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29 March 2007 1 Vaccine The present invention
relates to nmethods and conpositions useful in t{He March 2007
treatment and prevention of human papillonma virus
infections. In particular the 5 invention relates to
nucl eic acid nol ecules typically encoding a

pol yprotein based on Early antigens fromdifferent
HPV strains, and vectors suitable for DNA vaccine
delivery, and pharnaceutical conpositions containing
them Methods for manufacturinrg said nol ecul es,
vectors and conposition are also contenplated, as are
their use in medicine. 10 Bagkgr.ound to the I nvention
The papil | omavi rus virus isa§$§¥ﬂ§ ti ssue and species
specific. It Infects basal epithelial cells and

I epirhé Ahr8Serd v ¢bi6fes! oS nidthddd 'ah8 EorfibSsitirisNugeful in the

th I 15 . I . . \
{1 giEsgrent Ang BSveptian of hiuen PeplpRaiER dbBRIGrS, ;Ip,pagieyler the
capisventions esthles tan dudfeit uacid inosleculeéy typicallysencoding Ry polyprotein

g:o If E’ﬁ%eﬁmé’ Ba@Paktijehs fibimAdifferef 1PV isfralnl CantPitors suitable for DNA

| _cell | . _The_infecting h -
e/ FBIaRINRY: Go R beclod RRqpibar; whieiniag e, Methods
20 fonowanufadiering t$ald guieuisse Bectors ganrbt gprapasitionThare  also

B %ﬂtél?l\iﬂéte‘?f?% afd thaf sk M meliRines are infected with
HPV6D, ilst approximately 10% are infected with HPV-

11. The primary-infecting genotypes present in
i nf Baskaraunddo sbe Inyentiover vi cal carci noma are HPV16
and 18. 25 Human genital warts nay develop at the site

of 4nf ect.ion_and t.hey. ' Si gt

7 or T BabiaePBs YRSis Ty B58 and BRAET ol fdyfeb baca
nayenibglial seells sansh replicates |apdr earapigtesgite difb fifer evdje within the cell
W titiduss Ol dehe dipRedsich il tightihainkéd itg @lﬁlthell“ah céll differentiation
re [ "
ot SAPSPL BBt Bt Wtrtln by cRofiTh ! iffercBited epithela
r essiile in Ha yppetepithelidelblgyers. omavj ruses are not

naturally very inmmunogeni ¢c and during the course of

R R e e

patknewndo he; either genatypméb engenatre 1 s dhe anaipity4z8P%) of genital

W t\{fartﬂaremeﬂedmm-iﬂ’%lﬁ@rﬂbl Spproximataly 10% arelinfected 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, altematively they may regress
spontaneously resolving completely without scaming. 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 after resolution),
and in a fraction of patients whilst some patients may resolve disease without
developing detectable antibody at all.
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35 29 March 2007 2 Vaccination using papillomavirus

early antigens has been wdely studied in seveg@lMarch 2007
di fferent ani mal nodel systens. However there are only

a few reports studying therapeutic inmunisation. For
exanpl e, cattle imunised therapeutically with a

cocktail of proteins conprising bovine papillonmavirus

5 (BPV) proteins E1, E2, E4 and E7 showed a reduced
papi | | oma di sease burden in a proportion of animals
conpared to controls. Papillon virus infections have

been observed in a variety of species, including

bbi t Kk t I nd h C

FLnEREET | B FepllomEini beatie RS dipeD, Witely plgied in

i nt%ﬁvﬁt&l dliffetient B0malymedel|sypletheni ldbwgyerahereBirel anfya déw reports
Cerétu%ﬁﬁzg etﬁlém Hﬁﬁ@nrézﬁxoﬁur gi F‘éil g&é&ﬁb@gy 039@9 immunised

Aepeiicany) f“?&n% RS0 OGS FAPEPY BRIk papiomavinus
i nt(BPM) M’fﬂﬂéﬁ‘l( &2g E4tanddEToshaaved & byduced pepillomatdigease burden

extif atpreporibifof SAMBRNSAPRAIPLANiroBapi | | oma viruses
general l'y infect epithelia, but the 15 di fferent HPV

types cause distinct diseases. For exanpl e, pes 1-4,
Rapillema ving- intectionsshavedriegrobsarved, mtswaé@tyl spegiesaincluding

33 ,shébp, &gs 45bbifel monkeys @attieanddRumand!d Hofnatl ﬁaggllloma viruses

asi(‘*?’k@h 5 o4 bt o e ?‘E@wsﬁﬁ?ﬁgﬁ Y and Biology

&agrer Senyears timSutgicst Oncolpgy APYS §30§r2d\1erwolfgang
?I ﬂ\ﬂJ C$tiﬁoell MDY Janibék N{Fsﬁh@ MithabhéMi RSJO sbfwer 6f which@re further
r u V C

De@i‘%'%éa"ne“ﬁ% S Gey o 8., SERRA Sl BEF e BE 0 She extent of DNA

t héeflygneeohomolagy: afapillemanuirusesd gpnenallyinfent tenéhe!emt the

V| iffererdrHde thpesdtiande dainMt%.seas@eCFufsexé.ﬁﬁthwa ¢st, A( @0 and
| S, | C

%Ec%é CRBE MR i, tpes-fl, %éi $5:%, %) 481,152 86, 58, 59,

o @nd B8 a5 pssaiated With servins] caests e typotiaed e implicated in

s afgenifal weastsi(nen-hedignant ovdyismate ofvese éesﬁet fréat).ed In
hunans Paplllona viruses have a DNA genone mhlch
to

early" and |l ate enes deS| gnat ed El
ﬁg’%a oroysredifficuit jo g@t\feng'é Habelgds nommﬂal live or
t o atterumtddivicd] vaccine. eDaWeldsmném ofBh &IP\DWbdmhamm been slowed
an
fgé HEABEK bf B'shibble B Hbdl] in%pe hiFHR (inks o' Bl studied.
843 9@%@&“%\5@% arg Righly sp&P@ﬁémcqﬂe ghit Is very difficult to
ATlhf@é panaidmal BHA 4 phpilerme vimg froen ianhodtvafda different species, as

i NivbidbetBqfed i&?sé(fefyﬂlas@%}‘bé’fc‘fr@ e \Febing WY MeeRad M¥rins.

E2 is a regulatory protel

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
concentrations of E1 at the origin, thus stimulating the initiation of viral DNA



controlling both viral gene expression and DNA

replication. Through its ability to bind to bo2b NEhrch 2007
and the viral origin of replication, E2 brings about a

| ocal 35 concentration of El at the origin, thus
stinmulating the initiation of viral DNA 29 March 2007

3 replication. The E4 protein appears to have a nunber

of poorly defined functions but anbongst these may be

bi nding to the host cell cytoskeleton, whilst E5

appears to delay acidification ®f endosones resulting

in increased expression of EGF receptor at the cell
surface and both E6 and E7 are known to 5 bind cell

pr otrepligations 3 el EdRBrateispapndave|tg . havee apsumber B poorly defined
Pr Ofiftichéns ButArdngst frﬁégé%@sﬁé’ﬁi'naﬁlg% e Rost@ieM 'c?@bkeleton, whilst
can&sr ar e rkn?vvndqncogﬁms.. L1 an n&.z encoge i heirt1wl%creased
vir kP &PPewEy e Ial dcaion; of \endisples, Yestng

vac expressionhobEGE dacepienatike eellwwface apd dpnk6 iand &t areknown to

5 by 8ind 8!l pAstEing B3 aRtipRB@shEstiveTUTIRe EB HndB 7 WE%l)tenns form HPV
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|t SBBE Bfsdsiiof W 8RR fonct¥ B RiyiiEongoipeBPE L f gl L2 encode
ant thgdwe viralsitiuctusal (papsichqueieinsormonl y the entire

organism either killed or in a weakened (attenuated)

for I pgeni.c peptides o) . .

or o iepy EcRe lsBReT PERLHT 2 Wy, bient fafection by a

ant PajBegen, priping thedmenugerrysignmete REPENISe gneanermgenlamd neutralise

i m&ma@m?ﬁ alfectioRiieelr. e vaccihe indiiidsonkarinidre @htigdres from the

In . u { [ 0 n e

(o bathouddl, contOR B8 onfikD BRIt Colts, RALF ol 3°Deakened

s pe(%#?‘i“tat‘i’%ﬁ@’ oresleried aptigenic pegtidesdram e prgapigm. Jihen the
(o] . ra | I n

or intaurial syatanois eXpobédto thefaatigen(u)s caligcart gehlratdvbwhichretain a

t he i : li £ 1bo
rﬁ‘%g@"‘nt‘s‘%@“n’%“ Fheify 51 1P 208 Tiotind BTG g ©Slibsequent
ant$pasyede the same agtiganieh ybr8 infagtion hythe pathogen) stimulates a
I ntspacifit | ininsurley régponses evhichn desidtsein beliination) oalractivation of the
Pr Qhfesfisid in the infected host cell releasing

short pepti'des whi ch are subsequently di splayed on the
Infected cell surface in association with class I

maj Therd ast tovcammatta khid intmure\dEponse?2a homioeal amttbodyyresponse and

t hi S j I [ i
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fﬁlfclgﬁislbﬁrf&cla' tgksgc%biérﬁﬁot itﬁfhlla‘éégfr %'W%;ﬁWili&hch 1)
ke ha e seshed oy U otk opeleeipnpiacd b
anantigen-shmcificd@D8+ dreells 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-celis. 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 1l 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 fo secreted antibody may neutralise the infectivity of a



30 pathogens is released into the extracellular mlieu

they nmay be taken up by specialised 29 March 2007
antigen-presenting cells (APCs) and di splayed upon the
surface of these cells in association with MHC 11

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 produced by B 35 cells.

Bi ndi ng of antigen to secreted &nti body may neutralise

the infectivity of a 29 March 2007 4 pathogen and

bi nd| of anti nenbr ane- hbound anti body on the

our falibagh ahd vl oCantoRh 4o memthranesband,nibhdy Bndhe surace of
o) aﬁwllsfgtlm@ateheil\ﬁslo:eldf tme%:mﬂsm ah‘rplrfyg@meaB-cem_@eﬁbonse. In
ant igaRgml, rg%%B%ﬂﬁ&?dyafbgpér%gE qgﬂgg ﬁ‘&érﬁ@f ?&%ﬁél 'iﬁflactions and

i nf an |

_res it B cand sl g, Goprias (DG A ) are
5 nf eequired ¢o antmlmi@tﬂmnsbywmsdsel ieved that it may be

possi bI e to harness the immune syst em by vaccinati on,

eve [ i,on b at to contral or

resr}I Bebleve n&’@i}tﬁl 5 56 b§ 59?5@3@9 At hafpess the jimmine systern by
of Vaesinaiohogren. aften itfectioh dyapmathogeh, acaritrober re8olve dhalinfection
r eqby lifaclivasir UF%ﬂhﬁ{aQBnr&SﬁQ rgﬂhég?erpg ﬁ%e‘iﬁéréﬁeutﬁ:“%accmes

o AR Ly il FEseE co c

( Behotbhumoyal andnel-nreshiatad iminun@NsPoBSe551- 9555)  t hat

i nocul ation of mce with caI ci um phosphat e

ggg@ Bk bR Yellis {;;t%ﬁﬁg 1st§§fmexaﬁg%a§q_ YnAL %3 0551-0565)

i nt hatninaeulatien i ofj wisei with icalciumi phosphate| precipitatediADMAI results in

16 h adexmésshﬂﬁﬁf 05%@&6 gb@%ﬁ@od@ﬁ by BRVDNA. SSdtReYlidntlyD intramuscular
I

e O] (e s

of Phesuiin upiaket of the PN inte ithe: roasalé eelie vod daxpression of the
paténeoded protbiai mewubéleﬂgid%ﬁoh QFitheé [NA IrSsult8Sn | 'p?od%ctlon of the

(r:lglt#{oah%d E{,ﬁgbém .H% %%?niésg aag d$ ' Gt rdctSn, this

0 { haPeshamisi: Gaac Stimulateo the ml!c iated cignaune desponsdsequined for

VOShérapadtiz vabciration. | DNA)vacBiNSs \636 GedaibetNin™WORR 1092 (Vical,
deljj; fred by mechani sms other than intra-muscular 25

|nJec ion. For exanple, delivery into the skin takes
advant age of the fact that |nmmune nmechani sns are

hi @NA vactinationi may i bes deliverdth by anéctizmisni< bthet @han intra-muscular

25 : ﬂglg%ﬂlt()ﬁﬂ If:o?“tf)&n%?e Sé‘élloeﬁ”iﬂto%%% R R tag B HE tct that

35

mminie mechanisms are ﬁ‘ gl\ active |n 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 penefrate the epithelium (US Patent No. 5371015). Projection of
these particles into the skin results in direct transfoction 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 surface MHC proteins. Transfected Langerhan cells
migrate to the lymph nodes where they present the displayed antigen fragments



10 4

15

20

via jet injector (which forces a liquid into the skin

under pressure) or via particle bonbardnent, i powash 2007
the DNA nay be coated onto particles of sufficient 30
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 (APC) which take up the DNA,
express the encoded peptides, and process these for

di splay on cell surface MHC proteins. Transfected
Langerhan cells 35 migrate to the |ynph nodes where
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om’ he ogous

5 e o & y*ﬂwlat@%fmmy%mw RENA Iw argipantingeus scanning
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n partlc ar codon optim sed
%ﬁ'&e ﬁ "E2 are disclosed. Brief

_ Descrlptlon 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 treatment of the bhuman
p_apillomaviral 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
sfficacious in animal models than the single protein approach.



25 The present Invention provides novel nucleic acid
constructs which are useful in the prophyl axi s2grMarch 2007
nore particularly in the treatnment of the hunan
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 pol yprotein containing
epitopes fromat least two distinct Early antigens.
Preferably the present inventian provides a nucleic
acid construct encoding a polyprotein conprising
epitopes fromthree distinct Early antigens. Such
con lad RSl shown by the present inventors to
be nore 35 efficacious in animal nodels than the

Do Eriefed RSt PINRAGE nueiRid RIdS oddil for &2 Forf th6 Uiferont HPV
CoqBARPIYERS Bty it HPVAR AN eIy 11g AMsitppaly & i hreferred i

5 as BRAEWermedingZetjuencetiPpreset] . Prafédably thest{ ks frdm HPV 6 or 11.
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preferred If 5 an El encodi ng sequence i s present.

Pre erabl the El is fromHPV 6 or 11. Preferred

con ﬁ’if? i ROStiHE ipade & auelelcq 2Rl E&ﬁ%"%d\ﬁ"ﬁ!@ thg, foliowing
f ol Bwangenerdr r angenent 10 1) HPV6bEl1 - HPVGbE2 -

HPV11E2 2) HPV6bE2 - HPV6bEl - HPV11 E2 3) HPV6bE2 -

HPV E2 - ef all the nucleic acid
seq nce #FEV%E';B%S/BBE?VH%?E has been 15 codon
opt 2k sed HRVehEZAHIPY6bER —ddtMtIEBage of a highly
expgessed HpvEHE2 ORPe11ED efigbpdipy the El and E2 genes

are substantially full length or nore preferably full

| ength. By substantially full |ength neans at | east
85oMpsteprefesatly all iennureic heid BequenteRsd the aBbpeppolywotein has been

fﬂgmﬁ. O&Hﬁzﬁ?dgérﬂgééfgl?l%lﬂﬁé] gggels}ghgs %f a RYA eé&)réééed human

R e B EA i Gengd 41 ubapama,ful gt or more

si r@?@"@b'ﬁiﬂﬂ l@ﬂ@hc&ﬂ supstangallyfoll ygnath ieass at lean’e&i% rpreferably

aanU%&ithetBﬂ WEEWWeBtI&@@eMw@ﬁ 'S\ﬂbﬁélﬁﬁl?' such oonstructs

t hat ihe e ar ew%%d individual

snsmﬁn_sS antht haye dbei advaatagegnhqt @qﬂme@laﬁmdarergeweg the
IOr Q@blyproteins is cheaper and easier to manufacture than three individual
plasmids.

it is preferred that these genes are codon optimised such that the codon usage
pattem resembiles 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 acld sequence is a mutated HPV amino acld 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. PrefergafiMarch 2007
t he pol ynucl eoti de sequence encodes a HPV pol ypeptide

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 ami no acid sequence is a
wild-type HPV ami no acid sequence. In alternative

enbodi nents, the encoded ani no add sequence Is a

mut ated HPV am no add sequence 7 conprising the

w | d-type sequence with am no acid changes, for

exanpl e am no acid point nutations, sufficient to

r ed bipdoginal functions of theaprdypemptider dhef mutatedhaminoadicid Sequence will

¥ﬁr easit?d&gﬂrgtéfn méthmr%alanibwéﬁthe mﬁldlrtﬁpéd ﬁ’tﬁyﬂéﬂti?l@.e pt { de.

e ated a ci d . seqguepce . desir retain

¢ nePTotklh Skt By Aeironiudiepfies ohube e o sRatort o dpect of
Pr otheipresamidvgstioby t he pol ynucl eoti des of the

invention also forman aspect of the present

I nven i o 5 t ase af. Fl he prinmar i ol oqi

o Bireuseren B8 ey tinlbuiont Mietd Pl wRis? Shefife o
i nf e@plieatiopdn|infecied gelis.prtiscprefaradhthat En is ynutated: tadinagivate its
I nadpliasaion potential epl i cation potential. 10 The

preferred nutations are: G482 D K83 G R84 G
Preferably two or nore nutations are included. 15
Mosthepprefasrashnytations@rgt | ons &482 Bcl uded. In the case

of E2, this is a site specifk®gdgndi ng nucl ear protein
functioning as the primary heagil kcation origin

recognition protein and assists iTn the assenbly of the

20 pre-initiation replication conplex. It is preferred

t heRrefdrablizvp opineremuitionsast invlatiedl. A preferred
mutation to achieve this objective is K111 A

Ac:cordilﬁjgér to one aspect of the present invention, the
cod¥iest psefgeablsd mutatiops aggiaciugedy nucl eot i de wi | |

preferably exclude codons with an RSCU val ue of |ess

RS 7 o WL SRSl g o
ob PEYRARY) T ?ﬁ'ﬁﬁféﬂ?n eHgin serogaitign Aretein aRd assists dnthe assembly of the

pre-initiation replication complex. K is preferred that the E2 profein is
inactivated. A preferred mutation to achieve this objective is K111 A.

According to one aspect of the present invention, the codon usage pattem 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 acld were used equally frequently. A
polynuclectide 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 o
the invention, said polynucleotide encoding a polypeptide having epitopes from
two or more Early antigens. The vector may be suitable for dilving expression of
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expected if all codons for that am no acid were used
equal ly frequently. A polynucleotide of the pregemirch 2007
invention will generally have a codon usage

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 is capable of directing

t he expression of a pol ynucl eot§ de sequence according

to the invention, said polynucleotide encoding a

pol tldeh i.n itopes from two or nore Earl

ot EERu0 2 B RoacterA Sesestor apamemetin et ineglcularly human
exppel!;;sulo nneferrmdmm th@ @Rpressioh ebetoois FBUBPIRINA i n

bact erial insect or manmmalian cells, particularly

@5{ I n r]ﬁ enbodi nent the expr essi on vector

”E‘ﬂl P gspogt. Hip  PiEents [fueition; REVslessnyacoine. composition
[ nv@mpwmﬁopﬂm er veator, oe mmmondmsequﬁmamfrihal ingention.
a pPaif&ably e \)é%éih@roonﬁfosﬁﬁh V&H@rﬁgé 08 §oc%f'dlng to the

accl ne COITpOSI tl

h
t e gg@n' i 5@5?%5%5 i"'ﬂ%P tg $he Y?@cmﬁrt@gmwmon comprises
i nv%@qu@lﬁy Of papicies epretatablyigott partities,t duatachwith MINA comprising a
ConsRtort E6taiBMEPA | w%u@eo@ihﬂrééd ﬁé-)ioé)f & (drichss a po!drpeptnde

br i eaiohRs 1R e & ore Bady sobedns. slgm@magﬁ alpidiments,

enéBa é@ccanfpgwp@mtqwmmma\a mmpcempaw émptablmemlplent and
norae DR ictan at@rdifg th fthé'ée&éﬁtﬂbbﬂ&t Q:lmﬁé“tp?@é&ﬁl i inverlién. The
va TRRLS ceutically

acg@gﬁ %8§ E|c’)r|5 %‘%Va%‘r? ncl ma&é’ "g? according to

t he second aspect of the present invention. The

vadn arfertiergepectt th@fbré?éht ﬁiv%ﬁhéd”ﬁnb\!ﬂﬁs ﬁrinélﬂbﬂ%ﬁﬁfa é5a vaccine

m “ﬁ"ﬁ’%?@"? indURAE bonsiipute & Blipuepeids tnaheéisien e popeptive
cod '3"’1 r R ﬁﬁlﬁol%@spfwlvnbm ootmore Endy amtigenieand formulating with a

polphaﬁqucedﬂcal?mmﬂiéﬁe%&blb@ﬁés fromtwo or nore Early
antigens and fornulating with a pharmaceutically

ac;é@%yabl e excipient. 20 Also provided are the use of

Rigvided: argether use oéax polyausientidong aovectar according to the

i ninsentiom inithe ttfe%trﬁérﬂaéﬂﬁﬁi:hgéx@rd?péw IHPY Snfdtion! drably an

25

30

- 35

| n I ti,on HPV t (5
f“*&*'b PR E Yo TEar 16 Tt b bl o o o
dpd vectnscaenording okdithg inuenthe. Ity thet iftaatment  or
i np:opbylaxnea;f catzheous (slkfrt) mlw‘llsagmtap Waetel] ﬁl‘?ﬁil@uﬁsc{tﬁhhdtk cells of

waa dfist ©

'? erﬁﬁﬁ?ﬁ &Q nm@é nce ? adggﬁﬁs@al égaeglthelial
ﬁ )aggpqrwgﬂ I gancet.  Accordingly, the present inventlon also
prowdes 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
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neoplasia (CIN) or cervical cancer. Accordingly, the
present invention also provides the use of a 29 March 2007
pol ynucl eoti de or of a vector according to the

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

i nfections or any synptons or di seases associ at ed
therewith conprising admnisteing an effective

anount of a protein, polynucleotide or a vector or a

vacci ne according to the |nvention. Adnmnistration é)f_ .
a veaertaimecasay thekerimpe vascinglion grayobe vig Db evaccine delivery, in

| ndpaiticulaf vie padicle mediaRNIDNA deliverpof $politudiestitfe’according to the

r eg !tﬂ.l 1Hw§%owa%r%‘;br§!99 E%R?poqgtreh Itd aac ﬁlﬁ%l&-&]&weﬂ elfor and the

vac

par thoeaﬂ &y aﬂtaurwvaﬂpmcé %m@%@mmhéﬁméﬁyw's'gg the same
pol pelymictertidd seqeezediAlgriaivélipea proteiaajuvantapproach may act as

pr eﬁﬁéﬂhﬁégnﬂﬁﬁd B0 kDo, MO (RidE 4o GO bter am of

nbi nant
Vi re Rrica-Bp aﬁwmes@h?gpmn baing e ﬁémﬂfc progein encoded by
seqghed¥A). Al ternatively, a protein adjuvant approach
may act as part of the primng or boosting approach,

W tﬂ%cg{? lthe/ B ‘g ??;ﬁéé‘ﬁcrag{’ﬁ‘%hd%@ E?'HEQ@#T% dlaims the words

pri me- el n bern .
pr ocemprigefc eu@d'irm;udet' randDMjations aumoagh@gmpns\@" "compﬂsmg‘.

pr G‘B'E:Mdépﬁﬁd ﬁlh&ﬁ&lhﬁ”&rﬁr}g q%ngte?ﬁ@%gqﬁaéféle 8'1'%{"@. gﬁg«z words

vari at ns sucC
ccﬂrpnmteaded o' cenvpy it pgssible inclesionl ebothan glemeants atlintegers not

ar & ey BLALPLRLAL RS Nifhas: That I, these

to convey e’ possi bl e inclusion
of other el enents or integers not specifically

I . Ih .
ol a0 P B i biBion Ik S8 e sae, amine
s arm;lca sequencecasd anathere goltgma:%ecainlet d)ftetrll'l:am‘eyeniahmticaebldf which,
u

HaR P oy ah i Renidl Bode, oo 2 S| fygeotide sequence
nuaidiet indintainiy Ane eamaitbticn usagenpattem,for exemplartavingdbe same

s 2807 GeAd efieensPF 8 SR HoRse chs METRSE PRBINCH{- iETeRpyly witin
0. ll)%ﬂj%fl&gﬁol'fgﬂédomt poiynucfodlifieof that of the other
po

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 polynucléeotides of the present invention, thé codon usage pattem 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




The term "codon usage pattern” refers to the average
frequencies for all codons in the nucleotide 29 March 2007
sequence, gene or class of genes under discussion

(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 present invention, the codon

usage pattern is 30 altered frgmthat typical of

human papilloma viruses to nnre closely represent the

o & e et QU o i€ R e BB TRF SR sources for

gi vdme p@hwmrmsed denes gl evang spesnemo#melghalakamu%et al. Nucleic

b BRI Rt F99E AR PR e PG Troc RRLIRT iR &R e o

ex pnedemd(a;pmsadaés mnumbacmfe@:o(l&e@cﬁ cg:cul‘déheé‘rpém 000 codons

5 et hﬂ?er §%‘ﬁ§ﬁ§ (:éa'so‘scslf geE%% %E‘ﬁ? 9919 lggd% %%QA{'% %11 g?e twengl natural

( ex prdss adidas sb hlsatnmbmwfforom@umbwﬁ@@my uisednésionefor each
1000 codon Iec ed class._o nes)

nor RIS &Y '8rse£§%ﬁ ged e qag;éq;ﬂc‘&psng}rdpgﬁes%ﬁ?mgmn codons are

aci dsaled @ I|hftietvt'd§h zabtsmdg r Thh@teﬁ?ﬁtofftﬁéﬁﬁlﬁﬁidbus WS askigned a
is set to

{ ?28‘98% o1 457 f%‘fef??féﬂ? @@vc@mm%ee S8HAS ofihe targel spepigs, In order

10 | | etdoeaiwam & ebforlsade cddfficiertaBh addpeciie fide, | tBlative to
ed a val ue, of g | ower for the hi g
excp 1 BuBUY saPEES Senes SHthgcbesisse essoaied VAl for Raoh sodon of
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cal thé| s’]!b@uﬁ@ peRfadledtRRAfe FORld Ard tﬁ&'gef)ﬁ’fetrﬁ: MBS of 4 élPthese values
pol Ieotlde relative to the hlg’g expresse
gen s en (b dividing: thes sum of the Haiyral, a@fftbeseeaelﬁe%@udhe total

of nﬁrhﬁeﬁ@ﬁébddrﬁ ad Yéléécﬁféoéhtﬂ ?r e &Eéﬁﬁt WiChave a value

geonetric nean of all these va IS t

di VPRIVBEN 1300 anh bfarvh@enb@beratha @g@ﬁ@ren& ﬂi@sm%lcgé@ns in the

b é&lﬁtfc@oﬁ d

T%e coeffi c%jeerﬁwvv_l erﬂg\}%gg‘&gg?zﬁg; II?%%%%FS&% has a
| Lrdoprisape frefficient ot deelf pf:ﬂ@n@odone are"mosb frequsnithcodons for
thq-,, mpbymgg&p% ,ggoqlﬂ%%gqu used codons. If a

pol yhucl eot 1 de Sequence odon usage coefficient
of 1, all of the codons are "nost frequent" codons for

hi Qﬁﬂdﬂe? VnaciBbtidee 5 fceé e Wﬁe{hes&%ﬁ)'eeéf H‘l%oinventlon For

Shor't Fynuc eot | equences are
of %E‘Pﬂﬁa\ﬁe relypuclegtide ofctheripvantion may ynq@eeetfrmem of a HPV

i PRI NS oWy o S 1

8, 0AMIER asigs er 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 encdmpasses 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 fo% March 2007
within the scope of the invention as |long as the 25

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 sequence and may represent

one or nmore discrete epitopes qf that protein. 30 29

March 2007 11°As di scussed above, the present

i nvention in pressi on vectors that conmpr
t he u@P%‘tsﬁé @Lﬁyyaugwcegesgnt fnvenfior, é'?ﬂchﬁ e@ﬁ%??‘f’“ Vectors that
ex pb&%ﬁh&é"tﬁéeﬁ&c%o‘hde %ﬁuéﬁé&s’ 6!’%& ifRnEbA.UERH dxXprdddPn vectors

art of nol ecul ar bi ol ogé an y for exanple involve

t he (s EPUYnely| cRasirépteshn aa;qj plprATCbiORBY BRdJRaY for example

Pr ORbLRE the @wamsér&dfmﬂ%netdyafop@.hmﬁmhm who@és fedhancers

exanpl e poI nylation signal's which
nec@ékd gihe éﬂ@ﬁ%.seﬁ aﬁéorp@amnl@n@waﬂwwqi@n@&na&whrch may be

ori ﬁéﬂé&b@nan& thbrhd&é ﬂo@lﬁﬁhé@m tﬁeoéon%gféﬁ%e tion, in order to allow

expr ession. &h er sui tabl e vectors wo appar ent
o foemsetain exwessiay Qthemeuitable vestorsayould tfeuapment to persons

ex S

cCy b S 4l oA ey somoro
csthafocM@le@ng iy @sbabQM)MaMf 2 aBdifion.aCSH Laboratory
pollylréggl(qgé de of the invention or for use In the

nventiron rma vector is operably linked to a control

sequence which is capable of providing for the
j f i l. . .

e RN, B pHhhig B 68Y50AoR by 56 8% 5 bpyoptin i o

" opeacidsliy opémklydinkedtosa sotiolaseguencapuisich isocapabier eff providing for
th d lat i hj .
" RS o ARG sl 15, 65 R 1L g ypor o
A reaaprésstoor\;ecmarq Uhecterm Sopérably linked"asfereto a jmrtapmuiqn wherein
e ReRnBrS Seffbed A B S roRHREAL bRERnD g S fncton n
ac ltheiv irendedaniamesrdi A redatonnPsjuchts, suchfast.'mepromoter, “"operably
o R 1o ol SSERSE 1o POtGNR JsUeha WaY tha exprossion of the

phagdingvegjuence iy asticed uhddr condiftiofls toRipafibip! witha theo regulatory
optionally a pronoter for the expression of the said

polPFRYN%0t i de and optionally a regul ator of the
pr onot 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 /n 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 kanegywmhich 2007
resi stance gene In the case of a bacterial plasmd or
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 used In vivo, for exanple in
a nmet hod of DNA vaccination or 49f gene therapy. 29
March 2007 12 Pronoters and other expression

regul ation signals may be selected to be conpatible
with the host cell for which expression is designed.

For Resmotare andnotiver.|exprestiopReigiatioh NSigndle hé\e be selected to be

met al .l ot i .onej n, pr.onpter, which can be 5 induced in

r es%SH'g’aﬁ% "ﬁ@‘d&'}@ h?g‘FQP@ fQr which &Xxpregion 1§ dasignedie For example,

R- aatdnimaliano prsmdtersViriohldeP i pleafotifisidin dSrohieferS can be

I m T @ntll%gn ronoter, human cytomegal ovirus é

| uged g4 901‘?&95}0 dresyist metals sush sas cadmiurm,r and LR B-actin
ro i t

Pr OpRInfdter. 2R aaébﬁg'g%r@gg&%és tHe SQ40 ?ar'glg ?fy%@é.ﬂ Jﬁﬁ?-%) human

particularly t stream regula
nay CHPEBIHavIlUs(EMVY Immediate qarly (i) @remolies, roa samanrtial wrus LTR

2V ablofRité, idichBind' Bron%‘@%:o?sa %Ki bRy r\s/"i,alr’@’g'@éﬁynf"& HPV

vectors inclu €S S ex viral¥vec
or Hpgiveam fegulatanscegien (HRR) meayr also basesed. | Al thede myomoters are

| enfeaMily S\fiahie AGRYH. T Uses and adeno-associ at ed
viruses. (ene transter techni ques using these viruses

are 15 known to those skilled In the art. Retrovirus
vec I . 0 stably integrate .
! heSXmpbEbr BB ra DY 5l hirmed Epibk YGRS, vacoina
% e rﬂr@plze}-‘dnlshmtym and retre@drasés, irediiding '{eﬁtiﬁﬂlge@[ @d?bmghes and
e = ve gdenoyvirus ., vectors cont ras
FereenBasIRNEy e, LR Fetett wifibiien uaiho Trese Viuses are
ex pfinewsito Pose\ﬁfkﬂieub irsthecar bRethmd ybmbmggemr?ﬁéim beused to
NSEH exanpl e .bacyl gvi rus vectors), in
human ycgllﬁfaé%gér tﬁ% %ﬁﬂ@ﬁ"&gﬂa@ @’@ %F%@%n rg!‘é-‘?t gepome,
pr @ltheugh suchriecombinatién isheotifrdfetbe! RepliitpadiRiedive Wd8novirus
rese tion, for exanple

ol tides of the p t .inve
ForSaet ¢ SRR rempiL e el @?%#m@ae gliqws trapalgpiogxpression.
ar decton sapabde of delvihg C&ﬁp?éﬁ%fohtﬁﬁeiﬁséﬁt'dgg% Qfog‘%ggﬁlglte{]gfculovirus

‘such_as. C68 ch denoyi US 6, 0
ni SER R hilmas, 'aOE%O%‘[e*g’iat(ﬂw be |epRiRyesoin; erger it produce

t hquantitissf the\HMV! ippdteln BAcIERE 155 tHe BoIPRAYdtRIes 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 fo 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 nmammal e.g. human to be29 March 2007
vacci nated. The nucleic acid, such as RNA or DNA,
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 29 March 2007 13 may be admi ni stered
by any avail abl e techni que. For exanple, the nucleic
acid may be introduced by neegie injection,
preferably intradermally, subcutaneously or
intramyscular|y. Alternatively, the nucleic acid my

be HEVbEAdRnigared by gny a&att@ge leRnigys. nFia%%ﬁgﬂraentbem@Pl@lc acid
aci fhayee |Hﬁédhd§8\ﬂly¢f%e§|éclhje%ﬁorp Z*éflaﬁabﬁf iRaddanRily SsuBtaneously

delivery (P hi s nmet ho I nert partlcles (such
as @'bl"'ﬂ"aﬂ'éﬁ&@?”hr eAlterpatively, \ihe mugleir, acidi Mayche deliypied directly

ar ea@eeL Ry akis s g, éHG&Qﬁ i Eémeme\hee enab |a§ atrmérmed.ated

ace of a recipient

enetrate a ITI&§ h(g
b Ay R MDD Indhisomeihgd ik oArisles dieia 56 Gl beads) are
[ OfBeteP W SF hiBo BRI, S 4B 59 SpBEh ot to snabl

nucl el ¢ acil ecu resent 1 nv
wi tthem torpenceisea @ﬂrfmeofpa mment (e@. skinhrfor example hyrweans of

d

SR Ot SHED 1AL 16 M s g win o
vecmmlew atid moleqyde dfshe presehument@pummthmhe seepeoef the present
W By GllioR PR S8 des @fggfropaﬁbﬁlvﬁtﬂ sEEﬁPQHﬁI'eEj ¢ acid may be

adm ni steted topi to nucosal
surfaces for exarrpl e by 15 intranasal, oral,

o ER BB R e, W Bl S e

a [adientioelutde dm:ild:at applmaepm alith eancapyirpprizie vehicleh 'Ehe nucleic acid

h h f | k
P IBR0ES BaifistStefi ol 15 40 S osi® PPl SGtafEe 1of Brarople by
sumlttraamsblupnnatc anmevatgmalt be intareusalt |admm|€lrditbjn nmet Tted snaked
0 SRIPLPEBIGE (ol vaclir, P B prosard obfar Wit  bhffmgaceuticall
eI ‘iﬁgﬁmaﬂéaémgmiemﬁﬁlchﬁﬁ pﬁsﬁeﬂtmguﬂérea Zsaliﬁe QEBsyi IDMA uptake
in c..acl onst,r uc ay.
o Ay e RherpouaEt B Sadtior o edliRuREAgeiS SHHL A PipitRhine to
ggltheemt p:bﬂtadrh 0¢harihétHods of é&lﬂlnlﬂéﬁr@fthbrlﬁﬁﬁé @@t:iti(tﬂrectly to a
en

hese aggent |ncludes cation
S, Jnoiuga iEasouade SiRciFg e SimustoRy  clodoporalion  and
DEﬁEch@ééd'@Wﬂlﬁﬁ id ddxetiB6d AUS-5,697moaxanpl e, |ipofectam

and transfectam The dosage of the nucleic acid to be

~administered can be altered. Typically the nucleic

acUptake afimudait eacidi ¢constinctanmayt bbnenhancedndy eéveral known
transfection techniques, for example those including the use of transfection
agents. Examples of these agents includes cationic agents, for example,
calclum 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 10pg to 1mg for other routes.




10

15

20

25

30

1pg to 1ng, preferably to 1pg to 10g nucleic acid for
particle mediated gene 30 delivery and 1 Ogg t@9lMa#th 2007
for other routes. 29 March 2007 14 A nucleic acid
sequence of the present invention nay 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 Vernme at at, Nature 1997,
389:239 5 242. Both viral and non-viral systens can be
used. Viral based systens inclyde retroviral,
lentiviral, adenoviral, adeno-associated viral, herpes
viral, Canarypox and vaccinia-viral based systens.
Non-viral based systens include direct admnistration

gL A g&?g@lccac?@ s8Guchae df't?@?ﬁ@@npﬁ§&?t{oﬁ?’ﬁég @ﬁoo%@ aBministered by
o1 SBoBE QhinpeRalied dipivery vegtosn ySeiil in GRGS GRefBEY.cdrane, therapy
Sucappoeddhss iang disdessee fos ehampleshye‘derﬂme)m‘ al, Nabyrecto97, 389:239-
Thexgpaksidih Rickl H‘Ho‘ﬁ%f‘aﬂ sMmY &4l B4 uu&kt ’Efg?l Ha8ad E%stems include

|nvet|0 |ntrQ |ntOS

B L o 0 W A WA T
s ulgnelc vacciria-virall pasesl sgstens. oNonhdral rbased | systares/ include direct
| Nt Ratioh oF el Ga s dlipoblbBREY sRiESENt 1 N a

cell by honol ogous reconbi nation events. A transforned
cell may, if desired, be grown up in vitro and one or
morAe nutleictasid sequenae of g presentdgvandiongualy alsotecadministered by

pr Qﬁ@dﬂs df{'t%é?n@fdn?@d ceftd.! Suéﬁﬁeltﬁn&hﬁ& icafsl héttveét’éd from a subject.
priate

T{ﬁk F&éﬁ'ynyglgﬂﬁﬁ?% gggecztgr @I th@rpgﬁqlﬁgnven{ngn %8h 6" introduced
m cmtg sunp enslls om vitest and o transdovnsck cells camiadesn be setvmet to the

t h%uﬁiéetserrggl @meﬁgigléaﬂggg Sthé“inlwé@lﬂoﬁdﬁ : ?gggrafé)i'ﬂ?@%@%;c acid
.neifsa%wﬁ SBiLin 4,551 By hoMPiaphS seoHnaRiopCoNEE oA draggtormed

t h&elh maynif dlepixgd, bal growat troin \dtro and ongl asrmongi ofhe @eswattt cells
t henayalsetugw RCthe pR6des idv%nﬁtfrp peéﬁdcéh? b@WPoﬁ@ecﬂal‘@ﬁﬂppropnate

ression .1 ereb
Rkt BB By GRS aR 6 uéagl Bk, BaRRiaRe (R85 grafting,
be"‘d@’gﬂwaﬁlc@ Blsdause, while DNA vacm nes tend to work
well in mce nodels, there is evidence of a somewhat

\NeEl'K@rvé&trﬁn%mPBsdt@ﬁQQif e preBBnt SMERtGS map- iﬁuma adjuvant
primates which is thought to be predictive. of
| i RPpoursis;which may $af i incragse the immune response |nduced 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.




The vacci ne conposition of the Invention may al so

conprise an adjuvant, such as, for exanple, |n28rMarch 2007
enbodi ment, im qui nod, tucaresol or alum 29 March

2007 15 Preferably the adjuvant is adm nistered at

the same tinme as of the invention and in preferred

enbodi nents are fornul ated together. Such adjuvant

agents contenplated by the invention include, but

this list is by no neans exhaustive and does not

precl ude other agents: synthetiqg i mi dazoquinolines

such as 5 imquinmod [5-26308, R-8371, (Harrison, et

ci ion f recurrent HSV di sease, usi ng

d’JPﬁaﬁ%’ ¥ Iyant sadmeigtered at the gﬁwam%@%wﬁhe invention and
v ac Gh Nfreferre¥ @AModindrils arSRRndBiER: toé&ﬂ@rl)éuchahﬁﬁhvant agents

reS| UI rmd 5-28463, R-848] Wif}VaS| | akos, et

a
* Adj by dheinveption ngl lisk islytma mepngemystive

Comelomg ot
64- 74, 2006} Emugﬁ%%ggtge%%dﬂﬁ'?égwmmegg&h a8

5 ani ABiguined @(@@ Rs837.(Havisep, ebalr ngugjloarpf EBAUTgaHHSV
?ngﬁéggé‘gsiﬁ ghggl?ﬁ’od loﬁt%* c&Hlﬁ_ﬁ&?ﬁﬁh aYifcddpritein vaccine’,

er apeutl c potentl atl on

of ViEgeing h@%mﬁe@wmaw rmtm'l@d i8-284 3, R-848] (Vasilakos, et
Schiyf 7
Chigf, Eﬁﬁﬁn{) %ﬁl%t@g ﬂ | nléegg eeméanf or R a? éc;/mpanson with

(1995) t co S
@9 Thediujag mwn@ogssa% Ells74 (208P). e Sohiffdmsas of carbonyls

10 '1; %nd 'ahnie’s t{w%ﬂ%ré%oﬁ&gx&lv’ewﬁpg%d %%ﬁg%r??r%\é%& r{@céﬂland T-
andcelbsurfacesi suchies tycaresol (Rhotlensl. atan. ‘Thesapreutic pbientiation of
P
ot 1P ihdhe SYEIEhERy odetiulatol Sihin bEeciibo U Nature 377 71-
CT Ialﬁ £19950), cytob!aeszltelngklramyntmstsntﬂatomﬂnabculgs,pTMt iptiucers
i Tear g A ORF e B2, 012! 1 I 2 AR RS 2o 1L
15 enhénites 1126, lhrtQ arehiLsiBeand dthencticnikine and coestimauldtory genes
i AR MGRT N2 b AP S50 FAER, TR 08 g hes and
t ocemaln aitherﬂmhy.msm'aulato&@targ!ﬂ?@ ligands fushesst @TIoA-4 and L-
Ot OXi

d Tall -lj .
® DS apdrtose sy hroteins and PatReR Sifted Pag-feb]; Synthetio
. Curlipichbagagl adfuvants) shbtcaovaxdbaipy (Rsyes 2t 30 ‘Vﬂﬁé&)n) enhafipé&s
20 P\ fitgef Sefitis SHPoRR It ES A MRiEaRS ThY byl mfijie responses to
eff mMEDI‘%A ilfsugflad@gﬁﬁi' \Giinel MWS—@?BE)Psqua‘liﬁnee alpha< /3
e a
ool alortte PLQRE A ghalasteipl, eridkordn. LR S, Beutier,
4083 ‘Eadofod, 'leZiQ@@éoeﬁﬂﬂ 40hhe thediferaitiliib of igifie iminDaity’,

tr 'Cgﬂrent B%Hmn in Cﬁﬁm%lcﬁ ogy 3:|Qzlr3(-)§l(5J &%ogﬂl;pr oligo- and di-nucleotides,
25 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 Toli receptors to produce Th1-
_ inducing cytokines, such as synthetic Mycobacterial fipoproteins, Mycobacterial
30 protein p19, peptidoglycan, teichoic acid and lipid A.




i nduci ng cytokines, such as synthetic Mycobacteri al

| i poproteins, Mycobacterial 30 protein pl9, 29 March 2007
pepti dogl ycan, teichoic acid and lipid A .+ 29 March
2007 16 Certain preferred adjuvants for eliciting a
predom nantly Thi -type response include, for
exanple, a Lipid A derivative such as nonophosphoryl
lipid A, or preferably 3-de-O acyl ated nonophosphoryl
lipid A MPL(r) adjuvants are 5 avail able from Cori xa
Corporation (Seattle, WA, see, Eor exanpl e, US Pat ent
Nos. 4,436, 727; 4,877,611, 4,88 034 and 4,912,094).
CpG contai ning oligonucleotides (in which the CpG

di nudeotide is unnethyl ated) al so i nduce a

pr edxéwamqsrbfeyrea%maﬁmaﬁ@mmﬁg %fpr@aérﬁﬁaw "Bot-iype sespofise

well known and are describe for_ exanp

96/ Lk, W@@P'ﬁsﬁé@%ﬁd’eﬂv@"eﬁa’ﬁhﬁﬁ m%@phq@ho}%mrd A, or
6, 0BfraBlydde-0- 5&@1{@@ %nbEﬁB&ib%ﬁﬂ id A ML Didfjuvants are

sequences are also descri for exanple, by Sato _at
5 at . avaligblefeam £pgixa Gorporating (SRﬁﬁ'Ph‘éfA sg@épre@xa@epfe Us Patent

dj
2] N3 AST2Y. 667 61 . 2008 0 i Colb-ptaining
Bi opligarwslestidesdin which$e Cwaahnuq:@ﬁ:am 1S|\m)me ﬂgi@plhalso induce a
D gbﬁefaehn.angwﬁfan : WE% sfikh &Eb%aﬁessiddawawaﬁ%m and are

saponi ns di ment vant conpri ses

an ﬂﬂsﬁmbg@.tfph@xaanm oI BYR 96412566, WE) 2RIBI4ES arwéﬁi Retent Nos.

di sgl
ok fﬁgﬁﬁéﬁ%ﬁwqﬁﬁﬂ%ﬁﬂgf&g@gﬁ At
anddessoibed,iforexaniple,diyrBata et alorSaianee 27336 te er
d
oS B3 Epony? a1 G A Gieroot
i n iadiudingr@82 band Q8Zi(AquilzoBiophmmacestinats inc. nEEamzngham, MAY,
: B: :{E.gélﬁkbt%iéit&?@g)g'r %@’Ibﬁroﬁa{eﬁggé&{frm@gfoa%gp%ﬁs mtifs
15 preferably at |east six or nore nucleotides. 25 The
©y R SR T e e Eomppss AR UTESG 6P et
th eohgnnederaﬁcbosuclms uhsd;lhmcblh |(1g@9ﬁ102555)d dypical
PhoaRRicRE bggo % Wil %W 9-1 00 bases in length and
oat e

phos horot %gawh%%) kgSterc%mgtﬁgases.

ot
20 j nvamtthem amd:GLaIe ngmthygﬂjauhcl eot i des WI th m xed
i ntemucl eotide |inkages. e.g. -
The preferred oligonucieotides for use in adjuvants or vaccines of the present
invention preferably contain two or more dinucleotide CpG motifs preferably
separated by at least three, more preferably at least six or more nucleotides.
25 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 intermucleotide bonds are within the scope of the
invention including oligonucleotides with mixed internucleotide linkages. e.g.
30 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 WO085/26204.




30 m xed phosphor ot hi oat e/ phophodi esters. O her
I nt emucl eoti de bonds which stabilise the 29 March 2007
ol i gonucl eoti de nay be used. Methods for producl ng
phosphor ot hl oat e ol i gonucl eoti des or
phosphorodi t hi oate are described in US5, 666, 153,
US5, 278, 302 and W95/ 26204. 29 March 2007 17 Exanpl es
of preferred oligonucl eoti des have the foll ow ng
sequences. The sequences preferably contain
phosphor ot hi oate nodi fied intemcl eotide |inkages. 5
OLI GO 1: TCC ATG ACG TTC CTG ACG TT (CpG 1826) (SEQ ID
NO 24) OLIGO 2: TCT CCC AGC GIG CGC CAT (CpG 1758)
(SEQ I D NO 25) QLI GO 3: ACC GAT GAC GIC GCC GGT GAC

1885 preféer ' : i lehcd$>1The
RIS pidk (égpbé@%%(g%midg%hgﬁoﬂw@g%ﬂg%@m &0 5
TCosompenagsPreferably contain ripsplsy modified intermyclestige
Altﬁﬂagééve CpG ol i gonucl eoti des may conprise the
preferfed sequences above in that they have,
i nconsequential deletions or additions thereto. 15 The
Cp . . o . . on
oy RO O ATh Ak g“*‘?ﬁfﬁ%ﬁﬂ%@?&% T
EP QUBSHE) TCTRREAPE RTIG COEAT (G 158 (PEUPNG 25y
be SHBIBEACECBATGAC BTRIGEE Gt A CECACE ReB {SEQ N0 26)
adj uvant fornul ation_containing CpG 0|I%ﬁ£§§£e§éhgs
carPHe Gt IHAIEE FHoheT 8GIgEH Ghe&Th (ke ( NO 27)
" NOUBERSIICC AT TREETG AP TTe(Chd 1688) mseﬁx?m 28)

serve to further illustrate the invention, wt
reference to the acconpanying drawi ngs, in which: Fig

1 | Gitepnaifvd bffaohuSofided Tha e LASHEd Se ebd'Shove
o e

optim sed and nutated. 10 Fig 3 is a plasm d map of

g;?ﬂ?ﬁgtgg bg%%rﬁ%u@tég{iée%uﬂﬂgéld fhinElprddant inbaioranray bé SprResized
by any method known in the art (eg EP 468520). 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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Fig 4 is a plasmd map of p707711e2 - encodi ng HPV 11

E2 that has been codon optimsed and nutated. 219 ¥Mhfth 2007
5is a plasmd map of HPV 102 - encoding HPV 11 E2 in
p7313 background. Fig 6 is a plasmd map of HPV 104
-fusion of E2 fromHPV 6b and E2 from HPV 11 in p7313
background. 20 Fig 7 is a plasmd map of HPV 105 -

fusi on of codon optimsed, nmutated HPV 6b E2 and E2
fromHPV 11. Fig 8 is a plasmd map of HPV 108 - HPV

6b El codon optimsed, nutatedign 25 p7313

background. Fig 9 is a plasm d map of HPV 110 - HPV 6b

E2 I optimse nmut at ed .in 7313, background, 3

i o e WoRhi Bicktile TS b Rinblr nhHtS s, Vitp frtaspnoe to
E2, thdRécdmpaRying Biagvirgs, inswlicipl asm d map of HPV 117 -

HPV 6b E2, HPV 11 E2, HPV6b EI. 29 March 2007 19 Fig

12 is a plasmd map of HPV 118 - HPV 6b E2, HPV 11 E2,
HPVFEP1 @ a schedialid view 6 MRS tRbundtitirafailt Wabain® fcohSthRe of the
pol r&r ot ein constructs of the invention in 293 T

cel Wen¥ONs; 4 14 shows the incapacity of KiIlA nutated

E2 in an invitro CAT transcriptional reporter assay.
Fig_15 sho cel lul ar immune response in nmce to El

10 H9y2 s agiesmideap of £707 iRhere— easpding M 6bEZ-thatihas been
- Cddd Wisiat ahadvhiBigdPV 118 after PM D 15 Fig 18

shows reduction of warts after adm nistration of El/E2

in the COPV nodel. 1. Plasm d: pWRG/077 6be2 c/o

nut Fgedlis 2 Pldspni@ nidp 6P BIABEbe1 — encoding HPV 6b E1 that has been
codon optimised and mutated.

Fig4is a plasmid map of p707711e2 — encoding HPV 11 E2 that has been
codon optimised and mutated.

Fig 5 is a ptasmid 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 8b E1 codon optimised, mutated in
p7313 background.

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

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

Figltlisa plésmid map of HPV 117 — HPV 8b E2, HPV 11 E2, HPV 6b E1.



The HPV6be2 gene is approximately 1.1Kb in.size and a
codon optim sed sequence (for human expressi onpovMarch 2007
created using a visual basic programme 25 call ed
Syngene. In addition the sequence included a codon
change at am no acid position 111, whereby a |ysine
residue (AAG In the wild type was changed to an

al ani ne residue (GCA) creating a nmutated gene. This
change inactivates the transcriptional activity of
6be2. Overl apping prinmers incoggorating the whole

gene with selected restriction sites at both the 5

and 3' ends were designed 30 accordin Clonin

The i 12 his paRrrraamet MOVA4 D ey O E3, SPVAHIES: HBY BT
with restriction enzynes 35 Not | and Barn H for

l ! gg ﬁgﬂs g@%%%%lééngwggzoqgﬁﬁé Bg%&ﬁélﬁ %é&#trlﬂzfﬁeoﬁﬁg fhvention

|m*rt§b2%t50@’!§ﬂcly CW pronoter and have a bovine growh

5 hornone poly A tail. Clones were sequenced indicated a

10

15

20

nu r [ I ;
wor B9 %e%n W e Pty AP RES1Ed 2, bR ST 1Eptional
genkepoH guesPa¥. by wusing restriction digests. From
re-cloning, one clone C7 was found to have only one

basg. el Q.. .At 4 if . er clones were

0. k'.elgie|n5ri{il"r?lvjsé oae?@ghh{n a?'%éPbrréﬁe 'Rf&%\egtr?e%}{] swap was j ust
needed to correct the error. The final done Cra was
confFigrifeshoive defulaoidmurexiesporsedo B2t at ed 6be2. (See

Fig. 2) 10 6be2 sequence in pWRG/077 (Sequence | D No.

1
A%@A&W%@MA&A&T&TG@A&TG
TACGA

EBGPCAACHRSHA
CAARAGATACAGHED CRAH BT EeSRY

CA CCTGTACAAGGCCAAGCAGAT GEEECTGICCCACAT CGEGATGCAGG
TCGIG
CCCCCGECT GAAGGT GAGCGAAGCCAAGGEGCCACAACGCTATCGAGATGCAGATG

CA .
m@&ﬂ%%&ﬁ%@%@#@@@wwﬂdw@@c
GTCCT

ACHLHST 6TitssaSA CTCCT COGAAGCGCT GTTTCGCAAAGOGOGGCAAGACAG
TTGAG

TR TG UAGONSTALS 15 G 5 t lims

25

30

35

R TAeApdsina vissalrbesio ggEAMMe
OA\'EGITed Syngene In addmcm the sequence included a codon change at amino

W%%%@%WMW@M
to an alanine residue (GCA) creating a mutated gene. This change Iinactivates
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.

Ciloning:

~ The 1.1kb PCR fragment was gel purified and digested with restriction enzymes
Not | and Bam HI for ligation into vector pWRG7077 (Powderject). The gene is



TATGGT TCCACCAAGCACT GEGAGGT GTGT TACGEGAGTACTGTGATCTGCAGC

CCCEC 29 March 2007
CTCCGT GT CGT CCACCACCCAGGAAGT GAGCATTCCGCGAGAGCACCACATACAC
CCCGG

CCCAAACGAGCACGCT CGT CAGCAGCAGCACCAAGGAGGACGCCGT CCAGACGC

CCCCC 25
CGGAAGAGGECCCEEEEEGET CCAGCAGT CTCCCTGCAAT GCCCTGT GCGT TGCT
CACAT

CGGCCCTGT CGATTCTGGGAACCACAAT CTGAT CACGAACAACCACGACCAGCA
CCAAA

GGCGCAACAACT CTAACAGCT CCGCAACT CCAATAGT GCAGT TCCAGGGGGAGT
ccannder control of the full immediate early CMV promoter and have a bovine

TCOgdwAR\ b Faionke(EgRAAGICCCCT CAACGACCGCCACCGCCACCTGT TCGAC
TTGAT

CAGR] CCACGT GGCACT f POAAC%:CD O0CACAAACACGCTAT
GA ngg were sequenced indicated a number of base errors. A numﬁaér%?guitable

5 TGACOTACRACT et BEABCAEHBSCHBIAGITIOOT CRAQEROETEA GaTUEIce by

10

15

20

25

30

a5

,CA:rTri .gid igﬁeanc.' i Dﬂi%Z 35 NMBAI AKRLDA
mﬁi@%ﬁf%ﬁﬁﬂﬁ%ﬁﬁ@ﬂ@é@ﬂ@h PRSI O iR and a
29 fragroent swapPyas/BENREH IeNAD Eoiptl the SoRTENS2I clone C7a

PWIvREESHrmbi & R KRien %m&uﬁtﬁ%@?w@ﬁg. @EA
YWWIDVYVQ DNDTW/KVHS MVDAKG YYT CGOFKTYYVN FVKEAEKYGS

TKHWEVCYGS TVI CSPASVS STTQEVSI PE STTYTPAQTS TLVSSSTXED
AVGTPERIGRAV e RER) IS HHES 707 ALS eragm cSGHENNe TNN

HDQHQRRNNS NSSATPI VOF QGESNCLKCF 5 RYRLNDRHRH

L FDATRSRAST TEENEYES o dcRRSREE AN Y TiGheBitEACaA

ot Seacherit ARt RGP el aditrne i cthcaner
i GRS CE SR ASCARGEACATIGE G TIE CCRE T GIGAMIREBCETCATG
( I CCAECGArCARGEIrdNETIARGCRARGSCEIRNCANSECOA PEEAth RIABA TECACCT
Overl ap biﬁg‘]rG(‘_‘“ rrerAs(,:k&%éh ?ﬁg‘{é{?@%@%ﬁ %ﬁ%@ﬁ@ﬁgmgmm‘
ni BB e AT OGRS G T CHEAMAGFRCGICARGACACTTEAG
endErCARR P TAESTGRETE CECAAR JAACA CGATEA CERNG N ESICIetACEBRTGTCTA
o SerBanel ot Al o roqnddEcRhbBdearcy

I{j&%@@#\%&%ﬁr &have only

enz rregﬂ(f;%}? H a?uA FOMm 1
c o RTAACARETGRH ARG TS AR GA GETA GIACOR T AR RICGICHAEE AAGCCEAARAG
NUITBTGET TEERICMIGCACTGBERRCTCICITACSCENGTA TaTEAT e radaseCccae
Wa53:1@@6‘?@ﬁ%ﬂd@%@éﬂ%&%ﬁ??é@ﬁ@%ﬂﬁ@mccw

fr romclone #24 ragne

e a0 LR L L

wa SCEBMEAYGANTOPECEEETIerRtCARTCRCC CIGCARESITITE TGCGTTGCTCACAT
CGGCCCTGTCEATTCTEGGAACCACAATCTCATCACGAACAACCACGACCAGCACCAAA

GGCGCARCAACTCTAACAGCTCCGCAACTCCAATAGTCCAGTTCCAGEGGGAGTCCAAL
TGCCTCAAGTGTTTCCGCTACCECCTCARCGACCECCACCGCCACCTGTTCGACTTGAT
CAGTTCCACGTGGCACTGGGCCAGCAGCAAGGCECCCCACAAACACGCTATCGTGACGSE
TGACCTACGACTCCGAGGEAGCAGAGGCAGCAGTTCCTGEACGTCATGAAGATTCCTCCG
ACAATCAGCCACAAGCTTGGC'ITCATGTCCC’I‘GCACC‘I‘_GCTGTGA

Amino acid sequence (Seg. ID No. 2)

MEATAKRLDA CQEQLLELYE ENSTDLHKHV LHWKCMRHES VLLYKAKQMG LSHIGMQVVP
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primers were designed to change the follow ng am no

acids; lysine (AAA) to glydne (GEA) at positi op9&%Barch 2007
arginine (CEC) to glycine (G3C) at position 84 and'

glycine (G3C) to asparagi ne(GAC) at position 482. 25

Ebel codon optim sed nutated sequence (Seq ID No. 3)

30 :
ATGGCCAGACGATTCCGGTACTGAGAACGAAGGT TCTGGT TGTACCGGTTGGTTC
ATGGT

TGAAGCAATCGT TCAGCATCCGACT GGTAGE{CAGAT CTCCGATGACGAAGACGA
AGAAG

TTGAAGATTCTGGTTACGACATGGT TGACTTCATCGATGACTCCAACATCACTC
ATARLKVSEAKGH NATEMQOMHLE SLLRTEYSME PWILOETSYE MWQTPPKRCF AKRGKTVEVK

Xg TN AR AT TONDARAGIH AT RO EBATASEREK Yo

e G T\ & o

TATREYOQSPCNA LCVAHIGPVD SGNHNLITNN HDQHQORRNNS NSSATPIVQF QGESNCLKCF

CAGMGHNDRHRECAET LT oA MABS A GRS X ROHROO¥INT G PEC I SHKL

COAASHREr

TAAACGT CGT CTGT TCCAGACT CGTGAACT GACCGACT CCGGT
TACGG 29 March 2007 22

TTAZARESHVIGT T PRI PECBHESCAEAGGT TGAAAAACACGGT GTACC
GGAAA . |

ACGGCGGECGACGGT CAGGAAAAGGACACCGGECCGCGACAT CGAGGEGTGAGGAAC
AcKeene of interest:
GAAGCTGAAGCTCCGACTAACTCTGI TCGT GAACACGCAGGTACTGCGGGTATC

CrR HRYRbe] gane is anproximately 2K0 In size and  codon, gptimised wid

cTRe dwi) sequence (for E.coli and human expression) was created using a
CCGH4HBGT T CRIRIGAGSTECHTOgiamnusTdalled GByh GEtsA A OAVETIAS G T @imers

T i ' icti th the %' and 3'
TodPRRETEDG. e iein e i aeloded e tion slos o e B and
CTER¢s were designed accordingly. The synthesised gene was then digested with

CORARCEL BRIANETITEARICHBCARATURABT GHATERALTAEEET POBGGTRDM the

'GGEE encing d I e lected clones, numerous base errors were
T e e e o

CCTrRgRERCETIG AT EBCERAGMNETAGAT BEFHAR 07313

CAGIC A Qg f i sequencing. For mutagenesis
o e
GT GHAIBEAGGAjA POSITICRE, ECGNDaGECT T HlyCBa GG Positiond4 and -

AT ifvine (GGC) to ine(GAC) at position 482.
C‘AéﬁTEl G to.aparmaine(GAC) 81 Baglion 482 ~anceacaTCTEoEAG
GAATC

TGHHAT TS5ABET CpMEACEE HeAGSEORERAGTISGACT CCAACGCTCGTGE

TTi86q ID No. 3)
TGAACAGCAACATGCAGGCTAAATACGTAAAAGACT GCGCTACCATGTGCCGTIC

A Bsadatacant ; 'GETTETACCEATTGETTCATGET
APACA & Y ESQCEATCAACIZACC%
T CFADAGCART COTTCAGCATCCGACTOUTACCCAGATCTCCCATGACGARGACGRRGARG

AAT TR TATDCGET AT G CEATOC TCACTCROTUGABCEATEATYRTAAC
CAR T TEGAAGCACAGECTCTGT TTAACCGCCAGGAAGCTGATACCCATTACGCTACTGT

O GL RGN et A middetak ek rea

TSR T ORI AT ICACAC T CRAC YIS TAS F A BACTNRTREE CAC
CTGAGRAGAAGGTTAAACGTCGTCTGTTCCAGACTCGTGAACTGACCGACTCCEGTTACGE




CTCTTTCCTGGEGECGECACTGTAATCTCTCACGITAACTCTTCCTCCCATTTCTG
GCTGC 20 29 March 2007
AGCCACTGGTAGACGCGAAAGT AGCT CTGCT GGACGACGCGACCCAGCCGT GCT
GGATC
TACATGGATACTTACATGCGCAACCTGCTGGACGGTAACCCGATGICTATCGAC
CGTAA

ACACAAAGCGCTGACTCTGATCAAGT GCCCGCCGCTGCTGGTAACTTCTAACAT
CGACA

TCACCAAGGAAGATAAATACAAGTACCT %EACCCGT GITACTACCTTTACTT

TCCCG
AACCCGT TCCCGT TTGATCGTAACGGTAACGCTGT TTACGAACT GTCCAACACT
AACTGAZBGCGAAGTTGAGGCTGGCACCGGCACCCAGGTTCGAAAAACACGGTGTACCGGARA

myw&m&mmmmc

AAGR PO T S R AR T T TG PRE PR PR AR FE P FEFT TR AT OCR
CTCEGIG acre@pmwec@s@mcmmmwmcmce

5 MADgeetedr R AIIREGT ik Shbd AR ABEPRYENYEFTaGAC

AVE%%%’%% &%%L E NR% EADT ATV%C DL GCKYL GSP CYE%ESE\ NT. TGAT

EKHmmmmwmsT BGPEEIATGGTTC
35 Ebh&ildadtCtEETrhaia d1RRh BREKPErddTiiddAMrceTeeTACTCTG

AR T A AR AR S BERPHEp oo SAARATCCAGTC

10 PKI TSENAPRGCIECRTEE SANT GINITCERREY GG PRA TIBACSCTAGCACTGTTATCG

15

20
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35

L ADGEEKA.dda IAAHAY BB At CAGEYCATTXFIARNACBATENSEHAA TTCT

DT DREMEIS (G TS FCESTAT GC TSRS SCHFSR CTFUGHOAK PARCEGCTCGTGCTTICC
L L DEERA RN W DPECAEBE TGN A Mih cAdINcBrh KEATGTGCCGTCACTAC

PPLL VT, T

R e e T L T
10 RATCHARGHTACCORTIATICEARA CEGARCETIHT TECTEREEEREFAGAACATCGE
Th em&wecmAmm@f@r@ch@Am@mecmc

COdPébzﬁ‘&{d %&ﬁg&&[ﬁ%ﬁ%@&@fﬁﬁ@rmW@T
Creat e USl n a VI Sua asl| C rogr anme

Sy R TOCT R AR AT TR TE BRI TARITGAB CECGRAIRTCTEGCTGC
C hangreArGaThORCCEGA KA IR Tt pecTddaconterehi CeAd I TBETGGATC
r eSh G dA R T AckRedtiah b o ¥ PRaditadT AR 88 aTeTCTATCAACCGTAR
ACACAAAGCGCTGACTCTGATCAAGTGCCCGCCGCTGCTGGTAACTTCTAACATCGACA
TCACCARGGAAGATAAATACAAGTACCTGCATACCCGTGTTACTACCT TTACTTTCCCG
AACCCGTTCCCGTTTEATCETAACGGTAACGCTATTTACGAACTGTCCAACACTAACTG
GAAATGCTTCTTCGAGCGTCTGTCTTCCTCCOTAGACATCCAGGACTCTGAAGATGAAG
AAGATGGTTCTAACTCTCAGGCTITCCGTTE TATTCCGAETACTGTTGTTCCTACTCTG

TGA

Amino acid sequence (Seq. ID No. 4)

MADDSGTENE GSGCTGWFMV EAIVQHPTGET QISDDEDEEV EDSGYDMVDF
IDDSNITHNS LEAQALFNRQ EADTHYATV(Q DLGGKYLGSP YVSPINTIAE
AVESEISPRL DAIKLTRQPK KVKRRLFQTR ELTDSGYGYS EVEAGTGTQV
ERHGVPENGG DGQEKDTGRD IEGEEHTEAE APTNSVREHA GTAGILELLK
CKDLRAALLG KFKECFGLSF IDLIRPFKSD KITTCLDWVVA GFGIHHSISE
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to an al anine residue (GCC) creating a nutated gene.
Thi s change has been shown in the literature t @9 March 2007
Inactivate the transcriptional activity of the E2
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
11e2. doning: 25 The 1.2kb PCR fragnent was gel
purified and digested with resbgiction enzynes Not |
and BamH for ligation Into vector pWRG/077
(Powdedect). The gene is wunder control of the full

i MTBENELEEBLS L YARI QNI r A VeLVAELh R RSN S RSGY VABTLATLLN

gr O%EN@@H@" %lﬁ%‘s&vﬁxﬁ thbFR'I%Q sf?hogﬁ'i:déli@m“@ FROTVIEHG
ver ADSGRRs sl BST (ShrbTAREY QR CtSRE' RAP AR
f oumvmma:mmwummmawmt GIKIECTERW BBIVQRIRHQ
SeqieREEPrTIrKD \WRO AOAdTH:OecThPyer SiprviEC R 2R0FeTed

e esyessemeceseets cenfcabiee wotespenie e e

BGRGA A GV OEA RS TR RHFIRRNGNT
CCGARWELSNTNW KCFFERLSSS LDIQDSEDEE DGSNSQAFRC VPGTVVRTL
GCGTGCTGT TGCACAAGGCCAAGCAGAT GGGCCT GT CCCACATAGGCCTTCAGG
TGGIC 5 .
coEBdTRRMIdECMERGTATR A L2atiocnit AACGCAATCGAGATGCAGATG
CACCT

&Gg%;gl CEANACACAGT ACGEOGT GRAGCCAT GRACCCT GCAGGACAC

ACGAAATGTGGCT GACCCCACCTAAGCGATGCTTCGCCAAACAGGGCAACACAG
TCOMe HPV11e2 gene is ap rox:matel 1.1Kb in size and a codon optimised
gﬁgésglo

CT GG AR i R TN LT G0 FRammo
TcratizdSxopemadoaditoodhessacrarcnaiuded corataroemgecaiamino
CATdeld pékition 111, whereby a lysine residue ) in the wild type was changed
Agg@gmﬁmg@mé%ﬂﬁmﬁ‘&%mmgﬁm peen

chtsrata s franeziplions| aotivity-gftheEa otsin.
CC(E@’érlapplng pnmers mcorporatmg the wholé gene with selected restriction sites

ARG G &G S ECAG N B b Afed 1o

cceassinelethessimiheticgodenpefinised antantiedaGEACGECETGAGEG
CTCCA

GCGT GCGAGGGECCCAAGCACCAACAACACCCTCTGIGTGECGAAC
AT
CAGOGT CGACAGTACCAT CAATAACATCGT GACGGATAACT ATAACAAGCACCA
GA®BE 1.2kb PCR fragment was gel purified and digested with restriction enzymes

Not { and Bam Hil 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 humber of base errors, these were
subsequently corrected. A final clone F1 was found to be codon optimised
mutated 11E2.

1le2 sequence in pWRE7077 (8eq. ID No. 5)
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GI'AACAACT GTCACT CTGCCGCAACCCCCAT CGT GCAGCT CCAGGGAGACAGCA

ATTGC 29 March 2007
CTTAAGIGCTTCCGCTATCGCCTCAACGACAAGTACAAGCACCTCTTTGAGCTC
GCCTC

GTCGACGT GGCACT GGECCT CACCCGAGGCACCT CACAAGAACGCCATCGTCAC
TCTCA

CTTACTCCAGT GAGGAGCAGAGACAGCAGT TTCTGAACAGCGTGAAGATCCCAC
CGACG 20 ATCCGTCATAAGGTCGGCTTCATGTCACTGCATCTCCTGTGA
Ami no acid sequence (Seq. ID Ny 6) MEAIA LDA
CQDQLLELYE ENSI DI HKHI MHWKCI RLES VLLHKAKQVG LSHI GLQVWP
25 PLTVSETKGH NAI EMQVHLE SLAKTQYGVE PWLQDTSYE
MALTPPKRCF AKQGNTVEVK FDGCEDNVME YWWH YLQ

DNDEMIGEM EocRivEREEA A6A EoPeE K0P daCeAR Y & racTCGRGCTGTACGA

o SRR A TR Akl e Ca et S

NKHEFIIGITHE T SRR A AR A0ABEENER REFITC TERCNDKIKFAGGCCTTCAGGTGGTC
FELASSEMMEASEEAIIHNA ch VA A Oeivida TRRCGCA ARG dAfGthBYEA CoT

concinechrdone ity gibiodeitint o Ealegrear

mu t"é?t%ﬁ!' ETeECTRACGUCARS TRRGCRR TGIMCPMRTIRIAGCEL2AALAEAGTGEACG
MUtGTAARGE TREREEEI TEDEALEA A At Meice GRA S BRRrcTdARERECATCTA

11 S oERBeaE e RO ad P b ol cPhad i Adqacner

Th |¥%TA§REQTG%WM@%TWATW%MWG€CMG
usiTacthescactimTactGeiiedrermancechociiddiA Trdeqrertrcce

T G R g AR TS ARG PCCGARGACRTARRGCCTO

TAGSKAGACGACCGCTCCGACCGTGTCTGCTTGTACTACCEGAGGACGGCGTGAGCGCTCCA
CGACAAGARNATTTIRIGAECEAT A APRTRA ERRARICE AN GTGTAECEOUEATTCE

O T A AT TG A CO AT CTATAACARGCACCAGRGGC

TGSFEAGAACTGTCACTCTGCCACARCCCCCATCGTGCAGCTCCACGRAGACAGCARTTGL

T PR, R

Amino acid sequence (SBeg. ID No. 6)

MEATAKRLDA CQDQLLELYE ENSIDIHKHI MHWKCIRLES VLLHKAKQOMG LSHIGLQVVE
PLTVSETKGH NAIEMQMHLE SLAKTQYGVE PWTLQDTSYE MWLTPPKRCF AKQGNTVEVK
FDGCEDNVME YVVWTHIYIQ DNDSWVKVTS SVDAKGIYYT CGQFKTYYVN FNKEAQKYGS
TNHWEVCYGS TVICSPASVS STVREVSIAE PTTYTPAQTT APTVSACTTE DGVSAPPRKR
ARGPSTNNTL CVANIRSVDS TINNIVIDNY NKHORRNNCH SAATPIVQLQ GDSNCLKCFR
YRLNDKYKHI, FELASSTWHW ASPEAPHRNA IVTLTYSSEE QRQQFLNSVK IPPTIRHKVG
FMSLHLL

4. Plasmid: HPV102 (p7313me 11e2 clo mut)

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

ATCTA 29 March 2007

TCTGCAGGACAACGACAGT TGAGGT GAAGGT GACCAGCT CCGT GGACGCGAAGEG
,CA:CA; E‘Il: A%gTGT GGGCAGT TTAAAACCTACTATGTGAACT TCAACAAAGAGECCC
WCSCT CCACCAACCACT GEGAGGT CTGCTATGGGAGCACGGTGATTTGCTCT
gA?glé(C:;TGT CTAGCACT GT GCGCGAGGT GAggAT TGCCGAGCCGACCACGTACAC
%&CGACCGI:T CCGACCGT GTCTGCTTGTACT ACCGAGGACGECGT GAGCG
CTCioton optimised mutated 11e2 was transferred from pWRG7077 11e2 c/o mut

i AR SAREAACAACACCCTCTGT GTGGOGAAC
ATTCG 25

C‘AC-ICG'I'i CGACAGTACCATCAATAACAT CGT GACCGATAACTATAACAAGCACCA
GAGHming:
GI'AACAACT GTCACT CTGCCGCAACCCCCAT CGT GCAGCT CCAGGGAGACAGCA

TR A2 PR RPESR e AU o YKRRABTA A2 1osieh Byfam Hi

cCcart Not | restriction enzymes. This fragment was then ligated into p7313me
GT (66l e $655sh#e - T CACCCGAGGCACCT CACAAGAACGCCATCGT CAC
TCTCA

CTTACTCCAGT GAGGAGCAGAGACAGCAGT TTCTGAACAGCGTGAAGATCCCAC
CGhte? smnspceGie HPRO3T 8eat TEATRT CABTGCATCTCCTGTGA

Am no acid sequence (Seq. |D No. 8) MEAI AKRLDA

St ecE e e - orbCHk GddiTacea
METARIIBE CARTENTAES IR T COREAECH TR ACTESARBESERRRARCCTOGACA
Vet iR TONREMNEEE AT RAK FodC RARIUCRAYAGENFARIC(@ETC

P e ot R ARl
NG TIRCHCS AR A CIPCREC RTFFACCARTORPRFIFGCACGACACCTCGT
E &MWMGEEWGGME%WAG

mffF reiactERat e S b oRfardtpenrcra
%C%WEG%W%P CRIEFREFAPPECCCATCT
amtmcmngmngmcwmmmmme

%&@;&rgxaﬁéesa on \?g%? %%Tﬁ?@&%gﬁg&%&ﬁﬁdﬁdﬁccmc
bé{j% Ep GABETFAGGRT TES CERGRFGYCCACGTACACCCCTE

CCCAGACGACCGCTCCGACCGTGTCTGCTTGTACTACCGAGGACGGCGTGAGCGCTCCA
CCCAGGAAGCGTECEAGGGECCCAAGCACCAACAACACCCTCTEGTGTCGGCGAACATTCG
CAGCGTCGACAGTACCATCAATAACATCGTGACGGATAACTATAACAAGCACCAGAGGC
GTAACAACTGTCACTCTGCCGCAACCCCCATCCTGCAGCTCCAGGCGAGACAGCAATTGC
CTTAAGTGCTTCCGCTATCECCTCARCGACAAGTACARGCACCTCTTTGAGCTCGCCTC
GTCGACGTGGCACTGGGCCTCACCCGAGGCACCTCACARGAACGCCATCGTCACTCTCA
CTTACTCCAGTGAGGAGCAGAGACAGCAGTTTCTGAACAGCGTGAAGATCCCACCGACG
ATCCGTCATAAGGTCGGCTTCATGTCACTGCATCTCCTGTGA

Amino acid seguence (Seq. ID No. 8)

- MEAIAKRLDA CQDQLLELYE ENSIDTHKHI MHWKCIRLES VLLHKAKQOMG LSHIGLOVVP

PLTVSETKGH NAIEMOMHLE SLAKTQYGVE PWTLODTSYE MWLTPPKRCF ARQGNTVEVEK
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The 2. 2kb fusion was digested with Barn H and Not |
restriction enzynes and ligated into p7313ne 29 March 2007
expression vector. |Isolated clones were checked by 20
sequenci ng and indicated no errors had been

i ncorporated 6bllle2 fusion sequence in HPV104 ( Seq.

I D No. 9)
ATGGAAGCTATTGCCAAGCGACT GGACGCCT GCCAGGAGCAGCTGCCTGGAGCT G
TACGAGGAAAACAG 25 ‘
CACAGACCTCCACAAGCACGE GCTGCACT GaANAGT GCATGCGCCACGAGT CAGT
GCTCCTGTACAAGG

CCAAGCAGATGEGEECTGTCCCACATCGEGATGCAGGT CGTGCCCCCOKTGA
AGCFDGSEDRRES YVVWTHIYLO DNDSWVKVTS SVDARGIYYT CGQFKTYYVN FNKEAQKYGS

& '%%&&WWM%W&WM

TT STWHW ASPEAPHKNA IVTLTYSSEE QRQOFLNSVK IPPTIRHKVG
GCAMAEALST TGAGGT GAAAT TCGAT GGGT GCGCAAACAACACGATGGACTACG
TGGTGTGGACCGAT 30

GICTACGT GCAGGACAATGACACCTGEGTGAAGGTACATAGTATGGTGGATGCC
AAGEEiasroid AHPX104 (p7313me 6b/11e2 cfo mut)

CACCRGCGGEGECAGI TCAAGACGT ACTACGT CAACT TCGT CAAGGAAGCCGAAAA

gﬁﬁ%@ TACG GGA! GTACTGTGATCTGCAGCCCCGECCTCCG

TGTCGTCCACCACCCAG
%@Wﬁm@ﬁﬂﬁ(m s DG B0

A oo T i
crdeamertr2 2k was cloned into p7313me expression vector wit e2 at

CCarebeginninGoT thaGadichspradisin GT CGAT TCTGGGAACCACAATCTCATCA

CGAACAACCACGAC 29 March 2007 27

CA CCAAAGGCGCAACAACTCTAACAGCTCCGCAACTCCAATAGTGCAGITC

CA STCCAA

CTGCCTCAAGTGTTTCCGCTACCGCCTCAACGACCGCCACCGCCACCTGTITCGA

dﬁ%mf—ﬁ%ﬁ was di sted ith E‘L,%'Ad Not | restnctlon e e&?nd
sola

gﬁ&@d me express on vector. | ones were che Y
OB BRNGTtaeT GoANSTORaGBAGNREAPDEEBNCAAT CAGCCAC

AAGCT TGGCT TCAT 5

L RBIMGE fuslanisequence i HPVI0 (Seq. 1D Rio. By 1 C0ACEA

TGTACGAGGAGAACAGCAT TGACAT CCATAAGCACAT CATGCACTGGAAGT GCA
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15
CGACCGT GTCTGCTTGTACTACCGAGGACGECGT GAG( GCTCCACCCAGMAEEh 2007

GTGCGAGGGEGECCCA
AGCACCAACAACACCCTCTGT GT CGCGAACAT TCGCAGCGT CGACAGTACCATC

AATAACATCGTGAC
GGATAACTATAACAAGCACCAGAGGCGTAACAACTGTCACTCTGCCGCAACCCC

CATCGTGCAGCTCC
AGGCGAGACAGCAATTGCCTTAAGTGCTTCCGCTATCGCCTCAACGACAAGTACA

AGCACCTCTTTGAG

ATCGICACI CTCAC 2
TTAGECCAEH I"A.'.{&‘c,.i (A

A Cavay LY el R Tayay g

acid se uence g '10) 25 NMEAI A%%E% TECCA
CQEEFE S 012\ A TR

PL Wmmcmmmm WPG’NR@G'ITCAT

AR I MM craB AR WD ALY MBI BAMSAdRsanceaseTecTcaaac
MVDAKG YYT KTYYVN FVKEAEKYGS ~ TKHWEVCYGS

TV|T€§%96?§9§‘°§4‘ P AT o VST RS AT PERRRA A

RSN G20 R R R 2k E S TN SR
Al VTVTYDSE E LDVWV Kl PPTI SHKL GFNMSLHLL M=

B s e SR e ot L B R S e L
H @mmm&m¢m@smmw@mmwsm
L TREK b e, B MMM P dilagEMAcoaGeTCCRTGERACG

VLT DAKMw%%eW kA AN

LNRKY.
pT%%%W§%W?WW
c/ BCPAPCRACARENECCEETAIRTGACEARCATACEAS BT CHEATTAL FATSPATIPEATCCTGAC
angazlrad 67 THWASA RORGHAGHEE T MBIA BBz TEX cREBCoch ReddRdd Bl recaceTe
an

o oA SRR R M ARKBR A AR SR fenconerrranc
p7ﬂ%¢ﬂ%ﬁ%@#ﬁ%@%¢%¢§%ﬁ%@%%@“%ﬁ%ﬂmmc
begrmcmﬁ@ﬂm&mmmmm&mmwccdﬁcmﬁcmmm

%%q EEE' EEE with Barn H and Not |
estriction enzynes an Igated into p7313ne
expreSS|on vector. Isolated clones were checked by

Amino acid sequence (Seg. ID No. 10)

MEAIAKRIDA CQEQLLELYE ENSTDLHKHV LHWKCMRHES VLLYKAKQMG LSHIGMQVVP
PLEVSEAKGH NATEMOMHLE SLLRTEYSME PWTLQETSYE MWQTPPKRCF AKRGKIVEVK
FDGCANNTMD YVVWTDVYVQ DNDTWVKVHS MVDAKGIYYT CGQFKTYYVN FVKEAEKYGS
TKHWEVCYGS TVICSPASVS STTQEVSIPE STTYTPAQTS TLVSSSTKED AVQTPPRKRA
RGVQQSPCNA LCVAHIGPVD SGNHNLITNN HDQHQRRNNS NSSATPIVQF QGESNCLKCF
RYRLNDRHRH LFDLISSTWH WASSKAPHKH AIVIVTYDSE EQRQQFLDVV KIPPTISHKL
GFMSLHLLME AYAKRLDACO DQLLELYEEN SIDIHKHIMH WKCIRLESVL LEKAKOMGLS
HIGLQVVPPL TVSETKGHNA IEMOMHLESL AKTQYGVEPW TLODTSYEMW LTPPKRCFAK
QGNTVEVKFD GCEDNVMEYV VWTHIYLODN DSWVRVTSSV DAKGIYYTCG QFKTYYVNFN
KEAQKYGSTN HWEVCYGSTV ICSPASVSST VREVSIAEPT TYTPAQTTAP TVSACTTEDG
VSAPPRKRAR GPSTNNTLCV ANIRSVDSTI NNIVIDNYNK HORRNNCHSA ATPIVQLQGD
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sequenci ng and indicated no errors had been

i ncorporated. 11/6bE2 fusion sequence in HPV105269a8rch 2007
ID No. 11) 20

ATGGAAGCCAT CGCGAAGAGECT CGACGCCT GCCAGGACCAGCTGCCTCGAGCTG
TACGAGGAGAACAG

CATTGACATCCATAAGCACATCATGCACT GGAAGT GCATTCGCCT GGAGAGCGT
GCPGTTGCACAAGG

CCAAGCAGATGGGECCTGTCCCACATAGGCCT TCAGGT GGT CCCCCCTCTGACCG
TGTCAGAGACAAAG 28 '
GGCCATAACGCAAT CGAGATGCAGATGCACCTCGAGTO00 TGECGAAAACACAG
TACGGECGTGGAGCC 25

AT CHEEKSEREC ASPINEHET T CETHBEAR\ PERREEA TACENCAERARSISAVE P

cP
GCAACACAGT GGAGGT GAAGT TCGACGGCTGPGAGGATAACGTPATGGAGTATG

GGA
A%M@%M@M@M&C@&meu CG
AAGGGCATCTACTA

TA TTAAAACCTACTATGTGAACTT(' AACAAAGAGGCCCRAA
AGTATGGCTCCACCA

AC@ igie %ﬁ%%% %T&egcgmgwqqﬂ-ﬂ'l 02

ACW@GT—@IM%med info p7313me expression vector and wnth the é 162

T GGCGAACAT TCGCAGCGT CGACAGTACCATCAATAACATCGTGACGG
A ‘AACAAG

CACCAGAGGCGTAACAACT GTCACTCTGCCGCAACCCCCATCGTGCAGCTCCAG
O N@CAZKD @ision was dlgested with Bam HI and Not | restriction enzymes and

R Sl S A iy

ACTCCAGTGAGGAG

CAYoNaCEa6 dd GlavelaCHl WECQQAQC% JOGGICATAAG
GTOGGCPT' CATGIC 29 Mar ch™ 20 O

ACTGCATCTCCT GATGGAAGCT AT TGCCAAGCGACT GGACGCCT GCCAGGAGCA
GAGGCTCGACGLCTGCCAGEACCAGCTOCTCGAGCTGTACGAGGAGARCAG

C"w&‘? WRWG

CACTCTGCCGCAACCCCCATCATGCAGCTCCAGRGAGACAGCARTTG
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TCTCCCTGCAATGCCCTGTGCGT TGCTCACATCGGECCCTGTCGATTCTGGGAAC
CACAATCPCATCAC 29 March 2007
GAACAACCACGACCAGCACCAAAGGCGCAACAACTCTAACAGCTCCGCAACTCC
AATAGTGCAGITCC

AGGGGGAGT CCAACTGCCTCAAGT GTTTCCGCTACCGCCTCAACGACCGCCACC
GCCACCTGITCGAC 15

TTGATCAGT TCCACGT GGCACT GGGCCAGCAGCAAGGCGCCCCACAAACACCECT
ATCGTGACGGTGAC

CTACGACT CCGAGGAGCAGAGGCAGCAGT 28 CTGGACGT CGTGAAGATTCCTCC
GACAATCAGCCACA AGCTTGGCTTCATGICCCTGCACCTGCTGA Ani no

aci d sequence (Seq. ID No. 12) 20 MSAI ARRLDA

CQBECIHCET VS CEMNSCEAAGRER T TRIIAG CRA F IS R ORAFARER BRI ERRAS C TCT
PLK@EEMMAEA%M%W&WEWW

%%%WGCCCCCGCTGAAGGT

(ARNINETIEC TCCGRAGCGCTGT”

%&TW&@MT&ACTA&T
FMWGWMM@WWWWMGGWW@
KCARIESMh T AKEMSGEE it A taARNER I T AL AAUEITINAS TCARGGAAGCCGARRAG

&%%MCCCCGCCTCCGTG‘I‘C
VWKVHSWD AKd YYIC%
o e R

KERANCCC TR RRIRARI CCGGEECATCCAGCAG
Qﬁ@%ﬁﬁsﬁ%ﬁgﬁ%ﬁ%&ws Wﬁ%@“@gﬁ;ﬂc

(pﬂﬁﬁ@m&mﬁhﬂkﬂc@ﬂﬁﬂﬂhﬁTﬁﬂEﬂhﬂﬁMﬂ@@ﬂﬁhﬂgﬂﬂﬁgﬁ@UgﬁﬂmfﬂﬂTdym

from E@%E%GQ% cto mut 5 clone N?ﬂre?gnévdg? mene
TR PO AR BB TP SR apaacnca

ouﬁcmfeddmcm%@d@irmmem@l one by Not | and 10 Barn
H restriction digests. This fragnent was then |igated

info.p7313i e vecto usg, these sites. The gene Is
urfél@ll'g)‘fﬂégﬁ?ﬂf‘%?e [ﬁe‘{'%?ﬁ’e"gfomt er (immediate early
cnv +

MEAIAKRLDA CQDQLLELYE ENSIDIHKHI MHWKCIRLES

VLLEKAXOMG LSHIGLQVVP

PLTVSETKGH
FDGCEDNVME
TNHWEVCYGS
ARGPSTNNTL
YRLNDKYKHI,
FMSLHLIMEA
IGMQVVPPLK
GKTVEVKFDG
EABKYGSTKH
TPPRKRARGV
SNCLKCFRYR

PT1SHRKLGFM

NAXEMOMHLE
YVVWTHIYLQ
TVICSPASVS
CVANIRSVDS
PELASSTWHEW
IAKRLDACQE
VSEAKGHNAT
CANNTMDYVV
WEVCYGSTVI
QOSPCNALCY
LNDRHRHLFD
SLHLL

BLAKTQYGVE PWTLQDTSYE
DNDSWVEVTS SVDAKGIYYT
STVREVSIAE PTTYTPAQTT
TINNIVIDNY NKHQRRNNCH
ASPEAPHKNA IVTLTYSSEE
QLLELYEENS TDLHKHVLHW
EMOMHLESLL RTEYSMEPWY
WTDVYVQDND TWVEVHSMVD
CSPASVSSTT QEVSIPESTT
AHIGPVDSGN HNLITNNHDQ
LISSTWHWAS SKAPHKHAIV

MWLTPPKRCF AKQGNTVEVK
CGQFKTYYVN FNKEAQKYGS
APTVSACTTE DGVSAPPRKR
SAATPIVQLQ GDSNCLKCFR
ORQQFLNSVK IPPTIRHKVG
KCMRHESVLL YKAKOMGLSH
LQETSYEMWQ TPPKRCFAKR
AKGIYYTCGQ FKTYYVNFVK
YTPAQTSTLV SSSTKEDAVQ
HQRRNNSNSS ATPIVQFQGE
TVTYDSERQR QQFLDVVKIP

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




exonl) and followed by a rabbit b-globin

pol y-adenyl ation signal. 15 Ebel sequence in p73iBMarch 2007
(Seq. 1D No. 13)

ATGGCAGACGATTCCGGTACTGAGAACGAAGGTTCTGGT TGTACCGGTTGGTTC
ATGGTTGAAGCAAT
CGTTCAGCATCCGACTGGTACCCAGATCTCCGATGACGAAGACGAAGAAGT TGA
AGATTCTGGITACG 20
ACATGGTTGACTTCATCGATGACTCCAACATCACTCATAACTCTCTGGAAGCAC
AGCCTCTGITTAAC CG 30 '
CCAGGAAGCTGATACCCATTACGCTACTGTTCAGGACCTGGGAGGCAAATATCT
GGGCTCTCCGTA

CGTTTCCCCGATCAACACTATCGCAGAAGCAGT TGAGTCTGAAATCTCCCCGECG

CCZ Goatve@tintbeest:

AACTGACT CGTCAGCCGAAGAAGGT TAAACGT CGTCTGTTCCAGACT CGTGAAC
TGACCGACTCCGGT = TACGGTTATAGCGAAGT TQAGGCTGGCACC
ccabedamaptinissd mptatetbet Aesciarsiereddrom p7313plc 6bel cfo mut

5 COGCIoAENGhfcArofMyrBBIeACCGGECCGCGACAT CGAGGGT GAGGAACACAC

10

CGAAGCTGAAGCTC
CGACTAACTCTGT TCGT GAACACGCAGGTACT GCGGGTATCCTGGAACTGCTGA
AATElONRGINCCTG

CGCGCGGECTCTGCTGGGCAAAT TCAAAGAAT GCTTCGGCCPGTCTTTCATTGAC

1)
TAG”Ag;@%CT EXROA FROmRat M LM QL R34S B g gt  anc
CCAl trigtion digests. This fragment was then ligated into p7313ie vector

AAGENTQ' ﬁ?@Q@AAACT GATCGAGCCGCTGI CTCTOTACGCGCACATCCAGT OGe

15

i’ hder the coptral of e je. BRIl e e +

pwed by a rabbit b-globin poly-adenylation signal.

GCCT ACCCT GCTGAACAT CCCGGAGAACCAGAT GCTGATCGAACCGCCGAAAAT
CCAGTCTGGTGTAG

CT GTACT CT%GCA] CGCTAGCACTG TATCGGTG

AA %rﬁ ie (Seq No 13)

ATCACTCGT CAGACCGT TATCGAACACGGTCT GGCAGATTCT CAGITCAAACTG
ACTLAOA S A e TACTEAGA A CEAAGE T TCTGE T TG TACCEG T TEG T TCATGGT TGAAGCAAT

GTGECATACGACAACGACAT CTGCGAGGAATCT GAAAT TGCGIT TCGAATACGC
TS ETRS S EYSHCEIETACCCAGATCTCCRATGACGAAGACGAAGAAGTTGAAGATTCTGGTTACG

AARe AR d Aldir b BT ! TATCTGGECTCTCCGTA
ATGI GCCGT CACTACAAACACGCGGAAAT AAAATGFCTAT CAAACAGT GG
AT CR R oA EpRCACTATCGCAGAAGCAGTTGAGTCTGARAT CTCCCCACAC

" TT GRERERET CHI A AGGGEE AN RCH U C R T OER T OB A ACRBCACCGET
. T%@éﬁﬁﬁﬁﬁb&{mmmmcm@mcwsmmmmmcmm

- TA%%A@%WmﬁWWW

35

ﬂ%%é&%@mmmmmmmmmmmmcecmcc



10.
TTCTTCGAGCGTCTGTCTTCCTCCCTGGACATCCAGGACI ' CTGAACRI (d¥ch 2007
AGATGG r CTAACTC

TCAGGCTTTCCGTITGTGI TCCGGGTACTGTTGTTCGTACTCTGTGA A no

acid sequence (Seq. 1D No. 14) 15 MADDSGTENE

GSGCTGWW EAI VQHPTGT Q SDDEDEEV EDSGYDWDF | DDSNI THNS
LEAQALPNRQ EADTHYATVQ DLGCKYLGSP YVSPI NTI AE AVESEI SPRL

DAl KLTRQPK KVKRRLFQTR ELTDSGYGYS EVEAGIGTQV

EKHGVPENGG DGQEKDTGRD | EGEEHTEAE  APTNSVREHA

GTAG LELLK CKDLRAALLG KFKECFGLSF | DLI RPFKSD KTTCLDWVA
GFA HHSI SE AFQKLI EPLS LYAH QALTN AWGWLLVLL RFKVNKSRST
VAMMEMA%W&MC@&MWWTCAA@ACCGWG
ST \rehOREY 42 LB -EEKaa bRl Soe MMM B dsconTeacancaTcaanT

CEESEI AFEY Al DSNA RAFI ZJ SN KYVKDCATMC
BRI A AL S—

NI A RRICTAC A YR GRS RN M PP TR S FGIVBT TCCTGGGCGGCACTAT
L1 2krbédetvAcormiinepréodcbédtryYoitittsdabidiot & ACh bR XafiRbErcTac

NP BN S SRS KR PR TS RSt ecichoomc

DGSREGS R VR IOFYRFACAGAANICECSTERHT CTIARTCRRAG TR (P SHCACEIREPAACTTC
C YorEAdR)T m@&&@&a&éﬂn@hﬁm&ﬁe@ﬁ@@cﬁﬂbb@ﬂz@@ﬂnﬁt@h&ﬂm&

o7 SRSk SR B I RS e S omnnrc

: nuFT?Wﬁ@ﬁ%ﬁ?cﬁﬁ§TBEFCﬁ@F@UW“EVR@mGFﬁBGHEQEGNEW€HB¥ﬂFBFUKWC
|  ackbecBarorerteTcesdocteticoorbirgesiagrcrtres fragnment was
then ligated into p7313ie vector wusing these sites.

The gene is under the control of the |le pronoter

(i ﬁﬁ%ﬂ?&f-‘@ seayangedBpd-IDMe) and fol | owed by a

rabbit b-gl obin poly-adenylation signal. 5 6be2

S CEABDICEENEN Gty £50GurTd? DBpDESBEY EDSGYDMVDF IDDSNITHNS

BT AR S Sl

TA
CACABRE IR ARG E TR PRIV TEXHGH R

GOt (REAR A ASAGT1ELIK CKRDLRAALLG XFKECFGLSF IDLIRPFKSD KITCLDWVVA
e T el e e cccvee e e ercassasemi Y o}
IPENQMLIEP PKIQSGVAAL YWFRTGISNA STVIGEAPEW ITRQTVIEHG LADSQFKLTE
MVQWAYDNDI CEESEIAFEY AQRGDFDSNA RAFLNSNMQA KYVEKDCATMC RHYKHAEMRK
MSIKOWIKHR GSKIEGTGNW KPIVQFLRHQ NIEFIPFLTK FXLWLHGTPK KNCIAIVGPP
. DTDESYFCMS LISFLGGTVI SHVNSSSHFW LOPLVDAKVA LLDDATQPCW IYMDTYMRNL
LDGNPMSIDR KHKALTLIKC PPLLVTSNID ITKEDKYKYL HTRVTTFTIFP NPFFFDRNGN
AVYELSNTNW KCFFERLSSS LDIQDSEDEE DGSNSQAFRC VEGTVVRTL

ecA- RBERDTPSRED

4

8. Plasmid: HPV110 (p7313ie 6be2 cfo mut)

Gene of interest:

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

Cloning:




GGCCACAACGCTATCGAGATGCAGATGCAC ¢ TGGAGAGCCT GCTGCGGACCGAA
TACAGCATGGAGCC 29 March 2007
CTGGACTCTCCAGGAGACGT CCTACGAAAT GTGGCAGACT CCr CCGAAGCCCTG
TTTCGCAAAGCGCG

GCAAGACAGT TGAGGT GAAAT TCGAT GGGT GCGCAAACAACACGATGGACTACG
TGGTGTGGACCGAT

GICTACG GCAGGACAATGACACCTGEGTGAAGGTACATAGTATGGTGGATGCC
AAGGGCATCTATTA 15

CACCTGCGGEGECAGI TCAAGACGT ACTACGREAACT TCGT CAAGGAAGCCGAAAA
GTATGGTTCCACCA

AGCACTGGGAGGT G GT TACGGEGAGTACT GTGATCTGCAGCCCOGCC. r CCGTG
TG hedhe2afmantfragment was cut out of pWRGTO?? 6be2 clone by Not | and

GT@adyemectexpel) and followed by a rabbit b-giobin poly-adenylation signal.
5 CCCTGIGCGT TGCTCACATCGGCCCTGTCGATTCTGGGAACCACAATCTCATCA

AR R R R IR AR BRI AT AGTGCAGTTC

CAGGGGGAGTCCAA

CT RSHAMEI
w%@%é%&&mw&%ﬁﬁm&m

GTCCCACATCEGEATGCAGGTCETGCCCCCECTGAAGETGAGCGARGCCARG

10

IS %ﬁr’%ﬁ%@%ﬁ%ﬁ& B%f%**'fbmem

seguence eq.
ENGFBY EVRFESSHISE FROAREMBCE S ACGTOGTGTGEACCERT

RWWEM&MbEMCEWWGCAC

&ﬁﬁhﬁgﬁéﬁﬁ§kg TCTCCCTGCARTG

Al VTVTYDSE E LDW | SHKL GPNBLHLL 35 29 Mar ch
206%CTEgALE TG PG T8 T T P AN A TR E D CRPAED CCACCRL

20 Gennsoaﬂcn&mﬂennes&caﬂ&rEhnmqyanec@amncr¢uaapn¢q¢pnmmmecmﬁqGﬁGAGTCCAA
C O RfdcbbiErdn il fodrh cfaddrb R Ba édé%bﬂébd&&ﬂéc%{‘rcdﬁ@%&-%cm

in order of obel, 6be2, 11 e2 all codon optin sed

R AR B PR R R S Rt PR rocene
f rmm@mmmwm&@wmmw

6bsrcberscatbfacib®g Of the gene is -4. 1kb, produ0| ng a
25 pol yprot ei n of

Amino acid seguence (S8eq. ID No. 16)

MEATAKRLDA CQEQLLELYE ENSTDLHKHV LHWKCMRHES VLLYKAKQOMG LSHIGMQVVP

PLKVSEAKGH NATEMOMHLE SLLRTEYSME PWTLQETSYE MWQTPPKRCF AKRGKTVEVK

30 - FDGCANNTMD YVVWTDVYVQ DNDTWVKVHS MVDAKGIYYT CGQFKTYYVN FVKEAEKYGS

' TKHWEVCYGS TVICSPASVS STTQEVSIPE STTYTPAQTS TLVSSSTKED AVQTPPRKRA

RGVQOSPCNA LCVAHIGPVD SGNHNLITNN HDQHQORRNNS NSSATPIVOF QGESNCLKCF

RYRLNDRHRE LFDLISSTWH WASSKAPHKH AIVTVTYDSE EQRQQFLDVV KIPPTISHKL

-_ GFMSLHLL
35
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--17CkD, observed by PAGE and Western blot. 10 d oning:
15 The pol yprotein gene was digested with Barn ko March 2007
Not | restriction enzynes and ligated Into p7313ie
vector. Sequenci ng anal ysis of selected clones had

I ndi cated the 'odd' base change, but this was overcone
by various fragnent swapping. A resulting clone
hpv11l6 #1 was found to have no errors. 20 Pol yprotein
sequence in HPV116 (Seq. ID No. 17)
ATGGCAGACGATTCCGGTACT GAGAACGAAAST TCTGGT TGTACCGGTTGGT TC
ATGGTTGAAGCAA

TCGT TCAGCATCCGACT GGTACCCAGATCTCCGATGACGAAGACGAAGAAGT TG
AAGRTIGSIBET THPYH16 (p7313ie 6be1.6be2.11e2)

CGACATGGI TGAC TTCATCGATGACTCCAACATCACTCATAACTCTCTGGAAGC

Al
AA%%TACCOATTAC@T ACTGI TCAGGACCT GGGAGGECAAA
TATCTGEECTCTC

%ﬁ@ﬂ@%ﬁw EORpRidIA lIFENMSECARTT 18\ @ Gié\ Fadis-protein
AP AL prer chBReskeR e Bl oRion SEfimieet ard aisieg The

TG@W{:@(@MMe was assembled by PCR from using 2 previous PCR fragments;

TC@E&TTMM&\@@&W@J BV NOaNSTRgh Polfgrétein of
M&M&%MH@&@%&M@TC@M@%

AACACACCGAAGC
TGAAGCTCCGACTAACTCTG7 TCGT GAACACGCAGGTACT GCGGGTATCCTGGA
ACTGCTGAAATGC |

AAAGACCT GCGCGCGGECT CTGCT GGGCAAAT TCAAAGAATGC TCGGCCTGTCT
TTEAPMRACCTGA

TCCGTCCGTTTAAGT CTGACAAAACTACCT GTCTGGACT GGGTTGTAGCAGGCT

Cr ARt gone s diassled with Bk et ssicion gyugs and

catioatadTitrY398ie vector. Sequencing analysis of selected clones had -

ACTHINTET TRESRIBABEET ERAIE] BT ANE GrACORETImAANCT ARG Pdgment

e Rreind PRER e iMes S o v e R Pearoc

AACCGCCGAAAAT
CCAGTCTGGTGTAGCTGCACTGTACTGGTTTCGTACTGECATCTCTAACGCTAG

@@E@%&&%&fﬁﬂfé&%ﬂ?@@@d%@T

TCTCAGITCAAAC

GA TTGAAGATTCTGGTTA
GAACAGCAACAT
@%@m&w&mm&w&mﬂrmmcmmmmm TTT

AT g b A4 A ACGATCAA CACTATCGCAGAAGCAGTTGACTCTAARATCTCCCCRCGCCTGOACET

Rl SR B i

-
W&GGTCAGGAAAAGGACACCGGCCGCGACATCGAGGGTGAGGAACACACCGM
TEAAGCTCCEACTAACTCTGTTCGTGAACACGCAGETACTGCGEGTATCCTGGAACTGCTGARATGC
AAAGACCTGCECECEACTCTGCTEEGCAAATTCAAAGAATGCTTCGGCCTGTCTTTCATIGACCTGA
TCCGTCCGTTTAAGTCTGACAAAACTACCTGTCTGGACTGECTTGTAGCAGGCTTCGGCATCCACCA
CTCTATCTCTGAAGCATTCCAGARACTGATCGAGCCACTGTCTCTGTACGCGCACATCCAGTGECTG
ACTAACGCTTGGGETATGGTTCTCCTGETACTGCTGCGCTTTAAAGTARACAAATCTCGTICCACTE
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15

AAAAAAAACT GCATCGCTAT CGTAGGT CCACCGGACACTGACAAGICTTACTTC

TGTATGICCCPGA 10 29 March 2007
TCTCTTTCCTGEECEECACTGTAATCTCTCACGT TAACTCTTCCTCCCATTTCT
GGCTGCAGCCACP

GGTAGACGCGAAAGT AGCT CTGCT GGACGACGCGACCCAGCCGT GCTGGATCTA
CATGGATACTTAC

ATGCGCAACCT GCTGGACGGT AACCCGAT GT CTATCGACCGT AAACACAAAGCG
CTGACTCTGATCA

AGTGCCCGCCCCTGCTGGTAACT TCTAACARHECGACAT CACCAAGGAAGATAAAT
ACAAGTACCTGCA

TACCCGTGI TACTACCPTTACT TTCCGGAACCCGT TCCCGT T TGATCGI AACGG

TARBGCTCSE R P TGFETACCCTGCTGAACATCCCEGAGAACCAGATACTGATCGAACCGCCGARAAT

GAASCRGHETGAREING FARGTE 6 ARHBTT ddTh E CERGECTETAABICTAGET B TRErGaT
N oA e O A A G CaC AT CTCA BT CARAC
C1 WCAGTGGG@TACGACAACGACATCTGCGAGGAAT@GAAMTGCGNCGAATA
T CEATSHAACESRAL dTICEAACCAMGT TFAGCEES A FEGTEARTAC
%&%Wm%&w crazcanac
-|-OQGTWCCGCGGHQMTCGAAGGTACCGGTAACTGGAAACCGATMCAGTTCc'r

x 3 \GGAR CLET CICPCAGAA CEEEAT A RACRSTCATECARCTIEA CcCa
TG%m'ﬁ%ﬁf8&'.'.[‘11‘1‘CGTAGGTCCACCGGACACTGACAAGTCTTACTTCTGTATGTCCCTGA

AGCCAAGGGECCACAACGCTATCGAGAT GCAGATGCACCT GGAGAGCCT CCT CCG
GACEE AR EREIRSECGACACTGTAATCTCTCACGTTAACTCTTCCTCCCATT TCTGGCTGCAGCCACT

AT CRsBCETRABACTAT

AA%E&%@I‘GGACGGTMC CCEATETCTATCGACCGTAAACACARAGCCCTGACTCTGATCA

CAAAGCGCGECAAGACAGT TGAGGT GAAAT TCGAT GGGT GCGCAAACAACACGA
T AR S ERGgSFECTGETAACTTCTAACATCGACATCACCARGGAAGATAARTACAAGTACCTGCA

AACTGGAAATGCT TCTTCERAGCETCTGTCTTCCTCCCTGAACATCCAGGACT

COR AL CTAN
GGCATCTAT TACACCT COGIUCAGT T CAAGACGT ACT ACGT CAACT TCGT CAAG
GAWTTCTAACTCTCAGGCTT GTTETETTCCGEE TCGTAC

Ccm&ccmmcmmcc PRCACTGAAAG TACATGOCCCACGAGTCAGTECTCCTGT

R AL R s

25

30

35

@&‘&%&crcrccmcmaccrccmm GTCGCAGACTCCTCCGAAGCGCTGTTTCd

LSl A A S

AWE&HMG@GCMA&MGA@A@GQMA@TC@TM@&T@MM

ATGTGECTGACCCCACCTAAGCGAT GCTTCGCCAAACAGEECAACACAGTGGAG
GTGAAGTTCGACG
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GCTGTGAGGATAACGTI TATGGAGTATGT CGT GT GGACGCACATCTATCTGCAGG

ACAACGACAGTTG 5 29 March 2007
GGTGAAGGT GACCAGCT CCGT GGACGCGAAGGEECATCTACTATACCTGTGGGECA
GITTAAAACCTAC

TATGT GAACTTCAACAAAGAGGCCCAAAAGT AT GGECT CCACCAACCACTGGGAG
GICTGCTATGGEA
GCACGGTGATTTGCT CTCCCGCCAGCGT GT CTAGCACT GT GCGCGAGGT GAGCA
TTGCCGAGCCGAC
CACGTACACCCCT GCCCAGACGACCGCT CAEBACCGT GTCTGCTTGTACTACCGA
GGACGCECGTGAGC

GCTCCACCCAGGAAGCGT GCGAGEEECCCAAGCACCAACAACACCCTCT GI GIG
GO R AP RO CCE BT CTGACCETGTCAGAGACARAGGRCCATAACGCAATCGAGATACAGATCCA

WCACCI‘AAGCGATGCTTCGC‘CAAACAGGGCAACACAGTGGAGGTGAAGTTCGA Ce
TCACT CT GOCGCAACCCOCAT OGT GCCAGCT CCAGCGAGACAGUAAT TGOCTTAA
GFC%FQWCGTTATGGAGTATGTCGTG TGEACCCACATCTATCTGCAGGACAACGACAGTTS

COCTOHCEAEAGTRCANGE

T Ol oA A A cAAAGAGECCCARAAG TATGGCTCCACCAR CACTOGGACGTCIGCIATERG
AGGCACCTCACAAGAACGCCATCGICACTCTCACT TACTCCA %CGAC

GAW}F}F@FCTCTCCCGCCAGCGTGTCTAGCACTG‘I‘GCGCGAGGTGAGCATTG

GAABAEECE A AT CBEARBCABTAT COCF CATAG CE RS IET (S RETERGTCAGS
ﬁi?EE@%?%%EFH&&ﬁéggéégégﬁga@b?g%hﬂ%gigg;ﬁﬁiﬁﬁndb@ﬁ@hGTbiédN@aach&%cecA
DR AR B PN SRR TS TAF et otichncra
YV SRR A G S SPIRC T GRCKT (RGP RACA2 ACGRERFERCT TR TECTTCCGCTAT
EL tB86rte Sa e i ab il d oy Eahiets dordnidal &dbet AdabbidzAccoe

Qo1 v R N ——

15

20

25

30

35

LY AR CBACTTEAARERAPCR SR R IR TR B REAC T ARSI TRATGRCACTGCATCTCCTGTGA
| PENQVLI EP PKI QSGVAAL YWFRTG SNA STVI GEAPEW | TRQTVI EHG

LA T i FEY AQRGDFDSNA

RAPPRERASR REVERTRE NG i 55 sl Kk ki

GSKI EGTGNW KPI VQFLRHQ NI EFI PFLTK FKLW.HGTPK KNCI Al VGPP
DTﬁKﬁﬁé‘é@kﬁE ldSaehékEMv EASNNBTGIHIONS biRE O Sa Y DINTIIRA TOBXNA/THNS

W Wﬁwwmsm DAIKLTRQPK

Kcﬂﬂm;@gg% | RGN T RS RENG G R R RE B RET RAE
QERPINSVYERA NFABL LY CROMKEMRIAE RY K4 PECAK QUIE R SR SBVRYTERHVVA

YNKSRST VARTLATLLN
ND VAHRUHERR \FESAW@W@W\/&FVWER RIBPTREHE
Vi W EWE&@WWK&WD&@@PWHRK

SSA 2 2’% @%@%@ﬁm? IPIRHL S S%ﬁﬁh@rpx KNCIATVGPP
N S E S TOHEE R IR B Y & P %E?HE
35mmmm@mﬁmmwmm<&mmmm RITEVUTETFP NPFPFDRNGN

H M et kERRAAYBEE oA 9p M DESHEGAFRC VPGTVVRTLM EAIAKRLDAC
OEQLLELYEE NSTDLHKHVL HWKCMRHESV LUYKAKQOMGL SHIGMQVVPP LKVSEAKGHN
ATEMQMHLES ILRTEYSMEP WTLQETSYEM WQTPPKRCFA KRGKIVEVKF DGCANNTMDY
VVWTDVYVQD NDTWVKVHSM VDAKGIYVYTC GQFKTYYVNF VKEAEKYGST KHWEVCYGST
VICSPASVSS TTQEVSIPES TTYTPAQTST LVSSSTKEDA VQTPPRKRAR GVQQSPCNAL
CVAHIGPVDS GNHNLITNNH DQHORRNNSN SSATPIVQFQ GESNCLKCFR YRLNDRHRHL
FOLISSTWEW ASSKAPHKHA IVTVTYDSEE QRQQFLDVVK IPPTISHKLG FMSLHLLMEA
IAKRLDACOD QLLELYEENS IDIHKHIMHW KCIRLESVLL HKAKQMGLSH IGLOVVPPLT
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16

36 VSETKGHNAI EMQVHLESLA KTQYGVEPWI LQDTSYEMAL

TPPKRCFAKQ GNTVEVKFDG CEDNVMEYW WIHI YLQDND 29 March 2007
SWKVTSSVD AKA YYTCGEQ FKTYYVNFNK EAQKYGSTNH

VEVCYGSTVI CSPASVSSTV REVSI AEPTT YTPAQTTAPT VSACTTEDGV
SAPPRKRARG PSTNNTLCVA NI RSVDSTI N NI VTDNYNKH

QRRNNCHSAA TPI VQLQEDS NCLKCFRYRL 5 NDKYKHLFEL

ASSTVWHWASP EAPHKNAI VT LTYSSEEQRQ QFLNSVKI PP TI RHKVGFMS
LHLL 10. Plasmi d: HPV117 (p7313i e 6be2.6bel.11e2) 10

Gene of Interest: The gene forgghe polyprotein in

construct HPV117 is a triple fusion protein conprised

in order of 6be2, Ebel, 11 e2 all codon optin sed and

mut JEEERCEFAE E“Qﬂﬁﬁﬁﬁlﬁt @'WG@EW&‘ WEBT HEYRRFIPEHREGEAKRCRNTVEVKEDG

f r ODEMSMBREVY HYLEYIHD SERVTEAETRRESvTES0 Elm’nmm%@ﬁcmsrm

ool JErarEri Sspadbel o Baile, Hyidinte Jen Py, pleuoas

bl o¥ TRNTHERYh QRSB TIN N YEPYPTkGE GRRNNFHARA \ﬂ&’é"f@ﬁﬂf@ﬁt R-KCFRYRL

Wi t ioiBamorEl asshatwake NeSHKEIVIONTEINERERS oRRNsVHTipgat BGIKVGFMS
i nt 7313i e vector. Sequenci ng anal ysis of selected

clones had indicated the 'odd" base change, but this
was overcone by various fragnment swapping. A

r est0: Plasmicy PV 47 Xp72d 3ie6bbR1BIE 1.4 18RYe no errors.
25 Pol yprotein sequence In HPV117 (Seq. |ID No. 19)
AT?A\AQC:BCQIr T TGCCAAGCGACPGGACGCCTGC GTACGAGGAAAACAG 30

GCACGT GCTGCACTGGAAG TGCATGCGCCACGAGT CAGT
GCTCL MIACAAGG CCAAGCA. GATOOOGCTGTCCCACATC, G G

150, S RO SO BT o il fsian, protein
TACRREsed pyder of 6be2 6be1 11e2 all codon optimised and mutated. The

AT Ftana6Mg B@radoes\RCEJEdments;

TTTM@B@@@n e o rotein
%ﬁ%&%ﬁ%ﬁ%&ﬁﬁ%ﬁmﬁ%ﬁm

GI'CTACGT GCAGGACAAT GACACCT GGGT GAAGGTACATAGTATGGTGGATGCC
A@EISRINGCTATTA 29 March 2007 37

CACCT GI TCAAGACGTACTACGT CAACTTCGTCAAGGAAGCCGAAAA
GI ATGGT TCCACCA

25

30

35

C@ﬁﬁé@mwle vector. Sequencing analysis of selected clones had
indicated the 'odd’ 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)

- ATGGAAGCTATTGCCAAGCEACTGGACGCCTECCAGGAGCAGCTGCTGEAGCTGTACGAGGARAACAG
CACAGACCTCCACAAGCACGTECTGCACTERARACTECATGCGCCACGAGTCAGTECTCCTGTACAAGE
CCAAGCAGATGGEGCTETCCCACATCAEEATCCAGETCGTECCCCCACTGARGATGAGCEAAGCCAAG
GGCCACAACECTATCGAGATGCAGATGCACCTGGAGAGCCTGCTGCGGACCGAATACAGCATGEAGCC

CTCGEACTCTCCAGOAGACGTCCTACGAAATGTGGCAGACTCCTCOGAAGCEOTETTTCACAAAGCECE _

GCAAGACAGCTTGAGGTGAAATTCEATAGETEGCECAAACAACACCATGBACTACCTGGTGTEGACCGAT
GTCTACGTGCAGGACAATCACACCTGEGTGAAGGTACATAGTATACTCRATGCCAAGGGCATCTATTA
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GAAGT GAGCATTCCGGAGAGCACCACAT ACACCCCGGECCCAAACGAGCACGCTC
GICAGCAGCAGCAC 29 March 2007
CAAGGAGGACGCCGT CCAGACGCCCCCCCEEAAGAGEECCCEEEEEGET CCAGCA

GICTCCCTGCAATG 5
CCCTGTGCGT TGCTCACAT CGECCCTGI CGATTCTGEGAACCACAATCTCATCA

CGAACAACCACGAC
CAGCACCAAAGGCGCAACAACTCTAACAGCTCCGCAACTCCAATAGTGCAGTITC

CAGGGGGAGT CCAA
CTGCCTCAAGTGTTTCCGCTACCGCCT CAATGACCGCCACCGCCACCTGT TCGA
CTTGATCAGITCCA

CGT GGCACT GEGCCAGCAGCAAGGCGECCCCACAAACACCCTATCGTGACGGT A
CC TG RGE R TCAAGACGTACTACGTCAACT TCGTCAAGGARGCCGARRAGTATGGTTCCACCA

AGQWWEWMC%G
o A ot o SR AR TS SRS SR AR SRR pgEhacac

TT CCRACBAIGETEZCE TCCAGACCCCCCCCCEGARGAGGECCCGGAEEGTCCAGCAGTCTCCCTGCARTG

WWWWWMW@@&mC
AR R e capCToas R CTReATACICAT I dCAGBaReRRTCCAR

AACT ST ARG YT TCOGCTACCGCCTCARCGACCRCCACCGCCACCTETTCGACTTGATCAGTTCCA
ACAEET G ErIdebAAGKGE ACEERCCH EA M AL SCA TOREEXChATCALGETAAtACACCaas

T R ameerecacaraoaaaa TG CTERaACRIT AR CRA

C-|-W@g&&@mﬂmmcmmmmwmmmcmws@m

R o T R
ACCGAA CGCAGGTIACT GCGEGT,
ATWWACGGMTAGCGAAGWGAGGCTGGCACCGGCACCCRGGTTGMACACG

WMM&—EC%&TMCTCTGTTCGTGAACAOGCAGGTACTGCGGGTATCCTGGAACTGCT
ACCTGATCCGICCGTTTAAGI CTGACAAAACTACCEGTCTCGACTEEGT TGTAG
m%?%q@mmmcmmmm GOT T CGOCCTGTOTTTCATTG

%&%@F&GAAGGATTCCAGAAACTGATCGAGCCGCTGTCTCTGTACGCGCAGATCCAGTG
CCTGACTAACGECI TEECGTATGGT TCTECTGCGTACTCCTGCECTTTAAAGTAAA

TATEGTTCIGCTEETACTGCTCCGCTTTAAAGTAAACAAATCTCGTTCCA

TG ERaee Y AacTe T ACTGOTTTCGTACTGECATCTCTAACGCTAGCACTGTTATCGS

ATCOAGTCTC-IBTGTAGCTC—DACTGTACTC—IBTTTCGTACTG(X)ATCT
A Wgﬁ CETCAGACCATTATCGAACACCGETCTGECAGA

CAABCH A PCSBAT TCATCCCETTCCTGACCARATT CAAGCTGTGRCTGCACEGTACCCCGAARAR

WM
GTCTA@@‘EE@EECEE&?%E@F LGt GdrbrerT

GTCCCTGATCTCTT
TCCTGGEECEECACTGTAATCTCTCACGT TAACTCTTCCTCCCATTTCTGECTGC

AGCCACTGGEGTAGAC
GCGAAAGTAGCT CTGCTGGACGACGCGACCCAGCCGT GCTGGATCTACATGGAT

ACTTACATGCGCAA
CCTGCTGCGACGGTAACCCGATGT CTATCGACCGT AAACACAAAGCGCTGACTCT

GATCAAGTGCCCGEC



35
CGCTGCCTGGTAACTTCTAACATCGACAT CACCAAGGAAGATAAATACAOMALEH 2007

TGCATACCCGIGIT 29 March 2007 38
ACTACCTTTACTTTCCCGAACCCGT TCCCGT TTGATCGTAACGGTAACGCTGT T

TACGAACTGT CCAA
CACTAACTGGAAATCCTTCTTCRAGCGT CTGT CTTCCTCCCTGGACAT CCAGGA

CTCTGAAGATGAAG
AAGATGGT TCPAACTCTCAGECTTTCCGI TGTGT TCCGEGTACTGI TGTTCGTA

CTCTGATGGAAGCC 38
ATCGCGAAGAGGCT CGACGCCT GCCAGGACCAGCT GCTCGAGCPGT ACGAGGAG

AACAGCATTGACAT 5

CAACK I CAMFEGARI CCTT CTTCRAGCETCTGTCTTCCTCCCTGGACATCCAGGACTC TGARGATGARG

WE%E%@W@%%

C@M@@m&@AAATGTGGCTGACCCCACCTAAGCGATGCTTCGCCAAACAGGGCAACACAG

CAM%W&%@%@@%&TCW

10 TACTATACCTGICG
CCAGPFARRARANET

CA@AAWCTATGTGAAWTCAACMAGAGGCCCMAAGTATGGCICCACCAACCACTGGG

A%%IM%W%M&&%&
TGUECGACGTGAGC - _

ACCGR

CIGIGICG 15
W@W&Eﬁaﬁ%@wﬁﬁﬁmﬁ

ACAARECAETATARGCI CAACGACARGTACRAGCACCT CTTTGAGCT CACCTCOTCRACGTGECACTGEG

CCTCACCCGAGGCACCTCACAAGAACGCCATCGTCACTCTCACTTACTCCAGT G

AGGAGCAGAGACAG

CAGT TTCTGAACAGCGT GAAGAT CCCACCGACGATCCGTCATAAGGTCGECTTC
dnaincacgidsequency (SegydPAos2no aci d sequence (Seq.

| D No. 20) 25 MEAI AKRLDA CQEQ_LELYE ENSTDLHKHV

vamm) Wmmmm\&m FVKEAEKYGS

STHhRAes ThYesmbssDs :WSTKED AVOTPPRKRA
LCVAHI GPVD SGNHNLI TNN H % Pl Vi %T
30 PR RS VRIS EVR OF QGESNCLKCF
30  EQRCKISTBNRE mmmwmmmmMFww KIPPTISHKL
CCaAmd My IDYSERES ccrdwildnh) ERotrdY denrEvED SGYDMVDFID
CEl i AR A VS S COE o

ES
TKLTRQPKKV KRRLFOTREL TDSGYGYSEV EAGTGTQVEK HGVPENGGDG QEKDTGRDIE
GEEHTEAEAP TNSVREHAGT AGILELLKCK DLRARALLGKF KECFGLSFID LIRPFKSDKT

35 = TCLDWVVAGF GIHHSISEAF OKLIEPLSLY AHIOWLTNAW GMVLLVLLRF KVNKSRSTVA
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| KLTRQPKKY KRRLFQTREL TDSGYGYSEV EAGTGIQVEK HGVPENGGEDG
QEKDTGRDI E  GEEHTEAEAP TNSVREHAGI AG LELLKCK 20 March 2007
DLRAALLGKF KECFG.SFI D LI RPFKSDKT 35 TCLDW/VAG-

A HHSI SEAF (KLI EPLSLY AHI QALTNAW GWLLVLLRF KVNKSRSTVA

29 March 2007 39 RTLATLLN P ENQWLI EPPK | QSGVAALYW

FRTGA SNAST VI GEAPEW T RQTVI EHGLA DSQFKLTEW

QMNAYDNDI CE ESEI AFEYAQ RGDFDSNARA FLNSNMQAI CY

VKDCATMCRH  YKHAEMRKNMG | KQW KHRGS Kl EGTG\WVKP

| VOFLRHONI  EFI PFLTKFK LWLHGTP Cl Al VGPPDT

DKSYFCVBLI SFLGGTVI SH VNSSSHFW.Q PLVDAKVALL DDATQPCW Y

5 MOTYMRNLLD GNPMVSI DRKH KALTLI KCPP LLVTSNI DI T

KEDm.’.K')itt.IhEE PRONGMETERINE 1SRN oY S T MG PEWIT ROTVIERGLA

Bﬁ%@” P oy D PR AR P MRART P crs
| GLW#L mmmsmmmwmxm meerpm:
L@TSMTTW@SM&EBGSSWWKVALL DDATQPCWIY

e R i

VSAETHRISEY SABSRRYARCGE FERSERRET GQRSRIERDGORHONFRCVP GTVVRTLMEA
NI VARRDIRKED QRRINEENAAT DI RVQe@ERE T RGO RlkoMeLsH T6LOVVPPLT

TRV T e proigub okt fav oy el tvavos

6bEETHAEZVE B‘EF*}YLQ%’ReS‘ﬁfK"T AT @EEIYYIGOT i TE EWEF K FAQIGS TN
PORPYIYRSEVD JSRASEEIVI REMSIHPNT] 8 TPRoTrAPYT | yHACTTES3VO BAPPRKRARG

pr 9§tﬁhﬁm§z&”ﬁihkﬁfsq'xhnnﬁh%§'(§jmﬁ{rh A SavobiSk fblkcrryre

codon optim sed and nut at e Srotel n_gene was
o YRTEFLEEE ASSERASE HEARIINT Y BT ERARSaE ISR F VISt o ATRIKVarMS
Eb®&iLiand 11/ 6be2. The size of the gene is -4.1kb,

produci ng a polyprotein of -1 7CkD, observed by PACE

and Western blot. 25 doning: The polyprotein gene

was digested with Bam H + Not | restriction enzynes

antl. Rlagmids HAVS (p7310ie ebeaat‘teﬁﬁbeﬂequenm ng anal ysis

of selected" clones had 30 indicated the 'odd base

c e, chut _this was overcome by various fragnent

s@%@? %'."l{%efgsul ting clone hpvl1ll8 #3 was found to

have no errors.
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 Wastern 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 fo have no errors.

Polyprotein sequence in HPV118 (Seq. ID No. 21)
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March 2007 40 29 March 2007
ATGGAAGCTATTGCCAAGCGACT GGACGCCT GCCAGGAGCAGCTGCTGGAGCT G
TACGAGGAAAACAG
CACAGACCTCCACAAGCACGTGCTGCACTGGAAGTGCATGCGCCACGAGTCAGT
GCTCCTGTACAAGG
CCNMZJK¥JCEEEITGﬁC[EAcAJCEEEmJGtﬁ&ﬁﬁCEﬁGtE[EEEtTGAAEG
TGAGCGAAGCCAAG
GGCCACAACGCTAT CGAGAT GCAGAT OCACGKH CGAGAGCCT GC' TGCGGACCCGA
ATACAGCATGGAGCC 5

CTGGACTCTCCAGGAGACGT CCTACGAAATGTGECAGACT CCTCCGAAGCECTG
TT TEISCARR BTG CAAGCGACTEGACGCCTGCCAGGAGCAGCTGCTGEAGCTGTACGAGGARRACAG

GCAALAGAY T TNt Y df oA d el ek A EARNCACA A CEAS Rcan cs
G R R SRR RS R ERRERG R R coang

AAGFTCCATBTAIIAL CGAGATGCAGATEGCACCTEGGACGAGCCTGCTECGEACCGAATACAGCATGEAGCC

%WIMWM&M@M@C@W
R D G o R T ST E CARATR AP R ARR AP BRI oo

CGTeRe RS RS AT GACACCTGGGTEAAGGTACATACTATCATGCATGCCAAGGGCATCTATTA

@$e€g$@g¢yﬁx;naemmyummcmmumcccaxxwcamuxmecaamnxﬂmcmymuxmscac

CCEREREAGCH IdaCE FAGAR CEdaCCEcGE Ao

W&W&W&Wﬁ%%@m

CAGAELRS A REARCARCARCTCTAACAGCTCCGCARCTCCARTAGTGCAGTTCCAGGGGGAGTCCAR
CT G2 OAALTIGTI T CCOARGOETRA C CEAACCEECACCIITTACKCTERAYCRérTCCa

o e R R A A TG TR CETACGRERCOA
CCTAEAFEPEARST

TCCTGGACGTCGTGAAGATTCCTCCGACAATCAGCCACAAGCTTGGCTTCAT

%A%@é%%wea&zﬁwwe&%&amm

CC&WC@AGCAGATGGGCCTGTCCCACATAGGCCTTCAGGTGGTCCCCCCTCTGAC

or CesoncaioNeccsciese oA icEs
O R A A AR A e

2?2%1&1¥MMMM¥¥hmmcamnuscmmﬂTnum%gﬂgﬁ?%gggéuunwﬁ¥§pAmyﬁ§§nCAA
S L S s A e

- CAATAACATCGTGAC

GGATAACTATAACAAGCACCAGAGGCGTAACAACT GTCACTCTGCCGCAACCCC

~ CATCGTGCAGCTCC
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AGGGAGACAGCAATTGCCTTAAGT GCTTCCGCTATCGCCT CAACGACAH (M Afeh 2007
AGCACCTCTTTGAG

CTCGCGT CGT CGACGT GECACT GEECCT CACCCGAGGCACCT CACAAGAACECC
ATCGTCACTCTC; LC

TTACTCCAGT GAGGAGCAGAGACAGCAGT TTCTGAACAGCGT GAAGATCCCACC

GACGATCCGTCATA
AGGTCGECTTCATGT CACTGCATGT CCTGATGGCAGACGAT TCCGGTACTGAGA
ACGAAGGTTCTGGT 41

TGTACCGGTT GGTTCATGGT TGAAGCAATCGT TCAGCATCCGACTGGTACCCAG
ATCT TGACGA 35 AGACG*

AACGHAET A e EAPRERTERSE - F
ATOWWANHT@GC’E@&MP@TTTCCCCGATCAACACTATCGCAGAAGCAGTTGAGTC

W@%@WE%

CT ACTGI TCAGGAC

CT A R AT e C e B 1935

GAAGT MG RGNS TETACCEEAAAACGECGGCEACGETCACGARA AGEACACCEGCCGCGACATCGA
TW%%%&E%&& G@&%fi\%ﬁ@;ma
GTTAAACGICGICTGT.

L EYEC S SN

GACY TIAST T RACTGACTGAAATGGTTCAGTCECCATACGACARCGACAT CTGCGAGGAATCTGARAT

@@WT@AGCACCGCGGMAMATCGMGGTACCGGTM@GGMGCGATCGT

K ESIACT ST I EE T GAEORRGEARcace
jSeieiiediaiicelcerv erieic cpyiecireie i

e

GARTART IS CIGOCECIGRTGGTAACT TCTAACATCGACATCACCARGGAAGATARATACARGTACCT

TMIMWWEW%H&E&GW

c

TOTATBRAACAGT GGATCAAGCACCGCGGT TCTAAAATCGAAGGTACCGGTAAC
TGGAAACCGATCGT

%’TCC’E ( nce @&C%FWTCATCCCGT TCCTGACCAAATTCAA

GTACCCCGAAAAAAAACTGCATCGCTATCGT AGGT CCACCGGACACTGACAAGT
CHEACAK:GC DT AJ¥o1 281, YE ENSTDLHKHV LEWKCMRHES VLLYKAKQMG LSHIGMQVVP

I Sl i Wk e

GEFOTRVCATSONTASPASVS STTOEVSIPR S‘I"I‘YTPAQTS TLVSSSTXED AVQTPPREKRA

CREQSASHSR AN SEvECAHRE M0 OB aR b B RS A A MOk Cr
AAGCGCCTGACTCTG
ATCAAGT GCCCGCCGCCTGCTGGTAACTTCT AACATCGACATCACCAA@AAGAT

AAATACAAGTACCT
GCATACCCGTGT TACTACCTTTACTTTCCCGAACCCGT TCCCGTTTGATCGTAA

CGGTAACGCTGITT
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ACGAACTGTCCAACACTAACT GGAAATGCTTCTTCGAGCGT CTGT CT HeCH@kéh 2007
TGGACATCCAGGAC

TCTGAAGATGAAGAAGATGGTTCTAACTCTCAGGCTTTCCGT TGTGT TCCGEGT
ACTGTTGITCGTAC TCTGIGA Ami no acid sequence (Seq. ID

No. 22) 30 MEAI AKRLDA CQEQLLELYE ENSTDLHKHV

LHWKCVRHES VLLYKAKQVG LSHI GMMVWP  PLKVSEAKGH

NAI EMQVHLE SLLRTEYSME PWILQETSYE MAQTPPKRCF AKRGKTVEVK
FDGCANNTMD YWWIDVYVQ DNDTWK\WYFS MVDAKG YYT CGQFKTYYVN
FVKEAEKYGS TKHWEVCYGS TVI CSPASVS STTQEVSI PE

STTYTPAQTS TLVSSSTKED AVQTPPRKRA 35 RGVQQRSPCNA

L CVAMRLEPRHBHSERPMN SSTRI WABSKRIPIRNINGSL SSAIFY FOFQIERESKIGHIREL I SHKL
29 $AMsChLIdf0 A 1A DRYR DRRERE ek FE I Rl M WRSHKABYKH ukakomaLs

Al %ﬁ%’b&iﬁ% @%ﬁ%‘%@%ﬁé@ﬁﬁﬁﬂﬁ ERCFAK

H QS DT GSEOFREERA YWENLYVIGDE ) SWAKVTHESY PR IFY OO QFERNYYVNEN
L TREIAR NN ioYENA 3 cebiEiNY YR Y YR Y k@B oTTAP TVSACTTEDG

VEVEY PR CEPRBS AT RO PR B T G R0

VSANSRKCHRER HNRHL R/ LARPTRURS TH SERPROFEHSVKIP
ATRITYQIIQGEEM SNGlLMEDHY @TW&WW@WISDD EDEEVEDSGY

oLy TR R R %%EX‘F\?P G VIS R, g S

DWSEREBIKRL| Wm%ﬁm@@@ﬁlf ERFQVRESP PRNRFDCOEK
MIMWEMWWWME&W RUElrBREKEC FGLSFIDLIR

S SV e B e R %@FPBH%FM

PFRERRIVAREL R NER Q- MEEF PSR AR YEVARISBIFRI VAL NASTY SN ENPRN A TR
L L VI ERISUED FKLTEK@mTwm:m@ meﬁmewmﬁﬁmm SNMOAKYVKD

GV AR ¥ Q??EW%KLWL

YDND| CEESE | AFEYA A

cATREREY WF@%KI R PP FEVERTRORP AR LLDDA
PFW m HSIDRERRDT m&{mLTMITKED KYKYLHTRVT
GOt e hibr DRI, SEWREDGSNS QAFRCVRGTV
Y [ DGNP NSI DRKHKAL TL CCPPLLV TSN DI TKED

KY! RVT TFTFPNPFPF DRNGNAVYEL SNTNWKCFFE

RLSSSLDI QD SEDEEDGSNS QAFRCVPGTV  VRTL 20

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 EcoRl restriction sites at the ends of the sequence. The cer sequence
was then inserted into the EcoR! site of p7313-PL to produce plasmid p7313-
PLc. The sequence of the amplified cer was verified against the Genbank entry
M11411.

'Examgle 2 - Expression in mammalian 2937 cells

Mammalian 293T celis were grown at log phase at a final concentration of 2
X10° cells per 6 well Coming Costar™ (Coming Science Products, 10 The
ValieyCentre, Gordon Road, High Wycombe, Bucks, UK)tissue culture plate
overnight at 37°C in 5%CO0,. The following fransfection mix was prepared and
complexed for 25 minutes:



The Col EI cer sequence was obtained froma subcl one
fromplasm d pDAH212 from David Hodgeson (\War\goCMarch 2007
Uni versity) and anplified by PCR using priners to

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 ML1411. Exanple 2 -

Expression in mammal i an 293T cgils - 30 Mammali an 293T
cells were grown at |og phase at a final concentration

of 2 X105 cells per 6 well Com ng Costar' (Com ng

Sci ence Products, 10 The ValleyCentre, Gordon Road,

H gBNWSFaRRRest Bucks, UK) tissue culturg plate
over ni ght at §7C in 5%C2. The foIIOMAHg transfection
m x was prepared and 35 conpl exed f oRHd5 minutes: 29

Mar diad@ 0p with4derildldoable distikedowhte?g 2g16Made up with

st epphp le&itdth Hih! | 11 Tl - menM

(G bﬁ% %W%g??fg?ﬁ%ﬁg@%g? ngﬁf)]foect am neTM

( G 'degeseing " (GMtOBBH nonol ayer in §Mwel | was washed
carefully twwce with OPTI-memfM  8001il of OPTI-nmenlM

wasERRAsS! ien6RGEr eh lwell P94 _%hQ%?@ﬁgMA%ggh ltgl;ﬂ~n¥:‘emm.

0GRl Br it aa T wes adtlb oreagh whihc ADMHL @Y (O Tignem™ was
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howgdsled tto 33ach| transfectior mif,t mixedhanchadded genthnisf 2 cell enonolayer.
m XThen glafP Wasalibhtes @r & heardsd 379¢6n CoY c@%ﬂ&&&yﬁgﬁh the
vvgrtl%n ‘yey%fr}gd .I(F:]ent Ié%/’:.w_t h eell égh%vw% gedia_lum tl}M c[e] an '« were
final Ty T T aHut S0F &P PP e dishiaigads ethe Bel Bnpigers
i n Washee gently with diefl igrovtfiagediumitdicenancbinallyrtrangfettsd adls were
}‘ gﬁ(?lbaté@ for Qﬂfhtg]ré"ﬁii [ﬂ.&re%ﬂaé :modg%ectgfabw mg&rﬂﬁm gbntaiffng 10%
- ol s 518 ol o E RS 3785 5989 o ool
cemerg genaped ifsinioeminspiu el dvashedb8icPayjth PBSspin dopwn and the
Theslt pblletveds Risaspdtided iﬁ@d@ﬂ’a?(@@.abﬁﬂﬂﬁ&&é?nﬂ'ﬁe 2ell pulte were
PagGiidiind Ba854 b1 G380s' Pagt gel| dSctiaphSrabSd in 1X Tris Glycine
SDS buffer. After electrophoresis, the gel was blotted onto Nitrocellulose
membrane (Amersham) and Western Blotied. The nitrocellulose membrane was
blocked with 5% Marvei™ (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 términal protein”
sequence of HPVGbE1 {(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 gentie agitation. A polyclonal antibady 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 Y&Sigdh 2007
Bl otted. The nitrocel |l ul ose nenbrane was bl ocked wth
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 termninal
protein sequence of HPVG6bEl (protein sequence:
CSSSLDI QDSEDEEDGSNSQAFR 25 Seqgq44 | D No. 23) In rabbits,
was diluted In 5% Marvel" in PBS and added to the
nitrocel | ul ose nmenbrane. This was | ncubated at room
tenperature for 1 hour wth gentle agitation. A

pol Reswitsal anti body agai nst HPV11El was al so used to -

chetie Fe"sﬂﬁ§ 5 (6. 28) bl colfeet frotaih Stz LbIaROLH bBch of PV 116,
5

ree tines

an?ﬁel@gm@fﬂ“% e Lodet eptimisgd BB RAlwrreteinsg  Swi ne
anti-rabbit horseradi sh peroxi dase (HRP) (DAKO, was
di luted 1:20000 in PBS and 0.1% Tween 20. This was

er TSy ool e Fanegan ?A@ﬁp?‘%wb@ﬁpgﬁfei%ﬁ%emstmas
rrerﬂﬂdeihe celigharvested Réhrs datet. Tbesaigimhplesiene EPBS amaltyséd by first
arﬁd@@é&rb Rbragis &Rl the s{é'rﬁ b E@ rﬂe% anttbodles

ﬁ‘ﬂe"éﬁ'sg% it oot °t<e Bl A L. 1097)

(Fl%‘dal'@)sbﬂﬂdﬂpé‘l@b}rect protein size expressed by
each of HPV 116, 117, 118 containing the codon

opti mi sed _HPV pol yproteins. 5 HEK293T cells were
trM&&d with -0.5ug DNA of the respective
constructs and the cells harvested 24hrs later. These
saml e Dg,n?i éﬁ%!’w cryl am de
eI ect?gti rlgg{:s aln S eéthr%#'o?%g& Two pepti de’
3%5@% 10 were used to detect for polyprotein
ex g 1 proten i) @ walliconssyrad naclfegmptetamthamn—sm@z DNA
(nblrmm)AT%sarqﬂdehﬂlctlEe EchﬁﬁésT g€ hlsa diindiato ﬂbsta@éilujar DNA
rJrgt
Wer v@%ﬁ @%%é o) LPthe 15y T2 poleifl Wi gl iroBrlt’ £1 into
ﬂ‘ﬁi%é"%l NAdepticaian Lomplex. | dbe primary| rele of E1 is to

b| imitate wru:mﬂecmeIDNA soplicitidn in infected cells.

The BNA 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 promisculy 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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.replication of the input ori.

pol ymerase-a primse and, to the HPV E2 protein which
then 'recruits' El into 20 the pre-initiation vigaMarch 2007
DNA replication conplex. The primary role of El is to
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 specific DNA replication of a
plasmd carrying the replicatigg origin sequence from
a different genotype. Studies have al so shown that the
i ntroduction of highly expressed El and E2 into cells

al r €488G.aB4aBLiavegbaapvshownity abrogate nitsamibealisatiorcalE1. Failure
.0 1 0tk O eS8 i Sl 1 o o
pot L CatorBepts Fiedy Provisingycip peslional 4o el inpqpacity and
el i figlgtt dhegruitalionn (64280 KRG, ARG ywélk geleuiedand incorporated

5 whi pifo EH 128 PakteTtiee HPYIDNA SRinufcthbi2BeB5Y Ewﬁggmf e

sought. The EI nutation 482D occurs In a

conserved ATP bi nding consensus sequence and El
pr ofBimvitraHRM RlA epication assayrwamissedde cosfirowdisablemantof the

|trrg | DB replicaioh Ritetibieer Eﬂ@fsiha%dréle' r latﬂtﬁqgm@uwgﬁ iri]r%{zbg\éa%ion of the
452? b Ephabid b ANy 8 £2 AR oy el petied il fecafne assay).
| ocBMleflyaboth & 10andE2 ce=gperatively petivate iisdHIPY origie of ueplicalion and
corthe Eramk ERproteinsirem HRY 66 wiate Emiﬁiﬁ;tigbteférﬁfﬂrl%% novo
re . | A o | . an

Lo NATpIRaGH Aohhe LBV Lbidl, PiGmil BbaRE ol kodon-
nutPRtisRd Eand B2 srggenceraveary cokapsiested dnte293mglls with a

i nqiagmid aagsingShé HPY-A oritin ofveblicitioh (61 bBYMRVAE1 and E2

i . . . . - .

o c‘;‘?‘f*ﬁ@@%é%@’ 6 nd FiEubor pSmidis Hodstud By fhipsting DA

t h&TOMpHRells qurs eiftey poriransfecting (Hirt lesis) &xtracted RIVA g spstriction -
t hznmaﬂiga%ad ﬁrgamm H?Et:t)lti‘lld) aiﬁbug:z{.ltﬂpn Feisich gge'sﬁmg:methylated
enRRARGIBSed BINA NA§; : gi%ﬁgﬁ a‘ﬁg EH&E Iith ori

th 68 , . D . .

c obg‘aiﬁgf’ﬁ‘@igﬁiygbﬁ pds %ﬁﬁ?omn@lqn?gq ofl plasmidaftesPpni
andigestien &b raatkeEdopde heiaiz Vitrooreplitated plasmidDiigown t o

.activate and drive de novo DNA replication fromthe

HP\-. origin., Pl ' e di our codon- optim sed
o1 Vs =2 it £ BN, £ BN 14l shiwacanateragngiaiive of
wi feplieated inptbplamsid DMAN Eachef HiR\thieb load gdmstaskcts are negative,
r eHP\eede, PIP(1a 171 anBl 1PV : . pgpent

o et f&sn&%ng:?gss@hgﬁg&ﬁneasufed by
harvesting DNA fromcells 48 hours after _
coCepelysiais: iToa lgad canstryets HPV £16, HRM ¢7 Bn\HPY 118 have no
r eSNAireplication activity.

Examiple 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
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enzynme digested first wwth Hnd Il and then Dpn |

whi ch di gests unnethylated wunreplicated DNA. DNA March 2007
are then southern blotted and hybridised with oil

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 DNA. Each of the three

| ead constructs are negative, 4§HPV116, HPV117 and

HPV118) showi ng results; no replication. 25

Concl usion: The |ead constructs HPV 116, HPV 117 and

HPVihe graleingfondts egnatec pindingt sit &2 iisy ialsp. knowerie dnfiyence the
30 TraAsdrption of ebverall hatd Kelldl imdteres Tie mutational inactivation of

Uy tiox 2Vordl hoid o ML al ina
as QS eeh suldice ?#Eri%“?%%gﬁqfPﬁ?hofﬂéﬂbrgiﬁpi%é%'?%'%ﬂ.%@?11,—>
andAl&sdi1314) has bean shewsdaiinagtivate beth e danseriptional gad peglication
r epfunetidrisodl ERNPhiemuthtior mag 2o hdvé the @ddkion benasfitdf proventing

act j . - 0 [ :

tr addedt faiilodubToh ¥R Binush, Oflie kdlor heif1AF e ipoorporated
Lo Bigeach E2Agigenss A 97dbe BPVGPNAJPMUBAUCEIREUNS.f | ni ( y

of 29 March 2007 46 the protein for its cognate

bi ndi . . .

tr aner et St & ocrfirh Indindpath0 W <1 1A it ED Sifeach poyprotein
mut SRNSYHE! iniaRde Vit feAb Hapseriptiona) zapastes assayy, JiVe ised two positive
ext eordolee (souaced ofnactivei B2 protein). OThese werel acednstrudtyexpressing

1115 t@cﬁq (:Kjei . pkllgl]% ' j

theurt"fr;]"::ttr&?sc:r'a tll #5‘& _;Fn%ﬁr\(‘e‘% {hégﬁ ?\c%‘ﬂsegg?%g%{’%% Jﬂ-@z.ﬁPVEZ
Thi ROIRR. & SEondEgnseristiongh iensardvalgn; dhese gaiRcarpshgwn in figure
pretenting nuclear translocation of the protein. This

mut ati on (K111A) was incorporated into each E2

antjgen as part_of the HPY DNA i nmmunot her apeutic. .
ot CORRBIoNE o Theae HBta Rbafialiat PoIETK APIRSHY T lhe,native
an d(ueam_roatp@) KRY 6bE2vecky ixrarsscriptignallp aalive; whllsitn'!_mda@t;l'tm 11A)
tr a3 & ihidtivaDad aleh bf elfvaihig HPYO1 094 lake 118.
controls (sources of active E2 proteln). These were a
construct expressing unnutated (active) HPV-11 E2
prﬁ’@'ﬁ?héﬂd a second vector expressing BPV E2

protein, a strong transcriptional transactivator. _
Thdapressign gf@fgﬁ@mnaﬁsppgfgiﬂ@ Indiyidual Gene Constructs HPV 116,
~ HPV 117 and HPV 118.

_ Gene expression studies comparing the leads constructs HPV 116, HPV 117
~ and HPV 118 falled 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 expression (HPV
108 and HPV 110). '

Example 6

In Vivo Immunogenicity Studies in Mice
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is inactive, as are each of the polyprotein vectors
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HPV 117 and HPV 118. 25 Gene expression studies
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vitro gene expression. In addition, expression of the

pol yprotel n was equi val ent to expression of the
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|ater with an eqU|vaIent dose and cul l ed 5-7 days
postlumesaliAssaysa and spl eens were taken for anal ysis

of the hunoral and cellular immune response generated

f ol AtibiogigsPniged 0 PMIBDimrhunisech ysice\werb oelvalisatedii using istandard
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r elimaminjsaticn @cinwlamoa& !rrtmumsedemtoenm didbnot confirm detection of
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po&e}‘ egr?és'é' %B’Pg Jﬂﬁé’i’%ek@ﬁg@gﬁﬁ?{%’&dy responses
are in keeping with the published literature.
Cellular Assays

ELISPOT assays were used fo 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.

25

30

- 35

Briefly, a single cell suspension of splenocytes isolated from immunised animals
Is added fo specialised microtitre plates coated with anti-cytokine capture
antibody and incubated ovemight 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 aliows visualisation of the frequency
of cytokine producing cells.
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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 frominmuni sed animals is added

to specialised mcrotitre platgg coated with

anti-cytoki ne capture antibody and | ncubated

overnight in the presence of antigen presented by
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tarﬁ’)‘étﬁrgﬁfét‘i&%bsw. 5 Such viruses were used to infect

appropfrate target cells for the presentation of
antigen to effector cells in ELISPOT assays. Responses
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a non-radi oacti ve ‘ion of the

Use of this assay for these purposes required the identification of a CD8+ T cell

epitope detived from the primary sequence of the HPV 8bE1 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
- CDB8+ T celis 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 cullure supematant upon lysis of tatget 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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of a CD8+ T cell epitope derived fromthe primary
sequence of the HPV 6bEl protein. This was achieved
by screening a peptide library consisting of 15-mars
over |l apping by 11 25 using cytokine ELI SPOT.
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20 usimige mane#dt'serﬂ'er o‘f HPV 11!58)r|Hﬁw111 [ ed‘ hisﬂibsmvahon isaneproducible.
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duci b) e. .
" Chlaken ?o'gelh%r. and on the basis of both vaccinia ELISOT and CTL lysis data,
HPV 118 is the stronger immunogen.

15

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

Example 7
30  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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ELI SOT and CTL lysis data, HPV 118 is the strorgpeMarch 2007
i mmunogen. 25 Concl usion. On purely imunol ogi al
criteria construct HPV 118 Is the nost |mTunogen| c of
the polyproteins. Exanple 7 30 PMD delivery of .~ "~
codon-optim sed COPY E1l/E2 fusion protein is nore .
effective In protecting agai nst cani ne oral

papi | lomavi rus di sease than either codon-optim sed El
or codon-optimsed E2 al one. 3§29 March 2007 50

I ntroduction The canine oral papillomavirus (COPV)

ani mal nmodel is a good mmnmic of nmnucosal human
papiitipdvationr us di sease. The features of disease caused

in dogs 5 by COPV are very simlar to that which
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papMieesahbymas papt @aa‘er ase. The featyres ¢f digeasergasised in dogs
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t h efe\lr@vdiakmﬂﬂampbhmﬁuh then regees sﬁcﬁltan@sly%r &h adffitional
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Pl FNAS! 1 557 il r@&ﬂg edare now in

o eapant Sne A Stes SV Bias & M&aenmmﬁefed i

ei thumana. pl asnmi d encodi ng codon opt im sed El or codon-
opti mse 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-pptimised E2/E1 fusion vector

A synthetic gene encoding a cadon-optimised COPV E2 sequence was
generated using methods described previously. This was fused fo the synthetic
“codon-optimised COPV E1 gene recovered from clone pCOPVE'1 c/o and
inserted into vector WRG7077 to generate a new clone which was designated
pCOPVE2/E1 cfo. This clons 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 westem blotting.



Construction of the codon-optim sed E2/E1l fusion
vector A synthetic gene encodi ng a codon-opti m RIMarch 2007
COPV E2 sequence was generated using nethods
descri bed previously. This was fused to the synthetic
30 col on-optimsed COPV El gene recovered from cl one
pCOPVEI do and inserted into vector WRG/077 to .
generate a new cl one which was desi gnated pCOPVE21El
clo. This done expresses a polyprotein conprising a
fusion of COPV E2 (N term nalgqand COPV El (C
termnal). The polyprotein Is of the expected size as
detern1ned by mestern bIottlng 35 29 Nhrch 2007 51
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20 1 otize (M) wagwmeasy of >3.5 nmby week 11. In animals

In animals immunised with pCOPVE1 ¢/o papiliomas developed at the mucosal
challenge sites beginning at week 7 after challengs. Papillomas continued to
grow In size reaching a mean size of >3.5 mm by week 11. In animals
25 immunised with pCOPV E2 ¢/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
PCOPVEZ/E1 c/o whiist 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 pCOPVE2/E1 c¢/o group was fully protected from disease
30  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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March 2007 53 Clainms 1. A polynucl eoti de sequence

S encoding a Human Papi | | omavi rus (HPV) pol ypepti de
havi ng epitopes fromat |east three Early antigens or
fragnents thereof fromat |east two different HPV
strains and wherein the poiynucl eotide has a codon
useage coefficient for human genes of (greater than
0.4 and less than 1.0 2. A polynucl eotide as cl ai ned

10 in claiml wherein at |east one antigen is from HPV
El or fragment thereof. 3. A polynucleotide as clained
in claim2 wherein at |east one antigen is from HPV
'E2. 4. A pol ynucl eot de sequence accordlng to any of
clains 1 to 3 whichis a




DNA sequence. 5. A polynucl eoti de sequence accordi ng

to any of clains 1 to 4 which encodes a HPV 29 March 2007
pol ypepti de of a HPV type or sub-type associated with
cervical cancer, benign cutaggous warts or genital

warts. 6. A polynucl eoti de sequence according to any

of &2ims 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,
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sequenceggmgégggg to any of claims 1 to 10 which

encodes ta HPV poi ypepti de conpri sing one or

nore point rnutations by which one or nore of the

pol4;pept AdRiyhuBRibtid® seliidicegicealding tonary ofndaiirs 1 to 3 which is a

i nacti vah @Q e#é poI ynucl eoti de sequence accordi ng

to claiml conmprising an epitope fromEl antigen of

HPV 6b an epitope from HPV 6b E2, and an epitope from

HP\$. 11 ER. polﬁluclkqndéys“aqubam iadeordingutenary af caldisng tbod4 which

claiml g BUSDdly, ﬂ@é‘gfé tflﬂigélf tl%—%b éé%bclated with
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An expr €eEYigal G@%E?"@ peRighsHianeags ‘éfarﬁ% F'S/ﬂ%ﬂ!

sequence according to any preceding claim operabl y

pr ob?gl :1’9 ﬁ'}f;ﬁ‘? esugllrﬁgéa a#f%rta'h gl® aﬁﬁwlﬂ'ﬁ;ﬂ'@f‘l to 5 which
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7. A polynudieotide sequence according to claim 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 § which encodes a
HPV polypeptide of one of types 6, 11, 16, 18, 33 or 45,

9, A polynucleotide sequence according to claim & which encodes a HPY
polypeptide of a HPYV 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 bieclogical function.



16. A pharmaceutical conposition conprising a

pol ynucl eoti de sequence according to any one 0129 March 2007
claims 1-13. 17. A pharnaceutical conposition

conprising a vector accordinggto any one of clains

14-15. 18. A pharmaceutical conposition according to

cl ailth 16 Ampolinaciectide sequancesaasgrding tai@ayiafycielgs § to 10 which
particl S_Sencﬁééé Qﬁn’_ﬂ&tét@? Oy é&ype‘btifﬂb&:&dfﬁﬁ&iﬁd @ak or more point
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or prophyl axi s of HPV i nfection. 23. The, use .0of
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the treasagmeossiicipntdphipimen gensls of gredtar tham 8¢t buthessthan 1.
The use of a pol ynucl eotide according to any one of

cl aj 1,13 ect oy accor.ding t n e Lai
TaE® o A Sppibenlotaletior 2PlEg B AoRr el s Hushiof pBBording t
any one Bhy preseding riipmperatiylinked da apentrolgequence which is
prophy! axhsatid ofprodidRQsr thelbxpleseoh o thegsihriuidectids sequence
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neoplasla (CIN) or cervical cancer. 25. The use of an

ef f&ct | van arpresbionivedtop atoonting eotiaiie 14aterhdis pd313Plany

one of clainms 1-13, a vector according to any one of
clainms 14 or 15 or_a pharnmaceutical  conposition
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or pr ophadoarding ¢ adfPdhe off dgisoiR$3.or any synptons or

di seases associated therewith. 26. The use a
pharmaceuti cal conposition according to any one of
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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 ¢laims 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.

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



a prinme-boost dosage regine with a reconbi nant viral
vector or non-viral based systemin the treat e Match 2007
prophyl axis of HPV infections or any synptons or
di seases associ ated therew tkg
22, The use of a vector according to any one of claims 14-15 in the

treatment or prophylaxis of a HPV infection.

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

24. The use of a polynucleotide according to any one of claims 1-13, a
vector according to any one of claims 14-16 or a pharmacsutical
composition according te 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.

25. The use of 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 in the
treatment or prophylaxis of HPV infections or any symptomns or diseases

assoclated therewith.

26, The use a pharmaceutical composition according to any one of claims
16-20 comprising a polynucleotide according to any one of claims 1-13 in
a prime-boost dosage regime with a recombinant viral vector or non-viral
based system in the treatment or prophylaxis of HPV infections or any
symptoms or diseases associated therewith.




