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Provi si onal Application No. 60/457,172 filed March
24, 2003, the contents of which are incorporated
herein by reference in their entirety. FIELD OF THE
I NVENTI ON The present invention relates generally to
the therapy of human papillomavins (HPV). 10 Mre
TITL@;SECT Eﬁfg I0Mhe present invention relates to
OPTmEmgbapREggj@q@pmgtgquq %ng HPV31 Li protein,
and to reconbi nant vectors an osts conprising said
pol ynucl eotides. This invention also relates to HPV3I
virus-like parti cI es (VLPs) and to their use in
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review, see Schiller and Roden, in Papillomavirus
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HPVLeatipeataned, HPV di sease or HPV-associ ated cancer. In
a first aspect, there is provided a nucleic acid
nol ecul e conprising a sequence of nucl eotides that
encodes lam fE\ASgdect, theﬁrmlbr&hﬂbdaﬁmsleib aéld) hdolecii & cdnlipidsina sequence

4. the nucl ei c quence b codon-opti m zed
of gt DR P LI GO 8 5 a0t DY D N e Qudigeci
- seqBRREiRing cObfRFPtinSredlop Highl Relel axprasion in LRMPELSI Ng the

nucleic acid nolecule as defined herein. -2 In a

third aspect there is provided a host cell conprising
th aasgco&gf pspegt there is provided a vector comprising the nucleic acid

molec e a dCefmed herein.
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herein. In a fourth aspect, there is provided
virus-like particles (VLPs) conprised of reconbi nant
LI protein or reconmbinant L 1 + L2 proteins of HPV3 1.
Inafifth aspect there is provided a nethod of

produci ng, t LPs as define herein, conprising
pdLansf or m ﬁSV aBpecyithere lép‘é%'gf)‘h st ?eﬂt‘:?’é‘ﬂnwh‘?‘rﬁqc@&ﬁﬂ %?ﬁ“ed

encodlng HPV31 LI protein or HPV31l LI + L2 proteins;
(b) cultivating the transforned yeast under conditions

that pernjt, reSS| of the cod

nol ecul erﬂfl fgr 0dURE "4 ere ceBiY P%dan ?gep‘?aﬁfc eﬁ&ﬁsbgompnsed of
regpmpinanty;1 mt@tetn ()t:l)ecqrrépmaathlrtgut teteineefdMM Hant

papi |l omavirus protein to produce the VLPs as defined

herein. Im A %pacaBHe & prodif@l8ndifodUr PMiatesh @e V@ﬁ&ésﬂﬁﬁned
conpr|5|ng the VLPs as defined herein. In a sevent

%E%é@ﬂ“mFﬁere are provi ded pharnmaceuti cal conp05|t|ons
conprising thensWrintgagadl %thnﬁi@odftﬁ[c%hﬂltqzed DN itk Nencoding
aspect, [ OVi t he vaccine as

def i ned Eﬁ&é?ﬁh lnTﬁggﬁéh tﬂW@n of a nedi cament

for prevemti ngult-rlFé\lng thé eaisfonned yest Andbr BdnditidPRA perntitt@pRssion
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ther mandt e bPa 03t R miee 8P Rich G oG, Pepifomarirus

i Mmune respmnsmiln an animal. In a tenth aspect, there

is provi is
sequence f ni gﬁ&l&eﬁh%‘gg&#‘%“agp l!’aﬁglg ae\gm% ohll_.gv‘g fch ce the VLPs as
pr ot ei n, deflied haxgihei ¢ aci d nol ecul e free from

transcription termnation signals that are recogni zed
by yeast. Disclosed herein are synthetic DNA nol ecul es

encodi ngId BeixtiPMgeet, klerdk ﬁﬁ)ﬁﬂ&i a valdife GinpRERSBEVLPs as defined
heeucleotlde sequence of the synthetic nol ecul e can be

al'tered to elininate transcription ternination
signals that are recogni zed by yeast. The codons of

the synt jet, 's&/entﬁn%gl%&uthgr% afd tp?m&ﬁ%ﬁ E&Qﬁgce&%aﬁ%m%gm%ﬂgcotﬂqﬁising

codons preferred by a yeas
the%[tpéé%‘il@ dheteihe used as a source of HPV31 LI protein,
which may sel f-assenble into VLPs. Said VLPs may be

used in VLP sed vacci ne. ti | ar enbodi I .
di scl ose aSc?SCt PR mwdé\d ﬁ’t PRt ‘t'(‘fzhe VAT g gg%ecgherem for
- thesnelecifre meedtcaewmddlaswemwmmfetﬂwnpr otein as set

forth in SEQID NO 4, said nucleic acid nolecule
conprisipg a sequence of nucleotides as _set forth in

SEQ | D N&augh asgeeh thery iggeroidedybie useof g VABe tredefipgddigicindar the
maidscairiofaredioginth édriiadupiad ythBetdssins: ieae atiniag t he

In a tenth aspect, there is provided a nucleic acid molecule comprising a
* sequence of nucleotides that encodes an HPV31 L1 protein, the nucleic acid molecule free from

transcription termination signals that are recognized by yeast.

Disclosed herein are synthetic DNA molecules encoding the HPV31 L1 protein.
The disclosed nucleotide sequence of the synthetic molecule can be altered to eliminate
~ transcription termination signals that are recognized by yeast. The codons of the synthetic
molecules are designed so as to use the codons preferred by a yeast cell. The synthetic
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HPV31 L1 gene which are free fromtranscription

termnation signals that are recogni zed by yeast.

Al so disclosed herein are synthetic pol ynucl eoti des

encodi ng HPV31 LI as described, which are further

altered so as to contain codons that are preferred by
myleadds noag|ble SiscdAls aGoyprron BB 1al leproeinpwhicin may salesicaibs iadvLPs,
sl 86 NAR both prokaryotic and

lukgﬁstrh %Sé\%ﬁ'?%:ﬁﬁﬁlbasedmcc?ﬁe nucl ei ¢ aci d nol ecul es

di scl osed‘\ rhtiowigyhemboditgntsdiscbqsed: hérbie abinprises Bi syothageathcleic acid
m&@éu@el th}:I?eIrﬁT%&E %%3& qh Cpﬁfﬁ?&l%? §ét rﬂ'cgthalg Slﬂa\éﬁl 614 &iP nucielc acid
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- mplpgulargmerisies asequsatedi ‘ecdmrpdqss$ wgfoah mﬁii(bIH:N @giod SEQ ID NO:3.
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rein the nucleic acid nolecule s
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W’Pl%\ﬁé‘i Fifier gl g edeons lorgntpin &pdons Wl arrgeferrrabyivpasi el

process fxuo @K)F)fd@di Sam geoaﬂbllﬁﬁl‘{%cde{s Qﬁcptr&;bﬁblhﬁht Bhost cells both

an ot cel i ntroduci ng
POREPDT "YUy HHEEITE PTG A GO ST ooH0Pahont this
sp@ifkdonn into a yeast host cell; wherein the nucleic

aci d nol %sclosed codon-o0

t f ti o
expressi 6R 10t AETyeAst pﬁ’SéS%n é%lef‘prﬁsg{ﬁ‘go{g'bbg?& tidr Py in a

- rectoh)émyxgagstt cih sdmmising: (sirickesduciopngidcion ﬁﬁnprmg G huc&hé & encoding an

rLg%%t&F m?g %%(% tqw's_é ﬁlwhlélre &gtnl?clegc acz m e% eg‘{ﬁ rérﬁ% gmafmternal

clecacdco

L tfﬂmsreptémtt‘frmesﬁmlasfgnslethaf ae tehognrzessmfda{o ah@(@ colturiBE @elyEast host cell

unﬁ@c&rdltghsc'&]luﬂf’aﬁﬁw@?ﬁr@sf&g A &Gid ﬁ(ﬁé\% l i ke particles

producl ng and met hods
of usi ng Furgs disajpspd herpin ina prasése I‘fqn‘eedplemcﬁmriﬁi’vﬁl L1 protein in a

recnBmhR 864 c@le&%'lpglsmé Q% i Mﬁ&n&ﬁ%@%ﬁw@gﬂg H ﬁlﬁcgelé did encodmg an

Pg}east In a further preferred e
ol & trEqiein Fw prepst @SWB wemein dreinggleipfacid n@@@hm@mwmw

for@Bti @M icfpraBion HOMS G Inast RAI Mﬂo(bﬁ)aﬁmn% tﬁ@&égt@l@scttcgf er conditions
vernyces fragllls uveronyces |actis,
é‘gv%%émtei}i scl osed herein i s an

HPV31 VLA, pr&l’&lr&irkn%ﬂfﬁfeh@ Qe ﬁféieﬁD\{&;lcoh#m&E @5&Jubnce of nucleotides

HPVl LI ene which is free from

as{)fg?ﬁg %bfboﬁo ‘signals that are recognized

by yeast Disthbsea |h%ﬁChré1HPEBDvir§s 158 pﬁigM%él- Ej\)‘ﬂtr)PE) mMio8of producing

ses, an roduce a

Hpggggfﬁb%ﬁlﬂ I}O §° %E%%P%’?&z’h% IIon a pref el)r/r ed

enbodi mehta pi‘leﬁﬂ'bd)aﬁid)diﬂx&lhe&@closed Bertih ethé !BB?VB} (W) o3 ﬂiiezp%iiuced in
catP V3L {ﬁ ene.. o n%lle% es ent |§Zl %/ uence
Y4 uc ASTL TP YRS teye © SEEP Icﬁi‘smtmg of:
Sacl&mr%yca seﬂeuseed Meseii pslymorpidt, hladh.:& (prastbﬂd UKTupgrndides fragilis,

Kluiv%%!ﬂ%‘ L, an ani mal corrprl sing adm ni stering
HPVS1 f/[arg%s&lla%g lzos%lcrc kRS fe he animal. In a

preferr e]als@md;dipmms an HPV31 VLP which comprises an HPV31 L1 protein
produced by a HPV31 L1 gene which is free from transcription termination signals that are
recognized by yeast.
Disclosed herein is an HPV31 VLP, which comprises an HPV31 L1 protein
produced by a codon-optimized HPV31 L1 gene. In a preferred embodiment disclosed herein, |
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the HPV31l VLPs are produced by a codon-optin zed gene.

In a further preferred enbodi nent, the HPV31l VLPs are
produced by a gene that is free fromtranscription

term nation sequences that are recognized by yeast.

Al so disclosed herein is a nethod of preventing or
the rlat-opgnibdd APYSS 0.6 igarteednsistasaehtidly of aseqedccaMPElb@ideigs set forth

m%ﬁggﬁ%&iggllgg%ﬁﬂq@ smamal a vaccine conprising HPV31

ef erred enbodi ment di scl osed herein, the
HPV31 VL F%SCéﬂS%l prreiel i anefhad yfergiucing) ancimawael reseqne¢ i i animal

coalpmaﬁg:adﬁemaam@mr&m gnrhlfME’elpaiﬂcn%y&r thé Kﬁmga h :a‘fal‘e@e?red embodiment,
n an,a fnat) ve e SCI OS

B G5) vips o BRafeh Y F Bhlokep apRTE ol « b Piferg embodimen,

the HEYBL Yhes ardaiodiierd oy algeie thytpie fret from tpnefiptiangeimination sequences

thgggqggogggggdbyg,ggt at | east one additional HPV type is
sel ected fromthe group consisting of. HPV6, HPV 11,

HPV 16, Hisgrisclopgeersin is g peed of prayerging piveating B raspociated
ceﬁ%ceﬁ%s:n@%ﬁsteﬂﬂ@\ﬁSmairiﬁi‘alﬁﬂvaccaﬁ&j:ofﬂﬁ’?{ﬁﬁ’g HPV31 VLPs. Ina

-pr@eée% e&%gﬁmg]_ﬁ\}:lgsfg Lere1g qf?ei ﬁi\gﬁu\}ﬂﬂ% are dnpe%%lllj ;t,'ﬁla?]tgf

arti
d| S cI 0S e@lﬁl‘-‘i@ﬁ%ﬁ hﬁreavrlea manﬂmmmgﬁ?vébwp@ék@ pastindes (VLPs).

co gpltr I si mgan"dﬂé{%&twweﬁﬁoduﬁaﬂ dlvéhl?s%d H’Jrelﬁltt}rl#o\%%?iﬁe fgx?f?er gol%nprlses
onal e odalL nen
Vqu’g St it ane addiiond! BEy optn Dipplemids r@)@f‘l&?@te@e Pirlgs{ Qo additional
- HRYF typrois sadevsid Soinnige géuprdlahé&unmmwﬁ HHRAL 1, 1160V 1PNPE 88, HPV 33,

. =
e
the spec Pmcle%ﬁduhsqqmalrﬁcphma?mwé prenvsisenschampRing Hlﬁé3 1 virus-fike

padicleg Lﬂu&her flied16¥8d hedein are @ﬁhrmac%ﬁtd:ai doBositidAs Edﬂﬂﬁlsﬁlﬁ €IPV31 VLPs

gren con early di c at es
s b ralIELEOE UEUAR TV b o SEred Rt it i, e
ad@wp@kﬂ%‘d typé ausﬁsctedtﬂom tlmgﬂomongstmg of: IHFVH) Id)li’i‘éi laHHBV16, HPV18,
- HPBB e Bl irPRH, APPLY 1pVRE HiklsH) H}Wé%”ﬁ%ﬁi ﬁ@?&% ﬁ&%l\lg\ &

recognition site on a DNA strand to
ﬁymerase bi nds. The pronoter fornms an initiation
conplex with RNA polynerase to initiate and drive

Lo B o e B Bl el B
formg) '8’ r ‘@mih aaét“lth@atmqhgiesthq whwat gsfereose imiéss ihet borgext clearly dictates
otheesudences terned "silencers". The term "vector”

refers tgﬁsoms nea DNA fragnments can be

s b
i nt r oduced et Jrops ‘ﬂ}gt%ﬁrsﬁﬁﬁcé?ﬁ“of‘“%é@m‘ie@s%l@@m thsefollowing
defmtte:n&lardiablbr&nitgope@pnrf vectors incl ud| ng plasmd, virus

(i ncl udi e $ cterionl 0
The desi g}%at@l%l 0 Jf& %efers Fd"j {ec?% Se luee%ncaeBN?A‘ %C*r g ?Ot which the
RNghol gy binds. s dhripremeter dirme po swidatine petmriexayltEB@A pylymerase to

inith¥ shd dAd RLEREsMALadHRY. Sfhe leme!eJ: et B4REodFRE B @&ﬁ/&h{%%equences

bee descyi be revi ousl
Qenhancersx Q etream activatilg 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
plasmid, virus (including adenovirus), bacteriophages and cosmids.

.~ The designation “31 L1 wild-type sequence” refers to the HPV31 L1 sequence
disclosed herein as SEQ ID NO:1. Although the HPV 31 L1 wild-type sequence has been
described previously, it

-4-



10

15

25

30

WO 2004/ 084831 PCT/ US2004/ 008677 is not unconmon to
nor sequence vari ati ons between DNAs obt ai ned

l )
?‘?%?r@?ﬁﬁ%al isol ates. Therefore, a represent atitN82004/008677
HPV31 LI wild-type sequence was isolated fromclinical

sanpl es previously shown to contain HPV 31 DNA (see

EXAMPLE 1). The 31 LI wld-type sequence was used as a
ref erence sequence to conpare the codon-optim zed HPV
. 31 LI sequences disclosed herein (see FIGURE 5 1).
18 1pf Wocqmanog i fndbminopsequancp wariations teatueh DITAsIob@Te8 fof onical isolates,
Therefoss, & tpleseritne HPS8d L heRRL LD, NG i N whi ch :
sholl8 HP\%lﬁ%& nucl eoti de se Bé%gle%ﬂg\%\gaspggql%%%ﬁ?rg CPIéfﬂi pangples previously
"6 "G SR GHQN’%J fss¢ B LE bd dihs 31 bil wilpitypreeequence was used as a
refegonoe eSmbm td donpeR%he coliBRoptnikdd WAV B ek & ;
1).conprises alterati ons. | nol%(}the1 m ddl gll iéé%%%?%gﬁg g’fd?sﬁ%hﬂem (see FIGURE
HPV 31 LI wild-type nucl eotide sequence (nucleotides
697- 1249Fhe deignation|st BL B pardPM rébkildOrcels REGUERSE ;
NORGRA in‘hkh‘éﬂet}lfp\)’aﬁe}ﬁf r%%{eef. Brr ed codorns ,ré whi ch_1 st’ ?%?%S?Lrl g%em (SEQID
to herein as the ™ PdesgHusPee waswaitially repwiticy pentaioy @yt prefered
codeptsdor pfippal expreetian ingemtolint3! Ligant! sbhid GndhbessREEHAR in the middle
port@mPasiiom 1wl . roduce the adequate
1 evels of the pol yﬁgg#{iggl,dg g%lugrf?g n”ﬁf?o?%ﬁﬁﬁglg‘@%p"g}l‘f‘s“é’mle HPV 31
SPELHTS 43S 2ispactylly witkyreptrprethmeduaotions; whiol irafesed fdaireidtsShe “31 L1 total

rebullVEQuyNgasy. 15 A "conservative amino acid
fers to the repl acenent of one am no

substi t u%l]l n' r | ]
acid resr Bﬁecgﬁ%i“ﬂ‘é%n? BeRapFUEsieyt vadeiniel camposititinriointroduced to

produgsi the adegiativievelHEAND B ePideSsoRatGR RS ELY AL illed i
recog{;gfggja; ﬁagsh%fma are: substitution of one %F&gsrecfﬁﬂ%%i Qne skilled in the art
residue (isol etci €, |eucine, valine, or nethionine)
for anothipnservstitrstiibaiididubeuRRe 7ok & the BHldBer: 8F one amino acid

- hefn , i of the, sa arge (e.9., . :
resT g@@j}i N h gﬁ?%t?ﬁra{/ﬂ?%ﬁ%ﬁ% aéIFrllﬁ zéceﬂ %sxglgq. ?xp@ple%lgtbsggl} gQuservative substitutions
are: S&E% tonpfonerydiophehic wwsirwelisolnting, déueing, valing BY meBBRB) for another:
substitiednUdioRdp Rar LR ' *VLP or."VLPs" nmean(s) . ?

s us. O?fpe parti (e:lf%%ggtgsripf b%/i"‘is‘udfé%"%&? {40 baree (g arginine for lysine;
SV AR PR IG#HHs that the HPV31 LI gene has been

modi f i eThestormt fiadmrhiliafORER {3 i e

nucl eotddes, t h.g}s i,S no(t t_he%gglr?gﬁggﬂt?%&%énéqauheuﬁ?@ bgips.

nucl eot i d&s %Pr LEBH PR} HBsHike grirlepr vinseike pimigles.

). Bt LA ot 00 B g
Se(-luec.’f Cﬁ(&g%lg%ltd?s& g%te{ %0\5{1{}133??“86 Y ts% FeaBenCe obnyclepidas gresent in the naturally
occurqmgawg%bi&p HPYAL Légaien &?}sis@tgd&ib@ﬂ@bﬁxtheﬁﬁﬁz@ﬁ:@ﬁl&e%e Bﬁélvided herein

8 rej e synthetic nolecules
S e R A CAF WP el Feierigig einaion signals

conp $ care | -
recogrﬁﬁsd}bé(é@@st. chlsp grovifpéhgein ety nihetinhalediie %oﬁﬁﬁélﬁgd&ﬁorhs that are preferred

f $s8ind t .an id. uences.as the | ]
O et T YA B i PR oaq Byrsomgemino acid

wi | d-
S“’q“emwﬁ@%kﬁ@ﬁﬁvﬂ gghssequence al i gnment showing
nucl eotides that were altered in the partial (SEQID

uild (SEQ ID NO 3) 31 LI genes (See
Bmﬁ&m&%@% sequence is the 31 Li
Wi | d- t YEEURR§ irenequdnSEkDchReMOhdwing G6: SR t?lﬁ vi;l%t’: altered in th i
' in . L. partial -and total rebu; g n thepartial
(SEQ ‘?é‘é‘a 2‘2%%@6?’%%?“@9@3@8&%}’ ? iégff%g?q% (See E&ASMRIE 2e Jihe neference
sequeng & theidiLdawibtityps sdquelot §SEQ ID NO:1; see EXAMPLE 1). Nucleotides in the 31 L

partial and total rebuild sequences that are identical to the reference sequence are indicated with dots
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5 WD 2004/ 084831 PCT/ US2004/ 008677 Altered
woiedesisdes are indicated at their correspondin

| ocation. Nucl eotide number is contained withi n&yﬂ%mmm%w
par ent heses. FIGURE 2 shows the 31 L1 total rebuild

nucl eotide (SEQ ID NO 3) and ami no acid sequences

(SEQ I D NO 4). The nucl eotide nunber is indicated on

the left. 5 FIGURE 3 summari zes the changes between

Altetrél’l‘%mEI@Stﬁﬁs :Elﬁ \I'mﬁéa?t«it‘d at tcf:%(il %ez%%e e Qﬁ%ﬁﬁﬁ%sw&?l\é\g{dé gm?;]apg 1s contained within

l'isted on
the pygsadhsRs- nucl eot i de i dent i ty betvveen the indicated

t |
C 0 ns&;é?};%%jﬂ@l :%1 !dl'{?)gg twl.hglg lt et!)tgl;#e%gﬁ anézc 954G Q(SF[@EB)}\E 61 %naéld aminge acid
sequ|e%‘0§§ Orfidil e pesicotidenumhed @rmdjtﬁatqrdmi teolefides t hat
wer e al HG@M%LM&%EGSHE@&I%&%@ A GRACR, . tﬁggﬁﬁgg?% &jﬂgnce constructs,

al teratlons were m

e
Wz“’gt%%l 3 Og%ﬁ%ﬁgﬁh g“i“h BT EOIFR Biipatsp rcirercentiuglestiste iRty Detween the
indicgted govdenct landthe BStEHIvﬂElet@ﬁeyseﬁﬁfﬁl@e EANPER 41y mﬁ‘ﬂdﬁb\ﬁ% FEI@ amino acid
di f the HPV 31 L
1dentftp eTﬂeﬁl&ét caﬂ InG8iEat tsglbe 1{) nrn ogtl teE g}%geqeég@p@@ yesst-preferred codon

PN
Sequegces 33?1 éhefregiom nhe:eﬁaamﬁeﬂawhsp’ree@ﬁﬁ@{ i on of yeast
[ abel e TP & st P o MRS Eaicalh oINS ik under high

. labeled "16" contail ns
SUnSPRYIEH FEUMBYE 4-harppaorgthe Lft 1pdlodjetﬂa@maﬂ6160ﬁﬁe 1he 3hirg rfuu length and

truncaibd AP TRBMLLIANS] wIhg, |
rggest ot act 18 coneah s (A ARG siEHpuhTadoen cninng
w & SqaRpES gTredanedabelpd 5167 r@ﬁtamlRN)i fmmﬂ%‘é*famtcﬁ is not recognized by

the HP¥ 6l 41l @obetiab8d G sgeggyo %Acfshﬁltféﬁs L‘fheg%{e OI%b%kei%i “Ngg) i 2 yeast extract

I
conta%;u%k}u I g Y Sgﬂ%gncre% dﬁ;@p%@hﬂ%‘@é %77 a(rpfrg\l)l Rhk pEimiorseprrate isolated

colomemem;smg theed Dt pm:ttaerebﬁllm@eﬁﬁ@lcé Ot al protein (see
are arelative

EXAMPL
%I@W}ﬁl%“’é 1P ETOQ/E‘JE@E dartﬁ Sfoﬁl PO FaptHredatigimsrnagseay (RIA)

i ndi cator 0
eXperingats dnewe tsPer tinutd (Fpradpg esd ipentein 23e EIX MRS TRICHnfbtained in the RIA

are a €M ti¥eARdiSathy &*HW%IS%I %ﬁg Sf ] GH AC agao ﬁ{oggt]lrjai;eleltngrg%ﬁs 31 Lt VLP expression

sequences. OWs a repr
in yeast peptegn exiracty frasn yrastorefowe Mperehmlt@ne sdqeetebd. zed by

tr ansnFssURE Rhe&! & &Bre@én‘c‘arti%%%ﬁ% ﬁgﬁ%izgc%%emm as

' represents 100 nm
Vls““‘?%{}ﬁl\‘ﬁa?‘m%lsn PRETRATIEIoPOPY e ESAMISE Sk dite bmomprsseatsd 00 am.

associated with infections of specific oncogenic

lLomavirus (HPV). The present
DETA%@E%F’S%W&@Q% ;@Jt ions and nethods to
elicitThe mphmnfeewfémmhﬁr}bnia@ aﬁeﬁ@so@fa@d%ﬂl iRFO514E bBspecific oncogenic

ncogeni ¢ BPV ty
types ngec gﬂ}o?yaygﬁ%@ﬁ’aﬁ) eg@ ﬁ%ﬁ(}g}zﬂnlﬁaﬁ reéq,tg;vtp ag@posmons and methods to
elicit opwhymeﬂmﬂjd exsthepotdi pfrgdddt%\éaﬂ:e&sled ijﬂ deﬂéE’V@éﬂcﬁgén%SHﬂ’V Kfes.

SpeCIﬁQzﬁryt e %Feéot I\%Pﬁ 0 ﬁbggv%g 38 yrnluc & Fisoﬁlé?ﬁl?&o i:}g}{ébg,,l £nbRBV31 virus-like

particleg ‘é{%@ anh disslpres ufeo saifh eolpmmaenﬂesmnd s o i@k BN EonHositions and
vaccindsHRSHEFdAbL S PENe ent Lsgomyt %atll?%g |1 q ls' lb orough et

nucl eot i de_sequence een repor
al ., \irwibhye BrYp 1?1 ngrej@)t@i $eq(:198 M5 beSe ndyartkd (Goldsborouch etal.,

szologj\dEE(S‘o}S |3oa-3#1 é@%@ﬁ@bnbamﬁc&@séﬁﬁ‘ﬁozt_%ﬁie’) H‘ngﬁe %rt?ﬁ/vle%tfo& provides

ecul es encodi n
synthet%he s {leﬁg ep gncg&nc gml-g’s V3dsL1 t;ﬁ@telﬁr dde aynthetic molecules of the present

invention comprise a sequence of nucleotides, wherein some of the nucleotides have been altered so as to
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i nvention conprise a sequence of nucl eotides, wherein
sonme of the nucl eotides have been altered so as to -6
WOE0DH3493034831 PCT/ US2004/ 003677 el iminate PCT/US2004/008677
transcription term nation signals that are recogni zed
by yeast. In alternative enbodi nents, the codons of
the synthetic nolecules are designed so as to use the
codons preferred by a yeast cell for high- |evel
. expression. The synthetic nolecul es may be used as a
elur.gl(}ﬁtgoe; %ZWIH?%T?WE ithiag alwlim:og@gimyoy \3/@%4% mgﬁgme%mbodimm’ the
codér3loPth i . o used I n.a - base _
accin eﬁf&cl)et p ?}g}v |C_¥e %fe gg%‘fnl%\(e} &0 B MRS B?J@BWF%YP%W a yeast cell for high-
level errssen. pEsisypthetipvhalenyles nfap b eed ab hs@uieho PHEWE a1ipgdtérd, which may

self-agsbinbie dito FNgs, 08lid VB | T uch. VLP- based, . .
(ovacci ne c},ar es. al so‘_/gg%;n?ﬁ; g?‘g? a.t r'ea %%Steég?ccg’ie#%%@?ae effective
MITRRGDIeRRY IS geauptpapdfasey iranisfectimdbrougls naraliing bdyRs d icsl-mediated
immyeifs tSucieVLB-bafell Q& ideh B2ty AAAGE S ' ; P
cost -ef fectj ve q%?&‘/eefml y adell:%t ed %gm‘%&g&r’%g{e%@aﬁs%bllshed HPY infections.
growth in‘rerfehrer's) & cellgmffors dppdyantasepefdicing cost-effective and
easﬂéy ﬁdﬂpltjrd |tm7|grglelﬁwagrohrth ﬁlS‘&FeE%f&tN@igErh 6436;; mﬁ{jq{d Wt P _‘f,ﬁﬁﬁggg ltuding HPV31
L1 (dOWsaRME S s _has been determned n
, ¢ accor dan g%”i #%X’%?%#dﬁ% Lo“f Teuedhin yeps e5tis; Hrhas besp dpteppined in accordance
with B‘Fé’?é?ﬂt nveRten that frveksdl erpredsiodPVBIPY 3 LI 1 iiSd @4 i@ ation of the mRNA

 transéripd RgAthORoR ket cﬁ@%ﬁaﬁsﬁﬁ@%ﬁt& L agiﬁg glg%a:ysgqggtfagqggofcfgg;gd by yeast.

tr nSCI'IptIOH rmn

By alRES6N %% of )
ye eé{&%_gﬁi o1 By BRdh&e elimigste ait mtintigl seipentd® Y dmblingONAst bi@nscription
termigdtionkifa] 1613@6%%@@&)%&@@6,&%%%?&%3& ?ﬁaﬁg&:ﬁ%@s 3§sﬁgging in increased

nsScC iptlon_ termnation sit

HPV lr . Pro S . . .
aci PP EAEPERYY r anscri ption of full-1ength mRNA

resul ti An@pfdﬁng'lm&_r fasethbolitad oF ﬂuﬂﬁ%ﬁbﬁl 2fER&R %Lx%.nbeen made to the
mvﬁilﬁﬁﬁﬁﬁgaﬂ%ﬂ%e I n Zome enbodi ments _of this Invention,

al terations have bt RSB Ee s CRsmblie s ast angoNptiqndermination signals.
Thesegjtpigiionstalowa mypressive of ihalfuls Ragts BFAS | Ft@ﬁsﬁﬂpd, bﬁ%tp}é&a% a truncated
transchi Qs i j Lon_signals. These alterations

anscéf’tﬁ(ﬁ/ exprggés]ﬁ%%}??oﬁ%g)? Aiiike: Iyée:lw th BPV31l transcript,

as op p_ef&?é’@teti @beyest synthcae B Astof tepesim invesen XNl HreMions from the

wild-typHHIOVI 1N, BRRLESHAM Y Sl oAl %gsg—geggﬁ%qu ag%%gttjclmctennination

I nventi1 on conpr

. f the present I n
sites. B?@ﬁg s:ﬁH]em tWLﬂldcqogyée it iditiohal S8\ eteulthaih baestructed that encode

the HPVi3d &.1tpooteih bt Boh® YRR yeke GARN ibtian, . .
yoast thaBLdELP ‘%’tz t|8 gl?%aéso it os. On & of "Skil faol9 rgént%%{eﬁgé %1%% ??Chm?ues' for finding
recogni 1o0 SEFRGES Ata W eBigno W Indtheipié s Treassripiéon termination and 3° end

formatiopof yrasichBNAS hatir@ntosiesentd & HBY, Adnaks: (9 ﬁﬂkﬁic@ngygés’lgmgﬁ such as

TATATRL 1 .aj east,.transcripti .termnation si
Teé’ﬁ%?%%‘géé?&%%?esf‘?’ﬁaﬁi a5 SR eF pptionis clement Tocated
downsfreapy {2} apsitonissdenmie)s waioh deirhink 1 Wtatich $Be RAif(A) site and (3) the
ation and 3' end formation of

lyaddiyBB8E GitdYh '
poa yg?g?ﬁ%ﬁhl\l%é\ugﬁ%{g% r)gs the presence of three signals:
(1) antietFiceifnigsrnraremietsyithdasiRon HTARiues:s th bt yeast
ranscrPROLORGERIon WL ON SONADCES, e %&%g;{;e%gg%z?%@f Biochem. Sci. 21: 477-481

el ement &

t
(198.6);8%%: Bl S @Gt 65, 166 BH2dET(9 60 ZbkbstlaD Call 091563573 (1982);
Henikoffet ﬁlhéelm)j:6((79614%98@?1;3{"1‘ﬂleﬁﬁid & Be s ﬁl?é?z'. ¥R .Q%k&%js;f’z{rbg%hgﬁﬁes (1983);

e scientifrc literaturei

S . Py . |
Zaret et\(,all‘,tﬂhﬁ}g@&oll.i 1&7@1@@3{{19%@ Heegan etrehtadrGaitiiol 44633-4642 (1984); and
Russo, ¥qasils 447 @58 OI98E L ITherddrt Whe SF S tnSthe §?§f°%_1t11 %Eﬁe%adl@ifﬁkty determining

“whi r.man, JIrends Bi ocher.n. Sci.
which s%‘b@né%g go a%g% in order to cons(%ruct a synthetic HPV31 L1 gene that produces a full-length
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30 (1986); Guo and Sherman, Ml . Cell. Biol. 16(6):

WO 70144449 (1996); Zaret et al, Cell 28:563-573 (1982

Heni koff et al, Cell 33:607-614 (1983); Thal enf F@%&WOOSW
al, J. Biol. Chen:. 258(23):14065-14068 (1983); Zaret

et al, J. Mol. Biol. 176:107-135 (1984); Hei dmann et

al, M. Cell Biol 14:4633-4642 (1984); and Russo,

Yeast 11: 447 453 (1985). Therefore, one of skill in
o . difficulty determ ning which

ave
R%agscn%t s fl%cola B?Udvﬂhtha Prpegat %erg@ﬁsﬁg@g@nagys%ywﬁ eid procedures to assess

sequenc
whet-h%eaﬂl trageenipti¢rhiatmipitRE ye@sna if ptedent ‘ﬁlﬂﬁﬁ Bes Jthé@@ sequence are well

2004/ 677 rrR scr |
B AT P LR QT e gt TR L
HPV3d §4 yequanes comptend tarmsnation mqscﬁlss thavheddhe be aumacsa
transcrlgyd n.se rese
he synt hete%]lbgcgéﬂl?gg ?(leé %Fsém%e oréréet gaﬁ TR 1? "H“‘% W@gwle encoding
HEVeivRe 31dlol matgto. e nusleii neid ynodicirle beidg &ee frem itwoal tmmpami ®rmination

s1gneﬁ$)wliie}§ £k McBenikdd 1Y yeRR St ek, ﬁg%f e'ﬁﬁ?@gnclln!s ob il &Jn% nt:on the synthetic nucleic

acid f?}%ll ses term nation_ seque need t o
mlo Fat B S SHugies Pmlea%@ &s sef foeth prr SEQ AP NQIQ enSEQID NO:3.

rel at eskt ntemaﬁméxﬁjommm)f@&lﬁ&&ht%&ﬂ&&dm%1 hj'f\éeﬁe}’s%&uences are
"opti e&ﬁop{lﬁtl% e re nucl ei c aci d nol ecul & being free
Fomin a7 FPEEE P BEPShHe lélnaﬁ?q’fawlawt Q?W@Wéﬂ“fﬂ L1 genes
con:kgﬁzfqdéwd@przﬁdt 1byeny16ﬁﬁntclud% @nﬁféﬁcﬂlﬁbﬂélﬁe%@%ﬁﬁ@ §1| Bf that are free from
e etic nucl ei aci d_nol ecul es
inte comp F eglté{eglglél 3%%0 e'g[)é EW %]Iaé%lief’?%‘hzefigy @ fgprromprigiagyt least one
codon 'bafﬂmd@F-OSEQZPﬁOR@gB levehexatesgomiatybaseceigbodi ment s of

the pr eﬁe@ 1k 8 seguences are 10
ot e oot oo R S SRR oS0 Vriant foms
ecauég P31 SRAons W‘PW%%WFS%%DWE% dlﬁﬁmE@HHE&/&idsL(hs yelh&Sranscription

7 initiatibahe teph Rk esh) R nk DR L6 Bl B&\é%{htfb{% fnﬁr%ltllﬁql one ]podon a phenomenon

knows Snt eti ¢ nol ect%l es encodi n are
PO O EEIARE- tehrens B?tlceﬁpke@mﬁuﬁaﬁﬁomh alftgpisesoddtisefe not

umfora]i}epmmogmhezaﬂo@yxmymﬁh,of HtetiRe, p&UTREISS 'h%e@tthérg Bpbars to exist a
codon- opt | m zed for hi gh Tevel

vanabi%rhectturﬁ%ldeoﬂchy Oor %rggelrengfél gcertﬂn cpqlqnﬁ etertaia drss ofsellp o 4 one example,

pression Irn
the amp}l%@ldﬂle@clms bwotf“ned:l by bRsESixUANA e¥dost incRdRYITATMNAIGTRICTT, TTA,

h
and T'f(g{ E%hrz]a.usg;ﬂ]vg 65%?%{33% [{1 Ca?ﬁdﬂ%gg %dges (\érlsrg@gt Fcreaggr%% gsgrevealed
endoggnounDNA ¢fF el mpsi icommpilyrostmids 1Ihe CRCratdimemspecifMiEcodbi, Mhile the DNA

of yeaﬂ@zhﬁ%hﬁ@ tholRf ﬁd&@'&ﬂﬁ&ﬁy luH&r gl"ltfggcﬁensepﬁg?ylp%g%dg)ﬁs IIh\GFW of this

hi enonenon known as codon ndanc
ierarc %rﬁﬂs sersrajly bliesed thepthe hgqalthgpch@ﬂqbte@mg)kﬂ.im Bvels of expiression of a leucine-

rich po%@lelﬁtﬁfe Yer BT E57EWMst Yol cteB@ndQQ W&%?o%ﬁgéueqlc I)fe codorguse For

exarm {/ $ 3 ells. Indeed, there a
Paf P thale e H%IEFXWQOI@MH @Eﬂfcxaslb/@mressed oTE. GelemhmeasaCTG
rich 8eﬂmﬂmoba'blﬂﬁlﬁ§ilﬁeipw&@s‘a I@Ehlmsi %lmﬁﬁ‘l Q L)&Gn %Rﬂ(pwssmn ofa
lcucme-ljﬂs a qdla uc cified by o SI X
g‘&n?’f’ e &%ﬁ“ﬁi f %TEF ACTT, TTA and TTG

EX hau SThmmphcmioyssmiS:odxﬁn }geﬁa&ﬁ& pHRARRERh b 4ERBINgS: IHIQA techn1ques are
endo s DNA of E. col

manifed] a‘ﬁﬁ@l?ero& rﬁy 0211%3 ngrﬁe\é eﬁ(g aE‘P@“W@% q‘% urEhoackisy Hjeh exPressmn levels

of eXOZeRRYS Bensaftl $L@cqs$fgllﬂ‘xw:15fonﬁle§/1aasm§aradm g lldsiepreRIee' dBasH may be
I ng_cadon. In

repeate8l9 m&!{t){n ihQ ‘fﬂs Sefls Iﬁhé 1?(#9 ce ﬁlg%g}‘ rye TOSSION TWAY R9f.pperate as

Frioiotl, €W Of | érarc
efficienfly. . This pgqnp%@qp sggaqgfgttlaqt ﬁyqtigstlh gghs vhick hevedfeer &@ﬁ@ﬁ:& kcOMclude a

rojectedfhogt deB'S GicPred 2 Y, o
T depgnd to %%d#gp %05%%?81%%“[‘&?2 rBr"ﬁ&S‘gﬁei%“eé’F ma%"i{{%‘hfc’fpm‘?me of
use. For exanple, 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. Simlarly, a preferred codon

for expression of a
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| euci ne-rich polypeptide in yeast host cells would be

TTA. The inplications of codon preference phenonena on
YOCsMiAHt DNA techniques are 30 manifest, angth&ooyo0s677
phenonenon nay serve to explain many prior failures to

achi eve high expression levels of exogenous genes in
successfully transfornmed host organi sns--a | ess

"preferred" codon nay be repeatedly present in the
inserted gene and the host cell machinery for

recaRipnas BNdrechmijquan tThgenabpeaof thafihfatient by gpiah %1 ene that is codon-
i c. genes which ave

] ests. that synthe
OPtI%E%gQé}%ggﬂgg%%’glqgg ca &Teﬂdgﬂ %gfeifﬁﬂgﬁ& graboddimend ef thisdpyengon, it has been found
thatgheapse ¥ Bmatidorrdoprapvidite thisaptpidtaih séq@kiPeiayT@h&H <3 constraints on
expRSASH drHERY § 11 teiE.psy %aﬁ%gflsce of -8 WO 2.004 084831

PCT/ US2004/ 008677 _r'econbli nant DNA techni ques. Thus,

one asp erétac‘if’r‘?ﬂflfﬁ §ith thisdntcintion, P Vah LR Iseheigeweretcbierted to
sequieficeS QENARY, idORichIT g Qsted QuuSXR RS ohif Qltér?at%% ?,(oea%?ltuﬁa%g laflﬁgeé‘.%:f:ri}:ed by Sharp

and? ﬁrgierred eﬂpgdinent_of this i nventl
SUREPY P HEICUE hedqrslesagt inaloedpivaviseerpidions Yenc D 657g78 (1091)), which is
hereaimeorporated by ref@ e N CRe WBYod B \LEnd i) ' 5Hh§yi D i i
type '§é@1'é§c§§li1a? n. eof PV31 r@ ERrFO? el ns "b,l)l/ ygacg?ﬁiée ﬁg . ?‘hccdons tn the wild-
“actor danca it TR TSrRAEATR VR HigiK/spraspedgisat censg prdeplacing them
with g\mﬂ@alc‘»gim@ lfctrélighteolpreMIthﬁ @e@f%&lﬁﬁﬁbglewg@ﬂé §é&@%nce is then inspected for
debiked ut , W al ternpati ve _codon usage
unde _aIS (rj%!é%r (I%g é%ﬁgage%g'ﬁg:ﬁeﬁe c%dr?a r@é%gm%xéil &qyﬁa‘gg‘Acé%ﬁnces, madvertent
creatigy £ &tiop smise elsestitmytes urensed sitdsion ¥easie sies, 68 GF8sirable

sequént&ld dimivkib L, duBsti [ or.at ed b ef erence.
ey B e Rl R RS coding for the seme

_Th t
aming gcid, T ynirps &6 ersmeYip eredemuiestrddor inptovad exprehion.
comon| Yhessnedsakegbid A0dvakeh 'uyed%ff 9%%3 %ﬁgb%@ %&i&]el %e N&s for HPV31

L1, @Rk 8P BEL Dl e o fon b : "
expresst HR° FRRFEESCods PRtimirekion high dwpleexpresninm cWhilsthe above
procefiiyeprivitepe &tnﬁdarlj/ of ourtﬂﬂihiﬂﬁﬁiblogjﬂ fo$ a&g@%@a&%ﬁfﬁ%&%ﬁé{s for use in HPV
Vaccuiﬁér%,:ig § g??‘%%?‘”{ by roengtgﬁgﬁp 18.?1‘11?(% &G’ﬁn’g}_}ﬂr iv%cgin'eggfg%gﬁngrﬁ;dﬁeased expression of
geﬂeséJFftYé@_,aChjﬂWé RY ednar@stiationd inals: [ROEMER o8 b RSnor Yhrfatibas in the sequence.
Undesi r,@&bﬁﬁngﬁg ARLHDEER irﬁfeﬁ%o%ld-:el]ra%eg%t ed n@% o ic’r{}% gtitiflﬁ%gmprismg a

of the _exjsti codons 'w

sequeRqsof pprdeodidesencodingan HRV . L Ifreteimy mit dteidlogicg BnetiseefppRthSor mutant form

of an HP¥31 DEBrotes HR ol oW o domne pression i

) mahggpd prg escr | g)ggﬂ a%%d\gigg\%eﬁ? gncgéﬁgﬁ%éd gccr%g%rfseopgweﬂ Kyriegpression in a
yeas s UEGHEHIeTsef thepif¥BL L iproteip sadludertit are mat bredted to: conservative
aminoOMBLhsEhifignsG R SeraRal MQOIIS,Q’!&I g-l?enlnﬁl\é?ﬁun%)aft%ng Slebhs, or
additioli et hg above  procedure provides a summary of’ our

et ﬁ‘pﬁ B0 88 IRRILY AV Feagent Surortpent milk erboderiher  protein or protein
fragmeamg which aHPALt substatiialle Syimids tHeSmHNEGbSED BEbpRY i RGNS Kbk /B ?gl protein as
Ef i caCy or increase

' LE~Lh simj.ar .vacci ne e [
set forﬁé{(irrl) ?gg sr‘lﬁcﬁho%f %B% @/ﬁl@gh g}yrﬂigﬁ,g@ﬁ? al/tbg PiyerfinysRtion encode mRNA
molecyleg thajtekrynss aifindtinenl BIPYG & du mpeotein sdys toThE OV 3k hdldeRshnieit of a

therapéuﬁ@msﬁgm&ﬁc}@Q,v%g%&r dingly, the present invention
I I ¢ pol ynucl eoti de conprising a

relates to a synthe
sequen®ae aPei gt thisgnyagtion srcodtinrgptianzcHRVAc htid PidMc@isRvhich encodes
of

the HPUB1 &1 biodi@eH Safolkti _ix?§1§d? E]g NJ:2408 %Pch%r a(?}é&%i%a%%%@pﬂsmg a sequence of

an HPV3 |. protein ol’'ynucl eo
Iwmho%%ﬁﬁ??%&ﬁ%‘%%@@ﬂ@Pgb%inizgd ¥or expression in a yeast

host. Said nutant fornms of the HPV31l LI protein

include, but are not limted to: conservative amno

acid substitutions, am no-term nal truncations,

car boxy-term nal truncations, deletions, or 25

addi tions. Any such biologicglly active fragnment

and/ or mutant will encode either a protein or protein
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fragment which at |east substantially mmcs the
j j cal properties of the HPV31 LI protein as
WODIAN04 R prop P PCT/US2004/008677

set forth in SEQID NO 4. The synthetic
pol ynucl eoti des of the present invention encode nmRNA
nol ecul es that express a functional HPV31l LI protein

so as to be useful in the devel opnent of a
t herapeutic or prophylactic HPV vacci ne. 30 One aspect
of this j ntion ks.a codon-optim zed nucleic acid
nol ecul e% E%Sp 8_%@ (f)%é%nvel“ & FRYRIOIP PN 81 Hleiagcid aolecule which
encadst i HP 3 BEQpioBiNg: s4t fosRinSHUID BICe4, 3l eudi®k 868 hBlecule comprising a
eotides as set forth in

sequeRIERI kil ddG 1@ o3 i :
SEQ ID NO 2. g%%%‘%&%%@ﬁ@? PCT/ US2004/ 008677
Anot her T&8peseant giventioh glsp relasestip owoinbinant vedom a@PiebsFhfsht host cells,

bothprkbSbic @ kb RCHh; o s .t he, HPV31l || :
ec;ﬁ%%t ein as se@ or t hlg? %Wh%%%hl@ Bﬁ'ﬁ%sﬁ?lg ‘%18%‘38“1%%‘?‘%‘?38‘1 Hiequghout this
SPEOYSHBUl e conprising a sequence of nucl eotides as set

forth i ThSkQHeR: MOV DI BLESEM 1l-RYLRLLARER S, h the mothods
descﬁb%}iﬁérgf% to.r eccgg;gl natpt vectofs and reconbl nant Rost
CerTs, TSRO OR AR BPTeEsed Ry meliealps dberties intghvingrpression vector
con a@mﬁ%ﬁuﬁablhgrom_ocek endCo e iafprof a8t nesipbS £ ﬁgy elements, and transferred
o OGRS, nPEI 1ot on. The synfhoti'c FEUY T o
"DNA"or fragment s ther eor EYREPURTRH: BRVahbh Termiques for such
manipgiyigetse depedhediibtid ati ¢Saatmoakey albBlotetlanbloRARBL A Y.aboratory Manual; Cold

SpringKBiES ina.int I essi on _
I-erv e Eﬁ)gga:;ﬂ]%f% ?%sﬁidglasrgalﬁ% glgibgg yre rg?rg,rn(lgﬁ, (Sptrf?@]: Protocols in Molecular
B1010%3i3 prdhel ek GreemBier Apsoriates araigililest-Dtersoishedr@latvsY or ULh88); Yeast

Genetlcsa0 shtN 4166 Chlrse MAull! b i e host :

New Ycekl $od > 61? duce 1 eg%n%%%gg%a? E%?f nﬁ“%ﬂ ﬁgﬁr{’egﬁaﬁ’l{’ﬁf‘ﬁ%’ ¢ Spring Harbor,
S Qgﬁﬂﬁﬁﬁ 25¢ PR Tasoapcariedly tsftenicaintther entirety)Sanbr ook
et al . Tbs, deprésen el fOfurtker FARET Aty é/cegﬁﬂ}%é ES%ERJT Qn HPV31 L1
- Sor. i rbor laboratory Press, Cold Sprin rboT,

proteizphls ‘%ﬁ?ﬂa %&é{éﬁi HPFEHE (P BFOUGIng 4ivRe I AoRPHbiaE @ mucleio acid

encodipg g BEY 31 Abigtehxeth intd 2 pdast hoSieelwiRidin thAS5Q6ik 3Li8 SioMdle is codon-
Yeast CGenetics:

timiVd Y50t .ence, . New York (1988);
op lII.H-A Lfg%%):ngﬂag%@%égax? %nem%eﬁﬁ}'o?t cﬁg@ﬁ 21%) cg]@_qng@ﬂ )ffa{f,é]pﬁtﬁgll under
conditipgs Weiph alloorxatrassiyy ofGelddHESfH iligrétainbor , 15 New Yor Kk,
(1990) ThoMHa&hy 5 . Lncorporated by refer N o
t hej en‘%’&?}r %?%%&?Exﬁél?@%é%e@ gora SRt ?%\7’&%??5% aflg'ﬁi%é L1 protein in a
recombinan cggcqllocoglpéysggé@gmfrgducggpwe@gi eognpaisinpiRW8dleik heid encoding an HPV31

L1 propindht®ialyehsihékt E&E MERLAGA i O Leing: (a -
terminail r.od#ci glﬁh a vector Conpr %gaﬁ%gblﬁﬁugﬁ Iglii%e agﬁng“tel(na? transeription

encoarTy AR Eeveropnipgd byvsest pres {ntcolturingdbesyeattdwst ce ihdet conditions
which alleereapmssiduenfRaia VG 1 aginghtsR] ecul e is codon- optim zed

for opfhiisnlzlall ZX r.ession in the yeast host cell and; (b)

cul t uring t N 10{})@5&3‘ TRBEE febprpessh e exprovsing en BiPM3dAd protein in 2
reconmbwhntdhstaie;lmrdgnggs): imd@éilng ?b&tcit)ﬂ%\é&i!ariéihg 951951%}'& Beid &t forth in SEQ
D NO-P& o on al.so relates tq a process for - _

_ exgr_e grl) r%j’ gﬂitt(ll’—ﬁ’%a% fost cﬁﬁ’(ﬁ“ i) pftugng fhe besiselhupder pestitions which

allow expsgspion eHspt HRVAGLI pmjeir. nt r oduci ng a vector conpri sing

a nuclgk ¢y fe bng an HPV31 LI protein into a .
" east host cé’?lg;g&\%ﬁgérhg not “émﬁ"ﬁﬁnéﬁa%b Rl e Aneexprsssion cassette
that co PSS SPRUSRET Aessgned o provids effiviputi copresdir ofithellP VS8 i GRS the host
cell. Th%ﬁﬁﬁe@ﬁ'ﬁeﬁﬁg Qgﬂhlﬁﬁgle Qyntﬁ/e??glénggulgﬂl E&éﬁ%&ﬁ%{ﬁgrﬁ{tiog% atng ?ranslations

control %eaSt host t"%?l |. under taon S
_ %‘bell'lg?ﬁp BARIGY Hnked togh\pugh gsja pperoeted, and termination sequences. In a preferred
embodiment, the promoter is the S, cerevisiae GAL] promoter, although those skilled in the art will

-10-
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This invention further relates to a process for
e;éf)re_ssi ng an HPV31l LI protein in a reconbinant host
100488989 i sing: (a) introducing a vector corrp[:.t@mrggommo%w

a nucleic acid as set forth in SEQ ID NO 2 or SEQ I

NO 3 into a yeast host cell; and, (b) culturing the
host cell under conditions V\,hi ch all ow expression of

said HPV31 LI protein. 30 The synthetic genes of the
present invention can be assenbled into an expression

receEys éhet eny afhatmbengivileeiosagresn vg%%ﬁ@&%%{a gs?tﬁé I@:ﬁ@fﬁ‘@ﬁ% ADHI, TDH3

or . f. th
}Qﬁfi’ ?&hﬁf& gf(#cﬁg%ﬁf{a? not{c): tg%nepﬁ?:%zp%tfﬁg By be &ﬁ?da iAnireferad transcriptional

e cas
teLTglw?méthpé' earssiaad RN teohingten] akiioans 6ﬂ1lerﬂtdo@ﬁ@{|ans%ﬂghonal terminators may

alsotbeanéd. %b@&%b t CeS atively |in
it, such, as am%?%ﬁgt%! zeirf'rjE &{-gﬁ] ef“(’)ln‘i‘atg B%‘T‘l‘&‘gér Yﬂrﬁfeﬂe‘i
a pref erfaggher é?ﬁ%difﬁﬁwvermhg Iqmncfﬂﬂfiﬁrwms-hkdnpar&le (VLP), methods of

proctlemgHPSﬂoaef}'_@QLe]nd@f{eﬁH% al ski |

T T 10 VIO 2004?/“6%4%%%@} U Bo kst whea L1, e
I eSS 8"&%&‘@%? Gpmapl prpilinspavissestin expréssaiin yymastsect cells,

marrgma(bxmmteéls or Basthia @or tehRw(3¥e BOhil16A 4 Roé@ﬁ;_n Pa eyl E Fows: Curr ent

» t J ot her eu gene ers my
esegéc‘g P%c[;ﬁlbm %ﬁsgsd E%cegn EC ﬁ%%{s ﬁ'ﬁaLeedf mcﬁa{pfgpnatgmt Prel01-12 (1996)).
Morgholagioally F@FS&@CtHBNI VERyoan alad b¢ prodkdel gy GJE})I&‘EH@% cgﬂ&%on of the L1 and

L2 cztp'sﬁriﬁ&&hpt Vﬂf@a{rc Eﬁﬁ&&a&f 9? 8?1{[?%?5!&@} ]? ]g][utk%e]h g?tslgqsaheg:al structure (Baker et

L E‘bl nation
a Bﬁ’é’ v C0EN Sf*"férSéf(hﬁpﬂBd 5 Anot her aspect of this

i nvent i m]lP!s &e%’ibgﬂ[’f; I}é%écawp{g]fl {fﬁégthg A Brlnﬁ:}%]? %%rg Bzfpablgloﬁﬁnducmo high

, t hod
titres 1&)3% adnginistratipodntplas awireh Tninuniadon efhMits (Breitburd et

al. chamm(qgrmem (@f9sj) léH@ﬂbg@@S’uzi‘Hﬂ'e'PB] Ly !z%la%' S35
o 188 (uZeh et fr i 527(25) 11553-57
(1995'()))Sw1b {fss éras 1?8? ¥qﬁg€q @ch%@ra@éﬁg |apf§10dgpﬁ éndRoydesnt aghinst experimental

eria
papillpapyitys drfedionr HowRey, bevisie t@umpa Ressanchs .
oenoxﬁ’@d?ﬂdlcgﬁgg%kéﬂﬂﬁ§ laac € Le%gs UK: Leﬁeml'\}éy Oncofemc vl
| nf or mat i on, f’fgl(% f@%ﬂ}e}’ PRECTNB Sk 8ltweativa i yse of live virus in
HPV v4qeing @?Vﬁ@PmI@WfWE@SNCm hilor g Hidedliiged . P91 8SHA (2000)).

a conbi L2 cg oLtern
1Tk 't%r@genttlﬂ\?egkcéna%%?eg b fArySy Hﬁeﬁ;a &?orhpr?sed of recombmant L1

proteif BTN LL (10 ubies (BERGT. ot @l .. Bi ophys. J.
60( 6) Il 4 8kr&fd 688 Ehint oY HBSHALS Meq-ﬁq/_’;ggwg}asoa@/ produced in yeast. Ina

t.o authentic virions an are ca

a
further ﬂr%?errcc{ %’n%oldbtﬂent,t & yead isgelepad frpml thegmgp gumsnsﬂntgjmfe&cumﬁnyces

cer evzmmﬂmmmlatobl?mofidgh gljlaﬁﬂ ﬁfﬂ*l‘f{;fg’lrfgll lf@?gﬁ%fﬂ&%zg‘g 9'8%1? omyces lr.szctzs and

CHIZ d t
et o“(cg%@g%?y&n%‘?ﬁbogs (Suzich et al., Proc. Natl. Acad.
Sci . USRothex(#pet Oﬂtﬂféﬁi’ver&?on(xslaﬂ'éﬁm Wt P WkiBSe IséJ‘a‘.?l"ﬁbvsl L]

anti bodi es and prote

roteinlio
proteinlg? @Qtt:chb}} Qﬁgg’?%ﬁ# aﬂe I i :z;neI% eoRbpiemad trflq.ﬁpr@gtopéwmnatlon signals that are

agaj nst "exp
recognizgdi X ¥5est: because t he VLPs do not contain the

pot ent g a]thh@{‘a%g&%‘f ifis Yl lon 1@92? nﬁﬂ?ﬁﬁ&ig %g%cé:rﬂomgnge&fag HPV31L1

oma SiIng
protein grqdfg;: Y] WdP%DIEFQT’@Z‘%ﬁfHH’VMeL lvgqnus Ini anprefdi?b si@badifent of this aspect of the

mventwiemloemrﬁéﬁtmﬁlﬁéarm'L;i end %@8%% I%%Jentgagl a S A ge l_clllugﬁs o nlqéleoudes as set

forthm%‘E r%ﬂfé%quér at es to virus-like particles
corrpr I‘éﬁdnmﬁerraq%ﬂ”‘dﬂﬂﬁs'iﬁﬁfeﬂﬁlon i AbEbdo &o&uﬁjgx%g@ nwléé's comprising;

In a preferr

ns, of HPV3
(2) trans;f%ﬂg%n {/e%t% repqnbings A\;;E(pigcuépr@cg(ﬁggﬁﬁ;’é'al L pyaieis or HPV31 L1 +

entlon
In a further preferred enbodi nent, the yeast is

sel ected fromthe group consjjsting of: Saccharonzyces
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cerevisiae, Hansenul a pol ynorpha, Piclzia past ori s

wouvgsyres fragilis, Kluveronyces lactis, and
Schi zosacchar oznyces pai nbe. Another aspect of PtCH“i’IéSZOOUOOSG’i?
invention is an HPV31 VLP, which conprises an HPV31 LI

protein produced by a HPV31 LI gene that is free from
internal transcription term nation signals that are

recogni zed by yeast. Yet another aspect of this
i ses an HPV31 LI

ol O s SECE Ot eel an s U
recoglé?nlent IPMAanq@woafeeo peduerhodtamitanOfPVB] SrouRakd (cPlsolhft the

ecolfBMERHE HPV31 L | gene consists
' Oessentﬁ%lﬁg@m%gl%ﬁﬁ%e%ﬁ %ucl eotides as set forth
in SEQ IIE)aIN@fQTGdrEH@E@IHCﬁJ ol Baspede vf hn dtviionamp eeist i0fransformed with a

HPWNILS cbAV@Mik Q@e frocin ?raﬁ@%%}%g t&wfmngﬁgg%igﬁarf%!ﬂ%}/esr]éco\é%ed by yeast. In

orrprl S1.NQg. trans rmng yeas
anothsuRefied cibe léﬁ’éfo'@le AgRsHPYBmsfqrmed with @icndaropdiad HIV3t L1 gene to

produckHPAQ 12@% 084 83diciReH/ ﬂf@%@%ﬁ%ﬁﬂ&h tllrtzco@&rpht?[ ngsﬂd HB)31 L1 gene
the tra?sforme yeast under condi

C‘mﬁﬁ efse‘btéaﬁ 2 BSABPEE SF Brlegrdas R set FEbgRSERIRINGRAT SBQ ID NO:3.
nol ecul &hisonyenieht® frbvedds ae@ﬂm T Thdudiné3h iRRRhSIeon8NH an animal

W T A TG O O ———
HPV%S%P;E{ argploﬁhtiedlbm\a@ana thay s Irdfeeﬁqnemsdrnal &aﬁicﬂﬁlﬁn&éﬁ’fﬁﬁn% Eeﬂuences that
are re@om&emgy:sgas{— Ingﬁﬂi‘?rée'f P]% (g F:rélgo;%e Orbhtlm% }é%’%gf/ %gggrﬁ prquced by a codon-

term nation signa
optimizedeensr preferred enmbodi ment, the yeast is transforned
WI t h a ¢QGaBmeNL é&&ﬁﬁl hﬂ/ QUGS LEV: ;
) . In a artlﬁ():ul arly ?’cgg rrae%ggl_ﬁggg?rﬁ%ﬁ — rﬁree'ahn" V-associated
cer “’8 ?:?B?FI& %E’e‘”tfl“FlF’%ﬂﬂHﬂO ag@ﬁénal 2 ypssinsteompysemHPHB] YLBS. Ina

| preferﬂ:d&ﬁﬁ;b&iﬁfeﬁt &¥fthig H@Je@t@f idesveagorS Bl Hrdihvipl aﬁE[QthQe&\@ 8)§ast

or SEQ.J.D 113 IS |nvent| on al so provides a
for i nduBy HE-HRn EhadiRes R 8 Bese cPmPATnERP KAl vinsgike particles (VLPs).

conpri dhng ahﬂmtﬂb 8ﬁ1®6d1ﬁi@nt HPM%]asﬁlch YSthb [d@ﬁntﬁﬁf fok Gic‘é‘iﬁe Ether
t he

comp@ggfﬁpé giait lea_L: one 8(%60115 Iégﬁ éypteh dzl Errrrgpefrte@gm?qdélﬁ\pqtﬁp%@.tﬂ@pt one
additiqnalAR'¥ |’fm9t1$ mﬁecteérfmrmm Eonp segistnces HPNVaf HPl § HPV16, HPV18, HPV33,

RPV25 080, oy eaSmAa A LDSSEREELS! 15050 s

mbodi nent, t he
opt i mi Fedpréned cpbedimantof 8¥s apecf thofnveitics, thavamte dirther comprises

HPV16 ¥LBs.met hod of preventing or treating HPV-associ ated

15 cer\lu cal_cancer conpri si n‘tg_nhadm nistering to a
manmal IhanpHes PW@D@S RPodineR eiq®s the|vacaane further comprises HPV16

VLPsqmﬂéffsnrgadmerbodl ment of this aspect of the invention,
the HPV31l VLP ar pr od cgd in yeast. This invention
al so r & 4t 8LRY I edimgphor thsi inyenmy3he Waceipasfurthageomprises

HPV6 WaPs,iHo e ‘(’MﬁsE’H}PVIG IanPamdaﬂm\ermee enbodi ment of
t he vaccine further

t hi th t
'S aﬁ%ﬁ)’f&“‘m S%af'F @ﬂlg%ﬁée%@. CrBRatonseempyig HP Y 31 virus-like

conpri Sés
particleg. Burdfesrthie dnventiodiclreato pmhﬁacaxtlchmatpoaa@ls%en@ﬂﬁh& Howal VLPs and

VLPs dfig\{ezrzsy alge\%_d?ﬂ%w\? %&(ﬁl@ ! %%%% mulg)qq ong! ﬁ t, one additional HPV

type is ﬁﬂﬁgng rqqp@@grouﬁpvsﬁstanWSE’VGt-Eﬂﬁﬂil IHPWBEBHPHI?‘B(E@EVZ&U €PV3s, HPV39,
HPV4SHEVGS1, HPVS2, HPVSS, HPVS6, HPVSS, HPVS9, and HPV6S.
Vaceine compositions of the present invention may be used alone at appropriate dosages

defined by routine testing in order to obtain optimal inhibition of HPV31 infection while minimizing any
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In a preferred enbodi ment of this aspect of the

i nvention, the vaccine further conprises HPV16 VLPs.

- WR2BHE6H8E preferred enbodi nent of the inventi %Tﬂggﬁ@om{,%ﬂ

vacci ne further conprises HPV 16 25 VLPs and HPV 1

VLPs. In yet another preferred enbodi nent of the

i nvention, the vaccine further conprises HPV6 VLPs,

HPV1 | VLPs, HPV 16 VLPs and HPV18 VLPs. This

invention also relates to pharmaceutical conpositions
potep@alpriciyndn dddiiod looidnubistrdtise or R86idnti% :8%hini &éﬁ&ﬁ@f gthetr Q&eﬁts may be
desﬂ'agl\éem' on relates to pharmaceutical conposition

conprising HPV31 VLPs and 30 VLPs of at |east one

ﬂ{addl t i offdk akPYAto] peus-lie pariiplee focfer ﬁtﬁodﬁfﬁtaqgﬂogez'a&01r%élgﬁp1@1{t will depend

IS, Se e romthe

on tHe@RARA YRR L Q)%?!:ssﬁ;\%é e{lﬁé{ﬁ Ij[’ gellﬁi%ﬂ_@ inppppIggically or

rooup ConS| st ng
prop Sallygfigaitye depaafgbout P45 104R\S dnd ﬂﬂ%ﬁly ablbM29 115 to 60 ug of VLPs ig

adminiVRE, direlMG§to n'ﬁBM@%ssu@n guﬂéﬁ“ﬁ%‘us }r/lie% A ;i:"norﬁg %IS m%roc?uctlon impression

i nvention may
thou%:p%? g?ﬁ 'ag‘igﬁﬁfd%%fﬁég { adgeipiptrdign Bichres intipreitdreslt inhgvdnbus, or inhalation

dehvmydearalioo:oﬁﬂ@mplaftdo Dttl’s AmBd cdnfbsi\Bﬁ't%lggﬁ b%&sée'*?yc%ﬁahms%aty b2 Provided.

\}g%!l . n| n -12
Pare / (@g §]é§:% S IR Eoms: Atrapysguidrisybeutaneens ¢ bihermeans of
admigefraticmivith 3ﬂ}ﬂmmc}0ﬁs e UEMEicR blugtHhivh S éo%t:ﬁr%t@ byith or subsequent to

i N be ble..Th
pare GG @&‘E{&E%fﬁ@)é ‘Fme gghl%%va?nﬁg? ﬁﬂgég‘gﬁg@“ﬁ vacci ne

virus-like particles
recipient wwll depend on the i rmunogenl city of the
expr essel S8R Ak 9 ener a n nol ogi cal | y
g % 5 opﬁy act i caﬁi&&nefl}l dg Ve ot 6%0‘5%84 f’%\’ﬁ e réhetpb‘@ose of
CCIL %a.@f 18 anr:gtb‘?@ﬂ}lg}ﬂs&b@mﬁteﬁﬂs that wighbegisad 1n‘g§bﬁ&ch<§1 with the present
m"enﬁﬂ‘“mﬂﬁﬁ.@ﬁ@ th BE Lodktrh O 2 cut ane
rader mal i ntroduct o%ﬁlgﬁﬂe mv%nlsélog f 1ot Saltied to antedate

in
such 4 sndos ¥ Pi%mg Q%erd‘l‘l‘ff%?‘her nmodes of adm ni stration
suc h aﬁmvniardambbd pBRakd eﬂﬂﬁdﬁﬁéﬁ%ﬂﬁ‘ﬂ% in# nt1br'[‘@rﬁi1 A O 1o the

accomggﬂﬁ) oec{# ving dlttlsn%t eglggetgfetgﬂts 5}& Iﬁ'éetnpgg]g ﬂﬁhl}lnw to those precise

cmbocbtpgm dedithat R penthenges mﬁ:ﬂ:ﬂbd‘iﬁ@hbﬁ?@be Si&Bd %I{:GIH by one skilled in the art
cu ous qQr ot her

hout @& ~
Wit Ol Rt B Bl e B stties B gokeods! i
or Meréke &Hemnadaxamdm iilugorcurte mtﬁl Ijmivite Rnv@htion.

subsequent to parenteral introduction of the vaccine
of this invention is al so advantageous. Al
publ i cations nmentioned hefRAMPAEd i ncor porated by
reference for the purpose of describing and

cl 0 | ng net hodol ogi es and materials that mght be
Detemna? SRRt FRY Al ss@uepecesent 15 i nventi on.

U

Noth| ng here| nis to be construed as an adm ssion that
the i ny ﬁ g t entitl e ﬁ antedate such
di scl osure rEge %q’scfe‘i'efl?ﬁ' a

Srariescaied pavipyedy (Goldsborough et al,,
Firologgtdd £(1): 3663 bt e@as)r én‘dnlania odiesmait ;smaﬁsj)h@t ik ﬂd&%ﬁ&dr&%%g‘bever to find

minor seGleRESALG S bgt%%lhﬁ \'}Efﬁ: i ?%ﬁgrpg 1?1‘8?1 1qofz}tﬁslt E‘alxa?oé;tg higgEsentative

under st ood t-hat
HPV31 1 agildspe @qqmp,rﬁh{ﬁsvas amobitet! Hiatn thse IcEMSaI @ esq&eﬂaﬁly shown to
ed
containPAF 31 GRRI Qﬁﬁ/‘ ?PE% pﬁu&fgesg\g%r %ﬂeelgi 6?1?? O N %xaglrreactlon (PCR) using

Taa D the art
9 WW‘P@W aflﬁ éleu falsting primers: I:@ﬁ;hblj_ﬁh coe mmm CGT GTA
TCA TAT ITHETT ACA G- 3° (SEQIDNO:5)and HPV 31 L1 B 5’ - CAG ACA CAT GTATTA

CATACACAAC-3"(SEQID NO:6). The amplified products were electrophoresed on agarose gels
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The follow ng exanples illustrate, but do not [imt
wheopygefion. EXAMPLE | Determ nation of a
representative HPV 31 LI sequence 25 The HPV 3RCT{US2004/008677

wi | d-type sequence has been described previously
(ol dsborough et al., Virology 171(1): 306-311

(1939); Genbank Accession # J04353). It is not

unconmmon, however, to find n1nor sequence varlatlons
| at es

abgt e frg [ 0
o VBN 20 DB B LBl TRl S, 00 ot v
usingyis QA suick BCRpedfifationkit iRegenc Hilddnc@bmBayIp Ime DNA was then ligated to the

TA QS RS} ¥C§hpmwﬁ%ﬁ¥lﬁgﬁ %leggdb?gﬁggg@ trqgﬁ@pﬁed and plated on LB agar

b @g nceS Wer e agF
with aggicy Ifbﬂuw@ﬁ)ané %?éf@@)luﬁé@lfﬁmomoﬁejﬂmmla%e@%stme inverted and

incubbabdd| fericn I@Ed RS
e e T YRkt R R, s
Sy ah THRIPTEPIESe REHAOT@AT @Rt Tk pLGAITd INGA. CAA C -
3" ( SEQré BeniN@sigte th Be:sad¥p bf i ¢ gfﬁ{qu ﬁv%ﬁifg?gfeé%%g%rﬁmdonuclease

el ORI 503 HEo BB Siden B npose ol oo soning

§pq;1|emmggwas'phéonneﬂ[ 500 !abids bolainids clopsdeL IfG%&h s&d o@Eﬁ tQ%LAcImzcal
urification kit

isola k _PCR
solatBUThEA &0 traldl's:i%tg@ aﬁa%e agd ﬁecglehc%ﬁ gerﬁﬁﬂ%mg d W pg qngg{eg@dtt@e Genbank

agen,
HPV % ]r?% sem@pn@:pso ﬁpwnmmbfsl,s opiBRéHrde cofihiayli 1§d‘la(i@;&8ve@¥éﬂ @ha;t no sequence was

identi6aAtd @@@Qﬁb&ﬁ@equﬁc pCfI{ ﬁri’?%?rg}gl%& cio {?)as £ qsen be tEe representative

|m
31L1 Eﬁ%ﬁ@,cm digr egeéqeg ﬁ:yhegg@p as thp SHL LIrhéd—mpat;@;;lemT SHQOUBNCeY see FIGURE
e..col.oni.es

1. Tk&mdqlﬁndertﬁbﬂaﬂhﬁﬁl ]fpﬁnlé (&Uﬁém%on%%?ent y%sﬁtutzon 3t Flﬁ%ndgtl.’z% and a

um w

chaucr%g-enfao rof 2}!' ﬁ&B?IEOtIdﬁﬂas‘ ?na}ﬁt?rmgélysenq\&é apgofagidrfean thoeonine to serine. The
31 L1 paetirlaod totdh Ebpﬂ@ﬁéﬁsm NOs: denos SrEsrp@Etﬁ/eﬁfg]anpén%ﬁgyf &rine at this

restrictio

R, Lhe pl asm d
?ﬁE LR ol & %ng eﬁ 1&%?0@1 %ﬁ?ﬂ’ﬁ%’itaé?jldéﬁﬁalv iNaygdagtifyp were changed

Iocatlo%f(saa%
onucl ease
in the @b@}t ety toghe::ﬁb ROfXCHCES usin Qe s1Qi oAb ddBaby Q:'Eﬁhéiﬁesd and to eliminate

potenti8f BinSriddon terl\ilﬁ‘a thé%Flg {seg %}gﬁﬂéﬂo{ an dt ﬁ?e gl 2IS |mn i i al

contai nin
10 is oT%ﬁﬁsLl WiNALYan dequersn siea tepli fdiusing @eild-Bagie ran@sAGA TCT CAC

AAA NEX RAROTEALEE: lV@!}iF BRGG @rﬁ?ﬁﬁﬂbéb —%ngsﬁfcg gD Sﬁngan 5 %ggzg 3 31oacaca

al'ySI's "o

_ ences. uence an
TCT T#b&ﬁfi GET AT &?FA ST RO 664 Gshe 8’ (RS 10 HOrs) pﬂﬂ1|erstt@ add Belll
_extensmﬂ’se PCRNRA Pk GRRY g4ee Ve;;rh‘eDﬁg%oighegf {1%?(3}2 rgéu 1 w&s wguahzed by

ta be the re resentativ
cttidivf B e HOMRE L ireh oag Sily Bhe 51500 bR Bs el 8 purified using

the QLA(ESEmgeltaxtsmoﬂ kit 6@@gdtl) Gﬂﬁﬁcﬂbmdﬂi Svag B ﬁg&ﬁ?ﬁ}?}g %Emtaﬁ 37°C for 2

ent su

howrs astfpuriictiyls o BEa GGk BCRGuchTigh ki B iExiepsted 1 Ik PCR product was

ligated fouhen @B isteed;ROAL L 1) atnerDHmEtcbe m@fé&&@l@ﬁrrﬁé@ r@%@@és@vefré QMened by PCR
part and t ot al

for the HIPY §PF,'t1 Mt B tﬁ% %g%e *Jigceand rispiatien yeleypntigmeg by DNA

r ebul genes
sequenciie dhe sekectsd clome vas nz&mq:dspGAIonatHR)m(ISiaE FIGURE 1). In
s are ident.ical

'] rept n
el oot e % M B8 el SO K% Rl 7t cectves e nslpcompetons

and ir gucl eot i desS were chan
nd tranggmgsde Thayees: t‘c‘?@FngﬂQISHHI‘Y‘g’LS pbtdtin peieb@bite dopsapdoon Leu sorbitol plates

and mcubﬂé]dllﬁﬂ&%ﬁ a5 tigysq b BW @o?omeﬁ/gﬁe%r%ék%h ?E)J % e%lllfgusglatmn on Leu

sorbitol a{ ,Fat i.on signals (see
DAY - 1 pduss & Jeneairties anppieinicspressiinnigolated colSaitOders' subsequently

CTC AGA TCT CAC AAA ACA AAA TGT CTC TGT GGC GGC CTA
GC - 3' (SEQ ID NGO 7) and LS-102 5' - GAC AGA
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TCT TAC TTT TTA GIT TTT TTA CGTI TTT GCT GG - 3' (SEQ

ID NO. 8) priners to add Bgill extensions. PCR was

PE0BHElusi ng Vent TM DNA pol ynerase. The PCR mr0gusi/00ss77

was vi sualized by ethidiumbrom de staining of an

agarose gel. The - 1500 bp band was exci sed and DNA

purified using 25 the QAEX Il gel extraction kit

(Q agen). The PCR product was then digested with Bglll

at 37 Cfor 2 hours and purified using the QA quick
SrOPTR pont pf 3 KdkironlekiothitoTHith BgY diuchs@aateseadktdsb ilRoRting wbe cultures at
30°@r oduct was |igated to BanH digested p??ALllO and [§—|5

E. coif were transformed. Col onies were screened by

PCR for the HPV 31 L1 insert in the correct

orientation. Sequence and Lon were confirmed

by DNA sequencing. The sefﬁ}t@ﬁgﬁér‘one was naned

pGAL110- HPV 31L1 #2. 30 Maxi prep DNA was then prepared
YeagtnddspastiRadagey ces cerevisiae were nade conpetent and

transforned. The yeast transformation was plated in

Leu" sorbitol top-agar on Leu sorbitol plates and

| ncubat ettabtrrefeirartotions hdvdbddatsscAbedIar LRI @%eeﬁ &\4%"76657 678 (1991)).

| at L
Iﬂltlﬂ YC Fl%gm@tq% II‘%IO 4 ?é%gY 5 fﬁ&:{ggo} Fq%ﬂt%ﬁgﬁlglgﬁtai%gﬁ%ﬁs— gi}rfilﬁ was rebuilt utilizing yeast-
refeéi;@g cednps.obhe steelateplopd|te Eﬂbaﬁd wey 1© dSSM&ﬁ@ﬁgJ@d‘&lh ing deftse and antisense

Ollcmrgﬁ%égﬁﬁ@%ll()ﬁ (t:(;ré L?ﬁp @Q%ﬁ g gg% ogl:ggs wﬁ:{;}a _‘éﬁé.ﬁtd{l"?%ggi codon sequences

e sorbitol
while paintsinitg fhgsmmmminee@enm T@@:ﬁbhg@é&lﬁb& Bed b pYaﬁSdf template DNA

in thé?B@]Q ReaBiidnl rﬂsd%lﬁfohﬂ éﬁﬁéathoi? b glrs %ge &%g’ufr&%,?g uie%s% _aijnthfy the rebuilt

' sequ?fﬁ?stﬁ;%w Wlpgalt%‘él"ﬁ?\“&@l‘@thp”@‘i‘ PMIPC&YIHHFW (Statdgene, La Jolla, CA). The optimal

conditiopy 8 ﬁﬁ}bliﬂﬂ:@udﬂiﬁére SMctifle§HebBié, ﬂe%ger fﬁ@sst eﬁlﬁlkayéd 4 rogram resembling the

eas ef erred codons.
fcdlo‘%fntJr af mlaglt%m?t% EI?TF R/\%.@‘I@%foa égp@tﬁe If@}?@’eé‘bﬁ Af-3ppydep of 95°C for 30 sec
deﬂ&@@n@% Cafch Ozt armedl ST2°C Gdr QDmBIGs Eﬂ%ﬁsw‘ipﬁﬂo&ﬁﬁb}r £8°0Tot B minute final

extenBfn Ex?ub&*blh%ﬂd substituting nucl eotides wt
yeast - preterred codon sequences 10 mhlle mai nt ai ni ng
t he san¥CRpioductaven eseujuetigeagabhess el@&ttc@ﬁdﬁem BMBIGE of the appropriate

Size Wﬁé&e&l{cisEH ﬂid‘?ﬁf?D Iﬂm \’E‘a%ggﬂl p%%x BT rré:raénp\;\gfr'cgfr%gé%ep ngegé I@ﬁﬂ used as template to

Age tional a 1 fic
assemp é;be %%’ﬁlﬁf’q )fehq’i]é}l_?g@lllﬂiuﬂdie @é@lﬂ@n@ﬂsP@Rm tlenmpkal te amplify the

wild-19hd QRMEBfiGes W 128 (Pind a@ﬁzl@%l’i@‘eﬂ@n ffﬁa’i @Eﬁ%ﬁﬂg 'theLfend the 3'end, and

e opti mal cond

the regl\lgt 8“%%%‘{"%5&}’? rﬁréqfll tp generait(itivensth Holsk p@tpp{j, r@yédi referred to herein as the

“31 Lppatjulashuilgsenbl i ng the followng: an initial
Cfor 1 mnute, followed

denat ur.ati on st
15- 25 c@‘% | %‘SPIS*F%E%% SF%P“%‘*O”@@@O Tehuiliewish Yree:; Pf5551@¢ mdo:m This

constry ¢s rafemedto he?@Cad the “B. 15 triantebeisi e Mlﬂl&ﬂ%ﬂdflﬁlﬂoodﬁ%gnﬁbé were used to
generdle 37%9 &Jr&&réldoco%l{]tlﬂ}c?eo[ %en%lﬂuege%ffg)gz gg} grgl|df%1§rtc 9%gflé@1gq o oligomers

were exam n
were ug@ght@gez@ﬁrat@ heastagrpicopt caibe nudéatide mnalcasxﬁdrﬁ e2h7ary 5t Peter amplification

and Oe i W8 for) ﬁleseoﬁwhfekﬁ Ao m%ﬂ{"tHP ng{)c#le re?tﬁféa hﬁex}l@e&a‘bag (nucleotides

69 en used ate asse
7'1%48b 0T uspibips stherrﬁl a8rg reacuw tweprReThl: tHRER] hﬁgthBh &N to@bebuild sequence.

Ehls ggg ﬁi?éghﬁrﬂt% hen %grr?]z‘gﬂ 'eﬁﬁgs}’o%? ?h’eCPt%EBﬁr fﬂ-:ﬁ%eb%lﬁf? .g @,1(&33 \}/z?q éhﬁested with
ant ge g ﬁlé, e pARLIA qgr,greémqga@cpemfddramﬁ-m@ into £. coli DH5 cells.

Colomgseuqﬁe atr&nfedubjr PCRAG he BBVl 1RAke}R hE SO Gk RHET ggcg.lence and

orlentahgn Wgrre %tlan rhied Ly %NA sequencing,.
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"31 LI partial rebuild". The conplete 31 LI sequence
WaSsoRlsis ebuilt with yeast-preferred codons. This
construct is referred to herein as the "31 LI tF&{T4fS2004008677
rebuild". N ne I ong overlapping oligoners were used to
25 generate yeast-preferred codon nucl eoti de sequences
from 1-753 and four | ong overl apping oligoners were
used to generate yeast-preferred codon nucl eoti de
sequences from 1207-1515. After anplification and ge
purification, these fragnents, along with the mddle
rebui | t Bleetil ondesciihed. abaystnushertl des tand
The gsi$54§i% meie_usg together_in a PCR feact?gﬁnﬁgﬁan transformed.
ener al PR HE pO1 EdtnegLon Loy sprhifol platsa prdjingehgirdrisesrtcd for 3-5
daysTHjodoniris ocee swasked dnrdsadtied onilleh- SBﬂ:lith‘ﬂlat@s?.( tIeNSEPEIonidfere subsequently

Wk rjefcl ehui |t .31l s digested with 30 .
ol SR ol S0 ol it o B e RADS el sk Pt e culures at
30°Gledadype Bh Hanseripiioh endrpwiteimixpreRsiore @lfier HHE elkd, Sulture volume equivalent to

an OBeheLi1eS: C f t HPV 3 | t
e e B R R BLp B e Pl on

were confirmed by DNA sequencing. _ 15 WD 2004/ 084831

PCT/ US2004/ 008677 Pl asmi dpiNéyppass prepared. S.

cerevisiae cells were nmade conpetent and transforned.

The yeast were plated in Leu sorbitol top-agar on Le
RNAguoephiatioh pl ates and i ncubated inverted for 3-5 days.

Col oni es were streaked for isolation on Leu- sorbitol

pl ates. |sol ated col oni es were subsequently 5 grown

i n 5 ni CelbpelBisXf ransfordddyeas0mbich OlerathdiRted wCMpRELGPE 81 L1 by galactose

inducﬁ&g Wil Q%L/QfénQ§§arfldr§{1£p%Bc?cIdiirq 9 gﬁ g? gciliﬂggg{hggrgg %ﬁégg@%lgrwae pelleted by

induce LI transcriptron and
centrifiigation 494 fhestestdlifictsupenaroit wae rcagued dltemtl] pelet s QBB sFended in 400 pl

7S 00 o ETE 0SS YN B

frozen and stored -7
phenqi(3l mi N3 csangs] 0 g Fi¥Tyrvead agdeds The twhe whs veetesed fod UE &londs and

-~ heated © 663(PfR S6 ntild¥es3dithshixBy LakastAR e ilgg H%% :ugg theWplaked on ice for 5

. th d i ce.and suspended in I m
mmﬁéggf"ﬁ%glf BB 2l [ Jppgtepeheeupgntignt was collected and transferred
to a stedntubef dgatidienabned LIbEphasIvy AAded tHRMHAABLd RS ed g8 i?e fors

e R
added gaiged andolenimizod. N dui;cérﬁﬂantmb ugad efdledibd :ﬂﬂ&fﬂﬁhfeﬁ&ﬂto@é‘teéﬂe tube and
40 Ll T e s vortex .
TN P T K —
one hogy, aftergviicleit yas @nirifagedeshic Reed whelivase RNAN Thk 20BdwaNwashed one time

with 70% Et0Rln® airAHAU RS RO LONE s&%en%%@ }nro]; OF) ztg ?’é%g‘%%ﬁ%%ﬂd %v%ter and heated to

65%35f° 5 mnutes, The supernatant was C
P rdHOPES fedissolve. Spestraphotenatiyiyess paviorantd it deteraiine4BOcdncafiration of

RNA iptheRehpMasing 8dasbuntphen fhy gor PL (&S]
is1.7.29. M nlljjt es %nd centri fug%gl.yé%ﬁg&éﬁﬁgrfﬁa?’gﬁ%h%‘hg%hcg%e 42601280
“Transferred to a sterile tube and 400 pl of chl oroform
20 added, m xed and centrifuged. The supernatant was
again collected and transferred to a sterile tube and
40 p1l3 M Na Acetate pH 5-2 added in addition to | m
100% Et OH. The tube was placed on dry ice for one
hour, after which it was centrifuged at high speed to
pell et the RNA. The RNA was washed one tine wth 70%
Et OH and air-dried. The RNA was then suspended in 100

sl DEPC-treated water and heated to
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65C for 5 mnutes to dissolve. Spectrophotonetry was

perfornmed to determ ne the concentration of 25 RNA in

toe2084i8gs usi ng the assunption that an A260 regd] __

of 1 = 40 tg/m RNA when the A260/280 is 1.7- 2?‘8’?’{}??8“‘}”3677

WD 2004/ 084831 PCT/ US2004/ 008677 EXAMPLE 4 Nort hern

bl ot analysis Initial analysis of yeast expressing 31

LI wild-type suggested that the expression yield of

HPV 31 LI protein was considerably | ess than was

expected. To determine if t Mz @Xpressi on was 5

occurring due to a problemat the transcription |evel

versus the translation | evel, Northern blot analysis
Northern Hidten# 3 1 LI transcript was performed. Northern -

bl ots were made fromgels in which RNA from yeast

expressing HPV16 LI was run with RNA from yeast

V?xpr ess!I&@aWVM_ 15lof YMGE;MSW‘B&' lgl?r’lfﬂ&@']pgﬂlhéﬁza&% that the exprossion yicld of
Hp\ $1ans ar ose r ehyde, gel was i

cast l%'llo'teen ?n%lccégg?eé@sl} Ice):%s WadP ‘?‘%’ﬁ'b &ﬁé‘ﬁtﬂ% e W%FHOW expression was
ocougiAug £ hroblgmya thetnssaibiad et nirnathenmsia 66 level, Northern blot analysis of

the HROr 3ai, Oglnsehgst vﬁ@%r&‘&ﬁl@@ 'ﬁd}ﬁeﬁ%%;tgw«%e @ez%{%§b &grea@ ?rtbwgif:h RNA from yeast

ex rsteat F@ng Z C for 15 mnutes. one-

Prgete g "8 PV iy RYA ek astirdpredsing RN 1.1 dmheleshe gel to compare
transgmtt eizédhe gel . El ect rophoresis was performed at 65

volts i fooX !:\,/D:’S'fbufgdﬂ1 (L%)r.- 5 hours. The gel was

_ washed for” 2SS HPHUPEEGeRYLSEL Tiseatia T er micspgraweef YA tapcombined
with ﬁ@n\a@ngg huffea (frveed be&ef;)tmtigﬁbl:\lﬂ" @&Q;l ald-EHﬁn:‘lg, 99 fd’i‘%ﬁrélide aad 0.9 x MOPS) and
heatell EPS53E @5 B0nih Qe AhPONG; on menbrane rsham
| deBi 0sci ences. B&egc‘g't%%?/\ge?t, VRS“%“”B&?@?I 0ading; huf Fyascdtsdgnd the sample
caded guip thegseh oifeefrdphoreds was§SEoridtent RNAINES 1 khEOPSE bXS £5:0. 5 hours. The

1 wheashvd @p 1.0 L ki n si ng the .
ey o o 6y ie SRR BlovL ) B 18 lbiangyn 10 ssc. e
Res g?ns?qn;cgfl Fﬂf} Hﬂa@dm whomseberame Anwashaml Biowtlcds Pigthtaway, NJ) by

capillety ctichi@eMBIRYuA IR 19QSSPl aGEEN robe buffer
tinkin@lsiR2Ga QL 2, hour s af ter \/\hﬁy‘é&hnw%gﬁ’éq %’égltt(’e ‘B %glgmgrane by cross-
Her e addeyIRE FrRetinktT 8t fPol00 bBittfienerant ABS-BSE, tiEhglon mebrane

was alisrrd tasie dya S hio hembrat@ SR8 fladtih BRRI 8aRobt S8 é‘ctsfcgf&gb jpours after

oht a rez inytes, followed by 2 tines i
which OPREERUNE S e iR iRaicsai (oiopirsh rb& Carido omvbrane s then
washed § tiggein DX SEC atirorut esipeRuedior ﬂi\bfﬁmmg, fggdbegd&ig@.ctm%é i8R x SSC for 20

i L RBm r n RN Ll in,
i, 5 SRIEBEE SEOELILS, SRRSO LS00 e
HPV 3ililisegsnsaesife singreandiantisase(phi)s. ame appliReDIM Rrad labé€hy treatment

with pblPtiucleoc@ikinast fENR] Qld v fﬁae]dc i.n.saran ap and _

g%( c[);s ed 10 Kot ay %‘ﬁdrﬁm?%}xﬁigg our isb.r 13’88?1 FP%PPW&S wrapped in saran
Wiap a CEgR KTy Blto el hhers. dVpeaditmMavalesnent g chetimtridisedRNA was
detectelilage klablabehd@p. chd\Biebtli®fadl ogr aph. 25 Anal ysis of the

Nort her,n 1bI.ot ge%cri bed "above reveal ed that the
maj or i TYASES PHES Notthern blakdrstiibrbebogs ravealod thet thy mejority of the full-

length HP ¥134 drli wil stype trenscasts iveRrcaiios fidtly
on by plioi oty LT v

Fl-GURE. . However, .
Howey LS B8 3L CUREHT hpi bR er oc 8By ek pestyreed cobaborinthe middle
of the gepg, bht@lm tddliminagfany betaﬂﬁﬂﬁqphiéés 1@&8&?1%1@3!@38@ ﬂn&?{pﬁo@{éﬁnination sites.
. e ng..ye ranscription
NortheB @i ﬁﬁél is éga‘}ﬂlesﬂg\ggd tﬁ%tfulpﬂ rrehmg:]uzﬁ, g]gﬁ%ﬂg%q)fihﬁ IgIa]( gope transcript had

termnaiti on srtes.

. significantlyi inereaspdio agierrorredpondiog wigh thahef theeytidhoaf HPVIG 631 tlahscript (not

shown)d em@s, tprseE 'hﬁﬁschﬁﬁjon termination is likely to have accounted for a significant portion of
the low expression yield from the 31 L1 wild-type construct. |
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30 significantly increased to a size correspondi ng
W by of the full-length HPV 16 LI transcri
shomh?#é% us, premature transcription terminatf %HU§§m4mw%77
likely to have accounted for a significant portion of
the | ow expression yield fromthe 31 LI wld-type
construct. -17 WO 2004/084831 PCT/ US2004/ 008677
EXAMPLE 5 HPV 31 LI protein expression Frozen yeast
cell pellets of gal actose induced cul tures equival ent
to OD600= 10 were 5 thawed on ice and suspended in 300
| of PC buffer (100 nmM Na2ER@MrmI 0.5 M NaCl, pH 7.0)
with 2mM PMSF. Aci d-washed 0. 5mm gl ass beads were
added, - 0.5g/tube. The tubes were vortexed for 15
HPVo3 Ik prateimtexiession 5 gl of 20% Trit onX100 was added and
vortex repeated for 5 mnutes at 4C. The tubes were
pl aced on ice for 15 mnutes, then centrifuged for 15
~mi nut es FEzemsastisl peliptent saipeosEsluced qulfstee ethletnomaomoo 10 were
thawsd &f ick SadBuSHeaERITh BbS Pbtb*aﬁfe@(i'iﬁo SAPK a?ﬁ{ 4 4033 vdhr, pr 7.0) with

stern b anal
ﬂv%@%ﬁc‘? LS TGOy & 6“ ‘3!3645t"93f¢ %@F%t‘ng@b@,tﬂ@dﬂbﬂﬁ Iwes% vortexed for 15
minufeg at 436C . SPFIE’VfﬁI% Thtonsx@omfistacaﬁed/ﬁﬁ%ﬁa@ey@a?e@ 85 éﬂ‘ﬁ:ﬁ&? 5{h°c The

onf it on of HPV 31 Ll protein
e e R B RS R Ferlod oy ipoge o £ Thg eapsste was
transtgmt leiantegijatmamicentafige tuvb amtiestbred 4th7(BES- PACGE | oadi ng

buffer and heated to 95C for 10 m nutes. The proteins

were | oaded onto an 8% SDS- PAGE gel and '

el ectrophoresed in Tris- GBXAMRLBGf fer. After protein
separation, the proteins were Wstern transferred

Wes frgn1the gel to nitrocellul ose and the bl ot was
L 10% non-fat dry mlk in TTBS (Tris buffered
20 saline with Tween -20) for 16 hours. The bl ot was
CGoat anti-trpE-HPV 16 LI

mashedq; ree tines in T£ .
serum &9ETATTEITE CXER HATHIERLY é¢ fou isolrdnsashioelnipgfyr each HPV 31
L1 coBtruétiweravamlya@pbst Wadstad bivt & b6 ehtrétbibR Br Y 3-[-[,3%1"&85 afer galactose

inductid,, @t room tenperature. The bl ot was washed three
times in TTBS and anti-goat-HRP conjugated
ant i bodyn wasogpp$ biddtabicadt plateth OQradt Wikt doBiined withBDSLAGE loading

buffer lmf‘ﬁeatear lﬂ?9§3b%1 l\@qﬁm%?ﬁe h%dvﬂfg{og%é[ " rres gﬂé E‘gGE gel and

det ecti on. reagen was ap
electrophargsgd W Glygine bgi@f;‘erAmfthr Iadieugﬂamdity)ny\QS ptdnmm were Western transferred

from tlﬁ%ref t@&l’ffﬁﬂelhﬁéﬁtaﬁﬁ B Hif GA9RLAEH 1P yO)c;; gn—%tc]él 3 eﬁlﬁg r’}lﬁ?i§ ({Tris buffered

n ¥allze the detection rea
saline ‘f”ﬁ% E%?%?&Pbb@%lﬁﬂ Tibg bigk ag weded thtd¢élnHP\u1 "BIBS. Goat anti-trpE-HPV 16

L1 serypt, atpemlow%mdﬁi tﬁ@tt&&s@eict@“&iﬂhﬁipmﬁ LPand, %wﬁ BE. £400 dilution in

d|o correspondi ng to appr oxi
TIBs %di\?’%ﬁﬁ?ﬁ ﬁmﬁffﬂre The Higya raghed s et indT BSthe et oal-ERP
conjugzied autibpdysizsi applicicint 11 P50OMDE iLTISS f03Q hr. The blot was again washed three

times and ECL™ detection reagent was applied (Amersham Biosciences, Piscataway, NJ).

- Autoradiography was then performed. Proteins recognized by the antiserum were visualized by the

detection reagent as dark bands on the autoradiograph.
In all cases, the HPV 31 L1 protein was detected as a distinct band on the autoradiograph

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

positive control on the gels.
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18 WO 2004/ 084831 PCT/ US2004/ 008677 EXAVPLE 7

Radi oi nmunoassay (Rl A) The yeast cells expressing HPV
VB4 290/06u88 grown by a variety of methods, incl ggich82004/008677
rotating tube cultures, shake flasks and fernenters.
The yeast were |ysed and protein extracts made to 5
determ ne the anmount of HPV 31 LI virus-like particles
(VLPs) produced per mlligramof total protein. To
denonstrate HPV 31 LI VLP expression, a portion of
each total yeast protein egkpagiipvs anal yzed by
capture radioi nununoassay (RIA). The RIA was perforned
using a detection nonoclonal antibody, H3I.A6, that is

Mﬂ&bpem fic and VLP conformational -specific.
as it is found

H3l. A6 is specific for HPV type 31 L
10 to bind intact HPV 31 LI VLPs and does not
r ecogni Z8¢ mRepaeily earosg BIVILRS welhirewmbpa eafetpef methods, including

tatBid g | 0 ant
rotat Q lqggig%seéhagvﬁlﬁgi%gi fQﬁ[r_lIg gr&eﬁ%r Z&ts vHere fé;s L and p Qg?m%xtracts made to

determwdgeean%% HFY ekt E’é‘l‘sr]é@ﬁ’éﬁléleﬁ 6VIFR§} profwced paveillifgromf of total protein.
To déRi3ttatd HPVBPLEeXITESS eBfon, RAbYiSh ¥F SREDE
captu\é‘é rlgd1 oag antlL-1rpE- HGIJDI{/B% pol yctoong&%tsfyé?%ﬁ% &%%S analyzed by
e nfs 68¥L PBS overnlght The beads were then
washed TWistRiASvas @bﬂmdﬁlfsm§ b Gétbdu@n ﬂioﬁ&dléﬂaﬁﬁhtfﬁ@&ﬁ 13306, that is HPV

type 3'91L eclﬁéargl ‘J’ffdcon}; caqag/%jgg ic. Clg ]gﬁp ég%g%}\%é’ rc’?hg’#{ntb'%ﬂe[dl as itis found

l' act romiso
to bmémt@t HRY %éédéLstnd idbestrioorecignizPBEaniréd HAVE BSAPs OTAYanAb can be

subsci ﬁﬁde@&te%@g a%oaté%lﬁ Iﬁﬁfsﬂ%ﬁ%&g}f Iﬁ(% gggeaje W\%ﬁiég ji‘géreitore the counts per

hour. "After was

: mmufa H?Sé’afr‘%ﬁﬁ%n%té relgive Ie‘fehs o HRY 3Rl VI Patcpsbsisrene

pl at e a:ra.@stytdﬁ@ ubat 8draobla Wan 1 A8 Fg&“ﬁ;{_ﬁ '}1‘13‘#3%3,1 5o mé%m% Serum diluted

room t enper at u

1: 1006 [PESo rﬂﬂif S at
TP varERE 138 bradg é‘{e%‘hab‘éﬁSh%‘t’ﬁfh frivlumes af Gendesdisttidé sater and air-
dried. aTheantlmI tiott] yeystrpadteie emfrac;?ﬁ@ﬁ%o%?éa%as@ BSTRES, whO R 1dhed onto the

re washed and radi oactive
beads ﬁ%ﬁ%ftmn mh% W ﬂa g‘?%@&mﬁ% ﬁ(e ?ﬁ-z a@&é’klg/? YaAaide @apd, fcgbated with rotation

Unt S were r
for on¢ haym Aftemkeshieg,|tse eadewsradistrat-@ dnd R Mell iea t@tali polystyrene plate and

mcuba@é?.i%m H3 IgAé/ fnﬁg cﬁlgt%d If‘:ﬁ o'&b 2057 qg égzlgré gﬁur%ﬂttlea}rljp%ra&r& gpenbeads were

experinents wer

- washed ?(‘%drl&%ﬁ @befl‘?d(ﬁ?ﬁ@ﬁlﬂl‘_mow gl wypmldehal aB dctivity m:rgé bA23000-27000 cpm pex 10

L AfcDuind X N b !
i 2 Rub r§I tNth{ gdﬁs](%gégpﬁ':é%d Q'ftﬂfjra Berzcgi)\égg{dgm dreg%ﬁ?_cf eclgfngpl Background

counts S’é’BU?a‘IT“ET Wedls &’e@éﬁwg’é fiogethe forabemEng) givile thelRIA. thind imakground value,
t hat 3Twb bxﬂ@ﬂﬁlteht@Iwefe%ﬁ%ﬁ]gedvhgxpegéneﬁﬁp rpgoigit gﬂt{ic?s f?dn? 31 L1 wild-type

e r than 31 LI wld-type
ond 31 R ot et Bl i iovem 3t i parial e
and 3131 tothl rptaudlt imete doatprtiel Gsee _‘FI@IEE )} eRes‘hh@m@&atE ltha?%f PE8 98 bebuild VP

i ntrod

e*{preséu% i§ § Y8 oot .e %1 gg gﬂ w&@% %@% 3 R totat F(?huﬁgilpfnigl 7 fold increased

yeast-prererr
expresqym @ntihafl Lt porsdrélptiido Théreford, thaBil 0N exfrb@valiSvels e Whkeased > 7 fold

by mtr(%iqgiﬂé ?&%ﬁ@ﬁ&g&%@ éogé\i%g%ﬁér% 9.8 ab;u717ehmmatm0 po%gntwl-rtga%ggrgtgg Ite?r?unatlon
51gnals
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To denonstrate that the HPV 31 LI protein was in fact
nbllng to form pentameric-LlI capsoners,
“ﬁi{ﬁ]ﬁaﬁ% % urn self-assemble into virus-1ike patGT/B$2844/008677

a partially purified 31 LI 5 total rebuild protein
extract was subject to transm ssion el ectron
m croscopy (TEM. Yeast were grown under snmall scale
fermentation and pelleted. The pellets were subjected
to purification treatnents. Pellet and clarified
yeast extracts were anal yZeé8AMYLE&unobl ot to
denonstrate LI protein expression and retention

T t hr ough the purification procedure. Clarified yeast

2 198 subjected to centrifugation over a

459@sucrose cushi on and the resultlng peIIet suspended
in buff@rdfor TEM %H? ﬁ%b (see FI GURE . Resu
| hdi cat SOERESTEh G Y St I merie W§§>Wefﬁ‘fté%llf aﬁam?lﬂie taorm

pentajmgri¢-hil sapsomeire, vetaehph eurh aﬂgedemm Bm HesWeePardfled B GaBRIYHirified 31 11

Rl T AN T v e —

underas@ma senls] ferudntaticoapiiedetady Ehegelipiewee suijjecmalab @mﬁﬂic{ieen treatments. Pellet
" and ciaﬂ% Ng:‘:@& Qgt%tsn b egf géédc llli}l dmﬂr[u%&ﬁbﬂo %%mgn% rah 9 protem er?prgsmn and

uenc

Ieteﬂf@aalaﬁu%lﬁbﬁf pHHisgfiongyocegurh ghn? Wtewpacssrsar@then subgected to
centrifi@afon oﬁ}@rl d 45°/gsucﬁns¥ @&E% aﬁ@fﬁ@ 'fés§l'tlﬁ'9{)élﬁ Elgei:dgd & b‘afﬂﬂdfor TEM analysis

host sl ng

(soe FRRQUTE ). heSspip e the e el e sl g eaitmﬁhe rude smpl ranged

from yhvede B0 akd 60 410 8/ith 6Gthé pdrficl&liPel/RE afrE A LASy f APRmers.
consi sting of: Saccharonyces cerevi sl ae, ﬁensenu la
pol ynor pha, Pichia pastoris, Kl uyvermyces fragilis,
Kl uyveronyces | actis, and Schi zosaccharonyces ponbe.
15 5. The host cell of claim4, wherein the host cel
i s Saccharonyces cerevisiae. 6. The nucleic acid
nol ecul e of claim1, wherein the sequence of
nucl eoti des conprises a sequence of nucleotides as
set forth in SEQID NO 2. 20. . . 7. A vector
conprising the nucleic acid nolecule of claim6. 8. A
host cell conprising the vector of claim7. 9. The
nucl eic acid nolecule of claim1l, wherein the sequence
of nucleotides 25 conprises a sequence of nucleotides
as set forth in SEQ ID NO 3. 10. A vector conprising
the nucleic acid nolecule of claim9. 11. A host cel
conprising the vector of claim10. 30 12. Virus-like
particles (VLPs) conprised of reconbinant LI protein
or reconbinant LI + L2 proteins of HPV31l. -21
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13. The VLPs of Caim 12 wherein the reconbi nant L1

protein or the reconbinant L1 + L2 proteins are

produced in yeast. 14 The VLPs of claim 13, wherein

the reconbi nant L1 protein or reconbinant LI + L2

proteins are encoded by a codon-optim zed HPV31l LI

nucl eic acid nol ecule. 15. The VLPs of cl ai m 14,
W’%ﬁ@f@ﬁ t he codon-optim zed nucleic acid nolecul e

AIMIdA LS al | y of a sequence of nucl eotides as

set forthin SEQID NO2 or SEQID NGO 3. 16. A nethod

of pr odui:i ng the VLPs of C aim 14, conprising: (a)

t r ansf or i ng {SREIFIC Fd proleculs gempTNg hiegeetcOMNAuTshiétss thet encodes an
HP¥hclolibmtyitHR V8 ot inRRg B NOA thERYAdic hkid $edu@ndbofe bion-optimized for

5  high Byel eicbdsioatid transformed yeast under condition
t hat Jr{JBérrrSrjllt g S%tte%'lsl'i on of the codon-optimzed DNA

nol ecul e to produce a reconbi nant papill onavirus
protein;2. and £ Gletd he,r.econbi nant .
papi |'| omavi rus %)crt%rt%g{ngﬁ gt“g‘l"')’g%gr: 3%&%%3?%%0 evrt]ﬁgf%‘f‘md'ai m
14. 17. A vaccine conprising the VLPs of Claim14. 18.
Phar maceut i cal he0easidphiSRSthe YRS o QGni e VLPs of
10 claim14. 19. Use of the vaccine of claim17 for the
manuf acture of a nmedi canent for preventing HPV
i nfecti én. ZO"fhe hmcnélf oﬁch_ﬁn;ﬂ_\fﬁerﬁfl tlféldlﬁktmeﬁ-‘ijs deREtell BBm the group
consRTPLFa i.capen or . inducing an inmune
 resp o£ n‘?éyﬁi_aﬁmg nceg%%;%é fae. Hqrserld pefyipgre kJ‘l" iﬂ(‘%"‘b@lﬂfsf‘%’ &1 Blestmyces fragilis,
KluyyerogincesiiactignandeSchizesaechgamstessmdel ect ed fromthe group
consi sting of Saccharonyces cerevisiae, Hansenul a
15 pol ynorpha, Pichia pastoris, Kluyvernyces fragilis,
> Kluyver tnycedhd bast sell of glaign Sothiereiss the hbs celhisSeschpamyess cerevisiae.
-22 22. The virus-like particles of claim2l, wherein
t he yeast I s..Saccharonyces cerevisiae. 22a type. 23.
The vacti ne B¢ el pcimoleaylergf glaire diyshdrein thy seiRscaf na¢leotides
compfia s sequarccad didléonided as kb \orti2id SEQ M N@eci ne of cl ai m 23,
wherein the at | east one additional HPV type is
selected 5 fromthe group consisting of HPV6, HPVII,
20 HPV16, THPV18) vedRY3BmpiidAbe midR¥BRid HENGGe of HENA
HPV52, HPV55, HPV56, HPV58, HPV59, and HPV68. 25. The
vacci ne of claim 24, wherein the at | east one HPV type
.conpri $es HAVhopkeell coping fibecctaatichin @f cl ai m 25, fat
conpri sing HPVI

9. The nucleic acid molecule of claim 1, wherein the sequence of nucleotides
25 comprises a sequence of nucleotides as set forth in SEQ ID NO:3.

21188

10. A vector comprising the nucleic acid molecule of claim 9.
o 11. A host cell comprising the vector of claim 10.
30
12.

o Virus-like particles (VLPs) comprised of recombinant L1 protein or recombinant
L1+ L2 proteins of HPV31.
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> 8 VLPs. 27. The vaccine of claim 26, further

conprising HPV6 VLPs and HPV | | VLPs. 28. A nucleic

acid nol ecul e conprising a sequence of nucl eoti des

that encodes an 15 HPV31l LI protein, the nucleic acid

nol ecule free fromtranscription termnation signals

that afé rdbogfilsed Bjaipeddtwhe?On the @OHDBMaGONPI prBichyor the

thﬁ,ﬁ“ﬁ&@t@+qil slaim28. 20 30. A host
? conpr|5|ndg?ﬁg£§%g%%P90 “m29. 31. The host

ceII of claim 30, wherein the host cell is selected

fromt h@ ar ?H@VLF@&%&&& lagwgérelﬁ%ecr%&%%b?rg blgls]er&,efnsor recombinant

cerevi si ae, Hansenul a poly

KL PregRsse ercadsid|biys, codad- wmezeam@s Ll antleis acid Atblecule.

Scl zi zosacchar onyces ponbe. 25 32. The host cell of

claim 31, wherein the host cell is Saccharonyces

cer evi 51 ae. The BEPs\w o 44 084BS 1 HRCHHWSDEE/ARREEE acid molecule

Q%%%e&!agb{\@s&ﬁé&> %ﬁ&got%e%sesﬁé ?o’rt%w C%@gﬁ)e&pzz or SEQ ID

Kathrin U Schultz, Loren

PRus, Henry Z. <120> OPTI M ZED EXPRESSI ON OF HPV 31
L1 IN YEAST <130> 21188-PCT <150> 60/457,172 <151>
2003-03-24 <160> 8 <170> Fast SEQ for W ndows Version
4.0 810> Amethed of prediging<le] PEPOMA lai@ 113 >comiPuiSibg 1

w | d-type 5400am;ﬁa5gh gt ggcageeta ct

gtctacttac cacctgﬂfcc a%t %Etaaa (mdx? QQE%% A molecule

cggat gaat a “pepding é@%qumaao@rHPVatLaHdQQQMmaggcagtgct

120 (b) cultivating the transformed yeast under conditions that permit
expression of the codon-optimized DNA molecule to produce a

recombinant papillomavirus protein; and

(c) 1solating the recombinant papillomavirus protein to produce the
VLPs of Claim 14.

17. A vaccine comprising the VLPs of Claim 14.
18. Pharmaceutical compositions comprising the VLPs of ¢laim 14.

19. Use of the vaccine of claim 17 for the manufacture of a medicament for

preventing HPV infection.

20. Use of the VLPs of claim 14 for the manufacture of a medicament for

inducing an immune response in an animal.
21, The virus-like particles of Claim 14 wherein the yeast is selected from the

group consisting of Saccharomyces cerevisiae, Hansenula polymorpha, Pichia pastoris,

Kluyvermyces fragilis, Kluyveromyces lactis, and Schizosaccharomyces pombe.
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aggctgctta cagtaggcca tccatattat tccataccta aatctgacaa
tcctaaaaaa 180 atagttgtac caaaggtgtc aggattacaa
tatagggtat ttagggttcg tttaccagat 240 ccaaacaaat
ttggatttcc tgatacatct ttttataatc ctgaaactca acgcttagtt
300 tgggcctgtg ttggtttaga ggtaggtcgc gggcagccat

t aggt gtagg 148 tiat! %atpa% s Ogataeméﬁ,t whertipdxag@stt is Saccharomyces
tgadhgagact gaaaactcta atagatatgc cggtggtcct 420

ggcact gata at agggaatg tatatcaatg gattataaac aaacacaact
gtgtttactt 480 ggttgcaaac cagctattgg agagcattgg

ggt aaaggta gtccttgtag taacaatgct 540 attacccctg
gtgattgtcc tccattagaa ttaaaaaatt cagttataca agat ggggat
600 atagttgata caggctttgg agctatggat tttactgctt

t acaagacac taaaagtaat 660 gttcctttgg acatttgtaa
ttctatttgt aaatatccag attatcttaa aatggttgct 720
gagccatatg gcgatacatt atttttttat ttacgtaggg aacaaatgtt
tgtaaggcat 780 ttttttaata gatcaggcac ggttggtgaa
tcggtcccta ctgacttata tattaaaggc 840 tccggttcaa
cagctacttt agctaacagt acatactttc ctacacctag cggctccatg
900 gttacttcag atgcacaaat ttttaataaa ccatattgga

t gcaacgtgc tcagggacac 960 aataatggta tttgttgggg
caatcagtta tttgttactg tggtagatac cacacgtagt 1020
accaatatgt ctgtttgtgc tgcaattgca aacagtgata ctacatttaa
aagtagtaat 1080 tttaaagagt atttaagaca tggtgaggaa
tttgatttac aatttatatt ttagttatgc 1140 aaaat aacat
tatctgcaga cataatgaca tatattcaca gtatgaatcc tgctattttg
1200 gaagattgga attttggatt gaccacacct ccctcaggtt
ctttggagga tacctatagg 1260 tttgtaacct cacaggccat

t acat gt caa aaaagtgccc cccaaaagcc caaggaagat 1320
ccatttaaag attatgtatt ttgggaggtt aatttaaaag aaaagttttc
tgcagattta 1380 gatcagtttc cactgggtcg caaattttta

- ttacaggcag gatatagggc acgtcctaaa 1440 tttaaagcag

gt aaacgt ag tgcaccctca gcatctacca ctacaccagc aaaacgtaaa
1500 aaaactaaaa agtaa 1515 <210> 2 <211> 1515 <212>
DNA <213> Artificial Sequence <220> <223> 31 partia
rebuild -1 WD 2004/ 084831 PCT/ US2004/ 008677 <400> 2
atgtctctgt ggcggectag cgaggctact gtctacttac cacctgtccc
agt gt ct aaa 60
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gttgtaagca cggatgaata tgtaacacga accaacatat attatcacgc

aggcagtgct 120 aggctgctta cagtaggcca tccatatt at

tccataccta aatctgacaa tcctaaaaaa 180 atagttgtac

caaaggtgtc aggattacaa tatagggtat ttagggttcg tttaccagat

240 ccaaacaaat ttggatttcc tgatacatct ttttataatc

ct gaaactca acgcttagtt 300 tgggcctgtg ttggtttaga

ggt aggt cgc gggcagccat taggtgtagg tattagtggt 360

catccattat taaataaatt tgatgacact gaaaactcta atagatatgc

cggtggtegt 4 - t.q... o

Gart aranhe AL AR B ARl esstone adaitionar Y
®cacctattgg agagctttgg ggtaaaggta gtccttgtagtaacaatgct

540 attacccctg gtgattgtcc tccattagaa ttaaaaaatt

cagttataca agat at _600 _atggttgata caggctttgg )
agct at g%{lt t ?Ff'a%ﬁg%g? pf ‘Sﬂ@a?égggﬁf&mt dggetaome agional HPV type is selected
from g goabicbydstiag af: HPYIGAHP VI TR 1) HPYA g CRag et § aili{oafpvas,

b Py AP PRGBS T oot canca

gat ccggcac cgtaggtgaa tctgtcccaa ccgacctgta -cat caagggc

840 t coggt t LA EHALdAGHGD G ¢ i
caactccatc tggctocatg 8%% 4’8‘? %éa‘%%%%% “”3%3%:“?@%83@3 comprises HPV16.
cttcaacaag ccatactgga tgcagcgtgc acagggtcac 960

aacaacgmt a tTHeQkt@AF 1-AR26GLE b H&x‘&%’*ﬂﬁ gat ac
cacgcgttct 1020 accaacatgt ctgtéi%?gc gégg%g%g'

aact ctgaca ctaccttcaa gtcctctaac 1080 ttcaaggagt

acct gagdca tUgtvgagead clals 06 ek codplisdt GbVs YEagbiOie¢11 VLps.
1140 aagatcaccc tgtctgctga catcatgacc tacatccaca

gtatgaaccc tgccatcctg 1200 gaggactgga acttcggtct

gaccact8ca ctnidddgaid moletilagagpdsitgpretdinager theBOtides that encodes an

"HPV3LTY %‘(ﬁé}ﬁ,cthe ﬁﬁfe@r%lﬁﬁﬁ&le&ﬁg ﬁg@qﬁ?‘@?@%ﬁ?‘?gﬁ%c i é??g%ﬁg ﬁ.\%t are -

caaggaagat 132 ccatttaaag a

rﬂ”gﬁﬁﬁgfdﬁﬁﬁg aaaagttttc tgcagattta 1380 gatcagtttc
cactgggtcg caaattttta ttacaggcag gat atagggc acgtcctaaa
1440 %gtaaggca gt aaacgt ag tgcaccctca gcatctacca
ct acacCagc ARYESRYFeaRIisimhe nyckeia acidmatecidg phelains2%
<210> 3 <211> 1515 <212> DNA <213> Artificial

Sequen <220> <223> 31 total rebuild <400> 3
atgtct?ﬁgt ééﬁﬁﬁ@ﬁgP%WFﬁQ% e eleimdt gc caccagt ccc

agtctctaag 60 gtcgtctcta ccgacgaata cgtcaccaga
accaacgf ct %ﬁé A&t 859 c{a%ggb,c&lge%in %h%%ost cell is selected from the group

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

Kluyveromyces lactis, and Schizosaccharomyces pombe.

32. The host cell of claim 31, wherein the host cell is Saccharomyces cerevisiae.
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agattgttga ccgtcggtca cccatactac tctatcccaa agtctgacaa
cccaaagaag 180 atcgtcgtcc caaaggtctc tggtttgcaa
VacHYBHE t cagagt cag attgccagac 240 ccaaacaagherusioed/ooser
tcggtttccc agacacctct ttctacaacc cagaaaccca aagattggtc
300 tgggcttgtg tcggtttgga agtcggtaga ggt caaccat
tgggtgtcgg tatctctggt 360 cacccattgt tgaacaagtt
cgacgacacc gaaaactcta acagatacgc tggtggtcca 420
ggt accgaca acagagaatg tatatctatg gactacaagc aaacccaatt
gtgtttgttg 480 ggttgt aaggreasealtegenigaacact gg
t aag gtt ctccatgttc t aacaacgct 540 atcaccccag
<1g?g§ ggéPF gaa ttgaagaact ctgtcatcca agacggtgac
60052n %ggtttcgg tgctat ggac ttcaccgctt
tgcaagaﬁacwﬁﬂﬁ@ﬂcﬁaac 660 gtcccattgg acatctgtaa
ct c¥at’stsgt Hgragt dcccag act acttgaa gat ggtcget 720 Cat
a cctt gttcttctac ttgcgtagag aacagatg
e g%%%@%ng§%%g$%%¥ﬁ%§é%3 tdcgfcac cgt aggt gaa
tctgtcccaa ccgacctgta catcaagggc 840 tccggttcca
<130e g} BECEET ggct aact cc acctacttcc caactccatc tggctccatg
< fccg acgctcagat cttcaacaag ccatactgga
<i§§g;ﬁég§g§§§%cagggtcac 960 aacaacggta tctgttgggg
taaccagctg ttcgtgactg tggtcgatac cacgcgttct 1020
<légepchacat gt ctgtctgtgc tgcaatcgct aactctgaca ctaccttcaa
t c. 10 tt caaggagt acctgagaca tggtgaggaa
‘179t%%%?%@§§°§a§F%%?%f?ﬂ%g%@t1atgc 1140 aagat caccc
<21¢gtict gct ga catcatgacc tacatccaca gtatgaaccc tgccatcctg
<21319(3F1l5gaggact gga acttcggtct gaccactcca ccttccggtt
:giiigg gpaaga Cﬂgg}acaga 1260 ttcgtcacct ctcaagctat
cacctgtcaa aagt %ctc cacaaaagcc aaaggaagac 1320
<40@£a1tcaagg actacgtctt ctgggaagtc aacttgaagg aaaagttctc

atgg gg@ﬁag cgﬁggcaaﬂﬂi@ﬁcﬁéﬁﬁtggg&éﬁltgaéﬁﬂiE@Eéd}taaa 60
gtt g a14aM1atpa@gﬂaggg¢qytgct 120
agg L
ataéﬂt@

ccadbin@8at %&ﬂ%EQEC%

ggtthe

atggttgata
gttcectttgg
gagccatatg
ttttttaata
tecggtteza
gttactteoag
aataatggta
accaatatgt
tttaaagagt
azaaataacat
gaagattgga
tttgtaacct
ccatttaaag
gatcagtttc
tttaaagcag
aaaactaaaa

<210> 2
<211> 1515
<212> DNA

tlgg% gﬁ ?gg

catﬁta%g 1356° C0osthovadghskacsal 2
gge g

caggctttgg
acatttgtaa
gcgatacatt
gatcaggcac
cagctacttt
atgcacaaat
tttgttgggy
ctgtttgtge
atttaagaca
tatctgcaga
attttggatt
cacaggceat
attatgtatt
cactgggtay
gtaaacgtag
agtaa

toccattagaa
agctatggat
ttctatttgt
atttttttat
ggttggtgaa
agctaacagt
ttttaataaa
caatcagtta
tgcaattgea
tggtgaggaa
cataatgaca
gaccacacct
tacatgtcaa
ttgggaggtt
caaattttta
tgcacccectca

<213> Artificial Sequence

<220>

<223> 31 partial rebuild

@?ﬁ

iﬁtagtggt

§a&5§?3§t¢%a¢agitdﬁhc sddHomtdot

rcaﬁgiﬁaﬁrcé E% @CE’E@?SESEEEQS

attalProct?y gr¥attgtoe

ttaaaaaatt
tttactgett
aaatatccag
ttacgtaggy
teggteoeocta
acatacttte
ccatattgga
tttgttactg
aacagtgata
tttgatttac
tatattcaca
cecteoaggtt
aaaagtgeccec
aatttaaaag
ttacaggcayg
gcatctacca

c t
2 SR

cagttataca
tacaagacac
attatcttaa
aacaaatgtt
ctgacttata
ctacacctag
tgcaacgtge
tggtagatac
ctacatttaa
aatttatatt
gtatgazatcc
ctttggagga
cccaaaagcc
aaaagttttc
gatataggge
ctacaccage

zgttEé@Ft

acaatgct
agatggggat
tzaaagtaat
aatggttgct
tgtaaggeat
tattaaaggc
cggetecatyg

tcagggacac’

cacacgtagt
aagtagtaat
tecagttatgce
tgctattttg

‘tacctatagy

caaggaagat
tgcagattita
acgtcctaaa
aaaacgtaza

=

360
4290
480
540
600
660
720
780
840
200
960
1620
1080
1140
1200
1260
1320
1380
1440
1500
1515



1510 15 Pro Val
Thr Arg Thr Asn 20 25 30
WELI00KP8I8 g Leu Leu Thr Val Ay His Pro
Ile Pro Lys Ser Asp Asn Pro Lys Lys Ile Val

Ser Ay Leu Gn Tyr Arg Val
Arg Leu Pro Asp 65 70 75 80 Pro Asn Lys
Phe Tyr Asn Pro Qu Thr 85
Gy Leu du Vval

Val

Tyr
Val

atgty
gtt Qﬂ

Ser
Pro

Phe Arg Val

Phe Ay Phe Pro Asp Thr Ser
<4080295 Gn Arg Leu Val
tm GoGhycdBiay cdFclOs gitOadacleitcthiyedakglanethde 6o
tRPheztAspeadhtbadperot st

VFIBR SIPE

Ser

50 55 60 Lys Val

8 EE@RakeagAscR:

Lys Val

Val

Trp Ala Cys Val

Ile Tyr Tyr

Ser Thr Asp G u Tyr
Hs Ala Ay
35 40P&5/UTY04/008677

%%@M T R R

tgg@’qqtg@&@gnﬁl;a @mgbew@ﬂ%gc@uat%ggﬂét&g%s

Cat §aE LT trz_rracyglap@@gya@qspcbm satﬁg taca
i cyc B et b B! @9@% tigs it géﬁ
atgﬁegaﬁéalcagcj;c&t&;@ d@pa%@é%ﬁptd\&bc%{a £ apga E Ebéag
gtgcet yEH acaqt?rigggatz%ttm gﬁ@ CI%CPh@ thawlt;aaae@a;@gnt

2 < 95?316‘*5‘21? FB50 cqY3@g
trottahadsy Eﬁeﬁ’a ? LELd @

tcSQQSEb eéé ccpﬁéb ca %ﬁgg @ggga gc

gtcwmcia@@&@g%&tﬁé@aceﬂchc’E%[t@chg’ga Gg&ag‘é@}ﬁga_ calgggtca&e
tpy]act}_%gg@ tAF‘ CEHAFIG Fraveec2A 59265Q2268 Cd@hregttanlt

e z%%’%ﬁ%%gé%mgagﬁ B

_ aacap
acca
ttca
aaga

tttgtaacct
ccatttaaag
gatcagttte
- tttaaagcag
zaaactaaaa

<210> 3
<211> 1515
<212> DNA

2%3&% 5

gagg&ktygodesnctbbgi

cacaggccat
attatgtatt
cactgggtcg
gtaaacgtag
agtaa

2

gﬁhtadﬂﬂda
tacatgtcaa
ttgggaggtt
caaattttta
tgcaccctea

<213> Artificial Seguence

<220

<223> 31 total rebuild

<400> 3

atgtetttgt
gtegtectcta
agattgttga
atcgtcgtece
ccaaacaagh
tgggcttgtg
caccceattgt
ggtaccgaca
ggttgtaagc
atcaccccag
atggtcgaca
gtccecattgy
gaaccatacg
ttetteaaca
tcocggtteca
gtcacctcocg
aacaacggta
accaacatgt
ttcaaggagt
aagatcacce
gaggactgga
ttcgteacct
ccattcaagg
gaccaakttcc
ttcaaggctyg

ggagaccatce
coegacgaata
ccgteggtcea
caaaggtcte
teggtttoce
tecggtttgga
tgaacaagtt
acagagaatg
caccaategy
gtgactgteco
coggtticgg
acatctgtaa
gogacacctt
gatccggceac
cegetacect
acgcteagat
tctgttgggyg
ctgtetgtge
acctgagaca
tgtctgetga
acttecggtet
ctcaagctat
actacgtcett
cattgggtag
gtaagagatc

tgaagctacc
cgtcaccaga
ceccatactac
tggtttgcaa
agacacctct
agtcggtaga
cgacgacacc
tatctctatg
tgaacactgg
accattggaa
tgectatggac
ctctatetgt
gttcttctac
cgtaggtgaa
ggctaactec
cttecaacaag
taaccagetg
tgcaatcgat
tggtgaggaa
catcatgacc
gaccactecca
cacctgtcaa
ctgggaagtc
saagttettg
tgctcecatet

& tcocggtt
daaagtgece
aatttazaag
ttacaggcag
gcatctacca

gtctacttge
accaacatct
tctatcccaa
tacagagtct
ttctacaacc
ggtcaaccat
gaaaactcta
gactacaagc
ggtaagggtt
ttgaagaact
ttcaccgett
aagtacceag
ttgegtagag
tetgteccaa
acctacttecc
ccatactgga
ttcgtgactyg
aactctgaca
ttegatetge
cacatccacs
cctteoggtt
aagtctgcte
aacttgaagg
ttgeaagetyg
gcttetacca

-7.

ctttggagga
cccaaaagcc
aaaagttttce
gatataggge
ctacaccage

caccagtooe
actaccacgc
agtctgacaa
tcagagtcag
cagaaaccca
tgggtgtcgg
acagatacgc
aaacccaatt
ctecatgttc
ctgtcatceoa
tgcaagacac
actacttgaa
aacagatgtt
ccgacctgta
caactceccatc
tgcagcgige
tggtecgatac
ctaccttcaa
aattcatctt
gtatgaaccce
cttiggaaga
cacaaaagecco
aaaagttcte
gttacagagc
coacccoago

tacctatagg
caaggaagat
tgcagattta
acgtcotaaa
aaaacgtaaa

agtctctaag
tggttctgct
cccaaagaag
attgocagac
aagattggtc
tatctctggt
tggtggtecca
gtgtttgttyg
taacaacgct
agacggtgac
caagtctaac
gatggtcget
cghaaggcac
catcaaggge
tggctecatg
acagggtcac
cacgegttet
gtcctetaac
ceagttgtge
tgecoatectg
cacctacaga
aaaggaagac
tgetgactig
tagaccaaag
taagagaaag

g

120
180
240
3090
360
420
480
540
6GC0
660
720
780
840
200
250
1020
1080
1140
1200
1260
1320
1380
1440
1500
1515

60
120
180
2490
300
360
420
480
540
600
660
720
780
840
200
560
1020
1080
1149
1200
1260
1320
1380
1440
1500



275 280 285 Asn Ser Thr Tyr Phe Pro Thr Pro Ser Ay

Ser Met Val Thr Ser Asp 290 295 300 Ala Gn Ile Phe

E8R044P84Pt o Tyr Trp Met Gn Arg Ala G n Gy H $cB85001/008677
in Leu

310 315 320 Asn Asn Gy Ile Cys Trp Ay Asn Gn
Phe Val Thr Val Val Asp 325 330 335 Thr Thr Arg Ser

Thr Asn Met Ser Val Cys Ala Ala Ile Ala Asn Ser 340

345 350 Asp Thr Thr Phe Lys Ser Ser Asn Phe Lys G u
aaddHcabel Arg His Ay 355 360 365 G u Gu Phe Asp Leu

Gn Phe Tle Phe Gn Leu Cys Lys Ile Thr Leu 370 375 515
<23B04 Ser Ala Asp Ile Met Thr Tyr Ile His Ser Met Asn
‘2%@; alle Leu 385 390 395 400 du Asp Trp Asn Phe

Ly - Thry rq Pro Ser Ay Ser Leu Au -3 WO

720041 ogig%{f %%’7%%004/ 008677 ~ 405 410 415 Asp Thr Tyr
<228~g Phe Val Thr Ser Gn Ala Ile Thr Cys G n Lys Ser

<2%50%281430 Ala Pro Gn Lys Pro Lys Gu Asp Pro Phe
<a0dgySs Asp Tyr Val Phe Trp 435 440 445 du Val Asn Leu

Metl gor Getl dsaPherSeseAAwASL ey ASPG 0,330
1 455 460 Leu Gy Arg Lys Phe Leu e %eglh%%fiofgaﬁ
FIoAYY APA TASgVey galyser ZB5 HR0CHTFv480:1 Phe Anes TAF aadd

0
el ff 000 e &P ST AR PRI el TR 18
Tyri%m_ﬁe@étle@.‘_‘gﬁﬁy@l\g?r Asp Asn Pro Lys Lys Ile Val Val Pro
g%rs Val Ser Gly Leu (;Jré!).n Iyr Arg Val Phe Arg 321 Arg Leu Pro Asp'
Pro Asn Lys Phe Gly Phe Pro Asp Thr Ser ;?.Sle Tyr Asn Pro Glu '?‘gr
85 S0 95
Gln Arg Leu \{3% Trp Ala Cys Val fég Leu Glu Val Gly Arg Gly Gln
Pro Leu fig Val Gly lle Ser (ji%r His Pro Leu Leu Asn g_.;"g Phe Asp
Asp 'gzg: Glu Asn Ser Asn ?;:g Tyr Ala Gly Gly Pro éi; Thr Asp Asn
ﬁg Glu Cys Ile Ser lj‘_dgg, Asp Tyr Lys Gln Thr gﬁg Leu Cys Leu Leu
Gly Cys Lys Pro Pro Ile Gly @lu Hig Trp éi; Lys Gly Ser Pro é;g
165 170 175
Ser Asn Asn i;g_g Ile Thr Pro Glv ?SE Cys Pro Pro Leu Glu Leu Lys
Asn Ser ‘J{gé Ile Gln Asp Gly ?gg Met Val Asp Thr Gly %5912 ély Ala
Met é&ig Phe Thr Ala Leu gilg Asp Thr Lys Ser ?Sn \21’2?. Pro Leu Asp
;ég Cys Asn Ser Ile (2:%/8 Lys Tyr Pro Asp Tyr Leg Lys Met Val Ala
Glu Pro Tyr Gly Aip Thr Leu Phe Phe Tyr 52151 Arg Arg Glu Gln 5121?.
Phe Val Arg 2136.3 él:lg Phe Asn Arg Ser (23'33 Thr val Gly Glu 2215: Val
Pro Thr 22:\.:5[1; Leu Tyr Ile Lys 33?{ ggi Gly Ser Thr Ala %ﬁg Leu Ala
Asn ggg Thr Tyr Phe Pro 'gl;g Pro Ser Gly Ser Met Xzfgéls. Thr Ser Asp
?]O.g Gln Ile Phe asn girg Pro Tyr Trp Met Gln-igg Ala Gln Gly His
Asn Asn Gly Ile ggg Trp Gly Asn Gln Leu ;]3_1: Val Thr val Vval gig
Thr Thr Arg gzg Thr asn Met Ser Vval ?’.‘;g Ala Ala Ile Ala ggrsl Ser
Asp Thr g‘%;g Phe Lys Ser Ser 131&:13 f—"ﬁg Lys Glu Tyr Leu S\gg His Gly
Glu g%g Phe Asp Leu Gln ?171? Ile Phe Gln Leu Cys J:Zg: Ile Thr Leu
gg; Ala Asp Ile Met g‘l;.g Tyr Ile His Ser Met igg Pro Ala Ile Leu
Glu Asp Trp Asn Phe Gly Leu Thr Thr Pro gig Ser Gly Ser Leu (43'-21?1

<
<2



<213> Artificial Sequence <220> <223> PCR Priner
400> 5 c tcgacgta aacgtgtatc atattttttt acag 34

“é%i'ﬂ?é“’%* 11> 25 <212> DNA <213> Artificial SeqUArse 008677

<220> <223> PCR Prinmer <400> 6 cagacacatg tattacatac

acaac 25 <210> 7 <211> 41 <212> DNA <213> Artifici al

Sequence <220> <223> PCR Prinmer <400> 7 ctcagatctc

acaaaacaaa atgtctctgt ggcggcctag c¢c 41 <210> 8 <211>

38 <212> DNA <213> Artificialg Sequence <220p;<223>
ASPPCR Py¥ feg PheA00> Birgacaganchia aakt tid aghs dikt f4d acgt

t 238 4 425 430
Ala él ggfgq&s Pro Lys Glu Asp Pro Phe Lys Asp Tyr Val Phe Trp
435 440 445
Glu Val Asn Leu Lys Glu Lys Phe Ser Ala Asp Leu Asp Gln Phe Pro
450 455 460

Leu Gly Arg Lys Phe Leu Leu Gln Ala Gly Tyr Arg Ala Arg Pro Lys

465 470 475 480
' Phe Lys Ala Sly Lys Arg Ser BAla Pro Ser Ala Ser Thr Thr Thr Pro

485 4590 495
Ala Lys Arg Lys Lys Thr Lys Lys
500

<210> &

<211> 34

«212Z2> DNA

<213> Artificial Sequence
C <220>

<223> PCR Primer

<400> 5

cgtegacgta aacgtgtate atattttitt acag 34

<210> 6

«<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> PCR Primer

<400> 6

cagacacatg tattacatac acaac 25

<210> 7

<21i> 41

<212> DNA

«213> Artificial Sequence

<220

<223> PCR Primer

<400 7

ctcagatcte acaaaacaaa atgtetetgt ggcggcctag © 41

«<210> 8

<211> 38

<212> DNA

<213> Artificial Sequence

<220>

<223> PCR Primer

<400> 8

gacagatcett actttttagt tittttacgt tttgctgg 38



