MORI@Rioh, TRINEA&I Yurther comprises
sol ate contained LI bands. The second col ony from

ch isolate was cultured in LB nediumw th
anpheinbthédprefafrakémighdahen8diGhd @ ertn ae ¥ sccinb/fudbpr @pprises HPV16

HPVI16 VL

';-swVLPsmﬁ}ﬂRﬁgxﬂﬁ;fornEd to extract plasnld DNA fron1the
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col oni es. 20 DNA sequenci ng was perforned on the 29 March 2007
pl asm ds containing anplified and cloned 1PV 45 LI

- - tomthe four clinical isolates. DNA and

WOWFS& ed amino acid sequences were conpar d& T RFAfH031326
one anot her and the Genbank HPV 45 LI sequences.
Sequence analysis of the four clinical isolates
reveal ed that no sequence was identical to the Genbank
sequence. The HPV 45 LI pI asm' d fromi soI ate #33 was

choseg C,Igpaé}%gwi ]g} cp&ﬁﬁ‘ F] e m%en'tfon e vaﬁé}{f? ﬁxggl%'t mprises

sequen er e erel as 1t

HPVG W?sﬂWﬂé@éﬁ%%%WES%QWIMS see FIGURE 1). This

. el etion which maintained seu
like PH@E u@ﬁ%@ T HES EVIGOR FedHRS twhwacﬁsm ComRoRtiPEPomprising HPV4S VLPs
and VLBg esaxl Iédsftgxelaﬂdﬁméﬂ{amtm &€ P fetBABARMIAGN (& 4 Mast one addltmnal

e oo 88 S0 8BS B P R v,

HPV35, EENBA i HBV&Z;lI-H’QISﬁLMWGs HPY56. 3PP, addSIRVS. >S) 303

| - >T
;m ;o‘)’:g:g?é Zo ]ﬁ)si il&s oﬁg% gs%ﬁli(xg%n? mzjgg l%%«?{l[one Vﬁt ggcpr?pnate dosages
dofined byyguigpe desHinpin OHet i cphm oglinad inhibition df EIPYES irtfeation Wbikt mirreizing any

potential S@EHEN FRaddDeR, fl4aitEstlatiod BEse @en‘&mll adi?ﬁﬂls%aﬁéfrp&” ottefl %h%ﬂ& Snay be
was anplified using the'LS-1 TCAGTCT

demablcCACAAAACAAAATGGCTTTGTGGCGGCCTAGTGAC- 3’ (SEQ D NO 6)
- and HPRGhibEdt S vir €3AGAGATICIES ATHE. lﬂﬁdﬁﬁm&%@oﬁﬁéﬁ:w1@depend

[S to.a Baf.f extensi an PCR
on the m%:ung A tg Qf e%%:es@éd %2 Frod uct. mﬁ,eg%gl anipmugelogeaily or
Prophylaﬁtffeam eﬁfemdw gipé)putzl@dxgﬁy 1@& lI'B dndipreforablyiatieut 20 ai i Glgugdf VLPs is

administéed @ERNPHRo A8dcle Rche; SERADR 1as 412 29 March
though %&7 V\% 2005/ 032586 PCTI USZO?)@ 31’" ZGa é%(l:a?se%ﬂ{c impression

iofee BogRsioh BATPIRs R oREYCh 45 TnfEperiignenh BTR¥IONS T nbatation
delivery- (@ahg edilﬂtemp'[itai RGR al%b oskitehpIed thh\@dsieAlagesliosk MMyt prowded

Sequenkeinsitiod 'aﬁggslth%esr{b @ﬁaIﬂngelﬂﬁ&dﬁ h&@pos by c%ﬁgﬁéﬂl@ﬂl’v 45 virus-

| Parenterﬁ%zluku psu%f:ﬁgs m?r venousklinﬁ- ﬁsgég%gﬁb??ta#eghsg ; he o’ﬁ 5

admmwtvauorpm plwdnts tsuqhals alupngra Maick aimﬁammdﬂmhngesmﬁemwm &0
subsequeh@B g%ﬁ@ﬁijznhﬂddé%m’lﬂe $hocin@b this \ﬁvref?tjio%gé/ algé)%wrﬁzg’gmgs.s
(1995)) S wth the

: and E.coli DH5 was transtorne
ligation mxture. 5 Colonies were screened by PCR for

t he EHVpublicdtions MsRiched Kerdif) Sre Q&pr%ﬁafted%'r&@ﬂeﬁ'&e‘f@ﬂhe purpose of

' d I at
descriving RS o 1Rl B L B o e e M praesgn viptpe resent

inventiong Noﬂunmﬂ:ﬁrm tg be tasteuedas alda(@msstceﬁhwtﬁehmﬁsﬁdm is Gtehlitleind antedate
such d1sclﬂ'sﬁi@'bybuﬁlgoﬁ§§&'h{veﬁ‘t€o Jthe restriction fragnent profile

ene Wi thin the pGAL110 vector. -DNA
- fragriying dggsyibed RS‘Ffé’éfdr P! g ingaiosdtiyefernceiodhe
accompaﬁ;ﬁi?glﬂrhwmgs it@SfoMbk Ghdcdlodd (Bd MRNhveRESH i 1s &t 1MREA Y4 tﬁHs'él e
up}BP%% br om de al ning and vi ewed wt

w
embodimpfy 2hd SRR PRy (BEbA1 GrFa sk gne Skilled i the

o ant Wlﬂlouielﬁﬁﬂm aem drelsb@c‘oeqﬁlmtﬂﬁ isRARG :ﬁﬂkﬁﬁt}d in the appended claims.

30

35

AL 110 Ty b AR BB R i B SRR

m xture was plated in Leu( ) sorbitol top-agar onto
Leu(-) sorbitol plates gpghjppgybated inverted for 5-7

D . days atlﬁ 30C. Col oni es were picked and streaked for .
ete“mnﬁtl‘%ﬁgl‘? PRSFRAEHIBN 40 dd (Seyuese bit ol pl ates. Isol ated

‘The HPV 45 LI sequence has been described previously (Genbank Accession #
NC_.001590; see Delius and Hofmang. Curr, Top. Microbiol. Immunol. 186: 13-31 (1994)). It is not

17 -
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samples PE?é’éBgilY P ceraip SRS DISA;

15 col oni es were subsequently grown in 5 m of 5 2%March2007
Leu(-) Ade(-) sorbitol with 1.6% glucose and 4%
WO 2060az386se in rotating tube cultures at 30C tmCT/US2008031326
LI transcription and protein expression. EXAMPLE 2
Yeast codon optim zation 20 Yeast-preferred codons
have been described (Sharp, Paul M and Cowe, Elizabeth . -
1991 Synonynous Codon Usage in Saccharonyces
cerevi si ae YEAST 7: 657-678). Expression of the HPV 45
wncommop boyevesy (g e ming seqpence eriions batwermRNAs eltaintst fvm clirie! isolates.

To determiiRG BRERLB¥PHPSH DIwESHS S&fu¥nd IDNE q&{g@{ Gird
veIIQ% rrer?t t he HPVW45%FEJIg %{Pn% was re UI0|t u%]?lfogiljaﬁﬁcal

Vel sequegiers et eoplidig ¢ en a
polymeraqe ichaii: eactidhQPERP @i g FAYAIN A bol§Bria @Skl @b folMiia R Mféxlsq{ﬂi’@ HP€45 11 F

Y R T TN e

CAAACATACA T VéaB G060 Tridze d A e GUGEQEENNO5}.eShe dhflified products were

alecuoph(ﬂéé% &P%én ggg rod u%laﬁ)gfg %E ietllg‘kd"{%?b =0T e‘%!tglﬁ?r : dr%] e Eglﬁ'ubﬁ &1 ands
were exmsgg P’Efl LY, 1 ugipgteey @A quiglsPER purificatiorekit (@ﬁ&?ﬁ Hilden, Germany).
The DNA R4S eRLib A& &%ﬁ@ E1ENiNveclor (2 F\gen@’fﬂrﬁ‘ 0CRfsbah, bﬂ%q'l‘ ICQI: gas

cransf el?ﬁ%g Euences of \/ 45 LI are shown in
anstormef e mafpie gy aaes on LReegard: 3t ing! BT Egnd K gal fo
blue/whiteteRing seléiog. Olelhtappérs govefstsad atdbat@Dioad 4 hGRNKST°C.

Ol ' 61‘&‘1%?@(519% SN tc{'oen ngr(t:p& 7 et Sl t UI l nglégng&ln%gc ogﬁ]efour

breterred
clinical ISW?Mbﬁlhﬁ‘il hepntHeR mph@rsd}aﬂf"é#ﬁ hd Dath wasﬁq&en@hﬁedr ivag@rimers HPV

45L1F alﬁl mgpnrfm BVGHE s8R PR n;jglné&ﬁ cQJslsEeﬂfH?hé‘ n)gcles% L8 oihs B Rec

i.on. Addi ti onal ficatlon

(denataracigR B2 st U AE g 3 Yimples o GG Peensiogty RReaseducts wers
visualized by ettidivhe biog i sﬁinﬁn@hft@ @g@dss% gelRfeckbifhdBQlsy @E&@ﬂ%ol&ﬁi@s from each

isolate col q Llrhanﬁ? é[glF Cﬁ“d ﬁé?ngyfgogg%dé Rggﬁe\gz}sfcﬁﬁure(ﬁ %g\tlth

amplcﬂhn@hﬁimg/@ ¢7°Qtr 16 hgre gManipremsendpdrfogmSUG ekipact 5laﬂmidlm~eﬁs from the

. colonies. (denaturing) followed by 25 cycles of 95C for 30 sec

-13 29 March 2007 WD 2005/.032586 - PCT/US2004/ 031326
( derfdsequendiue wo@eriormedon deeplismidseantpiningmplifig] indrcloned HPV

45 L1 DNA fonithéttiueclirionl BHISO MNATRH kraefkdinifo Lid¥eqiles Fdrd@mpared

" with one ﬂ%t%%%e ns%%ln 62% l&%‘g ﬁggﬂ% Csegli(l)elélgqsr g%yt[ggq%gl%lg Bﬁﬁafou&;hw%molates

revealed thapypr soguanaet wasidagicaies the eabai dequante DilAe HEl 43ULT lasas from isolate
#33 was ch-BQ& t@ He r%ﬁ%f@té@\%%ml {yﬁ %%aggn%%‘ g daig %etfee | afle?'eigl %s the

4511 Wﬂ#ﬂﬂeé?ﬂq@gcef’é%ﬁm MANG:H éﬂellgg‘@Rﬁ Db&hid smsncg@bntpunpql # nieelpucleotide,

three aminb h@@t(ﬁﬁtﬁ)@ whfeRtha Bl okd ﬁﬁéeﬁﬁ&g %henc@ R ﬁ%ﬁie' ﬁ%gngrxgmutauons
rtﬁ s .were transformed wih i gation mxture ,

resulting i ‘fe&‘ﬁl’é‘éa“d\%ﬁrc@m@%@ﬂﬁl eight ﬂidllﬁonglglle%ppﬁlt W@Qq |ATRInG prids 495-497
in the Genipink sajubnte DNATekaa] ie Kizrdaatiad. kB¢nisiinR Beaothc ik HhIﬁlS&@B (S->N) 35 (N-

>S) 303 (It—>elé rgyr'?gg eﬁg anﬁ?‘%S%3 L(Z ggége'pfeéﬂlt Et}\%g]rs;{a q}oe ne e nggs @gnbanlgn aa->45

L1 wtaa). (Jhp @lSH@ht Difitegiogowerk diRribied Muomgﬂyutmhisseqmmrﬂdefﬂlﬁﬁr{ﬁ nom

DCR%%Ie us gﬂivﬁldl-tg%e%eﬁ\% ge;d‘g 3 p?iHLd E%S&ag[etﬂétg 19550 PR PA GATCT

end S l'u rans sequence

CACAANST QCM’@WQQGQC&G%@MG%@P@G}&H ($FébIIDNO6)

andw N@%c@d@ﬁeﬂcaﬁr AbPTET B &b’s‘ﬁﬁ‘@eﬁi‘%i‘/\ﬁ%GTA CAC

lasmid, pCR4 Blunt-45 L1 Bar n

TN € Poic i (SEa%ﬂlf\%] 9) pnmers to. arc)id Bglll extensions. PCR was performed usmg Ven leymerase The
.35 '

PCR prqduct was visualized by ethidium bromide staining of an agarose gel. . The ~ 1500 bp band was

-12-
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digested with BarH and DNA fragnments were 29 March 2007
el ectrophoresed on an agarose gel. The -1550 bp 45 LI
fragnent was gel purified, |igated :
WOfﬁgﬁﬁsla%ﬁ) gested pGAL110 and transformad into ]%%5"“89041031326

E. coli (Invitrogen). 15 Col onies were screened by PCR

for the HPV 45 LI R insert in the correct orientation

in pGALI 10. Sequence and orientation were confirnmed

by DNA sequenci ng. Maxiprep plasm d DNA was prepared
excised aIMNA pediiddarsing e QIABXSH ¢l RRtAdcatn Bif (Bagell r'mélP@Rqﬁo@ad W then

s L 25 05950 BUREA 50k o B 35 e

digested HE{4 HighlPCR ptodudtenaé lijatgion BatHl-digkatdasG AL MAi(ddacribed i Hofmann et

al., Vzroloﬁfdéb ?(S P‘éi dl % 5@%%10?{)%}?%_‘2%{1&?5 Ot wﬁf‘th%ﬁéa?lf)ﬂc’ {mx%% ed
| sol G@Iemefcwre Aeresnedby BCE iy ShechdeN #H 11 ipsertvin thencosreqcnonertta@n
Sequence ¥nd @idliratio \FEE chnfRREP Y ENA%&J&ném@ %‘heglsl‘é&%aoms Fafned
gf%l)\?toseln rotatlngd&eube cutures at _30C to induce
pGALLIO hE €% P lAneas digesiedvih Pk freeiang flindil fodeteagine the
restnctlonfffhlgmsm pﬁbﬁldd bl e PV WIgeaduitiialie pGALO l@Vecg@GDgA:ﬁa%Qxents were
e su ed an

electropho\{\g?cf 4 axeotsg gél§ r éﬁsugﬁxrg ?egsﬁng:ﬁérafr%engﬁggleﬁs L céaygczthmmm .
bromide Smgmépawad with UElight.pel | et s of transforned yeast

i ndmapltes PRRLESSoffi. 48cc hlzrgkh%cegglngﬁ%?«?@efﬂl 51@%%4&9@ompetent by

on 1cCe, -suspende

sphieroplagligy &éth @1‘(5E1aﬁf‘eanﬁé@ﬂﬁ6‘lﬂ%§é vais PCALHAGTBRI4S Tdts Theyaafdraegormation
mixture way plit@DIT le@APRTEolop-af@Tonk Lra;(wgoe@m Qa@s hidfihdnomead moRtefor 5-7

v 0 050 SO0 SR BT 0o B g 248 s g

colonies wete spbssquentprpematio 5 el bHF XI eni-nAdes sorbibfltveith 126% giwtase el 4%
sscon SN AR Bo0hd a0 BBy BRRRE YRR

i sopropanol was added and i ncubated at room

‘_tenperature for 10 m ngikesqapiGentrifugation to:- pell et
Yeast dt e RN,tA was performed at. 13 k.rpnms.for 10 .
east codop qpifmization rhe © spernatant was decanted, the RNA

‘pel | Bdastamsiiened sudbis HavoBdEh @cald (S, rPlaﬁll.I@ahd Odwe, Elizabeth 1991

Synonym&?@?ﬁn%’sﬂge 1%%‘35&191%57{&9%%”}1.9?:%5 igzi"nit é%? ]%)rp?esg%tgiée HPV 45

m nu
L1 wt Pf°f§{1}éﬂﬁé AEeRPlE: RoRREESdO Pli’t@e ﬂwaﬁmase&x@@sm;pmmwfqryommmi
product d&&oﬁ\ﬁén@ hihe2QPV 45 YO ng PetAnshiE ﬁ]l;/ %%ﬁ@@é&%@s \@ﬁﬁl rebuilt
C‘?ﬂ’if{ dto deg_[wm[i]_jdthe concentralon of RNA j f
sequence it BeergHa LA SERRBIT ONEiE U e ASEB i itRcg over the
wild-type fof usk mvzﬂ;ﬁm@ /dmeldiﬂhkﬁnu\ﬁmnttﬂit&e@%ﬁad wW8Qethnslt dtiling.yoast-optimized -
codon seq&é&'ypﬁhgmhcl%?%dé\%qhen%g Bk 4@ tw a}I,tere% atég% p%r,%/ B a9e ot?uce ?5 LIR

WaS cas TO r

- R= rebulﬂNATWﬂ@MM@@cwImwe@em u«pu attgreth. uTh@:uc(ebﬁIMSEQ ID NO:1) and.
 amino aci@ROADINGS) QSinc GG BEVRS e RUEoEAYA FrRRTEM de and 0. 1

% heat ed m nutes. A one-tenth

vol uthe s ftE@é?mm@éé f?*rghﬂcﬁw '@Pu%vgasf;ta desipndprg QVRdarPRg sesse and

' antisense diigatled tanimn tiegess lsubsﬁ_lhﬁ‘ﬁ‘é HRRBAUS Hirh yWREpRAHEOEIBA seiences

while ma1n7tammg hle orlgmallannno acu? sequence TI:Ieger oligor?ﬁerrs]; (\)N%E'esused in place of template

DNA in 2 PCR reaction. Additional amplification primers were designed and used to amplify the rebuilt
sequences from the template oligomers. Pfu DNA polymerase was used in the PCR of 25 cycles.

«-. +The optimal conditions for amplification were section-specific; however most employed

‘a-program resembling 94°C for S minutes (denaturing) followed by 25 cycles of 95°C for 30 sec
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10 The gel was washed for 60 mnutes in 10 x SSC.29Niech2007
RNA was transferred to a Hybond- N+ nyl on nenbrane
WO 200AmEssham Bi osci ences, - Piscataway, NJ) by eapistety3i326
action over 16 hours in 10 x SSC. The RNA was then
fixed to the nylon nmenbrane by cross-Iinking using
the Stratagene UV-Stratalinker (Stratagene, La Jolla,
CA) auto- crosslink function. After fixing, the nylon
menbrane was allowed to air dry. 15 The Roche DI G Hi gh
(denature), 555A%C folB0 secenrenl, aah 2 °Odorcld mumtciextensigt, folpyfddriwai miute
final exten:??rpzﬁ 9%){&1‘6-\  4°CHRREIPCR %&u@@ We?engﬁ}lmﬁﬁﬁ by §%§05E gelleﬁgﬁbqh%ﬁesm

sequences Wt used
Bands of ﬂ@@p@'@Pﬂ:ﬂ%SlEﬁr wege pgised and ]PilgAﬁglf Rq%ﬁeﬂr Bheaplifigd fragments were then

used as te a@eﬁsébgehﬂleztaénm,nt&y@rtmmLp nénd i rmunol ogi cal

devel SRIEDt us 19 A% ANt BLG 3 %gé e, PO BAR) 8RS covivogen

and E. coli TP adllsuvets trénsfopnalwigntaligmios mﬁﬁteefdojcmet; heredroin invadsml LB

oA B AL BT, By

was sequer§ediioponfam thn greqruenciithavigsiond dhaeges farghe 45rldoebuilds Thelfiebl R

(rebuild) wﬁpre atﬂ%hmfcpfrbﬂ gfjalrﬁgt—écﬂ.l% E@ﬁd%l—ﬁ%(é};%s?&g ftéS)bcgﬁ' i@x}]ds plas a yea.st ,

5 -non-tranfigied kepBeriseauEats Whiress! o thedhl Ginitiate fodoend veyrritisd fgment was
cloned as 2BbRtanWPBEAGT DNA &Qs §afiented Y THY pRSmid) Ecﬁzt BluSdsg’a' Wi RUB&m), Weas
er at ure y._an a na
digested wiih Byt g G ERRo i S e Rphirhed of e g gROBlss0opas Tt
R (Bam) fragvent whopk potificds Li@@dnd Putiisdigested pRALLDD Guetkdosformed into TOP10F -

. @p hat ase conjugated 25 anti body applied at a 1:5000
. col ) P ;
E. coli {In [ Jplon for 30 m nutes. The bl ot was washed and the

 pr eSelnies sferqrcesecd IECRARMAHES 45 Tni R iorh{h hEFRBEd qpientation in
PGAL110. B:R8dntahR HRhRG Qbre ednfiRed & IRl s@@ueﬁﬂﬁ@ Patigss plasmid DNA was

ated an | G bound .anti bo tial ,anal ysis
prepared a@russfﬁ%gfheéseaffte%uﬂaofa‘g cepPee Sy g by b Pty

' sPheroplaslﬁmg’l (ithis eaadfortdiRY yddt whrk plated isLeu() sobholanslagar ams Lad(Hencbitol plates,

which werep 1Dy gﬁJ\él%d ’im;eggd F’o?g H%C %ol\é@i%% &/gljg %{nl:akﬁ&mfot: @10}43 3&?&&8{1 ?lfl E%ﬁ(%(%orbltol

sequenc an | ncrease

- plates. Isolesqdpelgmeawereug'esﬁqnenﬂmm%@cﬁ wbofoﬁeXéJeéﬁo}Mﬂ ) sorpigol with 1.6%

glucose and @@%hia&oé’eﬁn lf&at%ﬁgqu&%ﬁmmgo@w HERE 84 uhcAMidh 288 ¥rotein

o AT Ol A b AR TR B  5 Mfp

was removédighd4ize ﬂdllethieEﬁfﬂ&Eﬁ hrﬁtstdr@i\/aﬁéﬂ’oéd that full-length .
transcripts were generated (FIGURE 3). 35 EXAMPLE -5
-15 29 March 2007 WD 2005/ 032586 PCT/ US2004/ 031326
1PV 45 LI Protein Exﬂﬂ@ﬂﬁﬂ&ﬁ?%ozen yeast cell

RNA ets of gal actose-induced cultures equivalent to

: ng%&%%O 10, were thawed on ice and suseended i n, 300

of melpahstept angformadyraspindesed smerpeess HVMa &l by gpfasios) mductm

- were thawadl dnfice, &ﬁ%ﬁé@ﬁ 0. S\ﬁil dfmahe@geﬂt @mngbmﬁwbe zﬁisco HHI.)de

meteted 7S emgr 7ol gt Onklh SN Sr it A fph fleed e v 1

was then slgake$ig@OBSIY fdr 16 ReéhB tovmix and detbaabatoomt @xmperature for 3 minutes.

After a 5 minute centrifugation at 13 k rpms, the upper phase was collected and transferred to a new vial.

* 0.4 ml isopropanol was added and incubated at room temperature for 10 minutes. Centrifugation to
. pellet the RNA was performed at 13 k rpms for 10. minutes. . The supernatant was decanted, the RNA.

- pellet washied with 75% BtOH and:centrifugation epeated. The supematant was decanted and the RNA

R

pellet allowed to-air-dry for: 15 minutes followed:by suspension.in RNase-fiee:water:. Spectrophotometry
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repeated for 5 mnutes at 4C. The tubes were pI a9 diach 2007
ice for 15 mnutes, and then centrifuged for-
at 4C. The supernate was transferre

woiﬁ{)e“?e m crof uge tube, | abeled as total yeg:(ttﬁ%%o?%mﬁnﬁ
extract, dated and stored at -70C. 10 EXAMPLE 6
Western Bl ot Analysis Total yeast protein extract from
twenty isol ated yeast colonies for each 45 LI
construct were analyzed by Western blot to confirm

was perfoﬁii&f 8 le ARG thébnbintREO] SIHNAL B HHAEE RS dsﬁi\%ﬁaﬂ%h 3t an Aggg

ranms of total yeast protein extract
Iead’ngo%]gﬁﬂ&hé}&ﬁ WiendhpAG0/28948 1 hg-0- 15 buffer and heat ed

to 95C for 10 m nutes. The proteins were | oaded onto a

10% SDS- PAGE gel and el ectrthoresed in Tris-dycine

buffer. After protein the proteins were
Northern B8 hasRsit r ansferred fromthe gel to ni trocel | ul ose

andt Iot bl.ock xdllunt ffer Ki r k

ond Pob kg g AarBie @é}g?]‘o s Faftofe 41 FpBHiSs s
combmcdwntbrﬂenmﬂmgigxffefr dﬁmalkﬂmten%nm@hﬁﬁnﬂhﬂ@eeﬁmﬁsmnﬁetahen 1x

~ MOPS) aﬂtf}fe&t@&&@%%’yf&ﬂo%&m@fo&oer etth's 8 or 88 %aa B bl SR A and he

rumat ro

sample loyded pnigake goh dffeairpphrrgsis msa@rfpuwé@t aimolismcubmrts wifetfon~ 3 bours.

The gel wis w0 i bo'fiars of 1¢pEc goat - HRP conj ugat ed anti body
for éﬁf’fh The blgcﬂ_r saaln washed three tines and

NBT/ Beg BNacrs s Band Mhppilongemprrye (QagEshita Bipseionces,
PiscatawalPe¥h) Py caiidnabaivh esdr. 16 mnmx ROT0eESSd. Vﬂ:eﬂﬂ‘@A @adiBe\BEed to the nylon

venbrn 5SS 5y BSE s Gl LM e
crosslink fya¢tion; ddtepBxing, dleswilqmncrﬂsanemna pBevessiot Rivérypand on the -
ni t r-@g@kéaabmgﬁg}mﬁﬁ@mﬂmgem %B@ﬁ&im‘ﬁ%?ﬂ(ﬁ ﬁJffrhaRﬂ La Roche

Ltd., B g F : rotern | S_appr oxli [y
- Basel Switggrlangf wasiused tg dabgl 450 R PO teavencesoHitly B} tOépan a4k PRgbe (0 |
detect 45 PR RNA bii e Notthira bloy. eﬁﬁdpr@-hﬂirﬂhzlﬁtl&i( hﬂﬁﬁﬁmﬁ@a ahd E&ﬁﬂaﬁdmgecal "

developmt%(g mu;léan :%n%%]ﬁ arfka X%Flgogmaﬁée Wg&tgd E{m ¥ gera ng]@f\?{msg geg the

manufactopeyysi regopnagndativnd dBrgefiynthe bk was pre-dyaidized at I far B0 mimess, with
gentle shaﬁxh@ k'?hg ﬂr@bctkﬁas %ngatlirgé gfﬁgagﬁgsto 9§ﬂ§ fof %%Lutggeaglﬁ ghéﬁ%ﬁg%?ﬂge The..

ein extracts were

probe was(3qdeglpghesbrdgzation FRiwion g apphiatl {9 the mempyneioy 4 prustitidéd°C with

gentle shakigg. 'Dhtﬁ[)»@@ﬂ@z{ﬁoﬁfsolh@&rﬂﬁlvas tRnQERLYEd afld BRBHWNEHEL b3 or 5 minutes in

2 x 55C Wil 19 SbYRE o R RRR bl eally 1o Qi ngbitsh SRS vk 05 x SSC
and 0.1% $1Y/ WWW@MMCEWOMﬁtWM aliaifibe pt@Eyhatase conjugated

ity SRR g5 e AR e v

bound RNg dstormige ENBT/@)GIP sehsgate Peiection bt dlkplinstpbpapbatege cenjugated anti-
DIG bound\@gibodly. avvay and H45.1 OB 11.°A5, an HPV 45 LI VLP type

and]% I nal specific mAb,
it1al an yms o yeast expressing 45 Liwt suggested that there was functional HPV 45

L1 transcription and translation; however, the sequence was rebuilt with yeast—prefcrred codon sequences

to obtain an increased level of expression, useful for vaccine development. The rebuilt 45 L1 sequénce

~was engineered to omit any possible premature transcription termination sites to ensure robust

transcription. Northern blot analysis of the 45 L1 R transcript revealed that full-length transcripts were

generated (FIGURE 3).

SO LUNUIER e EXAMPLEVS IERNEE
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. total yeast@got@p giﬂgwhasé,(ﬁg@g@ |°6‘FFOA

applied as a detection antibody. True, 29 March 2007 .
conformationally correct, 45 LI VLPs were bound and
WO 2abeiEssd on 5 was facilitated by the use of aRCT/US2004/031326

anti-nouse 1gG HRP-conjugated anti body and TMVB
substrate. Specifically, HI8R 5 was used to coat the
bottom of Immulon 4 HEX 96 well plates overnight at
4C. The plates were washed three tinmes with PBS and
0. 05% Tween 20, followed by blocking w th bl ocking

HPV 45 Lt Brotein Bxpr¢s9iB& + 0. 05% Tween 20 + 1% BSA). The pl ates
we r eFrw@ﬁ edit deliRRets bi gabBtoanthdaRt cgans «gliviladt 1y OBgH)= 10, were

thawed Ongj?erﬁnji s sagqt,dgg glg%gp pi 89 ?&8 g?%%?% 1:&\5} @ngél | (§ g NE'IQOCI pH 7.0) with

2mM PMIRe f&i@ﬁ%@&@ g;aﬂlaglﬁs bedds,pubid ddded] ~t3g/tdbe. [The VRS wie Rrertexed for 3

cyeles of YRR St &l S cpmB gy 5 et 16 EroRg 0y Htod Yores

repeated f@reémingss aere. Tlnaemb&exerablhged ot iideuforeld thiwmted, ebdithckosenirFeget for 10
ok u Aite .
minutes atql 33 e‘i‘@e su Ref-ma wtap{r:?n%felgfg}f ta sgérgé %%%fﬁgeat : 6&%&5@&1&%@1 yeast protein

S n and
@ﬂﬁmtdﬂmﬁamésmméshé@TE tlnes. CBII super nat ant cont ai ni ng HPV

45 LI VLP conformational specific mAb H45.1 OB 11. A5

was diluted 1:80 in bl ocking solution and applied to
each 15 well for an ho§$3%@%#%€n1tenperature The

Western Bt ahglgsiver e washed three tlnes and an anti-nouse |gQd

HRP- t ed t 1: 800

sol L;{‘cﬁfeg .!{J%R,ggm‘%ﬁ‘p‘%@%%‘q’?%%/ thntI){ &9 ?ageéltyeas QO ies fgegag hgl El cons@ct
were analyZdebypWasters blug tfeeconbierh expressidn T Elﬁvretm@ﬁewhcr@dmﬂmtw@

'Irph 2 Uf: ?Iél%l?)ﬁ]qﬁ]& Gf {ota!l'l%s Bﬂeiﬁgﬂ\tx&q wanédnﬁ)@fQM w1§l§1(§ﬁ§-1@f(§§ loadmﬂ

on reaction s _stop the addition

buffer and Jpiepig@a°C 40 gunyfigsy o he P@&éﬂsafermlsaied QRS WM%%Béﬁﬁasﬁ’omd
electrophokdaai ﬁq&ﬁfﬂlwnaé @Ry OAfrétP¥otdid sdparaMbl thgﬁotéﬁﬁﬁ FERIWiRenDiansferred

fom te ) 0 BRFIiegt B oERIGN Fobh DR VLR U BRI “4hE Y v

- Laboratoriss) farr ialicar atl rocme senperadbe tyith Ryckmk | Theslﬁatym wapheddlupd mmataggl then

incubated Wf‘th $houh, | hﬁhu {;&Jgiﬁéé}u {?@‘)ﬁiﬁﬂ% il rﬁéx alrFC}?}ﬁTEn E&%P{[u%sf&‘ Rhous.

appr oxi na her “than ere
The blot web Dien weshel eeABraslangincpRHGLRh 26):2500 Silpsoabps-goai- FIRP conjugated

antibody f&r ﬁs}s hS BloPRasdetmiwRRedYhes BREORM NBI/SEIRekidt @bguwapphed

inwas in fact self enbl,i n fo
inkegaaggpg ﬁﬁ"é’H‘@%ﬂmﬂe@a&%ﬁ‘&?@“%l’%ﬁ“ﬁs T i 4Py 2uraS B g toe

blot. into virus-like particles, a partially purlfled 45 LI
R pr teer{a rl]J]I 3(111:10r ?tc te %?m%ﬂg‘las\ég %Ige 4{3311 §J &Fi §t¢1€t8&ecﬁ¥la d%sanct
Yeas F Oown . un er nent at

immunorexsivg bardomshe Ip@tbqeétﬂe@h convdsponding \9aebproximatelst & M&%’%@ The 16

L1 protelnt QhJQH sl o bl%ﬁftﬂa%i‘y 55 ﬁ?& %Q Eéiud&?als a%t)sﬂ{;ladcoﬁﬁélr Wb LHiYERS Y. 1-free
tracts were ana F%tarl mmunaobl ot to deernSt rate '

ot §¥Mbn t hr ough t he
purification procedure. Cdarified yeast extracts were
then subjected to centﬁ#ggﬁg%$9n over a 45% sucrose
cushion and the resul et suspended in buffer

ELISA Astyr anal ysis by transm ssion electron m croscopy (EM.

cpr SRR EH S e U Ui RO et nchdig

rotating tulf @ﬂqusmhp:];e(ﬁggg z@d farmenters. The yeast were lysed and protem extracts were made

. to determine the amount of HPV 45 L1 virus-like particles (VLPs) produced per microgram of total N

© .o protein.- Assandwich: ELISA was- demgned to demonstrate HPV 45 L1'VEP ¢ expressmn
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di aneter of the spherical particles in this crude9March2007 ..
sanpl e ranged from between 40 and 60 umw th sone

woO 2b@&lsegkes displaying a regular array of cap q@;fﬁf
29 March 2007 WD 2005/032586 PCT/ US2004/ 031326 SEOWO%%N
IS CLAIMED IS: 1. A nucleic acid nolecule conprising a
sequence of nucl eotides that encodes an BPV45 LI
protein as set forth in SEQ ID NO 2, the nucleic acid
sequence being codon-optim zed for .5 high-I|evel

expr EssHOSR.5 moaoqlmlsztntlbﬁiﬁ (mAZ)) vﬂudh&‘é&c%hz@%’ﬂﬁ{ H@Y BYe 1980d 45 L1
ce

VLPS wap Hﬁh % '5311&1 ﬁ‘leql’jl ﬁ \ﬁ'&% foung o %‘F éﬁ’% [gote%xgacts”@eﬁlabﬁun%@p{ems were

€ vector

~washed aw a@ﬂ wmIQBIMéraeufﬂ’Vt 45 UEP type hid acmfmht&mmge&ﬂimﬁ hﬁ)s

¢ ti VI Si
I —
was facilitpied by fheise Rli @Waﬁaﬂwtls@l EBéMoslug@tﬁpaannhody and TVB substrate.
SC hi S}ﬁb&ﬂl&ﬁiﬁammga’&s RQARS coal fhe ﬁotto-ﬁbgf I@Eﬁf orpt?fIhX@E well plates

wherein t ost cell 1s Sacc

overnighs P LSS e s s s B LA e Topenchofoliorted by
blocking Wlﬂﬁﬂ@lkmgtsbhﬁ&rﬁ@%ﬁe@om TRded EoL 1BSBA)C Q‘H@ hBE%ed washed three

s and SERENGE U GR1 U805 ok Elanl S0l & 7 BB ot oo
A in dupliggtey Rﬂf@encestandnrm Pufdd) HR:Y) #PL1 YLAg whieapplisdtiofowak columns 1 and

- 2at 3300n§)11§ i ob nSml Mia[ &@stl ﬂr&@inp #hd fofdrGin Qx:}é't ﬁ)sa gﬁérg' ﬁl%ésenaﬂy

diluted ?ng?gbl nan pr oteln or reCO I han
eoc tWey ‘W&eﬂa Ppvn sATGR bR hort Heodme owiatamthe pxcegsaptigeh was
removed by aspitagon ariahdpla@nkashdd ﬂ'iktﬁesp r&ll@hﬁb‘ﬁna@efne coﬂ%ﬂﬁ%*ﬁ?d 4501 vLP

conformat%ﬁﬁ% cle%ta E]ﬁs gb‘g fl was &I”&eélglrﬁ? in g{%iclgg soHutmE 4nd applied to each

well for an;j}ogt #irepm pnpeahes d8d phyesavetodasheditde Minke dnd'iﬁl\éﬁﬁ—niobse IgG1 HRP-

_conjugateMﬁB@dyQilﬁfé'dq 508 ﬁl%cﬁmﬁ?glu%c}ﬂ wa];rlx 1}”3 %}: f)ﬁour o at 1 rooql gémperature

wherein the codon-opti
The plates Sprcyashied B9JaR (Ripres) agplied f@fe‘iqfﬂ@lm?e tqﬁetquHRB@om aeied astibody
complexess @he figfedtion reactBmQvds Bodiiad Hy.theliiditién HEEMQQJ) bW PLa0d ete¥6hd af 450
Ps of Glaim10Q . conprising: -19 -------- -----

nm wavelehdH VA‘%lﬁ C%ﬁ% %Fréygglf’\é %ggg R’:]i.?’ﬁ@as )ggtgg{un%} lfyrf:oglpanson to the reference

standards ip ggiw_dpltgnmlzpeoteﬂ\m nol ecul e encodi ng HPV45 LI

pr Ot@&&&fisdﬂ%\é@e&r |45 1 % atll t%%épré%éte clones of 45 L1 R, all assayed in
duplicate, is shown in FIGURE 5. Rebuilt HPV 45 L1 VLP expression was approximately 2 fold higher
than the results observed for 45 L1 wt (FIGURE 6).

EXAMPLE 8

Transmission Electron Microscopy

To demonstrate that the 45 L1 protein was in fact self-assembling to form pentamenc-Ll
capsomers, which in turn self-assemble into virus-like particles, a partially purified 45 L1 R protein
extract was analyzed by transmission EM.

Yeast cells were grown under small scale fermentation conditions, pelleted and the |
peliets were subjected to purification treatments. Pellet and clarified yeast extracts were analyzed by
immunoblot to demonstrate 1.1 protein expression and retention through the purification procedure.

Clarified yeast extracts were then subjected to centrifugation over a 45%-sucrose cushion and the

- resulting pellet suspended in buffer for analysis by transmission electron microscopy (EM).

-17_




(b) cultivating the transfornmed yeast under condi2fiMansh 2007 .
that permt expression of the codon-optim zed DNA

WO 200803581 e to produce a recombi nant papi | | onBUTUEH04/031326
protein; and (c) isolating the reconbi nant
papi |l omavirus protein to produce the VLPs of C aim
10. 13. A vaccine conprising the VLPs of Caim10. 14.
Phar maceuti cal conpositions conprising the VLPs of
claim10. 15. Use of the_vaccine of Claim13 in the

pr eparepeseriaie sampie af dare hd R Ylfs psedugasis sheymiipliGURE 6. The

" diameter of ﬂfe@ﬁﬁdﬂ@ﬁl paﬂtﬁles 5is@fudYkdtBplOfankd Brdth Blwbdn 40R8d 60 nm with some
aratio a qmedi canment for inducing an i mmune

PEHWESdE haeegt QWW CRREPTCE7 . The virus-1like particles of
Cl aim 10 wherein the yeast is selected fromthe group
consi sting of Saccharonyces cerevisiae, Hansenul a
polynmorpha; Pichia pastoris, Kl uyveronyces fragilis,
Kl uyveromyces | actis, and Schi zosacchar onycesponbe.

18. The virus-like particles of claim 17, wherein the
yeast is Saccharonyces cerevisiae. 19. The vacci ne of
. claim 13, further conprising VLPs -of at |east one -
-addi tional HPV type. 20. The vaccine of claim 19,
wherein the at | east one additional HPV type is
sel ected fromthe group consisting of: HPV6, HPV 11,
HPV 16, HPV 18, HPV31l, HPV33, HPV35, HPV39, HPV51,
HPV52, HPV55, HPV56, HPV58, HPV59, and HPV68. 21. The
vacci ne of claim 20, wherein the at | east one HPV type
- conprises HPV16. 22. The waecine of claim?21, further
conprising HPV 18 VLPs, 20 29 March 2007 WD
2005/ 032586 PCT/ US2004/ 031326 23. The vaccine of clalm
22, further conprising HPV6 VLPs and HPV 11 VLPs. 24.
The vaccine of claim 23, further conprising HPV31
VLPs. 5 25. The vaCC|ne of claim?22, further
- .conprising HPV31l VLPs. - -21 29 March 2007 WO
- 2005/ 032586 PCT/U82004/031326. SEQUENCE LI STI NG
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<110> Merck & Co., Inc. Bryan, Janine T. Brownl26Wfarch 2007
Mchelle K Schultz, Loren D. Jansen, Kathrin U.
WO 200528 7536PTI M ZED EXPRESSI ON CF HPV 45 LI ? FARL004/031326

<130> 21500- PCT <150> 60/506, 812 <151> 20 %
<160> 8 <170> Fast SEQ for Wndows Version 4.0 <210> 1
<211> 1533 <212> DNA <213> Artificial Sequence <220>
<223> HPV45 L1R <400> 1 atggctttgt ggagaccatc
tgactctact gtctacttgc caccaccatc tgtcgctaga 60

WHAT I3CLAIMBERER ct gacgacta cgtctccaga acctccatct tctaccacgce
tggttcttcc 120 agattgttga ctgtcggtaa cccatacttc
agagtcgtcc catccggtgc tggtaacaag 180 caagctgttc
caaadgt ct & nmugleictagidoedecnizcagartiog a :teqmyagbﬂlgclebﬁdeg daegRedes an

HPV4S L2 Hidteifs E@é%ﬁﬁﬂ%sﬁ%ﬂﬂkb&%@% r@%ﬁ%& ‘{%‘ r?c%%&?%?g‘tﬁ)ﬁ _optimized for

cagaaact ca aagatt gggcat g cgdg
hlgh‘le"da‘%‘fl?@&g?fhlgaygﬁt@ﬂaccat tgggtatcgg tttgtctggt 360

cacccattct acaacaagtt ggacgacacc gaatccgctc acgctgctac -

tgctgtcatc 420 actcaagacg tcagagacaa cgtctctgtc

gact dcaag Vﬁﬁﬁ’b@&ﬁ’ﬁ‘f‘f‘gg%ﬂg’?g?‘&ﬁf%“@@@meﬁ ¢eltig bt cc

cagct atcgg tgaacactgg gctaagggta ccttgtgtaa gccagctcaa

540 sttgc a acc a ttgaagaaca

ot at Qat cgg%éétaglég?ng%lslr%dﬁe vespP ‘gficﬁ"g%?a ct ggt t acgg
tgctatggac ttctccaccc tgcaggacac taagtgtgaa 660

gt tcgat t @Rt oh Ok Ei3ind GitRtcht Al hARGIAE GGR%d ﬁion% the group

" consistin t@t t gca. aat gt ccgct 720 gacccat acg_ gtgact

e fgﬁgﬁ%&éﬂ@%@m’@gew@g@w@nsz EGoyveromyces

fragilis, Klilyodro@geas Rt Gukalaca@9etgaspact gt t ccaa ctgacttgta
cat caagggt 840 acctctgcta acat gagaga aact ccaggt

tcct gt gtct actctccatc tccatctggt 900
The host cell of claim 4, wherein the host cell is Saccharomyces cerevisiae.

6. The nucleic acid molecule of claim 1, wherein the sequence of nucleotides
comprises a sequence of nucleotides as set forth in SEQ ID NO:1.

7. A vector comprising the nucleic acid molecule of claim 6.
8. A host cell comprising the vector of claim 7.
9. Virus-like particles (VLPs) comprised of recombinant L1 ?rotem or recombinant

L1+12 protems of HPV45 wherein the recombinant L1 protein or the recombinant L1 + 12 protems are
produced in yeast. '

10. - The VLPs of claim 9, wherein the recombinant 1.1 protein or recombmant L1+
12 protelns are encoded by a codon- -optimized HPV45 L1 nucleic acid molecule. '

11. The VLPs of claim 10, wherem the codon-optimized nucleic ac1d molecule
consists essentially of a sequence of nuclectides as set forth in SEQ I NO: L

12, sebsmethod. of producing the VI.Ps of Claim. 10; ‘comprising:
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tctatcacta cttccgactc tcaattgttc aacaagccat act ggrothaeh 2007
caaggctcaa 960 ggtcacaaca acggtatctg ttggcacaac
caattgttcg tcaccgtcgt tgacactacc 1020 agatctacta
acttgacctt gtgtgcttct actcaaaacc catttccaaa cacttacgac
1080 ccaaccaagt tcaagcacta ctccagacac gtcgaggaat
acaacttgca at t@at ctigostdrind@ yeestsvith g cgrton-optimized Bt molecule

en8RGHIANGE1 G &ah of BFYaRCRL 18 ?&Eeﬁlst at gaactcc 1200
tctatcttgg aaaactggaa cttcg bcaccaccac caaccacctc
cttggttgac 1260 actiixiagdic ta@ﬁ%@éa?a@t pgerccgeditiens that

pedtil &:@tEARIAFIBEACE At teq TALC ATRA1d B o dudAdicaRtReat

tac acaa gttgaagttc tggactgttg acttgaagga aaagttctct
palilg %@6‘5&?‘8’8 accaataccc attgggtaga aagttcttgg
tt caagct gg tt t{gagadylatihgdhe recagbioan aatilBorlia gt @etaingo produce
' thd 9O ctgcttcca cttccactgc ttctagacca 1500

gct ag’g?ga?é ?cagaatcag at ccaagaag taa 1533 <210> 2
<211> 510 <212> PRT <213> Human Papil | omavi rus Type

45 <400332 N@Iv&%&ﬁeé&ﬂm@]ﬁ%th@‘mPgBPC@ﬂl@sp Ser Thr
Val Tyr Leu Pro Pro Pro 10 15 1 29 March 2007 WO

2005/ 032586 PCT/ US2004/ 031326 Ser Val Ala Arg Val Val

Asn Thr Asp APparkiteuled] cixiosifibls chprisies the RO P25f oflim 10 €
Phe Tyr Hs Ala Ay Ser Ser Arg Leu Leu Thr Val Gy
Asn Pro 35 40 45 Tyr Phe Arg Valval Pro Ser Ay Al a
Ay Asn LL§ys GUse 4 the ¥MatbindofaClaib0l 36b tiEQrdpyatidadf aSedicAdnent

for Y& @ﬁ, al Phe Arg Val Ala Leu Pro Asp 65 70
or}\( vgléang ro Iﬁg \4ys Phe Ay Leu Pro Asp Ser Thr Ile Tyr
Asn Pro GQu Thr 85 90 95 dn Arg Leu Val Trp Ala Cys

Val Ay Mt Gude Mm@oycﬁﬁxg I@irythgngparéltgg owﬁleéiéegneﬁ{far
Lleu Ay Ile Ay Leu Ser Ay H's Phe Tyr Asn Lys

: mdll_lgag LIImuNe response in an animal.

7 17. The virus-like particles of Claim 10 wherein the yeast is selected
from the group counsisting of Saccharomyces cerevisiae, Hansenula polymorpha, Pichia

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

18. The virus-like particles of cldaim 17, wherein the yeast is

Saccharomyces cerevisiae.

19, The vaccine of claim 13, further comprising VLPs of at least one

~additional HPV type.
20. The vaccine of claim 19, wherein the at least one additional HPV

type is selected from the group consisting of: HPV6, HPV11, HPV16, HPV18, HPV31,
HPV33, HPV35, HPV39 HPVS51, HPV52, HPVSS5, HPVS6e, HPVSE, HPVS9, and HPV6S.

21. The vaccine of claim 20, wherein the at least one HPV type
comprises HPV16.

22 The vaccine of claim 21, further comprising HPV18 VLPs.
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115
Val

150

120 125 Asp Thr Qu Ser Ala His Ala Ala Thr 28March 2007
Ile Thr G n Asp Val 130 135 140 Arg Asp Asn Val

Al a

155 160 dy Cys Val Pro Alalle Gy GQu
Lys Ay Thr Leu Cys 165 170 175 Lys Pro Ala G n

Leudn Pro @y Asp Cs Pro Pro Leu Qu Leu Lys 180

185
Thr
Leu
220
Adn
Ser
255
Ay
Lys
Pro
I'le
Lys
Ay
Val

Asn
Pro
Tyr
dn
Leu
Ser

190 Asn Thr Ile Ile Au Asp Ay Asp Met Val Asp
Ay Tyr dy Ala 195 200 205 Met Asp Phe Ser Thr
G23. AsFhdhacciny sf dyis 20 furthéal colpAsibEIP S VLBl d 205711 VLPs.
Ile Cys @ n Ser Ile Cys Lys Tyr Pro Asp Tyr Leu
Met Ser Ala 225 230 235 240 Asp Pro Tyr Ay Asp
VBt Phdhpyrscigy ef dladwm 22 fyrthier goGbrisind BPUAWIRES 250
Phe Ala Arg H's Phe Trp Asn Arg Ala Gy Val Mt
éa Thr Val = 260 265 270 Pro Thr Asp Leu Tyr Ile
SQ[ Thirhesgecing of chdm 2Rufprther gomprsing PV ALER80 285
@y Ser Cys Val Tyr Ser Pro Ser Pro Ser Gy Ser
Thr Thr 290 295 300 Ser Asp Ser G n Leu Phe Asn
Pro Tyr Trp Leu Hs Lys Ala G n 305 310 315 320
Hs Asn Asn Ay Ile Cys Trp H's Asn A n Leu Phe
Thr Val 325 330 335 Val Asp Thr Thr Arg Ser Thr
Leu Thr Leu Cys Ala Ser Thr A n 340 345 350 Asn
Val Pro Asn Thr Tyr Asp Pro Thr Lys Phe Lys Hi s
Ser 355 360 365 Arg His Val Au Qu Tyr '‘Asp Leu
Phe Ile Phe @ n Leu Cys Thr 370 375 380 Ile Thr
Thr Ala Gu Val Met Ser Tyr lie H's Ser Met Asn
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385 390 395 400 Ser
Pro Pro Pro Pro Thr

woPsRs/dikskyr Arg Phe Val G n Ser val Ala Val T
Pro Pro Gu

Val

Thr

420 425 430 A n Lys Asp Thr Thr

Asp Pro Tyr Asp Lys Leu

Val

455 460 dn Tyr

Asp Leu Lys G u Lys Phe Ser

435 440 445

Ile Leu Gu Asn Trp Asn Phe 28March 2007

405 410 415 Ser Leu Val

L)pg?@ﬂomsmé

Lys Phe Trp Thr

Ser Asp Leu Asp 450

Pro Leu Gy Arg Lys Phe Leu Val

Ala Gy Leu Arg Arg 465 470 475 480 Arg Pro Thr
Gy Pro Arg Lys Arg PEQuiyce Argrider Thr Ser Thr 485
Ser Arg Pro Ala Lys Arg Val

<'110> e%%k48?510.A|

anl Yfnkis ©00 505 510

R2OO51LO32 5B RT3 /8JS2004/ 031326

gtz

DNArap P3> Human Papi | | omavi rus Type 45

dn

Ile

Arg Ile Arg

-2 29 March 2007 WO
<210> 3 <211> 1533
<400> 3

HR§§2t fe5t ggtggect ag tgacagtacg gt atatcttc

<120> GrEGREGH! ELrHghaGE 6RGAVO%s 19t gt caaca ctgatgatta
YEAST gt gt ct cgc ac aagcatat tttaccatgc aggcagttcc 120

taa ctgtaggcaa tccatatttt agggttgtac ctagtggtgc

<130> £198

agg
<]150>
=<151>

<160>
<170>

<210>
<211l>
<212>
<213>

<220>
<223>

<400> 1
atggctttgt
gtcgtcaaca
~agattgttga
caagetgttc
ccaaacaagt
tgggecatgcg
cacccattet
actcaagacyg

- ggttgtgtec

ttgcaaccayg
atggttgaca
gttcecattgg
gacccatacg
- ttctggaaca
acctcltgeta
tctatcacta
ggtcacaaca
agatctacta
‘ccaaccaagt
caattgtgta
tctatctigg
acttacagat
aagcaagacce
tecgactigy
agaccaacta
gctaagegtyg

<210> 2

<211> 510
<212> PRT
<213>

<400> 2

1

300
taggtattgg cctaagtggc 360
FggasRntac arigasagigedien af.gcagct ac agectgttatt 420
,acgcaggatg ttagggat aa
j@agacacagcet gtgtatttta
pligagcact gg gccaagggca cactttgtaa acctgcacaa 540
ArtyicizasttSgpagémgact gt cc
ccattattga ggatggtgat

uggOAak goat tttagtacat

t
{Jéa aaa 180

doabag@gbgt ttagagtagc tttgcccgat 240
200ggRacc tgattctact atatataatc ctgaaacaca acgtttggtt

caggctgttc ctaaggtatc cgcat at cag
cct aat aaat

t gggcat gt g taggt at gga aattggtcgt gggcagcctt

ggagaccate
ctgacgacta
ctgtcggtaa
caaaggtctc
tecggtttgee
tcggtatgga
acaacaagtt
tecagagacaa
cagctatogg
gtgactgtec
ctggttacgg
acatctgtea
gtgactectat
gagctggtgt
acatgagaga
cttecgacte
acggtatctg
acttgacctt
tcaagcacta
ctatecacctt
aaaactggaa
tcgteocaate
catacgacaa
accaatacece
tcggteocacy
tcagaatcag

tgactctact
cgtctecaga
ccecatacttc
tgcttaccaa
agactctact
aatcggtaga
ggacgacace
cgtetetgte
tgaacactygyg
accattggaa
tgetatggac
atctatctgt
gttettetgt
catgggtgac
aactccaggt
tcaattgtte
ttggcacaac
gtgtgcttot
ctccagacac
gaccgctgaa
ctteggtgtt
tgtegetgte
gttgaagtte
attgggtaga
taagagacca
atccaagaag

‘Met Ala Leu Trp Arg Pro Ser'Asp Ser
. 5 . .

catccatttt ataataaatt

tgtgtcagtt gat tataagc
480 ggttgtgtac ctgctattgg

tcctttggaa~ct taaaaaca
600 - atggtggata caggttatgg
tgcaggat ac aaagt gcgag 660

gtctacttge
acctecatet
agagtcgtce
tacagagtct
atctacaacc
gogtcaaccat
gaatcecgeoctoe
gactacaage
gctaagagta
ttgaagaaca
ttetoceaceo
aagtacccag
ttgagaagag
actgttecaa
tcectgtgtet
aacaagccat
caattgtteg
actcazaacc
gtegaggaat
gtcatgtecct
ccaccaccac
acttgtcaaa
tggactgttyg
aagttctitgg
gectgcttoca
taa

Human Papillomavirus Type 45

Thr Val
_10 :

-1-

caccaccate
tctaccacge
catcecggtgce
tecagagtcge
cagaazictca
tgggtategy
acgctgotac
aaacccaatt
cectitgttgtaa
ctatcatcga
tgcaggacac
actacttgca
aacaattgtt
ctgaciztgta
actectceate
actggttgca
tcacegtcgt
cagttccaaa
acgacttgea
acattcactc
caaccaccte
aggacaccac
acttgaagga
ttcaagcectgg
cttecactge

tgtegetaga
tggttettce
tggtaacaag
tttgccagac
aagattggtc
tttgtetggt
tgctgteate
gtgtatcttg
gecagetcaa
agacggtgac
taagtgtgaa

-aatgtcocoget

cgetagacac
catcaagggt
tecatctggt
caaggctcaa
tgacactacc
cacttacgac
attcatctte
tatgaactcc
cttggttgac
tecaccagaa
aaagttctet
tttgagacgt

ttctagacca

Tyr Leu Pro Pro Pro

15

60
120
- 180
240
300
360
420
480
540
600
660
720
780 -
340
900
360
1020
io08¢0
1140
1200
1260
1320
1380
1440
1500
1533




gttccattag acatttgtca atccatctgt aaatatccag att at2%demh 2007
aatgtctgct- 720 gatccctatg gggattctat gtttttttgc ct
WO ae30sHke aacaactgtt tgcaagacat 780 ttttggaarar/us2004/031326
gggcaggt gt tatgggtgac acagtaccta cagacctata tattaaaggc -
840 actagcgcta atatgcgtga aacccctggc agt tgtgtgt
attccccttc tcccagtggc 900 tctattacta cttctgattc
tcaattattt aat aagccat atgagttaca taaggcccag 960
ccat aaca tatttgtt gcataat cagttgtttg ttactgtagt
Ser Valgg]a?c £F atd ‘i Snc”a\?a H BYt (@acEeT Agogtiye deet

Tie Pheaﬁ?xcﬁi@%‘& @13,9%&90%3 4224 0atL080, &6t A1 apgt
tsmagcact a t agt agagmat g ggaggaat atgetttaca gtttattttt

TYyT Phemm Vak akptlt @tcg Gar dila"t arbcely aswct ag?arg Ajetedigteeat

e Vi 559100 081 90080000, ARLTT, LA 200 198

65

Pro Asnabadt ah@gny Léxg@gsasa;bcs@gtﬁhgctgétmmsﬂ @628 Thr
at act®c acctccagaa 1320 aagcaggatc cat2d gat aa

Gln Arga%fq’a JpttP Hgohet gt e Yphaaly f 1aa%at E celv1 §8D

Pro Leut@ﬁ)giﬁ_é tag ahcaat éttlchfsctp&ggﬁﬂeg@yéaﬁgﬂ b agd heaogct gg
isacgt cgt 1440 daggcctacca taggaccixsy taagcgtcct get

Asp Thr ¥y Ee Adgtitica é*lat’—éftraéé%éfallg@@ TIQ:C%E&W gal

1>.24
vy e A0 ORI P S R R

Gly CysPfglngro A&dOUJe ﬂlsc@‘auclalcsca::p calat atraggny athr O‘.-EZ14Cy§210> 5

1> 37N 1 f | uekide  <220>
Lys Pro )%.?3 iﬁ - m;)r %ﬁ(&‘g 8 g’cg?l%?lé\% %gétlﬁflg{ﬁ( aaca

Asn Thr2de ﬁél.@lu Gusp2d > 244 Me%thQP WThr Gly Tyr Gly Ala
195 200 205
Met Asp Phe Ser Thr Leu Gln Asp Thr Lys Cys Glu Val Pro Leu Asp
210 : 215 220
Ile Cys Gln Ser Ile Cys Lys Tyr Pro Asp Tyr Leu Gln Met Ser Ala
225 230 235 240
Asp Pro Tyr Gly Asp Ser Met Phe Phe Cys Lieu Arg Arg Glu Gln Leu
245 250 255
Fhe Ala Arg His Phe Trp Asn Arg Ala Gly Val Met Gly Asp Thr Val
260 265 270
‘Pro Thr Asp Leu Tyr Ile Lys Gly Thr Ser Ala Asn Met Arg Glu Thr
275 280 : 285
Pro Gly Ser Cys Val Tyr Ser Pro Ser Pro Ser Gly Ser Ile Thr Thr
. 250 295 300
Ser Asp Ser Gln Leu Phe Asn Lys Pro Tyr Trp Leu His Lys Ala Gln
305 310 315 320
Gly His Asn Asn Gly Ile Cys Trp His Asn GIn Leu Phe Val Thr val
325 330 335
Val Asp Thr Thr Arg Ser Thr Asn Leu Thr Lieu Cys Ala Ser Thr Gln
340 345 _ 350
Asn Pro Val Pro Asn Thr Tyr Asp Pro Thr Liys Phe Lys His Tyr Ser
355 360 : 365
Arg His vVal Glu Glu Tyr Asp Leu Gln Phe Ile Phe Gln Leu Cys Thr
_ 370 . - 375 380
Ile Thr Leu Thr Ala Glu Val Met Ser Tyr Ile His Ser Met Asn Ser
385 390 - 395 400
Ser Ile Leu Glu Asn Trp Asn Phe Gly Val Pro Pro Pro Pro Thr Thr
. 405 ‘ 410 415 '
Ser Leu Val Asp Thr Tyr Avg Phe Val Gln Ser Val ala val Thr Cys
420 - 425 430
Gln Lys Asp Thr Thr Pro Pro Glu Lys Gln Asp Pro Tyr Asp Lys Leu
438 : 440 445
Lys Phe Trp Thr Val Asp Leu Lys Glu Lys Phe Ser Ser Asp Leu Asp
450 455 . 4860
Gln Tyr Pro Leu Gly Arg Lys Phe Leu Val Gln Ala Gly Leu Arg Arg
465 470 475 480
Arg Pro Thr Ile Gly Pro Arg Lys Arg Pro Ala Ala Ser Thr Ser Thr
) 485 490 495
AJa Ser Arg Pro Ala Lys Arg Val Arg Ile Arg Ser Lys Lys .
500 : 505 _ 510




<213> Artificial Sequence <220> <223> PCR Pri ner28Magh 2007

March 2007 WD 2005/ 032586 PCT/ US2004/ 031326 <4004>]) 6
C acaaaacaaa atggctttgt ggcggcctag t )
W{S%ﬁ}%&)@%—@imb 35 <212> gDRIA <213> Artificial g‘gﬁﬂgzng*é‘mm
<220> <223> PCR Priner <400> 7 gacagatctt attttttact
acgtatacgt acacg 35 <210> 8 <211> 1533 <212> DNA
<213> Artificial Sequence <220> <223> HPV45 L1R -
<400> 8 taccgaaaca cctctggtag actgagatga

<213> Art1f1c1a1 Sequence

<220>

<223> PCR Primer

Anti sense

<210> at gaacg gtggtggtag acagcgatct 60 cagcagttgt

zgﬂ“; t gct gat gcagaggtct tggaggtaga agat ggtgcg accaagaagg
<213> Hutldn P&Jiddemastudacgoqsatt gggtatgaag tctcagcagg

taggccacg accattgttc 180 gttcgacaag gtttccagag

<§00>t§t ti at gt ct caga agt ctca g aaacggt ctg 240 t
atggett

seesesilat P bt iy ferligetaatls de s
cgatta&ﬂaa 88aagca3lbocR0CGA ACHE aa 180
caggcit:q,fd:& gttaggubaiac coataye aﬁaa@meat gt @@@ M@at 563
cctaa Q gegas g acia
Sl e
catcca @@tﬁ Cg g cag gcg g??lﬁég 420
acgeagdattty ggGot @ Aaaepdad. 6&& ﬁﬁ 480
ggttatgdart Settagg magcecoau ht cm@t@whﬁc@é caa 540
ttgcaa;g%g Egt%t %ﬁé‘@@ﬁtcm@@tmat %%gt 8get
atggtg gt g 660
gttccatﬁ:ﬁ&;%‘a@@ﬁ&: t@@gga%:gggtigg g tgte §a 720
' gatccctaagaaygagg:g:aacgiteettgctgg caiatcﬁma ctgtt tgcaagacat 780
ttttggaata gggcaggtgt tatgggtgac acagtaccta cagacctata tattaaaggc 840
actagcgcta atatgogtga aacccctgge agttgtgtgt attceccctte toccagtgge 200
tectattacta cttctgaktce tcaattatior aattaagccat attggttaca taaggcccag 960
ggccataaca atggtatttg ttggeataakt cagttgtttg ttactgtagt gogacactace 1020
cgcagtacta atttaacatt atgtgoctet acacaaaatc ctgtgocaaa tacatatgat 1080
cctactaagt ttaageacta tagtagacat gtggaggaat atgatttaca gtttattttt 1140
cagttgtgca ctattacttt aactgcagag gttatgtcat atatccatag tatgaatagt 1200
agtatattgg aaaattggaa ttttggtgta cetccaccac ctactacaag tttagtggat 1260
acatatcgtt ttgtgcaate agttgetgtt acctgteaaa aggatactac acctccagaa 1320
aagcaggatc catatgataa attaasagttt tggractgttg acctaaagga aaaatttitce 1380
tccgatttgyg atcaatatcc cettggteoga aagtttttag ttecaggctgg gttacgtegt 1440
aggcctacca taggacctcg taagegtcct goclgottoca cgtetactge atctaggeoot 1500
gecaaacgtyg tacgtatacg tagtaaaaasa tazm : 1533
<210> 4

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> PCR Primer

<400> 4

- cecaccaccac ctatataggt atte 24

<210> 5

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> PCR Primer

<400> 5

caaacataca tatatghtget aaca 24
<210> 6

<211> 44

<212> DNA




caaggt aacc tgtagacagt tagatagaca ttcatgggtc tgatgaabigtch 2007
ct gggt at gc cact gagat a caagaagaca

ttacaggcga 720
aagac CPgiUS2004/031326

woaaeviseiset ¢ ttgttaacaa gcgatctgtg 780

ct cgaccaca gtacccactg tgacaaggtt gactgaacat gtagttccca
t ggagacgat tgtactctct ttgaggtcca aggacacaga

840

t gagaggt ag aggt agacca 900

agat agt gat gaaggct gag

agttaacaag ttgttcggta tgaccaacgt gttccgagtt 960
ccagtgttgt tgccatagac aaccgtgttg gttaacaagc agtggcagca

<400>

cteagatith U821 00 L

gag

022
gg dtca

qut oy

at t

aact ggaa cacacgaaga
gg?%%gg%%%o ggttggttca

44

<210> 7agttcgt gat gaggtctgtg cagctcctta tgctgaacgt taagtagaag
<211> 36140 (¢ttaacacat gatagtggaa ctggcgactt cagtacagga

<212>
<213>

201 pagtgag At

gaagccacaa gg

acttgagg 1200 agatagaacc ttttgacctt
?ggtggtg gtt ggt ggag gaaccaactg 1260

<220> tgaatgtcta agcaggttag acagcgacag tgaacagttt tcctgtggtg

<223> PERQRRIEEELt 1320

ttcgttctgg gtatgctgtt caacttcaag

<4p0> 7aCCtgacaac tgaacttcct tttcaagaga 1380 aggctgaacc
gacagatk8gldt8t 99G.ct adesCAkbelt LdGaggaacc aagttcgacc aaact ctygca

1440
212> Sgaaggt gacg aagat ct ggt 1500
Dggggttcttc att 1533
Artificial Sequence

<21i>
<212>
<213>

<220>

<223> HPV45 L1R ~ Antisense

<400> 8

taccgaaaca
cagcagttgt
tctaacaact
gttogacaag
ggtttgttca
acccgtacgce
gtgggtaaga
tgagttctge
ceaacacadyg
aacgttggte
taccaactgt
caaggtaace
ctaggtatge
aagaccttgt
tggagacgat
agatagtgat
ceagtgttgt
tctagatgat
ggttggttea
gttaacacat
agatagaacc
tgaatgtcta
ttcgttectgg
aggctgaace
tetggttgat
cgattcgcac

cctetggtag
gactgctgat
gacagcecatt
gtttecagay
agccasacgg
agccatacct
tgttgttecaa
agtcteotgtt
gtcgatageo
cactgacagg
gaccaatgcec
tgtagacagt
cactgagata
ctecgaccaca
tgtactctet
gaaggctgag
tgcecatagac
tgaactggaa
agttegtgat
gatagtggaa
ttttgacctt
agcaggttag
gtatgctgtt
tgogttatggy
agccaggtgco
agtcttagtc

actgagatga
gcagaggtct
gggtatgaag
acgaatggtt
totgagatga
ttagccatct
cctgectgtgg
gcagagacag
acttgtgacc
tggtaacctt
acgatacctg
tagatagaca
caagaagaca
gtacccactg
ttgaggtccea
agttaacaag
aaccgtgttyg
cacacgaaga
gaggtctgtyg
ctggcegactt
gaagccacaa
acagecgacag
caacttcaag
taaccecatcet
attetctggt
taggttette

-0

cagatgaacyg
tggaggtaga
tetcagcagg
atgtctcaga
tagatgttgg
ccagttggta
cttaggegag
ctgatgttcy
cgattcceat
aacttcttgt
aagaggtggg
ttcatgggte
aactcttote
tgacaaggtt
aggacacaga
ttgttcggta
gttaacaagc
tgagttttgg
cagctegtta
cagtacagga
ggtggtggtyg
tgaacagttt
acctgacaac
ttcaagaacc
cgacgaaggt
att

gtggtygtag
agatggtgeg
gtaggceacg
agtctcagey
gtctttgagt
acccatagco
tgcgacgatg
tttgggttaa
ggaacacatt
gataghtagct
acgtcctgtg
tgatgaacgt
ttgttaacaa
gactgaacat
tgagaggtag
tgaccaacgt
agtggcagca
gtcaaggttt
tgectgaacgt
tgtaagtgag
gttggtggag
tectgtggtg
tgaacttect
aagttcgace
gaaggtgacyg

tctggttgat agccaggtgc attctctggt cgacgaaggt
cgattcgcac agtcttagtc

acagcgatct
accaagaagyg
accattgtte
aaacggtcty
ttctaaccag
aaacagacca
acgacagtag
cacatagaac
cggtegagth
tctgecactyg
attcacactt
ttacaggcga
gegatctgtg
gtagttccca
aggtagacca
gtteegagtt
actgtgatgg
gtgaatgetyg
taagtagaag
atacttgagy
gaaccaactg
aggtggtctt
tttcaagaga
aaactctgea
aagatctagt

60
120
180
240
300
360
420
480
540
600
660
720
780
8440
500
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1533




