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Background _
10 _ . . ‘ o T
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 technique 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
pro'duction 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 cell to express the viral
genome. This reproductive strategy has been harnessed to create vectored vaccines
by creating recombinant, non-replicating viral vectors which carry one or more
heterologous transgenes. Transfection dr transduction of the recombinant viral
30 genome 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 within the host cell can elicit a protective or therapeutic



whol e i nfectious organism One such nethod involves the admnistration of a
specific, isolated protein froman infectious organism However, this
techni que often 20 induces only a weak i mmune response and the isol ated
proteins nmay have a different three-di nensional structure than the protein
inits normal context, resulting in tha production of antibodies that may
not recogni ze the infectious organism “An alternative nethod has therefore
been devel oped which utilizes viral vectors for 25 the delivery of
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transfecting their into a host cell, and inducing the host cell to
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in the expression of the heterol ogous transgene in the host cell. Wen the
het er ol®ogous transgene encodes an antigen, for exanple, expression of the
antigen withjin.t host,.cell can el ici [ i o) jc. 2
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vectors are adenoviruses. Adenoviruses are non-envel oped viruses,
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| i near doubl e stranded DNA g;gﬁms. The viral nucleo t%ﬁSi d,conpri sesqggenton
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respiratory tra i nf.ections, conjuncti.vitis and stroent.itritus in humans.
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t r ansgene- sgER ffwitich isneoessagpovisat sepdicaiort.ed by these gene delivery 25
agents pronpted their use as vaccine carriers. In addition to being highly
i mrunogeni ¢, adenoviruses offer many ot her advantages for clinical vaccine
devel oprent . AARNRIhS AusBE RO oindil§! RV ENSFed/ fof BBAd thEfBY AR Mhe?froagd 45
kbp), well ¢ e-g?lglg'?lerl segéatuégsgagﬁ malﬁi pufa?e. ngﬁ del e??’on of a s?ngl e
transcri pti andlsustained tfahsgenesspenifc itmuue responsep| dliceed by -theseogepetdehverwhi ch
increases its predi ctpgegf'nlilt.é 30 and reduces side_effects in clini Cgllél
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desi gn, and have elatively broad tropismfacilitating transgene delivery
development. The adenoviral genome is relatively small (between 26 and 45 kbp),

well characterised and easy to manipulate. The deletion of a single transcriptional
unit, E1, renders the virus replication-incompetent which increases its predictability
30 and reduces side effects in clinical applications. Recombinant adenoviruses can
accommodate relatively large transgenes, in some cases up to 8kb, allowing flexibility

in. subunit design, and have a relatively broad tropism facilitating transgene delivery



3 toawde variety of cells and tissues. Inportantly for clinical
applications, nethods for scal ed-up . production and purification of

reconbi nant adenoviruses to high titre are well established. Thus far,
subgroup C serotypes AdHu2 or AdHu5 have predom nantly been used as _
vectors. 5 However, the first generatign of vaccine vectors based on the

ar chetypal human adenovirus AdHU5 sho poor efficacy in clinical trials,
despite encouraging pre-clinical data'. It was subsequently discovered that

a large propg atmg aﬁfieetg%‘%uéq{{é tti§%déér1§}%ha§ﬁyg Rt élﬁ-@d&?] a{i%ﬁcraﬁénsoﬁne ods

neutralising anti to common hunman ‘serotypes suc as AdHu2 and
AdHu5, as a foresmaletd-upf prodoetionl aridnpuertfidation oNeedorrdlinait mdersvirudes db degle titred

reduce the potency of viral _yector vacci nes by bl ockj vira ntry into
host cel |'s &Fk Widheuablishpde TS 2% (EDEAURCE. PHQRBES M or o e o
pre- exi sti ngy QfalindffGakn hsBIUBVEMolsS DI ng addressed through the 15

devel opnent “of new adenoviral vectors based on serotypes to which the human

popul atSon is less likely to have been exposed, including those of
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and sub-optinmal growth in transforned cell 20 lines. In addition, It is -
advant ageouslinigalndaie. § wasrsybsegiendlyf disqorared Al radergegiropariompshunpan adulise f or

use in i munising .agai nst. diff.erent. di sease n_the ounds that induction
of “neut ral | SPIRGUEHERBSHT dtfeh gL AREMIs eI B s § s hOHRE Serbbs R

re- adnigni st atAdem2f Hid AdI9E3)ek 4 reslile af hatiral ZHIdeR, NeliRdlBinpoaitibodies cbeldbe a
need in the art for highly i nmunogeni c, non-human adenoviral vectors which

ef f ect i vel y refhice the patensytod vifel vectarrvageines bynblarking siralentefip@diospeells and

pre-existing ] FEIH!F] j serotypes and replicate efficiently in
t ransf or nedglg}é ik’%%'so?f%ez[ %S §r(1) Invention In a first. aspect, the
present invention provides the conplete genon ¢ sequence of a chi npanzee

adenovirus referred to herein as AdY25. 5 In a second aspect, .the present
i nventi on prid¥iWEWeRss AlRISHRMSING aplcYestor ALY I8 ealgc%fﬁ%?saechemﬂéldthﬁr om

chi npafzee AdelgMthitlcSor o haclbVataf!VecRA BadeBPSi dorBRpRRSH AiER e Mflaf! ©
acid nol ecul e conprising an exogeneous nucl eoti| de guence of | nterest
operably | i pkpaatian exdessskkaby tooldveobeene egxposed sinehiduty thoseaif ¢himpanzee

transl ation, .10tganscription an /?{i expression.thereof .in ?n .aai | cell
and an adendVEIS- BARRYE PG MRy lre adenoXireby o<t dps. Bmited sy
i mmunogeni ¢ oGOoMB 32bidde BT WRRPIaindl NethnhftydReRaNad BbpMBEIR! varying levels of
cross—reéctivity with human adenoviruses, and sub-optimal growth in transformed cell
20 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
adenoviral 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



according to the second aspect, optionally in conbination with one or nore
addi tional 15active ingredients, a pharnaceutically acceptable carrier,

di l uent, excipient or adjuvant. A fourth aspect provides the use of the
adenoviral vector according to the second aspect or the imrunogenic
conposition according to the third aspect in nedicine. In 20 particular,

t he adenoviral vector and inmunogenic ébnpositions are provided for
delivery of a transgene into.a host cell, elicitation of an i mmune response

in an aninakmnpagigbqgwﬁ ;phUNE response in an animal, treating or
preventing at |eaSt”one di sease, inducing an immune response in an ani nmal

that will break tolerance to a self antigen and gene therapy. 25 A fifth
aspect of the present .invention, provides | ynucl eoti de sequence encodi ng
t he adenovi E%Ia 1{fétc”ESBFCtzal d}rgqeﬂbmg Bntlol’i‘epr%@8gglea°§’ﬁﬂ’&?te SR f”é%n@ﬁf’?a

i nvention. cgqﬁﬁﬁ%g%&ﬂoﬁﬁgqg&n@aKhﬂgdg%gggnq5invention provi des a net hod
of producing the viral vector according to the second aspect of the present

i nventidn, preferably by generating a nol ecul ar clone of AdY25 in a
Bacterial Artificial Chromosone (.BAC). 5An.eighth aspect of the pr.esent
Pnventi on t HBASPOTE BP0 HE O auHAR 1T R BB LSO G o505 FETPRAGE 2ol one
conpri si ng tchesidrivedatRe thidfpahRe 4aBE ks AAYDSNghtrir daed EdpbidrenasRiatesof t he

present invention. A ninth aspect of the present invention, provides a
packagi ng cal nuddiaacidrmaleculasontpeisingvan exogeaequs rmugleetidelseayenes phinterestond

aspect of the sent invention. A tenth t of..the.pre t. 1 ion
provi des an ogar%hﬁzv?w%?d vecER 5t Ne rco{nﬁ(galn S%ﬁ%ﬁ%shgl\? f‘%}]lg%é&%tuilfé;itfzingl\él (gﬁ '
mol ecul(® con@ns&Iphign tahé/oF8PrésbiontAred Gincancaninhal debl/ ahdcmdidegovied packagihgom

AdHuU5. 15 Figures The present invention is described with reference to the
fol | owi ng fisgmakssarencehi ch:

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 corhpositions 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.



20Fi gure 1 shows a phyl ogenetic sequence alignnent of the am no 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 phyl ogenetic sequence alignnent based on
t he whol e genom ¢ 25nucl eoti de sequence of wild type adenoviruses of

di fferent species. Sequences are cl ustgr ed into the six adenovirus groups
A-F. Figure 3Ais a histogramof the viral yield (infectious units/nil) of

AdHU5 and thy Y25 r: 4 B F Priofiei n
(GFP): i) W 56 i %g%albgtﬁyi%g%k’gég‘é%%ﬁ Sillss SEADAo eERGRT IR

(" Y25Ad5E40vEGS) aacmtdingi Jo Alaky2BcohdHadpetid Of fthe Girgsent AdGndixa,' preferdblyi hyure 3B
is a histogramof the ratjo of I tQ anti-hexon fiter for 5,
AdCh63, Advgsﬂ%atlftﬁ%@f’[?ﬁ%laaﬂan? %Ké{égét%g??e%lé‘ﬁ CIGIeé 9seme ﬁﬁgﬁém e 3C
all expressing the TIPeG-P antigen. 5Figure 3Cis a table detailing the '

construction of the E4-nodified AdY25 vector constructs A, B, C D and E
Fi gur e BD i Ameightit aspeetnofdthet presantitiiventién tharefore geavides rreRaeterialt Artiffcal

AdChOX1- bas vectors ressing TLPeGEP, havi .ei ther GFP or..nCherry
f 1 uor escent %ﬂ?‘ém%ﬁ’é‘?f’e@%?b&we ﬁg?gnﬁlggeﬁ}?pqo P‘%Pﬁ?/ N aﬁcg%ﬁiélggcp)v\o ©
i ndependent Wﬁé%pﬁﬁ.préeﬁtqhvmbg. show nean and SEM Figure 4 is a
graphi cal representation of cellular imunogenicity (spot formng cells

(SFCO)./mllion) of ChAdOX1 as conpared to AdCh63 and AdCh68. 15

A ninth aspect of the present invention provides a packaging cell line producing the

- 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.
AdHu5 having a nucleic acid molecule comprising the E40rf4, E40rf6 and E4Orf6/7
coding regions from AdHus5.

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 AdHu5 and three
AdY25-based vectors expressing Green Fluorescent Protein (GFP): i) AdY25 E4

30 wildtype (“Y25E4wt”); ii)) AdY25 E4 AdHuS Orf6 (“Y25AdSE4Orf6”) and iii)
AdY25 AdHuS E40rf4/6/7 (“AdChOX1”). '



Figure 5 is a graphical representation of the effect of E4 nodification on
| FN-y spl een ELI Spot responses (SFC/mllion) to two epitopes, Pb9 and P15,
two weeks after intranmuscul ar imunisation of Balb/c mce (4/group) with
either 108 or 106 infectious units (ifu) of AdY25-based vectors with the
following E4 regions: i) wldtype E4 20region ("E4wt"); 1i) E40rf6 from
AdHu5 ("E40rf6"); or iii) E40rf4, 6 and 7 from AdHuS ("E40rf4/6/7").
Figure 6 is a histogram showi ng the preval ence of vector-neutralising

ant i bodi es gt ' SEN t )tol 436 i A S
Y25Ad5E4Or f r g??: %525 l?sct)(f)%%?néféghs uxlrago :5% a(gﬂ&i Cf:é\‘%dtg)xz?@) }%3‘% tﬁgrmﬁg?%?s’ur e 7
is a graphi AdCh6dpAdYantEs widtypé ahé¢hehcamstradts iArhasalgseribedtip Rigurei3fd@X1 and
AdCh68- based vect or ryi Tl PeG-P antigen. After 56 days post prine,
mce were bﬁégﬁeéﬁﬂn%ﬁ?&q{ﬁ%hgg‘ﬂf‘%k TI PeGFP Serum was col | ect ed and
responses 30neasured by endpoint ELISA a) 50 days post prinme and b) 10 days

post baost. oI RN i-ndi trat L Shired A &3 per f or med
by one%OWay K%?’é%?%%g& ]g%t%(%ﬁ?ﬁ%idgg%ﬁf)?%f%h%ﬁ ll(rj‘g(?llgg?len of%}? g assay. 7
Figure 8A i OB R R 8¢ Esent ation of cellular i mmunogenicity (spot
formng cells (SFC)/mllion splenocyltes) of ChAdOX1 vector carrying the
Mycobact er i yiyirBEYi6 lHistbSabT e Alb 08 Blhrked loehd MeRortHifef RITAUCHIDE E-based

Cel l ul ar i mrune responses to Ag85A were determ ned by |FN- y ELIspot assay
usi ng spl enoeytoessexpréssmgakIBAGIHP 1 haviag eithes tGIP pemGheny fbwreseepdragsgrges.o t he

k j t CD4+ T |1 2d trict i t. in_Ag85A 15).
SR & e PR e R L s
form ng cel Ingean2R@REMII | 1 on spl enocyl tes) of Cli AdOX1 carrying the

Mycobact eri um tubercul osis 10Ag85A antigen, at three different doses.
Cel lul ar i mmune responses to Ag85A were determ ned by IFN- y ELIspot assay

: | fes stif : AR _ . oh
nown © QUi ddnt e ph ity Br Byt Bl SeTCEPSREE RGN0 ) e
15Fi gure 9 i(SF@)/miléiph) cfaChAEPX eaeedmpdreditooAdCledl andaxdCh68unogeni city (spot
form'nlgscells '

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: 1) wildtype E4

20 region (“E4wt”); ii) E40rf6 from AdHuS (“E40rf6”); or iii) E4Orf4, 6 and 7 from
AdHuS (“E40rf4/6/77).

" Figure 6 is a histogram showing the prevalence of vector-neutralising antibodies in
human sera from (A) the UK and (B) the Gambia, against Y25Ad5SE40rf6 (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 prime, 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.



(SFC)/mllion splenocyltes) of ChAdOX1 and HAdV-5 carrying -the

nucl eoprotein (NP) and matrix protein 1 (ML) of Influenza A virus, at two
di fferent doses. Cellular inmune responses to nucleoprotein (NP) were
determ ned by IFN-y ELIspot assay using splenocytes stimulated with

synt hetic peptides corresponding to the known 20i munodom nant CD8+ T cell
H 2" restricted epitope in NP. Detail ed Description ' The present.
invention relates to novel adenoviral vectors derived froma chi npanzee

25adenovi r s fid ¥29 igpam teseRAROS del 18P irhiBhSEhicitY Gspob BrfidtS&1is N

medi ci ne. A v 5 i\gs ga hi rrp{%ggegke&ggenovi rus V\:h%Ch h(?g lbceggsﬂgequerl\%gzd for the
first time WSFC)milbioespanodyttes wf 6hddOMleveastor|cawying ¢hesycrbacteriva provi ded i n
SEQ ID NO. 1. . 30A f.irs spect of the.present invention therefore provides

2 nucl el 6. adiFTpEE0RES A a0 By EHrS iR ass. S pppnepaRi gl ' ©°

embodi nent, A4%s Anyeleeferdfied bYIFRCYIER 1dpdt A9y Bdifglspledbciies sirbimesd wiki | 1 ed in
the art will appreciate that there are honplogues, equivalents and,

deri vat3 ves syhtheti¢ peptideseorresponsiing tadhekrmwisrgurodganant 684 Hegellilr2” Thus,

the invention . also enco S nugl ei ¢ aci d nol ecul es having a sequence
subst anti al Ir?t%ftﬁ‘gﬁqlpogﬁlrﬂp?‘gggaépﬁﬁcl ei c aci d sequences described herein

over their entire length. One of skill in the art will appreciate that the
present invention can also include variants of those particular nucleic
aci d nol eculfagurai8Bdp a graphicgbrepresentaiaprreficslplar impayrogeRlsity ¢paF forminggelise, for

exanpl e bec: of...strain variati-on. r , , .
substituti o?&g?@?{@} 1(1)1 naél eYPoR Otzgrcglg”ldr(#(: uﬁéﬁ%g‘%}% gé‘(%‘?%r?dr?ﬁz%te ﬁcgloévﬁst w | |
al so appr ecidssAl ddilgeny,at thaté diffefenodddeheCRutdriimttiuae responses o Ag8TA weteecul es

exenplified herein will be possible in view of the deagqene_r acy of the
genetic codeletemmared bydFY- v Ehdsnph assan ruing splenacytss shmplalgd wighpmthsfict o t he

nucl ei ¢ aci 4, 5RAHBHEHIERE S RRAMGHGIAYEEmIHARI EDENTICER H-8NBdctedd
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.

AdY?25 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.



As used herein, nucleic acid sequences which have "substantial identity"
preferably have at |east 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
20 sequences. Desirably, the term "sub%t antial identity" indicates that

sai d sequence has a greater degree of identity with any of the sequences
described herein than with prior art nucleic acid sequences. \Wen conpari ng
nucl ei ¢ aci d sequences for the purposes of determ ning the degree 250f
honol ogy or identity one can use prograns such as BESTFIT and GAP (both
from t he W dhomsisonGkiled)ioghCartputlleappeeaiatp thattire sod homplogpess ledyjajlents

BESTFI T, for_exanple, c res,two seguences p cas OR&

al i gnnent __oian&h %té‘fess%?éﬁ tgggrwgﬁetlcs .ac@:A%qél%g% e({se%é%e{)(fge}ﬁe?gg' ltq%lh e 8l i gned
al ong their jyeatién |aﬁ>695nborﬂﬁ£§sésf’f‘_ﬁﬁ§cléibQcﬂ%b]&hle@hhﬂﬂ%@rﬁeqbéhcb nRabstitiglyspaces
in either sequence 30as app;q(i)pgrl ate. Suitably, in the context of the
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di scl osed i Ddeho sRilEmant aapyilliappieciare that thPipedsenteibentiohlvan alsolivdledeaci d
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i denti cal tyagEns phHthqse partiggpenysleie agidunglecitles which anpexsmplified el t o SEQ

ID NO 1. Preferably, the nucleic acid | I or di t | I st
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nucl eoti des h%rze%r? (\)Viltl 8e %gstss?bjle ?II vig\%%flt% ([}IeOg'em:eLra(c))E of' th%eg%ll{gtpccgod%.u prsetfear%llyfil Ly
the variants have substantial identity to the nucleic acid sequences described herein

over their entire length.

15
As used herein, nucleic acid sequehces 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
20 sequences. Desirably, 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
25 of 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
30 as appropriate. Suitably, in the context of the present invention, when discussing

identity of nucleic acid sequences, the comparison is made by alignment of the
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ID NO 1. 10Nucl eic acid nol ecul es conprising a sequence conplenentary to
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to thedi rst aspect of the present invention are al so enconpassed by the
pr esen]t application. Thus, the conditions used for hybridisation are
sufficiently stri@gaileotiiert18302 Yo ZUSH off SEIQEIXNAX i1 br asagiencesubsantially enmai n
hybri di sed. The person skilled in the art would easily be able to determ ne
such conditi ons. 19aptigd thefeloei ¢ aci d can be DNA, including cDNA, RNA

incl uding mRNA of, Rljeotides 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

20 viral 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 nucléotide sequence encoding a hexon protein comprising the amino acid
sequence of SEQ ID NO.2, or a seqﬁence 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;



(peptide nucleic acid) or a mxture thereof. Tabl e 1 provides an
overview of the w |l dtype AdY25 sequences di sclosed herein: 25Table 1 SEQ ID
NO. Description Correspondi ng nucleotides in SEQID NO 1 1 Genone

(nucl eotide sequence) N A 2 Hexon protein Nucleotides 18302 to 21130 (L3) 3
Penton protein Nucl eotides 13891 to 15f§6 (L2) 4 Fibre protein Nucleotides
32290 to 33621 (L5) 5 '

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

98.3% identical to the protein encoded by nucleotides 13891 to 15486 of SEQ

ID NO. 1; and

(¢) a nucleotide sequence encoding a fiber protein comprising the amino acid
5 _ sequence of SEQ ID NO.4 or a sequence at least 99.1% identical thereto; or a

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.

10 Nucleic acid molecules comprising a sequence complementary to the nucleic acid
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
15 to the first aspect of the preSent invention are also encompassed by the present
application. Thus, the conditions used for hybridisation are sufficiently stringent that
only such nucleic acid sequences would remain hybridised. The person skilled in the

art would easily be able to determine such conditions.

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

(peptide nucleic acid) or a mixture thereof.

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

25  Tablel

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




El A Nucl eotides 577 to 1143 and 1237 to 1443 6 EI B 19KDa Nucl eoti des 1602
to 2165 11 7 El B 551(Da Nucl eotides 1907 to 3406 8 pl X Nucl eoti des 3491

to 3919 9 IVa2 Nucleotides 5587 to 5602 and 3978 to 5311 (E2) 10 Pol ynerase

Nucl eoti des 13838 t 013846 and

11

7 E1B 55KDa Nucleotides 1907 to 3406

8 pIX Nucleotides 3491 to 3919

9 IVa2 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 Il1a Nucleotides 12041 to 13807 (L1)

14 VII Nucleotides 15493 to 16074

15 \" 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

126041 to 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 Orf2 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.
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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
proteins align AdY25 with the group E adenoviruses. However, the hexon proteins

align AdY25 with the group D adenoviruses.

Merely for the convenience of those of skill in the art, a sample of E. coli strain
DH10B 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,
Heélth Protection Agency, Porton Down, Salisbury SP4 0JG, United Kingdom under
the Budapest Treaty and designated by provisioﬁal accession no. 12052401.

The E. coli containing the BAC is a class I genetically modified organism. The
genotype of E. coli strain DH10B is: F- mcrA A(mrr-hsdRMS-mcrBC)
®80dlacZAMI15 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.

The BAC propagates within the bacteria during replication and can be maintained by
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

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
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cells are publicly available. If the deposition were rescued, the resulting virus would

be a wild-type adenovirus.

In respect of all designated states to which such action is possible and to the extent

5 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
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

10 for any other designated state.

Furthermore, merely for the convenieﬁce of those of skill in the art, a sample of E.
coli strain DH10B containing bacterial artificial chromosomes (BACs) containing the
cloned genome of chirripanzee adenovirus Y25 with deletion of the E1 region

15 (pBACe3.6 Y25delEl, cell line name “Y25delE1”") 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 the Budapest Treaty and
designated by provisional accession no. 12052402.

20
The E. coli containing the BAC is a class I genetically modified organism. The
genotype of E. coli strain DH10B is: F- mcrA A(mrr-hsdRMS-mcrBC)
®80dlacZAM15 AlacX74 endAl recAl deoR A(ara,leu)7697 araD139 galU galK
nupG rpsL A-. Chimpanzee adenovirus Y25 is provisionally classified within the

25 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
selection with chloramphenicol. The E. coli strain DH10B containing the bacterial
30 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.
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Converting the BAC clones of the viral genomes into viruses ("rescue") can be carried
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
5 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

genetically modified organism.

10 In respect of all designated stateé 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
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

15 the Australian Patent Regulations and generally similar provisions mutatis mutandis

for any other designated state.

A specific embodiment of the first aspect of the present invention provides the
complet'e genomic sequence of a chimpanzee adenovirus referred to herein as AdY25,
20 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
Protection Agency Culture Collections, Health Protection Agency, Porton Down,
Salisbury SP4 0JG, United Kingdom under the 'Budapest Treaty and designated by
25 provisional accession no. 12052401, or the geﬁomic 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
Collections, Health Protection Agency, Porton Down, Salisbury SP4 0JG, United
Kingdom under the Budapest Treaty and designated by provisional accession no.

30 12052402.
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The inventors have discovered that viral vectors based on the newly sequenced
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

5 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.

As used herein, the phrase “viral vector” refers to a recombinant virus or a derivative
10 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.

15 As used herein, “AdY?25” and “Y25” refer to the chimpanzee adenovirus AdY25 or
vectors derived therefrom or 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 “Ad5E40rf6” indicates
that the viral vector comprises heterologous E4 open reading frame 6 from the Ad5

20 virus.

The vector of the present invention comprises a capsid derived from chimpanzee
adenovirus AdY25. Preferably, the capsid comprises the native or wildtype AdY25
capsid proteins, including penton proteins, hexon proteins, fiber proteins and/or

25 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:

30 (a) a hexon protein comprising the amino acid sequence of SEQ ID NO. 2

or a sequence substantially identical thereto;
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10 any combination. Especially preferred are silent substitutions, additions and
deletions, which do not alter the properties and activities of the protein of the present
invention. Various amino acids have similar properties, and one or more such amino
acids of a substance can often be substituted by one or more other such amino acids
without eliminating a desired activity of that substance. Thus, the amino acids glycine,

15 alanine, valine, leucine and isoleucine can often be substituted for one another (amino
acids having aliphatic side chains). Of these possible substitutions it is preferred that
glycine and alanine are used to substitute for one another (since they have relatively
short side chains) and that valine, leucine and isoleucine are used to substitute for one
another (sincé they have larger aliphatic side chains which are hydrophobic). Other

20 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

25 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.

30 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%,
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15
Preferably, the hexon protein comprises an amino acid sequence at least 98.2%
identical to SEQ ID NO. 2. Preferably, the penton protein comprises an amino acid
sequence at-least 98.3% identical to SEQ ID NO. 3. Preferably, the fiber protein
comprises an amino acid sequence at least 99.1% identical to SEQ ID NO. 4.

20
The nucleotide sequences for the 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

25 proteins encoded by these nucleotide sequences 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

30 said proteins, or all three of said proteins.
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DNA pol yner aseimifingh8ailgic apidgatlesulevcarhprises e ekegeneousanudigofidgysequende®dt i on

and can be naintai ned by. selection with chl oranphenicol. Th . Goli strain
DHLCE. Cont aPHIPRY. PPESHAATERY I CXREFONOETS) SSORTEAS BHFDLirert B The
genones ar e yoh QRieHofs 3Rd/BeeipraRRYah&H S iR dhlidalRRNAR an RUSKIVIAI pAYAEing
containing 12.5gg/ nL chl oranpheni col at 37C. 14 Converting the BAC cl ones

of the viralsignalrsegesncent o viruses ("rescue") can be carried out by the
followi ng steps. The E. coli host is propagated and the BAC DNA is purified
fromthe bacteria according to standard nethods. The DNA is linearised with

the restri clpr&BraBRA RS RBRDUSREEEotRI el hidide fepbdRe o MbleckiESE Ydtefest. The(Or a
simlar El 5conplenenting cell line). The resulting adenovirus can then be

propagat ed ardequle of jinigreshmaysbe Hs pteinc pplypentisie et augiris. acd |mejeculeofe
t d cell licl i Lahl it d,
he osul o1 T T8 oMl PR S Refee thhy Likaad BRESE WSS B e o,

respectt) of ak thréesd oRieslesil@t @snteestvhi ch such action is possible and to
the extent that it is legally permssible under the | aw of the designated

state, it is requested that a sanple of the deposited material be nade

W th the refGsRY BAF SOHEMNAPID inkRaMInIPORRERR, ERRRAe WByEReS 20"
Schedul e 1 dintulnestiddilBatyeproteihs and réfdbindRegul ati on 3. 25(3) of 15t he

Austral ian Patent Regul ations and generally simlar provisions nutatis
mut andi s

15 Preferably, the protein or polypeptide of interest is an antigen. In one embodiment, the
antigen is a pathogen-derived antigen. Preferably, the pathogen is selected from the
group consisting of bacteria, viruses, prions, fungi, protists and helminthes.
Preferably, the antigen is derived from the group consisting of M. tuberculosis,
Plasomodium sp, influenza virus, HIV, Hepatitis C virus, Cytomegalovirus, Human

20 papilloma virus, malaria parasites, leishmania parasites or any mycobacterial species.
Preferred antigens include TRAP, MSP-1, AMA-1 and CSP from Plasmodium,
influenza virus antigens and ESAT6, TB10.4 85A and 85B antigens from
Mycobacterium tuberculosis. Particularly preferred antigens include Ag85A from
Mycobacterium tuberculosis and nucleoprotein (NP) and matrix protein 1 (M1) from

25 influenza A virus, preferably Influenza A virus.

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
30 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, GD2 is normally only expressed at a significant level on the outer surface



for any other designated state. A specific enbodinent of the first aspect
of the present invention provides the conplete genom c sequence of a

chi npanzee adenovirus referred to herein as AdY25, 20wherein said genomc
sequence conprises or consists of the genom c sequence deposited in a BAC -
in E. coli strain DHIOB by Isis Innovajion Limted on 24 May 2012 with the
European Col |l ection of Cell Cultures ( CC) at the Health Protection
Agency Culture Collections, Health Protection Agency, Porton Down,

Sal i sbury SR {flhes dtnb@dnkll 2ALOP LGS expdiErd e ARL BRtnuAE SRkom M EmEES bgnat ed
by 25provisional accession no. 12052401, or the genom c sequence deposited
i n a BAC i ntli bload-bragt bariier. Heaw@Rerp (D 2sis sxprassed an ithensur fanést afch wide 2angeiy 2012

ith the E | I.ect|. f Cell .Cult E t the Health
\Igmr ot ect ieonur § ﬁ‘%; C%)ﬁ t"?fﬁ‘édlgﬁ?l Si%é%l(?%lné?ng—lé%{“iee%’ ‘grt%g%"io%}?’ Aaglﬁﬁ??asP&Piion
Down, Sal i sigtedsarididsd GOthdPndvitaBleKicMUaRigens) dRluden el B aRE Steeptdr@ ttiat 2die

desi gnat ed by provisional accession no. 3012052402. 15 The i nventors have
di scovéred foumd e fuhowesstle but bresrate on abdest arwthy serapgeofclaadltiy velis. cah be
highly effective. A second aspeci of. the present invention therefore _
or ovi des. an FHRRBVIRY BE FEBOBTOE v totiepite 2 BE SrepalibE ot as A g ce
adenovi rus fibYdbregitardesrowdifiadd Capsiod 6N aRPRinttAir a%lla Fod (x@nplea BBk ecul e
5 conprising an exogeneous nucl eoti de sequence of interest operably |inked
t o expressi Orpdueed abpbraswaby dugh velshonithe srfacseoft brgast| enenfumopp §8%s:i pti on

and/ or expr ' thereaf J.n an ani mal. cell . OM packagi ng
si gnal sequ?ﬁ%‘gr%%ﬁﬁssg%aﬁ%e&cr?,mptnﬁ?as pr&%%a?s@?lg gelﬁ @gg&o&A@éfers to a
recondionant virus or a derivative 10 thereof which is capabl e of;

i ntroduci ng genetic material, including reconbinant DNA, into a host cell

or host or gAWiUSRd BSreieHINCIA anfigers FIEQTBATSEONRER IHITE GRIEQRCY &OMhibRRtESA.  For
exanpl e, tNny Gfchiies e by RAEENhnd MIERLLOIdPiRE dedEr eTHRL R4EREnyCCt O

a vaccine vec an anti sense very vector or a gene therapy vector.
15As used hanéivasiadtAoe(@in" "essemcially e’ sanef Biological hetivity opfunztéen adthequarersis

AdY25 or vectors deri vegl thg{qefrom or based thereon._ Shorthand ter are
used to indPRUSE- nbERfFARY: | BIFE FElAl 1Y LAWY diRPBe WF r ARUERISY o AR ¢,

"AEL" o " d@ﬂnﬁuﬁagéﬂ@%ﬁ%ﬁa&t%ﬁg&. @renéﬂﬁm iaRfgdnictal BlkeR b Pbad Mt dik

| ocus. The phrase”"Ad5E4Orf6" indicates that the viral vector conprises
het er ol ogougrddinep @alypeptifierig cdpablesofbeingorsed terafsgBntibadiessy. T Tells ordedegd of

the present .inventi gn conprises.,a,capsi d.,derived. from.chifgpanzee adenovirus
Adv25. Pr et b Srbe st AiERaY PET g Rol e SIPGE FROTEORRS S Capsi d
proteins, i fdkeddbNBedCitad fhePpidtedh S ,poliepdd isOéfabiR, off éllgtingd b Qofdnfnand/ or

preferably a protective immune response in a subject. Thus, in the latter case, the

t

20 protein or polypeptide may be capable of generating an antibody response and a non-

antibody based immune response.

Preferably, fragments of the antigens comprise at least n consecutive amino acids
from the sequence of the parent antigen, wherein » is preferably at least, or more than,
25 7,8,9,10,11, 12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
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

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



25scaffol ding proteins. However, one of skill in the art will readily
appreciate that small nodifications can be nade to the capsid proteins
wi t hout adversely altering vector tropism In a particularly preferred
enbodi nent, the vector capsid conprises one or nore capsid proteins
. selected fromthe group consisting of: 0 16 (b) a penton protein conprising
am no acid sequence of SEQ ID NO 3 or a sequence substantially identical
thereto; and (c) a fibre protein conprising the am no acid sequence of SEQ
I D NO. 4 or THe &RPERNEEhS pREEDIAVAALbY iR tvVatiahts blvdragtderivativesianalogads, | | i n
the art will appreciate that the present invention can include variants of
t hose part i bemelogessi quumoaalﬁqwé@stwfm Raseny raétlﬂﬁ@eﬁﬁ‘ltlicﬂa@b] PredprEGdare
Partlcularl [ C imlar
to that of ﬂa?&?%%&ﬁp@ ? hO%dlgﬂ}eg\/ﬁp%C@%%a?g %?@Sgﬁlﬁ aC| rag;lsfdues are
subst i t ut edseqiencisadilarto dikd edtherpaiddamyigeniniwidth ome oris@eaintihé yeipr ef er r ed
are silent substitutions, additions and del etions, whj c?qr Q not alter the

proper Si es EsiluszEshbstiged deletrd qsadded in agy cpmbinglien;cPie EF%n. Vari ous
am no aci ds r s of a
subst ance ca‘j’r%?a\é()1 t%%%??&%ﬁ?%%&g%y oné)%Ee %D%ogﬁg&hvz#ﬁ&@rﬂ%gﬁnaﬁ%éégm ds
without elimnating a desired activity of that substance. Thus, the am no

aci ds egC|ne 15 alanlne val ine, | euci e and i euci pe ca often be
subst i t ut edPreerableths demyatives. apringuescherao H&%Sn@‘datl%f‘ il vl gz ey ns). Of
‘these possi bl gmya,ba%;d éeuhé&%uﬂ,sft u§11%>§a%fnﬁ£an%&aﬁlnﬁ,tacgi GhéRc P thedfafd Ne ar e
used to substitu one anot since they have relatively short side
chai ndY andattigeh. val i ne, | eucine and isol eucine are used to substitute for
one anot her (since they have larger aliphatic side chains which are
hydrophobic). Qher 20am no acids which can often be substituted for one
anot her i nchigeyoRReK AlAias sedubh@S a9 hBsdd muRd Mah dne (atbean Biel bl havi ng
aromatic side chains); |ysine, arginine and histidine (am no acids having
basi c side veriomIByy b%ld?ﬂagltedtt@ e&mdssghqpm moYeARtigen geries 8s AL OPIAPEAHING ¢ si de

and oyb el e REP o RS Erbromisea ARR bR HARAC dfpdhauinat 12

25chailgs) . Vaftéraalifig séfleHetd saah tHablhiecesat fidkgc asid aad/or hintnhcid afdtetul s.
Artificial variants nay be generated using nutagenesis techniques,

i ncl udi ng t Hogeoideh| Thel creativnc phithe fpitaPGdtringie Prefewblys aélﬂlemdgé.lﬁmgnﬁ
Pref erably, t ty: 4

sequences exéecgﬁjlbyrgm ?ﬁf‘gréeaﬂ%ﬁ‘%@ églgze’a htg‘?cej@ﬁhb aa}%dnge tugﬁcg seque ce vvhi ch
have "subst aﬂmhgﬁwlth dien DNIAY ‘enquidéfgethaloing ol avere @pitdbpeash tI084meORkdingG FPdmed 2%

93% 94% 95% 96% 97% %
? K An0 exerr?plary gntlgggn TIPeGFP, comprises an epitope string which includes the

20 following epitopes: E6FP, SIV-gag, PyCD4 and Py3. Alternatively, the antigens may

be expressed as separate polypeptides.

One or more of the antigens or antigen genes may be truncated af the C-terminus
and/or the N-terminus. This may facilitate cloning and construction of the vectored

25 vaccine and/or enhance the immunogenicity or antigenicity of the antigen. Methods
for truncation will be known to those of skill in the art. For example, various well-
known techniques of genetic engineering can be used to selectively delete the
encoding nucleic acid sequence at either end of the antigen gene, and then insert the
desired coding sequence into the viral vector. For example, truncations of the

30 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 wild type gene sequence is truncated such that the expressed antigen is truncated



98.1% 98.2% 98.3% 98.4% 98.5% 98.6% 98.7% 98.8% 98.9% 99% 99.1%
17 99.2% 99.3% 99.4%,99.5 % 99.6% 99.7% 99.8%or 99.9% identity with
sai d sequences. Desirably, the term"substantial identity" indicates that
sai d sequence has a greater degree of identity with any of the sequences
described herein than with prior art afri'cno acid sequences. 5 One can use a
program such as the CLUSTAL programto”conpare am no acid sequences. This
program conpares anmi no aci d sequences and finds the optiml alignnment by

inserting spgqges, Bhaestaler, $SSJUONEE BS 13PIP4.01F, 118t €7, 18, 195 2008dete t o
calculate anino acid identity or simlarity (identity plus conservation of
am no aci d amingpaids relatiye tofei papgnt ahfiganrPraferaplyp thegniigen gere BLASTRedy | |
align the | gngest,stretch.of simlar sequences d i gn a. val to the
fit. It is 3%3@ “p%@@‘?‘ﬂ\oeacfdg a{)?ﬂea' 'ntegn%ﬁﬁé?ﬁl%eoﬁqata%g?@s% 1§Fn'rlgéfeons of
simlarity g['éf_etfaﬁf#{‘%e £/EEn BaW B¥nacsed HENSNL1SERIS aciid CmBRQHEfeAbB) bd
mutatis mutandis to all am no acid sequences disclosed in the present

appl i cdt i on.15hmify edids atlthg C- tdrenimesxrelatipe ¢ thierwibbtype iastigenarPraferatdy abé d
sequence at I%ggga 98. 2% j dentical to Sggll D NO 2. Preferably, the penton
protein conpg nigeny i Gréerainally dasated o s magusr- o8 304 dentical to SEQ ID
NO. 3. Preferably, the fiber protein conprises an am no acid sequence at

| east 99. 1% identical to SEQID NO 4. 20 The nucl eoti de sequences for the

AdY25 hexon Onessttrasre afithe drdigen gemds andysalsy eompriseciieader sequehentThideade8302 t o
21130 of SEQ ID NO. 1 (hexon praotein), nucleotides 13891 to 15486 of SEQ I D
NO. 1 (pent 6fAUSPER WAV RITeG Profsssing of HePrimary dransesips so MENAHERSIILQR) 1 (fibre

L (pent PRFEHBLPT He: .
25r oth ns SRR B TR Sl ool 3R En Rl B8 VBB R o 1y

identical tlugy gitigen. Prefeisbly @t dadac Scaeords tissut pfasittaped asivemi(tRA).t he
present invention na%gp(}c rise one of the hexon, penton and fibre proteins

as descri be®refombly, t IrfgaReRee & pasitiongd Nstssmingl foy e OPHOT MOFE | | t hree
of said pr otarel{'ins

gens.
15 The leader sequence such as the tPA leaders sequence may be linked to the sequence
of the antigen via a peptide linker. Peptide linkers are generally from 2 to about 50

amino acids in length, and can have any sequence, provided that it does not form a

secondary structure that would interfere with domain folding of the fusion protein.

20 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

the inserted gene sequence.

One or more of the antigen genes may comprise a nucleic acid sequence encoding a
25 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
MYC tag, a polyhistidine tag or aﬁy tag that can be detected by a monoclonal
antibody. The nucleic acid sequence encoding the tag polypeptide may be positidned
such that, following translation, the tag is located at the C-terminus or the N-
30 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



18 The vector of the present invention also conprises a nucleic acid

nol ecule. As a mininmum the nucleic acid nolecule conprises an exogeneous
nucl eoti de sequence of interest, operably |inked to expression control
sequences which direct the translation, transcription and/ or expression

t hereof in an animal cell and an adenqg%ral packagi ng 5si gnal sequence.
Preferably, the exogeneous nucl eotide quence encodes a nol ecul e of
interest. The nolecule of interest may be a protein, polypeptide or nucleic

aci d ol ecubgraled Bhbddimbnt, SHE oLHRACHEME Antigt @%4 EiR0a8 9 PKGE. KRrvg encode
one or nore, two or nore 100!’ three or nore nolecules of interest. Proteins

and pol ypepthisigpe afiayi faciditate detectivhod antigen expressiomand clones expipssingrihe,

i mrunostinul atory proteins and.reconbi nases. 15Pr.efer tgl y, .the protein or
pol ypept i de2@gennaR}/ @k enhagcesthe Impugageniqiy Qf ADUEEHELK ﬂg £ ankgE. antigen is a
pat hogen-derived antigen. Preferably, the pathogen is selected fromthe
group consisting of bacteria, viruses, prions, fungi, protists and

hel m nShes. Iff tag pobpeptideti asednhucdeitideserbedingedirkensaquéreegroppferablyi st i ng of
M t uber cul osi s, Plasonodi umsp, jnfluenzg virus, HV, atitjs C.virus,
Cyt omegal ovinsgied peivash e pURFIciasidengoding therfag a?liyaepgslgrfﬁﬁ@ uciel Whani a

parasites o L i [ i de TRAP,
VBRI, A T B e S e P L g I a EsaTo,

TB 10. 4 85AN&Nh49)35B anti gens from Mycobacterium tubercul osis. Particularly
preferred antigens include Ag85A from Mycobacterium tubercul osis and
nucl eoprotein (NP) and matrix protein 1 (ML) from 25i nfluenza A virus,

prefergpl y IDfhugnzditife dnibbllimédl, 8t 8xdgRhafisi 6quaiB st ieiést hile baridngen i s
a self-antigen. Suitable self-antigens 1nclude antigens expressed by tunour

cel | s whi chpait¢iovenchéingmifonexayplee the sxogenteyse nu¢lentlebsaquenns maydher agel | s

and ot her cel.g.yw es. Sui tabfg S?J[\{Aantiﬁens include 30 antigens that are
ei ther i napB}1 g gostpaiajory yf)eequg & or its environnent, or are onl y
normal Iy present during the organisns' devel opnent (e.g. foetal antigens).

For exanple, GD2 is normally only expressed at a significant |evel on the
out er sur f ad&e adenoviral vector may comprise one or more exogencous nucleotide sequences,

15 for example 1, 2 or 3 or more exogeneous nucleotide sequences. Preferably, each
exogeneous nucleotide sequence embodies a transgene. The exogeneous nucleotide
sequence embodying the transgene can be a gene or a functional part of the gene. The
adenoviral vector may comprise one nucleotide sequence encoding a single molecule
of interest. Alternatively, the adenoviral vector may comprise one nucleotide

20 sequence or more than one nucleotide sequence encoding more than one molecule of

Interest.

Preferably, the exogeneous nucleotide sequence is located in a nucleic acid molecule
that contains other, adenoviral sequences. The exogeneous nucleotide sequence may
25 be inserted into the site of a partially or fully deleted AdY25 gene, for example into
the site of an 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.
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

30 genes.



19 nenbranes of neuronal cells, where its exposure to the inmune systemis
limted by the blood-brain barrier. However, GD2 is expressed on the
surfaces of a wide range of. tunmour cells including small-cell |ung cancer,
neur obl ast oma, nel anonmas and ost eosarcomas. Ot her suitable self-antigens

i nclude cell-surface receptors that ar 5 found on tunour cells but are
rare or absent on the surface of healt cells. Such receptors nay be
responsi bl e for activating cellular signalling pathways that result in the

unr egul at ed THE @b genadit MikbEAORqREnck b trhniFene isGRéferablydperibdiRhled t&r bB2 i's
produced at abnormally high | evels on the surface of breast cancer tunour

cel | s. Pref ceguldtory sequenses| fecessanyde drivotrprslation, Wansgrplion andayexpreesionef i gen
(TAA . 10 used her ei N4 :ﬁi@e term '/Z\nti en. eﬁc?nﬁf SEesS.9ne, or nore

epi t opes fr &M IR G ST S PR pHY I SRt i YR B f r agnment s and
vari ants t heg@gahaliahteBeA§ GRaRRS t Ha iopaaBlylgikednmessanititad | y the sane
bi ol ogi cal activity or function as the parent antigen. Preferably, they

retaindor i megubrleryspaneneescara pentigaaucwitl themaclsic acidsqanrnass hemiregulste 7 t he
parent anti gheag Saiﬁ%glﬁagcl)ljg%ée lze%@ésla% {25139"{"’3" 3r Jt%lﬁﬁﬁeﬁric% g?f%ﬂtr&nﬁé ﬁﬁtg@%t fotein or

pol ypeptide i's™cap ei ng us 0’ ralse antl bodies or s or
i ndeed i s capébicachifseyitshde. Sugh agpudaibrylzeqienoés iicladé hpprempmeexpression subj ect .
"I munogeni.c" is taken to nmean that the protein or, polypeptide is capable
of eliciti n@%Prcﬂéﬁwceérﬁaclp%trwawtgpnd%%%é%waatl%ﬂﬁ@n?f‘é@Bgﬁg%nqt?r a

subject. Th I L : 13; J may be
capabl e of gé%“g?‘%tsi %gcagﬁ{ %ﬁ'ﬁ Igggﬁ?mpgg%}’)ﬁg’gsugfri]gg gilf%g%faélﬁﬁot%ggﬁ}ggggd i nmune
resporife. Psizhels adelyences thghenhhisceafanslatomefficipany andprotdis stability @elst n
consecutive am no acids fromthe sequence o{ the parent .anti gen, wherein n
i s pref er ablS§AUEAcas PEYROte PFOtRISECTEtiRth Adgiionally theyahay OBAR3FAERCEYIns rom

the parent OB LQfR-ortfaf§kAe et @ssfcfnaﬁfr"%%mﬁi@ﬁluﬁﬁgﬁldg%@ti&{inCc‘éﬁ?tinéé of an

epitope fromthe parent antigen. Afternatlvely, fragment may be
30suf fi ci entekpression 4 tiansactivatiof racepton Psomotersengdiather megulatory sequences which

anti geni c/i munqgeni c.properties. ..20 The antigens of the present, i nvention
i ncl gde var ic%tf(g §Br(?ﬁs“§'§°€"e?1?c\¥edf F?}gil?vea%egpd‘g@élg,ed ﬁgﬁﬁﬁegﬂﬁgg et | ona:
equi valsent s padfefabl, BRlpesthoRP s sgRBted Ridnt ihe ralp donpik@iLof Rehar@vuer i vati ves,

anal ogues, honol ogues or functional equival ents having an_am no acid
sequence si Promotersosimian CHV plemogs, apMring{EMYepromotersybigyitih gedéE hor e ami no

acid Sresidygs, s &, ﬁ%g.tﬁgli;}r&tn(g&r ’agﬁrll ShESner mmeaggég omerg.%ggtq;%fie &

Pref erably, pf(hese_ variant's retdin an antigenic M nant  or eplx?ope in
common W t h atdtamiar €NV pidtriofef and in partifutdr @i humdmhEMIemiajoaimirediatessadlyogues,
honol ogues, and functional equival ents have an am no acid sequence

subst ant i al PPYféhtical to anmino acid sequence of the parent 10anti gen.

20
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
transcriptional and translational control sequences to allow the expression of the

25 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

| cassette is incorporated. Alternatively, any method known to one of skill in the art

30 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.



The 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
epitope string. Preferably, the epitopes in a string of nultiple epitopes
are linked together without 15 intervening sequences such that unnecessary
nucl eic acid and/or am no acid materi i s avoi ded. The creation of the
epitope string is preferably achieved ing a reconbi nant DNA construct

t hat encodes the ami no acid sequence of the epitope string, with the DNA
encodi ng the one or nore epitopes in the sane reading franme. An exenplary
antigen, TIPeGFP, conprises an epitope string which includes the

20f ol | owi ngThei ¢xppession E66iRrol Sskquenyes PyrEfotatdndinelpde thet edemmvirue | glemerite

anti gens na be expressed .as separate pol S no

2Nt 1 gens. or NerRRIAGL o JEREt AR g SioR SR RATOGR. BRI ain FIfEn U e e
N-term nus. e eﬁedteymtreatde steaﬁ&lcell’}@fe%lfl@ﬁe ConGdtbicdoniptsed thelse imeaber ed
25vacci ne and enhance t he |nnunogen|crtﬁ or antigenicity of the antigen.

Met hod$§ for tetmtmt mpremtr{IWR) $eqbendes ofull 26 owhish Senabtibn gk ptigins of repdicatian, amdr
exanpl e, va ; wel | - known techni ques of genetic engineering can be used
to selectiv HWBE%he encoding nucleic aci d sequence at either end of
the antigen gene and then insert the desired codi ng sequence into the
viral vector. For exanple, truncations of the 30candidate protein are
created usi e Backagigstenat seanenca finstions wrdireeir assemblyeefithe ¥irgl vestosr ode t he
3" and/or 5 ends of the encoding nucleic acid, respectively. Preferably,
the wild type gene sequence is truncated such that the expressed antigen is

truncdQed A% oay of skifl,in he At will afprediateSthel?, ard fhinidnbim 4@ maBimuld cortfaintd 6, 17,
18, 19, 20 or nore am no_ acids relatrve to the parent antd@ged(:m Preferably,

the anti genup@hthe; length ofcthe agclsic aad maleculerihab car jbgsengapst thervifahus
relative to éé@ %.Lirgfotré( REredBirtd B nd Bl Ei{eoﬁ*%cgﬁ ﬁ{%{}l?)&g&ﬂ%&e@nﬂﬁ ’ s

truncat ed by am no acr ds, nost pre no aci ds’at the
C- term nusi.e.axatinuelebtidd srequmcbdo biipe therfinab eectorgeabme aplty thet tequifgidhze.

antigen is C—ternln truncat ed |n t hi s manper. e _or nore of th
anti gen genBEfer ya&@é‘}gﬁl&?p"ﬁcl olgcyl Saﬁ@i’ngeécfﬂgfﬁ‘:eé‘.t %r]fﬂﬁﬁtgeafasfrsugfe‘a tetﬁ’f:e may
af f ecty 5pr ocR3QER%CR! mdi@uRy isMHodt BOANRCAHIRE 1086 e 16AARYrAhé Md-type

nucleic acid molecule.

The nucleic acid molecule may also comprise one or more genes or loci from the
AdY25 genome. The wildtype AdY25 genome comprises 4 early transcriptional units

20 (El, E2, E3 and E4), which have mainly régulatory 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 (L5), which are under the
control of a single promoter. Each extremity of the genome comprises an Inverted

25 Terminal Repeat (ITR) which is necessary for viral replication. The viral vector of the
present invention may comprise the eomplete native AdY25 gehome, into which the
exogeneous nucleotide sequence has been inserted. However, one of skill in the art
will appreciate that various modifications to the native AdY?25 genome are possible,
and indeed desirable, when creating a viral vector.

30
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



10efficiency, nRNA stability, and nmay enhance expressi on and/ or

i nmunogenicity of the antigen. Preferably, the | eader sequence is tissue

pl asm nogen activator (tPA). Preferably, the tPA | eader sequence is
positioned Ntermnal to the one or nore antigens. 15The | eader sequence
such as the tPA | eaders sequence may |l i nked to the sequence of the
antigen via a peptide |inker. Peptide nkers are generally from 2 to about
50 amino acids in length, and can have any sequence, provided that it does

not form a gegoBgRmhiRE FRERERI HaBHonMYkds tdh Partial Belvlido U BBAdMoE®, @ Ng Of
the fusion protein. 200ne or nore of the antigen genes may conprise a

mar ker suchsemse dther Bodiivativrusnchssanfrarie shifimuta@mR)whiel destroyothezbility vht e

detection of, the expressed product of the inserfed gene,sequence.,. or
nore of theﬂ&r?_t eﬁ%vﬁﬁ’jéﬂéép &&ﬁ‘?ﬂ?/ wB g H Fréi%e &€ dprggﬁgwg%ﬁgﬁ%{?%f ng a
25t ag pol yp?ﬁ&lmzﬂﬂg%nélﬁe GRY\A b8 Nhbdified Nk eficie@sd iR @bt 4RAPadiOBr hinder
translation. Preferably the t'ag pol ypeptide is selected fromthe group

consi st ng ofpliationt i yostacatis p@d/ergincreasgygravetly, andl pisld, of she giinak veetgr ar any

tag that can be detected .by a nocl-onal i, ..The j i
sequence engﬁ??@wtdh%acgﬁgn%o eyg@betsi g) en%yg%nfé lggg‘l)’(taftoﬁgltlj gﬁﬁljgﬁlafehgﬁ iy
fol | owi ng t hambérabf @arly tdiclatea@ehss tHc bt efinetionally deldtal. nk¢plvation tofiesubh

30term nus of the expressed antigen or. may be internal to the expressed
anti gen. Pr &fodifigd| wjral vegsors agllisgll jbs passlle i trapsformred cellilings WhichcRBIPES 2 es sed

anti gen. | nc@ggl_%&ﬁg{ §§ Ghe A ROP BAERE: RRRHRT P falbrdilifls ARLLGEY BENES

encode a PK ype nmay tate ectiron o gen

expred®i on aplicationnesl Bxgnilly cambe phevidudtingems byraigmecred ipaciaginghell lines

i nanunogenicity or antigenicity of the antigen. If a tag polypeptide is

used, nucl e@fbﬂébe]@%‘dmsng a linker sequence are preferably inserted

bet ween the nucleic acid encoding the tag pol ypeptide and the nucleic acid

encodi ng the expressed antigen. An exenplary linker is IPNPLLGD (SEQ I D

NO. 49) . 10l Themefat,t 2r ndditive tenthe dixogerteous mucleatadse sespances dhe okcter off that er est

may be non- . . . .. . .

present invention may comprise the minimal adenoviral sequences, the adenoviral

15 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
20 transcriptional units (L1 — L5) and/or the native Y25 Inverted Terminal Repeats (ITR)
or sequences substantially identical thereto. The amino acid éequences of the native
L1, L2, L3, L4, L5 loci, and the corresponding nucleic sequences, are set out in Table

1, above.

25 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
30 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



protein encodi ng. For exanple, the exogeneous nucl eoti de sequence may be an
m RNA or i mmunostinul atory RNA sequence. The adenoviral vector nay conprise
one or nore exogeneous nucl eoti de sequences, 15 for exanple 1, 2 or 3 or
nor e exogeneous nucl eoti de sequences. Preferably, each exogeneous

nucl eoti de sequence enbodi es a transgepge. The exogeneous nucl eoti de
sequence enbodyi ng the transgene can a gene or a functional part of the
gene. The adenoviral vector may conprise one nucl eotide sequence encodi ng a
singl e nol equlis ﬁ‘é)réf@%ﬁ)ﬁ%ai)ablélotf@fiﬁﬁﬁfa'tﬁégla){ imfridBe FPOR¥I V?Iluséégﬂ{ia{ ardey
conpri se one nucl eoti de "20sequence or re than one nucl eoti de sequence
encodi ng nohentrdpticathipsorrepleatibe-impairadireayelstve becahesatdtyrally he. thepgayeous

nucl eoti de sequence is |Iqcated in a nucleic acid nolecul e that contains

ot her, adengeﬁoﬁqteds@q*a&m@e@.n&vﬁe AliED L heRISE PAY BC ERGEREAC8 ay 25 be

i nserted i ntgichienSdrlrepiRhtion-RpditadlarifiGhlly, ¥lg ¥y SRk8ingdn v b§SRRetid O
exanple into'the site of an El" deletion or an %3 del etion. Thé "exogeneous
nucl eotSi de seqipsiationnyr dzemples  geredwhich ¢ @iticelxfos tdphigatitai Y%y ene regi on to

di srupt the_function of at. regign. Alterpativel .he. exogengous

nucl eoti de MHB?%@ dr?gfi’e‘{)g_r‘?fﬁr?@g't &? aldﬁlf‘fi’lrép?{eé:&?rdﬁ&&ah?rhg rﬁ‘@ﬁ‘%ﬁ%iegenorre with
no al terati gftohipetcheby metidANdQEtiGERIERAAE trahschipBofdl ihR WHHY ed@ai@Nes. 23
The exogeneous nucl eoti de sequence or transgene is preferably operably

| i nked to r égulitat mplicatimguBreferablpgbe E4 geype/tosusiisideletad errfuncitonalty deleted.

transcripti d/ or,. expression.of th eneous, _nucl eot.i de seguence
/transgene ﬂﬂe g’f #58¢/ 10(?3%)??}' ﬁ &F epé%?ﬁﬂfi‘f‘ﬁ‘ @%ﬂ%ﬁ%ﬁ%gﬂg %oﬁxﬂg@g dherein,
the phigase nogestate!séqidnbkeexpi@eig chiidlic ElddigRbRIMsNposRRpeases are
contiguous with the nucleic acid sequences they regulate or that said
regul at ory sdefgéinces act in trans, or at a distance, to control the
regul at ed nucl eic acid sequence. Such regul atory sequences i ncl ude
appropri ate expression control sequences such as transcription initiation,
t er m nat i onThe RhBGRIA RS PI afitocicidequéitecmd thé EartasporidimNfudisioaddsi ng
signals, such as splicing.and pol yadenyl ati on 10si gnal s, sequences t hat
enhance t r af¥UsR¢oAreset oW i hable dngbqyeot ei n stability and sequences pronote
proteijy secretion. Additionally they may contain sequences for repression
of transgene expression, for exanple during production in cell |ines
expressi on aAstdisnssad hereat, ihegecenigpimdraderRvims inay deancitelt yegenemguog at or y

sequences whi ¢ch conir ol ssi Qn of. nyclei¢c acid h een identified
and are k noW?(i?WfaF ong of 3)3%39%? gﬁ“&%‘f‘?ﬁ A’E‘ﬁ%‘% Fg‘ﬁ%?%ﬁonfegﬁ(é‘é'ﬁe@ldethe &tl om t he
group consi $duf pbretibipdel&éMby including an extra homology flank downstream of the

adenovirus E1 region to enable simultaneous deletion of E1 during homologous

20 recombination between the AdY25 viral DNA and a linearised BAC “rescue vector”,

as described in Example 1.

Preferably, the viral vector according to the present invention comprises one or more
recombination sites to enable the insertion of one or more transgenes or cassettes
25 comprising the exogeneous nucleotide sequence. Preferably, the recombination sites
comprise phage lambda site specific recombination sites. These recombination sites
may be introduced at any suitable locus, but are preferably introduced at the Ad El
locus. Thus, the non-replicating or replication-impaired vector may be prepared by
replacing the E1 gene with a nucleotide sequence encoding the protein or polypeptide
30 of interest. Preferably, the recombination sites azfR] and attR2 are introduced at the
Ad E1 locus as part of an Invitrogen Gateway®™ destination cassette as described in

Example 1.



pronoters, siman CW pronoters, nmurine CW pronoters, ubiquitin, the EF1l
pronoter, frog EF1 pronoter, actin and ot her mammal i an pronoters. Most
preferred are hunan CW pronoters and in particular the human CW ngj or

i mredi ate early pronoter. 20 The exogeneous nucl eoti de sequence(s) of
interest may be introduced into the viéfj vector as part of a cassette. As
used herein, the term"cassette" refers’ to a nucleic acid nolecule
conprising at |east one nucl eotide sequence to be expressed, along with its
transcriptional and translational control sequences to allow the expression
of the 25nucl eoti de sequence(s) in a host cell, and optionally restriction
sites at thBrefrallydthd' veetodtacks an hdenoagse ES een8borasid2eletion ¢ifcthe @denovous on

d | ites,. th tt i be i t ed d
Fepl aced wi £A TEORHEFeEsS ABE CReTCHEAGHN AT (HS NEN LERTCOUAPPORERANY THE- ¢ ne
expressi on okl (oFTEEINhasS BAERRSubnd tol Vial WREHR TyidlB lsthodthislrebion isapsette

is incorporated. Alternatively, any method knownto one of skrll in the art
30coul § be wmpited forconsstreplidatiomand thereforeddoes ot ged¢ditockesprovided if grangxanpl e

PCR nut i s,.|n-Fusj , nbi i t. | Qni
DT 22 ukndHl PO e S GRTEE B B R RH oS, on
control sequenfb&d MEagipddry i nclude the adenovirus el enents necessary for

replication and virion encapsidation. Preferably, the elenents flank the
exogeneous nucl eoti de sequence. Preferably, the Y25 vector conprises the 5

T 2 SR T B UERRL off e ARG e B 1

E€NCES.
functilOns t eeqiieicRaretsbeo@ S EABIE ¥, sbovehe viral vector. 10As one of skill in
the art will appreciate, there are m ni num and maxi mum contrai nts upon the

| ength of the nucleic acid nolecule that can be encapsidated in the viral

vector. Theyef g&ﬁfcu{ah "SR EE mbbiihent 6F ﬁiecprés%%f’imhtﬁﬁau"b@h”ﬁ}é Fl &fy £PNPri se
stuffing", 1.€. ex ra fAucl eotrde sequence to bring thé final vector genone
up to the rbguared esddzfieom iccAdY2bgghoniche nucl ei ¢ aci d nol ecul e conpri ses
sufficient "stuffing" to ensure that the 15nucleic acid nolecule is about

80%to about 108% of the length of the wld-type .
15 Preferably, the vector of the present invention comprises the native E2 locus. E2 is a

transcriptional unit comprising the open reading frames encoding the Polymerase,
PTP and IVa2 proteins. The wildtype AdY25 E4 amino acid sequence, and the
corresponding nucleotide sequence, are sét out in Table 1, above. Preferably, the
vector of the present invention comprises a nucleotide sequence encoding E2 or-a

20 sequence substantially identical thereto.

As stated above, the viral vectors of the present invention may be produced in
engineered cell lines containing a complement of any deleted genes required for viral
replication. However, replication of viral vectors according to the present invention
25 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
and’ yield was approximately two logs lower than for comparable AdHu5-based
vectors. It is hypothesized that the low yield resulted from suboptimal interaction
30 between the cell-expressed E1 proteins (designed to support propagation of AdHuS
viruses) and vector-encoded E4 gene products. Therefore, the adenoviral vectors

according to the present invention preferably further comprise one or more



nucl eic acid nolecule. The nucleic acid nolecule may al so conprise one or
nore genes or loci fromthe AdY25 genone. The w | dtype AdY25 genone
conprises 4 early transcriptional units 20 (El, E2, E3 and E4), which have
mai nly regul atory functions and prepare the host cell for viral
replication. The genone al so conpri se?tq'j | ate transcriptional units (L1,

L2, L3, L4 and L5), which encode stru ral proteins including the penton
(L2), the hexon (L3), the scaffolding protein (L4) and the fiber protein

(L5), whi chnRuficdAER ddsiped RN6this®Ved@oSErogtieaR] PieTt @I trankReRe® séll Bhds, y Of
t he genone conprises an Inverted 25 Term nal Repeat (ITR) which is

necessary f srchvisrAEK2@h | axpressing thergeney ifunctionallyt deleted in the deaewirl veptoent i on
may conprise the ¢ |l ete native AdY25 genone, into which the exogeneous
nucl eot i de §‘é’8ff§ﬂ%g)ngﬁ5§reﬁgﬁﬁn‘feﬁ§8?'t ed. However, one of skill in the art

wi || appreciate that various nodifications to the native AdY25 genone are
possi bl e, and indeed desirable, when creating a viral vector. 30 25 of a
gene, %hi | sin ofe eobodimgntddeenativa E4 s¢giers may be senleged| ingids eptiisty $rithaa
gene/ |l ocus, , Qr_sone er. .nmodiRfi catjon S B i {ati.on,
whi ch destrg‘% ro??%)u%(t))‘l%‘rirf ggf hf)ﬁe%g{ gnsc?\i(#%eégt o%&%?lﬁesrﬁ ﬁéﬁsg(raﬂr?e %%gﬁs or

renders t hepggssblplinstests vextorf yieldtand gedwth Tha tAAYdimed oeilEneraljorexanptt, f | ed
to increase the jnsert capacity or. hinder .5 repljcajion ilg“gost cells
and/ or i ncr Bgsratiye difk Fegiangmay degreplaced,with; the B4 kegtog, from AdHp £Q) inpgepse

packagi ng C%:%toﬂﬁ&ﬂ%nd Rfn $ieddosi n the art will appreciate that any
nunber of early "or lat& genes can %’e functionally deleted. Replication of

such Odi fied viral vectors will still be possible in transforned cell

| i nes which_conprise a_conpl enment  of the delet enes. For a t he
viral prot el RS 2¢RRAO¥EUREG r42en QURRIEH _é’alﬁf‘%% éﬁ‘ﬁﬁ‘e‘g@ggﬁrﬁm@%&pﬁg g‘}r)é&F)ded in
trans by en@‘hﬂs‘?ﬁ%al@ﬁh%'eﬁﬂmﬁﬁﬁ%mt)dn_@%? nfre BY the ek R the/ E4 Pe%ionTlh'?%géorQ

in addition to e exogeneous nucl eotide sequence, the vector of th
present i nvesplaced withyonemmpndrs detetrdogriuniQRATs faetn tls/E4 a¢gicreoiiethercasienevieal

adenoviral 15 genonme,w th one or el etions .or fupctiopal deletions of
particul ar @‘?—fﬂ%@?gbrwp’ﬁ E‘c‘}ﬁ‘ﬁ’ﬁiﬁo S ﬁ%ﬁ?g pefﬁé?ﬁ%’l? rlﬁ?reﬁsgﬂsgn%e,cpqrnylg Mh has
been ijgser t gghvithen @ HABSOARMS UG PHifElablyeUEMC @, 5 BF 6{GREDInythe ERgepent or Of
t he present 'invention conprises the native Y25 |late 20 transcriptional

units (L1 - mag)beayenlaged dhd hatsi v er gistarploaouse@RTs fam she Ré segieon of other or
sequences SUbsé’%Q(;fi;%lﬁl;%‘d&fugmi cal thereto. The am no acid sequences of the

. Sery . . .
native L 1 >9P | oci, and the correspondi ng nucl ei ¢ sequences,

are set out in Table 1, above. 25Preferably, one or nore of the early
transcripti %rll?%lamuc?lllatr Simg(r)r?anrcr:gdfg)rf \i/i(r:)ﬁ ’reI;jlieclat?cEne?n IQIEEKfZld? Cctelilsolgatinle éer?eelgrgégcq of
20 E40rf6, a multifunctional protein implicated in late viral mRNA splicing and
selective export of viral mRNA, viral DNA synthesis and inhibition of apoptosis.

Suboptimal interaction between E4Orf6 and the cell-expressed E1B-55K is believed

to reduce the yield of AdChOX1 vectors in HEK293 cells. Therefore, the native

E40rf6 region may bé replaced with a heterologous E4Orf6 region. For example, the

25 entire native E4 locus may be replaced with the E4Orf6 gene from AdHuS, as
described in Example 3. The amino acid sequence of E4Orf6 from AdHuS5 is found in

SEQ ID 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

30 identical thereto. As described in Example 3 and shown in Figure 3A, this

modification was found to improve viral yield and growth.



I n one enbodi nent, the viral -vector is non-replicating or
replication-inpaired. As used herein, the term"non-replicating" or
"replication-inpaired" neans not capable of 30replicating to any
significant extent in the majority of normal mammalian cells, preferably
normal human cells. It is preferred t the viral vector is incapable of
causing a productive infection or dise&se in the human patient. However,
the viral 26 vector is preferably capable of stinmulating an imune

response. Vi Ysfsredbl Q:H]b%&ﬁné?@ ”mfn%pﬂhhﬁ' hk TRPin tePES GaELANS iréfaded asithray
have becone so naturally, i hey may be isolated as such from nature.

Al ternati vetnpre tthem one dm@olngqpstRtFefrdmr g Hénregiopl o€ athiengermtype(s). For

li cat b t
Smani pul at | GFTRGY TeRARI O E90HE i EAOE Ry ot ts B OSR my be
functional | 249%651@11 E4l'(’rred/¢r@mrxg régdiGhs2 GRRPVAJHALS. VIRC h Oparti@idhrl ¢ Sréfefted S

rendered i nconpetent by functional deletion of a single transcriptional
uni t whi ch ewbedizwnt, itk racombinantE4 rrawlil eempuises the EAQFRDEJOr2handdr4O0rt3

eptaced wi DRSS FERERFomoiEY et SREslE6E, Bllouid TacRT SoB IR once

or expressi ﬂBnﬁA&Ha’ét”ﬂl@ﬂﬁﬁﬂl ded @qﬁéxﬁie&jfrEMrﬂDﬁbmpA@Huﬂﬁs fdund ih SEESID The
wi | dt ype AdY25 El am no acid sequence, and the correspondi ng nucl eic_acid

sequence, aN@ $dt Aqorrespontting raicleotidgssasencess foyndias pueleqtien &P33nto 20887

r econbi nant r of
havos i n . BESERAN NG SE Y n iR olithed S AL BofP ASRISH sfind i
pref erl@bl y SEQE‘IIDENO))AOI Acdounésptgldmg Iﬁxleroadé]@éqmbm@ylsffdmmu@tdmmsnmmaés t he
adenovi ni s El gl on to_enabl e simul taneous del etl f El _g H:‘g

dHpP3ed BAC

honol ogous EORUGE SRR T A e AHEO AE3SIUFPGPT
‘rescue Vecﬁso?%undaﬁl gﬁ%ﬁﬂ)bﬁ@ 139, I545E{m:}]e57'1)011d1n|:)"ﬁﬂic@éo"ﬁlal‘:3/9eqﬁcjﬂﬁ:evl's"1%\1nd/ ggtor

accordlng to the present invention conprises one or nore reconbination
sites to enatbdleotides 28952 rtbi 291 38f ammh@7909 t®r28247 arfis$feQed d¥Oc38selnt @pe 25
conpri sing th%gq? geneous nucl eoti de seguence Pr ef er abl

. L
reconbi nati 6% b APt SO E BEE P BYENIoN  GOMPHISES ?‘F@%@BH&“&‘WH?’?CSF\

si tes.|sThesgr haRAS 4RI, BAOST6IEE BABKTPE of Slh18fbes afbsAhtiARYidesidaBibeetd. OCUS,
but are preferably introduced at the Ad El Tocus. Thus, the non-replicating

or replication-inpaired vector nmay be prepared by repl acing the El gene

with a nucl eotide sgapenc ote| p
't or ost - PROP PRSI RE TR THIonar S ofane ety R ol B et &t
‘introduced @afralt *&to‘fﬂic&irdirfgqu&h@pre@ﬁ’fttm‘fﬁntlaﬂ 1ddhy itlie” agevtida tsequanites) which
destl nati on cassette as described in Exanple 1.
encode the adenovirus E1 and E3 regions, and has the native E4 locus replaced with
20 E40rf4, E40rf6 and E40rf6/7 coding regions from AdHuS5, and the E4Orfl, E4Orf2
and E40rf3 coding regions from AdY25. This particularly preferred embodiment is
referred to herein interchangeably as “ChAdOX1” or “AdChOX1”. As described in
Example 3, and shown in Figure 3A, the modification of the vector in this way was

surprisingly found to increase the rate of hexon production and the growth and

25 replication of the virus.

An exemplary nucleotide sequence encoding ChAdOX1 is set out in SEQ ID NO. 38.
In this embodiment, E1A, E1B 19kDa and E1B 55kDa are deleted and replaced with a
Gateway® Destination Cassette (nucleotides 592 to 2550 of SEQ ID NO. 38). E3

30 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
SEQ ID NO. 38). The native E4 region is deleted and replaced with E4Orf4, E4Orf6



27 Preferably, the vector |acks an adenovirus E3 gene/locus. Deletion of

t he adenovirus E3 region increases the insert capacity of the new vector by
approxi mately 5kb. Deletion of E3 has little consequence to viral vector
yield since this region is not 5 required for virus replication and

t heref ore does not need to be provi de%"in trans in the packaging cell line.
The E3 | ocus may be del eted using Gal econbi neering as described in
Exanpl e 2. The wi | dtype AdY25 E3 amino acid sequence, and the

cor r espondi Qﬁ’dE@GH@)?Ccoaﬁig% IR HURNCEHu A RRD BRIE4DH, IFAOIAR Hao@pove. In a
particularly preferred embodi nent of the present invention, both the El and
E3 | oci ar ecodihgtegibnsfiom Aldé(ZAdaSZEsmdmbovelﬁ"hﬂzfrelr@bwyenQdded beSEQ IIbf t he

present inv n.conprises th anscri ptional
unit conpri m& {459 COPPRSESARNR rfo é?’ éggﬁ@“fl%ﬂgsﬁ% ‘f?@?"é?& PTP and
| Va2 protei B&lueﬂ-&@oWhﬂi}Naﬁ’@se%‘éﬁgﬁﬁﬂ@mb@Ib“aCl d sequence, and the
correspondi ng nucl eoti de sequence, are set out in Table 1, above.
Prefer@bly, the vector of the present invention conprises a nucleotide
sequence encodi ng E2 or a 20sequence substantially identical thereto. As
stated above, the viral vectors of the present invention may be produced in
engi neered cell lines containing a conplenent of any del eted genes required
for viral replication. However, replication of viral vectors according to
the present invention 25 may be sub-optinmal in cells designed to
faC|I|tate ﬁ? Ilcatlon of other serotypes. For exanple, as shown in Figure
S

the fir generatl on of AdY25-based vectors conprising the wldtype E4

Iocus wer e | pesteid t o grow i neChiespnting nubleblded 9 SEC IDs and yi el d was
approximately two | ogs | owelf Ndhag for conparabl e AdHu5- bpased vectors. It is
hypothesiz,gtknal The |om1y|95§g{g§365ted fTom subopti mal interaction 30
heie v ¢ IR o o E R TSP s o sy propagat on of
adenovi ral E&&E&%ﬁﬁa@mrﬂ- ng‘f?%@‘tﬁﬁﬂ%%@ 122810 7809 arlef erably further
conprise on®IAr more 28 12985 to 12993 and 7610 to 9539 ~

52/55kD 9974 to 11164

Illa 11188 to 12954

Penton 13038 to 14633

VII 14640 to 15221

\'% 15266 to 16288

Mu 16308 to 16541

VI 16617 to 17348

Hexon 17449 to 20277

Endoprotease 20293 to 20922

DNA Binding Protein | 20999 to 22537

100kDa 22566 to 24974

22K 24691 to 25245

33K ' 24691 to 25018, 25188..25519

VIII 25602 to 26285

Fiber 26543 to 27874

E40rf3 29406 to 29759

E40rf2 29756 to 30145

E40rfl 30195 to 30569

10

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

15 the protein of interest.



nodi fications designed to optim se vector growmh and yield in transfornmed
cell lines, such as HEK293, expressing the genes functionally deleted in

t he adenoviral vector according to the present invention. 5In one

enbodi ment, the native E4 region may be replaced in its entirety with a

het er ol ogous E4 region from other sero fpe(s), whi ch het er ol ogous E4 region
preferably increases vector yield and owh in a transfornmed cell 1ine.

For exanple, the native E4 region may be replaced with the E4 region from
AdHUS to | NOERS&iHEAGH @&aﬁﬁg@ Lo ol AMERnird 5HEKE B atidofThE FAd8HON ways E4
regi on conprises at | east Qpen Reading Franes (ORFs or Ofs). Thus, in an
al t er nat i ve femdadihaentittlecompass onrimmeinogertitiey GRke viral welotor Fonit dshimprovrathe be
replaced with one. or nore heter.ologo Fs fromthe.E4 region of qther
noviral SHF O Vel EP WL ARCIP B0 Byt SRt B e ar 54 ppsud(s)
vector yi el dnidide therad! sTWrdiuktioRof th8 REraDVd¥Rss, bRt Will httehavPh @kgdtiklivipact, 2,

3, 4, 50r 6 ORFs in the E4 region may be replaced 1, 2, 3, 4, 5 or 6

het er olSogousnURrFenrhurngenigidy Biitheegetors. of ot her serotype(s), e.g. AdHu5. O
particular inportance for viral replication in HEK293 cells is the gene
product of 20 E40rf6, a nultifunctional protein inplicated in late viral
MRNA spli ci IBxamptt 8edrRICFigite eX@@fidns@htevihaakha iiNAune iréspbondblelisited bgsthe and

i nhibition of apoptosis. Suboptimal interaction between E40rf6_and the

cel | - expr es 2etY 25-based s1ectios GrAd@¥bare gobestuand eeraparalle doothosgchosed BEct or s

i n HEK293 cegl | s. f Y j repl aeegdogW th a
het er ol ogou?‘dgﬂg; ;Eglgér; gﬁ?‘gﬁ ias Egrgdgg)taéﬁlp(f%fﬁé%%&l%gwgg‘{}ﬁ %%X%@;ﬁ,\gﬂgﬁg ggus may
be replaced owiSAIV-2E). Bébieh &, geraunisralninAdthdgeniaity 0€ Shaidosdl was Boadpd de3. The
am no acid sequence of E4Qf6 from AdHuS is found in _SEQ LD NO?,O A

corr espondi SBPSHIOE [t Htat 6@@@&9%@@‘?@?%}%@@@%3@@%? 1gee 729pa8f £igllig 132 of
SEQ | D NO. i ' '

cormri ses. t R Bt ARF pERRC TelR Rbopobet? A bliod il RERLILEHAN bR

subst anti al loyie 3Dbthent Tlxakupichierigt of thes hdmeral i ogbnses ex@hPHOX3 snthesdfiaen i n
Figure 3A, this nodification was found to inprove viral yield and grow h.
29 In a prefBPéf8enbodi nent, nore than one ORF in the E4 region is
replacggd with nore than one heterol ogous ORF fromthe E4 region of other

serotype(s). For exanple, native E40rf4, E40rf6 and E40rf7 maé be repl aced
wi th the E40hkgprevaliaes 6f sedtorbaditrnbising entihadiesrindiuons straciemdrFK and te

particul arl referre 5_enbodi pent,,. the reconhi na 4 I i ses
Phe Eacr 1 GBS piat Sfig by, B o egrisie e At Al 2B Fl SRR, 2
E40rf 6 and Y fob/adotbeditigphege adendviranvadéiy AdCHo8 (898 Pangsle @ sdiguree oOf
E40rf4 from AdHUS is found in SEQ ID NO 41. A correspondi ng nucl eoti de
sequence i s 6.olig data sngeess dhat aestopbased s AGBAT may epcoyntey IES PBEXISHRE ani no
acid uence of .the FAQrf6 fro i i A
corre?ggndi rllrélmrﬁﬂuct e‘%{}lg%gﬁeslgﬁnﬁ;{enng&ﬁ ?Asjt% bhﬁtd&gw%ﬁ%ﬁ%%sl% §§th§&%€%sgé§5132 of
SEQ | D NO. 3I8@mahhsicaovinsegchd alsw e nompatisdrheo oflar f &istinfpr oeotoksl HiaSed nf ound
in SEQ ID NO, . 39. A correspondi ng nucl eoti de sequence is found at

nucl eot i des HiSRRRYZEGRAALHQUBISEHd 27969 to 28247 of SEQ ID NO. 38. In one
enbodi ment, the vector of the present invention conprises the nucleotide
sequences 150f AdHU5 E4Of4, EAOf6 and EAOf6/7 or sequences substantially
identical t xastpbe 8 hmd Bigpees BidcardB gemomstratertbat Grbd@X ingn¢apeble ofi enducimgent

i nventjon, the genonme of the viral vector accarding.to _the present.
| nventan’ | ABREE REPATREF GHTH M LOhARAEUE HiFEoss, ilsP Exartpl 9'and Figure

9 demonstrate that ChAdOX1 is capable of inducing immune responses against

Inﬂuenz.a A.

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

pharmaceutically acceptable carrier, diluent, excipient or adjuvant.



encode the adenovirus El and E3 regions, and has the native E4 | ocus
replaced with 20 EAOf4, EAOf6 and E4AO f6/7 coding regions from AdHu5,
and the E4Ofl, EAOf2 and EAOf3 coding regions from AdY25. This
particularly preferred enbodinent is referred to herein interchangeably as
"ChAdOX1" or "AdChOX1". As described ig, Exanple 3, and shown in Figure 3A
the nodification of the vector in this y was surprisingly found to

i ncrease the rate of hexon production and the growth and 25replication of
the virus. An exenplary nucl eoti de sequence encodi ng ChAdOX1 is set out in
SEQ ID NO. 38. In this enbodinent, El A EI B 19kDa and El B 551(Da are

del et ed and PrefpiahlysthewotipositiGaisandnirunopersc amdor anigesis sempesitionuc| eot i des
592 to 2550, 0of .SEQ | D NO. (ﬁS . E3 .30 CRlal, E3 8]9k E3 22..3 kr@g E3 31
(Da, B3 10. Ak ARMYBeeariC and/pe, anfigeniecompositigis acetimg ta ey PEESE BAE0R, wi ¢ b
a Pad | sit | ) the E4
region is dz‘rag%glrgﬁﬁd‘} léjcg%l (ﬁgéﬁé%&ﬁﬁ‘% E4Or1‘§1(§st %ﬂb g &Qgeﬁtﬁ%ﬁeg}%f?c}gtg}?ﬁ?&iéodi ng
regi ons fr oefdddudiseasendort teerdpearic |(fo E46r tiRease)l PrhderaBlyc atie ropmpegitionsisf r om
AdY25, as descri bed above. The vi r‘%J % ctor encoded.by SEQ ID NO. 38 al so
conpri ses aPHRRAMBCIGPT RPStEXPIsYES- Ageton g'r’g%eéioﬁg’,"s‘lnﬁﬁ i ¥9EEi de sequences of
which are set out in Table 2, below. 5 Table 2 Protein Correspondi ng

nucl eotides in SEQ I D NO. 38 pl X 2638 to 3066 |Va2 4734 to 4749 and 3125 to
4458 Pol ynmeWikete itiminmgéaie @3mpostidi? RFot propiPRictic use, the subject is

preferably an infant, young child, older child or teenager. Where the immunogenic

10 composition is for therapeutic use, the subject is preferably an adult.

The composition may comprise one or more additional active agents, such as an anti-
inflammatory agent (for example a p38 inhibitor, glutamate receptor antagonist, or a
calcium channel antagonist), AMPA receptor antagonist, a chemotherapeutic agent
15 and/or an antiproliferative agent. The composition may also comprise one or more
antimicrobial compounds. Examples of suitable antimicrobial compounds include
antituberculous chemotherapeutics such as rifampicin, isoniazid, ethambutol and

pyrizinamide.

20 Suitable carriers and/or diluents are well known in the art and include pharmaceutical
grade starch, mannitol, lactose, magnesium stearate, sodium sacchai‘in, talcum,
cellulose, glucose, sucrose, (or other sugar), magnesium carbonate, gelatin, oil,
alcohol, detergents, emulsifiers or water (preferably sterjle). The composition may be
a mixed preparation of a composition or may be a combined preparation for

25 simultaneous, separate or sequential use (including administration).

Suitable adjuvants are well known in the art and include incomplete Freund’s
adjuvant, complete Freund’s adjuvant, Freund’s adjuvant with MDP
(muramyldipeptide), alum (aluminium hydroxide), alum plus Bordatella pertussis and
30 immune stimulatory complexes (ISCOMs, typically a matrix of Quil A containing

viral proteins).



pTP 12985 to 12993 and 7610 to 9539 52/551cD 9974 to 11164 Ma 11188 to
12954 Penton 13038 to 14633 VII 14640 to 15221 V 15266 to 16288 M
16308 to 16541
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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

administration and the compositions adapted accordingly.

For oral administration, the composition can be formulated as liquids or solids, for

example solutions, syrups, suspensions or emulsions, tablets, capsules and lozenges.

A liquid formulation will generally consist of a suspension or solution of the
10 compound or physiologically acceptable salt in a suitable aqueous or non-aqueous
liquid carrier(s) for example water, ethanol, glycerine, polyethylene glycol or oil. The
formulation may also contain a suspending agent, preservative, flavouring or

colouring agent.

15 A composition in the form of a tablet can be prepared using any suitable
pharmaceutical carrier(s) routinely used for preparing solid formulations. Examples
of such carriers include magnesium stearate, starch, lactose, sucrose and

microcrystalline cellulose.

20 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

25 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.

30
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



VI 16617 to 17348 Hexon 17449 to 20277 Endoprotease 20293 to 20922 DNA
Bi nding Protein 20999 to 22537 1001cDa 22566 to 24974 22K 24691 to 25245
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parenterally acceptable oil, for example polyethylene glycol, polyvinyl pyrrolidone,
lecithin, arachis oil or sesame oil. Alternatively, the solution can be lyophilised and

then reconstituted with a suitable solvent just prior to administration.

5 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
sterile form in a sealed container, which can take the form of a cartridge or refill for

10 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
dispenser, it will contain a pharmaceutically acceptable propellant. The aerosol

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

Compositions suitable for buccal or sublingual administration include tablets,

lozenges and pastillés, wherein the active ingredient is formulated with a carrier such

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

20
| 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.

25 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
ampoule.

30

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.



33K 24691 to 25018, 25188..25519 VIII 25602 to 26285 Fiber 26543 to 27874
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Preferably, the composition is substantially isotonic with humans.

Preferably, the pharmaceutical compositions of the present invention deliver an
immunogenically or pharmaceutically effective amount of the viral vector to a patient.

5 As used herein ‘immunogenically or pharmaceutically effective amount’ means that
the administration of that amount to an individual, either 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

the patient over a suitable timeframe such that a sufficient amount of the antigen is

10 produced by the patient’s cells to stimulate an immune response which is effective for
prevention or treatment of a disease or condition. This arhount 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

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

15 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.

20 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
to the second aspect of the present invention or the immunogenic composition
25 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.

This aspect also provides: i) the viral vector or the immunogenic composition
30 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



10 Preferably, the genone of the viral vector according to the present

i nvention conprises the nucl eotide sequence of SEQ ID NO 38 or a sequence
substantially identical thereto, into which is inserted the exogeneous

nucl eoti de sequence encoding 15the protein of interest. 31 As described in
Exanmpl e 5 and shown in Figure 5, nodification of the E4 region was found to
have little inpact on innunogenicity3§f the viral vector, but did inprove
the rate of viral growh and replication. Therefore, such E4 nodifications
can be usef, 2, SRBIRGEnddiGniddt forQke Y ﬁg&ﬁfdep Boftfe dxBRiplary Hed GRS Sre DUT

wi |l not have a negative 1 npact 5on the |nnunogen|C|Py of the vectors.
Exanpl e 4 deschiteddn fiethér detaibhelbwat e t hat the i rmune responses elicited by

t he AdY25-based vector ChAdOX1 are robust and conparable to those elicited
by AdCh63 (al so known as ChAd63) and AdCh68 (al so known as AdC68, ChAd68,

9 10 or %ﬁ%%e%ﬁbocﬁﬂmyge vihh‘évg@éb%‘b@érdid@%%@%@é%dt aspleét §ihd Prseias found

to be superior to that of AdCh68, as described in anple 7 and Figure 7.
One of skiihventiontoh¢heammwogtnic esppatition aebtdingopbethersd aspett afithelpoeppnt
responses to correlg}e f@%&¥lmjth one ano%heﬁ. T@F superiority of the

humor al  r dBpIROBIAYPEHTAY igaeliver 3 frapsgen Bt F€ ng. 15 The preval ence of
vector neutralising antibodies in human sera fromthe UK and the Ganbi a was
al so surprisingly found to be nmuch |ower for the AdY25-based vectors than

f or anot heFhig metipainpreferatdie somprisgs the steprof admiristEripg ée sad hwpl ecllea ahadl Fi gure

6). This data su st that vectors based on AdY25 encount er S

o e- exi ot | G5 QURTE: Py bt 2oRse AL At PRt vy of QB BbGhossiRs
CONPRQ i S ONcohpo¥itioh Abcordiag eslthenhird mpactadeRnopricsdns @fventidf. al so in conparison
to other existing vectors based on chi npanzee adenoviruses. Exanple 8 and
Figures 8A and 8B denonstrate that ChAdOX1 is capable of inducing 25 i mune
responses i J . i | and Figure 9
dengnstrat%%feﬁ&éi&%gl%ﬁ%%lhgg %:Ig%lé{ g%&f’%ﬁ%ﬁ?fﬁéﬁwn%hﬁmggﬁges agai gst

I nfl uenza PrefefrelthiimagAfdtideéhiéiteas tREGFultiy)\c@Ris| Shitep) goaits] @igsa wild

pharmaceutical or inmunogenic -
boar, buffalo, bison, horses, camelids, deer, elephants, badgers, possums, cats,

(@)=

15 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.

20 This method may be carried out in vitro or in vivo. Where the method is carried 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
may comprise an isolated host cell or a sample from an animal subject. Where the

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

30 administration.



30 conposition conprising the viral vector according to the second aspect
of the present invention optionally in conbination with one or nore
additional active ingredients, a pharmaceutically acceptable carrier,

di l uent, excipient or adjuvant. 32 Preferably, the conposition is an

i mrunogeni ¢ and/ or antigenic conpositi?ﬂ. The i mmunogeni ¢ and/ or antigenic
conpositions according to the present thvention may be prophylactic (to
prevent infection), post-exposure (to treat after infection but 5before

di sease) or Ptré}@faﬁge%é Grahbduclib® A ML IRAB B RHLHRS 3R vedidieof AW PRE&dON 1S
post - exposure. Preferably, the conposition is a vaccine.

prophyl actic or
Wer e t he i nmuentige mesults dnyptbe istabben delsvefy of tho shegeactuscnudentide rreqeaniof edt i s
preferably an infant oung. child, older child or teenager. \Were the
innunogenic‘ﬁ%ﬁ%ﬂﬁgg??ﬁgﬂc - for therapeutic use, the subject is preferably
an adult. The conposition may conprise one or nore additional active
agents, such as an anti- inflammtory agent (for exanple a p38 inhibitor,
gl ut aneht e r dhepfae, mrdnatenesbodiorenty thavigdl wecioh aseeeding o dgoserend aspagirol
receptor antagonis a che her apeuti c agent.. 15 and/or an...

oot br ol | 1 et psenh fBperahd GhARSHenG, AR bied 3o @BinRia B2 et apesise
antim crobi qhe Eﬁﬁ&ﬁdﬂ%tioﬁwyplb@ﬁsddftoseﬂcttaﬁl inmiitid FespoTRe iid lan GAITLTHS

i ncl ude antitubercul ous chenot herapeutics such as rifanpicin, isoniazid,

et hambut ol arethqd, prefarehipicamprisesShe tsiep| of adminisieriag 4o gridrangnplie il vackorvel |
known in the art. and include pharnmaceutical gra rch, nni.tol . .

| act ose, rra&ﬁ%osrfhf}& got élzlﬁ' aSF%o,ndsS%Pleﬁ "gat?:‘s B |se?11,t %gf%toﬁﬂ %getlh u os%I?OgS?lﬁcose,
sucr osk) ( orcofipbsitios b@dtding toapB estdaspea b drdresengiaaition, oi |, al cohol,
detergents, enulsifiers or water (preferably sterile). The conposition may
. be a m xed preparation of a conposition or may be a conbi ned preparation
for 25sinult : L alk I j 1.0 Skratfd on) .
Sui t abi e adj igars EPERPbh R RE O A, HA B Ot S Bk
Freund' s adjpolspeptideciaranlaaingal Fvitl weshltsn didyj elicitation ¥ epnivdary isjuneaesponsetth VDP
E)g:.J : 3;2/: gl gﬁgétla%%)gén,qlagd% ?ol 'fjhrg gévlépo]prllr}/e%{ ?)%( Iag%zdmua}llo&]orgi(%ll l%nsemBCPrg/dwtiglll lvs%ll :

15 provide an enhanced response in the event of a secondary encounter, for example

upon infection by the pathogen from which the antigen was derived.

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

exposed to the pathogen or antigens in question.

20
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.

25 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
according to the second aspect of the present invention or the immunogenic

30 composition according to the third aspect of the present invention.



30i nmune stinulatory conplexes (I SCOVs, typically a matrix of Quil A
containing viral proteins). 33 The conposition according to the invention
for use in the aforenentioned indications may be adm nistered by any
conveni ent nethod, for exanple by oral (including by inhalation),
parenteral, nmucosal (e.g. buccal, subl;ji gual, nasal), rectal or transdernal
adm ni stration and the conpositions ad %t ed accordingly. 5 For oral

adm ni stration, the conposition can be fornmulated as |iquids or solids, for
exanpl e sol pideRply, ¥ HRRal sEHRAGAS beASpreviofdTi eRpRBE to the Bhteden in ga&kBhES and
| ozenges. A |1 qui g formulation will generally consist of a suspension or
sol ution of ot tiprimed”c Gapenample thexupisicomay havd provigede peesbnecuated of n a

sui t abl e aqueous .o n- aqueoys liquid carrier(s). for.,exanpl. ,

et hanol , gl y&%ci"ilatlleé{,wgglaﬁgglﬁﬁlg%cﬁg%%?g agﬁge_(n, 2?'?1@%’ 8@@@2\{1?@2’?%%}1 al so
contain a Slihﬁﬁ&edjbvﬁlﬁtﬁ’@?ﬁhogeﬂrf@ilew&ﬂﬂtH@antfgeﬁmﬁﬁbﬂ@edOrTmhbjeéﬂ gy Bgent .
15A conposition in the formof a tablet can be prepared using any suitable
phar maceut i datentlyainfected(with the pathagén fromerhielothepnbgrarwasgdesiyed.d f or nul ati ons.
Exanpl es of such carriers include nmagnesium stearate, starch, |actose,
sucrose and mcrocrystalline cellul ose. 20A conposition in the formof a
capsul e can Ibenpthepamdddinsint) Othe Orttioh eacesrdimgsiol thiei evoml aspeduovf she prasent
exanpl e, powders, granules or pellets_pontainjnq the active ingredi ent can
be prepar ed iRxsnHgn 8F e dMMENegaNS eqmposiipniasesrdmg|ty gie third gsnechof the gessiti ne
capsul e; alt ' ' ' ' : i ng
iy sui ¢ abl AsAGe e BuloIREE 5! 30 i aEBREAS iAPhoE A BRI RAL i3

cel | ullases, pséferiabBteempoisingithsstep df afminstadingpe sad patient a irshercsirancarfieg
filled into a soft gelatine Fc}aﬁsul e. Conpositi onIs1 f.or oral .adm nistration
may be desi dhehe SsePdopteet Ohdhe Presgat IMYSRERN Ohtthe JEIMENOSHUG SRS as i t
passes tNr 0yabbilg 1o Alphol did6d prelt yfixATRL© by an outer coating of the
formul ati on on a Tablet or capsule.” 30 34 parenterally acceptable oil, for
exanpl e pol yet hyl ene gl ycol, polyvinyl pyrrolidone, |lecithin, arachis oil

i) . dvely, th | uti be. | i,lised. h
Ceconst tut Saetsiebh’ PechieetseletBy B s Bfouiar Sing ARer SRR O

15 mycobacterial  infections, malaria, influenza, HIV/AIDS, Hepatitis C,

Cytomegalovirus infection, Human papilloma virus infection, adenoviral infection,
leishmaniasis, streptococcus spp., staphylococcus spp., meningococcus spp.,

infection, rift valley fever, foot and mouth disease and chikungunya virus infection.

20 As well as inducing an immune response against the pathogenic organism from which
the heterologous antigen is derived, the adenoviral vector of the present invention
may 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

25 adenoviral serotypes, and as such an immune response against more than one
adenovirus may be elicited. 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 can therefore also be used for treating or preventing an adenoviral

disease.

30



5Conpositions for nasal or oral adm nistration nmay conveniently be

formul ated as aerosols, drops, gels and powders. Aerosol fornmulations
typically conprise a solution or fine suspension of the active substance in
a physiol ogically acceptabl e aqueous or non-aqueous sol vent and are usually
presented in single or nultidose quant%§ies in sterile formin a seal ed
contai ner, which can take the form of cartridge or refill for 10 use
with an atom sing device. Alternatively the seal ed container nmay be a

uni tary di SpensERGdRMhCEE HChredht Invehioh TSR MRS BroVilRahe rimét gier osol
di spenser fitted wth a netering valve, which is intended for disposal once
t he cont ent preofntisreotarieast nee atenprirbledipeask hndi ot ksdst ophaon-adprovdrek digeastor m
conprises an_aerosol dispenser, it will contain a pharnaceutically

accept abl e 6?BB@WW§nt The aerosol 15dosage forms can al so take the form of
a punp-atom ser. Conpositions suitable for buccal or sublingual

adm nistration include tablets, |ozenges and pastilles, wherein the active
i ngr edif®ent ils afferthen embedinwint, thevisal rvetter agegrdingity thegenond aspegicefcthe present
tragacanth, .or gelatin.and glycerin. 20 Conpqgsitians,far r [ gi na
adni ni strat il%vr?ng?réorc%‘ﬁ\‘/'('e' iugﬁg%ﬁl/c foﬁng%élofloalp (Um&)rg?ngstﬂglbeotg?r 3§R¢§§&?dé%§{e§|g1ﬁi ng a
convent i onalinvedfe sidytbe/udtdsie iadede ASintAcRardspdriseif anpsdalr thes wilv deggakal
tabs, foams or enemas. 25Conpositions suitable for transdernal

adni ni st r at itelaranee|tade o¢lht aatigen, Tus smethad c peederably icompasasothe isteP Wi ng

powder i nj ect] . veni.ent Ll OR 1S I Lt .d f such
Be"a 1 abl et ccinRertl B SRkt b {fref JEBRF sk b ho' e LebdnaCBpEey & Ml
subst at i al Ipyesestdhwdnition ot the immn@vgeni Pearhpositionyaccbidéngroaheriirduispecabf the
conpositions of the present invention deliver an immunogenically or

phar maceut i 5ISFY IBYFEER| ve anount of the viral vector to a patient. 5 As
used herein '"immunogenically or pharmaceutically effective anount' neans
that the adm nistration of that amount to an individual, either as a single
dose or as Magrtuammuntelicse mlerated diyfthe patient’s omnpme sgsternoon the grogaisiteatt of a
di sease or_conditi?n. In att&cg{ar,.thisgghégﬁe means t hat a.s fficient
amount of t femoyr calls\ase esrentially; dhe patjentss Ly ¢RUS Jhtt afEroyme. 4hading Afe

ti mef rgpe sugh,gifigtwithot i fer GREuIZIPHRbntRS1. ThEs, aaht&68s hinoukd aRY qeleced by
the patient's cell's to stinulate an i nmune response which is effective for
prevent i on @ow nwehecked withinathdi pagiasiés bedye dtatavenhe Yinalsvegtan oitthe grasens
dependi ng on_the heal th an hysical conditi.on of the indiyvi | .to he
treat ed, agé’,wef‘ﬁgn 82{%%&“15998?3 Ha a&nﬁ?@ﬁ‘%ﬁl@‘f%ﬁyﬁtgmsg’s t}e/aﬁgqﬁ%g He&Gr ee of
protection Qesd rfdlprdcBe ERfwilAsAtdanEer GnniunBtheap§’ Specifitallglalié oecter astessment

of the nmedical situation and other relevant 15factors. _
present invention can be used to ‘train’ the patient’s immune system to recognise

20 tumour cells as targets to be destroyed. This can be achieved by including within the
viral vector an exogeneous nucleotide sequence encoding a suitable self-antigen. As
described previously, suitable self-antigens include antigens expressed by tumour
cells which allow the immune system to differentiate between tumour cells and other
celi types. Suitable self-antigens include antigens that are either inappropriate for the

25 cell type and/or its environment, or are 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 blood-brain barrier. However, GD2 is
expressed on the surfaces of a wide range of tumour cells including small-cell lung

30 cancer, neuroblastoma, melanomas and 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. Such receptors may be responsible for activating cellular



I n general, a pharmaceutically effective dose conprises 1 x 107 to 1 x 1012
viral particles, preferably 1 x 1010 to 1 x 1011 particles. 20The

i mmunogeni ¢ conposition of the present invention may al so conprise one or
nore other viral vectors, preferably other adenoviral vectors. A fourth
aspect of the present invention provid 6 the use of the viral vector
according to the second aspect of the % esent invention or the immunogenic
conposition 25 according to the third aspect of the present invention. In

particul ar, s{dagllihgWatHwads REE resBItQN Bk inreP@latéd @rélthtdhd divisidh ofekd fimcur t he
| munogeni ¢ conposition of the present invention in medicine. Thi s

aspect al so cphl.oforderampilg, ErhB2\is papduged tapabagrmally highnlgyslseon eheesifrssiofi on

30according,to the present inventiop far use in, medi.cine and ji) use of
Che viral yeLestBrR RS seRogtsc hesEpt e yfhdf e PRadRimehtion Plven,
i nvention i metled tadendiiee dh aginime rédpoasdTRgHifs AEfinou CelliSndi dinnhctiefore®e Sone
exenpl ary nedi cal uses are described in further detail bel ow In one

enbodi rent , usekinthe ieatyerteficargeEor di ng to t he second aspect -of the present
5i nvention or the immunogeni c conposition according to the third aspect of
the present invention may be used to deliver a transgene into a host cell.
Thi s et hod ThegbRowidgydetsiREppBe ftdne MBiradioto ald ot nhes divenges of dei vkctoost

cell a viral vector according to the second aspect of the present invention
or the i nmuAbdaRMENAZRNMEBRNOSItER of dROPIEFeNy IRVENHPR: t hird aspect of the
present invention. Preferably, the host cell is an animal cell, nore
preferably a mammalian cell. Preferred mamral s i nclude chi ckens, other

poul try) covihe fBfRRNt 4AA!Srevdition ofMmatyb@REased) UinkcRIdthg MiveOBtagh Gridlgsa,
canel i ds, deer, el ephants, badgers, possuns, cats, 15l1ons, nponkeys and

hurmans. Pr efteheadilgsis and infbenza edte dssociated veith ehec plajntermpnee lob St steang cell-
mediated response to infection involving both. CD4+ and CD8+ T cells and the

ability to respond with Thl-type cytokines, particularly IFN-y, TNF-c, IL-2 and IL-

17. Although many subunit vaccine platforms effectively generate human immunity,

15 the generation of robust cell-mediated immune responses, particularly CD4+ and

CD8+ T cell immune responses, has been much more challenging. The viral vector of

the present invention preferably stimulates both cellular and humoral immune

responses against the encoded antigen.

20 It is also desirable to induce a memory immune response. Memory immune responses
are classically attributed to the reactivation of long-lived, antigen-specific T
lymphocytes that arise directly from differentiated effector T cells and persistina
uniformly quiescent state. Memory T cells have been shown to be heterogeneous and
to comprise at least two subsets, endowed with different migratory capacity and

25 effector function; effector memory T cells (TEM) and central memory T cells (CTM).
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

30 and CCR7 and lack immediate effector function. These cells have a low activation
threshold and, upon restimulation in secondary lymphoid organs, proliferate and

differentiate to effectors.



may be selected fromthe group consisting of an antigen-presenting
dendritic cell, langerhans cell, macrophage, B cell, |ynphocyte, |eukocyte,
nyocyte and fibroblast. 20This nethod may be carried out in vitro or in
vivo. Where the nmethod is carried out in vitro, the viral vector or

I munogeni ¢ conposition is brought intg contact with the host cell under

sui tabl e conditions such that transduc lon or non-productive infection of
the host cell with the viral vector is facilitated. In this enbodinent, the
host cell may conprise an isolated host cell or a sanple froman ani na
subject. Where the 25 nethod is carried out in vivo, the viral vector or

i munogeni c Prefoyably, thieoriral veqtorsiceordisigyto drmicaoryt aspedt of thetpreseahinmentios s ect

such that transduction of one.or nore ¢ I*ls hof t he . s Bject vxf'.th tthe.vi ral
vector s f 40 PRTURQENICEPEPERIRR geordin (f e Mhidkaspes: Of HemessnbigLsnudn is
conposi ti on chgabAlet lciin®! Ridutifg bhBodstig 8 hntkenQpadifit imMubéliddforay.

i nhal ation), parenteral, nucosal (e.g. buccal, sublingual, nasal), rectal
or trarsder Pacfebhe Heimmungtrespanse is7 sprg € cglh impmupe eesponsasionexanae af t he
host cell with t iral Qlyq of [ nt .4 L Lh, the
stabl e deli \7&??3 g@ 8t ﬁ@ag%‘grgﬁggbge%%ng?e%F %%%é%%ggégﬁyrg@uﬁﬁfeg#%gsf ls|nant o the

host cell. SIhtestBicdr ll iMin@itaediphse efirabiy)tthe T leell ithin@he respdme isloagr di ng to
t he second aspect of the present invention or the imunogenic conposition
accor di ng t dasting apthpergistsdpraitleast 1.4hea, H:dSe: 2500 amre searsalrefzablydbe t o

elicit an ”Ig?gﬂﬁerx ?884&%8d4c@d?s“a%@fg@T c&i‘hﬁmﬂﬁ%ﬂg REeferably conprises

the step of mnistering to sail mal" a viral vector according to the
secondl(aspect of the present invention or the imunogenic 10conposition

according to the third %:tgect of the present inventjon. \Were the protein
or pol ypept i e varal Vegter efsthe secopd agpeet ofcthe PESSPRIBYSIEIAN Of IMARINASEHG| n or

pol ypepti de cioﬁlgﬂgltigﬁl hé%kdiﬂ% kd 3{e§ﬁi'r'<ll Esﬂeﬁt (BIJ(}gs g*ésgﬁttiﬂ\yé.nﬁ?n HaydePr | MAIY | Mune

response to that antige eading to the oprment of an”i nmunol ogi cal
menory whi cladwiinibtededao s lisst a¢ll endubijece dithiee ap arsiggle immbntsatioardr nudltiple
secondary encounter, for exanple upon infection by the pathogen from which
the anti gen imasngarense Frefevaplye thgoyipal veeler af IARRNQESNIE GOMPOSHIAN thereofjarg  an

e anti gen IRy irree] g e, a
auesti b - 2g ARl PAU: dpelf LB e AcCRAPRART Bleyifly R0 11

viral vect oralgefbel ddgnifis@ecNds paitvefi i hdifologousiug hetrdlo @8 Primebogaosi ti on
t hereof can be used to boost the inmmune response of an ani mal previously
exposed to tinEuasaligR FRgIme.

The vaccination strategy or immunisation regime may include second or subsequent
20 administrations of the viral vector or immunogenic composition of the present
invention. The second administration can be administered over a short time period or
over a long time period. The doses may be administered over a period of hours, days,
weeks, months or years, for example up to or at least 1, 2, 3,4, 5,6, 7, 8,9, or 10 or
more weeks or 0.25, 0.5, 0.75, 1, 5, 10, 15, 20, 25, 30, 35 or 40 or more years after the
25 first administration. Preferably, the second administration occurs at least 2 months
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.

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

examples include MVA, FP9 and other adenoviral vector vaccines.



25Therefore, in a further enbodinent, the viral vector according to the
second aspect of the present invention or the inmunogenic conposition
according to the third aspect of the present invention nay be used to boost
an i mmune response in an animal. This nethod preferably conprises the step
of adm nistering to said animal a virah vector according to the second
aspect of the present invention or the ;nnunogenic 30conposi ti on accordi ng
to the third aspect of the present invention. 38 Preferably, the ani nal
subj ect has been previously exposed to the antigen in question, or
"prinmed". For exanple, the subject may have previously been inocul ated or
vacci nat ed Vihelviral eeshpasiior inmooegenics¢ampoasitionandy bgeadmioistered;torthe subject

ertved. ey St GeRsis b ihpiation, PRennrdoruta) o PRe b RRYsAE RS whi ch
the antigen yqg QgriGterhd HMRtiRRIra®ILONIRRREIvelyhethEeGHAI FEESH tind@rt O t he

second aspect of the present invention or the infrunogenic conposition
accor disng t émirduaogdnic dompeeitidn afayttecagministered itoraerisalated eyt &l oseainple t r eat

or prevent at |east .one disease in a ient. This t hod 10 preferably
conpri si ng 108 & &Wpigst by frpfesting irt]li‘Fgcglg(tSEé’Y‘h‘ phs vERh VECIOY (0F | pRiogpnic
accordi ng t QuBEsifEs N PirdShRiet cHdifidiR tRACRENtaté MeaRdns@ittidh JffiBe hosneRgeni ¢
conposition according to the third aspect of the present invention.

Pr ef er abl y, withgthdiveelasetors sel ected fromthe group consisting of
Tubercul osi s and other 15 nycobacteri al infections, nmalaria, influenza,

H V/ AIDS, Hepatitis C, Cytonegal ovirus infection, Human papillonma virus

i nfectjn, AGERAYUI vetoriahll GRtnuRBzent ERPRIMoADI the prédeBPInQERonlETe BAP-
st aphyl ococcus spp., neningococcus spp., infection, rift valley fever, foot

and nout h dilismiteddo ghedlelivetywfguelpis agidr sgquéncteacoding aptgenswdManyaliseaseduci ng an
i mmune response..agai nst the pathopgenpi ¢ organi smfromwhich.the.heterol ogous
antigen is d‘é‘iﬁ'i‘q} CanCHls AL t?cgg'ltgé’&f 8t M8Fe ‘f%eéelb?uéélévﬂ?ntiarlu]\ef%ﬁﬁ Bn may al so
induce an i HEHER’s'REOABCerRGAerBSY istaiRoadeIVVIVInShE ikeitivhi of pehidienteithal

vector is derived. As such, an inmune response agai nst AdY25 nay be
elicited. TpetigntinesHs prtissuesse remensdbeldelgisripus mpgyooy neayfupgtionalyllele(s)
cross-yeactive w 0 j t.V; : - ' ne
Fesporte. agdliis Holaich hedina ARRY, CBngtiy MBRSinANA RS SEREG FTUCC, o,
accor di ng t @ohhpedfc wraticswikin thé génoene1o egiade thewanfunotionsl alléle. i mmunogeni ¢

conposition according to the third aspect of the presept inv i.on can
therefore aI@&“E?élvﬁlé’eﬂlefn@?ftl?‘é‘é’f‘?lr@lefﬁm@f RS, B¥ADPRY ?(Hﬁlsl%lﬁ’é‘ﬁg‘i’ﬁaf &tlélai sease.
39 This enbggi, ﬁor%lo%&?s r@&ﬁﬁlﬁﬂfitidnr.'gﬁl;ge 2t b E&Fd?lr St the ARcR6DY hlgs the

treatnent or preventionl of at least one adenoviral disease and at |east one
non- adenovi ndthinliledaget deli restpras thertarget cell to a normal state and thus provides a
20 treatment for the disease. The ‘normal’ or functional allele(s) may be inserted into a
patient’s genome using a viral vector. The present invention therefore also provides

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.

25
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.

30 - The vector of the present invention may comprise an exogeneous nucleotide sequence

encoding the functional or ‘normal’ protein, the non-functional or ‘mutant’ version of

which is associated with a disease or condition.



5In a further enbodi nment, the viral vector according to the second aspect
of the present invention or the inmunogenic conposition according to the
third aspect of the present invention may be used to induce an immune
response in an aninmal that will break tolerance to a self antigen. This

met hod preferably conprises the step of,adm nistering to said aninmal a
viral vector according to the second a%%ect of the 10 present invention or
t he i mmunogeni ¢ conposition according to the third aspect of the present
invention. Many tunour cells are tolerated by the patient's i mune system
on the grounds that tunmour cells are essentially the patient's own cells
that are gr Gvéfergblydihe w@irget celhds a s6mapc eeldli The suti¢nduo bertogated iseprefexatdy y

control. Thus, cancerous tynours are able to grow unchecked withip the
patient's an%\fé’Pf,serﬁeHen\?mn%ﬂ?s \}’é@?‘{ﬁ CE‘ICkgIﬁe ‘H’l‘gsg?l'ﬁtriyn\?@mgi éﬁe"t?an be
used to sti t [ ' Buf SIS tomatidsa el NMerdhdhi@Ubade@ld S 1N a
process kno%ﬁhgésmgaﬁ?gsﬁ?%hﬁﬁgt’ergﬁyxikSpécgpgbgfly?’th£%Vecio?ﬁ%f’the
presents i nveossunk, cAas) livms umenkdys and haimans.t he patient's inmmune systemto
recogni se 20 tunour cells as targets to be destroyed. This can be achi eved
by including within the viral vector an exogeneous nucl eoti de sequence
encoding a Suj A thveforf ¢ [deD 8 holifiticBtidd Yequehic! GRb&
self-antige%gh?ﬁ2+ﬁ§€g£&Fﬁggﬁgﬁe£Bré%s@? Lf tﬂﬁour é%ﬁ?s %ﬁicﬁ alloagthe

i Mmune syst ¢ tieal diettfoe mectrdiag do bl vewend taspeotiof tel presean chventiar. Rrefetablypes.
Suitabl e sel f-antigens . include antigens that are,. el L ngppropriate for
the 25 cel |thetrgp¢gm§ Pds sqauencs foMPERFREE Seiench of Sﬁ#@%@% P BRESR
during he QLOBRKANT iddRNEl ARIRH! ThE MiyrueRbile My BRAGInallyOforipBRPhe, CD2
is normally only expressed at a signifi'cant | evel "on the outer surface
menbr anes ofxogeneansalucketidssequbnecofirterestxposure to the i nmune systemis
limted by the blood-brain barrier. However, GD2 is expressed on the
surfaces of a wide range of tumour cells including small-cell lung 30
cancer, neunfkmssHEtRof e lpritenfifveifion Ps6 QB aAHURNESL trddbd\Red B inféldtdewith

sel f-antigens include cell-surface receptors that are found on tumour cells
but are rar ¢heovirahyecon acsprdingtodhe segerd efpeetad |thengrescat inventQue Follewd or s may
be re nsi . | Ny - 'g@g! [ Qﬁ@* that result
in thzlgﬁnr egljﬁﬁ Sa‘{ug{ﬁoﬁ(?%\&/\lf%lgﬁgh%ﬁ%ﬁk E%Igﬁllgﬁrﬁgg ur#g %82?{1 o?ieexarrpl e,
ErbB2 is pr gejiract intthahidéisatidyndlegie logitedikecite inblecsle of ateestf intaddamh cancer
tunour cells. Thus, the adenoviral vector of the present inventi?gﬁggy be

used to i ndt&‘bén)aﬁh?rrﬁﬁiﬁ%ﬁ%ﬁmg%e%@%%@f thg np@wi%@pye?ulg&re{eaqb efore
be Sused i nhb%}ﬁ:efclnﬁsest’%ﬂg?'ﬁranéﬁfucm%tagig?oxfﬁ}all gfr’é’pg%atgﬁ? ails apply mutatis

mutandis to a above uses of the vect d 1 m”Munogeni ¢ conposi tion
of the present invention. 10The treatnent and prevention of many di seases,

i ncludjng liyer stage aria, tuherculosis and.influenza, are associated
A0 e T i 20 A o 50 Roipddiet cet g a s e ol i wERSH.
involving b SR the:.ah i to respond with
Thl -type cy?% 3§E%§fﬂ%g?tlc3fg¥%§§+éﬁé ,nfﬁg§§ghbﬁkgﬂand I L-17. Al though

many subunit vaccine platfornms effectively generate human imunity, 15 the
generation of robust cell-nmediated j ne responses, part.icularl + and
CBe T col | Brofechl . (WS pmEaLE mismagiseRllnbesiibly e Memest g Rt & 60 ATy
vector of t I i o] I I ar and
aror al 1 mrise PRl Ao 0P RFER, morE it BHE hah by

desirdd e tgtennchlice a nmenory i mmune response. Menory inmune responses are

classically attributed to the reactivation of long-lived, antigen-specific
T | ynphocytes that arise directly fromdifferentiated effector T cells and

persist in uni f or gui escent . st ate. ry. I cells > . shown to
be. het er ogerideniel iy b SRR i he BT B YRS
di fferent mdgrd@idy oelis Mnpeitads &)l macrophage, B cell, lymphocyte, leukocyte, myocyte

and fibroblast.

30



25effector function; effector nenory T cells (TEM and central nenory T
cells (CTM. TEMresenble the effector cells generated in the primary
response in that they |ack the | ynph node-honi ng receptors L-selectin and
CCR7 and express receptors for mgration into inflaned tissues. Upon
re-encounter with antigen, these TEMc rapidly produce IFN-y or IL-4 or
rel ease pre- stored perform TCM expre€ L-sel ectin 30and CCR7 and | ack

i medi ate effector function. These cells have a | ow activation threshold
and, upon r i i Qg% te and
differenti a?géf%%HQa%e?Ebg# gelﬁﬁf@ re?leéregm?é ?ﬁg&\!ﬁl %m%@%lcl)%ﬁ%e@cor ding to

the second @sdfegtd pfaniniuds inchrele chickewse dthiep poultryt bews, shespo gedats Cpignmpiddi ti on
according to the third aspect of the present invention is capable of
eliciting, PafubrHgloobispdinrsesgcamelids: desancleplaais; Padgermpessunss fifhse. 5

Preferably, eis astrong T cell imune response, for
exanpl e a stlwﬁ rh%ﬁse dglﬁ‘%@ T cell response. Preferably, the T cell
i mmune §response is a protective T cell inmune response. Preferably, the T

cell imrune res se is long lasting and persists for at least 1, 2, 5, 10,
15, 20, 25 dhe ri%ﬂ]eﬂsp@moﬁ themregeat iyention Heo ¢n¢ﬁmesspéaxpml irapsduesd 0% a

menory T cell INsE;, 10 The t nd aspect of
t he present "ffﬁ?}%n[gﬁﬁ%yl r?lﬁﬁtr%ﬁcé r%mg:%%% e%,((fn a%é%cg g{kn‘gg 819,[ he third
aspect of t'ﬁﬁ/eﬁﬁﬁeP?eférﬁM?”iHe%rﬁﬁYco%rﬁ%ﬂH Gt AoRLellS trafiohfgt orcel | or
subj ect either as a singlé immnisation or nultiple imunisations.

Pref erabl y, tahdested sithwbevipal vector ancordigg o thecepqruisispeas rﬁ)flthﬁeprewlt are

They ik al S5epaom A rae b aapis 4 Faprie Erebb e R BE ogore.

pri me- boost ¢RI S@kt PEUIIF ISR, sHED, BasS, Oﬂlg‘f el 5&&35@1%10 Obisdrl]THoRe§ At i ON
regi me may includé second or suBsequént 2 mnistrations of the viral

vect or or i camelddyedear, elopiods, tadgersfpdskians; catselions, mankeysoand Mimansecond
adm ni stration can be adm nistered over a short tine period or over a |ong
time period. The doses may be adm nistered over a period of hours, days,

weeks, nont s 4QkvifiRaspect, e ﬁf‘e@éﬂlhﬁvéﬂﬁoh 8>r<90’1d&ta hﬁﬂﬁid Jf préducing the wral6, 7,
8, 9, or 10 or nore weeks or 0, 15, 20, 25, 30, 35

or 40 lér nowvectyrezncerdig torthe B@OQGfaspest oﬁherpmsgttma\tqnbﬂn Hrﬁ’i@faébabheyme'thné
second adm ni st rat| n _occurs at af t

admi ni strat |°8an|s-ﬁsé P mc?’f‘i’(?”?ﬁé3&5“5%71?%??%“?%’3 {Eﬁﬁﬁ@ﬂﬁ mq g years

after the fiBasferigloAitificid CAtdrGbombBI)itb PRodubé &i wdlBAQreéter.abl y apply
mutatis mutandis to the period between any subsequent doses. 30The viral

vect or and/or i mrunogeni c conposition may be adm ni ster ed alone or in

conbi nati on llge.' pﬁ%ﬁﬁ& ls_zégtf) lhg%cf‘%:% p\f efit Bf %ﬁ'lﬁ (ﬁgﬁconl?érﬁﬁgr red

exanpl es I nc enovi ral vector
20 increased genetic stability. In addition, the single copy BAC vectors permit very

precise modifications to be made to the viral genome by recombineering

(recombination mediated genetic engineering).

Preferably, incorporation of the nucleotide sequence derived from AdY25 into a

25 Bacterial Artificial Chromosome (BAC) comprises the steps of:

1) constructing a BAC rescue vector comprising regions of homology to the
left and right flanks of the viral nucleotide sequence;

(1) linearising the BAC rescue vector; and



42 The viral vector and/or imrunogenic conposition nmay be adm nistered to
the subject by oral (including by inhalation), parenteral, nucosal (e.qg.
buccal , sublingual, nasal), rectal or transdermal adm nistration.
Alternatively, the viral vector and/or 5 inmunogenic conposition may be
adm nistered to an isol ated host cell sanple froma subject by
contacting the cell(s) with the viral ctor or imrunogenic conposition in
vitro under conditions that facilitate the transduction of the host cell

Wi th the viraljiyectQbimAEondibgus iRESHbingdAch ifMIURRY BN beRPERORE ian Of
the present inventiion arenot limted to the delivery of nucleic acid
sequences encodi ng raxcteotjdn sequikeyandi the dinearised RBAGdesvye vaetor to ingprporate
associated with one, or. nore del et erious t |leles in a patient's
genome. Gene t her agd® VgﬁgmﬁerBtd‘iessfq}lWSI‘Q}H]ﬁbeaﬁ{gtga}faﬁélgrvf’?tfﬁh of genes into the
patient's cells or tissues to replace the deleterious nmutant or

non-functional allele(s) 15with "normal' or functional allele(s). Conmmonly,
a functi onaPref¢rablye the nuchestitle dseqnense aingorposgiediififoc tho BAC oreseRa Hieator he

genone to replace the non-funct i EAa el.e. r tyeky, the
non- f unct i oﬁ&?p%ﬁerse & JrYeIsE @éﬁ@e?ﬁgb tlhgr;‘%uén tI?%trI\V‘a ' a?lloerl ‘2 FADugh
honol ogous k@rembhNidentical Biebgequent expression of the functional allele

within the target cell restores the target cell to a normal state and thus
provi des a 20treatnent for the disease. The '"normal' or functional

allele(s) be i ngert B NLo.. tient: | i or. The

o esent 1 nvatifanve Reraffipd MRuGndsohilint; AEGHEoL g Aot MERY

accor diong t BAheresot giedoms pFheseofurthee modifestions mignbeocarned toue biymFuifogeni ¢

conposition according to. the third, aspect of the present invention.in gene

t herapy. 25TerRMbInesting dhiy teeknigus, pioagersd by SerenWaapigg apd coligsepssstdlisesy t o

sai d ani mal i
i
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i nvention or the nogeni ¢ conposition-according to the third aspect of
t he present SWIM2ntEL ofoli 3RTke irv exttich reforhbiaatpore seayt benpefirined, dmaye deapri se

an exogeneous nucleotide sequence encadi ng the functional or 'nor.nmal’

protein, t héPfi?bfL;FﬁhM ;‘FBS’PB?{S‘? W Fack it GAEK e wGh i ool o B8 nuBBEPR e wi ¢

a disgase O, Ga0i hd B solé3arbon source. Gene deletion is performed by recombination
between the vector genome and a PCR amplified GalK cassette, flanked by 50bp

regions of homology either side of the gene targeted for deletion. Selection on
mimimal media containing only galactose should ensure that only recombinants
containing the GalK gene (in place of the target gene) should grow. Replacement of
20 GalK with a different gene sequence can be performed in a similar fashion, this time
using GalK for negative selection. The addition of 2-deoxygalactose (DOG) to
selection media will select clones in which GalK has been replaced since the product
of GalK, galactokinase, metabolises DOG into a product that is highly toxic to E.
Coli. Preferably, the host cell is BJ5183 E. Coli for steps i) to iii) above and SW102
25 for further modifications.

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

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

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

recombineering, as described in Example 2.



Preferably, the target cell is a somatic cell. The subject to be treated is
preferably manmal i an. Preferred manmal s i ncl ude-chi ckens, other poultry,
cows, sheep, goats, pigs, wild boar, buffal o, bison, horses, canelids,

deer, el ephants, badgers, 5possuns, cats, |ions, nonkeys and humans. A
fifth aspect of the present invenﬂ(n1igovides a pol ynucl eoti de sequence
encodi ng the viral vector according to the second aspect of the present

i nvention. Preferably, the pol ynucl eotide sequence conprises the seqguence
of SEQ ID NO 38 or a sequence 1l0Osubstantially identical thereto. The

pol ynucl eotide may 'additionally conprise the exogeneous nucl eoti de
sequence of Preféreblysthe methpd fintlzs jedudesimodifying dxeht regiomta pptimjse oiecides a

host cell trans infected with the viral. v acco t he
Cecond aspeBova sinais-dbdnE fodiiintihe Bl stfng B afus A HRATED Nt
infection, EReEqshe EON AWHUK. 8 Rrs@Schd! difbAKAGRNERURLIPY EY e6dus derepRitegnce i n
t he nuclelc acid nol ecule to produce the nolecule of interest, in addition

to ?ny 5(;][ he withdB#oxf#,r B4Orb oind | BAOE6H @ cepdingbiegions ﬁmnlz’edféuSa@nd th@IEéélnﬂe.
Pref erably, st abl vi ral
propagat i onE4§6£I#: qlr%é(?rfgeﬁo m eglgé %n [ s%gd Scn Iaj‘%agl ar " of a tissue

sanple froman organism or part of a nulticellul ar organlsm or organ or

ti ssue thereof. Preferabl g@dthe host cell is a somatic cell. Preferably,
the host cePrefergblyotthey method durther mwe@amrodsmw |p§aa%m lajﬂ‘?ﬂayélr‘i‘? csp§<f1‘é9n cell,

nor e partlculargxmﬁonsqg;ag ”'&R 26 HRTAGCE] 1oddCas E
N endr| I'c cell,

sel ected from consi s an ant I 'gen- prese

:c aggerll(?ans Gatdwayﬁatestﬁrmnageass&te esdch d yiopifagdre cndbﬁbeskttheﬂﬁmerrmhmyumaand
| br obl ast 44
insertion of vaccine transgenes. Transgenes could also be inserted by recombineering,

In-Fusion®, conventional ligation or gap repair.

An eighth aspect of the present invention provides a Bacterial Artificial Chromosome
15 (BAC) clone comprising a polynucleotide sequence encoding the viral vector

according to the second aspect of the present invention.

Preferably, the BAC clone comprises:
(a) a BAC backbone;
20 (b) the polynucleotide sequence according to the fifth aspect of the present

invention.

As described above, the viral vector according to the second aspect of the present
invention may be replicated in a transformed cell line or helper virus (gutless vector
25 system) which, if necessary, comprises the complement of any genes deleted from 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
30 has been modified to express the functionally deleted genes, or a cell line which is 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.



Preferably, the host cell is an animal cell, nore preferably a mammalian

cell. Preferred mammal s i ncl ude chi ckens, other poultry, cows, sheep,
goats, pigs, wld boar, buffalo, bison, horses, canelids, deer, elephants,
badgers, possuns, cats, lions, nonkeys and humans. 5 The fifth aspect of

t he present invention also encorrpasses4,fam ani mal transduced or infected
with the viral vector according to the''second aspect of the present

invention. Preferably, the animal conprises one or nore cells transforned
or transfected with the viral vector according to the second aspect of the
present 10i nvention. Preferably, the animal is a manmal. Preferred manmal s

i ncl ude chi Thepesenstimeentipo ptavides hostvee]ls streprising)o Basterigli Aptificial | d boar ,
buf fal o, bispn, horses, camelids, deeg, el Eants(étb dgers, .I?osgum;, cats,
i ons, _monkE@mETEmE (RAd In peronabes wiih therighit aspectof the Beessttt N on
provi des a gef QdbRifolropalatibs tHehf \VPreflablpsitB HodY cel§ GRRIWALRAaRodthe second
aspect of the present i1nvention. Preferably, the nethod conprises the step

of i ncér por prefargbly Emodl Suitdblecxsoplesrindudiekicok dtrdinpRPHAOB28diSW t023. Bact erii al
Artificial Chronposone (BAC) to produce an Ad-BAC vector. Unlike plasmd
vectors, BACs are present within E. Coli in single copy conferring 20

i ncreased gaNfhthGspdcR B thelpresehtindétfiohitRétefokdSrosidegh PackapingBAfT or e&ll Bhe
permt very precise nodifications to be nade to the viral genone by

r econbi neer proguging oo sepable ¢foproducin g thedvirgb Mestoracsagingtor tha gycond aspect of

Pr ef bly, .i ' frt h | ' ' f 2
nto & 25balieaPRa A pfoer AtechpbigeBnbet Bacsehe BRE ol isH ki ATkl ™

conpr
i ) congQr uct higedidBAEqTeAS&UFhivieeldote BRNffal Sédier dfelll seasndispearoditigpresent t he
left and right flanks of the viral nucleotide sequence; linearising the BAC

rescue vect twventignd Expsssipn phthesosearensen ssbltogolis pradustion ahthediral Mecomost
cell betwee jral -nuc { the ddd j Gifiescue
vector to i Rabe oh el SRR L2 YR By IR clfr PRI R BEIER T
vector. viral vector according to the second aspect. Preferably, the cell comprises the
complement of any genes deleted or functionally deleted from the viral vector.
15 Preferably, the cell comprises the complement of the AdY25 E1 gene. Preferably,

the cell is an HEK293 cell or a PER.C6® cell.

As described above, modification of the E4 locus of the adenoviral vector to include
the E4Orf4, E4Orf6 and E40rf6/7 coding regions from AdHuS increased the rate of
20 hexon production, increasing the sensitivity of anti-hexon titre to allow quantification
of the infectious titre of the viral vector, in particular those viral vectors developed for
clinical use which do not contain a fluorescent marker gene. In addition, this
modification was surprisingly found to increase the yield and rate of growth of the
vector. One of skill in the art would appreciate that such a modification is expected to
25 have a beneficial effect on a wide variety of adenoviruses, and not simply those

derived from AdY25.

A tenth aspect of the present invention therefore provides an adenoviral vector other
than AdHu5 comprising a nucleic acid molecule, wherein said nucleic acid molecule

30 comprises heterologous E4Orf4, E4Orf6 and E40rf6/7 coding regions from AdHusS.



5Preferably, the nucl eotide sequence incorporated into the BAC rescue
vector conprises the sequence of SEQID NO 1 or SEQID NO. 38 or a
sequence substantially identical thereto. Preferably, the nethod
additionally conprises the step of further nodifying the Ad- 10 BAC vector
genone. These further nodifications 4/ be carried out by Gal K

reconbi neering. This technique, pionee %d by Soren Warm ng and col | eagues,
utilises the Gal K gene for both positive and negative sel ection of

reconbi nant bf?@%ﬁodlﬁl\%p?thgnag@é E4Q6kdsSis demtwwrép@&emlﬂaha%l@ﬁs be
performed, have been spedifically engineered to lack the Gal K gene which is
required f oE40Hd, B4Dr6sad EﬁOdb/7 Q@hwlr@:mssﬁomsAdHBS sAlterngtiyedpnnupirie ce.

Gene del etion,is perforned natl n between t none and a
PR anpl 111 8410 cBpIRSHIS AT, ceurirde iR LTS coiBp Fratfo s Mot i R PR o
side of theggepm, Fa0a®! & E@Ori@ﬁ?‘ €3diR regisilsefbinONdHAS. PreTer@tly, Mg ritive
containing only galactose shoul d ensure that only reconbi nants contai ni ng

the GabK geredifg regjsinaaee BAOnfheE4Qnfhand B#GEY. shoul d grow. Repl acenent of 20
Gl Kwith a different gene sequence can be perforned in a simlar fashion,
this time using Gal K for negative selection. The addition of

2- deoxygal aptedeted ¥ vital veetoRs hieselevradi froinl the @eleconsistiapas Adydhiand CGal K
has been repl aced since the product of Gal K, gal act oki nase, netabolises DOG
into a proddé¥6Bhat is highly toxic to E. Coli. Preferably, the host cell
is BJ5183 E. Coli for steps i) to iii) above and SWO02 25for further

nodi fications. Preferably, an extra honology flank is included downstream
of t hdQadendwiférdblyHhe ad¢roviral vecerabtordmigno tHeaamthaspadelaeks ard BF arid gn B3
described in Exanple 1. 30Preferably, the method further includes deletion
of the E3 rgbﬂ-‘%n of the Ad-BAC vector genone. Deletion of the E3 regi on may
be carried out by Gal K reconbi neering, as described in Exanple 2. 46
Preferably, the nmethod further includes nodifying the E4 region to optim se
vect or gr owMerelgdorythekahvehiencnef thoteaxfiskitlnn the &€ assamiptesofifatcolietréid | ocus i s

| aced wi E40 f6 AdHuS5, d
nati ve £4"1 SRURY @ dealyp et Sk O Senbinia beslefy R chbpr P Pe A Y
regi ons frogyfgiie, th@E!@né&‘ﬁ‘en%ﬁQJf'AdC@@ @%@é% Eﬂ@hbﬁ (E@fﬂoﬂﬁieﬂ gi ons

from AdY25, as describ . Préferably, the nmethod further
i ncl udes | niiRRGRR, nell bheg@n‘t‘ém@@ El (1%4 wodified) FIPeGEBR bW aredepositedihydsisat t R1

and attRre ar[nnovatlo'?‘l 1m1te|d%(r:1 ay P61 7 WRfl thaenEerI\)/éaElrcoo(i’l%qlon of Cell Cultures
(ECACQC) at the Health Protection Agency Culture Collections, Health Protection

Agency, Porton Down, Salisbury SP4 0JG, United Kingdom under the Budapest
20 Treaty and designated by provisional accession no. 12052403.

As described herein, the vector AAChOx1 is derived from chimpanzee adenovirus
Y25, with deletion of E1 region, E3 region, modification of E4 region and insertion of
TIPeGFP model antigen into E1 locus. The E. coli containing the BAC is a class I

25 genetically modified organism.

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 propagated in

30 Luria-Bertani broth or agar containing 12.5pg/mL chloramphenicol at 32°C. The

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



10 Gateway(r) destination cassette. Such a nodification enables the
efficient directional insertion of vaccine transgenes. Transgenes could

al so be inserted by reconbineering, In-Fusion(r), conventional l|igation or
gap repair. An ei ghth aspect of the present invention provides a
Bacterial Artificial Chronosone 15(BAC), cl one conprising a pol ynucl eoti de
sequence encoding the viral vector accbrding to the second aspect of the
present invention. Preferably, the BAC clone conprises: (a) a BAC backbone;
20(b) the pmeﬁﬁuglae%é&%e&ﬁmegﬁ&i@&aeﬁ,cuggo trRert BE aftirhhdiveas@SRbingt t he
present invention. As described above, the viral vector according to the
second aspeantigsh in placpoEERRGFPnvent i on may be replicated in a transforned
cell Iine or helper virus (gutless vector 25 system which, if necessary,
conprises the conplement of any genes deleted fromthe virus. Such genes

may be del epgflvdriRgiheBAE CloHss bMhOVRAIgchOmBs MESTirisRP (résebé 9 ar be &pséd cel | s,
but are of course tequired in order to replicate the viral vector to

producé@ i mowidyehe éollovipgsiens. dhe Laca/bhelt igpropagated ané dwrBAGIMIALS of t he

present inventio e can ke use of amy.cell |ine I, $SiV f.wild
type aden ovW'Egec&é%rﬁh&ea?%cgeﬁ‘ataﬁ%qrgmgdo ﬁtggg%g gist noﬁi gi T eelgﬁfé‘ 0 21?(‘ f)arngg&s) " t#e
functi onal | }hededteétesh chdoRfcleadd PikeL &ld trarisfeetedintoHER29B0¢ el 19 €6 simiilseE f

wild-type virus replicati on which has additionally or alternatively been
nodi fi ed t ocemplemsatingarlidine).rkhegesuliing adenendrusicen thep bempsogagated asthal | v
del et ed genegs. e hr ' | ( ' t - hSing a
Bacteri al .Aﬁ? ?d(é:ltl%{iﬁ& S%o‘%ggg%feﬂo‘?%ﬂlg nr}“g{;:@ﬂé% g?\%‘%g\%i atnﬁ%'%: lriszargﬁgﬂﬁdﬁ aspect
of t hdQOpr esevdilablRyHnké deposition wetd teadiled, the tesphtimpgadirat wonld teex eads.] Pr ef er abl y

such host cells are bacteria, nost S5preferably E. coli. Suitable exanples
i ncl ude E. c8enetisalhymadifiefiorganisAiy SWL029. A ninth aspect of the present
i nvention therefore provides a packaging cell or cell line producing or

capabl e of producing the viral vector according to the second aspect of the
present i nvintespaut ofldlbdgsamkizgdistatesde mihichr suck hétidni is possthipandeshoededr nor e

that it is legally permissible under the law of the designated state, it is requested that a

15 sample of the deposited material be made available only by the issue thereof to an
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.

20
A specific embodiment of the fifth aspect of the present invention provides a
polynucleotide sequence encoding an adenoviral vector according to the secohd
aspect of the present invention, wherein said polynucleotide sequence comprises or
consists of the polynucleotide sequence of the viral vector AAChOX1, deposited in a

25 BAC contained 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 BAC additionally comprises a transgene

30 encoding the antigen TIPeGFP. In this aspect of the present invention, the
polynucleotide sequence for AAChOX1 preferably does not include the sequence
encoding the TIPeGFP antigen.



10 nucl eoti de sequences which encode the viral vector of the second aspect
of the present invention. Expression of these sequences results in the
production of the viral vector. Sonme of the required genes may be provided
by infection of the cell or cell Iine with a viral vector according to the
second aspect. Preferably, the cell rises the conpl enent of any genes
del eted or functionally del eted fronlt e viral vector. 15Preferably, the
cell conprises the conplenent of the AdY25 El gene. Preferably, the cell is
an HEK293 cell or a PER C6(r) cell. As described above, nodification of the
E4 | ocus of the adenoviral vector to include the E40rf4, E40rf6 and

E40rf 617 codi fngherr@gib@di;mfnt ofithadrks8nt ineensias @rovides a hostoabl tranmlq«rémﬁl

duct | f
Guant | 11 cai BBl Vi dorpraieg b e seyanciesgre BRIDE AR ot ioh, VBl cu o

those viral has«e@élpfsqn@tefa@l}o@mtefrmm @hdr8 peebrably . ¥dTi shirlow1op’ €odRdiAing ad
fluorescent marker gen In addition, this nodification was surprl singly

found fo i nbacéerinbari laJ/ crognoserae (BAE) egntajningtthe @)lpn@dq&enoé@wé AdDXbf skil |
in the ar t &ng’:s’?% A 51sclm%\?a E)Q itimﬁ%f (bn 54% N/Big fO'lE%Jﬂhqge Eﬁro {)l‘fé!:n%ﬂ 25have

a beneficia on & wde vari enovi ruses, sinply those

derived frosf@ellehltures (FCAEQY bt tas Healtth Piotédfien mgeﬁqn(:ultm tﬂmtllbct[bn'rsher efore
provi des an_adenoviral vector_ other than AdHU5 conprising_a nucleic acid

nol ecul e, wHeplE Protestion Ageney: Roren Boys) 2alishwry3dé pé"é@ Kéngdon) ‘H}j’@&s
EAOr f 4 E4O{h[e(i31ﬁgg sﬁ' peraéf3 7d (ﬁ‘gghﬁgd ég? 0 orIa'i g@eésq{fpéo

enbodi nent he natl ve ocu rep aced2 ?u heterol ogous
E40r f 40 E406é;ﬁ>sﬂmﬂBE¢(Hdﬂﬁr’oﬁaldaacbnm1§eeg m:ransgeﬁe emcoditigthe akiden TiB¢GHR 1y,

nucl ei ¢ aci d.nol ecul. e may co rlse |ve odi n i o addition to
het er ol ogouE2aFH T thesprsept erteRofte %ﬁ@lﬁ%ﬁ f/?%@b(bsﬁhus
Preferabl y, plAga#l3lib¥no? pRAUIRGhE ?&,\19&% eﬁ&@dlﬁgﬁlefmecﬁ#gﬁﬁg%nagﬁkh%st 3.

Preferred agenow ?a vectors are selected fromthe group consisting of

AdY25 and Adiib@ay bémsedifer BAIGpropdgatiamienovi ral vector according to the tenth
aspect lacks and El and an E3 |locus. Merely for the conveni ence of those of
skill in the art, a sanple of E. coli strain SWO02 (a derivative of DH 10B)

cont aijgi ng Rapkak elnbaaﬁﬂelht &f Ak sGRAGNB Eﬁ@dmm{e%é@%}u ihP&Ridh PrévidG 4 he cl oned

genone of AdChOX1 (pBACe3.6 AdChOxI 4 nodi f
method of producing the viral vector accordmg to the second aspect of the present
invention by generating a molecular clone of AdY25 in a Bacterial Artificial
Chromosome (BAC), wherein said BAC is the BAC containing the cloned genome of
AdChOX1, deposited in E.coli strain SW102° by Isis Innovation Limited on 24 May

20 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 no.12052403. The deposited BAC additionally comprises a
transgene encoding the antigen TIPeGFP. In this aspect of the present invention, the

25 polynucleotide sequence for AdChOX1 preferably does not include the sequence
encoding the TIPeGFP antigen.

A specific embodiment of the eighth aspect of the present invention provides a
Bacterial Artificial Chromosome (BAC) clone comprising the polynucleotide

30 sequence according to the fifth aspect of the present inveﬁtion, wherein said BAC is
the BAC containing the cloned genome of AAChOX1, deposited in E.coli strain
SW102° by Isis Innovation Limited on 24 May 2012 with the European Collection of



TI PeG-P, cell line nanme "AdChOxl (E4 nodified) TIPeGFP') was deposited by
Isis Innovation Limted on 24 May 2012 with the European Coll ection of Cell
Cultures (ECACC) at the Health Protection Agency Culture Coll ections,

Heal th Protection Agency, Porton Down, Salisbury SP4 QJG United Ki ngdom
under the Budapest 20Treaty and desi gnated by provisional accession no.
12052403. As described herein, the vector AAChOxl is derived from

chi npanzee adenovirus Y25, with deletion of El region, E3 region,

nodi fi cati ogelpCufedres GO RTCHACkhE Mealth PRAedon WAy Culfdd ol RBidBEAedlth O El
| ocus. The E. coli containing the BACis a class | 25genetically nodified

organi sm TheeteRAon Preenety Boven owni Halisherydd WG, ¥nded Kargdoapundenthcon and can

contai ni g PRERSTERY ahd et oA RS A Bsion AP35 6 ThEAGRNRES or o
cl oned can Bﬁw&nmany%m?ri&@lawfah@geaeeﬁwaingbth@migbh ‘EBeGFR dnttieis spegt

12.51.tg/ nL chl oranpheni col at 32C. The genone may be nodified by genetic
engi neér i ngof the presem|inveation thg prjyruslentidn sequgncesdor AdChOAd praferabbis@edshed in
t he specification , tO. | . I: reconbi nant antigen in -
pl ace of TI %g&%.ldedgﬁ\g}eeqr eﬁcnegé]nt%ﬁéel}l%i% C %ﬁ{ég%%#lge[?'he viral genones into

viruses ("rescue") can be carried 5out by the follow ng steps. The E. colt

host is propagated and the BAC DNA is purified fromthe bacteria accordi ng

‘to standar dFertheavpidants of dpybt, is 1s| heprbyrexgressivistatedithat featares described herein
endonucl easg, « o f.ec M) b B VeRE

conpl enent i %sggce%}rlréqqi r?gf.agﬁ]ﬁé %@%ﬁ%tﬂengﬁ%ﬁ%\ﬁ gu%es%rg%lh% ﬂlet?;lb gle egtﬁ%rﬁggat ed
and p0i fi edofation usm any cambamGon evithfany oax anmpbre othérl featiires ke describedyent s ari d
cells are publicly 10available. 1f the depositjon were rescued, th

resul ti ng ViURIRSs fisontepkdigtates geheryisgland;this gpwlt%ﬁmi Saligh aﬁﬁkow o
respect of glch HeBiRBAESE f8dtBtegS t 0 Which such action is possible and to
the extent that it is legally permssible under the | aw of the designated
state, it is requested that a 15sanple of the deposited nmaterial be nade

avai | abl e only, by. the issue thereof to an independent expert, in acgprdance
Wth the r oRUaRYeates oF el apitent SesCiboarahiole 3ugh) m s s B o
Schedygke 1 ghet &4bddimBat 6NtheBrdsest inéhfionRegul ation 3.25(3) of the '
Australian Patent Regul ations and generally simlar provisions nutatis

mut andi s for any other designated state.

Examples

Example 1: Generation of a molecular clone of AdY25 in a Bacterial Artificial
20 Chromosome

Wild type chimpanzee adenovirus AdY25 was obtained from Goran Wadell of Umea
University, Sweden. The virus was propagated to high titer in HEK293 cells and the
viral DNA phenol extracted and sequenced. The nucleotide sequence of the wild type
25 AdY25 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 BI5183 E. Coli cells between viral
DNA and the linearised rescue vector to incorporate the viral genome into the BAC

30 vector.



20 A specific enbodinent of the fifth aspect of the present invention
provi des a pol ynucl eoti de sequence encodi ng an adenoviral vector according
to the second aspect of the present invention, wherein said pol ynucl eotide
sequence conprises or consists of the polynucl eoti de sequence of the viral
vector AdChOX1l, deposited in a 25BAC cantained in E. coli strain SWO029 by
Isis Innovation Limted on 24 May 201 ith the European Col |l ection of Cel
Cul tures (ECACC) at the Health Protection Agency Culture Collections,

Heal th Prot ggtdin %ﬂ&%y ARAT HORnRRUR., 0f3Ab 1n3EHHvHuSBY (OiGn WAY f8Rkdld Rgdom
under the Buda est Trealy and desi gnated by provisional accession

no. 12052403¢na$1¢e31meb@m0ued161373@1 afidilt inopeder yo cendpr theerevy veetah sgmadiately
30encoding th nt| en 11? In this aspect of the present invention,

t he ponnucV@ﬁ??@Bl o for AdChOX1 preferably does not include the
sequence encodi ng the TIPeGFP antigen. 50 A further enbodi ment of the
present invention provides a host cell transduced with the viral vector
accordfng t Bhaghadarsedzosit SaSCpﬁcreCmetmeop pikesatitR I and a2 overe Jitteadered &dhel host

cell is pref a bacter ep I abl [ [

cont ai ni ng ﬁﬁPi Cg?laﬁlpagr? Vnﬁo%‘ﬁlr gr%ﬁ%oﬁe ‘%ﬂ%&f% 5A Ste{t%ltﬁg? W%g%% oned
genone of AgkEbi2Ni dilegional mﬁlexﬁyn b$ ivacdimn@xienss. Al mbmﬁéd @estihtibhycaRede wi th
t he European Collection of Cell Cultures (ECACC) at the Health Protection
Agency Cul t weeligased isgq th@rz@lSIneﬁmtwnmtsﬂ@&dused atqbfhéy loop durpg 1selation of

Sal i sbury SP% gg&%m%ﬁhled Ki ngdom under the Budapest Treaty and desi gnated
by provi.si onaIg accessi on no. 12052403. The 10deposited BAC additionally
conpril8es a transgene encoding the antigen TIPeGFP. In this aspect of t he
present invention, the polynucleotide sequence for AJChOX1 Baefer does

not incl ude hmesglélaeé}@eAérﬁféﬁuwgtOf Keas proglgdrbi heth JrR ard) gestuctiosdigestl | may
be used for é@i@ Pé ?1@919&} i mpkedt SA&s! bv%{feglgﬂglﬁ:mtmf?)f E1NGodpiaithiin@Spect

of the present Vent i on provi des a net ho producing the viral vector
accordi ng tHEiKIi93 sellgnehes }tieacnevmfved;tbedq:rnwmatedlthwehlﬂlt)oto prpdyeminfedtiong) a
nmol ecul ar cl one of Y25 in a Bacterial ific sonme (BAQ),

wher ei n sai YIBATCIPELER TQA@E%%W tht‘?] f%qtbrhgﬁk&gg(‘}%gof AdChOX1,
deposijted in E.coli strain SW029 by I sis Innovation Limted on 24 My
202012 with the European Collectlon of Cell Cultures (ECACC) at the Health
Prot ecti on Byamplg 2C 4 akE3 g0t h Prot ecti on Agency, Porton
Down, Salisbury SP4 QIG Un| ted Ki ngdom under the Budapest Treaty and

desi gnated by provisional accession no.12052403. The deposited BAC

addi ti onal | Yhe QUHIr AFEBAE VEAKS geritene PERIBEAD i heccircg ewitl IIBaGIpR 11 wat hi s
aspect of the present invention, the 25pol ynucl eoti de sequence for AJChOX1
preferably Buother medifiedcysingGale rqg:gmbg}e@éng to delete the adenoviral E3 region and

20 thus increase the insert capacity of the new vector by approximately 5kb.

The E3 region was deleted by recombination between the vector genome and a PCR
amplified GalK cassette, flanked by 50bp regions of homology either side of the E3
gene. Recombination was performed in SW102 E. coli cells, which have been
25 specifically engineered to lack the GalK gene which is required for the utilisation of
galactose as the sole carbon source. Recombinant cells were selected using mimimal
media containing only galactose, in which only recombinants containing the GalK

gene in place of the E3 locus were able to grow®.

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

i) Modification of E4 region



encodi ng the TIPeGFP antigen. A specific enbodi nent of the eighth aspect of
the present invention provides a Bacterial Artificial Chronosone (BAC

cl one conprising the pol ynucl eoti de 30sequence according to the fifth
aspect of the present invention, wherein said BACis the BAC containing the
cl oned genone of AdChOX1, deposited |[$f coli strain SWO02 by Isis

| nnovation Limted on 24 May 2012 wt he European Coll ection of 51 Cell
Cultures (ECACC) at the Health Protection Agency Culture Coll ections,

Heal th Protection Agency, Porton Down, Salisbury SP4 QJG United Ki ngdom
under the Budapest Treaty and designated by provisional accession

no. 12052403Thd k4 loapadithe AEBAEXaAddiBAGvattoy gemme pmduced inraserrdante veiticodi ng

the antigen_TIPeGFP. In_ this ct, 5 t he prese i pyention,. the .

pol ynucl eot Fﬂ@@gqgé’\’?éeth%ﬁn%ﬁéﬁ‘gﬁh“p%f e aﬁéglet?d;¥yirﬁ89r{}1@83qq{b mn
sequence engpdiond: Idye cHlIPeEhReARd @Rtbr defdmé Aed @ POURIanpkRfia Gal®Ubssetlel 1S
hereby expressly stated that features described herein as 'preferred',

' pr ef ePabl eflanked | bysYObatregietis of hamhelogy kishersidetaf the E4 gne.i Reeamebipgniestls on i n
10i sol ati on_or i y_conbi.nati.on with any one or re ot har uy SO
descri bed (Wﬁfee?zecflﬁ%eus&%{né%mﬂi’B?‘ﬁn? &8nigy (\?\fiﬁge%alaogﬁ’ “t |es&8%{n§€r|£et‘d $e5 and
explicit di fieheslicedwiths telteqardd Mpdpearsadiig frambsifres. AdHuS andAAdY2Hin a
features of each enbodi nent described above apply nutatis nutandis to all
150t her enbsigiilae manner tor provistecthe it construets ilisted myBigpree3C. Recombiganeglle 1:

%gﬁ; g%ggnggmgrisrlrr?gl e lgg‘rI{e ﬁll %Pa%e O(If tﬁgYégKl Eeﬂ% Q%?et ﬁ{einaieléaélietdi Lélﬁé %edia

10 comprising 2-deoxygalactose (DOG)®.
ii) Effect of E4 modification on viral yield

HEK293 cells were infected with the following viral vectors at a multiplicity of

15 infention of 9 and incubated at 37°C for 48 hours before harvesting:

1) AdHu5 (“Ad5”)

i1) AdY25 E4 wildtype (“Y25E4wt”)

iii)  AdY25 E4 AdHuS E40rf 6 (“Y25Ad5SE40rf”)
20 iv) AdY25 E4 AdHuS E40rf 4, 6, 6/7 (“AdChOX1”)

Infectious titre of the harvested material was measured by quantifying GFP positive

foci 48 hours post infection.

25 As can be seen in Figure 3A, the infectious titre of the AdY25-based viral vector
comprising the wildtype. E4 locus was significantly lower than that of AdHusS.
Modification of the viral vector to replace the wildtype E4 locus with the E4Orf6 gene
from AdHu5 signficantly increased the infectious titre. Replacement of the wildtype
E4 locus with the E4Orf4, E40rf6 and E4Orf6/7 coding regions from AdHuS, and the

30 E40rfl, E40rf2 and E40rf3 coding regions from AdY25 (to create ChAdOX1)

surprisingly further increased the infectious titre.



WIld type chi npanzee adenovirus AdY25 was obtai ned from Goran Wadell of
Urea University, Sweden. The virus was propagated to high titer in HEK293
cells and the viral DNA phenol extracted and sequenced. The nucl eoti de
sequence of the wild type 25 AdY25 virus is found in SEQ ID NO 1. Based
on the sequencing data, a BAC 'rescue ‘ﬁCt or' was constructed containing
regi ons of honology to the |eft and ri% t flanks of the viral genone
(honol ogy flanks were PCR anplified fromviral DNA). Honol ogous

reconbi nat i gggﬁsvst'%ﬁ_&%{lg{rged in BJ5183 E. Coli cells between viral DNA
and the linearised rescue vector to incorporate the viral genone into the
BAC 30vector. 52 An extra honol ogy flank downstream of the adenovirus El

i i ncl uded t ble simult. del et f El.in orde:
ender 1 he HbRECPoTSrRnir e SIS P EDR AednBeast: ' SeRagEe Woaa

site speci f jvelFPrenhbIe nheibdsd fiqRantdyingkhe ifedioufBterr feivivuk Otudiionaly, t he Ad
El | ocus as part of an Invitrogen Gateway(r) destination cassette to enable

t he ef Hi ci eplaqué pssays inHEKR2AS eelly layedieen dhe methodrafphgicaebut theseoadyiree

desti nat i t 1jgated into.the AsiS| i Cti i ‘ duced
ot tho B 1 sEaancneeg Do S G PRt Heriitertc R Rt s Blabe Y o AEd
Ad- BAC vect gy inherentde i ex@theh Yotodll infEGBua vitione siilliisduce pladjug #simdtiehoOre

replication inconpetent clones were transfected into El_ conpl enenting
HEK293 cel | methadelsethe angle well dafestivitie assay twhick Siaply ianplvey guaniifiipgdhe e

i nfectious virions. capabl f | fqcak] . (o ' K293
col 1 5. 15 ERABReoLTPRR feeR SR, P L e burar AR GrfilA iy by
Ad- BAQ(vect exprggsd ngregi dilioeadertnprtanr (GFR)E enablingEvinpdse thht weesl finitidthedr

nodi fied using Gal K reconbi neering to del ete the adenoviral E‘g rﬁgi n and
20t hus i ncr E%eEbingat | transgene: SERIEssiqn oyithineanesll viecber Visyalisehr GiscHit BY y skb.

The E3 regi ggox\ggfeﬁééln?&sgtogy I?f\g%gﬁ%ﬂeﬂﬁtibéhi@ﬁﬁﬂ drhiSseV & Okl &%&am%gpd a

PCR anpl i fi cassett by 50bp regi ons of honhol ogy eit
si de of thenhist ensed Relomertheatcome aatigenecdmtrnets donn@Ved@Raik. a dlmbiescant | s,

whi ch have been 25 specifically engineered to | ack the | K.gene which is
required fofMaFffE 8GR E?rs"étainBﬁ: ‘61}/“5 &gea"@f"b‘g% anfigencandicts %%%8H91§gld}58e.
Reconfjisnant cells were sel ected using mmnmal nedia containing only

gal actose, in which only reconbi nants containing the Gal K gene in place of
the E3 | ocudment-lebbe tmomgmastedning assay has now been developed that enables

visualisation of infected cells in which the viral hexon protein is being expressed. This
assay uses a polyclonal anti-hexon antibody so can be used to titer virtually any
adenovirus vaccine vector and we have found the assay to be reliable and consistent
20 for both AdHu5 and AdCh63 based vectors. It does of course rely on the assumption
that the rate of hexon production relative to transgene expression is consistent
between vectors. The titers of GFP-expressing AdY25-derived viral vectors were
compared by GFP and anti-hexon based assays. Titers were assessed at 48 hours post
infection for AdHu5, AdC63, AdY25 E4 wildtype, and constructs A — E as described
25 in Figure 3C, all expressing the TIPeGFP antigen.

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
30 string is fused to the 5’ end of eGFP which enables transgene expression to be

visualised directly and simplifies vaccine titration.



30Exanpl e 3: Mdification of the E4 region and effects thereof i)

Modi fication of E4 region 53 The E4 |ocus of the AE1 AE3 Ad- BAC vector
genome produced in accordance with Exanple 2 was then nodified. The E4
region was del eted by reconmbination in SWM02 E. Coli cells between the
vector genome and a PCR-amplified Gal gscassette, 5 flanked by 50bp regions
of honol ogy either side of the E4 gene” Reconbi nant cells were sel ected
using m m mal nedia containing only gal actose. The Gal K gene was then

replaced w F%ru}éﬂ?B ril‘?&k't&:affg‘?ttxffatiﬁ}%‘%ré}ﬁreﬁ,@l Wﬁt{-@%ﬁ%ﬁ OB ANEL 280 AHBY25 10 a

simlar manner to prov e 5 constructs In Figure 3C. Reconbi nant
cel I s conpr basedgettoss, §dibetiters weraappwikimitelyGamit¢ aresensitiwe @s ante-hexm ttersed

[ di 0 i Si -d I DG 6. i) Etfect of E4.
modi 1 cat i oSG ol APTaspased VEippdg Soctr ey e the RRFOEKGUESHRY R
foll ow ng VisRldetfty With BY rfodiédiioR! F&r thé ﬁ%yégimf ®NiyRa vekto? Afichekbs ubat ed

at . 37C for 48 hours before harvesting: i) HuS ("Ad5") ii) A_dY25 E4
wi | dtype (" ¥RBEEWare'gver 40 )folddyaSemitivelihas GEROiterscafier 3higgmeeyting)thatghe) AdY25

E4 AdHuS5 E4O f 6, 6/ " ADChOX1" I ti tit f h d
ratorar bt abhenh adliohfcers bR ok Adifis dag AEa VEERET
i nfection. 2EASwadNo bR eRRRIdd) FVGUER Bdor iofif REVEDUSS tildtgpeobedibie

AdY25- based viral vector conprising the wldt %e E4 | ocus was significantly
| ower than SharissglyadiauSvenshé fconsiruich f &TYEiﬁ;i 4Qsf6”y exasostilk éor®g1 58 the

w | dtype E4_| ocus . .with .th 40§ f i anf | : ' sed
the infecti SﬁnsSﬁ{v?:tb e 1&1(% ?agl easr?ebﬁlfG glfe'nﬁ}?eﬁe\%{?e@gg B‘geréfg Fhéé:elcjdg‘w\}mﬂ %f%dsp-ﬁéte%40 f4,
E40r f g0and E4AHARIN1YOdivigch g@ivailityfe BMmobadtids repiuded tith the E4Orf4, E4Orf6

and E40rf6/7 coding regions from AdHuS5, and the E4Orfl, E40rf2 and E4Orf3

coding regions from AdY?25.

iii) Hexon expression

15
The ratio of marker gene to hexon titre for ChAdOX1 viral vectors expressing
TIPeGFP was measured using GFP and mCherry fluorescent transgenes in order to

control for the sensitivity of the fluorescent detection.

20 The results are provided in Figure 3D. In both cases, the marker gene:hexon titre ratio
was approximately twofold, and thus the particular marker gene used did not affect
the resulting marker gene:hexon titre ratio. The marker gene:hexon titre ratio for the
ChAdOX1 vector is the same as that for HAdV-5, indicating that the E4 modification
to the ChAdOX1 vector has been optimised.

25

Example 4: Immunogenicity of AdY25-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

30 using an AdY25-based vector.



30E4O0fl, EAOf2 and E40rf3 coding regions fromAdY25 (to create ChAdOX1)
surprisingly further increased the infectious titre. 54 iii) G-P vs.
Anti-hexon titre In order to assess vacci he vector inmunogenicity and
efficacy it is essential to develop a reliable nethod of quantifying the
infectious titer of the virus. Traditignally, 5 plagque assays in HEK293
cell s have been the nethod of choice, t these require a long incubation
period and titers are often inconsistent. Furthernore the plaque assay is
I nherently BaBbANSide 4Group)iwedé Immihieed inbrafuydularBnNwithil b1 infagidae uptsa@up
formation. One nmethod 1s the single cell infectivity assay which sinply

i nvol ves quefeachyf the folewingvinal vestors, allgxpyessing thet HEeGEP latigephe fir st
reconbi nant AdY25-derived viral vectors 10 expressed green fluorescent
protein (G-P), enabling viruses that had initiated reconbi nant transgene
expression yiAdcens3a cell to be visualised directly by fluorescence

m croscopy. However, an alternative nethod of assessing cell infectivity
nust b@ used) MREAEAICH s endhe antigen constructs do not contain a
fluorescentng%f &logEne, for exanple where the vaccine antigen constructs
are for clinrcal use.” 15 An anti-hexon i munostai ni ng assay has now been
devel oped that enables visualisation of infected cells in which the viral
hexon protein is being expressed. This assay.uses. a polyclonal anti-hexon
ant i body soAd®h 1Hedays Rpst-Brive; gplegn MNNPSELRY 3EHSH\R ?tﬁg‘gvégéﬁn‘a"\?@‘&t or
and we have i abl e and consistent 20 for both
AdHu5 and Agﬁﬁgﬁgg§§§§é§§?¥5$§(@ %g 5es of course rely on the assunption
that tllBe rate of hexon production relative to transgene expression is

consi st ent -pet n vecto The titers of GFP-expressi AdY25-derj ved
viral vect o&ge &Eﬁ‘é}' ?Fﬁ‘a(agkﬁpﬁﬁl rwsﬁﬁ&reaﬂl"i"!’hg&gﬁ%“{?a%e@g%’%%se.hc%(i ¥s were
assessed at C4@d00Ur weldQSbust BAEEIthRRab1 €0 heédiRen H6lhS AdOhEY2Rd Bt AdCHHSY Pe,

and constructs A - E as described 25in Figure 3C, all expressing the

TI PeGFP ant baged .vedtoR Thesedate suprert the sontapied dpeclenmént gf M@Sshasvﬁngora
nunber of s rgﬁﬁ.nrri?e T cell epitopes including Pb9 (a dom nant CD8+

epi tope froMfaPEA HPISHI%en PbCSP) and P15 (a strong CD4+ epitope from M
t uber qyl osi s antigen 85A). The TIP epitope 30string is fused to the 5 end
of eGFP which enabl es transgene expression to be visualised directly and

sinplifies Exampled: FiffeetafiBdmodification on immunogenicity of AdY25-based vectors

The impact of two different E4 modifications on the immunogenicity of AdY25-based

vectors was assessed using the following constructs:

20
) AdY25 E4 wildtype (“E4wt”)
(ii)  AdY25 E4AdHu50rf6 ("E40rf6”); and
(i) AdY25 E4AdHu50rf4/6/7(“E40rf4/6/7”).
25 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.

30 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.



55 Figure 3B illustrates the ratio of GFP foci to anti-hexon titer. For
Ad5- and AdC63- based vectors, GFP titers were approximtely tw ce as
sensitive as anti-hexon titers. However, for AdY25-based vectors, the
sensitivity of the anti-hexon assay varied considerably with E4 '

nodi fication. For the AdY25 E4 wildty vector, anti-hexon 5 titers were
over 40 fold less sensitive than GFP ti'ters after 48hrs, suggesting that
the rate of hexon production is considerably slower than for AdHu5 and
AQCHES Vect Pherefoldll o GodifcaiBnf XRPEE Gbd B Uil heRBRof B RN XSS E4
wi | dt ype vector. Surpr|5|ndfy, owever, the construct A ("Y25Ad5E4Orf6")
was still 3@irdloledtotse withgetimivinigeendggtivaimpahieorothe itaunpgen@Hy, of Thwevdstoss.
results were obtained with construct E 10 ("ChAdOX1"), in which the :
wi | dtype E4 | ocus was replaced with the E40rf4, E40rf6 and E40rf6/7 coding
regi ons frogy Adbie%: pAREIchBS AR neutrFAR RAiBOEleF40r f 3 coding regions from
AdY25. iii1) Hexon expression 15 The ratiro of marker gene to hexon titre for
ChAdOX® viral vectors expressing Tl PeGFP was neasured using GFP and nCherry

fl uorescent .{ransgenes 4. n order._t.o contt ol f.or i thVi e

{1 tior escent THEPBLREDTE oLaBe Rt bl Pl hbtegfhylrdf sRERR INE R aRY THEC,
cases, the @ffbed agdBREABTRSbadddtvettor£dnd0A dELs3apREd¥édBS Blay atsemded! d, and
thus the particul ar marker gene used did not affect the resulting marker
gene: hexon titre ratio. The marker gene: hexon titre ratio for the ChAdOX1
vector is t forn I eatd h e iWhi_cation
to the ChAd vg%te %?W %gh%:g%% olpd?/zn‘sis‘aéctiaéc?.21 65?%?2%&%&%&%3%%832%#3 ty of

AdY25-1ipas ed S¥@efed Pfacental AlkdlingPhosphityse)eRecambamaraticnsvinged Wwerermelbiatednt i gen
TIPeG-P in order to determ ne whether conparable innunogenicit¥ to AJC63
and AdCB8 cdiithdivsscrnpidiutiens ofserane i FRSIIMEM heingpvintrechiad dldie et gprum 56

Bal b/ ¢ m ce ufiGhicHsQipd 1 48! £72.1IY. 599 5b QIR SEUH Rhlnf sl whORstedfifict | ous

units (ifu) of each of the folTow ng Viral vectors, all expressing the

Tl PeGFP ant dgplivatel Pupeifiitfi8s weid JolleEid AiBastalyeddBr SBAH condentraivhd®iig After 14

s\ggs aggzts -s EES@ ﬂ;&ig)e%ﬁ{)%}gg‘ t%%enrln%ﬁ&fgct&%?’ls ?gsttru%tigr}sr Eﬂxgince:géee;cg Bl'téncs)R)g (Pb9)
15 was measured using a Varioskan flash luminometer (Thermo Scientific).

Neutralization titers were defined as the serum dilution required to reduce SEAP
concentration by 50% compared to wells infected with virus alone. Neutralization titer

was calculated by linear interpolation of adjacent values.

20 As shown in Figure 6, the seroprevalence of neutralising antibodies against
Y25Ad5E40rf6 was surprisingly found to be much lower than that for AdCh63 in
both the UK and The Gambia.

Example 7: Humoral immunogenicity of AdY?25-based vectors
25

Balb/c mice (6/group) were immunised with 10® infectious units of either of the

following vectors, both expressing TIPeGFP:

i) AE1 AE3 AdCh68; or
30 ii) ChAdOXI.



The IFN-y spl een ELI Spot responses are shown in Figure 4. Responses
elicited by ChAdOX1 were robust and conparable to those seen using AdCh63
and the AdCh68- based vector. These data support the continued devel opnent
of AdY25-based vectors for clinical application. Exanple 5: Effect of E4
nodi fication on i munogenicity of AdY25; based vectors The inpact of two
different E4 nodifications on the i genicity of AdY25-based vectors was
assessed using the follow ng constructs: (i) AdY25 E4 wildtype ("E4w")
(i) AdY25 E&%ﬂ@@ﬁ%i ?oét'gﬁﬂ'gé,flﬁi& wB®obitbd Withd)®Ppfu MVA-TIPeGFP. Serum
EAAdHUSOr f 4/ 6/ 7("E4Or14/ 6/ 7"). 25Bal b/c m ce (4/group) were inmuni sed

i nt ramuscul sab goligatéd 80dalye postaBimé andd 0 128s posi-bopstetactomparg pre- amdppsinses to

Pb9 and P15, epito r ssayed t weeks post i nmmuni.sation.  Ti.t.erns
cal cul at ed Bﬂ‘ggé a&ggiﬁ:rﬁ%wﬁ@%is TEPoREo Sﬁ%éese\gfrgclpe%f“ e?yoﬁn(&pgﬁlrﬁcl(lsén rat es
on vacci ne igigfical abllysEd Mefd R formsuB) oDl iANDYVANS can be used to enhance

the rate of production of the viral vectors, w thout having a negative
i mpact don -t he i nmunogenicity of the vectors. Exanple 6: Preval ence of

vect or - neutral i,si ng .anti bodi 5 The .preval en of ct l.J.S84.ng
anti bodi es ™ ﬁlﬂﬂﬂfg 1§e%§ufer J?nslﬂ OrEﬁ lg'r%m?ﬁ%m mﬂfaﬁgga‘é‘l%n&s?{g %ﬁé@g{egﬂgged
vect ors and ChAGH3- Rasiperioreet @inentValfiniatfeSRidno s A83toe A dCGho8eimidatihgct ed
wi th Y25Ad5E40O f 6- SEAP _or AdCh63- SEAP gSEAP = 10Secreted Placental Alkaline
Phosphat asepn erkansethpithedy aerpanse eligifed bydheAd K dibaseddvegtor in £OMBATER|te|

di lutions of, s ' - M before infection. The final serumdilutions
were 1:18, Eheé&&i@%@ag&?fec%z 1: 4608; each serum sanple was tested in
dupl i d@te. Supernatants were coll ected and assayed for SEAP concentration
usi ng CSPD (Tropi x) according to the manufacturer's instructions.

Lum nescence intensity 15was measured using a Varioskan flash | um noneter
(Thernmo Scientific).

Example 8: Induction of immune response against Mycobacterium tuberculosis

15 A transgene encoding the Mycobacterium tuberculosis protein Ag85A was inserted
into the E1 locus of ChAdOX1 under control of the human cytomegalovirus
immediate early promoter, using the BAC technology as described in Example 1. The
nucleotide sequence of the transgene (SEQ ID NO. 42) encodes residues 1 to 323 of
the antigen, encoded by a se'quence optimised to human codon usage (nucleotides 103

20 to 1071), fused at the N-terminus to tPA (the signal peptide from human tissue
plasminogen activator)(nucleotides 1 to 102) and at the C-terminus to a PK tag
(nucleotides 1072 to 1104). The amino acid sequence of the Ag85A antigen is
provided in SEQ ID NO.43.

25 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.

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

by IFN-y ELIspot assay using splenocytes stimulated with synthetic peptides



Neutralization titers were defined as the serumdilution required to reduce
SEAP concentration by 50% conpared to wells infected with virus al one.
Neutralization titer was cal culated by |linear interpolation of adjacent

val ues. 20As shown in Figure 6, the seropreval ence of neutralising

anti bodi es agai nst Y25Ad5E4Orf 6 was s;g?ori singly found to be much | ower
than that for AJCh63 in both the UK a The Ganbi a. Exanple 7: Hunoral

i nununogenicity of AdY25-based vectors 25 Balb/c mce (6/group) were

I muni sed WeddespOiiHin dHoRRE kRbten HithbRoddkmifidt @380 11,6 Y $@quSEg§wrs,
bot h expressing Tl PeGFP: 1) AE1l AE3 AdCh®B8; or 30ii) ChAdOX1. 58
After 56 da¥®.gdptangCDE T erllopl §erRL TRINGWLRQANRRHYKE (SBA/H N®R&ESHP. Ser um
was col | ect ed,s50days ﬁo.§t- rinme d 10 days post-boost to conpare pre- and
post - boost 5t i"STRPY ?H??ngf“?‘gg%gnses. Responses were neasured by endpoi nt
ELI SA. Statistical anal yses were perfornmed by one way ANOVA. As shown in
Figure 7, hunoral imunogenicity of the AdY25-based vector ChAdOXL is
superi 8r t oTherreselis are showminZguigsi 8 Acnd BBs Thesstresultaddhice thahthe CvideX an

enhanced anti body response,elicited by the AdY25-based vectaqr, in ,conparison
Co the: AdcnisEas eiPDR AL apsEi e tonbfies AER BN R i ML hga net
Mycobact er i U indpaibidél @ Hhcse idPorsefizsaRila t6 RGO tiduded hievddiss baset @niother
tubercul osis protein Ag85A was inserted into the El |ocus of ChAdOX1 under
control of 8¢REOWNEER cytonegal ovirus imrediate early prompter, using the
BAC technol ogy as described in Exanple 1. The nucl eoti de sequence of the
transgene (SEQ I D NO 42) encodes residues 1 to 323 of the antigen, encoded
by a déquence optim sed to human codon usage (nucleotides 103 20 to 1071),
fused at the N-termnus to tPA (the signal peptide fromhuman tissue
pl asm nogen activator)(nucleotides 1 to 102) and at the C-termnus to a PK
tag (nucleotides 1072 to 1104). The am no acid sequence of the Ag85A
antigen is provided in SEQ I D NO 43. 25The BAC clone was transfected into
HEK293 cel | Exanpletoh énductiersofiaminore responsagplairst brfluemaarAfi ed and titred using
t he anti-hexon i munostai ni ng assay described in Exanple 3. The
i munogenicity of the vector was assessed in Balb/c mce i nmunized with
28}/” a;} )115{12 dékst%sg&%%é‘&ﬁﬁgjtﬂeQlubl@Bﬁ%fdirPWP)%ﬂtrﬁatriQbr&t@lﬁ I®F9iofenfluenza

istere

A virus was inserted into the E1 locus of ChAdOX1 under control of the human

cytomegalovirus major immediate early promoter, using the BAC technology as
described in Example 1. The nucleotide sequence of the transgene (SEQ ID NO. 46)
encodes the influenza A nucleoprotein (nucleotides 1 to 1494) fused to the matrix

20 protein 1 (nucleotides 1516 to 2274) and separated by a linker (nucleotides 1495 to
1515). The amino acid sequence of the NPM1 fusion protein is provided in SEQ ID
NO. 47.

The BAC clone was transfected into HEK293 cells and the virus vector was
25 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

similarly generated and titred for comparative purposes.

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

IFN-y ELIspot assay using splenocytes stimulated with synthetic peptides



intranuscularly. After 14 days cellular imune responses to Ag85A were
determ ned by I FN-y ELI spot assay using splenocytes stinmulated with

synt hetic peptides 59 corresponding to the known i munodom nant CD8+ (pll;
WDQSGLSV (SEQ I D NO. 44)) and CD4+ T cell (pl5; TFLTSELPGALQANRHVKPT ( SEQ
I D NO. 45)) H 2" restricted epitopes HQ}AQSSA 5The results are shown in

Fi gures 8A and 8B. These results indi e that the ChAdOX1 vector is

capabl e of i nduci ng i mrune responses agai nst Mycobacterium tubercul osis.

The magni t udgrdbo e%th@mﬁﬁmhﬁommws?ﬁé@ltmzqqlég&?ae&)émﬁehpr S

based on ot her denOV|ruses 10 Exanpl e 9: Induction of inmune response
agai nst | nf NBEQRTRM. V) (@EE)BhNCeA8Ddi ng t he nucl eoprotein (NP) and
matrix protein 1 (ML) of influenza A virus was inserted into the El |ocus
of ChAdOX1 under control of the human cytomegal ovirus nmajor i mediate early

pronot er, UghekshikCarBAfow i FIghRaY Tﬁ@seqr@ﬁﬂ?t% hﬂlﬁ‘@hté thaFh@ THARIOX 1 Vétgor is

nucl eot i de sequence of the transgene (SEQ NO. 46) encodes the influenza
A nucl &opr ocmahle(qfumm@mgumm: rc&poxlsbgélgamstseﬂhm@a Andrusand ithat, ag theplosesei n 1

(nucl eoti de a%gsée?aagééa glOSCfl rah%ﬁ,@ﬁbﬁvlé nkggo( nucl eoti des 1495 to

1515). The rusion teinis provided in
SEQ I D NO 47. The BAC cIone was transfected into HEK293 cells and the
virus vector was 25anplified, purified and titred using the_ anti-hexon

i nmunost ai nTthéQtdQ}(ldEBMll vaeeing hasesensiydean prdysad fon humat elipical Ealsl on
human adenoy| gl & 0@6"&@# %%%%)uf%nég[&‘a&g th%‘%ﬂ% &&%&ﬂ £k &Lﬁg Lfgr

conparative purp I nmrunogent cl s assesse

Bal b/ dQmi CeBidﬁﬂ&ﬂﬁlfeKﬂd"mglFablliﬁﬁ\ﬂc’:h‘is/mﬂ@:a’(é@mHltdth}&Edev¢dmﬂfmf deploymusit uni t s,
of the vaccine, adnministered intranuscularly. After 14 days cellular inmmune
responses t & amedisalpradichr ni ned by | FN-y ELIspot assay using spl enocytes
stinulated with synthetic peptides
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60 corresponding to the known i nmmunodom nant CD8+ T cell H 2d restricted
epitope in NP ((TYQRTRALV) (SEQ ID NO. 48)). The results are shown in
Figure 9. These results indicate that the ChAdOX1l vector is 5capabl e of

i nduci ng i nmune responses agai nst influenza A virus and that, at the doses
tested, these are simlar to those indyced by a HAdV-5 vector. The
ChAdOX1- NPML vacci ne has recently beegﬁproduced for human clinical trials
according to current good manufacturing practice at the University of
Oxford Cinical 10Bi omanufacturing Facility. This indicates the suitability
of the vector for deploynent as a nedical product. References 15
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Sequences

15
SEQ ID NO.1 (Chimpanzee Adenovirus AdY?25 genome)

CCATCATCAATAATATACCTCAAACTTTTTGTGCGCGTTAATATGCAAATGAGGCGTTTGA
ATTTGGGAAGGGAGGAAGGTGATTGGCCGAGAGAAGGGCGACCGTTAGGGGCGGGGCGA
20 GTGACGTTTTGATGACGTGACCGCGAGGAGGAGCCAGTTTGCAAGTTCTCGTGGGAAAAG
TGACGTCAAACGAGGTGTGGTTTGAACACGGAAATACTCAATTTTCCCGCGCTCTCTGACA
GGAAATGAGGTGTTTCTAGGCGGATGCAAGTGAAAACGGGCCATTTTCGCGCGAAAACTG
AATGAGGAAGTGAAAATCTGAGTAATTTCGCGTTTATGACAGGGAGGAGTATTTGCCGAG
GGCCGAGTAGACTTTGACCGATTACGTGGGGGTTTCGATTACCGTGTTTTTCACCTAAATT
25 TCCGCGTACGGTGTCAAAGTCCGGTGTTTTTACGTAGGTGTCAGCTGATCGCCAGGGTATT
TAAACCTGCGCTCTCCAGTCAAGAGGCCACTCTTGAGTGCCAGCGAGAAGAGTTTTCTCCT
CCGCGCCGCGAGTCAGATCTACACTTITGAAAGATGAGGCACCTGAGAGACCTGCCCGATG
AGAAAATCATCATCGCTTCCGGGAACGAGATTCTGGAACTGGTGGTAAATGCCATGATGG
GCGACGACCCTCCGGAGCCCCCCACCCCATTTGAGGCACCTTCGCTACACGATTTGTATGA
30 TCTGGAGGTGGATGTGCCCGAGGACGACCCCAACGAGGAGGCGGTAAATGATTTATTTAG
CGATGCCGCGCTGCTAGCTGCCGAGGAGGCTTCGAGCCCTAGCTCAGACAGCGACTCTTC
ACTGCATACCCCTAGACCCGGCAGAGGTGAGAAAAAGATCCCCGAGCTTAAAGGGGAAG
AGATGGACTTGCGCTGCTATGAGGAATGCTTGCCCCCGAGCGATGATGAGGACGAGCAGG
CGATCCAGAACGCAGCGAGCCAGGGAATGCAAGCCGCCAGCGAGAGTTTTGCGCTGGACT
35 GCCCGCCTCTGCCCGGACACGGCTGTAAGTCTTGTGAATTTCATCGCTTGAATACTGGAGA
TAAAGCTGTGTTATGTGCACTTTGCTATATGAGAGCTTACAACCATTGTGTTTACAGTAAG
TGTGATTAAGTTGAACTTTAGAGGGAGGCAGAGAGCAGGGTGACTGGGCGATGACTGGTT
TATTTATGTATATATGTTCTTTATATAGGTCCCGTCTCTGACGCAGATGATGAGACCCCCA
CTACAGAGTCCACTTCGTCACCCCCAGAAATTGGCACATCTCCACCTGAGAATATTGTTAG
40 ACCAGTTCCTGTTAGAGCCACTGGGAGGAGAGCAGCTGTGGAATGTTTGGATGACTTGCT
ACAGGCTGGGGATGAACCTTTGGACTTGTGTACCCGGAAACGCCCCAGGCACTAAGTGCC
ACACATGTGTGTTTACTTGAGGTGATGTCAGTATTTATAGGGTGTGGAGTGCAATAAAAA
ATGTGTTGACTTTAAGTGCGTGGTTTATGACTCAGGGGTGGGGACTGTGGGTATATAAGCA
GGTGCAGACCTGTGTGGTTAGCTCAGAGCGGCATGGAGATTTGGACGATCTTGGAAGATC
45 TTCACAAGACTAGACAGCTGCTAGAGAACGCCTCGAACGGAGTCTCTCACCTGTGGAGAT



25 30 5 10 Sequences 15 SEQ ID NO 1 (Chi npanzee Adenovirus AdY25 genone)
CCATCATCAATAATATACCTCAAACTTTTTGTGCGCGT TAATATGCAAATGAGGCGTTTGA
ATTTGGGAAGCGAGGAAGGT GATTGGCCGAGAGAAGGGECGACCGT TAGGGGCGGEEGECEA 20

GTGACGT TTTGAT GACGT GACCGCGAGGAGGAGCCAGT TTGCAAGT TCTCGT GGGAAAAG

TGACGT CAAACGAGGT GTGGT TTGAACACGCGAAATACTCAATTTTCCCGCGCTCTCTGACA
GGAAATGAGGT GTTTCTAGGCGGATGCAAGT GAAAA TTTTCGCGCGAAAACTG

AATGAGGAAGT GAAAATCTGAGTAATTTCGCGT TTATGACAGGGAGGAGTATTTGCCGAG

GGCCGAGT AGAECTTACIACGGAG GACAT XX S ETIIHCPA G TACCAICHFOCAIK MACHMAARATABEGAAC
TCCGCGT Ammﬂmmmmﬁdﬁdmm@mmmmmmrcmm

WWW@W@@WTTTCAGCA

CAGCGCC

AGAAAAPCAT CAFCAETACASTISSATAEARTASAS Ei\E AEE
GOGACGACCCT NS O AAAGALACERAATCT
TCTGGAGGT s ¥ GAGGAGG
CGAT ACCC TAG AGCTGACC
& \6GGGGATTA
ACTCCARA dh TGATGAGCC

AGAT GGACT TGl GEG AT E A A AATA ST GITGGECGCRACREAT ENE IR MTCACRARGA TGAGGTGT
CGAT CCAGAACERA GG S I A A TECAACE I A AAREGACAGG AC T G CIBEAGAGB B TGAGG
GCCCGCCT CT CROCSASAQGETRGDAGT AT G A CAATIGITGATICBCCTEAATACTGEACACAAGAAGT
TAAAGCTGT GT A8A ST SCACTTARGCTARAA SAGATOTTAYONATTCAGTCAGA TTRRAGTANEGGGGCTG
TGTGATSAAGT AEBEGTAG AT GICARGIAGACAGEB B TFACAGADCCHTGICPAGRATATGTACC
TATTTATGTATAGEFEFTCG TGRAXTAGHTCOOST CACT HINGCAAS PERRERTRCA YN GATGGGT

CTACAGAGT CCAEXY ¥ %TTﬁfQErTTTTGC‘i
ACCAGTTCCT (% . IGCTTG
QCCQCA o : ( . _ CACTGCGCC

%, ATAATATG
ATGIGITGACT X & @MW%&MMGAACAGC

GGT GCAGACCT GACA (# I TAISCACAGACCREE S CEGAT ATCCRCU AT BEACATCAGTTCGAGC
45 TTCACAAGARTAGACAGITACTAGEEAAARCET CEOACIGTAGIGARTGOCCT

TCTGCR2HCGGT BROSARRTAECTAAGLT AGT CIATGEIGEIGAAGGAGCATT ATR@2GEACCAGAGTGA
AATTTGAGGT TATT T SAGHEHEIGT CRTOCGIGATIRA GATGAAT
GACTCACT T TARCEACACTG TR ABASSEC PR CATIT T AT AE O X AR AC G CCCGTGT

AR A SRR e g coorcee

30 ACCTGCATGAGGGCCAGAATGACTGAAATCTGTGCTTTTCTGTGTGTTGCAGCATCATGAG
CGGAAGCGGCTCCTTTGAGGGAGGGGTATTCAGCCCTTATCTGACGGGGCGTCTCCCCTCC
TGGGCGGGAGTGCGTCAGAATGTGATGGGATCCACGGTGGACGGCCGGCCCGTGCAGCCC
GCGAACTCTTCAACCCTGACCTATGCAACCCTGAGCTCTTCGTCGGTGGACGCAGCTGCCG
CCGCAGCTGCTGCATCCGCCGCCAGCGCCGTGCGCGGAATGGCCATGGGCGCCGGCTACT

35 ACGGCACTCTGGTGGCCAACTCGAGTTCCACCAATAATCCCGCCAGCCTGAACGAGGAGA
AGCTGCTGCTGCTGATGGCCCAGCTTGAGGCCTTGACCCAGCGCCTGGGCGAGCTGACCC
AGCAGGTGGCTCAGCTGCAGGAGCAGACGCGGGCCGCGGTTGCCACGGTGAAATCCAAA
TAAAAAATGAATCAATAAATAAACGGAGACGGTTGTTGATTTTAACACAGAGTCTGAATC
TTTATTTGATTTTTCGCGCGCGGTAGGCCCTGGACCACCGGTCTCGATCATTGAGCACCCG

40 GTGGATCTTTTCCAGGACCCGGTAGAGGTGGGCTTGGATGTTGAGGTACATGGGCATGAG
CCCGTCCCGGGGGTGGAGGTAGCTCCATTGCAGGGCCTCGTGCTCGGGGGTGGTGTTGTA
AATCACCCAGTCATAGCAGGGGCGCAGGGCGTGGTGTTGCACAATATCTTTGAGGAGGAG
ACTGATGGCCACGGGCAGCCCTTTGGTGTAGGTGTTTACAAATCTGTTGAGCTGGGAGGG
ATGCATGCGGGGGGAGATGAGGTGCATCTTGGCCTGGATCTTGAGATTGGCGATGTTACC

45 GCCCAGATCCCGCCTGGGGTTCATGTTGTGCAGGACCACCAGCACGGTGTATCCGGTGCA
CTTGGGGAATTTATCATGCAACTTGGAAGGGAAGGCGTGAAAGAATTTGGCGACGCCCTT
GTGTCCGCCCAGGTTTTCCATGCACTCATCCATGATGATGGCAATGGGCCCGTGGGCGGCG
GCCTGGGCAAAGACGTTTCGGGGGTCGGACACATCATAGTTGTGGTCCTGGGTGAGGTCA
TCATAGGCCATTTTAATGAATTTGGGGCGGAGGGTGCCGGACTGGGGGACAAAGGTACCC

50 TCGATCCCGGGGGCGTAGTTCCCCTCACAGATCTGCATCTCCCAGGCTTTGAGCTCAGAGG
GGGGGATCATGTCCACCTGCGGGGCGATAAAGAACACGGTTTCCGGGGCGGGGGAGATG
AGCTGGGCCGAAAGCAAGTTCCGGAGCAGCTGGGACTTGCCGCAGCCGGTGGGGCCGTA
AATGACCCCGATGACCGGCTGCAGGTGGTAGTTGAGGGAGAGACAGCTGCCGTCCTCCCG
GAGGAGGGGGGCCACCTCGTTCATCATCTCGCGCACGTGCATGTTCTCGCGCACCAGTTCC

55 GCCAGGAGGCGCTCTCCCCCCAGAGATAGGAGCTCCTGGAGCGAGGCGAAGTTTTTCAGC
GGCTTGAGTCCGTCGGCCATGGGCATTTTGGAGAGGGTCTGTTGCAAGAGTTCCAAGCGG
TCCCAGAGCTCGGTGATGTGCTCTACGGCATCTCGATCCAGCAGACCTCCTCGTTTCGCGG




5 GGGATTACCAGCTGGATTTCTTAGCAGTAGCTTTGI GGAGAACATGGAAAT CCCAGCGCC
TGAATGCAATCTCAGCCTACT TGCCGGTACAGCCACTAGACACTCTGAAGATCCTGAATCT
CCAGGAGAGT CCCAGGGECACGCCAACGT CECCGECAGCAGCAGCGEECAGCAGGAGGAGSG
ATCAAGAAGAGAACCCGAGAGCCGGECCT GGACCCT CCGECCGAGGAGGAGTAGCTGACC
TGTTTCCTGAACT GCGCCGEGTGCTGACTAGGTCTT GGTCGGGAGAGGEEGATTA 10
AGCGGGAGAGGECATGATGAGACTAATCACAGAACT GACTGTGEGTCTGATGAGCC
GCAAGCGT CCAGAAACAGT GT GGT GECAT GAGGT GCAGT CGACT GGCACAGATGAGGT GT
CAGT GAT&AT@@GH&JKWA@EW@@T@GW@@CAGGGTCC
ATGAT T GCGAGCGH AGOOIATANGGAATGT AGCEIAAE RO CE TV S EVT:

ACAAGATTACT ATCOG !
AAGTGGAGAT @W&@WGTTGAGCG
CGGAGHGGT WWT@W@@WGCGGGAC
GRE GGCGTAG

- GTCGGGC

ti’ GTCTC

ACTTT
CCCACTCC

AR & >
TUACCGAGAC@@@%@III@&H&H@E@@%@@Q@&AE@@X%%E%MM&@TAGCGGTC
ATCTGTGGACGCET é&@mTGCI@é@SI (K IR APCAACACET CGTCCACA
CATAT GCT CEODACAG AR AT TG AIFCGTT AGRACACGT GAECOORAGEF TCLRAGC CGGGGGG
ACAATGT CATGGCQMMMG@GWGMMAWW CCARHGAGC
AT CAGISCAACGTGAGT TATTGHGMABGTEAT I IGACCAEGAT GEGPA BIATAGHRGIAETCAGGTTGT

GCCTGA = @@G@@T@W@&W@@W¢@m€é£&%ﬁ;
%&% TITTCCTTG
RGEE sy SR oo
ACCTCCATGAG tedele "‘G&A%ﬁ CAGCAGA
CGGAAGCGECT %WAXEWE%GE%W@MGTCGGGG

TCEGCCEEEAGT 6GETCOGERTIEST A TPGRA GRTAEEET \ %
G:GAAUUTCMW@MW@@@G@W@TEM@G&WM CGTAGGG
‘ 2 CAGGGG e T GITAABTGCEECAGA

% XXSECOATGTS WWWAGCGCCCCC

AGCTGCTGCT G@¢@&¢W@@@@@FT@\W@@W@@A@@GCCCCGGGC

GOCTEAE TSNS TGGCATGCG
?GCAGGTTGAA GCCGACC
GGroD Y ACG

TTTATTTGATT _ CCC
CCCGT WW&%@FEWMMT@HﬁGACGGCCT
NCEASE LS @ﬁ@ﬁm‘&m GCGCAGGG

e ARG T@W@@CTWMCTTGAAAT
AT&ATWWWT@&W@TAWTMCGGG
] A BCATE W@W@Q@@CATAAAGTT
CTTGGGGAATTW%@ Y 6 WWGGGGCGAG
GTGT Wﬁ*ﬁ%@i‘@@&éﬁéﬁ‘ﬁ&ﬁﬁ@ﬁ@?@@@ﬁﬁx LFGIAS Pégggggc
GCCT CACSST T CHAATEFCERACACA -\ﬁ (3 @-
TCATAGGCCAT? g‘:{'@””"ﬁ AGLEE ee’e‘-fe--ee‘n- E“eeeﬂg' gue "'? PEAABEAAGT

AGAGATCCAC s Codan GAACTGCTGCCC
TCGAT CCCCEGAEEEA aaaiye ‘ ?g" 0"4' "!" ""‘ AVNPGe 50 .‘3' & AGCGGTC

GGGCGATCATG @Qfﬁ%@é@@@@@@%ﬁ%@%@&é&&ﬂé@m@%@&@ceemmcm
AGCT GA5CCCARALE AR AT EACTAGAAGE G GIEAA G ¢ fEEITCRACERRGERECEER I GGTGTAGGT
AAT GACCCCCAT A A FCTPAAGER AGT AGT AGACHFAGHNBACAEGCHETCET AGTCEAXGGGGAAGAA
GAGGAGGECCEEOAGCLTOGETTGAT £AT A NG ACRANGCATGT TGA AT MNCGAAGT RGAAAFTBCCG
GCCAGGAGECET Gr oA TTAGESCLIEIITERAGACARROEMOGTTAGTIRCAGG CAACGCTG

GGCT TGAGT CCGRrCEEEE N OKEIATT T ECAERCETSIG EHAIARCRT CPROGRMACZBE TTCAGTGG
TCOCACRGCT COA KRG S NS S A PRI S ARG CX AT EEEAACC EAGCCC

GTTGGGACGACT XS IGAC T At AR A EATEK ECAGACCTCG
GGTCCTTCCA ASFAR AGELETECAGGGTCCT
CGCOGRGCT P EEEGEAGH H{ZCAGGAGTTT
CCCGA GT GCGAC

TCTTG

OCTCER00C0GHGERE T bR A SIS ST UL L PORAS A LT ROAAGEEEC6EG ACGACGC
AGAGCAGCEGACEHE GEEEEEET A6 LT &S EFETGHNGEEABGEREGEOAGCEECEEEMIGEGCACGTCGGC
GCGT CCGOGCCGCAGT GGGCGCAGACGGT CT CGCACT CCACGAGCCAGGT GAGGT CGGGC

TGGTI CGEGGTCAAAAACCAGT TTCCCGCCGTTCTTTTTGATGCGT TTCTTACCTTTGGTCTC
CATGAGCTCGT GT CCCCCCTGEGT GACAAAGAGECTGTCCGTGTCCCCGTAGACCGACTTT 10
AT GGEECCEET CCTCRAGCGGT GTGCCGCEGT CCTCCT CGTAGAGGAACCCCGCCCACTCC
GAGACGAAAGCCCGEGT CCAGECCAGCACGAAGGAGGCCACGT GGGACGEGTAGCGGTC
GI'TGICCACCAGCGGEGTCCACTTTTTCCAGGEGTATGCAAACACAT GTCCCCCTCGT CCACA

SN R NN AR R SNSNTT SN\ Y— g, g PN g N N g ppm— N~~~ R PNSNT™ N N



30 GAGICGCCGGATGAAGTGGECGTAGGAGTI CTTGCAGT TTGGECGACGAGCT CGECGEGETGACG
AGGACGT CCAGAGCCCAGTAGTCGAGGGTCTCCTGCGATGATGTCATACT TGAGCTGGECCC
TTTTGITTCCACAGCT CCCGGTTGAGAAGGAACTCTTCECGGTCCTTCCAGTACTCTTCA
GGGGEGAACCCGT CCTGATCTGCACGGT AAGAGCCTAGCATGT AGAACTGGTTGACGGECCT
TGTAGGCGCAGCAGCCCTTCTCCACGGEGEGAGEECGT A GGGCCEECCTTECCCAGGG 35
AGGT GT GCGT GAGGGECGAAGGT GICCCTGACCAT GAl GAGGAACTGGTGCCTTGAAAT
CGATATCGTCGCAGCCCCCCTGCCTCCCAGAGCTGGAAGT CCGTGCECTTCT TGT AGELCGEEG
GT' TGCEECAAACEEAAASTAAS AT AGGTPAAE AT ECEEACRACACTCHF AAAMTdGACGACGCG
GCGAGT GAT CCREASALEXTICEECAR LT S XEEESTOT GGHTCAL GOCCACEELALEUGAGAGTTTGAA
CACGAT CT CGT G XN ANTIGGRACAGAATCASBAITGAGAGE T DCACRAAIGIEIGE CGEAGGAT
GCGEECCCT TGACIZTEKGBBOG‘BCXWCHG’@WTCCT @GT WMMGATCTCC
CRLGR GO TR A BHEACETTGGAGATG

O AT AT YSRGS TOTAGACC

GACGGCCATTT’FEF‘?’ & 5 2 CeACTISS
CCATTTGAGCT! Al ARG cdR oo

\’ CTGGGAG
TTCCACATCGT ] TGGTGGCG
CTGCATCTCCT SAIfAC A TAGMETHIFecTCCTCCAC
A EHSTECT ACTCETEAT XA EEFEIIIAGHECEGEGABGEEECCTGCGTCGC

CACGGGAT CCACGTH CET CEPX S ET AT AEACTGOET GRAGE G CRCEAEFTCGCAGT G GBOGTCGC

GAAGTBRAGT mmmmmmmmmmmmccmmc
; : . QGATGACGATGCATCTT
ACGGGATCT

SPOCHCHISTEICE
PACREAREFTGACCACGGTT

(§§CTTGC

'AGGTCCTTG
CGTGCATGC
ACBEGCTCG
e iidgakpcy AUARAESTCGACGAAG
ACGGTPGACGT %MQWQMWWWGJMAGTTGACG
CCTGAAAGAGAGT T AR EEGGAR GCACGAGATCHIGIEACBECAGCCH CEACAGHAICGCGTGTCG
CTCTTGCACGT mwAmW@WWCGﬁCGGC

CEREABETCCTCGAG

T@@Wﬁﬁéﬁ‘ﬁm@éﬁ% GCGGTGGT
ACCACEBLCT GAAGTAGT
TACGGGCA

CGCGTGAAGA LA g TGGG
TGCTCGGTGA TACT
ACCGCCT EW@EQ@E&M@@E%@%@%@JWGGTCGTTT

TTWMM@%@M&Q@W&%@JW&E@GA@GCGA
CEACTHFASALE ATCHOCACCHE TG CH T REOCETTIIGACCCGGTTC

TAACATCTCT TGIAGTGWW@WT G}HI’E@AAGACCCC
Y G _ CREGTTTEIGCCA

CAGCCCCC

FEEAGCCACGAC

GCCTTGGA

GCGCGTGC

GAAAACCGTT LAY 1 G AGACAGG
TCTTCT _~ TGCG
TAGGCYGTTCT 'E@CACGAGCTGA
T%AT@@A%@@&WW@@@E@WW@%G@GTACGAGC
TAGTAGI CCT Ga8 A CAGEEAX T CAACAEAEALLT XX XCCROGAGEGCACCCTGA

GCGT @Wm@m@m@@mmmcmmm
GCGAGGAT GECTH GAT S8 EEATGAAGCGTGCT GAGRAGTART TNALCT GGNBEH A GQF AGTC
CGGT GSPACGCCHGCACASTF AATF OBl TSP SA GG TCCT CAX GAT A ITASIC L GAGGGCCGCTGG
GT CT GGT GGCCEEAGSACENCTPELT W@@AWTGCCGCTG

CEFF LA GAGEAATS ACGCTAGG
AAGATGTAGT CGT T AT o ATAGE . GAL GGGTTTTAC

oL GCAACGAC
GAGUTGAT
TACTTTGACA

EEEEE ke
m@m@%@%&m&mmmm
AAAACGAAAGCGGT CAGCGGECTCGACT CCGT GGCCT GRAGGECTAAGCGAACGEGT TGGEG

CTGCGCGT GTACCCCGGT TCGAAT CTCGAAT CAGGCT GGAGCCGCAGCTAACGT GGTACT
GGCACT CCCGT CTCGACCCAAGCCT GCACCAACCCT CCAGGATACGCGAGECGEEGTCGITT - 35
TGCAACTTTTTTTGGAGGECCCGAAAT GAAACT AGT AAGCGCGGAAAGCGGECCGACCGECEA
TGGCTCGECTGCCGTAGT CTGGAGAAGAAT CGCCAGGGT TGCGT TGCGGT GTGCCCCGGTITC
GAGGCCGECCGGAT TCCGCGEECT AACGAGEECGT GECT GCCCCGT CGT TTCCAAGACCCC

R ™ R 7NN R I NN\ N I N"T"T" 7T FNs™N R I NT""T" R NN R NI\ R NI\ \ ™\ N"T™ F~NT NN N




55 AGGATGCACCGCGCGGT GAGCGCCAGCAGGECEECECGAGCT GAGCGACCAGGAGCTGAT
GCACAGCCT GCAGCGGEECCCT GACCGEEECCEEGACCGAGEEEGAGAGCTACT TTGACA
TGGEGECECEGACCT GCACT GECAGCCCAGCCECCEEECCT TEGAGGCGECAGELCGGICCCC 65
CCTACATAGAAGAGGT GGACGAT GAGGT GGACGAGGAGGGECGAGTACCT GGAAGACT GA
TGGCGCGACCGTATTTTTGCTAGAT GCAACAACA CCTGATCCCGCGATGCGEEEC
GGCGCTGCAGAGCCAGCCGT CCGECATTAACTCCT T TGGACCCAGGECCATGCA
ACGCATCATGECGECT GACGACCCGCAACCCCGAAGCCT TTAGACAGCAGCCCCAGGCCAA 5

GGTCCT MWWWWWWGMGCGGGC

CGTGCAGA

CCAACGT W@WWWGAGGCCG
OB CACETEF ALY A
GCGGTTCC

X CCAGCCCG

] ATGG

Fa ARG : igACCA
WAWWMW%WWW@%@GGGCCTGT
AGCAGACCT AGEAGEAGTI XS S SR EROGEEEREEEEA CE @ f6ACGCCGAACT

MTCTGGAAWTG@TWWCGCMCT
TA@W@WW@@@WW@CGTGGACG
COCACET AR CABGATGACOEGEGGC
ST CRAG AU MEAFAARFCOCCCCAG
MW@%@@&MW?%@W GGGCCTG

o AL S ACTIGCAT
GGGA TGT 51 G L LCG R GCTCC
GGAAGAA 7 A ér];:TGCCTGT

GCCGCCECAEGET S EALAFEF s AeNatdeth 7WEM@@WMCCCTTGT
TTC@A@AWW@WT CCTCEEERAEIACBEECTOCTFAGGGTGCT
TGAATZACT CGEa €T dc ¢S (& AGBPCTTTIECCCAAT AR EECATABAGETGAACAGTA
&CF%T%ACMGCWAWATWWAGGAGTACT
SAACAPCETTACCANOABICAGCEITAGAGA
AGKE

AEEEACGATCCG

, GACAGGCA
el onai i e e o
TTGTTGTATCT ‘1]", LA € G CTICTCTG
OGT GATGCAGCARAA R AR e AN A b A A

ww&m&&%ﬁmﬂ@m&é@mmcam
GGCACSET T CTACLATIASCCHCCCRAt T T ACSTICHATGEACHECABG AECEGEAACATAACTCGGAGCT
CT CCCTGAACTACCACAATGAECAAAGCANCITCETTGARACARRGEN i GGAGACATCGC
CTTCA CECASACOAT UG TAATIACCAGOACTIGG AGAACAATGA
CGGTCAGCT @@NW@IWWWFGAAMWGCG@GGGGG

CAACAA AGINCATGTACAG
cGIGACAGTGAC

AGAT A@Wﬁ%ﬁ&ﬁ%@é&ﬁ%ﬁ S Lot
CTTCTCGGT GAPAT ¢4 T ARIEAAFES SEEEANGCEAA
e e S SN St B B SIS S T& FACTTGGCG
GG OCAG .r&'ire?"-r T SEAACACTAGGAA
CTTCAGGCT Gl Akahglek ..e{&g&éfw'e- N T O, AL ARG T
GCCCT] At ot & e 1 ePFE -seﬂ‘ﬂ GAGCCGC
CTCAGCAACCT A T IO A G A A AT SN GAR PRI A G AGRIEATBAGATCATG

TACGAGGAT CTH A S TG A TO0O0CARCACC] U I I CONCORTT AT ATGAGAAA
T WA@MWQCCGAGGTC
AGGGGCGATAAKGGGWIRBGA AACTAEAG Gl 3T
AAGTAAGATAGF@I&TW@&A@I& AN i
RO T IS AN ASOATOGCGACC

&M@AWW@@T@@W@ CGGCGTGG
AGCAAGTCTACTEG R T C ERTTATY CTCCACGC
GTCAAGETAGCA] A - _ GCTT

CA%GA Necoss f;l,'gg! eyilce % CGCALGTC
CTTCAACCGCT 5 SRS ACCACCG
LR T E%%&@Q@E@Wﬁﬁ@@é@@@mmco

TCAGTGAAAACGT TCCTGCTCTCACAGAT CACGEGACCCT GCCGCTGCGECAGCAGTATCC 66
GGGGAGT CCAGCGCGT GACCGT TACT GACGCCAGACGCCGCACCT GCCCCTACGT CTACA
AGGCCCT GGECATAGT CGCGCCGCECGT CCTCTCGAGCCGCACCT TCTAAAAAATGT CCAT
TCTCATCTCGCCCAGTAATAACACCGGT TGEEECCT GCGCGCGCCCAGCAAGATGTACGG
AGGCGCT CGCCAACGCT CCACGCCAACACCCCGT GCGCGTI GCECEEECACTTCCECECTCC 5
CTGGEEECAECCCT CAAGGGECCELGT GCGEGT CGCGCACCACCGT CGACGACGT GATCGACCA
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10 GCGCCAGCGCCGEGECAGGACCCGEGAGACGCECEECCACGECEECEECAGCEECCATCECC
AGCATGI CCCGCCCCCGEECGAGGCGAACGT GTACT GGGT GCGCCGACGCCGCCACCEETGIG

CCCGT GCCCGT GCGCACCCGECCCCCCTCECACTTGAAGATGI TCACTTCCCGATGTITGATG
TGTCCCAGCGGECGAGGAGGATGTCCAAGCGCAAAT TCAAGGAAGAGATGCTCCAGGT CAT
CGCGCCTGAGAT CTACGGECCCCGCGEGET GGT GAAGGA GAAAGCCCCGCAAAATCA 15
AGCGGEGT CAAAAAGGACAAAAAGGAAGAAGAT GACGA GGTGGAGI TTGTGCGCGAG
TTCGCCCCCCCOEECEECECGT GCAGT GGECGCAEEECEGAAAGT GCACCCGEGETGCTGAGACCC
GGCACCACCGT @&@GW@@@&XWEWM@@M@CGTCTACA
GACGAGGT GT. AWWA@BTCG@ CEAGCACH 3 TGTCCAT

% ATCGACCA
GGTGOOCAA Jiiﬁﬁﬁ 6606600
TGCAGCCCGA ¢ T e TIGCTGCG
CCGTGGACAT C G TCAG
CCAl CCATCGCC
GA EAdEEddACCGGTGTG

CCAT@TWEWEE@EA@MW@MTGTTGATG
AGGAE WMM@@W@CAGGTCAT

e y
&CTCC&GTTmmﬁm G @@@fr@mTGAGACCC
WWT@@WWT%@A AAECGCTCCTAC

ﬂ“ GGCGAGTT

SﬁGGCTT :%::9&5 [ i‘t AT ggf ‘f{#&g‘-}‘g‘ e ‘v‘#ﬁﬁﬁ;‘i{c{ “-'?-'?53-' CGCTGGA

%CCG' S S A A 5 A A AL P T s gq,}q \‘ e@ CGC

ATAMMCCAAT AL Ao Gl B AL N GEORRR AGCTGAT
ot

CATCAATTTT e-- 9998 Eeeaeiln ”' AGEEREELeId Le &ﬁ%ﬁ%&@@&@@ceoamc

c (€
MMTWWMWJWAWWCGTGCAGA
CTTAAGAAT T TECEXFEALTCARGAABACCA CAECAL (A \SBACGAGCACATGATCAAGC
GGGCAGSCCCT WWmMEWmmCTMCCGM
S ‘ ACCTICACIOTGCATCCTT

ECTATEREEBEATABAACCAGCC

GGAGCT GCCT W@W@@@%@%ﬂ”mmcm
ooCT GCGCGCGC
% A TACCRIEE CACATGCC
GETBGCGG

CCGCGACCC‘I'G|J Ko TIGGGG
ceoceijcceeoc ERFEEANGEGIGATCCCCGGC

GAGCACT CT GAAEASEIA TCET 6660 6T 6E XS I FACAGT 6 GAALE A S L EACTBCEEARACATCTTGTA
TTAAAGSTACCEJTAGQE&AIAMACH@DGA%CT@@E@'E@TATGIMM’E@TWGGAAGA
% A CEAFCAGIIGGAGC

BETOBAGHGOACCOTTI AN THAECT SAGTII GGAGCGGG

A NGO AT O AAAGACCACAAL] GTCGATGG
GCGCT CGGCAGAT

X 'l;)zqé’jAGGA
GECCGI SGAG Tooee X L L GAGA
GCTGGAT CCCELEA &GQMGGTCTGC
AAGCGA A ACACT AIAGTAATAAGC

@AA%@CA@JJJM@WF@E@@GE@W&M%W%EC@ETGCC
ACAAATTCGAAGECACKEIASGETOBECACEEG ACECEAdTITRIIGCTCACAERACIATGAACTGGCA
CCAGCCT GAACEAGAACTAYEAABNIBALAA TG CRDANHRAITIBANGTTT G AAGCROBE.CGCTGCTA
TAGGGCT CT T AR AGACARBGAT AR TG AT TIGT AT SUTRGPBDGRGSCOGCTGTC
CAAT GTAAAGGGACTTOMGETRANGTIGHIO

AT TTCABAT AR TG OO DR AT I RS A ACNGATECAF SRR TASTOAGTCC

TERGIREST, AAGTITAG
TATAAAGCAGAEGEF A ] ey CTGACGCT
GTGGT ATACAAﬁ(ﬁ A 295 T ACACGCT
ATGCCCAATA Cceinte AT T GCGGCGT
ACAGT. HE SANEE e crélcrecc
ACTTCCAAGA AT A AR CE L O AL 630 AL A ACACTAT

AACCCGGT AT T GGARA B ACA CAARTTIAGPGEGHE CEACATICR AN TCATAA T T CUCUNIGGACGGATT
ATTGAAAACCAT GGTGTGGAAGACGAACT TCCCAACTATTGCTTCCCCCTGGATGEGTCTG
GCACTAATGCCGCT TACCAAGGT GTGAAAGTAAAAAAT GGTAACGATGGTGATGT TGAGA

GCGAAT GGGAAAATGATGATACT GT CGCAGCT CGAAATCAATTATGCAAGGGCAACATTT 15
TTGCCATGGAAATTAACCT CCAAGCCAACCTGTGGAGAAGT TTCCTCTACTCGAACGT GGEC
CCTGTACCTGCCCGACT CTTACAAGT ACACGCCAGCCAACATCACCCTGCCCACCAACACC
AACACTTATGATTACAT GAACGCGGAGAGT GGT GCCTCCCTCECT GGT GGACGCCTACATC

AR N R ™I 7NN\ ™\ ™\ ™\ ™\ ™\ S\ FN"T™ ™\ N"T™ SN N N"T" 7"\ N 7N\ A "I 7R 7SR R VT 7R N T 7\ NV"T""T= 7 R R 7PN 7~ N 7~



35 AGAAAAAGT TCCTCTGCGACAGGGT CATGIGGCGCATCCCCTTCTCCAGCAACTTCATGTIC
CATGGEGECGECECTCACCGACCT CGECCAGAACATGCTCTATGCCAACT CCECCcCACECECT
AGACATGAATTTCGAAGT CGACCCCATGGATGAGT CCACCCTTCTCTATGTITGTCTTCGAA
GICTTCGACGT CGT CCGAGT GCACCAGCCCCACCGCEECGT CATCGAGGCCGTCTACCTGC
GCACCCCCTTCTCGGECCGGTAACGCCACCACCT. AAATT&! ACTTGCATGATGGECTGAGCC 40
CACAGGCT CCGECGAGCAGGAGCTCAGGGECCATCAT CCTGGEECTGCGEGEECCCTA
CTTCCT GGGCACCT TCGATAAGCGCT TCCCGGGATTCATGGCCCCGCACAAGCI' GGCCTGEC

A A TERAT] T&&ETE{KGAAAACATT

' WRAACCTCATATGGCGG

GAG§CCAC

AACCCGCGCTGrmGA AT v
A@AGATCTACMGIGCIQ&GM@@AW@@GG@IE@QM@IM@T
ACCGCT GCGT CAGETST MG IR TN AACSTACACT T S '

GOGGGCY CTT AR A TA PP CETAL AT ISET TOAT LI

CAAGAACCCCA ' ACACGCAT
3 GCAGTCC
GGTGGAACCCA > TTACA
GCCTACTTT AR GTCG
AAT CA (ks I Sg‘E. A ’P&GTGACAG
TGTTACACAT EdEEEPEAGT A Ad T3 A H RS SRCAECT AXE XK ESTGREGTGCGCATT

GCAT Em@meﬁﬁmﬁmmwmcmcm
GGGATCAGCACEEEIGGWEEE@@GKG& OO ENOOEPAGAGHTERTGOBIGTCATGTTGAGA

N A A AN COSRE CAACATTT
TTG@M@M@M@WMM@A@@WMOGTGGC
TGCT TCACGCTE S IMICACCECOECE I TS PANTACHEFCCACCHOEMISPEEFEGECEFCCAACACC

TGGCCATCCCCAASSEIICATERS _ N %gcc
GCTTGTGGIEA i ggx 3G( GCCCTTCC
OCCC% AKX N % GGGTCCTA
CCCT TS AP CTCGGCAA
TCGIGCA \LaEEdIP AT EFATTOMEEA GEAFEAALATTREGCOACCTTC

TTCTGGGT GAT i d & ATcEetClthiat A€ G A TIE X deTCEEGHEECALEHTICISCAATGACACCAAC
CGACATCCAT CH A CATETIGEACC AT CAQEATICA LOGLCCA AT CILABCAOBEAGI GCCAACG
TTTGCQGTCGCMMWT CUAGOTA

GGTGGCAGATG@W s
'A ‘ 'i? AL ”i%éi%i”l‘mz EXACCAGGGC
AR 3’%&"-"}?.‘-{‘. SRR I I@%%}gcccccc?

mcc&mmmm@m@mm@@aqmmwm
CGCTGICCT MWTWM@GWGJ@WE@GTCACCC
CGCECAGH G AMAGAGBEIAIETGA G (G AT OCCCT TACCAGTARCTTCATGTC
TATCTCTTCCT CITGHGMWC&WWUWWACGCGCT

STCASTTCONITAONICCACALTTIRTTOLTSTCTTCOA
- AP ECEOAECTCRIGORPRCRGTCTAGCTGC

TCTCCTA GGGA@@M@QW&@@Q@% At o
neueuﬁiae-?t I A A ACHG i‘g .!"i&\'.‘f g'%?ﬁ?"f CTGGCCTGC
'f-r"'" ecs AP AL a{’*"g A ‘i},‘&ﬁ c'ifé-ﬁnéi&fmf TCGCCTGG
ATTGACCTGGG,) e ?'f:oq‘qe A 5&, eierilee\eayeesipieasan GCGCCTCA

TCGT "".* APN MWWW%C%CGAGG
AP ONTCABEGGET

GCATCT W@EWW@W@MCCCATGGA

CCT CAGCGT CGAEAAGAT CACK TIAGAATATGABA CAGEHT TAOICHAGGCEAGCCTIRIXET CGCCCCA

CCCAA&&CAGGWAWH@G@GGC@AAWMAWTCCCACTCC
: GAAC

ﬁWWAgTTTAA

CAL & EGAGATG LALT GGTCTCG
ARG I, AECE] eee ALK XA

GAGACT ceeeuaeue- eg}ﬁfem'vge%i gﬁ’:e :?33 ﬁsa ”’5‘3: u'u' REGECTTGAACTCG
e O a e e e el ag{ RGGICCALARCTTCCGCGTC

CGCCCTGGTC g.? 5 s &;né_ .wq-gg‘ca- _‘ﬁg‘eq_& ue gie{- \GGACCCGCG
GCTGA 1T se”-‘A eeeqq_ CECEARS e.sop&& ARG .A _e‘ T CAG (%@GGG
GACCA CedS SISAL 366GECCTCGGCGT
GAGGAGCECAAEEGEEA f& N AN IGACACTTCE XSS KT EOCCT CXEATUGTAETOACGCACCCGG

ACCCCTCAAAGT TTGCGAAGAGCGGECGCAAGCT CATGATGGECCGT GGTCCTGGT GACCGT G
GAGCT GGAGT GCCTGCGCCGCT TCT TCGCCGACGCGEAGACCCT GCGCAAGGT CGAGGAG
AACCTGCACTACCT CTTCAGGCACGGGT TCGT GCGCCAGGCCTGCAAGATCTCCAACGTG 40
GAGCTGACCAACCT GGT CTCCTACATGGGCAT CTTGCACGAGAACCGCCT GGEGECAGAAC
GT'GCTGCACACCACCCT GCGCEEEGAGECCCGCCCCGACTACATCCGCGACTGCGT CTAC
CTCTACCT CTGCCACACCT GGCAGACGGEGECAT GGECGT GT GGCAGCAGT GT CTGGAGGAG
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69 AGACAGIT CTGGAGGAAGACGAGGAGGAGGCAGAGGAGGAGGT GGAAGAAGCAGCCECC
GCCAGACCGT CGT CCTCCECEEEEGAGAAAGCAAGCAGCACGCGATACCATCTCCGLCTCCG
GGT CGEEGT CCCGCT CEGECCCCACAGT AGAT GCGACGAGACCGEEECEATTCCCGAACCCC
ACCACCCAGACCGGT AAGAAGGAGCGGECAGGGATACAAGT CCTGGCGEEEECACAAAAA - 5
CGCCATCGT CTCCTGCT TGCAGGCCT GCGEEGEECAA CCTTCACCCGGCGCTACCTG
CTCTTCCACCGCGGEEGT GAACT TCCCCCGCAACATCT T TACTACCGTCACCTCCACA
GCCCCTACTACT TCCAAGAAGAGGCAGCAGCAGCAGAAAAAGACCAGAAAACCAGCT AG

GTCTGT AT CACPAGINSEGAS
TCAACAAGTACT t@m@ﬁ@m‘r W@WWCTCGCTCG

AGGCGGGAAT TR ATEATCTEE TS N CACCGGCQ% |
GCAAAGAGATT ‘f}%}ﬁ: ‘gfg | TCATGGTC
GOGCCGOCCA

TGATGTACA
CA GAAT GGCTTTCA

%@@%@Mmﬁﬁ%ﬁmﬂcmcm
AAATTCCCCAGGEEACABRESA TSI COANCCAEA AT AGABATEAGCAGCCGC
CTAACT CAGGT GEEECAGCET GEX LK SHCTER .

Gr ATAAA(XI(XECGG@'@EG’WCACA@E@(A&MGGT GRIGAEICTTTCGTCCT
TCTTCEST GG I EATCHGAGEGABTUGIATEACTECETEHNIEHEECHACAFEF TTCT TCTTGGG
TCACGCCT CGT ORI SISO TACT G E L A CEACL G TICEERCECH CCACTAC
MTCG&AUCTGE%Z(;XTWWW@?@AA T GGCAGA

CCCOCGEEEH . SRR

T 9 TTCCG
GTCGA A‘?‘?‘ elalalelnf cc% GTGT

T I ‘eé _ A\t TCTGCCC
CTGGACCACTGE ; WA D plalod ¢ GCCGCCC
AGCT GCCCCA! EQQEQGR@@AA@@&%CCATCGAG

GCCT AGACT CCupEEACETCUASPATET & SAGEEASE S XS A TACTAGTAGRECGORAAGAGCTTTCAA
mmmwmmmmmmcmmmmA
TGTTGR2ET GCCT GG CT G CHCEIASIA GECSACTAGAHOXADBGE GGBAGRCALGCTCATCAA
TUWUTTWWWWWAGGTGCC
AGGT CCAGT GT ARSI A ARCTACATCACCT GF E6CGCGTGCCC

CCGT O A ANEREFACF ECT O CCCGGTC
o CCI\GTTAAC@@ § € Aé(%cCCG
ATCT . CCCca
TCCITT P CAGCGAC
CGCTCCCCACT, \ CACCACAG
AATCTAATA CERBAAT EEEAAAEK SIS HFIACAAATGCACGGTCGA

ACGGCCCCT CCGATEA C68A33P6E A ACEGGCTABGAA T AT CE K XSS ANAGICATGAGCGCGGTCATG
CTCTCBGCT. A@%AGETWEEE@G@A@U@MK@CGX@GXTMWKT@MGWCC

' GOIIGGEIEAUIGIIEECCTAATGCT
GA%AAW@@@A@AA@@WW@T¢WTGACCGTG
COTO AT COAE GO A ET T T AUGIETCGAGGAG
GCGGAT, WW“? (S, z" AR T A .'"‘”JL %%Acﬁ
el R
< ACACCTGC ». ( RCS nn}ﬂu sxeakei PGGAGGAG

TTCATGAGCAA NCESanaw. e Ae’
GG o) o@(q ARBGHAS ;; 6§ GGACCGGG
ATCGCTTACA (e Het PSSO féedeiAde ToAH FAETECCTCAGG

TMTCQ@TATT@W%M'E@@@%@&WM@M@WMAMTTCGCT
ACATACCTTTT ECARAGCATCERAT T (TR M TCEGTATGTRAJATGL TCCGAGT TGRIEICGGALTT
CACT AGCAGCACH TG CACTMIETASAGCLAAGTHCE T LAGECT GBI T@ANEIOATTGUEATAT GCTGCGC
WGEACATCAGWWGWTWWWA¢@@WAGGGCCTG

GTTACACT CT GCCALGAET@ACSCAGCTCCTAMAITIGT A SCARTTGATICCLAGSECTACAACCCCC
ATMTMTMTAG@@QWA@W@%@WWA@WWGAGGGCG
CAATTTCAATATEABACATCACEEFFEES TC A%CC%
AGAMCACTA P: ,_KE CCAATTGCA

L 1 TACCTCGA
AT o
CAAAATGGTTT AT IS IGEAAACAGCAGT

ACCCCCAGT GAC688A60GEABATEEAG GAA G ALLARIG ATASEAICK
TGCTGATTATCATCTTGTGCATGATGTACTATGCCTGCTACTACAGAAAACACAGECTGAA
CAACAAGCTGGACCCCCTACTGAATGTTGATTTTTAATTTTTTAGAACCATGAAGATCCTA 5
AGCCTTTTTTGTTTTTCTATAATTATTACCTCTGCTATTTGTAACTCAGTGGATAAGGACGT
TACTGTCACCACTGGCTCTAATTATACACT GAAAGGACCT CCCTCAGGTATCCTTTCGT GG
TATTGCTATTTTGGAACTGATGT TTCACAAACT GAATTGT GTAATTTTCAAAAAGGCAAAA
CCCAAAATCCTAAAATTCATAACTATCAATGCAATGGTACTGATTTAGTACTGIT TCAATAT
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15 CTATGITTAATTTTTGATTTTCCAGAGCCATGAAGGCACTTAGCACTTTAGITTTTTTGACC
TTGATTGECATTGITTTTAATAGTAAAAT TACCAGGGT TAGCTTTCTCAAACATGI TAATGT
TACTGAAGGAAATAATAT CACACTAGT AGGT GTAGAAGGT GCTCAAAACACCACCTGGAC
AAAATACCATCTCGGGTGGAAAGATAT TTGCACCTGGAATGT CACTTATTTTTGCATAGGA
GITAATCTTACCATTGI TAATGCTAATCAATCTCA GCGATTAATTAAAGGGECAGAGCG 20
TGAGT GT TACCAGT GATGGGTACTATACCCAGCATAATTTCAACTACAACATTACTGITAT
ACCACTGCCAACACCT. AGCCCACCT AGCACT ACT CAGACCACACAAACAACTCACACTAC

CGCTTTQCTCT‘AW@/I@?MQ“TACCTG
AAGCAAT CCGAETCCAGAK : ": A TUA R R A NKCCAGCTAG

ATCCT GGCA! p
AGCCGGCGC
ACAAGCCCATT o : ; 8 g.ngGTc
TTCTXEE OGRS (e oy -' ' -v ALl TG e (ddCGCAGTT
MACAaERECEAGNEE SET felAde O ACTAPESAEBATCEAS A GCTCTCT

CT wTT%mmmmﬂiﬁMMmemm&cm
GCATAGT CTCCAGGCTGA S OXTICATCCAERTQATTIGCT BRI CIUIGIACCCATCROGICCATGA
TACCT GCGCCAGCARSGAGATIATACCEACTACAHIGIAE GCTTCAGATIGEH T GGBEGCCG
TGAT GAB AACCAT GUEBIT FXECTACT ACA TGRS ARITHGCTASETGUETGIXTOG0ATGATCT

CCCCCTATCCOT SAAK PN A ECTABATGAGIQACCGCTCA
GAACCCT GGAABGFELAGELECHGEPAERAR FEGTACCAGG
ATGATCGTTGGA TEeeT QGCng‘
CTTT TTGE] ” GGTEAGC
CCACAGCAGCA e '‘AGATCTTCCT
ATACATGCCCA &STFebeadAtdAEITCGGGCGG
TACTTCAAT CT AACEEEELEWDBE RO CTCHESEARTASITCASCAACHEUTETASCAXSCCCTTCTCC
CCTGGACAT GGAGERC S e CTBECEACCAGE RACACINATAACTH EACCATEXUGOCAGCAGCGAGTCG

GCAGGAGAGAGEOGT S A@YETT I AEEAT BONGNIEEICATGCAGCAGE QUGG CTFEGACAC
GCATCTTCT GCCTGRACMIITAGSCCAATNITKIGT T OCACTSIEABC ECACCCACTAAS TACTTTG
CCTCTOCT ACGAGE TE e IS A A S CACAR G e R I A A OCNEIERRECAYCGAAGGGG

ATOGT CATCACEEATIAMITERGACERGAEX KNG TELK acoCTt coceanta
CCGA T e

CTAATCRACT Y €y 1) St
ATTGATCAAT b CCGATCG
TCAGCAGCACT & KAEFTASASFATIEEAEEEEEETEEANECTTACTTT

CTTCCT CCACA@T@H@&&%%GE%MTX@@@@&GE@@%WE@%@GMM{XECAGTGc
, COABCHT AATIGA RGO A (UBACBCAGTGRACOCIICCCCAGCAC

ACGAT GCAGACLSH @WMCM@F@WG755CTG
ATTCCAA . GATTTATT
@WGGCTTTTGG

‘ T AAG

TGG

TTTCAACC

ATCAAGT

AGA 16 A v » ACAATACTC

P . A 6 &EWI@@@WE@@@@TG&TGCTGA
TAACAWW&@W@GH@U@M@AHMW?@ T ACRACATACEEEAGACCGCCATG

AAGT GGT TTAGRE AKX AT AASITA DAGE AT CEEH APRGAARBAGBCAGEATAACIEAIGTCTTCTCC
AATTCEA@AG@T¢G@®ACM[@@WAA@AM@OHWMTTCACATGC
TTTAAGT TTTGACACIGIGETGCCTTARCAC A AGARC VSGBTAACACACTTTTC
ACTTTGGACTAGA mmﬁmmwmww GGG
TTTACOBTATGEES TACRRAANCTIETTA Wﬁﬁ#@@ﬁ&%@TGTGTTA

TTACTGTAGGT@@A@@A@*W??A%@A@AM@% ‘ YR TAGCCQF%%
TAGATTTGACT FEAL FELTFACTHARETACCTATA
TIIA & [ A A EAGT \$kacTtacceet
AATCT G A A TAARESAGCCERCCAC

GTATA WE%M&@AM&W%@&NM&WWMCCAGCA
GATGAAAAAGACACAAA ALK GICTREARCARE A AT AL XTANCI T ST A TBGRACT CAEXIGCAACTACT
GGAGACTATAAGGACAAGAATATTACCTTTGCTACCAACTCCTTTACTTTCTCCTACATGG

CCCAAGAATAAACCCT GCATGCCAACCCCATTGT TCCCACCACTATGGAAAACTCTGAAG
CAGAAAAAAATAAAGT TCAAGTGT TTTATTGATTCAACAGT TTTCACAGAATTCGAGTAGT 20
TATTTTCCCTCCTCCCTCCCAACT CATGGAATACACCACCCT CTCCCCACGCACAGCCTTAA
ACATCTGAATGCCATTGGTAATGGACATGGTTTTGGT CTCCACATTCCACACAGI TTCAGA
GCGAGCCAGT CTCGGEGT CGGT CAGGGAGAT GAAACCCT CCGEECACT CCTGCATCTGCAC
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40 CGGTGTTGAAGTTATAGAACAGCCACTCCCTCAGAGCGTGCAGTATCTCCTGAGCCTCTTG
GGTGATGAAAAT CCCATCCGCTCTGATGGCT CTGAT CACAT CGGCCACGGT GGAATGGGC
CAGACCCAGCCAGATGATGCAATTTTGT TGGGT TTCGGT GACGGAGGGAGAGGGAAGAAC
AGGAAGAACCATGATTAACTTTATTCCAAACGGTCTCGGAGCACTTCAAAATGCAGGTCC
CGGAGGT GBCACCT CTCGCCCCCACTGTG TGGT TAACAGCCAGGTCAAAGGTG 45
ACACGGTTCTCGAGATGTTCCACGGTGGCTTCCA CCACGCGCACATCCAGA
AACAAGAGGACAGCGAAAGCGEGEGAGCGTTTTCTAATTCCTCAATCATCATATTACACTCC
TGCACCAT CCCEAGAT AATTTITT u@ec¢mnmm@mmmm@mmﬁr@m@ccmcc
TAAATCCAAC.\M(&“H(P&VU:uw‘. A ARCATHECA GOTGTAGTGGTGTGTA
GCA@&CT@WW@AWWWWG@UGM
GAATAT CAAAAG ETOTASC XS ORSCE T ARB AT S IHOAT C AR TARE T AS AP PAGATCCTA
TTTCATATCATETCE I AT T ACEE R P IASBACCE A S S AT ARG AU EASERRATAAGGACGT

CACATTACAGA 2t \j ¢ TITCGIGG
AGCATGCT ‘Ff) : TGGCAAAAT A
ATTTTTAA - T
AACGATGGAAT. ddAl T&%R@@R@%K@?QRFCAAGGCA

?WWM&TWMMWMAGCWGCA
GCCAT GAT T GAAAAASTICACOGACA AT CIGET BRI HAGATEAAT O (AT CTGCATGT
AGAAGCATACAmummgmm@mmm@ma CAOSMANBEGACCASARABECTGCTGAACCT
CTCGEEECACT AR IBTAG? (T2 ‘ AGGCA XITTTAGTATTTTTGACC
WATTCRAWWMT$ﬁWW@@@AWTG§TMTGT

CCGCTCCCT AT ACCTGGAC
CGCAAGAGTCA 3 AT GCATAGGA
GCAGAGCG

TA AA EAAAG
CA GOA Y IA ¢ ACTGTTAT
WL CACACTAC

AACGOCCAAA ARG A A A AL L GOk AR CARACHATCACREACATTAYA CCEOTC A
ATTCCGT CGACEEE d AN AGTOARECECRCECONCTA B S X SCACCATT AAAG CGELAT TTTTAAT
AATCACCT TCCHORSI0UBARARGCAGPCRTICATRAGGAAT AT TAAGSUMAGAASAAGI TTTGTCC
TTTGAGSTATARSTATIGASAGERG CAEQA L BGNOAQC {QRAIG CHERCTCTANGEIACCACCABT g TCUE-CT

MATPSM. PQM&WW@@ASEM&%M@GARATW&@L@WT@FWWCTCTG
RLTL RFVPVWW%WWEMWWWWWWW TGGTC
APKGAPNSSQ/\E @W?ﬁﬁ%@é@ﬁﬂﬁq FADK

QPEP cecr R T SREECSYAE ‘ :

DI DLA DTP /

RPNY| GFRDNF KENY L NA L LN L SYOEL ) .
SMANQAVDSYDRENRAE: Art WMMW%CATCGCC
DDTVAARNQLmm&mutmwmmmmt@tmwmmcmmc
NGRVVBBSL VDAYA N AXRRLARNOR GNP E NHEARNAGCRY RSN ENGRYSEFME CMRQKF CGREGC
FAI KSLLLLPWMKWMIMMWWWNMEGMWMECM
AM_R1 DTNDQSEABYCCREMMATICRARN AN T3 CRSRPEALRUMSFR IGICARSAGS TG GATC
FDPYFVYSGSI PWWWW#MHWQQ@R&QW@TW\T%@@ CCCG

CNMT LVE '- g TPEETKIS, : J@ W“} Rb) a. : CA ACCA
LAY/ GF e. A (oeo B <‘ 3 - »1 P \J

SEQ ID NO._ 3-+A8 oe o%*c% 'r@c ¢ GCGACTCGCCCAACTCCGCATCCGCCAGCA
35MVRRAYPEGE 5“ R R Ffazébeli’am&ca@mebmmm

TRLYLW“%A&N@&@UMW&%T@HN&D&E@W@CW@MCG
NIVPNVNEF MY StFAR MG RISEPNCMTOARERQDI AR AT FEA BE@ IS GTVTGOA NI CAACCCC
NNAI | DNYL AVERQIBATEAVCCHKE BT RNFREEIACT BAGEREVETAEXFAFRICTCCPGUGACTCCC
VDFTESRL SNL CCl RERGFGUIEGEQCHVEGR EGG A TOVORS ERSHIEER S TARYAGCATARA
STEVR@NFASPWQ@QKCEA PAEIRDEROREYMA TR MTANRONTT AXNYET GATIGA

DPEKGYRSWI L AT TSR A KR GreRd e GIGYSARFTTTICTG
eovs SR AT
A T A GCGCGCGGGTGGATGATGGCTTCGACCCCGTGTACCCCT
ACGATGCAGACAACGCACCGACTGTGCCCTTCATCAACCCTCCCTTCGTCTCTTCAGATGG

55 ATTCCAAGAAAAGCCCCTGGGGGTGTTGTCCCTGCGACTGGCCGACCCCGTCACCACCAA

GAATGGGGCTGTCACCCTCAAGCTGGGGGAGGGGGTGGACCTCGACGACTCGGGAAAAC
TCATCTCCAAAAATGCCACCAAGGCCACTGCCCCTCTCAGTATTTCCAACGGCACCATTTC



45SEQ I D NO. 4 (AdY25 Fibre Protein (L5))
MBKKRARVDDGFDPVYPYDADNAPTVPFI NPPFVSSDG-QEKPL GVL SLRLADPVTTKNGAVT

L1 CLGEGVDLDDSGKLI SKNATKATAPLSI SNGTI SLNVAAPFYNNNGTLSLNVSTPLAVFPTEN

TLA SLAGNGLQTSNKLLTVQLTHPLTFSSNSI TVKTDKGLYI NSSGNRGLEANI SLKRGLI FDGN 50

Al ATYLGSGLDYGSYDSDGKTRPI | TKI GAGLNFDANNAMAVKL GTGL SFDSAGAL TAGNKED

DKLTLWI TPDPSPNCQLL SDRDAKFTLCLTKCGSQ LGIFVAVAAVTVGSALNPI NDTVKSAI VF

L RFDSDGVL MSNSSMWGEDYWNFREGQT TQSVAYTNAVG-MPNL GAYPKTQSKTPKNSI VSQ
VYLNGETTMPMIdTH ARONGEBEXEE JEMITY DM AAVQIAPGEANI GTITAANBETESMAPTCYSCHEQ | D
NO 5 (AdY28CAATAGCAGTATTTCCCACTTTTAACACTTTAGGTATCAGTCTTGGAAACGGTCTTCAAA

VRHL RDL PDEKCTTCABGENEA GELGOIGHINGDRRREPPAACAMTSICHOL VUL ANOWBEDDRAKEAGCAT

VNDL FSDAAL L AEHARRSPSSDB0BSI AAPORIACRGEX RN PRAAKGEENGE FOVAEQL RREHIBHDIE ASGC

QAl NAASQGVERGSERAAIIOTRRARGRACKSCES AT RUINGADRATA LG CYNIRAPRNMEAVACCTTGG
PVSDADDETPF$E§$§§Eﬁéﬁéﬁ@ﬁﬁ@ﬁﬁﬁﬁﬁ%ﬁ@RA$@ﬁﬁAﬂW@é&B@E@gﬁéﬁEﬁEﬁE@?ﬁﬁﬁ?#ﬁH SEQ

ID NO 6 ( A 'ﬁ T GATGCTAATAATGCCATGGCT TCCi; GCTAGGC%FII{:(;(C}
ME! WIT LEDL HKTRAGTEREEN A G T
ALNL i : f TORE AAA
.y CIGCT
VKS @&335? AlEkET A | D NO.

7 (AdY25 E|f%éﬁﬁﬁﬁ@%bTCTGACGGTGTGCTCATGTCAAACTCATCAATGGTAGGTGATTACTGGAAC
MVESRNPFQQGLPAAdGoRAI6 daldMic Al BRECHA Rh. 6 ACTIRGEHSE DK SREESIETGGREABARGCCC
AAGGGSRREP ECH ARG CTIRISSGRARGMRE RKNDE A NFARG EA TACEAMGTCAG
SRKRPEfMWWTWE@N@ME@EW
YKI TKLI NI RNAEKG SENGFAA CAAPRYAGRG 9

NGTVFMANT KLGAMEBESHEIEAGGPC ﬁ@ﬁfﬁ@#@ﬁﬁﬁ?ﬁ%ﬁ@¢@§96§VRK§EpTACATGG
ERCHL GVIVSECEARMRHALTF GEE G a6k TARAGANSART CTGAAG
LATV SHA :uAAA KN [ TCGAGTAGT
TGVF R O 25RGRESD SEQ
I'D NO. 8 ( TCTCGGGTCGGTCAGGGAGATGAAACCCTCCGGGCACTCCTGCATCTGCAC

NBGSGSFEGGME&BuyEﬁRb REYRGYRERAESTIEREY A HIESd G F ARSI PN PAARsAAGAA
30AAAAASAASANREDENE S AOTE T YANBESE SNRASE NERd 4 d ARG AL EEGRATEAGGe CCCGC
QVAQL 2EQT RAAVAAVKSIIC TGTCTGCGCCGCTCCGTCAAGCTGCTGCTCAAGGGGTCTGGGTCCAGGGAC
TCCCTGCGCATGATGCCGATGGCCCTGAGCATCAGTCGCCTGGTGCGGCGGGCGCAGCAG
CGGATGCGGATCTCACTCAGGTCGGAGCAGTACGTGCAGCACAGCACTACCAAGTTGTTC
AACAGTCCATAGTTCAACGTGCTCCAGCCAAAACTCATCTGTGGAACTATGCTGCCCACAT
GTCCATCGTACCAGATCCTGATGTAAATCAGGTGGCGCCCCCTCCAGAACACACTGCCCAT

30 GTACATGATCTCCTTGGGCATGTGCAGGTTCACCACCTCCCGGTACCACATCACCCGCTGG
TTGAACATGCAGCCCTGGATAATCCTGCGGAACCAGATGGCCAGCACCGCCCCGCCCGCC
ATGCAGCGCAGGGACCCCGGGTCCTGGCAATGGCAGTGGAGCACCCACCGCTCACGGCCG
TGGATTAACTGGGAGCTGAACAAGTCTATGTTGGCACAGCACAGGCACACGCTCATGCAT
GTCTTCAGCACTCTCAGTTCCTCGGGGGTCAGGACCATGTCCCAGGGCACGGGGAACTCTT

35 GCAGGACAGTGAACCCGGCAGAACAGGGCAGCCCTCGCACACAACTTACATTGTGCATGG
ACAGGGTATCGCAATCAGGCAGCACCGGATGATCCTCCACCAGAGAAGCGCGGGTCTCGG
TCTCCTCACAGCGAGGTAAGGGGGCCGGCGGTTGGTACGGATGATGGCGGGATGACGCTA
ATCGTGTTCTGGATCGTGTCATGATGGAGCTGTTTCCTGACATTTTCGTACTTCACGAAGC
AGAACCTGGTACGGGCACTGCACACCGCTCGCCGGCGACGGTCTCGGCGCTTCGAGCGCT

40 CGGTGTTGAAGTTATAGAACAGCCACTCCCTCAGAGCGTGCAGTATCTCCTGAGCCTCTTG
GGTGATGAAAATCCCATCCGCTCTGATGGCTCTGATCACATCGGCCACGGTGGAATGGGC
CAGACCCAGCCAGATGATGCAATTTTGTTGGGTTTCGGTGACGGAGGGAGAGGGAAGAAC
AGGAAGAACCATGATTAACTTTATTCCAAACGGTCTCGGAGCACTTCAAAATGCAGGTCC
CGGAGGTGGCACCTCTCGCCCCCACTGTGITGGTGGAAAATAACAGCCAGGTCAAAGGTG

45 ACACGGTTCTCGAGATGTTCCACGGTGGCTTCCAGCAAAGCCTCCACGCGCACATCCAGA
AACAAGAGGACAGCGAAAGCGGGAGCGTTTTCTAATTCCTCAATCATCATATTACACTCC
TGCACCATCCCCAGATAATTTTCATTITTTCCAGCCTTGAATGATTCGTATTAGTTCCTGAGG
TAAATCCAAGCCAGCCATGATAAAAAGCTCGCGCAGAGCGCCCTCCACCGGCATTCTTAA
GCACACCCTCATAATTCCAAGAGATTCTGCTCCTGGTTCACCTGCAGCAGATTAACAATGG

50 GAATATCAAAATCTCTGCCGCGATCCCTAAGCTCCTCCCTCAACAATAACTGTATGTAATC
TTTCATATCATCTCCGAAATTTTTAGCCATAGGGCCGCCAGGAATAAGAGCAGGGCAAGC
CACATTACAGATAAAGCGAAGTCCTCCCCAGTGAGCATTGCCAAATGTAAGATTGAAATA
AGCATGCTGGCTAGACCCTGTGATATCTTCCAGATAACTGGACAGAAAATCAGGCAAGCA
ATTTTTAAGAAAATCAACAAAAGAAAAGTCGTCCAGGTGCAGGTTTAGAGCCTCAGGAAC

55 AACGATGGAATAAGTGCAAGGAGTGCGTTCCAGCATGGTTAGTGTTTTITTGGTGATCTGT
AGAACAAAAAATAAACATGCAATATTAAACCATGCTAGCCTGGCGAACAGGTGGGTAAA
TCACTCTTTCCAGCACCAGGCAGGCTACGGGGTCTCCGGCGCGACCCTCGTAGAAGCTGTC



SEQ ID NO. 9 (AdY25 IVa2 (E2))

35METKGRRRSGAVFDQPDEPEAHPRKRPARRAPL HRDGDHPDADAAAL EGPDPGCAGRPSSGA
LLPQSSQPAKRGGL L DRDAVEHI TELWDRL EL L QQTL SKMPVADGL KPLKNFASL QELLSLGG
ERLLAELVRENVHVREMMNEVAPLLREDGSCL SLNYHLQPVI GVI YGPTGCGKSQLLRNLLS

AQLI SPAPETVFFI APQVDM PPSELKAVWEMY CE PG EGTFVPQSGTLRPKFI KMAYDDL

- TQDHNYDVSDPRNVFAQAAAHGP! Al | MDECVENL GHRGVAKFFHAFPSKLHDKFPKCTGY 40
TVLVWLHNVWNPRRDLGGNI ANLKI QAKVHLI SPRVHPSQLNRFVNTYTKGLPVAI SLLLKDI V

QHHAL RPCYDWitt CANGIRR EHEAL QUEX THRRINA M ANTQAEL ¢ R Ed GEARNIIARBR TVERAYRARKI K
SEQ I D NO. MMMARGbyGGGaaeAtEK}QAmGTGAGTGAAAAAAAGCGACCTATAAAGC

MAL VQT HGSRA HREAGDRGRAPS RRRSZSSRTA PR ARARGAAFEGAGCA
ASSPPL L TVEEARPPIRQOCKKIKRGTGUAROSMETE WWW%@&@%@R CCC
VNRAPPY PTDL OQPEMAMIL EEORECSANBHTEAE OARPCAGG
VWQHEMQAPRL AGTCARE GG ClGACTE ﬁﬁTC TATA
NSHSSNVAQE! CF £ 1> SAPRTERLEL T YD EN AEURAAA CACA
ALOLAL QLR P N SO R LSRR TS
ADWAL 2 IrCXErFEYE CGGCC
QPFR AR NP A KKRIOSL A OPSPPE G 1A KV BRT KA AAAG

{ defTiveti
ALTHTSL W&@Vﬁlﬁm’{m GSYRADQDGFPLEEYWKDREEFLLNRE 74
LVKQKGQLKYDI | QETL DYCAL DVLVTAELVAKLQD SYAHFI RDSVGLPHAHFNI FQRPTI S SN
SHAI FRQ 'i S YL GG o D AS| RGGRCYPTYI G LEEPLYVYDI CGWY

SRK CWI'NEPR

NI AAKERADI A

SFLETDNL SA

FLDVDE R UERER
EINW FY!

| KSVY&PTDSL, T

AYAPDSVFL ARUGENALAEIHICRA

Ny
S LI CRTLASANPENRRFDYTBANRIRNERMBDELRIY CERLDAHRINAAY SRIRANRRNIGIFESPMVENP  SEQ
ID NO. 11 (W@mﬂmw@%mEINLQANLWRSFLYSNVALYLPDSYKYTPANITLPTNTNTYDYM

RN RNACLR VYRV SNSRPHIGYPQKF

LAPGAPATE ORISRV ATRC (YSEIREY JTASILE
RPAPCQHDPAE A R, 20
PPGHLE; R ERbbiBEYR BREVERAVYL

M_VEEEEEEEMHIER A RATI AELI RLLEEEL TVSARNSQFFNFAVDFYEAMERLEALG DVS
EMPLRRW MYFFVTEHI ATTLNYLYQRLCNYAVETRHVEL NLAQVVNMRARDPEGVWWY

SWEAG%R%TN%W@ EQFMTEI AYQDNSGDVQEI LRQ AAVNDTEI D
SVEL SERFKL RRVVAHAS LLCRAQYQNLPARGADVPLPP

251 PPEREPPLRRGARRRERPPS YESVMQQAMAAAAAMQPPLEAPYVPPRYLAPTEGRNSIRYSELAPLYDT
TRLYLVDNKSADIASLNYQNDHSNFLTTVVQNNDFTPTEASTQTINFDERSRWGGQLKTIMHT
NMPNVNEFMY SNKFK ARVMVSRKTPNGVTVTDGSQDILEYEWVEFELPEGNFSVTMTIDLM
NNAIIDNYLAVGRQNGVLESDIGVKFDTRNFRLGWDPVTELVMPGVY TNEAFHPDIVLLPGCG
VDFTESRLSNLLGIRKRQPFQEGFQIMYEDLEGGNIPALLDVDAYEKSKEESAAAATAAVATA
40 STEVRGDNFASPAAVAAAEAAETESKIVIQPVEKDSKDRSYNVLPDKINTAYRSWYLAYNYG
DPEKGVRSWTLLTTSDVTCGVEQVYWSLPDMMQDPVTFRSTRQVSNYPVVGAELLPVY SKSF
FNEQAVYSQQLRAFTSLTHVFNRFPENQILVRPPAPTITTVSENVPALTDHGTLPLRSSIRGVQR
VTVIDARRRTCPYVYKALGIVAPRVLSSRTF

45 SEQ ID NO.4 (AdY2S5 Fibre Protein (L5))

MSKKRARVDDGFDPVYPYDADNAPTVPFINPPFVSSDGFQEKPLGVLSLRLADPVTTKNGAVT
LXLGEGVDLDDSGKLISKNATKATAPLSISNGTISLNMAAPFYNNNGTLSLNVSTPLAVFPTFN
TLGISLGNGLQTSNKLLTVQLTHPLTFSSNSITVKTDKGLYINSSGNRGLEANISLKRGLIFDGN

50 AIATYLGSGLDYGSYDSDGK TRPIITKIGAGLNFDANNAMAVKLGTGLSFDSAGALTAGNKED
DKLTLWTTPDPSPNCQLLSDRDAKFTLCLTKCGSQILGTVAVAAVTVGSALNPINDTVKSAIVF
LRFDSDGVLMSNSSMVGDYWNFREGQTTQSVAYTNAVGFMPNLGAYPKTQSKTPKNSIVSQ
VYLNGETTMPMTLTITENGTDEKDTTPVSTYSMTFTWQWTGDYKDKNITFATNSFTFSYMAQ
E

55



SEQ ID NO. 12 (AdY25 521551(Da (L1))
|vHPV|_RQNRPHEPPPQQQPPPPQDALLPPPQQQQQ_PATTAAAAVSGAGQTSQYDHLALEEG 30
EGLARLGASSPERHPRVQM CRDAREAYVPKONL FRDRSGEEPEEVRAARFHAGREL RRGA.DR

| CRVLRDEDFEADELTA SPARAHVAAANLVTAYEQTVI CEESNFQKSFNNHVRTLI AREEVTLG
LIVHLWDL L EAI VONPTSKPL TAQL FLVWVQHSRDNEAF LLNI TEPEGRW.LDLVNI LQSI W
QERGLPLSEI CLAAI NFSVLSLGKYYARI Cl YKTPYVPFDI CEVI Cl IDGFYMRMILKVLTLSDDLGV
YRNDRMHRAVSASRRREL SDQEL VHSL QRAL TGAGT EGESYFDMGADL HWOPSRRAL EAAG

35GPPYI EEVDRRYPERGE Y- EREEQXI B NO. 13 (AdY25 ilia (L1))

MQQQPPPDPANRAAL (50PSE NSS TAMORI MAL TTRNPEAFRQOPQANRLSAI LEAV 40 VP
NN VB SRR MO BRI T prrce
AVAQRERFHRENiGrs SAMAL N3 S (NN ISR R 100 AL BT @YY PRDDEDE
DYFFQIS$RQGELGANINIARQHEKINARSEWAY DAPMEBARS EX SCISHRT RAIGBKIAMLENAEMRA PNIEC WY 'S
NRNSYL GYL | NiWSRASDEOAH\ESIPYEIG T SPIESIRAIGEDRREDR EATUAED DT NRSGDEP RRQYRKR
TLSAEEERI L RRHOQSVA.FLMEGATPSAAL DMTARNVEPSMYASNRPFI NKLVDYLHRAA 45
AMNSDYFTNAI LNPHW.PPPGFYTGEYDVPDPNDGFLWDDVDSSVFSPRPGANERPLW CKEG SDRRP S S
ALSGREGAAAW &&(SLB:EQI}IQ(@ SELGRI TRP RLLGEEEYLNDSLLRPERE

KNFPNNgd ESLVDI CVSRVWKT YAQEHRDDPSQGAT SRGSAARI CRRWHDRORGL MADDEDSA

DDSSVL DL GCHaNrAtHERIPR TRGMMER QS SHPWRPCF3ED L A AR AU QDY sWEF V11 RECIRINNH GG RAP
SI CMY GGARQRENARARRVIRSHR RARNGAT 1R RV AMDDYL DK WSQETHFSRDY QLDFLAVALWRT
QVVADARNY T PARAGSNAIDAVL INRPYADBRRY ARLSCRRRARR ROBHIRST EANEANRAA GBDOPPAEEE
RARRTGRRAM_RAARRAASGASAGRTRRRAATAAAAAI ASVSRPRRGNVYWRDAATGVR 55VPVRTRPPRT

75 SE(x1 D NSEQID NAGN2AIWA5 E1B 55KDa)

MBI CRI CFI CEEMCQVI APET YGPAWI CEERKPRKI KRVI CKDI CKEEDDDL VEFVREFAPRRRVQN 5
RGRKVHPVL RA(aE JROAF m&&mmmmmﬁmu@
EAVSI PL DHGNRA( SR GeRSAS RS PERGHIIREBI AR R VIR RO EINERYEETNWG{ M
vmwwwmmmm@nmvmmmm&mﬁm@mdmmmm@mmmx
RPRRKYGAASLYIPKYAIKRST YIS RGYRGI REYHGHIFRERRIRKIM Y P TR ISTIVRERGDGY
RRVYRRG?APLN‘@WW@ITXHGQSFEE@NFQWGQ\@é VVGRTKSMLSVKKCLF

VAL TCRL RVP| BROHRAYMIBRRARIRNCGAST MR GYQ GGy SEM
G ASVAVQAS(?H VHVASHARKPWPEFEHNVMT RCNMHLGSRRGMFMPYQCNLNYVKVLLEPDAMSRVSL

DMNVEVWKILRYDESKTRCRACECGGKHARFQPVCVEVTEDLRPDHLVLSCTGTEFGS
25 SGEESD

SEQ ID NO. 8 (AdY25 pIX)

MSGSGSFEGGVFSPYLTGRLPSWAGVRQNVMGSTVDGRPVQPANSSTLTYATLSSSSVDAAA

30 AAAAASAASAVRGMAMGAGYYGTLVANSSSTNNPASLNEEKLLLLMAQLEALTQRLGELTQ
QVAQLQEQTRAAVATVKSK
SEQ ID NO. 9 (AdY25 IVa2 (E2))

35 METKGRRRSGAVFDQPDEPEAHPRKRPARRAPLHRDGDHPDADAAALEGPDPGCAGRPSSGA

LLPQSSQPAKRGGLLDRDAVEHITELWDRLELLQQTLSKMPMADGLKPLKNFASLQELLSLGG
ERLLAEL VRENMHVREMMNEVAPLLREDGSCLSLNYHLQPVIGVIYGPTGCGKSQLLRNLLS
AQLISPAPET VFFIAPQVDMIPPSELKAWEMQICEGNYAPGIEGTFVPQSGTLRPKFIKMAYDDL
TQDHNYDVSDPRNVFAQAAAHGPIAIIMDECMENLGGHKGVAKFFHAFPSKLHDKFPKCTGY
40 TVLVVLHNMNPRRDLGGNIANLKIQAKMHLISPRMHPSQLNRFVNTYTKGLPVAISLLLKDIV
QHHALRPCYDWVIYNTTPEHEALQWSYLHPRDGLMPMYLNIQAHLYRVLEKIHRVLNDRDR
WSRAYRARKIK :

SEQ ID NO. 10 (AdY25 Polymerase (E2

45
MALVQTHGSRGLHPEASDPGRQPSRRRSRQSSPGAVPEPTRARRRRAPAAPASGPRAASAARR
ASSPPLL TMEEAPPPSPQPPKKKRGTVVTPQGHGTLQAIDVATNGAVEIK YHLDLPRALEKLLQ
VNRAPPLPTDLTPQRLRTLDSSGLRALVLALRPARAEVWTCLPRGLVSMTTIEAEEGQADHHD
VVQHEMQAPRLHFPLKFLVKGTQVQLVQHVHPVQRCEHCGRLYKHKHECSARRRHFYFHHI

50 NSHSSNWWQEIQFFPIGSHPRTERLFLTYDVETYTWMGSFGKQLVPFMLVMKLSGDDRLVEL
ALDLALQLKWDRWHGDPRTFYCVTPEKMAVGQQFRQYRDRLQTALAVDLWTSFLRANPHL
ADWALEQHGLSDPDELTYEELKKI PHVKGRPRFVELYIVGHNINGFDEIVLAAQVINNRAEVP
QPFRITRNFMPRAGKILFNDVTFALPNPAYKKRTDFQLWEQGGCDDIDFKHQFLKVMVRDTF
ALTHTSLRKAAQAYALPVEKGCCAYKAVNQFYMLGSYRADQDGFPLEEYWKDREEFLLNRE



SEQ I D NO. 17 (AdY25 VI)
MVEDI NFSSLAPRHGTRPFMGTWEDI GTSQLNGGAFNWESLWEGLI CNFGSTLKTYGS| CAVNST
TGQALRDKLI CEQNFQKVVDGLASG NGVVDLANQAVQRQ NSRLDPVPPAGSVEMPQVEEE
LPPLDI CRGElI CRPRPDAEETLLTHTDEPPPYEEAVI CLGLPTTRPI APLATGVLI CPESNI CPATLDLP
PPASRPSTVAI CPL PPVAVARARPGGSARPHAI\IV\QSTLHSI VGELGVQSVI CRRRCY SEQ I D NO. 18
(AdY25 Endopr ot ease)
MAEPTGSGEQELRAI | RDLGCGPYFLGTFDI CRFPGFMAPHKLACAI VNTAGRETGGEHW.AFA
VIWPRSNT CY L HB3RkQkGOERISGD MOBE CiaGbl RREAFTAHRIDROY Y h EKEDOVVQEREBANRPTISSN
3 0L FCCOVFL HAMRATNIRRRPRAE CPMRTMAG PFRAPNGRL ISPRAFR GRRNGAAIVIREENSHSANCGMY
FRSHRARI EWMMWWMWQA@MSMD@MGﬁbTmABP@EWLDPL

L CRPPSRISYESPEPPRC ARTSRL

35 MAGRGGSQSHRRE WWW%%%@
NSRSPS&QAsWﬁRGPWW 1545 S
RSFETLDESDFYS gggg i TYRFIT
PEQGEVYRRI CHEY{HuEER PR oA Rl
LHGCTEAEGH Z 240
NNDA HD IS TR RPNPRNE
LI PLHCDCNHI EVERQTCL CMTPFGVANAEDL DVES| TDAAVLASVI CHPAL MVFQCC

- NPVYRNSRAGNAGPNCDFKI SAPDLLGALQ_TRKLWI'DSFPDTPLPI CLLI PEFKW.AKYQFRN
AdY25 1001cDa (L4))

SDAAAVPDMQENEESI El DLGYVTPAEHE

GEED
: %ﬁ%@%ﬁ @ﬁﬂh‘tlmwﬁhmﬂﬂl P o

A GRAGE

VEL ECDNARL A U AL L AW NI AR SN LE oM IoR et Saun

PVVSDEQL ARV IGRIGATIPREE FRRRP ChOMINAMTIES BOIREAE ARSETERIGQVEREN $MISEPNGD
RHGFVROACK| SXVEEMRGES Y NG HREBNRA GUSKVRARR GRHERRDN PRREYKR NPRPPHRAPPEERY EE

- TGVBVWQQCL mwmmmmmmmmmﬂmnmwmmm@mmm
VBQSML QNFRSFY SN GRWIMY ESN B SENP Y FYRRECSPAWGHREN HLNLARYV MRASPUE
VSGEG_LEmdf&}NKW S

LRKFVEEDYHP e eses: h: @WQ@@%%%%@W?%

5QTGEEP NPGFBO A ERRARGGF GGRL GEQQSGRGDGGRL GOHSGRGGOPARQS
SEQ ID NO. 12 (AdY25 52/55kDa (L1

MHPVLRQMRPHHPPPQQQPPPPQPALLPPPQQQQQLPATTAAAAVSGAGQTSQYDHLALEEG
30 EGLARLGASSPERHPRVQMKRDAREAYVPKQNLFRDRSGEEPEEMRAARFHAGRELRRGLDR

KRVLRDEDFEADELTGISPARAHVAAANLVTAYEQTVKEESNFQKSFNNHVRTLIAREEVTLG

LMHLWDLLEAIVQNPTSKPLTAQLFLVVQHSRDNEAFREALLNITEPEGRWLLDLVNILQSIVV

QERGLPLSEKLAAINFSVLSLGKYYARKIYKTPYVPIDKEVKIDGFYMRMTLKVLTLSDDLGV

YRNDRMHRAVSASRRRELSDQELMHSLQRALTGAGTEGESYFDMGADLHWQPSRRALEAAG
35 GPPYIEEVDDEVDEEGEYLED

SEQ ID NO. 13 (AdY25 Illa (L1))

MQQQPPPDPAMRAALQSQPSGINSSDDWTQAMQRIMALTTRNPEAFRQQPQANRLSAILEAV

40 VPSRSNPTHEKVLAIVNALVENKAIRGDEAGLVYNALLERVARYNSTNVQTNLDRMVTDVRE
AVAQRERFHRESNLGSMVALNAFLSTQPANVPRGQEDYTNFISALRLMVTEVPQSEVYQSGP
DYFFQTSRQGLQTVNLSQAFKNLQGLWGVQAPVGDRATVSSLLTPNSRLLLLLVAPFTDSGSI
NRNSYLGYLINLYREAIGQAHVDEQTYQEITHVSRALGQDDPGNLEATLNFLLTNRSQKIPPQY
TLSAEEERILRYVQQSVGLFLMQEGATPSAALDMTARNMEPSMYASNRPFINKLMDYLHRAA

45 AMNSDYFTNAILNPHWLPPPGFYTGEYDMPDPNDGFLWDDVDSSVFSPRPGANERPLWKKEG
SDRRPSSALSGREGAAAAVPEAASPFPSLPFSLNSIRSSELGRITRPRLLGEEEYLNDSLLRPERE
KNFPNNGIESLVDKMSRWKTYAQEHRDDPSQGATSRGSAARKRRWHDRQRGLMWDDEDSA
DDSSVLDLGGSGNPFAHLRPRIGRMM

50 SEQ ID NO. 14 (AdY25 VII)

MSILISPSNNTGWGLRAPSKMYGGARQRSTQHPVRVRGHFRAPWGALKGRVRSRTTVDDVID

QVVADARNYTPAAAPVSTVDAVIDSVVADARRY ARAKSRRRRIARRHRSTPAMRAARALLR

RARRTGRRAMLRAARRAASGASAGRTRRRAATAAAAAIASMSRPRRGNVYWVRDAATGVR
55 VPVRTRPPRT



GGRRGGGRGGGGRSSRRQTVWL GGGESKQHGYHLRSGSGSRSAPQ SEQ | D NO. 21 (AdY25 221( Da)
10MPRGNKKL KVEL PPVEDL EEDWENSSQAEENEEDWDSTQAEEDSL QDSL EEDEEEAEEEVEE
AAAARPSSSAGEKASSI DTI SAPGRGPARPHSRWDET GRFPNPTTQT GKKERQGYKSWRGHK

NAI VSCLQACGGNI SFTRRYLLEHRGVNFPRNI LHYYRHL HSPYYFQEEAAAAEKDQKTS SEQ | D NO. 22
(AdY25 331cDa (L4))

MPRGNI CKLKVEL PPVEDL EEDWENSSQAEENEEDWDS PQAEEDSL QDSL EEDEEEAEEEVEE
AAAARPSSSAGEKASSTDTI SAPGRGPARPHSRWDET GRFPNPTTQTAPTTSKKRQQQQKKTR
KPARKSTAAAAAGGLRI AANEPAQTRELRNRI EPTL YAl FQQSRGQEQEL KVKNRSLRSLTRSC

L YHKSEDQL DARSLFNQALTAE SEQ | D NO. 23 (AdY25 pVIlI (L4))
VBKE| PTPYMNN\MSA@AM SRVNDI RAHRNQI LLEQSALT 25

ATPRNHLNPR P VQW

RLVI RGRGTQL i KE
EEFTPSVYF NPEWEME%WR@E@{E@MPT LIAEXROK EBp Wi 1akc Da)
MSHGGAADL AR By UrbREHPAEPA! bbRIMPSAPSR

FSQRPI L VERQREMKMGHASTEL GPRiP AL iHFSip Otk YIGTIRYMK S H SERRRR TINCRREFRRTAAXR 5P AZG VCRI al )
VKVEVVCCVL SRR KA GOWSCLINCRISESIAIRSL | FTGNETELQVQCKPHI CKYLTW.YQGSPI
AVVNHCDODDGVL LNGPANL TFSTRRSKLLLFRPFLPGTYQC! SGPCHHTFHLI PNTTSSPAPLPT
NNQTNHHQRYRREDIBESOT T6HELR RARKPSG YYGPWEWGL I ALGLVAGGLLALCYLY
LPCFSYLWLCCWKKWGRSP SEQ I D NO. 26 (AdY25 E3 g- p19l cDa)

M| TLVCGVLMAY vt RV SRS RKPRIKKRADRG N AN RRDHORR IS EORIOGNRIGHY b A KPIB ATGATP
ECESVLVQYKI\KEWNVQA%M@DGDPEVWTVSVPGADGSLRT VNNTFI FEHVCETAVENS
45KQYGMPPRKENI VWESI AYSACTVLI TAI VCLSI HVLI Al RPRNNAEKEKQP SEQ | D NO. 27
(AdY25 E3 22.31cDa)

VKI LSLFCFSI | | TSAI CNSVDKDVTVTTGSNYTLKGPPSGVL SWYCYFGTDVSQTELCNFQKG 50
KTQNPKI TI NYQCNGTDLVLFNI TKTYAGSYYCPGDNVDNM FYEL QUWDPTTPAPPTTTTKAH

YR FEORS THPGPQUPGPLVSG VGVLCGLAVI | | CVFI FACC
YRRL H%SESE}‘E[QW ProRes89n

MEDINFSSLAPRHGTRPFMGTWSDIGTSQLNGGAFNWSSLWSGLKNFGSTLKTYGSKAWNST
TGQALRDKLKEQNFQQKVVDGLASGINGVVDLANQAVQRQINSRLDPVPPAGSVEMPQVEEE
LPPLDKRGEKRPRPDAEETLLTHTDEPPPYEEAVKLGLPTTRPIAPLATGVLKPESNKPATLDLP
PPASRPSTVAKPLPPVAVARARPGGSARPHANWQSTLNSIVGLGVQSVKRRRCY

25
SEQ ID NO. 18 (AdY?25 Endoprotease)

MAEPTGSGEQELRAIIRDLGCGPYFLGTFDKRFPGFMAPHKL ACAIVNTAGRETGGEHWLAFA
WNPRSNTCYLFDPFGFSDERLKQIYQFEYEGLLRRSALATEDRCVTLEKSTQTVQGPRSAACG

30 LFCCMFLHAFVHWPDRPMDKNPTMNLLTGVPNGMLQSPQVEPTLRRNQEALYRFLNSHSAY
FRSHRARIEKATAFDRMNNQDM

SEQ ID NO. 19 (AdY25 DNA Binding Protein)

35 MAGRGGSQSERRRERTPERGRGSASHPPSRGGESPSPPPLPPKRHTYRRVASDQEEEEIVVVSE
NSRSPSPQASPPPLPPKKKPRK TKHVVMQDVSQDSEDERQAEEELAAVGFSYPPVRITEKDGK
RSFETLDESDPLAAAASAKMMVKNPMSLPIVSAWEK GMEIMTMLMDR YRVETDLKANFQLM
PEQGEVYRRICHLYINEEHRGIPLTFTSNKTLTTMMGRFLQGFVHAHSQIAHKNWECTGCALW
LHGCTEAEGKLRCLHGTTMIQKEHMIEMDVASENGQRALKENPDRAKITQNRWGRSVVQLA

40 NNDARCCVHDAGCATNQFSSKSCGVFFTEGAKAQQAFRQLEAFMKAMYPGMNADQAQMM
LIPLHCDCNHKPGCVPTMGRQTCKMTPFGMANAEDLDVESITDAAVLASVKHPALMVFQCC
NPVYRNSRAQNAGPNCDFKISAPDLLGALQLTRKLWTDSFPDTPLPKLLIPEFKWLAKYQFRN
VSLPAGHAETRQNPFDF

45 SEQ ID NO. 20 (AdY25 100kDa (L4))

METQPSPTSPSAPTAGDEKQQQQNESLTAPPPSPASDAAAVPDMQEMEESIEIDLGYVTPAEHE
EELAVRFQSSSQEDKEQPEQEAENEQSQAGLEHGDYLHLSGEEDALIKHLARQATIVKDALLD
RTEVPLSVEELSRAYELNLFSPRVPPKRQPNGTCEPNPRLNFYPVFAVPEALATYHIFFKNQKIP
50 VSCRANRTRADALFNLGPGARLPDIASLEEVPKIFEGLGSDETRAANALQGEGGGEHEHHSAL
VELEGDNARLAVLKRTVELTHFAYPALNLPPKVMSAVMDQVLIKRASPISEDEGMQDSEEGK
PVVSDEQLARWLGPNATPQSLEERRKIMMAVVLVTVELECLRRFFADAETLRKVEENLHYLF
RHGFVRQACKISNVELTNLVSYMGILHENRLGQNVLHTTLRGEARRDYIRDCVYLYLCHTWQ



77 SEQ ID NO. 28 (AdY25 E3 31 kDa)

M CALSTLVFLTLI A VENSKI TRVSFLI CHVNVTEGNNI TLVGVEGANT TWIKYHLGW CDI CT
VWAVTYFCI GVNLTI VNANQSONGL I KGQSVSVTSDGYYTQHNFNYNI TVIPLPTPSPPSTTQIT 5
QITHTTQSSTTTMITTQI TTYTTSPQPTTTTAEASSSPTI KVAFLM_LAPSSSPTASTNEQTTEFLS

TI QSSTTATSSAFSSTANLTSLSSMPI SNATTSPAPLRJPLKQSESSTQLQ TLLI VI GWI LAVLLY

FI FCRRI PNAKPAYI CPI VI GTPEPLQ\/EGGLRNLLFg VWSEQ ID NO 29 (AdY25 E3 10.4
kDa) M PRHFI | TSLI CVLQVCATLALVANASPDCI GAFASYVLFAFI TClI CCCSI VCLLI TFFQFVDWF
VRl AYL RHHPQYGRQRWAQCL REQNIFEQCK DL OKNLIBOL W PG R TEASLIISA T TFHDR) RL TLRNGLPDF
MRAL L L L L AL LMAGIMEGNIEBISKIEPR SR PEARRACP SIFIORPV K PBEIYIKE ISHNWHE SN VA VI DAED

| LACTLFSFVI WMMLWHRWW@W@@«WL@WWTSAY
X&WWWQKE%RGWW?

ST ks L
%&f’%@ﬁ ECVHTLI KTLCG LRDLLPMN

EDSPQ_LNFEVQVQECPEGFI SLTDPRLARSETVV\NVETKTI\/SI TNG QVFI CAVRGERWYSM
SWEGGEHK! TTRMPRGEKISEKY HLPP KEDLEED WENSYOSEEMERY WDEHQALEDSLODSLEEDEEEAEEEVEE

VBGNSSI M RSHRARRSSRAFEKASS BRI SPRORERARANAR NFHERT E I FRRESEFYRGHK
GL PCSAGFTVL NS GERAA! RNHALN B HSSEY R RN EREE TS 5
QDPGSLROVAGGAVLAI WERR | QGCVENCRVMAYREVVNL HVPI CEI NI YMSSVEVRGRHL

D\E AT Y 2 (INCCTYCSDLSEI Rl RCCARRTRRLMLRAI G
II\/RREEBEDPDPLSSSLTERRRQ?LLRGLI\/RHNRPI PFADYDSHRSSSR SEQ | D NO. 34 (AdY25 E4
Of 4) M/LPVPREPEKITHEE RREDAENPS QBN YA ADRT REREEEAREEYRENTE

RS| CRRDRRRRAVEEARSSRAT %?EWRR@W;%MWW QEPITFEKRQQQQKKTR
ARKSTAAAAAGGLRIAANEPAQTREL PTLYAIFQQSRGQEQELKVKNRSLRSLTRSC
LYH:KSEDQLQRTLEDA_EALFNKYCALTLKE
20

SEQ ID NO. 23 (AdY25 pVIII (1L4))

MSKEIPTPYMWSYQPQMGLAAGAAQDY STRMNWLSAGPAMISRVNDIRAHRNQILLEQSALT
25 ATPRNHLNPRNWPAALVYQEIPQPTTVLLPRDAQAEVQLTNSGVQLAGGATLCRHRPAQGIK

RLVIRGRGTQLNDEVVSSSLGLRPDGVFQLAGSGRSSFTPRQAVLTLESSSSQPRSGGIGTLQFV

EEFTPSVYFNPFSGSPGHYPDEFIPNFDAISESVDGYD

SEQ ID NO. 24 (AdY25 E3 12.5kDa)

30
MSHGGAADLARLRHLDHCRRFRCFARDLAEFTYFELPEEHPQGPAHGVRIVVEGGLDSHLLRI
FSQRPILVERQQGNTLLTLYCICDHPGLHESLCCLLCTEYNKS

SEQ ID NO. 25 (AdY25 E3 CRIal

35
MKVFVVCCVLSIIKAEISDYSGLNCGVSASINRSLTFTGNETELQVQCKPHKKYLTWLYQGSPI
AVVNHCDDDGVLLNGPANLTFSTRRSKLLLFRPFLPGTYQCISGPCHHTFHLIPNTTSSPAPLPT
NNQTNHHQRYRRDLVSESNTTHTGGELRGRKPSGIYYGPWEVVGLIALGLVAGGLLALCYLY
LPCFSYLVVLCCWFKKWGRSP

40
SEQ ID NO. 26 (AdY25 E3 gp19kDa

MGKITLVCGVLVTVVLSILGGGSAAVVTEKKADPCLTFNPDKCRLSFQPDGNRCAVLIKCGW

ECESVLVQYKNKTWNNTLASTWQPGDPEWYTVSVPGADGSLRTVNNTFIFEHMCETAMFMS
45 KQYGMWPPRKENIVVFSIAYSACTVLITAIVCLSIHMLIAIRPRNNAEKEK QP

SEQ ID NO. 27 (AdY25 E3 22.3kDa)

MKILSLFCFSIITSAICNSVDKDVTVTTGSNYTLKGPPSGMLSWYCYFGTDVSQTELCNFQKG

50 KTQNPKIHNYQCNGTDLVLFNITKTYAGSYYCPGDNVDNMIFYELQVVDPTTPAPPTTTTKAH
STDTQETTPEAEVAELAKQIHEDSFVANTPTHPGPQCPGPLVSGIVGVLCGLAVHICMFIFACC
YRRLHRQKSDPLLNLYV



SEQ ID NO 35 (AdY25 E4 O f 3)
MRVCLRVPVEGALRELFI MAGLDLPCQELI RI | QGWN CNENYLGWQECNMM EEL ENAPAFAV
LLFLDVRVEALLEATVEHLENRVTFDLAVI FHQHSGGERCHLRDLHFEVLRDRLE SEQ | D NO. 36
(AdY25 E4 Of 2) 78 SEQ ID NO. 37 (AdY25 E4 O f 1)
S5MDAEAL YVFLEGAGAL LPVQEGSNYI FYAPANFVLHR ALLELRLSI VWPRGFI GRFFSLTD
ANVPGVYASSRI | HAGHREGL SVML FNHGDSFYEGRAGDPVACLVLERVI YPPVRQASW SEQ I D NO. 38
(ChAdOX1 vector sequence excl udi ng BAC sequence)

i) DA CAAACTTTTTGTGCGCGTTAATATG

TTTTmmﬁmmimMiﬁxmmtmwmmmwmwu

GAGGAGT AT T TEBCKABTA LAGGERITISETBSCEGT TTCGATTACC
GIGITTTTCACCT AAATTTCCGCGT ACGGTGICAAAGTCCGGTGTITTTTACGTAGGTGTCA

GCTGAT ) IN ) AP IET (7.8 a] CAAGAGGCCACT CTTGAGT GCCAG
CGAGAMGAGTITTT CCTCCGCGCGCGAGT CAGATCTACACTTTGAAAGGCGATCGCTAG 20
CGACAT CGAT GHARET TSI AV CASASESACAPASGIAARE TIRATATABATEFFQFVDWVF
TCAATATATTAMK?AWFGW@MAMCAGACT ACATAATACTGTAAAACACAACA
TATCCAGTCACT ATGGCGGCCGCCGATTTATTCAACAAAGCCACGT TGTGICTCAAAATCT
CTGATGT TACATEGGAGAOCHT ALfY: R SATGAACAATAAAACTGTCTGCTTAC
ATAAAGAGT AA (33 CCCGAAACGTCTTGCTCGAGG 25

POpDTRE FON PILNYEA -
TTCT GAAACATMWWATGATGT TACAGATGAGATGGT CAGACT AA
ACTGCCECT GACGGAATTTATGCCT CT TCCGACCATCAAGCATTTTATCCGT ACTCCTGATGA
TGCATGpT A ( AR ANCCAT TCCAGGTATTAGAAGAATA 30
TCCTGATTCAG; AL "-A {r RO GURDDIER BRECEHAV SHEHCKRGIFCLVKQA
ATTCCTGT TTMM?M@WTWWW@W@W@KTL&
ACGAATGAAT ABKIREPMINGGT TGATGCGAGTGATTTTGATGACGAGCGTAATGGECTGECC
TGTTGAACAAGT CTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTC

ACTCA@@GTG%E;EWN@TT % N O a/7y GACGAGGGGAAATTAATAGGTTGTA 35
TTGATGI TGGACGAGI CGGAAT GACCGATACCAGGATCTTGCCATCCTATGGAACT

GCCT CGGT GAGH 1§ 6 STER S RE RSO ERRRIIPRCEE CARROAATAD S IAP DEGAT SMHNITVIPTT
TCCTGATAT GARD s LNESAGI QR CHAGFISGAD BT TANSAT GASVETK TS ANGIMIRMAVIKGERVVY SM
GITAATTGGT TESVERAGAKITERITACGCGT GGATCCGGECTTACTAAAAGCCAGATAACAGTA
TGCGTADTTGCCCGCTGATTTTTGCGGTATAAGAATATATACTGATATGTATACCCGAAGT 40

ATGTCAAAAAGRESTTBNGEOT 29 AGITACAGT GACAGT TGACAGCGACAGCT
ATCAGTTGCCT CAAGGCATATATGATGT CAATATCT CCGGT CT GGT AAGCACAACCATGCAG

TGBOGCAT GAT GACGACCGAT AT GROCAGT GT GOCGGT CTOOGT TAT COGGGAAGAAGTG
GCTGATCT CAGSERQDGUGAMMNT AV COMMNACGCOCAT TAACCT GATGT TCT GGGGA
ATATA4QTGT CAGGCT CCCTTATACACAGCCAGT CTGCAGGT CGACCATAGTGACTGGAT 50
ATGTTGTGT T T FACAGIAPS ATIAST (NG KRS TAAIDORARIEIIAKQE R QB ARARI GAF YNFNTE
TATTTATAT CARSKRBI CAEYK VES VKT ACAPAGREST GRSE@TATEGAIA
GATCGOGAT CGCAGT GAGTAGT GTTCT GGGGOGAGGGAGGACCT GCAT GAGBGCCAGAAT
GACTGAAAT CT SEGIDTNOCT STATGIT EEAREAT CATGAGCGGAAGCGECT CCTTTGAGG
GAGGGFBATTCAGCCCT TATCT GACGGGEGOGT CTCOCCT OCT GBGOGEGAGT GOGT CAGA
MRVCLRMPVEGALRELFIMAGLDILPQELIRIIQGWKNENYLGMVQECNMMIEELENAPAFAV
LLFLDVRVEALLEATVEHLENRVTFDLAVIFHQHSGGERCHLRDLHFEVLRDRLE

SEQ ID NO. 36 (AdY25 E4 Orf 2)

50
MLERTPCTYSIVVPEALNLHLDDFSFVDFLKNCLPDFLSSYLEDITGSSQHAYFNLTFGNAHWG
GLRFICNVACPALIPGGPMAKNFGDDMKDYIQLLLREELRDRGRDFDIPIVNLLQVNQEQNLLE



55ATGT GATGGGATCCACGGT GGACGECCGRCCCGT GCAGCCCGCGAACTCTTCAACCCTGA
CCTATGCAACCCTGAGCTCTTCGT CGGT GGACGCAGCT GCCGCCECAGCTGCTGCATCCGC 79
CGCCAGCGCCGT GCGCGGAAT GECCAT GEECECCGECTACTACGECACT CTGGT GECCAA
CTCGAGI TCCACCAATAAT CCCGCCAGCCT GAACGAGGAGAAGCTGCTGCTGCTGATGEC

CCAGCTTGAGGCCT TGACCCAGCGECCT GGECGAGCT GCAGGTGECTCAGCTGCA
GGAGCAGACGCGEEGECCECAEGET TGCCACGGT GAAAT TAAAAAATGAATCAATAAA 5
TAAACGGAGACGGT TGTTGATTTTAACACAGAGTICTGAATCTTTATTTGATTTTTCGCGCG

CGGTAGGCCCTGGACCACCGGT CTCGATCATTGAGCACCCGEGTGGATCTTTTCCAGGACCC
GGTAGAGGTGGECTTGGATGT TGAGGT ACATGGGECATGAGCCCGT CCCCEEEGET GRAGGT

AGCTCCATTGCCAEFH ( A X GI'TGTAAATCACCCAGT CATAGCAGG
GGCCCCAGEECGTT ] GGAGA\CTGA\TGGCCACGGGCAGCC 10
‘ GOPRAFIGRFFSLTD
SRIFAGAHRES "8 QASMV

CATGTTGFGCACISACCACCAGCACCI;TGFATCCCI;TmACFTmATTTATCATmAA
CTTGCGAA 1.1 g'[](ggg! ¢ O %3;
GCACT CA% diu:u,l € uf% 15

CACAT, T TAATATG
TTGGG@A ST : GGGCGACC
CCCTCACAGATEH r EEAGTTTGCAA

CCCCGATAAA @ME@@@P@%AM@I@ACTCAATTT
CGGAGCAGCT m@m@mm%ﬁ 7y 3 A& ACEBGCCA
AGGT GEF AGT TEAGGGAGAGARA BCTGUORT QST QD@ GRAGD NN
ATCATCTCOCREAGGAGOATGTRCHAGOGCAGRBTIT AUITIGACGAGEDECTITERETITEGATTACC
GAGAT AGGAGCF CITEEAGACAGCGAACT GTG TAAEE XIEC KPAAGE COCTCIXIITACGRAGGTGTCA
GCATTT TGGAGACIEI SIS PGOAAGATT AP NSCAS FCE eI G APCBGREA NS TEETGAGTGCCAG
GA%TU%@WWW@WM@?QM%TAG
GGGCACLAGA f@g

TATAAATA
Y AT CACAACA

CAAAATCT

GGTGCCCTT ceacove TCTGCTTAC
GCECCAGGTA WWME&%GCTCGAGG
GCGGAGK T TACEd d d XA AT TCERRERAEEXKS AT KAABGGGCTEGTGOTAATG
GAGCT TW@@%@@WE@W NGE AT @G@CGCCAGAGTTGT

TWT@WIUWM@WW@@GMGA
H@W@@@W@WW¢@QWWMGMTA
GTGOOBRGGT RSP FAGRECAN B BERATOLER TICG
GCCA CGAA ( G CAATC

GCA . [ | GCTGGCC
TTTTCCAGGGTAT CAGTCGTC
AAGTGTA TAGGTTGTA

TGCT C&% CCT G AT T HGRSAGEEG G AA FE A A e S d ATACCAGE AT AAFOBTATGGAACT
CCCTCTCGAACGEEK & THAMIET WWE@QWE@T&WAW@MAA
ATTTGATAT T GACSKS I TAAAERARAT CE AT TT TCARCAC IS CTTCATGEATCNAGCTAATBAGAATTG
AAAGACGAL TTGT’H‘MTWA’ GREATGONBGASTOGTACNRETABRARGGEASBTAACAGTA
GAGCTTGGCGATW@@FW¢W@ATWWM@QGGMGT

TGTTGAGCT GCATEA M STAS S T CGACAGCT
GTCGGGCACGAI?WW@@T@ EEACA COATGCAG
GGECCACCT HEET GGGATGGC
GAAGGEGEGCA GGCTGGTG
- ? TTGTGGATGT
TCC :gggi ‘ &k CAGTGCACG
GCTT TT ATGAAAGC

AT CCCGT GEGT eAGEEEL F X FIACTACAE BEREE S EANETUIGAGAECT ACNTABAGEEGARBAAGTG
CTCGAGGAT CCEEAT ATIAATECACT 6 CE AR E K A GCTEBCABACCAC XIA TCTGGGGA
GTCATACAGCT MWWWTMWTGACTGGM
TTCGGESGCGET cr:‘etttemw-eu AEGCATCOGAGTTOR AAARATCTEAGTAATATATTGA

A3 (AG MG@GGQ‘TQ@GGA‘P@AWGATTCGACA

TTGGAAGATGT TN TG
AGGAGT T T CCAETII AT O NG SAO T RSA SOR G CASOASEEO AT GG GOEEAGAAT
CGAGGGTCch‘T’G%A‘?@fr?ﬁTé&ﬁ TAGER TITGAGG
GAGAAGGAACTEFFEEEH, v by
A%A e CTGA
58 G CCGC

GT CCCTGACCATGACCT TGAGGAACT GGT GCTTGAAAT CGATAT CGT CGCAGE CCCCCTGC
TCCCAGAGCTGGAAGT CCGT GCCCT TCTTGT AGGCGGEEGET TGGECAAAGCGAAAGT AACA
TCGTTGAAAAGGAT CT TGCCCGECGECGEEEECATAAAGT TGCGAGT GAT GCGGAAAGCCT GG



5 GGECACCTCGGECCCGGTITGTTGAT GACCT GGGCGGECGAGCACGATCTCGTCGAAACCGT TG

ATGI TGTIGGCCCACGATGTAGAGI TCCACGAAT CGCCGEECEECCCTTGACGT GGEECAGC
TTCTTGAGCTCCTCGTAGGT GAGCT CGT CEEEGT CECTGAGACCGT GCTGCTCAGCECCC

AGT CGGCCGAGAT GGGGEGET TGECECGEAGGAAGGAAGT CCAGAGAT CCACGGECCAGEECG
GITTGCCAGACGGT CCCGGTACT GACGGAACTCECT CCGECCATTTTTTCGGEGEGEGTGA 10
CCCAGT AGAAGGT GCGGEEEGET CCCCGT GCCAGCEET T TTGAGCT GGAGGGCGAGAT
CGAGGCECGAGCT CGACGAGGCGGT CGTCCCCTGAGAGT TTCATGACCAGCATGAAGEEA

CGACCT CCT T X6 £ caCATCCABET GH ACATJJ XS STHCTAB BT COCREVEASGTGGCCAA
GCCTTTCGGT mﬁ@@@emm G@A@GKG?GKG&%CW@GCTGATGGC

GCTGTAECT @WWWW@@WWTTSSSS&
A S AGPACFAECoeT XSS ATt AT

CTCGTGCTGTAEGA] Tt EA“#%T s

CTGACGA - :

CACCA S GCAGG

T GCAGCC
A I GAGATGA

GAT CTTGARI& TGGGGTT

mmfﬁ@@@@@ﬂ&l@ﬁl@a’ﬁm@@@ECATGCM

: ‘ GAGGT TAATGAAT
i q?@mwmmmcﬁmm@cmmﬂc

AATCTCOGT AT A A O H TR AT T T e (R A S S TS S PAEPBECACCTGCG
¢

CAAGTTC
GCTGC
SCCGIC TCGTTC
3 TCCCCCCA
& 2 : GGCCATGG
\JAalAdTTTocieh GAGERACANAFAAEGAGATGTGCT
TC@WWMWWE@GA@WCGGGAGTA
CGT. %@W@W@E@ GG CAGEICAECAGCGT
3 CCLAECTRBBREGCTTGCGAG

GGAGTTCCT mmmmmm@ﬁmmﬁmﬁwmgwmc
G A T T SO A CAACOE NSRS IS CCCTTTO0C
( & AGGGCGTA
\J e
TeCTOSEo0eCHt &‘azﬁ SR L ,v? R oacoc
CCGTTGGGECAG: t&t"f&n I‘Eﬂé‘ S“ A.(‘ eg gggi Nees CCCGCTOG
CGCAAC{':ACCT &‘ g g‘ A-,'F' weee SNy el N &-E%CGAGCGGT

Ammmmm&%ﬁm@mymmmm
GCCGCEISCCECEAT AGT AL T AXT AT CAA I GEMA TEGETEGT G 6T CHATICEECEAGEGGGTCCACT
WG@@(}GMMTHGCTTGT
(T BAGGHGGAGGGCCCC

GCY%T G TAGGTATT
acT I A AOOR AT (ARG ETCRTIAT (T BAACGAGGAGG
TGA GETCAE AP ARy A TGGTCAGA

AGAL : G AAAG
TGTAGGAGCAGHHE G5 TEgAAAG
CGTGGTACTTGACH F (I:F‘ -

‘GAG / GGTCATCTC
OCAGGTACTGGEAG A CACTGOT

me@@@f@@@@@m@@a@@wmm@@@@@wﬁmmm

ACCT GGACATC@A@@E@&EW@K&@%@@WMTGGTGMGA
CGGT TCCAGAT I €K &S A S X E AN EAINSTAGH (s % ACGR

AGGCGCGCGCAEEECGT@EEH‘IT@GEGEM DOCGRIAP AR ATHESABEGGH CPW@IBK;CCCCAGGGC
CTCOGT GGCCT STAGRETFRETR GRS ACATCTGTARIISTROBART AFAGGGGCTC
CGAATGRGGCT WM@@@T AT CRACTELTLSRC COROOAARETEIESCGOACGTA
AT RS AT OCS 10 A (ST ABARATCTOOCC T
AAACT AGT AAGEE IS A S EACCEC EAT (S 5. ESCE .F'a‘??' PEAREARATGGTGGGCCT

AAT CGCCAGSCT AN AT SEEE] pen CCosee, e a ..‘ ge";'.r RAGTGGGCGT

( JCAGT] ‘ GCTCGGLG 5 .‘ q GCAGTAGT
CGA AN AR ”‘ iiii;d‘ i AL CCGGTT
GA ke P 's‘ IR SFAERRSFEEPGATCTGCA

MAWC%%@W@@W&MM&CHCM
GCCCCAGCAGCAGCAGCAACT TCCAGCCACGACCGCCGCGECCRCCGT GAGCGGEGECT GG

ACAGACTTCTCAGTATGATCACCT GGCCT TGGAAGAGGEECGAGEGEECT GECGCGECCTGEG
GGCGT CGT CGCCGGAGCGECACCCGCAECGT GCAGAT GAAAAGGGACGCTCGCGAGECCT 10
ACGT GCCCAAGCAGAACCT GT TCAGAGACAGGAGCGECGAGGAGCCCGAGGAGATGCGC
GCGGECCCAEET TCCACCCGEEECEEGAGCT GCGECGCEECCT GGACCGAAAGAGEGT GCT
GAGGGACGAGGATTTCGAGGC%ACGAGCT GACGGGGAT CAGCCCCGECGECGLCGCGCACG

R R PN NI " VT "\ R NP\ V"T" R 7R 7R 7R 7 VTR R R R R 7SR N F~Ng=g= g



30, GTGGAGAACAAGGCCAT CCGCGECGACGAGECCGECCTGGT GTACAACGCGECTGCTGEAA
GCGCGT GECCCGCTACAACAGCACCAACGT GCCAGACCAACCT GGACCGCATGGT GACCGA
CGT GCGCGAGGECCGT GECCCAGCGCGAGCEGT TCCACCGCGAGT CCAACCT GGGATCCAT
GGT GECGCTGAACGCCT TCCT CAGCACCCAGCCCGCCAACGT GCCCCEEEECCAGGAGEA
CTACACCAACTTCATCAGCGCCCTGCGCCTGATGGT GGTGCCCCAGAGCGAGGT 35
GI'ACCAGT CCGEECCGGACTACTTCT TCCAGACCAGT GGGCTTGCAGACCGT GAA
CCTGAGCCAGGCGT TCAAGAACT TGCAGGGCCT GTI'GGEGEECGT GCAGGECCCCEGT CAEEGA

LA CXGCEACETIIGIGEGAGEGCGAAGGT
CCCCT T%C%WWM GESSTHRIPGAGTABCEFCCCCCTGC
GT ACCGCGAGCERAPCEGTIAGCABGTIACCTCOATIATTATACCTACTA GG PAAGEO A GTAACA

ACGTGA @mm?m@@ﬁwwgggfg
COaET e A ACH FEECE A S FACHEEET '
gg‘& A GGGGCAGC
c%c GGCG
GCCOGTTCAT t \ GTGA
TTTCAGGAA EaTREA EEF S AREGGCGAGAT

AT COTT O IASABACTGCACGA

CGCCCEEGCaCT VAT

COCAGAA AR A AR ATABACASS LT CGCCTGCAT
10 CAGGTCAG

ATT > OGO GTCCA

T W&, GTCCCGTG

GCCATGGCGA\C@‘}WEE@@FEI@E@@@EEEGTE%FGE@G@AE%@@@MGGGGCGGT
RS y s BTCGECEGAGECB8ACTCG

HAACTCEEHIXGGTTCTGGTA

g ] ATCTGACG

TG ACCT GO OSSR OGECACA AR COCC TR ISABT ATCACAR SEAGTISACAGAATC
AGCAACT TCCT CATE I PECEEE A e P0G N O FORACCATAT T INGACCAEERECTAGTTGTCC

GCGACCGG
CAGACCATCAA %{g‘ﬁ%ﬁgﬁ Eee A A GAAGGCGT
ACCAAGHT TN , DFATEGCGGGCGC

& GTTGCAGA
TATGAATGGGT GAAGROGAABRAATACATGA

CT %Twwmmma@@mmemmmmm
GAGAGCGATAT [ EGAARGA A CAGGEA G ST EEGACRGARGEGTCAACTCCT
~ GGQWW/XGEMI&GGCCCCCG

S

TGCCCGECT CRIORZGIACCTCCTCAG
AGAGGCAGCCCHTOCHEIIEEYS CTAT IR ITAGGAEACACTGTCG
ATW@WWWE@W@WC%@CCCG
A ""“'I'.""" GGGGGTCC

gA - A GGACTCCG

€ ; : GAAGGCTTCG

CGAGAAGGATAGE, ATGTTGGGGA

ACCGCAGCT GGCGGATG

mwm%%mmmﬁm%@mc@mm
ACAT GHFGCAACACELEET GRS STTTEGRCA CCACEE LA AAGT TOTRAPK T 0ICCETGEGCCGCTCCA
TW%WW%WMM@%@W@CGCTGGG

] . A ACGCCAATCEBIATDOGERACCAGGATCTGGG

ATCCTCGT AWW@@W@F@MTTGATGG

CAGAT CACGGGAGDETEAG LT TISCABEAGT AP SOOI HACHACTEOEPERCCETAGCCACGAGCT

CTGA GACEBE eI FACEEEf RACT AFREARECE TS T S chTfrCcGé:éAr

G

coci) _CI_ICT CT CGgﬁﬂ ﬂ?_ﬁf 3 ﬁﬁf GTAGATGT
C GGACATLTCAG . Oy CIAG(Y CGCGGACG

ACACCCCGT b sasyeese PEAOE TGGCCCGTG

GOGGT GECCCA m@@&%@ﬁa@ﬁm@a@mac TCGA

MOMWWX@@G@@@@&WWWTCGMTU
CCCGCECCEET AGR IGACECCENCCCAAGCCTG

GCACCCCCGCCATGCGCGCGGCGCGAGCCT TGCT GCGCAGGGCCAGGCGCACGGGACGCA
GGGCCAT GCT CAGGECGEECCAGACGCGECEECT TCAGGCGCCAGCGCCEECAGGACCCEG
AGACGCGCGEECCACGCECGEECGECAGCGECCAT CGCCAGCAT GTCCCECCCGCEECGAGG 35
GAACGT GTACT GGGT GCGCGACGCCGCCACCGGET GT GCGECGT GCCCGT GCGCACCCGe CC
CCCTCGCACTTGAAGATGTI TCACT TCGCGATGT TGATGT GT CCCAGCGGCGAGGAGGATGT
CCAAGCGCAAAT TCAAGGAAGAGAT GCT CCAGGT CATCGCGCCT GAGAT CTACGGECCCCG
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55 ACCGAGGAAGAAAACCGOGCOGTAGAAGGCT GGOGGGEGAACGGGATGOGT CGOCACCAC
CAT CGGOGGCGGCGOGCCAT CAGCAAGCGGT TGGGGEGgAGGCT TCCTGCCCGCGCTGATC
CCCATCAT CGCCGOGGOGAT CGGGGCGAT COCCGGCAT TGCT TCOGTGGOGGTGCAGGCC 83
TCTCAGCGCCACT GAGACACT TGGAAAACAT CTTGT AATAAACCAAT GGACT CTGACGCT
CCTGGTCCTGTGATGTGT TTTCGTAGACAGAT GGAAGACATCAATTTTTCGTCCCTGRCTC
CGOGACACGGCACGOGGCCGT TCAT GEGCACCT GGAGEGACAT CGGCACCAGCCAACT GA
ACGGGGGCGOCT TCAAT TGGAGCAGT CTCT GGAGCGGGCT TAAGAATTTCGGGTCCACGE 5
TTAAAACCT ATEE A X AT Gt REAEE ACEAECHE S EIATCEE X T FATTRE GABGCCGGAAATG
CT GAAAGAGCAGMCTAGIAECABOAERGOT CCAT ECCCT CRi T BBETATCAMIGHE GGAGAAG
GT GGT GGACCT SE AR AGEEITCET CrARAGIEGATCAL TR N GEATTABETGCGGCTAA
WWW@W@CAGTTACG
@ AT A S I SACACOIACTHC CRACATGC
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GGCGCGT CECCEASTIAG S AR A NEBTEA TEXE AT E SIS AICACACAGTOREGCGAAGAG EGCAACTTC
CACAT CGCCCGACACKALXSTT C AGCAGTASCT TG ACEEEGCAT GET GACH AGHEXETXEA CCCTGGGC
GCCACASACACCTIAITIAAGT GTERERA AT AGHAGEGAACCUEACHEA CLETRACTCANCBAGCCGCTG
CACGAT GT GACEAGB A ST IATTCA TR T RGC FEAGTT FCCACEACHETERATTIGA GG GGCG
GAGGACAACACERT A TATAABCST B O OGS G TOOE T ECT i NS OABTAT TCTGCAG
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AAACT TAAAGT T ESAGUTARTTAGAGTCT O A AAATTHGAGATAGMNECAGEHTTAGICGTCCGGC
TTGATACT CCOSEPATIACACH GART AT TGS AGSCTATABACCACATTIASIGATGRCGAGCCGC
AT ACCGAAAACAECH G A AT ARG YNGR T ACRAACTAIG L HAGETGGAGGCC

ATGATGCAAGTE EGEIOCETREERE D srin
TGEGTTEAGA AT GGTGACCGA
GCTGCECTGGET A GATCCAT
GCTGTCATA ! & AGEAGGA
AATCAGECCGT MWI@%&WET&IT@WWAGCGAGGT

GACGAAST T CCEARET AITIIEGGHCCEGAE CAATIEIBECA GECAAG TEICEXSEGICTAGCAOLCCGTGAA
GT GT GAAAGT ACCPRHTITEATSNGIAT &&T SAT TGS EE0REAGGGGAB AT BAFCGHICGGTCGGGGA

ACT GT CGCAGOT U R RAATAITTATGBAA TGOERETTIAAGCTGCTGGTGGC
AAGCCAACCT GFORAGSACHTRCAT OFf ROAT T EABCCTFATTAACCT
CAAGTA BOCAROCAR T T APOAACET ACSHEEAGATCACCC
CGGGAGRGT GHEE TSRS T EER S GAACTTTT
AGAA ! GGAGGAGC
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ACCT CGACGGCABEAG AR AT TIOGCCAGA AT CRABABR TG XSO EPMEAAENECCGCTGG

CTCCGTCAGCT CGGGGCAG
FCCGECK 4 CGATGAGG

CACCGT CGACGH ALK %.
GGT TG CEEETA CG gACC
y CAAG
CAA e Alcelal AGGCGT

CAGGT CAACTAG OGRS A e d et EX ¢ et LIPREEAGMOEE A ATS EMSTAEEEIA TGGCGGCG
TTCGT CGGCTACCT CGOGCCCACCAT GCGCCAGGGCCAGCCCTACCCOGCCAACTACCCGT 84

ACCCGCT CATCGGECAAGAGCGECCGT CACCAGCGT CACCCAGAAAAAGT TCCTCTGCGACA
GGGTCATGI GGECGCATCCCCTTCTCCAGCAACT TCATGT CCATGGEGECGCGCT CACCGACCT
CGGCCAGAACAT GCTCTATGCCAACT CCGCCCACGCCCTAGACATGAATTTCGAAGT CGA
CCCCATGGATGAGI CCACCCTTCTCTATGI TGTCTTCGAAGT CTTCGACGTCGTCCGAGTG - 5
CACCAGCCCCACCGCGECGT CATCGAGECCGT CTACCT GCGCACCCCCT TCTCGGCCGGTA
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10 CTACCTCTTCGACCCCT TCGGGT TCT CGGACGAGCGECCT CAAGCAGATCTACCAGI TCGAG
TACGAGGGECCT GCTGCGECCGT AGCGCCCT GECCACCGAGGACCGECT GCGTCACCCTGGAA

AAGT CCACCCAGACCGT GCAGEGT CCGCECT CEECCECCT GCEEECTCTTCTGCTGCATGT
TCCTGCACGCCTTCGT GCACT GGCCCGACCGCCCCATGGACAAGAACCCCACCATGAACTT
GCTGACGEEEAI GCCCAACGGCATGCTCCAGT%%AACCCACCCI GCECCG 15
CAACCAGGAGGCGCTCTACCGCTTCCTCAACT CCCA ACTTTCGCTCCCACCGC
GCGCGCATCGAGAAGGCCACCGCCT TCGACCGCATGAACAATCAAGACATGTAAACCGT G
TGTGTATGT TTMN@NMWA@W@GM@TMMWTGGCGCCT
GATTTTATTTTACEMWW ((ti' 3 2
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COGCGT GGGTGATG
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C@A@AGT%WWWWCATTCGCA
CGTCGITGT TEGAAGCA CAGGE "

GICGEEGITCT! MWWWT MASA(FC@AGGKG@CFMCWGCG
TGCTOLT TCTCOAT ST R IB0CT SOAGRL I ACCABTT TCROOFCOBIAIIIGLCAGCCCT

ARG GG EASHARTCAGCCGT
¥ CACCGCCT

ggg 4 CTCCTGGA

3y 1 1&;& B{ 1 (é((j:T CCG

I~ J GG
> GTCTACTC

CAECTEANGAACCAG

WJeE (88 AAGCTGATGCTCTCA
A&C@WMQ@@%@%@T@G@WG@W@MEACCGTTA
CT GCAZGACCACK T AT AGACTHIGGCACCT FTCIIAL EEEACESABGTOITEECAGAGAT GCGQCGC
GCTTGT GGCGAGCHIACTCCARCT G CACI TTAGBABTACTAG AT T CATT CHGCICPEIRATAACAC
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CGCGGT CCCAGAGAT ELAARAS I TehAGHCATEEAGATTIE RS CHECAGTATCEGARGGACCCGG

GCCCGCEGAGCAT AGCH CE#H CE A B ASGIHETEAGECGAAA T CANGCAIGREGATAGCGGCGAGG

AAGAAGAGCCAGASCA RN IGHGAGESCGA CRACAGTAAGEI TBGEGTGEEEIXITHRIGCACCCGeCC
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AGCAEER
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TGGAAGAGGT T CCGAGCCT
CTCTGCAA! GEAGGRGEAS A AE e HCoAeE EEGBEGGTTCAAGCG

GCCGAGAACCCEEAGEH EEAGEA tETHTAMACCRACAE T CXNTFCIINCTCBTCCAAGCETIALE A BECTGGA
CCGGCTCT @A@GX&W&A@@@@@@G@G@&E@M@MM@GGTGCGGC
A SGALG QFATCCCCACGG

TG OAOr COARONCCACTCLReEre] ALGGCGCG
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CCGCCT CCLACCT EAX S XFSUCTCATCT F ATEEEHGCEA T CAGEC AEAGCLICEOIGEAGGTGCAGGCC
GCCTGCCCGACTTTATGAGCCAAAGCATGT TGCAAAACTTTCGCTCTTTCATCCTCGAACG
CTCCGGAATCCTGCCCGCCACCTGCTCCGCECTGCCCTCEGACTTCGIGCCECTGACCTTC
CCCGAGT GCCCCCCECCECTGI GGAGCCACT GCTACCTGCTGCGECCTGECCAACTACCT GG 15
CCTACCACTCGGACGT GAT CGAGGACGT CAGCGECGAGGECCTECTCAGT GCCACTGCC
GCTGCAACCTCTGCACGCCGECACCGECTCCCTGECCTGCAACCCCCAGCTGCCTGAGCGAGA
CCCAGATCATCGGCACCTTCGAGI TGCAAGGGCCCAGCGAGGECGAGEGAGCCAAGEEG
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30 GGGGTGAACTTCCCCCGCAACATCTTGCATTACTACCGT CACCTCCACAGCCCCTACTACT
TCCAAGAAGAGGCAGCAGCAGCAGAAAAAGACCAGAAAACCAGCTAGAAAATCCACAGC
GGCGGECAGCGEECAGGT GGACT GAGGAT CGCEECGAACGAGCCGEECGCAGACCCEEGAGC
TGAGGAACCGGATCTTTCCCACCCT CTATGCCATCT TCCAGCAGAGT CGGGEGECAGGAGC
AGGAACT GAAAGT CAAGAACCGT TCTCTGCGCT CECT (ACCCGCAGT TGTCTGTATCACAA 35

GAGCGAAGACCAACT TCAGCGCACT CTCGAGGA CTCTTCAACAAGTACTG
CGCGCTCACTCTTAAAGAGTAGCCCGCGCCCGCCCAGTCGCAGAAAAAGGCGGGAATTAC
GTCACCT GT GCESTICA A A '
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CTGCAAACT TCUTOEREGKEROPGARGBCOAT WW@W‘T@GCCCGC
TTTATCTTCT AT M A ANAECAEHIS S GAEATE AASYGIRGEGCCCACG
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- acarcdlrro - i heltcots
CTEGATENS czif CCTAGCTTCA

CACCAAGAATGY 6 ATTCCAGCC
GAAAACTCATCA m@m@%@ﬁ@@fﬂ@@mrm

WTTTWTWKEHTAWWIM@@MGCTACAG
TTCT. A%C@T@WMM&ATTNM@@ACAWTW@W@TAGGAG
TTCAAACTTCTAAGAAGAT( : : ; TAGATTTATOTOMMAGACACA
AGCATCACAGT: AWMQWG@AWTW FCACCTANICABRABCECRE G CAAGCT
GAGCGCT. MCATMW@@@@Q@@@W?W@G@W@@MTWM@TGGCTTTCT
CTT GTGG"T’WR‘F@ ECAN OISR EAASATRACAABACLE BAEAGAT TGTCATGT

A T T AGGCAAGG
ACAGGTTTAAGII T , [ C-‘?A CéégTﬂ
CTAACACTTT TN CCGA

T
CCAAAT TTACCGd1d felArh beat0rEa 3 ¥ bACT EA S IRF BACREAKECE G GEATIRAG TATGTGG
TGCTGRFACT GA AMFEAJ S ASE I SINETTCEAGA TEATE A CACHAGE AR I A ARTABEGTGTGGAA
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TGGAACT TT AGERAHGENCARAANAIGEAAGT GKWMWF@@U@HBGGAM@ATGATGAT
ATGCCCAATCTAGEQ‘@Q@WF@G‘BAAAA JCA ABLA, CPAGRERATTSACCTCC
AGTCA AT T@W@A@@@@ﬁ%ﬁﬁf@ﬁﬁ@cmﬂﬂm
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TTTCAGA! CEGE CASE T HENAMGBCACCHACCACT ACTCEIACAACGACT
TCTGCACCT CAAACTITICNGTAGC T A GOEGT TN CTOCAT AT \CGTGCCCATCTC
GFORE 2H5ACCAAG

GOCCCSLAGCAGHGALTOICTISUTO0GC T COBTE FINGARECFEAT TR ISTAT T GREHI THTATCCCCT
AGGGACT CCCTEET YGRS ASEA TR TOACEATELET $TICGACTC

CAGCAGCGGAT%FF@F@/X@@E A HOSTECACTREAS w. ATCAAGCG
TTGTTCAACAGIEEA SCIOCAGCE %ﬁ ’“‘55.? AGA ( ACTGGTTCCT
Sadle 5 AR Ner 3?3 “EAGGEGCTA

CCACA$§ ‘J“' ?S mﬂtﬂ " !"‘ "{f \'i:l' 951 -;‘i e \tx GGAC
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CCCGCCAT GCAGCGCAGGGACCCCGGGT CCTGECAAT GGCAGT GGAGCACCCACCGCT CA

CGCGCCGT GGATTAACT GGGAGCT GAACAAGT CTATGT TGGCACAGCACAGGECACACGECTC
ATGCATGTCTTCAGCACT CTCAGT TCCTCGCEEEGT CAGGACCAT GT CCCAGGECACEEEG 35
AACTCTTGCAGGACAGT GAACCCGGCAGAACAGGECAGCCCTCGCACACAACTTACATTG
TGCATGGACAGGGTATCGCAAT CAGGCAGCACCGGATGATCCTCCACCAGAGAAGCECGG
GTI'CTCGGT CTCCTCACAGCGAGGT AAGEEGEECCEECGEET TAGTACGGAT GAT GGCGEGAT
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55 AGGAACAACGATGGAATAAGT GCAAGGAGTGCGT TCCAGCATGGTTAGTG TTTTTTGGTG
ATCTGTAGAACAAAAAATAAACAT GCAATATTAAACCAT GCTAGCCT GGCGAACAGGT GG
GTAAATCACTCTTTCCAGCACCAGGCAGGCTACGEGEGTCTCCEECECGACCCTCGTAGAA 87
GCTGI CGCCATGATTGAAAAGCAT CACCGAGAGACCT TCCCGGT GGCCGECATGGATGAT
TCGAGAAGAAGCATACACT CCGGGAACATTGGCAT GAGTGAAAAAAa GCGACCTAT

AAAGCCT CGEEGECACTACAATGCTCAATCTCAATT GCCACCCCATCCCEATG
GAGCACAAAAT TGGCAGGT GCGTAAAAAATGTAATTACTCCCCTCCTGCACAGECAGCAA 5
AGCCCCCCCT CAEAESACMMBCEEAL LB EEEEETEMEEASTATEAOEEA G ARRRAGTASETCTGCGACA
GCAGCCGCAAGAGT AT BEASECATT CACTTTEAAGCA LACTICAIUICCACCI I G QAT ACCGACCT
ATATAT AGCCOIGACIAGH ANTGATCT AMAGEXRAGTCTACBLAT A ICAMIATGEAAGTCGA

CAALCUGCTGRAENGRGITCAALBAABTHIBCHBACGTTFTCCGAGTG
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MI'TSGVPFGMIMt &I IRARIGEBIRT EY X Ticicice €& ABEG C e8I ARG WATHENYBYNRGAACTT

LPCSVG-TLI BRECMEYCT CCN AT EMYG BG GYASYWAL GG CGCCG
SSPGSILCI AGGOMLS THREYMNY SIMPAEMMIGIE SWENVRERMITICCCACCGC
25YLRLWY GECACCRRC VI @EESECADICAAICRYROCARRIRFE M/ARACCGTG

VRI | AEETTAI\/[G/WQW RYGK HRPT WMTSE TTD%@AT@E SHHMGAEAOr f 4)
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' e fogiae Il
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GTCAGACEKIIEXE&¥KﬁXKiﬁﬁfﬁéEFﬁ%ﬁﬁﬁﬁEE§ﬂ@&ﬂ&&%ﬂ&&ﬁﬂéﬂdﬁﬁ%ixﬁﬁﬁkAATcGCAG
CTGGT &F CT GGAGT A5 s ¥ EAAC DO OCBRCATTOGOGTAGATGGCCTTCA
TGAAAGCCTCCAATTGCCTGAACGCCTGCTGGGCCTTGGCTCCCTCGGTGAAGAAGACCC
CGCAGGACTTGCTAGAGAACTGGTTGGTGGCACAGCCGGCATCGTGCACGCAGCAGCGCG
CGTCGTTGTTGGCCAGCTGCACCACGCTGCGCCCCCAGCGGTTCTGGGTGATCTTGGCCCG
GTCGGGGTTCTCCTTCAGCGCGCGCTGCCCGTTCTCGCTCGCCACATCCATCTCGATCATG
30 TGCTCCTTCTGGATCATGGTGGTCCCGTGCAGGCACCGCAGTTTGCCCTCGGCCTCGGTGC
ACCCGTGCAGCCACAGCGCGCACCCGGTGCACTCCCAGTTCTTGTGGGCGATCTGGGAAT
GCGCGTGCACGAACCCTTGCAGGAAGCGGCCCATCATGGTCGTCAGGGTCTTGTTGCTAG
TGAAGGTCAACGGGATGCCGCGGTGCTCCTCGTTGATGTACAGGTGGCAGATGCGGCGGT
ACACCTCGCCCTGCTCGGGCATCAGTTGGAAGTTGGCTTTCAGGTCGGTCTCCACGCGGTA
35 GCGGTCCATCAGCATAGTCATGATTTCCATGCCCTTCTCCCAGGCCGAGACGATGGGCAG
GCTCATAGGGTTCTTCACCATCATCTTAGCACTAGCAGCCGCGGCCAGGGGGTCGCTCTCA
TCCAGGGTCTCAAAGCTCCGCTTGCCGTCCTTCTCGGTGATCCGCACCGGGGGGTAGCTGA
AGCCCACGGCCGCCAGCTCCTCCTCGGCCTGTCTTTCGTCCTCGCTGTCCTGGCTGACGTC
CTGCATGACCACATGCTTGGTCTTGCGGGGTTTCTTCTTGGGCGGCAGTGGCGGCGGAGAT
40 GCTTGTGGCGAGGGGGAGCGCGAGTTCTCGCTCACCACTACTATCTCTTCCTCTTCTTGGT
CCGAGGCCACGCGGCGGTAGGTATGTCTCTTCGGGGGCAGAGGCGGAGGCGACGGGCTCT
CGCCGCCGCGACTTGGCGGATGGCTGGCAGAGCCCCTTCCGCGTTCGGGGGTGCGCTCCC
GGCGGCGCTCTGACTGACTTCCTCCGCGGCCGGCCATTGTGTTCTCCTAGGGAGGAACAAC
AAGCATGGAGACTCAGCCATCGCCAACCTCGCCATCTGCCCCCACCGCCGGCGACGAGAA
45 GCAGCAGCAGCAGAATGAAAGCTTAACCGCCCCGCCGCCCAGCCCCGCCTCCGACGCAGC
CGCGGTCCCAGACATGCAAGAGATGGAGGAATCCATCGAGATTGACCTGGGCTATGTGAC
GCCCGCGGAGCATGAGGAGGAGCTGGCAGTGCGCTTTCAATCGTCAAGCCAGGAAGATA
AAGAACAGCCAGAGCAGGAAGCAGAGAACGAGCAGAGTCAGGCTGGGCTCGAGCATGGC
GACTACCTCCACCTGAGCGGGGAGGAGGACGCGCTCATCAAGCATCTGGCCCGGCAGGCC
50 ACCATCGTCAAGGACGCGCTGCTCGACCGCACCGAGGTGCCCCTCAGCGTGGAGGAGCTC
AGCCGCGCCTACGAGCTCAACCTCTTCTCGCCGCGCGTGeCCCCCAAGCGCCAGCCCAACG
GCACCTGCGAGCCCAACCCCCGCCTCAACTTCTACCCGGTCTTCGCGGTGCCCGAGGCCCT
GGCCACCTACCACATCTTTTtCAAGAACCAAAAGATCCCCGTCTCCTGCCGCGCCAACCGC
ACCCGCGCCGACGCCCTCTTCAACCTGGGTCCCGGCGCCCGCCTACCTGATATCGCCTCCT
55 TGGAAGAGGTTCCCAAGATCTTCGAGGGTCTGGGCAGCGACGAGACTCGGGCCGCGAACG
CTCTGCAAGGAGAAGGAGGAGGAGAGCATGAGCACCACAGCGCCCTGGTCGAGTTGGAA
GGCGACAACGCGCGGCTGGCGGTGCTCAAACGCACGGTCGAGCTGACCCATTTCGCCTAC




40 CCCGGECCTGCCCGIGGAATATCTGCAGGT CCCCAGCCCCAGCAT GGGCCGEGACATCAAG
GTGCAGI TCCAGT CTGGCGGAGCCAACAGCCCTGCTCTGTACCT GCTGGACGGECCTGAGA
GCCCAGGACGACT TCAGCGGECT GGGACATCAACACCCCCGCCTTCGAGTGGTACGACCAG
AGCGGCCTGTCTGT GGT CATGCCT GT GGGECGGECCAGAGCAGCTTCTACAGCGACTGGTAT
CAGCCCGCTTGI GGCAAGGCCGGECTGCCAGACCTA GGGAGACATTCCTGACCAGC 45
GAGCT GCCCGGECTGECTGCAGGECCAACAGACACGT CCGGECTCTGCCGICGTG
GGCCTGTCTATGGCTGCCAGCT CTGCCCTGACCCTGGECCATCTACCACCCCCAGCAGITC
GTGTACGCTGEE&&EE%&R&H&&%%Q&EEBa&XHaEEKGEKé@ﬁEEEﬂ&X%&MX@@%@@@E@#CATCAAG
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CATCCAGAT CTOOACCGAGCTGEAGARGT CRACBAGGADEAGCINIATCCAGRA@AE GGGGTCCC
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CCTACTACT
TCCACAGC
CCGGGAGC
GCAGGAGC
GCCGCCKEE%&@¥EXX§E¥EKR§XR& SEGTRITACAA
WEWWGJHWWWCMGTACTG
TACGAGCGGAT&’@M@T@@T iere (GAGEGACCAGOAAE AKX XXX LTCGEGGAATTAC
' I CCOUAGACGNCGACCABMGTALAGAGATTCC

(CUCBCATHS @m@@mGCCCAGGA

COEFACTEHATGA
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T CCCAGCCC
AACGAGAA - F %@@% L CAGGTGTC
GAGGATCTCCHA 1 {(AH GCGGCTG
TCCACCAGAGCH CTGGGTCTG
CCTGCEHACT TCGTCAGG

CGGTCCTGACTTTGGAGAGTTCGTCCTCGCAGCCCCGCTCGGGCGGCATCGGCACTCTCCA
GTTCGTGGAGGAGTTCACTCCCTCGGTCTACTTCAACCCCTTCTCCGGCTCCCCCGGCCAC
TACCCGGACGAGTTCATCCCGAACTTTGACGCCATCAGCGAGTCGGTGGACGGCTACGAT
TGATTAATTAATCAACTAACCCCTTACCCCTTTACCCTCCAGTAAAAATAAAGATTAAAAA
50 TGATTGAATTGATCAATAAAGAATCACTTACTTGAAATCTGAAACCAGGTCTCTGTCCATG
TITTCTGTCAGCAGCACTTCACTCCCCTCTTCCCAACTCTGGTACTGCAGGCCCCGGCGGG
CTGCAAACTTCCTCCACACTCTGAAGGGGATGTCAAATTCCTCCTGTCCCTCAATCTTCATT
TTTATCTTCTATCAGATGTCCAAAAAGCGCGCGCGGGTGGATGATGGCTTCGACCCCGTGT
ACCCCTACGATGCAGACAACGCACCGACTGTGCCCTTCATCAACCCTCCCTTCGTCTCTTC
55 AGATGGATTCCAAGAAAAGCCCCTGGGGGTGTTGTCCCTGCGACTGGCCGACCCCGTCAC
CACCAAGAATGGGGCTGTCACCCTCAAGCTGGGGGAGGGGGTGGACCTCGACGACTCGG
GAAAACTCATCTCCAAAAATGCCACCAAGGCCACTGCCCCTCTCAGTATTTCCAACGGCA



45 GCAGCGGECCAGCGCCCGACAGATCAGCGT GCAGCCCACCTTCTCCGI GCAGCGGAACCT

GCCCTTCGAGAAGAGCACCGT GATGGCCACCT TCACCGECAACACCGAGEECCGGACCAG

CGACAT GCGGGCCGAGATTAT CCGGAT GAT GGAAGGCGCCAAGCCCGAGGAAGT GAGCT

TCCGCGEEECAGEEECGT GT TCGAGCT GTCCGAT GAGAAGGCCACCAACCCCATCGI GCCCA

CCTTCGAGATGAGCAACGAGGGECAGCTACTTCTT CAACGCCGAGGAATACGACA 50

AT GGECGCECCGACCAGGECGGECCEAATGAGCCTGCTGA GGTGGAGACCTACGTGCTGT

CCATCGT GCCTAGCGGECCCT CT GAAGGCCGAGATCGCCCAGCGECTGGAAGATGTIGITCG

CCGGECAAGAACACKIACCE CEARCX K STt ECCAATIPA T GABAACRREEE AL AT T AIKGY CTCAATGT

GCCCCCT @C@wmtmmmféwmmmﬂmm@e@@mm@m
CSCETARACCECEACCIINACAATCAGCTCAAAT

A, eemmm WGAGGGCTT

&G POCTIATAGCAACATAC
MWTW@WWWC%TCMC
CAGATCGCCGA &1 GCTAGGC

G A ATGACAAG
ATCAAGCA JEGET TAM ACAGAGATG

GGCC%“ ¥ AALE LA TGCAGTAGC

TGGT Y CCATA!

ACCTCCT W%Wmm?mmwﬁ% SEQ I D
NO. 47 (nucteorsiotEmatcGNREcARAGARBLACEC A EETGGCATMEACAAATGETGIGGRTACVI F US -

am no aci d ABGLEIr)CTAGETGCATATCCTAAAACCCAAAGCAAAACACCAAAAAATAGTATAGTA
MASQGT KRS Y EQVETARSDRQMAT WWW%WWTCMT

EKMVL SAFDERERFRAC AGERECNIAYDREET GG MRDARATGGCAG
NGEDATAGL THME AFHSIGAGFCR WEVM@%@PRW TAERSEASCANACTTICTCCT
G GTMVMEL I RWAFES KERIAYERRTMC R CT
RNPGNAEI EDLY A & e N
QVYSLIFRPNE NRCHSA G [\CAG
MGSSTL EL RSGHWN AR RS ey CTGCA
TSDVRAEI | RWWWM@MV@WRE@@M&E&MATCTG

GGPGGGVBL L TENRE XN SbOESEIAGAR AR DVEACKAI L EAL MG dCIRRIGTGBL G C &5

| LGFVEFL TVPSER@CRRRAGCINAC NN IOICATEG YERKA KR CTEEAKEG OGS YSEGGGTCC
GALASCMGLI YWMWW@DS@MHWAWWmMWmGCGGGCG
TTAKANEQVA(ESE@KKMJEIG&S@%RQW W@ﬂqmmggm

30SEQ | D NOITGF G hoed W@@@GCWWWWTF@%FF g‘i@ NP)

Ty LV CATEG T CACEACT 1. An
ey SR B e Al R L

AdY25, CCCGCCATGCAGCGCAGGGACCCCGGGTCCTGGCAATGGCAGTGGAGCACCCACCGCTCA
CGGCCGTGGATTAACTGGGAGCTGAACAAGTCTATGTTGGCACAGCACAGGCACACGCTC
ATGCATGTCTTCAGCACTCTCAGTTCCTCGGGGGTCAGGACCATGTCCCAGGGCACGGGG

35 AACTCTTGCAGGACAGTGAACCCGGCAGAACAGGGCAGCCCTCGCACACAACTTACATTG
TGCATGGACAGGGTATCGCAATCAGGCAGCACCGGATGATCCTCCACCAGAGAAGCGCGG
GTCTCGGTCTCCTCACAGCGAGGTAAGGGGGCCGGCGGTTGGTACGGATGATGGCGGGAT
GACGCTAATCGTGTTCTGGATCGTGTCATGATGGAGCTGTTTCCTGACATTTTCGTACTTCA
CGAAGCAGAACCTGGTACGGGCACTGCACACCGCTCGCCGGCGACGGTCTCGGCGCTTCG

40 AGCGCTCGGTGTTGAAGTTATAGAACAGCCACTCCCTCAGAGCGTGCAGTATCTCCTGAG
CCTCTTGGGTGATGAAAATCCCATCCGCTCTGATGGCTCTGATCACATCGGCCACGGTGGA
ATGGGCCAGACCCAGCCAGATGATGCAATTTTGTTGGGTTTCGGTGACGGAGGGAGAGGG
AAGAACAGGAAGAACCATGATTAACTTTATTCCAAACGGTCTCGGAGCACTTCAAAATGC
AGGTCCCGGAGGTGGCACCTCTCGCCCCCACTGTGTTGGTGGAAAATAACAGCCAGGTCA

45 AAGGTGACACGGTTCTCGAGATGTTCCACGGTGGCTTCCAGCAAAGCCTCCACGCGCACA
TCCAGAAACAAGAGGACAGCGAAAGCGGGAGCGTTITCTAATTCCTCAATCATCATATTA
CACTCCTGCACCATCCCCAGATAATTTITCATTTTTCCAGCCTTGAATGATTCGTATTAGTTC
CTGAGGTAAATCCAAGCCAGCCATGATAAAAAGCTCGCGCAGAGCGCCCTCCACCGGCAT
TCTTAAGCACACCCTCATAATTCCAAGAGATTCTGCTCCTGGTTCACCTGCAGCAGATTAA

50 CAATGGGAATATCAAAATCTCTGCCGCGATCCCTAAGCTCCTCCCTCAACAATAACTGTAT
GTAATCTTTCATATCATCTCCGAAATTTTTAGCCATAGGGCCGCCAGGAATAAGAGCAGG
GCAAGCCACATTACAGATAAAGCGAAGTCCTCCCCAGTGAGCATTGCCAAATGTAAGATT
GAAATAAGCATGCTGGCTAGACCCTGTGATATCTTCCAGATAACTGGACAGAAAATCAGG
CAAGCAATTTTTAAGAAAATCAACAAAAGAAAAGTCGTCCAGGTGCAGGTTTAGAGCCTC

55 AGGAACAACGATGGAATAAGTGCAAGGAGTGCGTTCCAGCATGGTTAGTGIITTITTTGGTG
ATCTGTAGAACAAAAAATAAACATGCAATATTAAACCATGCTAGCCTGGCGAACAGGTGG
GTAAATCACTCTTTCCAGCACCAGGCAGGCTACGGGGTCTCCGGCGCGACCCTCGTAGAA



wherein said capsid encapsidates a nucleic acid nol ecule conprising an
exogeneous nucl eoti de 5sequence of interest operably |inked to expression
control sequences which direct the translation, transcription and/or
expression thereof in an animal cell and an adenoviral packagi ng signal
sequence. 2. The vector of claim1, w@@rein said vector |acks a functional
El locus. 3. The vector of claim1l or ®laim2, wherein said vector |acks an
E3 | ocus. 4. The vector of any of clains 1 to 3 wherein the vector
conpri ses agct@rRsIccaAneAlied £X QA GCOL dek AsReA ocedtCEs Td@sdoaatGanahher
adenoviral sEsAAACAAGEATATMETCEGGOAAOATTIGUATCEGTBRGEGAAARRANEIATICTARCKS t he
nati ve E4 | agaANSCEIUGEIBUNUTAECAAAGC NEAATCTICAGITSC AGIC ANERCANCCEAATCH6GATE@adi ng
frame ther eGAGEACAAMTRAGEIAGEASAOTAAAMASEETAATIACTCCCCTCE@ GCRRAGEEAGEAAOf
claimB mheA@CGCQQﬁ§F¢§§T©¢A$é&#@ﬁ@AﬁéQmﬂﬂG@@TEAGC@EQﬁﬁﬁﬁﬁfTaé BAGE4CE he
E40rf6 20 c@@$@@@g§§%: GCTﬁAGﬁﬁ@T®%E§QﬁAQEﬁCEPQFFE TGIREAern t he
éMﬁ?TW@E@CﬁTAAé%FFQAéﬁBCWT 5@ s and

E4 | ocus ¢

t he heterol 58. The
vect o Oof @b uence
of i ” erest @@@@ A%d%@ f‘ddh‘%c@ C ?r(Y ATAR G@J}@A@AB

wher ei n sai g RAGFEIdARITARRXPERIA LG ATS selected fronlt e group conpr|5|ng
an antigen, a nolecul ar adjuvant, an inmunostinulatory protein or

reconbinaseSE Gp NS AdfusesbRE79f any of claims 1 to 7 wherein Sald
exogezgous { nterest is an m RNA or inmunostinul atory
U T TSGVPFGMTLRPTRSRLSRRTPYSRDRLPPFETETRATILEDHPLLPECNTLTMHNAWTSPSP

PVKQPQVGQQPVAQQLDSDMNLSELPGEFINITDERLARQETVWNITPKNMSVTHDMMLEFKA
SRGERTVYSVCWEGGGRLNTRVL

20 SEQ ID NO. 40 (AdHu5 E40rf6)

MTTSGVPFGMTLRPTRSRLSRRTPYSRDRLPPFETETRATILEDHPLLPECNTLTMHNVSYVRG
LPCSVGFTLIQEWVVPWDMVLTREELVILRKCMHVCLCCANIDIMTSMMIHGYESWALHCHC
SSPGSLQCIAGGQVLASWFRMVVDGAMFNQRFIWYREVVNYNMPKEVMFMSSVFMRGRHLI
25 YLRLWYDGHVGSVVPAMSFGYSALHCGILNNIVVLCCSYCADLSEIRVRCCARRTRRLMLRA
VRIIAEETTAMLYSCRTERRRQQFIRALLQHHRPILMHDYDSTPM

SEQ ID NO. 41 (AdHu5 E4Orf4)

30 MVLPALPAPPVCDSQNECVGWLGVAYSAVVDVIRAAAHEGVYIEPEARGRLDALREWIYYN
YYTERSKRRDRRRRSVCHARTWFCFRKYDYVRRSIWHDTTTNTISVVSAHSVQ

SEQ ID NO. 42 (Mycobacterium tuberculosis protein Ag85A — nucleic acid
sequence)

ATGGACGCCATGAAGAGGGGCCTGTGCTGCGTGCTGCTGCTGTGTGGCGCCGTGTTCGTG
TCCCCCAGCCAGGAAATCCACGCCCGGTTCAGACGGGGCAGCATGCAGCTGGTGGACAGA
GTCAGAGGCGCCGTGACCGGCATGAGCAGACGGCTGGTCGTGGGAGCTGTCGGAGCCGCT
CTGGTGTCTGGACTCGTGGGAGCCGTGGGCGGAACAGCTACAGCCGGCGCTTTCAGCAGA
40 CCCGGCCTGCCCGTGGAATATCTGCAGGTCCCCAGCCCCAGCATGGGCCGGGACATCAAG
GTGCAGTTCCAGTCTGGCGGAGCCAACAGCCCTGCTCTGTACCTGCTGGACGGCCTGAGA
GCCCAGGACGACTTCAGCGGCTGGGACATCAACACCCCCGCCTTCGAGTGGTACGACCAG
AGCGGCCTGTCTGTGGTCATGCCTGTGGGCGGCCAGAGCAGCTTCTACAGCGACTGGTAT
CAGCCCGCTTGTGGCAAGGCCGGCTGCCAGACCTACAAGTGGGAGACATTCCTGACCAGC -
45 GAGCTGCCCGGCTGGCTGCAGGCCAACAGACACGTGAAGCCCACCGGCTCTGCCGTCGTG
GGCCTGTCTATGGCTGCCAGCTCTGCCCTGACCCTGGCCATCTACCACCCCCAGCAGTTC
GTGTACGCTGGCGCCATGTCTGGCCTGCTGGATCCTTCTCAGGCCATGGGACCCACCCTG
ATCGGACTGGCTATGGGAGATGCCGGCGGATACAAGGCCAGCGACATGTGGGGCCCTAA
AGAGGACCCCGCCTGGCAGAGAAACGACCCCCTGCTGAACGTGGGCAAGCTGATCGCCA
50 ACAACACCAGAGTGTGGGTGTACTGCGGCAACGGCAAGCTGAGCGACCTGGGCGGCAAC
AACCTGCCCGCCAAGTTCCTGGAAGGCTTCGTGCGGACCAGCAACATCAAGTTCCAGGAC
GCCTACAACGCTGGCGGCGGACACAACGGCGTGTTCGACTTCCCCGACAGCGGCACCCAC
AGCTGGGAGTATTGGGGAGCCCAGCTGAATGCCATGAAGCCCGACCTGCAGAGAGGCAG
CATCCCTAATCCTCTGCTGGGCCTGGACTGA

35



12. The vector of any of clainms 1 to 11 wherein said capsid conprises one or
nore capsid Sproteins selected fromthe group consisting of: (a) an AdY25
hexon protein conprising the am no acid sequence of SEQID NO. 2 or a
sequence at | east 98.2% dentical thereto; (b) an AdY25 penton protein
conprising the am no acid sequence of ggFQ I D NO. 3 or a sequence at |east
98.3% i dentical thereto; and 10(c) an "AdY25 fibre protein conprising the
am no acid sequence of SEQ ID NO 4 or a sequence at |east 99.1% i denti cal
thereto. 13. An i mmunogeni ¢ conposition conprising the adenovirus vector
accordi ng. tSE@NMP NO. 43 Qiftyeebdcterium tibetdilesidprorin AR8S A yamite aeid seguence)
additional active ingredients, a pharmaceutically acceptable carrier,

15di | uent, QRAMRRENECOLLIAE AW EOESQEIHARHRR GSMUOINDEERGAVTCNPRIBILVEAVEAA cl ai m
13 for5use LVBGIRGASGHTATAGAFSRP GUBEEIIQVHIESMGRDIRYQEQS GG ANSIRAYLLDOIRAG cl ai m
13 i n t he nDDESGNINTPAREWYDQREUISYSNMENGGHESF YSOWSOPAGGRAGCOI MK WETBL TRREP

i mmunogeni cGWOQPNRHVKRIFGSAV VEILAMAASIAIGIL ALEEP QSIF VY IAGAMSCE LIPS IGP TEEGIeh use
conpri ses d¥GPHEE S@MWC&'KE%%WQRNPBLW VI HANRETR VW P EGGN GRS DLGHDRE n| c
conpoibtloﬂQHﬁGﬁVﬁT QR YA GOGHNCYERTRPIG TR BV HAQRN AMBEBL @RI

elicit¥ng a AR rmune response in an aninal. 18.The |rmunogen| c corrp05|t|on

f
of cl ai m 14,05 1y . P8 ST 5850095010 20
CD8+ T cell H-2" restricted epitopes in Ag85A —pll)

15 WYDQSGLSV

SEQ ID NO. 45 (synthetic peptide corresponding to the known immunodominant
CD4™ T cell H-2¢ restricted epitopes in Ag85A — pl5)

20 TFLTSELPGWLQANRHVKPT

SEQ ID NO. 46 (nucleoprotein (NP) and matrix protein 1 (M1) of influenza A virus —
nucleic acid sequence)

25 ATGGCCAGCCAGGGCACCAAGCGGAGCTACGAGCAGATGGAAACCGACGGCGACCGGCA
GAACGCCACCGAGATCCGGGCCAGCGTGGGCAAGATGATCGACGGCATCGGCCGGTTCTA
CATCCAGATGTGCACCGAGCTGAAGCTGTCCGACTACGAGGGCCGGCTGATCCAGAACAG
CCTGACCATCGAGAAGATGGTGCTGTCCGCCTTCGACGAGCGGCGGAACAGATACCTGGA
AGAGCACCCCAGCGCCGGCAAGGACCCCAAGAAAACCGGCGGACCCATCTACCGGCGGG

30 TGGACGGCAAGTGGATGCGGGAGCTGGTGCTGTACGACAAAGAGGAAATCCGGCGGATC
TGGCGGCAGGCCAACAACGGCGAGGACGCCACAGCCGGCCTGACCCACATGATGATCTG
GCACAGCAACCTGAACGACACCACCTACCAGCGGACCAGGGCCCTCGTGCGGACCGGCAT
GGACCCCCGGATGTGCAGCCTGATGCAGGGCAGCACACTGCCCAGAAGAAGCGGAGCTG
CCGGAGCCGCCGTGAAGGGCATCGGCACCATGGTGATGGAACTGATCCGGATGGTGAAGC

35 GGGGCATCAACGACCGGAATTTITGGAGGGGCGAGAACGGCAGAAAGACTAGAAGCGCC
TACGAGCGGATGTGCAACATCCTGAAGGGCAAGTTCCAGACAGCCGCCCAGCGGGCCATG
GTGGACCAGGTCCGGGAGAGCCGGAACCCCGGCAACGCCGAGATCGAGGACCTGATCTTC
CTGGCCCGGTCCGCCCTGATCCTGCGGGGCAGCGTGGCCCACAAGAGCTGCCTGCCCGCC
TGCGTGTACGGCCCTGCCGTGAGCAGCGGCTACGACTTCGAGAAAGAGGGCTACAGCCTG

40 GTCGGCATCGACCCCTTCAAGCTGCTGCAGAACAGCCAGGTGTACAGCCTGATCCGGCCC
AACGAGAACCCCGCCCACAAGTCCCAGCTGGTCTGGATGGCCTGCCACAGCGCCGCCTTC
GAGGATCTGCGGCTGCTGTCCTTCATCCGGGGCACCAAGGTGTCCCCCAGGGGCAAGCTG
TCCACCAGAGGCGTGCAGATCGCCAGCAACGAGAACATGGACAACATGGGCAGCAGCAC
CCTGGAACTGCGGAGCGGCTACTGGGCCATCCGGACCCGGTCCGGCGGCAACACCAACCA

45 GCAGCGGGCCAGCGCCGGACAGATCAGCGTGCAGCCCACCTTCTCCGTGCAGCGGAACCT
GCCCTTCGAGAAGAGCACCGTGATGGCCGCCTTCACCGGCAACACCGAGGGCCGGACCAG
CGACATGCGGGCCGAGATTATCCGGATGATGGAAGGCGCCAAGCCCGAGGAAGTGAGCT
TCCGGGGCAGGGGCGTGTTCGAGCTGTCCGATGAGAAGGCCACCAACCCCATCGTGCCCA
GCTTCGAGATGAGCAACGAGGGCAGCTACTTCTTCGGCGACAACGCCGAGGAATACGACA

50 ATGGCGGCGGACCAGGCGGCGGAATGAGCCTGCTGACCGAGGTGGAGACCTACGTGCTGT
CCATCGTGCCTAGCGGCCCTCTGAAGGCCGAGATCGCCCAGCGGCTGGAAGATGTGTTCG
CCGGCAAGAACACCGACCTGGAAGCCCTGATGGAATGGCTGAAAACCCGGCCCATCCTGA
GCCCCCTGACCAAGGGCATCCTGGGCTTCGTGTTCACCCTGACCGTGCCCAGCGAGCGGG



92 20. The i mmunogeni c conposition of claim14 or use of claim15 wherein
sai d use conprises inducing an i mune response in an aninmal that will break-
tolerance to a self antigen. 21. The i mmunogeni c conposition of claim14 or
use of claim15 wherein said use conprises 5gene therapy. 22. A

pol ynucl eot i de sequence encodi ng the Pral vector of any of clains 1 to 12. -
23. A host cell transduced with the vi vector of any of clains 1 to 12.
24. A nmethod of producing the viral vector of any of clainms 1 to 12. 25.
The net hod @fcTHAIGIGE4GCATRTTSGHTELAGIA BT TGAACGGOAROGAEGEACCACrACAAC

pol ynucl eot ATiss ATA AGGIICGT 22 AGOT GT AC A AT TAA AGOGIGIGAGIAA CACHT T IGHEGCBAC) t 0
produce an ASAGKRAREEICETGAGRBACACBICIEFAHICCAGGCEASCRGC AT ErasIornd CTBAC)

cl one conprmfr‘fgﬁl’t"ﬂﬁ"@ GEOICERTEhEcACEHRA dCEGCETGETRTHEGCORCCRG ag ng

cell 19ne Gt‘\ﬁéGWﬁﬁPA%%B@C A@f“@ﬁ&ﬁﬁﬁ%cwcl”z“cc CT§

packag| ng C%WqA“’}q rrpl enent
of any gene%%%% é‘j‘k m; lto
12. 29. An Aaci d
ol ecyhe co |ng and E%%@E&/;é‘kcod@%g regi ons from
AdHU5. 30. T e adenow raI vector of cI a| m 29, wherein said nucleic acid

nol ecul e additionally conprises the native E4AOfl , E40rf2 and E40rf3

codi ng regi 9rg IDIASU7(RGcIBSRORN (N e ehadix Pfotéih Ai(M139f Hfluefza Alein said
adenovi r al éfﬁi%%id's%g&%é)vec rom AdY25 or AdCh68.

15

MASQGTKRSYEQMETDGDRQNATEIRASVGKMIDGIGRFYIQMCTELKLSDYEGRLIQNSLTI
EKMVLSAFDERRNRYLEEHPSAGKDPKKTGGPTYRRVDGK WMRELVLYDKEEIRRIWRQAN
NGEDATAGL THMMIWHSNLNDTTYQRTRALVRTGMDPRMCSLMQGSTLPRRSGAAGAAVK
GIGTMVMELIRMVKRGINDRNFWRGENGRKTRSAYERMCNILKGKFQTAAQRAMVDQVRES

20 RNPGNAEIEDLIFLARSALILRGSVAHKSCLPACVYGPAVSSGYDFEKEGYSLVGIDPFKLLQNS
QVYSLIRPNENPAHKSQLVWMACHSAAFEDLRLLSFIRGTKVSPRGKLSTRGVQIASNENMDN
MGSSTLELRSGYWAIRTRSGGNTNQQRASAGQISVQPTFSVQRNLPFEKSTVMAAFTGNTEGR
TSDMRAEIIRMMEGAKPEEVSFRGRGVFELSDEKATNPIVPSFEMSNEGS YFFGDNAEEYDNG
GGPGGGMSLLTEVETYVLSIVPSGPLKAEIAQRLEDVFAGKNTDLEALMEWLKTRPILSPLTKG

25 ILGFVETLTVPSERGLQRRRFVQNALNGNGDPNNMDKA VKLYRKI KREITFHGAKEIALSYSA
GALASCMGLIYNRMGAVTTEVAFGLVCATCEQIADSQHRSHRQMVATTNPLIKHENRMVLAS
TTAKAMEQMAGSSEQAAEAMEIASQARQMVQAMRTVGTHPSSSTGLRDDLLENLQTYQKR
MGVQMQRFK.

30 SEQ ID NO. 48 (immunodominant CDS8* T cell H-2° restricted epitope in NP)

TYQRTRALV

SEQ ID NO. 49 (linker sequence)

35 |
IPNPLLGLD

40

45



93 32. The adenoviral vector of any of clainms 29 to 31, wherein said
adenoviral vector lacks an El and an E3 locus. 33. An isolated nucleic
acid nol ecul e having a sequence at |ed¥ 90%identical to SEQID NO 1
5over its entire length. 34. The isolated nucleic acid nolecule of claim
33 conprising one or nore nucleotigg uences selected fromthe group
consi sting of; (a) nucl eotide 2 to 21130 of SEQID NO 1 or a
sequence at | east 90% i dentical thereto; 10(3) nucl Ieot |hdest 13891dto 1;5486
of SEQ ID NO,,.1 or a sequence .at |east 90%. denti.cal thereto; an o

nucl Ec'?t i deAs\lnoﬁcﬁzﬂ%lr?Soveﬁ?gﬁ‘imelSlgﬁbchﬁ‘ .”Vfdéﬁonbc@g’@ﬁ%(?édﬁlovf@éﬁd@g%

| dentwigadin higcepsid erddapSdAss & it ﬁéﬁd@ﬁkﬂé&il&c&ﬁérﬁiﬁ@éﬁ%'g@né&ﬁé’b@&fcﬁid%equence
selected from (a) a sequence conplenentary to the sequ nce of clhaim33 or
32; #Reuenpg ohinteeest eprrablyinked teyaxpragsise sontm! strpeseywencediodct HeatamsBBomr 34

i e Sereisesor ricediete dlatamBoar
dor vER AR Bh GRSt nerdripda TR ELS S5 ER R R ekl 7

encapsquates a nucl eic acid ol ecul e conprising an exogeneous nucl eotide
sequence encodi ng anti gen Ag85A from M/cobact eri um tubercul osis operably
| i nked to expression control sequences which direct the translation,

trangeri pt]ih_@We@t@pépélaiﬁf(g;v@f?e?éiﬂ@aird%gtgpfacf(gqa ARcAMNATR 168! and an adenoviral

qgckagl ng signal sequence.

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.

6. The vector of claim 5 wherein the vector lacks the native E4 locus and comprises the E40rf6

20 coding region from AdHus.

7. The vector of claim 4 wherein the E4 locus comprises the native E40rf1, E4Orf2 and E4Orf3
coding regions and the heterologous E40rf4, Orf6 and Orf6/7 coding regions from AdHu5.

25 8. The vector of any of claims 1 to 7 wherein the exogeneous nucleotide sequence of interest

encodes a protein or polypeptide.

9. 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.
30

10.  The vector of claim 9,wherein said antigen comprises Ag85A from Mycobacterium

tuberculosis
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11. The vector of any of claims 1 to 7 wherein said exogeneous nucleotide sequence of interest is

an miRNA or immunostimulatory RNA sequence.

12. The vector of any of claims 1 to 11 wherein said capsid comprises one or more capsid
proteins selected from the group consisting of:
(a) an AdY25 hexon protein comprising the amino acid sequence of SEQ ID NO. 2 or a
sequence at least 98.2%identical thereto;
(b) an AdY25 penton protein comprising the amino acid sequence of SEQ ID NO. 3 ora
sequence at least 98.3% identical thereto; and
(¢) an AdY25 fibre protein comprising the amino acid sequence of SEQ ID NO. 4 or a

sequence at least 99.1% identical thereto.
13, An immunogenic composition comprising the adenovirus vector according to any of claims 1
to 12 and optionally one or more additional active ingredients, a pharmaceutically acceptable carrier,
diluent, excipient or adjuvant.

14. The immunogenic composition of claim 13 for use in medicine.

15. The use of the immunogenic composition of claim 13 in the manufacture of a medicament for

use in medicine.

16.  The immunogenic composition of claim 14 or use of claim 15 wherein said use comprises

delivering a transgene into a host cell.

17. The immunogenic composition of claim 14 or use of claim 15 wherein said use comprises

eliciting an immune response in an animal.

18.  The immunogenic composition of claim 14 or use of claim 15 wherein said use comprises

boosting an immune response in an animal.

19. The immunogenic composition of claim 14 or use of claim 15 wherein said use comprises

treating or preventing at least one disease.
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20.  The immunogenic composition of claim 14 or use of claim 15 wherein said use comprises

inducing an immune response in an animal that will break tolerance to a self antigen.

21. The immunogenic composition of claim 14 or use of claim 15 wherein said use comprises

gene therapy.

22. A polynucleotide sequence encoding the viral vector of any of claims 1 to 12.

23. A host cell transduced with the viral vector of any of claims 1 to 12.

24, A method of producing the viral vector of any of claims 1 to 12.

25. The method of claim 24 comprising the step of incorporating the polynucleotide of claim 22
into a Bacterial Artificial Chromosome (BAC) to produce an Ad-BAC vector.

26. A Bacterial Artificial Chromosome (BAC) clone comprising the polynucleotide sequence of

claim 22.

27. A packaging cell line producing the viral vector of any of claims 1 to 12.

28. The packaging cell line of claim 27, wherein said cell comprises the complement of any

genes functionally deleted in the viral vector of any of claims 1 to 12.

29.  An adenoviral vector other than AdHu5 comprising a nucleic acid molecule comprising the
E4Orf4, E40rf6 and E40rf6/7 coding regions from AdHus.

30.  The adenoviral vector of claim 29, wherein said nucleic acid molecule additionally comprises

the native E4Orf1, E40rf2 and E40Orf3 coding regions.

31, The adenoviral vector of claim 29 or 30, wherein said adenoviral vector is derived from

AdY2S5 or AdChé6S.
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32.  The adenoviral vector of any of claims 29 to 31, wherein said adenoviral vector lacks an E1

and an E3 locus.

33.  Anisolated nucleic acid molecule having a sequence at least 90% identical to SEQ ID NO. 1

over its entire length.

34.  The isolated nucleic acid molecule of claim 33 comprising one or more nucleotide sequences
selected from the group consisting of;
(a) nucleotides 18302 to 21130 of SEQ ID NO. 1 or a sequence at least 90% identical thereto;
(b) nucleotides 13891 to 15486 of SEQ ID NO. 1 or a sequence at least 90% identical thereto;
and
(¢) nucleotides 32290 to 33621 of SEQ ID NO. 1 or a sequence at least 90% identical

thereto.

35.  Anisolated nucleic acid molecule having a sequence selected from:
(a) a sequence complementary to the sequence of claim 33 or 34; and

(b) a sequence which hybridises to the sequence of claim 33 or 34 under stringent conditions.

36.  Anadenovirus vector comprising a capsid derived from chimpanzee adenovirus AdY?25,
wherein said capsid encapsidates a nucleic acid molecule comprising an exogeneous nucleotide
sequence encoding antigen Ag85A from Mycobacterium tuberculosis 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.



