WO 2012/ 172277PCT/ GB2012/ 000467 SI M AN ADENOVI RUS AND HYBRI D ADENOVI RAL
VECTORS The present invention relates to novel adenoviral vectors derived
from a chwoparzeeg7adenovi rus, i mrunogeni ¢ comnposi tions tpheranbizantiezhei r
use in nedicine. 5 All publications, patents and patent applications cited
herein are incorporated in full by reference. Background 10 Traditionally,
vacci nes have been based on whol e inactivated or attenuated pathogens.
However, for many infectious diseases such as nalaria, this approach is

i npractical and the focus of research has changed to the devel opnent of
'subunit vaccines' sp{AN ADENOYIRUE XND MYBRIPADEROCIRAIVEM®IRSANt | gens t hat

i nduce i mmune correl ates of 15protection. Subunit vaccines present an
antigen to the i nmune system w t hout introducing a whole infectious

organi sm One such nethod involves the adm nistration of a specific,

i sol ated praotein fraoman, i nfectious grgani sr? Howeyer, 'tfhi s techni que often
20 induces oreyPreseiigakentiomhiplates L poNsS adepqyirg hvécﬁoﬁso‘¥e<§’c"8 19bi ehipwa have a
di f ferent t%?&ﬁﬁ‘ﬂu B ERREniS LbMEbHiSnsttRaRof 1 (REPHE! i hddidiAe normal
context, resulting 1n the production of antibodies that may not recognize
the inflctious organism An alternative nethod has therefore been devel oped
which utiliz viiral. vectors for 25 th el ivery of ant.igens.. Vi.r S are
obl 1 gate i nehneuTIRons feupS pedho G cbnfivEin Sfehefm ARnErERr R RET  “Dua
into a host yakferend@d i nduci ng the host cell to express the viral genone.
This reproductive strategy has been harnessed to create vectored vaccines
by creating reconbinant, non-replicating viral vectors which carry one or
nor e heteroll\?ﬁ%usotr nsgenes. Transfection or transduction of the

r econbi nant relo"d genone into the host cell results in the expression of

t he het(erol ogous transgene in the host cell. Wen the heterol ogous :
transgene encodes an antigen, for exanple, WD 2012/(}72277PCT/ GB2012/ 000467
2 Traditionally, vaccines have been based on whole inactivated or attenuated pathogens.

However, for many infectious diseases such as malaria, this approach is impractical
and the focus of research has changed to the development of ‘subunit vaccines’
expressing only those pathogen-derived antigens that induce immune correlates of

15 protection.

Subunit vaccines present an antigen to the immune system without introducing a
whole infectious organism. One such method involves the administration of a
specific, isolated protein from an infectious organism. However, this techhique often
20 induces only a weak immune response and the isolated proteins may have a different
three-dimensional structure than the protein in its normal context, resulting in the

production of antibodies that may not recognize the infectious organism.

An alternative method has therefore been developed which utilizes viral vectors for
25 the delivery of antigens. Viruses are obligate intracellular parasites which replicate by
transfecting their DNA into a host cell, and inducing the host ceil to express the viral
genome. This reproducﬁve strategy has been harnessed to create vectored vaccines
by creating recombinant, non-replicating viral vectors which carry one or more
heterologous transgenes. Transfection or transduction of the recombinant viral
30 genomé into the host cell results in the expression of the heterologous transgene in the

host cell. When the heterologous transgene encodes an antigen, for example,



expression of the antigen wthin the host cell can elicit a protective or

t herapeutic i mune response by the host inmune system As such, the viral
vect ors nwp 2hiemebizon as ef fecti ve vacci nes. Alternati velpgr/dgreidnebsarol ogous
transgene nmay encode a functional allele of a gene, expression of which can
be used to counteract the effects 50f a deleterious nutant allele of the
gene, in a process known as gene therapy. Particularly suitable for use as
viral vectors are adenoviruses. Adenovi¥uses are non- envel oped viruses,
approximately 90 - 100nm i n di anet er corrpri Si ng a nucl eocapsid and a

| i near doubl e strand no, Vir leoca si d. conpri ses penton
10 and hexoﬁxﬁréﬁ%?f}rﬁfg"e ant] lflltB? Oftgce éﬁlte?i pg?t?%wga(ifhtlilﬁr@ﬂ?‘g base

and ai ds infB6natip6 th9i10§th§m¥1n%lé§st&9 AE‘@uéhoﬁfe Vi@l bedtbrd ridyEfunction
Coxsacki e- adenow rus recéptor on the surface of the host cell. Over 50

serotype st mai effective ackeniows.r Adtematively, Itk meledelogoysi sansgens tmayf eePdh acause

respiratory tract ctions con unct i oent S unans.
Rat her t han fF{Rg?! aﬁ(%’ fllz?'@%ﬁet ﬁ’ép T %ﬁ‘f%‘ﬁ@ Caréggg%?ﬂt uses er%ﬁhoé?f?neﬁ
replicate agpreRerMus ﬁi&imanéebﬂt}kfg@n@uﬁh@b@ce@s‘kﬂm ekscgs:heq&kdpy The genorre
of adenovi ruses corrprl ses 4 early transcriptional units (El, E2, E3 and

E4), which have mal nly regulatory functions and prepare the host cell for

{'Lrla' P 5 PR 4}%&%{*@% | Sef QERDISSES alerdorfisds! RBSRRARLARE hoN! €S

ncode "Struc proteins inc ng the
penton (L2) ,entzémpdfdeoﬁm?,es(, lagproxiniatels G@f -f mﬂ]hlm’lgl dléhﬁetpr @baiprisinp 4)nualedcdpsel f i ber
protein (L5), which are_under the_ control |n | e prqnoter. Each
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kbp), well characterised and easy to nani pul ate. The deletion .of a single
transcri pti @astroengGtusgrin humahs. Radhed dhan ntegragingntortbp hpseneme.adepmprisent
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efficacy in éﬁé)ﬂl@ﬂefz aEadh' bitknityd88 Rhd BRSO bADHES B nverlel nfé‘rﬁhn:ﬂal’{@eat It
was subsequent |y discovered t'hat a l"arge proportion of human adults 10
har bour si grITR)cwhich is necessayffonewalreplicgtiog ant i bodi es t o conmon human
serotypes such as AdHu2 and AdHu5, as a result of natural infection.
Neutralising antibodies could reduce the potency of viral vector vaccines
t)y bl ocki ng Recbalbirft 4denblit@cfOste S@dihalyadiscldpsd fordeht Meiapyobut the stramgyet
ransgene.
g25 and sustained transgene-specific immune responses elicited by these gene delivery

agents prompted their use as vaccine carriers. In addition to being highly
immunogenic, adenoviruses offer many other advantages for clinical vaccine
development. The adenoviral genome is relatively small (between 26 and 45 kbp),
well characterised and easy to ménipulate. The deletion of a single transcriptional
30 unit, E1, renders the virus replication-incompetent which increases its pfedictab’ility
and reduces side effects in clinical applications. Recombinant adenoviruses can

accommodate relatively large transgenes, in some cases up to 8kb, allowing flexibility



15The occurence of pre-existing anti-vector immunity is being addressed

t hrough t he devel opnent of new adenoviral vectors based on serotypes to
whi ch t hewbuomm7popul ation is less likely to have been expasdi2/dgonshudi ng
t hose of chinpanzee origin2"3. However, sone such chi npanzee adenoviral
vectors have limted efficacy on the grounds of unexplained inmmunity in
human popul ations, varying |evels of 2Q cross-reactivity with human
adenoviruses, and sub-optimal growh iR transformed cell lines. In
addition, it is advantageous to have a range of different adenoviral
vectors avail abl e.. for. use i i i blferantrdisepfadeiveron t he
grounds t hat" ?u?%ﬁ%td?’%ﬁhl’o&dn%}% %%‘?’ﬂg%ﬁ%ﬁ%?@%‘g&gﬁg ttfagg'%ﬁgct or mS;y
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Summar g of predemtnantly breraudellms vedssect , t he present invention provides the
conpl ete genom ¢ sequence of a chinpanzee adenovirus referred to herein as
AdY25. 5 In a second aspect, the present invention provides an adenovirus

Vect or  CoNPii3ieRek, 3hCaRst Herieftionesk {aRmechédpartaeal adethe vdrchesyphd Y2fan
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acceptabl e caf .l gle po?%rlc?f tiraB Y&t BlLingd bRBioNi@Btviral énthyoltd RosteElcand

provi des the use of e-adenoviral vector ‘according to the second aspect or
t he i Mmunogéehe debinpgfthotargee tansgeng to the third aspect in nmedicine. In
20 particul ar, the adenoviral vector and i nmunogeni c conpositions are

provi ded for delivery of a transgene into a host cell, elicitation of an
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population is less likely to have been exposed, including those of chimpanzee

origin®®. However, some such chimpanzee adenoviral vectors have limited efficacy

on the grounds of unexplained immunity in human populations; varying levels of

20 cross-reactivity with human adenoviruses, and sub-optimal growth in transformed cell

lines. In addition, it is advantageous to have a range of different adenoviral vectors

available for use in immunising against different diseases, on the grounds that

induction of neutralising antibodies against a vector may prevent its re-administration

for another indication.

25

Thus, there continues to be a need in the art for highly immunogenic, non-human
adénoviral vectors which effectively deliver the target transgene, minimize the effect
of pre-existing immunity to adenovirus serotypes and replicate efficiently in
transformed cell lines.

30



25 Afifth aspect of the present invention provides a pol ynucl eotide
sequence encodi ng the adenoviral vector according to the second aspect of
t he presewd 20mwveptsron. WO 2012/ 172277PCT/ GB2012/ 000467 peTAS RGOS 7aspect
of the present invention provides a nethod of producing the viral vector
according to the second aspect of the present invention, preferably by
generating a nol ecular clone of AdY25 in a Bacterial Artificial Chronosone
(BAC). 5An eighth aspect of the presentdinvention therefore provides a
Bacterial Artificial Chronosone (BAC) clone conprising the pol ynucl eoti de
sequence acgprdin tqg the fifth aspect of the present invention. A
ni nth aspectS“8tmamef Jeveldae i nvention provi des a packaging cell line
produci ng the 10viral vector according to the second aspect of the present
invention. Atenth aspect of the present invention provides an adenovir al
vect or ot hedn pHast @gbiStheguesegt mvantidreproviies thenesinenlefie szcoomisr seghensette

E40rf4, E4A0r{6 and E4Q0rf6/ 7 cpodi egi ons m AdHu5. 15 Figures The
present i nvEMTRERZFS? ngquﬂglgrﬂﬁﬁ?%ﬁ?gw&&%%gfo the following figures in

whi ch: 20Fi gure 1 shows a phyl ogenetic sequence alignment of the am no acid
sequences of (A) the hexon protein and (B) the fiber protein of different
adenovi rus JdeeceqydaspSicthe peessnidpEertiondirayides amadsnpyiaussysetos FeRBTsNgS

Groups A F. oo FLGHLA 2 D0NS, A, ANVLRASREUy SCUNERGRs ) LRI RABR On

t he whol e genom e sequence o type adenoviruse

di fferent spegickdc aSdguekcels @heprisingsire eesgenads Mutkeosidx saqience iof ustegstoups
A-F. Figure 3Ais a histogramof the viral yiel dvéﬁ fectious units/.ml) of
AdHUS and t oPERbIg Yinked, oe GXRFESIY} LOBURY SEVIEREESE %‘ Iff‘{f’ﬁ? ég?:etﬁ?nsfaPSP’ei n

(GFP)114) AQrYxﬁ?crfaﬁon and/or expression thereof in an animal cell and an adenoviral packaging

signal sequence.

A third aspect provides immunogenic compositions comprising the adenoviral vector
according to the second aspect, optionally in combination with one or more additional
15 active ingredients, a pharmaceutically acceptable carrier, diluent, excipient or

adjuvant.

A fourth aspect provides the use of the adenoviral vector according to the second
aspect or the immunogenic composition according to the third aspect in medicine. In
20 particular, the adenoviral vector and immunogenic compositions are provided for
delivery of a transgene into a host cell, elicitation of an immune response in an
animal, boosting an immune response in an animal, treating or preventing at least one
disease, inducing an immune response in an animal that will break tolerance to a self

antigen and gene therapy.

25
A fifth aspect of the present invention provides a polynucleotide sequence encoding

the adenoviral vector according to the second aspect of the present invention.

A sixth aspect of the present invention provides a host cell transduced with the viral

30 vector according to the second aspect of the present invention.



30wi I dtype ("Y25E4Awt"); ii) AdY25 E4 AdHU5 Orf6 ("Y25AdSE4AOrf6") and iii)
AdY25 AdHu5 E40rf4/6/7 ("AdChOX1"). WD 2012/172277PCT/ GB2012/ 000467 6

Fi gure 3Bvbom/ibstogram of the ratio of GFP foci to anticTleseorn/doddeer for
AdHU5, AdCh63, AdY25 E4 wildtype and the constructs A-E as described in
Figure 3C, all expressing the TIPeGFP antigen. 5Figure 3Cis a table
detailing the construction of the E4-nodified AdY25 vector constructs A, B,
C, Dand E. Figure 3Dis a histogramofSthe ratio of marker gene: hexon
titer for AdChOX1l-based vectors expressing Tl PeG-P, having either GFP or

oo 1 ndependentveBlaPF e Ge PEsFBrinbe roHBH Fb AR St SERTocRr BB B Yrfs 5
graphi cal repg@s %E@rﬁlr%n 1@ th€ SebdtPlas erzsmafoa@ng&béru insBRton QrefeRBIEHy S
(SFC)/mllion) of ChAdOX1 as conpared to AdCh63 and AdCh68. 15 Figure 5 is
a graphi cal geeprésgpanmaldcolar ofone hEAdYRE in a Bacteralviydificial &hramosemel (BRG)- spl een
ELI Spot responses (SFC/mllion) to two epitopes, Pb9 and P15, two weeks
after intramuscul ar i nmunisation of Balb/c mce (4/group) with either 108

or 106 5 nf ecd enuntiRipest 6f tHe) pREenfdPntibasheleRRE pedvided 4 IBachtiafl Alrifisiing E4
regions: i) wldtype E4 20region ("E4wt"); ii) E40rf6 from AdHuS
("E40rf 6"); GwompsomeBAEncloge spmprising dhe pelipsslgotidg sequeneg zecprding tethsre 6

is a histogr i t ce of vector-neutralising antibodies in
human sera ff?{oﬂn%ssp%wofﬁleeﬂ?%eg{n@¥%%%t he Ganbi a, agai nst Y25Ad5E4Orf 6
(referred to 25in Figure 6 as "ChAdOX1") and AdCh63. Figure 7 is a

graphi cal representation of the hunoral irnmunogenicity of ChAdJOX1 and
AdCh68- based* RErh asRectal thyinsgsem PXERPIROYIdERA D fragines ”d]é%Fsprﬁa‘é‘Em%%P%e,

mce 10 viral vector according to the second aspect of the present invention.

A tenth aspect of the present invention provides an adenoviral vector other than
AdHuS5 having a nucleic acid molecule comprising the E4Orf4, E40rf6 and E40rf6/7
coding regions from AdHu5.

15

Figures
The present invention is described with reference to the following figures in which:

20 Figure 1 shows a phylogenetic sequence alignment of the amino acid sequences of
(A) the hexon protein and (B) the fiber protein of different adenovirus serotypes.

Sequences are clustered into the six adenovirus groups A-F.

Figure 2 shows a phylogenetic sequence alignment based on the whole genomic
25 nucleotide sequence of wild type adenoviruses of different species. Sequences are

clustered into the six adenovirus groups A-F.

Figure 3A is a histogram of the viral yield (infectious units/ml) of AdHuS and three

AdY?25-based vectors expressing Green Fluorescent Protein (GFP): i) AdY25 E4

30 wildtype (“Y25E4wt”); ii) AdY25 E4 AdHuS Orf6 (“Y25AdSE4Orf6”) and iii)
~ AdY25 AdHu5 E4Orf4/6/7 (“AdChOX1”).



were boosted with 106 pfu MA-TI PeGFP Serum was col | ected and responses
30neasured by endpoint ELISA a) 50 days post prine and b) 10 days post
boost. Mawo 281u7317gni fi cance indicated. Statistical analpgsasperndoossmred by
one way ANOVA. Dotted line indicates Iimt of detection of the assay. WO
2012/ 172277PCT/ GB2012/ 000467 7 Figure 8A is a graphical representation of
cel lul ar i munogenicity (spot form ng cgl ls (SFO/mllion splenocyltes) of
ChAdOX1 vector carrying the Mycobacteri @m tubercul osis Ag85A anti gen, at
three different doses. Cellular imune responses to Ag85A were determ ned

by 1FN- y EL I het §

pepti des” corr Bamcih o 1S Ehe" Khciin i B8 o R B Hichekdh pR o s,
restricted epi€Coil AdY29BSAvildigis) andrihguoastBBts -B ag rdawﬁllbedihn F@@fcesenalat ion
of cellular itnnmuno ot formng cells (SFC)/nillion splenocyltes)
of ChAdOX | FHITHR e[t@ k{fgﬁgg?%rl um t uber cul osi s 10Ag85A anti gen, at
three different doses. Cellular immune responses to A985A wer e determ ned

oy | FIESY, SRRt AR R LR il RS RS B

pept i des corg ? own” 1" muno
restricted epi ope |h Ag8g 1). 15Figure 9 is a graphical representation
of cellular imunogenicity (spot formng cells (SFC/mllion splenocyltes)

of ChAJOX1 arigufdAtVish GstoEMnISE &le@atrwﬂ rﬁaﬂélog&knhéxuﬁ)t1t§rr}9r AREROXIERLLT N 1

(ML) of Influenza A virus, at two different dose ar | mune
responses t oveRlfEs exipeesing ﬁll’(eﬂf)l’ Wevieg ¢sther GFRed th§hdrENflyorEkdeap ohnsgssay

cnown OB rminibsim Resereeieiie Ut ST RIS PR, Bt Hhiprs Bt | o

Descri pti on mean and SEM. present invention relates to novel adenoviral
vectors derived froma chi npanzee 25adenovirus, AdY25, immunogenic
conpositions thereof and their use in nedicine. AdY25 is a chinpanzee

adenovi rus kb 41as g?aﬁgfbaffegi@%gﬁor{&'ce b Ly hodply R Mg AT,

i nventors. nuc e sequence 1S rOV|de flrst‘
aspect of t I‘(SFﬁD/B’BH!mh) oM URAIOXN ab hampixedmaﬂo‘hﬁziasd Adahes.ei c acid nol ecul e

15
Figure 5 is a graphical representation of the effect of E4 modification on IFN-y spleen
ELISpot responses (SFC/million) to two epitopes, Pb9 and P15, two weeks after
intramuscular immunisation of Balb/c mice (4/group) with either 10® or 10% infectious
units (ifu) of AdY25-based vectors with the following E4 regions: i) wildtype E4
20 region (“E4wt”); ii) E40rf6 from AdHuS (“E40rf6™); or iii) E4Orf4, 6 and 7 from
AdHu5 (“E40rf4/6/7”).

Figure 6 is a histogram showing the prevalence of vector-neutralising antibodies in
human sera from (A) the UK and (B) the Gambia, against Y25AdSE40rf6 (referred to
25 in Figure 6 as “ChAdOX1”) and AdCh63.

Figure 7 is a graphical representation of the humoral immunogenicity of ChAdOX1
and AdCh68-based vectors carrying TIPeGFP antigen. After 56 days post prifne, mice
were boosted with 10° pfu MVA-TIPeGFP Serum was collected and responses

30 measured by endpoint ELISA a) 50 days post prime and b) 10 days post boost. Mean
and significance indicated. Statistical analyses performed by one way ANOVA.

‘Dotted line indicates limit of detection of the assay.



havi ng the sequence of SEQ ID NO 1. In one enbodi nent, the nucleic acid
nol ecule is isolated. WO 2012/172277PCT/ GB2012/ 000467 8 The person skilled
in the arwowidi17agpreci ate that there are honol ogues, equinGH2e®o&Nd
derivatives of all of the nucleic acid sequences described herein. Thus,
the invention al so enconpasses nucl eic acid nol ecul es having a sequence
substantially 5identical to the nucleic acid sequences descri bed herein
over their entire length. One of skill Tn the art will appreciate that the
present invention can also include variants of those particul ar nucleic

aci d nol ecul es ich are ex lified herein, These may .occur in .nature, for
il o botdIBUeAr S o e PR BRUOTSL CUlar BT n SRt g dorming cells

subst i t ut | ongregeiion IpleRbi RS AChAX HI&dor PRSI theHhlhbddbrtiie art wil |

al so appreciate’that variation fromthe particular nucleic acid nol ecul es
exenpl i fi ed thareilnsiniAlgB5 Aenfigss iabthece diffeicaivdasts. tGeluble remenawgpafses tve

genetic code referaply, .t vari a have substantial .identity,tq,the
nucl el o act dAEBABREIE A by N, TP dep ERBE SPEROS FEMAT 8 ac
used hey ei n,syptheli€psptiaes éior&%/gb&ﬁﬁﬁf@ﬁ) MO k6EwH aMBunsddshantad” T danHidY "
preferably have at |east 80% 90% 91% 92% 93% 94% 95% 96% 97% 98%
98. 1% 98. 2%stogedopitapg mKg808.(834). 98. 6% 98.7% 98.8% 98.9% 99% - 99. 1%
99. 2%

Figure 8B is a graphical representation of cellular immunogenicity (spot forming cells
(SFC)/million splenocyltes) of ChAdOX1 carrying the Mycobacterium tuberculosis
10 Ag85A antigen, at three different doses. Cellular immune responses to Ag85A were
determined by IFN- y ELIspot assay using splenocytes stimulated with synthetic
peptides corresponding to the known immunodominant CD8" T cell H-2¢ restricted

epitope in Ag85A (pl1).

15 Figure 9 is a graphical representation of cellular immunogenicity (spot forming cells
(SFC)/million splenocyltes) of ChAdOX1 and HAdV-5 carrying the nucleoprotein
(NP) and matrix protein 1 (M1) of Influenza A virus, at two different doses. Cellular
immune responses to nucleoprotein (NP) were determined by IFN-y ELIspot assay
using splenocytes stimulated with synthetic peptides corresponding to the known

20 immunodominant CD8" T cell H-2¢ restricted epitope in NP.
Detailed Description

The present invention relates to novel adenoviral vectors derived from a chimpanzee

25 adenovirus, AdY25, immunogenic compositions thereof and their use in medicine.

AdY25 is a chimpanzee adenovirus which has been sequenced for the first time by the

present inventors. The nucleotide sequence is provided in SEQ ID NO. 1.

30 A first aspect of the present invention therefore provides a nucleic acid molecule
having the sequence of SEQ ID NO. 1. In one embodiment, the nucleic acid molecule

is isolated.



99.3% 99.4%99.5% 99.6% 99.7% 99.8%or 99.9% identity with said
sequences. Desirably, 20 the term"substantial identity" indicates that

sai d sequeoeias27a greater degree of identity w th anypof/dBre12smousences
described herein than with prior art nucleic acid sequences. Wen conparing
nucl ei ¢ acid sequences for the purposes of determ ning the degree of
25honol ogy or identity one can use prograns such as BESTFIT and GAP (both
fromthe Wsconsin Genetics Conputer G®up (GCG software package).

BESTFI T, for exanple, conpares two sequences and produces an opti nmal
alignment of the nost simlar segnments. GAP enabl es sequences to be aligned
al ong their whole length and finds the optimal alignnment by inserting
spaces in eiffefergH k@l‘f&ﬁinat?leaa?tPCvﬂpEigﬁE&ateg’tﬁMhEﬁbA%3hoh{blé§il%s,c&fﬁ'§\%l€nt§f the
present invention, when discussing identity of nucleic acid sequences, the
conpari son iand ndatzativesabf glnefhtheofudéie aahveqsasesafiesarbechberein. Olwisoltlee

| engt h. The .abov.e agl ied nutatis 1n:ut a#i s.to all nucleic acid,s usnces

di scl osed i HDYSREOR AEOHICOMBATSER APFIEH ack BrokCalsS favingea ﬁwg‘fecsue?é‘%g %ol ecul e
accor ding t qdddiRal tb ted n@INE adid RafuefcEaRHE N hateibb @R SheiSSfthé Rapthi cal to SEQ
ID NO 1, nore preferably at |east 98.6% identical to SEQ ID NO 1.
Preferably, the nucleic acid nolecule according to the first aspect

conel st ng. o< St R S 65 SRHERIRTHRGHE R BRI RTRT .
sequence subgtiants batHoye pateibilacalcldib agid hivlecu(d3)whitichre ekelphfidBidadint o 15486

of SEQID NO. 1 or a sequence substantially identical thereto; and 15(c)
nucl eot i des BEsomay goanap natyre, &roxpmplidecausg ol siraip yauaion- EeRSeams al | y

10 additions, substitutions and/or deletions are included. One of skill in the art will also

appreciate that variation from the particular nucleic acid molecules exemplified herein
will be possible in view of the degeneracy of the genetic code. Preferably, the variants
have substantial identity to the nucleic acid sequences described herein over their

entire length.

15
As used herein, nucleic acid sequences which have “substantial identity” preferably
have at least 80%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%, 98.1%, 98.2%,
08.3%, 98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99%, 99.1%, 99.2%, 99.3%,
99.4% 99.5%, 99.6%, 99.7%, 99.8% or 99.9% identity with said sequences. Desirably,
20 the term "substantial identity" indicates that said sequence has a greater degree of

identity with any of the sequences described herein than with prior art nucleic acid

sequences.

When comparing nucleic acid sequences for the purposes of determining the degree of
25 homology or identity one can use programs such as BESTFIT and GAP (both from
the Wisconsin Genetics Computer Group (GCG) software package). BESTFIT, for
example, compares two sequences and produces an optimal alignment of the most
similar segments. GAP enables sequences to be aligned along their whole length and
finds the optimal alignment by inserting spaces in either sequence as appropriate.
30 Suitably, in the context of the present invention, when discussing identity of nucleic

acid sequences, the comparison is made by alignment of the sequences along their



i dentical thereto. These nucl eoti de sequences encode the (a) hexon, (b)
penton and (c) fibre capsid proteins of AdY25, the exterior regions of

whi ch detwormei7tive properties of the viral 20vector, i rchiwghonp/merot ype.
The nucleic acid nolecule according to the first aspect nay al so conprise
one or nore nucl eotide sequences selected fromthe group consisting of:
25(a) a nucl eotide sequence encodi ng a hexon protein conprising the am no
aci d sequence of SEQ ID NO. 2, or a seqfence at |east 98.2% i denti cal

t hereto; or a nucl eotide sequence encodi ng a hexon protein having a
sequence at st 9 Yoidentical to the t ei n.encoded. nucl eoti des

| .29 _
18302 to 21149l eng é?eljlw alil?heéd%‘ﬂ?”%mﬁ%gﬁé? F‘Hé‘u‘g‘S’c&@é RHEEYi ng a

penton prot g'?s@logmrt@bf&geﬂtra pliBR aci d sequence of SEQ ID NO.3, or a

sequence at l|east 98.3% identical thereto; or a nucleotide sequence

encodi ng a penton protein having a sequence at |east WO

2012/ 172277RCT. 012/ 000467.10 98. 3% identical to the protein cqded by .
nucl eot i des i@jgli%%'t eﬂ%‘ﬁ%éf %CF(}@@%CP% aﬁ@rﬁfg tg%cf tt(irés aspe tl%lg %S%Ciugg&sée%quence
encodi g a fidREIIMiRELA 16 SERY IFENYL, tnfkete PREFAADHCIL (LaSEIRIEN GEertital IEQED NO. 4
or a sequence at least 99.1% identical thereto; or a 5nucleotide sequence

encodi ng a fPB¥P.lprotei n having a sequence at |east 99.1%identical to the
protei n encoded by nucl eoti des 32290 to 33621 of SEQ ID NO 1. Nucleic acid
nol ecul es conprising a sequence conplenentary to the nucleic acid

10nol ecul e Peeforably)thd fudiéie atid mbleaslpaxtordingt toethp fiesteaspedt mumptisasnorar e
within the scope of the present invention. Nucleic acid nol ecul es which
hybri di ze omhgre pclepfidesaapesices seiqctedfmadhin FOUR EUISHIRE OFo the first aspect

of thegresent invention are also enconpassed by the present

(a) nucleotides 18302 to 21130 of SEQ ID NO. 1 or a sequence substantially
identical thereto;
(b) nucleotides 13891 to 15486 of SEQ ID NO. 1 or a sequence substantially
identical thereto; and

15 (c) nucleotides 32290 to 33621 of SEQ ID NO. 1 or a sequence substantially

identical thereto.

These nucleotide sequences encode the (a) hexon, (b) penton and (c) fibre capsid
proteins of AdY25, the exterior regions of which determine the properties of the viral

20 vector, including serotype.

~ The nucleic acid molecule according to the first aspect may also comprise one or

more nucleotide sequences selected from the group consisting of:

25 (a) a nucleotide sequence encoding a hexon protein comprising the amino acid
sequence of SEQ ID NO.2, or a sequence at least 98.2% identical thereto; or a
nucleotide sequence encoding a hexon protein having a sequence at least
98.2% identical to the protein encoded by nucleotides 18302 to 21130 of SEQ
ID NO. 1;

30 (b) a nucleotide sequence encoding a penton protein comprising the amino
acid sequence of SEQ ID NO.3, or a sequence at least 98.3% identical thereto;

or a nucleotide sequence encoding a penton protein having a sequence at least



15 application. Thus, the conditions used for hybridisation are
sufficiently stringent that only such nucleic acid sequences would remain
hybri di sewo 20f»17person skilled in the art woul d easily lpeTtalB201bmodet er m ne
such condi tions. The nucleic acid can be DNA, including cDNA, RNA

i ncl udi ng MRNA or PNA 20(peptide nucleic acid) or a mxture thereof Table 1
provi des an overview of the wldtype AdY25 sequences discl osed herein: ‘
Table 1 SEQ ID NO Description Correspbhdi ng nucleotides in SEQ I D NO1 1
Genome (nucl eoti de sequence) N A 2 Hexon protein Nucleotides 18302 to 21130

§\|t §|) egt Fggts © 2225855%‘%@%@% ?qt_ g%?mgi:r)’l%%%oc{eg b%%%%l%o{i&ezs) 13%91:itob{5e488ro?t5%idﬁ'
ID NO. 1; and |
(c) a nucleotide sequénce encoding a fiber protein comprising the amino acid
sequence of SEQ ID NO.4 or a sequence at least 99.1% identical thereto; or a
5 nucleotide sequence encoding a fiber protein having a sequence at least 99.1%

identical to the protein encoded by nucleotides 32290 to 33621 of SEQ ID
NO. 1.

Nucleic acid molecules comprising a sequence complementary to the nucleic acid
10 molecule according to the first aspect of the present invention are within the scope of

the present invention.

Nucleic acid molecules which hybridize only to the nucleic acid molecule according
to the first aspect of the present invention are also encompassed by the present
15 application. Thus, the conditions used for hybridisation are sufficiently stringent that
only such nucleic acid sequénces would remain hybridised. The person skilled in the

art would easily be able to determine such conditions.

The nucleic acid can be DNA, including ¢cDNA, RNA including mRNA or PNA

20 (peptide nucleic acid) or a mixture thereof.

Table 1 provides an overview of the wildtype AdY25 sequences disclosed herein:

Table 1
SEQ ID NO. | Description Corresponding nucleotides in
SEQ ID NO.1
1 Genome (nucleotide sequence) | N/A
2 Hexon protein Nucleotides 18302 to 21130 (L3)
3 Penton protein Nucleotides 13891 to 15486 (L2)
4 Fibre protein Nucleotides 32290 to 33621 (L5)
5 E1A Nucleotides 577 to 1143 and 1237
: to 1443
6 E1B 19KDa Nucleotides 1602 to 2165
7 E1B 55KDa Nucleotides 1907 to 3406
8 pIX Nucleotides 3491 to 3919




5 El A Nucl eotides 577 to 1143 and 1237 to 1443 6 El B 19KDa Nucl eoti des 1602
to 2165 7 El B 551(Da Nucl eotides 1907 to 3406 8 pl X Nucl eotides 3491 to
3919 WO WO0RB(2172277PCT/ GB2012/ 000467 11 9 |Va2 Nucl eot ipdessE2bR/0004575602
and 3978 to 5311 (E2) 10 Pol ymerase

11
9 Va2 Nucleotides 5587 to 5602 and 3978
to 5311 (E2)
10 Polymerase Nucleotides 13838 to 13846 and
5081 to 8662 (E2)
11 pTP Nucleotides 13838 to 13846 and
8463 to 10392 (E2)
12 52/55kDa Nucleotides 10827 to 12017 (L1)
13 JHIE] Nucleotides 12041 to 13807 (L1)
14 VII Nucleotides 15493 to 16074
15 V Nucleotides 16119 to 17141
16 Mu Nucleotides 17161 to 17394
17 VI Nucleotides 17470 to 18201
18 Endoprotease Nucleotides 21146 to 21775
19 DNA binding protein Nucleotides 21852 to 23390
20 100kDa Nucleotides 23419 to 25827 (L4)
21 22KDa Nucleotides 25544 to 26098
22 33KDa Nucleotides 25544 to 25871 and
26041 10 26372 (L4)
23 pVIII Nucleotides 25602 to 26285 (L4)
24 E3 12.5KDa Nucleotides 27139 to 27459
25 E3 CRIal Nucleotides 27413 to 28051
26 E3 gp19KDa Nucleotides 28033 to 28563
27 E3 22.3KDa Nucleotides 29350 to 29979
28 E3 31KDa Nucleotides 29999 to 30907
29 E3 10.4KDa Nucleotides 30916 to 31191
30 E3 15.2KDa Nucleotides 31200 to 31643
31 E3 14.7KDa Nucleotides 31636 to 32040
32 E4 Orf 6/7 Nucleotides 34688 to 34861 and
33716 to 33965
33 E4 Orf 6 Nucleotides 33965 to 34861
34 E4 Orf 4 Nucleotides 34764 to 35132
35 E4 Orf 3 Nucleotides 35141 to 35494
.36 E4 Orf 2 Nucleotides 35491 to 35880
37 . E4 Orf 1 Nucleotides 35930 to 36304

The genome sequence data has confirmed early serological studies that simian AdY25
is closely related to human group E adenovirus, AdHu4*. Alignment of the amino acid
sequences of hexon and fibre proteins from different adenoviral serotypes have been
used to create the phylogenetic trees in Figure 1. These are the major surface-exposed
capsid components and are believed to be the primary determinants of vector tropism.
Alignment of whole genomic nucleotide sequences of different adenoviral species

have been used to create the phylogenetic tree in Figure 2. The genome and the fibre



Nucl eoti des 13838 to 13846 and 5081 to 8662 (E2) 11 pTP Nucl eoti des 13838
to 13846 and 8463 to 10392 (E2) 12 52/55kDa Nucl eotides 10827 to 12017 (L1)
13 Il11a Nwolzenfi7es 12041 to 13807 (L1) 14 VII Nucl eoti ¢e3/GB24220045716074
15 V Nucl eotides 16119 to 17141 16 Mu Nucl eotides 17161 to 17394 17
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proteins align AdY25 with the group E adenoviruses. However, the hexon proteins

align AdY?25 with the group D adenoviruses.

Merely for the convenience of those of skill in the art, a sample of E. coli strain
5 DHI10B containing bacterial artificial chromosomes (BACs) containing the cloned
genome of chimpanzee adenovirus Y25 (pBACe3.6 Y25, cell line name “Y25”) was
deposited by Isis Innovation Limited on 24 May 2012 with the European Collection
of Cell Cultures (ECACC) at the Health Protection Agency Culture Collections,
Health Protection Agency, Porton Down, Salisbury SP4 0JG, United Kingdom under
10 the Budapest Treaty and designated by provisional accession no. 12052401.

The E. coli containing the BAC is a class I genetically modiﬁéd organism. The '
genotype of E. coli strain DH10B is: F- mcrA 4(mrr-hsdRMS-mcrBC)
®80dlacZAMI5 AlacX74 endAl recAl deoR A(ara,lew)7697 araD139 galU galK
15 nupG rpsL i Chimpanzee adenovirus Y25 is provisionally classified within the
species Human adenovirus E based on the nucleotide sequence of the viral DNA

polymerase.

The BAC propagates within the bacteria during replication and can be maintained by
20 selection with chloramphenicol. The E. coli strain DH10B containing the BAC into
which the genome is cloned can be propagated in Luria-Bertani broth or agar

containing 12.5pg/mL chloramphenicol at 37°C.

Converting the BAC clones of the viral genomes into viruses ("rescue") can be carried
25 out by the following steps. The E. coli host is propagated and the BAC DNA is
purified from the bacteria according to standard methods. The DNA is linearised with
the restriction endonuclease Pmel and transfected into any cell line supporting growth
of human adenoviruses (e.g. A549 cells). The resulting adenovirus can then be
propagated and purified for use as a vaccine, for example. All of these reagents and
30 cells are publicly available. If the deposition were rescued, the resulting virus would

be a wild-type adenovirus.



VI Nucl eotides 17470 to 18201 18 Endoprotease Nucl eotides 21146 to 21775 19
DNA bi nding protein Nucleotides 21852 to 23390 20 100lcDa Nucl eotides 23419
to 25827 Wb4p1222#2KDa Nucl eoti des 25544 to 26098 22 33p(DasByucdm@oisrdes

25544 to 25871 and 26041 to 26372 (L4) 23 pVIII1 Nucl eotides 25602 to 26285

(L4)
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In respect of all designated states to which such action is possible and to the extent
that it is legally permissible under the law of the designated state, it is requested that a
-sample of the deposited material be made available only by the issue thereof to an
inde’pendent expert, in accordance with the relevant patent legislation, e.g. Rule 32(1)
5 EPC, Rule 13(1) and Schedule 1 of the UK Patent Rules 2007, Regulation 3.25(3) of
the Australian Patent Regulations and generally similar provisions mutatis mutandis

for any other designated state.

Furthermore, merely for the convenience of those of skill in the art, a sample of E.

10 coli strain DH10B containing bacterial artificial chromosomes (BACs) containing the
cloned genome of chimpanzee adenovirus Y25 with deletion of the E1 region
(PBACe3.6 Y25delEl, cell line name “Y25delE1”) was deposited by Isis [nnovation
Limited on 24 May 2012 with the European Collection of Cell Cultures (ECACC) at
the Health Protection Agency Culture Collections, Health Protection Agency, Porton

15 “Down, Salisbury SP4 0JG, United Kingdom under the Budapest Treaty and

designated by provisional accession no. 12052402.

The E. coli containing the BAC is a class I genetically modified organism. The
genotype of E. coli strain DH10B is: F- merA A(mrr-hsdRMS-mcrBC)

20 &80dlacZAMIS5 AlacX74 endAl recAl deoR A(ara,leu)7697 araD139 galU galK
nupG rpsL A-. Chimpanzee adenovirus Y25 is provisionally classified within the
species Human adenovirus E based on the nucleotide sequence of the viral DNA

polymerase.

25 The BAC propagates within the bacteria during replication and can be maintained by
selection with chloramphenicol. The E. coli strain DH10B containing the bacterial
artificial chromosomes into which the genomes are cloned can be propagated in

Luria-Bertani broth or agar containing 12.5ug/mL chloramphenicol at 37°C.

30 Converting the BAC clones of the viral genomes into viruses ("rescue") can be carried
out by the following steps. The Z. coli host is propagated and the BAC DNA is

purified from the bacteria according to standard methods. The DNA is linearised with



24 E3 12.5KDa Nucl eotides 27139 to 27459 25 E3 CRlal Nucl eotides 27413 to
28051 26 E3 gpl 9KDa Nucl eoti des 28033 to 28563 27 E3 22.31(Da Nucl eoti des
29350 t o wOW/2BH7E3 31KDa Nucl eoti des 29999 to 30907 29CERERO1MIEDS7

Nucl eoti des 30916 to 31191 30 E3 15. 2KDa

14

the restriction endonuclease Pmel and transfected into HEK293 cells (or a similar E1
complementing cell line). The resulting adenovirus can then be propagated and
purified for use as a vaccine for example. All of these reagents and cells are publicly
available. If the deposition were rescued, the resulting virus would be a class I

5 genetically modified organism.

In respect of all designated states to which such action is possible and to the extent
that it is legally permissible under the law of the designated state, it is requested that a
sample of the deposited material be made available only by the issue thereof to an

10 independent expert, in accordance with the relevant patent legislation, e.g. Rule 32(1)
EPC, Rule 13(1) and Schedule 1 of the UK Patent Rules 2007, Regulation 3.25(3) of
the Australian Patent Regulations and generally similar provisions mutatis mutandis

for any other designated state.

15 A specific embodiment of the first aspect of the present invention provides the
complete genomic sequence of a chimpanzee adenovirus referred to herein as AdY25,
wherein said genomic sequence comprises or consists of the genomic sequence
deposited in a BAC in E. coli strain DH10B by Isis Innovation Limited on 24 May
2012 with the European Collection of Cell Cultures (ECACC) at the Health-

20 Protection Agency Culture Collections, Health Protection Agency, Porton Down,
Salisbury SP4 0JG, United Kingdom under the Budapest Treaty and designated by
provisional accession no. 12052401, or the genomic sequence deposited in a BAC in
E. coli strain DH10B by Isis Innovation Limited on 24 May 2012 with the European
Collection of Cell Cultures (ECACC) at the Health Protection Agency Culture

25 Collections, Health Protection Agency, Porton Down, Salisbury SP4 0JG, United
Kingdom under the Budapest Treaty and designated by provisional accession no.

12052402.

The inventors have discovered that viral vectors based on the newly sequenced
30 AdY25 can be highly effective. A second aspect of the present invention therefore
provides an adenovirus vector comprising a capsid derived from chimpanzee

adenovirus AdY25, wherein said capsid encapsidates a nucleic acid molecule



Nucl eoti des 31200 to 31643 31 E3 14. 7KDa Nucl eoti des 31636 to 32040 32 E4
Of 6/7 Nucl eotides 34688 to 34861 and 33716 to 33965 33 E4 Of 6

Nucl eot i dwe 28396270 34861 34 E4 Of 4 Nucl eoti des 3476#cramEbibadoils E4 O f
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comprising an exogeneous nucleotide sequence of interest operably linked to
expression control sequences which direct the translation, transcription and/or

expression thereof in an animal cell and an adenoviral packaging signal sequence.

5 As used herein, the phrase “viral vector” refers to a recombinant virus or a derivative

thereof which is capable of introducing genetic material, including recombinant DNA,

into a host cell or host organism by means of transduction or non-productive
infection. For example, the vector of the present invention may be a gene delivery

, vector, a vaccine vector, an antisense delivery vector or a gene therapy vector.

10 |
As used herein, “AdY25” and “Y25” refer to the chimpanzee adenovirus AdY25 or
vectors derived therefrom of based thereon. Shorthand terms are used to indicate
modifications made to the wildtype virus. For example, “AE1” or “delE1” indicates
deletion or functional deletion of the E1 locus. The phrase “Ad5E4Orf6” indicates

15  that the viral vector comprises heterologous E4 open reading frame 6 from the Ad5

virus.

The vector of the present invention comprises a capsid derived from chimpanzee
adenovirus AdY?25. Preferably, the capsid comprises the native or wildtype AdY25
20 capsid proteins, including penton proteins, hexon proteins, fiber proteins and/or
scaffolding proteins. However, one of skill in the art will readily appreciate that small
modifications can be made to the capsid proteins without adversely altering vector
tropism. In a particularly preferred embodiment, the vector capsid comprises one or
more capsid proteins selected from the group consisting of:
25 |
(a) a hexon protein comprising the amino acid sequence of SEQ ID NO. 2
or a sequence substantially identical thereto;
(b) a penton protein comprising amino acid sequence of SEQ ID NO. 3 or
a sequence substantially identical thereto; and
30 (c) a fibre protein comprising the amino acid sequence of SEQ ID NO. 4

or a sequence substantially identical thereto.
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DNA pol'ynmerase. The BAC propagates within the bacteria during replication
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another (since they have larger aliphatic side chains which are hydrophobic). Other
15 amino acids which can often be substituted for one another include: phenylalanine,
tyrosine and tryptophan (amino acids having aromatic side chains); lysine, arginine and
histidine (amino acids having basic side chains); aspartate and glutamate (amino acids
having acidic side chains); asparagine and glutamine (amino acids having amide side
chains); and cysteine and methionine (amino acids having sulphur containing side
20 chains).Variants include naturally occurring and artificial variants. Artificial variants
may be generated using mutagenesis techniques, including those applied to nucleic

acid molecules, cells or organisms. Preferably, the variants have substantial identity to

the amino acid sequences exemplified herein.

25 As used herein, amino acid sequences which have ‘;substantial identity” preferably
have at least 80%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%, 98.1%, 98.2%,
98.3%, 98.4%, 98.5%, 98;6%, 98.7%, 98.8%, 98.9%, 99%, 99.1%, 99.2%, 99.3%,
99.4%,99.5%, 99.6%, 99.7%, 99.8% or 99.9% identity with said sequences. Desirably,
the term "substantial identity" indicates that said sequence has a greater degree of
30 identity with any of the sequences described herein than with prior art amino acid

sequences.
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12.51. 19/ nL el ickasrbe séquehcestfoBthe. AdY25 hexon, penton and fibre proteins are set out

in nucleotides 18302 to 21130 of SEQ ID NO.1 (hexon protein), nucleotides 13891 to
15486 of SEQ ID NO. 1 (penton protein) and nucleotides 32290 — 33621 of SEQ ID
NO.1 (fibre protein). The vector capsid may comprise one or more AdY25 capsid
20 proteins encoded by these nucleotide seqliences or sequences substantially identical

thereto.

The vector according to the second aspect of the present invention may comprise one
of the hexon, penton and fibre proteins as described above, any combination of two of

25 said proteins, or all three of said proteins.

The vector of the present invention also comprises a nucleic acid molecule. As a
minimum, the nucleic acid molecule comprises an exogeneous nucleotide sequence of
interest, operably linked to expression control sequences which direct the translation,
30 transcription and/or expression thereof in an animal cell and an adenoviral packaging

signal sequence.



30Converting the BAC clones of the viral genones into viruses ("rescue")
can be carried out by the follow ng steps. The E. coil host is propagated
and the BAG20NA7em7purified fromthe bacteria accordi ngpCe/caarndmogs7

met hods. The DNA is linearised with 14 the restriction endonucl ease Pnel
and transfected into HEK293 cells (or a simlar El conplenenting cel

line). The resulting adenovirus can then be propagated and purified for use
as a vaccine for exanple. Al of thesel$eagents and cells are publicly

avai lable. If the deposition were rescued, the resulting virus would be a

class | 5genetically nodified organism In respect of all designa states
to which sugFFf%féE]iyoﬁei OgHEOIH PBCIY b‘Fet %qyﬂgeg)g?%%f atrﬁgfecylg 0:% o ,%eégﬁ?lﬁ

per m ssi bl eﬁ‘lb’l\%%[e bhenkARY Hayt Be (dpRitdnabsgpeitRieCor hiicleR ik@uUnsleade tdfat a
sanpl e of the deposited material be nade avail able only by the issue

t her eof to anerestOThadeggencastnusleotide sequancecway dagede one oh MA@ el BVARE
patent |egislation, e.qg. ,Rule 1 PC, Rule 13(1) and Schedule 1 of the
UK Pat ent Rﬁfﬁge%d‘??re%é%}ﬁ‘f%ﬁoﬁ&ﬁ?eﬁg( 3) of the Australian Patent
Regul atsi ons and general ly simlar provisions nutatis nutandis for any other

designated state. 15A specific enbodi ment, of the first aspeft of. t he
present inv@mteion prdbvpddeeeptides cfnpnterest gaslsds cantiggienawlelay afiuvishz ee

adenovi r us rrg}cn%gs%gttu}slgtgB%rﬁi(eerihsaa%dpx‘gminﬂggrei n said genom c sequence

conpri ses o Congt's genom Cc sequence deposited in a BACin E. coli
strain DHLIOB by Isis Innovation Limted on 24 May 2012 with the European

Coll ection of Cell Cultures (ECACO)  at_.the Heal th .20Protection,. Agen
Gl ture Col Pediablys MermsslerorinobSERdant SR AnSBHETh I C S PE Y 5pa

QG Uy ted amiéinggg g?gé%gg n-8d} eﬁ%ﬂﬁ%&xﬁ. prefE@BlyY R AtHIE S Bnelegdd monPilevi si onal

accessi on no. or the genom c sequénce deposited in a BACin E
colt strai ngRMb@Bnkistingséfsbakteniovdtuses pkions, thengiarotsts ad/hehminthesi t h t he

raeny Cul t Brgeabl eRapE iserv L P pPeR BEb D R ALy BB R Do
Sal i sbury 5P, O Gk, ashdShpOdans, wrdeHesdeisButRRs Syrohiealoyirandhiesi gnat ed

by provisional accession no. 12Q52402. he i nventors have_discovered that
viral vect opspiiasedins, maleriapeasitesclgishmenid PITRHESS aay mysebastenial ypetesect i ve.

PoeCaTE 2Bl I LSRG Y ST AABRTSL Y SRR iy B onov s
wherein sai gnfiapsa tireywripshaidass AT 6) IS @48 2% and 858 entigeas frbf
Mycobacterium tuberculosis. Particularly preferred antigens include Ag85A from
Mycobacterium tuberculosis and nucleoprotein (NP) and matrix protein 1 (M1) from
influenza A virus, preferably Inﬂuenzd A virus.

20

In an alternative embodiment, the antigen is a self-antigen. Suitable self-antigens
include antigens expressed by tumour cells which allow the immune system to
differentiate between tumour cells and other cell types. Suitable self-antigens include
antigens that are either inappropriate for the cell type and/or its environment, or are
25 only normally present during the organisms' development (e.g. foetal antigens). For
example, GD2 is normally only expressed at a significant level on the outer surface
membranes of neuronal cells, where its exposure to the immune system is limited by
the bldod-brain barrier. However, GD?2 is expressed on the surfaces of a wide range of
tumour cells including small-cell lung cancer, neuroblastoma, melanomas and
30 osteosarcomas. Other suitable self-antigens include cell-surface receptors that are
found on tumour cells but are rare or absent on the surface of healthy cells. Suqh

receptors may be responsible for activating cellular signalling pathways that result in



conpri sing an exogeneous nucl eoti de sequence of interest operably linked to
expression control sequences which direct the translation, transcription
and/ or exwoesgiwmthereof in an aninmal cell and an adenegirrgs20paokagi ng

si gnal sequence. 5As used herein, the phrase "viral vector"” refers to a
reconbi nant virus or a derivative thereof which is capable of introducing
genetic material, including reconbinant DNA, into a host cell or host
organi sm by nmeans of transduction or nbh-productive infection. For exanple,
the vector of the present invention nmay be a gene delivery vector,

a
vacci ne vector, an .antisense deljvery vegtor or a ge t hera or.. 10
As used her Is,henl,mre&l&wé"gra 'a‘?‘gélvﬁs@\f{‘e?feﬁl? {%O‘Eh"reﬂpﬁf eeé‘aglggyno%:gﬁgslsAdYZS
or vectors deplved ¢t BRI AL RASRIok 18 §@face HIOBlehANGANE&T fBnAE @elised t o

indicate nodifications made to the w |l dtype virus. For exanple, "AE 1" or
"del E 1" i n@redfatbly, thelself antigeprcompmises awaloudabsoriatad aptigemel A0).| ocus. The
phrase "AdS5E4AOrf6" indicates 15that the viral vector conprises heterol ogous
E4 open reading frame 6 fromthe Ad5 virus. The vector of the present

i nvent ison CARREESRSeR, BRASIY AaEEN &M cdhPiBsEV IR MIRE PGS \fidinian ActiEeh.
Preferably, the capsid conprises the native or m@ldtﬁpe AdY25 20capsi d
proteins, i aed gludgs fernasent pridgen; ard fragments padyaiants therephr ThessdeREMSnd/ or
scaf fol di ng_py ot ei ; - i i d : i I b Ment
ppr coi at o PR HET rer BB B S biskdaicel R PR rillion SRS pdkent

wi t hout adven@hy Bidfeablyg #eet @etainr omi simprove auger tthe ulaatiggnigtyef @died

enbodi nent, 'the vector capsid conprises one of nore capsid protein
sel ected f rmﬁ@ge@%ﬁﬁ)fé&ﬁqrﬁt@g@g%- :G%Sfaﬁ(aganag%&dﬁ?%?BFEFW%B}?{?F}%i ng
the anjgno a%feo?%itﬁg)g g@f(;@)éptgie pi§€£2>abB NPeirde Red fo SERUARGEIIEHEST 3BIJ & ih¥eed

identical t ent'on protein conprising amno acid sequence of
SEQ I D NO. & eapable oéqnibwing audsibady oalll aelli rdsponse il a silgeatt dmmngg@oec) a

fibre protein conpri si t he am.no acid sequence . . r
sequence s uBa_é(Fﬁﬁ_P i Iﬁ?al“yﬁ'gﬂgﬁt PRSI % é}OéJ{Png E@fg%l%gﬁ@%@iﬁ?ﬁ@oma?
16 One of S_Iﬂéférabl@ QP%t@JtIveVﬁﬂn!lu&p&"sﬁﬁisétiﬁ at fidfect. MENR! @6 et latteiv edde] the can
i nclude variants Of those particular am no acid sequences which are

exenpl i fi ed phweision polypeptidaunay by cpnablecofrgeacrating vaANAbRAY mEpARFRyAtha B no
acid sl§quencet. soiﬁim'bl ary 1ot heart S %fn B! he parent protein, in which one or nore
ani no ‘aci d PRERAY SRS TN IETROI%d, del eted or added in .5any combination.
Especially prefen-ed are silent substitutions, additions and
Preferably, fragments of the antigens comprise at least # consecutive amino acids
from the sequence of the parent antigen, wherein » is preferably at least, or more than,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
20 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54,55, 56, 57, 57, 58, 59, 60, 70, 80, 90 or 100. The fragments preferably include one
or more epitopic regions from the parent antigen. Indeed, the fragment may comprise
or consist of an epitope from the parent antigen. Alternatively, the fragment may be

sufficiently similar to such regions to retain their antigenic/immunogenic properties.

25
The antigens of the present invention include variants such as derivatives, analogues,
homologues or functional equivalents of the parent antigen. Particularly preferred are
derivatives, analogues, homologues or functional equivalents having an amino acid
sequence similar to that of the parent antigen, in which one or more amino acid
30 residues are substituted, deleted or added in any combination. Preferably, these

variants retain an antigenic determinant or epitope in common with the parent antigen.



del etions, which do not alter the properties and activities of the protein
of the present invention. Various am no acids have simlar properties, and
one or nowe 8igih2aEmM no aci ds of a substance can often becsdmbidwvaed by one
or nore other such am no acids without elimnating a desired activity of

t hat substance. Thus, the am no acids glycine, 10 al anine, valine, |eucine
and isol eucine can often be substitut egqfor one anot her (am no aci ds having
al i phatic side chains). O these possi O substitutions it is preferred
that glycine and alanine are used to substitute for one another (since they
have rel ati r ' chai | i i ne. j,sQleuci ne
are used to%fy)eéﬁgﬁ%é‘?g%tlgg%bgﬂé Lf}ég(r:h SI %%dée@ﬁ?g?u %‘g{é’égq %r%b‘ga?e%é% l?aglﬁati C

si de chai ns asrdngino arid shqubnop hdistanyiallyddertical kearhino aaic sdquonoe onthedarent t en be
substituted for one another include: phenylal anine, tyrosine and tryptophan
(am no aci ds"™M&%'ng aromatic side chains); |ysine, arginine and histidine
(am no aci ds having basic side chains); aspartate and glutamate (am no

aci ds having acidic side chains); asparagi ne and gl utam ne (am no acids

havi ng am delhs efwgenenun apcleatide ssgutmicrvanrdcatethoerthae opamntigenadihd yifahvi ng

sul phur contai pin ide 20chains). Variants include naturally aoccurring and
artificial v\gef: fz’ér??a g.sbe/i{r%tsﬁgf’?c@&’a?x VEP T Ent'E M?rﬁgntd%%’egegf%ﬁf PRIt RSenesi s
techni ques, Profetablly,nBe episgesanpl itBlg b mMlEPIRI pitdsdstarBNnREY kG thes SlilhRuP!

organi snms. Preferably, the variants have substantial identity to the am no

aci d sequendBETEREWpICHRGNSEs Beshethpt umsgessary ayclsi asich andier awinecici metpishces

whi ch have " E ant i i 1tV ..oref. bly. have | east .80%, 90% 91%
92% 93% 94&%@‘&8%@5 5%%}6%8%% t@s?ﬁ‘%"%é&‘% ‘Sgﬁfae%%ﬁ%s?%%ve 8IS Bg 606
98. 7% 1®8. 8%ecfbifsnt DN cABtrhish tHD cA%ded I UniRP 248 QQuEte AKN6%pitds: 7%

99.8% or 99.9% identity Wth said sequences. Desirably, the term
"subst ant i aIStri‘%ﬁ‘flﬁ’[ E;‘e)i?lﬂéi GPHBE e, pnes gl Hloéee?ﬁi@ﬁé%lqﬁ& sgmgreadieg frawgr ee of

30identity w S s i ] (R - Wi i art
i o aci 4 Se e g o R N0 1 b0 e, PPl PluRes, B 2
pr ogr am suc HoBewingepThSTBRLFPr $1y-gag, Py COenrdr Ry 3a riltematiceld, the guegagsnaylhi s
pr ogr am conpar es amdno acic{ se@uenc s and finds the optinmal alignnment by
i nserting spaceRIPITAer SHRAMIE BYBARIECSs appropriate. It is possible to

calculpge anmino acid identity or simlarity (identity plus conservation of
amino acid 5type) for an optimal alignnment. A program|ike BLASTX will
ali gn t he | &Mgetmeye pbtheranggensi ariantigensgenaemor de sntcaisbatdhe €-tomhinas t o t he

fit. [ [ ' - ' wh I ' f
Gimitarity argor B ARy ey B bR S P S e s oS o

nmutatis mut aacdise 4ral/@d dnhadenbe BEindnGRA1LHN QL antikchiit9oFehd dhtiohe MEBSENt
application.. 10 Preferably, the hexon(gprpt_ei n conprises an am no acid
sequence at [PeEwicaten woi bekpawi i thess ofsigll ip theart. For prampleatsripus wel- pent on

R S, oML 06 AR LGAh S0 et g (0 010
| east 99. 1%encielmg owlleit aciEeueBcdND. cither éfd of the antigen gene, and then insert the
desired coding sequence into the viral vector. For example, truncations of the
candidate protein are created using 3' and/or 5' exonuclease strategies selectively to
erode the 3' and/or 5' ends of the encoding nucleic acid, respectively. Preferably, the
25 wild type gene sequence is truncated such that the expressed antigen is truncated by 1,
2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more amino acids
relative to the parent antigen. Preferably, the antigen gene is truncated by 10 — 20
amino acids at the C- terminus relative to the wild type antigen. More preferably, the
antigen gene is truncated by 13 — 18 amino acids, most preferably by 15 amino acids

30 at the C- terminus relative to the wild type antigen. Preferably, the Ag85A antigen is

C-terminally truncated in this manner.



The nucl eoti de sequences for the AdY25 hexon, penton and fibre proteins are
set out in nucleotides 18302 to 21130 of SEQ ID NO 1 (hexon protein),

nucl eot i dwe 2088@1270 15486 of SEQ ID NO. 1 (penton prot ecm)cEoc/ouseot i des
32290 - 33621 of SEQID NO 1 (fibre protein). The vector capsid may
conprise one or nore AdY25 capsid 20proteins encoded by these nucl eotide
sequences or sequences substantially identical thereto. The vector
according to the second aspect of the @desent invention may conprise one of
t he hexon, penton and fibre proteins as described above, any conbi nation of

two of 25 h d Th f th
e S B oS e O R S SRS R P B e

nucl ei ¢ aci defRRIn8EHa§ an@EfHer@e%éin@Bfﬁfé%ﬁ%?Hﬁndwﬁ{ RGhRNR, saaygnge of
interest, operably linked to expfession control sequences which dlrect t he

transl ation efBdencyna RN pistabilitnread snayesnbrresssixpressipe prdipr immenpganiciuef cel |

S012) 17995 bk hiesB I BRE R4 BAR SERIER S ssne asminogen activalor (BA) ge

sequence enqagRsably, iR ®AUleeddsedqurhed sspbsnﬁm&i Natediblao e it meat may be a
protein, polypeptide or nucleic acid nolecule of interest. The exogeneous
nucl eot i de $BHEEHce may encode one or nore, two or nore or three or nore
nol ecul es of interest. 5 Proteins and pol ypeptides of interest include
antigens, nol ecul ar adjuvants, inmunostinulatory proteins and reconbi nases.
Preferably, Thedeqleotezjuaneersuphb bwnepPAdmdefs sequence stayibs lmkedatutingeequemt one

e e e 4P PR PSR S A S T L
pri OHSLEf Ungiminph&lé H Bndth daJaedaH‘hQ@@ﬁﬁﬁ seqiéRE girataldyd tHahR GBBS hd¥Bmi 5 der i ved

fromt group consisting of Mtuberculosis, Plasonodiumsp, influenza
virus, HV, seepeaititsic@rythatiwouldyinisriergavidlydomsin feldingrofghpfusiocnrmaotein: us,
mal aria parasites, |eishmania parasites or any nycobacterial species.
15Preferred antigens include TRAP, NMSP-1, AMA-1 and CSP from Pl asnodi um

One or more of the antigen genes may comprise a marker such as the Green
Fluorescent Protein (GFP) marker to facilitate detection of the expressed product of

15 the inserted gene sequence.

One or more of the antigen genes may comprise a nucleic acid sequence encoding a
tag polypeptide that is covalently linked to the antigen upon translation. Preferably the
tag polypeptide is selected from the group consisting of a PK tag, a FLAG tag, a

20 MYC tag, a polyhistidine tag or any tag that can be detected by a monoclonal
antibody. The nucleic acid sequence encoding the tag polypeptide may be positioned
such that, following translation, the tag is located at the C-terminus or the N-terminus
of the expressed antigen or may be internal to the expressed antigen. Preferably, the
tag is located at the C-terminus of the expressed antigen. In a preferred embodiment,

25 one or more of the antigen genes encode a PK tag. A tag of this type may facilitate
detection of antigen expression and clones expressing the antigen, and/or enhance the

immunogenicity or antigenicity of the antigen.

If a tag polypeptide is used, nucleotides encoding a linker sequence are preferably

30 inserted between the nucleic acid encoding the tag polypeptide and the nucleic acid
encoding the expressed antigen. An exemplary linker is IPNPLLGLD (SEQ ID
NO.49).



i nfluenza virus antigens and ESAT6, TB 10.4 85A and 85B antigens from
Mycobacterium tubercul osis. Particularly preferred antigens include Ag85A
from Mycolweaheri7eayrt uber cul osi s and nucl eoprotei n (NP) aad/gebiaocooqsrotein 1
(ML) frominfluenza A virus, preferably Influenza A virus. 20 In an
alternative enbodi ment, the antigen is a self-antigen. Suitable

sel f-antigens include antigens expressed by tunour cells which allow the

i mmune systemto differentiate between22unour cells and other cell types.
Suitabl e self-antigens include antigens that are either inappropriate for
the cell type and/or its environment, or are 25 only normally present
during the organisns' devel opnent (e.g. foetal antigens). For exanple, GD2

is normal |y [y alefR4tRRS&fb&dinRn | tHiekbgtiRbud Sflend¥of hiftefRY Hay Sk hage
menbr anes of neuronal cells, where its exposure to the immune systemis

linmted by tpheteln onxddingailor bexanipds, . theioswegeneougpclestidy sequesesi ngy Ppean
surfaces of a,wide range of n ells inpcluding small-cell |ung cancer,
neur obl ast or%‘,‘%‘gf’&%ﬁg Osgﬁaﬁagﬁry@‘gosg%e@gﬁas. Q her suitable self-antigens
i ncludes cell -surface receptors that are found on tunour cells but are rare

or absent on the surface of healthy cells. Such receptors nag be
responsi bl e TheradgravispghvEgigr may (cQMRFise PBh AT MOkg CHRECATAY uckeatids seayFRcesn  wo

2012/ 172277R: /%ﬁﬁ / 467 h I : dpgisvisivoR,@f the
tunour cel | . OFSY xéﬁb?@?rE#gégo%gggggéﬁggdﬁggg% ng§%%P?§'ﬁﬁgﬁ%?ZVe?s on

t he surf ace eabgdncemshudenilersetjusmod rembeldles.a Paesenailhe, exogenedel mucladiidgen
conpri ses a tunour-a m

soci ated antigen (TAA). 5As_.used herei the ter
"anti gen' gﬁé@f?ﬁ&%g@&%ﬁ@%}e%ﬁwgﬁﬁ? gﬁé °R¢ O EHrctamal par oﬁmf §RE Ufes the
par entj@ant i gaR,,ARAvERAGBY ESmBAE MR hRMoBdE B&fuBRde entB8DE of firdeBM&uind
variants retain essentially the same biol ogical activity or function as the

parent anti génintdPestf eleimhativetyhethe r adeiovirdr VeGP avay HOOWIISH eonEn Mugleplids t y
and/ or i mrunogenicity of .the parent.antigen. Cenerall "antigenic’. i

Laken to medRTRSE OF Rereythap Agy apFeei R sbiTish el mets e ena Figlectle 8¢ o g
to raise antjpigpdies or T cells or indeed is capable of inducing an anti body
or T cell response in a subject. "Immunogenic" is taken to nean that the
protein or polypeptide is capable of eliciting a potent and preferably a

protectd ve igmane r TRLO0S nio%s%ua%gqi&%e- udiSs 1dctelifg o r‘&.fcfeﬁ{)acg@mechike
protein or pofype tide n’&y e Capabl e of! generating an anti body response
and a non- lba&rdohtaddyothas adenonnuinequasporife. exsgafcensnhyleotideagqeerics ndy t he

The. parent MUnEse HRGREFHE AT ISRy oF DB AdEel SET2S BRenBREXeRal 1P, 5,
9, 10, 11, IRe sifedof ah®E1 deletion or an E3 deletion. The exogeneous nucleotide sequence may
be inserted into an existing AdY25 gene region to disrupt the function of that region.
20 Alternatively, the exogeneous nucleotide sequence may be inserted into a region of
the AdY25 genome with no alteration to the function or seqeuence of the surrounding

genes.

The exogeneous nucleotide sequence or transgene is preferably operably linked to

25 regulatory sequences necessary to drive translation, transcription and/or expression of
the exogeneous nucleotide sequence /transgene in a host cell, for example a
mammalian cell. As used herein, the phrase “operably linked” means that the
regulatory sequences are contiguous with the nucleic acid sequences they regulate or
that said regulatory sequences act in trans, or at a distance, to control the regulated

30 nucleic acid sequence. Such regulatory sequences include appropriate expression
control sequences such as transcription initiation, termination, enhancer and promoter

sequences, efficient RNA processing signals, such as splicing and polyadenylation



15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34,
WO 2012/172277 PCT/GB2012/000467
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signals, sequences that enhance translation efficiency and protein stability and
sequences promote protein secretion. Additionally they may contain sequences for
repression of transgene expression, for example during production in cell lines
expression a transactivating receptor. Promoters and other regulatory sequences which
5 control expression of a nucleic acid have been identified and are khown in the art.
Preferably, the promoter is selected from the group consisting of human CMV
promoters, simian CMV promoters, murine CMV promoters, ubiquitin, the EF1
promoter, frog EF1 promoter, actin and other mammalian promoters. Most preferred
are human CMV promoters and in particular the human CMV major immediate eérly

10 promoter.

The exogeneous nucleotide sequence(s) of interest may be introduced into the viral
vector as part of a cassette. As used herein, the term “cassette” refers to a nucleic acid
molecule comprising at least one nucleotide sequence to be expressed, along with its

15 transcriptional and translational control sequences to allow the expression of the
nucleotide sequence(s) in a host cell, and optionally restriction sites at the 5° and 3’
ends of the cassette. Because of the restriction endonuclease sites, the cassettes can
easily be inserted, removed or replaced with another cassette. Changing the cassette
will result in the expression of different sequence(s) by the vector into which the

20 cassette is incorporated. Alternatively, any method known to one of skill in the art
could be used to construct, modify or derive said cassette, for example PCR
mutagenesis, In-Fusion®, recombineering, Gateway® cloning, site-specific

recombination or topoisomerase cloning.

25 The expression control sequences preferably include the adenovirus elements
necessary for replication and virion encapsidation. vPreferably, the elements flank the
exogeneous nucleotide sequence. Preferably, the Y25 vector comprises the 5’ inverted
terminal repeat (ITR) sequences of Y25, which function as origins of replication, and
3’ ITR sequences.

30

The packaging signal sequence functions to direct the assembly of the viral vector.



35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54,
WO 2012/172277 PCT/GB2012/000467
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As one of skill in the art will appreciate, there are minimum and maximum contraints
upon the length of the nucleic acid molecule that can be encapsidated in the viral
vector. Therefore, if required, the nucleic acid molecule may also comprise “stuffing”,
i.e. extra nucleotide sequence to bring the final vector genome up to the required size.
5 Preferably, the nucleic acid molecule comprises sufficient “stuffing” to ensure that the
nucleic acid molecule is about 80% to about 108% of the length of the wild-type

nucleic acid molecule.

The nucleic acid molecule may also comprise one or more genes or loci from the
10 AdY25 genome. The wildtype AdY25 genome comprises 4 early transcriptional units
(E1, E2, E3 and E4), which have mainly regulatory functions and prepare the host cell
for viral replication. The genome also comprises 5 late transcriptional units (L1, L2,
L3, L4 and L5), which encode structural proteins including the penton (L2), the hexon
(L3), the scaffolding protein (L4) and the fiber protein (LS5), which are under the
15 control of a single promoter. Each extremity of the genome comprises an Inverted
Terminal Repeat (ITR) which is necessary for viral replication. The viral vector of the
present invention may comprise the complete native AdY25 genome, into which the
exogeneous nucleotide sequence has been inserted. However, one of skill in the art
will appreciate that various modifications to the native AdY25 genome are possible,

20 and indeed desirable, when creating a viral vector.

One or more native AdY25 genes may be deleted, functionally deleted or modified to
optimise the viral vector. As used herein, the phrase “deleted” refers to total deletion
of a gene, whilst “functional deletion” refers to a partial deletion of a gene/locus, or
25 some other modification such as a frame shift mutation, which destroys the ability of
the adenovirus to express the gene/locus or renders the gene product non-functional.
The AdY25 genome may be modified to increase the insert capacity or hinder
replication in host cells and/or increase growth and yield of the viral vector in
trénsformed packaging cell lines. One of skill in the art will appreciate that any
30 number of early or late genes' can be functionally deleted. Replication of such
modified viral vectors will still be possible in transformed cell lines which comprise a

complement of the deleted genes. For example, the viral prbteins necessary for
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Alternati vel

i n any conbi
det er m nant

Ry aaRipePyRhgrably, these variants retain an antigenic
or “epitope in common with the parent antigen. WO

2012/ 172277PCT/ GB2012/ 000467 20 Preferably, the derivatives, anal ogues,

honol ogues,
substanti al |
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nd functi | equival ents have an..am no acid,seguenc

SFifii i ACORiS L M5 SoRImec Moty SHutSEy SR Yeith BE e
present invention may comprise the minimal adenoviral sequences, the adenoviral
genome with one or more deletions or functional deletions of particular genes, or the

complete native adenoviral genome, into which has been inserted the exogeneous

nucleotide sequence.

Preferably, the vector of the present invention comprises the native Y25 late
transcriptional units (L1 — L5) and/or the native Y25 Inverted Terminal Repeats (ITR)
or sequences substantially identical thereto. The amino acid sequences of the native
L1, L2, L3, L4, L5 loci, and the corresponding nucleic sequences, are set out in Table

1, above.

Preferably, one or more of the early transcriptional units are modified, deleted or

functionally deleted.

In one embodiment, the viral vector is non-replicating or replication-impaired. As
used herein, the term "non-replicating” or "replication-impaired" means not capable of
replicating to any significant extent in the majority of normal mammalian cells,
preferably normal human cells. It is preferred that the viral vector is incapable of
causing a productive infection or disease in the human patient. However, the viral
vector is preferably capable of stimulating an immune response. Viruses which are
non-replicating or replication-impaired may have become so naturally, i.e. they may
be isolated as such from nature. Alternatively, the viruses may be rendered non-
replicating or replication-impaired artificially, e.g. by breeding in vitro or by genetic
manipulation. For example, a gene which is critical for replication may be
functionally deleted. Preferably, the adenoviral vector replication is rendered
incompetent by functional deletion of a single transcriptional unit which is essential
for viral replication. Preferably, the E1 gene/locus is deleted or functionally deleted.

The E1 gene/locus may be replaced with a heterologous transgene, for example a

t he

y



5The exogeneous nucl eoti de sequence may encode nore than one antigen. The
viral vector may be designed to express the one or nore antigen genes as an
epi t ope swoiogyi17Pref erably, the epitopes in a string of powldB2pi2oept opes
are |linked together w thout intervening sequences such that unnecessary
nucl eic acid and/or am no acid material is avoided. The creation of the
epitope string is preferably achieved using a 10 reconbi nant DNA construct
t hat encodes the amino acid sequence of2& he epitope string, with the DNA
encodi ng the one or nore epitopes in the sane reading franme. An exenplary
antigen, TIPeCGEP,..conprises an eﬁi to eétri n@ whi ch i ncl ug,es tcre foll ow ng
epi t opes: Eé&\s,eogp?ﬁ%g‘ﬁ?CWGﬁﬁreé on gpsetiegneeding o piurin or PREYPERHYREns nay be
expressed asihgeqarate pol ypeptides. 15 One or nore of the antigens or
antigen genes nmay be truncated at the C-term nus and/or the N-term nus.
This may facilitate cloning and construction of the vectored vacci ne and/or

enhance t he {nmunRegeni, G r.antigenicity of .the antigen. Mt hods,for
truncation V\;lt }felw lée)t9 %éamwggq YL 4B &R e’iarﬁd %l}?ecogrefpc%(ég}g I&?Lﬁ’ﬁﬁcéc} vari ous
wel | - 29knowsqlieebniré s dubin Tdkel iabo@hgi neering can be used to selectively

del ete the encoding nucl eic acid sequence at either end of the antigen
gene, and then insert the desired codi ng sequence into the viral vector.

For exanpl e, oL fAGALd RS Fhe tASH AN SRhELPEORE) Be BIBATE ARt 00 3

and/or 5 exonuclease strategies selectively to er or 5 ends
of the encodnolgcularcdlenecofakd¥d?5 mesPastérial dlriificiky Ehenmaisbye (BAE),2mdithelEL ype

gene sequence is truncated such that the expressed tijgen is truncated by
1.2, 3. 4, lgcusgs pretergblygelels byllfglumg an gxirh homolpey Fiank Howngzeamof the o or

nore aphno ageflsviflIMAlk¥®nko ehdbfe ARIBMeRIULISESh of 5 Ph& APl omolbHRisant | gen
gene is truncated by 10 - 20 amno acids at the C termnus refative to the

wild type are¢aebinativrhetweaftbe &ld2S vitabDAAt anfbaligganised BAG ‘trescat sectdy’, 13 -
18 am no aci ds, S@'{) eferatily by 15 ami no acids 30at the C term nus
relative to PRESHOFY! % aBlSli gen. Preferably, the Ag85A antigen is
Cterminally truncated in this manner. WD 2012/172277PCT/ GB2012/ 000467 21
One or nore of the antigen genes nmay also conprise a | eader sequence. The
| eader sequdiieisrablys the Viseltvestos aeepsiing to the presept inygnijon eernRitses pne PHMPRNA,

tr ans| 74 i .On.r@é&ﬁlﬁh%&%sﬁe@ﬁ%ﬁﬁ%bﬁl |1¥1§/@51’|1(§H1g{ TRY of TSRt Eiles % 'c%gl eﬁgéj [ or
i mMmunogeni city 0O e anti gen. rerera y, the |'eader seq%ence i€TT'S5ue

pl asm nogen caatprigmigathe EXégeneoly micsatide tequehee. tHréfetabhy] ahe s@qtibireion Sites
positioned N-term ngl to the one or._nore antigens. The | eader  sequence such

as the tPA |99WESS Peagfulembda sy specific FmDIngion sites ghitehc Eccgmbingdon sifgen
via a peptidgay bokffodub&Ph £ diIBENSCR! Butdi Hrétlably mbblideel 4t AOUH PO

locus. Thus, the non-replicating or replication-impaired vector may be prepared by
20 replacing the E1 gene with a nucleotide sequence encoding the protein or polypeptide
of interest. Preferably, the recombination sites atfR] and attR2 are introduced at the
Ad El locus as part of an Invitrogen Gateway® destination cassette as described in

Example 1.

25 - Preferably, the vector lacks an adenovirus E3 gene/locus. Deletion of the adenovirus
E3 region increases the insert capacity of the new vector by approximately Skb.
Deletion of E3 has little consequence to viral vector yield since this region is not
required for virus replication and therefore does not need to be provided in trans in
the packaging cell line. The E3 locus may be deleted using GalK recombineering as

30 described in Example 2.



10amino acids in length, and can have any sequence, provided that it does
not forma secondary structure that would interfere with domain fol ding of
t he fusi owopooyeR1Y7 One or nore of the antigen genespomGBER0MI&GE a

mar ker such as the Green Fluorescent Protein (G-P) marker to facilitate

detection of the expressed product of 15the inserted gene sequence. One or
nore of the antigen genes may conprise a nucleic acid sequence encoding a
tag pol ypeptide that is covalently |inkdd to the antigen upon translation.
Preferably the tag polypeptide is selected fron1the group consisting of a

PK tag, a F G t a hIStIdI or any tag.t.hat.can be
det eated by THeBHOYPEAAS SnEP B0UDS SHeEAUEINE: Bvadie ReBRaias BRRYE I « ne
tag pol ypeptdegeen®¥rdet BasintTadRed agy@h that, followi ng translation, the tag
is located at the Ctermnus or the N-termnus of the expressed antigen or

may be internal to the expressed antlgen Preferably, the tag is |located at

he C- f f d
(1 CLet I 1S, kot IGRRE AN ER L PR BRGEE %, RPROHL By B

facilitate detieed d&&e@fmﬁﬂmemmsﬁl& on and cI ones expressing the
antigen, and/or enhance the immunogenicity or antigenicity of the antigen.
If a tag pol ypeptide is used, nucleotides encoding a |inker sequence are

preferably 30LAses gﬁeeggéé%ve %E%s&ﬂqh%nﬁo 91 ARGl %QtntehEZi ds %Iﬁﬁpt' f'e

and the nuclerc a e expresse |gen n exenpl a
| PNPLLGLD ( Sﬁ@sd@tiﬁlﬁhlmmt coM@nﬂnﬂg 2hd b’péﬂ ?%Tﬁg;lﬂﬁﬁﬁﬁ/dﬁ@&hﬁg 2 Pblynamase,

al ternative enbodi the e gen se e of .interest may be
non- pr ot ei n Teifc 8¢ ﬁg{a& FRfPteéB?aﬁl%!eer 8 e&‘ggg u&Mio Pt %ealée%gqa%élée may
be an 1 RNA QfreitRUR@ShidRYak Oare)fuc%é'@‘ SRARENGE in Tablke 1 2g6HRY 'Pféﬂaralﬂ-?fc tﬂ% may

conprise one or nore exogeneous nucleotide sequences, for exanple 1, or 3
or nore exogenwows theipresetti meemmummms RriofclaotiBé yequsach eeeodg@E%lm a

nucl eoti de sequence eEqu l ene. The exogeneous nucl eoti de
sequence enbSWANGSHH ?2%558%@' ﬁ Be a gene or a functional part of the
gene. The 10 adenoviral vector may conprise one nucl eoti de sequence
encoding a single nolecule of interest. Alternatively, the adenoviral

vector nay G@hﬁﬁmﬁba@h@aﬁ@tWEBkW@@0§e6®§WbEm§W“ﬂﬁY@“PﬁaWabﬁ€ Biedpessk ie
sequenpe encogl L& 1:h 080,20 gmg 3 &€ &-8QIIt of %ﬁ {ed Cg]eﬁgsr %Eﬁlr%gh% vithl1€

exogeneous nu eot Iae sequence | acl cule
replication. However replication of v1ral vectors accordlng to the present invention

may be sub-optimal in cells designed to facilitate replication of other serotypes. For
example, as shown in Figure 3A, the first generation of AdY25-based vectors
comprising the wildtype E4 locus were found to grow inefficiently in HEK293 cells
20 and yield was approximately two logs lower than for comparable AdHuS-based
vectors. It is hypothesized that the low yield resulted from suboptimal interaction
between the cell-expressed E1 proteins (designed to support propagation of AdHu5
viruses) and vector-encoded E4 gene products. Therefore, the adenoviral vectors
according to the present invention preferably further comprise one or more
25 modifications designed to optimise vector growth and yield in transformed cell lines,
such as HEK293, expressing the genes functionally deleted in the adenoviral vector

according to the present invention.

In one embodiment, the native E4 region may be replaced in its entirety with a
30 heterologous E4 region from other serotype(s), which heterologous E4 region

preferably increases vector yield and growth in a transformed cell line. For example,



that contains other, adenoviral sequences. The exogeneous nucl eoti de
sequence may be inserted into the site of a partially or fully del eted
AdY25 genwo 2bmri7exanpl e into the site of an El del eti onpor/gBroEZhodsshet i on.
The exogeneous nucl eoti de sequence may be inserted into an existing AdY25
gene region to disrupt the function of that region. 20 Alternatively, the
exogeneous nucl eoti de sequence nay be inserted into a region of the AdY25
genone with no alteration to the functi2® or segeuence of the surrounding
genes. The exogeneous nucl eotide sequence or transgene is preferably
operably linked 1o regul at ory sequences, necessary to drj ransl ati on,
P anecr | ot 1 e aAtiys FrasaiPeuRbhe 3PP iora Wit don Ea eindraun i b e
/transgene iveceorhRid asEhlowth A HEK20P! € a nmammalian cell. As used herein,

t he phrase "operably |inked" neans that the regul atory sequences are
contiguous wth the nucleic acid sequences they regulate or that said

regul atory uences agt,in.trans,. or at {Sstance, to control t
regul at ed 33&&0 dé‘lfl%wglé ic]%l rseéﬁ)l?ecﬁgbninspssu%tﬂeqsggﬁpgpg{éﬁglggﬁ@ﬂ%se@&fc rB:g'és)'
approprj at e Eis/ @i Aderiadné EMbodARHE BEE S HdtdoftEe DRARSE fHedtd RBionthdy 8 i on,

term nation, enhancer and pronpter sequences, efficient RNA processin
signal s, sudRrplagedsyith ensgr meEe prderplogens PRES dipm (o E4 region of other adenovira

2012/ 172277R, 1 i ggﬁiﬁ e fimans! ation
ef ficiency as(f%{tgr @t%’ei%ﬁ}ﬁg?g%ﬁrlglt%&?n se??u?gég%gggr gnr(r%{%&rs))regjta g@?\e}géelgr e 4 on.
Addi ti O!’lal I ygferﬁyinrmtmisﬁ{jrtr&:dmeB éﬂa.g?te?aﬁlp,rl,aebl 49,55|de)1061 ORFstin alesBe ggion
expression, for_ exa rin ro ion in ce i nes expression

transact i vatTHgbs é%‘g%earl’%ﬁo%ogeqrsggﬁtﬁr%?g?élﬁ ngli}%fra’tno?h? %‘&ﬁ%ﬁb%@o\%ﬁ’f ch
Scontrpd expeRIvhepd), @% Adniel eic acid have been identified and are known in

the art. Preferably, The pronoter is selected fromthe group consisting of
human CW pronoters, siman CW pronoters, nmurine 'CW pronoters,

ubiquitin, t EFEL1 .pr.onot er ro F1..pr.onot tin and ot her ian
pronot ers. _é‘?“g?"ggreﬂpé’ﬁtaﬁ‘?ee;oﬁdﬁﬁ reN t‘ﬁpdﬂﬁf%@aﬁ?flsilﬁﬂﬁﬁeﬂa @ﬂ?r@\_@%]e
human CW nmej4mrfé, MaeduRifenctidhaly prtdih Ol RAted THE 12X OERNEARN A UGIERE] S
sequence(s) of interest may be iIntroduced into the viral vector as part of

a cassette. spsciiveaxnpmst ef yirat FRN Ay miralcResyrthesie g dnhibitign micipepiosiaci d
I o : o ol
o ecui5e Corghrbloéflr'ﬁgl I?ECAC?J?)ﬁtbe?\Qef-eeIglanés&#)rg? %}Cl)% gl?es(gegf'lﬁ%}%%ssécp E?E-S%)f{plrsebse?lgyefd along

with its 15transcriptional and Sequerncesto allTow t he
expressi on ab retheenthel yelti sfeAdEB0XNCedcsdrsiin MEKQ93 celd. | TheddToreQphé aatd v
restriction gitgqs1 at the 5 and 3' ends of the cassette. Because of the

restriction trélWasay be replaced mdthea Sefetolegous &AOsRsegipnpEor exapipice dhe
removed or roplAGe Vel hlo(@)?@ E}?a?'r b& Q'?g\l%ehewitmg gﬁj'éﬂgr;& . nE ATt AGHUS ! hs

result in the expression fere sequence e vector int’o which
t he 20cassetdescribed iimEsamppledt dtie atlinceadidséquehae, of HAOrE fromdA &Hois foondire of
skill i& t heSE% &D NO.40. A corresponding nucleotide sequence is found at nucleotides 28248
to 29132 of SEQ ID NO. 38. In one embodiment, the vector of the present invention
comprises the nucleotide sequence of AdHuSE4Orf6 or a sequence substantially
identical thereto. As described in Example 3 and shown in Figure 3A, this
modification was found to improve viral yield and growth.
25 |
. In a preferred embodiment, more than one ORF in the E4 region is replaced with
more than one heterologous ORF from the E4 region of other serotype(s). For
example, native E4Orf4, E40rf6 and E4Orf7 may be replaced with the E40rf4,
E40rf6 and E40rf6/7 coding regions from AdHuS5. In a particularly preferred
30 embodiment, the recombinant E4 region comprises the E4Orfl, E4Orf2 and E40rf3
coding regions from AdY25 and the E4Orf4, E4Orf6 and E4Orf6/7 coding regions

from AdHuS. The amino acid sequence of E4Orf4 from AdHu5 is found in SEQ ID



could be used to construct, nodify or derive said cassette, for exanple PCR
mut agenesi s, In-Fusion(r), reconbineering, Gateway(r) cloning,

si t e- speawbi201¥@enmbi nati on or topoi sonerase cloni ng. 2pEhasERsm@es7on
control sequences preferably include the adenovirus el enments necessary for
replication and virion encapsidation. Preferably, the elenments flank the
exogeneous nucl eoti de sequence. Preferably, the Y25 vector conprises the 5
inverted termnal repeat (ITR) sequenc@d of Y25, which function as origins
of replication, and 3' |TR sequences. 30 WD 2012/172277PCT/ GB2012/ 000467
24 As one of ski|ll,in the art will . appreciate, there are m ni

maxi mum contl?@i ﬁ{sA GPBTPPR ngQHQFWI%J%%%‘CFI&EOBP@aé‘&‘?"i“ﬁ’ﬂ?%gmm? %Q?%an be
encapsi dat ecyfigrd 9 NOT 3. MRUAhe adilQeQiAEL of iHe TR FiBth AURRS MRl 6 aci d
nol ecul e may al so conprise "stuffing”, i.e. extra nucl eotide sequence to

bring the fiS$&0 IDEOo#0.gecorrespepding nublgotideyssiqrenteds faind & npeledtedea 2BY48 t he
| ei id npl ' fficient,"stuffing: t h
el o ¢ aci dorgentr SERIENGEER odbe R St Hpn EAPERE Fom A "°

wi | d-type nuglugsd agi SEQUIrEQuD € 39 The coti€dpehding Giudledtilie Gulend@ys bl at
conpri se one or nore genes or loci fromthe 10 AdY25 %enorre. The wi | dt ype
AdY25 genorenuskpfess @89% 2% 32 raafs €168t icoRBI4uRf (SEQED, N, 3%3 Minangs)
whi ch have JmERIHAIBIN JrYRCIO0R iAMiBE ShAbAsdsfe ARGEoRR! degliicey! @
replication. e genbne al'so conptrises ate transcriptional units f 1,
L2, L3, L4 asfdAdHn5 E4difd)E4amd6ded E4Otf6lorabquenotseiubstantietlylidemgal therepent on
(L2), the hexon (L3), the scaffolding protein (L4) and the fiber protein
(L5), which are under the 15 control of a single pronoter. Each extremty

of thejgenong ¢ Péﬂglehl%ﬁ? ,ﬂ&e}r&y%ﬁ{bsﬁmife%f @tlrm?é pB?QIQQE\Fe(n'tiEB) thfHefBmk Df the

necessary for v replication. The viral vector of the present invention
may conpri sevitdhaectornpicetding éu theeprégt¥® fivgrtmniacksy themusleotifie sdnmerces ydneous

nucl eoti de sequence has been. .ins ed. Howeyer, . one,.of ill in the art
W11 Cappr e SRR eI TRRE i 11 ERienens s hEBRars B Pyt on o o
possi bl e, 204kt NEiasds dfS EuEBlcrr coMi® reai@BiftdM AAHUS ahd MRAL4Wrf1, G2  Nnor e
native AdY25 genes may be deleted, functionally deleted or nodified to

opti ni se t heand E40rfy sedivg.regionyifrem AdYa5nThis pertishlaslyeprefeatied eabodprpdné i ¢ o

t ot al | etigp of ne,. wWhilst functi el eLj R fe . tial
hol oti bF of '8 e 45 TR intéithangeably 43 EPROX PELEARCRORT AL db@riBed Bl ||
shift nut at i ©ampMB¢ndgsiwroinsFighe 3 the tnyodificatios ofldienostiterlia this weapwess t he
gene/l ocus or renders the gene product non-functional. The AdY25 geno may
be nodified LePrsirgledewnd ke ingrewset the gaiecpt hexpn pradyeion @pd iteagrowt Athost
cell s and/ or_.jpct: r h and yield of the viral vector in transforned
packagi ng cerlew‘ﬁlhﬁgs%?ﬂ%]‘gm%f skill in the art will appreciate that any 30
nunber of early or |late genes can be functionally del eted. Replication of

P T oSS B LS b PRASLA D L arshaRocel |
viral proteipshiResodmicnt A, MB BB thdFA B/ 5XkD (I8¢ Adiéleddfd beplaced with a
Gateway® Destination Cassette (nucleotides 592 to 2550 of SEQ ID NO. 38). E3
CR1al, E3 gp19kDa, E3 22.3 kDa, E3 31 kDa, E3 10.4 kDa, E3 15.2 kDa and E3
14.7 kDa are deleted and replaced with a Pacl site (nucleotides 26286 to 26293 of
25 SEQ ID NO. 38). The native E4 region is deleted and replaced with E4Orf4, E4Orf6
and E40rf6/7 coding regions from AdHuS, and the E40rf1, E4Orf2 and E40rf3
coding regions from AdY25, as described above. The viral vector encoded by SEQ ID
NO. 38 also comprises a number of wild-type AdY25 proteins, the nucleotide
sequences of which are set out in Table 2, below:

30



25 replication and assenbly can be provided in trans by engi neered

packaging cell lines or by a helper virus. Therefore, in
exogeneouwsonudweisrde sequence, the vector of the

conprise the mnimal adenoviral sequences, the adenoviral
or nore deletions or functional deletions of particular g

conpl ete native adenovira
exogeneous nucl eoti de sequence.
i nvention conprises the native Y25 late transcriptional
and/ or the native Y25 Inverted Term nal

subst anti al
L2, L3, L4,
in Table 1
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Preferably, the genome of the viral vector according to the present invention

comprises the nucleotide sequence of SEQ ID NO.38 or a sequence substantially

identical thereto, into which is inserted the exogeneous nucleotide sequence encoding

the protein of interest.

As described in Example 5 and shown in Figure 5, modification of the E4 region was

found to have little impact on immunogenicity of the viral vector, but did improve the

rate of viral growth and replication. Therefore, such E4 modifications can be used to

enhance the rate of production of the viral vectors, but will not have a negative impact

on the immunogenicity of the vectors.



10adenovirus El region to enabl e sinultaneous deletion of El during

honol ogous reconbi nati on between the AdY25 viral DNA and a |linearised BAC
"rescue wsot0r2172ms described in Exanple 1. Preferably, pchasBeoraoodsect or
according to the present invention conprises one or nore 15 reconbi nation
sites to enable the insertion of one or nore transgenes or cassettes
conprising the exogeneous nucl eoti de sequence. Preferably, the

reconbi nation sites conprise phage | ant3da site specific reconbination
sites. These reconbi nati on sites may be introduced at any suitable |ocus,
but are prefera duced t the Ad El |ocus. Thus, the npan-replijcatin
or replicat |]§??“Ppr]r% %‘E? ot %ﬁ%?n%@tepﬂéaﬁéL%dmwmﬁoreF@bﬁs%Fﬂﬂteflhg‘p geneg
with a nucl e&&Y?ﬁbés%H“&‘é&?& @ngémgaﬁeh?ob%pa@a ofipaRley R RhosdeelRitel NeT €St .
Preferably, the reconbination sites attRlL and attlgz are 1 ntroduced at” the
Ad El | ocus 4&Cigs talsofknawnl as\CliAdfge andaid€iad (also dvewh natideio8cebaded.dchs

described in I 25Pr e abI t he vecto ade S E3
gene/ | ocus. @@W&S) gﬁo‘ﬁ?’éré %h émﬁﬁmp%eé’il%ﬁ' ?fa@il‘g%@gé gt% ig

capaci ty of dup&ridiaw (NRUrAKddnssaRP uxHbed 8l Exbakple TR8ldekiber RfodSothasiilintt! e
consequence to viral vector yield since this region is not requjired for
virus repliche laﬁrW%inl expret di-elleregpansenand arsbgdy gespensss 4o icemelaienfully awigh i n

e o Kad Mt ot A sty | AR HTRNorRCr{RIREE %o WEHADER i thercfore
2012/ 172277 RGigr(sB012/ 000467 27 The w | dtype AdY25 E3 am no acid sequence,
and the correspondi ng nucleic acid sequence, are set out in Table 1, above.
In a particularly preferred enbodi ment of the present invention, both the
oL andig3 SRR pRldefie ANRE ol bR ARKBaN e IR Lk SLAPI Uk%d‘fﬁ’&t or
of the present FAventi on conprises the native E2 | ocus

transcri pti oBahbianwds asnpurpssingly tihendotoele makﬂ |1cngerffpaﬂe:sAéM25)<bawg teheors

Pol ymer ase, PTP_.and | Va2 proteins, The w | dty Y, n

sequence, antg frs an?ﬁleEBP‘BE?ﬂé??d?dr‘?BoYiEﬂ% NRE dgggé% éﬁ%gxar&% @8@8{&“‘? n
Table 1, ab%’)eThPr&fta{aE@g@eé‘( thhGec¥st§ baledOdn WAS 2BMBSEBhcIuREe Msk Qie-6QITHg SES @
nucl eot| de sequence encoding E2 or a sequence substantially identical

t hereto. As igmeunsty witbinghe hhmamppaﬂllav@ctr@ﬁ onlyfi lntcmanane@tem vctherb@ise@*nomay be
pr oducgg in, 15 enﬁige neer ed i.nes conltsgnql n ha conpl ot Las%gy 0
del et el gend¥8,8FPQETYE thr 3150 Bpf et 0N, Ve | catron of viral
vectors accwhdhpalzb@addﬁevmsegent i nvention may be sub opt| mal in cells
designed to facilitate replication of other serotypes. For exanple, as
shown in Figure 3A, the first generation of AdY25-based vectors conprising

the wildt ypeE)E?hﬂl@ 84Rd \P'Fg’u?esfgwggd 88 dhBWstAETHat ELRBDY ik @a}ﬂ%ﬁz&%n&lﬁ!iﬁg

immune responses against Mycobacterium tuberculosis, whilst Example 9 and Figure

20 9 demonstrate that ChAdOX1 is capable of inducing immune responses against

Influenza A.

A third aspect of the present invention provides a pharmaceutical or immunogenic
composition comprising the viral vector according to the second aspect of the present
25 invention optionally in combination with one or more additional active ingredients, a

pharmaceutically acceptable carrier, diluent, excipient or adjuvant.

Preferably, the composition is an immunogenic and/or antigenic composition.

The immunogenic and/or antigenic compositions according to the present invention
30 may be prophylactic (to prevent infection), post-exposure (to treat after infection but

before disease) or therapeutic (to treat disease). Preferably, the composition is

prophylactic or post-exposure. Preferably, the composition is a vaccine.



20 and yield was approximately two | ogs | ower than for conparable

AdHu5- based vectors. It is hypothesized that the lowyield resulted from
subopt i maloi2nterragti on bet ween the cel | -expressed El preteigio{desisgned to
support propagation of AdHu5 viruses) and vector-encoded E4 gene products.
Therefore, the adenoviral vectors according to the present invention
preferably further conprise one or nore 25 nodifications designed to

optimse vector growh and yield in tr@sformed cell lines, such as HEK293,
expressing the genes functionally deleted in the adenoviral vector
according to the present invention. I n one enbodi nent, the native E4

region may be replaced in its entirety with a 30heterol ogous E4 region from
ot her ser ot yp#tRhhe Mhﬁﬁbééﬁfc%g{éﬁgi%ﬁ ior pRPhPACHE §deCiRRlYjcts pRAGESIyVect or
yield and growth in a transformed cell |ine. For exanple, = WO N

2012/ 172277 R@TihEBBR FoanHAG kL 3ldeBchildcorntegnager. Wheretic ammvapgdiac e@ppestiead wi t h
the E4 regian. from AdHUS to, i ncrease vector yield and growth in HEK293. The
adenovi r us Eﬁfc}rég?r%eué%%?ﬁgee%u éetC?}sé’égfteer%’?yCﬁiﬁf eadi ng Franes (ORFs or

O fs). & Thus, in an alternative enbodi nent, one or nore of the ORFs in the

E4 region may be replaced with one or nore heterologous ORFs fromthe E4
regi on of otHercomnenisionmady epsppsisg pac o7 masim pdditional aptbrengsnts, TRl(@s pn anti-

preferably i. r..yleld . QF h t cel i ne.
br ot or abi 3, HEAGARELS hedf AR oxkublece PR RLA wibinfd FBORLOMBAET 04| "5
3, 4, 5 or GahwirarchogdumtdgBiist)f noMPA hecdplorr aigagonisnf a chéresthd@peartint ygeaf S) |
e.g. AdHu5. O particular inportance for viral replication in HEK293 cells
is the gene §9AEdFR: andipretfprabige agenhy,ilhe COMBLTHOM MY V3B FPMPHEA PREPRETH | at e

viral ﬁlﬁglﬁt %&ihﬁ#r@giafl@gm?SLr?&t %ﬁ%ﬁé@go&t s@itab¥d LAimIERNAwl X&rﬁﬁéun%@ﬁ@é hesi s

and in ion of apoptosis. 1 timal 1 nteraction between E40rf6 and

t he cel | - expmégbectuliB- Seidtiseriyputiey sdcht @s reupécin,hesoyiagidd ettianfd@hlOxid
vectors in HEK293 cells. Therefore, the native E40rf6 regi on may be

repl aced wi tHT4"™BYEt ol ogous E40rf6 region. For exanple, the entire native
E4 locus may be replaced with the E40rf6 gene from AdHu5, as described in
Exanple 3. The am no acid sequence of E40rf6 from AdHUS is found in 20 SEQ
| D NO. 40. A Swtablsspoirts aed/eudilusotsi ade wsB dnewsdn ithe Froandiingtuds pharawmcpeics] 28248

to 291 of SEO | . 38... In,one enbodi nent he vector of .the nr nt
vent Ton Bt SEE BRIt ge CORTnEE S REME (Bogihl TERET.
subst anti al |¢lluded)t tloddsel Racob®. (ofSotHas sligady dmbgnebxainrhfbodataN gettiaywaili n
Figure 3A, this nodification was found to inmprove . viral yield and grow h.
25 In a prefaeahel detergsatsyemulsifigsy ar watsh(Rsefsradhystemile}. nEhaopmpasiting may be

Serotype(s) .t EAREE AARRARAC oF St SOBRBHRYT oal (Bl Syl fhepitafibn 260
wi th the E4Giimdltared, képanate oEddquermdial usco@naigding gdroimsstfatiom). AdHUS5. I n a

particularly preferred 30 enbodi nent, the reconbi nant E4 regi on conprises
the E4&fl, EAOf2 and E4AOf3 coding regions from AdY25 and the E40rf4,

EA0rf6 and E(ibR/ £4ia0aitd%rd SHIPRIoHhOM ARHER- anth ehchleN heBfipthts qae@iiee of
EAOf4 fromAdHUS is found in SEQID '
adjuvant, complete Freund’s adjuvant, Freund’s adjuvant with MDP
(muramyldipeptide), alum (aluminium hydroxide), alum plus Bordatella pertussis and
immune stimulatory complexes (ISCOMs, typically a matrix of Quil A containing

25 viral proteins).

The composition according to the invention for use in the aforementioned indications
may be administered by any convenient method, for example by oral (including by
inhalation), parenteral, mucosal (e.g. buccal, sublingual, nasal), rectal or transdermal

- 30 administration and the compositions adapted accordingly.



WO 2012/ 172277PCT/ GB2012/ 000467 29 NO. 41. A correspondi ng nucl eoti de
sequence is found at nucl eotides 29053 to 29397 of SEQ ID NO. 38. The am no
aci d sequsoeei1mfi2ithe E40rf6 from AdHuS is found in SEQ POTNB20M00457
correspondi ng nucl eoti de sequence is found at nucl eoti des 28248 to 29132 of
SEQ I D NO. 38. The am no acid sequence of the EAOf6/7 from AdHUS 5 is
found in SEQ ID NO 39. A correspondi ng nucl eoti de sequence is found at

nucl eoti des 28959 to 29132 and 27969 t 3328247 of SEQ ID NO. 38. In one
enbodi ment, the vector of the present invention conprises the nucleotide

sequences of  AdHU5 EF4AO f4, EAOf6 and E4OfB/ 7 or ,sequences, substantd al |
Gant ool ¢ e Gl adrotralion 164 EOPRITYOT Y Y FUT RGO E NORES oF DHE Posent

i nvention, the dRNGIRioAL, syhfpsVdusMinsioas bPEmASLAL dhmetst Qpbihles AldadSdHges.
invention |acks the nuclebtide sequences whi ch encode Phe adenovirus El and

E3 regions, and has the native E4 |ocus replaced with E4Of4, E40rf6 and

E40rf 6/ 7 codj rregi ons from.AdHu5, .and th Ofl. E4Orf2 and. E4Qxf

codi ng regi d%gng((g%’%%ﬁ O sg?)‘%?mlﬁ'cﬁ?%sfﬁygfglae?uép?lésboner%os(?ﬂﬂ’é)ﬁt Of sﬂ%elS
referred to daipBund iontpﬂpﬁb@ggﬁnplayc bldoBAd X3 "suatable AdGBAX 101 ndsadlRsey | bed
in Exanple 3, and shown in Figure 3A, the nodification of the vector in

thid s \rA]/ay wadiquig gartie( D dpyexa W@@r,iheﬁ@mehgbfcm@, pabysthytenreksal o JHubks on
Sequence encairiatod A A Waln ' Suspeltite, BUGE BASERMANY, RuRhERE OF

El A, El B 19kiobouning agbmd. 55kDa are del eted and replaced with a Gateway(r)

Destination Cassette (nucleotides 592 to 2550 of SEQ ID NO 38). E3 CRl al,
E3 gpl 9kDa, E3 22.3 kDa, E3 31 kDa, E3 10.4 kDa, E3 15.2 kDa and E3 14.7

kDa arfg,del efe ]g]%% pl;ac 1N adplet Sdahe bk NMehsel | Ges 8yt 4126293
of 25SEQ | D‘IIK\IO‘glo ftro“l?'lhé@ngltgi %MéﬁlEf%rggi OI’? i s? del e eg and re%f%%ed 1wi th
EAO f 4, EAOph@rmavdufiebDchBicr(sy oditinglyrwsgd dorsprepamgiebHdSformnldtionse Extanples

EAOf2 and E4Orf3 codi.ng r.eqgi ons from AdY25 s descriped above. The viral
vect or encod’gd S SE"@‘FI% I{Eﬁug% WRENFSPEH SEVRE: o STRT eECg’Fe’wal&r-ofi/p%n&AdYZS
proteins, thgie etindemeasences of which are set out in Table 2, bel ow

WO 2012/ 172277PCT/ GB2012/ 000467 30 Table 2 Protein Correspondi ng
nucl eotides in SEQ | D NO. 38

15 A composition in the form of a capsule can be prepared using routine encapsulation
procedures. For example, powders, granules or pellets containing the active
ingredient can be prepared using standard carriers and then filled into a hard gelatine
capsule; alternatively, a dispersion or suspension can be prepared using any suitable
pharmaceutical carrier(s), for example aqueous gums, celluloses, silicates or oils and

20 the dispersion or suspension then filled into a soft gelatine capsule.

Compositions for oral administration may be designed to protect the active ingredient
against degradation as it passes through the alimentary tract, for example by an outer
coating of the formulation on a tablet or capsule.

25 | |
Typical parenteral compositions consist of a solution or suspension of the compound
or physiologically acceptable salt in a sterile aqueous or non-aqueous carrier or
parenterally acceptable oil, for example polyethylene glycol, polyvinyl pyrrolidone,
lecithin, arachis oil or sesame oil. Alternatively, the solution can be lyophilised and

30 then reconstituted with a suitable solvent just prior to administration.
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Compositions for nasal or oral administration may conveniently be formulated as
aerosols, drops, gels and powders. Aerosol formulations typically comprise a solution
or fine suspension of the active substance in a physiologically acceptable aqueous or
non-aqueous solvent and are usually presented in single or multidose quantities in
5 sterile form in a sealed container, which can take the form of a cartridge or refill for
use with an atomising device. Alternatively the sealed container may be a unitary
dispensing device such as a single dose nasal inhaler or an aerosol dispenser fitted
with a metering valve, which is intended for disposal once the contents of the
container have been exhausted. Where the dosage form comprises an aerosol
10 dispenser, it will contain a pharmaceutically acceptable propellant. The aerosol

dosage forms can also take the form of a pump-atomiser.

Compositions suitable for buccal or sublingual administration include tablets,
lozenges and pastilles, wherein the active ingredient is formulated with a carrier such

15 as sugar and acacia, tragacanth, or gelatin and glycerin.

Compositions for rectal or vaginal administration are conveniently in the form of
suppositories (containing a conventional suppository base such as cocoa butter),

pessaries, vaginal tabs, foams or enemas.

20
Compositions suitable for transdermal administration include ointments, gels, patches
and injections including powder injections.
Conveniently the composition is in unit dose form such as a tablet, capsule or
25 ampoule.
The pharmaceutical composition is preferably sterile. It is preferably pyrogen-free. It
is preferably buffered e.g. at between pH 6 and pH 8, generally around pH 7.
Preferably, the composition is substantially isotonic with humans.
30

Preferably, the pharmaceutical compositions of the present invention deliver an

immunogenically or pharmaceutically effective amount of the viral vector to a patient.
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As used herein ‘immunogenically or pharmaceutically effective amount’ means that

the administration of that amount to an individual, eifher as a single dose or as a series

of doses, is effective for prevention or treatment of a disease or condition. In
particular, this phrase means that a sufficient amount of the viral vector is delivered to

5 the patient over a suitable timeframe such that a sufficient amount of the antigen is
produced by the patient’s cells to stimulate an immune response which is effective for
prevention or treatment of a disease or condition. This amount varies depending on

the health and physical condition of the individual to be treated, age, the capacity of

the individual’s immune system, the degree of protection desired, the formulation of

10 the vaccine, the doctor’s assessment of the medical situation and other relevant

factors.

In general, a pharmaceutically effective dose comprises 1 x 10" to 1 x 10" viral
particles, preferably 1 x 10" to 1 x 10" particles.

15
The immunogenic composition of the present invention may also comprise one or

more other viral vectors, preferably other adenoviral vectors.

A fourth aspect of the present invention provides the use of the viral vector according
20 to the second aspect of the present invention or the immunogenic composition
according to the third aspect of the present invention. In particular, the fourth aspect
provides the use of the viral vector or the immunogenic composition of the present

invention in medicine.

25 This aspect also provides: i) the viral vector or the immunogenic composition
according to the present invention for use in medicine and ii) the use of the viral
vector or the immunogenic composition according to the present invention in the
manufacture of a medicament for use in medicine. Some exemplary medical uses are
described in further detail below.

30
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In one embodiment, the viral vector according to the second aspect of the present
invention or the immunogenic composition according to the third aspect of the present

invention may be used to deliver a transgene into a host cell.

5 This method preferably comprises the step of administering to said host cell a viral
vector according to the second aspect of the present invention or the immunogenic

composition according to the third aspect of the present invention.

Preferably, the host cell is an animal cell, more preferably a mammalian cell.

10 Preferred mammals include chickens, other poultry, cows, sheep, goats, pigs, wild
boar, buffalo, bison, horses, camelids, deer, elephants, badgers, possums, cats, lions,
monkeys and humans. Preferably, the host cell is a somatic cell. The host cell may be
selected from the group consisting of an antigen-presenting dendritic cell, langerhans
cell, macrophage, B cell, lymphocyte, leukocyte, myocyte and fibroblast.

15 |
This method may be carried out in vitro or in vivo. Where the method is catried out in
vitro, the viral vector or immunogenic composition is brought into contact with the
host cell under suitable conditions such that transduction or non-productive infection
of the host cell with the viral vector is facilitated. In this embodiment, the host cell

20 may comprise an isolated host cell or a sample from an animal subject. Where the
method is carried out in vivo, the viral vector or immunogenic composition is
preferably administered to the animal subject such that transduction of one or more
cells of the subject with the viral vector is facilitated. Preferably, the viral vector or
immunogenic composition is administered to the subject by oral (including by

25 inhalation), parenteral, mucosal (e.g. buccal, sublingual, nasal), rectal or transdermal

administration.

Preferably, the transduction of the host cell with the viral vector of the present
invention results in the stable delivery of the exogeneous nucleotide sequence of

30 interest into the host cell.



30195 to 30569 Preferably, the genone of the viral vector according to
the present invention conprises the nucl eotide sequence of SEQ I D NO 38 or
a sequencwoubrstrarri al |y i dentical thereto, into which ipeTigBReIZ®O46T he
exogeneous nucl eoti de sequence encoding the protein of interest. 10As
described in Exanple 5 and shown in Figure 5, nodification of the E4 region
was found to have little inpact on inmunogenicity of the viral vector, but
did inprove the rate of viral growth aldd replication. Therefore, such E4
nodi fications can be used to enhance the rate of production of the viral

vectors, but_wil] not have a .negative inpact on the.inmupnogeni git f.the
vectore,  GSHORL oSS0 B 50 e B OAg Sogeet of
demonstrat e th&ptesédeneifibN 6r HeIRANPSSerRE bShpRHidWackHRif)kE 3R Pagedpaceet O
ChAdOX1 are robust and conparable to those elicited by AdCh63 (al so known

as ChAd63) ahe presoreigveniionomin bansed tord@dBan @hmuaes responssr inSdanieg). This

Ho , th e i Cl f dOX f d.to,be.5 [
ot hat o ACHES ProersBRRPERsS e wt ab RN s Reio LSt Sy SEOBH 1 1

the arts5woul&cadpRcCio Tthe edebon® BB eSF ad paddbhtd dElenti®s PANERS itihueogdndd at e
fully with one another. The superiority of the hunoral responses to ChAdOX1
i s t her ef or €o8Opitios japrprding T thedhisd asnepicad thy Pigesat B1vepder-r al i si ng anti bodi es
in human sera fromthe UK and the Ganbia was al so surprisingly found to be
much | ower for the AdY25-based vectors than for another chinpanzee
adenovi ral VWhterthe pa€dio 3r pslgpeptixlamblireerBstanan Ehtigencexpressibni of thkapatesniggest
that vectors based on AdY25 na¥ en ounger,Less pr.e- exi st ng innunit% W thin
the human pdiRePiidnin aRgnimal yilk sWbinghe PUGRTPR Of & PFBAEY FAEEEF PorShifan
adenovj § UseshaPaiigeh SRadiflg 49 TR bw8bhéht MG iribied1bgialVBEMBHS wARBEHiIPN
chi npanzee adenoviruses. %xanple 8 and Figures 8A and 8B denonstrate that
ChAdOX1 is qupebé encihamutdciesmpnsernities eemp of sesccandiry sncivntesb fat eampha
re.209 .denonstrate that ChAdOX1 is

t uber cul osi s, whi/ st le.9 and Fiqu
capabl e of ﬂﬁﬁﬂd%%ﬂ“?ﬁﬁﬁﬂgPW@Q%%h&%@‘@BQ?W@@nPﬁ?\ﬁﬁ% AVES A third aspect of
the present invention provides a pharmaceutical or inmunogenic

Preferably, the animal is a naive animal, i.e. an animal that has not previously been

15 exposed to the pathogen or antigens in question.

As well as eliciting an immune response in an animal, the viral vector of the present
invention or the immunogenic composition thereof can be used to boost the immune
response of an animal previously exposed to the antigen.
20
Therefore, in a further embodiment, the viral vector according to the second aspect of
the present invention or the immunogenic composition according to the third aspect of
the present invention may be used to boost an immune response in an animal. This
method preferably comprises the step of administering to said animal a viral vector
25 according to the second aspect of the present invention or the immunogenic

composition according to the third aspect of the present invention.

Preferably, the animal subject has been previously exposed to the antigen in question,
or “primed”. For example, the subject may have previously been inoculated or

30 vaccinated with a composition comprising the antigen, or may have previously been
infected with the pathogen from which the antigen was derived. The subject may be

latently infected with the pathogen from which the antigen was derived.



conposition conprising the viral vector according to the second aspect of
the present 25invention optionally in conbination with one or nore

addi t i onalvoaotiwme27rngr edi ents, a pharnmaceutical | y acceptralblas0armian,

di l uent, excipient or adjuvant. Preferably, the conposition is an

i mrunogeni ¢ and/ or antigeni c conposition. The immunogenic and/ or antigenic
conpositions according to the present invention 30 may be prophylactic (to
prevent infection), post-exposure (to t3eat after infection but before

di sease) or therapeutic (to treat disease). Preferably, the conposition is
prophyl actic or post-exposure. Preferably, the conposition is a vaccine.
WO 2012/ 172277PCT/ GB2012/ 000467 32 \Where the i munogeni c conposition is for
prophyl act i dnuather hemisudipnent thes vetef eccabdifg an thekadiind é’s?ékﬂgofcflid plescat der
child or teenager. ere the inmunogenic conpgsition is for therapeutic
use, the su b‘j“é%‘t“@é’%%‘?@?‘é‘b%@ng [FOBRAPIHION Ferordingisotbie thirhaspast of dheppressat one
or nore add'ihb&ﬂﬁhrﬂ@ﬁevl%eﬁ%ﬁéaﬁ’or PHABNAR 188 (ﬁ'[%tdiééagef f[naan%é%teg{ FpAgEHhod T Or
exanpl e a p38 inhibitor, glutamate receptor antagonist, Or a careruny
channel S ant ageferably comvizing the spparf admirgeringto, sail wiientd Vied apavt hoaGent

and/or an antiproliferativ gent. The .conpositiqn may al so, conprise one or
nore 10 ant ian' @Foﬁﬁcaﬁl‘{ 86?%@&3(1 e @f%ﬁ%ﬂ@%e%ns?ﬁ ﬁ&brrgmaﬂ?gqmccrc%paﬁmén
conpounds i netétdmgabthd MRaREpH-OHSthE PRIBIhEVARSHE | €S such as rifanpicin,

i soni azid, ethanmbutol and pyrizinam de. Suitable carriers and/or diluents

are well known in the art and include pharnmaceutical 15 grade starch,
manni tol , | i.um stearate, ,sodiumsaccharin,. talcum cellul ose,
gl ucose; su?ﬁ%%ga?ﬂ}f’g?r?eq @? ey lsssl?}gf&fef‘%%&}?e%rPW%‘ﬁis 8%8% i}‘bﬂ&‘IﬂBPF ﬁ‘?‘fBﬁthr,

al coholQ detmy@bndterialemihfeitidrsy S MalaMat erinflimed er aIVYARDST | ligpatiidie C,
conposition %/ be a .m xed preparation of a conposition or may be a

conbi ned pr ég‘g megalovirusy intgchon.t Huean papdlopur sires Bifectiogu edenoairaluidection,
(including agepRisigati ui g, abl ' s are well known in the art
and incl ude | ncorrp%l ét’eS&?%rgﬁ%ggssakJ%Vaﬁ?Mé%\ég{]}est es% v eld"SaU W aitP
Freund' s adjinfeatdn, wift vallvDRvemfoatranl dhqelptises} anakhikuf@lnyaivirusmniéyidnoxi de)
al um plus Bordatella pertussis and i mrune stinul atory conpl exes (I SCOVs,
typically a matrix of Quil A containing 25viral proteins). The conposition

278, L WAL LR ML SR R
i nhal at i on) ,thepgﬂéﬁi%li antigero safler{vedg thebadepayviral suebtor mfuh¢ prasastainventicact al
or transder my also induce an immune response against the adenovirus from which the viral
vector is derived. As such, an immune response against AdY25 may be elicited. The
immune response induced against AdY25 may also be cross-reactive with other
20 adenoviral serotypes, and as such an immune response against more than one
adenovirus may be elicited. 4The viral vector according to the second aspect of the
present invention or the immunogenic composition according to the third aspect of the

present invention can therefore also be used for treating or preventing an adenoviral

disease.

25
This embodiment of the present invention therefore also provides the treatment or
prevention of at least one adenoviral disease and at least one non-adenoviral disease
in a patient,

30 In a further embodiment, the viral vector according to the second aspect of the present

invention or the immunogenic composition according to the third aspect of the present

invention may be used to induce an immune response in an animal that will break



30adm ni stration and the conpositions adapted accordingly. WO

2012/ 172277PCT/ GB2012/ 000467 33 For oral adm nistration, the conposition
can be fowoubatech7as |iquids or solids, for exanpl e sol RUT@ERN1220046pS,
suspensi ons or emul sions, tablets, capsules and | ozenges. Aliquid
formulation will generally consist of a suspension or solution of the 5
conpound or physiologically acceptable salt in a suitable aqueous or
non-aqueous liquid carrier(s) for exan®% water, ethanol, glycerine,

pol yet hyl ene glycol or oil. The formulation nmay al so contain a suspendi ng
agent, preseryative, flavouri or .col ouri ng agen 10A conpogition ip the
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carrier(s) raihReiigusedid ahinkil ePUrAINGciR! ddofddigd ld Rend BXHHP e IhOf
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m crocryst al preseat wyentignoydhe msmuesepissionipesition agdredihg torthefthiad espsstdfdshean be
pr epar ed usi&g rPLHvieﬂ?o encapsul ati on procedures. For exanple, powders,
granul es or pe?efle{s COnNt ai ni ng the active ingredient can be prepared using
standar§l carriers and then filled into a hard gel ati ne capsul e;

alternati ve!ﬁ&, a di spersion or suspension can be prepared using any

sui t abl e phaYiAme BiR9u gellyaretplerated) by therpaigairsmemunn wstes. gonthe granfythetes,

silicates or,Qi 0 ' ' r ' t Si1k-ed.i a
of tgel at | et PN aré BB ENPREL Tt ondt SR LR Bre BN PR AT e
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powders. Aer'tebVedtor aLxedenp stinsieolile yequengs snseding sosuitablsrselirantigere As
Suspene on Qo DgicB 15,3 AL S R BDIR S L CRRSEH B frgicors

quantities ialls which allow the immune system to differentiate between tumour cells and other

cell types. Suitable self-antigens include antigens that are either inappropriate for the

cell type and/or its environment, or are only normally present during the organisms'

- development (e. g foetal antigens). For example, GD?2 is normally only expressed at a

20 significant level on the outer surface membranes of neuronal cells, where its exposure

to the immune system is limited by the blood-brain barrier. However, GD2 is

expressed on the surfaces of a wide range of tumour cells including small-cell lung

cancer, neuroblastoma, melanomas and osteosarcomas. Other suitable self-antigens

include cell-surface receptors that are found on tumour c.ells but are rare or absent on

25 the surface of healthy cells. Such receptors may be responsible for activating cellular

signalling pathways that result in the unregulated growth and division of the tumour

cell. For example, ErbB2 is produced at abnormally high levels on the surface of

breast cancer tumour cells. Thus, the adenoviral vector of the present invention may

be used to induce an immune response against a tumour cell, and can therefore be

30 used in the treatment of cancer.



5 sterile formin a seal ed container, which can take the formof a
cartridge or refill for use with an atom sing device. Alternatively the
seal ed combabmreri2avay be a unitary di spensing devi ce suckcassropitoglee dose
nasal inhaler or an aerosol dispenser fitted with a netering valve, which
is intended for disposal once the contents of the container have been
exhausted. \Were the dosage form conpri ses an aerosol 10'dispenser, it wll
contain a pharnaceutically acceptabl e #Popel |l ant. The aerosol dosage forns
can also take the formof a punp-atom ser. Cbnpositions suitable for
buccal or s ual dnlnls ration incl b ozen an
pastilles, dﬁ@lf& Hipg et&ﬂﬁ‘ y(”ﬁl‘é‘f’@d"”gﬁ‘f#f g) aflg?tlntﬁ? 3}?%"5’ RV ‘%etﬁe X%&?ri aé‘ﬁ such
15as sugar %%Lﬁ@@&h@@o hpRARMUT R prefend &lv@hdish.and gl ycerin. Conpositions
for rectal or vaginal a nlnlstratlon are conveniently in the form of
suppositories (contalnlng a conventional suppository base such as cocoa
butter), pe
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isin unit dose formsuch as a tablet, capsule or 25arrpou|
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admi ni st r at i26ReIHoR arf) TTAHRS ACERALSCS: BWIHWHMEE?@‘B&D?% or

as a sgyies of MI%wekﬁ)n@é %%E 'b\égn fnﬂfch%@f@%dll@ﬂglﬁé TheAERECS ofthl Sease

or con |t|on I'n particular, this phrase neans that a sufficient anmount of

the viral veecdsent ingerd®i prefemblst stirBuliates botht c@hldar@mérhualos%ll Hghine KehpAREesame
such that a sufficient .a nt of the antigen is produced by the patient's
cells to stiRtft e%op%ﬁg “Pesponse which is effective for prevention or
treatnment of a disease or condition. This anount varies depending on the
heal th and physical condition of the individual to be treated, age, the
capacity of Itielsorigsivatirite méuqerﬁmw@ox:cyylgmme resnonge HABOIFAMBIIIE GeSPPRIFS

des! r gjl% s;[ P%ﬁ% qgsrg}lcla Hao{lh d g‘o tlthh?eacf}s%ﬂo'ﬁ fl(r)rtke 19691(:51% s%§c¢iﬁésfm3nt of the

medi c on an evan actors. n ge ner
phar maceut i Qy’&h?h/oo@fd‘s@lﬁﬁt laviee aie@aycfmmdif&emtmen etfector @ clallx ari(Dﬁ.esttl inal

particles, '?fme orerrrll?qululesg'en)E st]ésc)el R/Ién(l)or% Txce}ls haveabe;[eln(éllown to be heterogeneous and
to comprise at least two subsets, endowed with different migratory capacity and
effector function; effector memory T cells (TEM) and central memory T cells (CTM).

20 TEM resemble the effector cells generated in the primary response in that they lack

the lymph node-homing receptors L-selectin and CCR7 and express receptors for
migration into inflamed tissues. Upon re-encounter with antigen, these TEM can
rapidly produce IFN-y or IL-4 or release pre- stored perform. TCM express L-selectin
and CCR7 and lack immediate effector function. These cells have a low activation

25 threshold and, upon restimulation in secondary lymphoid organs, proliferate and

differentiate to effectors.

Preferably, the viral vector according to the second aspect of the present invention or

the immunogenic composition according to the third aspect of the present invention is
30 capable of eliciting, inducing or boosting an antigen-specific immune response.

Preferably, the immune response is a strong T cell immune response, for example a

strong CD8+ and CD4+ T cell response. Preferably, the T cell immune response is a



15 The i mmunogeni ¢ conposition of the present invention may al so conprise
one or nore other viral vectors, preferably other adenoviral vectors. A
fourth asweebimfrztshe present invention provides the usepofi/dBe1mional vect or
according 20 to the second aspect of the present invention or the
i mmunogeni ¢ conposition according to the third aspect of the present
invention. In particular, the fourth aspect provides the use of the viral
vector or the immunogenic conposition dl the present invention in nedicine.
25Thi s aspect also provides: i) the viral vector or the inmmunogenic
conposi tion accordi o the present_invention for .use in nmedicine and ii)
The’uee of RECORYe CelbRuBH R RHEE T RIBYENE T GHBa e SrPREEs kg 1o t he
present i nvERtindtink Pelsiies ARAUEAGYUS S, qD, B5 BN LA RO Yels. Pe&edaBly BRI Ci ne.
Some exenpl ary medi cal uses are described’in further "detail below. WO
2012/ 172277 ROM@B2ospRN§00deRd3Sa nremume Tenel adimvantrgspohss. vi ral  vect or
according to the second aspect of the present invention or the i nmunogenic
conposition according to the third aspect of the present invention nay be
used tos del imRIvirl VERNSHRASsdcBh@ashebQsTithE Slebent MehGo Yt iRGeuivehier abl y
conprises the step of admnistering to sald host cell a viral vector
accor di ng t Foresiien aerpraiap ée theghird pwepfrafdmpreseny BIentdeon ®ay bhe i nmunogeni c
conposition r.di i . ] i
Preferably, at%ﬁrg&ﬁ%gé{aqgteﬂ%l ﬁéggcé{g&%%?%gfag{g ?J,a %%ggl gqpr e %%3 ?gﬁlglhlr@%ml ian
cel I . 10Pr efiammnedsatieng®refetabl, thtteviahvek@ns imatunegerio tbhpaositiaohercobdreep,
goats, pigs, w.ld boar, buffalo, bison, horses, canelids, deer, elephants,
badgers, posiSHHBISteEesas parti b asingl IREYIE On HEPIMYRRSHEtIORPEREEA LI BEY B st
cel | Ippa S%%hﬁnﬁ@&éd-asmﬂ o@g%nﬁ)‘%éou%ﬁ/ hagroﬁﬁloﬁézf)ﬁﬁefﬂoggpi%gsragbw
consi sting of an antigen-presenting dendritic cell, |angerhans cell,
macr ophage, rBgioel |, | ynphocyte, |eukocyte, myocyte and fibroblast. 15 This
met hod may be carried out in vitro or in vivo. Wiere the nethod is carried
out in vitro, the viral vector or imunogenic conposition is brought into
contact wi t hr{eh@cfiggtorCttategy e ShimtdishAdH RghfhaY indfdeSeedhdidiatibdegadiduct i on
or non-productive infection of the host cell with the viral vector is
facilitat ed.admnistiateons o dii virshvecteta impsmogdli¢ compositign efdhepiesentan i sol at ed
host cgll or. a sanp from,an_ani.nmal subj iy re the IS garried
out i nbi v, nfordBgr e SSH PmER on R bE FAminlRERE ob i FBH B AGiRE
admi ni st er echviePa 10nQ tind perlods The @6des #agbetadalinistedeucs paiododf hones, ddyspor e
cells of the subject with the viral vector is facilitated. Preferably, the
viral vect orvesks, merihbefersaes, £ epample upioios ablgast di st et & d- $hb 0§ &@Péct by
oral. (1ncludh8ig iidol 05 @31 P, 1. BAIERS eRbs. I0399RL0 b mre UARSAter the
subl i ngual , nasal), rectal or trahsdefnal administration.

first administration. Preferably, the second administration occurs at least 2 months

20 after the first administration. Preferably, the second administration occurs up to 10
years after the first administration. These time intervals preferably apply mutatis

mutandis to the period between any subsequent doses.

The viral vector and/or immunogenic composition may be administered alone or in
25 combination with other viral or non-viral DNA/protein vaccines. Preferred examples

include MV A, FP9 and other adenoviral vector vaccines.

The viral vector and/or immunogenic composition may be administered to the subject
by oral (including by inhalation), parenteral, mucosal (e.g. buccal, sublingual, nasal),
30 rectal or transdermal administration. Alternatively, the viral vector and/or
immunogenic composition may be administered to an isolated host cell or sample

from a subject by contacting the cell(s) with the viral vector or immunogenic



Preferably, the transduction of the host cell with the viral vector of the
present invention results in the stable delivery of the exogeneous

nucl eot i dwoeerrre of 30interest into the host cell. YOI/GB2012/000467

2012/ 172277PCT/ GB2012/ 000467 37 Therefore, in another enbodi nent, the viral
vector according to the second aspect of the present invention or the

i nmmunogeni ¢ conposition according to the third aspect of the present
invention may be used to elicit an i nmfe response in an animal. This

met hod preferably conprises the step of adm nistering to said aninmal a

viral vector_ 5acc rdln to the Se ct,.of th sent ntion, or
the i mmnoge"‘f?m:poéglr?ﬁdgl froRnder 8 g'ﬁlﬁﬁs %P? éhtf‘tﬁltﬁlﬁ?régﬁg’ﬁtﬂo‘bf)k ﬂﬁghoﬁt ﬁé]lant
i nvention. WogK et Pécedrei N or pol ypeptide of interest is an antigen,

expression of the protein or polypeptide in an animal will result in the

elicitation of a primry irmune response to 10 that antigen, |leading to the

devel opment 'ﬁ] A 'ngwp#ﬁdo%n? rreur:r%(r) Xéq {i t{] oiysfihé re@érﬁ\{rll\ge%flgrrf areennfz)’ilnced
response I n e even a seco ary e coun upon i nfection

by the pat hageied toahe délivehy cbﬂ’lﬁxc&ﬂ& h@ge @eqmﬁcedehtodeﬁig antigens. Meﬁ)eﬂséa'sbé y, the
animal is a nav animal, i.e. an _animal that has not preV|oust been
15exposed t dnely nﬁ&?%@éﬁe ﬁsogﬁteflq&ﬂsoqerpr dpas delgteriong mpgant aliddesdniaci t i ng an

| mune r espgpgend 4‘%@%‘8%“{}% %hﬁfa?g %’é El%lce ‘?H\Fo% fthet E?erﬂ&?ﬁﬁ%&lemﬁgk' on or

t he i mmunogeni ¢ comnposi tion Pe used oost t
response of raticsrs cedlls optissuiesmﬂieplaee(mesietétarmut hrmtzarhtor genfurR@oidielledt@)e, in a

further enbodi nent, he vi r.al CCO n A cond aspect of the
present mve‘ﬁ’tﬂi1 Jiorge Pﬁ@qcﬂﬂ’i}ﬂ% Q {)é @Bﬂiﬁgglp’ﬁ? %@gﬁﬁaﬁf paer{eﬁéntpm rd
aspect 1 @f t%n%p@&ﬁ@ﬂodaﬂ&ﬁ%ﬂhﬁﬂthg%}fn&ﬁe 158FlatOtHRBA AR cnATHRE:. F esponse i n
an animal. This nmethod preferably conprises the step of adm nistering to

sai d ani mal Alterpatively destom- msammi dMﬂgmwbphwaBmddndthaMm@ifallpl% pr esent

i nvention or, the eni c . c n_accordin hJ r pect of
the pr esent THRVER PPEHERRRTIEe SBIPOSH uBhaRERR Blrilah pr i Sudelion BB S sy
exposed to twighiamhd @t tell ﬁ@l@ﬁdsltﬂé%argi& celPfo dMsimal §tate 28d AR Rovitlérea subj ect
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the use of the viral vector according to the second aspect of the present invention or

the immunogenic composition according to the third aspect of the present invention in

gene therapy.

20 This method preferably comprises the step of administering to said animal a viral
vector according to the second aspect of the present invention or the immunogenic

composition according to the third aspect of the present invention.

The vector of the present invention may comprise an exogeneous nucleotide sequence
25 encoding the functional or ‘normal’ protein, the non-functional or ‘mutant” version of

which is associated with a disease or condition.

Preferably, the target cell is a somatic cell. The subject to be treated is preferably
mammalian. Preferred mammals include chickens, other poultry, cows, sheep, goats,
30 pigs, wild boar, buffalo, bison, horses, camelids, deer, elephants, badgers, possums,

cats, lions, monkeys and humans.



WO 2012/ 172277PCT/ GB2012/ 000467 38 In anot her enbodi nent, the vector
according to the second aspect of the present invention or the inmunogenic
conposi t iwo 2apepdirng to the third aspect of the presentcirosotiomemay be
used to treat or prevent at |east one disease in a patient. This nethod 5
preferably conprising the step of admnistering to said patient a viral
vector according to the second aspect of the present invention or the

i mrunogeni ¢ conposition according to tH3 third aspect of the present
invention. Preferably, the disease is selected fromthe group consisting of
Tuber cul osi s ot her 0 cohacterial i.nfections aria, influgnza,
VA D, He i PO of B piReEdvTis Brovle s B RRHaH e SR eE e
infection, aderRayvi vé&hor RLEMAORD theCeSdHIBAYPB&! oF the FABMOROGHRINR. PRIFerably,

st aphyl ococcus spp., neni ngococcus spp., infection, rift valley fever, foot
and rout h ditbe aekynagieptisisiskaurpae pempiiseg $he sefeerce of SEQERE N@k BB oag sequgnes ng an
i nmmune respon inst_th at hoggni ¢ ;organi.sm fromwhi ch,t he heterpl ogous
antigen is dsélrglﬁ\e}%gﬁyt ﬁgn‘é%?z&g%ﬁe{bm feg?lg?gcg?m{dﬁema eaél\éﬂfonfﬂrIX/ecﬁmp(r)lrsle r%lg%/ al so

i nduce fin i rexdpencbespiGRidagedutate dthiatedgkenovi rus from which the viral
vector is derived. As such, an inmmune response agai nst AdY25 may be
elicited. The immune response i nduced agai nst AdY25 nay al so be

cross-reactiye; W t i 4 P ne
Fesponse. agar St hhedldt e pretr? RN ovHEL EhiReRy LBRAAN GIERCRA DS,
accor di ng t aht healsecwondcasgiagto the stdomdpsgeseof the presedtiioventiont Rellowimgnogeni ¢

conposition according to the third aspegct of the present inyention can
therefore alt?éls Uﬁggﬂlq%%‘?nopré‘ﬁfthpﬁtgfeg_r‘“ CEDIERT § ﬁﬁg%ﬁ?nawrepaﬁe di sease. 25
Thi's eppodi neplenet i M6 nBEIBRRID MBNEME 1O Prddles BE e RN SOF iRfePt 38 8ddifbn
treatnment or prevention of at |east one adenoviral disease and at |east one

non- adenovi rtalangpthengdenpviral ppeicine encodsd by the fuclditacid enddeilar®reterablyethei r al
vect or accordi t.o t second ,aspec f.the present invention or the

i munogeni ¢ IEOSQ%(I)ISIF Pﬁagﬁ' t%?@é‘?o)‘fcﬁij ﬁﬁgﬁ%%apﬁeefof K PaRA8RUON- of "t he present
invention may be used to induce an i mmune response in an animal that wll

break WO 2012/172277PCT/ GB2012/ 000467 39 ) ' )
The host cell may be an isolated host cell, part of a tissue sample from an organism,

15 or part of a multicellular organism or organ or tissue thereof.

Preferably, the host cell is a somatic cell. Preferably, the host cell is not a stem cell,
more particularly an embryonic stem cell, more particularly a human embryonic stem
cell.

20
The host cell may be selected from the group consisting of an antigen-presenting
dendritic cell, langerhans cell, macrophage, B cell, lymphocyte, leukocyte, myocyte
and fibroblast.

25 Preferably, the host cell is an animal cell, more preferably a mammalian cell.
Preferred mammals include chickens, other poultry, cows, sheep, goats, pigs, wild
boar, buffalo, bison, horses, camelids, deer, elephants, badgers, possums, cats, lions,

monkeys and humans.

30 The fifth aspect of the present invention also encompasses an animal transduced or
infected with the viral vector according to the second aspect of the present invention.

Preferably, the animal comprises one or more cells transformed or transfected with



tolerance to a self antigen. This method preferably conprises the step of
admnistering to said aninmal a viral vector according to the second aspect
of the prweenti7menti on or the i mmunogeni ¢ conpositi onparamB20izgodeo t he
third aspect of the present invention. 5 Many tunour cells are tolerated by
the patient's i mmune system on the grounds that tumour cells are
essentially the patient's own cells that are grow ng, dividing and

spreadi ng without proper regulatory coddrol. Thus, cancerous tunours are
able to grow unchecked within the patient's body. However, the viral vector

of the present 10 invention can, be used to i mul ate.a patient. s, i mmune
systemto atﬂiea‘BW?f’Ffé?r'tac?ﬁB‘@ﬂngcthth%chﬂn aﬁ?reﬁtcozlsff%e Rrﬁﬁﬁﬁﬁlrg§gtl%%5§?rabfy’

| mrunot her apye'aniwRES b hld@hhly PrédfifedifthRialsdhclhf€cERDS WthérPotlity, eows,an be
used to '"train’ the patient's inmune systemto recognise tunour cells as
targets to Iskeepegtatypess, willibsar nffide, kistn, bowses. sgmekds, dernejemiantsi n t he vir al
vector an e>l<)o eneous nucl otlj de s%ﬁ(gence }(laurrlrtlz%csli ng a suitable self-antigen.
As 15 descr iPB&&FTHPEVT BRSOt Y@ hum gens include antigens
expressed by tunmour cells which allow the i nmune systemto differentiate

bet ween tumour cells and other cell types. Suitable self-antigens include
anti gens t han aaewersh appact,i the prwserinseiongiroyides & &pqthed, pbprodygie the yiral

envi ronnent rar r.oal i J ' oprent
(o g 1 oot aivedlit fisardbe e s tsileP BERE pRUEh IR i bR e HRURIEP =
si gni fi cant cb@ypaikesahe stBp of iricerposatingarceucimetide aspenaf daraed droal AJ¥12P dntowher e
its exposure to the imune systemis él)icn‘it%? by the bl ood-brain barrier.
However, CDBactsrighprtficial Chspmespane (R GHiaPresucy ay ‘g]éB &9 tunour cel | s
includjng small-cell lung cancer, neuroblastoma, melanomas and

ost eosarcomas. Ot her suitable self-antigens include cell-surface receptors
that are fodidikerplasmivwectoed, |IBAGs areapreseng mathir Falféinin simgle Sopheorfgiingce of

heal thy cell.s. Such receptors y .responsible fo tiyati ar

i anal | ng. PTG ST SRBLEY- REHET IR cutracey BrSnci Qi Pt bhn "o
the tumour Geldise FREdiIBXAMRL €10 EhDBRadeS tBY @BICAEA] aperdlatOr ¥Rl deyobigberirgy el s
on the surface of breast cancer tunour cells. Thus, the adenoviral vector
of the presdrecomhingtion medinted geaetisenginesringduce an i mrune response agai nst a
tumour, cell, and can therefore be 30used in the treatnment of cancer. WO
2012/ 1'72277PCT/ GB2012/ 000467 40 The follow ng details apply nutatis

nut andi s t o pebferabfy, til€orpb@auen usede afuctdoade aequencarderivedniiooy exd ¥25c onvpasi t i on
of the present invention. The treatnment and, preventi on of many di seases,

i ncl udi ng | iBasterigt AgHicia| Grpmosonse (%@WU&*’%S’&&FPFH?‘I uenza, are
associated with the mai ntenance of a strong cell-nedi ated response to

i nfection involving both CD4+ and CD8+ T cells and the ability to respond
with Thl-type Dyt oktesguctiay 4 Bewd asstye Vdehoryconipising, region? ofhdmbplogy 70 the

Al t hough many subunjt vaccin | atforns .effectivel enerate hunman
imruni%gqn t he gener kﬁ@grlﬁhtﬁé‘ﬁ@s‘{fﬂ&eewwﬁﬂﬂhe%tﬂ aseflﬁ?}%ﬁ’e responses,
particularly + afifeatBis e BAC fe8dde VeBWH AT €SPONSes, has been nmuch nore
chal l engi ng. The viral vecCtor of the present invention preferab

| .
stimul ates bot hi)cel perfamiagdomotngons reqpmbiratioasipondest eghbeiiecn Hﬁe difabded

ti St I desirable to i . i :
"mune T esponses. 15avaetiGaeudis G HARPERY B PEMIE R R RG iy

| ong-lived, antigengepeal hiidedtidesqitacy intstheBAC agscaevetitsrect [y from
differentiated effector T cells and persist in a uniformy quiescent state.
Menory2 cel |s have been shown to be heterogeneous and to conprise at |east
two subsets, dw iffer ] a i 20,0 t r
function; efl?rgféé?a %Wn{ah\r%ioﬁlgdgb@eﬁ lssél%e.?%@QBgénrg&%tGeglt E)Igtls Hrr%aém)r y 'T'Ifegﬁflél gé%t%TM .
20TEM r esentjomprides did eajuence of | SEQeie™Nd.ed om SERe IPr Nfar38 oespoegeng t hat
they lack the |ynph node-hom ng receptOrs L-selectin and CCR7 and express
receptors f(ﬁ“bﬁﬁlbtfaélﬂ’il ticakt e‘iefg?fl amed tissues. Upon re-encounter wth
antigen, these TEM can rapidly produce IFNy or IL-4 or rel ease pre- stored
perform TCM express L-selectin and CCR7 and |ack i medi ate effector
functid®. THasferabdy,|tbe havtedaadditivnally icompiises the step of further modifying the Ad-

BAC vector genome. These further modifications may be carried out by GalK

recombineering. This technique, pioneered by Seren Warming and colleagues, utilises



25t hreshol d and, upon restinulation in secondary |ynphoid organs,
proliferate and differentiate to effectors. Preferably, the viral vector
accor di ngvbaotdwe2mecond aspect of the present inventi onpor/dsreldosmsnogeni c
conposition according to the third aspect of the present invention is
30capabl e of eliciting, inducing or boosting an antigen-specific inmmune
response. Preferably, the inmune response is a strong T cell imune
response, for exanple a strong CD8+ andtcDa+ T cel | response. Preferably,
the T cell inmmne response is a WD 2012/172277PCT/ GB2012/ 000467 41
protective T i o] . Pr rably, the T cell i ne response
is long | asttihggd;lgrllddg%%pg?gsp ét'ﬂf g(?sqeté © Frgccias eg%%z?etl%cjﬁoﬂo?fei@?m%%ntzgfoﬁgomr e
years. Pref e3WhDYy, Et I(@/i wolls)einr edixanseconitdbitind hiyabeepiRfoymdd,Chve beERINe
response. 5The viral vector of the second aspect of the present invention
or i munogeniP CI\é‘S oShanssHehRRcashs e/ game Which i rgapisest fosfthe welissties eht

i nvention iR r 0 bj either. as..a
single i m’anralélél é%ﬁsgﬁdyot?b %hﬁt ?%F%rpf&n%gehr@%}tei %ﬁét.konP{seﬁég%ar%fg ?/,byt 'f%m%}}”rnﬁﬁlor{/ect or
or i muhogertetwesnnthesveriosrgenbmeenti @PERadmiplifisd €7@k @ssepa) Hlariedabys koY €,

double or triple vaccination. strategy., They may al so 10be adm ni stered as
part of a hdi 1P8§;8§31°8}0??%‘t S?Eqroﬁé%g’}(ﬁ?‘? @X%%g?tfﬁrfﬁﬁﬁF?E??-orﬁ‘?l@éﬁoﬁeQn The
vacci nati on rinfigla® Gied doRTHIhS FnlPRal8@5BhIRY LGl AR %%?Ppr?gco%binant .

subsequent adm nistrations of the viral vector or I munogeri c corrp03|st| on
of the pres&®ntaiBng thenbaldngerEhén placonfithrdaiget geneasharld gaow bRematrimrensor ed

over a short-tie. period or over a long tine.peri,od. The doses y be

adni ni ster ed” %Z\I;re(r%ﬂggﬁlét??rslat BT RalHegce fﬂ%&/l%e p%@%ﬂlgd l?rﬁrf‘frﬂ’garofgs %‘éggi,s g
exanpl B) up twsin@r GalK | feaslegdtive? seléctioh, The &dditlon &f RdedNygdfdcdbe TDOG)MREKS OF
0.25, 0.5, 0.75, 1, 5, 10, 15, 20, 25, 30, 35 or 40 or ‘nore years after the
first adm nissterlagn wadiapyillisslesbelgnes;inevhiel Galk hambesngeplacddasinascbe pwdatt | east
2 nont hs 20aft j dgink str.atd Qa. . Pref t he. second

adni ni strat ?’Er? 501152% égdﬁ(ga{jaos 1 e%ggé%ga[?(?grmﬁh% P ?‘?@2{ ﬁiﬁ&ﬁﬁ 'igE‘Fyr t(éf‘fcotr?. EThese
time intervaldi Preférablyblhe lasptell HUBEILBS Bndotintdi stepDi)tth i Povednd SIWERN any
subsequent o%ﬁgt J’.?e viral vector and/or inmunogeni c conposition may be
adni ni st er ed&NEAEF BPIIIRAEMSobi nation with other viral or non-viral

DNA/ prigt ei n vacci nes. Preferred exanpl es

Preferably, an extra homology flank is included downstream of the adenovirus El

region to enable simultaneous deletion of E1, as described in Example 1.

Preferably, the method further includes deletion of the E3 region of the Ad-BAC
20 vector genome. Deletion of the E3 region may be carried out by GalK

recombineering, as described in Example 2.

Preferably, the method further includes modifying the E4 region to optimise vector
growth and yield. In one embodiment, the entire native E4 locus is replaced with the

25 E40rf6 gene from AdHuS. In a second embodiment, the native E4 locus is replaced
with E4Orf4, E40rf6 and E40rf6/7 coding regions from AdHuS, and the E40rfl,
E40Orf 2 and E4Orf 3 coding regions from AdY25, as described in Example 3.

Preferably, the method further includes introducing phage lambda site specific
30 recombination sites attRI and attR2 at the Ad E1 locus as part of an Invitrogen

Gateway® destination cassette. Such a modification enables the efficient directional



i ncl ude WA, FP9 and ot her adenoviral vector vaccines. The viral vector
and/ or i nmmunogeni ¢ conposition nay be adm nistered to the subject by oral
(i ncl udi ngohy12mbatati on), parenteral, nucosal (e.g. buecalgs2eihlobssgual ,
nasal ), 30 rectal or transdermal adm nistration. Alternatively, the vira
vect or and/or i mrunogeni c conposition nmay be adm nistered to an isol ated
host cell or sanple froma subject by contacting the cell(s) with.the viral
vector or immunogenic WD 2012/172277P@d6/ GB2012/ 000467 42 conposition in
vitro under conditions that facilitate the transduction of the host cel

with the viral vector. The viral vyector and i ogeni ¢ .conposi.t.i on. of the
present | nveRtrn O ECrBE tapigsnessd 5L Colf g B By dFomRingTing
sequences enpgRikRAY® adhia8bRal BN Gk 88A%Pair. | NCl udi ng cancer, are
associated with one or nore deleterious nutant alleles in a patient's

genone. Cene therapy is a process involving the insertion of genes into the

' ' | s. ' | -t he de| ' ;
non- funct i oreh Safinetsefd T Tl iR R ol Beh Bok B MRS Gromgiang .

functi onal aBlagheciofei sigprisesl i tpolynudlBoRdtt SpQnté Cenkcodiali @8 Wrilhivectbhe
genone to replace the non-functional allele. Alternatively, the

non- f unct i orfgfordingde gherggorskaspoi obEie fresent WECHMet i onal al | el e t hr ough
honol ogous reconbi nati on. Subsequent expression-of the functional allele
within the target cell restores the target cell to a normal state and thus
provi des a threfatabbynthd BACdienediosgaises: The 'normal' or functional allele(s)
may be inserted_into 15patient's genone using a viral vector. The present
i nvention ther@f)c?r%Agﬁ?Bkl?ﬂnﬁi/i des the use of the viral vector according to

the segpnd aSpﬁgtthé’fpoq cREEIEREGUAE LSRRG td B IHHRUAGRENLE (ROPRGSHE | ON
according to t thi'rd aspect of the present invention in gene therapy.

20Thi s net hod prefienéibhy conprises the step of adnministering to said aninal
a viral vector according to the second aspect of the present invention or
t he i munogeni ¢ conposition according to the third aspect of the present

invention. As d&RriB&F hBdvedlthd hiRalP¥eRfR MccordipNiol BB S8BOICIPBEL SFethdpresent
exogeneous nucl eoti de sequence 25encodi ng the functional or 'normal’

protein, thanyrmtionumat beoreplicased invtransfornest esllolineoer hepervitus (gutiese vegted wit h
gug; Zg teoo[)sggt%?lgg\{hgc ?éfsn%%r%%&?g%%{%risteg ﬁletc%rn%%m&@& ah? g&e%%g%}édcfr&ﬁ Itllle The
virus. Such genes may be deleted from the virus in order to hinder replication in host .
cells, but are of course required in order to replicate the viral vector to produce
immunogenic compositions according to the second aspect of the present invention.
One can make use of any cell line permissive of wild type adenovirus replication that
20 has been modified to express the functionally deleted genes, or a cell line which 1s not

permissive of wild-type virus replication which has additionally or alternatively been

modified to express CAR or integrins in addition to the functionally deleted genes.

The present invention provides host cells comprising a Bacterial Artificial
25 Chromosome (BAC) in accordance with the eighth aspect of the present invention,
and suitable for propagation thereof. Preferably such host cells are bacteria, most

preferably E.coli. Suitable examples include E.coli strains DH10B and SW102°.

A ninth aspect of the present invention therefore provides a packaging cell or cell line
30 producing or capable of producing the viral vector according to the second aspect of
the present invention. The packaging cell or cell line comprises one or more

nucleotide sequences which encode the viral vector of the second aspect of the present



manmal i an. Preferred mammal s i ncl ude chi ckens, other poultry, cows, sheep,
goats, 30pigs, wild boar, buffalo, bison, horses, canelids, deer,

el ephant swohathger®; possuns, cats, |ions, nonkeys and hegms201200467

2012/ 172277PCT/ GB2012/ 000467 43 A fifth aspect of the present invention
provi des a pol ynucl eoti de sequence encodi ng the viral vector according to
the second aspect of the present invention. Preferably, the polynucleotide
sequence conprises the sequence of SEQ47D NO. 38 or a sequence
substantially identical thereto. The pol ynucl eotide may additionally

conprise the 5exo0 eous.nucl eoti de sequence .of interest. si xth aspect of
Che prosent THTURT BPBTIAN Gebes SouTRurepiLy Bibe Bregucnn ofinectiahdith « ne
viral vectorsaecefHi Ruired bhfs$e6MhBsies by aifedtdd dTRSEIM orl M Gk ivAth a

Fol I ow ng transduction or infection, the host cell will express the

exogeneous il exsciogeactordieg)dertbe sepondhespeagt| Bieteraldy d thepicelt udompriseprtdduce
the nolecule of ;interest, in additigon to a her epovi Lal .prot el ns
encoded by (RERNTETE] O 4y a%pE aebied o Rublndly Bl SRES, MBI NETR, |
transduged andfesdbily,abt eell @bmpiised| thp coORPBAlenOBf the AdY2TFe deast PRiftrablgy be
an isol ated host cell art of a tissug sanple froman organism 15or part
of a nulti cehe eglbis ag Bnsedror arRFahCor cell.ssue thereof. Preferably, the
host cell is a somatic cell. Preferably, the host cell is not a stemcell,
nore particularly an enbryonic stemcell, nore particularly a human
enbryoni ¢ stAsniesetibed AMdvEhmolidwhtiaedf thed4 Ibeusef the tadehdvirahvédie tgrinelpde

consisting o ant i gen- pres ing dendritjc cell, ger hans cel |,

macr ophage, the Edortt. oaegsﬂ;@‘,%féﬁwgytgezegw&%%hﬁgfwws Al rate of
25Pr ef g abl Yhexb D Brdd@hiort: Shdredsthe@e 88HsMRity GFlahti-HERELHRE & SIAP G¥arfi f¥RMEMRI | an
cell. Preferred mammal s i nclude chickens; other poultry, cows, sheep,

goat's, pi gs,ofuhd afdstians titvebf the ojrabvestor, infparteadar thesavinabiesctaie develgieddbmnt s,
badgers, possuns, cats,. ]ions, nonkeys and hunmans.. 30The fifth.aspect of
Che pr ebent THUZheFEFR oL ABate BROSA ok Sttre ot BITTci
W th the virabdifiefonr wac §apaiingytBuidie FREQAN tiRsSHeId! ardll ratd6f PloRdR RF the
invention. Preferably, the aninmal conprises one or nore cells transforned
or transf ectveaton @une of skill in the art would appreciate that such a modification is expected to

15 have a beneficial effect on a wide variety of adenoviruses, and not simply those

derived from AdY?25.

A tenth aspect of the present invention therefore provides an adenoviral vector other
than AdHuS comprising a nucleic acid molecule, wherein said nucleic acid molecule

20 comprises heterologous E4Orf4, E4Orf6 and E4Orf6/7 boding regions from AdHuS.

In one embodiment, the native E4 locus is deleted and replaced with heterologous
E4Orf4, E40rf6 and E40rf6/7 coding regions from AdHuS. Alternatively, nucleic
acid molecule may comprise the native coding regions in addition to heterologous

25 E40rf4, E40rf6 and E40rf6/7 coding regions from AdHuS. Preferably, the native
coding regions are E4Orf1, E4Orf2 and E4Orf3.

Preferred adenoviral vectors are selected from the group consisting of AdY25 and
AdY68.

30
Preferably, the adenoviral vector according to the tenth aspect lacks and E1 and an E3

locus.



WO 2012/ 172277PCT/ GB2012/ 000467 44 the viral vector according to the second
aspect of the present invention. Preferably, the animal is a mammal .

Pr ef er r edwomoml7s277ncl ude chi ckens, other poultry, cowspcsiespi2z/@oests,

pigs, wild boar, buffalo, bison, horses, canelids, deer, elephants,

badgers, possuns, cats, lions, nonkeys and humans. 5 In a seventh aspect,
the present invention provides a nethod4®f producing the viral vector
according to the second aspect of the present invention. Preferably, the
met hod conprises the step of incorporating a nucl eotide sequence derived
from AdY25 into a Bacterial Artificial Chronobsonme (BAC) to produce an

Ad- BAC vect o i 1 t o7 re._prese w,thin E. Col

in single cog§“%gﬁ%2bf?ﬁagbﬁégiggég&ﬁgﬁggVgégfgﬁﬂ%4%ﬁ%?ﬂkéﬁéﬁFFWn, t he
singl e copy BW30Qeta derivatres off DHYEBY camaining dacredilfartfdihlhsorhesoaes TBAESS 0 t he
viral genone q¥.recongnee in% (recopbi nation nedi ated genetic

engi neer i ng) “CHEMBELISFIIRFY senOmER PHIAQ Bh (A ¢ 6 AJEhE i(B4 masifiesce

der | vedsf r ONTAREEP, bl AndndAC RUCROXINE fbaiRL) FPRIPS PR, A LRTRI Ses
the steps of: i) constructing a BAC rescue vector conpfising regions of
honol ogy to lhevatindtimited @n2dgviey 20 Bnkih dfe BurepaanCalllentiad ebCélHEulsegsience;

ii) linearisj C.rescue vector; and jii). performng honol gqgous
reconbi nat i o%gt?’?lég? ?‘ﬂ?@? I—%’%ﬁl? Hf%‘f&% A §EREY ePfr“éﬂe Crﬂ@‘_@?%lsi Héggb}éfﬁéeﬁ%n and t he
l'ineari sed BAgercgsPareorVB6WaAl SAIRbiAFPANNGRURI b RiNddod] uitids iRakiflse.gequence
into the BAC rescue vector. 25 Preferably, the nucleotide sequehce

i ncor por at ed! eAtandrigsigpged by pravisienal agcessiorpnd.98852408. sequence of SEQ I D
NO. 1 ¢ SEQID NO 38 or a sequence substantially identical thereto.
30Preferably, the nmethod additionally conprises the step of further

nodi fyi ng t hés debcriBAlhareial tk vgeoo AEChDRE $eddrived om emaiphhZationsingy be
carried out Q% Gl K recon%jneering. Thi,s techni que, Eioneered by Soren
\\ar'ni ng and ?4%%%@}0% itT reglon, E3 region, moditfication of E4 region and insertion of

TIPeGFP model antigen into E1 locus. The E. coli containing the BAC is a class |

genetically modified organism.

15
The BAC propagates within the bacteria during replication and can be maintained by .
selection with chloramphenicol. The E. coli strain SW102 containing the bacterial
artificial chromosomes into which the genomes are cloned can be propa'gated in
Luria-Bertani broth or agar containing 12.5pg/mL chloramphenicol at 32°C. The

20 genome may be modified by genetic engineering in E. coli according to standard

methods, as described in the specification, e.g. to insert an alternative recombinant

antigen in place of TIPeGFP.

Converting the BAC clones of the viral genomes into viruses ("rescue") can be carried
25 out by the following steps. The E. coli host is propagated and the BAC DNA is

purified from the bacteria according to standard methods. The DNA is linearised with

the restriction endonuclease Pmel and transfected into HEK293 cells (or a similar E1

complementing cell line). The resulting adenovirus can then be propagatéd and

purified for use as a vaccine, for example. All of these reagents and cells are publicly
30 available. If the deposition were rescued, the resulting virus would be a clasé I

genetically modified organism.



WO 2012/ 172277PCT/ GB2012/ 000467 45 the Gal K gene for both positive and
negative sel ection of reconbi nant clones6. SWO02 E Co/i cells, in which

r econbi nawpeoi2may27be perforned, have been specifically eogigeerasdoiso | ack
the Gal K gene which is required for the utilisation of gal actose as the
sol e carbon source. Gene deletion is perforned by reconbination 5 between
the vector genone and a PCR anplified Gal K cassette, flanked by 50bp

regi ons of honol ogy either side of the4¥ene targeted for deletion.

Sel ection on m m mal nedia containing only gal actose should ensure that

Chou o or ow BRIl MG 8RR ahR TG e RS he”

perforned i nhat isistedatly peafiidbible, urdbi te ldvrBf thtAetishdied SateKit isreqiagatthate
sel ection. The addition of 2- deoxg al actose (DOG) to selection nedia will

sel ect cl one#mple Qithe Aerasited materigbammpdpavelable onlycey thaésspe therrof todn Gal K,
| act ok ly t E.
2ol £ Bref or it Sbatin FerdibO yAnRERIShyd ik |l Lo REE So4))

above ahd SVERR, Ruie 13@19 th Bclraddlef 1| afthe DS Patddt FRrles moabRygularon@(M(a) b\ibrml ogy

flank is incl1 gi treg f .the adenovirus El region to enable
si mul t aneoud™ uét(r‘?@ﬁ SfengRegylationsaudiegerally, sipy Oéflsions mUlgiSINWERdisy . t he

met hod f urt hgr ahnGthetdRsi gégﬂegg{a@w of the E3 region of the Ad-BAC 20vector
genone. Del etion of the "E3 region may be carried out by Gal K
r econbi neer| ng, as described in Exanple 2. Preferably, the nethod further

i ncl udes I n 4 reqi.pn optj m se vector growh and yield. In
one errbodl tsf.(ecllﬁce ﬁ? Wgnﬂ%!ttﬁ?/’ghgﬁ eS*c?r}]stﬁ? grepggplév(’eg ORPINERE 25 E40rf6
gene f1@m Adidiinucledtide ScR@meme @b Hs BE AdenoV 8l veaior Y&:oFdink @5 séconiiepl aced
W th E40rf4, E40rf6 and E40rf6/7 coding regions from AdHu5, and the E4Orfl,

EAOrf 2 and $BOtPL Qle@@@:ﬁen@nwgioanwthWrﬁaMHIucéﬁ@tld@mmmqnmrﬁﬁsam| e 3.

Cpect fic sorEAasRoh AbolHubiglhod ERHIEDL L VRSVELOPARCAARY AIRRRES o,

of an I nvit rRgEroftateday Ercpl/idesini Wi 0DrbydadstdvatioBlihital 6rzh Raga0ion
enabl es the efficient directional WD 2012/ 172277PCT/ GB2012/ 000467 46
i nsertion of V{ihEEiEEOReRR CoOleson o ﬁ%ﬂ&ﬁ%ﬁ%ﬂ@ IthoHealth Protsctien py

reconbj yieeri Agbncd TufttR! @8l{dclionS PRYBIPLA 8N |4 QALY PB:10h TRIR, Sglﬁ)s%'ufy SP4
0JG, United Kingdom under the Budapest Treaty and designated by provisional

accession n0.12052403. The deposited BAC additionally comprises a transgene

encoding the antigen TIPeGFP. In this aspect of the present invention, the

polynucleotide sequence for AAChOX1 preferably does not include the sequence
20 encoding the TIPeGFP antigen.

A further embodiment of the present invention provides a host cell transduced with
the viral vector according to the second aspect of the present invention, wherein said
host cell is preferably a bacterium, more preferably E.coli strain SW102° containing a

25 bacterial artificial chromosome (BAC) containing the cloned genome of AdChOX1
deposited by Isis Innovation Limited on 24 May 2012 with the European Collection
of Cell Cultures (ECACC) at the Health Protection Agency Culture Collections,
Health Protection Agency, Porton Down, Salisbury SP4 0JG, United Kingdom under
the Budapest Treaty énd designated by provisional accession no.12052403. The

30 deposited BAC additionally compirises a transgene encoding the antigen TIPeGFP. In
this aspect of the present invention, the polynucleotide sequence for AAChOX1



An eighth aspect of the present invention provides a Bacterial Artificial
Chronosone 5(BAC) cl one conprising a pol ynucl eoti de sequence encodi ng the
viral veawonrnomgwerdi ng to the second aspect of the presegtr/dBventoisn.
Preferably, the BAC clone conprises: (a) a BAC backbone; 10(b) the

pol ynucl eoti de sequence according to the fifth aspect of the present

i nvention. As described above, the viral vector according to the second
aspect of the present invention may beSOeplicated in a transforned cel

| ine or helper virus (gutless vector 15 system which, if necessary,

conprises the conopl enment of any genes deleted fr t Vi Irus. . Suc nes
may be del et%ﬁ%TagB’n‘?qeﬁéomth@e |¥l}? HHYEre f:Bcor‘?i“?%beq?% ciEsh $‘f‘fﬂﬁg'§°g{3cel | s,
but are of CRUNSE Bl FGBAQO prosightid® replicate the viral vector to
produce i nmunogeni ¢ conpositions according to the second aspect of the

present invention. One can nmake use of any cell line perm ssive of wld

type adenovirus replication that 20,has be nodi f.i.ed t.0_expr t he
functional | y&a%‘“fcéffdgﬂ“%%%ﬁ‘@sf}‘ O(fl}ﬁeaseélg?tp 4R eﬁgoﬁﬁl%’ﬁesfzrg ot g8 %&égeﬁ\jae of
wi | d-type Viféthod 6Ppro@ddih® theWiial Vedidtsacastdingi tomigd deyorl aspbdtif at pregghy been
nodified to express CAR or integrins in addition tqo the fun,c’ti,?nally

del et ed gendBventiea byeeaapting Hnefachlsn clone of AdY 2h ¢ a Baglerial Agitistalsi ng a
Bacterial Artjfici . . d 1 IhEHat
nepect of t reirpingsdhe GRETL RSN B0 id Ml MLOEAMIRE M NohFebREl
Preferably sadbhOXs$)deposites iaFrdiatiagr$ W, 020isyt Ispriefi@asibh Yitkitebbn 24 Slayt abl e

exanpl es include E.coli strains DHL a W 1024. ni nt h _aspect of the
present i nv et 2 orith the Furqpean SPB%tﬁégﬁgengE%’&?Sr{é%%ﬁ) aélﬁlegé?fﬁ ine 30
producimg orpgapahl gﬁ&{cy%nﬁ%&'&bﬂﬂeoﬁi@ﬁs,ﬂe&ﬁh _PY&@%g{nlﬁg&@{/,@d?gmt[%me second

aspect of the present I1nvention. The packagi ng or cell line conprises
one or nore SalisbeytSPddIEetjnaet Ksngdhincmdenthe dadapest Vieatyl andalssignated by he

second aspect af. the present 12( 172277PCT/ GB2012/ 000467 47 inventi on.
Expr essi on d:fm‘(lﬁlé’ga %gﬁﬁﬁﬁwslzx&‘ﬁgt i"? eptoﬁlée‘ﬁg‘égf'cdggtboﬁla YRR Pal
vector. SomgyHfodie@nt&iis HRAnASHEFIPFEFPDE Rlstispete df e prédepcihiv@fioaf thehe cel |
or cell line vm'%h a viral vector according to the second aspect.

Pref erabl y, nohenusksotide saguencsder AHEhOSpir y dges apyingbide sheenwensd or
functi ppal |y, deket 60l HRAEpS Y 8! vector.

A specific embodiment of the eighth aspect of the present invention provides a
Bacterial Artificial Chromosome (BAC) clone comprising the polynucleotide
sequence according to the fifth aspect of the present invention, wherein said BAC is
20 the BAC containing the cloned genome of AdChOX1, deposited in E.coli strain
SW102° by Isis Innovation Limited on 24 May 2012 with the European Collection of
Cell Cultures (ECACC) at the Health Protection Agency Culture Collections, Health
Protection Agency, Porton Down, Salisbury SP4 0JG, United Kingdom under the
Budapest Treaty and designated by provisional accession n0.12052403. The deposited
25 BAC additionally comprises a transgene encoding the antigen TIPeGFP. In this aspect
of the present invention, the polynucleotide sequence for AdChOX1 preferably does

not include the sequence encoding the TIPeGFP antigen.

For the avoidance of doubt, it is hereby expressly stated that features described herein
30 as ‘preferred’, ‘preferable’, “alternative™ or the like may be present in the invention in

isolation or in any combination with any one or more other features so described



S5Preferably, the cell conprises the conplenment of the AdY25 El gene.
Preferably, the cell is an HEK293 cell or a PER C6(r) cell. As described
above, nostofoatibon of the E4 | ocus of the adenoviral vectrms2brdonsbude the
E40rf4, EAOrf6 and E40rf6/7 coding regions from AdHu5 i ncreased the rate of
10 hexon production, increasing the sensitivity of anti-hexon titre to

all ow quantification of the infectious titre of the viral vector, in
particul ar those viral vectors devel opéd for clinical use which do not
contain a fluorescent marker gene I n addition, thls nodi fication was

surprisingly to increase e yiel nd r rowm.h .of the yector.
e of st 1 e o NETRES afpsPuéoFnd R sor i @l eBplobe

expected to Sﬁéﬁ@y@bﬁaQ@QQ;flfgdt@Jes.effect on a wide variety of adenoviruses,
and not sinply those derived from AdY25. A tenth aspect of the present

invention therefore provides an adenoviral vector other than AdHu5

conpri si ng Cl ul r lei c u
20conpri ses hf;'tf %r agugr(g)lsugfj%r?ﬁb d%?f)nvw%sgrﬂ%d&a}ﬁg f gﬁ 131 MG flnf; mrugg:y(l)n{s% %lfom
AdHUS. §n ongh&reatididiRets of the pratitifvdnfiohocus is del eted and replaced with
het er ol ogous E40rf4, EAOf6 and E40rf6/7 codi ng regions from AdHu5.
Alternatively, nucleic acid nolecule may conprise the native codi ng regions
in addition %@,}T;ﬁ £rol ogous 25E40rf4, EAOrf6 and E40rf6/7 coding regions
from AdHu5. rably, the native coding regions are EAOfl, E40rl1l2 and
EAOrf3. Preferred adenoviral vectors are selected fron1the group consi sting
of AdY25 and V\D 201 /172 77PCT{ GBZO A / .1%or t he
conveni ence ¥ ' ' > : tifigiab\ng 029
(a derlyatlwgngﬁmgﬁggB) contalnlng bacterlal artlflcial chronnsones ( BACs)
cont ai ni ng tthe cloned genone of AJChOX | (pBACe3.6 AAChOxl (E4 nodified)

STI PeG-P, cell line name "AdChOxl (E4 nodified) TIPeG-P") was deposited by

| | t t.ed 2 th th | pct f Cell
o tur o ( O i erfde ARy Auf oS R At n e PR 1 B e
Heal t h Pr ot eghiveRitA0BR&ien. PRE VRS Qay\@mpsgdtecswmlgh Sitd iPHEK LB 8l drdngsdom

under the Buda[:l)est Treaty and designated by provisional accession no.
12052403, viral DNA phenol extracted and sequenced. The nucleotide sequence of the wild type

15 AdY?2S5 virus is found in SEQ ID NO. 1. Based on the sequencing data, a BAC ‘rescue .

vector’ was constructed containing regions of homology to the left and right flanks of
the viral genome (homology flanks were PCR amplified from viral DNA).
Homologous recombination was then performed in BJ5183 E. Coli cells between viral
DNA and the linearised rescue vector to incorporate the viral genome into the BAC
20 vector.
\
An extra homology flank downstream of the adenovirus E1 region was included to
enable simultaneous deletion of E1 in order to render the new vector immediately
replication incompetent.
25
Phage lambda site specific recombination sites aftR] and attR2 were introduced at the
Ad E1 locus as part of an Invitrogen Gateway® destination cassette to enable the
efficient directional insertion of vaccine transgenes. A modified destination cassette
was ligated into the A4siSI restriction site introduced at the E1 locus during isolation of

30 the genomic clone.



10 As described herein, the vector AJChOxl is derived from chinpanzee
adenovirus Y25, with deletion of El region, E3 region, nodification of E4
regi on anwloizogerreizon of Tl PeGFP npdel antigen into El | ecussB2étrobe7col
containing the BACis a class | genetically nodified organism 15 The BAC
propagates within the bacteria during replication and can be naintai ned by
sel ection with chl oranphenicol. The E. coil strain SWO02 containing the
bacterial artificial chronosones into ®Rich the genomes are cloned can be
pr opagat ed in Luria Bertani broth or agar containing 12. 5p. g/ m

chl or anpheni at .32C _Th enone y genet.i ¢ engi eering
inE coli sd’ﬁ &él ft‘gﬁégf Hecttr%rt‘%sd feeéls sbé’m ggg rteﬁt foffont diget

speci ficati @gore @ héaﬁoh nﬁl%rh aBntakloBENaldry CrdRfRfEl NAHt EANSIngitémbnting! ace
of Tl PeGFP. Convert| ng the BAC ol ones of the viral genones into viruses

("rescue") EHKYSB odisr wbdreztﬁgmlﬁbeﬁCtdneieﬁmmswmglesftl@b@ toTiredyee ipBriiovsost i s
propagat ed and the urified the according to

st andard net'H&Ys 2 ﬁefﬁ%ﬁl?ﬂoﬁﬁggﬂ@%ﬁnce eﬁtlt[tle res ri Cfsl on endonucl ease
Prel and transfected into HEK293 cells (or a simlar El conplenmenting cel
line). The resultin enovirus can then be propagated and purified for use
as a vacci n&xample %glﬁk’“mo fAlng adepoyipd &3 re@igRent s and cells are publicly
30avail able. If the dep03|t|on were rescued, the resulting virus would be a
class | genetically nodified organism 49 In respect of all designated
states to wihehABUCAd-BAC orcios geassit hiredued imoactchmamxet evith ERaplet 1iwas

| egal |y perm ssible er, the | aw of_ the des at e, i S. requested
that a sanplféfﬂéﬁr W%Pﬁglﬂ%}%t%rfﬁ?‘%?l?‘a?er%t BP‘é‘r%rﬁ%/mﬁiPnt i ssue
thereofy Lo g H%&%Qﬁ@ﬁ% R XRRELy of i %@We%?ﬁ a xtnntéta sghevant pat ent
Ieglslatlon éf e Qﬁ'é&% R le 13( 1)§aﬁ% Schedﬁle 1 of the WK

Pat ent Rul es 2007 Regul atl on 3. 25(3) of the Australian Patent Regul ations

and general | nllar i.Si ons nut ndi s, for ot her de nat ed
arate: A epddeiitieapob isitedPy etertipdion Rt s e krleind SEER  on
provides a Jagmmat@dm%ss@&e SN & snapqglglaﬁs 8Nh@ASIBgY efthdr sYRCEOthe E3
according to the second aspect of t present invention, wherein said

pol ynucl eot igdee. sEWﬁ@atMnWS Q@Sfoﬁﬁedzdhs$\§’tlgzol|’7 €0l Gslis.y whichebaveqheen
f th | X
£ eor 5t ¢ s RO el RF o PAIBE bR TRfe Wbich i ey 0P SRLBNARSG &

Eur opean Colghketos@as te soi J:arﬁbﬂ taires RebGAbiGantadells Iverd:-leeléd'té‘d Bing edmimal

media containing only galactose, in which only recombinants containing the GalK

gene in place of the E3 locus were able to grow6.

20 Example 3: Modification of the E4 region and effects thereof

i) Modification of E4 region

The E4 locus of the AE1 AE3 Ad-BAC vector genome produced in accordance with
25 Example 2 was then modified. The E4 region was deleted by recombination tn
SW102 E. Coli cells between the vector genome and a PCR-amplified GalK cassette,
flanked by 50bp regions of homology either side of the E4 gene. Recombinant cells
were selected using mimimal media containing only galactose. The GalK géne was
then replaced with the required E4 open reading frames from AdHu5 and AdY25 in a
30 similar manner to provide the 5 constructs listed in Figure 3C. Recombinant cells
comprising the gene in place of the GalK gene were then selected using media

comprising 2-deoxygalactose (DOG)G.



15Agency Culture Collections, Health Protection Agency, Porton Down,
Salisbury SP4 QJG United Kingdom under the Budapest Treaty and desi gnated
by provi swonal2@egessi on no. 12052403. The deposited BACratdig2nmbdey
conprises a transgene encoding the antigen TIPeG-P. In this aspect of the
present invention, the pol ynucl eotide sequence for AdChOX1l preferably does
not include the sequence 20encodi ng the Tl PeGFP antigen. A further

enbodi ment of the present invention pré@i des a host cell transduced with
the viral vector according to the second aspect of the present invention,
wherein said host cell is preferably a bacterium nore preferably E. coli
strain SWL029 containing a 25bacterial artificial chronmpsone (BAC

cont ai ni ng tihEffecosrrEld gedmretiad odickiGidddeposi ted by Isis Innovation
Limted on 24 May 2012 with the European Collection of Cell Cultures
(ECACC) at the Health Protection Agency Culture Collections, Health
Protection @%@9@ | §hu } I inger the
Budapest Treaty anga?eg@gknate "’%?@gfr g%/%i g&iﬂgﬁcgrfg %?e#s@%%?o%fggg 5% .gfle'he
30deposi t ed iBRGtiaddl @ arahabtbatalatpitG éx 48 housnsdendasrstot: ng t he anti gen
TIPeGFP. In this aspect of the present invention, the polynucl eotide
sequence for AdChOX1 WD 2012/172277PCT/ GB2012/ 000467 50 preferably does
not include th squgp[gg(e@@pii ng the Tl PeGFP antigen. Such a host cell may
be used for BAC propagation. speci fic enbodi nent of the seventh aspect of
t he present i niienti &dYRP A widdtype 6Y@OHAWt0f produci ng the viral vector

according to the se p j tion by generating a
nol ecul ar cl onBSof %ﬁ@éﬁf@%ﬁ%@%ﬁa@ﬁ??‘p?%@ﬁﬁnm onosone ( BAC),
wher eijp sai d BAG i sAldlyes BACA gt B1OHNY 6f 6 (CAa0rdXgenone of AdChOX1,

deposited in E.coli strain SW029 by Isis Innovation Linmted on 24 May 2012
with the European Collection of Cell Cultures (ECACC) at the Health

10Protectio Vi j , r j FHIC YosifoRy t on
Down, Sali sgﬂr 33@&4“%%&* H{iﬁ}a&%{eaﬁﬁ%tgg% Vﬁ%@% agtaﬁéea %bgg%{é@n% eat Osérlld
desi gnat ed Hygcipt8chouss psainfatioassi on no. 12052403. The deposited BAC

additionally conprises a transgene encoding the antigen TIPeGFP. In this
aspect of the present invention, the polynucl eotide sequence for AdChOX1l

preferphly does.et sE&P%rﬁﬁf’gu}é‘@AS%%J%&ﬁioﬁ?%ﬂ%@ e Ade2sThReERRapRtigen. A

speci fic enbodi nent of e el ghth aspect of the present invention provides
a Bacterial cAmprisingi the @fldtyposiohdoquBAGRs signifecanByplowvsr riban et pofl pdbiePeot i de

sequence acqggrdi.ng.to the fifth aspect of the pr t inventi ein
sai'd BAC 1o Mfetignorbnyit erg? FERrd e Sl Do s BRI LR B o 1
E.coli straiffom AdHuS signficantly increased the infectious titre. Replacement of the wildtype
* E4 locus with the E40rf4, E4Orf6 and E40rf6/7 coding regions from AdHuS, and the
20 E40rfl, E40rf2 and E40rf3 coding regions from AdY25 (to create ChAdOX1)

surprisingly further increased the infectious titre.
iii) GFP vs. Anti-hexon titre

25 In order to assess vaccine vector immunogenicity and efficacy it is essential to
develop a reliable method of quantifying the infectious titer of the virus. Traditionally,
plaque assays in HEK293 cells have been the method of choice, but these require a
long incubation period and titers are often inconsistent. Fufthermore the plaque assay
is inherently insensitive, not all infectious virions will induce plaque formation. One
30 method is the single cell infectivity assay which simply involves quantifying the
number of virally infected cells. The first recombinant AdY25-derived viral vectors

expressed green fluorescent protein (GFP), enabling viruses that had initiated



SWL029 by Isis Innovation Limted on 24 May 2012 with the European

Coll ection of Cell Cultures (ECACC) at the Health Protection Agency Cul ture
Col | ect i ome,20tde@bi7h Prot ecti on Agency, Porton Down, Sal ipelnugBeof3RosadG,

Uni ted Ki ngdom under the Budapest Treaty and desi gnated by provisional
accessi on no. 12052403. The deposited 25BAC additionally conprises a
transgene encoding the antigen TIPeG-P. _In this aspect of the present

i nvention, the polynucl eoti de sequence 3br AdChOX1 pref erably does not

i ncl ude the sequence encodi ng the TlIPeG-P anti gen. For the avoi dance of
doubt, it i srdaemBMnEXRMESSLY t.hat. fea escribed. herei.n 30as
‘preferred , ' preferabl e'gél" al‘“«?%?%g(ﬁ vVgL lr(5r§t %egf ﬁ?kge nﬁ'ﬁuaglée?)r‘gge@m' A the

i nvention i nflierescan¢comiagoscopy.diywoenbinndteimativavirethodyf a896sif celPnecaligr
features so ‘q’l%gtcgé bed \{\g 2%}}{%/ 172277PCT/ GB2012/ 000467 51 (unless the
context dicta othiet WL e, yagopnes apiigeat Fanstreess Alednetxpentainta dlustssesntr e of
such conbi naiaf@s g@fe, fRRKMER where theAlabcihdgnt f i§IbodL ment
descri bed above apply mnutat |§s Wmftr%ngi g ?o ﬁq{ﬁ@%ﬁ%@cﬁ%%%?%%%uﬁ, t he

pr esent”i nventi on. Exanpl es Exanpl e 1: Generation of a nol ecul ar

cl one of AdYRH in.. ct.erial Artificial .10Chronpsone W|d type chi npanzee
adenovi rus A Zgﬁ\l/vgg 0 tlgﬁ%uélgstfwg}ﬁ &ran Wd@‘i‘fngFerrﬁ?é(e]BHPQ/e § tgnablejeden.

The virus wessyalisqtagaiféatetted belgintwHigH theVirdEKA9R prsthings B&Qg Eﬁ&eéékiigh{iw
phenol extracted and sequenced. The nucl eoti de sequence of "the w ype 15
AdY25 vi rus 3588% BficP PAlYSkona] entiviexon amihedy soncanhbe sieeliem Gitengvictaslly, amy BAC
‘rescue vect g, I kg r.egions of h 0 to the left
and i ght {1 Ssho BB FRORG FHEhE e B A B0 RPE ke JERB PR SapbIen! e
from vi@al DiwapothHidhbhDgalAdChED bied atkttors. Wedoek BEBowss fdy BREhd fsBAFlS3 E

Coli cells tween viral DNA and the |inearised rescue vector to
i ncor por at eqﬁﬂ\gﬁ\?i i Ogelllﬁﬁ‘ﬁﬁ Prefygionneslaive troliarigshe eApression dis heomsistegly

fl ank downstbegadBnOVectd?s RHERPME rdstﬁ-eg(&ggs‘?rE]her ; JIsnedNdg dvé;%a rV%?tr%?isls%ﬁeéet ely

si mul t aneous del eti on of El in order to ren € new ve
repl i cati on ORPeIFYYEBIT and amirhgeor bastdiassays Titspecdrt iassesRaang Matispassi t s

att Rl and at. . e Jniro t Ad. El locys as part of an Invitrogen
Gat eway(r) hlté@éléﬁgﬁrén uésgg@?g’ ‘fﬁngg |élqthee, apd censtmetsd) rdias desaribed

i nsertivon ofin Fipaed €, dIF psGeing $he TIPEOEP dnGlelest i nati on cassette was
ligated into the Asi Sl restriction site introduced at the El | ocus during

i sol ation of _
TIP is essentially an epitope string consisting of a number of strong murine T cell

epitopes including Pb9 (a dominant CD8+ epitope from malarial antigen PbCSP) and
P15 (a strong CD4+ epitope from M. tuberculosis antigen 85A). The TIP epitope
20 string is fused to the 5° end of eGFP which enables transgene expression to be

visualised directly and simplifies vaccine titration.

Figure 3B illustrates the ratio of GFP foci to anti-hexon titer. For AdS- and AdC63-
based vectors, GFP titers were approximately twice as sensitive as anti-hexon titers.
25 However, for AdY25-based vectors, the sensitivity of the anti-hexon assay varied
considerably with E4 modification. For the AdY25 E4 wildtype vector, anti-hexon
titers were over 40 fold less sensitive than GFP titers after 48hrs, suggesting that the
rate of hexon production is considerably slower than for AdHu5 and AdCh63 vectors.
This was to be expected, given the poor yield of AdY25 E4 wildtype vector.
30 -Surprisingly, however, the construct A (“Y25AdSE40rf6™) was still 30 fold less
sensitive by anti-hexon than by GFP. The best results were obtained with construct E

(“ChAdOX1”), in which the wildtype E4 locus was replaced with the E40rf4, E40rf6



30t he genom c clone. WD 2012/172277PCT/ GB2012/ 000467 52 The resulting AEl
Ad- BAC vector was screened by both PCR and restriction digest before

repl i catiwo 20zcioppet ent cl ones were transfected into El pcomgs2emanticng
HEK293 cells, where the new vector denonstrated the ability to produce

i nfectious virions capable of replication and cytopathic effect in HEK293
cells. 5 Exanple 2: Deletion of the a\t;l\ﬁmvi ral E3 region The AEl1 Ad- BAC
vect or genonme produced in accordance h Exanple 1 was further nodified
using Gal K reconbineering to delete the adenoviral E3 region and 10t hus

' ncrease ! Ngnd B3@kf/ £ AB@HG ke Rhs Hifin NMNLCHAl DYERRRT OBAORY Ol BRO The E3
regi on was del ete y rec nbgnatl on between the vector genone and a PCR
anplified Caddngmgsestiom AdYRBked by 50bp regi ons of honol ogy either side of
the E3 gene. Reconbination was perforned in SWO02 E. coli cells, which have
been 15 specifically engineered to | ack the Gal K gene which is required for
the utili safjj)ofegin SptagbAse as the sole carbon source. Reconbinant cells
wer e sel ect ea using m m mal nedia containing only gal actose, in which only
reconbidnants containing the Gal K gene in place of the E3 locus were able to

grows. 20Ex le.3: Mydification,of t E4 reqi nd. ef h i)
Modi fi cati oiﬂgfrgtﬁl 0rf era%:l)(ﬁr Be° %3, lTe(}){ ?JE ﬁ{) ?%rhgﬁﬁg@ﬁélr dY%X%gvéex(??é(’)Sr%%genone
produced i NTHEURPIHAS eedbirbd A6nGIPLR] thORsryt Mgstesvont fraBdeneslie okderrtegi on
was del eted by reconmbination in SW02 E. Coli, cells between the vector
genone and gontoRienhe sensisiyitnef kedhwsescent detecipiked by 50bp regi ons of

honol ogy either side of the E4 gene. Reconbinant cells were sel ected using
m m nmal medi a contai ning only gal actose. The Gal K gene was then repl aced
with tlBe red@hé resditEdre ppevidedeiadiiggre f3iDa e bothroasas AdhklntarkerceAet ¥2toni titreara80

simlar manner to provide t 5 constructs.listed in Figur . Regonbi nant
celI's conpr & ﬁBPng‘énaé‘ﬂﬁ éWPﬁSﬁbl gy therRartslse BRkEr &sreg%eﬁéﬁg o0l §lta

usi ng nedi atlﬁqgﬁflﬂ.i%ﬁ'ﬁrk%‘r %@%H&@hqgf@ﬁﬁo( BEEOrrker ¥€e:hexon titre ratio for the
2012/ 172277PCT/ G(B2012/ 000467 53
ChAdOX1 vector is the same as that for HAdV-5, indicating that the E4 modification
to the ChAdOX1 vector has been optimised.
15

Example 4: Immunogenicity of AdY?25-based vectors

Immunogenicity was assessed using the model antigen TIPeGFP in order to determine
whether comparable immunogenicity to AdC63 and AdC68 could be obtained in mice

20 using an AdY?25-based vector.

Balb/c mice (4/group) were immunised intramuscularly with 10° infectious units (ifu)

of each of the following viral vectors, all expressing the TIPeGFP antigen:

25 i) AdCh63;
ii) AE1 AE3 AdCh68; and
iii) ChAdOX]1.

After 14 days post-prime, spleen immunogenicity against a strong CD8+ epitope
30 (Pb9) was assessed by IFN-y ELISpot



ii) Effect of E4 nodification on viral yield HEK293 cells were
infected with the following viral vectors at a multiplicity of 5infention
of 9 and wocubratreri7at 37C for 48 hours before harvesti ngcrioB2dcidebsct"” Ads")
ii) AdY25 E4 wildtype ("Y25E4wm ") iii) AdY25 E4 AdHU5 EAOf 6
("Y25Ad5E4Orf") 10i v) AdY25 E4 AdHUS E4Orf 4, 6, 6/7 ("AdChOX1") Infectious
titre of the harvested material was neasured by quantifyi.ng GFP positive
foci 48 hours post infection. 15As can X¥e seen in Fi gure 3A, the infectious
titre of the AdY25-based viral vector conprising the wildtype E4 | ocus was

significantl o, 5 I.fi LI: viect or
fo repl ace. 1hs Pl hRER B 1RhalesbHEh u MG b FALLED. Mesholfal Klidled 6

si gnficantl )Chmxamde tdb@st ankleotripatablel tb tthde sEalesmgeA&Ghm)indﬂhe AddhdB8ype E4
| ocus with the E40rf4, EAOrf6 and E40rf6/7 coding regions_from AdHu5, and
e 20EACr 1 [DASETREHes HRCmAh REPER eI I el PaIFAEASY b DS
ChAdOX1) s%pgﬁlﬁ%gghy HpLher increased the infectious titre. iii) GFP vs.
Anti - hexon titre er to assess vacci ne vector imrunogenicity and
efficacy it is essenti aI to devel op a reliable method of quantifying the
infectious titer of : Ta|t|onall pla que. in HEK293 cells
have been t HE&HRR%H: Zipditication B iam %@ﬁﬁ@ﬁ%&ﬁ—%ﬁ peri od
and titers are often inconsistent. Furtherm)re the plaque assay is
inherently insensitive, not all infectious virions will i nduceJ)I aque
formation. Ghe lrr@actméttwgdhﬁf@emtrfél mpﬁl@lcemméldn thrinempnegenicity ©f Hd YRireredsi npl y
i nvol ves quantt?é% gsq thei‘j‘{] fh&flwralcl Iected cells. The first

reconbi nant ‘Af F0RY Vi Pale 8&?‘8‘[’% WS ed green fluorescent protein
(GFP),1@nabling viruses that had initiated WD 2012/172277PCT/ GB2012/ 000467

54
()  AdY25 E4 wildtype (“E4wt”)
(i)  AdY25 E4AdHu50rf6 ("E40rf6”); and
(i) AdY25 E4AdHu5Orf4/6/7(“E4Orfa/6/77).

15 Balb/c mice (4/group) were immunised intramuscularly with either 10 ifu or 10® ifu
of each vector. Responses to Pb9 and P15 epitopes were assayed two weeks post
immunisation. Titers calculated once again on GFP to remove the effect of hexon

production rates on vaccine titer.

20 The effect of E4 modification on IFN-y spleen ELISpot responses is shown in Figure
5. The data indicate that E4 modification has no effect on vector immunogenicity.
Therefore, such modifications can be used to enhance the rate of production of the

viral vectors, without having a negative impact on the immunogenicity of the vectors.

25 Example 6: Prevalence of vector-neutralising antibodies

The prevalence of vector neutralising antibodies in human sera from the UK and The

Gambia against AdY25-based vectors and AdCh63-based vectors was assessed.

30 HEK?293 cells were infected with Y25Ad5E4Orf6—SEAP or AdCh63-SEAP (SEAP =
Secreted Placental Alkaline Phosphatase). Recombinant adenoviruses were incubated

with five serial dilutions of serum in FBS-DMEM before infection. The final serum



reconmbi nant transgene expression within a cell to be visualised directly by
fl uorescence m croscopy. However, an alternative nethod of assessing cel

i nfectiviwg0mst72dre used where the vacci ne anti gen constcacisotbmonst
contain a fluorescent marker gene, for exanple where the vaccine antigen
constructs are for clinical use. 5 An anti-hexon i mmunostaining assay has
now been devel oped that enables visualisation of infected cells in which
the viral hexon protein is being expres¥ed. This assay uses a pol ycl onal
anti - hexon anti body so can be used to titer virtually any adenovirus

For both aaraeE A, To e g0 LT b2 10 ol oG Sl FRESRRR che™

assunption tdiglicitbeSupairtadts Wers @ollguteateltdsiyed EhrBEAR coRehtfr RHABHRE
expression is consistent between vectors. The titers of GFP-expressing

AdY25- der i veldSRIP (Bropig @eenrdingdo thednanydaciereny insirpetipng. lyminessereminsasisy

assays. Tit . J I AdHu5, AdGC63,
Advd £ i iy AR AR P e (THEEY Slenler e 3l
expressi ng tNeutrhliPa{dnRitentwege definedRs itle eaar diluwdd seqainedtoi redype SHAR ng

consi sting of a nunbe f strong murine T cell .epitopes including Ph9 (a
doni nant CDS?QH%?S}“{&BB%LY P8 GotmaFp i il@fsﬁeémﬁmruaﬁﬁ)npllgel(t&?@%tﬂ%tgem+
epi tope from,MLIReR&H Pihcr fttboRRoS 8 AdjackREvall&. epi tope 20string is fused
to the 5° end of eGP vihich enabl es transgene expression to be visualised
directly and sinplifies vaccine titration. Figure 3B illustrates the ratio
of GFP foci ‘%o nt i -heé]on ti %erh For Ad5- and ﬁd%?-l' based i¥e§.tors,. P
titers were ?)pS?‘8Wm’ﬂ 1gure,0p dhe sSeremeYalenss gk neRirplisis Atippdiss Agains
Howeverg f oryZsRa3F408eE thay Q6ipeikiglyt fRing @6 Yetwil Jovd thiiL 1AM ABXREB assay
varied considerably with E4 nodification. For the AdY25 E4 w | dtype vector,
anti - hexon thotlethe Uleped dhe Gambid.ol d | ess sensitive than GFP titers after.
48hrs, suggesting that the rate of hexon production is considerably sl ower
than for AdHUS5 and AdCh63 vectors. This was to be expected, given the poor
yi el d of AdY2aniple W HathyReinu@ahéHenic3) oBUdY2Sshaled vectdiowever, the construct
A ("Y25Ad5E4O0rf6") was still 30 fold I ess sensitive by anti-hexon than by
GFP. The best results were obtained with construct E ("Ci ADOX1"), in which

the wi{dtyp I S epl.acH i - ] - F4 DAl rfe/7
codi ngiﬁrjegi %@?r@%égﬁg?ﬁ)aﬁéﬁt @@f%hf WEE%B?PE&QRES %&gr?fogsegtggfﬂg'ﬁ?eggi ons
from AdY25. foilowingexonrsskpthespressing TTHe€iFPat i o of nmarker gene to hexon titre
for ChAdOX1 viral vectors expressing Tl PeG-P was neasured using GFP and
nCherry fluorescent transgenes in order to control for the sensitivity of

t he 'f | uor esGpAL] AG13ELACIEE; or

i1) ChAdOX1.

20
After 56 days post prime, mice were boosted with 10° pfu MVA-TIPeGFP. Serum
was collected 50days'post-prime and 10 days post-boost to compare pre- and post-
boost anti-GFP antibody responses. Responses were measured by endpoint ELISA.
Statistical analyses were performed by one way ANOVA.

25

As shown in Figure 7, humoral immunogenicity of the AdY25-based vector
ChAdOX1 is superior to current chimpanzee adenovirus vector AACh68, indicating
an enhanced antibody response elicited by the AdY25-based vector in comparison to
the AdCh68-based vector.

30



10The results are provided in Figure 3D. In both cases, the narker

gene: hexon titre ratio was approximately twofold, and thus the particul ar
mar ker gewe 2ueed2rird not affect the resulting marker gemperioBeorn/dodise

rati o. The marker gene:hexon titre ratio for the ChAdOX1l vector is the sane
as that for HAdV-5, indicating that the E4 nodification to the ChAdOX1
vector has been optim sed. 15 Exanples§ |nmmunogenicity of AdY25-based
vectors | munogeni city was assessed using the nodel antigen TIPeGFP in
order to determ ne whether conparabl e i munogeni ci ty to Ad063 and AdC68
coul d be olffaimpdel8i Indadtive Fomsiung resporset Y2sinkta ke s

(4/ group) were inmunised intramuscularly with 109 i nfectl ous units (ifu) of
each of the following viral vectors, all expressing the TlIPeG-P anti gen:

25i ) AdCh634 gﬂ«é}% ot 85A was inserted

2012/ 172277]3&@/&&(2%%%%@/%%%1&%9 6”}%‘%29f”ﬁﬁmf‘)y])eggﬁg§;&5ffn\§§%ts responses are
shown in FugtsnrtheEl 1Ras b Ahas O mdeedoer@ﬁMCbxman@b@mml%’!mand conpar abl e

to those seen dCh63 and.th 83 . base ect t@,eSupport
t he coitl nu‘gﬁn g?)r oS %’d‘%gzg‘ @;&Q% chadpey s SFrlgﬁrdl 1%]1;%(%{% 1pf|c;)lllléhcat| on.
Exanpl e 5: Iﬁ{cfe@aae ubree81dhd ir&Rgb(SEN Immagpmo@désyreaﬁuésdwwzbaﬁ“ed
vectors The inpact of two different E4 nodifications on the i Igb%nl city

of AdY25- batheantm@t ecedehby asemmeRcePRIEHiFY to AIRBICPAM Bgee BrsteotigestV( | )
AdY25 E4 wi | " " Y £ " d (iii
AdY25 E4Ad ﬁﬁ@’%ﬁ%ﬁ%"-‘éﬁ&‘%@@? %E@éﬁ?y %19# @%e( f(‘g’f‘g‘?“%ﬁ‘b’)“sa‘?? e |(rmu)n| sed
i nt r amuscul gadnyinvgdnhaceivatb(nitotidésl or10298nd stithoC-teaninuy tecd BK taResponses to
Pb9 and P15 epitopes were assayed two eks st ati.on.. Titers

cal cul@t ed @H%léo‘é%élﬁ Totp Bo8)t herampg acif 5ed ?ee%fithgwgﬁéé&‘ﬁ“%?rb’&uctl on rates
on vacci ne fh{8Ed in SEQ ID NO.43.

The BAC clone was transfected into HEK293 cells and the virus vector was
amplified, purified and titred using the anti-hexon immunostaining assay described in

!

15 Example 3.

The immunogenicity of the vector was assessed in Balb/c mice immunized with
varying doses, expressed in infectious units, of the vaccine, administered
intramuscularly. After 14 days cellular immune responses to Ag85A were determined

20 by IFN-y ELIspot assay using splenocytes stimulated with synthetic peptides
corresponding to the known immunodominant CD8+ (p11; WYDQSGLSV (SEQ ID
NO. 44)) and CD4" T cell (p15; TFLTSELPGWLQANRHVKPT (SEQ ID NO. 45))
H-2¢ restricted epitopes in Ag85A. '

25 The results are shown in Figures 8A and 8B. These results indicate that the ChAdOX1
vector is capable of inducing immune responses against Mycobacterium tuberculosis.
The magnitude of these responses is similar to that induced by vectors based on other

adenoviruses.
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20The effect of E4 nodification on IFN-y spleen ELI Spot responses is shown
in Figure 5. The data indicate that E4 nodification has no effect on vector
i rnmunogewooixi72ifher ef ore, such nodificati ons can be used/dpoenhasce the
rate of production of the viral vectors, w thout having a negative inpact
on the immunogenicity of the vectors. 25Exanple 6: Preval ence of
vector-neutralising anti bodies The preyal ence of vector neutralising

anti bodies in human sera fromthe UK arid The Ganbi a agai nst AdY25- based
vectors and AdCh63-based vectors was assessed. 30HEK293 cells were infected
wi th Y25AdSE4OE £R-oSEAR Qb HF ﬁ?ﬂfﬁﬁﬁ%n@@‘%ﬂ%sﬂﬁﬁfch@é &d Placental Alkaline
Phosphat ase)”. Reconbr nant adenovi ruses were I ncubated with five seri al
dilutions of serumin FBS- DI\/EM before infecti on The final serum WO

2012/ 172277PCT/ GB2012/ 000467 57 di |l ut 1: 7 1:1152,
O a05, - oach Guraaeaof ae lireisepiaien SNBL Bats Pl it odayepa
col I ected andyiassgysdsdRl imbARe £ORBEbf @hABDXUSInder oAkl 6ftheRiahn accor di ng

to the manufacturer's instructions. Lum nescence intensity was nmeasured
usi ng @ Var py)wmgalbmemmhmmmmn@tawrea(wmrn@th@Sl@ﬁtﬂilef BAY. tegimelagyalsi zat i on

concent rat | BeEySE0E MOMIE) o Beani SR b fed ol RN 40

Neutral i zat ieébdes HRMinf@hzE A ﬁlé'lé@)&)ﬁﬂelhk(mhdlélﬁﬂés 1 0 B9 ifidetl enthefmalk acent
val ues. As shown in Figure t he seropreval ence of neut raI | Si_ng

ant i bodi es @géﬁlnslt(nm@‘?‘zmééh@q@%én%iﬁpﬁﬁe@l By Ynkes (mrglaogdeel 443dA | ower

} rr:TamnnE)ggili I:i fﬁ%g@%') ‘%gi% vecggg%ﬁ%%g%w&m rgg%gn agéryemr o

i muniied vviN(bl43708 infectious units of either of the foI | owi ng vectors,
bot h expressing Tl PeG-P: i) AE1l AE3 AdCh68; or ii) ChAdOX1. 20

The BAC clone was transfected into HEK293 cells and the virus vector was
amplified, purified and titred using the anti-hexon immunostaining assay described in
Example 3. A similar vector based on human adenovirus type 5 (HAdV-5) was

15 similarly generated and titred for comparative purposes.

The immunogenicity of the vector was assessed in Balb/c mice immunized with
varying doses, expressed in infectious units, of the vaccine, administered
intramuscularly. After 14 days cellular immune responses to NP were determined by
20 IFN-y ELIspot assay using splenocytes stimulated with synthetic peptides
corresponding to the known immunodominant CD8" T cell H-2 restricted epitope in

NP ((TYQRTRALV) (SEQ ID NO. 48)).

The results are shown in Figure 9. These results indicate that the ChAdOX1 vector is
25 capable of inducing immune responses against influenza A virus and that, at the doses

tested, these are similar to those induced by a HAdV-5 vector. -

The ChAdOX1-NPM1 vaccine has recently been producéd for human clinical trials
according to current good manufacturing practice at the University of Oxford Clinical
30 ‘Biomanufacturing Facility. This indicates the suitability of the vector for deployment

as a medical product.



After 56 days post prinme, mce were boosted with 106 pfu MA-TI PeG-P. Serum
was col | ected 50days post-prinme and 10 days post-boost to conpare pre- and
post - booswoanty7¢8P anti body responses. Responses were wreasB2ek/doyscendpoi nt
ELI SA. Statistical analyses were performed by one way ANOVA. 25 As shown in
Figure 7, hunoral intnunogenicity of the AdY25-based vector ChAdOX1 is
superior to current chinpanzee adenovirus vector AdCh68, indicating an
enhanced anti body response elicited by @he AdY25-based vector in conparison
to the AdCh68-based vector. WD 2012/172277PCT/ GB2012/ 000467 58 Exanple 8:

| nduction of imune response agai nst Mycobacterium tubercul osis A transgene
encodi ng the Mycobacterium tubercul osis protein Ag85A was inserted into the
El 1 ocus of gpylil¥ds under control of the human cytonegal ovirus 5i mediate
early pronoter, using the BAC technol ogy as described in Exanple 1. The
nucl eoti de sequence of the transgene (SEQ ID NO 42) encodes residues 1 to

323 of the anti;g ded . by a s ingi sed to human codon usage
03 P EREREE Y Rorfe ST SERIREIE

(nucl eotides 1 ) Yermnus to t PA (the signal
pept i ded f r om hénairrine €6@e T oY malnPre g0 2416434l ¥ (nucl eotides 1 to 102) and
at the Cterm AusDudarevalKal, Mpcdié 2dc2006t 3THs350872 to 1104). The amino acid

sequence of the AySwhhaadl} g hté®irBlogy! veidol N16¥Q | D NO. 43. The BAC cl one
was transfected il@(%fﬁﬁ'@t?rﬁ ég{ll 118,8M8hd4h¢s ¥l § 4§ vect or was anplified,
si’ng the dnt - '

purified and titred u; ant|’-"hexqn 1'nmunost ai ni ng assay described in
15Exanpl e 3. TRe Wﬁfﬁ)‘ﬁéggﬂ’i- DueyAgd. Rewe 20@50%0H33%A4s assessed in Bal b/c mice
i mmuni E&d wi t h7vadrtip:/hgwensestogenx poregaedayn i nf ectious units, of the

vacci ne, adm nigst@esregd bt JaNGSEULEYd, 87, ABkern414 days cel lular i mmune
responses to Ag8 '] eter i ned | F I S usi ng

spl enocyt es stlg'rruaﬁgﬁgﬁgwgteﬁaé%{c%é ?*g%%é‘ﬁ%:\%’?é%%’f%téa@ﬁ- ing to the known
i mmunodom nant CD8+ (pll; WYDQSG.SV (SEQ ID NO. 44)) and CD4+ T cell (pl5;
TFLTSELPGAL.QANRHVKPT (SEQ ID NO. 45)) H 2d restricted epitopes in Ag85A.
25The results are shown in Figures 8A and 8B. These results indicate that
the ChdOX1 vector is capable of inducing inmmne responses against
Mycobact eri um t uber cul osis. The nmagni tude of these responses is simlar to
t hat i nduced by vectors based on ot her adenoviruses.

20

25
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59 Exanple 9: Induction of inmmune response against Influenza A A transgene
encodi ng the nucl eoprotein (NP) and matrix protein 1 (M) of influenza A
virus waswonsertreri7i nto the El |ocus of ChAdOX1 under cectrgB20mfoobdse human
Scytonegal ovirus major immediate early pronoter, using the BAC technol ogy
as described in Exanple 1. The nucl eoti de sequence of the transgene (SEQ ID
NO. 46) encodes the influenza A nucleoprotein (nucleotides 1 to 1494) fused
to the matrix protein 1 (nucleotides 18116 to 2274) and separated by a
l'inker (nucleotides 1495 to 1515). The am no acid sequence of the NPM
fusion protein is provided in SEQ ID 10NO. 47. The BAC cl one was
transfected into HEK293 cells and the virus vector was anplified, purified
and titred $ghpghcbe anti-hexon inununostaining assay described in Exanple
3. Asimlar vector based on human adenovirus type 5 (HAdV-5) was
15simlarly generated and titred for conparative purposes. The

I t nmunogeni gw iﬁ &vector .SeS % E g!;?/c m ce i nmuni zed with
varying dos&& I Otp N patiee e 8\%?1%&(?9 4 ,er% he vaccine, admi nistered

L am ﬁgg' af %@%A ﬁfg%%g %%EA&H%G&%H&&&%@%%@A&%H& FG%
sunt het i o T RdG GTGAPIG d%%&ﬁ%&ﬁ@@@bA GTrAGHEBEGEGEE
yntne PeR é@@%Tf¥HAT§N@%& é%?G&@A& BcKREVeA TG TaREGE TddEa Aac el |
H-2" restrighaeceBAlEEAGETANEAEITTERRERAEYA AL DR dAAT@rcd8)dceTeTCThRCABS Ul TS
are shewn i BGAAAHGRGOTGTIRSIACESGATECARGTGARRALBAGCCHEITTTAAGEGARRECTE i S
25capabl e ofaATEAGGARGTCAMUWABCTE@SEDNSET Cagail A TGATAIGEENE AGTWTTTIGCEHIAD t hat
at t he dosesSGOesSHETAGARTERSAIGS AJITACLAGGEOGCTTISSA TTAGGEEAT TR TRACBEAAAT N ect or .
D )
trials accorldi i i Sit
of Oxflord CIGCRCESECSOAP C%T L ARG fggiﬁﬁ ggm% C§C )?T%r Y
sui tabil ity dofaehe ebf s i afd S rrr R TG
GCGACGAC GAGCC A W T ASAGE AR IGRECPAL TTTGIRTGA
TCTGGAGGTGGATGTGCCCGAGGACGACCCCAACGAGGAGGCGGTAAATGATTTATTTAG
CGATGCCGCGCTGCTAGCTGCCGAGGAGGCTTCGAGCCCTAGCTCAGACAGCGACTCTTC
20 ACTGCATACCCCTAGACCCGGCAGAGGTGAGAAAAAGATCCCCGAGCTTAAAGGGGAAG
AGATGGACTTGCGCTGCTATGAGGAATGCTTGCCCCCGAGCGATGATGAGGACGAGCAGG
CGATCCAGAACGCAGCGAGCCAGGGAATGCAAGCCGCCAGCGAGAGTTTTGCGCTGGACT
GCCCGCCTCTGCCCGGACACGGCTGTAAGTCTTGTGAATTTCATCGCTTGAATACTGGAGA
TAAAGCTGTGTTATGTGCACTTTGCTATATGAGAGCTTACAACCATTGTGTTTACAGTAAG
25 TGTGATTAAGTTGAACTTTAGAGGGAGGCAGAGAGCAGGGTGACTGGGCGATGACTGGTT
TATTTATGTATATATGTTCTTTATATAGGTCCCGTCTCTGACGCAGATGATGAGACCCCCA
CTACAGAGTCCACTTCGTCACCCCCAGAAATTGGCACATCTCCACCTGAGAATATTGTTAG
ACCAGTTCCTGTTAGAGCCACTGGGAGGAGAGCAGCTGTGGAATGTTTGGATGACTTGCT
ACAGGCTGGGGATGAACCTTTGGACTTGTGTACCCGGAAACGCCCCAGGCACTAAGTGCC
30 ACACATGTGTGTTTACTTGAGGTGATGTCAGTATTTATAGGGTGTGGAGTGCAATAAAAA
ATGTGTTGACTTTAAGTGCGTGGTTTATGACTCAGGGGTGGGGACTGTGGGTATATAAGCA
GGTGCAGACCTGTGTGGTTAGCTCAGAGCGGCATGGAGATTTGGACGATCTTGGAAGATC
TTCACAAGACTAGACAGCTGCTAGAGAACGCCTCGAACGGAGTCTCTCACCTGTGGAGAT
TCTGCTTCGGTGGCGACCTAGCTAAGCTAGTCTATAGGGCCAAACAGGATTATAGCGAAC
35 AATTTGAGGTTATTTTGAGAGAGTGTCCGGGTCTTTTTGACGCTCTTAATTTGGGTCATCA
GACTCACTTTAACCAGAGGATTGTAAGAGCCCTTGATTTTACTACTCCCGGCAGATCCACT
GCGGCAGTAGCCTTTTTTGCTTTTCTTCTTGACAAATGGAGTCAAGAAACCCATTTCAGCA
GGGATTACCAGCTGGATTTCTTAGCAGTAGCTTTGTGGAGAACATGGAAATCCCAGCGCC
TGAATGCAATCTCAGGCTACTTGCCGGTACAGCCACTAGACACTCTGAAGATCCTGAATCT
40 CCAGGAGAGTCCCAGGGCACGCCAACGTCGCCGGCAGCAGCAGCGGCAGCAGGAGGAGG
ATCAAGAAGAGAACCCGAGAGCCGGCCTGGACCCTCCGGCGGAGGAGGAGTAGCTGACC
TGTTTCCTGAACTGCGCCGGGTGCTGACTAGGTCTTCGAGTGGTCGGGAGAGGGGGATTA
AGCGGGAGAGGCATGATGAGACTAATCACAGAACTGAACTGACTGTGGGTCTGATGAGCC
GCAAGCGTCCAGAAACAGTGTGGTGGCATGAGGTGCAGTCGACTGGCACAGATGAGGTGT
45 CAGTGATGCATGAGAGGTTTTCCCTAGAACAAGTCAAGACTTGTTGGTTAGAGCCTGAGG
ATGATTGGGAGGTAGCCATCAGGAATTATGCCAAGCTGGCTCTGAGGCCAGACAAGAAGT
ACAAGATTACTAAGCTGATAAATATCAGAAATGCCTGCTACATCTCAGGGAATGGGGCTG
AAGTGGAGATCTGTCTTCAGGAAAGGGTGGCTTTCAGATGCTGCATGATGAATATGTACC
CGGGAGTGGTGGGCATGGATGGGGTCACCTTTATGAACATGAGGTTCAGGGGAGATGGGT
50 ATAATGGCACGGTCTTTATGGCCAATACCAAGCTGACAGTTCATGGCTGCTCCTTCTTTGG
GTTTAATAACACCTGCATTGAGGCCTGGGGTCAGGTTGGTGTGAGGGGCTGTAGTTTTTCA
GCCAACTGGATGGGGGTCGTGGGCAGGACCAAGAGTATGCTGTCCGTGAAGAAATGCTTG
TTCGAGAGGTGCCACCTGGGGGTGATGAGCGAGGGCGAAGCCAGAATCCGCCACTGCGCC
TCTACCGAGACGGGCTGTTTTGTGCTGTGCAAGGGCAATGCTAAGATCAAGCATAATATG



Ref erences 1. Buchbinder et al, Lancet, Vol 372, Nov 2008 5 2. Farina et
al, J. Virol, Dec 2001, pl1603-11613 3. Dudareva et al, Vaccine 27, 2009,
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al, Hum Gen. Ther., 2004, 15:519-530 6. Warming et al. Nuc. Acid. Res
2005, V0133:4 10 7. ’
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ATCTGTGGAGCCTCGGACGAGCGCGGCTACCAGATGCTGACCTGCGCCGGTGGGAACAGC
CATATGCTGGCCACCGTGCATGTGGCCTCCCATGCCCGCAAGCCCTGGCCCGAGTTCGAGC
ACAATGTCATGACCAGGTGCAATATGCATCTGGGGTCCCGCCGAGGCATGTTCATGCCCT
ATCAGTGCAACCTGAATTATGTGAAGGTGCTGCTGGAGCCCGATGCCATGTCCAGAGTGA
5 GCCTGACGGGGGTGTTTGACATGAATGTGGAGGTGTGGAAGATTCTGAGATATGATGAAT
CCAAGACCAGGTGCCGAGCCTGCGAGTGCGGAGGGAAGCATGCCAGGTTCCAGCCCGTGT
GTGTGGAGGTGACGGAGGACCTGCGACCCGATCATTTGGTGTTGTCCTGCACCGGGACGG
AGTTCGGTTCCAGCGGGGAAGAATCTGACTAGAGTGAGTAGTGTTCTGGGGCGGGGGAGG
ACCTGCATGAGGGCCAGAATGACTGAAATCTGTGCTTTTCTGTGTGTTGCAGCATCATGAG
10 CGGAAGCGGCTCCTTTGAGGGAGGGGTATTCAGCCCTTATCTGACGGGGCGTCTCCCCTCC
TGGGCGGGAGTGCGTCAGAATGTGATGGGATCCACGGTGGACGGCCGGCCCGTGCAGCCC
GCGAACTCTTCAACCCTGACCTATGCAACCCTGAGCTCTTCGTCGGTGGACGCAGCTGCCG
CCGCAGCTGCTGCATCCGCCGCCAGCGCCGTGCGCGGAATGGCCATGGGCGCCGGCTACT
ACGGCACTCTGGTGGCCAACTCGAGTTCCACCAATAATCCCGCCAGCCTGAACGAGGAGA
15 AGCTGCTGCTGCTGATGGCCCAGCTTGAGGCCTTGACCCAGCGCCTGGGCGAGCTGACCC
AGCAGGTGGCTCAGCTGCAGGAGCAGACGCGGGCCGCGGTTGCCACGGTGAAATCCAAA
TAAAAAATGAATCAATAAATAAACGGAGACGGTTGTTGATTTTAACACAGAGTCTGAATC
TTTATTTGATTTTTCGCGCGCGGTAGGCCCTGGACCACCGGTCTCGATCATTGAGCACCCG
GTGGATCTTTTCCAGGACCCGGTAGAGGTGGGCTTGGATGTTGAGGTACATGGGCATGAG
20 CCCGTCCCGGGGGTGGAGGTAGCTCCATTGCAGGGCCTCGTGCTCGGGGGTGGTGTTGTA
AATCACCCAGTCATAGCAGGGGCGCAGGGCGTGGTGTTGCACAATATCTTTGAGGAGGAG
ACTGATGGCCACGGGCAGCCCTTTGGTGTAGGTGTTTACAAATCTGTTGAGCTGGGAGGG
ATGCATGCGGGGGGAGATGAGGTGCATCTTGGCCTGGATCTTGAGATTGGCGATGTTACC
GCCCAGATCCCGCCTGGGGTTCATGTTGTGCAGGACCACCAGCACGGTGTATCCGGTGCA
25 CTTGGGGAATTTATCATGCAACTTGGAAGGGAAGGCGTGAAAGAATTTGGCGACGCCCTT
GTGTCCGCCCAGGTTTTCCATGCACTCATCCATGATGATGGCAATGGGCCCGTGGGCGGCG
GCCTGGGCAAAGACGTTTCGGGGGTCGGACACATCATAGTTGTGGTCCTGGGTGAGGTCA
TCATAGGCCATTTTAATGAATTTGGGGCGGAGGGTGCCGGACTGGGGGACAAAGGTACCC
TCGATCCCGGGGGCGTAGTTCCCCTCACAGATCTGCATCTCCCAGGCTTTGAGCTCAGAGG
30 GGGGGATCATGTCCACCTGCGGGGCGATAAAGAACACGGTTTCCGGGGCGGGGGAGATG
AGCTGGGCCGAAAGCAAGTTCCGGAGCAGCTGGGACTTGCCGCAGCCGGTGGGGCCGTA
AATGACCCCGATGACCGGCTGCAGGTGGTAGTTGAGGGAGAGACAGCTGCCGTCCTCCCG
GAGGAGGGGGGCCACCTCGTTCATCATCTCGCGCACGTGCATGTTCTCGCGCACCAGTTCC
GCCAGGAGGCGCTCTCCCCCCAGAGATAGGAGCTCCTGGAGCGAGGCGAAGTTTTTCAGC
35 GGCTTGAGTCCGTCGGCCATGGGCATTTTGGAGAGGGTCTGTTGCAAGAGTTCCAAGCGG
TCCCAGAGCTCGGTGATGTGCTCTACGGCATCTCGATCCAGCAGACCTCCTCGTTTCGCGG
GTTGGGACGACTGCGGGAGTAGGGCACCAGACGATGGGCGTCCAGCGCAGCCAGGGTCC
GGTCCTTCCAGGGCCGCAGCGTCCGCGTCAGGGTGGTCTCCGTCACGGTGAAGGGGTGCG
CGCCGGGCTGGGCGCTTGCGAGGGTGCGCTTCAGGCTCATCCGGCTGGTCGAAAACCGCT
40 CCCGATCGGCGCCCTGCGCGTCGGCCAGGTAGCAATTGACCATGAGTTCGTAGTTGAGCG
CCTCGGCCGCGTGGCCTTTGGCGCGGAGCTTACCTTTGGAAGTCTGCCCGCAGGCGGGAC
AGAGGAGGGACTTGAGGGCGTAGAGCTTGGGGGCGAGGAAGACGGAATCGGGGGCGTAG
GCGTCCGCGCCGCAGTGGGCGCAGACGGTCTCGCACTCCACGAGCCAGGTGAGGTCGGGC
TGGTCGGGGTCAAAAACCAGTTTCCCGCCGTTCTTTTTGATGCGTTTCTTACCTTTGGTCTC
45 CATGAGCTCGTGTCCCCGCTGGGTGACAAAGAGGCTGTCCGTGTCCCCGTAGACCGACTTT
ATGGGCCGGTCCTCGAGCGGTGTGCCGCGGTCCTCCTCGTAGAGGAACCCCGCCCACTCC
GAGACGAAAGCCCGGGTCCAGGCCAGCACGAAGGAGGCCACGTGGGACGGGTAGCGGTC
GTTGTCCACCAGCGGGTCCACTTTTTCCAGGGTATGCAAACACATGTCCCCCTCGTCCACA
TCCAGGAAGGTGATTGGCTTGTAAGTGTAGGCCACGTGACCGGGGGTCCCGGCCGGGGGG
50 GTATAAAAGGGGGCGGGCCCCTGCTCGTCCTCACTGTCTTCCGGATCGCTGTCCAGGAGC
GCCAGCTGTTGGGGTAGGTATTCCCTCTCGAAGGCGGGCATGACCTCGGCACTCAGGTTGT
CAGTTTCTAGAAACGAGGAGGATTTGATATTGACGGTGCCAGCGGAGATGCCTTTCAAGA
GCCCCTCGTCCATCTGGTCAGAAAAGACGATTTTTTTGTTGTCGAGCTTGGTGGCGAAGGA
GCCGTAGAGGGCGTTGGAAAGGAGCTTGGCGATGGAGCGCATGGTCTGGTTTTTTTCCTTG
55 TCGGCGCGCTCCTTGGCCGCGATGTTGAGCTGCACGTACTCGCGCGCCACGCACTTCCATT
CGGGGAAGACGGTGGTCATCTCGTCGGGCACGATTCTGACCTGCCAACCTCGATTATGCA
GGGTGATGAGGTCCACACTGGTGGCCACCTCGCCGCGCAGGGGCTCGTTGGTCCAGCAGA



http://ww. invitrogen.conigateway 8. Havenga et al, J.G V., 2006, 87,
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e36 15 WO 201225227730 PCT/GB2012/000467

63

GGCGGCCGCCCTTGCGCGAGCAGAAGGGGGGCAGAGGGTCCAGCATGACCTCGTCGGGG
GGGTCGGCATCGATGGTGAAGATGCCGGGCAGGAGATCGGGGTCGAAGTAGCTGATGGA
AGTGGCCAGATCGTCCAGGGAAGCTTGCCATTCGCGCACGGCCAGCGCGCGCTCGTAGGG
ACTGAGGGGCGTGCCCCAGGGCATGGGGTGGGTGAGCGCGGAGGCGTACATGCCGCAGA

5 TGTCGTAGACGTAGAGGGGCTCCTCGAGGATGCCGATGTAGGTGGGGTAGCAGCGCCCCC
CGCGGATGCTGGCGCGCACGTAGTCATACAGCTCGTGCGAGGGCGCGAGGAGCCCCGGGC
CCAGGTTGGTGCGACTGGGCTTTTCGGCGCGGTAGACGATCTGGCGAAAGATGGCATGCG
AGTTGGAGGAGATGGTGGGCCTTTGGAAGATGTTGAAGTGGGCGTGGGGGAGGCCGACC
GAGTCGCGGATGAAGTGGGCGTAGGAGTCTTGCAGTTTGGCGACGAGCTCGGCGGTGACG

10 AGGACGTCCAGAGCGCAGTAGTCGAGGGTCTCCTGGATGATGTCATACTTGAGCTGGCCC
TTTTGTTTCCACAGCTCGCGGTTGAGAAGGAACTCTTCGCGGTCCTTCCAGTACTCTTCGA
GGGGGAACCCGTCCTGATCTGCACGGTAAGAGCCTAGCATGTAGAACTGGTTGACGGCCT
TGTAGGCGCAGCAGCCCTTCTCCACGGGGAGGGCGTAGGCCTGGGCGGCCTTGCGCAGGG
AGGTGTGCGTGAGGGCGAAGGTGTCCCTGACCATGACCTTGAGGAACTGGTGCTTGAAAT

15 CGATATCGTCGCAGCCCCCCTGCTCCCAGAGCTGGAAGTCCGTGCGCTTCTTGTAGGCGGG
GTTGGGCAAAGCGAAAGTAACATCGTTGAAAAGGATCTTGCCCGCGCGGGGCATAAAGTT
GCGAGTGATGCGGAAAGGCTGGGGCACCTCGGCCCGGTTGTTGATGACCTGGGCGGCGAG
CACGATCTCGTCGAAACCGTTGATGTTGTGGCCCACGATGTAGAGTTCCACGAATCGCGG
GCGGCCCTTGACGTGGGGCAGCTTCTTGAGCTCCTCGTAGGTGAGCTCGTCGGGGTCGCTG

20 AGACCGTGCTGCTCGAGCGCCCAGTCGGCGAGATGGGGGTTGGCGCGGAGGAAGGAAGT
CCAGAGATCCACGGCCAGGGCGGTTTGCAGACGGTCCCGGTACTGACGGAACTGCTGCCC
GACGGCCATTTTTTCGGGGGTGACGCAGTAGAAGGTGCGGGGGTCCCCGTGCCAGCGGTC
CCATTTGAGCTGGAGGGCGAGATCGAGGGCGAGCTCGACGAGGCGGTCGTCCCCTGAGAG
TTTCATGACCAGCATGAAGGGGACGAGCTGCTTGCCGAAGGACCCCATCCAGGTGTAGGT

25 TTCCACATCGTAGGTGAGGAAGAGCCTTTCGGTGCGAGGATGCGAGCCGATGGGGAAGAA
CTGGATCTCCTGCCACCAATTGGAGGAATGGCTGTTGATGTGATGGAAGTAGAAATGCCG
ACGGCGCGCCGAACACTCGTGCTTGTGTTTATACAAGCGGCCACAGTGCTCGCAACGCTG
CACGGGATGCACGTGCTGCACGAGCTGTACCTGAGTTCCTTTGACGAGGAATTTCAGTGG
GAAGTGGAGTCGTGGCGCCTGCATCTCGTGCTGTACTACGTCGTGGTGGTCGGCCTGGCCC

30 TCTTCTGCCTCGATGGTGGTCATGCTGACGAGCCCGCGCGGGAGGCAGGTCCAGACCTCG
GCGCGAGCGGGTCGGAGAGCGAGGACGAGGGCGCGCAGGCCGGAGCTGTCCAGGGTCCT
GAGACGCTGCGGAGTCAGGTCAGTGGGCAGCGGCGGCGCGCGGTTGACTTGCAGGAGTTT
TTCCAGGGCGCGCGGGAGGTCCAGATGGTACTTGATCTCCACCGCGCCGTTGGTGGCGAC
GTCGATGGCTTGCAGGGTCCCGTGCCCCTGGGGTGTGACCACCGTCCCCCGTTTCTTCTTG

35 GGCGGCTGGGGCGACGGGGGCGGTGCCTCTTCCATGGTTAGAAGCGGCGGCGAGGACGC
-GCGCCGGGCGGCAGAGGCGGCTCGGGGCCCGGAGGCAGGGGCGGCAGGGGCACGTCGGC
GCCGCGCGCGGGTAGGTTCTGGTACTGCGCCCGGAGAAGACTGGCGTGAGCGACGACGCG
ACGGTTGACGTCCTGGATCTGACGCCTCTGGGTGAAGGCCACGGGACCCGTGAGTTTGAA
CCTGAAAGAGAGTTCGACAGAATCAATCTCGGTATCGTTGACGGCGGCCTGCCGCAGGAT

40 CTCTTGCACGTCGCCCGAGTTGTCCTGGTAGGCGATCTCGGTCATGAACTGCTCGATCTCC
TCCTCCTGAAGGTCTCCGCGACCGGCGCGCTCCACGGTGGCCGCGAGGTCGTTGGAGATG
CGGCCCATGAGCTGCGAGAAGGCGTTCATGCCCGCCTCGTTCCAGACGCGGCTGTAGACC
ACGACGCCCTCGGGATCGCGGGCGCGCATGACCACCTGGGCGAGGTTGAGCTCCACGTGG
CGCGTGAAGACCGCGTAGTTGCAGAGGCGCTGGTAGAGGTAGTTGAGCGTGGTGGCGATG

45 TGCTCGGTGACGAAGAAATACATGATCCAGCGGCGGAGCGGCATCTCGCTGACGTCGCCC
AGCGCCTCCAAGCGTTCCATGGCCTCGTAAAAGTCCACGGCGAAGTTGAAAAACTGGGAG
TTGCGCGCCGAGACGGTCAACTCCTCCTCCAGAAGACGGATGAGCTCGGCGATGGTGGCG
CGCACCTCGCGCTCGAAGGCCCCCGGGAGTTCCTCCACTTCCTCCTCTTCTTCCTCCTCCAC
TAACATCTCTTCTACTTCCTCCTCAGGCGGTGGTGGTGGCGGGGGAGGGGGCCTGCGTCGC

50 CGGCGGCGCACGGGCAGACGGTCGATGAAGCGCTCGATGGTCTCGCCGCGCCGGCGTCGC
ATGGTCTCGGTGACGGCGCGCCCGTCCTCGCGGGGCCGCAGCGTGAAGACGCCGCCGCGC
ATCTCCAGGTGGCCGGGGGGGTCCCCGTTGGGCAGGGAGAGGGCGCTGACGATGCATCTT
ATCAATTGCCCCGTAGGGACTCCGCGCAAGGACCTGAGCGTCTCGAGATCCACGGGATCT
GAAAACCGTTGAACGAAGGCTTCGAGCCAGTCGCAGTCGCAAGGTAGGCTGAGCACGGTT

55 TCTTCTGCCGGGTCATGTTGGGGAGCGGGGCGGGCGATGCTGCTGGTGATGAAGTTGAAA
TAGGCGGTTCTGAGACGGCGGATGGTGGCGAGGAGCACCAGGTCTTTGGGCCCGGCTTGC
TGGATGCGCAGACGGTCGGCCATGCCCCAGGCGTGGTCCTGACACCTGGCCAGGTCCTTG
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CCATCATCAROANRATARTT CAAACI TTI TGTGCGCGT TAATATGCAAAT GAGCCEET/BA012/000467
ATTTGCGAAGGGAGGAAGGT GAT TGECCGAGAGAAGGGECGACCGT TAGGEGCGEEECEA

GTGACGTI TTTGATGACGT GACCCCGAGGAGGAGCCAGT TTGCAAGT TCTCGT GGGAAAAG

TGACGT CAAACGAGGT GTGGT TTGAACACGGAAATACTCAATTTTCCCGCGCTCTCTGACA 10
GGAAATGAGGT GT TTCTAGGCGGATGCAAGT GAAAAS TTTTCGCGCGAAAACTG
AATGAGGAAGT GAAAATCTGAGTAATTTCGCGT TTATGACAGGGAGGAGTATT" TGCCGAG

GOCCCAGT AGAG Bt peefd d AFSAIE &8 er b EAEGOEE ARG TEEEACEdAASIdCGTGCATGE
TWAW@@%@EEEJWW ACEPCAGEEAAGACGCGCTCG

CW@E@Q@GWAMGGWWG@F@@WGCAGTTGACG

GOGACGACCCT CAUBNGIB0TOCA TR TG AGCACCT FCTEF MMM IO GCGGCGGC

TCTGGAGGTGG@Q?F@@@@@K@@A@G&@@@@M@@&@@&ﬁﬁé&‘ﬁé@‘ﬁ‘ﬁﬁiﬁﬁﬁA@GTC%TngA&

CGATGCCGCGC‘R%FF‘ SALE S0 A ee ecuvl AL K eoeu SEEEG
ACT TACCOCH Ai:' gﬁssé?é@\ \eeu 2{%2% A i‘g“’f{i_ \‘;: é teug'r" Aggcgéé(c}:i
AGAT ete es}; Ae,'eé'j gg M”" “. ToA] e u"»“’". o {’ GGGTTGGG
CGATCCAGAACEH# -:-é FEAE “ "'“-"‘-" AL EKE@@@@K@@%@ICGTGGTACT
mdm&@@%@m&&m&a&&m&&mﬁﬁMmmGTﬁ
TAAAGCTGTGT %m@@&@m@@mme&mmxmﬁmmmcm
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35 GGECGGECT GEEECGACGEEEGEECEET GCCT CT TCCAT GGT TAGAAGCGGECGEECGAGGACGC
GCGECCEEECEECAGAGECEECT CEEEECCCEEAGGCAGEEECEECAGEEECACGTCGEC
GCCGCGECERE0G AEGIRET GGT ACT GCGCCCCGAGAAGACT GECGT GAGCGACGRCEHUB2012/000467
ACGGT TGACGT CCTGGAT CTGACGCCT CTGGGT GAAGGCCACGEGACCCGTGAGT TTGAA
CCTGAAAGAGAGT TCGACAGAATCAATCTCGGTATCGT TGACGECGECCTGCCGCAGGAT - 40
CTCTTGCACGI CGCCCGAGT TGT CCTGGTAGECGATCTCGGT CATGAACTGCTCGATCTCC
TCCTCCTGAAGGT CTCCGCGACCGGECGCGCT CCACGGT 8CCGCGAGGT CGTTGGAGATG
CGGCCCATGAGCT GCGAGAAGGCGT TCATGCCCGCCT CGr TCCAGACGCGGCT GITAGACC

SGACCCGGACG
¥GG GCAGA

ﬁé °& QM o
AGCCCCT CCAA@KKMR@@Q@E@@@GA%@&W&W@T&W@CTAGCCGAA
TTW@(@WC@WMM@MTGCATCCTT
CGCACCT CCCGRII2GRAGCCOCOCEAHRGITRCTGCAGTRCGTGCT CITACTTICGTICACARLACCAGCC
TAACATCTCT TWR%W@@@W@G@M’WTAEOCCTG

CGGCGGCGCAC@MK@@@@@AEM 3 AV, Gl A ?r(éi(éigggg

ATGGT (%T CASCACEELEaT T e AT IAAASEARR S A ouu“

ATCT S ew‘ EEEETC A eg’?‘ ee cccet T v’ AGGCTGGCGG
AR ﬂqﬂigtg ; cﬁewﬂet;? CGGTTGGGG

ecccuy _n‘u qg(gaint Sees 3§ ‘u h‘x A - CCGGC

GAAAACOGT T GAN AR T oA A A ST AT g; TG e# TALEECCOaC

TCTTCTGO0GaGHAA K RIS AR L G T T TA TG TAOAA GATGGAAGA
TAGCCA TCT Y AMABCEE I HSTEPEGE CEACE MU ENSEGICACGUEEBCCTEEATAEELACCTGGAGC
TGGAT GCGCAGADRBNIOBE0EATACCCAA CECA ARl QT GACAGCEABTCABGT ACTT G TOMAGCGGG
2012/ 172277 RJMAGB201T2 IO@@@”EGCAGZGCTTAAAACCTATGGCAGCAAGGCGTGGAACAGCACCACA
ASTRIGGTCGATGG

@@W@@AGCGGCAGAT

i AIGCEAGGTGGAGGA
(oafys %-ﬂ SCGGAGGAGA
A A AXCTGGGTCTGC

: A;\sﬂi’ ARAGTAATAAGC

el AdFd e P EaGCceeTGeC
&H@AQCGAACTGGCA

CATGGT GCGGT @WB@A@%&E@W@E@@W@&%CTGCM
RBAE GGTMMWFA@FTQ@CCGCTGTC

2 ; I A (ARG COGTEBACCCATCGAT

AAAA W@W@@@@M@@@QWACUGAGM
CT GT AP BEGAAG BT O CREAGSATACACCCEEANT  ANCC FREFAGRCAAGTTTAG

GCTGACGCT

?GCACTCTC(TIT:ﬂ A V. ggCACGCT
GCAA LA i éc CGGCGT
TGECTCCCT Iy rid 5% E TGGCTCCC
GAGGCCEX3CCCAMd EXEEXLAALAATC TGACACTAT

ATACCCAGCCGASJAIAAICANChATPROEEEA S E LSS CRATEE EOE G Th b A ACA TTATAAHKSS ACGGATT
@T@TW@TWMWWCAAMCATT

COSAAEE O AT T AT EOARETOATEOATETSCTACCAAAGA
AGATGAAAAGOEHATENEE ACAAGATGAG
GCGEOGECCT e %ﬁ&GCAGTQC
TATTACA
CTGTGGTCG

CGGGGATEA
AGACCGT GAAGGRIPBCAREABAE A a-BABEOA EETT FAAMBNCATEHE EIPACEE S Y GGG TGACAG
TCGOGOGCGAGH ST AR T X AGATERACCAGE COGAECA T XA @ATCATORI GTGCGCATT
TGCAGAACCCCAGTABBAACCARIT GACRBOREAGITGTMIOCTAET BEl GEABCATACTG ATGGGTCTG
GGGACAACGAGEEBLTBAGGCAGCIRCTZANGSTATBACTEACSSATAGESITHIIEE @I GTTGAGA
CTCCT G CCT (SO B P RAACA AR TS TSI S C AT Y A CAAAG GCAACATTT

R e AT A S ACCAACACC
pesaliclia GCCTACATC
ATGCGCATGA
GGA CCACCAC
AGCQ T CGTGCCCTTCC
A CCGGGTCCTA

TGOECCECCGACEIAEANECREAGE A S LAA S ACT TCRACIREGALASKECAGIACTCCCcTCGGCAA
CCTACATAGAAGAGGT GGACGAT GAGGT GGACGAGGAGGECGAGTACCT GGAAGACT GA

TGGCCCGACCGTATTTTTGCTAGAT GCAACAACAGCCACCT CCTGATCCCGCGAT GCGGEEC
GGCGCT GCCAGAGCCAGCCGT CCGECATTAACT CCTCGGACGAT TGGACCCAGGCCATGCA 40
ACGCAT CATGGCGCT GACGACCCGCAACCCCGAAGCCT TTAGACAGCAGCCCCAGGECCAA
CCGGECTCTCGGCCAT CCTGGAGGECCGT GGTGCCCT CGCGCT CCAACCCCACGCACGAGAA

NN NN NN\ A T SNLNVT" N NR R NN NLNN"T" FNLVT" AR A A SR R NN R T S NSNSV R NN N NN NN



WO 2012/ 172277PCT/ GB2012/ 000467 65

CCCCGECCEEEGETTCTACACGEECGAGT ACGACAT GCCCGACCCCAATGACEEGT TCCTGT
GGGACGAT Gv OGAGAGGECGTAE TCTCCCCCCGACCGGEGET GCTAACGAGCGCCCEET@B2012/000467
GGAAGAAGGAAGGCAGCGACCGACGCCCGT CCTCGECECT GTCCGECCGCGAGEGT GCT
GCCGCGGECEGET GCCCGAGGCCGCCAGICCTTTCCCGAGCTTGCCCTTCTCGCTGAACAGTA 5
TTCGCAGCAGCGAGCT GGGECAGGAT CACGCGECCCECECT TGCCT GGGCGAGGAGGAGT ACT
TGAATGACTCGCTGT TGAGACCCGAGCGGEGAGAAGAACT T CCCCAATAACGGGATAGAGA
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2012/ 172277 Hehic gggﬁf@é 464 ABRAGCATGGAGACTCAGCCATCGCCAACCTCGCCATCTGCCC
GGT GCCCAA GEA GEAGCALE AT CANEE I KAOABAEBEGBCCCGCCGCCC

TGCAGCCCGAGGT CAAGGT GCGGCCCATCAAGCAGGT GECCCCEEECCT GEECGT GCAGA
CCGT GGACAT CAAGAT CCCCACGGAGCCCAT GGAAACGCAGACCGAGCCCATGATCAAGC
CCAGCACCAGCACCATGGAGGE GCAGACGGATCCCTGGATGCCATCGECTCCTAGCCGAA 5
GACCCCGGECGECAAGT ACGGCGCGECCAGCCTGCTGATGCCCAACTACGCGECTGCATCCT T
CCATCATCCCCACGCCGEEECT ACCGCGECACGCGCT TCTACCGECEET CATACAACCAGCC

R AR NR NN R NN R NN\ ™\ ™\ ™\ ™\ ™\ ™\ 7™\ S N"T™ SN\ NN\ A 7~ N

NN R T NTT A




10 GCCTCCGCGITCCCATTACGGEGECTACCGAGGAAGAAAACCECECCGT AGAAGECTEECGEG
GGAACGGGATGCGT CGCCACCACCAT CGGCGEECEGECECECCAT CAGCAAGCERT TEEEG

GGAGCCT TGO GG T GATCCCCAT CAT CGCCGCGECGAT CGGCEGECGAT CCECEEB2012/000467
ATTGCTTCCGT GECGGT GCAGGCCTCTCAGCGCCACTGAGACACTTGGAAAACATCTTGTA
ATAAACCAATGGACTCTGACGCCTCCTGGTCCTGTGATGTGT TTTCGTAGACAGATGEGAAGA 15
CATCAATTTTTCGI CCCTGGECT CCGCGACACGECA TCATGGGECACCTGGAGC
GACATCGGECACCAGCCAACTGAACGEGEECECCTTCAA GCAGT CTCTGGAGCGEG
CTTAAGAATTTCGGGT CCACGCTTAAAACCT AT GGCAGCAAGGCGT GGAACAGCACCACA
GGGCAGCCCCT £ ETRPCT GAAAGEAG AT CRAAPO ARG WA PGAL SPAATCCATCGAG
GCT CGCCT CCCGOATIMAADGGGET S50 (S I ddcCAANCCATGREGAGCAGCEEEARATGAECTTTCAA
mmmmmxmmmmmmmrm

AGCTAL A CABRETREXTARGCGCGCGTGCCC

CCGCGACCCTGY @WWMM%@W@CGGW
GOCGGTGGOCGT, AGATCCCCG
GAGCACT Y CGGCGCCCG
16T CAGCGAC
TTAAACCTACCG, ACOACAG

CGCCAGAAGGAG (TR CACKE RS K S &N A AT A A PGP AT EX M CGCACGGTCG A
GCTGCCCCAGT @MMTW@%W'@@@@GKAM&Q%‘CQ@GGTCATG
” CAG MCTEAGTWWG’GMCAAGACTCC

> ) (t ( HADGGCGTCCTAATGCT

WGTGACCGTG

MMWTW@W@Q@Q%WWWGWGAGGAG

A c TR - A N GTG

GCTGGAT T 55 :'f A ?‘f&? A g&?g_’ rw & EICes T G%%:GAAC
AA & eet eu (3 en e\

) m.rqrcrqrcr«r 3{ ACTGCGTCTAC

GGAAACACACA b ‘.m.e- el}enlnl eg -em AV : A X2 ueuaqe ! L CTGGAGGAG

ACAAATTGGAAQSI’@Q@@'% GAGGhGE \“-”“‘ ARG O A A ‘;'i GTGGACCGGG

CCAGCCT GAAW@&AGEA@GA@A&MJ%&@%&@EM&E%E@@@K@:GCCTCAGG

TAGGGCT CTTAAASARGATACHAGRAT GAAPESCTTACTAT S A CK TN AET A ATCCCARAABTTTCGCT
CAAT GTZAAGCEATGET SAACTTAMIGTTASS GA A BAEIXGSTOAAGCTE COIAAAINBACTCGGACTT

ATTTGACATAGACE REECT TG AT TTIXTAGRCTGGGT! (BAE’(METGCTGCGC
TATAAAGCAGA@WﬁG?éA\?@*‘Aﬁ‘W@mM AG '

CAG GGGCG

Iﬂ“g C GCGCA

) (ot i ACCAATCCCAGCC

2 Nl SHeAT 23 ef SCAATTGCA
MCCCGGTATTWE@A@@AAT@&M@&% &E TACCTCGA

ATTW@WWMGWE@T@WM@@AAACAAGA
GCACT AST CCCAGLTABRBALMBGTETCAOACT ARV SSHEERAATGAA GGA GB ACTE GAGAA BOAGCAGT
GCCGAAT CCGAAAATGAPGATABTATCGE AGERCBAAATCABATAA AFACAGCCTGCA
TT&%T%AAW@@QA@@@AQ@@@@@&@AQ@W%ﬁﬁ@MWMAGCCGCC

CCTGTACCTGCEEEAETEEFA A CACORBTARCATLT CCGCTCCG
CCGAACCCC

AACACTATCARPACRTERACSCeAty &%@%Wﬂ @ATIECcaAceCe
CGCAA ¥ .aJr TACCTG
by CCTCCACA

ACAT CCAGGT G dcATAAHI CAGCTAG

CACCTACGAGT AAGT EACHEABGEAEA 6 A6 6 A AT S ACE A ATLEEHeddhBBAGYES GG e
2012/ YR 277 ACHIABZGGAGA00A6GARCCGGATCTTTCCCACCCTCTATGCCATCTTCCAGCAGAGTC

CGACCT GCGCACEGAUGBEGECTBCAAETIGA AEACCAGTATCARTICTCTA0GOMARATHCCCGCAGTT
TTCCOCAT GOCQTADAAPATAACTS CABGTTAA

GACCAGTCCT T@@A@@@@W@@ﬁ@@@@ﬂﬂ
e
CTACTCGGGCTCEATERE
GTCTCCATCA

IAelaxee
AT@%A%@%TM%@@%@@T@GEWW@%WCG@CAGG
TTCTACGT GCCCRAGARAAT AGA LS CATGGACAGEG ECATACECARCAACK ACEXEST GG TGAGC
T GAGCCGCCAGH T E RN CGAGEG CAACT KO A RN CA EEC BT A XN GACGAGATCTTCCT
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AGACATGAATTTCGAAGT CGACCCCATGGATGAGT CCACCCTTCTCTATGITGICT' TCGA A
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35 TGCTTCACGCT CGCCAGCACCGCCGECGT CGGTGATGCTCTCCACGT CGAGGT CCTCGECGT
TGECCATCCCGAAGEEGGT CATCTTGCAGGT CTGCCTTCCCAT GGT GGECACGCACCCGG

CCTTGT GCWOGAMEIMGEIBAGT GCAGGGEGEGAT CAGCAT CAT CT GGGCCT GGT CCECeE T/aBR012/000467
CCCCGGGTACATGGCCT TCATGAAAGCCT CCAAT TGCCT GAACGCCT GCTGEECCTTGECT
CCCTCGGT GAAGAAGACCCCGCAGGACT TGCTAGAGAACT GGT TGGT GGCACAGCCGECA 40
TCGT GCACGCAGCAGCGCGCGTCGT TGT TGGCCAGCT CCACGCT GCGCCCCCAGCEG
TTCTGGEGTGATCTTGECCCEGTCEEEGT TCTCCTTCA GCCCCGTTCTCGCTCG
CCACATCCATCT CGATCATGT GCT CCTTCT GGATCATGGT GGT CCCGT GCAGGCACCGCAG
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GCTGACCCAT T ACCEIACOOXACACRGAACCT B AIDACAAAGT EAT SAGOBUAANGARCTATGGAAC
GACCAGGT GCT CAXCARGCARGUBRECATGAT 8T COGABHAGES ACTBCCCCT

GAGGAGGGCAABCEECAGCT SALTACTIAITXG? AEHCCCACHESTATTIRNIBAGCCTACCAC
A(IIX:&QAAAG@?¢@ﬁ%@éﬁ@%ﬁi&ﬁﬁﬁﬂﬁé?ﬁé&T@AﬁG@Eﬁﬁﬁ@ﬁﬁﬁﬁﬁ@&ﬁ?@«&§§ﬁ§ﬁgﬁgﬁfﬁg}
AngGCAgA é% e HAANA TGCCTACC

GAG, T M) TGGTGTGTA
GAGCT GACCAAGE S Bl : AGOCTGA
GTGCTGEGACA AGATCCTA

CTCTACCT CT G TP ACPRPAAT AIFACTOE CEENIIACGTEACT RS TAAGGACGT
CAGAACCT GAAAGATETICACEAAAGG ECCT A A MIACABTEA GAS CIECT COCeNEANCTEBGCTTTCGTGG
TTCGACGAGCGEATEAOCOICTOESACHTAEICEAECA EAT CTA COCIGABBBLCIOABRAAGGCAAAA
CTGACCCT COCCAASSEEBTURCERATT R T AR GNSCANATAATGET SCIDART A CTBCTT T TOSATAT

CTTTCAPCCT CGA?X@@@? GO TGATTTIT
‘ 4. CAAGGCA

GCAAAGCA
GTCCAGGG
CATGT

A CPEAACCT

AGGGA CHpFETH T AP G PPEREAE A S AU S S AT P GO T HFASFFTTTTTGACC
AGT T CGT CCCCEACKATTRCAGAGCELITAAPAGA A GAWTT A €T AS EAKANCTARE CE A MK EATGTTAATGT
GCCCAAGECCEmKfﬁ@ﬂKEEKXETKXﬁKﬂﬂW%Mﬁﬂ&&?YPPi*0AAvﬁweenﬁ’/fXIGEACACCTGGAC
AV (Lo (0 g AT CKACOWUHWHGCATAGGA

TTACTGTTAT

WW
CAGGCAGAGGASAT I AR AT EAEAEACE AN CASIAABAGCACLACABEF A TCACACTAC
AGACAGT CTGGAGGAAGACGAGGAGGAGGCAGAGGAGGAGGT GGAAGAAGCAGCCGCC
GCCAGACCGT CGT CCT CGGOGGEGGGAGAAAGCAAGCAGCACGGATACCATCTCCGCTCCG
GGT CGGGGT CCOGCT CGGCCCCACAGT AGAT GGGACGAGACCGGGECGATTCCCGAACCCC 40
ACCACCCAGACCGGTAAGAAGGAGCGGCAGGGAT ACAAGT CCTGEOGGGGGCACAAAAA
CGCCATCGT CTCCTGCT TGCAGGCCT GOGGGGGCAACAT CTCCTTCACCCGGCGCTACCTG

PN g — g g B PN PNNLNTNLNTNNT" SN R R NI S NLNLNLNLNLNIN R R N N Y SN g g [\ g B g N g g g v N PNSNTT™ NN A N A



69 TCACGCCTCGTCAGGBCGGT CCTGACT TTGGAGAGT TCGTCCTCGCAGCCCCGCTOBEE0GG
CATCGGCACT CTCCAGT TCGT GGAGGAGT TCACTCCCTCGGT CTACTTCAACCCCTTCTCC

GGCT CCCCRE0REAMATABECGGACGAGT TCATCCCGAACT TTGACGCCAT CAGCGAGT@B2012/000467
GTGGACGGCTACGAT TGAAT GT CCCATGGT GBCGCGGCT GACCTAGCTCGGCTTCGACAC 5
CTGGACCACT GCCGCOGCT TTCGCT GCT TOGCTCGGGACCT CBOCGAGT TCACCTACTTTG
A&T&CCGA%A&ATCCTCACMCCCRCCAC&A%&%ATCGTCGTCGAA&II;
GCCTAGACT CCCACCTGCTTCGGATCTTCAGCCA TCCTGGT CGAGCGCCAACA
GGGCAACACCCT CCTGACCCT CTACT GCATCTGCGACCACCCCGRCCTGCATGAAAG CTT

TGTTGT CTCCT GI&AlE{ e A LA MAM CORTEEASAEARASHOUABCACKAD T FaFcEOCTCA
TGTGGTGT TTCTEEAHECATCAST ACAG EA CA GBEEA G RS EXSACBBNCAPCARACKICEATTTTTAAT
AGGT CCAGT GT ANIOBOACAACAMGT ACIXCNCTTCEAT CACOORBAECTHOXTGATGRATTTTTGTCC

CCGTTGT TAACCNTREICGAGEACEACAGTAT] C(ﬂ MV AGCATBGTTAATCTCACCT
TTCCACCOGCAGIIAACTI TGS AT ‘ S TCATTCEACTCCTCTG
ATCT C%ACCM%W@@WWWW%?@&%?
CGCTCCCCACTANCAASEAARET NCXLCEAC AALES ACECACEEACCOTCS
AATCTAATAC A(u'wzv!\m\" e A\e}'%- to‘, A\gfup 3 ‘f g’t’lﬁ%{g&e’p
CIC -ﬁu [T ] cv.vA CTATGATI XGA CATTATCACTT
A COGHE AR V'-'i TR IR AGTCCAGA
CTCTCTGCT ACCHRS AR :-"!' Abd TEET diebicetids X GCTGTA
MATWAG@@&W@E@TW@K@@T%@&%W&%%T@%&&AWGCG
GAGGGGEGAAGCCHEAIBT GCHEACA AL (GGCCEATACRGECTGCAGCTAACANTGGAGACTCATC

CCGATMATWM@KGCI@A@WGM@G@F QUEEETET TEATACAAGTCCTCGCCGC
GCGGAT GEGAA TEIGAGABCCT GG TICCAGA STAABMATANGAGC RGGAACBAFAESTGTAAATTCCAA

T CGCGT CCACAT@EASA IS CABAGACCTIIGAT CETHA AT AT AAIGCSRCETCAGCTGGATC
CGGCT CCCT CCAIKEAE SEABBAAE A8 T AR FELT TR A S TEEEATHETECE AT B CCCCG
TTCATGAGCAA GACACACCA
A GGCCACA
ATCGCTIACA N GCTATTAGT
TCAT ATT W CES CAACGACCT
ACATACCTTTTT e &EWEE%EEEEE@M@A@@@GCCAGCA

CACT AGCAGCAFFAGE LS AT AR BABAAGESE € A 66 B3 EE8 TE AENTICAGEGGTOCBAGAGAG
GCCTGGACAT CAGEE A TATCCAGRAYS S TGRGAATAG GACRGG AT CAT Ao TIIAABGACCACCGACCATCG
GT TACAZY CT GIANGEGT DOAGARCHEIC0BTAASCCCT AGE SGEXTANCT LT TAGTIGF AGTCAACCCC
ATCATAATAAT ATCATABTASTTTAAA T IASAGBAGT ARGGT ($CGACTCCC
WTTTWTAWWWW@W@QWC%ﬁ%Q
AGAACAACTA ARAAGEE waﬂo- ‘éﬁ%&&é@w AOCTAAGAAGY

Eabe i 9\06 w ACEA (et GTTTTCTG

A ‘e‘(‘ ﬂ ACCAC
CCCACATTT ,,-_-;3 w Siee 52;3 ‘“ e
CAMATCGTTT TR e A AR ASERATS T CEr T ARG TGTACCCCT

ACCCCCAGT GA%&E%Q@ME@@AE@@I@M@WM@HW@T@&TCAGATGG
TGCTGATTATCANGTERAGAA RGS TCEAEAAd CEXTHCTACTACEHGH G A8Ad0ACCAA
CAACAARET T GAATOTIA GSTAT GOTAGAAGCATCOAGAACIIAGGAAAAC
AGCCTTTTTTGICRATCCTATAAT T ATTACE PEIEC AT THCT ARG TICAGTBIATANGRAGEIACCATTTC
TACT GT CACCACIETERCHAAAGT T FAACAC TEAANGAZIZCE RCABGHA T CEVECTGAR TGTTTCTACA

TATTWATTT%&%@@XQ?W@TW%T#TW@@@ACMCTTC/é/;f;

CA & i L CTTGAGGC

TACGAAT TACAAGTAGETE G TG b AT AL T REACE SIS
ot

CATAGCACAGAGAAGA AT T RPAOAEETAGGCACAGG

GATT@T@AG%%MTT%@@%&E&@@W@W@@@@AA@%@%@@@AAG CTAAC
CCATT A CACGXEITAG G &t CACH CiT (A (LT RACGEEGIr A AGLAEAPATAART CATATAEATAGIA TR CAAA
TCATTTTTGCT TATACCT ACAT AABCEAA BGGAETTETHAHCTRGCTGCTG

CTATGTTTAATTITRTEAT. GO RSN CAOTAGRARGTGTGATAC TATTCCT
TTGATT GOCAT TG T TRAT OGO ACCACATS T EATCAARCATATIATERCTGOAAC
TACT Mﬁﬁf’ AGA é?A@’f‘ﬂ -euv ‘ AAA w‘ CEG a I ATTCATGCCC
AAAAT ACCAT ue T s '5% SpY: eﬁ KGR ACC‘}G
GTTAATCTTACCATTGTTRA AL ‘}V‘? & L vA A ﬂ:e ¥iSe

crTCTAC A it W e h& T ERAcTcACT

Awamm@@@&m@@mm%&%&&mm
2012/ 192277 R AMBANA TN TCAAGTGTTTTATTGATTCAACAGTTTTCACAGAATTCGAGTAGT
ACAGAGCT CCAGMACT ACKATCTACACHACAIAAGCGATAAEEAACAAACACTACTCCCCATGAA CAGCCTTAA

GCTGGCCCCATCTAGCAGT CCCACTGCTAGTACCAATGAGCAGACTACTGAATTTTTGICC
ACTATTCAGAGCAGCACCACAGCTACCTCGAGT GCCTTCTCTAGCACCGCCAATCTCACCT 5
CGCTTTCCTCTATGCCAATCAGTAATGCTACTACCTCCCCCCCTCCTCTTCCCACTCCTCTG
AAGCAAT CCGAGT CCAGCACGCAGCTGCAGATCACCCTGCTCATTGTGATCGEEGTGGTC
ATCCl GGCAGIGCTGCTCTACTI TATCTI CTGCCGT CGCAT CCCCAACGCAAAGCCGECCT

R NAR R NN NN\ |\ =P=ge progge—m— 0 — g g~ g~~~ A —— s RN PNSNT" "R NN INNVT"INT" R A SR AT~




15 CCCCCTATCCCTCAAATCCCCCACCCAGI CCCCTGAAGAGGT TCGAAAATGTAAATTCCAA
GAACCCTGGAAATTCCTTTCATGCTACAAACTCAAATCAGAAATGCACCCCAGCTGEATC
ATGATCGT MEOAMPGEIGAACATCCTTGCCTGTACCCTCTTCTCCTTTGTGATT TACTOBR® 2/000467
CTTTGACTTTGGGT GGAACGCACCCGAGGCGCT CTGECT CCCACCTGATCCCGACACACCA
CCACAGCAGCAGCAGCAAAAT CAGGCACAGGCACACGCACCACCACAGCCTAGGCCACA 20
ATACATGCCCATCTTAAACT AT GAGGCCGAGGCACAGCGAGCCATGCTTCCTGCCTATTAGT
TACTTCAATCTAACCGGCGGAGAT GACT GACCCCATGGLEAACAACACCGTCAACGACCT
CCTGGACAT GGACGGECCGCGCCT CGGAGCAGCGACT CGCCCAACT CCGCATCCGCCAGCA

GCAGGAGAGA! A, NG @GCATC;FGCAC
s , 6&%@1@6 ARk JacATeTGCAC
CCTCTCCTA 'E\%@@%@@E@%ﬁmccmcmc

AT CGT CAT CACKGARIcACE ET 6XEX R TACCAAEEETd AX AT ECAGTECA G COBALIEIAT CAGGGAC
CCGAGT GCGT T GACAGS ST CTGAGERETGT CORGUSTATATEACCTCOT CRCEBAIGHACGCAGCAG
CTAATCAACT ABGGATGTAGACCTIARCACTICAGALSALSAL ARG TRNICPGAREPGAAGTTGTTC
ATTGATCAATAAAGASTCAETARUIPA A TRCT CRAACONISTCIAATCTCTAF AT TATGCI G{F CACAT
TCAGCAGCACT FEACK DCE T P AR GRS B T AT S I S S CEC Bt G G CTGCCCAT

CTTCCTCCACACTAFAAAEETSCTERORRATY STV ceocace
TCTATCAGATGF XX f CACGGCCG
ACGATGCAGA jeeee CATGCAT
ATTCCAA | ERSELELALEGOAACTCTT
GAATGGGGCT Gk EEBELA EENIARATRCHROANACA THATCACCAAAAA

TGCCAQGAAGGRAGCHITAREEE EA KA AT TAGE A ATNBTAETTCACCAGAGAAGCGCGGGTCTCGG
CCTTAACAT GGG EEECELATAIG GOSN ASAICASTEGEAGET TAAGICTONPIAAGIGIGIARA GACGCTA

CCATTAGCAGT ATTTCOCACTGGATAATACTA TAERTATGAGTT TECEANMIISTCE TAAPCACGAAGC
CTTCTAATAAGRTBBTGAGTCRACAGT ARREAAIOCFEEPACATFCACR I THIIFNGEATCAROCaCT

CACAGTAAAAAQS@&@AWWQ@? HEH tet j Nee: éii%%TGTCG

TAACATANGCCFARRARGACOATT EX ICCRAATEL [RATEC AT :,(g "3‘ e oA C
AAGTGGTTTA WA AFCETATES ‘eﬂé"jve AATKAAC GCAGGTCC
AATTGGAGCAGGEE 9’ yNINE E“.‘ EopY; "'"3 (61 9‘:’: S A NGk 6' & a CAAAGGTG
TTAAGTTTTG o e R M b eonin

ACTTTGEACT %%%@@KMEB@MHM&WMMTACACT@
TTTACCCT ATGE@E%@AMJ@EHAG&@MMMAMMA@@M@T@TGAGG
TTACTGTAGGT TGAGTACAASAT OCAAT TANTAXANCAGTAALOAGEGCCATHGIAMICKTGTATTCTTAA
TAGATTTGACT CTBABGCT BT ST AN TC FGAAMBT AT KIS TACCHCATARSTASUATAACAATGG
TTTAGCGAAGGARAGATCACBEAR LTS ISSOATATACAAAG TRETEFERCANG ARG S T J CTAATC

W@@@MW GGGCAAGC
AATCTA?GGT,I@ : s A N TTGAAATA
. g xe e AGGCAAGCA

S CTCAGGAAC

AP SGTGATCTGT

AT AR EATHETRGBAPEGEEA BARGE BEGGTAAA
CAGAAAAAAATW@E%%REME@E&W@T@W&R@@A@MGAAGCTGTc
TATTTTCCCT CGcRGTAETAACA AAT SEANTARADCAMITITCT COCTAGRRAGATGAGA TTCGAGA
ACATCT GAAT GG AT ECEACATGEATA TEEUACCATAAGTGASACSAGATTGACATATAB AGC

2012/ 172277 ROTGGBBEALT GQQABGCT,(MATCTCAATTCCAGCAAAGCCACCCCATGCGGATGGAGCA
DA U GCAAAGCCC

CACGGCAGG
CTCAATATA
TGACACA
TTCCTCA
TCCCT TN AATA L D EEF A SHISATATEAGCGACTTTCAA
CGGAT T FAGT EEA GO GAIATCACTAGEACASKACTAGCABETGEET I CTCTCGGCC
AACAGT CCAT AGIAHCARCETEETESCAGCCAAAACTEMACTIETBCAACTEIAGTIGARCACATACAAAAAG
GT CCATCGT ACGAGS AGGT &AM IS REAGBTGGECGCCCCCT CCAGAACACACT GCCCAT
GTACATGATCTCCT TGGGCATGT GCAGGT TCACCACCT CCCGGT ACCACATCACCCECTGG 10

TTGAA GCACCGECCCCECCCECC
CCCACCGCTCACGECCG
I AARCHR SNEFPAPTHDVTTDRSQ
A PP PRSP R N PSR ED S VTS AKIPl SGTAYNSL
GCAGGACA D APEAGRAORARGEETIUE mﬂﬁemﬁﬁmm@ommmn
ACAGCHAT COAAPOHCEENGOL AKI:]GBSADGVPTKEF

TCTCCTCACAGESEACATT DASYANLVQQSMPN
ATCGTGI TCTGGATCGTGT CATGATGGAGCTGT TTCCT GACATTTTCGT ACT TCACGAAGC

AGAACCT GGTACGGGCACT GCACACCGCT CECCGECGACGET CTCEECECT TCGAGCECT

CGGTGT TGAAGT TATAGAACAGCCACT CCCTCAGAGCGT GCAGTATCTCCTGAGCCTCTTG 20
GGTGATGAAAAT CCCATCCGCT CTGATGECTCTGAT CACAT CGECCACGGT GGAATGEEC
CAGACCCAGCCAGATGATGCAATTTTGI TGEGT TTCGGT GACGGAGGGAGAGGGAAGAAC

A A AP A AP AT AT A R P NT"1 T fAT==r= s~ A R R I NN NT" I VT "R 7R 7 NT""T= 7 A R R R T 7P\ A I NIN"T" 7\



40 CAAAATTGGCAGGTGCGTAAAAAATGTAATTACTCCCCTCCTGCACAGGCAGCAAAGCCC
CCGCTCCCTCCAGAAACACATACAAAGCCT CAGCGT CCATAGCTTACCGAGCACGGECAGG
CGCAAGAGREAGAMAALEGECT GAGCT CTAACCT GACT GCCCGCT CCTGT GCT CARTATB2012/000467
TAGCCCTAACCTACACTGACGTAAAGGCCAAAGT CTAAAAATACCCGCCAAAATGACACA
CACGCCCAGCACACGCCCAGAAACCGGT GACACACTCAAAAAAATACGTGCGCTTCCTCA 45
AACGCCCAAACCGGECGTCATTTCCGEEE TCCCACCCTACGICACCGCTCAGCGACTTTCAA
ATTCCGTCGACCGTTAAAAACGT CACT CGCCCCGCCCCIMACGGT CGCCCTTCTCTCGRECC
AATCACCTTCCTCCCTTCCCAAATTCAAACGCCTCATTTGCATATTAACGCGCACAAAAAG

TTTGAGGTATA M R QY 8L HSESDRTRYF
ATPS AR B o
RLTL RFVPVDREEIW X 2l K FA Y R AR VRS DY REYAIDREBSK KR YISGIAYNSITNTY DYM

APKGAPNSSQNRIkAX DY Th{CARVWARMEGENN i DGLGH GIEARTARRDKBNEADKIFHIQV PQKF
55 QPEPQVGEENNRIST ESFPGSERAE WIKPESIM KRGS YARPTRM ISR R GADERANTAIRFTASTLE

DI DLAFFDT PGAM/REDDEBRADINANSAAN VEYPTHANPIWY Y K SRNWSSRIGHY SF TPRE§ISG
2012/ 172277 PCHYICBRGBE YOOGS BYLFFIQTFKKVSITFDSSVSWPGNDRLLTPNEFEI VDGEGYNVAQ
RPNYI G:RDNE%%!RW WRESY P YKD;,{QI?F\S
DSY! P D,@Ij 1 R PFSS
DDTVRi ! AT BYRTNTYDYM o Y
NGRWPPSLV LDPI\/DNVNPFNHHRNAGL RYRSM_LGNGRYVPFHI QVPQ CF 5

FAI KSLI LLPGS 4~

AS| SFTSI NLYATFFPMAHNTASTLE
AVLRNDI NDQSPRSM ;

RNWAAFROGASFTRLKTI CETPSLGSG

mi E\S/' R p '5’ SRVE WS BIVNEHIEYAR v DT
: DM TREN Y N N ERSRWNGIG QLK TIMHT
LAYQHNNSGFV NS ‘ﬁB@!s@fEE CORVIVBIFRERSNFWITIDLM

; i
10SIVGALTDLWIMA%hMEMWMEWWWMBEGANTT
SEQ I D NO. &dFﬁEJéﬁZSNEBGMﬂ{QpF@E@Q]M&EQ;LI)GGNIPALLDVDAYEKSKEESAAAATAAVATA
15 MVRRAY PEGRPPAESNIMIPA : L SRAPYPERY S KPR CRIUBP RIS YRS YNYG
TRLYLVWKSADPASGWMEDVTW@@HWFH‘@&%?W@ VRAAGELRY YSKSF
NVPNVNEFMY SHKEQ SXRSQRISIICTS EPR{SPRERES iLBLRFSIRGVQR
NNAI | DNYLAVEREGUEYRRRFS RN YA UTEL VMPGVYTNEAFHPDI VLLPGCG
VDFTESRLSNLLG RKRQDFQEG:Q MYEDLEGGNI PALLDVDAYEKSI CEESAAAATAAVATA - 20

DPEKGVRSWILLTTSDVTCGVEQ PDIVIVQI)PVTRST PG

FNEQAVYSQQL p PEXE D_ T‘:“u' =‘W‘ i &'t
VTVTDARRRTCER/GRAY oL DAKER ?,5 "L

MBI CK YEYDARIAL !“?{% "rz;ﬂne ,Q’ JR ALY \ﬂ;

LICL DA AR A—\&N@éﬁiﬁhﬂﬁWiENVF

TLG SLGNGL JINe {}'\,f\@ﬁ' 45 AN ﬂg@@m@xy JSSENRGNLAM YSKKREK THDGN/S@0
Al ATYLGSGL Dmmaﬁﬂﬁﬂhmn@q@uﬁmmmwﬂmmmmﬁmmeQ
DKL TLWI' TPDPS$PNCQL L SDRDAKFTLCLTKCGSQ LGTVAVAAVTVGSALNPI NDTVKSAI VF

L RFDSD(3VL MSNSSMVGDYWNFREGQT TQSVAYTNAVGFMPNI GAYPKTQSKTPKNSI VSQ
VYLNGETTMPMRER Tl NG, BRI ARTBERYVST)Y SMI FTWQW GDYKDKNI TFATNSFTFSYMAQ

MRHLRDLPDEKIIIASGNEILELVVNAMMGDDPPEPPTPFEAPSLHDLYDLEVDVPEDDPNEEA
VNDLFSDAALLAAEEASSPSSDSDSSLHTPRPGRGEKKIPELKGEEMDLRCYEECLPPSDDEDE

40 QAIQNAASQGMQAASESFALDCPPLPGHGCKSCEFHRLNTGDKAVLCALCYMRAYNHCVYS
PVSDADDETPTTESTSSPPEIGTSPPENIVRPVPVRATGRRAAVECLDDLLQAGDEPLDLCTRKR
PRH

SEQ ID NO. 6 (AdY25 E1B 19KDa)

45
MEIWTILEDLHKTRQLLENASNGVSHLWRFCF GGDLAKLVYRAKQDY SEQFEVILRECPGLFD
ALNLGHQTHFNQRIVRALDFTTPGRSTAAVAFFAFLLDKWSQETHFSRDYQLDFLAVALWRT
WKSQRLNAI SGYLPVQPLDTLKILNLQESPRARQRRRQQQRQQEEDQEENPRAGLDPPAEEE

50 SEQID NO. 7 (AdY25 E1B 55KDa)

MESRNPFQQGLPAGFLSSSFVENMEIPAPECNLRLLAGTATRHSEDPESPGESQGTPTSPAAAA
AAGGGSRREPESRPGPSGGGGVADLFPELRRVLTRSSSGRERGIKRERHDETNHRTELTVGLM
SRKRPETVWWHEVQSTGTDEVSVMHERFSLEQVKTCWLEPEDDWEVAIRNYAKLALRPDKK



35 SEQ ID NO. 5 (AdY25 El A)

MRHLRDLPDEKI | | ASGNE! LELVWNAMVIGDDPPEPPTPFEAPSL HDL YDL EVDVPEDDPNEEA

VNDL FSDAALAMIRASEPSSDSDSSL HTPRPGRGEKKI PEL KGEENDL RCYEECRPRSIIEDm0040

QAl QNAASQGMQAASESFAL DCPPL PGHGCKSCEFHRLNTGDI CAVL CAL CYMRAYNHCVY'S
PVSDADDETPTTESTSSPPE! GTSPPENI VRPVPVRATGRRAAVECL DDLLQAGDEPLDLCTRI CR PRH 45
SEQ ID NO. 6 (AdY25 El B 19KDa)

ME! WI'T LEDLHKTRQLLENASNGVSHLWRFCFGGDLAI G3VYRAKQDYSEQFEVI LRECPGLFD
ALNLGHQTHFNQR! VRAL DFTTPGRSTAAVAFFAFL L DKWSQETHFSRDYQL DFL AVAL\ART

VKSR SO “%@% N 5 SR AR AR AR RRAG PR R A rROISER | D

NO. 7 (AdY25 VHGCSFFGFNNTCIEAWGQVGVRGCSFSANWMGVVGRTKSMLSVKKCLF
MESRNPFQQGL RiNGH: 99 HisEEBVRIRPORE FREdt AvAeR Gl RRIRE BAe B SEkd Y IMP ARG NSHM

MmRREPE&WMTWWﬁWEVIMMSRVSL
SRKRPETYWNHEMQG DEMNDEYSWAMIHE RE St IEQIR ACHL G8E DR (RIEYAKDAR IR VS CTOEFGS

2012/ 172277RCEESB2012/ 000467 73

YKI TKLI NI RNACYl SGNGAEVEI CLQERVAFRCCMWNMYPGVVGVDGVTFMNVRFRGEDGY

NGTVFMANT KL TSNS RROEFNDMICY BAWIEOVGVRGCSF SANWMGYVGERTKSML SVKKCLF

ERCHL GVMSEGEARI RHCASTETGCFVL CKGNAKI KHNM CGASDERGYQVLTCAGG\ISHM
LATVHVABHARKIPSHTSEEDHYMISRONVGE B INOARY QERIEIBRY BILL.SSSSVDAAA

R REEXLYIE BATGEEEGRISHEFQD SEQ

ID NO 8 (ACQ\QIEQIFQEX)TRAAVATVKSK
10MSGSGSFEGGVFSPYL TGRLPSWAGVRONVMGSTVDGRPVQPANSSTL TYATL SSSSVDAAA
AAAAASAASAVWWW’ENIBASL NEEKLLLLMAQLEALTQRLGELTQ

QVAQL QESITRAAVATVKSK

METKGRRRSGAVFDQPDEPEAHPRKRPARRAPLHRDGDHPDADAAALEGPDPGCAGRPSSGA
LLPQSSQPAKRGGLLDRDAVEHITELWDRLELLQQTLSKMPMADGLKPLKNFASLQELLSLGG
ERLLAELVRENMHVREMMNEVAPLLREDGSCLSLNYHLQPVIGVIYGPTGCGKSQLLRNLLS
AQLISPAPETVFFIAPQVDMIPPSELKAWEMQICEGNYAPGIEGTFVPQSGTLRPKFIKMAYDDL

20 TQDHNYDVSDPRNVFAQAAAHGPIAIIMDECMENLGGHKGVAKFFHAFPSKLHDKFPKCTGY
TVLVVLHNMNPRRDLGGNIANLKIQAKMHLISPRMHPSQLNRFVNTYTKGLPVAISLLLKDIV
QHHALRPCYDWVIYNTTPEHEALQWSYLHPRDGLMPMYLNIQAHLYRVLEKIHRVLNDRDR
WSRAYRARKIK

25 SEQ ID NO. 10 (AdY25 Polymerase (E2))

MALVQTHGSRGLHPEASDPGRQPSRRRSRQSSPGAVPEPTRARRRRAPAAPASGPRAASAARR
ASSPPLLTMEEAPPPSPQPPKKKRGTVVTPQGHGTLQAIDVATNGAVEIKYHLDLPRALEKLLQ
VNRAPPLPTDLTPQRLRTLDSSGLRALVLALRPARAEVWTCLPRGLVSMTTIEAEEGQADHHD
30 ©  VVQHEMQAPRLHFPLKFLVKGTQVQLVQHVHPVQRCEHCGRLYKHKHECSARRRHFYFHHI
NSHSSNWWQEIQFFPIGSHPRTERLFLTYDVETYTWMGSFGKQLVPFMLVMKLSGDDRLVEL
ALDLALQLKWDRWHGDPRTFYCVTPEKMAVGQQFRQYRDRLQTALAVDLWTSFLRANPHL
ADWALEQHGLSDPDELTYEELKKLPHVKGRPRFVELYIVGHNINGFDEIVLAAQVINNRAEVP
QPFRITRNFMPRAGKILFNDVTFALPNPAYKKRTDFQLWEQGGCDDIDFKHQFLKVMVRDTF
35 ALTHTSLRKAAQAYALPVEKGCCAYKAVNQFYMLGSYRADQDGFPLEEY WKDREEFLLNRE
LWKQKGQLKYDIIQETLDYCALDVLVTAELVAKLQDSYAHFIRDSVGLPHAHFNIFQRPTISSN
SHAIFRQIVYRAEKPSRTNLGPGLLAPSHELYDY VRASIRGGRCYPTYIGILEEPLY VYDICGMY
ASALTHPMPWGTPLSPYERALAVREWQASLDDLATSISYFDPDLLPGIFTIDADPPDEVMLDPL
PPFCSRKGGRLCWTNEPLRGEVATSVDLITLHNRGWQVRIVPDEMTTVFPEWKCVAREYVQL
40 NIAAKERADKEKNQTMRSIAKLLSNALYGSFATKLDNKKIVFSDQMDEGLLKGISAGTVNIKS
SSFLETDNLSAEVMPAFEREYLPQQLALLDSDPEDSEDEQGPAPFYTPPAGTPGHVAYTYKPIT
FLDVDEGDMCLHTLEKVDPLVDNDRYPSHVASFVLAWTRAFVSEWAGFLYEEDRGTPLEDRP
IKSVYGDTDSLFVTQRGHELMETKGKKRIKKNGGKLVFDPDQPDLTWLVECETVCAHCGAD
AYAPDSVFLAPKLYALKSLLCPACGQTSKGKLRAKGHAAEALNYELMVNCYLADAQGADRE
45 RFSTSRMSLKRTLASAQPGAHPFTVTETTLTRTLRPWKDRTLAALDAHRLVPYSRSRPNPRNE
EVCWIEMP

SEQID NO. 11 (AdY25 pTP (E2))

50 MALSIHDCARLTGQTVPTMNYFLPLRNIWNRVREFPRASTTAAGITWMSRYIYGYHRTMLED
LAPGAPATERWPLYRQPPPHFLIGYQYLVRTCNDYIFDTRAYSRLKYHELVRPGHQTVNWSVY
MANCSYTINTGAYHRFVDFDDFQTTLTQIQQAILAERVVADLALVQPQRGFGLTRMHGRAGE
EEVPVERLMQDYYKDLARCQDHAWGMADRLRIQQAGPKDLVLLATIRRLRTAYFNFITSSIA
RPAPQHDPAEETVLSLPCDCDWLEAFVQRFSDPVDLETLRSLRGVPTGQLIRCIVSALSLPNGD

55 PPGHLEMRGGVFTLRPREDGRAVTETMRRRRGETIERFIDRLPVRRRRRRPPPPPPPPPEEEVEE



SEQ ID NO. 9 (AdY25 IVa2 (E2)) 15

METKGRRRSGAVFDQPDEPEAHPRKRPARRAPL HRDGDHPDADAAAL EGPDPGCAGRPSSGA

L L PQSSQPAKBGMAUBRIAVEHI TELWDRL EL L QQTL SKMPMADGL KPL KNFASL @EIriGH2043/000467

ERLLAEL VRENVHVREMVNEVAPL LREDGSCL SLNYHLQPVI GVI YGPTGCGKSQLLRNLLS

AQLI SPAPETVFFI APQVDM PPSEL KAVWVEMQ CEGNYAPQ EGTFVPQSGTLRPKFI KMAYDDL 20
TQDHNYDVSDPRNVFAQAAAHGPI Al | MDECMENL AKFFHAFPSKL HDKFPKCI GY
TVLVVLHNMNPARDL GGNI ANLKI QAKMBLIT SPRMHPS(ENRFVNTYTKGLPVAI SLLLKDI V
CQHHALRPCYDW/I YNT TPEHEAL QASYL HPRDGLMPMYLNI QAHL YRVLEKI HRVLNDRDR WSRAYRARKI K
25SEQ I D NOWWEEM@@E%ME&&QTMEE)R)LLEEELTVSARNSQFFNFAVDFYEAMERLEALG

ASSPPL LTWW@MW@EWIMMMMMQEILRQ
VNRAPPL PTDL FIDSSSCE FRAKYLAR VHARREIAY Y W/SMISELRAS EQISIEA Ry V3 PP
VWQHEMAPRL HERSERERPAAREAVRRRAHVHPVQRCEHCGRI NKHKHECSARRRHFYFHHI
NSHSSNWIAQE! QFFP GSHPRTERLFLTYDVETYTVWGSFGKQ.VPFI\/LVM(LSGDDRLVEL
ALDLAL QL KWDRBEX R(IYRIDRL QTAL AVDLWI'SFL RANPHL
ADV\ALEQ—IGLSDPDELTYEELKKLPHVKGRPRFVELYI VGHNI NGFDEI VLAAQVI NNRAEVP

QPFRI TRNF' MPRIRGKRQMREVH QRGP ARIQRAT DERBIOMRQAGERTY DGR AGSRDPHL 85EEG

ALTHTSI0RKAA ¥MMWW@W%@%@%@WM&MWLRRGLDR
LVKQKGQL KYDFRVERPEEANGUT GIERER (YK A ol AHEY FOISUAGE BRI o R |

SHAI FRQ VYRK 1 X E

ASALTHPMP )

PPFCSRKGGRL ,@% 3

NI AAKERADKE SIAKL FATKL, DNKKI VFSDQVDEGLLKG SAGTVNI KS
SSFLETDNLSA S SEDEQGPAPFYTPPAGTPGHVAYTYKPI T

FLDVDEGDMCLHTEERY AV\Z'RAFVSEV\AGF LYEEDRGTPLEDRP

| KSVYGDTDSLEVIORAG _ ee )

QQ ANTR ART & A A SAILEAV
AYAPDSVUFLAP Y KSELLCPACEHEHAS] 5 NYELNM

PQR N A A i‘v A v A V D
4B RESTURVEL 2 }1}"- RO\ R G wew eve
SEQ I'D NO. blrF(r p KNL GLWGVQAPVGDRATVSSLLTPNSRLLLLLVAPFTDSGS!

: REHERAV R ALCH TMABRYAY R IMREQKIPPQY
LAPGAPATERV\F?LE’(B{E?RBJ:M (QSVELYEM QBEY T FSIARRAVBRRKVHPEMRESKR PFVRKBYD YLHRA A
MANCSZBI W%W@MWAEMHMMWWWLWKKEG

EEVPVERL Nqawmss W%IEA@WW@W%LLRPERE
RPAPQHDPAEETVIER SRGARER P RROY R QRGIDARPDEDSA
55PPGHL ENRG@W%’KIF@W%@?SK | ERFI DRLPVRRRRRRPPPPPPPPPEEEVEE 74

M_VEEEEEEEVEEI PGAFEREVRATI AEL| RLLEEEL TVSARNSQFFNFAVDFYEAVERLEALG
DVSEVPBIORRW SEQHNIINQ. AFTARN
SRWIWEAGMNAFSQLVGR SNDLAATVERAGRGDLQEEEI EQFMTEI AYQDNSGDVCQE! LRQ

AAVNDTEI DSVELSQEMQW@FKN?R@Y RV RVE PARARVREFPFVDDVID
QVVADARNYTPAAAPVSTVDA DSVVADARRYARAKS ARRHRSTPAMRAARALLR
RARRTGRRAMLRAARRAASGASAGRTRRRAATAAAAAIASMSRPRRGNVYWVRDAATGVR

35 VPVRTRPPRT

SEQ ID NO. 15 (AdY25 V)

MSKRKFKEEMLQVIAPEIYGPAVVKEERKPRKIKRVKKDKKEEDDDLVEFVREFAPRRRVQW

40 RGRKVHPVLRPGTTVVFTPGERSGSASKRSYDEVYGDEDILEQAAERLGEFAYGKRSRPALKE
EAVSIPLDHGNPTPSLKPVTLQQVLPSAAPRRGFKREGEDLYPTMQLMVPKRQKLEDVLETMK
VDPDVQPEVKVRPIKQVAPGLGVQTVDIKIPTEPMETQTEPMIKPSTSTMEVQTDPWMPSAPSR
RPRRKYGAASLLMPNYALHPSHPTPGYRGTRFYRGHTTSRRRKTTTRRRRRRTAAASTPAALV
RRVYRRGRAPLTLPRARYHPSIAI

45
SEQ ID NO. 16 (AdY25 Mu)

MALTCRLRVPITGYRGRKPRRRRLAGNGMRRHHHRRRRAISKRLGGGFLPALIPIIAAAIGAIP
GIASVAVQASQRH

50



5LPPGPEPPLPPGARPRRRF SEQ I D NO. 12 (AdY25 52/55kDa (L1))
MHPVL RQVRPHHPPPQQQPPPPQPAL L PPPQOQQQL PATTAAAAVSGAGOTSQYDRLALEEG 10
EGLARL GAS$BERHARYIVKRDAREAYVPKQNL FRDRSGEEPEENRAARFHAGRERRR@E@HRI 2/000467
KRVLRDEDFEADELTG SPARAHVAAANL VTAYEQTVKEESNFQKSFNNHVRTLI AREEVTLG
LMHLWDL L EAl VONPTSKPL TAQL FL VWQHSRDNEAFREAL LNI TEPEGRW.LDLVNI LQSI W
QERGLPLSEKLAAI NFSVLSLGKYYARKI YKTPYVPI DREVKI DGFYMRMILKVL TLSDDLGV
YRNDRVBRAVSASRRREL SDQEL MHSL QRAL TGAGT EGESYFDVGADL HWOPSRRAL EAAG
15GPPYI EEVDREVDEEGEYLED SEQ 1D NO. 13 (AdY25 Ina (L1))
MQQOPPPDPANVREALEENOSE/ KIS dEBOMEAMORI MAL TTRNPEAFRQQPQANRL SAI LEAV 20
VPSRSNPTHEKVLAI VNAL VENKAI RGDEAGL VYNAL L ERVARYNSTNVGTNL DRMTDVRE

AVAQRERF HREWWA&WWWWWBWWMMWST

RO

DYFFQT SRQGL &P QRERP SORISEEIANINSRQIN SRI)RNPTAGOSIMPQVEEE
NRNSYL AREAIOARURIE RERRP LERTRINEPY WTLDLP
TLSAEEERI LRYVEOSVEEL MOECA PSRN ABRINSEONRS

AVNSDYFTNAI [ NP Y {5/ DVEDPNDGEL WDDVDSSVFSPRPGANERPLW CKEG

SDRRPSSAL SGRESAMN : DIATRISAISSEL GRI TRPRLLGEEEYLNDSL L RPERE
I CNFPI¥§E—] ESLVDKIVBRV\KTYAQEHRDDPS@ATSRGSAARKRRV\EDRQ?GL MADDEDSA
AR R BAIRPDS

DDSSVL 50 HLQTR@(R@@FW%SA%MNTAGRETGGEHWLAFA
MBI LI SPSNNT W EHSAGATRERRERKBURDYREPRSAACG
QVVADARNYTP KRR MRS FPIRNIRAQRALY RFLNSHSAY
RARRTGRRAM. AAAAAI ASVMSRPRRGNVYWRDAATGVR  35VPVRTRPPRT
SEQ | . ,

NBSRKE&EENL%@QA@ FEPAVWKEER S ¥R DDDL VEFVREFAPRRRVQW 40
RGRKVI TPVLRP TWETPGERSGSASKRSYDEVYGDEDI LEQAAERL GEFAYGKRSRPAL KE

EAVSI PLDHGN N W@KE@@WV?E
VDPDVQPEVKVR \ ST ﬁ&(fDQLM
RPRRKYGAASL [ ; e
RRVYRRGRAPL TLERARGIRDRA HEPT by VVQLA
MAL TCRLRVPI TiasRERt EGh @B@M%AQW

G ASVAVQASCQRIALHYBC K B VP2 RIGRETTK B2 B3MANREBOIVESITDAAVLASVKHPALMVFQCC
NPVYRNSRAQNAGPNCDFKISAPDLLGALQLTRKLWTDSFPDTPLPKLLIPEFKWLAKY QFRN
25 VSLPAGHAETRQNPFDF

SEQ ID NO. 20 (AdY25 100kDa (1.4))

METQPSPTSPSAPTAGDEKQQQQNESLTAPPPSPASDAAAVPDMQEMEESIEIDLGY VTPAEHE
30 EELAVRFQSSSQEDKEQPEQEAENEQSQAGLEHGDYLHLSGEEDALIKHLARQATIVKDALLD
RTEVPLSVEELSRAYELNLFSPRVPPKRQPNGTCEPNPRLNFYPVFAVPEALATYHIFFKNQKIP
VSCRANRTRADALFNLGPGARLPDIASLEEVPKIFEGLGSDETRAANALQGEGGGEHEHHSAL
VELEGDNARLAVLKRTVELTHFAYPALNLPPKVMSAVMDQVLIKRASPISEDEGMQDSEEGK
PVVSDEQLARWLGPNATPQSLEERRKLMMAVVLVTVELECLRRFFADAETLRK VEENLHYLF
35 RHGFVRQACKISNVELTNLVSYMGILHENRLGQNVLHTTLRGEARRDYIRDCVYLYLCHTWQ
TGMGVWQQCLEEQNLKELCKLLQKNLKGLWTGFDERTTASDLADLIFPERLRLTLRNGLPDF
MSQSMLQNFRSFILERSGILPATCSALPSDFVPLTFRECPPPLWSHCYLLRLANYLAYHSDVIED
VSGEGLLECHCRCNLCTPHRSLACNPQLLSETQIIGTFELQGPSEGEGAKGGLKLTPGLWTSAY
LRKFVPEDYHPFEIRFYEDQSQPPKAELSACVITQGAILAQLQAIQKSRQEFLLKKGRGVYLDP
40 QTGEELNPGFPQDAPRKQEAESGAAARGGFGGRLGEQQSGRGDGGRLGQHSGRGGQPARQS
GGRRGGGRGGGGRSSRRQTVVLGGGESKQHGYHLRSGSGSRSAPQ

SEQ ID NO. 21 (AdY25 22kDa)

45 MPRGNKKLKVELPPVEDLEEDWENSSQAEEMEEDWDSTQAEEDSLQDSLEEDEEEAEEEVEE
AAAARPSSSAGEKASSTDTISAPGRGPARPHSRWDETGRFPNPTTQTGKKERQGYKSWRGHK
NAIVSCLQACGGNISFTRRYLLFHRGVNFPRNILHYYRHLHSPYYFQEEAAAAEKDQKTS

SEQ ID NO. 22 (AdY25 33kDa (L4))

50
MPRGNKKLKVELPPVEDLEEDWENSSQAEEMEEDWDSTQAEEDSLQDSLEEDEEEAEEEVEE
AAAARPSSSAGEKASSTDTISAPGRGPARPHSRWDETGRFPNPTTQTAPTTSKKRQQQQKKTR
KPARKSTAAAAAGGLRIAANEPAQTRELRNRIFPTLYAIFQQSRGQEQELKVKNRSLRSLTRSC
LYHKSEDQLQRTLEDAEALFNKYCALTLKE



75 SEQ ID NO 17 (AdY25 VI)

MEDI NFSSLAPRHGTRPFMGTWSEDI GT SQLNGGAFNWSESLWEGAL KNEGSTLKTYGSKAWNST

TGQAL RDKLw GRNAIYVDGLASGE NGVVDLANQAVQRQ NSRLDPVPPAGSViRWIP@H2EE /000467

5LPPLDI CRGElI CRPRPDAEETLLTHTDEPPPYEEAVI CLGLPTTRPI APLATGVLI CPESNKPATLDLP
PPASRPSTVAKPL PPVAVARARPGGSARPHANWOSTLNSI VGLGVQSVKRRRCY SEQ I D NO. 18 (AdY25
Endopr ot ease)

10MAEPTGSGEQELRAI | RDLGCGPYFLGTFDI CRFPGA®APH CLACAI VNTAGRETGGEHW.AFA

VWNPRSNT CYL FDPFGFSDERLKQFYQFEYEGLLRRSAL ATEDRCVTLEKSTQTVQGPRSAACG

L FCCMFLHAFVHWPDRPNMVDKNI ) TMNLL TGVPNGWL QGSPQVEPTL RRNQEAL YRFLNSHSAY

FRSHRARI EKATAFDRVNNQDM 158EQ I D NO 19 (AdY25 DNA Bi ndi ng Protein)

NAG?GGSQSERW PPPL PPKRHTYRRVASDQEEEE| VWV/SE
NSRSPSPQASP :

(-
B SEDERQA\EEELAAVGFSYPPVRI TEI CDGK
RSFETLDESDPLAAAASAKMWKNPVEGL Pl VSAV\EKGNEI MIMLVDRYRVETDL KANFOLM

PE ! Rain H\FQSALT
LHGCTEAEG 5 ‘ AQGIK
NNDARCCVHDAGAT DS [GTLQEY

PS I
L1 PLHCDCNHI CPGCVPTNGRQTCI PF NAEDLDVESI TDAAVLASVKI TPALMVFQCC

NPVY DSFPDTPLPI CLLI PEFKW.AKYQFRN
25VSL = : Y25 100kDa (L4))

METQPSPTSPSAP ES |

EELAVRFQSSS GE&%&?W‘%@EL‘EBHEBU
RTEVPL SVEEL N PEALATYH FFKNQKI P
VSCRANRTRADA FEGL GSDETRAANAL QGEGGGEHEHHSAL

VELE RLAVS : A KVIVBAVMVDQVLI KRASPI SEDEGVQDSEEGK
PVVSDEQLARW, CGPNAT P LI%I "”LNIVAWLVTVELEC ARF_ADAETLRKV_ENLHYLF 35

LEREG 172 GSPI

_'?HGzVRQA‘CK:E Y | T '#'“-' SSP/?PLPT

GVGVWARQCL : 3 -?Il ) LI?IBCYLY
NBCSMLANFRSH I ERE

VSGEGLLECHCRCNLCTRI TRSLACNPQ_LSETQ | GTFELQGDSEGEGAKGG_KLTPG_V\TSAY

L RKFVPEDYHPRE) RhY’ PR SAl LAQLQAI QKSRQEFLLKKGRGVYLDP

40QTGEEL NPGEFLL? 5 S SeRE B QUSGRGDGGRL GOHSGRGGOPARGS

GPRW&RB@WE@%%&%@W@%@R%@&&E&&& pp&URCAGKR G4 1C Da)
G R eSS W BAE AL

FAMFMS

KQYGMWPPRKENIVVFSIAYSACTVLITAIVCLSIHMLIAIRPRNNAEKEKQP

SEQ ID NO. 27 (AdY25 E3 22.3kDa)

30 MKILSLFCFSIIITSAICNSVDKDVTVTTGSNYTLKGPPSGMLSWYCYFGTDVSQTELCNFQKG
KTQNPKIHNYQCNGTDLVLFNITKTYAGSYYCPGDNVDNMIFYELQVVDPTTPAPPTTTTKAH
STDTQETTPEAEVAELAKQIHEDSFVANTPTHPGPQCPGPLVSGIVGVLCGLAVIIICMFIFACC

- YRRLHRQKSDPLLNLYV

35 SEQ ID NO. 28 (AdY25 E3 31 kDa)

MKALSTLVFLTLIGIVFNSKITRVSFLKHVNVTEGNNITLVGVEGAQNTTWTKYHLGWKDICT
WNVTYFCIGVNLTIVNANQSQNGLIKGQSVSVTSDGY Y TQHNFNYNITVIPLPTPSPPSTTQTT
QTTHTTQSSTTTMQTTQTTTYTTSPQPTTTTAEASSSPTIKVAFLMLAPSSSPTASTNEQTTEFLS
40 TIQSSTTATSSAFSSTANLTSLSSMPISNATTSPAPLPTPLKQSESSTQLQITLLIVIGVVILAVLLY
FIFCRRIPNAKPAYKPIVIGTPEPLQVEGGLRNLLFSFTVW

SEQ ID NO. 29 (AdY?25 E3 10.4 kDa)

45 MIPRHFIITSLICVLQVCATLALVANASPDCIGAFASYVLFAFITCICCCSIVCLLITFFQFVDWVF
VRIAYLRHHPQYRDQRVAQLLRLI

SEQ ID NO. 30 (AdY25 E3 15.2kDa)

50 MRALLLLLALLLAPLAAPLSLKSPTQSPEEVRKCKFQEPWKFLSCYKLKSEMHPSWIMIVGIVN
ILACTLFSFVIYPRFDFGWNAPEALWLPPDPDTPPQQQQQONQAQAHAPPQPRPQYMPILNYEA
EAQRAMLPAISYFNLTGGDD



AAAARPSSSAGEKASSTDTI SAPGRGPARPHSRWDETGRFPNPT TQTGKKERQGYKSWRGHK

NAI VSCLQACGENI SFTRRYLLFHRGVNFPRNI LHYYRHLHSPYYFQEEAAAAEKDOKTS SEQ I D NO. 22
(AdY25 33kDao(2d#)37750 PCT/GB2012/000467

MPRGNI CKLKVEL PPVEDL EEDVENSSQAEEMVEEDWDSTQAEEDSL QDSL EEDEEEAEEEVEE
AAAARPSSSAGEKASSTDTI SAPGRGPARPHSRWDETGRFPNPTTQTAPTTSKKRQQQQ CKTR
KPARKSTAAAAAGGELRI AANEPAQTRELRNRI FPTLYAI FQQSRGEQELKVKNRSLRSLTRSC
LYFEKSEDQLOQRTLEDAEALFNKYCALTLI CE WO 20172/ 172277PCT/ GB2012/ 000467 76 SEQ ID
NO. 23 (AdY25 pVII1 (L4))

S5MSKEI PTPYMASY QPOVIGLAAGAAQDYSTRMNW.SAGPAM SRVNDI RAHRNQI LLEQSALT

ATPRNHLNPW TIVLE QL TNSGVQLAGGATL CRHRPAQG K
RLVI RGRGTQL NES T v
EEFTPSVYFNP i Iﬁ%ﬁ;ﬁ@%}%ﬁ@%@ E[ S Y38k Da)

NVBH Al RE
FSQRPI LVE YOl CDHPGLHESLCCLLCTEYNKS 15SEQ I D NO. 25 ( AdY25 E3
CRl al) MKVF SGVSAS| NRSLTFTGNETEL QVQCKPRECKYL TWL YQGSP!

YQCI SGPCHHTFHLI PNTTSSPAPLPT

NNQTNHHQRYRRD v : AN R :
20L PCFRYL WX N CRAERSE -SP 5 Hs %%&% &&W\thﬁg&
MGKI TL AR L IGOAS '8 \ |

WOPGDPEWY TVSVPGADGSL RTVNNTFI FEHMCETAMFMS

KQYGM\PPRI C%%&YS%&YW WSTEAA M%I HWLI Al RPRNNAEI CEKQP

15 MSGNSSIMTRSRTRLASSRHHPYQPPAPLPRCEETETRASLVEDHPVLPDCDTLSMHNVSCVR
GLPCSAGFTVLQEFPVPWDMVLTPEELRVLKTCMSVCLCCANIDLFSSQLIHGRERWVLHCHC
QDPGSLRCMAGGAVLAIWFRRIIQGCMFNQRVMWYREVVNLHMPKEIMYMGSVFWRGRHLI
YIRIWYDGHVGSIVPQMSFGWSTLNYGLLNNLVVLCCTYCSDLSEIRIRCCARRTRRLMLRAIG
IMRRESLDPDPLSSSLTERRRQRLLRGLMRHNRPIPFADYDSHRSSSR

20
SEQ ID NO. 34 (AdY25 E4 Orf 4)

MVLPVLPSPSVTETQQNCIIWLGLAHSTVADVIRAIRADGIFITQEAQEILHALREWLFYNFNTE
RSKRRDRRRRAVCSARTRFCFVKYENVRKQLHHDTIQNTISVIPPSSVPTAGPLTSL

25
SEQ ID NO. 35 (AdY25 E4 Orf 3)

MRVCLRMPVEGALRELFIMAGLDLPQELIRIIQGWKNENYLGMVQECNMMIEELENAPAFAV
LLFLDVRVEALLEATVEHLENRVTFDLAVIFHQHSGGERCHLRDLHFEVLRDRLE

30
SEQ ID NO. 36 (AdY25 E4 Orf 2)

MLERTPCTYSIVVPEALNLHLDDFSFVDFLKNCLPDFLSSYLEDITGSSQHAYFNLTFGNAHWG
GLRFICNVACPALIPGGPMAKNFGDDMKDYIQLLLREELRDRGRDFDIPIVNLLQVNQEQNLLE
35 L

SEQ ID NO. 37 (AdY25 E4 Orf 1)

MDAEALYVFLEGAGALLPVQEGSNYIFYAPANFVLHPHGVALLELRLSIVVPRGFIGRFFSLTD
40 ANVPGVYASSRIIHAGHREGLSVMLFNHGDSFYEGRAGDPVACLVLERVIYPPVRQASMV

SEQ ID NO. 38 (ChAdOX1 vector sequence excluding BAC sequence)

TTAATCGCGTTTAAACCCATCATCAATAATATACCTCAAACTTTTITGTGCGCGTTAATATG
45 CAAATGAGGCGTTTGAATTTGGGAAGGGAGGAAGGTGATTGGCCGAGAGAAGGGCGACC
GTTAGGGGCGGGGCGAGTGACGTTTTGATGACGTGACCGCGAGGAGGAGCCAGTTTGCAA
GTTCTCGTGGGAAAAGTGACGTCAAACGAGGTGTGGTTTGAACACGGAAATACTCAATTT
TCCCGCGCTCTCTGACAGGAAATGAGGTGTTTCTAGGCGGATGCAAGTGAAAACGGGCCA
TTTTCGCGCGAAAACTGAATGAGGAAGTGAAAATCTGAGTAATTTCGCGTTTATGACAGG
50 " GAGGAGTATTTGCCGAGGGCCGAGTAGACTTTGACCGATTACGTGGGGGTTTCGATTACC
GTGTTTTTCACCTAAATTTCCGCGTACGGTGTCAAAGTCCGGTGTTTTTACGTAGGTGTCA
GCTGATCGCCAGGGTATTTAAACCTGCGCTCTCCAGTCAAGAGGCCACTCTTGAGTGCCAG



SEQ ID NO. 27 (AdY25 E3 22.31cDa)

30M Cl LSLFCFSI | | TSAl CNSVDI CDVTVTTGSNYTLKGPPSGVL SWCYFGTDVSQTEL CNFQKG
KTQNPKI HNYQ@NGTiRRE FNI TKTYAGSYYCPGDNVDNM FYEL QVWDPTTPAPBRETICH 2621800467
STDTQETTPEAEVAELAKQ | | EDSFVANTPTHPGPQCPGPLVSG VGVLCGLAVI | | CVFI FACC
YRRLHRQKSDPLLNLYV 35SEQ I D NO. 28 (AdY25 E3 31 kDa)

MKALSTLVFLTLI G VENSKI TRVSFLKHVNVTEGNNI ), VGVEGAQNT TWIKYHLGWKDI CT
WAVTYFCI GVNLTI VNANQSQNGLI KGQBVSVTSDG NENYNI TVI PLPTPSPPSTTQIT
QTTHTTQSSI TTMITTQTTTYTTSPQPI TTTAEASSSPTI KVAFLM_APSSSPTASTNEQTTEFLS

40T QSSTTAT SSASHANTIS ST SR GERORTERE KREEISIQ P Al s GYEEXYEE ML Y

FI FCRRI PNAKRASAA AT Bl (S A AAASAAGMBRQRCGRGN®A 39 A A A YERTABA ALE 4 kDa)
45M PRHFI | TG AANAQUCTALA AT MANASRIDGC GAAASWATASACTEICATRST NCEd T AIAAAFATANGA

VRI AYL RHHPQYRIXORWAQC A RLA TGRS GG GUO.G ATOTARTLYAALC AZA GLE A IDAB TGTCTCAAAATCT
50VRAL L} L L ALCTGAAIGAARL ST REPIEREEVIRIAA ATROBEPOKFL ASTDAA WRTAC

| LACTLFSFVI YPRPFEANTAPEACNAPROPDHTP OAPAR VAP TEMISE TCGAGG

EAQRAM_PAI SWC%BAAWQM%E%@E%MWQ%%AT ?"Gﬁé PESARATS
(AdY25 E3 14 fﬁ i{‘TCAGGTGCGACAATCTATCGATTGTATGGGéA?CCCGATGC CAGAGTTGT

MTDPMANNTVND) KHT CAGACTAA
RN

Kl SF TDHR ; ks e
'TGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCG

SEQ I D NQ. %dp&d‘f&éf\&éfr@x&mﬁf
MBGNSSI M RSRITRIcASERHET AR AFEEREER R AR&SI YEBEE YA PREETLE SN FAG GG AATC
10EDSPQLLNFEMQAK}EGXEENA@GEE?Rh@@&ﬂiﬁﬂﬂ@ﬂéﬁmxmﬁwTG«?G@@@@@ﬂ@ﬁ&RV@MSWGGcc
TGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTC
ACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTA
TTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACT
GCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAA
TCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTG

20 GTTAATTGGTTGTAACACTGGCACGCGTGGATCCGGCTTACTAAAAGCCAGATAACAGTA
TGCGTATTTGCGCGCTGATTTTTGCGGTATAAGAATATATACTGATATGTATACCCGAAGT
ATGTCAAAAAGAGGTATGCTATGAAGCAGCGTATTACAGTGACAGTTGACAGCGACAGCT
ATCAGTTGCTCAAGGCATATATGATGTCAATATCTCCGGTCTGGTAAGCACAACCATGCAG
AATGAAGCCCGTCGTCTGCGTGCCGAACGCTGGAAAGCGGAAAATCAGGAAGGGATGGC

25 TGAGGTCGCCCGGTTTATTGAAATGAACGGCTCTTTTGCTGACGAGAACAGGGGCTGGTG
AAATGCAGTTTAAGGTTTACACCTATAAAAGAGAGAGCCGTTATCGTCTGTTTGTGGATGT
ACAGAGTGATATTATTGACACGCCCGGGCGACGGATGGTGATCCCCCTGGCCAGTGCACG
TCTGCTGTCAGATAAAGTCTCCCGTGAACTTTACCCGGTGGTGCATATCGGGGATGAAAGC
TGGCGCATGATGACCACCGATATGGCCAGTGTGCCGGTCTCCGTTATCGGGGAAGAAGTG

30 GCTGATCTCAGCCACCGCGAAAATGACATCAAAAACGCCATTAACCTGATGTTCTGGGGA
ATATAAATGTCAGGCTCCCTTATACACAGCCAGTCTGCAGGTCGACCATAGTGACTGGAT
ATGTTGTGTTTTACAGTATTATGTAGTCTGTTTTTTATGCAAAATCTAATTTAATATATTGA
TATTTATATCATTTTACGTTTCTCGTTCAGCTTTCTTGTACAAAGTGGTGATCGATTCGACA
GATCGCGATCGCAGTGAGTAGTGTTCTGGGGCGGGGGAGGACCTGCATGAGGGCCAGAAT

35 GACTGAAATCTGTGCTTTICTGTGTGTTGCAGCATCATGAGCGGAAGCGGCTCCTTTGAGG
GAGGGGTATTCAGCCCTTATCTGACGGGGCGTCTCCCCTCCTGGGCGGGAGTGCGTCAGA
ATGTGATGGGATCCACGGTGGACGGCCGGCCCGTGCAGCCCGCGAACTCTTCAACCCTGA
CCTATGCAACCCTGAGCTCTTCGTCGGTGGACGCAGCTGCCGCCGCAGCTGCTGCATCCGC
CGCCAGCGCCGTGCGCGGAATGGCCATGGGCGCCGGCTACTACGGCACTCTGGTGGCCAA

40 CTCGAGTTCCACCAATAATCCCGCCAGCCTGAACGAGGAGAAGCTGCTGCTGCTGATGGC
CCAGCTTGAGGCCTTGACCCAGCGCCTGGGCGAGCTGACCCAGCAGGTGGCTCAGCTGCA
GGAGCAGACGCGGGCCGCGGTTGCCACGGTGAAATCCAAATAAAAAATGAATCAATAAA
TAAACGGAGACGGTTGTTGATTTTAACACAGAGTCTGAATCTTTATTTGATTTTTCGCGCG
CGGTAGGCCCTGGACCACCGGTCTCGATCATTGAGCACCCGGTGGATCTTTTCCAGGACCC
45 GGTAGAGGTGGGCTTGGATGTTGAGGTACATGGGCATGAGCCCGTCCCGGGGGTGGAGGT
AGCTCCATTGCAGGGCCTCGTGCTCGGGGGTGGTGTTGTAAATCACCCAGTCATAGCAGG
GGCGCAGGGCGTGGTGTTGCACAATATCTTTGAGGAGGAGACTGATGGCCACGGGCAGCC
CTTTGGTGTAGGTGTTTACAAATCTGTTGAGCTGGGAGGGATGCATGCGGGGGGAGATGA
GGTGCATCTTGGCCTGGATCTTGAGATTGGCGATGTTACCGCCCAGATCCCGCCTGGGGTT

50 CATGTTGTGCAGGACCACCAGCACGGTGTATCCGGTGCACTTGGGGAATTTATCATGCAA
CTTGGAAGGGAAGGCGTGAAAGAATTTGGCGACGCCCTTGTGTCCGCCCAGGTTTTCCAT
GCACTCATCCATGATGATGGCAATGGGCCCGTGGGCGGCGGCCTGGGCAAAGACGTTTCG
GGGGTCGGACACATCATAGTTGTGGTCCTGGGTGAGGTCATCATAGGCCATTTTAATGAAT
TTGGGGCGGAGGGTGCCGGACTGGGGGACAAAGGTACCCTCGATCCCGGGGGCGTAGTTC
55 CCCTCACAGATCTGCATCTCCCAGGCTTTGAGCTCAGAGGGGGGGATCATGTCCACCTGCG
GGGCGATAAAGAACACGGTTTCCGGGGCGGGGGAGATGAGCTGGGCCGAAAGCAAGTTC
CGGAGCAGCTGGGACTTGCCGCAGCCGGTGGGGCCGTAAATGACCCCGATGACCGGCTGC




SVWEGGECKI TTRIL SEQ ID NO. 33 (AdY25 E4 Of 6)

15MSGNSSI MTRSRTRLASSRHEPY QPPAPL PRCEETETRASL VEDHPVL PDCDTL SMHNVSCVR
GLPCSAG- Wb QuEAYRMDMWL TPEEL RVLKTCMSVCL CCANI DLFSSQLI HGRERAWIG#bH3 /000467
QDPGSLRCVAGGAVLAI WFRRI | QGCMFNOQRVMAYREVVNL HVPKEI MYMGSVFWRGRHL

Yl R WDGHVGSI VPQVSFGASTLNYGLLNNLVWLCCTYCSDLSEI Rl RCCARRTRRLM_RAI G

| MRRESL DPDPL SSSL TERRRQRL LRG-MRHNRPI PF DSHRSSSR 20 SEQ I D NO. 34 (AdY25 E4
Of 4) MLPVLPSPSVTETQQNCI | W.GLAHSTVADVI RAI RADG FI TQEAQEI LHALREWL.FYNFNTE
RSKRRDRRRRAVCSARTRFCFVKYENVRKQLHFI DT1 QNTI SVI PPSSVPTAGPLTSL SEQ | D NO. 35
(AdY25 E4 OAlGGIGGTAGTTGAGGGAGAGACAGCTGCCGTCCTCCCGGAGGAGGGGGGCCACCTCGTTC

VRVCL RVPVEGAITRETET QS (A FRBICARG IMERKNENMICGEHEQEC A ARG ANRFHHRFCCCCCCA

L L FL DVRVEAL GASRYERGENRVTE T MG FHFSCEROHTROCAMFEYE RDRAS TSECTCEO M TG
(AdY25 E4 OﬁpAQTTTGGAGAGGGTCTGTTGCAAGAGTTCCAAGCGGTCCCAGAGCTCGGTGATGTGCT

M_ERTPCTYSI W#Eﬁﬁ%ﬁ%ﬁ%ﬁ@&ﬁ&ﬁm Mmf\m é
G ACPR (LRI B o $658e0 10

AL VL R

MDAEAL YVFL EGRGAL EEYCEEST
40ANVH@VYASoln ARt M dadeeE
38 (ChAdCMlG%@Qﬁ¢GGSGGUGRGGAQGQtGdANQC@E@EGEEHKHUBEHCCGCGCCGCAGTGGGCGC
TTAATCECEWTFA#AG@@éTCEGKEV@E%@EKE@C@%GAQAGET@GGGHTEEIEGEDMTDKRBAQECAGTT
CAAAT GAGGCGTTT AT T EAA GRS ACCT G AR TSIGATGTCCCCGCTGG
GTTAGGGGCCOEECAAEAGAECH T T T TATEAIICT CACT A MACEA T NATCSGT PP OTAR CGAGCGGT
GTTCTdéTGGG&K&RGﬁGﬁ@fﬁ@?@gmggﬁéﬁ$@@éﬁ#¢¢@9@@9ﬁ§i§&&&ﬁ&@ﬁéAAﬁ??CGGGTCCAG

TCCOGCGCTCTEFEACABEAAATEACET eeo.w :.;A %C;Gggﬁg
TTTTOGCGOGAAAAL T CACSRAC "‘7 j sl TR

GCCCC
GAGGAGT e--a%eenf AC % e' ﬁ GTAGGTATT

CTCT TR CAC LA s A ""’"“ Ylinecs @Hﬁ%ﬁﬁf@ﬁf@ﬂﬁr@e@cmm
CCTGAT 9¥RFQ§I¥Af¥@%€§Eﬁ£ﬁiiﬂ§6@@A@I@éé@%ﬁii&&%iﬁaﬁ CACT X IAGTGGTCAGA
AAAGACGAITTTTTTGTTGTCGAGCTTGGTGGCGAAGGAGCCGTAGAGGGCGTTGGAAAG
GAGCTTGGCGATGGAGCGCATGGTCTGGTTTTTTICCTtGTCGGCGCGCTCCTTGGCCGCGA
TGTTGAGCTGCACGTACTCGCGCGCCACGCACTTCCATTCGGGGAAGACGGTGGTCATCTC

25 GTCGGGCACGATTCTGACCTGCCAACCTCGATTATGCAGGGTGATGAGGTCCACACTGGT
GGCCACCTCGCCGCGCAGGGGCTCGTTGGTCCAGCAGAGGCGGCCGCCCTTGCGCGAGCA
GAAGGGGGGCAGAGGGTCCAGCATGACCTCGTCGGGGGGGTCGGCATCGATGGTGAAGA
TGCCGGGCAGGAGATCGGGGTCGAAGTAGCTGATGGAAGTGGCCAGATCGTCCAGGGAA
GCTTGCCATTCGCGCACGGCCAGCGCGCGCTCGTAGGGACTGAGGGGCGTGCCCCAGGGC

30 ATGGGGTGGGTGAGCGCGGAGGCGTACATGCCGCAGATGTCGTAGACGTAGAGGGGCTC
CTCGAGGATGCCGATGTAGGTGGGGTAGCAGCGCCCCCCGCGGATGCTGGCGCGCACGTA
GTCATACAGCTCGTGCGAGGGCGCGAGGAGCCCCGGGCCCAGGTTGGTGCGACTGGGCTT
TTCGGCGCGGTAGACGATCTGGCGAAAGATGGCATGCGAGTTGGAGGAGATGGTGGGCCT
TTGGAAGATGTTGAAGTGGGCGTGGGGGAGGCCGACCGAGTCGCGGATGAAGTGGGCGT

35 AGGAGTCTTGCAGTTTGGCGACGAGCTCGGCGGTGACGAGGACGTCCAGAGCGCAGTAGT
CGAGGGTCTCCTGGATGATGTCATACTTGAGCTGGCCCTTTTGTTTCCACAGCTCGCGGTT
GAGAAGGAACTCTTCGCGGTCCTTCCAGTACTCTTCGAGGGGGAACCCGTCCTGATCTGCA
CGGTAAGAGCCTAGCATGTAGAACTGGTTGACGGCCTTGTAGGCGCAGCAGCCCTTCTCC
ACGGGGAGGGCGTAGGCCTGGGCGGCCTTGCGCAGGGAGGTGTGCGTGAGGGCGAAGGT

40 GTCCCTGACCATGACCTTGAGGAACTGGTGCTTGAAATCGATATCGTCGCAGCCCCCCTGC
TCCCAGAGCTGGAAGTCCGTGCGCTTCTTGTAGGCGGGGTTGGGCAAAGCGAAAGTAACA
TCGTTGAAAAGGATCTTGCCCGCGCGGGGCATAAAGTTGCGAGTGATGCGGAAAGGCTGG
GGCACCTCGGCCCGGTTGTTGATGACCTGGGCGGCGAGCACGATCTCGTCGAAACCGTTG
ATGTTGTGGCCCACGATGTAGAGTTCCACGAATCGCGGGCGGCCCTTGACGTGGGGCAGC

45 TTCTTGAGCTCCTCGTAGGTGAGCTCGTCGGGGTCGCTGAGACCGTGCTGCTCGAGCGCCC
AGTCGGCGAGATGGGGGTTGGCGCGGAGGAAGGAAGTCCAGAGATCCACGGCCAGGGCG
GTTTGCAGACGGTCCCGGTACTGACGGAACTGCTGCCCGACGGCCATTTTTTCGGGGGTGA
CGCAGTAGAAGGTGCGGGGGTCCCCGTGCCAGCGGTCCCATTTGAGCTGGAGGGCGAGAT
CGAGGGCGAGCTCGACGAGGCGGTCGTCCCCTGAGAGTTTCATGACCAGCATGAAGGGGA

50 CGAGCTGCTTGCCGAAGGACCCCATCCAGGTGTAGGTTTCCACATCGTAGGTGAGGAAGA
GCCTTTCGGTGCGAGGATGCGAGCCGATGGGGAAGAACTGGATCTCCTGCCACCAATTGG
AGGAATGGCTGTTGATGTGATGGAAGTAGAAATGCCGACGGCGCGCCGAACACTCGTGCT
TGTGTTTATACAAGCGGCCACAGTGCTCGCAACGCTGCACGGGATGCACGTGCTGCACGA
GCTGTACCTGAGTTCCTTTGACGAGGAATTTCAGTGGGAAGTGGAGTCGTGGCGCCTGCAT

55 CTCGTGCTGTACTACGTCGTGGTGGTCGGCCTGGCCCTCTTCTGCCTCGATGGTGGTCATG
CTGACGAGCCCGCGCGGGAGGCAGGTCCAGACCTCGGCGCGAGCGGGTCGGAGAGCGAG
GACGAGGGCGCGCAGGCCGGAGCTGTCCAGGGTCCTGAGACGCTGCGGAGTCAGGTCAG
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CGAGAAGAGT TTTCTCCTCCGCGCCCGAGT CAGATCTACACT TTGAAAGGCGATCGCTAG

CGACAT CGAVOACAAGTTT GT ACAAAAAAGCT GAACGAGAAACGT AAAAT GATAT ASATB2012/000467
TCAATATATTAAATTAGATTTTGCATaAAAAACAGACTACATAATACTGTAAAACACAACA
TATCCAGTCACTATGGCGGCCGCCGATTTATTCAACAAAGCCACGT TGTGTCTCAAAATCT 5
CTGATGTITACATTGCACAAGATA A A AATATATCATCATGAACAATAAAACTGTICTGCTTAC
ATAAACAGTAAT ACAAGGGGT GT TATGAGCCATATTCARSGGGAAACGTCTTGCTCGAGS
CCGCGATTAAATTCCAACATGGATGCCTGATTTATATGGEGTATAAATGGGECTCGTGATAATG

TOGCCECAAT CAGR] S8 & RS G L et EEPT A e S AT PREEA A eI S s aGcGTCCA
TTCT GAAACAT GEXARNACTAGR T FEE LA AR TG T TAGAGEd AT I AH G M6 ARG GEPccea TG
ACT GECT GACCHAICTEATGTGTEA T EACACK AT ARBTAITTCMAG CCEEAETEEA EATAAGGGGGCGGT
TGCATGGTTACT mm& iv m 3 ('-r-"v'mf\(e'\(cl SGHOCAGCTATGAGAAGAAGTAGGCGGCTCG
TCCTGATY CAGGIGRE(¢ R (0 (e KCRGTTTCGT g@mmcrmﬂcmcm
ATTCCTGT TT@W@F@G@WA@R@@@WW TCSTA ACOTCARTGATCTGACG
AC@AT@ATAWﬁﬁ@ﬁG@@G@@@@@AW@ﬂ@&@@A@@GT%@ﬁWGﬁ@GAAW

TGTTGAACAAGTE, RAEAA ? ESS ACHAIRE GESECAGTTGTCC
Telare #-‘* . A LY -’b GCGACCGG
ACTCAT GAT O&I:V;.\I fé}? ' -m e-w ttt'“v'q f ﬁﬁ

TTGATGI TGGACRAGTE g g:,i G -re‘éy “’ GGC"E}"E,]GG%%GCT
GOCTCGGTGAGTY ,,"# A AT ST IGCAGA

TCCT GATATW@M@%@Rﬁfﬁ%ﬁ@%@ﬁ%@ﬁ%ﬁt@éﬁ@%ﬁa&Aﬁ&bATGA
GTTAAT TGGT T GlANCAGCTHEECAUBCETEEOTCOH S ATACTABAGCCACHIRRCASETACCATGGCCT
TGCGTATI T GCGEAEFAAIITTTRGGGETA RAABHAL AT AT AETGITATETATACGEGAAGE TCAACTCCT

(TTHAAGGCCCCCG
AT%@T&TCA@MWTW@WM@W@T@WW@CTCCTCAG
AATGAAGCCCGTQQQW&W@@@&& i A CTAIETEATES Cégggggcfgg
000006'% ''''' - - Oet J‘f,:l.h‘\%gf t" A &‘ .tr.e’l:’trﬁ eﬂ ' GGGGGTCC
ANTELACT T TARKES 5{ AT -{ci AACGRRIA !5{ ﬁ GGACTCCG
ACAGAGTGATA A ﬂe-aeeae- A "ﬁ” ’5’ GO GLL J AAGGCTTCG

TCTGCTGTI CAGA{ A ie; e"".‘ GOAGGETA .’3‘"‘ Pfde 'E%%Q@GTTGGGGA
TmT@T@Wm@E%m&K@ﬁ%MW@c@@CGGMG
GCTGATZT CAGIOAS S XS TGS T AARPAACISRATANGCTGAOA CE ACT AAEXEHG TCGGCCATG
ATATAAATGT CAHETRCCCTTATACA! cmmmmmwmcccecmm
ATGT' TGTGT T TOAEAGIATTATCT HETEKS TGRA AR TARSTTGSGCTGGG
TATTTATAT@WW@@W@WMM@W@GATCTGGG

COCASH BT FES GATGG

a& $CT ﬁ%% AC BT gBEGAGCT
A SCGCGAG TG TEXG GGTGCGCA

GAGGGGTATT S 1CGGCBtRGatTaer GCCATCGCT
ATGTGATGGGA I CGTAGATGT
wmmmm&mwmmm&e&m@&cmm
CGCCARSCCCTEEETHECAB AEGTEAd EEXEEE S LA ST TNOFBPCATE CTCEA XL LIV TGHECCGTG

CTCGAGT TC@OWG’WXW@@K@GK@@G@GMCGGCTCGA
CCAGCT T GAGCUTTGAGGCABICAGCT CAIEAGK NS 8 GECTCAEITITCA TTCGAATCT
%A&A@C&MWW@WWWCCCAAGCCTG
TAAACTEAGACKACK AT P H AR SR T COTU T F AT A AT THGAGGECOCARATG

AAG

AGCTCCATT ] HGOLT ( :(r’ T TCCAGTTACG
! PIRIEG GGCAGATGC

GGCCCA o X TCTGCCCCC

CTTTCH ST ACEETICWYASAGERG ERACET SEA A EA RTINS LEGEEEEEEEEET 606 CGGGGCTGG
GGT GCAT CT TG (XATCTT S GATI A EAATCTTACEROCAR T @ROGRITEEEE A CHE TGGG
CATGT TGT CCAGRAITAGTAGCAGGAT (AT AR T GIATIBCAEAARRRATGATGCABGCGAGGCCT

CCCGEEH BTG SCAAGROETTH GAGAGGGTGCT
GGGGT CAW@QW% PERAPCCCGCACG

TTGCGEGEECERAGCEHS eseef &1

AAAAA

AGE GAGELAACTTC
o acttro
GGGCGATAAA A,‘Vﬁ' i,, T e TR CA AT o e S ecn
WWWEWMMWMR%MMGCAG
2012/ 172277 P, ARAErBBAE6 £GE8CGGGCTGCCGCTGTCCGAGAAGCTGGCGGCCATCAACTTC
AGGTGGTAGT T GRGaR6GAGA AT RGO ACACGEAEGEA EECABCHAC T AGTTGC TACGTGCCC
ATCATCTCGCGCACGTI GCATGI TCTCGCGCACCAGT TCCGCCAGGAGGECGCTCTCCCCCCA
GAGATAGGAGCT CCTGGAGCGAGECGAAGT TTTTCAGCGECT TGAGT CCGT CGGECCAT GG
GCATTTTGGAGAGGGTCTGI TGCAAG AGTTCCAAGCGGTICCCAGAGCTCGGTGATGIGCT 5
CTACGGCATCTCGATCCAGCAGACCTCCTCGT TTCGCGEGT TGGGACGACT GCGEGAGT A
GGGCACCAGACGAT GGEGCGTCCAGCGCAGCCAGEE CCGGTCCTTCCAGEECCGECAGCGT

N R NNLNTT SNSNTT NI SNSNSNT N N SNSNSNT N A NN NN SN N N PN




15 GIGCCGCGEGET CCTCCT CGTAGAGGAACCCCGECCCACT CCGAGACGAAAGCCCGEGT CCAG
GCCAGCACGAAGGAGGCCACGT GEGACGGEGT AGCCGGT CGT TGT CCACCAGCGGEGT CCACT
TTTTCCACHKDAMIGAEACACAT GT CCCCCTCGT CCACAT CCAGGAAGGT GAT TGBCT/EBR012/000467
AAGT GT AGGCCACGT GACCOGGEEGET CCCCECCEEEEEEET ATAAAAGEEEECEEECCCC
TGCTCGTCCTCACTGI CTTCCGGAT CGCTGT CCAGGAGCGCCAGCTGI TGEGGTAGGTATT 20
CCCTCTCGAAGGECGEGECATGACCTCGGCACTCAGGTTA CAGT TTCTAGAAACGAGGAGG
ATTTGATATTGACGGT GCCAGCGGAGATGCCTTTCAAGREICCCCTCGTCCATCTGGTCAGA
AAAGACGAL TTTTTTGTTGI CGAGCT TGGT GGCGAAGGAGCCGTAGAGEECGT TGGAAAG

GA@TTGGCGAT&%%WAEE@%@%&WW%HM&GCTGAcc
TGT TGAGCT GCASKSIICASATOFGOEEEAGT ACSATN AL AL A CIRESE6EE 6761 8BGCCAG
Gr C%&AC@TJ@WR@@@K&X@GA@%W@M@@WCCCTGACCG

XEOBAGEATGGCAGCCC

GAAGGGC%GCAG@GGGF @GAT&I‘;I&AAGATGGACGATGA

GCT TGCCATT@?@&@@@@@@@W@A@%%TCCGGC

GACGACCCGC
ggTGGGT a CTGGAGGCC
AACGCGCTG
GICATACAGCT GCTGCTGGA
TTCGGECCCGGT Asahsdefrlia ’-":““ AQREATEAD EA LS NNt TGGTGACCGA
TTGGAAGATGT TEadA(S SteEEGa OEELH éﬁ@@@%@é&%ﬁi@@cﬁ%mmcm

AGGAGTCT T%@W@%@@G@G@@C@WCCAGGAGGA
CGAGCGIET CCTHRARGERGTTAT ACTAGAECTBGCGCT TG A G TR2CAGNEGTGBCCCATAGCGAGGT
GAGAAGGAACT @P@%@C@@GQ@%@W%@ACCGTGAA

(CEOTOACERETEONTEICES GGTCGGGGA
ACGGGGA XS SIEEF TGHTGGTGGC

OCCT. ATTAACCT
GT CCA o) gﬁ 1 GATCACCC
TCCCA T aACe - AA TGAACTTTT
TCGTTGAAAAG Sk WMol AGGAGGAGC

GGCACCT CCECGE&AT PG EGAT 6B Rd EXFE A XSS F A ATETEEd fs M Udeh e cGaceacee
AT@T@WW@WW@K@&@GIW@GCAACC
T CTT@EECT CACETAGEA BAGLTAXA XS A FCTAGT AGA Yy GAGCARECAACTCTGACTA
AGT CGGCCGAGATIIBCECTA GTCBE@WQECGCQGGGGGAGB@IACACGGGCGAG

- .t g M N A . % A
CGA%A QLA COI R \GAGEP E4 ¢- CCACATCA eeef A EEAGT
AGCT o ’{. > weg}ey"' .\ g‘ ? eeen A GCAGGATCA
2on ot t«‘ ex . oi‘ 1. AGACCCGAGC
GCCTTTCGGT AY e- av AR ﬂ’ee" CTC enn
AGGAATGGCT e ROl 0ALeOeCT O Vﬂ GFAGCCGCTGG
':5 (& e' c GA6CCGGGGCAG

TWWTTATAWMQ%E%WW%CGATGAGG
CCTGT ARXT GAGITICCE T TCACCACRBEA d A CASTTAE AMAEHE COAGE CAT (XXX TESGATCBBTCACC
CTCGTGCTGT. AW@@WMM@K@@@@TM@@WM@TOACCAAG

CTGACGA .@GE#@BATGAGGCGT
GACGA EOTGTCCAISAOTTG SAGSRGCARGGCOGCG
2012/ 1 277ﬁ@ﬁ@gﬁg@’r@@@@g@cg@GCTGGAGGCTCCTTACGTGCCCCCGCGGTACCTGGCGCCT
- € CAGH S h AACCACCCGG
CATCTACTT AL R P A AN e R G mconccn
CCOCTGGGGT ie"'vn‘??‘ NG """“'f é’éé&’g- ggg-‘é}a’“v" SACERELECCAGCACC
‘1 ‘l!L J,‘.)i! ATCATGCAC

GCCTCTTCCAT%E;;A Ao o AGRAGECERS

A PGCGGGTGATG
cecoseceice pCC 1 WX@&E’&TATCTTGGAG
CT mmﬁ@@@@ﬁ@W@@%@@A@@fmmmCCATCGAC

eee.Ae e ’:" ol ol
??

CCTCT GGCGT GAATGATABBCHEA! - CARAERACGGGGTCCTG
AATCTCGGTAT W@G@R&GACCCCGTG
TGGTA TW@W@WWW@@@W@@TUTGC
CGCCCT \GLY HNGEFEPGCATTCGCA
TCAT C APCIGGASSGGGGCAAC
GCATGACCA { i mgﬂ;;" GCCGCCGCG
: CCAGCCCT
GGOGCTGGTA @ CAGCCGGT

AN GAAAY AAXAMGA I a

TCCACEILCCGAI AL A AT ARG (At R GRPNARE SR E L CHAA A h Ak cogeeT
CGTAAAAGT CCAUBECHt8EEE TACArAs IEFAGAGTT
CCTCCAGAAGACBBATCACITTCRIEIGE LeN)
GGAGTTCCTOCACTTCCTCCTCTTCTT CCT OCTOCACT AACATCTCTTCT ACTTOCT OCTCAG
GCGGT GGT GGT GECCEEEGAGGEEECCT GOGT CGCCGECGECGCACGEECAGACGGT CG
ATGAAGCGCTCGATGGT CTCGCCGCGCCGECGT CGCATGGT CTCGGT GACGECGCGCCCG 20
TCCTCGCGEEECCECAGCGT GAAGACGCCGCCGCGCAT CTCCAGGT GBCCGEEEGEGGTCC
CCGT TGGGECAGGGAGAGGGCGCT GACGATGCATCT TATCAAT TGCCCCGT AGGGACT CCG
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40 AAACTAGTAAGCGCGGAAAGCGECCGACCGECGAT GECTCGCTGCCGTAGT CTGGAGAAG
AATCGCCAGGGT TGCGT TCCGGT GTGCCCCAEGT TCGAGBCCGEECCGGAT TCCECGEECTAA
CGAGCGECGMEORM FaGE3GET CGT TTCCAAGACCCCATAGCCAGCCGACT TCTCCABETASE2012/000467
GAGCGAGCCCCTCTTTTGITTTGITTGI™ TTTTGCCAGATGCATCCCGTACTGCGGCAGATGC
GCCCCCACCACCCT CCACCGCAACAACAGCCCCCT CCTCCACAGCCGECECTTCTGCCCCC 45
GCCCCAGCAGCAGCAGCAACT TCCAGCCACGACCGLCCECEECCECCGT GAGCCGEEECTEG
ACAGACTTCTCAGTATGATCACCT GRCCT T GGAAGAGGBEGAGEGECT GRCGCRCCTGRG

GGCGT CGT CECCGGAGCGECACCCGCGECGT GCAGAT GAAAAGGEGACGCT CGCGAGECCT

ACGT GOCCAAGGRGARFHER AN AN S KA ST ACCCGGTGG
GCCCECCCCAT T G S IFAGSIFAE  Ed A F P HSFEEAA é%%%ﬁﬁ%ﬁ%éﬁﬁ@ﬁﬁﬁ@ﬁ&dé@GTCTACTC
GAGGGACGAGGATJA S A 3G EGACCATET LA ETROA EACKES NCESESS ECGAGAACCAG
T @mmm@&mmmm @FCCTGCTCTCA
WAAWT@WMWW@M@WTGACCGTTA
CTGAT@ACCTW@G@WW CANEGSA

' ACAGETEEAA MW@T%"A@%@%@T%TAACAC

GCTGAA CTCCACGCA
<1 TAT e GGCCGCGT
AGCAT GGT I G AACTA
TCGGTCLTCGA ?@; cY&GecGa
2012/ 172277R CAAGAGCCGGCGGCGGCGCATCGCCCGGCGGCACCGGA

ATA(¥KJV¥X¥¥&EK@%@@6&66A@Eé%ﬂaaa%%%B6X5%é%?@ﬁﬁééﬂ@%ﬁ%ﬁﬂ@%ﬂ&%ﬁé%cocGACGCA
CT mm%mmm@m@mmcmm

: ACGAHCGTGATCEACHGOCA THIAEAFFATCTTCAGAGREGCGGCGAGG
WWMAWGGWWT@@WW@ACCC&CC
CECEENEI 3 NCBCTTCTAAIAGSAGREG T COANSTAT TGS AGGAGGATGT
GEWcI¥«Iy«}}Qﬁé&§§&§ﬁA@@T@ﬂﬁ@@A€@éﬁﬁtﬁﬁi§§§Q§§§ﬁﬂﬁﬁ?@C@TQﬁGﬁiﬁﬁéCGGCCCCG

CACGCC
A CGAGGA

A E&H Hellecacecaece
GWwa(yVKYV¥Ea@@6TGEﬁG6@@6A@G%GEE@E§ﬁKﬁ@@@ﬂ@fﬁ@&é@ﬁﬁ§§ﬁﬂiﬂ@%&%CGCCGAGCCT
ccmwﬁm@@@@x@@eem@em&mm
.vaemw<AGm@mAACEGGEn£GGmEGAAGCGCCAGAAGCTGGA

NEGABCAAGETGCGGC
TCCCCACGG

GTACCW@?A@ F$@éﬁ@&éﬁﬁ@ﬁﬁ%§f&é@@?%@ﬂé@@éﬁ¢wmm%m

TACGGCGCG
CGGGCTACC
CCACCCGCC
ié\ TGTACC
@@é@é@ﬁﬁé@&%%%@%@%@@ﬁ@@@ATcGCCATTT
AL S ATPACHERECEAAT T AARBCCACTEd AT TEEATTACGGGCT
«w«mnwm"'er-'\rcf CGCCACCAC
GCAT CCTGOGA TAGGT GCAGTAGAGOIR GERO BT TTGAY ‘ T

CTGGCTC
CCAACTGA
@ GGTCCACGC
GATAAG

g AACGGG
CCTTTCﬁ§I¥¥JEEBa@@GXE6E6Eﬁ3XX%%XﬁEEEEﬁaa@@8@6@@6&&51@@%§%@§¥6¥&&ACCCGGTG
CGCCCCCCECCCTERCTCEECEACLA S ATHOBS CEBGTCCAT GA G GAGATCCEIIEC CTGGACAAG
GGGAGAAGAACC'CKKKICMW@GG@@TAGA@W G ERALANN TEAGOTGET GCACACGGACGA

G ACCACSOEEEETAG CCATCGCGCC

Aﬂm CAAAAETAAR T OCACERTCGS AZH TGCCTCC

ATT M@W@WWMWGCCCG%CG
T fﬁf AETA ANOCCEAAAATAAAT i GAGCATCGTG

TG TAG '.,' COoCCOOT

GOCAT GCCGAS p 3 Aty gﬁl"ﬂf Sés o-; e”% ‘l(:‘l(k iggcc;/{x&
GCGTACCOGGA A1 AL OG0 ;‘,,, L IAGTGAAGS
GOGGCGE0GAT CLAREEEEREEA o AR RO Rl AR oW TG oG

ACGCAGCEECECEREAOEGAE ACOT A ATAGIEEECEAACRAL TETAS S A ECACEETEG CGCCCACG
TTGTACCTGE GAAGAAGASET CACKAXACATHSEATOGCTEAACTACCACEPACBAGCACG TGGACCGC
AGCAACTTCCTGACCACCGTGE GCAGAACAAT GACT TCACCCCCACGGAGGCCAGCACC
CAGACCATCAACT TTGACGAGCGCT CACGGT GEEECGGT CAGCT GAAAACCATCATGCAC

ACCAACAT GCCCAACGT GAACGAGT TCATGTACAGCAACAAGT TCAAGGCGCGEGTGATG 45
GTI'CTCCCGCAAGACCCCCAACGEEGT GACAGT GACAGATGGTAGT CAGGATATCTTGGAG
TATGAATGCGGTGGAGT TTGAGCTGCCCGA AGGCAACT TCTCGGTGACCATGACCATCGAC
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ACATGATGCAAGACCCGGT CACCT TCCGCTCCACGCGT CAAGT TAGCAACTACCCGGT GG
TGGECCCCONOE 3G TEEFCCGT CTACT CCAAGAGCT TCT TCAACGAGCAGGCCGT @EACGE2012/000467
GCAGCAGCTGCGCGCCT TCACCT CGCTCACGCACGT CTTCAACCGCT TCCCCGAGAACCAG
ATCCTCGT CCGCCCGCCCGCECCCACCATTACCACCGT CAGT GAAAACGT TCCTGCTCTCA 5
CAGATCACGGEGACCCT GCCGCT GCGCAGCAGT AT%CCAGCGCGT GACCGITA

CTGACGCCAGACGCCGCACCT GCCCCTACGT CTACAA GGGCATAGT CGCGCCGC
GOGTCCTCTOGAGCOGCACCT TCTAAAAAAT GTCCATTCTCATCTCGOCCAGTAATAACAC
COGT T CEECC H R OFA O e G

ACACCCCGT %WJWWWCWGCTTCA
GCGGT CGCCCARRACCEACACRAGTIBATCEA LA SFTCEEICCCGABGCGGAGCAACTAATTCCAGCC

MWWM@WWTTGGTGTGG
Ak YA A A GACGCTACAG

A A Wavatel WYy 's s AGTAGGAG
& SEAZ G ACGCCEACS 5A CECA
AL
GGGCCATGCTcA@Qé@é%@Zﬁ ORI eeg‘e.u :? ’{Gfxsg’;} O
AGACGCGCGEORRCAHEERAAEEHC A SRS ""‘h CEOEEAREAL

S LA
£ cv P O AAACAAT P RN PAGCCTGGCTTTCT
GAACGT.GTACT AR o lReaaean, A‘:u‘ ‘e (] e?'e'seu G ‘.r‘oe; CECOAGEGG CATTGTCATGT

ACT(X 31 ( O
CCCT CTTGME OGS LA A ;?3,} A AR%E@I@XW@Q@@KK@EAGGCAAGG
CCAAGCGCAAA—RW W GZEé@GGEKZEKECAACTATAT

CGGTGGETGAAGT GGAPAARG ALA E AL AP PTATGGGGGT
CISAAGAAGATGMGE@TGGTM@'CTTEGE&G@@GA@T GW@@W\AACACCGA
AGTATGTGG
GGTGTGGAA
CTTACCAAG
ATGAT
g AACCTCC
7 % CGACTCTTA
A EAMELEE A BAITARFGATTACATGAA
CeAREECEAEANCAACATGEGEGCGCGCTGGTC
CMT%A&AWMWWM@GW@@CCTGCGCTA
AWTW@W@KCGAGCGMW¢W G CCAGAA
CAGACHAAT CCRTMBPEATCHILANITTCARTC MOCTACCTHEANATGAGC ACCAGTGGAACTTC
mmeAmeWMCGGACGGG

GOGGCACGCECORETACOLETSS AT SCAREEN GCACAACA
GOOGCOGT CCOEHEAGLA ocATeTC
AAGACCAAG

AAACTT O] CATCCCCT
ACCGAGGAA et  hFAREEPCFAERACACCTTCGACTC
CAT ERGE AN S E AN S ASSTIATEETA LET XX A ASAATTIGATEAATCAAGCG

CCCAT CAT CCCHALIGTCA ACCECERGAT ACACSOATIGCECTHOIGTAERCACT ECAGBRGACTGGTTCCT
TCT CAGECCAGKSHAGACACT T EGAAAACATHCRAGPAST AAASCAATERAUTT RAGATGCTCEGAHGGGCTA
CCTGGT CCTGT GAAEI BT BGHAGATACATEEARGANONT TSI PT P T 6TF ACCTEREES TGGTGGAC

AL I ACFEEALACTACAS OIS CAACTCGGGC

A COO000OC IO TOHECNROREH G rscctivelotonatiasovi
T AT &T AAAAA TCTGCGACA
AAAA 3 = CACCGACCT
CTGAAAGAGCA SCFABAT AT AA PP AGTCGA
GT GGT'GGACCT f@"f@@m@sTCCGAGTG

AR A A S AAPETHEETCE S S ACIGACAMEI CGGCCGGTA

CGGGGCGAGAAG ¢ahé e AT ARACREE AT CATCORT CEIT QMU UAGARBBATCAGGCGAGCAGG
ALE A ANGETAAT mmmmGWCCTTCGATAA
AGOOIISICATCOTT OACA0GGCCGG

"Giﬁﬁﬁﬁiﬁ@ﬁ@@@@@ﬁéﬁﬁ@ﬁ%ﬁﬁi§§AACACCTG
023390 ’ee \u QA te,. - 30_ i CAGTTCGAG
GGTCT GT *o aaeaae S a-el eten egn’ ACCCTGGAA

.r.r ::3 CTGCATGT
CTTCGCT ‘t‘. ei sscee Ne e (LA
GECGECGT cecu A\eig,?&% ¢ 'ﬂe‘eajsb:"; g_ '}”f euwﬂ ‘L ATG%%%CCET
CACATCGCCCEA "‘ () "’ ‘l’w A "‘-" ”""“' @%@@%ﬁ?@mmmmc
GOCACAGACACK TR "" ARG A ARG ARCA RO TAAACCGTG
CACGATES @mmmmmmmmmmwm
2012/ 172277 REATGBR0 TP OB BAAGGGTTCTGCCGGGTCTCGGCATGGCCCGCGGGCAGGGA
GAGGACAACACIACCTTOGTAGAALET TSI XTBOSAGTTTGGGCAG
CTGGACATGGECCAGCACCTACTTTGACAT CCECGEECGT GCTGGATCGGGEECCCTAGCTTCA
AACCCTACT CCGCECACCGCCTACAACAGCCT GECTCCCAAGGGAGCGCCCAATTCCAGCC

AGT GGGAGCaAAAAAAGGCAGGCAAT GGTGACACTATGCGAAACACACACATTTGEGETGI GG 5

CCCCAAT GGGECGGTGAGAATATTACAATCG ACGGATTACAAATTGGAACTGACGCTACAG
CTGATCAGGATAAACCAATTTATGCTGACAAAACATTCCAGCCTGAACCTCAAGTAGGAG

AR APPSR A R AT R R LA R R PNVT" IR RN NG N g g g [ g A T I N N YL Y YL Y.




15 GCTGTCATACCAGCTCTTGCTTGACTCTTTGGGTGACAGAACCCGGTATTTCAGTATA GG

AATCAGGCGGTGGACAGI TATGATCCTGATGT GCGCATTA" TTGAAAACCATGGTGTGGAA

GACGAACT MO GHrxaFAehT GCTTCCCCCT GGAT GGGT CTGGCACT AAT GCCGCT TACTAAS2012/000467

GTGTGAAAGTAAAAAATGGTAACGATGGTGATGT TGAGAGCGAATGGGAAAATGATGAT

ACTG CGCAGCTCGAAATCAATTATGCAAGGGCAACATTI TTGCCATGGAAATTAACCTCC 20

AAGCCAACCTGTGGAGAAG TTCCTCTACTCGAACGT GTACCTGCCCGACTCTTA

CAAGTACACGCCAGCCA ACATCACCCTGCCCACCAA CACTTATGATTACATGAA

CGGCGAGAGT GGTGCCTCCCTCACTGGTGGACGCCTACATCAACAT CAEGEECECECTGEGTC

GCT GGACCCCAT CRAGAN X ETCARTH XS TTA ARCESCAA A CEARIBEPSRGETEEREEAcGeccAGCAG
‘ OGS FECREEASAE AGAGTTGCG

. BEAACTTTCGCCAGCAC
CGCAA w@@@%@?@@f%ﬂ@@@@m&m&m&mmmcam
GCCTCCATCT CAACCTIEERAEEEACETHT AT CTRISISGTITCAGBATACAATCGCAG
CGGCCTCCA B e O ERCERE TGS GIBEATGGCCTTCA
ACCTCT TGET

CATCCCCT
GAGACOIECT CETIEEEScheeretic

ANEEFAGATGCGGCGGT
CAAGGA T@M@F@@?@Wﬁ@@&@@@@mmwmmmcmcm

EGAGBOGFTCGCTCTCA
GGAGCTGA

ACGTC
GGAGAT

TTCTTGGT
CGGGCTCT
CGCTCCC

AWCMMWWM@WWGMACGAGAA
GCGCTT CAAGCT BRI CEIGCCATCET CAAGRCBIRIIG CGACGCAGC
CCGCGAGA CERMPCISIGCTATGTGAC
CTACCTCTT - "AW@GAAGATA
TACGAGEECCT , ] ATGGC
AAGT CCACCCAGAGR TR AT wjeasecmy 26628355
TCCTGCACGCChUCGHCCACT AL ERSAAE G ST A GCCCAACG
GCT GACGGGCGTHBACCAS CRECAT X ACK A SO TERR AT ABACErACEE( CGAGGCCCT

CAACCAGGAGGGECTETATAZATACTICAMCRACEACTARBAGCAACTIICX ST TCEEAEGEECCAACCGC

CGAGALCCCOACEEBTIUGATCAEAT R A@PATHAGACAT CT AR ANA TCEECTCCT
TGTGTAT@TTWA$§$@$TW@$¢$MT@W@N@W@&G@TGGCGAACG
GATTTTATTTT (O5)2 0B a2 O ;

CACGTT s TTQECCTAC
2012/ Y2277 ! C,fiéf:%’éé?
CGEEGETGT Azl >

AGTTTGGA
Gr CCIIIJGCGGA@%@EE@%AI@@E&GT A'-""w" f ' RGTGCCTGCG
GTACACGGGGT EG@A&@!@E@G&A@@@@GEKA@WE&%& ' *. “CTACCTCTT

mmmmmmmmmm@@mx@@ﬂ@@@@%@%c@ccmm
CATCTH#ECAGCE ; :

TGCAGGGGGAT@E\@

TGAAAGCCT X T 5 ‘ | ] )

CGCAGGACTTG \d %EM%W@A@@@?&WGCGGACCA
CGTCGERGT TGL [ FAGOEEACGEHACG
s e

ACCTT

TGCTCCTTCT GeAd6Ad £ Cﬂ% CTACCTGG
ACCCGT GCAGCEAf S E X CCARNCETEA TEAL Adel GCCACTGCC
GCGCGT GCACGAAR AN ACEIABGAACCEEEELAT CATTEETEEE CAGEX AL N AGCGAGA

TGAAGET CAACCEAIATEA0GGUACT CRIGETMEERATNCAGCAGECAGAT CoEEEIG CCARGGGG
ACACCT CGCCCTGTITTBAACATAACTT GRBAGIG TEHAT (MCAGET ORI O AEIBEEAGCCCGAG
GCGGT CCAT CAAE RIS AEAT CATAGAAIACTE TT CACEAR GG AT SAGGCCGAG
GCTCATAGGGTTCTTCACCATCATCTTAGCACT AGCAGCCGCGECCAGEEEGTCECTCTCA
TCCAGGGTCTCAAAGCTCCGCTTGCCGT CCTTCTCGGT GATCCGCACCGGGGGRGTAGCTGA
AGCCCACGGCCGCCAGCTCCTCCTCGRCCTGTCTTTCGTCCTCGCTGTCCTGRCTGACGTC 20
CTGCATGACCACATCGCTTGAE CTTGECGEEEE TTCTTCTTGGEGECGEGECAG GGCGECGEGAGAT

GCTTGT GGCGAGGGGGAGCGCGAGT TCTCGCTCACCACTACTATCTCTTCCTCTTCT TGGT

NN R NN N R P NINTT™ | Y SN PN PNg——— e~ P~ NN N N N R NN~ N
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40 CGCGCGICGCCCATCTCCGAGGACGAGGGCATGCAAGACT CCGAGGAGGGECAAGCCCGT
GGTCAGCGACGAGCAGCT GECCCGGT GGCTGEGT CCTAATGCTACCCCTCAAAGT TTGGA
AGAGCGCCCMIOAREIEATEAT GGCCGT GGT CCT GGT GACCGT GGAGCT GGAGT GCET®@B2012/000467
CCGCTTCTTCGCCGACGCGGAGACCCT GCGCAAGGT CGAGGAGAACCTGCACTACCTCTT
CAGGCACGGGT TCGTGCGCCAGGCCT GCAAGATCTCCAACGT GGAGCTGACCAACCTGGT 45
CTCCTACATGGGCATCT TGCACGAGAACCGCCT % CGTGCTGCACACCACCCT
GCGCGGGGAGECCCGCCGCGACTACATCCGCGACT ACCTCTACCTCTGCCACAC
CTGGCAGACGGEGCATGEGECGTGIGGCAGCAGIGTCT GGAGGAGCAGAACCT GAAAGAGC
TCTGCAAGCT CETiGEAAAACAAGSTIARASET AT GE GEACRAEETIT S SRGGATEERAGEA
CCGCCT mmmmmmmm@@m@me@m@cmm
GCCT GCCCGACTHRISHGNICBARACCAT G MTMEARASGRATCCCOTGATT LM CACCAACIG AAAGTGG
5 m-yec ORCK vc.ewt WMWAGAGGAG
GO " M CTTAPATACAGTCTGGA

A ACEASGASIAS A SAGT A AAFAAGEP EEEEEAGACCGTCG

GCTGCAACCT apeca CGGGGTCCC
CCCAGATCAT CACTET e A AGACC
Ty AT AR Ay CATCGTCTC

GGTCT CT K6d TTCCACCGC

%WCMCTACT

BT @@W&WWMCCCGGGAGC
AC ACORCUAGATIHEGEIGGCAGGAGC
GAGGAGST mmmwm&m&mmm GECTGTATCACAA

A AACACTELTNCAACAACACFCAGBEREICTIABAG AAGTACTG
GGAGGAA @F@@@A @&%@%&@@&@@@ O AN AARAARGCCCOCAATTAC
gcraAAGACGA ee ee AT R AACAACASOECE ":t AT AAAGAGATTCC
ey « ng_yot A efs’ A e ororem CCGCCCAGGA

TCCT cﬂ'ceeee {em A e 5 e‘ ‘(A‘_‘”A LA & a ;.;) e ‘El:l GTGAATGA
GCT S CCo00 Ao’ 1A eeeﬂ AY Ao eeqeeﬁ "‘b‘&‘& .e; J M.-’ -- ACGCCCCG

GGT AAGAAGCGAGE T . aaaly CCAGCCC

CTGCT TGCA@@EQ@WR@@@@@@@G@CEM@@WAGGTGTC
GGGGTGAACT TW@T%@M@W@WMXA@AGCGGCT G

TCCAAGHAGAGEISATACGAGCAEAAS Q 5 BA SOATTGCTGGGTCTG
GX)&BCAGCGB@%FG@A@@A@B&W CGAE STOAECGCCTCGTCAGG
TGAGGGGAAM QeeG% Fﬁ*ﬁm@m@éﬁwwmﬂﬂ e GeoAC
A T GC GCTACGAT

cr CTGTCCATG
GTCACCTGT 3&&€CGGCGGG

CACGCCT TACAE@}@@A%WW ST
CTACT &AWXWHG@XGA@@W&%WGAAT@GACCCCGTGT
CAT CCEEECCCATGAARA CCABAT AGCA CCA AR : ANOGT
CAATCACCT CAAIR2JGTATALTA AGEEAL IO W@I@@Q@g@gcccmmc
ACGACCGTACT W@W@@@@M@T @ﬂm@CGACTCGG
CECEEE AR E RO T e e TG ASEAAGEEF A GAACGGCA
TCTCAATGT
AAACGGTC
GCTCAAAT
A GAGGGCTT
A AACATAC
TACCCGGACGA@ET@AX@@@@GM G AAAPCCATCATC RTINS & MSBBERCBGATCATC
TGATTAYST TMW@M@G@@EA@@@GENM@@GMMMA@AE@MAGCTAGGC
TGA' TTGAATT AAAGEATAAAGRATIGACT CAGTTGRARA I TAASAGCAGGA SACAAGEBTSIGACAAG
TTTTCTGT CAGCABBABT TCASIATACACT TCECAASACTCLIPX T TATACEST DS IBCACACAGAGATG
CTGCAAACT TOSFAGAT A eSS ENF AR S T FE FErATATEAGGE TG TORTECAGTAGC

AL TAGT

;gzgﬁ TCT? IR e ¢ o ’T GTGATTAC

- TGGGATTC

AGATGGATT % " AGTATAGTA
q

CACCAAGAAT AACTTTCAAT

9
GAAAACT CATCTUSARABA TR A BACIEAREA EEXS¥d ACKARSTTAT TAEXANKEIFPRACATGGCAG
CCATTT33CCT T ARGATEGCAGRCTETAAGd ACKAC AN RGOS TWORAKCTCAATAIC AR CTCCT
TTCTACACCAT TAGIAGTATAAGAAACA ATTAREATTTTABCTAT SAGTUTICAABACGARE AAAACT
TTCAAACT TCTAATGAAGT RGN GACA GINCABETTTAAGCTGAT CRTIT CRATAAACAGUTITAAGRGAATTCG
AGCATCACAGT AAAAACAGACAAAGGACT CTATATTAATTCTAGT GGAAACAGAGGCCTT
GAGGCTAACATAAGCCTAAAAAGAGGACT GATTTTTGATGGTAATGCTATTGCAACATAC
CTTGGAAGT GGT TTAGACTATGGATCCTAT GATAGCGAT OGGAAAACAAGACCCATCATC 45
ACCAAAATTGGAGCAGGT TTGAATTTTGATGCTAATAATGCCATGGCTGT GAAGCTAGEC
ACAGGTTTAAGT TTTGACT CTGCCGGT GCCT TAACAGCT GGAAACAAAGAGGAT GACAAG
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WO 2012/ 172277PCT/ GB2012/ 000467 86
AGTAGTTATTTTCCCTCCTCCCT CCCAACT CATGGAATACACCACCCT CTCCCCACGCACA

GCCT TAAAGRDGI BGAATBICAT TGGT AATGGACAT GGT TTTGGT CTCCACAT TCCRCAGAG012/000467
TTTCAGAGCGAGCCAGT CTCGGGT CGGT CAGGGAGAT GAAACCCT COGGGCACTCCTGCA
TCTGCACCT CAAAGT TCAGTAGCT GAGGGCT GTCCTCGGTGGT CGBGATCACAGT TATCTG 5
GAAGAAGAGCGGT GAGAGT CATAAT CCGOGAACGGGAT TGTGRCGCATCAG
GCCCCGCAGCAGT CGCTGT CTGCGCCGCTCCGT CAA GCTCAAGGGGTCTGGGTCC
AGGGACT CCCT GOGCAT GATGCCGATGBCCCT GAGCAT CAGT CGCCTGGT GCGBOGEGCG
CAGCAGCCGAT ASF AT CALTHORTEE FEEEN SRR TR SERAE A INTRTERrEEECACGCACA
TTGTTCAACAGIHICATAGACAALTE LAATI3TEEOACTAICACIHITCLACACAG
CCACAT GT CCATIOETAGEAGAE GCT BATGTRAASTCAGET SECEECETCA QCAGAATCAGRHCACTCCTGCA
meAmmammmm@wmg@@mg@@vmmcﬂmcm

CGCT FCE SACOQTTCTGGCGCATCAG
CCCGCCATGCA@%QK@@@& @W&&Q@GTCWGGWC

A,A N ICEC SN AA" N "" ACEA IOTE CGGGCG
CGGCCGTGGATT, *.reg.r“; S “-‘?'Jv‘*‘ f; ATAGEACA '\'“'SN CACACCACTACCAAG
ATCCATGTCTTG }"' Rl e Neloe 33"' Egeen éscee CTATGCTGC
AACTCTngAfA J A'. eﬁ‘A X eg.’\ .!’.f ¥ eem e ‘ ﬂ" 17\4‘ AGAACACACT
T GCAT GGACAGe A hGPAG F ARG 3*"5-'& @pg AT A CATCACT
GTCTOGGT CTCEHACAPEGAREH E@MM@%@Q&EACCGCCCGG

GACGCTAAT CGIETHCEEEAT AGT 6T L83 GAT CEASETTEETCCCAGACAT AT TEAAGCATELNCAGCTCA
CGAAGCAGAACCTEGETATGGATACA CAGACRAGHAEAAEBOEA DFEIEICEATEACROG CACACGCTC
AGCGCT: WWMTAWMGCNKWGCACGGGG

CCTCTTGGGT GAGHAAK ; AFCACATCEETC RO CIACTTACATTG
ATGGGCCAGAC@&@@@%&’F@@%@:&%WW GAAGCGCGG
GGAA BpEs TGGCGGGAT
AGAA 3 \ g§ TACTTCA
AGeT Bl
( GGCGCTTCG
AACGT FCACEG Chg CTCCTGAG
TCCAGAMCAA G ETARITEELEOAG AT ABPAGR CACGGTGGA

CACTCCT GCACGHTICCAGAEABAEEECABATA A TEEMGETTE BARTCATCCGTAACOCATEGAGAGGG
CTGAGGT AAAT GOAAEBAIEBBATH AN SSARGEA OCAGEAATTBAAAATGC
TCTTAAI&:ACA@@GMAAMG&AAGAGAW ATABCCAGGTCA

PAAA VRCETCCTCCCT TARGAAPASCTETARCGCGCACA
GTAATCTTTCAﬂWW@@@éA‘?ﬂWMAAWATCATATTA

GCAAGCCACAT a CACRTRANSA UASTOCTECEE eAe A fz.‘e_g"""" ‘ N TAT(T:ég&‘CT
GAAAT T tE‘ Aeuua “““ CACAN unﬁe

CANGCARTTTTTS ‘}w LY ‘iv%ﬁ&éig §‘~.‘. R E RocAaaTTAL
AGGAACAACGAT(S “9' e “" At EE KA 4 Wy St AASH &G A AXFNRGAGCAGG

ATG@AW%&MMAWMMK@W&@@%W@TGTMGATT
VGO NgO "

CTCGTAGAA

AT Y B ASABACS : e/ ATGGATGAT
uo{ﬁa G t{"a" n\ee.g"' eu:} Ct AL AT
GCA AT A c‘rri{ "e'" “'-P Fhec -CATGCGGATG
ATATATAGCC i"*"’ TAGAGTG ‘Eﬂ' A .‘. . .0"" & ! AGGCAGCAA
""“" RGO EES ‘ A "" e @A@I@%MMWKCCGAGCACG

WWWMFEXMXWWMWTGTGCTCA
TTCAAAIRT CCGIOAAATET T AAPMARGSTHCACTGECCECOOCECT AMOEETIAAAGTRCECTCCAAAATG
CGGCCAAT CACArARCETACGTT CAGAAMA T@ AU AICOSGI TACATATTAASSESSSATACGTGCGCTT
50AAAAGT TTGACETAFTATATTT AT RO TIOCRE: TBE ARG B CEXOAF@ITNCAGCGACT
M TSGVPFGMT TREA RS SHIGOASIQIORT pAA AR EGRANGTC CPE ﬂ@m%ﬁﬂm

55PVK ETRE CORKT TRRNASOTADIP MERRACACA
SRGERT %mAﬁT@E&%@%ﬁfﬁm Hu5 E40r f 6)

MI'TSGVPFGVIT L RPTRSRL SRRTPYSRDRL PPEETETRATI LEDHPLLPECNTLTMHNVSYVRG
Q ID NO. 39 (AdHu5 E4Orf6/7)

MTTSGVPFGMTLRPTRSRLSRRTPYSRDRLPPFETETRATILEDHPLLPECNTLTMHNAWTSPSP
55 PVKQPQVGQQPVAQQLDSDMNLSELPGEFINITDERLARQETVWNITPKNMSVTHDMMLFK A
SRGERTVYSVCWEGGGRLNTRVL



5 LPCSVGFTLI QEWVPWDMWLTREELVI LRI CCMEVCLCCANI DI MTSM M NGYESWALHCHC
SSPGSL QCl AGCQVLASWRWVDGAM-NQRFI WYREVVNYNMPKEVMFMSSVFMRGRHL |

YL RLWYDGHVOSWMAAMSEGYSALHCG LNNI VWL CCSYCADL SEI RVRCCARRT RBICMB3412/000467
VRI | AEETTAMLYSCRTERRRQQFI RALLQ | HRPI LIVHDYDSTPM 10SEQ | D NO. 41 ( AdHUS
E40rf4) MVLPALPAPPVCDSQNECVG W.GVAYSAVVDVI RAAAHEGVY! EPEARGRLDALREW YYN
YYTERSKARDRRRRSVCHARTWECFRKYDYVRRSI WHOJ TNTI SVWWSAHSVQ 15SEQ | D NO. 42
(Mycobacterium tuberculosis protein Ag85A - nucleic acid sequence)
ATGGACGCCAT GAAGAGGEGECCTGTGCTGECGT GCTGCTGCTGT GTGECGCCGTGTTCGT G
TCCCCCAGCCAGGAAATCCACGCCCGGT TCAGACGGGGCAGCATGCAGCT GGTGGACAGA 20

o X oAGCEAATGAK P Vi RRASBI A SMMBAGRESWALHCHC
m@@@mWWTm@mmeu

GA@T&CCCIﬁTCIﬁT@ACIﬁCAACAGACACGTGAA@CCACCCIﬁTCTCIZCGTCGTG
GGCCl GUCTATSEQNBONAGET (ARG EEICT GGCCATCTACCACCCCCAGCAGITC

GTGTACGCTGECGCCATGTCTGECCTGCCTGGATCCTTCT CAGGCCATGEGACCCACCCTG 30

ATCGGACT W{WWWW@WWMALREWIYYN
AGAGGACCCCGCRETERX I BRARRRACSHT AR DU GRKS ‘

ACAACACCAGAGTGTGGEGTGTACT GCGGCAACGGCAAGCT GAGCGACCT GGGCGGCAAC

AACCT GECCGCSAAATT NOT GEANGR T RETAOREACENEE AATAT IS AT CRAGEAGoid
GCCTACAACGLCH, CACAACGECGTGTTCGACT TCCCCGACAGCGECACCCAC

35ACCTGCCEA GCCCAGCT GAATGCCATGAAGCCCGACCT GCAGAGAGGECAG

CATCCCTAAT Cut 6 et SRS ARG 66 SRR P Rrcdic Mg bet cuos tebeIigad osi s
protein Ag85écc@m(§@cmmﬁmm@):GGTTCAGACGGGGCAGCATGCAGCTGGTGGACAGA

40 VDARG. CGY LA L ACAVEYER RSk ¢ARFRIRESIIAGUIORIREAUT QVBRREAMIDIGEE AGCCGCT
LVS&V%V@AGAWWWRSBWMWWGD@.@A@AGCAGA

DDFSGADI NTPAEEWF DCBEL SN BTASSFYSEYN TR TAGIGCORRNEG S CTSEEPACATCAAG

G/\LQANRHVKPﬁGgﬂm@mﬁ_GﬁmAmﬁ ALEPTEGAGGECCTGAGA
KASDI(?‘LSEE6 IGOARIGTRGY GG THEGHY GTACiC?CCAG

45KFL g& %@%@%%@é e : BL. sEQ

| D NO. 44 <§@§§§€ detoCAdcencs KPR drrpedgREGRt CDB+

T cell M 2d okt ‘r RRIGRREBTETGAS MAXAeBYAGCAGTTC

GTGTACGCTGGCGCCATGTCTGGCCTGCTGGATCCTTCTCAGGCCATGGGACCCACCCTG
30 ATCGGACTGGCTATGGGAGATGCCGGCGGATACAAGGCCAGCGACATGTGGGGCCCTAA
AGAGGACCCCGCCTGGCAGAGAAACGACCCCCTGCTGAACGTGGGCAAGCTGATCGCCA
ACAACACCAGAGTGTGGGTGTACTGCGGCAACGGCAAGCTGAGCGACCTGGGCGGCAAC
AACCTGCCCGCCAAGTTCCTGGAAGGCTTCGTGCGGACCAGCAACATCAAGTTCCAGGAC
GCCTACAACGCTGGCGGCGGACACAACGGCGTGTTCGACTTCCCCGACAGCGGCACCCAC
35 AGCTGGGAGTATTGGGGAGCCCAGCTGAATGCCATGAAGCCCGACCTGCAGAGAGGCAG
CATCCCTAATCCTCTGCTGGGCCTGGACTGA

SEQ ID NO. 43 (Mycobacterium tuberculosis protein Ag85A —amino acid sequence)

40 MDAMKRGLCCVLLLCGAVFVSPSQEIHARFRRGSMQLVDRVRGAVTGMSRRLVVGAVGAA
LVSGLVGAVGGTATAGAFSRPGLPVEYLQVPSPSMGRDIKVQFQSGGANSPALYLLDGLRAQ
DDFSGWDINTPAFEWYDQSGLSVVMPVGGQSSFYSDWYQPACGKAGCQTYKWETFLTSELP
GWLQANRHVKPTGSAVVGLSMAASSALTLAIYHPQQFVYAGAMSGLLDPSQAMGPTLIGLA
MGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNTRVWVYCGNGKLSDLGGNNLPA

45 KFLEGFVRTSNIKFQDAYNAGGGHNGVFDFPDSGTHSWEYWGAQLNAMKPDLQRGSIPNPLL
GLD.

SEQ ID NO. 44 (synthetic peptide corresponding to the known immunodominant
CD8+ T cell H-2° restricted epitopes in Ag85A —pll)

50
WYDQSGLSV



88 SEQ I D NO 45 (synthetic peptide corresponding to the known

i mmuunodom nant CD44 T cell H2d restricted epitopes in Ag85A - plb)
TFLTSELPGVOQANRIAIPT S SEQ | D NO. 46 (nucl eoprotei n ( NPpcaraB2oet000467pr ot ei n
1 (M) of influenza A virus - nucleic acid sequence)
ATGGCCAGCCAGGGECACCAAGCGGAGCTACGAGCAGAT GGAAACCGACGECGACCEECA 10
GAACGCCACCGAGAT CCCGGCCAGCGT GGGCAAGAT CGGCATCGGECCGGTTCTA
CATCCAGATGTGCACCGAGCTGAAFCTGTCCGACTA GATCCAGAACAG
CCTGACCATCGAGAAGATGGTGCTGT CCGECCT TCGACGAGCGGECGGAACAGATACCTGGA
AGACCACCCCAGECOBNOAAS IO NHNIS Ik d oGO A

COBGAGEORCGT

CCGGA GAAGGGCATCGGCACCATGGTGATGGAACTGATCCGGATGGTGAAGC

GGGGCAT CAACGHROOBENOT 16 THSRAI I ONE) AMCEEEAGHOAGACTINGNIEBuEN 20 VAGE- AGCGG
AT GT GCAACAT GLdIcAASTIARGETFCAG ACAGCCGCCCAGCGGEECCATG

GT GGACCAGGT CCEEGAGAGCUEEAACCCCGECAACGCCGAGATCGAGGACCTGATCTTC

CTGECCCEET ChIFEE A A EEEFEEAASEER] A &AM P S heeEEEcaaccaaea

TGCGT GHACGEG N HcEmt CHAEATEES S AL ST RGABAGARECEA AGAER LTSS CCGGTTCTA
GWT%WIWMW@@A@'@W@QWQEGAACAG

AACGAGAACCCCOICAACARCH ATONGKIIC g GBBTAGATACCTGGA

GAGGAT CT GCGBCGRGCRGT CCATCATCBRHIBTA !!(""'!.‘t. G @@@@@&@@@MA@@CGGGCGGG

TCCACCAGAGG@G%@QQ@MWWF@G&M@A¢@@@A@@A@@T QESGCGGATC
GeAACT A BAEES

GATCTG
CGGCAT

WTC@%TGWAWMJ@J@K@%@%@Q@@&%ATG@%@&CTGATCTTC
ATGGOGGOGGACTAGECEEER AGACTCI CACIEARR: TEABEACRAGETETT A TGECCGCC
mmwmmmmm&mmmmmmmeccm
COGGCAAGAACATCGACETCRARETITTBATCRAKTGICTA S CEAATCCGGCCC

mc@mmmmmmm@@@@@xwmcm
A GGCAAGCTG

GCCT GCAGCGCEAGAAA F T e et e e B EEEE TS T L ACEAAEAEE A
afya Ay A AA“ A"AA"‘ﬁ(A a AGCAC
ATGGATAAGGC@@Y (AT efr'e?fa}?“" eutsgi’;@:}&g‘{c’c’%%%ﬂgc X% A Cancea
AAGAGAT g,% -"-as\s-a-.. XA AT GO ERG G caacer
AA% eev.u.u ee- cer e -r-a-f e esiye 1;"'}_&5@, g SCCGGACCAG
CAGAT (B N: ‘~ mﬁﬂmﬁ&mmmcr
ATW@AC@%A@@@@I@@@GWAWWEATCGTGCCCA
(AT T ECCAE AT AE AR ASGAATACGACA
TGGT GCAGGCCA"II‘GGGGACG:GKGGGBA @GG@@@IFHJIB@IEAOG ACGTGCTGT

GREBARGTCITBDSEQ | D

AR AGECC ToA ST RO mwwww&%o. s -
ﬁ ?ff d 1 G CAGCGAGCGGG

CCAACAAC

ACGGCGCC

GECTGATCTAC

ALl (REEEEECRTCAPBELk EENTCGAG
QVYSLlRPNENEAHK&@E&Mb@@kﬁ%%%@ﬁléﬂd&iﬂd@ﬁE&MSEREKtéﬁ?&%@EAﬁiﬁﬂ@ﬂl&CCTCTG

ATCAAGCACGAGAACCGGATGGTGCTGGCTAGCACCACCGCCAAGGCCATGGAACAGAT
GGCCGGCAGCAGCGAGCAGGCCGCCGAAGCCATGGAAATCGCCAGCCAGGCCAGACAGA

45 TGGTGCAGGCCATGCGGACCGTGGGCACCCACCCCAGCAGCTCCACCGGCCTGCGGGACG
ACCTGCTGGAAAACCTGCAGACCTACCAGAAACGGATGGGGGTGCAGATGCAGCGGTTCA
AGTGA

50 SEQ ID NO. 47 (nucleoprotein (NP) and matrix protein 1 (M1) of influenza A virus —
amino acid sequence) '

MASQGTKRSYEQMETDGDRQNATEIRASVGKMIDGIGRFYIQMCTELKLSDYEGRLIQNSLTI
EKMVLSAFDERRNRYLEEHPSAGKDPKKTGGPIYRRVDGKWMRELVLYDKEEIRRIWRQAN



5 MGSSTLELRSGYWAI RTRSGGNI NQQRASAGQ SVQPI TSVORNLPFEKSTVMAAFTGNTEGR
TSDVRAEI | RMMEGAKPEEVSFRGRGVFEL SDEKATNPI VPSFENMSNEGSYFFGDNAEEYDNG
GEPCEEVELIW O RVEITYY79] VPSGPLKAEI AQRLEDVFAGKNT DL EAL VEWL. KTRIPCIC %26 180600467
| LGFVFTLTVPSERG. QRRRFVONAL NGNGDPNNIVDKAVKLYRKLI CREI TFHGAKEI ALSYSA
GALASCMGELT YNRMGAVT TEVAFGLVCATCEQ ADSQHRSHROQWATTNPLI KHENRMVLAS
10 TTAKAVEQVAGSSEQAAEANVE! ASQARQWQANMRTVGTHPSSSTGLRDDLLENLQTYQKR MGVQVIORF' K
SEQ I D NO. 48 (i nmunodom nant CD8+ T ce?l H2d restricted epitope in NP)
15TYQRTRALV SEQ I D NO. 49 (linker sequence) |IPNPLLGD 20 25 30 35 90
dains 1. AnN@Elﬁnm/GHNMM@@&WN@QWQR@W}@Wsﬂﬁfdc‘éf&ﬂﬂs%%g.'}h nzee
adenovi rus AGIGIMVMEIERMYRRE NDRNFMIGIENGRRGAPDAY KlaU@SILRGREGT LA GR AVEQVRESC Ul €
5 conpri si NGRISFGNAGIBRITEARS ALUCR GXMAHKS CERAUTEreraBE G DEC R SEsLOBES R YQNS nked
t 0 expressi 0RAVEYARPNANPAGHSODE BMAGH SAA FEDE RIGSFIRGE KIVSBRGK IERTRGNQIAINENSMDN pt i on
and/ or @xpr eMEPFFLELREG CWAIR TRSGANANRARASAGQISVAPTFSHARNURTRNST VS APAGKBEGR g
si gnal sequeRRMRAEIIRMMEGAIREEY SBRGRG W ERSBEK AN ¥P SFEMENEG S FFCONAEREREGa
functional EJC @ﬁ@%ﬁ} EVEREVLAXPGPLEAEORLEDY FAGKNT DI FALME WHAIRRILS P B G

S

sﬁ- )
vect or IackngEA : (gé GLS%%‘%@%%R%PPW%Y%WTWQWAWi n
th CaTGE ATENELT ¥
eRbeLb b I RO S e R RS e

| acks the native E4 | ocus and conprises an heterol ogous E4 | ocus or an open

reading fr angnbi6neS 4 GAMABALARENACRROY LAY SELALERS 308 gy ect o of

cl aim5 wher S
15 TYQRTRALV

SEQ ID NO. 49 (linker sequence)

IPNPLLGLD
20

25

30

35

40



conprises the E40rf6 codi ng regi on from AdHu5. 7. . The vector of claim
4 wherein the E4 | ocus conprises the native EAOfl, E40rf2 and E40rf3

codi ng r egoeor/@aeri7t he het erol ogous E40rf4, O f6 and O peh/GROaBI4Y
regions fromAdHu5. 8. The vector of any of clains 1 to 7 wherein the
exogeneous nucl eoti de sequence of interest encodes a protein or

pol ypepti de. 309. The vector of claim3$8 erein said protein or polypeptide
is selected fromthe group conprising antigen, a nol ecul ar adjuvant, an

i mrunostinul atory protein or a reconbi nase. WO

2012/ 172277PCT/ GB2012/ 000467 91 10. Thgyfetor of any of claims 1 to 9
wherei n sai d exogeneous nucl eoti de sequence of interest is an m RNA or

i mrunosti nul at ory RNA sequence. 511. The vector of any of clains 1 to 9
wher ei n said capsid onBrises one or, nore capsid proteins selected fromthe
group consi st ng ‘OF 2RV I VEROr SEMPER S adianlgidﬁ“& PSAHBPANREE ani no aci d
sequence of FLViRsMAYTS, Whefeird SHY ERLRI aﬁaﬁs‘i@@t&sd@ﬁﬁdlﬁ@hcih%lé‘éu%

(b) an AdY25 penton protein conprising the amno acid sequence of SEQ 101D
NO. 3 of a swqeisog DEx8gencodemidladide tsbprestoof iatedest operalrly Aakabtof i br e

protein conprising the am no acid .sequence of [’%5 I.D NO. 4 or sequence
59 106 | dent |ERTESTHR FORES S eni YHaEGR EEREg FOT R S ng 't he
adenovi rus Vepkatiod @edéddiingn hMimbd a8l aRf arCdRh&ral phdkagihediFhaPRiGuatal I y one
or nore additional active ingredients, a pharmaceuti cagl y acceptabl e

carrier, diluent, excipient or adjuvant. 13. The inmunogenic conposition of
claim 12 forz.use THE \;E%g)'r%krc]ﬁim 1, wherein said vector lacks afunctio_nal E1 locus.

10
3. The vector of claim 1 or claim 2, wherein said vector lacks an E3 locus.
4, The vector of any of claims 1 to 3 wherein the vector comprises at least one
heterologous E4 open reading frame from another adenoviral serotype.

15
5. The vector of claim 4 wherein the vector lacks the native E4 locus and
comprises an heterologous E4 locus or an open reading frame thereof from another
adenoviral serotype.

20 6. The vector of claim 5 wherein the vector lacks the native E4 locus and

comprises the E4Orf6 coding region from AdHu5.

7. . The vector of claim 4 wherein the E4 locus comprises the native E4Orf1,
E40rf2 and E40rf3 coding regions and the heterologous E4Orf4, Orf6 and Orf6/7
25 coding regions from AdHuS.

8. The vector of any of claims 1 to 7 wherein the exogeneous nucleotide

sequence of interest encodes a protein or polypeptide.

30 0. The vector of claim 8 wherein said protein or polypeptide is selected from the
group comprising an antigen, a molecular adjuvant, an immunostimulatory protein or

a recombinase.



2014. The use of the inmmunogenic conposition of claim12 in the manufacture
of a nedi canent for use in nedicine. 15. The i munogeni c conposition of

cl ai m 13 wo 2ome17ef77cl ai m 14 wherein said use conprises @elrioEningos7
transgene into a host cell. 25 16. The inmunogeni c conposition of claim13
or use of claim 14 wherein said use conprises eliciting an inmmune response
inan animal. 17. The i nmunogeni c co sition of claim13 or use of claim
14 wherein said 30use conprises boosti glan i mmune response in an ani nal.
WO 2012/ 172277PCT/ GB2012/ 000467 92 18. The i mmunogeni ¢ conposition of
claim13 or use of claim 14 wherein said use conprises treating or
preventing at |east one disease. 19. The inmunogenic conposition of claim
13 or use ofl&l ai Thelvecthef ennofdiithsSlu®e wherpini saisexiogeheounguaentidanune
response in an animal that wll _hreak tolerance to_a self antigen. 20. The
i munogeni ¢ S@B%S:g?}%qe%f‘s &1 RN Aprgmmpngstypulajory SSAMERSE: n sai d use
conpri ses gene therapy. 10 21. A polynucl eoti de sequence encodi ng the
viral vector of any of clainms 1 to 11. 22. A host cell transduced with the
viral vectorllof aHie wktasiodpmesoficlaimsilito whgein spishdapsid sbmprischorieng ntane vi r al

vector of a”éép% p?AtgiirlgEelé‘cté&) frg)‘r:{‘f the group consisting of:
(a) an AdY25 hexon protein comprising the amino acid sequence of SEQ
ID NO. 2 or a sequence 98.2%% identical thereto;
(b) an AdY25 penton protein comprising the amino acid sequence of SEQ
10 ID NO. 3 or a sequence 98.3%% identical thereto; and
| (¢) an AdY25 fibre protein comprising the amino acid sequence of SEQ
ID NO. 4 or a sequence 99.1% identical thereto.

12, An immunogenic composition comprising the adenovirus vector according to
15 any of claims 1 to 11 and optionally one or more additional active ingredients, a

pharmaceutically acceptable carrier, diluent, excipient or adjuvant.
13.  The immunogenic composition of claim 12 for use in medicine.

20 14.  The use of the immunogenic composition of claim 12 in the manufacture of a

medicament for use in medicine.

15.  The immunogenic composition of claim 13 or use of claim 14 wherein said

use comprises delivering a transgene into a host cell.

25
16.  The immunogenic composition of claim 13 or use of claim 14 wherein said

use comprises eliciting an immune response in an animal.

17.  The immunogenic composition of claim 13 or use of claim 14 wherein said

30 use comprises boosting an immune response in an animal.



24. The nethod of claim 23 conprising the step of incorporating the

pol ynucl eotide of claim2l1 into a Bacterial Artificial Chronmposone (BAC) to
produce amoAdiBAL27wector. 25. A Bacterial Artificial Cecomasommo(BAC)

cl one conprising the pol ynucl eoti de sequence of claim21l. 26. A packagi ng
cell line producing the viral vector of any of clainms 1 to 11. 27. The
packaging cell line of claim 26, whereify said cell conprises the conpl enent
of any genes functionally deleted in t viral vector of any of clainms 1 to
11. WD 2012/ 172277PCT/ GB2012/ 000467 93 29. The adenoviral vector of claim
28, wherein id i I Lot I F 1 SES - nNathve
el Eaorts and EAOrTATEnl; RAEHIdR @) P55 oke P TRURESWHARITA
clai m 28 or 8 comipesesitreatiag dr pideerdinigrad leastenealisease. 5deri ved from AdY25 or
AdCh68. 31. The adenoviral vector of any of clains 28 to 30, wherein said
adenoviral vector lacks an El and an E3 | ocus. 1032. An isolated nucleic

aci d mol ecul  haviRgimmERSPERCEoshtRASIE AAK 1 @R LE BF clafin SEQvhEeNQaid OVer
its entire length. 33.The isolated nucleic acid nolecule of claim32

conpri s? ng o#se compriseseinduaihg en irdeuge (rsposesn 9 lagimad dhdt vathbiréals tglecange to

consi sting ofseksagjt%%erpucl eotides 18302 to 21130 of SEQID NO 1 or a
sequence 909% 1°dent Peal thereto; (b) nucleotides 13891 to 15486 of SEQ ID
NO. 1 or a sequence 90% i dentical thereto; and (c) nucl eoti des

32290 to 33621 of SEQ ID NO 1 or a sequence 90% i dentical 20thereto.
20. he immunogenic composition of claim 13 or use of claim 14 wherein said

use comprises gene therapy.

10
- 21. A polynucleotide sequence encoding the viral vector of any of claims 1 to 11.

22. A host cell transduced with the viral vector of any of claims 1 to 11.

15 23. A method of producing the viral vector of any of claims 1 to 11.
24.  The method of claim 23 comprising the step of incorporating the
polynucleotide of claim 21 into a Bacterial Artificial Chromosome (BAC) to produce
an Ad-BAC vector.

20 ‘
25. A Bacterial Artificial Chromosome (BAC) clone comprising the
polynucleotide sequence of claim 21.
26. A packaging cell line producing the viral vector of any of claims 1 to 11.

25
27.  The packaging cell line of claim 26, wherein said cell comprises the
complement of any genes functionally deleted in the viral vector of any of claims 1 to
11.

30 28.  An adenoviral vector other than AdHuS comprising a nucleic acid molecule

comprising the E4Orf4, E4Orf6 and E40rf6/7 coding regions from AdHu5.



34. An isolated nucleic acid nol ecul e having a sequence selected from
(a) a sequence conplenentary to the sequence of claim32 or 33; and

(b) a sequenoe/mbizeh hybridi ses to the sequence of cl ai rC3aB201238046nder
25stringent conditions.

03

29, The adenoviral vector of claim 28, wherein said nucleic acid molecule

additionally comprises the native E4Orfl, E4Orf2 and E4Orf3 coding regions.

30. The adenoviral vector of claim 28 or 29, wherein said adenoviral vector is

5 derived from AdY25 or AACh68.

31.  The adenoviral vector of any of claims 28 to 30, wherein said adenoviral

vector lacks an E1 and an E3 locus.

10 32. An isolated nucleic acid molecule having a sequence at least 90% identical to

SEQ ID NO. 1 over its entire length.

33.  The isolated nucleic acid molecule of claim 32 comprising one or more
_ nucleotide sequences selected from the group consisting of; _
15 (a) nucleotides 18302 to 21130 of SEQ ID NO. 1 or a sequence 90% identical
thereto;
(b) nucleotides 13891 to 15486 of SEQ ID NO. 1 or a sequence 90% identical
thereto; and
(c) nucleotides 32290 to 33621 of SEQ ID NO. 1 or a sequence 90% identical
20 thereto.

34.  Anisolated nucleic acid molecule having a sequence selected from:
(a) a sequence complementary to the sequence of claim 32 or 33; and
(b) a sequence which hybridises to the sequence of claim 32 or 33 under

25 stringent conditions.

30



