WD 2005/ 047315 PCTI US2004/ 037372 TITLE COF THE

, | NVENTI ON OPTI M ZED EXPRESSI ON OF HPV 58 LI | N YEAST
woOPRb#8«a75 THE | NVENTI ON The present invention pelasam®4/037372
generally to the prevention and/or therapy of human

. papillomavirus (HPV) infection. Mdire specifically, the
present invention relates to synthetic
pol ynucl eoti des encoding HPV58 LI protein, and to

' and hosts conprising said :
g@ﬁ?ﬂ@%?@%@?ﬁ@%#fﬁ%ﬁs i nvention also relates to HPV58
OPTIMIZBIXKEXBRESSIONGF HPVI F8)1 INGEAST n t he VLPs are
produced by expressing reconbi nant HPV 58 LI or LI +
L2 in yeast cells and to their use in vaccines and

sitions for preventing and

treating BRYe 'pflﬂ‘s&ﬁ‘iﬂv@ﬁ’tﬁm rElAYek ARkt e prdedtiNENTShtrapy of

There a noy e of h api | | opavi r us
e oy ot CRD st S ucineGboR: B Birson Ineationscies o
mtheat polgfudEotiiesgincading VISR M pprstei, mmob&m@mant vectors and hosts -
sgn% Qitdlé)\c/)@g% tti?deg O{I'Hg’l ﬁnvg{l]igg %lsg 'ieﬁe‘:_fg(lo ?ﬁafag H’%ﬁ -like particles -
G\EIQES) wlmsax@ the(\ZQfG_’ﬂye) prodyoEbyereresFing 1ec¢mlan@1t tiky Byidew L1 + 12
0% hst CONRB LY 128 $86h Fh&shes Whd ShalREREGR 2V RIndpSsitions for preventing
nonmal i gnant condyl ona acum nata and/ or. Iom#gradg
agng HPYfinfer{donsgeni tal or respiratory mucosa. HPV
16 ‘and HPV 18 are the high-risk types nost frequently
[ i LGSkl Heand i nvasi ve carci nomas of the
§§?$$¥€5€§E¥ﬁéfﬂgﬁﬁgghih anal canal. More than 90%
of cer vi calThemracs mowdlsnBOeyms sbhnjnann@dpﬂdbmhvdmﬂéew omsy of

Bl 0 0 A 35 P IO

Bro ifqagtive warts oeplignan carcpgmag(for roHgw sue Mobmnay et atp &u. J. Exp.
'pbzﬁszr gt} qs 3B rqmomPﬁPDmng}me?ﬁfettﬁgtyb&dﬁm @omﬂa@ﬁf‘?sg&{ﬁted
vical cancers provides stro i dem ol ogi

S B Bt PO Y BB BB S5 3 R Tce Byepasia of te

fapil dr@mpitaﬂbqs:ﬁscoa:r EHBVIE] dnd (FFOF18Crd thehigh 30 @/peeinodd Gdquently

ﬁsg%cu%qecf W}tﬁ frst and angsl#ﬁe:csé%ctixgoﬁﬁars g)a F%Egrvu pvz}r%?n ,el l%%}._augar Il)éanal.
~ Moee thar 0% gémme@ calcmomesarg asbaatedEivith mﬂ*chonmfdm\rlGaHBV 18 or

thé ies¥\‘gx%(rzﬁent% c&%ﬁ@&yﬁés ﬁﬁrhy @ﬂdﬁ L52 anfl€, eé’ﬁts%ﬁlf&n%%t alL Nazt.

rotelns Ile

and I r
G@rﬁéébfa% 85d2x gev-at &?9% he ?@%@Wﬁ%ﬂt}ﬂ’wlﬁ ig flgteqted in more
ﬂh@@ bm% F b@RicAnndesd grividds st WplRiiFibgiod evidbiRe tat HPVs cause
%In ]S the major capsid protein and has a
& GMEIMOWBi ght of 55- 60 kDa. The L2 protein is the
m nor caps E’dplnommnmes atmmmﬂc(ls@gi) an, mmxﬁelspaglg estahedradDNA
' %, tg%t/cnr o uL %o Qirggt e%% ttwr?%tg ! Qngelﬁ d%%z peg rffadm% fr?i}nasl,r g)RFs) of
ﬁw ghhkgen@n@@wé@lamgl th ET, endhi apbidl, thwé'ﬁf derotes early and “L"

@ﬁggeﬁ $Rd. 0['31 Afa it &ab for erﬁ’st gﬂd ﬁfot&nsc Qi ﬁ@@ é%ﬂes%fre zfs&ﬁ:iated with

prote| ns I n I nsect-
Rmptiaps éwch@aatr@rrpﬂlqa%b@dtceﬂ@@tﬁn@fgngy of’ w rus-1ike

particles (ybPsprddifls theMhiBVeapsid ProrsiRiahd Bl 23RledRRAHRBight of 55-

Papj. | | ogmavi rus ;Revi ews:  Current
Onch plxl‘he: L2 protelrnl'is the minor capsid protelen Immunological data suggest that most

of the L2 protein is internal to the L1 protein in the viral capsid. Both the L1 and L2 proteins

are highly conserved among different papillomaviruses. -



10

15

20

‘25

30

35

Research on Papil |l omavi ruses; Lacey, ed. Leeds, WK

Leeds Medical Information, pp 101 5 12 (1996)). VLPs

are norphologically simlar to authentic virions and

are capable of inducing high titres of neutralizing

anti bodi es upon adm ni stration into animls or humans.

Because VLPs do not contain the potentially oncogenic

viral genonme, they present a safe alternative to the

use of |ive viruExprssidRt thad.d ipnecid evedapiretion ¢ffioe L1 and L2
- Telol

gﬁékegﬁé&’ 1% %?a 21318%'5 %All@ Ilia?l:‘?fgz)g gzir?f@na‘feadﬁo sBf- asl[trél%r of virus-like

gBHEdeH Y EsHEa geviy, P@féﬂqllﬁi g Repder, mﬁm?wwaﬂ Reyigpgytugrent

f REseliB ofl PSSR es Ofachy, 0P h]},’ée@é:tUI@ 1361 MdIekPRRhitfon, pp 101-

HPV i nf ecti on. and ease. HPV aCC|ne
d 2@@%@3&4&%@8@ ieally it gtV Aad #F Femable gt
bindadifi highiitréses naﬁﬁbﬁnﬁxﬁﬁod&stdpomhﬁﬁnimrm@n fvit@ nimals or humans.
e?gc%@? é;]?rfgs d§o %V{soto%tam thenﬁ) g’nltlgll cgn%ggemncsw engrlr'llg eg'l?)];elslent X fsafe
p@ltqrrﬁqu@@torjh@use pﬁhve]_@'uﬁ' h]eﬁ[lﬁf waceine dg@#gptnentt(ﬁ)e review, see Schiller and

| fHeRtefdh CaL)p thr‘af 1 d7d7'4t(Y(ﬂf9))n %} ﬁf%tréeggn %q'ﬂeaﬂﬁ €8 genes have been
encodlng HPV L proteins such as V58 LI protein, It

tificgas | ing&é'stﬁrng% fos the&eu%meabof@rma@ﬂrgﬁnd therapeutic

rananahbﬁﬂpvuﬁa@mﬁamﬂﬁyﬂ@ HPV LI protein that utilizes
HPV58 LI-encodin%Pgucleot nces that

q
R p T o R R
Auidddredinediffigylties asyapisked wdhe)btaimﬁgﬂhiglt exppigoitieectd @egsid proteins in

q%wxéﬁﬂ ft?an(g{o(reljrﬁ!:: I\{%@t og%im\él’ng Sinh ?}%{ﬂg Bgolaﬁtﬁlon Q ]?unﬁed protein.

I muni t con roper
pFesrefpigsdespife thesidents lcvm@f welddmemdmt@n sequerBeMuRing PV L1

T6telNVEN B HiNvis E‘ L& pf‘dteﬁ@ tlt VOHRESd highi %S?raﬁle?toﬂfe%{éﬂjﬁ@acﬁly

nucl ei ¢ acid pol ecul e r|S|n a_se uence of

(RSEFEAbNG i pheapded IRt thpss thps\ptigzas HEY; A8 drecofingupleotie
f @qﬁémcmhﬁﬁfa opa&lzle@fowecﬁessﬁ)ia & thel Gheded 151 6dilS adeiane&dy, it would

B PR A, USSR 52

-vmopmmmmﬁﬂpﬂmswngmmhemnumhmmmmnadmdkmnkﬂcuIe as

defi ned above In a third aspect, there is provided a

host cell |S|n the vector 30 as defined above.
Iﬁmgbﬁﬂﬁ¥ﬁﬁ Iebre is provided virus-like

particles (VL PS) In aCtﬁHFaEﬂeéte%eféﬁs fh%@iﬁéﬁ’é ﬁ‘@ﬁﬁc detd RE1QLEI N
or reconbinant LIl + L2 ‘proteins of wherein _the

r OEBREPA A Atauptice gf greleptides tha ereodes @p ﬁ%’Vﬁgﬁ% pratein.ag st forth in SEQ
PIDON©i 2N the AlidleiP kA sy @ehct Beiy@@Ibn-optinided fof hifh-RSEREpression in a

t here ¢s provi ded a nethod of producing the VLPs .35 :
25°8&F ned above, conmprising: (a) transforning yeast

- Wi th a codon- opt Inmiszedd Biféctptbere ¢udrevidél serectodéangrisiBYy B nucleic

lT-L QL& s%efugp\éﬁgveu + L2 proteins; (b) cultivating

e trans or me yeast under condi tions that perm t
expressi on of t headbigbaspespithars is @ vidiid 2 ipst eellidamprising the vector

P QEEER aBodeeCONbi nant papil | omavirus protein; and (c)
i solating the reconbinant papillomvirus proteint

produce the VLPs Inadoythraspret thepis grovided virus-like particles (V LPS)

comprised of recombinant L1 protein or recombinant L1 + L2 proteins of HPV38, wherein
the recombinant L1 protein or the recombinant L1 + L2 proteins are produced in yeast.
In a fifth aspect, there is provided a method of producing the VLPs

as defined above, comprising: (a) transforming yeast with a codon-optimized DNA molecule
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5 1n a sixth aspect, there is provided a vaccine
conprising the VLPs as defined above. In a seventh
aspect, there is provided pharmaceutical conpositions
conprising the VLPs as defined above. In an eighth
aspect, there is provided the use of the vaccine as

10 defined above in the preparation of a nmedi canent

for preventing HPV infection in a manmal. In a ninth
asproding HPIYSR &1 iprotgin on NS I Ive L2 gwotagds; (b eulitakigg ths transformed

detdsngfler RRAUEnsIthht hEMitRKFRAIALIF O Bliorfo n_é:'ffﬁ'ngileﬁ @;mxnﬁmigﬂﬂe to

i hduci ng an I, Mmune response 1 n an ani

a8ete @ eermbinaplapillopp e pronepd (13 - FsoleEng e reopmiganis
dgépin@shvirkSpraepue pWﬁﬁfthdWLﬂ"&%s Yie@sH absvesel ected from

the group consis Sacchar.o S, cerevi si ae,
Hansenul a poly rmﬁ‘b%g &1 iRt %‘erﬁé%lfn%w < 2 Qs ;OB pg the VLPs as
f defgiell msgveKl uyver onyces lactis, and

Schi h N
T PR e AU s

p SepBEE tepeV eRsras defyied gbayesequence of ami no aci ds as
set forth in SEQm4d eﬁ@tlzaS{m?c@ thirS G tpﬁﬁfﬁﬁd HeQise of the vaccine as

c itions. and me hog o elicit or enhance
ﬁ%ﬁ? #hvE gt thppreparatoaioh? predigtredns fos pysyetiag HPNyniepigndn g |

QEﬁﬁﬁmIE)sclosed are pol ynucl eot i des encodlng HPV58

LI protein, mher oI ucl eot.i,d

codon- optinized tE aﬁ %yrlsgygp%§@$ ?Hw§ﬁ$5§§?thd
caliave iIDh%EﬂentEEﬂm&meHﬂW&‘anor uslut¢ing s ipamme clsgmse in an animal.

VLP wh
Feconb nant HPvsh L[ br ey BB BRUIR Y L FR ks getned

ditteye ghersiniheyeat ivsplogied frompehy sroypransiviog of Sageltaromyces cerevisiac,

CHB?R@&JM b&ﬁﬁo Plclﬁ% SastHRSK fuVerbrifeed frﬁ‘@(ﬁ’sﬂ KinQRer8ifle® lactis, and
é atne ngﬁsomated cancer. Discloséd are

ﬂﬁ?? %Nﬁaﬁﬁl ul es encodi ng the HPV58 LI
protein. The codmm eldvedthaspsytthérels ovidddea llﬁoﬁ!:‘edah&puriﬁed HPV

57 1P e Dbt FshilBt St Bl B SR Yr O RERRE>
of HPV58 LI 30 pPotlesed arameimphsitiens asdintthadsse aliditer emitance
VirbeRunitydd éﬂn}g ymil%:{%% #é?sgd byYHPVYALT Q&%?%w%@s‘é&hﬂée

-2a An” exe nprises

neRlyraigotides @pcoﬁ!ﬁg HEMIS%LWOW @m@u@he pehEnFlVEEs hive been codon-
PéingEdd f&&u?ﬂ%vefl Bk &sibAine5eadt BelN®idelossa b HPNGR Qrirﬁs-hke particles

a J& | ecu rising a se uence of nucleotl
CHHPs] gt St mepeegrd Yrﬁxglﬁsanwsqom %&Ié%‘ésow Q1 + 12
ainyeas tells gnl dlsblﬁseB nefof IHPQ’G 8 MﬂP@ 3.} plﬁﬁﬁaﬁ:eutiob]l&:oﬂlyé‘dltﬁinﬁ and

ses se es_as set
P H“W‘E%BCY%%W% Mgt EiVasf S eln R, °R
sequence"). AIsondguﬂdeﬁyahemﬂE@ﬁmbmmahsmmabmmmsH@NdSL1
r;?rﬁt@ﬂfo g %doaﬁ R@%}n hetic mglg‘%] s%fé)creexngéat s'o Gs &,th the c?dons

eukaryotic ntalin the nuc c acid nn ecu
oﬂfg%rf%@aa yeeshcell g Fisuyntheticanaleslss friag Be hssA as 3 spugee of HPVSS L1

PoreieB WERh aRb SO A%BdMble infoNELIRO ShidGAlHs nha§ b3 udk@3SE VELIbhsed

vaccine.

-2a-~
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Di sclosed is a process for expressing an HPV58 L1
protein in a 10 reconbi nant host cell, conprising:

(a) introducing a vector conprising a nucleic acid
encodi ng an HPV58 LI protein into a yeast host cell

and (b) culturing the yeast host cell under

condi tions whi ch salekaupigpmBsEmen @inpsisdsd syHDEES nhidieic acid

FR et {12 Sy BB Roaof! kB B NO D s maceie
c @ﬁp mOQﬂcuig cox(lm)smgratse@tdmmrﬁ guckeotidest that iscoipr-esinmiged dor high-level
n léﬁlrgésﬁn "ﬁ{:é aﬂ %éi rﬁﬂ Fe‘rféﬁeﬁ eﬁlggﬁﬁil' tﬂhutll ¥§1§1dlcl)mgxlis%g § Eé?;uence

i nt'o a eas ereln

nef aclfotidgs gs %&@h%%lﬁ@ B Myl fd@wgr@pqdu hegin ‘6% pi Bssstesncd

th Ie ye azt host 4 C ?Jldo ed ﬁ&)re(ﬁkﬁbﬁdéﬁﬂ J&&orstaﬁ@re)é&fﬁﬁﬁanlﬂ g&k cells,
C unaer .co I T1oNns a M/expreSS|on 0 sSa
HE?)%@“L“F‘WB? iepkanofie, #@WF@& RGPS A raolequigs disclosed

n th?:d)l.?lh(mt ﬁlﬁss sheaficguionh. SRS p@cfsxeamnmelmﬁt tuekeell isdefkada sell.

set forth in SEQ.l r.1. 20 Di.scl osed .
virus-1like part ?(l:jllsg & %&500%%05 ﬁXpa{?sémﬁ %gﬁgg%/é?}’wtem ma

y eegembipasit hest cele ténpdisingf (apintrddicingg velPM5®miptisieg a sustkic acid
TeAd0az aPhipv5s DPpiokelifhoUleak hddl o, BARHFEEHn AP O TR cell

yeast Is selected fromth rou cons ng o

s%ﬁ(&rﬂsﬁ%@émeww f‘épl‘&éslonrﬁﬁ%léh@ PipM®®pha, Pichia
past 0 ris, Kl uyveisokyaesa proags tir %xpr&ﬁlsﬂﬂg HEHPUYEEBprotein in a

Iac Schi zosacchar es ponbe. 25 Discl osed
R T R e RO RN
r mokemtie aanding xpHRESH thmifeml-]ﬁ’t\ﬁt&ehdt hest cdlPWh&ecihlthemukRicl agid

am\ﬁﬁ@lﬁé IS%SMH'CIHB@EZ%h ?(1% %gt @ eg_le X%t? thygga %ﬁgstcclgll and; (b) culturing

conprises an rod
c tha opasblst el noder BPndB®ns Whigh nléow bxpranom@emdl FHWp8 L1 protein.

e nbodi ment t he Cﬁlqﬂﬁérr&lmrﬂbghlﬁﬁqts Hﬁ'l\é%gcl&h adl& pnses a sequence of
gﬁrlses a sequence of nucl eot | des as set fort

Briees sof forthin SERIRNGEd is a method for |ndu0|ng
an i mmn e r €s |O0 nBﬁclb&d%ﬂ: Py %ms—%ﬁé’fpe[rhélésr[gLPs) which are produced

d t 58 ticl
2 SR g ot B gustre BB i A RS 1
pr oduced by ac ohhmrprefﬂtredmxﬂaedmg:ﬁnehe Yehsad sa&elﬂd frsmahe group
e 0Qshe U SLAUE cél%en%(as{‘aé %@L&QMHF’N %ﬁa%&’ %éf&a past%ns
cervical Cancer dUen
viEbyyaemyesanpagily, K@Jymvsace%apss and &hwomcéhm@gs pombe

enbodi ment  of t hpR.198ARGH }ﬁfvish\@LP WAt (ROVLP RSrbiaboy
VLPs are produced in east. Disclosed is a vacclne

CSRPMRIRAh eXPEgsYErROl HEV 38 11 1) gt EIPYRB il o lsin aeastefl.  wher ei n
the HPV58 VLPs apgclpic@dy&eHPYHS YERShichkOmprikedih HPV58 L1 protein

S {5 SR 15, U2 S Lo TR 58 o

| eptugtized HEPVad dil tgemnainptliey a tsyymendemy ntdecaitss akib®Y forthyip SEQFID NO:1.
interest, including any HPV type described in the art

or those subsequently identified. 1In a preferred

enbodi nent, the HPV type is a type that is associ ated

with a clinical phenotype such as warts or cervi cal

cancer. In a further preferred enbodi nent, the at

| east
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15 one additional HPV type is selected fromthe group
consisting of: HPV6, HPV | 1, HPV 16, HPV 18, HPV31,
HPV33, HPV35, HPV39, HPV45, HPV51, HPV52, HPV55,
HPV56, HPV59, and HPV68. Discl osed are pharnmaceutica
conpositions conprising HPV 58 wvirus-1like particles
and a phar maceut Disslosgd iae aepiod fidréndnaing beimmuwla @sspoic i@ animal
HR T

yrﬁﬁ% gQIPWSQ Qrﬂ'ﬁse lqké n%rt%fe@?o the arﬁx%ﬂp%%pﬁelged

phar osi tions
aﬁ@b%mgntdhe H?Vﬁf?e‘é Ps amerc'é@mdby enedonﬂwntz?cb@enel n a

preferred enbodi MeRiosed 88 nfdthol %Pﬁ{aveﬁﬁﬁgt &Q{I@hﬁﬂ -ass&P Med
ty e. |s sel ected fromthe group consis :

.. .HPVG,
‘fa CRSGA $PmPKipDg & \?ﬂg to WEE‘ aP‘iF’Wgﬁ COW%@ HPV58 VLPs.
HMﬁrpfeHE’d/&ﬁbodhlEédﬁ& thiklRMebt, of HR\@ntidrP¥e $iPVa B 0 UHEM@Produced in
used t hroughout the specification and |n the
aﬁpended claims, the singular forns "a," "an," and
"t he" include t h@iqglosndails a vefcme emm"isutgltﬁ’éésw&es-hkﬂﬁawdes
X”he%&‘h@hﬁﬁww &5 ibiv&d throughout the

fod
spe0|$|cat|on and en eg Falns the follow ng

definitions and B’cﬂ@r vmattw&aoepﬁmy theggecmedugtir gpmprises VLPs
"pra ﬂ%&&t&ﬁle adcﬁt_ﬁcﬁlﬁﬁ{lt el '@E@.ﬁ MeaktioRe atﬁihtfo%alqu\atyPQVﬂay be any HPV

iy&))?rg lgtere[sto Fﬁ.hlﬁlgﬁ tar:;] %gg'ﬁ%fs{ 2139%%? ﬁlow%sequently identified.
pﬁi aprefeasderbt@dingin, mﬂ@\a@ﬂe thraitye that nS@ciaptivaihal clinical
a Lex gan he no %
gﬁénxtﬁ/éy Sucgpsewa %Pe Tyical gaer%cgr, In agu%hﬁ Squtgé ng% eéﬁtlodméetn Iﬂ% at least
se@ﬂﬁéﬁ@esal BEEV typehis pilacladdronsthg gonp ewisis@rgrdtHP Vo, HPV11, HPVISE,
ﬁPWS‘ GENET; HpYa\pas) @h%@ﬁﬁvﬁ’?ﬁp%%%ﬁlf%?’?@%s HRBs,
term "vector” refers to some means by
f HRY AP HEYR® be i ntroduced into a host organi smor

host tissue. TheDRcBE a¥dpHaRbRelttMRSmMBSsi RS Edtisrising HPV 58

Rt d e A SRR B R srifbopls ries A0 e I} BHLYLPsare

t produced &l yeadti Tk gharngreagicsleginpogitont kay ccbrﬁprtse HB@’SS VLPs and VLPs
e MRF , for L, e e

6(ipart ?e?%%%gfé L{Jdg{r?ggl un C%glg efgrﬁ%{%%) d1mﬂ|;} the g eas oncI a%dltlonal
gHB rtge is @h@@é Fromithe g;@tmqnsetmga)f JEs, By erfﬁéf hénHBVt HdIPV3l,
| Bb 938 HABEQTPVEY, Aibvad, Tpvaa THp @500 ebhBB TSy scPITPY618Rd HPves.
regul at ory sequences for expressing the nucleotide or
gene sequence. In other enbodi ments, the nucl eotide

Or gene SequenceApﬁsaauﬁlafgh&Eehers@edﬂﬁ@h&t M}d @&fﬁﬁs}%&&i claims, the
Qr exprgssi,on. .. I ments e vect
mtaai%mg ofre Pedif t{h ?&fé“‘ @%H‘Hﬁﬁeg RLengf gnlpgydhe context C?eaﬂy

nmdhe.mhd@u@r gene sequence provides other regul atory
sequences. For @) .9y

pronoter for tr a%é%?? t)h% ggﬁl?‘ﬁ i %Eﬁl ] wn Ppeng%degalms the
stotjowing defimtinhs pbabhrsvlationsiagplyor  gene sequence provi des

a transcription Tﬁt@rxﬂ%&rﬂ&eﬁ?ﬂ&?fh Efion GifelH] ﬂf)ﬁ ¥trand to
sequences whi ch can, be FFOVI the vector 1nc

bhick the R} pqlymprrese findg heentwa?tefefpens anyinifiaionicpmplek with RNA

t ®lyherase |t@m1tﬁte<w@ BE RSt ranSqRpti6 il a&mpt Phe c@ﬁlglest Qi modtﬁed by
I Ntron

pfg/ﬂyét %%%S GIES tgw-t ’e“ > ‘(:Fég %% Ql‘i{)%trgrx{] ac|t19 1ng se ugr?c%sQ Sor nﬁpbltmg

sequences termed "silencers”.
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pYnSRetig é%“Vﬁélémﬁcle?t@@éequ (§%QED

. The designations "58 LI wild-type sequence" and "58

LI. wt sequence" refer to the HPV58 LI sequence

woteashased herein as SEQ I D NO 3. Al t hough t heptR¥saB4/037372

LI wld-type sequence has been described previously,
it 1s not uncommon to find mnor sequence variations
bet ween DNAs obtai ned fromclinical isolates.
Therefore, a 20 representative 58 LI wild-type

sequence w%,gﬁl sol, at ed fromclinical sanples preV| ously

. shown to feEm VRgERY ECIPIQAOTE S apsby\pieh PINA fragmenfgcan be
i;dtro\zwded ifiy pRoss e@uﬁmeﬁ WEES tiss8€ T hepsSard vzﬁﬁfug g@ﬁﬁﬁ‘ vectors including
nce to.compare,the codo
BESTER Bt (SRMREE Bodneusf PRt fifeompidny
desi g nat i offhe teriRVcds8ete!’ rdRérs torrdnutE8tide or Bener sefjeancd thatasito be

FAEAF g 0% M4, IR0 Ul el o

qrRseie: elmmsemlebeﬁsrsqtte%mpwas a gftne@wpmeswrted)mvemawmch in

Sbife @ﬁ&fd%&n&dpﬁ%eﬂegﬁlatbﬁrvs@ﬁueﬁé% 'f&%?{br@&mgttue AucYRA® or gene
cell. The term ectjve amunt"” nmeans sufficient

FeRERhe MBhE ?ff*wﬁ nts.cthe pucleptith fregne S ERRICKdes e regulatory

: aafaawai for ltemq:msmﬁ Intfer'tm bmp@ﬁmbxdg me&!écibhptbviﬂék dofdp@latory

 PERBER Do nERhS & sl nies ol e eellon pprgs. For
' ammlxb‘: dei mctgmgiprmq aqrbmotef fer B’artsmhlmhﬂ apﬂlamémﬁenmequence

Qﬂﬁ;he ﬁﬁ@leﬂ)ﬁd@&f Qmé 'ugﬂt':@ ?@1@99&5@&1@%&] %fﬂngﬁc h}y sequence. The

siml ar, am no acl reS|
ROy, SeapeRsessy e ¢4n heipenyided by *heé’ﬁﬁg‘t inelnds, bpt a3 nes figited to,

- byidaepd) abﬁsen tRml t&uﬁna(ﬁoﬁ @éq@éﬁbbé] Eplick Qttebidand dbabil BGuenéds, introns,

t hi oni or _anot uhstitution of one polar
gﬁoaﬁé’m?‘afg st S A I E gDt The bare
char ge (e.ghe damg:anmrsé‘ss bi wlilfsyprapqughes!’ and €584C wk stqrenee” refer

G p!wgs 2§ %\Tla?c% dmogggggegég ?sﬂxi%ﬁ%b%s @%’ g& 43 gz%v 5811
MisdyPesequence has Yeep degaribed prewiousisp atn( BOt up¢qryBoH tp Kied minor -

Bé&fubice |v§r1£iron§’lbc{tw§an| DNEs fsibda s chmcaﬁé@faﬁ@t Theref0R2dNS
gene was created that it Coni: ai ns

that the HPV5S

ereseigeas o m{?ctwa%%eﬂaf@ge Wpsipolpted ﬁefp °PW€a1§é‘ﬁ%‘esal§e‘f1W§1Y
SRS Centaih HPVCS SONAASS HX/AIENE 1). MHel$8 L15vitleghenaitcace was used
nat ur.al I occurrl n i

& re §)to c V&reétﬂ%%%%ﬁ—ggt%@%@? SS%{ %egﬁ?engésqﬁsci'olscd herein
ﬁa@bmlhre provi ded. herein conpri'si ng a sequence of

‘nucl eot i defrge GRS DRt Rt 8L e RPLALAb LE trkBlary

expr essi on yeast ce % etl C nol ecu

iﬂ@dlé%lp%ﬁdélerqmwb@gm the

uﬁthﬁ Wik keBudlosBendri\GBipkites 9618s the feRarliPrct high el expression
?@&EF DESCRI PTI ON OF THE DRAW NGS FI GURE 1 shows a

4eAt%"al i gnment conparing nucl eotides that were
al tered i nThbermysfibive ambittS8ednk sufacientohedidbeopipesiotis

e bl e g ot L e %?23%“ i 55use

- vashilts. tGneekidledjinghe &t recognizes that this level may vary,

A “conservative amino acid substitution” refers to the replacement of one
amino acid residue by another, chemically similar, amino acid residue. Examples of such
conservative substitutions are: substitution of one hydréphobic residue (isoleucine, lencine,
valine, or metlﬁqnine) for another; substitution of one polar residue for another polar residue

of the same charge.(e.g., arginine for lysine; glutamic acid for aspartic acid).

-S..




15 (SEQ ID NGO 3, indicated as "58 LI w"; see EXAVPLE
1). Altered nucleotides are indicated at their

we 0sespendi ng | ocation. Nucl eotide nunber is carfasnoshssn
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within the parentheses. ldentical nucleotides in the
58 LI rebuilt sequence are indicated wth dots. FI GURE
2 shows the rebuilt synthetic HPV 58 LI
doubl e-stranded nucleic acid and singl e-code ani no
aci d sequence above. Nucl eotide nunber is_indicafed to _
the left. 30° EPRURROAENOERH @ HapRalpingiudipe ajhppan being.
tll wt and 58VLP”E}‘tvmh 3 edehrffs) SvirS-BR: Wl benAJ)smkIBe:ucles o

ot was prQ th a t ual anoyn
B & 1 abet o egellc} BediiRE P aie ypt BRed & Bicit containsa
Oggguence ryf mikiebidealthaRi¢not e cimogthe ssgechcp of ndcmedesq)resent in the

e [ t .

pre{gﬁ&% |fz]3§°o$ gf&ﬁ{yr’ @Vﬁﬁsgk{ﬁ%(gﬁ gﬁ’é’crrprNgg) As
Fﬁt@moae §mhglcanwle@ﬂ@rane Bbudeddfererupwaalsmg ageqyeBe) of nucleotides
afnprdink L:oa%né ﬁﬁ&re ‘FPJf&&é?i' Bex QEYonl@ YeastWRfs. ""flﬁal #ﬁﬁ&c%lecules

a reference five n two and one-h

nPreYidet epsin 611‘0096#&| Sape AENo B?’éﬁ%quﬁm@iﬂsrtééf“%éﬂ? HPV58 L1 gene
dsmaimed:2and applied to.a 10% SDS- PAGE gel . HPV 58

LI protein was detected using a yeast-absorbed '
anti-trpE-HPV 31 LI goat polyclonal antiserum which
CBREF-DESCRIBTION OFSBHE DRAVINIG Li . Mol ecul ar wei ght

mar kers 30 ' ]
depicts th e@rr%%? g@?ﬁ?“%ﬂ?@g@%ﬁ;{ﬁg@ﬁ% l@{_@bﬁﬁ @hat were
AlETdgh H et BV 3R senp o bthe Prvsens prvenci (3HQ 1BV iadicatod as
| 5330 1 (e Hﬁmﬁﬁ&bﬂﬁ élerendd @ quérRs W ths 5911 t,v\ﬂ@-tj(?e sequence

| eégﬁe@g@hs 1%2'% aggsds wausealsr cgte are |ncI ude Q‘)ldfiﬁ,age

Biﬁdingécgatttmmonsee;&mﬁm n@ia&mm NﬁéleBuea(ﬂm,s isaﬁnﬁfnedl-lwhﬁahe

ER R TN T O TN N TN

Li, vvas - 2- EICH&{E 2 Shwmc rebhlarsyﬂﬁ&ﬁcw\[ F8 i dewple- etmd@?muclelc

I t
r;ﬁ;%%%'g @glgfségcgag lc\&niooatcrﬂlesggﬁﬁ&t abl{d I\%cﬂiohﬁe ?ﬂiﬂ%‘i‘ Iisg[g&}vatgd?to the left.

ntative
conposed  of FICHFRE 3ahows FNesthsmobiet af{ESE 58 b Wt oRds38 5 1B granscripts
h@éEANMPE E ). S TR b%edasémoﬁeﬂ&riﬁm oSkt ofd el aﬁﬁlﬂms f DIG-labeled

%os C ﬁ@%%f—i ile%ﬁXA LﬂﬁFﬁ?ﬁ\ IqETh %Dﬁaéﬁfﬁ{ 1%%4%%& shPFEed per lane is

- | inbiENEd. (e Bin@wna the right indicatanivi edictedisied ofonial Jangeh 58 L1

9&[ at ed with infections of specific oncogenic
types P5f human papi |l l omavi rus (HPV). The present _
i nvention r EIGIRE 4sbowsigWegerp ddéttof 8Y FHldl wetSBbdad $HLIR (58R)

Shrbielnt. ﬂPVel'EtLqr\QES 1h£m&|ﬁ' a5 ¥ réf&eﬁ&&%@r %ﬁ ' fﬂremtﬁ’ UAS 4Rt one-half

expr essed y genes oncogeni c
IpEEeFms gt egral Yepd ppcrteg EHfact e ﬁrnaaﬁecbmﬁﬂpabesi toa 10% SDS-PAGE

PQILYAP 158 011 ipi6iSin v%‘ﬂ@ﬁbt@&uﬁ%@ﬁba&labsmﬁhmﬂﬂmv 31 L1 goat
R RE]  OPEACh DT L HP o MAlpips Velght mades

mehrdM:HEMESn%ldiuB i ke particles (VLPs),. which are

duced | f
e ol T e T T S v

coirpgsin ¢iong] paask praei aaptsrefl @nd ddiectqtie we BLISHA (e BKAMPLE 7). The

- LEGREBER &Eel}ﬁlﬁé{]ts conducted in duplicate are included. VLP expression of HPV 58

L1 wt (black and gray boxes) was 36 ng/ug total yeast protein. VLP expression of HPV 58
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associ ated cancer. A wild-type HPV58 LI nucleotide
sequence has been reported (Genbank Accession #

oVabdA$3, see Kirii et al. Virology 185(1): 4RArAR7004/037372

(1991)). The present invention provides synthetic DNA
nol ecul es encodi ng the HPV58 Li protein. The 20
synthetic nol ecul es of the present invention conprise
a sequence of codons, wherein at |least sone of the

av e red Q.. use the codons er e
AR B LGl h R iy 860 B 810 8
dygiehiban BPW@Sédukmlmmyomaahang ag/ug totabyeny pﬁ:ﬁﬂﬂ @nexPeriment #2.

for expres SFI@@REQ; sl@@%ﬁ §ep§ésm§5t@{ Shﬂ%lg%gg@u I oglposed of

sel f-assenble 1 nto
VP BB EB pueteis inideculss, Memﬁbééh@meeémsvdmd by 1Iansnmssmn electron

25
- IGRp @@@Emmmalm%%égh%%@wyﬁwon |

t hrough neutralizing anti

i munity. Such VLP-based vaccines are also usef uI for
mmmEDtDEﬁ‘cm:PrmsoFa&tmeM@N-va i nfections.

Expr essi on HRV. V east cells offe

advant ages 0 D%aéor% EC%Y‘C’*%FF%‘SW ﬁsﬁac%tﬁ‘i?”f"f} ‘%&Fé‘ﬁ?‘%‘g
tspedifiorapecgso|typeg 0dlmrmni papillemaants €HBV). | Thegaekent ioventidihelates to
AEPRbi AP RRIRGAD GRua oS LY 1 e B Brogucgpenpressed by
igRes ORANCAEMOIF X tenes SoasHisaldy, &@pmsp@meauon MHevidsseolynucleotides

RESHingRP LIS mr %@ﬂeﬁﬁhe pAIGudBbigs @W&&@w@f& for high-level
ex ressed at &S‘§PFS in yeast .cells. wh are
[

R TRaL YR P BFBion Y Rer AT S A U paricles (VLPS)
Admcdnraab moduced inheagy edeiclosesusaod said ﬂo@]natlealdbﬂmfdﬁ)ﬂﬁ& ihl

- gﬁ%a&%ﬂ&? @&ﬁﬁ'oshnﬁg I%C?Va%?l}lﬁ%%rt reventlo Cpllqp S IfHP‘V—

Xpression in a yeas ular e V|ron

- g5 73tE. PCT/ USZOO4/ 037372 A "triplet” codon of

. f our possi bl e nuglgrtddamdessas Iﬁﬁféof?&%' s uég@e %%Eenquoﬂed

20

25

30

riiant forms. Because these codons
FeAfsTsint JOU014#3 meq Risk ctli Kiso @r bﬁs‘i(l)( 42443311994 The
tpfeam ﬁfvblliﬂdn(pﬂwldﬁstsyiﬁhdtﬂmm tholeRtilBE GRLAIAR the HFOIHR 1A PHtSin. The
% bl‘é ﬁ% nore than one ?fd
e SR B SRS B i SRS A o egre St cwhepgin at east
SOm@wfphﬂ@bys hawel beestaltodd tabse drevations @rafadalty ayeast Bl for high-

AL oSS e IR SRS LV LB Wi |

es ere’ appears’t
gﬁl’ K55 B! pratein, athich mavaselftagsemble info\EiRsy §n1éé/'LPfs amay be used in a

WPt‘tﬁhdﬂ VOGRS pk&l&‘e%ff&@dl% ¥ RBSprOfhyf&lsl a3 dﬂﬁ@ma\qrus infection
xalgl he ami_ng acc} l'eycine 1S speC| fia ny.

‘Bﬁi&z’ﬂ}% FBPRO%Y fRY Rl mefiatadamngspity. Syeh Viria eﬂrvmcmes are

atdl useTal Gor tiexingis bf alﬁa@’h%{ajéﬁshsd Hrvgﬁtreaimls.c odon use

frequenci es,_for .mi sms _ha reyeal ed . .

endogenous Sen ‘Er I%?Bﬁglﬁeaséﬁ P tﬁ%?fl"ﬁ‘iltﬁ@s phkeing cost- .

@ff@tilvem qaalysqdepﬂeﬂ wi lnge-scaidgmwtmm ifdrenettaes. INAlditfonythe géast

‘ g‘g‘g’c | f S PG e Og'%ltréﬁﬁtto Q&H}E%@ ¥t10h'?)‘f L'%gl%ﬁmgn%t-rrﬁs%o?med Sy%gst with

In vie
gsteasedisramih and expeession a@temwé However, oy FEV wapwnm ingjuding

Ripyss |8 YRl e%pl‘égseﬁ %PleGSindRa@ EelR dlﬁdﬁ%@ﬁ)ﬂei' hn what is desirable for

EOI ept| de by an E. coil host w | depend to sone

9&‘% Flalqaley®:  r equency of codon use For exanple, it

is likely v&hajrdﬁg@eﬂﬁ pidsesdt bkntion rJidBs GODPNSE Wi %é eQ&luences that
whereas a CTG rich gene

Re Qf’ t%m for%ugeh Ievél expressmnl ih a yeast ce, ular environment.



probably be highly expressed in this host. Simlarly,
a preferred codon for expression of a |eucine-rich

wopmbypepis de in yeast host cells would be TTA. pth®us2004/037372
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i nplications of codon preference phenonena on

reconbi nant DNA techniques are nmanifest, and the
phenonmenon may serve to explain many prior failures to
20 achi eve high expreSS|on | evel s of exogenous genes

|n successf yl ] I Q an -a les

"preferred" A B%’B:ﬁ ‘FPQ)‘? ﬂgigdﬁﬁgﬁtf%‘ cf“hexllﬁén over 60
ivagant ferths gBeawusdtes hedoﬂs tpa:twdeehd m@ﬁiﬂ foesnty 2@different amino acids

[ &.a3 ef ent

SRR Aol Bl BB AR EufiufnlioEimE el sy i e codoa orby
mqa thee ongrrddn, taphiepnrhande Icepwmr o cedmeubdhmbncyc é'or tegsons not

EBﬁEﬁ{e[ﬁﬂ:de&%ﬁ feﬁaﬁw o bl gét uﬂﬁ'l)m%g Fafyséﬁft inf A€ &ldBBenous DNA

enetl ¢ mater|al ‘practice reco nant

;S’if éitierine eppy dssily @dwﬁﬁere aPRSAEESP Bt fariphlp §atPJisrl/}@ﬁlla¥°Bﬁ or

|" reﬁa‘i’flznﬁgq\ﬁgl cér‘:mrg&ﬂﬁnst]ﬁ %Ertahﬁ tyﬁ&;déft Q:ellf) lpAé $He2&hnf1Ofthe amino acid
eve r essi on eas ce '

B apRring] BY fprs S e CTA e R, SIS T T, ana

(I, Iswhaastive hiadysisatf |gmmmnoad>dm'5userfqu¢m§ps fdrenisr@omanisms has

i he consttaint . o
B4 L ERUETRD PY TR iRl DR By Shoppo osivin
sedaw Whke die N A of Yeasts ﬂmd/%ma rmids PRYEeminonky éxpdudse g e Atlgucine-

‘éﬁécﬁyﬁ@@é‘&fnt Qﬁiwe%Q)ﬁlﬁs REAHS Q?ﬁ ﬂéfhﬂ’}gbéhg%tthsﬁ e Tikelihood of -
tranS| at ed sequences but w ernative codon usage

Qbtangnehigh lsxels gl exprestipn %@W«t S5 aed 69 host will
depeae td ol EMio0ilY ERGuGeY 6idodbigse. Féeasinpk, it @8ikefyiBat a gene

R T st gt B BBt N RO LB Hp g R Gkgne win

(pcdmbis be highlyeexpidssbd tiy this lsoeq (Bimidaly, hatefars coddn fooerpoassign of a

o enes and
rep aélﬁ%ggltyﬁéeﬁawﬁq %Q%)t}ﬁtolgt)rr%g lﬁélggr%ﬁﬁr :g%s hi gh
ex pr essi on The lpf@h%m@wﬁ codomprefernage peonemenaiarrombingnt DNA

he%saﬁ@ﬁﬁuﬁﬂasf Qhd t%@ gﬁﬁioﬁﬁﬁ’on may 8R40 Q)'éz‘lﬁﬂ fdhPprior failures to
F‘%F 2004/ 03737 ﬂuences gener at ed t hes cocLon '

fespeestign fgvels o WO“%%Q?B%WC%‘E“WW%%F Epid host :
orgaaisinera s 'Ipmfémeml %Ocldn&ﬂayﬂﬁ&él@ﬁteﬂlyq{iesﬁhttlﬁﬂle insamedgene and the
'il?&tcerzlll glaéth{fe v ozr%neregsl'gn mz%y tg)ﬁ g%er% gf %‘%F'ﬁ% y- TIES ﬁlengmcnon suggests

transcription
Iﬂm sxgpthictie genwy “y@:!nélave eten dysigneUtalimsiuda b pmjes@q dneﬂ@@ak's preferred

ePFHvﬁQ a%graiﬁﬁ%hﬁ b fo% entt S8t c‘ﬁQQ@ﬂ'éco‘M ¢

ent 5 C ons codi n sane a no acid
§Wﬁ%1h expressipan dhye gReApect af sy lnmtlp@sqa@dﬂ?‘é% L1 sepe We!& codon- |

R INRES fR MighTIBe:] BRIrNRE IS §&sd dead mbg&m&e ERAbsEMEht bPthis
create s etic ég segnments for HPV58 PF% .
MRETR Hé'af Fey faaﬁ "&6‘?&51%? 81 Hligratif freoph e iBg e igpe protein
hecghpdgeﬂa@d reﬁhfz)i’ the s¢mﬁamts\6h|ekpre§sttﬁl c;fbmhessﬂnqﬁa_eﬁm By yeast cells.
rovi aes a Sl gni.n

oo 10 ot uinhed iRt FFengn APl Piert Sl Yy converiea

ite seagqneheeshayo: 1by1uozieras$<1aﬂedl squenmes e véthtalteinative coflon Ysage as

:ju—

| ﬁ%ﬁbﬂ&ﬁ%&%@cﬁe (‘SE}&J Sr ?I chcg&gr ?%B”S&fch&%ﬁ;% s 8 visiae.

be ac In roce

m nor
- Byashi roY7- 6/7&(#%911019 whichps hqﬁ@vyswm@ed bm&sfrm n‘@hgxmeth%blogy
_ %Ez%?ﬁﬁftcohﬁéﬁ BE id@:ﬁlf&xﬁk abdons ith@wﬂaXﬂ;erb@&deﬁce that are not commonly

0| ynucl eoti d npr Si ng a seqguence nucl eoti d

awebiien aﬂ'élﬁﬂslnbmrﬂéﬁedpica%t &ripes 2 reglaging |ﬁe§§1 with Pli}mé"éf‘?d\?és for

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

-8-



15 fragnment or nutant form of an HPV58 LI protein, the
pol ynucl eoti de sequence conpri sing codons optim zed

wd mbs/expiession in a yeast host cell. Said nut ﬂ@’i‘mfsﬂfoﬁﬁsnn o
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of the HPV58 LI protein include, but are not Iimt

to: conservative amno acid substitutions,

am no-termnal truncations, carboxy-ter m' nal

truncations, deletions, or additions. Any such

bi,ol 0gi cal | ctive fra ment and/ or [t ant will™
JeshieProntipn B psseat i R 04 AL G sbemea. ipdverten

|oempn aDingol slian tecagﬂlt}bnrﬁitm aswirkal resHtingleggin@altes, high GC

L t for.t
R SRR 4 G2 Bl B
|Wﬂéﬁﬁbhﬁe@lﬁ@@@@fmatmﬂyeubﬁtmmmlwtheexqsﬁmdms with different
fedBGsicomal iyt amloQbfl Tns ik Qe %pﬁ Fgfﬁ%%c%riw {984 for

devel opnent . of a therapeutic or pr
VBTV exPEﬁ‘Fé“’Bcspect of this invention is a

codon- opt i NTESHetRbEdBicEbATILEveRER Gl dBo clte ‘Qﬁiﬂ&'ﬁ& genB segments

&. [

Eﬁc@g&i #g V58 LI oroteln as set forth in
U TRIUETR ® BRT° GO PR R PiEncHpHAed for gl Tovel expression.

Mlfieethe ebayk pmmedhnopnouﬁdes mnﬁﬁt’y 610511&' ethod$H6e fhilieMGhing codon-

BroP tQ.reco
Ect or gﬁgﬂ% férgggir%’o i nan atCCiigolsttls ce 008 By P¥e sﬁjﬁgéﬂ'@ﬁﬁt that
aiveflas ypesinpefficecy gineprsebenpeission h@m@mh@ & agliead by minor

ol e oGRSy GG, WS oGRBELT | Cation. 11

a preferred, embodi rrent of this_ invention, the host 30 -
cel | is a ydcrordmghsihequesent inyeption selateste ¢S ymbotiaparmcisetide

feomprizng s sdgherice of metsosdds ldﬁ&cﬂﬂ:gtahll-mm L1RRoteilBr R®Alogically active

ri.bed 0 nt ed b
RS b o TR PO EF B 2 wﬁfwrwé%e §f Seent comprsing
@@ciqna ppiimigedifos gkpressior ipa yeastthest cahid Saitt lmtanafmpmqﬁrmeamvss L1
biRs ?ﬂ’cﬁlﬁe' A arern%ghﬂﬁédﬁf) YooftdePTIROL S Q? 1 U %@tuﬁgx{sgf%d’go—temnal

into prok ar otic or eukaryotic hos

' ggnq@wwhwtemg@gwmaﬁoqse@ﬂm@m afldjionsy dhy such biologically

AeRe fisRbhiQAG/oR Frtah USRS Glthd &rdt¥in of f%obéﬁ fragment which at least

2%%0%{315 PC%/ U52004/ 037372 . Sanbr ook :
Y HEPumRIGesB bR aResiis? W"SS@I Raotsaraﬁ prg forthin

ﬂEQﬂD(N(D&b dhatypithetic pClyhetleSfddsng thdapréseiit, inhNaMen @Edde mRNA

%11) Eﬂaf th%’lé'{pg#g R@%@%@%ﬁ%@rg@?@i aar§ tcghequsei%}/in the develoPﬁnent |

4619mpmt@r0§@r®hﬁlectwmﬁWWmhe(1988) Yeast GCenetics: A

. Lab t or
| Hg gg? Ea)t; o(?f%t%gs)iczt "J\ﬁfﬁg ﬁlventﬁﬁqga E&di_laﬂgumggt#\@.l %@ dci¥molecule

("k@’é@)‘ﬁo‘iew#?@?v é*lﬂ’é‘?t@ws %&W}d@ ﬁﬁ@é@m 2, aa@fr@demeld

~ imdlechieicompAdihg £5aquencd. bﬂﬁmiebt'i&s RS §3 &dHh ih BEONDINGR 1.

relates to Process for reSS| ng an. HPV58 LI
protein in A PEEHNHTRER §‘t°' lateg jo recquiysnt \ertqg: ang gacombinant
host cabiyilodti grokary etdd anud eﬂh{lﬂfﬁtlb,swmgh Eonlidif e nficleiaadidl molecules

§i§§8%g) 0 OE'P Kg%p%‘bﬁfic%{l aIIi)B tr?edae % Wﬂteq(}%bls mvenﬂgn the host

@Qihdﬁw@hhowlbh al | ow expression of sai d HPV58 LI
prot ein. 1(%‘hy§§ntﬂé'ti@§-ﬁﬁf58 ,%%féﬁ)gq%fnwtﬁegggf cgn%lrﬁlétgcf’m}o%gﬁthe

process for expressing

. Petbedafeserihed %@tﬂ B ‘?e re(@mbman%y WfﬁSéeﬂ)bwmqlmlauelpmgg fto an

M@RdsBibn GENIR dofilaftfhpdh sulthld ﬁbﬁw@? bl SRG AP :Mﬁ?&@%oﬁl

- tein.into a eas st cell; wherein the nuclerc
iegitaory ipen. and & %?Haﬁ IipprkaTy s o GRKaYRUE fiegt cells to produce

exguigssit TPV8 Itih deyitidies 10 SichG@@hlpudifidas 4HPullg dbdcHbdd sy

.




the yeast host cell under conditions which allow
expression of said HPV58 LI protein. 15 This invention

WO os/0€1313 el ates to a process for expressing arPGIiPUSB04/037372
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.set forth in

LI protein in a reconbinant host cell, conprising:

(a) introducing a vector conprising a nucleic - acid as .
set forth in SEQID NGO 1 into a yeast host cell; and,
(b) culturlng the yeast host cell under conditions

on O I
ei aq\gél%og Fqg%l(ﬁun AL ﬁrtdat : ﬁ Ma fu!r Cde%ﬁ%gg Hax-’gaf" Laboratory
m@f@diarmroN e Yoek, 63980k Surment Ryatosels innMplsenlar Biology, Ausubel et

GPBlekis Bb. %%g&ﬁlﬁé\s% @\@f’éggm{éﬂm R-PRO¥ gk ﬁlf9§8)cl’§ﬁ¥ Genetzcs A

rotern int host cel

Siboratims Cowse Mkl Rose gt o ol SPEiog BTy hewarifg» oA Spiing

Wakthbr, NGy %ﬁ@l (199@)) Smhbli)sﬁe Q&%By aa&pbzra&ﬂsiya&fb@m i Ehitlreptirety.
sequences 0 i vel

o oDt o1 b REARDE PR BB qTG 0 PrPeres o lpesping n HPVSS L1

- @ipdaeid Ilﬂmfﬁcombh&utﬂbﬁmﬁll &:rompﬁsmil €a)Sntrodueing \aive¢texecofkiking a nucleic

Kj
PeThtiFine B OAR) bPRFRR doufRoledeh 15T cplihie e yeaotbos
pekb medee conddtinpla mhtaﬂewmrb@wn@&wd HRBE8 L1 pmptginor PGK
pronoters, 1?} LRGN inGlbah HRthbCreRRR %o PHRIDE %r%xﬁf@ééu%ean HPV58

used. A preferred transcriptional _termnator is-
.1 preipiain 8 repemkinpnt hosh Gefl comprising) @H&H@#Pcm?ew%eﬁmﬂsmg a

txﬁ;@l@ﬁ%&id%b&ﬁi’é an HEVSH mxap@fem iiRya fﬁaﬁ&oﬁt&:&lﬂ;&ﬂﬁwﬁhﬁ nucleic acid

TR SRy RV A EPURD! OBt PYSHEF R P (0 caring

pheoysastid®staall iunddr abwtitians ovhihral i ealprieiNorbd st HPVS8 L1 protein.

pol ypept i deTﬁgE% +%J :%(% §§%n&et'3% res L %r%&h%a% BBV5S L1

oth aspect ‘o '
ipnoteintin o recombimantioysgllydompsising-Ka) lpb’.?(iqcmgea vegippgomprising a nucleic

_ Ql'éﬂda@ %&q’m@( i SE@ TN pkYa ﬁ%ﬁ@tr %&%ﬂﬂ%ﬂdhﬁx) EliMSi8g e yodist host cell

:

+ nes in a yeast cel of . produci ng
BP%&?‘W@%@ s whigh savhg@Eesgpen a%%awggﬁ%\(-‘»% f?ffﬁsgf VLPs can
sel f- .35 aw&a&aﬁnmew Sdhed bf thi jilesemiin@éntmmﬁm b 3scattdédin@fan

SRR e Rt 599555 R8RS ot Bisions preression of the
i HIBE & L cprlotedn inrthenimast ¢edln The Icmetmrprfbfambla/rqoata(nﬁ d}e syristingene, with

gﬁte§?£h%sh§ﬁor?aﬁ] g@ﬁm:ls | Btk Q&L b RTR Y} ér&'é\/eﬁqiﬁ'k% jt, such as a

rrent earc apl | omavi ruses; acey
\rsesgefer, Bpd tormmisaioneacaeRs. [ BEFREIER GRbOGFETgihe pEmoter s the S.

(&%@)&e GADI %Bﬁb@ﬂ lafRdule tﬂoﬁéjéléﬁddriﬁ EheHEMnﬂN&tE’@m@afhaednmf a
pr oduced ressin

Marpgf qiiheg FEPwR HEst Bt ﬁ%@%@@ﬂ 77‘%-’} 1o PGK

ﬁ@&h&ﬁﬁ[ & cﬁlﬁerlehkdrfbtla gIﬁprbmﬁﬁﬁhﬂaiﬂal ussd.r Al ptefored (Badcaptional

1445-.56 V|

sty et Py urine 0P Mrniifii s pid AR ol cffonal

aemabdters @fiay ailamdmmsmﬂg Thi gbmbingticesf GFALT quometky zARK ! terminator is
Jﬁgglgteﬁ admnistration into an ani nal

I"rmuni z ono rabbits (Breitburd et al.
69(6): 3959T8® igveodm) firthercremides a{l&qht%anﬂ!@wéﬁedéﬁw 53 L1 -
%'cﬂ’sﬁ)e mtéomﬂﬁg a seefibnce dPAMAR R as dl BRdrin BEOEDMOL.

LPs was shown to both induce_neutrali

“anti bodi es ARG P of Bigdnvrationis ga HERSEPS- fike Phuticle (VLP)

B&dch@ﬁgaydcbmsmhﬁtfmptewﬁag thé-mws L1 dp &2 aUsPgchéiin WlyPsst cell,
ﬂ%c%ﬁ)% %?otd%l:lrﬂg E-IELQ’S Q Q/t[&’gt e¥h08 P 195e o ﬁP\%gﬁPsg NP %an self~

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

.10~



sel f -assenbl e when expressed froma single gene, they
present a safe alternative to the use of [live virus

WOI20034av38acci ne devel opnment (for review, see SREA/UB04/037372

10

15

20

25

30

35

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

- Thus, the present inventionrelates to virus-like

particles conprised of reconbinant LI protein or
reconmbinant LI + L2 proteins of HPV 58, wherein.the
éﬁgﬁg& i gQEISL Qﬂs@&%bfi‘s hﬁnﬁ?&ﬂﬁf?é&ﬁ dr bd%teﬁaXﬁ??&Rue@veHe Scﬁﬁ’ler and

ove, 1In preferred enbodi nent
Radaanin Pmtllorrwmﬁﬂ'&ews 2€uwp§e€aﬁaé¢hp’ﬂo”dlaél@wlﬁw§«% &agey, ed.
EReds, BRI Ldaas maiemwoﬁﬂatﬁﬂbﬂﬂmem(wgdyp M&pEdlodically indistinct HPV

ecte from rou cons i Ny onryces

S Cincso pe Hone St OF the T 560 1 PP P Sicins.
KILRy v rcompyseé sf 72 mtdmass oﬂmuyuar:a haystedral sumtiuse (Bakdt et al.,
C 0 i nbe. Anot her. aspect of this
h"\?’y 730665 afﬁ%ﬁlg@ggﬁ : HPV58 LI

ftionrs an VLP whi ch conprises an
prot ei n pr oddserk thgephologichdly-sopildr té aushintiPvisignd and gesneapable of

ilduéin ? high ﬁ&ése&i” n%@trﬁﬁfﬁg %ﬁi‘fd&ﬁes % oﬁ £Hn§ n@éaﬁi%ﬁ ﬁnt& bn Lxﬁﬁal

Lnventi on, codan- Og imze conpril

fmmurizatio of @P lﬁﬁj@rféw al.as Vsré% 6?@ t3ﬁ52 ﬁ% @R @M@gs (Suzich
dtal Yefocamz Read FsPEsh 92f258:Ni1553-5v@D93)PRith YLBs Wed he6n @b both -

odu0| PV5 VL_Ps ris tran formn

B e e b BT PRGE b Aee O e R e s ion
Howemr,d:temme the VHIWEB nbt contairl Be poiotiallp spcogiic viral genome and can

&0 S

St oot Rfled QorenlBR0L Fifte RS0 ol St £ R ARSe e uso of
five yirus @HEBVtVIﬂ@CWEEQ%ﬁIBPW%t(fOFWW sqgrSghidipyand Jhdespeiy, J. Clin..
iv&ol. ab:1g1g74tbooyeconbi nant  BPV58 pr ot ei n to produce
HPV58 VLPs. In a preferred enbodi nent t hj ect
of the i nvaits 6‘??11? e greeatipn pesatestp é{ﬁ%‘r %FF pyised of
mdmhmﬁmml pirateid oHFé\iEﬁblhantgﬂn;eLz Profiaai EEVBB’M&&I&MHP@

rec 1bmg r }‘oteCiH lxsg;{xlg%@%g %LF a%{j ce:ﬁnbOdI nent, the

On—optl T 28 gene conprises a 35 sequence
of nucl eot i‘detataisiboes; uf:oprtefemed; eBbditngnt NOhe invenijdn, HPVS58

prov ?%i)g&il er?g G&ngﬁZﬂQﬁ,%&S ??&cne-ﬁréﬁoﬁlﬁl\éﬁnlhb 9@&3943 $8ected from

an_|I nmune response I.n
the eEovPraRsitiBEEiSerdhgr oafwwegqquenﬁqup%@mmmh% iFlighia pastoris,
BAbVdremses Fraghib Q{lﬂﬁkfmlyces' chtﬁ' Qfd@‘c%&sa&im@mmlmk

SRS M e T

PIP&\38 i iprgeia ptHdocedthyeamdmgoptﬁmhmmﬁ ghednearefened

o L B I 5 PP i
e héagerespéouclestidesrs sprfosh sﬁQ E‘P M®:HPV58 VLPs are
produced i Rrey @sfer ad ag%&f'ﬂﬁy ﬁ&EﬂtRﬁ lé‘é &%Bc%ﬁi&ﬁmfn }ﬁ’v:ss VLPs,

vaCC|ne conpr|3|n virus-| HPartches ﬁé
eormprping: (2 raRsforauTE e P T5egveb %ntp Asmeleqidsgnegding REVS8 L

Ffb‘{éhlil bi PV 58 DE+ mcmtaﬁs (Bwuuth@fmg:maﬁaﬂsmea/y&& wWlerddonditions
e St mone rgsds?cil?té)lf ?he recomb111an¥ Bﬁl’A m{)‘leculé) tro prodruce t‘ﬁe recombinant HPV38
protem, and (c) isolating ;h_e recombinant HPV58 protein to produce HPV58 VLPs.

In a preferred embodiment of this aspect of the invention, the yeast is

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

particularly preferred embodiment, the codon-optimized HPV58 1.1 gene comprises a
sequence of nucleotides as set forth in SEQ ID NO:1.

-11-



w

at |l east one additional HPV type is selected fromthe -

group consisting of. HPV6, HPV 11, HPV16, HPV1S,
GRBOA73PV33, HPV35, HPV39, HPV45, HPV51, BPVS5BCT/US2004/637372
HPV55, HPV56, HPV59, and HPV68. 15 In a preferred '
enbodi nent of this aspect of the invention, the

vacci ne further conprises HPV16 VLPs. |In another

preferred enbodi nent of the invention, the vaccine

further co i:SE8Sy . . : .
anot herpr of aF Sl Sop W16ty Al el allenle M imfbotponse i
vaR ¥l crwprisiag adngpiseging HPYSS vimAike\napiclesppthe pnimal P a preferred
HEMbIRmeA: Rhe AU 5810V Sre eficedbY ScddBY-8pirhRed gne 0

relates to &har rrq%eutl cal_conposjtions conpri si ngn HPV .
58 virus- | i K& 3QHEr _IPed of this opention g4 wethed, el frpysRiing and/or treating
r HP &t @sociaedRBaidabeftdricomiprifiofdsinisteSiNS to LAMRAMASd M@cine comprising

VSR B8 e b 2SS A v v

adtdipradoerdlin 4fAst.t ype i s sel ected fromthe group

L

- Hpowsdes (§pPs, and HPV68. Vacci ne conpositions of the

10

15

20 -

gr esent :MqV &dd zf?ll’érdiﬁ?’e Qﬁbd&?ﬁéﬁt l@f ﬂiﬁﬁas ! % pﬁﬁ@fn?gﬂﬁ%g@/%ﬁge vaccine
i ﬁ?@%ﬁ%&gﬂ%ﬁ%?ﬁ% -og\év Os{ o oF n{%f‘%}:}%f‘}owgpﬁ': {?{}i_ p(%fsfﬁrred embodirnent, the
agtdédsi ane addidesd FPNI tgpe B iseloctedfrora @URAIp ddhsisting of: HPV6, HPV1l,

et : " 5 .
THEVEG Mo APV BL N P ey P i O e R s,

| FPYS56 B0 and HiB9%i ent  wil | depend on the _

| mrunogeni Cif y pr@fen%@ EmBSRMERSE ﬂu'zgfsg&t Bf & li%mli‘%dyj the vaccine further

general ,_an  immunol ogically or prophylactica
efraRses AP S ELDY about 10 g to 100 g, and preferably

about 20 ¢ farbhegpreferidl Bﬁ;bb(ﬁmaﬂmg gie_aﬁ%ﬁdq, e @& further
into mu ue, eous i nj ection,

i %%Péﬁ%%\??ﬁt@‘?so?&%%r essi on though the skin,

and ot her nbdes awefther picferidO HOGIRATE Ihe invention, the vaccine further

P Q9N RS ] C{‘Hﬁ?‘é

i %{A apésr It oégg_gﬁg%ﬂ@?avensb%?&%?hﬁ%_ at I %)Snv%_g_f"i very

are al so c&hisdmphtianeddso refatds 4o pllasmacciiiabenphrmisidigns ¢nmprising HPV

_ - bspEkR iKY BEALINA RSy, HRY irREntRh Qé.’lhtg%-ph%a@mtﬁﬁlaéompositions
adm nj stratjon, such_as intravenous, |1 ntranuscul a

25

30

35

r,
s HEYS8 HLEs R ViEe ghtt lesst ongaddifipral BRY; gpe- ppreferred
aethtbdBidng, tied et ReadtSona l8dTtiomal MPVCHpels BéThdlei Fréi kHeVeRBp consisting of:

(A=Ya ) B RYARVY |

AT o b ey O RO, e o v st
V¥ b2, ZFBGGsHPV 34, N9l ackliP V68 nmenti oned herein are

I ncor porate r -Dur ,
descri bi ng gﬁ%)ﬁ}fi ¢ %égﬁ%gs Jégl%ef%.ds g’fltd g‘.y“é‘ gl 812%839 ﬁ%flseefi ia}'ﬁl‘é at
tAPRIOPRRgIdpsages whiekiallow for optmaltinlghitipn pHEPYES jnfestiom with minimal
| F0(&GIa1 BRkciedNOh BB of) @6 SididisiratiBn Bleseﬁ%ﬁhraﬂﬁf#[riﬁﬁtﬁﬂ of other agents
adm ssion that 10 the invention is not entitled to
JREebeAcsirf-h di scl osure by virtue of prior.invention.

Havi ng descrhdbagount 6f Gfisatke PRBORE R ifadincdd¥8to a vaccine recipient

[ ni\{edm on th reference  to. '

will'depend on the immunogenicity of the expressed gene product. In general, an

immunologically or prophylactically effective dose of about 10 pig to 100 ug, and preferably
about 20 pg to 60 ug of VLPs is administered directly into muscle tissue. Subcutaneous

injection, intradérmal introduction, impression though the skin, and other modes of

-12-



~ the acconpanying drawings, it is to be under st ood t hat

the invention is not limted to those precise

wOoeWpweH7dent s, and that various changes and PCT/US2004/037372

10

15

20

25

30

35

ARFETPSTNC R0 43 ¢ ItiHRPt pcommIn, BOWRYFR

nodi fications may be effected therein by one skilled
in the art without departing fromthe scope or spirit
of the inventton as defined in 15 the appended

clains. The follow ng exanples illustrate, but.dQ not

| dafHirdistfali6n éd&ﬁ%@fnh%bnto A eat AMRRenbu DBl ﬁﬁmﬁzﬁtaeﬁ&hrp&ealso

Represent ative HP uence 20 The HPV 5

sf@aﬁq@ﬂ@aedh PES ﬂmn&@@mddb bePReH \gerdma {l@ﬂbmowded Parenteral
ARERS S 660, FudiCas QA drbhs, 1i1tl'anh1ﬁcm&t sUbBERRBIRY lor JHRARIEES, Of

c?g fi.nd g’]i‘?r‘]"%l;n @JP}g*’r'he ngi‘?h I at Jé%lgrok&P St flﬁ]ﬁl\lAg concurrently with

rog pulss@ishiab r_pmnﬂaﬁl/ﬁ:&o:ﬂsictmmm itle VQcpﬁle&émmnmtloﬂldAlswadvantagequs
isolated fromthree clinical sanples previously shown

to contain HPV 58 DNA. HPV 58 Li sequences were

anpl i fi ed i All auiishtjons meséone heurin asencoperaies by FéRpace for the

ﬁ%{}rué 8&@@ %gpﬁh mabafr@m@iﬂgd&aﬁesf 20 2R ot B Be used in
frthe pespent inventignnligthing herein s tobpeprsiuedgs @ pdmission that

@[ﬁ;ﬁmﬁm@&%ﬁ?@gﬁ sﬁ&EﬂdDbereﬂ:)y virlle & ﬁﬁbﬂ 1f1‘|/@don :
~ products ctr or.e n.agar o el s. and
vi sual i zed ‘g bﬁﬁp{ﬁf &ﬁg&gl%gihm%ﬂ g&e %lflﬁlétlon \Tgbraference to

kthe idcoxlngmxjmngengxxt isso be amtbrsbddd thatthe ineitiosismgt limited to those
gﬁ&?&'eﬁ%ﬂﬁﬁi&h{a 4t agl ARhg ﬁl?aq%ég%ﬁﬁ gnoﬁﬁ{ché&% g %LffecTJa%erem by

ning vecto

(qnmakllled)r@éhe art WM#BPEFUH@&Oim e seope PRIt FPéan“ch %srﬂéfmed in

| th@ipepRa¥axhdir e and pl at ed on LB agar with
ampiCillin ue/ Whi col ony

| PTG and _X-, e.
sel ecti on. %ﬂ?‘?ﬁ?ﬁ?‘%@ﬂlﬁ 1 ‘fsﬁ@@r %‘Ego ﬁﬂtc}lq“ﬁ&'ﬁ BYEREPTE o

16 hours at 37C. VWhite col oni es were cultured in LB

medi um with anpicillin. byg Rg, at 37C for 16
hours M ni preps wer e perfo o extract the 35
ptiphof a ReRespatir@ 49 @¢d JS2004/ 037372 To

deronst rat eﬁmp@ B§§§ @&ﬁleﬁ’cfe hapﬁeénke&ﬁeai iByiblMfy (Genbank
pl asm ds, restriction endonucl ease di % o i ons were -

%@obipquence variations
aﬁaﬁ&ﬁ N obtﬁlheaﬁdhi)&fhﬁh’aﬁﬁbl‘étea.nﬂo Bét&hﬁﬁdﬂﬁeﬁlééﬁﬁtﬁee HPV58 L1

QP% ?ﬁ‘i{-}e{g’\m‘g (‘]AE i C rf{0§n ﬁh?%:réhglgglﬁsa@?ofgf ﬁrgvlf)ﬁsll% 310wn to

cziontamdﬁll’v 58 DINA. PV 58 I.m rsetpxenctee vwgenanpified i Hpalyharzse oban reaction

SFEATPEG ALl Ao B BB sy 8 4l 9 a T o7

‘ ﬂ&%@%@cﬁﬁﬁé@é"dﬁﬁdffﬂe(wgﬁé’dwmf ~GAGAT

SEIUSDEPP A SRAYANG @ AenahySh ofr Ahe tﬁﬁ@ﬁ) NO: ﬂl tIﬁJ: amphﬁed

i sol ates reveal ed that no sequence was | dent.i cal

tm@l@m%klmt@@wgﬁé &n agqq%sergehzmq_ VEWZ%Im_eﬂélp)élﬁ}sbrglglde staining. .
vm: 15068 I.IlQ)ahli% weh€excBRd BREDNAlJuYifiedsild Gerd6lgAESiReKit (Q-Bio

%fsﬁvﬁgfﬁéeah%ﬁ*@ bt 't%hhhif’ R -t eagy

N@v&rogﬁﬁ)e TOIGORE. Tpli W‘EEBS!I&E}Sfohﬁedl\ﬁutBﬂﬂllgﬂi}m mtnt&mdqﬂhted on LB

114 wi?t? | nt:gﬂ{tﬂ:}lgg an% al!forsb'ftllet/\gvtﬁ copon?géllgc%oﬁc![‘ﬂesplates were

C an es ee e nt nuta
mverted and incubated for 16 hours at 37°C W]:ute colonies were cultured in LB mediom

with a.mplcﬂhn by shaking at 37°C for 16 hours. Minipreps were performed to extract the
plasmid DNA.
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mut ations resulting in amno acid changes with respect
to the Genbank BPV 58 Li sequence were |ocated at

wWoneseeBitle 372 (A->T), altering anino acid 124p¢T/082004/037372

10

15

20

25

30

35

| euci ne to phenyl al ani ne, and nucl eoti de 897 (A->G),
altering amno acid 299 fromisoleucine to 15

nmet hi oni ne. The three silent point nutations were

| ocated at nucleotides 774 (A->G, 792 (T->0), .and

999 (G >A) . TéhemeR | s tIREAH - ot

PCR- anpl i fied usi ng&@r;ﬁg%ﬁeﬁ;‘ggﬁs e a%'glg%} ﬁgf’%’i"’fd%vﬂesr%‘m"“
SPAoRMELs: S%ﬁ"éﬁ"‘&d’tﬁwﬂaﬁ@( tRa5gichas frageetBuers viswed byxagarose gel

GlodtrdpHorésisand ethididDAANA T CONA @auerting(wis geFoNEd &h plasmids

A %ﬁ\ %EIB%%@?‘%% éﬁ&ﬂfﬁfﬁz&g@&ﬁ\wt&ﬁ %ggm iﬂlgtesrﬂg order o generate a

refstents seguBCR fariaehnptimization the mickbotideshdaynslgod #8Bo@sH sequences

' I et hi.dj 1 de ‘
LALLM A ) s, Secnc
Folyyis egthe Hiregyclinipal igeipfetterented thittno stipenRCRasidaticatio tha Genbank
tsbfRnde. gﬁiegﬁlﬂzol RER2s A0k HEEWRosda8h be %@%p@esent tive.58 L1
transfor with the ligation mxture. I T'e ot onies
EFUENLCATE At Redereed do trrehapgsably herern apetie (1 bl wikd-pype sequence” or “58
M’t‘[séqﬂehdzeif' SBQ IB{NIKBI?E BIG[ﬁtillﬁ:lf Q‘lhe 3% _Lg%rs uexM_%QBﬂﬁilﬁfoivc point

. performed.to extrac e pla ) .. To rel ease =
B o3 il T A e PPt Ruiaom. T poin
maRatione taseiting gnduinvadidsagdi vjdatipeoso\wsy Genbeikl MPVBE L1 sequence

j j al, el, .
318 aepia Dl U0 S50 005028 oo
ehepyialanine, spbnycieoidmtP7(As>Phplidring dmirsi avid 299Hem isoleucine to

geapalieanTid thred @ﬂ{éngv_tlgﬁtt Betaddhs %@Réﬂ%@&tﬂl{é&&ﬁés %ﬂrﬂ&“-b(}), 792

a E.coli 30 cells were

| ﬁ%ﬁiﬂt‘%ﬁﬁg%% the ligation m xture. To screen for

the HPV 58 The 3&Islewild-type bdyience Wak BCR-hylRd atih©Neg polymerase and

' fro | onj PCR-anpljfied,
SO D TSR S S - A, Bl amcocac
Ord & & AdhAck TIhE 4 G &eF 6T GO €i-r3)(SEQIIDMNO:6psmrd 3' Bam 58 5" ~ G-
80620t e BPe PATE & P10 HPY B8 ':n}ﬁ*l%-a gﬂ@gbgb%o:%he

fromthe selected clone was prepareéed. nyces
EsPEns E-Beredicsovaiyignatisriebycignises 29 elebyonliptesis dpllowed bygthidium
Bioididegdtaifinls A T8e ANF0FEp BahARGE SfRE aMh DR AR ANELY qfsiﬁgﬁﬂe g}eneclean
El’?"}h#l;c The, yeast transformation mxture was plate )
T THECR Br ey 6 ApaiGaiseto RIdsbbAn0 EORI callsyereransformed with
thetigatiayl mixwyre aBéite osibmied were sdleGat RidAlturRgal LB hrtiRg: wind

RG] O R G T o) Rl igeth Syt e e plasmia

EQ@F Tt rglease the FEY) Hitldckeoo fromi ths vartr seqiehee (RuHIIngstriction
EHdonbtid e a%gitioﬁg wére?ellf@rﬂ{ea.) THIG égtedslg]ﬁ u'&a%lsul}y?c&?deté'ag%@ose gel

| ucose and 4% gal actose I n rotating e cu

opBotesia arbvisged by qthidigsrhrpmidestining TS Igrtond was purified using
@ TeBESé M kit BAANWRbEepNRBRIry-RE Ok AR diJisfed t%\iuo. DH50. E.coli
Yeast ,-mpr ef Fr re cgngj%phage_%een descri bed (Sharp, . ) cott
Pat Ve G %‘,’6\7\@ with s hepiionapitie. Ty propppiaude HB0 O Ldsae in the
¢qmeSamriﬂn&it§n,r]ymﬁd Dﬂm]g!¢ﬁ6-bﬂerg€£&§sTP(FR-aﬁéﬁﬁ§i7. PNA sequencing was

, ). [ n r n

%é?g%%&atgl Cé)ﬂﬁ]ﬁl‘g \Ej’\%lt}tgnrce (f?%d %Be?%lt_jlﬁn 0? &w Ifnsel\!t\g . jg sigtgl% Iclon\é\%gs selected
and named pGAL110-HPV 5811 #10. Maxiprep DNA from the selected clone was prepared.
Saccharomyces cerevisiae cells were made competent by spheroplasting with glusulase and

transformed with pGAL110-HPV 58L1 #1. The yeast transformation mixture was plated in
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I ncreased expression, the HPV 58 L1 gene was rebuilt
utilizing the preferred yeast codons. The rebuilt 58

WQROSA4TAACce, which conprises yeast-optimzed ®STAIE2004/037372

sequences, contained 404 nucleotide alterations
conpared to the 58 LI wt sequence. The resul ting
sequence is 15 referred.to herein as "58 Li R (R =
rebuild, see FIGURE 1). The translated anmi no acid

%ﬁlﬁﬁt& fmp'ia?gar%m&m% s&gito@kﬁ:‘éﬂﬁgs mﬁh&uﬂﬂ&i B8 for 3.5 days

and amno acid 2) sequences

dr 3@1Sv Gogonigs ver%?ekeéﬁaquarpdrfmﬁ@@ onéanu&) rcrslzrml pgar plates.
sr@aarem&ﬂom@a" we sieSequaRlygasadintiM &3 X L@ RES s@hitol with 1.6%

RS B Rre TP BRE P POBE S ntyee S Higascripion and

- gfrotainegpressigal. oyed t o produce the optim zed gene was to

design long overlapping sense and anti sense ol i gomers
that span the gene, substituting nucleotides with
yeast-preferred codon sequer¥ELEMi | e mai ntaining the

af@amoa&{gotﬁlg%ﬂce These oligoners vvere used in
place of tenp in a PCR reaction w

pol yner ase. Ye%b‘EﬁefeFS‘ilr %H‘doé%ﬂﬂ"F P?%F%’r‘?e‘bﬁhﬁ@r %a“\]/\k‘r and Cowe, -

' REhEHAe OSyRBayHse Coliéh BERE inf StciHaRorRBidrivisARNEASIE: 652578

48 e RebEREE s s Bt pes cefSilts by Povep 5 gprain
aéngreasydekpeespionghaiil'y 68 &irigenengns38@il otilizihgtheyptiesed yeast codons,

(ﬂ%@éﬁuﬂs Sglﬂi S%?!e Q;ﬁqgg%nﬁﬁs&%eﬁ—%ﬁ?ﬂ{zf{dgéﬁoﬁ JIBCGS) %(51 ined

nute (dena annea

491 nacleptide glferations észme%md tgihe S8lgl Woskawrnps '%be?;zseltmé sequence is

ettt et HeRBh ase"SB eNRQR %ﬂ%&@x@v@@? 'PEeQ%ﬁlBt%d %Qmo ac1d

PR BvS T AT o spletie (0 TORR: apd amins add (SEQ

ADNGO L2 skqudidves GIHEY 58 EURfarcaio®wn s FMRIRE 2.I$aid retagid seﬂﬂence
d)t&@ée%tﬁﬁ“i"?a!:sgd ﬁ%ggl I%i(éfes‘%]toﬁé 4’%&5’? a stlgn%ijca ad\l?!i%cc oYer l?he wild-type

OW ng rebu

" dor usk ievhcaing develppment (seg BRERPBEYRt vect or (I nvr t rogen,

Carl sbad, Gfye o %H( Qﬁﬁfflﬂﬁkdltb gRlthQNhe @Dn%&d(\g@ﬁé ?as"i@ G&sign long

transf or med 35 Igation mXxture oni e
VRreang g Ranse And mtisFase OeomEr Bt sPa e BIngsTPHItEIGA ﬂvd&@ldes with
W52 QRBRM 03d5n RGInbE2RRT :Qﬁﬂtaﬂl&g tm@@mlﬁas h«ﬁa §€qﬁ§hcf3 I Dhase

\EosEh e et g sE Pl A G a FER oot AR Bhtpeiperese
cAhlitipms] andpdifeatibnBaintdts veert éesipned snd edotamplifiohe rebhidt sEB@ences

r epui s re-anplified frompCR-Blunt-58 LI .R
v#otnﬁe%%gal? ‘%}F%%él\?\rygﬁg prinmers: 5 Bam 58 Rebuild 5 GGA

TCCCA CT I optimalcogditions far amptif@ationcvare Gciorcspecificomever,

q‘hd%t Qn % rgggxgrggembhng 95°C for 2 minutes (Cc:I_'.Ia_natunn followed by 35 cycles
and3' Banb8Rebui, | GGATCCTTACTT

Pfé5 53 fostoimpgtdgyatrngy Jgifplor { minute (anpealiggle Y2 (vfer 3.5 minute

' Q:@)lteﬂ%whb ffbﬂéinddﬂdywz'?@fbr e pRthemih Kitbnsfditna 4t R, PURQJroducts

pCR2. 1. |tro gg Tollg]: ceeéswgt{ﬂeltransfor q
WETh% g’f 4 Phafgs Paogt ShifePrigrate sl Maragcise 7
iand DEBIAn‘gfﬂ ipurified. t']Phe aﬂ‘phﬁedl frdgments hakd then ed 37 Emplates idassemble the
‘S, j yer e performed to extract the
&%’é?ﬁf&‘*@ﬁ%ﬁvﬁé‘fﬁﬁ 8ase the HPV 58 LI gene |
Following rebuild, the 1497 nt band was gel purified and ligated to pCR-~
Blunt vector (Invitrogen, Carlsbad, CA). Following ligation, TOP10 cells were transformed

 with the ligation mixture. Colonies were grown in LB with kanamycin and plasmid DNA
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fromthe vector sequences, BanH restriction

endonucl ease di gestions were perforned. The digested

WORMSHAF1§ubj ect ed t o agarose gel el ectrophor esPE€TAISA004/037372
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15-
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35

vi ewed by etbidium brom de staining. The LI band was
purified using the Geneclean kit and ligated to
dephosphoryl ated, Band-11-di gested pGAL110. DHSa
E.coli cells were transforned with the ligation, _

E%él EISCt%%éorﬁ&? t.‘é)go%iellg Ibﬁ/ s Pfe% t%ﬂ%lﬁ[ﬁes\/\ﬁ[gl? ?a%%a?c?ﬁﬁﬂ Vp«% sequenced

- ofoicenizan the desitetl 28 pil egbuidiichanges- Jroedd el Seigusiensdo betll ends, the 58

o Rr&eeﬁﬂéa Rl snﬁ%ﬁ'ffmmuﬂt 88§ tmlmtvhﬁ n]e%@&ﬁhg primers: 5Bam

profiles_and DNA s ected c
M@%%%%@%@ﬁ%fiw@%mmwwm%ﬁ@GAc

cell3s (sm D e &QGAGmLmllo R$Vm 1% gﬁgrcﬁ%ﬁs%@hmq BRUTTCTTGACC
I e yeast

ti?@f’g @?)%ﬁ%ﬁv\as plated in Leu(-) sorbitol

t op- agar onTheufplifieddrigirdduot wgogel-pluafietusingdhé Geneolebrekit and

erdtn?tg g&&grl (%nv?[rc%@%? %} Oé:lpc%ﬂs%)eré) H‘ers?orféﬁg§ i tg lg&ﬁn%?{% 1 plasmid.

stre

B’érte polenieswere solturedin I&Mumsvlm@lm dylias et 37°Gderd$ hours.
| imp@hs Wére Eeﬂ‘brhﬁﬂ ts IxtraeQhe PlasrSi@TINA Ofro YiidaBe the 85V 58 1.1 gene

gl ucose and 4% gal actose in rotati nq tube cul tures at
Jmem the vestgy saguerces, Gagkl Eqsqnﬁflpzb?pdgﬁ ?ﬁs%@@psﬁmns were performed. The

| ed&@és&ﬁ&l)wﬂ wabkiitgEcteddS afibie Fel fﬂe&.ﬂd)bh(btéﬁs @l vigteed by ethidium bromide

ui val 0._a
R e . Bl s e o 107 BB e e B A pogphoryced
\Aﬁareiﬂ—dlg@zedrp%cﬂ 16t BEBSd &talpc‘éﬂmeﬁmrdﬁfnﬁnﬂl WIRNAe ligation mixture.
reparatio n W
g el Ios i nduce Fgmg%%oelg@gl—ﬁ{/é %&f}éﬁ %? %fglg\;HP@ I‘-\§ 161 insertin the
g%ﬂr@é& Gisatatipg Maxipep REAeWasHESeERdo Pefiecace dupiepigden wwe confirmed -
Eihctgfn d-fﬁést?ﬁloﬁfﬁ &QﬁDNA s eﬁn@in-gr e?‘ﬁé‘@li&ﬂ:’d%&me @ab 8fined
| room f enperature_ for
f’?’rﬂf’v\cﬁgﬁfﬁg bractiaoteet S et FOTpgTe by
| :tphmﬁlaith@muﬂ nasEtmed GOth@EATY! 10.HPW SSISIRCAITd The geastiransformation
w%s pr}]q naLeugP] orbl,rtéi m-zttiarnpxg’{g%g s&rbggf arggr ngatggﬁn?%%@ééeﬁ Enverted_

 pfeadd dm‘satéofcli e@oleniesawcte pickebdngrstreaket] dorzclonalisolaon onglen(-)

néorlh&@ Z%aﬁ) g%'ﬂa@l 180Bted cgg)gacme?e%ﬁéegﬂgﬁlé%mwn in 5ml of 5 X Leu(-) Ade(-) |

CT/ US 037372 and 1 ncubat room
t %\ﬁ‘ﬁ&l Hithrl&5% siucass 2nd fhrealsctosinpetpiing wbhelinges at 30°C to induce L1

C@iﬂséﬂiﬂtiéﬂ ahd ﬁl‘ételﬂ\@@rdﬂﬁbﬁ OA B 8Houds3 a kulfuPEBolfu@é edifivalent to an

BT 0 TR STt S D S B s e

Sﬁﬂ&mﬂﬂi statedwas0tUecant ed and the RNA pellet all owed
to air dry for 15 mnutes followed by suspension in

RNase-free water. 5 Spectrophotonetry was perforned to

determ ned the concentrati GXAVPERA in the sanple
'E%Ig%%t%ﬁsunptl on that an A260 reading of -1 = 40

g n the A260/280 is 1.7- 2.0. EXAMPLE 4

Nor t her n Bl &tellmabatyef teanafomnerpeas) splbsiadycet Fm@W@WHBng@ILI or HPY

WL RYy galabitbe RBELELE Weld thAALN M Be, ‘%ﬁspended in 0.8 mi of Trizol reagent
. (Life Technologies, Gibco BRL) and incubated at room temperature for 5 minutes. One fifth

~ volume of chloroform was added to the vial. It was then shaken vigorously for 15 seconds to

‘mix and incubated at room temperature for 3 minutes. After a 5 minute centrifugation at 13 k

rpms, the upper phase was collected and transferred to 2 new vial. 0.4 ml isopropanocl was
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RNA were conbined with denaturing buffer (final
concentrations: 6% fornmal dehyde, 50% fornmam de and

W®2W504MPS) and heated to 65C for 10 m nut es. PET/US2004/037372

10
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25

30

one-tenth volune of gel |oading buffer was added and
the sanpl e | oaded onto the gel. Electrophoresis was
perfornmed 15 at 75 volts in 1 x MOPS buffer for - 3
hours. The gel was washed for 60 minutes in 10.x_. SSC.

egj.ieg D0 RRdd R0 e&&g&a@&f@r g&a@gms R*@ B epﬁegﬁ;}%@dmgaﬁm

LT ehee I'sca
ICE pmﬁorm@é at 156k ipog ey 10minges TQS@PEWRM 4@9@1@5 the RNA pellet

gaél‘fé& With FFSI%V\];‘% 20 IRERI306h BYeafdd0 e bipeithiask \%%'de&nﬁeh @nd the

t T at agene at al | nker auto 20 crosslink fun

R4 aelieh aliravedtoaiy iy fer 15apputentollgped by qugpnsiph o y'a\sa e water.
&‘ﬁfo@ﬁ&o ahd $E¥BEed!td dd@bimithdythe dohcenRasdieof RING. f thdsample

Gt RS b A0 R A i B Ao s 17

L?J.O.\Nt and 58 LI R DNA sequences wth D Gto be used
as a probe cocktail to. detect 58 LI w and 58 LI R
transcripts on the 25 Northern blot. The
pre-hybridization, hybri diEB%AMBREAnd i mmunol ogi cal
JEVELQRBM ndiiisnd  an anti- DI G al kal i ne phosphat ase

.le

conjugated antI body were perfor rIed per the . P
manuf actureﬁls’-%mﬁflﬁ*&ﬂ% Bras E35f-yE1ve 3 1H) TBICTQREENS ©
e Rk dodtibard wath d&?aﬁufn@ fouFer (ﬁmll’wiiceﬁtraﬂohh 6gefotthadehyde, 50%

L T

: domkﬁ@dffemss aidetbahdite: sapnpleHydsied dintz ghei goh @mtmphqswss@as performed
4095 308! ih §9. Ni8PS Berd RS PG Ofnehol WM Waskila rBs0ihinWel I 10 x
ak I'ng. yb

gen ridization solution was then
rﬁﬁﬁaved and the bl ot -washed 2 x for 5 minutes |n 2 X

SSC wi t h 0. 14 1508 wad trak BRI (@ TPHHAHILN-Layl S ioRsk (Bynefvham

ek s W B Gral a?wgcs"'?ﬁ%?ﬁv@fgq%ﬂﬂdx e Thg VA was

ahdeatiztet @o mla@@roh afcatheme by plogalikihg whgitkeiytagars (&Y Shratalinker auto-

ek et S e P T 6 i BEaR A iy v toved:

presdnce of probe-bound RNA was deterni ned by NBT/BCIP

su bSt rate d?ﬁ@ﬁ&dh@ pI@ Eﬁéﬂl@m@b&ﬁl 1.288iR1a8 Ph@t@neKit I (Hoffmann-
con ated anti -DlI G bound antl L Ni tlﬂ%ﬂ{ miﬁ\'{\é :
§{~tde>&ﬁ5@s§‘i"1#§ﬂ§§) Pps yied B%g{; 58t gequences
fw&mblcpﬂﬂie ‘HEaVas%rwe chertdit \}OQB@EtI’EStHI&gSa@ﬂ 5PLI Rrramsdipts on the
t s a e expr ess
T aaS diep e DRB ORI IGR JagBpltht wing
mh&hﬁmlechlmde phcsﬁqt@mmgaféﬂ entitedy wete G orinied $1el:flb€ nce
mlu?acg)rgreser{ag e%damn% ﬁﬁg ﬂi%%'l& lvf?‘js q*}ﬁﬁ at 37°C for 30

aNnNscCr i t lon term na tes
tmn@s: mxtpigﬁmh shalfiieg: tThe mmbb Icg@h@h\aas;ﬂgmiureql by mtl%to 957C for 5

b tﬁlﬁﬁaﬁfgﬁl}rﬁg«z tﬂéﬁéﬂ%%&%ﬁﬁ%@d&@% $heMybridization solution
fu transcripts were generated  conp Eig %E‘d i
tqiilé ap@lsqsn tp thegpempbrang fomsichours afd.61€} wytrgentds shaking ?\}tfﬂ{ gation
solution was then removed and the blot washed 2 x for 5 minutes in 2 x SSC with 0.1% SDS'
at room temperature, followed by an additional wash at 65°C with 0.5 x SSC and 0.1% SDS.
The blot was then blocked for 30 minutes and anti-DIG alkaline phosphatase 'conj ugated

~ antibody was applied at a 1:5000 dilution for 30 minutes. The blot was washed and the
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HPV 58 LI Protein Expression Frozen yeast cell pellets

. of gal actose-induced cultures equivalent to an 0OD600=

| Woroguestsisty of cells, were thawed on ice and swEmasden/037372

10

15

- 20

in 300 gl of PC buffer (100 15 nM Na2BPO4 and 0.5 M
NaCl, pH 7.0) wth 2mM PVSF. Aci d-washed 0. 5mm.gl ass
beads were added at a concentration of --.0.5g/tube.

The tubes were vortexed for 3 cycles of 5 mnutes at

435r¢lﬂeﬁd& oﬁpﬂaﬁﬂbmtlt@m& G}@%detgrﬁnéd B}/fN @l? %di]f élﬂ)@@k?@S Q&e&’%ﬁ of the
a a vortex .ste s repeated for m nut es
ﬂf%n lia ePmhspisd ﬁ?tég’éé%&’flq"é’@ bedsr 15 mi nut es,
foI | owed by Iumalann]ymgafya;nt e‘xpfess’iﬁgmlnyivg%zggéste@%f at'Eii&e was
r red to a st m cro
¢ CRERR S L ANSLEN Elnloin b rpsfib et e of
P ssimaighitbe TEGasedHk MvRE et od \eatrebuilt Bith tycaihptefated codon

TQb@lendt8 2%he bR 98 ﬂl & eﬂget wis'ed gb&%‘%{%%ﬂf&g %BFS%]X ﬁx%ﬁltature

col onies for each con Wer e

WEPRFIRtIQ) tgFmipation é&ﬁ?ﬁ tp ﬁv%lfqoﬁoe@% {TeRFCHPtiong l\Lorthpmdftlfetu analysm of the 58 .
afl1eR traigadim @év@ﬁ&l ﬂhﬁﬁﬂ@xﬁé.s@&‘ ama_ﬁﬁs of ﬂ]ﬂ-@en?ﬂquaﬂ\éh ere generated

7 B5reRel b A ot g i GUODRE] Cof ot o were

conbi ned with SDS— PAGE | oadi ng buffer and heated to

95C for 10 m nutes. The 16}517&,19[? which is -

appr oxi rrately 55 kD, was 307Inc uggd as a positive
o8 L1 Riots PrashopPV LI -free total yeast proteln

extract as %ﬁﬁg@iﬂ&ﬁﬁﬁ&% a(;/e(cgﬁé Ja*f&tmn
0

to
o Rt It Fls? B v bty erte ﬁ?sé’%@gﬂ i
S g@ﬁMEHBm and(BS M IS3El pH ’ma meth\absN ®MBR. riasid (vashied 0. 5bin glass beads

‘ | I | ocke
e S BB b DSRS0 55, VB BLOEESS 10

Labmrt@tabmc‘emth &mmm b d].5 MDY 206 TrltohXILO0 xﬂ:is adaadand the vortex

*zggﬁ%aﬁ%e el PO AP B 505 NS beleend i ick T 5 iy,

Fllewad by Cealéﬂfrl%ﬁn fariPariavigs e 4°Gr Thesupemats wes thnsferetto a sterile

ahﬁ&bﬂ &ltu8belean ford! -
Vs ptiv el o i b T L s i o

bl ot was then washed three times and i ncubated with a

.1: 2500 dilution of anti- go@ExAMPLEGON] ugat ed anti body

: fgfl % @”E!ll;uf SI]%I ot was again washed three tinmes and
- ion substrate:applied (Kirkegaard and

25

30

35

Perry Labor dott yeast)prothimeatrast émot twesty frobite yeast colnis for each 58
gﬁi @lgﬂsﬁ*gct%;@iﬁﬁﬂkeﬁdgﬂwg%e Rde I@@C%\Iﬁgu B%}%?S%lon or 38§31 prote.m after

protein was as a
i steeduddetioRe  band on the nitrocel | ul ose

corres p ondi mgp, tf@e BRPRRANARE ¥ ARcrbitalaEbi é‘z;)st r&'aﬁ extract of
I nt ensi gL dS%BJI: R bands appeared to »
t 1RIFS¢ "eé b v apd 2514 R igglates werg @%bm%ﬂgwlilesp M}%@admg buffer

Séhd Heatest m%ﬁ@ f@nOwasutas hl‘lﬁ\/l@I,l@toﬁéﬁlaﬁhmH d@Proximately 55 kD, was

. oﬁuuﬁ&lzaa posmve c%%éwal'l%ng with HPV L1-free total yeast protem extract as a

negative control (data not shown).

The proteins were loaded onto a 10% SDS-PAGE gel and electrophoresed in
Tris-Glycine buffer. After protein separation, the proteins were Western transferred from the
gel to nitrocellulose and the blot was blocked in 1 x diluent buffer (Kirkegaard and Perry
Laboratories, Gaithersburg, MD) for 1 hour at room temperéture with rocking. The blot was
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ELI SA Assay To denonstrate 58 LI VLP expression, a
portion of 58 LI w and 58 LI R 15 total yeast

'quoommlsext ract -was anal yzed by ELI SA. The yeBE€T/USHI0N/B37372
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35

expressing HPV 58 LI and HPV 58 LI R were grown by a

~variety of methods, including rotating tube cultures,

shake flasks, and fernenters. The yeast cells were
| ysed and protein extracts were made to determ ne the

apaRbH thRk titlEVanalnddbatdl Ef&?oénitéﬁpcpﬁlgr 9 18%0 X%v? 508t %lﬁorbed goat

pou%\%g%‘pgr m crogram o tern.
EofER b grrwe. W’@cla éﬁmethréh HPV 168nd HPV|38 L1 proteins. The

lq@ames ﬂieﬁ Iﬁrasl%@ tHPeOtRbd brP ifibattd B w&g@dli:glmg of :thoogtsl-lRP

nocl on t was used I nt act
m?“%%e B%‘Qf ‘J%Pg% é‘%t‘”aﬁ) REpfILY rhedtres times aypd/NBT/BCIP
slP@Gmcf“' Sﬂbﬂtﬂ@’ appidaigHiirkegaitnd lﬁa’gy ﬁ&ghltoﬂéthf’ Immunoreactive proteins

| unpboun rotel ns were
SRE 8 &%%agpﬁhﬁ%ﬁfé%&imﬁﬁ (174) . another HPV 58 LI
VLP conf or Aael e#sas, thefdli)f proteimiins deteetedusd dlﬁiilcaﬁmﬁhnoreachve 5
GRAES ho
i B prre g SO e b3 DY ERATR B g ity

Phie 2«12‘? bagds appeared i heerqagaoshsn HRPsegw fijr 3§ Al ot , avgeedtingy

anproVddB 8 [SdnpietsddEwasRBRVd 53lchd codoh opRBiHS&H tO coat
the bottom of Immulon 4 HBX 96 well plates overnight

at 4C. The plates were washed three times with PBS and
0.05% Tween 20, fol |l owed BANPLERI ng Wi th bl ocki ng

- $pkdR hey, (PBS + 0.05% Tween 20 + 1% BSA). The 30

pl at'es vve: re washed three tines and antigens (total

'yeast cel | Toyemersiratgi I8+ 1LY expodssiokiampgrtionof 68 Lowt tamd 58 L1 R

fotal Jedt prblein HBHQ vl BhdpAd ?)? FF% Aréie%%gpéd %&B_rgssm\%—rpv 5811

g t andar ds _of
R E 8 1 R S0F v i piatiet o ethods bding rofating uliscubures,
shgkeflaskg taad ferianst. Phojabitellshige [y@édee[nﬁ Receif Brdc@Stere made to

: §c§ r%sth 6:{111{ r}ﬁ[—'ﬁ’ gg g.f]}l irx%‘gicﬁ, ut e gs];) g)lfcgllugeod\l\]?eﬁ gl?cgggram of
: @f&l, B%%ena nd& F@@WIMISQW delsigmped ﬁﬁdmstfa&t Py sand \H]Ieexprcssmn

g AR S SRR R TS s

BHasERS b V5B foepdin thedeasippteiagxtrestse 4T spevifidally orcogmizes an

. HBUIS8 il VIgOSontRmResmal épidpe. TR uRb&n8 Proteey @ermg}%g gway and

BT Ol e b DA el Rcomyor-he . wppet

- derction imdibodyatTreq confosmpiendlyotrect, [I8EL IV ER SFerdBh E1d a8 BSektion

ﬁﬁ?ﬁ%{% R R R T

4 ‘EtTaEFody conpl exes. The detection reaction was stopped

~with the agdbiscon, 8 \n%%se'ilqog‘%t thglbgltto%%oflﬁ:m ey g@%?ﬁ well

I\A]ﬁ_ m wavel engt i and the concentration
ud o‘waégha gt heplatsy we@rwﬁahqutbnqc timey weh PBS and&f05% Tween 20,

fsll@ll‘ﬂaiydﬁockiﬁg ﬂigth\ﬂkﬁkfngj sbﬁubﬂﬁs P5.08% Treed 23T %) The

ri son of the anmpunt of VLPs detecte
Pﬁ"’f e %Wa&ﬁn? @‘Eﬁ W?Srﬂaﬁﬁ%g&g% (il sieast sqlysatqoydilnied jin bm%ng
selution @AY F18; /i) WRexb bpplietlvOrcRepa aipﬁcaw I@éf&%ﬁée%ﬁérds &I Mrified

}ﬁgv 54 LY@szﬁrQ{e%ﬁﬁic%Q%l{oe%%} coltllm%% %eﬁ& g ZD%ng/mI m ijz 5 ué/ml total

east-co
yeast protein. The reference and test samples were then serially diluted two-fold down each

column. After three hours at room temperature, the excess antigen was removed by

aspiration and the plates were washed 3 times. F4 conformational specific mAb was diluted
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EXAMPLE 8 Transm ssion El ectron M croscopy 15 To
demonstrate that the 58 LI protein was in fact

WoaNgs/M3¥ENDl ing to form pentaneric-LlI capsonmePET/US2004/037372
“which in turn self-assenble into virus-like particles,

a partially purified 58 LI R protein extract was
subjected to transm ssion electron m croscopy (EM.
Yeast were grown under small scale fernentation and

R bioslhﬁéjsolﬁmﬁ anf ieh E@&c@@c#? r%nx\g&ﬁ' artli etg%s atu:et The plates

purlflcatlontre nents ["ari
G Weshed thes timegandanandi-gioesd Ig52h HRRPraeniagatd a(nbbody was diluted in

dastRing kdilﬂl!i@h dnld aB EHdef‘I BHR a6 W ngeilureC TRE gigfég were washed and

HEPQ r gﬁbon ﬁgocedure Clarifl Y
g@f% g&’?@% H g veag ApRtier dgyat i eéverietecaHRP
4:5ﬂaaamﬂramaao@mh1pmesa I‘[Ehetdbecﬁcﬁ&bﬁdlbﬂ Fapabpll vAMIREAHRMn of 2M

b SOYf Phikes ke éQ@&tyﬁbgfﬁw%veieE%El%{iﬂ t&é Vﬁ%e@%oﬁ of HPV. 58 L1 VLP

representative | nage uce
316 dptetinpined| kpldREpar2®n 6o thEhderﬁn@me:{rds)fn ﬁgﬂBhk@Wom p:lotem

particles IifRGHRES &b 5@@ 5&9@%0&& SPYE s ée?ec?e%lpgfof total

nm with sone partic ar- arra

ayl ng a regu
- DERLER fremyeast oxpregeing GBY/ @&h%wsaméf& D@B/@@mmseme

EfpefinbhyEBPYSS 111 VEP Bt Riof 18615 Gtk &L @fcﬁ@m E@:is'p-god%n

e ue e of nucl eotides that encodes an EPV5
%t
Yas set forth in SEQ ID NO 2, the nuclelc acid

‘sequence being 5 codon-optim zed for high-1Ievel

expression in a yeast ceII ﬁggector conprising the
nucl ei c aC|d nmol ecul e of a|n1 3. A host cell
SIS i Miorosgepyp f cIa|n12 10 4. The host cel

of claim 3 ’To‘ﬁeﬁlbﬁélﬁtetthﬁ tﬁkoﬁithﬁJo i \§asqn ¥a%@§élf :f;s%rbblm§ to form

The host. cell of claim4, wherein't
Denianperisd-rGapspmerts Which dm Birg sk %gqnn%mm vmlsd’éce paitioless @aartially

%ﬂiﬁedlss LaR le&:CilS@ﬂﬁt:taw&(khbjHaé@tbaranfrh&ﬁél)@elf@f%h%br%scop} EEM).
uyveronyges fragilis ces |lactis
Schi zosacc ﬁfgr BT BB‘#‘B é‘%algsca Hermwpiaion and Peﬁ'fmf‘:l Them

- Bsul{ihgpadicts Wdfesdbgrstcd¢®blhnﬂcaumtim’nw1 I‘Béll&&nd clanﬁed yeast extracts
. %@[e%ﬁﬁl?ieﬂ %y \mgblot-w et %}%JISE algo(_t) dm g?’ggg%%’ﬁ%? éegmgu mrough

, wherein uence nuc
%a%ﬁf@é% Pmﬁw@ree 4rified yeast @@nacts metelihq:IrSUBEQeﬂ B d@sifdgation over

. BA5%B-NEEdQasEGTRIAI (B t
- BB GG B! RSulinep M Sladih Suflld B oy

5 i'sing the vect
PRSPPSO EMS Vi rus- 1 ke partlcles ( VLPs) conprlsed of

r econbi nang rh.fnegumhea: Tindge of the 6PN IRANPs Prdduted & shown in FIGURE

B o R A0 1 (SO e BT o i

semggperticles displaying a regular array of capsomers,

~20-
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30 11. The VLPs of claim 10, wherein the reconbi nant

LI. protein or reconbinant LI + L2 proteins are -

EWEHMAIHy a codon-optini zed HPV58 LI nucl ei c PGE[U§2004/037372

nol ecule. -21 12. The VLPs of claim 11, wherein the

codon-optim zed nucleic acid nolecule conprises a

sequence of nucleotides as set forth in SEQ ID NO 1.

13. A nmethod of producing the VLPs of Claiml1l, . _

CGVHRMISIIAMER) ISt r ansform ng yeast with a-

codon-optim zed DNA nol ecul e encodi ng HPV58 LI _

protein or HPV58- LI + L2 proteins; (b) cultivating

t he transfdrned Aeadéic acideiolezoldoinptiviee 4 fegtienpe bimucleotides that
' h 0 - kI I e .

SARIGEE B! AP B BEAORS RRb AT B R Bl Sl fhoquego being

icogenaentingzed fier higlhelovd) exprassiqndpi yéashaelli r us protein to

produce the VLPs of Claim1l. 14. A vaccine

conprising the VLPs of Claim11. 15. Pharnmaceuti cal

conposi ti orfs conMFLergupHenghpgudeic agid mplepyle of ¢lgim L5

~of the vaccine of daim14 in the preparation of a

15 .

medi canment _ for eventing BPV infecti n a mammal .
17. Use of Yhe \ﬁﬁgstgal@ngqqﬂngﬂl\e\; m‘fﬂfgcq?'}f”gpar ation of
‘a nmedi canent for . inducing an i nmune response in an
animal . 18., The Mi.rUS- |1 [ ; M

wher ei n the4'yeas eih§§tség}1légflg%{é’f“ﬁgquﬁﬁ}tﬁéhgf géuﬂgl]sjdjyeaswen'
consi sting of Saccharomyces cerevisiae, Hansenul a

pol ynor pha,s_Pi chijR noR@sh OF Ligim Alwhées! MEYEREIN38itd-Rd from the
Kl %Ver orr,yceg lactis, and Schi zosacchartgyrr’%qﬁs ponbe. .
FEPUPFRRSISHNG Ok Seg OBAFSi eTRE a8 Hanseiuig nagy i Efdpangstoris,
VE@SbronyceSFagiiar KImhe asmeey lavtisSindeSchizékacchafomyagson®e. Of
claim 14, further conprising VLPs of at |east one

addi tional HPV type. 21. The vaccine of claim 20 :

wherei n theé.at |'BedwstonB ofiddint 3, ovkateintil/hosy pdl isiSgecharomyces
i;ed fromthe group consisting of. HPV6, HPV 11,

HP\? 16,” HPV 18, HPV31l, HPV33, HPV35, BPV39, HPV45,

20 .

25

30

HPV51, HPV52, HPV55, HPV56, HPV59, and HPVE8. 22 WO
2005/ 04731%, PCT/14820011cQ3i83dcdecuor cIhiif 1 VaEEdiR theQbquence of

e L T
conprising HPV 18 VLPs." _

. & A vector comprising the nﬁcleic acid molecule of claim 7.

9. A host cell comprising the vector of claim 8.

10. Virus-like particles (VLPs) comprised of recombinant L1 protein or
recombinant L1 + L2 proteins of HPV58, wherein the recombinant L1 protein or the
recombinant L1 + L2 proteins are produced in yeast. - |

11.  The VLPs of claim 10, wherein the recombinant L1 protein or

recombinant 1.1 + L2 proteins are encoded by a codon-optimized HPV58 L1 nucleic acid

molectle.

-21-




24. The vaccine of claim 23, further conprising HPV6
VLPs and HPV11l VLPs. 10 25. The vacci ne of claim 24,
further conprising HPV31 VLPs. 26. The vacci ne of
claim 23, further conprising HPV31 VLPs. 27. The
vacci ne of claim25, further conprising HPV45 VLPs.
.15 28. Th vathé iBPsoff claimai hhw6seinfthe ¢dden-opoumpad mitlaig acid
Moot esaéﬁi) enthehBAbREYs B0 SELIB NEY 8 L1
ypep e conprising a seque m no aci ds as
set forth in SEQ 1D NGO 2. 20 23 V\D 2005/ 047315
PCT/ US20044 0373 hncBBEHENCR lehSTLINGred b1 1 ohiphisif
Inc. <120> OPT ZED PRES HPV 58 11 EAST
e <130> 21561 6)’@1@”1@18100@113@@2@@&?01021%
<160> 10 <170> Fast&Eﬁ&ﬁ OHP VDD W eMedy $1PO138 4.1 0 L232dt6iRs;

1 <211> 1497 12> DNA.<213> tifjcial Sequence
<220> <223> HP@§8 L?“-R#l\ilf%“% 6@“’%\%" &4%‘:88%?%‘”8‘@@35’8%‘5%
cgaagct accgt ct act t gesnpd exagsibe of thgt@kbo-opagiz6IDNA molecule to
tcgtctcca ctgacga act.acgc
Dagttcctor 120 agal Carraeeararry BRalSR At kil
t ccat caagt ct c@haac’ﬁ‘daté‘@é@a@}gﬁ’gﬂam’&wplﬂgﬂﬂlﬂ@ @taten to produce
caaaggtctc tggtttgcaavtpsaaaghct; t cagagtcag attgccagac
240 ccaaacaagttcggtttcccagacacttcc ttctacaacc
cagacactca aagattggtc 300 tgggcttgtg tcggtttgga
aat cggt aght. ggt & aartatohfiiigieghd YOPs FiCidiatiggt 360
cacccatact tcaacaagtt cgacgacaccgaaacctcca acagataccc
agctcaacca 420

15. Pharmaceutical compositions comprising the VLPs of claim 11.

16. Use of the vaccine of Claim 14 in the preparation of a medicament

for preventing HPV infection in a mammal.

17. Use of the VLPs of Claim 11 in the preparation of a medicament for

inducing an immune response in an animal.

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

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

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

Saccharomyces cerevisiae.

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

21, The vaccine of claim 20 wherein the at least one additional HPV type
is selected from the group consisting of: HPV6, HPV11, HPV16, HPV18, HPV31, HPV33,
HPV35, HPV39, HPV45, HPVS1, HPVS2, HPV55, HPV56, HPV59, and HPV6S.
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.ggttctgaca acagagaatg tttgtccatg gactacaagc aaacccaat t

gtgtttgatc 480 ggttgtaagc caccaactgg

WO 0461y g. ggt aagggt g ttgctt gt aa caacaacgct 514@1“/[182004/037372 '

10

15

20

gctgctaccg actgtccacc attggaattg ttcaactcca tcatcgaaga
cggtgacatg 600 gtcgacactg gtttcggttg

tat ggacttcggtaccttgc aagctaacaa gtccgacgtt 660-
ccaatcgaca tctgtaactc cacctgtaagtacccagact acttgaagat
ggcttctgaa 720 ccatacggtgactccttgtt )

cttcttcttgagaagagaac aaat gttcgt cagacactt.c 780.

t t caacagag 24 ggt Hegrecinggi clyin btwhetain tha gbletst enetHif Heat
Q@ﬁ?gggt_pvlgﬂo- ggt aacaccg ctgtcatcca atcctctgct
ttcttcccaa ctccatctgg ttccatggtc 900 acctctgaat
ctcaattgttcaacaagcca tactggttgc aaagagctca aggtcacaac
960 - aacggtamt ct THehvaggagt dalaiic A2 tftugicr comgprishptHRCIG VI.Ps.
t cgacaccac tagatccact 1020 aacatgacct tgtgtaccga

agt caccaag gaaggtacct acaagaacga caacttcaag 1080

gaat acgt ca ZfacacBeogeigradchig 23, farthee semprisipgt RV Clakstand
§Efaag3c 1140 accttgactg ctgaaatcat gacctacatc
cacaccat gg actctaacat cttggaagac 1200 tggcaattcg

gtttgactcc. accaccatctgcttccttge aagacaccta cagattcgtc

1260 acct cfscaadrietvatdanCet chih Q@&ﬁﬂﬁs@ﬁ&mﬁﬁwmm

.'aggaaaagga agacccattg 1320 aacaagtaca
ccttctgggaagt caacttg aaggaaaagt tctctgctga cttggaccaa

1380 ttccaatt gdligtvagasadtlain 23,Judlige aemprsiugdiR M3 & LPs.
aggct aagcc aagattgaag 1440 agatctgctc caaccactag
agctccatcc accaagagaa agaaggtcaa gaagtaa 1497 <210> 2
<211> 498 23212>TheRgccurid slapp A& ftiep Formprining HIMAS VIS
58 <400> 2 Met Ser Val Trp Arg Pro Ser Gu Ala Thr

- Val Tyr Leu Pro Pro Val 5.10 15  Pro Val VaI
Val Ser Thr28asp ‘erasep - g a§]ﬁa&1 rwp@grgi%"é G

1/5 WO 2005/ 047315 PCT/ us2004/ 037372 lie Tyr Tyr Tyr

Ala Ay Ser,,Ser e :
R OV S Rob e e oo
Vaiuemawfminolamds abt ﬁﬁheﬂ)SlﬁQiD‘D@ 2Ser Gy Leu Gn Tyr
Arg Val Phe Arg Val Arg Leu Pro Asp 65 70 75 80 Pro
Asn Lys Phe Gy Phe Pro Asp Thr -Ser Phe Tyr Asn Pro.

Asp Thr :

-23.-




85 90 95° G n Arg Leu Val Trp Ala Cys Val Gy Leu GQu
1le dy Arg Gy An 100 105 110 Pro Leu Ay Val Ay
WO00Bu7318l y His Pro Tyr Phe Asn Lys Phe Asp Iod/d$d04/037372

125 Asp Thr @ u Thr Ser Asn Arg Tyr Pro Ala @n Pro

Gy Ser Asp Asn 130 135 140 Arg Gu Cys Leu Ser Net

Asp Tyr

Lys A n Thr

AGn Leu Cys Leu lle .
160 Ay Cys Lys Pro Pro Thr Ay Gu H's Trp Gy_Lys
Gy val Ala Cys 165 170 175 Asn Asn Asn Ala Ala Al a
Thr Asp Cys Pro Pro Leu gghuricgurf¥wandsn
Ser Ile Ile Qu.Asp Ay Asp Mt Val

Asp Thr

145 150

180 185 190

dy Phe

155

<110>peredy & (Bt P95 200. 205 Asp Phe Gy ThrLeu G n Al a

<120>ABBrhWZESCEx RSB N oF iyl L€ ASP, !l e 210 215 220 Cys

vEsgnSer Thr Cys Lys Tyr Pro Asp Tyr Leu Lys Met Ala Ser

du
<130>pp 156!

225 230 235 240 Pro Tyr
ei“Arg Arg Gn G n Met Phe. 245 250 255 Val Arg

<150>Hes/8e 2Phe Asn Arg Ala Ay Lys Leu Ay G n A a Val

dy

Asp Ser

Leu Phe Phe

<151>Pp003-2801265 270 Asp Aspleu Tyr Ile Lys Ay Ser@y Asn

Thr
<160>Pﬁé

Al a Val
Pro Thr

lle An Ser '-..
Pro Ser Ay Ser

Thr

Ser

G n Ser

275 280 285 Ser. Al a Phe
Met Val

<170>. PO RB5£SPUin&iz kOMRRE Asn Lys Pro Tyr Trp Leu Gn
Arg Ala @ n Gy H s Asn '

<210>|
<211
<212>3

o

305 310 315

. 320 Asn Qdy
sTrp Gy Asn G n Leu Phe Val Thr Val Val Asp. Thr
330 335 Thr Arg Ser Thr Asn Met Thr Leu Cys Thr

<213>Gurciakbidhrselyendad u Ay 340 345..350 Thr Tyr Lys Asn

Asp .AsnPhe Lys G n Tyr Val ‘Arg His Val Gu Qu
1-gYr ‘Asp Leu G n Phe Val

<220>

3 6
223
=57 e#h? ‘Lau Thr Al as.

<400> 1

atgtccgtct'

gtegtceteca

agattgttgg

gtettgatte
ccaaacaagt
tgggcttgtyg
cacccatact
ggttetgaca
ggttgtaage
gctgetaceg
gtcgacactyg
ccaatcgaca

ccatacggig.

ttcaacagag

" ggtaacaccag
- acctctgaat
. aacggtatct

aacatgacct
gaatacgtea
accttgactg
tggcaattcg
acctctcaag
aacaagtaca
ttcceattgg
agatctgctc

<210> 2

<211> 498
<212> PRT
<213>

<400> 2

ggagaccate
ctgacgaata
ctgttggtaa
caaaggtctc
teggtticee
tcggtttgoa
tcaacaagtt
acagagaaty
caccaactgg
actgteccacc
gttteggttg
tetgtaacte
actecttgtt
ctggtaagtt
ctgtcatceca
ctcaattgtt
gttggggtaa
tgtgtaccga
gacacgtcga
ctgaaatcat

gtttgactce.

ctatcaccty
ccttctggga
gtagaaagtt
caaccactag

cgaagctace.
cgtctctaga
cecatactkc
tggtttgcaa
agacactteo
aatcggtaga
cgacgacacc
tttgteccatg
tgaacactgg:
attggaattg
tatggacttc
cacctgtaag
cttcttetty
gggtgaagect

atecetctget

caacaagcca
ccaattgtte
agtecaccaag
ggaatacgac .
gacctacatc
accaccatet
tcaaaagact
agtcaacttg
cttgttgcaa
agctccakece.

gtetacttge
acctetatcet
tccatcaagt
tacagagtct
ttctacaacc
ggtcaaccat
gaaacctcca
gactacaagc
ggtaagggtg
ttcaactcea
gotaccttge
tacccagact
agaagagaac
gticcagacg
ttcttececaa
tactggttge
gtcactgtey
gaaggtacct
ttgcaattcy
cacaccatgg
goeticecttge
gotecaccaa
aaggaaaagt
tctggtttga
accaagagaa

Human Papillomavirus Type 58

Met Sexr Val Trp Arg Pro Ser Glu Ala Thr Val

1

5
20

Pro Val Ser Lys Val Val Ser Thr

10

Asp Glu. Tyr
25 :

‘175

caccagttcc
actactacge

ctccaaacaa:

tcagagtcag
cagacactca
tgggtgttgg
acagataccce
aaacccaatt
ttgcttogtaa
tcatcgaaga
aagctaacaa

acttgaagat-

aaatgttcgt
acttgtacat
ctecatctgg
aaagagctca
tcgacaccac
acaagaacga
tettecaatt
actctaacat
aagacaccta
aggaaaagga
tctctgectga
aggctaagec
agaaggtcaa

Tyvr Leu Pro Pro val

agtctccaag
tggttcctcet
caacaagaag
attgccagac
aagattggtc
tgtetetggt
agctcaacca
gtgtttgate
caacaacgct
cggtgacatyg
gteccgacgtt
gegettetgaa
cagacactte
caagggttct
ttecatggte
aggtcacaac
tagatccact

caacttcaag I

gtgtaagatc
cttggaagac
cagatteogte
agaccecattg
cttggaccaa
aagattgaag
gaaghtaa

15

Val Ser Arg Thr Ser

30

355
Ph_e_ A n LeuCys Lys




370 375 380 Gu Ile Met Thr Tyr Ile His. Thr Met Asp
Ser Asn Ile Leu GQu Asp 385 390 395 400 Trp A n Phe

'wﬁmoyﬂu:,fghr Pro Pro Pro Ser Ala Ser Leu G n Aspciis2004/037372
405 410 415 Tyr Arg Phe Val Thr Ser Adn Ala Ile Thr

Cys A n Lys Thr Ala Pro 420 425 430 Pro Lys G u Lys
G n Asp Pro Leu Asn Lys Tyr Thr Phe Trpdu Val 435
440 445 Asn Leu Lys G n. Lys Phe Ser Ala Asp lLeu Asp

o n_Phe Pro Lau 50 .455_46Q he,ley _Leu
e ‘goiling Dy 8y S 00 eAR den b ST TR0
Tvr EhEDsdBU 1Al Sef Woanfi ashhhsd s Al Aka Ruov&ererdhr

{!L%(s) Arg}}Lys Lys VB 485 490 495 L Lys 2/5 WO _.
Lys VFgoBpo47315-pEIP USZ00% 087379° 2916 Sveirr-"rader

. -7
pro AshlZys DNA ER13Re HRRsaRi LOABIEUSTYRE B8 rs40ez 3 _ _
atgtccgt gtsggcggcct ag tgaggecact gtgtacctgc s%cctgtgcec , *

Gln Aqgt geetVadgTeD Algtewst ¥aycdycbgatjaalie Cay Oa@{jt Gin
ro BRARES g?fgt off V8L @064 qucaghs %120, 20 ﬁt b9%sp

ct gt a tccatatttin gi ccqagt aa caaf aaaaaa
asp RB0Glgtalt agt hencogagyt &re algcilhabayGly Ser Asp Asn

X3t agggtct.tta cg tttacctgat 2% cccaat aaat _
ary Qg 90 Hefcsot AN At BBl B e R B8 e i c
cly G011yt 0geCAtPfrt@gIett g2 aab gyt 880 clgasagatalcys

tgggt gtt ggl€yt aagt ggt 360 <dakccttatt tcaatadaddt -
Asn Rspafgacdet Atmdat CHgt és%c%gaf’ﬁ? cpéocb%‘h@égc‘lc‘;%‘ By Asn.

a tAaC
sor 24015, Bestotyoa et LR GNP o o

Asp RhgagtatThggleytCan gsit tlgrsc Sgt dspchat Fab ol bW Ile
cve £ B8l aglo.alhalogiee atidongent,l Hlagtlota taldgaoea
225 -tdgtgacatg zpglUagat acag gyttisggat g catggactttzag
Pro TGl ataldsge safgelafic-aahaaticgabgizg o6y Gliommakéeatha - N
_ ttt“%t_ aacagz4acat gcaaat at ccagé@t atttaaaaat. g8eragtgaa -
val ArsoRig JheaPlgdeatwgbit %ﬁg VE O BB GG Gabdte
asp 28204 tnat 112qgsagidt ber y Asn Thr Ala Val Ile Gln Ser . =
275 280 285 : :
Ser Ala Phe Phe Pro Thr Pro Ser Gly Ser Met Val Thr Ser Glu Ser
.290 - - : 295 300 :
Gln T.eu Phe Asn Lys Pro Tyr Trp Leu Gln Arg aAla Gln Gly His Asn
305 ‘ 310 ' 315 . ’ 320
Asn Gly Ile Cys Trp Gly Asn Gln Leu Phe Val Thr Val Val Asp Thr
S 325 330 335 .
Thr Arg Ser Thr Asn Met Thr Leu Cys Thr Glu Val Thr Lys Glu Gly
S 340 : 345 . - 350 :
. Thr Tyr Lys Asn Asp Asn Phe Lys Glu Tyx Val Arg His Val Glu Glu -
‘ ‘ - 355 g 360 365 ‘ :
Tyr Asp Leu Gln Phe Val Phe Gln Leu Cys Lys Ile Thr Leu Thr Ala-
. 370 B -~ 375 : o 380 o
‘Glu Ile Met Thr Tyr Ile His Thr Met Asp Ser Asn Ile @Lieu Glu Asp
385 : : -390 ' 395 : 400 - -
Trp Gln Phe Gly Leu Thr Pro Pro Pro Ser Ala Ser I.eu Gln Asp Thr
. ) . 405 410 415 '
Tvr Arg Phe Val Thr Ser Gln Ala Ile Thr Cys Gln Lys Thr Ala Pro
. 420 425 430 ‘
Pro ILiys Glu Lys Glu Asp Pro Leu Asn Lys Tyr Thr Phe Trp Glu Val
435 440 . 445
Asn Leu Lys Glu Lys Phe Ser Ala Asp Leu Asp Gln Phe Pro Leu Gly
450 455 460 -
Arg Lys Phe Leu Leu @ln Ser Gly Leu Lys Ala Lys Pro Arg Leu Lys
465 470 475 480
Arg Ser Ala Pro Thr Thr Arg Ala Pro Ser Thr Lys Arg Lys Lys Val
. 485 ‘ 490 495

ccat caa

Lys Lys

s




tttaataggg ccggaaaact tggcgaggct gtcccggatg acctttatat
t aaagggtcc 840 ggtaatactg.cagttatcca aagtagtgca N
woReSiMzda ctcctagtgg ctctatggtt 900 acct cag@atr/us2004/037372
cacaattatt taataagcct tattggctac agcgtgcaca aggtcataac
960 aatggcattt gctggggcaa tcagttattt gttaccgtag
ttgataccac tcgtagcact 1020 aatatgacat tatgcactga
agt aact aag gaaggtacat ataaaaatgataattttaagl080. . _
<210>.30aatatgtac gtcatgttga agaatatgac ttacagtttg
<211>t 1491 cagct ttgcaaaatt 1140 acactaactg cagagat aat
<212>0Bl¥9t at at g _catactatgg attccaatat tttggaggac 1200
Ql?”'t@ﬁ‘&aé‘af’?}i”a FRHEFHECREE Pectcegt ct gecagtttac aggacacata
<apo>t@gatttgtt 1260 acctcccagg . .ctattacttg ccaaaaaaca
atgtegoianc gocdwchay agagpgacagiigaatice 82 gtaad agedtdtdag 60 :

gttgt S hine! E§§ gtta‘a@tqaaga a t tat:tant tamgatmct@gatzc
t 180
coec: 1L ool @ﬁé@é@ﬁ% 3 figmeliengpea
ta

cccaaﬂ&gﬁﬁa&ﬂﬁﬁt&&g&g i@ tc 300
tgggc@@:tmc mctmaaamrag@m@%&c&& ag@a;baagglég aa
catcepbatt, Loy ataezﬂtzﬁgggg%zawwwqqamamgasé nereacag@@@»zo '-

gggtetg g, atka
Sgiéﬂtéaﬂig;%;f& 5 igﬁiég%ﬁga%> %ggﬁgg@ E 9&%@

gtagamgmamaﬁgmtt gAB02t tycgagiaitat eHag ah@:a,@itge@aaso;

| | |
coroat QE%—E@MQ%@%?@??@; CS&Q&QZ&WE‘@'“Q%?@ e 180 SR
tttaa@ia g;@%c gﬁ% Eﬁﬁ"‘%g §§a§ 840 |
-ggtaaﬁﬁﬂl@/@ﬁﬁﬁi&Sc&Kjﬁ 8¢dccaa ctoctagtgg ctetatggtt 900

acctcagaat cacaattatt taataagcct tattggctac agcgtgcaca aggtcataac 960

aatggeattt gctggggeaa teagttattt gttaccgtag ttgataccac tcgtagecact 1020
aatatgacat tatgcactga agtaactaag gaaggtacat ataaaaatga taattttaag 1080
- gaatatgtac gtcatgttga agaatatgac ttacagtttg titttcaget ttgcaaaatt 1140
acactaactg cagagataat gacatatata catactatgyg attccaatat tttggaggac 1200
. tggcaatttg gtttaacacc toctcegtet gecagtttac aggacacata tagatttgtkt 1260
acctccecagy ctattactty ccaaaasaaca geacccccta aagaaaagga agatccatta 1320
aataaatata ctttttggga ggttaactta aaggaaaagt tttctgecaga tctagatcag-1380-
tttcectttgg gacgaaagtt tttattacaa tcaggcctta aagcaaagce cagactaaaa 14490
cgttoggecce ctactacceg tgecaccafeoo accaaacgca aaaaggttaa aazataa 1497 .

<210> 4

<211> 21

<212> DNA

<213> Artificial Sequence

_%220>
.<223> PCR Primer

<400> 4 :
atgtcegtgt ggoggectag t o 21

<210> 5

<211> 28

<212> DNa

<213> Artificial Sequence

<220> '
<223> PCR Primer

<400> 5 : . . : . L
gagatctgtyg taagtaccac aacaatta R . R - 28

<210> 6

<211> 31

<212> DNA

<213> Artificial Sequence.

<220> g
<223> PCR Primer




<400> 6 gggat cccac aaaacaaaat gtccgtgtgg c 31
<212> DNA <213> Artifici al
<400> 7

- <211> 28
WwWO28@EN4PER Pri mer

gggat ccgt gt aagt accac. aacaatta 28

<212> DNA <213> Artificial

Primer <400> 8 ggatcccaca aaacaaaatg tctgtctgga gacc

Sequence

Sequence’

<210>
<220>

PCT/U $2004/037372 .

<210> 8 <211> 34

34 <210> 9 <211> 34 2212>.DNA <213> Artificial,
<223> PCR Pri ner

<agosSgquence <220>

gggatd@asaaakbfadaat Odiei-gegr@aec 34
<212> DNA <213> Artificial
anti sense

<21&Q§£ﬁ093t99 cagatg

210
51109gL!

Sequence

<400> 9 ggatcccaca
<210> 10 <211> 1497
<220> <223> HPV
<400> 10 tacaggcaga cctctggtag

aacg gtggtcaagg tcagaggttc 60

7

<220> <223> PCR

31

<213>Cagengagyl @ackgeitat gcagagatct tggagataga t gat gat gcg

accaaggaga 120

<220>,

<223> g@ﬁ

<400> 7

1me:r:

t ct aacaacc gacaaccatt gggtat gaag
t.tca gaggtttgtt gttgttcttc 180

gggatccgtyg taagtaccac. aacaatta

<210> 8
<211> 34
<212> DNA

<213> Artlflelal Sequence

<220>

<223> PCR_Primer

<400> 8

ggatcccaca aaacaaaatg tctgtctgga gacc

<210> 9
<21l1>-34
. <212> .DNA -

- <213> Art1f1c1a1 Sequence

-<220>

<223> PCR Primer

<400> 9

ggatccecaca aaacaaaatg tctgtctgga gacc

<210> 10 -
<211> 1497
<212> DNA

<213> Artificial Sequence

<2205

<223> HPV 58 11 antisense

<400> 10

tacaggcaga
cagcagaggt
tctaacaacc
cagaaccaadg
ggtttgttca
acccgaacac
gtgggtatga
ccaagactgt
ccaacatteg
cgacgatgge

cagctgtgac.

ggttagetgt
ggtatgccac
aagttgtecte
ccattgtgge
tggagactta
ttogeccataga

cctetagtag
gactgettat
gacaaccatt
gtittccagag
agccaaaggg
agccaaacct
agttgttcaa
tgtctettac
gtggtitgace
tgacaggtgg
caaagccaac
agacattgag
tgaggaacaa
gaccattcaa
gacagtaggt
gagttaacaa
caaccccatt

gcecticgatag
gcagagatct
gggtatgaag
accaaacgtt
tctgtgaagg
ttagcecatcet
gctgetgtgy
aaacaggtac
acttgtgacc
taaccttaac
atacctgaagy
gtggacattc
gaagaagaac
cccacttega
taggagacga
gttgtteggt
ggttaacaag

cagatgaacyg
tggagataga
aggtagttca
atgtctcecaga
aagatgttgg
ccagttggta
ctttggaggt
ctgatgtteg
ccatteccac
aagttgaggt
ccatggaacyg
atgggtctga
tetitctettg
caaggtctge
aagaagggtt
atgaccaacg
cagtgacage
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gtggtcaagg
tgatgatgcyg
gaggtttgtt
agtctecagte
gtctgtgagt
acccacaacco
tgtctatggg

tttgggttaa;
aacgaacatt:

agtagcttct

ttcgattgtt -

tgaacttcta
tttacaagea
tgaacatgta
gaggtagacc
tttetegagt
agetgtggtg

28

34

tcagaggttc
accaaggaga.
gtigttctte
taacggtetyg
ttctaaccayg
acagagacca
tcgagttggt
-cacaaactag
“gttgttgoga
gecactgtac
caggctgeaa
ccegaagactt
gtetgtgaag
gtteoccaaga
aaggtaccag
tccagtgttg
atctaggtga

34
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' cagaaccaag gtttccagag accaaacgtt atgtctcaga agtctcagtc
- taacggtctg 240 ggtttgttca agccaaaggg tctgtgaagg
Whaga§Blyg gtct gt gagt ttctaaccag 300 acccgaa®@u/US2004/037372 @
agccaaacct ttagccatct ccagttggta acccacaacc acagagacca
360 gtgggtatga agttgttcaa gctgctgtgg ctttggaggt
tgtctatggg tcgagttggt 420 ccaagactgt tgtctcttac
aaacaggtac ctgatgttcg tttgggttaa-cacaaactag 480 . _

ttgtactE8RGRhESG O gtgﬂg‘i@&&ca%%&&!a%&& tgealdGee aé?ttgaagttc 1080
cttatgaagyangeddaggt t gitrgegarp 48 cg&@&@@&g@@@gﬂtgacceeg@ g8cag 1140
tggaactgae derbdavsagttagaggtaca gt agoett Aok agra@@Otcty 1200

accgtt cta ag 1260
tgggga g@%ﬁ%ﬁg ggaa gggﬁgaatcgg ccE mcéa% aggag 1320
ttgttcht&d doeed ﬁ?’@tc 8l Glgdla it ggtt 1380
aagggtgbgy a:raat:tttctcaa wﬁc@‘ag@ﬂ ggafdahaha tecegaagact ttcf2ette 1440
tctagaggeq agEesioat g aRyaac o agiagable tetttwiostt ghticaticaadéd
gtctgtgaag 780 aagttgtctc gaccattcaa cccacttcga
caaggtctgc tgaacatgta gttcccaaga 840 ccattgtggc
‘gacagt aggt taggagacga aagaagggtt gaggtagacc aaggtaccag
900 tggagactta gagttaacaa gttgttcggt atgaccaacg
‘tttctcgagt tccagtgttg 960 ttgccataga caaccccatt
. ggttaacaag cagtgacagc agctgtggtg atctaggtga 1020 4/5
WD 2005/ 047315 PCT/ US2004/ 037372 ttgtactgga
acacat ggct- tcagtggttc cttccatgga tgttcttgct gttgaagttc
1080 cttatgcagt ctgtgcagct ccttatgctg aacgttaagc
agaaggttaa cacattctag 1140 tggaactgac gactttagta
ctggatgtag gtgtggtacc tgagattgta gaaccttctg 1200
accgttaagc caaactgagg tggtggtaga cgaaggaacg ttctgtggat
~gtctaagcag 1260 tggagagttc gatagtggac agttttctga
cgaggtggtt tccttttcct tctgggtaac 1320 ttgttcatgt
ggaagaccct tcagttgaac ttccttttca agagacgact gaacctggtt
1380 aagggtaacc catctttcaa gaacaacgtt agaccaaact
tccgattcgg ttctaacttc 1440 tctagacgag gttggtgatc:
tcgaggtagg tggttctctt tcttccagtt cttcatt 1497 5/5
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