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WD 2004/ 031222 PCT/ EP2003/ 011158 1 Vaccine The
present invention relates to nmethods and conpositions

waiz@hosi2en the treatnent and preventi on of huP@&REP2003/011158

papilloma virus infections. In particular the 5
invention relates to nucleic acid nolecules typically
encodi ng a pol yprotein based on Early antigens from
different HPV strains, and vectors suitable for DNA
vacci ne delivery, and pharnacebtical conposi tions
contai ning them Methods for manufacturing said

nol ecul es, vectors and conpgsition are al so
contenplated, as are their c nmedi ci ne. 10
Background to the Invention The papillonavirus Vi rus

e Bt R ORTAREC|E BB o HbBEAS et n e

itceatment andfprevgntian of hhmantnapllbnm virus infectienss. Invipadicular the
Qﬁ%t%pﬁ*éléfésoib' éﬁél@héélé! mbl rrﬁ% E}Q}n%]%gﬁbbﬁhgcﬁl polyprotein

fferenlgE_1 t1on and_ capsli d asse
sckady pptigens Ofai'ucf'ﬁ%fie@hﬁupé{é aiggi amdveeprs syfgble for DNA

I\lfacbii’n% @@Wy eand l’;bhbhﬂ'ac&ﬁlobl b@Wo%ltloﬁBecdrﬂélﬁﬁfgl ﬂ@m Methods

A RAALGRE. Sk HEREAE? LG e Siion are s

goentemplatdd, .asTare their osetiymedid®8) of genital Warts
are infected with HPV6b, whil st approximately 10% are
infected with HPV- 11. The primary infecting genotypes
Background tothednventiopel ating to cervical carcinona
are HPV16 and 18. 25 Human genital warts may devel op

e, Peenirtn s oS il oste nd Bhesios specin £ Tniécts basal
apitbelialt colls pntd heplicates ragt esmplstesnitaufglblitd \cycle within the cell

rrﬁé@ . ”%EP%bgt&p}‘eﬂuéﬁ%hﬂﬁ@?hﬁké‘@~t Bhfinb ! Aidifrerentiation

Is'regressi o

ger
%assmblyc@nd maguration wus ecewrp indully difisreniiated epithelial
tdéﬁsm ér%‘iﬁ’t'héhél%ll@é §ss. 30 Papillomaviruses

are not natural y very i nogeni-c and during the
course of natural infection antibodies nmay only occur

]\C7F6Hey uhfet:tmg Chumairg pzrpllﬁfnﬁﬁf rueeg@h@typéﬁ)preséﬁﬂ in rgemital warts are
of i ent,s t _so

B8 b bR Bpich ool T 3Meprbtiy F3RoFof gental

ayarts are lnfected with HPVG6D, whllst approxmately 10% are infected with HPV-

11. The primary infecting genotypes present in infections relating to cervical

carcinoma are HPV16 and 18.

Human genital warts may develop at the site of infection and they may become
chronic, persisting for extended periods of time or, alternatively they may regress
spontaneously resolving completely without scarring. The factors that trigger

~ this regression are undefined but it is postulated that celiular response may be

involved in the disease resolution process.

Papillomaviruses are not naturally very immunogenic and during the course of
natural infection antibodies may only occur very late (during or afier resolution),
and in a fraction of patients whilst some patients may resolve disease without
developing detectable antibody at all.
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usi ng papillomavirus early antigens has been w dely

watadiogrt2z n several different ani mal nodel SyBCEEB2003/011158

However there are only a few reports studying

t herapeutic i muni sation. For exanple, cattle

i mmuni sed therapeuti-cally with a cocktail of proteins
conpri sing bovine papillomavirus 5 (BPV) proteins E,
E2, E4 and E7 showed a reduce@ papilloma disease
burden in a proportion of animals conpared to

controls. Papilloma virus infections have been
YBseinatien .thnag \mnlllszrpa‘arUSS gaty eantigens| has pensyddely studied in
§é\£e°-ral ﬂm’ébéﬁtsamﬁ‘@ﬂh%tﬁal £ MOlveVeransre diendnly a few reports

Vi ruses have een clas ifie
g%lpgmghgﬂweg@pey%s IT’IE‘&F OB} ogy %y (iitle immunised
terapadicalanwith Secocktaib of nprﬁtmgs cedmﬁhsmgobqv:ﬂn@%aplllomawrus

R 00y SO o PR lg ot e turer

i prepgstioy pésnimalg compasedto eonir@®d) , based on the
extent of DNA sequence honol ogy. Papilloma vi ruses

%eneral l'y infect_ epi t hel i a, but thg 15 differ
Ppillemeayises tifectiansthayeskearebsenyp éa&fmr@typyﬁ@gmfsmncludmg

ghedd) @iys, rabbis) mauﬁz dogiglttwgamdrﬁmnatﬁy pefurhén phpillodda viruses
iRy Pars desosaned i Wore: e h e Bhistifipoy and Bioboay
af €ervigdliCancedt Semingsiin Surgiealt On¢ology T8OBgHHAR3-211. Wolfgang
KRN SRR B0 AR ORMH Al Mrrﬁ%ﬁem??e }RbAST RUIAE e further

_% ow il n ssue Ccu ure ere 1 s no
ﬂwmd indaasub-Resofe.gatyie St advPbal bagese PRethe extent of DNA

Abg@n Fﬁ%\bun@@@lmsB§Sgeh§@upemreal @pmehabeut the
gf?feﬁt@nafﬁzﬁﬁvk%pgﬁ dapSs distRnl dReadtc Eqt Bxpmof) ik, g 10 and
R6PY gasgeebéerignoparts,ftypes 46, 18, 8%, 3&r35,d39,f45 1, G20 56, 58, 59,

gﬁ@ %%faergem%bﬂ?ed With Qeﬂl%@ahké’%ﬁ’d ﬁ/gﬁsfé é’r('ijﬂ ?1 W28 impficated in

sSpeci es,
gamltalyvar&énqmgmebgmm condylomaia ofithe germal tiact)ed in
humans. Papilloma viruses have a DNA genone whi ch

enc des ar | " ate" gene des at ed El
Pfas BWV%%'ﬁ@aﬂﬁg) RN dn Eg?}l?e o s Basednne rﬁe\mona' live or
bﬁeﬂiwedfvu’act/aén‘lﬁe r Eie&éldpmerm of andPDNAcciaplasadlsobeen slowed

07 5S4 2o ] 08]RSl PR, 2 b s

phiscisssazauserbe \diunep| aret hnghltzl sqaccﬁse*spem&c &80 it is very difficult to
ﬁﬁ?g dgp %%B% mﬁ%}%\r}%ﬁ fro?n'é“{"@s‘t’%?' a Uffferent ?peCIes as

|n| |at|ono I cati on process
wouldsbe, reqyiadiios safaly sting before a vaccine was first trled |n humans

Papilloma viruses have a DNA genome which encodes "early" and "late” genes
designated E1 to E7, L1 and L2. The early gene sequences have been shown
to have functions relating to viral DNA replication and transcription, evasion of
host immunity, and alteration of the normal host cell cycle and other processes.
For example the E1 protein is an ATP-dependent DNA helicase and is involved
in initiation of the viral DNA replication process whilst E2 is a regulatory protein
controlling both viral gene expression and DNA replication. Through its ability to
bind to both E1 and the viral origin of replication, E2 brings about a local
concentration of E1 at the origin, thus stimulating the initiation of viral DNA
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controlling both viral gene expression and DNA
replication. Through its ability to bind to both El

wae@4b2yviral origin of replication, E2 bri ngBCEHBEP2D3/611158

| ocal 35 concentration of El at the origin, thus
stimulating the initiation of viral DNA WD 2004/ 031222
PCT/ EP2003/ 011158 3 replication. The E4 protein
appears to have a nunber of poorly defined functions
but anpngst these may be bindihg to the host cell
cytoskel eton, whilst E5 appears to del ay

aci di f.i ca endosones result in increas

SSpitatiof on The B Freeun aPeats thehale |4 SUMhhes ofrpoorly defined

fiidtioRS b enfohest mé@@mwbb 5mb!jngét;ﬁmle| l:dm Qieﬂ;d?foslkﬁ%\tlon whilst
s e ei ns_f.orm

B RS RS huh BidlitagPE. o7 anfefOdbg Reuliiid” i ncreased

enpragsioasof £EG Faradept@r ah thmleell suréacenands bothl E6 tanddt Tiaeg known to

%ﬁﬂ)oéélfjéro@élﬁg %‘5@%nd’ben?’é‘sﬁ§éﬂv\éiy Va§H %' E‘@%Tg Pﬁﬂ&iﬂs form HPV

seen as a ({ ction
BRasi #fgocinde mmrﬁerglygk @IaES ar%agwnémos@ngat hég@d L2 encode

Wt\ﬁtﬁvw@mﬁ;ﬂjral éca@gmylpqiot@msl nf ecti on occur. The
vacci ne includes one or nore antigens fromthe

pat hogen, commonly the entire organism either killed
blistoricallywesicemes hauet beeratsedh bera way teelpesterd infection by a

ggﬂtog%ﬂ' @lﬁﬁ&ﬂ%ﬁﬁ}]@ﬁﬂg‘g@gﬁn‘? t$ ﬁ%ﬂc@]’?ﬁ V\yﬁ%&étnggerjl S "Neutralise
érh@ﬂl@k i infeetion eeauai 4 h@rvapslriamgludea @hear merenantigensffrom the
'pbtﬁdg"ent %Hwﬂnbﬁw TRe O&nfirde orduhidmhdUsiher Sk'lh§§ q5e rlﬁ weakened

BB, or elRess andSob Gisticel Hhres %Eé%aﬁ@e When the

Mnmhe_rss'stdm fis expcﬁedm?rtaélammen(s) n@llblarétgw@rr]atfedtvhﬂch retain an
r he, |

DI 4500 THHE bR 0™ Sosecon

exposuredo dhe sams@mim (eRy. mmmlnéatttlogdzystheqrathegien)rsmmulates a

BREARE §RMUIMA re§SEHdC HHich r@étﬁlﬁscﬁr{ thﬂlgéqlon W IH a"l‘lBH of the

soms bacteria) are processed wt ecte
miegtiqus|agentng short peptides which are subsequently
dlsplayed on the infected cell surface in association

ik Gieiid qminic R iR FBRelSt A hiimbTaaniiesd) rgponse and
qualhrrledlakadcmspansad%wjzem antigges depead from ZM8egans talt seplicate
ilrﬁt%c-'éﬂt‘flﬁh{é t(vnﬁjs%‘é_lé_ﬁba%(ﬁ'ﬂ (l%%ﬁéf;a{)'d?g p?c%é%%gé'vﬁt Eﬁ%lrﬁ%(cted host

oXl C I'nfec
eell r@eagagmhﬂr& pﬂ@tlderﬁewhrc‘élpawecaub&ﬂﬂt@ﬁﬂy playpdbpntthe infected

call esurfde m@t amhno?ﬁ%hﬁrclééaoqr %a]ér afélbeémba?abmty (MHC 1)
Is contraql When
gﬁ?u @’Z‘T’F'd ISr @mc@‘mg comple>¥ of MHC | ang peptlde is contacted by
antigen-specific CD8+ T-cells the T-cell is activated, acquiring cytotoxic activity.
These cytotoxic T-cells (CTLs) can lyse infected host cells, so limiting the
replication and spread of the infecting pathogen. Another important arm of the
immune response is controlled by CD4+ T-cells. When antigen derived from
pathogens is released into the extracellular milieu they may be taken up by
specialised antigen-presenting cells (APCs) and displayed upon the surface of
these cells in association with MHC |l molecules. Recognition of antigen in this
complex stimulates CD4+ T-cells to secrete soluble factors (cytokines) which
regulate the effector mechanisms of other T-cells. Antibody is produced by B-
cells. Binding of antigen to secreted antibody may neutralise the infectivity of a
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30 pathogens is released into the extracellular mlieu
they nmay be taken up by specialised

wa@npdaogen2pr esenting cells (APCs) and di spl ayedraparzobsiel1158

surface of these cells in association with MAC I1
nol ecul es. Recognition of antigen in this conplex
stinmulates CD4+ T-cells to secrete soluble factors
(cytokines) which regulate the effector mechani sns of
other T-cells. Antibody is proliuced by B 35 cells.
Bi ndi ng of anti gen to secreted anti body may neutr al i se

t he i nf ectl of ,a WD 2004/ 031222 ,PCT/ EP2003/ 011
33 and intng REPRYO Oaﬂnﬂéfaﬁ ?&Wéﬁ@gw&m 3 Surface of
&beﬁmdymtatehejmsnhacfetm B-d2liced | aampilifiingl thieeB-cell response. In

?Béa\n'e?élogo&ﬁ annﬁmﬁé fes ponétg%g@ Lét‘{%'lgg\% tc&iﬁ%}}@%éteggl infections and

rlmqlmuarédvocla aoat call-mediated iimimung gespomsesai@D8ioand CD4+) are
g%ﬁwh&% @éﬁrcﬂ(’t‘nfeb | By Gfuddgrune responses (CD8+ and

are 5 required to control infections by
viruses. It is believed that it nay be possible to

har@etﬁéllek/be thmrumemsysb@nm&as:bluafwmhew th@vmnnaﬁé eéystem by

VBEEEBIGH, RS0 52 B0 X R o the nfecton
eyt ma@hvatmuun élirhioatipre Ldfi the pathoigees Rucholthdrapegytict ezaccines

%Jﬁﬂ({il o nvok tRf- r[])&?lﬁ%%sﬁﬁp?% %@B%Z@fécﬁg%, Qribd\g%}a ﬁeally invoke

hedty BHesal and erlkmedigied énBwgeraseeng®enveni sty, N and
Reshaf L. PNAS 83 9551-9555) that inoculation of

(TCARNE KA sy RCERA rEsTn Ty lRS Bhiss1-0555)
ﬁmsimpualatlbn of Immcarmmmmlumnpbospmgl priegipitatee] dﬁhNA results in
t .
RABRESIT B e ehBha SRR MeCEND, StifcedBRng [tmuscular
armacmrprré@,m@n ajfplagnaid RNAowbighphad ephbese paecipitated was shown
%%ﬁﬁﬁ'lﬁm;ﬁﬁk@;rﬁ quntbsmen nﬂ?}é&@%ge‘llgrhrﬁf e?(EF‘essmn of the

enco pat hog I‘Ot eins wth

|e|'?C8 PPN f‘?%r?fo?ﬁS@rQQ Hﬁmﬁﬁ@ﬁﬁnm production of the
ﬁncoﬂédﬂpetﬁdg%mpﬂdtelﬁgdwﬂﬁremé FOBIE cE s PIBea hatlar Btection, this

és%hraihgézlé?%*‘ 88%%%%8 gg td Qﬁ‘if‘@p%“ (T,(xai(r:rfr'na%%s;%onse required for
\ﬂaerapﬁam yaceoingtide daNAvea@nhéw ane clesciibed intWEO0 1192 (Vical,
iip¢.5.2- muscul ar 25 injection. For exanple, delivery

into the skin takes advantage of the fact that inmmune
mechani snms are highly active in tissues that are

MAI\HcﬁlnfaﬁohﬁhQth@@eh@é}r@B p ns&ﬁarﬁélﬁs NBthétthan intra-muscular
lnjgalon “For exampefe ydeIR/te?y nto thé slfqn tgkes agvan%ge of?tqé fact that
immune mechanisms are highly active in tissues that are barriers to infection
such as skin and mucous membranes. Delivery into skin could be via injection,
via jet injector (which forces a liquid into the skin under pressure) or via particle
bombardment, in which the DNA may be coated onto particles of sufficient
density to penetrate the epithelium (US Patent No. 5371015). Projection of
these particles into the skin results in direct transfection of both epidermal cells
and epidermal Langerhan cells. Langerhan cells are antigen presenting cells
(APC) which take up the DNA, express the encoded peptides, and process
these for display on cell surfface MHC proteins. Transfected Langerhan cells

migrate to the Iymph nodes where they present the displayed antigen fragments
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via jet injector (which forces a liquid into the skin
under pressure) or via particle bonbardnent, in which

wo b@4Ddx21ay be coated onto particles of suffiBCERP2003011158

density to penetrate the epithelium (US Patent No.
5371015). Projection of these particles into the skin
results in direct transfection of both epidermal cells
and epi dermal Langerhan cells. Langerhan cells are
antigen presenting cells (AP® which take up the DNA
express the encoded peptides, and process these for

di splay on ce|l surface MHC proteins. Transfe%te

/ d
FQAYEPRGTYIER! INYoKigNaR ABYING FRIRONSEp N ehp gl Agrants of DNA
eyt %g)?swtre Wieedltcs Mdage raimimans respaignvia péeticle delivery into

04/ 222 PCT/ EP2003/ 011158 5 taq..l es .
BT foruinatihaBedntrar iy B SAEX kwe o graeauired
t®géndraip immeineggaporskst subiseduesnt tardirechinte@mesgotardrjection.
via particle delivery into skin and this contrasts
wth the mlligramaquantities of DNA known to be
Hewpsi bean raperigen Bra@mplerimatudiespsing yirgs ke padisles; formed from
tho £ anLZCHpGY RO OF Ushiy ties) piACSROne (1), that HV s
BEP iPiuncgientay Fhufemiore. HE\GGaN6s haugaraven difisuicto express
a1 husiarg ot hether priarheialian aieﬂg;e ldading tdiffitultiey in sdevedapihy protein

C ur . S .
SIRE L cle o RS b fonE SRS BN Jipllaty resistant to
egplessionefiaimbeiireipgous prasolans deveampialignelisei(4 Viology 1999
§3080ED-3070CT R&PamMAN Rt Hh! RUrd Marh @54V, O¥finan papilloma virus

articularly resistant to .express rom.. . .
hatee i) b&graia%laiiﬁs& &P polvisihRIc BRNVA by discontiniiyy, scanning
MH aniéﬁn)_.??ﬁﬂar@@&@n ofeEn ¥ 1mEl fﬁemﬁibté@tléd wh?Vin vitro DNA

uman,.pa Virus tybe ks translate r
ERTRA18S BE A Toyakralf cottiPhecmiermin Be LRl L. 23, sun et al
daGro ioH) 67 EXp8esdBernamad DEl Vecchins AMbfet eh Liéirelc189R 66, 5949-
‘3@59)3. in vitro DNA 15 replication, of .an HPV origin

containing plasmd as a surrogate (Lu, JZJ, Sun et al
J.Virol 1993 67, 7131-7139 and Del Vecchio AM et al

e 0 D G ot | o /nucleofide
i.cati Vi |
SBB0iE e FaaEnce s heerhathEER BerRmbliE, Srass Raiems of a
highlw eapgressatt kumanajere. i glarticidap cedere ptimised dHMObE1, and
Hﬁ,\pgﬁ IZfé'llea(gis&Egé’@. opti m sed HPV6bELl, and HPV 11 E2

i SC CBr

are ose ref Description of the Invention

Brief Description of the Invention

The present invention provides novel nucleic acid constructs which are useful in
the prophylaxis and more particularly in the treaiment of the human
papillomaviral indured genital warts, or other HPV induced sequalae.

According to a first aspect of the present invention there is provided a nucleic
acid construct encoding a polyprotein containing epitopes from at least two
distinct Early antigens. Preferably the present invention provides a nucleic acid
construct encoding a polyprotein comprising epitopes from three distinct Early
antigens. Such construct have been shown by the present inventors to be more
efficacious in animal models than the single protein approach.
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papi |l omaviral indured genital warts, or other HPV
i nduced sequal ae. .30 According to a first aspect of
the present invention there is provided a nucleic
acid construct encoding a polxgrotein cont ai ni ng
epitopes fromat least two dis®tinct Early antigens.
Preferably the present invention provides a nucleic
aci d construct encodi ng a pol yprotein conpri sing
Sataded Descsiptian ee distinct Early antigens. Such
construct have been shown by the present inventors to
us i.n. ani.ma

g—’?ﬁ n@%pg%%séef ' Caf IPIUCI% %Qﬁlpgg@g?gfc’ Etzhf?gmtt\quv% different HPV
BEMOEP26CRich1ds] EﬂPV&) am 2 frem BEYCT 1 bt iAotditimeallgiitrisdpreferred if

BIE A EA T ek lRo Dok Buene o ) PRl i b o 11
HPV - 11 Addltlonally it is preferred if 5 an El

EnefReicd c%‘h‘éﬁﬁﬂtc%d:lﬁdé’rﬁsﬁﬂ&lelcp re &rﬁglééu@eneﬁlng Sthe following
from HPV or Preferred construct include a

RIFE@NgeEeits d rml ecul e having the fol | owing
arrangenent: 10 1) HPV6bEl - HPV6bE2 - HPV11 E2 2)

H V6bE2 HPV6bE2 - HPV11 E2 -

V6bE1 %‘Z%D\%fehp‘éﬁlf éaI I Yﬂiéaucl ei ¢ aci d sequence
@) the &HRWELIDHHIPMBRIEh—HEVHEER 15 codon opti mi sed
Z resermi\%g@f_qxﬂﬂgﬂy t_ﬂ.ngﬁbmhl ghly expressed

gene. Preferab and E2 genes are
substantially full length or nore preferably full

Ith efPybl§ Hithe Mucklid ¥cidudd deﬁﬁétdﬁﬂﬁ@abﬁv@bolyp&ﬁbm has been
he El, and E2

f
ésﬁé@t%%?srtpsneﬁavfp e A, BP9 BBl SEpisgsed human
gbaeeqﬁ’lre/ferabiy the df £ sidoB2| gerdss ass subdtamtially ifull ewth or more

gPé’i’e}’étﬁ%?ull %Q)g%gﬁig gu%staﬁgigll)l?ﬂﬁflehpﬁ} ﬁ‘%‘éﬂ@taal‘%%éttﬁ% Preferably

asm eilns 1I's
9806 eEdhe £t SNddr PaPePds fis/eNchHed. | SUIPVF@Gl., Sich constructs,

?ﬁsgg% the béuﬂé@n@féﬁﬁeﬁi@ﬁ I*eb@%eageé@&orﬁfd?)tmgé’@ individual

Pg%t@m e?na g‘?vtﬁp ﬂ%\"tt? va g&f?gﬂﬁ?g@xrﬁ"& el Wﬂneﬁgﬂ@ng the

polyucteins is cheaper and easier to manufacture than three individual
plasmids.

It is preferred that these genes are codon optimised such that the codon usage
pattern resembles that of actin, a highly expressed human gene product.

The polynucleotide sequence may be a DNA sequence, for example a double
stranded DNA sequence. Preferably the polynucleotide sequence encodes a
HPV polypeptide of HPV type 6, 11, 16, 18, 33 or 45, most preferably type 11,
sub-type 6a or sub-type 6b. In certain embodiments the encoded amino acid
sequence is a wild-type HPV amino acid sequence. In alternative embodiments,
the encoded amino acid sequence is a mutated HPV amino acid sequence
comprising the wild-type sequence with amino acid changes, for example amino
acid point mutations, sufficient to reduce or inactivate one or more of the natural
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The pol ynucl eoti de sequence may be a DNA sequence, for
exanpl e a double stranded DNA sequence. Preferably

wo b@4psizgnucl eoti de sequence encodes a HPV poPgpEPLo0siel1158

of HPV type 6, 11, 16, 18, 33 or 45, nost preferably
type 11, 30 sub-type 6a or sub-type 6b. In certain
enbodi nents the encoded am no acid sequence is a
wild-type HPV ami no acid sequence. In alternative
enbodi ments, the encoded anino acid sequence is a
nmut at ed HPV am no acid sequence conprising the

| d-.t yp. uen Wi th anj.no i d changes,, for . .
Bl Erefigrs aEfs BebRePiR. aﬁﬁmut@e%fqrean@nec@ sequence wil
deslmiﬂymetalmmetlrmﬁmm ityrofithe avildkty, tldé VO

e R

e presestinvabdtign.r et ai n t he i nmmunogenicity of the
wi | d-type pol ypeptide. Proteins encoded by the
E?l ynucl eoti des of the inventjon also forman aspect
he wasprafskht thenpemany piolggical 1ole isdeeiniiiatevirugrgpecific DNA

ﬂfpll&éfdn bm GhfegtceiabellsO! & isSpreferidt thatE1 Vd MiftatRetd fridetivate its

e nininfected cells. It is preferred
ferPa\'Fa{*:‘P'? F%ﬂ%‘?gt ed to inactivate its replication
potential. 10 The preferred nutations are: G 482 D

&hieh two o nmut ati ons are

{lﬁﬁ%%r gﬂé@rﬁ[‘)‘ ? ||cr)ér'(eferabf3y£@ZK ?ut ations are
i ncl uded. In the case of E2K&hGs is a site specific
bi ndi ng nucl ear protein funRtg@Gl ng as the primary
replication origin recognition protein and assists in
the assenbly of the 20 pre-initiation replication
Prefprably tWé or smape efitatiens afwincludedE2 protein is
i nactivated. A preferred nutation to achieve this
objective is K111 A According to one aspect of the
Most praferabledneationsharecivdiodedsage pattern of the
pol ynucl eot i de will preferably excl ude codons with an

tr%u value of less than 25 0.2 i'n highly expressed
E’e €358 P frriBis '%\ar%iea%ﬁwl%vﬁgm Fauetein funpgdioning as the

piRaEk) retﬂicaﬁom DrighreredogAtivAdratsTh &indo4ssists IR theliassE/mbly of the
896 ﬁﬁlatlon rephcatlon complex. It is preferred that the E2 protein is
inactivated. A preferred mutation to achieve this objective is K111 A.

:I-

According to one aspect of the present invention, the codon usage pattern of the
polynucleotide will preferably exclude codons with an RSCU value of less than
0.2 in highly expressed genes in humans. A relative synonymous codon usage
(RSCU) value is the observed number of codons divided by the number
expected if all codons for that amino acid were used equally frequently. A
polynucleotide of the present invention will generally have a codon usage
coefficient for highly expressed human genes of greater than 0.3, preferably
greater than 0.4, most preferably greater than 0.5. According to a second
aspect of the invention, an expression vector is provided which comprises and is
capable of directing the expression of a polynucleotide sequence according to
the invention, said polynucleotide encoding a polypeptide having epitopes from
two or more Early antigens. The vector may be suitable for driving expression of
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expected if all codons for that am no acid were used
equal ly frequently. A polynucleotide of the present

wo naesizen will generally have a codon usage PCT/EP2003/011158

coefficient for highly expressed human genes of
greater than 0.3, preferably 30 greater than 0.4, nost
preferably greater than 0.5. According to a second
aspect of the invention, an expression vector is
provi ded which conprises and i capabl e of directing
the expression of a pol ynucl eoti de sequence according
0, the inveption, said, polynucleotide. encogdin
SterbEa e Na, Bt B Jeed Sinarpoia cells gaieylary human
aplls.gbnene €hbodiment, thagxiressiontvaltar.is p@818PLY.I ng
expressi on of WO 2004/ 031222 PCT/ EP2003/011158 8
het erol ogous DNA in bacterial insect or manmal i an
&l @ sfurthar taspeichr the uesent iendion | provitlese abydesinat composition

CBRMpHSHE &S hRAteihE OF Yectdt, Fb?%gﬁ&cleéﬁhea sfagﬂéﬁk% of the invention.
spect, ttge present invention provi des_a vacci ne .
Pan{seallyitBR VascienBemePRon FBpasas agPNgeredpr ageording to the
pﬁésmw ahesitivAe I pegft@n@@ e@rﬁbdmmeinwwgﬁg@ine cf%irﬁf;@éiﬂ&h ¥omprises
vacci ne conposition.conprises . a vect.or .
Rodulal, of PaRIES TrrisDany Y warids. carte AWl PO comprising a
¥atioti conaininthe \mdyriuckeatidepsequense ouriph | smsodes a polypeptide
| gt (P ld Gl :
Rabind FrorRs i e St TS eH, JIrPfEi ombodiments,
B yacRine spmpesitien romerrisgs & Rharmacridically srgeripbledexcigient and
haDNAQ vesliok arResrdif® b ttHe s¥cofar Sspiett [of thBt hi@8BSt ifvention. The
alternative enbodi nepts, |, the vacci ne composition
X%ﬁ‘BP%@E‘Pé’SgW&HHﬁX@FPﬂ ipude a2ABYAMt e exci pi ent and
a DNA vector according to the second aspect of the
b 83680 SR 08 prdliy SRS BAEBOSL EBDTYmHG a vacine
peewesitionrineltingreqnstuictieg 2apolynudeoiide thaliengodes a polypeptide
HRAChAS efiOPBE SirdhOfvd It HEr89ES Satrfti'tcj;ég!é "hd formulating with a

, | ynucl eot|de that encodes a polypep a
EE?%/%%%%E'F?MFW%%WGWEP'%H y antigens and

formulating with a pharmaceutically acceptable
I pi o provi ded are the use of a .

AN, Riiled e VB u S &, 8 Pudidetiis BE 4 gBior according to the
investion,oin then treagmenteat praphyaxiprafpay | ARV sinféctian, igpsferably an
' ' relalqy A i t :

B B PSP E e 2y 18 A AlefMior] BoipkBcs tuse of a
pelpHEertdR: e, vestTe@ceprdiid oladithg inyenteni Abetia dreatment or
prophytasig Oﬁ%:mlélﬁboof (slﬂﬁP%ﬁb?Féﬁitﬂfw%,%ﬂﬁiFﬁl § ngdus cells of

? enital.warts, cal squanous cells o T

i Bapiti. b00irganes ARCE bandfal fiasiay cfpdial dtraspithelial
peoplasial (CN)rarepetvival icahcer.  Accordingly, the present invention also
provides the use of a polynucleotide or of a vector according to the invention in
making a vaccine for the treatment or prophylaxis of an HPV infection or any

symptoms or disease associated therewith.

The present invention also provides methods of treating or preventing HPV
infections or any symptoms or diseases associated therewith comprising
administering an effective amount of a protein, polynucleotide or a vector or a
vaccine according to the invention. Administration of a vaccine may take the
form of one or more individual doses, for example in a "prime-boost" regime. In



10

15

20

25

30

neoplasia (CIN) or cervical cancer. Accordingly, the
present invention also provides the use of a

w@oedogosiekeot i de or of a vector according to theCT/EP2003/011158

invention in making a vaccine for the treatnent or
prophyl axis of an HPV infection or any synptons or

di sease associ ated therewith. 30 The present invention
al so provides nethods of treating or preventing HPV
infections or any synptons or Yi seases associ at ed
therewith conprising adm nistering an effecti ve
ampunt of a praotein, polynucl eoti d%eor a ctor

og@@mnea%&&;érﬂea.“ﬁameo Yaroingpan mash beavia; RIA Naceie gelivery, in
paitiztRdrivéa ﬁaﬁlcleéﬂn@dialf@j BNA demery oﬁaq)dlynuﬂﬂcﬁlde according to the

R WG 5B SRS AL sy o

HM“ blpeadministetionaoct lanecmombmalyt bmalvvectﬁ)\l@omtsmge the same
c
gS‘thEI'é}Stld# Qeqlﬁ’@ﬁ&én u)é{t a:flggl cdrbfé:'n? a@@bﬁﬁﬂpr@%‘éﬁes may act as
paxﬁ@ﬁﬁh@ ﬁrlrrmg;p@bgmtmg mppgh,aw@ld D gelivered as the other arm of
ﬂ*é‘éfﬁn‘é it \t8&inYe the prattdn bidthg {HO8She 4Wthe protein encoded by
tration of a reconbl nant viral vector
ﬁlﬁ% ing the sanme 5 pol ynucl eoti de sequence.
Alternatively, a protein adjuvant approach may act as

WhAFdughout hife Présan GpiciflRadsh ididl girpaeesipanyihg dibifns the words
dellvered as the other armof the grl me- boost regi ne

Q%prﬂﬁ%t and 'Heslude"t pads yagations: sEChrat eCAMPREBS e d agyPrising”,
glu%'é) and Yindfig I%:‘?Httotdf%ein{grﬁgﬁga ﬁb@t?&%élgcq{Ha‘P? 3Hse words
e acconpany|ng S

érenmwmi@d mdonmy e pmllslethlasmhcmfnqsthes elements or integers not

d | udi to b
SheaRABatited B e pontehaleed | hosenords | aro’

i ntended to convey the possible inclusion of other
el ements or integers not specifically recited, where
The teomt warianl'| refers tosa Pralynusientideawhioht encades the saee amino

| eoti de whi.ch d b
SR B ITRe 45 AR BORAGRNIF AP FRb8: ulpfon but which,
tHrgagh e rdiliindahtg Bf the dembtishcddee hag dudiferesly natidotide sequence
genetic code, has a different nucl eoti de sequence

whilstsmajptaining Wierspree sodaniisaggdiatigsader sa@m% hayipg the same
Sémhga@ébé‘fﬁcfeh Pé'&%d@ﬂ u%gﬂ ogf@%t @I i | b°1 ‘jﬁéfe?ébly within

codon age COG I ciren er ab

waﬁmﬁthaﬂoﬂﬁem‘théﬁpﬁlymﬁcledﬂ&imt her pol ynucl eotide.

The term "codon usage pattern" refers to the average frequencies for all codons
in the nucleotide sequence, gene or class of genes under discussion (e.g. highly
expressed mammalian genes). Codon usage patterns for mammals, including
humans can be found in the literature (see e.g. Nakamura et.al. Nucleic Acids
Research 1996, 24:214-215). ’

In the polynucleotides of the present invention, the codon usage pattern is
altered from that typical of human papilloma viruses to more closely represent
the codon bias of a human. The "codon usage coefficient” is a measure of how

closely the codon pattern of a given polynucleotide sequence resembles that of
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The term "codon usage pattern” refers to the average
frequencies for all codons in the nucleotide

wGeeguesre? gene or class of genes under di SCUSBCTDREP2003/011158

(e.g. highly 25 expressed mamual i an genes). Codon

usage patterns for mamual s, includi ng humans can be

found in the literature (see e.g. Nakanura et.al.

Nucl eic Acids Research 1996, 24:214-215). In the

pol ynucl eoti des of the presenﬂ i nvention, the codon

usage pattern is 30 altered fromthat typical of

Soae RS CodhT i88aqhdeTeal 0 B3R KRR} REHure BBroes for
te highbyasxpresseéd lgenesadfarnahy spbeies c(deen epgt Nakamafa et.al. Nucleic

607 B8Rt A A1 SR 53 e 1ok e eghcles areiaeh of the 61

codons (&gbens 8§ tﬁ@m\u%é#%flde%drréh@é% bb&@rrré'ﬁéé Ber 1000 codons

sources for the highly expressed genes of nany
Qbéfce @@le(oi@fb cbasg oﬁ\aamﬁ)r areenomnalistidcioeieachpef the twenty natural

rc 996 15 The codon fre uenci,es
BIRAE (e coth I tieo Narop ol 8 St SRaHBRAY T GeddH for each
QATNG It &S set el anaeth@efreémxé@mnmé l&¥s EBvmon codons are
sel ected, c|l ass of genes) are normalised for each of

sralegieriis, baaarareroagndd - adhus, ea§6 ofthe 6heodansds gsigned a
Sel{ﬁem of fo%‘l‘%‘rttﬁé gﬁlgc gé’!?s t%%’f th8Th b %Bbgieé.sln order

and t he FE 1 ¥ssoco
twdaleslzde @ cederh elsage daeéﬂdmttv\faera gpecifiapdlyhuclHutige, relative to

50 0 A0 s g honcoo o
fRespadsfic bBIyﬁﬁQ@btnd@aFé’nS@dcéHcﬁﬂfé g?ed?ﬁét?lﬁ rHéélS’ %f all these values

coefficient "for a specific polynucleotide, relative
t%éahﬂngfhyydwmgaéls%@ugemééhefnatxh@t lagse of élsesa welwsabsedhe total

4P S, SO DR 518, SR 8] o v
betwesdte zefdandi 1i ghdahé hsigheimtied doeeficstituthel mMar@scatfons in the

t hese val ues by the total number- of codons and take
palnHeleptide gre Trereptietised icedens Iff a palwugleplidgseggence has a

B54YR TR Erd&eﬁ’@%rﬂt cf’Fn‘PI 4PGe méy%ﬁor@gré: okt fle Spéntt r1:%(§Ions for

rmeco ynucl eotr de arefre uen

higthbynexpressed gem@mui:ﬂhed’argm spegigence has a codon
usage coefficient of 1, all of the codons are "nost
frequent” codons for highly expressed genes of the

5AbaBE p%%@lb%%ﬂdg%e%{m%hbéé el withig! teetd esgﬂﬂ?é‘%%ntlon For

are wth he Scope of the I nvention. For exarrp
pmmnlﬁcléoolyogcl@btldheoﬂmeenwmnmayeanmt& a frag\rglenhof a HPV

{o&%&&po&fﬁ@:ﬁeqt@i&@h%ﬂ l eo gﬁnéﬁ Cih ateleagtd§ for example 1-
10 amino acids or up to 20, 50, 60, 70, 80, 100, 150 or 200 amino acids in length
is considered to fall within the scope of the invention as long as the

polynucleotide encodes a polypeptide that demonstrates HPV antigenicity. In
particular, but not exclusively, this aspect of the invention encompasses the
situation when the polynucleotide encodes a fragment of a complete HPV
protein sequence and may represent one or more discrete epitopes of that
protein.
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10 am no acids or up to 20, 50, 60, 70, 80, 100, 150
or 200 amno acids in length is considered to fall

wowdohiosi2zehe scope of the invention as | ong as POEERH03/011158

pol ynucl eoti de encodes a pol ypeptide that denonstrates
HPV antigenicity. In particular, but not exclusively,
this aspect of the invention enconpasses the
situati on when the pol ynucl eoti de encodes a fragnent
of a conplete HPV protein sedlience and may represent
one or nore discrete epitopes of that protein. 30 WO
0 E 1f v,
e tisPassar oBven s Pieaart ilenidn Molhag OEFHAER ogtors that

compn'sedhehmdnmideoseqi&ameqmrtheswénttdne Sumhrmpmssuon vectors
Such eerreSS| on vect.or are routinel %& onstructed in

Ak Touinaly CRBPEUGIFY inHhg) kP ARRIeRAkr Diglogy, 2ng) way for example
ifveRle el it Ma%loobﬁﬁﬂ\"‘b d Q@@r@ﬂ%t é{B d ?&Sﬁmters enhancers

initiators, pronoters, ment s
and otber ¢lememtsrpich quqra&j@nyplatpowtadenghaaba srgnajsuwm;h may be

BPvatiekl; am Wi posioRed shis forgsuismiation, i 6rSt to alow

ﬁ?fp;br@béhoékpr&é?@rﬁ S@tﬁeﬁlbév,ﬁta‘b@*v@&t%rmmh % QFEQI“GWBHO persons
persons skilled in the art.

§b’(ﬂiﬂ% iethenatthiBy way af mwmerra@@mple & mgmd weerefar to Sambrook

L I
@ (L:a Ogér'c Or?)ﬁ/:' l&%g'gr egg%%&‘ﬁ%%’%%@f rg%&',g'anﬁ Laboratory
Podgsn(t989)t i de of the invention or for use in the

invention in a vector is operably linked to a contro
sequence whi ch is capable of providing for the

yoa HiyidtfestRi ?g tRE QHEE RO Yr tf&eugé’si[} t‘ﬁ%'t Ig’rvgnntion in a

2 Vdcthr e an expressi on vect or
vatpier sﬁoolyer‘abtyldmkedrtefaa central sequextapdich isocapdide ef providing for

b RROERRL Rt GofbRctedipnc by e fobhBllala’ faeertor is an
Bx5re8sioAl RYorS ETNE RGN “SHeBbRBIirkedr 98RIS Yo a Jgs%%rp%ltnbn wherein
| inked" to a coding sequence’is positioned i'n such

mcemnwﬁ@r desarigadogre: inea r@tﬁiiongh@eqer@mﬁ@g them to Tfunction in

r e g uﬁ@% e 3 %‘eﬁ%ﬁﬂ&?ﬁ&g gg@é%%e s}ﬁ'&b £ prpmoter “operably

Elm«!iﬁlte a Qd)diﬁmséquanée i3 positionsd imeachna, wa/y thigt é)(fpressmn of the
ﬁ vectors provided with a origin of %IC&tI
g‘?}? grraqueEnge dg jeyeds Hnd@rheon@t@m%@gmat@ the Eegulatory
@%‘yéﬁ&,l eotide and optionally a regulator of the
not er .

The vectors may be for example, plasmid, artificial chromosome, virus or phage
vectors provided with a origin of replication, optionally a promoter for the
expression of the said polynucleotide and optionally a regulator of the promoter.
The vectors may contain one or more selectable marker genes, for example an
ampicillin or kanomycin resistance gene in the case of a bacterial plasmid or a
resistance gene for a fungal vector. Vectors may be used in vitro, for example
for the production of DNA or RNA or used to transfect or transform a host cell,
for example, a mammalian host cell. The vectors may also be adapted to be
used in vivo, for example in a method of DNA vaccination or of gene therapy.
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25 The vectors may contain one or nore sel ectable
mar ker genes, for exanple an anpicillin or kanonycin

WO e®udsraRze gene in the case of a bacterial plBSTYEP2008/011158

a resistance gene for a fungal vector. Vectors may be

used in vitro, for exanple for the production of DNA

or RNA or used to transfect or transforma host cell,

for exanple, a manmalian host cell. The vectors nay

al so be adapted to be 30 usedi2n vivo, for exanple in

a nmethod of DNA vaccination or of gene therapy. WO

2004/ 031222 PCT/ EP2003/ 011158 12 Pronoters and ot her
expression regul ation signals my be selected to be
Gropmters! and cbthet h!xd'nesslone&dgufalbnm/eigﬂblsexmw&ﬁ ®Rldcted to be

desi manmal i an pronoters | ncl ude
q%gﬁﬁg Y"H-g Qﬁ“of%twch VARPEPSSIQI IH designgducler example,
S a
g E?‘%‘“’%?ES?W‘%}“?‘% i, HEPUGRGRAT i fffEn can bo
IlruttgnedTlrarrebgmsqortonbeaVy rhatmm suxht @segationurnpandCiivg B-actin
i mredj %é (LE) pronote rous sarcoma virus LTR
@r%'ﬁeteér IR R BOLRrS &5}%\16% &g SVAO largey aptigast Bromoter, human

ot (Y ipeleseisny P AR 618 SRl s Liv

@mamb’edml @denovings spromdiegmuirea bIP\:SLprba'kﬂter vparditularly the HPV

ors include herpe | ex r vect or vacci ni a
YpStRER . LOlAta o TURRTEY Alte Pt Allitodes. frometers are
radily\dviaiialie in #seaaYi ruses and adeno- associ at ed
viruses. Gene transfer techni ques usi ng these viruses

are 15 known to those skilled in the art. Retrovirus

;Eﬁéh‘g% S}/Iﬁﬁélﬂlgﬁgﬂlggtrgl Fl:,em#ﬁ@%t é)rgegkﬁﬁbtéﬁ(g\ﬂ{?ig/%&to?s vaccinia

geripha-ving véuoghasd edtrovitel] ingluding Ientivipisey, efdehbeituses and
F‘g plication-defective adenovirus vectors by contrast

REPTRSERFialedaVIrsRs. t (feong Gapstar lsahpigdasiusing these viruses are
RBAANS e skl A thelap o RefrodnC LRI EBafTRe ) o used to
stabdy iotegrateothe pobactctedtidenaf the mvphtigredintan the deostt genome,
BIRONTE such PefiarmbifBich i, et BlefePed, SahiEAtoT Grfadlupgtienovinus

L8Etors By asondidlt RemalPepisontal dFiEiHRIERMe HILM tr1RSERF xpression.
are those derived from non-human primate adenovirus

Yestorasapsblecaf dﬁvmad@mfesauge inussest s, (fon examplee baculovirus
VRSB Byl B0 or 55 A, ) B HBHBABAL 6B proauce
quantities of the HPV protein encoded by the polynucleotides of the present
invention, for example for use as subunit vaccines. Preferred viral vectors are
those derived from non-human primate adenovirus such as C68 chimp
adenovirus (US 6, 083, 716) other wise known as Pan 9.

Where the polynucleotides of the present invention find use as therapeutic
agents, e.g. in DNA vaccination, the nucleic acid will be administered to the
mammal e.g. human to be vaccinated. The nucleic acid, such as RNA or DNA,
preferably DNA, is provided in the form of a vector, such as those described
above, which may be expressed in the cells of the mammal. The polynucleotides
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agents, e.g. in DNA vaccination, the nucleic acid wl|
be adm nistered to the mammual e.g. human to be

we aggiosizbed. The nucl eic acid, such as RNA or PINEEP2003/011158

preferably DNA, is provided in the formof a vector,
such as those descri bed 30 above, which may be
expressed in the cells of the mammal . The
pol ynucl eoti des WD 2004/ 031222 PCT/ EP2003/ 011158 13
may be administered by any avédl abl e techni que. For
exanple, the nucleic acid nay be introduced by needle
Y . 1 u
/5% PR b iy BB ot 301 EER Bietpucietc acia

nm,y lb@urﬂﬂiduv:edexy nkadie injgctiarm rpvs’!eraﬂﬂy n$ﬂl<adem&alllygsabcutaneously
nucl ei c aci d delivery deV|ce such as particle-

9" HtramEseWary (M@f@a ively, the NyalkieREId | MaYt b%gq'were@s directly
rg)%g the Gsﬁ’\ ?uc?é@ acﬁpﬁéﬁ\%f Iéeﬂnc% BYGH &isC %z%ﬁblgxmedlated

are acceler eeds su cient to en
th‘\‘rdethwr@Ml}&)b I this frmihod;f inartr partipies r(su¢le ag. gold beads) are

ol i b SRR Ao alt e dinelstateial fesd Sufdiedy to enable

W t@ peRbah®) & stpfade Yl £atisienl (<. ?esiﬂh?%ﬁbxéﬁl‘ﬁﬁi‘by PReans of
are wthin the scope of the presen 10" i nvention

disehargei wuler highipesstitenfretcé pp;aectirrg dvice.S(fPardicles coated with a

DGEBE A5 Gt B MR B RN BBH 1P rens

mwéhtl@n SreaEvicdsdodedd olith. su'EhEpaméléQ) c acid may be
adm nistered topically to the skin, or to nucosal

surfaces for exanple by 15 |ntranasal oral,

ftél% bﬁﬁlhld@é fbpﬁﬁt?écﬁiiﬁr?éatﬁ%'ﬂa%ﬁtﬁ(ﬁi/h@éleoﬂ_c;ée o'?a;f—:‘t%ﬁor into a

ynuc eot e or vector e present toget
aai}lﬂfrmmtﬂuéentmmadall gpphaaherpw\aﬂhl a&n epprqpriae vehicth Eﬂae nucleic acid

Py s Fisteral Eaicly STt BRBA0bR MyEPral SirTareS dicsample by

meaRassl, PepdlY afdiaN8g In‘él bhe jtpireesl t baminiStrB8on. ™t HP@S naked
of admi ni stering the nucleic acid directly to a 20

pelynyeleaiide rafl veetonl meysbeanpresenbdogeiber with nal pharorgceutically

B g, Wb 4 PhpSRb Akt beifrdPHiL oBily uptake
haydeanber fAnflitailedeead ditionof facilidtirieagents sueh ki sipddcaine to
for exa I e those incl udi gg t he use of transfection

e coEReition:y ek ethods oF admiristesing e pedeica6ie sirectly to a
%ﬁi&%@exfn%fua%xagﬂa‘éouﬁ&" C R S%‘ﬁﬁ’itﬁatﬁf}g ?lectr?portatlon and

tran an of ect ants or exa
microseeding adicihnis dﬁsenbedagbl&aﬁ GQWQOAucI ei ¢ aci d to be
adm ni stered can be altered. Typically the nucleic
acid is admnistered in an anmount in the range of
Uptake of nucleic acid constructs may be enhanced by several known

transfection techniques, for example those including the use of transfection
agents. Examples of these agents includes cationic agents, for example,
calcium phosphate and DEAE-Dextran and lipofectants, for example, lipofectam
and transfectam. The dosage of the nucleic acid to be administered can be
altered. Typically the nucleic acid is administered in an amount in the range of
1pg to 1mg, preferably to 1pg to 10ug nucleic acid for particle mediated gene
delivery and 10ug to 1mg for other routes.
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1 pgtolng, preferably to 1 pg to 10g nucleic acid
for particle nediated gene 30 delivery and 1 Ogg to 1

wWorgootos1201 her routes. WO 2004/ 031222 PCT/ EP2008¢ DERADB011158

14 A nucleic acid sequence of the present invention
may al so be adm ni stered by neans of specialised
delivery vectors useful in gene therapy. Gene therapy
approaches are di scussed for exanple by Verne et al,
Nat ure 1997, 389:239 5 242. Bdth viral and non-vira
systens can be used. Viral based systens include
retroviral, lentiviral, adenoviral, adeno-associ ated
viral, herpes viral, Canarypox and vaccinia-viral

N%@Qléﬁélﬂ%ué}*&@ 6‘Fth@| r@@éﬁdln%ﬁt‘icﬂ{%dy“ﬁsé% dihftistered by
mnlstratlil ‘E nucl elc aci ds ne- bas g th
@9%@%9& Speglansy cqeé'VEWab!?‘éF%‘eéféﬁ éncqe&% RS enpene therapy
d @aﬁhssnarrmdusahmdoﬁ)ra@kanﬁpletwVérmbxet arpbl@wrefwg? 389:230-

M BRI b noti Salis oy REASER,: e BRBR SIS include

refrevipal g adivirak) aelenowvinale adebe-aisaociathacechl, harpessvitdl, Canarypox

é?ﬂt lvﬁcb@ a}’%?élobéé‘gdtéﬁh%rﬁénsw Félcﬁ%eotl%?g rﬁéelhclﬁﬁe direct

The ynuc
adimigistralian @&@upm@gwaﬁ@nﬂdm@sw@rl@% daStemS: al r eady
present in a cell by honol ogous reconbi nati on events.

f d , 0 f d b
AinbERI AR o preher BubRion, fiayghRE be Bghhstered by
rmeas oﬁtrahefopmes!ermllst nSect celts inCkidescelsnhéiweptedviraiada subject.
ﬁ‘Ee ﬁ}gk&P ?5&% %to%g \?edt(.r)} 3f ﬁl%t br%%nﬁﬁ\}éﬂ%ﬁ‘ AW §foduced

cro
nnﬁoCs@ch ﬁP’é&:tlfll oniro @(nd weztnarm@rmg@ c:eﬁé i begetrped to the

édb‘f‘eo‘?r ePRa! lelf‘dléthjb BR)hd rlﬁJ/éiﬂf%naﬁiéyV ﬁfﬂégra@é’muﬁ@@elc acid

whi ch serve rea ne . re
already Ry e%?“& Red Cgﬂd}ye A C@Qpﬁ rgpo '}?A'OPS \@{ﬁ%d&trgysformed
ddllemay ais dediréiN be frownalp mnvird drideor® ot anorebofathet resultant cells

e G RefieieRinb B e Sk BRIT lFISA ol Bumppopriate

stlﬂee|n| ampatient dgpbngen MIcahoadpmmwglnalytechmques (e.g. graftlng,
rﬂﬁ;\l&f LaRm g§§ be desirabl e because, while DNA

VaCCI es tén ovvork well in mce nodels, there is
evi dence of a sonmewhat weaker potency in Iarger
'Qpﬁadla@gmeswmmzﬁltm wiinthe presenteinvigniion mayt frsldgr adjuvant

dnPSurtsSHhiEh My hvd B ildr&le ihe®PRR¥ rbSp P RRucE? by the

protein itself or which is encoded by the plasmid DNA. Alteration of the codon
bias to suit the vaccinated species is proposed herein as a means of increasing
expression and thereby boosting the immune response, but an adjuvant may
never-the-less be desirable because, while DNA vaccines tend to work well in
mice models, there is evidence of a somewhat weaker potency in larger species
such as non-human primates which is thought to be predictive. of the likely

potency in humans.

The vaccine composition of the invention may also comprise an adjuvant, such
as, for example, in an embodiment, imiquimod, tucaresol or alum.
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The vacci ne conposition of the invention may al so
conprise an adjuvant, such as, for exanple, in an

weniwa@srzent , i m qui nod, tucaresol or alum WO PCT/EP2003/011158

2004/ 031222 PCT/ EP2003/011158 15 Preferably the
adjuvant is adm nistered at the sane tinme as of the
invention and in preferred enbodi nents are fornul ated
toget her. Such adjuvant agents contenplated by the

i nvention include, but this il is by no neans
exhaustive and does not preclude other agents:

ARl AR B0 R B3id BT ivenion anc

e thefe&réd eiaodithesta sre foinngated tqgemeel SueRedfivant agents
conbl ne th a gl yco&aot ei n.vaccl ne' Vacci ne 19:
LepiRMBlaEe szwenﬁ\ incliidley bukis fist is byew mrapa gxhaustive

afdody emn&ﬁlud@t%ﬁ%éé%%%gﬁ@gm@ R Rpch as
Gmiduimad [SR26808, 6&3932}3%36@05 4e1(é!O(Rl§c)uct|Sn loif fécurase $1SV
carbonls 10.a mnest re contltutlvelay
e G BT Y Ao raTged wiin & A capraten vaceine’,
MHCHEP: FB011856, (1061 3SR fe%'@.ﬂ mﬁ-ZﬁGBatR 848]y(Vasnlakos et

Ther apeutic potent| ation of ne syst
@bs thdiuwvantacjivaesidf impumne- rfespnmmrrmdtf@ R- 84&1 Gomparigon with

5% Cps Sl RIS 200 B (R0, SEfT it B Salbonyi

Ialnd%minleslﬁat are-cnsttidive Soed oGP pRisehting célkand T-
|IL-5, IL-6, IL-10 lgneg(%lr?_ 13 and ot he? che u@%cnean

&ﬁH S&la‘agﬁ ruchas jucrsped (RBgges.ab eﬂ/@b T, hemnﬂuilcaqqmtiat'on of
th cﬁlrﬂmf&‘ﬁ% wg%osirﬁﬁh o -1 gan g SoE?ﬁQLNature 377: 71-

er | nmu ostl latory targetin
(ZBL(AQ%)5)ndytbklneeble@rhohlneazmmmsilmulﬂtmnyuhalm:ul@sp'ﬂ'bi fndueers

AP PRl e oo, dL oA, Lr487d IEyTe5iThL ihioers S36h as IL-
AYaxbeptenLenhang ¢I§-1%0arf't‘f‘éth8?8h§r|ﬁ%ﬁin@aﬁ1oa65 smmétory genes

titres and maintains Thl type | nmune responses t
suek @isdMORAl i MiRtrli atpha,dWIP- 1\@@@. RBNTES, 3'?3?8'33@%}) CD86 and

it Riveians BRLCHY BapRelGaids forgas o0 8R4 1

sEns@ﬁh oapasptos;|§<§t|h1dlatlrmg pm&ns @hd‘bepﬁﬂ@s tsbeh é%fF%fse (9), synthetic

i nnate i mun

K}P@rbﬂﬁ%’l %yV@tSQ@@tﬁq \2@6@%“ (69@%?& gb- “Vantgotin enhances
%m&gﬁ %EQ&mE %ﬂtlb@ f7LO alf'ﬂ meﬁ@ 5 Th1 NH@#&%% he nasfbto%gs to

eqliences necessar or e %ive
@Mldrﬁfﬂhumatumzétnonswm 129?312123’886) 8§2aldhd, alpha-

b ocBohsibats 6. BRRC apdelplesiael “ndsionn, fLPs], Beutier
ggg@thgfr%iﬁ nglfgkegE%c%?Edrai AndaRB GiferdiRlintS bE@RateRirhunity’,
Current Opinion in Microbiology 3: 23-30 (2000)) ; CpG oligo- and di-nucleotides,
Sato, Y. et al., ‘Immunostimulatory DNA sequences necessary for effective
intradermal gene immunization’, Science 273 (5273): 352-354 (1996). Hemmi,

H. et al., ‘A Toll-like receptor recognizes bacterial DNA’, Nature 408: 740-745,
(2000) and other potential ligands that trigger Toll receptors to produce Th1-
inducing cytokines, such as synthetic Mycobacterial lipoproteins, Mycobacterial

protein p19, peptidoglycan, teichoic acid and lipid A.
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i nduci ng cytokines, such as synthetic Mycobacteri al
| i poproteins, Mycobacterial 30 protein pl9,

w@epiiosingt ycan, teichoic acid and lipid A WO PCT/EP2003/011158

2004/ 031222 PCT/ EP2003/ 011158 16 Certain preferred
adjuvants for eliciting a predomnantly TMtype
response include, for exanple, a Lipid A derivative
such as nonophosphoryl lipid A or preferably

3-de- O acyl at ed nonophosphoryf6lipid A MPL(r)

adj uvants are 5 avail able from Cori xa Cor poration
(Seattle, WA, see, for exanple, US Patent Nos.
4,436,727, 4,877,611; 4,866,034 and 4,912,094).

Cre@abppieferted adjudangofov elicitihg dgsretibmindnity TH 1 8/peesponse

di nucl eotide is unnethylated) al so i nduce a

Hcditisiferexargplena Lirid foderdvativgauch asqaﬁuepwnm ligickA, or

by oSN e Mg ARG ER ol R ipf AR pflutEiis are

ayaitble domaCorisa Exbpdiltion|(Beatiies WAL e, tﬁmryeﬁ\@ple US Patent

o TBer 2 %857 82! £ 6603 andl £ 211 Cincliortaiing’

BRGOHMAN ot Wﬁﬁsp%é@&’?bﬂ)ud%& €98 u%é t(e%lz also induce a

defivatives thereo udi ng
Bregsiminaathe ihil casponsec . Sudch ellngmmtndmpre v@idqnnyvn and are

BB, For,SlarfPIRn PRI o oS5 A8 AN 5, Rateat Nos.

8/008)Z0Mand 5886462 .Y |rﬁaﬁno§hmqmwyl BN SRRuehbédaSalso
di scl osed in (\/\096102555) i.cal _inmmunostinul atory

gppgiine feroXaarlenpy Samseb@lt ionee 26836851296 nAP@W@f h

BRétox 58 BPANER phipr 367 BlBioh. 34 QRERCSr JeHRlgfyeY thereor,

lnumildng( QB 2dand %bf@t&lﬁ@dpl@énmmmibaletl'nd.eErdm'mgham, MA);

nts or vaq%lﬂg % [esent invention
Fﬁ@ "bd?ﬁ%(l?? a8F Lisrierg WU&H%’P@&@P@B@Smtifs
preferably separated by at |east three, nore

preferably at |east six or nore nucleotides. 25 The
il agembddioent]¢lse alljuvhnt coraprdsds aniantunostiauatory CpG

UARIINe AU HEl RO (ool IEES! feficgrbod men:

nternuc
gmas@pna‘umu|at¢ryda\ng@nudeohdﬁ9ewrblrtze be@map &-100 bases in length and
RIpRBEs Mol RPRfia X Chessahy %1WX9§F@hu§89tlde bases,

aefr Inte ceotld F?ée(gs are V\nthlnthe scope of
he ei‘HHT‘% Y l'i gonucl eotides with nixed

| nt er nucl eoti de |inkages. e.g. 30 m xed

@ﬂgﬁ% tgﬂc'al%%hﬁ’ RBGROLHTREGH 2Vl of VAR pFSsent
invention preferably contain two or more dinucleotide CpG motifs preferably
separated by at least three, more preferably at least six or more nucleotides.
The oligonucleotides of the present invention are typically deoxynucleotides. In
a preferred embodiment the internucleotide in the oligonucleotide is
phosphorodithioate, or more preferably a phosphorothioate bond, although
phosphodiester and other internucleotide bonds are within the scope of the
invention including oligonucleotides with mixed internucleotide linkages. e.g.
mixed phosphorothioate/phophodiesters. Other internucleotide bonds which
stabilise the oligonucleotide may be used. Methods for producing
phosphorothioate oligonucleotides or phosphorodithioate are described in
US5,666,153, US5,278,302 and W095/26204.
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stabilise the oligonucleotide nmay be used. Methods for
produci ng phosphor ot hi oate ol i gonucl eoti des or

w@b@gpbendi t hi oate are described in US5, 666, BGBEP2003/011158

US5, 278, 302 and W95/ 26204. WD 2004/ 031222
PCT/ EP2003/ 011158 17 Exanpl es of preferred
ol i gonucl eoti des have the foll ow ng sequences. The
sequences preferably contain phosphorothi oate nodified
internucleotide Ilinkages. 5 €I G0 1: TCC ATG ACG TTC
CTG ACG TT (CpG 1826) (SEQ ID NO 24) OQLIGO 2: TCT CCC
AGC GIG CCC CAT (CpG 1758) (SEQ ID NO 25) COLI GO 3: ACC
GAT GAC GIC GCC GGTI GAC GGC ACC ACG (SEQ I D NO 26)
Ebdaﬁ?@lés offlsiefdrtée dligonlicledtides hhve & TEHDWiNEBEEEES. The
27) 10 OLI GO 5: TCC ATG ACG TTC CIG ATG CT
§mqmre{@g@y|qgnm mpsm@r@,tmg@ﬁe\mogggj internucleotide
ﬁll\k ucI eoti des may conprise the preferred sequences
abo “in that they have inconsequential deletions or
additions thereto. 15 The CpG ol i gonucl eoti des

P AR G 19T SR st

SUEe:auT ECGAST GG @@G@A’F@@p@eﬁsﬁ?xsl;@ ID NO 25)
ng1't hesi zed utili si ngll an aut onat ed hesi ze

@PaHAGe G @R TEIREE GER SR EGFiAfdn vﬁ‘&%dﬁE&e'D NO 26)

OO e & T T T SRS ST T 6P 5988 BFTip No27)
£lGoh: rngSCEMﬁpA% FEC \(EJ G ATELT 1epGi 16683 t(BEQRID N© 28)

invention, with reference to the acconpanying

drawi ngs, in which: Fig | is a schematic view of HPV
{'\W?E?ﬁg bgﬁuc‘,{ e{%ern‘ﬁiygﬁhfgﬂ%b tﬁ%%%geé sequences above
Bhhad they 'GEOEQE’CN%'?B tensthereiosed and

mut at _ed 10 Fig 3 is a plasm d map of p73pl c6bel -

T Ra Dby eoes et REg e RETBYa0RL R 1 s Htfesized
By eagimethod\knbivnER théakt (RgEME68520). Conveniently, such
oligonucleotides may be synthesized utilising an automated synthesizer. An
adjuvant formulation containing CpG oligonucleotide can be purchased from
Qiagen under the trade name "ImmunEasy”.
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codon optimsed and nutated. 15 Fig 5 is a plasm d nmap

of HPV 102 - encoding HPV 11 E2 in p7313 background.
wo2@4031282 a pl asm d map of HPV 104 - fusion of PEREP200B011158

HPV 6b and E2 from HPV 11 in p7313 background. 20 Fig

7is a plasmd map of HPV 105 - fusion of codon

optimsed, nutated HPV 6b E2 and E2 from HPV 11. Fig

8 is a plasmd map of HPV 108 - HPV 6b EI codon

optimsed, nutated in 25 p73t8 background. Fig 9 is a

plasm d map of HPV 110 - HPV 6b E2 codon opti m sed,

TH R B, B o 80 oL 8RR fteence o

the dcsompainging drawiipsin WRICK117 - HPV 6b E2, HPV 11 E2,
HPV 6b EI. WO 2004/ 031222 PCT/ EP2003/ 011158 19 Fi g 12
is a plasmd mp of HPV 118 - HPV 6b E2, HPV 11 E2,

H’éw 60 aEéché:mQtlésle\AFo@W?ﬁﬁm&k%raﬁgﬁld %émﬁé cUﬂ"sﬁ'Gct of the

yprotein constructs of e I nvent in 293
mwbhsonS Fig 14 shows the incapacity of KIIIA nutated
E2 in an invitro CAT transcriptional reporter assay.
Fig 15 shows cellular imune response in nmce to El

, li@ Piig ol plasnoMemeag! diub P07 7apapne é%ﬂ"(\%‘iﬂﬁ\l) 6b2EZithafl has been
CTL assay data with HPV 118 after D 15 Fig 18

sodnmopignisediand mutaiedt s after administration of E1l/E2
in the COPV nodel. 1. Plasm d: pWRG/077 6be2 c/o
nutated 20 Gene of interest: The HPV6be2 gene is

Bigip8 ax ianplaenid Indp 169 p73p3caise Brdercartitly HRWIBES eflat has been
codon optimised and mutated.

Fig 4 is a plasmid map of p707711e2 — encoding HPV 11 E2 that has been
codon optimised and mutated.

Fig 5 is a plasmid map of HPV 102 — encoding HPV 11 E2 in p7313 background.

Fig 6 is a plasmid map of HPV 104 — fusion of E2 from HPV 6b and E2 from
HPV 11 in p7313 background.

Fig 7is a plasmid map of HPV 105 — fusion of codon optimised, mutated HPV 6b
E2 and E2 from HPV 11.

Fig 8 is a plasmid map of HPV 108 — HPV 6b E1 codon optimised, mutated in
p7313 background.

Fig 9 is a plasmid map of HPV 110 — HPV 6b E2 codon optimised, mutated in
p7313 background.

Fig 10 is a plasmid map of HPV 116 — HPV 6b E1, HPV 6b E2, HPV 11 E2.

Fig 11 is a plasmid map of HPV 117 — HPV 6b E2, HPV 11 E2, HPV 6b E1.
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sequence (for human expression) was created using a
vi sual basic programme 25 called Syngene. In addition

wo b@4megeence i ncl uded a codon change at am nOPEI/EPR2003/011158

position 111, whereby a lysine residue (AAG in the
wild type was changed to an al anine residue (GCA)
creating a nutated gene. This change inactivates the
transcriptional activity of 6be2. Overlapping priners
i ncorporating the whole genel@ith selected
restriction sites at both the 5 and 3' ends were

I e Rigamganapar N A and B g Eda RV 11 2 FPY eb 1.

restriction enzynes 35 Not | and Barn H for |igation

[ e > ject), T ' . .
5335 655 YR BE b S B ik olyralel #Gelcls Sbineipyention
fruR93 iTroadlgi at e early CW pronoter and have a bovi ne

growm h hornone poly A tail. C ones were sequenced

i ndi cated a nunber of base errors. A nunber of o
§ig 14shawsshe ingapaciie pEKilHemutated 4 th ahiyiteo CAT transcriptional
espuitdrigbhpn of the correct gene sequence by using
restriction digests. Fromre-cloning, one clone C7 was
found to have only one base error at position 497 (T

Fig  showsaellulaoimmuverrespose inmickeite Bt ea and a

sinple fragment swap was just needed to correct the

error. The final clone C7a was confirnmed to be codon

bigt 16isbews eglldles impwag. repgersedog=22) 10 6be2 sequence

in pWRG/077 (Sequence |ID No. 1)

A A A A G A S5 CoACCTECTBAGCTG

GGAAAACAGCACAGACCT CCACAAGCACGT GCTGCACTGGAAGT GCATGCECCA
%ﬂ%&%ﬂ%@@m@ﬁaﬁ%ﬁm&m@

CCCCCGCT GAAGGT GAGCGAAGCCAAGGGECCACAACCCTATCGAGATGCAGATG
CACCT
GGAGAGCCT GCTGCGGACCGAATACAGCAT GGAGCCCTGGACTCTCCAGGAGAC

®TRPabmid: pWRG7077 6be2 c/o mutated
ACGAAATGT G(gCAGACT CCTCCGAAGCCGCTGTTTCGCAAAGCGCGGECAAGACAG

TTGAG :
GCGCAAACAACACGATGGACTACGT GGT GT GGACCGAT
GICTA 20

%éﬁﬁ%ﬁ%@ﬁ‘&%@mﬁw AGRE T A BREAE TS5 dptimised

AgqueneedifeichimencPRreesiatorAS EARRIsE Astngr iRyl (1gsi ramme
AARRAGSyngene. In addition the secg]gélr_lce included a codon change at amino

%ﬁ%%w \A%%E%@‘/% resndL%%%&%%%@% wanghanged
to an alanine residue (GCA) creating a mutated gene. This change inactivates
the transcriptional activity of 6be2. Overlapping primers incorporating the whole
gene with selected restriction sites at both the 5' and 3' ends were designed
accordingly.

Cloning:

The 1.1kb PCR fragment was gel purified and digested with restriction enzymes
Not | and Bam HI for ligation into vector p?WRG7077 (Powderject). The gene is
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CTCCGT GT CGT CCACCACCCAGGAAGT GAGCAT TCCGGAGAGCACCACATACAC
CCCGG

WEUOABIMENAGCCACCCT CGT CAGCAGCAGCACCAAGGAGGACCCCHCIZALNEA 1158

CCCCC 25
CCGAAGAGEECCCEEEEEGT CCAGCAGT CTCCCTGCAATGCCCTGIGCGT TGCT

CACAT
CGGECCCTGI CGAT TCTGEGAACCACAAT CTCATCACGAACAACCACGACCAGCA

CCAAA 20
GGCGCAACAACT CTAACAGCT CCGCAACT CCAATAGT GCAGT TCCAGGEGGAGT

CCAAC
ragterT cRRet AT ifecddir AnnrsdtirieAeaba @ CronEieAGTGEPSAT bovine

W hormone poly A tail.
CCACGT CTGGEGCCCAGCAGCAAGGCGCCCCACAAACACGCTATCGT
gAC% 30

'~¢fdﬁiﬂ«ﬂﬂkﬁﬂﬁﬁ%ﬁ@&ﬁﬂ@$CﬁmﬂmnbﬁﬂﬁﬂsuKaue

A no_aci uence Seq g é VEAI AK%E%F%U%% by
@iﬁ@yﬁﬁﬂ“ﬁ@%ﬁ%ﬁ@ﬁ—l@m mmmmwr\mlvm@vaa@éw@@mﬁwe only
o2 BaSd A3 a2 ositdn E@? le GiBer bn&s WEREAGh this area and a

%'Aﬂ%\ | E iLLRTEYSI\/E Q%@%@KR@ %%e C7a

wwxeammwa&tmb@mﬁuﬁwﬁsmﬁmaﬁﬁummﬁdsnémaﬁﬁéEx;2)

STTYTPAQTS TLVSSSTKED AVQTPPRKRA RGVQQSPCNA

LCVAHI GPVD SGNHNLI TNN H RNNS NSSATPI VQF QGESNCLKCF
S/ FERDRERES LD PRRATVRY T ARG YBBE

EQRQQFLDW Kl PPTI SHKL GFMSLHLL 2. Plasmid: p7313pic

ii@%A&@bT@&TGdéhéEﬁ@A@%G@ﬁ@@%é@éccﬂ@@h@@ﬁ@%ﬁﬂcﬁ&éﬁbébeACGA

a r oxi nat el e an codo optimsed w
S R h R R G SRS A AT R e e s caceacT
MRGT@&TEETGEAEAK@BGCA§G@AGETG@G¢CTGE@E¢A¢EEE@GGATGCAGGTCGTG

T

@@RA@%G%@TW@C@W@A@WMCAW@SGWE@E@TWGGAGACGTC CcT
ﬁ@@ﬁﬂé&@@&d@A&X@Té@%@é@ﬁié@éb vESn AN b @A ®tbacTTCAG

wth Barn H an restrlct|on enzynes for
A B e B AR A S A AT A G G QRAATCTCTA
terceacundretTef cset et erc LA @ESeA TRl ASTA@SEe @ I GECATCT

A PR R e R SR Bt ccoanna

TATEET FAGIRAGC AT GEGCARE TG TE T Byt TAG TACT ETGARC HRIAGCCCCGC

éf@ébf@%@é&cé@ééAétéééééﬁéTéi fé@éGﬁ&Ebéé&EAéﬁ??ﬁﬁabCCGG

sequencl n mut agenesi s priners were

A IR HA PR G107 A AR G GAT GROGURIICRARACGCCCCCC
CGGAAGAGGGCCCGGGGGETCCAGCAGTCTCCCTGCAATGCCCTATGCGTTGCTCACAT

CGGCCCTGTCGATTCTGGGAACCACAATCTCATCACGAACAACCACGACCAGCACCARAA
GGCGCAACAACTCTAACAGCTCCGCAACTCCAATAGTGCAGTTCCAGGGGGAGTCCAAC
TGCCTCAAGTGTTTCCGCTACCGCCTCAACGACCGCCACCGCCACCTGTTCGACTTGAT
CAGTTCCACGTGGCACTGGGCCAGCAGCAAGGCGCCCCACAAACACGCTATCGTGACGG
TGACCTACGACTCCGAGGAGCAGAGGCAGCAGTTCCTGGACGTCGTGAAGATTCCTCCG
ACAATCAGCCACAAGCTTGGCTTCATGTCCCTGCACCTGCTGTGA

Amino acid sequence (Seq. ID No. 2)

MEATIAKRLDA CQEQLLELYE ENSTDLHKHV LHWKCMRHES VLLYKAKQMG LSHIGMQVVP
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glycine (GGA) at position 83, arginine (CGC) to
glycine (G3C) at position 84 and glycine (G0 to

waspanagene( GAC) at position 482. 25 6bel codoPCT/EP2003/011158

opti mi sed nutated sequence (Seq ID No. 3) 30
ATGGCAGACGATTCCGGTACT GAGAACGAAGGT TCTGGT TGTACCGGTTGGT TC
fg?ATCGT TCAGCATCCGACTGGT Ag%:C‘AGATCT CCGATGACGAAGACCA
TTGAAGATTCTGGT TACGACATGGT TGACT TCATCGATGACTCCAACATCACTC

P O N R B S R0 SRR EATRGEERT P GBIV

P_\ﬁ@@NNTMD YVVWTDVYVQ DNDTWVKVHS MVDAKGIYYT CGQFKTYYVN FVKEAEKYGS
ARG AT AT S AT A0S OSSR A pmcen

CAGATECNST T.GAST IHRYRA AT OCECEOCH CAQGEC NS BERANCTIGAGECNCLKCF

R RS e A B PSR R s
FRMEEHWD 2004/ 031222 PCT/ EP2003/ 011158 22
TTATAGCGAAGT TGAGGCT GGCACCGGCACCCAGGT TGAAAAACACGGT GTACC

AcE e it CRT33PI BRe T /R A OGOGACAT CGAGGGTGAGRAAC

ACACC
@%@%mﬂ AACTCTGI TCGT GAACACGCAGGTACTGCGEGTATC

T, .|

ACTGCCTGAAATGCGCAAAGACCT GCGCGCGGECTCTGCCTGEGECAAATTCAAAGAATG
Thé §¥PY6be1 gene is approximately 2Kb in size and a codon optimised wild
%:CT g&T TT TGAX?CH) é'l' ) gCYiS;T TTAAGTCTGACASA\AACT ACCEi GJ C .

BeAVt) seqlience (for E.coli and human expression) was created using a
$1aGEIIcABT ASUABRASICOpJrativEACANgR T SYRGENACINIH RN \Aprimers

it Rlorengs e whale.grne b seleaied destrigien slescHReR g and

emig@ere designed accordingly. The synthesised gene was then digested with
B&T HPENETO6 Préduidda ekZnesAoAIgdtda’ HbALERT IEEINACFom the

%@?@m@m@mm@mmm@@@mﬂr@s were

discdverdd. A correct clone was generated by combining a correct Pst I-Bam Hl

%%@%%%%CJ%TN&C{&Q rag r-*lr_gr;g:}-rom Cl oné%qrrm%r p7313-
BTGXAGONCOEEITEEH T CACTCEhaAEaDATY AEOGAACIAGCGROT QR enesis
CUEtR ke origneg o GaRes e QIRWNGAMII. SRS YRRRAAAN) to
gixaine (GGA) at position 83, arginine (CGC) to glycine (GGC) at position 84 and -
Q%T(WMTW 5O 1BEGACT CCAACGLTCGT L

TGAACAGCAACAT GCAGGCT AAAT ACGT AAAAGACT GCGCTACCATGTGOCGTC
C .
%WM?&%M@&@TW@M

AATCGAAGGT ACCGGTAACT GGAAACCGAT CGT TCAGT TCCTGCGCCATCAGAA
BEGECAGACGATTCCGETACTGAGAACGAAGGTTCTGATTGTACCGETTGGTTCATGGT

AT RRESTT R A AT G T IO A OTAGERRE AN A
T T R IR T ER I A TR A ARSTER TARC
TIGATCGGAAGCACAGEGCTCTGTTTAACCGCCAGGAAGCTGATACCCATTACGCTACTGT
TCAGGACCTGGGAGGCAAATATCTGGGCTCTCCCTACGTTTCCCCGATCAACACTATCG
CAGAAGCAGTTGAGTCTGAAATCTCCCCGCGCCTGCGACGCTATCAAACTGACTCGTCAG
CCGAAGAAGGTTAAACGTC'GTCTGTTCCAGAC'TCGTGAACTGACCGACTCCGGTTACGG
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CTCTTTCCTGEECGECACTGTAATCTCTCACGT TAACTCTTCCTCCCATTTCTG
GCTGC 20

WRGKOEASTROAST AGACGCGAAAGT AGCT CT GCT GGACGACGCGACCORCIZEL20EET1 1158

GGATC

TACATGGATACTTACATGCGCAACCT GCTGGACGGTAACCCGATGI CTATCGAC
CGTAA
ACACAAAGCGCCTGACT CTGATCAAGT GCCCECCCCTGCTGGTAACTTCTAACAT
CGACA 22
TCACCAAGGAAGATAAATACAAGTACCTGCATACCCGTGT TACTACCTTTACTT

Q&R GACGGTCAGGAAAAGGACACCGRACCGCCACATCEAGGGTGAGGAACACACT
TCTTCGAGCGI CTGI CTTCCTCCCTGGACAT CCAGGACTCTGAAGA
%&Q@TGAAGCTCCGACTAACTCTGTTCGTGAACACGCAGGTACTGCGGGTATCCTGGA

AaHe
GAAATGCT

SCETCCEETEreETeCEECrAGTETRARERGTACTTCG

%ﬁ%@%@@%&&%&%@%@ﬁ%@éﬁg&%&mm

TOOSNITEHNG CAESCAITENRQATAORIVATVYQ TRINGECYICEBR CRTSRIONGEAAB CTGAT

e e e e S

FSERGIRARNGCE GIKEGTAASE TRPRICRPRISH QG T TGCBRPPA TGCTCGTACTCTG
R L L RE KUy e CoeEapAaRTCCACTC
IR o S RAC AR SRS APB A F RGO BRATATCO
ICARBAEKIA TE i QhaNEANDIA CTEESERABEY GATRGOFRENA CRAFICNISNMAGATTCT

AN B RS, G ST GG B

DCSRAGTRICT TSRS SSIGEROAGREGTEAK VA CITOCATIRCAA CGCTCGTGCTTTCC

kR X M daBXNRMI R A KA R el %R‘de\é’&@%ﬂdéATGTGCCGTCACTAc
| TKEDKYKYL HTRVITFTFP NPFPEDRNGN AVYELS

AMW&%E@W@@FW@?EM%%CGCGGWCMA
RaasmndcARGEEGETRh caZanne cneia TCeNT ColG TN CERCCATINR GAACATCG

ArasHge st bl A A hannnnnac

W@&Q@H@@WM@G@ACMC@WTT@G@@ GTCCCTGAT

W%c Aﬂ‘i’cﬁ‘%%‘é%ﬁ‘é%i[‘ c@‘c%‘é%%TCTGGCTGC
an at am no aC| 03| tion 11 wher eby
GGEAGRGGH AR G@T@E@T@@WCCCAG%CGTGCTGGATC

TACATGGATACTTACATGCGCAACCTGCTGGACGGTAACCCGATGTCTATCGACCGTAA
ACACAAAGCGCTGACTCTGATCAAGTGCCCGCCGCTGCTGGTAACTTCTAACATCGACA
TCACCAAGGAAGATAAATACARAGTACCTGCATACCCGTGTTACTACCTTTACTTTCCCG
AACCCGTTCCCGTTTGATCGTAACGGTAACGCTGTTTACGAACTGTCCAACACTAACTG
GAAATGCTTCTTCGAGCGTCTGTCTTCCTCCCTGGACATCCAGGACTCTGAAGATGAAG
AAGATGGTTCTAACTCTCAGGCTTTCCGTTGTGTTCCGGGTACTGTTGTTCGTACTCTG
TGA

Amino acid sequence (Seq. ID No. 4)

MADDSGTENE GSGCTGWFMV EAIVQHPTGT QISDDEDEEV EDSGYDMVDF
IDDSNITHNS LEAQALFNRQ EADTHYATVQ DLGGKYLGSP YVSPINTIAE
AVESEISPRL DAIKLTRQPK KVKRRLFQTR ELTDSGYGYS EVEAGTGTQV
EKHGVPENGG DGQEKDTGRD IEGEEHTEAE APTNSVREHA GTAGILELLK
CKDLRAALLG KFKECFGLSF IDLIRPFKSD KTTCLDWVVA GFGIHHSISE
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to an al anine residue (GCC) creating a nutated gene.
Thi s change has been shown in the literature to

WO p@adat e the transcriptional activity of theCERP2003/011158

protein. 20 Overl apping prinmers incorporating the
whol e gene with selected restriction sites at both
the 5° and 3' ends were designed accordingly, and were
used to assenble the synthetic codon optim sed mutant
11 e2. doning: 25 The 1.2kb2BCR fragnment was ge
purified and digested with restriction enzynes Not |
and Barn H for ation into vector pWRG/077
CPERGEEFE S )LYPEFH@ Ak ARGMEAYET ESHVIEISRST VAR TLHTLLN
iTPemdalrelry reafdIevaly, FMWeREasNANG TRAS A PBQV ITARQTVIEHG

h | 30 d h
LA e S SR R e o T SR
\BEIVED CRINEEe RENTKRHARMROT IMSTKEW.I KAR QsallEoiione Kb IwaFLRHO

S ﬁ@@%@@%@"% @ﬁl&%&a@%@%iﬁ&ﬁ%ﬁl

S@WNE@@@@@V@&&E@g&K@A LLDDATQPCW IYMDTYMRNL LDGNPMSIDR
1) N o o ( G

é@%&%ﬁﬁwwwﬁmw
GGAGA

QG T CHRGTET P AT R OT COCACATAGBOCTTCAGS

CCCCCTCTGACCGT GT CAGAGACAAAGGGCCATAACGCAATCGAGATGCAGATG

%%%AAAOAOAGT ACGGECGT CGAGCCATGGACCCTGCAGGACAC

WW%@%@%WTWW%hmlsed
EFEAASPT R PHSAELesHeRIMas RG led (SRR RaRigpIRgramme

. AANASyngene. In addition the sequence included a codon change at amino

R AR M P EE S A SRS AR 8 hanged

rcenTAeunenEsiuEG T A\ sealiCaANGkteACENeAAbIs\stacmsdas been

Q{%\ﬁﬁ;‘m the literature to inactivate the transcng ional_activit ity eft of the E2 protein.
CCACCAACCACT GCGAGGT Cﬁl’ CCI.CTr

ping primers incorporating the whole gene WIt selecte restnctlon sites

eNEOHT Ghe TBCaAdT ST 6ndeGhrerel ([aésighebCactadinghACaAdGliAfAWsed to

%@WW@H@%&G@W@@G

WGCGT GCGAGGEGEECCCAAGCACCAACAACACCCTCTGI GTGECGAAC
ATTCG™15
CAGCGT CGACAGTACCATCAATAACAT CGT GACGGATAACTATAACAAGCACCA

A& 2kb PCR fragment was gel purified and digested with restriction enzymes
Not | and Bam HI for ligation into vector pWRG7077 (Powderject). The gene is
under control of the full immediately early CMV promoter and has a bovine
growth hormone poly A tail.

Clones that were sequenced had indicated a number of base errors, these were
subsequently corrected. A final clone F1 was found to be codon optimised

mutated 11E2.

lle2 sequence in pWRG7077 (Seqg. ID No. 5)
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GI'AACAACT GTCACT CTGCCGCAACCCCCAT CGT GCAGCT CCAGGGAGACAGCA
ATTGC

W@T00AM8IRGCT TCCGCT AT CGCCT CAACGACAAGT ACAAGCACCT (IO T/ (8001 1158

GCCTC

GT CGACGT GGCACT GGGCCT CACCCGAGGCACCT CACAAGAACGCCATCGT CAC
TCTCA

CTTACTCCAGT GAGGAGCAGAGACAGCAGT TTCTGAACAGCGT GAAGATCCCAC
CGACG 20 ATCCGTCATAAGGTCGGCTZAATGICACTGCATCTCCTGTGA
Am no acid sequence (Seq. |ID No. 6) MEAI AKRLDA
CQDQLLELYE ENSI DI HKHI MHWKCI RLES VLLHKAKQMG LSH GLQVVP
25 PLTVSETKGH NAI EMQVHLE SLAKTQYGVE PWILQDTSYE

MEIRRKREET AKESNT ViR e T FEXEEENYECXYYNE Eh Vbt cToeaceTaTACGA
VWKVT SVDAKGI YYT KTYYVN FNKEAOKYGS

VP ESPASYAT FART TRRATEAEGTEECACA
(E?CNBZ%@RRKR}CWMG@MMF@TWMGGCCTTCAGGTGGTC

R

@@A@MGE@GQGAM&@WHGTWUZT@@HQQWQEC@QT@¢M3%@1)CCTCGT
@@ﬁA@fGT@é@T@ﬁéCC@Z@C% S%%(?(?ﬁé&%ﬁl@ﬁ@mem

on tims nmnutated 11 e? vvastran rom
%W@??CQXC%QC'E‘F’BG%%%AT%@%T%%@%@T%%?%‘%"E%%G%%%GATCTA
pFBdSnecaAChnoengacTicdtrecAdcercat casutcdeaguRnt cWaSGGGCATCT

Rk R B D A A AR B BB Oy RO

THTECETCIRNEAAVCRT DECEACETIC THEBATCEEAGCAQGETARPTTGCTCTCCCGC
Jilcoiesenee eniEieseieecuietuiceico ey en vy (Cu
GACEPACCACCGCTCCGACCGTGTCTGCTTGTACTACCGAGGACGGCGTGAGCGCTCCA
@M@@%@@@WMM@@@%@MATTCG

R B R RS RIS e

ABHAAGBTGTCACTCTGCCGCAACCCCCATCGTGCAGCTCCAGGGAGACAGCAATTGC

P A A RN oo

@ﬁ?@rcCAGTGAGGAGCAGAGACAGCAGTTTCTGAACAGCGTGAAGATCCCACCGACG
CGAAATGI GGCTGACCCCACCTAAGCEAT T GCGGCAACACAG
&'%%_‘CATAAGGTCGGCTTCATGTCACTGCATCTCCTG’I’GA

Amino acid sequence (Seq. ID No. 6)

MEAIAKRLDA CODQLLELYE ENSIDIHKHI MHWKCIRLES VLLHKAKQMG LSHIGLQVVP
PLTVSETKGH NAIEMQMHLE SLAKTQYGVE PWTLQDTSYE MWLTPPKRCF AKQGNTVEVK
FDGCEDNVME YVVWTHIYLQ DNDSWVKVTS SVDAKGIYYT CGQFKTIYYVN FNKEAQKYGS
TNHWEVCYGS TVICSPASVS STVREVSIAE PTTYTPAQTT APTVSACTTE DGVSAPPRKR
ARGPSTNNTL CVANIRSVDS TINNIVTDNY NKHQRRNNCH SAATPIVQLQ GDSNCLKCFR
YRLNDKYKHL FELASSTWHW ASPEAPHKNA IVTLTYSSEE QRQQFLNSVK IPPTIRHKVG
FMSLHLL

4. Plasmid: HPV102 (p7313me 11e2 c/o mut)

Gene of interest:
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GI'GAAGT TCGACGGECT GTGAGGATAACGT TATGGAGT ATGT CGT GTGGACGCAC
ATCTA

W0 GOMEEACAACGACAGT TGCEGT GAAGGT GACCAGCT CCGT CGARIZERNEEAA 1158

CATCT 20

ACTATACCTGIGGGCAGT TTAAAACCTACTATGT GAACT TCAACAAAGAGECCC
AAAAG

TATGGCTCCACCAACCACTGCGAGGTCT C-ZC"SI' ATGGGAGCACGGTGATTTGCTCT
CCCcaC 2

CAGCGT GT CTAGCACT GT GCGCGAGGT GAGCAT TGCCGAGCCGACCACGTACAC

@T&Gﬁothe r expression vector 7313me.
CCCAGGAA GCGA GCACCAACAACACCCTCTGTGIGGCGAAC

ATTCG 25
CARIGHCCGACAGT ACCATCAATAACATCGT GACGGATAACTATAACAAGCACCA

GTAACAACT GTCACTCTGCCGCAACCCCCAT CGT GCAGCT CCAGGGAGACAGCA
Alrgdde2 c/o mut fragment was cut out of pWRG7077 11e2 vector by Bam Hi

53&4@&?PCE£G§%€E4%9?QEE3¥¥%QMQ§¥%WF%£€ﬁﬁ6ﬁWEEE%ﬁﬂ%?%?313nm

Eﬁ@@ﬂﬂﬁﬁ@ﬁﬁﬁ@ﬁ@@%ﬁcwCACCCGAGGCACCTCACAAGAACGCCATCGTCAC
TCTCA

A ST SR B R CRIACET CCCBTT AT CACHGOATCTCCTGTOA
Am no acid sequence (Seq. | D No. 8) MEAI AKRLDA

%%Eg%$v ETE§H§E§F§§§k+ﬁ§¥§5§5#g@ewéé§5§§%E§2§§f%&%55¥5fACGA

MARFPRRREFAARCERAVEVR TN 0B 0AT 03 TECACPETAEPPE0AT BEGTEBGCAGA
26cFBCCEPNYIVECX W Hh X&Eh ENPEWR KV TETEVBAKSr XY dcoTTeAGRTERTC

%@éﬁ‘éa&%@& %Ag%%égs %%WGATGCAGATGCACCT
AEEEBTENTEGCYANR RSVOSG TA KDY DEYA SKEORRBNCEC BAAABEAMA T TCGT

AR R e G R T ARV GV I | CEOCRACACAGTGEAG

PrasAtdTCERVEEE TEHERIGHBABEETTAZCEACTATETCCBERECHEGCACATCTA

T@T@@ﬁégﬁgiﬂcéAEﬂ@T@@G@T@A@G@T@ﬁC@ﬁ@@T@@@TééA@@C@@ﬁGGGCATCT

{*S%Fﬁ?gg@gﬁéG%g%W%%c'H%QF%@HG%F%F%AC%%G%%%%AAAG

TABgeeTCCARCRKUCHESGEEREEUCTOLYAPERGAGEACBET@RSTDBCTCTCCCGC
éﬁ%&@ﬁﬁ%&%@@@ﬁgggggéeééAG&?SABSQEQEbE@A@Ecéﬂ@c&&é&ﬁEACCCCTG
CCCAGACGACCGCTCCGACCGTGTCTGCTTGTACTACCGAGGACGGCGTGAGCGCTCCA
CCCAGGAAGCGTGCGAGGGGCCCAAGCACCAACAACACCCTCTGTGTGGCGAACATTCG
CAGCGTCGACAGTACCATCAATAACATCGTGACGGATAACTATAACAAGCACCAGAGGC
GTAACAACTGTCACTCTGCCGCAACCCCCATCGTGCAGCTCCAGGGAGACAGCAATTGC
CTTARGTGCTTCCGCTATCGCCTCAACGACAAGTACAAGCACCTCTTTGAGCTCGCCTC
GTCGACGTGGCACTGGGCCTCACCCGAGGCACCTCACAAGAACGCCATCGTCACTCTCA
CTTACTCCAGTGAGGAGCAGAGACAGCAGTTTCTGAACAGCGTGAAGATCCCACCGACG
ATCCGTCATAAGGTCGGCTTCATGTCACTGCATCTCCTGTGA

Amino acid sequence (Seq. ID No. 8)

MEATAKRLDA CODQLLELYE ENSIDIHKHI MHWKCIRLES VLLHKAKQOMG LSHIGLQVVP
PLTVSETKGH NAIEMOMHLE SLAKTQYGVE PWTLQDTSYE MWLTPPKRCF AKQGNTVEVK
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The 2. 2kb fusion was digested with Barn H and Not |
restriction enzynes and ligated into p7313ne

wexpreseeon vector. |solated cl ones were checkedr/Bp2088011158

sequenci ng and indicated no errors had been
i ncorporated 6b/1le2 fusion sequence in HPV104 ( Seq.

ID No. 9)
ATGGAAGCTATTGCCAAGCGACT GGACGCCT GCCAGGAGCAGCTGCTGGAGCTG
TACGAGGAAAACAG 25 26

CACAGACCTCCACAAGCACGT GCTGCACT GGAAGT GCAT GOGCCACGAGT CAGT
GCTCCTGTACAAGG
EDAAERATIAT GBBEE T BT CCDNRAT O S FUDARET CET GCCEEEBOTGANBBAQKYGS

TN ECHNET PASYS STVREVSIAE PTTYTPAQTT APTVSACTTE DGVSAPPRKR

GGECCACAACGCT AT CGAGATGCAGAT GCACCT CGAGACCCT GCT GCCGACCGAA
ﬁw RSVDS TINNIVIDNY NKHQRRNNCH SAATPIVQLQ GDSNCLKCFR

ACAGHT REFACBAAT GTEGEAGAET QRDOCRANGCGTEEIRHKVG

GI'TGAGGT GAAATTCGAT GGGT GCGCAAACAACACGATGGACTACG
TGGTGTGGACCGAT 30

g%%%@%}rm%%ﬁ%TA@ ATGGTGGATGCC

CACCTGCGGEGECAGT TCAAGACGT ACTACGT CAACT TCGT CAAGGAAGCCGAAAA

GRhECSTTiHEerEEA
AGCACTGGGAGGT GTGT TACGGGAGT ACT GT GATCTGCAGCCCCGCCTCCGTGT

EACEeovstcdcacifeoice

agment & Adkneag sloned into p7313me expression vector with the 6be2 at

[nee) GTCGATTCTGGGAACCACAATCTCATCA
%‘i@c&c VIO 2'0i §4/ 031222 PCT/ EP2003/ 011158 27
CAGCACCAAAGGCGCAACAACT CTAACAGCT COGCAACT CCAATAGT GCAGTTC

CAGRIRGEAGTCCAA
CTGCCTCAAGTGI TTCCGCTACCGCCT CAACGACCGCCACCGCCACCT GITCGA

CT TGATCAGTTCCA

mmmmm and

meﬁgﬂgn vector Isolated clones were checked b(Y,

Aggrencingangindigated no errors had been mcorporate
GTCCCTGCACCT GCTGAT GGAAGCCAT CGCGAAGAGGCT CGACGCCT GCCAGGA

Bh a2 TP ReARERGS D HENAO4 1909 AR S acacT acaacTacA

TTCGCCTGGAGAGC

CET S RCACACNCE AR AR SCAT A IGCAAT CEREA TEC ARG FEERSE FEHASIREACRACG

GTCCCACATCGCGATGCAGGTCGETGCCCCCGCTGAAGGTGAGCCAAGCCAAG

CeAARIAAAERG
AGTACGGCGT GGAGCCATGGACCCT GCAGGACACCT CGTACGAAATGT GGCT GA
W%MM_E@TGCAGATGCAC CTGGAGAGCCTGCTGCGGACCGAATACAGCATGGAGCC

%%@%ﬁ%ﬁ%ﬁ%ﬁ%&%w&%@mﬂ

G CICT A CBATGACACCTCGGTGAAGGTACATAGTATGGTGGATGCCAAGGGCATCTATTA

W@MM@%?JM&%M@J@C@C@

ACAAAGAGGCCCAA

EQWAGAGCACCACATACACccceecCCAAACGAGCACGCTCGTCAGCAGCAGCAC
A Al GG AL AT G EACATRACACO Facans

CCCTGTGCGTTGCTC_ACATCGGCCCTGTCGATTCTGGGAACCACAATCTCATCACGAACAACCACGAC
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15
CGACCGTGICTGCTTGTACT ACCGAGGACGGECGT GAGCGCT CCACCCAGGAAGC

WOTEETEMNCASCCCCA PCT/EP2003/011158
AGCACCAACAACACCCTCTGT GTGGCGAACAT TCGCAGCGT CGACAGTACCATC
AATAACATCGTGAC
GGATAACTATAACAAGCACCAGAGGCGTAACAACTGTCACTCTGCCGCAACCCC
CATCGIGCAGCTCC
AGGGAGACAGCAATTGCCTTAAGT GCTTCZECT ATCGCCT CAACGACAAGTACA
AGCACCTCTTTGAG

CTCGCCTCGI CGACGT GECACT GEECCT CACCCGAGECACCT CACAAGAACGECC
AL CATTCSISAEA R CTCTAACAGCTCCGCAACTCCAATAGTGCAGT TCCAGGGGGAGTCCAA

&ﬁdMEE6ﬁAéEE&%E6é@éi%a6éEé%&iE66iE8%%g%?éﬁg%?@@ﬁ@E&ﬁ&%E@E&%&@ieTTCCA

S%T%%QEE%Q%G?%AG%FWCAEW%GM%gﬁﬁﬁGTGACCTﬂgGACTCCGAG
EAEQAEL YA ENSTOIMdCYG T ddACEMRI S CVEEACAK QM ¢ Sldhavde cTTCAT

B G N UL MR oo

RHIAICERYAGA N OBCEKITERYAT FUATEAS KNGS CATREMEGEMSST GCAT TCGCCTGGAGAGC
E&-&&%%@é’&é&&&@é@ REA%E&E%QT&A&&@%%E@M%&@%TCTGAc
PCNA LCVAH GPVD SGNHNLI TNN H RNNS NSSATPI Vi

O RS PR ATE B AT P (KBS REFFAGI CCTEGCEARARCAC

AMEPECE¥ PR AR Id oWy T dd A A b Stk ca TREd Bl dEcTeaccccaceTARGCEA

e s R T SOt AR M A T of SYPne™

EGWGWKF@Z@MNGWWAWGACCAGCTCCGTGGACG

M@%A%@ ch@%‘f@ﬂ@hamcmemeccm
FVEVCYGSTV | CSPASVSS VREVSI AEPT TYTPAQTTAP TVSACTTEDG

BRI PPRIKRARA SR A E TANE REVISS FRC RINICH T BARANIE CT CTCCCGCCAGLGT

@EﬁﬁﬂﬂwﬁbﬁﬁkqﬁaE&A@&#@ﬁﬁb&@&d&@@ﬁéé&th&aﬁbd$§EAEEE&%a&b@AdﬂdﬁiCCGCTc
28 SNCIEE%FS;RYR LNDKYKHLFE LASSTWHWAS PEAPHKNAI V

B NEHK B BHERIRURGSHE SEHAC 8P BT grerceeeccea
MRATAA PGB ITECTHIGGEER: 20/ CATTCHQAGCET (BHIAGDACIATICBABSACATCGTGAC

: P
N e
APITORE P BN TIE ST AT G T IREFS TA TR CT G G5 A CARE TACAA RERICTCTTTGAG
c@cc?dﬁc@@éeé‘d@@@&%dr@&@cc&@é@@&dﬁéﬁé@ﬂc@ﬂGM&ATé@ﬁAcmTcm

with the 11 e2 at th %lnnln usi on
ET%ET&CﬁGT@%P%GAGA%G% EC%%P‘&E‘?% SCHAGESPERPICCETCATA
adtrcBatrncAterandrddatretcamest ri cti on enzynes and

Amino acid sequence (Seqg. ID No. 10)

MEAIAKRLDA
PLKVSEAKGH
FDGCANNTMD
TKHWEVCYGS
RGVQQSPCNA
RYRLNDRHRH
GFMSLHLLME
HIGLQVVPPL
QGNTVEVKFD
KEAQKYGSTN
VSAPPRKRAR

CQEQLLELYE
NAIEMQMHLE
YVVWTDVYVQ
TVICSPASVS
LCVAHIGPVD
LFDLISSTWH
ATAKRLDACQ
TVSETKGHNA
GCEDNVMEYV
HWEVCYGSTV
GPSTNNTLCV

ENSTDLHKHV
SLLRTEYSME
DNDTWVKVHS
STTQEVSIPE
SGNHNLITNN
WASSKAPHKH
DQLLELYEEN
IEMOMHLESL
VWTHIYLQDN
ICSPASVSST
ANTRSVDSTI

LHWKCMRHES
PWTLQETSYE
MVDAKGIYYT
STTYTPAQTS
HDQHQRRNNS
AIVIVTYDSE
SIDIHKHIMH
AKTQYGVEPW
DSWVKVTSSV
VREVSIAEPT
NNIVTDNYNK

VLLYKAKQMG
MWQTPPKRCF
CGQFKTYYVN
TLVSSSTKED
NSSATPIVQF
EQRQQFLDVV
WKCIRLESVL
TLODTSYEMW
DAKGIYYTCG
TYTPAQTTAP
HORRNNCHSA

LSHIGMQVVP
AKRGKTVEVK
FVKEAEKYGS
AVQTPPRKRA
QGESNCLKCF
KIPPTISHKIL:
LHKAKQMGLS
LTPPKRCFAK
QFKTYYVNFN
TVSACTTEDG
ATPIVQLOGD



10

15

20

25

30

35

ligated into p7313ne expression vector. |solated
cl ones were checked by sequencing and indicated no

w@e00a/0312ad been i ncorporated. 11/ 6bE2 fusi on BE/ERI0O®011158

in HPV105 (Seq. ID No. 11) 20

ATGGAAGCCAT CGCGAAGAGGCT CGACGCCT GCCAGGACCAGCTGCTCGAGCTG
TACGAGGAGAACAG
CATTGACATCCATAAGCACATCATGCACT GGAAGT GCATTCGCCT GGAGAGCGT
GCTGTTGCACAAGG 28

CCAAGCAGAT GEGRCCT GTCCCACAT AGRCCT TCAGGT GGTCOCCCCTCTGACCG
TGTCAGAGACAAAG

PAGERGETISAGLE 25

ATGGACCCT GCAGGACACCT CGTACGAAAT GT GGCT GACCCCACCTAAGCGATG
CTTCGCCAAACAGG

(PRBGBMMECAIGHET GIEAMBBATAACGT TATGGAGTATG
TCGTGTGGACGCAC
%M@A CAACGACAGT TGGEGT GAAGGT GACCAGCT CCGT GGACGCG

TACCTGWGEEIAEWTTAAAACCTACTATGWGAACTTCAACAAACAEECCCAAAA
ATAJICEPTaekca6be2 and 11e2 was constructed using 2x PCR with HPV102

it AR ropHRE Bsig Ed prier e n’
taamEchE AR eesFHoehtoatS t ATrcarresHoTrepiocAcdadirdbe 11e2

% &fthe fusion protein.

TACTA CGGECGT GA CCACCCAGGAAGCGT GCGAGGEECCCAAG
CACCAACAACACCC
$EWEW9#GEIE%ACATTCEI%&iEﬁCE%CAEWACCATCAATAACATCEWC%(IXB
ATAACTATAACAAG

WWHQE@&%@T AR M St N @Rl i an

RERV e Mm@@%ﬁ@@n@wmw

s¥uehciCaCaticified no errors had been incorporated.
GGCACTGGGCCTCACCCGAGGCACCT CACAAGAACGCCATCGTCACTCTCACTT
ACTCCAGTGAGGAG
EANGoRTABTABTT TSTEAACASOET GRGI T COASDGAIRATOCHOATAAG
GTCGGCTTCATGTC WD 2004/ 031222 PCT/ EP2003/011158 29
ACTGCATCTCCTGATGGAAGCT AT TGCCAAGCGACT GGACGCCT GCCAGGAGCA
AR CEANSe T ACAGGCTCGACGCCTGCCAGGACCAGCTGCTCGAGCTGTACGAGGAGAACAG

A FANCALAACARE A APARET A CAC AR d AT fE el oA A AGMACE &4 TGE cARGE
R R R P R TS BRSSP RSP AR R G R caaAc

EECECHSTEAAGGIACATCCAGATCCACCTCGAGTCGCTGECEAAAACACAGTACCGCETEGAGCC

e o

@-&QM@ACGACAGTTGGGTGAAGGTGACCAGCTCCGTGGACGCGAAGGGCATCTACTA
TTCGCAAAGCGCCGGCAAGACAGT TGAGGT GAAATTCGATGGEGT CAAC

?ﬁgg&?@ggﬁgﬁ&@%ﬁAAAACCTACTATGTGAACTTCAACAAAGAGGCCCAAAAGTATGGCTCCACCA
KSEhCT e COEAT B TACSH S AACEACAATCGACALIC CECHIHAARETd AR AT TaCGC
Ao TR R e A oG R OGO GRCOGTORATGCTTS

TROTALCEAGEASAAIGTGAGCCCTCCACCCAGGAAGCETGCEGAGEGGCCCAAGCACCAACAACACCC

J&%&W@%@ﬂl@%@%ﬁ%ﬁ%@ms
COOGOCTOOGTGIC 10

R AR AT R AP PER A CREIR AR

€ETATCGCCTCAACGACAAGTACAAGCACCTCTTTGAGCTCGCCTCGTCGACGT
GGCACTGGGCCTCACCCGAGGCACCTCACAAGAACGCCATCGTCACTCTCACTTACTCCAGTGAGGAG
CAGAGACAGCAGTTTCTGAACAGCGTGAAGATCCCACCGACGATCCGTCATAAGGTCGGCTTCATGTC
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TCAGCAGCAGCACCAAGGAGGACGCCGT CCAGACGECCCCCCCCGAAGAGEECEC
GGGGEGEGTCCAGCAG

wWa e@OSIRGAAT GCCCT GT GCGT TGCT CACAT CGECCCT GT CGATHCIVEL603%01 1158

CACAATCTCATCAC

GAACAACCACGACCAGCACCAAAGGCGCAACAACT CTAACAGCTCCGCAACTCC
AATAGTGCAGTTCC
AGGGGGAGTCCAACTGCCTCAAGTGTTTCCGCTACCGCCTCAACGACCGCCACC
GCCACCTGITCGAC 15 29

TTGATCAGT TCCACGT GGCACT GGGCCAGCAGCAAGGCGCCCCACAAACACGCT
ATCGTGACGGTGAC

R NI AT SR B AT AT A B R A e P S eSS CAT T TSEFERRGCTGT

%@W@MEMEWMMWCMWA@T@GT@
I D No. 20 NEAI AKRLD

R e R R T R EF Fca T O R ET Car g S gRePacer
GNP Ed G cilAd daARVEL ErSIcAK G EMERAE A PYIA CODESMEBE AN FERICRCGECCGAAT

RS ENVENE RN OO s Qo BNV crccnccomacascror

TRICCSPRBYE CSTAVRE(SE N ST ARNO L EAMFIISACT A (DEVEAFIRRRCTACGT
@&cﬁﬁ&ﬂﬂ%&c%&‘b@%ﬂ‘rw A ARERRNMNGH A TCaTaeATECCA
SAATPI VQLQ GDSNCLKCFR  YRLNDKYKHL FELASSTWHW
NESSEAPHIATE AL AT T PPS SRR A CAR PSR CT BRI CRARTAS CTCARGGARGCCGAAAAG

FaiSiciie & Mcha h AKRITRACREC AT NEENS o TR ¢ Y dSGYRHEES i b coTaTC

‘%KC%@H 2 @%M%%ﬁ%ccm&m%mwm
MONGOA CTNARGGDNE COAKMHS VD CARCICAIR CUB K TYYGAWCYRCAGCAG
%@@E@%&%

MF}%&%%&%%&T(%‘f%b’?(&%ECCACAATCTCATCAC
M@mcM¢WWAAW%¢@CTCCAMAGT@AGTTCC
NGKEERR A ENRRR R TOSEVWHMAG c SKARIICHAC M R EYBSEE@RT TCaAC
%DWKI P PTlI SHKLG-FM SLHLL 35 Pl asm d

fég%Tc@ggﬁT%chcHﬁgciccz\%zx%%aﬁ@ggE%CﬁCAAACAJéI?:\{%QgGTGACGGTGAC
POTCEP2OR3:0AddAR ce8AccBamecTiGACEr et ERRCACOUNTCGACAATCAGCCACA
I, ] ﬁdcz gtg:e;[% transfered from p7313plc
%%%#I%ﬁo rruq:t% chg(g% to vector p7313ie. d oning:
The Ebel c/o nut fragrrent vvas cut out of the p7313plc
ARAROUH Scllieheb (beamib NK21Bgrn H restriction
digests. This fragnent was then ligated into p7313ie
vector using these

MEAIAKRLDA
PLTVSETKGH
FDGCEDNVME
TNHWEVCYGS
ARGPSTNNTL
YRLNDKYKHL
FMSLHLLMEA
IGMQVVPPLK
GKTVEVKFDG
EAEKYGSTKH
TPPRKRARGV
SNCLKCFRYR
PTISHKLGFM

CODQLLELYE ENSIDIHKHI MHWKCIRLES

NAIEMOMHLE
YVVWTHIYLQ
TVICSPASVS
CVANIRSVDS
FELASSTWHW
IAKRLDACQE
VSEAKGHNAT
CANNTMDYVV
WEVCYGSTVI
QQSPCNALCV
LNDRHRHLFD
SLHLL

SLAKTQYGVE
DNDSWVKVTS
STVREVSIAE
TINNIVIDNY
ASPEAPHKNA
QLLELYEENS
EMOQMHLESLL
WTDVYVQDND
CSPASVSSTT
AHIGPVDSGN
LISSTWHWAS

PWTLQDTSYE
SVDAKGIYYT
PTTYTPAQTT
NKHQRRNNCH
IVTLTYSSEE
TDLHKHVLHEW
RTEYSMEPWT
TWVKVHSMVD
QEVSIPESTT
HNLITNNHDQ
SKAPHKHAIV

VLLHKAKQOMG
MWLTPPKRCF
CGQFKTYYVN
APTVSACTTE
SAATPIVQLQ
QROQFLNSVK
KCMRHESVLL
LQETSYEMWQ
AKGIYYTCGQ
YTPAQTSTLV
HORRNNSNSS
TVTYDSEEQR

7. Plasmid: HPV108 (p7313ie 6be1 c/o mut)

LSHIGLQVVP
AKQGNTVEVK
FNKEAQKYGS
DGVSAPPRKR
GDSNCLKCFR
IPPTIRHKVG
YKAKQOMGLSH
TPPKRCFAKR
FKTYYVNFVK
SSSTKEDAVQ
ATPIVQFQGE
QQFLDVVKIP
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sites. The gene is under the control of the ie
pronoter (imediate early cnv + exonl) and foll owed

wygooa/082bbi t b- gl obi n pol y-adenyl ati on si gnhal . PABEBI»es/011158

sequence in p7313ie (Seq. I D No. 13)

ATGGCAGACGAT TCCGGTACT GAGAACGAAGGT TCTGGTTGTACCGGTTGGTTC
ATGGTTGAAGCAAT
CGTTCAGCATCCGACTGGTACCCAGATCTCCGATGACGAAGACGAAGAAGT TGA
AGATTCTGGTITACG 20 30

ACATGGT TGACT TCATCGATGACTCCAACATCACTCATAACTCTCTGGAAGCAC
AGCGCTCTGTTTAAC

CGCCAGGAAGCTGATACCCATTACGCTACT GT TCAGGACCT GGGAGGCAAATAT
CEALHT fntbidstA

CGTTTCCCCGATCAACACT ATCGCAGAAGCAGT TGAGT CTGAAATCTCCCCGCG
CCTGGACGCTATCA

/NTBBAGTIDETEEA RNGHAGABEET A GST S6TE GROTEQNGNEPRSEBAAC 0 mut
FRBE P EEtEh R &ifbecTancacosecacocaceTTeAMAAACACEGT

GTACCGGAAAACGG 25

@m%'r&({;_ I CAGGAAAAGGACACCGGECCGCGACAT CGAGGGT GAGGAACACAC
CGAAGCTGAAGCTC

CGACTAACTCTGTTCGT GAACACGCAGGTACTGCGEGTATCCTGGAACT GCTGA

AnE@EAACIAGhiIGragment was cut out of the p7313plc 6be2 clone by Not | and
AT Gl LA AT TGS THEAEAR vector

TAMGTEESACAAAACTACCTGTCTGGACT GGGT TGTAGCAGGCT TCGGCATCCA

%ﬁ%ﬁ?&%@%ﬁ%&? it e, coptrol of the ie promoler (immedite eary cmv +

prastohpwedy a rabbit b-globin poly-adenylation signal.

GGT ATGGTTCTGCTGGTACTGCTGCGCTTTAAAGT AAACAAATCTCGT TCCACT
GITGCTCGTACTCT

GGCTACCCT GCTGAACAT CCCGGAGAACCAGAT CCTGATCGAACCGCCGAAAAT
6bACEEtEnceAld p7313ie (Seq. ID No. 13)
CTGCACTGTACTGGTTTCGTACTGGCATCTCTAACGCTAGCACTGTTATCGGT G

GG TCAGT ARARTIRBAGCAAT

AT A A GG TACCCAGATOTCCGATGACGAAGACGAAGAAGTTGAAGATTCTGGTTACG
GTGGGCCATACGACAACGACATCTGCGAGGAATCTGAAATTCCGTTCGAATACEC
P ORGP AT CABTGACTCCAACATCACTCATARCTCTCTGGARGCACAGGCTCTGTTTAAC

CECAHRAAAEATRCEIAFTREGCCA GRACALEMBCAGCHEINGERA A TDAGEH R TCCaTA

R e AR P AT T AT ARG

AR GG TACORGEECAAGAAGETTAAACCTCETCTGTTCCAGACTCETGAACTGACCGACTCCGET

o SAEE SRS E
ﬁg&g@@@%@ﬁm FERACL HEd b deAnnncec

AﬁéﬁﬁEﬁﬁﬁHﬁEﬁrGAACACGCAGGTACTGCGGGTATCCTGGAACTGCTGAAATGCAAAGACCTG
GIAGGTCCACCGGACACTGACAAGICTTACTTCTGTATGICCCTGATCICTTTC
B e R SR Er CEAR AT TCAARGAR TGCTTCAECCTETCT TT CATTGACCTGATCCETCCETT

ARG EEAOGRIAACTIOITECTROGAETTETHOCETGOABCCALTCALAGATRGATCTCTG

R T R RS AR SR SR T P AT SRR Ao Tos

FE TS OIS SGTACTGCTGCGCTTTAAAGTAAACAAATCTCGTTCCACTGTTGCTCGTACTCT

oot ed AT AR AMEEEETERNed Al LA FdohbkddaaTaTAG
CTGCTGGTAACTTC

PR TR AR AR SRR R AR RGP A AT ACIEBPETHAC AR TEC

AACCITTEACHAACET TATCGAACACGETCTCECAGATTCTCAGTTCAAACTGACTGAAATGGTTCA
GTGGGCATACGACAACGACATCTGCGAGGAATCTGAAATTGCGTTCCGAATACGCTCAGCGTGGCGACT
TCGACTCCAACGCTCGTGCTTTCCTGAACAGCAACATGCAGGCTAAATACGTARAAGACTGCGCTACC
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CGAACCCGI TCCCGT TTGATCGT AACGGTAACGCTGI TTACGAACT GTCCAACA
CTAACTGGAAATGC 10,

wa T0ICAECGT CTGI CT TCCT CCCT GGACAT CCAGGACT CT GAARATT ERNEHY 1158

GATGGTTCTAACTC
TCAGSCTTTCCGITGTGITCCGGGTACTGITGTTCGTACTCTGTGA A no

acid sequence (Seq. ID No. 14) 15 MADDSGTENE

GSCGCTGAFW EAI VQHPTGT Q SDDEDEEV EDSGYDMWDF | DDSNI THNS
LEAQALFNRQ EADTHYATVQ DLGGKYLEEP YVSPI NTI AE AVESEI SPRL

DAl KLTRQPK KVKRRLFQTR ELTDSGYGYS EVEAGTGTQV

EKHGVPENGG DGQEKDTGRD | EGEEHTEAE APTNSVREHA

ETEEACEL PACTERBR RN CCCRFRISCR B B TR TP IR SOA RICRAL ERRARIAR CCGCGE

& i S IR EEEdIAR AN ANEAM A b cEFINKERT R TcaaaT
VARTLATLLN 20 | PE P PKI C:\/AAL YWERTG SNA
GBI HRE BE EASERE e CTGCATCGCTATC

@EEEEAE@GWTWMWTWWMCACT@T

R S R B E S

ECRACEBARYVA JOCBEAIRRCTEE YN EYNRIA TAL DENPITS CBRRACCTGCTGGACGGTAAC

KE T Koo AR VIRlNAR A AdC R i e TaA RV TEE B IR B an crre
25 AVYELSNTNW KCFFERLSSS LDI QDSEDEE

SRR A A COPAGTRAFA TRIAPPL B AE ST §F%TP§&§8AWWMCTTTACTTTCC
cenercobrrid@rrestAT@ I afoc@napt TalTSROcMdTaire da Ad2@ 2 AN@ISEGAAATGC

T N T
BRI T OCERNTCIE ATIASSC TRERSTTGT TCRTACTETGMRG/077 6be2

cl one by Not | and Barn H restriction digests. This
fragnent was then |ligated into p7313ie vector using

Amie agidsequencedSed- IR Nvdd) the control of the ie

pronmoter (immediate early cnv + exonl) and fol |l owed

%@sdraﬁﬁlésd@wamm &A@%m@e@ydn%&bﬁﬁw Hr3Bdbuvor 8BSFITENS
sequence in p7313ie (Se
ARASEARRRY APPEREAN ‘&é@’%@&é@d@ﬁ@é@@é@&%@@wm

TACEACORAANIAEEYGYS EVEAGTGTQV EKHGVPENGG DGQEKDTGRD IEGEEHTEAE
AT A GO T AT oA T COAT GO CAG v
GFGIHHSISE AFQKLIEPLS LYAHIQWLTN AWGMVLLVLI RFKVNKSRST VARTLATLLN
IPENQMLIEP PKIQSGVAAL YWFRTGISNA STVIGEAPEW ITRQTVIEHG LADSQFKLTE
MVQWAYDNDI CEESEIAFEY AQRGDFDSNA RAFLNSNMQA KYVKDCATMC RHYKHAEMRK
MSIKQWIKHR GSKIEGTGNW KPIVQFLRHQ NIEFIPFLTK FKLWLHGTPK KNCIAIVGPP
DTDKSYFCMS LISFLGGTVI SHVNSSSHFW LQPLVDAKVA LLDDATQPCW IYMDTYMRNL
LDGNPMSIDR KHKALTLIKC PPLLVTSNID ITKEDKYKYI, HTRVITFTFP NPFPFDRNGN
AVYELSNTNW KCFFERLSSS LDIQDSEDEE DGSNSQAFRC VPGTVVRTL

8. Plasmid: HPV110 (p7313ie 6be2 c/o mut)

Gene of interest:

Codon optimised mutated 6be2 was transferred from pWRG7077 6be2 into
vector p7313ie.

Cloning:
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10
CCAAGCAGAT GGEGECTGICCCACAT CGEGAT GCAGGT CGTGCCCCCCLCTGAAGG

w0 GAGESIRAGCCAAG PCT/EP2003/011158

GGCCACAACGCTAT CGAGAT GCAGAT GCACCT GGAGAGCCT GCTGCGGACCGAA
TACAGCATGGAGCC
CTGGACT CTCCAGGAGACGT CCTACGAAAT GTGGCAGACT CCTCCGAAGCCCTG
TTTCGCAAAGCCCG
GCAAGACAGT TGAGGT GAAAT TCGAT GGEI43CGCAAACAACACGAT GGACTACG
TGGTI G GGACCGAT

GTCTACG%AA%{SA %@%gﬁﬁvggut ou’ce'éfA Cﬁ—ﬁgég%beg% g}%t I and
BARCHRSSHREISAT a@%@m&m&g@mm@ﬁ (AN PSS vector

I eSS GTapTaRRe S iR e SRREPLER B SPISRIRte s famediate

ITCAACEASRING and followed by a rabbit b-globin poly-adenylation signal.

GAAGT GAGCAT TCCGGAGAGCACCACATACA! CGAGCACGCTC
GTCAGCAGCAGCAC, _
ratamerreGlertAtiecteeacCRRRecEEErGEEEEGET CCAGCA
GTCTCCCTGCAATG

CCCTGI GCGI TGCTCACAT CGECCCTGT CGATTCT GGGAACCACAATCTCATCA
WW@A%ACTGGACGCCTGCCAGGAGCAGCTGCTGGAGCTGTACGAGGAAAACAG

EAEACACE RECHAATAACECHAACALE T CRCEAASCHCCAMTAGTEEAGGTECACAAGE
@%ﬁ@%&%@%@&%ﬁ%@%ﬁ&w&%@m

GATGCAGATGCACCTGGAGAGCCTGCTGCGGACCGAATACAGCATGGAGCC

W%%MMM@%%G@@
CCTACGACTCCGAG
ENBCACHETIACE AT PO FERISETen RS FEARSEREACCORT

W@%&E&EA’MWM@@%&M@@@WGG@TCTMTA

uenc I D No. 16) NEAI AKRLDA
EZN%’ ﬁiﬁ{ﬁ{%\ gc'{/]\_{G? (%%EF-EAAAAGTATGGTTCCACCA

MMMGWEWMCRWQ@EBYECWWACCCAG

TBARE VT B RITTON, FUREAERVES TRV TuT ERpspECecne

SRREVSMEE CST TYAPAGT SCIT RS SRS CAVCHFIORRIACAGCAGTCTCCCTGCARTG

W%&@M@V&%&TEM@M@R&&M&E&&%CACGAC
SNCLKCF RYRLNDRHRH LFDLI SSTWH WASSKAPHKH

CEERER BV KOS T S0 CTERMEA ECHE TR ecaseReTCCAR

éﬁ&@r@mﬂﬁﬁéﬁécﬁa&@%m&&ccﬁﬁmmmmmCGHE'WG@@?CAGTTCCA
" .

R e
EAGNCACGEIAHCAAT P GIGEAACT GNP ACAIIT CIr ACEARST CHFCAEGRRGCTTGECTTCAT
ehetreddc@cadbirgcodon optinmised and nutated. The
pol yprotei n gene was assenbled by PCR fromusing 2
previ ous PCR fragments;
Amino acid sequence (Seq. ID No. 16)

MEATAKRLDA CQEQLLELYE ENSTDLHKHV LHWKCMRHES VLLYKAKQMG LSHIGMQVVP
PLKVSEAKGH NAIEMOMHLE SLLRTEYSME PWTLQETSYE MWQTPPKRCF AKRGKTIVEVK
FDGCANNTMD YVVWTDVYVQ DNDTWVKVHS MVDAKGIYYT CGQFKTYYVN FVKEAEKYGS
TKHWEVCYGS TVICSPASVS STTQEVSIPE STTYTPAQTS TLVSSSTKED AVQTPPRKRA
RGVQQOSPCNA LCVAHIGPVD SGNHNLITNN HDQHQRRNNS NSSATPIVQF QGESNCLKCFEF
RYRLNDRHRH LFDLISSTWH WASSKAPHKH AIVTVTYDSE EQRQQFLDVV KIPPTISHKL
GFMSLHLL
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Ebel and 6b/ 11 e2. The size of the gene is -4.1 kb,
produci ng a polyprotein of -170kD, observed by PAGE

war@4eeern blot. 10 Cloning: 15 The pol ypr oP€i/RPyesIe11158

was digested with Barn H + Not | restriction enzynes
and ligated into p7313ie vector. Sequencing anal ysi s
of selected clones had indicated the 'odd" base
change, but this was overcone_by various fragment
swappi ng. A resulting clone hp3116 #1 was found to
have no errors. 20 Polyprotein sequence in HPV116
Seqg. ID No. 1 .
TW%@@B@%M?&%TTGTACC&BTT%TTC
ATGGTTGAAGCAA
&CGTT%Eﬁiﬁf' GACTGGTACCCAGATCTCCGATGACGAAGACGAAGAAGT TG
' 25

CGACATGGT TGACTTCATCGATGACTCCAACATCACTCATAACTCTCTGGAAGC

AR B KT e Robmratsin i 9usiket HRVALS {8 & dHRlg fysion, Protein

q:wngm@mrg@r of 6be1, 6be2, 11e2 all codon optimised and mutated. The
Al EW&Tmﬁ%Wﬁ%mems

W?@KD’ 6&@@@%@ by PAGE and Western blot.
TCCGGTTACGGT TATAGCGAAGT TGAGGCT GGCACCGGECACCCAGGTTGAAAAA

CACGGTGTACCGG 30

AAAACGGECGEECGACGET CAGGAAAAGGACACCGECCECGACAT CGAGEGT GAGG

AACACACCGAAGC

TGAAGCTCCGACTAACT CTGI TCGT GAACACGCAGGTACT GCGGGTATCCTGGA
TGC

AAAGACCT GCGECGCGECT CTGCTGEGCAAAT TCAAAGAATGCT TCGGCCTGICT

TCATTGA GA . . .
FOEERNRT PIARERE HaRslRNeS i BAEy HaA el priolian eagupes and
TERedATECAGTA13ie vector. Sequencing analysis of selected clones had -

R AT AR TP RN BT R Hagment

ACTRAINGCTY Exutinorcone bpetit# T Aadorndde ey ARETEABCAAA
TCTCGTTCCACTG WO 2004/ 031222 PCT/ EP2003/ 011158 34
TTGCTCGTACT CTGGCTACCCT GCT GAACAT CCCGGAGAACCAGATGCTGATCG
AACCGCCGAAAAT
PONPICTERT<HNEICERABVATSE SEq TIDENACTBECATCTCTAACGCTAG
CACTGTTATCGGT

GAAGCACCGGAATGGATCACTCGTCAGACCGT' r ATCGAACACGGT CTGGECAGA
T CAET TP PNGGTACTGAGAACGAAGGTTCTGGTTGTACCGGTTGCTTCATGGTTGAAGCAA

¥@%M%E%@%@Jﬂ@@é@&&@%%ﬂ%@&&@%@%@@ﬂ
TICOGTTOCAATA &

ﬁﬁ@&&&&ﬁé@&ﬂéﬁ@GATAcCCATTACGCTACTGTTCAGGACCTGGGAGGCAAATATCTGGGCTCTc
AT QR LA ] CO0GT CACT ACAMCACCOTEAAAT LT A
ASTGAATCAAUETCRSMEERACAAAAR BAAGCCTATDGGETAAKTIEGRAAKIGACCGAC
T H AR A racceaneTTeACGCTEECACCEECACCCRAGETTEGARAAACACGETGTACCGE
AAAACGGCGGCGACGGTCAGGAAAAGGACACCGGCCGCGACATCGAGGETGAGGAACACACCGAAGT
TGAAGCTCCGACTAACTCTGTTCGTGAACACGCAGGTACTGCGGETATCCTGGAACTGCTGARATGC
ARAGACCTGCGCGCGGCTCTGCTGEEGCAAATTCAAAGAATGCTTCGGCCTGTCTTTCATTGACCTGA
TCCGTCCGTTTAAGTCTGACAAAACTACCTGTCTGGACTGCGGTTGTAGCAGGCTTCGGCATCCACCA
CTCTATCTCTGARGCATTCCAGARACTGATCGAGCCGCTGTCTCTGTACGCGCACATCCAGTGGCTG
ACTAACGCTTGGGGTATGGTTCTGCTGGTACTGCTGCGCTTTAAAGTAAACAAATCTCGTTCCACTG
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GCGCCATCAGAACATCGAATTCAT CCCGT TCCTGACCAAATTCAAGCTGTGECT
GCACGGTACCCCG

WRZMABMRALT GCAT CGCTAT CGTAGGT CCACCGGACACT GACAAICIEEL00 /(1 1158

TGTATGITCCCTGA 10

TCTCTTTCCTGEECGECACTGTAATCTCTCACGT TAACTCTTCCTCCCATTTCT
GGCTGCAGCCACT

GGTAGACGCGAAAGT AGCT CTGCT GGACGACGCGACCCAGCCGT GCTGGATCTA
CATGGATACTTAC 34

ATGCGCAACCT GCTGGACGGT AACCCGAT GT CTATCGACCGT AAACACAAAGCG
CT GACT CT GATCA

é@g%TGCACTGTACTGGTTTCGTAcTGGCATCTCTAACGCTAGCACTGTTATCGGT

TACCCGIGITACTACCTTTACTTTCCCGAACCCGT TCCCGITTGATCGT AACC
?WWA}‘@ACTCGTCAGACCGTTATCGAACACGGTCTGGCAGATTCTCAGTTCAAAC

AN LECITEEALABRTEATANCEACEA G RET CIANACTGREATGGAATA

W&%ﬁ%&?&%ﬁ%ﬁ%ﬁﬁ&%&“ﬂc

CI T PGrT OB TATACCATGTGCCETCACTACARACACGCGGARATGCGTARAATGTCTATCAAAC

@%EWEW%%TTC cr

I.QQGM@EEE@EGCTATCGTAGGTcCACCGGACACTGACAAGTCTTACTTCTGTATGTCCCTGA
w&w%cmmug s 83 ‘%%%@% MCCACT

COUTATOGNGATCCAATBCACETEHACGATIETEBIAIBCTTAC

S s T

ARTZISCE OIS TCCTAACTTCTAACATCGACATCACCARGGAAGATARATACAAGTACCTGCA

CAAR PP TP T A AR CAAAT T CRAT ChE A ST ACAACAGGTTTAC
ATGCGACTACGTIGGT

B A AR AT ER K FEE ST CRAE RCRT AT AT OCACT

G AT AN BATCETTCTAACTCTCAGGCTTTCCETTETGTTCCEEGTACTETTGTTCGTAC

A O OIS o

éEB%TGGGGCTGTCCCACATCGGGATGCAGGTCGTGCCCCCGCTGAAGGTGAGCGA

SEI LR A,
GTI'CCACCACCCAGGAAGT GAGCAT TCCCGAGAGACCACATACACCCCGGECCCAA
AW%@@CGCTATCGAGATGCAGATGCACCTGGAGAGCCTGCTGCGGACCGAATACAGC

é@@c%@ﬁ@@ﬁ;BAGTGAGCATTCCGGAGAGACCACATACACCCCGGCCCAAACGAGCACGCTCG
CGACTTGATCAGI TCCACGT GGCACT GGGECCAGCAGCAA %%@@%%
W%AGGAGGACGCCGTCCAGACGCCCCCCCGGAAGAG CAGCA

é@%@%ﬁ&%&%ﬁ%&ﬁ%&%&%&w

CTGCCTCAAGTGTTTCCGCTACCGCCTCAACGACCGCCACCGCCACCTGTT

COAINGEATHECACPRIChET At O AI I ACATL R b AR E A TeACe
CATCATGCACTGG 35

o G R E RO CHRE L E S EIAC HRACIRAE C DI (E € ST e waE TR TCA
EEELAGATACEXE TAOre it r63IR 22 RETTER200 0 EL ¢ H8:ACBETCCACGCCTG

LA O TG A O G A ACAMAGRAATAEAR T s

A ABCISTCAA G AT COACKICT CCMARAGECC

CACCTCGTACGAA
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ATGT GGCTGACCCCACCT AAGCGAT GCT TCGCCAAACAGGGCAACACAGT GGAG
GTGAAGTTCGACG

WEDNETRAGGAT AACGT TATGGAGT AT GT CGT GT GGACGCACAT CTIT T ROAGA 1158
ACAACGACAGTTG 5
GGTGAAGGT GACCAGCT COGT GGACGCGAAGGGCATCTACTATACCT GTGGGCA
GTTTAAAACCTAC
TATGTGAACT TCAACAAAGAGGCCCAAAAGT AT GGCT CCACCAACCACT GGGAG
GTCTGCTATGGGA 35
GCACGGTGATTTGCT CTCCCGCCAGCGT GTCTAGCACT GT GCGCGAGGTGAGCA

TTGCOGAGOCGAC
SRS AR R A A B PR R B e P EE O AL T AT B TeCR

A A A CGAAAACACAGTACGECETGEAGCCATEGACCCTECAGGACACCTCGTACGAR

A A AR A AN AR TGE T Feonco

S ICEACAGTPACCAT TR EAATATGCEF CABEGAT AR CTIAT ANGRNCBATCABAACTTG

A A A B T CaTEOACGCGAAGEECAT CTACTATACCTGTGEGCAGTTTAAAACCTAC
TCACT CTGCCGCAACCCCCAT CGT GCAGCT CCAGGGAGACAGCAATTGCCTTAA
B PR eI SR AAAGAGGCCCAAAAGTATGGCTCCACCARCCACTGGGAGGTCTGCTATGGGA

ECLACHOAACEAC TAANCH ACAACENCT TEA ddLACEE CXFa EEed A dACTd €€dphccaac
R R RS R RS R TR T R A SRR SRR

GACABCAATIERCETCCEAGGEECCCAAGCACCAACAACACCCTCTGTGTCGCGAACATTCGCA

S S R AL N O

ARSEE ENEC AESCETRG BRI Y CHPI SR O SEBRDE EVC HIBSEYERAMSFCCTAT
EEEENIA E EG 2 Al AN FNREr EABRERYATNR c Bb&Fae k&Rt ca cTaceceTcaccee

YVSPI NTI AE_ AVESEI SPRL DA KLT@_%K 20 KVKRRLF%;R
BE S OSEVEY S ERREI SRS BEEKOT R 1 ECERHEAETTTCT

ARTMBEFEIN ETAGEA FEFICh K OKDICRAAT A NG K EHEARCR SETd D RPFISDTGTGA
KTTCLDWAVA GFG HHSI SE AFQKLI EPLS LYAH QALTN
AWGWLLVLL RFKVNKSRST VARTLATLLN | PENQVLI EP
ARigscgidiseanerrel (Sky. B MocHBPEW | TRQTVI EHG LADSQFKLTE
MVQAYDNDI  CEESEI AFEY AQRGDFDSNA RAFLNSNI\/QA KYVKDCATMC
RHYKHAEMRK 25 MBI KON KHR GSKI EGTGNW KPI Vi

PEEFKCRRE NS PRA KR A ST GRPS DR HAESY éﬁ)%YD F IDDSNITHNS

LESHIGHRY =SbvINGSSIAF I . &RINAIMAK YRS I DRARQORCYE £ MIRLY WRNKT. TROPK

e A G R eI Sl

EEBNSGRFRCG VRGN KL VKBIR AR RGDAEKE QERISFELYEERPFKSD KTTCLDWVVA
Bhideddl o Fg%@@ﬂ%s}! %%GMMBMI@@%A%TLLN

SR
30 Al E LES LLRTEYSNVEP LQETSYEM WQTPPKRCFA
K R P BERSRRAVDYH FRARAEDEY VDT RESRAYCYIRRFY IEHG LADSQFKLTE

Mﬁé%ﬁiﬁﬁﬁfCcﬁﬁEﬁﬂRﬁﬁ%NEQk@ﬁi%@ﬁ!GﬁKFﬁ&ﬁNﬁdﬂWESWKDCATMC RHYKHAEMRK

@/@@%\&ﬁs T 6%]% PES TTYTPAg:ﬁT LV%&ETKEDA VOI PPRKRAR
TPK CIAIVGPP

WW@WE&{WWPLW@SIMTQPCW IYMDTYMRNL

R A T BRI D R R L e oot

MRARSWINSHKCEF EBAFSS| TDIQDSEDEE DGSNSQAFRC VPGTVVRTLM EATAKRLDAC
QEQLLELYEE NSTDLHKHVL HWKCMRHESV LLYKAKQMGL: SHIGMQVVPP LKVSEAKGHN
AIEMOMHLES LLRTEYSMEP WTLQETSYEM WQTPPKRCFA KRGKTVEVKF DGCANNTMDY
VVWTDVYVOD NDTWVKVHSM VDAKGIYYTC GQFKTYYVNF VKEAEKYGST KHWEVCYGST
VICSPASVSS TTQEVSIPES TTYTPAQTST LVSSSTKEDA VQTPPRKRAR GVQQSPCNAL
CVAHIGPVDS GNHNLITNNH DQHQRRNNSN SSATPIVQFQ GESNCLKCFR YRLNDRHRHL
FDLISSTWHW ASSKAPHKHA IVTVTYDSEE QRQQFLDVVK IPPTISHKLG FMSLHLLMEA
IAKRLDACOD QLLELYEENS IDIHKHIMHW KCIRLESVLL HKAKQMGLSH IGLQVVPPLT

%%
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WD 2004/ 031222 PCT/ EP2003/ 011158 36 VSETKGHNAI
EMAVHLESLA KTQYGVEPWT LQDTSYEMAL TPPKRCFAKQ GNTVEVKFDG

wWERIONMUBEYYV WIHI YLQDND SW/KVTSSVD AKG YYTCGQ HROIVERIBMK 1158

EAQKYGSTNH WEVCYGSTVI CSPASVSSTV REVSI AEPTT
YTPAQTTAPT VSACTTEDGY SAPPRKRARG PSTNNTLCVA

NI RSVDSTI N NI VTDNYNKH QRRNNCHSAA TPI VQLQGDS NCLKCFRYRL
5 NDKYKHLFEL ASSTWHWASP EAPHKNAI VT LTYSSEEQRQ

QFLNSVKI PP TI RHKVGFM5 LHLL 1@6 Pl asmid: HPV117
(p7313i e 6be2. 6bel .11 e2) 10 Gene of interest: The

e for the polyprotein in construct HPV117 is a
t%HEE KEHRGE| %"f@“’i@ﬁ@ﬁ% rKTQYGYEFIE R Y5 b r TRAKRGHAHEQ GNTVEVKFDG

Ehehvmt tve drdlyr.eoms rsmﬁévirﬁbﬁﬁ dAI@jtszﬂ‘@th ﬁdrYﬂhr@NK EAQKYGSTNH
polvprotej n gene was asse om using 3

R L e e R B TERREE, inipTop s VaNF T EDE, SAPPRIGARG

HsENNTZevVA INTIRSTDgENe NIS/TDAYHKK mRmmtsAA NEPIVQLOGDS NCLKCFRYRL
A D IR U S o

WiHLER Barn H + Not restrl ction enzynes and |igated
into p7313ie vector. Sequenci ng anal ysis of sel ected

had,. J,adi d . add’ se, change, but this
A Stk HEY 11 (b e diher Vastneg. A
resulting clone hpvl 17 #6 was found to have no
I%81,i"?tgnj;’sqtl,yprotei n sequence in HPV117 (Seq. | D No.

ATGGAAGCTAT TGCCAAGCGACT GGACGCCT GCCAGGAGCAGCTGCTGGAGCTG

@%ﬁé@?@ﬁﬁﬁ%@w&e@oﬁm&wa&m&&% protein

Am@' of 6be2, 6be1, 11e2 all codon optimised and mutated. The

@%ments

m&mm@ﬁ@d by PAGE and Western blot.
CTGGACTCTCCAGGAGACGT CCTACGAAATGT GGCAGACT CCTCCGAAGCCECTG
TTTCGCAAAGCGCG
SR AGT TGAGGT GAAAT TCGATGEGT GCGCAAACAACACGAT GGACTACG
TGGTGTGGACCGAT 35

CTA AGGACAAT GA GAAGGTACATAGTATGGT GGATGCC
ﬂ@@g@% T ERN OO SOBBESBE BN Hern Hbanbe) biestionenzymes and

G1IicANSEIrT A8 TNty \GInklisis AfCsoritedébAes had
ﬁl’d\;’% %AQSQ' base change, but this was overcome by various fragment
swapping. A resulting clone hpv117 #6 was found to have no errors.

Polyprotein sequence in HPV117 (Seq. ID No. 19)

ATGGAAGCTATTGCCAAGCCACTGGACGCCTGCCAGGAGCAGCTEGCTEGCAGCTGTACGAGCAARACAG
CACAGACCTCCACAAGCACGTGCTGCACTGGAAGTGCATGCGCCACGAGTCAGTGCTCCTGTACAAGE
CCAAGCAGATGEGGECTGTCCCACATCGEGGATGCAGCGTCETGCCCCCGCTGARGETGAGCCAAGCCAAG
GGCCACAACGCTATCGAGATECAGATGCACCTGEGAGAGCCTECTGCGGACCGAATACAGCATGGAGCC
CTGGACTCTCCAGGAGACGTCCTACGAAATGTGECAGACTCCTCCGAAGCGCTGT TTCGCAAAGCGCG
GCAAGACAGTTGAGGTGAAATTCGATGGGTGCGCARACAACACGATGGACTACGTGETGTGGACCGAT
GTCTACGTGCAGGACAATGACACCTGGGTGAAGGTACATAGTATGGTGGATGCCAAGGGCATCTATTA
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AGCACT GCGAGGT GT GT TACGEGAGT ACT GTGAT CT GCAGCCCCGCCTCCGT GT
CGI'CCACCACCCAG

W@E2WNGEI8IRGCAT TCCCGAGAGCACCACAT ACACCCCGECCCAAACROIZALIB0Y/(1 1158

GICAGCAGCAGCAC

CAAGGAGGACGCCGT CCAGACGCCCCCCCEGAAGAGGECCCEEEEEGET CCAGCA
GICTCCCTGCAATG 5

CCCTGTGCCGT TGCTCACATCGCECCCTGTCGATTCTGCGAACCACAATCTCATCA
CGAACAACCACGAC 37
CAGCACCAAAGGCGCAACAACTCTAACAGCTCCGCAACTCCAATAGTI GCAGTTC
CAGGGCGGAGT CCAA

OO AR T RIS TACT T FEA T S CICARE A0

83 A A EPATTA CEEEAGTACTETGATCTGCAGCCCCGCCTCCGTETCGTCCACCACCCAG
CGIGGECACT
AR

GEECCAGCAGCAAGGCGCCCCACAAACACGCTATCGT GACGGT GA
EAPESEREACAGCACCACATACACCCCGGCCCARACGAGCACGCT CGTCAGCAGCAGCAC
CAHIGTCCACHSTHOEAGANGATT I ICCEACARRCACOIARCCAATG

R etbescccrarocrmeroamecncarereRTeACCAAGRRCCACGAC

T CAACTCTAACAGCTCCGCAACTCCAATAGTGCAGTTCCAGGGGGAGTCCAR

E%%W%E%%@@%@%W@M%Gwcm
AAGACGAAGAAGT

Wﬁ?WﬁWﬁWTW@WWTCC@AG

AACTHCRCECXAGETCCTEEACGTCETCGAAGATTCCTCCGACAATCAGCCACAAGCTTGGCTTCAT
AAGREL TGl L] A OO CACEYACLGATACCEAT TACCCTACT GTECACEA 1

AKICEEECAXTCEETAOGCRETECUTAAT GAPACR AT CECAGANACAGATAABRGAAGT T

W&é&ﬁ&ﬁ&%&%ﬁ%ﬁ ACTCTCTAGAAGT

AR T T Y TPARCGCCAGGAAGCTGATACCCATTACGCTACTGTT CAGGACCTGGGAGGCAAAT

A@WME&W@ NG
%TWW%@WW%TCM%

'ACGGTTATAGCGAAGTTGAGGCTGGCACCGGCACCCAGGTTGAAAAACACG

L L A L

W%EE@C@&CGGCTCTGCTGGGCAAATTCAAAGAATGCTTCGGCCTGTCTTTCATTG

ACCTGATCCGTICCGTTTAAGI CTGACAAAACTACCTGTCTGGACTGEGT TGTAG
YA T SERFETAAGTCTGACARAACTACCTGTCTGGACTGGETTGTAGCAGGCTTCGGCATC

CACACTCA AT CTCAANAGCAT I G ACAALTHARAT CENETCEEIEETRCECI CAIAG ccAG T
A e T T A TOr AP SRR PR RAPCEROTTCCA

CIrAATCT CHAOCAGCGCTACCCTGCTGAACATCCCGGAGAACCAGATGCTGATCGAACCGCCGAAA

ggﬁ%@%&%@%%%@é@%@ﬁmmmm
AR A BT AT e AT B A RS PACT EE T R S FECE A e FE T ARTSBCT TCAARC

PEXAC A 1A 2 G OATACGACAACGACATCTGCGAGGAATCTGAAATTGCGTTCGAATAC

S AT A O ST R AR L S R aacor

AGSCREAACAGETTAAGTECECAIECAL A OGACAT A TCCEAGGAAT CITAAEAAACAGT

R e aneaacaTaceceTIcacans coaRTCaTTGRGITCCTGCGE

CRTYACRARRIOBAT TCATCCCGTTCCTGACCAAATTCAAGCTGTGGCTGCACGGTACCCCGAAAAA

bt ARG IR BT A A TCTCTT
TET A FORR XS FACE T AACT T SARA TAGAC

FAEEET AT ETGCTE&EACGACCCGACCCAGCCETGCTGGATCTACATGGATACTTACATGCGCAA
o R L SR AR TG St

ARAGHTCATAZCITATAZGRACEH NGB ETHTACTTEIAGPATCCTGTT
GICCCTGATCTCTT

TCCTGEECGEECACTGTAATCTCTCACGT TAACTCTTCCTCCCATTTCTGECTGC
AGCCACTGGTAGAC

GCGAAAGT AGCT CTGCT GGACGACGCGACCCAGCCGT GCTGGATCTACATGGAT
ACTTACATGCGCAA

ARAAGT
GTCTATCAAACAGT
ERHHCRA
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CCTGCTGGACGGTAACCCGATGT CTATCGACCGT AAACACAAAGCCCTGACTCT
GATCAAGTGCCCGEC 35

w@a0Ta8IRAST AACT TCTAACAT CGACAT CACCAAGGAAGAT AAATRCHRE20AE01 1158

TGCATACCCGTGIT WD 2004/ 031222 PCT/ EP2003/ 011158 38
ACTACCTTTACTTTCCCGAACCCGTTCCCGTTTGATCGTAACGGTAACGCTGIT
TACGAACTGI CCAA
CACTAACTGGAAATGCTTCTTCGAGCGICTGTCTTCCTCCCTGGACATCCAGCA
CTCTGAAGATGAAG 38
AAGATGGTTCTAACTCTCAGECTTTCCGITGIGTTCCGEGTACTGITGITCGTA
CTCTGATGGAAGCC

AACAIAEE AT TP CTTCRAGCETCTET CT TCOTCCCTGGACATCCAGGACTCTGAAGATGAAG
CCATAAGCACATCAT
CARISSCAREACK

GCACTGGAAGT GCATTCCCCT GGAGAGCGT GCTGT TGCA
TCAGGCTTTCCETTGTGTTCCGGGTACTGTTGTTCGTACTCTGATGGAAGCC
ACCERIGhGACUACATACERECCTA CAEGREET COCCECTICIBACAINSREALAGA TGACAT

R e TR B R AR RS 3 ocaca

A AT ECACBTAGGCCTTCAGETGATCCCCCCTCTGACCETGTCAGAGACAAAGEGCCATAAC

W@%@M@@WM@M@CCCT
PSP GRS PR PO T B A P AP PRI IS CTATCTOBFEYERSAACACAC

CEEACATRA AT CERCd € TeTEAGEATAACGTTATGEGAGTATGTCGTGTGCGACGCACATCTATCTG

L A R SO oo

GOAGTTTRAMCOGTACTATEE GRACETEA PARQBEKCACTGEE
g@é¥3¥¥ggﬁ§aég%§CACGGTGATTTGCTCTCCCGCCAGCGTGTCTAGCACTGTGCGCGAGGTGAGC
ACET CTOUT ATGCCACCACUGT GATTTOCT CT OCCCGUCAGOGT GT CTACCACT G

T CLAERCACCTACACCCCTGCCCAGACGACCGCTCCGACCGTETCTGCTTEGTACTACCGA

XA &dfcraTaTea
eSS ERAREERBERMRR A cao

CACCCRET I e OB TECCECAACCCCCAT CETGCAGCTCCAGGCGAGACAGCAATTGCCTTAAGTG

N A MR GRS oo,

%JMME@IGAAGATCCCACCGACGATCCGTCATAAGGTCGGCTTCATGTCACTGCATCT
CTTCCGCTATCGCCTCAACGACAAGTACAAGCACCTCTTTGAGCTCECCTCGTC

CTGCEG
CCTCACCCGAGGCACCTCACAAGAACGCCATCGI CACTCTCACTTACTCCAGT G
AGGAGCAGAGACAG
CAGI TTCTGAACAGCGT GAAGAT CCCACCGACGATCCGTCATAAGGTCGECTTC
Anangrasidseruenced Segr Br&o. &) no aci d sequence ( Seq. '
I D No. 20) 25 MEAI AKRLDA CQEQLLELYE ENSTDLHKHV
LHWKCVRHES VL LYKAKSVG LSHI P PLKVSEAKCGH
MR EVENIAE COE QR EVEN PO EETS PEWKERTBISK REP Y AREYErHETRCMQVV P
DAV NX YRV XV QL DREFWSHEY HE TMYERIKE YO T ERKRIET XXHBIK TVEVK

TCie R Vet e i —

CEWEY CRZD TBCNE LI VENST HDEFHIRRNINS T RS YGRS EESNCIANCFPPRKRA

B T SR BB comcrrc

REROVPRREA LFVEH S IERQ A SEE S, BV SEVMPDERROOFLDVY KIPPTISHKL
GFMSLHLIMA DDSGTENEGS GCTGWFMVEA IVQHPTGTQI SDDEDEEVED SGYDMVDFID

DSNITHNSLE AQALFNRQEA DTHYATVQDL GGKYLGSPYV SPINTIAEAV ESEISPRLDA
IKLTRQPKKV KRRLFQTREL TDSGYGYSEV EAGTGTQVEK HGVPENGGDG QEKDTGRDIE
GEEHTEAEAP TNSVREHAGT AGILELLKCK DLRAALLGKF KECFGLSFID LIRPFKSDKT
TCLDWVVAGF GIHHSISEAF QKLIEPLSLY AHIQWLTNAW GMVLLVLLRF KVNKSRSTVA
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DSNI THNSLE AQALFNRQEA DTHYATVQDL GGKYLGSPYV SPI NTI AEAV
ESElI SPRLDA | KLTRQPKKV KRRLFQTREL TDSGYGYSEV

WEAGTHQYEK HGVPENGGDG QEKDTGRDI E GEEHTEAEAP PCT/EP2003/011158

TNSVREHAGT AQ LELLKCK DLRAALLGKF KECFGLSFI D LI RPFKSDKT

35 TCLDWWAGF A HHSI SEAF (KLI EPLSLY AHI QALTNAW

GWLLVLLRF KVNKSRSTVA WD 2004/ 031222 PCT/ EP2003/ 011158

39 RTLATLLN P ENOQWLI EPPK | QSGVAALYW FRTA SNAST

VI GEAPEW T RQTVI EHGLA DSQFKLFEMV QAAYDNDI CE

ESElI AFEYAQ RGDFDSNARA FLNSNMQAKY VKDCATMCRH

YKHAEMRKMS | KQWY KHRGS KI EGTGNWKP | VOFLRHONI  EFI PFLTKFK
RUEAGENKRNENQYIA ARGHP DS GREVRBIVBRIGC SRIASET VILSERPEWIT RQTVIEHGLA

AES TS ORISRy s

VI R SRERGAK B R RV SSE PR eRSEHEEDEP BNEH- ROVEGTPKKN
GIANMREEVEAD K $ YK SDACERY €l SYERNGs diRhifHEMAYY kvaT.r, DDATOPCWTY

BT AR B EE A VPR ARC EXUPE RRERF e

mwwmmwmsv@:mm S AFROVNENKR TL.MEA

e T

N M BRI ST S A T B L ERSK NG AT RYRVEVKFDG
@iﬁﬂﬁﬂﬁﬁlh{ﬁﬁmﬂﬁ&ﬂtﬂﬂ%ﬁw‘ Mhet2esFRRR-RANRVEL SRy comim
%ELVRCQ}(G?VG:Q/B LHLL 15 11. Plasm d: HPV11 % 73131 e

EHCETY L CHPRSVSFTY RRESIGELTA SFRARTTARE TRACERARGY GPPPRKRARG
Esﬂml\ﬁmbyprMEWSEENCEMDNMKHFEMH@AaTPIV@@;ﬂSU&CQK‘CFRYRL

| I bel all
S 2y RN B P, S iEiens ngvomms
HEdenbl ed by PCR fromusing 2 previous PCR fragnents;
Ebel and 11/ 6be2. The size of the gene is -4.1 kb,
produci ng a polyprotein of -170kD, observed by PAGE
and Western blot. 25 doning: The polyprotein gene
ThPldsgrd: HBWIABH{pRa1 Jieldbe?. N2 .dbggst ri ction enzynes
and ligated into p7313ie vector. Sequencing anal ysis
of selected ' clones had 30 indicated the 'odd base
Gene@f interestthi s was overcone by various fragment

The gene for the polyprotein in construct HPV118 is a triple fusion protein
comprised in order of 6be2, 11e2, 6be1 all codon optimised and mutated. The
polyprotein gene was assembled by PCR from using 2 previous PCR fragments;
6be1 and 11/6be2. The size of the gene is ~4.1kb, producing a polyprotein of
~170kD,observed by PAGE and Western blot.

Cloning:

The polyprotein gene was digested with Bam HI + Not | restriction enzymes and
ligated into p7313ie vector. Sequencing analysis of selected clones had
indicated the 'odd' base change, but this was overcome by various fragment

swapping. A resulting clone hpv118 #3 was found to have no errors.

Polyprotein sequence in HPV118 (Seq. ID No. 21)
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swappi ng. A resulting clone hpvl1l8 #3 was found to
have no errors. Polyprotein sequence in HPV118 ( Seq.

wo DoMo31221) WO 2004/ 031222 PCT/ EP2003/ 011158 HOI/EP2003/011158

ATGGAAGCTATTGCCAAGCGACT GGACGCCT GCCAGGAGCAGCTGCTGGAGCTG
TACGAGGAAAACAG
CACAGACCT CCACAAGCACGT GCTGCACTGGAAGT GCATGCGCCACGAGT CAGT
GCTCCTGTACAAGG
CCAAGCAGATGGGEGCT GT CCCACAT CGGEGADGCAGGT CGTGCCCCCGCT GAAGG
TGAGCGAAGCCAAG

GGCCACAACGCT ATCGAGAT GCAGAT GCACCT GGAGAGCCT GCTGCGGACCGAA
PR CAECS FELI YA MG CGACTGCACGCCTGCCAGGAGCAGCTGCTGGAGCTGTACGAGGARRACAG

ChEAA Pt CAAHNRAC (GG TACTAAA bed (X F GO SR EEEEAN Pt éTacance
TTTCGCAAAGCGECG

G R AT e B T R P TR B A RRE AL CEAT &R PR cCChrC

CECHAECACEAAEACATGCAGATGCACCTGGAGAGCCTGCTGCGGACCGAATACAGCATGGAGCC
ﬁ%@%ﬁ%ﬂ%ﬁ%@&%&%&%@%mm

GAALNAGACCGAT

QE%E%TGACACCTGGGTGAAGGTACATAGTATGGTGGATGCCAAGGGCATCTATTA
AGCACT GCGAGGT GI'GI TACGGGAGI ACT GT GATCTGCAGCCCCGCCTCCGI GT
W@%WCGTACTACGTCAACTTCGTCAAGGAAGCCGAAAAGTATGGTTCCACCA

GRS fRYChEd T CPEACAE AR ALATTACALE cEdéencecaa
GICAGCAGCAGCAC,

i

CRETOCCECEPATIGCAGACGCCCCCCCEEGAAGAGGGCCCGEREERETCCAGCAGTCTCCCTGCAATG

%%@%W%&&%%%M&CACGAC

A ACC T RIS A TR IS AT CIANGT I GTCCAR

%@ﬁé@ﬁ@f@ﬁ%eaemccacCTCAACGACCGCCACCGCCACCTGTTCGACTTGATCAGTTCCA
CTGCCCTCAAGIGITTCCGCTACCGCCT CAACGACCGECCACCGCCACCTGITCA
@_ﬁ}é‘r(é‘(%Ci&gCAAGGCGCCCCACAAACACGCTATCG‘I’GACGGTGACCTACGACTCCGAG

AR GO aNEEET (R CTTCAT

éﬁé@%@%&éﬁ%ﬁ%@%&&%@%&ﬁ%&@%&%@%&&

A AT R GCCATAACRECATTGACATCCATAAGCACATCATGCACTGCGAAGTGCATTCGCCTGGAGAGC

@%%W%@%W@%@%W@E&%mwx
CCAGCTGCTCGAI

ficiiive See

EE@@EE%@&@ATGGACCCTGCAGGACACCTCGTACGAAATGTGGCTGACCCCACCTAAGCGA

%@%@%@%@W&%&@ SN H  Feonora

SACBCAAT GEAGAT GBAGREGENECTBEABIG TEGACE

WmoCTGTGGGCAGTTTAAAACCTACTATGTGAACTTCAACAAAGAGGCCCAA
AGIACGECGT GRAGCCAT GGACCCT GCAGGACACCT CGTACGAAAT GTGCCTGA
@W{:‘MWACCACTGGG‘AGGTCTGCTATGGGAGCAC‘GGTGATTTGCTCTCCCGCCAGCGT

' caCdaACEd vt d f X ANCSEETETCACRAIA ccaeTe
AACGTTATGCAGIA
e CST G BEACACAR TR E T A CEAE A CEAERST GeCCeA

@&Gm'@@mmkﬁ@rCTGTGTGGCGAACATTCGCAGCGTCGACAGTACCATCAATAACATCGTGAC

L I AT T ST o

GGCACTGGGCCTCACCCGAGGCACCTCACAAGAACGCCATCGTCACTCTCAC

ek
GICTAGCACT GI' GCGCGAGGT GAGCAT TGCCGAGCCGACCACGT ACACCCCT GC
(‘E&WWCAGAGACAGCAGTTTCTGAACAGCGTGAAGATCCCACCGACGATCCGTCATA

E@Wm&%&%&%&&w

ABFIROSEEETTRGCATTCTGGTTACGACATGGT TGACTTCATCGATGACT CCAACATCACTCATA



10

15

20

25

30

35

GGATAACTATAACAAGCACCAGAGGECGTAACAACT GTCACTCTGCCGCAACCCC
CATCGIGCAGCTCC 30

WRGBEOSIRCNCCAAT TGCCTTAAGT GCT TCCGCTAT CGCCT CAACRRCHRE0AEA 1158

AGCACCTCTTTGAG

CTCGCCTCGT CGACGT GGCACT GGGCCT CACCCGAGGCACCTCACAAGAACGCC
ATCGTCACTCTCAC

TTACTCCAGT GAGGAGCAGAGACAGCAGT TTCTGAACAGCGTGAAGATCCCACC
GACGATCCGTCATA 41
AGGTCGGCTTCATGTCACTGCATCTCCTGATGGCAGACGATTCCGGTACTGAGA
ACGAAGGTTCTGGT

e AR T A eSS T GRS CRA T R SR C AT T ACCCAT RS FAEC XSUECAGGAC

éﬂﬁéaiggﬁﬂiﬁﬂﬁﬁéméEECTCTCCGTACGTTTCCCCGATCAACAcTATCGCAGAAGCAGTTGAGTC
AGACGAAGAAGT GCGT TACGACATGGTI TGACTTCATCGATGA

Wﬁ&@%&?ﬂc%%ﬂﬁ%“ﬁﬁEGWFEWP&E%%T%CGTCGTCTGT
SCA CFCEETTAACEANTAGCANEITGATAGCGATTAGBACCCAG

WW&WW&%&&%

R PTEBACH AT CRAAGCTGAAGCTCCGACTAACTCTGTTCGTGARCACGCAGETACTGCGAGTA
?@%&WM@W@MTTC&C

TAAACGICGTCTGT
T IR TR RO AE S RSERAe RS FEACESSFETOTAGC

%@%@@éﬁ%é@cﬁcu‘CTATCTCTGAAGCATTCCAGAAACTGATCGAGCCGCTGTCTCTGTACG
1NN AT
A AT Ol A AR A O A ST R s

LOGTGRAAErAZACACTETAGTA CAAGCT CURAT AN CRETTCERGAACACBLGCTGAT

%%w&ﬁm& CT%E%CTGT%CTG%TTTCGTACTGGCATCTCTAACGCTA
GCTGEECAAATTCA

AN STCETIRYTEEAGCACCGEAATGCGATCACTCGTCAGACCGTTATCGAACACGGTCTGGCAGAT

edfehGhT EAMCTCAC A TEEET et dd AREET GRAMAEIRCEAEEETCraanaT
GACTGGGTTGTAGC

AP A R E R A FET R CFE PRAR AT CRABRRRT GAT CRIGC

BEEGREE CACSMAR AN TEGCGCTACCATGTGCCGTCACTACAAACACGCGGAAATGCGTAAAATG

e

AL A
f

Z%%ZCTGCATCGCTATCGTAGGTCCACCGGACACTGACAAGTCTTACTTCTGTATG

GRS
CGAACCGCCGAAAAT CCAGT CTGGTGTAGCTGCACTGTACTGGT TTCGTACT GG
EERE T RSB RTGGGCAGCACTATART CTCTCACGTTAACT CTTCCTCCCATTT CTGGCTGCA

CCACCTCET AT CECEAFMNERACT L ECAATCACEAETICAACAC L STTEAR CMETCGATA
R o PO AR RS P AP R PSR ARG A e

mm@mmmmqweemmwCTAACATCGACATCACCAAGGAAGATAAATACAAGTACCT
é{%@ &%&%MQJMW%MJZ@QECTGTTT
A%WWWRW@T BEPHAERCRGAEECAGGAC
PAREECT A R G TGET T CTAACT CTCAGGCTTTCCGTTGTGTTCCGGETACTETTGTTCGTAC
TCTATCAAACAGT GGATCAAGCACCGCGGTTCTAAAATCGAAGGTACCGGTAAC
TCGT
TCAGITCCTGCGCCATCAGAACATCGAATTCATCCCGI TCCTGACCAAATTCAA

B A AR e (St LN A PR T A GGT CCACCGGACACT GACAAGT

CTTACTTCTGTATG 20

MECERRANRT EI A EE SRCREA A AR GG ANAKIOTES oMoV VP
CATTTCTGGCTGCA

A CE SRR G R RS T SR RSB B R T BT E TV EVE

EAGCEIATADCEATATDVYVO DNDTWVKVHS MVDAKGIYYT CGQFKTYYVN FVKEAEKYGS

S ST G GRS oo

D

AAATACAAGT ACCT
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GCATACCCGTGI TACTACCTTTACTTTCCCGAACCCGT TCCCGI TTGATCGTAA
CGGTAACCCTGITT 25

WR\aBABSTR0AT CCAACACTAACTGGAAATGCT TCT TCGAGCGT CTGTRIT/EL200%01 1158

TGGACATCCAGGAC

TCTGAAGATGAAGAAGATGGT TCTAACTCTCAGCCTTTCCGT TGTGT TCCGEGT
ACTGITGITCGTAC TCTGIGA Am no acid sequence (Seq. ID

No. 22) 30 MEAI AKRLDA CQEQLLELYE ENSTDLHKHV

LHWKCVRHES VLLYKAKQVIG LSH GMAX/P  PLKVSEAKGH

NAI EMQVHLE SLLRTEYSME PWILQETSYE MAQTPPKRCF AKRGKTVEVK
FDGCANNTMD YWVWWIDVYVQ DNDTWKVHS MVDAKG YYT CGQFKTYYVN
RYKEBARKRGSLEFPKHAEVEY GBS TKA RESPASYS T RIIGE/SOREQFLDVV KIPPTISHKL

?&W@@ %é%ﬁﬁ%%ﬁilw %@Dm%sm LHKAKQMGLS

WSDOUA O3 TY PT HENAEPEYOSHIGEE 58 TOAGVERRINDRIHRAFEMA LTPPKRCF AK

bk} R FAHGYESIPI K oo MINGDXDB B vkt B&Qé@ﬂf’f&'ﬁ YAty yunEN

GFI\/SLHLLI\/E Al AKRLDA% LELYEEN SI Dl HKHI VH_WKCl RLESVL
ngEAQTTAP TVSACTTEDG

MWM?EW&@MHMGFMWWEMCHSA ATPIVQLQGD

s e e N

W@WMPSW EW@WM QISDD EDEEVEDSGY

AN YRR ﬂ% W QA SERspYVSPT NTIAEAVESE
SNCLKCFRYR LNDKY FE LASSTWHWAS PHKNA| V TLTYSSEE g?
ST P TR DTGB SO TSP OB EE VITICY. BENGEDaQEK

O EIMEAEYQuIrEACAINSDRR EDEENMEISEY .. MR RRENGKFKEC FGLSFIDLIR

AP R TR et TP Cy QR Y LIvbrzeroy

IS XERAGYAPENGEREQE ML T EFBROISEGEEARVEAREARTNBASTVIG EAPEWITRQT

iﬁ?@%@ﬁ %@%H N SEAE?J%%F?E SC!P%FAEIBNARAFLI\I\IIA SNMOAKYVKD

E%WC’LWF@HNAEWWWEW&N@EW@@@DKPWNIEFI PFLTKFKLWL

@MK@A&RT TR EVDRY CreAWFTRAETV MY ABERLOPLY DAKVALLDDA
KL TEMV YDNDI CEESE | AFEYA FDSNARAFL&IF %KK Y@LHTRVT

T%P%‘,W HAF AERRIEVEP KE3 KA
FERAQUIFEF| DRIFGTKREIENTHERKENELAS S MERPDEPKBEDGSNS QAFRCVEGTY
LI SFL GGTVI SHVNS SSHFW.QPLV DAKVAL L DDA
YMDT YMRNLLDGNP MSI DRKHKAL TLI KCPPLLV TSNI DI TKED
KYKYLHTRVT TFTFPNPFPF DRNGNAVYEL SNTNWKCFFE
RLSSSLDI QD SEDEEDGSNS QAFRCVPGTV  VRTL

The ColE1 cer sequence was obtained from a subclone from plasmid pDAH212
from David Hodgeson (Warwick University) and amplified by PCR using primers
to place EcoRI restriction sites at the ends of the sequence. The cer sequence
was then inserted into the EcoRlI site of p7313-PL to produce plasmid p7313-
PLc. The sequence of the amplified cer was verified against the Genbank entry
M11411.

Example 2 - Expression in mammalian 293T cells

Mammalian 293T cells were grown at log phase at a final concentration of 2
X10° cells per 6 well Corning Costar™ (Comning Science Products, 10 The
ValleyCentre, Gordon Road, High Wycombe, Bucks, UK)tissue culture plate
overnight at 37°C in 5%CO0,. The following transfection mix was prepared and
complexed for 25 minutes:
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20 The Col EI cer sequence was obtained froma subcione
fromplasm d pDAH212 from David Hodgeson (\Warw ck

whrieser y) and anplified by PCR using primerBCT/EP2003/011158

pl ace EcoR restriction sites at the ends of the
sequence. The cer sequence 25 was then inserted into
the EcoRl site of p7313-PL to produce plasm d p7313-
PLc. The sequence of the anplified cer was verified
agai nst the Genbank entry ML4311. Exanple 2 -
Expression in mammal i an 293T cells 30 Mammal i an 293T
cells were grown at |og phase at a final concentration
of 2 X105 cells per 6 well Corning CostarTM ( Corni ng

BNABEmtéreRguct s, 10 The ValleyCentrg,,Gordon Road,
H gh Wconbe, Bucks, UK)tissue culture %I ate

overnight at 37C in 5%CO2. The foll ow?H@ transfection

Maxlewss withesterile doablt disfllaPiateexed fonggd mnutes: WO

é?:ﬁ/ OBlzﬂgGP% 0Q3/ %11%58] 43 DNA_ of Interest 2g
VARG L SR eF AISEYa GBI sti Pled water 161 5

Ciptfecteming ' @GilnepBRL), Pai sl ey, Scot | gpid) 8l

Li pof ectam neTM (G bcoBRL) 6f. Each cell nonol ayer in

a well was washed carefully twice with OPTI-nmenTM ™
Baoh sl mEnplayerimanellavas washesh carefidly twigeovithhfOPTI-mem ™.

ST O O e nBd SR o i 1 200199, D™ ves
459 48 (peletraPotom ke pod sidss dopiude @ Eahrnolayer
The platenededhéubrated Xoarsl HITS -ate8TN war 6%iCOaraies. which the
h5sRbin IO Y BISTIORERTY ISRCHRAREY Pl Shbnclgyers woro
washedgently ovitreaeth growthi mediunb dvice’ andviaally trangiagles cells were
e oyt it i e
, wM-YR-
WB ssmdd@ﬂnmmt_angidrdita_tl)_e§,e¢vhsqi@i h\{eilcgll\?ﬁh I%{Sﬂg@{?ﬂGgw'hrtannd the
GBS S s B SpE Roaek EacBindl 7y rve cell efets were
hoikedrand laddedi ordo a 10%SDS Page gel, electrophoresed in 1X Tris Glycine
SDS buffer. After electrophoresis, the gel was blotted onto Nitrocellulose
membrane (Amersham) and Western Blotted. The nitrocellulose membrane was
blocked with 5% Marvel™ (Premier Beverages, Knighton, Adbaston, Stafford,
UK) in PBS for 30 min at room temperature and washed twice with PBS and
0.1% Tween 20. A polyclonal antibody raised against the C terminal protein
sequence of HPV6bE1 (protein sequence: CSSSLDIQDSEDEEDGSNSQAFR
Seq. ID No. 23) in rabbits, was diluted in 5% Marvel™ in PBS and added to the
nitrocellulose membrane. This was incubated at room temperature for 1 hour
with gentle agitation. A polyclonal antibody against HPV11E1 was also used to
check cross reactivity. The diluted antibody was removed and the membrane
washed three times with PBS and 0.1% Tween 20. A secondary conjugate,
Swine anti-rabbit horseradish peroxidase (HRP) (DAKO), was diluted 1:20000 in
PBS and 0.1% Tween 20. This was added to the washed membrane and
incubated with gentle agitation at room temperature for 1 hour. The membrane
was then washed thoroughly with PBS and 0.1%Tween20. A Chemiluminescent
HRP kit (Amersham) was used to detect the transferred proteins on the
membrane.
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SDS buffer. After electrophoresis, the gel was blotted
onto Nitrocellul ose 20 nenbrane (Anershan) and Western

w@kansd22 The nitrocel | ul ose menbrane was bl op&PEP20S/11158

5% Marvel TM (Prem er Beverages, Kni ghton, Adbaston,
Stafford, UK) in PBS for 30 mn at roomtenperature
and washed twice with PBS and 0.1% Tween 20. A

pol ycl onal anti body rai sed agai nst the C termnal
protein sequence of HPVEbEL 44rotei n sequence:
CSSSLDI QDSEDEEDGSNSQAFR 25 Seq. ID No. 23) in rabbits,
was diluted in 5% Marvel TMin PBS and added to the
nitrocel | ul ose nmenbrane. This was incubated at room
Respigs:ature for 1 hour wth gentle agitation. A

|l yel gnal-.antd.body agai nst HPV11.El was al use
Phetee AR3ES T ahcl ASeraatorietn it sifteased Busdth ortpv 115,
1 €hol/Edcantdinige theecdatonneptimiset ¢PY pobproteimss wi t h PBS
and 0.1% Tween 20. A secondary conjugate, 30 Sw ne

anti-rabbit horseradi sh peroxi dase (HRP) (DAKO, was
diluted 1:20000 in PBS and 0. 1% Tween 20. This was

AEHD 3T I8 SvrB IRRLFERED WRAS-(RH IjNJ@PPﬁ{eer‘éﬁWb&ﬂi\/e constructs

entl e itation at. ro t erat ur or 1 hour. The
Aadinendf hdvesied Panss ler. Thges @@mnjewrae Bieg anrlyepdiby first
polveenyRimidé dibetrophonesie andnhen WREStEIT blofingr Thapeptide antibodies
ery rote n

WEREVSRL YRR i) Py B3 bS8 AT AR poE o 1007)
#ed ant-SbER@or B}t s (Fig. 13) show a correct protein

Ssi ze expressed by each of HPV 116, 117, 118

cont ai ni ng the codon optim sed HPV pol yproteins. 5

3cells were transfected with -0.5ug DNA of the

respective constructs and the cells harvested 24hrs

Later, These sanples were then anal ysed by first

Ed aptigen ingctivation andiexprrivestalronififmatient er n

blotting. Two peptide antibodies 10 were used to

Tes ¢V FEOr pRALYAE Y Wl MRERRY Allcibar BREh: with non-specific DNA

G 0% 8 el cOR e, -E Mmoo R Lulr DA

m;zrfrierm-bcqmirﬁb@e ehy, 0 thy BIPN: FEZI ;Srgél\bipi\wbﬂiclgfﬂﬁ@efm?gits' E1 into
XL 0L . - ndi ng, .

BHCHEEHBAEE Sy o, BRIGRRSE Pyl il L7 e o

iniiate visws specific DNA replication in infected cells.

The DNA replication functions of E1 (and E2) are relatively non-specific and
many studies have now shown that the E1 and E2 proteins from one genotype
can drive the origin specific DNA replication of a plasmid carrying the replication
origin sequence from a different genotype. Studies have also shown that the
introduction of highly expressed E1 and E2 into cells already harbouring low
copy number HPV plasmid can result in a significant amplification of that
plasmid. This promiscuity carries with it a small potential safety risk which the
project sought to eliminate. Consequently, mutations in E1 (and E2) which
inactivate their replication potential were sought.

The E1 mutation G482D occurs in a highly conserved ATP binding consensus
sequence and E1 protein carrying this mutation has been shown to have multiple
functional deficits_. Other mutations, towards the N-terminus of the protein
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pol ymerase-a primse and, to the HPV E2 protein which
then "recruits' El into 20 the pre-initiation viral

wobbh40812Rt cati on conpl ex. The prinmary rol e of BECT/EB2008011158

initiate virus specific DNA replication in infected

cells. The DNA replication functions of El (and E2)

are relatively non-specific and many studi es have now

shown that the EIl and E2 proteins from one genotype

25 can drive the origin specif4sc DNA replication of a

plasm d carrying the replication origin sequence from

a different genotype. Studies have al so shown that the
i(K8B6u iIRFAG@haye beginishowr i absegatel nunteardocalisation eff IEs!. Failure

%rlc%”éié t@@ﬁé’ﬁ%kﬁ cb a @L@Q%{ dfé(’y@'tﬁ%@bgreﬁé%1 from host

resul |ca 1 on
;SPB'éqﬁt'éP“ prﬁteénﬁ)%%vgahﬁ){% PEeYidiag an additienal leye|af incapacity and
@@fﬁyt Thése afgitons @428D OIJQ83GGR@QGI9 A8 Cdel 688 BindtiRcorporated

o 86 Pag RS BRI DA Famuneﬁﬁr%e%%a@?aﬁorw o

sought. The EI nutation G482D occurs in a highly

FDPRIHEHIAT B RBRGNGA S WA | R8A15 BRAAN diablement of the

n car een
rQN/{\lr@P'LCat'QB flﬂms%tgnns@fafﬂ wsra sowanmﬁemutaﬁoaai ipaetjvation of the

aﬁénté?mahbﬁ'n dﬂtlmﬂy‘i oPE2tdoRIPAIRD ?iébé?@n%@g% %% %g?ne assay).
%w@y%@%@%‘é PPl ElyAaNal thedP Y srgin prepliation and

rthne: &tlearichEPR Ip;eoh&msl feamn HBWWMnmutc?a@ti\ﬁéﬁe Sgd deive Qie novo
(0] at r.octelrn an vi r.al
SRS Befp EMCE £ Rubie IR HBnGly g
optigised th@s@l saguentes(EEEIm-trassectefgnte) 292 cells with a
@A@ﬁ.ﬂ%@ﬂﬂ% 1h@qqpvs>f1a5 @ éﬁ réﬂtc%uéh @ p&,%frﬁ.dff EY ggg E2

not her apeuyt i

er‘%%nﬁ reRticalionLidag npy olRlaSTS s aneasued by 1Auasting DNA
&font bells Moﬂ@éﬂ@&id—@ﬁnéfﬁbﬁdn g Ipdis | Exthsctéd DNA is restriction

t.h
B e e S ARl GRELu SR et Dl whlon eats upmethytated
uorﬁplucatadi DNA HDNASsoane thes splithetd bB)ﬁe_teifqmd hjdmimsﬁ with @ri
PEuRCINAE DY, RS 5 BRI B 9 ppigger oo
ficiestiRR &ip maskerstioy de doxadn errtm/@pa@atﬁd\masrmsiADNA
replication fromthe HPV-11 origin. Plasm ds encodi ng

Bl BBRarLapRira (e 138 -CHPVST2d)hon & siragand dndigativp of
rénilclaféd ihpubplagisid DNA.eghth af thenthfes leaol c&ﬁm_hﬂ):fs dre raﬁ@tlve
e o t put o asm

PV 18 REYARY s AL ShorPisL BB reBlicatitir o
after co_transfectl on (Hirt lysis). Extracted DNA is
CdTclusion®N The lead constructs HPV 116, HPV 117 and HPV 118 have no
DNA replication activity.

Example 4

The E2 protein of papillomaviruses is a site-specific DNA binding nuclear protein
functioning as the primary replication origin recognition protein and assists in the
assembly of the pre-initiation DNA replication complex. Full length E2 protein
can also act as either a repressor or activator of viral transcription depending
upon the position (relative to other transcription factor sites), and the affinity of



10

15

20

25

30

35

enzynme digested first wwth Hnd Il and then Dpn |
whi ch digests unnethylated unreplicated DNA. DNA' s

wae@4bee2 sout hern bl otted and hybri di sed w t hPOT/EP2003/011158

pl asm d DNA as probe. Bands with a size equivalent to
ori plasmd after Dpnl 20 digestion are markers for de
novo in vitro replicated plasmd DNA. WIld type El and
E2 (HPV 119 + HPV 120) show a strong band indicative
of replicated input plansid #lA. Each of the three

| ead constructs are negative, (HPV116, HPV117 and
HPV118) show ng results; no replication.

thsnereisinofior itsecaongie dunding ueites HER/ is 1@Js0 Hmsa\m?o dpfiuence the
’ff'BHséﬁkﬁlohadﬁsé\ﬁéral%tr @éﬂdléﬁ%ﬂo@rﬁbtéﬁé | yiheYmulatidimal thettivation of

Th E2
ER nahea et s and ene ot routehan i gadiculsnlyg 111 -
Afa Kkt 1Y)ihasr esneshovaato mcﬁvatglmatm ¢ooansdriptionabdred replication

FRGHPASOT B bt EuteBR0 Y et VSRl fodfl bRhRACoRleventing

nucleas treinsloeation o ghe gyoteinr Hais i mutadion oK WitAalwas incorporated
[riGBaER IED & Ay eREpS: b8 ﬁéHPR’PDNhhl?nrHGﬁé Qb eh"tn | ative

to other tra SCI‘ID?IOH actor sites), f|n|ty
of WD 2004/031222 PCT/ EP2003/ 011158 46 t he prote| n

Wéf lsett éutCt@?fhm ifmlthe Qh(fuba‘é:ity of Kﬁa W\Smﬂteﬁéd lEJZ?MﬁU fe@ch polyprotein
I N uence e sSev 0S

EPuHRATE ahif witkd AT AR Rla b8 RESRE ooy Wefned filg positive
sonitble d sentaessoiv abtiveark? enetepgi nil hmae avérenai construct expressing

BARSEY ?éc@é?rl;i'ﬁ% -117E2 r&eW%lﬁi dP@&&PFB%}%sEﬂg BPV E2

I'nacti vat transcri ptl onal rep

paiein; ensirasig fransariptionalitransactivater. aTB%ﬁeI‘ld@@ afgeshown in figure
gqgdition benefit of preventing nuclear translocation

of the protein. This nmutation (K111A) was i ncor porated

into each E2 antigen as part of the HPV DNA

Conclasioa: apeThese Masehowuithato peatein rexptdssed from the native

(T RBRGIEY 'SR Vel FeniptBHafEER vt s tdted (k111A)
Fepsinagtivasasigre vecmgfe'thletmiymomin veetorg bt 16, 117 and 118.
(sources of active E2 protein). These were a construct

unmut ated (active) HPV-11 E2 protein, and
E§§é§’3§§1vector expressi ng BPV E2 protel n, a strong

t |t t t
ExBresaiph ofyand Companson with Individual Gene EoRstrucls HPV 116,

HPV 117 and HPV 118.

Gene expression studies comparing the leads constructs HPV 116, HPV 117
and HPV 118 failed to identify any clear differences in in vitro gene expression.
In addition, expression of the polyprotein was equivalent to expression of the
individual (unfused) antigen in a single plasmid (HPV 110). Equally important,
the introduction of the point mutations did not impact on gene expressnon (HPV
108 and HPV 110).

Example 6

In Vivo Inmunogenicity Studies in Mice
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15 Concl usi on: These data show that protein expressed
fromthe native (unnmutated) HPV 6b E2 vector is

wo c@assnepti onal ly active, whilst nutated (KL1RGY/EPHR3/011158

is inactive, as are each of the polyprotein vectors
HPV 116, 117 and 118. 20 Exanple 5 Expression of and
Conparison with Individual Gene Constructs HPV 116,
HPV 117 and HPV 118. 25 Gene expression studies
conparing the | eads construct47HPV 116, HPV 117 and
HPV 118 failed to identify any clear differences in in

vitro gene expression. In addition, expression t he
Hoojderoicerempate the irnausgenisits,girtbedhise differaat constructs HPV

Hndj MPIUR 7 ApaHRE d) 8 #Vivee micdwars intufisedassing PiBY
110). Equal ly inmportant, the introduction of t

poi nt mutations did not inpact on gene expression (HPV
BachGtmmaisédidn tatprisédamol shdislof 05vpg IDNANTgenint the shaved

S O aAbESy 09 R Sat 2B POTLEmRBR DL i

dnofldNAnbopstest 21 sHakfer wiite anrmumalanhdesmmndlmledﬁJ days

Bb¥Obod8t CSeMEARY éHEHHé %\%#e tﬂékéigfoPMn si%a@ﬂhe hum?ral and cellular
| Mmmuni sati on co r| se

IRy NeHesreRsrgenesatasdie W'ng ﬁ?b/c (H-2Kd) or C57
BL6 (H 2Kb) m ce. An| mal s were primed with 1g DNA,

ys later with an equival ent dose and
h&?ﬁé'gaq#agg post boost. Sera and spl eens were
aken for analysis of the hunmpral and cellular inmun
?@EB@W@@ 4 GVl imsammigednise Wereuarluates Yaipg standard

Bot$Aogietisodsaianed récoriinBnt MU narsce o= téﬂlﬁras capture antigen.

RUBOORY resbOaret o Yl b LlTE iREed et after extended
ismmiubisayion eshedides lra:EQI ichmunised mieé.i a%eydldjao’ecmm‘_dm detection of
Sriisddy "’Eét ﬂ{e q‘-lq V@ﬂg&nl‘rin' A S &HeQn ?edthlEz antibody
I nmuni

t confirm set ectl
ERRPONSay af®in lﬁ:eent_mg withitge puplishfad-literatuies e

weak/ undet ect abl e anti body responses are in keeping
Weilnlérhﬁsgéjysl ished literature.

ELISPOT assays were used to study cellular immune responses in mice. This
technique is suitable for assessing the frequency of cells within a culture of
known density that are capable of secreting cytokines specifically in response to
antigen presented in the context of syngeneic MHC molecules.

Briefly, a single cell suspension of splenocytes isolated from immunised animals
is added to specialised microtitre plates coated with anti-cytokine capture
antibody and incubated overnight in the presence of antigen presented by
suitable target cells. Cytokine is captured by antibody bound to the plate in the
area directly around the cell and this remains bound when cells are lysed and
washed away. Detection is achieved by use of a biotinylated secondary anti-
cytokine antibody and a streptavidin alkaline phosphatase conjugate. The action
of this enzyme on a chromophoric substrate allows visualisation of the frequency
of cytokine producing cells.
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20 Cel lul ar Assays ELI SPOT assays were used to study
cellular inmune responses in mce. This technique is

waosabize2 f or assessing the frequency of cel | sP@i/ERton3/611158

culture of known density that are capabl e of
secreting cytokines specifically in response to
antigen presented in the context of syngeneic MHC
nol ecul es. 25 Briefly, a single cell suspension of
spl enocytes isolated frominmdi®i sed animals is added
to specialised mcrotitre plates coated wth
ti-¢ ' pture antibody and i ncubated
9§Fm'éﬁm$§a{h85§ﬂé§éﬁgé3@a antigen presented by
suitable target cells. Cytokine is captured by
Buei todtig dhsendetad defimepl muegne 7 célk epiopess andigeacway provided in

; i i .
EOUA btk b R SnIRLEIABSREL gl Caniigens.
stich Viuges wearausgddedbieshappeapriate &3rgekrells farithe gugsentation of

ahtgen & éffstitavidlisn ®LHsPOTeaggsphat ase conj ugate. The
action of this enzyne on a chronophoric substrate

all ows visualisation of the frequency of cytokine
ResponsesgtoddiPV/ ShE3SwER de@étiBfbAaRingHP 20 €3 thtéd g8ndidate

SenalL 1 EoFbl BRI ST Bsor 2\ BipbliferRSGORS
pralyserkatatigticallye The resuis ofex tafyeseniativeaexperiraent angsshown in

BROAGAEMShiP1EXPress target antigens. 5 Such viruses
were used to infect appropriate target cells for the

presentation of antigen to effector cells in ELISPOT

Rlastziive ineapoogasicitydata\udid-leadesonstratecatiPMIDI iawhite:
PM D of the three candidate constructs to C57BL/6
mce. The results of 2 separate experinents were 10

elhl Assayssand Datacal | y. The results of a

representative experinment are shown in the figure 15

and 16. lllustrative i munogenicity data usi ng | ead, ]
behgied ¢38anl celis Brerabie de:lyse seliFiin Aesagasaie speciic peptide
Priseviiceih HaBcorltekEbf SyAgEnaI®INHES! htiecu8d.| FhisFunction can be
Lesponse bocép CIfI C Eeg i de presenEﬂ?ﬂ |C3.the %@{nt §xt £ th
detelphiedn by ‘Nﬁtrﬁe@é eQIPPESAY TH ORI BIYE HIpagicaton ot the
taditonalrakvlomiuntudeaselasasy bi oassay, a non-radioactive
nodi fi cation of the

Use of this assay for these purposes required the identification of a CD8+ T cell
epitope derived from the primary sequence of the HPV 6bE1 protein. This was
achieved by screening a peptide library consisting of 15-mers overlapping by 11
using cytokine ELISPOT. Responding populations were identified as CD4+ or

CD8+ T cells by standard flow techniques.

The basis of this technique involves lysis of Eu3+ labeled target cells pulsed with
cognate peptide. During the course of a two hour incubation, Eu3+ is released
into the culture supernatant upon lysis of target cells by cytolytic T cells. This is
detected by time-resolved fluorimetry. Specific lysis is expressed as a
percentage of the total amount of lysis detected when target cells are lysed by
chemical means.
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20 traditional chromumrel ease assay. Use of this
assay for these purposes required the identification

w@booa/ 0828 T cell epitope derived fromthe prPOBER2003/011158

sequence of the HPV 6bEl protein. This was achieved
by screening a peptide library consisting of 15-ners
over |l apping by 11 25 using cytokine ELI SPOT.
Respondi ng popul ations were identified as CD4+ or

CD8+ T cells by standard fl owd®echni ques. The basis of
this technique involves |lysis of Eu3+ |abel ed target
cells pulsed with cognate peptide. During the course
bssesamentiafwellulas imaurelngyrma i s rel eased 30 into
the culture supernatant upon lysis of target cells by

Fhadmiselaaic Syatanion of yeR 1 1€ B Eubed HRLH 8 Coriprised

saem@amﬁunubatnémswdn@gWuntceoﬁutﬂ VatsintteE B SROT whdrCTL

%%?)%’e %&ﬁ%ﬁ%ﬁ M@Fg}{lﬁl@ge%Iggég{g%%%ﬁf@g\gostmng immune

vasiponbato eani@otiggy. dat a The i munol ogi ¢ eval uati on of
HPV 1-16, HPV 117 and HPV 118, conprised repeat PMD
i_mruni sation studies in mce wth Vaccinia ELI SPOT and

Eviledivelys e ¥aesinia BLISE @ heatroshry thalyeprensesAp|ET are not
@mgr&atsea Hy&hﬁtéﬂloﬁ cﬁtﬂmg.dnmaune EZ SfRnssorhgomsis. When

t LI d t
Bt FTestobis e o i st 950'9 Rufuctl Bbv 116,
BiP\by17T and &PV d 18Hke E@sportsegare nohptatistically dM«ment 1Waccinia
- i |
EE PO e pGREET oy A BfGreife ot Ppospd e i hP-11 2
antigerpeorspanert B2 pntjgen spesitie resporses ﬁf%sngamcgnﬁyrgreater in
ﬁﬁé@mﬁ#ﬂuh@\é@\oﬂfh HPYER 8 Tl infRiceNnuriis 6@ ARA TS 1t1e or HPV

PV-11 E2 nt| onent 2 antigen.speci
182 Sl nls ol MPUAF (4 Gogsarate B 3 SUpRTEE imiiagBdhan
NH\MHPMHFB/ﬂhan in mce imunised with HPV 116 or
HPV 15 117. On this basis alone HPV 118 appears to be
a superior imunogen than HPV 116 or HPV 117. The

ahalay@lyglsabf €l aahge:rg specifie 6L lysicalsa seyfealest @ rend in potency.
‘Tﬁé é%é ﬁ fid &s&oﬁlﬁ_ ce T#%ﬁ'n rc%ﬁQ?&ﬁ?HWﬁé In§munised

o Wils BT of PV S GfHERN 1716 This elesgration infsgroducible.

observation is reproduci bl e.
Taken together, and on the basis of both vaccinia ELISOT and CTL lysis data,
HPV 118 is the stronger immunogen.

Conclusion. On purely immunologial criteria construct HPV 118 is the most
immunogenic of the polyproteins.

Example 7
PMID delivery of codon-optimised COPV E1/E2 fusion protein is more

effective in protecting against canine oral papillomavirus disease than
either codon-optimised E1 or codon-optimised E2 alone.
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Taken together, and on the basis of both vaccinia

ELI SOT and CTL |lysis data, HPV 118 is the stronger
wo powmoagen. 25 Concl usion. On purely i mmunol ogP@l/EP2003/011158

criteria construct HPV 118 is the nobst i mrunogenic of

the pol yproteins. Exanple 7 30 PM D delivery of

codon-optim sed COPV E1/E2 fusion protein is nore

effective in protecting agai nst cani ne oral

papi | | omavi rus di sease than 4 ther codon-optim sed El1

or codon-optim sed E2 al one. 35 WD 2004/031222

PCT/ EP2003/ 011158 50 Introduction The canine oral

| virus (COPV) ani mal nodel is a good m mc of

nmucosal human paplllonHV|rus di sease. The features of

di sease caused i n dogs PQ? COPV are, very si

Thecanine ora &%!@nawr%m ARl Imedelds a|909r1rramg>¢?
rAl6dsal H&aidh p%ﬂ&ﬂhvurué@@bﬁa@@t frhelféatljﬁesiomséés?é caused in dogs

di v
R ECIrA TR Vol BT Rl BnIch apelie irotanté (b FE3jVirology
203013 28BELy 388y hmdrtarﬂkyp’enara mincosaltpagilloneapirisglisease model.
TROPOFPQES o dhe anACHlE AT lopitREId 8 Yitet 2Bg period of a
feneweekswats apRear wbmﬁheugeg@@§§ppﬁtaneegs yeafter @@ addjtional
priRI6F dotle wEeRs d0BhEODPVVRAS B8hc8deLRSMoMRflRs dfdach of the

Rieoe b R 12 b B et 1

papi | | omavi rus vacci nes (Gh| m et al, Vaccines 1995 25,
TR0 o ikl oo il e Werigdy bER SR ey

medel io piwatoplrzgwﬂweeraﬂbpal@tfagburfﬂannmr@a’rhkefnaah@e H¥LB)
ﬁﬁ‘pﬁ rLPse\?ébcﬁ{é%(ﬁlﬁdet'é] VQWWQJ@ 2§ heys Big! Su21ch et al,

codon- opt | i sed |on of E

NS00 2R M e FHTPE PBPUMEY TR VD VHEGRES are now in

dbatssiRehty bHe Ramystags Elemicdl\ighly havbasceithyitsdert dempleted in
either a plasm d encodi ng codon-optim sed El or codon-
'2) f-se E2 al one. Methods 25

We show that plasmid DNA encoding a codon-optimised fusion of E1 and E2
genes when administered by PMID reduces disease burden more effectively
than either than either a plasmid encoding codon-optimised E1 or codon-
optimise E2 alone.

Methods

Construction of the codon-optimised E2/E1 fusion vector

A synthetic gene encoding a codon-optimised COPV E2 sequence was
generated using methods described previously. This was fused to the synthetic
codon-optimised COPV E1 gene recovered from clone pCOPVE1 c/o and
inserted into vector WRG7077 to generate a new clone which was designated
pCOPVE2/E1 c/o. This clone expresses a polyprotein comprising a fusion of
COPV E2 (N terminal) and COPV E1 (C terminal). The polyprotein is of the
expected size as determined by western blotting.
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Construction of the codon-optim sed E2/E1l fusion
vector A synthetic gene encodi ng a codon-optim sed

w@aRY/0E225equence was generated using net hodsPCT/EP2003/011158

descri bed previously. This was fused to the synthetic
30 codon-optim sed COPV El gene recovered from cl one
pCOPVEI c/o and inserted into vector WRG/077 to
generate a new cl one which was desi gnated pCOPVE2/E1l
c/o. This clone expresses a pgul yprotein conprising a
fusion of COPV E2 (N term nal) and CoPV EI (C

termpnal). The pol yprotein | expect ed si ze as
Iﬁoq.s thhfnGQPLVEﬂ cCIWDGer?MEJZm ppand

%@7@@1158 51 | mmuni sation of Beagl e Dogs with
p c/o, pCOPVE2 c/o, and pCOPVE2/El c/o Beagl e
dogs were i mmuni sed by PMD with each of three
Beagléideds Wersrimsurlis¢dCOR VM Dowith e[aeﬁmﬂﬂ’a?ree/ purified plasmids

1 ;
REORVET /o PG VER (R and HICOP TRBIES o, HniBLwgre fmypunised
alf 12 petanpoesbites, 6 mmpwaéapmm sﬁa@ ohreachaide akthe abdominal
mRjliher 'mﬂ/é& tmﬂ@ﬂ)@ér@' e‘?‘f@ﬁﬁbﬁetﬁid% Ehéfﬁ a\“i?éfﬁesfd Vehere were

mal s in group.. Si X week

%%”'m?r B’he %ﬁ%’@t |$Rj We\%@fﬁ%ﬁ [ % rshyaceiRaken. Akepsting

vdtcirigiohiwad undérteien indmidehfical saamndr osm?uh@ samkrocedure.
| mmuni sed ani mals were chal l enged with infectious COPV

virus 2 weeks after the final boosting inmunisation.
Mreunised sairoalstwereughatiengég with iefectioas COFPV viras 2 weeks after

ﬂhquall Bo§§t qlvgﬁrﬁfi'nls%tlc%’t TRE n%’cfdﬁfa' (?Q?ggﬁget’l‘sﬁ Bf ?ach animal

arati on
\@a% ﬁg kffyecasifieghel (ﬁqb sfepumfnqs'—s caRy wrm%waapqr@mabwas @ppb$ Tto

@ackbofl I site8 @Son sa@h Isfdé sfttheuppes lipyahd bfiéWéd® o 8bsorb for a
tejBinuss Ths iopaton dpd PurteoninErBIS,Ca B has been

desombedmmreiogyslgﬁg 205 ¢2pB65Bd4).enge were exam ned
weekly. The time (after challenge) of wart (papill oma)
1;fgef:pearance and wart 20 size (nm was neasured. In

meliadlengerwithse@RM Yiruspthersites of neugnssi challenge were examined
\ﬂééﬂ@i/ oFfd tithe Kéﬁér'ﬂt‘x‘éﬂéﬁéea cﬁfwér{ @yﬂloﬁhéﬁ%&e%m %dawart

7 .after chall enge api | continued to gro
?'@@E@W%’Eﬁ?ﬁﬂr%’ mean size of >3.5 mm by week 11. In

ani mal s

In animals immunised with pCOPVE1 c/o papillomas developed at the mucosal
challenge sites beginning at week 7 after challenge. Papillomas continued to
grow in size reaching a mean size of >3.5 mm by week 11. In animals
immunised with pCOPV E2 c/o papilloma's first appeared at week 8 but and the
mean papilloma size reached 1.5 mm at week 11. In animals immunised with
pCOPVE2/E1 c/o whilst the first signs of disease are co-incident with that of the
other groups the overall disease burden is significantly reduced. One animal (of
five) in the pCOPVEZ2/E1 c/o group was fully protected from disease
development whilst all other animals in the group developed only very small
papilloma's which regressed in a short period (1-2 weeks).
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25 imuni sed wwth pCOPV E2 c/o papillom's first
appeared at week 8 but and the nean papilloma size

woeaahsed2d. 5 nm at week 11. In ani mal s i nmuni SEOT/®P1003/011158

pCOPVE2/ E1 c/o whilst the first signs of disease are
co-incident with that of the other groups the overal
di sease burden is significantly reduced. One ani ma

(of five) in the pCOPVE2/EL1 c/o group was fully
protected from di sease 30 devBRopnent whilst all other
aninmals in the group developed only very snal

api Il oma' s which regressed in a short perlo (1
REbarain D ensodin:a Ssomof CEROBY Sl SSPY E2 anp dnorecefiective

gfréf% @'ﬁé\fdﬂf%i},’@ﬁ tbﬁ grcniv £oRN ﬁév&ﬂ%g%éés‘%?dﬁeﬂoﬁfﬁéﬁt in this
@Q% ‘ﬁ%’ %l@@ﬁ@@%\?@l"&fﬁﬁﬂ% (Flllgqrﬁl gspanl mal nodel

of papi |l omavirus infection. (Figure 18) 5 10 15 20
25 30 35 WD 2004/031222 PCT/ EP2003/011158 53

Clainms 1. A polynucleotide sequence encodi ng a Human
Papi | | omavi rus (HPV) pol ypepti de having epitopes from
at least two Early antigens or 5 fragnents thereof
fromtwo different HPV strains. 2. A polynucl eotide as
claimed in claiml wherein at |east one antigen is
derived fromHPV EIl or fragnent thereof. 10 3. A

pol ynucl eotide as clained in claim2 wherein at |east
one antigen is derived fromHPV E2. 4. A

pol ynucl eoti de sequence according to any of clains |
to 3 which is a DNA sequence. 15
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5. A polynucl eoti de sequence according to any of
clains 1 to 4 which encodes a HPV pol ypeptide of a

woRd40y2e2 or sub-type associated with cervi caPCT/APZES/)11158

beni gn cut aneous warts or genital warts. 20 6. A

pol ynucl eoti de sequence according to any of clainms 1
to 5 which encodes a HPV pol ypepti de of one of types
1-4, 6, 7, 10, 11, 16, 18, 26- 29, 31, 33, 35, 39, 49,
51, 52, 56, 58, 59 and 68. 7.93 pol ynucl eoti de
sequence according 6 which encodes a HPV 25

Ezl_égepti de of an HPV type or sub-type which is
ated with cervical cancer or genital warts. 8.

A pol ynucl eoti de sequence according to claim4 or 5

11, © 16 HaYA3B00% S eReNEE St P optarue Bllipmadess (HPV)

accor cpmigpepildd dhavirly wpitobesnfrodesatalddsy twoolBarpt idltigens or
Of a Wgé/grh}éﬂﬁ tﬂére"‘t#l?ro i P{/rs?rtg .V 11, 6a or

ynuc e sequenc ACCSY I'ng to any
precedlng cIa|n1|n whi ch 35 encodes a nutated HPV

pol ypegt d?ﬁ’é’dtm é@@!iéh‘ﬁ‘édbihoél a

5004/ 0 d% I_ﬁg\; 3/ o‘} dohctiggh ?1%h5%%§2%1% t&fe gntigen is
seque & anvagnent erots to 10 whi ch

encodes a mut at ed HPV pol ypepti de conpri sing one or

507 00 Ry BGOSR 88 i i one antgen i

i nact i tv@d frgntiPV %ol ynucl eoti de sequence according
to any preceding claimhaving a codon usage

goeffl ci ent f?r human genes of cgreater than 0.4 but o
ess A mpoynuclegiidessequepse yascerding tejany «f waims 1 to 3 which is a

accor ddNg dejueinaem 12 having a codon usage
coefficient for human genes of greater than 0.5 but

| ess than 1. 14. An expression vector conprising a
pol ynu%lmﬂymwde@édweeqeemm:acdbmg do sy oprobaimdi mgto 4 which

cl ai m&&%@%@'é’ HPV Fbgf}ﬁbﬁyé‘e B RLFRY BR8-S WkCAdoiated with

15 ca of pr t he ex SS|on 0
pol ymﬂ%‘é‘@@ | %@émcuweﬁuﬁmg genital warts.

6. A polynucleotide sequence according to any of claims 1 to 5 which
encodes a HPV polypeptide of one of types 1-4, 6, 7, 10, 11, 16, 18, 26-
29, 31, 33, 35, 39, 49, 51, 52, 56, 58, 59 and 68.

7. A polynucleotide sequence according 6 which encodes a HPV
polypeptide of an HPV type or sub-type which is associated with cervical
cancer or genital warts.

8. A polynucleotide sequence according to claim 4 or 5 which encodes a
HPV polypeptide of one of types 6, 11, 16, 18, 33 or 45.

9. A polynucleotide sequence according to claim 5 which encodes a HPV
polypeptide of a HPV type or sub-type selected from HPV 11, 6a or 6b.

10. A polynucleotide sequence according to any preceding claim in which
encodes a mutated HPV polypeptide having reduced biological function.
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15. An expression vector according to claim14 which
is p7313PLc. 20 16. A pharmaceutical conposition

w@eowpsreng a pol ynucl eoti de sequence accor di PQI/EP20831§11158

one of clains 1-13. 17. A pharmaceutical conposition
conprising a vector according to any one of clains
14-15. 25 18. A pharnmaceutical conposition according
to claim16 or claim1l7 conprising a plurality, gold
particles, coated with DNA. 1864 A pharnaceutica
conposi tion according to any one of clains 16 17 or
18 furt her co ri sing an adjuvant. 20.
3 ar maeRPlyRYs e@mﬁﬂﬂﬁﬁﬁe REEBFAING JOot @Y pfalqlﬁlt[@ ilfo 10 which

whi ch "eheod@JaUYmﬂételdSW a@ftide Eéﬁipﬁﬁmﬂ' bhet Bﬁ‘ more point

| de !
o POl Sisae o e P el B T

pol ynutiretionslés iaactivadéshg t o any one of clainms 1-13 in

the treatnment or prophylaxis of an HPV infection. 22.

The use of a vector according to any one of clains

12. 15 Anpeliaucleotide seanenceoncenrdjstgy fcarny pweceding\claim having a

i nf eCtb@cﬂbn 43agd %eﬁ&ﬁarﬁffoﬁtrﬁ%mpgbhéé’rbfagﬁ"égfe‘#'tﬂgnt(?4 but less

any on clarns - in eat ment
prophy 15 of an HPV infection. 10 24. The use of a
poI ynucl eoti de according to any one of clains 1-13, a

IRar e St R B B rfndiihBialy 122pSnd sppodon usage
cI ai nscaagficignt for humanrganaseofigreater pharpByi lutilesothan 1.

cutaneous (skin) warts, genital warts, atypical

uano cells of undet erm ned signi ficance (ASCUS) ,
i%r vi c)SP SPESSIoN VectereamBHing Bpolyiydiegiidereaquence according to

neopl ashyapfecetingatlaipeopbedly Rieeeb a é’éatro‘bs LBREL Q/fhlch is

oo Sl BB B o B erc

adm nily ahostycalh ef fecti ve anmount of a pol ynucl eoti de
according to any one of clains 1-13, a vector 20
according to any one of clains 14 or 15 or a

E)@rar e GKPressianomsy agcerding de eladmrigt whichriy pgRé3Bkc.
cl ai ms 16- 20.

16. A pharmaceutical composition comprising a polynucleotide sequence
according to any one of claims 1-13.

17. A pharmaceutical composition comprising a vector according to any one
of claims 14-15.

18. A pharmaceutical composition according to claim 16 or claim 17
comprising a plurality, gold particles, coated with DNA.

19. A pharmaceutical composition according to any one of claims 16, 17 or
18 further comprising an adjuvant.

20. A pharmaceutical composition according to claim 19 in which the
adjuvant is encoded as a fusion with the HPV polypeptide encoded by
the polynucleotide.
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26. A nethod of treating or preventing HPV infections

or

any synptons or di seases associ ated therew th,

wa@eopnseeng admi nistering a 25 pharmaceuti cal PCT/EP2003/011158
conposition according to 16-20 in a prinme-boost dosage
regime with a reconbinant viral vector or non-viral
based system conprising a polynucl eotide according to
any one of claims 1-13. 30 35

21.

22.

23.

24.

25.

26.

55

The use of a polynucleotide according to any one of claims 1-13 in the
treatment or prophylaxis of an HPV infection.

The use of a vector according to any one of claims 14-15 in the
treatment or prophylaxis of a HPV infection.

The use of a composition according to any one of claims 18-20 in the
treatment or prophylaxis of an HPV infection.

The use of a polynucleotide according to any one of claims 1-13, a
vector according to any one of claims 14-15 or a pharmaceutical
composition according to any one of claims 16-20 in the treatment or
prophylaxis of cutaneous (skin) warts, genital warts, atypical squamous
cells of undetermined significance (ASCUS), cervical dysplasia, cervical
intraepithelial neoplasia (CIN) or cervical cancer.

A method of treating or preventing HPV infections or any symptoms or
diseases associated therewith, comprising administering an effective
amount of a polynucleotide according to any one of claims 1-13, a vector
according to any one of claims 14 or 15 or a pharmaceutical composition
according to any one of claims 16-20.

A method of treating or preventing HPV infections or any symptoms or
diseases associated therewith, comprising administering a
pharmaceutical composition according to 16-20 in a prime-boost dosage
regime with a recombinant viral vector or non-viral based system
comprising a polynucleotide according to any one of claims 1-13.



